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ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

13.03.01 - Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ-ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɉɪɨɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ 
ɬɟɦɚ 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ   Ⱦɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  ɉ. ȼ. ɒɢɲɦɚɪɟɜ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
ȼɵɩɭɫɤɧɢɤ     ɂ. ɂ. ɋɟɦɟɧɨɜ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
Ɍɟɯ. ɤɨɧɬɪɨɥɶ     ȿ. Ⱥ. Ȼɨɣɤɨ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ     ɉ. ȼ. ɒɢɲɦɚɪɟɜ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɁȺȾȺɇɂȿ  
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ɋɬɭɞɟɧɬɭ ɋɟɦɟɧɨɜɭ ɂɜɚɧɭ ɂɥɶɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ Ɏɗ18-01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ     ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɩɨɥɧɨɟ ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ             
Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ 
 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 3094/c ɨɬ 24.02.2022 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɉ.ȼ. ɒɢɲɦɚɪɟɜ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɢɧɫɬɪɭɤɰɢɹ ɩɨ  
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ Ɍɉ-42; ɪɟɠɢɦɧɚɹ ɤɚɪɬɚ ɤɨɬɥɨɜ №1-6 Ɍɍ  
ȽɊɗɋ; ɤɨɦɩɥɟɤɬ ɱɟɪɬɟɠɟɣ Ɍɉ-42; ɧɚɛɥɸɞɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ  
ɩɟɪɫɨɧɚɥɚ.  
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɉɩɢɫɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ; ɩɨɜɟɪɨɱɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ Ɍɉ-42 ɞɨ  
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ; ɪɚɫɱɟɬɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɧɚɝɪɭɡɤɢ ɢ  
ɬɨɩɥɢɜɚ; ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ; ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ  
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ. 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
Ʌɢɫɬ 1. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ  
Ʌɢɫɬ 2. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ  
Ʌɢɫɬ 3. ȼɢɞ ɫɜɟɪɯɭ  
Ʌɢɫɬ 4. ɑɟɪɬɟɠ ȼɗɄ-2  
  

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ     
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ    
   ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

     
   «  »  20  Ƚ. 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ» ɜɵɩɨɥɧɟɧɚ ɧɚ ɩɹɬɢ ɥɢɫɬɚɯ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ 121 
ɫɬɪɚɧɢɰɚɯ ɪɚɫɱɟɬɧɨ-ɩɨɹɫɧɢɬɟɥɶɧɨɣ ɡɚɩɢɫɤɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɄɈɌȿɅ Ɍɉ-42, ɄɈɇȼȿɄɌɂȼɇɕɃ 
ɉȺɊɈɉȿɊȿȽɊȿȼȺɌȿɅɖ, ȼɈȾəɇɈɃ ɗɄɈɇɈɆȺɃɁȿɊ, ɌȿɉɅɈȼɈɃ 
ɊȺɋɑȿɌ, ɉɈȼȿɊɈɑɇɕɃ ɊȺɋɑȿɌ, ɊȿɄɈɇɋɌɊɍɄɐɂə, ȺɇȺɅɂɁ 
ɊȿɄɈɇɋɌɊɍɄɐɂɂ. 

Ɉɛɴɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ – Ɍɨɦɶ-ɍɫɢɧɫɤɚɹ ȽɊɗɋ. 
ɐɟɥɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ: 
– Ⱦɨɜɟɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɟɠɟɝɨ ɩɚɪɚ ɧɚ ɤɨɬɥɚɯ Ɍɉ-42 Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ 

ȽɊɗɋ ɞɨ ɧɨɦɢɧɚɥɶɧɨɣ (510 ℃) ɧɚ ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ. 
– ɋɨɯɪɚɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ 

ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ. 
ȼ ɞɚɧɧɨɣ ȼɄɊ ɪɚɫɫɦɨɬɪɟɧɵ ɫɩɨɫɨɛɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫ 

ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ, ɢɡ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɧ ɫɚɦɵɣ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɣ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. ɉɪɨɜɟɞɟɧɵ 
ɩɨɜɟɪɨɱɧɵɟ ɬɟɩɥɨɜɵɟ ɪɚɫɱɟɬɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɞɨ ɢ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɟɤɬɧɨɟ ɢ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɚ. ɉɪɨɢɡɜɟɞɟɧɵ 
ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɟɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɉɨ ɢɬɨɝɭ ɪɚɛɨɬɵ ɩɪɨɢɡɜɟɞɟɧɚ 
ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ. 
  



3 
 

ɋɈȾȿɊɀȺɇɂȿ 
  

1 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ................. 5 

1.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ ........................................ 5 

1.1.1 ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ........................................................ 5 

1.1.2 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ Ɍɍ ȽɊɗɋ .............................................. 6 

1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ Ɍɉ-42 ......................................................... 7 

1.2.1 Ɋɟɠɢɦɧɚɹ ɤɚɪɬɚ ɤɨɬɥɚ Ɍɉ-42 ............................................................ 12 

1.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ .............................................................................. 15 

1.4. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ........................................................................................ 15 

1.5 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɢɫɬɨɱɧɢɤɨɜ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ.......................... 16 

1.6 Ɉɛɨɫɧɨɜɚɧɢɟ  ɬɟɯɧɢɱɟɫɤɢɯ  ɪɟɲɟɧɢɣ  ɩɨ  ɜɚɪɢɚɧɬɚɦ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ... 19 

1.7 ȼɵɜɨɞɵ ɤ ɩɟɪɜɨɦɭ ɪɚɡɞɟɥɭ ........................................................................ 20 

2 ɉɨɜɟɪɨɱɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ Ɍɉ-42 ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɟɤɬɧɨɟ 
ɬɨɩɥɢɜɨ ................................................................................................................... 20 

2.1 Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɜɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ .......... 21 

2.2 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ .................. 21 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɄɉȾ ɤɨɬɥɚ............................................................................. 25 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ................................................................... 25 

2.5 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ........................................................... 26 

2.5.1 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɬɟɩɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ .. 26 

2.5.2 Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ .............................................................. 29 

2.6 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨɬɨɥɨɱɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ................................................................................................. 33 

2.7 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɮɟɫɬɨɧɚ ...................................................................... 34 

2.8 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ Ʉɉɉ ................................................ 40 

2.9 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ Ʉɉɉ ................................................ 47 

2.10 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɗɄ .............................................. 55 

2.11 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɁɉ ............................................... 61 

2.12 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ȼɗɄ .............................................. 65 

2.13 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ȼɁɉ ............................................... 69 

3 Ɋɚɫɱɟɬɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɬɨɩɥɢɜɚ ...................................................... 74 



4 
 

3.1 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɞɥɹ 
ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ........................................................................................... 74 

3.2 ɋɜɨɞɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ .......................................................................... 77 

3.3 Ɍɟɯɧɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ...................................... 91 

4 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ................................................................. 92 

4.1 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɤɨɬɥɚ 
Ɍɉ-42 ...................................................................................................................... 92 

4.2 Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ........................... 101 

4.3 Ɋɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ............................ 104 

4.4 Ɋɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦɵ ................................................................................. 106 

5 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ............ 109 

5.1 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɫɨɤɪɚɳɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ ɩɨɫɬɚɜɤɢ ........................ 109 

5.2 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɬɨɩɥɢɜɟ .................................................................... 111 

5.3 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ........................... 111 

5.4 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɜɵɛɪɨɫɨɜ NOx ................................... 112 

5.5 Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɷɤɨɧɨɦɢɢ .................................................................... 112 

5.6 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɟɬɚɥɥ ............................................................................ 112 

5.7 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɧɬɚɠ ........................................................................... 113 

5.8 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɧɬɚɠ Ʉɉɉ-1 .............................................................. 114 

5.9 ɍɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɛɪɨɫɨɜ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ................................................. 115 

5.10 Ɋɚɫɱɟɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ........................................... 115 

ɁȺɄɅɘɑȿɇɂȿ ................................................................................................... 119 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ......................................... 120 

 

 

  



5 
 

1 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ɍɨɦɶ-ɍɫɢɧɫɤɚɹ ȽɊɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɸɝɟ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɜ 25 ɤɦ 
ɨɬ ɇɨɜɨɤɭɡɧɟɰɤɚ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɨɝɪɨɦɧɵɣ ɜɵɛɨɪ 
ɦɚɪɨɤ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ. Ɉɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɨɩɥɢɜɚ Ɍɨɦɶ-
ɍɫɢɧɫɤɨɣ ȽɊɗɋ ɹɜɥɹɟɬɫɹ ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɤɭɡɛɚɫɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ 
ɦɚɪɨɤ Ⱦ ɢ Ƚ. Ɉɫɧɨɜɧɵɦ ɦɟɫɬɨɦ ɩɨɫɬɚɜɤɢ ɭɝɥɹ (ɧɚ 2022 ɝ.) ɹɜɥɹɸɬɫɹ ɪɚɡɪɟɡɵ 
Ʉɭɡɛɚɫɫɚ ɢ ɏɚɤɚɫɢɢ (Ʉɢɪɛɢɧɫɤɢɣ, Ɍɚɥɞɢɧɫɤɢɣ, ȼɨɫɬɨɱɧɨ-Ȼɟɣɫɤɢɣ, Ɂɚɪɟɱɧɵɣ) 
ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɩɨɫɬɚɜɤɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 192 ɤɦ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɰɟɧ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ ɛɵɥɚ 
ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɨɩɵɬɤɚ ɩɟɪɟɯɨɞɚ ɧɚ ɩɪɨɦɩɪɨɞɭɤɬ ɩɪɟɞɩɪɢɹɬɢɹ ɁȺɈ ɐɈɎ 
«ɋɢɛɢɪɶ» ɦɚɪɤɢ «Ƚ, ɩɪɨɦ». ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɝɨ ɬɨɩɥɢɜɚ ɷɤɨɧɨɦɢɱɟɫɤɢ 
ɜɵɝɨɞɧɨ ɞɥɹ ɫɬɚɧɰɢɢ, ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɧɢɡɤɨɣ ɰɟɧɟ ɢ ɛɥɢɡɨɫɬɶɸ ɩɨɫɬɚɜɤɢ 
ɬɨɩɥɢɜɚ (6 ɤɦ). 

ȼɨ ɜɪɟɦɹ ɫɠɢɝɚɧɢɹ ɩɪɨɦɩɪɨɞɭɤɬɚ ɧɚ ɤɨɬɥɚɯ 1-6 (Ɍɉ-42) ɛɵɥ ɜɵɹɜɥɟɧ 
ɧɟɞɨɝɪɟɜ ɫɜɟɠɟɝɨ ɩɚɪɚ ɞɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɟɫɟɧɢɢ 
ɦɢɧɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɬɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɲɟɧɢɢ ɪɟɚɥɶɧɨɣ ɩɪɨɛɥɟɦɵ 
ɫɬɚɧɰɢɢ ɜ ɫɜɹɡɢ ɫ ɩɟɪɟɜɨɞɨɦ ɤɨɬɥɨɜ 1-6 ɧɚ ɧɨɜɨɟ ɬɨɩɥɢɜɨ ɫ ɰɟɥɶɸ 
ɦɢɧɢɦɢɡɚɰɢɢ ɬɨɩɥɢɜɧɵɯ ɢɡɞɟɪɠɟɤ, ɤɨɬɨɪɵɟ ɞɥɹ Ʉɗɋ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 50% 
ɨɬ ɨɛɳɢɯ ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɜɵɝɨɞɭ  ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. 

1.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ 

Ɍɨɦɶ-ɍɫɢɧɫɤɚɹ ȽɊɗɋ – ɫɚɦɚɹ ɤɪɭɩɧɚɹ Ɍɗɋ ɧɚ ɸɝɟ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ. ɇɚ 
ɫɬɚɧɰɢɢ ɪɚɡɦɟɳɟɧɨ 9 ɷɧɟɪɝɨɛɥɨɤɨɜ ɭcɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ  ɜ ɫɭɦɦɟ 1345,4 
Ɇȼɬ. Ɋɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɸɠɧɨɣ ɱɚɫɬɢ Ʉɭɡɛɚɫɫɚ, ɜ ɝ.Ɇɵɫɤɢ. ɋɬɚɧɰɢɹ ɞɥɹ 
ɩɨɤɪɵɜɚɟɬ ɧɚɝɪɭɡɨɤ Ʉɭɡɛɚɫɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɛɚɡɨɜɨɣ ɱɚɫɬɢ. ɉɪɢɧɚɞɥɟɠɢɬ 
ɋɢɛɢɪɫɤɨɣ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ. 

1.1.1 ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ȼ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ ɜɯɨɞɹɬ 14 ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɢ 
9 ɬɭɪɛɢɧ, ɤɨɦɩɨɧɨɜɤɚ ɢ ɧɚɢɦɟɧɨɜɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɐɟɯ 
Ɍɢɩ 

ɛɥɨɤɚ ɉɚɪɨɝɟɧɟɪɚɬɨɪ ɉɌɍ ɌȽ 
ɋɢɥɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

ɄɌɐ-
100 

Ⱦɭɛɥɶ-
ɛɥɨɤ 

Ɍɉ-42 
ȼɄ-100-90/5 

Ɍȼ-2-
100-2 

ɌȾɐ-125000/110 Ɍɉ-42 
Ɍɉ-42 
Ɍɉ-10 ɄɌ-120-8,8-

2Ɇ 
ɌȼɎ-

125-2ɍ3 

ȺɌȾɐɌɇ 
250000/220/110-

ɍɏɅ1 Ɍɉ-10 

ɄɌɐ-
200 

Ɇɨɧɨɛɥɨɤ 

ɉɄ-40 

Ʉ-215-130 
Ɍȼȼ-

200-2Ⱥ 
ɌȾɐȽ-25000/220 

ɉɄ-40 
ɉɄ-40-2 

ɉɄ-40-2 

1.1.2 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ Ɍɍ ȽɊɗɋ 

1. ɄɌɐ-100 
Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ ɝɥɚɜɧɨɦ ɡɞɚɧɢɢ ɤɨɪɩɭɫɚ I–II 

ɨɱɟɪɟɞɢ. Ɍɭɪɛɨɚɝɪɟɝɚɬɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɦɚɲɢɧɧɨɦ ɡɚɥɟ  ɩɪɨɞɨɥɶɧɨ. 
ɋɯɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɛɭɧɤɟɪɨɦ ɩɵɥɢ. 
Ɉɬɜɟɞɟɧɢɟ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɄɌɐ-100 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɩɚɪɭ 

ɞɵɦɨɜɵɯ ɬɪɭɛ ɜɵɫɨɬɨɣ 120 ɦ. 
Ɇɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ ɢɦɟɟɬ ɜ ɫɨɫɬɚɜɟ 4 ɫɬɚɰɢɨɧɚɪɧɵɯ ɟɦɤɨɫɬɢ ɫ 

ɫɨɜɨɤɭɩɧɵɦ ɨɛɴɟɦɨɦ 8000 ɦ³, ɚ ɬɚɤɠɟ ɞɜɟ ɦɚɡɭɬɧɵɯ ɧɚɫɨɫɧɵɯ. 
Ʉɨɧɞɟɧɫɚɬɨɪɵ ɫɧɚɛɠɚɸɬɫɹ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ ɩɨ ɩɪɹɦɨɬɨɱɧɨɦɭ ɬɢɩɭ. 

ȼɨɞɚ ɡɚɤɚɱɢɜɚɟɬɫɹ ɢɡ ɩɨɞɜɨɞɹɳɢɯ ɤɚɧɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɛɟɪɟɝɨɜɵɯ ɧɚɫɨɫɧɵɯ 
ɫɬɚɧɰɢɣ. ɇɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ ɩɟɪɟɤɚɱɢɜɚɸɬ ɜɨɞɭ ɩɨ ɬɪɟɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦ. 
ɉɨɞɨɝɪɟɬɚɹ ɜɨɞɚ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɫɥɢɜɚɟɬɫɹ ɜ ɫɛɪɨɫɧɨɣ ɤɚɧɚɥ. 

Ⱦɵɦɨɜɵɟ ɝɚɡɵ ɨɱɢɳɚɸɬɫɹ ɦɨɤɪɨɩɪɭɬɤɨɜɵɦɢ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ ȼɌɂ ɫ 
ɩɪɟɞɜɤɥɸɱɟɧɧɵɦɢ ɬɪɭɛɚɦɢ ȼɟɧɬɭɪɢ. Ɂɨɥɨɲɥɚɤɨɜɵɟ ɨɬɯɨɞɵ ɭɞɚɥɹɸɬɫɹ ɧɚ 
ɡɨɥɨɨɬɜɚɥ ɩɥɨɳɚɞɶɸ 402 ɝɚ ɫ ɩɨɦɨɳɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɡɨɥɨɭɞɚɥɟɧɢɹ.  

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɨ 3 ɛɥɨɱɧɵɯ ɳɢɬɚ. 

2. ɄɌɐ-200 
Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ I–II ɨɱɟɪɟɞɢ. ȼ 

ɦɚɲɢɧɧɨɦ ɡɚɥɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɬɭɪɛɨɚɝɪɟɝɚɬɵ ɩɨɩɟɪɟɱɧɨ. 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɤɨɦɩɨɧɨɜɚɧɨ ɩɨ ɛɥɨɱɧɨɦɭ ɬɢɩɭ. ɋɯɟɦɚ 

ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɛɭɧɤɟɪɨɦ ɩɵɥɢ. 
ȼ ɄɌɐ-200 ɞɥɹ ɨɬɜɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɟ ɞɵɦɨɜɵɟ ɬɪɭɛɵ 

ɜɵɫɨɬɨɣ 150 ɦ. 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B7%D1%83%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81%D0%BD%D0%B0%D1%8F_%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81%D0%BD%D0%B0%D1%8F_%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
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Ⱦɵɦɨɜɵɟ ɝɚɡɵ ɨɱɢɳɚɸɬɫɹ ɦɨɤɪɨɩɪɭɬɤɨɜɵɦɢ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ ȼɌɂ, 
ɨɛɨɪɭɞɨɜɚɧɧɵɦɢ ɬɪɭɛɚɦɢ ȼɟɧɬɭɪɢ. Ɂɨɥɚ ɢ ɲɥɚɤ  ɭɞɚɥɹɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ ɛɚɝɟɪɧɵɦɢ ɧɚɫɨɫɚɦɢ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɨ 2 Ȼɓɍ, ɞɜɚ ɷɧɟɪɝɨɛɥɨɤɚ 
ɭɩɪɚɜɥɹɸɬɫɹ ɫ ɨɞɧɨɝɨ ɳɢɬɚ. 

3.ɏɢɦɢɱɟɫɤɢɣ ɰɟɯ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȼɉɍ ɫɨɫɬɚɜɥɹɟɬ 160 ɬ/ɱ. ɉɪɢɦɟɧɹɬɫɹ ɫɯɟɦɚ ɫ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɤɨɚɝɭɥɹɰɢɟɣ ɜ ɨɫɜɟɬɥɢɬɟɥɹɯ, ɫ ɩɨɥɧɵɦ 
ɬɪɟɯɫɬɭɩɟɧɱɚɬɵɦ ɨɛɟɫɫɨɥɢɜɚɧɢɟɦ . ɉɨɞɩɢɬɤɚ ɬɟɩɥɨɫɟɬɟɣ ɨɱɢɳɚɟɬɫɹ  ɩɨ ɫɯɟɦɟ 
ɫ «ɝɨɥɨɞɧɨɣ» ɪɟɝɟɧɟɪɚɰɢɟɣ H-ɤɚɬɢɨɧɢɪɨɜɚɧɢɹ , ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 150 ɬ/ɱ. 

4.Ɍɨɩɥɢɜɨ-ɬɪɚɧɫɩɨɪɬɧɵɣ ɰɟɯ 
ɌɌɐ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɦɨɪɨɡɤɢ 

ɢ ɪɚɡɝɪɭɡɤɢ, ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɜɚɝɨɧɨɜ ɛɨɤɨɜɨɝɨ ɬɢɩɚ, ɭɝɨɥɶɧɵɣ ɫɤɥɚɞ 
ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶɸ 350000 ɬ, ɭɡɥɵ ɩɟɪɟɫɵɩɤɢ ɢ ɬɪɚɧɫɩɨɪɬɟɪɧɵɟ ɝɚɥɟɪɟɢ. 

ɍɩɪɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɐɓɍ ɬɨɩɥɢɜɨɩɨɞɚɱɢ.  

5.ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɰɟɯ 
ɇɚ ɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚ ɨɬɤɪɵɬɨɝɨ 

ɬɢɩɚ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 110 ɢ 220 ɤȼ. 
ɋɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ ɡɚɩɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ  

ɬɪɟɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɶɸ 31,5 ɆȼȺ –  ɞɜɚ ɫ ɧɚɩɪɹɠɟɧɢɹɦɢ 
ɩɨ ɜɵɫɲɟɣ ɢ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 110/6,3 ɤȼ ɢ ɨɞɧɢɦ ɫ ɧɚɩɪɹɠɟɧɢɟɦ 220/6,3 ɤȼ. 

ɍɩɪɚɜɥɟɧɢɟ ɩɨɞɫɬɚɧɰɢɟɣ ɢ ɤɨɧɬɪɨɥɶ ɡɚ ɷɧɟɪɝɨɛɥɨɤɚɦɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ 
ɫ Ƚɓɍ. 

1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ Ɍɉ-42 

ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B0%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B2%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%B5%D1%81%D1%81%D0%BE%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/w/index.php?title=%D0%93%D0%BE%D0%BB%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BA%D0%B0%D1%82%D0%B8%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B0%D1%82%D0%B8%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%B3%D0%BE%D0%BD%D0%BE%D0%BE%D0%BF%D1%80%D0%BE%D0%BA%D0%B8%D0%B4%D1%8B%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D1%8C%D1%82-%D0%B0%D0%BC%D0%BF%D0%B5%D1%80
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Ɋɢɫɭɧɨɤ 1 –Ɍɉ-42 

Ʉɨɬɟɥ Ɍɉ-42 ɨɞɧɨɛɚɪɚɛɚɧɧɵɣ ɤɨɬɟɥ ɬɢɩɚ Ɍɉ-42 ɜɟɪɬɢɤɚɥɶɧɨ-ɬɪɭɛɧɵɣ ɫ 
ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɨɣ ɢɫɩɚɪɟɧɢɹ ɢ ɬɜёɪɞɵɦ 
(ɫɭɯɢɦ) ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɫɥɭɠɢɬ ɞɥɹ ɫɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ ɭɝɥɟɣ Ʉɭɡɧɟɰɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɦɩɪɨɞɭɤɬɨɜ ɨɛɨɝɚɳɟɧɢɹ Ʉɭɡɧɟɰɤɢɯ ɭɝɥɟɣ, 
ɏɚɤɚɫɫɤɨɝɨ ɝɚɡɨɜɨɝɨ ɭɝɥɹ . Ɋɚɫɬɨɩɨɱɧɵɦ ɬɨɩɥɢɜɨɦ ɫɥɭɠɢɬ ɦɚɡɭɬ ɦɚɪɨɤ Ɇ-40, 
Ɇ- 100.  

Ɍɨɩɤɚ ɫɧɚɛɠɟɧɚ 8-ɸ ɩɵɥɟɭɝɨɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 4 
ɬ/ɱɚɫ ɢ 4-ɦɹ ɦɚɡɭɬɧɵɦɢ ɮɨɪɫɭɧɤɚɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ 820 ɤɝ/ ɱɚɫ 
ɤɚɠɞɚɹ.  
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Ɍɨɩɤɚ ɷɤɪɚɧɢɪɨɜɚɧɚ ɬɪɭɛɚɦɢ ɢɡ ɫɬɚɥɢ 20 ɞɢɚɦɟɬɪɨɦ 60ɯ 5. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɪɚɜɟɧ 0,83. ɂɦɟɟɬɫɹ 16 ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɤɨɧɬɭɪɨɜ. ɋɨɥёɧɧɵɟ 
ɨɬɫɟɤɢ ɩɢɬɚɸɬ ɛɥɢɠɧɢɟ ɤ ɮɪɨɧɬɭ ɛɨɤɨɜɵɟ ɤɨɧɬɭɪɚ.  

Ʉɨɧɬɭɪ ɛɨɤɨɜɵɯ ɷɤɪɚɧɨɜ ɢɦɟɸɬ ɩɨ 35 ɬɪɭɛ. Ɏɪɨɧɬɨɜɨɝɨ ɷɤɪɚɧɚ – 
ɤɪɚɣɧɢɟ ɩɨ 36 ɬɪɭɛ, ɫɪɟɞɧɢɟ ɩɨ 40 ɬɪɭɛ. Ʉɪɚɣɧɢɟ ɤɨɥɥɟɤɬɨɪɵ ɮɪɨɧɬɨɜɨɝɨ 
ɷɤɪɚɧɚ ɪɚɡɞɟɥɟɧɵ ɩɟɪɟɝɨɪɨɞɤɨɣ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɰɢɪɤɭɥɹɰɢɢ, ɩɢɬɚɸɬɫɹ 3-ɦɹ 
ɜɨɞɨɨɩɭɫɤɧɵɦɢ ɬɪɭɛɚɦɢ ɤɚɠɞɵɣ. ɋɪɟɞɧɢɟ ɤɨɥɥɟɤɬɨɪɚ ɩɨ 4-ɦ ɜɨɞɨɨɩɭɫɤɧɵɦ 
ɬɪɭɛɚɦ. ȼɫɟ ɤɨɥɥɟɤɬɨɪɵ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɩɢɬɚɸɬɫɹ ɩɨ 4-ɦ ɜɨɞɨɨɩɭɫɤɧɵɦ 
ɬɪɭɛɚɦ ɤɚɠɞɵɣ. Ȼɨɤɨɜɵɟ ɷɤɪɚɧɵ ɩɢɬɚɸɬɫɹ ɩɨ 3-ɦ ɜɨɞɨɨɩɭɫɤɧɵɦ ɬɪɭɛɚɦ 
ɤɚɠɞɵɣ ɤɨɧɬɭɪ.  

Ⱦɢɚɦɟɬɪ ɜɨɞɨɨɩɭɫɤɧɵɯ ɬɪɭɛ – 133ɯ10 ɦɦ. ɂɡ ɜɟɪɯɧɢɯ ɤɚɦɟɪ ɷɤɪɚɧɨɜ, 
ɩɚɪɨɜɨɞɹɧɚɹ ɷɦɭɥɶɫɢɹ ɩɨɞɧɢɦɚɟɬɫɹ ɩɨ 3-ɦ ɬɪɭɛɚɦ ɢɡ ɤɚɠɞɨɣ ɤɚɦɟɪɵ ɜ 
ɛɚɪɚɛɚɧ. ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ ɤɨɧɬɭɪɵ ɢɦɟɸɬ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫɜɟɪɯɭ 
ɜɧɢɡ ɧɚ 95 ɦɦ. ɉɨ ɞɥɢɧɟ ɤɚɦɟɪɵ ɪɚɫɲɢɪɹɸɬɫɹ:- ɛɨɤɨɜɵɟ ɧɚ 13 ɦɦ, ɮɪɨɧɬɨɜɵɟ 
ɢ ɡɚɞɧɢɟ ɧɚ 18 ɦɦ.  

ȼɫɟ ɧɢɠɧɢɟ ɤɨɥɥɟɤɬɨɪɵ ɤɨɧɬɭɪɨɜ ɢɦɟɸɬ ɞɪɟɧɚɠɢ ɞɢɚɦɟɬɪɨɦ 20 ɦɦ ɫ 
ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜɟɧɬɢɥɹɦɢ. Ɍɟɩɥɨɜɵɟ ɩɟɪɟɦɟɳɟɧɢɹ 
ɛɚɪɚɛɚɧɚ, ɷɤɪɚɧɨɜ ɢ ɤɨɥɥɟɤɬɨɪɨɜ ɩɪɨɜɟɪɹɬɶ ɩɨ ɪɟɩɟɪɚɦ ɩɪɢ ɪɚɫɬɨɩɤɟ. 

 ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 2-ɯ ɫɬɭɩɟɧɱɚɬɵɣ, ɫɦɟɲɚɧɧɵɣ (ɩɪɨɬɢɜɨɬɨɤ ɢ 
ɩɪɹɦɨɬɨɤ). Ɋɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɩɨɬɨɥɤɟ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ.  

ɉɚɪ ɩɪɨɯɨɞɢɬ ɩɨ 216 ɬɪɭɛɤɚɦ ɞɢɚɦɟɬɪɨɦ 32ɯ4 ɫɬ 20( Ɋɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ 
ɢ ɩɨɬɨɥɨɤ). Ɂɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɜ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ Ʉɉɉ (ɩɨ ɯɨɞɭ ɩɚɪɚ). ɉɨ 108 
ɞɜɨɣɧɵɦ ɡɦɟɟɜɢɤɨɦ ɞɢɚɦɟɬɪɨɦ 42ɯ5 ɫɬ.15 ɏɆ Ȼɥɢɠɧɹɹ ɤ ɮɟɫɬɨɧɭ ɱɚɫɬɶ 
ɧɚɪɚɳɟɧɚ (355 ɦ2) ɢɡ ɫɬɚɥɢ 12 ɏɆɎ ɞɢɚɦɟɬɪɨɦ 42ɯ4,5.  

ɉɟɪɟɛɪɨɫ ɩɚɪɚ ɩɨ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ 
ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ. ɉɚɪɨɩɟɪɟɩɭɫɤɧɵɟ ɬɪɭɛɵ: ɛɚɪɚɛɚɧ- ɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ –32 
ɲɬ. ɞɢɚɦɟɬɪɨɦ 60ɯ5, ɫɬ. 20.  

ɉɚɪɨɩɟɪɟɩɭɫɤɧɵɟ ɬɪɭɛɵ ɦɟɠɞɭ I ɢ II ɫɬ. Ʉɉɉ –8 ɲɬɭɤ 108ɯ10 ɫɬ. 15 ɏɆ. 
Ʉɚɦɟɪɵ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ:  

ɚ) ɪɚɞɢɚɰɢɨɧɧɵɟ ɱɚɫɬɢ – 219ɯ18 ɦɦ ɫɬ.20;  
ɛ) ɩɚɪɨɫɛɨɪɧɚɹ ɤɚɦɟɪɚ ɢ ɜɵɯɨɞɧɵɟ ɤɚɦɟɪɵ II ɫɬ. Ʉɉɉ –325ɯ40 ɫɬ.12 

ɏɆɎ;  
ɜ) ɨɫɬɚɥɶɧɵɟ ɞɢɚɦɟɬɪɨɦ 273ɯ26 ɫɬ. 20  
Ƚɥɚɜɧɵɣ ɩɚɪɨɩɪɨɜɨɞ ɫɬ 15 ɏɆ-273ɯ28 ɦɦ. ɉɚɪɨɨɯɥɚɞɢɬɟɥɶ ɭɫɬɚɧɨɜɥɟɧ 

ɦɟɠɞɭ ɫɬɭɩɟɧɹɦɢ, ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ 273ɯ26 ɫɬ.20. Ɍɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ ɤɚɦɟɪ: 
ɫɪɟɞɧɢɯ – 15 ɦɦ, ɤɪɚɣɧɢɯ – 12ɦɦ 

ȼɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɧɟ ɨɬɤɥɸɱɚɟɦɨɝɨ ɬɢɩɚ, ɬɪɭɛɱɚɬɵɣ, 
ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ, ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɚɤɟɬɨɜ, ɦɚɬɟɪɢɚɥ ɫɬɚɥɶ 20, 
ɞɢɚɦɟɬɪ ɬɪɭɛ 32ɯ4 ɦɦ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɬɪɭɛ ɲɚɯɦɚɬɧɨɟ, ɬɪɭɛɵ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨ 
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ɜɫɟɣ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ. Ʉɚɦɟɪɵ  ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɢɦɟɸɬ ɜɧɟɲɧɢɣ 
ɞɢɚɦɟɬɪ 273 ɦɦ  ɩɪɢ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ 18 ɦɦ. ɉɢɬɚɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɫ 
ɧɚɪɭɠɧɵɦ ɞɢɚɦɟɬɪɨɦ 219 ɦɦ ɩɪɢ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ 19 ɦɦ, ɫɬɚɥɶ 20. Ʉɨɥɥɟɤɬɨɪɵ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɧɚ ɜɯɨɞɟ ɢɦɟɸɬ ɞɪɟɧɚɠɢ, ɜɪɟɡɚɧɧɵɟ ɜ ɨɛɳɢɣ ɤɨɥɥɟɤɬɨɪ 
ɞɪɟɧɚɠɟɣ ɤɨɬɥɚ. 

ȼɁɉ - ɬɪɭɛɱɚɬɵɣ, ɲɟɫɬɢɯɨɞɨɜɨɣ, ɭɫɬɚɧɨɜɥɟɧ ɜ ɪɚɫɫɟɱɤɭ ɫ ɜɨɞɹɧɵɦ 
ɷɤɨɧɨɦɚɣɡɟɪɨɦ, 3-ɯ ɫɟɤɰɢɨɧɧɵɣ (ɩɨ 8 ɤɭɛɨɜ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ). Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ 30 ℃. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɤɨɪɨɛɟ-203 ℃. 
ɂɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɪɨɛɚ, ɜɨɡɞɭɯ ɩɨɞɚёɬɫɹ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɨ ɪɹɞɭ “Ⱦ”, ɚ ɧɚ 
ɨɬɨɩɥɟɧɢɟ 14-ɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ ɢɞёɬ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ ɩɨɫɥɟ ȼɁɉ.  

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨɫɥɟ II ɫɬɭɩɟɧɢ ȼɁɉ-356 ℃. Ⱦɢɚɦɟɬɪ ɬɪɭɛɨɤ 40 ɯ 
1,5 ɫɬ. 20. ȼ ɜɟɪɯɧɸɸ ɱɚɫɬɶ I-II ɫɬɭɩɟɧɢ ɩɨɞɜɟɞɟɧɚ ɫɦɵɜɧɚɹ ɜɨɞɚ ɞɥɹ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ɉɪɟɞɭɫɦɨɬɪɟɧɚ ɪɟɰɢɪɤɭɥɹɰɢɹ ɧɚɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 
ɜɫɚɫɵɜɚɸɳɭɸ ɫɬɨɪɨɧɭ Ⱦȼ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɡɞɭɯɚ ɩɟɪɟɞ ȼɁɉ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ (30 ℃ ) ɜɨ ɢɡɛɟɠɚɧɢɟ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ ɜ 
ɞɵɦɨɜɵɯ ɝɚɡɚɯ. ( Ɉɛɪɚɡɨɜɚɧɢɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɤɨɪɪɨɡɢɢ 
ɬɪɭɛ ɫ ɝɚɡɨɜɨɣ ɫɬɨɪɨɧɵ) . 

Ʉɨɬɟɥ ɫɧɚɛɠɟɧ ɫɥɟɞɭɸɳɢɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ: 
1. ɉɵɥɟɩɪɢɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɲɚɪɨɜɵɦɢ ɛɚɪɚɛɚɧɧɵɦɢ ɦɟɥɶɧɢɰɚɦɢ ɒ-16 

(ɞɜɟ ɧɚ ɤɨɬɟɥ) ɫ ɦɟɥɶɧɢɱɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɬɢɩɚ ȼɆ-50/1000 (2ɲɬ); 
2. Ⱦɭɬɶɟɜɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɬɢɩɚ ȼȾ-20 (2 ɲɬ); 
3. Ⱦɵɦɨɫɨɫɚɦɢ ɬɢɩɚ Ⱦ-18ɯ2 (2 ɲɬ); 
4. Ɂɨɥɨɭɥɚɜɥɢɜɚɸɳɟɣ ɭɫɬɚɧɨɜɤɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɦɨɤɪɨ-ɩɥɟɧɨɱɧɵɯ 

ɡɨɥɨɭɥɨɜɢɬɟɥɟɣ Ɇȼ-ȼɌɂ ɞɢɚɦɟɬɪɨɦ 3200 ɦɦ ɢ ɬɪɭɛ «ȼɟɧɬɭɪɢ» ɜ ɤɨɥɢɱɟɫɬɜɟ 
4 ɲɬ. ɧɚ ɤɨɬɟɥ. 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2:  
 

Ɍɚɛɥɢɰɚ 2 - Ɍɟɯɧɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɤɨɬɥɚ ɢ ɟɝɨ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ. 
Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɍɉ-42 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, Ɍ/ɱɚɫ 230 
Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ, ɤɝɫ/ɫɦ2 115 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ, ɤɝɫ/ɫɦ2 100 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ℃ 215 
Ɍɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɦ3 /ɤɝ 6,98 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 1,25 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ℃ 510 
Ⱥɞɢɚɛɚɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ, ℃ 2004 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ℃ 128 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ℃ 356 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 
Ɉɛɴёɦɵ, ɦ3:  
ɜɨɞɹɧɨɣ  
ɉɚɪɨɜɨɣ 

70,7 
 27 

Ɉɛɴёɦɵ ɩɵɥɟɭɝɨɥɶɧɨɣ ɬɨɩɤɢ (9792 ɦɦ ɯ 7030 ɦɦ ɯ 21600 ɦɦ) 1480 
 

ɋɯɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2: 

 

Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɨɬɥɨɜ 1-6 (Ɍɉ-42) 

ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3: 
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1-ɉɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 2-ȽɉɁ; 3-Ɋɉ; 4-ɉɪɨɞɭɜɤɚ ɩ/ɩ; 5-ȼɩɪɵɫɤ; 6-Ⱦɪɟɧɚɠ ɩ/ɨ;       
7-Ʌɢɧɢɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 8-Ⱦɪɟɧɚɠ ɜ/ɷ; 9-Ʉɨɥɥɟɤɬɨɪ ɧɢɠɧɢɯ ɬɨɱɟɤ; 10-Ɏɟɫɬɨɧ;              

11- Ɋɉɉ; 12-Ʉɉɉ-2; 13-Ʉɉɉ-1; 14-Ɋɟɰɢɪɤɭɥɹɰɢɹ ȼ/ɗ; 15- ȼɗɄ-1; 16-ȼɗɄ-2. 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ  ɰɢɪɤɭɥɹɰɢɢ ɤɨɬɥɨɜ 1-6  

1.2.1 Ɋɟɠɢɦɧɚɹ ɤɚɪɬɚ ɤɨɬɥɚ Ɍɉ-42 

Ɍɚɛɥɢɰɚ 3 – Ɋɟɠɢɦɧɚɹ ɤɚɪɬɚ ɤɨɬɥɚ Ɍɉ-42 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧ Ɋɚɡɦɟɪɧɨɫɬɶ 
ɇɚɝɪɭɡɤɚ ɤɨɬɥɚ ɩɨ ɜɨɞɟ (ɬ/ɱ) ɢ ɤɨɥ-

ɜɨ ɪɚɛɨɬɚɸɳɢɯ ɩɵɥɟɫɢɫɬɟɦ 
140 170 200 220 230 

1 ɉɚɪɨɜɨɞɹɧɨɣ ɢ ɬɨɩɥɢɜɧɵɣ 
ɬɪɚɤɬ 

    

1.1 Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɤɝɫ/ɫɦ2 100 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3 

1.2 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ◦ɋ 510 

1.3 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɵɥɟɩɢɬɚɬɟɥɟɣ ɨɛ/ɦɢɧ 600-1200 

1.4 Ɋɚɡɪɟɠɟɧɢɟ ɜɜɟɪɯɭ ɬɨɩɤɢ ɦɦ ɜ. ɫɬ. 2,0-4,0 

2 ȼɨɡɞɭɲɧɵɣ ɬɪɚɤɬ      

2.1 ɋɨɞɟɪɠɚɧɢɟ Ɉ2 ɡɚ ɩ/ɩɟɪɟɝɪɟɜ. % 6,5 6 5,4 5 5 

2.2 
Ⱦɚɜɥɟɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ 

ȼɁɉ 
ɦɦ ɜ. ɫɬ. 80-

100 
80-
100 

135-
145 

165-
180 

180-195 

2.3 Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ◦ɋ 315-330 

3 Ƚɚɡɨɜɵɣ ɬɪɚɤɬ   

3.1 Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ Ʉɉɉ ◦ɋ 445 450 455 465 475 

3.2 Ɋɚɡɪɟɠɟɧɢɟ ɝɚɡɨɜ ɡɚ ȼɁɉ ɦɦ ɜ. ɫɬ. 105-
115 

120-
125 

125-
130 

135-
145 

145-155 

3.3 Ɍɨɤ ɩɨɬɪɟɛɥɹɟɦɵɣ Ⱦɋ Ⱥ 
27-
28 

28-
30 

32-
34 

35-
37 

36-38 

3.4 Ɋɚɡɪɟɠɟɧɢɟ ɝɚɡɨɜ ɩɟɪɟɞ Ⱦɋ ɦɦ ɜ. ɫɬ. 270-
290 

290-
310 

310-
330 

330-
350 

370-380 

4 ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ     

4.1 ɋɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ ɜ ɭɧɨɫɟ % 4,7 3,9 3 2,5 2,2 

4.2 
ɉɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯ-ɢɦ 

ɧɟɞɨɠɨɝɨɦ 
% 1,5 1,23 0,95 0,79 0,7 

4.3 ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɭɯɨɞ-ɦɢ ɝɚɡɚɦɢ % 7,34 7,24 7,14 7,16 7,1 

4.4 ɄɉȾ ɤɨɬɥɚ ɛɪɭɬɬɨ % 90,18 90,7 91,21 91,41 91,58 

4.5 ɍɞɟɥ. ɪɚɫɯ. ɷɥ.ɷɧ. ɧɚ ɬɹɝɭ ɢ ɞɭɬɶɟ ɤȼɬɱ/Ƚɤ 7,7 7,2 6,8 6,6 6,5 

4.6 
ɋɨɞɟɪɠɚɧɢɟ Nox ɜ ɞɵɦɨɜɵɯ 
ɝɚɡɚɯ ( ɩɪɢɜɟɞɟɧɧɵɯ ɤ L=1,4) ɇɟ ɛɨɥɟɟ 570 

ȼɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɨɤ:  
1. Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ 147-169 ◦ɋ, ɩɪɢ ɪɚɛɨɬɟ ɞɜɭɯ ɤɨɬɥɨɜ ɧɚ 

ɬɭɪɛɢɧɭ.  
2. ȼ ɪɚɛɨɬɟ 2 ɞɵɦɨɫɨɫɚ ɢ 2 ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ  
Ɋɟɠɢɦ ɪɚɛɨɬɵ ɡɨɥɨɭɥɨɜɢɬɟɥɟɣ  
1. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɬɪɭɛɵ ȼɟɧɬɭɪɢ – 65-70 ɬ/ɱ  
2. Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɬɪɭɛɵ ȼɟɧɬɭɪɢ – ɧɟ ɦɟɧɟɟ 3,0 ɚɬɦ.  
3. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɪɨɲɟɧɢɟ ɫɤɪɭɛɛɟɪɨɜ – 17-20 ɬ/ɱ  
4. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ ɫ ɩɨɞɨɝɪɟɜɨɦ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ 

ɪɚɜɧɚ 65-70 ◦ɋ  
Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɵɥɟɫɢɫɬɟɦɵ  
1. Ɋɚɡɪɟɠɟɧɢɟ ɩɟɪɟɞ/ ɡɚ ɦɟɥɶɧɢɰɟɣ – 150 - 200/350 – 500 ɦɦ. ɜ. ɫɬ..  
2. Ɂɚɝɪɭɡɤɚ ɦɟɥɶɧɢɰɵ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 250-300 ɦɦ ɜ. ɫɬ..  
3. ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɡɚ ɩɵɥɟɫɢɫɬɟɦɨɣ ɦɟɧɟɟ 16% ɢ ɬɟɦɩɟɪɚɬɭɪɚ 

ɚɷɪɨɫɦɟɫɢ ɡɚ ɦɟɥɶɧɢɰɟɣ ɧɟ ɛɨɥɟɟ 90 ◦ɋ.  
4. Ɉɫɬɚɬɨɤ ɧɚ ɫɢɬɟ R90=20-25 % 5. Ɂɚɝɪɭɡɤɚ ɲɚɪɨɜ -23 – 26 ɬɨɧɧ.  
Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɵɥɟɫɢɫɬɟɦɵ  
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1. Ɋɟɠɢɦɧɚɹ ɤɚɪɬɚ ɩɟɪɟɫɦɨɬɪɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɩɵɬɚɧɢɣ ɁȺɈ «ȼɌɂ – 
ɗɧɟɪɝɨɧɚɥɚɞɤɚ» ɨɬ 2014ɝ.  

