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Ʌɢɫɬ 5.  Ʉɨɬɟɥ–ɭɬɢɥɢɡɚɬɨɪ ɉɪ-75-4,0-440 Ⱦ 
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ɊȿɎȿɊȺɌ 
 
Ⱦɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɪɚɫɲɢɪɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2» 

ɜɵɩɨɥɧɟɧ ɧɚ 5 ɥɢɫɬɚɯ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ 81 ɫɬɪɚɧɢɰɚɯ ɪɚɫɱɟɬɧɨ-ɩɨɹɫɧɢɬɟɥɶ-
ɧɨɣ ɡɚɩɢɫɤɢ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɋɂɇɌȿɁ-ȽȺɁ, ȽȺɁɂɎɂɄȺɌɈɊ, ȽȺɁɈȼȺə ɌɍɊȻɂɇȺ, 
ɄɈɌȿɅ-ɍɌɂɅɂɁȺɌɈɊ, ɉȺɊɈȼȺə ɌɍɊȻɂɇȺ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɭɜɟɥɢɱɟɧɢɟ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɪɚɫɧɨɹɪ-
ɫɤɨɣ Ɍɗɐ-2.  

Ɂɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɫɬɢ ɪɚɫɲɢɪɟɧɢɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɨɫɪɟɞɫɬɜɨɦ 
ɦɨɧɬɚɠɚ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ  

ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɣ ɭɫɬɚɧɨɜɤɢ ɜɵɛɪɚɧɚ ɩɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɭɬɢɥɢɡɚɰɢɟɣ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜ ɤɨɬɥɟ-ɭɬɢɥɢɡɚɬɨɪɟ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɫɢɧɬɟɡ-ɝɚɡɟ ɛɨɪɨɞɢɧɫɤɨɝɨ 
ɛɭɪɨɝɨ ɭɝɥɹ.  
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ȼȼȿȾȿɇɂȿ 

ɋɬɚɬɭɫ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɭɪɨɜɟɧɶ ɢɯ ɪɟɚɥɢɡɚɰɢɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ 
ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɩɟɪɢɨɞɵ ɚɧɚɥɢɡɢɪɭɸɬɫɹ Ɇɟɠɞɭɧɚɪɨɞɧɵɦ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɚɝɟɧɬɫɬɜɨɦ IEA. ɂ ɭɝɨɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɬɟɱɟɧɢɟ ɤɚɤ ɦɢɧɢɦɭɦ 
ɩɨɫɥɟɞɧɢɯ 5 ɥɟɬ ɨɰɟɧɢɜɚɸɬɫɹ ɤɚɤ ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɝɪɟɫɫɚ 
ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɫɰɟɧɚɪɢɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɚɬɦɨɫɮɟɪɵ ɞɨ ɞɨ-
ɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ (+2 °C, ɷɬɨɦɭ ɡɧɚɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɰɟɧɚɪɢɣ ɩɨɬɪɟɛɥɟɧɢɹ 
ɭɝɥɹ ɞɨ 2050 ɝ. 2DS) [1]. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ Ɍɗɋ, ɪɚɛɨ-
ɬɚɸɳɢɯ ɧɚ ɩɚɪɟ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɯɨɞɢɬɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɪɨɞɨɥ-
ɠɚɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ Ɍɗɋ. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɜɟɪɞɨ-
ɬɨɩɥɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞɥɚɝɚɸɬɫɹ Ɍɗɋ, ɫɩɨɫɨɛɧɵɟ ɨɛɟɫɩɟɱɢɬɶ ɧɟ ɬɨɥɶɤɨ Ɋɨɫ-
ɫɢɸ, ɧɨ ɢ ɜɟɫɶ ɦɢɪ ɪɟɲɟɧɢɟɦ ɬɚɤɢɯ ɩɪɢɨɪɢɬɟɬɧɵɯ ɩɪɨɛɥɟɦ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ 
ɤɚɤ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɜ 
ɩɟɪɫɩɟɤɬɢɜɟ ɛɥɢɡɤɢɯ ɤ ɧɭɥɸ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. ɗɬɢ ɠɟ ɪɟɲɟɧɢɹ ɩɨ ɩɨ-
ɜɵɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɪɟɫɭɪɫɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɞɧɨɡɧɚɱɧɨ ɚɤɬɭɚɥɶɧɵ ɞɥɹ ɝɨɪɨɞɚ Ʉɪɚɫɧɨɹɪɫɤɚ. 

Ⱦɨɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɚ ɪɚɫɬёɬ, ɬɟɧɞɟɧɰɢɹ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɰɟɧɬɪɚɥɢɡɚɰɢɢ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɚ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɡɚɫɬɪɨɣ-
ɳɢɤɢ ɠɢɥɶɹ, ɨɛɴɟɤɬɨɜ ɫɨɰɤɭɥɶɬɛɵɬɚ, ɬɨɪɝɨɜɥɢ ɢ ɩɪɨɱɢɟ ɫɬɚɪɚɸɬɫɹ ɩɨɞɤɥɸ-
ɱɢɬɶɫɹ ɤ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦ ɬɟɩɥɨɢɫɬɨɱɧɢɤɚɦ. ɍɜɟɥɢɱɢɜɚɟɬɫɹ ɬɟɩɥɨɜɚɹ 
ɧɚɝɪɭɡɤɚ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɷɧɟɪɝɨɢɫɬɨɱɧɢɤɢ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɬɟɩɥɚ 
ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (Ɍɗɐ). ȼ ɬɨɠɟ ɜɪɟɦɹ ɫɧɢɠɚɟɬɫɹ ɞɨɥɹ ɨɬɩɭɫɤɚɟɦɨɝɨ 
ɬɟɩɥɚ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɬɟɥɶɧɵɯ ɡɚ ɫɱɟɬ ɡɚɤɪɵɬɢɹ ɱɚɫɬɢ ɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ 
ɢ ɫɧɢɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɤɨɬɟɥɶɧɵɯ ɤɚɤ ɦɟɧɟɟ ɷɤɨ-
ɧɨɦɢɱɧɵɯ ɬɟɩɥɨɢɫɬɨɱɧɢɤɨɜ. Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɡɚɤɪɵɜɚɟɦɵɯ ɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶ-
ɧɵɯ ɢ ɷɥɟɤɬɪɨɤɨɬɟɥɶɧɵɯ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɢɟ Ɍɗɐ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨ 
2024 ɝɨɞɚ ɩɥɚɧɢɪɭɟɬɫɹ ɜɵɜɟɫɬɢ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ 28 ɦɚɥɵɯ ɤɨɬɟɥɶɧɵɯ, ɚ ɢɯ ɩɨ-
ɬɪɟɛɢɬɟɥɟɣ ɪɚɫɩɪɟɞɟɥɢɬɶ ɫɪɟɞɢ ɝɨɪɨɞɫɤɢɯ Ɍɗɐ. 

ȼɫɟ ɧɢɠɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ «Cɯɟɦɚ ɬɟɩ-
ɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ Ʉɪɚɫɧɨɹɪɫɤɚ ɞɨ 2033 ɝɨɞɚ» [2]. 

 Ɂɚ ɩɟɪɢɨɞ 2020-2033 ɝɝ. ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ ɜɜɨɞɟ ɧɨɜɵɯ ɫɬɪɨɟɧɢɣ ɢ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɹ ɫ ɤɨɬɟɥɶɧɵɯ ɧɚ Ɍɗɐ ɭɜɟɥɢɱɢɬɫɹ ɧɚ 675,56 Ƚɤɚɥ/ɱ (ɜ 
ɫɪɟɞɧɟɦ ɧɚ 56,2 Ƚɤɚɥ/ɱ ɜ ɝɨɞ).  

