
 
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  
«  29  »      ɂɸɧɹ          2020 ɝ. 

 
 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ 

ɬɟɦɚ 

13.04.01 Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  

13.04.01.02 ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ  
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 
 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020

ɇɚɭɱɧɵɣ  29.06.2020  ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ.  ȿ.Ⱥ. Ȼɨɣɤɨ 
ɪɭɤɨɜɨɞɢɬɟɥɶ  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

       

ȼɵɩɭɫɤɧɢɤ  29.06.2020    Ɇ.Ⱦ. Ʉɨɡɵɪɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ  29.06.2020  ɇɚɱ. Ɍɐ ɄɪɌɗɐ-1  Ⱥ.ȼ. Ⱥɧɞɪɟɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ  29.06.2020    ɉ.ȼ. ɒɢɲɦɚɪɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

 
   ȿ.Ⱥ. Ȼɨɣɤɨ 

ɉɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

«  09  »          ɇɨɹɛɪɹ      2018ɝ. 
 

 

 

ɁȺȾȺɇɂȿ  
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

  



 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɹ ɩɪɢɧɹɥ ɤ 
ɢɫɩɨɥɧɟɧɢɸ 

 
Ɇ.Ⱦ. Ʉɨɡɵɪɟɜ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     

 «  09 » ɧɨɹɛɪɹ 2018 ɝ. 
 

 

ɋɬɭɞɟɧɬɭ Ʉɨɡɵɪɟɜɭ Ɇɢɯɚɢɥɭ Ⱦɦɢɬɪɢɟɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɵ Ɏɗ18‒06Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01.02 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 17144/ɫ ɨɬ 9 ɧɨɹɛɪɹ 2018 ɝ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ.Ȼɨɣɤɨ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɉɨɬɨɤɢ  
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ «Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1», ɝ.Ʉɪɚɫɧɨɹɪɫɤ,  
ɭɥ. Ɏɟɫɬɢɜɚɥɶɧɚɹ 2. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ, Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ  
ɪɟɲɟɧɢɟ, ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɨɟɤɬɚ, 3D-ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  
Ʌɢɫɬ 1. ɈɐɊ – ɦɨɞɭɥɶ  
Ʌɢɫɬ 2. ɂɫɩɚɪɢɬɟɥɶ ɈɐɊ – ɦɨɞɭɥɹ 
Ʌɢɫɬ 3. Ʉɨɧɞɟɧɫɚɬɨɪ ɈɐɊ – ɦɨɞɭɥɹ 
Ʌɢɫɬ 4. Ɍɭɪɛɢɧɚ ɈɐɊ – ɦɨɞɭɥɹ  
 
 



 
ɊȿɎȿɊȺɌ 

 
Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ» 
ɫɨɞɟɪɠɢɬ 113 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 65 ɢɥɥɸɫɬɪɚɰɢɣ 47 ɬɚɛɥɢɰ, 244 
ɮɨɪɦɭɥɵ, 32 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɈɊȽȺɇɂɑȿɋɄɂɃ ɐɂɄɅ ɊȿɇɄɂɇȺ, Ɍɗɋ, 
ɇɂɁɄɈɉɈɌȿɇɐɂȺɅɖɇɈȿ ɌȿɉɅɈ, ɇɂɁɄɈɄɂɉəɓɂȿ ɊȺȻɈɑɂȿ ɌȿɅȺ, 
ɆɈȾȿɊɇɂɁȺɐɂə, ɉɈȼɕɒȿɇɂȿ ɗɎɎȿɄɌɂȼɇɈɋɌɂ, 3D-ɆɈȾȿɅɖ. 

ɐɟɥɶ ɪɚɛɨɬɵ: 
ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɧɟɪɝɢɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ Ɍɗɋ ɧɚ ɩɪɢɦɟɪɟ «Ʉɪɚɫɧɨɹɪɫɤɨɣ 
Ɍɗɐ-1». 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1. ɉɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɬɟɯɧɨɥɨɝɢɹɦ, 

ɩɨɡɜɨɥɹɸɳɢɦ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɟ ɬɟɩɥɨ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧɵ 
ɩɨɬɨɤɢ «Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1» ɞɥɹ ɢɯ ɭɬɢɥɢɡɚɰɢɢ; 

2. Ɉɩɪɟɞɟɥɟɧɵ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɩɪɟɞɦɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɧɚ Ɍɗɋ; 

3. ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɫɯɟɦ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ, 
ɜɵɞɟɥɟɧɧɵɯ ɩɨɬɨɤɨɜ; 

4. Ɉɰɟɧɟɧ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɜɵɞɟɥɟɧɧɵɯ ɩɨɬɨɤɨɜ, ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟɦ ɢɯ ɩɨ ɄɉȾ ɢ ɩɨɥɭɱɟɧɧɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ; 

5. ɉɪɨɜɟɞɟɧ ɞɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɫ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɜɵɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 
ɞɥɹ ɫɚɦɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ; 

6. ɉɪɨɜɟɞɟɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɪɚɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ; 

7. ɉɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ 

8. ȼɵɩɨɥɧɟɧɚ ɧɚɝɥɹɞɧɚɹ 3D-ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɢɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɛɭɞɭɳɟɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɡɞɚɧɢɹɯ ɢ 
ɫɨɨɪɭɠɟɧɢɹɯ «Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1» 
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ȼɜɟɞɟɧɢɟ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɚ 
ɬɚɤɠɟ ɫɧɢɠɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɜɵɛɪɨɫɨɜ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɚɯ. 

Ɋɚɡɜɢɬɢɟ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɜ ɭɫɥɨɜɢɹɯ ɪɵɧɨɱɧɨɣ ɷɤɨɧɨɦɢɤɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɠɟɫɬɨɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɨɬɟɪɹɦ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ 
ɩɨɬɪɟɛɥɟɧɢɢ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɜɵɛɪɨɫɚɦ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
ɋɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ ɩɨɜɵɲɟɧɢɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ» ɨɬ 23.11.2009 № 261-ɎɁ (ɪɟɞ. ɨɬ 03.08.2018) 
ɝɟɧɟɪɢɪɭɸɳɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɥɠɧɵ ɩɪɢɧɹɬɶ ɦɟɪɵ ɩɨ ɷɮɮɟɤɬɢɜɧɨɦɭ ɢ 
ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɩɨɜɵɲɟɧɢɸ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɫ 
ɭɱɟɬɨɦ ɪɟɫɭɪɫɧɵɯ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɫɨɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɞɚɧɧɵɟ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɝɟɧɬɫɬɜɚ 
(IEA) ɜ 2013 ɝɨɞɭ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɳɟɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. ɇɚ ɪɢɫɭɧɤɟ 1 ɜɢɞɧɨ, ɱɬɨ ɜɫɟɝɨ ɧɚ ɜɫɟ ɧɭɠɞɵ 
ɡɚ ɝɨɞ ɛɵɥɨ ɢɡɪɚɫɯɨɞɨɜɚɧɨ 13559 ɦɥɧ ɬɨɧɧ. ɧɟɮɬɹɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ ɩɟɪɜɢɱɧɨɣ 
ɷɧɟɪɝɢɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɧɟɪɝɢɢ 2664 ɦɥɧ. ɬɧɷ. ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɟɧɟɪɚɰɢɢ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɡ 
ɩɟɪɜɢɱɧɨɣ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 46 %. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ 
ɩɪɨɢɫɯɨɞɹɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, ɧɚɝɪɟɜɨɦ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. 

 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɦɢɪɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɷɧɟɪɝɢɢ ɜ 2013 ɝɨɞɭ 
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Ɋɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ 
ɦɨɠɧɨ ɥɢɲɶ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɬɚɤ ɤɚɤ ɫɩɪɨɫ ɧɚ ɷɧɟɪɝɢɸ ɩɨɫɬɨɹɧɧɨ 
ɪɚɫɬɟɬ ɜ ɫɜɹɡɢ ɫ ɢɧɞɭɫɬɪɢɚɥɢɡɚɰɢɟɣ ɢ ɪɨɫɬɨɦ ɧɚɫɟɥɟɧɢɹ. 

ɗɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɫɛɪɨɫɧɨɣ 
ɷɧɟɪɝɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɪɭɩɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɬɪɚɧɚɯ – Ʉɢɬɚɟ, 
ɋɒȺ, əɩɨɧɢɢ, ɂɬɚɥɢɢ, Ƚɟɪɦɚɧɢɢ ɢ ɞɪ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɛɢɪɚɟɬ 
ɩɨɩɭɥɹɪɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ Ɋɨɫɫɢɢ 
(ɧɚɩɪɢɦɟɪ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɟɮɬɹɧɨɣ ɫɬɚɧɰɢɢ ɧɚ ɨɫɧɨɜɟ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ 
ɤɨɦɩɚɧɢɟɣ «Ʌɭɤɨɣɥ» ɜ ɉɟɪɦɢ ɢ ɫɬɚɧɰɢɣ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɛɢɨɦɚɫɫɭ ɤɨɦɩɚɧɢɟɣ 
«Ultralam» ɜ Ɍɜɟɪɫɤɨɣ ɨɛɪɚɫɬɢ). Ɋɚɡɜɢɬɢɟ ɢ ɚɞɚɩɬɚɰɢɹ ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɤ 
Ɋɨɫɫɢɣɫɤɢɦ ɪɟɚɥɢɹɦ ɬɪɟɛɭɟɬ ɧɚɭɱɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɝɟɧɟɪɚɰɢɢ ɷɧɟɪɝɢɢ, ɡɚ ɫɱɟɬ 
ɭɬɢɥɢɡɚɰɢɢ ɫɛɪɨɫɧɨɝɨ ɬɟɩɥɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ 
ɩɨɡɜɨɥɢɬ ɧɟ ɬɨɥɶɤɨ ɜɵɩɨɥɧɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɮɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ, ɚ ɬɚɤɠɟ 
ɩɪɨɢɡɜɨɞɢɬɶ ɷɧɟɪɝɢɸ ɛɟɡ ɩɟɪɜɢɱɧɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ. 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɵɦ ɨɛɵɱɧɨ ɨɬɧɨɫɹɬ ɜɬɨɪɢɱɧɵɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɠɢɞɤɨɫɬɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɦɟɧɟɟ 100°ɋ ɢ ɝɚɡɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ 300°ɋ. ɇɚ ɩɪɚɤɬɢɤɟ ɡɚ ɜɟɪɯɧɢɣ 
ɩɪɟɞɟɥ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɬɨɱɧɢɤɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɬɟɩɥɨ ɧɚ 
ɩɨɥɟɡɧɵɟ ɰɟɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɵɯ, ɞɚɜɧɨ ɢɡɜɟɫɬɧɵɯ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɲɟɜɵɯ 
ɭɫɬɪɨɣɫɬɜ — ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ. ɇɢɠɧɢɣ ɩɪɟɞɟɥ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɬɨɱɧɢɤɨɜ 
ɇɉɌ ɦɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ ɭɞɢɜɢɬɟɥɶɧɵɦ, ɧɨ ɫɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɪɟɫɫɢɨɧɧɵɟ 
ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɦɨɝɭɬ ɢɡɜɥɟɤɚɬɶ ɬɟɩɥɨ ɢɡ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɡɢɦɧɟɟ 
ɜɪɟɦɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪ -30°ɋ. ɋɨɜɫɟɦ ɧɟ «ɬɟɩɥɨ», ɧɨ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɠɢɥɵɯ ɞɨɦɨɜ ɢ ɞɚɠɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɥɟɣ 
(ɧɚɩɪɢɦɟɪ, ɨɬɨɩɥɟɧɢɹ ɭɞɚɥɟɧɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɢɯ 
ɧɚɞɟɠɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɢ ɩɪɨɛɥɟɦɵ ɫ ɨɬɨɩɥɟɧɢɟɦ).  

ɇɚ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɢɫɬɨɱɧɢɤɢ ɇɉɌ ɛɵɜɚɸɬ «ɨɛɵɱɧɵɟ», 
ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ (ɬɟɩɥɨɬɚ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɫɬɨɤɨɜ, ɨɬɪɚɛɨɬɚɧɧɵɣ ɩɚɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ, ɬɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɬɚ 
ɩɚɪɚ ɩɨɫɥɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪɵ 
ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɬɭɪɛɨɩɪɢɜɨɞɨɦ, ɬɟɩɥɨɬɚ, ɤɨɬɨɪɚɹ ɩɟɪɟɞɚɟɬɫɹ ɫɢɫɬɟɦɟ 
ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɯɥɚɠɞɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɵɱɧɨ 
ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ ɱɟɪɟɡ ɝɪɚɞɢɪɧɢ ɢɥɢ ɧɚɩɪɹɦɭɸ ɜ ɩɪɭɞɵ-ɨɯɥɚɞɢɬɟɥɢ) 
ɢ «ɫɩɟɰɢɮɢɱɟɫɤɢɟ», ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɬɪɚɫɥɢ ɢɥɢ 
ɪɟɝɢɨɧɚ. Ɍɚɤ, ɞɥɹ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɢ ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ, 
ɧɚɩɪɢɦɟɪ, ɯɚɪɚɤɬɟɪɧɵ ɩɨɬɟɪɢ ɨɬɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɟɱɟɣ; ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɩɚɪɚ ɨɬ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɵɯ ɤɨɥɨɧɧ, ɜɚɤɭɭɦɧɵɯ ɫɢɫɬɟɦ, 
ɧɚɝɪɟɜɚɬɟɥɟɣ; ɢ ɬɟɩɥɨɬɵ ɩɪɨɞɭɤɬɨɜɵɯ ɩɨɬɨɤɨɜ. 

Ⱦɢɚɩɚɡɨɧɵ ɬɟɦɩɟɪɚɬɭɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɣ 

 

Ɋɢɫɭɧɨɤ 3 – Ɋɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɞɥɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ 

ȼɚɪɢɚɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɬɢɥɢɡɢɪɭɟɦɨɣ ɬɟɩɥɨɬɵ ɦɨɝɭɬ ɛɵɬɶ 
ɫɥɟɞɭɸɳɢɟ: 

1. ɞɥɹ ɨɬɨɩɥɟɧɢɹ, ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɞɥɹ ɩɨɞɩɢɬɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɢɥɢ ɟɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɞɟɚɷɪɚɰɢɢ; 

2. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɨɛɴɟɤɬɨɜ, ɭɞɚɥɟɧɧɵɯ ɨɬ 
ɢɫɬɨɱɧɢɤɨɜ ɞɟɲɟɜɨɝɨ ɬɨɩɥɢɜɚ; 

3. ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɟɟ ɩɨɤɭɩɤɭ 
ɭ ɫɬɨɪɨɧɧɟɝɨ ɩɨɫɬɚɜɳɢɤɚ ɢɥɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ. 

ɉɨɥɨɠɢɬɟɥɶɧɵɟ ɷɮɮɟɤɬɵ ɨɬ ɜɧɟɞɪɟɧɢɹ: 
1. ɫɨɤɪɚɳɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɟɪɜɢɱɧɭɸ 

ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ ɢɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
2. ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɜɨɞɵ ɞɥɹ ɩɨɞɩɢɬɤɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɢɤɥɨɜ, ɟɟ ɨɛɪɚɛɨɬɤɭ ɜ ɫɢɫɬɟɦɚɯ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 
ɢ ɩɨɞɨɝɪɟɜ ɟɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ, ɧɟɨɛɯɨɞɢɦɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɬɪɟɛɨɜɚɧɢɹɦ; 

3. ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɩɨɞɩɢɬɨɱɧɭɸ ɜɨɞɭ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
(ɢɫɩɚɪɹɟɬɫɹ ɜ ɝɪɚɞɢɪɧɹɯ); 

4. ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ ɋɈ2 ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ.  
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1 Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 

1.1 ɉɨɬɟɧɰɢɚɥ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ 

ɍɯɨɞɹɳɟɟ ɬɟɩɥɨ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɢɥɢ ɥɸɛɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ, ɢɥɢ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɫɛɪɨɫɧɵɦ ɬɟɩɥɨɦ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɨɛɵɱɧɨ 
ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɍɟɩɥɨ ɨɬɪɚɛɨɬɚɧɧɨɟ ɩɨɫɥɟ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 20-50% ɨɬ ɩɨɞɜɟɞɟɧɧɨɝɨ ɬɟɩɥɚ. ȼ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɟɩɥɚ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɪɢɦɟɪɧɨ ɧɚ 10-50%. ɉɪɨɦɵɲɥɟɧɧɵɟ 
ɩɪɨɰɟɫɫɵ, ɬɟɩɥɨɜɵɟ ɞɜɢɝɚɬɟɥɢ ɢ ɦɟɯɚɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɸɬɫɹ 
ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɟɩɥɚ. Ɍɟɯɧɨɥɨɝɢɹ ɪɟɤɭɩɟɪɚɰɢɢ ɧɢɡɤɨ 
ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ ɢ ɫɛɪɨɫɧɨɝɨ ɬɟɩɥɚ ɧɟ ɬɨɥɶɤɨ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɫɢɫɬɟɦɵ, ɧɨ ɢ ɫɧɢɠɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɤɥɢɦɚɬɚ, ɚ ɬɚɤɠɟ ɫɧɢɠɚɟɬ 
ɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ . Ʉɥɸɱɟɜɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɢɡɤɨ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ 
ɩɨɬɨɤɚ, ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ 
ɞɨɩɭɫɬɢɦɨɟ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ. Ɉɫɧɨɜɧɵɟ ɢɫɬɨɱɧɢɤɢ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɟɩɥɚ ɢ ɩɨɞɯɨɞɹɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɭɬɢɥɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.1. 

 
Ɍɚɛɥɢɰɚ 1.1 – Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 
ɉɨɬɟɧɰɢɚɥ  ɂɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ  Ɍɟɦɩɟɪɚɬɭɪɚ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
(°C)  

Ɍɟɯɧɨɥɨɝɢɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɚ  

ȼɵɫɨɤɢɣ  
(>650 °C)  

ɇɢɤɟɥɟɜɚɹ ɩɟɱɶ  
ɋɬɚɥɶɧɚɹ 

ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ 
ɩɟɱɶ  

Ɉɫɧɨɜɧɚɹ 
ɤɢɫɥɨɪɨɞɧɚɹ ɩɟɱɶ  

ɉɟɱɶ ɞɥɹ 
ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɞɢ  

ɋɬɚɥɶɧɚɹ 
ɧɚɝɪɟɜɚɬɟɥɶɧɚɹ 

ɩɟɱɶ  
ȼɨɞɨɪɨɞɧɵɟ 
ɭɫɬɚɧɨɜɤɢ  

 

1370–1650  
1370–1650  
1200–1250  
760–820  
930–1040  
650–980  

1300–1540  

1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 
ɩɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ ɞɥɹ 

ɝɨɪɟɧɢɹ  
2. Ƚɟɧɟɪɚɰɢɹ ɩɚɪɚ ɞɥɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɧɚɝɪɟɜɚ ɢɥɢ ɞɥɹ 
ɦɟɯɚɧɢɱɟɫɤɢɯ / 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɛɨɬ  
3. ɉɟɪɟɧɨɫ ɜ ɫɪɟɞɧɢɟ-
ɧɢɡɤɨ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɩɪɨɰɟɫɫɵ  

ɋɪɟɞɧɢɣ (230– 
650°C)  

Ʉɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ  
ȼɵɯɥɨɩ ɝɚɡɨɜɨɣ 

ɬɭɪɛɢɧɵ  
ȼɵɯɥɨɩ 

ɩɨɪɲɧɟɜɨɝɨ 
ɞɜɢɝɚɬɟɥɹ  

Ɍɟɪɦɢɱɟɫɤɚɹ ɩɟɱɶ  
ɋɭɲɢɥɶɧɵɟ ɢ 
ɩɟɤɚɪɧɵɟ ɩɟɱɢ  

230–480  
370–540  
320–590  
430–650  
230–590  
450–620  

1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 
ɩɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ  

2. ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɚɪɚ 
/ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  

3. Ɉɪɝɚɧɢɱɟɫɤɢɣ ɰɢɤɥ 
Ɋɟɧɤɢɧɚ  

4. ɉɨɞɨɝɪɟɜ ɩɟɱɢ  
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 
ɉɨɬɟɧɰɢɚɥ  ɂɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ  Ɍɟɦɩɟɪɚɬɭɪɚ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
(°C)  

Ɍɟɯɧɨɥɨɝɢɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɚ  

ɋɪɟɞɧɢɣ (230– 
650°C) 

ɐɟɦɟɧɬɧɚɹ ɩɟɱɶ  . ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 
ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ 

ɜɨɞɵ 
ɇɢɡɤɢɣ (30–230 °C)  ɍɯɨɞɹɳɢɟ ɝɚɡɵ, ɢɡ 

ɝɚɡɨɜɵɯ ɤɨɬɥɨɜ, 
ɷɬɢɥɟɧɨɜɵɯ ɩɟɱɟɣ ɢ 

ɬ. ɞ.  
Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ, 

ɤɨɧɞɟɧɫɢɪɭɸɳɚɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɩɚɪ ɨɬ  
ɜɵɯɥɨɩɚ ɩɟɱɟɣ  

ɉɟɱɟɣ ɨɛɠɢɝɚɧɢɹ  
ȼɨɡɞɭɲɧɵɟ 

ɤɨɦɩɪɟɫɫɨɪɵ  
ɞɜɢɝɚɬɟɥɶ 

ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɝɨɪɚɧɢɹ 

70–230  
30–50  
70–250  
30–50  
70–120  
30–40  
90–230  
30–230  
120-180  

1. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 
ɨɬɨɩɥɟɧɢɟ  

2. ɇɚɝɪɟɜɚɧɢɟ ɜɨɞɵ ɫ 
ɩɨɦɨɳɶɸ ɬɟɩɥɨɜɨɝɨ 

ɧɚɫɨɫɚ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ  
3. Ɉɪɝɚɧɢɱɟɫɤɢɣ ɰɢɤɥ 

Ɋɟɧɤɢɧɚ  
4. ɐɢɤɥ Ʉɚɥɢɧɵ  

5.Ɍɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɝɟɧɟɪɚɬɨɪɵ  
6.Ⱦɜɢɝɚɬɟɥɶ 
ɋɬɢɪɥɢɧɝɚ  

 
1.1.1 Ɍɟɩɥɨɧɚɫɨɫɧɵɟ ɭɫɬɚɧɨɜɤɢ (Ɍɇɍ) 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 
ɤɨɦɩɪɟɫɫɢɨɧɧɵɟ ɢ ɚɛɫɨɪɛɰɢɨɧɧɵɟ. Ʉɨɦɩɪɟɫɫɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɜɫɟɝɞɚ 
ɩɪɢɜɨɞɹɬɫɹ ɜ ɞɟɣɫɬɜɢɟ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɛɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 
ɇɉɌ ɬɟɩɥɨɜɵɟ ɢɫɬɨɱɧɢɤɢ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ: ɝɨɪɹɱɚɹ ɜɨɞɚ, ɩɚɪ, 
ɨɬɯɨɞɹɳɢɟ ɝɚɡɵ, ɩɪɹɦɨɟ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ. 

Ʉɨɦɩɪɟɫɫɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɦɚɲɢɧɵ (ɄɌɇ) ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ 
ɧɚɫɨɫɨɜ (Ɍɇɍ) 

 

Ɋɢɫɭɧɨɤ 1.1 – ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɤɨɦɩɪɟɫɫɢɨɧɧɨɝɨ Ɍɇ 
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ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɄɌɇ ɨɫɧɨɜɚɧ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɯɥɚɞɚɝɟɧɬɚ ɩɪɢ ɤɢɩɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬɛɢɪɚɬɶ ɬɟɩɥɨ ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɟɩɥɚ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɬɵ 
ɩɨɞɛɢɪɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ ɤɨɧɤɪɟɬɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɞɢɚɩɚɡɨɧɚ ɪɚɛɨɱɟɝɨ 
ɞɚɜɥɟɧɢɹ. Ⱦɥɹ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɪɹɞɤɚ 120÷140°ɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
«ɤɚɫɤɚɞɧɵɯ» ɫɯɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɯɥɚɞɚɝɟɧɬɨɜ. Ɉɬɞɟɥɶɧɨɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ — ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ Ɍɇɍ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɋɈ2 ɫ ɡɚɤɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

 
1.1.2 Ⱥɛɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɦɚɲɢɧɵ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 

ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ (ȺȻɌɇ) 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ȺȻɌɇ ɨɫɧɨɜɚɧ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɚɛɫɨɪɛɟɧɬɚ 
ɩɨɝɥɨɳɚɬɶ ɜɨɞɹɧɵɟ ɩɚɪɵ, ɢɦɟɸɳɢɟ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɱɟɦ ɪɚɫɬɜɨɪ. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɚɛɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ 
ɦɚɲɢɧɵ, ɜ ɤɚɱɟɫɬɜɟ ɚɛɫɨɪɛɟɧɬɚ ɢɫɩɨɥɶɡɭɸɳɢɟ ɪɚɫɬɜɨɪ ɛɪɨɦɢɞɚ ɥɢɬɢɹ (LiBr). 
ɍɫɬɚɧɨɜɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ, ɧɚɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 60-90°ɋ. 

Ɍɚɤɢɟ ɭɫɬɚɧɨɜɤɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɪɟɠɢɦɟ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ 
(ȺȻɏɆ), ɨɛɟɫɩɟɱɢɜɚɹ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɵ (ɧɚɩɪɢɦɟɪ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ) ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ 5-15°ɋ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

 

Ɋɢɫɭɧɨɤ 1.2 – ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ȺȻɌɆ 

1.1.3 ɍɫɬɚɧɨɜɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ORC-ɰɢɤɥɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ƚɥɚɜɧɚɹ ɨɬɥɢɱɢɬɟɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ ɧɚ ɛɚɡɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɰɢɤɥɚ Ɋɟɧɤɢɧɚ (ORC) — ɩɪɢɦɟɧɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɜɦɟɫɬɨ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ. ɗɬɨ ɩɨɜɵɲɚɟɬ ɨɛɳɢɣ ɄɉȾ ɬɟɩɥɨɜɨɝɨ ɰɢɤɥɚ ɧɚ ɦɚɥɵɯ 
ɦɨɳɧɨɫɬɹɯ ɢ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɤɥɚɫɫɢɱɟɫɤɢɦ ɩɚɪɨɜɵɦ ɰɢɤɥɨɦ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
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ɜɟɳɟɫɬɜɚ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɜɨɞɵ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ — ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɫɪɟɞɧɢɯ ɢ ɛɨɥɶɲɢɯ ɦɨɳɧɨɫɬɹɯ. 

ɂɧɬɟɪɟɫ ɤ ɭɫɬɚɧɨɜɤɚɦ ɫ ORC ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɢɥɢɥɫɹ ɫ ɪɚɡɜɢɬɢɟɦ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɧɚ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ (ɨɬɯɨɞɵ 
ɞɟɪɟɜɨɨɛɪɚɛɨɬɤɢ, ɛɢɨɬɨɩɥɢɜɨ), ɬɚɤ ɤɚɤ ɩɪɢ ɢɯ ɫɠɢɝɚɧɢɢ ɬɪɭɞɧɨ ɨɛɟɫɩɟɱɢɬɶ 
ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɭɫɬɚɧɨɜɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɵɱɧɵɣ ɩɚɪɨɜɨɞɹɧɨɣ ɰɢɤɥ. 

 

Ɋɢɫɭɧɨɤ 1.3 – Ɉɛɥɚɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɭɫɬɚɧɨɜɨɤ ɫ ORC-ɰɢɤɥɨɦ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɪɚɦɤɚɯ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɟɞɩɪɢɹɬɢɣ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɪɭɝɢɯ, ɩɪɢɦɟɧɹɸɳɢɯ ɜ 
ɬɟɯɧɨɥɨɝɢɹɯ ɩɚɪ ɪɚɡɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫ ɡɚɦɟɧɨɣ 
ɪɟɞɭɤɰɢɨɧɧɨ-ɨɯɥɚɞɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɊɈɍ) ɧɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɢɟ 
ɬɭɪɛɢɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɧɢɠɧɟɝɨ ɩɪɟɞɟɥɚ ɪɟɞɭɰɢɪɨɜɚɧɢɹ ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɚɪ ɫ ɞɚɜɥɟɧɢɟɦ, ɩɪɢɝɨɞɧɵɦ ɞɥɹ ɰɟɥɟɣ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɉɞɧɚɤɨ ɩɨɬɪɟɛɥɟɧɢɟ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ ɧɨɫɢɬ ɫɟɡɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, ɫɧɢɠɚɹ 
ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɉɪɢɦɟɧɟɧɢɟ ORC-ɭɫɬɚɧɨɜɨɤ ɩɨɡɜɨɥɢɥɨ ɛɵ 
ɭɣɬɢ ɨɬ ɫɟɡɨɧɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢ ɫɥɭɠɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɞɞɟɪɠɤɨɣ 
ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɬɟɯɧɨɥɨɝɢɢ ɜɫɟ ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɦɟɠɞɭ ɫɨɛɨɣ. ɇɚɩɪɢɦɟɪ, ɤɨɝɟɧɟɪɚɰɢɹ — ɫɨɟɞɢɧɟɧɢɟ 
ɭɫɬɚɧɨɜɨɤ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ORC-ɰɢɤɥɨɦ, ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɭɠɧɵɯ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɹ 
ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɫɱɟɬ ɭɬɢɥɢɡɚɰɢɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ ɬɟɩɥɨɜɵɦɢ 
ɧɚɫɨɫɚɦɢ. 
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1.2 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ 
Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-1.  

Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-1 – ɬɟɩɥɨɜɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɜ Ʉɪɚɫɧɨɹɪɫɤɟ, ɨɞɧɚ ɢɡ 
ɤɪɭɩɧɟɣɲɢɯ Ɍɗɐ ɋɢɛɢɪɢ. 

Ɍɟɩɥɨɜɚɹ ɷɥɟɤɬɪɨɰɟɧɬɪɚɥɶ «Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-1» ɜɯɨɞɢɬ ɜ ɝɪɭɩɩɭ 
«ɋɢɛɢɪɫɤɚɹ ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ». 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-1 ɜɯɨɞɢɥɚ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɭ (ɩɨɡɠɟ 
ɈȺɈ) «Ʉɪɚɫɧɨɹɪɫɤɷɧɟɪɝɨ», ɫ 2005 ɝɨɞɚ ɜ ɈȺɈ «Ʉɪɚɫɧɨɹɪɫɤɚɹ ɝɟɧɟɪɚɰɢɹ», ɫ 
2006 ɝɨɞɚ ɜ ɈȺɈ «ɏɚɤɚɫɫɤɚɹ ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ», ɤɨɬɨɪɨɟ ɫ ɹɧɜɚɪɹ 2007 
ɝɨɞɚ ɩɨɥɭɱɢɥɨ ɧɚɢɦɟɧɨɜɚɧɢɟ ɈȺɈ «ȿɧɢɫɟɣɫɤɚɹ ɬɟɪɪɢɬɨɪɢɚɥɶɧɚɹ 
ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ (ɌȽɄ-13)». 28 ɚɩɪɟɥɹ 2012 ɝɨɞɚ ɜ ɯɨɞɟ ɪɟɨɪɝɚɧɢɡɚɰɢɢ 
ɝɪɭɩɩɵ «ɋɢɛɢɪɫɤɚɹ ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ» ɢɡ ɫɨɫɬɚɜɚ ɈȺɈ «ȿɧɢɫɟɣɫɤɚɹ 
ɌȽɄ (ɌȽɄ-13)» 

ɇɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1 ɭɫɬɚɧɨɜɥɟɧɨ ɫɟɦɧɚɞɰɚɬɶ ɤɨɬɥɨɜ ɢ ɞɟɫɹɬɶ 
ɬɭɪɛɢɧ. Ɍɗɐ ɢɦɟɟɬ ɪɚɡɧɨɬɢɩɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɤɚɤ ɜ 
ɛɥɨɱɧɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɢ ɧɚ ɩɨɩɟɪɟɱɧɵɯ ɫɜɹɡɹɯ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ 
ɤɚɤ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɢ 
ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
Ɍɚɛɥɢɰɚ 1.2 - Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɚɧɰɢɢ 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɚɧɰɢɢ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 485,9 Ɇȼɬ 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ 1677 Ƚɤɚɥ/ɱ 

ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɉɫɧɨɜɧɨɟ ɬɨɩɥɢɜɨ ɍɝɨɥɶ 

Ʉɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɉɄ-10ɒ, ȻɄɁ-320-140 

Ʉɨɥɢɱɟɫɬɜɨ ɢ ɦɚɪɤɚ ɬɭɪɛɢɧ ɉɌ-25-90, ɉɌ-60-90, Ɋ-85-8,8, Ɋ-57-130 

Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɡɧɨɲɟɧɚ ɢ ɬɪɟɛɭɟɬ ɦɨɞɟɪɧɢɡɚɰɢɢ. 
ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ ɪɚɛɨɬɚɟɬ ɧɚ ɛɭɪɨɦ ɭɝɥɟ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɪɚɡɪɟɡɚ, 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɜ ɫɪɟɞɧɟɦ 9 600 ɬɵɫɹɱ ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 26 ɬɵɫɹɱ Ƚɤɚɥ 
ɬɟɩɥɚ ɜ ɫɭɬɤɢ. ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 2015 ɝɨɞɭ ɫɨɫɬɚɜɢɥɚ 2062 ɦɥɧ. 
ɤȼɬ·ɱ., ɨɬɩɭɫɤ ɬɟɩɥɚ - 2 894 ɬɵɫ Ƚɤɚɥ. ɍɝɨɥɶɧɵɣ ɫɤɥɚɞ ɨɬɤɪɵɬɵɣ, 
ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɞɜɭɦɹ ɤɪɚɧɚɦɢ-ɩɟɪɟɝɪɭɠɚɬɟɥɹɦɢ. ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ ɞɵɦɨɜɚɹ 
ɬɪɭɛɚ ɢɦɟɟɬ ɜɵɫɨɬɭ ɫɬɨ ɜɨɫɟɦɶɞɟɫɹɬ ɦɟɬɪɨɜ, ɧɚ ɩɟɪɜɵɯ ɨɱɟɪɟɞɹɯ ɬɪɢ ɞɵɦɨɜɵɯ 
ɬɪɭɛɵ ɦɟɧɶɲɟɣ ɜɵɫɨɬɵ. ɐɢɪɤɭɥɹɰɢɨɧɧɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɹɦɨɬɨɱɧɨɟ, ɢɡ 
ȿɧɢɫɟɹ. ɇɚɝɪɟɬɚɹ ɜɨɞɚ ɨɬɜɨɞɢɬɫɹ ɩɨ ɩɹɬɢɤɢɥɨɦɟɬɪɨɜɨɦɭ ɤɚɧɚɥɭ ɤ ɩɪɚɜɨɣ 
ɩɪɨɬɨɤɟ ɪɟɤɢ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɬɟɪɪɢɬɨɪɢɢ, ɡɚɧɢɦɚɟɦɨɣ ɫɨɨɪɭɠɟɧɢɹɦɢ Ɍɗɐ, 
ɫɨɫɬɚɜɥɹɟɬ 167 ɝɚ. 
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Ɋɢɫɭɧɨɤ 1.4 – Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1 

 

Ɋɢɫɭɧɨɤ 1.5 – Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1 

Ȼɨɪɨɞɢɧɫɤɢɣ ɪɚɡɪɟɡ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ, ɧɚ ɤɨɬɨɪɨɦ 
ɞɨɛɵɜɚɸɬ ɭɝɥɢ ɦɚɪɤɢ Ȼ2 ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ, ɪɚɫɩɨɥɨɠɟɧ ɛɥɢɡ ɝɨɪɨɞɚ 
Ȼɨɪɨɞɢɧɨ ɜ 146 ɤɦ ɤ ɜɨɫɬɨɤɭ ɨɬ Ʉɪɚɫɧɨɹɪɫɤɚ (ɩɨ ɩɪɹɦɨɣ ɨɤɨɥɨ ɫɬɚ ɞɜɚɞɰɚɬɢ 
ɤɢɥɨɦɟɬɪɨɜ). Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɝɥɹ ɨɤɨɥɨ 16 ɆȾɠ/ɤɝ. 