2. Ɋɟɠɢɦɧɚɹ ɤɚɪɬɚ ɫɨɫɬɚɜɥɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɤɨɬɥɚ ɩɪɢ ɜɤɥɸɱɟɧɧɵɯ ɉȼȾ.  
3. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɜɩɪɵɫɤ ɪɚɜɟɧ 0-6 ɬ/ɱ  
4. Ⱦɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ = 35 ◦ɋ.  

1.2.2 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɦɟɧɬɨɜ ɤɨɬɥɚ Ɍɉ-42.  

 ȼɟɪɯɧɹɹ ɨɬɦɟɬɤɚ ɬɨɩɤɢ: 21 600 ɦɦ   

Ɍɚɛɥɢɰɚ 4 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɥɚ Ɍɉ-42 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ⱦɢɚɦɟɬɪ 

ɬɪɭɛ d, ɦɦ 
Ɇɚɬɟɪɢɚɥ 

ɬɪɭɛ 
Ʉɨɥɢɱɟɫɬɜɨ 
ɬɪɭɛ,   ɲɬ 

ɉɨɜɟɪɯɧɨɫɬɶ 
ɧɚɝɪɟɜɚ, ɦ 2  

ɗɤɪɚɧɵ 60×5 ɋɬ. 20 514 685 
ȼɨɞɨɨɩɭɫɤɧɵɟ ɬɪɭɛɵ  133×10 ɋɬ. 20 48  
Ʉɚɦɟɪɵ ɷɤɪɚɧɨɜ 133×10 ɋɬ. 20 28  
Ɏɟɫɬɨɧ 60×5 ɋɬ. 20 152 226 
Ɋɚɞɢɚɰɢɨɧɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 

 32×4   ɋɬ. 20   216   55  

Ʉɉɉ-1  32×4  ɋɬ. 20  216  1050  

Ʉɉɉ-2 42×4,5 12ɏɆɎ 108 990 

ɉɚɪɨɩɟɪɟɩɭɫɤɧɵɟ 
ɬɪɭɛɵ ɢɡ ɛɚɪɚɛɚɧɚ ɜ 
ɪɚɞɢɚɰɢɨɧɧɭɸ ɱɚɫɬɶ 

60×5 ɋɬ. 20 32  

ɉɚɪɨɩɟɪɟɩɭɫɤɧɵɟ 
ɬɪɭɛɵ ɢɡ I ɫɬɭɩɟɧɢ ɜɨ 
II  ɫɬɭɩɟɧɶ 

108×10 15ɏɆ 8  

Ʉɚɦɟɪɵ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ: 
ɜɯɨɞɧɵɟ ɜ Ɋɉɉ 
ɜɵɯɨɞɧɵɟ Ʉɉɉ 1 
ɜɯɨɞɧɵɟ Ʉɉɉ 2 
ɜɵɯɨɞɧɵɟ Ʉɉɉ 2 

  
 

219×18 
273×26 
273×26 
325×40 

   
 

ɋɬ. 20  
ɋɬ. 20  
ɋɬ. 20 

12ɏɆɎ 

 
 
4  
4  
4  
4 

 

ɉɚɪɨɫɛɨɪɧɚɹ ɤɚɦɟɪɚ 325×40 12ɏɆɎ 1  

ɉɚɪɨɨɯɥɚɞɢɬɟɥɶ 273×26 ɋɬ. 20 2  

Ƚɥɚɜɧɵɣ ɩɚɪɨɩɪɨɜɨɞ 273×28 15ɏɆ 1  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4 

Ʉɚɦɟɪɵ ȼɗɄ 273×18 ɋɬ. 20 24  

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ  40×1,5 ɋɬ. 20  14600 

ȼɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ: 

ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ  

ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ 

  

32×3,5 

32×3,5 

 

 ɋɬ. 20  

ɋɬ. 20 

 

64  

80 

 

 1075  

970 

ɉɢɬɚɬɟɥɶɧɵɣ 

ɬɪɭɛɨɩɪɨɜɨɞ 
213×13 ɋɬ. 20 1  

1.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ  

Ɍɚɛɥɢɰɚ 5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ 
Ȼɚɫɫɟɣɧ, ɦɟɫɬɨɪɨɠɞɟɧɢɟ Ʉɭɡɧɟɰɤɢɣ Ʉɭɡɧɟɰɤɢɣ 

Ɇɚɪɤɚ, ɤɥɚɫɫ Ⱦ, Ɋ Ƚ, ɩɪɨɦ. 

ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ 
ɦɚɫɫɵ ɬɨɩɥɢɜɚ, 

% 

WP 11,5 12 
AP 15,9 23,8 
SP 0,4 0,5 
CP 56,4 51,4 
HP 4 3,8 
NP 1,9 1,9 
OP 9,9 6,6 

ȼɵɯɨɞ ɥɟɬɭɱɢɯ VȽ,% 40,5 41 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɪ
ɧQ , ɤȾɠ/ɤɝ 21900 19200 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ, 
kɥɨ 

1,1 1,5 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɡɨɥɵ, ℃ 

t1 1160 1170 
t2 1310 1270 
t3 1440 1340 

1.4. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɞɨɜɟɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɟɠɟɝɨ 
ɩɚɪɚ ɧɚ ɤɨɬɥɚɯ Ɍɉ-42 Ɍɨɦɶ-ɍɫɢɧɫɤɨɣ ȽɊɗɋ ɞɨ ɧɨɦɢɧɚɥɶɧɨɣ (510 ℃) ɧɚ 
ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ. 

Ⱦɥɹ ɟɟ ɞɨɫɬɢɠɟɧɢɹ ɧɭɠɧɨ ɪɟɲɢɬɶ ɪɹɞ ɡɚɞɚɱ: 
1. ɉɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɧɚ ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 
2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɣ ɩɪɨɛɥɟɦɵ, ɜɵɛɪɚɬɶ 

ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɣ. 
3. ɉɪɨɪɚɛɨɬɚɬɶ ɜɚɪɢɚɧɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɢɡɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɵɟ 

ɪɚɫɱɟɬɵ. 
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4. Ⱦɟɬɚɥɶɧɨ ɩɪɨɪɚɛɨɬɚɬɶ ɜɵɛɪɚɧɧɵɣ ɜɚɪɢɚɧɬ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɩɵɥɟɫɢɫɬɟɦɵ, ɜɵɩɨɥɧɢɬɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɩɪɢɝɨɞɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɵɦɨɫɨɫɨɜ, ɪɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ, ɪɚɫɱɟɬ 
ɪɚɫɫɟɢɜɚɧɢɹ.  

5. Ɉɰɟɧɢɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. Ⱦɥɹ  
ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɚɬɶ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɨɰɟɧɢɬɶ ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ. 

1.5 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɢɫɬɨɱɧɢɤɨɜ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ, ɨɩɢɫɚɧɧɨɣ  ɩ. 1.4 , ɪɚɫɫɦɨɬɪɢɦ ɨɩɵɬ ɭɠɟ 
ɢɦɟɸɳɢɯɫɹ ɪɟɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɨɛɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɧɚ ɩɪɢɦɟɪɟ ɫɬɚɬɶɢ Ɋ.ɒ. 
Ɂɚɝɪɭɬɞɢɧɨɜɚ, Ⱥ.ɇ. ɇɚɝɨɪɧɨɜɚ, ɇ.Ⱥ. ɇɚɝɨɪɧɨɜɚ, ɋ.ɇ. ɒɢɬɨɜɚ «Ɉɩɵɬ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɭɫɬɚɪɟɜɲɟɝɨ ɤɨɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɢɯ 
ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ» [1]. 

ȼɚɪɢɚɧɬɵ ɪɟɲɟɧɢɣ ɢɡ ɫɬɚɬɶɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6 

Ɍɚɛɥɢɰɚ 6 – Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɚɪɟɜɲɢɯ ɩɵɥɟɭɝɨɥɶɧɵɯ 
ɤɨɬɥɨɜ 

Ʉɨɧɰɟɩɰɢɹ Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɉɪɟɢɦɭɳɟɫɬɜɚ 

ɋɢɫɬɟɦɚ 
ɧɢɠɧɟɝɨ 
ɞɭɬɶɹ 

ɑɚɫɬɶ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ 
ɝɨɪɟɥɤɢ, ɩɨɞɚɸɬ ɧɚ ɫɤɚɬɵ ɯɨɥɨɞɧɨɣ 
ɜɨɪɨɧɤɢ ɱɟɪɟɡ ɤɪɭɩɧɵɟ ɫɨɩɥɚ ɫ 
ɞɨɥɟɣ αɧ.ɞ ≈ 0,2-0,3. ɗɬɨ ɪɟɲɟɧɢɟ 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɪɨɜɚɥ ɜ ɞɜɚ ɪɚɡɚ, 
ɚ ɬɚɤ ɠɟ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɨɱɚɝɨɜ 
ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɡɚɲɥɚɤɨɜɵɜɚɧɢɹ 
ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 
30%. 

ɉɨɜɵɲɟɧɢɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ 
ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ ɡɚ ɫɱɟɬ 
ɪɚɫɲɢɪɟɧɢɹ ɡɨɧɵ ɝɨɪɟɧɢɹ ɜɧɢɡ. 
ɗɬɨ ɩɨɦɨɝɚɟɬ ɞɨɫɬɢɱɶ ɭɦɟɧɶɲɟɧɢɹ 
ɜɵɯɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ 
ɬɨɩɤɢ. 
Ɍɚɤ ɠɟ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɩɪɨɜɚɥɢɜɲɢɯɫɹ ɱɚɫɬɢɰ ɜ ɯɨɥɨɞɧɭɸ 
ɜɨɪɨɧɤɭ ɡɚ ɫɱɟɬ ɋɇȾ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɨɤɪɚɬɢɬɶ q4. 

Ɋɟɤɨɧɫɬɪɭɤɰ
ɢɹ 
ɝɨɪɟɥɨɱɧɵɯ 
ɭɫɬɪɨɣɫɬɜ. 

ɍɫɬɚɧɨɜɤɚ ɜɢɯɪɟɜɵɯ ɦɚɥɨɬɨɤɫɢɱɧɵɯ 
ɝɨɪɟɥɨɤ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɫɧɢɠɚɬɶ ɜɵɛɪɨɫ ɨɤɫɢɞɚ ɚɡɨɬɚ.  

ɉɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ 
ɫɦɟɲɢɜɚɧɢɹ ɩɵɥɢ ɫɨ ɜɬɨɪɢɱɧɵɦ 
ɜɨɡɞɭɯɨɦ ɜ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɢ 
ɮɚɤɟɥɚ. ɋɧɢɠɟɧɢɟ NOx. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6 

Ɋɟɤɨɧɫɬɪɭɤɰ
ɢɹ ɫɢɫɬɟɦɵ 
ɩɨɞɚɱɢ ɩɵɥɢ 
ɜ ɝɨɪɟɥɤɢ ɫ 
ɩɟɪɟɜɨɞɨɦ 
ɧɚ ɌɉȼɄɞ. 

Ɍɪɚɧɫɩɨɪɬ ɩɵɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɬɭɪɛɨɜɨɡɞɭɯɨɞɭɜɤɨɣ. Ȼɥɚɝɨɞɚɪɹ 
ɷɬɨɦɭ ɞɨɫɬɢɝɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɞɨɥɢ 
ɜɨɡɞɭɯɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ  
ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɩɵɥɶ, ɷɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ 
ɜ ɬɪɚɤɬɟ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, 
ɪɟɝɭɥɢɪɨɜɚɬɶ ɟɝɨ ɞɨɥɸ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɝɨɪɟɧɢɹ. 
 

ɋɧɢɠɟɧɢɟ ɞɨɥɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɜɨɡɞɭɯɚ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɩɪɨɰɟɧɬɚ 
ɨɬ ɟɝɨ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɧɚ ɝɨɪɟɥɤɢ,  
ɜɨɡɞɭɯɚ, ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ 
ɢɡɦɟɧɹɬɶ ɞɨɥɸ ɩɟɪɜɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ. Ɍɚɤ ɠɟ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 
ɫɨɤɪɚɬɢɬɶ ɞɢɚɦɟɬɪ ɩɵɥɟɩɪɨɜɨɞɨɜ 
(60-80 ɦɦ). 

ɂɫɩɨɥɶɡɨɜɚɧ
ɢɟ 
ɜɵɫɨɤɨɷɮɮɟ
ɤɬɢɜɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢ
ɢ 
ɩɨɜɟɪɯɧɨɫɬɟ
ɣ 
ɧɚɝɪɟɜɚ 
ɪɚɫɩɨɥɨɠɟɧ
ɧɵɯ ɜ 
ɤɨɧɜɟɤɬɢɜɧɨ
ɣ ɲɚɯɬɟ. 

Ɂɚɦɟɧɚ ɦɚɬɟɪɢɚɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ 
ɢɡɝɨɬɨɜɥɟɧɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɫ 
ɛɨɥɶɲɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɫɴɟɦɚ ɫ ɬɨɝɨ ɠɟ 
ɝɚɛɚɪɢɬɧɨɝɨ ɪɚɡɦɟɪɚ. 

Ɉɛɨɪɭɞɨɜɚɧ
ɢɟ ɤɨɬɥɚ 
ɩɚɤɟɬɚɦɢ, 
ɜɵɩɨɥɧɟɧɧɵ
ɦɢ ɢɡ ɬɪɭɛ ɫ 
ɥɟɧɬɨɱɧɵɦ 
ɨɪɟɛɪɟɧɢɟɦ. 

ɍɜɟɥɢɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 
ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɝɚɛɚɪɢɬɚ 
ɩɨɜɟɪɯɧɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɫɴɟɦɚ ɫ ɬɨɝɨ ɠɟ 
ɝɚɛɚɪɢɬɧɨɝɨ ɪɚɡɦɟɪɚ, ɩɨɧɢɠɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

Ɍɚɤ ɠɟ ɜ ɫɬɚɬɶɟ ɉɨɥɨɦɨɲɧɨɜɚ ȼ.ȼ., Ȼɟɪɟɡɨɜɫɤɨɝɨ ȼ.ȼ., Ɇɟɧɹɟɜɚ Ʉ.ȼ. 
«Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɫ ɩɟɪɟɜɨɞɨɦ ɧɚ ɫɠɢɝɚɧɢɟ ɧɟɩɪɨɟɤɬɧɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɩɨɜɵɲɟɧɢɟɦ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ» [2] ɨɩɢɫɚɧ ɨɩɵɬ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɟɪɟɜɨɞɚ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ №11 ɀɟɡɤɚɡɝɚɧɫɤɨɣ Ɍɗɐ (ȻɄɁ-220-
100), ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɣ ɧɚ Ȼɨɪɥɢɧɫɤɨɦ ɤɚɦɟɧɧɨɦ ɭɝɥɟ ɧɚ ɛɨɥɟɟ 
ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɣ ɭɝɨɥɶ ɬɨɣ ɠɟ ɦɚɪɤɢ.  

ȼ ɫɜɨɟɣ ɫɬɚɬɶɟ ɚɜɬɨɪɵ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ «ɋɠɢɝɚɧɢɟ ɜ ɤɨɬɥɚɯ ɭɝɥɹ 
ɭɯɭɞɲɟɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɢɥɢ ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢɜɨɞɢɬ ɤ ɪɚɛɨɬɟ ɜ 
ɧɟɪɚɫɱɟɬɧɵɯ ɪɟɠɢɦɚɯ, ɤɚɤ ɨɫɧɨɜɧɨɝɨ, ɬɚɤ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ɍɗɋ, ɤɚɤ ɩɪɚɜɢɥɨ ɫ ɭɯɭɞɲɟɧɢɟɦ ɄɉȾ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ.» 

Ⱦɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɪɟɲɟɧɢɹ: 



18 
 

1. ɋɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ, ɜɨɡɞɭɯ, 
ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɝɨɪɟɧɢɟ, ɩɨɞɚɸɬ ɱɟɪɟɡ ɫɨɩɥɚ ɧɚ ɫɤɚɬɵ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ ɫ 
ɞɨɥɟɣ ɧɢɠɧɟɝɨ ɞɭɬɶɫɹ 0,2 – 0,3.  

2.Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɬɨɩɨɱɧɨ-ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ȼ ɤɨɬɥɚɯ, ɧɚ ɤɨɬɨɪɵɯ 
ɭɫɬɚɧɨɜɥɟɧ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɭɧɤɟɪ ɩɵɥɢ ɧɚɛɨɥɟɟ ɜɵɝɨɞɧɨɣ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ 
ɪɚɡɦɟɳɟɧɢɹ ɝɨɪɟɥɨɤ ɧɚ ɭɝɥɚɯ ɬɨɩɤɢ ɫ ɜɢɯɪɟɦ ɜ ɰɟɧɬɪɟ ɡɚ ɫɱɟɬ ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɟɥɨɤ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɫɦɟɲɢɜɚɧɢɹ ɩɵɥɢ ɫ 
ɩɟɪɜɢɱɧɵɦ ɜɨɡɞɭɯɨɦ ɜ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɢ ɮɚɤɟɥɚ. Ɇɟɬɨɞ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ 
ɫɧɢɡɢɬɶ ɲɥɚɤɨɜɚɧɢɟ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ, ɬɚɤ ɤɚɤ ɜɞɨɥɶ ɧɢɯ ɞɜɢɠɭɬɫɹ ɝɚɡɵ ɫ 
ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ.  

3.Ɉɪɟɛɪɟɧɢɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. ɇɚ ɤɨɬɥɚɯ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɬɟɩɥɨɫɴɟɦɚ ɛɵɥɨ ɩɪɢɦɟɧɟɧɨ ɥɟɧɬɨɱɧɨɟ ɨɪɟɛɪɟɧɢɟ ɷɤɨɧɨɦɚɣɡɟɪɚ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ. ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɡɨɥɶɧɨɫɬɶɸ ɱɚɫɬɨ 
ɩɪɨɹɜɥɹɟɬɫɹ ɷɪɨɡɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ⱦɥɹ 
ɢɡɛɟɠɚɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɤɚɥɚɱɢ ɡɦɟɟɜɢɤɨɜ ɜɵɧɨɫɹɬ ɡɚ ɝɚɡɨɯɨɞ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ 
ɡɨɥɨɜɨɝɨ ɢɡɧɨɫɚ ɬɪɭɛɱɚɬɨɝɨ ȼɁɉ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɬɪɭɛɧɵɯ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɜɫɬɚɜɨɤ ɞɥɢɧɧɨɣ ɧɟ ɛɨɥɟɟ ɞɟɫɹɬɢ ɜɧɭɬɪɟɧɧɢɯ ɞɢɚɦɟɬɪɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɬɟɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɬɢɩɨɜɵɟ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɟɪɟɜɨɞɟ ɩɵɥɟɭɝɨɥɶɧɵɯ ɩɚɪɨɜɵɯ 
ɤɨɬɥɨɜ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɬɨɩɥɢɜɚ: 

1.ɋɧɢɠɟɧɢɟ ɄɉȾ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ; 
2.ɋɧɢɠɟɧɢɟ ɧɨɦɢɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɬɥɚ; 
3.Ɋɚɛɨɬɚ ɜ ɧɟɪɚɫɱɟɬɧɵɯ ɪɟɠɢɦɚɯ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɟɝɨ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
4.ɍɜɟɥɢɱɟɧɢɟ ɡɨɥɨɜɨɝɨ ɢɡɧɨɫɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɫɥɟɞɫɬɜɢɟ 

ɩɨɜɵɲɟɧɢɹ ɡɨɥɶɧɨɫɬɢ ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɨɟɤɬɧɵɦ. 
5.ȼɨɡɦɨɠɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɲɥɚɤɨɜɚɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 
Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɚɤɬɭɚɥɶɧɵ ɩɪɨɛɥɟɦɵ 1, 2, 3. 

Ɋɟɲɟɧɢɟ ɞɚɧɧɵɯ ɩɪɨɛɥɟɦ 1 ɢ 2 ɪɟɲɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɤɨɬɥɚ, 
ɱɟɝɨ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɨɩɢɫɚɧɧɵɦɢ ɜɵɲɟ ɦɟɬɨɞɚɦɢ.  

ɇɚɞɟɠɧɚɹ ɪɚɛɨɬɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɧɤɪɟɬɧɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɞɵɦɨɫɨɫɨɜ, 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɬɨɩɥɢɜɚ ɢ ɡɚɱɚɫɬɭɸ ɩɪɢ 
ɩɟɪɟɜɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɪɟɲɚɟɬɫɹ ɟɝɨ ɡɚɦɟɧɨɣ, ɥɢɛɨ ɱɚɫɬɢɱɧɨɣ 
ɪɟɤɨɧɫɬɪɭɤɰɢɟɣ, ɤ ɩɪɢɦɟɪɭ, ɡɚɦɟɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɞɵɦɨɫɨɫɚ ɢ ɬ.ɞ. 
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1.6 Ɉɛɨɫɧɨɜɚɧɢɟ  ɬɟɯɧɢɱɟɫɤɢɯ  ɪɟɲɟɧɢɣ  ɩɨ  ɜɚɪɢɚɧɬɚɦ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ   

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜɚɪɢɚɧɬɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 

Ɍɚɛɥɢɰɚ 7 – ȼɚɪɢɚɧɬɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ȼɚɪɢɚɧɬ ɉɪɟɢɦɭɳɟɫɬɜɚ ɇɟɞɨɫɬɚɬɤɢ 

Ɋɟɰɢɪɤɭɥɹɰɢɹ 
ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ 

ɇɟɛɨɥɶɲɨɣ 
ɨɛɴɟɦ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ . 

ɍɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɡɚ ɫɱɟɬ 
ɪɚɛɨɬɵ ɞɵɦɨɫɨɫɚ ɪɟɰɢɪɤɭɥɹɰɢɢ. ɉɨɜɵɲɟɧɧɵɣ 
ɡɨɥɨɜɨɣ ɢɡɧɨɫ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ. ɉɨɜɵɲɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɟɪɟɤɚɱɤɭ ɝɚɡɨɜ 
ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɚɡɨɯɨɞɚ 
ɢɡ-ɡɚ ɩɨɜɵɲɟɧɧɨɝɨ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɝɚɡɨɜ ɜ ɬɪɚɤɬɟ. 
Ɋɨɫɬ ɩɨɬɟɪɶ ɫ ɧɟɞɨɠɨɝɨɦ ɜɫɥɟɞɫɬɜɢɟ ɜɜɟɞɟɧɢɹ 
ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɜ ɹɞɪɨ ɮɚɤɟɥɚ. ɇɟɤɨɬɨɪɨɟ 
ɩɨɜɵɲɟɧɢɟ ɩɨɬɟɪɢ q2. 

Ⱦɨɛɚɜɢɬɶ ɜ ɫɨɫɬɚɜ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
ɲɢɪɦɵ 

ɍɜɟɥɢɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɚɪɚ ɩɟɪɟɞ 
Ʉɉɉ. 

Ȼɨɥɶɲɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ, ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ. 
Ɉɫɬɵɧɭɬ ɝɚɡɵ ɩɟɪɟɞ ɜɵɯɨɞɧɵɦ ɩɚɤɟɬɨɦ Ʉɉɉ. 

ɍɜɟɥɢɱɢɬɶ 
ɩɨɜɟɪɯɧɨɫɬɶ 
Ʉɉɉ-1 

ɉɪɨɫɬɨɬɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

Ɋɚɫɲɢɪɟɧɢɟ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɜ ɨɛɥɚɫɬɶ 
ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ, ɟɫɬɶ ɪɢɫɤ ɩɨɩɚɞɚɧɢɹ 
ɧɚɪɨɳɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɨɛɥɚɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ 
ɨɦɵɜɚɧɢɹ ɝɚɡɚɦɢ, ɱɬɨ ɫɧɢɡɢɬ ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ 
ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ. Ɂɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ, ɧɚ ɦɨɧɬɚɠ. 

ɉɪɢɦɟɧɢɬɶ ɬɪɭɛɵ 
ɫ ɨɪɟɛɪɟɧɢɟɦ ɜ 
Ʉɉɉ-2 

ɉɪɨɫɬɨɬɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ȼɨɥɶɲɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ. 

ɋɨɤɪɚɬɢɬɶ 
ɩɨɜɟɪɯɧɨɫɬɶ 
ɮɟɫɬɨɧɚ. 

ɉɪɨɫɬɨɬɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɢ ɦɨɧɬɚɠɚ. 
ɇɟɛɨɥɶɲɢɟ 
ɡɚɬɪɚɬɵ ɧɚ 
ɦɟɬɚɥɥ ɢ 
ɦɨɧɬɚɠ. 

ȼɟɪɨɹɬɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɟɛɨɥɶɲɨɝɨ 
ɭɜɟɥɢɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɉɉ-1. ɍɜɟɥɢɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɤɢ Ʉɉɉ-2. 

ɉɪɢɦɟɧɢɬɶ ɬɪɭɛɵ 
ɫ ɨɪɟɛɪɟɧɢɟɦ ɜɨ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɷɤɨɧɨɦɚɣɡɟɪɚ 

ɉɪɨɫɬɨɬɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɂɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ, 
ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɹɬɵɣ ɜɚɪɢɚɧɬ. 

ɇɨ ɬɚɤɨɣ ɜɚɪɢɚɧɬ ɜɵɩɨɥɧɢɬɶ ɧɟ ɩɨɥɭɱɢɬɫɹ, ɬ.ɤ. ɢɡɥɢɲɧɟ ɭɜɟɥɢɱɢɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɫɨɯɪɚɧɢɬɶ ɧɚ ɬɨɦ ɠɟ 
ɭɪɨɜɧɟ ɢɥɢ ɩɨɧɢɡɢɬɶ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɚ. Ɍɚɤ ɠɟ ɜɟɪɨɹɬɧɨ 
ɜɵɯɨɞɧɨɣ ɩɚɤɟɬ Ʉɉɉ-2 ɛɭɞɟɬ ɨɛɨɝɪɟɜɚɬɶɫɹ ɛɨɥɟɟ ɝɨɪɹɱɢɦɢ ɝɚɡɚɦɢ, ɱɬɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬ ɫɪɨɤ ɟɝɨ ɪɚɛɨɬɵ. 
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ɉɨɷɬɨɦɭ ɨɫɧɨɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɛɭɞɟɬ ɤɨɦɛɢɧɚɰɢɹ ɜɚɪɢɚɧɬɨɜ 3 ɢ 6, ɷɬɨɬ 
ɜɚɪɢɚɧɬ ɛɭɞɟɬ ɡɚɬɪɚɬɧɟɟ ɩɨ ɤɚɩɢɬɚɥɶɧɵɦ ɜɥɨɠɟɧɢɹɦ, ɧɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɄɉȾ. 

1.7 ȼɵɜɨɞɵ ɤ ɩɟɪɜɨɦɭ ɪɚɡɞɟɥɭ   

ȼ ɧɚɱɚɥɟ ɪɚɡɞɟɥɚ 1 ɨɩɢɫɚɧɚ ɬɟɯɧɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ, ɜ ɩ.1.1 ɩɪɢɜɟɞɟɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. ȼ ɩ.1.2 ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ 
ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ Ɍɉ-42, ɤɚɤ ɨɛɴɟɤɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɩ.1.5 ɩɪɨɢɡɜɟɞɟɧ 
ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɤɨɬɨɪɵɯ ɢɡɥɨɠɟɧɵ ɭɠɟ ɩɪɨɜɟɪɟɧɧɵɟ 
ɦɟɬɨɞɵ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɹɦ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ. ȼ ɩ.1.6 ɧɚ ɨɫɧɨɜɟ ɭɠɟ ɢɦɟɸɳɟɣɫɹ 
ɤɚɪɬɢɧɵ ɪɟɲɟɧɢɣ ɫɨɫɬɚɜɥɟɧ ɤɪɚɬɤɢɣ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɬɨɛɪɚɧ ɫɚɦɵɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ. ȼ ɩ.1.7 ɩɪɢɜɟɞɟɧɚ 
ɰɟɥɶ ɢ ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɥɹ ɭɫɩɟɲɧɨɝɨ 
ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ȼɄɊ. 

ɉɨɞɜɨɞɹ ɢɬɨɝɢ ɩɟɪɜɨɝɨ ɪɚɡɞɟɥɚ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɪɚɛɨɬɚ ɢɦɟɟɬ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ. Ɍɚɤ ɠɟ 
ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɨɫɭɳɟɫɬɜɥɟɧ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɪɟɚɥɢɹɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

2 ɉɨɜɟɪɨɱɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ Ɍɉ-42 ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ 
ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ 

ɉɪɢɜɟɞɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܹʞ = W˓ொː˓ ∙ ͳͲͲͲ = ଵଵ,ହଶଵଽ଴଴ ∙ ͳͲͲͲ = Ͳ,ͷʹͷ %∙ˍˆʛДˉ  (1) 

Ɋɚɫɫɱɢɬɚɟɦ ɩɪɢɜɟɞɟɧɧɭɸ ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɩɨ ɮɨɪɦɭɥɟ: ʏʞ = ʏ˓ொː˓ ∙ ͳͲͲͲ = ଵହ,ଽଶଵଽ଴଴ ∙ ͳͲͲͲ = Ͳ,͹ʹ͸ %∙ˍˆʛДˉ  (2) 

ɉɪɢɦɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 𝜗˖˘ = ͳͷͲ ℃ , 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ݐ˅˒′ = ͵Ͳ℃ . 
ɉɪɢɦɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɨɣ  ݐ˘˅′ = ′˒˅ݐ = ͵Ͳ℃ 
Ɍɟɦɩɟɪɚɬɭɪɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɦɟɦ ݐˆ˅ = ͵͵ͺ ℃ . 
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2.1 Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɜɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ   ɩɪɢɦɟɦ ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɢɡ ɬɨɩɤɢ ்ߙ = ͳ,ʹͷ 

ɉɨ ɬɚɛɥɢɰɟ 3.2 [3]  ɩɪɢɦɟɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɹ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɭ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ∆ߙ˒ˎ = Ͳ,ͳ 

ɉɨ ɬɚɛɥɢɰɟ 3.3 [3]  ɩɪɢɦɟɦ: ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ ∆ߙ˕ = 
=Ͳ,Ͳͺ ɜ ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ  ∆ߙ˒˒ = Ͳ,Ͳ͵, ɜ ɫɬɭɩɟɧɶ ȼɗɄ ∆ߙ˅э == Ͳ,Ͳʹ, ɜ ɫɬɭɩɟɧɶ ȼɁɉ ∆ߙ˅˒ = Ͳ,Ͳ͵. 

Ⱦɨɥɹ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɩɪɨɧɢɤɚɟɬ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ ɱɟɪɟɡ 
ɝɨɪɟɥɤɢ: ߙˆˑ˓ = ்ߙ − ˕ߙ∆ = ͳ,ʹͷ − Ͳ,Ͳͺ = ͳ,ͳ͹        (3) 

Ɋɚɫɫɱɢɬɚɟɦ ɞɨɥɸ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ,  ɱɟɪɟɡ ɝɨɪɟɥɤɢ  ɩɨ ɮɨɪɦɭɥɟ: ߚˆ˅ = ˓ˑˆߙ − ˎ˒ߙ∆ = ͳ,ͳ͹ − Ͳ,ͳ = ͳ,Ͳ͹   (4) 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ: ߙ˒˒′′ = ்ߙ + ˒˒ߙ∆ = ͳ,ʹͷ + Ͳ,Ͳ͵ = ͳ,ʹͺ   (5) 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɡɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ ȼɗɄ: ߙ˅эˍଶ = ′′˒˒ߙ + э˅ߙ∆ = ͳ,ʹͺ + Ͳ,Ͳʹ = ͳ,͵   (6) 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɡɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ ȼɁɉ: ߙ˅˒ଶ = эˍଶ˅ߙ + ˒˅ߙ∆ = ͳ,͵ + Ͳ,Ͳ͵ = ͳ,͵͵   (7) 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ȼɗɄ: ߙ˅эˍଵ = ଶ˒˅ߙ + э˅ߙ∆ = ͳ,͵͵ + Ͳ,Ͳʹ = ͳ,͵ͷ  (8) 

ɂɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ȼɁɉ: ߙ˅˒ଵ = эˍଵ˅ߙ + ˒˅ߙ∆ = ͳ,͵ͷ + Ͳ,Ͳ͵ = ͳ,͵ͺ   (9) 

2.2 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ: ܸ˅଴ = Ͳ,Ͳͺͺͻ ∙ ሺʠʟ + Ͳ,͵͹ͷ ∙ 𝑆ʟሻ + Ͳ,ʹͷ͸ ∙ ʟܪ − Ͳ,Ͳ͵͵͵ ∙ ܱʟ =  
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= Ͳ,Ͳͺͺͻ ∙ ሺͷ͸,Ͷ + Ͳ,͵͹ͷ ∙ Ͳ,Ͷሻ + Ͳ,ʹͷ͸ ∙ Ͷ − Ͳ,Ͳ͵͵͵ ∙ ͻ,ͻ = ͷ,͹ͷͺ ˏయˍˆ        (10) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ  ɫɝɨɪɚɧɢɢ ɜɫɟɝɨ ɭɝɥɹ: 

Ɉɛɴɟɦ ɚɡɨɬɚ 

ேܸమ଴ = Ͳ,͹ͻܸ˅଴ + Ͳ,ͺ ே𝑃ଵ଴଴ = Ͳ,͹ͻ ∙ ͷ,͹ͷͺ + Ͳ,ͺ ଵ.ଽଵ଴଴ = Ͷ,ͷ͸Ͷ ˏయˍˆ       (11) 

Ɉɛɴɟɦ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ  ோܸைమ = ͳ,ͺ͸͸ ஼𝑃+଴,ଷ଻ହ⋅ௌ𝑃ଵ଴଴ = ͳ,ͺ͸͸ ହ଺,ସ+଴,ଷ଻ହ⋅଴,ସଵ଴଴ = ͳ,Ͳͷͷ ˏయˍˆ        (12) 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 

𝐻ܸమை଴ = Ͳ,ͳͳͳܪ௉ + Ͳ,ͳʹͶܹ௉ + Ͳ,Ͳͳ͸ ∙ ܸ˅଴ = Ͳ,ͳͳͳ ∙ Ͷ + Ͳ,ͳʹͶ ∙ ͳͳ,ͷ +  +Ͳ,Ͳͳ͸ͳ ∙ ͷ,͹ͷͺ = Ͳ,͸͹ͻ ˏయˍˆ      (13) 

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ܸ̂଴ =  ோܸைమ + ேܸమ଴ + 𝐻ܸమை଴ = ͳ,Ͳͷͷ + Ͷ,ͷ͸Ͷ + Ͳ,͸͹ͻ = ͸,ʹͻͺ ˏయˍˆ       (14) 

Ɋɚɫɫɱɢɬɚɟɦ ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɱɚɫɬɢɰ ɡɨɥɵ ɢ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8. 

