
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
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  Ƚ.  

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

13.03.01 - Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ-ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɉɪɨɟɤɬ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ 
ɬɟɦɚ 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ    ɉɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ.   ȿ.Ⱥ. Ȼɨɣɤɨ  
 ɩɨɞɩɢɫɶ, 

ɞɚɬɚ 
  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ       ȼ.ɋ. Ȼɟɥɨɤɨɩɵɬɨɜ  
 ɩɨɞɩɢɫɶ, 

ɞɚɬɚ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɍɟɯ. ɤɨɧɬɪɨɥɶ       ȿ.Ⱥ. Ȼɨɣɤɨ  
 ɩɨɞɩɢɫɶ, 

ɞɚɬɚ 
    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ     ɉ.ȼ. Шɢɲɦɚɪɟɜ  
 ɩɨɞɩɢɫɶ, 

ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 

 

Ʉɪɚɫɧɨɹɪɫɤ 2022 



Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
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  Ƚ. 

 

 

ɁȺȾȺɇɂȿ  
        ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ фоɪɦе ɛɚɤɚɥɚɜɪɫɤоɣ ɪɚɛоɬы 
 

  



ɋɬɭɞɟɧɬɭ Ȼɟɥɨɤɨɩɵɬɨɜɭ ȼɚɫɢɥɢɸ ɋɬɚɧɢɫɥɚɜɨɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
Ƚɪɭɩɩɚ Ɏɗ18-01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ   ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ 

ɋɋɄȾ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 3094/ɫ ɨɬ 24.02.2022 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɭɱɟɧɨɣ ɡɜɚɧɢɟ, ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 1320 Ɇȼɬ, ɪɚɣɨɧ 
ɪɚɡɦɟɳɟɧɢɹ – ɉɚɪɬɢɡɚɧɫɤɢɣ ɪɚɣɨɧ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɬɨɩɥɢɜɨ – ɛɭɪɵɣ 
ɭɝɨɥɶ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɪɚɡɪɟɡɚ 2ȻɊ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ȼɜɟɞɟɧɢɟ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ  
ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ, ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɨɛɳɚɹ ɱɚɫɬɶ,  
ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
Ʌɢɫɬ 1. Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ 
Ʌɢɫɬ 2. ɉɪɨɟɤɬ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ 
Ʌɢɫɬ 3. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ʉ-660-270 
Ʌɢɫɬ 4. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ ɜɢɞ ɫɜɟɪɯɭ 
Ʌɢɫɬ 5. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ 
Ʌɢɫɬ 6. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ ɋɋɄȾ 
 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ 
ɢɫɩɨɥɧɟɧɢɸ ȼ.ɋ. Ȼɟɥɨɤɨɩɵɬɨɜ 

   ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

     
   «  »  2022 ɝ. 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ȽɊɗɋ 1320 Ɇȼɬ ɧɚ 
ɋɋɄȾ» ɫɨɞɟɪɠɢɬ 111 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 31 ɢɥɥɸɫɬɪɚɰɢɸ, 62 
ɬɚɛɥɢɰɵ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɋɍɉȿɊɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂȿ ɉȺɊȺɆȿɌɊɕ ɉȺɊȺ, ȻȺɃɉȺɋ ɉȼȾ, 
ȻȺɃɉȺɋ ɉɇȾ, ɉɊɈɆȿɀɍɌɈɑɇɕɃ ɉȿɊȿȽɊȿȼ, ɊȺɋɑȿɌ ɄɈɌȿɅɖɇɈȽɈ 
ȺȽɊȿȽȺɌȺ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ, ȽɈɊɇɈ-ɈȻɈȽȺɌɂɌȿɅɖɇɕɃ ɄɈɆȻɂɇȺɌ, 
ɋȿɊɈɈɑɂɋɌɄȺ. 

Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ – ɫɬɚɧɰɢɹ ɫ ɞɜɭɦɹ ɛɥɨɤɚɦɢ ɩɨɜɵɲɟɧɧɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ 660 Ɇȼɬ ɫ ɤɨɬɥɨɦ ɧɚ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 26,5 Ɇɉɚ ɢ 610℃ ɢ 
ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɅɆɁ Ʉ-660-270. 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɫɬɚɧɰɢɢ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 1320 Ɇȼɬ 
ɞɥɹ ɩɨɤɪɵɬɢɹ ɧɭɠɞ ȽɈɄɚ ɤɨɦɩɚɧɢɢ «ɂɧɬɟɪɝɟɨ». 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ 
ɫɯɟɦɵ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ɉɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɲɟɧɢɹ. ɉɨɫɱɢɬɚɧɨ ɢ ɜɵɛɪɚɧɨ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ɉɰɟɧɟɧɨ ɜɥɢɹɧɢɟ Ɍɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɤɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɝɟɧɩɥɚɧ. ɋɨɡɞɚɧɚ 3D-ɦɨɞɟɥɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. 
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ȼȼȿȾȿɇɂȿ 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ – ɷɬɨ ɨɞɢɧ ɢɡ ɝɥɚɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɢɥɵ ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɝɨɫɭɞɚɪɫɬɜɚ, ɬɚɤ ɤɚɤ ɛɟɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɧɟɜɨɡɦɨɠɧɚ ɪɚɛɨɬɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɫɟɝɨ ɦɢɪɚ. 
ɋɥɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɨɜɪɟɦɟɧɧɭɸ ɠɢɡɧɶ ɛɟɡ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɟɝɨ 
ɚɛɫɨɥɸɬɧɨ ɜɟɡɞɟ. Ⱦɚɠɟ ɤɨɪɨɬɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ, ɤɚɤ ɤ ɨɝɪɨɦɧɵɦ ɭɛɵɬɤɚɦ, ɬɚɤ ɢ ɤ ɫɦɟɪɬɢ ɥɸɞɟɣ. 

ɇɚɫɟɥɟɧɢɟ ɡɟɦɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ Ɋɨɫɫɢɢ, ɪɚɫɬɟɬ ɩɨ ɷɤɫɩɨɧɟɧɬɟ, ɡɚ ɧɢɦ ɪɚɫɬɟɬ 
ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɪɚɡɧɵɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɥɸɞɟɣ ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɪɟɫɭɪɫɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɟɠɟɝɨɞɧɨ ɫɬɪɨɢɬɶ 
ɧɨɜɵɟ ɫɬɚɧɰɢɢ ɢɥɢ ɠɟ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɪɧɢɡɚɰɢɸ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɬɪɟɛɨɜɚɬɟɥɶɧɵɯ ɜ ɩɥɚɧɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɝɨɪɧɨɞɨɛɵɜɚɸɳɢɟ ɢ ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɟ ɤɨɦɛɢɧɚɬɵ. 
ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ, ɬɨ ɨɞɧɨɣ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ȽɈɄ ɤɨɦɩɚɧɢɣ 
ɹɜɥɹɟɬɫɹ ɈɈɈ «ɍɄ ɂɧɬɟɪɝɟɨ», ɩɥɚɧɢɪɭɸɳɚɹ ɜɵɣɬɢ ɧɚ ɩɪɨɟɤɬɧɭɸ ɦɨɳɧɨɫɬɶ 
ɞɨɛɵɱɢ ɢ ɨɛɨɝɚɳɟɧɢɹ ɪɭɞɵ Ʉɢɧɝɚɲɫɤɨɝɨ ɢ ȼɟɪɯɧɟɤɢɧɝɚɲɤɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɋɚɹɧɫɤɨɦ ɪɚɣɨɧɟ, ɜ 290 ɤɢɥɨɦɟɬɪɨɜ ɨɬ 
Ʉɪɚɫɧɨɹɪɫɤɚ, ɤ 2027 ɝɨɞɭ. Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɩɪɨɟɤɬɚ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1. 
Ɋɚɫɱɟɬɧɵɣ ɨɛɴɟɦ ɩɨ ɞɨɛɵɱɟ ɢ ɩɟɪɟɪɚɛɨɬɤɟ ɪɭɞɵ ɫɨɫɬɚɜɥɹɟɬ 20 ɦɥɧ ɬɨɧɧ ɜ ɝɨɞ, ɚ 
ɫɪɟɞɧɢɣ ɝɨɞɨɜɨɣ ɨɛɴɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɨɥɟɟ 600 ɬɵɫ. ɬɨɧɧ. ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ 
ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɥɹɟɬ 1,3 Ƚȼɬ ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ Ʌɗɉ, ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɟɬɢ ɭɠɟ ɡɚɝɪɭɠɟɧɵ ɢ ɧɟ 
ɫɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɩɪɨɩɭɫɤɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ȼɨɥɟɟ ɬɨɝɨ 
ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɡɞɚɫɬ ɞɟɮɢɰɢɬ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ.  

 ɉɪɟɞɩɪɢɹɬɢɟ ɩɥɚɧɢɪɭɟɬ ɩɪɟɞɨɫɬɚɜɢɬɶ ɪɚɛɨɱɢɟ ɦɟɫɬɚ 2000 ɱɟɥɨɜɟɤ, 
ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɜɚɯɬɨɜɵɦ ɦɟɬɨɞɨɦ, ɱɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɨɛɳɟɠɢɬɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɨɬɨɩɥɟɧɢɹ ɢ 
ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜ ɫɭɦɦɟ ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɥɹɸɬ ɩɨɪɹɞɤɚ 50 Ɇȼɬ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ. 

ɋɨɝɥɚɫɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɢ Ɋɨɫɫɢɢ ɞɨ 2035 ɝɨɞɚ ɨɞɧɨɣ ɢɡ 
ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɨɜɚɪɨɜ ɢ ɭɫɥɭɝ, ɚ 
ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɨɫɬɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɫɬɪɚɧɵ, ɱɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɫɮɟɪɟ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɗɋ. 

Ɉɞɧɢɦ ɢɡ ɥɭɱɲɢɯ ɜɚɪɢɚɧɬɨɜ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɚɬɟɝɢɢ ɜ ɋɢɛɢɪɢ ɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɜɵɫɨɤɨɝɨ ɫɩɪɨɫɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɟɤɬɨɦ 
«Ʉɢɧɝɚɲ», ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɭɫɬɚɧɨɜɤɚ ɩɵɥɟɭɝɨɥɶɧɵɯ ɛɥɨɤɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ (ɋɋɄɉ) ɢ ɢɦɟɸɳɢɯ 
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ɄɉȾ ɩɨɪɹɞɤɚ 42-47 %. Ɍɚɤɢɟ ɫɬɚɧɰɢɢ ɩɨɬɪɟɛɥɹɸɬ ɦɟɧɶɲɟ ɬɨɩɥɢɜɚ, ɱɬɨ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɫɧɢɠɚɟɬ ɞɨɥɸ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

 

Ɋɢɫɭɧɨɤ 1 – Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɢɧɝɚɲ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɚɧɰɢɹ 
ɧɚ ɧɭɠɞɵ ȽɈɄɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 1320 Ɇȼɬ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ 
ɛɥɨɤɨɜ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ 660 Ɇȼɬ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɋɋɄɉ.  

ɉɪɨɟɤɬ ȽɊɗɋ ɩɥɚɧɢɪɭɟɬɫɹ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ 
Ʉɢɧɝɚɲɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɝɞɟ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɥɢɡɨɫɬɢ ɧɚɯɨɞɢɬɫɹ 
Ȼɨɪɨɞɢɧɫɤɢɣ ɭɝɨɥɶɧɵɣ ɪɚɡɪɟɡ. Ƚɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɣ ɤɨɦɛɢɧɚɬ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɬɪɚɧɫɩɨɪɬɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɢ 
Ʌɗɉ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɛɴɟɞɢɧɢɬɶ ɬɪɚɧɫɩɨɪɬɧɭɸ ɥɨɝɢɫɬɢɤɭ ȽɈɄɚ ɢ ȽɊɗɋ, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ.  
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1 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ 
1.1 Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ ɧɚ ɋɋɄȾ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɰɟɥɶɸ ɭɬɜɟɪɠɞɟɧɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ 
ɫɯɟɦɵ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2035 ɝɨɞɚ, ɚ 
ɢɦɟɧɧɨ: 

- Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ ɢ ɨɛɟɫɩɟɱɟɧɢɟ 
ɛɚɥɚɧɫɚ ɦɟɠɞɭ «ɝɟɧɟɪɚɬɨɪɚɦɢ» ɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ; 

- ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɞɟɮɢɰɢɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ. 

ɉɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɡɨɧɟ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
Ɋɨɫɫɢɢ ɜ 2015 ɝɨɞɭ ɫɨɫɬɚɜɢɥɨ 1036,4 ɦɥɪɞ. ɤȼɬ·ɱ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɚɤɫɢɦɭɦ 
ɩɨɬɪɟɛɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɢɥ 152,1 ɦɥɧ. ɤȼɬ. Ⱦɨɥɝɨɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɤ 2035 ɝɨɞɭ ɜ ɡɨɧɟ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɧɚɛɠɟɧɢɹ 
Ɋɨɫɫɢɢ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɞɨ 1345,2 ɦɥɪɞ. ɤȼɬ·ɱ, ɚ ɭɜɟɥɢɱɟɧɢɟ 
ɦɚɤɫɢɦɭɦɚ - ɞɨ 197 ɦɥɧ. ɤȼɬ. ɂɬɨɝɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɨɫɬɚɜɥɹɟɬ 1,3 ɩɪɨɰɟɧɬɚ.  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ Ɍɗɋ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɶɸ 59,5 ɦɥɧ. ɤȼɬ (49,7 ɦɥɧ. ɤȼɬ, 
ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɝɚɡɟ ɢ 9,6 ɦɥɧ. ɤȼɬ ɧɚ ɭɝɥɟ), ɢɡ ɧɢɯ 28,8 ɦɥɧ. ɤȼɬ ɧɚ Ʉɗɋ ɢ 30,7 
ɦɥɧ. ɤȼɬ ɧɚ Ɍɗɐ. 

ɉɨ ɞɚɧɧɵɦ «ɋɈ ȿɗɋ» ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɜ 
2020 ɝɨɞɭ ɭɦɟɧɶɲɢɥɨɫɶ ɧɚ 0,7 % ɨɬɧɨɫɢɬɟɥɶɧɨ 2019 ɝɨɞɚ, ɚ ɜɵɪɚɛɨɬɤɚ 
ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 3,3 %. ɉɪɢ ɷɬɨɦ ɜɵɪɚɛɨɬɤɚ ɧɚ Ɍɗɋ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 24,5 %. 
Ɉɞɧɚɤɨ ɜɵɪɚɛɨɬɤɚ ɧɚ Ƚɗɋ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 11 %, ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ 
ɧɟɩɨɫɬɨɹɧɫɬɜɨɦ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ. 

Ɍɟɯɧɨɥɨɝɢɹ ɋɋɄɉ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɚɥɢɹɯ 
ɤɚɤ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɫ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. ȼ ɬɚɛɥɢɰɟ 1 ɧɚɝɥɹɞɧɨ 
ɜɢɞɧɨ, ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜɥɢɹɸɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɥɨɤɚ ɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ. 

Ɍɚɛɥɢɰɚ 1 – ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɵɥɟɭɝɨɥɶɧɵɯ ɷɧɟɪɝɨɛɥɨɤɨɜ 

Ɍɢɩ ɷɧɟɪɝɨɛɥɨɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɫɬɪɨɝɨ ɢ 

ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, 
℃ 

Ⱦɚɜɥɟɧɢɟ 
ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, 

Ɇɉɚ 
ɄɉȾ, % 

Ⱦɨɤɪɢɬɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ 

Ⱦɨ 565 Ɇɟɧɟɟ 22,1 35-41 

ɋɄȾ 540-580 22,1-25,0 38-44 
ɋɋɄɉ Ȼɨɥɟɟ 580 Ȼɨɥɟɟ 25,0 Ȼɨɥɟɟ 44 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɢɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ ɩɪɨɹɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɤ 
ɬɟɯɧɨɥɨɝɢɢ ɋɋɄɉ, ɜɟɞɶ ɝɥɚɜɧɵɦ ɟɟ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɚɧɰɢɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɧɢɠɚɟɬ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

Ɉɞɧɚɤɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ 
ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ: 

- ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ; 
- ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɬɚɤ ɤɚɤ ɪɚɫɬɟɬ ɞɨɥɹ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ; 
- ɪɚɫɬɟɬ ɫɬɨɢɦɨɫɬɶ ɬɪɭɛ ɜ ɫɜɹɡɢ ɫ ɭɞɨɪɨɠɚɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ. 
ɇɨ ɪɨɫɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, 

ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ ɩɚɪɚ ɢ ɜɨɞɵ, ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ 
ɧɚ ɬɨɩɥɢɜɨɩɪɢɝɨɬɨɜɥɟɧɢɟ ɢ ɬɨɩɥɢɜɨ-ɬɪɚɧɫɩɨɪɬɧɨɟ ɯɨɡɹɣɫɬɜɨ.  

Ʉ ɬɨɦɭ ɠɟ, ɫɨɜɪɟɦɟɧɧɵɟ ɩɵɥɟɭɝɨɥɶɧɵɟ ɛɥɨɤɢ ɋɋɄɉ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ ɞɚɧɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɢɡɤɭɸ, ɜ 
ɪɚɣɨɧɟ 100 ℃, ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. Ȼɥɨɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɚɳɚɸɬɫɹ 
ɫɟɪɨ- ɢ ɚɡɨɬɨɨɱɢɫɬɤɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɜɨɞɢɬɶ ɞɵɦɨɜɵɟ ɝɚɡɵ ɧɟ ɱɟɪɟɡ ɞɵɦɨɜɭɸ 
ɬɪɭɛɭ, ɚ ɱɟɪɟɡ ɝɪɚɞɢɪɧɸ, ɱɬɨ ɬɚɤɠɟ ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. 
ɉɪɢɹɬɧɵɦ ɛɨɧɭɫɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɞɚɠɚ ɝɢɩɫɚ, ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɢɡ ɭɞɚɥɟɧɧɨɣ ɢɡ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɟɪɵ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɢɪɨɜɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɦɩɚɧɢɢ ɭɠɟ ɨɫɜɨɢɥɢ 
ɬɟɯɧɨɥɨɝɢɸ ɋɋɄɉ ɢ ɩɪɨɞɨɥɠɚɸɬ ɪɚɡɪɚɛɨɬɤɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɚɬ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɬɪɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɞɨ 700 ℃. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɫɬɚɬɢɫɬɢɤɢ «ɋɈ ȿɗɋ», ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɫɬɪɚɬɟɝɢɢ Ɋɨɫɫɢɢ ɞɨ 2035 ɝɨɞɚ, ɝɟɧɟɪɚɥɶɧɨɣ ɫɯɟɦɵ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2035 ɝɨɞɚ ɢ ɦɢɪɨɜɨɝɨ ɬɪɟɧɞɚ ɩɪɨɟɤɬ ȽɊɗɋ 1320 
Ɇȼɬ ɧɚ ɋɋɄɉ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. 
 

1.2 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ȼ ɞɚɧɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɱɢɬɚɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɢ 
ɪɟɡɟɪɜ ɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɞɜɟ ɬɭɪɛɢɧɵ 
Ʉ-660-270, ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ». ȼ ɤɚɱɟɫɬɜɟ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ 
ɜɚɪɢɚɧɬɚ ɪɚɫɫɦɨɬɪɟɧɵ ɱɟɬɵɪɟ ɬɭɪɛɢɧɵ Ʉ-330-240.  
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1.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɹɜɥɹɸɬɫɹ ɫɭɦɦɨɣ ɨɬɞɟɥɶɧɨ ɜɡɹɬɵɯ ɫɬɚɬɟɣ 
ɪɚɫɯɨɞɚ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

ɷ ɬ ɡɩ ɚ ɬɪ ɩɪU U U U U U     ,                                                                     (1.1) 

ɝɞɟ    ɬU  – ɡɚɬɪɚɬɵ ɫɪɟɞɫɬɜ ɧɚ ɬɨɩɥɢɜɨ; 

 ɡɩU – ɪɚɫɯɨɞɵ ɫɪɟɞɫɬɜ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɪɚɛɨɱɢɯ; 

ɚU – ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ; 

ɬɪU – ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ; 

ɩɪU – ɩɪɨɱɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ. 

1.2.2 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɨɤɭɩɤɭ ɬɨɩɥɢɜɚ 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ. ɟ. ɤɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ 
ɦɢɧɭɫ ɜɪɟɦɟɧɹ ɩɪɨɫɬɨɹ ɜ ɤɚɩɢɬɚɥɶɧɨɦ ɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ, ɱɚɫ/ɝɨɞ: 

ɪ ɪɟɦɌ 8760 Ɍ  ,                                                                                                                                  (1.2)  

ɝɞɟ    ɪɟɦɌ  – ɡɚɬɪɚɬɵ ɫɪɟɞɫɬɜ ɧɚ ɬɨɩɥɢɜɨ. 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ ȽɊɗɋ, Ɇȼɬɱ:    

ɭɫɬ ɭɫɬW N Ɍ  ,                                                                                                                                       (1.3)     

ɝɞɟ    ɭɫɬN  – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; 

ɭɫɬɌ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ; 

ɭɫɬ ɪ ɚɌ Ɍ Ɍ   –  ɱɢɫɥɨ ɱɚɫɨɜ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɚɜɚɪɢɣɧɨɝɨ 
ɪɟɡɟɪɜɚ (400 ɱɚɫɨɜ). 

ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ȽɊɗɋ, Ɇȼɬ: 

ɤɷɫ
ɪ

WɊ
T

 ,                                                                                                         (1.4)     

ɝɞɟ   ɪɌ  – ɮɚɤɬɢɱɟɫɤɨɟ ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ȽɊɗɋ, ɱ. 

ɤɷɫ
ɛɥ

ɛɥ

ɊɊ
n

                                                                                                         (1.5)  
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Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɬɚɧɰɢɟɣ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɧɚ ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɬ ɭ.ɬ./ɝɨɞ: 

ɪ
ɧ

ɭɫɬ ɛɥ ɪ ɭɫɬ
Q

B n B Ɍ
29310

    ,                                                                                        (1.6) 

ɝɞɟ     ɛɥn  – ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ; 

ɪB – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ (ɫɦ. ɪɚɡɞɟɥ 2.3.3); 
ɪ
ɧQ  – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. 

ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɨɬ ɪɚɛɨɬɵ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɬ ɭ.ɬ./ɝɨɞ: 

ɧɟɭɫɬ ɉ6 10ɱ ɉ6 10ɱ ɛɥ ɉɯ.ɫ. ɉɯ.ɫ. ɛɥB B n n B n n       ,                                              (1.7) 

ɝɞɟ    ɉ6 10ɱ ɉɯ.ɫ.B ɢ B  – ɩɭɫɤɨɜɵɟ ɩɨɬɟɪɢ ɩɪɢ ɨɫɬɚɧɨɜɟ ɧɚ 10 ɱɚɫɨɜ ɢ ɩɪɢ ɩɭɫɤɟ ɢɡ 
ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬ ɭ.ɬ.; 

ɉ6 10ɱ ɉɯ.ɫ.n ɢ n – ɱɢɫɥɨ ɩɭɫɤɨɜ ɢ ɨɫɬɚɧɨɜɨɜ ɧɚ 10 ɱɚɫɨɜ, ɢ ɢɡ ɯɨɥɨɞɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɩɪɢɧɢɦɚɟɬɫɹ 2) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ȽɊɗɋ, ɬ ɭ.ɬ./ɝɨɞ: 

ɭɫɬ ɧɟɭɫɬB B B                                                                                                                                     (1.8) 

Ɂɚɬɪɚɬɵ ɫɪɟɞɫɬɜ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ/ɝɨɞ: 

6
ɬU ɐ ȼ 10                                                                                                                                       (1.9) 

1.2.3 Ɋɚɫɱɟɬ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 

Ɂɚɪɩɥɚɬɵ ɩɨ ɫɬɚɧɰɢɢ, ɦɥɧ. ɪɭɛ/ɝɨɞ: 

6
ɡɩ ɭ ɭ ɡɩU N n Ɏ 10    ,                                                                                (1.10)      

ɝɞɟ    ɭn  – ɲɬɚɬɧɵɣ ɱɟɥɨɜɟɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɱɟɥ/Ɇȼɬ; 

ɡɩɎ – ɫɪɟɞɧɹɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɞɧɨɝɨ ɫɨɬɪɭɞɧɢɤɚ ɡɚ ɝɨɞ. 

1.2.4 Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 

ȼɟɥɢɱɢɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ. ɪɭɛ/ɝɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

ɚ ɚU Ʉ ɇ  ,                                                                                                  (1.11)   

ɝɞɟ    ɚɇ  – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ; 
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Ʉ – ɤɚɩɜɥɨɠɟɧɢɹ ɜ ȽɊɗɋ, ɦɥɧ. ɪɭɛ/ɝɨɞ: 

  ɛɥ ɛɥɄ Ʉ Ʉ n 1    ,                                                                              (1.12)    

ɝɞɟ   ɛɥɄ ɢ Ʉ  – ɜɥɨɠɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɞɧɨɝɨ ɝɨɥɨɜɧɨɝɨ ɛɥɨɤɚ ɢ ɤɚɠɞɨɝɨ 
ɩɨɫɥɟɞɭɸɳɟɝɨ, ɦɥɧ. ɪɭɛ; 

1.2.5 Ɋɚɫɯɨɞɵ ɫɪɟɞɫɬɜ ɧɚ ɪɟɦɨɧɬ 

Ɋɚɫɯɨɞɵ ɧɟ ɪɟɦɨɧɬ, ɦɥɧ. ɪɭɛ/ɝɨɞ: 

ɬɪ ɬɪ ɛɥU Ʉ ɇ n   ,                                                                                              (1.13)  

ɝɞɟ  ɬɪɇ  – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ȽɊɗɋ ɧɚ ɪɟɦɨɧɬɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ. 

1.2.6 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 

Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ: 

– ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɢ ɨɛɳɟɰɟɯɨɜɵɟ ɪɚɫɯɨɞɵ; 

– ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

– ɫɛɨɪɵ ɢ ɧɚɥɨɝɢ. 

ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 20 % ɨɬ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɡɚɪɩɥɚɬɭ ɢ 
ɪɟɦɨɧɬ, ɫ ɭɱɟɬɨɦ ɜɡɧɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɪɚɯɨɜɚɧɢɟɦ, ɦɥɧ. ɪɭɛ/ɝɨɞ: 

 ɩɪ ɚ ɬɪ ɡɩU 0,2 U U U ɋɈɐ     ,                                                             (1.14)     

ɝɞɟ    ɋɈɐ  – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ, ɦɥɧ. ɪɭɛ/ɝɨɞ. 

ɫɜ ɡɩɋɈɐ ɇ U  ,                                                                                           (1.15) 

ɝɞɟ    ɫɜɇ  – ɜɟɥɢɱɢɧɚ ɫɬɚɜɤɢ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɞɨɥɢ.      

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2. 

 

 

 



13 
 

Ɍɚɛɥɢɰɚ 2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ 

ɉɨɤɚɡɚɬɟɥɢ 
Ɂɧɚɱɟɧɢɟ 

1 ɜɚɪɢɚɧɬ 2 ɜɚɪɢɚɧɬ 
ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ, ɪɭɛ 1406308,8 
Ɉɛɹɡɚɬɟɥɶɧɵɟ ɫɬɪɚɯɨɜɵɟ ɜɵɩɥɚɬɵ, % 30,00 
ɋɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ, % 7 
ɇɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, % 5,00 
ɐɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ/ɧɚɬ.ɟɞ. 2090 
ɐɟɧɚ ɡɚ ɭɫɥɨɜɧɨɟ ɬɨɩɥɢɜɨ, ɪɭɛ/ɬ ɭ.ɬ. 4009 
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ 15280 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɲɬɚɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 0,59 0,93 

ɇɨɪɦɚɬɢɜɵ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɪɟɦɨɧɬɨɜ, ɱ 

ɬɟɤɭɳɢɯ 548,93 488,60 

ɤɚɩɢɬɚɥɶɧɵɯ 553,60 466,80 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ʉɗɋ, 
ɨɬɧɟɫɟɧɧɵɟ ɧɚ ɨɞɢɧ ɛɥɨɤ, ɦɥɧ. ɪɭɛ ɩɟɪɜɵɣ ɚɝɪɟɝɚɬ 

39521,22 24367,00 

ɩɨɫɥɟɞɭɸɳɢɣ 32934,36 20305,81 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷ/ɷ ɧɚ ɫɨɛɫɬɜ ɧɭɠɞɵ, % 4,50 4,08 

ɉɭɫɤɨɜɵɟ ɩɨɬɟɪɢ, ɬ ɭ.ɬ. ȼɉ6-10 184,00 93,25 
ȼɉɯ.ɫ. 330,00 165,00 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɜɭɯ 
ɜɚɪɢɚɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ Ɍɗɉɨɜ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 

ɉɨɤɚɡɚɬɟɥɢ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ȽɊɗɋ, Ɇȼɬ 1320 1320 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɛɥɨɤɚ, Ɇȼɬ 660 330 
ɑɢɫɥɨ ɛɥɨɤɨɜ ɫɬɚɧɰɢɢ 2 4 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ 7662,13 7653,32 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ 7262,13 7253,32 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ ȽɊɗɋ, Ɇȼɬ*ɱ 9586016,00 9574386,92 
ɋɪɟɞɧɹɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ 1251,09 1251,01 
ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ 625,54 312,75 
Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ 
ɧɚ ȽɊɗɋ, ɬ ɭ.ɬ./ɝɨɞ 

2444956,95 3047760,75 

ɉɨɬɟɪɢ ɍɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ 
ɭ.ɬ./ɝɨɞ 

5000 5050 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ȽɊɗɋ, ɬ ɭ.ɬ./ɝɨɞ 2449956,95 3052810,75 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ȽɊɗɋ, ɦɥɧ. ɪɭɛ 72455,58 85284,43 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 
Ɂɚɬɪɚɬɵ ɫɪɟɞɫɬɜ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ/ɝɨɞ 9821,94 12238,79 
Ɂɚɬɪɚɬɵ ɫɪɟɞɫɬɜ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, ɦɥɧ. ɪɭɛ/ɝɨɞ 1095,23 1726,38 
ɋɬɪɚɯɨɜɵɟ ɜɵɩɥɚɬɵ, ɦɥɧ. ɪɭɛ/ɝɨɞ 328,57 517,92 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ. ɪɭɛ/ɝɨɞ 5071,89 5969,91 
Ɋɚɫɯɨɞɵ ɫɪɟɞɫɬɜ ɧɚ ɪɟɦɨɧɬ, ɦɥɧ. ɪɭɛ/ɝɨɞ 3622,78 4264,22 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ/ɝɨɞ 2286,55 2910,02 
ɂɬɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ/ɝɨɞ 21898,39 27109,33 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɚɛɥɢɰɵ 3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɚɪɢɚɧɬ 1 ɫ ɞɜɭɦɹ 
ɛɥɨɤɚɦɢ Ʉ-660-270 ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ.  

1.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

 Ɍɭɪɛɨɚɝɪɟɝɚɬ 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɭɫɬɚɧɨɜɤɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɨɬɨɬɢɩɵ ɬɭɪɛɢɧ. 
ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 

Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɭɪɛɢɧ 
Ɍɭɪɛɨɚɝɪɟɝɚɬ Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» ɅɆɁ Ʉ-660-270 - ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 660 Ɇȼɬ 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 26,5 Ɇɉɚ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦɢ ɤɥɚɩɚɧɚɦɢ 610 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 610 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 295 ℃ 
- Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 3,5 ɤɉɚ 
- Ʉɨɦɩɨɧɨɜɤɚ: ɐȼɋȾ+ɐɇȾ 

ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» ɅɆɁ Ʉ-660-240 - ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 660 Ɇȼɬ 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 24,2 Ɇɉɚ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦɢ ɤɥɚɩɚɧɚɦɢ 537 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 565 ℃ 
- Ɋɚɫɯɨɞ ɩɚɪɚ 2024 ɬ/ɱ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 295 ℃ 
- Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 3,5 ɤɉɚ 
- Ʉɨɦɩɨɧɨɜɤɚ: ɐȼȾ+ɐɋȾ+2 ɐɇȾ 

Siemens ɫɟɪɢɢ SST-6000 - ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɬ 300 ɞɨ 1200 Ɇȼɬ 
- ɄɉȾ 46,5 % (ɫ ɞɜɨɣɧɵɦ ɩɟɪɟɝɪɟɜɨɦ 48%) 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 330 ɛɚɪ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ 600 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 630 ℃ 
- Ʉɨɦɩɨɧɨɜɤɚ: 2 ɐȼȾ+ɐɋȾ+4 ɐɇȾ 

Amur Sirius CLN-660-24,2/566/566 - ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 660 Ɇȼɬ 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 24,2 Ɇɉɚ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦɢ ɤɥɚɩɚɧɚɦɢ 566 ℃ 
- ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɨɫɬɪɨɝɨ ɩɚɪɚ 1879 ɬ/ɱ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 566 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 277 ℃ 
- Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 4,9 ɤɉɚ 
- Ʉɨɦɩɨɧɨɜɤɚ: ɐȼɋȾ+2 ɐɇȾ 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ Siemens ɫɟɪɢɢ SST-6000 ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɦ 
ɦɢɪɟ ɢ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ ɤɚɤ ɧɚɞɟɠɧɵɣ ɚɝɪɟɝɚɬ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ ɈȺɈ 
«ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» ɅɆɁ Ʉ-660-270, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2, ɬɚɤ ɤɚɤ ɷɬɨ 
ɨɬɟɱɟɫɬɜɟɧɧɚɹ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɪɚɡɪɚɛɨɬɤɚ, ɢɦɟɸɳɚɹ ɞɨɫɬɨɣɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɟɪɟɞɨɜɵɟ ɪɟɲɟɧɢɟ ɬɚɤɢɟ ɤɚɤ ɫɨɜɦɟɳɟɧɧɵɣ ɰɢɥɢɧɞɪ ɜɵɫɨɤɨɝɨ 
ɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ (ɐȼɋȾ). 
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Ɋɢɫɭɧɨɤ 2 – Ɍɭɪɛɢɧɚ Ʉ-660-270 

ɉɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 2022 ɝɨɞ ɧɟ ɭɫɬɚɧɨɜɥɟɧɚ ɧɢ ɨɞɧɚ ɬɭɪɛɢɧɚ Ʉ-660-270. 
Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɜɨɡɧɢɤɥɚ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɪɨɫɫɢɣɫɤɢɟ ɫɬɚɧɰɢɢ ɧɟ ɡɚɢɧɬɟɪɟɫɨɜɚɧɵ 
ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɥɢ ɠɟ ɩɨɫɬɪɨɣɤɟ ɧɨɜɵɯ ɛɥɨɤɨɜ ɧɚ ɋɋɄɉ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ 
ɬɭɪɛɨɚɝɪɟɝɚɬ ɩɨɥɧɨɫɬɶɸ ɝɨɬɨɜ ɤ ɜɧɟɞɪɟɧɢɸ ɜ ɷɧɟɪɝɟɬɢɤɭ Ɋɨɫɫɢɢ. 