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɪɟɤɨɧɫɬɪɭɤɰɢɣ ɢ ɪɚɫɲɢɪɟɧɢɣ 
Ɍɗɐ ɝɨɪɨɞɚ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɫɧɹɬɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨ-
ɫɬɢ ɩɨ Ʉɪɚɫɧɨɹɪɫɤɢɦ Ɍɗɐ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɬɚɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɤɨɫɧɭɥɢɫɶ ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2, ɫɨɝɥɚɫɧɨ ɨɞɧɨɦɭ ɢɡ ɧɢɯ ɧɚ ɷɬɨɣ ɫɬɚɧɰɢɢ ɩɥɚ-
ɧɢɪɭɟɬɫɹ ɦɨɧɬɚɠ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɬɟɩɥɨ-
ɜɨɣ ɦɨɳɧɨɫɬɶɸ 100 Ƚɤɚɥ/ɱ, ɱɬɨ ɩɨɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɪɨɫɬ ɢ ɛɟɡ ɬɨɝɨ ɨɝɪɨɦɧɵɯ ɜɵ-
ɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɭɜɟɥɢɱɟɧɢɟ ɢ ɬɚɤ ɧɟɦɚɥɵɯ ɲɬɪɚɮɨɜ ɡɚ ɩɪɟɜɵɲɟɧɢɟ 
ɧɨɪɦɵ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ. Ʉ ɬɨɦɭ ɠɟ Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɤ 2028 ɝɨɞɭ ɩɥɚ-
ɧɢɪɭɟɬ ɪɚɫɲɢɪɟɧɢɟ ɪɚɞɢɭɫɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɬɟɩɥɨɢɫɬɨɱɧɢɤɨɜ ɞɨ 
18,828 ɤɦ. 
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Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɨɬɚɩɥɢɜɚɟɬ ɢ ɫɧɚɛɠɚɟɬ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɋɜɟɪɞɥɨɜɫɤɢɣ, 
ɐɟɧɬɪɚɥɶɧɵɣ, ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɢ Ɉɤɬɹɛɪɶɫɤɢɣ ɪɚɣɨɧɵ Ʉɪɚɫɧɨɹɪɫɤɚ ɢ ɩɨɫɬɚɜ-
ɥɹɟɬ ɩɚɪ ɩɪɟɞɩɪɢɹɬɢɹɦ ɸɠɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɭɡɥɚ (ɏɆɁ, «Ʉɭɥɶɛɵɬɫɬɪɨɣ», 
«ȼɨɥɧɚ», ɰɟɦɟɧɬɧɵɣ ɡɚɜɨɞ, ɤɨɧɞɢɬɟɪɫɤɚɹ ɮɚɛɪɢɤɚ «Ʉɪɚɫɤɨɧ»).  

Ɉɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɠɞɭ ɡɨɧɚɦɢ ɞɟɣɫɬɜɢɹ Ɍɗɐ-2 ɤ 2033 ɝɨɞɭ ɩɨɬɟɪɹɟɬ 
ɜ ɧɚɝɪɭɡɤɟ ɩɨɪɹɞɤɚ 230 Ƚɤɚɥ/ɱ, ɟɟ ɜɨɡɶɦɟɬ ɧɚ ɫɟɛɹ Ɍɗɐ-1, ɧɨ ɩɪɢ ɷɬɨɦ ɨɬ ɩɟɪɟ-
ɤɥɸɱɟɧɢɹ ɤɨɬɟɥɶɧɵɯ ɧɚ ɢɫɬɨɱɧɢɤɢ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɬɟɩɥɨɜɨɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚɝɪɭɡɤɚ Ɍɗɐ-2 ɜɨɡɪɚɫɬɟɬ ɧɚ 330,6 Ƚɤɚɥ/ɱ, ɬɨ ɟɫɬɶ ɤ 2033 
ɝɨɞɭ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɍɗɐ-2 ɭɜɟɥɢɱɢɬɫɹ ɧɚ 100,6 Ƚɤɚɥ/ɱ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɟɪɟɞ ɷɧɟɪɝɟɬɢɤɨɣ Ʉɪɚɫɧɨɹɪɫɤɚ ɨɱɟɧɶ ɨɫɬɪɨ ɫɬɨɹɬ 
ɬɚɤɢɟ ɡɚɞɚɱɢ ɤɚɤ: ɩɨɤɪɵɬɢɟ ɟɠɟɝɨɞɧɨ ɪɚɫɬɭɳɟɣ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ ɜ ɫɜɹɡɢ ɫ ɦɚɫɫɨɜɨɣ ɡɚɫɬɪɨɣɤɨɣ ɝɨɪɨɞɚ, ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ 
ɚɬɦɨɫɮɟɪɭ ɨɬ Ɍɗɐ, ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɢɡɧɨɫɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ, ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɹ ɢɥɢ ɞɟɦɨɧɬɚɠ ɤɨɬɟɥɶɧɵɯ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ ɩɪɹ-
ɦɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ Ɍɗɐ ɢ ɬ.ɞ.  

ɍɱɢɬɵɜɚɹ ɜɫɟ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɛɭɞɟɬ ɜɵɛɪɚɧɚ ɨɫɧɨɜɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɞɥɹ ɪɚɫ-
ɲɢɪɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2. 

Ⱦɥɹ ɜɧɨɜɶ ɜɜɨɞɢɦɵɯ Ɍɗɋ ɩɪɟɞɥɚɝɚɸɬɫɹ: 
 ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ (ɋɄɉ) ɢ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

(ɋɋɄɉ) ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ; 
 ɉȽɍ ɫ ɜɧɭɬɪɢɰɢɤɥɨɜɨɣ ɝɚɡɢɮɢɤɚɰɢɟɣ; 
 ɨɫɧɚɳɟɧɢɟ ɫɢɫɬɟɦɚɦɢ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɋɈ2 (carbon capture 

and storage — CCS) ɜɫɟɯ Ɍɗɋ; 
 ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɭɫɬɚɧɨɜɨɤ ɧɚ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɚɯ 

ɷɧɟɪɝɢɢ.  
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜɚɪɢɚɧɬɵ:  
 Ȼɥɨɤ ɋɋɄɉ 
 Ɍɪɚɞɢɰɢɨɧɧɵɣ ɷɧɟɪɝɨɛɥɨɤ ɫ CCS 
 ɉȽɍ-ȼɐȽ 

Ⱦɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɨɬɨɦɭ ɱɬɨ ɨɧɢ ɨɬɜɟɱɚɸɬ ɬɪɟɛɨɜɚ-
ɧɢɹɦ «ɗɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɢ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2035 ɝɨɞɚ», ɤɨɬɨɪɚɹ ɩɪɟɞ-
ɥɚɝɚɟɬ ɦɨɞɟɪɧɢɡɚɰɢɸ Ɍɗɋ ɫ ɜɜɟɞɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɩɟɪɟɯɨɞ ɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɢ ɪɟ-
ɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɣ ɷɧɟɪɝɟɬɢɤɟ.   
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1 Ɉɛɨɫɧɨɜɚɧɢɟ ɛɚɡɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɚ  

1.1  Ȼɥɨɤ ɋɋɄɉ 

ɉɟɪɟɯɨɞ ɤ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ (P = 22,1 Ɇɉɚ, T = 374,1 °C) ɨɛɭ-
ɫɥɨɜɥɟɧ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɜɵɩɨɥɧɟɧɢɹ ɭɠɟɫɬɨɱɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫ-
ɧɨɫɬɢ. ɉɨ ɞɚɧɧɵɦ [1], ɩɟɪɟɯɨɞ ɨɬ ɷɧɟɪɝɨɛɥɨɤɨɜ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ 
17 Ɇɉɚ, 540/540 °C ɤ ɷɧɟɪɝɨɛɥɨɤɚɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɋɄɉ) ɫ ɩɚɪɚ-
ɦɟɬɪɚɦɢ ɩɚɪɚ 24 Ɇɉɚ, 540/540 °C ɞɚɟɬ ɄɉȾ ɧɟɬɬɨ ɧɚ 4 %. ȼ ɋɒȺ, Ʉɢɬɚɟ, əɩɨɧɢɢ 
ɢ ɞɪɭɝɢɯ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɫɭɳɟɫɬɜɭɟɬ ɬɟɧɞɟɧɰɢɹ ɭɜɟɥɢɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɫɜɟɠɟɝɨ 
ɩɚɪɚ ɞɨ 26–27 Ɇɉɚ ɜ ɯɨɪɨɲɨ ɨɫɜɨɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 545–570 °C. ɗɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɰɢɤɥɚ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɲɟɧɢɹ ɫɥɨɠ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. 

