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ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɁȺȾȺɇɂȿ 
ɇȺ ȼЫɉɍɋɄɇɍЮ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍЮ ɊȺȻɈɌɍ 

 
в форме ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 



ɋɬɭɞɟɧɬɭ Ȼɭɛɟɧɱɢɤɨɜ ɗɞɭɚɪɞ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

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

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  ɉɪɨɟɤɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉȽɍ 
840 Ɇȼɬ ɜ Ʉɪɚɫɧɨɞɚɪɫɤɨɦ ɤɪɚɟ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 2889/ɫ      ɨɬ 02.03.2021 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɩɪɨɮɟɫɫɨɪ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ʉɚɪɬɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ, 
ɢɧɮɨɪɦɚɰɢɹ ɷɧɟɪɝɨɞɟɮɢɰɢɬɧɵɯ ɪɚɣɨɧɨɜ ɜ ɊɎ, ɡɚɜɨɞɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɧɟɪɝɟɬɢ- 
ɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ȼɜɟɞɟɧɢɟ, ɪɚɡɦɟɳɟɧɢɟ ɢ ɬɨɩɥɢɜɨ, SWOT ɚɧɚɥɢɡ 
ɪɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɪɚɣɨɧɚ,  ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨ- 
ɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɢɫɬɟɦ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ, ɥɢɬɟɪɚ- 
ɬɭɪɧɵɣ ɨɛɡɨɪ ɉȽɍ–420, ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɚɪɨɝɚɡɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ,  
ɬɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɜɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɯɪɚɧɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɉȽɍ, ɬɨɩɥɢɜɧɨɟ ɯɨ - 
ɡɹɣɫɬɜɨ ɉȽɍ, ɤɨɦɩɨɧɨɜɤɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ, ɡɚɤɥɸɱɟɧɢɟ, 
ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 
Ʌɢɫɬ 1. ɋɯɟɦɚ ɬɟɩɥɨɜɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 

Ʌɢɫɬ 2. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ɍɗɋ 
Ʌɢɫɬ 3. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ɍɗɋ 

Ʌɢɫɬ 4. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ Ɍɗɋ 
Ʌɢɫɬ 5. ɉɥɚɧ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ɍɗɋ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ 
ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ   ɗ.Ⱥ. Ȼɭɛɟɧɱɢɤɨɜ 
ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 
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ɊȿɎȿɊȺɌ 
 
 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉȽɍ 
840 Ɇȼɬ ɜ Ʉɪɚɫɧɨɞɚɪɫɤɨɦ ɤɪɚɟ» ɫɨɞɟɪɠɢɬ 106 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬ, 21 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ, 3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, 3D ɦɨɞɟɥɶ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɉȺɊɈȽȺɁɈȼȺə ɍɋɌȺɇɈȼɄȺ; ɄɈɌȿɅ – 
ɍɌɂɅɂɁȺɌɈɊ; ɌȿɉɅɈȼȺə ɋɏȿɆȺ; ȽȺɁɈɌɍɊȻɂɇɇȺə ɍɋɌȺɇɈȼɄȺ; 
ɉȺɊɈɋɂɅɈȼɈɃ ɐɂɄɅ. 
 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – Ⱥɧɚɫɬɚɫɢɟɜɫɤɚɹ Ɍɗɋ 840 Ɇȼɬ 
 ɐɟɥɢ ɪɚɛɨɬɵ: 
 -  ɜɵɩɨɥɧɢɬɶ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ;  
 - ɩɪɨɢɡɜɟɫɬɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɩɨ ɦɟɬɨɞɭ 
ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ; 
 - ɩɪɨɢɡɜɟɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ; 
 - ɜɵɛɪɚɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 - ɨɩɪɟɞɟɥɢɬɶ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  
 ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɪɚɫɱɟɬɵ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ 
ɫɥɨɠɧɨɦɭ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɰɢɤɥɭ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɚɪɨɬɭɪɛɢɧɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɢ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ.  
 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɤɚɤ ɜɪɭɱɧɭɸ, ɬɚɤ ɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨ – ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɵ. 
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ȼȼȿȾȿɇɂȿ 
 
Ʉɪɚɫɧɨɞɚɪɫɤɢɣ ɤɪɚɣ — ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɢ, 

ɧɨɫɹɳɢɣ ɝɨɪɞɨɟ ɡɜɚɧɢɟ «ɡɞɪɚɜɧɢɰɵ ɫɬɪɚɧɵ». ȼ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɪɟɝɢɨɧ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ «ɬɭɪɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɧɚɫɟɥɟɧɧɨɫɬɶɸ», ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɩɪɨɛɥɟɦɭ ɩɟɪɟɝɪɭɡɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɝɨɪɨɞɨɜ ɢ ɪɚɣɨɧɨɜ. ɉɨ 
ɷɧɟɪɝɨɞɨɫɬɚɬɨɱɧɨɫɬɢ Ʉɭɛɚɧɶ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 73 ɦɟɫɬɟ ɢɡ 74 ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɢ. 

ɉɨ ɞɚɧɧɵɦ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɪɬɚɥɚ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɪɟɝɢɨɧɚ ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɨɞɧɨ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ. Ɏɚɤɬɨɪ ɞɟɮɢɰɢɬɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɧɚɤɥɚɞɵɜɚɟɬ ɦɧɨɠɟɫɬɜɨ 
ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ: 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɝɨɫɬɢɧɢɱɧɨɦ ɛɢɡɧɟɫɟ.  

ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 2021 ɝɨɞ ɩɨɥɧɨɰɟɧɧɨ 
ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɱɟɬɵɪɟ ɜɚɠɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ: Ʉɪɚɫɧɨɞɚɪɫɤɚɹ Ɍɗɐ 1025 Ɇȼɬ, ɋɨɱɢɧɫɤɚɹ Ɍɗɐ 158 Ɇȼɬ, Ⱥɞɥɟɪɫɤɚɹ 
Ɍɗɐ 367 Ɇȼɬ, Ⱦɠɭɛɝɢɧɫɤɚɹ Ɍɗɐ 180 Ɇȼɬ. Ɉɫɬɚɥɶɧɵɟ ɨɛɴɟɤɬɵ ɦɟɧɶɲɟɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ – Ʉɪɚɫɧɨɩɨɥɹɧɫɤɚɹ 29 Ɇȼɬ ɢ Ȼɟɥɨɪɟɱɟɧɫɤɚɹ Ƚɗɋ 48 Ɇȼɬ, 
ɢ ɩɨɪɹɞɤɚ 40 Ɍɗɋ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. Ɉɛɳɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 2371 Ɇȼɬ. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɯ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨ 
2020 ɝɨɞ ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜ Ʉɪɚɫɧɨɞɚɪɫɤɨɦ ɤɪɚɟ ɩɪɟɜɵɫɢɥɚ 
27,264 ɦɥɪɞ. ɤȼɬ∙ɱ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬ 4917 Ɇȼɬ. 
ɉɪɨɝɧɨɡ ɪɨɫɬɚ ɧɚ ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɤ 2025 ɝɨɞɭ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɨɫɬ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ ɩɨɬɪɟɛɥɟɧɢɹ ɞɨ 5333 Ɇȼɬ. ȼɫɟ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɪɚɣ ɤ 2025 ɝɨɞɭ 
ɛɭɞɟɬ ɨɳɭɳɚɬɶ ɧɟɯɜɚɬɤɭ ɦɨɳɧɨɫɬɢ ɜ 2962 Ɇȼɬ.  

Ⱦɚɧɧɵɣ ɞɟɮɢɰɢɬ ɷɧɟɪɝɢɢ ɨɤɚɡɵɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɨɫɥɟɞɫɬɜɢɹ ɞɥɹ ɪɟɝɢɨɧɚ: 
 ɍɦɟɧɶɲɚɟɬɫɹ ɢɧɜɟɫɬɢɰɢɨɧɧɚɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɤɪɚɹ, ɬɚɤ ɤɚɤ 

ɧɚɥɢɱɢɟ ɞɟɮɢɰɢɬɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. 
 ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɡɚɬɹɧɭɬɵɯ ɫɬɪɨɢɬɟɥɶɫɬɜ ɨɛɴɟɤɬɨɜ (ɞɨɥɝɨɫɬɪɨɟɜ). 

Ʉɪɚɫɧɨɞɚɪɫɤɢɣ ɤɪɚɣ ɜɵɲɟɥ ɧɚ ɬɪɟɬɶɟ ɦɟɫɬɨ ɩɨ ɬɟɦɩɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɪɟɞɢ 
ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ, ɧɨ ɞɢɧɚɦɢɤɚ ɫɨɡɞɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫɢɥɶɧɨ ɨɬɫɬɚɥɚ ɨɬ 
ɬɟɦɩɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

 ɉɨɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɛɨɟɜ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ, ɱɬɨ 
ɧɟɞɨɩɭɫɬɢɦɨ ɞɥɹ ɦɟɞɢɰɢɧɫɤɢɯ, ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɯ ɢ ɤɭɪɨɪɬɧɵɯ ɭɱɪɟɠɞɟɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Ʉɪɚɫɧɨɞɚɪɫɤɢɣ ɤɪɚɣ ɨɬɧɨɫɢɬɫɹ ɤ ɷɧɟɪɝɨɞɟɮɢɰɢɬɧɵɦ 
ɫɭɛɴɟɤɬɚɦ ɊɎ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫ ɝɨɞɚɦɢ ɛɭɞɟɬ ɧɚɪɚɫɬɚɬɶ ɜɵɫɨɤɢɦɢ 
ɬɟɦɩɚɦɢ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɪɚɹ. 

Ʉɪɨɦɟ ɞɟɮɢɰɢɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ Ʉɪɚɫɧɨɞɚɪɫɤɨɦ ɤɪɚɟ ɫɭɳɟɫɬɜɭɟɬ 
ɟɳɟ ɨɞɧɚ ɧɟɦɚɥɨɜɚɠɧɚɹ ɩɪɨɛɥɟɦɚ. Ɉɫɧɨɜɧɭɸ ɱɚɫɬɶ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɤɪɚɹ 
ɩɨɤɪɵɜɚɸɬ ɫ ɩɨɦɨɳɶɸ ɤɨɬɟɥɶɧɵɯ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɬɢɯ ɤɨɬɟɥɶɧɵɯ ɧɚɯɨɞɹɬɫɹ ɜ 
ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɚɜɚɪɢɣɧɵɦ ɩɟɪɟɛɨɹɦ 
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ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨ ɞɚɧɧɵɦ ɉȺɈ «ɆɈɗɄ», 
ɩɟɪɟɤɥɸɱɟɧɢɟ ɡɨɧɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɵɯ ɫ ɫɭɦɦɚɪɧɨɣ ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɨɣ Ƚȼɋ ɨɤɨɥɨ 340 Ƚɤɚɥ/ɱɚɫ ɧɚ ɉȽɍ-Ɍɗɐ ɞɨɫɬɢɝɧɭɬɚ ɷɤɨɧɨɦɢɹ ɝɚɡɚ ɜ 
ɫɢɫɬɟɦɟ ɩɨɪɹɞɤɚ 297 ɦɢɥɥɢɨɧɨɜ ɤɭɛɨɦɟɬɪɨɜ ɜ ɝɨɞ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɟɧɚ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ. ɍɱɢɬɵɜɚɹ ɫɬɨɢɦɨɫɬɶ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɞɥɹ ɝɨɪɨɞɨɜ, ɝɞɟ ɷɧɟɪɝɟɬɢɤɚ ɩɨɥɧɨɫɬɶɸ ɨɫɧɨɜɚɧɚ ɧɚ ɫɠɢɝɚɧɢɢ 
ɷɬɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɚ, ɷɤɨɧɨɦɢɹ ɪɟɫɭɪɫɨɜ – ɤɥɸɱɟɜɨɣ ɜɨɩɪɨɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ.  

Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɛɵɥ ɩɪɨɩɢɫɚɧ ɜ ɉɪɨɝɧɨɡɟ ɇɌɊ ɨɬɪɚɫɥɟɣ 
ɌɗɄ ɞɨ 2035 ɝɨɞɚ, ɜɵɩɭɳɟɧɧɨɦ Ɇɢɧɷɧɟɪɝɨ ɊɎ ɜ 2016 ɝɨɞɭ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɡɚɤɪɵɬɢɟ ɥɨɤɚɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ, ɫ ɩɟɪɟɜɨɞɨɦ ɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ ɫɧɚɛɠɟɧɢɟ ɨɬ 
ɤɪɭɩɧɵɯ Ɍɗɐ.  

 ɇɚ 2021 ɝɨɞ ɜ ɋɥɚɜɹɧɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɮɭɧɤɰɢɨɧɢɪɭɟɬ 
ɧɚɢɛɨɥɶɲɟɟ ɱɢɫɥɨ ɤɨɬɟɥɶɧɵɯ ɩɨ ɤɪɚɸ – 277 ɲɬɭɤ.  ɉɪɢ ɷɬɨɦ ɜ ɪɚɣɨɧɟ ɧɟɬ 
ɪɚɛɨɬɚɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɋɥɚɜɹɧɫɤɨɦ ɪɚɣɨɧɟ 
ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɤɪɭɩɧɟɣɲɢɣ ɨɛɴɟɤɬ ɝɚɡɨɞɨɛɵɱɢ ɧɚ ɸɝɟ Ɋɨɫɫɢɢ - Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ-
Ɍɪɨɢɰɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ. ȼɫɟ ɷɬɢ ɮɚɤɬɨɪɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɪɭɩɧɨɣ Ɍɗɐ ɜ ɋɥɚɜɹɧɫɤɨɦ ɪɚɣɨɧɟ Ʉɭɛɚɧɢ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɪɚɣɨɧɨɦ ɢ ɦɨɳɧɨɫɬɶɸ 
ɜɨɡɜɨɞɢɦɨɣ ɫɬɚɧɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɫɯɟɦɭ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɨɛɥɚɫɬɢ ɷɧɟɪɝɟɬɢɤɢ. Ⱦɚɧɧɵɣ ɞɨɤɭɦɟɧɬ 
ɫɨɞɟɪɠɢɬ ɫɜɟɞɟɧɢɹ ɨ ɩɥɚɧɢɪɭɟɦɵɯ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɮɟɞɟɪɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ. Ɋɚɫɫɦɨɬɪɢɦ ɜɫɟ 
ɩɥɚɧɢɪɭɟɦɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ.  

ɇɨɜɨɪɨɫɫɢɣɫɤɚɹ Ɍɗɋ 600 Ɇȼɬ ɧɚɯɨɞɢɬɫɹ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – 
ɩɪɟɞɩɪɨɟɤɬɧɵɟ ɪɚɛɨɬɵ ɡɚɜɟɪɲɟɧɵ. ɉɪɨɟɤɬ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɤɨɦɩɚɧɢɹ 
«Ƚɚɡɗɧɟɪɝɨɋɬɪɨɣ».  

ɍɞɚɪɧɚɹ Ɍɗɋ 465 Ɇȼɬ – ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜɜɟɞɟɧɨ ɞɜɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 25 Ɇȼɬ. ɉɪɨɟɤɬɨɦ ɡɚɧɢɦɚɟɬɫɹ «Ɋɨɫɬɟɯ». 

Ⱥɛɢɧɫɤɚɹ Ɍɗɋ 540 Ɇȼɬ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɬɨɪɝɚɯ ɜ ɩɪɨɰɟɞɭɪɚɯ ɛɚɧɤɪɨɬɫɬɜɚ 
ɈɈɈ "ȼɟɥɬɚ - ɥɢɡɢɧɝ" ɢ ɈɈɈ "Ⱥɛɢɧɫɤɚɹ Ɍɗɋ". ɋɬɟɩɟɧɶ ɝɨɬɨɜɧɨɫɬɢ ɨɛɴɟɤɬɚ – 
88%.  

Ⱥɧɚɫɬɚɫɢɟɜɫɤɚɹ Ɍɗɋ 840 Ɇȼɬ ɩɥɚɧɢɪɭɟɬɫɹ ɤ ɩɨɫɬɪɨɣɤɟ ɜ ɋɥɚɜɹɧɫɤɨɦ 
ɪɚɣɨɧɟ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɤ 2030 ɝɨɞɭ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɡɚɤɚɡɱɢɤ ɧɟ 
ɨɩɪɟɞɟɥɟɧ.  

ɂɫɯɨɞɹ ɢɡ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɨɤɨɧɱɚɬɟɥɶɧɵɣ 
ɜɵɜɨɞ. ȼ ɞɚɧɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
Ⱥɧɚɫɬɚɫɢɟɜɤɨɣ Ɍɗɋ 840 Ɇȼɬ ɜ ɋɥɚɜɹɧɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ. Ⱦɥɹ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɡɨɧɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɵɯ ɫɬɚɧɰɢɹ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɩɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ. 
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1 Ɋɚɡɦɟɳɟɧɢɟ ɢ ɬɨɩɥɢɜɨ 
 
 ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɦɟɫɬɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɩɨɞɤɥɸɱɟɧɢɹ ɫɬɚɧɰɢɢ ɤ ɨɛɳɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ.  Ɍɚɤɠɟ ɭɱɢɬɵɜɚɸɬ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɬɨɩɥɢɜɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɝɭɫɬɨɧɚɫɟɥɟɧɧɨɝɨ ɝɨɪɨɞɚ.  
 Ɍɨɩɥɢɜɨ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɭɸ ɫɬɚɧɰɢɸ ɛɭɞɟɬ ɩɨɫɬɭɩɚɬɶ ɫ Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ – 
ɬɪɨɢɰɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɨɷɬɨɦɭ ɫɬɚɧɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɦɟɠɞɭ 
Ⱥɧɚɫɬɚɫɢɟɜɫɤɨɣ ɢ Ɍɪɨɢɰɤɨɣ ɫɬɚɧɢɰɟɣ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɢ ɭɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 1 (ɚ).   
 ɉɨ ɫɯɟɦɚɦ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ Ɋɨɫɫɢɣɫɤɨɣ ɮɟɞɟɪɚɰɢɢ ɜɢɞɧɨ, ɱɬɨ ɪɹɞɨɦ 
ɫ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɟɣ ɩɪɨɯɨɞɢɬ Ɋɚɫɬɨɜɫɤɚɹ-Ɍɚɦɚɧɶɫɤɚɹ Ʌɗɉ ɫ 
ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 500 ɤȼ. ɉɨɞɤɥɸɱɟɧɢɟ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɤ Ʌɗɉ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1 (ɛ).  
 

  
ɚ)  ɛ) 

Ɋɢɫɭɧɨɤ 1 – Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɚ – ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɨɝɨ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ ɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ; ɛ 
– ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ Ʌɗɉ). 
  
 Ɋɹɞɨɦ ɫɨ ɫɬɚɧɰɢɟɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɝɨɪɨɞ ɋɥɚɜɹɧɫɤ-ɧɚ-Ʉɭɛɚɧɢ ɫ ɧɚɫɟɥɟɧɢɟɦ 
67919 ɱɟɥɨɜɟɤ.  ɉɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɦɚɪɬ 2021 ɝɨɞɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɬɚɧɰɢɢ ɧɚɯɨɞɢɬɫɹ ɩɭɫɬɨɣ ɥɚɧɞɲɚɮɬ ɫ ɛɥɢɡɥɟɠɚɳɢɦɢ ɡɟɦɥɟɞɟɥɶɱɟɫɤɢɦɢ 
ɩɨɥɹɦɢ. ɉɨ ɪɢɫɭɧɤɭ 1ɚ ɜɢɞɧɨ, ɱɬɨ ɫɬɚɧɰɢɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 12 ɤɢɥɨɦɟɬɪɚɯ ɨɬ 
ɝɨɪɨɞɚ ɢ 5,2 ɤɢɥɨɦɟɬɪɚɯ ɨɬ ɦɟɫɬɨɪɨɠɞɟɧɢɹ.  
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2 SWOT ɚɧɚɥɢɡ 
 
 Ʉɪɚɫɧɨɞɚɪɫɤɢɣ ɤɪɚɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ ɫɜɨɢɦ ɛɨɝɚɬɫɬɜɨɦ 
ɧɟɮɬɹɧɵɯ, ɝɚɡɨɜɵɯ ɢ ɧɟɮɬɟɝɚɡɨɤɨɧɞɟɧɫɚɬɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. Ɉɫɬɚɥɶɧɵɟ 
ɪɟɫɭɪɫɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɝɨɥɶ, ɞɨɛɵɜɚɟɬɫɹ ɜ ɦɟɧɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ. ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
ɫɬɚɧɰɢɹ ɛɭɞɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜ ɋɥɚɜɹɧɫɤɨɦ ɪɚɣɨɧɟ, ɬɨ ɟɫɬɶ ɪɹɞɨɦ ɫ ɨɞɧɢɦ ɢɡ 
ɤɪɭɩɧɟɣɲɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ «Ɋɇ-Ʉɪɚɫɧɨɞɚɪɧɟɮɬɟɝɚɡɟ» –  Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ-
Ɍɪɨɢɰɤɢɦ ɦɟɫɬɨɪɨɠɞɟɧɢɟɦ. Ɉɛɳɢɣ ɮɨɧɞ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 330 
ɞɨɛɵɜɚɸɳɢɯ ɝɚɡɨɜɵɯ ɢ ɧɟɮɬɹɧɵɯ ɫɤɜɚɠɢɧ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ 
ɫɬɚɧɰɢɸ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ ɛɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɢɡɟɥɶɧɨɟ. 
 ɇɚ 2021 ɝɨɞ ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɧɟɧɢɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ.   

1) ȽɌɍ-Ɍɗɐ, ɤɨɝɞɚ ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɩɨɫɥɟ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 
ɧɚɩɪɚɜɥɹɸɬɫɹ ɧɚ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɜɨɡɞɭɲɧɨ-ɜɨɞɹɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ. 

2) ɉɌɍ-Ɍɗɐ ɜɤɥɸɱɚɸɳɚɹ: ɩɚɪɨɬɭɪɛɢɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɢ ɤɨɬɥɨɚɝɪɟɝɚɬ, 
ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ. 

3) ɉȽɍ-Ɍɗɐ (ɩɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ), ɩɨɡɜɨɥɹɸɳɚɹ ɨɛɴɟɞɢɧɢɬɶ 
ɩɚɪɨɬɭɪɛɢɧɧɭɸ ɢ ɝɚɡɨɬɭɪɛɢɧɧɭɸ ɭɫɬɚɧɨɜɤɭ. ȼ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɬɟɩɥɨɬɚ 
ɬɨɩɥɢɜɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɧɚɱɚɥɚ ɜ ɝɚɡɨɬɭɪɛɢɧɧɨɦ, ɚ ɡɚɬɟɦ ɜ ɩɚɪɨɫɢɥɨɜɨɦ ɰɢɤɥɟ, ɢ ɩɨɷɬɨɦɭ 
ɭɬɢɥɢɡɚɰɢɨɧɧɵɟ ɉȽɍ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɷɤɨɧɨɦɢɱɧɵɦɢ ɢɡ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɬɢɩɨɜ. 
 ȼ ɧɚɲɢ ɞɧɢ ɛɨɥɟɟ 50% ɫɨɡɞɚɜɚɟɦɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɨɳɧɨɫɬɟɣ 
ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɉȽɍ. ɇɚɩɪɢɦɟɪ, ɜ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ ɢ ɂɬɚɥɢɢ ɷɬɚ 
ɜɟɥɢɱɢɧɚ ɞɨɫɬɢɝɥɚ 92%.   
 ɋɪɚɜɧɢɜɚɹ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɚɪɢɚɧɬɵ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɉȽɍ: 

 ɉȽɍ ɧɚ 30% ɦɟɧɶɲɟ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɜɟɫɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ, ɪɚɛɨɬɚɸɳɟɣ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦ ɝɚɡɨɜɵɦ 
ɤɨɬɥɨɦ. ɉɨ ɢɧɮɨɪɦɚɰɢɢ ɜɫɟɪɨɫɫɢɣɫɤɨɝɨ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ (ȼɌɂ) ɢ 
ɚɬɨɦɬɟɩɥɨɷɥɟɤɬɪɨɩɪɨɟɤɬɚ (ȺɌɗɉ) ɫɨɨɪɭɠɟɧɢɟ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɉȽɍ ɫ 6-ɸ 
ɛɥɨɤɚɦɢ ɉȽɍ-800 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɬɚɧɨɜɤɨɣ 6-ɢ ɝɚɡɨɦɚɡɭɬɧɵɯ ɷɧɟɪɝɨɛɥɨɤɨɜ 
800 Ɇȼɬ ɩɨɡɜɨɥɹɟɬ ɫɷɤɨɧɨɦɢɬɶ ɞɨ 9107 ɬɵɫɹɱ ɤɝ ɫɬɚɥɢ ɢ ɞɨ 8130 ɬɵɫɹɱ ɤɝ 
ɠɟɥɟɡɨɛɟɬɨɧɚ. 

 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɧɢɠɟ, ɱɟɦ ɭ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɟɣ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦ ɝɚɡɨɜɵɦ 
ɤɨɬɥɨɦ. ɉɨ ɞɚɧɧɵɦ Mitsubishi Heavy Industries (MHI) ɩɚɪɨɝɚɡɨɜɚɹ ɬɟɩɥɨɜɚɹ 
ɫɬɚɧɰɢɹ ɦɨɳɧɨɫɬɶɸ 370 Ɇȼɬ ɫɬɨɢɬ ɨɤɨɥɨ 1739 $ ɡɚ ɤȼɬ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɬɚɧɰɢɹ ɫ ɝɚɡɨɦɚɡɭɬɧɵɦɢ ɤɨɬɥɚɦɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɦɨɳɧɨɫɬɢ ɫɬɨɢɬ ɨɤɨɥɨ 2468 $ 
ɡɚ ɤȼɬ.  

 Ɂɚɪɭɛɟɠɧɵɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɞɜɢɝɚɬɟɥɹ ɢɦɟɸɬ ɧɚɪɚɛɨɬɤɭ ɷɧɟɪɝɨɛɥɨɤɚ 
ɦɟɠɞɭ ɤɚɩɢɬɚɥɶɧɵɦɢ ɪɟɦɨɧɬɚɦɢ (ɦɟɠɪɟɦɨɧɬɧɵɣ ɪɟɫɭɪɫ) ɞɨ 100000 ɱɚɫɨɜ. 
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ɇɚɩɪɢɦɟɪ, ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɢɦɟɸɬ ɫɪɟɞɧɢɣ ɦɟɠɪɟɦɨɧɬɧɵɣ ɪɟɫɭɪɫ ɨɤɨɥɨ 45000 
ɱɚɫɨɜ. 

 ȼ ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɛɪɨɫɚ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ɤɨɬɥɨɦ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɩɚɪɨɜɨɣ 
ɬɭɪɛɢɧɵ ɫ ɩɨɦɨɳɶɸ ɚɪɦɚɬɭɪɵ ɦɨɠɧɨ ɩɟɪɟɜɟɫɬɢ ɉȽɍ-Ɍɗɐ ɧɚ ɪɟɠɢɦ ɪɚɛɨɬɵ 
ȽɌɍ-Ɍɗɐ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɛɭɞɟɬ ɜɵɪɚɛɚɬɵɜɚɬɶɫɹ ɬɨɥɶɤɨ 
ȽɌɍ, ɚ ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɢ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɛɭɞɭɬ ɢɝɪɚɬɶ ɪɨɥɶ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɧɬɭɪɚ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɬ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ȽɌɍ ɤ 
ɫɟɬɟɜɨɣ ɜɨɞɟ. ɗɬɨ ɞɨɫɬɨɢɧɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɜɚɪɢɚɧɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ȽɌɍ-Ɍɗɐ. 

 ɉɨɫɤɨɥɶɤɭ 2/3 ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ ɢ 
ɬɨɥɶɤɨ 1/3 ɜ ɩɪɨɫɬɨɦ ɩɚɪɨɫɢɥɨɜɨɦ ɰɢɤɥɟ, ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ 50–60% ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɨɛɵɱɧɨɣ ɩɚɪɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 ɇɚ 2021 ɝɨɞ ɄɉȾ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ 
ɫɭɩɟɪɫɜɪɟɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɨɤɨɥɨ 43,5 – 46%. ɍ ɩɚɪɨɝɚɡɨɜɵɯ 
ɭɫɬɚɧɨɜɨɤ ɞɚɧɧɵɣ ɞɢɚɩɚɡɨɧ ɄɉȾ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 52 – 61%. Ɍɨ ɟɫɬɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɬɚɧɰɢɢ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ, ɚ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɨɬɩɭɳɟɧɧɵɣ ɫɨ ɫɬɚɰɢɢ ɤɢɥɨɜɚɬɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɟɧɶɲɟ. 

 ɍɫɬɚɧɨɜɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ (ɉȽɍ) ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɹɬ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɝɭɫɬɨɧɚɫɟɥɟɧɧɵɯ ɪɟɝɢɨɧɚɯ ɢɡ-ɡɚ ɢɯ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ.  ȼ ɫɨɜɪɟɦɟɧɧɵɯ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɷɦɢɫɫɢɢ ɨɤɫɢɞɚ ɚɡɨɬɚ ܰ 𝑥ܱ ɦɟɧɟɟ 25 
ppm ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɦɟɧɟɟ 40 ppm ɩɪɢ ɫɠɢɝɚɧɢɢ ɠɢɞɤɨɝɨ 
ɬɨɩɥɢɜɚ. 

 ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɯ ȺɌɗɉ ɢ ȼɌɂ ɷɤɨɧɨɦɢɹ ɨɬ ɜɧɟɞɪɟɧɢɹ ɉȽɍ-800 
ɜɦɟɫɬɨ ɨɛɵɱɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ 800 Ɇȼɬ ɫɨɫɬɚɜɥɹɟɬ ɜ ɝɨɞ 204 ɦɢɥɥɢɨɧɚ 
ɤɢɥɨɝɪɚɦɦ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɗɬɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ ɜɵɛɪɚɬɶ ɞɥɹ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɤɭ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ – ɉȽɍ.  
 

3 Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɪɚɣɨɧɚ  
 
 Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɫɯɟɦɟ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɩɥɨɜɭɸ 
ɧɚɝɪɭɡɤɭ ɩɨɬɪɟɛɢɬɟɥɟɣ. ɉɨɬɪɟɛɢɬɟɥɟɦ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɨɩɪɟɞɟɥɢɦ 
ɋɥɚɜɹɧɫɤɢɣ ɪɚɣɨɧ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ. 
  

3.1 Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ, ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɠɢɥɵɯ ɡɞɚɧɢɣ 
 

Ⱦɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɫɭɬɨɱɧɚɹ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɨɞɧɨɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ ɩɨ ɋɇɢɉ 2.04.01-84 ɫɨɫɬɚɜɥɹɟɬ 𝑎 = Ͷͷ ɥ/(ɱɟɥ∙ɫɭɬ). ɉɨ ɢɧɮɨɪɦɚɰɢɢ 
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ɰɟɧɬɪɚ ɡɚɧɹɬɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɋɥɚɜɹɧɫɤɨɝɨ ɪɚɣɨɧɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ 
ɱɟɥɨɜɟɤ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ܰ = ͺʹʹͲ ˚ˈˎ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɪɚɛɨɬɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 
ɩɪɢɧɢɦɚɟɦ 𝜏 = ͳ͸ ɱ/ɫɭɬ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɱ: 
 

. ,ɪ ɫɪ ɧɟɞ
Ƚȼɋ ɧ ɫ ɝɜɫQ Q   (3.1)   

 
ɝɞɟ ɧ  − ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɞɟɥɶɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ. Ⱦɥɹ 
ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɩɪɢɧɢɦɚɟɬɫɹ 1,2ɧ . Ⱦɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ  

1ɧ . 

 ɫ  − ɤɨɷɮɮɢɰɢɟɧɬ ɫɭɬɨɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɡɚ ɫɭɬɤɢ 
ɧɚɢɛɨɥɶɲɟɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ. Ⱦɥɹ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɬɜɥɟɱɟɧɧɨɣ ɨɬ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 2ɫ . Ⱦɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 1ɫ  [1]. 

 
 . ɝ ɯɫɪ ɧɟɞ

Ƚȼɋ

a N c t t
Q


   

 − cɪɟɞɧɟɧɟɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɧɭɠɞɵ Ƚȼɋ, 

ɤȾɠ/ɱ; 
a  − ɫɭɬɨɱɧɚɹ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɨɞɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ; 
N  − ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ (ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ; ɱɢɫɥɨ 

ɠɢɬɟɥɟɣ, ɱɟɥ.); 
4,187c  − ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ°С); 
60ɝt   − ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɣ ɜɨɞɵ (ɩɨ ȽɈɋɌ Ɋ 51232-98) 

5ɡ
ɯt ɢ 20ɥ

ɯt  − ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ ɡɢɦɨɣ ɢ ɥɟɬɨɦ (ɩɨ ɋɇɢɉ 
ɋɉ 30.13330.2016),  
 ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɜ 
ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞ: 
 

  

45·8220·4,187· 60 5
1 1 5323901,34

16
ɡɢɦɚ
Ƚȼɋ ɩɪɨɦQ  ɤȾɠ/ɱ 

 

45·8220·4,187· 60 20
1 1 3871928,25

16
ɥɟɬɨ
Ƚȼɋ ɩɪɨɦQ  ɤȾɠ/ɱ. 

 
Ⱦɥɹ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɫɭɬɨɱɧɚɹ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɨɞɧɨɝɨ 

ɩɨɬɪɟɛɢɬɟɥɹ (ɩɨ ɋɇɢɉ 2.04.01-84) ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɪɚɛɨɬɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 
ɩɪɢɧɢɦɚɟɦ 𝜏 = ʹͶ ɱ/ɫɭɬ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɋɥɚɜɹɧɫɤɨɝɨ 
ɪɚɣɨɧɚ ɪɚɫɩɪɟɞɟɥɢɦ ɡɚɧɹɬɨɟ ɧɚɫɟɥɟɧɢɟ ɩɨ ɨɫɧɨɜɧɵɦ ɪɚɡɞɟɥɚɦ. 
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Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɚɧɹɬɵɯ ɜ ɷɤɨɧɨɦɢɤɟ ɩɨ ɪɚɡɞɟɥɚɦ 

n ɇɚɢɦɟɧɨɜɚɧɢɟ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɋɭɬɨɱɧɚɹ ɧɨɪɦɚ ɪɚɫɯɨɞɚ 

ɜɨɞɵ ɧɚ ɨɞɧɨɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ ɥ/ɱɟɥ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɪɚɛɨɬɚɸɳɢɯ 

1 Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 12 1020 
2 ɍɱɟɛɧɵɟ ɡɚɜɟɞɟɧɢɹ (ɲɤɨɥɵ) 10 5090 
3 Ⱦɟɬɫɤɢɟ ɫɚɞɵ, ɹɫɥɢ 28,5 2150 
4 Ɉɪɝɚɧɢɡɚɰɢɢ ɞɨɫɭɝɚ ɢ ɪɚɡɜɥɟɱɟɧɢɣ 90 1750 

5 
Ɉɛɥɚɫɬɶ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ (ɛɨɥɶɧɢɰɵ, 

ɚɩɬɟɤɢ) 40 3350 

6 
Ɍɨɪɝɨɜɥɹ ɨɩɬɨɜɚɹ ɢ ɪɨɡɧɢɱɧɚɹ; ɪɟɦɨɧɬ 

ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɦɨɬɨɰɢɤɥɨɜ 
65 11260 

7 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ, ɧɚɭɱɧɚɹ ɢ 

ɬɟɯɧɢɱɟɫɤɚɹ 
17,2 560 

8 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɝɨɫɬɢɧɢɰ ɢ ɩɪɟɞɩɪɢɹɬɢɣ 

ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɢɬɚɧɢɹ 
12 650 

 
 ɉɨ ɮɨɪɦɭɥɟ (1) ɨɩɪɟɞɟɥɹɟɦ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 
ɞɥɹ ɤɚɠɞɨɝɨ ɡɞɚɧɢɹ ɜ ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ ɩɟɪɢɨɞ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 2. 
 
Ɍɚɛɥɢɰɚ 2 – ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ Ƚȼɋ ɨɛɳɟɫɬɜɟɧɧɵɦɢ ɡɞɚɧɢɹɦɢ 

n ɇɚɢɦɟɧɨɜɚɧɢɟ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ 

ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɤȾɠ/ɱ 

Ɂɢɦɧɢɣ ɩɟɪɢɨɞ Ʌɟɬɧɢɣ ɩɟɪɢɨɞ 

1 
Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 281868,8 204995,5 

2 ɍɱɟɛɧɵɟ ɡɚɜɟɞɟɧɢɹ (ɲɤɨɥɵ) 1172151 852473,2 

3 
Ⱦɟɬɫɤɢɟ ɫɚɞɵ, ɹɫɥɢ 1411071 1026234 

4 
Ɉɪɝɚɧɢɡɚɰɢɢ ɞɨɫɭɝɚ ɢ ɪɚɡɜɥɟɱɟɧɢɣ 3626989 2637810 

5 
Ɉɛɥɚɫɬɶ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ (ɛɨɥɶɧɢɰɵ, ɚɩɬɟɤɢ) 3085819 2244232 

6 Ɍɨɪɝɨɜɥɹ ɨɩɬɨɜɚɹ ɢ ɪɨɡɧɢɱɧɚɹ; ɪɟɦɨɧɬ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɦɨɬɨɰɢɤɥɨɜ 

16854559 12257861 

7 Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ, ɧɚɭɱɧɚɹ ɢ 
ɬɟɯɧɢɱɟɫɤɚɹ 

221810,5 161316,7 

8 Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɝɨɫɬɢɧɢɰ ɢ ɩɪɟɞɩɪɢɹɬɢɣ 
ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɢɬɚɧɢɹ 

179622,3 130634,4 

ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ Ƚȼɋ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 
26833891 
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 ɉɨ ɋɇɢɉ 2.04.01-84 ɞɥɹ ɠɢɥɵɯ ɡɞɚɧɢɣ ɧɚɢɛɨɥɶɲɚɹ ɫɭɬɨɱɧɚɹ ɧɨɪɦɚ 
ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɨɞɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 𝑎 = ͳ͵Ͳ ɥ/(ɱɟɥ∙ɫɭɬ). Ʉɨɥɢɱɟɫɬɜɨ 
ɠɢɬɟɥɟɣ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ ܰ = ͳ͵ͶͶʹͲ ɱɟɥɨɜɟɤ.  

 

 

 

130·134420·4

9

,187· 60 5 ɤȾɠ
1,2 2  ,

24 ɱ

130·134420·4,187· 60 20 ɤȾɠ
1,2 2  .

371458916,40

270151 39,2
ɱ

0
24

ɡɢɦɚ
Ƚȼɋ ɠɢɥ

ɥɟɬɨ
Ƚȼɋ ɠɢɥ

Q

Q

 

 
ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ, 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɠɢɥɵɯ ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ, ɤȾɠ/ɱ: 
 

     +ɡɢɦɚ ɡɢɦɚ ɡɢɦɚ ɡɢɦɚ
Ƚȼɋ Ƚȼɋ ɩɪɨɦ Ƚȼɋ ɨɛщ Ƚȼɋ ɠɢɥQ Q Q Q ,  (3.2)  

  
   268338 45323901,34 + 4036191 37145 08916 4 67 7, ,0 8ɡɢɦɚ

ȽȼɋQ ɤȾɠ/ɤɝ 
  

     +ɥɟɬɨ ɥɟɬɨ ɥɟɬɨ ɥɟɬɨ
Ƚȼɋ Ƚȼɋ ɩɪɨɦ Ƚȼɋ ɨɛщ Ƚȼɋ ɠɢɥQ Q Q Q ,  (3.3)  

 
   19515557 270151939,20 293539424,453871928,25 +ɥɟɬɨ

ȽȼɋQ  ɤȾɠ/ɤɝ 
 

3.2 Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ 
ɩɪɨɦɵɲɥɟɧɧɵɯ, ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɠɢɥɵɯ ɡɞɚɧɢɣ 

 
 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɱ: 
  

0(1 )ɩɪɨɦ ɪ ɪ
ɨɬ ɧ ɜɧ ɧɨQ q V t t ,  (3.4)  

 
ɝɞɟ 0q  - ɭɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ȼɬ/(ɦ3˚ɋ ) [1, ɩɪɢɥ.2ɚ]; 

ɧV  - ɧɚɪɭɠɧɵɣ ɨɛɴɟɦ ɡɞɚɧɢɹ, ɦ3; 

18ɪ
ɜɧt –ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɩɨ ɋɉ 60.13330.2016, ˚ɋ; 

4ɪ
ɧɨt ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ 23-01-99 ɞɥɹ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ, ˚ɋ; 

22 1i i ɇ
ȼ

ȼ

T
B gL w

T
 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɮɢɥɶɬɪɚɰɢɢ; 

 335 10ɩB  ˋ 38 10ɨB  − ɩɨɫɬɨɹɧɧɚɹ ɢɧɮɢɥɶɬɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɫ/ɦ [1, ɩɪɢɥ.3]; 

 9,81g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; 
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3L  – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɨɞɧɨɝɨ ɷɬɚɠɚ ɡɞɚɧɢɹ, ɦ; 

ɇT ɢ ȼT  – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, Ʉ; 
1,4ȼw   − ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ 23-01-99 ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɝɢɨɧɚ, ɦ/ɫ.  
ɋɜɟɞɟɦ ɪɚɫɱɟɬ ɜ ɬɚɛɥɢɰɭ 3. 
 