ɇɨɜɟɣɲɢɣ ɩɪɨɞɭɤɬ ɅɆɁ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɢɦɟɟɬ ɦɧɨɠɟɫɬɜɨ 
ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɢ ɩɪɟɢɦɭɳɟɫɬɜ. ɇɚɩɪɢɦɟɪ, ɫɨɜɦɟɳɟɧɢɟ 
ɰɢɥɢɧɞɪɨɜ ɜɵɫɨɤɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɭɦɟɧɶɲɚɟɬ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ, ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɬɭɪɛɢɧɵ. ȼ ɬɚɛɥɢɰɟ 5 ɧɚɝɥɹɞɧɨ ɜɢɞɧɨ, ɤɚɤ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɢ ɫɨɜɦɟɳɟɧɢɹ ɱɚɫɬɟɣ ȼȾ ɢ ɋȾ, ɚ ɧɚ ɪɢɫɭɧɤɟ 3 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɭɪɛɢɧɚ Ʉ-660 ɫ ɪɚɡɞɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ ȼȾ ɢ ɋȾ. 

Ɍɚɛɥɢɰɚ 5 – ɋɪɚɜɧɟɧɢɟ ɬɭɪɛɢɧɵ ɦɨɳɧɨɫɬɶɸ 660 Ɇȼɬ ɫ ɪɚɡɞɟɥɶɧɵɦɢ ɢ 
ɫɨɜɦɟɳɟɧɧɵɦɢ ɱɚɫɬɹɦɢ ȼȾ ɢ ɋȾ 

ȼɚɪɢɚɧɬ 
ɤɨɧɫɬɪɭɤɰɢɢ 

Ɇɨɳɧɨɫɬɶ, 
Ɇȼɬ 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ 
ɄɉȾ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ, % ɋɟɛɟɫɬɨɢɦɨɫɬɶ, 
% 

Ɇɨɳɧɨɫɬɶ 
ɐɇȾ, 
Ɇȼɬ 

ɄɉȾ 
ɐɇȾ 

(ɫɭɯɨɣ), 
% 

ɋɬɨɢɦɨɫɬɶ 
ɐɇȾ, % ɛɟɡ ɭɱɟɬɚ 

ɐɇȾ 
ɫ ɭɱɟɬɨɦ 
ɐɇȾ 

ɐȼȾ + ɐɋȾ 490 90,76 90,2 106,26 170 89,2 90-150 
ɐȼɋȾ 370 90,1 89,9 100,00 290 89,6 100 
Ɋɚɡɧɢɰɚ 
ɦɟɠɞɭ 
ɜɚɪɢɚɧɬɚɦɢ 

120 0,66 0,3 6,26 120 0,4 (+10)-(-50) 
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Ɋɢɫɭɧɨɤ 3 – Ɍɭɪɛɢɧɚ Ʉ-660-240 

Ɍɭɪɛɢɧɚ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɐȼɋȾ ɢ ɨɞɧɨɝɨ ɞɜɭɯɩɨɬɨɱɧɨɝɨ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɐɇȾ. ȼ ɬɭɪɛɨɚɝɪɟɝɚɬɟ ɢɦɟɟɬɫɹ ɜɨɫɟɦɶ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɞɥɹ ɩɨɞɨɝɪɟɜɚ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 3 ɢɡ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɚɪɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɢ 4 ɨɬɛɨɪɚ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
ɉɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɥɨɜɨɟ. ɉɪɢɫɭɬɫɬɜɭɟɬ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɚɪɚ. 
Ⱦɟɚɷɪɚɬɨɪ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ (0,7 Ɇɉɚ), ɜɤɥɸɱɟɧ ɜ ɫɯɟɦɟ, ɤɚɤ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɫɬɭɩɟɧɶ. Ɉɬɜɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢɡ ɞɟɚɷɪɚɬɨɪɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɫ ɬɭɪɛɨɩɪɢɜɨɞɨɦ ɢ 
ɩɪɟɞɜɤɥɸɱɟɧɧɵɦ ɛɭɫɬɟɪɧɵɦ ɧɚɫɨɫɨɦ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɭɪɛɢɧɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɫɩɨɫɨɛɵ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ, ɜɧɟɞɪɟɧɵ ɧɨɜɟɣɲɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɩɨɜɵɲɚɸɳɢɟ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ. 

 Ʉɨɬɥɨɚɝɪɟɝɚɬ 
ɉɪɢ ɜɵɛɨɪɟ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɛɵɥ ɜɵɩɨɥɧɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɦɢɪɨɜɵɦ 

ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɪɟɲɟɧɢɹɦ. Ʉɨɦɩɨɧɨɜɤɚ ɜɵɛɪɚɧɚ ɩɨɥɭɛɚɲɟɧɧɚɹ 
ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɭɦɟɪɟɧɧɵɟ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɹ ɢ ɧɢɡɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. Ɉɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɬɚɤɚɹ 
ɤɨɦɩɨɧɨɜɤɚ ɨɛɟɫɩɟɱɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫ ɬɨɩɥɢɜɨɦ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ 
ɛɚɫɫɟɣɧɚ, ɚ ɬɨɱɧɟɟ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɦ ɭɝɨɥɶɧɵɦ ɪɚɡɪɟɡɨɦ, ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɲɥɚɤɨɜɚɧɢɸ. 

 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɬɨɬɢɩɨɜ ɤɨɬɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 6 - ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ 
Ʉɨɬɥɨɚɝɪɟɝɚɬ Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɗɋ Neurath, ɛɥɨɤ F - Ɇɨɳɧɨɫɬɶ 1060 Ɇȼɬ 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 29,6 Ɇɩɚ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ 600 ℃ 

Ɍɗɋ Niederhaussem, ɛɥɨɤ Ʉ - Ɇɨɳɧɨɫɬɶ 1012 Ɇȼɬ 
- Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ 27,4 Ɇɩɚ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ 580 ℃ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 600 ℃ 
- ɄɉȾ 43% 
- ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 2620 ɬ/ɱ 
- Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 294 ℃ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɡɚ ɩɪɨɬɨɬɢɩ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɞɥɹ ȼɄɊ 
ɛɵɥ ɜɵɛɪɚɧ ɛɥɨɤ K ɧɟɦɟɰɤɨɣ ɫɬɚɧɰɢɢ Niederhaussem, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 4. 

 

Ɋɢɫɭɧɨɤ 4 – Ȼɥɨɤ Ʉ Niederhaussem 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɢɦɟɟɬ ɛɚɲɟɧɧɭɸ ɤɨɦɩɨɧɨɜɤɭ, ɤɨɧɜɟɤɬɢɜɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɩɨɞɜɟɲɟɧɵ ɢ ɡɚɤɪɟɩɥɟɧɵ ɧɚɞ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɨɣ. 
Ƚɚɡɨɩɥɨɬɧɵɟ ɬɨɩɨɱɧɵɟ ɷɤɪɚɧɵ ɢɦɟɸɬ ɞɪɟɧɚɠ. ȼɟɪɯɧɹɹ ɨɬɦɟɬɤɚ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɵɫɨɬɟ 167,5 ɦ, ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɤɨɬɥɚ ɢɦɟɟɬ ɪɚɡɦɟɪɵ 24 ɯ 24 ɦɟɬɪɚ. 
Ȼɭɧɤɟɪɵ ɫɵɪɨɝɨ ɭɝɥɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɤɨɬɥɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɤɨɪɚɱɢɜɚɟɬ ɪɚɫɫɬɨɹɧɢɟ ɩɢɬɚɬɟɥɟɣ ɫɵɪɨɝɨ ɭɝɥɹ ɢ ɭɩɪɨɳɚɟɬ ɫɯɟɦɭ ɩɨɞɚɱɢ 
ɬɨɩɥɢɜɚ ɤ ɦɟɥɶɧɢɰɚɦ-ɜɟɧɬɢɥɹɬɨɪɚɦ, ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɨɤɪɭɝ ɤɨɬɥɚ ɜ 
ɤɨɥɢɱɟɫɬɜɟ ɜɨɫɶɦɢ ɲɬɭɤ. 

ȼɨɡɞɭɲɧɵɣ ɬɪɚɤɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 5, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ 
ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ, ɞɜɚ ɜɨɞɨɜɨɡɞɭɲɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɢɫɬɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ 
ɬɟɩɥɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɞɜɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ.  
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1 – ɤɨɬɟɥ; 2 – ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ; 3 – ɷɥɟɤɬɪɨɮɢɥɶɬɪ; 4 – ɞɵɦɨɫɨɫ; 5 – ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɹ;  
6 – ɝɪɚɞɢɪɧɹ; 7 – ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ; 8 – ɜɨɞɨɜɨɡɞɭɲɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 

Ɋɢɫɭɧɨɤ 5 – ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 

ȼ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ ɩɨɬɨɤ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɱɚɫɬɢ: 
ɩɟɪɜɚɹ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɞɜɭɦ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ȼɁɉ, ɚ ɜɬɨɪɚɹ – ɤ ɛɚɣɩɚɫɧɨɦɭ 
ɷɤɨɧɨɦɚɣɡɟɪɭ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɨɬɨɤɢ ɫɧɨɜɚ ɨɛɴɟɞɢɧɹɸɬɫɹ ɢ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ 
ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ, ȼȼɌɈ, ɜ ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɫɧɢɠɚɟɬɫɹ ɞɨ 100 ℃ ɢ 
ɫɢɫɬɟɦɭ ɞɟɫɭɥɶɮɚɰɢɢ. 

ɋɬɟɧɵ ɢ ɬɪɭɛɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɡɚɳɢɳɟɧɵ ɩɨɪɨɲɤɨɜɵɦ ɩɨɥɢɦɟɪɨɦ ɱɬɨɛɵ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɤɨɪɪɨɡɢɸ ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 

ɋɛɪɨɫ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɱɟɪɟɡ ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɚ ɱɟɪɟɡ 
ɝɪɚɞɢɪɧɸ. 

Ⱦɚɧɧɵɣ ɛɥɨɤ ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɢɬ, ɬɚɤ ɤɚɤ ɨɧ ɩɪɨɟɤɬɢɪɨɜɚɥɫɹ ɞɥɹ ɪɚɛɨɬɵ ɧɚ 
ɜɵɫɨɤɨɜɥɚɠɧɨɦ ɛɭɪɨɦ ɭɝɥɟ, ɚ ɨɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɬɚɧɰɢɢ 
ɹɜɥɹɟɬɫɹ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ 2ȻɊ. Ȼɨɥɟɟ ɬɨɝɨ ɞɚɧɧɵɣ ɤɨɬɟɥ 
ɭɫɩɟɲɧɨ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɫ 2003 
ɝɨɞɚ. 

ɑɬɨɛɵ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɫɟɪɨ- ɢ ɚɡɨɬɨɨɱɢɫɬɤɭ ɛɵɥɨ ɪɟɲɟɧɨ ɚɤɬɢɜɧɵɦ 
ɦɟɬɨɞɨɦ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ, ɬɨ ɟɫɬɶ ɩɨɜɥɢɹɬɶ ɧɚ ɩɪɨɰɟɫɫ 
ɝɨɪɟɧɢɹ, ɢ ɬɟɦ ɫɚɦɵɦ ɭɦɟɧɶɲɢɬɶ ɧɚɝɪɭɡɤɭ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɱɬɨ ɜ 
ɦɟɧɶɲɭɸ ɫɬɨɪɨɧɭ ɫɤɚɠɟɬɫɹ ɧɚ ɢɯ ɫɬɨɢɦɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ 
ɧɚ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɤɨɬɥɚ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ. ɉɨɷɬɨɦɭ 
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ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɟɚɥɢɡɨɜɚɬɶ ɷɬɭ ɬɟɯɧɨɥɨɝɢɸ ɜ ɤɚɱɟɫɬɜɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɜ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ȽɊɗɋ. ɉɪɨɬɨɬɢɩɨɦ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ ɜɵɫɬɭɩɢɥ ɤɨɬɟɥ ȿ-820-
13,8-560ȻɌ, ɭɫɩɟɲɧɨ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɣ ɧɚ ɇɨɜɨ-ɂɪɤɭɬɫɤɨɣ Ɍɗɐ. Ʉɨɬɟɥɶɧɵɣ 
ɚɝɪɟɝɚɬ ȿ-820-13,8-560ȻɌ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6. 

 

Ɋɢɫɭɧɨɤ 6 – ȿ-820-13,8-560ȻɌ    
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1.4 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ 

1. Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɷɧɟɪɝɨɛɥɨɤɚ, ɜɵɛɨɪ ɢ ɪɚɫɱɟɬ ɩɨɞɯɨɞɹɳɟɝɨ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

2. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɟɝɨ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ. 

3. Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɪɚɫɱɟɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, 
ɪɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

4. Ɋɚɡɪɚɛɨɬɤɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɫɬɚɧɰɢɢ. 

5. Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɫɬɚɧɰɢɢ. 

6. ɋɨɡɞɚɧɢɟ 3Ⱦ-ɦɨɞɟɥɢ ɫɬɚɧɰɢɢ. 

2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

ɉɨɫɤɨɥɶɤɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɤɨɬɟɥ ɢɦɟɟɬ ɷɤɨɧɨɦɚɣɡɟɪɧɵɣ ɛɚɣɩɚɫ, 
ɪɚɫɱɟɬɧɭɸ ɱɚɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɛɥɨɤ-ɫɯɟɦɨɣ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 7. 
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Оп̬еделе̛̦е д̌̏ле̛̦̜

ʿо̭т̬ое̛̦е п̬о̶е̭̭̌ ̛̬̭̹̬̌е̛̦я

ˀ̸̭̌ет ̭ете̏о̜ у̭т̦̌о̏к̛

Оп̬еделе̛̦е ̵̬̭̌од̌ п̛т̌тел̦̽о̜ ̏од̼ ̛ 
о̭т̬о̐о п̬̌̌
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А̬̾од̸̛̛̦̥̌е̭к̛̜ ̸̬̭̌ет котл̌, ̸̬̭̌ет 
п̼ле̛̭̭те̥

ˀ̸̭̌ет ̬̭̭̌е̛̛̦̏̌я, ̼̬̏̍о̭о̏. ʦ̼̍о̬ 
̭̏по̥о̐̌тел̦̽о̐о о̍о̬удо̛̦̏̌я

Оп̬еделе̛̦е ̵̬̭̌од̌ п̬̌̌ ̦̌ ту̬̍оп̛̬̏од

ˀ̸̭̌ет ко̴̴̶̛̛̾е̦т̌ ̬е̐е̦е̶̛̛̬̌

 

Ɋɢɫɭɧɨɤ 7 – Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɧɨɣ ɱɚɫɬɢ 

2.1 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

2.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɣ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɜ ɨɬɛɨɪɚɯ ɬɭɪɛɢɧɵ 

Ɍɚɛɥɢɰɚ 7 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɉɌɋ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

ɉɪɨɬɨɬɢɩ ɬɭɪɛɢɧɵ K-660-270 

Ɇɟɫɬɨɪɨɠɞɟɧɢɟ, ɦɚɪɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ 
ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ 

ɭɝɨɥɶ 2ȻɊ 
Ɍɢɩ ɫɬɚɧɰɢɢ ȽɊɗɋ 
Ʉɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ 2 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ, Ɇɉɚ 26,5 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ℃ 610 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ, Mɉa 0,0035 
Ⱦɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ, Ɇɉɚ 0,7 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ℃ 610 
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Ɋɢɫɭɧɨɤ 8 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ʉ-660-270 

ɉɨɫɤɨɥɶɤɭ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ ɬɭɪɛɢɧɵ ɧɟɢɡɜɟɫɬɧɵ, ɢɯ ɦɨɠɧɨ ɧɚɣɬɢ 
ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɨɩɢɪɚɹɫɶ ɧɚ ɩɪɢɧɰɢɩ 
ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ. ȼ 
ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɢɡɜɟɫɬɧɨ ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ, ɪɚɡɞɟɥɢɦ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ 
ɭɱɚɫɬɨɤ ɧɚ ɞɜɟ ɱɚɫɬɢ (ɞɨ ɞɟɚɷɪɚɬɨɪɚ ɢ ɩɨɫɥɟ) ɢ ɧɚɣɞɟɦ ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɤɚɠɞɨɦ 
ɉȼȾ ɢ ɤɚɠɞɨɦ ɉɇȾ, ɫ ɭɱɟɬɨɦ ɧɚɝɪɟɜɚ ɜɨɞɵ ɩɟɪɟɞ ɧɢɦɢ ɜ ɫɚɥɶɧɢɤɨɜɨɦ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɢ ɨɯɥɚɞɢɬɟɥɟ ɩɚɪɚ ɷɠɟɤɬɨɪɨɜ. 

ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɉɇȾ, ℃: 

5


  ɞ ɋɉ

ɉɇȾ
t t

t ,                                                                                              (2.1) 

ɝɞɟ      ɞt  - ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜ ɞɟɚɷɪɚɬɨɪɟ 
ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 164,953 ℃; 

ɋɉt  - ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɋɉ, ℃: 

  ɋɉ ɤ ɋɉ ɈЭt t t t ,                                                                                    (2.2) 

ɝɞɟ    ɤt  - ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 26,673 ℃; 

 ɋɉ ɈЭt ɢ t  - ɜɟɥɢɱɢɧɚ ɧɚɝɪɟɜɚ ɜ ɋɉ ɢ Ɉɗ, ɩɪɢɧɢɦɚɟɬɫɹ 3 ℃. 

26,673 3 3 32,673   ɋɉt , 
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164,953 32,673
26,456

5


  ɉɇȾt  

ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɉȼȾ, ℃: 

3


  ɩɜ ɞ

ɉɇȾ
t t

t ,                                                                                              (2.3) 

ɝɞɟ     ɩɜt  - ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ℃ (ɫɦ. ɬɚɛɥɢɰɭ 7). 

295 164,953
43,349

3


  ɉɇȾt  

Ɉɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɣ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɜ ɨɬɛɨɪɚɯ ɩɨɤɚɠɟɦ ɧɚ 
ɩɪɢɦɟɪɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɉɇȾ-1. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ɉɇȾ-1, ℃: 

1   ɉɇȾ ɋɉ ɉɇȾt t t ,                                                                                        (2.4) 

1 32,673 26,456 59,129   ɉɇȾt  

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ℃: 

1 1   ɤ
ɉɇȾ ɉɇȾ ɧɟɞɨɝɪɟɜt t t ,                                                                                 (2.5) 

ɝɞɟ     ɧɟɞɨɝɪɟɜt  - ɜɟɥɢɱɢɧɚ ɧɟɞɨɝɪɟɜɚ ɜ ɉɇȾ, ɩɪɢɧɢɦɚɟɬɫɹ 5 ℃. 

1 59,129 5 64,129   ɧ
ɉɇȾt  

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɩɚ: 

 1 1 0,0241  ɤ
ɉɇȾ ɉɇȾɊ f t  

ɋ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɩɚɪɨɩɪɨɜɨɞɟ (5%) ɧɚɯɨɞɢɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ 
ɜ ɨɬɛɨɪɟ 8, Ɇɩɚ: 

1
8 0,95

 ɉɇȾɊ
Ɋ ,                                                                                                    (2.6) 

8

0,0241
0,0253

0,95
 Ɋ  

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɨɫɬɚɥɶɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɬɛɨɪɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɨɞɹɬɫɹ ɜ 
ɬɚɛɥɢɰɭ 8. 
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Ɍɚɛɥɢɰɚ 8 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
ɉȼȾ 3 ɉȼȾ 2 ɉȼȾ 1 Ⱦ-ɪ ɉɇȾ 4 ɉɇȾ 3 ɉɇȾ 2 ɉɇȾ 1 Ʉ-ɪ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɨɞɵ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, 
℃  

295 251,651 208,302 164,953 138,497 112,041 85,585 59,129 26,673 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɨɧɞɟɧɫɚɬɚ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
℃ 

298 254,651 211,302 164,953 143,497 117,041 90,585 64, 129 26,673 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ 
ɩɟɪɟɞ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, 
Ɇɉɚ 

7,566 4,2977 1,9575 0,7 0,3987 0,1807 0,0718 0,0241 0,0035 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ, Ɇɉɚ 

7,9639 4,5239 2,0606 1,2 0,4197 0,1903 0,0755 0,0253 0,0035 

ɗɧɬɚɥɶɩɢɹ 
ɤɨɧɞɟɧɫɚɬɚ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
ɤȾɠ/ɤɝ 

1333,61 1108,41 903,67 697,14 604,22 491,21 379,43 268,43 111,84 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ 
ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, 
ɤȾɠ/ɤɝ 

1302,58 1096,62 903,60 697,14 583,05 470,69 359,46 248,93 111,84 

 

2.1.2 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 

ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ K-660-270 ɫɬɪɨɢɬɫɹ ɜ h/s - 
ɤɨɨɪɞɢɧɚɬɚɯ ɫ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩapa ɜ ɤɥɚɩɚɧɚɯ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɜ 
ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ. 

ɗɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: 

 0 0 0, 3519,276 h h P t ,     (2.7) 

ɝɞɟ    0P - ɞɚɜɥɟɧɟ ɨɫɬɪɨɝɨ ɩɚɪɚ, Mɉa (ɫɦ. ɬɚɛɥɢɰɭ 7); 

0t - ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, 0ɋ (ɫɦ. ɬɚɛɥɢɰɭ 7). 

Ⱦɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ Ⱥ’0 ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ, Ɇɉɚ: 

0 0 26,5 0,96 25,44     ɐȼȾ
ɞɪP P        (2.8) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ '
0P  ɞɨ ɞɚɜɥɟɧɢɹ 2P  

ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ 0 0Ⱥ ȼ . ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ 
ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ 0ȼ , ɤȾɠ/ɤɝ: 

'0 '0 0 '0 7( , , , ) 3519,276 464,178 3051,103    ɐȼɋȾ
B A A oii i f P i P       (2.9) 

ɝɞɟ    '0 3519,276Ai  ɤȾɠ/ɤɝ -  ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ; 
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oiη 0,901ɐȼɋȾ  - ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɐȼɋȾ. 

Ɍɨɱɤɚ 0ɋ  ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ, Ɇɉɚ: 

4,524 4,524 0,095 4,094       ɩɩ ɩɩ ɩɩ ɩɩP P P P      (2.10) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ 'ɩɩP  ɞɨ 5P  ɢɡɨɛɪɚɠɚɟɬɫɹ 
ɥɢɧɢɟɣ 0 0ɋ D . ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ 
D, ɤȾɠ/ɤɝ: 

'0 '0 5( , , , ) 3697,115 389,014 3305,516    ɐȼɋȾ
D C ɩɩ C oii i f P i P  ,        (2.11) 

ɝɞɟ    '0 3697,115Ci  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɩɟɪɟɝɪɟɜɚ. 

Ɍɨɱɤɚ D  ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ, Ɇɉɚ: 

5 5 1,2 0,96 1,152     ɐɇȾ
ɞɪP P      (2.12) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ 5P  ɞɨ 𝑃к ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ 
0Dȿ . ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ E, 

ɤȾɠ/ɤɝ: 

' 5 '( , , , ) 3305,516 961,748 2319,324    ɐɇȾ
E D D ɤ oii i f P i P  ,        (2.13) 

ɝɞɟ    3305,516 Di  ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ; 

oiη 0,896ɐɇȾ  – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɞɥɹ ɐɇȾ. 

 
Ɍɚɛɥɢɰɚ 9 – ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ ɬɭɪɛɢɧɵ 

Ɉɬɛɨɪ Ⱦɚɜɥɟɧɢɟ Pi, 
Ɇɉɚ 

ɗɧɬɚɥɶɩɢɹ ii, ɤȾɠ/ɤɝ Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ Hi, ɤȾɠ/ɤɝ 

1 7,964 3188,107 331,169 
2 4,524 3051,103 137,004 
3 2,061 3466,81 230,306 
4 1,200 3305,516 161,294 
5 0,420 3050,007 255,509 
6 0,190 2882,990 167,017 
7 0,076 2720,265 162,725 
8 0,025 2561,82 158,445 
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Ⱥ0

Ⱥ 0

ȼ0

ȼ 0

C0 C 0

D0

D

D 

E0

E

Ɋ1 =7,964Ɇɉɚ

Ɋ2 =4,524Ɇɉɚ Ɋ ɉɩ =4,094Ɇɉɚ

t0=6100ɋ

Ɋ3 =2,06Ɇɉɚ

Ɋ4 =1,2Ɇɉɚ

Ɋ5 =0,42Ɇɉɚ

Ɋ6 =0,19Ɇɉɚ

Ɋ7 =0,076Ɇɉɚ

Ɋ8 =0,025Ɇɉɚ

Ɋk =0,0035Ɇɉɚ

Ɋ 4 =1,152Ɇɉɚ

0' 25,44ɆɉɚP

0 26,5ɆɉɚP

0

ɤȾɠ
3519,276

ɤɝ
h

ɤȾɠ
3697,115

ɤɝ
ɩɩh

3 ɝ
3466,

ɤ
81

ɤȾɠ
h

4 ɝ
3305,5

ɤ
16

ɤȾɠ
h

5 ɝ
3050,0

ɤ
07

ɤȾɠ
h

6 ɝ
2882,

ɤ
99

ɤȾɠ
h

7 ɝ
2720,2

ɤ
65

ɤȾɠ
h

8 ɝ
2561,

ɤ
82

ɤȾɠ
h

ɝ
2319,

ɠ
32'

ɤ
4

ɤȾ
kh

1 ɝ
3188,1

ɤ
07

ɤȾɠ
h

2

ɤȾɠ
' 3051,103

ɤɝ
h

 
Ɋɢɫɭɧɨɤ 9 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɧɚ hs - ɞɢɚɝɪɚɦɦɟ 

2.1.3 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 

Ȼɥɨɤɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɬɩɭɫɤ ɬɟɩɥɚ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɠɢɥɵɯ ɨɛɳɟɠɢɬɢɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 25 Ɇȼɬ. ɋɯɟɦɚ ɨɬɩɭɫɤɚ ɬɟɩɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. ɋɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ. ɉɋɉ ɩɨɞɩɢɬɵɜɚɟɬɫɹ ɢɡ ɩɹɬɨɝɨ ɨɬɛɨɪɚ, ɚ Cɉ ɢɡ ɲɟɫɬɨɝɨ 
ɨɬɛɨɪɚ. Ɋɟɠɢɦ ɬɟɩɥɨɫɟɬɢ 130/70 ℃. 
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ɉɋɉ

ɋɉ

Ɍɉ

ɋɇ

5,ɩɫɩD Ɋ

6,ɫɩD Ɋ

ɩɫɩt

ɫɩt

ɨɫt

'ɩɫɩt

'ɫɩt

 

Ɋɢɫɭɧɨɤ 10 – ɍɫɬɚɧɨɜɤɚ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: 
6

. .

25 10
99,538

4,186 60


  

 
ɨɬɛ

ɫ ɜ
ɜ

Q
G

c t
,     (2.14) 

ɝɞɟ     ɜc - ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/ɤɝ Ʉ; 
130 70 60   t  - ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ, ℃. 

Ɋɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ: 

   
5

( ) 99,538 (546,405 416,374)
3,432

3050,007 559,208 0,99'

  
  

  
ɫɜ ɩɫɩ ɫɩ

ɩɫɩ

ɩɫɩ ɬ

G t t
D

h t 
 ,         (2.15) 

ɝɞɟ     , 546,405 ɩɫɩ ɩɫɩ ɩɫɩt h P t  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɟɪɯɧɟɝɨ 
ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 

 , 461,374 ɫɩ ɫɩ ɫɩt h P t  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɢɠɧɟɝɨ 
ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 

1,5ɆɉɚɫɩP - ɞɚɜɥɟɧɢɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 
1,465ɆɉɚɩɫɩP - ɞɚɜɥɟɧɢɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 

ɬ - ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

Ɋɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ: 
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 6

( ) ( ' ' )

'

  
 

 
ɫɜ ɫɩ ɨɫ ɩɫɩ ɩɫɩ ɫɩ

ɫɩ

ɫɩ ɬ

G t t D t t
D

h t 
  (2.16) 

 
99,538 (461,374 294,219) 3,434 (559,208 474,072)

6,854
2882,99 474,072 0,99

    
 

 
, 

ɝɞɟ     , 294,219 ɨɫ ɫɩ ɨɫt h P t  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 

 5' 559,208 ɩɫɩ St t P  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ 
ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 

 6' 474,072 ɫɩ St t P  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 

2.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɜɟɪɯɧɟɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

5

0

3050,007 2319,324
0,396

3519,276 2319,324 646,013

 
  

   
k

ɜɫ
k ɩɩ

h h
y

h h q
,  (2.17) 

ɝɞɟ     5 3050,007h  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɩɹɬɨɦ ɨɬɛɨɪɟ; 
2319,324kh ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɤɨɧɞɟɧɫɚɬɨɪɨɦ 

ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ;  
2 3697,115 3051,103 646,013    ɩɩ ɩɩq h h  ɤȾɠ/ɤɝ - ɬɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ 

ɩɚɪɭ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɧɢɠɧɟɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

6

0

2882,99 2319,324
0,305

3519,276 2319,324 645,627

 
  

   
k

ɧɫ
k ɩɩ

h h
y

h h q
,  (2.18) 

ɝɞɟ    6 2882,99h  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɲɟɫɬɨɦ ɨɬɛɨɪɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɛɨɪɚ ɧɚ ɬɭɪɛɨɩɪɢɜɨɞ 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

3

0

3466,81 2319,324
0,622

3519,276 2319,324 645,627

 
  

   
k

ɬɩɪ
k ɩɩ

h h
y

h h q
, (2.19) 

ɝɞɟ    3 3466,81h  ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɫɟɞɶɦɨɦ ɨɬɛɨɪɟ. 
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Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɨɩɪɢɜɨɞ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ: 

   465,667 0,001 35,775 2
19,568

1124,397 0,99 0,8

     
  

   
ɩɜ ɩɜ ɩɜ ɛɧ

ɬɩ
ɬɩɪ ɦɬɩ ɧ

G v P P
D

H  
,  (2.20) 

ɝɞɟ    465,667ɩɜG  ɤɝ/ɫ - ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɨɬɟɪɶ ɩɨ 
ɩɚɪɨɜɨɞɹɧɨɦɭ ɬɪɚɤɬɭ; 

35,775ɩɜP Ɇɉɚ - ɞɚɜɥɟɧɢɟ (ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ) ɧɚɝɧɟɬɚɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ; 

2ɛɧP  Ɇɉɚ - ɞɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɛɭɫɬɟɪɧɨɝɨ ɧɚɫɨɫɚ; 
0,99ɦɬɩ  - ɄɉȾ ɦɟɯɚɧɢɡɦɚ ɬɭɪɛɨɩɪɢɜɨɞɚ; 

0,8ɧ  - ɄɉȾ ɧɚɫɨɫɚ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ: 

 
          

э
ɬ ɪɟɝ ɜɫ ɩɫɩ ɧɫ ɫɩ ɬɩɪ ɬɩ

i эɦ

W
D k y D y D y D

H 
   (2.21) 

6660 10
1,179 0,396 3,432 0,305 6,854 0,622 19,568

1845,964 0,98

 
          

 

452,104 , 

ɝɞɟ    1845,964iH  ɤȾɠ/ɤɝ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɵ; 
ɷɦ = 0,98 – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 

1,179ɪɟɝk  –  ɭɬɨɱɧɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ. 