ȼ 1960‑ɟ ɝɝ. ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɲɢɪɨɤɢɦ ɜɧɟɞɪɟɧɢɟɦ ɷɧɟɪɝɨɛɥɨɤɨɜ ɋɄɉ ɛɵɥɨ 
ɧɚɱɚɬɨ ɨɫɜɨɟɧɢɟ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɯ ɛɥɨɤɨɜ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɫ ɞɚɜɥɟɧɢɟɦ ɫɜɟɠɟɝɨ ɩɚɪɚ 30 Ɇɉɚ ɢ ɜɵɲɟ. ɉɟɪɟɯɨɞ ɤ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢ-
ɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ (ɋɋɄɉ) ɫ ɩɨɜɵɲɟɧɢɟɦ ɢɯ ɞɨ ɞɨɫɬɢɝɧɭɬɨɝɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɭɪɨɜɧɹ 27,5 Ɇɉɚ, 600/620 °C ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɄɉȾ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɨɤɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚ 6–7 %, ɜɜɟɞɟɧɢɟ ɞɜɨɣɧɨɝɨ ɩɟ-
ɪɟɝɪɟɜɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ ɞɨɛɚɜɥɹɟɬ ɟɳɟ 0,8 %. 

ɉɟɪɜɵɣ ɜ ɦɢɪɟ ɤɨɬɟɥ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 30 Ɇɉɚ, 
600 °C ɜɜɟɞɟɧ ɜ ɋɋɋɊ ɧɚ Ɍɗɐ ȼɌɂ ɜ 1949 ɝ. ȼ 60‑ɯ ɝɝ. ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɧɚ 
Ʉɚɲɢɪɫɤɨɣ ȽɊɗɋ ɜɜɟɞɟɧ ɨɞɢɧ ɢɡ ɩɟɪɜɵɯ ɜ ɦɢɪɟ ɛɥɨɤɨɜ ɋɄɊ‑100 ɧɚ ɩɚɪɚɦɟɬɪɵ 
ɩɚɪɚ 30 Ɇɉɚ, 650 °C. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɧɟɪɝɨɛɥɨɤɢ ɧɚ 
ɋɋɄɉ ɜ Ɋɨɫɫɢɢ ɧɟ ɩɨɥɭɱɢɥɢ. 

Ɋɟɚɥɢɡɚɰɢɹ ɭɝɨɥɶɧɵɯ ɩɚɪɨɬɭɪɛɢɧɧɵɯ Ɍɗɋ (ɪɢɫɭɧɨɤ 1) ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ 
ɞɨ 30 Ɇɉɚ, 600/600 °C, ɢɦɟɸɳɢɯ KɉȾ ɧɟɬɬɨ ɩɪɢɦɟɪɧɨ 44–47 %, ɫɬɚɥɚ ɜɨɡɦɨɠ-
ɧɨɣ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɯ ɠɚɪɨɫɬɨɣɤɢɯ ɩɟɪɥɢɬɧɵɯ 
ɫɬɚɥɟɣ. 

Ɍɗɋ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɜ Ʉɢɬɚɟ, əɩɨɧɢɢ, Ʉɨɪɟɟ, Ƚɟɪɦɚɧɢɢ ɢ ɞɪɭɝɢɯ ɫɬɪɚɧɚɯ. ɇɚɢɛɨɥɟɟ ɢɧɬɟɧ-
ɫɢɜɧɨ ɜɟɞɟɬɫɹ ɜɜɨɞ ɧɨɜɵɯ ɭɝɨɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜ Ʉɢɬɚɟ. ɂɡ 1360 Ƚȼɬ ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜ Ʉɢɬɚɟ 69,1 % ɫɨɫɬɚɜɥɹɸɬ ɭɝɨɥɶɧɵɟ ɷɧɟɪɝɨɛɥɨɤɢ. ȼɜɨɞ ɧɨ-
ɜɵɯ ɦɨɳɧɨɫɬɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɛɥɨɤɨɜ ɋɋɄɉ. Ɍɨɥɶɤɨ ɜ 
2010–2015 ɝɝ. ɜɜɟɞɟɧɨ 170 ɛɥɨɤɨɜ ɋɋɄɉ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɶɸ 600–660 ɢ 1000 
Ɇȼɬ (ɨɛɳɟɣ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 145 Ƚȼɬ). ȼ ɨɫɜɨɟɧɢɢ ɷɧɟɪɝɨɛɥɨɤɨɜ ɋɋɄɉ Ʉɢɬɚɣ 
ɞɨɛɢɥɫɹ ɡɧɚɱɢɬɟɥɶɧɵɯ ɭɫɩɟɯɨɜ, ɄɉȾ ɨɞɧɨɣ ɢɡ ɥɭɱɲɢɯ ɫɬɚɧɰɢɣ Waigaoqiao ɫɨ-
ɫɬɚɜɢɥ 44,9 %. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɪɨɝɢɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜɫɟ ɭɝɨɥɶɧɵɟ 
Ɍɗɋ Ʉɢɬɚɹ ɨɛɨɪɭɞɨɜɚɧɵ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚɦɢ, ɚ 92 ɢ 83 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ — ɫɢ-
ɫɬɟɦɚɦɢ ɫɟɪɨɨɱɢɫɬɤɢ ɢ ɚɡɨɬɨɨɱɢɫɬɤɢ[1]. 
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1 — ɬɨɩɥɢɜɨɩɨɞɝɨɬɨɜɤɚ; 2 — ɩɵɥɟɭɝɨɥɶɧɵɣ ɤɨɬɟɥ; 3, 4, 5 — ɐȼȾ, ɐɋȾ, ɐɇȾ ɩɚɪɨɜɨɣ 

ɬɭɪɛɢɧɵ; 6 — ɤɨɧɞɟɧɫɚɬɨɪ; 7 — ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; 8 — ɫɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 
ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 9 — ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ; 10 — ɷɥɟɤɬɪɨɮɢɥɶɬɪ; 
11 — ɫɟɪɨɨɱɢɫɬɤɚ; 12 — ɭɫɬɚɧɨɜɤɚ ɭɥɚɜɥɢɜɚɧɢɹ ɋɈ2; 13 — ɞɵɦɨɜɚɹ ɬɪɭɛɚ; 

14 — ɚɡɨɬɨɨɱɢɫɬɤɚ; 15 — ɫɢɫɬɟɦɚ ɡɨɥɨɭɞɚɥɟɧɢɹ  
Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɝɨɥɶɧɨɝɨ ɩɚɪɨɬɭɪɛɢɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɭɜɟɥɢ-

ɱɟɧɢɟ ɄɉȾ ɡɚ ɫɱɟɬ ɪɨɫɬɚ ɧɚɱɚɥɶɧɵɯ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ 
ɱɚɫɬɶ ɩɪɢɪɨɫɬɚ ɄɉȾ, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞ-
ɩɨɥɚɝɚɟɬ ɦɨɞɟɪɧɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ, ɜ ɰɟɥɹɯ 
ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɯɟɦɧɵɯ ɪɟɲɟɧɢɣ. 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɭɝɨɥɶɧɵɯ ɷɧɟɪɝɨɛɥɨɤɨɜ ɧɚ ɩɚɪɚɦɟɬɪɵ 
ɩɚɪɚ 30 Ɇɉɚ ɢ 600 °C ɩɨɤɚɡɚɥɚ, ɱɬɨ ɩɪɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ Ɋɨɫɫɢɢ ɰɟɧɚɯ ɧɚ ɬɨɩ-
ɥɢɜɨ ɢ ɫɬɚɜɤɟ ɛɚɧɤɨɜɫɤɢɯ ɤɪɟɞɢɬɨɜ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶ-
ɧɵɯ ɜɥɨɠɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 10 ɥɟɬ; ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɨɩɪɚɜɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 26,1 Ɇɉɚ ɢ 575/585 °C. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɬɚ ɭɫɬɚɧɨɜɨɤ ɩɚɪɨɬɭɪɛɢɧɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɜɵɫɨɤɨɦ 
ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ ɢ ɛɨɥɟɟ ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɚɧɢɱɟɧɢɸ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. ȼ ɫɜɹɡɢ ɫ ɦɚɬɟɪɢɚ-
ɥɨɜɟɞɱɟɫɤɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɢ ɫɜɟɪɯɜɵɫɨɤɢɦɢ ɭɞɟɥɶɧɵɦɢ ɤɚɩɢɬɚɥɶɧɵɦɢ ɜɥɨɠɟ-
ɧɢɹɦɢ ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɟ ɰɢɤɥɵ ɛɭɞɭɬ ɨɝɪɚɧɢ-
ɱɟɧɵ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 700–720 °C ɧɚ ɨɛɨɡɪɢɦɭɸ ɩɟɪɫɩɟɤɬɢɜɭ. 