Ɍɚɛɥɢɰɚ 3 – ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɪɚɣɨɧɚ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ  

n ɏɚɪɚɤɬɟɪ ɩɪɨɢɡɜɨɞɫɬɜɚ 3
0  ɤȾɠ/ ɦ ɋ ɱ ,q  ɧV , ɦ3  ɩɪɨɦ

ɨɬQ , ɤȾɠ/ɱ 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ 

1 Ɋɟɦɨɧɬɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɰɟɯɚ 2,1 1000 

0,383 

63916,33 

2 
ɐɟɯɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ 

1,59 5000 241969 

3 
ɐɟɯɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

2,72 5500 455327,8 

ɋɭɦɦɚɪɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɡɞɚɧɢɣ: 

 
761213 

 

Ɉɛɳɟɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ 

1 Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 1,59 1200 

0,0876 

45655,21 

2 ɍɱɟɛɧɵɟ ɡɚɜɟɞɟɧɢɹ (ɲɤɨɥɵ) 1,38 3000 99063,19 

3 Ⱦɟɬɫɤɢɟ ɫɚɞɵ, ɹɫɥɢ 1,42 3000 101934,6 

4 
Ɉɪɝɚɧɢɡɚɰɢɢ ɞɨɫɭɝɚ ɢ 
ɪɚɡɜɥɟɱɟɧɢɣ 

1,34 8000 256511,5 

5 
Ɉɛɥɚɫɬɶ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 
(ɛɨɥɶɧɢɰɵ, ɚɩɬɟɤɢ) 1,23 8000 235454,6 

6 
Ɍɨɪɝɨɜɥɹ ɨɩɬɨɜɚɹ ɢ ɪɨɡɧɢɱɧɚɹ; 
ɪɟɦɨɧɬ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
ɢ ɦɨɬɨɰɢɤɥɨɜ 

1,59 10000 380460,1 

7 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ, 
ɧɚɭɱɧɚɹ ɢ ɬɟɯɧɢɱɟɫɤɚɹ 

1,47 4000 140698,5 

8 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɝɨɫɬɢɧɢɰ ɢ 
ɩɪɟɞɩɪɢɹɬɢɣ ɨɛɳɟɫɬɜɟɧɧɨɝɨ 
ɩɢɬɚɧɢɹ 

1,26 8000 241197,3 

ɋɭɦɦɚɪɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɡɞɚɧɢɣ: 

1500975 
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 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɯ ɡɞɚɧɢɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɱ: 
 

11ɠ
ɨɬ oQ q А K ,  (3.5)  

 
ɝɞɟ  0q  - ɭɤɪɭɩɧɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ 
ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɯ ɡɞɚɧɢɣ ɧɚ 1 ɦ2 ɨɛɳɟɣ ɩɥɨɳɚɞɢ (ɩɨ ɋɇɢɉ 2.04.07-86 ɞɥɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ -4 ɝɪɚɞɭɫɚ ɩɪɢɧɢɦɚɟɬɫɹ 2

0 74 ȼɬ/ɦq ), ȼɬ/ɦ2; 

 ɠF
A

K
 – ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɠɢɥɵɯ ɡɞɚɧɢɣ; 

1 0,25K  - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɨɬɨɩɥɟɧɢɟ 
ɠɢɥɵɯ ɡɞɚɧɢɣ [1]. 

Ɉɛɳɭɸ ɩɥɨɳɚɞɶ ɠɢɥɵɯ ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ, ɦ2: 
 ·ɠ ɠF f N  - ɠɢɥɚɹ ɩɥɨɳɚɞɶ ɪɚɣɨɧɚ, ɦ2. 
 0,7Ʉ  ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɥɚɧɢɪɨɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɜɚɪɬɢɪɵ; 
 ɠf  − ɧɨɪɦɚ ɠɢɥɨɣ ɩɥɨɳɚɞɢ ɧɚ ɱɟɥɨɜɟɤɚ — ɩɨ ɮɟɞɟɪɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
№283-ɎɁ ɫɬ. 7 ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɧɚ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 15 ɦ2/ɱɟɥ. 

 
Ɍɨɝɞɚ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɦɢ ɡɞɚɧɢɹɦɢ: 
 

15 134420
74 (1 0,25) 266439,643 ɤȼɬ = 959182714,286

0,7
ɠ
ɨɬQ  ɤȾɠ/ɱ. 

 
ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɜɫɟɣ ɝɪɭɩɩɵ ɡɞɚɧɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɱ: 
 

ɩɪɨɦ ɨɛщ ɠɢɥ
ɨɬ ɨɬ ɨɬ ɨɬQ Q Q Q ,  (3.6)   

 
959182714,286 961444902,286761213 1500975ɨɬQ  ɤȾɠ/ɱ. 

 
3.3 Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 
 

 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
i ɪ ɪ
ɜ ɜ ɧ ɜɧ ɧɜQ q V t t ,  (3.7)   

 
ɝɞɟ ɜq  - ɭɞɟɥɶɧɚɹ ɜɟɧɬɢɥɹɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ȼɬ/(ɦ3˚ɋ ) [1, ɩɪɢɥ.2ɚ]; 
  
 Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4. 
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Ɍɚɛɥɢɰɚ 4 – ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɪɚɣɨɧɚ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ  
n ɏɚɪɚɤɬɟɪ ɩɪɨɢɡɜɨɞɫɬɜɚ 

3 ɤȾɠ/ ɦ ɋ ɱ ,ɜq  ɧV , ɦ3 i
ɜQ , ɤȾɠ/ɱ 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ 

1 
Ɋɟɦɨɧɬɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 
ɰɟɯɚ 

1,26 1000 27720 

2 
ɐɟɯɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ 

2,1 5000 231000 

3 
ɐɟɯɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

1,26 5500 152460 

ɋɭɦɦɚɪɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ: 411180 

Ɉɛɳɟɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ 
1 Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 0,34 1200 8976 
2 ɍɱɟɛɧɵɟ ɡɚɜɟɞɟɧɢɹ (ɲɤɨɥɵ) 0,29 3000 19140 
3 Ⱦɟɬɫɤɢɟ ɫɚɞɵ, ɹɫɥɢ 0,43 3000 28380 

4 
Ɉɪɝɚɧɢɡɚɰɢɢ ɞɨɫɭɝɚ ɢ 
ɪɚɡɜɥɟɱɟɧɢɣ 

1,63 8000 286880 

5 
Ɉɛɥɚɫɬɶ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 
(ɛɨɥɶɧɢɰɵ, ɚɩɬɟɤɢ) 1,04 8000 183040 

6 
Ɍɨɪɝɨɜɥɹ ɨɩɬɨɜɚɹ ɢ ɪɨɡɧɢɱɧɚɹ; 
ɪɟɦɨɧɬ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɢ ɦɨɬɨɰɢɤɥɨɜ 

1,63 10000 358600 

7 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ, ɧɚɭɱɧɚɹ ɢ 
ɬɟɯɧɢɱɟɫɤɚɹ 

0,29 4000 25520 

8 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɝɨɫɬɢɧɢɰ ɢ 
ɩɪɟɞɩɪɢɹɬɢɣ ɨɛɳɟɫɬɜɟɧɧɨɝɨ 
ɩɢɬɚɧɢɹ 

2,51 8000 441760 

ɋɭɦɦɚɪɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɡɞɚɧɢɣ: 1352296 

  
 ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ 
ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɤɝ: 
  

ɩɪɨɦ ɨɛщ
ɜ ɜ ɜQ Q Q ,  (3.8)   

 
411180 1352296 1763476ɜQ  ɤȾɠ/ɱ. 

  
3.4 ɋɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɋɥɚɜɹɧɫɤɨɝɨ ɪɚɣɨɧɚ  

 
ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɪɚɣɨɧɚ ɜ ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ 

ɩɟɪɢɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ƚɤɚɥ/ɱ: 
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,ɱɚɫ ɱɚɫ ɱɚɫ ɱɚɫ
ɡɢɦɚ ɨɬ ɜ ȽȼɋɡɢɦɚQ Q Q Q   (3.9)   

 

2
17634961444902,286 403616708,74

3 7,304
3600 11

76

60
ɱɚɫ
ɡɢɦɚQ  Ƚɤɚɥ/ɱ 

 
,ɱɚɫ ɱɚɫ ɱɚɫ

ɥɟɬɨ ɜ ȽȼɋɥɟɬɨQ Q Q   (3.10)   

 

 
1763476 293539

40
424,4

7 ,71
3600 1 6

5

1 0
ɱɚɫ
ɥɟɬɨQ  Ƚɤɚɥ/ɱ 

 
 ȼ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɜ ɫɚɦɵɣ 
ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ – ɨɬɨɩɢɬɟɥɶɧɵɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɥɭɱɢɥɢ, ɱɬɨ ɋɥɚɜɹɧɫɤɢɣ 
ɪɚɣɨɧ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɢɦɟɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ 327,3 Ƚɤɚɥ/ɱ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ.  
 

4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɢɫɬɟɦ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ 
 
 ɉɪɢ ɜɵɛɨɪɟ ɜɚɪɢɚɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɭɫɬɚɧɨɜɤɢ ɢɦɟɥɢ 
ɨɞɢɧɚɤɨɜɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɢ ɬɟɩɥɨɜɭɸ ɦɨɳɧɨɫɬɶ. Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ 
ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɮɢɤɚɰɢɢ [2].  
 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɩɢɫɨɤ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɜɵɛɪɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.  
 
Ɍɚɛɥɢɰɚ 5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɨɝɨ ɞɥɹ ɫɪɚɜɧɟɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 

Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɨɛɥɨɤɨɜ ݊, ɲɬ 2 4 3 

Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ 𝑖ܰ, Ɇȼɬ 420 210 280 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 𝜂ˆ˕, % 41 34,4 36,9 

ɇɨɦɢɧɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ܳ˄˃ˊˑ˕  287 144,6 193,3 

Ƚɚɡɨɬɭɪɛɢɧɧɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ GT26B ȽɌɗ-160 GT13E2 

ɉɚɪɨɜɨɣ ɤɨɬɟɥ – ɭɬɢɥɢɡɚɬɨɪ  ɉ-133 ɉ-90 SES Energy 

ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ STF30C Ɍ-60/75 STF15C 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ 840 840 840 

 
 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉȽɍ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ 6. 



 

17 
 

Ɍɚɛɥɢɰɚ 6 – Ɉɩɪɟɞɟɥɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉȽɍ 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ (Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ - 

ɬɪɨɢɰɤɢɣ ɪɚɡɪɟɡ), ɤȾɠ/ɦ3 

ɪ
ɧQ  43333,38 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ 
ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 

ɉȽɍ 840 Ɇȼɬ ɡɚ 1 ɤȼɬ [2], $ 
usdɄ  1242,219 1242,219 1242,219 

ɋɧɢɠɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ 
ɡɚɬɪɚɬ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɛɥɨɤɨɦ (ɩɨ ɭɞɟɥɶɧɵɦ 

ɡɚɬɪɚɬɚɦ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ 
ɩɪɨɟɤɬɨɜ ɉȽɍ), % 

ɩɝɭȽ  17% 10,5% 8,375% 

ɐɟɧɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɛɥɨɤɨɦ,$/ɤȼɬ 

i usd usd ɩɝɭɄ Ʉ Ʉ Ƚ
 

1031,04 1 111,79 1138,18 

ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɢɧɮɥɹɰɢɸ ɧɚ ɜɥɨɠɟɧɧɵɣ 

ɤɚɩɢɬɚɥ (ɫ 2020 ɧɚ 2021) [2] 
uK  1,15 1,15 1,15 

ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɚɧɰɢɢ 

(ɫɟɜɟɪɨ-ɤɚɜɤɚɡɫɤɢɣ) 
pK  0,99 0,99 0,99 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ 
ɉȽɍ, ɦɥɪɞ. ɪɭɛ. 

($

$ ( 1))
usd i

i i u p

K Ʉ N
Ʉ N n K K

 80,43837 80,98782 83,00244 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ ɫ ɭɱɟɬɨɦ 100% 

ɪɟɡɟɪɜɚ, Ƚɤɚɥ/ɱ 
2ɨɬ ɱɚɫ

ɦɚɤɫ ɡɢɦɚQ Q  654,608 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ 
ɱɚɫɨɜɨɣ ɬ

ɨ

ɫ

ɬ

ɬ ɨ
ɛɚɡ

ɦɚɤQ

n Q
 0,87686 0,88358 0,8858 

ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ 

ɩɚɪɭ ɨɬɨɩɢɬɟɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ (ɞɥɹ 

Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ), ɱ  

ɨɬɩT  1839 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɚ ɜ 
ɨɬɨɩɢɬɟɥɶɧɵɟ ɨɬɛɨɪɵ, Ƚɤɚɥ/ɝ 

ɨɬ
ɨɬɩ ɛ

ɝ
ɨ ɩ ɚɡɬ T n QQ  1055586 10636677 1066436 

ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ 

ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧ, ɱ 
ɭɫɬT  7000 

Ƚɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 

Ɍɗɋ W, Ɇȼɬ∙ɝ 
ɭɫɬ iɜɵɪW T n N 5880000 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɝɨ 
ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ Ɍɗɋ [2] 
ɫɧW   5% 8,6% 8% 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 

ɧɭɠɞɵ Wɫ.ɧ, Ɇȼɬ∙ɱ 
ɪɫɧ ɫɧ ɜɵW W W  294000 505680 470400 

ɋɭɦɦɚ ɩɨɩɪɚɜɨɤ ɪɚɫɯɨɞɚ ɧɚ 
ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɢɡ-ɡɚ 

ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɨɬ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɭɫɥɨɜɢɣ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɟɪɢɨɞɟ [2] 

ɩB  0,17 0,17 0,17 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɜɟɥɢɱɟɧɢɹ 
ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ  

ȽɌɍ ɩɪɢ ɨɬɩɭɫɤɟ ɬɟɩɥɚ ɨɬ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɜ 

ɩɥɚɧɨɜɨɦ ɩɟɪɢɨɞɟ, ɟɞ   

ɭɜɥɄ  0,755 0,9135 0,81 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ 
ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɫɤ ɟɞɢɧɢɰɵ 
ɬɟɩɥɨɬɵ ɫ ɭɱɟɬɨɦ ɉȼɄ (ɩɨ 
ɷɦɩɢɪɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ), 

ɤȼɬ∙ɱ/ȽȾɠ 

5

.

(100 ) 10ɬ ɩ
ɬ ɝɬ ɪ

ɤ ɭɜɥ ɧ

B
b

Ʉ Q
 

7,719 6,381 7,196 

ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɚ ɜ 
ɨɬɨɩɢɬɟɥɶɧɵɟ ɨɬɛɨɪɵ, ȽȾɠ/ɝ 

ɝ
ɨɬɩQ  25229,11 25422,505 25488,43 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫ ɲɢɧ 

ɫɬɚɧɰɢɢ, Ɇȼɬ∙ɱ 
ɧɨɬɩ ɜ ɪ ɫɵW W W  5586000 5374320 5409600 

 
 Ɋɚɫɱɟɬ ɨɛɨɫɧɨɜɚɧɢɹ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɉȽɍ ɜ ɫɨɫɬɚɜɟ 
Ɍɗɋ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 7. 
 
Ɍɚɛɥɢɰɚ 7 – Ɉɛɨɫɧɨɜɚɧɢɟ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɤȼɬ 
ɝɬN  288300 157000 179900 

ɉɪɨɟɤɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 
ɧɚ ɨɞɧɭ ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ 

ɨɩɪɟɞɟɥɹɟɬɫɹ, ɦ3/ɫ 

ɝɬ
ɝɬ

ɝɬ
ɪ

ɧ

N
B

Q
 17,4621 10,5321 11,2507 

ȼɪɟɦɹ ɩɪɨɫɬɨɹ ȽɌ ɜ ɪɟɦɨɧɬɟ .ɩɪɨɫɬ ɝɬT  1446 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7 
ɑɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ 

ɪɚɛɨɬɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ .8760ɮ ɩɪɨɫɬ ɝɬT T  7314 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 
ɛɥɨɤɚɦɢ Ɍɗɋ ɧɚ ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɜ 
ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, 

ɬ.ɭ.ɬ/ɝɨɞ: 

3,6ɷɥ ɮ ɝɬB T B n  919569,4 1109266 888711,79 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
Ƚɨɞɨɜɨɣ ɪɚɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ, ɬ.ɭ.ɬ./ɝɨɞ .
ɝ

ɝɬɟ ɬɩɥɨ ɬ ɨɬɩB b Q  194761,5 162213,4 183419,32 

ɩɥɨɬɧɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, 
ɤɝ/ɦ3 ɝ  0,762 

Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 
ɬɵɫ. ɦ3/ɝɨɞ 

( ) 29310ɷɥ ɬɟɩɥɨ
ɬɷɫ

ɝ
ɪ

ɧ

B
Q

B B

 
989127,9 1128620 951669,56 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ Ɍɗɋ 

ɐɟɧɚ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, 
ɪɭɛ./ɬɵɫ. ɦ3 (ɩɪɢɧɹɬɚ ɩɨ 
ɞɚɧɧɵɦ ɧɚ 2021 ɝ. ɞɥɹ 

ɫɥɚɜɹɧɫɤɨɝɨ ɪɚɣɨɧɚ 
Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ) 

ɬɨɩɐ  6290 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ 
ɪɭɛ./ɝɨɞ 

610ɬɨɩ ɬɨɩ ɬɷɫɁ ɐ B  6221,615 7099,023 5986 

Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

ɒɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 

ɱɢɫɥɟɧɧɨɫɬɶ ɩɪɨɦɵɲɥɟɧɧɨ-
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ 

ɧɚ ɟɞɢɧɢɰɭ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ [2], ɱɟɥ/Ɇȼɬ 

ɱ  1,25 1,25 1,25 

ɋɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ 
ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ (ɈɄȼɗȾ 35) 
ɞɥɹ Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ ɤɪɚɹ ɧɚ 

2020 ɝ, ɪɭɛ 

ɪɎ  481440 

ɇɚɥɨɝɢ ɜ ɩɟɧɫɢɨɧɧɵɣ ɮɨɧɞ, 
ɦɟɞɢɰɢɧɫɤɨɟ ɢ ɫɨɰɢɚɥɶɧɨɟ 

ɫɬɪɚɯɨɜɚɧɢɟ, % 
ɇ  30,2% 

Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɛɨɬɧɢɤɨɜ 
ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɦɥɧ 

ɪɭɛ./ɝɨɞ: 6(1 ) 10
100

i ɪɡɩ ɱɁ N n
ɇ

Ɏ
 526,5412 526,541 526,5412 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 

Ɋɚɫɯɨɞɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 
ɨɬɱɢɫɥɟɧɢɣ, % ɪɇ  11,142% 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɞɟɪɠɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɥɧ. ɪɭɛ/ɝɨɞ 

ɪ ɪɁ ɇ Ʉ  5745,598 5784,844 5928,7459 

Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ 

ɇɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 
ɰɟɯɨɜɵɟ ɪɚɫɯɨɞɵ [2], % ɰɇ  6,4% 

ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɡɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɪ  1,35 

ɐɟɯɨɜɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ 
ɪɭɛ/ɝɨɞ ɰɟɯ ɰ ɪɁ ɇ Ʉ  5148,056 5183,220 5312,156 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, 
ɦɥɧ ɪɭɛ/ɝɨɞ 

0,25ɩɪɨɱ ɰɟɯ ɪ ɡɩɁ Ɂ Ɂ Ɂ

 
2855,049 2873,652 2941,861 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, 
ɦɥɧ ɪɭɛ./ɝɨɞ ɰ

ɬɨɩɨɛщ ɡɩ ɪ

ɟɯ ɩɪɨɱ

Э Ɂ Ɂ Ɂ
Ɂ Ɂ

 20496,860 21467,28 20695,306 

ɍɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɫɬɪɭɤɬɭɪɟ 

ɡɚɬɪɚɬ Ɍɗɋ, %: 
100%ɨ

ɬɨɩ
ɬ ɩ

ɨɛщ

Ɂ
Ɂ

П  30,35% 33,07% 28,92% 

 
 ɋɨɫɬɚɜɥɟɧɢɟ ɤɚɥɶɤɭɥɹɰɢɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 8.  
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Ɍɚɛɥɢɰɚ 8 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ-420 ɉȽɍ-210 ɉȽɍ-280 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɡɚɬɪɚɬ ɧɚ ɟɞɢɧɢɰɭ ɬɟɩɥɚ 

ɬɷɫ

ɬɟɩɥɨ
ɬɟɩɥɚ

B

B
 0,197 0,144 0,193 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɡɚɬɪɚɬ ɧɚ ɟɞɢɧɢɰɭ ɜɵɪɚɛɨɬɤɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɬɷɫ

ɷɥ
ɷɥ

B

B
 0,803 0,856 0,807 

Ƚɨɞɨɜɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɬɩɭɫɤ 
ɬɟɩɥɨɬɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ ɬɟɩɥɚ ɨɛщ ɬɟɩɥɚU Э  4035,877 3085,432 3988,694 

Ƚɨɞɨɜɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɦɥɧ. 

ɪɭɛ/ɝɨɞ 
ɷɥ ɨɛщ ɷɥU Э  16460,98 18381,84 16706,61 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɫɤɚ 
ɟɞɢɧɢɰɵ ɬɟɩɥɚ, ɪɭɛ./Ƚɤɚɥ·ɱ ɝ

ɬɟɩɥ

ɨ ɩ

ɚ
ɬ

ɬ

ɋ
Q

U
 159,969 121,366 156,490 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ 
ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɪɭɛ./ɤȼɬ·ɱ: ɩ

ɷɥ
ɷɥ

ɨɬ

Uɋ
W

 2,934 3,404 3,074 

 
 Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨɛɵ 
ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɜɵɛɨɪɨɦ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɫɱɟɬ 
ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɚɪɢɚɧɬɚ ɫ ɉȽɍ-420 ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 9. 
 
Ɍɚɛɥɢɰɚ 9 – Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɉȽɍ-420 

ɉɨɤɚɡɚɬɟɥɢ Ɏɨɪɦɭɥɚ 0 1… …7 8 9 10… …14 

Ʉɚɩɢɬɚɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ ɜ ɩɪɨɟɤɬ, 
ɦɥɧ. ɪɭɛ 

Ʉ  -80438             

ɋɬɨɢɦɨɫɬɶ ɮɨɧɞɨɜ ɧɚ 
ɧɚɱɚɥɨ ɝɨɞɚ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

( 1)ɧɝ ɤɝ iɎ Ɏ    80438 45965 40219 34474 28728 5746 

ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

ɪɁ  5746 5746 5746 5746 5746 5746 5746 

ɋɬɨɢɦɨɫɬɶ ɮɨɧɞɨɜ ɧɚ 
ɤɨɧɟɰ ɝɨɞɚ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

.ɤɝ ɧɝ i ɪɎ Ɏ Ɂ  80438  74693 40219 34474 28728 22982 0 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ 
ɫɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ. ɪɭɛ/ɝɨɞ 

2
ɤɝ ɧɝ

ɫɪ
Ɏ ɎɎ    77566 43092 37346 31601 25855 2873 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, 
ɦɥɧ. ɪɭɛ/ɝɨɞ 

2,2%ɢɦ ɫɪH Ɏ  
  1706 948 822 695 569 63 

ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ 
ɤȼɬ·ɱ ɫ ɭɱёɬɨɦ 
ɩɥɚɧɢɪɭɟɦɨɣ 
ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, 
ɪɭɛ./ɤȼɬ·ɱ 

ɷɥT  5,02 5,02 5,02 5,02 5,02 5,02 5,02 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9 

ɉɨɤɚɡɚɬɟɥɢ Ɏɨɪɦɭɥɚ 0 1… …7 8 9 10… …14 

ɬɚɪɢɮ ɧɚ ɟɞɢɧɢɰɭ 
ɨɬɩɭɳɟɧɧɨɝɨ ɬɟɩɥɚ ɫ 
ɭɱɟɬɨɦ 
ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ (ɊɗɄ 
ȾɐɢɌ ɄɄ 56-2020-ɬ), 
ɪɭɛ/Ƚɤɚɥ 

ɬT  2377 2377 2377 2377 2377 2377 2377 

Ⱦɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

( )ɷɥ ɷɥ ɷɥ

ɨɬɩ

Ⱦ T ɋ
W

 
11707 11707 11707 11707 11707 11707 11707 

Ⱦɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, 
ɦɥɧ ɪɭɛ/ɝɨɞ 

( )
ɝ
ɷɥ ɬ ɬ

ɨɬɩ

Ⱦ T ɋ
Q

 
2744 2744 2744 2744 2744 2744 2744 

ɋɭɦɦɚɪɧɚɹ ɜɵɪɭɱɤɚ, 
ɦɥɧ. ɪɭɛ/ɝɨɞ ɨ ɷɥ ɬȾ Ⱦ Ⱦ  14451 14451 14451 14451 14451 14451 14451 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ 
ɨɫɧɨɜɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ: 

 20197 20197 20197 20197 20197 20197 20197 

ɇɚɥɨɝɨɨɛɥɚɝɚɟɦɚɹ 
ɩɪɢɛɵɥɶ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ: 

ɨɩ ɨ ɢɦП Ⱦ H   18490 19249 19375 19502 19628 20134 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, 
ɦɥɧ. ɪɭɛ/ɝɨɞ: 20%ɩɪ ɨɩɇ П   3698 3850 3875 3900 3926 4027 

ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɑɉ ɨɩ ɩɪɑП П ɇ   14792 15399 15500 15601 15702 16107 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ/ɝɨɞ 

ɑȾП ɑП  -80438 14792 15399 15500 15601 15702 16107 

 Ʉɨɷɮɮɢɰɢɟɧɬ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
1/(1+0,1)^n 

1

1 0,1
idK  

1 0,9091 0,5132 0,4665 0,4241 0,3855 0,263 

ɑɢɫɬɚɹ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɚɹ 
ɩɪɢɛɵɥɶ (ɑȾɉ), ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

ɑȾȾ ɑȾП dK  -80438 13448 7902 7231 6617 6054 4241 

ɑȾɉ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ (ɑȾɉ-Ʉ), ɦɥɧ. 
ɪɭɛ/ɝɨɞ 

1iɑȾȾɄ ɑȾȾɄ
ɑȾȾ

 
-80438 -66991 -7132 99 6715 12769 32254 

ɇɨɪɦɚ ɞɢɫɤɨɧɬɚ, % m  12% 12% 12% 12% 12% 12% 12% 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
(ȾȾɉ), ɦɥɧ. ɪɭɛ/ɝɨɞ 

1
i

m

ɑȾПȾȾП
 

-80438 13207 6966 6260 5626 5056 3296 

ȾȾɉ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ (ȾȾɉɇɂ), 
ɦɥɧ. ɪɭɛ/ɝɨɞ 

ɫɦ. ɑȾȾɄ -80438 -67231 -11752 -5492 134 5190 20779 

 
 Ⱥɛɫɨɥɸɬɧɨ ɚɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɦ ɩɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɜɚɪɢɚɧɬɚ. Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ 
ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɩɪɨɟɤɬɵ. ȼ ɬɚɛɥɢɰɟ 10 ɩɪɟɞɫɬɚɜɢɦ 
ɨɩɪɟɞɟɥɟɧɢɟ ɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ.  
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Ɍɚɛɥɢɰɚ 10 – Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɩɪɨɟɤɬɵ 

ɉɨɤɚɡɚɬɟɥɶ ɋɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
Ɂɧɚɱɟɧɢɟ 

ɉȽɍ−ͶʹͲxʹ 
ɉȽɍ−ʹͳͲxͶ 

ɉȽɍ−ʹͺͲx͵ 
ɑɢɫɬɵɣ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵ
ɣ ɞɨɯɨɞ (ܸܰܲ), 
ɦɥɧ. ɪɭɛ 

1 15( ; )NPV ɑПɋ r ɑȾП K 
 

20 779,46 ₽ 4 912,27 ₽ 12 812,58 ₽ 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ 
ɞɨɯɨɞɧɨɫɬɢ (ܴܴܫ), 
% 

0 15( )IRR ȼɋȾ ɑȾП   16,749% 13,284% 15,545% 

ɂɧɞɟɤɫ 
ɞɨɯɨɞɧɨɫɬɢ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵ
ɯ ɢɧɜɟɫɬɢɰɢɣ (
DPI ), ɪɭɛ/ɪɭɛ 

1
( )

NPV
DPI

K
 


 1,26 ₽/₽ 1,06 ₽/₽ 1,15 ₽/₽ 

ɋɪɨɤ ɜɨɡɜɪɚɬɚ 
ɢɧɜɟɫɬɢɰɢɣ (ܲܲ), 
ɥɟɬ 

1
1

u
u

u

ɑȾПɇɂ
PP t

ɑȾП





   7,99 10,30 8,68 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵ
ɣ ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ 
 ɥɟɬ ,(ܲܲܦ)

1
1

l
l

l

ȾȾПɇɂ
DPP t

ȾȾП





   8,98 12,33 10,46 

 
 ɉɨ ɬɚɛɥɢɰɟ 10 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɨɞɧɨɡɧɚɱɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɫɚɦɵɦ ɜɵɝɨɞɧɵɦ 
ɜɚɪɢɚɧɬɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɞɜɭɯ ɷɧɟɪɝɨɛɥɨɤɨɜ ɉȽɍ-420. 
Ɉɤɭɩɚɟɦɨɫɬɶ ɩɨ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɟ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 9 ɥɟɬ, ɱɬɨ 
ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɢ ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ.  
 Ɋɚɡɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɬɚɧɰɢɸ ɧɚ 
ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɫɯɟɦɟ Ɍɗɐ. 
  

5 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɉȽɍ–420 
  
 ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɥɨɤ ɉȽɍ–420 ɹɜɥɹɟɬɫɹ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ 
ɛɢɧɚɪɧɨɝɨ ɬɢɩɚ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɛɚɡɨɜɨɦ ɢ ɩɨɥɭɩɢɤɨɜɨɦ 
ɪɟɠɢɦɚɯ. ɉȽɍ–420 ɫɨɫɬɨɢɬ ɢɡ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, 
ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ, ɞɨɠɢɦɧɨɣ 
ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ ɢɥɢ ɜɜɟɞɟɧɢɹ ɧɨɜɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɤɨɦɩɥɟɤɫɟ ɫ 
ɚɧɚɥɨɝɢɱɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɢɥɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚɦɢ ɞɪɭɝɢɯ ɫɟɪɢɣ, ɢ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ: 

 ɚɜɬɨɧɨɦɧɨ; 
 ɜ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɚɛɨɬɟ ɫ ɫɟɬɶɸ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ;  
 ɜ ɛɚɡɨɜɨɦ ɢ ɩɨɥɭɩɢɤɨɜɨɦ ɪɟɠɢɦɚɯ ɫ ɜɵɪɚɛɨɬɤɨɣ ɬɨɥɶɤɨ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɥɢɛɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ. 
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ɉɨɫɬɚɜɳɢɤɨɦ ɨɫɧɨɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉȽɍ – 420 
ɹɜɥɹɟɬɫɹ ɤɨɦɩɚɧɢɹ Alstom, ɤɨɬɨɪɚɹ ɪɚɛɨɬɚɟɬ ɩɨ ɤɨɧɬɪɚɤɬɭ ɫ ɪɨɫɫɢɣɫɤɢɦ 
ɩɚɪɬɧɟɪɨɦ – ɝɪɭɩɩɨɣ ɩɪɟɞɩɪɢɹɬɢɣ «ɗɆȺɥɶɹɧɫ» [3]. ɋɩɢɫɨɤ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 11. 
 
Ɍɚɛɥɢɰɚ 11– Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɞɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɉȽɍ–420 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɟɞɢɧɢɰɵ Ɇɚɪɤɢɪɨɜɤɚ ɉɪɨɢɡɜɨɞɢɬɟɥɶ 

Ƚɚɡɨɬɭɪɛɢɧɧɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɄȺ26-2 

Alstom 

Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ GT26b 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ ȽɌɍ 50WV237-109 

ɋɬɚɪɬɟɪ – ɩɭɫɤ ɨɬ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ȽɌɍ Ɍɉɍ 

ȼɨɡɞɭɯɨɡɚɛɨɪɧɵɣ ɬɪɚɤɬ 
ȼ ɤɨɦɩɥɟɤɬɟ ɫ 

ɄȺ26-2 

ɉɚɪɨɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ND-33 

ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ STF30C 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 50WV217-95 

Ʉɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɩɚɪɨɜɨɣ ɉ-133 ɈȺɈ «ɗɆȺɥɶɹɧɫ» 

Ⱦɨɠɢɦɧɚɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɫɬɚɧɰɢɹ 
ȾɄɋ-CCS ȾɄɋ-

424 
Cameron Compression 

system «Ɏɢɪɦɚ ɇɈɗɆɂ» 

Ⱥɋɍ Ɍɉ EGATROL Alstom ɫ ABB 

 
 ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɚɪɨɝɚɡɨɜɨɣ 
ɭɫɬɚɧɨɜɤɢ ɄȺ-26-2. 
 

КВОУ

GT26b

288,3 МВт

Природный газ Pт=12 ати

Qт. макс = 92000 
3ɧɦ

ɱɚɫ

П-133

ДКС-424

Паровая турбина STF30C

Подпиточная вода

135,7 МВт

К

Сетевые 
подогреватели
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5.1 Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ȽɌɍ 
 
 ȼɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɦɨɳɧɚɹ ɦɚɥɨɷɦɢɫɫɢɨɧɧɚɹ ɝɚɡɨɬɭɪɛɢɧɧɚɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɄȺ-26-1 ɩɪɨɢɡɜɨɞɫɬɜɚ Alstom ɩɨɫɬɚɜɥɹɟɬɫɹ ɜ 
ɤɨɦɩɥɟɤɬɚɰɢɢ, ɜɤɥɸɱɚɸɳɟɣ ɫɥɟɞɭɸɳɟɟ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 

 ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ GT26B ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ; 
 ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ 50WV237-109, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɩɟɪɟɞ ɞɜɢɝɚɬɟɥɟɦ; 
 ɛɚɡɨɜɵɣ ɛɥɨɤ, ɜɤɥɸɱɚɸɳɢɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ȽɌɍ ɞɥɹ 

ɩɨɞɚɱɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ, ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɦɚɡɤɢ; 
 ɰɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ (PCC) – ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɜ ɤɨɧɬɟɣɧɟɪɵ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɡɚɩɭɫɤɚ GT26, ɜɨɡɛɭɠɞɟɧɢɹ ɨɛɦɨɬɨɤ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ, ɩɢɬɚɧɢɹ ɧɢɡɤɨɜɨɥɶɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
[4]; 

 ɫɢɫɬɟɦɭ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪ ȽɌɍ, ɜɤɥɸɱɚɹ 
ɜɨɡɞɭɯɨɨɱɢɫɬɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɄȼɈɍ) ɫ ɩɪɨɬɢɜɨɨɛɥɟɞɟɧɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ 
ɢ ɲɭɦɨɝɥɭɲɢɬɟɥɟɦ, ɜɨɡɞɭɯɨɜɨɞɵ, ɞɪɭɝɨɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 ɜɵɯɥɨɩɧɨɣ ɞɢɮɮɭɡɨɪ, 
 ɨɛɨɪɭɞɨɜɚɧɢɟ Ⱥɋɍ Ɍɉ ɢ ɄɂɉɢȺ. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉȽɍ– 420 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12. 
 

Ɍɚɛɥɢɰɚ 12 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉȽɍ-424 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 420 
ɇɨɦɢɧɚɥɶɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ , % 58,3 
ɇɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ȽɌɍ, ɤɝɫ/ɫɦ2 42 
Ɋɟɡɟɪɜɧɨɟ ɬɨɩɥɢɜɨ Ⱦɢɡɟɥɶɧɨɟ 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɝɪɭɡɨɤ 100…30 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °С -40…+40 
ɋɪɨɤ ɫɥɭɠɛɵ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ȽɌȾ), ɥɟɬ 40 

  
5.2 Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ GT26B 

 
Ƚɚɡɨɬɭɪɛɢɧɧɚɹ ɭɫɬɚɧɨɜɤɚ GT26 ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɦɨɳɧɵɯ ɢ 

ɷɤɨɧɨɦɢɱɧɵɯ. Ɉɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ȽɌɍ ɞɪɭɝɢɯ ɮɢɪɦ, ɤɚɤ ɜ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ. 

Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ɬɢɩɚ GT26 ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɨɛɳɟɝɨ ɪɨɬɨɪɚ ɞɥɹ ɨɞɧɨɣ 
ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɌȼȾ) ɢ ɱɟɬɵɪɟɯ ɫɬɭɩɟɧɟɣ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ (ɌɇȾ) ɢ 22 ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ. ɉɨɞɜɨɞ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ 
ɤɨɥɶɰɟɜɵɦɢ ɤɚɦɟɪɚɦɢ ɫɝɨɪɚɧɢɹ (ɝɨɪɟɥɤɚɦɢ EV ɢ SEV), ɩɪɢɦɟɧɹɸɳɢɦɢ ɩɪɢɧɰɢɩ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɝɨɪɟɧɢɹ [5].  
 ȼɨɡɞɭɯ, ɫɠɚɬɵɣ ɜ ɤɨɦɩɪɟɫɫɨɪɟ «16» (ɪɢɫɭɧɨɤ 3), ɩɨɞɚɟɬɫɹ ɜ Ʉɋ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ «8», ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɝɚɡɵ 
ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɨɞɧɨɫɬɭɩɟɧɱɚɬɭɸ ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɌȼȾ) ɢ, 
ɪɚɫɲɢɪɹɹɫɶ ɜ ɧɟɣ, ɜɵɪɚɛɚɬɵɜɚɸɬ ɦɨɳɧɨɫɬɶ. ɉɨɫɥɟ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
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ɝɚɡɵ ɩɨɫɬɭɩɚɸɬ ɜ Ʉɋ «2» ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɭɸ ɩɨɞɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ. ȼ ɧɟɣ ɩɪɨɢɫɯɨɞɢɬ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɢɫɥɨɪɨɞɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɩɨɫɥɟ Ʉɋ ȼȾ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ 
ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɩɨɫɬɭɩɚɸɬ ɜ ɬɭɪɛɢɧɭ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɌɇȾ) ɢ 
ɪɚɫɲɢɪɹɸɬɫɹ ɜ ɧɟɣ, ɫɨɜɟɪɲɚɹ ɪɚɛɨɬɭ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɫɠɢɝɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 
 

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16

 
1 – ɩɟɪɜɵɣ ɫɨɩɥɨɜɨɣ ɚɩɩɚɪɚɬ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ; 2 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (SEV); 
2 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (SEV); 3 – SEV ɝɨɪɟɥɤɚ; 4 – ɜɬɨɪɢɱɧɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ 
ɧɚ SEV ɝɨɪɟɥɤɭ; 5 – ɩɨɞɚɱɚ ɜɨɞɵ ɧɚ SEV ɝɨɪɟɥɤɭ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ ܰ 𝑥ܱ; 6 – ɩɨɞɚɱɚ ɠɢɞɤɨɝɨ 
ɬɨɩɥɢɜɚ ɧɚ SEV ɝɨɪɟɥɤɭ; 7 – ɩɨɞɚɱɚ ɝɚɡɚ ɧɚ SEV ɝɨɪɟɥɤɭ; 8 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ (EV); 9 – EV ɝɨɪɟɥɤɚ; 10 – ɩɨɞɚɱɚ ɝɚɡɚ ɧɚ EV ɝɨɪɟɥɤɭ; 11 – ɩɨɞɚɱɚ ɜɨɞɵ ɞɥɹ 
ɩɨɞɚɜɥɟɧɢɹ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ ܰ 𝑥ܱ ɢɥɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ EV ɝɨɪɟɥɤɢ; 12 – ɩɨɞɚɱɚ ɡɚɩɚɥɶɧɨɝɨ 
ɝɚɡɚ ɧɚ EV ɝɨɪɟɥɤɭ; 13 – ɪɨɬɨɪ (ɜɚɥ ɬɭɪɛɢɧɵ ɤɨɦɩɪɟɫɫɨɪɚ); 14 – ɫɨɩɥɨɜɵɟ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧɵ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 15 – ɞɢɮɮɭɡɨɪ ɤɨɦɩɪɟɫɫɨɪɚ; 16 – ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ.  

Ɋɢɫɭɧɨɤ 3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ 
 
 Ⱦɜɚ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɱɚɫɬɢɱɧɨ ɨɯɥɚɠɞɚɸɬɫɹ ɫɧɚɪɭɠɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ – ɜ 
ɨɯɥɚɞɢɬɟɥɹɯ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ 
ɫ ɩɚɪɨɜɨɞɹɧɵɦ ɰɢɤɥɨɦ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ (ɪɢɫɭɧɨɤ 4). 
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Ɋɢɫɭɧɨɤ 4 – Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ GT26B 
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Ɉɯɥɚɞɢɬɟɥɢ ȽɌ ɩɪɨɢɡɜɨɞɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɚɪ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɨɜɵɲɚɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɩɚɪɨɜɭɸ ɬɭɪɛɢɧɭ. Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 
ɜɨɡɞɭɯɚ ɜ ɭɫɥɨɜɢɹɯ ɨɛɥɟɞɟɧɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɧɬɢɨɛɥɟɞɟɧɟɧɢɹ ɢ 
ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɧɚ ɨɫɧɨɜɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ.  

ɋɢɫɬɟɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɝɨɪɚɧɢɹ, ɢɥɢ ɤɨɧɰɟɩɰɢɹ ɰɢɤɥɚ ɩɨɜɬɨɪɧɨɝɨ 
ɧɚɝɪɟɜɚ, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɨɣ ɬɟɯɧɨɥɨɝɢɟɣ, ɥɟɠɚɳɟɣ ɜ ɨɫɧɨɜɟ GT26. ȼ EV ɤɚɦɟɪɭ 
ɫɝɨɪɚɧɢɹ ɞɨɛɚɜɥɹɟɬɫɹ ɨɤɨɥɨ 70% ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɩɥɢɜɚ (ɩɪɢ ɛɚɡɨɜɨɣ 
ɧɚɝɪɭɡɤɟ). Ɉɫɬɚɜɲɟɟɫɹ ɬɨɩɥɢɜɨ (30%) ɞɨɛɚɜɥɹɟɬɫɹ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ, ɝɞɟ ɩɨɥɭɱɢɜɲɚɹɫɹ ɫɦɟɫɶ ɧɚɝɪɟɜɚɟɬɫɹ ɜɨ ɜɬɨɪɨɣ ɪɚɡ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɢ, ɧɚɤɨɧɟɰ, ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɱɟɬɵɪɟɯɫɬɭɩɟɧɱɚɬɨɣ 
ɬɭɪɛɢɧɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɌɇȾ).   