Ɍɗɐ-1 ɨɬɚɩɥɢɜɚɟɬ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ Ʌɟɧɢɧɫɤɨɝɨ ɪɚɣɨɧɚ 
Ʉɪɚɫɧɨɹɪɫɤɚ (ɈɈɈ «ȿɧɢɫɟɣɫɤɢɣ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɵɣ ɤɨɦɛɢɧɚɬ», ɈȺɈ 
«Ʉɪɚɫɧɵɣ əɪ — ɲɢɧɚ», ɈȺɈ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ɡɚɜɨɞ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɤɚɭɱɭɤɚ», 
ɈȺɈ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ɡɚɜɨɞ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ» ɢ ɞɪ.) ɢ ɨɤɨɥɨ ɬɪɟɬɢ ɠɢɥɢɳɧɨɝɨ 
ɮɨɧɞɚ ɝɨɪɨɞɚ (ɩɪɢɦɟɪɧɨ ɱɟɬɵɪɟɫɬɚ ɬɵɫɹɱ ɠɢɬɟɥɟɣ ɜ Ʉɢɪɨɜɫɤɨɦ, Ʌɟɧɢɧɫɤɨɦ, 
ɋɜɟɪɞɥɨɜɫɤɨɦ ɪɚɣɨɧɚɯ ɝɨɪɨɞɚ, ɚ ɬɚɤɠɟ Ȼɟɪёɡɨɜɤɭ). 
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ɉɨɫɤɨɥɶɤɭ ɫɬɚɧɰɢɹ ɨɛɥɚɞɚɟɬ ɪɚɡɧɨɨɛɪɚɡɧɵɦ ɨɫɧɨɜɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 
ɢɡ-ɡɚ ɱɟɝɨ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ ɪɚɡɥɢɱɧɵɦɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɩɨɬɨɤɚɦɢ, 
ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɪɨɜɨɣ 
ɷɧɟɪɝɟɬɢɤɟ.  

 

Ɋɢɫɭɧɨɤ 1.6 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɉɄ-10ɒ 

Ɍɚɛɥɢɰɚ 1.3 - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ ɉɄ-10ɒ  
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ 110 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ 100 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 510̊ ɋ; 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 230 ɬ/ɱɚɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 215 ̊ ɋ 
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Ɋɢɫɭɧɨɤ 1.7 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȻɄɁ-320/140 

Ɍɚɛɥɢɰɚ 1.4 - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ ȻɄɁ-320/140 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ 150 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ 140 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 540 0ɋ; 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 330 ɬ/ɱɚɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 215 ̊ ɋ 
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Ɋɢɫɭɧɨɤ 1.8 – ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɉɌ-25-90/10 

 
Ɍɚɛɥɢɰɚ 1.5 - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɉɌ-25-90/10 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 25 Ɇɜɬ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 90 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 500̊ ɋ 

Ⱦɚɜɥɟɧɢɟ ɩɪɨɢɡɜ. Ɉɬɛɨɪɚ ɩɚɪɚ 8-13 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɬɟɩɥ. Ɉɬɛɨɪɚ ɩɚɪɚ  1,2-2,5 ɤɝɫ/ɫɦ2 

Ʉɨɥ-ɜɨ ɨɬɛɨɪɨɜ 5 

 

 

Ɋɢɫɭɧɨɤ 1.9 – ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɉɌ-60-90/13 
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Ɍɚɛɥɢɰɚ 1.6 - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɉɌ-60-90/13 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 60 Ɇɜɬ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 90 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 535̊ ɋ 

Ⱦɚɜɥɟɧɢɟ ɩɪɨɢɡɜ. Ɉɬɛɨɪɚ ɩɚɪɚ 8-13 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɬɟɩɥ. Ɉɬɛɨɪɚ ɩɚɪɚ  1,2-2,5 ɤɝɫ/ɫɦ2 

Ʉɨɥ-ɜɨ ɨɬɛɨɪɨɜ 6 

 

 

Ɋɢɫɭɧɨɤ 1.10 – ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɉɌ-65-90/13 

 
Ɍɚɛɥɢɰɚ 1.7 - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɉɌ-60-90/13 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 65 Ɇɜɬ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 90 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 535̊ ɋ 

Ⱦɚɜɥɟɧɢɟ ɩɪɨɢɡɜ. Ɉɬɛɨɪɚ ɩɚɪɚ 8-13 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɬɟɩɥ. Ɉɬɛɨɪɚ ɩɚɪɚ  1,2-2,5 ɤɝɫ/ɫɦ2 

Ʉɨɥ-ɜɨ ɨɬɛɨɪɨɜ 6 
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Ɋɢɫɭɧɨɤ 1.11 – ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ Ɋ-85-8,8 

 
Ɍɚɛɥɢɰɚ 1.8- Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ Ɋ-85-8,8 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 87 Ɇɜɬ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 450 ɬ/ɱ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 90 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 535̊ ɋ 

Ⱦɚɜɥɟɧɢɟ ɩɪɨɢɡɜ. Ɉɬɛɨɪɚ ɩɚɪɚ 8-13 ɤɝɫ/ɫɦ2 

Ⱦɚɜɥɟɧɢɟ ɬɟɩɥ. Ɉɬɛɨɪɚ ɩɚɪɚ  1,2-2,5 ɤɝɫ/ɫɦ2 

Ʉɨɥ-ɜɨ ɨɬɛɨɪɨɜ 5 

 
Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɚɤɢɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɨɬɨɤɢ ɤɚɤ: 

1. ɍɯɨɞɹɳɢɟ ɝɚɡɵ 
2. ɉɚɪ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ, 
3. ɉɚɪ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ, 
4. ɐɢɪɤɭɥɹɰɢɨɧɧɚɹ ɜɨɞɚ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ 
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1.3 ɂɡɜɟɫɬɧɵɟ ɝɨɬɨɜɵɟ ɪɟɲɟɧɢɹ 

1.3.4 ɈɐɊ ɦɨɞɭɥɢ 

ɋɪɟɞɢ ɥɢɰ, ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ 
ɧɟɫɤɨɥɶɤɨ ɮɢɪɦ-ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɸɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɤɚɤ 
ɨɬɞɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɪɨɞɟ ɈɊɐ-ɬɭɪɛɢɧ, ɬɚɤ ɢ ɝɨɬɨɜɵɯ ɪɟɲɟɧɢɣ ɩɨ ɬɢɩɭ 
ɈɊɐ-ɦɨɞɭɥɟɣ «ɩɨɞ ɤɥɸɱ». 

ɂɫɩɚɧɫɤɚɹ ɤɨɦɩɚɧɢɹ Rank ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɝɨɬɨɜɵɟ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɵɟ 
ɫɩɨɫɨɛɧɵ ɜɵɪɚɛɚɬɵɜɚɬɶ ɤɚɤ ɬɟɩɥɨɜɭɸ, ɬɚɤ ɢ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɢ. ȼ ɢɯ 
ɚɫɫɨɪɬɢɦɟɧɬɟ ɢɦɟɸɬɫɹ ɬɪɢ ɜɢɞɚ ɈɊɐ-ɭɫɬɚɧɨɜɨɤ: Rank®LT, ɤɨɬɨɪɚɹ 
ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɫɬɨɱɧɢɤɨɜ 
ɩɪɢɪɨɞɧɨɝɨ/ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɬɟɩɥɚ ɨɬ 80°ɋ, ɢ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬ 50 
ɤȼɬ, Rank®HT, ɢɫɩɨɥɶɡɭɸɳɚɹ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɨɬ 140°ɋ, ɢ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɣ 
ɞɨɫɬɢɝɚɟɬ 100 ɤȼɬ, ɚ ɬɚɤɠɟ Rank®HT-ɋ, ɤɨɬɨɪɚɹ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ (ɝɨɪɹɱɚɹ ɜɨɞɚ ɞɨ 85°ɋ ɞɥɹ ɫɢɫɬɟɦ 
ɨɬɨɩɥɟɧɢɹ, ɛɚɫɫɟɣɧɨɜ, ɛɵɬɨɜɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ), 
ɢɫɩɨɥɶɡɭɸɳɚɹ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɨɬ 140°ɋ. 

 

Ɋɢɫɭɧɨɤ 1.13 – ɈɊɐ-ɦɨɞɭɥɢ ɤɨɦɩɚɧɢɢ Rank 

Ⱦɚɧɧɵɣ ɬɢɩ ɈɊɐ-ɭɫɬɚɧɨɜɨɤ ɫɦɨɝ ɧɚɣɬɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɫɢɫɬɟɦɵ ɷɥɟɬɤɪɨ ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ 
ɤɨɦɩɚɧɢɸ Keros Cerámica, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬ ɜ ɫɜɨɟɦ ɩɪɨɰɟɫɫɟ Rank®HT-
ɦɨɞɭɥɶ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɭɯɨɞɹɳɢɦ ɬɟɩɥɨɦ ɢɡ ɞɵɦɚ ɨɞɧɨɣ ɢɡ 
ɫɜɨɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɟɱɟɣ, ɚ ɬɚɤɠɟ ɭɧɢɜɟɪɫɢɬɟɬɫɤɭɸ ɛɨɥɶɧɢɰɭ Ourense 
Hospita, ɤɨɬɨɪɚɹ ɜ ɪɚɦɤɚɯ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɨɛɪɟɥɚ 
Rank®HT-ɋ-ɦɨɞɭɥɶ ɢ ɩɪɨɜɟɥɚ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɩɨɥɧɨɦ ɪɚɛɨɱɟɦ 
ɞɢɚɩɚɡɨɧɟ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1.10, ɚ ɫɚɦ ɦɨɞɭɥɶ ɧɚ ɪɢɫ.1.14. 
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Ɍɚɛɥɢɰɚ 1.10 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ 
Ɋɚɛɨɱɟɟ ɬɟɥɨ ɈɊɐ ɫɢɫɬɟɦɵ R245fa 

ɉɨɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ 30.91 ɤȼɬ 

Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ 8 % 

 

Ɋɢɫɭɧɨɤ 1.14 – HT-ɋ-ɦɨɞɭɥɶ ɤɨɦɩɚɧɢɢ Rank ɞɥɹ ɛɨɥɶɧɢɰɵ Ourense 

Hospita ɋɥɟɞɭɸɳɚɹ ɤɨɦɩɚɧɢɹ-ɩɪɨɢɡɜɨɞɢɬɟɥɶ, ɬɚɤɠɟ ɡɚɧɢɦɚɸɳɚɹɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɈɊɐ- ɭɫɬɚɧɨɜɨɤ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɡɚ 
ɫɱɟɬ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ – ɷɬɨ ɤɨɦɩɚɧɢɹ ENERBASQUE. ɇɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɨɧɢ ɩɪɟɞɥɚɝɚɸɬ ɬɪɢ ɬɢɩɚ ɭɫɬɚɧɨɜɨɤ: ɦɨɞɟɥɶ HRU-5, ɤɨɬɨɪɚɹ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɫɩɵɬɚɧɢɣ ɢ ɞɟɦɨɧɫɬɪɚɰɢɢ ɫɢɫɬɟɦ 
ɪɟɤɭɩɟɪɚɰɢɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ. 

 

Ɋɢɫɭɧɨɤ 1.15 – Ɇɨɞɟɥɶ ɈɊɐ ɭɫɬɚɧɨɜɤɢ HRU-5 ɤɨɦɩɚɧɢɢ ENERBASQUE 
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Ⱥ ɬɚɤɠɟ ɦɨɞɟɥɶ HRU-25, ɫɩɨɫɨɛɧɚɹ ɪɚɛɨɬɚɬɶ ɫ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɚ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 85-95°ɋ, ɢ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 11,5 
ɞɨ 21,5 ɤȼɬ. Ɇɨɞɟɥɶ HRU-100 ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ. 

Ɋɢɫɭɧɨɤ 1.16 – Ɇɨɞɟɥɶ ɈɊɐ ɭɫɬɚɧɨɜɤɢ HRU-25 ɤɨɦɩɚɧɢɢ ENERBASQUE 

ȼ ɤɚɱɟɫɬɜɟ ɬɭɪɛɢɧɵ ɜ ɷɬɢɯ ɭɫɬɚɧɨɜɤɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɢɧɬɨɜɨɣ 
ɤɨɦɩɪɟɫɫɨɪ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫ.1.17, ɪɚɛɨɬɚɸɳɢɣ ɩɨ ɨɛɪɚɬɧɨɦɭ ɩɪɢɧɰɢɩɭ. 

Ɋɢɫɭɧɨɤ 1.17 – ȼɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫɫɨɪ 

 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɤɨɦɩɚɧɢɹ ɡɚɧɢɦɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɪɟɲɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɭɠɞ ɤɥɢɟɧɬɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɤɨɦɩɚɧɢɸ, ɧɚɯɨɞɹɳɭɸɫɹ ɧɚ ɫɟɜɟɪɟ 
ɂɫɩɚɧɢɢ ɢ ɡɚɧɢɦɚɸɳɭɸɫɹ ɞɟɪɟɜɨɨɛɪɚɛɨɬɤɨɣ. ɋ ɰɟɥɶɸ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ 
ɭɬɢɥɢɡɚɰɢɸ ɨɬɯɨɞɨɜ (ɫɬɪɭɠɤɢ ɢ ɨɩɢɥɤɢ) ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɜɧɟɞɪɢɬɶ ɤɨɬɟɥ ɧɚ 
ɛɢɨɦɚɫɫɟ, ɤɨɬɨɪɵɣ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɩɪɨɢɡɜɨɞɢɥ ɝɨɪɹɱɭɸ ɜɨɞɭ ɞɥɹ ɨɬɨɩɥɟɧɢɹ, 
ɚ ɜ ɨɫɬɚɥɶɧɨɟ ɜɪɟɦɹ ɫɥɭɠɢɥ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɞɥɹ ɭɫɬɚɧɨɜɤɢ HRU-
25. 
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Ɍɪɟɬɶɟɣ ɤɨɦɩɚɧɢɟɣ, ɡɚɧɢɦɚɸɳɟɣ ɫɟɪɶɟɡɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɨɬɪɚɫɥɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɹɜɥɹɟɬɫɹ ENOGIA, ɩɪɨɢɡɜɨɞɹɳɚɹ ɈɊɐ-ɦɨɞɭɥɢ ɜ 
ɞɢɚɩɚɡɨɧɟ ɦɨɳɧɨɫɬɟɣ 5-100 ɤȼɬ. ȼɫɹ ɢɯ ɩɪɨɞɭɤɰɢɹ ɞɟɥɢɬɶɫɹ ɧɚ ɬɪɢ ɥɢɧɟɣɤɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɢɫɬɨɱɧɢɤɚ: 80-120°ɋ, 150-200°ɋ ɢ 200-
400°ɋ, ɱɬɨ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜ ɬɚɛɥ.1.11. 

 

Ɍɚɛɥɢɰɚ 1.11 – Ⱥɫɫɨɪɬɢɦɟɧɬ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ ENOGIA 
Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɬɢɩ 
ɝɨɪɹɱɟɝɨ ɢɫɬɨɱɧɢɤɚ 

80-120°ɋ 
Ƚɨɪɹɱɚɹ ɜɨɞɚ 

150-200°ɋ 
Ƚɨɪɹɱɚɹ ɜɨɞɚ ɢɥɢ 

ɦɚɫɥɨ 

200-400°ɋ 
Ƚɨɪɹɱɢɣ ɝɚɡ 

Ɋɚɛɨɱɟɟ ɬɟɥɨ R245fa/R134a Novec 649 ɏɥɚɞɚɝɟɧɬ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢɹ 

Ɇɨɳɧɨɫɬɶ 10 ɤȼɬ ENO-10LT ENO-20MT ENO-10MT/DE 
Ɇɨɳɧɨɫɬɶ 20 ɤȼɬ ENO-20LT ENO-20MT ENO-20MT/DE 
Ɇɨɳɧɨɫɬɶ 40 ɤȼɬ ENO-40LT ENO-40MT ENO-40MT/DE 
Ɇɨɳɧɨɫɬɶ 100 ɤȼɬ ENO-100LT ENO-100MT ENO-100MT/DE 

 
ɇɚ ɫɱɟɬɭ ɤɨɦɩɚɧɢɢ ɦɧɨɠɟɫɬɜɨ ɩɪɢɦɟɪɨɜ ɜɧɟɞɪɟɧɢɹ ɈɊɐ-ɦɨɞɭɥɟɣ. Ɍɚɤ, 

ɜ ɢɸɧɟ 2013 ɝɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɛɵɥ ɜɜɟɞɟɧ ɈɊɐ-ɦɨɞɭɥɶ ɧɚ 5 ɤȼɬ ɧɚ 
ɛɢɨɝɚɡɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɨɞɧɨɣ ɢɡ ɢɬɚɥɶɹɧɫɤɢɯ ɦɨɥɨɱɧɵɯ ɮɟɪɦ, ɜ ɫɟɧɬɹɛɪɟ 2015 
ɝɨɞɚ ɜ ɨɞɧɨɦ ɢɡ ɛɪɚɡɢɥɶɫɤɢɯ ɝɨɪɨɞɨɜ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɫɨɥɧɟɱɧɵɦɢ 
ɤɨɥɥɟɤɬɨɪɚɦɢ ɛɵɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɚ ɈɊɐ-ɭɫɬɚɧɨɜɤɚ ɦɨɳɧɨɫɬɶɸ 10 ɤȼɬ, ɚ ɜ 
ɢɸɧɟ ɷɬɨɝɨ ɠɟ ɝɨɞɚ ɛɪɢɬɚɧɫɤɢɣ Ȼɪɸɧɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɪɢɨɛɪɟɥ ɞɜɟ ɈɊɐ- 
ɭɫɬɚɧɨɜɤɢ ɩɨ 10 ɤȼɬ ɞɥɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɩɪɨɟɤɬɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɯɨɬɟɥɨɫɶ ɛɵ ɩɪɢɜɟɫɬɢ ɤɨɦɩɚɧɢɸ 
Infinity Turbine, ɤɨɬɨɪɚɹ ɢɡɜɟɫɬɧɚ ɬɟɦ, ɱɬɨ ɡɚɧɢɦɚɟɬɫɹ ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɤɚɤ 
ɪɚɞɢɚɥɶɧɨ-ɨɬɜɨɞɧɵɯ ɬɭɪɛɢɧ, ɬɚɤ ɢ ɝɨɬɨɜɵɯ ɈɊɐ-ɦɨɞɭɥɟɣ. Ɍɭɪɛɢɧɵ ɦɨɠɧɨ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɞɢɚɦɟɬɪɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 6, 15 ɢ 24 ɞɸɣɦɚ. ɇɚ ɪɢɫ.1.18 
ɢɡɨɛɪɚɠɟɧɨ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ROT24. 

 

Ɋɢɫɭɧɨɤ 1.18 – Ɋɚɞɢɚɥɶɧɨ-ɨɬɜɨɞɧɚɹ ɬɭɪɛɢɧɚ ROT24 ɤɨɦɩɚɧɢɢ Infinity Turbine 
ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 24 ɞɸɣɦɚ 

Ƚɨɬɨɜɚɹ ɈɊɐ-ɭɫɬɚɧɨɜɤɚ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ IT50. Ɉɧɚ ɫɩɨɫɨɛɧɚ 
ɜɵɪɚɛɚɬɵɜɚɬɶ ɞɨ 60 ɤȼɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ 
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ɬɟɩɥɨɜɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ. ɋɚɦɚ 
ɭɫɬɚɧɨɜɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ.1.19. 

 

Ɋɢɫɭɧɨɤ 1.19 – ɈɊɐ-ɭɫɬɚɧɨɜɤɚ IT50 ɤɨɦɩɚɧɢɢ Infinity Turbine 

ȿɫɥɢ ɜɵɲɟ ɛɵɥɢ ɩɟɪɟɱɢɫɥɟɧɵ ɥɢɞɢɪɭɸɳɢɟ ɤɨɦɩɚɧɢɢ, ɡɚɧɢɦɚɸɳɢɟɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɈɊɐ-ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ ɧɢɠɟ ɛɭɞɭ ɩɪɢɜɟɞɟɧɵ ɤɨɧɤɪɟɬɧɵɟ 
ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɦɟɪɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɈɊɐ ɫɢɫɬɟɦɵ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɚɜɬɨɪɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɚɧɨɜɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ 
ɰɢɤɥɟ Ɋɟɧɤɢɧɚ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɫɨɥɧɰɚ, ɩɨɥɭɱɚɟɦɭɸ ɩɪɢ 
ɩɨɦɨɳɢ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. 

Ʉɨɥɥɟɤɬɨɪɵ ɢɦɟɸɬ ɩɚɪɚɛɨɥɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɱɬɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɫɬɢɧɱɚɬɵɦɢ, ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɬɨɦ, 
ɱɬɨ ɨɛɳɢɣ ɨɛɴɟɦ ɩɪɨɢɡɜɨɞɢɦɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɱɟɧɢɢ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɜɵɲɟ. 
ȼɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɜɚ ɤɨɥɥɟɤɬɨɪɚ ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ 100 ɦ3. 
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Ɋɢɫɭɧɨɤ 1.20 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 

ɈɊɐ ɫɢɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɟɤɭɩɟɪɚɰɢɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɬɟɩɥɚ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɶɸ 2 ɤȼɬ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɪɟɨɧ R245fa, ɢɫɯɨɞɹ ɢɡ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɨɜ 
ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫ.1.20 
ɜɵɫɬɭɩɚɸɬ: ɬɭɪɛɢɧɚ – ɫɩɢɪɚɥɶɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, ɪɚɛɨɬɚɸɳɢɣ ɩɨ ɨɛɪɚɬɧɨɦɭ 
ɩɪɢɧɰɢɩɭ; ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ, ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɦɵɣ ɩɪɢ ɪɚɛɨɬɟ ɫ ɥɟɝɤɢɦɢ 
ɦɚɫɥɚɦɢ ɢ ɞɪɭɝɢɦɢ ɠɢɞɤɨɫɬɹɦɢ ɫ ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɶɸ; Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ: 
ɢɫɩɚɪɢɬɟɥɶ, ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɪɟɝɟɧɟɪɚɬɨɪ – ɜɫɟ ɨɧɢ ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɬɢɩɚ. ȼ 
ɫɢɫɬɟɦɭ ɬɚɤɠɟ ɜɫɬɪɨɟɧ ɜɨɡɞɭɲɧɵɣ ɫɭɯɨɣ ɨɯɥɚɠɞɚɸɳɢɣ ɛɥɨɤ ɞɥɹ ɨɬɜɨɞɚ ɬɟɩɥɚ 
ɫ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɭɪɛɢɧɵ ɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɢɪɚɥɶɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɫɢɫɬɟɦɚɯ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. Ɋɚɡɧɢɰɚ ɥɢɲɶ ɜ ɬɨɦ, 
ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɬɚɤɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɤɚɤ ɪɚɫɲɢɪɢɬɟɥɹ, ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ 
ɩɨɫɬɭɩɚɟɬ ɜ ɰɟɧɬɪɚɥɶɧɭɸ ɤɚɦɟɪɭ, ɩɟɪɟɦɟɳɚɟɬɫɹ ɤ ɜɧɟɲɧɢɦ ɤɨɧɰɚɦ ɫɩɢɪɚɥɢ ɢ 
ɜɵɯɨɞɢɬ. Ⱥɜɬɨɪɵ ɬɚɤɠɟ ɨɬɦɟɱɚɸɬ ɞɜɚ ɧɟɞɨɫɬɚɬɤɚ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɪɚɫɲɢɪɢɬɟɥɹ: 
ɧɢɡɤɢɣ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɨɛɴɟɦɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɲɢɪɟɧɢɹ ɢ ɧɟɛɨɥɶɲɨɣ 
ɨɛɴɟɦ ɜɵɬɟɫɧɟɧɢɹ. 

ȼ ɪɨɥɢ ɫɪɟɞɵ, ɨɛɦɟɧɢɜɚɸɳɟɣɫɹ ɬɟɩɥɨɦ ɫ ɪɚɛɨɱɢɦ ɮɪɟɨɧɨɦ ɜ 
ɢɫɩɚɪɢɬɟɥɟ, ɚɜɬɨɪɵ ɫɬɚɬɶɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɛɨɬɚɧɧɨɟ ɪɚɫɬɢɬɟɥɶɧɨɟ ɦɚɫɥɨ, 
ɩɪɢɱɟɦ ɢɡɧɚɱɚɥɶɧɨ ɞɚɧɧɚɹ ɬɟɩɥɨɩɟɪɟɞɚɸɳɚɹ ɫɪɟɞɚ ɛɵɥɚ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɧɚ 
ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɈɊɐ-ɫɬɟɧɞɟ ɜ Ɍɪɢɟɫɬɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ. Ɉɬɜɨɞ ɬɟɩɥɚ ɨɬ ɈɊɐ 
ɤɨɧɬɭɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. 
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Ʉɪɚɫɧɚɹ ɥɢɧɢɹ – ɨɬɜɨɞ ɬɟɩɥɚ ɨɬ ɦɚɫɥɚ; Ɏɢɨɥɟɬɨɜɚɹ ɥɢɧɢɹ – ɈɊɐ; ɋɢɧɹɹ ɥɢɧɢɹ – ɩɨɞɜɨɞ 
ɨɫɬɚɜɲɟɝɨɫɹ ɬɟɩɥɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ 

Ɋɢɫɭɧɨɤ 1.21 – T-s ɞɢɚɝɪɚɦɦɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɜɬɨɪɚɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɤɚɤ ɥɚɛɨɪɚɬɨɪɧɵɟ, ɬɚɤ ɢ 
ɩɨɥɟɜɵɟ ɢɫɩɵɬɚɧɢɹ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɚ 
ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɡɦɟɧɹɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 90-150 °ɋ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɞɚɧɧɵɣ 
ɞɢɚɩɚɡɨɧ ɦɨɠɟɬ ɛɵɬɶ ɬɢɩɢɱɧɵɦ ɞɥɹ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɫɨɥɧɟɱɧɵɯ 
ɬɟɩɥɨɜɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ ɪɚɫɲɢɪɢɬɟɥɹ (3000-8000 
ɨɛ/ɦɢɧ). ȼɵɛɨɪ ɪɟɡɭɥɶɬɚɬɨɜ ɜɨ ɜɪɟɦɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɨɬɨɬɢɩɚ 
ɩɪɢɜɟɞɟɧ ɧɚ ɬɚɛɥ.1.12. 
Ɍɚɛɥɢɰɚ 1.12 – Ɋɟɡɭɥɶɬɚɬ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ 

Ɏɪɟɨɧ R245-fa Ɍɟɪɦɢɱɟɫɤɨɟ ɦɚɫɥɨ 
Ɇɨɳɧɨɫɬɶ 

ɬɭɪɛɢɧɵ (ȼɬ) 
Ɍɟɦɩ. ɧɚ ɜɵɯɨɞɟ 

ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ (°ɋ) 

ɋɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ 
(ɨɛ/ɦɢɧ) 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ 
(ɤɝ/ɱ) 

Ɍɟɦɩ. ɦɚɫɥɚ ɧɚ 
ɜɯɨɞɟ ɜ 

ɢɫɩɚɪɢɬɟɥɶ (°ɋ) 
905 100.9 6000 700 106.7 
870 99.9 5000 700 95.2 

ɉɪɨɬɨɬɢɩ ɛɵɥ ɡɚɬɟɦ ɭɫɬɚɧɨɜɥɟɧ ɜɨ Ɏɥɨɪɟɧɰɢɢ, ɂɬɚɥɢɢ. ɉɟɪɜɵɟ ɩɨɥɟɜɵɟ 
ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɧɨɹɛɪɟ 2015 ɝɨɞɚ. Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ ɨɬɦɟɱɚɸɬ, ɱɬɨ, ɤ 
ɫɨɠɚɥɟɧɢɸ, ɫɨɥɧɟɱɧɚɹ ɪɚɞɢɚɰɢɹ ɛɵɥɚ ɫɥɢɲɤɨɦ ɧɢɡɤɚɹ, ɱɬɨ ɫɞɟɥɚɥɨ 
ɧɟɜɨɡɦɨɠɧɵɦ ɫɛɨɪ ɞɚɧɧɵɯ, ɨɯɜɚɬɵɜɚɸɳɢɯ ɜɟɫɶ ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ ɚɜɬɨɪɵ ɩɪɨɜɟɥɢ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɞɜɭɯ ɪɟɠɢɦɚɯ: ɩɪɢ ɩɟɪɜɨɦ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɛɵɥɚ ɩɨɫɬɨɹɧɧɨɣ 6000 ɨɛ/ɦɢɧ ɢ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɱɟɪɟɡ 
ɤɨɥɥɟɤɬɨɪ 4200 ɤɝ/ɱ. ȼɬɨɪɨɣ ɪɟɠɢɦ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ 
ɩɨɬɨɤɚ ɜɨɞɵ ɱɟɪɟɡ ɤɨɥɥɟɤɬɨɪ 1800 ɤɝ/ɱ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ 
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ɪɚɫɲɢɪɢɬɟɥɹ 4000-6000 ɨɛ/ɦɢɧ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɮɪɟɨɧɚ 
ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ, ɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɨɟ ɞɥɹ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɩɢɤɨɜɨɟ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɢɥɨ 590 ȼɬ/ɦ% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
19 °ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.13. ɋɚɦɚ ɫɬɚɧɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ.1.22 
Ɍɚɛɥɢɰɚ 1.13 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɟɜɵɯ ɢɫɩɵɬɚɧɢɣ 

ɈɊɐ ɤɨɧɬɭɪ Ʉɨɧɬɭɪ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ 
Ɇɨɳɧɨɫɬɶ 
ɬɭɪɛɢɧɵ 

(ȼɬ) 

Ɍɟɦɩ. ɧɚ 
ɜɵɯɨɞɟ ɢɡ 

ɢɫɩɚɪɢɬɟɥɹ 
(°ɋ) 

ɋɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ 
(ɨɛ/ɦɢɧ) 

Ɇɚɫɫɨɜɵɣ 
ɪɚɫɯɨɞ 
(ɤɝ/ɱ) 

Ɍɟɦɩ. ɦɚɫɥɚ 
ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɫɨɥɧɟɱɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ 

(°ɋ) 

Ɍɟɦɩ. ɦɚɫɥɚ 
ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ 

(°ɋ) 

ɋɨɥɧɟɱɧɚɹ 
ɢɡɥɭɱɟɧɢɟ 

(ȼɬ/ɦ2) 

670 82.5 6000 4200 100.4 88.1 590 
280 76.9 6000 1800 95.2 82.5 490 
400 75.4 5000 1800 94.1 80.7 497 
434 74.7 4500 1800 91.3 79.8 532 
395 72.7 4000 1800 90.4 77.8 508 

 

 

Ɋɢɫɭɧɨɤ 1.22 – ɍɫɬɚɧɨɜɤɚ, ɫɥɟɜɚ – ɤɨɥɥɟɤɬɨɪɵ, ɫɩɪɚɜɚ – ɩɪɨɬɨɬɢɩ ɈɊɐ  
ɢ ɫɭɯɨɣ ɤɭɥɟɪ 

ɉɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 670 ȼɬ, ɨɧɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɪɢ ɫɨɥɧɟɱɧɨɦ 
ɢɡɥɭɱɟɧɢɢ 590 ȼɬ/ɦ3 ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɥɟɤɬɨɪɚ 100,4 °ɋ, ɩɪɢ 
ɷɬɨɦ ɝɨɪɹɱɚɹ ɜɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ɢɦɟɥɚ ɬɟɦɩɟɪɚɬɭɪɭ 88,1 °ɋ, ɚ ɮɪɟɨɧ 
ɧɚ ɜɵɯɨɞɟ ɢɡ ɢɫɩɚɪɢɬɟɥɹ 82,5 °ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ ɪɚɜɧɹɥɚɫɶ 32,2 °ɋ. 
Ⱥɜɬɨɪɵ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɩɨɬɟɪɹ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɧɚ 
ɭɱɚɫɬɤɟ ɨɬ ɫɨɥɧɟɱɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɞɨ ɢɫɩɚɪɢɬɟɥɹ (ɛɨɥɟɟ 10 °ɋ ɩɨ ɞɥɢɧɟ ɬɪɭɛɵ 
ɨɤɨɥɨ 15ɦ). ɗɬɚ ɩɨɬɟɪɹ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɚ ɩɭɬɟɦ ɢɡɨɥɹɰɢɢ ɭɱɚɫɬɤɚ. ɋɬɨɢɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨ ɨɠɢɞɚɧɢɹɦ ɚɜɬɨɪɨɜ, ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, 
ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɧɨɣ ɢɡɨɥɹɰɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɭɞɟɬ ɧɚɦɧɨɝɨ ɥɭɱɲɟ. 
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Ⱥɜɬɨɪɵ ɫɥɟɞɭɸɳɟɣ ɫɬɚɬɶɢ ɢɡ ɩɪɨɜɢɧɰɢɢ ɐɫɹɧɡɭ, ɫɟɜɟɪɧɵɣ Ʉɢɬɚɣ, 
ɩɪɨɜɨɞɢɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ [12]. ȼ ɢɦɟɸɳɭɸɫɹ Ɍɗɐ ɫ ɬɭɪɛɢɧɨɣ ɫ 
ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɨɧɢ ɢɫɫɥɟɞɨɜɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɝɪɚɰɢɢ ɈɊɐ ɭɫɬɚɧɨɜɤɢ, 
ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɥɚ ɛɵ ɬɟɩɥɨ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪɚ ɢ ɜɵɪɚɛɚɬɵɜɚɥɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ. 
Ɍɚɛɥɢɰɚ 1.14 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Ɍɗɐ 

PɈȻɊ, Ɇɉɚ 0.2 0.25 0.3 0.35 0.4 
PɈɊɐ, Ɇɉɚ 1.2 1.4 1.5 1.7 1.9 
WɌɍɊȻ, ɤȼɬ 1104.3 1058.4 1021.2 1002.8 984.7 
WɉɈɌɊ, ɤȼɬ 90.1 92.9 94.0 97.0 99.7 

Q, ɤȼɬ 4958.0 4903.4 4856.0 4816.3 4780.0 
ɫɬɚɧɰɢɢ, % 20.5 19.7 19.1 18.8 18.5 

 
ȼ ɬɚɛɥ.1.14 ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɩɪɢ ɪɚɛɨɬɟ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɫ 

ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɜ ɞɢɚɩɚɡɨɧɟ PɈȻɊ (ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ) 0,2-0,4 Ɇɉɚ. ȼɢɞɧɨ, 
ɱɬɨ ɪɨɫɬ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɚɞɟɧɢɟɦ 
ɨɛɳɟɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ WɌɍɊȻ ɢ ɦɨɳɧɨɫɬɢ ɤɨɬɥɚ ܳ, ɧɨ ɪɚɫɬɟɬ ɦɨɳɧɨɫɬɶ 
ɈɊɐ ɬɭɪɛɢɧɵ. Ɍɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ WɉɈɌɊ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ Ʉɢɬɚɣ ɩɪɨɹɜɥɹɟɬ ɤ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜɫɟ ɛɨɥɶɲɢɣ 
ɢɧɬɟɪɟɫ, ɬɚɤ, ɩɨɦɢɦɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɝɨ ɩɪɢɦɟɪɚ, ɭ ɤɢɬɚɣɫɤɨɣ ɤɨɦɩɚɧɢɢ 
Shijiazhuang Refining & Chemical Company ɢɦɟɥɨɫɶ 5 ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɜɵɯ 
ɨɬɯɨɞɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ, ɩɨɞɥɟɠɚɳɢɯ ɭɬɢɥɢɡɚɰɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɈɊɐ-ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɞɜɟ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɩɨɞɫɢɫɬɟɦɵ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ [5]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1.15. 