2.1.5 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɨɯɥɚɞɢɬɟɥɶ ɩɚɪɚ ɷɠɟɤɬɨɪɚ, ɤɝ/ɫ: 

0,005 0,00 165 452,1 2,204    эɠ ɬD D   (2.22) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ: 

10,01 0,01 452 0 4,,1 4 52    ɭɩɥ ɬD D  (2.23) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ: 

0,02 0,02 24452 1 9,0, 04    ɫɧ ɬD D   (2.24) 

ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ: 

0,01 0,01 121 452,1 4,504    ɭɬ ɬD D   (2.25) 

Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ: 
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452,104 4,521 9,042      ɩɟ ɬ ɭɬ ɫɧD D D D   

465,667ɤɝ/ɫ 1676,4 ɬ/ɱ     (2.26) 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤɝ/ɫ:  

465,667 ɩɜ ɬG D   (2.27) 

Ɋɚɫɱɟɬ ɛɚɥɚɧɫ ɩɚɪɚ ɢ ɜɨɞɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɢɬɟɪɚɰɢɣ. ɋɧɚɱɚɥɚ ɜ ɪɚɡɞɟɥɟ 2.1.4 ɜ ɮɨɪɦɭɥɭ 2.20 ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɣ 
ɪɚɫɯɨɞ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɞɚɥɟɟ ɨɧ ɭɬɨɱɧɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɫɯɨɞɵ ɨɫɬɪɨɝɨ ɩɚɪɚ 
ɧɚ ɬɭɪɛɢɧɭ ɜ ɮɨɪɦɭɥɚɯ 2.20 ɢ 2.21 ɧɟ ɫɬɚɧɭɬ ɨɞɢɧɚɤɨɜɵɦɢ. 
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2.1.6 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 

Ɉɉ

ɉȼȾ-1

ɉȼȾ-2

ɉȼȾ-3

3D

ɬɩD

3 3,D h

1 1,D h

2 2,D h

1ɩɜɞ
ɨɩt

1, ɬɩɧɩɜ ɛG tG

3'h

1'h

2'h

3ɩɜɞ
ɫɩt

2ɩɜɞ
ɫɩt

1ɩɜɞ
ɫɩt

1ɩɜɞ
ɞt

2ɩɜɞ
ɞt

3ɩɜɞ
ɞt

3ɩɜɞɞt

2ɩɜɞɞt

1ɩɜɞɞt

1ɩɜɞ
ɨɞt

2ɩɜɞ
ɨɞt

3ɩɜɞ
ɨɞt

3ɩɜɞ
ɨɩt

2ɩɜɞ
ɨɩt

1 1, 
ɛ ɛG t

1 1, 
ɛ ɛG t

,ɩɜ ɩɜt G

 
Ɋɢɫɭɧɨɤ 11 - Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɉȼȾ 

Ɍɚɛɥɢɰɚ 10 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɉȼȾ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ  
ɨɬɛɨɪɟ ɧɚ ɉȼȾ-3, 
Ɇɉɚ 

3ɉȼȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 7,566 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ, ɤȾɠ/ɤɝ 1h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 3188,107 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ 
ɉȼȾ-3, ɤȾɠ/ɤɝ 

1'h  

3
8 3

3 0 0
3

' '( , t' ),

ɝɞɟ t' ( ) 10 301,137






  

ɩɜɞ
ɨɩ ɉȼȾ ɨɩ

ɩɜɞ
ɨɩ s ɉȼȾ

h h P

t P C C
 2816,168 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 

ɗɧɬɚɥɶɩɢɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɧɚ 
ɜɯɨɞɟ ɜ Ɉɉ ɜ 
ɉȼȾ-3,  ɤȾɠ/ɤɝ 

3ɩɜɞ
ɫɩt  

3 3

3 0
3

( , t ),

ɝɞɟ t ( ) 281,85



  

ɩɜɞ ɩɜɞ
ɫɩ ɩɜ ɫɩ

ɩɜɞ
ɫɩ s ɉȼȾ

t h P

t P C
 1268,305 

ɗɧɬɚɥɶɩɢɹ 
ɞɪɟɧɚɠɚ ɩɨɫɥɟ 
ɋɉ ɉȼȾ-3, 
ɤȾɠ/ɤɝ 

3ɩɜɞ
ɞt  

3
3( )ɩɜɞ

ɞ s ɉȼȾt t P  1295,947 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜɨ 
ɜɬɨɪɨɦ ɨɬɛɨɪɟ 
ɉȼȾ-2, Ɇɉɚ 

2ɉȼȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 4,298 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ, 
ɤȾɠ/ɤɝ 

2h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 3051,103 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ 
ɉȼȾ-2, ɤȾɠ/ɤɝ 

2'h  

2
2 2

2 0 0
2

' '( , t' ),

ɝɞɟ t' ( ) 10 264,651






  

ɩɜɞ
ɉȼȾ ɨɩ

ɩɜɞ
ɨɩ s ɉȼȾ

h h P

t P C C
 2837,913 

ɗɧɬɚɥɶɩɢɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɧɚ 
ɜɯɨɞɟ ɜ Ɉɉ ɜ 
ɉȼȾ-2, ɤȾɠ/ɤɝ 

2ɩɜɞ
ɫɩt  

2 2

2 0
2

( , t ),

ɝɞɟ t ( ) 251,651



  

ɩɜɞ ɩɜɞ
ɫɩ ɩɜ ɫɩ

ɩɜɞ
ɫɩ s ɉȼȾ

t h P

t P C
 1097,059 

ɗɧɬɚɥɶɩɢɹ 
ɞɪɟɧɚɠɚ ɩɨɫɥɟ 
ɋɉ ɉȼȾ-2, 
ɤȾɠ/ɤɝ 

2ɩɜɞ
ɞt  

2
2( )ɩɜɞ

ɞ s ɉȼȾt t P  1108,412 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɬɪɟɬɶɟɦ ɨɬɛɨɪɟ 
ɉȼȾ-1, Ɇɉɚ 

1ɉȼȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 1,958 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɬɪɟɬɶɟɦ ɨɬɛɨɪɟ, 
ɤȾɠ/ɤɝ 

3h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 3466,81 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ 
ɉȼȾ-1, ɤȾɠ/ɤɝ 

3'h  

1
3 1

1 0 0
1

' '( , t' ),

ɝɞɟ t' ( ) 10 221,302






  

ɩɜɞ
ɉȼȾ ɨɩ

ɩɜɞ
ɨɩ s ɉȼȾ

h h P

t P C C
 2828,019 

ɗɧɬɚɥɶɩɢɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɧɚ 
ɜɯɨɞɟ ɜ ɈȾ ɜ 
ɉȼȾ-2, ɤȾɠ/ɤɝ 

1ɩɜɞ
ɫɩt  

1 1

1 0
1

( , t ),

ɝɞɟ t ( ) 208,302



  

ɩɜɞ ɩɜɞ
ɨɩ ɩɜ ɫɩ

ɩɜɞ
ɫɩ s ɉȼȾ

t h P

t P C
 904,067 

ɗɧɬɚɥɶɩɢɹ 
ɞɪɟɧɚɠɚ ɩɨɫɥɟ 
ɋɉ ɉȼȾ-1, 
ɤȾɠ/ɤɝ 

1ɩɜɞ
ɞt  

1
1( )ɩɜɞ

ɞ s ɉȼȾt t P  903,672 

ɗɧɬɚɥɶɩɢɹ 
ɞɪɟɧɚɠɚ ɩɨɫɥɟ  
ɈȾ ɉȼȾ-2, 
ɤȾɠ/ɤɝ 

2ɩɜɞɞt  
2 2

2 2 0 0

'( , t ),

ɝɞɟ t t 6 178,199

 

   

ɩɜɞ ɩɜɞ
ɞ ɩɜ ɫɩ

ɩɜɞ ɩɜɞ
ɫɩ ɫɩ

t h P

C C
 929,183 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ 
ɛɚɣɩɚɫɚ, ɤȾɠ/ɤɝ 1


ɛt  

ɢɡ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
(ɫɦ. ɪɚɡɞɟɥ 2.3) 

1229,175 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ 
ɛɚɣɩɚɫ, ɤɝ/ɫ 1ɛG  

ɢɡ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
(ɫɦ. ɪɚɡɞɟɥ 2.3) 

162,038 
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ɉɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɡɚ ɛɭɫɬɟɪɧɵɦ ɧɚɫɨɫɨɦ, ɤȾɠ/ɤɝ: 

   2 0,7 0,001
1,8

0,8

   
   ɛɧ ɞ ɞ
ɛɧ

ɧɚɫɨɫɚ

Ɋ Ɋ
t




,                                               (2.28) 

ɝɞɟ     ɛɧɊ  - ɞɚɜɥɟɧɢɹ ɧɚ ɥɢɧɢɢ ɧɚɝɧɟɬɚɧɢɹ ɛɭɫɬɟɪɧɨɝɨ ɧɚɫɨɫɚ, ɩɪɢɧɢɦɚɟɬɫɹ 2 
Ɇɉɚ; 

ɞɊ  - ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ, Ɇɉɚ; 

ɞ  - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɵ, 
3ɦ
ɤɝ

; 

ɧɚɫɨɫɚ  - ɄɉȾ ɧɚɫɨɫɚ, ɩɪɢɧɢɦɚɟɬɫɹ 0,8. 

ɗɧɬɚɥɶɩɢɹ ɡɚ ɛɭɫɬɟɪɧɵɦ ɧɚɫɨɫɨɦ, ɤȾɠ/ɤɝ: 

697,143 1,8 698,944   ɞ ɛɧɛɧ t tt ,                                                      (2.29) 

ɝɞɟ ɞt  - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ. 

ɉɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ, ɤȾɠ/ɤɝ: 

   35,775 2 0,001
49,681

0,8

   
   ɩɜ ɛɧ ɞ
ɬɩɧ

ɧɚɫɨɫɚ

Ɋ Ɋ
t




                                 (2.30) 

ɗɧɬɚɥɶɩɢɹ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ, ɤȾɠ/ɤɝ: 

698,944 49,681 748,625    ɬɩɧ ɛɧ ɬɩɧt tt                                            (2.31)         

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ ɦɧɨɝɢɟ ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɉȼȾ 
ɧɟɢɡɜɟɫɬɧɵ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ ɜɫɟ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɫɨɫɬɚɜɥɹɟɬɫɹ 
ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɩɪɨɝɪɚɦɦɨɣ Mathcad Prime ɫ ɩɨɞɤɥɸɱɟɧɧɨɣ ɛɢɛɥɢɨɬɟɤɨɣ WaterSteam. 

 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɝɪɭɩɩɵ ɉȼȾ: 
Ⱦɥɹ ɉȼȾ-3: 

{   
    

 
 

3 3
1 1 1 1

3 3 3
1 1 1

3 3 3 2
1 1

3 2

( ' ) ( )

( ' ) ( )

( ) ( )

6

      

      

     

   

ɩɜɞ ɩɜɞ
ɬ ɩɜ ɛ ɨɩ ɫɩ

ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɬ ɩɜ ɛ ɫɩ ɨɞ

ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɞ ɩɜ ɛ ɨɞ ɨɩ

ɩɜɞ ɩɜɞ o
ɞ ɨɩ ɜ

D h h G G t t

D h t G G t t

D t t G G t t

t t C c




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Ⱦɥɹ ɉȼȾ-2: 

{  
   

 
 

2 2
2 2 2 1

2 3 2 2 2
2 2 1 1 2

2 2 2 1
1 2 1 2

( ' ) ( )

( ' ) ( ) ( )

( ) ( ) ( )

      

          

      

ɩɜɞ ɩɜɞ
ɬ ɩɜ ɛ ɨɩ ɫɩ

ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɬ ɞ ɞ ɬ ɩɜ ɛ ɫɩ ɨɞ

ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɞ ɩɜ ɛ ɨɞ ɫɩ

D h h G G t t

D h t D t t G G t t

D D t t G G t t



   

Ⱦɥɹ ɉȼȾ-1: 

{   
    

 
 

1 3
3 3 3 1

1 2 1 1 1
3 3 1 2 1 2

1 1 1
1 2 3 1 2

1

' ( ' ) ( )

' ( ' ) ( ) ( ) ( )

( ' ) ( ) ( )

6

      

           

       

   

ɩɜɞ ɩɜɞ
ɬ ɩɜ ɛ ɨɩ ɨɩ

ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɬ ɞ ɞ ɬ ɩɜ ɛ ɫɩ ɨɞ

ɩɜɞ ɩɜɞ ɩɜɞ
ɞ ɞ ɩɜ ɛ ɨɞ ɬɩɧ

ɩɜɞ o
ɞ ɬɩɧ ɜ

D h h G G t t

D h t D D t t G G t t

D D D t t G G t t

t t C c



 
 

Ⱦɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ: 

  1
1 1 1

     ɩɜɞ
ɩɜ ɛ ɨɩ ɛ ɛ ɩɜ ɩɜG G t G t G t  

ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɟ ɜɫɟɯ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɢɡɜɟɫɬɧɵɟ 
ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11. 

Ɍɚɛɥɢɰɚ 11 – ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɯɨɞɵ ɧɚ ɉȼȾ, ɤɝ/ɫ 
1D  27,393 

2D  28,186 

3'D  18,294 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɩɟɪɟɞ ɤɨɬɥɨɦ, ɤȾɠ/ɤɝ ɩɜt  1301,663 

ɗɧɬɚɥɶɩɢɢ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɡɚ ɉȼȾ, ɤȾɠ/ɤɝ 

1ɩɜɞ
ɨɩt  1340,348 

3ɩɜɞ
ɨɩt  1301,861 

2ɩɜɞ
ɨɩt  1116,849 

ɗɧɬɚɥɶɩɢɢ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɈȾ, 
ɤȾɠ/ɤɝ 

3ɩɜɞ
ɨɞt  1132,526 

2ɩɜɞ
ɨɞt  936,875 

1ɩɜɞ
ɨɞt  784,614 

ɗɧɬɚɥɶɩɢɢ ɞɪɟɧɚɠɟɣ ɩɨɫɥɟ 
ɡɨɧɵ ɈȾ, ɤȾɠ/ɤɝ 

3ɩɜɞɞt  1122,175 

2ɩɜɞɞt  929,183 

1ɩɜɞɞt  755,748 
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2.1.7 Ɋɚɫɱɟɬ ɞɟɚɷɪɚɬɨɪɚ 

Ⱦ

ɉɌɇ

Ȼɇ

  1
1 2 3 ,   ɩɜɞ

ɞD D D t

4 4,D h

4
1,

ɩɧɞ
ɨɩɨɤ tG

, ɞɩɜG t

ɬɩɧt

ɛɧt

 

Ɋɢɫɭɧɨɤ 12 - Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɞɟɚɷɪɚɬɨɪɚ 

Ɍɚɛɥɢɰɚ 12 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɞɟɚɷɪɚɬɨɪɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ, Ɇɉɚ 5P  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 1,2 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ, ɤȾɠ/ɤɝ 4h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 3305,516 

ɗɧɬɚɥɶɩɢɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ, 
ɤȾɠ/ɤɝ 

ɞt  ( ) s ɞɞ t Pt  697,143 

ɗɧɬɚɥɶɩɢɢ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ 
ɞɟɚɷɪɚɬɨɪ, ɤȾɠ/ɤɝ 

4ɩɧɞ
ɨɩt  

ɢɡ ɪɚɫɱɟɬɚ ɫɯɟɦɵ ɉɇȾ 
(ɫɦ. ɪɚɡɞɟɥ 2.1.8) 

601,708 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ: {
4

4 1 1 2 3

1
4 4 1 1 2 3

( ' )

( ' )

    

        

ɨɤ ɩɜ

ɩɜɩɧɞ
ɨɩ ɞ

ɞ
ɨɤ ɞ ɩɜt

D G D D D G

D h G D D t G tD
 

ɇɚɣɞɟɧɧɵɟ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12. 

Ɍɚɛɥɢɰɚ 12 – ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɜ ɨɬɛɨɪ, ɤɝ/ɫ 4D  14,83 

Ɋɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ 1ɨɤG  376,965 



36 
 

2.1.8 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 

ɉɇȾ-4 ɉɇȾ-3 ɉɇȾ-2 ɉɇȾ-1 ɋɉ ɈЭ

Кɇ

Ⱦɇ

ɯɨɜD

5 5,D h
6 6,D h

7 7,D h 8 8,D h

ȼ ɤɨɧɞɟɧɫаɬɨɪ

4
1 2, ɩɧɞ

ɨɨ ɛ ɩɤ tG G

4, ɩɧɞ
ɨɩɨɤ tG4ɩɧɞ

ɫɩt 3ɩɧɞ
ɫɩt

2ɩɧɞ
ɫɩt

4ɩɧɞ
ɨɞt

3ɩɧɞ
ɨɞt

2ɩɧɞ
ɨɞt

1ɩɧɞ
ɨɞt

3ɩɧɞ
ɨɩt

2ɩɧɞ
ɨɩt 2ɩɧɞ

ɨɩt

 , 'ɩɫɩ ɫɩ ɫɩD D t

1ɩɧɞ
ɫɩt

ɤG

5'h
6'h 7'h

4ɩɧɞ
ɞt

3ɩɧɞ
ɞt

2ɩɧɞ
ɞt

2ɩɧɞ
ɞt

4ɩɧɞɞt

3ɩɧɞɞt

2ɩɧɞɞt

1ɩɧɞɞt

ɋɉ
ɫɩt

2 2, 
ɛ ɛG t

2 2, 
ɛ ɛG t

1
4, ɩɧɞ

ɨɩɨɤ tG

 

Ɋɢɫɭɧɨɤ 13 - Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɉɇȾ 

Ɍɚɛɥɢɰɚ 13 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɉɇȾ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-4, 
Ɇɉɚ 

4ɉɇȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 0,399 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-4, 
ɤȾɠ/ɤɝ 

5h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 3050,007 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ ɉɇȾ-
4, ɤȾɠ/ɤɝ 

5'h  

4
5 4

4 0 0
4

' '( , t' ),

ɝɞɟ t' ( ) 10 153,497






  

ɩɧɞ
ɉɇȾ ɨɩ

ɩɧɞ
ɨɩ s ɉɇȾ

h h P

t P C C
 2750,795 

ɗɧɬɚɥɶɩɢɹ 
ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ 
ɜ ɡɨɧɭ Ɉɉ ɜ ɉɇȾ-4,  
ɤȾɠ/ɤɝ 

4ɩɧɞ
ɫɩt  

4 4

4 0
4

( , t ),

ɝɞɟ t ( ) 139,497



  

ɩɧɞ ɩɧɞ
ɫɩ ɨɤ ɫɩ

ɩɧɞ
ɫɩ s ɉɇȾ

t h P

t P C
 588,109 

ɗɧɬɚɥɶɩɢɹ ɞɪɟɧɚɠɚ 
ɩɨɫɥɟ ɡɨɧɵ ɋɉ ɉɇȾ-
4, ɤȾɠ/ɤɝ 

4ɩɧɞ
ɞt  

4
4( )ɩɧɞ

ɞ s ɉɇȾt t P  604,226 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-3, 
Ɇɉɚ 

3ɉɇȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 0,181 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-3, 
ɤȾɠ/ɤɝ 

6h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 2882,99 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ ɉɇȾ-
3, ɤȾɠ/ɤɝ 

6'h  

3
6 3

3 0 0
3

' '( , t' ),

ɝɞɟ t' ( ) 10 127,041






  

ɩɧɞ
ɉɇȾ ɨɩ

ɩɧɞ
ɨɩ s ɉɇȾ

h h P

t P C C
 2722,91 

ɗɧɬɚɥɶɩɢɹ 
ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ 
ɡɨɧɵ ɋɉ ɉɇȾ-3 

3ɩɧɞ
ɫɩt  

3 3( , t ),ɩɧɞ ɩɧɞ
ɫɩ ɨɤ ɫɩt h P  

3 0
3ɝɞɟ t ( ) 113,041  ɩɧɞ

ɫɩ s ɉɇȾt P C  
475,572 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 13 

ɗɧɬɚɥɶɩɢɹ ɞɪɟɧɚɠɚ 
ɩɨɫɥɟ ɡɨɧɵ ɈȾ ɉɇȾ-
3, ɤȾɠ/ɤɝ 

3ɩɧɞ
ɞt  

3
3( )ɩɧɞ

ɞ s ɉɇȾt t P  491,214 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-2, 
Ɇɉɚ 

2ɉɇȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 0,072 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-2, 
ɤȾɠ/ɤɝ 

7h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 2720,265 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɨɫɥɟ ɡɨɧɵ Ɉɉ ɉɇȾ-
2, ɤȾɠ/ɤɝ 

7'h  

2
7 2

2 0 0
2

' '( , t' ),

ɝɞɟ t' ( ) 10 100,585






  

ɩɧɞ
ɉɇȾ ɨɩ

ɩɧɞ
ɨɩ s ɉɇȾ

h h P

t P C C
 2680,744 

ɗɧɬɚɥɶɩɢɹ 
ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ 
ɡɨɧɵ ɋɉ ɉɇȾ-2 

2ɩɧɞ
ɫɩt  

2 2( , t ),ɩɧɞ ɩɧɞ
ɫɩ ɨɤ ɫɩt h P  

2 0
2ɝɞɟ t ( ) 86,585  ɩɧɞ

ɫɩ s ɉɇȾt P C  
364,122 

ɗɧɬɚɥɶɩɢɹ ɞɪɟɧɚɠɚ 
ɩɨɫɥɟ ɉɇȾ-2, ɤȾɠ/ɤɝ 

2ɩɧɞ
ɞt  

2
2( )ɩɧɞ

ɞ s ɉɇȾt t P  379,43 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-1, 
Ɇɉɚ 

1ɉɇȾP  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 0,024 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ 
ɨɬɛɨɪɟ ɧɚ ɉɇȾ-1, 
ɤȾɠ/ɤɝ 

8h  ɢɡ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 2561,82 

ɗɧɬɚɥɶɩɢɹ 
ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ 
ɡɨɧɵ ɋɉ ɉɇȾ-1 

1ɩɧɞ
ɫɩt  

1 1( , t ),ɩɧɞ ɩɧɞ
ɫɩ ɨɤ ɫɩt h P  

1 0
1ɝɞɟ t ( ) 60,129  ɩɧɞ

ɫɩ s ɉɇȾt P C  
253,356 

ɗɧɬɚɥɶɩɢɹ ɞɪɟɧɚɠɚ 
ɩɨɫɥɟ ɉɇȾ-1, ɤȾɠ/ɤɝ 

1ɩɧɞ
ɞt  

1
1( )ɩɧɞ

ɞ s ɉɇȾt t P  268,434 

ɗɧɬɚɥɶɩɢɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɩɟɪɟɞ ɞɟɚɷɪɚɬɨɪɨɦ, 
ɤȾɠ/ɤɝ 

2


ɛt  
ɢɡ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

(ɫɦ. ɪɚɡɞɟɥ 2.3) 
601,707 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ 
ɛɚɣɩɚɫ, ɤɝ/ɫ 2ɛG  

ɢɡ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
(ɫɦ. ɪɚɡɞɟɥ 2.3) 

131,832 

 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɧɚɯɨɞɢɦ ɜɫɟ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ.  
Ⱦɥɹ ɉɇȾ-4: 

{   
    

 
 

4
5 5 5 1 2

4 4 4
5 5 1 2

4 4 4
5 1 2

4

4

3

3

( ' ) ( )

( ' ) ( )

( ) ( )

6

      

      

     

   

ɩɧɞ
ɬ ɨɤ ɛ ɫɩ

ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɬ ɨɤ ɛ ɫɩ ɨɞ

ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɞ ɨɤ ɛ ɨɞ

ɩɧɞ o
ɞ ɜ

ɩɧɞ
ɨɩ

ɩɧɞ
ɨɩ

ɩɧɞ
ɨɩ

D h h G G t

D h t G G t t

D t t G G

t

t

t

t

t

C c




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Ⱦɥɹ ɉɇȾ-3: 

{   
    

 
   

3
6 6 6 1 2

3 4 3 3 3
6 6 5 1 2

3 3 3
2

3

2

2

6 5 1

3

( ' ) ( )

( ' ) ( ) ( )

( ) ( )

6

      

         

     









  

ɩ

ɩ

ɧɞ
ɬ ɨɤ ɛ ɫɩ

ɩɧɞ ɩɧɞ ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɬ ɞ ɞ ɨɤ ɛ ɫɩ ɨɞ

ɩɧɞ ɩ

ɜ

ɩɧɞ

ɧɞ ɩɧɞ
ɞ ɞ ɨɤ ɛ ɨɞ

ɩɧ ɩɞ o
ɞ

ɨɩ

ɧɞ
ɨɩ

ɧɞ
ɨɩ

D h h G G t

D h t D t t G G t

t

t

D D t t

t

G G

t c

t

t

C




 

Ⱦɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ: 

{  
     

 
 

7 6 5 2 1 2

2
7 6 5 2

1

2

2
2

( ' ' ) ( )

( ' ' ) ( ) ' 



       

         

  

ɫɩ ɩɫɩ ɨɤ ɛ ɨɤ ɛ

ɩ ɧɧɞ
ɞ ɫɩ

ɩ ɞ
ɨɩ

ɩɧɞ
ɨ

ɩɫɩ ɫɩ ɨɤ ɛ

ɨ ɩɤ ɛ

D D D D D G G G G

D D D t D

t

D

G G

tt G G  

Ⱦɥɹ ɉȼȾ-2: 

{   
    

   
   

2
7 7 7 2

2 3 2 2 2
7 7 6 5 2

2 2 2 1
7 6 5

2

2

2 1

( ' ) ( )

( ' ) ( ) ( )

( ) ( )

6

      

           

       



   

ɩɧɞ
ɬ ɨɤ ɛ ɫɩ

ɩɧɞ ɩɧɞ ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɬ ɞ ɞ ɬ ɨɤ ɛ ɫɩ ɨɞ

ɩɧɞ ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɞ ɨɤ ɛ ɨɞ ɫɩ

ɩɧɞ ɩɧɞ o
ɞ ɫɩ ɜ

ɩɧɞ
ɨɩD h h G G t

D h t D D t t G G t t

D D D t t G G t t

t t

t

C c



 
 

Ⱦɥɹ ɉȼȾ-1: 

{  
   

 

1 1 1
8 8 2

1 1 1
8 2

1

( ' ) ( )

( ) ( )

6

      

     

   

ɩɧɞ ɩɧɞ ɩɧɞ
ɞ ɬ ɨɤ ɛ ɫɩ ɨɞ

ɩɧɞ ɩɧɞ ɩɧɞ ɋɉ
ɞ ɞ ɨɤ ɛ ɨɞ ɫɩ

ɩɧɞ ɋɉ o
ɞ ɫɩ ɜ

D h t G G t t

D t t G G t t

t t C c



 

Ⱦɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ:  

{  
  

 
8

1 2 3 4 5 6 7 8

  

             

 

ɯɨɜ ɤ ɨɤ

ɩɜ ɫɩ ɩɫɩ ɯɨɜ ɤ

ɯɨɜ ɭɬ ɫɧ

D G D G

G D D D D D D D D D D D G

D D D

 

Ⱦɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ:  

2
4

1 2 2 1
4( )      ɨɤ ɛ ɛ ɤ

ɩɧɞ ɩɧɞ
ɨ ɩɛ ɨɩ ɨG G G t Gt t  

ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɟ ɜɫɟɯ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɢɡɜɟɫɬɧɵɟ 
ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 
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Ɍɚɛɥɢɰɚ 14 – ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɯɨɞɵ ɧɚ ɉɇȾ, ɤɝ/ɫ 

5D  11,526 

6'D  11,776 

7D  8,53 

8D  9,911 

ɗɧɬɚɥɶɩɢɢ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ, ɤȾɠ/ɤɝ 

1ɨɤG  376,965 

ɨɤG  337,179 

ɤG  313,705 

ɗɧɬɚɥɶɩɢɢ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ, ɤȾɠ/ɤɝ 

4ɩɧɞ
ɨɩt  601,707 

4ɩɧɞ
ɨɩt  601,707 

4ɩɧɞ
ɨɞt  487,724 

3ɩɧɞ
ɨɩt  483,263 

3ɩɧɞ
ɨɞt  368,625 

2ɩɧɞ
ɨɩt  358,499 

2ɩɧɞ
ɨɩt  365,764 

2ɩɧɞ
ɨɞt  269,007 

1ɩɧɞ
ɨɞt  143,772 

ɗɧɬɚɥɶɩɢɹ ɞɪɟɧɚɠɟɣ 
ɩɨɫɥɟ ɡɨɧɵ ɈȾ, ɤȾɠ/ɤɝ 

4ɩɧɞɞt  508,379 

3ɩɧɞɞt  383,615 

2ɩɧɞɞt  278,472 

1ɩɧɞɞt  163,840 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɨɞɫɱɟɬɚ ɩɨɝɪɟɲɧɨɫɬɢ ɫɜɟɞɟɦ ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɬɚɛɥɢɰɭ 15. 

Ɍɚɛɥɢɰɚ 15 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɯɨɞɵ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
ɤɝ/ɫ 

1D  27,393 

2D  28,186 

 

3D  18,294 

ɬɧD  19,568 

4D  14,83 

5D  11,526 

ɩɫɩD  3,432 

6D  11,776 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 15 

 
ɫɩD  4,521 

7D  8,53 

8D  9,911 

ɉɨɥɟɡɧɨɢɫɩɨɥɶɡɨɜɚɧɧɵɟ 
ɬɟɩɥɨɩɟɪɟɩɚɞɵ, ɤȾɠ/ɤɝ 

1ɇ  331,169 

2ɇ  137,004 

3ɇ  230,306 

4ɇ  161,294 

5ɇ  255,509 

6ɇ  167,017 

7ɇ  162,725 

8ɇ  158,445 

9ɇ  242,495 

ɉɪɨɜɟɪɤɚ ɩɨ ɦɨɳɧɨɫɬɢ: 

   
   
 
 
 

1 1 2
1

1 2 3 1 2 3 4

1 2 3 4 5

1 2 3 4 5 6

1 2 3 4 5 6



 
           
 

            

        

          

          


n

ɨɬɛ ɨɬɛ
ɪ i i эɦ ɩɟ ɭɬ ɩɟ ɭɬ

i

ɩɟ ɭɬ ɩɟ ɭɬ ɬɧ

ɩɟ ɭɬ ɬɧ

ɩɟ ɭɬ ɬɧ ɩɫɩ

ɩɟ ɭɬ ɬɧ ɩɫɩ ɫɩ

W D H D D H D D D H

D D D D H D D D D D D H

D D D D D D D H

D D D D D D D D D H

D D D D D D D D D D D



 
  

7

1 2 3 4 5 6 7 8

9 662,294

 

             

    

ɩɟ ɭɬ ɬɧ ɩɫɩ ɫɩ

ɤ ɬɧ эɦ

H

D D D D D D D D D D D D H

G D H Ɇȼɬ

(2.32) 

ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɥɹɟɬ: 

660 662,294
100% 100% 0,348% 2%

660

 
     э ɪ

э

W W

W
 ,                  (2.33) 

ɝɞɟ     эW  - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɶ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ ɛɨɥɟɟ ɞɜɭɯ 
ɩɪɨɰɟɧɬɨɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɜɟɪɧɭɬɶɫɹ ɜ ɪɚɡɞɟɥ 2.1.4 ɢ ɭɬɨɱɧɢɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ. 

ɍɬɨɱɧɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɮɨɪɦɭɥɟ 2.33 ɧɟ 
ɫɬɚɧɟɬ ɦɟɧɟɟ ɞɜɭɯ ɩɪɨɰɟɧɬɨɜ. 

Ɍɚɤ ɤɚɤ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɭɸ ɫɯɟɦɭ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɛɚɣɩɚɫɧɵɟ 
ɷɤɨɧɨɦɚɣɡɟɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ ɤɨɬɥɚ, ɬɨ ɩɨɫɥɟ ɬɟɩɥɨɜɨɝɨ 
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ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɪɚɫɯɨɞɨɜ ɧɚ ɛɚɣɩɚɫɧɵɟ ȼɗɄɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɜɟɪɧɭɬɶɫɹ ɤ ɪɚɫɱɟɬɭ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɭɬɨɱɧɢɬɶ ɞɚɧɧɵɟ ɪɚɫɯɨɞɵ 
(ɫɦ. ɪɢɫɭɧɨɤ 7). 

ɂɬɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɫɯɨɞɵ ɧɚ ɛɚɣɩɚɫ ɜ ɪɚɫɱɟɬɟ 
ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɟ ɫɬɚɧɭɬ ɨɞɢɧɚɤɨɜɵɦɢ. 

2.2 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ Ɍɗɋ                          

Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɈɊȽɊɗɋ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: 

   1 1
0 1 2 2( ) ( )          ɩɜɞ ɩɜɞ

ɬɭ ɩɟ ɨɩ ɩɟ ɩɩ ɯɨɜ ɨɩ ɯɨɜQ D h t D D D h h D t t        (2.34) 

Ɂɚɬɪɚɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɤȼɬ: 

5( ' )  ɩɫɩ ɩɫɩ ɩɫɩQ D h t              (2.35) 

6( ' ) ( ' ' )     ɫɩ ɫɩ ɫɩ ɩɫɩ ɩɫɩ ɫɩQ D h t D t t                                                 (2.36) 

 ɬ
ɬɭ ɩɫɩ ɫɩQ Q Q          (2.37) 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ:  

 э
ɬɭ ɬɭ ɬQ Q Q    (2.38) 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, ɤȼɬ: 

 1
0 1 2 2( ) ( )       ɩɜɞ

ɩɟ ɩɟ ɨɩ ɩɟ ɩɩQ D h t D D D h h                                         (2.39) 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ 



ɩɟ

ɪ
ɧ ɩɝ

Q
B

Q 
,        (2.40) 

ɝɞɟ    ɪ
ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ: 

. . 0,01 ɫ ɧ
ɬɭ ɬɭQ Q      (2.41) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɩɨɬɨɤɨɜ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɜ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ: 

5 0 5

0 0

1
    

          
k ɩɩ

ɩɫɩ
k ɩɩ ɩɩ k

h h h h h
k

h h h h h h
 ,   (2.42) 
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ɝɞɟ 646,013  ɩɩ ɩɩh q  ɤȾɠ/ɤɝ – ɩɨɜɵɲɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɩɨɬɨɤɨɜ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɜ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ: 

6 0 6

0 0

1
    

          
k ɩɩ

ɫɩ
k ɩɩ ɩɩ k

h h h h h
k

h h h h h h
                                                 (2.43) 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ 
ɨɬɛɨɪɨɜ, Ɇȼɬ: 

(1 ) (1 )      э
ɨɬɛ ɩɫɩ ɩɫɩ ɫɩ ɫɩQ Q Q                                                         (2.44) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɤɨɬɥɚɦ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 

. .