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɰɢɤɥɚ, ɱɟɦ ɞɨɫɬɢɝɚɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ. ɗɦɢɫɫɢɹ ɨɤɫɢɞɚɦ ɚɡɨɬɚ ܰ 𝑥ܱ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 25 ppm ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɦɟɧɟɟ 42 ppm ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ [6].  

ȼɫɟ ɷɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ȽɌɍ GT26 ɨɛɭɫɥɨɜɢɥɢ ɲɢɪɨɤɢɣ ɤɪɭɝ ɡɚɤɚɡɨɜ. ɉɨ 
ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ, ɬɨɥɶɤɨ ɡɚ 12 ɦɟɫ 2020 ɝ. ɢɡ 38 ɡɚɤɚɡɚɧɧɵɯ ȽɌɍ 18 
ɩɪɢɯɨɞɹɬɫɹ ɧɚ ȽɌɍ GT26. Ɉɧɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ Ƚɟɪɦɚɧɢɢ, ɇɨɜɨɣ Ɂɟɥɚɧɞɢɢ, 
Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɪɟɹ, Ɍɚɣɜɚɧɟ, ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ. ȼ 2011 ɝ. ɜ Ɋɨɫɫɢɢ ɧɚ Ɍɗɐ-26 ɈȺɈ 
«Ɇɨɫɷɧɟɪɝɨ» ɜɜɟɞɟɧɚ ɞɜɭɯɜɚɥɶɧɚɹ ɉȽɍ- 420 ɫ ɷɬɨɣ ȽɌɍ [8].  

Ƚɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ Alstom Power ɧɚɛɢɪɚɸɬ ɩɨɩɭɥɹɪɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɦɢɪ 
ɩɪɨɹɜɥɹɟɬ ɜɫɟ ɛɨɥɶɲɟɟ ɛɟɫɩɨɤɨɣɫɬɜɨ ɩɨ ɥɸɛɨɣ ɮɨɪɦɟ ɷɦɢɫɫɢɢ, ɪɚɡɪɭɲɚɸɳɟɣ 
ɨɡɨɧɨɜɵɣ ɫɥɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɢɥɶɧɵɟ ɫɬɨɪɨɧɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɩɪɨɞɚɠɟ GT26 
— ɷɬɨ ɢɯ ɜɵɫɨɤɢɣ ɄɉȾ ɢ ɭɦɟɪɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȽɌɍ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 
 

Ɍɚɛɥɢɰɚ 13 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ GT26B 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

ɋɯɟɦɚ ɞɜɢɝɚɬɟɥɹ: 
- ɤɨɥɢɱɟɫɬɜɨ ɜɚɥɨɜ 

- ɤɨɥɢɱɟɫɬɜɨ ɫɬɭɩɟɧɟɣ 

 
Ɉɞɧɨɜɚɥɶɧɚɹ 

22 Ʉ + 1 ɌȼȾ + 4 ɌɇȾ 
ɇɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ˆܰ˕, Ɇȼɬ 288,3 
ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 𝜋ˍ 32 
ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ: 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˍːˇ 
ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˍ˔ˇ 

 
2,3 
4 

ɍɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɨɯɥɚɞɢɬɟɥɟ ɰɢɤɥɨɜɨɝɨ ɜɨɡɞɭɯɚ 𝛿ܲˑ ˘ˎ,% 2 
ɋɬɟɩɟɧɶ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˆ˕˅ˇ 

2 

Ɍɢɩ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ (Ʉɋ) Ⱦɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ 
ɤɨɥɶɰɟɜɵɟ Ʉɋ 

ɄɉȾ ȽɌɍ, % 42 
Ɋɚɫɯɨɞ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ, ɤɝ/ɫ 650 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ, °С 620 
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ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɌȼȾ, ɨɛ/ɦɢɧ 3000 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ȽɌ 𝑡ଷ̂˕˖, °С 1300 
ɋɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ  𝛿̱ܲ ˔,% 2 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 𝜂ˏ̞̂ ,% 99,9 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ, °С 900 

Ɍɢɩ ɫɬɚɪɬɟɪɚ 
Ɍɢɪɢɫɬɨɪɧɨɟ 

ɩɭɫɤɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ   
ɇɚɡɧɚɱɟɧɢɹ ɪɟɫɭɪɫ, ɱ  200000 

Ɇɟɠɪɟɦɨɧɬɧɵɣ ɪɟɫɭɪɫ, ɱ 70000 
Ɇɚɫɫɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɥɨɤɚ, ɬ 480 

Ƚɚɛɚɪɢɬɵ ɞɜɢɝɚɬɟɥɹ (LxBxH) 12,3x5x5,5 
ɍɪɨɜɟɧɶ ɡɜɭɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦɟɬɪ, ɞȻ  80 

 
5.3 ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ STF30C 

 
ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɚ ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɞɥɹ ɉȽɍ ɮɢɪɦɵ Alstom Power. 

ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɜɵɩɨɥɧɟɧɚ ɞɜɭɯɰɢɥɢɧɞɪɨɜɨɣ: ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɐȼȾ ɢ ɐɋɇȾ. 
ɋɥɟɜɚ ɤ ɪɨɬɨɪɭ ɐȼȾ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɫɚɦɨɫɢɧɯɪɨɧɢɡɢɪɭɸɳɚɹɫɹ ɪɚɫɰɟɩɧɚɹ 
ɦɭɮɬɚ 1, ɫɩɪɚɜɚ — ɜɫɬɪɨɟɧɧɵɣ ɜ ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ 16 ɡɚɞɧɢɣ ɩɨɞɲɢɩɧɢɤ 17. 
Ɇɟɠɞɭ ɰɢɥɢɧɞɪɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɩɨɪɧɨ-ɭɩɨɪɧɵɣ ɩɨɞɲɢɩɧɢɤ 10. 
ɉɪɨɬɨɱɧɵɟ ɱɚɫɬɢ ɜɫɟɯ ɰɢɥɢɧɞɪɨɜ ɜɵɩɨɥɧɟɧɵ ɪɟɚɤɬɢɜɧɵɦɢ. Ʉɨɪɩɭɫ ɐȼȾ — 
ɞɜɭɫɬɟɧɧɵɣ. ȼɧɭɬɪɟɧɧɢɣ ɤɨɪɩɭɫ 6 ɧɟ ɢɦɟɟɬ ɮɥɚɧɰɟɜ. Ⱦɜɟ ɟɝɨ ɩɨɥɨɜɢɧɵ 
ɫɬɹɝɢɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɹɠɧɵɯ ɤɨɥɟɰ, ɧɚɫɚɠɢɜɚɟɦɵɯ ɧɚ ɤɨɪɩɭɫ ɫ ɩɨɦɨɳɶɸ 
ɝɨɪɹɱɟɣ ɩɨɫɚɞɤɢ. Ɍɨɥɶɤɨ ɧɟɛɨɥɶɲɨɣ ɭɱɚɫɬɨɤ ɜ ɪɚɣɨɧɟ ɩɚɪɨɜɩɭɫɤɚ ɜɵɩɨɥɧɟɧ ɫ 
ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɫɬɹɠɧɵɦɢ ɮɥɚɧɰɚɦɢ, ɧɟ ɧɚɪɭɲɚɸɳɢɦɢ ɨɫɟɜɨɣ ɫɢɦɦɟɬɪɢɢ 
ɤɨɪɩɭɫɚ. Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɟ ɦɚɧɟɜɪɟɧɧɵɟ ɤɚɱɟɫɬɜɚ 
ɦɚɲɢɧɵ ɢ ɫɨɯɪɚɧɧɨɫɬɶ ɩɟɪɢɮɟɪɢɣɧɵɯ ɢ ɞɢɚɮɪɚɝɦɟɧɧɵɯ ɡɚɡɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɧɨ ɢɦɟɟɬ ɩɨɜɵɲɟɧɧɭɸ ɫɥɨɠɧɨɫɬɶ ɫɛɨɪɤɢ [7]. 
 Ɍɭɪɛɨɚɝɪɟɝɚɬ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɧɭɥɟɜɨɣ ɨɬɦɟɬɤɟ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɧɟɜɵɫɨɤɨɝɨ ɮɭɧɞɚɦɟɧɬɚ ɩɨɞ ɩɚɪɨɜɭɸ ɬɭɪɛɢɧɭ ɨɛɭɫɥɨɜɥɟɧɨ ɥɢɲɶ ɜɟɪɬɢɤɚɥɶɧɵɦ 
ɝɚɛɚɪɢɬɧɵɦ ɪɚɡɦɟɪɨɦ ɤɨɧɞɟɧɫɚɬɨɪɚ. 
 Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɨɞɢɧ ɜɵɯɨɞ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɨɫɟɜɨɣ 
ɤɨɧɞɟɧɫɚɬɨɪ. 

ɉɚɪ ɩɨɫɬɭɩɚɟɬ (ɪɢɫɭɧɨɤ 5) ɜ ɩɚɪɨɜɩɭɫɤɧɭɸ ɤɚɦɟɪɭ 7 ɐȼȾ, ɩɪɨɯɨɞɢɬ ɟɝɨ 
ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɢ ɢɡ ɦɟɠɤɨɪɩɭɫɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɱɟɪɟɡ ɩɚɬɪɭɛɨɤ 21, 
ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɫɟɪɟɞɢɧɟ ɜɧɟɲɧɟɝɨ ɤɨɪɩɭɫɚ 9, ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ. 
 ɉɚɪ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɚɪɨɜɩɭɫɤɧɭɸ 
ɤɚɦɟɪɭ 12 ɐɋɇȾ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɋȾ ɜ ɦɟɠɤɨɪɩɭɫɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ. ȼ ɧɟɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɦɟɲɢɜɚɧɢɟ ɩɚɪɚ ɇȾ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ Ʉɍ 
ɩɨ ɩɚɬɪɭɛɤɭ 20, ɢ ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɫɦɟɫɶ ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɇȾ.  
 Ɋɨɬɨɪ ɐȼȾ ɜɵɩɨɥɧɟɧ ɫɜɚɪɧɵɦ, ɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɢɦ; ɫ ɩɪɚɜɨɣ ɫɬɨɪɨɧɵ ɞɥɹ 
ɭɪɚɜɧɨɜɟɲɢɜɚɧɢɹ ɨɫɟɜɵɯ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɭɩɨɪɧɵɣ ɩɨɞɲɢɩɧɢɤ, 
ɭɫɬɚɧɨɜɥɟɧ ɞɭɦɦɢɫ 8. 
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1 2 3 4 5 6 7 8 9 3 10 3 11 12

13

14

15 3 16 17

21 1920 18

 
1 — ɪɚɫɰɟɩɧɚɹ ɦɭɮɬɚ; 2, 17 — ɩɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɩɨɞɲɢɩɧɢɤɢ; 3 — ɤɨɧɰɟɜɵɟ ɭɩɥɨɬɧɟɧɢɹ; 4, 
14 — ɪɨɬɨɪɵ ɐȼȾ ɢ ɐɋɇȾ; 5 — ɫɬɹɠɧɵɟ ɤɨɥɶɰɚ; 6, 9 — ɜɧɭɬɪɟɧɧɢɣ ɢ ɜɧɟɲɧɢɣ ɤɨɪɩɭɫɚ ɐȼȾ; 
7, 12 — ɩɚɪɨɜɩɭɫɤɧɵɟ ɤɚɦɟɪɵ ɐȼȾ ɢ ɐɋɇȾ; 8 — ɞɭɦɦɢɫ (ɪɚɡɝɪɭɡɨɱɧɵɣ ɩɨɪɲɟɧɶ); 10 — 
ɨɩɨɪɧɨ-ɭɩɨɪɧɵɣ ɩɨɞɲɢɩɧɢɤ; 11, 19 — ɜɧɟɲɧɢɣ ɢ ɜɧɭɬɪɟɧɧɢɣ ɤɨɪɩɭɫɚ ɑɋȾ; 13 — 
ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɭɩɥɨɬɧɟɧɢɟ; 15 — ɑɇȾ; 16 — ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ ɬɭɪɛɢɧɵ; 18 — ɩɚɬɪɭɛɨɤ 
ɨɬɛɨɪɚ ɩɚɪɚ ɧɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ; 20 — ɩɚɬɪɭɛɨɤ ɩɨɞɜɨɞɚ ɩɚɪɚ ɇȾ ɢɡ Ʉɍ; 21 — 
ɩɚɬɪɭɛɨɤ ɨɬɜɨɞɚ ɩɚɪɚ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ. 

Ɋɢɫɭɧɨɤ 5 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ STF30C ɞɥɹ ɉȽɍ KA26-2 
 

Ɂɚɪɭɛɟɠɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɴɟɞɢɧɹɸɬ ɑɋȾ ɢ ɑɇȾ 
ɬɭɪɛɢɧɵ ɜ ɨɞɢɧ ɰɢɥɢɧɞɪ (ɐɋɇȾ), ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɞɢɰɢɨɧɧɚɹ ɩɚɪɨɜɚɹ 
ɬɭɪɛɢɧɚ ɫ ɞɜɭɯɩɨɬɨɱɧɵɦ ɐɇȾ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɰɢɥɢɧɞɪɨɜɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɐɋɇȾ ɢ ɐȼȾ. 

ȼ ɤɨɦɩɥɟɤɬɟ ɫ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ ɢɞɟɬ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ, 
ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɚɪɨɜɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɫɟɬɟɜɨɣ ɜɨɞɵ (ɉɋȽ-1 ɢ ɉɋȽ-2), ɫ ɩɨɞɜɨɞɨɦ ɤ ɧɢɦ ɩɚɪɚ ɢɡ 
ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ 0,115 Ɇɉɚ ɢ 0,269 
Ɇɉɚ, ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɤɨɧɞɟɧɫɚɬɚ ɢ ɤɨɧɞɟɧɫɚɬɧɵɦɢ ɧɚɫɨɫɚɦɢ. 

ɉɪɢ ɦɨɧɬɚɠɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɧɚ Ɍɗɋ ɜɫɟ ɟɝɨ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ (ɐɋɇȾ, 
ɐȼȾ, ɝɟɧɟɪɚɬɨɪ ɢ ȽɌɍ) ɩɨɫɬɚɜɥɹɸɬɫɹ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɜ ɫɨɛɪɚɧɧɨɦ ɜɢɞɟ 
ɢ ɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɰɟɧɬɪɨɜɤɚ ɢ ɫɨɟɞɢɧɟɧɢɟ ɥɢɧɢɢ ɜɚɥɨɩɪɨɜɨɞɚ ɦɭɮɬɚɦɢ. 

ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ Alstom ɢɦɟɟɬ ɯɨɪɨɲɢɣ ɩɨɤɚɡɚɬɟɥɶ ɦɚɧёɜɪɟɧɧɨɫɬɢ. 
ɇɚɩɪɢɦɟɪ, ɯɨɥɨɞɧɵɣ ɡɚɩɭɫɤ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 120 ɦɢɧɭɬ, ɱɬɨ 
ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬɫɹ ɞɚɠɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɚɲɢɧ ɦɨɳɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɧɨɣ 
ɦɨɳɧɨɫɬɢ (ɞɨ 360 ɦɢɧɭɬ). ɉɨɤɚɡɚɬɟɥɢ ɦɚɧɟɜɪɟɧɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6. 
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Мощность турбоагрегата STF30C  
Ɋɢɫɭɧɨɤ 6 – ɉɨɤɚɡɚɬɟɥɢ ɦɚɧɟɜɪɟɧɧɨɫɬɢ ɬɭɪɛɢɧɵ 

 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ14. 
 

Ɍɚɛɥɢɰɚ 14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ STF30C 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ эܹ, Ɇȼɬ 140 
ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɨɜ ܳ˄˃ˊˑ˕ , 
Ƚɤɚɥ/ɱ 

288 

ȼɧɭɬɪɟɧɧɢɣ ɄɉȾ ɐȼȾ  𝜂𝑜𝑖˙˅ˇ,% 88,2 

ȼɧɭɬɪɟɧɧɢɣ ɄɉȾ ɐɇɋȾ 𝜂𝑜𝑖˙ː˔ˇ,% 89,4 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ  ̱ܲ ,ɤɉɚ 5,3 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɝɪɭɡɨɤ, % 100 … 30 

Ɇɚɫɫɚ ɬɭɪɛɢɧɵ, ɬ 310 
Ƚɚɛɚɪɢɬɵ ɫ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ (LxBxH),ɦ 39x22x20 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ: 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ ଴ܲ˅ ˇ, Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ 𝑡଴˅ˇ, °С 

 
13,05 
565 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɐɋɇȾ: 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ ଴̝ܲ ˇ, Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ 𝑡଴̝ˇ, °С 

 
2,7 
565 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ ଴ܲː ˇ, Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ 𝑡଴ːˇ, °С 

 
0,45 
277,8 

 
ȿɳɟ ɨɞɧɨɣ ɧɟɦɚɥɨɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɹɜɥɹɟɬɫɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɬɟɪɦɨɭɫɚɞɨɱɧɵɯ ɤɨɥɟɰ ɜ ɰɢɥɢɧɞɪɚɯ. Ʉɨɧɫɬɪɭɤɰɢɹ ɤɨɥɶɰɚ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɮɥɚɧɰɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɞɢɚɥɶɧɨ-
ɫɢɦɦɟɬɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɫ ɧɚɢɥɭɱɲɟɣ ɬɟɪɦɨɷɥɚɫɬɢɱɧɨɫɬɶɸ. ɉɨɷɬɨɦɭ 
ɤɨɧɫɬɪɭɤɰɢɹ ɬɟɪɦɨɭɫɚɞɨɱɧɨɝɨ ɤɨɥɶɰɚ (ɪɢɫɭɧɨɤ 7) ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ 
ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɟɪɟɤɨɫɵ ɤɨɪɩɭɫɚ, ɱɬɨ ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɫ 
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɫɨɜɪɟɦɟɧɧɵɯ ɩɚɪɨɝɚɡɨɜɵɯ ɰɢɤɥɚɯ.   
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Термоусадочное кольцоБез фланцевых 
соединений  

Ɋɢɫɭɧɨɤ 7 – Ʉɨɧɫɬɪɭɤɰɢɹ ɬɟɪɦɨɭɫɚɞɨɱɧɨɝɨ ɤɨɥɶɰɚ  
 

5.4 Ɉɩɢɫɚɧɢɟ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɬɭɪɛɢɧ 
 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɵ 50WV237-109 ɢ 50WV217-95 ɜɯɨɞɹɬ ɜ ɤɨɦɩɥɟɤɬ 
ɩɨɫɬɚɜɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɄȺ26-1 ɢ ND-33 ɤɨɦɩɚɧɢɢ Alstom. 
Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɬɢɩɚ TOPAIR ɫ ɜɨɡɞɭɲɧɵɦ 
ɨɯɥɚɠɞɟɧɢɟɦ. Ɍɟɯɧɨɥɨɝɢɹ TOPAIR ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɢɧɰɢɩɟ TEWAC 
«ɢɡɨɥɢɪɨɜɚɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɚ-ɜɨɡɞɭɯ», ɬɨ ɟɫɬɶ ɬɟɩɥɨ ɫ ɨɯɥɚɠɞɚɸɳɟɝɨ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɫɧɢɦɚɟɬɫɹ ɜ ɜɨɡɞɭɲɧɨ-ɜɨɞɹɧɵɯ ɨɯɥɚɞɢɬɟɥɹɯ ɫ ɨɪɟɛɪёɧɧɵɦɢ 
ɬɪɭɛɤɚɦɢ. ɇɚ ɨɯɥɚɞɢɬɟɥɢ ɩɨɞɚɟɬɫɹ ɜɨɞɚ, ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ. 
Ɍɚɤɢɟ ɤɪɭɩɧɵɟ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɵ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɜɨɞɨɪɨɞɧɵɦ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɜɚɬɶ:  

 ɜɵɫɨɤɭɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ; 
 ɦɟɧɶɲɢɣ ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɩɪɨɫɬɵɟ ɮɭɧɞɚɦɟɧɬɵ; 
 ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 
 ɦɢɧɢɦɭɦ ɭɫɢɥɢɣ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ; 
 ɫɨɤɪɚɳɟɧɢɟ ɧɚɞɡɨɪɚ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ; 
● ɫɧɢɠɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ; 
● ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɵɫɨɤɨɟ ɢɡɦɟɧɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɩɨɬɟɪɟ ɜɨɞɨɪɨɞɚ ɢɡ-ɡɚ ɟɝɨ ɪɚɫɲɢɪɟɧɢɹ; 

●   ɧɟ ɬɪɟɛɭɸɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɜɨɞɨɪɨɞɧɵɟ ɫɢɫɬɟɦɵ ɢ ɫɢɫɬɟɦɵ CO2. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 15. 
 

Ɍɚɛɥɢɰɚ 15 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ 
Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɵ 

50WV23Z-109 50WV21Z-95 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ, Ƚɰ 50 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ܵ˕ˆ, ɆȼȺ 315 225 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 0,8 0,8 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 15 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɨɛ/ɦɢɧ 3000 3000 

ɇɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ, ɤȼ 20 15,75 

ɄɉȾ, % 98,8 98,8 

Ɇɚɫɫɚ, ɬ 215 203 

Ɉɯɥɚɠɞɟɧɢɟ  Ɂɚɦɤɧɭɬɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫ ɜɨɡɞɭɲɧɨ-ɜɨɞɹɧɵɦɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ 

 
5.5 Ʉɨɬɟɥ–ɭɬɢɥɢɡɚɬɨɪ ɉ-133 

 
Ʉɨɬɟɥ – ɭɬɢɥɢɡɚɬɨɪ ȿɉ-315/44,3/30,9-13,9/3,0/0,47-567/566/284 (ɉ-133) 

ɬɪɟɯ ɞɚɜɥɟɧɢɣ ɫ ɩɪɨɦɩɟɪɟɝɪɟɜɨɦ, ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɜ ɢɫɩɚɪɢɬɟɥɶɧɵɯ 
ɤɨɧɬɭɪɚɯ ɜɵɫɨɤɨɝɨ, ɫɪɟɞɧɟɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ, 
ɩɨɞɜɟɫɧɨɣ, ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɬɪɭɛ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ.  

Ʉɨɬɟɥ ɜɤɥɸɱɚɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɭɪɨɜ ɜɵɫɨɤɨɝɨ, ɫɪɟɞɧɟɝɨ, ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ Ʉɍ ɢ ɨɯɥɚɞɢɬɟɥɹ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ. ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɜɵɩɨɥɧɟɧɵ ɢɡ ɬɪɭɛ ɫ ɧɚɪɭɠɧɵɦ 
ɩɪɨɫɟɱɧɵɦ ɫɩɢɪɚɥɶɧɨ – ɥɟɧɬɨɱɧɵɦ ɨɪɟɛɪɟɧɢɟɦ.  

Ʉɨɬɟɥ – ɭɬɢɥɢɡɚɬɨɪ ɪɚɛɨɬɚɟɬ ɧɚ ɫɤɨɥɶɡɹɳɢɣ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɪɚɫɯɨɞɨɦ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ  Ʉɍ ɨɬ 
ȽɌɍ, ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ. Ⱦɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɩɚɪɚ ɝɨɪɹɱɟɝɨ ɩɪɨɦɩɟɪɟɝɪɟɜɚ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɪɟɠɢɦɚɯ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɜɩɪɵɫɤɢɜɚɸɳɢɦɢ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹɦɢ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 630 °С.  
ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ Ʉɍ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɬɪɭɛ ɫ ɧɚɪɭɠɧɵɦ ɨɪɟɛɪɟɧɢɟɦ 

ɫɩɢɪɚɥɶɧɨɣ ɥɟɧɬɨɣ.  
Ʉɍ ɜɵɩɨɥɧɟɧ ɝɚɡɨɩɥɨɬɧɵɦ, ɢɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɞɢɮɮɭɡɨɪ ɡɚ ȽɌɍ – 8 ɤɉɚ. Ʉɨɧɫɬɪɭɤɰɢɹ ɝɚɡɨɩɥɨɬɧɨɣ ɨɛɲɢɜɤɢ 
Ʉɍ – ɳɢɬɨɜɚɹ. 

Ⱦɵɦɨɜɵɟ ɝɚɡɵ ɨɬ ɤɨɬɥɚ ɨɬɜɨɞɹɬɫɹ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ. ȼ ɝɚɡɨɯɨɞɟ ɦɟɠɞɭ 
ɤɨɬɥɨɦ ɢ ɞɵɦɨɜɨɣ ɬɪɭɛɨɣ ɭɫɬɚɧɨɜɥɟɧ ɨɬɫɟɱɧɨɣ ɤɥɚɩɚɧ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɬɥɚ ɜ 
ɝɨɪɹɱɟɦ ɪɟɡɟɪɜɟ ɩɪɢ ɨɫɬɚɧɨɜɟ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɡɜɭɤɨɜɨɣ ɦɨɳɧɨɫɬɢ ɧɚ 
ɜɵɯɨɞɟ ɢɡ Ʉɍ ɪɚɫɩɨɥɨɠɟɧ ɲɭɦɨɝɥɭɲɢɬɟɥɶ.  

Ɋɚɛɨɬɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɱɟɪɟɡ ɨɫɬɚɧɨɜɥɟɧɧɵɣ Ʉɍ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 
 ȼ ɉ-133 ɞɢɚɦɟɬɪɵ ɢ ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫ ɝɚɡɨɦ 
ɤɨɥɥɟɤɬɨɪɨɜ ɦɢɧɢɦɢɡɢɪɭɸɬɫɹ, ɚ ɢɡɝɢɛɵ ɬɪɭɛ ɭɫɬɪɚɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɡɥɨɜ ɢɡ 
ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ X10CrMoVNb9-1. ȼɫɟ ɬɪɭɛɵ ɢɦɟɸɬ ɞɢɚɦɟɬɪ 1,5 ɞɸɣɦɚ (38 
ɦɦ) ɢɥɢ 1,75 ɞɸɣɦɚ (45 ɦɦ), ɨɞɧɨɪɹɞɧɵɟ ɚɪɮɨɜɵɟ ɤɨɥɥɟɤɬɨɪɵ ɢɦɟɸɬ ɞɢɚɦɟɬɪ 
3,5 ɞɸɣɦɚ (89 ɦɦ) ɢɥɢ 4,5 ɞɸɣɦɚ (114 ɦɦ). Ɉɫɬɚɥɶɧɵɟ ɤɨɥɥɟɤɬɨɪɵ ɜɚɪɶɢɪɭɸɬɫɹ 
ɨɬ 8 ɞɸɣɦɨɜ (203 ɦɦ) ɞɨ 20 ɞɸɣɦɨɜ (508 ɦɦ).  
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ȼ ɩɚɪɨɜɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ 
ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɜ ɩɪɟɞɟɥɚɯ ɪɚɫɱɟɬɧɵɯ 
ɩɪɟɞɟɥɨɜ ɦɟɬɚɥɥɚ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɱɪɟɡɦɟɪɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɞɨ ɫɨɫɬɨɹɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ.  

ɇɚ 2021 ɝɨɞ ɉ-133 ɢɡɝɨɬɨɜɥɟɧ ɜ ɟɞɢɧɢɱɧɨɦ ɷɤɡɟɦɩɥɹɪɟ ɞɥɹ Ɍɗɐ-26 ɈȺɈ 
«Ɇɨɫɷɧɟɪɝɨ» ɞɥɹ ɷɧɟɪɝɨɛɥɨɤɚ ɉȽɍ-420. ɉ-133 ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɚɧɚɥɨɝɨɦ 
Alstom HRSG. ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɉ-133 [6]. 
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1 - ȼɯɨɞɧɨɣ ɞɢɮɮɭɡɨɪ ɝɚɡɨɯɨɞɚ; 2 – ɛɚɪɚɛɚɧ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 3 – ɛɚɪɚɛɚɧ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
4 – ɛɚɪɚɛɚɧ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 5 – ɬɟɩɥɵɣ ɹɳɢɤ; 6 – ɜɵɯɨɞɧɨɣ ɤɨɧɮɭɡɨɪ ɝɚɡɨɯɨɞɚ; 7 – ɞɵɦɨɜɚɹ 
ɬɪɭɛɚ. 

Ɋɢɫɭɧɨɤ 8 – Ɉɛɳɢɣ ɜɢɞ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɉ-133 
 
 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉ-133 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 16. 
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Ɍɚɛɥɢɰɚ 16 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉ-133 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, °С 620 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɯɥɚɞɢɬɟɥɹ ȽɌ, Ɇȼɬ 27,2 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ (ȽɉɄ), Ɇȼɬ 8,8 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, °С 60 

Ʉɨɧɬɭɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
-ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ 𝑡′˒ˈ˅ˇ, °С 
 
- ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ܲ′˒ˈ˅ˇ, Ɇɉɚ 

 
 

565 
 

13,9 
Ʉɨɧɬɭɪ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 
 
-ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ 𝑡′˒ˈ˔ˇ, °С 
 
- ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ܲ′˒ˈ˔ˇ, Ɇɉɚ 
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3 

Ʉɨɧɬɭɪ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
-ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ 𝑡′˒ˈːˇ, °С 
 
- ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ܲ′˒ˈːˇ, Ɇɉɚ 
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0,47 
ɉɪɨɦɩɟɪɟɝɪɟɜ: 
-ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ 𝑡′˒˒, °С 
 
- ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ܲ′˒˒, Ɇɉɚ 

 
565 

 
3 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ Ʉɍ, ɉɚ 4388 

Ƚɚɛɚɪɢɬɵ (LxBxH), ɦ 34,7ɯ20ɯ30 

  
 ɂɫɩɚɪɢɬɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɥɚ ɢɡɝɨɬɨɜɥɟɧɵ ɩɨ ɩɪɢɧɰɢɩɭ ɫɬɭɩɟɧɱɚɬɨɣ 
ɤɨɦɩɨɧɨɜɤɢ.  
 ɇɚ ɪɢɫɭɧɤɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɢɫɩɚɪɢɬɟɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɥɚ. ɉɨ ɞɚɧɧɵɦ GE Power ɬɚɤɚɹ ɤɨɦɩɨɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɬɟɩɥɨɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 60% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ 
ɢɫɩɨɥɧɟɧɢɟɦ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 
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1 – Ȼɨɥɶɲɨɣ ɫɛɨɪɧɵɣ ɤɨɥɥɟɤɬɨɪ; 2 – ɫɟɤɰɢɨɧɧɵɟ ɤɨɥɥɟɤɬɨɪɵ; 3 – ɨɪɟɛɪɟɧɧɵɟ ɢɫɩɚɪɢɬɟɥɶɧɵɟ 
ɬɪɭɛɵ; 4 – ɦɧɨɝɨɪɹɞɧɚɹ «ɚɪɮɚ»; 5 – ɨɬɜɨɞɹɳɚɹ ɬɪɭɛɚ; 6 – ɬɪɭɛɵ ɫɟɤɰɢɨɧɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ; 7 – 
ɢɫɩɚɪɢɬɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 8 – ɩɨɞɜɨɞɹɳɚɹ ɬɪɭɛɚ. 

 Ɋɢɫɭɧɨɤ 9 – ɂɫɩɚɪɢɬɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɉ-133 
 

5.6 Ɉɩɢɫɚɧɢɟ ɩɭɧɤɬɚ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ ɫ ɬɨɩɥɢɜɧɵɦɢ ɤɨɦɩɪɟɫɫɨɪɚɦɢ 
 
 Ⱦɨɠɢɦɧɚɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɫɬɚɧɰɢɹ ȾɄɋ – CCS ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɩɨɦɟɳɟɧɢɢ 
ɩɭɧɤɬɚ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ (ɉɉȽ), ɜɤɥɸɱɚɸɳɟɝɨ ɬɚɤɠɟ ɮɢɥɶɬɪɵ, ɭɡɟɥ 
ɪɟɞɭɰɢɪɨɜɚɧɢɹ, ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɝɚɡɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɢ 
ɬɪɭɛɨɩɪɨɜɨɞɧɭɸ ɚɪɦɚɬɭɪɭ. 
 Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 25 ɤɝɫ/ɫɦ2. Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 32 
ɤɝɫ/ɫɦ2. ɉɨɫɤɨɥɶɤɭ ɩɚɪɚɦɟɬɪɵ ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɩɥɨɳɚɞɤɭ ɝɚɡɚ ɦɨɝɭɬ 
ɢɡɦɟɧɹɬɶɫɹ ɢ ɜɨɡɦɨɠɧɨ ɩɨɜɵɲɟɧɢɟ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɛɨɥɟɟ 32 ɤɝɫ/ɫɦ2, 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɛɚɣɩɚɫɧɚɹ ɥɢɧɢɹ ɫ ɭɡɥɨɦ ɪɟɞɭɰɢɪɨɜɚɧɢɹ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɚɱɢ 
ɝɚɡɚ ɧɚ ȽɌɍ ɩɨɦɢɦɨ ɤɨɦɩɪɟɫɫɨɪɨɜ, ɱɬɨ ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɛɥɨɤɚ.  
 ȼ ɉɉȽ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɪɢ ɤɨɦɩɪɟɫɫɨɪɚ (2 ɪɚɛɨɱɢɯ ɩɨ 50% 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ 1 ɪɟɡɟɪɜɧɵɣ).  Ʉɚɠɞɚɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ 
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɨɞɭɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɭɸ ɧɚ ɮɭɧɞɚɦɟɧɬɧɭɸ 
ɩɥɢɬɭ. ɍɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɨɛɫɬɜɟɧɧɨ ɤɨɦɩɪɟɫɫɨɪɧɵɣ ɛɥɨɤ 
(ɰɟɧɬɪɨɛɟɠɧɵɣ, ɛɟɡɦɚɫɥɹɧɵɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɤɨɦɩɪɟɫɫɨɪ) ɢ ɩɪɢɜɨɞ, 
ɪɚɡɦɟɳɟɧɧɵɣ ɧɚ ɨɛɳɟɦ ɪɚɦɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɝɞɟ ɬɚɤɠɟ ɪɚɡɦɟɳɟɧɵ ɜɯɨɞɧɨɣ ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɤɪɭɛɛɟɪɵ, ɦɚɫɥɨɫɢɫɬɟɦɚ ɤɨɦɩɪɟɫɫɨɪɚ, ɬɟɩɥɨɨɛɦɟɧɧɵɣ 
ɚɩɩɚɪɚɬɵ ɨɯɥɚɠɞɟɧɢɹ ɝɚɡɚ, ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɚɹ ɚɪɦɚɬɭɪɚ.  ɉɪɢɜɨɞ 
ɤɨɦɩɪɟɫɫɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 3000 ɨɛ/ɦɢɧ, 10 ɤȼ. 
 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 17. 
 
Ɍɚɛɥɢɰɚ 17 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɪɤɢɪɨɜɤɚ ɫɬɚɧɰɢɢ DKS-CCS 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɦɩɪɟɫɫɨɪɨɜ ɉɉȽ 2 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɧɦ3/ɱɚɫ 52000 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ, ɤɝɫ/ɫɦ2 25 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ, ɤɝɫ/ɫɦ2 42 

Ƚɚɛɚɪɢɬɵ (LxBxH), ɦ 5,9x3,4x2,9 

 
5.7 Ɉɩɢɫɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (Ⱥɋɍ ɉȽɍ) 

  
Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɉȽɍ-424 ɫɬɪɨɢɬɫɹ ɩɨ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɦɭ ɩɪɢɧɰɢɩɭ ɧɚ ɛɚɡɟ ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ABB 
EGATROL, ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɡɚɞɚɱ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ: ɭɩɪɚɜɥɟɧɢɟ ȽɌɍ, ɉɌɍ, ɤɨɬɥɨɦ-
ɭɬɢɥɢɡɚɬɨɪɨɦ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ.  

Ɋɟɲɟɧɢɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɝɚɡɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ ABB EGATROL ɡɚɳɢɳɚɟɬ 
ɩɨɥɧɵɣ ɫɩɟɤɬɪ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ, ɜɤɥɸɱɚɹ ɫɜɟɪɯɦɨɳɧɵɟ ɝɚɡɨɜɵɟ ɬɭɪɛɢɧɵ. Ɉɧ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɬɭɪɛɢɧɵ, ɜɤɥɸɱɚɹ ɡɚɩɭɫɤ, 
ɧɟɩɪɟɪɵɜɧɭɸ ɪɚɛɨɬɭ ɢ ɨɫɬɚɧɨɜɤɭ. ȿɝɨ ɦɨɞɭɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɬɭɪɛɢɧ. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ EGATROL ɨɫɧɨɜɚɧɚ ɧɚ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ Advant. 
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5.8 Ɉɩɢɫɚɧɢɟ ɞɨɠɢɦɧɨɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ȾɄɋ-424 
  
 Ⱦɨɠɢɦɧɚɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɫɬɚɧɰɢɹ ȾɄɋ-424 ɧɚɪɭɠɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɧɚ ɛɚɡɟ 
ɜɢɧɬɨɜɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ GRASSO ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ 
ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɜ ɬɨɩɥɢɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚ ɜɯɨɞɟ ɜ ɉȽɍ-420 ɫ 12 ɤɝɫ/ɫɦ2 ɞɨ 
ɧɟɨɛɯɨɞɢɦɵɯ 28 ɤɝɫ/ɫɦ2 ɧɚ ɜɯɨɞɟ ɜ ȽɌɍ. 
 Ɍɨɩɥɢɜɧɵɣ ɝɚɡ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɫɚɫɵɜɚɸɳɢɟ ɤɨɥɥɟɤɬɨɪɵ 
ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɛɥɨɤɨɜ. ȼ ɤɚɠɞɨɦ ɛɥɨɤɟ ɝɚɡ, ɩɪɨɣɞɹ ɱɟɪɟɡ ɮɢɥɶɬɪ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɩɨɫɬɭɩɚɟɬ ɜ ɜɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫɫɨɪ, ɝɞɟ ɤɨɦɩɪɢɦɢɪɭɟɬɫɹ ɢ, ɩɪɨɣɞɹ ɱɟɪɟɡ 
ɮɢɥɶɬɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɫɬɭɩɚɟɬ ɢɡ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɜ ɨɛɳɢɣ ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ 
ɬɪɭɛɨɩɪɨɜɨɞ ȾɄɋ ɢ ɩɨ ɧɟɦɭ ɜ ɞɜɚ ɝɚɡɨɜɵɯ ɪɟɫɢɜɟɪɚ ɨɛɳɢɦ ɨɛɴɟɦɨɦ 10 ɦ3. ɂɡ 
ɪɟɫɢɜɟɪɨɜ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɬɨɩɥɢɜɧɵɣ ɝɚɡ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɭɩɚɟɬ ɜ 
ɬɨɩɥɢɜɧɭɸ ɫɢɫɬɟɦɭ ȽɌɍ.  
 Ⱦɥɹ ɨɫɜɨɛɨɠɞɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɨɛɴɟɦɨɜ ɝɚɡɨɩɪɨɜɨɞɨɜ, ɫɨɫɭɞɨɜ ɢ ɞɪɭɝɢɯ 
ɟɦɤɨɫɬɟɣ ɨɬ ɜɨɡɞɭɯɚ, ɧɚɤɨɩɢɜɲɟɝɨɫɹ ɩɨɫɥɟ ɜɫɤɪɵɬɢɹ ɝɚɡɨɜɵɯ ɩɨɥɨɫɬɟɣ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɩɪɨɞɭɜɨɤ ɚɡɨɬɨɜ ɨɬ ɚɡɨɬɧɨɣ ɪɚɦɩɵ. 
 Ʉɚɠɞɵɣ ɤɨɦɩɪɟɫɫɨɪɧɵɣ ɛɥɨɤ ɫɨɫɬɨɢɬ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɪɚɡɦɟɳɟɧɧɨɝɨ ɤɚɤ ɜɧɭɬɪɢ ɤɨɧɬɟɣɧɟɪɚ, ɬɚɤ ɢ ɫɧɚɪɭɠɢ ɟɝɨ. Ʉɚɠɞɵɣ ɤɨɧɬɟɣɧɟɪ 
ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɩɚɧɟɥɶɧɨ-ɤɚɪɤɚɫɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɡɜɭɤɨɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɪɚɡɞɟɥɟɧ ɝɟɪɦɟɬɢɱɧɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ ɧɚ 
ɞɜɚ ɨɬɫɟɤɚ, ɤɨɦɩɪɟɫɫɨɪɧɵɣ ɢ ɫɢɥɨɜɨɣ. 
 ȼ ɤɨɦɩɪɟɫɫɨɪɧɨɦ ɨɬɫɟɤɟ ɭɫɬɚɧɨɜɥɟɧ ɜɢɧɬɨɜɨɣ ɝɟɪɦɟɬɢɱɧɵɣ 
ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɵɣ ɤɨɦɩɪɟɫɫɨɪ GRASSO (Ƚɟɪɦɚɧɢɹ) ɧɚ ɨɛɳɟɣ ɪɚɦɟ ɫ ɩɪɢɜɨɞɨɦ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɨɛɜɹɡɚɧɧɵɣ ɝɚɡɨɜɵɦɢ ɢ ɦɚɫɥɹɧɵɦɢ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ. ȼ 
ɫɢɥɨɜɨɦ ɨɬɫɟɤɟ ɭɫɬɚɧɨɜɥɟɧ ɲɤɚɮ ɭɩɪɚɜɥɟɧɢɹ ɤɨɦɩɪɟɫɫɨɪɧɵɦ ɛɥɨɤɨɦ. 
 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɝɨ ɛɥɨɤɚ ȾɄɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
18. 
 