 
Ɍɚɛɥɢɰɚ 1.15 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ 

Ɋɚɛɨɱɟɟ ɬɟɥɨ ɈɊɐ ɫɢɫɬɟɦɵ ɉɨɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ 
R141b 3325 ɤȼɬ 10,25 % 

 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɢɬɚɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ Tsinghua University 
ɫɩɪɨɟɤɬɢɪɨɜɚɥ ɈɊɐ- ɭɫɬɚɧɨɜɤɭ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ ɫɭɞɨɜɨɝɨ ɞɢɡɟɥɶɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ, ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɤɨɦɩɚɧɢɟɣ Hudong Heavy Machinery Co., Ltd. 
ɍɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɟ ɫɢɫɬɟɦɵ: ɤɨɧɬɭɪ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɤɨɧɬɭɪ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ 
ɞɜɢɝɚɬɟɥɹ [6]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1.16. 
Ɍɚɛɥɢɰɚ 1.16 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦ 

ɂɫɬɨɱɧɢɤ Ɋɚɛɨɱɟɟ ɬɟɥɨ ɈɊɐ 
ɫɢɫɬɟɦɵ 

ɉɨɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ 

Ɍɟɩɥɨ ɜɵɯɥɨɩɧɵɯ 
ɝɚɡɨɜ 

Ȼɟɧɡɨɥ 90,8 ɤȼɬ 21,3 % 

Ɍɟɩɥɨ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

R245fa 10,3 ɤȼɬ 5,2 % 
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Ɉɞɧɢ ɢɡ ɫɚɦɵɯ ɦɨɳɧɵɯ ɟɞɢɧɢɱɧɵɯ ɪɟɲɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɬɚɥɶɹɧɫɤɚɹ 
ɤɨɦɩɚɧɢɹ «EXERGY». Ɂɚɹɜɥɟɧɧɵɣ ɞɢɚɩɚɡɨɧ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 
ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 100 ɤȼɬ ɞɨ 50 Ɇȼɬ 

 

Ɋɢɫɭɧɨɤ 1.23 – ɈɊɐ ɛɥɨɤ exergy 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɰɢɤɥ Ɋɟɧɤɢɧɚ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ, ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 
ɫɨɥɧɟɱɧɭɸ ɷɧɟɪɝɢɸ ɢ ɞɪɭɝɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ, ɱɬɨ ɛɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɩɪɢɦɟɪɚɦɢ ɜɵɲɟ. 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɈɊɐ-ɭɫɬɚɧɨɜɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ 
ɧɟɛɨɥɶɲɢɟ ɝɚɛɚɪɢɬɵ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ 
ɬɚɤɠɟ ɛɟɡɨɩɚɫɧɵ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɪɚɛɨɬɚɸɬ ɜ ɞɨɤɪɢɬɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. ɇɟɩɪɟɤɪɚɳɚɸɳɢɟɫɹ ɩɨɢɫɤɢ ɜɟɳɟɫɬɜ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ ɬɟɥ, ɩɨɡɜɨɥɹɸɬ ɧɚɞɟɹɬɶɫɹ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɫɧɢɠɟɧɢɟ ɫɬɨɢɦɨɫɬɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɚɧɨɜɤɢ ɢ ɪɚɫɲɢɪɟɧɢɹ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɈɊɐ. 

 
1.3.5 ɉɪɨɦɵɲɥɟɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ 

ɋɉɛ ɮɢɥɢɚɥ ɈȺɈ «ɊɌɂ ɢɦɟɧɢ Ⱥ.Ʌ. Ɇɢɧɰɚ» ɜ ɫɨɫɬɚɜɟ ɝɪɭɩɩɵ ɤɨɦɩɚɧɢɣ 
ɝ.ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ ɩɪɨɢɡɜɨɞɢɬ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ (ɨɬ 100 
ɤȼɬ ɞɨ 5 Ɇȼɬ). 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ ɜ ɨɫɧɨɜɧɨɦ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜɨɞɚ ɬɟɯɧɨɝɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɢɦɟɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɭ ɧɟ ɧɢɠɟ 
8...10°ɋ. 
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Ɋɢɫɭɧɨɤ 1.24 – Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ Ɍɇ-1500 

Ɍɚɛɥɢɰɚ 1.17 – ɦɨɞɟɥɶɧɵɣ ɪɹɞ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɈȺɈ «ɊɌɂ ɢɦɟɧɢ Ⱥ.Ʌ. 
Ɇɢɧɰɚ» 

Ɇɨɞɟɥɶ ɬɟɩɥɨɜɨɝɨ 
ɧɚɫɨɫɚ 

Ɉɩɢɫɚɧɢɟ 

Ɍɇ-400 Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ Ɍɇ-400 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɜɨɞɵ ɫ +50°ɋ 
ɞɨ +65°ɋ. 

ɂɫɬɨɱɧɢɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ (ɇɉɌ) - ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
+12°ɋ. 

Ɍɇ-500 Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ Ɍɇ-400 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɜɨɞɵ ɫ +50°ɋ 
ɞɨ +65°ɋ. 

ɂɫɬɨɱɧɢɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ (ɇɉɌ) - ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
+12°ɋ. 

Ɍɇ-750 Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ Ɍɇ-750 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɜɨɞɵ ɫ +35°ɋ 
ɞɨ +61°ɋ.  

ɂɫɬɨɱɧɢɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ (ɇɉɌ) - ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
+13°ɋ. 

Ɍɇ-1000 Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ Ɍɇ-1000 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɜɨɞɵ ɫ +10°ɋ 
ɞɨ +54°ɋ.  

ɂɫɬɨɱɧɢɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ (ɇɉɌ) - ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
+17,5°ɋ. 

ɋɉɛ ɮɢɥɢɚɥ ɈȺɈ «ɊɌɂ ɢɦɟɧɢ Ⱥ.Ʌ. Ɇɢɧɰɚ» ɨɫɭɳɟɫɬɜɥɹɟɬ ɢɡɝɨɬɨɜɥɟɧɢɟ 
ɢ ɩɨɫɬɚɜɤɭ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɚ ɬɚɤɠɟ ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɢɯ ɛɚɡɟ ɬɟɩɥɨɧɚɫɨɫɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɢ ɨɯɥɚɠɞɚɸɳɢɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɦ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. Ɍɇɍ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɤɚɤ 
ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɬɚɤ ɢ ɷɧɟɪɝɢɢ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɫɪɟɞ. 
Ɉɯɥɚɠɞɚɸɳɢɟ ɭɫɬɚɧɨɜɤɢ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɩɨɦɟɳɟɧɢɣ ɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɡɚɦɤɧɭɬɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɢɤɥɨɜ. 

ɋɉɛ ɮɢɥɢɚɥ ɈȺɈ «ɊɌɂ ɢɦɟɧɢ Ⱥ.Ʌ. Ɇɢɧɰɚ» ɜɵɩɭɫɤɚɟɬ, ɭɫɬɚɧɚɜɥɢɜɚɟɬ, 
ɧɚɫɬɪɚɢɜɚɟɬ ɬɟɩɥɨɧɚɫɨɫɧɵɟ ɭɫɬɚɧɨɜɤɢ ɫ ɜɵɯɨɞɧɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ 5, 10, 
18, 25, 30, 50, 60 ɤȼɬ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɬɚɜɤɭ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ 
ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ. 
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ȿɳё ɨɞɧɢɦɢ ɢɡ ɜɧɟɞɪɹɟɦɵɯ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɹɜɥɹɸɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɟ 
ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ Scancool Heat. 

Ʉɨɦɩɚɧɢɹ ɈɈɈ «ɚɥɦɚɡɫɬɪɨɣɫɟɪɜɢɫ» ɪɚɛɨɬɚɟɬ ɧɚ ɪɵɧɤɟ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. ɂ 
ɩɪɟɞɥɚɝɚɟɬ ɩɨɥɧɵɣ ɤɨɦɩɥɟɤɫ ɭɫɥɭɝ ɩɨ ɫɨɡɞɚɧɢɸ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɞɨɦɚ, ɜ 
ɨɮɢɫɟ ɢɥɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. ɉɪɟɞɩɪɢɹɬɢɟ ɡɚɧɢɦɚɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ, 
ɩɨɞɛɨɪɨɦ, ɩɨɫɬɚɜɤɨɣ ɢ ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɨɛɴɟɤɬɵ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɢɟɦ ɦɨɧɬɚɠɧɵɯ ɢ ɩɭɫɤɨɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ. ȼ 
ɤɨɦɩɟɬɟɧɰɢɢ ɪɚɡɪɚɛɨɬɤɚ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ 
ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɧɚ ɛɚɡɟ ɬɟɩɥɨɜɵɯ 
ɧɚɫɨɫɨɜ. 

 

Ɋɢɫɭɧɨɤ 1.25 – ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ Scancool Heat 

Ɂɚɜɟɪɲɟɧɧɵɟ ɩɪɨɟɤɬɵ Scancool, ɦɨɞɟɥɢ HP ɢ HHP ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.18 
Ɍɚɛɥɢɰɚ 1.18 – Ɂɚɜɟɪɲɟɧɧɵɟ ɩɪɨɟɤɬɵ Scancool, ɦɨɞɟɥɢ HP ɢ HHP 

Ɇɟɫɬɨ ɜɧɟɞɪɟɧɢɹ 
Ɍɟɦɩɟɪɚɬɭɪɚ 

Ƚɨɪɹɱɟɣ ɜɨɞɚ ˚ɋ 
Ɇɨɳɧɨɫɬɶ, Ɇȼɬ ɂɫɬɨɱɧɢɤ ɬɟɩɥɚ 

Fortum, Nokia, Pitkäniemi 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ 2010 
ɝɨɞ 

74 0,3 Ƚɪɭɧɬ 3/-2˚ɋ 

Valio, Joensuu ɝɨɞ 2010 65 0,6 ɋɬɨɱɧɵɟ ɜɨɞɵ 19˚ɋ 

Valio, Vaarala ɝɨɞ 2010 75 0,5 
Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ 

5˚ɋ 

ɐɟɧɬɪɚɥɶɧɨɟ ɨɬɨɩɥɟɧɢɟ, 
Ɋɨɫɫɢɹ 

65 1,7 
Ɉɱɢɳɟɧɧɵɟ 

ɫɬɨɱɧɵɟ ɜɨɞɵ 17˚ɋ 

Fortum, Ruokasaarioinen 
Sahalahti ɝɨɞ 2009 

63 1,4 
Ʉɨɧɞɟɧɫɚɰɢɹ 
ɚɦɢɚɤɚ 0˚ɋ 
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2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɚ ɩɨɬɨɤɨɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɫɯɟɦ ɬɭɪɛɢɧ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɟɧ ɪɚɫɯɨɞ ɩɚɪɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɪɚɫɱɟɬɨɦ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɢ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɢ ɪɚɫɯɨɞɨɜ ɝɚɡɚ. 

 
2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɢɫɬɨɱɧɢɤɨɜ 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ ɢɫɬɨɱɧɢɤɨɜ. ɋɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɜ ɬɚɛɥɢɰɚɯ 2.1, 2.2, 2.3, 2.4 ɩɨɤɚɠɭɬ ɞɢɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ ɩɨɬɨɤɨɜ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ. 

 
Ɍɚɛɥɢɰɚ 2.1 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɬɭɪɛɢɧ  

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɨ, 

ɬ/ɱ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɪɨɦ ɩɚɪɚ, °ɋ 

Ⱦɚɜɥɟɧɢɟ 
ɩɪɨɦ ɩɚɪɚ, 

Ɇɉɚ 

Ɍɟɩɥɨ ɩɪɨɦ, 
ɉɚɪɚ, Ɇȼɬ 

ɉɌ-25/90 102 

293-250 0,98 

58,45 

ɉɌ-60/90 200 114,608 

ɉɌ-65/90 155 88,82 

Ɋ-100/130 600 309,55 

 
Ɍɚɛɥɢɰɚ 2.2 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɰɢɪɤ ɜɨɞɵ ɬɭɪɛɢɧ 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ 
Ɋɚɫɯɨɞ ɰɢɪɤ ɜɨɞɵ ɧɚ 

ɤɨɧɞɟɧɫɚɬɨɪ, ɬ/ɱ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɰɢɪɤ 
ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ, °ɋ 

Ɍɟɩɥɨ ɜɨɫɩɪɢɧɹɬɨɟ 
ɰɢɪɤ ɜɨɞɨɣ, Ɇȼɬ 

ɉɌ-25/90 4500 20-30 92 

ɉɌ-60/90 8000 20-30 165 

ɉɌ-65/90 8000 20-30 165 

 
Ɍɚɛɥɢɰɚ 2.3 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, 

ɬ/ɱ 
Ɋɚɫɯɨɞ ɝɚɡɨɜ, 

ɬ/ɱ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ, °ɋ 

ɉɄ-10 ɒ 42 272 168 

ɉɄ-10 ɒ2 43,8 283 168 

ȻɄɁ-320/140 67,84 439 140 
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Ɍɚɛɥɢɰɚ 2.4 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜ 

ɬɟɩɥɨɮɢɤ, ɤɨɥ-ɪ, ɬ/ɱ 
Ɍɟɩɥɨ ɬɟɩɥɨɮɢɤ, ɉɚɪɚ, 

Ɇȼɬ 

ɉɌ-25/90 100 59,9 

ɉɌ-60/90 120 63,2 

ɉɌ-65/90 130 65,16 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɚ ɫɪɚɜɧɟɧɢɹ, ɯɨɪɨɲɨ ɩɨɞɯɨɞɹɬ ɬɟɯɧɨɥɨɝɢɢ ɈɐɊ 
ɞɥɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɚɪɚ ɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ. Ⱥ ɞɥɹ 
ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɩɨɞɯɨɞɢɬ ɭɬɢɥɢɡɚɰɢɹ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɢ 
ɞɚɥɶɧɟɣɲɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɝɨ ɬɟɩɥɚ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ, ɥɢɛɨ ɞɥɹ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 

Ɉɞɧɚɤɨ, ɢɡ ɢɡɜɟɫɬɧɵɯ ɝɨɬɨɜɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɬɟɩɥɨɜɵɯ 
ɧɚɫɨɫɨɜ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɭɫɬɚɧɨɜɨɤ, ɫɩɨɫɨɛɧɵɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɝɨ 
ɪɟɲɟɧɢɹ. Ⱦɚɠɟ ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɬɨ ɢ ɷɬɨɝɨ 
ɛɭɞɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɥɧɨɣ ɭɬɢɥɢɡɚɰɢɢ. ɂɡ ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ, ɫɚɦɨɣ ɦɨɳɧɨɣ ɹɜɥɹɟɬɫɹ – Scancool Heat ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ 
Ɏɢɧɥɹɧɞɢɢ, ɫ ɦɨɳɧɨɫɬɶɸ 1,7 Ɇȼɬ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɟɝɨ ɬɟɩɥɚ ɰɢɪɤ ɜɨɞɵ, 
ɧɟɨɛɯɨɞɢɦɨ ɨɬ 54 ɞɨ 94 ɬɚɤɢɯ ɦɨɞɭɥɟɣ, ɱɬɨ ɧɟ ɹɜɥɹɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɵɦ 
ɪɟɲɟɧɢɟɦ ɜ ɪɚɦɤɚɯ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ. 

Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɫɱɟɬɵ ɩɨ ɭɬɢɥɢɡɚɰɢɢ ɛɭɞɭɬ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɨɫɬɚɜɲɢɯɫɹ 
ɩɨɬɨɤɨɜ ɧɚ ɨɫɧɨɜɟ ɈɐɊ ɬɟɯɧɨɥɨɝɢɢ. 

 
2.2 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ Ɋ-100-130/15 

Ɍɚɛɥɢɰɚ 2.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɍɢɩ Ɋ-100-130/15 
Ɂɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɍɌɁ 
Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, Ɇȼɬ 100 
Ɇɨɳɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɚɹ, Ɇȼɬ 107 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ, Ɇɉɚ 12,75 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ ɩɚɪɚ, ℃ 555 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚɪɚ, ɤɝ/ɫ 225 
ɇɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ, Ɇɉɚ 1,18-2,06 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɨɬɛɨɪ, ɤɝ/ɫ 191,6 
ɑɢɫɥɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ 3 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ℃ 240 
Ʉɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ, Ɇɉɚ 1,45 
Ɍɢɩ ɩɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɨɩɥɨɜɨɟ 
Ɍɢɩ ɪɟɝɭɥɢɪɭɸɳɟɣ ɫɬɭɩɟɧɢ Ɉɞɧɨɜɟɧɟɱɧɚɹ 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ Ɋ+12 
Ⱦɥɢɧɚ ɩɨɫɥɟɞɧɟɣ ɥɨɩɚɬɤɢ, ɦɦ 127 
ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɫɥɟɞɧɢɣ ɥɨɩɚɬɤɢ, ɦɦ 1127 
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Ɍɭɪɛɢɧɚ Ɋ-100-130 – ɷɬɨ ɨɞɧɨɰɢɥɢɧɞɪɨɜɵɣ ɚɝɪɟɝɚɬ ɫ ɫɨɩɥɨɜɵɦ 
ɩɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɨɞɧɨɜɟɱɟɧɨɣ ɪɟɝɭɥɢɪɭɸɳɟɣ ɫɬɭɩɟɧɶɸ ɢ ɞɜɟɧɚɞɰɚɬɶɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɫɬɭɩɟɧɹɦɢ, ɪɚɡɞɟɥɟɧɧɵɦɢ ɧɚ ɞɜɚ ɩɨɬɨɤɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. ɉɨɞɜɨɞ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɪɟɞɧɸɸ 
ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɱɟɪɟɡ ɞɜɚ ɫɬɨɩɨɪɧɵɯ ɢ ɱɟɬɵɪɟ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚ. 
ɉɨɫɥɟɞɧɢɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɚɪɨɜɵɯ ɤɨɪɨɛɤɚɯ, ɩɪɢɜɚɪɟɧɧɵɯ ɤ ɤɨɪɩɭɫɭ 
ɰɢɥɢɧɞɪɚ. ɐɟɥɶɧɨɤɨɜɚɧɵɣ ɪɨɬɨɪ ɬɭɪɛɢɧɵ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɪɨɬɨɪɨɦ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɥɭɝɢɛɤɨɣ ɦɭɮɬɨɣ. Ɏɢɤɫ–ɩɭɧɤɬ ɬɭɪɛɢɧɵ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɦɟ ɡɚɞɧɟɝɨ 
ɩɨɞɲɢɩɧɢɤɚ. Ʉ ɬɭɪɛɢɧɟ ɩɨɞɤɥɸɱɟɧɵ ɬɪɢ ɉȼȾ, ɩɢɬɚɟɦɵɯ ɩɚɪɨɦ ɢɡ ɨɬɛɨɪɨɜ ɢ 
ɜɵɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ. ȼ ɬɭɪɛɨɭɫɬɚɧɨɜɤɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɬɚɤɠɟ ɞɟɚɷɪɚɬɨɪ. 

 

ɄȺ – ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ, ɉȼȾ – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɉɗɇ – ɩɢɬɚɬɟɥɶɧɵɣ 
ɷɥɟɤɬɪɨɧɚɫɨɫ, Ⱦ – ɞɟɚɷɪɚɬɨɪ, ȾȺ – ɞɟɚɷɪɚɬɨɪ ɚɬɦɨɫɮɟɪɧɵɣ, ɉɏɈȼ – ɩɨɞɨɝɪɟɜ ɯɢɦ. 

ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɉɈɄ – ɩɨɞɨɝɪɟɜ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ 

Ɋɢɫɭɧɨɤ 2.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɉɌɍ Ɋ-100-130/15  

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ ɩɨ ɞɚɜɥɟɧɢɸ: ݐˇ = ݂(ܲ̌ ) = ͳͷͺ,ͺ ℃ (2.1) 

ɝɞɟ ܲ̌ = Ͳ,͸ Ɇɉɚ, ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ; 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ∆ݐˇ = ͳͲ ℃. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɟɪɟɞ ɞɟɚɷɪɚɬɨɪɨɦ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐˇ.˅˘ = ˇݐ − ˇݐ∆ = ͳͷͺ,ͺ − ͳͲ = ͳͶͺ,ͺ (2.2) 

Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ: 
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ː˒ݐ∆ = ሺܲ˒ ː˅˞ ˘ − ܲ˒ ː˅̆ ሻ ∙ 𝑣˔˓ ∙ ͳͲͲͲ𝜂˒ː ∙ ʠ௣𝑣  (2.3) 

ɝɞɟ ܲ˒ ː˅˞ ˘ – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇ, Ɇɉɚ; ܲ˒ ː˅̆  – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɇ, Ɇɉɚ; 𝑣˔˓ – ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ, ˏଷ/ˍˆ; 𝜂˒ː = Ͳ,͹ͷ – ɄɉȾ ɉɇ; ʠ௣𝑣 – ɫɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ ɩɪɢ ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ∙Ʉ; 
Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɇ ɛɭɞɟɬ ɪɚɜɧɵɦ ɞɚɜɥɟɧɢɸ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ 

ɩɥɸɫ ɩɨɞɩɨɪ ɜɨɞɵ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɦ 2,5 ɚɬɦ: ܲ˒ ː˅̆ = ܲ̌ + Ͳ,ʹͷ (2.4) 

ܲ˒ ː˅̆ = Ͳ,͸ + Ͳ,ʹͷ = Ͳ,ͺͷ ʛʞ˃  

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇ, Ɇɉɚ: ܲ˒ ː˅˞ ˘ = ଴ܲ ∙ ͳ,͵͵ (2.5) 

ɝɞɟ ଴ܲ = ͳʹ,͹ͷ ʛʞ˃, ɞɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ; ܲ˒ ː˅˞ ˘ = ଴ܲ ∙ ͳ,͵͵ = ͳʹ,͹ͷ ∙ ͳ,͵͵ = ͳ͹  

ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɣ ɫɨɫɬɚɜɢɬ, ˏଷ/ˍˆ: 𝑣˔˓ = 𝑣ଵ + 𝑣ଶʹ = Ͳ,ͲͲͳͳͳͺ + Ͳ,ͲͲͳ͹͸ͻʹ = Ͳ,ͲͲͳͶͶ (2.6) 

𝑣˔˓ = Ͳ,ͲͲͳͳͳͺ + Ͳ,ͲͲͳ͹͸ͻʹ = Ͳ,ͲͲͳͶͶ  

ɋɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ ɩɪɢ ɫɠɚɬɢɢ ɩɪɢ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɣ 
ɫɨɫɬɚɜɢɬ, ɤȾɠ/ɤɝ∙Ʉ: ܥ௣𝑣 = ௣𝑣ଵܥ + ʹ௣𝑣ଶܥ  (2.7) 

௣𝑣ܥ = Ͷ,͵͹ͻ͸ + ͳͲ,ͺͳͺʹ = ͹,͸  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɉɇ ɫɨɫɬɚɜɢɬ, ℃: 
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ː˒ݐ∆ = ሺͳ͹ − Ͳ,ͺͷሻ ∙ Ͳ,ͲͲͳͶͶ ∙ ͳͲͲͲͲ,͹ͷ ∙ ͹,͸ = Ͷ,ͳ℃  

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇ, ℃: ݐ˒˅˒ː = ˇݐ +  ː (2.8)˒ݐ∆

ː˒˅˒ݐ = ͳͷͺ,ͺ + Ͷ,ͳ = ͳ͸ʹ,ͻ  

Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɧɚɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜɨ ɜɫɟɯ ɉȼȾ.  ∆ݐ˒˅ˇˑ˄щ = ଵˇ˅˒ݐ − ː˒˅˒ݐ  (2.9) 

ɝɞɟ ݐ˒˅ˇଵ = ʹͶͲ ℃, Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɉȼȾ-1 ɩɨ 
ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɬɭɪɛɢɧɵ; ∆ݐ˒˅ˇˑ˄щ = ʹͶͲ − ͳ͸ʹ,ͻ = ͹͹,ͳ  

Ɋɚɫɫɱɢɬɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɠɞɨɝɨ ɉȼȾ. 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɤɚɠɞɨɦ ɉȼȾ ɩɪɢɦɟɦ ɨɞɢɧɚɤɨɜɵɦ, ℃: 

ˇ˅˒ݐ∆ = ˇ˅˒ˑ˄щ𝑛ˇ˅˒ݐ∆  
(2.10) 

ɝɞɟ 𝑛˒˅ˇ = ͵, ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; ∆ݐ˒˅ˇ = ͹͹,ͳ͵ = ʹͷ,͹  

Ⱦɥɹ ɉȼȾ-2 ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐ˒˅ˇଶ = ଵˇ˅˒ݐ −  (2.11) ˇ˅˒ݐ∆

ଶˇ˅˒ݐ = ʹͶͲ − ʹͷ,͹ = ʹͳͶ,͵   

Ⱦɥɹ ɉȼȾ-3 ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐ˒˅ˇଷ = ଶˇ˅˒ݐ −  (2.12) ˇ˅˒ݐ∆

ଷˇ˅˒ݐ = ʹͳͶ,͵ − ʹͷ,͹ = ͳͺͺ,͸   

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɫɵɳɟɧɢɹ ɜ ɉȼȾ, ɩɪɢɧɹɜ ɧɟɞɨɝɪɟɜ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ 4℃. 

Ⱦɥɹ ɉȼȾ-1 ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: 
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ːଵݐ = ଵˇ˅˒ݐ + 𝛿(2.13) ݐ 

ːଵݐ = ʹͶͲ + Ͷ = ʹͶͶ   

Ⱦɥɹ ɉȼȾ-2 ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐːଶ = ଶˇ˅˒ݐ + 𝛿(2.14)  ݐ 

ːଶݐ = ʹͳͶ,͵ + Ͷ = ʹͳͺ,͵   

ɥɹ ɉȼȾ-3 ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐːଷ = ଷˇ˅˒ݐ + 𝛿(2.15) ݐ 

ːଷݐ = ͳͺͺ,͸ + Ͷ = ͳͻʹ,͸   

 
Ɉɩɪɟɞɟɥɢɦ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɜ ɉȼȾ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ. 
Ⱦɥɹ ɉȼȾ-1 ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲː .˒˅ˇଵ = ݂ሺݐːଵሻ = ͵,ͷͻ  (2.16) 

Ⱦɥɹ ɉȼȾ-2 ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲː .˒˅ˇଶ = ݂ሺݐːଶሻ = ʹ,ʹͶ  (2.17) 

Ⱦɥɹ ɉȼȾ-3 ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲː .˒˅ˇଷ = ݂ሺݐːଷሻ = ͳ,͵͵  (2.18) 

Ɉɩɪɟɞɟɥɢɦ ɞɚɜɥɟɧɢɟ ɨɬɛɨɪɨɜ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ 10%. 
Ⱦɚɜɥɟɧɢɟ ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ, Ɇɉɚ: ܲˑ ˕ଵ = ܲː .˒˅ˇଵ ∙ ͳ,ͳ (2.19) 

ܲˑ ˕ଵ = ͵,ͷͻ ∙ ͳ,ͳ = ͵,ͻͶͻ  

Ⱦɚɜɥɟɧɢɟ ɜɬɨɪɨɝɨ ɨɬɛɨɪɚ, Ɇɉɚ: ܲˑ ˕ଶ = ܲː .˒˅ˇଶ ∙ ͳ,ͳ (2.20) 

ܲˑ ˕ଶ = ʹ,ʹͶ ∙ ͳ,ͳ = ʹ,Ͷ͸Ͷ  
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Ⱦɚɜɥɟɧɢɟ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ ɩɪɢɦɟɦ ɪɚɜɧɨɟ ɞɚɜɥɟɧɢɸ ɧɚ ɜɵɯɥɨɩɟ 
ɬɭɪɛɢɧɵ, Ɇɉɚ: ܲˑ ˕ଷ = ͳ,Ͷͷ (2.21) 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɚɜɥɟɧɢɹ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɬɪɚɤɬɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɢɧɹɜ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 6% ɨɬ ɪɚɡɧɢɰɵ ܲ˒ ː˅̆  ɢ ଴ܲɜ ɤɚɠɞɨɦ ɉȼȾ, ɨɫɬɚɥɶɧɨɟ – 82% ɜ ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ. ܲ˒ ˑ˕ = ሺܲ˒ ː˅̆ − ଴ܲሻ ∙ Ͳ,Ͳ͸ (2.22) 

ܲ˒ ˑ˕ = ሺͳ͹ − ͳʹ,͹ͷሻ ∙ Ͳ,Ͳ͸ = Ͳ,ʹͷͷ ʛʞ˃  

Ⱦɥɹ ɉȼȾ-3 ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲ˒ ˅ˇଷ = ܲ˒ ː˅̆ − ܲ˒ ˑ˕ (2.23) 

ܲ˒ ˅ˇଷ = ͳ͹ − Ͳ,ʹͷͷ = ͳ͸,͹Ͷͷ  

Ⱦɥɹ ɉȼȾ-2 ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲ˒ ˅ˇଶ = ܲ˒ ˅ˇ−ଷ − ܲ˒ ˑ˕ (2.24) 

ܲ˒ ˅ˇଶ = ͳ͸,͹Ͷͷ − Ͳ,ʹͷͷ = ͳ͸,Ͷͻ  

Ⱦɥɹ ɉȼȾ-1 ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ, Ɇɉɚ: ܲ˒ ˅ˇଵ = ܲ˒ ˅ˇ−ଶ − ܲ˒ ˑ˕ (2.25) 

ܲ˒ ˅ˇଵ = ͳ͸,Ͷͻ − Ͳ,ʹͷͷ = ͳ͸,ʹ͵ͷ  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɩɨ ɞɚɜɥɟɧɢɸ ɜ ɧɟɦ, ɤɨɬɨɪɨɟ ɩɪɢɧɢɦɚɟɦ 0,12 Ɇɉɚ: ݐˇ˃ = ݂(ܲ̌ ˃) = ͳͲͶ,ͺ ℃ (2.26) 

ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ∆ݐˇ˃ = ͳͲ ℃. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɟɪɟɞ ɞɟɚɷɪɚɬɨɪɨɦ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐˇ˃.˅˘ = ˃ˇݐ −  (2.27) ˃ˇݐ∆

˘˅.˃ˇݐ = ͳͲͶ,ͺ − ͳͲ = ͻͶ,ͺ  

Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɤɨɧɞɟɧɫɚɬɧɨɦ ɧɚɫɨɫɟ: 
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ːˍݐ∆ = ሺ̱ܲ ː˅˞ ˘ − ̱ܲ ː˅̆ ሻ ∙ 𝑣˔˓ ∙ ͳͲͲͲ𝜂ˍː ∙ ʠ௣𝑣  (2.28) 

ɝɞɟ ̱ܲ ː˅˞ ˘ – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɇ, Ɇɉɚ; ̱ܲ ː˅̆  – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ Ʉɇ, Ɇɉɚ; 𝑣˔˓ – ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ, ˏଷ/ˍˆ; 𝜂ˍː = Ͳ,͹ͷ – ɄɉȾ Ʉɇ; ʠ௣𝑣 – ɫɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ ɩɪɢ ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ∙Ʉ; 
Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ Ʉɇ ɛɭɞɟɬ ɪɚɜɧɵɦ ɞɚɜɥɟɧɢɸ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ 

ɩɥɸɫ ɩɨɞɩɨɪ ɜɨɞɵ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɦ 2,5 ɚɬɦ: ̱ܲ ː˅̆ = ܲ̌ ˃ + Ͳ,ʹͷ (2.29) 

̱ܲ ː˅̆ = Ͳ,ͳʹ + Ͳ,ʹͷ = Ͳ,͵͹ ʛʞ˃  

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɇ, Ɇɉɚ: ̱ܲ ː˅̆ = ܲ̌ ∙ ͳ,ͳ (2.30) 

̱ܲ ː˅̆ = Ͳ,͸ ∙ ͳ,ͳ = Ͳ,͸͸  

ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɣ 
ɫɨɫɬɚɜɢɬ,ˏଷ/ˍˆ : 𝑣˔˓ = 𝑣ଵ + 𝑣ଶʹ  (2.31) 

𝑣˔˓ = Ͳ,ͲͲͳͲͶ͹ + Ͳ,ͲͲͳͳͲͷʹ = Ͳ,ͲͲͳͲ͹͸  

ɋɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ ɩɪɢ ɫɠɚɬɢɢ ɩɪɢ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɣ 
ɫɨɫɬɚɜɢɬ, ɤȾɠ/ɤɝ∙Ʉ: ܥ௣𝑣 = ௣𝑣ଵܥ + ʹ௣𝑣ଶܥ  (2.32) 

௣𝑣ܥ = Ͷ,ʹʹʹͻ + Ͷ,͵Ͷͷ͹ʹ = Ͷ,ʹͺ  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɝɪɟɜ ɜɨɞɵ ɜ Ʉɇ ɫɨɫɬɚɜɢɬ, ℃: ∆ݐˍː = ሺͲ,͸͸ − Ͳ,͵͹ሻ ∙ Ͳ,ͲͲͳͲ͹͸ ∙ ͳͲͲͲͲ,͹ͷ ∙ Ͷ,ʹͺ = Ͳ,ͳ  
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɉɇȾ ɨɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɧɚ ɜɯɨɞɟ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ ɩɥɸɫ ɧɚɝɪɟɜ ɜ Ʉɇ, ℃: ݐ˒ːˇ˅˘ = ˃ˇݐ +  ː (2.33)ˍݐ∆

˘˅ˇː˒ݐ = ͳͲͶ,ͺ ∙ Ͳ,ͳ = ͳͲͶ,ͻ  

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɉɇȾ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ, Ɇɉɚ: ܲ˒ ˑ˕ = ̱ܲ ː˅˞ ˘ − ܲ̌  (2.34) 

ܲ˒ ˑ˕ = Ͳ,͸͸ − Ͳ,͸ = Ͳ,Ͳ͸  

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇȾ ɛɭɞɟɬ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ݐˇ.˅˘. ɋ ɭɱɟɬɨɦ 
ɧɟɞɨɝɪɟɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜ ɉɇȾ ɛɭɞɟɬ ɪɚɜɧɚ, ℃: ݐː.˒ːˇ = ˘˅.ˇݐ + 𝛿(2.35) ݐ 

ˇː.˒ːݐ = ͳͶͺ,ͺ + Ͷ = ͳͷʹ,ͺ  

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɡɚɧɟɫɟɦ ɜ ɬɚɛɥɢɰɵ 
2.5 ɢ 2.6. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɜɥɟɧɢɹɦ ɨɬɛɨɪɨɜ ɢ ɩɨ ɧɚɱɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɫɥɟɞɭɟɬ 
ɩɨɫɬɪɨɢɬɶ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɧɚ h-Sɞɢɚɝɪɚɦɦɟ, ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ: 

1. ɇɚɣɬɢ ɬɨɱɤɭ ɩɟɪɟɫɟɱɟɧɢɹ ɢɡɨɛɚɪɵ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɢɡɨɬɟɪɦɨɣ 
ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

2. ɉɪɢɧɹɜ ɩɪɨɰɟɫɫ ɚɞɢɚɛɚɬɧɵɦ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɷɧɬɚɥɶɩɢɸ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɤɨɧɰɚ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɨɩɭɫɬɢɜɲɢɫɶ 
ɜɟɪɬɢɤɚɥɶɧɨ ɢɡ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɞɨ ɢɡɨɛɚɪɵ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 

3. Ɂɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɬɟɩɥɨɩɟɪɟɩɚɞ, ɧɟɨɛɯɨɞɢɦɨ ɟɝɨ ɭɦɧɨɠɢɬɶ ɧɚ 
ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 0,88, 
ɩɨɥɭɱɟɧɧɨɣ ɡɧɚɱɟɧɢɟ ɨɬɧɹɬɶ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɧɚɣɬɢ ɷɧɬɚɥɶɩɢɸ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ. 

4. ɉɨɫɬɪɨɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ, ɫɨɟɞɢɧɢɜ ɧɚɱɚɥɶɧɭɸ ɢ 
ɤɨɧɟɱɧɭɸ ɬɨɱɤɢ. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɬɨɱɤɢ ɨɬɛɨɪɨɜ ɤɚɤ ɩɟɪɟɫɟɱɟɧɢɟ ɢɡɨɛɚɪ ɨɬɛɨɪɨɜ ɫ ɥɢɧɢɟɣ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 2.2 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ 

Ɍɚɛɥɢɰɚ 2.5 – ɉɚɪɚɦɟɬɪɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ, ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 

ɨɬɛɨɪɚɯ 
ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 

ɉɚɪɚɦɟɬɪɵ 
ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɡɚ ɪɟɝ. 