. .

  


   

э ɫ ɧ э
ɬɭ ɬɭ ɨɬɛ

э э ɫ ɧ э ɬ
ɬɭ ɬɭ ɨɬɛ ɬɭ

Q Q Q
K

Q Q Q Q
                                                                    (2.45) 

Ɉɬɩɭɳɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, Ɇȼɬ:  
0,96 660 0,96 633,6    ɨɬɩ эW W  (2.46) 

Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ:  

. . . 0,04 0,04 660 26,4    э ɫ ɧ эW W  (2.47) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤɝ/ɫ: 

. . .

  

ɨɬɩ

э э
э э ɫ ɧ

W
B B K

W W
 (2.48) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɝ/ɫ: 
 ɬ эB B B    (2.49) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷ/ɷ, ɤɝ ɭ.ɬ./ ɤȼɬ⋅ɱ: 

 э
э

ɨɬɩ

B
b

W
 (2.50) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬ/ɷ, ɤɝ ɭ.ɬ./ ȽȾɠ: 

 ɬ
ɬ ɬ

ɬɭ

B
b

Q
 (2.52) 

Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɢ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɜɨɞɢɬɫɹ ɜ 
ɬɚɛɥɢɰɭ 16. 
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Ɍɚɛɥɢɰɚ 16 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɬɭQ , ɤȼɬ 1296238,619 

ɩɫɩQ , ɤȼɬ 8542,568 

ɫɩQ , ɤȼɬ 16638,332 
ɬ
ɬɭQ , ɤȼɬ 25000 

э
ɬɭQ , ɤȼɬ 1271238,619 

ɩɟQ , ɤȼɬ 1279576,173 

B , ɤɝ/ɫ 46,73 89,087 
. .ɫ ɧ
ɬɭQ , ɤȼɬ 12962,386 

ɩɫɩ  0,499 

ɫɩ  0,397 

 э
ɨɬɛQ , Ɇȼɬ 11,034 

эK  0,981 

эB , ɤɝ/ɫ 45,845 87,4 

ɬB , ɤɝ/ɫ 0,885 1,687 

эb , ɤɝ ɭ.ɬ./ ɤȼɬ⋅ɱ 0,26 0,497 

ɬb , ɤɝ ɭ.ɬ./ ȽȾɠ 35,395 67,478 

2.3 Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

Ɍɨɩɥɢɜɨɦ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ȽɊɗɋ ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɹɜɥɹɟɬɫɹ 
ɛɭɪɵɣ ɭɝɨɥɶ 2ȻɊ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ, ɬɚɤ ɤɚɤ ɦɟɫɬɨɦ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɋɚɹɧɫɤɢɣ ɪɚɣɨɧ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɨɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 

 
Ɍɚɛɥɢɰɚ 17 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ, % ȼɵɯɨɞ 
ɥɟɬɭɱɢɯ, 

ГV , % 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ, 

ɪ
ɧQ , 

ɤȾɠ/ɤɝ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ, 

ɥɨК  

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɡɨɥɵ, ℃ 
ɪW  ɪA  ɪS  ɪC  ɪH ɪN  ɪO  1t  2t  3t  

33 7,4 0,2 42,6 3 0,6 13 47,0 15280 1,15 1180 1210 1230 

Ɍɚɛɥɢɰɚ 18 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

Ɍɨɩɥɢɜɨ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ 2ȻɊ 
Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɬ/ɱ 1682,719 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɬ/ɱ 1465,142 
Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, Ɇɉɚ 26,5 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, Ɇɉɚ 4,5239 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ℃ 295 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 18 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ℃ 60 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ℃ 610 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ℃ 610 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ℃ 130 

2.3.1. ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɲɥɚɤɨɭɞɚɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɫɬɭɩɟɧɟɣ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɲɥɚɤɨɭɞɚɥɟɧɢɹ: 
ɋɩɨɫɨɛ ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɩɥɚɜɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɡɨɥɵ (t3). ȼɵɛɢɪɚɟɦ ɬɨɩɤɭ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

ȼɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ: 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɨɱɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɢ ɜɢɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ⱦɥɹ ɫɠɢɝɚɧɢɹ ɛɭɪɨɝɨ ɭɝɥɹ ɜ ɬɨɩɤɟ ɫ 
ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 250 ɞɨ 300 
°C. 

ȼɵɛɢɪɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ tɝɜ = 295 °C. 

ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɫɬɭɩɟɧɟɣ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ: 

ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. 

ȼЗɉ

Ȼаɣɩаɫ ɉȼȾ

Ȼаɣɩаɫ ɉɇȾ

ȼЭК

 
Ɋɢɫɭɧɨɤ 14 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɬɥɨɚɝɪɟɝɚɬɚ 
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2.3.2 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ, ɷɧɬɚɥɶɩɢɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɜɨɡɞɭɯɚ 

ˌʿʿ

ˌʦʿ

Кʿʿ

Кʦʿ

ʦЭК

ʦЭКп̏д

ʦЭКп̦д ʦʯʿ
ɩɩ

ɩɩ

ɩɩ

ɩɩ

ɜэɤ

ɜɡɩ

ɜэɤ

ɜэɤ

ɬ  ɭɯ

ɜɡɩ
ɜэɤɩɧɞ

ɜэɤɩɜɞ

ɜэɤ

ɩɩ

ʿ̛т̌ тел̦̽̌я ̏од̌

ʦто̸̛̬̦̼  ̜п̬̌ 
̦̌ ту̛̬̦̍у

ʿ̬̌ ̦̌ ту̛̬̦̍у

ʿ̬̌ ̭ ту̛̬̦̍  ̼̦̌ 
п̬о̥пе̬е̬̐е̏

ˈолод̦̼̜ ̏о̚ду̵

ʧо̬я̸̛  ̜̏о̚ду̵

 
Ɋɢɫɭɧɨɤ 15 – ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɯɨɞɚɦ ɤɨɬɥɚ ɢ 

ɤɨɦɩɨɧɨɜɤɚ ɤɨɬɥɚ 

2.3.2.1 Ɋɚɫɱɟɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ ɧɚɯɨɞɢɬɫɹ 
ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 0 0,889 0,375 0,265 0,0333    ɪ ɪ ɪ ɪ
ɜV ɋ S ɇ Ɉ ,                                           (2.53) 

ɝɞɟ , , ,ɪ ɪ ɪ ɪɋ S ɇ Ɉ  - ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ, ɫɟɪɵ, ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, % (ɫɦ. ɬɚɛɥɢɰɭ 17). 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ 
ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ: 

 Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ: 

2

0 0,79 4,149 0,8
100

   
ɪ

N

N
V ,                                                                        (2.54) 

ɝɞɟ ɪN  - ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ, %. 
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Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ: 

2

0 0,375
1,866

100


 

ɪ ɪ

RO

ɋ S
V                                                                                                 (2.55) 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ: 

2

0 00,111 0,0124 0,016   ɪ ɪ
ɇ Ɉ ɜV ɇ W V ,                                                     (2.56) 

ɝɞɟ ɪW  - ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %. 

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ: 

2 2 2

0 0 0 0  ɝ RO N ɇ ɈV V V V                                                                                                (2.57) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 19. 

Ɍɚɛɥɢɰɚ 19 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ 
Ɉɛɴɟɦ Ɂɧɚɱɟɧɢɟ 

0
ɜV , ɦ3/ɤɝ 4,192 

2

0
NV , ɦ3/ɤɝ 3,316 

2

0
ROV , ɦ3/ɤɝ 0,796 

2

0
ɇ ɈV , ɦ3/ɤɝ 0,81 

0
ɝV , ɦ3/ɤɝ 4,922 

2.3.2.2 Ɋɚɫɱɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɋ ɭɱɟɬɨɦ ɜɢɞɚ ɬɨɩɥɢɜɚ ɢ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɛɵɥ ɜɵɛɪɚɧ ɢɡɛɵɬɨɤ 
ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ 1,15ɬ . ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ 
ɩɪɢɧɢɦɚɟɦ: 

0,05 ɬ  - ɩɪɢɫɨɫɵ ɜ ɬɨɩɤɟ; 
0,03 ɩɩ  - ɩɪɢɫɨɫɵ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ; 
0,02 ɜэɤ  - ɩɪɢɫɨɫɵ ɜ ɜɨɞɹɧɨɦ ɷɤɨɧɨɦɚɣɡɟɪɟ; 
0,03 ɜɡɩ  - ɩɪɢɫɨɫɵ ɜ ȼɁɉ; 
0,2 ɩɥ  - ɩɪɢɫɨɫɵ ɜ ɩɵɥɟɫɢɫɬɟɦɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

  ɬ i                                                                                                                            (2.58) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ: 
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 
2 2

0 00,0161 1   ɇ Ɉ ɇ Ɉ ɫɪ ɜV V V                                                                                 (2.59) 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɤɝ: 

 0 01,016 1   ɝ ɝ ɫɪ ɜV V V                                                                                                        (2.60) 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ: 

2

2

0

 RO
RO

ɝ

V
r

V
                                                                                                              (2.61) 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ: 

2

2
 ɇ O

ɇ O
ɝ

V
r

V
                                                                                                    (2.62) 

ɋɭɦɦɚɪɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ: 

2 2
 ɩ RO ɇ Or r r                                                                                                     (2.63) 

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤɝ/ɤɝ: 

01 0,01 1,306   ɪ
ɝ ɫɪ ɜG A V                                                                                                        (2.64) 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɤɝ/ɤɝ 

100


ɪ
ɭɧ

ɡɥ
ɝ

A a

G
                                                                                                                                          (2.65) 

Ɍɚɛɥɢɰɚ 20 – Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ 
ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɉɨɜɟɪɯɧɨɫɬɶ 
ɧɚɝɪɟɜɚ 

ɉɚɪɚɦɟɬɪɵ 

  
ɫɪ  2ɇ ɈV , 

ɦ3/ɤɝ 
ɝV , 

ɦ3/ɤɝ 
2ROr  

2H Or  ɩr  ɝG , ɤɝ/ɤɝ зɥ , 

ɤɝ/ɤɝ 

Ɍɨɩɤɚ 1,15 1,15 0,820 5,561 0,143 0,147 0,291 7,222 0,0097 
ɒɉɉ1 1,18 1,165 0,822 5,689 0,140 0,144 0,284 7,386 0,0095 
ɒɉɉ2 1,21 1,195 0,824 5,817 0,137 0,142 0,278 7,550 0,0093 
ɒȼɉ1 1,24 1,225 0,826 5,945 0,134 0,139 0,273 7,715 0,0091 
Ʉȼɉ3 1,27 1,255 0,828 6,072 0,131 0,136 0,267 7,879 0,0089 
Ʉɉɉ3 1,30 1,285 0,830 6,200 0,128 0,134 0,262 8,043 0,0087 
Ʉɉɉ2 1,33 1,315 0,832 6,328 0,126 0,131 0,257 8,207 0,0086 
Ʉɉɉ1 1,36 1,345 0,834 6,456 0,123 0,129 0,252 8,372 0,0084 
Ʉȼɉ2 1,39 1,375 0,836 6,583 0,121 0,127 0,248 8,536 0,0082 
Ʉȼɉ1 1,42 1,405 0,838 6,711 0,119 0,125 0,243 8,700 0,0081 
ȼɗɄ 1,44 1,430 0,839 6,796 0,117 0,123 0,241 8,809 0,0080 

Ȼɚɣɩɚɫ ɉȼȾ 1,46 1,450 0,841 6,882 0,116 0,122 0,238 8,919 0,0079 
Ȼɚɣɩɚɫ ɉɇȾ 1,48 1,470 0,842 6,967 0,114 0,121 0,235 9,028 0,0078 

ȼɁɉ 1,47 1,455 0,841 6,924 0,115 0,121 0,236 8,974 0,0078 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 20 
ɍɯɨɞɹɳɢɟ 

ɝɚɡɵ 
1,51 1,478 0,844 7,095 0,112 0,119 0,231 9,193 0,0076 

2.3.2.3 Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ 
ɩɪɢɛɥɢɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ 

Ⱦɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɞɥɹ ɪɚɫɱɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɬɨɞɢɤɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ 0

ɜɇ  ɢ ɝɚɡɨɜ 0
ɝɇ , ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 °ɋ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɫɱɟɬɨɦ ɡɧɚɱɟɧɢɣ ɧɚ ɧɭɠɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ.  

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 ℃, ɤȾɠ/ɤɝ: 

0 0
2200 4,922 1,719 2200 18616,389    ɝ ɝ ɝ ɝɇ V c ,                                       (2.59) 

ɝɞɟ ɝc - ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ, ɤȾɠ/(ɦ3⋅Ʉ): 

3 31,71 4,2 10 1,71 4,2 2,16 10 1,719        ɩ
ɝc W ,                              (2.60) 

ɝɞɟ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɩɪɢɜɟɞɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɬɨɩɥɢɜɚ 1ɩW  

33 %
2,16

15,28


  

ɪ
ɩ

ɪ
ɧ

W ɤɝ
W

Q ɆȾɠ
                                                                                             (2.61) 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 ℃, ɤȾɠ/ɤɝ: 

0 0
2200 3404 3404 4,192 14269,304   ɜ ɜɇ V                                                (2.62) 

ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 ℃ ɢ ɢɡɛɵɬɤɟ 
ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ: 

 0 0
2200 2200 22001   ɝ ɝ i ɜɇ ɇ ɇ                                                                                                (2.63) 

Ɂɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɬɟɦɩɟɪɚɬɭɪɵ:  

- ɩɪɢ 1150ɝ ℃ 

2200 2695 0,3



ɝ

ɝ ɝ
ɝ

ɇ ɇ 


                                                                                                 (2.64) 

- ɩɪɢ 1150ɝ ℃ 

2200 0,075
2050

   
 

ɝ
ɝ ɝɇ ɇ 

.                                                                                          (2.65) 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɩɨ ɧɟɢɡɜɟɫɬɧɨɣ ɷɧɬɚɥɶɩɢɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ: 

- ɩɪɢ 
2200

0,5ɝ

ɝ

ɇ
ɇ

 

2200

2200

2695
1 0,3

 
 
 
  
 

ɝ

ɝ
ɝ

ɝ

ɝ

ɇ
ɇ

ɇ
ɇ

                                                                                                  (2.66) 

- ɩɪɢ 
2200

0,5ɝ

ɝ

ɇ
ɇ

 

2200

2050 0,075
 

  
 

ɝ
ɝ

ɝ

ɇ
ɇ

 .                                                                                           (2.67) 

ɗɧɬɚɥɶɩɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

- ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 

2200

2610 0,25



ɜ ɜ ɜ

ɜ
ɜ

ɇ tɇ
t


                                                                                                 (2.68) 

- ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ 

2200

2610
0,25



ɜ

ɜ
ɜ ɜ ɜ

ɇ
t

ɇ ɇ
,                                                                                          (2.69) 

ɝɞɟ 1ɜ  - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ. 

2.3.3 ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2, %: 

       ɭɯ ɭɯ ɯɜ 4
2 ɪ

ɪ

100 1267,389 1,51 100 0,5

15280

5,009 ,

        
  



H H q
q

Q

 (2.70) 

ɝɞɟ ɭɯH – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.65) 

ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ (ɫɦ. ɬɚɛɥɢɰɭ 18); 
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 0
ɯɜH – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(2.68) ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ (ɫɦ. ɬɚɛɥɢɰɭ 18);  

 ɪ
ɪQ  – ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɬɟɩɥɨɬɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɤȾɠ/ɤɝ (ɫɦ. ɬɚɛɥɢɰɭ 17); 

 4q  – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ, %, ɩɪɢɧɢɦɚɟɬɫɹ 

4 0,5q . 
ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ q3, %, ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ 

ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ɍɚɤ ɤɚɤ ɤɨɬɟɥ ɩɵɥɟɭɝɨɥɶɧɵɣ, ɬɨɝɞɚ q3 = 0. 
ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɨɬ ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ q5, %, ɩɪɢɧɢɦɚɟɬɫɹ 5 0,2q , ɬɚɤ 

ɤɚɤ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ ɛɨɥɶɲɟ 250 ɤɝ/ɫ (ɫɦ. ɪɚɡɞɟɥ 2.1). 
Ʉɨɷɮɮɢɰɢɟɧɬɚ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ: 

5 0,2
1 1 0,998

100 100
     

q
 (2.71) 

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ q6, %, ɭɱɢɬɵɜɚɟɬɫɹ ɬɚɤ ɤɚɤ 
ɬɨɩɥɢɜɨ ɦɧɨɝɨɡɨɥɶɧɨɟ: 

ɪ
ɭɧ ɲɥ

6 ɪ
ɧ

(1 ) A ( ) (1 0,95) 560
0,0136

15280

      
  

a ct
q

Q
, (2.72) 

ɝɞɟ ɲɥ( )ct  – ɷɧɬɚɥɶɩɢɹ ɲɥɚɤɚ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɬɜɟɪɞɨɝɨ 

ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɲɥ( ) 560ct  . 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 

ɤ 2 3 4 5 6100 ( ) 100 5,009 0 0,5 0,2 0,0136

94,278.

             



q q q q q
 

 (2.73) 

ɉɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ B, ɤɝ/ɫ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ 
ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ: 

'' '
ɩɟ ɩɟ ɩɜ

ɪ
ɧ ɤ

( ) ( )

467,244 (3519,276 1301,821) 406,984 (3697,115 3051,103)
90,201 ,

15280

    
 


    

 


ɜɬ ɜɬ ɜɬD h t D h t
B

Q
 

 (2.74) 

ɝɞɟ ɩɟD  – ɪɚɫɱɟɬɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ, (ɫɦ. ɪɚɡɞɟɥ 2.1); 
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ɜɬD  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ, ɤɝ/ɫ, (ɫɦ. ɪɚɡɞɟɥ 2.1), 

1 2 406,984    ɜɬ ɩɟ ɭɬD D D D D ; 

 ɩɟh  – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ (ɫɦ. ɪɚɡɞɟɥ 2.1);  
 ɩɜt  – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ (ɫɦ. ɪɚɡɞɟɥ 2.1); 

 ''
ɜɬh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ɤȾɠ/ɤɝ (ɫɦ. ɪɚɡɞɟɥ 2.1); 
'
ɜɬh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɞɨ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ɤȾɠ/ɤɝ (ɫɦ. ɪɚɡɞɟɥ 2.1). 

Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ Bɪ, ɤɝ/ɫ, ɧɚ ɨɫɧɨɜɟ 
ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɨɜ ɢ ɜɨɡɞɭɯɚ ɜ 
ɝɚɡɨɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ: 

ɪ 4(1 0,01 ) 90,201 (1 0,01 ) 89,75        B B q  (2.75) 

2.3.4 Ɋɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

Ɂɚɞɚɱɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɡɦɟɪɨɜ ɧɟɨɛɯɨɞɢɦɨɣ ɥɭɱɟɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɤɪɚɧɨɜ 
ɢ ɨɛɴɟɦɚ ɬɨɩɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɞɨ 
ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 16 ɢ ɬɚɛɥɢɰɟ 21. 

Ɍɚɛɥɢɰɚ 21 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɤɢ 
Ɋɚɡɦɟɪ Ɂɧɚɱɟɧɢɟ, ɦ 

l1 10  
l2 24  

hɯɜ 14,2  
hɝ 9,6  
a 9,941 
b 4,142 
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Ɋɢɫɭɧɨɤ 16 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

ɉɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɢɡɛɵɬɤɭ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɢ 
ɧɚɥɢɱɢɸ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɞɢɚɛɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ 
ɚɌ , Ʉ, ɚ ɫ ɭɱɟɬɨɦ ɢɡɜɟɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɢ ɩɨɥɧɨɝɨ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɬɨɩɤɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɤɪɚɧɨɜ  ɢ 
ɜ ɡɚɜɟɪɲɟɧɢɢ ɧɚɯɨɞɹɬ ɜɵɫɨɬɭ ɬɨɩɤɢ. 

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɫɱɟɬɚ ɬɨɩɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 22. 

Ɍɚɛɥɢɰɚ 22 – Ɋɚɫɱɟɬ ɬɨɩɤɢ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ, ℃ 

ɬ  1130 

ɗɧɬɚɥɶɩɢɹ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, 
ɤȾɠ/ɤɝ 

0
ɝɜɇ , ɫɦ. ɪɚɡɞɟɥ 2.3.2.3. 1659,712 

Ɍɟɩɥɨɬɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ  0     ɜ ɝɜ ɝɜ ɬ ɩɥ ɯɜQ ɇ ɇ  1576,222 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 22 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɤɟ, 
ɤȾɠ/ɤɝ 

3 4 6

4

100

100

   
    

ɪ
ɬ ɧ ɜ

q q q
Q Q Q

q
 16854,14 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɜ ɬɨɩɤɟ, ℃ 

2200

2050 0,075

 
    

 ɬ

ɬ
a

ɝ

Q

ɇ
 1818,314 

Ⱥɛɫɨɥɸɬɧɚɹ ɚɞɢɚɛɚɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɬɨɩɤɟ, Ʉ 

273,25  ɚ ɚɌ  2091,464 

Ⱥɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, Ʉ 273,25   ɬ ɬɌ  1403,15 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ, ɤȾɠ/ɤɝ 


ɬɇ , ɫɦ. ɪɚɡɞɟɥ 2.3.2.3. 9955,504 

ɋɪɟɞɧɹɹ ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/(ɤɝ⋅Ʉ) 


 

 
ɬ ɬ

ɫɪ

ɚ ɬ

Q ɇ
ɫ  10,023 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɩɥɨɳɚɞɶ ɨɞɧɨɣ 
ɝɪɚɧɢ ɬɨɩɤɢ, ɦ2    ɝɪɚɧɢF ɚ b h  553,754 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɩɥɨɳɚɞɶ ɬɨɩɤɢ, 
ɦ2 

8 ɬ ɝɪɚɧɢF F  4430,031 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɬɨɩɤɢ, ɦ2    2 22 2 1 2 2 1     ɫɟɱɟɧɢяS ɚ b  394,331 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɜɵɫɨɬɚ ɬɨɩɤɢ, ɦ h  39,32 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɨɛɴɟɦ ɬɨɩɤɢ, ɦ3  ɬ ɫɟɱɟɧɢяV S h  15505,107 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, 
ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 
ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ, ɤȾɠ/ɤɝ 

   ɥ
ɬ ɬ ɬQ Q ɇ  6884,839 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ 
ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ 

3,6 ɬ
ɬ

ɬ

V
S

F
 12,6 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ 
ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

2
7,8 16

1 1 0,37
1000

    
           

ɇ Ɉ ɬ
ɝ

ɩ ɬ

r Ɍ
К

r S
 2,072 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ 
ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 
ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ  0,67

43




ɝ
ɡɥ

ɡɥ ɬ

К
d Ɍ

 
67,935 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ 

    ɝ ɩ ɡɥ ɡɥ ɤК К r К ɤ  1,763 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ    ɬBu K p S  2,222 

ɉɪɢɜɟɞɟɧɧɵɣ ɤɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 
2

2

1,4 2
1,6 ln

1,4 2

  
     

ɩɪɢɜɟɞ
Bu Bu

Bu
Bu Bu

 0,815 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ 
39,52

1 0,2 1 1 0,2 1
38

             
  ɧ

sɯ
d

 0,992 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɚ 

0,5    эɤɪ x x   

Ɋɚɫɱɟɬɧɚɹ ɩɥɨɳɚɞɶ ɬɨɩɤɢ, ɦ2 

2

3
2

11 0,3 3

1
1

5,67 10

 
    
   

     

ɥ ɚ
ɪ ɬ

ɬ
ɬ

эɤɪ ɩɪɢɜɟɞ ɬ ɚ

Ɍȼ Q
Ɇ Ɍ

F
Ɇ Bu Ɍ Ɍ

 
4430,041 

ɉɨɝɪɟɲɧɨɫɬɶ, % 100
 

  ɬ ɬ

ɬ

F F

F
 0,00023 

ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɣ ɧɚɩɪɹɠɟɧɢɟ 
ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ, ɤȼɬ/ɦ2 

0,985

 
 

  

ɥ ɥ
ɪ ɬ ɪ ɬ

ɥ

ɬ ɬ

ȼ Q ȼ Q
q

F F
 141,607 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɨɩɤɭ, 
ɤȾɠ/ɤɝ  , ɬ ɜэɤ ɬh f P t  

1569,2 
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Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ 
ɜɩɪɵɫɤ, ɤɝ/ɫ 

0,03ɜɩɪ ɩɟG D  14,023 

ȼɟɥɢɱɢɧɚ ɧɚɝɪɟɜɚ ɜɨɞɵ ɢ ɩɚɪɚ ɜ 
ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ, ɤȾɠ/ɤɝ 


 



ɥ
ɬ ɪ

ɬ
ɩɟ ɜɩɪ

Q ȼ
h

D G
 

1362,851 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ, ɤȾɠ/ɤɝ 

  ɬ ɬ ɬh h h  2932,051 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ, ℃  1, ɬ ɲɩɩ ɬt f P h  

479,046 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɬɨɩɤɭ, ℃ 50  ɬ ɩɜt t  345 

ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 23. 

Ɍɚɛɥɢɰɚ 23 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɣ ɩɨ ɩɚɪɨɜɨɦɭ ɬɪɚɤɬɭ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ, Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 35,775 
ȼɗɄ 34,229 
ɒɉɉ1 32,683 
ɒɉɉ2 31,138 
Ʉɉɉ1 29,592 
Ʉɉɉ2 28,046 
Ʉɉɉ3 28,046 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɩɪɨɦɩɟɪɟɝɪɟɜ 4,524 
ɒȼɉ1 4,416 
Ʉȼɉ1 4,309 
Ʉȼɉ2 4,201 
Ʉȼɉ3 4,094 

2.3.4 Ɋɚɫɱɟɬ ɲɢɪɦɨɜɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ 

ˌʦʿ1

ˌʿʿ2

ˌʿʿ1

B

ΔB

А

ˁ

S1

ɩɜ ɜɩɪG G

1

3
ɜɬ ɜɩɪD G

 

Ɋɢɫɭɧɨɤ 17 – ɗɫɤɢɡ ɲɢɪɦɨɜɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ 

 ɒɉɉ ɢ ɒȼɉ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦ ɫɩɨɫɨɛɨɦ ɢ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 
24. 
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Ɍɚɛɥɢɰɚ 24 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɒɉɉ ɢ ɒȼɉ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ɒɉɉ1 ɒɉɉ2 ɒȼɉ1 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ 
ɬɪɭɛ, ɦ ɧd , ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɬɢɩɚ ɒɉɉ 0,038 0,038 0,05 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ 
ɬɪɭɛ, ɦ  , ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɬɢɩɚ ɒɉɉ 0,005 0,005 0,004 

ȼɧɭɬɪɟɧɧɢɣ 
ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ 

 ɜɧ ɧd d  0,028 0,028 0,042 

ɒɚɝ ɦɟɠɞɭ 
ɫɨɫɟɞɧɢɦɢ ɒɉɉ, ɦ 1s , ɩɪɢɧɢɦɚɟɬɫɹ 0,7 0,7 0,7 0,7 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ 
ɬɪɭɛ ɜ ɥɟɧɬɟ ɒɉɉ, 
ɦ 

2 1,1  ɧs d  0,042 0,042 0,055 

Ɂɚɡɨɪ ɦɟɠɞɭ 
ɥɟɧɬɚɦɢ ɒɉɉ, ɦ 

5  ɲ ɧȼ d  0,19 0,19 0,25 

Ʉɨɥɢɱɟɫɬɜɨ ɒɉɉ 1z , ɩɪɢɧɢɦɚɟɬɫɹ 40 40 40 40 

ȼɵɫɨɬɚ ɒɉɉ, ɦ A , ɩɪɢɧɢɦɚɟɬɫɹ 12,771 12,771 12,771 12,771 

Ƚɥɭɛɢɧɚ ɒɉɉ, ɦ C , ɩɪɢɧɢɦɚɟɬɫɹ 7 7 7 7 
ɑɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɤɥɸɱɟɧɧɵɯ ɬɪɭɛ ɜ 
ɥɟɧɬɟ ɒɉɉ 

ɲn , ɩɪɢɧɢɦɚɟɬɫɹ 20 20 20 20 

ɒɢɪɢɧɚ ɲɢɪɦɵ, ɦ  22 1   ɲ ɲȼ s n ȼ  1,778 1,778 2,34 

ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɢ 
ɜɵɯɨɞɧɨɝɨ ɨɤɧɚ, ɦ2 . .  ɫɟɱɟɧɢяɜɯ ɨɤ ɜыɯ ɨɤF SF  394,331 394,331 394,331 

ɉɥɨɳɚɞɶ ɲɢɪɦɵ, ɦ2 
11,92   iF A B z  1744.218 1744.218 2295,023 

Ɋɚɫɯɨɞ ɩɚɪɚ, ɤɝ/ɫ iD  453,399 453,399 405,41 

ɍɝɥɨɜɨɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɲɢɪɦ 

2

1 1
       
 

ɲ
ȼ ȼ
ɋ ɋ

 0,222 0,222 - 

ɀɢɜɨɟ ɫɟɱɟɧɢɟ ɞɥɹ 
ɩɪɨɯɨɞɚ ɝɚɡɨɜ, ɦ2 1   ɝ ɫɟɱɟɧɢя ɧf S z A d  374,92 374,92 368,79 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2⋅К) К , ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ ɞɢɚɩɚɡɨɧɚ 50-70 50 50 70 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ, ℃  , i i it f P h  479,046 506,359 338,734 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ, ɤȾɠ/ɤɝ 


ih  2932,051 3068,355 3051,488 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɧɚ ɜɯɨɞɟ, ℃ i     

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ 
ɜɯɨɞɟ, ɤȾɠ/ɤɝ 

iɇ     

Ⱦɚɥɟɟ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Mathcad Prime: 

{   
   .

2200
2695 0,3



   


  
 

i

ɥ ɲ ɜ ɥ ɜɯ ɨɤ
i

ɪ

i
i ɝ

i

q F
Q

ȼ

ɇ ɇ
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Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 25. 