Ɍɚɛɥɢɰɚ 18 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɝɨ ɛɥɨɤɚ ȾɄɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɧɦ3/ɱɚɫ 46000 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ, ɤɝɫ/ɫɦ2 12 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ, ɤɝɫ/ɫɦ2 60 

Ƚɚɛɚɪɢɬɵ (LxBxH), ɦ 10,8x3,2x3,8 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ, °С 60 
Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ, °С -15…+30 

ɄɉȾ, % 70 

ɍɪɨɜɟɧɶ ɡɜɭɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ, ɞȻ 80 

 
 ɍɩɪɨɳɟɧɧɚɹ ɷɥɟɦɟɧɬɧɚɹ ɫɯɟɦɚ ɞɨɠɢɦɧɨɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 
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1 – ɭɡɟɥ ɩɨɞɤɥɸɱɟɧɢɹ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ (Ʉɋ) ɤ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɝɚɡɨɩɪɨɜɨɞɭ; 2 – ɤɚɦɟɪɵ 
ɡɚɩɭɫɤɚ ɢ ɩɪɢɟɦɚ ɨɱɢɫɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; 3 – ɭɫɬɚɧɨɜɤɚ ɨɱɢɫɬɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɚɡɚ; 4 – 
ɭɫɬɚɧɨɜɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɚɡɚ; 5 – ɝɚɡɨɩɟɪɟɤɚɱɢɜɚɸɳɢɟ ɚɝɪɟɝɚɬɵ; 6 – 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɛɜɹɡɤɢ Ʉɋ; 7 – ɡɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɨɛɜɹɡɤɢ ɚɝɪɟɝɚɬɨɜ; 8 – ɭɫɬɚɧɨɜɤɚ ɩɨɞɝɨɬɨɜɤɢ ɩɭɫɤɨɜɨɝɨ ɢ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ; 9 – 
ɭɫɬɚɧɨɜɤɚ ɩɨɞɝɨɬɨɜɤɢ ɢɦɩɭɥɶɫɧɨɝɨ ɝɚɡɚ; 10 – ɝɥɚɜɧɵɣ ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɫɬɟɦɚ 
ɬɟɥɟɦɟɯɚɧɢɤɢ; 11 – ɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɡɚɳɢɬɵ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɛɜɹɡɤɢ Ʉɋ 

Ɋɢɫɭɧɨɤ 10 – ɗɥɟɦɟɧɬɧɚɹ ɫɯɟɦɚ ɞɨɠɢɦɧɨɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 

 
 ȼ ɩɨɦɟɳɟɧɢɢ ȻɉɉȽ ɩɪɨɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ 
(ɡɚɝɚɡɨɜɚɧɧɨɫɬɢ), ɚ ɫɚɦ ɨɧ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ. 
 Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɜɫɟ ɷɬɢ ɬɪɟɛɨɜɚɧɢɹ, ɧɚ ɉȽɍ-Ɍɗɋ 
ɫɨɨɪɭɠɚɸɬ ɛɥɨɱɧɵɣ ɩɭɧɤɬ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ — ɨɬɞɟɥɶɧɨɟ ɡɞɚɧɢɟ ɢɥɢ 
ɜɵɝɨɪɨɠɟɧɧɭɸ ɩɥɨɳɚɞɤɭ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ (ɜ ɬɟɩɥɨɦ ɤɥɢɦɚɬɟ), ɜ ɤɨɬɨɪɨɦ 
ɪɚɡɦɟɳɚɸɬ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɨɱɢɫɬɤɭ ɝɚɡɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ 
ɠɢɞɤɢɯ ɩɪɢɦɟɫɟɣ, ɢɡɦɟɪɟɧɢɟ ɪɚɫɯɨɞɚ ɝɚɡɚ ɢ ɟɝɨ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ, 
ɪɟɞɭɰɢɪɨɜɚɧɢɟ ɢɥɢ ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɟ, ɨɫɭɲɤɭ, ɩɨɞɨɝɪɟɜ ɢɥɢ ɨɯɥɚɠɞɟɧɢɟ. ɗɬɢ 
ɨɩɟɪɚɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɫ ɜɵɞɚɱɟɣ ɞɚɧɧɵɯ ɧɚ ɛɥɨɱɧɵɣ 
ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ. 
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6 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɚɪɨɝɚɡɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
 Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɉȽɍ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɨɣ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ȽɌɍ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ɛɨɥɶɲɟ 600 °С. 
ɉɨɷɬɨɦɭ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɐȼȾ ɢ ɐɋȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, 
ɨɛɵɱɧɨ ɜɵɛɢɪɚɸɬ ɛɥɢɡɤɢɦɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɫɜɟɠɟɝɨ ɩɚɪɚ ɢ ɩɚɪɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɚɪɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɞɨɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɢɯ ɬɟɥ (ɝɚɡɨɜ, ɜɨɞɵ ɢ ɩɚɪɚ) ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɉȽɍ ɢ 
ɟɟ ɷɥɟɦɟɧɬɨɜ. 
 ɉɨɥɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɉȽɍ-420 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 
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ȽɉɄ – ɝɚɡɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ; ɗɇɊɄ – ɷɥɟɤɬɪɨɧɚɫɨɫ ɪɟɰɢɪɤɭɥɹɰɢɢ ɤɨɧɞɟɧɫɚɬɚ; 
ɇȾ/ɋȾ/ȼȾ – ɧɢɡɤɨɟ/ɫɪɟɞɧɢɟ/ɜɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ; ɂ – ɢɫɩɚɪɢɬɟɥɶ; ɗ – ɷɤɨɧɨɦɚɣɡɟɪ; ɉɉ – 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; ɉɉɉ – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; Ⱦɍ – ɞɨɠɢɝɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɈɯȽɌ – ɨɯɥɚɞɢɬɟɥɶ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ; Ȼ – ɛɚɪɚɛɚɧ; ɉɗɇ – ɩɢɬɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɧɚɫɨɫ; Ⱦ – 
ɞɟɚɷɪɚɬɨɪ; ɐȼȾ – ɰɢɥɢɧɞɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; ɐɋɇȾ – ɰɢɥɢɧɞɪ ɫɪɟɞɧɟɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
ɋɧɉ – ɫɚɥɶɧɢɤɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ɗɉ – ɷɠɟɤɬɨɪɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ɏɈȼ – ɯɢɦɢɱɟɫɤɢɣ 
ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ; Ʉɋ – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; Ɍɨɗ – ɬɨɩɥɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ. 

Ɋɢɫɭɧɨɤ 11 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɉȽɍ-420 
  



 

40 
 

 Ʉɨɧɞɟɧɫɚɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɤɨɬɟɥ ɩɨ ɥɢɧɢɢ ɤɨɧɞɟɧɫɚɬɧɵɦɢ 
ɷɥɟɤɬɪɨɧɚɫɨɫɚɦɢ Ʉɗɇ. ɉɨɞɨɝɪɟɬɚɹ ɝɨɪɹɱɢɦ ɤɨɧɞɟɧɫɚɬɨɦ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 60ɝɩɤ

ɤt °С, ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ȽɉɄ. ɂɡ ȽɉɄ ɤɨɧɞɟɧɫɚɬ ɧɚɩɪɚɜɥɹɟɬɫɹ 
ɜ ɞɟɚɷɪɚɬɨɪ. ɉɨɞɨɝɪɟɜ ɞɟɚɷɪɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɚɪɨɦ ɢɡ ɛɚɪɚɛɚɧɚ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ.  ȼ ɞɟɚɷɪɚɬɨɪɟ ɤɨɧɞɟɧɫɚɬ ɫɬɚɧɨɜɢɬɫɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɨɣ ɤɨɬɥɚ-
ɭɬɢɥɢɡɚɬɨɪɚ. ɑɚɫɬɶ ɜɨɞɵ ɫ ɩɨɦɨɳɶɸ ɉɗɇ ɇȾ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɛɚɪɚɛɚɧ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. ȼ ɢɫɩɚɪɢɬɟɥɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɚ ɩɟɪɟɯɨɞɢɬ ɜ ɫɭɯɨɣ ɧɚɫɵɳɟɧɧɵɣ 
ɩɚɪ. ɉɨɫɥɟ ɩɨɞɨɝɪɟɜɚ ɜ ɉɉɇȾ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɐɋȾ. Ⱦɪɭɝɚɹ ɱɚɫɬɶ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɉɗɇ ȼȾ/ɋȾ ɩɨɞɚɟɬɫɹ ɜ ɷɤɨɧɨɦɚɣɡɟɪ ɫɪɟɞɧɟɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɫɥɟ 
ɤɨɬɨɪɨɝɨ ɩɨɬɨɤ ɪɚɡɞɟɥɹɟɬɫɹ ɩɨ ɞɜɭɦ ɥɢɧɢɹɦ. Ɉɞɧɚ ɥɢɧɢɹ ɧɚɩɪɚɜɥɟɧɚ ɜ ɛɚɪɚɛɚɧ 
ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɩɚɪ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ, 
ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɉɉɋȾ ɧɚ ɫɦɟɲɟɧɢɟ ɫ ɩɚɪɨɦ, ɩɪɢɯɨɞɹɳɢɣ ɢɡ ɐȼȾ 
(ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ). ȼɬɨɪɚɹ ɥɢɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚɩɪɚɜɥɟɧɚ ɤ ɉɗɇ 
ȼȾ. ɋ ɩɨɦɨɳɶɸ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɷɤɨɧɨɦɚɣɡɟɪ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɚ ɢɡ ɧɟɝɨ ɜ ɛɚɪɚɛɚɧ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɉɟɪɟɞ ȻȼȾ ɜɨɞɚ ɨɬɛɢɪɚɟɬɫɹ ɧɚ 
ɨɯɥɚɞɢɬɟɥɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɝɞɟ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ, 
ɫɬɚɧɨɜɢɬɫɹ ɩɚɪɨɦ ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɰɢɤɥ ɡɚ ɫɱɟɬ ɫɛɪɨɫɚ ɜ ɉɉȼȾ-2. 
 ɇɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. ɉɟɪɜɵɣ – 
ɨɫɧɨɜɧɨɣ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɉɉ-1 ɢ ɉɉ-2. ȼɬɨɪɨɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ – 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɉɉɉ-1 ɢ ɉɉɉ-2.  
 ɉɨɜɟɪɯɧɨɫɬɶ ɩɟɪɜɨɝɨ (ɩɨ ɯɨɞɭ ɪɚɛɨɱɟɣ ɫɪɟɞɵ) ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɭɫɬɚɧɨɜɥɟɧ ɨɬɞɟɥɶɧɨ ɨɬ ɨɫɧɨɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɧɨ 
ɜɵɯɨɞɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɨɢɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ (ɉɉ-2 ɢ ɉɉɉ-2) ɧɚ ɤɨɬɥɟ ɉ-
133 ɜɵɩɨɥɧɟɧɵ ɞɪɭɝ ɩɨɞ ɞɪɭɝɨɦ, ɬɨ ɟɫɬɶ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɛɥɚɫɬɢ ɨɞɢɧɚɤɨɜɵɯ 
ɜɯɨɞɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɨɫɬɭɩɚɸɳɢɯ ɢɡ ȽɌɍ. 
 Ɍɪɚɤɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɨɩɢɫɚɧ ɜ ɩɭɧɤɬɟ 5.2 ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ. 
  

6.1 Ɋɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɫɥɨɠɧɨɦɭ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɰɢɤɥɭ 
 
 ɉɨɞɚɜɥɹɸɳɟɟ ɱɢɫɥɨ ɉȽɍ ɢɫɩɨɥɶɡɭɸɬ ȽɌɍ ɩɪɨɫɬɨɝɨ ɰɢɤɥɚ. ɂɫɤɥɸɱɟɧɢɟɦ 
ɹɜɥɹɟɬɫɹ ɉȽɍ ɫ ȽɌɍ GT26 ɮɢɪɦɵ Alstom Power.  ɍɫɥɨɠɧɟɧɢɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ȽɌɍ. Ⱦɚɧɧɨɟ 
ɭɫɥɨɠɧɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɜɜɟɞɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɨɡɞɭɯɚ ɦɟɠɞɭ 
ɫɬɭɩɟɧɹɦɢ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɦɟɠɞɭ 
ɫɬɭɩɟɧɹɦɢ ɪɚɫɲɢɪɟɧɢɹ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ ɢ ɢɯ ɤɨɦɛɢɧɚɰɢɢ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɹɬ ɤ 
ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɄɉȾ ȽɌɍ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɉȽɍ, ɨɞɧɚɤɨ ɷɬɢ ɦɟɪɵ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɸɬ ɬɟɩɥɨɜɭɸ ɫɯɟɦɭ ɢ ɭɜɟɥɢɱɢɜɚɸɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ. 
Ɍɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɬɚɤɢɯ ɭɫɥɨɠɧɟɧɢɣ ɰɢɤɥɚ ɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɄɉȾ ȽɌɍ ɜɵɲɟ 
40% [3].  
 ɋɯɟɦɚ ɫ ɨɫɧɨɜɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɬɨɱɤɚɦɢ ȽɌɍ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 12.  
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Ɋɢɫɭɧɨɤ 12 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ȽɌɍ 
 
 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 
19. 
 
Ɍɚɛɥɢɰɚ 19 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ȽɌɍ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ ܩˆ˕ːˇ, ɤɝ/ɫ 650 
ȼɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 𝜑˅˘,% 60 
Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ܲ˅ ˘,Ɇɉɚ 0,1013 
Ɉɛɳɚɹ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 𝜋ˍ 32 
ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ: 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˍːˇ 
ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˍ˔ˇ 

 
2,3 
4 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɨɯɥɚɞɢɬɟɥɹɯ ɜɨɡɞɭɯɚ ɤɨɦɩɪɟɫɫɨɪɚ 𝛿ܲˑ ˘ˎ,% 2 
ɋɬɟɩɟɧɶ ɪɚɫɲɢɪɟɧɢɹ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝜋ˆ˕˅ˇ 2 
ɄɉȾ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ 𝜂ˆ ˆ˕˖, % 98,8 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ȽɌɍ ɩɨɫɥɟ ɄȼɈɍ 𝑡˅˘, °С 15 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ 𝜂𝑜𝑖ˍ ,% 88 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ȽɌɍ 𝜂𝑜𝑖ˆ˕˖,% 88,4 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ȽɌ 𝑡ଷˆ˕˖, °С 
1300 

 
Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 𝜂ˏ̞̂ ,% 99,9 
Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ 𝑡˕, °С 20 
Ⱦɚɜɥɟɧɢɟ ɜɯɨɞɹɳɟɝɨ ɬɨɩɥɢɜɚ ̞ܲ ,Ɇɉɚ 0,6 
ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ ȽɌɍ 𝛿̱ܲ ˔,% 2 
ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɬɨɩɥɢɜɚ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɝɨɪɚɧɢɹ ȽɌɍ ∆̱ܲ ˔̞, Ɇɉɚ 0,877 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɬɨɩɥɢɜɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 𝜂˕𝑜𝑖 ,% 70 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ȽɌɍ 𝜂ˍ˔,% 98,9 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ (Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ-Ɍɪɨɢɰɤɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ) ܳ˓ː , ɤȾɠ/ɤɝ 43333,36 

Ɉɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɬɨɩɥɢɜɟ ܺ𝐶𝐻4, % 81 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ 𝑡𝑄˓ː , °С 15 
ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜ ɤɨɬɥɟ-ɭɬɢɥɢɡɚɬɨɪɟ 𝛿̱ܲ ˖, % 4 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɝɬN , Ɇȼɬ 288,3 
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 Ɋɚɫɱɟɬ ȽɌɍ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤ ɪɚɫɱɟɬɚ ɝɚɡɨɜ ɢ 
ɫɦɟɫɟɣ ɝɚɡɨɜ – WaterSteamPro[9]. Ɋɚɫɱɟɬ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ȽɌɍ ɫɜɟɞɟɦ 
ɜ ɬɚɛɥɢɰɭ 20.  
 
Ɍɚɛɥɢɰɚ 20 – Ɋɚɫɱɟɬ ɤɨɦɩɪɟɫɫɨɪɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɫɜɨɣɫɬɜ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɧɚ 
ɜɯɨɞɟ, Ɇɉɚ ( )ɝɪ

ɜɯ ɜɯP P t  0,00171 

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɇ2Ɉ, ɤɝ/ɦɨɥɶ 
2H OM  0,01802 

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɨɛɳɟɣ ɫɦɟɫɢ ɜɨɡɞɭɯɚ, 
ɤɝ/ɦɨɥɶ AirMixM  0,02896 

Ɇɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ ɜɨ ɜɯɨɞɹɳɟɦ 
ɜɨɡɞɭɯɟ, ɤɝ(ɩɚɪɚ)/ɤɝ(ɜɨɡɞɭɯɚ) 2

ɝɪ
H O ɜɯ

ɜɯ ɝɪ
AirMix ɜɯ ɜ

ɜɯ

ɯ ɯɜ

M P
d

M P P
 0,006348 

Ɇɨɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ ɜɨ ɜɯɨɞɹɳɟɦ 
ɜɨɡɞɭɯɟ, % 2H O

ɜɯ ɜɯ
AirMix

M
X d

M
 1,0206 

Ɋɚɛɨɱɚɹ ɫɦɟɫɶ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ 
2:1; :0,010206ɜɯqs AirMix H O  

ɍɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ, 
ɤȾɠ/ɤɝ 1 ( , )ɝɬɭ ɜɯ ɜɯh wspgHGST qs t  290,095 

ɗɧɬɪɨɩɢɹ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ, ɤȾɠ/(ɤɝ·Ʉ) 
1 ( , , )ɝɬɭ ɜɯ ɜɯ ɜɯS wspgSGSPT qs P t 6,865 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 
ɜɯɨɞɟ ɜ ȽɌ, ɤȾɠ/ɤɝ 33 ( , )ɝɬɭ

ɜɨɡɞ
ɝɬɭ ɜɯh G twspgH ST qs  1735,904 

Ɋɚɫɱɟɬ ɤɨɦɩɪɟɫɫɨɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɄɇȾ) 
Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɡɚ ɄɇȾ, Ɇɉɚ 

ɞɚ ɜɯ ɤɧP P  0,23299 

ɗɧɬɪɨɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/(ɤɝ·Ʉ) 1ɚ ɝɬɭS S  6,865 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, °С ( , , )ɚ ɜɯ ɚ ɚt wspgTGSPS qs P S 92,065 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ ( , )ɚ ɜɯ ɚh wspgHGST qs t  368,1009 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄɇȾ, ɤȾɠ/ɤɝ 1

1 ɤ
ɚ

ɚ
o

ɝɬɭɞ
ɝ

i
ɬɭ

h h
h h  378,738 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄɇȾ, °С  ( , )ɞ ɞ

ɚ ɜɯ ɚt wspgTGSH qs h  102,538 

ɗɧɬɪɨɩɢɹ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɫɠɚɬɢɢ ɜ 
ɄɇȾ, ɤȾɠ/(ɤɝ·Ʉ) ( , , )ɞ ɞ

ɚ ɜɯ ɚ ɚS wspgTGSPT qs P t 6,902 

ɂɡɨɷɧɬɪɨɩɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, ɡɚɬɪɚɱɟɧɧɚɹ ɜ 
ɤɨɦɩɪɟɫɫɨɪɟ ɄɇȾ, ɤȾɠ/ɤɝ 1ɤɧɞ ɚ ɝɬɭL h h  78,006 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, ɤȾɠ/ɤɝ 
1

ɞ ɞ
ɤɧɞ ɚ ɝɬɭL h h  88,643 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 20 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɤɨɦɩɪɟɫɫɨɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ (ɄɋȾ) 
Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɨɯɥɚɞɢɬɟɥɹ ȽɌ, 
Ɇɉɚ 

(1 )ɨa ɯɥbP P P  0,22833 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °С 
b ɜɯt t  15 

ɗɧɬɚɥɶɩɢɹ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɄɋȾ, ɤȾɠ/ɤɝ ( , )b ɜɯ bh wspgHGST qs t  290,095 

ɗɧɬɪɨɩɢɹ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ·Ʉ) ( , , )b ɜɯ b bS wspgSGSPT qs P t 6,631 

Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɄɋȾ, Ɇɉɚ 
ɞc ɤɫbP P  0,91332 

ɗɧɬɪɨɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/(ɤɝ·Ʉ) c bS S  6,631 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, °С 

( , , )c ɜɯ c ct wspgTGSPS qs P S 153,8535 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ ( , )c ɜɯ ch wspgHGST qs t  431,043 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄɋȾ, ɤȾɠ/ɤɝ ɤ

ɞ c

o

b
ɫ

i
b

h h
h h  450,263 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄCȾ, °С  

( , )ɞ ɞ
c ɜɯ ct wspgTGSH qs h  172,6204 

ɗɧɬɪɨɩɢɹ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɫɠɚɬɢɢ ɜ 
ɄɇȾ, ɤȾɠ/(ɤɝ·Ʉ) ( , , )ɞ ɞ

ɫ ɜɯ ɫ ɫS wspgTGSPT qs P t 6,67505 

ɂɡɨɷɧɬɪɨɩɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, ɡɚɬɪɚɱɟɧɧɚɹ ɜ 
ɄCȾ, ɤȾɠ/ɤɝ ɤcɞ c bL h h  140,948 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, ɤȾɠ/ɤɝ ɞ ɞ
ɤcɞ c bL h h  160,168 

Ɋɚɫɱɟɬ ɤɨɦɩɪɟɫɫɨɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɄȼȾ) 
Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɨɯɥɚɞɢɬɟɥɹ ȽɌ, 
Ɇɉɚ 

(1 )ɨc ɯɥdP P P  0,895 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °С 
d ct t  15 

ɗɧɬɚɥɶɩɢɹ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɄȼȾ, ɤȾɠ/ɤɝ ( , )d ɜɯ dh wspgHGST qs t  290,095 

ɗɧɬɪɨɩɢɹ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ·Ʉ) ( , , )d ɜɯ d dS wspgSGSPT qs P t 6,238 

Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɄȼȾ, Ɇɉɚ 
2 ɤɝɬɭ ɜɯP P  3,2416 

ɗɧɬɪɨɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/(ɤɝ·Ʉ) 2ɝɬɭ dS S  6,238 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, °С 2 2 2( , , )ɝɬɭ ɜɯ ɝɬɭ ɝɬɭt wspgTGSPS qs P S  142,22 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɨɷɧɬɪɨɩɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ 2 2( , )ɝɬɭ ɜɯ ɝɬɭh wspgHGST qs t  419,152 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄȼȾ, ɤȾɠ/ɤɝ 

2
2 ɤ

ɝɬɭ dɞ
ɝɬɭ

i
d

o

h h
h h  436,751 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ 
ɫɠɚɬɢɢ ɜ ɄȼȾ, °С  2 2( , )ɞ ɞ

ɝɬɭ ɜɯ ɝɬɭt wspgTGSH qs h  158,847 

ɗɧɬɪɨɩɢɹ ɩɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɫɠɚɬɢɢ ɜ 
ɄȼȾ, ɤȾɠ/(ɤɝ·Ʉ) 2 2 2( , , )ɞ ɞ

ɝɬɭ ɜɯ ɝɬɭ ɝɬɭS wspgTGSPT qs P t  6,277 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 20 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 
ɂɡɨɷɧɬɪɨɩɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, 
ɡɚɬɪɚɱɟɧɧɚɹ ɜ ɄȼȾ, ɤȾɠ/ɤɝ 2ɤɜɞ ɝɬɭ dL h h  129,057 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, ɤȾɠ/ɤɝ 
2

ɞ ɞ
ɤɜɞ ɝɬɭ dL h h  146,656 

Ɉɛɳɚɹ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌɍ 
ɋɭɦɦɚɪɧɚɹ ɢɡɨɷɧɬɪɨɩɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ, 
ɡɚɬɪɚɱɟɧɧɚɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ȽɌɍ, ɤȾɠ/ɤɝ ɤ ɤɧɞ ɤɫɞ ɤɜɞL L L L  348,0108 

ɋɭɦɦɚɪɧɚɹ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ 
ɫɠɚɬɢɹ, ɤȾɠ/ɤɝ 

ɞ ɞ ɞ ɞ
ɤ ɤɧɞ ɤɫɞ ɤɜɞL L L L  395,4668 

ɋɨɞɟɪɠɚɧɢɟ ʝଶ ɜɨ ɜɯɨɞɧɨɦ ɜɨɡɞɭɯɟ, % 
2 2

( , )O ɜɯ OX wspgVFGSGS qs qs  20,778 

ɋɨɞɟɪɠɚɧɢɟ ܪଶ ɜɨ ɜɯɨɞɧɨɦ ɜɨɡɞɭɯɟ, % 
2 2

( , )H ɜɯ HX wspgVFGSGS qs qs  9,9∙10-3 

ɋɨɞɟɪɠɚɧɢɟ ܪଶܱ ɜɨ ɜɯɨɞɧɨɦ ɜɨɡɞɭɯɟ, % 
2 2

( , )H O ɜɯ H OX wspgVFGSGS qs qs  1,0101 

Ɋɚɫɱɟɬ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ (ɌɄ) ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 
ɗɧɬɚɥɶɩɢɹ ɬɨɩɥɢɜɚ ɧɚ ɜɯɨɞɟ ɜ ɬɨɩɥɢɜɧɵɣ 
ɤɨɦɩɪɟɫɫɨɪ (ɩɨ ɬɚɛɥɢɰɚɦ ɞɥɹ 
ɝɚɡɚ),ɤȾɠ/ɤɝ  

4 ( )ɜɯ ɬɚɛɥ
ɬɤ CH ɬh h t  613 

ɗɧɬɪɨɩɢɹ ɬɨɩɥɢɜɚ ɧɚ ɜɯɨɞɟ ɜ ɬɨɩɥɢɜɧɵɣ 
ɤɨɦɩɪɟɫɫɨɪ, ɤȾɠ/(ɤɝ·Ʉ) 4 ( , )ɜɯ ɬɚɛɥ

ɬɤ CH ɬ ɬS S P t  10,7 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɚ ɡɚ ɌɄ, Ɇɉɚ 2
ɬ

ɝɬ
ɜ

ɭ
ɵɯ

ɬɤ ɤɫP P P  4,118 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɌɄ 
ɩɪɢ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɦ ɫɠɚɬɢɢ, °С 4 ( , )ɜɵɯ ɬɚɛɥ ɜɵɯ ɜɯ

ɬɤ CH ɬɤ ɬɤSPt t  162 

ɗɧɬɚɥɶɩɢɹ ɬɨɩɥɢɜɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɌɄ ɩɪɢ 
ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɦ ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ 4 ( )ɜɵɯ ɬɚɛɥ ɜɵɯ

ɬɤ CH ɬɤh h t  956 

Ɍɟɩɥɨɩɟɪɟɩɚɞ ɜ ɌɄ, ɤȾɠ/ɤɝ ɜɵɯ ɜɯ
ɬɤ ɬɤ ɬɤL h h  343 

Ɍɟɩɥɨɩɟɪɟɩɚɞ ɜ ɌɄ ɩɪɢ ɪɟɚɥɶɧɨɦ 
ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ i

ɞ
ɞ ɬɤ

o
ɬ

ɬɤ
ɤ

L
L  490 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɬɨɩɥɢɜɚ ɡɚ 
ɌɄ, ɤȾɠ/ɤɝ 

.ɜɵɯ ɞ ɜɯ ɞ
ɬɤ ɬɤ ɬɤh h L  1103 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ ɡɚ 
ɌɄ, °С 

. .
4 ( )ɜɵɯ ɞ ɬɚɛɥ ɜɵɯ ɞ

ɬɤ CH ɬɤt t h  173 

 
 Ɋɚɫɱɟɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 21. 
 
Ɍɚɛɥɢɰɚ 21 – Ɋɚɫɱɟɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɩɟɪɜɨɣ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɹɳɟɝɨ 
ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɥɧɨɝɨ 
ɫɝɨɪɚɧɢɹ 1 ɦ3 ɬɨɩɥɢɜɚ ɜ Ʉɋ-1, ɦ3/ɦ3 

4

2 2

0 1 1
2

0,5
ɤɫ

ɧ CH
O H

V X
X X

 7,7986 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɤɨɬɨɪɵɣ 
ɩɨɥɭɱɢɥɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1 ɦ3 ɬɨɩɥɢɜɚ ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɦ3/ɦ3 

2 2

0 1 0 1( , )ɤɫ ɤɫ
N ɜɯ N ɧV wspgVFGSGS qs qs V  6,0237 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 21 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɤɨɬɨɪɵɣ 
ɩɨɥɭɱɢɥɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1 
ɦ3 ɬɨɩɥɢɜɚ, ɦ3/ɦ3 

2 2 4

0 1 0 1( , )ɤɫ ɤɫ
CO ɜɯ CO ɧ CHV wspgVFGSGS qs qs V X  0,81231 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɤɨɬɨɪɵɣ 
ɩɨɥɭɱɢɥɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1 
ɦ3 ɬɨɩɥɢɜɚ, ɦ3/ɦ3 

2 2 4 2

0 1 0 1 0 12ɤɫ ɤɫ ɤɫ
H O H ɧ CH H O ɧV X V X X V  1,69959 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɚɪɝɨɧɚ, ɤɨɬɨɪɵɣ 
ɩɨɥɭɱɢɥɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1 
ɦ3 ɬɨɩɥɢɜɚ, ɦ3/ɦ3 

0 1 0 1( , )ɤɫ ɤɫ
Ar ɜɯ Ar ɧV wspgVFGSGS qs qs V  0,072566 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɚɫɫɚ 
ɜɨɡɞɭɯɚ, ɤɨɬɨɪɚɹ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɠɢɝɚɧɢɹ 
1 ɤɝ ɬɨɩɥɢɜɚ, ɤɝ/ɤɝ 

4

0 0 1
1

ɜɯqsɤɫ
ɤɫ ɧ

CH

M
l V

M
 14,0286 

Ɋɚɫɱɟɬɧɚɹ ɫɦɟɫɶ 
ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ, 
ɤɨɬɨɪɚɹ ɩɨɥɭɱɢɥɚɫɶ ɜ 
ɩɟɪɜɨɣ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ 

2 2 21 :1;N :6,024;CO :0,812;H O:1,7;Ar:0,0725=AirMixɤɫqs  

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɟɪɟɞ ȽɌȼȾ (ɧɚ ɜɯɨɞɟ), 
ɤȾɠ/ɤɝ 

3 1 3( , )ɩɝ
ɝɬɭ ɤɫ ɝɬɭh wspgHGST qs t  2007,104 

ɉɪɢɜɟɞɟɧɢɟ ɭɞɟɥɶɧɵɯ 
ɷɧɬɚɥɶɩɢɣ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɢɡɲɟɣ 
ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ 

2 2 ( , )
ɧ
ɪ

ɧ
ɪ

ɝɬ ɝ
ɞ Q

ɭ
ɞ

ɭ ɬ Qɜɯh h wsp G qgH T s tS  

3 3 1( , )
ɧ
ɪ

ɧ
ɪ

ɩɝ ɩɝ
ɝɬɭ ɭ Qɝɬ

Q

ɤɫwh spgHGSTh qs t  

4

. . . )(
ɧ
ɪ

ɧ
ɪ

ɜɵɯ ɞ ɜ
C

ɵɯ ɞ
ɬɤ ɬɤ

Q

H Q
h h th  

4

. ( )
ɧ
ɪ

ɧ
ɪ

ɜɯ ɜ
H

ɯ
ɬɤ ɬ

Q

Cɤ Q
h h th  

3 3 ( , )
ɧ
ɪ

ɧ
ɪ

ɜɨɡɞ ɜɨɡɞQ

Qɝɬɭ ɝɬɭ ɜɯh h wspgHGST qs t  

146,655 
 

1674,983 
 

501,8 
 

11,8 
 

1445,809 

ɂɡɛɵɬɨɱɧɵɣ ɪɚɫɯɨɞ 
ɜɨɡɞɭɯɚ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 
ɤɢɥɨɝɪɚɦɦ ɬɨɩɥɢɜɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɤɝ/ɤɝ: 

.
2

.0 0
1 1 3

3 2

( 1)
ɧ ɧ ɧ
ɪ ɪ ɪ

ɧ
ɪ

ɩɝ ɜɵɯ ɞ
ɤɫ ɤɫ ɝɬɭ ɬɤ

ɜɨɡɞ ɞ

ɞ Q Q Q ɧ
ɪ ɤ

ɝ

ɝ
ɛ

ɫ
Q

ɬ

ɬɭɜɯ
ɢ

ɭ

ɡ

ɬɭ ɝ

h
g

h

h

Ql l h

h
 15,5818 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ȽɌȼȾ 

0
1

0
1

ɤɫ
ɜɯ

ɤɫ

ɜɯ
ɢɡɛ l

l

g
 2,11 

Ɋɚɛɨɱɚɹ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ 
ɩɨɞɜɨɞɢɬɫɹ ɜ ɝɚɡɨɜɭɸ 
ɬɭɪɛɢɧɭ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ȽɌȼȾ 

2 2 2

1 2:1;H O : 0,0102 : ;

N :6,024;CO :0,812;H O:1,7;Ar:0,072

= AirMix

5 :

ɜɯ
ɢɡɛ

ɜɯ
ɡ

ɝ

ɢ ɛ

g

g

qs
 

ɋɨɞɟɪɠɚɧɢɟ ܱଶ ɩɨɫɥɟ 
Ʉɋ1,% 2 2

3
1( , )O ɝ OX wspgVFGSGS qs qs  10,462 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 21 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ ܪଶ ɩɨɫɥɟ 
Ʉɋ1,% 

2 2

3
1( , )H ɝ HX wspgVFGSGS qs qs  4,98∙10-3 

ɋɨɞɟɪɠɚɧɢɟ ܪଶܱ ɡɚ 
Ʉɋ1,% 

2 2

3
1( , )H O ɝ H OX wspgVFGSGS qs qs  10,311 

ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɨ Ʉɋ1 

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ 
ɝɨɪɟɧɢɹ ɡɚ Ʉɋ1, ɤȾɠ/ɤɝ 3 1 3( , )ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1846,154 

ɗɧɬɚɥɶɩɢɹ 3ɝɬɭh  

ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ  

3 3 1( , )
ɧ
ɪ

ɧ
ɪ

ɝɬɭ ɭ Qɝ
Q

ɬ ɝh h wspgHGST qs t  302,5646 

ɋɯɨɞɢɦɨɫɬɶ ɛɚɥɚɧɫɚ 
. . .0 0

1 2 1 3

0
1 3

)( ( 1)

1( )

ɧ ɧ ɧ
ɪ ɪ ɪ

ɧ
ɪ

ɜɯ ɜɯ
ɢɡɛ ɢɡɛ

ɜɯ
ɢɡɛ

ɤ
Q Q

ɤ
ɞ ɜɵɯ ɞ

ɤɫ ɝɬɭ ɬ ɤɫ ɝɬɭ

ɤɫ ɝ ɭ

Qɧ
ɪ ɫ

ɬ
Q

g gh

g

l h l h

l h

Q  0,0096 

Ɋɚɫɱɟɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ȽɌȼȾ) 
Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ȽɌȼȾ, 
Ɇɉɚ 3 2 (1 )ɝɬɭ ɝɬɭ ɤɫP P P  3,177 

ɗɧɬɪɨɩɢɹ ɪɚɛɨɱɟɣ ɫɦɟɫɢ 
ɧɚ ɜɯɨɞɟ ɜ ȽɌȼȾ, 
ɤȾɠ/(ɤɝ·Ʉ) 

3 1 3 3( , , )ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  8,142 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ 
ɢɡ ȽɌȼȾ, Ɇɉɚ 

3
4

ɝɬɭ
ɝɬɭ

ɝɬɜɞ

P
P  1,588 

Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ȽɌȼȾ 
ɩɪɢ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɦ 
ɪɚɫɲɢɪɟɧɢɢ, °С 

4 1 4 3( , , )ɝɬɭ ɝ ɝɬɭ ɝɬɭt wspgTGSPS qs P S  1083,148 

ɗɧɬɚɥɶɩɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ȽɌȼȾ, ɤȾɠ/ɤɝ 4 1 4( , )ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1544,511 

Ɍɟɩɥɨɩɟɪɟɩɚɞ ɜ ȽɌȼȾ, 
ɤȾɠ/ɤɝ 3 4ɝɬɜɞ ɝɬɭ ɝɬɭL h h  301,506 

ɉɨɥɟɡɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ 
ȽɌȼȾ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɧɚ 
ɬɪɟɧɢɟ, ɤȾɠ/ɤɝ 

ɬɪ
ɝɬɜɞ ɝɬ

ɭɬ
oɜɞ
ɝ
iL L  266,531 

ɗɧɬɚɥɶɩɢɹ ɡɚ ȽɌ ɩɟɪɜɨɣ 
ɫɬɭɩɟɧɢ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 
ɧɚ ɬɪɟɧɢɟ, ɤȾɠ/ɤɝ 

4 3
ɬɪ ɬɪ
ɝɬɭ ɝɬɭ ɝɬɜɞh h L  1579,485 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚ ȽɌ, °С 
4 1 4( , )ɬɪ ɬɪ

ɝɬɭ ɝ ɝɬɭt wspgTGSH qs h  1093,628 

ɗɧɬɪɨɩɢɹ ɡɚ ȽɌȼȾ, 
ɤȾɠ/(ɤɝ·Ʉ) 4 1 4 4( , , )ɬɪ ɬɪ

ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  8,0513 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 21 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɜɬɨɪɨɣ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 

Ɋɚɛɨɬɚ ȽɌȼȾ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ (ɡɚɞɚɟɬɫɹ) 
[10], ɤȾɠ/ɤɝ 

.ɞ ɝɬɜɞ
ɨɯɥL  261 

ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ȽɌȼȾ, % 

.ɬɪ ɞ ɝɬɜɞ
ɩɨɬ ɝɬɜɞ ɨɯɥ
ɝɬɜɞ ɬɪ

ɝɬɜɞ

L L

L
 0,496 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ȽɌȼȾ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ, °С 

.
4
ɞ ɨɯɥ
ɝɬɭt  1088 

Ɍɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɨɬ 
ȽɌȼȾ, ɤȾɠ/ɤɝ 

ɝɬɜɞ
ɨɯɥq  16,602 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɷɧɬɪɨɩɢɹ 
ɡɚ ȽɌȼȾ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, 
ɤȾɠ/(ɤɝ·Ʉ) 

. .
4 1 4 4( , , )ɞ ɨɯɥ ɞ ɨɯɥ

ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  8,0025 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ ɡɚ ȽɌȼȾ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ, ɤȾɠ/ɤɝ 

. .
4 1 4( , )ɞ ɨɯɥ ɞ ɨɯɥ

ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1567,168 

ɗɧɬɚɥɶɩɢɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɡɚ ȽɌ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ܳ˓ː , ɤȾɠ/ɤɝ 

. .
4 4 1( , )

ɧ
ɪ

ɧ
ɪ

ɞ ɨɯɥ ɞ ɨɯɥ
ɝɬɭ ɝɬɭ

Q

Qɝh h wspgHGST qs t  1259,916 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɹɳɟɝɨ 
ɜɨɡɞɭɯɚ, ɦ3/ɦ3 

4

2 2

0 2
3 3

1
2

0,5
ɤɫ

ɧ CH
O H

V X
X X

 15,488 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɚɡɨɬɚ, ɦ3/ɦ3 2 2

0 2 0 2( , )ɤɫ ɤɫ
N ɜɯ N ɧV wspgVFGSGS qs qs V  11,405 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɦ3/ɦ3 2 2 4

0 2 0 2( , )ɤɫ ɤɫ
CO ɜɯ CO ɧ CHV wspgVFGSGS qs qs V X 1,538 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɦ3 2 2 4 2

0 2 3 0 2 3 0 22ɤɫ ɤɫ ɤɫ
H O H ɧ CH H O ɧV X V X X V  3,2177 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɚɪɝɨɧɚ, ɦ3/ɦ3 

0 2 0 2( , )ɤɫ ɤɫ
Ar ɜɯ Ar ɧV wspgVFGSGS qs qs V  0,1374 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɚɫɫɚ 
ɜɨɡɞɭɯɚ, ɤɨɬɨɪɚɹ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɠɢɝɚɧɢɹ 
1 ɤɝ ɬɨɩɥɢɜɚ, ɤɝ/ɤɝ 

1

4

0 0 2
2

ɝqsɤɫ
ɤɫ ɧ

CH

M
l V

M
 27,28 

Ɋɚɫɱɟɬɧɚɹ ɫɦɟɫɶ 
ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɜ Ʉɋ-2 2 22 2N :11,405;CO :1,538;H O:3,217;Ar:0,137=ɤɫqs  

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ 
ɝɨɪɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ȽɌɇȾ, 
ɤȾɠ/ɤɝ 

5 2 3( , )ɩɝ
ɝɬɭ ɤɫ ɝɬɭh wspgHGST qs t  1962,829 

ɗɧɬɚɥɶɩɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ȽɌȼȾ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɟɪɟɞ ȽɌɇȾ, ɤȾɠ/ɤɝ 

1
5 1 3( , )ɝ

ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1846,15 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 21 

ɉɪɢɜɟɞɟɦ ɭɞɟɥɶɧɵɟ 
ɷɧɬɚɥɶɩɢɢ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɩɪɟɞɟɥɟɧɢɹ ܳ˓ː  

5 5 2( , )
ɧ
ɪ

ɧ
ɪ

ɩɝ Q ɩɝ
ɝɬɭ ɝɬɭ ɤɫ Q

h h wspgHGST qs t  

5 5 1( , )
ɧ
ɪ

ɧ
ɪ

ɝ Q ɝ
ɝɬɭ ɝɬɭ ɝ Q

h h wspgHGST qs t  

1649,884 
 

1544,898 

ɂɡɛɵɬɨɱɧɵɣ ɪɚɫɯɨɞ 
ɜɨɡɞɭɯɚ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 
ɤɢɥɨɝɪɚɦɦ ɬɨɩɥɢɜɚ, 
ɤɝ/ɤɝ: 