 
Ɍɚɛɥɢɰɚ 8 – Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɝɚɡɨɜ, 

ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ  ɱɚɫɬɢɰ ɡɨɥɵ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ƚɚɡɨɯɨɞ 

Ɍɨɩɤɚ Ʉɉɉ-2 Ʉɉɉ-1 ȼɗɄ2 ȼɁɉ2 ȼɗɄ1 ȼɁɉ1 

′′ߙ = ்ߙ + ∑  𝑖 1,25 1,265 1,28 1,3 1,33 1,35 1,38ߙ

ɋɪɟɞɧɹɹ ɞɨɥɹ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 
ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ߙ˔˓ 

1,2500 1,2575 1,2725 1,29 1,315 1,34 1,365 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 8 

Ɉɛɴɟɦ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ˏ
యˍˆ  𝐻ܸమை = 𝐻ܸమை଴ + Ͳ,Ͳͳ͸ͳሺߙ˔˓ − ͳሻܸ˅଴

 

 
 

0,7022 0,7029 0,7043 0,7059 0,7082 0,7105 0,7128 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɨɝɨ ɝɚɡɚ, ˏ
యˍˆ  ܸ̂ = ܸ̂଴ + Ͳ,Ͳͳ͸ͳሺߙ˔˓ − ͳሻܸ˅଴

 

 
 

7,7605 7,8044 7,8922 7,9945 8,1408 8,2870 8,4333 

Ⱦɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ 
ɬɪɟɯ ɚɬɨɦɨɜ ݎ௥𝑜మ = ௥ܸ𝑜మ/ܸ̂  

0,1359 0,1352 0,1337 0,1320 0,1296 0,1273 0,1251 

Ⱦɨɥɹ ɨɛɴɟɦɚ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ݎ𝐻మ𝑜 = 𝐻ܸమ𝑜/ܸ̂  
0,0905 0,0901 0,0892 0,0883 0,0870 0,0857 0,0845 

ɋɭɦɦɚɪɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ˒ݎ = ௥𝑜మݎ +  𝐻మ𝑜ݎ
0,2264 0,2252 0,2229 0,2203 0,2166 0,2130 0,2096 

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤɝ/ɤɝ  ܩˆ = ͳ − Ͳ,Ͳͳʏ˓ + ͳ,͵Ͳ͸ߙ˔˓ܸ˅଴ 
10,2409 10,2973 10,4101 10,5417 10,7297 10,9177 11,1057 

Ʉɨɧɰɟɧɬɪɚɰɢɹ  ɱɚɫɬɢɰ ɡɨɥɵ, ɤɝ/ɤɝ  ߤˊˎ = ʏ˓ߙ˖ː/ሺͳͲͲ ܩˆሻ 0,0147 0,0147 0,0145 0,0143 0,0141 0,0138 0,0136 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɡɞɭɯɚ: ܪ଴˅ = ܸ˅଴ ∙ ˅ܥ ∙ 𝜗,      (15) 

ɝɞɟ  ܸ˅଴ –ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɩɪɢ ɤɨɷɮ-ɬɟ ɢɡɛɵɬɨɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ߙ = ͳ, ˏ ଷ/ˍˆ , (ɫɦ. ɮɨɪɦɭɥɭ 10); ܥ˅– ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ˍДˉ/ሺˏଷ ∙ Кሻ, ɩɪɢ ɪɚɫɱɟɬɧɨɣ  . 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɡɨɥɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ:  ܪˊˎ = Ͳ,Ͳͳ ∙ ː˖ߙ ∙ ʏ˓ ∙ ˎˊܥ ∙ 𝜗,       (16) 

ɝɞɟ    ܥˊˎ– ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɨɥɵ, ˍДˉ/ሺˏଷ ∙ Кሻ   ɩɪɢ ɪɚɫɱɟɬɧɨɣ   .ː=0,95 – ɞɨɥɹ ɭɧɨɫɚ ɡɨɥɵ ɫ ɝɚɡɚɦɢ;  ʏ˓– ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 2)˖ߙ  ;

Ɋɚɫɫɱɢɬɚɟɦ ɷɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɫɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬ ɜ ɬɚɛɥɢɰɭ 
9. 
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Ɍɚɛɥɢɰɚ 9 – ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

𝝑, ℃ 𝑯૙̂ ሺࢻ = ૚ሻ 

𝑯૙˅ ሺࢼ˅ == ૚ሻ 
ʜˊˎ 

𝑯ˆ = 𝑯૙̂ + ሺࢻ − ૚ሻ𝑯૙˅ + ʜˊˎ 

Ɍɨɩɤɚ (ɩɨ ࢻʡ) 

 
Ʉɉɉ-2 

 
Ʉɉɉ-1 

ȼɗɄ 2 
ɫɬ. 
(ɩɨ ࢻ˅эˍ૛) 

ȼɁɉ 2 
ɫɬ. 

(ɩɨ ࢻ˅˒૛) 

ȼɗɄ 1 
ɫɬ. 
(ɩɨ ࢻ˅эˍ૚) 

ȼɁɉ 1 
ɫɬ. 
(ɩɨ ࢻ˅˒૚ 

100 861,7 759,9 12,2       1162,7 

200 1747,3 1526,2 25,5      2307,0 2352,8 

300 2657,2 2302,3 39,8     3456,8 3502,9 3571,9 

400 3645,3 3122,0 54,4    4636,3 4730,0 4792,4 4886,1 

500 4621,8 3942,2 69,2   5794,9 5873,7 5992,0 6070,8 6189,1 

600 5624,1 4781,4 84,6  6975,8 7047,5 7143,1 7286,6 7382,2 7525,7 

700 6651,8 5637,2 100,0 8161,1 8245,7 8330,3 8443,0 8612,1 8724,9 8894,0 

800 7701,6 6506,1 115,8 9444,0 9541,6 9639,1 9769,3 9964,4 10094,6 10289,8 

900 8769,1 7389,3 132,2 10748,6 10859,4 10970,3 11118,0 11339,7 11487,5  

1000 9854,0 8282,3 148,6 12073,1 12197,4 12321,6 12487,2 12735,7   

1100 10954,8 9243,5 165,7 13431,4 13570,0 13708,7 13893,6    

1200 12068,9 10103,9 182,3 14777,1 14928,7 15080,2     

1300 13197,9 11030,5 205,5 16161,0 16326,5      

1400 14333,6 11963,6 239,0 17563,5       

1500 15480,2 12901,1 265,5 18971,0       

1600 16635,8 13845,9 288,3 20385,6       

1700 17801,6 14793,5 311,7 21811,6       

1800 18969,6 15742,5 335,7 23241,0       

1900 20144,76 16703,50 360,38 24681,02       
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2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɄɉȾ ɤɨɬɥɚ  

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɧɟɞɨɠɨɝ ɨɩɪɟɞɟɥɹɟɬ ɩɨɬɟɪɸ ݍସ, ɪɚɜɧɭɸ 0,5%. ȼɜɢɞɭ 
ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɝɨɪɸɱɢɯ ɝɚɡɨɜ q3 ɡɚɞɚɟɦ ɪɚɜɧɨɣ 0. 

ɉɨɬɟɪɸ ɬɟɩɥɨɬɵ q6 ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ ɩɪɢɦɟɦ 0, ɬ.ɤ.  ܣ௉ < <ʹ,ͷܳ௉ː (15,9 % <54,75 ɆȾɠ/ɤɝ) 

Ɋɚɫɫɱɢɬɚɟɦ ɭɬɪɚɬɭ ɬɟɩɥɨɬɵ ɨɬ ɨɯɥɚɠɞɟɧɢɹ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ: 

ହːݍ = ቀ 6బ𝐷ːˑˏቁ𝑙𝑔஽ːˑˏ
଴,ହ = ቀ 6బ6య,ఴఴవቁlg ሺ଺ଷ,଼଼ଽሻ଴,ହ = Ͳ,ͷ͵͹ %,      (17) 

ɝɞɟ ܦːˑˏ = ʹ͵Ͳ ʡ̊ = ͸͵,ͺͺͻ ˍˆ̝
 – ɧɨɦɢɧɚɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ. 

ȼɵɱɢɫɥɢɦ q5 ɩɨ ɮɨɪɦɭɥɟ: ݍହ = ହːݍ ⋅ ஽ːˑˏ஽ = Ͳ,ͷ͵͹ ⋅ ଶଷ଴ଶଷ଴ = Ͳ,ͷ͵͹  %   (18) 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɸ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2: ݍଶ = (𝐻˖˘−ఈ˖˘⋅𝐻˘బ˅ )ሺଵ଴଴−௤రሻொ˓˓ = ሺଵ଻ହ଻,ହ−ଵ,ଷ଼⋅ଶଶଷ,ହସସሻሺଵ଴଴−଴,ହሻଶଵଽ଴଴ = ͸,ͷ͹ͳ %,  (19) 

ɝɞɟ ܪ˖˘ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 𝜗˖˘ ɢɡ ɬɚɛɥɢɰɵ 
˅଴˘ܪ ;(9) - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ݐ˘˅′  ɢɡ 
ɬɚɛɥɢɰɵ (9); ܳ௉௉ − ˓˃˔˒ˑˎ˃ˆ˃ˈˏ˃я ˕ˈ˒ˎˑ˕˃ ˔ˉˋˆ˃ˈˏˑˆˑ ˕ˑ˒ˎˋ˅˃, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ ɧɢɡɲɟɣ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ (ɬɚɛɥɢɰɚ 5); ߙ˖˘ − ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ȼɁɉ1. 

ɄɉȾ ɤɨɬɥɚ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 𝜂ˍ = ͳͲͲ − ଶݍ − ଷݍ − ସݍ − ହݍ − ଺ݍ = ͳͲͲ − ͸,ͷ͹ͳ − Ͳ − Ͳ,͹ − Ͳ,ͷ͵͹ −  −Ͳ = ͻʹ,ͳͻʹ %   (20) 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ  

ɉɨɞɚɧɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɬɨɩɤɭ ɤɨɬɥɚ: 
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ܤ = ஽˒ˈ⋅ሺℎ˒ˈ−ℎ˒˅ሻ+஽˒˓⋅ሺℎˍˋ˒−ℎ˒˅ሻொ𝑃𝑃⋅𝜂ˍ =  

=
଺ଷ,଼଼ଽ⋅ሺଷସ଴ଷ,଴଺ସ−ଽଶସ,ଽହଽሻ+஽˒˓⋅ሺଵସ଺ଵ,଻ଽଷ−ଽଶସ,ଽହଽሻଶଵଽ଴଴⋅଴,ଽଶଵଽଶ = ͹,ͺ͹͸ ˍˆ̝

 ,    (21) 

ɝɞɟ ܦ˒ˈ- ɡɚɞɚɧɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; ℎ˒ˈሺܲ˒ ˈ, ሻˈ˒ݐ = ͵ͶͲ͵,Ͳ͸Ͷ ˍДˉˍˆ  - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɡɞɟɫɶ ܲ˒ ˈ, ˈ˒ݐ −ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɦ.  ; ℎ˒˅ሺܲ˒ ˅, ሻ˅˒ݐ = ͻʹͶ,ͻͷͻ ˍДˉˍˆ  - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɡɞɟɫɶ ݐ˒˅ − ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɫɦ. ɬɚɛɥɢɰɭ 2; ℎˍˋ˒ሺͳ,ͳͷ ⋅ ܲ˒ ˈሻ = ͳͶ͸ͳ,͹ͻ͵ ˍДˉˍˆ  - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɧɚ 
ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ; ܦ˒˓- ɪɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܦ˒˓ = Ͳ,Ͳʹ ⋅ ˈ˒ܦ = Ͳ,Ͳʹ ⋅ ͸͵,ͺͺͻ = ͳ,ʹ͹ͺ ˍˆ̝

 ,     (22) 

ɝɞɟ ܦ˒ˈ = ʹ͵Ͳ ˕̊ = ͸͵,ͺͺͻ ˍˆ̝
- ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ. 

ȼ ɫɜɹɡɢ ɫ ɧɟɧɭɥɟɜɵɦ ɡɧɚɱɟɧɢɟɦ q4 ɨɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ 
ɫɝɨɪɟɜɲɟɝɨ ɭɝɥɹ 

4

ɤɝ
(1 0,01 ) 7,876 (1 0,01 0,7) 7,821

ɫɪB ȼ q             (23) 

2.5 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

2.5.1 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɬɟɩɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ 

ɋɨɫɬɚɜɢɦ ɷɫɤɢɡ ɬɨɩɤɢ (ɪɢɫɭɧɨɤ 4). 
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Ɋɢɫɭɧɨɤ 4 – ɗɫɤɢɡ ɬɨɩɤɢ  

Ɋɚɡɦɟɪɵ ɬɨɩɤɢ (ɫɦ. ɪɢɫɭɧɨɤ 4) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10. 

Ɍɚɛɥɢɰɚ 10 – Ɋɚɡɦɟɪɵ ɬɨɩɤɢ 
Ɋɚɡɦɟɪ Ɂɧɚɱɟɧɢɟ,ɦ 

na  6,06 

hɝɨ 7,36 
hɜɵɫ 0,98 
hɡ 12,46 
hɯɜ 4,6 

ɯɜa  1,01 

Ɍa  7,03 

hɌ 18,44 
hɝ1 3,64 
hɝ2 4,68 
lɫɤ 5,497 
hɮ 19,82 
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ȼɵɱɢɫɥɢɦ ɩɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɫɬɟɧɤɢ, ɦ2: 

( )
2 2

n Ɍ Ɍ ɏȼ
ɛɨɤ n ɝɨ ɜыɫ ɜыɫ ɡ Ɍ ɯɜ

a a a a
F a h h h h a h

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

 

6,06 7,03 7,03 1,01
6,06 (7,36 0,98) 0,98 12,46 7,03

2 2

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

  

4,6 151,163      (24) 

ɒɢɪɢɧɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 9792Ɍb  ɦɦ. 
Ɍɨɝɞɚ ɨɛɴɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɛɭɞɟɬ ɪɚɜɟɧ 

9,792 151,163 1480T Ɍ ɛɨɤV b F     3ɦ     (25) 

Ɍɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɬɨɩɨɱɧɨɝɨ ɨɛɴɟɦɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

7,821 21900
115,708

1480

ɪ
ɪ ɧ

V
T

B Q
q

V

 
  

3ɦ
ɤȼɬ

      (26) 

ɉɥɨɳɚɞɶ ɝɚɡɨɜɨɝɨ ɨɤɧɚ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

    2 22 20,98 7,03 6,06 7,36ɝɨ ɜыɫ Ɍ n ɝɨ ɜыɫ ɌF h a a h h b          

 20,98 9,792 75,975ɦ         (27) 

ɋɭɦɦɭ ɩɥɨɳɚɞɟɣ ɮɪɨɧɬɚɥɶɧɨɣ, ɡɚɞɧɟɣ ɫɬɟɧɵ ɢ ɩɨɬɨɥɤɚ ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 

   19,82 12,46 6,06 5,497 9,792ɫɬ ɮ Ɂ n ɫɤ ɌF h h a l b            

2559,058ɦ       (28) 

ɉɥɨɳɚɞɶ ɬɨɩɨɱɧɵɯ ɫɬɟɧ: 

22 559,058 151,163 2 861,384ɦɩɨɥɧ
ɫɬ ɫɬ ɛɨɤF F F             (29) 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ ɬɨɩɤɢ, ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɨɣ, ɦ: 

1480
3,6 3,6 6,186

861,384
Ɍ

Ɍ
ɫɬ

V
s

F
     ,   (30) 
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ɝɞɟ  ɌV  – ɨɛɴɟɦ ɬɨɩɤɢ, ɦ3, 

ɫɬF – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ, ɦ2. 

2.5.2 Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ 

ɉɪɢɦɟɦ ɜɵɯɨɞɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚ ɬɨɩɤɨɣ, " 1051,837 CT   . 

Ɍɟɩɥɨɬɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɩɨɞɚɟɬɫɹ ɜ ɬɨɩɤɭ: 

0 0( ) 1,07 2613,77 (0,08 0,1) 223,544ɜ ɝɜ ɝɜ T ɩɥ ɯɜQ H H              

2836,972 ɤȾɠ
ɤɝ

,      (31) 

ɝɞɟ ɡɧɚɱɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɷɧɬɚɥɶɩɢɢ 0
ɝɜH   ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɟɣ 

(ɬɚɛɥɢɰɚ 9) ɩɪɢ βɜ = 1 ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ tɝɜ=338 ℃. 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ Qɬ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

3 4 6

4

100 100 0 0,7 0
21900 2836,972

100 100 0,7
ɪ

T ɪ ɜ
q q q

Q Q Q
q

     
      

 

ɤȾɠ
24736,972

ɤɝ
       (32)

 

ɉɨ  Qɬ ɧɚɯɨɞɢɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɨɩɤɟ ɚ , °ɋ. 
Ɋɚɫɫɱɢɬɚɟɦ ɟɟ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 

9 ɜ ɫɬɨɥɛɰɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ , ɩɪɢɧɢɦɚɹ ɷɧɬɚɥɶɩɢɸ Tɚ QH    . 

ɉɨ ɪɟɡɭɥɶɬɚɬɭ ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨɥɭɱɚɟɦ 1903,884ɚ  ɋ . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 

2

"7,8 16 7,8 16 0,0905
1 1 0,37 1

1000 0,2264 6,186

H O T
Ƚ

ɉ Ɍ

r T
k

r s

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

 

1324,837
1 0,37 3,474

1000
    
 

,   (33) 

ɝɞɟ 273""  TTT  – ɚɛɫɨɥɸɬɧɚɹ ɜɵɯɨɞɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɢɡ ɬɨɩɤɢ, Ʉ; 

22 ROOHɉ rrr  – ɞɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 8 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ɬɨɩɤɢ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɧɢɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɜ ɬɨɩɤɟ ɥɟɬɭɱɢɦɢ ɱɚɫɬɢɰɚɦɢ ɡɨɥɵ: 

   0,67 0,67"

43 43 1300
81,137

1324,837 13
ɝ

ɡɥ

T ɡɥ

k
T d

 
  


 

Ɇɉɚɦ
1


,  (34) 

ɝɞɟ ɝ - ɭɞɟɥɶɧɵɣ ɜɟɫ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɞɚɜɥɟɧɢɢ ɚɬɦɨɫɮɟɪɵ, ɝ/ɦ3; 

ɡɥd -ɷɮɮ-ɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɡɨɥɵ, ɦɤɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

3,474 0,2264 81,137 0,0147Ƚ ɉ ɡɥ ɡɥ kk k r k k           

0,5 2,479     (35) 

ɝɞɟ ɡɥ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɩɪɢɦɟɦ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ ɞɥɹ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ: 

2,479 0,1 6,186 1,534,ɌBu k p s             (36) 

ɝɞɟ p – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ. 
Ɂɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ȼɭɝɟɪɚ, ɷɮɮɟɤɬɢɜɧɨɟ: 

2 2

2 2

1,4 2 1,4 1,534 1,534 2
1,6ln 1,6ln

1,4 2 1,4 1,534 1,534 2эɮ
Bu Bu

Bu
Bu Bu

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

 

0,955   (37) 

ɉɚɪɚɦɟɬɪ M, ɭɱɢɬɵɜɚɸɳɟɣ ɪɚɡɦɟɳɟɧɢɟ ɮɚɤɟɥɚ ɜ ɬɨɩɤɟ: 

0,59 0,5 0,59 0,5 0,326 0,427TɆ X       ,      (38) 

ɝɞɟ 4,16
0,1 0,326

18,44
ɝ

T T
Ɍ

h
X X

h
      - ɨɬɧɨɲɟɧɢɟ ɜɵɫɨɬɵ ɝɨɪɟɥɨɤ ɨɬ ɩɨɞɚ 

ɬɨɩɤɢ ɤ ɪɚɫɱɟɬɧɨɣ ɜɵɫɨɬɟ ɮɚɤɟɥɚ (ɫɦ. ɬɚɛɥɢɰɭ 10). 
0,1TX  ɤɨɷɮ-ɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɜɭɯɴɹɪɭɫɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɝɨɪɟɥɨɤ. 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

0,064
1 0,2 1 1 0,2 1 0,987

0,06

sɯ
d

                
,      (39) 
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ɝɞɟ s

d
- ɨɬɧɨɲɟɧɢɟ ɲɚɝɚ ɤ ɞɢɚɦɟɬɪɭ ɬɪɭɛ ɧɚɫɬɟɧɧɨɝɨ ɷɤɪɚɧɚ, ɦ/ɦ. 

ɍɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɞɥɹ ɷɤɪɚɧɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɬɚɛɥɢɰɟ 6.1 [1, ɫ. 49] 0,45   

Ⱦɥɹ ɜɵɯɨɞɧɨɝɨ ɨɤɧɚ ɬɨɩɤɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 

0,45 0,9 0,405ɜыɯ       ,      (40) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɨɜ ɫɨɫɬɚɜɢɬ: 

0,45 0,987 0,444эɤɪ x            (41) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɜɨɝɨ ɨɤɧɚ ɫɨɫɬɚɜɢɬ: 

0,405 1 0,405ɝɨ ɜыɯ x      ,      (42) 

ɝɞɟ ɯ=1 [2, ɫ. 37] 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɨɥɤɚ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (39): 

0,045
1 0,2 1 0,919

0,032ɩɨɬɯ       
 

,      (43) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɬɨɥɤɚ ɬɨɩɤɢ ɫɨɫɬɚɜɢɬ: 

0,45 0,919 0,413ɩɨɬ ɩɨɬɯ            (44) 

Ɍ.ɤ. ɷɤɪɚɧɵ ɜ ɬɨɩɤɟ  ɢɦɟɸɬ  ɪɚɡɥɢɱɧɵɟ ɤɨɷɮ-ɵ ɡɚɝɪɹɡɧɟɧɢɹ, ɬɨ  
ɭɫɪɟɞɧɟɧɧɵɣ ɤɨɷɮ-ɬɚ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 эɤɪ ɫɬ ɩɨɬ ɩɨɬ ɩɨɬ ɝɨ ɝɨi ɫɬi
ɫɪ ɩɨɥɧ

ɫɬ ɫɬ

F F F FF

F F

  


     
    

 0,405 559,058 59,34 0,413 0,413 0,405 75,975
0,438,

861,384

     
        (45) 

ɝɞɟ 26,06 9,792 59,34ɦɩɨɬ n ɌF a b      ɩɥɨɳɚɞɶ ɩɨɬɨɥɤɚ ɬɨɩɤɢ. 

ȼɵɯɨɞɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ: 
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''
0,611 3

273
5,67 10

1
( )

ɚ
Ɍɪɚɫɱɟɬ

ɫɪ ɫɬ ɚ
эɮ

ɪ ɫɪ

T

F T
M Bu

B Vc







  

    
       

 

0,611 3

2177,034
273

5,67 10 0,438 861,384 2177,034
1 0,427 0,955

0,995 7,821 14,037


  

          

 

1051,829°ɋ,       (46) 

ɝɞɟ 273ɚ ɚT     ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɨɩɤɟ, ɚɞɢɚɛɚɬɧɚɹ ɚ , Ʉ; 

( )ɫɪVc - ɫɭɦɦɚɪɧɚɹ ɨɫɪɟɞɧɟɧɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɨɞɧɨɝɨ ɤɝ ɬɨɩɥɢɜɚ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (47). 

"

"

24736,972 12777,206
( ) 14,037

1903,884 1051,837
Ɍ Ɍ

ɫɪ
ɚ Ɍ

Q ɇ
Vc

 
 

  
 

ɤȾɠ
ɤɝ °ɋ

 ,       (47) 

ɝɞɟ "
Ɍɇ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ (ɤȾɠ/ɦ3) ɡɚ ɬɨɩɤɨɣ, ɧɚɣɞɟɦ 

ɩɨ ɭɠɟ ɡɚɞɚɧɧɨɣ ɬɟɦɩ-ɪɟ "
Ɍ  ɢ ɞɨɥɟ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɨɣ

Ɍ  ɩɨ ɬɚɛɥɢɰɟ 9. 

ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɫ ɪɚɧɟɟ ɜɵɛɪɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜ 
ɧɚɱɚɥɟ ɩɭɧɤɬɚ 2.5.2: 

'' '' 1051,837 1051,829 0,008Ɍ Ɍɪɚɫɱɟɬ ɋ       

Ɍ.ɤ. ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɧɟɟ  1℃ , ɬɨ ɩɪɢɦɟɦ: 
'' 1051,829ɋɌ   .    (48) 

Ʌɭɱɢɫɬɨɟ ɬɟɩɥɨ, ɤɨɬɨɪɨɟ ɡɚɛɢɪɚɸɬ ɷɤɪɚɧɵ ɬɨɩɤɢ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 
ɤȾɠ/ɤɝ: 

"( ) 0,995 (24736,972 12777,206) 11895,569ɥ Ɍ ɌQ Q ɇ            (49) 

Ɋɚɫɫɱɢɬɚɟɦ ɩɨɬɨɤ ɬɟɩɥɚ, ɤɨɬɨɪɵɣ ɜɨɫɩɪɢɧɢɦɚɸɬ ɷɤɪɚɧɵ ɬɨɩɤɢ, ɤȼɬ/ɦ2 

7,821 11895,569
110,769

861,384 0,975
ɪ ɥ

ɥ ɩɨɥɧ
ɫɬ

ȼ Q
q

F 
 

  
 

      (50)
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2.6 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨɬɨɥɨɱɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

Ɂɚɛɢɪɚɟɦɨɟ Ɋɉɉ ɬɟɩɥɨ, ɜ ɝɪɚɧɢɰɚɯ ɬɨɩɤɢ, ɤȾɠ/ɤɝ: 

110,769 0,6 68,152 ɤȾɠ
579,183 

7,821 ɤɝ
ɥ ɜ ɬɤ

ɩɨɬ
ɪ

q F
Q

ȼ
   

   ,      (51) 

ɝɞɟ 0,6ɜ  - ɤɨɷɮ-ɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɧɟɪɚɜɧɨɰɟɧɧɨɫɬɶɸ ɨɛɨɝɪɟɜɚ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɬɨɩɤɢ ɢ ɩɨɬɨɥɨɱɧɵɯ ɷɤɪɚɧɨɜ; 

ɬɤF   ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɬɨɩɤɟ ɤɨɬɥɚ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɨɥɤɚ, ɦ2: 

2
2 3 59,34 0.3 3 9,792 68,152 ɦ ,ɬɤ n ɮɟɫɬ ɌF a s b               (52) 

ɝɞɟ 2ɮɟɫɬs =300 ɦɦ – ɩɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɮɟɫɬɨɧɚ 

ȼɵɱɢɫɥɢɦ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ: 

   ''
1324,979 733,15

1029,064 Ʉ
2 2

Ɍ ɉɄ
ɝɝ

T Ɍ
Ɍ

 
   ,      (53) 

ɝɞɟ ''
ɌT  ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, Ʉ; 
 733,15ɉɄɌ Ʉ  –ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɩɨɜɨɪɨɬɧɭɸ ɤɚɦɟɪɭ; 

Ɍɟɩɥɨ, ɤɨɬɨɪɨɟ ɡɚɛɢɪɚɸɬ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ (ɤȾɠ/ɤɝ): 

2 2

0
1029,064

30 43,114
1273 ɤȾɠ1273

108,077 
7,821 ɤɝ

ɝɝ
ɝɝ

ɝɝ
ɪ

Ɍ
q F

Q
ȼ

         
      ,      (54)

 

ɝɞɟ 0q   ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ, ɭɞɟɥɶɧɨɟ, ɤȼɬ/ɦ2; 

ɝɝF    ɩɥɨɳɚɞɶ ɩɨɬɨɥɤɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɦ2:  

24,403 9,792 43,114ɦɝɝ ɝɝ TF l b     ,      (55) 

ɝɞɟ ɝɝl =4,403 ɦ – ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ. 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɜ ɪɚɣɨɧɟ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ: 
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20,25 0,25 2

0

15,574 733,15
30 40,088

2,8 1273 2,8 1273

7,821

ɉɄ ɉɄ
ɩɤ

ɩɤ
ɪ

S Ɍ
q F

Q
ȼ

                          
 

ɤȾɠ
78,833 

ɤɝ
 ,      (56) 

ɝɞɟ 173,423
3,6 3,6 15,574 ɦ

40,088
ɩɤ

ɉɄ
ɩɤ

V
S

F
   - ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɟɧɢɹ 

ɨɛɴɟɦɚ ɝɚɡɨɜ ɜ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ; 

240,088 ɦɩɤF  - ɩɥɨɳɚɞɶ ɩɨɬɨɥɤɚ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ. 

ɋɨɜɨɤɭɩɧɨɟ ɜɨɫɩɪɢɹɬɢɟ ɬɟɩɥɚ Ɋɉɉ, ɤȾɠ/ɤɝ: 

579,183 108,077 78,333 765,593ɪɩɩ ɩɨɬ ɝɝ ɩɤQ Q Q Q             (57) 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɹ ɩɚɪɚ ∆ℎ˓˒˒, ɤȾɠ/ɤɝ, ɜ Ɋɉɉ: 

   
765,593 7,821

94,124
63,889 0,278

ɪɩɩ ɪ
ɪɩɩ

ɩɟ ɜɩ

Q B
h

D D

 
   

 
,      (58) 

ɝɞɟ ɤɝ
63,889 

ɫɩɟD  - ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ; 

ɤɝ
0,278

ɫɜɩD  - ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɜɩɪɵɫɤ. 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɚɪɚ ɡɚ Ɋɉɉ, ɤȾɠ/ɤɝ 
'' 2700,795 94,124 2794,919ɪɩɩ ɧɩ ɪɩɩh h h      ,      (59) 

ɝɞɟ 
ɤȾɠ

2700,795
ɤɝɧɩh   ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɨ ɞɚɜɥɟɧɢɸ ɜ 

ɛɚɪɚɛɚɧɟ (1,15ܲ˒ ˈ) 
ȼɵɱɢɫɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɋɉɉ: 

'' '' ''
0(1,1 , ) (1,1 98,07 , 2794,919 ) 329,547 ɪɩɩ ɪɩɩ ɪɩɩ

ɤȾɠ
t P h t ɛɚɪ ɋ

ɤɝ
      (60)

 

2.7 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɮɟɫɬɨɧɚ 

ȼɵɩɨɥɧɢɦ ɷɫɤɢɡ ɮɟɫɬɨɧɚ: 
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Ɋɢɫɭɧɨɤ 5 – ɗɫɤɢɡ ɮɟɫɬɨɧɚ 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɟɫɬɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11. 
 
Ɍɚɛɥɢɰɚ 11 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɟɫɬɨɧɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1, ɦɦ 256 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ, ɦɦ 60 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2, ɦɦ 300 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ,ߜ, ɦɦ 5 
Ⱦɥɢɧɚ ɬɪɭɛ ɩɟɪɜɨɝɨ ɪɹɞɚ, l1, ɦ 8,6 
Ⱦɥɢɧɚ ɬɪɭɛ ɩɟɪɜɨɝɨ ɪɹɞɚ, l2, ɦ 8,18 
Ⱦɥɢɧɚ ɬɪɭɛ ɩɟɪɜɨɝɨ ɪɹɞɚ, l3, ɦ 7,8 
Ⱦɥɢɧɚ ɬɪɭɛ ɩɟɪɜɨɝɨ ɪɹɞɚ, l4, ɦ 7,1 
ɑɢɫɥɨ ɬɪɭɛ ɮɟɫɬɨɧɚ, Zɮ 152 
ɑɢɫɥɨ ɬɪɭɛ ɜ ɪɹɞɭ ɮɟɫɬɨɧɚ, Zɮi 38 

ɉɨɜɟɪɯɧɨɫɬɶ ɬɪɭɛ ɮɟɫɬɨɧɚ ɫɨɫɬɚɜɢɬ: 
1 2 3 4 0,06 38 8,6 8 1( ) ,( ,18 7,8 7 )ɮ ɧ ɮiF d z l l l l                 

2226,918ɦ  (61)
 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ: 
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1
2

1 1 9,792 8,6 0,06 38 8,6 64,60ɦ3ɝ T ɧ ɮiF b l d z l            (62)
 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ: 

4
2

2 4 9,792 7,1 0,06 38 7,1 53,33ɦ5ɝ T ɧ ɮiF b l d z l            (63)
 

ɋɪɟɞɧɹɹ ɩɥɨɳɚɞɶ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ: 
21 2 64,603 53,335

58,969
2 2

ɦɝ ɝ
ɝ ɫɪɟɞ

F F
F

 
    (64)

 

Ʌɭɱɟɜɨɫɩɪɢɧɢɦɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɟɫɬɨɧɚ: 
2

. . 75,975 0,6 45 58ɦ, 5ɥ ɮ ɝɨ ɝɨF F      , (65) 

ɝɞɟ 75,975ɝɨF    ɩɥɨɳɚɞɶ ɝɚɡɨɜɨɝɨ ɨɤɧɚ, ɦ2 (ɫɦ. ɮɨɪɦɭɥɭ 27). 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɞɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɨɫɥɟ ɮɟɫɬɨɧɚ: 

" 942ɮ C   

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ ɬɨɩɤɢ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɹ ɝɚɡɨɜ ɩɨɫɥɟ ɮɟɫɬɨɧɚ,                
ɇ "

ɮ =11304,887 ɤȾɠ/ɤɝ  

Ɉɬɞɚɧɧɚɹ ɝɚɡɚɦɢ ɬɟɩɥɨɬɚ ɜ ɮɟɫɬɨɧɟ, ɤȾɠ/ɤɝ: 
' ''– 0,995 1277 ,7,206 –1( ) ( ) 14647 , 7130 414,88ɮ ɮ

ɮ
ɛQ ɇ ɇ     (66)

 

ɝɞɟ "' 12777,206ɤȾɠ/ɤɝɮ Ɍɇ ɇ   ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɮɟɫɬɨɧ. 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɮɟɫɬɨɧɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ/ɫ: 
 

   273 7,821 7,7605 996,914 273
4,788,

273 273 58,969
ɪ ɝ

ɟ

ɫɪ
ɝ

ɝ ɫɪ ɞ

B V

F




     
  

 
      (67) 

ɝɞɟ  ܤ˓– ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ;  ܸ̂  – ɩɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ, ˏଷ ˍˆ⁄ ;  

ɝ ɫɪɟɞF  – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɦɟɠɞɭ ɬɪɭɛ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɚ, ˏ ଶ; 𝜗˔˓– ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ Ʉɉɉ,℃ . 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɫɪɟɞɧɢɣ ɞɢɚɝɨɧɚɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɜ ɮɟɫɬɨɧɟ ɫɨɫɬɚɜɢɬ: 

2 2
' 2 21
2 2

4,33
5 5,449

4 4

      , (68) 



37 
 

ɝɞɟ 1
1

256
4,33

60ɧ

s

d
    ɩɨɩɟɪɟɱɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ; 

2
1

300
5

60ɧ

s

d
     - ɩɪɨɞɨɥɶɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɜɵɱɢɫɥɢɦ 
ɩɨɩɪɚɜɤɭ ɧɚ ɤɨɦɩɨɧɨɜɤɭ ɩɭɱɤɚ: 

0.10,95 0,95 0,749 0,93SC     ,     (69) 

ɝɞɟ 1
'
2

1 4,33 1
0,749

1 5,449 1




 
  

 
. 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɜɟɥɢɱɢɧɟ ɝ  ɧɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ 
ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  

0,65 0,65

0,33
6

0,107 4,788 0,06
0,36 Pr 0,2

0,06 173,627 10
Ƚ ɝ ɧ

ɤ Ƚ Z S
ɧ Ƚ

d
C C

d

 
 

          
 

0,33
2

ȼɬ
0,575 0,912 0,93 38,735

ɦ Ʉ
   


,         (70) 

ɝɞɟ Ƚ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.5 [3], ȼɬ/(ɦ∙Ʉ); 

ɧd - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ; 

Ƚ -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.6. [3], ɦ2/ɫ; 
PrȽ - ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ, ɛɟɪɟɦ ɩɨ ɪɢɫ. 8.7 [3]; 

0,02 0,02
24 3,2 4 4 3,2 0,912ZC z       ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɪɚɜɤɢ, 

ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɩɨɩɟɪɟɱɧɵɯ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ ɫɧɚɪɭɠɢ, °ɋ 

80 319,958 80 399,958ɡ ɫɪt t ɋ ɋ      ,    (71) 

ɝɞɟ ( ) 319,958ɫɪ s ɛt t P ɋ  ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɉȼɋ ɜ ɬɪɭɛɚɯ ɮɟɫɬɨɧɚ. 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɨɣ ɜ ɮɟɫɬɨɧɟ: 

1 2
2 2

4 4 0,256 0,3
0,9 1 0,9 0,06 1 1,436ɦ

0,06ɮ ɧ
ɧ

s s
s d

d 
    

            
  

 (72) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɪɚɫɫɱɢɬɚɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (33): 

2

''7,8 16 7,8 16 0,0905
1 1 0,37 1

1000 0,2264 1,436

H O ɮ
ɝ

ɉ ɮ

r T
k

r s

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

1215,15
1 0,37 8,378

1000
     
 

, 

ɝɞɟ 
22 ROOHɉ rrr  – ɞɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɡɧɚɱɟɧɢɹ 

ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɸɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 1 ɜ ɫɬɨɥɛɰɟ ɬɨɩɤɢ; 
'' '' 273 942 273,15 1215,15 Ʉɮ ɮT      - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɮɟɫɬɨɧɨɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ   ɥɟɬɭɱɢɦɢ ɱɚɫɬɢɰɚɦɢ ɡɨɥɵ ɧɚɣɞɟɦ 
ɩɨ ɮɨɪɦɭɥɟ (34) : 

   0,67 0,67

43 43 1300
85,974

'' 1215,15 13
ɝ

ɡɥ

ɮ ɡɥ

k
T d

 
  


 

Ɇɉɚɦ
1


, 

ɝɞɟ ɝ - ɭɞɟɥɶɧɵɣ ɜɟɫ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɞɚɜɥɟɧɢɢ ɚɬɦɨɫɮɟɪɵ, ɝ/ɦ3; 

ɡɥd -ɷɮɮ-ɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɡɨɥɵ, ɦɤɦ. 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ ɮɟɫɬɨɧɟ: 

0,4541 1 0,365,ɮkps

ɮa e e       (73) 

ɝɞɟ ( ) (8,378 0,2264 85,964 0,0147) 0,1 1,436ɤɩ ɝ ɩ ɡɥ ɡɥ ɮkps k r k ps            

0,454   ɫɨɜɨɤɭɩɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɩɨɬɨɤɚ ɝɚɡɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɟɛɟ 
ɩɵɥɶ; 

ɡɥ - ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɡɧɚɱɟɧɢɟ ɛɟɪɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ 

ɬɨɩɤɢ; 
p – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɢɡɥɭɱɟɧɢɟɦ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɬɨɤ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɵɥɶ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ: 
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4

8 3 8

1
1 0,8 1

5,7 10 5,7 10
2 21

ɡ

ɫɪɡ
ɥ ɮ ɫɪ

ɡ

ɫɪ

Ɍ
Ɍ

a Ɍ Ɍ
Ɍ

  

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

4

3

673,108
1

1270,064
0,365 1270,064 75,127

673,108
1

1270,064

   
    


,        (74) 

ɝɞɟ ɡ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ  ɤɨɬɥɚ, ɤɨɬɨɪɵɟ ɜɨɫɩɪɢɧɢɦɚɸɬ 
ɥɭɱɢɫɬɨɟ ɬɟɩɥɨ, ɫ ɭɱɟɬɨɦ ɡɚɝɪɹɡɧɟɧɢɹ; 

ɤɩa -ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ ɮɟɫɬɨɧɟ (ɫɦ. ɮɨɪɦɭɥɭ 73); 
273 399,958 273 673,108 Ʉɡ ɡɌ t     –ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ 

ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ; 
273 996,914 273 1270,064ɫɪ ɫɪɌ      -ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 

ɮɟɫɬɨɧɟ, Ʉ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɜ ɮɟɫɬɨɧɟ, 2

ȼɬ
ɦ Ʉ

 

1 38,735 75,127 113,862ɤ ɥ               (75) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

1 0,65 113,862 74,01K       ,    (76) 

ɝɞɟ  =0,65   ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 

731,871 622,042
675,469

731,871
2,31 lg2,31 lg

622,042

ɛ ɦ

ɛ

ɦ

t t
t C

t

t

   
    






,      (77) 

ɝɞɟ    ∆ݐ˄ = 𝜗′′ʡ − ˓˔ݐ = ͳͲͷͳ,ͺʹͻ − ͵ͳͻ,ͻͷͺ = ͹͵ͳ,ͺ͹ͳ– ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; ∆ݐˏ = 𝜗′′˗ − ˓˔ݐ = ͻͶʹ − ͵ͳͻ,ͻͷͺ = ͸ʹʹ,ͲͶʹ – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; 

 
ɉɨɥɭɱɟɧɧɨɟ ɮɟɫɬɨɧɨɦ ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
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3 3

74,01 226,918 675,469
1450,55 ,

10 10 7,821
ɮɌ

ɮ
ɪ

kF t
Q

B

  
  


      (78) 

ɝɞɟ 𝑘 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ܨ̠ ; – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛ ɮɟɫɬɨɧɚ, ɦ2; ∆ݐ – ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, ℃; ܤ˓– ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɨɬɟɥ, ɤɝ/ɫ 

Ɉɰɟɧɢɦ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ܳߜ, ɫɪɚɜɧɢɜ ɬɟɩ ɥɨɜɨɫɩɪɢɹɬɢɹ ܳ˗̞ ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳ˗˄ . 