Ʉɨɧɤɭɪɟɧɰɢɹ ɦɟɠɞɭ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɪɹɦɨɝɨ ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɢ ɬɟɯɧɨɥɨɝɢɹɦɢ 
ɤɨɧɜɟɪɫɢɢ ɭɝɥɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɠɢɝɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɟɝɨ ɤɨɧɜɟɪɫɢɢ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɫɟɝɨɞɧɹ ɬɟɯɧɨɥɨɝɢɢ ɋɄɉ ɤɨɧɤɭɪɢɪɭɸɬ 
ɫ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɦɢ ɉȽɍ ɩɨ ɤɚɩɢɬɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ, ɨɞɧɚɤɨ ɛɨɪɶɛɚ ɫ ɝɥɨɛɚɥɶ-
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ɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɤɥɢɦɚɬɚ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɭɠɟɫɬɨɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚ-
ɤɨɧɨɞɚɬɟɥɶɫɬɜ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɞɟɥɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɛɟɠɧɵɦ ɨɛɹɡɚɬɟɥɶɧɨɫɬɶ 
ɜɜɟɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɡɚɯɨɪɨɧɟɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ (CCS), ɱɬɨ ɜ 
ɧɟɪɚɜɧɨɣ ɦɟɪɟ ɫɤɚɠɟɬɫɹ ɧɚ ɬɟɯɧɨɥɨɝɢɹɯ ɩɪɹɦɨɝɨ ɫɠɢɝɚɧɢɹ ɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɣ ɤɨɧɜɟɪɫɢɟɣ ɭɝɥɹ ɢ ɜ ɡɚɦɟɬɧɨ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɭɜɟɥɢɱɢɬ ɫɟɛɟ-
ɫɬɨɢɦɨɫɬɶ ɩɟɪɜɵɯ. ɂ ɯɨɬɹ Ɋɨɫɫɢɹ ɩɨɤɚ ɧɟ ɜɡɹɥɚ ɧɚ ɫɟɛɹ ɨɛɹɡɚɬɟɥɶɫɬɜɚ ɩɨ ɫɨɤɪɚ-
ɳɟɧɢɸ ɜɵɛɪɨɫɨɜ CO2, ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɩɟɪɫɩɟɤɬɢɜ-
ɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɱɬɨ ɞɟɥɚɟɬ ɨɩɟɪɟɠɚɸɳɭɸ ɪɚɡɪɚɛɨɬɤɭ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 
ɭɝɨɥɶɧɨɣ ɉȽɍ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɨɣ. 
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1.2   Ɍɪɚɞɢɰɢɨɧɧɵɣ ɷɧɟɪɝɨɛɥɨɤ ɫ CCS  

ɉɪɨɛɥɟɦɚ ɫɨɤɪɚɳɟɧɢɹ ɜɵɛɪɨɫɨɜ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɸɬɫɹ ɋɈ2 (76 % ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ ɜɵɛɪɨɫɨɜ), CH4 (16 %), N2O (2 %), ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɝɥɨɛɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ. ɇɚ 
ɞɨɥɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɪɢɯɨ-
ɞɢɬɫɹ 25 % ɜɵɛɪɨɫɨɜ ɋɈ2. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ 
ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ: 

 ɩɨɜɵɲɟɧɢɟ ɄɉȾ Ɍɗɋ; 
 ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ (Carbon 

capture and storage — CCS); 
 ɪɚɡɜɢɬɢɟ ɧɢɡɤɨɷɦɢɫɫɢɨɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ — ɚɬɨɦɧɨɣ 

ɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɚ ɬɚɤɠɟ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɢ ɜɨɡɨɛɧɨɜɥɹɟ-
ɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ (ɇɢȼɂɗ). 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɭɝɨɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɨɬɧɨɫɹɬɫɹ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɧɢ-
ɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ — ɷɬɨ ɭɜɟɥɢɱɟɧɢɟ ɄɉȾ ɭɝɨɥɶɧɵɯ Ɍɗɋ ɢ ɩɪɢ-
ɦɟɧɟɧɢɟ ɫɢɫɬɟɦ CCS. Ɉɞɧɚɤɨ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚ-
ɧɨɜɨɤ (ɨɠɢɞɚɟɬɫɹ ɤ 2030 ɝ. ɞɨ 50 %) ɩɪɢɜɟɞɟɬ ɥɢɲɶ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦɩɨɜ ɭɜɟɥɢɱɟ-
ɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ CO2 ɜ ɚɬɦɨɫɮɟɪɟ ɢ ɧɟ ɪɟɲɢɬ ɩɪɨɛɥɟɦɭ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟ-
ɧɢɹ. ȼɧɟɞɪɟɧɢɟ ɠɟ ɫɢɫɬɟɦ CCS ɩɨɡɜɨɥɢɬ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɜɵɛɪɨɫɵ ɭɝɥɟɤɢɫ-
ɥɨɝɨ ɝɚɡɚ, ɩɪɢ ɷɬɨɦ ɧɟɢɡɛɟɠɧɨ ɩɪɨɢɡɨɣɞɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɚɩɢɬɚɥɶ-
ɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ (ɩɨ ɪɚɡɧɵɦ ɨɰɟɧɤɚɦ ɧɚ 20–50 %), ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɪɚɫɯɨɞɨɜ (ɞɨ 70 %) ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɨɫɬ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɧɢɠɟɧɢɟ 
ɄɉȾ (ɧɚ 10–12 % ɩɪɢ 100 % ɭɥɚɜɥɢɜɚɧɢɢ ɋɈ2) [1].  

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɟ ɭɝɥɟɪɨɞɚ ɹɜɥɹɟɬɫɹ ɛɨɪɶɛɚ ɫ ɝɥɨ-
ɛɚɥɶɧɵɦ ɩɨɬɟɩɥɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɡɚɝɪɹɡɧɟɧɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɫɟɧɬɹɛɪɟ 
2016 ɝɨɞɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɋɈ2 ɜ ɚɬɦɨɫɮɟɪɟ ɧɟɨɛɪɚɬɢɦɨ ɩɪɟɜɵɫɢɥɚ ɡɧɚɱɟɧɢɟ ɜ 400 
ppm ɢ ɩɪɨɞɨɥɠɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɉɨɫɥɟɞɧɢɣ ɪɚɡ ɬɚɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ CO2 ɛɵɥɚ 
600 ɬɵɫ. ɥɟɬ ɧɚɡɚɞ ɜɟɪɨɹɬɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɥɶɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

 

 
ɚ — ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɜɨɡɞɭɯɟ; ɛ — ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ 

ɜ ɤɢɫɥɨɪɨɞɟ. 
Ɋɢɫɭɧɨɤ 2 – Ʉɨɦɩɨɧɨɜɤɚ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɫɨ ɫɜɹɡɵɜɚɧɢɟɦ CO2 

 

https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%BE%D0%B1%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D1%82%D0%B5%D0%BF%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%BE%D0%B1%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D1%82%D0%B5%D0%BF%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D1%83%D0%BB%D0%BA%D0%B0%D0%BD
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ɋɢɫɬɟɦɚ CCS ɦɨɠɟɬ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧɚ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɭɥɚɜɥɢɜɚɧɢɟɦ 
ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɞɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ (pre-combustion capture) ɢɥɢ ɩɨɫɥɟ (post-
combustion capture). 

Ⱦɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ (ɪɢɫɭɧɨɤ 2, ɚ, ɛ) ɢɫɩɨɥɶɡɭɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɩɵɥɟ-
ɭɝɨɥɶɧɵɯ ɛɥɨɤɚɯ. ɋɢɫɬɟɦɵ ɭɥɚɜɥɢɜɚɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɬɨɩ-
ɥɢɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɉȽɍ ɫ ɜɧɭɬɪɢɰɢɤɥɨɜɨɣ ɝɚɡɢɮɢɤɚɰɢɟɣ (ɉȽɍ-ȼɐȽ). 

ɍɥɚɜɥɢɜɚɧɢɟ ɋɈ2 ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ (ɪɢɫɭɧɨɤ 2, ɚ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬ-
ɞɟɥɟɧɢɢ ɋɈ2 ɨɬ ɞɵɦɨɜɵɯ ɝɚɡɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯ-
ɧɨɥɨɝɢɟɣ ɹɜɥɹɟɬɫɹ ɨɱɢɫɬɤɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɦɟɬɨɞɨɦ ɚɛɫɨɪɛɰɢɢ. ɉɪɢɦɟɧɟɧɢɟ 
ɨɯɥɚɠɞɟɧɧɨɝɨ ɚɦɦɢɚɤɚ ɜ ɤɚɱɟɫɬɜɟ ɚɛɫɨɪɛɟɧɬɚ (ɡɚ ɪɭɛɟɠɨɦ ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɪɚɡɪɚ-
ɛɚɬɵɜɚɟɬɫɹ ɩɨɞ ɧɚɡɜɚɧɢɟɦ Chilled Ammonia process) ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ 
ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɪɨɫɬ ɢɡɞɟɪɠɟɤ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɵɥɟɭɝɨɥɶ-
ɧɨɝɨ ɛɥɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ 10 ɢ 25 %. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ, ɫɨɞɟɪ-
ɠɚɳɚɹ ɫɜɹɡɚɧɧɵɣ ɋɈ2, ɤɨɬɨɪɚɹ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɟɝɟɧɟɪɚɬɨɪ, ɝɞɟ ɨɧɚ ɧɚɝɪɟɜɚɟɬɫɹ, 
ɩɪɨɢɫɯɨɞɢɬ ɪɟɝɟɧɟɪɚɰɢɹ ɚɛɫɨɪɛɟɧɬɚ ɢ ɜɵɞɟɥɟɧɢɟ ɫɜɟɪɯɱɢɫɬɨɝɨ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨ 99,95 %. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɭɥɚɜɥɢɜɚɧɢɹ ɋɈ2 ɨɩɢɫɚɧɧɵɦ ɦɟɬɨ-
ɞɨɦ ɫɨɫɬɚɜɥɹɟɬ 85 – 95 % [1].  

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɟɤɨɬɨ-
ɪɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɞɭɤɬɨɜ (ɜɨɞɨɪɨɞɚ, ɦɟɬɚɧɨɥɚ ɢ ɞɪ.) ɜ ɨɬɥɢɱɢɟ ɨɬ ɉȽɍ 
ȼɐȽ ɫ CCS. Ɍɟɯɧɨɥɨɝɢɸ ɚɛɫɨɪɛɰɢɢ ɚɦɦɢɚɤɨɦ (Chilled ammonia process) ɪɚɡɪɚ-
ɛɚɬɵɜɚɟɬ ɢ ɜɧɟɞɪɹɟɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɦɩɚɧɢɹ Alstom. ɉɟɪɜɚɹ ɩɢɥɨɬɧɚɹ ɭɫɬɚɧɨɜɤɚ, 
ɪɚɛɨɬɚɸɳɚɹ ɩɨ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɦɨɳɧɨɫɬɶɸ 5 Ɇȼɬ ɛɵɥɚ ɡɚɩɭɳɟɧɚ ɧɚ ɭɝɨɥɶɧɨɣ 
Ɍɗɋ Pleasant Prairie (ɋɒȺ, ɲɬɚɬ ȼɢɫɤɨɧɫɢɧ) ɤɨɦɩɚɧɢɢ We Energies ɜ 2008 ɝ. 
(ɪɢɫɭɧɨɤ 3).  

 
1 — ɤɨɬɟɥ; 2 — ɪɟɚɤɬɨɪ ɋɄȼ (ɭɞɚɥɟɧɢɟ 90 % NOx); 3 — ɡɨɥɨɭɥɨɜɢɬɟɥɶ; 4 — ɭɫɬɚɧɨɜɤɚ ɫɟɪɨ-
ɨɱɢɫɬɤɢ (ɭɞɚɥɟɧɢɟ 95 % SO2); 5 — ɫɢɫɬɟɦɚ ɚɛɫɨɪɛɰɢɢ CO2 ɚɦɦɢɚɤɨɦ (5ɚ — ɭɫɬɚɧɨɜɤɚ ɨɯɥɚ-

ɠɞɟɧɢɹ ɢ ɞɨɨɱɢɫɬɤɢ ɝɚɡɨɜ, 5ɛ — ɭɫɬɚɧɨɜɤɚ ɭɥɚɜɥɢɜɚɧɢɹ CO2); 6 — ɞɵɦɨɫɨɫ 
Ɋɢɫɭɧɨɤ 3 – ɉɢɥɨɬɧɵɣ ɩɪɨɟɤɬ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɚɛɫɨɪɛɰɢɟɣ CO2 ɚɦɦɢɚ-

ɤɨɦ ɧɚ Ɍɗɋ Pleasant Prairie (ɋɒȺ) 
 
ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɢɫɥɨɪɨɞɟ (ɪɢɫɭɧɨɤ 1.2, ɛ) (Oxyfuel 

combustion) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɪɚɡɞɟɥɟɧɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɪɚɛɨɬɚ ɤɨɬɨ-
ɪɨɣ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ. ɉɪɨɰɟɫɫ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ (ɪɢ-
ɫɭɧɨɤ 4): ɪɚɡɞɟɥɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ȼɊɍ, ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ ɜ ɤɢɫɥɨɪɨɞɟ ɫ ɪɟɰɢɪɤɭɥɹ-
ɰɢɟɣ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɩɤɟ, ɨɱɢɫɬɤɚ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɨɯɥɚɠɞɟɧɢɟ ɢ ɤɨɧɞɟɧɫɚɰɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɞɟɩɨɧɢɪɨɜɚɧɢɟ ɋɈ2. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɩɨɥɭɱɚɟɦ ɞɵɦɨɜɵɟ ɝɚɡɵ ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧ-
ɬɪɚɰɢɟɣ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɭɥɚɜɥɢɜɚɧɢɟ ɟɝɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝ-
ɱɚɟɬɫɹ. 

 
1 — ȼɊɍ; 2 — ɩɵɥɟɭɝɨɥɶɧɵɣ ɤɨɬɟɥ; 3 — ɡɨɥɨɭɥɨɜɢɬɟɥɶ; 4 — ɫɤɪɭɛɛɟɪ ɫɟɪɨɨɱɢɫɬɤɢ; 5 — 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ; 6 — ɤɨɦɩɪɟɫɫɨɪ CO2; 7 — ȾɊȽ 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨ ɫɜɹɡɵɜɚɧɢɟɦ CO2 ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ 

ɜ ɤɢɫɥɨɪɨɞɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ Oxyfuel capture 
 

Ʉɢɫɥɨɪɨɞɧɨɟ ɫɠɢɝɚɧɢɟ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 
 ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɫɨɫɬɚɜɥɹɟɬ 20–35 % ɨɬ ɬɚɤɨɜɵɯ ɜ ɤɥɚɫɫɢɱɟ-

ɫɤɨɦ ɫɥɭɱɚɟ ɜɨɡɞɭɲɧɨɝɨ ɫɠɢɝɚɧɢɹ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ ɝɚɛɚɪɢɬɵ ɫɢ-
ɫɬɟɦɵ ɝɚɡɨɨɱɢɫɬɤɢ; 