Ɍɚɛɥɢɰɚ 25 – Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɛɥɨɤɚ ɭɪɚɜɧɟɧɢɹ 
ɉɚɪɚɦɟɬɪ ɒɉɉ1 ɒɉɉ2 ɒɉɉ3 

Ʌɭɱɢɫɬɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɲɢɪɦ, ɤȾɠ/ɤɝ 107,704 376,82 0 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, Ʉ 597,791 494,266 543,099 
ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɦ/ɫ 6,806 6,594 6,378 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, ℃ 1052,698 986,982 873,974 
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, ɤȾɠ/ɤɝ 9373,462 8892,218 7918,13 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, ℃ 506,359 542,405 425,064 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, ɤȾɠ/ɤɝ 3068,355 3238,018 3266,702 
Ɍɟɩɥɨ ɩɟɪɟɢɡɥɭɱɟɧɢɹ ɲɢɪɦɵ, ɤȾɠ/ɤɝ 376,82 0 0 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ ɲɢɪɦɟ 
ɢɡ ɦɟɠɬɪɭɛɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɤȾɠ/ɤɝ 

580,878 480,282 972,14 

2.3.5 Ɋɚɫɱɟɬ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 18 ɤɨɧɜɟɤɬɢɜɧɵɯ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɢ ɜɨɞɹɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 26. Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ 
ɜɵɛɪɚɧ ɲɚɯɦɚɬɧɵɣ ɬɢɩ ɜɵɩɨɥɧɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 
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Ɋɢɫɭɧɨɤ 18 – ɗɫɤɢɡ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

Ɍɚɛɥɢɰɚ 26 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ʉȼɉ3 Ʉɉɉ3 Ʉɉɉ2 Ʉɉɉ1 Ʉȼɉ2 Ʉȼɉ1 ȼɗɄ 

ɇɚɪɭɠɧɵɣ 
ɞɢɚɦɟɬɪ ɬɪɭɛ, 
ɦ 

ɧd  0,05 0,038 0,038 0,038 0,05 0,05 0,032 

Ɍɨɥɳɢɧɚ 
ɫɬɟɧɤɢ ɬɪɭɛ, 
ɦ 

  0,004 0,005 0,005 0,005 0,004 0,004 0,005 

ȼɧɭɬɪɟɧɧɢɣ 
ɞɢɚɦɟɬɪ ɬɪɭɛ, 
ɦ 

 ɜɧ ɧd d  0,042 0,028 0,028 0,028 0,042 0,042 0,022 

ɒɚɝ ɬɪɭɛ 1  3 4,3 4,3 4,3 3 3 2,6 

ɒɚɝ ɬɪɭɛ 2  1,5 2 2 2 1,5 1,5 1,5 
ɒɚɝ ɦɟɠɞɭ 
ɫɨɫɟɞɧɢɦɢ 
Ʉɉɉ, ɦ 

1 1 ɧs d  0,15 0,1634 0,1634 0,1634 0,15 0,15 0,083 

ɉɪɨɞɨɥɶɧɵɣ 
ɲɚɝ ɬɪɭɛ ɜ 
ɥɟɧɬɟ Ʉɉɉ, ɦ 

2 2 ɧs d  0,075 0,076 0,076 0,076 0,075 0,075 0,048 

ɑɢɫɥɨ ɬɪɭɛ ɜ 
ɪɹɞɭ 1

1


ɋ

z
s

 46 42 42 42 46 46 84 

ȼɵɫɨɬɚ, ɦ A , ɩɪɢɧɢɦɚɟɬɫɹ 
12,771 

12,771 12,771 12,771 12,771 12,771 12,771 12,771 

Ƚɥɭɛɢɧɚ, ɦ C , ɩɪɢɧɢɦɚɟɬɫɹ 7 7 7 7 7 7 7 7 
ɗɧɬɚɥɶɩɢɹ 
ɜɩɪɵɫɤɚ, 
ɤȾɠ/ɤɝ 

 ,ɜɩɪ ɩɜ ɩɜh f P t  1301,821 
1301,8

21 
1301,8

21 
1301,8

21 
1301,8

21 
1301,8

21 
1301,8

21 

Ɋɚɫɯɨɞ 
ɩɚɪɚ/ɜɨɞɵ, 
ɤɝ/ɫ 

iD  410,084 462,75 458,07 458,07 410,08 410,08 453,4 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 26 

ɀɢɜɨɟ 
ɫɟɱɟɧɢɟ ɞɥɹ 
ɩɪɨɯɨɞɚ 
ɝɚɡɨɜ, ɦ2 

14   ɝ ɫɟɱɟɧɢя ɧf S z A d  276,842 312,8 312,8 312,8 276,84 276,84 257,02 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱ
ɢ, ȼɬ/(ɦ2⋅К) К , ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ 

ɞɢɚɩɚɡɨɧɚ 50-70 
70 70 70 70 70 70 70 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ, ℃ 


it  560 578,23 558 537,09 505 415,5 295 

ɗɧɬɚɥɶɩɢɹ 
ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ, ɤȾɠ/ɤɝ 


ih  3581,27 3396,8 3312,6 3218,1 3453,9 3244,1 1301,8 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ ɧɚ 
ɜɯɨɞɟ, ℃ 

i  873,974 807,53 737,22 672,61 615 548,9 446,9 

ɗɧɬɚɥɶɩɢɹ 
ɝɚɡɨɜ ɧɚ 
ɜɯɨɞɟ, ɤȾɠ/ɤɝ 


iɇ  7918,13 7397,7 6823,5 6292,6 5818,8 5245,4 4294,7 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɚɪɚ ɧɚ 
ɜɵɯɨɞɟ, ℃ 


it  610 610 585 558 560 505 345 

ɗɧɬɚɥɶɩɢɹ 
ɩɚɪɚ ɧɚ 
ɜɵɯɨɞɟ, 
ɤȾɠ/ɤɝ 


ih  3697,12 3509,8 3418,4 3312,6 3581,3 3453,9 1569,2 

Ⱦɚɥɟɟ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Mathcad Prime: 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 27. 

Ɍɚɛɥɢɰɚ 27 – Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɉɚɪɚɦɟɬɪ Ʉȼɉ3 Ʉɉɉ3 Ʉɉɉ2 Ʉɉɉ1 Ʉȼɉ2 Ʉȼɉ1 ȼɗɄ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ 
ɧɚɩɨɪ, Ʉ 

255,953 177,762 132,674 95,186 49,281 37,345 43,424 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, ℃ 

807,533 737,219 672,608 614,995 548,875 446,918 308,173 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 27 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɲɢɪɦɵ, 
ɤȾɠ/ɤɝ 

7397,657 6823,516 6292,576 5818,836 5245,374 4294,707 2947,855 

ɉɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2 2651,477 4204,07 5216,124 6501,546 15146,883 32912,619 39882,541 

Ʉɨɥɢɱɟɫɬɜɨ 
ɜɨɫɩɪɢɧɹɬɨɝɨ ɬɟɩɥɚ, 
ɤȾɠ/ɤɝ 

529,31 582,871 539,756 482,671 582,193 958,643 1350,744 

Ⱦɚɥɟɟ ɧɚɯɨɞɹɬɫɹ ɨɫɬɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ, ɪɚɫɱɟɬ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 28. 

Ɍɚɛɥɢɰɚ 28 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ʉȼɉ3 Ʉɉɉ3 Ʉɉɉ2 Ʉɉɉ1 Ʉȼɉ2 Ʉȼɉ1 ȼɗɄ 

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ ɬɪɭɛ, 
ɦ 2


 ɧ ɜɧ

ɫɪ
d d

d  0,046 0,033 0,033 0,033 0,046 0,046 0,027 

Ⱦɥɢɧɚ ɨɞɧɨɝɨ 
ɡɦɟɟɜɢɤɚ 
ɩɚɤɟɬɚ, ɦ 14


 

i
ɡɦ

ɫɪ

F
l

d z
 99,715 241,38 299,49 373,29 569,64 1237,8 1388,4 

Ⱦɟɣɫɬɜɢɬɟɥɶɧ
ɨɟ ɱɢɫɥɨ 
ɪɹɞɨɜ ɬɪɭɛ ɩɨ 
ɯɨɞɭ ɝɚɡɨɜ 

2 
ɡɦl

z
Ⱥ

 8 20 24 30 46 98 110 

ɒɢɪɢɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚ, ɦ 

2 2 b z s  0,6 1,52 1,824 2,28 3,45 7,35 5,28 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɚɤɟɬɨɜ 1,8


b

n  1 1 1 2 2 4 3 

ɒɢɪɢɧɚ 
ɫɬɭɩɟɧɢ, ɦ 

 1  ɫɬɭɩɟɧɢb b n  0,6 1,52 1,824 3,08 4,25 9,75 6,88 

2.3.6 Ɋɚɫɱɟɬ ɛɚɣɩɚɫɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

Ɋɚɫɱɟɬ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 19, ɛɚɣɩɚɫɧɵɯ ɜɨɞɹɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ 
ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɢ ɤɨɧɜɟɤɬɢɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 
(ɫɦ. ɪɚɡɞɟɥ 2.3.5). ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 29, 30 ɢ 31. 



60 
 

ʿʦД ʿʻД

ɤɲɚ

tb

ɜɡɩɚ  

Ɋɢɫɭɧɨɤ 19 – ɗɫɤɢɡ ɛɚɣɩɚɫɨɜ ɢ ȼɁɉ 

Ɍɚɛɥɢɰɚ 29 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȻȼɗɄɉȼȾ ȻȼɗɄɉɇȾ 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ ɧd  0,032 0,032 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛ, ɦ   0,005 0,005 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ  ɜɧ ɧd d  0,022 0,022 

ɒɚɝ ɬɪɭɛ 1  2,6 2,6 

ɒɚɝ ɬɪɭɛ 2  1,5 1,5 
ɒɚɝ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ȼɗɄ, 
ɦ 1 1 ɧs d  0,0832 0,0832 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɜ ɥɟɧɬɟ 
ȼɗɄ, ɦ 2 2 ɧs d  0,048 0,048 

ɑɢɫɥɨ ɬɪɭɛ ɜ ɪɹɞɭ 1
1

 ɤɲɚz
s

 72 72 

ȼɵɫɨɬɚ, ɦ tb  24 24 

Ƚɥɭɛɢɧɚ, ɦ ɤɲɚ  6 6 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2⋅К) К , ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ 

ɞɢɚɩɚɡɨɧɚ 50-70 
60 60 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ, 
℃ 


it  164,953 32,673 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ, 
ɤȾɠ/ɤɝ 


ih  697,143 138,724 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ, 
℃ 

i  308,173 208,173 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 29 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ, 
ɤȾɠ/ɤɝ 

iɇ  2947,855 1991,172 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ, 
℃ 


it  280 142,69 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ, 
ɤȾɠ/ɤɝ 


ih  1229,175 601,707 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ, 
℃ 

i  208,173 130 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ, 
ɤȾɠ/ɤɝ 


iɇ  1991,172 1246,436 

Ɍɚɛɥɢɰɚ 30 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɉɚɪɚɦɟɬɪ ȻȼɗɄɉȼȾ ȻȼɗɄɉɇȾ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, Ʉ 35,201 80,447 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2 40851,716 13942,498 
Ɋɚɫɯɨɞ ɜɨɞɵ, ɤɝ/ɫ 162,174 145,356 
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɫɩɪɢɧɹɬɨɝɨ ɬɟɩɥɚ, ɤȾɠ/ɤɝ 320,452 249,944 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɛɚɣɩɚɫ ɭɬɨɱɧɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ ɨ 
ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɫɯɨɞɵ ɧɟ ɫɬɚɧɭɬ ɨɞɢɧɚɤɨɜɵɦɢ ɫ ɪɚɫɯɨɞɚɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɦɢ ɜ 
ɪɚɫɱɟɬɟ ɉɌɋ (ɫɦ. ɪɚɡɞɟɥ 2.1). 

Ɍɚɛɥɢɰɚ 31 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȻȼɗɄɉȼȾ ȻȼɗɄɉɇȾ 

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ 
2


 ɧ ɜɧ

ɫɪ
d d

d  0,027 0,027 

Ⱦɥɢɧɚ ɨɞɧɨɝɨ ɡɦɟɟɜɢɤɚ ɩɚɤɟɬɚ, ɦ 
14


 

i
ɡɦ

ɫɪ

F
l

d z
 3344,523 1141,47 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ 
ɩɨ ɯɨɞɭ ɝɚɡɨɜ 2 

ɡɦl
z

Ⱥ
 140 48 

ɒɢɪɢɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɦ 2 2 b z s  6,72 2,304 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɤɟɬɨɜ 
1,8


b

n  4 2 

ɒɢɪɢɧɚ ɫɬɭɩɟɧɢ, ɦ  1  ɫɬɭɩɟɧɢb b n  9,12 3,104 

ɇɚ ɪɢɫɭɧɤɟ 20 ɢɡɨɛɪɚɠɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɫɤɢɡ ɛɚɣɩɚɫɧɵɯ 
ɷɤɨɧɨɦɚɣɡɟɪɨɜ. 
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Ɋɢɫɭɧɨɤ 20 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɫɤɢɡ ɛɚɣɩɚɫɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ 

2.3.7 Ɋɚɫɱɟɬ ɬɪɭɛɱɚɬɨɝɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ȼɁɉ (ɫɦ. ɬɚɛɥɢɰɭ 32), 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ɬ.ɟ. ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɬɟɩɥɨɨɛɦɟɧɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, ɩɪɢ ɷɬɨɦ ɤɚɠɞɚɹ ɫɬɭɩɟɧɶ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɬɞɟɥɶɧɨ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɦɵ ɢɦɟɟɦ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ. 

 Ʉɨɦɩɨɧɨɜɤɚ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 

Ɍɚɛɥɢɰɚ 32 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȼɁɉ 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ ɧd  0,04 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛ, ɦ   0,0015 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ  ɜɧ ɧd d  0,037 

ɒɚɝ ɬɪɭɛ 1  1,35 

ɒɚɝ ɬɪɭɛ 2  1,01 

ɒɚɝ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ȼɗɄ, ɦ 1 1 ɧs d  0,054 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɜ ɥɟɧɬɟ ȼɗɄ, ɦ 2 2 ɧs d  0,0404 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɦ/ɫ ɝ  9 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ ɜ  6 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 32 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ, ℃ 
it  60 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ 
ih  1659,712 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ, ℃ i  308,173 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ 
iɇ  2947,855 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ, ℃ 
it  295 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, ℃ 

2

 
 i i

ɫɪ
t t

t  177,5 

ɋɪɟɞɧɹɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ 0
ɩɪɫɇ  987,206 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ, ℃ i  130 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ 
iɇ  1239,452 

Ⱦɚɥɟɟ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɢɡ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɢ ɪɟɡɭɥɶɬɚɬ ɫɜɨɞɢɬɫɹ ɜ 
ɬɚɛɥɢɰɭ 33: 

{  
   
   
     

 0

2,3lg

 
         

              
         

i i i i

i i

i i

i
i i ɜɡɩ ɩɪɫ

ɪ

t t
t

t

t

k F tɇ ɇ ɇ
ȼ

 

Ɍɚɛɥɢɰɚ 33 – Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ  
ɉɚɪɚɦɟɬɪ ȼɁɉ 

ɉɥɨɳɚɞɶ ȼɁɉ, ɦ2 237435,954 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, ℃ 29,802 

ɉɨɥɧɨɟ ɱɢɫɥɨ ɬɪɭɛ ɞɥɹ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ, ɲɬ 
(ɨɤɪɭɝɥɟɧɧɨɟ ɞɨ ɰɟɥɨɝɨ): 

   ɪ Ƚ ɫɪ
ɬɪ ɝ

ɝ ɜɡɩ

273 89,75 6,924 219,087 273

273 273 0,00107

115787,

      
  

    



B V
z

f   (2.76) 

ɝɞɟ ȽV  – ɨɛɴɟɦ ɝɚɡɨɜ (ɫɦ. ɪɚɡɞɟɥ 2.3.2.3), ɦ3/ɤɝ; 

ɫɪ  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, 

°C, ɜɡɩ ɜɡɩ
ɫɪ

308,173 130
219,087

2 2

    
    ; 
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ɝ  – ɩɪɢɧɹɬɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɦ/ɫ; 
ɝ

ɜɡɩf  – ɜɧɭɬɪɟɧɧɟɟ ɫɟɱɟɧɢɟ ɬɪɭɛɵ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɚ ɜ ɬɪɭɛɱɚɬɨɦ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɦ2: 

ɝ 2 2
ɜɡɩ ɜɧ0,785 0,785 0,00107,f d      (2.77) 

ɝɞɟ ɜɧd  – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 32). 

 Ɂɚ ɨɛɳɭɸ ɝɥɭɛɢɧɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɪɢɧɢɦɚɟɬɫɹ bɬ (ɝɥɭɛɢɧɚ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ), ɬɨɝɞɚ ɜɟɥɢɱɢɧɨɣ, ɤɨɬɨɪɭɸ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɹɜɥɹɟɬɫɹ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɟɤɰɢɹɦɢ ɤa . 

ɑɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɦ ɪɹɞɭ ɩɨ ɲɢɪɢɧɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɲɬ 
(ɨɤɪɭɝɥɟɧɧɨɟ ɞɨ ɰɟɥɨɝɨ): 

1
1

13
1 1 240,

0,054
    ɜɡɩɚz

s
  (2.78) 

ɝɞɟ 1s  – ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 32). 

ɑɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɦ ɪɹɞɭ ɩɨ ɝɥɭɛɢɧɟ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ, ɲɬ 
(ɨɤɪɭɝɥɟɧɧɨɟ ɞɨ ɰɟɥɨɝɨ): 

ɬɪ
2

1

115787
483

240
  

z
z

z
 (2.79) 

Ɍɨɝɞɚ ɩɨɥɧɚɹ ɝɥɭɛɢɧɚ ɬɪɭɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ: 

ɬɪ 2 2 483 0,0404 19,513    a z s  (2.80) 

ɉɪɢ ɜɨɫɶɦɢɩɨɬɨɱɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɬɪɭɛɱɚɬɨɝɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɬɪɭɛɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 8 ɩɚɤɟɬɚ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 
ɫɨɡɞɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɣ ɪɚɡɞɚɸɳɢɣ ɜɨɡɞɭɲɧɵɣ ɤɨɪɨɛ, ɤɨɬɨɪɵɣ ɪɚɡɦɟɪɨɦ ɩɨ 
ɲɢɪɢɧɟ ɤa , ɦ: 

ɬɪ
ɤ

ɩɨɬ

24 19,513
0,641,

1 8 1

 
   

 
tb a

a
n

 (2.81) 

ɝɞɟ ɩɨɬn  – ɱɢɫɥɨ ɩɨɬɨɤɨɜ ɜ ɬɪɭɛɱɚɬɨɦ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɩɨɬ 8n ; 

tb  – ɨɛɳɚɹ ɝɥɭɛɢɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. 
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ɇɟɨɛɯɨɞɢɦɚɹ ɩɨɥɧɚɹ ɜɵɫɨɬɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ: 

ɜɡɩ
ɜɡɩ

ɫɪ ɬɪ

237435,954
16,954,

3,14 0,039 115787
  
   

F
h

d z
 (2.82) 

ɝɞɟ ɜɡɩF  – ɫɦɨɬɪɟɬɶ ɬɚɛɥɢɰɭ 33; 

ɫɪd  – ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɧ ɜɧ
ɫɪ 0,039

2

d d
d


  . 

ȼɵɫɨɬɚ ɨɞɧɨɝɨ ɯɨɞɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ: 

 
 

 
 

0
ɪ ɝɜ ɜ ɫɪ

x

ɬ 1 ɧ ɜ ɩɨɬ

273

273

89,75 0,9 4,192 177,5 273
3,423

273 13 240 0,04

   
 

    

   
 

     

B V t
h

b z d n
  (2.83) 

ɑɢɫɥɨ ɯɨɞɨɜ ɜɨɡɞɭɯɚ, ɲɬ (ɨɤɪɭɝɥɟɧɧɨɟ ɞɨ ɰɟɥɨɝɨ): 

ɜɡɩ
ɯɨɞ

x

16,954
5

3,423
  

h
z

h
 (2.84) 

ɍɬɨɱɧɹɟɦ ɜɵɫɨɬɭ ɨɞɧɨɝɨ ɯɨɞɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ: 

ɜɡɩ
x

ɯɨɞ

16,954
3,391,

5
  

h
h

z
 (2.85) 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɭɱɢɬɵɜɚɹ ɜɵɫɨɬɭ ɪɟɦɨɧɬɧɵɯ 
ɪɚɡɪɵɜɨɜ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɩɚɤɟɬɚɦɢ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ: 

   ɜɡɩ x ɯɨɞ ɯɨɞ ɨɛ1 3,391 5 1 20,154,         h h z z h   (2.86) 

ɝɞɟ ɨɛh  – ɜɵɫɨɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɚɡɪɵɜɚ ɦɟɠɞɭ ɩɚɤɟɬɚɦɢ, ɦ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɨɛ 0,8h . 

ɇɚ ɪɢɫɭɧɤɟ 21 ɢɡɨɛɪɚɠɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɫɤɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 21 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɫɤɢɡ ɬɪɭɛɱɚɬɨɝɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 

2.3.8 ɋɨɫɬɚɜɥɟɧɢɹ ɩɪɹɦɨɝɨ ɛɚɥɚɧɫɚ ɤɨɬɥɚ 

ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɝɚɡɨɜɨɦɭ ɢ ɩɚɪɨɜɨɦɭ ɬɪɚɤɬɭ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22.  
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Кʦʿ3

Кʿʿ3

Кʿʿ2

Кʿʿ1

Кʦʿ2

Кʦʿ1

ʦЭК

ɜɬD

ɩɟ ɜɩɪD G

1
3

ɩɟ ɜɩɪD G

ˌʦʿ1

ˌʿʿ2

ˌʿʿ1

ʦ ту̛̬̦̍у

ʰ̚ ту̛̬̦̼̍

ʿʦД ʿʻД

1130  

1053  

987  

808  

874  

673 
615 

737 

447 
549 

308 

308 

208 

130 

280 
165 

143 
33 

33 143 
165 280 

295 

295 

479 
506 542 

425 339 
610 

610 
560 
578 585 

558 537 
505 416 345 

345 

60 

295 

G̏пр

Ɋɢɫɭɧɨɤ 22 – ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɝɚɡɨɜɨɦɭ ɢ ɩɚɪɨɜɨɦɭ ɬɪɚɤɬɭ 
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Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɧɟɜɹɡɤɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɤɨɬɥɚ, ɤȾɠ/ɤɝ: 

ɪ ɛɪ ɬ ɛ ɛ ɛ ɛ ɛ ɛ ɛ ɛ
ɪ ɤɚ ɥ ɲɩɩ1 ɲɩɩ2 ɲɜɩ1 ɤɜɩ3 ɤɩɩ3 ɤɩɩ2 ɤɩɩ1 ɤɜɩ2

ɛ ɛ ɛ ɛ ɬ ɛ4
ɤɜɩ1 ɜɷɤ ɛɜɷɤɩɜɞ ɛɜɷɤɩɧɞ ɥ ɲɩɩ1

ɛ ɛ ɛ ɛ ɛ ɛ ɛ
ɲɩɩ2 ɲɜɩ1 ɤɜɩ3 ɤɩɩ3 ɤɩɩ2 ɤɩɩ1 ɤɜɩ2 ɤɜɩ1

(

100
) 15280 0,94278 (

100

            


         

       

Q Q Q Q Q Q Q Q Q Q Q

q
Q Q Q Q Q Q

Q Q Q Q Q Q Q Qɛ ɛ ɛ
ɜɷɤ ɛɜɷɤɩɜɞ

ɛ
ɛɜɷɤɩɧɞ

100 0,5
) 36,534

100

  


   

Q Q

Q

 (2.87) 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɜɹɡɤɢ: 

ɪ
ɧ

100% 0,5%,
Q

Q
Q


      (2.88) 

36,534
100% 0,239% 0,5%

15280
    Q . 

ȼɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɥɨɝɢɱɟɫɤɢɯ ɢ 
ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ. 

2.3.9 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 

Ɂɧɚɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ (ɬɚɛɥɢɰɚ 17), ɦɨɠɟɦ 
ɜɵɛɪɚɬɶ ɬɢɩ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɯ ɭɝɥɟɣ 
ɢɫɩɨɥɶɡɭɸɬ ɝɚɡɨɜɭɸ ɫɭɲɤɭ. 

ɉɪɢ ɝɚɡɨɜɨɣ ɫɭɲɤɟ ɝɚɡɵ ɡɚɛɢɪɚɸɬɫɹ ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ (900 - 1000 ℃), 
ɝɞɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɟɞɜɤɥɸɱɟɧɧɨɟ ɫɭɲɢɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ ɫɧɢɠɚɟɬɫɹ ɞɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ (450 - 600 ℃), ɡɚ ɫɱɟɬ ɪɚɡɛɚɜɥɟɧɢɹ 
ɝɚɡɚɦɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɭɯ , ɡɚɛɢɪɚɟɦɵɦɢ ɢɡ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. ɉɨɷɬɨɦɭ 

ɜɵɛɢɪɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɝ 600 ɋ  t . 

ɋɯɟɦɚ ɝɚɡɨɜɨɣ ɫɭɲɤɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 23. 
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Дʦ

Дˀʧʺʦ

ʿˁ˄

tу̵

t̐

t̐ 

 

Ɋɢɫɭɧɨɤ 23 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɚɡɨɜɨɣ ɫɭɲɤɢ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɟɥɶɧɢɰ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 34. 

Ɍɚɛɥɢɰɚ 34 – ɇɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɭɝɨɥɶɧɨɣ ɩɵɥɢ 

Ɇɟɫɬɨɪɨɠɞɟɧɢɟ, 
ɦɚɪɤɚ ɬɨɩɥɢɜɚ 

ȼɥɚɠɧɨɫɬɶ 
ɩɵɥɢ, Wɩɥ, 

% 

ɉɪɢɜɟɞɟɧɧɵɟ Ʉɨɷɮɮɢɰɢɟɧɬ 
ɪɚɡɦɨɥɨɫɩɨɫɨɛ 

ɧɨɫɬɢ kɥɨ 

Ɋɟɤɨɦɟɧɞɭɟɦɚɹ 
ɬɨɧɤɨɫɬɶ 

ɩɨɦɨɥɚ R90 

ɜɥɚɠɧɨɫɬɶ 
Wɩ, 

%ɤɝ/ɆȾɠ 

ɡɨɥɶɧɨɫɬɶ 
Aɩ, 

%ɤɝ/ɆȾɠ 
ɂɪɲɚ-

Ȼɨɪɨɞɢɧɫɤɢɣ, 
2ȻɊ 

13 2,16 0,484 1,15 57,5 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ, ɤɝ/ɫ: 

ɦ ɡɚɩ
ɦ

89,75
1,1 12,403,

8
    ɪB

B K
n

 (2.89) 

ɝɞɟ ɡɚɩK  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɞɥɹ ɱɟɬɵɪɟɯ ɦɟɥɶɧɢɰ 

ɡɚɩ 1,1K  ; 

ɪB  – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ; 

ɦn  – ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɛɨɬɟ ɲɬ. 
Ɉɩɪɟɞɟɥɢɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ, ɜɵɛɢɪɚɟɦ ɬɢɩ 

ɦɟɥɶɧɢɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ: Ɇȼ 3300/800/490 ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɧɚ ɷɬɚɥɨɧɧɨɟ 
ɬɨɩɥɢɜɨ ɦ 58 ɬ/ɱ B . 
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Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɫɭɲɢɥɶɧɨ-ɦɟɥɶɧɢɱɧɨɣ ɫɢɫɬɟɦɵ 
ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 35. 

Ɍɚɛɥɢɰɚ 35 – Ɋɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦɵ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɦɟɥɶɧɢɰɵ, ℃ 2ɦt
 140 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɜ  1,29 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɦɟɥɶɧɢɰɟɣ, ℃ ɝt  600 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ 295 ℃, ɤȾɠ/(ɤɝ ∙К) ɜɫ  1,0436 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɩɪɢ 600 ℃, ɤȾɠ/(ɤɝ ∙ К) ɝɫ  1,13 
Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ ɷɧɟɪɝɢɢ, 
ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɬɟɩɥɨ ɜɨ ɜɪɟɦɹ ɪɚɡɦɨɥɚ ɦɟɯК

 
0,6 

ɍɞɟɥɶɧɵɣ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɧɚ ɪɚɡɦɨɥ, ɤȾɠ/ɤɝ ɪɚɡɦЭ  43 
Ɍɟɩɥɨ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ 
ɦɟɥɶɧɢɰɵ, ɤȾɠ/ɤɝ 

 ɦɟɯ ɦɟɯ ɪɚɡɦq К Э  25,8 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɫɨɫɚ ɩɪɢɫК  0,18 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ ∙К) ɯɜɫ  1,006 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɤɨɧɰɟ 
ɭɫɬɚɧɨɜɤɢ, ℃ 2 2 5 ɦt t

 135 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɵɪɨɝɨ ɬɨɩɥɢɜɚ, ℃ ɬɥt
 30 

Ʉɨɥɢɱɟɫɬɜɨ ɢɫɩɚɪɟɧɧɨɣ ɜɥɚɝɢ ɧɚ 1ɤɝ ɫɵɪɨɝɨ 
ɬɨɩɥɢɜɚ, ɤɝ/ɤɝ 100


 



ɪ ɩɥ

ɩɥ

W W
W

W
 0,23 

Ɍɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɢɫɩɚɪɟɧɢɟ ɜɥɚɝɢ, 
ɤȾɠ/ɤɝ  ɢɫɩ 2 ɬɥ2500 1,9 4,19     q W t t  604,782 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, 
ɤȾɠ/(ɤɝ ∙ К) ɫ

ɬɥɫ  1,16 

Ɍɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɞɨɝɪɟɜ ɬɨɩɥɢɜɚ, 
ɤȾɠ/ɤɝ  2

100 4,19

100 100

  
     

ɪ ɩɥ
ɫ

ɬɥ ɬɥ ɬɥɩɥ

W W
q ɫ t t

W
 125,652 

ɑɚɫɨɜɚɹ ɩɨɬɟɪɹ ɬɟɩɥɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ 
ɭɫɬɚɧɨɜɤɢ, ɤȼɬ 5

ɨɛɳQ
 20 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɨɯɥɚɠɞɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɤȾɠ/ɤɝ 

5
5 

ɨɛɳ

ɦ

Q
q

B
 1,613 

Ɋɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɫɭɲɤɭ, ɤɝ/ɤɝ 
5

2(1 )

  


       
ɢɫɩ ɬɥ ɦɟɯ

ɝ
ɝ ɝ ɩɪɢɫ ɝ ɩɪɢɫ ɯɜ ɯɜ

q q q q
g

ɫ t К ɫ t К ɫ t
 1,42 

Ɏɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ ɩɪɢɫɨɫɨɜ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ ɩɪɢɫ ɩɪɢɫ ɯɜ ɯɜ   ɝq K g c t

 77,928 

Ɏɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ, ɜɧɨɫɢɦɨɟ ɝɚɡɚɦɢ, 
ɩɨɞɚɜɚɟɦɵɦɢ ɞɥɹ ɫɭɲɤɢ ɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɵɥɢ ɜ ɫɢɫɬɟɦɟ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɤȾɠ/ɤɝ 

   ɝ ɝ ɝ ɝq g c t  1401,199 

Ɍɟɩɥɨ, ɭɧɨɫɢɦɨɟ ɝɚɡɚɦɢ ɢɡ ɫɢɫɬɟɦɵ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɤȾɠ/ɤɝ  '' 1    ɝ ɝ ɝ ɝ ɩɪɢɫq g c t К  772,881 

 
ɉɪɢɯɨɞɧɵɟ ɫɬɚɬɶɢ ɛɚɥɚɧɫɚ: 

ɩɪɢɯ ɝ ɦɟɯ ɩɪɢɫ 1401,199 25,8 77,928 1504,927,      q q q q   (2.90) 
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Ɋɚɫɯɨɞɧɵɟ ɫɬɚɬɶɢ ɛɚɥɚɧɫɚ, ɤȾɠ/ɤɝ: 

ɪɚɫɯ ɢɫɩ ɝ ɬɥ 5 604,782 772,881 125,652 1,613

1504,927,

        



q q q q q
  (2.91) 

Ɍɚɤ ɤɚɤ ɩɪɢɯɨɞɧɵɟ ɢ ɪɚɫɯɨɞɧɵɟ ɫɬɚɬɶɢ ɛɚɥɚɧɫɚ ɫɯɨɞɹɬɫɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɪɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɜɟɪɧɨ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɦɟɥɶɧɢɰɵ-ɜɟɧɬɢɥɹɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 36. 

Ɍɚɛɥɢɰɚ 36 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ 
ȼɥɚɠɧɨɫɬɶ ɧɚ 
ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɬɨɩɥɢɜɚ W ɪ , % 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ 

kɥɨ , % 

Ɋɟɤɨɦɟɧɞɭɟɦɚɹ 
ɬɨɧɤɨɫɬɶ ɩɨɦɨɥɚ R90

 , 
% 

ȼɥɚɠɧɨɫɬɶ 
ɭɝɨɥɶɧɨɣ ɩɵɥɢ 

Wɩɥ , % 

56,6 1,7 60 6,5 

ɉɟɪɟɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰɵ-ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 37. 

Ɍɚɛɥɢɰɚ 37 – ɉɟɪɟɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰɵ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ 
ɧɚ ɷɬɚɥɨɧɧɨɦ ɬɨɩɥɢɜɟ, ɬ/ɱ ȼ  58 

ɋɪɟɞɧɹɹ ɜɥɚɠɧɨɫɬɶ 
ɪɚɡɦɚɥɵɜɚɟɦɨɝɨ ɷɬɚɥɨɧɧɨɝɨ 
ɬɨɩɥɢɜɚ, % 

ɪ ɩɥ
ɫɪ 3

4

   
W W

W  19,025 

ɫɪɟɞɧɹɹ ɜɥɚɠɧɨɫɬɶ 
ɪɚɡɦɚɥɵɜɚɟɦɨɝɨ ɧɚɬɭɪɚɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ, % 

ɪ ɩɥ
ɫɪ 3

4

   
W W

W  18 

Ʉɨɧɫɬɚɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɥɚɠɧɨɫɬɶ 
ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ 

ɫɪ4 1,07    K W  24,357 

Ʉɨɧɫɬɚɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɥɚɠɧɨɫɬɶ 
ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɫɪ4 1,07    K W  23,26 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɥɹ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ 

 
 

2
2 ɫɪ

ɜɥ1 2
2 ɩɥ

 
 

 

K W
ɉ

K W
 0,42 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɥɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

 
 

2
2 ɫɪ

ɜɥ1 2
2 ɩɥ

 
 

 

K W
ɉ

K W
 0,583 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɥɹ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ 

ɫɪ

ɜɥ2 ɪ

100

100

 


Wɉ
W

 1,866 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɥɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɫɪ

ɜɥ2 ɪ

100

100

 


Wɉ
W

 1,224 



72 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 37 

ɉɟɪɟɪɚɫɱɟɬ ɪɚɡɦɨɥɶɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɤɝ/ɫ 

ɥɨ ɜɥ1 ɜɥ2
90

ɦ

ɥɨ ɜɥ1 ɜɥ2
90

100
ln

100
ln

    


  
    



k ɉ ɉ
R

B B

k ɉ ɉ
R

 12,409 

Ɋɚɫɱɟɬ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰɵ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 38. 