1450,55 1464,417
100% 100% 0,947 %  2 %

1464,417

Ɍ ɛ
ɮ ɮ

ɛ
ɮ

Q Q
Q

Q


 
     

 (79)

 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɤȾɠ/ɤɝ, ɜɨɫɩɪɢɧɹɬɨɟ ɮɟɫɬɨɧɨɦ ɢɡ ɬɨɩɤɢ 

. . 110,769 0,6
387,397

7,82

45,58

1

5ɥɥ ɜɥ

ɪ

ɮ
ɮ

q
Q

F

B

   
   ,      (80) 

ɝɞɟ 0,6ɜ  - ɤɨɷɮ-ɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɧɟɪɚɜɧɨɰɟɧɧɨɫɬɶɸ ɨɛɨɝɪɟɜɚ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɬɨɩɤɢ ɢ ɩɨɬɨɥɨɱɧɵɯ ɷɤɪɚɧɨɜ; 

ɥq - ɬɟɩɥɨɜɨɟ ɫɪɟ ɞɧɟɟ ɧɚɩɪɹ  ɠɟɧɢɟ ɬɨɩɤɢ (ɩɨɬɨɤ ɬɟɩɥɚ, ɤɨɬɨɪɵɣ ɩɪɢɧɹɥɢ 
ɩɨɜɟɪɯɧɨɫɬɢ), ɤȼɬ/ɦ2. 

2.8 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ Ʉɉɉ 

 
Ɋɢɫɭɧɨɤ 6 – ɗɫɤɢɡ Ʉɉɉ-2 
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Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ Ʉɉɉ-2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12. 
 
Ɍɚɛɥɢɰɚ 12 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ Ʉɉɉ-2 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1, ɦɦ 90 
ȼɵɫɨɬɚ Ʉɉɉ, hɤɩɩ2, ɦɦ 5432 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ, ɦɦ 42 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2, ɦɦ 125 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ,ߜ, ɦɦ 4,5 
ɒɢɪɢɧɚ ɩɚɤɟɬɚ, bɤɩɩ2, ɦɦ 1350 

 

Ʌɭɱɟɜɨɫɩɪɢɧɢɦɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Ʉɉɉ-2: 

2
. 2. (1 ) 75,975 (1 0,6) 30,39ɦɥ ɤɩɩ ɝɨ ɝɨF F        ,        (81) 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɤȾɠ/ɤɝ, ɜɨɫɩɪɢɧɹɬɨɟ ɢɡɥɭɱɟɧɢɟɦ ɢɡ ɬɨɩɤɢ: 

. .
. 2.

110,769 0,6
430,441

7,821

30,39ɥ ɮ
ɥ ɤɩ

ɥ ɜ

ɪ
ɩ

F
Q

q

B


 

   
 ,        (82) 

ɝɞɟ 0,6ɜ  - ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɞɥɹ ɩɨɬɨɥɤɚ ɢ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ; 

ɥq - ɬɟɩɥɨɜɨɟ ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ (ɜɨɫɩɪɢɧɹɬɵɣ ɬɟɩɥɨɜɨɣ 
ɩɨɬɨɤ), ɤȼɬ/ɦ2. 

Ɂɚɞɚɞɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɨɜ ɡɚ Ʉɉɉ-2: 
"

2 743Ʉɉɉ C 
   

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ ɤɩɩ-2 ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɡɚ Ʉɉɉ-2, ɇ "

2ɤɩɩ = 8802,916 

ɤȾɠ/ɤɝ  
 
Ɍɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜ Ʉɉɉ-2 ɪɚɛɨɱɢɦ ɬɟɥɨɦ, ̱ Дˉ ˍˆ⁄ : 

'' '' 0
2 2 0,995 11304,887 8802,916

2
ɛ ɩɩ
ɤɩɩ ɮ ɤɩɩ ɯɜQ H H H




        
 

 

0,03
223,544 2491,877

2
  


,     (83) 

ɝɞɟ ܪ˘଴˅ - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˍДˉ ˍˆ⁄ ; 
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˒˒ߙ∆ = Ͳ,Ͳ͵ – ɞɨɥɹ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ Ʉɉɉ-2; 
'' 11304,887ɮH  ɤȾɠ/ɤɝ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡ ɨɜ ɡɚ ɮɟɫɬ ɨɧɨɦ. 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɚ  ɪɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɉɉ-2, ɤȾɠ/ɤɝ: 

    ' ''
2 2 2 2 3403,064 430,441 2491,877ɪɥ ɛ

ɤɩɩ ɤɩɩ ɤɩɩ ɤɩɩ

B
h h Q Q

D            

7,821
3045,349

68,889
  ,    (84) 

ɝɞɟ  ''
2 0 0, 3403,064ɤɩɩh h P t   ɤȾɠ/ɤɝ- ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɚɪɚ ɡɚ Ʉɉɉ-2; 

7,821ɤɝ/ɫɪB   ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ; 

63,889 ɤɝ/ɫ D  ɧɨɦɢɧɚɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɉɉ-2 ɧɚɣɞɟɦ ɩɨ ɢɡɜɟɫɬɧɨɣ ɷɧɬɚɥɶɩɢɢ ɢ 
ɞɚɜɥɟɧɢɸ: 

 ' '
2 2 0,1,05 385,913ɤɩɩ ɤɩɩt h P C    

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ  ɝɚɡɨɜ, ˏଶ: 
    2

2 2 1 5,432 9,792 108 0,042 36,039ɦɝ
ɤɩɩ ɤɩɩ Ɍ ɧf h b z d          ,    

 (85) 
ɝɞɟ    ℎˍ˒˒−ଶ– ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ Ʉɉɉ-2; ܾ˕– ɲɢɪɢɧɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ; ݀ː– ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ Ʉɉɉ-2, ɦ; 𝑧ଵ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɪɭɛ. 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜ Ʉɉɉ-2 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ/ɫ: 
 

   273 7,821 7,8044 842,5 273
6,92,

273 273 36,039
ɪ ɝ ɫɪ

ɝ ɝ
ɤɩɩ

B V

f




     
  


         (86) 

ɝɞɟ  ܤ˓– ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɨɬɟɥ, ɤɝ/ɫ;  ܸ̂  – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଷ ˍˆ⁄ ;  

2
ɝ

ɤɩɩf  – ɜɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଶ; 𝜗˔˓– ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ Ʉɉɉ-2,℃ . 
ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɜɟɥɢɱɢɧɟ ɝ  ɧɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ 

ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  
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0,65 0,65

0,33
6

0,094 6,92 0,042
0,2 Pr 0,2

0,042 140,598 10
Ƚ ɝ ɧ

ɤ Ƚ Z S
ɧ Ƚ

d
C C

d

 
 

          
 

0,33
2

ȼɬ
0,59 1 1 53,904

ɦ Ʉ
   


,           (87) 

ɝɞɟ Ƚ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.5 [3], ȼɬ/(ɦ∙Ʉ); 

ɧd - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ; 

Ƚ -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.6. [3], ɦ2/ɫ; 
PrȽ - ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɝɚɡɨɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.7 

 [3]); 

ZC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 

ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 
1SC  -ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɩɭɱɤɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɪɚɜɤɢ. 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɚɪɚ ɜ Ʉɉɉ-2 ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ/ɫ: 
63,889 0,029

20,391ɦ/ɫ,
0,092

ɩɟ ɩ
ɩ

ɩ

D

f

  
         (88) 

ɝɞɟ    ܦ˒ˈ– ɪɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚ ɪɚ;  
2 2

2
1

0,033
108 0,092ɦ

4 4
ɜɧ

ɩ
d

f z
  

     – ɫɟ ɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɩɚɪɚ 

ɩɨ ɬɪɭɛɚɦ, ˏ ଶ; 

1
2

''
,

2
ɫɪɩɟ ɤɩɩ

ɩ ɤɩɩ
P P

f t 


   
 

– ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ, ˏଷ ˍˆ⁄ ,     (89) 

ɝɞɟ 2 2
2

' '' 385,913 510
447,956

2 2
ɫɪ ɤɩɩ ɤɩɩ
ɤɩɩ

t t
t C  

    . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬ ɜɟɥɢɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɭ, 2

ȼɬ
ɦ Ʉ

 

0,8
0,4

2

0,071
0,023 Pr 0,023

0,033
ɩ э

t d l
э

d
C C C

d

 

    

 
 

0,8

0,4
7

20,391 0,033
1,034 1 0,88 1 2466,508

7,876 10
        

,    (90) 

ɝɞɟ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɚɪɚ, ȼɬ/(ɦ∙Ʉ); 

э ɜɧd d ; 

 -ɤɢɧɟ⠀ɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɚɪɚ, ɦ2/ɫ; 
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Pr-ɱɢɫɥɨ ɉɪɚɧ⠀ɞɬɥɹ; 

tC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ ɫɪɟɞɵ; 

dC -ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɪɚɜɤɢ ɧɚ ɮɨɪɦɭ ɤɚɧɚɥɚ; 

lC -ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɪɚɜɤɢ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɥɢɧɭ.
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɥɨɠɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛ, ℃ 

 2 2

2 2

1 1
0,005447,956

2466,508 

ɛ ɥ
ɪ ɤɩɩ ɤɩɩ

ɡ ɫɪ
ɤɩɩ

B Q Q
t t

F



                 

  37,821 2491,877 430,441 10
572,74 ,

990
C

  
         (91)

 
ɝɞɟ ݐ˔˓ = 2

ɫɪ
ɤɩɩt – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ, ℃; ߝ–ɤɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɨɫɩɪɢɧɢɦɚɸɳɟɣ 

ɬɟɩɥɨ ɤɨɧɜɟɤɰɢɟɣ  ሺˏଶ ∙ Кሻ ʑ˕,⁄ ߝ  = Ͳ,ͲͲͷ; ߙଶ– ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɫɬɟɧɤɢ ɬɪɭɛ ɤ ɩɚɪɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ˎɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ, ɤɝ/ɫ; ܳˍ˒˒ଶ –˓ܤ ; – ɩɟɪɟɢɡ ɥɭɱɟɧɢɟ ɢɡ ɬɨɩɤɢ ɜ Ʉɉɉ-2, ɤȾɠ/ɤɝ; ܳˍ˒˒ଶ˄ –ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ɜɨ 2 ɫɬɭɩɟɧɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ; 

ܨ̱   ˒˒ଶ– ɧɚɝɪɟɜɚɬɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Ʉɉɉ-2, ɪɚɜɧɚɹ 990 ˏଶ.  

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɨɣ ɜ Ʉɉɉ-2: 

1 2
2 2 2

4 4 0,09 0,125
0,9 1 0,9 0,042 1

0,042ɤɩ ɧ
ɧ

s s
s d

d 

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

  

0,269ɦ      (92)
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɧɢɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɬɟɩɥɚ   ɥɟɬɭɱɢɦɢ ɱɚɫɬɢɰɚɦɢ ɡɨɥɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (34): 

   0,67 0,67

2

43 43 1300
96,919

'' 1016,15 13
ɝ

ɡɥ

ɤɩ ɡɥ

k
T d






  


 

Ɇɉɚɦ
1


, 

ɝɞɟ ɝ - ɭɞɟɥɶɧɵɣ ɜɟɫ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɞɚɜɥɟɧɢɢ ɚɬɦɨɫɮɟɪɵ, ɝ/ɦ3; 

ɡɥd - ɷɮɮ-ɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɡɨɥɵ, ɦɤɦ. 
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Ʉɨɷɮ-ɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 
(33): 

2 2

2

''7,8 16 7,8 16 0,0901
1 1 0,37 1

1000 0,2252 0,269
H O ɤɩ

ɝ
ɉ ɤɩ

r T
k

r s




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

 

1016,15
1 0,37 22,825

1000
     
 

, 

ɝɞɟ 
22 ROOHɉ rrr  – ɞɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɡɧɚɱɟɧɢɹ 

ɤɨɬɨɪɵɯ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 1 ɜ ɫɬɨɥɛɰɟ ɞɥɹ Ʉɉɉ-2; 

2 2
'' '' 273 743 273 1016,15 Ʉɤɩ ɤɩT       - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 

ɡɚ Ʉɉɉ-2. 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ Ʉɉɉ-2 ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (73), ɡɚɦɟɧɢɜ ɜ 
ɮɨɪɦɭɥɟ ɮs  ɧɚ 2ɤɩs  . 

2 0,176
2 1 1 0,162,ɤɩkps

ɤɩa e e 
       

ɝɞɟ 2 ( ) (22,825 0,2252 96,919 0,0147)ɤɩ ɝ ɩ ɡɥ ɡɥ ɤɩkps k r k ps           
0,1 0,269 0,176   - ɨɩɬɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɩɨɬɨɤɚ ɝɚɡɨɜ, ɫɨɞɟɪɠɚɳɟɝɨ ɩɵɥɶ; 

ɡɥ - ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɡɧɚɱɟɧɢɟ ɛɟɪɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ 

Ʉɉɉ-2; 
p – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɩɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɢɡɥɭɱɟɧɢɟɦ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɬɨɤ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɵɥɶ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ: 

4

8 3 8
2

1
1 0,8 1

5,7 10 5,7 10
2 21

ɡ

ɫɪɡ
ɥ ɤɩ ɫɪ

ɡ

ɫɪ

Ɍ
Ɍ

a Ɍ Ɍ
Ɍ

  


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

4

3

845,89
1

1115,5
0,162 1115,5 31,886

845,89
1

1115,5

   
    


, (93) 

ɝɞɟ ɡ - ɤɨɷɮ-ɬ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ  ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɬɥɚ, ɤɨɬɨɪɵɟ 
ɜɨɫɩɪɢɧɢɦɚɸɬ ɥɭɱɢɫɬɨɟ ɬɟɩɥɨ, ɫ ɭɱɟɬɨɦ ɡɚɝɪɹɡɧɟɧɢɹ; 
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2ɤɩa  -ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ Ʉɉɉ-2; 

273 572,74 273 845,89 Ʉɡ ɡɌ t     - ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ 
ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ; 

273 842,5 273 1115,5ɫɪ ɫɪɌ      -ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ Ʉɉɉ-

2, Ʉ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤ ɫɬɟɧɚɦ ɬɪɭɛɨɤ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ Ʉɉɉ-2, 

2

ȼɬ
ɦ Ʉ

 

1 53,904 31,886 85,789ɤ ɥ         (94) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

1

2 1

2 2

0,65 85,789
53,578

430,441 85,789
1 11 1

2491,877 2466,508

ɥ
ɤɩɩ
ɛ
ɤɩɩ

K
Q
Q

 







 
  

             

    (95) 

ɝɞɟ  =0,65- ɤɨɷɮ-ɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (77): 

556,087 233
371,413

556,087
2,31 lg 2,31 lg

233

ɛ ɦ

ɛ

ɦ

t t
t C

t
t

  
    

 


,     

ɝɞɟ    ∆ݐ˄ = 𝜗′′˗ − ′ଶ−˒˒ˍݐ = ͻͶʹ − ͵ͺͷ,ͻͳ͵ = ͷͷ͸,Ͳͺ͹ – ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; ∆ݐˏ = 𝜗′′ˍ˒˒−ଶ − ଴ݐ = ͹Ͷ͵ − ͷͳͲ = ʹ͵͵ – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; 

  
ɉɨɥɭɱɟɧɧɨɟ Ʉɉɉ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

2
2 3 3

53,578 990 371,413
2519,079 ,

10 10 7,821
Ɍ Ʉɉɉ
Ʉɉɉ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ɪɚɫɱɟɬɧ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ– ݐ∆ ;Кʞʞ−ଶ– ɩɥɨɳɚɞɶ ɬɪɭɛɱɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɉɉ-2, ɦ2ܨ ;  ɵɣ ɪɚɫ ɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ 
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ɉɨɥɭɱɟɧɧɨɟ ɬɟɩɥɨ ܳˍ˒˒−ଶ˕  ɫɪɚɜɧɢɦ ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳˍ˒˒−ଶ˄  ɩɨ 
ɜɵɪɚɠɟɧɢɸ (108): 

2 2

2

2519,079 2491,877
100% 100%

2491,877

Ɍ ɛ
Ʉɉɉ Ʉɉɉ

ɛ
Ʉɉɉ

Q Q
Q

Q
  



 
      

1,092 %  2 %   

2.9 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ Ʉɉɉ 

 
Ɋɢɫɭɧɨɤ 7 – ɗɫɤɢɡ Ʉɉɉ-1 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ Ʉɉɉ-1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 
 

Ɍɚɛɥɢɰɚ 13 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ Ʉɉɉ-1 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1, ɦɦ 90 
ȼɵɫɨɬɚ Ʉɉɉ, hɤɩɩ-1, ɦɦ 3600 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ, ɦɦ 32 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2, ɦɦ 125 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ,ߜ, ɦɦ 4 
ɒɢɪɢɧɚ ɩɚɤɟɬɚ, bɤɩɩ-1, ɦɦ 2480 

 
ɗɧɬɚɥɶɩɢɸ ɡɚ Ʉɉɉ-1, ɤȾɠ/ɤɝ, ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

'
2' '

1

3045,349 63,889 924,959 0,278

63,889 0,278
ɤɩɩ ɜɩɪ ɜɩ

ɤɩɩ
ɜɩ

h D h D
h

D D




     
  

 
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3054,609 ,  (96) 

ɝɞɟ '
2 3045,349ɤɩɩh   ɤȾɠ/ɤɝ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɚɪɚ ɧɚ ɜɯ  ɨɞɟ ɜ Ʉɉɉ-2 (84); 

63,889ɤɝ/ɫ D   ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ; 

0,278 ɤɝ/ɫɜɩD  ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɩɪɵɫɤ; 

ɜɩɪh ℎ˒˅ሺܲ˒ ˅, ሻ˅˒ݐ = ℎ˒˅ሺͳͷͲ ˄˃˓, ʹͳͷ℃ሻ =ͻʹͶ,ͻͷͻ ˍДˉˍˆ −ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɜɩɪɵɫɤ. 

Ɍɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜ Ʉɉɉ-1, ̱ Дˉ ˍˆ⁄ , ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

   ' ' '
1 1 1

63,889 0,278
3054,609 2794,919

7,821
ɛ ɜɩ
ɤɩɩ ɤɩɩ ɤɩɩ

ɪ

D D
Q h h

B  
 

        

2112,284  ɤȾɠ/ɤɝ, (97) 

ɝɞɟ 7,821ɤɝ/ɫɪB    ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ; 
' ' '

1 2794,919ɤȾɠ/ɤɝɤɩɩ ɪɩɩh h   ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɉɉ-

1. 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɡɚ Ʉɉɉ-1, ̱ Дˉ ˍˆ⁄ : 

01
1 1

2112,284 0,03'' ' 8802,916
2 0,995 2

ɛ
ɤɩɩ ɩɩ

ɤɩ ɤɩ ɯɜ
Q

H H H





 


       

ɤȾɠ
223,544 6693,984 

ɤɝ
  ,    (98) 

ɝɞɟ ܪ′ˍ˒– ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɩɟɪɟɞ  Ʉɉɉ-1, ˍДˉ ˍˆ⁄ , ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ 
ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɸ ɝɚɡɚ ɩɨɫɥɟ Ʉɉɉ-2; ܳˍ˒˒−ଵ˄  –ɬɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜ Ʉɉɉ-1, ̱ Дˉ ˍˆ⁄ ˒˒ߙ∆ ɞɨɥɹ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ Ʉɉɉ-1, ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ – ˒˒ߙ∆ ; = Ͳ,Ͳ͵; ܪ˘଴˅ - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˍДˉ ˍˆ⁄ . 

ɉɨ ɧɚɣɞɟɧɧɨɣ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɡɚ Ʉɉɉ-1 ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 ɜ 
ɫɬɨɥɛɰɟ Ʉɉɉ-1 ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɡɚ Ʉɉɉ-1: 

"
1 571,778Ʉɉɉ C 
  . 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ  ɝɚɡɨɜ, ˏଶ,ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (85): 
    2

1 1 1 3,6 9,792 108 0,032 24,768ɦɝ
ɤɩɩ ɤɩɩ Ɍ ɧf h b z d          ,      

ɝɞɟ    ℎˍ˒˒−ଵ– ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ Ʉɉɉ-1; ܾ˕– ɲɢɪɢɧɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ; 
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݀ː– ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ Ʉɉɉ-1, ɦ; 𝑧ଵ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɪɭɛ. 
 
ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜ Ʉɉɉ-1 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (86), ɦ/ɫ: 
 

   
1

273 7,821 7,8922 657,389 273
8,493,

273 273 24,768
ɪ ɝ ɫɪ

ɝ ɝ
ɤɩɩ

B V

f






     
  


          

ɝɞɟ  ܤ˓– ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ;  ܸ̂  – ɩɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ, ˏଷ ˍˆ⁄ ;  𝑓 ˒˒−ଵˆ  – ɜɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଶ; 𝜗˔˓– ɨɫɪɟɞɧɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ Ʉɉɉ-1,℃ . 
ȼɵɱɢɫɥɢɜ ɝ ,  ɪɚɫɫɱɢɬɚɟɦ ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɜ Ʉɉɉ-1: 

0,65 0,65

0,33
6

0,077 8,493 0,032
0,2 Pr 0,2

0,032 104,221 10
Ƚ ɝ ɧ

ɤ Ƚ Z S
ɧ Ƚ

d
C C

d

 
 

          
 

0,33
2

ȼɬ
0,602 1 1 68,52

ɦ Ʉ
   


, (99) 

ɝɞɟ Ƚ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.5 [3], ȼɬ/(ɦ∙Ʉ); 

ɧd - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ; 

Ƚ -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.6. [3], ɦ2/ɫ; 
PrȽ - ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɨɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.7 [3]; 

ZC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

1SC  -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɩɭɱɤɚ. 
Ɍ.ɤ. ɱɚɫɬɶ ɜɬɨɪɨɝɨ ɩɚɤɟɬɚ Ʉɉɉ-1 ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɥɟɠɢɬ ɜ ɨɛɥɚɫɬɢ 

ɩɪɨɞɨɥɶɧɨɝɨ ɨɦɵɜɚɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 8), ɬɨ ɫɥɟɞɭɟɬ ɧɚɣɬɢ ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ 
ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɪɨɞɨɥɶɧɵɦ ɨɦɵɜɚɧɢɟɦ. 
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Ɋɢɫɭɧɨɤ 8 – Ɉɛɥɚɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ ɨɦɵɜɚɧɢɹ 

ɑɢɫɥɨ ɬɪɭɛ ɜɬɨɪɨɝɨ ɩɚɤɟɬɚ ɩɨ ɯɨɞɭ ɝɚɡɨɜ Ʉɉɉ-1: 

1(2)
1

2

500
1 1 108 2 1080

125
ɤɩɩ

ɬɪ

b
Z z n

s
              

  
,  (100) 

ɝɞɟ 1(2) 500ɦɦɤɩɩb   ɲɢɪɢɧɚ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɜɬɨɪɨɝɨ ɩɚɤɟɬɚ Ʉɉɉ-1; 

2 125ɦɦs  ɩɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɤɩɩ-1; 

1 108z  ɱɢɫɥɨ ɬɪɭɛ ɩɨ ɲɢɪɢɧɟ ɬɨɩɤɢ; 

n=2  ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛ ɜ ɨɞɧɨɣ ɧɢɬɤɟ Ʉɉɉ-1. 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ  ɝɚɡɨɜ, ˏଶ: 
2

1(2) 36,928
4

ɧ
ɝ ɤɩɩ T ɤɲ ɬɪ

d
f b a Z





    ,  (101) 

ɝɞɟ 3860ɦɦɤɲa   ɝɥɭɛɢɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ; 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɩɪɢ ɩɪɨɞɨɥɶɧɨɦ ɨɦɵɜɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (85), ɦ/ɫ: 

 

   
(2)

1(2)

273 7,821 7,8922 657,389 273
5,669,

273 273 36,928
ɪ ɝ ɫɪ

ɝ ɝ
ɤɩɩ

B V

f






     
  


          

ɝɞɟ  ܤ˓– ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ;  ܸ̂  – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଷ ˍˆ⁄ ;  𝑓 ˒˒−ଵሺଶሻˆ  – ɜɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଶ; 𝜗˔˓– ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ Ʉɉɉ-1,℃ . 
ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ, ɦ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
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1(2)4 4 36,928
1,3

2( ) 2(3,86 9,792) 1080 0,032

ɝ
ɤɩɩ

э
ɤɲ T ɬɪ ɧ

f
d

a b Z d 
 

  
       

  (102) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  ɞɥɹ ɩɪɨɞɨɥɶɧɨɝɨ 
ɨɦɵɜɚɧɢɹ: 

0,65 0,65
(2) 0,33

(2) 6

0,077 5,669 1,3
0,023 Pr 0,2

1,3 104,221 10
ɝ эȽ

ɤ Ƚ Z S
э Ƚ

d
C C

d


 

          
 

0,33
2

ȼɬ
0,602 1 1 8,551

ɦ Ʉ
   


,           (103) 

ɝɞɟ Ƚ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 8.5 [3], ȼɬ/(ɦ∙Ʉ); 

ɧd - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ; 

Ƚ - ɜɹɡɤɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ, ɛɟɪɟɦ ɩɨ ɪɢɫ. 8.6. [3], ɦ2/ɫ; 
PrȽ - ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɝɚɡɨɜ, ɛɟɪɟɦ ɩɨ ɪɢɫ. 8.7 [3]; 

ZC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

1SC  -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɩɭɱɤɚ. 

ɉɥɨɳɚɞɶ ɜɬɨɪɨɝɨ ɩɚɤɟɬɚ Ʉɉɉ-1, ɦ2: 

1(2) 1 1080 0,032 3,6 266ɤɩɩ ɬɪ ɧ ɤɩɩF Z d h                 (104) 

ɋɪɟɞɧɢɣ ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 

1 1(2) (2) 1(2)

.
1

1 1
3 3ɤ ɤɩɩ ɤɩɩ ɤ ɤɩɩ

ɤ ɫɪɟɞ
ɤɩɩ

F F F

F

 


  



       
       

2

1 1
68,52 1050 266 8,551 266

ȼɬ3 3 60,923
1050 ɦ Ʉ

       
  


,     (105) 

ɝɞɟ 1 1050ɦɤɩɩF   ɩɨɥɧɚɹ ɩɥɨɳɚɞɶ Ʉɉɉ-1. 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ ɩɚɪɚ ɩɨ ɬɪɭɛɚɦ 
Ʉɉɉ-1, ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (87), ɦ/ɫ: 

63,889 0,022
14,104ɦ/ɫ,

0,098
ɩɟ ɩ

ɩ
ɩ

D

f

  
         

ɝɞɟ    ܦ˒ˈ– ɪɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚɪɚ, ɤɝ/ɫ; 



52 
 

2 2
2

1

0,024
108 0,098ɦ

4 4
ɜɧ

ɩ
d

f z
  

     – ɪɚɡɦɟɪ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ 

ɞɥɹ ɩɚɪɚ, ˏଶ; 

1
1

'' ''
,

2
ɫɪɊɉɉ ɤɩɩ

ɩ ɤɩɩ
P P

f t 


   
 

– ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɟɪɟɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ, ˏଷ ˍˆ⁄ ,     (106) 

ɝɞɟ 1
2

'' ''
388,716 329,547

359,131
2 2

ɤɩɩ ɪɩɩɫɪ
ɤɩɩ

t t
t C  

    . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɭ, 2

ȼɬ
ɦ Ʉ

, ɪɚɫɫɱɢɬɚɟɦ ɩɨ 

ɮɨɪɦɭɥɟ (90): 
0,80,8

0,4
2 7

0,069 14,104 0,024
0,023 Pr 0,023

0,024 4,908 10
ɩ э

t d l
э

d
C C C

d

 
 

           
0,41,289 1 1 1 3066,695      ,             

ɝɞɟ   – ɬɟɩɥɨɩɪɨ   ɜɨɞɧɨɫɬɶ ɩɚɪɚ, ȼɬ/(ɦ∙Ʉ); 

э ɜɧd d ; 

 -ɤɢɧɟ  ɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɚɪɚ, ɦ2/ɫ; 
Pr-ɱɢɫɥɨ ɉɪɚ ɧɞɬɥɹ; 

tC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ; 

dC -ɤɨɷɮ-ɬ ɜɜɨɞɢɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɤɚɧɚɥɚ; 

lC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɥɢɧɭ.
 

ȼɟɥɢɱɢɧɭ ɧɚɝɪɟɬɨɫɬɢ ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ ɫɧɚɪɭɠɢ, ℃, ɪɚɫɫɱɢɬɚɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (119): 

 1

2 1

1 1
0,005359,131

3066,695 

ɛ
ɪ ɤɩɩ

ɡ ɫɪ
ɤɩɩ

B Q
t t

F



                

37,821 2112,284 10
442,924 ,

1050
C

 
      

 
ɝɞɟ ݐ˔˓ = 2

ɫɪ
ɤɩɩt – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ, ℃; ߝ–ɤɨɷɮ-ɬ ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ ɬɪɭɛ Ʉɉɉ-1,  ሺˏଶ ∙ Кሻ ʑ˕,⁄ ߝ  = Ͳ,ͲͲͷ; ߙଶ– ɤɨɷɮ-ɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɫɬɟɧɨɤ ɬɪɭɛ ɤ ɩɚɪɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ˄ɪɚɫ⠀ɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ, ɤɝ/ɫ; ܳˍ˒˒ଵ–˓ܤ ; –ɬɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜ 1 ɫɬɭɩɟɧɢ Ʉɉɉ, ɤȾɠ/ɤɝ; 

ܨ̱   ˒˒ଵ– ɩɥɨɳɚɞɶ ɬɪɭɛɱɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  Ʉɉɉ-1, ɪɚɜɧɚɹ 1050 ˏଶ.  
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ɗɮɮɟɤɬɢɜɧɭɸ ɬɨɥɳɢɧɭ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɜ Ʉɉɉ-1 ɪɚɫɫɱɢɬɚɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (92) 

1 2
1 2 2

4 4 0,09 0,125
0,9 1 0,9 0,032 1 0,373ɦ

0,032ɤɩ ɧ
ɧ

s s
s d

d 

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

     

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɦɟɧɶɲɟɧɢɹ ɢɡɥɭɱɟɧɢɹ   ɥɟɬɭɱɢɦɢ ɱɚɫɬɢɰɚɦɢ ɡɨɥɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (34): 

   0,67 0,67

1

43 43 1300
109,673

'' 844,928 13
ɝ

ɡɥ

ɤɩ ɡɥ

k
T d






  


 

Ɇɉɚɦ
1


, 

ɝɞɟ ɝ - ɭɞɟɥɶɧɵɣ ɜɟɫ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɞɚɜɥɟɧɢɢ ɚɬɦɨɫɮɟɪɵ, ɝ/ɦ3; 

ɡɥd -ɷɮɮ-ɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɡɨɥɵ, ɦɤɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɦɟɧɶɲɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɧɚɣɞɟɦ ɩɨ 
ɜɵɪɚɠɟɧɢɸ (33): 

2 1

1

''7,8 16 7,8 16 0,0892
1 1 0,37 1

1000 0,229 0,373
H O ɤɩ

ɝ
ɉ ɤɩ

r T
k

r s




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

 

844,928
1 0,37 21,005

1000
     
 

, 

ɝɞɟ 
22 ROOHɉ rrr  – ɞɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɪɚɫɱɟɬɧɨɟ 

ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 1 ɜ ɫɬɨɥɛɰɟ ɞɥɹ Ʉɉɉ-1; 

2 1
'' '' 273 571,778 273 844,928 Ʉɤɩ ɤɩT       - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɝɚɡɨɜ ɡɚ  Ʉɉɉ-1. 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ Ʉɉɉ-2 ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (73) , ɡɚɦɟɧɢɜ ɜ 
ɮɨɪɦɭɥɟ ɮs  ɧɚ 1ɤɩs  .:  

1 0,239
1 1 1 0,213,ɤɩkps

ɤɩa e e 
       

ɝɞɟ 1 ( ) (21,005 0,229 109,673 0,0145)ɤɩ ɝ ɩ ɡɥ ɡɥ ɤɩkps k r k ps           

0,1 0,373 0,239   - ɫɨɜɨɤɭɩɧɚɹ ɨɩ⠀ɬɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɩ  ɨɬɨɤɚ ɝɚɡɨɜ, 
ɧɚɩɨɥɧɟɧɧɨɝɨ ɩɵɥɶɸ; 

ɡɥ - ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɡɧɚɱɟɧɢɟ ɛɟɪɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ 

Ʉɉɉ-1; 
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p – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɩɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɬɨɤ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɵɥɶ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (93): 

4

8 3 8
1

1
1 0,8 1

5,7 10 5,7 10
2 21

ɡ

ɫɪɡ
ɥ ɤɩ ɫɪ

ɡ

ɫɪ

Ɍ
Ɍ

a Ɍ Ɍ
Ɍ

  


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

4

3

716,074
1

930,539
0,213 930,539 24,752

716,074
1

930,539

   
    


,  

ɝɞɟ ɡ - ɤɨɷɮ-ɬ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ  ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɬɥɚ, ɤɨɬɨɪɵɟ 
ɜɨɫɩɪɢɧɢɦɚɸɬ ɥɭɱɢɫɬɨɟ ɬɟɩɥɨ, ɫ ɭɱɟɬɨɦ ɡɚɝɪɹɡɧɟɧɢɹ; 

1ɤɩa  -ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ Ʉɉɉ-1; 

273 442,924 273 716,074 Ʉɡ ɡɌ t     - ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ 
ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ; 

273 657,389 273 930,539ɫɪ ɫɪɌ      -ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 
Ʉɉɉ-1, Ʉ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɤ ɫɬɟɧɤɚɦ ɬɪɭɛ Ʉɉɉ-1, 

2

ȼɬ
ɦ Ʉ

, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (94): 

1 . 60,923 24,752 85,675ɤ ɫɪɟɞ ɥ                

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (95): 

1

1

2

0,65 85,675
54,175

85,675
1 1

3066,695

K
 




 
  

  
 

ɝɞɟ  =0,65- ɤɨɷɮ-ɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

  Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (77): 

354,284 242,231
294,716

354,284
2,31 lg 2,31 lg

242,231

ɛ ɦ

ɛ

ɦ

t t
t C

t
t

  
    

 


,     
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ɝɞɟ    ∆ݐ˄ = 𝜗′′ˍ˒˒−ଶ − ′′ଵ−˒˒ˍݐ = ͹Ͷ͵ − ͵ͺͺ,͹ͳ͸ = ͵ͷͶ,ʹͺͶ – ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; ∆ݐˏ = 𝜗′′ˍ˒˒−ଵ − ′ଵ−˒˒ˍݐ = ͷ͹ͳ,͹͹ͺ − ͵ʹͻ,ͷͶ͹ = ʹͶʹ,ʹ͵ͳ – ɦɟɧɶɲɚɹ 
ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ℃; 

 ɉɨɥɭɱɟɧɧɨɟ Ʉɉɉ-1 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

1
1 3 3

54,175 1050 294,716
2143,674 ,

10 10 7,821
Ɍ Ʉɉɉ
Ʉɉɉ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮ-ɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ – ݐ∆ ;Кʞʞ−ଵ– ɩɥɨɳɚɞɶ ɫɬɟɧɬɪɭɛɨɤ Ʉɉɉ-2, ɦ2ܨ ;

ɉɨɥɭɱɟɧɧɨɟ ɬɟɩɥɨ ܳˍ˒˒−ଵ˕  ɫɪɚɜɧɢɦ ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳˍ˒˒−ଵ˄  ɩɨ 
ɜɵɪɚɠɟɧɢɸ (79): 

1 1

1

2143,674 2112,284
100% 100%

2112,284

Ɍ ɛ
Ʉɉɉ Ʉɉɉ

ɛ
Ʉɉɉ

Q Q
Q

Q
  



 
      

1,486 %  2 %   

2.10 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɗɄ 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ȼɗɄ-2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 
 
Ɍɚɛɥɢɰɚ 14 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 2-ɣ ɫɬɭɩɟɧɢ ȼɗɄ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɨɩ⠀ɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1 96 ɦɦ 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ 32 ɦɦ 
ɉɪɨɞɨ   ɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2 42,5 ɦɦ 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ,3,5 ߜ ɦɦ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɨɞɨɥ⠀ɶɧɵɣ ɲɚɝ ɬɪɭɛ, 𝜎ଵ 3 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, 𝜎ଶ 1,328 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɦɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ȼɗɄ-2: 

' '
2 433ɜэɤ C 

   
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ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɗɄ-2 ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɩɨɫɥɟ ɢɡ ȼɗɄ-2, ɇ "

2ɜэɤ = 

5044,639  ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨ, ɤɨɬɨɪɨɟ ɨɬɞɚɥɢ ɞɵɦɨɜɵɟ ɝɚɡɵ, ɤȾɠ/ɤɝ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

' ' ' ' 0
2 1 2 2

ɛ ɜэ
ɜэɤ ɤɩɩ ɜэɤ ɯɜQ ɇ ɇ H  

       
 

  

0,02
0,995 6693,984 5044,639 223,544 1644,939

2
       
 

  (107) 

ɝɞɟ ܪ˘଴˅ - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˍДˉ ˍˆ⁄ э˅ߙ∆ э – ɞɨɥɹ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ ɜɷɤ, ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ˅ߙ∆ ; = Ͳ,Ͳʹ: 
''

1 6693,984ɤɩɩH   ɤȾɠ/ɤɝ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɡɚ ɤɩɩ-1. 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɞɜɢɠɟɬɫɹ ɩɨ ɬɪɭɛɚɦ ɷɤɨɧɨɦɚɣɡɟɪɚ, 
ɤɝ/ɫ: 

63,889 1,278 0,278 64,889ɜэ ɩɟ ɩɪ ɜɩɪD D D D       ,                          (108) 

ɝɞɟ   ܦ˒ˈ–ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨ ɩɚɪɭ, ɤɝ/ɫ; 
 .ɪɚɫɯɨɞ ɧɚ ɜɩɪɵɫɤ, ɤɝ/ɫ –˓˒˅ܦ ;ɪɚɫɯɨɞ ɧɚ ɩɪɨɞɭɜɤɭ, ɤɝ/ɫ –˓˒ܦ 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɩɟɪɟɞ ȼɗɄ-2, ˍДˉ ˍˆ⁄  

2
2 2

7,821 1644,939' '' 1230 1031,749
64,889

ɛ
ɪ ɜэɤ

ɜэ ɜэ
ɜэ

B Q
h h

D
 

         (109) 

ɝɞɟ   ℎ˅эଶ′′ = ͳʹ͵Ͳ ˍДˉ/ˍˆ– ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɫɬ. ȼɗɄ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ; 

2
ɛ
ɜэɤQ  – ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɫɬ. ɷɤɨɧɨɦɚɣɡɟɪɚ, ɤȾɠ/ɤɝ; ܤ˓– ɪɚɫɯɨɞ ɭɝɥɹ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ܦ˅э– ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɷɤɨɧɨɦɚɣɡɟɪɟ, ɤɝ/ɫ. 