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ 

Ɋɚɫɯɨɞ 
ɩɚɪɚ 

ܲˑ ˕,  ʛʞ˃ 
 ℃ ,ݐ

ℎˑ˕, ˍДˉ/ˍˆ 

ܽ ܲ˒ , ʛʞ˃ 
 ℃ ,௦ݐ

ℎ௦, ˍДˉ/ˍˆ 

𝛿ݐ, ℃ 
 ℃ ,˅˒ݐ

ܲ˒ ˅, ʛʞ˃ 
ℎ˒˅, ˍДˉ/ˍˆ 

 ˔/ˆˍ ,ܦ

Ɉɫɬɪɵɣ ɩɚɪ 

12
,7

5 

55
5 

34
87

 

         

Ɉɫɬɪɵɣ ɩɚɪ 
ɩɨɫɥɟ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ 12
,1

1 

55
2,

5 

34
87
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.5 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 

ɨɬɛɨɪɚɯ 
ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 

ɉɚɪɚɦɟɬɪɵ 
ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɡɚ ɪɟɝ. 

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ 

Ɋɚɫɯɨɞ 
ɩɚɪɚ 

ܲˑ ˕,  ʛʞ˃ 
 ℃ ,ݐ

ℎˑ˕, ˍДˉ/ˍˆ 

ܽ ܲ˒ , ʛʞ˃ 
 ℃ ,௦ݐ

ℎ௦, ˍДˉ/ˍˆ 

𝛿ݐ, ℃ 
 ℃ ,˅˒ݐ

ܲ˒ ˅, ʛʞ˃ 
ℎ˒˅, ˍДˉ/ˍˆ 

 ˔/ˆˍ ,ܦ

ɉɟɪɜɵɣ ɨɬɛɨɪ 
3,

95
 

39
1,

9 

31
96

 

0,
05

47
 

3,
59

 

24
4 

28
02

,5
 

4 24
0 

16
,2

35
 

10
39

,4
 

11
,4

3 

ȼɬɨɪɨɣ ɨɬɛɨɪ 

2,
46

 

33
1,

8 

30
86

 

0,
04

97
 

2,
24

 

21
8,

3 

28
00

,5
 

4 

21
4,

3 

16
,4

9 

92
2,

4 

10
,3

9 

Ɍɪɟɬɢɣ ɨɬɛɨɪ 

1,
45

 

26
9 

29
70

 

0,
04

6 

1,
33

 

19
2,

6 

27
87

,2
 

4 

18
8,

6 

16
,7

45
 

80
8,

9 

9,
61

 

Ɉɬɛɨɪ ɜ Ⱦ 

1,
45

 

26
9 

29
70

 

0,
00

62
 

    

15
8,

8 

0,
85

 

67
0,

5 

1,
29

 

Ɉɬɛɨɪ ɜ ɉɇȾ 

1,
45

 

26
9 

29
70

 

0,
06

78
 

0,
51

 

15
2,

8 

27
49

 

4 

14
8,

8 

0,
6 

62
7,

2 

14
,1

7 

Ɉɬɛɨɪ ɜ ȾȺ 

1,
45

 

26
9 

29
70

 

0,
00

97
 

    

10
4,

8 

0,
37

 

43
9,

6 

1,
46

 
Ɉɬɛɨɪ ɜ 
ɉɏɈȼ 

1,
45

 

26
9 

29
70

 

0,
01

81
 

0,
12

 

10
4,

8 

26
83

,1
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Ɍɚɛɥɢɰɚ 2.6 – ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ 
ɇɨɦɟɪ ɩ/ɩ Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ Ɍɟɦɩɟɪɚɬɭɪɚ, ℃ ɗɧɬɚɥɶɩɢɹ, ɤȾɠ/ɤɝ 
1 16,235 240 1039,4 
2 3,59 244 1056,7 
3 3,95 391,2 3196 
4 16,49 214,3 922,4 
5 2,24 218,3 935,8 
6 2,46 331,8 3086 
7 16,745 188,6 808,9 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.6 
ɇɨɦɟɪ ɩ/ɩ Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ Ɍɟɦɩɟɪɚɬɭɪɚ, ℃ ɗɧɬɚɥɶɩɢɹ, ɤȾɠ/ɤɝ 
8 1,33 192,6 819,2 
9 1,45 269 2970 
10 17 162,9 697,8 
11 0,85 158,8 670,5 
12 1,45 269 2970 
13 0,6 148,8 627,2 
14 1,45 269 2970 
15 0,51 152,8 644,4 
16 0,66 104,9 440,2 
17 0,37 104,8 439,6 
18 1,45 269 2970 
19 0,12 94,8 397,2 
20 0,12 104,8 439,2 
21 0,12 60 251,2 
22 0,12 40 167,6 

 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ. 

Ⱦɥɹ ɉȼȾ-1: 

 

Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉȼȾ-1 ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: ܽଵ = ˒̅ݐ ˅ˇଵ − ˒̅ݐ ˅ˇଶℎˑ˕ଵ − ℎˇ˓ଵ  (2.36) 

ɝɞɟ ̅ݐ˒ ˅ˇଵ– ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉȼȾ-1, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ˇଶ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-1, ɤȾɠ/ɤɝ; ℎˑ˕ଵ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ℎˇ˓ଵ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɫɥɟ ɉȼȾ-1, ɤȾɠ/ɤɝ; ܽଵ = ͳͲ͵ͻ,Ͷ + ͻʹʹ,Ͷ͵ͳͻ͸ − ͳͲͷ͸,͹ = Ͳ,ͲͷͶ͹  

Ⱦɥɹ ɉȼȾ-2: 
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Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-2 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉȼȾ-2 ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 

ܽଶ = ˒̅ݐ ˅ˇଶ − ˒̅ݐ ˅ˇଷ + ܽଵ ∙ (ℎˇ˓ଶ − ℎˇ˓ଵ)ℎˑ˕ଶ − ℎˇ˓ଶ  (2.37) 

ɝɞɟ ̅ݐ˒ ˅ˇଶ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉȼȾ-2, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ˇଷ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-2, ɤȾɠ/ɤɝ; ℎˇ˓ଶ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉȼȾ-2, ɤȾɠ/ɤɝ; ℎˇ˓ଵ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉȼȾ-1, ɤȾɠ/ɤɝ; ℎˑ˕ଶ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜɬɨɪɨɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ܽଶ = ͻʹͶ,Ͷ − ͺͲͺ,ͻ + Ͳ,ͲͷͶ͹ ∙ ሺͻ͵ͷ,ͺ − ͳͲͷ͸,͹ሻ͵Ͳͺ͸ − ͻ͵ͷ,ͺ = Ͳ,ͲͶͻ͹  

Ⱦɥɹ ɉȼȾ-3: 

 

Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-3 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉȼȾ-3 ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 
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ܽଷ = ˒̅ݐ ˅ˇଷ − ˒̅ݐ ˅˒ː + ሺܽଵ + ܽଶሻ ∙ (ℎˇ˓ଷ − ℎˇ˓ଶ)ℎˑ˕ଷ − ℎˇ˓ଷ  (2.38) 

ɝɞɟ ̅ݐ˒ ˅ˇଷ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɉȼȾ-3, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅˒ː  – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-3, ɤȾɠ/ɤɝ; ℎˇ˓ଷ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉȼȾ-3, ɤȾɠ/ɤɝ; ℎˇ˓ଶ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉȼȾ-2, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ܽଷ = ͺͲͺ,ͻ − ͸ͻ͹,ͺ + ሺͲ,ͲͷͶ͹ + Ͳ,ͲͶͻ͹ሻ ∙ ሺͺͳͻ,ʹ − ͻ͵ͷ,ͺሻʹͻ͹Ͳ − ͺͳͻ,ʹ= Ͳ,ͲͶ͸ 

 

Ⱦɥɹ ɞɟɚɷɪɚɬɨɪɚ: 

 

Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 

ܽˇ = ˒̅ݐ ˅̌ − ሺܽଵ + ܽଶ + ܽଷሻ ∙ ℎˇ˓ଷ − ሺͳ − ܽଵ − ܽଶ − ܽଷሻ ∙ ˒̅ݐ ˅ସℎˑ˕ଷ − ˒̅ݐ ˅ସ  (2.39) 

ɝɞɟ ̅ݐ˒ ˅̌ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ, ɤȾɠ/ɤɝ; ℎˇ˓ଷ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉȼȾ-3, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ସ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɞɟɚɷɪɚɬɨɪ, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; 
 ܽˇ = ͸͹Ͳ,ͷ − ሺͲ,ͲͷͶ͹ + Ͳ,ͲͶͻ͹ + Ͳ,ͲͶ͸ሻ ∙ ͺͳͻ,ʹ − ሺͳ − Ͳ,ͲͷͶ͹ − Ͳ,ͲͶͻ͹ − Ͳ,ͲͶ͸ሻ ∙ ͸ʹ͹,ʹʹͻ͹Ͳ − ͸ʹ͹,ʹ = Ͳ,ͲͲ͸ʹ 
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Ⱦɥɹ ɉɇȾ: 

 

Ɋɢɫɭɧɨɤ 2.7 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉɇȾ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 

ܽସ = (ͳ − ܽଵ − ܽଶ − ܽଷ − ܽˇ) ∙ ሺ̅ݐ˒ ˅ସ − ˒̅ݐ ˅ହሻℎˑ˕ଷ − ℎˇ˓ସ  (2.40) 

ɝɞɟ ̅ݐ˒ ˅ସ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇȾ, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ହ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɇȾ, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ℎˇ˓ସ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉɇȾ, ɤȾɠ/ɤɝ; 
 ܽସ = ሺͳ − Ͳ,ͲͷͶ͹ − Ͳ,ͲͶͻ͹ − Ͳ,ͲͶ͸ − Ͳ,ͲͲ͸ʹሻ ∙ ሺ͸ʹ͹,ʹ − ͶͶͲ,ʹሻʹͻ͹Ͳ − ͸ͶͶ,Ͷ = Ͳ,Ͳ͸͹ͺ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɏɈȼ, ɤɨɬɨɪɚɹ ɞɨɛɚɜɥɹɟɬɫɹ ɜ ɰɢɤɥ ɞɥɹ 
ɜɨɫɩɨɥɧɟɧɢɹ ɩɨɬɟɪɶ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ܽ˘ˑ˅ = Ͳ,ʹ. 

Ⱦɥɹ ɉɏɈȼ: 

 

Ɋɢɫɭɧɨɤ 2.8 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉɏɈȼ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉɏɈȼ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 
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ܽ˒˘ˑ˅ = ܽ˘ˑ˅ ∙ ሺ̆̅ݐ ˑ˅ଶ − ̆̅ݐ ˑ˅ଵሻℎˑ˕ଷ − ℎˇ˓˒˘ˑ˅  (2.41) 

ɝɞɟ ̆̅ݐ ˑ˅ଶ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɏɈȼ, ɤȾɠ/ɤɝ; ̆̅ݐ ˑ˅ଵ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɏɈȼ, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ℎˇ˓˒˘ˑ˅ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɉɏɈȼ, ɤȾɠ/ɤɝ; 

ܽ˒˘ˑ˅ = Ͳ,ʹ ∙ ሺ͵ͻ͹,ʹ − ͳ͸͹,͸ሻʹͻ͹Ͳ − Ͷ͵ͻ,ʹ = Ͳ,Ͳͳͺͳ  

Ⱦɥɹ ɉɈɄ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɤɨɧɞɟɧɫɚɬ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɥɢɱɟɫɬɜɟ 
50% ɨɬ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɬɨ ܽˑˍ = Ͳ,ͷ. 

 

Ɋɢɫɭɧɨɤ 2.9 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɉɈɄ 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɉɈɄ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: ܽ˒ˑˍ = ܽˑˍ ∙ ሺ̅ݐ˒ ˑˍଶ − ˒̅ݐ ˑˍଵሻℎˑ˕ଷ − ℎˇ˓˒ˑˍ  (2.42) 

ɝɞɟ ̅ݐ˒ ˑˍଶ – ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɉɈɄ, ɤȾɠ/ɤɝ; ̅ݐ˒ ˑˍଵ – ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɉɈɄ, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ℎˇ˓˒ˑˍ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɉɈɄ, ɤȾɠ/ɤɝ; 

ܽ˒ˑˍ = Ͳ,ͷ ∙ ሺ͵ͻ͹,ʹ − ʹͷͳ,ʹሻʹͻ͹Ͳ − Ͷ͵ͻ,ʹ = Ͳ,Ͳʹͺ͸  

 
 
 
Ⱦɥɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ: 
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Ɋɢɫɭɧɨɤ 2.10 – ɋɯɟɦɚ ɛɚɥɚɧɫɚ ɞɥɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ȾȺ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ: 

ܽˇ˃ = (ͳ − ܽଵ − ܽଶ − ܽଷ − ˒̅ݐ(ˇܽ ˅ହ − ܽ˘ˑ˅ ∙ ̆̅ݐ ˑ˅ଶ − ܽସ ∙ ℎˇ˓ସ − ܽˑˍ ∙ ˒̅ݐ ˑˍଶ − ሺܽ˒˘ˑ˅ + ܽ˒ˑˍሻ̌̅ݐ ˓ସℎˑ˕ଷ  (2.43) 

ɝɞɟ ̅ݐ˒ ˅ହ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ȾȺ, ɤȾɠ/ɤɝ; ̆̅ݐ ˑ˅ଶ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɏɈȼ, ɤȾɠ/ɤɝ; ℎˇ˓ସ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɫ ɉɇȾ, ɤȾɠ/ɤɝ; ̅ݐ˒ ˑˍଶ – ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɉɈɄ, ɤȾɠ/ɤɝ; ℎˑ˕ଷ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ܽˇ˃ = ሺͳ − Ͳ,ͳͷ͸͸ሻͶͶͲ,ʹ − Ͳ,ʹ ∙ ͵ͻ͹,ʹ − Ͳ,Ͳ͸͹ͺ ∙ ͸ͶͶ,Ͷ − Ͳ,ͷ ∙ ͵ͻ͹,ʹ − ሺͲ,ͲͶ͹ሻ, ʹʹͻ͹Ͳ = Ͳ,ͲͲͻ͹ 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɪɚɛɨɬɵ ɢ ɪɚɫɯɨɞɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɭ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɚɣɞɟɦ ɫɭɦɦɭ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ ɧɚ ɜɵɯɥɨɩɟ ɬɭɪɛɢɧɵ: ܽ˅˞˘ = ܽଵ + ܽଶ + ܽଷ + ܽସ + ܽˇ + ܽˇ˃ + ܽ˒ˑˍ + ܽ˒˘ˑ˅ (2.44) ܽ˅˞˘ = Ͳ,ͲͷͶ͹ + Ͳ,ͲͶͻ͹ + Ͳ,ͲͶ͸ + Ͳ,Ͳ͸͹ͺ + Ͳ,ͲͲ͸ʹ + Ͳ,ͲͲͻ͹ + Ͳ,Ͳʹͺ͸ + Ͳ,Ͳͳͺͳ = Ͳ,ͳ͹͸͹ 

Ɋɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ, ɤȾɠ/ɤɝ: ܮ = ͳ ∙ ሺℎ଴ − ℎˑ˕ଵሻ + ሺͳ − ܽଵሻ ∙ ሺℎˑ˕ଵ − ℎˑ˕ଶሻ + ሺͳ − ܽଵ − ܽଶሻ ∙ ሺℎˑ˕ଶ − ℎˑ˕ଷሻ (2.45) ܮ = ሺ͵Ͷͺ͹ − ͵ͳͻ͸ሻ + ሺͳ − Ͳ,ͲͷͶ͹ሻ ∙ ሺ͵ͳͻ͸ − ͵Ͳͺ͸ሻ + ሺͲ,ͺͻͷ͸ሻ ∙ ሺ͵Ͳͺ͸ − ʹͻ͹Ͳሻ = ͷ͵Ͷ,͹Ͷ 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ, ɤɝ/ɫ: 

଴ܦ = ˠܰ ∙ ͳͲଷܮ ∙ 𝜂௢𝑖  (2.46) 

଴ܦ = ͳͲͲͲͲͲ ∙ ͳͲଷͷ͵Ͷ,͹Ͷ ∙ Ͳ,ͺͺ = ʹͲͺ,ͻͻ  

ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, %: 
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଴ܦ = ଴ܦ − ˏːˑܦˏːˑܦ ∙ ͳͲͲ (2.47) 

଴ܦ = ʹͲͺ,ͻͻ − ʹͳͳ,ͳͳʹͳͳ,ͳͳ ∙ ͳͲͲ = Ͳ,ͻ  

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɚɠɞɨɦ ɨɬɛɨɪɟ. 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜ ɩɟɪɜɨɦ ɨɬɛɨɪɟ, ɤɝ/ɫ: ܦଵ = ଴ܦ ∙ ܽଵ (2.48) 

ଵܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͷͶ͹ = ͳͳ,Ͷ͵  

Ɋɚɫɯɨɞ ɩɚɪɚ ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ, ɤɝ/ɫ: ܦଶ = ଴ܦ ∙ ܽଶ (2.49) 

ଶܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͶͻ͹ = ͳͲ,͵ͻ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɜ ɬɪɟɬɶɟɦ ɨɬɛɨɪɟ, ɤɝ/ɫ: ܦଷ = ଴ܦ ∙ ܽଷ (2.50) 

ଷܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͶ͸ = ͻ,͸ͳ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ, ɤɝ/ɫ: ܦ˒ːˇ = ଴ܦ ∙ ܽସ (2.51) 

ˇː˒ܦ = ʹͲͺ,ͻͻ ∙ Ͳ,Ͳ͸͹ͺ = ͳͶ,ͳ͹  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ: ܦˇ = ଴ܦ ∙ ܽˇ (2.52) 

ˇܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͲ͸ͳ͸ = ͳ,ʹͻ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɚɬɦɨɫɮɟɪɧɵɣ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ: ܦˇ˃ = ଴ܦ ∙ ܽˇ˃ (2.53) 

˃ˇܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͲͻ͹ = ͳ,Ͷ͸  
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Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɏɈȼ, ɤɝ/ɫ: ܦ˒˘ˑ˅ = ଴ܦ ∙ ܽ˒˘ˑ˅ (2.54) 

˅ˑ˘˒ܦ = ʹͲͺ,ͻͻ ∙ Ͳ,ͲͳͺͳͶ = ͵,͹ͻ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ: ܦ˒ˑˍ = ଴ܦ ∙ ܽ˒ˑˍ (2.54) 

ˍˑ˒ܦ = ʹͲͺ,ͻͻ ∙ Ͳ,Ͳʹͺͺ = ͸,ͲͶ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɵɯɥɨɩɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ: ܦ˅˞˘ˎˑ˒ = ଴ܦ − ଵܦ − ଶܦ − ଷܦ − ˇː˒ܦ − ˇܦ − ˃ˇܦ − ˅ˑ˘˒ܦ − ˒ˑˎ˘˞˅ܦ ˑˍ (2.55)˒ܦ = ʹͲͺ,ͻͻ − ͳͳ,Ͷ͵ − ͳͲ,͵ͻ − ͻ,͸ͳ − ͳͶ,ͳ͹ − ͳ,ʹͻ − ͳ,Ͷ͸ − ͵,͹ͻ − ͸,ͲͶ = ͳͷͲ,ͺͳ 
Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: ܳ˕˖ = ˕ܦ ∙ ሺ𝑖଴ − ˒̅ݐ ˅ሻ (2.56) 

ɝɞɟ ܦ˕ – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤɝ/ɫ; 𝑖଴ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ; ܳ˕˖ = ʹͲͺ,ͻͻ ∙ ሺ͵Ͷͺ͹ − ͳͲ͵ͻ,Ͷሻ = ͷͳͳͷʹ͵,ͻʹͶ  

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ܳ˕˖ˠ = ܳ˕˖ = ͷͳͳͷʹ͵,ͻʹͶ ˍВ˕. 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɪɚɫɯɨɞɭ ɬɟɩɥɚ ɧɚ 
ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ ܳ˒ˈ = ܳ˕˖ = ͷͳͳͷʹ͵,ͻʹͶ ˍВ˕. 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: ܤ = ܳ˒ˈܳ˓ː ∙ 𝜂˒ˆ (2.57) 

ɝɞɟ ܳ˓ː = ͳͷʹͺͲ ˍДˉ/ˍˆ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɝɥɹ; 𝜂˒ˆ = Ͳ,ͻͳ – ɄɉȾ ɤɨɬɥɚ; ܤ = ͷͳͳͷʹ͵,ͻʹͶ ͳͷʹͺͲ ∙ Ͳ,ͻͳ = ͵͸,͹ͺ͹  
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ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: ܤ˖˔ˎ = ܳ˒ˈܳ˓.˖˔ˎː ∙ 𝜂˒ˆ (2.58) 

ɝɞɟ ܳ˓.˖˔ˎː = ʹͻ͵ͳͲ ˍДˉ/ˍˆ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ; 

ˎ˔˖ܤ = ͷͳͳͷʹ͵,ͻʹͶ ʹͻ͵ͳͲ ∙ Ͳ,ͻͳ = ͳͻ,ͳͺ  

ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ 4%, ɨɬɩɭɳɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ: ܹˑ ˕˒ = ܹɣ − ݁˔.ː. ∙ ܹ (2.59) 

ɝɞɟ ܹɣ  – ɦɨɳɧɨɫɬɶ, ɫɧɢɦɚɟɦɚɹ ɫ ɲɢɧ ɝɟɧɟɪɚɬɨɪɚ, ɤȼɬ; ݁˔.ː. – ɞɨɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ, %; ܹˑ ˕˒ = ͳͲͲͲͲͲ − Ͳ,ͲͶ ∙ ͳͲͲͲͲͲ = ͻ͸ͲͲͲ  

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/(ɤȼɬ∙ɱ): ܾ˕ = ܹ̞ˑܤ ˒ ∙ ͵͸ͲͲ (2.60) 

ܾ˕ = ͵͸,͹ͺ͹ͻ͸ͲͲͲ ∙ ͵͸ͲͲ = ͳ,͵ͺ  
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2.3 ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ ɬɭɪɛɢɧ 

Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɨɜ ɩɨɬɨɤɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 
ɚɧɚɥɨɝɢɱɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɭɪɛɢɧ ɉɌ-25/90 (ɪɢɫ. 2.11); ɉɌ-60/90 (ɪɢɫ. 
2.12); Ɋ-85-8,8/0,2 (ɪɢɫ. 2.13); Ɋ-100-140 (ɪɢɫ. 2.14) ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɢɬɶ 
ɪɚɫɯɨɞɵ ɩɚɪɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɧɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ 
ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɵ. 

 

 

Ɋɢɫɭɧɨɤ 2.11 – ɉɌɋ ɬɭɪɛɢɧɵ ɉɌ-25/90 

 

Ɋɢɫɭɧɨɤ 2.12 – ɉɌɋ ɬɭɪɛɢɧɵ ɉɌ-60/90 
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Ɋɢɫɭɧɨɤ 2.13 – ɉɌɋ ɬɭɪɛɢɧɵ Ɋ-85/8,8-0,2 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.7 
Ɍɚɛɥɢɰɚ 2.7 – Ɉɩɪɟɞɟɥɟɧɧɵɟ ɪɚɫɯɨɞɵ ɩɚɪɚ 

Ɍɭɪɛɢɧɚ D ɉȼȾ-1, 
ɬ/ɱ 

D ɉȼȾ-
2, ɬ/ɱ 

D ɉȼȾ-
3, ɬ/ɱ 

D Ⱦɟɚɷɪɚɬɨɪ, 
ɬ/ɱ 

D ɉɇȾ-
1, ɬ/ɱ 

D ɉɇȾ-
2, ɬ/ɱ 

D ɉɇȾ-
3, ɬ/ɱ 

D ɉɪɨɦ, 
ɬ/ɱ 

D Ɍɟɩɥ, 
ɬ/ɱ 

ɉɬ-25 12,7 13 5,4 9,3 0,559 - - 102 54 

ɉɬ-60 17,8 12,23 9,9 15,023 6,48 6,3 2,27 200 119 

ɉɬ-65 19 18,3 - 15,6 1,9 12,3 20,3 155 131 

Ɋ-85 22,12 19,3 13,33 16,74 - - - - 300 
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2.4 Ɋɚɫɱɟɬ ɈɐɊ ɛɥɨɤɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɚɪɟ 

ɉɚɪɚɦɟɬɪɵ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɪɚɫɱɟɬɨɜ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8, ɚ ɬɚɤɠɟ ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɧɚ ɪɢɫɭɧɤɟ 2.14. 

 

ɄȺ – ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ, ɉȼȾ – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɉɗɇ – ɩɢɬɚɬɟɥɶɧɵɣ 
ɷɥɟɤɬɪɨɧɚɫɨɫ, Ⱦ – ɞɟɚɷɪɚɬɨɪ, ȾȺ – ɞɟɚɷɪɚɬɨɪ ɚɬɦɨɫɮɟɪɧɵɣ, ɉɏɈȼ – ɩɨɞɨɝɪɟɜ ɯɢɦ. 

ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɉɈɄ – ɩɨɞɨɝɪɟɜ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɂ – ɢɫɩɚɪɢɬɟɥɶ ɮɪɟɨɧɚ, Ʉ – 
ɤɨɧɞɟɧɫɚɬɨɪ, ɉɇ – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 

Ɋɢɫɭɧɨɤ 2.14– ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɉɌɍ Ɋ-100-130/15 ɫ ɈɐɊ 
ɦɨɞɭɥɟɦ. 

Ɍɚɛɥɢɰɚ 2.8 – ɉɚɪɚɦɟɬɪɵ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ 
Ɋɚɫɯɨɞ ɩɚɪɚ, ɤɝ/ɫ Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ 

ɜɵɯɥɨɩɟ ɬɭɪɛɢɧɵ, 
Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɨɧɞɟɧɫɚɰɢɢ ɧɚ 

ɜɯɨɞɟ, ℃ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɨɧɞɟɧɫɚɬɚ ɧɚ 

ɜɵɯɨɞɟ, ℃ 

150,81 1,45 196 60 

 
Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɢ ɧɚɣɞɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɛɨɱɟɟ Ɇɟɬɚɧɨɥ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɢɫɩɚɪɟɧɢɹ 192 ℃, ɧɟɞɨɝɪɟɜ ɫɨɫɬɚɜɢɥ 4 ℃. 
ɄɉȾ ɈɐɊ ɭɫɬɚɧɨɜɤɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 𝜂ˑ˙˓ = ℎଶଷ − ℎଶସℎଶଷ − ℎଶ଺ (2.61) 

ɝɞɟ ℎଶଷ– ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ; ℎଶସ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ; ℎଶ଺ – ɷɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ; 
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ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 
ɢɫɩɚɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɫɬɟɩɟɧɢ ɫɭɯɨɫɬɢ 1. ℎଶଷ = ݂ሺݐˋ˔˒, 𝑥ଵሻ = ͷͶͳ,ͺͶ (2.62) 

ɝɞɟ ݐˋ˔˒ = ͳͻʹ ℃ – ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ 
ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɩɪɢ ɞɚɜɥɟɧɢɢ ܲ = ͳ,Ͷͷ ʛʞ˃ ɢ 
ɧɟɞɨɝɪɟɜ, ɩɪɢɧɢɦɚɟɦɵɣ 𝛿 = Ͷ℃; 𝑥ଵ = ͳ – ɫɬɟɩɟɧɶ ɫɭɯɨɫɬɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ; 

 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: ℎଶସ = ℎଶଷ − ሺℎଶଷ − ℎଶସ˃ˇሻ ∙ 𝜂௢𝑖 (2.63) 

ɝɞɟ ℎଶସ˃ˇ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ ɩɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ 
ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ; 𝜂௢𝑖 = Ͳ,ͻ – ɄɉȾ ɈɐɊ ɬɭɪɛɢɧɵ; 

 
ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɷɧɬɚɥɶɩɢɹ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ: ℎଶସ˃ˇ = ,ଵݏ)݂  ܲˍˑːˇ) = Ͷ͸ͻ,͵ͺʹ (2.64) 

ɝɞɟ ݏଶଷ = ͳ,ͺ͹ ˍДˉ/ˍˆ ∙ К– ɷɧɬɪɨɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ;  ܲˍˑːˇ = Ͳ,ͳ͵ʹͻ ʛʞ˃ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ; 
 

ɉɨ ɢɬɨɝɭ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: ℎଶସ = ͷͶͳ,ͺͶ − ሺͷͶͳ,ͺͶ − Ͷ͸ͻ,͵ͺʹሻ ∙ Ͳ,ͻ = Ͷ͹͹,ͶͲ  

 
ɗɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɮɭɧɤɰɢɹ: ℎଶ଺ = ݂ሺ ଶܲଷ, ଶହሻݏ = ʹͶͷ,ͻͺ (2.65) 

ɝɞɟ ଶܲଷ = ͳ,͵ͷʹͻ ʛʞ˃ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɨɫɥɟ ɧɚɫɨɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ ɮɭɧɤɰɢɹ ݂ሺݐˋ˔˒, 𝑥଴ሻ; ݏଶହ = ͳ,ͳ͸ ˍДˉ/ˍˆ ∙ К – ɷɧɬɪɨɩɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ  ݂(̱ܲ ˑːˇ, 𝑥଴); 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɄɉȾ ɈɐɊ ɩɨɥɭɱɢɥɫɹ: 𝜂ˑ˙˓ = ͷͶͳ,ͺͶ − Ͷ͹͹,ͶͲͷͶͳ,ͺͶ − ʹͶͷ,ͻͺ = Ͳ,ʹͳ  



51 
 

  

Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɟ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ɇȼɬ:  

ˑܰ˙˓ = ܳˋ˔˒ ∙ 𝜂ˑ˙˓ (2.66) 

ɝɞɟ ܳˋ˔˒ – ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ; 
 
Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܳˋ˔˒ = ˘˞˅ܦ ∙ ሺ̅ݐ˅ ˘.˕ˈ˒ˎ − ˅̅ݐ ˞˘.˕ˈ˒ˎሻ ∙ 𝜂ˋ˔˒ (2.67) 

ɝɞɟ ܦ˅˞˘ = ͳͷͲ,ͺͳ ˍˆ/˔ – ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; ̅ݐ˅ ˘.˕ˈ˒ˎ = ͺ͵Ͷ,Ͷͳ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ݂ሺܲ˅ ˘.˕ˈ˒ˎ, ˅ܲ ሻ, ɝɞɟˎ˒ˈ˕.˘˅ݐ ˘.˕ˈ˒ˎ =ͳ,Ͷͷ ʛʞ˃, ݐ˅˘.˕ˈ˒ˎ = ͳͻ͸ ℃; ̅ݐ˅ ˞˘.˕ˈ˒ˎ = ʹͷʹ,͵ͷͷ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ݂ሺܲ˅ ˞˘.˕ˈ˒ˎ, ˅ܲ ሻ, ɝɞɟˎ˒ˈ˕.˘˞˅ݐ ˞˘.˕ˈ˒ˎ =ͳ,Ͷͷ ʛʞ˃, ݐ˅˞˘.˕ˈ˒ˎ = ͸Ͳ ℃; 𝜂ˋ˔˒ = Ͳ,ͻͺ – ɄɉȾ ɢɫɩɚɪɢɬɟɥɹ; 
 

ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ 
ɤɨɧɬɭɪɚ, Ɇȼɬ: ܳˋ˔˒ = ͳͷͲ,ͺͳ ∙ ሺͺ͵Ͷ,ͶͳͶ − ʹͷʹ,͵ͷͷሻ ∙ Ͳ,ͻͺ = ͺ͸  

 
Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɢ, Ɇȼɬ: 

ˑܰ˙˓ = ͺ͸ ∙ Ͳ,ʹͳ = ͳͺ,Ͳ͸  

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɈɐɊ ɤɨɧɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.9. 
Ɍɚɛɥɢɰɚ 2.9 – ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɈɐɊ ɤɨɧɬɭɪɟ 

ɇɨɦɟɪ 
ɬɨɱɤɢ Ɍɟɦɩɟɪɚɬɭɪɚ, ℃ Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 

ɗɧɬɚɥɶɩɢɹ, 
ɤȾɠ/ɤɝ 

ɗɧɬɪɨɩɢɹ, ˍДˉ/ሺˍˆ ∙Кሻ 

23 192 3,508 541,84 1,87 

24 55,14 0,133 477,4 1,89 

25 40 0,133 245,98 1,16 

26 40 3,508 248,77 1,16 
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Ɍɚɛɥɢɰɚ 2.10 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ ɬɭɪɛɢɧ ɢ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ 

Ɍɭɪɛɢɧɚ 
Ɋɚɫɯɨɞ ɩɚɪɚ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɨ, 

ɬ/ɱ 

Ɍɟɩɥɨ 
ɩɪɨɦ. ɩɚɪɚ, 

ɦɜɬ 

ɉɨɬɟɧɰɢɚɥ 
ɞɥɹ ɈɐɊ, 

ɦɜɬ 

ɍɞ ɪɚɫɯ ɧɚ 
ɷ\ɷ ɞɨ 

ɍɞ ɪɚɫɯ 
ɧɚ ɷ\ɷ 
ɩɨɫɥɟ 

Δ,% 

ɉɬ-25 102 58,45 3,41 1,086 0.956 11,97 

ɉɬ-60 200 114,608 6,69 0,267 0.237 11,24 

ɉɬ-65 155 88,82 5,18 0,215 0.189 12,09 

Ɋ-100 600 309,55 18,06 1,38 1.162 15,80 

 
2.5 Ɋɚɫɱɟɬ ɈɐɊ ɛɥɨɤɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɩɚɪɟ 

 

1 – ɂɫɩɚɪɢɬɟɥɶ, 2 – ɈɐɊ-ɬɭɪɛɢɧɚ, 3 – ɗɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ, 4 – Ʉɨɧɞɟɧɫɚɬɨɪ, 5 – 
ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ. 

Ɋɢɫɭɧɨɤ 2.15 – ɉɌɋ ɈɐɊ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɩɚɪɟ 

Ɍɚɛɥɢɰɚ 2.11 – ɉɚɪɚɦɟɬɪɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ⱦɚɜɥɟɧɢɟ 1,2-2,5 ɤɝɫ/ɫɦ2 

Ɍɟɦɩɟɪɚɬɭɪɚ 120-140 
Ʉɨɥɢɱɟɫɬɜɨ ɬɭɪɛɢɧ ɧɚ ɤɨɥɥɟɤɬɨɪ 8 

ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɤɨɥɥɟɤɬɨɪ 1200 ɬ/ɱ 
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Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɢ ɧɚɣɞɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɛɨɱɟɟ Ɇɟɬɚɧɨɥ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɢɫɩɚɪɟɧɢɹ 140 ℃, ɧɟɞɨɝɪɟɜ ɫɨɫɬɚɜɢɥ 1 ℃. 