Ɍɚɛɥɢɰɚ 39 – Ɋɚɫɱɟɬ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Ɇȼ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ȼɚɪɨɦɟɬɪɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ɦɦ.ɪɬ.ɫɬ. 760Ȼ  760 

Ɋɚɡɪɟɠɟɧɢɟ ɩɟɪɟɞ Ɇȼ, 
ɦɦ.ɜɨɞ.ɫɬ. ɦɜ 150 S  150 

ɉɨɩɪɚɜɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ 
ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ 

  0,652 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ ɦ3 ɝ  1,3 
ɉɥɨɬɧɨɫɬɶ ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ, ɤɝ/ ɦ3 ɜɩ  0,804 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɥɶɧɢɱɧɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɫ 

0ɝ ɦɜ
ɦɜ ɜ ɩɪɢɫ ɦ

ɝ ɜɩ

273

273

   
           

g tW
V V K B  40,002 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ 
ɦ3 ɜ  1,29 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ .ɭɯ ɝ  1,15 

ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɜɨɡɞɭɯɚ, ɦ3/ɤɝ 

0
ɜV  4,192 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 
ɜɨɡɞɭɯɚ, ɝ/ɤɝ ɜd  10 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 
ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ 
ɜɯɨɞɟ ɜ ɦɟɥɶɧɢɰɭ, ɝ/ɤɝ 

 ɪ ɪ 0
ɜ . ɜ ɜ

ɝ ɪ
0

ɜ . ɜ

10 9

1
100

       


    

ɭɯ ɝ

ɭɯ ɝ

H W V d
d

A
V

 92,682 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 
ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ 
ɜɯɨɞɟ ɜ ɦɟɥɶɧɢɰɭ, ɝ/ɤɝ 

ɫɦ  ɝd d  92,682 

 ɋɭɲɢɥɶɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
Ɇȼ, ɤɝ/ɫ  

ɦɜ
ɫ

ɫɚ ɩɪɢɫ ɫɦ0,774 0,786 0,00125 1,245




       
V

B
g K d W

 13,929 

Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɹ ɦB B   (12,409 ɤɝ/ɫ > 12,403 ɤɝ/ɫ) ɢ ɫ ɦB B  (13,929 ɤɝ/ɫ 
> 12,403 ɤɝ/ɫ) ɜɵɩɨɥɧɹɸɬɫɹ, ɬɨ ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ 
ɬɢɩɨɪɚɡɦɟɪɚ ɦɟɥɶɧɢɰɵ, ɚ ɬɚɤɠɟ ɬɢɩ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɤɚɤ ɩɨ ɪɚɡɦɨɥɶɧɨɣ, ɬɚɤ ɢ ɩɨ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
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2.3.10 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

Ɍɚɤ ɤɚɤ ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɜɵɲɟ 25%, ɬɨ 
ɛɵɥ ɜɵɛɪɚɧ ɩɪɹɦɨɬɨɱɧɵɣ ɬɢɩ ɝɨɪɟɥɨɤ. ɉɨ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɥɚ 
467,422 ɤɝ/ɫ, ɩɪɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɨɪɟɥɨɤ ɫ ɬɜɟɪɞɵɦ 
ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɛɵɥɢ ɜɵɛɪɚɧɵ ɝɨɪɟɥɤɢ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɜɚɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 40. 

Ɍɚɛɥɢɰɚ 40 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɨɬɥɚ Dɩɟ, ɤɝ/ɫ 

Ʉɨɥ-ɜɨ 
ɝɨɪɟɥɨɤ 

zɝ, ɲɬ 

Ʉɨɥ-ɜɨ 
ɹɪɭɫɨɜ 
zɹɪ, ɲɬ 

Ɍɟɩɥɨɜɚɹ 
ɦɨɳɧɨɫɬɶ 
ɝɨɪɟɥɤɢ 
Qɝ, Ɇȼɬ 

ɋɤɨɪɨɫɬɶ 
ɩɵɥɟɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ W1, ɦ/ɫ 

ɋɤɨɪɨɫɬɶ 
ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ W2, 

ɦ/ɫ 
467,422 32 4 55 30 49 

ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 24. 

 

Ɋɢɫɭɧɨɤ 24 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɫɜɨɞɢɬɫɹ ɜ 
ɬɚɛɥɢɰɭ 41. 

Ɍɚɛɥɢɰɚ 41 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 
ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 1  0,55 

Ɋɚɫɯɨɞ ɩɟɪɜɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɤɝ/ɤɝ 

0
ɜ.ɩɟɪɜ ɜ 1 ɜ  g V  2,963 

Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɜɢɱɧɨɣ 
ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, 
ɤɝ/ɤɝ 

1 ɝ ɜ.ɩɟɪɜ g g g  4,383 

Ʉɨɥɢɱɟɫɬɜɨ ɜɥɚɠɧɨɝɨ 
ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɝɨɪɟɥɤɢ, 
ɤɝ/ɤɝ 

 ɜɥ.ɫɚ ɝ ɩɪɢɫ ɜ.ɩɟɪɜ1 1,5      g g K W g  4,996 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ, ɤȾɠ/(ɤɝ·Ʉ) ɜɩc  1,9 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 41 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɫɦɟɫɢ, 
ɤȾɠ/(ɤɝ·Ʉ) ɫɦc  1,08 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ 
ɩɟɪɟɞ ɝɨɪɟɥɤɨɣ, °C  

ɝ ɝ 2 ɜ.ɩɟɪɜ ɜ ɝɜ 2 ɜɩ
ɫɦ

ɝ ɜ.ɩɟɪɜ ɫɦ

        


   

g c t g c t W t c
t

g g W c
 238,411 

Ɋɚɫɯɨɞ ɩɟɪɜɢɱɧɨɣ 
ɩɵɥɟɝɚɡɨɜɨɡɞɭɲɧɨɣ 
ɫɦɟɫɢ, ɦ3/ɫ 

 ɪ ɜ.ɩɟɪɜ ɫɦɝ
1 ɩɪɢɫ

ɝ ɝ ɜɩ ɜ

273
1 1,5

273

  
        

    

B g tg W
V K

z
 20,911 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ 
ɤɚɧɚɥɚ ɩɟɪɜɢɱɧɨɣ 
ɫɦɟɫɢ, ɦ2 

1
1

1


V

F
W

 0,697 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɝɨɪɟɥɤɨɣ ɝ  1,05 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 
ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 2 ɝ 1    0,5 

Ɋɚɫɯɨɞ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɝɨɪɟɥɤɭ, 
ɦ3/ɫ 

0
ɜ 2 ɪ ɝɜ

2
ɝ

273

273

   
   

 

V B t
V

z
 12,227 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ 
ɤɚɧɚɥɚ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɦ2 

2
2

2


V

F
W

 0,25 

ȼɵɫɨɬɚ ɝɨɪɟɥɤɢ, ɦ  2 13 ɝh F F  1,685 

ɒɢɪɢɧɚ ɝɨɪɟɥɤɢ, ɦ 2 1
ɝ

ɝ

F F
b

h
 0,562 

ȼɵɫɨɬɚ ɨɞɧɨɝɨ ɤɚɧɚɥɚ 
ɞɥɹ ɩɪɨɯɨɞɚ ɩɟɪɜɢɱɧɨɣ 
ɫɦɟɫɢ, ɦ 

1

5
ɩ

ɝ

F
h

b
 0,248 

ȼɵɫɨɬɚ ɨɞɧɨɝɨ ɤɚɧɚɥɚ 
ɞɥɹ ɩɪɨɯɨɞɚ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɦ 

5

4


 ɝ ɩ

ɜ
h h

h  0,111 

ɇɚ ɪɢɫɭɧɤɟ 25 ɩɪɟɞɫɬɚɜɥɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɫɤɢɡ ɩɪɹɦɨɬɨɱɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɳɟɥɟɜɨɣ ɝɨɪɟɥɤɢ. 
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1 – ɩɟɪɜɢɱɧɚɹ ɩɵɥɟɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ; 2 – ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ 
Ɋɢɫɭɧɨɤ 25 – ɗɫɤɢɡ ɩɪɹɦɨɬɨɱɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɳɟɥɟɜɨɣ ɝɨɪɟɥɤɢ 

2.3.11 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

2.3.11.1 Ɋɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 26. 
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д-̏̏то ̏̏то-̭о ̭о-т̬

к-д
 

Ɋɢɫɭɧɨɤ 26 – ɋɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

Ɍɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɱɟɪɟɡ ɲɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɦɟɧɶɲɟ 10 ɦ/ɫ, 
ɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦ ɲɩɩ 0.h   

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɦɦ ɜɨɞ. ɫɬ., ɤɚɤ ɩɪɢ 
ɧɚɥɢɱɢɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: 

ɞ   h h  (2.91) 

ɝɞɟ ɞh  – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ ɜɨɞ. ɫɬ.; 
  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ ɢ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɜ ɩɭɱɤɟ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: 

0 2    z  (2.92) 

ɝɞɟ 2z  – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɲɬ; 

0  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚ, 

ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɬɧɨɲɟɧɢɣ 1
1

ɧ

, 
s

d
 2

2
ɧ

, 
s

d
 1 ɧ

2 ɧ

,


 


s d

s d
 ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ 

Ɋɟɣɧɨɥɶɞɫɚ; ɬɚɤ ɤɚɤ 1 2    ɢ 1 8  , ɬɨ: 

0 ɝɪ Re,    C C  (2.93) 

ɝɞɟ ɝɪ  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ ɩɪɢ 
ɩɨɩɟɪɨɱɧɨɦ ɨɦɵɜɚɧɢɢ; 
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C  ɢ  ReC  – ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɞɥɹ ɭɞɨɛɫɬɜɚ ɫɜɟɞɟɧ ɜ 
ɬɚɛɥɢɰɭ 42. 

Ɍɚɛɥɢɰɚ 42 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 
ɉɨɜɟɪхɧɨɫɬь ɧаɝɪɟɜа

ɉаɪаɦɟɬɪ  ɞh , ɦɦ ɜɨɞ.ɫɬ. 0    
h , ɦɦ 

ɜɨɞ.ɫɬ. 
Ʉȼɉ3 0,8 0,139 1,109 0,887 
Ʉɉɉ3 0,85 0,114 2,285 1,942 
Ʉɉɉ2 0,9 0,112 2,916 2,624 
Ʉɉɉ1 0,95 0,112 3,598 3,418 
Ʉȼɉ2 1,05 0,124 6,463 6,786 
Ʉȼɉ1 1,15 0,123 14,519 16,697 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɚɯɦɚɬɧɨɝɨ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ȼɗɄ, ɦɦ 

ɜɨɞ. ɫɬ., ɩɪɢ ɭɫɥɨɜɢɢ 1 3   ɢ 1,7 6,5  ( ɝɞɟ 1 ɧ

2 ɧ


 

 
s d

s d
, ɚ 2 2

2 1 2

1

4
   s s s ) 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 ɜɷɤ ɝɪ 2 1 ,      s dh h C C z   (2.94) 

ɝɞɟ ɝɪh  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɦɦ ɜɨɞ. ɫɬ., 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ 
ɜ ɩɨɜɟɪɯɧɨɫɬɢ; 

sC  – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ; 

dC  – ɩɨɩɪɚɜɤɚ ɧɚ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ; 

2z  – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ. 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ȼɗɄ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 43. 

Ɍɚɛɥɢɰɚ 43 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ȼɗɄ 
ɉɨɜɟɪхɧɨɫɬь ɧаɝɪɟɜа

ɉаɪаɦɟɬɪ  ɝɪh , ɦɦ 
ɜɨɞ.ɫɬ. sС  dC  z2  

h , ɦɦ 
ɜɨɞ.ɫɬ. 

ȼɗɄ 0,475 1 1 148 70,775 
ȻȼɗɄɉȼȾ 0,55 1 1 176 90,350 
ȻȼɗɄɉɇȾ 0,58 1 1 46 27,26 

Ƚɚɡɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ɜ ɬɪɭɛɚɯ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɬɪɭɛɵ ɢ ɜɵɯɨɞɚ ɢɡ ɧɢɯ. 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɬɪɭɛ, ɦ2: 

2 2
ɦ ɜɧ

ɛ 1 2

0,785 0,785 0,037
0,493,

0,054 0,0404

F d

F s s

 
  

 
  (2.95) 
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ɝɞɟ ɜɧd  – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ, ɦ; 

1s  ɢ 2s  – ɲɚɝɢ ɬɪɭɛ ɜ ɩɭɱɤɟ ɩɨ ɲɢɪɢɧɟ ɢ ɝɥɭɛɢɧɟ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɦɦ ɜɨɞ. ɫɬ., ɜ ɬɪɭɛɚɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ: 

ɬɪ ɲ ɝɪ ɜɡɩ 1 3,05 25,565 77,973,       h C h h  (2.96) 

ɝɞɟ ɲC  – ɩɨɩɪɚɜɤɚ ɧɚ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ; 

ɝɪh  – ɩɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɚɯ ɬɪɭɛɱɚɬɨɝɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦɦ ɜɨɞ. 
ɫɬ./ɦ; 

ɜɡɩh  – ɞɥɢɧɚ ɩɪɨɞɨɥɶɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜ ɩɪɢ ɜɯɨɞɟ ɢ 
ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦɦ ɜɨɞ. ɫɬ.: 

       ɢɡɦ ɜɯ ɜɵɯ ɞ1 5 1 0,26 0,275

6,527,

             


ɯɨɞh Z h

  (2.97) 

ɝɞɟ Z  – ɤɨɥɢɱɟɫɬɜɨ ɯɨɞɨɜ; 
ɜɯ  ɢ ɜɵɯ  – ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɜɵɯɨɞɚ ɢɡ ɧɟɝɨ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ 
ɬɪɭɛ, ɤ ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ ɞɨ ɢ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ; 

ɞh  – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ ɜɨɞ. ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɫɪɟɞɧɢɯ 
ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɭɩɟɧɢ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦɦ ɜɨɞ. ɫɬ.: 

ɜɡɩ ɬɪ ɢɡɦ 77,973 6,527 84,5       h h h   (2.98) 

Ɋɚɫɱɟɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɝɚɡɨɯɨɞɨɜ ɢ ɞɥɢɧ ɭɱɚɫɬɤɨɜ ɫɜɨɞɢɬɫɹ ɜ 
ɬɚɛɥɢɰɭ 44 ɢ 45. 

Ɍɚɛɥɢɰɚ 44 – Ɋɚɫɱɟɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɝɚɡɨɯɨɞɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ, ɦɦ ɜɨɞ.ɫɬ 

Ɇɟɫɬɧɵɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤ-ɡɭ 

 ih  

3,8 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɭ-ɞ 15,2 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞ-ɜɜɬɨ 10,64 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɜɬɨ-ɫɨ 5,32 

 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨ-ɬɪ  5,32 

ɋɭɦɦɚ  ɦ ih h  40,28 
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Ɍɚɛɥɢɰɚ 45 – Ɋɚɫɱɟɬ ɞɥɢɧ ɝɚɡɨɯɨɞɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ, ɦ 

Ⱦɥɢɧɚ ɤ-ɡɭ ɤ ɡɭl  50 

Ⱦɥɢɧɚ ɡɭ-ɬɪ 
1 0,007 


ɩɟ
ɡɭ ɬɪ

ɩɟ

D
l

D
 109,416 

Ⱦɥɢɧɚ ɤ-ɞ 0,35    ɤ ɞ ɤ ɡɭ ɡɭ ɬɪl l l  88,296 

Ⱦɥɢɧɚ ɞ-ɬɪ 0,65  ɞ ɬɪ ɡɭ ɬɪl l  71,121 

Ɉɛɳɚɹ ɞɥɢɧɚ   ɤ ɡɭ ɡɭ ɬɪl l l  159,416 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɟɧɢɹ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 46. 

Ɍɚɛɥɢɰɚ 46 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɟɧɢɹ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ   0,02 

ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ, ɦ эd  7,467 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ ɤ-ɡɭ, ɦɦ 
ɜɨɞ.ɫɬ. 

ɤ ɡɭ
ɞh  3,8 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤ-ɡɭ, ɦɦ ɜɨɞ.ɫɬ.      ɤ ɡɭɤ ɡɭ ɤ ɡɭ
ɬɪ ɞ

э

l
h h

d
 0,509 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ ɡɭ-ɬɪ, ɦɦ 
ɜɨɞ.ɫɬ. 

ɡɭ ɬɪ
ɞh  3,9 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɭ-ɬɪ, ɦɦ 
ɜɨɞ.ɫɬ. 

     ɡɭ ɬɪɡɭ ɬɪ ɡɭ ɬɪ
ɬɪ ɞ

э

l
h h

d
 1,143 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɦɦ 
ɜɨɞ.ɫɬ. 

    ɤ ɡɭ ɡɭ ɬɪ
ɬɪ ɬɪ ɬɪh h h  1,652 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɯɨɞɨɜ, ɦɦ ɜɨɞ.ɫɬ. ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɬɪ 1,652 40,28 41,932      ɝ ɦɯ hh h   (2.99) 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ  ɡɭh ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 20,396 ɦɦ ɜɨɞ.ɫɬ. 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɬɪɟɧɢɹ ɢ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ. Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 47. 

Ɍɚɛɥɢɰɚ 47 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ (ɝɪɚɞɢɪɧɢ) 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɩɨɫɥɟ ȼȼɌɈ, ℃ 

.ɭɯ ɝ  100 

ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ 
ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ȼȼɌɈ ɢ 
ɝɪɚɞɢɪɧɟɣ 

0,01
10

  
l  0,071 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 47 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ 
ɝɪɚɞɢɪɧɟɣ, ℃ 

ɭɯ ɭɯ.ɝ ɯɜ
ɞ

ɭɯ

    
 

  

t
 96,851 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɨɞɧɭ 
ɝɪɚɞɢɪɧɸ (2 ɝɪɚɞɢɪɧɢ ɧɚ 
ɛɥɨɤ), ɤɝ/ɫ 

ɪ
ɪ 2


B
B  44,875 

Ɋɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ 
ɬɪɭɛɭ (ɝɪɚɞɢɪɧɸ), ɦ3/ɫ   ɞ0

ɬɪɛ ɪ ɝ ɜ
273

4
273

 
      V B V V  3125,464 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ   0,05 

ȼɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ ɭɤɥɨɧɚ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ i  0,02 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ 
ɜɨɞ. ɫɬ. ɞh  10,5 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ 
ɬɪɭɛɵ, ɦɦ ɜɨɞ.ɫɬ. ɬɪ ɞ8


  


h h

i
 3,281 

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ 
ɫɤɨɪɨɫɬɶɸ, ɦɦ ɜɨɞ. ɫɬ. ɜɵɯ ɜɵɯ ɞ   h h  10,5 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦɦ ɜɨɞ. ɫɬ. ɞɬ ɬɪ ɜɵɯ   h h h  13,781 

Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 48. 

Ɍɚɛɥɢɰɚ 48 – Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɉɛɴɟɦ ɝɚɡɨɜ ɩɟɪɟɞ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɨɣ, ɦ3/ɤɝ 

ɤɲ  6,796 

Ɉɛɴɟɦ ɝɚɡɨɜ ɩɨɫɥɟ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɨɣ, ɦ3/ɤɝ 

ɤɲ  7,095 

ɋɪɟɞɧɢɣ ɨɛɴɟɦ ɜ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ, ɦ3/ɤɝ 2

   
  ɤɲ ɤɲ
ɤɲ  6,945 

ȼɵɫɨɬɚ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɲɚɯɬɵ, ɦ ɤɲɇ  75,321 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɩɟɪɟɞ Ʉɒ 

ɤɲ  1,44 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɩɨɫɥɟ Ʉɒ 

ɤɲ  1,51 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ Ʉɒ 2

   
  ɤɲ ɤɲ
ɤɲ  1,475 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ 
Ʉɒ, ℃ 

ɤɲ  308,173 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ 
Ʉɒ, ℃ 

ɤɲ  130 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 
Ʉɒ, ℃ 2

  
  ɤɲ ɤɲ
ɤɲ  219,087 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 48 

ɉɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ 
Ʉɒ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3 

ɪ 0
ɜ

0

1 0,01 1,306    
 


ɤɲ ɤɲ

ɤɲ

A V  1,296 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ Ʉɒ, ɦɦ 
ɜɨɞ.ɫɬ. ɫ 0

273
1,23

273

 
        

ɤɲ ɤɲ
ɤɲ

ɤɲ

h ɇ g  -57,832 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
(ɩɟɪɟɞ ɝɪɚɞɢɪɧɟɣ), ℃ 

.ɭɯ ɝ  100 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
(ɝɪɚɞɢɪɧɢ), ɦ ɞɬɇ  125 

ɉɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ 
ȾɌ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3 

ɪ 0
ɜ

0

1 0,01 1,306     
 


ɞɬ ɤɲ

ɤɲ

A V  1,296 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ Ʉɒ, ɦɦ 
ɜɨɞ.ɫɬ. ɫ 0

.

273
1,23

273

 
          

ɞɬ ɞɬ
ɞɬ

ɭɯ ɝ

h ɇ g  85,252 

ɋɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ, ɦɦ  
ɜɨɞ.ɫɬ. ɫ ɫ ɫ ɤɲ ɞɬɇ h h  25,521 

Ɋɚɫɱɟɬ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 
49. 

Ɍɚɛɥɢɰɚ 49 – Ɋɚɫɱɟɬ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, 
ɦɦ.ɜɞ.ɫɬ. 

3 3 2 1 2

1 3

           

        
ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɜɩ ɤɩɩ ɤɩɩ ɤɩɩ ɤɜɩ

ɤɜɩ ɤɜɩ ɛɜэɤɩɜɞ ɛɜэɤɩɧɞ ɜɡɩ

h h h h h h

h h h h h
 312,24 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɝɚɡɨɯɨɞɨɜ, ɦɦ.ɜɞ.ɫɬ. 

 ɝɯh  41,932 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹ, 
ɦɦ.ɜɞ.ɫɬ. 

 ɡɭh  20,396 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦɦ ɜɞ. 
ɫɬ. 

ɞɬh  13,781 

Ɋɚɡɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 
ɢɡ ɬɨɩɤɢ, ɦɦ.ɜɞ.ɫɬ. 

ɬh  -3 

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ 
ɞɚɜɥɟɧɢɣ, ɦɦ.ɜɞ.ɫɬ. ɞ ɫɬ2      ɩ ɝɩɨɜɟɪɯɧɨɫɬɟɣ ɯ ɡɭ ɬɇ h hh h ɇh  378,224 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɦɦ ɜɨɞ. ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɞ 2 ɩ 1,2 378,224 453,869,    H H  (2.100) 

ɝɞɟ 2 1,2  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 



82 
 

ɪ 1 ɞ 1,1 878,659 966,525,    Q V   (2.101) 

ɝɞɟ 1 1,1   – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; 

ɞV  – ɪɚɫɯɨɞ ɝɚɡɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

 

 

0
.

ɞ
ɞ ɪ ɜ . .

273

273
96,851 273

89,75 7,095 0,071 4,192 20,217 878,659,
273

 
       


      

 ɪɟɰɢɪɝɭɯ ɝ ɝV B V V
 (2.102) 

ɝɞɟ    . .ɪɟɰɢɪɝ ɝV  = 20,217 ɦ3/ɫ – ɨɛɴɟɦ ɝɚɡɨɜ, ɨɬɛɢɪɚɟɦɵɯ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ. 

ɇɚ ɤɨɬɟɥ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 3 ɞɵɦɨɫɨɫɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ, ɬɵɫ. 
ɦ3/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

ɪ
ɞ

3,6 878,659 3,6
1159,8

3 3

 
  

Q
Q   (2.103) 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ( ɞQ , ɬɵɫ. ɦ3/ɱ) ɢ ɧɚɩɨɪɭ        
( ɞH , ɦɦ ɜɨɞ. ɫɬ.) ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩɨɪɚɡɦɟɪ ɞɵɦɨɫɨɫɚ: ȾɈȾ–43-500-

4. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɵɦɨɫɨɫɚ ɞ 0,825  . 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɞɵɦɨɫɨɫɚ, ɤȼɬ: 

2 2
ɞ ɞ

ɞ 3
ɞ

10 1159,8 453,869
1,05 1825,

3,6 0,825

    
     


Q H

N   (2.104) 

ɝɞɟ 3  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɜ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɬɫɹ 3 1,05  . 

ɇɚɪɹɞɭ ɫ ɞɵɦɨɫɨɫɨɦ ɜɵɛɢɪɚɸɬɫɹ ɞɵɦɨɫɨɫɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ (ȾɊȽ) ɩɨ 
ɨɛɴɟɦɭ ɝɚɡɨɜ, ɨɬɛɢɪɚɟɦɵɯ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ. 

ȼɵɛɪɚɧɵ 2 ȾɊȽ-19,5  
 

2.3.11.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 27. 
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Дʦ

ВВТО

Δh̏̏то

Δh̏зп

Δh̐̏

ʻ̵̏

ʻк̌

ʻ̏2
ʻ̏

 
Ɋɢɫɭɧɨɤ 27 – ɋɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 50. 

Ɍɚɛɥɢɰɚ 50 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ 
ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ 

ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ, ɦ эd  5 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɭ-ɞ ɯɜɇ  80,321 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ 
ɜɨɞ.ɫɬ. ɞh  2,2 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ   0,02 

ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦɦ 
ɜɨɞ.ɫɬ. ɦ ɦ ɞ   h h  2,2 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɦɦ 
ɜɨɞ.ɫɬ.  ɬɪ ɞ

ɷ

    ɯɜɇh h
d

 0,707 

ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
ɦɦ ɜɨɞ.ɫɬ. ɬɪ ɦ   ɯɜh h h  2,907 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼȼɌɈ, ɦɦ ɜɨɞ.ɫɬ.  ɜɜɬɨh  46,91 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ȼɁɉ 

ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ȼɁɉ, 
℃ 

60 295

2


ɫɪt  177,5 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ 
ɜɨɞ.ɫɬ. ɞh  1,4 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

  3,5 

 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ 
ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ, ɦɦ 
ɜɨɞ.ɫɬ. 

ɩɨɜ ɞ5   h h  24,5 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 50 

 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ 
ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɦɦ 
ɜɨɞ.ɫɬ. 

 ɝɪh  0,455 

ɤɨɥɢɱɟɫɬɜɨ ɯɨɞɨɜ ɯɨɞz  5 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ 
ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɦɦ ɜɨɞ.ɫɬ.  ɬɪ ɝɪ 2 1      ɯɨɞh h z z  364 

ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ȼɁɉ, ɦɦ ɜɨɞ.ɫɬ. ɬɪ ɩɨɜ   ɜɡɩh h h  388,5 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ 
ɝɨɪɹɱɟɝɨ 
ɜɨɡɞɭɯɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

  2 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ 
ɜɨɞ.ɫɬ. ɞh  7,1 

ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦɦ 
ɜɨɞ.ɫɬ. ɦ ɞ   h h  14,2 

ɞɥɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɨɬ 
ȼɁɉ ɞɨ ɝɨɪɟɥɨɱɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɦ 

 
ɩɟ

ɝɜ
ɩɟ1,55 0,025


 

D
l

D
 35,316 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɦɦ 
ɜɨɞ.ɫɬ. ɬɪ ɞ

ɷ

    ɝɜl
h h

d
 1,003 

ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
ɦɦ ɜɨɞ.ɫɬ. ɬɪ ɦ   ɝɜh h h  15,203 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɝɨɪɟɥɨɤ 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɝɨɪ  1,8 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ 
ɜɨɞ.ɫɬ. ɞh  59 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɨɤ, ɦɦ 
ɜɨɞ.ɫɬ. ɞ   ɝɨɪ ɝɨɪh h  106,2 

ɋɚɦɨɬɹɝɚ 

ɜɵɫɨɬɚ ȼɁɉ, ɦ ɜɇ  20,154 

ɫɚɦɨɬɹɝɚ ȼɁɉ, ɦɦ ɜɨɞ.ɫɬ. 1

273
1,23 1,32

273

 
    

 
ɫ ɜ

ɝɜ

h H g
t

 12 

ɜɵɫɨɬɚ ɨɬ ȼɁɉ ɞɨ ɝɨɪɟɥɨɤ, ɦ 2ɜɇ  25,154 

ɫɚɦɨɬɹɝɚ ɨɬ ȼɁɉ ɞɨ ɝɨɪɟɥɨɤ, 
ɦɦ ɜɨɞ.ɫɬ. 22

273
1,23 1,32

273

 
     

 
ɫ ɜ

ɝɜ

Hh g
t

 -14,977 

ɫɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ, ɦɦ 
ɜɨɞ.ɫɬ. 1 2 ɫ ɫ ɫɇ h h  -2,977 

ɉɟɪɟɩɚɞ 
ɩɨɥɧɵɯ 
ɞɚɜɥɟɧɢɣ 

ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ 
ɦɟɠɞɭ ɜɵɫɲɟɣ ɬɨɱɤɨɣ 
ɫɟɱɟɧɢɹ ɜɵɯɨɞɚ ɝɚɡɨɜ ɢɡ 
ɬɨɩɤɢ ɢ ɫɪɟɞɧɢɦ ɫɟɱɟɧɢɟɦ 
ɜɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ, ɦ 

ɇ  19 

ɪɚɡɪɹɠɟɧɢɟ ɜ ɬɨɩɤɟ ɧɚ 
ɭɪɨɜɧɟ ɜɜɨɞɚ ɜɨɡɞɭɯɚ, ɦɦ 
ɜɨɞ.ɫɬ. 

ɬ ɬ 0,95    h h H  -1,159 
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cɭɦɦɚɪɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 
ɤɨɬɥɚ, ɦɦ ɜɨɞ.ɫɬ. 

ɜ ɜɡɩ ɝɜ ɝɨɪ      ɯɜ ɜɜɬɨH h h h h h  559,72 

ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ 
ɞɚɜɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ 
ɬɪɚɤɬɟ, ɦɦ ɜɨɞ.ɫɬ. 

ɩ ɜ ɫ ɬ    H H H h  561,538 

ɇɟɨɛɯɨɞɢɦɨɟ ɩɨ ɪɚɫɱɟɬɭ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ ɜɨɞ. ɫɬ., ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ 
ɪɚɡɜɢɜɚɬɶ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɜ 2 ɩ 1,2 561,538 673,845,    H H   (2.105) 

ɝɞɟ 2  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɦ3/ɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɪ 1 ɜ 1,1 425,898 468,487,    Q V  (2.106) 

ɝɞɟ 1  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; 

ɜV  – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

 

 

0 ɯɜ
ɜ ɪ ɜ ɬ ɬ ɩɥ ɜɡɩ

273

273
30 273

89,75 4,192 1,15 0,06 0,04 0,03 425,898,
273


          


      

t
V B V

 (2.107) 

ɝɞɟ ɬ  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; 

ɬ  – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; 

ɩɥ  – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ; 

ɜɡɩ  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ; 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɞɢɧ ɤɨɬɟɥ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɨɞɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɬɵɫ. ɦ3/ɱ, ɩɨ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ 
ɦɚɲɢɧɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

ɪ
ɜ

3,6 468,487 3,6
843,28

2 2

 
  

Q
Q   (2.108) 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ( ɜQ , ɬɵɫ. ɦ3/ɱ) ɢ ɧɚɩɨɪɭ        
( ɜH , ɦɦ ɜɨɞ. ɫɬ.) ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩɨɪɚɡɦɟɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ: 
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ȼȾɈȾ-31,5-ɋ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 
ɫɨɫɬɚɜɥɹɟɬ ɜ 0,84  . 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɤȼɬ: 

2 2
ɜ ɜ

ɞ 3
ɜ

10 843,28 673,845 10
1,05 1935,

3,6 3,6 0,84

    
     

 
Q H

N   (2.109) 

ɝɞɟ 3  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɜ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɬɫɹ 3 1,05  . 

2.4 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

2.4.1 ȼɵɛɨɪ ɧɚɫɨɫɨɜ 

ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɧɚɫɨɫɨɜ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 51 ɢ 52. 

Ɍɚɛɥɢɰɚ 51 – Ɋɚɫɱɟɬ ɧɚɫɨɫɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɉɢɬɚɬɟɥɶɧɵɣ 
ɧɚɫɨɫ ɫ 
ɬɭɪɛɨɩɪɢɜɨɞɨɦ 

ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ 
ɡɚɩɚɫɨɦ ɜ 5 %, ɤɝ/ɫ 

1,05 ɩɧ ɩɜG G  488,95 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ, ɦ3/ɤɝ .ɩɢɬ ɜɨɞы  922,286 

ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ, ɦ3/ɱ 
.