ɉɨ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɹɦ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɫɬɭɩɟɧɢ, ɨɩɪɟɞɟɥɢɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɵ: 

 2 2
' ', 238,403ɜэ ɩɜ ɜэt t P h C  ;  2 2

'' '', 279,444ɜэ ɩɜ ɜэt t P h C  .
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ȼɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜ, ˏଶ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:                   𝑓 эଶˆ = ܽˍ˛ ∙ ܾ˕ − ݀ː ∙ 𝑧ଵ ∙ ܾ˕ = ͵,ͺ͸ ⋅ ͻ,͹ͻʹ − Ͳ,Ͳ͵ʹ ⋅ ͶͲ ⋅ ͻ,͹ͻʹ =   = ʹͶ,ͳͳͳ,     (110) 

ɝɞɟ ܽˍ˛ = ͵,ͺ͸ ˏ- ɲɢɪɢɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 
ɦ/ɫ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (86): 

   
2

273 7,821 7,9945 502,389 273
7,365

273 273 24,11
ɪ ɝ ɫɪ

ɝ ɝ
ɜэ

B V

f




    
  


,    

ɝɞɟ 2 2
' '' 571,778 433

502,389
2 2

ɜэ ɜэ
ɫɪ C

   
    - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɨ 

2 ɫɬ. ȼɗɄ; 

ɝV - ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɛɟɪɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 9 ɜ 
ɫɬɨɥɛɰɟ ɞɥɹ ȼɗɄ-2; 

ɪB - ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ , ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (70) 

0,6 0,6

0,33
6

0,064 7,365 0,032
0,36 Pr

0,032 76,713 10
ɝ ɝ ɧ

ɤ ɝ z s
ɧ ɝ

d
C C

d

 
 

          
 

0,330,617 1 1 78,385,     

ɝɞɟ ɝ  – ɬɟɩɥɨɩ⠀ɪɨɜɨɞɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ȼɬ/(ɦ∙Ʉ); 

ɝ  ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ; 
Prɱɢɫɥɨ ɉɪɚɧɞɬɥɹ; 

zC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

SC ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɩɟɪɟɱɧɨɝɨ ɲɚɝɚ 

1 3   ɢ ɩɚɪɚɦɟɬɪɚ  , ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɭɱɤɚ,  

1

2

1 3 1
1,993' 2,003 11





 
  


,
 

   (111) 
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ɝɞɟ 2
'  - ɫɪɟɞɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɞɢɚɝɨɧɚɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (99): 

2 2 2 2
2 1 2

1 1' 3 1,328 2,003
4 4

         ,
    

 

ɝɞɟ 2 1,328  ɩɪɨɞɨɥɶɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜɨ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɗɄ, ℃: 

2 2
'' ' 279,44 238,403

258,923 ,
2 2

ɜэ ɜэ
ɫɪ

t t
t C

 
      (112) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧɟɧɧɨɣ ɫɬɟɧɤɢ ȼɗɄɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

60 258,923 60 318,923Ɂ ɫɪt t C        (113) 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɭ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɜɵɪɚɠɟɧɢɸ 
(91): 

1 2
2 2 2

4 4 0,096 0,0425
0,9 1 0,9 0,032 1 0,117,

0,032ɜэ ɧ
ɧ

s s
s d

d 
    

             
  

  

ɝɞɟ 1 2,s s - ɩɪɨɞɨɥɶɧɵɣ ɢ ɩɨɩɟɪɟɱɧɵɟ ɲɚɝɢ, ɦ; 

ɧd -ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (33): 

2

"
2

2

7,8 16 7,8 16 0,0833
1 1 0,37 1

1000 0,2203 0,117
H O ɜэ

Ƚ
ɉ ɜэ

r T
k

r s

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

 

706,15
1 0,37 41,597

1000
    
 

,  

ɝɞɟ 2 2
'' '' 273 433 273 706,15Ʉɜэ ɜэT      – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ 2 

ɫɬ. ȼɗɄ, Ʉ; 

22 ROOHɉ rrr  – ɞɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɡɧɚɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɗɄ-2. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɭɦɟɧɶɲɟɧɢɹ ɢɡɥɭɱɚɟɦɨɣ ɷɧɟɪɝɢɢ ɥɟɬɭ⠀ɱɢɦɢ ɱɚɫɬɢɰɚɦɢ 
ɡɨɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (34): 

   0,67 0,67

43 43 1300
123,683

'' 706,15 13
ɝ

ɡɥ

ɜэɤ ɡɥ

k
T d

 
  


 

Ɇɉɚɦ
1


, 

Ɉɩɬ⠀ɢɱɟɫɤɭɸ ɫɭɦɦɚɪɧɭɸ ɬɨɥɳɢɧɭ ɩɨɬɨɤɚ ɝɚɡɨɜ, ɫɨɞɟɪɠɚɳɟɝɨ ɩɵɥɶ, 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

   2 2 41,597 0,2203 123,683 0,0143ɜэ Ƚ ɉ ɡɥ ɡɥ ɜэkps k r k ps          

0,1 0,117 0,128   ,    (114) 

ɝɞɟ ɡɥ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɛɟɪɟɦ ɢɡ ɬɚɛɥɢɰɵ 8 ɜ ɫɬɨɥɛɰɟ ɞɥɹ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ; 

p ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ. 

ɋɬɟ ɩɟɧɶ ɱɟɪ  ɧɨ ɬɵ ɝɚɡɨɜ ɜɨ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɗɄ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (73) 

2 0,128
2 1 1 0,12ɜэkps

ɜэa e e       

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɬɨɤ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɵɥɶ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (93): 

4

8 3 8
2

1
1 0,8 1

5,7 10 5,7 10
2 21

ɡ

ɫɪɡ
ɥ ɜэ ɫɪ

ɡ

ɫɪ

Ɍ
Ɍ

a Ɍ Ɍ
Ɍ

  

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

4

3

592,073
1

775,539
0,12 775,539 8,039

592,073
1

775,539

   
    


,  

ɝɞɟ ɡ - ɤɨɷɮ-ɬ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ  ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɬɥɚ, ɤɨɬɨɪɵɟ 
ɜɨɫɩɪɢɧɢɦɚɸɬ ɥɭɱɢɫɬɨɟ ɬɟɩɥɨ, ɫ ɭɱɟɬɨɦ ɡɚɝɪɹɡɧɟɧɢɹ; 

2ɜэa -ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ ȼɗɄ-2; 

273 318,923 273 592,073 Ʉɡ ɡɌ t      - ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ 
ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛ; 
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273 502,389 273 775,539ɫɪ ɫɪɌ      -ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 
ȼɗɄ-2, Ʉ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤ ɫɬɟɧɚɦ ɬɪɭɛ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɬɪɭɛ ȼɗɄ-2, 

2

ȼɬ
ɦ Ʉ

, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (94): 

1 78,385 8,039 86,424ɤ ɥ                

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (76): 

1 0,65 86,424 56,175K        

ɝɞɟ  =0,65- ɤɨɷɮ-ɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (77): 

292,334 194,597
240,16

292,334
2,31 lg 2,31 lg

194,597

ɛ ɦ

ɛ

ɦ

t t
t C

t
t

  
    

 


,     

ɝɞɟ    ∆ݐ˄ = 𝜗′′ˍ˒˒−ଵ − ′′эˍ−ଶ˅ݐ = ͷ͹ͳ,͹͹ͺ − ʹ͹ͻ,ͶͶͶ = ʹͻʹ,͵͵Ͷ – ɛɨɥɶɲɚɹ 
ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ℃; ∆ݐˏ = 𝜗′′˅эˍ−ଶ − ′эˍ−ଶ˅ݐ = Ͷ͵͵ − ʹ͵ͺ,ͶͲ͵ = ͳͻͶ,ͷͻ͹ – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; 

 

ɉɨɥɭɱɟɧɧɨɟ ȼɗɄ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

2
2 3 3

56,175 970 240,16
1673,34 ,

10 10 7,821
Ɍ ȼЭɄ
ȼЭɄ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮ-ɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  ɪɚɫ  ɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ – ݐ∆ ;ʑЭК−ଶ– ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ȼɗɄ-2, ɦ2ܨ ;

Ɉɰɟɧɢɦ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ܳߜ, ɫɪɚɜɧɢɜ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ܳ ˅эˍ−ଶ˕  ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳ˅эˍ−ଶ˄ . 
ɩɨ ɮɨɪɦɭɥɟ (79):  

2 2

2

1673,34 1644,939
100% 100%

1644,939

Ɍ ɛ
ȼЭɄ ȼЭɄ

ɛ
ȼЭɄ

Q Q
Q

Q
  



 
      
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1,727 %  2 %   

2.11 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ȼɁɉ 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ȼɁɉ-2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 15. 
 

Ɍɚɛɥɢɰɚ 15 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 2 ɫɬɭɩɟɧɢ ȼɁɉ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1 85 ɦɦ 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ 40 ɦɦ 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2 40 ɦɦ 
Ɍɨɥ⠀ɳɢɧɚ ɫɬɟɧɤɢ,1,5 ߜ ɦɦ 

 
ɑɢɫɥɨ ɬɪɭɛ ȼɁɉ-2 ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

2 4867
10875

0,037 0,04
2 1,85

2 2

ɜɡɩ
ɬɪ

ɜɧ ɜɧ
ɤɭɛɚ

F
Z

d d
n h 

  
            

   

,  (115) 

ɝɞɟ 2
2 4867ɦɜɡɩF    ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ȼɁɉ-2; 

1850ɦɦɤɭɛɚh   ɜɵɫɨɬɚ ɤɭɛɚ; 
n=2ɱɢɫɥɨ ɤɭɛɨɜ ɩɨ ɜɵɫɨɬɟ ɫɬɭɩɟɧɢ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɡɚɞɚɞɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ȼɁɉ-2: 

'
2 240ɜɡɩt C  . 

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ 1 =˅ߚ, ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ  ȼɁɉ-2, 0

2ɜɩH = 

1836,644  ɤȾɠ/ɤɝ. 
Ɍɟɩɥɨ, ɤɨɬɨɪɨɟ ɜ ȼɁɉ ɡɚɛɢɪɚɟɬ ɜɨɡɞɭɯ, ɤȾɠ/ɤɝ 

  0 0
2 1

0,03
1,07 2613,77

2 2
ɜɩ

ɜɩ ɝɜ ɝɜ ɜɩQ H H
             

   
 

1836,644 843,181  , (116) 

ɝɞɟ 0
ɝɜH - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ ɡɚ ɜɬ ɨɪɨɣ ɫɬɭɩɟɧɶɸ 

ȼɁɉ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɦ ɩɨ ɬɚɛɥɢɰɟ 9 ɩɨ ɡɧɚɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ 

ɜɨɡɞɭɯɚ ɝɜt  ɩɨ ɫɬɨɥ ɛɰɭ ɞɥɹ 1 =˅ߚ;  

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ 
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2
2

' 240 338
289

2 2
ɜɩ ɝɜ

ɫɪ
t t

t C
 

          (117)
 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ, ɩɪɨɲɟɞɲɢɯ ȼɁɉ-2, ɤȾɠ/ɤɝ 

' ' 02
2 2

843,181 0,03'' 5044,639
2 0,995 2

ɜɩ ɜɩ
ɜɩ ɜэɤ ɩɪɫ

Q
H ɇ H




        

2216,913 4263,414,    (118) 

ɝɞɟ ' '
2

ɤȾɠ
5044,639

ɤɝɜэɤɇ   - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɩɟɪɟɞ ȼɁɉ-2. 

2ɜɩQ -ɬɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ ȼɁɉ, ɤȾɠ/ɤɝ; 
0
ɩɪɫH - ɬɟɩɥɨ ɩɪɢɫɨɫɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɛɟɪɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 9 ɩɪɢ 

ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɝɪɟɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ 2ɫɪt  ɩɨ ɫɬɨɥɛɰɭ ɞɥɹ ߚ˅˒ଵ= 1; 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɸ ɝɚɡɨɜ ɡɚ ȼɁɉ-2 ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ 
ɬɚɛɥɢɰɟ 9 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ʑЗʞ − ʹ, ɬɟɦɩɟɪɚɬɭɪɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ  ȼɁɉ-2,        

' '
2ɜɩ  =363,355 C  

ȼɟɥɢɱɢɧɭ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜ, ɦ2 ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

2 2
2 0,785 0,785 0,037 10875 11,693ɝ

ɜɩ ɜɧ ɬɪf d Z             (119)
 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɱɟɪɟɡ ɬɪɭɛɤɢ ȼɁɉ, ɦ/ɫ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (98): 

   
2

273 7,821 8,1408 398,177 273
13,386

273 273 11,693
ɪ ɝ ɫɪ

ɝ ɝ
ɜɩ

B V

f




    
  


,    

ɝɞɟ 2 2
'' '' 363,355 433

398,177
2 2

ɜɩ ɜэ
ɫɪ C

   
    - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɨ 

2 ɫɬ. ȼɁɉ; 

ɝV -ɨɛɴɟɦ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 9 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɁɉ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɭɩɟɧɢ. 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ, ɦ2: 

 2 1 1,85 9,792 114 1,85 0,04 19,358ɜ
ɜɩ ɤɭɛɚ Ɍ ɤɭɛɚ ɧf h b z h d n             

    (120)
 

ɝɞɟ z1=114 – ɱɢɫɥɨ ɬɪɭɛ ɜ ɪɹɞɭ ɩɨ ɲɢɪɢɧɟ ȼɁɉ; 
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n=2 – ɞɜɭɯɫɬɨɪɨɧɧɢɣ ɩɨɞɜɨɞ. 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɜɨɡɞɭɯɚ, ɦ/ɫ, 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

   0
2

2

273 7,821 5,758 289 273
5,123

273 273 19,358
ɪ ɜ ɫɪ

ɜ ɜ
ɜɩ

B V t

f


    
  


,    (121) 

ɝɞɟ 0
ɜV -ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ (10). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɬɟɧɤɟ ɬɪɭɛɵ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ : 
0,80,8

0,4
1 6

0,056 13,386 0,037
0,023 Pr 0,023

0,037 60,114 10
ɝ ɝ э

t d l
э

d
C C C

d

 
 

           
0,40,627 1 1 1 33,424     ,           (122) 

ɝɞɟ ɝ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ȼɬ/(ɦ∙Ʉ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 
8.5 [3]; 

э ɜɧd d ; 

 -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ,  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.6 [3]; 
Pr-ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.7 

[3]; 

tC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ  ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɢ  ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ; 

dC -ɤɨɷɮ-ɬ ɜɜɨɞɢɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɤɚɧɚɥɚ; 

lC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɥɢɧɭ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɫɬɟɧɤɢ ɬɪɭɛɵ ɤ ɜɨɡɞɭɯɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ : 
0,6 0,6

0,33 0,33
2 6

0,045 5,123 0,04
0,36 Pr 0,675

0,04 46,6 10
ɜ ɜ ɧ

ɜ z s
ɧ ɜ

d ɋ C
d

 
 

            

1 1,2 66,158   ,    (123)
 

ɝɞɟ ɜ -ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɡɞɭɯɚ, ȼɬ/(ɦ∙Ʉ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.5 [3]; 

ɜ -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.6 [3]; 

ɧd - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɫɦ. ɬɚɛɥɢɰɭ 15; 

Pr-ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɜɨɡɞɭɯɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.7 [3]; 
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ɜ -ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɜɨɡɞɭɯɚ, ɦ/ɫ; 

zɋ - ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

SC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɩɭɱɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɩɟɪɟɱɧɨɝɨ ɲɚɝɚ 1
1

0,085
2,125

0,04

s

d
     ɢ ɩɚɪɚɦɟɬɪɚ 

1

2

1 2,125 1
2,451' 1,459 11





 
  


, 

ɝɞɟ 2
'  - ɫɪɟɞɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɞɢɚɝɨɧɚɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (68) 

2 2 2 2
2 1 2

1 1' 2,125 1 1,459
4 4

         , 

ɝɞɟ 2 1  ɩɪɨɞɨɥɶɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜɨɡɞɭɯɭ ɜ ȼɁɉ ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

1 2

1 2

33,424 66,158
0,65 14,433,

33,424 66,158
k

 
 

 
   

 
     (124)

 

ɝɞɟ   𝜉 - ɤɨɷɮ-ɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɨɬɪɚɠɚɟɬ ɫɧɢɠɟɧɢɟ ɬɟɩɥɚ, 
ɩɪɨɯɨɞɹɳɟɝɨ ɫɤɜɨɡɶ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ-ɡɚ ɨɦɵɜɚɧɢɹ ɝɚɡɚɦɢ ɜ 
ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɱɚɫɬɹɦɢ ȼɁɉ , ɞɥɹ 
ɬɪɭɛɱɚɬɵɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɣ: 𝜉 = 𝜉଴ − ∆𝜉 = Ͳ,͹ͷ − Ͳ,ͳ = Ͳ,͸ͷ   

ȼ Ɍȼɉ ɞɥɹ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɵ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɪɚɫɫɱɢɬɚɟɦ  ɫ ɭɱɟɬɨɦ ɩɟɪɟɤɪɟɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɪɟɞ, 
ɜɜɟɞɹ ɩɨɩɪɚɜɨɱɧ  ɵɣ ɤɨɷɮ-ɬ ߰:  

2 0,85 108,561 92,277ɜɩ ɩɪɬt t C       ,  (125) 
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ɝɞɟ 
123,355 95

108,561
123,355

2,31 lg 2,31 lg
95

ɛ ɦ
ɩɪɬ

ɛ

ɦ

t t
t

t
t

  
   

 


 - ɫɪɟɞɧɟɥɨɝɚɪɢ⠀ɮɦɢɱɟɫɤɢɣ 

ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɞɥɹ ɩɪ⠀ɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɵ; 

2
'' 433 338 95ɦ ɜэɤ ɝɜt t C       - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ 

ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɡɚ 2 ɫɬɭɩɟɧɶɸ ȼɁɉ; 

2 2
'' ' 363,355 240 123,355ɛ ɜɩ ɜɩt t C       - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ 

ɧɚ ɜɵɯɨɞɟ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ; 
 - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮ-ɬ, ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɩɟɪɟɤɪɟɳɢɜɚɸɳɢɯɫɹ ɯɨɞɨɜ ɜɨɡɞɭɯɚ. 

ɉɨɥɭɱɟɧɧɨɟ ȼɁɉ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

2
2 3 3

14,433 4867 108,561
828,82 ,

10 10 7,821
Ɍ ȼɁɉ
ȼɁɉ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮ-ɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ – ݐ∆ ;ʑЗʞ−ଶ– ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ȼɁɉ-2, ɦ2ܨ ;

Ɉɰɟɧɢɦ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ܳߜ, ɫɪɚɜɧɢɜ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ܳ˅ˊ˒−ଶ˕  ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳ˅ˊ˒−ଶ˄  
ɩɨ ɮɨɪɦɭɥɟ (108): 

2 2

2

828,82 843,181
100% 100% 1,703 %  2 %

843,181

Ɍ ɛ
ȼɁɉ ȼɁɉ

ɛ
ȼɁɉ

Q Q
Q

Q
  



 
       

2.12 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ȼɗɄ 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ȼɗɄ-1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 16. 
 
Ɍɚɛɥɢɰɚ 16 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 1-ɣ ɫɬɭɩɟɧɢ ȼɗɄ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɨɩ ɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1 96 ɦɦ 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ 32 ɦɦ 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2 42,5 ɦɦ 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 16 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ,3,5 ߜ ɦɦ 
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Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɨɞ  ɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, 𝜎ଵ 3 
Ɉɬɧ ɨɫɢɬɟɥɶɧɵɣ ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, 𝜎ଶ 1,328 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɦɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ȼɗɄ-2: 

' '
1 295ɜэɤ C 
   

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɗɄ-1 ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɡɚ ȼɗɄ-1, ɇ "

1ɜэɤ = 3443,078 

ɤȾɠ/ɤɝ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

' ' ' ' 0
1 2 1 2

ɛ ɜэ
ɜэɤ ȼɁɉ ɜэɤ ɯɜQ ɇ ɇ H  

       
 

  

0,02
0,995 4263,414 3443,078 223,544 818,156

2
       
 

, (126) 

ɝɞɟ ܪ˘଴˅ - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˍДˉ ˍˆ⁄ э˅ߙ∆ ɞɨɥɹ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ ɜɷɤ-2, ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ – ˒˒ߙ∆ ; = Ͳ,Ͳʹ: 
' '

2 4263,414ȼɁɉɇ   ɤȾɠ/ɤɝ – ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɡɚ ȼɁɉ-2. 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ȼɗɄ, ˍДˉ ˍˆ⁄  

1
1 1

7,821 818,156'' ' 924,959 1023,565
64,889

ɛ
ɪ ɜэɤ

ɜэ ɜэ
ɜэ

B Q
h h

D
 

     ,    (127) 

ɝɞɟ   ℎ˅эଵ′ = ℎ˒˅ = ͻʹͶ,ͻͷͻ ˍДˉ/ˍˆ– ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ 1 ɫɬ. 
ȼɗɄ; 

1
ɛ
ɜэɤQ  – ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ 1 ɫɬ. ɷɤɨɧɨɦɚɣɡɟɪɚ, ɤȾɠ/ɤɝ; ܤ˓– ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ; ܦ˅э– ɪɚɫ⠀ɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɱɟɪɟɡ ɷɤɨɧɨɦɚɣɡɟɪ, ɤɝ/ɫ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ȼɗɄ ɫɨɫɬɚɜɢɬ: ݐ˅эଵ′′ = ݐ (ܲ˒ ˅, 1
''
ɜэh ) = ʹ͵͸,͸͵͹ ℃ . 

ɋɪɚɜɧɢɜɚɹ ɫɨ ɡɧɚɱɟɧɢɟɦ, ɪɚɫɫɱɢɬɚɧɧɵɦ ɪɚɧɟɟ, ɧɟɜɹɡɤɚ ɫɨɫɬɚɜɥɹɟɬ: 

1 2
'' ' 236,637 238,403 1,766 10ɜэɤ ɜэ ɜэt t t C           (128) 
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ȼɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ˏଶ , 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:                   𝑓 эଵˆ = ܽˆ˘ ∙ ʹ ∙ ܾ˕ − ݀ː ∙ 𝑧ଵ ∙ ܾ˕ = ͳ,͵͹ ⋅ ʹ ⋅ ͻ,͹ͻʹ − Ͳ,Ͳ͵ʹ ⋅ ͵ʹ ⋅ ͻ,͹ͻʹ =   = ͳͷ,ͺͺͳ     (129) 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 
ɦ/ɫ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (85): 

   
1

273 7,821 8,287 329,177 273
9,001

273 273 15,881
ɪ ɝ ɫɪ

ɝ ɝ
ɜэ

B V

f




    
  


,    

ɝɞɟ 1 1
' '' 363,355 295

329,177
2 2

ɜэ ɜэ
ɫɪ C

   
    - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 1 

ɫɬ. ȼɗɄ; 

ɝV -ɨɛ⠀ɴɟɦ ɝɚɡ⠀ɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 9 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɗɄ-1; 

ɪB - ɪɚɫɱ⠀ɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ , ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (70) 

0,6 0,6

0,33
1 6

0,05 9,001 0,032
0,36 Pr

0,032 50,061 10
ɝ ɝ ɧ

ɝ z s
ɧ ɝ

d
C C

d

 
 

          
 

0,330,631 1 1,02 88,473 ,     

ɝɞɟ ɝ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ȼɬ/(ɦ∙Ʉ); 

э ɜɧd d ; 

ɝ  ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ; 
Prɱɢɫɥɨ ɉɪɚɧɞɬɥɹ; 

zC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

SC ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɭɱɤɚ, ɨɩɪɟɞɟɥɢɦ ɫ 
ɩɨɦɨɳɶɸ ɩɚɪɚɦɟɬɪɚ 

1

2

1 3 1
1,993' 2,003 11





 
  


,
 

   (130) 
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ɝɞɟ 2
'  - ɫɪɟɞɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɞɢɚɝɨɧɚɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (68): 

2 2 2 2
2 1 2

1 1' 3 1,328 2,003
4 4

         ,
    

 

ɝɞɟ 2 1,328  ɩɪɨɞɨɥɶɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (94): 

1 0,65 88,473 57,507K        

ɝɞɟ  =0,65- ɤɨɷɮ-ɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (77): 

126,718 80
101,575

126,718
2,31 lg 2,31 lg

80

ɛ ɦ

ɛ

ɦ

t t
t C

t
t

  
    

 


,     

ɝɞɟ    ∆ݐ˄ = 𝜗′′˅ˊ˒−ଶ − ′′эˍ−ଵ˅ݐ = ͵͸͵,͵ͷͷ − ʹ͵͸,͸͵͹ = ͳʹ͸,͹ͳͺ – ɛɨɥɶɲɚɹ 
ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ℃; ∆ݐˏ = 𝜗′′˅эˍ−ଵ − ′эˍ−ଵ˅ݐ = ʹͻͷ − ʹͳͷ = ͺͲ – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ, ℃; 

ɉɨɥɭɱɟɧɧɨɟ ȼɗɄ-1 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

1
1 3 3

57,507 1075 101,575
802,941 ,

10 10 7,821
Ɍ ȼЭɄ
ȼЭɄ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮ-ɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ – ݐ∆ ;ʑЭК−ଵ– ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ȼɗɄ-1, ɦ2ܨ ;

Ɉɰɟɧɢɦ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ܳߜ, ɫɪɚɜɧɢɜ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ܳ˅эˍ−ଵ˕   ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳ˅эˍ−ଵ˄ ɩɨ ɮɨɪɦɭɥɟ (79): 

1 1

1

802,941 818,156
100% 100% 1,86 %  2 %

818,156

Ɍ ɛ
ȼЭɄ ȼЭɄ

ɛ
ȼЭɄ

Q Q
Q

Q
  



 
       
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2.13 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ȼɁɉ 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ȼɁɉ-1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. 
 

Ɍɚɛɥɢɰɚ 17 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 1 ɫɬɭɩɟɧɢ ȼɁɉ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, S1 85 ɦɦ 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, dɧ 40 ɦɦ 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, S2 40 ɦɦ 
Ɍɨ⠀ɥɳɢɧɚ ɫɬɟɧɤɢ,1,5 ߜ ɦɦ 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɡɚɞɚɞɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɡɚ ȼɁɉ-1, 
ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɧɟɜɹɡɤɨɣ ɜ 10 C  ( '

2 240ɜɡɩt C  ): 

' '
1 232ɜɡɩt C  . 

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 
ɜ ɫɬɨɥɛɰɟ ɞɥɹ 1 =˅ߚ, ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɡɚ  ȼɁɉ-1, ' '

1ɜɩH = 1774,559  

ɤȾɠ/ɤɝ. 
Ɍɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɜ  ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɜɨɡɞɭɲɧɨɣ ɫɬɨɪɨɧɟ ɩɨ ɮɨɪɦɭɥɟ: 

 ' ' 0
1 1

0,03
1,07

2 2
ɜɩ

ɜɩ ɝɜ ɜɩ ɯɜQ H H
            

   
 

 1774,559 223,544 1682,851   , (131) 

ɝɞɟ 0
ɝɜH - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ 

ȼɁɉ-2, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 9 ɩɨ ɬɟɦɩɟ⠀ɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɝɜt  ɩɨ 
ɫɬɨɥɛɰɭ ɞɥɹ 1 =˅ߚ; 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ: 

1
2

'' 232 30
131

2 2
ɜɩ ɯɜ

ɫɪ
t t

t C
 

          (132)
 

Ɉɩɪɟɞɟɥɢɦ 0
ɩɪɫH  ɬɟɩɥɨ, ɩɨɩɚɞɚɸɳɟɟ ɜ ȼɁɉ-1 ɫ ɩɪɢɫɚɫɵɜɚɟɦɵɦ 

ɜɨɡɞɭɯɨɦ, ɤȾɠ/ɤɝ, ɩɨ ɬɚɛɥɢɰɟ 9 ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 2ɫɪt  ɩɨ 
ɫɬɨɥɛɰɭ ɞɥɹ ߚ˅˒ଵ= 1 ; 

0 997,487ɩɪɫH   ɤȾɠ/ɤɝ. 
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Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɡɚ ɩɟɪɜɨɣ ɫɬ. ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɤȾɠ/ɤɝ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

' ' 01
1 1

1682,851 0,03'' 3443,078
2 0,995 2

ɜɩ ɜɩ
ɜɩ ɜэɤ ɩɪɫ

Q
H ɇ H




         

997,487 1781,069,   (133) 

ɝɞɟ ' '
1

ɤȾɠ
3443,078

ɤɝɜэɤɇ   - ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɞɨ ȼɁɉ-1. 

1ɜɩQ -ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ȼɁɉ-1, ɤȾɠ/ɤɝ. 

ɉɨ ɧɚɣɞɟɧɧɨɣ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɡɚ ȼɁɉ-1 ɢɧɬɟɪɩɨɥɢɪɭɟɦ ɩɨ ɬɚɛɥɢɰɟ 9 ɜ 
ɫɬɨɥɛɰɟ ɞɥɹ ʑЗʞ − ͳ, ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɡɚ  ȼɁɉ-2, ' '

1ɜɩ = =151,959 C
, ɫɪɚɜɧɢɜ ɟɟ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɨɣ (𝜗˖˘ = ͳͷͲ ℃), ɩɨɥɭɱɢɦ ɧɟɜɹɡɤɭ: 

' '
1 151,959 150 1,959 10ɭɯ ɜɩ ɭɯ C           (134) 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 
ɦ/ɫ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (98): 

   
1

273 7,821 8,433 223,479 273
10,258

273 273 11,693
ɪ ɝ ɫɪ

ɝ ɝ
ɜɩ

B V

f




    
  


,    

ɝɞɟ 2 2
'' '' 363,355 433

398,177
2 2

ɜɩ ɜэ
ɫɪ C

   
    - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɨ 

2 ɫɬ. ȼɁɉ; 

ɝV -ɨɛɴɟɦ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 9 ɜ ɫɬɨɥɛɰɟ ɞɥɹ ȼɁɉ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɭɩɟɧɢ; 

2
1 2 11,693ɦɝ ɝ

ɜɩ ɜɩf f  ɩɥɨɳɚɞɶ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ. 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɜɨɡɞɭɯɚ, ɦ/ɫ, 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (150): 

   0
2

2

273 7,821 5,758 131 273
3,683

273 273 19,358
ɪ ɜ ɫɪ

ɜ ɜ
ɜɩ

B V t

f


    
  


,    

ɝɞɟ 0
ɜV -ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ (10); 

2
1 2 19,358ɦɜ ɜ

ɜɩ ɜɩf f   ɩɥɨɳɚɞɶ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɬɟɧɤɟ ɬɪɭɛɵ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (122): 

0,80,8
0,4

1 6

0,041 10,258 0,037
0,023 Pr 0,023

0,037 35,855 10
ɝ ɝ э

t d l
э

d
C C C

d

 
 

           
0,40,652 1 1 1 30,525     ,         

ɝɞɟ ɝ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ȼɬ/(ɦ∙Ʉ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 
8.5 [3]; 

э ɜɧd d ; 

 -ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ,  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.6 [3]; 
Pr-ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.7 

[3]; 

tC -ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ  ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɢ  ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ; 

dC -ɩɨɩɪɚɜɤɚ ɧɚ ɮɨɪɦɭ ɤɚɧɚɥɚ; 

lC -ɩɨɩɪɚɜɤɚ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɥɢɧɭ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɨɬ ɫɬɟɧɨɤ ɬɪɭɛɨɤ ɤ ɜɨɡɞɭɯɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (151): 

0,6 0,6

0,33 0,33
2 6

0,034 3,683 0,04
0,36 Pr 0,685 1 1,2

0,04 26,74 10
ɜ ɜ ɧ

ɜ z s
ɧ ɜ

d ɋ C
d

 
 

              

66,158 , 
 

ɝɞɟ ɜ -ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɡɞɭɯɚ, ȼɬ/(ɦ∙Ʉ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.5 [3]; 

ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.6 [3]; 

ɧd ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɫɦ. ɬɚɛɥɢɰɭ 14; 
Pr ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɜɨɡɞɭɯɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 8.7 [3]; 

ɜ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɛɵɫɬɪɨɬɭ ɩɪɨɞɜɢɠɟɧɢɹ  ɜɨɡɞɭɯɚ, ɦ/ɫ; 

zɋ ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

SC -ɤɨɷɮ-ɬ ɩɨɩɪ⠀ɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢ⠀ɩɚ ɩɭɱɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɩɟɪɟɱɧɨɝɨ ɲɚɝɚ 1
1

0,085
2,125

0,04

s

d
     ɢ ɩɚɪɚɦɟɬɪɚ 
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1

2

1 2,125 1
2,451' 1,459 11





 
  


, 

ɝɞɟ 2
'  - ɫɪɟɞɧɢɣ ɨɬɧɨɫ⠀ɢɬɟɥɶɧɵɣ ɞɢɚɝɨɧɚɥɶɧɵɣ ɲɚɝ ɬɪɭɛ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (68) 

2 2 2 2
2 1 2

1 1' 2,125 1 1,459
4 4

         , 

ɝɞɟ 2 1  ɩɪɨɞɨɥɶɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜɨɡɞɭɯɭ ɜ ȼɁɉ ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (124): 

1 2

1 2

30,525 57,558
0,8 15,957,

30,525 57,558
k

 
 

 
   

 
      

 

ɝɞɟ   𝜉 - ɤɨɷɮ-ɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɨɬɪɚɠɚɟɬ ɫɧɢɠɟɧɢɟ ɬɟɩɥɚ, 
ɩɪɨɯɨɞɹɳɟɝɨ ɫɤɜɨɡɶ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ-ɡɚ ɨɦɵɜɚɧɢɹ ɝɚɡɚɦɢ ɜ 
ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɱɚɫɬɹɦɢ ȼɁɉ , ɞɥɹ 
ɬɪɭɛɱɚɬɵɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɣ: 𝜉 = 𝜉଴ − ∆𝜉 = Ͳ,ͻ − Ͳ,ͳ = Ͳ,ͺ   

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (125):  

1 0,95 88,46 84,037ɜɩ ɩɪɬt t C       ,  

ɝɞɟ 
121,959 63

88,46
121,959

2,31 lg 2,31 lg
63

ɛ ɦ
ɩɪɬ

ɛ

ɦ

t t
t

t
t

  
   

 


 - ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 

ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɥɹ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɵ ɞɜɢɠɟɧɢɹ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ; 

1 1
'' '' 295 232 63ɦ ɜэɤ ɜɩt t C        - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ 

ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɡɚ 1 ɫɬɭɩɟɧɶɸ ȼɁɉ; 

1
'' 151,959 30 121,959ɛ ɜɩ ɯɜt t C       - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ 

ɜɵɯɨɞɟ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ; 
 - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɩɟɪɟɤɪɟɫɬɧɵɯ ɯɨɞɨɜ 

ɜɨɡɞɭɯɚ. 
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ɉɨɥɭɱɟɧɧɨɟ ȼɁɉ-1 ɬɟɩɥɨ, ɤȾɠ/ɤɝ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (78): 
 

1
1 3 3

15,957 9734 84,037
1669,013 ,

10 10 7,821
Ɍ ȼɁɉ
ȼɁɉ

ɪ

kF t
Q

B



  

  


  

ɝɞɟ 𝑘 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  .ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɭɝɥɹ ɜ ɤɨɬɟɥ, ɤɝ/ɫ –˓ܤ ;℃ ,ɧɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ – ݐ∆ ;ʑЗʞ−ଵ– ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ȼɁɉ-2, ɦ2ܨ ;

Ɉɰɟɧɢɦ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ܳߜ, ɫɪɚɜɧɢɜ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ܳ˅ˊ˒−ଵ˕  ɫ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ܳ˅ˊ˒−ଵ˄  
ɩɨ ɮɨɪɦɭɥɟ (79): 

1 1

1

1669,013 1682,851
100% 100%

1682,851

Ɍ ɛ
ȼɁɉ ȼɁɉ

ɛ
ȼɁɉ

Q Q
Q

Q
  



 
      

0,822 %  2 %   

Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɧɟ ɫɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ: 

  4
1 2 1 2

100

100
ɪ ɛ ɛ ɛ ɛ ɛ
ɪ ɤ ɥ ɮ ɤɩɩ ɤɩɩ ɜэ ɜэ

q
Q Q Q Q Q Q Q Q  

           
 

21900 0,92192 11895,869 1464,417 2112,284 2491,877 1644,939         

 100 0,7 ɤȾɠ
818,156 94,223

100 ɤɝ
    

 
    (135) 

ɝɞɟ ܳː˓  – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ  ɤȾɠ/ɤɝ (ɫɦ. ɬɚɛɥɢɰɭ 5); 𝜂ˍ˃– ɄɉȾ, % (ɫɦ. ɮɨɪɦɭɥɭ 20); ܳˎ– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ɬɨɩɤɨɣ,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 49); ܳ˗˄– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ɮɟɫɬɨɧɨɦ,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
66); ܳˍ˒˒−ଵ˄ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ Ʉɉɉ-1,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
97); ܳˍ˒˒−ଶ˄ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ Ʉɉɉ-2,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
83); ܳ˅эˍ−ଵ˄ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ȼɗɄ-1,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
126); ܳ˅эˍ−ଶ˄ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ȼɗɄ-2,  ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
107); 
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ସݍ = Ͳ,͹ % – ɩɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ, % . 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɜɹɡɤɢ: 

94,223
100% 100% 0,43 0,5%

21900ɪ
ɪ

Q
Q

Q
 

        (136) 

3 Ɋɚɫɱɟɬɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɬɨɩɥɢɜɚ 

ɋɪɟɞɢ ɜɚɪɢɚɧɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɩ. 1.6 ɜ ɤɚɱɟɫɬɜɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɵɛɪɚɧɚ ɤɨɦɛɢɧɚɰɢɹ 3 ɢ 6 ɜɚɪɢɚɧɬɨɜ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ Ʉɉɉ-1 ɞɨɛɚɜɥɟɧɨ 4 ɤɚɥɚɱɚ (312,7 ˏଶ); ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ ȼɗɄ 
ɜɵɩɨɥɧɟɧɚ ɜ ɦɟɦɛɪɚɧɧɨɦ ɜɚɪɢɚɧɬɟ, ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 1908,4 ˏଶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɪɚɫɱɟɬɨɜ ɞɨ ɢ 
ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɧɨɦɢɧɚɥɶɧɭɸ ɢ ɦɢɧɢɦɚɥɶɧɭɸ (ɛɟɡ ɩɨɞɫɜɟɬɤɢ 
ɦɚɡɭɬɨɦ) ɧɚɝɪɭɡɤɢ ɧɚ ɩɪɨɟɤɬɧɨɟ ɢ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɚ (ɫɦ. ɬɚɛɥɢɰɭ 5). ɉɨ 
ɢɬɨɝɭ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ ɜɨɡɦɨɠɟɧ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨ 
ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɨɤ ɧɚ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɬɨɩɥɢɜɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɬɟɯɧɢɱɟɫɤɨɦ ɫɨɜɟɪɲɟɧɫɬɜɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

3.1 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɞɥɹ 
ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (10): ܸ˅଴ = Ͳ,Ͳͺͺͻ ∙ ሺʠʟ + Ͳ,͵͹ͷ ∙ 𝑆ʟሻ + Ͳ,ʹͷ͸ ∙ ʟܪ − Ͳ,Ͳ͵͵͵ ∙ ܱʟ =  = Ͳ,Ͳͺͺͻ ∙ ሺͷͳ,Ͷ + Ͳ,͵͹ͷ ∙ Ͳ,ͷሻ + Ͳ,ʹͷ͸ ∙ ͵,ͺ − Ͳ,Ͳ͵͵͵ ∙ ͸,͸ = ͷ,͵͹͵ ˏయˍˆ         

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ ɜɨɡɞɭɯɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ 
ɬɨɩɥɢɜɚ: 

Ɉɛɴɟɦ ɚɡɨɬɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (11): 

ேܸమ଴ = Ͳ,͹ͻܸ˅଴ + Ͳ,ͺ ே𝑃ଵ଴଴ = Ͳ,͹ͻ ∙ ͷ,͵͹͵ + Ͳ,ͺ ଵ.ଽଵ଴଴ = Ͷ,ʹ͸ ˏయˍˆ      

Ɉɛɴɟɦ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (12):  ோܸைమ = ͳ,ͺ͸͸ ஼𝑃+଴,ଷ଻ହ⋅ௌ𝑃ଵ଴଴ = ͳ,ͺ͸͸ ହଵ,ସ+଴,ଷ଻ହ⋅଴,ହଵ଴଴ = Ͳ,ͻ͸͵ ˏయˍˆ    

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (13): 
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𝐻ܸమை଴ = Ͳ,ͳͳͳܪ௉ + Ͳ,ͳʹͶܹ௉ + Ͳ,Ͳͳ͸ ∙ ܸ˅଴ = Ͳ,ͳͳͳ ∙ ͵,ͺ + Ͳ,ͳʹͶ ∙ ͳʹ +  +Ͳ,Ͳͳ͸ͳ ∙ ͷ,͵͹͵ = Ͳ,͸ͷ͹ ˏయˍˆ       

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (14): ܸ̂଴ =  ோܸைమ + ேܸమ଴ + 𝐻ܸమை଴ = Ͳ,ͻ͸͵ + Ͷ,ʹ͸ + Ͳ,͸ͷ͹ = ͷ,ͺͺ ˏయˍˆ    

Ɋɚɫɫɱɢɬɚɟɦ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɞɨɥɢ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ 
ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ, ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɡɨɥɵ, ɫɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬ ɜ ɬɚɛɥɢɰɭ 18. 