. . .0 0
4 2 2 5

.
5 4

( 1)
ɧ ɧ
ɪ ɪ

ɧ

ɪ

ɪ

ɧ

ɧ
ɪ

ɞ ɨɯɥ ɩɝ Q ɜɵɯ ɞ
ɝɬɭ ɤɫ ɤɫ

ɭ

Q Q

ɭɝɬɜɞ
ɢɡɛ ɞ

ɧ
ɪɝɬ ɬɤ

ɝ Q ɨɯ
ɤɫ

Qɥ
ɝɬ ɝɬɭ

g
h l l h h

h h

Q

 

109,025 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɩɨɫɥɟ ȽɌȼȾ 

0
2

0
2

ɝɬɜ

ɤ

ɞ

ɫ

ɢɡɝɬɜɞ ɤɫ
ɝ

ɛg l

l
 4,996 

Ɋɚɛɨɱɚɹ ɫɦɟɫɶ ɧɚ ɜɵɯɨɞɟ 
ɢɡ ȽɌȼȾ 

2

2 2

2

2

:1;H O : 0,0102 : ;

N :11,405;CO :1,538;H O:3,217;Ar:0,137 :

= AirMix ɝɬɜɞ
ɢɡɛ

ɝɬɜɞ

ɝ

ɢɡɛ

g

g

qs
 

ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ 
ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ 
ɝɨɪɟɧɢɹ ɩɟɪɟɞ ȽɌɇȾ, 
ɤȾɠ/ɤɝ 

5 2 3( , )ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1869,758 

ɗɧɬɚɥɶɩɢɹ ɩɟɪɟɞ ȽɌɇȾ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 𝑡 𝑄˓ː  5 5 2( , )

ɧ
ɪ

ɧ
ɪ

ɝɬɭ ɭ Qɝ
Q

ɬ ɝh h wspgHGST qs t  1566,19 

ɋɯɨɞɢɦɨɫɬɶ ɛɚɥɚɧɫɚ 
. . .0 0

2 4 2 5

0
2 5

( () 1)

1)(

ɧ ɧ ɧ
ɪ ɪ ɪ

ɧ
ɪ

ɝɬɜɞ ɝɬɜɞ ɨɯɥ ɜɵɯ ɞ
ɤɫ

Q Q Qɧ
ɭ ɪ ɤɫ

ɤ

ɞ
ɢɡɛ ɝɬ ɬɤ ɤɫ ɝɬɢ

Q

ɭ

ɫ ɝ

ɡɛ

ɝɬɜɞ
ɢ ɬɭɡɛ

l h h l h

g l h

g Q g  0,0096 

Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ 
ȽɌɇȾ, Ɇɉɚ 

5 4 (1 )ɝɬɭ ɝɬɭ ɤɫP P P  1,55662 

ɗɧɬɪɨɩɢɹ ɪɚɛɨɱɟɣ ɫɦɟɫɢ 
ɧɚ ɜɯɨɞɟ ɜ ȽɌɇȾ, 
ɤȾɠ/(ɤɝ·Ʉ) 

5 2 5 3( , , )ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  
8,474 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ȽɌɇȾ, Ɇɉɚ 6 (1 )

100
ɤɭ

ɝɬɭ ɜɯP
P

P  0,1053 

Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ȽɌɇȾ 
ɩɪɢ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɦ 
ɪɚɫɲɢɪɟɧɢɢ, °С 

6 2 6 5( , , )ɝɬɭ ɝ ɝɬɭ ɝɬɭt wspgTGSPS qs P S  

636,84 

ɗɧɬɚɥɶɩɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ȽɌɇȾ, ɤȾɠ/ɤɝ 

6 2 6( , )ɝɬɭ ɝ ɝɬɭh wspgHGST qs t  1131,062 

Ɍɟɩɥɨɩɟɪɟɩɚɞ ɜ ȽɌɇȾ, 
ɤȾɠ/ɤɝ 

5 6ɝɬɧɞ ɝɬɭ ɝɬɭL h h  738,758 

ɉɨɥɟɡɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ 
ɜ ȽɌɇȾ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 
ɧɚ ɬɪɟɧɢɟ, ɤȾɠ/ɤɝ 

ɬɪ
ɝɬɧɞ ɝɬ

ɭɬ
oɧɞ
ɝ
iL L  

653,062 

ɗɧɬɚɥɶɩɢɹ ɡɚ ȽɌɇȾ ɫ 
ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ, 
ɤȾɠ/ɤɝ 

6 5
ɬɪ ɬɪ
ɝɬɭ ɝɬɭ ɝɬɧɞh h L  

1216,695 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚ ȽɌ, °С 
6 2 6( , )ɬɪ ɬɪ

ɝɬɭ ɝ ɝɬɭt wspgTGSH qs h  921,134 

ɗɧɬɪɨɩɢɹ ɡɚ ȽɌɇȾ, 
ɤȾɠ/(ɤɝ·Ʉ) 

6 2 6 6( , , )ɬɪ ɬɪ
ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  8,309 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 21 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɱɟɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ȽɌɇȾ) 
Ɋɚɛɨɬɚ ȽɌɇȾ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ (ɡɚɞɚɟɬɫɹ), 
ɤȾɠ/ɤɝ 

.ɞ ɝɬɧɞ
ɨɯɥL  650 

ɉɨɬɟɪɹ ɷɧɟɪɝɢɢ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ȽɌɇȾ, % 

.ɬɪ ɞ ɝɬɧɞ
ɩɨɬ ɝɬɧɞ ɨɯɥ
ɝɬɧɞ ɬɪ

ɝɬɧɞ

L L

L
 0,98 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ȽɌɇȾ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ, °С 

.
6
ɞ ɨɯɥ
ɝɬɭt  621 

Ɍɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɨɬ 
ȽɌɇȾ, ɤȾɠ/ɤɝ 

ɝɬɧɞ
ɨɯɥq  19,906 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɷɧɬɪɨɩɢɹ 
ɡɚ ȽɌɇȾ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, 
ɤȾɠ/(ɤɝ·Ʉ) 

. .
6 2 6 6( , , )ɞ ɨɯɥ ɞ ɨɯɥ

ɝɬɭ ɝ ɝɬɭ ɝɬɭS wspgSGSPT qs P t  8,336 

ɋɨɞɟɪɠɚɧɢɟ ܱଶ ɩɨɫɥɟ 
Ʉɋ2,% 2 2

5
2( , )O ɝ OX wspgVFGSGS qs qs 10,462 

ɋɨɞɟɪɠɚɧɢɟ ܪଶ ɩɨɫɥɟ 
Ʉɋ2,% 2 2

5
2( , )H ɝ HX wspgVFGSGS qs qs  0,004 

ɋɨɞɟɪɠɚɧɢɟ ܪଶܱ ɡɚ 
Ʉɋ2,% 2 2

5
2( , )H O ɝ H OX wspgVFGSGS qs qs  12,252 

  
 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 22.  Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɫɫɨɜɨɝɨ 
ɪɚɫɯɨɞɚ ɜɯɨɞɹɳɟɝɨ ɜɨɡɞɭɯɚ ɬɚɤ, ɱɬɨɛɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ȽɌ ɡɧɚɱɟɧɢɟ ɫɨɜɩɚɞɚɥɨ ɫ 
ɪɚɫɯɨɞɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
 
Ɍɚɛɥɢɰɚ 22 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ȽɌɍ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɯɨɞɹɳɟɝɨ ɜɨɡɞɭɯɚ, ɤɝ/ɫ ɜɯG  624,186 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɱɟɪɟɡ ȽɌȼȾ, ɤɝ/ɫ 
0

1
0

1

1ɜɯ
ɢɡɛ

ɜ ɯ
ɤɫ

ɝɬɜɞ
ɤ

ɯ
ɢɡ ɫɛ

ɜ
l

G
l

g

g
G  645,266 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɱɟɪɟɡ ȽɌɇȾ, ɤɝ/ɫ 
0

2
0

2

1ɝɬɜɞ
ɢɡɛ

ɝɬ ɞ
ɤ

ɜɞ
ɢ

ɬ
ɡɛ

ɤɫ
ɝ ɧɞ ɝɬɜ

ɫ

l
G G

l

g

g
 650 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɨɬɜɨɞɢɦɨɟ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ȽɌȼȾ, Ɇȼɬ 

ɨɯɥ ɝɬɜɞ
ɝɬɜɞ ɨɯɥ ɝɬɜɞQ q G  12,712 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɨɬɜɨɞɢɦɨɟ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ȽɌɇȾ, Ɇȼɬ 

ɨɯɥ ɝɬɧɞ
ɝɬɧɞ ɨɯɥ ɝɬɧɞQ q G  14,7439 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɨɯɥɚɞɢɬɟɥɟɣ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, Ɇȼɬ 

ɨɯɥ ɨɯɥ ɨɯɥ
ɨɛщ ɝɬɧɞ ɝɬɜɞQ Q Q  27,456 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɩɟɪɜɭɸ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ 
(Ʉɋ-1), ɤɝ/ɫ 1 0

1

1
ɤɫ ɜɯɜɯ

ɡɛ ɫɢ ɤ

B G
lg

 24,248 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 22 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜɨ ɜɬɨɪɭɸ ɤɚɦɟɪɭ 
ɫɝɨɪɚɧɢɹ (Ʉɋ-2), ɤɝ/ɫ 2 0

2

1
ɤɫ ɝɬɜɞɝɬɜɞ

ɢɡ ɤɫɛ

B G
g l

 7,274 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ Ɍɗɐ, ɤɝ/ɫ 1 2
ɨɛщ
ɤɫ ɤɫ ɤɫB B B  31,523 

ɉɨɥɧɚɹ ɬɟɩɥɨɬɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɜ 
ȽɌɍ, Ɇȼɬ 

. .
1 2

ɧ ɧ
ɪ ɪɜɯ ɜɯ

ɝɬɭ ɬɤ ɤɫ
Q

ɬɪ ɤɫ
ɧ

ɤ
Q ɧ

ɪQ BQh Qh B  1165,124 

Ɇɨɳɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ, Ɇȼɬ ɬ

ɞ

ɜɝ
ɤ

ɤ ɯ
ɦ

L
N G  249,338 

Ɇɨɳɧɨɫɬɶ ɬɨɩɥɢɜɧɵɯ 
ɤɨɦɩɪɟɫɫɨɪɨɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, 
Ɇȼɬ 

1 2

ɞ ɞ
ɬɤ ɬɤ

ɬɤ ɤɫɝɬ ɝ ɤɬ ɫ
ɦ ɦ

L L
N B B  14,549 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ, Ɇȼɬ 

. .ɞ ɝɬɜɞ ɞ ɝɬɧɞ
ɝɬ ɨɯɥ ɝɬɜɞ ɨɯɥ ɝ

ɬ
ɬɧɞ

ɝ
ɦN L G L G  553,205 

Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, Ɇȼɬ  

ɪ
ɝɬ ɝɬ ɤ ɬɤ

ɝ
ɝɬɭN N N N  285,671 

Ɉɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ 
ɨɬ ɡɚɞɚɧɧɨɣ, % 

100%
ɪ

ɝɬ ɝɬ

ɝɬ

N N

N
 0,921 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ, % 

ɪ
ɷ ɝɬ
ɝɬɭ

ɝɬɭ

N

Q
 42,38 

 
 ɉɨɫɬɪɨɢɦ ɰɢɤɥ Ȼɪɚɣɬɨɧɚ ɩɨ ɨɫɧɨɜɧɵɦ ɪɚɫɱɟɬɧɵɦ ɬɨɱɤɚɦ ɫɯɟɦɵ 12. 
ɉɨɥɭɱɢɜɲɢɣɫɹ ɰɢɤɥ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 13. 
 

1гту

а

c

2гту

3гту

4гту

5гту

6гту

39
5,

5
ɞ ɤL

ɤȾ
ɠ ɤɝ

26
6,

5
ɬ

ɪ ɝɬ
ɜɞ

L
ɤȾ

ɠ ɤɝ

65
3,

1
ɬ

ɪ ɝɬ
ɧɞ

L
ɤȾ

ɠ ɤɝ

h

S  
Ɋɢɫɭɧɨɤ 13 – Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɰɢɤɥ ȽɌ ɩɨ ɪɚɫɱɟɬɧɵɦ ɬɨɱɤɚɦ  

 
 ɇɚ ɪɢɫɭɧɤɟ 13 ɩɨɤɚɡɚɧ ɰɢɤɥ Ȼɪɚɣɬɨɧɚ ȽɌɍ ɜ h-s ɤɨɨɪɞɢɧɚɬɚɯ. ɇɚ ɩɪɨɰɟɫɫɟ 
ɫɠɚɬɢɹ (ɥɢɧɢɹ «lɝɬɭ-2ɝɬɭ») ɩɨɤɚɡɚɧɵ ɬɨɱɤɢ ɨɬɛɨɪɨɜ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ («ɚ» 
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ɢ «ɫ»). ȼ ɨɫɧɨɜɧɨɣ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ (ɥɢɧɢɹ «2ɝɬɭ-Ɂɝɬɭ») ɝɚɡɵ ɧɚɝɪɟɜɚɸɬɫɹ ɞɨ 
ɫɨɫɬɨɹɧɢɹ «3ɝɬɭ», ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɯɨɞɭ ɢɡ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ɉɚɞɟɧɢɟ 
ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡ-ɡɚ ɨɯɥɚɠɞɟɧɢɹ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɦɟɠɞɭ ɤɚɦɟɪɨɣ 
ɫɝɨɪɚɧɢɹ ɢ ɜɯɨɞɨɦ ɜ ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɭɱɢɬɵɜɚɟɬɫɹ ɜ ɪɚɫɱɟɬɟ. ȼ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ 
ɬɭɪɛɢɧɟ ȼȾ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɲɢɪɟɧɢɟ ɝɚɡɨɜ ɢ ɜɵɪɚɛɨɬɤɚ ɦɨɳɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ 
ɩɨɞɦɟɲɢɜɚɟɬɫɹ ɯɨɥɨɞɧɵɣ ɜɨɡɞɭɯ, ɨɯɥɚɠɞɚɸɳɢɣ ɬɭɪɛɢɧɭ ȼȾ. ɗɧɬɪɨɩɢɹ ɜ ɬɨɱɤɟ 
«4ɝɬɭ» ɧɢɠɟ, ɱɟɦ ɜ ɬɨɱɤɟ «3ɝɬɭ», ɧɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɷɧɬɪɨɩɢɢ 
ɜ ɬɭɪɛɢɧɟ ȼȾ, ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɩɨɞɦɟɲɢɜɚɸɳɢɣɫɹ ɨɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ ɫ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ (ɧɢɡɤɨɣ ɷɧɬɪɨɩɢɟɣ) ɩɟɪɟɜɟɲɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɷɧɬɪɨɩɢɢ ɜ ɬɭɪɛɢɧɟ 
ȼȾ. ɍɦɟɧɶɲɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜ ɩɪɨɰɟɫɫɟ «3ɝɬɭ-4ɝɬɭ» ɧɟ ɪɚɜɧɨ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɟ 
ɬɭɪɛɢɧɵ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɱɚɫɬɶ ɭɦɟɧɶɲɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ 
ɩɨɞɦɟɲɢɜɚɧɢɹ ɜɨɡɞɭɯɚ ɫ ɧɢɡɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɪɨɦɟ ɬɨɝɨ, ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜ 
ɬɨɱɤɟ «4ɝɬɭ» ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ, ɬɨɝɞɚ ɤɚɤ ɜ ɬɨɱɤɟ «3ɝɬɭ» – 
ɧɟɬ. ȼɨ ɜɬɨɪɨɣ (ɩɟɪɟɝɪɟɜɚɬɟɥɶɧɨɣ) ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ (ɥɢɧɢɹ «4ɝɬɭ-5ɝɬɭ») ɝɚɡɵ 
ɧɚɝɪɟɜɚɸɬɫɹ ɞɨ ɫɨɫɬɨɹɧɢɹ «5ɝɬɭ». Ɍɨɱɤɚ «5ɝɬɭ» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɯɨɞɭ ɢɡ ɤɚɦɟɪɵ 
ɫɝɨɪɚɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɜɵɦɢ ɥɨɩɚɬɤɚɦɢ. ɇɚ ɥɢɧɢɢ «5ɝɬɭ-6ɝɬɭ» ɩɨɤɚɡɚɧɨ 
ɪɚɫɲɢɪɟɧɢɟ ɝɚɡɨɜ ɜ ɬɭɪɛɢɧɟ ɇȾ ɢ ɜɵɪɚɛɨɬɤɚ ɦɨɳɧɨɫɬɢ. Ⱦɚɥɟɟ (ɥɢɧɢɹ «6ɝɬɭ-
1ɝɬɭ») ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ ɨɬɜɨɞɚ ɬɟɩɥɚ. 
 
 6.2 Ɋɚɫɱɟɬ ɫɟɬɟɜɨɣ ɭɫɬɚɧɨɜɤɢ 
  
 ɋɯɟɦɚ ɫɟɬɟɜɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 23 
 

ɇɋ

ȼɋ

ПȼɄ

ɨɬɩQ

ɜɫt

ɫɜGɨɫt

ɩɫt

ȼ ɬɨɱɤɭ ɋɆ ȽПɄ

, ,ɧɫ ɧɫ ɧɫD P h
ɂɡ ɑɇȾ

ɂɡ ɑɇȾ
, ,ɜɫ ɜɫ ɜɫD P h

ɜɫt'

ɧɫt'

ɋɇ

 
Ɋɢɫɭɧɨɤ 14 – ɋɯɟɦɚ ɫɟɬɟɜɨɣ ɭɫɬɚɧɨɜɤɢ 

 
Ɍɚɛɥɢɰɚ 23 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɟɬɟɜɨɣ ɭɫɬɚɧɨɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ܳˑ˕ˏ˃ ˍ˔, Ƚɤɚɥ/ɱ 327,307 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ ܳˑ˕˄˃ˊ, Ƚɤɚɥ/ɱ 288 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɹɦɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ 𝑡˒ˑˇ, °С 130 

Ɇɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɹɦɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ 𝑡ˑ˔, °С 70 



 

52 
 

 Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: 
 

 ,
( )

ɦɚɤɫ
ɨɬ

ɫɜ
ɜ ɩɨɞ ɨɫ

Q
G

ɫ t t


 
 (6.1) 

 
ɝɞɟ 4,186ɜɫ  ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ∙Ʉ). 
  

 
327,307

1515,6
4,186 (130 70)ɫɜG  

 
 ɤɝ/ɫ. 

 
 Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ ɫɨɫɬɚɜɥɹɟɬ, Ɇȼɬ: 
 

 ,
1,163

ɦɚɤɫ ɛɚɡ
ɨɬ ɨɬ

ɩɜɤ
Q Q

Q


  (6.2) 

 

 
327,307 288

39,307
1,163ɩɜɤQ


   Ɇȼɬ 

 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, °С: 
 

 ,
ɛɚɡ
ɨɬ

ɜɫ ɨɫ
ɫɜ ɜ

Q
t t

G ɫ
 


 (6.3) 

  
288

70 122,794
1515,6 4,186ɜɫt   


 °С. 

  
 Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, °С: 
 

 ,
2

ɜɫ ɨɫ
ɧɫ ɨɫ

t t
t t


   (6.4) 

  
122,794 70

70 96,397
2ɧɫt


    °С. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ: 
  

 ,ɜɫ ɜɫ ɫt' t    (6.5) 
 

 ,ɧɫ ɧɫ ɫt' t    (6.6) 
 
ɝɞɟ 5ɫ  ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, °С. 
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 122,794 5 127,794ɜɫt'     °С;  
 

 96,397 5 101,397ɧɫt'     °С. 
 
 ɉɨ ɞɚɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɨɩɪɟɞɟɥɢɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɨɬɛɨɪɟ 
ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 
  
 ( ) 0,266ɜɫ ɜɫP f t'   Ɇɩɚ; 
 

 ( ) 0,112ɧɫ ɧɫP f t'   Ɇɩɚ. 
  

ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ, ɤȼɬ: 
  
 ( ) ,ɜɫ ɫɜ ɜɫ ɧɫ ɜQ G t t ɫ     (6.7) 

 
 ( ) .ɧɫ ɫɜ ɧɫ ɨɫ ɜQ G t t ɫ     (6.8) 
 
 1515,6 (122,794 96,397) 4,186 167472ɜɫQ       ɤȼɬ; 

 
1515,6 (96,397 70) 4,186 167472ɧɫQ      ɤȼɬ. 

 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦ, 

ɤɝ/ɫ: 
 

 ,
( )

iɫ
ɜɫ

iɫ iɫ ɫɩ

Q
D

h t 


 
 (6.9) 

 
ɝɞɟ 2907,864ɜɫh   ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɩɟɪɜɨɦ ɨɬɛɨɪɟ, ɤȾɠ/ɤɝ; 
 2732,168ɧɫh  ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ, ɤȾɠ/ɤɝ; 
 536,975ɜɫt  ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 
ɤȾɠ/ɤɝ; 
 424,996ɧɫt  ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ; 
 0,98ɩ    ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 
 

 
167472

61,944
(2907,864 536,975) 0,98ɜɫD  

 
 ɤɝ/ɫ; 

 

 
167472

62,696
(2732,168 424,975) 0,98ɜɫD  

 
 ɤɝ/ɫ.  
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 6.3 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ  
 
 Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 
 

ɪG

Вода из 
конденсатора

Из СП-1 
и СП-2

ɜɯ
ɝɩɤ

ɫɦ

t

G

ɜɵɯ
ɝɩɤt

ɤG

ɜɫ ɧɫD D

Д
ВД

НД 

ОхГТ

ɞP

ГПК

ЭНРК

ПЭН НД

ИНД

ПЭН ВД/СД

ЭВСД

БНДИСД

БСД ППНД

ПЭН ВД

ЭВД

ИВД

БВД ППСД

Газы от ГТУ

ППВД

ПППТопливо

ДУ

Пар низкого 
давления на ЧСД

Горячий воздух с компрессора ГТ

Воздух обратно в 
компрессор

Пар среднего 
давления на ЧСД

Пар с ЦВД на 
подогрев

Пар высокого 
давления на ЦВД

.
ɜɵɯ
ɩɟ ɜɞh .

ɜɯ
ɩɟ ɜɞh

.
ɜɯ

ɢ ɜɞt.
ɜɵɯ

ɢ ɜɞt .
ɜɯ
ɢ ɫɞt

.
ɜɵɯ
ɢ ɫɞt

.
ɜɯ

ɢ ɧɞt
.
ɜɵɯ

ɢ ɧɞt

ɜɵɯ
i

ɜɯ
iɜɯ

ɤɭ

1. .
ɜɵɯ ɜɯ

ɷ ɜɞ ɩɧ ɜɞt t

.
ɜɵɯ

ɩɧ ɜɞt

2.
ɜɵɯ
ɷ ɜɞt

.
ɜɯ
ɩɟ ɫɞh

.
ɜɵɯ
ɩɟ ɫɞh

...

.
ɜɯ

ɩɧ ɫɞt .
ɜɵɯ

ɩɧ ɫɞt
.

ɜɯ
ɩɧ ɧɞt .

ɜɵɯ
ɩɧ ɧɞt

ɞD

ɨɯɥG

ɜɵɯ
ɨɯɥh

.
ɜɯ
ɫɦ ɫɞh

.
ɜɵɯ
ɩɟ ɧɞh

ɜɵɯ
ɩɩh ɫɞD ɧɞD

ɜɞD

ɜɯ
ɩɩh

.
ɜɯ
ɩɟ ɧɞh

Ɋɢɫɭɧɨɤ 15 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ Ʉɍ ɉ-133 
 
 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ Ʉɍ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 24. 
 
Ɍɚɛɥɢɰɚ 24 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ ܲ˒ ˈ.˅ˇ.˅ы˘ = ଴ܲ, Ɇɉɚ 13,9 
Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ (ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ) ܲ̊ ːˇ˅ы˘, Ɇɉɚ 0,0039 

Ⱦɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ ܲ̌ , Ɇɉɚ 0,12 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ  ܲ˒ ˒˅ы˘, Ɇɉɚ 3 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ ܲ˒ ˈ.ːˇ.˅ы˘ , Ɇɉɚ 0,47 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ 𝑡ˆ˒ˍ˅˘  60 ܥ° ,
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ 𝑡˒ˈ.˅ˇ.˅ы˘ = 𝑡଴, °565 ܥ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 𝑡˒˒˅ы˘, °565 ܥ 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɧɚɫɨɫɨɜ 𝜂𝑜ː𝑖,% 82 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɦɟɠɞɭ ɤɨɬɥɨɦ ɢ ɬɭɪɛɢɧɨɣ 𝛿ܲ˒ , % 5 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 𝜂ˏ ,% 99,8 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɐȼȾ 𝜂˙˅ˇ𝑜𝑖 ,% 88,2 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɐɋɇȾ 𝜂˙˅ˇ𝑜𝑖 ,% 89,4 
Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɨɯɥɚɞɢɬɟɥɢ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ܩˑ˘ˎ, ɬ/ɱ 40 
Ɂɚɞɚɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ: 
ɧɚ ɜɯɨɞɟ ɝɚɡɨɜ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 𝛿𝑡˒ˈ.˔ˇ.˅˘  ܥ° ,
ɧɚ ɜɯɨɞɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝛿𝑡˒ˈ.ːˇ.˅˘  ܥ° ,
ɧɚ ɜɵɯɨɞɟ ɝɚɡɨɜ ɢɡ ɢɫɩɚɪɢɬɟɥɹ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 𝛿𝑡ˋ.˔ˇ.˅ы˘  ܥ° ,
ɧɚ ɜɵɯɨɞɟ ɝɚɡɨɜ ɢɡ ɢɫɩɚɪɢɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝛿𝑡ˋ.˅ˇ.˅ы˘  ܥ° ,
ɧɚ ɜɵɯɨɞɟ ɝɚɡɨɜ ɢɡ ɢɫɩɚɪɢɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝛿𝑡˒ˈ.ːˇ.˅˘  ܥ° ,

 
20 
20 
14 
14 
10 
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 Ɋɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɩɪɨɜɟɞɟɦ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɨɞɵ ɢ ɩɚɪɚ WaterSteam [9,11,12]. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 25. 
 
Ɍɚɛɥɢɰɚ 25 – Ɋɚɫɱɟɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ȼȾ, 
Ɇɉɚ . .Δ ɩɟ ɜɞP  0,25 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ȼȾ, Ɇɉɚ . . . . . .Δɜɵɯ
ɛ ɜɞ ɩɟ ɜɞ ɩɟ ɜɞP P P  14,15 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ ȼȾ, 
Ɇɉɚ . . . .1,1ɜɵɯ

ɩɧ ɜɞ ɛ ɜɞP P  15,565 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ ȼȾ, 
Ɇɉɚ . . . .1,05ɜɵɯ

ɷ ɜɞ ɛ ɜɞP P  14,858 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɉɉɉ, Ɇɉɚ 1,05ɜɯ ɜɵɯ
ɩɩ ɩɩP P  3,15 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɋȾ, 
Ɇɉɚ . .Δ ɩɟ ɫɞP  0,05 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ɋȾ, Ɇɉɚ . . . . . .Δɜɵɯ
ɛ ɫɞ ɩɟ ɫɞ ɩɟ ɫɞP P P  3,2 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɗɇ ɋȾ/ȼȾ, Ɇɉɚ . . . .1,1ɜɵɯ
ɩɧ ɫɞ ɛ ɫɞP P  3,52 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɇȾ, 
Ɇɉɚ . . . .Δ Δɩɟ ɧɞ ɩɟ ɫɞP P  0,05 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ɇȾ, Ɇɉɚ . . . . . .Δɜɵɯ
ɛ ɧɞ ɩɟ ɧɞ ɩɟ ɧɞP P P  0,52 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ɇȾ, Ɇɉɚ . . . .1,05ɜɯ
ɢ ɧɞ ɛ ɧɞP P  0,546 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ ɇȾ, 
Ɇɉɚ . . . .1,1ɜɵɯ

ɩɧ ɧɞ ɛ ɧɞP P  0,572 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ȽɉɄ ɩɪɢ ɭɫɥɨɜɢɢ 
ɨɞɢɧɚɤɨɜɨɝɨ ɧɚɝɪɟɜɚ ɜ ȽɉɄ ɢ ɞɟɚɷɪɚɬɨɪɟ,  °C 

( )

2

ɜɯ
ɜɵɯ ɜɯ ɞ ɝɩɤ
ɝɩɤ ɝɩɤ

WaterSteamTs P t
t t  82,392 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, ɤȾɠ/ɤɝ ( , )ɜɯ ɜɯ
ɝɩɤ ɞ ɝɩɤt WaterSteamHPT P t  251,238 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ȽɉɄ, ɤȾɠ/ɤɝ ( , )ɜɵɯ ɜɵɯ
ɝɩɤ ɞ ɝɩɤt WaterSteamHPT P t  345,044 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɉɉȼȾ, ɤȾɠ/ɤɝ . . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɟ ɜɞ ɩɟ ɜɞ ɩɟ ɜɞh WaterSteamHPT P t  3501,724 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɉɉȼȾ, ɤȾɠ/ɤɝ . . . . . .( , )ɜɯ ɜɯ ɜɯ
ɩɟ ɜɞ ɩɟ ɜɞ ɩɟ ɜɞh WaterSteamHPT P t  2634,173 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ȼȾ, °C . . . .( ) 8 °ɋɜɯ ɜɵɯ
ɢ ɜɞ ɷ ɜɞt WaterSteamTs P  333,394 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɢɫɩɚɪɢɬɟɥɟɦ ȼȾ, 
ɤȾɠ/ɤɝ . . . . . .( , )ɜɯ ɜɵɯ ɜɯ

ɢ ɜɞ ɷ ɜɞ ɢ ɜɞt WaterSteamHPT P t  1542,85 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɢɫɩɚɪɢɬɟɥɹ ȼȾ, °C . . . . . .
ɜɵɯ ɜɯ ɜɵɯ
ɢ ɜɞ ɢ ɜɞ ɢ ɜɞt t  353,394 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɨɫɥɟ ɢɫɩɚɪɢɬɟɥɹ ȼȾ, ɤȾɠ/ɤɝ .2. . .( , )ɝ
ɜɵɯ ɜɵɯ
ɢ ɜɞ ɢ ɜɞl wspgHGSTqs  845,232 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, °C 6ɝɬɭ
ɜɯ
ɤɭ t  636,84 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ 6
ɬɪɜɯ

ɭ ɭɤ ɝɬl h  1216,695 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɟɪɟɞ ɉɗɇ ȼȾ, °C . . . .( ) 8 °ɋɜɯ ɜɵɯ
ɩɧ ɜɞ ɷ ɫɞt WaterSteamTs P  232,227 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɗɇ ȼȾ, °C 
. . . .( )ɜɯ ɜɯ

ɩɧ ɜɞ ɩɧ ɜɞt WaterSteamTs t  1000,676 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɗȼȾ, °C 1. . . .
ɜɵɯ ɜɯ
ɷ ɜɞ ɩɧ ɜɞt t  232,227 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ 1-ɣ ɫɬɭɩɟɧɢ ɗȼȾ, 
ɤȾɠ/ɤɝ 1. . . .

ɜɵɯ ɜɯ
ɷ ɜɞ ɩɧ ɜɞt t  1000,676 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 25 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ȼȾ ɩɪɢ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɫɠɚɬɢɢ, ɤȾɠ/ɤɝ . . . . . . .

1( , , , )ɜɵɯ ɜɵɯ ɜɯ ɜɵɯ
oiɩɧ ɜɞ ɷ ɫɞ ɩɧ ɜɞ ɩɧ ɜɞ
ɧ

t wsp P t P  1012,831 

ɗɧɬɪɨɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ȼȾ, ɤȾɠ/(ɤɝ·Ʉ) . . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɧ ɜɞ ɩɧ ɜɞ ɩɧ ɜɞS WaterSteamSPH P h  2,624 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ȼȾ, °C . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɧ ɜɞ ɩɧ ɜɞ ɩɧ ɜɞt WaterSteamTPH P t  234,285 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ 2-ɣ ɫɬɭɩɟɧɶɸ 
ɷɤɨɧɨɦɚɣɡɟɪɚ ȼȾ, ɤȾɠ/ɤɝ 2. . . .

ɜɯ ɜɵɯ
ɷ ɜɞ ɩɧ ɜɞt t  1012,831 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɟɪɟɞ 2-ɣ ɫɬɭɩɟɧɶɸ ɗȼȾ, °C 2. . . .
ɜɯ ɜɵɯ
ɷ ɜɞ ɩɧ ɜɞt t  234,285 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟɞ ɉɉɋȾ, °C . . . .( )ɜɯ
ɩɟ ɫɞ ɛ ɫɞt WaterSteamTs P  237,464 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɉɉɋȾ, ɤȾɠ/ɤɝ . . . .( )ɜɯ ɜɯ
ɩɟ ɫɞ ɩɟ ɫɞh WaterSteamHgT t  2803,238 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɋȾ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, °C . . . . . .
ɜɵɯ ɜɵɯ ɜɯ
ɩɟ ɫɞ ɢ ɜɞ ɩɟ ɫɞt t  327,394 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɋȾ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, 
ɤȾɠ/ɤɝ . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ

ɩɟ ɫɞ ɩɟ ɫɞ ɩɟ ɫɞh WaterSteamHPT P t  3058,313 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ɋȾ, °C 
. . . .( ) 8 °ɋɜɯ ɜɵɯ

ɢ ɫɞ ɷ ɫɞt WaterSteamTs P  232,227 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɢɫɩɚɪɢɬɟɥɟɦ ɋȾ, 
ɤȾɠ/ɤɝ . . . . . .( , )ɜɯ ɜɵɯ ɜɯ

ɢ ɫɞ ɷ ɫɞ ɢ ɫɞt WaterSteamHPT P t  1000,751 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɢɫɩɚɪɢɬɟɥɹ ɋȾ, °C . . . . . .
ɜɵɯ ɜɯ ɜɵɯ
ɢ ɫɞ ɢ ɫɞ ɩɟ ɫɞt t  242,397 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɂɋȾ, ɤȾɠ/ɤɝ .2. . .( , )ɝ
ɜɵɯ ɜɵɯ
ɢ ɜɞ ɢ ɫɞl wspgHGSTqs  551,44 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ, °C ( )ɞ ɞt WaterSteamɌs P  104,784 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɉɗɇ ɋȾ/ȼȾ, ɤȾɠ/ɤɝ . . ( )ɜɯ
ɩɧ ɫɞ ɞt WaterSteamHfT t  439,299 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɋȾ/ȼȾ, ɤȾɠ/ɤɝ . . .
1( , , , )ɜɵɯ ɜɵɯ

oiɩɧ ɫɞ ɞ ɞ ɩɧ ɫɞ
ɧ

t wsp P t P  442,089 

ɗɧɬɪɨɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɋȾ/ȼȾ, 
ɤȾɠ/(ɤɝ·Ʉ) . . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ

ɩɧ ɫɞ ɩɧ ɫɞ ɩɧ ɫɞS WaterSteamSPH P t  1,359 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɋȾ/ȼȾ, °C . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɧ ɫɞ ɩɧ ɫɞ ɩɧ ɫɞt WaterSteamTPH P t  104,848 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɗɋȾ, ɤȾɠ/ɤɝ . . . .
ɜɵɯ ɜɵɯ

ɷ ɫɞ ɩɧ ɫɞt t  442,089 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟɞ ɉɉɇȾ, °C . . .( )ɜɯ
ɩɟ ɧɞ ɛ ɧɞt WaterSteamTs P  153,32 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɇȾ ɩɟɪɟɞ ɉɉɇȾ, ɤȾɠ/ɤɝ . . . .( )ɜɯ ɜɯ
ɩɟ ɧɞ ɩɟ ɧɞh WaterSteamHgT t  2749,852 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɇȾ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, °C . . . . . .
ɜɵɯ ɜɵɯ ɜɯ
ɩɟ ɧɞ ɢ ɫɞ ɩɟ ɧɞt t  226,227 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɇȾ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, 
ɤȾɠ/ɤɝ . . . . . .( , )ɜɯ ɜɵɯ ɜɵɯ

ɩɟ ɧɞ ɩɟ ɧɞ ɩɟ ɧɞh WaterSteamHPT P t  2912,727 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɉɗɇ ɇȾ, ɤȾɠ/ɤɝ . . . .
ɜɯ ɜɯ

ɩɧ ɧɞ ɩɧ ɫɞt t  439,299 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɇȾ, ɤȾɠ/ɤɝ . . .
1( , , , )ɜɵɯ ɜɵɯ

oiɩɧ ɧɞ ɞ ɞ ɩɧ ɧɞ
ɧ

h wsp P t P  439,472 

ɗɧɬɪɨɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɇȾ, ɤȾɠ/(ɤɝ·Ʉ) . . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɧ ɧɞ ɩɧ ɧɞ ɩɧ ɧɞS WaterSteamSPH P h  1,36 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɉɗɇ ɇȾ, °C . . . . . .( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɩɧ ɧɞ ɩɧ ɧɞ ɩɧ ɧɞt WaterSteamTPH P h  104,748 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɢɫɩɚɪɢɬɟɥɹ ɇȾ, °C . . . . .( )ɜɵɯ ɜɯ ɜɵɯ
ɢ ɧɞ ɢ ɧɞ ɢ ɧɞWaterSteamTs P t  165,281 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɂɇȾ, ɤȾɠ/ɤɝ .2. . .( , )ɝ
ɜɵɯ ɜɵɯ
ɢ ɜɞ ɢ ɧɞl wspgHGSTqs  501,255 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ȼȾ ɧɚ ɜɯɨɞɟ ɜ ɐȼȾ, Ɇɉɚ . .(1 )ɜɯ ɜɵɯ
ɰɜɞ ɩɟ ɜɞ ɩP P P  13,205 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 25 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ȼȾ ɧɚ ɜɯɨɞɟ ɜ ɐȼȾ, ɤȾɠ/ɤɝ . .( , )ɜɯ ɜɯ ɜɵɯ
ɰɜɞ ɰɜɞ ɩɟ ɜɞh WaterSteamHPT P t 3509,223 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɐȼȾ, Ɇɉɚ 1,05 (1 )ɜɵɯ ɜɵɯ
ɰɜɞ ɩɩ ɩP P P 3,308 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɐȼȾ, ɤȾɠ/ɤɝ 
. .( , , , )ɜɵɯ ɜɯ ɜɵɯ ɜɵɯ oi

ɰɜɞ ɰɜɞ ɩɟ ɜɞ ɰɜɞ ɰɜɞh wsp P t P 3132,008 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɐȼȾ, °C ( , )ɜɵɯ ɜɵɯ ɜɵɯ
ɰɜɞ ɰɜɞ ɰɜɞt WaterSteamTPH P h 359,572 

Ɋɚɫɱɟɬɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɯɥɚɞɢɬɟɥɟɣ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, Ɇȼɬ 

ɨɯɥ
ɨɯɥ ɨɛщQ Q 27,456 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɨɯɥɚɞɢɬɟɥɟɣ ȽɌ, 
ɤȾɠ/ɤɝ 2. .

ɨɯɥ
ɨɛщɜɵɯ ɜɯ

ɨɯɥ ɷ ɜɞ
ɨɯɥ

Q
h h

G
3493,871 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɬɭɪɛɢɧɵ ɩɨɫɥɟ ɫɦɟɲɟɧɢɹ ɫ 
ɩɚɪɨɦ ɋȾ, ɤȾɠ/ɤɝ . . ( ), ɜɵɯ

ɰɜ
ɜɯ ɜɯ
ɦ ɞ ɞɫ ɫ ɩɩh m tWaterStea HPT P 3135,153 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɟɪɟɝɪɟɜɚ, ɤȾɠ/ɤɝ ( ), ɜɵɯ

ɰɜ
ɜɵɯ ɜɵɯ
ɩ ɞɩ ɩɩh P tWaterSteamH T P 3603,234 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɑɋȾ, Ɇɉɚ (1 )ɜɯ ɜɵɯ
ɱcɞ ɩɩ ɩP P P 3,15 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɑɋȾ, ɤȾɠ/ɤɝ ( , )ɜɯ ɜɯ ɜɵɯ
ɱɫɞ ɱɫɞ ɩɩh WaterSteamHPT P t 3602,301 

Ɋɚɫɱɟɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɜɟɞɟɦ MathCAD 3.1 Prime. 
Ɂɚɞɚɞɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɤɚɤ ɮɭɧɤɰɢɸ ɪɚɫɯɨɞɚ ɩɚɪɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 
ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. Ɍɨɝɞɚ:  

. . . . . . 2. .

. . . . . . . .

. .
. . . . . .

( )

( )
( )

( )

ɜɵɯ ɜɵɯ ɜɯ ɜɯ
ɝ ɢ ɜɞ ɢ ɫɞ ɫɞ ɢ ɜɞ ɷ ɜɞ

ɫɞ ɜɞ ɜɵɯ ɜɯ ɜɯ ɜɯ
ɩɟ ɫɞ ɩɟ ɫɞ ɩɟ ɫɞ ɢ ɫɞ

ɜɯ ɜɵɯ
ɜɯ ɜɵɯ ɜɵɯ ɜɯ ɜɵɯ ɜɞ ɫɦ ɫɞ ɫɞ ɜɞ ɩɟ ɫɞ

ɝ ɤɭ ɢ ɜɞ ɜɞ ɩɟ ɫɞ ɢ ɜɞ ɜɞ ɫɞ ɜɞ ɩɩ
ɜɞ ɫɞ ɜɞ

G l l D h h
D D

h h h h

D h D D h
G l l D h h D D D h

D D D

Ɋɚɫɯɨɞ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: ܦ˅ˇ = ͵ͳ͵,ͳ͸ͺ ɬ/ɱ.