 ɤɨɧɰɟɧɬɪɚɰɢɹ CO2 ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɛɨɥɟɟ 80–90 %, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɛɥɟɝɱɚɟɬ ɟɝɨ ɫɟɩɚɪɚɰɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɠɢɝɚɧɢɟɦ ɬɨɩɥɢɜɚ ɜ ɜɨɡɞɭɯɟ, ɝɞɟ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɋɈ2 ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɧɢɡɤɚɹ; 

 ɭɪɨɜɟɧɶ ɜɵɛɪɨɫɨɜ NOx ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬɫɹ. 
Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

 ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɧɚɱɢɬɟɥɶ-
ɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ; 

 ɜɵɫɨɤɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ — ɩɨ ɫɪɚɜɧɟɧɢɸ, ɧɚɩɪɢɦɟɪ, ɫ ɉȽɍ-
ȼɐȽ ɩɨɱɬɢ ɜ 3 ɪɚɡɚ ɛɨɥɶɲɟ; 

 ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɨɥɭɱɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɪɟɰɢɪɤɭɥɹɰɢɸ ɝɚɡɨɜ [1]. 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɢɫɬɟɦɵ ɭɥɚɜɥɢɜɚɧɢɹ ɞɨ ɢɥɢ ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɦɨɝɭɬ 

ɭɥɚɜɥɢɜɚɬɶ ɞɨ 95 % ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɋɈ2. Ɉɞɧɚɤɨ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɜɫɟɯ ɷɬɢɯ 
ɪɟɲɟɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɯ ɞɨɪɨɝɨɜɢɡɧɟ, ɩɨɫɤɨɥɶɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɚ 
ɭɫɬɚɧɨɜɤɚ ɫɟɩɚɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɟɛɭɟɬɫɹ ɧɚ 10 – 30 % ɛɨɥɶɲɟ ɷɧɟɪ-
ɝɢɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɢɫɬɟɦɵ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɛɟɡ 
ɭɥɚɜɥɢɜɚɧɢɹ.  
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1.3 ɉȽɍ-ȼɐȽ  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɧɨɡɨɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɝɟɧɬɫɬɜɚ 
ɨɞɧɚ ɢɡ ɝɪɭɩɩ ɱɢɫɬɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɨɛɵɱɢ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɹ –ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ 
ɰɢɤɥɵ ɫ ɜɧɭɬɪɟɧɧɟɣ ɝɚɡɢɮɢɤɚɰɢɟɣ ɭɝɥɹ (ɄɐȼȽ).  

ȼ Ɋɨɫɫɢɢ ɜ 2005 ɝɨɞɭ ɞɨɥɹ ɭɝɥɹ ɜ ɷɧɟɪɝɨɛɚɥɚɧɫɟ ɫɬɪɚɧɵ ɫɨɫɬɚɜɥɹɥɚ ɨɤɨɥɨ 
18 ɩɪɨɰɟɧɬɨɜ (ɜ ɫɪɟɞɧɟɦ ɩɨ ɦɢɪɭ 39 %). ɉɨ ɨɰɟɧɤɚɦ ɧɚ 2010—2013 ɝɨɞɵ ɡɚɩɚɫɨɜ 
ɭɝɥɹ ɩɪɢ ɬɟɤɭɳɟɦ ɩɨɬɪɟɛɥɟɧɢɢ ɯɜɚɬɢɬ ɧɚ 100—150 ɥɟɬ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɟɮɬɢ ɢ 
ɝɚɡɚ ɥɢɲɶ ɧɚ 30-50 ɥɟɬ. Ɍɚɤɠɟ ɫɬɨɢɦɨɫɬɶ 1 ɬɨɧɧɵ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɭɝɥɟ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɧɢɡɤɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɡɭɬɨɦ ɢ ɝɚɡɨɦ. ɇɚ 
2006 ɝɨɞ ɫɪɟɞɧɟɦɢɪɨɜɨɣ ɄɉȾ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɪɚɜɧɹɥɫɹ 31 %. ɉɪɢɦɟ-
ɧɟɧɢɟ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɝɚɡɢɮɢɤɚɰɢɟɣ ɭɝɥɹ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɞɨ ɞɜɭɯ ɪɚɡ ɢ ɫɧɢɡɢɬɶ ɩɪɢ ɷɬɨɦ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟ-
ɳɟɫɬɜ. 

ɉȽɍ-ȼɐȽ, ɢɥɢ IGCC — Integrated Gasification Combined Cycle, ɹɜɥɹɟɬɫɹ 
ɞɨɜɨɥɶɧɨ ɦɨɥɨɞɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. ɉɟɪɜɨɣ ɜ ɦɢɪɟ ɛɵɥɚ ɬɜɟɪɞɨɬɨɩɥɢɜɧɚɹ ɉȽɍ 
Kellerman ɦɨɳɧɨɫɬɶɸ 170 Ɇȼɬ.  

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɩɚɪɨɝɚɡɨɜɵɣ ɰɢɤɥ ɫ ɝɚɡɢɮɢɤɚɰɢɟɣ ɭɝɥɹ ɨɫɧɨɜɚɧ ɧɚ ɱɚ-
ɫɬɢɱɧɨɦ ɫɠɢɝɚɧɢɢ (ɨɤɢɫɥɟɧɢɢ) ɭɝɥɹ ɜ ɝɚɡɢɮɢɤɚɬɨɪɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɧɟɯɜɚɬɤɟ 
ɨɤɢɫɥɢɬɟɥɹ (ɪɢɫɭɧɨɤ 5). ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɝɨɥɶ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɨɩɥɢɜɧɵɣ ɝɚɡ - ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɜɨɞɨɪɨɞ ɢ ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɤɨɬɨɪɵɣ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɦɨɠɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɩɚɪɨɝɚɡɨɜɨɦ ɰɢɤɥɟ, ɤɚɤ ɨɛɵɱɧɨɟ ɝɚɡɨɨɛɪɚɡɧɨɟ ɬɨɩɥɢɜɨ. 

 Ʉɨɧɤɭɪɟɧɰɢɹ ɬɟɯɧɨɥɨɝɢɣ ɤɨɧɜɟɪɫɢɢ ɭɝɥɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɫɠɢɝɚɧɢɟɦ 
ɜ ɭɫɬɚɧɨɜɤɚɯ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɫ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɪɹɦɨɝɨ ɫɠɢɝɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɪɹɞɭ ɩɨɤɚɡɚɬɟɥɟɣ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, 
ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɱɢɫɬɨɬɚ, ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɤɥɨɜ ɉȽɍ-ȼɐȽ ɢɦɟɟɬ ɥɭɱɲɢɟ ɩɟɪɫɩɟɤ-
ɬɢɜɵ ɛɥɚɝɨɞɚɪɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɰɢɤɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɵ-
ɥɟɭɝɨɥɶɧɵɦ ɫɠɢɝɚɧɢɟɦ, ɝɞɟ ɪɚɛɨɬɚ ɩɪɢ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ (24 –30 Ɇɉɚ) ɧɚɤɥɚ-
ɞɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 
(ɞɨ 700 –750 °C) ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɥɚɜɨɜ. Ⱦɚɥɶ-
ɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɰɢɤɥɨɜ ɫ ȼɐȽ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɄɉȾ (ɫɜɵɲɟ 70 %) [1]. 
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Ⱥ - ɫɟɤɰɢɹ ɝɚɡɢɮɢɤɚɰɢɢ ɭɝɥɹ ɢ ɩɨɥɭɱɟɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɝɚɡɚ: Ȼ - ɫɟɤɰɢɹ ȽɌɍ; ȼ - 
ɫɟɤɰɢɹ ɩɚɪɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ: 1- ɩɨɞɚɱɚ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɭɝɥɹ; 2- ɝɚɡɨɝɟɧɟɪɚɬɨɪ; 3- ɭɞɚɥɟ-
ɧɢɟ ɲɥɚɤɚ; 4- ɝɚɡɨɨɯɥɚɞɢɬɟɥɶ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ; 5- ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ; 6- ɩɚɪ; 7- ɝɚɡɨɨɱɢɫɬɤɚ; 8- 
ɷɥɟɦɟɧɬɚɪɧɚɹ ɫɟɪɚ; 9- ɩɵɥɶ; 10- ɨɱɢɳɟɧɧɵɣ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɝɚɡ; 11- ɭɫɬɚɧɨɜɤɚ ɪɚɫɳɟɩɥɟɧɢɹ 