 
Ɍɚɛɥɢɰɚ 18 – Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ 
ɢɡ ɬɪɟɯ ɚɬɨɦɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ  ɱɚɫɬɢɰ ɡɨɥɵ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ƚɚɡɨɯɨɞ 

Ɍɨɩɤɚ Ʉɉɉ-2 Ʉɉɉ-
1 ȼɗɄ2 ȼɁɉ2 ȼɗɄ1 ȼɁɉ1 

′′ߙ = ்ߙ + ∑  𝑖 1,250 1,265 1,28 1,30 1,33 1,35 1,38ߙ

ɋɪɟɞɧɹɹ ɞɨɥɹ ɢɡɛɵɬɨɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ,  ˓˔ߙ

1,25 1,2575 1,2725 1,2900 1,3150 1,3400 1,3650 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ˏయˍˆ  𝐻ܸమை = 𝐻ܸమை଴ + Ͳ,Ͳͳ͸ͳሺߙ˔˓ − ͳሻܸ˅଴
 

 
 

0,6786 0,6793 0,6806 0,6821 0,6842 0,6864 0,6886 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ, ˏయˍˆ  ܸ̂ = ܸ̂଴ + Ͳ,Ͳͳ͸ͳሺߙ˔˓ − ͳሻܸ˅଴
 

 
 

7,2447 7,2857 7,3676 7,4631 7,5996 7,7360 7,8725 

Ⱦɨɥɹ ɨɛɴɟɦɚ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ 
ɬɪɟɯ ɚɬɨɦɨɜ ݎ௥𝑜మ = ௥ܸ𝑜మ/ܸ̂  

0,1329 0,1322 0,1307 0,1290 0,1267 0,1245 0,1223 

Ⱦɨɥɹ ɨɛɴɟɦɚ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ݎ𝐻మ𝑜 = 𝐻ܸమ𝑜/ܸ̂  
0,0937 0,0932 0,0924 0,0914 0,0900 0,0887 0,0875 

ɋɭɦɦɚɪɧɚɹ ɞɨɥɹ ɨɛɴɟɦɚ ˒ݎ = ௥𝑜మݎ +  𝐻మ𝑜ݎ
0,2266 0,2254 0,2231 0,2204 0,2168 0,2132 0,2098 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 18 
Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤɝ/ɤɝ  ܩˆ = ͳ − Ͳ,Ͳͳʏ˓ + ͳ,͵Ͳ͸ߙ˔˓ܸ˅଴ 

9,4324 9,4851 9,5903 9,7131 9,8885 10,0640 10,2394 

Ʉɨɧɰɟɧɬɪɚɰɢɹ  ɱɚɫɬɢɰ ɡɨɥɵ, ɤɝ/ɤɝ  ߤˊˎ = ʏ˓ߙ˖ː/ሺͳͲͲ ܩˆሻ 0,0341 0,0340 0,0336 0,0332 0,0326 0,0320 0,0315 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (15), 
ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɡɨɥɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (16): 

Ɋɚɫɫɱɢɬɚɟɦ ɷɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɫɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬ ɜ ɬɚɛɥɢɰɭ 
19. 

 
Ɍɚɛɥɢɰɚ 19 – ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

𝝑, ℃ 𝑯૙̂ ሺࢻ = ૚ሻ 

𝑯૙˅ ሺࢼ˅ == ૚ሻ 
ʜˊˎ 

𝑯ˆ = 𝑯૙̂ + ሺࢻ − ૚ሻ𝑯૙˅ + ʜˊˎ 

Ɍɨɩɤɚ (ɩɨ ࢻʡ) 

 
Ʉɉɉ-2 

 
Ʉɉɉ-1 

ȼɗɄ 2 
ɫɬ. 
(ɩɨ ࢻ˅эˍ૛) 

ȼɁɉ 2 
ɫɬ. 

(ɩɨ ࢻ˅˒૛) 

ȼɗɄ 1 
ɫɬ. 
(ɩɨ ࢻ˅эˍ૚) 

ȼɁɉ 1 
ɫɬ. 
(ɩɨ ࢻ˅˒૚ 

100 804,3 709,1 26,0       1099,8 

200 1630,5 1424,2 54,5      2183,4 2226,2 

300 2479,2 2148,3 84,9     3273,1 3316,0 3380,5 

400 3400,3 2913,2 115,9   4331,9 4390,2 4477,6 4535,9 4623,2 

500 4310,8 3678,6 147,6  5433,3 5488,5 5562,0 5672,4 5746,0 5856,3 

600 5245,4 4461,7 180,4 6541,2 6608,1 6675,1 6764,3 6898,1 6987,4 7121,2 

700 6203,7 5260,3 213,3 7732,0 7810,9 7889,8 7995,0 8152,8 8258,0 8415,8 

800 7182,6 6071,1 247,0 8947,3 9038,4 9129,4 9250,9 9433,0 9554,4 9736,5 

900 8178,0 6895,2 281,8 10183,6 10287,0 10390,5 10528,4 10735,2 10873,1  

1000 9189,7 7728,5 316,8 11438,7 11554,6 11670,5 11825,1 12056,9   

1100 10216,5 8625,5 353,2 12726,0 12855,4 12984,8 13157,3    

1200 11255,5 9428,3 388,6 14001,1 14142,6 14284,0     

1300 12308,5 10292,9 438,1 15319,9 15474,3      
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 

1400 13367,9 11163,7 509,6 16668,4       

1500 14437,5 12038,5 566,2 18013,3       

1600 15515,5 12920,1 614,7 19360,2       

1700 16603,1 13804,4 664,6 20718,8       

1800 17692,9 14689,9 715,8 22081,1       

1900 18789,3 15586,6 768,4 23454,3       

3.2 ɋɜɨɞɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ 

ɗɮɮɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɦɨɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨ ɢɬɨɝɭ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɬɚɛɥɢɰɚɯ 19, 20. 

ȼ ɬɚɛɥɢɰɟ 20 ɩɪɢɜɟɞɟɧɵ ɬɟɩɥɨɜɵɟ ɪɚɫɱɟɬɵ ɧɚ ɩɪɨɟɤɬɧɨɟ ɢ ɧɟɩɪɨɟɤɬɧɨɟ 
ɬɨɩɥɢɜɨ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɧɨɦɢɧɚɥɶɧɭɸ (230 ɬ/ɱ) ɧɚɝɪɭɡɤɭ ɢ 
ɦɢɧɢɦɚɥɶɧɭɸ ɛɟɡ ɩɨɞɫɜɟɬɤɢ ɦɚɡɭɬɨɦ (160 ɬ/ɱ). 

ȼ ɬɚɛɥɢɰɟ 21 ɨɬɪɚɠɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ 
ɧɚɝɪɟɜɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɞɚɱɢ ɬɟɩɥɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ  ɜ ȼɗɄ-2 ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ : 

0,7

0,330,14 Prɝ ɝ ɧ
ɤ ɝ z s

ɧ ɝ

d
C C

d

 


 
  

 
, (137) 

ɝɞɟ ɝ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ȼɬ/(ɦ∙Ʉ); 

ɝ  ɤɢɧɟɦ⠀ɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ; 
Prɱɢɫɥɨ ɉɪɚɧɞɬɥɹ; 

zC   ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɪɹɞɨɜ ɬɪɭɛ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɪɨɯɨɠɞɟɧɢɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ; 

SC ɤɨɷɮ-ɬ ɩɨɩɪɚɜɤɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɩɭɱɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɫɢɬ⠀ɟɥɶɧɵɯ ɲɚɝɨɜ ɬɪɭɛ: 

1,2 1
1 2 2

1 2

1
0,78 1

4 2
Sɋ 

 


   
   

,
 

   (138) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 

   1
ɌɊ ɊȻ

ɩɪ ɌɊ Ʉ Ʌ ɊȻ Ʉ Ʌ
H H ȿ
H H

          ,  (139) 

ɝɞɟ ɌɊH ɩɨɜɟɪɯɧɨɫɬɶ ɬɪɭɛ, ɧɟ ɡɚɧɹɬɚɹ ɪɟɛɪɚɦɢ, ɜɤɥɸɱɚɹ ɝɥɚɞɤɨɬɪɭɛɧɵɟ 
ɭɱɚɫɬɤɢ, ɦ2; 

ɊȻH ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɛɟɪ (ɩɪɨɫɬɚɜɨɤ), ɦ2; 

ɌɊ ɊȻɇ H H  ɩɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɟɛɪɟɧɧɨɣ ɫɬɨɪɨɧɵ ɬɪɭɛ, ɦ2; 

2

0,12
1

1ɊȻ


  


ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɪɟɛɪɭ ɤ 

ɫɪɟɞɧɟɦɭ ɜ ɩɭɱɤɟ; 
1,08ɌɊ  ɨɬɧɨɲɟɧɢɟ ɤɨɷɮ-ɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɬɪɭɛɟ ɤ ɫɪɟɞɧɟɦɭ ɜ ɩɭɱɤɟ. 
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Ɍɚɛɥɢɰɚ 20 – ɋɜɨɞɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ 
 Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ɍɨɩɥɢɜɨ Ⱦ Ⱦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ⱦ 
Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɬ/ɱ 230 160 160 230 160 230 230 

ȼɟɥɢɱɢɧɚ 
Ɋɚɫɱɟɬɧɚɹ 
ɮɨɪɦɭɥɚ 

Ɉɛɨɡɧɚ
ɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɄɉȾ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɟ,% (18) ݍହ 0,537 0,772 0,772 0,537 0,772 0,537 0,537 
ɉɨɬɟɪɹ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2,% (19) ݍଶ 6,571 6,355 6,413 7,228 5,83 6,238 5,978 
ɄɉȾ ɤɨɬɥɚ,% (20) 𝜂ˍ 92,192 92,173 92,116 91,535 92,698 92,525 92,786 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ (21) 7,808 8,931 6,029 8,888 5,987 5,345 7,87 ܤ 
Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ (22) 1,278 ˓˒ܦ 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ (23) ɪB  7,821 5,308 5,945 8,826 5,987 8,869 7,754 

 Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ 
Ɍɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɬɨɩɨɱɧɨɝɨ 
ɨɛɴɟɦɚ 

(26) Vq  115,708 78,529 77,117 114,484 77,51 114,829 114,72 

Ɍɟɩɥɨɬɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ (31) ɜQ  2836,97 2626,47 2336,3 2540,9 2072,819 2181,3 2420,639 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ, ɤȾɠ/ɤɝ (32) TQ  24736,9 24526,5 21536,3 21740,9 21272,819 21381,3 
24320,63

9 
Ʉɨɷɮ-ɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɨɜɨɣ 
ɮɚɡɨɣ 

(33) Ƚk  3,474 3,789 3,882 3,623 3,883 3,623 3,402 

Ʉɨɷɮ-ɬ ɭɦɟɧɶɲɟɧɢɹ ɢɡɥɭɱɚɟɦɨɣ 
ɷɧɟɪɝɢɢ ɱɚɫɬɢɰɚɦɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɩɨɬɨɤɟ ɝɚɡɚ 

(34) ɡɥk  81,137 86,7 88,079 83,291 88,119 83,291 79,986 

Ʉɨɷɮ-ɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ 
ɫɪɟɞɵ 

(35) k 2,479 2,632 3,338 3,173 3,339 3,173 2,446 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ (36) Bu  1,534 1,628 2,065 1,963 2,066 1,964 1,513 

ɗɮɮɟɤɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ 
Ȼɭɝɟɪɚ 

(37) эɮBu  0,955 0,938 0,848 0,87 0,848 0,87 0,958 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
ɉɚɪɚɦɟɬɪ Ɇ (38) Ɇ 0,427 

ɍɝɥɨɜɨɣ ɤɨɷɮ-ɬ ɷɤɪɚɧɚ (39) ɯ  0,987 

Ʉɨɷɮ-ɬ ɡɚɝɪɹɡɧɟɧɢɹ ɜɵɯɨɞɧɨɝɨ 
ɨɤɧɚ 

(40) ɜыɯ  0,405 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɷɤɪɚɧɨɜ 

(41) эɤɪ  0,444 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɚɡɨɜɨɝɨ ɨɤɧɚ 

(42) ɝɨ  0,405 

ɍɝɥɨɜɨɣ ɤɨɷɮ-ɬ ɩɨɬɨɥɤɚ (43) ɩɨɬɯ  0,919 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɨɬɨɥɤɚ 

(44) ɩɨɬ  0,413 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, 
ɨɫɪɟɞɧɟɧɧɵɣ 

(45) ɫɪ  0,438 

Ɍɟɦɩɟ⠀ɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɬɨɩɤɨɣ, ɋ  (46) 
''
Ɍɪɚɫɱɟɬ  1051,8 927,4 899,1 1016,39 897,66 1011,333 1080,226 

ɋɪɟɞɧɹɹ ɫɨɜɨɤɭɩɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 

ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ
ɤɝ °ɋ

 (47) ( )ɫɪVc  14,037 13,9 13,2 13,293 13,189 13,282 14,039 

Ɍɟɩɥɨ, ɜɨɫɩɪɢɧɹɬɨɟ ɷɤɪɚɧɚɦɢ 
ɬɨɩɤɢ ɢɡɥɭɱɟɧɢɟɦ, ɤȾɠ/ɤɝ (49) ɥQ  11895,569 13316,7 11276,6 10233,7 11024,875 9876,098 

11095,64
6 

ɉɪɢɧɹɬɵɣ ɩɨɬɨɤ ɬɟɩɥɚ, ɤȼɬ/ɦ2 (50) ɥq  110,769 84,158 79,825 107,545 78,464 104,131 102,438 

 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɪɚɞɢɚɰɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
ȼɨɫɩɪɢɹɬɢɟ  ɬɟɩɥɚ ɪɩɩ ɜ ɬɨɩɤɟ, 
ɤȾɠ/ɤɝ (51) ɩɨɬQ  579,183 648,375 549,046 498,27 535,952 480,107 540,235 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɪɩɩ ɜ ɝɨɪɢɡ. 
ɝɚɡɨɯɨɞɟ, ɤȾɠ/ɤɝ (54) ɝɝQ  108,077 140,568 125,717 93,84 124,664 94,331 115,282 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
ȼɨɫɩɪɢɧɹɬɨɟ ɬɟɩɥɨ Ɋɉɉ ɜ ɩɨɜ. 
ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ 

(56) ɩɤQ  78,833 115,418 111,647 75,206 110,875 74,841 85,605 

ɋɨɜɨɤɭɩɧɨɟ ɜɨɫɩɪɢɧɹɬɨɟ ɬɟɩɥɨ 
ɪɩɩ, ɤȾɠ/ɤɝ (57) ɪɩɩQ  765,593 904,361 786,41 667,316 771,491 649,279 741,123 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɹ ɩɚɪɚ 
ɜ Ɋɉɉ, ɤȾɠ/ɤɝ 

(58) ɪɩɩh  94,124 108 105,195 92,186 103,918 90,368 92,56 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ Ɋɉɉ, ɋ  (60) 
''
ɪɩɩt  329,547 332,039 331,528 329,207 331,296 328,89 329,273 

 Ɋɚɫɱɟɬ ɮɟɫɬɨɧɚ 

ɉɨɜɟɪɯɧɨɫɬɶ ɬɪɭɛ ɮɟɫɬɨɧɚ,ɦ2 (61) ɮF  226,918 

ɋɪɟɞɧɹɹ ɩɥɨɳɚɞɶ ɞɥɹ ɩɪɨɯɨɞɚ 
ɝɚɡɨɜ,ɦ2 

(64) ɝ ɫɪɟɞF  58,969 

Ɍɟɩɥɨ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ (66) 
ɮ
ɛQ  1464,42 1403,494 1359,93 1322,9 1338,2 1335,285 1455,01 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ, 

2

ȼɬ
ɦ Ʉ

 (70) ɤ  38,735 28,9 20,23 39,015 29,35 39,22 39,01 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɨɥɳɢɧɨɣ ɜ ɮɟɫɬɨɧɟ,ɦ 

(72) ɮs  1,436 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ (73) ɮa  0,365 0,387 0,534 0,511 0,534 0,511 0,359 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ, 

2

ȼɬ
ɦ Ʉ

 (74) ɥ  75,127 63,866 83,335 96,5 83,268 97,343 77,859 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 
(75) 1  113,862 92,743 112,57 135,515 112,618 136,563 116,869 

Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(76) K 74,01 60,283 73,168 88,085 73,202 88,766 75,965 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (77) t  675,5 551,45 521,611 626,6 521,486 630,89 704,8 

ɉɨɥɭɱɟɧɧɨɟ ɮɟɫɬɨɧɨɦ ɬɟɩɥɨ, 
ɤȾɠ/ɤɝ (78) 

Ɍ
ɮQ  1450,55 1421,25 1367,37 1331,9 1358,21 1344,95 1470,7 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɟ 
ɮɟɫɬɨɧɨɦ ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ (80) 

ɥ
ɮQ  387,397 433,68 502,507 456,03 490,52 439,41 494,4 

 Ɋɚɫɱɟɬ Ʉɉɉ-2 
Ʌɭɱɟɜɨɫɩɪɢɧɢɦɚɸɳɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, ɦ2 

(81) . 2.ɥ ɤɩɩF  30,39 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɟ 
Ʉɉɉ-2 ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ 

(82) . 2.ɥ ɤɩɩQ  430,441 481,864 182,6 165,713 178,245 159,672 179,7 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɨɫɩɪɢɧɹɬɨɝɨ ɜ 
Ʉɉɉ-2, ɤȾɠ⁄ɤɝ 

(83) 2
ɛ
ɤɩɩQ  2491,87 2118,767 1916,94 2155,07 1833,52 2106,48 2732,44 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ 
ɩɪɨɯɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ2 

(84) 2
ɝ

ɤɩɩf   36,039 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ, 

2

ȼɬ
ɦ Ʉ

 (86) ɤ  53,904 39,611 40,178 54,77 40,458 54,96 54,13 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɚɪɚ, ɦ/ɫ (87) ɩ  20,391 13,609 13,323 20,05 13,709 20,681 20,419 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ 

ɩɚɪɭ, 
2

ȼɬ
ɦ Ʉ

 

 

(89) 2  2466,51 1875,02 2152,148 2819,7 2123,893 2790,4 2801,56 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɨɥɳɢɧɨɣ,ɦ 

(91) 2ɤɩs   0,269 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ (73) 2ɤɩa   0,162 0,17 0,217 0,193 0,202 0,193 0,155 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ, 

2

ȼɬ
ɦ Ʉ

 (92) ɥ  31,886 25,273 29,865 34,597 28,391 35,2 31,48 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 
(93) 1  85,789 64,884 70,04 89,365 68,849 90,2 85,61 

Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(94) K 53,578 40,456 43,961 56,17 43,215 56,7 53,891 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (77) t  371,413 280,854 264,025 342,7 257,014 328,9 390,56 

ɉɨɥɭɱɟɧɧɨɟ Ʉɉɉ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 2
Ɍ
ɤɩQ  2519,079 2119,32 1932,8 2159,2 1836,72 2079,483 2687,43 

 Ɋɚɫɱɟɬ Ʉɉɉ-1 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɨɫɥɟ Ʉɉɉ-1, 
ɤȾɠ/ɤɝ (96) 

''
1ɤɩɩh   3054,609 3017,561 3007,645 3043,9 3049,279 3094,2 3111,435 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ Ʉɉɉ-1, ɤȾɠ⁄ɤɝ (97) 1
ɛ
ɤɩɩQ   2112,284 1748,12 1507,7 1816,7 1815,85 2177,123 2546,83 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ 
ɩɪɨɯɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ2 

(84) 1
ɝ

ɤɩɩf   24,768 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ (85) ɝ  8,493 5,246 5,369 8,82 5,373 8,7 8,4 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ, 

2

ȼɬ
ɦ Ʉ

 (99) ɤ  68,52 50,705 51,595 69,938 51,656 69,7 67,9 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɨɥɳɢɧɨɣ,ɦ 

(91) 1ɤɩs   0,373 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ, 

2

ȼɬ
ɦ Ʉ

 (92) ɥ  24,752 20,241 23,063 27,948 23,18 27,8 23,64 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 

 

(93) 1  85,675 65,288 68,085 89,039 67,312 87,4 81,74 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɚɪɚ, ɦ/ɫ (87) ɩ  14,104 9,686 9,618 14,065 9,857 14,45 14,23 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ 

ɩɚɪɭ, 2

ȼɬ
ɦ Ʉ

 
(89) 2  3066,7 2344,9 2655,36 3483,923 2584,8 3372,6 3268,09 

Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(94) K 54,175 41.288 43,139 56,433 42,643 55,374 51,83 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (77) t  294,716 215,178 197,31 226,09 186,737 252,2 279,42 

ɉɨɥɭɱɟɧɧɨɟ Ʉɉɉ-1 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 1
Ɍ
ɤɩɩQ   2143,674 1757,534 1503,64 1834,42 1812,577 2145,7 2545,41 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
 Ɋɚɫɱɟɬ ȼɗɄ-2 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɟ 
ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ (107) 2

ɛ
ɜэɤQ   1644,94 1248,6 1279,4 1481,1 1655,339 1932,7 2220,608 

Ɋɚɫ⠀ɯɨɞ ɩɢɬ. ɜɨɞɵ ɱɟɪɟɡ 
ɷɤɨɧɨɦɚɣɡɟɪ, ɤɝ/ɫ 

(108) ɜэD  64,889 45,33 45,33 65,167 45,33 64,997 63,367 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɩɟɪɟɞ 
ȼɗɄ-2, ˍДˉ ˍˆ⁄  
 

(109) 2
'
ɜэh  1031,75 993,8 1010,56 987,42 069,237 963,68 955,489 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ 
ɩɪɨɯɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ2 

(110) 𝑓 эଶˆ  24,11 

ɋɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ (85) ɝ  7,365 4,647 4,75 7,63 4,404 6,961 6,207 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ, 

2

ȼɬ
ɦ Ʉ

* (70) ɤ  78,385 46,213 60,4 80,06 45,529 64,512 59,298 

ɂɡɥɭɱɚɸɳɢɣ ɫɥɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɨɥɳɢɧɨɣ,ɦ 

(91) 2ɜэs   0,117 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ, 

2

ȼɬ
ɦ Ʉ

** (92) ɥ  8,039 7,004 8,32 9,3 7,822 8,627 8,877 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 

 

(93) 1  86,424 53,216 68,71 89,319 55,762 73,682 68,677 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
 
Ʉɨɷɮ-ɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(94) K 56,175 34,6 44,7 58,057 36,245 47,893 44,64 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (77) t  240,16 199,651 177,2 236,19 143,683 185,072 199,361 

ɉɨɥɭɱɟɧɧɨɟ ȼɗɄ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 2
Ɍ
ɜэɤQ   1673,34 1262,2 1290,9 1507,1 1660,16 1907,267 1,36 

 Ɋɚɫɱɟɬ ȼɁɉ-2 

ɑɢɫɥɨ ɬɪɭɛ ȼɁɉ-2 (115) ɬɪZ  10875 

ȼɨɫɩɪɢɹɬɢɟ ɬɟɩɥɚ  2 ɫɬ. ȼɁɉ, 
ɤȾɠ/ɤɝ (116) 2ɜɩQ  843,181 781,294 644,294 796,772 495,006 605,008 631,52 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɞɨɝɪɟɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ, °ɋ (117) 2ɫɪt  289 268 259 275 234,5 241,5 252,5 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɧɚ ɩɨɫɥɟ 
ȼɁɉ-2 ɤȾɠ/ɤɝ 

(118) 2
''
ɜɩH  4263,414 3835,628 3489,223 3917,66 3043,57 3325,59 3609,9 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ 
ɝɚɡɨɜ, ɦ2 

(119) 2
ɝ

ɜɩf  11,693 

ɋɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ (85) ɝ  13,386 8,594 8,761 13,894 8,191 12,75 12,08 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ 
ɜɨɡɞɭɯɚ, ɦ2 

(120) 2
ɜ

ɜɩf  19,358 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ (121) ɜ  5,123 3,347 3,441 5,262 3,305 4,864 4,75 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 

 

(122) 1  33,424 23,907 24,516 34,606 23,989 33,431 31,9 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɬɪɭɛɵ ɤ ɜɨɡɞɭɯɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(123) 2  66,158 51,904 53,09 67,782 52,304 66,682 64,7 

Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(124) K 14,433 10,639 10,9 14,891 10,69 14,474 13,9 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (125) 2ɜɩt  92,27 93,189 73,375 95,683 56,79 75,329 72,24 

ɉɨɥɭɱɟɧɧɨɟ ȼɁɉ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 2
Ɍ
ȼɁɉQ   828,82 772,709 654,801 785,67 493,517 598,274 629,44 

 Ɋɚɫɱɟɬ ȼɗɄ-1 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɟ 
ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ (126) 1

ɛ
ɜэɤQ   818,156 581,597 567,258 690,577 344,196 417,108 522,389 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɩɨɫɥɟ 
ȼɗɄ-1, ˍДˉ ˍˆ⁄  
 

(109) 1
''
ɜэh  1023,565 979,598 986,633 1019,41 957,408 982,437 989,537 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ 
ɩɪɨɯɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ2 

(110) 𝑓 эଵˆ  15,881 

ɋɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ (85) ɝ  9 5,857 5,988 9,382 5,496 8,472 8,06 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ, 

2

ȼɬ
ɦ Ʉ

 (70) 1  88,473 53,202 69,626 90,766 66,404 85,816 83,203 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(94) K 57,507 34,581 45,257 58,998 43,163 55,78 54,082 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (77) t  101,575 83,576 69,594 95,948 44,33 61,805 70,22 

ɉɨɥɭɱɟɧɧɨɟ ȼɗɄ-1 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 1
Ɍ
ɜэɤQ   802,941 585,368 569,513 689,48 343,607 417,87 526,52 

 Ɋɚɫɱɟɬ ȼɁɉ-1 

ȼɨɫɩɪɢɧɹɬɨɟ ɬɟɩɥɨ ȼɁɉ-1, ɤȾɠ/ɤɝ (116) 1ɜɩQ  1682,851 1581,81 1436,75 1554,6 1303,375 1373,9 1497,6 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °ɋ 
(117) 2ɫɪt  131 125 122,5 130 114 118,5 120 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɩɨɫɥɟ 
ȼɁɉ-2 ɤȾɠ/ɤɝ 

(118) 1
''
ɜɩH  1781,069 1686,18 1497,82 1690,1 1409,55 1552,2 1608,6 

ɋɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ (85) ɝ  10,258 6,794 6,938 10,779 6,784 10,39 9,154 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ (121) ɜ  3,683 2,463 2,558 3,87 2,52 3,7 3,5 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ɤ 

ɫɬɟɧɤɟ, 2

ȼɬ
ɦ Ʉ

 
(122) 1  30,525 22,242 22,922 31,802 22,735 31,6 28,4 

Ʉɨɷɮ-ɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɬɪɭɛɵ ɤ ɜɨɡɞɭɯɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(123) 2  66,158 45,347 46,458 59,319 46,35 58,85 56,6 

Ʉɨɷɮ-ɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  

(124) K 15,957 11,938 12,279 16,562 12,203 16,45 15,14 

ɇɚɩɨɪ ɬɟɦɩɟɪɚɬɭɪɧɵɣ, °ɋ (125) 1ɜɩt  84,037 71,6 70,55 84,367 66,053 76,65 79,67 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 

ɉɨɥɭɱɟɧɧɨɟ ȼɁɉ-2 ɬɟɩɥɨ, ɤȾɠ/ɤɝ (78) 1
Ɍ
ȼɁɉQ   1669,01 1568,9 1418,27 1540,985 1310,46 1383,5 1514,4 

*ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (137)  
** ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (139) 

 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɢ ɫɜɟɞɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ   ɜ ɬɚɛɥɢɰɭ 21. 

Ɍɚɛɥɢɰɚ 21 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɬɟɦɩɟɪɚɬɭɪ 
Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ɍɨɩɥɢɜɨ Ⱦ Ⱦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ƚ, ɩɪɨɦ Ⱦ 
Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɬ/ɱ 230 160 160 230 160 230 230 

ȼɩɪɵɫɤ, ɬ/ɱ 1 0 0 0 0 0,6 6,5 
ɄɉȾ ɤɨɬɥɚ, 𝜼ˍ˃,% 92,192 92,173 92,116 91,535 92,698 92,525 92,786 

Ƚɚɡɨɜɨɡɞɭɲɧɵɣ ɬɪɚɤɬ 
ɉɪɢɧɹɬɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, 𝜗˖˘ , ℃; 

150 146 138 152 128 135 139 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɡɚ ȼɁɉ, ݐˆ˅ , ℃; 338 314 300 325 266 280 290 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ,ݐ˘˅, ℃; 30 30 30 30 30 30 30 
Ɍɟɦ⠀ɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ȼɁɉ-1, ݐ˅ˊ˒−ଵ′′ , ℃; 232 220 215 230 198 207 210 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨ⠀ɡɞɭɯɚ ɩɟɪɟɞ ȼɁɉ-2, ݐ˅ˊ˒−ଶ′ , ℃; 240 222 218 225 203 203 215 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, 𝜗ʡ′′, ℃; 1051,837 927,003 899,06 1001 897 1001 1080,226 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɮɟɫɬɨɧɨɦ, 𝜗ʣ′′, ℃; 942 819 788 895 789 894 972 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɜɬɨɪɵɦ ɩɚɤɟɬɨɦ Ʉɉɉ, 𝜗ˍ˒˒−ଶ′′ , ℃; 

743 646 622 712 630 715 755 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ Ʉɉɉ-1, 𝜗ˍ˒˒−ଵ′′ , ℃; 571,778 501,621 489,598 555,3 471,275 528,028 549,501 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ȼɗɄ-2, 𝜗˅эˍ−ଶ′′ , ℃; 433 394 374 423 324 357 364 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ȼɁɉ-2, 𝜗˅ˊ˒−ଶ′′ , ℃; 363,355 329,753 317,944 353,514 279,473 304,359 312,023 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 21 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ȼɗɄ-1, 𝜗˅эˍ−ଵ′′ , ℃; 295 279 265 292 245,5 264 274 
Ɋɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, 𝜗˖˘ , ℃; 151,959 143,986 135,336 152,412 127,5 140,169 137,47 

ɉɚɪɨɜɨɞɹɧɨɣ ɬɪɚɤɬ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ȼɗɄ-1, ݐ˒˅, ℃; 

215 212 212 215 212 215 215 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɟɪɟɞ ȼɗɄ-2, ݐ˅эˍ−ଶ′ , ℃; 238,403 230,178 233,82 228,781 224,796 223,574 221,769 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ȼɗɄ-2, ݐ˅эˍ−ଶ′′ , ℃; 279,444 261,263 269,447 271,468 271,468 279,444 279,444 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ȼɗɄ-1, ݐ˅эˍ−ଵ′′ , ℃; 236,637 227,069 228,609 235,739 222,192 227,691 229,244 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜ ɛɚɪɚɛɚɧɟ, ݐ௦ , ℃; 

319,958 319,958 319,958 319,958 319,958 319,958 319,958 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ Ɋɉɉ, ݐ˓˒˒′′ , ℃; 329,547 332,039 331,528 329,207 331,296 328,89 329,273 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ Ʉɉɉ-1, ݐˍ˒˒−ଵ′′ , ℃; 388,716 377,704 374,853 385,492 387,099 401,064 406,622 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟɞ Ʉɉɉ-2, ݐˍ˒˒−ଶ′ , ℃; 385,913 377,704 374,853 385,492 387,099 399,264 387,209 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ݐˍ˒˒−ଶ′′ , ℃; 510 481 466 495 478 510 510 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ 28,352 19,242 21,553 31,997 21,704 32 28,11 
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ɉɨ ɬɚɛɥɢɰɟ 21 ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɫɨɫɬɚɜɢɦ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɧɚɝɪɟɜɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɟɤɬɧɨɟ ɢ 
ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ. Ɉɫɶ ɯ – ɧɚɝɪɭɡɤɚ ɩɨ ɩɚɪɭ, ɬ/ɱ, ɩɨ 
ɨɫɢ y – ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ℃. 

 

Ɋɢɫɭɧɨɤ 9 – ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

3.3 Ɍɟɯɧɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɉɨ ɬɟɩɥɨɜɨɦɭ ɪɚɫɱɟɬɭ (ɬɚɛɥ. 20, 21) ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɤɨɬɟɥ 
ɜɵɞɟɪɠɢɜɚɟɬ ɧɨɦɢɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. ȼ ɯɨɞɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ȼɗɄ-2, ɱɬɨ ɞɚɥɨ ɫɧɢɠɟɧɢɟ ɬɟɦɩ  ɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ 11,79 ℃, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɄɉȾ ɛɪɭɬɬɨ ɧɚ 0,33 %, ɱɬɨ , ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɚɫɬ 
ɷɤɨɧɨɦɢɸ ɜ ɬɨɩɥɢɜɧɵɯ ɢɡɞɟɪɠɤɚɯ. 

Ɍɚɤ ɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɤɨɬɥɚ ɧɚ ɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɟɥ ɛɭɞɟɬ ɜɵɞɟɪɠɢɜɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫ 
ɜɵɢɝɪɵɲɟɦ ɜ ɄɉȾ ɛɪɭɬɬɨ ɜ 0,594 %. 
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4 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

4.1 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 
ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɤɨɬɥɚ Ɍɉ-42 

Ɍ.ɤ. ɜ ɯɨɞɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɚ ɢɡɦɟɧɟɧɚ ɧɚɝɪɟɜɚɬɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ  
Ʉɉɉ-1 ɢ ȼɗɄ-2, ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɢɬɶ ɩɪɢɦɟɧɢɦɨɫɬɶ ɪɚɛɨɬɵ ɞɵɦɨɫɨɫɨɜ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ ɧɨɜɵɯ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ, ɚ ɬɚɤ ɠɟ ɨɰɟɧɢɬɶ ɢɡɦɟɧɟɧɢɟ ɞɨɥɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚ ɪɚɛɨɬɭ ɞɵɦɨɫɨɫɨɜ ɞɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

Ⱦɚɧɧɵɟ ɞɥɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 22. 

Ɍɚɛɥɢɰɚ 22 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞ  ɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɍɱɚɫɬɨɤ 
ɬɪɚɤɬɚ 

Ⱦɢɚɦɟɬɪ 
ɬɪɭɛ, d, 

ɦɦ 

z2, 
ɲɬ 

Ɉɬɧɨɲɟɧɢɟ 
ɲɚɝɚ ɬɪɭɛ ɤ 

ɞɢɚɦɟɬɪɭ 

Ⱦɥɢɧɚ 
ɩɪɨɞɨɥɶɧɨ 

ɨɦɵɜɚɟɦɵɯ 
ɬɪɭɛ, ɦ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 

ɝɚɡɨɜ, ϑɫɪ, 
°C 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 

ɝɚɡɨɜ, 
ωɝ, ɦ/ɫ 

𝒔૚𝒅  
𝒔૛𝒅  

Ɏɟɫɬɨɧ 60 4 4,3 5 - 894 4,892 
Ʉɉɉ-2 42 10 2,976 2,139 - 804,5 7,077 
Ʉɉɉ-1 32 18 2,813 3,906 - 621,514 8,644 
ȼɗɄ-2 32 24 3 1,328 - 442,514 6,961 
ȼɁɉ-2 37 80 2,125 1 3,7 330,68 12,746 
ȼɗɄ-1 32 18 3 1,328 - 284,18 8,472 
ȼɁɉ-1 37 80 2,125 1 7,4 202,084 10,391 

 
Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɧɚ ɧɨɦɢɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ (230 ɬ/ɱ). Ɋɚɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ 

ɜ ɬɚɛɥɢɰɟ 23. 