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɢɡɤɨɝɨ, ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ 
ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ. ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ: 

. . . . . . . . . . 2. .

1. . . . . . . . . . . . . . . .

. .

ɜɵɯ ɜɵɯ ɜɵɯ ɜɯ ɜɯ ɜɯ
ɝ ɢ ɜɞ ɢ ɫɞ ɫɞ ɩɟ ɫɞ ɢ ɫɞ ɜɞ ɢ ɜɞ ɷ ɜɞ

ɜɵɯ ɜɵɯ ɜɯ ɜɵɯ ɜɵɯ ɜɯ ɜɵɯ ɜɵɯ
ɜɞ ɷ ɜɞ ɩɧ ɫɞ ɫɞ ɢ ɫɞ ɩɧ ɫɞ ɧɞ ɩɟ ɧɞ ɢ ɧɞ ɝ ɢ ɫɞ ɢ ɧɞ

ɜɵɯ ɜɵ
ɞ ɩɟ ɧɞ ɜɞ ɫɞ ɧɞ ɞ ɝɩɤ

G l l D h h D h h

D h h D h h D h h G l l

D h D D D D h . .

( )

ɯ ɜɯ ɜɯ
ɜɞ ɫɞ ɩɧ ɫɞ ɧɞ ɩɧ ɧɞ

ɞ ɜɞ ɫɞ ɧɞ ɞ ɜɞ ɫɞ ɧɞ

D D h D h

D D D D D D D D

)(
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 Ɋɚɫɯɨɞ ɩɚɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ: ܦ˔ˇ = Ͷ͵,ͳͷ ɬ/ɱ; 
 ɪɚɫɯɨɞ ɩɚɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: ܦːˇ = ʹͻ,ʹ͹Ͷ ɬ/ɱ; 
 ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ: ܦˇ = ͳͶ,ͳͷͶ ɬ/ɱ. 
 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 
26. 
 
Ɍɚɛɥɢɰɚ 26 – Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ Ʉɍ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɚɪɚɦɟɬɪɚ 

Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ 
ɉȿȼȾ, ɤȾɠ/ɤɝ 

.
. .

.

.

.

)
( ) ( ) (

ɜɯ ɜɵɯ
ɜɵɯ ɜɵɯ ɜɞ ɫɦ ɫɞ ɫɞ ɩɟ ɫɞ

ɜɞ ɩɟ ɜɞ ɜɞ ɫɞ ɩɩ
ɜɵɯ ɜɯ ɜɞ ɫɞ
ɩɟ ɜɞ ɤɭ

ɝɬɧɞ

ɜɯ
ɢ ɫɞ

D h

l

t
D h

D h D D h
D D

l
G

 
877,18 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɨɫɥɟ ɉȿȼȾ, °C . 2 .( , )ɜɵɯ ɜɵɯ

ɩɟ ɜɞ ɝ ɩɟ ɜɞwspgTGSH qs l  491,52 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ 
ɩɨɫɥɟ ɉȿɋȾ, 
ɤȾɠ/ɤɝ 

. .
. .

( )ɜɵɯ ɜɯ
ɜɵɯ ɜɵɯ ɫɞ ɩɟ cɞ ɩɟ cɞ
ɩɟ ɫɞ ɢ ɜɞ

ɝɬɧɞ

D h h
l l

G
 637,94 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɨɫɥɟ ɉȿɋȾ, °C 

. 2 .( , )ɜɵɯ ɜɵɯ
ɩɟ ɫɞ ɝ ɩɟ ɫɞwspgTGSH qs l  

. . 14,056ɜɵɯ ɜɯ
ɩɟ ɫɞ ɢ ɜɞt > ͳͲ → ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ 

347,45 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ 
ɩɟɪɟɞ ɂɋȾ, 
ɤȾɠ/ɤɝ 

. 2.
. .

.( )ɜɯ
ɜɯ ɜɵɯ ɫɞ ɷ ɜɞ
ɢ ɫɞ ɩɟ ɫɞ

ɝɬ

ɜɯ

ɧ

ɢ ɫɞ

ɞ

tD
l l

G

t
 571,226 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɟɪɟɞ ɂɋȾ, °C . 2 .( , )ɜɯ ɜɯ

ɢ ɫɞ ɝ ɢ ɫɞwspgTGSH qs l  275,78 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ 
ɉȿɇȾ, ɤȾɠ/ɤɝ 

. .
. .

( )ɜɵɯ ɜɯ
ɜɵɯ ɜɵɯ ɧɞ ɩɟ ɧɞ ɩɟ ɧɞ
ɩɟ ɧɞ ɢ ɫɞ

ɝɬɧɞ

D h h
l l

G
 549,402 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɨɫɥɟ ɉȿɇȾ, °C 

. 2 .( , )ɜɵɯ ɜɵɯ
ɩɟ ɧɞ ɝ ɩɟ ɧɞwspgTGSH qs l  

. . 14,923ɜɵɯ ɜɯ
ɩɟ ɧɞ ɢ ɫɞt > ͳͲ → ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ 

242,4 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ 
ɉȿȼȾ, ɤȾɠ/ɤɝ 

. . . .
1. .

( ) ( )ɜɯ ɜɵɯ ɜɯ ɜɵɯ
ɜɵɯ ɜɵɯ ɜɞ ɩɟ ɧɞ ɩɟ ɫɞ ɫɞ ɢ ɫɞ ɩɧ ɫɞ
ɷ ɜɞ ɩɟ ɧɞ

ɝɬɧɞ

D h h D
l

t
l

G

t
 456,279 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɧɚ ɜɵɯɨɞɟ ɢɡ 1-ɣ 
ɫɬɭɩɟɧɢ ɗȼȾ, °C 

1. 2 1.( , )ɜɵɯ ɜɵɯ
ɷ ɜɞ ɝ ɷ ɜɞwspgTGSH qs l  184,18 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɗȼɋȾ, °C 

. 1.
ɜɵɯ ɜɵɯ
ɷ ɫɞ ɷ ɜɞ  184,18 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ 
ɩɟɪɟɞ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɟɪɟɝɪɟɜɨɦ, 
ɤȾɠ/ɤɝ 

. .
ɜɯ ɜɵɯ

ɜɯ ɜɞ ɫɦ ɫɞ ɫɞ ɩɟ ɫɞ
ɩɩ

ɜɞ ɫɞ

D h D h
h

D D
 3132,002 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ 
ɩɟɪɟɞ ɉɉɉ, °C 

( , )ɜɯ ɜɯ ɜɯ
ɩɩ ɩɩ ɩɩt WaterSteam hPTPH  342,78 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ 
ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɐɋɇȾ, °C 

( )ɜɵɯ ɜɵɯ
ɱɧɞ ɱɧɞt WaterSt PeamTs  28,525 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 26 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ 
ɪɟɰɢɪɤɭɥɹɰɢɟɣ, ɤȾɠ/ɤɝ )( ,ɜɯ ɜɵɯ

ɪɢɰ ɱɧɞɞWaterSteam P tHPTt  119,683 

ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ 
ɫ ɪɟɰɢɪɤɭɥɹɰɢɢ, ɤȾɠ/ɤɝ , )( ɞ

ɜɵɯ ɜɯ
ɪɢɰ ɝɩɤWaterStea P tmHPTt  251,238 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ 
ɤɨɧɞɟɧɫɚɬɚ, ɬ/ɱ 

( )ɜɯ ɜɯ
ɜɞ ɫɞ ɧɞ ɞ ɜɫ ɧɫ ɝɩɤ ɪɢɰ

ɪ ɜɵɯ ɜɵɯ
ɝɩɤ ɪɢɰ

D D D D D D t t
D

t t
 1150,186 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɤȾɠ/ɤɝ .

( )
( )

ɜɵɯ ɜɯ
ɜɵɯ ɝɩɤ ɝɩɤ

ɭɯ ɢ ɧɞ ɜɞ ɫɞ ɧɞ ɞ ɪ
ɝɬɧɞ

h h
l l D D D D D

G
 349,001 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, °C 2( , )ɭɯ ɝ ɭɯwspgTGSH qs l  90,13 

ɗɧɬɪɨɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, 
ɤȾɠ/(ɤɝ·Ʉ) 2 6( , ),ɭɯ ɝ ɝɬɭ ɭɯS wspgSGSPT qs P  7,2751 

ɗɧɬɚɥɶɩɢɹ ɜɯɨɞɹɳɟɝɨ ɜɨɡɞɭɯɚ ɜ 
ɬɭɪɛɢɧɭ ȽɌ (ɬɚɛɥɢɰɚ 21), ɤȾɠ/ɤɝ , ,ɜɨɡɞ d ɚ ɫl h  290,05 

ɗɧɬɚɥɶɩɢɹ ɡɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ 
(ɬɚɛɥɢɰɚ 21), ɤȾɠ/ɤɝ 6 6ɝɬɭ ɝɬɭl h  1136 

ɄɉȾ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɉ-133, % 
ɜɯ
ɤɭ ɭɯ

ɤɭ ɜɯ
ɤɭ ɜɨɡɞ

l l

l l
 88,922 

ɋɨɫɬɚɜɥɟɧɢɟ ɩɪɹɦɨɝɨ ɛɚɥɚɧɫɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
Ɍɟɩɥɨɬɚ, ɤɨɬɨɪɭɸ ɩɨɞɜɟɥɢ ɤ ɜɨɞɟ 
ɜ ȽɉɄ, Ɇȼɬ 

( ) ( )ɜɵɯ ɜɯ
ɝɩɤ ɜɞ ɫɞ ɧɞ ɞ ɪ ɝɩɤ ɝɩɤQ D D D D D h h  42,516 

Ɍɟɩɥɨɬɚ, ɤɨɬɨɪɭɸ ɩɨɞɜɟɥɢ ɤ ɜɨɞɟ 
ɜ ɂɇȾ, Ɇȼɬ . . . .( )ɜɯ ɜɯ

ɢ ɧɞ ɧɞ ɩɟ ɧɞ ɢ ɧɞQ D h h  18,787 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɉȿɇȾ, 
Ɇȼɬ . . . .( )ɜɵɯ ɜɯ

ɩɟ ɧɞ ɧɞ ɩɟ ɧɞ ɩɟ ɧɞQ D h h  1,324 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɜɨɞɟ ɜ 
ɗɋȾ, Ɇȼɬ . . . .( )ɜɯ ɜɵɯ

ɷ ɫɞ ɫɞ ɢ ɫɞ ɩɧ ɫɞQ D h h  6,696 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɂɋȾ, Ɇȼɬ 
. . . .( )ɜɯ ɜɯ

ɢ ɫɞ ɫɞ ɩɟ ɫɞ ɢ ɫɞQ D h h  21,605 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɉȿɋȾ, 
Ɇȼɬ . . . .( )ɜɵɯ ɜɯ

ɩɟ ɫɞ ɫɞ ɩɟ ɫɞ ɩɟ ɫɞQ D h h  1,276 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɜɨɞɟ ɜ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɗȼȾ, Ɇȼɬ 1. 1. .( )ɜɵɯ ɜɵɯ

ɷ ɜɞ ɜɞ ɷ ɜɞ ɩɧ ɫɞQ D h h  65,665 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɜɨɞɟ ɜɨ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɗȼȾ, Ɇȼɬ 2. . 2.( )ɜɯ ɜɯ

ɷ ɜɞ ɜɞ ɢ ɜɞ ɷ ɜɞQ D h h  57,937 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɂȼȾ, Ɇȼɬ  . . .( )ɜɯ ɜɯ
ɢ ɜɞ ɜɞ ɩɟ ɜɞ ɢ ɜɞQ D h h  112,521 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɉɉɉ, 
Ɇȼɬ 

( ) ( )ɜɵɯ ɜɯ
ɩɩ ɜɞ ɫɞ ɩɩ ɩɩQ D D h h  65,801 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɉȿȼȾ, 
Ɇȼɬ . . . . . .( )ɜɵɯ ɜɯ

ɩɟ ɜɞ ɜɞ ɩɟ ɜɞ ɩɟ ɜɞQ D h h  101,985 

Ɍɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɜ Ʉɍ ɩɚɪɨɦ-
ɜɨɞɨɣ ɨɬ ɝɚɡɨɜ ȽɌɍ, Ɇȼɬ 

. . . . . . . . . . .ɤɭ ɩ ɝɩɤ ɢ ɧɞ ɩɟ ɧɞ ɷ ɫɞ ɢ ɫɞ ɷ ɫɞQ Q Q Q Q Q Q

. . . . 1. 2. . . .ɢ ɫɞ ɩɟ ɫɞ ɷ ɜɞ ɷ ɜɞ ɢ ɜɞ ɩɩ ɩɟ ɜɞQ Q Q Q Q Q Q  
496,115 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɜ Ʉɍ ɝɚɡɚɦɢ 
ȽɌɍ, Ɇȼɬ . ( )ɜɯ

ɤɭ ɝ ɤɭ ɭɯ ɝɬɧɞQ l l G  495,604 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɜɹɡɤɢ, 
% 

. .

.

100
ɤɭ ɝ ɤɭ ɩ

ɤɭ ɝ

Q Q

Q
 

0,2% ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ 

0,103 
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 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɦ ɬɟɩɥɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
ɜ ɨɛɥɚɫɬɢ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɜ ɨɛɥɚɫɬɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉɉȼȾ) ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ (ɉɉɉ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 16. 
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Ɋɢɫɭɧɨɤ 16 – Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɜ ɨɛɥɚɫɬɢ ɉɉȼȾ ɢ ɉɉɉ 
  
 Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɜ ɨɛɥɚɫɬɢ ɨɫɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 17. 
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Изменение параметров конденсата в области ГПК
Изменение параметров газов
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Ɋɢɫɭɧɨɤ 17 – Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 

 6.4 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
 Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 18. 
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В котел

ɜɫ ɧɫD D0 , ,ɧɞ ɜɯ ɜɯ
ɱɧɞ ɱɧɞD h P

Ɋɢɫɭɧɨɤ 18 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
 ɉɨɫɬɪɨɢɦ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɜ h,S-ɞɢɚɝɪɚɦɦɟ ɫ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ 
ɩɚɪɚ ɜ ɫɬɨɩɨɪɧɵɯ ɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ.  
 ȼɧɭɬɪɟɧɧɢɟ ɄɉȾ ɰɢɥɢɧɞɪɨɜ ɬɭɪɛɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. 
 ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ ɜ h,S – 
ɞɢɚɝɪɚɦɦɟ. 
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Ɋɢɫɭɧɨɤ 19 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɜ ɬɭɪɛɢɧɟ STF30C 
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 Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɉɨɬɟɪɢ ɧɚ 
ɜɪɚɳɟɧɢɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ (ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ) ɛɭɞɟɦ ɭɱɢɬɵɜɚɬɶ ɞɥɹ 
ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ.  
 ɇɚ ɝɪɚɮɢɤɟ ɩɨɞ: 
  А′଴ ÷ Аଵ − ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɰɢɥɢɧɞɪɟ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ;  
 Аଵ ÷ В − ɩɨɞɨɝɪɟɜ ɩɚɪɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ;  
 В′ ÷ Вଵ − ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɱɚɫɬɢ ɫɪɟɞɧɟɝɨ 
ɞɚɜɥɟɧɢɹ;  
 Вଵ ÷ Вˍ − ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɱɚɫɬɢ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. 
 Ɋɚɫɱɟɬ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ STF30C ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 27. 
 
Ɍɚɛɥɢɰɚ 27 – Ɋɚɫɱɟɬ ɜɧɭɬɪɟɧɧɟɣ ɦɨɳɧɨɫɬɢ STF30C 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɇȾ 
ɩɟɪɟɞ ɑɇȾ, Ɇɉɚ . (1 )ɜɯ ɜɵɯ

ɱɧɞ ɩɟ ɧɞ ɩP P P  0,447 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ 
ɫɦɟɲɢɜɚɧɢɟɦ ɫ ɩɚɪɨɦ 
ɇȾ, ɤȾɠ/ɤɝ 

( , , , )ɜɵɯ ɜɯ ɜɵɯ ɜɯ oi
ɱɫɞ ɱɫɞ ɩɩ ɱɧɞ ɱɫɞh wsp P t P  3097,312 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ ɜ ɑɇȾ, ɤȾɠ/ɤɝ 

.( ) ( )ɜɵɯ ɜɯ
ɜɯ ɜɞ ɫɞ ɱɫɞ ɧɞ ɞ ɫɦ ɧɞ
ɱɧɞ

ɜɞ ɫɞ ɧɞ ɞ

D D h D D h
h

D D D D
 3065,112 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɇȾ 
ɩɟɪɟɞ ɫɦɟɲɢɜɚɧɢɟɦ ɫ 
ɩɚɪɨɦ ɜ ɬɭɪɛɢɧɟ, °C 

. .( , )ɜɯ ɜɯ ɜɯ
ɫɦ ɧɞ ɱɧɞ ɫɦ ɧɞt WaterSteamTPH P h  226,226 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɉɌ 
ɩɟɪɟɞ ɫɦɟɲɟɧɢɟɦ ɫ 
ɩɚɪɨɦ ɜ ɇȾ, °C 

( , )ɜɵɯ ɜɯ ɜɵɯ
ɱɫɞ ɱɧɞ ɱɫɞt WaterSteamTPH P h  298,31 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ ɜ ɐɇȾ, °C 

( , )ɜɯ ɜɯ ɜɯ
ɱɧɞ ɱɧɞ ɱɧɞt WaterSteamTPH P h  296,04 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɑɇȾ, ɤȾɠ/ɤɝ ( , , , )ɜɵɯ ɜɯ ɜɯ ɜɵɯ oi

ɱɧɞ ɱɧɞ ɱɧɞ ɱɧɞ ɱɧɞh wsp P t P  2341,618 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 
ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤȾɠ/ɤɝ 

( , , , )ɜɯ ɜɯ oi
ɜɫ ɱɧɞ ɱɧɞ ɜɫ ɱɧɞh wsp P t P  2923,757 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 
ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤȾɠ/ɤɝ 

( , , , )ɜɯ ɜɯ oi
ɧɫ ɱɧɞ ɱɧɞ ɧɫ ɱɧɞh wsp P t P  2766,684 

Ɋɚɫɯɨɞ ɩɚɪɚ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪ, ɬ/ɱ ɤ ɜɞ ɫɞ ɧɞ ɞ ɜɫ ɧɫD D D D D D D  73,606 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 
ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɬ/ɱ 

max
ɤ ɜɞ ɫɞ ɧɞ ɞD D D D D  371,438 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 27 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ 
ɐȼȾ ɉɌ, Ɇȼɬ 

ɜɯ ɜɵɯ
ɰɜɞ ɜɞ ɱɜɞ ɱɜɞ ɦW D h h  48,437 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ 
ɑɋȾ ɉɌ, Ɇȼɬ 

ɜɯ ɜɵɯ
ɱɫɞ ɜɞ ɫɞ ɱɫɞ ɱɫɞ ɦW D D h h  75,88 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ 
ɑɇȾ ɉɌ, Ɇȼɬ 

ɜɯ ɜɵɯ
ɱɧɞ ɜɞ ɫɞ ɧɞ ɞ ɜɫ ɧɫ ɱɧɞ ɱɧɞ ɦW D D D D D D h h  14,614 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ 
ɉɌɍ, Ɇȼɬ ɩɬ ɰɜɞ ɱɫɞ ɱɧɞW W W W  138,93 

 
 ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɜɫɟɣ ɉȽɍ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɦɟɬɨɞɨɦ [9]. Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 28. 
 
Ɍɚɛɥɢɰɚ 28 – Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɉȽɍ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉȽɍ, Ɇȼɬ ɪ
ɩɝɭ ɩɬ ɝɬN W N  424,601 

ɄɉȾ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɪɟɠɢɦɟ 
Ʉɗɋ ɢ Ɍɗɐ (ɡɚɞɚɧɧɵɣ ɩɨ ɤɚɬɚɥɨɝɭ), % ɤɷɫ ; ɬɷɰ  58,3; 80 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɉȽɍ 
ɤɷɫ

ɩ
ɬɷɰ

 0,729 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɜ ȽɌɍ 
(ɬɚɛɥɢɰɚ 22), Ɇȼɬ ɩɝɭ ɝɬɭQ Q  1165,124 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɉȽɍ-Ɍɗɐ, ɤɝ/ɫ 

ɪ
ɷ ɝɬ
ɩɝɭ ɩɝɭ ɛɚɡ

ɩɝɭ ɩ ɨɬ

N
B B

N Q
 20,016 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ 
ɉȽɍ (ɛɟɡ ɭɱɟɬɚ ɉȼɄ), ɤɝ/ɫ 

ɛɚɡ
ɬ ɩ ɨɬ
ɩɝɭ ɩɝɭ ɛɚɡ

ɩɝɭ ɩ ɨɬ

Q
B B

N Q
 11,507 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ 
ɉȼɄ, ɤɝ/ɫ 

ɩɜɤ
ɩɜɤ ɧ

ɪ ɩɜɤ

Q
B

Q
 1,172 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ 
ɉȽɍ (ɫ ɉȼɄ), ɤɝ/ɫ 

ɬ
ɬ ɩɝɭ ɩɜɤB B B  12,679 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɜ ȽɌɍ, 
ɆȾɠ/ɤɝ 

ɩɝɭ
ɩɝɭ

ɩɝɭ

Q
q

B
 36,961 

ɄɉȾ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, % 

100ɩɝɭɷ
ɩɝɭ ɷ

ɩɝɭ ɩɝɭ

N

B q
 57,4 

ɄɉȾ ɉȽɍ-Ɍɗɐ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, % 

100
ɷ
ɩɝɭɬ

ɩɝɭ
ɩ

 78,8 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/(Ɇȼɬ∙ɱ) 

ɷ
ɩɝɭɷ

ɩɝɭ
ɩɝɭ

B
b

N
 169,709 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɝ/ȽȾɠ 

310ɬ ɬ
ɩɝɭ ɛɚɡ

ɨɬ

B
b

Q
 

37,854 
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 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ Alstom 
ɉȽɍ–420x2 ɡɚɤɨɧɱɟɧ. Ⱦɚɥɟɟ ɩɟɪɟɣɞɟɦ ɤ ɜɵɛɨɪɭ ɢ ɪɚɫɱɟɬɭ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 
 
 7 Ɍɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 
 
 ɇɚ 2021 ɝɨɞ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɨ ɫɯɟɦɟ ɩɪɹɦɨɬɨɱɧɨɣ 
ɫɢɫɬɟɦɵ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩ.4 ɫɬ.60 ȼɨɞɧɨɝɨ Ʉɨɞɟɤɫɚ ɊɎ. ɂɡ-ɡɚ ɞɚɧɧɨɝɨ ɡɚɩɪɟɬɚ 
ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɦɟɸɬ ɫɢɫɬɟɦɵ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ ɜɨɞɵ ɜ ɝɪɚɞɢɪɧɹɯ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɦɟɸɬ ɪɹɞ ɹɜɧɵɯ 
ɩɪɟɢɦɭɳɟɫɬɜ: ɫɢɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɡɚɛɨɪɚ ɜɨɞɵ ɢɡ ɢɫɬɨɱɧɢɤɨɜ, ɨɬɫɭɬɫɬɜɢɟ ɫɛɪɨɫɚ 
ɜɨɞɵ ɜ ɢɫɬɨɱɧɢɤɢ ɜɨɞɨɫɧɚɛɠɟɧɢɹ - ɨɬɫɭɬɫɬɜɢɟ ɬɟɩɥɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ. 
 Ƚɪɚɞɢɪɧɢ ɦɨɝɭɬ ɛɵɬɶ ɜɟɧɬɢɥɹɬɨɪɧɵɦɢ, ɛɚɲɟɧɧɵɦɢ ɢɥɢ ɨɬɤɪɵɬɵɦɢ 
(ɚɬɦɨɫɮɟɪɧɵɦɢ). ɇɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɦɨɞɭɥɶɧɨɣ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɝɪɚɞɢɪɧɢ. Ɍɚɤɚɹ ɝɪɚɞɢɪɧɹ ɢɦɟɟɬ 
ɧɟɫɤɨɥɶɤɨ ɞɨɫɬɨɢɧɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɲɟɧɧɵɦɢ ɢ ɚɬɦɨɫɮɟɪɧɵɦɢ. ȼ 
ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɝɪɚɞɢɪɧɹɯ ɜɨɡɞɭɯ ɩɪɨɤɚɱɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɬɫɚɫɵɜɚɸɳɢɯ ɢɥɢ 
ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ. ɉɨɷɬɨɦɭ, ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
(ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɯɨɞɭ ɜɨɞɵ) ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɝɪɚɞɢɪɧɸ, 
ɨɧɢ ɞɨɩɭɫɤɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɢ ɝɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɵ. 
ȼɟɧɬɢɥɹɬɨɪɧɵɟ ɝɪɚɞɢɪɧɢ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɲɟɧɧɨɣ ɢ 
ɚɬɦɨɫɮɟɪɧɨɣ. ɉɨ ɞɚɧɧɵɦ ȼɌɂ [15], ɫɨɨɪɭɠɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɝɪɚɞɢɪɟɧ 
ɞɟɲɟɜɥɟ ɧɚ 50—60%, ɱɟɦ ɛɚɲɟɧɧɵɯ ɝɪɚɞɢɪɟɧ, ɢ ɧɚ 35—50%, ɱɟɦ ɛɪɵɡɝɚɥɶɧɵɯ 
ɛɚɫɫɟɣɧɨɜ. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɝɪɚɞɢɪɧɢ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 20. 
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1 – ɞɢɮɮɭɡɨɪ; 2 – ɜɟɧɬɢɥɹɬɨɪ; 3 – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 4 – ɤɨɧɮɭɡɨɪ; 5 – ɦɟɠɫɟɤɰɢɨɧɧɚɹ 
ɩɟɪɟɝɨɪɨɞɤɚ; 6 – ɜɨɞɨɭɥɨɜɢɬɟɥɶ; 7 – ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 8 – ɨɪɨɫɢɬɟɥɶ; 9 – 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɤɚɪɤɚɫ; 10 – ɨɤɧɚ ɞɥɹ ɜɯɨɞɚ ɜɨɡɞɭɯɚ; 11- ɜɨɞɨɫɛɨɪɧɵɣ ɛɚɫɫɟɣɧ; 12 – ɨɛɲɢɜɤɚ. 

Ɋɢɫɭɧɨɤ 20 – ȼɟɧɬɢɥɹɬɨɪɧɚɹ ɫɟɤɰɢɨɧɧɚɹ ɝɪɚɞɢɪɧɹ 
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 Ƚɪɚɞɢɪɧɢ ɫ ɜɟɧɬɢɥɹɬɨɪɨɦ ɞɨɩɭɫɤɚɸɬ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜɨɞɵ ɞɨ 26 С° ɢ 
ɜɵɲɟ (ɧɚɩɪɢɦɟɪ, ɛɚɲɟɧɧɵɟ ɝɪɚɞɢɪɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɟɪɟɩɚɞ  ɜɫɟɝɨ 8–12 С°).  
ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɧɬɢɥɹɬɨɪɧɵɟ ɝɪɚɞɢɪɧɢ ɛɨɥɟɟ ɦɚɧɟɜɪɟɧɧɵɟ, ɱɟɦ ɛɚɲɟɧɧɵɟ 
(ɢɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ, ɢɡɦɟɧɟɧɢɟɦ ɭɝɥɚ ɧɚɤɥɨɧɚ ɥɨɩɚɫɬɟɣ, 
ɜɵɤɥɸɱɟɧɢɟɦ ɜɟɧɬɢɥɹɬɨɪɨɜ ɨɬɞɟɥɶɧɵɯ ɫɟɤɰɢɣ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɟɧɧɨɣ ɜɨɞɵ).  
  
 7.1 Ɋɚɫɱɟɬ ɜɟɧɬɢɥɢɪɭɟɦɨɣ ɝɪɚɞɢɪɧɢ 
  
 ɋɜɟɞɟɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜ ɬɚɛɥɢɰɭ 29. 
 
Ɍɚɛɥɢɰɚ 29 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɪɚɞɢɪɧɢ 𝑡ଶВ,°С 25 
ɋɪɟɞɧɟɫɭɬɨɱɧɚɹ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ (ɥɟɬɧɢɣ ɩɟɪɢɨɞ) 𝜗ଵ,°С 28 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 𝜑ଵ,% 60 
Ȼɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ܲ˄ , ɦɦ.ɪɬ.ɫɬ 750 

 
 Ƚɪɚɞɢɪɧɹ ɜɟɧɬɢɥɹɬɨɪɧɚɹ: ɬɢɩ ɨɪɨɫɢɬɟɥɹ – Ɉɪɨɫɢɬɟɥɶ ɩɥɟɧɨɱɧɵɣ 
ɚɫɛɟɫɬɨɰɟɦɟɧɬɧɵɣ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɜɨɥɧɨɣ [16, ɬ.11]; ɜɵɫɨɬɚ ɨɪɨɫɢɬɟɥɹ - ℎˑ˓ =ʹ,ͺ ˏ; ɩɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɹ - 𝑓 ˓ = ͵ͺͲ ˏଶ; ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɞɚɧɧɨɝɨ ɨɪɨɫɢɬɟɥɹ - 𝐴 = Ͳ,͵Ͷͷ ˏ−ଵ; ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɨɪɨɫɢɬɟɥɹ - ݉ˑ˓ = Ͳ,ͷʹ͹; ɤɨɷɮɮɢɰɢɟɧɬ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɭɯɨɝɨ ɨɪɨɫɢɬɟɥɹ - 𝜉˔˖˘.ˑ˓ = ͵,ͳͳ  ˏ−ଵ; 
ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ ɜɨɞɵ, ɫɬɟɤɚɸɳɟɣ ɩɨ 
ɨɪɨɫɢɬɟɥɸ - ݇ˑ˓ = Ͳ,ͳ͵ ∙ ͳͲ−ଷ; ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɥɢɫɬɚɦɢ – 45 ɦɦ; ݈ = ͵ − 
ɩɨɥɨɜɢɧɚ ɞɥɢɧɵ ɩɨɞɨɪɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɜɨɡɞɭɯɨɜɨɞɧɵɯ ɨɤɨɧ ɞɨ ɰɟɧɬɪɚ 
ɝɪɚɞɢɪɧɢ, ɦ. 
 ȼɨɞɨɭɥɨɜɢɬɟɥɶ: ɬɢɩ ɜɨɞɨɭɥɨɜɢɬɟɥɹ - ɚɫɛɟɫɬɨɰɟɦɟɧɬɧɵɣ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ 
ɨɱɟɪɬɚɧɢɟɦ ɥɨɩɚɬɨɤ; ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ -  𝜉˅ˑˇˑ˖ˎ = ͵,ͳ; ɭɧɨɫ 
ɤɚɩɟɥɶɧɨɣ ɜɥɚɝɢ – 0,05%; ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɥɚɧɤɚɦɢ - 𝑑 = ͶͲ ɦɦ [16, ɬ.8.4]. 
 ȼɟɧɬɢɥɹɬɨɪ: ɦɚɪɤɚ – ȽȺɐ-104-6-ȼȽ; ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - ݊ = ͳͳͲ ˏˋː−ଵ; 
ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ - ʹͷͲ ˍВ˕; ɤɨɷɮɮɢɰɢɟɧɬɵ ʚ = −Ͳ,͸͵ ∙ ͳͲ−ଵଶ ሺˍˆ ∙ ˚ሻଶ/ˏ8; ʛ = −ͳ,͵ͷͺ ∙ ͳͲ−଺ ሺˍˆ ∙ ˚ሻ/ˏହ; 𝑑˅ = ͳʹ,͸ ɤɝ/ɦ2; ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ 
ɜɟɧɬɢɥɹɬɨɪɨɦ  - ܩ˅ = ʹͺͷͲ ɬɵɫ. ɦ3/ɱ [16, ɬ.8.6].  
 Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɪɚɡɛɪɵɡɝɢɜɚɸɳɢɟ ɫɨɩɥɚ (ɮɨɪɫɭɧɤɢ) – 
ɋɄ36.  
 ȿɫɥɢ ɨɤɚɠɟɬɫɹ, ɱɬɨ ɪɚɫɱɟɬɧɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜɟɧɬɢɥɹɬɨɪɨɦ ɛɭɞɟɬ ɪɚɜɧɚ 
ɧɨɦɢɧɚɥɶɧɨɣ ɢɥɢ ɛɥɢɡɤɚ ɤ ɧɟɣ, ɬɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɚɞɢɪɧɢ 
ɫɱɢɬɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɧɚɩɨɪɭ ɜɟɧɬɢɥɹɬɨɪɚ. Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ 
ɩɨɞɚɱɢ ɞɨɩɭɫɤɚɟɬɫɹ ɞɨ ±20. 
 ɉɨ ɝɪɚɮɢɤɭ 29 [16] ɩɪɢɧɢɦɚɟɦ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɚɞɢɪɧɢ 
(ɛɟɡ ɜɨɞɨɭɥɨɜɢɬɟɥɹ ɢ ɨɪɨɫɢɬɟɥɹ) -  𝜉ˆ˓ = ʹͲ. 
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 ɉɪɢ 𝑡ଶВ = ʹͷ °С  ɩɨ ɬɚɛɥɢɰɟ 9 [16] ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ 
ɩɚɪɨɜ ɜɨɞɵ - ܲ˒′′ = ͵,ͳ͸ͺ ɤɉɚ; ɩɥɨɬɧɨɫɬɶ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜɨɞɵ  𝑦′′ = ʹ͵ 
ɤɝɫ/ɦ3. 
 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: 
 
 1,1 ,ɩ

ɨɜ ɤG m D    (7.1) 
 
ɝɞɟ 145,086ɜɞ ɫɞ ɧ

ɩ
ɞ ɞɤD D D D D    ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ 

ɤɨɧɞɟɧɫɚɬɨɪ (ɥɟɬɧɢɣ ɩɟɪɢɨɞ), ɤɝ/ɫ; 
 70m ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɤɝ/ɤɝ. 
  
 1,1 70 145,086 11171,622ɨɜG      ɤɝ/ɫ = 40217839,199 ɤɝ/ɱ. 
 
 Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɜɯɨɞɟ ɜ ɝɪɚɞɢɪɧɸ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ ɤɨɧɞɟɧɫɚɬɨɪɚ, °С: 
 

 1 2 ,
ɜɵɯ
ɱɧɞ ɤ

ȼ ȼ
ɪ

t
t

h
t

m c


 


 (7.2) 

  
 ( ) 119,577ɤ ɤt f P   ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ. 
 

 1

119,577
25 33

7

2341,6

0 4, 7

18

18ȼt


  


°С. 

 
ɉɨ ɝɪɚɮɢɤɭ 28 [16] ɩɥɨɬɧɨɫɬɶ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ 𝑦ଵ = ͳ,ͳ͹ ɤɝɫ/ɦ3.   
ɉɨ ɬɚɛɥɢɰɟ 9 [16] ɨɩɪɟɞɟɥɢɦ ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ 

ɧɚɫɵɳɟɧɢɹ ɩɚɪɨɜ ɜɨɞɵ ɩɪɢ:  
 1) 𝑡ଵ = ͵͵ °С : ܲ˒′′ = ͷ,Ͳ͵ͳ ɤɉɚ (513 ɤɝɫ/ɦ2); ɩɥɨɬɧɨɫɬɶ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 
ɜɨɞɵ  𝑦′′ = ͵ͷ,͹ ∙ ͳͲ−ଷ ɤɝɫ/ɦ3; 
 2) 𝑡ଶ = ʹͷ °С : ܲ˒′′ = ͵,ͳ͸ͺ ɤɉɚ (323 ɤɝɫ/ɦ2); ɩɥɨɬɧɨɫɬɶ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 
ɜɨɞɵ  𝑦′′ = ʹͻ ∙ ͳͲ−ଷ ɤɝɫ/ɦ3; 
 3) 𝑡˔˓ = ʹͻ °С : ܲ˒′′ = Ͷ,ͲͲͳ ɤɉɚ (408 ɤɝɫ/ɦ2); ɩɥɨɬɧɨɫɬɶ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 
ɜɨɞɵ  𝑦′′ = ʹͺ,͹ ∙ ͳͲ−ଷ ɤɝɫ/ɦ3; 
 ɉɨ ɧɨɦɨɝɪɚɦɦɟ 21 [16] ɨɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɵɟ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ:  

1) ℎଵ′′ = ͳͳͶ,ʹ ɤȾɠ/ɤɝ; 
2) ℎଶ′′ = ͹ͻ,ͳ ɤȾɠ/ɤɝ;  
3) ℎ′ˏ′ = ͻͲ,ͷ͸ ɤȾɠ/ɤɝ;  
4) ℎ𝜗ͳ = ͷ͹,ͻ͹ ɤȾɠ/ɤɝ (ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɫɪɟɞɧɟɫɭɬɨɱɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ); 
ɋɜɟɞɟɦ ɪɚɫɱɟɬ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɝɪɚɞɢɪɧɢ ɜ ɬɚɛɥɢɰɭ 30. 
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Ɍɚɛɥɢɰɚ 30 – Ɋɚɫɱɟɬ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɝɪɚɞɢɪɧɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɉɨɩɪɚɜɤɚ ɤ ɭɞɟɥɶɧɨɣ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ, 
ɤȾɠ/ɤɝ 

1 2 2
,

4
ɦh'' h '' h ''

h''   
  3,045 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ) 

1

1

1

2

,
h'' h''

Y
h

hh '' h''







 


 
 2,941 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜ ɭɩɪɨɳɟɧɧɨɦ ɭɪɚɜɧɟɧɢɢ 
ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ 𝑟 = 2493 
ɤȾɠ/ɤɝ) 

21 ,ɪɫ t
ɤ

r


   0,958 

2-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ) 

1

1 2

2

( )
,

( )
ɪt t c

U
h ' hh' '' ɤ 




  
 1,933 

3-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ) 

1

,
ɨɪm

ɨɪ

U
R

А h






 1,07 

4-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨ Y ɢ R ɉɨ ɧɨɦɨɝɪɚɦɦɟ 26 [16] (x) 1,5 

ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ 
ɝɪɚɞɢɪɧɟ, ɤɝ/ɤɝ ,

U

x
   1,289 

ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɝɪɚɞɢɪɧɢ, ɧɟ 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɥɨɬɧɨɫɬɢ 
ɨɪɨɲɟɧɢɹ 

4
1 0,25 10 0,0002ɨɪ ɨɪɤ h l       0,000798 

ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɥɨɬɧɨɫɬɢ 
ɨɪɨɲɟɧɢɹ 

.2 0,1 ɥɨɝɪ ɫɭɯ ɨɪ ɜɨ ɨɪ ɞ ɭh l         35,077 

1-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ) 

2
1

2 2
13600 2Bɚ

g y

 


 
 3,81∙10-12 

2-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ) 

2 2

2
2 2 2
1 3600 2 1,2

ɨɪ
B

ɨɪ

f Ʌ
b

y f g

  
      

 2,59∙10-7 

3-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
(ɞɥɹ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ) 

11,2
ɨɪ

B

fɆɫ
y

 
   -4,73∙10-4 

ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɭɪɚɜɧɟɧɢɸ 

3 2 0
1,2

ɜ
B ɠ B ɠ ɜ ɠ

dɚ q b q c q        

4-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
3

1 3 227 6 1,2 2
ɜ ɜ ɜ ɜ

ɜ ɜ ɜ

b b c d
p

a a a


  

   
 1,66∙1013 

5-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 
2

2 2

3

9
ɜ ɜ ɜ

ɜ

a c b
p

a

  



 -22,5∙108 

ɍɝɨɥ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɨɪɨɲɟɧɢɹ, °   15 

6-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 2 3
1 2D p p   -1,1∙1028 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 30 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

7-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 2ɪr ɪ  47483,68 

Ʉɨɫɢɧɭɫ ɭɝɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɨɪɨɲɟɧɢɹ 

1
3cos ɪ

r
   0,969 

8-ɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ 2 cos(60 )
3

Z r


    53561,59 

ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɤɝ/(ɦ2∙ɱ) 
2
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ɱɢɫɥɨ ɫɟɤɰɢɣ ɝɪɚɞɢɪɧɢ ɧɚ 1 ɷɧɟɪɝɨɛɥɨɤ, ɲɬ 
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ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜɟɧɬɢɥɹɬɨɪɨɦ (ɩɨ ɨɛɴɟɦɭ), 
ɦ3/ɱ 
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q f
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  
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
 2,724∙106 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɩɨɞɚɱɢ,% 100 20%ɜɜ

ɜ

G

G

G ''
     4,42 

 
 Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɩɨɞɚɱɢ ɫɨɫɬɚɜɢɥɨ 4,42%, ɱɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɞɨɩɭɫɬɢɦɵɦ ɡɧɚɱɟɧɢɟɦ. ȼɵɛɪɚɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɨɤɨɧɱɚɬɟɥɶɧɵ.  Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ 
ɫɯɟɦɚ ɝɪɚɞɢɪɧɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 21. 
 

 

 
Ɋɢɫɭɧɨɤ 21 – ɋɟɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɣ ɝɪɚɞɢɪɧɢ ɧɚ ɞɜɚ ɷɧɟɪɝɨɛɥɨɤɚ 
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 8 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 
 8.1 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
 
 ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ. 
ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɷɫɤɢɡɧɨɣ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. 
 ɋɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, °С: 
 

 ,

2,3

ɜɫ ɜɫ
ɜɫ ɛ ɦ
ɫɪ ɜɫ

ɛ
ɜɫ
ɦ

t t
t

t
t

  
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 
   

 (8.1) 

 
ɝɞɟ . 1,676ɜɫ

ɦ ɨɬɛ ɜɫ ɜɫt t t'    ɦɟɧɶɲɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, °С; 
 . 126,03ɨɬɛ ɩt  ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ ɨɬɛɨɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ, °С; 
 26,397ɜɫ

ɛ ɜɫ ɧɫt t t    ɛɨɥɶɲɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, °С. 
 