 ɩɧ
ɩɧ

ɩɢɬ ɜɨɞы

G
Q


 1908,541 

ɧɚɩɨɪ, Ɇɉɚ   ɧ ɜp p p  33,775 

ɄɉȾ ɧɚɫɨɫɚ эɧ  0,85 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚɫɨɫɨɦ 
ɦɨɳɧɨɫɬɶ, Ɇȼɬ 

 
 ɩɧ

ɩэɧ
эɧ

Q p
N


 21,066 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɬɨɱɧɨɝɨ 
ɤɨɬɥɚ, Ɇɉɚ 

 ɤp  4,5 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɊɉɄ, Ɇɉɚ  ɪɩɤp  0,15 

ɫɭɦɦɚɪɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɉȼȾ, Ɇɉɚ 

 ɩɜɞp  1 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, Ɇɉɚ 

 ɬɪp  0,2 

ɫɭɦɦɚɪɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɤɬ, Ɇɉɚ 

       c ɤ ɪɩɤ ɩɜɞ ɬɪp p p p p  5,85 

Ʉɨɧɞɟɧɫɚɬɧɵɟ 
ɧɚɫɨɫɵ 

ɨɛɳɚɹ ɩɨɞɚɱɚ ɤɨɧɞɟɧɫɚɬɧɵɯ 
ɧɚɫɨɫɨɜ, ɤɝ/ɫ 

  ɤɧ ɨɤ ɩɫɩ ɫɩG G D D  345,133 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȻɈɍ, Mɉa 

 ɛɨɭp  0,55 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, Mɉa 

 ɬɪp  0,1 

ɧɟɨɛɯɨɞɢɦɵɣ ɩɨɞɩɨɪ ɧɚ 
ɜɯɨɞɟ ɜ Ʉɇ-2, Ɇɉɚ 

 ɩɨɞp  0,15 

ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɧɚɫɨɫɨɜ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ KH-1, Ɇɉɚ 1      ɧ ɛɨɭ ɬɪ ɩɨɞp p p p  0,8 

 



87 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 51 

 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɩɟɪɟɞ 
ɤɨɧɞɟɧɫɚɬɧɵɦɢ ɧɚɫɨɫɚɦɢ 
ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ, ɤɝ/ɦ3 

1ɤɧ  996,562 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ 
ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ KH-1, ɦ3/ɱ 1

1

 ɤɧ
ɤɧ

ɤɧ

G
V


 1246,763 

ɄɉȾ ɧɚɫɨɫɚ эɧ  0,8 
ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, 
Ɇɉɚ ɤP  0,0035 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚɫɨɫɨɦ 
ɦɨɳɧɨɫɬɶ, ɤȼɬ 

 1 1 
 ɤɧ ɧ ɤ

ɩэɧ
эɧ

V p P
N


 344,808 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɉɇȾ, Mɉa 

 ɩɧɞp  0,08 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɯɥɚɞɢɬɟɥɹ 
ɷɠɟɤɬɨɪɨɜ, Mɉa 

 ɨэp  0,06 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɊɉɄ, Mɉa 

 ɪɩɤp  0,04 

ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɬɪɚɤɬɚ ɨɬ ɉɇȾ, Ɇɉɚ 

2 4       ɫ ɨэ ɪɩɤ ɩɧɞ ɬɪp p p p p  0,58 

ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɦɟɠɞɭ 
ɞɟɚɷɪɚɬɨɪɨɦ ɢ ɧɚɫɨɫɨɦ, ɦ ɞH  21 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɩɟɪɟɞ 
ɧɚɫɨɫɚɦɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, 
ɤɝ/ɦ3 

2ɤɧ  950 

ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɧɚɫɨɫɨɜ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ KH-2, Mɉa 2 2     ɧ ɞ ɞ ɤɧ cp P H g p  1,476 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ 
KH-2, ɦ3/ɱ 2

2

 ɤɧ
ɤɧ

ɤɧ

G
V


 1307,871 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚɫɨɫɨɦ 
ɦɨɳɧɨɫɬɶ, ɤȼɬ 

 2 2  
 ɤɧ ɧ ɩɨɞ

ɩэɧ
эɧ

V p p
N


 602,003 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ 
ɧɚɫɨɫɵ 

ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ 
ɨɛɨɪɨɬɧɨɣ ɫɢɫɬɟɦɵ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

m  80 

ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, 
ɤɝ/ɫ ɤG  313,705 

ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ, ɤɝ/ɫ 

 ɨɜ ɤD m G  90347,034 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɫɨɫɬɚɜɢɬ, 
ɬ/ɱ 

1,1 ɪ
ɨɜ ɨɜD D  99381,738 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, ɤɝ/ɦ3 ɜ  1000 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ, 
ɦ3/ɱ 


ɪ
ɨɜ

ɰɧ
ɜ

D
V


 99381,738 

ɞɚɜɥɟɧɢɟ ɧɚ ɫɬɨɪɨɧɟ 
ɧɚɝɧɟɬɚɧɢɹ, ɤɉɚ ɧp  250 

ɞɚɜɥɟɧɢɟ ɧɚ ɫɬɨɪɨɧɟ 
ɜɫɚɫɵɜɚɧɢɹ, ɤɉɚ ɜp  70 

ɧɚɩɨɪ ɧɚɫɨɫɚ ɫɨɫɬɚɜɥɹɟɬ, ɤɉɚ   ɧ ɜp p p  180 

ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɧɚɫɨɫɚɦɢ ɐɇ, ɤȼɬ 

 


ɪ
ɨɜ

ɰɧ
ɧ

p V
N


 6211,359 
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ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ 

ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ ɫɜG  358,337 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɫɟɬɟɜɨɣ ɧɚɫɨɫ, ɦ3/ɤɝ .ɫ ɜ  935,452 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ 
ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɦ3/ɱ . . 2



ɫɜ

ɫɧ
ɫ ɜ

G
V


 191,532 

ɜɵɯɨɞɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ 
ɫɟɬɟɜɨɦ ɧɚɫɨɫɟ, Ɇɉɚ ɩɫP  1,5 

ɜɯɨɞɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ 
ɫɟɬɟɜɨɦ ɧɚɫɨɫɟ, Ɇɉɚ ɨɫP  0,3 

ɧɚɩɨɪ ɧɚɫɨɫɚ, Ɇɉɚ   ɫɧ ɩɫ ɨɫP P P  1,2 

ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɨɞɧɢɦ ɧɚɫɨɫɨɦ ɐɇ, ɤȼɬ 

 
 ɫɧ ɫɧ

ɫɧ
ɧ

P V
N


 77,858 

Ɍɚɛɥɢɰɚ 52 – ȼɵɛɨɪ ɧɚɫɨɫɨɜ 
Ɍɢɩ ɧɚɫɨɫɚ Ɇɚɪɤɚ ɧɚɫɨɫɚ Ʉɨɥɢɱɟɫɬɜɨ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɫ 
ɬɭɪɛɨɩɪɢɜɨɞɨɦ 

ɉɇɌ -1150-340-15 ɫ 
ɩɪɢɜɨɞɨɦ OɄ-18ɉɍ 

2 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 1150 ɦ3/ɱ; 
ɇɚɩɨɪ - 3506 ɦ ɜɨɞ.ɫɬ; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 5130 ɨɛ/ɦɢɧ; 
ɄɉȾ - 85 %. 

ɉɢɬɚɬɟɥɶɧɵɣ 
ɷɥɟɤɬɪɨɧɚɫɨɫ 

ɉɗ-600-300 1 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 600 ɦ3/ɱ; 
ɇɚɩɨɪ - 3290 ɦ ɜɨɞ.ɫɬ; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 6300 ɨɛ/ɦɢɧ; 
ɄɉȾ - 80 %. 

Ʉɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ 
ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ 

Ʉɫȼ-1600-90 2 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 1600 ɦ3/ɱ; 
ɇɚɩɨɪ - 90 ɦ ɜɨɞ.ɫɬ.; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 1000 ɨɛ/ɦɢɧ. 

Ʉɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ 
ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ 

Ʉɫȼ-700-180 3 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 700 ɦ3/ɱ; 
ɇɚɩɨɪ - 180 ɦ ɜɨɞ.ɫɬ.; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 1500 ɨɛ/ɦɢɧ. 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ 
ɧɚɫɨɫ 

Oɉ10-145 2 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 49000-
740000 ɦ3/ɱ; 
ɉɨɥɧɵɣ ɧɚɩɨɪ 24,5-17,8 ɦ ɜɨɞ. ɫɬ.; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 333 ɨɛ/ɦɢɧ. 

ɋɟɬɟɜɨɣ ɧɚɫɨɫ ɋɗ-500-140 2 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 500 ɦ3/ɱ 
ɇɚɩɨɪ – 1,37 Ɇɉɚ. 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 3000 ɨɛ. /ɦɢɧ 
ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ - 240 ɤȼɬ 
ɄɉȾ - 81 % 

 

2.4.2 ȼɵɛɨɪ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɉɇȾ-1 ɩɭɬɟɦ ɪɚɫɱɟɬɚ ɷɫɤɢɡɧɨɣ ɩɥɨɳɚɞɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

Ⱦɥɹ ɡɨɧɵ ɈȾ:  
Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ: 

 
1 1

1 8 ( ) 9,911 (268,434 163,84) 1037      ɩɧɞ ɩɧɞ
ɩɧɞ ɞ ɞQ D t t        (2.110) 
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ɋɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, ɨɋ:  
 

30,23 6,454
14,415

30,23
2,3lg2,3lg

6,454

   
   

   
     

ɛ ɦ
ɫɪ

ɛ

ɦ

t t
t

t
t

,       (2.111) 

 
ɝɞɟ     1 1 64,129 33,899 30,23     ɩɧɞ ɩɧɞ

ɛ ɞ ɨɞt t t  ɨɋ - ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ; 
1 1 39,127 32,673 6,454     ɩɞɧ ɩɧɞ

ɦ ɞ ɫɩt t t ɨɋ - ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ. 

ɗɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ ɉɇȾ-1:  
 

1 1037
112,081

600 15,415
  

 
ɨɞ ɩɧɞ
эɫɤ

ɫɩ ɫɪ

Q
F

k t
ɦ2           (2.112) 

 
ɝɞɟ 600ɫɩk 2ȼɬ/ɦ Ʉ  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɨɯɥɚɞɢɬɟɥɹ ɞɪɟɧɚɠɚ. 

 
Ⱦɥɹ ɡɨɧɵ ɋɉ: 
Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ: 
  

1
1 8 8( ) 9,911 (2561,82 268,434) 22730      ɩɧɞ

ɩɧɞ ɞQ D h t        (2.113) 
 
ɋɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, ɨɋ:  
 

30,23 4
12,983

30,23
2,3lg2,3lg

4

   
   

   
     

ɛ ɦ
ɫɪ

ɛ

ɦ

t t
t

t
t

,  (2.114) 

 
ɝɞɟ     1 1 64,129 33,899 30,23     ɩɧɞ ɩɧɞ

ɛ ɞ ɨɞt t t  ɨɋ - ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ; 
1 1 64,129 60,129 4     ɩɞɧ ɩɧɞ

ɦ ɞ ɫɩt t t ɨɋ - ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ. 
ɗɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ ɉɇȾ-1:  
 

1 22730
686,549

2550 12,983
  

 
ɫɩ ɩɧɞ
эɫɤ

ɫɩ ɫɪ

Q
F

k t
ɦ2       (2.115) 

 
ɝɞɟ 2400 2700ɫɩk   2ȼɬ/ɦ Ʉ  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɡɨɧɵ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 

ɋɭɦɦɚɪɧɚɹ ɷɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ ɉɇȾ-1:                                                       
 

112,081 686,549 798,63    ɨɞ ɫɩ
эɫɤ эɫɤ эɫɤF F F                                           (2.116) 
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ȼɵɛɢɪɚɟɦ ɉɇ-850-25-6-I. 
ɉɨɫɥɟɞɭɸɳɢɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɢ 

ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 53. 
 

Ɍɚɛɥɢɰɚ 53 – ȼɵɛɨɪ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨ ɩɨɫɱɢɬɚɧɧɵɦ ɩɥɨɳɚɞɹɦ 

ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɗɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ, ɦ2 

ɨɛɳɚɹ ɡɨɧɚ Ɉɉ ɡɨɧɚ ɈȾ 
ɉɇȾ-1 ɉɇ-850-25-6-I 798,63 - 112,081 
ɉɇȾ-2 ɉɇ-850-25-6-I 771,333 5,917 376,567 
ɉɇȾ-3 ɉɇ-850-25-6-I 788,233 17,981 275,366 
ɉɇȾ-4 ɉɇ-850-25-6-I 631,312 22,879 127,146 
ɉȼȾ-1 ɉȼ-2100-380-17 1999,705 78,427 1231,057 
ɉȼȾ-2 ɉȼ-1800-37-6,5 1704,348 63,654 833,57 
ɉȼȾ-3 ɉȼ-1800-37-6,5 1650,9 82,988 798,727 
ɋɉ ɉɋȼ-200-7-15 170,795 - - 
ɉɋɉ ɉɋȼ-200-7-15 164,793 - - 

 

2.4.3 ȼɵɛɨɪ ɞɟɚɷɪɚɬɨɪɚ 

Ɍɢɩ ɞɟɚɷɪɚɬɨɪɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɫɪɟɞɵ ɜ ɧɟɦ ɢ 
ɪɚɫɯɨɞɭ ɞɟɚɷɪɢɪɭɟɦɨɣ ɜɨɞɵ. Ɋɚɫɯɨɞ ɜɨɞɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɪɚɫɯɨɞɭ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ: 

465,667 ɞɜ ɩɜG G ɤɝ/ɫ  = 1676,4 ɬ/ɱ  

Ⱦɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ ɢɡɜɟɫɬɧɨ ɡɚɪɚɧɟɟ ɢ ɫɨɫɬɚɜɥɹɟɬ Pt = 0,7 Mɉa.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɢɪɚɟɬɫɹ ɞɟɚɷɪɚɬɨɪ ɬɢɩɚ Ⱦɋɉ-2000. 

2.4.4 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 

2.4.4.1 ȼɵɛɨɪ ɩɪɢɟɦɧɵɯ ɪɚɡɝɪɭɡɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɸ: 

2 89,75 179,5    ɫɭɦɦ ɪȼ n ȼ  ɤɝ/ɫ 646,2  ɬ/ɱ,   (2.117) 

ɝɞɟ n - ɱɢɫɥɨ ɛɥɨɤɨɜ. 

ȼɵɛɢɪɚɟɦ ɬɪɢ ɜɚɝɨɧɨɨɩɪɨɤɢɞɨɜɚɬɟɥɹ ɛɨɤɨɜɨɝɨ ɬɢɩɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 
ɪɟɡɟɪɜɧɵɣ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɚɝɨɧɨɨɩɪɨɤɢɞɨɜɚɬɟɥɹ: 

- ɱɢɫɥɨ ɨɩɪɨɤɢɞɵɜɚɧɢɣ ɜ ɱɚɫ: 20/25; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ: 1860/1500 ɬ/ɱ; 
- ɝɚɛɚɪɢɬɵ: 25,6x10,4x12,5 ɦ; 
- ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ: 100x2 ɤȼɬ; 
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- ɜɟɫ ɨɩɪɨɤɢɞɵɜɚɬɟɥɹ ɫ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟɦ: 197 ɬ. 

2.4.4.2 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 

ɂɡ ɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ 
ɥɢɧɢɹɦɢ (ɧɢɬɤɚɦɢ) ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɚɹ, ɚ ɜɬɨɪɚɹ 
ɪɟɡɟɪɜɧɚɹ. 

Ɋɚɫɱɟɬ ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 54. 

Ɍɚɛɥɢɰɚ 54 – Ɋɚɫɱɟɬ ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɜ 
ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɱ Ɍ  21 

ɋɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ, ɬ/ɱ 24 ɫɭɬ ɫɭɦɦȼ ȼ  7754,4 

Ɋɚɫɱɟɬɧɚɹ ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɚɠɞɨɣ ɧɢɬɤɢ, ɬ/ɱ  ɫɭɬ

ɪɚɫɱ
ȼ

ȼ
Ɍ

 738,514 

ɒɢɪɢɧɚ ɥɟɧɬɵ, ɦɦ ȼ  1200 

ɋɤɨɪɨɫɬɶ ɥɟɧɬɵ, ɦ/ɫ ɫ  2,3 

ɇɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ, ɬ/ɦ   0,77 
Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɨɜ ɬɨɩɥɢɜɚ ɧɚ ɥɟɧɬɟ k  375 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɠɟɥɨɛɱɚɬɨɣ ɥɟɧɬɵ, 
ɬ/ɱ 

2   ɥȼ ȼ ɫ k  956,34 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ 
ɥɟɧɬɵ 1k  625 

Ⱦɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ 
ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ ɛɚɪɚɛɚɧɚ, ɦ l  45 

ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ 
ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɨɜ, ɦ 

ɇ  20 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɥɢɧɵ 
ɤɨɧɜɟɣɟɪɚ lk  1 

Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ 
ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɤȼɬ 

1 2 37

1,36

       
 ɥ ɥ

ɛ l
k l c ȼ l ȼ ɇ

W k  631,213 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɡk  1,25 

ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ эɞ  0,93 

ɄɉȾ ɪɟɞɭɤɬɨɪɚ ɪ  0,95 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, 
ɤȼɬ 


 


ɡ ɛ

эɩ l
эɞ ɪ

k W
W k

 
 893,057 

2.4.4.3 ȼɵɛɨɪ ɞɪɨɛɢɥɨɤ 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɛɥɨɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ. 
Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ ɫɬɚɧɰɢɢ ɬɨɩɥɢɜ 
ɨɬɤɪɵɬɵɯ ɪɚɡɪɚɛɨɬɨɤ ɫ ɤɭɫɤɚɦɢ ɪɚɡɦɟɪɨɦ 200-400 ɦɦ ɢ ɛɨɥɟɟ.  
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ɉɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɜɵɛɢɪɚɸɬɫɹ ɞɪɨɛɢɥɤɢ ɩɟɪɜɨɣ 
ɫɬɭɩɟɧɢ - ɞɢɫɤɨɡɭɛɵɟ ȾȾɁ-4Ɇ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 200-240 ɬ/ɱ; 
- ɪɚɡɦɟɪɵ ɪɨɬɨɪɚ: ɞɥɢɧɚ - 1200 ɦɦ, ɞɢɚɦɟɬɪ - 900 ɦɦ 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ - 36 ɨɛ/ɦɢɧ; 
- ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ - 34 ɤȼɬ; 
- ɦɚɫɫɚ - 4,5 ɬ. 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɧɤɨɝɨ ɞɪɨɛɥɟɧɢɹ ɬɨɩɥɢɜɚ  ɜɵɛɢɪɚɸɬɫɹ ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ 
ɋɆ-170Ȼ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 200 ɬ/ɱ; 
- ɪɚɡɦɟɪɵ ɪɨɬɨɪɚ: ɞɥɢɧɚ - 1600 ɦɦ, ɞɢɚɦɟɬɪ - 1300 ɦɦ 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ - 750 ɨɛ/ɦɢɧ; 
- ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ - 150 ɤȼɬ; 
- ɦɚɫɫɚ - 14,8 ɬ. 

ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ ɫɨɫɬɚɜɥɹɟɬ, ɦ3: 

323,1 8
8392,208

0,77 0,8

 
  

 
ɤ

ɛ
ɡ

B
V

k




,  (2.118) 

ɝɞɟ     - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɧɚ ɬɨɩɥɢɜɟ, ɡɚɩɚɫɟɧɧɨɦ ɜ ɛɭɧɤɟɪɚɯ; 
ɡk  - ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ;  

  - ɧɚɫɵɩɧɨɣ ɜɟɫ ɭɝɥɹ. 

Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɟɧɬɨɱɧɵɣ ɩɢɬɚɬɟɥɶ, ɫ ɲɢɪɢɧɨɣ 
ɥɟɧɬɵ 800 ɦɦ, ɞɥɢɧɨɣ 10-15 ɦ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ 0.2 ɦ 270 
ɦ3/ɱ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ – 4,5 ɤȼɬ. 

2.4.4.4 Ɍɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ 

ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɜɭɯɧɟɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɩɪɢ 20 ɱɚɫɚɯ ɪɚɛɨɬɵ ɜ ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɥɨɜ. 

ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɚɹ ɲɬɚɛɟɥɹɦɢ, ɦ2: 

24 24 323,1 30 2
101552,8

7 0,77 0,85

    
  

   
ɤ

ɲɬ
ɬ

B n
F

h  
,  (2.119) 

ɝɞɟ    n - ɱɢɫɥɨ ɫɭɬɨɤ ɡɚɩɚɫɚ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɩɪɢ ɪɚɛɨɬɟ ɜɫɟɯ ɤɨɬɥɨɜ ɜ ɬɟɱɟɧɢɟ 
20 ɱɚɫɨɜ; 

h  - ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ, ɦ; 
  - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɫɩɨɥɡɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɲɬɚɛɟɥɟ; 

ɬ  - ɧɚɫɵɩɧɨɣ ɜɟɫ ɭɝɥɹ. 
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2.4.5 Ɂɨɥɨɭɥɚɜɥɢɜɚɧɢɟ 

ɂɫɯɨɞɹ ɢɡ ɨɛɴɟɦɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜɵɛɢɪɚɸɬɫɹ ɱɟɬɵɪɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ (ɩɨ 
2 ɧɚ ɛɥɨɤ) ɬɢɩɚ ɗȽȼɆ ɫ ɜɵɫɨɬɨɣ ɷɥɟɤɬɪɨɞɨɜ 18ɦ, ɩɥɨɳɚɞɶɸ ɫɟɱɟɧɢɹ 545 ɦ2 ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 1965000 ɦ3/ɱ. 

2.4.5 ȼɵɛɨɪ ɫɯɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ ɛɵɥɨ ɪɟɲɟɧɨ ɩɪɢɦɟɧɢɬɶ ɨɛɨɪɨɬɧɭɸ ɫɯɟɦɭ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɝɪɚɞɢɪɧɹɦɢ. ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɝɪɚɞɢɪɟɧ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɩɥɨɳɚɞɢ ɨɪɨɲɟɧɢɹ. 

ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɨɪɨɲɟɧɢɹ ɧɚ ɫɬɚɧɰɢɸ, ɦ2 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

0,5 25096,398 2
29620,213

1,165 0,8

   
  

 
ɨɜ

ɜ ɜ

G n
F

v




,  (2.120) 

ɝɞɟ      - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ; 
ɨɜG - ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɤɝ/ɫ; 

ɜ - ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦɡ; 

ɜv  - ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ; 
n  - ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ. 

ȼɵɛɢɪɚɟɬɫɹ ɱɟɬɵɪɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɝɪɚɞɢɪɧɢ ɩɥɨɳɚɞɶɸ ɨɪɨɲɟɧɢɹ 7500 
ɦ2, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 28.  

101,6

57,8 125,0

99,5

53,9

0,0

 
Ɋɢɫɭɧɨɤ 28 – ɗɫɤɢɡ ɝɪɚɞɢɪɧɢ 
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3 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

3.1 Ɋɚɫɱɟɬ ɬɨɤɫɢɱɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ 

Ɍɜɟɪɞɵɟ ɱɚɫɬɢɰɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɥɟɬɭɱɟɣ ɡɨɥɵ ɢ ɧɟɫɝɨɪɟɜɲɟɝɨ ɤɨɤɫɚ. 

Ɋɚɫɱɟɬ ɬɨɤɫɢɱɧɵɯ ɜɵɛɪɨɫɨɜ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 55. 

Ɍɚɛɥɢɰɚ 55 – Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɍɜɟɪɞɵɟ 
ɱɚɫɬɢɰɵ 

ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɡɭ  0,98 

ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ 

ɪ
ɧQ  15280 

ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, 
% 

ɪȺ  7,4 

ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɨɣ 
ɝɚɡɚɦɢ ɢɡ ɤɨɬɥɚ ɭɧ  0,95 

ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɤɨɬɟɥ, ɤɝ/ɫ ɪȼ  89,75 

ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɫ ɞV  878,659 

ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɧɟɞɨɠɨɝɚ, % 

4q  0,5 

ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɝ/ɫ  40,01 1

32680

 
        

 

ɪ
ɪ ɧ

ɬɜ ɪ ɭɧ ɡɭ
QɆ ȼ Ⱥ q   130,385 

ɤɨɥɢɱɟɫɬɜɨ ɥɟɬɭɱɟɣ 
ɡɨɥɵ, ɭɧɨɫɢɦɨɣ ɜ 
ɚɬɦɨɫɮɟɪɭ, ɝ/ɫ 

 0,01 1    ɪ
ɡ ɪ ɭɧ ɡɭɆ ȼ Ⱥ   126,189 

ɤɨɥɢɱɟɫɬɜɨ 
ɤɨɤɫɨɜɵɯ ɱɚɫɬɢɰ, 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɧɟɞɨɠɨɝɚ, ɝ/ɫ 

 ɤ ɬɜ ɡɆ Ɇ Ɇ  4,196 

ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ 
ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɝ/ɦ3 

 ɬɜ
ɬɜ

ɞ

Ɇɋ
V

 0,148 

Ɉɤɫɢɞɵ ɫɟɪɵ 

ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, % pS  0,2 
ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, 
ɫɜɹɡɵɜɚɟɦɵɯ 
ɥɟɬɭɱɟɣ ɡɨɥɨɣ 

2
so  0,2 

ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, 
ɭɥɚɜɥɢɜɚɟɦɵɯ ɜ 
ɡɨɥɨɭɥɨɜɢɬɟɥɟ 

2
so  0 

ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, 
ɭɥɚɜɥɢɜɚɟɦɵɯ ɜ 
ɭɫɬɚɧɨɜɤɚɯ 
ɫɟɪɨɨɱɢɫɬɤɢ 

2

c
so  0,9 

ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ 
ɫɟɪɵ, ɝ/ɫ      2 2 2 2

0,02 1 1 1        ɪ c
so ɪ so so soɆ ȼ S     28,72 
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ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɵ ɜ 
ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɦɝ/ɦ3 

2

2
 so

so
ɞ

Ɇ
ɋ

V
 32,686 

Ɇɨɧɨɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ ɋɈ 

ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɧɟ ɨɛɪɚɡɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɩɨɬɟɪɢ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 
ɪɚɜɧɵ ɧɭɥɸ 

Ȼɟɧɡɚɩɢɪɟɧ 

ɤɨɷɮɮɢɰɢɟɧɬ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 
ɤɨɧɫɬɪɭɤɰɢɸ ɧɢɠɧɟɣ 
ɱɚɫɬɢ ɬɨɩɤɢ 

Ⱥ  0,521 

ɤɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ 
ɭɥɚɜɥɢɜɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 
ɛɟɧɡɚɩɢɪɟɧɚ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ 

Z  0,7 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɝɚɡɚɯ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ 

ɬ  1,15 

ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɛɟɧɡɚɩɢɪɟɧɚ, ɦɤɝ/ɦ3  

1
exp 1,5 100

 
     

ɪ
ɡɭɬ ɧ

ɛɩ
ɬ

ZȺ Qɋ



 1,409 

ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ 
ɛɟɧɡɚɩɢɪɟɧɚ, ɦɤɝ/ɫ  ɬ

ɛɩ ɛɩ ɞɆ ɋ V  1237,753 

Ɉɤɫɢɞɵ ɚɡɨɬɚ 

ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ, % ɪN  0,6 

ɭɞɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɚɡɨɬɚ ɜ ɬɨɩɥɢɜɚ, ɝ/ɆȾɠ 

0,001
10

p

ɬ ɪ
ɧ

N
N

Q
 0,393 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ ɝ  1,05 

ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 
ɩɪɹɦɨɬɨɱɧɨɣ ɝɨɪɟɥɤɟ 

 20,53 0,12  ɚȽ ɝ   0,458 

ɞɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 
ɜ ɝɨɪɟɥɤɚɯ 1  0,55 

ɜɥɢɹɧɢɟ ɞɨɥɢ 
ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 
ɝɨɪɟɥɤɟ 

1 11,73 0,48  ɚ   1,432 

ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ 
ɪɟɰɢɪɤɭɥɹɰɢɸ, ɦ3/ɫ ɪɟɰɢɪɤV  20,217 

ɫɬɟɩɟɧɶ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, % 

100 ɪɟɰɢɪɤ

ɞ

V
r

V
 2,301 

ɤɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ 
ɪɟɰɢɪɤɭɥɹɰɢɢ 

1 0,016  ɝ r  0,976 

ɚɞɢɚɛɚɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɮɚɤɟɥɚ, Ʉ ɚɌ  2091,446 

ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ɡɨɧɨɣ 
ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ, Ʉ 

0,8  ɚɝ ɚT Ɍ  1673,171 

ɜɥɢɹɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

3 10,11 100  ɚɝT  0,914 

ɫɤɨɪɨɫɬɶ ɩɟɪɜɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɦ/ɫ 1W  30 
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ɫɤɨɪɨɫɬɶ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɦ/ɫ 2W  49 

ɜɥɢɹɧɢɟ 
ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 
ɤɨɪɧɟ ɮɚɤɟɥɚ 
ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ 

2

1

0,98 0,47  ɫɦ
W

W
  1,131 

ɬɨɩɥɢɜɧɵɟ ɜɵɛɪɨɫɵ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɆȾɠ 2 10,7      ɬɩɥ

NO ɬ ɚȽ ɚ ɝ ɫɦК N       0,182 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ 
ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ 

ɚɝ  1,08 

Ɍɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ɡɨɧɨɣ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɦɟɧɶɲɟ 1800 Ʉ, ɬɨ ɜɵɛɪɨɫɚɦɢ 
ɜɨɡɞɭɲɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ 

ɤɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ 
ɭɥɚɜɥɢɜɚɧɢɟ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɜ ɚɡɨɬɨɨɱɢɫɬɤɟ 

2

c
NO  0,9 

ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɆȾɠ  2 2 2

1  ɬɩɥ c
NO NO NOК К   0,018 

ɨɛɴɟɦ ɫɭɯɢɯ ɝɚɡɨɜ, 
ɦ3/ɤɝ ɫɝV  7,095 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ, ɝ/ɦ3 

2

2




ɪ
NO ɧ

NO
ɫɝ

K Q
ɋ

V
 0,039 

ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ 2 2

 NO NO ɞɆ ɋ V  34,431 

ɋɭɦɦɚɪɧɵɣ ɜɵɛɪɨɫ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ, ɝ/ɫ 2 2.     ɜɪɟɞ ɜ ɜ ɬɜ so ɛɩ NOɆ Ɇ Ɇ Ɇ Ɇ  193,538 

3.2 Ɋɚɫɱɟɬ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

Ɍɚɤ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɚɞɢɪɧɹ, ɬɨ ɡɚɞɚɱɟɣ 
ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ ɢ ɫɪɚɜɧɟɧɢɟ ɟɟ ɫ 
ɪɚɧɟɟ ɩɪɢɧɹɬɨɣ (ɫɦ. ɪɚɡɞɟɥ 2.4.5). Ɋɚɫɫɱɢɬɵɜɚɟɦɚɹ ɜɵɫɨɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 
ɛɨɥɶɲɟ ɪɚɧɟɟ ɩɪɢɧɹɬɨɣ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 56. 

Ɍɚɛɥɢɰɚ 56 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɦɝ/ɦ3 

ɉȾК  0,085 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɝɪɚɞɢɪɧɟɣ, ℃ ɞ  96,851 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɨɞɧɭ 
ɝɪɚɞɢɪɧɸ (2 ɧɚ ɛɥɨɤ), ɦ3/ɫ 2

ɞ
ɞ

V
V   439,33 

Ⱦɢɚɦɟɬɪ ɭɫɬɶɹ, ɦ ɭD  57,82 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɪɚɞɢɪɧɢ, 
ɦ/ɫ 2

4 ɞ
ɨ

ɭ

V

D






 0,167 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ 
ɠɚɪɤɨɝɨ ɦɟɫɹɰɚ ɜ ɋɚɹɧɫɤɨɦ ɪɚɣɨɧɟ, ℃ ɜt  18,7 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 56 
Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ℃ ɞ ɜɌ t    78,151 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ 
ɨɫɟɞɚɧɢɹ ɥɟɬɭɱɟɣ ɡɨɥɵ ɡF  1 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ 
ɨɫɟɞɚɧɢɹ ɨɤɫɢɞɚ ɫɟɪɵ 2soF  1 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ 

Ⱥ  200 

ɉɨɫɤɨɥɶɤɭ ɤɨɷɮɮɢɰɢɟɧɬɵ m ɢ n ɡɚɜɢɫɹɬ ɨɬ ɜɵɫɨɬɵ ɬɪɭɛɵ, ɬɨ ɡɚɞɚɱɚ 
ɪɟɲɚɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 3 ɜɵɫɨɬɵ. Ɋɚɫɱɟɬ 
ɜɵɫɨɬ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 57. 

Ɍɚɛɥɢɰɚ 57 – Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 

ȼɵɫɨɬɚ ɝɪɚɞɢɪɧɢ, 
ɦ 

ɇ  95 100 105 

Ʉɨɷɮɮɢɰɢɟɧɬ  
2
01000 ɭD

f
ɇ Ɍ
 

 
 

 0,002 0,002 0,002 

Ʉɨɷɮɮɢɰɢɟɧɬ 
3

1

0,67 0,1 0,34
m

f f


   
 1,39 1,393 1,396 

Ʉɨɷɮɮɢɰɢɟɧɬ 30,65 ɞ
ɦ

V Ɍ
ɇ


 

   4,63 4,552 4,478 

Ʉɨɷɮɮɢɰɢɟɧɬ  ɬɚɤ ɤɚɤ 2,ɦ ɬɨ n    1 1 1 
Ɋɚɫɫɱɢɬɵɜɚɟɦɚɹ 
ɜɵɫɨɬɚ ɝɪɚɞɢɪɧɢ, 
ɦ 

3

.0,5 ɜɪɟɞ ɜ ɜ ɡ

ɞ

Ⱥ
ɇ

n

ɉ Ɍ

Ɇ F

К

m

Ⱦ V
  


  

 
 98,665 98,785 98,895 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɧɵɯ ɜɵɫɨɬ ɜɢɞɧɨ, ɱɬɨ ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɪɚɜɧɹɟɬɫɹ 98,785 ɦ, 
ɱɬɨ ɦɟɧɶɲɟ ɩɪɢɧɹɬɨɣ ɪɚɧɟɟ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ (125 ɦ). ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ, ɢɫɩɨɥɶɡɭɹ 
ɩɪɢɧɹɬɭɸ ɝɪɚɞɢɪɧɸ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɧɟ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɭ 
ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɜɵɫɨɬɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɥɶɧɟɣɲɢɟ ɪɚɫɱɟɬɵ ɛɭɞɭɬ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɜɵɫɨɬɨɣ 125 ɦ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɫ ɨɞɧɨɣ ɝɪɚɞɢɪɧɢ, ɦɝ/ɦ3 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

.