Ɍɚɛɥɢɰɚ 23 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧɵ 

Ɉɛɨɡɧɚɱɟ
ɧɢɟ 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ  / ɧɨɦɨɝɪɚɦɦɚ Ɂɧɚɱɟ
ɧɢɟ  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɮɟɫɬɨɧɚ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ 
ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɨɝɨ 
ɩɭɱɤɚ, ɉɚ 

∆ℎˆ˓ Ɋɢɫɭɧɨɤ 6 [4] 1,85 

Ʉɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ 
ɩɭɱɤɚ 

 ௦ Ɋɢɫɭɧɨɤ 7 [4] 1,21ܥ

Ʉɨɷɮ-ɬ ɮɨɪɦɵ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 

 𝑑 Ɋɢɫɭɧɨɤ 7 [4] 0,83ܥ
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 23 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 
ɮɟɫɬɨɧɚ, ɉɚ 

∆ℎ˗ ∆ℎˆ˓ ∙ ௦ܥ ∙ 𝑑ܥ ∙ ሺ𝑧ଶ + ͳሻ 9,29 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʉɉɉ-2 

ɉɚɪɚɦɟɬɪ ߰ ߰ 
ଵݏ − ଶݏ݀ − ݀ Ͳ,ͷ͹ͺ 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɨɪɢɞɨɪɧɵɯ 
ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɨɱɧɨɦ 
ɨɦɵɜɚɧɢɢ 

𝜉ˆ˓ Ɋɢɫɭɧɨɤ 4 [4] 0,56 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮ-ɬ ܥ𝜎 Ɋɢɫɭɧɨɤ 5 [4, ɫ.11] 0,58 
Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ 
ɪɹɞɭ ɩɭɱɤɚ 

𝜉଴ 𝜉ˆ˓ ∙  𝜎 Ͳ,͵ʹͷܥ

Ⱦɢɧɚɦɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 8 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
Ʉɉɉ-2 

𝜉 𝜉଴ ∙ 𝑧ଶ 3,25 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɨɪɢɞɨɪɧɨɝɨ ɩɭɱɤɚ 
Ʉɉɉ-2 

∆ℎˍ˒˒−ଶ 𝜉 ∙ ℎˇ ʹͷ,ͻͺͶ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʉɉɉ-1 

ɉɚɪɚɦɟɬɪ ߰ ߰ 
ଵݏ − ଶݏ݀ − ݀ Ͳ,͸ʹͶ 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɨɪɢɞɨɪɧɵɯ 
ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɨɱɧɨɦ 
ɨɦɵɜɚɧɢɢ 

𝜉ˆ˓ Ɋɢɫɭɧɨɤ 4 [4] 0,52 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮ-ɬ ܥ𝜎 Ɋɢɫɭɧɨɤ 5 [4, ɫ.11] 0,6 
Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɨɬɧɟɫɟɧɧɵɣ ɤ 1-ɦɭ ɪɹɞɭ 
ɩɭɱɤɚ 

𝜉଴ 𝜉ˆ˓ ∙  ʹ𝜎 Ͳ,͵ͳܥ

Ⱦɢɧɚɦɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 16 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
Ʉɉɉ-1 

𝜉 𝜉଴ ∙ 𝑧ଶ 5,616 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɨɪɢɞɨɪɧɨɝɨ ɩɭɱɤɚ 
Ʉɉɉ-1 

∆ℎˍ˒˒−ଵ 𝜉 ∙ ℎˇ ͺͻ,ͺͷ͸ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɗɄ-2 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ 
ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ 
ɩɭɱɤɨɜ, ɉɚ 

∆ℎˆ˓ Ɋɢɫɭɧɨɤ 6 [4] 3,75 

Ʉɨɷɮ-ɬ ɮɨɪɦɵ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 

 ௦ Ɋɢɫɭɧɨɤ 7 [4] 1ܥ
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 23 
Ʉɨɷɮ-ɬ ɮɨɪɦɵ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 

 𝑑 Ɋɢɫɭɧɨɤ 7 [4] 0,98ܥ

Ʉɨɷɮ-ɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɦɟɦɛɪɚɧɧɨɟ 
ɢɫɩɨɥɧɟɧɢɟ ɩɭɱɤɚ 

n (1,25) [5] 1,1 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 
ȼɗɄ-2, ɉɚ 

∆ℎ˅эˍ−ଶ ݊ ∙ ∆ℎˆ˓ ∙ ௦ܥ ∙ 𝑑ܥ ∙ ሺ𝑧ଶ + ͳሻ 101,0
63 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ-2 
ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ ɬɪɭɛ, ɦ2 2

ɝ
ɜɩf  (119) 

11,69
3 

ɋɟɱɟɧɢɟ ɝɚɡɨɯɨɞɚ ɛF  T ɲb a  31,56
9 

Ɉɬɧɨɲɟɧɢɟ 
ɫɨɜɨɤɭɩɧɨɝɨ ɫɟɱɟɧɢɹ 
ɬɪɭɛ ɤ ɩɥɨ⠀ɳɚɞɢ ɠɢɜɨɝɨ 
ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ 

ɦ

ɛ

F

F
 ɦ

ɛ

F

F
 0,37 

Ʉɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ  
dɜɧ 

 Ɋɢɫɭɧɨɤ 7 [4] 1 ˛ܥ

ɍɦɟɧɶɲɟɧɢɟ ɧɚɩɨɪɚ ɜ 
ɬɪɭɛɤɚɯ Ɍȼɉ, ɉɚ/ɦ 

∆ℎˆ˓′  Ɋɢɫɭɧɨɤ 8 [4] 45 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɦ 

ℎ˅ˊ˒ Ɍɚɛɥɢɰɚ 2 3,7 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

∆ℎ˕˓ ܥ˛ ∙ ∆ℎˆ˓′ ∙ ℎ˅ˊ˒ 166,5 

ɑɢɫɥɨ ɤɭɛɨɜ ɩɨ ɯɨɞɭ 
ɝɚɡɨɜ 

݉ Ɋɢɫɭɧɨɤ 1 2 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɚ ɜɯɨɞɟ 

𝜉˅˘ Ɋɢɫɭɧɨɤ 9 [4] 0,35 

Ʉɨɷɮ-ɬ ɫɨɩɪɨ⠀ɬɢɜɥɟɧɢɹ 
ɧɚ ɜɵɯɨɞɟ 

𝜉˅ы˘ Ɋɢɫɭɧɨɤ 9 [4] 0,425 

Ⱦɢɧɚ⠀ɦɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 45 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡ-ɡɚ 
ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɩɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ 
ȼɁɉ, ɉɚ 

∆ℎˋˊˏ ݉ ∙ ሺ𝜉˅˘ + 𝜉˅ы˘ሻ ∙ ℎˇ 69,75 

ɋɭɦɦɚɪɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ-2, 
ɉɚ 

∆ℎ˅ˊ˒−ଶ ∆ℎ˕˓ + ∆ℎˋˊˏ 236,2
5 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɗɄ-1 
ɋɨɩɪɨɬɢ⠀ɜɥɟɧɢɟ ɨɞɧɨɝɨ 
ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ 
ɩɭɱɤɨɜ, ɉɚ 

∆ℎˆ˓ Ɋɢɫɭɧɨɤ 6 [4] 7,8 

Ʉɨɷɮ-ɬ ɮɨɪɦɵ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 

 ௦ Ɋɢɫɭɧɨɤ 7 [4] 1ܥ

Ʉɨɷɮ-ɬ ɮɨɪɦɵ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 

 𝑑 Ɋɢɫɭɧɨɤ 7 [4] 0,98ܥ
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 23 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ 
ȼɗɄ-1, ɉɚ 

∆ℎ˅эˍ−ଵ ∆ℎˆ˓ ∙ ௦ܥ ∙ 𝑑ܥ ∙ ሺ𝑧ଶ + ͳሻ 145,2
36 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ-1 
ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ ɬɪɭɛ, ɦ2 1

ɝ
ɜɩf  (119) 

11,69
3 

ɋɟɱɟɧɢɟ ɝɚɡɨɯɨɞɚ ɛF  T ɲb a  31,56
9 

Ɉɬɧɨɲɟɧɢɟ 
ɫɨɜɨɤɭɩɧɨɝɨ ɫɟɱɟɧɢɹ 
ɬɪɭɛ ɤ ɩɥɨ⠀ɳɚɞɢ ɠɢɜɨɝɨ 
ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ 

ɦ

ɛ

F

F
 ɦ

ɛ

F

F
 0,37 

Ʉɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ  
dɜɧ 

 Ɋɢɫɭɧɨɤ 7 [4] 1 ˛ܥ

ɍɦɟɧɶɲɟɧɢɟ ɧɚɩɨɪɚ ɜ 
ɬɪɭɛɤɚɯ Ɍȼɉ, ɉɚ/ɦ 

∆ℎˆ˓′  Ɋɢɫɭɧɨɤ 8 [4] 41 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ȼɁɉ-1, 
ɦ 

ℎ˅ˊ˒ Ɍɚɛɥɢɰɚ 2 7,4 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

∆ℎ˕˓ ܥ˛ ∙ ∆ℎˆ˓′ ∙ ℎ˅ˊ˒ 303,4 

ɑɢɫɥɨ ɤɭɛɨɜ ɩɨ ɯɨɞɭ 
ɝɚɡɨɜ 

݉ Ɋɢɫɭɧɨɤ 1 4 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɚ ɜɯɨɞɟ 

𝜉˅˘ Ɋɢɫɭɧɨɤ 9 [4] 0,35 

Ʉɨɷɮ-ɬ ɫɨɩɪɨ⠀ɬɢɜɥɟɧɢɹ 
ɧɚ ɜɵɯɨɞɟ 

𝜉˅ы˘ Ɋɢɫɭɧɨɤ 9 [4] 0,425 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 36 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡ-ɡɚ 
ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɩɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ 
ȼɁɉ, ɉɚ 

∆ℎˋˊˏ ݉ ∙ ሺ𝜉˅˘ + 𝜉˅ы˘ሻ ∙ ℎˇ 111,6 

ɋɭɦɦɚɪɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ-1, 
ɉɚ 

∆ℎ˅ˊ˒−ଵ ∆ℎ˕˓ + ∆ℎˋˊˏ 415 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɭɱɚɫɬɤɚ ȼɁɉ-1 - ɡɨɥɨɭɥɨɜɢɬɟɥɶ 
ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ 
ɨɬɜɨɞɹɳɟɝɨ  ɝɚɡɨɯɨɞɚ, 
ɦ2 

F 1ȼɁɉ
ɨɬɜ  ܽ ∙ ܾ 5 

ɋɟɤɭɧɞɧɵɣ ɨɛɴёɦɧɵɣ 
ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 
ɦ 3 /ɫɟɤ 

V ɫɟɤ  
273

)273( ..  ɝɭɯɪɝɭɯ ȼV 
 

104,3
48 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ 
ɝɚɡɨɯɨɞɟ, ɦ/ɫ ɝ  1

ɫɟɤ
ȼɁɉ

ɨɬɜF

V
 20,87 

Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ, ɦ ɤ ɡɭl   - 8 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 0,02 [4] (3.1.21) ߣ 
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ɗɤɜɢɜɚɥɟɧɬɧɵɣ 
ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ, ɦ 

݀э 2ab

a b
 0,833 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, 
ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

∆ℎ˕ʑ˓Зʞ−Зʢ ߣ ∙ ɤ ɡɭl ݀э ∙ ℎˇ 34,56 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɭɱɚɫɬɤɚ ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɫɨɫ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ 
ɝɚɡɨɜ 

𝜗˖˘  Ɍɚɛɥɢɰɚ 21 135 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ 
ɩɟɪɟɞ ɦɨɤɪɵɦ Ɂɍ, 
ɤɤɚɥ/ɤɝ 

 ɂɧɬɟɪɩɨɥɢɪɭɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 19 ɜ ɫɬɨɥɛɰɟ ̂′ܫ
ȼɁɉ-1 ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 𝜗˖˘ (ɬɚɛɥɢɰɚ 21) 
356,57 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ, 
ɦ3/ɤɝ V ɝ  Ɍɚɛɥɢɰɚ 18, ɤɨɥɨɧɤɚ ȼɁɉ-1 

7,872
5 

ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɩɪɢ 
ɜɯɨɞɟ ɜ Ɂɍ, ɦ 3 /ɤɝ 

V
OH2

 Ɍɚɛɥɢɰɚ 18, ɤɨɥɨɧɤɚ ȼɁɉ-1 
0,688

6 

Ɉɛɴёɦ ɫɭɯɢɯ ɝɚɡɨɜ 
ɩɟɪɟɞ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ, ɦ 3 /ɤɝ 

V ..ɝɫ  V ɝ - V
OH2

 7,184 

ɍɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɢɯ 
ɝɚɡɨɜ ɩɟɪɟɞ 
ɡɨɥɨɭɥɨɜɢɬɟɥɟɦ, ɤɝ/ ɦ 3 

. .ɫ ɝ  (2-14) [5] 0,141 

ɉɨɥɧɨɟ 
ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɫɭɯɢɯ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, 
ɤɤɚɥ/ɤɝ 

ɩi  
 

2

'

. . . .

0,804 595 0,47ɝ H O ɭɯ
ɩ

ɫ ɝ ɫ ɝV g

I V
i







 


 

169,9
06 

Ɍɟɦɩɟɪɚɬɭɪɚ, 
ɩɨɞɚɜɚɟɦɨɣ ɧɚ 
ɨɪɨɲɟɧɢɟ ɜɨɞɵ, ℃ 

't  (2-13) [5] 15 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɦɨɤɪɨɝɨ 
ɬɟɪɦɨɦɟɬɪɚ, ℃ ɦt  Ɋɢɫɭɧɨɤ 2-5 [5] 60 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ 
ɦɨɤɪɵɦ 
ɡɨɥɨɭɥɨɜɢɬɟɥɟɦ 

"
ɡɭ  

'
"

'

5,6

2 4,37 2,9
ɭɯɦ

ɡɭ ɭɯ ɭɯ
ɝ ɭɯ

ɝ

ɝ

t t V

VI


  


 

     




 

102,7
99 

Ɍɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ "

ɡɭ , 
ɤɤɚɥ/ɤɝ 

 ɂɧɬɟɪɩɨɥɢɪɭɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 19 ɜ ɫɬɨɥɛɰɟ ′̂′ܫ

ȼɁɉ-1 ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ "
ɡɭ  

262,7
68 

ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɧɚ 
ɨɪɨɲɟɧɢɟ, ɤɝ/ɫ ɨɪG  Ɍɚɛɥɢɰɚ III -10 [5] 0,12 

Ɉɛɴɟɦ ɢɫɩɚɪɟɧɧɨɣ 
ɜɥɚɝɢ ɧɚ 1 ɤɝ ɬɨɩɥɢɜɚ, ɦ
3 /ɤɝ 

ɢɫɩV  
 

 

' ' ' '

' '0,804 0,595 0,47

ɨɪ
ɝ ɝ ɦ

ɪ
ɢɫɩ

ɦ

G
I I t t

B
V

t

   


  
 0,199 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ ɡɚ 
ɡɨɥɨɭɥɨɜɢɬɟɥɟɦ,     ɦ 3

/ɤɝ 
ɩɨɥɧV  ɝ ɢɫɩV V  8,071 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 23 
ɋɟɤɭɧɞɧɵɣ ɨɛɴёɦɧɵɣ 
ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɡɚ ɡɭ, ɦ 3 /ɫɟɤ 

V ' '
ɫɟɤ  

"( 273)

273
ɩɨɥɧ ɪ ɡɭV ȼ   

 
98,53

9 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ 
ɨɬɜɨɞɹɳɟɝɨ  ɝɚɡɨɯɨɞɚ, 
ɦ2 

F Ɂɍ ɞɫ
ɨɬɜ

  ܽ ∙ ܾ 6 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ 
ɝɚɡɨɯɨɞɟ, ɦ/ɫ ɝ  

''
ɫɟɤ

Ɂɍ ɞɫ
ɨɬɜ

V

F   19,78 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 0,02 [4] (3.1.21) ߣ 
ɗɤɜɢɜɚɥɟɧɬɧɵɣ 
ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ, ɦ 

݀э 2ab

a b
 2,4 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, 
ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 190 

Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ, ɦ ɡɭ ɞɫl   - 11 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

∆ℎ˕˓Зʢ−Дʠ ߣ ∙ ɡɭ ɞɫl ݀э ∙ ℎˇ 
17,41

7 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɭɱɚɫɬɤɚ ɞɵɦɨɫɨɫ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ, ɦ ɞɫ ɞɬl   - 16 
Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, 
ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 190 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

∆ℎ˕Д˓ʠ−Дʡ ߣ ∙ ɞɫ ɞɬl ݀э ∙ ℎˇ 25,33 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ 
Ʉɨɷɮ-ɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɡɚɩɵɥɟɧɧɨɫɬɶ 
ɩɨɬɨɤɚ 

k1 (3.1.26) [4] 1 

Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɷɬɚɥɨɧɧɨɝɨ ɰɢɤɥɨɧɚ 
ɩɪɢ ɩɪɨɞɭɜɤɟ ɱɢɫɬɵɦ 
ɜɨɡɞɭɯɨɦ 

𝜉 Ɍɚɛɥɢɰɚ 3.1.7 [4] 2,6 

Ɉɛɳɢɣ ɤɨɷɮ-ɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɚɩɥɟɭɥɨɜɢɬɟɥɹ 

𝜉˓ˍ 𝑘ଵ ∙ 𝜉 2,6 

Ɉɛɳɢɣ ɤɨɷɮ-ɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɭɛɵ 
ȼɟɧɬɭɪɢ 

𝜉˓˕ Ɋɢɫɭɧɨɤ VII-10 [5] 0,6 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, 
ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 170 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ɂɍ, ɉɚ ∆ℎˊ˖ 𝜉˓˕ ∙ ℎˇ + 𝜉˓ˍ ∙ ℎˇ 492,4 
Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 
ɭɫɬɶɹ ɞɵɦɨɜɨɣ, ɦ 

d0 - 6 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ 
ɬɪɭɛɵ, ɦ ɞɬH  - 120 
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Ⱦɨɥɹ ɩɪɢɫɚɫɵɜɚɟɦɨɝɨ 
ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ 
ɭɱɚɫɬɤɟ ɦɟɠɞɭ ȼɁɉ ɢ 
Ⱦɋ 

0,01 ߙ∆
10

ɤ ɡɭ ɡɭ ɞɫl l 
  0,019 

ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ Ɂɍ ∆0,05 [5] (2-7) ˖ˊߙ 
ɋɭɦɦɚɪɧɵɟ ɩɪɢɫɨɫɵ 
ɜɨɡɞɭɯɚ 

ߙ∆ ˏ˖˔ߙ∆ +  0,024 ˖ˊߙ∆

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ, ℃ 

𝜗ˇ 

"
ɭɯ ɡɭ ɯɜ

ɭɯ

t  
 
   

 
 

92,01
4 

Ɋɚɫɯɨɞ ɝɚɡɨɜ ɜ 
ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɦ3/ɫ ɬɪɛV   0

.

273
4

273
Ⱦ

ɪ ɭɯ ɝ ɜB V V





      
61,59810

Cɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ 
ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ 
ɬɪɭɛɵ, ɦ/ɫ 

߱଴ 
2

2
0

0,0188ɬɪɛV

d


 15,7 

ɉɥɨɬɧɨɫɬɶ ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɤɝ/ ɦ 3 

0  (3.1.32) [4] 1,23 

ɋɚɦɨɬɹɝɚ ɞɵɦɨɜɨɣ 
ɬɪɭɛɵ, ɉɚ ɫɞɬh  

0

273
1,23

273ɞɬ
ɝ

H g 


 
  

 285,7 

ȼɵɫɨɬɚ ɨɩɭɫɤɧɨɝɨ 
ɝɚɡɨɯɨɞɚ ɤɨɬɥɚ, ɦ ɤH  - 21,31 

ɋɪɟɞɧɹɹ ɞɨɥɹ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɩɨ ɜɵɫɨɬɟ 
ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ 

ɫɪ  1

2
ɤɩɩ ɭɯ  

 1,33 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ ɜ Ʉɒ, ɋ  .

ɫɪ
ɲɚɯɬ  1

''

2
ɤɩɩ ɭɯ  

 
331,5 

ɋɪɟɞɧɢɣ ɨɛɴɟɦ ɝɚɡɨɜ 
ɩɨ ɲɚɯɬɟ, ɤɝ/ ɦ 3 . .

ɫɪ
ɝ ɲɚɯɬV  

1 1

2

Ʉɉɉ ȼɁɉ
ɝ ɝV V 

 7,62 

ɍɞɟɥɶɧɵɣ ɜɟɫ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ ɜ ɤɲ, ɤɝ/ ɦ 3 0  

0

. .

1 0,01 1,306Ɋ
ɜ

ɫɪ
ɝ ɲɚɯɬ

Ⱥ V
V

 
 1,312 

ɋɚɦɨɬɹɝɚ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɲɚɯɬɵ, ɉɚ ɫɤɲh  

0

273
1,23

273ɤ
ɝ

H g 


 
  

 
133,2

75 

ɋɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ, 
ɉɚ Hɫ ɫɞɬ ɫɤɲh h  152,4 

Cɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
Ʉɨɷɮ-ɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 0,02 [4] (3.1.21) ߣ 
ɋɪɟɞɧɢɣ ɭɤɥɨɧ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

i (3.1.29) [4] 0,02 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, 
ɉɚ 

ℎˇ Ɋɢɫɭɧɨɤ 3 [4] 135 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, 
ɉɚ 

ℎ˕˓ 
𝑖ߣͅ ∙ ℎˇ 

16,87
5 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 23 
ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɫ 
ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, 
ɉɚ 

ℎ˅ы˘ 𝜉˅ы˘ ∙ ℎˇ 135 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɉɚ 

∆ℎˇ˕ ℎ˕˓ + ℎ˅ы˘ 151,8
75 

Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2 [4] 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 1-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏଵ 𝜉ˏଵ ∙ ℎˇଵ = ͳ ∙ ͶͶ 44 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 2-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏଶ 𝜉ˏଶ ∙ ℎˇଶ = ͳ ∙ ͳͺͲ 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 3-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏଷ 𝜉ˏଶ ∙ ℎˇଶ = ͳ ∙ ͳͺͲ 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 4-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏସ 𝜉ˏସ ∙ ℎˇସ = ͳ ∙ ͳͺͲ 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 5-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏହ 𝜉ˏହ ∙ ℎˇହ = ͳ ∙ ͳͺͲ 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 6-ɝɨ 
ɩɨɜɨɪɨɬɚ, ɉɚ ∆ℎˏ଺ 𝜉ˏ଺ ∙ ℎˇ଺ = ͳ ∙ ͳͺͲ 180 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɯɨɞɚ ɜ 
ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɉɚ 

∆ℎ˅˘ ˇ˕ 𝜉ˏ ˅˘ ∙ ℎˇ ˇ˕ = ͳ ∙ ͳͺͲ 180 

ɋɟɱɟɧɢɟ ɤɨɪɨɛɚ 
ɩɨɞɜɨɞɚ ɤ Ɂɍ, ɦ2 

Fɤɨɪ - 12 

Cɨɩɪɨɬɢɜɥɟɧɢɟ ɜɯɨɞɚ ɜ 
ɫɛɨɪɧɵɣ ɤɨɪɨɛ ɩɟɪɟɞ 
Ɂɍ, ɉɚ 

ℎ˅˘ ˍˑ˓ 𝜉ˏ ˅˘ ∙ ℎˇ ˇ˕ = Ͳ,͵ͷ ∙ ͶͶ 15,4 

ɋɭɦɦɚ ɦɟɫɬɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ℎ˔˖ˏˏ ∆ℎˏ = ∑ ∆ℎˏ𝑖଺
ଵ + ℎ˅˘ ˍˑ˓ 

1070,
4 

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ 
Ɋɚ ɡɪɟɠɟɧɢɟ ɩɨɫɥɟ 
ɬɨɩɤɢ, ɉɚ 

ℎ′̞′ (3.1.39) [4] 30 

ɋɭɦɦɚɪɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ 
ɬɪɚɤɬɚ, ɉɚ 

 ܪ∆

2 1 2ɮ Ʉɉɉ Ʉɉɉ ȼЭɄh h h h        

2 1 1
ȼɁɉ Ɂɍ

ȼɁɉ ȼЭɄ ȼɁɉ ɬɪh h h h 
        

Ɂɍ Ⱦɋ Ⱦɋ ȾɌ
ɬɪ ɬɪ ɡɭ ɦ ɞɬh h h h h       

2814,
7 

ɉɟ ɪɟɩɚɞ ɩɨɥɧɵɯ 
ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ 
ɬɪɚɤɬɭ, ɉɚ 

′̞′ℎ ˒ܪ + ܪ∆ − ,2692 ˔ܪ
26 

 
ɉɨ ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɩɟɪɟɩɚɞɭ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɪɨɜɟɪɢɦ ɩɪɢɦɟɧɢɦɨɫɬɶ 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɵɦɨɫɨɫɨɜ ɦɚɪɤɢ Ⱦ-18ɯ2. 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɉɚ: ܪˇ = ଶߚ ∙ ˒ܪ = ͳ,ʹ ∙ ʹ͸ͻʹ,ʹ͸ = ͵ʹ͵Ͳ,͹,    (140) 

ɝɞɟ ߚଶ – ɤɨɷɮ-ɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɟɡɟɪɜ ɞɚɜɥɟɧɢɹ; 
 .ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɉɚ – ˒ܪ 
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Ɋɚɫɯɨɞ ɝɚɡɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

   0

273
8,869 8,071 0,24 5,373

273
Ⱦɜ

Ⱦ ɪ ɝV B V V





        

92,014 273
111,002

273


  ,    (141) 

ɝɞɟ 
3ɦ

8,071
ɤɝɝ ɩɨɥɧV V  ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɡɨɥɨɭɥɨɜɢɬɟɥɟɦ (ɫɦ. ɬɚɛɥɢɰɭ 

23) 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɞɵɦɨɫɨɫɚ, ɦ3/ɱ : ܳˇ = ఉభ∙𝑉ଶ = ଵ,ଵ∙ଵଵଵ,଴଴ଶଶ ∙ ଷ଺଴଴ଵ଴଴଴ = ʹͳͻ,͹ͺͶ,    (142) 

ɝɞɟ ߚଵ – ɤɨɷɮ-ɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; ܸ̌  – ɪɚɫ ɯɨɞ ɝɚɡɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ   

ɉɨ ɪɢɫɭɧɤɭ 47  [4] ɨɩɪɟɞɟɥɹɟɦ ɄɉȾ 𝜂ˇ = Ͳ,͹ Ⱦɇ–18ɯ2 ɫ ɱɢɫɥɨɦ 
ɨɛɨɪɨɬɨɜ n=740 ɨɛ/ɦɢɧ. Ⱦɚɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚɩɨɪ ɥɟɠɚɬ ɜ ɪɚɛɨɱɟɣ 
ɨɛɥɚɫɬɢ ɞɵɦɨɫɨɫɚ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɞɵɦɨɫɨɫɚ, ɤȼɬ: 

3 3

3

10 61,051 3230,7 10
1,05 295,858

0,7
Ⱦ Ⱦ

Ⱦ
Ⱦ

Q H
N 



    
       (143) 

ɝɞɟ ߚଷ – ɤɨɷɮ-ɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ߚଷ = ͳ,Ͳͷ; 
 ܳˇ – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (139); 
 ;ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (137) – ˇܪ 
 𝜂ˇ – ɄɉȾ ɞɵɦɨɫɨɫɚ.



101 
 

4.2 Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰ 5, 18, 20. Ɋɚɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 24. 

Ɍɚɛɥɢɰɚ 24 – Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧ
ɢɟ 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ  / ɧɨɦɨɝɪɚɦɦɚ 

Ɂɧɚɱɟɧɢɟ  
ɞɨ 

ɪɟɤɨɧɫɬɪɭɤɰ
ɢɢ 

Ɂɧɚɱɟɧɢɟ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼɵɛɪɨɫ ɬɜɟɪɞɵɯ ɥɟɬɭɱɢɯ ɱɚɫɬɢɰ 
Ⱦɨɥɹ ɡɨɥɵ ɜ ɭ ɧɨɫɟ ɭɧa  - 0,95 

ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ,% ɡɭ  - 98,5 

Ɇɚɫɫɚ ɬɜɟɪɞɵɯ ɥɟɬɭɱɢɯ ɱɚɫɬɢɰ, ɝ/ɫ ɬɜM  40,01 1
32,68 100

ɪ
ɡɭɪ ɧ

ɭɧ
Q

B a A q
  

    
  

 18,398 30,842 

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ ɭɫɥB  ɤȾɠ
29300

ɤɝ

ɪ
ɧBQ

 
5,887 5,853 

ȼɵɛɪɨɫ ɬɜ. ɥɟɬ. ɱɚɫɬɢɰ, ɤɝ/ɬ ɭ. ɬ. ɌȼB  
ɬɜ

ɭɫɥ

M

B
 3,125 5,27 

ɉȾȼ ɬɜɟɪɞɵɯ ɥɟɬɭɱɢɯ ɱɚɫɬɢɰ, ɤɝ/ɬ ɭ. ɬ. ɬɜɉȾȼ  Ɍɚɛɥɢɰɚ 2.2 [6] 5,86 

ȼɵɛɪɨɫ ɥɟɬɭɱɟɣ ɡɨɥɵ, ɝ/ɫ ɡɨɥыM  0,01 1
100

ɡɭɊ
ɭɧB a Ⱥ

 
     

 
 17,844 30,291 

ȼɵɛɪɨɫ ɨɤɫɢɞɨɜ ɫɟɪɵ SOx ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ SO2 

Ⱦɨɥɹ ɫɜɹɡɵɜɚɟɦɵɯ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ 
ɝɚɡɨɯɨɞɚɯ ɤɨɬɥɚ ɨɤɫɢɞɨɜ ɫɟɪɵ 2

'
SO  Ɍɚɛɥɢɰɚ 3.2 [6] 0,1 0,1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 24 
Ⱦɨɥɹ ɡɚɞɟɪɠɚɧɧɵɯ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ ɨɤɫɢɞɨɜ 
ɫɟɪɵ 2

' '
SO  Ɋɢɫɭɧɨɤ 3.1 [6] 0,075 0,075 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ SO2 , ɝ/ɫ 
2SOM    

2 2

' ''0,02 1 1ɪ
SO SOB S       52,451 74,354 

ȼɵɛɪɨɫ SO2, ɤɝ/ɬ ɭ. ɬ. 
2SOB  

2SO

ɭɫɥ

M

B
 8,91 12,704 

ɉȾȼ SO2, ɤɝ/ɬ ɭ. ɬ. 
2SOɉȾȼ  Ɍɚɛɥɢɰɚ 2.4 [6] 14,7 

ȼɵɛɪɨɫ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ 

Ɉɬɧɨɲɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɣ ɤ ɧɨɦɢɧɚɥɶɧɨɣ 
ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɄȺ 

ɮ

ɧ

D

D
 - 1 

Ʉɨɷɮ-ɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ 
ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ 

Ⱥ (3,23) [6] 0,521 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɡɚ Ɂɍ, 
ɦɤɝ/ɦ3 

Ɍ
Ȼɉɋ  

1,1

''
1

exp(1,5 ) 100

ɪ
ɮ ɡɭɧ

Ɍ ɧ

D ZȺQ
D




   
    
  

 3,71 1610  3,252 1610  

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ȻɉM  
Ɍ
Ȼɉ ɩɨɥɧ ɪɋ V B   2,463 810  2,328 810  

ȼɵɛɪɨɫ NOx 

Cɨɞɟ ɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɭɯɨɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ, % dN  

100

100
ɪ

ɪN
W




 2,147 2,16 

ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, % ɪV  
100 ( )

100

ɪ ɪ
Ƚ W Ⱥ

V
 

  29,403 26,32 

ɋɜɹɡɚɧɧɵɣ ɭɝɥɟɪɨɞ,% ɫɜC  100 ɪ ɪ ɪW Ⱥ V    43,197 37,878 

Ɍɨɩɥɢɜɧɵɣ ɤɨɷɮ-ɬ FR 
ɫɜ

ɪ
C

V
 1,469 1,439 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮ-ɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ XNO   0,6 1 dFR N   4,407 4,403 

ȼɥɢɹɧɢɟ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 
ɜɢɯɪɟɜɨɣ ɝɨɪɟɥɤɟ Ƚ

ɜɯɪ
   2

0,35 0,4Ƚ   0,548 0,548 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 24 
ȼɥɢɹɧɢɟ ɞɨɥɢ ɩɟɪɜ-ɨ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ 

1
  11,73 0,48   0,74 0,74 

ȼɥɢɹɧɢɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɩɟɪɜ-ɣ ɜɨɡɞɭɯ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ  R  1 0,016 R  1 1 

ɋɭɦɦɚɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɝɪɚɧɢɱɢɜɚɸɳɚɹ 
ɁȺȽ F ɫɦ. ɩɭɧɤɬ 2.5.1 200,037 200,037 

Ʉɪɢɬɟɪɢɣ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ 
Ȼɨɥɶɰɦɚɧɚ Bo 

 11

3

10

5,67
ɪ ɝ

T ɚɞ

B Vc

F T


 

 3,082 3,32 

ȼɵɯɨɞɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɥɟ ɁȺȽ, Ʉ ' '
ɡɚɝT  

0,6

0,6 0,3ɚɞ
Bo

T
Bo M Bu 

 1792,776 1659,874 

ȼɥɢɹɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 
ɭɱɚɫɬɤɟ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ 

  ' '30,11 1100ɡɚɝT   0,973 0,907 

ȼɥɢɹɧɢɟ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɪɧɟ ɮɚɤɟɥɚ 
ɜɢɯɪɟɜɵɯ ɝɨɪɟɥɨɤ ɫɦ  2

1

0,4 0,32
W

W
  0,902 0,902 

ɍɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (ɜ 
ɩɟɪɟɫɱɟɬɟ ɧɚ NO2 ), ɝ/ɆȾɠ 2NOK  

1
0,8 0,12

X Ƚ

ɜɯɪ
NO R ɫɦ               0,15 0,14 

ɉȾȼ NO2, ɤɝ/ɬ ɭ. ɬ. 
2NOɉȾȼ  Ɍɚɛɥɢɰɚ 2.3 [6] 0,11 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ NO2, ɝɦ/ɫ 
2NOM  

2

ɪ
NO ɪ ɧK B Q   25,946 24,843 

ɉȾȼ NO2, ɝɦ/ɫ 
2NOɉȾȼ   

2
ɝ/ɆȾɠ ɪ

NO ɪ ɧɉȾȼ B Q   18,972 18,863 

ɉɪɟɜɵɲɟɧɢɟ ɜɵɛɪɨɫɚ NO2, ɝ/ɫ 2NO  
2 2NO NOM ɉȾȼ  6,974 4,979 
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4.3 Ɋɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰ 5, 18, 20, 23, 24. Ɋɚɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ 
ɜ ɬɚɛɥɢɰɟ 25. 

Ɍɚɛɥɢɰɚ 25 – Ɋɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ɉɛɨɡ
ɧɚɱɟ
ɧɢɟ 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ  / 
ɧɨɦɨɝɪɚɦɦɚ 

Ɂɧɚɱɟɧɢ
ɟ  

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɜ n - 6 
Ʉɨɥɢɱɟɫɬɜɨ ɜɵɛɪɚɫɵɜɚɟɦɨɝɨ ɜ 
ɚɬɦɨɫɮɟɪɭ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, , ɝ/ɫ: M   

2 2Ɍȼ SO Ȼɉ NOM n M M M M     774,229 

Ɉɛɴɟɦ ɫɦɟɫɢ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ, ɦ3/ɫ 1V  
2

04

D 
 443,907 

Ʉɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ 
ɚɬɦɨɫɮɟɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɭɫɥɨɜɢɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɪɚɫɫɟɢɜɚɧɢɹ Ɂȼ ɜ ɚɬɦɨɫɮɟɪɧɨɦ 
ɜɨɡɞɭɯɟ 

A  ɩ.5.3 [7] 200 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮ-ɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ 
Ɂȼ (ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɚɷɪɨɡɨɥɟɣ, 
ɜɤɥɸɱɚɹ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ) ɜ 
ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ; 

F ɩ.5.6 [7] 2 

Ɋɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ ɢ 
ɝɚɡɨɜ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ, ɢ (ɞɥɹ 
ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ 
ɞɥɹ ɪɚɫɫɟɹɧɢɹ ɝɚɡɨɜ). 

T  ɞ ɜt   62,014 

ɏɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 
ɢɫɬɨɱɧɢɤɚ ɩɚɪɚɦɟɬɪɵ 

f 
2 2
01000
ɞɬ

D

ɇ T
 


 1,656 

ɦ  1
30,65

ɞɬ

V T

H


 3,979 

Ʉɨɷɮ-ɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɭɫɥɨɜɢɹ 
ɜɵɛɪɨɫɚ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ 

m 
3

1

0,67 0,1 0,34f f  
 0,833 

n (10ɜ) [7] 1 
Ɇɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɦɝ/ 
ɦ3 

Mɫ  2 3
1ɞɬ

AMFmn

H V T
 0,593 

ȼɟɥɢɱɢɧɚ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, 
ɦ/ɫ 

uɦ  1 0,12ɦ f   4,594 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮ-ɬ d ɩɪɢ f <100  d  37 1 0,28ɦ f    18,589 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 25 
Ɋɚɫɫɬɨɹɧɢɟ ɏɦ ɨɬ ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ  c Ɂȼ ɩɪɢ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

Mɫ ,ɦ 

ɏɦ 
5

4 ɞɬ
F

d H


   1673,012 

 
ɉɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨ ɨɫɢ ɮɚɤɟɥɚ ɫɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɏɦ ɩɪɢ ɨɩɚɫɧɨɣ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɦ: 
4 3 2

3 8 6 ɉɪɢX M M
M M M

X X Xɫ c X X
X X X

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

   (144) 

 

2

1,13 ɉɪɢ 1 8
0,13 1

X M
M

M

Xɫ c
XX

X

  
 
  
 

   (145) 

2

1 ɉɪɢ 8 100
0,1 2,456 17,8

X M
M

M M

Xɫ c
XX X

X X

  
 
   
 

   (146) 

Ɂɧɚɱɟɧɢɹ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɫɭ ɧɚ ɪɚɫɫɬɨɹɧɢɢ Y, ɦ, ɩɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɤ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ u = 2 ɦ/ɫ ɨɩɪɟɞɟɥɹɸɬ 
ɩɨ ɮɨɪɦɭɥɟ: 

 

 22 3 4

1

1 5 12,8 17 45,1
y M

y y y y

ɫ c
t t t t


       

 ,  (147) 

ɝɞɟ 
2

2y

u y
t

x


 , 

2000ɦx    ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɨɫɢ x, ɩɪɢ ɤɨɬɨɪɨɦ Xɫ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. 

 
ȼɵɱɢɫɥɢɦ ɫɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 0 ɞɨ 10 ɤɦ ɩɨ ɮɨɪɦɭɥɚɦ (141-143) ɫ ɲɚɝɨɦ 1 

ɤɦ, ɪɟɡɭɥɶɬɚɬ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 26. 

Ɍɚɛɥɢɰɚ 26 – Ɋɚɫɱɟɬ ɫɯ, ɫy 
Ɋɚɫɫɬɨɹɧɢɟ, ɤɦ сх, ɦɝ/ ɦ3 сy, ɦɝ/ ɦ3 

0 0 0,593 
1 0,485 0,051 
2 0,565 6,448∙ ͳͲ−ସ 
3 0,473 2,918∙ ͳͲ−ହ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 26 
4 0,384 3,052∙ ͳͲ−଺ 
5 0,31 5,219∙ ͳͲ−଻ 
6 0,251 1,226∙ ͳͲ−଻ 
7 0,205 3,593∙ ͳͲ−଼ 
8 0,169 1,239∙ ͳͲ−଼ 
9 0,141 4,842∙ ͳͲ−ଽ 
10 0,119 2,088∙ ͳͲ−ଽ 

 
4.4 Ɋɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦɵ 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɫ ɨɬɥɢɱɧɵɦɢ ɨɬ ɢɫɯɨɞɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɶɫɹ ɜ ɩɪɢɝɨɞɧɨɫɬɢ ɫɢɫɬɟɦɵ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ. Ɍɚɤ ɠɟ ɷɬɨ ɫɥɟɞɭɟɬ ɫɞɟɥɚɬɶ ɩɨɬɨɦɭ, ɱɬɨ ɨɬɛɨɪ ɝɚɡɨɜ ɧɚ 
ɫɭɲɤɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ ȼɗɄ-2, ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɧɢɡɢɥɚɫɶ ɜɜɢɞɭ ɭɜɟɥɢɱɟɧɢɹ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɭɲɢɥɶɧɭɸ ɢ ɪɚɡɦɨɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. ɇɚ ɤɨɬɥɟ 
ɭɫɬɚɧɨɜɥɟɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɡɚɦɤɧɭɬɚɹ ɫɢɫɬɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ 
ɩɪɨɦɛɭɧɤɟɪɨɦ, ɫ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ. 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰ 5, 18, 20, 23, 24. Ɋɚɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ 
ɜ ɬɚɛɥɢɰɟ 27. 