 
26,397 1,676

8,977
26,397

2,3
1,676

ɜɫ
ɫɪt


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   
 

 °ɋ . 

 
 Ⱦɥɹ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɚɧɚɥɨɝɢɱɧɨ. ɉɪɢ ɷɬɨɦ: . 1,408ɧɫ

ɦ ɨɬɛ ɧɫ ɧɫt t t'     °С; 

26,397ɧɫ
ɛ ɧɫ ɨɫt t t    °С. Ɍɨɝɞɚ: 8,635ɧɫ

ɫɪt   °С. 

 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɡɨɧɵ ɬɟɩɥɨɨɛɦɟɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ2: 
 

 ,i i
ɷɫɤ i

ɫɩ ɫɪ

Q
F

K t



 (8.2) 

 
ɝɞɟ 2800ɫɩK  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɡɨɧɵ ɋɉ, ȼɬ/(ɦ2∙Ʉ). 
  

 
167,472

6662,741
2800 8,977

ɜɫ
ɷɫɤF  


 ɦ2; 

  

 
167,472

6926,628
2800 8,635

ɧɫ
ɷɫɤF  


 ɦ2. 

 
 ȼɵɛɢɪɚɟɦ: ɉɋȽ-7000-4,5-8-I x2 (ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɛɭɞɭɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶɫɹ ɩɨ 
ɩɪɨɟɤɬɭ «ɗɆȺɥɶɹɧɫ»).  
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 8.2 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
 ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɢɬɚɬɟɥɶɧɵɯ 
ɧɚɫɨɫɨɜ. ɇɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɩɢɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ ɜɵɛɢɪɚɸɬɫɹ ɩɨ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɜɨɞɵ ɧɚ ɤɨɬɟɥ ɫ ɡɚɩɚɫɨɦ ɧɟ ɦɟɧɟɟ 5% [14]. Ⱦɚɧɧɵɣ 
ɪɚɫɱɟɬ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 31. 
 
Ɍɚɛɥɢɰɚ 31 – ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢ
ɟ 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɉɗɇ ɇȾ, ɤɝ/ɫ  1,05ɧɞ
ɩɧ ɧɞ ɞG D D    12,586 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɉɗɇ ɋȾ/ȼȾ, ɤɝ/ɫ  1,05ɫɞ
ɩɧ ɜɞ ɫɞG D D    103,926 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɉɗɇ ȼȾ, ɤɝ/ɫ 1,05ɜɞ
ɩɧ ɜɞG D   91,341 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɗɇ ɇȾ, ɤȼɬ 

 

. .( )
,

ɜɵɯ
ɩɧ ɧɞ

ɧɞ
ɧɞ ɧɞɩɧ ɞ
ɩɧ ɩɧ

ɧ

P
N

P
G





   

 

ɝɞɟ    0,8ɧ  ɄɉȾ ɧɚɫɨɫɚ. 
         0,00105ɧɞ

ɩɧ  ɭɞɟɥɶɧɵɣ 
ɨɛɴɟɦ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ, ɦ3/ɤɝ; 

48,323 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɗɇ ɋȾ/ȼȾ, ɤȼɬ . .( )
,

ɜɵɯ
ɩɧ ɫɞ

ɫɞ
ɫɞ ɫɞɩɧ ɞ
ɩɧ ɩɧ

ɧ

P
N

P
G





   463,77 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɗɇ ȼȾ, ɤȼɬ 

. . . .( )
,

ɜɵɯɜɞ
ɜ

ɜɵɯ
ɩɧ ɜɞ ɩɧ ɫɞɞ ɜɞɩɧ

ɩɧ ɩɧ
ɧ

N
P P

G





   

 
Ƚɞɟ  0,00114ɜɞ

ɩɧ   ɭɞɟɥɶɧɵɣ 
ɨɛɴɟɦ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ, ɦ3/ɤɝ 

1444,009 

Ɇɟɠɞɭ ɨɛɴёɦɧɵɦ ɢ ɦɚɫɫɨɜɵɦ ɪɚɫɯɨɞɚɦɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ, ɦ3/ɱ 

3600ɧɞ ɧɞ ɧɞ
ɩɧ ɩɧ ɩɧQ G   , 

 

3600ɫɞ ɫɞ ɫɞ
ɩɧ ɩɧ ɩɧQ G   , 

 

3600ɜɞ ɜɞ ɜɞ
ɩɧ ɩɧ ɩɧQ G   . 

47,575 
 
392,84 

 
379,55 

 
 Ɍɚɤ ɤɚɤ ɞɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ ɦɟɧɶɲɟ 14 Ɇɉɚ, ɬɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɨɞɢɧ 
ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ (ɛɟɡ ɪɟɡɟɪɜɚ ɧɚ ɦɟɫɬɟ). ȼɵɛɢɪɚɟɦ ɧɚ ɤɚɠɞɵɣ ɛɥɨɤ: 
 ɉɗɇ ɇȾ - ɉɗ 50-70;  
 ɉɗɇ ȼȾ/ɋȾ - ɉɗ 400-185-1;  
 ɉɗɇ ȼȾ - ɉɗ 400-185-1.   
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8.3 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
 Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɜɯɨɞɹɬ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɫɬɚɜɥɹɟɦɨɟ ɤɨɦɩɥɟɤɬɧɨ ɫ 
ɬɭɪɛɢɧɨɣ, ɧɚɪɹɞɭ ɫ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɢ ɷɠɟɤɬɨɪɚɦɢ [14]. ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ 
ɪɟɡɟɪɜɨɦ.  Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɧɨɝɨ ɧɚɫɨɫɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ: 
 

 max( )
,ɤɧ ɞ ɤ

ɤɧ
ɧ

ɤ
P P

N D





   (8.3) 

 
ɝɞɟ 0,001043ɤɧ    ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ ɧɚɫɨɫɚ, ɦ3/ɤɝ; 
   

 
0,001025 (0,12 0,0039)

15,722
8

0 3,8

371,43

,6ɤɧN
 

    ɤȼɬ. 

  
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ ɛɭɞɟɬ: 
 

 4
371,43

,
0,00 0

8

3 6
1025 3600 38 ,72ɤɧQ      ɦ3/ɱ. 

 
 ȼɵɛɢɪɚɟɦ ɧɚ ɤɚɠɞɵɣ ɷɧɟɪɝɨɛɥɨɤ: Ʉɫȼ 500-150-1 x2 (ɨɞɢɧ ɜ ɪɟɡɟɪɜɟ ɢ ɨɞɢɧ 
ɜ ɪɚɛɨɬɟ). 
 

8.4 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 
 
 ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ Ɍɗɋ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɧɚ ɤɚɠɞɭɸ 
ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ [14]. ɉɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫɬɚɜɹɬ ɞɜɚ ɧɚɫɨɫɚ ɩɨ 50% 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɚɠɞɵɣ. ɇɚ ɫɤɥɚɞɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ 
ɧɚɫɨɫ.  
 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɫɟɬɟɜɵɦ ɧɚɫɨɫɨɦ, ɤȼɬ: 
 

 
( )

,ɫɧ ɫɜ ɜɫ
ɫɧ ɫɜ

ɧ

P P
N G





   (8.4) 

 
ɝɞɟ 0,001064ɫɧ    ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɦ3/ɤɝ; 
 2 0,778I II

ɫɜ ɧ ɜ ɫɩP P P P     – ɞɚɜɥɟɧɢɟ ɫɟɬɟɜɨɣ ɜɨɞɵ, Ɇɉɚ; 
 0,5I

ɧP  ɜɯɨɞɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚɫɨɫɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, Ɇɉɚ; 
 0,1II

ɜP  ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ ɧɚɫɨɫɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, Ɇɉɚ; 
 0,084ɫɩP   ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɉɋȽ, Ɇɉɚ. 
 

 
0,001064 (0,778 0,266)

1515,6 1018,483
0,8ɫɧN

 
    ɤȼɬ. 
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 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɟɬɟɜɨɣ ɧɚɫɨɫ ɛɭɞɟɬ: 
 
 0,001064 1515,6 3600 5805,354ɫɧQ      ɦ3/ɱ. 
 
 ȼɵɛɢɪɚɟɦ ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ: ɞɜɚ ɧɚɫɨɫɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɩɨ 50% 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ – ɋɗ3200-160 (ɧɚ ɫɤɥɚɞɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɡɟɪɜ).  
ɇɚɫɨɫɵ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɛɭɞɭɬ ɜɤɥɸɱɚɬɶɫɹ ɩɨ ɫɯɟɦɟ ɝɪɭɩɩɨɜɨɣ ɭɫɬɚɧɨɜɤɢ.  
ȼɵɛɢɪɚɟɦ: ɬɪɢ ɧɚɫɨɫɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: ɋɗ2000-100. 
 

8.5 ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ  
 
 Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɥɟɬɧɟɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɩɪɢ 
ɭɫɥɨɜɢɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɩɨɤɪɵɬɢɹ ɥɟɬɧɢɯ 
ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ. Ʉɚɠɞɵɣ ɧɚɫɨɫ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɫɜɨɸ ɫɢɫɬɟɦɭ, ɜɤɥɸɱɚɸɳɚɹ 
ɧɚɩɨɪɧɵɣ ɜɨɞɨɜɨɞ, ɩɨɥɨɜɢɧɭ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɫɥɢɜɧɨɣ ɜɨɞɨɜɨɞ. 
 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ, ɤȼɬ: 
 

 
( )

,ɰɧ ɧ ɜ
ɰɧ ɨɜ

ɧ

P P
N G





   (8.5) 

 
ɝɞɟ 0,00117ɫɧ    ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ ɧɚɫɨɫɚ, ɦ3/ɤɝ; 
 200ɧP  ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ, ɤɉɚ; 
 70ɜP  ɞɚɜɥɟɧɢɟ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɚ, ɤɉɚ; 
 

 
0,00117 (0,16 0,07)

11171,622 2931524,382
0,8ɰɧN
 

    ɤȼɬ. 

  
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɟɬɟɜɨɣ ɧɚɫɨɫ ɛɭɞɟɬ: 
 
 0,00117 11171,622 3600 47054,872ɰɧQ      ɦ3/ɱ. 
  
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɞɜɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɚ ɩɨ 50% ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
ȼɵɛɢɪɚɟɦ ɧɚ ɤɚɠɞɵɣ ɛɥɨɤ: Ɉɉ2-110ɗ x2 ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 23760ɤɧQ   
ɦ3/ɱ. 
 

8.6 ȼɵɛɨɪ ɞɟɚɷɪɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
  
 ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɨɬɭɪɛɢɧɧɨɝɨ ɰɢɤɥɚ ɹɜɥɹɸɬɫɹ 
ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ ܲ̌ = Ͳ,ͳʹ Ɇɉɚ; 0,00105ɞ   ɦ3/ɤɝ. Ɍɚɤɠɟ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ 
ɦɵ ɪɚɫɫɱɢɬɚɥɢ ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɞɟɚɷɪɚɬɨɪ  

/ 116,512ɫɞ ɜɞ ɧɞ
ɩɜ ɩɧ ɩɧG G G    ɤɝ/ɫ.  
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 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɞɟɚɷɪɚɬɨɪ ɛɭɞɟɬ: 
 
 0,00105 116,512 3600 1660,995ɞQ      ɦ3/ɱ. 
  
 ȼɵɛɢɪɚɟɦ ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ ɩɪɨɢɡɜɨɞɢɬɟɥɹ «ɗɤɨɬɟɯ»: Ⱦȼ-2400 ɫ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ  1800ɡɚɜɨɞ

ɞQ   ɦ3/ɱ; ɞɢɚɦɟɬɪ ɤɨɥɨɧɤɢ – 2432 ɦɦ; ɜɵɫɨɬɚ 
ɤɨɥɨɧɤɢ – 4900 ɦɦ. 
 Ȼɚɤ ɚɤɤɭɦɭɥɹɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɛɨɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɫɨɡɞɚɧɢɹ ɟɟ 
ɚɜɚɪɢɣɧɨɝɨ ɡɚɩɚɫɚ ɧɟ ɦɟɧɟɟ, ɱɟɦ ɧɚ 5   ɦɢɧɭɬ ɪɚɛɨɬɵ ɤɨɬɥɚ ɜ ɚɜɚɪɢɣɧɵɯ 
ɫɢɬɭɚɰɢɹɯ [13]. Ɉɛɴɟɦ ɛɚɤɚ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ3: 
  

 ,
0,85

ɩɜ ɞ
ɛ

G
V

  
  (8.6) 

 

 
116,512 0,00105 5 60

43,2
0,85ɛV
  

   ɦ3. 

  
 ȼɵɛɢɪɚɟɦ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ ȻȾȺ-50 ɫ ɨɛɳɟɣ ɜɦɟɫɬɢɦɨɫɬɶɸ 53,5 ɦ3 ɢ 
ɪɚɛɨɱɢɦ ɞɚɜɥɟɧɢɟɦ 0,12 Ɇɉɚ. Ⱦɢɚɦɟɬɪ ɛɚɤɚ – 3020 ɦɦ; ɞɥɢɧɚ ɛɚɤɚ – 9095 ɦɦ. 
ɉɚɬɪɭɛɤɢ ɨɬɜɨɞɚ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɩɨɞɜɨɞɚ ɩɚɪɚ – 250 ɦɦ, ɞɪɟɧɚɠ – 80 ɦɦ. 
 

8.7 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɨɪɚ  
  
 Ʉɨɧɞɟɧɫɚɬɨɪ ɜɵɛɢɪɚɸɬ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɩɨ ɤɨɬɨɪɵɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɚɜɥɟɧɢɟ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ, ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ.  
 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ (ɫɪɟɞɧɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɩɨɪɚ) ɜ ɢɧɠɟɧɟɪɧɨɦ ɪɚɫɱɟɬɟ ɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɨɣ, °С: 
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 (8.7) 

 
ɝɞɟ 1 2 8ɨɜt t t     - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ, °С; 

 5,5ɤɨɧɞt   - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɩɚɪɚ ɢ ɜɨɞɵ, °С; 
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 ɉɨɜɟɪɯɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ2: 
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 (8.8) 

 
ɝɞɟ 4ɤk   ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ [13], ɤȼɬ/(ɦ2∙ °С) 
 

 
 103,177 2341,6

8
119,577

641
8,93

18

4
ɨɯɥ

ɤɨɧɞF 



  ɦ2. 

 
 ȼɵɛɢɪɚɟɦ ɤɨɧɞɟɧɫɚɬɨɪ 200-Ʉɐɋ-3 ɫ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɨɞɧɨɝɨ ɤɨɪɩɭɫɚ – 4500 ɦ2. Ʉɨɥɢɱɟɫɬɜɨ ɤɨɪɩɭɫɨɜ – 2. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɯɥɚɠɞɟɧɢɹ – 9000 ɦ2. ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ – 111 ɤɝ/ɫ; 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɨɞɢɧ ɤɨɪɩɭɫ 25000 ɦ3/ɱ. ɉɨ ɜɫɟɦ 
ɩɚɪɚɦɟɬɪɚɦ ɞɚɧɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɩɨɞɯɨɞɢɬ ɤ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɟ STF30C. 
 

8.8 ȼɵɛɨɪ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ  
 
 ȼɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɧɟɨɛɯɨɞɢɦɨɣ ɜɟɥɢɱɢɧɟ ɩɢɤɨɜɨɣ 
ɧɚɝɪɭɡɤɢ Ɍɗɐ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ. ɂɡ ɪɚɫɱɟɬɚ ɫɟɬɟɜɨɣ 
ɭɫɬɚɧɨɜɤɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ 
ɤɨɬɥɚ ɨɞɧɨɝɨ ɛɥɨɤɚ ɪɚɜɧɚ - 39,307ɩɜɤQ   Ɇȼɬ.  
 ȼɵɛɢɪɚɟɦ: ɉɌȼɆ–50 x2.  
 Ʉɨɬёɥ ɉɌȼɆ-50 ɨɛɨɪɭɞɨɜɚɧ 12 ɝɚɡɨɦɚɡɭɬɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɆȽɆȽ-6.  
 

9 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

9.1 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɚ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
 
 ɉɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɧɚ ɨɫɧɨɜɟ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ GT26B ɩɪɨɢɡɜɨɞɫɬɜɚ 
Alstom ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɉȽɍ-420x2 Alstom.  
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ3/ɤɝ: 
 
 

2 2 2

0 2 0 2 0 2 0 2,ɤɫ ɤɫ ɤɫ ɤɫ
N CO Ar H OɝV V V V V    (9.1) 

 
 11,405 1,538 3,218 0,137 16,298ɝV     ɦ3/ɦ3. 
 
 Ɇɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɞɢɨɤɫɢɞɵ 
ɚɡɨɬɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɪɚɜɟɧ, ɝ/ɫ: 
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ɝɞɟ 2 0,15NO
vC    ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɤɢɫɥɨɪɨɞɚ ɜ ɜɵɯɥɨɩɧɵɯ ɝɚɡɚɯ – 15%, ɤɝ/ɦ3; 
 0,85ɝp  ɩɥɨɬɧɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɝ/ɦ3; 
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  ɤɝ/ɫ 90,663 ɝ/ɫ. 

  
 ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ NOɯ ɜ ɩɟɪɟɪɚɫɱɟɬɟ ɧɚ ɩɨɥɧɨɟ 
ɨɤɢɫɥɟɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɞɢɨɤɫɢɞ ɚɡɨɬɚ NO2, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ 
ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɤɨɬɥɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ, ɝ/ɫ: 
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 113,3290
90,6

,8
63

ɯNOM    ɝ/ɫ. 

 
 ȼɵɯɨɞ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɝɚɡɚ, ɤɝ/ɬ: 
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  , (9.4) 

 
ɝɞɟ 0,5R ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɯɢɦɢɱɟɫɤɨɣ 
ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɫɨɞɟɪɠɢɦɵɦ ɋɈ ɜ ɩɪɨɞɭɤɬɚɯ 
ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ [17]; 
 43,33ɧ

ɪQ   ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ-Ɍɪɨɢɰɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɫɦ. ɬɚɛɥɢɰɭ 19), ɆȾɠ/ɦ3. 
 12,650COQ  ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɝɚɪɧɨɝɨ ɝɚɡɚ, ɆȾɠ/ɦ3. 

 1,25CO  ɭɞɟɥɶɧɵɣ ɜɟɫ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ [17], ɤɝ/ɦ3. 
 3 0,5q  ɩɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ (ɯɢɦɢɱɟɫɤɨɝɨ 
ɧɟɞɨɠɨɝɚ). 
 

 
0,5 0,5 43,33 1000

10,693
1013ɋOȽ   

   ɝ/ɤɝ (ɝ/ɧɦ3) 

 
 Ɉɰɟɧɤɚ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɨɝɨ ɜɵɛɪɨɫɚ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɝ/ɫ (ɬ/ɝɨɞ), 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 
  
 310ɪɚɡ

ɤCO O ɫɋM Ƚ B    (9.5) 
 
 10,693 31,523 337,07COM     ɝ/ɫ.  
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 ɉɨ ɞɚɧɧɵɦ ɩɪɨɝɪɚɦɦɵ ISC Manager Ƚɂɋ «Ʉɚɪɬɚ 2008» ɩɪɢ 
ɩɟɪɟɜɨɨɪɭɠɟɧɢɢ ɝɚɡɨɦɚɡɭɬɧɨɣ Ɍɗɐ ɡɚ ɫɱɟɬ ɉȽɍ-Ɍɗɐ ɫɧɢɠɚɟɬɫɹ ɨɛɳɚɹ 
ɫɦɟɪɬɧɨɫɬɶ ɢɡ-ɡɚ ɪɚɫɫɟɢɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ 43,8% – ɫ 2,7 ɱɟɥ/ɝɨɞ ɞɨ 1,55 
ɱɟɥ/ɝɨɞ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɨɤɪɚɳɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɧɚ 40 %.   
 ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɚɧɚɥɨɝɢɱɧɵɯ ɉȽɍ-
420, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɟɪɟɜɨɨɪɭɠɟɧɢɹ Ɍɗɋ ɫ ɩɨɥɭɱɟɧɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ, 
ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɨɜ.  
 
 9.2 Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
 ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɬɪɭɛ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ 
ɜɵɛɪɨɫɚɦɢ ɢɡ ɞɵɦɨɜɵɯ ɬɪɭɛ ɧɟ ɩɪɟɜɵɲɚɥɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 
 Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɵɯ ɬɪɭɛ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɦ: 
 

 ,xNO ɤɨɬɥɨɜ
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 
 

 
 (9.6) 

 
 120A ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɤɨɧɜɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ) ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; 
 30,04 10ɩɞC   ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, 
ɝ/ɦ3; 
 26 ɋ 64,13ɭɯT      ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, °С; 
 0,8m ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɟɣ 
ɜɵɯɨɞɚ ɝɚɡɨɜ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ (ɩɪɢ ɫɤɨɪɨɫɬɢ 35 ɦ/ɫ) [17]; 
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0,04 10 16,298 64,13
H 
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  

 
 ɦ. 

 
 ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɭɸ ɜɵɫɨɬɭ ɬɪɭɛɵ – 80ɞɬH   ɦ. 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɞɜɟ ɬɪɭɛɵ (ɩɨ ɨɞɧɨɣ ɧɚ ɷɧɟɪɝɨɛɥɨɤ) Ʉɪɚɫɧɨɞɚɪɫɤɨɝɨ 
ɤɨɬɟɥɶɧɨɝɨ ɡɚɜɨɞɚ – ɌɊ-80x4000. Ⱦɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 4ɭɫɬɶяd   ɦ. 
Ɍɪɭɛɚ ɫ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɝɚɡɨɯɨɞɚɦɢ. Ɍɪɭɛɵ ɨɛɨɪɭɞɨɜɚɧɵ ɦɨɥɧɢɟɡɚɳɢɬɨɣ, 
ɥɟɫɬɧɢɰɟɣ ɫ ɫɢɫɬɟɦɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɜɟɬɨɜɵɦ ɨɝɪɚɠɞɟɧɢɟɦ. Ⱦɵɦɨɜɵɟ ɬɪɭɛɵ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ.  

Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ, ɦ/ɫ, ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ:  
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ɛщ
ɝ

ɭɫɬɶя ɫɬɶ

ɤɫV
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l d

B



 (9.7) 

 

 0

31,523
32,11

,

4

1 298

4

6
w


 


 ɦ/ɫ. 

 
 ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ: 
  

  01,9 ,ɭɫɬɶяd w
H

V 


  


 (9.8) 

 
ɝɞɟ ܸ = ͷ − ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɦ/c; 
 1,42  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ (ɩɪɢ ɜɵɫɨɬɟ ɬɪɭɛɵ 80 ɦɟɬɪɨɜ). 
 

 
4 32,11

1,9 34,4
5 1,42

H


   


 ɦ. 

 
 ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɬɪɭɛɵ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ: 
  
  ,ɞɬH H H    (9.9) 
 
 80 34,4 114,4H     ɦ. 
  
 9.3 Ɋɚɫɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɝɚɡɚɯ ɡɚ Ʉɍ 
 

Ɇɚɫɫɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ, ɦɝ/ɦ3: 
 

  ,ɨɛ
ɤ

i
щ

ɝ ɫ
i

M
C

BV



 (9.10) 

 
 Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɨɤɫɢɞɨɜ ɚɡɨɬɚ:  
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 Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɨɜ ɚɡɨɬɚ:  
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 
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 ɦɝ/ɦ3. 

 
 Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ:  
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7,0
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7 1000
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Ɍɨɤɫɢɱɧɨɫɬɶ ɜɵɛɪɨɫɨɜ ɡɚ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ ɢ ɜ ɭɫɬɶɟ ɬɪɭɛɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ: 
 

  2

2

,NO NO CO

NO NO CO

C C C
T

ПȾɄ ПȾɄ ПȾɄ
    (9.11) 

 
ɝɞɟ 

2
0,085NOПȾɄ  ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɪɚɡɨɜɚɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ, ɦɝ/ɦ3; 
 5COПȾɄ  ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɚɹ, ɦɝ/ɦ3; 
 0,4NOПȾɄ  ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɚɹ, ɦɝ/ɦ3; 
  

 
176,469 44,118 609,367

2308,274
0,085 0,4 5

T     . 

 
 ɇɚɩɪɢɦɟɪ, ɷɧɟɪɝɨɛɥɨɤ ɫ 2-ɦɹ ɤɨɬɥɚɦɢ ȻɄɁ-500-140, ɪɚɛɨɬɚɸɳɢɣ ɧɚ 
Ⱥɧɚɞɵɪɫɤɨɦ ɛɭɪɨɦ ɭɝɥɟ ɦɚɪɤɢ Ȼ-3, ɢɦɟɟɬ ɪɚɫɱɟɬɧɭɸ ɬɨɤɫɢɱɧɨɫɬɶ – 51264, 366 
(ɛɟɡ ɭɱɟɬɚ ɭɫɬɚɧɨɜɤɢ ɡɨɥɨɭɥɨɜɢɬɟɥɹ). Ɍɨɤɫɢɱɧɨɫɬɶ ɭɝɨɥɶɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɫ 
ɤɨɬɥɚɦɢ ȻɄɁ-500-140 ɧɚ 2120% ɜɵɲɟ, ɱɟɦ ɪɚɫɱɟɬɧɚɹ ɬɨɤɫɢɱɧɨɫɬɶ ɛɥɨɤɚ ɫ 
ɝɚɡɨɜɵɦɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚɦɢ. 
  
 9.4 Ɋɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 
 
 Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ: 
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 (9.12) 
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 Ɍɨɝɞɚ ɜɬɨɪɨɣ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɭɞɟɬ: 
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1

0,67 0,1 0,34
m

f f


   
, (9.13) 

  

 
1

1,188
0,67 0,1 0,153 0,34 0,153

m 
   

 

  
 Ɍɪɟɬɢɣ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨ ɮɨɪɦɭɥɟ: 
 

 30,65
щ

ɦ

ɨɛ
ɝ ɤɫB

u
V T

H

 
 


, (9.14) 

  

 3
16,298 31,523

0,65 4,29
64,13

114,4ɦu   
 

  

 
ȼɟɥɢɱɢɧɚ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 

ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɞɨɥɠɧɚ ɛɵɬɶ, ɦ/ɫ: 
 

  1 0,12M ɦU u f    , (9.15) 

 

  4,29 1 0,12 0,153 4,5MU       ɦ/ɫ. 

  
Ȼɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɤɨɪɨɫɬɟɣ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 2
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2 2

M

M M
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U
r

U U

U U

 
  
 

   
    

   

, (9.16) 

 
ɝɞɟ ܷ = ͵,͸ͳ − ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɝɨɪɨɞɟ ɋɥɚɜɹɧɫɤ-ɧɚ-Ʉɭɛɚɧɢ (ɩɨ 
ɋɇɢɉ 23-01-99), ɦ/c. 
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   
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 ȼɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɢ 
ɜɵɛɪɨɫɟ ɧɚɝɪɟɬɨɣ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɨɞɢɧɨɱɧɨɝɨ (ɬɨɱɟɱɧɨɝɨ) ɢɫɬɨɱɧɢɤɚ ɫ 
ɤɪɭɝɥɵɦ ɭɫɬɶɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦɝ/ɦ3: 
 

 
2 3
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 
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  
, (9.17) 

  
ɝɞɟ 450,399

ɯNO COM M M   ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɜɵɛɪɚɫɵɜɚɟɦɨɝɨ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ ɨɞɧɨɣ ɬɭɪɛɢɧɵ, ɝ/ɫ. 
 

 
2 3

450,399

114 ,

120 0,8 2
0,013

,,4 31,6 529 31 2 8 64 13
MC


  
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

ɦɝ/ɦ3. 

  
Ɇɚɤɫɢɦɚɥɶɧɚɹ ȼɟɥɢɱɢɧɚ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ 

ɦɝ/ɦ3, ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɦ/ɫ, 
ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ «ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ» ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 Mu MC r C  , (9.18) 
 
 0,968 0,013 0,0126MuC     ɦɝ/ɦ3. 
  

Ɉɩɪɟɞɟɥɢɦ ɮɚɤɬɢɱɟɫɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɭ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɟɦɥɢ ɫ ɭɱɟɬɨɦ ɮɨɧɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɩɨ ɮɨɪɦɭɥɟ: 
 

   ɮɚɤɬ Mu ɮC C C  , (9.19) 

  
ɝɞɟ ܥ˗ = Ͳ,Ͳͳ – ɮɨɧɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɪɢɡɟɦɧɨɦ 
ɜɨɡɞɭɯɟ [18], ɦɝ/ɦ3. 
   
 0,0126 0,01 0,0 6 2 0ɮɚɤɬC    ɦɝ/ɦ3. 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌɨɦ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɢ ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɉȾɄ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɭ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɞɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɜ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɞɪɭɝɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɧɟ ɫɨɡɞɚɞɭɬ ɩɪɢɡɟɦɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ, 
ɩɪɟɜɵɲɚɸɳɭɸ ɉȾɄ. 

 
ˏܥ    + ˗ܥ  ൑ ʞДʙ 
 
ˏܥ   + ˗ܥ  ൑ Ͳ,ͲͶ 
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Ɍɨɝɞɚ: Ͳ,Ͳͳʹ͸ + Ͳ,ͲͲʹ͸ = Ͳ,Ͳͳͷʹ < Ͳ,ͲͶ   
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɉȽɍ-420 ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 

ɞɪɭɝɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ (ɜɬɨɪɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ) ɫɨɡɞɚɸɬ ɩɪɢɡɟɦɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ, 
ɧɟ ɩɪɟɜɵɲɚɸɳɭɸ ɉȾɄ. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 
 9.5 ɉɨɞɴɟɦ ɞɵɦɨɜɨɝɨ ɮɚɤɟɥɚ ɧɚɞ ɭɫɬɶɟɦ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
 Ⱦɚɧɧɵɣ ɪɚɡɞɟɥ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɫɬɪɨɟɧɢɟ ɫɯɟɦɚ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɧɚɞ 
ɭɫɬɶɟɦ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɩɨ ɪɚɫɱɟɬɧɵɦ ɞɚɧɧɵɦ. ɋɜɟɞɟɦ ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɜ ɬɚɛɥɢɰɭ 32. 
 
Ɍɚɛɥɢɰɚ 32 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɏɨɪɦɭɥɚ Ɂɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɥɢɹɧɢɟ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ [17] 

0,42ɝK   ɢ 0,3ɬK   

ɉɨɞɴɟɦ ɡɚ ɫɱɟɬ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɜɵɬɟɤɚɸɳɟɣ ɜɜɟɪɯ ɫɬɪɭɢ 
(ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɞɴɟɦ), ɦ 

0 ɭɫɬɶя
ɝ ɝ

Ɇ

w d
h K

U


   15,76 

ɉɨɞɴɟɦ ɡɚ ɫɱɟɬ ɪɚɡɧɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɵɦɨɜɨɝɨ ɨɛɥɚɤɚ 
(ɬɟɩɥɨɜɨɣ ɩɨɞɴɟɦ), ɦ 

ɬ ɝHh h     18,64 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɪɭɢ ; ;ɚ b m  0,15; 0,96; 0,2. 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɭɝɥɚ ɧɚɤɥɨɧɚ ɞɵɦɨɜɨɝɨ ɨɛɥɚɤɚ 
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   



 8,533 

Ɍɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɨɫɢ ɨɛɥɚɤɚ ɤ ɝɨɪɢɡɨɧɬɭ   2
10,5

ɝh
tg

ɤ
 




 0,433 

Ɋɚɫɱɟɬɧɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ, °   21 

ɍɪɚɜɧɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɬɪɭɢ: 
1ɝZ ɤ x   

ɝɞɟ      ɯ – ɤɨɨɪɞɢɧɚɬɚ (ɡɚɞɚɟɬɫɹ) 

 
ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɨɫɬɪɨɢɦ ɫɯɟɦɭ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɧɚɞ ɭɫɬɶɟɦ 

ɞɵɦɨɜɨɣ ɬɪɭɛɵ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22.  
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Ɋɢɫɭɧɨɤ 22 – ɋɯɟɦɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɵɦɨɜɨɝɨ ɨɛɥɚɤɚ (ɜɟɟɪɨɨɛɪɚɡɧɚɹ ɫɬɪɭɹ) 

 
 9.6 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɧɢɡɤɨɷɦɢɫɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɝɨɪɟɧɢɹ Alstom 

 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟ 

ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ NOx ɜ ɚɬɦɨɫɮɟɪɭ, ɨɬɧɟɫɟɧɧɵɟ ɧɚ 1 ɤȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. Ɍɭɪɛɢɧɚ GT26B Alstom ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɭɧɢɤɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɫɧɢɠɟɧɢɸ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ, ɨɬɧɟɫɟɧɧɵɯ ɧɚ ɤɢɥɨɜɚɬɬ ɦɨɳɧɨɫɬɢ. Ʉ ɷɬɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

1) ɋɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ ɜ ɞɜɭɯ ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɬɨɩɥɢɜɚ – ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨ 40%. 

2) ɍɫɬɚɧɨɜɤɚ ɦɚɥɨɬɨɤɫɢɱɧɵɯ ɝɨɪɟɥɨɤ (ɫ ɩɨɧɢɠɟɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ NOx) 
ɫɨɛɫɬɜɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ Alstom – ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨ 30÷40%. 

3) Ɇɢɤɪɨɮɚɤɟɥɶɧɵɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. Ɇɢɤɪɨɮɚɤɟɥɶɧɨɟ ɫɠɢɝɚɧɢɟ 
ɨɪɝɚɧɢɡɭɸɬ ɡɚ ɫɱɟɬ ɪɚɡɦɟɳɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɧɚ ɭɫɬɶɟ ɤɪɭɝɥɨɣ 
ɝɨɪɟɥɤɢ. ɋɦɟɫɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɨɣɞɹ ɪɟɲɟɬɤɭ, ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɦɟɥɤɢɟ 
ɫɬɪɭɢ. Ⱦɚɧɧɨɟ ɪɚɡɛɢɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɧɚ 10÷20%. 

4)  ȼ GT26B ɫɚɦɵɦ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɹɜɥɹɟɬɫɹ ɜɩɪɵɫɤ ɜɨɞɵ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ. 
 ɉɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ȽɌɍ ɧɚ ɫɧɢɠɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɦ ɭɱɢɬɵɜɚɬɶ ɪɚɫɱɟɬɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɡɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ 
(ɪɚɫɫɱɢɬɚɧɧɵɟ ɨɛɴɟɦɵ ɝɚɡɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ Ʉɋ-1 ɢ Ʉɋ-2 
ɫɦ. ɬɚɛɥɢɰɚ 21).  
 Ɉɛɴɟɦ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɧɦ3/ɤɝ ɬɨɩɥɢɜɚ (ɧɦ3/ɧɦ3 
ɬɨɩɥɢɜɚ), ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
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2

0 2 0 21 ( ) ( )ɤɫ ɝɬɜɞ ɤɫ
ɫɝ O ɝɝ H ɧV V VV    , (9.20) 

 
 73,21 ( 15,488 5,0331 7)8 (5 1)6,29ɫɝV      ɦ3/ɤɝ. 
 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɮɚɤɟɥɶɧɵɯ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ 
ɜɜɨɞɨɦ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ ɫ ɩɨɞɚɱɟɣ ɜɫɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɮɪɨɧɬɨɜɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (ɦɝ/ɦ3) ɩɪɢɛɥɢɠɟɧɧɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 
 

2

3 10p
ɜɥ
NO ma K Kɋ    , (9.21) 

 
ɝɞɟ  1,8a ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɢɞɚ ɬɨɩɥɢɜɚ (ɞɥɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ) 
[18]; 
 3( ) 6m ɝɬɭK f t    ɤɨɷɮɮɢɰɢɟɧɬ, ɨɬɪɚɠɚɸɳɢɣ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ 
ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ NOx [18] 
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 
ɤɨɷɮɮɢɰɢɟɧɬ, ɨɬɪɚɠɚɸɳɢɣ ɡɚɜɢɫɢɦɨɫɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɨɬ ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ: 
 2 3,24ɝɬɭP    ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ (ɫɦ. ɬɚɛɥɢɰɚ 21), Ɇɉɚ. 

   
 Ɍɨɝɞɚ: 
  
 

2

31,8 6 2,766 10 29,872 ɜɥ
NOɋ       ɦɝ/ɦ3. 

 
 ɉɪɨɢɡɜɟɞɟɦ ɩɟɪɟɜɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɜɭɨɤɢɫɢ ɚɡɨɬɚ ɜɨ ɜɥɚɠɧɨɦ ɝɚɡɟ ɤ 
ɫɨɞɟɪɠɚɧɢɸ ɜ ɫɭɯɨɦ ɝɚɡɟ, ɦɝ/ɦ3: 
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, (9.22) 

 
ɝɞɟ  

2

5 12,252H OX  ɪɚɫɱɟɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ܪଶܱ ɡɚ Ʉɋ-2 (ɫɦ. ɬɚɛɥɢɰɚ 21), % 
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 ɦɝ/ɦ3. 

 
 ɋɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɩɨɞɚɱɟ ɜɥɚɝɢ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ 

ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɮɨɪɦɭɥɟ, ɦɝ/ɦ3: 
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 , (9.23) 

 
ɝɞɟ 1,5ɜɥɄ  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɚɫɯɨɞɚ ɜɥɚɝɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɣ ɜɥɚɝɢ ɤ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ 
(ɭɩɪɨɳɟɧɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɤ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ଵଷ, ɬɨ ɟɫɬɶ 
ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɝɨɪɟɥɤɢ ɛɭɞɟɬ 10 ɤɝ/ɫ) [18]. 
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 ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ NOx ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2, 
ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, 
ɝ/ɫ: 
 

 
2 2

ɨɛщ
ɤ

ɦɨɞ
NO NO C ɩɫM C V kB    , (9.24) 

 
ɝɞɟ 30,278 10ɩk   ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɵɛɪɨɫɨɜ ɜ ɝ/ɫ 
[18]. 
 
 

2

3 33122,696 75,033 0,278 15 1 2, 3 02 4,9ɦɨɞ
NOM       ɝ/ɫ. 

  
 ɉɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ ɜɫɟɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɝɚɡɨɜɨɣ 
ɬɪɭɛɵ GT26B ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ 
ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ: 
  

 2 100ɯ

ɯ

ɦɨɞ
NO NO

M
NO

M M

M



  , (9.25) 

  

 
113,329 14,923

100 87
113,329M


   %. 

 
 Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɜɫɟ ɬɟɯɧɨɥɨɝɢɢ ɫɧɢɠɟɧɢɹ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ GT26b, ɫɧɢɠɚɸɬ 
ɜɟɥɢɱɢɧɭ ɦɚɫɫɨɜɨɝɨ ɜɵɛɪɨɫɚ NOx ɧɚ 87%. Ⱦɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɞɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
GT26b ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  
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 9.7 ɉɨɫɬɪɨɟɧɢɟ ɤɪɢɜɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 
 
 Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ: 
  

 
5

4M

d H
X

 
 , (9.26) 

 

ɝɞɟ  37 1 0,28 17,073Ɇd U f    ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

  

 35 17,073 114,4
1,707 10

4MX
 

    ɦ. 

 Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɫɧɨɜɧɵɯ ɫɯɟɦ ɪɚɫɫɟɹɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɢɡɟɦɧɨɦ 
ɫɥɨɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ:  
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ɝɞɟ xɨɬɧɨɲɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɤ ɪɚɫɫɬɨɹɧɢɸ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ;  
  1( )S X ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɬɧɨɲɟɧɢɹ ɏ/ɏɦ [17]; 
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 )( / MC ɏ ɏ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɩɪɢ 
ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ (ɩɨ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ X ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ), ɦɝ/ɦ3; 
 2( )S Y ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɨɬɧɨɲɟɧɢɹ Y/ɏ [17];  
 ( )C Y   ɡɧɚɱɟɧɢɟ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ Y ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɤ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ, ɦɝ/ɦ3; 
 MU ɜɟɥɢɱɢɧɚ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ (ɫɦ. ɮɨɪɦɭɥɚ 9.15), ɦ/ɫ. 
 
 Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ 33.  
 
Ɍɚɛɥɢɰɚ 33 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ 

Ɂɚɞɚɧɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ X, ɦ 

ɉɚɪɚɦɟɬɪ Ɂɚɞɚɧɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ Y, ɦ 

ɉɚɪɚɦɟɬɪ 

/ɏ ɏɦ  1( )S X  )( / MC ɏ ɏ  2( )S Y  ( )C Y  

103 0,586 0,804 4,943∙10-5 102 0,896 0,017 
2∙103 1,171 0,959 1,821∙10-4 2∙102 0,644 0,012 
4∙103 1,757 0,806 3,763∙10-4 4∙102 0,36 6,847e-3 
5∙103 2,343 0,659 6,123∙10-4 5∙102 0,161 3,066e-3 
6∙103 2,929 0,534 8,729∙10-4 6∙102 0,066 1,254e-3 
7∙103 3,514 0,434 1,143∙10-3 7∙102 0,028 5,246e-4 
8∙103 4,1 0,355 1,409∙10-3 8∙102 0,012 2,346e-4 
9∙103 4,686 0,293 1,661∙10-3 9∙102 0,006 1,13e-4 
10∙103 5,271 0,245 1,89∙10-3 10∙102 0,003 5,827e-5 
11∙103 6,733 0,207 2,09∙10-3 11∙102 0,002 3,191e-5 
12∙103 7,267 0,174 2,257∙10-3 - - - 
13∙103 7,654 0,136 2,388∙10-3 - - - 
14∙103 8,125 0,112 2,484∙10-3 - - - 
15∙103 8,664 0,102 2,548∙10-3 - - - 

 
 ɉɨɫɬɪɨɢɦ ɫɯɟɦɭ ɪɚɫɫɟɹɧɢɹ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ 
ɚɬɦɨɫɮɟɪɵ (ɪɢɫɭɧɨɤ 23).  
  