2 2 33

0,5 200 0,5 0,001 193,538 1 1,406 1

125 439,33 78,151

0,0536

ɜɪɟɞ ɜ ɜ ɡ

ɞ

Ⱥ Ɇ F m n
ɋ

ɇ V Ɍ
          

  
    



,  (3.1) 

ɝɞɟ     Ⱥ  - ɫɦ. ɬɚɛɥɢɰɭ 56; 

.ɜɪɟɞ ɜ ɜɆ  - ɫɦ. ɬɚɛɥɢɰɭ 55; 

ɡF - ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦɡ; 



98 
 

m  - ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (ɫɦ. ɬɚɛɥɢɰɭ 57) ɩɨ ɜɵɫɨɬɟ ɇ; 
n  - ɫɦ. ɬɚɛɥɢɰɭ 57; 
ɇ – ɜɵɫɨɬɚ ɝɪɚɞɢɪɧɢ, ɦ; 
ɞV  - ɫɦ. ɬɚɛɥɢɰɭ 56; 
Ɍ  - ɫɦ. ɬɚɛɥɢɰɭ 56. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ 3.1, ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɉȾɄ (0,085 ɦɝ/ɦ3). 

3.3 Ɋɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɫɟɢɜɚɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 58. 

Ɍɚɛɥɢɰɚ 58 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɜɫɸ ɫɬɚɧɰɢɸ, 
ɦ3/ɫ 

4ɞ ɞV V   1757,319 

ɤɨɷɮɮɢɰɢɟɧɬ 30,65 ɞ
ɦ

V Ɍ
ɇ


 

   6,707 

ɋɭɦɦɚɪɧɵɣ ɜɵɛɪɨɫ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɫɨ 
ɫɬɚɧɰɢɢ, ɝ/ɫ . . 2ɜɪɟɞ ɜ ɜ ɜɪɟɞ ɜ ɜɆ Ɇ    387,075 

Ɉɩɚɫɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɭɪɨɜɧɟ 
ɮɥɸɝɟɪɚ, ɦ/ɫ  1 0,12ɦ ɦu f     6,736 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɫɨ ɜɫɟɯ 
ɝɪɚɞɢɪɟɧ, ɦɝ/ɦ3 

.
2 3

ɜɪɟɞ ɜ ɜ ɡ
ɦ

ɞ

Ⱥ Ɇ F m n
ɋ

ɇ V Ɍ
   


  

 0,135 

Ʉɨɷɮɮɢɰɢɟɧɬ  37 1 0,28ɦd f      18,686 

Ɋɚɫɫɬɨɹɧɢɟ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɦ 

5

4
ɡ

ɦ
Fɯ d H

    2335,793 

Ɋɚɫɱɟɬ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɩɨ ɨɫɢ 
ɮɚɤɟɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 
59. 

Ɍɚɛɥɢɰɚ 59 – Ɋɚɫɱɟɬ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ɯ1 ɯ2 ɯ3 ɯ4 ɯ5 ɯ6 ɯ7 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɨɜ, ɦ 

 500 1000 1500 2000 4000 8000 16000 

Ʉɨɷɮɮɢɰɢɟɧɬ  i
i

ɦ

ɯɯ
ɯ


 

0,214 0,428 0,642 0,856 1,712 3,425 6,85 

Ȼɟɡɪɚɡɦɟɪɧɚɹ 
ɜɟɥɢɱɢɧɚ  

ɩɪɢ 1iɯ  , 
4 3 23 8 6i i i iS ɯ ɯ ɯ      ; 

ɩɪɢ 1 8iɯ  , 

2

1,13

0,13 1
i

i

S
ɯ


 

 

0,203 0,573 0,866 0,989 0,818 0,448 0,159 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 59 
ɉɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɩɨ ɨɫɢ 
ɮɚɤɟɥɚ, ɦɝ/ɦ3 

x
i i ɦɋ S C   0,027 0,077 0,117 0,1336 0,11 0,06 0,021 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɢ ɧɚɯɨɞɢɬɫɹ ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɧɚɢɛɨɥɶɲɚɹ. 

Ƚɪɚɮɢɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 29. 

2368

0,1318

 

Ɋɢɫɭɧɨɤ 29 – Ƚɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨ ɨɫɢ ɮɚɤɟɥɚ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ (0,1318 ɦɝ/ɦ3), ɪɚɜɧɹɟɬɫɹ 2368 ɦ. 

Ɋɚɫɱɟɬ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ y ɩɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 60. 

Ɍɚɛɥɢɰɚ 60 – Ɋɚɫɱɟɬ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ɭ1 ɭ2 ɭ3 ɭ4 ɭ5 ɭ6 ɭ7 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɨɜ, ɦ 

 100 200 300 400 800 1000 1200 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 60 

Ȼɟɡɪɚɡɦɟɪɧɚɹ 
ɜɟɥɢɱɢɧɚ 

2

4
2

1

1 8,4
2368

1

1 28,2
2368

i

i
ɦ

i
ɦ

S
ɭ

u

ɭ
u

 
          


            

0,905 0,669 0,394 0,187 0,008 0,002 0,001 

ɉɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɩɨ 
ɨɫɢ ɮɚɤɟɥɚ, 
ɦɝ/ɦ3 

y x
i i iɋ S C   0,025 0,052 0,046 0,025 0,0008 0,0001 0 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɨɫɢ ɮɚɤɟɥɚ ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ. 

Ƚɪɚɮɢɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 30. 

 
Ɋɢɫɭɧɨɤ 30 – Ƚɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɨɫɢ ɮɚɤɟɥɚ 

4 Ɉɛɳɚɹ ɱɚɫɬɶ 
4.1 ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 

ɇɚ ɨɫɧɨɜɟ ɤɨɥɢɱɟɫɬɜɚ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɬɪɨɢɬɫɹ ɫɯɟɦɚ ɜɵɞɚɱɢ 
ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 31. 



101 
 

~ ~1˃ʻ ˃ʧ-1 2˃ʻ ˃ʧ-1 1˃ʻ ˃ʧ-2 1˃ʻ ˃ʧ-2

˃ʧ-1 ˃ʧ-2

˃ʦˇ-660-2˃ʦˇ-660-2

˃ˁʻ-1

˃ˀДʻˁ-63000/24

˃ˁʻ-2

˃ˀДʻˁ-63000/24

1А˃

ˀ˃ˁʻ-1

˃ˀДʻ-63000/220

ˀ˃ˁʻ-2

˃ˀДʻ-63000/220

˃ʻ 1ˁˌ-220 кʦ

˃ʻ 2ˁˌ-220 кʦ

Оʿʻ 1А˃

1ˁˌ-220 кʦ

2ˁˌ-220 кʦ

2ˌˀ 2ˁˌ-220 кʦ
ˀʻ-ˁЭˍ-220/2000

1Лˀ Д2

ˀʻ-ˁЭˍ-220/2000

2Лˀ Д2

ˀʻ-ˁЭˍ-220/2000

1Лˀ ˃ʧ1

ˀʻ-ˁЭˍ-220/2000

2Лˀ ˃ʧ1

ˀʻ-ˁЭˍ-220/2000

2ˌˀ 1ˁˌ-220 кʦ
ˀʻ-ˁЭˍ-220/2000

1ˌˀ 2ˁˌ-220 кʦ
ˀʻ-ˁЭ -̱220/2000

1˃˃ 2ˁˌ-220 кʦ
˃Оʧˇ-220-0,2/10ˀ-3000

1Лˀ Д1

ˀʻ-ˁЭ -̱220/2000

2Лˀ Д1

ˀʻ-ˁЭˍ-220/2000

2Лˀ ˀ˃ˁʻ-1

ˀʻ-ˁЭˍ-220/

2000

1ˌˀ 1ˁˌ-220 кʦ
ˀʻ-ˁЭˍ-220/2000

1Лˀ ˀ˃ˁʻ-1

ˀʻ-ˁЭ -̱220/2000

3ˌˀ 1ˁˌ-220 кʦ
ˀʻ-ˁЭˍ-220/2000

3ˌˀ 2ˁˌ-220 кʦ
ˀʻ-ˁЭˍ-220/2000

Д1 Д2

1Лˀ ˀ˃ˁʻ-2

ˀʻ-ˁЭ -̱220/2000

2Лˀ ˀ˃ˁʻ-2

ˀʻ-ˁЭˍ-220/

2000

1Лˀ 2А˃
ˀʻ-ˁЭˍ-220/2000

2Лˀ 2А˃
ˀʻ-ˁЭˍ-220/2000

1ˌˀ 1ˁˌ-500 кʦ
ˀʿʦ.1-500/3150

1ˁˌ-500 кʦ

2ˁˌ-500 кʦ

2ˌˀ 1ˁˌ-500 кʦ
ˀʿʦ.1-500/3150

2Лˀ 1А˃

1Лˀ 1А˃

ˀʿʦ.1-500/3150

ˀʿʦ.1-500/3150

2Лˀ ˃ʧ2

1Лˀ ˃ʧ2

ˀʿʦ.1-500/3150

ˀʿʦ.1-500/3150

2Лˀ ʿ1

1Лˀ ʿ1

1ˌˀ 2ˁˌ-500 кʦ 2ˌˀ 2ˁˌ-500 кʦ
ˀʿʦ.1-500/3150 ˀʿʦ.1-500/3150

ˀʿʦ.1-500/3150

ˀʿʦ.1-500/3150

1Лˀ ʿ2
ˀʿʦ.1-500/3150

2Лˀ ʿ2
ˀʿʦ.1-500/3150

ʿ1 ʿ2

˃Оʧ -̌220-0,2/10ˀ-3000

˃˃ Д1

˃Оʧˇ-220-0,2/10ˀ-3000

˃˃ ˀ˃ˁʻ-1
˃Оʧˇ-220-

0,2/10ˀ-3000

1˃˃ 1А˃
˃Оʧˇ-220-

0,2/10ˀ-3000

˃˃ Д2
˃Оʧˇ-220-0,2/

10ˀ-3000

2˃˃ 2ˁˌ-220 кʦ

˃Оʧˇ-220-0,2/10ˀ-3000

3˃˃ 2ˁˌ-220 кʦ

˃˃ ˀ˃ˁʻ-2
˃Оʧˇ-220-

0,2/10ˀ-3000

1˃˃ 2А˃
˃Оʧˇ-220-

0,2/10ˀ-3000

2˃˃ 1А˃
˃Оʧʿ-500-

0,2/10ˀ-1500

2˃˃ 2А˃

2А˃

˃˃ ʿ1 ˃˃ ʿ2

1˃˃ 2ˁˌ-500 кʦ
2˃˃ 2ˁˌ-500 кʦ

˃Оʧʿ-500-

0,2/10ˀ-1500

˃Оʧʿ-500-

0,2/10ˀ-1500

˃Оʧʿ-500-

0,2/10ˀ-1500

˃Оʧʿ-500-0,2/

10ˀ-1500
˃Оʧʿ-500-0,2/

10ˀ-1500

ʦʧ˃-220II-40/

2500˄1

1ʦ 1ˁˌ-220 кʦ
ʦʧ˃-220II-40/

2500˄1

2ʦ 1ˁˌ-220 кʦ
ʦʧ˃-220II-40/

2500˄1

3ʦ 1ˁˌ-220 кʦ

ʦʧ˃-220II-40/

2500˄1

1ʦ 2ˁˌ-220 кʦ
ʦʧ˃-220II-40/

2500˄1

2ʦ 2ˁˌ-220 кʦ
ʦʧ˃-220II-40/

2500˄1

3ʦ 2ˁˌ-220 кʦ

ʦʧ˃-220II-40/

2500˄1

1ʦ Д1

ʦʧ˃-220II-40/

2500˄1

1ʦ Д2

ʦʧ˃-220II-40/

2500˄1

1ʦ 2А˃

Оʿʻ-220˄ˈЛ1

Оʿʻ 2А˃
Оʿʻ-220˄ˈЛ1

Оʿʻ 1А˃
Оʿʻ-500˄ˈЛ1

Оʿʻ 2А˃
Оʿʻ-500˄ˈЛ1

ʯʻОʧ-220˄1

ʯʻОʧ-220˄1

˃ʻ 1ˁˌ-500 кʦ
VPU-525

˃ʻ 2ˁˌ-500 кʦ
VPU-525

ʯʻОЛ.06-24 ˄1

3̵АОДˉ˃ -̒267000/

500/220/24

ʦʧ˃-˄Э˃̋ -500

1ʦ ʿ1

ʦʧ˃-˄Э˃̋ -500

ʦʧ˃-˄Э˃̋ -500 ʦʧ˃-˄Э˃̋ -500

ʦʧ˃-˄Э˃̋ -500 ʦʧ˃-˄Э˃̋ -500

1ʦ ʿ2

1ʦ 2ˁˌ-500 кʦ 2ʦ 2ˁˌ-500 кʦ

2ʦ 1ˁˌ-500 кʦ1ʦ 1ˁˌ-500 кʦ

1ʦ ˃ˁʻ-1 1ʦ ˃ˁʻ-2

1Лˀ ˃ˁʻ-1

2ˌˀ ˃ˁʻ-11ˌˀ ˃ˁʻ-1 2ˌˀ ˃ˁʻ-21ˌˀ ˃ˁʻ-2

1Лˀ ˃ˁʻ-2

ˇʿ

ˀʻ-ˁЭ -̱220/2000

ʯʻ ˇʿ Д1

Кˁ Д1

ˇʿ

ˀʻ-ˁЭˍ-220/2000

ʯʻ ˇʿ Д2

Кˁ Д2

ˇʿ

ʯʻ ˇʿ ʿ1

Кˁ ʿ 1

ˇʿ

ʯʻ ˇʿ ʿ2

Кˁ ʿ 2

ˀʿʦ.1-500/3150 ˀʿʦ.1-500/3150

3̵АОДˉ˃ -̒267000/

500/220/24

ʯʻОЛ.06-24 ˄1 ʯʻОЛ.06-24 ˄1 ʯʻОЛ.06-24 ˄1

 

 

Ɋɢɫɭɧɨɤ 31 – ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 

4.2 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ȽɊɗɋ 

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɬɚɧɰɢɢ – ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɬɚɧɰɢɢ. Ƚɟɧɩɥɚɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɝɥɚɜɧɨɟ ɡɞɚɧɢɟ, 
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ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ ɢ ɞɨɪɨɝɢ ɞɥɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɬɨɩɥɢɜɧɵɣ ɫɤɥɚɞ, 
ɝɪɚɞɢɪɧɢ ɢ ɞɪ. 

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɥɢɫɬɟ. 

4.3 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ – ɡɞɚɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɨɫɧɨɜɧɨɟ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɬɚɤɨɟ ɤɚɤ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ, ɬɭɪɛɨɭɫɬɚɧɨɜɤɚ, 
ɩɵɥɟɫɢɫɬɟɦɚ, ɫɯɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɬɭɪɛɢɧɵ. 

ȼ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɩɨɞɜɨɞɢɬɫɹ ɬɨɩɥɢɜɨ (ɛɭɪɵɣ ɭɝɨɥɶ), ɬɟɯɧɢɱɟɫɤɚɹ ɜɨɞɚ, 
ɨɛɪɚɬɧɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ, ɚ ɨɬɜɨɞɹɬɫɹ ɞɵɦɨɜɵɟ ɝɚɡɵ, ɧɚɝɪɟɬɚɹ ɬɟɯɧɢɱɟɫɤɚɹ ɜɨɞɚ, 
ɩɪɹɦɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ, ɡɨɥɚ ɢ ɲɥɚɤ, ɷɥɟɤɬɪɢɱɟɫɬɜɨ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɳɚɟɦɨɝɨ ɜ ɧɟɦ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɥɢɫɬɟ. 

5 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 5.1 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ 

 ɗɤɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ 
ɫɨɨɬɧɨɲɟɧɢɸ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɢ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɢɧɜɟɫɬɨɪɚɦ ɩɨɧɹɬɶ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɥɢ ɜɤɥɚɞɵɜɚɬɶɫɹ ɜ ɩɪɨɟɤɬ. 
 Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ, ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 61. 

Ɍɚɛɥɢɰɚ 61 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɩɨ ɰɟɯɚɦ 
ɋɬɚɬɶɹ ɡɚɬɪɚɬ Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɪɞ. ɪɭɛ 

Ʉɨɬɟɥɶɧɵɣ ɰɟɯ 48,304 
Ɍɭɪɛɢɧɧɵɣ ɰɟɯ 36,228 
ɏɢɦɰɟɯ, ɷɥɟɤɬɪɨɰɟɯ, ɰɟɯ ɬɨɩɥɢɜɨɩɨɞɚɱɢ 24,152 
Ɉɛɴɟɤɬɵ ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 12,075 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ⋅ɱ: 
 

(1 ) 9586016 (1 0,04) 9207687,9      ɨɬɩɭɳ ɫɩW W a ,                                  (5.1) 

ɝɞɟ     aɫɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ; 
 W – ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ ȽɊɗɋ, Ɇȼɬ⋅ɱ (ɫɦ. ɪɚɡɞɟɥ 1.2). 

 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ⋅ɱ: 
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21898
2,378,

9207687,9
  э э

ɨɬɩɭɳ
ɨɬɩɭɳ

U
U

W
                                                                   (5.2) 

ɝɞɟ     эU  – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ/ɝɨɞ (ɫɦ. ɪɚɡɞɟɥ 1.2). 
 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ⋅ɱ: 
 

21898
2,284

9586016
  э э

ɜыɪɚɛ
U

U
W

                                                                                 (5.3) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɚɧɧɵɣ ɤȼɬ⋅ɱ, ɤɝ ɭ.ɬ/ɤȼɬ ɱ: 
 

2449957
0,256,

9586016
  ɜыɪɚɛ
ȼȼ
W

                                                                         (5.4) 

ɝɞɟ     ȼ  – ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɬ.ɭ.ɬ./ɝɨɞ (ɫɦ. ɪɚɡɞɟɥ 1.2). 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ⋅ɱ, ɤɝ ɭ.ɬ./ɤȼɬ ɱ: 
 

21898
0,266

9207687,9
  ɨɬɩɭɳ

ɨɬɩɭɳ

ȼȼ
W

                                                                   (5.5) 

 Ɍɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ⋅ɱ ɫ ɭɱɟɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɜ 40%, 
ɪɭɛ./ ɤȼɬ⋅ɱ: 

   1 0,4 1 0,4 2,378 3,33      э
э ɨɬɩɭɳɌ U                                                  (5.6) 

ȼɟɥɢɱɢɧɚ ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ȽɊɗɋ, ɦɥɧ. ɪɭɛ: 

1000 1000 3,33 9207687,9 30657,75      э ɨɬɩɭɳȼɊɉ Ɍ W                            (5.7) 

Ɋɚɡɦɟɪ ɧɚɥɨɝɚ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ. ɪɭɛ: 

.0,022 ,ɢɦ ɫɪ ɝɨɞɇ Ф                                                                                          (5.8) 

ɝɞɟ     .ɫɪ ɝɨɞФ  – ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ, ɦɥɧ. ɪɭɛ. 

ɉɨɥɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ȽɊɗɋ, 
ɦɥɧ. ɪɭɛ: 

9207687,9 2,378
21898,39

1000 1000

 
  

э
ɨɬɩɭɳ ɨɬɩɭɳ

ɩɨɥɧ

W U
ɋ                                                              (5.9) 
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ȼɟɥɢɱɢɧɚ ɧɚɥɨɝɨɨɛɥɚɝɚɟɦɨɣ ɩɪɢɛɵɥɢ, ɦɥɧ. ɪɭɛ: 

30657,75 21898,39 8759,4    ɨɫɧ ɩɨɥɧȾ ȼɊɉ ɋ                                                 (5.10) 

ȼɟɥɢɱɢɧɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ ɩɪɢ ɫɬɚɜɤɟ 20%, ɦɥɧ. ɪɭɛ: 

0,2ɩɪ ɨɫɧɇ Ⱦ                                                                                                                                        (5.11) 

ȼɟɥɢɱɢɧɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, ɦɥɧ. ɪɭɛ: 

t ɨɫɧ ɩɪɑɉ Ⱦ ɇ                                                                                                                                  (5.12) 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ: 

,t t aɑȾɉ ɑɉ U                                                                                                                                   (5.13) 

ɝɞɟ     aU  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ. ɪɭɛ (ɫɦ. ɪɚɡɞɟɥ 1.2). 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ: 

1t t tɑȾɉɇИ ɑɉɇИ ɑȾɉ                                                                                                               (5.14) 

ȼ ɧɭɥɟɜɨɣ ɝɨɞ tɑȾɉɇИ  ɪɚɜɧɹɟɬɫɹ ɤɚɩɢɬɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ: 

 
,

1
t

t t

ɑȾɉȾȾɉ
r




                                                                                                                                      (5.15) 

ɝɞɟ     r  – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 10%. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ: 

1t t tȾȾɉɇИ ȾȾɉɇИ ȾȾɉ                                                                                                     (5.16) 

ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 15 ɝɨɞɚɦ. Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 62. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ: 

   
13645,4

1 1
  

 
 ɤ k

k n

Ɋ IC
NPV

r r
                                                                          (5.17) 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ: 
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 
0

1,19

1

 


 n

NPV
DPI

IC

r

                                                                                                                  (5.18) 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɥɟɬ: 

6,5PP  

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɥɟɬ: 

10,9DPP  

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ: 

 
     1

1 2 1
1 2

13,12    


f r
IRR r r r

f r f r
                                                                            (5.19) 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ 
ɩɪɢɛɵɥɶɧɵɦ, ɨɞɧɚɤɨ ɪɢɫɤɨɜɚɧɧɵɦ; ɢɦɟɟɬ ɩɪɨɫɬɨɣ ɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤɢ 
ɨɤɭɩɚɟɦɨɫɬɢ 6,5 ɢ 10,9 ɥɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 



Ɍɚɛɥɢɰɚ 62 – Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɉɨɤɚɡɚɬɟɥɢ 
Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ 

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

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ  72455,6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ɋɬɨɢɦɨɫɬɶ 
ɮɨɧɞɨɜ ɧɚ ɧɚɱɚɥɨ 
ɝɨɞɚ 

0 72455,6 67383,7 62311,8 57239,9 52168,0 47096,1 42024,2 36952,3 31880,5 26808,6 21736,7 16664,8 11592,9 6521,0 1449,1 

ɋɬɨɢɦɨɫɬɶ 
ɮɨɧɞɨɜ ɧɚ ɤɨɧɟɰ 
ɝɨɞɚ 

0 67383,7 62311,8 57239,9 52168,0 47096,1 42024,2 36952,3 31880,5 26808,6 21736,7 16664,8 11592,9 6521,0 1449,1 -3622,8 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ 
ɫɬɨɢɦɨɫɬɶ 
ɮɨɧɞɨɜ 

0 69919,6 64847,7 59775,9 54704,0 49632,1 44560,2 39488,3 34416,4 29344,5 24272,6 19200,7 14128,8 9056,9 3985,1 -1086,8 

ɇɢɦ 0 1538,2 1426,7 1315,1 1203,5 1091,9 980,3 868,7 757,2 645,6 534,0 422,4 310,8 199,3 87,7 -23,9 

Ⱦɨɯɨɞ ɨɬ 
ɨɫɧɨɜɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ 

0,0 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 8759,4 

ɇɚɥɨɝɨɨɛɥɚɝɚɟɦɚ
ɹ ɩɪɢɛɵɥɶ 

0 7221,1 7332,7 7444,3 7555,9 7667,5 7779,0 7890,6 8002,2 8113,8 8225,4 8336,9 8448,5 8560,1 8671,7 8783,3 

ɇɩɪ 0,0 1444,2 1466,5 1488,9 1511,2 1533,5 1555,8 1578,1 1600,4 1622,8 1645,1 1667,4 1689,7 1712,0 1734,3 1756,7 

ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ 0,0 5776,9 5866,2 5955,4 6044,7 6134,0 6223,2 6312,5 6401,8 6491,0 6580,3 6669,6 6758,8 6848,1 6937,3 7026,6 

ɑȾɉ 
-

72455,6 
10848,8 10938,1 11027,3 11116,6 11205,9 11295,1 11384,4 11473,6 11562,9 11652,2 11741,4 11830,7 11920,0 12009,2 12098,5 

ɑȾɉɇɂ 
-

72455,6 
-

61606,8 
-

50668,7 
-

39641,4 
-

28524,8 
-

17319,0 
-6023,9 5360,5 16834,2 28397,1 40049,3 51790,7 63621,4 75541,4 87550,6 99649,1 

ȾȾɉ 
-

72455,6 
9862,5 9039,7 8285,0 7592,8 6958,0 6375,8 5842,0 5352,5 4903,8 4492,4 4115,3 3769,6 3452,8 3162,4 2896,3 

ȾȾɉɇɂ 
-

72455,6 
-

62593,0 
-

53553,3 
-

45268,3 
-

37675,6 
-

30717,6 
-

24341,8 
-

18499,8 
-

13147,3 
-8243,5 -3751,1 364,2 4133,9 7586,7 10749,1 13645,4 



ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɟɤɬ ȽɊɗɋ 
1320 Ɇȼɬ, ɫ ɞɜɭɦɹ ɛɥɨɤɚɦɢ ɩɨ 660 Ɇȼɬ. ȼ ɯɨɞɟ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɛɵɥɢ 
ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɩɪɨɬɨɬɢɩɨɜ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢ 
ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ. Ɂɚ ɩɪɨɬɨɬɢɩ ɛɵɥ ɜɵɛɪɚɧ ɤɨɬɟɥ ɧɟɦɟɰɤɨɣ ɫɬɚɧɰɢɢ Niederhaussem 
ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ. ɂɡ-ɡɚ ɨɫɨɛɟɧɧɨɫɬɢ ɬɨɩɥɢɜɚ (ɛɭɪɵɣ ɭɝɨɥɶ ɂɪɲɚ-
Ȼɨɪɨɞɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ), ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɤɪɚɳɟɧɢɹ ɝɚɛɚɪɢɬɨɜ ɤɨɬɥɚ ɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɛɵɥɨ ɪɟɲɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɥɶɰɟɜɭɸ ɬɨɩɤɭ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ɍɗɋ ɪɟɲɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 26,5 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɨɫɬɪɨɝɨ 
ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 610 ℃. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɯɪɚɧɟɧɚ ɫɯɟɦɚ ɛɚɣɩɚɫɧɵɯ 
ɷɤɨɧɨɦɚɣɡɟɪɨɜ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ ɤɨɬɥɚ ɞɥɹ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ, ɭɦɟɧɶɲɟɧɢɹ ɝɚɛɚɪɢɬɨɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ, ɱɬɨ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɢɜɟɥɨ 
ɤ ɩɨɜɵɲɟɧɢɸ ɄɉȾ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɛɵɥɚ ɜɵɛɪɚɧɚ 
ɬɭɪɛɢɧɚ ɡɚɜɨɞɚ ɅɆɁ Ʉ-660-240. 

Ȼɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ: 

- ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ; 

- ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ; 

- ɪɚɫɱɟɬ Ɍɗɉɨɜ; 

- ɪɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦ; 

- ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ; 

- ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 

- ɪɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɪɚɫɱɟɬ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ, ɪɚɫɱɟɬ 
ɪɚɫɫɟɢɜɚɧɢɹ; 

- ɜɵɛɨɪ ɫɯɟɦɵ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ; 

- ɪɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ. 

Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ 
ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɱɬɨ 
ɜɟɞɟɬ ɤ ɫɨɤɪɚɳɟɧɢɸ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ (ɛɟɡ ɛɚɣɩɚɫɨɜ 
ɩɨɥɭɱɢɥɨɫɶ 2 ɧɢɬɤɢ ɉȼȾ, ɫ ɛɚɣɩɚɫɚɦɢ ɨɞɧɚ), ɫɧɢɠɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɭɞɟɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ. 

Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɨɣ ɩɨɡɜɨɥɢɥ ɫɨɡɞɚɬɶ 
ɚɝɪɟɝɚɬ ɨɩɬɢɦɚɥɶɧɵɯ ɝɚɛɚɪɢɬɨɜ ɞɥɹ ɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɜ 660 Ɇȼɬ. ȼɵɫɨɬɚ ɤɨɬɥɚ 
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ɫɨɫɬɚɜɢɥɚ 80,321 ɦ. ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɛɚɣɩɚɫɧɵɟ ɷɤɨɧɨɦɚɣɡɟɪɵ, ɜɵɫɨɬɨɣ 
20,154 ɦ ɢ 13,024 ɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɡɜɨɥɢɥɢ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɟɪɟɞ 
ɜɨɞɨɜɨɡɞɭɲɧɵɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɞɨ 130 ℃, ɨɞɧɚɤɨ ɷɬɨ ɩɨɜɥɟɤɥɨ ɡɚ ɫɨɛɨɣ 
ɭɜɟɥɢɱɟɧɢɟ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ȼɁɉ ɜ ɫɜɹɡɢ ɫ ɧɢɡɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɧɚɩɨɪɨɦ. 

Ɋɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦ ɛɭɞɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɫɶɦɢ ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ Ɇȼ 3300/800/490 ɢ ɩɪɹɦɨɬɨɱɧɵɯ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɳɟɥɟɜɵɯ ɝɨɪɟɥɨɤ, ɪɚɡɦɟɳɚɟɦɵɯ ɜ ɤɨɥɢɱɟɫɬɜɟ 32 ɲɬɭɤ ɧɚ ɱɟɬɵɪɟɯ 
ɹɪɭɫɚɯ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨ 
ɝɚɡɨɜɨɦɭ ɢ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɚɦ (378,224 ɢ 561,538 ɦɦ ɜɨɞ. ɫɬ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 
ɹɜɥɹɟɬɫɹ ɩɪɢɟɦɥɟɦɨɣ ɞɥɹ ɫɬɚɧɞɚɪɬɧɵɯ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɞɵɦɨɫɨɫɵ ȾɈȾ-43-500 ɜ ɤɨɥɢɱɟɫɬɜɟ ɬɪɟɯ ɲɬɭɤ, ɞɭɬɶɟɜɵɟ ɜɟɧɬɢɥɹɬɨɪɨɜ 
ȼȾɈȾ-31,5-ɋ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ ɢ ȾɊȽ-19,5 ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ.  

ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥ ɩɨɞɨɛɪɚɬɶ 
ɧɚɫɨɫɵ. Ȼɵɥɨ ɩɪɢɧɹɬɨ ɛɭɫɬɟɪɧɵɣ ɧɚɫɨɫ ɧɟ ɪɚɡɦɟɳɚɬɶ ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɧɨɣ 
ɬɭɪɛɢɧɵ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, ɚ ɫɧɚɛɞɢɬɶ ɟɝɨ ɫɨɛɫɬɜɟɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɫ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨ 
ɧɟɨɛɯɨɞɢɦɨɣ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɜɨɫɶɦɢ ɲɬɭɤ. Ⱦɟɚɷɪɚɬɨɪ ɛɵɥ 
ɜɵɛɪɚɧ ɩɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. ɉɨɞɨɛɪɚɧɵ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɢ, 
ɞɪɨɛɢɥɤɢ, ɥɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɚ, ɬɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ. ȼɵɛɪɚɧɵ ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ 
ɬɢɩɚ ɗȽȼɆ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ ɧɚ ɛɥɨɤ. 

Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɨɛɨɪɨɬɧɭɸ ɫɯɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɝɪɚɞɢɪɧɹɦɢ ɜɵɫɨɬɨɣ 125 ɦ ɜ ɤɨɥɢɱɟɫɬɜɟ 
ɱɟɬɵɪɟɯ ɲɬɭɤ ɧɚ ɫɬɚɧɰɢɸ ɫ ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ ɨɪɨɲɟɧɢɹ 29620,213 ɦ2. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɬɚɤɢɟ ɤɚɤ ɜɪɟɞɧɵɟ 
ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɟɪɨɚɡɨɬɨɨɱɢɫɬɤɢ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ, ɬɚɤ ɤɚɤ ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɨɬɜɨɞɚ ɝɚɡɨɜ ɧɟ ɱɟɪɟɡ ɞɵɦɨɜɭɸ 
ɬɪɭɛɭ, ɚ ɱɟɪɟɡ ɝɪɚɞɢɪɧɸ, ɝɞɟ ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɦɨɝɭɬ 
ɫɨɟɞɢɧɢɬɶɫɹ ɜɨ ɜɪɟɞɧɵɟ ɞɥɹ ɮɥɨɪɵ, ɮɚɭɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɟ 
ɫɨɟɞɢɧɟɧɢɹ. ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɫɨɫɬɚɜɢɥ 193,538 ɝ/ɫ 
ɧɚ ɫɬɚɧɰɢɸ. Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɝɪɚɞɢɪɧɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ (0,0536 ɦɝ/ɦ3) ɧɟ ɩɪɟɜɵɲɚɟɬ ɉȾɄ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ 
ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2368 ɦ ɩɨ ɨɫɢ ɮɚɤɟɥɚ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɜ 11 ɥɟɬ, 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ 1,19, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɟɤɬ ɞɨɫɬɚɬɨɱɧɨ 
ɪɢɫɤɨɜɚɧɧɵɣ ɢ ɞɨɪɨɝɢɦ, ɨɞɧɚɤɨ ɬɚɤɨɣ ɜɚɪɢɚɧɬ ɨɩɬɢɦɚɥɶɧɵɣ ɞɥɹ ɡɚɤɪɵɬɢɹ ɧɭɠɞ 
ɩɥɚɧɢɪɭɟɦɨɝɨ ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɤɨɦɛɢɧɚɬɚ ɤɨɦɩɚɧɢɢ «ɂɧɬɟɪɝɟɨ». 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ 3D-ɦɨɞɟɥɶ ɫɬɚɧɰɢɢ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ SolidWorks. 
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