 
Ɍɚɛɥɢɰɚ 27 – Ɋɚɫɱɟɬ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ɉɛɨɡ
ɧɚɱɟ
ɧɢɟ 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ  / 
ɧɨɦɨɝɪɚɦɦɚ 

Ɂɧɚɱɟɧɢ
ɟ  

Ɋɚɫɱɟɬ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ˍˆ ˔⁄ ; 

 ɋɦ. ɬɚɛɥɢɰɭ 20 8,931 ܤ

Ʉɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ, ˛˕ ݊ˏ ɋɦ. ɩɭɧɤɬ 1.2 2 

Ʉɨɷɮ-ɬ ɡɚɩɚɫɚ ɁȺɉK  (2.1.1) [8] 1,35 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ 
ɦɟɥɶɧɢɰɵ, ɤɝ ⁄ ɫ  : ɆB  ɁȺɉ

Ɇ

B
K

n
  6,028 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, ˍДˉ ሺˍˆ ∙ ℃ሻ⁄  
 1,1 [8] (2.1.11) ˎ˕ܥ

ȼɥɚɠɧɨɫɬɶ ɭɝɨɥɶɧɨɣ ɩɵɥɢ  ɩɥW  ɋɦ. ɬɚɛɥɢɰɭ 1 [8] 1,5 
Ɍɟɦɩɟɪɚɬɭɪɚ ɚɷɪɨɫɦɟɫɢ ɡɚ 
ɦɟɥɶɧɢɰɟɣ, ℃ 

 ଶˏ ɋɦ. ɬɚɛɥɢɰɭ 2 [8] 80ݐ

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 
ɤɨɧɰɟ ɭɫɬɚɧɨɜɤɢ, ℃ 

ଶݐ ଶݐ = ˏଶݐ − ͳͲ 70 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ, ℃ ݐ ˎ˕ݐ˕ˎ =  30 ˅˘ݐ
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 27 
Ɋɚɫɯɨɞɭɟɦɨɟ ɬɟɩɥɨ ɞɥɹ ɩɨɞɨɝɪɟɜɚ 
ɬɨɩɥɢɜɚ, ˍДˉ ˍˆ ⁄  ɌɅq   2

100 4,19

100 100

ɪ ɩɥ

ɌɅ T ɌɅɩɥ

W Wɋ t t
W

  
   

 40,966 

ɑɚɫɨɜɚɹ ɩɨɬɟɪɹ ɬɟɩɥɚ ɧɚ 
ɨɯɥɚɠɞɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ˍʑ˕ ܳହˑ˄˜

 ɋɦ. ɬɚɛɥɢɰɭ 9 [8] 37 

ɉɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɨɯɥɚɠɞɟɧɢɹ 
ɭɫɬɚɧɨɜɤɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ˍДˉ ˍˆ ⁄  

5q  5
ɨɛɳQ

B
 6,137 

ɂɫɩɚɪɢɜɲɚɹɫɹ ɜɥɚɝɚ ɧɚ 1 ɤɝ ɫɵɪɨɝɨ 
ɬɨɩɥɢɜɚ, ˍˆ ˍˆ ⁄  

W  
100

ɪ ɩɥ

ɩɥ
W W

W




 0,107 

Ɂɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɢɫɩɚɪɟɧɢɟ ɜɨɞɵ 
ɬɟɩɥɨ, ɤȾɠ⁄(ɤɝ ) ݍˋ˔˒ ∆ܹ ∙ ሺʹͷͲͲ + ͳ,ͻ ∙ ଶݐ − Ͷ,ͳͻ ∙  ሻ 267,276ˎ˕ݐ

Ʉɨɷɮ-ɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ 
ɷɧɟɪɝɢɢ, ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɬɟɩɥɨ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɡɦɨɥɚ 

𝐾ˏˈ˘ (2.1.5) [8] 0,7 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ 
ɪɚɡɦɨɥ, ɤȾɠ/ɤɝ Э˓˃ˊˏ ɋɦ. ɬɚɛɥɢɰɭ 8 [8] 85 

Ɍɟɩɥɨɜɵɞɟɥɟɧɢɟ ɩɪɢ ɪɚɛɨɬɟ 
ɦɟɥɹɳɢɯ ɨɪɝɚɧɨɜ, ̱ Дˉ ˍˆ ⁄  

˘ˈˏ𝐾 ˘ˈˏݍ ∙ Э˓˃ˊˏ 59,5 

Ʉɨɷɮ-ɬ ɩɪɢɫɨɫɚ 𝐾˒˓ˋ˔ (2.1.6) [8] 0,15 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˍДˉ ሺˍˆ ∙ ℃ሻ   ⁄  

ܿ˘˅ 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 7 [8] ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘˅ 

1,006 ܿˆ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ, ˍДˉ ሺˍˆ ∙ ℃ሻ⁄  
ܿˆ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 2.1.6 [8] 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ, 

ɩɨɞɚɜɚɟɦɵɯ ɜ ɫɢɫɬɟɦɭ, '
ɝt  

1,09 

Ɋɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɫɭɲɤɭ ɬɨɩɥɢɜɚ, 
ɤɝ/ɤɝ ɝg   

5

2
' 1

ɬɥ ɢɫɩ ɦɟɯ

ɩɪɢɫ ɯɜ ɯɜ ɝ ɝ ɩɪɢɫ ɝ

q q q q

K ɫ t ɫ t K ɫ t
  

       
 

0,833 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ 
ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ, ℃ 

'
ɦɜt  

'
2ɦɜ ɦt t  80 

ɉɥɨɬɧɨɫɬɶ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ˍˆ/ːˏଷ ɜɩ  (2.1.37) [8] 0,804 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ˍˆ/ːˏଷ ɜ  (2.1.37) [8] 1,29 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɱɧɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɚ, ˏଷ ˔ ⁄  ɦɜV  0

'273

273
ɜɝ ɦɜ

ɩɪɢɫ Ɇ
ɝ ɜɥ

g tW
V K B

 

   
           

 12,312 

    

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ, ˆ ˍˆ⁄  Ƚd  

  0
2

0
2

10 9

1
100

Ɋ Ɋ
ɜ ɜэɤ ɜ ɜ

ɪ

ɜ ɜэɤ ɜ

H W V d

Ⱥ
V

 

 





      

   
 

56,496 

Ɋɚɡɪɟɠɟɧɢɟ ɩɟɪɟɞ ɦɟɥɶɧɢɱɧɵɦ 
ɜɟɧɬɢɥɹɬɨɪɨɦ, ˏˏ ˅ˑˇ. ˔˕.  𝑆′ˏ˅ (2.1.33) [8]  

Ȼɚɪɨɦɟɬɪɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, ˏˏ ˓˕. ˔˕. ʐ (2.1.33) [8]  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 27 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮ-ɬ ɧɚ 
ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɚɷɪɨɫɦɟɫɢ ɡɚ 
ɦɟɥɶɧɢɰɟɣ 

  

 

'
273

13,6

'273 760

ɦɜ

ɦɜ

SȻ

t

 
  
 
 
 

 0,762 

ɋɭɲɢɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɤɝ/ɫ ɫB   0,774 0,786 0,00125 1,245

ɦɜ

ca ɩɪɢɫ Ƚ

V

g K d W


      

 

10,283 

Ɋɚɫɱɟɬ ɪɚɡɦɨɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ ɧɚ ɩɪɨɟɤɬɧɨɦ 
ɬɨɩɥɢɜɟ, ɤɝ/ɫ 

 ɋɦ. ɬɚɛɥɢɰɭ 4 [8] 4,44 ˏ′ܤ

Ʉɨɷɮ-ɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ 
ɩɪɨɟɤɬɧɨɝɨ ሺ′ሻ  ɢ ɧɟɩɪɨɟɤɬɧɨɝɨ ሺ′′ሻ 
ɬɨɩɥɢɜɚ 

'
ɅɈK  ɋɦ. ɬɚɛɥɢɰɭ 5 1,1 

''
ɅɈK  ɋɦ. ɬɚɛɥɢɰɭ 5 1,5 

ɋɪɟɞɧɹɹ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ, % 

ɫɪ
ɩɪɨW  

6

7

Ɋ ɩɥW W 
 

4,643 

ɫɪ
ɧɟɩɪW  3 

Ʉɨɷɮ-ɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ  
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ 
ɬɨɩɥɢɜɚ 

ɩɪɨK  К = Ͷ + ͳ.Ͳ͹ ∙ ܹ˔˓
 

5,968 

ɧɟɩɪK  4,21 

ɉɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮ-ɬɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɶ ɬɨɩɥɢɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ 
ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ  

1
''
ɜɥɉ  2 2

1 2 2

ɫɪ

ɜɥ ɩɥ

K Wɉ
K W





 

0,751 

1
'
ɜɥɉ  0,776 

2
'
ɜɥɉ  

2

100

100

ɫɪ

ɜɥ ɪ
Wɉ
W





 

1,077 

2
''
ɜɥɉ  1,102 

Ɍɨɧɤɨɫɬɶ ɩɨɦɨɥɚ,% 
90
'R  

ɋɦ. ɬɚɛɥɢɰɭ 1 [8] 
22 

90
''R  25 

ɉɨɩɪɚɜɤɚ ɞɪɉ  
'
ɞɪɉ  

Ɋɢɫɭɧɨɤ 2.1.7 [8] 
1 

''
ɞɪɉ  1 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚ 
ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ, ɤɝ/ɫ 

''B  

1 2

90

1 2

90

100'' '' '' '' ln '
'

100' ' ' ' ln ''

ɅɈ ɜɥ ɜɥ ɞɪ

M

ɅɈ ɜɥ ɜɥ ɞɪ

K ɉ ɉ ɉ
R

B

K ɉ ɉ ɉ
R

   

   

 6,272 

 

ɍɫɥɨɜɢɹ ܤ′′ > ʹ͸,ʹ͹) ˏܤ > ͸,Ͳʹͺ) ɢ ܤ˔ > ሺͳͲ,ʹͺ͵ > ͸,Ͳʹͺ) ɜɵɩɨɥɧɹɸɬɫɹ, 
ɡɧɚɱɢɬ ɦɟɥɶɧɢɰɵ ɧɚ ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ ɛɭɞɭɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɪɚɡɦɨɥɶɧɨɣ ɢ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
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5 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ 

5.1 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɫɨɤɪɚɳɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ ɩɨɫɬɚɜɤɢ 

Ɉɛɴɟɦ ɩɨɫɬɭɩɥɟɧɢɹ ɭɝɥɹ ɧɚ Ɍɨɦɶ-ɍɫɢɧɫɤɭɸ ȽɊɗɋ ɫ ɭɤɚɡɚɧɢɟɦ 
ɩɨɫɬɚɜɳɢɤɚ (ɝɪɭɡɨɨɬɩɪɚɜɢɬɟɥɹ) ɡɚ 2021 ɝ. ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 28 

 
Ɍɚɛɥɢɰɚ 28 – ɉɨɫɬɭɩɥɟɧɢɟ ɭɝɥɹ ɡɚ 2021 ɝ. 

Ɇɟɫɬɨ ɩɨɫɬɚɜɤɢ ɇɚɫ. ɩɭɧɤɬ Ɋɟɝɢɨɧ 

Ƚɨɞɨɜɨɣ 
ɨɛɴɟɦ, 
ɦɥɧ. 
ɬɨɧɧ 

Ⱦɨɥɹ ɨɬ 
ɨɛɳɟɝɨ 
ɨɛɴɟɦɚ 

ɩɨɫɬɚɜɤɢ, 
% 

Ɋɚɫɫɬɨɹɧɢɟ ɞɨ 
Ɍɍ ȽɊɗɋ, ɤɦ 

ȺɈ "Ɋɭɫɫɤɢɣ ɭɝɨɥɶ" 
ɪɚɡɪɟɡ Ʉɢɪɛɢɧɫɤɢɣ 

Ⱥɛɚɤɚɧ ɏɚɤɚɫɫɢɹ 23607,3 0,92 326 

ɈȺɈ «ɍɄ 
"Ʉɭɡɛɚɫɫɪɚɡɪɟɡɭɝɨɥɶ» 
ɮɢɥɢɚɥ «Ɍɚɥɞɢɧɫɤɢɣ 
ɭɝɨɥɶɧɵɣ ɪɚɡɪɟɡ» 

ɇɨɜɨɤɭɡɧɟɰɤ Ʉɭɡɛɚɫɫ 202175,81 7,89 104,92 

ɈɈɈ "ȼɨɫɬɨɱɧɨ-
Ȼɟɣɫɤɢɣ ɪɚɡɪɟɡ" 

Ʉɢɪɛɚ  ɏɚɤɚɫɫɢɹ 786508,75 30,68 320 

ɈɈɈ 
"ɉɪɨɦɭɝɨɥɶɫɟɪɜɢɫ" 

ɇɨɜɨɤɭɡɧɟɰɤ Ʉɭɡɛɚɫɫ 118064,4 4,60 42,48 

ɈɈɈ «ɋɍɗɄ-
ɏɚɤɚɫɢɹ» ɪɚɡɪɟɡ 
ɑɟɪɧɨɝɨɪɫɤɢɣ 

Ⱥɛɚɤɚɧ ɏɚɤɚɫɫɢɹ 190668,53 7,44 326 

ɈɈɈ «ɋɍɗɄ-
ɏɚɤɚɫɫɢɹ» ɪɚɡɪɟɡ 
«Ⱥɛɚɤɚɧɫɤɢɣ» 

Ⱥɛɚɤɚɧ ɏɚɤɚɫɫɢɹ 37788,11 1,47 326 

Ɋɚɡɪɟɡ Ɂɚɪɟɱɧɵɣ ɇɨɜɨɤɭɡɧɟɰɤ Ʉɭɡɛɚɫɫ 277156,25 10,81 104,92 
Ɋɚɡɪɟɡ Ɂɚɪɟɱɧɵɣ-
ɋɟɜɟɪɧɵɣ 

ɇɨɜɨɤɭɡɧɟɰɤ Ʉɭɡɛɚɫɫ 201977,37 7,88 110 

Ɋɚɡɪɟɡ Ʉɚɦɵɲɚɧɫɤɢɣ ɇɨɜɨɤɭɡɧɟɰɤ Ʉɭɡɛɚɫɫ 77 0,00 115 
ɒɚɯɬɚ ɢɦ. ȼ. Ⱦ. 
əɥɟɜɫɤɨɝɨ 

Ʉɨɬɢɧɨ  Ʉɭɡɛɚɫɫ 117962,14 4,60 118 

ɒɚɯɬɚ Ɍɚɥɞɢɧɫɤɚɹ-
Ɂɚɩɚɞɧɚɹ-1 

Ȼɨɥɶɲɚɹ 
Ɍɚɥɞɚ  Ʉɭɡɛɚɫɫ 417595,06 16,29 105 

ɒɚɯɬɚ Ɍɚɥɞɢɧɫɤɚɹ-
Ɂɚɩɚɞɧɚɹ-2 

Ȼɨɥɶɲɚɹ 
Ɍɚɥɞɚ 

Ʉɭɡɛɚɫɫ 162390,48 6,33 105 

ɈɈɈ «ɒɚɯɬɚ 
Ƚɪɚɦɨɬɟɢɧɫɤɚɹ» 

Ȼɟɥɨɜɨ Ʉɭɡɛɚɫɫ 28028,9 1,09 194,49 

ȼɫɟɝɨ     2564000,1     

ɉɨ ɬɚɛɥɢɰɟ 28 ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɩɨɫɬɚɜɤɢ ɭɝɥɹ ɡɚ 2021 ɝ. ɢɡ ɏɚɤɚɫɫɢɢ ɏQ  
ɫɨɫɬɚɜɢɥ 1038572,69 ɦɥɧ. ɬɨɧɧ, ɢɡ Ʉɭɡɛɚɫɫɚ ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɄQ  ɫɨɫɬɚɜɢɥ 
1525427,41 ɦɥɧ. ɬɨɧɧ. Ⱦɨɥɹ ɨɛɴɟɦɚ ɩɨɫɬɚɜɤɢ ɢɡ ɏɚɤɚɫɫɢɢ ɏ   ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ 
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ɩɨɫɬɚɜɤɢ ɡɚ ɫɨɫɬɚɜɢɥɚ 40,51 % , ɞɥɹ Ʉɭɡɛɚɫɫɚ ɞɨɥɹ ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ Ʉ  ɪɚɜɧɚ 
59,49 %. ɋɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɩɨɫɬɚɜɤɢ ɏl  ɢɡ ɏɚɤɚɫɫɢɢ ɪɚɜɧɹɟɬɫɹ 321,46 ɤɦ, ɢɡ 
Ʉɭɡɛɚɫɫɚ Ʉl  ɫɨɫɬɚɜɥɹɟɬ 103,45 ɤɦ. 

ɋɨɝɥɚɫɧɨ ɩɪɟɣɫɤɭɪɚɧɬɭ № 10-01 ɬɚɪɢɮɨɜ ɧɚ ɩɟɪɟɜɨɡɤɭ ɝɪɭɡɨɜ ɢ ɭɫɥɭɝɢ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜɵɩɨɥɧɹɟɦɵɯ ɪɨɫɫɢɣɫɤɢɦɢ ɠɟɥɟɡɧɵɦɢ ɞɨɪɨɝɚɦɢ [9], ɬɚɪɢɮɵ 
ɞɨɫɬɚɜɤɢ ( ɏT  ɢ ɄT ) ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɜ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɩɨɥɭɜɚɝɨɧɚɯ ɜɚɝɨɧɚɯ 
ɨɛɳɟɝɨ ɩɚɪɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɹ ɏl  ɢ Ʉl , ɫɨɫɬɚɜɹɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 74,363 ɢ 44,95 
ɪɭɛ./ɬ. 

ɇɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɨɫɬɚɜɤɢ ɇl  ɞɨ Ɍɍ ȽɊɗɋ ɫɨɫɬɚɜɢɬ 6 ɤɦ, ɫɦ. ɪɢɫɭɧɨɤ 9. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɨɜɵɣ ɬɚɪɢɮ ɇT  ɩɨ ɩɪɟɣɫɤɭɪɚɧɬɭ [9] ɫɨɫɬɚɜɢɬ 31,813 ɪɭɛ./ɬ 

 
Ɋɢɫɭɧɨɤ 10 – Ɋɚɫɫɬɨɹɧɢɟ ɩɨɫɬɚɜɤɢ ɨɬ «ɐɈɎ ɋɢɛɢɪɶ» ɞɨ Ɍɍ ȽɊɗɋ 

 
Ɍɚɛɥɢɰɚ 29 – Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɩɨɫɬɚɜɤɟ 

ȼɟɥɢɱɢɧɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 
ɋɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɚɹ 

ɰɟɧɚ ɞɨɫɬɚɜɤɢ ɞɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɪɭɛ./ɬ 

1ɐ  
100 100

ɏ Ʉ
ɏ ɄT T

 
    56,865 

ɐɟɧɚ ɞɨɫɬɚɜɤɢ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɪɭɛ./ɬ 2ɐ  ɇT  31,813 

Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɞɨ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɬ/ɱ 
1B  ɋɦ. ɬɚɛɥɢɰɭ 20 28,352 

Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɩɨɫɥɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɬ/ɱ 
2B  ɋɦ. ɬɚɛɥɢɰɭ 20 32 



111 
 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 29 
ɗɤɨɧɨɦɢɹ ɧɚ ɞɨɫɬɚɜɤɟ  

ɬɨɩɥɢɜɚ, ɪɭɛ./ɱ ɞɨɫɬЭ  1 1 2 2ɐ B ɐ B    594,226 

5.2 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɬɨɩɥɢɜɟ 

ɗɤɨɧɨɦɢɸ ɧɚ ɬɨɩɥɢɜɟ, ɪɭɛ./ɱ, ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

1 1 2 2 1633 28,352 1431 32 506,816ɬɨɩЭ ɐ B ɐ B          ,  (148) 
ɝɞɟ 1 1633ɐ  ɰɟɧɚ Ʉɭɡɧɟɰɤɨɝɨ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, ɪɭɛ./ɬ; 

2 1431ɐ  ɰɟɧɚ Ʉɭɡɧɟɰɤɨɝɨ ɭɝɥɹ ɦɚɪɤɢ ɝ, ɩɪɨɦ, ɪɭɛ./ɬ; 

5.3 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɉɪɢ ɩɟɪɟɜɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɷɤɨɧɨɦɢɹ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɞɵɦɨɫɨɫɚɦɢ, ɪɭɛ./ɱ ɫɨɫɬɚɜɢɬ: 

   1 2 2 320 295,858 1,2 57,941ɞɫ ɞ ɞ ээЭ N N C         ,  (149) 

ɝɞɟ 1 320ɤȼɬɞN  ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɞɜɢɝɚɬɟɥɟɦ ɞɵɦɨɫɨɫɚ ɞɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ; 

2 295,858ɤȼɬɞN    ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɞɜɢɝɚɬɟɥɟɦ ɞɵɦɨɫɨɫɚ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ; 

ɪɭɛ.
1,2

ɤȼɬ ɱээC  


ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɍ ȽɊɗɋ; 

2n  ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɫɨɫɨɜ. 

ɗɤɨɧɨɦɢɹ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɡɚɬɪɚɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɚɡɦɨɥ ɬɨɩɥɢɜɚ, 
ɪɭɛ./ɱ: 

'
2

' '
1

32 1,1
1 2 570 1,2 1 235,72

28,352 1,5
ɥɨ

ɦɟɥ M ээ
ɥɨ

B kЭ n N C
B k

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

, (150) 

ɝɞɟ 570ɤȼɬMN  ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɦɟɥɶɧɢɰɵ; 
ɪɭɛ.

1,2
ɤȼɬ ɱээC  


ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɍ ȽɊɗɋ; 

' 1,1ɥɨk  ɤɨɷɮ-ɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ; 
' ' 1,5ɥɨk    ɤɨɷɮ-ɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ; 

2n  ɱɢɫɥɨ ɦɟɥɶɧɢɰ. 
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5.4 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɜɵɛɪɨɫɨɜ NOx 

Ɍ.ɤ. ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɭɦɟɧɶɲɢɥɢɫɶ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɬɨ 
ɷɤɨɧɨɦɢɹ, ɪɭɛ./ɱ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɨɫɬɚɜɢɬ: 

2 2 2 6

3600
1,995 138,8 5 4,984

10NO NO NO ɩɨɜЭ ɉ ɋ K         ,  (151) 

ɝɞɟ 
2

ɝ
1,995

ɫNOɉ  ɪɚɡɧɢɰɚ ɩɪɟɜɵɲɟɧɢɣ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɞɨ ɢ ɩɨɫɥɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ; 

2

ɪɭɛ
138,8

ɌNOɋ   ɫɬɚɜɤɚ ɡɚ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ [10]; 

5ɩɨɜK  ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮ-ɬ ɡɚ ɜɵɛɪɨɫ ɫɜɟɪɯ ɧɨɪɦɵ. 

5.5 Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɷɤɨɧɨɦɢɢ 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ/ɝɨɞ: 

8760 8760 438 8322ɪɚɛ ɪɟɦɌ T     ,  (152) 

ɝɞɟ 8760ɱ/ɝɨɞ ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɱɚɫɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɝɨɞɭ; 
438ɱ/ɝɨɞɪɟɦT  ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɜ ɪɟɦɨɧɬɟ. 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ/ɝɨɞ: 
 

8322 400 7922ɭɫɬ ɪɚɛ ɚɌ Ɍ Ɍ     ,  (153) 

400ɱɚɌ   ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ, ɱ. 

ɋɭɦɦɚɪɧɚɹ ɝɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ, ɬɵɫ. ɪɭɛ./ɝɨɞ, ɫɨɫɬɚɜɢɬ: 

 
2ɝɨɞ ɞɨɫɬ ɬɨɩ ɞɫ ɦɟɥ NO ɭɫɬЭ Э Э Э Э Э Ɍ        

 594,226 506,816 57,941 235,72 4,984 7922 11088,325         (154) 

5.6 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɟɬɚɥɥ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ Ʉɉɉ-1 ɛɵɥɨ ɞɨɛɚɜɥɟɧɨ 2 ɤɚɥɚɱɚ ɩɨ ɯɨɞɭ 
ɝɚɡɨɜ, ɡɚɬɪɚɱɟɧɧɵɣ ɨɛɴɟɦ ɦɟɬɚɥɥɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥ: 

   2 2 2 2
1 1 1 0,032 0,024

4 4ɤɩ ɧ ɜɧ ɤɩ ɫɪɟɞ ɜɧV d d h z n m
 

              

33,6 108 2 4 1,094ɦ     ,  (155) 
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ɝɞɟ 0,032ɦɧd  ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ Ʉɉɉ-1; 

0,024ɦɜɧd   ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ Ʉɉɉ-1; 

1 3,6ɦɤɩ ɫɪɟɞh  ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ Ʉɉɉ-1 (ɫɦ. ɬɚɛɥɢɰɭ 13); 

1 108z  ɱɢɫɥɨ ɡɦɟɟɜɢɤɨɜ Ʉɉɉ-1 ɩɨ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ; 
2n  ɱɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɣ ɧɢɬɤɟ Ʉɉɉ-1; 
4m  ɱɢɫɥɨ ɞɨɛɚɜɥɟɧɧɵɯ ɤɚɥɚɱɟɣ. 

ȼɨ ɜɬɨɪɭɸ ɫɬɭɩɟɧɶ ȼɗɄ ɞɨɛɚɜɥɟɧɨ 880 ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ ɞɥɢɧɨɣ l, 
ɪɚɜɧɨɣ 10,06 ɦ ɫ ɜɵɫɨɬɨɣ a ɢ ɲɢɪɢɧɨɣ b, ɪɚɜɧɵɦɢ 53 ɦɦ ɢ 2 ɦɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɉɛɴɟɦ ɦɟɬɚɥɥɚ, ɦ3, ɡɚɬɪɚɱɟɧɧɨɝɨ ɜ ȼɗɄ-2 ɫɨɫɬɚɜɢɥ: 

2 880 0,053 0,002 10,06 0,938ȼЭɄV n a b l          ,  (156) 
ɝɞɟ 880n  ɱɢɫɥɨ ɩɥɚɫɬɢɧ. 

Ɂɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ, ɬɵɫ. ɪɭɛ., ɫɨɫɬɚɜɹɬ: 

   2 1 .20 1,094 0,938 7699ɦɟɬɚɥɥ ȼЭɄ ɤɩ ɫɬ ɫɬɚɥɢɁ V V ɐ       
127000 1814,168    (157) 

ɝɞɟ .20 3

ɤɝ
7699

ɦɫɬ   ɩɥɨɬɧɨɫɬɶ ɫɬɚɥɢ; 

127000ɪɫɬɚɥɢɐ  ɰɟɧɚ 1 ɬɨɧɧɵ ɫɬɚɥɢ 20 . 

5.7 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɧɬɚɠ 

Ɂɚɬɪɚɬɵ ɧɚ ɫɧɹɬɢɟ ɢ ɭɫɬɚɧɨɜɤɭ ȼɗɄ-2 Ɂɦɨɧɬɚɠ (ɜ ɷɬɭ ɭɫɥɭɝɭ ɜɯɨɞɢɬ ɪɚɡɛɨɪ 
ɨɛɦɭɪɨɜɤɢ, ɢɡɜɥɟɱɟɧɢɟ ȼɗɄ-2, ɨɛɪɟɡɤɚ ɜɫɟɯ ɬɪɭɛ, ɢɯ ɩɪɢɜɚɪɤɚ ɨɛɪɚɬɧɨ, 
ɭɫɬɚɧɨɜɤɚ ȼɗɄ-2, ɦɨɧɬɚɠ ɨɛɦɭɪɨɜɤɢ) ɫɨɫɬɚɜɹɬ 3 ɦɥɧ. ɪɭɛ.  

Ɂɚɬɪɚɬɵ ɧɚ ɩɪɢɜɚɪɤɭ ɦɟɦɛɪɚɧ, ɬɵɫ. ɪɭɛ.: 

300 880 10,06 2 5311,68ɩɪɢɜɚɪɤɚ ɲɜɚɁ ɐ mn l        ,  (158) 

ɝɞɟ ɪɭɛ.
3

ɫɦɲɜɚɐ  ɰɟɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ; 

880n  ɱɢɫɥɨ ɩɥɚɫɬɢɧ; 
2m  ɩɪɢɜɚɪɤɚ ɫ ɞɜɭɯ ɫɬɨɪɨɧ. 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ ȼɗɄ-2, ɬɵɫ. ɪɭɛ., ɫɨɫɬɚɜɹɬ: 

2 5311,68 8311,683000ɜэɤ ɦɨɧɬɚɠ ɩɪɢɜɚɪɤɚɁ Ɂ Ɂ       (159) 
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5.8 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɧɬɚɠ Ʉɉɉ-1 

Ɍ.ɤ. ɩɟɪɟɞ ɬɟɦ, ɤɚɤ ɜɜɚɪɢɬɶ ɜ Ʉɉɉ-1 ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɚɥɚɱɢ, ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɪɟɡɚɬɶ ɬɪɭɛɵ ɞɥɹ ɩɪɢɜɚɪɤɢ ɧɨɜɵɯ ɤɚɥɚɱɟɣ, ɫɦ. ɪɢɫɭɧɨɤ 10: 

 
Ɋɢɫɭɧɨɤ 11 – Ɇɟɫɬɨ ɨɛɪɟɡɤɢ ɬɪɭɛ ɩɨɞ ɧɨɜɵɟ ɤɚɥɚɱɢ 

 
Ɂɚɬɪɚɬɵ ɧɚ ɨɛɪɟɡɤɭ ɬɪɭɛ ɫɨɫɬɚɜɹɬ, ɬɵɫ. ɪɭɛ.: 

1 80 108 2 2 34,56ɨɛɪɟɡɤɚ ɪɟɡɁ ɐ z n m         ,  (160) 

ɝɞɟ 80ɪɭɛ.ɪɟɡɐ   ɰɟɧɚ ɨɛɪɟɡɤɢ ɨɞɧɨɣ 32-ɨɣ ɬɪɭɛɵ; 

1 108z  ɱɢɫɥɨ ɬɪɭɛ ɩɨ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ; 
2n  ɱɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɣ ɧɢɬɤɟ Ʉɉɉ-1; 
2m    ɨɛɪɟɡɤɚ ɫ ɞɜɭɯ ɫɬɨɪɨɧ (ɫɦ. ɪɢɫɭɧɨɤ 11). 

Ɂɚɬɪɚɬɵ ɧɚ ɩɪɢɜɚɪɤɭ ɬɪɭɛ Ʉɉɉ-1, ɬɵɫ. ɪɭɛ.: 

1 0300 1 9,032 2 2 10 3,028ɩɪɢɜɚɪɤɚ ɲɜɚ ɧɁ ɐ d n m z           ,  (161) 

ɝɞɟ ɪɭɛ.
3

ɫɦɲɜɚɐ  ɰɟɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ; 

1 108z  ɱɢɫɥɨ ɬɪɭɛ ɩɨ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ; 
2n  ɱɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɣ ɧɢɬɤɟ Ʉɉɉ-1; 
2m    ɩɪɢɜɚɪɤɚ ɫ ɞɜɭɯ ɫɬɨɪɨɧ (ɫɦ. ɪɢɫɭɧɨɤ 11). 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ Ʉɉɉ-1, ɬɵɫ. ɪɭɛ., ɫɨɫɬɚɜɹɬ: 

1 34,56 13,029 47,589ɤɩɩ ɨɛɪɟɡɤɚ ɩɪɢɜɚɪɤɚɁ Ɂ Ɂ       (162) 



115 
 

5.9 ɍɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɛɪɨɫɨɜ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

Ɂɚɬɪɚɬɵ, ɜɵɡɜɚɧɧɵɟ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɛɪɨɫɚ SO2 ɜ ɩɪɟɞɟɥɚɯ ɧɨɪɦɵ 
(ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮ-ɬ ɪɚɜɟɧ 1). 

2 2 2 6

3600 ɪɭɛ.
21,903 45,4 3,58

10 ɱSO SO ɫɬɚɜɤɚ SOɁ V C       ,  (163) 

ɝɞɟ 
2

ɝ
74,354 52,451 21,903

ɫSOV    ɭɜɟɥɢɱɟɧɢɟ ɜɵɛɪɨɫɚ SO2 ɩɨɫɥɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɫɦ. ɬɚɛɥɢɰɭ 24). 

2
45,4ɫɬɚɜɤɚ SOC   ɫɬɚɜɤɚ ɡɚ ɜɵɛɪɨɫ, ɪɭɛ./ɬ [10]. 

Ɂɚɬɪɚɬɵ, ɜɵɡɜɚɧɧɵɟ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɛɪɨɫɚ ɥɟɬɭɱɟɣ ɡɨɥɵ: 

6

3600 ɪɭɛ.
13,077 15,1 0,711

10 ɱɥɡ ɥɡ ɫɬɚɜɤɚ ɥɡɁ V C       ,  (164) 

ɝɞɟ ɝ
30,921 17,844 13,077

ɫɥɡV    ɭɜɟɥɢɱɟɧɢɟ ɜɵɛɪɨɫɚ ɥɟɬɭɱɟɣ ɡɨɥɵ ɩɨɫɥɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɫɦ. ɬɚɛɥɢɰɭ 24). 
15,1ɫɬɚɜɤɚ ɥɡC   ɫɬɚɜɤɚ ɡɚ ɜɵɛɪɨɫ, ɪɭɛ./ɬ [10]. 

Ɉɛɳɢɟ ɝɨɞɨɜɵɟ ɡɚɬɪɚɬɵ, ɜɵɡɜɚɧɧɵɟ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɛɪɨɫɨɜ SO2 ɢ ɥɟɬɭɱɟɣ 
ɡɨɥɵ, ɬɵɫ. ɪɭɛ./ɝɨɞ: 

   
2

7922 0,711 3,58 33,991ɜыɛɪɨɫ ɭɫɬ ɥɡ SOɁ T Ɂ Ɂ       ,  (165) 

7922ɭɫɬT    ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɱ/ɝɨɞ (153). 

5.10 Ɋɚɫɱɟɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ɂɚɬɪɚɬɵ ɧɚ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɬɵɫ. ɪɭɛ., ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɨɫɬɚɜɹɬ: 

2 1 31070, 8311,68 47,589 10173,47095ɦɟɬɚɥɥ ɜэɤ ɤɩɩɄ Ɂ Ɂ Ɂ        ,  (166) 

ɝɞɟ 1070,095ɦɟɬɚɥɥɁ  ɡɚɬɪɚɬɵ ɧɚ ɦɟɬɚɥɥ, ɬɵɫ. ɪɭɛ. (154); 
2 8311,68ɜэɤɁ     ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ ȼɗɄ-2 (156); 

1 47,589ɤɩɩɁ     ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ Ʉɉɉ-1, ɬɵɫ. ɪɭɛ. 

Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɬɵɫ. ɪɭɛ./ɝɨɞ: 
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10173,473 678,229
1

15aU H Ʉ    ,  (167) 

ɝɞɟ 1

15
H   ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ; 

10173,473Ʉ  ɡɚɬɪɚɬɵ ɧɚ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɬɵɫ. ɪɭɛ. 

Ƚɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɛɚɥɚɧɫɨɜɨɣ ɩɪɢɛɵɥɢ, ɬɵɫ. ɪɭɛ.: 

11088,325 33,991 11054,334ɛ ɝɨɞ ɫɭɦɦɉ Э U       ,  (168) 

ɝɞɟ 11088,325ɝɨɞЭ    ɫɭɦɦɚɪɧɚɹ ɝɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ, ɬɵɫ. ɪɭɛ./ɝɨɞ; 
33,991ɫɭɦɦ ɜыɛɪɨɫU Ɂ   ɭɜɟɥɢɱɟɧɧɵɟ ɫɭɦɦɚɪɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɪɚɫɯɨɞɵ, ɜɵɡɜɚɧɧɵɟ ɩɪɨɜɟɞɟɧɢɟɦ ɦɟɪɨɩɪɢɹɬɢɹ, ɬɵɫ. ɪɭɛ. 

Ƚɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, ɬɵɫ. ɪɭɛ. ɫɨɫɬɚɜɢɬ: 

25
1 11054,334 1 8290,751

100 100ɱ ɛɉ ɉ               
   

,  (169) 

ɝɞɟ 25  ɩɪɨɰɟɧɬ ɧɚɥɨɝɨɜ ɢ ɨɬɱɢɫɥɟɧɢɣ. 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɛɭɞɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

i ɱi a iɑȾɉ ɉ U   ,  (170) 

ɝɞɟ ɱ iɉ   ɩɪɢɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɜ i-ɵɣ ɝɨɞ; 

a iU   ɫɭɦɦɚɪɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɜ i-ɵɣ ɝɨɞ. 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɜ i-ɵɣ ɝɨɞ: 

1i i iɑȾɉɇɂ ɑȾɉɇɂ ɑȾɉ  ,  (171) 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ: 

 1
i

i i

ɑȾɉȾȾɉ
r




,  (172) 

ɝɞɟ r=20% − ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ: 

1i i iȾȾɉɇɂ ȾȾɉɇɂ ȾȾɉ  ,  (173) 
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ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫ ɭɱɟɬɨɦ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɪɚɫɫɱɢɬɚɟɦ ɜ ɬɚɛɥɢɰɟ 30. 
Ⱥɧɚɥɢɡɢɪɭɹ ɬɚɛɥɢɰɭ 30, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɨɟɤɬ ɡɚɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɹ, 
ɬ.ɤ. ɫɪɨɤ ɜɨɡɜɪɚɬɚ ɢɧɜɟɫɬɢɰɢɣ ɧɟ ɛɨɥɶɲɟ 10-12 ɥɟɬ, IRR ɛɨɥɶɲɟ ɤɪɟɞɢɬɧɨɣ ɫɬɚɜɤɢ 
ɧɚ 8-10 ɩɭɧɤɬɨɜ, ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɛɨɥɟɟ 1,3.
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Ɍɚɛɥɢɰɚ 30 – Ɋɚɫɱɟɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ  

ɉɨɤɚɡɚɬɟɥɶ 
Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɩɨ ɝɨɞɚɦ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ 

1 2 3 4 5 6 7 8 9 10 11 

1.ȿɞɢɧɨɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɩɪɨɜɟɞɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, Ʉɦ, ɬɵɫ. 
ɪɭɛ 

10173,473 
                  

  

2.Ɍɨ ɠɟ ɫ ɩɪɢɜɟɞɟɧɢɟɦ, ɬɵɫ. ɪɭɛ. 10173,473                     
3. Ƚɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɛɚɥɚɧɫɨɜɨɣ 
ɩɪɢɛɵɥɢ ∆ɉɛt   11054,3 11054,3 11054,3 11054,3 11054,3 11054,3 11054,3 11054,3 11054,3 11054,3 

4. Ƚɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ.   8290,8 8290,8 8290,8 8290,8 8290,8 8290,8 8290,8 8290,8 8290,8 8290,8 

5. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 
∆Uɚɦ, ɬɵɫ. ɪɭɛ.   678,2 678,2 678,2 678,2 678,2 678,2 678,2 678,2 678,2 678,2 

6. ɑȾɉ. ɬɵɫ. ɪɭɛ. -10173,47 8969,0 8969,0 8969,0 8969,0 8969,0 8969,0 8969,0 8969,0 8969,0 8969,0 

7. ɑȾɉɇɂ, ɬɵɫ. ɪɭɛ. -10173,47 -1204,5 7764,5 16733,5 25702,5 34671,4 43640,4 52609,4 61578,4 70547,4 79516,3 

8. ȾȾɉ, ɬɵɫ. ɪɭɛ. -8477,89 6228,46 5190,38 4325,32 3604,43 3003,69 2503,08 2085,90 1738,25 1448,54 1207,12 

9. ȾȾɉɇɂ, ɬɵɫ. ɪɭɛ. -8477,89 -2249,4 2940,9 7266,3 10870,7 13874,4 16377,5 18463,4 20201,6 21650,2 22857,3 
10. NPV (ɱɢɫɬɚɹ ɬɟɤɭɳɚɹ ɫɬɨɢɦɨɫɬɶ) 22857,3 
11. IRR (ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ 
ɞɨɯɨɞɧɨɫɬɢ) 88 % 

12. DPI (ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ 
ɢɧɜɟɫɬɢɰɢɣ) 3,7 

13. PP (ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
ɢɧɜɟɫɬɢɰɢɣ) 2,13 ɝɨɞɚ 

14. DPP (ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ) 2,43 ɝɨɞɚ 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɤɨɬɥɚ Ɍɉ-42 ɧɚ 
ɩɪɨɟɤɬɧɨɟ (Ʉɭɡɧɟɰɤɢɣ ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ) ɢ ɧɟɩɪɨɟɤɬɧɨɟ (Ʉɭɡɧɟɰɤɢɣ ɭɝɨɥɶ ɦɚɪɤɢ Ƚ, 
ɩɪɨɦ) ɬɨɩɥɢɜɚ ɧɚ ɪɚɡɥɢɱɧɵɟ ɧɚɝɪɭɡɤɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɭ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɬɟɯɧɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ ɧɟɞɨɝɪɟɜɚ ɨɫɬɪɨɝɨ ɩɚɪɚ ɞɨ ɧɨɦɢɧɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ (510 ℃) ɭɫɬɪɚɧɟɧɚ, ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɟɧ ɜɩɪɵɫɤ, ɬɚɤ ɠɟ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɦɨɠɟɧ ɩɟɪɟɯɨɞ ɧɚ ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 
ɧɨɦɢɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɍɜɟɥɢɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ Ʉɉɉ-1 ɢ ȼɗɄ-2 
ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɄɉȾ ɛɪɭɬɬɨ ɧɚ 0,33 % ɧɚ ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ. ɉɪɢ ɪɚɛɨɬɟ 
ɤɨɬɥɚ ɧɚ ɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɟɥ ɜɵɞɟɪɠɢɜɚɟɬ 
ɧɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫ ɜɵɢɝɪɵɲɟɦ ɜ ɄɉȾ ɛɪɭɬɬɨ ɜ 0,594 %. 

ɉɨ ɪɟɡɭɥɶɬɚɬɭ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɵɦɨɫɨɫɵ ɩɨɫɥɟ 
ɭɜɟɥɢɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɪɚɛɨɬɚɸɬ ɜ ɪɚɫɱɟɬɧɨɦ ɪɟɠɢɦɟ.  

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ, ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɢɥɨ 1,6 ɤɦ. ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ ɩɪɟɞɟɥɚɯ 
ɧɨɪɦɵ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɭɜɟɥɢɱɢɥɢɫɶ ɜɵɛɪɨɫɵ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, 
ɥɟɬɭɱɟɣ ɡɨɥɵ, ɞɢɨɤɫɢɞɚ ɫɟɪɵ, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ. ɇɨ ɩɪɢ ɷɬɨɦ 
ɫɧɢɡɢɥɢɫɶ ɜɵɛɪɨɫɵ NOx ɢɡ-ɡɚ ɧɟɤɨɬɨɪɨɝɨ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɚɤɬɢɜɧɨɣ 
ɡɨɧɨɣ ɝɨɪɟɧɢɹ.  

Ɋɚɫɱɟɬ ɩɵɥɟɫɢɫɬɟɦɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɵɥɟɫɢɫɬɟɦɚ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨ ɫɭɲɢɥɶɧɨɣ ɢ ɪɚɡɦɨɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ.  

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɩɨɤɚɡɚɥ, 
ɱɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫ ɭɱɟɬɨɦ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥ 2,43 ɝɨɞɚ, ɪɟɡɟɪɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɬɚɜɢɥ 68%, ɢɧɞɟɤɫ 
ɞɨɯɨɞɧɨɫɬɢ 3,7. 
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