ɜɨɡɞɭɯɚ; 12- Ɉ2;13- N2;14- ɜɨɡɞɭɯ; 15- ɜɵɯɨɞɧɵɟ ɝɚɡɵ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ 

Ɋɢɫɭɧɨɤ 5 – ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɉȽɍ ɫ ȼɐȽ 

ɉɨ ɞɚɧɧɵɦ ɤɨɦɩɚɧɢɢ GE, ɬɟɯɧɨɥɨɝɢɹ ɉȽɍ-ȼɐȽ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶ-
ɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɞɚɠɟ ɫ ɥɭɱɲɢɦɢ Ɍɗɋ ɧɚ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ, ɚ ɢɦɟɧɧɨ: ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ NOx — 33 %; SɈ2 
— 75 %; ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ — 40 %; ɭɞɚɥɟɧɢɟ ɪɬɭɬɢ ɛɨɥɟɟ ɱɟɦ ɧɚ 90 %; ɧɚ 30 % 
ɦɟɧɶɲɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɜɨɞɵ. ɋɪɚɜɧɟɧɢɟ ɭɪɨɜɧɹ ɜɵɛɪɨɫɨɜ ɉȽɍ-ȼɐȽ ɫ ɬɪɚɞɢɰɢɨɧ-
ɧɵɦɢ Ɍɗɋ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6 [1]. 
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Ɋɢɫɭɧɨɤ 6 – ɋɪɚɜɧɟɧɢɟ ɭɪɨɜɧɹ ɜɵɛɪɨɫɨɜ ɉȽɍ-ȼɐȽ ɢ Ɍɗɋ 

 
ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɉȽɍ-ȼɐȽ ɹɜɥɹɟɬɫɹ ɢ ɜɵɫɨɤɚɹ ɚɞɚɩɬɢɜɧɨɫɬɶ ɨɫɧɨɜɧɨɝɨ 

ɷɥɟɦɟɧɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ — ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ɤ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɭ, 
ɤɚɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɟɝɨ ɝɚɛɚɪɢɬɵ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɝɚɛɚɪɢɬɵ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɞɨ 2,4 ɪɚɡ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɧɚ ɫɠɢɝɚɧɢɟ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɭɝɥɹ. 

 ɂɧɬɟɪɟɫ ɤ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɜ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɦ ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɦ ɰɢɤɥɟ ɨɛɴɹɫɧɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɚɥɢɡɚɰɢɢ ɛɢɧɚɪɧɨɝɨ ɰɢɤɥɚ ɧɚ 
ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ ɫ ɜɵɫɨɤɢɦ ɄɉȾ (ɨɫɜɨɟɧɧɵɣ ɭɪɨɜɟɧɶ 43–44 %, ɨɠɢɞɚɟɦɵɣ 50–
55 %) ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɠɟɫɬɤɢɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɮɚɤɬɨ-
ɪɨɜ: 

1. ȼɵɫɨɤɚɹ ɚɞɚɩɬɢɜɧɨɫɬɶ ɤ ɪɚɛɨɬɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɬɜɟɪɞɵɯ ɬɨɩɢɜ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɧɢɡɤɨɫɨɪɬɧɵɯ; 

2. Ɉɛɟɫɩɟɱɟɧɢɟ ɠɟɫɬɤɢɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ (ɫɧɢɠɟɧɢɟ ɜɵɛɪɨ-
ɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɫɟɪɵ, ɡɨɥɵ ɢ ɲɥɚɤɚ), ɜɤɥɸɱɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɷɮ-
ɮɟɤɬɢɜɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɋOଶ 
 

ɍɱɢɬɵɜɚɹ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɜ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɟɤɬ ɪɚɫɲɢɪɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɭ-
ɬɟɦ ɦɨɧɬɚɠɚ ɜ ɧɟɟ ɉȽɍ ɫ ɜɧɭɬɪɢɰɢɤɥɨɜɨɣ ɝɚɡɢɮɢɤɚɰɢɟɣ (ȼɐȽ) ɛɨɪɨɞɢɧɫɤɨɝɨ 
ɭɝɥɹ. ɗɬɨ ɨɛɟɫɩɟɱɢɬ ɭɜɟɥɢɱɟɧɢɟ ɜɵɪɚɛɨɬɤɢ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ ɫɬɚɧɰɢɢ, ɬɚɤ ɠɟ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɨɪɝɚɧɢɡɭɟɬ ɩɪɢɨɫɬɚɧɨɜɤɭ ɪɨɫɬɚ ɜɪɟɞɧɵɯ 
ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɝɚɡɢɮɢɤɚɰɢɨɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ, ɩɨɞɯɨɞɹɳɭɸ ɬɪɟɛɨ-
ɜɚɧɢɹɦ ɩɪɨɟɤɬɚ. ɗɬɨ ɩɨɤɪɵɬɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 100 Ƚɤɚɥ/ɱ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ 
ɷɬɨɦ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɫɢɧɬɟɡ-ɝɚɡɚ ɧɚ ɩɚɪɨɜɨɡɞɭɲɧɨɦ ɞɭɬɶɟ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɤɥɸɱɟ-
ɜɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɬɚɤɢɯ ɤɚɤ: 



 

15 

 ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ (CO ɢ ܪଶሻ; 
 ɜɵɫɨɤɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɩɨɥɭɱɚɟɦɨɝɨ ɫɢɧɬɟɡ-ɝɚɡɚ; 
 ɦɟɧɶɲɢɟ ɝɚɛɚɪɢɬɵ ɢ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɜ ɫɪɚɜɧɟɧɢɟ ɫ ɜɨɡɞɭɲɧɵɦ ɞɭɬɶɟɦ; 
 ɨɬɫɭɬɫɬɜɢɟ ɫɦɨɥ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ. 

Ɍɨɩɥɢɜɨ ɜɜɨɞɢɬɫɹ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ ɜ ɜɨɫɯɨɞɹɳɟɦ ɩɨɬɨɤɟ ɝɚɡɚ, ɤɨɬɨɪɵɣ 
ɩɫɟɜɞɨɠɢɠɚɟɬ ɬɨɩɥɢɜɨ ɜɧɭɬɪɢ ɪɟɚɤɬɨɪɚ ɢ ɬɟɦ ɫɚɦɵɦ, ɨɛɟɫɩɟɱɢɜɚɹ ɛɨɥɶɲɭɸ ɩɥɨ-
ɳɚɞɶ ɞɥɹ ɪɟɚɝɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞɚ ɬɨɩɥɢɜɚ ɢ ɝɚɡɢɮɢɰɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ. ɋɥɨɣ 
ɨɛɵɱɧɨ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡ ɩɟɫɤɚ, ɭɝɥɹ, ɫɨɪɛɟɧɬɚ ɢ ɡɨɥɵ. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ 
ɭɝɥɹ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪɟ 10…100 ɫ. Ƚɚɡɨɝɟɧɟɪɚɬɨɪɵ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɪɚɛɨɬɚɸɬ ɩɪɢ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɟɦ ɚɩɩɚɪɚɬɵ ɩɵɥɟɜɨɝɨ ɩɨɬɨɤɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɝɚɡɨ-
ɝɟɧɟɪɚɬɨɪɟ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɡɨɥɵ. ɉɨɫɤɨɥɶɤɭ, ɝɚɡɨɝɟɧɟɪɚɬɨɪɵ ɤɢɩɹ-
ɳɟɝɨ ɫɥɨɹ ɪɚɛɨɬɚɸɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɟɦ ɚɩɩɚɪɚɬɵ ɩɵɥɟɜɨɝɨ ɩɨ-
ɬɨɤɚ, ɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɞɨɪɨɝɢɯ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɝɚɡɚ. 