ɄɉȾ ɈɐɊ ɭɫɬɚɧɨɜɤɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 𝜂ˑ˙˓ = ℎଶଷ − ℎଶସℎଶଷ − ℎଶ଺ (2.68) 

ɝɞɟ ℎଶଷ– ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ; ℎଶସ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ; ℎଶ଺ – ɷɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ; 
ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 

ɢɫɩɚɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɫɬɟɩɟɧɢ ɫɭɯɨɫɬɢ 1. ℎଶଷ = ݂ሺݐˋ˔˒, 𝑥ଵሻ = ͷͺͻ (2.69) 

ɝɞɟ ݐˋ˔˒ = ͳͶͲ ℃ – ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ 
ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɩɪɢ ɞɚɜɥɟɧɢɢ ܲ = ͳ,ʹ ˍˆ˔/˔ˏʹ ɢ 
ɧɟɞɨɝɪɟɜ, ɩɪɢɧɢɦɚɟɦɵɣ 𝛿 = ͳ℃; 𝑥ଵ = ͳ – ɫɬɟɩɟɧɶ ɫɭɯɨɫɬɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ; 

 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: ℎଶସ = ℎଶଷ − ሺℎଶଷ − ℎଶସ˃ˇሻ ∙ 𝜂௢𝑖 (2.70) 

ɝɞɟ ℎଶସ˃ˇ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ ɩɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ 
ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ; 𝜂௢𝑖 = Ͳ,ͻ – ɄɉȾ ɈɐɊ ɬɭɪɛɢɧɵ; 

 
ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɷɧɬɚɥɶɩɢɹ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ: ℎଶସ˃ˇ = ,ଵݏ)݂  ܲˍˑːˇ) = ͷʹͻ (2.71) 

ɝɞɟ ݏଶଷ = ͳ,ͺͺ ˍДˉ/ˍˆ ∙ К– ɷɧɬɪɨɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ;  ܲˍˑːˇ = Ͳ,ͻͶ ˄˃˓ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ; 
 

ɉɨ ɢɬɨɝɭ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: ℎଶସ = ͷͺͻ − ሺͷͺͻ − ͷʹͻሻ ∙ Ͳ,ͻ = Ͷ͹͸,ͳ  

 
ɗɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɮɭɧɤɰɢɹ: ℎଶ଺ = ݂ሺ ଶܲଷ, ଶହሻݏ = ʹ͵Ͷ,ʹ (2.72) 
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ɝɞɟ ଶܲଷ = ͳͷ,ͳ ˄˃˓ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɨɫɥɟ ɧɚɫɨɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɮɭɧɤɰɢɹ ݂ሺݐˋ˔˒, 𝑥଴ሻ; ݏଶହ = ͳ,ͳʹ ˍДˉ/ˍˆ ∙ К – ɷɧɬɪɨɩɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ  ݂(̱ܲ ˑːˇ, 𝑥଴); 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɄɉȾ ɈɐɊ ɩɨɥɭɱɢɥɫɹ: 𝜂ˑ˙˓ = ͷʹͻ − Ͷ͹ʹ,ͳͷʹͻ − ʹ͵Ͷ,ʹ = Ͳ,ͳͻ͵  

Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɟ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ɇȼɬ:  

ˑܰ˙˓ = ܳˋ˔˒ ∙ 𝜂ˑ˙˓ (2.73) 

ɝɞɟ ܳˋ˔˒ – ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ; 
Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܳˋ˔˒ = ˘˞˅ܦ ∙ ሺ̅ݐ˅ ˘.˕ˈ˒ˎ − ˅̅ݐ ˞˘.˕ˈ˒ˎሻ ∙ 𝜂ˋ˔˒ (2.74) 

ɝɞɟ ܦ˅˞˘ = ͳͲͲ ˍˆ/˔ – ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; ̅ݐ˅ ˘.˕ˈ˒ˎ = ʹ͹ͷͷ,ʹ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ݂ሺܲ˅ ˘.˕ˈ˒ˎ, ˅ܲ ሻ, ɝɞɟˎ˒ˈ˕.˘˅ݐ ˘.˕ˈ˒ˎ =ͳ,ʹˍˆ˔/˔ˏʹ, ݐ˅˘.˕ˈ˒ˎ = ͳͶͲ ℃; ̅ݐ˅ ˞˘.˕ˈ˒ˎ = ͷͺͻ,ʹ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ݂ሺܲ˅ ˞˘.˕ˈ˒ˎ, ˅ܲ ሻ, ɝɞɟˎ˒ˈ˕.˘˞˅ݐ ˞˘.˕ˈ˒ˎ =ͳ,ʹ ˍˆ˔/˔ˏʹ˃, ݐ˅˞˘.˕ˈ˒ˎ = ͳͲͶ ℃; 𝜂ˋ˔˒ = Ͳ,ͻͺ – ɄɉȾ ɢɫɩɚɪɢɬɟɥɹ; 

ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ 
ɤɨɧɬɭɪɚ, Ɇȼɬ: ܳˋ˔˒ = ʹ͹,͹ ∙ ሺʹ͹ͷͷ,ʹ − ͷͺͻ,ʹሻ ∙ Ͳ,ͻͺ = ͷͻ,ͻ  

Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɢ, Ɇȼɬ: 

ˑܰ˙˓ = ͷͻ,ͻ ∙ Ͳ,ͳͻ͵ = ͳͳ,ͷ  

  



55 
 

2.6 Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɉɄ-10ɒ, ɉɄ-10ɒ2, ȻɄɁ-320/140 

Ɍɚɛɥɢɰɚ 2.12 ‒ ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɉɪɨɬɨɬɢɩ ɤɨɬɥɚ ȻɄɁ ‒ 320 ‒ 140 

Ɍɨɩɥɢɜɨ Ȼɨɪɨɞɢɧɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ 1Ȼ 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܦ˒ˈ = ͵ʹͲ ɬ/ɱ 

Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ ܲ˒ ˈ = ͳ͵,ͺ Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ݐ˒ˈ = ͷͶͷ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ݐ˒˅ = ʹͳͷ ˚ɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ݐ˖˘.ˆ. = ͳ͸ͺ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘.˅. = ʹͲ ˚ɋ 
 

2.6.1 Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.13. 
Ɍɚɛɥɢɰɚ 2.13 ‒ Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 
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2.6.2  Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɜɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɜɵɛɢɪɚɟɬɫɹ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 𝛼˕ = ͳ,ͳͷ  

ɉɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ: ∆𝛼˒ˎ   − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ ∆𝛼˒ˎ   = Ͳ,ͲͶ  ∆𝛼˕     − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ∆𝛼˕     = Ͳ,Ͳ͸  ∆𝛼˒˒   − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ ∆𝛼˒˒   = Ͳ,Ͳ͵  ∆𝛼ВЭК − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɞɹɧɨɦ ɷɤɨɧɨɦɚɣɡɟɪɟ ∆𝛼ВЭК = Ͳ,Ͳʹ  ∆𝛼Вʖʞ − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ 
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∆𝛼Вʖʞ = Ͳ,Ͳ͵  
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 𝛼˒˒" = 𝛼˕ + ∆𝛼˒˒ (2.75) 𝛼˒˒" = ͳ,ͳͷ + Ͳ,Ͳ͵ = ͳ,ͳͺ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 𝛼"ВЭК = 𝛼˒˒" + ∆𝛼ВЭК (2.76) 𝛼"ВЭК = ͳ,ͳͺ + Ͳ,Ͳʹ = ͳ,ʹͲ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 𝛼Вʖʞ" = 𝛼"ВЭК + ∆𝛼Вʖʞ  (2.77) 𝛼Вʖʞ" = ͳ,ʹͷ + Ͳ,Ͳ͵ = ͳ,ʹͺ  

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɧɚɯɨɠɞɟɧɢɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨɫɥɟ ɤɚɠɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. 
 

2.6.3 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ܸ˅଴, ˏଷ/ˍˆ, ɞɥɹ ɫɠɢɝɚɧɢɹ ɨɞɧɨɝɨ ɤɝ 
ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܸ˅଴ = Ͳ,Ͳͺͺͻሺܥ˓ + Ͳ,͵͹ͷ ∙ ܵ˓ሻ + Ͳ,ʹ͸ͷ ∙ 𝐻˓ − Ͳ,Ͳ͵͵͵ ∙ ܱ˓ (2.78) 

ɝɞɟ ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ (2.13); ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ (2.13); 𝐻˓ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ 
(2.13); ܱ˓ – ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ 
(2.13). ܸ˅଴ = Ͳ,Ͳͺͺͻሺ͵͵,ͷ + Ͳ,͵͹ͷ ∙ Ͳ,͵ሻ + Ͳ,ʹ͸ͷ ∙ ʹ,ʹ − Ͳ,Ͳ͵͵͵ ∙ ͳͲ,͵ = ͵,ʹʹͺ  

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ேܸ2଴ = Ͳ,͹ͻ ∙ ܸ˅଴ + Ͳ,ͺ ∙ ே˓ଵ଴଴ (2.79) 

ɝɞɟ ܸ˅଴ – ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 𝛼 = ͳ, ɦ3/ɤɝ, ɫɦ. ɮɨɪɦɭɥɭ (6); ܰ˓ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ (2.80). 
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ேܸ2଴ = Ͳ,͹ͻ ∙ ͵,ʹʹ + Ͳ,ͺ ଴,ହଵ଴଴ = ʹ,ͷͷ   

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

ோܸை2 = ͳ,ͺ͸͸ ஼˓+଴,ଷ଻ହ∙ௌ˓ଵ଴଴  (2.81) 

ɝɞɟ ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ ( 2.13); ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, ɫɦ. ɬɚɛɥɢɰɭ (2.13).   ோܸை2 = ͳ,ͺ͸͸ ଷଷ,ହ+଴,ଷ଻ହ∙଴,ଷଵ଴଴ = Ͳ,͸͵  

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ:   ுܸ2ை଴ = Ͳ,ͳͳͳ ∙ 𝐻˓ + Ͳ,ͲͳʹͶ ∙ ܹ˓ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴ (2.82) 

ɝɞɟ  𝐻˓ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % , ɫɦ. ɬɚɛɥɢɰɭ 
(2.13); ܹ˓ – ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %, ɫɦ. ɬɚɛɥɢɰɭ (2.13); ܸ˅଴ – ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 𝛼 = ͳ, ɦ3/ɤɝ, ɫɦ. ɮɨɪɦɭɥɭ (2.13).  ுܸ2ை଴ = Ͳ,ͳͳͳ ∙ ʹ,ʹ + Ͳ,ͲͳʹͶ ∙ ͶͲ +  Ͳ,Ͳͳ͸ͳ ∙ ͵,ʹʹ = Ͳ,͹ͻ ˏ3/ˍˆ  

ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: ܸ̂଴ = ேܸ2଴ +   ோܸை2 +   ுܸ2ை଴  (2.83) ܸ̂଴ = ʹ,ͷͷ + Ͳ,͸͵ + Ͳ,͹ͻ = ͵,ͻ͹ ˏ3/ˍˆ  

2.6.4  Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ  

Ɉɛɴɟɦ ɝɚɡɨɜ, ɢɯ ɦɚɫɫɚ, ɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɨɣ ɩɵɥɢ, 
ɩɨɞɫɱɢɬɚɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɝɚɡɨɯɨɞɚ, ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.14. 
Ɍɚɛɥɢɰɚ 2.14 ‒ Ɉɛɴёɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴёɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ 
ɝɚɡɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɟɟ ɨɛɨɡɧɚɱɟɧɢɟ 
Ɍɨɩɨɱɧɚɹ 

ɤɚɦɟɪɚ 
ɉɉ ȼɗɄ ȼɁɉ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ 

Ɍ iα =α + α   

1,15 1,18 1,20 1,23 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 𝛼˔˓ 
1,15 1,165 1,19 1,215 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.14 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɟɟ ɨɛɨɡɧɚɱɟɧɢɟ 
Ɍɨɩɨɱɧɚɹ 

ɤɚɦɟɪɚ 
ɉɉ ȼɗɄ ȼɁɉ 

Ɉɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ,
3ɦ / ɤɝ  

2 2

0 0
ɫɪ ȼ0,0161 ( 1)H O H OV V V     

 
0,800 0,801 0,802 0,803 

ɉɨɥɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ, ɦ3/ɤɝ, 
0 0

Ƚ Ƚ ɫɪ ȼ1,016 ( 1)V V V     
 

4,47 4,51 4,60 4,68 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɬɪёɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 

2 2 Ƚ/RO ROr V V
 

0,14 0,139 0,136 0,134 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 

2 2 Ƚ/H O H Or V V
 

0,179 0,177 0,174 0,172 

ɋɭɦɦɚɪɧɚɹ ɨɛɴёɦɧɚɹ ɞɨɥɹ 

2 2ɩ RO H Or r r 
 

0,320 0,316 0,311 0,306 

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɪ 0

Ƚ ɫɪ ȼ1 0,01 1,306αG А V     
 

5,72 5,78 5,89 5,99 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ 
ɱɚɫɬɢɰ, ɤɝ/ɤɝ, 

Ɋ
ɡɥ ɭɧ Ƚ/100А ɚ G   

 

0,022 0,022 0,0213 0,0209 

 
2.6.5  Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɗɧɬɚɥɶɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ ɢɥɢ 
ɤȾɠ/ɦ3, ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 𝜗, ℃, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 𝐻଴̂ = ሺ  ோܸை2 ∙  ܿோை2 +   ுܸ2ை଴ ∙   ܿு2ை + ேܸ2଴ ∙ ܿே2ሻ ∙ 𝜗 (2.83) 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: 𝐻଴˅ = ܸ˅଴ ∙ ܿ˅ ∙ 𝜗 (2.84) 

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ 𝛼 > ͳ 𝐻ˆ = 𝐻଴̂ + ሺ𝛼 − ͳሻ𝐻଴˅ + 𝐻ˊˎ (2.85) 

ȼ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥɚɯ ܿ˅,  ܿோை2 ,   ܿு2ை, ܿே2 - ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɫɨɨɬɜɟɬɫɜɟɧɧɨ ɜɨɡɞɭɯɚ, ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɢ ɚɡɨɬɚ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɤȾɠ/(ˏଷ ∙ К), ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.3 [1]; 𝛼 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɚɝɪɟɜɚ; 𝐻ˊˎ – ɷɧɬɚɥɶɩɢɹ ɡɨɥɵ, ɤȾɠ/ɤɝ. 𝐻ˊˎ = Ͳ,Ͳͳܽ˖ː ∙ ˓ܣ ∙ ܿˊˎ ∙ 𝜗 (2.86) 

ɝɞɟ ܿˊˎ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɨɥɵ, ɤȾɠ/ɤɝ, ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3 [1]. 
Ɉɩɪɟɞɟɥɢɦ ɩɪɢɜɟɞɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɭɧɨɫɚ ɡɨɥɵ ɢɡ ɬɨɩɤɢ, % ∙ ˍˆ/ʛДˉ: 
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ܽ˒˓ = ܽ˖ː ∙ А˒ (2.87) 

ɝɞɟ ܽ˖ː = Ͳ,ͻͷ – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ; А˒ – ɩɪɢɜɟɞɟɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ А˒ = А˓ொː˓ (2.88) А˒ = ଵଷ,ଶଵଵ,ଷଽ = ͳ,ͳͷ  ܽ˒˓ = Ͳ,ͻͷ ∙ ͳ,ͳͷ = ͳ,ͳ % ∙ ˍˆ/ʛДˉ  

Ɍɚɤ ɤɚɤ ɩɪɢɜɟɞɟɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɦɟɧɶɲɟ 1,4% ∙ ˍˆ/ʛДˉ, ɬɨ ɷɧɬɚɥɶɩɢɸ 
ɡɨɥɵ ɧɟ ɭɱɢɬɵɜɚɟɦ. 

ɉɨɞɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.15. 
Ɍɚɛɥɢɰɚ 2.15 ‒ ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 𝜗, ℃ 

ʜ଴̂, ˍДˉ/ˍˆ 
ʜ଴˅, ˍДˉ/ˍˆ 

ʜˆ = ʜ଴̂ + ሺ𝛼′′ − ͳሻ ∙ ʜ଴˅ 
Ɍɨɩɤɚ Ʉɉɉ ȼɗɄ  ȼɁɉ  

100 549,78 426,05     634,99 647,77 
200 1114,57 855,65     1285,70 1311,37 
300 1695,24 1290,74     1953,39 1992,11 
400 2326,80 1750,30     2676,85 2729,36 
500 2951,06 2210,16   3348,88 3393,08 3459,39 
600 3592,28 2680,66   4074,79 4128,40 4208,82 
700 4250,40 3160,43 4724,46 4819,27 4882,48 4977,29 
800 4923,39 3647,56 5470,52 5579,94 5652,90   
900 5608,96 4142,73 6230,37 6354,65 6437,50   
1000 6306,54 4643,38 7003,05 7142,35 7235,22   
1100 7015,44 5182,29 7792,78 7948,24     
1200 7733,84 5664,64 8583,53 8753,47     
1300 8462,50 6184,12 9390,11 9575,63     
1400 9196,61 6707,27 10202,70       
1500 9938,74 7232,85 11023,66       
1600 10687,11 7762,56 11851,49       
1700 11443,23 8293,82 12687,29       
1800 12201,34 8825,85 13525,22       
1900 12964,54 9364,63 14369,23       

 
2.6.6 ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ. Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɤɨɬɟɥ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 𝜂ˍ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ +  ଺ሻ (2.89)ݍ

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, %, ɡɚɜɢɫɢɬ ɨɬ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭ.ɝ. ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ଶݍ = ு˖˘.ˆ−𝛼˖˘.ˆ∙ு˘0˅ொ˓˓ ∙ ሺͳͲͲ −  ସሻ (2.90)ݍ

ɝɞɟ 𝐻˖˘.ˆ – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɥɢɧɟɣɧɨɣ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 𝜗˖˘.ˆ = ͳͷͷ℃, ɩɨ ɬɚɛɥɢɰɟ 2.15; 𝛼˖˘.ˆ = ͳ,ʹ͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ; ݍସ– ɩɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ, %; ܳ˓˓ – ɪɚɛɨɱɟɟ ɪɚɫɩɨɥɚɝɚɟɦɨɟ ɬɟɩɥɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. 𝐻˖˘.ˆ  = 𝐻ଵ଴଴ + ሺ𝐻ଶ଴଴ − 𝐻ଵ଴଴ሻ ∙ ቀ𝜗˖˘.ˆ−ଵ଴଴ଵ଴଴ ቁ = ͻ͹ͻ,ͷ͹ ˍДˉ/ˍˆ (2.91) 𝐻˘଴˅ = ͺͷ,ʹͳ ˍДˉ/ˍˆ  ݍସ = Ͳ,ͷ % (2.92) 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɸ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ ɩɨ ɮɨɪɦɭɥɟ (16): ݍଶ = ଽ଻ଽ,ହ଻−ଵ,ଶଷ∙଼ହ,ଶଵଵଵଷଽ଴ ∙ ሺͳͲͲ − Ͳ,ͷሻ = ͹,͸Ͷ %  

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ. Ⱦɥɹ ɜɫɟɯ ɩɵɥɟɭɝɨɥɶɧɵɯ 
ɤɨɬɥɨɜ ɞɚɧɧɚɹ ɬɟɩɥɨɜɚɹ ɩɨɬɟɪɹ ɪɚɜɧɚ ɧɭɥɸ. ݍଷ = Ͳ  

ɉɨɬɟɪɹ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ݍହ, %, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.  ݍହ = ହːݍ ∙ ஽˒ˈː஽˒ˈ (2.93) 

ɝɞɟ ܦ˒ˈ– ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ, ɛɟɪёɬɫɹ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. ݍହː = ሺ଺଴/஽ːˑˏሻ0,ఱlgሺ஽ːˑˏሻ ହːݍ (2.94)  = ሺ଺଴/ଷଶ଴ሻ0,ఱlgሺଷଶ଴ሻ = Ͳ,ͳ͹ %  

ɇɚɯɨɞɢɦ ɩɨɬɟɪɸ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɨ ɮɨɪɦɭɥɟ (19): ݍହ = Ͳ,ͳ͹ ∙ ଷଶ଴ଷ଴ହ = Ͳ,ͳͺ %  

ɇɚɣɞёɦ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ 𝜑:  𝜑 = ͳ − ௤ఱଵ଴଴ (2.95) 𝜑 = ͳ − ଴,ଵ଼ଵ଴଴ = Ͳ,ͻͻͺ  
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ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ ݍ଺, % ɨɛɹɡɚɬɟɥɶɧɨ 
ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɠɢɞɤɨɦ ɲɥɚɤɨɭɞɚɥɟɧɢɢ, ɚ ɩɪɢ ɬɜɟɪɞɨɦ ɲɥɚɤɨɭɞɚɥɟɧɢɢ ‒ 
ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɞɥɹ ɦɧɨɝɨɡɨɥɶɧɵɯ ɬɨɩɥɢɜ, ɤɨɝɞɚ А˓ > ʹ,ͷ ∙ ܳː˓: ʹ,ͷ ∙ ܳː˓ = ʹͺ,Ͷ͹ͷ (2.96) А˓ = ͳ͵,ʹ %  ݍ଺ = Ͳ % (2.97) 

ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ɛɪɭɬɬɨ ɩɨ ɮɨɪɦɭɥɟ (15): 𝜂ˍ˃˄˓ = ͳͲͲ% − ሺ͹,͸Ͷ + Ͳ + Ͳ,ͷ +  Ͳ,ͳͺ + Ͳሻ = ͻͳ,͸͹͹ %  

2.6.7  Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ  

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɬ/ɱ: В = ஽˒ˈ∙ሺℎ˒ˈ−௧˒˅̅̅ ̅̅ ሻ+ீ˒˓∙ሺ௧˒˓̅̅ ̅̅ −௧˒˅̅̅ ̅̅ ሻொ˓˓ ∙𝜂ˍ˃˄˓  (2.98) 

ɝɞɟ ܳː˓– ɪɚɛɨɱɟɟ ɪɚɫɩɨɥɚɝɚɟɦɨɟ ɬɟɩɥɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 𝜂ˍ˃˄˓– ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. В = ଷ଴ହ∙ሺଷସସଽ,଼−ଽଶହ,ହሻ+଺,ଵ∙ሺଵ଺ଶ଼,ଵ−ଽଶହ,ହሻଵଵଷଽ଴∙଴,ଽଵ଺଻଻ = ͹Ͷ,ͳ͹ ˕/˚  

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ, 
ɬ/ɱ: В˓ = В ቀͳ − ௤రଵ଴଴ቁ = ͹Ͷ,ͳ͹ ∙ ቀͳ − ଴,ହଵ଴଴ቁ = ͹͵,͹͹ ˕/˚ = ʹͲ,ͷͻ  ˍˆ/˔ (2.99) 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɟɣ υɭɯ=110℃ ʜ˖˘.˔ːˋˉ= ͳͳʹʹ,Ͷͷ ˍДˉ/ˍˆ 

Ɋɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɨɡɜɨɥɢɬ ɫɨɫɬɚɜɢɬɶ ɛɚɥɚɧɫɨɜɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 
ɧɚɯɨɠɞɟɧɢɹ ɜɨɫɩɪɢɧɹɬɨɣ ɬɟɩɥɨɬɵ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ 
ɝɚɡɨɜ ɞɨ υɭɯ=110℃ 

G˖˘.ˆ = В˓ ∙ ȽV  = 93.835 ˏ3/˔ = Ͷ͵ͻ,ͳͶͺ ˕/˚  

Ɍɟɩɥɨ ɜɨɫɩɪɢɧɹɬɨɟ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ: 

Q˖˘ = G˖˘.ˆ∙( ʜ˖˘ - ʜ˖˘.˔ːˋˉሻ = 439,148∙(1435 – ͳͳʹʹ,Ͷͷሻ = ͵ͺ,Ͳ͹ͺ ʛВ˕ 

ɉɨ ɚɧɚɥɨɝɢɢ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɞɜɭɯ ɤɨɬɥɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɫɜɨɞɧɵɯ ɬɚɛɥɢɰɚɯ 2.16 b 2.17. 
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Ɍɚɛɥɢɰɚ 2.16 – Ⱦɚɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɉɄ-10ɲ2 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܦ˒ˈ = ʹ͵Ͳ ɬ/ɱ 

Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ ܲ˒ ˈ = ͻ,ͺ Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ݐ˒ˈ = ͷͷͲ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ݐ˒˅ = ʹͳͲ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ݐ˖˘.ˆ. = ͳ͸ͺ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘.˅. = ʹͲ ˚ɋ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɇɭɯ=1725,9 ɤȾɠ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɇɯɜ.0=193,28 ɤȾɠ/ɤɝ 
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ Qɧ.ɪ=15280 ɤȾɠ/ɤɝ 
Q2 9.5% 

Q3 0%% 

Q4 0.5 

Q5 0.587% 

Q6 0.149% 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 89,3% 

ɗɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 3503,942 ɤȾɠ/ɤɝ 
ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 901,487 ɤȾɠ/ɤɝ 

Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 12,25 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ 10,976 Ɇɉɚ 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 12,22 ɤɝ/ɫ 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 12,161 ɤɝ/ɫ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 1725,94 ɤȾɠ/ɤɝ 
ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 193,28 ɤȾɠ/ɤɝ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɧɢɠɟɧɢɹ ɭɯɨɞ ɝɚɡɨɜ 110 ˚ɋ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ 1122,45 ɤȾɠ/ɤɝ 
Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 60,5 ɦ3/ɫ 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 283,39 ɬ/ɱ 

ɉɨɥɭɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɨɬ ɫɧɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɞɨ 110 47,5 Ɇȼɬ 
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Ɍɚɛɥɢɰɚ 2.17 – Ⱦɚɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɉɄ-10ɲ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܦ˒ˈ = ʹ͵Ͳ ɬ/ɱ 

Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ ܲ˒ ˈ = ͻ,ͺ Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ݐ˒ˈ = ͷͳͲ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ݐ˒˅ = ʹͳͲ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ݐ˖˘.ˆ. = ͳ͸ͺ ˚ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘.˅. = ʹͲ ˚ɋ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɇɭɯ=1725,9 ɤȾɠ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɇɯɜ.0=193,28 ɤȾɠ/ɤɝ 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ Qɧ.ɪ=15280 ɤȾɠ/ɤɝ 

Q2 9.5% 

Q3 0% 

Q4 0.5 

Q5 0.587% 

Q6 0.149% 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 89,3% 

ɗɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 3403,143ɤȾɠ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 901,487 ɤȾɠ/ɤɝ 

Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 12,25 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ 10,976 Ɇɉɚ 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 11,75 ɤɝ/ɫ 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 11,692 ɤɝ/ɫ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 1725,94 ɤȾɠ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 193,28 ɤȾɠ/ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɧɢɠɟɧɢɹ ɭɯɨɞ ɝɚɡɨɜ 110 ˚ɋ 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ 1122,45 ɤȾɠ/ɤɝ 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 58,216 ɦ3/ɫ 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 272,451 ɬ/ɱ 

ɉɨɥɭɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɨɬ ɫɧɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɞɨ 110 

45,673 Ɇȼɬ 
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2.7 Ɋɚɫɱɟɬ ɈɐɊ ɛɥɨɤɚ ɧɚ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ 

 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ, 2 – Ɋɟɤɭɩɟɪɚɬɨɪ, 3 – ɂɫɩɚɪɢɬɟɥɶ, 4 – ɈɊɐ-ɬɭɪɛɢɧɚ, 5 – Ʉɨɧɞɟɧɫɚɬɨɪ, 6 
– ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ, 7 – ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ. 

Ɋɢɫɭɧɨɤ 2.16 - ɉɌɋ ɈɐɊ ɛɥɨɤɚ ɧɚ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ 

ɉɨ ɚɧɚɥɨɝɢɱɧɨɣ ɦɟɬɨɞɢɤɟ, ɤɚɤ ɢ ɜ ɪɚɫɱɟɬɟ ɈɐɊ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ 
ɩɚɪɟ, ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɈɐɊ ɧɚ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ, ɧɚ ɩɪɢɦɟɪɟ ɤɨɬɥɚ ȻɄɁ-320/140. 
Ɍɚɛɥɢɰɚ 2.18 – ɩɚɪɚɦɟɬɪɵ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ 

Ɋɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɤɨɬɥɚ, ɤɝ/ɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ 
ɧɚ ɜɯɨɞɟ, ℃ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ 
ɜɵɯɨɞɟ, ℃ 

121,96 168 30 

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɪɚɛɨɱɟɦ ɬɟɥɟ Ɇɟɬɚɧɨɥ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɢɫɩɚɪɟɧɢɹ 168 ℃, 

ɄɉȾ ɈɐɊ ɭɫɬɚɧɨɜɤɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 𝜂ˑ˙˓ = ℎଶଷ − ℎଶସℎଶଷ − ℎଶ଺ (2.100) 

ɝɞɟ ℎଶଷ– ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ; ℎଶସ – ɷɧɬɚɥɶɩɢɹ ɭɯ. Ƚɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ; ℎଶ଺ – ɷɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ; 
ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ 

ɢɧɬɟɪɩɨɥɹɰɢɟɣ. ℎଶଷ = ͳͶ͵Ͷ (2.101) 

ɝɞɟ ݐˋ˔˒ = ͳ͸ͺ ℃ – ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, 
 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɟɣ ɩɨ ɮɨɪɦɭɥɟ: 
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ℎଶସ = ͳͳʹʹ (2.102) 

ɝɞɟ ℎଶସ˃ˇ – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ ɩɪɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ; 𝜂௢𝑖 = Ͳ,ͻ – ɄɉȾ ɈɐɊ ɬɭɪɛɢɧɵ; 

ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɷɧɬɚɥɶɩɢɹ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ: ℎଶସ˃ˇ = ,ଵݏ)݂  ܲˍˑːˇ) = ʹ͹Ͳ,͵ (2.103) 

ɝɞɟ ݏଶଷ = ͳ,ʹͶ ˍДˉ/ˍˆ ∙ К– ɷɧɬɪɨɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ;  ܲˍˑːˇ = ʹͻ ˄˃˓ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ; 
ɉɨ ɢɬɨɝɭ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɈɐɊ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: ℎଶସ = ʹ͸ͺ,͵ͺ  

ɗɧɬɚɥɶɩɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɮɭɧɤɰɢɹ: ℎଶ଺ = ݂ሺ ଶܲଷ, ଶହሻݏ = ʹ͸ͺ,͵ͺ (2.104) 

ɝɞɟ ଶܲଷ = ͳͷ,ͳ͹ ɛɚɪ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɨɫɥɟ ɧɚɫɨɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɮɭɧɤɰɢɹ ݂ሺݐˋ˔˒, 𝑥଴ሻ; ݏଶହ = ͳ,ʹͶ ˍДˉ/ˍˆ ∙ К – ɷɧɬɪɨɩɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ  ݂(̱ܲ ˑːˇ, 𝑥଴); 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɄɉȾ ɈɐɊ ɩɨɥɭɱɢɥɫɹ: 𝜂ˑ˙˓ = ͳͶ͵Ͷ − ͳͳʹʹͳͶ͵Ͷ − ʹ͸ͺ,͵ͺ = Ͳ,ʹ͵  

Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɟ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ɇȼɬ: 

ˑܰ˙˓ = ܳˋ˔˒ ∙ 𝜂ˑ˙˓ (2.105) 

ɝɞɟ ܳˋ˔˒ – ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ; 
Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ ɤɨɧɬɭɪɚ, Ɇȼɬ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܳˋ˔˒ = ˘˞˅ܦ ∙ ሺ̅ݐ˅ ˘.˕ˈ˒ˎ − ˅̅ݐ ˞˘.˕ˈ˒ˎሻ ∙ 𝜂ˋ˔˒ (2.106) 

ɝɞɟ ܦ˅˞˘ = ͳʹͳ,ͻͺ ˍˆ/˔ – ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; ̅ݐ˅ ˘.˕ˈ˒ˎ = ͳͶ͵Ͷ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ ̅ݐ˅ ˞˘.˕ˈ˒ˎ = ͳͳʹʹ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ, 𝜂ˋ˔˒ = Ͳ,ͻͺ – ɄɉȾ ɢɫɩɚɪɢɬɟɥɹ; 
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ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɈɐɊ 
ɤɨɧɬɭɪɚ, Ɇȼɬ: ܳˋ˔˒ = ͳʹͳ,ͻͺ ∙ ሺͳͶ͵Ͷ − ͳͳʹʹሻ ∙ Ͳ,ͻͺ = Ͷͷ,͸  

Ɇɨɳɧɨɫɬɶ ɈɐɊ ɭɫɬɚɧɨɜɤɢ, Ɇȼɬ: 

ˑܰ˙˓ = Ͷͷ,͸ ∙ Ͳ,ʹ͵ = ͳͲ,Ͷ  

2.8 ȼɵɛɨɪ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ 

Ɍɚɛɥɢɰɚ 2.19 – ɋɪɚɜɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 
Ɉɫɧɨɜɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢ
ɟ 

ɉɨɬɨɤ ɬɟɩɥɚ Ɍɟɦɩɟɪɚɬɭɪ
ɚ ɩɨɬɨɤɚ 

ɋɧɢɦɚɟɦɨ
ɟ ɬɟɩɥɨ, 

Ɇȼɬ 

ɄɉȾ 
ɰɢɤɥɚ,

% 

ɗɥɟɤɬɪɢɱɟɫɤɚ
ɹ ɦɨɳɧɨɫɬɶ, 

Ɇȼɬ 

ɉɌ-25/90 Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵ
ɣ ɩɚɪ 140 59,9 19,5 11,5 

Ɋ-100/140 ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɩɚɪ 

293 86 21 18 

ɉɄ-10ɒ 
ɍɯɨɞɹɳɢɟ ɝɚɡɵ 

168 45,6 23 10,4 
ɉɄ-10ɒ2 168 47,5 23 10,9 
ȻɄɁ-320/140 140 38,078 19,5 7,4 

 
ɉɨ ɩɪɨɜɟɞɟɧɧɵɦ ɪɚɫɱɟɬɚɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 

ɩɚɪ ɬɭɪɛɢɧ Ɋ-100/140 ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɮɮɟɤɬ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɩɨɬɨɤɚɦɢ. Ɉɞɧɚɤɨ ɜ ɯɨɞɟ ɪɚɛɨɬɵ 
ɡɧɚɱɢɦɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ ɭɜɟɥɢɱɢɥɚɫɶ ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɄɉȾ 
ɰɢɤɥɚ ɧɚ ɩɚɪɟ ɜɵɲɟ ɱɟɦ ɧɚ ɮɪɟɨɧɟ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɈɐɊ. Ʌɨɝɢɱɧɟɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨɬ ɩɚɪ, ɩɨɦɢɦɨ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɞɥɹ ɪɚɛɨɬɵ ɩɪɢɤɥɸɱɟɧɧɨɣ ɬɭɪɛɢɧɵ. 

Ⱦɚɥɟɟ ɩɨ ɪɚɫɫɦɨɬɪɟɧɢɸ ɦɨɠɧɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɭɯɨɞɹɳɢɟ ɝɚɡɵ ɢ 
ɢɯ ɜɵɫɨɤɢɣ ɄɉȾ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɜɟɥɢɱɢɬ ɄɉȾ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ɇɨ ɨɞɧɢɦ ɜɧɟɞɪɟɧɢɟ ɈɐɊ-
ɦɨɞɭɥɹ ɧɟ ɨɛɨɣɬɢɫɶ, ɩɨɫɤɨɥɶɤɭ ɩɪɢɞɟɬɫɹ ɟɳё ɭɱɟɫɬɶ ɫɩɨɫɨɛɵ ɛɨɪɶɛɵ ɫ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɪɧɨɤɢɫɥɨɬɧɨɣ ɤɨɪɪɨɡɢɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɟɞɟɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɞɨɪɨɠɚɧɢɸ ɜɫɟɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɜ 
ɰɟɥɨɦ  

ɂɡ ɜɫɟɯ ɩɨɬɨɤɨɜ ɫɚɦɵɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɪɟɲɟɧɢɟɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɚɪɚ ɬɭɪɛɢɧ. ɉɨɫɤɨɥɶɤɭ ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɜ ɜɢɞɟ 
ɬɟɦɩɟɪɚɬɭɪɵ 140-180˚ɋ ɢ ɞɚɜɥɟɧɢɹ 1,2-2,5 ɤɝɫ/ɫɦ2, ɞɟɥɚɸɬ ɟɝɨ ɧɟɜɨɡɦɨɠɧɵɦ 
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɜɵɫɨɤɢɦ ɄɉȾ. Ɉɞɧɚɤɨ ɞɥɹ ɈɐɊ ɰɢɤɥɚ 
ɹɜɥɹɟɬɫɹ ɢɡ ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɨɬɨɤɨɜ ɫɚɦɵɦ ɷɮɮɟɤɬɢɜɧɵɦ. 

Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɩɨɡɜɨɥɢɬ ɜɵɞɟɥɢɬɶ ɢɡ ɜɫɟɯ ɪɚɛɨɱɢɯ ɬɟɥ, ɢɦɟɸɳɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɢɣ ɄɉȾ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɵɣ ɧɟ ɨɤɚɡɵɜɚɬɶ ɬɨɤɫɢɱɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɢɯ. 
  