( ),C X мг/м3

M

X
X

33 10

32 10

31 10

1 2 43  
Ɋɢɫɭɧɨɤ 23 - ɋɯɟɦɚ ɪɚɫɫɟɹɧɢɹ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫɮɟɪɵ 
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 ɋɯɟɦɚ ɪɚɫɫɟɹɧɢɹ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ (ȼȼ) ɜ ɚɬɦɨɫɮɟɪɟ ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ 
ɤ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ (ɫɟɱɟɧɢɟ ɜ ɬɨɱɤɟ ɏ=ɏɦ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 24. 
 

( ),C Y мг/м3

,Y

0,015

0,02

0,01

0,001

0
200 400 600 800 1000

м

Ɋɢɫɭɧɨɤ 24 - ɋɯɟɦɚ ɪɚɫɫɟɹɧɢɹ ȼȼ ɜ ɚɬɦɨɫɮɟɪɟ ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɤ ɨɫɢ ɮɚɤɟɥɚ 
ɜɵɛɪɨɫɚ (ɏ=ɏɦ) 

 
10 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɉȽɍ 

  
 ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɬɭɪɛɢɧ ȽɌɍ ɢ ɉɌɍ ɢɡɥɨɠɟɧɨ ɜ 
ɪɚɡɞɟɥɟ 5.4 ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 
ɫɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɰɟɯɚ. 
 

10.1 ȼɵɛɨɪ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
 Ɉɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɫɬɚɧɰɢɹ ɦɨɠɟɬ ɜɵɞɚɬɶ 
ɩɨɬɪɟɛɢɬɟɥɸ. Ɋɚɡɪɟɲɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ɇȼɬ: 
 
  1 ,ɪɚɡɪ ɭɫɬ ɫɧN N a  (10.1) 

 
ɝɞɟ 848ɭɫɬN  ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɉȽɍ, Ɇȼɬ; 
 7ɫɧa  ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, %. 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜɵɛɢɪɚɟɦ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɦɚɤɫɢɦɭɦɚ ɜɵɞɚɱɢ 
ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɦ ɩɨ ɮɨɪɦɭɥɟ, ɆȼȺ: 

 
   1ɪɚɫɱ ɬ ɬɝ ɫɧS S a , (10.2) 

 
 Ⱦɥɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ȽɌɍ 50WV237-109: 
 

  1

7
315 1 292,95

100ɪɚɫɱ ɬS  ɆȼȺ, 
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 Ⱦɥɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɉɌɍ 50WV217-95: 
 

  2

7
225 1 209,25

100ɪɚɫɱ ɬS  ɆȼȺ. 

  
 ɉɪɢ ɜɵɛɨɪɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɟɟ 
ɭɫɥɨɜɢɟ: 
 
 ܵ˕˓ ൒ ܵ˓˃˔˚ ˕ଶ 
 
ɝɞɟ ܵ˕˓ − ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɆȼȺ. 
  
 Ɉɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɞɥɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɤɥɚɫɫ 
ɧɚɩɪɹɠɟɧɢɹ (ɞɢɚɩɚɡɨɧ ɧɚɩɪɹɠɟɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɞɚɧɧɨɝɨ 
ɤɥɚɫɫɚ ɦɨɠɟɬ ɧɨɪɦɚɥɶɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ). Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɜɩɚɞɚɟɬ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɜ 
ɤɨɬɨɪɭɸ ɨɛɦɨɬɤɚ ɜɤɥɸɱɚɟɬɫɹ. Ʉɥɚɫɫɨɦ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɱɢɬɚɸɬ 
ɤɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ ȼɇ. ɉɨ ɪɢɫɭɧɤɭ 1 (ɪɚɡɞɟɥ 1) ɜɢɞɧɨ, ɱɬɨ ɪɹɞɨɦ ɫɨ 
ɫɬɚɧɰɢɟɣ ɩɪɨɯɨɞɢɬ ɥɢɧɢɹ Ʌɗɉ 500 ɤȼ. ȼɵɛɢɪɚɟɦ ɤɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 500 ɤȼ. 
 ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ: 

1) Ⱦɥɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ (50WV237-109) ɜɵɛɢɪɚɟɦ 
ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-400000/500-ɍ1 ɩɪɨɢɡɜɨɞɢɬɟɥɹ «ȺɈ 
ɗɥɟɤɬɪɨɡɚɜɨɞ»; 

2)  ɞɥɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ (50WV217-95) ɜɵɛɢɪɚɟɦ 
ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-250000/500-ɍ1. 

Ɋɚɫɲɢɮɪɨɜɤɭ ɦɚɪɤɢɪɨɜɤɢ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 34. 
 

Ɍɚɛɥɢɰɚ 34 – Ɋɚɫɲɢɮɪɨɜɤɚ ɦɚɪɤɢɪɨɜɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɍ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɪɟɯɮɚɡɧɵɣ 

Ⱦ 
ɦɚɫɥɹɧɵɣ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɦɚɫɥɚ ɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ 

ɰɢɪɤɭɥɹɰɢɟɣ ɜɨɡɞɭɯɚ 

 
ɐ 

ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ ɰɢɪɤɭɥɹɰɢɹ ɜɨɞɵ ɢ ɦɚɫɥɚ ɢ ɧɟɧɚɩɪɚɜɥɟɧɧɵɦ ɩɨɬɨɤɨɦ 
ɦɚɫɥɚ (ɜ ɨɯɥɚɞɢɬɟɥɹɯ ɜɨɞɚ ɞɜɢɠɟɬɫɹ ɩɨ ɬɪɭɛɚɦ, ɚ ɦɚɫɥɨ — ɜ 

ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɪɚɡɞɟɥɟɧɧɨɦ ɩɟɪɟɝɨɪɨɞɤɚɦɢ); 

400000 ɢ 250000 ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼ·Ⱥ 

500 ɤɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ ȼɇ, ɤȼ 

ɍ1 ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɢ ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨ ȽɈɋɌ 15150-69 
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10.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ 
  

ɋɬɪɭɤɬɭɪɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 25. 

Ɍɚɤ ɤɚɤ ɦɨɳɧɨɫɬɶ ɦɟɫɬɧɨɣ ɧɚɝɪɭɡɤɢ (ɩɨɬɪɟɛɢɬɟɥɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ ɞɨ 5 ɤɦ ɨɬ Ɍɗɋ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɶɲɟ 30% 
ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɬɨ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ 
ɩɨɫɬɪɨɢɦ ɩɨ ɛɥɨɱɧɨɦɭ ɩɪɢɧɰɢɩɭ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɟɫɬɧɚɹ ɧɚɝɪɭɡɤɚ ɢ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ ɩɢɬɚɸɬɫɹ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɩɨɞɤɥɸɱɟɧɢɟ ɤɨɬɨɪɵɯ 
ɤ ɝɟɧɟɪɚɬɨɪɚɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɬɜɟɬɜɥɟɧɢɹ ɨɬ ɝɥɚɜɧɨɝɨ ɬɨɤɨɩɪɨɜɨɞɚ, 
ɫɨɟɞɢɧɹɸɳɟɝɨ ɝɟɧɟɪɚɬɨɪ ɢ ɛɥɨɱɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. 

Ɍɚɤɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɝɨɪɚɡɞɨ ɞɟɲɟɜɥɟ ɩɨɞɤɥɸɱɢɬɶ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 6-18 ɤȼ ɩɨ Ʌɗɉ 10,5 ɤȼ. ɂɧɚɱɟ ɩɪɢɞёɬɫɹ ɷɬɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ 
ɩɢɬɚɬɶɫɹ ɱɟɪɟɡ ɫɜɨɸ ɩɨɞɫɬɚɧɰɢɸ ɫ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ 
ɬɟɯɧɢɱɟɫɤɢ ɧɟ ɜɵɝɨɞɧɨ [19]. 
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Ɋɢɫɭɧɨɤ 25 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 

 
 Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɢɦ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɪɢɫɭɧɨɤ 26). 
ɇɚ ɞɚɧɧɨɣ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɫɟ ɷɧɟɪɝɨɡɚɜɢɫɢɦɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɫɬɨɣɱɢɜɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  
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Ɋɢɫɭɧɨɤ 26 – ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɩɟɪɜɵɣ ɷɧɟɪɝɨɛɥɨɤ) 
 
 ɇɚ ɫɯɟɦɟ 26 ɩɨɞ: ȻɉɉȽ − ɛɥɨɱɧɵɟ ɩɭɧɤɬɵ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ; Ɍ1Ɍɉɍ1− 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɢɪɢɫɬɨɪɧɨɝɨ ɩɭɫɤɚɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; Ɍɇ − ɬɨɩɥɢɜɧɵɣ ɧɚɫɨɫ 
(ɞɢɡɟɥɹ); ɐɇ – ɰɟɧɬɪɨɛɟɠɧɵɣ ɧɚɫɨɫ; Ɉɉɇ − ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 
ɧɟɥɢɧɟɣɧɵɣ (ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ);  ȾɄ - ɞɨɠɢɦɧɨɣ ɤɨɦɩɪɟɫɫɨɪ;  ɇɉɉ − ɧɚɫɨɫɧɚɹ ɩɟɪɜɨɝɨ 
ɩɨɞɴɟɦɚ; ɇȼɉ − ɧɚɫɨɫɧɚɹ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ; ȼɉɍ – ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ 
ɭɫɬɚɧɨɜɤɚ; ȼȽ – ɜɟɧɬɢɥɹɬɨɪ ɝɪɚɞɢɪɧɢ. 
  

10.3 ȼɵɛɨɪ ɩɭɫɤɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
 
 Ⱦɥɹ ɩɭɫɤɚ ȽɌɍ ɧɚ ɦɢɧɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦ 
ɜɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɞɨ ɧɚɱɚɥɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. 
ɉɪɢ ɧɟɛɨɥɶɲɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɫɨɡɞɚɜɚɟɦɵɣ ɟɸ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɦɨɦɟɧɬɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɜɪɚɳɟɧɢɹ ɤɨɦɩɪɟɫɫɨɪɚ. 
ɉɨɷɬɨɦɭ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ GT26B ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɬɢɪɢɫɬɨɪɧɵɟ ɩɭɫɤɨɜɵɟ 
ɭɫɬɪɨɣɫɬɜɚ.  
 Ɇɨɳɧɨɫɬɶ Ɍɉɍ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɤɪɵɬɢɹ ɪɚɡɧɨɫɬɢ ɦɨɦɟɧɬɨɜ 
ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɚ ɬɚɤɠɟ ɧɚ ɪɚɡɝɨɧ ɪɨɬɨɪɚ ɬɭɪɛɢɧɵ. Ⱦɥɹ ɬɭɪɛɢɧ 
ɫ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 250 Ɇȼɬ ɩɨɞɛɢɪɚɸɬ Ɍɉɍ ɩɭɫɤɨɜɨɣ ɦɨɳɧɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 10 
Ɇȼɬ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɞɟɥɢ) [19].  
 ȼɵɛɢɪɚɟɦ Ɍɉɍ «ABB» ɫ ɦɨɳɧɨɫɬɶɸ 15 Ɇȼɬ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɭɫɤɚ 
ɞɨ ɪɟɠɢɦɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ – 5 ɦɢɧɭɬ. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
27. 
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ɋɌɋ - ɫɢɫɬɟɦɵ ɬɢɪɢɫɬɨɪɧɵɟ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɹ;  ȼ – ɜɵɤɥɸɱɚɬɟɥɶ ɧɚɝɪɭɡɤɢ; Ɋɉ – 

ɪɚɡɴɟɞɢɧɢɬɟɥɢ-ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ; Ɍ1Ɍɉɍ1 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ Ɍɉɍ; Ɍɉȼ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɩɢɬɚɧɢɹ ɜɨɡɛɭɞɢɬɟɥɹ; Ɉȼ – ɨɛɦɨɬɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 

Ɋɢɫɭɧɨɤ 27 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ Ɍɉɍ ɞɜɭɯ ɷɧɟɪɝɨɛɥɨɤɨɜ (ɞɜɟ ȽɌɍ) 
 

 ɍɤɪɭɩɧɟɧɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɭɫɤɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɩɭɫɤɟ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 28.  
 

B1 ТГ1

РП1 ТГ1

РП2 ТГ1

ТГ1

Т1

ТПУ1

Секции с.н.

Bn

РПn

РПn

С.Н.

ТСН-11ТПВ1

СТС1

ОВ1

АPB1

ТН1 ТПУ1

к РУ ВН

B1 ТПУ1 

РП1 ТПУ1 

Т1 ТПУ1  

РП2 ТПУ1 РП3 ТПУ1 

B2 ТПУ1 

Провод (без защитной оболочки) 

Кабель 3-и фазы (с защитой) 

 
Ɋɢɫɭɧɨɤ 28 – ɍɤɪɭɩɧɟɧɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ Ɍɉɍ-ABB ɩɪɢ ɩɭɫɤɟ ȽɌɍ 
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 Ɍɢɪɢɫɬɨɪɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɬɨɤɨɜ, ɱɚɫɬɨɬɚ 
ɤɨɬɨɪɵɯ ɜɵɲɟ 50 Ƚɰ, ɩɨɷɬɨɦɭ ɩɪɢ ɜɵɛɨɪɟ ɦɟɫɬɚ ɟɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɬɶ ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ ɪɚɡɜɹɡɤɭ Ɍɉɍ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ.  
 ȼ ɫɢɫɬɟɦɭ ɋɌɋ ɜɯɨɞɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ (ȺɊȼ). 
APB ɩɨɞɞɟɪɠɢɜɚɟɬ ɡɚɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɚɛɨɬɵ 
ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ [19].  
 

10.4 ɋɯɟɦɵ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 
 
 ɇɚ ɪɢɫɭɧɤɟ 29 ɢ 30 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ 
ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɤɨɥɢɱɟɫɬɜɚ, ɬɢɩɚ ɢ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ; 
ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ (Ɋɍ) ɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ȼɵɞɚɱɚ ɦɨɳɧɨɫɬɢ ɛɭɞɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɫɯɟɦɟ – ɫɢɫɬɟɦɚ ɫɛɨɪɧɵɯ ɲɢɧ ɫ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ. 
 

 
Ɋɢɫɭɧɨɤ 29 – ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 
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Ɋɢɫɭɧɨɤ 30 – ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 

Ʉɫ – Ʉɨɧɬɪɨɥɢɪɭɟɦɨɟ ɫɟɱɟɧɢɟ; ȼ – ɜɵɤɥɸɱɚɬɟɥɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ; Ɉɋɒ – ɨɛɯɨɞɧɚɹ ɫɢɫɬɟɦɚ 
ɲɢɧ; Ɉɒɋȼ – ɨɛɯɨɞɧɨɣ ɲɢɧɨɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ; Ɍɇ-ɌɊ; ɌɊ; Ɉɉɇ – ɫɢɫɬɟɦɚ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬ ɩɚɞɟɧɢɹ ɦɨɳɧɨɫɬɢ; ɌɊ – ɪɟɡɟɪɜɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; Ɍɇ – 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ; Ɉɉɇ – ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ. 
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11 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɉȽɍ 
 
 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɩɟɪɟɛɨɣɧɨɟ ɫɧɚɛɠɟɧɢɟ ɬɨɩɥɢɜɨɦ 
ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɢ ɨɛɴɟɞɢɧɹɟɬ ɦɟɯɚɧɢɡɦɵ ɢ ɭɫɬɪɨɣɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɟɝɨ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ, ɨɱɢɫɬɤɢ ɢ ɯɪɚɧɟɧɢɹ. ȼ ɩɪɨɟɤɬɟ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɉȽɍ-Ɍɗɐ 
840 Ɇȼɬ» ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢɧɹɬ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɫ Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ-
Ɍɪɨɢɰɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ – ɞɢɡɟɥɶɧɨɟ.  
 ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɉȽɍ 
Alstom ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɡɞɟɥɟ 5.6 – 5.8.  
 

11.1 Ƚɚɡɨɜɨɟ ɯɨɡɹɣɫɬɜɨ ɉȽɍ 
 

ɉɨɥɭɱɚɟɦɵɣ ɧɚ ɝɚɡɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɝɚɡ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɵɦ 
ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɬɚɧɰɢɢ (ȽɊɋ). ȼɞɨɥɶ 
ɬɪɚɫɫ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɨɜ ɫɨɨɪɭɠɚɟɬɫɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɫɬɚɧɰɢɹ ɫ 
ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɩɪɢɜɨɞɨɦ (ɫɦ. ɪɚɡɞɟɥ 5.6 – 5.8) ɞɥɹ ɩɨɞɤɚɱɤɢ ɝɚɡɚ.  Ɉɬ ȽɊɋ ɛɭɞɭɬ 
ɩɪɨɤɥɚɞɵɜɚɬɶɫɹ ɝɚɡɨɩɪɨɜɨɞɵ ɤ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ ɩɭɧɤɬɚɦ (ȽɊɉ), ɚ ɨɬ ȽɊɉ 
– ɝɚɡɨɩɪɨɜɨɞɵ ɤ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ.  ɋɯɟɦɚ ɩɨɞɚɱɢ ɝɚɡɚ ɤ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɟ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 31. 
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1 – ɤɥɚɩɚɧ ɫ ɩɧɟɜɦɨɩɪɢɜɨɞɧɨɦ; 2 – ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 3 – ɜɵɩɭɫɤ ɝɚɡɚ ɜ ɚɬɦɨɫɮɟɪɭ 
«ɧɚ ɫɜɟɱɭ»; 4 – ɫɟɩɚɪɚɬɨɪ; 5 – ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ; 6 – ɝɚɡ ɢɡ ɝɚɡɨɩɪɨɜɨɞɚ; 7 – ɧɚɝɧɟɬɚɬɟɥɶ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ; 8 – ɩɟɪɟɩɭɫɤɧɨɣ ɤɥɚɩɚɧ; 9 – ɪɟɫɢɜɟɪ; 10 – ɮɢɥɶɬɪɵ; 11 
– ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɞɢɚɮɪɚɝɦɚ; 12 – ɝɚɡ ɤ ɫɢɫɬɟɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ GT26B; 13 – ɝɚɡ ɤ ɫɢɫɬɟɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
GT26B; 14 – ɫɛɪɨɫ ɜ ɝɚɡɨɩɪɨɜɨɞ ɩɚɪɨɫɢɥɨɜɨɣ ɱɚɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ; 15 – ɜɨɡɞɭɯ ɧɚ ɩɪɨɞɭɜɤɭ. 

Ɋɢɫɭɧɨɤ 31 – ɋɯɟɦɚ ɩɨɞɚɱɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɤ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ GT26B 
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 ɇɚ ɫɯɟɦɟ 33 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɫ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɦ ɪɟɞɭɰɢɪɨɜɚɧɢɟɦ. 
ɋɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɷɬɨɣ ɫɯɟɦɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɹɬɨɪɨɜ ɊȾɍɄ-
2-200 ɢ ɊȾȻɍ2-200. Ⱦɥɹ ɩɪɟɤɪɚɳɟɧɢɹ ɩɨɞɚɱɢ ɝɚɡɚ (ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɢɥɢ 
ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨ 
ɡɚɩɨɪɧɵɟ ɤɥɚɩɚɧɵ ɉɄȼ-200. Ⱦɥɹ ɫɛɪɨɫɚ ɢɡɛɵɬɨɱɧɵɯ ɝɚɡɨɜ ɩɪɢ ɧɟɩɥɨɬɧɨɦ 
ɡɚɤɪɵɬɢɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɯ ɡɚɩɨɪɧɵɯ ɤɥɚɩɚɧɨɜ ɢ ɪɟɝɭɥɹɬɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨ ɫɛɪɨɫɧɵɟ ɤɥɚɩɚɧɵ ɉɉɄ4-50-16. Ⱦɥɹ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɮɢɥɶɬɪɵ ɎȽ-100-300-12. Ɋɟɝɭɥɢɪɭɸɳɢɟ 
ɥɢɧɢɢ ȽɊɉ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɮɢɥɶɬɪ, ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɡɚɩɨɪɧɵɣ ɤɥɚɩɚɧ, 
ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ, ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɫɛɪɨɫɧɨɣ ɤɥɚɩɚɧ, ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ ɡɚɩɨɪɧɭɸ ɚɪɦɚɬɭɪɭ.  

 
11.2 Ⱦɢɡɟɥɶɧɨɟ ɯɨɡɹɣɫɬɜɨ ɉȽɍ 

 
 ɋɯɟɦɚ ɩɨɞɚɱɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ – ɛɥɨɱɧɚɹ. Ʉɚɠɞɵɣ ɧɚɫɨɫ ɩɟɪɜɨɝɨ 
ɩɨɞɴɟɦɚ ɦɨɠɟɬ ɩɨɞɚɜɚɬɶ ɬɨɩɥɢɜɨ ɧɚ ɫɜɨɸ ɝɪɭɩɩɭ ɮɢɥɶɬɪɨɜ ɢ ɧɚɫɨɫ ɜɬɨɪɨɝɨ 
ɩɨɞɴɟɦɚ. Ⱦɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɩɭɫɤɟ ȽɌɍ ɢ ɟɝɨ ɪɚɫɯɨɞ ɜ 
ɪɚɡɵ ɦɟɧɶɲɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨɣ ɧɚɫɨɫɧɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɨ 
ɞɥɹ ɧɚɞɟɠɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɬɨɩɥɢɜɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜɹɡɤɨɫɬɶɸ, 
ɨɱɢɳɟɧɧɨɝɨ ɨɬ ɩɪɢɦɟɫɟɣ ɢ ɩɪɢ ɞɚɜɥɟɧɢɢ, ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ 
ɝɨɪɟɥɨɤ.  
 ɇɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɬɨɩɥɢɜɚ ɜ ȽɌɍ ɭɞɚɥɢɬɶ ɜɨɞɭ ɢɡ ɞɢɡɟɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɨɛɟɫɩɟɱɢɬɶ ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ - 8 Ɇɉɚ. 
 ɇɚɫɨɫɧɚɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɟɟ ɨɫɧɨɜɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ: 
 1) Ⱦɜɚ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɬɢɩɚ 5ɇ-5 (1 ɪɟɡɟɪɜɧɵɣ). 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 5ɇ-5-90 ɦ3/ɱ; ɧɚɩɨɪ – 3,4 Ɇɉɚ; ɦɨɳɧɨɫɬɶ – 160 ɤȼɬ. 
 2)  Ⱦɜɚ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ ɬɢɩɚ ɇɉɋ-120/65-750 (1 
ɪɟɡɟɪɜɧɵɣ). ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɇɉɋ-120/65-750 – 88 ɦ3/ɱ; ɧɚɩɨɪ – 7,8 Ɇɉɚ; 
ɦɨɳɧɨɫɬɶ – 400 ɤȼɬ. 
 3) Ɏɢɥɶɬɪɵ ɫɪɟɞɧɟɣ ɨɱɢɫɬɤɢ Ɏɉ-50-0,2. ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ɏɉ-50-
0,2 – 50 ɦ3/ɱ; ɬɨɧɤɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɱɚɫɬɢɰ – 40 ɦɤɦ; ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɛɨɱɢɟ 
ɞɚɜɥɟɧɢɟ  – 2,5 Ɇɉɚ; ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ – 5. ɋɟɤɰɢɢ ɫɚɦɨɨɱɢɳɚɸɬɫɹ. ɇɚ ɧɚɩɨɪɟ 
ɧɚɫɨɫɨɜ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨ ɨɞɧɨɦɭ ɮɢɥɶɬɪɭ ɫɪɟɞɧɟɣ ɨɱɢɫɬɤɢ.  
 4) Ɏɢɥɶɬɪɵ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ Ɏ-120. ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ɏ-120-120 
ɦ3/ɱ; ɬɨɧɤɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɱɚɫɬɢɰ – 15 ɦɤɦ; ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɛɨɱɢɟ ɞɚɜɥɟɧɢɟ  – 
10 Ɇɉɚ.  

ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɚɦɨɬɟɤɨɦ ɢɡ ɪɚɫɯɨɞɧɨɝɨ ɪɟɡɟɪɜɭɚɪɚ.  
Ɍɨɩɥɢɜɨ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɫɚɫ ɧɚɫɨɫɚ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ, ɩɪɨɤɚɱɢɜɚɟɬɫɹ ɢɦ 

ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɬɨɩɥɢɜɚ, ɝɞɟ ɩɨɞɨɝɪɟɜɚɟɬɫɹ, ɢ ɞɚɥɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶ ɱɟɪɟɡ 
ɝɪɭɩɩɭ ɮɢɥɶɬɪɨɜ ɫɪɟɞɧɟɣ ɢ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɩɨɞɚɟɬɫɹ ɧɚ ɜɫɚɫ ɧɚɫɨɫɚ ɜɬɨɪɨɝɨ 
ɩɨɞɴɟɦɚ, ɤɨɬɨɪɵɟ ɩɨɞɚɸɬ ɬɨɩɥɢɜɨ ɜ ɬɨɩɥɢɜɧɵɟ ɤɨɥɥɟɤɬɨɪɵ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ. 
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11.3 ɉɨɞɚɱɚ ɡɚɩɚɥɶɧɨɝɨ ɝɚɡɚ ɤ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ 
 
 Ⱦɥɹ ɧɚɱɚɥɶɧɨɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɨɩɥɢɜɚ ɩɪɢ ɩɭɫɤɟ ɝɚɡɨɬɭɪɛɢɧɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɩɚɥɶɧɵɣ ɝɚɡ ɢɡ ɛɚɥɥɨɧɨɜ ɫ ɩɪɨɩɚɧ-ɛɭɬɚɧɨɦ [20]. ɇɚ 
ɪɢɫɭɧɤɟ 32 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɩɨɞɚɱɢ ɡɚɩɚɥɶɧɨɝɨ ɝɚɡɚ ɤ ɤɚɦɟɪɚɦ ɫɝɨɪɚɧɢɹ 
ɜɵɫɨɤɨɝɨ (ɄɋȼȾ) ɢ ɧɢɡɤɨɝɨ (ɄɋɇȾ) ɞɚɜɥɟɧɢɣ.  
 Ȼɚɥɥɨɧɵ ɫ ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɨɣ ɫɦɟɫɶɸ ɩɨɫɬɭɩɚɸɬ ɧɚ Ɍɗɋ ɢ ɯɪɚɧɹɬɫɹ ɜ 
ɩɨɦɟɳɟɧɢɹɯ ȽȻɍ (ɝɚɡɨɛɚɥɥɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ). Ƚɚɡ ɱɟɪɟɡ ɪɟɞɭɤɬɨɪɵ ɩɨɞɚɟɬɫɹ ɜ 
ɨɛɳɢɣ ɤɨɥɥɟɤɬɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨ ɫɢɫɬɟɦɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɨɣ 
ɩɨɫɬɭɩɚɟɬ ɤ ɝɨɪɟɥɤɚɦ ɜ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ.  
 ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɧɚ ɫɬɟɧɤɚɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɜɥɚɝɚ, ɩɨɷɬɨɦɭ 
ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɨɬɫɬɨɣɧɢɤ. ɂɡ ɨɬɫɬɨɣɧɢɤɚ ɜɥɚɝɚ ɫɥɢɜɚɟɬɫɹ ɨɬɤɪɵɬɢɟɦ 
ɪɭɱɧɨɝɨ ɜɟɧɬɢɥɹ (ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɚ ɧɟ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ). ɇɚ 
ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɝɚɡ ɢ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɤ ɡɚɩɚɥɶɧɢɤɚɦ 
ɪɚɡɞɟɥɶɧɨ, ɚ ɧɚ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɡɚɩɚɥɶɧɢɤ ɩɨɞɚɟɬɫɹ ɝɨɪɸɱɚɹ 
ɫɦɟɫɶ.  
 Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɞɚɱɢ ɡɚɩɚɥɶɧɨɝɨ ɝɚɡɚ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɩɭɫɤɟ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɫɧɚɱɚɥɚ ɡɚɠɢɝɚɸɬɫɹ ɄɋȼȾ, ɚ ɩɨɬɨɦ ɄɋɇȾ.  
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Ɋɢɫɭɧɨɤ 32 – ɋɯɟɦɚ ɩɨɞɚɱɢ ɡɚɩɚɥɶɧɨɝɨ ɝɚɡɚ ɤ ɄɋȼȾ ɢ ɄɋɇȾ ȽɌɍ ɬɢɩɚ GT26B. 
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  12 Ʉɨɦɩɨɧɨɜɤɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
 
 Ɉɫɧɨɜɧɨɣ ɩɪɢɡɧɚɤ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɦɩɨɧɨɜɤɭ ɭɬɢɥɢɡɚɰɢɨɧɧɨɣ ɉȽɍ — 
ɱɢɫɥɨ ɜɚɥɨɜ ɢɥɢ ɱɢɫɥɨ ɝɟɧɟɪɚɬɨɪɨɜ. ɉȽɍ 420 Alstom ɢɦɟɟɬ ɞɜɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ 
ɨɞɧɨɦ ɷɧɟɪɝɨɛɥɨɤɟ – ɞɜɭɯɜɚɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɉȽɍ. Ɍɚɤɨɣ ɬɢɩ ɤɨɦɩɨɧɨɜɤɢ 
ɜɵɛɢɪɚɸɬ ɩɪɢ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɝɚɡɨɜɨɣ ɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ [3]. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɨɫɟɜɨɝɨ ɭɫɢɥɢɹ ɧɚ ɫɟɝɦɟɧɬɵ ɭɩɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɱɬɨ ɜɫɥɟɞɫɬɜɢɟ 
ɩɪɢɜɨɞɢɬ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɰɟɩɧɵɯ (ɝɢɛɤɢɯ ɢɥɢ ɠɟɫɬɤɢɯ) 
ɦɭɮɬ. ɋɯɟɦɚ ɞɜɭɯɜɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɉȽɍ Alstom ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 33. 
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Ɋɢɫɭɧɨɤ 33 – ɋɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɉȽɍ–420 Alstom 
1,5 – ɭɩɨɪɧɵɟ ɩɨɞɲɢɩɧɢɤɢ ɝɚɡɨɜɨɣ ɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ; 2,3,6 – ɨɩɨɪɧɵɟ ɩɨɞɲɢɩɧɢɤɢ; 4 – 
ɜɵɜɨɞ ɬɨɤɨɩɪɨɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ; 7 – ɠɟɫɬɤɢɟ ɦɭɮɬɵ; 8 – ɜɟɪɯɧɢɣ ɜɜɨɞ ɜɨɡɞɭɯɚ ɜ ȼɄ; 9 – 
ɛɨɤɨɜɨɣ ɜɵɯɥɨɩ ɝɚɡɨɜ ȽɌɍ ɜ ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ; 10 – ɩɨɬɨɤɢ ɩɚɪɚ ɜ ɬɭɪɛɢɧɭ; 11 – ɧɢɠɧɢɣ ɜɵɯɨɞ 
ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ; ɗȽ- ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ; ȼɄ – ɜɨɡɞɭɲɧɵɣ ɤɨɦɩɪɟɫɫɨɪ; Ʉɋ – ɤɚɦɟɪɚ 
ɫɝɨɪɚɧɢɹ ȽɌɍ; ȽɌ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; ɉɌ – ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ. 
 
 ɉɚɪɨɜɚɹ ɢ ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɪɚɡɞɟɥɶɧɨ ɢ ɢɦɟɸɬ 
ɫɨɛɫɬɜɟɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ, ɝɥɚɜɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɞɪɭɝɨɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ.  ȼɫɟ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ 
ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɟɦ ɡɞɚɧɢɢ. ȽɌɍ ɢ ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨɩɟɪɟɤ 
ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ. ȽɌɍ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɮɭɧɞɚɦɟɧɬɟ ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɜɯɨɞɧɨɦɭ 
ɞɢɮɮɭɡɨɪɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ Ʉɍ ɉ-133. ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɩɨɦɟɳɚɟɬɫɹ ɧɚ 
ɦɨɧɨɥɢɬɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɪɚɦɧɵɣ ɮɭɧɞɚɦɟɧɬ ɫ ɜɵɫɨɬɧɨɣ ɨɬɦɟɬɤɨɣ 
ɨɛɫɥɭɠɢɜɚɧɢɹ 12 ɦ. Ⱦɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɪɚɡɦɟɳɚɸɬɫɹ ɩɨɞ ɝɟɧɟɪɚɬɨɪɨɦ 
(ɉɋȽ-1) ɢ ɩɨɞ ɐɋɇȾ (ɉɋȽ-2) ɧɚ ɜɵɫɨɬɟ ɩɪɢɦɟɪɧɨ 3,5 ɦ [21].  
 Ⱦɜɭɯɜɚɥɶɧɚɹ ɉȽɍ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ (ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫ 
ɨɞɧɨɜɚɥɶɧɨɣ ɢ ɦɧɨɝɨɜɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ), ɬɚɤ ɤɚɤ ɜɚɥɨɩɪɨɜɨɞɵ ɟɟ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɛɨɥɟɟ ɩɪɨɫɬɵ, ɚ ɢɯ ɜɢɛɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɨɥɟɟ 
ɨɩɪɟɞɟɥɟɧɧɵ. Ȼɨɥɟɟ ɨɩɪɟɞɟɥɟɧɧɵ ɢ ɨɫɟɜɵɟ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɭɩɨɪɧɵɟ 
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ɩɨɞɲɢɩɧɢɤɢ. Ⱦɚɥɟɟ ɫɬɨɢɬ ɫɤɚɡɚɬɶ ɩɪɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ 
[21].  
 Ɉɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɈɊɍ), ɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɪɹɞɨɦ ɫ ɝɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ ɫɨ ɫɬɨɪɨɧɵ ɬɭɪɛɢɧɧɨɝɨ 
ɨɬɞɟɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ. Ɉɬ ɧɟɝɨ ɪɚɫɯɨɞɹɬɫɹ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ (Ʌɗɉ). 
 Ƚɪɚɞɢɪɧɢ ɪɚɡɦɟɳɚɸɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɬɭɪɛɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɧɚ ɬɚɤɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɈɊɍ, ɤɨɬɨɪɨɟ ɢɫɤɥɸɱɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɟɝɨ ɢɫɩɚɪɹɸɳɟɣɫɹ ɜɨɞɵ. 
Ɍɚɤ ɤɚɤ ɜ ɩɪɨɟɤɬɟ ɜɵɛɪɚɧɵ ɜɟɧɬɢɥɢɪɭɟɦɵɟ ɝɪɚɞɢɪɧɢ, ɬɨ ɮɚɤɬɨɪ ɢɫɩɚɪɹɸɳɟɣɫɹ 
ɜɨɞɵ ɜɥɢɹɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ.  
 Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɛɵɬɨɜɨɣ ɢ ɨɛɴɟɞɢɧёɧɧɵɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɤɨɪɩɭɫɚ 
ɪɚɡɦɟɳɟɧɵ ɫɨ ɫɬɨɪɨɧɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɪɰɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ (ɫɬɨɪɨɧɚ ɭɫɬɚɧɨɜɤɢ 
ɩɟɪɜɵɯ ɚɝɪɟɝɚɬɨɜ), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɭɸ ɫɜɹɡɶ ɫ ɧɢɦ. ɐɟɯ 
ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ ɫ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 
ɨɛɴɟɞɟɧɧɨɝɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɤɨɪɩɭɫɚ.  
 ȼɨɞɨɝɪɟɣɧɚɹ ɤɨɬɟɥɶɧɚɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɝɥɚɜɧɨɦɭ ɤɨɪɩɭɫɭ 
ɬɚɤ, ɱɬɨ ɟё ɤɨɬɥɵ ɩɨɞɤɥɸɱɟɧɵ ɤ ɨɛɳɟɣ ɞɵɦɨɜɨɣ ɬɪɭɛɟ. 

Ʉɨɦɦɭɧɢɤɚɰɢɢ, ɜɤɥɸɱɚɸɳɢɟ ɬɟɩɥɨɜɵɟ ɫɟɬɢ, ɝɚɡɨɩɪɨɜɨɞɵ, ɤɚɛɟɥɶɧɵɟ 
ɤɨɪɨɛɚ, ɬɪɭɛɨɩɪɨɜɨɞɵ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɞɪɭɝɢɟ ɦɟɠɰɟɯɨɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, 
ɪɚɡɦɟɳɚɸɬ ɧɚ ɞɜɭɯ- ɬɪɟɯɴɹɪɭɫɧɵɯ ɷɫɬɚɤɚɞɚɯ. 

Ƚɚɡ ɩɨɞɚɟɬɫɹ ɧɚ Ɍɗɐ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɩɨ ɟё ɬɟɪɪɢɬɨɪɢɢ ɩɨ ɧɚɡɟɦɧɵɦ 
ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɧɚ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɬɚɧɰɢɢ (ɫɦ. ɪɚɡɞɟɥ 11). 

ȼɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɞɜɭɯ ɷɬɚɠɚɯ, ɩɪɢɱɟɦ 
ɩɥɨɳɚɞɤɚ ɬɭɪɛɢɧɵ ɩɨɞɧɹɬɚ ɧɚ 9 ɦɟɬɪɨɜ ɧɚɞ ɩɨɥɨɦ. ɉɥɨɳɚɞɤɢ ɞɜɭɯ ɫɨɫɟɞɧɢɯ 
ɦɚɲɢɧ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɪɟɯɨɞɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ-ɦɨɫɬɢɤɚɦɢ.  

ɉɢɬɚɬɟɥɶɧɵɟ ɢ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜɨɡɥɟ ɤɚɠɞɨɣ ɩɚɪɨɜɨɣ 
ɬɭɪɛɢɧɵ. 
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ɁȺɄɅɘЧȿɇɂȿ 
 
 ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ 
ɤɨɦɩɥɟɤɫɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɉȽɍ-Ɍɗɐ ɫ ɦɨɳɧɨɫɬɶɸ 840 Ɇȼɬ ɜ Ʉɪɚɫɧɨɞɚɪɫɤɨɦ 
ɤɪɚɟ.  
 ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ ɞɥɹ 
ɧɚɱɚɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɬɚɧɰɢɢ: ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɵ ɪɚɣɨɧɚɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɨɬɟɥɶɧɵɯ); 
ɞɟɮɢɰɢɬ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɜɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɶ; 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚ ɞɚɧɧɨɣ ɦɟɫɬɧɨɫɬɢ; ɷɤɨɥɨɝɢɱɟɫɤɢɦ 
ɫɨɫɬɨɹɧɢɟɦ ɦɟɫɬɚ ɫɨɨɪɭɠɟɧɢɹ; ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ 
ɬɨɩɥɢɜɚ. Ɍɚɤɠɟ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ Ⱥɧɚɫɬɚɫɢɟɜɫɤɨ–Ɍɪɨɢɰɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ.  
 Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɝɥɚɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɡɧɚɱɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɬɚɧɰɢɢ. Ƚɥɚɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɧɚɡɧɚɱɟɧɢɹ ɞɥɹ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɨɞɪɹɞɱɢɤɚ ɢ 
ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ. 
ɇɚɤɨɧɟɰ, ɫ ɭɱɟɬɨɦ ɜɵɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ 
ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɡɧɚɱɟɧɢɹ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɫɪɚɜɧɟɧɢɟ ɬɪɟɯ ɫɨɩɨɫɬɚɜɢɦɵɯ ɢ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɯ ɜɚɪɢɚɧɬɨɜ. ɋɪɚɜɧɟɧɢɟ ɬɪɟɯ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɜɵɛɨɪ ɥɭɱɲɟɝɨ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɫɱɟɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɂɫɯɨɞɹ ɢɡ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɛɵɥɨ ɫɞɟɥɚɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɲɟɧɢɹɦ 
ɩɪɨɟɤɬɚ.  ɉɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ 
ɫɨɫɬɚɜɥɹɟɬ 9 ɥɟɬ (ɫ ɭɱɟɬɨɦ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ). ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɟɪɜɨɣ ɱɚɫɬɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɭɤɪɭɩɧɟɧɧɵɣ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɜɫɟɯ 
ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɜɵɛɪɚɧɧɨɣ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɉȽɍ-
420 Alstom. 
 ȼ ɨɫɧɨɜɧɨɣ ɝɥɚɜɟ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ 
ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɩɭɧɤɬɵ:  

 ɪɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɫɥɨɠɧɨɦɭ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ 
ɰɢɤɥɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
GT26b (ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɚɠɞɭɸ Ʉɋ, ɄɉȾ ȽɌ, ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ 
ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ ɬɭɪɛɢɧɵ) ɢ ɩɨɨɫɬɪёɧ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɰɢɤɥ Ȼɪɚɣɬɨɧɚ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ hs;  

 ɪɚɫɱɟɬ ɫɟɬɟɜɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ – ɭɬɢɥɢɡɚɬɨɪɚ ɉ-
133, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɧɚ ɤɚɠɞɵɣ 
ɤɨɧɬɭɪ ɤɨɬɥɚ, ɄɉȾ Ʉɍ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɩɨɞɜɟɞɟɧɧɨɝɨ ɤ ɤɚɠɞɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ;  

 ɪɚɫɱɟɬ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɉɌɍ ɢ ɉȽɍ ɜ ɰɟɥɨɦ (ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
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ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ). 

ȼ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɜɤɥɸɱɟɧ ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞёɧɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ 
ɜɵɛɨɪ: ɭɫɬɪɨɣɫɬɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ; 
ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ; ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ; ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ; 
ɞɟɥɟɝɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ; ɤɨɧɞɟɧɫɚɬɨɪɚ; ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ.  

ȼ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧ ɭɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ 
ɉȽɍ-Ɍɗɐ, ɜɵɛɪɚɧɵ ɫɯɟɦɵ ɢ ɭɫɬɪɨɣɫɬɜɚ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ ɤɨɦɩɨɧɨɜɤɚ Ɍɗɐ.  
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