67 
 

2.9 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 

 

Ɋɢɫɭɧɨɤ 2.17 – T-S ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ 

ɋɨɝɥɚɫɧɨ ɧɚɤɥɨɧɭ ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ, ɜ T-S ɞɢɚɝɪɚɦɦɟ (ɪɢɫɭɧɨɤ 2.16), 
ɨɪɝɚɧɢɱɟɫɤɢɟ ɪɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɬɢɩɚ [10]: ɫɭɯɢɟ, 
ɜɥɚɠɧɵɟ ɢ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɢɟ. ɇɚ ɪɢɫɭɧɤɟ 2.16 ɩɨɤɚɡɚɧɚ ɞɢɚɝɪɚɦɦɚ T-S ɬɪɟɯ 
ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɬɢɩɨɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ȼɥɚɠɧɵɟ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɚɩɥɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ [11], ɧɚɥɢɱɢɟ ɤɚɩɟɥɶ ɦɨɠɟɬ 
ɩɨɜɪɟɞɢɬɶ ɥɨɩɚɫɬɶ ɬɭɪɛɢɧɵ ɢ ɭɦɟɧɶɲɢɬɶ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɬɭɪɛɢɧɵ. ȼ ɨɛɳɟɦ, ɦɢɧɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɭɯɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ 
ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɶɲɟ 85% [12]. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɜɥɚɠɧɚɹ 
ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɨɛɥɚɞɚɥɚ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɫɭɯɨɫɬɢ ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɟɪɟɝɪɟɬɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ. Ⱥɜɬɨɪɵ. [15] ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ, ɩɟɪɟɝɪɟɜ ɫɭɯɢɯ 
ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɩɥɨɜɨɣ ɄɉȾ ɰɢɤɥɚ, ɧɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɧɟɨɛɪɚɬɢɦɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ 
ɩɚɪɨɜɨɣ ɮɚɡɟ ɩɟɪɟɝɪɟɜ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɢ ɫɬɨɢɦɨɫɬɶ ɩɟɪɟɝɪɟɜɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ [12]. 

ɉɨɷɬɨɦɭ, ɜ ɷɬɨɦ ɞɢɫɫɟɪɬɚɰɢɢ ɢɫɫɥɟɞɭɸɬɫɹ ɫɢɫɬɟɦɵ ɈɐɊ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɭɯɨɣ ɢɥɢ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɛɟɡ 
ɩɟɪɟɝɪɟɜɚ.  

Ⱦɥɹ ɫɢɫɬɟɦɵ ɈɐɊ ɛɟɡ ɩɟɪɟɝɪɟɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɟɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ 
ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ʉɪɢɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɋɢɫɬɟɦɵ 
ɈɐɊ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɫ ɧɢɡɤɢɦɢ ɤɪɢɬɢɱɟɫɤɢɦɢ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɦɨɝɭɬ ɫɬɚɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɰɢɤɥɨɦ Ɋɟɧɤɢɧɚ [15], ɜ ɤɨɬɨɪɨɦ 
ɩɪɨɰɟɫɫ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɩɪɨɛɥɟɦɵ [13]. 
ɉɨɷɬɨɦɭ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɧɢɠɟ 50 
° ɋ. ɉɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 40 ° ɋ (ɚ 
ɢɦɟɧɧɨ, ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɯɨɞɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ). ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 
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ɜɚɤɭɭɦɚ ɜɨ ɜɪɟɦɹ ɤɨɧɞɟɧɫɚɰɢɢ, ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɩɪɢ 40 ° ɋ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ. Ⱦɥɹ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɫ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɲɟ 200 ° ɋ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɩɪɢ 40 
° ɋ ɨɛɵɱɧɨ ɦɟɧɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ. Ɍɚɤɢɟ ɪɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ ɜ ɷɬɨɣ 
ɞɢɫɫɟɪɬɚɰɢɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɬɨ 
ɪɚɡɥɢɱɧɵɟ ɪɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɨɞɢɧɚɤɨɜɨɣ ɬɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɯɨɬɹ ɨɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ [10]. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɮɚɤɬɨɪ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɠɢɞɚɟɬɫɹ ɧɟɚɝɪɟɫɫɢɜɧɚɹ, ɧɟɝɨɪɸɱɚɹ ɢ 
ɧɟɬɨɤɫɢɱɧɚɹ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ [13]. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɜɥɢɹɟɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 
ɭɬɢɥɢɡɢɪɭɟɦɨɝɨ ɬɟɩɥɚ. Ɂɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɬɢɩ 
ɭɬɢɥɢɡɚɰɢɢ. ɉɪɢ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɟɧɢɹ ɧɢɠɟ ɩɪɟɞɟɥɶɧɨɣ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɬɟɩɥɨɬɵ ɢɫɬɨɱɧɢɤɚ. ɇɚ ɪɢɫɭɧɤɟ 2.17 ɩɨɤɚɡɚɧɚ 
ɞɢɚɝɪɚɦɦɚ Ɍ-ɇ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɜ ɪɚɡɧɵɯ ɩɨɥɨɠɟɧɢɹɯ.  

Ʉɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɛɨɥɶɲɟ ɩɪɟɞɟɥɶɧɨɣ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɬɟɩɥɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚ. 

 

Ɋɢɫɭɧɨɤ 2.18 – T-H ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɩɪɢ ɩɨɥɧɨɣ ɢ ɧɟ 
ɩɨɥɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞɢɤɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ 
ɞɢɫɫɟɪɬɚɰɢɢ [31]. ȼ ɧɟɣ ɚɜɬɨɪ ɢɡɭɱɢɥ ɢ ɪɚɡɪɚɛɨɬɚɥ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, 
ɩɨɡɜɨɥɹɸɳɭɸ ɩɨɞɨɛɪɚɬɶ ɪɚɛɨɱɟɟ ɬɟɥɨ ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɬɢɥɢɡɢɪɭɟɦɨɝɨ ɬɟɩɥɚ. 
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Ɋɢɫɭɧɨɤ 2.19 - P-S ɞɢɚɝɪɚɦɦɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɧɚ ɗɬɚɧɨɥɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɟɧɢɹ 130˚ɋ 

Ɍɚɛɥɢɰɚ 2.20 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 

h`3 h`4 
h`1 

Ɋɚɛɨɱɟɟ 
ɬɟɥɨ 

T.ɢɫɩ Rs Rl PREDICTOR ɄɉȾ 

1099,9 1333,3 268,4 

ɗɬɚɧɨɥ 

150 233,4 831,5 -156,5 21,9% 

1104,3 1324,2 268,4 140 219,9 835,9 -141,6 20,8% 

1108,8 1314,2 268,4 130 205,4 840,4 -126,9 19,6% 

1113,5 1303,4 268,4 120 189,9 845,1 -112,5 18,3% 

1118,6 1292,0 268,4 110 173,4 850,2 -98,4 16,9% 

1124,2 1280,0 268,4 100 155,9 855,8 -84,6 15,4% 
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Ɋɢɫɭɧɨɤ 2.20 - P-S ɞɢɚɝɪɚɦɦɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɧɚ Ɇɟɬɚɧɨɥɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɟɧɢɹ 130˚ɋ 

Ɍɚɛɥɢɰɚ 2.21 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 

h`3 h`4 
h`1 

Ɋɚɛɨɱɟɟ 
ɬɟɥɨ 

T.ɢɫɩ Rs Rl PREDICTOR ɄɉȾ 

426050 425775 424820 

Ɇɟɬɚɧɨɥ 

150 -276 1230 -91 22,4% 

426049 425787 424820 140 -261 1228 -84 21,3% 

426046 425801 424820 130 -245 1226 -78 20,0% 

426043 425815 424820 120 -228 1223 -71 18,7% 

426039 425829 424820 110 -210 1219 -64 17,2% 

426035 425845 424820 100 -190 1215 -57 15,6% 
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Ɋɢɫɭɧɨɤ 2.21 - P-S ɞɢɚɝɪɚɦɦɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɧɚ ɮɪɟɨɧɟ R141B 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɟɧɢɹ 130˚ɋ 

Ɍɚɛɥɢɰɚ 2.22 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 

h`3 h`4 
h`1 

Ɋɚɛɨɱɟɟ 
ɬɟɥɨ 

T.ɢɫɩ Rs Rl PREDICTOR ɄɉȾ 

534,5 473,7 233,1 

R141B 

150 -60,9 301,4 -93,7 20,2% 

529,5 472,4 233,1 140 -57,1 296,4 -86,9 19,3% 

524,0 471,0 233,1 130 -53,1 290,9 -79,9 18,2% 

518,2 469,4 233,1 120 -48,8 285,1 -72,9 17,1% 

512,1 467,8 233,1 110 -44,3 279,0 -65,7 15,9% 

505,8 466,2 233,1 100 -39,6 272,7 -58,4 14,5% 
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Ɋɢɫɭɧɨɤ 2.22 - P-S ɞɢɚɝɪɚɦɦɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɧɚ ɮɪɟɨɧɟ R142B 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɟɧɢɹ 130˚ɋ 

Ɍɚɛɥɢɰɚ 2.23 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 

h`3 h`4 
h`1 

Ɋɚɛɨɱɟɟ 
ɬɟɥɨ 

T.ɢɫɩ Rs Rl PREDICTOR ɄɉȾ 

473,33 433,02 237,4 

R142B 

130 -40,3 235,9 -81,2 17,09% 

477,16 438,08 237,4 120 -39,1 239,8 -73,7 16,30% 

476,96 440,33 237,4 110 -36,6 239,6 -66,2 15,29% 

474,72 441,26 237,4 100 -33,5 237,3 -58,7 14,10% 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ Ɇɟɬɚɧɨɥ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɢɦɟɟɬ 

ɫɚɦɵɣ ɛɨɥɶɲɨɣ ɄɉȾ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɚɪɚ. 
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3 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ ɪɟɲɟɧɢɟ 

Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ 
ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ: ɢɫɩɚɪɢɬɟɥɶ ɦɟɬɚɧɨɥɚ, ɬɭɪɛɢɧɚ, ɤɨɧɞɟɧɫɚɬɨɪ ɦɟɬɚɧɨɥɚ, 

 
3.1 Ɋɚɫɱɟɬ ɢɫɩɚɪɢɬɟɥɹ ɦɟɬɚɧɨɥɚ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢɫɩɚɪɢɬɟɥɹ ɦɟɬɚɧɨɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
3.1. 

 

Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɢɫɩɚɪɢɬɟɥɹ ɦɟɬɚɧɨɥɚ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ -2. 
ɍɬɨɱɧɢɦ ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ ɧɚɣɞɟɦ ɧɟɢɡɜɟɫɬɧɵɟ ɷɧɬɚɥɶɩɢɢ 

ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɨɛɚɜɥɟɧɧɵɯ ɡɨɧ ɬɟɩɥɨɨɛɦɟɧɚ. Ⱦɥɹ ɷɬɨɝɨ 
ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɌȺ: 

( ) ( ),
ɛɩ ɩ ɞ Ɍ ɛ ɛD h h G h t     

 (3.1) 

ɂɡ ɫɨɫɬɚɜɥɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɵɪɚɠɚɟɦ ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ 
ɧɟɢɡɜɟɫɬɧɵɟ ɷɧɬɚɥɶɩɢɢ: 

`

586,111 / ,

323,271 / .

ɛ

ɛ

G ɤɝ ɫ

h ɤȾɠ ɤɝ



  

Ƚɞɟ ,ɛ ɛh t  - ɷɧɬɚɥɶɩɢɹ ɦɟɬɚɧɨɥɚ ɩɨɫɥɟ ɢ ɞɨ ɢɫɩɚɪɢɬɟɥɹ, ɤȾɠ/ɤɝ; 

ɩh – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɤȾɠ/ɤɝ; 

ɞh  - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ; 
0,98   - ɄɉȾ ɢɫɩɚɪɢɬɟɥɹ. 
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3.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɫɤɢɡɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɞɥɹ 
ɤɚɠɞɨɣ ɢɡ ɡɨɧ 

ɗɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ: 

2,i i
эɫɤ ɫɪ

i i

Q
F ɦ

K t


  (3.2) 

Qi – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ i-ɨɣ ɡɨɧɵ [ɤȾɠ/ɤɝ]; 
ki – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ i-ɨɣ ɡɨɧɵ; 
∆tɫɪ – ɫɪɟɞɧɢɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ. 

2,3 ln

ɛ ɦ
ɫɪ

ɛ

ɦ

t t
t

t

t

 
 






 (3.3) 

' "
1 2 135 30 105ɛt t t       (3.4) 
" '
1 2 135 130 5ɦt t t       (3.5) 

105 5
27

105
lnln

5

ɛ ɦ
ɫɪ

ɛ

ɦ

t t
t

t

t

  
   




 (3.6) 

2212200000
7061

1113*27эɫɤ ɫɪ

Q
F ɦ

K t
  


 (3.7) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ [2]: 
21113 /ɫɩK ȼɬ ɦ К

 
3.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ 
ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

ɋɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɝɪɟɸɳɟɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞ. 

i
i i i

i

G
V D


   (3.8) 

3
( ; ) 0.724ɩ n ɫɪɩ

ɦf P t ɤɝ    (3.9) 
3

( ; ) 0,00111ɛ ɛ ɫɪɛ
ɦf P t ɤɝ    (3.10) 

355,55 0,724 40,222 /n
n n n

n

G
V D ɦ ɫ


      (3.11) 

3203,05 0,00111 0,325 /ɛ
ɛ ɛ ɛ

ɛ

G
V G ɦ ɫ


      (3.12) 

Ɋɚɫɱɟɬ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 

30 30* 0,001 0,949 /ɛ ɜ ɦ ɫ   
 (3.13) 
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60 60* 0,724 51,053 /ɩ ɩ ɦ ɫ   
 (3.14) 

ȼɵɛɢɪɚɟɦ ɪɚɡɦɟɪ ɬɪɭɛ: 20 2 ; ɬɪɭɛɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɫɬɚɥɢ: 
0,020ɧɚɪd ɦ  

0,002ɫɬ ɦ   
0.020 2 0.002 0,016ɜɧd ɦ     

ɑɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɦ ɯɨɞɟ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ: 

2 2

4 4 203,05 0,001
1536,2 1537

3,14*0,016 *0,949
ɛ ɛ

ɜɧ ɜ

G
n шɬ

d


 

 
   

 (3.15) 

Ɉɛɳɚɹ ɞɥɢɧɚ ɬɪɭɛ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ: 

7061
91,4

3.14*0.016*1537
эɫɤ

ɜɧ

F
l ɦ

d n
  

 
 (3.16) 

Ɍ.ɤ. ɨɛɳɚɹ ɞɥɢɧɚ ɬɪɭɛ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ ɜ 9 ɦɟɬɪɨɜ, ɬɨ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɛɭɞɟɬ ɦɧɨɝɨɯɨɞɨɜɵɦ. Ɂɚɞɚɟɦɫɹ ɱɢɫɥɨɦ ɯɨɞɨɜ z ɢɡ ɞɢɚɩɚɡɨɧɚ 
ɨɬ 2 ɞɨ 12. 

ɑɢɫɥɨ ɯɨɞɨɜ 10z   
Ⱦɥɢɧɚ ɨɞɧɨɝɨ ɯɨɞɚ  

91,44
9,14

10

l
l ɦ

z
   

 (3.17) 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɜ ɬɟɩɥɨɨɛɦɟɧɧɨɦ ɚɩɩɚɪɚɬɟ 

1537 10 15370N n z      (3.18) 
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3.1.3 Ʉɨɦɩɨɧɨɜɤɚ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ 

Ɋɚɫɱɟɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɩɨɫɨɛɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɧɚ 
ɬɪɭɛɧɨɣ ɞɨɫɤɟ, ɫɩɨɫɨɛɚ ɢɯ ɡɚɤɪɟɩɥɟɧɢɹ ɜ ɬɪɭɛɧɨɣ ɞɨɫɤɟ, ɨɪɝɚɧɢɡɚɰɢɢ 
ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɯɨɞɚɦ, ɨɩɪɟɞɟɥɟɧɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚɦɟɬɪɚ ɤɨɪɩɭɫɚ ɢ 
ɭɬɨɱɧɟɧɢɢ ɱɢɫɥɚ ɯɨɞɨɜ, ɜɵɛɨɪɟ ɬɢɩɚ ɜɨɞɹɧɨɣ ɤɚɦɟɪɵ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɚ 
ɩɚɬɪɭɛɤɨɜ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɤɚɤ ɧɚ ɜɯɨɞɟ, ɬɚɤ ɢ ɧɚ ɜɵɯɨɞɟ ɩɨ ɤɚɠɞɨɦɭ 
ɬɟɩɥɨɧɨɫɢɬɟɥɸ. 

ɒɚɝ ɦɟɠɞɭ ɬɪɭɛɤɚɦɢ, ɦ: 

(1,25 1,35) ;

1,25 0,020 0,025

ɧɚɪt d

t ɦ
 

    (3.19) 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ ɨɤɪɭɠɧɨɫɬɟɣ ɢɥɢ ɲɟɫɬɢɭɝɨɥɶɧɢɤɨɜ: 

12 3 3
;

6

12 15370 3 3
43

6

N
m

m шɬ

 


  
 

 (3.20) 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɧɚ m-
ɨɤɪɭɠɧɨɫɬɟɣ ɢɥɢ ɲɟɫɬɢɭɝɨɥɶɧɢɤɨɜ c ɜɵɛɪɚɧɧɵɦ ɲɚɝɨɦ: 

2

2

1 3 3 ;

' 1 3*43 3*43 5677

N m m

N шɬ

   

     (3.21) 

Ɍ.ɤ. NN > , ɬɨ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɦ 
ɨɤɪɭɠɧɨɫɬɹɦ. 

 

Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɵ ɪɚɡɛɢɜɤɢ ɬɪɭɛɧɨɣ ɪɟɲɟɬɤɢ ɩɨ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɦ 
ɨɤɪɭɠɧɨɫɬɹɦ. 
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ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɤɨɪɩɭɫɚ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ: 

1 2 2,75 0,020 2*0,006 2,782ɜ ɧD D d x ɦ      
 (3.22) 

Ʉɨɥɶɰɟɜɨɣ ɡɚɡɨɪ ɦɟɠɞɭ ɤɪɚɣɧɟɣ ɬɪɭɛɤɨɣ ɢ ɫɬɟɧɤɨɣ ɤɨɪɩɭɫɚ: 
ɦɦx 106 . 

Ⱦɢɚɦɟɬɪ ɧɚɪɭɠɧɨɣ ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ ɨɤɪɭɠɧɨɫɬɢ: 

1 2 2*43*0,025 2,15D m t ɦ    
 (3.23) 

Ⱦɚɥɟɟ ɜɵɛɢɪɚɟɦ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ (ɩɨ ȽɈɋɌ 9617-79)   Dɜ=2200ɦɦ. 
Ɋɚɡɦɟɪɵ ɩɚɬɪɭɛɤɚ ɩɨɞɜɨɞɚ ɢ ɨɬɜɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ: 

1 43 0,724
1,13 1,13 1,0

51,053
ɩ

nɚɪ
n

D
D ɦ




  
 (3.24) 

1 43 0,001012
1,13 1,13 0,274

0,954
d

ɤɨɧɞɟɧɫɚɬ
d

D
D ɦ




  
 (3.25) 

' 3
1 1( ; ) 0,001012 /d df P t ɦ ɫ    (3.26) 

203,05 0,001
1,13 1,13 0,339

0,949
ɛ ɜɯ

ɛɜɯ
ɜɯ

G
D ɦ




  
 (3.27) 

203,05 0,017
1,13 1,13 0,305

30
ɛ ɜыɯ

ɛɜыɯ
ɜыɯ

G
D ɦ




  
 (3.28) 

ɝɞɟ  ɩɚɪD  - ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤɝ/ɫ; 
ɩ  - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂȻ, ɦ3/ ɤɝ; 
ɩ  - ɫɤɨɪɨɫɬɶ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂȻ, ɦ/ɫ; 
d  - ɫɤɨɪɨɫɬɶ ɞɪɟɧɚ ɧɚ ɜɵɯɨɞɟ, ɦ/ɫ; 
d  - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɞɪɟɧɚɠɚ, ɦ3/ɤɝ; 

,ɜɯ ɜыɯ  - ɫɤɨɪɨɫɬɶ ɦɟɬɚɧɨɥɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ, ɦ/ɫ; 
,ɜɯ ɜыɯ   - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɦɟɬɚɧɨɥɚ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ, ɦ3/ɤɝ; 

Ɂɚɬɟɦ ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɱɢɫɥɨ ɯɨɞɨɜ ɌȺ: 

2 4

8,383
2,996

1,8

ɜ

ɜ

l

D

l

D


 


 

 
Ɂɚ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɱɢɫɥɨ ɯɨɞɨɜ ɩɪɢɧɢɦɚɟɦ z=10, ɬɚɤ ɤɚɤ ɩɪɢ ɧɟɦ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬɫɹ ɨɛɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ: 
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(2 9) 8,4

2 4 3
ɜ

l ɦ
l

D

   

  

 
ȼ ɤɚɱɟɫɬɜɟ ɫɩɨɫɨɛɚ ɡɚɤɪɟɩɥɟɧɢɹ ɬɪɭɛ ɧɚ ɬɪɭɛɧɨɣ ɞɨɫɤɟ, ɜɵɛɢɪɚɟɦ 

ɪɭɱɧɚɹ ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ȽɈɋɌ 5264-69-ɋ18. 
ɂɫɩɚɪɢɬɟɥɶ ɦɟɬɚɧɨɥɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɥɢɫɬɟ 2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

 
3.2 Ɋɚɫɱёɬ ɦɟɬɚɧɨɥɨɜɨɣ ɬɭɪɛɢɧɵ 

ɉɪɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ: Ɋ0=1,9 Ɇɉɚ ɢ 0t =140°ɋ , ɢ ɤɨɧɟɱɧɨɦ 
ɞɚɜɥɟɧɢɢ: ɊɄ=0,21 Ɇɉɚ ɬɟɩɥɨɩɟɪɟɩɚɞ ɧɚ ɬɭɪɛɢɧɭ ɫɨɫɬɚɜɢɬ: 0ɇ =100 ɤȾɠ/ɤɝ  ɧɚ 
Ɇɟɬɚɧɨɥɟ. 

ɉɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɦɟɬɚɧɨɥɨɜɨɣ ɬɭɪɛɢɧɵ ɩɪɨɟɤɬɢɪɭɟɦ ɩɨ ɡɚɤɨɧɭ 
ɩɨɫɬɨɹɧɫɬɜɚ ɤɨɪɧɟɜɨɝɨ ɞɢɚɦɟɬɪɚ ɢ ɫɬɟɩɟɧɢ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɤɨɪɧɟɜɨɦ 
ɞɢɚɦɟɬɪɟ ɫɬɭɩɟɧɟɣ dɤ = const, ρɌɤ = const. Ɋɨɬɨɪ ɦɟɬɚɧɨɥɨɜɨɣ ɬɭɪɛɢɧɵ 
ɧɚɩɪɹɦɭɸ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɝɟɧɟɪɚɬɨɪɨɦ, ɢ ɨɧɚ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɧɚ 50 1/ɫ (3000 
ɨɛ/ɦɢɧ). ɋɤɨɪɨɫɬɶ ɦɟɬɚɧɨɥɚ ɩɟɪɟɞ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ  

ɋ0 = 40 - 60 ɦ/ɫ. 
 
3.2.4 ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱёɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

Ɉɩɬɢɦɚɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɧɚ ɤɨɪɧɟɜɨɦ ɞɢɚɦɟɬɪɟ ɫɬɭɩɟɧɟɣ 
ɬɭɪɛɢɧɵ: 

1ɷɮ
0

Ɍɤ

180
cos( ) 0,975 cos(16)

0,481,
2 1 ρ 2 1 0,05

X

   
  

   
 (3.29) 

ɝɞɟ ρɌɤ -ɫɬɟɩɟɧɶ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɤɨɪɧɟɜɨɦ ɞɢɚɦɟɬɪɟ; 
α1ɷɮ-ɭɝɨɞ ɜɵɯɨɞɚ ɢɡ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ; 
φ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ 
Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɟɪɟɞ ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɶɸ ɬɭɪɛɢɧɵ: 
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ hc = 529 ɤȾɠ/ɤɝ: 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ,413 Ʉ:  

ɝɞɟ ɪɝɫɫ - ɦɚɫɫɨɜɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ; 

0C -ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ. 
P0 – ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, P0=19 ɛɚɪ  
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɤȾɠ/ɤɝ: 

 2 2
0 0

0 0
0,9 50

529 741,125
20002000 Ƚ

P

C
i i

c

  
    


 (3.30) 
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ɉɥɨɬɧɨɫɬɶ 57,14ɝ  , ɤɝ/ɦ3 ʝˍ˓˖ˉː˃я ˔ˍˑ˓ˑ˔˕˟ ː˃ ˍˑ˓ːˈ˅ˑˏ ˇˋ˃ˏˈ˕˓ˈ ˔˕˖˒ˈːˈˌ, ˏ/˔:
3,142 0,68 50 106,814ɤ Ku d n        (3.31) 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɨɞɧɨɣ ɫɬɭɩɟɧɢ ɤȾɠ/ɤɝ: 

2 2

0
0

1 1 106,814
24,65

2000 2000 0,481
ɤu

h
X

          
    (3.32) 

ɉɟɪɢɮɟɪɢɣɧɵɣ ɞɢɚɦɟɬɪ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɦ: 

0 0

4 4 203
0,68 0,851

3,14 50 57,14
1 2 2
ɩ ɤ

G
d d

ɋ 
 

    
  

 (3.33) 

ɝɞɟ G - ɪɚɫɯɨɞ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ. 
ɉɪɢɧɢɦɚɟɦ ɩɟɪɢɮɟɪɢɣɧɵɣ ɞɢɚɦɟɬɪ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 0,85 ɦ. 
ȼɵɫɨɬɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɦ: 

( ) / 2 (0,851 0,68) 2 0,0851 1
2 ɩ ɤl d d      (3.34) 

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɦ: 

0,68 0,085 0,7651 1
ɫɪ ɤ 2d d l    

 (3.35) 

ȼɵɫɨɬɚ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɦ: 

0,085 0,007 0,0781 1
1 2l l      (3.36) 

ɋɬɟɩɟɧɶ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

   
1,8 1,8

0,68
1 1 1 1 0,05 0,291

0,765
K

T TK 1
ɫɪ

d

d
 

                    (3.37) 

Ɍɟɩɥɨɩɟɪɟɩɚɞ ɜ ɫɨɩɥɨɜɨɣ ɪɟɲёɬɤɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɤȾɠ/ɤɝ: 

   1 1 0,291 26,375 18,701ɨɫ Ɍ 0h h      
 (3.38) 
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Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, ɦ/ɫ: 

3 32 10 2 18,701 10 193,3971t ɨɫC h      
 (3.39) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ ɬɟɨɪɟɬɢɱɟɫɤɚɹ: 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ - ɦɚɫɫɨɜɭɸ 

ɢɡɨɛɚɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 
ɦɚɫɫɨɜɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜ ɬɟɩɥɨɜɨɦ 
ɪɚɫɱɟɬɟ, ɤ ɪɝɫɫ Ⱦɠ/(ɤɝ∙Ʉ). 

 

1 1 273,15 1331,687t tT t    (3.40) 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɚ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ 529, ɤȾɠ/ɦ3: 
Ⱦɚɜɥɟɧɢɟ ɝɚɡɨɜ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ 15,75, ɛɚɪ:  
ɉɥɨɬɧɨɫɬɶ ɝɚɡɨɜ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ 38,46, ɤɝ/ɦ3: 
ɉɥɨɳɚɞɶ ɫɨɩɥɨɜɨɣ ɪɟɲёɬɤɢ, ɦ2: 

83,33
0,077

0,978 38,46 201,2661
1 1t 1t

G
F

C   
  

   (3.41) 

ɍɝɨɥ ɜɵɯɨɞɚ ɢɡ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, ɝɪɚɞ 

0,077α arcsin 180 / arcsin 180 / 3,142 16,458
3,142 0,765 0,078

1
1эɮ 1 1

ɫɪ 1

F

d l



    

  
 

(3.42)

 

3.2.5 ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ 

ȼɟɟɪɧɨɫɬɶ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɡɚɞɚɟɬɫɹ ɩɨ ɩɪɨɬɨɬɢɩɭ: 

 

2

3
z
ɫɪ

Z z

d

l
  

 (3.43) 

 Ɉɬɧɨɲɟɧɢɟ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɞɢɚɦɟɬɪɚ ɤ ɤɨɪɧɟɜɨɦɭ: 

1 3 1 2

1 3 1 1

z
ɩ Z

ɤ Z

d

d




 
  

   (3.44) 
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ɉɟɪɢɮɟɪɢɣɧɵɣ ɞɢɚɦɟɬɪ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ, ɦ: 

2
0,8 1,6

1

z
z ɩ
ɩ ɤ

ɤ

d
d d

d
    

 (3.45) 

ȼɵɫɨɬɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ, ɦ: 

2 ( ) / 2 (1,6 0,8) / 2 0,4z z
ɩ ɤl d d      (3.46) 

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ, ɦ: 

2 1,2 0,55 1,75z z
ɫɪ ɤd d l    

 (3.47) 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɬɭɩɟɧɢ, ɦ/ɫ: 

Z 3 3
2 2 10 2 1,903 10 61,69ɜɫɋ h      

 (3.48) 

ɝɞɟ ∆hɜɫ ɤȾɠ/ɤɝ - ɩɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɡɚɞɚɟɬɫɹ. 
ȼɵɫɨɬɚ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ, ɦ: 

1 2 0,4 0,007 0,393Z Zl l      (3.49) 

ɝɞɟ ∆= ∆1 + ∆2 – ɫɭɦɦɚɪɧɚɹ ɩɟɪɟɤɪɵɲɚ, ɬɚɛɥ. I1 
ɋɬɟɩɟɧɶ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ: 

   
1,8 1,8

0,8
1 1 1 1 0,05 0,542

1,2
z ɤ
T Ɍɤ z

ɫɪ

d

d
 

                    (3.50) 

Ɉɩɬɢɦɚɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɧɚ ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ: 

1

z
Ɍ

cos 0,978 cos20
0,679

2 1 0,5422 1 ρ

zz
эɮ

opt

U

Ca

            
 (3.51) 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ H0, ɤȾɠ/ɤɝ: 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɬɭɪɛɢɧɵ: 

(1 ) / ) (100 (1 0,02) / 24,65) 40( α0 Ɍ hZ H      
 (3.52) 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɚɦ ɢ ɫɬɟɩɟɧɢ ɪɟɚɤɬɢɜɧɨɫɬɢ ɩɟɪɜɨɣ ɢ 
ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɟɣ ɨɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪɵ ɢ ɫɬɟɩɟɧɢ ɪɟɚɤɬɢɜɧɨɫɬɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɭɩɟɧɟɣ, ɩɨɫɬɪɨɢɜ ɞɢɚɝɪɚɦɦɭ, ɪɢɫɭɧɨɤ 3.3. 
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Ɋɢɫɭɧɨɤ 3.3 – Ⱦɢɚɝɪɚɦɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 
ɫɬɭɩɟɧɟɣ 

3.2.6 Ⱦɟɬɚɥɶɧɵɣ ɪɚɫɱёɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɫɬɭɩɟɧɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɬɨɪɦɨɠɟɧɢɹ, 
ɤȾɠ/ɤɝ: 

2 2
0

0 0
*
0

50χ 25,25 0,9 26,375,
2000 2000

ɋ
h h      

 (3.53) 

ɝɞɟ h0 – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɨɬ ɫɬɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 0 0 0,  ,  Ɋ t i ; 
ɋ0 –ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɯɨɞɟ ɜ ɫɬɭɩɟɧɶ (ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ 

ɩɪɟɞɵɞɭɳɟɣ ɫɬɭɩɟɧɢ ɋ2), ɦ/ɫ; ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɋ0 = 40-60 ɦ/c; χ0 – 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɣ ɫɤɨɪɨɫɬɢ ɜ ɞɚɧɧɨɣ ɫɬɭɩɟɧɢ. Ⱦɥɹ ɭɝɥɨɜ α0 = 
80-110ɨ χ0 

= 0,8-1,0. 
Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ, ɦ/ɫ: 

3,142 0,8 50 125,664ɫɪu d n      
 (3.54)

 
Ɋɚɫɩɨɥɚɝɚɟɦɵɟ ɬɟɩɥɨɩɟɪɟɩɚɞɵ ɜ ɫɨɩɥɨɜɨɣ ɢ ɪɚɛɨɱɟɣ ɪɟɲёɬɤɚɯ, ɤȾɠ/ɤɝ: 
ɋɬɟɩɟɧɶ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ ɫɬɭɩɟɧɢ: 

1,8 1,8
1 1 (1 ) ( / ) 1 (1 0,05) (0,68 / 0,8) 0,291Ɍ Ɍk k ɫɪd d         

 (3.55) 

   1 1 0,291 26,375 18,701*
ɨɫ Ɍ 0h h      

 
(3.56) 

0,291 26,375 7,674*
ɨɥ Ɍ 0h h    

 
(3.57) 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, ɦ/ɫ: 

3 32 10 2 18,71 10 193,3971t ɨɫC h      
 (3.58) 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ ɬɟɨɪɟɬɢɱɟɫɤɚɹ: 

1tT 100 273,15 373,15  0ɋ  (3.59) 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ: 1,575 Ɇɉɚ; 
ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ: 38,46 ɤɝ/ɦ3; 
ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ ɩɨɬɨɤɟ ɝɚɡɚ ɡɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ, ɦ/ɫ: 

5 5
1

6,25
18,68( ) 10 1,35 ( ) 10 182,916,1

1t
Ɋa      

 
(3.60) 

ɑɢɫɥɨ Ɇɚɯɚ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ: 

1
193,397

1,057
182,916

1t
t

1

C
M

a
  

 (3.61) 

ȼɵɯɨɞɧɚɹ ɩɥɨɳɚɞɶ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, ɦ2: 

1
83,33

0,08
0,978 3,174 193,3971 1t 1t

G
F

C 
  

     (3.62)

 
ɏɨɪɞɚ, ɦ:  

1 0,3 0,113 0,0341a lɩɪɨɬb     
 (3.63) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ: 

1

1

0,034
0,98 0,009 0,98 0,009 0,978

0,113

b

l
       

 (3.64) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɫɨɩɟɥ, ɦ/ɫ: 

0,978 193,397 189,1811 1tC C      (3.65) 

ɒɚɝ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ: 

0,78 0,034 0,0261 opt 1t t b    
 (3.66) 

ɝɞɟ optt – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ. 
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ɑɢɫɥɨ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ: 

3,142 0,8
96

0,026
cp

1
1

d
z

t

  
  

 
(3.67) 

Ɉɤɪɭɝɥɹɟɬɫɹ z1  ɢ ɭɬɨɱɧɹɟɬɫɹ ɲɚɝ: 

1
1

3,142 0,8
0,026

96
cpd

t
z

  
  

 (3.68) 

ȼɵɫɨɬɚ ɪɚɛɨɱɢɯ ɢ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ: 

2 0,8 0,68 0,12ɫɪ ɤl d d    
 (3.69) 

0,12 0,007 0,1131 2l l      (3.70) 

ɝɞɟ dɫɪ ɢ dɤ  – ɫɪɟɞɧɢɣ  ɢ ɤɨɪɧɟɜɨɣ ɞɢɚɦɟɬɪɵ ɫɬɭɩɟɧɢ; 
∆= ∆1 + ∆2 – ɫɭɦɦɚɪɧɚɹ ɩɟɪɟɤɪɵɲɚ. 
 
ɍɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, ɝɪɚɞ: 

0,08
arcsin arcsin 16,458

3,142 0,8 0,1113
1

1
ɫɪ 1

F

d l



  

   
 (3.71) 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɭɸ ɪɟɲɟɬɤɭ, ɦ/ɫ: 

  2

2

2 cos

189,181 125,664 2 125,664 189,181 cos16,458 77,347

2
1 1 1 1

2

W C u u C       

        (3.72) 

ɍɝɨɥ ɜɯɨɞɚ ɜ ɪɚɛɨɱɭɸ ɪɟɲɟɬɤɭ: 

sin 189,181 sin16,458
arctan arctan 43,864

cos 189,181 cos16,458 125,664
1 1

1
1 1

C

C u




 
  

     (3.73) 

 
ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɜ ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɟ, ɤȾɠ/ɤɝ: 

       
2 2

2 2189,181
1 1 0,978 0,806

2000 2000
1t

c
C

h        
 (3.74) 
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Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ/ɫ: 

   2 23 32 10 2 7,674 10 77,347 146,0482t ɨɥ 1W h W        
 (3.75) 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɡɚ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, К: 

94 273,15 367,151tT     (3.76)
 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɡɚ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, 1,33Ɇɉɚ: 
ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɡɚ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, 31,25 ɤɝ/ɦ3: 
ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ/ɫ: 

5 52,375
7,21( ) 10 ( ) 10 181,4952

2 2t
Ɋa     

 (3.77)
 

ɑɢɫɥɨ Ɇɚɯɚ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ/ɫ: 

2
2

2

142,048
0,805

181,495
W t

t
a

M  
 (3.78)

 
ɏɨɪɞɚ, ɦ: 

2 2 0, 25 0,12 0,03ɩɪɨɬb ɚ l    
 (3.79) 

ɝɞɟ ɚɩɪɨɬ – ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ  ɯɨɪɞɵ ɤ ɜɵɫɨɬɟ ɭ ɩɪɨɬɨɬɢɩɚ ɫɬɭɩɟɧɢ - 2

2

b

l
. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ: 

2 0,965 0,012 0,965 0,012 0,25 0,962ɩɪɨɬɚ       
 (3.80) 

ȼɵɯɨɞɧɚɹ ɩɥɨɳɚɞɶ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ2: 

2
2 2

83,333
0,133

0,961 142,048 31,252 t t

G
F

W  
  

 
 (3.81) 

ɍɝɨɥ ɜɵɯɨɞɚ ɢɡ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ: 

2

2

0,133
arcsin arcsin 26,271

3,142 0,8 0,122эɮ
cp

F

d l



  

   
 (3.82) 

ɉɨ ɡɧɚɱɟɧɢɹɦ M2t, β1, β2ɷɮ  ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɮɢɥɶ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ 2t . 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ: 

2

2

0,03
0,957 0,011 0,957 0,011 0,954

0,12

b

l
       

 
(3.83) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, 
ɦ/ɫ: 

2 2 0,954 146,048 139,367tW W      (3.84) 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɦ/ɫ: 

 2 2
2 2 2 2

2 2

2 cos

139,367 125,664 2 125,664 139,367 cos26,271 61,69

C W u u W       

        (3.85) 

ɍɝɨɥ ɜɵɯɨɞɚ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢɡ ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɝɪɚɞ: 

2
2

2

sin
arctan 180 /

cos

139,367 sin 26,271
arctan 180 / 3,142 89,357

139,367 cos26,271 125,662

2

2

W

W u

 



  

 


   

   (3.86)
 

ɒɚɝ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ, ɦ: 

2 2 2 0,67 0,03 0,0201t t b    
 (3.87) 

ɑɢɫɥɨ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ, ɨɤɪɭɝɥɹɟɬɫɹ: 

2
2

3,142 0,8
126

0,0201
cpd

z
t

  
  

 (3.88) 

ɍɬɨɱɧɹɟɬɫɹ ɲɚɝ: 

2
2

3,142 0,8
0,02

126
cpd

t
z

  
  

 (3.89) 

ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɜ ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɟ, ɤȾɠ/ɤɝ: 

       
2

2
2 2 2146,068

1 1 0,954 0,954
2000 2000

t
ɥ

W
h        

 (3.90) 
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ɉɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɤȾɠ/ɤɝ: 

   61,69
1,903

2000 2000

2 2
2

ɜɫ
C

h   
 (3.91) 

Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɷɧɟɪɝɢɹ ɫɬɭɩɟɧɢ, ɤȾɠ/ɤɝ: 

0 0 2 26,375 0,9 1,903 24,662ɜɫE h h       
 (3.92) 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɥɨɩɚɬɨɱɧɵɣ ɄɉȾ: 

 

 

1 1 1 2 2
ɨɥ 3

0

3

cos cos

10

125,664 77,347 cos43,864 139,367 cos26,271
0,921,

24,662 10

u W W

E

 


   
 



   
 

  (3.93) 

2 0 2
ɨɥ

0

(1 )

24,662 0,806 0,954 (1 0,9)1,903
0,921

24,662

ɫ ɥ ɜɫE h h h

E




      
 

   
 

 (3.94) 

Ɋɚɫɯɨɠɞɟɧɢɟ  
1 2
ɨɥ ɨɥ

2
ɨɥ

100
 



 
    

 
 ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 2%. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɬɪɟɧɢɹ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
ɜ ɝɚɡɨɜɨɣ ɫɪɟɞɟ: 

3 32 2
6 5

0

0,8 125,664
8 10 1 10 ,

0,08 2000 26,37520001

cp
ɬɪ ɬɪ

d u
K

F h
  



             
       (3.95)

 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɬɪK ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ [2]. 
 
ɉɨɬɟɪɢ ɨɬ ɬɪɟɧɢɹ, ɤȾɠ/ɤɝ: 

5 4
0 1 10 24,662 2,57 10ɬɪ ɬɪh E        

 (3.96) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɩɪɨɬɟɱɟɤ ɱɟɪɟɡ ɛɚɧɞɚɠɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɩɨɜɟɪɯ 
ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ: 
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1

4
3

1,8

3,142 0,92 2,835 10 0,1113
0,291 1,8 0,921 6,402 10

0,08 0,8

ɉ 1
ɛɭ ɬ ɨɥ

cp

d lэɤɜ
F d

   




 
     

  
      

 (3.97) 

ɝɞɟ ɉd  – ɩɟɪɢɮɟɪɢɣɧɵɣ ɞɢɚɦɟɬɪ, ɦ: 
,2ɉ ɫɪd d l  ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɡɚɡɨɪ, ɦ: 

   

4

2 2 2 23 3

1 1
2,835 10

4 1,5 4 1,5 2

3 10 0,5 10

эɤɜ

ɚ r

z


 



 

   
 

 
 

 (3.98) 

ɝɞɟ  z = 2 - ɱɢɫɥɨ ɝɪɟɛɧɟɣ ɛɚɧɞɚɠɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ; r = 0,5ɦɦ; ɚ = 3 ɦɦ - 
ɪɚɞɢɚɥɶɧɵɣ ɢ ɨɫɟɜɨɣ ɡɚɡɨɪɵ; 

ɉɨɬɟɪɹ ɨɬ ɭɬɟɱɟɤ, ɤȾɠ/ɤɝ: 

3
0 6,402 10 24,662 0,158ɍɌ ɛɭh E       

 (3.99) 

ɉɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɫɬɭɩɟɧɢ, ɤȾɠ/ɤɝ: 

 
 
2

4

1

24,662 0,806 0,954 1 0,9 1,903 2,57 10 0,158 22,554

i 0 ɫ ɥ ɜɫ ɬɪ ɭɬh E h h h h h


            

         
 (3.100) 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ: 

0

22,554
0,915

24,662
i

oi
h

E
   

 (3.101) 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɫɬɭɩɟɧɢ, ɤȼɬ: 

22,33 22,554 2884,11i iN G h      (3.102) 

ɉɚɪɚɦɟɬɪɵ ɡɚɬɨɪɦɨɠɟɧɧɨɝɨ ɩɨɬɨɤɚ ɩɟɪɟɞ ɫɥɟɞɭɸɳɟɣ ɫɬɭɩɟɧɶɸ: 

741 22,554 714,65*
2t1 0 0i i h      (3.103)

 

 
2

4

(1 )

714,65 0,806 0,954 1 0,9 1,903 2,57 10 0,158 716,858

2 2t1 ɫ ɥ ɬɪ ɭɬ ɜɫi i h h h h h


          

         
 (3.104)

 



89 
 

Ɋɚɫɱɟɬ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
Ɍɚɛɥɢɰɚ 3.1 - Ⱦɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧ Ɏɨɪɦɭɥɵ  ɪɚɫɱɟɬɚ 

ɋɬɭɩɟɧɢ 
II  ɒ IV  

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ 
ɫɬɭɩɟɧɢ, ɦ 

 0,933 1,02 1,2 

Ɍɟɩɥɨɩɟɪɟɩɚɞ 
ɫɬɭɩɟɧɢ, ɤȾɠ/ɤɝ 

2
* 0
0 0 0·2000

C
h h    26,963 26,356 27,149 

Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ,  
ɦ/ɫ 60

cpd n
u

  
  146,481 160,14 188,496 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ 

ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɟ, ɤȾɠ/ɤɝ 

* (1 )ɨɫ ɨ ɬh h     

 
14,486 12,063 13,086 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ 

ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɟ, ɤȾɠ/ɤɝ 

*
ɨɥ Ɍ 0h h   

 
12,477 14,282 14,064 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ 
ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ 
ɜɵɯɨɞɚ ɢɡ ɫɨɩɥɨɜɨɣ 

ɪɟɲёɬɤɢ, ɦ/ɫ 

3
1 2 10t ocC h    191,976 155,328 161,776 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚ 
ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ, 

°Ʉ  
1 0

oc
t

p

h
T T

C
   346,15 338,15 325,15 

Ⱦɚɜɥɟɧɢɟ ɡɚ ɫɨɩɥɨɜɨɣ 
ɪɟɲɟɬɤɨɣ, ɛɚɪ 

P1

 

8,5 5 3 

ɋɬɟɩɟɧɶ 
ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ 

ɫɪɟɞɧɟɦ ɞɢɚɦɟɬɪɟ 
ɫɬɭɩɟɧɢ 

1,8
1 1 (1 ) ( / )Ɍ Ɍk k ɫɪd d    

 

0,463 0,542 0,518 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɡɚ 
ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɨɣ, 

ɤɝ/ɦ3 

273,3Ƚ 1
1t

1t

Ɋ
T

  


 
20 11,62 6,25 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ 
ɩɨɬɨɤɟ ɩɚɪɚ ɡɚ 

ɫɨɩɥɨɜɨɣ ɪɟɲёɬɤɨɣ, 
ɦ/ɫ 

6
1 1 1 10ta k P V     208,167 208,637 204,124 

ɑɢɫɥɨ Ɇɚɯɚ ɫɨɩɥɨɜɨɣ 
ɪɟɲёɬɤɢ 

1
1

1

t
t

C
M

a
  0,818 0,744 0,793 

ɏɨɪɞɚ, ɦ  1 1 1 1ɩɪɨɬb b l l   0,052 0,0515 0,0515 

ȼɵɯɨɞɧɚɹ ɩɥɨɳɚɞɶ 
ɫɨɩɥɨɜɨɣ ɪɟɲёɬɤɢ, ɦ2 

1
1

1 1

ɬ t

t

G V
F

ɋ
 




 0,176 0,331 0,591 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧ Ɏɨɪɦɭɥɵ  ɪɚɫɱɟɬɚ 
ɋɬɭɩɟɧɢ 

II  ɒ IV  
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɫɤɨɪɨɫɬɢ ɫɨɩɥɨɜɨɣ 
ɪɟɲɟɬɤɢ 

1

1

0,98 0,009
b

l
     0,979 0,979 0.981 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ 
ɜɵɯɨɞɚ ɢɡ ɫɨɩɟɥ, ɦ/ɫ 

ɋ1 = ɋ1t · 166,59 152,073 158,453 

ɒɚɝ ɫɨɩɥɨɜɵɯ 
ɥɨɩɚɬɨɤ, ɦ 

1 1 1t t b    
0,041 

 
0,041 

 
0,027 

ɑɢɫɥɨ ɫɨɩɥɨɜɵɯ 
ɥɨɩɚɬɨɤ, ɲɬ 

 

1 1/ɫɪz d t   
 

72 
 

79 
 

139 

ȼɵɫɨɬɚ ɪɚɛɨɱɢɯ 
ɥɨɩɚɬɨɤ 

2 ɫɪ ɤl d d   0,253 0,34 0,4 

ȼɵɫɨɬɚ ɫɨɩɥɨɜɵɯ 
ɥɨɩɚɬɨɤ 

1 2l l   0,247 0,3334 
 

0,394 
 

ɍɝɨɥ ɜɵɯɨɞɚ ɢɡ 
ɫɨɩɥɨɜɨɣ ɪɟɲɟɬɤɢ, 

ɝɪɚɞ 

1
1

1

arcsin
cp

F

d l





 
 14,053 18,382 24,42 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɦɟɬɚɧɨɥɚ ɧɚ 

ɜɯɨɞɟ ɜ ɪɚɛɨɱɭɸ 
ɪɟɲёɬɤɭ, ɦ/ɫ 

 
2 2

1 1 1 12 cosW C u u C      
 

43,142 
 

53,289 
 

79,034 

ɍɝɨɥ ɜɯɨɞɚ ɜ ɪɚɛɨɱɭɸ 
ɪɟɲёɬɤɭ, ɝɪɚɞ 1 1

1
1

sin
arcsin

C

W

 


 69,659 -64,146 -55,98 

ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɜ 
ɫɨɩɥɨɜɨɣ ɪɟɲёɬɤɟ, 

ɤȾɠ/ɤɝ  

2
21 (1 )

2000
t

c
C

h      

 
0,609 

 
0,500 

 
0,532 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ 
ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɦ/ɫ 

3 2
2 12 10t ɨɥW h W     163,754 177,213 185,402 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɡɚ 

ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, К 2
2

* 0
t 0

Ƚ

h
T T

ɫ


   342,15 328,15 314,15 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɡɚ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, 

Ɇɉɚ 
P2 6,85 3,6 2.1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧ Ɏɨɪɦɭɥɵ  ɪɚɫɱɟɬɚ 
ɋɬɭɩɟɧɢ 

II  ɒ IV  
ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɡɚ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɨɣ, 

ɤɝ/ɦ3 
2

2
2

273,3Ƚ
t

t

Ɋ
T

  
  15,87 8,33 4,76 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ 
ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɦ/ɫ 6

2 2 2 10ta k P V     199,879 206,284 205,557 

ɑɢɫɥɨ Ɇɚɯɚ ɪɚɛɨɱɟɣ 
ɪɟɲёɬɤɢ 2

2
2

t
t

W
M

a
  0,819 0,859 0,902 

ɏɨɪɞɚ, ɦ 

2 2ɩɪɨɬb ɚ l   0,053 0,054 0,036 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɯɨɞɚ ɪɚɛɨɱɟɣ 

ɪɟɲɟɬɤɢ 
2 0,965 0,012 ɩɪɨɬɚ     0,962 0,963 0.964 

ȼɵɯɨɞɧɚɹ ɩɥɨɳɚɞɶ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ2 2

2
2 2

·

·
ɬ t

t

G V
F

W


  
 

0,234 
 

0,412 
 

0,689 

ɍɝɨɥ ɜɵɯɨɞɚ ɢɡ 
ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ,  

ɝɪɚɞ 
2

2
2

arcsinэɮ
F

d l





 
 18,388 22,234 27,187 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ 

2t  

0,65 0,6 0,77 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɟɣ 
ɪɟɲɟɬɤɢ 

2

2

0,957 0,011
b

l
      

0,955 
 

0,955 
 

0,956 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ 

ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɦ/ɫ  
2 2tW W   

 
156,334 

 
169,281 

 
177,246 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ 
ɜɵɯɨɞɚ ɢɡ ɫɬɭɩɟɧɢ, 

ɦ/ɫ 2 2
2 2 2 22 cosC W u u W      

49,347 64,968 86,654 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɢ, ɦ 

2t  0,65 0,6 0,77 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɟɣ 
ɪɟɲɟɬɤɢ 

2

2

0,957 0,011
b

l
      

0,955 
 

0,955 
 

0,956 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧ 
Ɏɨɪɦɭɥɵ  ɪɚɫɱɟɬɚ 

ɋɬɭɩɟɧɢ 
II  ɒ IV  

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɢɡ 

ɪɚɛɨɱɟɣ ɪɟɲёɬɤɢ, ɦ/ɫ 
2 2tW W   

 
156,334 

 
169,281 

 
177,246 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ 
ɜɵɯɨɞɚ ɢɡ ɫɬɭɩɟɧɢ, 

ɦ/ɫ 

2 2
2 2 2 22 cosC W u u W       49,347 64,968 86,654 

ɍɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ 
ɢɡ ɫɬɭɩɟɧɢ, ɝɪɚɞ 

2 2
2

2 2

sin  
arctg

cos  

W

W u







   
87,934 -80,38 -69,157 

ɒɚɝ ɪɚɛɨɱɢɯ 
ɥɨɩɚɬɨɤ, ɦ 2 2 2t t b   0,035 0,032 0,028 

ɑɢɫɥɨ ɪɚɛɨɱɢɯ 
ɥɨɩɚɬɨɤ, ɲɬ. 2

2

ɫɪd
z

t

 


 
85 99 136 

ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɜ 
ɪɚɛɨɱɟɣ ɪɟɲɟɬɤɟ, 

ɤȾɠ/ɤɝ 

2
22 (1 )

2000
t

ɥ
W

h    
 

1,187 1,374 1,479 

ɉɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ 
ɫɤɨɪɨɫɬɶɸ, ɤȾɠ/ɤɝ 

2
2

2000ɜɫ
ɋ

h 
 

1,218 2,111 3,754 

Ɋɚɫɩɨɥɚɝɚɟɦɚɹ 
ɷɧɟɪɝɢɹ ɫɬɭɩɟɧɢ, 

ɤȾɠ/ɤɝ 
*

0 0 2 ɜɫE h h    
25,867 24,446 23,77 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ 
ɥɨɩɚɬɨɱɧɵɣ ɄɉȾ 

0 2

0

(1 )ɫ ɥ ɜɫ
ɨɥ

E h h h

E




      
 0,926 0,915 0,900 

ȼɧɭɬɪɟɧɧɢɣ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ 

0

i
oi

h

E
 

 

 
0,920 

 
0,91 

 
0,897 

ȼɧɭɬɪɟɧɧɹɹ 
ɦɨɳɧɨɫɬɶ ɫɬɭɩɟɧɢ, 

ɤȼɬ 
0i ɬ i ɬ oiN G h G E        3043,014 2844,87 2728 

 
3.2.7 Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɪɚɫɱɟɬɭ ɬɭɪɛɢɧɵ 

ɋɩɪɨɟɤɬɢɪɨɜɚɧɚ ɬɭɪɛɢɧɚ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ Nɧɨɦ = 11500 ɤȼɬ 
ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ:  
ɞɚɜɥɟɧɢɟ P0=1,9 Ɇɉɚ; 
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ɬɟɦɩɟɪɚɬɭɪɚ t0=140 C; 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, Pɤ=0,21 Ɇɉɚ; 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ n=3000 ɨɛ/ɦɢɧ; 
Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɭɪɛɢɧɵ: 
ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɢɦɟɟɬ 4 ɫɬɭɩɟɧɟɣ.; 
ɄɉȾ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ 0,897oi  . 
ɑɟɪɬɟɠ Ɇɟɬɚɧɨɥɨɜɨɣ ɬɭɪɛɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɥɢɫɬɟ 4 ɝɪɚɮɢɱɟɫɤɨɣ 

ɱɚɫɬɢ 
 

3.3 Ɋɚɫɱɟɬ ɤɨɧɞɟɧɫɚɬɨɪɚ ɦɟɬɚɧɨɥɚ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢɫɩɚɪɢɬɟɥɹ ɦɟɬɚɧɨɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
10. 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɯɟɦɚ ɢɫɩɚɪɢɬɟɥɹ ɦɟɬɚɧɨɥɚ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ -1. 
Ɍɟɩɥɨɬɚ ɨɫɜɨɛɨɠɞɚɸɳɚɹɫɹ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɦɟɬɚɧɨɥɚ ɢ ɩɟɪɟɞɚɜɚɟɦɚɹ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 
ɤɨɧɞɟɧɫɚɬɨɪɚ: 

2 1( ) ( ),ɤ ɛ ɛ ɞ ɨɜ ɨɜ ɜ ɜQ D h h W C t t      

 (3.105) 

ɂɡ ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜɵɪɚɠɚɟɦ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ: 
5277,77 /ɨɜW ɤɝ ɫ  

ɝɞɟ  ,ɛ ɞh h  - ɷɧɬɚɥɶɩɢɹ ɦɟɬɚɧɨɥɚ ɞɨ ɢ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɤȾɠ/ɤɝ; 

2 1,ɜ ɜt t – ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɩɨɫɥɟ ɢ ɞɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ºɋ; 
ɨɜC  - ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ*ɝɪɚɞ); 

0,98   - ɄɉȾ ɤɨɧɞɟɧɫɚɬɨɪɚ. 
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3.3.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɫɤɢɡɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ  

ɗɫɤɢɡɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ: 

2,эɫɤ ɫɪ

Q
F ɦ

K t


  (3.106) 

ɝɞɟ Q – ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɤȾɠ/ɤɝ; 
K – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ i-ɨɣ ɡɨɧɵ; 
∆tɫɪ – ɫɪɟɞɧɢɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ. 

10
14,427

( ) (10 10)
lnln

10

ɜ
ɫɪ

ɜ

t
t

t t

t





   

  
 

2
12

2

1,1 0,42
4,07 ( ) (1 (35 ) ) 2969

1000
Xɜ

ɜ z d
w a

k a t Ɏ Ɏ
d

 
           

22211300
5163

2969*14,427эɫɤ ɫɪ

Q
F ɦ

K t
  


 

ɝɞɟ 2 1ɜ ɜ ɜt t t   -ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ,ºɋ; 
t =10 ºɋ; 

a -ɤɨɷɮɮɢɰɢɟɧɬ ɱɢɫɬɨɬɵ ɬɪɭɛɨɤ ɤɨɧɞɟɧɫɚɬɨɪɚ; 
ɜw  – ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ; 

10,12 (1 0,15 ) 0,168ɜx a t      ; 

2d  – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ, ɦɦ; 

zɎ  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɱɢɫɥɚ ɯɨɞɨɜ ɜɨɞɵ Z ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ =1; 

dɎ  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɩɚɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 
ɤɨɧɞɟɧɫɚɬɨɪɚ =1. 

 
3.3.9 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ 

ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

ȼɵɛɢɪɚɟɦ ɪɚɡɦɟɪ ɬɪɭɛ: 19 1 ; ɬɪɭɛɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɫɬɚɥɢ: 
0,019

0,001

0.019 2 0.001 0,017

ɧɚɪ

ɫɬ

ɜɧ

d ɦ

ɦ
d ɦ






   
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ɑɢɫɥɨ ɬɪɭɛɨɤ ɤɨɧɞɟɧɫɚɬɨɪɚ: 

2 2

4 4 5277,77
11631,96 11632

3,14 0,017 2 1000
ɨɜ

ɜɧ ɜ ɜ

W
n шɬ

d  


   
   

 (3.107) 

Ⱦɥɢɧɚ ɤɨɧɞɟɧɫɚɬɨɪɧɵɣ ɬɪɭɛɨɤ, ɪɚɜɧɚ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɬɪɭɛɧɵɦɢ 
ɞɨɫɤɚɦɢ: 

1

5163
7,439

3.14 0.019 11632
эɫɤF

l ɦ
d n

  
   

 (3.108) 

ɍɫɥɨɜɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɧɨɣ ɞɨɫɤɢ, ɦ: 

1

11632
0,19 3,598

0,32y
ɬɪ

n
D d ɦ

U
  

 (3.109) 

Ⱦɚɥɟɟ ɜɵɛɢɪɚɟɦ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ (ɩɨ ȽɈɋɌ 9617-79) Dɜ=3600ɦɦ. 
Ɋɚɡɦɟɪɵ ɩɚɬɪɭɛɤɚ ɩɨɞɜɨɞɚ ɢ ɨɬɜɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ: 

293,05 0,16
1,13 1,13 0,902

30
ɛ ɜɯ

ɛɜɯ
ɜɯ

G
D ɦ




  
 (3.110) 

293,05 0,001
1,13 1,13 0,382

2,5
ɛ ɜыɯ

ɛɜыɯ
ɜыɯ

G
D ɦ




  
 (3.111) 

5277,77 0,001
1,13 1,13 1,624

2
ɨɜ ɨɜ

ɨɜ
ɨɜ

W
D ɦ




  
 (3.112) 

ɝɞɟ ɩɚɪD  - ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤɝ/ɫ; 
ɩ  - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ, ɦ3/ ɤɝ; 
d  - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɦ3/ɤɝ; 

,ɜɯ ɜыɯ  - ɫɤɨɪɨɫɬɶ ɦɟɬɚɧɨɥɚɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ, ɦ/ɫ; 
,ɜɯ ɜыɯ   - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɦɟɬɚɧɨɥɚ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ, ɦ3/ɤɝ; 

ȼ ɤɚɱɟɫɬɜɟ ɫɩɨɫɨɛɚ ɡɚɤɪɟɩɥɟɧɢɹ ɬɪɭɛ ɧɚ ɬɪɭɛɧɨɣ ɞɨɫɤɟ, ɹ ɜɵɛɢɪɚɸ ɪɭɱɧɚɹ 
ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ȽɈɋɌ 5264-69-ɋ18. 

Ʉɨɧɞɟɧɫɚɬɨɪ ɦɟɬɚɧɨɥɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɥɢɫɬɟ 3 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ: 
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Ɍɚɛɥɢɰɚ 3.2 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɢɫɩɚɪɢɬɟɥɹ Ɇɟɬɚɧɨɥɚ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2 3500 
Ⱦɢɚɦɟɬɪ ɬɪɭɛ, ɦɦ 20 

Ɉɛɳɚɹ ɞɥɢɧɧɚ ɬɪɭɛ, ɦ. 91,4 
ɑɢɫɥɨ ɯɨɞɨɜ, ɲɬ. 10 
ɑɢɫɥɨ ɬɪɭɛ, ɲɬ. 5200 

Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ Ɇɟɬɚɧɨɥɨɜɨɣ ɬɭɪɛɢɧɵ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼɬ 

11,5 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ, 
Ɇɉɚ 

1,9 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ 
ɤɥɚɩɚɧɨɦ 

140 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɨɛ\ɦɢɧ 3000 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɲɬ. 4 

ɄɉȾ, % 89 
Ɍɚɛɥɢɰɚ 3.4 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɤɨɧɞɟɧɫɚɬɨɪɚ Ɇɟɬɚɧɨɥɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2 3000 

Ⱦɢɚɦɟɬɪ ɬɪɭɛ, ɦɦ 19 
Ɉɛɳɚɹ ɞɥɢɧɧɚ ɬɪɭɛ, ɦ. 7,439 

ɑɢɫɥɨ ɯɨɞɨɜ, ɲɬ. 10 
ɑɢɫɥɨ ɬɪɭɛ, ɲɬ. 5422 

 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɨɫɧɨɜɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ 

ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɈɐɊ ɦɨɞɭɥɹ, ɛɟɡ ɦɚɫɲɬɚɛɧɨɣ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɚ ɧɟɜɨɡɦɨɠɧɨ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɩɥɨɬɧɨ ɡɚɧɢɦɚɟɬ ɢɦɟɸɳɟɟɫɹ ɦɟɫɬɨ ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɞɚɦɟɧɬɚ ɛɵɜɲɟɝɨ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ №2. ȼ ɫɜɹɡɢ ɫ ɱɟɦ ɞɚɥɶɧɟɣɲɢɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢ 3D-
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɨɩɢɪɚɬɶɫɹ ɧɚ ɫɥɟɞɭɸɳɭɸ ɛɥɨɱɧɭɸ ɫɯɟɦɭ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 3.5. 

 

Ɋɢɫɭɧɨɤ 3.5 – Ȼɥɨɱɧɚɹ ɪɚɛɨɬɚ ɌȽ-3 ɢ ɈɐɊ-ɦɨɞɭɥɹ 
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4 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

Ɍɚɛɥɢɰɚ 4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 25 36.5 
ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉɌ-25/90-10 

ɉɌ-25/90-10+ ɈɐɊ 
ɦɨɞɭɥɶ 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 
ɱ./ɝɨɞ 

7000 7000 

ȼɵɪɚɛɚɬɵɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 
 

25 36,5 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ 11,7 11,7 
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ 15280 15280 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɗɥ.ɗɧ, 
ɪɭɛ./(ɤȼɬ*ɱ) 

0,926 0,818 

 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɪɨɫɬɚ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɉɪɢɪɨɫɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɜ ɩɪɨɟɤɬɧɵɯ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱёɬɚɯ, ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ ɭɤɪɭɩɧёɧɧɵɟ ɫɬɚɬɶɢ ɤɚɥɶɤɭɥɹɰɢɢ, 
ɦɥɧ. ɪɭɛ./ɝɨɞ: 

ˠܷ = ˕ܷ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓ (4.1) 

ɝɞɟ ˕ܷ– ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ; ˊܷ˒– ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ; ˃ܷ– ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ; ˕ܷ˓– ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ; ܷ˒˓ – ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ; 
 

4.2 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɱ: ܤː˃˕ = ܤ ∙ ͵͸ͲͲ (4.2) 

ɝɞɟ ܤ = ͳͲ,͹ ˍˆ/˔ – ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ; ܤː˃˕ = ͳͲ,͹ ∙ ͵͸ͲͲ = ͵ͺͷʹͲ  

ɇɚɬɭɪɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ: ܤ′ː˃˕ = ˕˃ːܤ ∙ ̟ܶ ˔˕ (4.3) 

ɝɞɟ ̟ܶ ˔˕ = ͹ͲͲͲ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ; 
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˕˃ː′ܤ = ͵ͺͷʹͲ ∙ ͹ͲͲͲ = ʹ͸ͻ͸ͶͲͲͲͲ  

ɇɚɬɭɪɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬɨɧɧ: ܤː˃˕ =  ː˃˕ͳͲͲͲ (4.4)′ܤ

˕˃ːܤ = ʹ͸ͻ͸ͶͲͲͲͲͳͲͲͲ = ʹ͸ͻ͸ͶͲ  

 
Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ: 

˕ܷ = ʥ ∙ ˕˃ːܤ ∙ ͳͲ−଺ (4.5) 

ɝɞɟ ɐ – ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬɨɧɧ; 

˕ܷ = ͹ʹͲ ∙ ʹ͸ͻ͸ͶͲ ∙ ͳͲ−଺ = ͳͻͶ,ʹͳ  

4.3 Ɋɚɫɱɟɬ ɩɪɢɪɨɫɬɚ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 

 
Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɪɚɫɱёɬɨɜ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɨ ɫɬɚɧɰɢɢ ɦɨɠɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ, ɦɥɧ. ɪɭɛ./ɝɨɞ: ∆ ˊܷ˒ = ∆ 𝑦ܰ ∙ 𝑛𝑦 ∙ Фˊ˒ ∙ ͳͲ−଺ (4.6) 

ɝɞɟ 𝑛𝑦 = Ͳ,ͷ – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; Фˊ˒ = ͶͺͲͲͲͲ – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɪɭɛ./ɝɨɞ; ∆ 𝑦ܰ = ͳͳ,ͷ – ɩɪɢɪɨɫɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, Ɇȼɬ; ∆ ˊܷ˒ = ͳͳ,ͷ ∙ Ͳ,ͷ ∙ ͶͺͲͲͲͲ ∙ ͳͲ−଺ = ʹ,͹͸  

Ɋɚɫɯɨɞɵ ɬɨɥɶɤɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦɭ ɩɟɪɫɨɧɚɥɭ. 
 
4.4 ɉɪɢɪɨɫɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ 

 
ɉɪɢɪɨɫɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ. ɪɭɛ./ɝɨɞ: ∆ ˃ܷ = ܭ ∙ 𝐻˃ (4.7) 

ɝɞɟ 𝐻˃– ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ;  ܭ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ; 
 
 

Ɉɰɟɧɤɚ ɫɬɨɢɦɨɫɬɢ ɈɐɊ ɦɨɞɭɥɹ, ɦɥɧ ɪɭɛ., ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ܭ = ሺͳ͵͵ͺ ∙ ܲ + ͳͷͶ͹Ͷ,ͳͺሻ ∙ ͸ʹ (4.8) 

ɝɞɟ ܲ – Ɇɨɳɧɨɫɬɶ ɈɐɊ ɦɨɞɭɥɹ, ɤȼɬ; ܭ = ሺͳ͵͵ͺ ∙ ͳͳͷͲͲ + ͳͷͶ͹Ͷ,ͳͺሻ ∙ ͸ʹ = ͻͷͶ,ͻͷ  

∆ ˃ܷ = ͻͷͶ,ͻͷ ∙ ͹,ͷͳͲͲ = ͹ͳ,͸ʹ 
 

 
4.5 ɉɪɢɪɨɫɬ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ 

 
ɉɪɢɪɨɫɬ ɪɚɫɯɨɞɨɜ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ ɪɭɛ./ɝɨɞ: ∆ ˕ܷ˓ = ܭ ∙ 𝐻˕˓ (4.9) 

ɝɞɟ 𝐻˕˓– ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ; ∆ ˕ܷ˓ = ͻͷͶ,ͻͷ ∙ ͸ͳͲͲ = ͷ͹,ʹͻ 

 

 
4.6 ɉɪɢɪɨɫɬ ɩɪɨɱɢɯ ɪɚɫɯɨɞɨɜ 

 
Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ: 
– ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

– ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ; 

– ɢ ɞɪ. 

ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 10 – 20 % ɨɬ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ 
ɚɦɨɪɬɢɡɚɰɢɸ, ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɫ ɭɱёɬɨɦ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ ɜɨ 
ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɦɥɧ ɪɭɛ./ɝɨɞ: ∆ܷ˒˓ = Ͳ,ͳ ∙ ( ˃ܷ + ˕ܷ˓ + ˊܷ˒) + Ͳ,͵ ∙ ˊܷ˒ (4.10) 

ɝɞɟ ɋɈɐ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɩɨ ɫɬɚɜɤɟ 30% ɨɬ 
ɪɚɫɯɨɞɨɜ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ. ∆ܷ˒˓ = Ͳ,ͳ ∙ ሺ͹ͳ,͸ʹ + ͷ͹,ʹͻ + ʹ,͹͸ሻ + Ͳ,͵ ∙ ʹ,͹͸ = ͳ͵,ͻͻͷ  

 
ɉɪɢɪɨɫɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ./ɝɨɞ: 
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ˠܷ = ͳͻͶ,ʹͳ + ʹ,͹͸ + ͹ͳ,͸ʹ + ͷ͹,ʹͻ + ͳ͵,ͻͻͷ = ͵ͻ͹,Ͷͻͷ  

 
4.7 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ ɱ: ܹˑ ˕˒ = ܹ ∙ ሺͳ − ܽ˔ːሻ (4.11) 

ɝɞɟ ܽ˔ː– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɫɬɚɧɰɢɢ; ܹ – ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ ɱ; 
 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ ɱ: ܹ = ˖ܰ ∙ ܶ̀ ˔˒ (4.12) 

ɝɞɟ ˖ܰ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɛɥɨɤɚ ɫ ɈɐɊ ɦɨɞɭɥɟɦ, Ɇȼɬ; ܶ̀ ˔˒ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ/ɝɨɞ; 
 ܹ = ͵͸,ͷ ∙ ͹ͲͲͲ = ʹͷͷͷͲͲ  

ܹˑ ˕˒ = ʹͷͷͷͲͲ ∙ ሺͳ − Ͳ,ͲͶሻ = ʹͶͷʹͺͲ  

 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ ɱ: 

ˑܷ˕˒ˠ = ሺܷˠ + ∆ܷˠሻܹˑ ˕˒ ∙ ͳͲଷ 
(4.13) 

ɝɞɟ ܷˠ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ; ∆ܷˠ – ɩɪɢɪɨɫɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ: ܷˠ = ːܰ˃˚ ∙ ̟ܶ ˔˕ ∙ ˑܷ˕˒.ː˃˚ˠ  (4.14) 

ɝɞɟ ːܰ˃˚ – ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ; ̟ܶ ˔˕ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ/ɝɨɞ; ˑܷ˕˒.ː˃˚ˠ  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, 
ɪɭɛ./ɤȼɬ ɱ; ܷˠ = ʹͷ ∙ ͹ͲͲͲ ∙ Ͳ,ͻʹ͸ = ͳ͸ʹͲͷͲ  
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ˑܷ˕˒ˠ = ሺͳ͸ʹͲͷͲ + ͳͻͶ,ʹͳሻʹͶͷʹͺͲͲͲͲ ∙ ͳͲଷ = Ͳ,͸͸ͳ 
 

 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ ɱ: 

˅ܷ˞˓ˠ = ሺܷˠ + ∆ܷˠሻܹ˅ ˞˓ ∙ ͳͲଷ 
(4.15) 

ɝɞɟ ܷˠ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ; ∆ܷˠ – ɩɪɢɪɨɫɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ, ɦɥɧ ɪɭɛ./ɝɨɞ; ܹ˅ ˞˓ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ ɧɚ ɫɬɚɧɰɢɢ, Ɇȼɬ ɱ; 

˅ܷ˞˓ˠ = ሺͳ͸ʹͲͷͲ + ͳͻͶ,ʹͳሻʹͷͷͷͲͲͲͲͲ ∙ ͳͲଷ = Ͳ,͸͵ͷ 
 

 
4.8 Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – ɷɬɨ ɩɟɪɢɨɞ (ɢɡɦɟɪɹɟɦɵɣ ɜ ɦɟɫɹɰɚɯ, ɤɜɚɪɬɚɥɚɯ ɢɥɢ 

ɝɨɞɚɯ), ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨɤɪɵɜɚɸɬɫɹ 
ɫɭɦɦɚɪɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɜ 
ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɛɳɢɣ ɨɛɴёɦ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɨɫɬɚёɬɫɹ ɛɨɥɶɲɢɦ ɫɭɦɦɵ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɢ ɩɪɢɪɨɫɬɚ ɩɪɢɛɵɥɢ ɩɪɟɞɩɪɢɹɬɢɹ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɞɨɯɨɞɚɦɢ ɢ ɪɚɫɯɨɞɚɦɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɱɢɫɬɨɝɨ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɞɨɯɨɞɚ (ɑȾȾ). ȿɫɥɢ 
ɑȾȾ ɛɨɥɶɲɟ ɧɭɥɹ ɬɨ ɜɫɟ ɡɚɬɪɚɬɵ ɩɨ ɩɪɨɟɤɬɭ ɨɤɭɩɚɸɬɫɹ ɞɨɯɨɞɚɦɢ, ɬ. ɟ. ɞɚɧɧɵɣ 
ɩɪɨɟɤɬ ɢɧɜɟɫɬɢɰɢɣ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɤ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ ɪɭɛ.: 

ʦДД = ∑ ([ሺܶ − ˑܷ˕˒ˠ ሻ ∙ ܹˑ ˕˒ ∙ ሺͳ − 𝐻˒˓ሻ + ˃ܷ] ∙ ͳሺͳ + Ͳ,ͳሻ௡) − ௧ܭ
௡=଴  

(4.16) 

ɝɞɟ ܭ – ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɦɥɧ ɪɭɛ.; ˑܷ˕˒ˠ  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ; ܹˑ ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ∙ɱ; 𝐻˒˓– ɧɚɥɨɝɨɜɚɹ ɫɬɚɜɤɚ ɧɚ ɩɪɢɛɵɥɶ, %; 𝑛 – ɬɟɤɭɳɢɣ ɝɨɞ; ܶ = ʹ,Ͷͺ ˓˖˄/ˍВ˕ ∙ ˚ – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ∙ɱ ɫ ɭɱɟɬɨɦ 
ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ; 

 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ.: 
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Вʟʞ = ܶ ∙ ܹˑ ˕˒ (4.18) 

Вʟʞ = ʹ,Ͷͺ ∙ ʹͶͷ,ʹ = ͸Ͳͺ,Ͳͻ͸  

 
Ⱦɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ ɪɭɛ.: Дˑ˔ː = Вʟʞ −  (4.19) ܥ

ɝɞɟ ܥ – ɩɨɥɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 
ɦɥɧ ɪɭɛ.; 
 

ɉɨɥɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 
ɦɥɧ ɪɭɛ., ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܥ = ˑܷ˕˒ˠ ∙ ܹˑ ˕˒ (4.20) 

ܥ = Ͳ,͸͸ͳ ∙ ʹͶͷ,ʹ = ͳ͸ʹ,Ͳ͹͹  

Дˑ˔ː = ͸Ͳͺ,Ͳͻ͸ − ͳ͸ʹ,Ͳ͹͹ = ͶͶ͸,Ͳͳͺ  

 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɩɨ ɫɬɚɜɤɟ 20% ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ.: 𝐻˒˓ = Дˑ˔ː ∙ Ͳ,ʹ (4.21) 

𝐻˒˓ = ͶͶ͸,Ͳͳͺ ∙ Ͳ,ʹ = ͺͻ,ʹ  

 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦɥɧ ɪɭɛ.: ʦʞ = Дˑ˔ː − 𝐻˒˓ (4.22) 

ʦʞ = ͶͶ͸,Ͳͳͺ − ͺͻ,ʹ = ͵ͷ͸,ͺͳ  

 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ ɪɭɛ.: ʦДʞ = ʦʞ + А (4.23) 

ɝɞɟ ܣ = ∆ ˃ܷ = ͹ͳ,͸ʹ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ ɪɭɛ.; ʦДʞ = ͵ͷ͸,ͺͳ + ͹ͳ,͸ʹ = Ͷʹͺ,Ͷ͵  



103 
 

 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɛɭɞɟɬ ɫɱɢɬɚɬɶɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: ʦДʞʜʗ௧ = ʦДʞʜʗ௧−ଵ + ʦДʞ௧ (4.24) 

ɝɞɟ t – ɬɟɤɭɳɢɣ ɝɨɞ; 
 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ДДʞ௧ = ʦДʞ௧ሺͳ +  ሻ௧ݎ

(4.25) 

ɝɞɟ ݎ = Ͳ,ͳ – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ; 
 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: ДДʞʜʗ௧ = ДДʞʜʗ௧−ଵ + ДДʞ௧ (4.26) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɫɬɨɝɨ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɚɧɧɵɟ ɑȾɉ (ɱɢɫɬɨɝɨ ɞɟɧɟɠɧɨɝɨ ɩɨɬɨɤɚ) ɢ ɑȾɉɇɂ (ɱɢɫɬɨɝɨ ɞɟɧɟɠɧɨɝɨ 
ɩɨɬɨɤɚ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ȾȾɉ (ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ) ɢ ȾȾɉɇɂ 
(ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ). 

ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 10 ɥɟɬ. 
Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 4.2. 

Ɍɚɛɥɢɰɚ 4.2 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ 
ɉɨɤɚɡɚɬɟɥɢ Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.2 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, 
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ɉɨ ɢɬɨɝɭ ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ (ɑȾȾ) ɫɨɫɬɚɜɢɥ ʦДД = ͻ͹ͳ,Ͷʹ ɦɥɧ ɪɭɛ. ɉɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 2 ɝɨɞɚ 3 ɦɟɫɹɰɚ, 

ɬɨɝɞɚ ɤɚɤ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 4 ɝɨɞɚ 2 ɦɟɫɹɰɚ.  
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɵ ɞɨɯɨɞɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 

ɬɚɤɭɸ ɧɨɪɦɭ ɞɢɫɤɨɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɡɧɚɱɟɧɢɟ ɱɢɫɬɨɝɨ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ 
ɞɨɯɨɞɚ ɩɪɨɟɤɬɚ ɫɬɚɧɨɜɢɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦ (ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ ɧɭɥɸ). ɉɪɢ 
ɞɢɫɤɨɧɬɧɨɣ ɫɬɚɜɤɟ 44% ʦДД = −ͶͶ,ͳʹ ɦɥɧ ɪɭɛ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ, %: ВʜД = ଵݎ + ʦДД௥ଵʦДД௥ଵ − ʦДД௥ଶ ∙ ሺݎଶ −  ଵሻݎ
(4.27) 

ɝɞɟ ݎଵ = ͳͲ%, ɞɢɫɤɨɧɬɧɚɹ ɫɬɚɜɤɚ, ɩɪɢɧɹɬɚɹ ɞɥɹ ɩɪɨɟɤɬɚ; ݎଶ = ͺͲ%, ɞɢɫɤɨɧɬɧɚɹ ɫɬɚɜɤɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɑȾȾ ɨɬɪɢɰɚɬɟɥɶɧɵɣ; ʦДД௥ଵ – ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ ɩɪɢ ɞɢɫɤɨɧɬɧɨɣ 
ɫɬɚɜɤɟ ݎଵ; ʦДД௥ଶ – ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ ɩɪɢ ɞɢɫɤɨɧɬɧɨɣ 
ɫɬɚɜɤɟ ݎଶ; ВʜД = Ͳ,ͳ + ͻ͹ͳ,Ͷʹͻ͹ͳ,Ͷʹ + ͶͶ,ͳʹ ∙ ሺͲ,Ͷ − Ͳ,ͳሻ = ͶͶ,ͳ 

 

Ɋɟɡɟɪɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɟɤɬɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɧɚ 
10% ɦɟɧɶɲɟ ȼɇȾ, ɱɬɨ ɜ ɢɬɨɝɟ ɫɨɫɬɚɜɢɬ 26%. 

 

Ɋɢɫɭɧɨɤ 4.1 – Ɏɢɧɚɧɫɨɜɵɣ ɩɪɨɮɢɥɶ ɩɪɨɟɤɬɚ 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ʦДД > Ͳ, ɦɚɥɨ ɪɢɫɤɨɜɚɧɧɵɦ, ɬɚɤ ɤɚɤ ɪɟɡɟɪɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨ ɩɪɨɟɤɬɭ 
ɫɨɫɬɚɜɥɹɟɬ 26,6%, ɞɨɯɨɞɧɵɦ, ɬɚɤ ɤɚɤ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ 
ɛɨɥɶɲɟ 1, ɢɧɜɟɫɬɨɪ ɩɨɥɭɱɢɬ 1,18 ɪɭɛɥɟɣ ɩɪɢɛɵɥɢ ɧɚ 1 ɪɭɛɥɶ ɢɧɜɟɫɬɢɰɢɣ. 
ɉɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 2 ɝɨɞ ɢ 3 ɦɟɫɹɰɚ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ – 4 
ɝɨɞɚ ɢ 2 ɦɟɫɹɰɚ.  

ȼɫɟ ɤɪɢɬɟɪɢɢ ɝɨɜɨɪɹɬ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ. 
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5 3D-ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɨɦɩɨɧɨɜɤɢ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɈɐɊ-
ɦɨɞɭɥɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ, ɩɨɥɭɱɢɥɨɫɶ ɫɨɡɞɚɬɶ 3D-ɦɨɞɟɥɶ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɜɵɛɪɚɧɧɨɝɨ ɦɟɫɬɚ, ɜɵɛɪɚɧ 
ɮɭɧɞɚɦɟɧɬ ɛɵɜɲɟɝɨ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɫɬ.№2 ɫ ɧɟɛɨɥɶɲɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ. 

Ɍɚɤ ɠɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɞɚɥɶɧɟɣɲɟɣ ɤɨɦɩɨɧɨɜɤɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɈɐɊ-ɦɨɞɭɥɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 5.1. 

 

1 – ɂɫɩɚɪɢɬɟɥɢ Ɇɟɬɚɧɨɥɚ (ɂɋɉ-1, ɂɋɉ-2), 2 – ɈɐɊ-Ɍɭɪɛɢɧɚ (ɩɪɨɬɨɬɢɩ 
Siemens SST-200), 3 – ɗɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ (ɌȽɉ-6,3(10,5)-12000-2ɍ3), 4 – 

Ʉɨɧɞɟɧɫɚɬɨɪ Ɇɟɬɚɧɨɥɚ, 5 – ɇɚɫɨɫɵ ɤɨɧɞɟɧɫɚɬɚ Ɇɟɬɚɧɨɥɚ (ɇɄɗ-1, ɇɄɗ-2, 
ɇɄɗ-3), 6 – Ⱦɪɟɧɚɠɧɵɟ ɧɚɫɨɫɵ ɤɨɧɞɟɧɫɚɬɚ ɂɫɩɚɪɢɬɟɥɟɣ (Ⱦɪɇɂɋɉ) 

Ɋɢɫɭɧɨɤ 5.1 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɈɐɊ-ɦɨɞɭɥɹ. 
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Ɋɢɫɭɧɨɤ 5.2 – Ɉɛɳɢɣ ɜɢɞ ɈɐɊ-ɦɨɞɭɥɹ. 

 

Ɋɢɫɭɧɨɤ 5.3 – Ɉɛɳɢɣ ɜɢɞ ɈɐɊ-ɦɨɞɭɥɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ, ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ 
ɪɚɧɟ ɜ ɪɚɛɨɬɟ, ɜɨɡɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ «Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1» ɜ 
ɛɚɡɟ ɮɭɧɞɚɦɟɧɬɚ ɛɵɜɲɟɝɨ ɌȽ-2 ɛɟɡ ɦɚɫɲɬɚɛɧɵɯ ɪɟɤɨɧɫɬɪɭɤɰɢɣ ɜ ɰɟɯɭ. 

ɇɚ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɤɪɭɩɧɵɟ ɭɡɥɨɜɵɟ ɫɛɨɪɤɢ: 
1. Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ 
2. Ƚɪɭɩɩɚ ɂɫɩɚɪɢɬɟɥɟɣ 
3. Ƚɪɭɩɩɚ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ Ɇɟɬɚɧɨɥɚ 
4. Ƚɪɭɩɩɚ ɞɪɟɧɚɠɧɵɯ ɧɚɫɨɫɨɜ ɤɨɧɞɟɧɫɚɬɚ ɢɫɩɚɪɢɬɟɥɟɣ 
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Ɋɢɫɭɧɨɤ 5.3 – Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ Ɇɟɬɚɧɨɥɚ (Ʉɇɗ) 

ȼ ɤɚɱɟɫɬɜɟ Ʉɇɗ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɚɫɨɫɵ ɮɢɪɦɵ ENCE gmbh 
ɐɟɧɬɪɨɛɟɠɧɵɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɧɚɫɨɫ ɞɥɹ ɫɩɢɪɬɨɜ ɇɚɫɨɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɩɨ 
ɫɬɚɧɞɚɪɬɭ ISO 5199 & ISO 2858. 
Ɍɚɛɥɢɰɚ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ʉɇɗ. 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 170 ɦ3/ɱ 

ɇɚɩɨɪ 113 ɦ 
Ʉɩɞ 70% 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 2900 ɨɛ/ɦɢɧ 
ɍɩɥɨɬɧɟɧɢɟ ɜɚɥɚ Ɇɟɯɚɧɢɱɟɫɤɨɟ, AIP plaan 11 

 

 

Ɋɢɫɭɧɨɤ 5.4 – Ⱦɪɟɧɚɠɧɵɟ ɧɚɫɨɫɵ ɂɫɩɚɪɢɬɟɥɟɣ (Ⱦɪɇɂɋɉ) 



109 
 

 

Ɋɢɫɭɧɨɤ 5.5 – Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ. 

ɋɜɹɡɤɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɡɹɬɭɸ ɡɚ ɨɫɧɨɜɭ ɩɚɪɨɜɭɸ 
ɬɭɪɛɢɧɭ Siemens SST-200, ɩɟɪɟɞɟɥɚɧɧɭɸ ɩɨɞ ɪɚɛɨɬɭ ɧɚ Ɇɟɬɚɧɨɥɟ, ɫ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɢ ɝɟɧɟɪɚɬɨɪɚ, ɹɜɥɹɸɳɢɣɫɹ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɡɪɚɛɨɬɤɨɣ ɈɈɈ ɍɄ «ɍɪɚɥɗɧɟɪɝɨɫɟɪɜɢɫ» ɢ ɇɉɈ «ɗɅɋɂȻ» ɌȽɉ 
– 6,3(10,5)-120002ɍ3. 

Ɍɚɛɥɢɰɚ 5.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ. 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 12000 ɤȼɬ 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ 15000 ɤȼɬ 
ɇɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ 10,5 ɤȼ (ɡɜɟɡɞɚ)/ 6,3 ɤȼ(ɬɪɟɭɝɨɥɶɧɢɤ) 
Ɍɨɤ ɋɬɚɬɨɪɚ 825 Ⱥ(ɡɜɟɡɞɚ)/ 794 Ⱥ(ɬɪɟɭɝɨɥɶɧɢɤ) 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 0,8 
ɄɉȾ 97,7 
Ɍɢɩ ɨɯɥɚɠɞɟɧɢɹ ȼɨɡɞɭɲɧɵɣ 

 
ɉɨɞɪɨɛɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɟɪɜɨɦ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɦɤɚɯ ɬɟɦɵ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ ɬɟɦɭ «ɉɨɜɵɲɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ», ɛɵɥ ɩɪɨɜɟɞɟɧɨ: 

1. Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɭɬɢɥɢɡɚɰɢɢ 
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ. ȼ ɬɨɦ ɱɢɫɥɟ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɤɨɦɩɚɧɢɢ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɝɨɬɨɜɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, 
ɫɨɝɥɚɫɧɨ ɩɚɪɚɦɟɬɪɚɦ ɢɧɬɟɪɟɫɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ. 

2. ɉɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɬɟɩɥɨɜɵɯ ɫɯɟɦ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɬɨɤɚɦɢ. ɉɨɫɥɟ 
ɱɟɝɨ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɢɣ ɢɫɬɨɱɧɢɤ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ. 

3. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ, ɭɬɢɥɢɡɢɪɭɸɳɟɝɨ ɬɟɩɥɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɚɪɚ. 

4. ȼɵɩɨɥɧɟɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢ, 
ɩɨɡɜɨɥɢɜɲɢɣ ɜɵɩɨɥɧɢɬɶ 3D-ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɭɸ ɩɨɥɭɱɢɬɶ ɧɚɝɥɹɞɧɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɪɚɫɩɨɥɨɠɟɧɢɢ ɈɐɊ-ɦɨɞɭɥɹ ɜ ɬɭɪɛɢɧɧɨɦ ɰɟɯɭ «Ʉɪɚɫɧɨɹɪɫɤɨɣ 
Ɍɗɐ-1» 

5. ɉɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ. 

 
  



111 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

1. Ȼɨɣɤɨ, ȿ. Ⱥ. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɵ (ɬɟɩɥɨɜɨɣ 
ɪɚɫɱɟɬ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ) : ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿ. Ⱥ. Ȼɨɣɤɨ, ɂ. ɋ. Ⱦɟɪɢɧɝ, Ɍ. ɂ. 
Ɉɯɨɪɡɢɧɚ. Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɐ ɄȽɌɍ, 2005. – 96 ɫ. 

2. Ȼɨɣɤɨ, ȿ. Ⱥ. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɵ 
(ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ): ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿ. Ⱥ. 
Ȼɨɣɤɨ, ɂ. ɋ. Ⱦɟɪɢɧɝ, Ɍ. ɂ. Ɉɯɨɪɡɢɧɚ. Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɐ ɄȽɌɍ, 2006. – 71 ɫ. 

3. Ȼɨɣɤɨ, ȿ. Ⱥ. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɵ (ɜɵɛɨɪ ɢ 
ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬ ɤɨɬɟɥɶɧɵɯ 
ɚɝɪɟɝɚɬɨɜ): ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿ. Ⱥ. Ȼɨɣɤɨ, ɂ. ɋ. Ⱦɟɪɢɧɝ, Ɍ. ɂ. Ɉɯɨɪɡɢɧɚ. 
Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɐ ɄȽɌɍ, 2006. – 45 ɫ. 

4. Ɇɢɠɢɧɫɤɢɣ Ɇ.ɘ., ɋɢɝɭɬɨɜɚ Ɇ.Ⱥ. //ɂɧɧɨɜɚɰɢɢ. 2008. №4(114). 
ɋ.84-86.  

5. ɂɛɚɬɭɥɥɢɧ Ɉ.ɍ., ɂɛɚɬɭɥɥɢɧ ɍ.Ƚ. // ɗɤɨɧɨɦɢɤɚ 
ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ. 2008. №1. ɋ.13-20.  

6. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ 
/ ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɤɨɦɩɚɧɢɢ ɈɈɈ "ɋɍ-25". ȽȺɁɢɧɮɨɪɦ. ȿɠɟɤɜɚɪɬɚɥɶɧɵɣ 
ɠɭɪɧɚɥ. 2008. №1/20. 

7. ȿɮɢɦɨɜ, ɇ. ɇ. Ⱥɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɧɚ 
ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ / ɇ. ɇ. ȿɮɢɦɨɜ, ȼ. ȼ. ɉɚɩɢɧ, ɉ. Ⱥ. 
Ɇɚɥɵɲɟɜ, Ɋ. ȼ. Ȼɟɡɭɝɥɨɜ // ɂɡɜɟɫɬɢɹ ɜɭɡɨɜ. ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ ɪɟɝɢɨɧ. 
ɋɟɪɢɹ: Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. – 2010. – № 4. – ɋ. 35-39. 

8. ɉɚɬ. 2269013 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F01 K 17/02. 
ɋɩɨɫɨɛ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ / ȼ. ɂ. ɒɚɪɚɩɨɜ, Ɇ. ȿ. 
Ɉɪɥɨɜ, ɇ. ɋ. ɉɨɞɫɬɪɟɲɧɚɹ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚ- ɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɍɥȽɌɍ. – № 
2004106653/06; ɡɚɹɜɥ. 05.03.2004; ɨɩɭɛɥ. 27.01.2006. Ȼɸɥ.№ 3. – 3 ɫ. 

9. ɉɚɬ. 2269015 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F01 K 17/02. 
Ɍɟɩɥɨɜɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɚɧɰɢɹ / ȼ.ɂ. ɒɚɪɚɩɨɜ, Ɇ.ȿ. Ɉɪɥɨɜ, ɇ.ɋ. 
ɉɨɞɫɬɪɟɲɧɚɹ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɍɥȽɌɍ. – № 2004107523/06; 
ɡɚɹɜɥ. 12.03.2004; ɨɩɭɛɥ. 27.01.2006. Ȼɸɥ. № 3. – 3 ɫ. 

10. Powell RL. CFC phase-out: have we met the challenge? / J Fluor Chem 
– 2002. – V.114 – P. 237-250.  

11. Chen H. The conversion of low-grade heat into power using 
supercritical rankine cycles [Ph.D thesis]./ University of South Florida – 2010. –P. 
33.  

12. Hung T. A review of organic Rankine cycles (ORCs) for the recovery 
of low-grade waste heat./ T. Hung, T. Shai, S. Wang.// Energy – 1997. – V.22 – P. 
661-667.  

13. Chen H. A review of thermodynamic cycles and working fluids for the 
conversion of low-grade heat / H. Chen, D.Y. Goswami, E.K. Stefanakos // 
Renewable and Sustainable Energy Reviews – 2010. – V.14 – P.3059–3067.  

14. Imran M. Economic assessment of greenhouse gas reduction through 
low-grade waste heat recovery using organic Rankine cycle(ORC) / M. Imran, B.S. 



112 
 

Park, H.J. Kim, D.H. Lee, M. Usman // Journal Of Mechanical Science And 
Technology –2015. – V.29 –P.835–843.  

15. Mago P. J. An examination of regenerative organic Rankine cycles 
using dry fluids. / P. J. Mago, L. M. Chamra, K. Srinivasn, C. Somayaji // Applied 
Thermal Engineering – 2008. – V.28 – P. 998-1007.  

16. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ 
/ ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɤɨɦɩɚɧɢɢ ɈɈɈ "ɋɍ-25". ȽȺɁɢɧɮɨɪɦ. ȿɠɟɤɜɚɪɬɚɥɶɧɵɣ 
ɠɭɪɧɚɥ. 2008. №1/20. 

17. Ɋɟɣɬɢɧɝ ɪɟɝɢɨɧɨɜ ɊɎ ɩɨ ɭɪɨɜɧɸ ɷɧɟɪɝɨɞɨɫɬɚɬɨɱɧɨɫɬɢ ɜ 2017 ɝɨɞɭ. 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : Ɋɟɣɬɢɧɝɨɜɨɟ ɚɝɟɧɬɫɬɜɨ «ɊɂȺ Ɋɟɣɬɢɧɝ» ‒ Ɋɟɠɢɦ 
ɞɨɫɬɭɩɚ: http://riarating.ru 

18. ȿɮɢɦɨɜ, ɇ. ɇ. Ⱥɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɧɚ 
ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ / ɇ. ɇ. ȿɮɢɦɨɜ, ȼ. ȼ. ɉɚɩɢɧ, ɉ. Ⱥ. 
Ɇɚɥɵɲɟɜ, Ɋ. ȼ. Ȼɟɡɭɝɥɨɜ // ɂɡɜɟɫɬɢɹ ɜɭɡɨɜ. ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ ɪɟɝɢɨɧ. 
ɋɟɪɢɹ: Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. – 2010. – № 4. – ɋ. 35-39. 

19. ȿɮɢɦɨɜ, ɇ. ɇ. ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɛɪɨɦɢɫɬɨ-ɥɢɬɢɟɜɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɜ ɬɟɩɥɨɜɵɯ ɫɯɟɦɚɯ 
Ɍɗɋ / ɇ. ɇ. ȿɮɢɦɨɜ, ɂ. ȼ. əɧɱɟɧɤɨ, ɋ. ȼ. ɋɤɭɛɢɟɧɤɨ // ɂɡɜɟɫɬɢɹ ɜɭɡɨɜ. 
ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ ɪɟɝɢɨɧ. ɋɟɪɢɹ: Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. – 2014. – № 1. – ɋ. 17-
21. 

20. Ɉɪɥɨɜ, Ɇ. ȿ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɧɚɫɨɫɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ Ɍɗɐ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɢɤɨɜɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ / Ɇ. ȿ. Ɉɪɥɨɜ // 
Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ: ɫɛɨɪɧɢɤ ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ ɇɂɅ Ɍɗɋɍ 
ɍɥȽɌɍ. ȼɵɩ. 2. – ɍɥɶɹɧɨɜɫɤ: ɍɥȽɌɍ, 2004. – ɋ. 19-28. 

21. Ɉɪɥɨɜ, Ɇ. ȿ. ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɝɨɪɨɞɨɜ/ Ɇ. ȿ. 
Ɉɪɥɨɜ // Ɍɪɭɞɵ Ⱥɤɚɞɟɦɷɧɟɪɝɨ. – 2012. – № 1. – ɋ. 71-89. 

22. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɟɩɥɨɧɚɫɨɫɧɵɯ ɭɫɬɚɧɨɜɨɤ / ɉ. ȼ. 
Ɋɨɬɨɜ,  Ɇ. ȿ. Ɉɪɥɨɜ,  ȼ. ɂ.  ɒɚɪɚɩɨɜ, Ⱥ. Ⱥ. ɋɢɜɭɯɢɧ // ɉɪɨɦɵɲɥɟɧɧɚɹ 
ɷɧɟɪɝɟɬɢɤɚ. - 2014. - № 7. - ɋ. 27-31. 

23. Ɋɨɬɨɜ, ɉ. ȼ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɝɪɭɡɤɢ ɝɨɪɨɞɫɤɢɯ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ / ɉ. ȼ. Ɋɨ- ɬɨɜ, ȼ. ɂ. ɒɚɪɚɩɨɜ. – ɍɥɶɹɧɨɜɫɤ: 
ɍɥȽɌɍ, 2013. – 309 ɫ. 

24. ɉɚɬ. 2269013 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F01 K 17/02. 
ɋɩɨɫɨɛ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ / ȼ. ɂ. ɒɚɪɚɩɨɜ, Ɇ. ȿ. 
Ɉɪɥɨɜ, ɇ. ɋ. ɉɨɞɫɬɪɟɲɧɚɹ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚ- ɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɍɥȽɌɍ. – № 
2004106653/06; ɡɚɹɜɥ. 05.03.2004; ɨɩɭɛɥ. 27.01.2006. Ȼɸɥ.№ 3. – 3 ɫ. 

25. Ʌɨɝɢɧɨɜɚ, ȿ. Ⱥ. ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɡɤɨɤɢɩɹɳɢɯ ɪɚɛɨɱɢɯ 
ɬɟɥ ɜ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɰɢɤɥɚɯ, ɞɢɫ. ɤɚɧɞ‚ ɬɟɯ, ɧɚɭɤ, 05 14,04/Ʌɨɝɢɧɨɜɚ ȿɥɟɧɚ 
Ⱥɧɚɬɨɥɶɟɜɧɚ, * ɋɉɛ„ 2014, 7 229 ɫ. 

26. ɒɚɪɚɩɨɜ ȼ. ɂ., Ɉɪɥɨɜ Ɇ. ȿ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɪɚɛɨɬɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɨɜ // 
Ɍɪɭɞɵ Ⱥɤɚɞɟɦɷɧɟɪɝɨ. 2009. №3. ɋ. 68-83. 

http://riarating.ru/


113 
 

27. Ɉɪɥɨɜ Ɇ. ȿ., ɒɚɪɚɩɨɜ ȼ. ɂ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɪɚɛɨɬɵ ɝɨɪɨɞɫɤɢɯ Ɍɗɐ ɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɍɥɶɹɧɨɜɫɤ : 
ɍɥȽɌɍ, 2014. 352 ɫ. 

28. ɒɚɪɚɩɨɜ ȼ. ɂ., Ɋɨɬɨɜ ɉ. ȼ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɇ. : ɇɨɜɨɫɬɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, 2007. 164 ɫ 

29. ɉɚɬ. 2573788 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F24 D 12/02. ɋɩɨɫɨɛ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ / ȼ. ɂ. ɒɚɪɚɩɨɜ, Ɇ. ȿ. Ɉɪɥɨɜ, ɉ. ȼ. 
Ɋɨɬɨɜ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɍɥȽɌɍ. №2014151979/12; ɡɚɹɜɥ. 
01.12.2014; ɨɩɭɛɥ. 27.01.2016. Ȼɸɥ. №3. 5 ɫ. 5. 

30. ɉɚɬ. 2235249 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F24 D 3/08. ɋɩɨɫɨɛ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ / ȼ. ɂ. ɒɚɪɚɩɨɜ, Ɇ. ȿ. Ɉɪɥɨɜ, ɉ. ȼ. Ɋɨɬɨɜ, ɂ. ɇ. ɒɟɩɟɥɟɜ ; 
ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɍɥȽɌɍ. – №2003108707/06; ɡɚɹɜɥ. 28.03.2003; 
ɨɩɭɛɥ. 27.08.2004. Ȼɸɥ. № 24. 4 ɫ. 

31. Ɇɚɬɟɪɢɚɥɵ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ. ɂɧɫɬɢɬɭɬ 
ɷɧɟɪɝɟɬɢɤɢ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ ɋɉȻɉɍ 2015 ɢɡɞɚɬɟɥɶɫɬɜɨ: ɮɟɞɟɪɚɥɶɧɨɟ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ "ɫɚɧɤɬ-ɩɟɬɟɪɛɭɪɝɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɟɬɪɚ 
ɜɟɥɢɤɨɝɨ"(ɫɚɧɤɬ-ɩɟɬɟɪɛɭɪɝ) 

32. ɋɌɈ 4.2–07–2014. ɋɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ. Ɉɛɳɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼɜɟɞɟɧ ɜɡɚɦɟɧ ɋɌɈ 4.2–07–2012. Ⱦɚɬɚ ɜɜɟɞɟɧɢɹ 30 ɞɟɤɚɛɪɹ 2013 
ɝɨɞɚ. Ʉɪɚɫɧɨɹɪɫɤ ɂɉɄ ɋɎɍ, 2014. 60ɫ. 

https://elibrary.ru/publisher_books.asp?publishid=1356
https://elibrary.ru/publisher_books.asp?publishid=1356
https://elibrary.ru/publisher_books.asp?publishid=1356
https://elibrary.ru/publisher_books.asp?publishid=1356


 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
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ɤɚɮɟɞɪɚ 
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Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

                                                                                   _______               ȿ.Ⱥ.Ȼɨɣɤɨ 
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ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ 

ɬɟɦɚ 
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ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 
 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020
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ɪɭɤɨɜɨɞɢɬɟɥɶ  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ  29.06.2020  ɇɚɱ. Ɍɐ ɄɪɌɗɐ-1  Ⱥ.ȼ. Ⱥɧɞɪɟɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ  29.06.2020    ɉ.ȼ. ɒɢɲɦɚɪɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

 
   ȿ.Ⱥ. Ȼɨɣɤɨ 

ɉɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

«  09  »          ɧɨɹɛɪɹ      2018ɝ. 
 

 

 

ɁȺȾȺɇɂȿ  
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

  



 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɹ ɩɪɢɧɹɥ ɤ 
ɢɫɩɨɥɧɟɧɢɸ 

 
Ɇ.Ⱦ. Ʉɨɡɵɪɟɜ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     

 «  09 » ɧɨɹɛɪɹ 2018 ɝ. 
 

 

ɋɬɭɞɟɧɬɭ Ʉɨɡɵɪɟɜɭ Ɇɢɯɚɢɥɭ Ⱦɦɢɬɪɢɟɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɵ Ɏɗ18‒06Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01.02 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɍɗɋ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 17144/ɫ ɨɬ 9 ɧɨɹɛɪɹ 2018 ɝ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ.Ȼɨɣɤɨ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɉɨɬɨɤɢ  
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ «Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1», ɝ.Ʉɪɚɫɧɨɹɪɫɤ,  
ɭɥ. Ɏɟɫɬɢɜɚɥɶɧɚɹ 2. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ, Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ  
ɪɟɲɟɧɢɟ, ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɨɟɤɬɚ, 3D-ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  
Ʌɢɫɬ 1. ɈɐɊ – ɦɨɞɭɥɶ  
Ʌɢɫɬ 2. ɂɫɩɚɪɢɬɟɥɶ ɈɐɊ – ɦɨɞɭɥɹ 
Ʌɢɫɬ 3. Ʉɨɧɞɟɧɫɚɬɨɪ ɈɐɊ – ɦɨɞɭɥɹ 
Ʌɢɫɬ 4. Ɍɭɪɛɢɧɚ ɈɐɊ – ɦɨɞɭɥɹ  
 
 



Фɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢя  

«ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
 

ɤɚɮɟɞɪɚ «Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ» 
 

ОɌɁЫВ РɍɄОВОȾɂɌȿɅЯ 
ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 
ɫɬɭɞɟɧɬɚ __Кɨɡɵɪɟɜ М.Ⱦ._____________________________________________________ 

       ɎɂɈ 

ɝɪɭɩɩɵ_ɎЭ 18-06М___ ɜɵɩɨɥɧɟɧɧɨɣ ɧɚ ɬɟɦɭ_ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɌЭɋ__________________________________________________________________________ 

1. Аɤɬɭɚɥɶɧɨɫɬɶ ɢ ɧɨɜɢɡɧɚ _ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɨɪɚɛɨɬɤɨɣ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɩɨ ɪɚɰɢɨɧɚɥɶɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 

ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ Кɪɚɫɧɨɹɪɫɤɨɣ ɌЭЦ-1___________________________________ 

2. Оɰɟɧɤɚ ɫɨɞɟɪɠɚɧɢя ВКɊ_1. ɉɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ 
ɬɟɯɧɨɥɨɝɢɹɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɟ ɬɟɩɥɨ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧɵ 
ɩɨɬɨɤɢ «Кɪɚɫɧɨɹɪɫɤɨɣ ɌЭЦ-1» ɞɥɹ ɢɯ ɭɬɢɥɢɡɚɰɢɢ 2. Ɉɩɪɟɞɟɥɟɧɵ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɩɪɟɞɦɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɧɚ ɌЭɋ; 3. 
ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɫɯɟɦ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ, ɜɵɞɟɥɟɧɧɵɯ ɩɨɬɨɤɨɜ; 4. 
Ɉɰɟɧɟɧ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɜɵɞɟɥɟɧɧɵɯ ɩɨɬɨɤɨɜ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟɦ 
ɢɯ ɩɨ КɉȾ ɢ ɩɨɥɭɱɟɧɧɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ; 5. ɉɪɨɜɟɞɟɧ ɞɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɫ 
ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɜɵɛɨɪɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɞɥɹ ɫɚɦɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ; 6. 
ɉɪɨɜɟɞɟɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɪɚɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ; 7. ɉɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ; 8. ȼɵɩɨɥɧɟɧɚ ɧɚɝɥɹɞɧɚɹ 3D-ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɢɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɛɭɞɭɳɟɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɡɞɚɧɢɹɯ ɢ ɫɨɨɪɭɠɟɧɢɹɯ 
«Кɪɚɫɧɨɹɪɫɤɨɣ ɌЭЦ-1» 
3. Зɚɦɟɱɚɧɢя ɤ ВКɊ ___Ɂɚɦɟɱɚɧɢɣ ɧɟɬ____________________________________________ 

_____________________________________________________________________________ 

4. Ɋɟɤɨɦɟɧɞɭɟɦɚя ɨɰɟɧɤɚ ВКɊ ___ɨɬɥɢɱɧɨ_________________________________________ 

5. Ɋɭɤɨɜɨɞɢɬɟɥɶ ВКɊ _____________________    _______Ȼɨɣɤɨ ȿ.Ⱥ.____________________ 

    ɩɨɞɩɢɫɶ                ɎɂɈ 

__ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ, ɡɚɜ. ɤɚɮɟɞɪɨɣ ɌЭɋ ɋɎɍ______________________________________  

(ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɡɜɚɧɢɟ, ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ) 

 

«__22___» __ɢɸɧɹ_____ 20_20__ ɝ. 
  



 

  