ɉɪɨɰɟɫɫ ɝɚɡɢɮɢɤɚɰɢɢ ɭɝɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪɟ ɫ ɤɢɩɹɳɢɦ 
ɫɥɨɟɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ (ɪɢɫɭɧɨɤ 7), ɨɤɢɫɥɢɬɟɥɟɦ ɫɥɭɠɢɬ ɜɨɡɞɭɯ ɢ ɩɚɪ. 
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Ɋɢɫɭɧɨɤ 7 – Ƚɚɡɨɝɟɧɟɪɚɬɨɪ ɫ ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ 
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2 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

2.1 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢя 

Ⱦɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɛɭɞɭɬ ɪɚɫ-
ɫɦɨɬɪɟɧɵ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚ: 

1. ɍɫɬɚɧɨɜɤɚ ɞɭɛɥɶ-ɛɥɨɤɚ ɫ ɬɭɪɛɢɧɨɣ Ɍ-25/34-3,4/0,12, ɞɜɭɦɹ ɤɨɬɥɚɦɢ-
ɭɬɢɥɢɡɚɬɨɪɚɦɢ ɉɪ-75-4,0-440Ⱦ ɢ ɞɜɭɦɹ ɝɚɡɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ LM6000 PD Sprint. 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 115 Ɇȼɬ, ɬɟɩɥɨɜɚɹ 100 Ƚɤɚɥ/ɱ. 

2. ɍɫɬɚɧɨɜɤɚ ɞɭɛɥɶ-ɛɥɨɤɚ ɫ ɩɚɪɨɜɨɣ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɨɣ 
SST-400 ɮɢɪɦɵ Siemens, ɞɜɭɦɹ ɝɚɡɨɬɭɪɛɢɧɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ SGT-800 ɢ ɞɜɭɦɹ 
ɤɨɬɥɚɦɢ-ɭɬɢɥɢɡɚɬɨɪɚɦɢ ɉɄ-83. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 115 Ɇȼɬ, ɬɟɩɥɨɜɚɹ 95 
Ƚɤɚɥ/ɱ. 

3. ɉɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ȽɌɍ-64 ɢ Ɍ-40-130, ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɌɄɍ-4. 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 116 Ɇȼɬ, ɬɟɩɥɨɜɚɹ 90 Ƚɤɚɥ/ɱ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɷɮɮɟɤɬɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ Ɍɗɐ. 

 
Ɍɚɛɥɢɰɚ 1 – ɇɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ɇɟɫɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɐ ȼɨɫɬɨɱɧɚɹ ɋɢɛɢɪɶ 
ȼɢɞ ɬɨɩɥɢɜɚ Ȼɭɪɵɣ ɭɝɨɥɶ 
Ɍɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱ: 
ɚ) ɜ ɩɚɪɟ 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
0 

100 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ: 
ɚ) ɜ ɩɚɪɟ 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
 

0 
6000 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ɇȼɬ 115 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 

7200 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɭɫɬɚɧɨɜ-
ɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ɍɗɐ, ɱɚɫ/ɝɨɞ 

7200 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ, ɬ/ɱɚɫ 150 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ, % 91 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧ, ɱɚɫ/ɝɨɞ 7200 
Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɪɭɛ/ɬ.ɭ.ɬ 1300 
Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɷɥ. ɷɧɟɪɝɢɸ, ɪɭɛ/ɤȼɬ*ɱ 1,85 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 1,18 
ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚ-
ɸɳɟɝɨ, ɪɭɛ./ɝɨɞ 

525206 

Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 1,2 
ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ, % 30,4 
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2.2 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢя 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɫɨɫɬɨɹɬ ɢɡ ɰɟɧɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Ⱦɥɹ ɉȽɍ ɫ 
ȼɐȽ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɪɚɜɧɵ: 

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɨɞɧɨɝɨ ɛɥɨɤɚ, ɦɥɧ. ɪɭɛ: К′ = ͳͲͻͻ͸,ͺ͵ (1) 

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɭɞɨɪɨɠɚɧɢɹ, ɦɥɧ. 
ɪɭɛ: К = (К′ + К˄ˎ ∙ ሺ݊˄ˎ − ͳሻ) ∙ ݀𝑖 ∙ ݇˖ˇ (2) 

ɝɞɟ К˄ˎ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ ɛɥɨɤɨɜ, ɦɥɧ. ɪɭɛ.: 
 ݊˄ˎ = ͳ – ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ, ɲɬ; 
 ݀𝑖–ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɣɨɧ ɪɚɡɦɟɳɟɧɢɹ; ɞɥɹ ɋɢɛɢɪɢ ͳ,ʹ; 
 ݇˖ˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɜ ɰɟɧɚɯ ɬɟɤɭɳɟɝɨ ɝɨɞɚ (ɫɦ. ɬɚɛɥɢɰɭ 1). К = (ͳͲͻͻ͸,ͺ͵ + ͺͳͶͳ,Ͷ͸ ∙ ሺͳ − ͳሻ) ∙ ͳ,ʹ ∙ ͳ,ͳͺ = ͳͷͷ͹ͳ,ͷͳͳ 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ, ɫɜяɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɜ ɩɪɨɟɤɬɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱё-
ɬɚɯ, ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ ɭɤɪɭɩɧёɧɧɵɟ ɫɬɚɬɶɢ ɤɚɥɶɤɭɥɹɰɢɢ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

эܷ = ˕ܷ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓ (3) 

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

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

˕ܷ = ʥ ∙ ܤ ∙ ͳͲ−଺ (4) 

ɝɞɟ ɐ – ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬ.ɭ.ɬ. (ɫɦ. ɬɚɛɥɢɰɭ 1). 
 .ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ, ɬ ɭ.ɬ./ɝɨɞ – ܤ 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ, ɬ ɭ.ɬ./ɝɨɞ: ܤ = эܤ +  (5) ˕ܤ

ɝɞɟ  ܤэ – ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɬɵɫ. 
ɬ.ɭ.ɬ.; 
 .ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɬɵɫ. ɬ.ɭ.ɬ – ˕ܤ 
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ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɬ.ɭ.ɬ./ɝɨɞ: ܤэ = ܾэ ∙ ܹ (6) 

ɝɞɟ  ܾэ = Ͳ,ͳ͹ͻ͸ ˍˆ. ˖. ˕/ሺˍʑ˕ ∙ ˚ሻ = Ͳ,ͳ͹ͻ͸ ˕. ˖. ˕/ሺʛʑ˕ ∙ ˚ሻ  – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɪɚɫɱɟɬɧɨɣ ɱɚ-
ɫɬɢ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ Ɍɗɐ; 
 ܹ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ, ɬɵɫ. Ɇȼɬ ɱ.: ܹ = ˖ܰ˔˕ ∙ ̟ܶ ˔˕ ∙ ͳͲ−ଷ = ͳͳͷ ∙ ͹ʹͲͲ ∙ ͳͲ−ଷ = ͺʹͺ (7) 

ɝɞɟ ˖ܰ˔˕ = ͳͳͷ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; 
 ̟ܶ ˔˕ = ͹ʹͲͲ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ. ܤэ = Ͳ,ͳ͹ͻ͸ ∙ ͺʹͺ = ͳͶͺ,͹Ͳͻ  

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɬɵɫ. ɬ.ɭ.ɬ./ɝɨɞ: ܤ˕ = ܾ˕ ∙ ܳ˕э (8) 

ɝɞɟ  ܾ˕ = ͳ͵ͺ,͸ ˍˆʒˍ˃ˎ = Ͳ,ͳ͵ͺ͸ ˕ʒˍ˃ˎ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵ-
ɪɚɛɨɬɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɧɨɣ ɱɚɫɬɢ;  
 ܳ˕э – ɝɨɞɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ ɧɚ Ɍɗɐ ɩɨ ɝɨɪɹɱɟɣ ɜɨɞɟ, ɬɵɫ. Ƚɤɚɥ.: ܳ˕э = ܳ˕ ∙ ̞ܶ э ∙ ͳͲ−ଷ = ͳͲͲ ∙ ͸ͲͲͲ ∙ ͳͲ−ଷ = ͸ͲͲ (9) 

ɝɞɟ  ܳ˕ = ͳͲͲ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱɚɫ; 
 ̞ܶ э – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ. ܤ˕ = Ͳ,ͳ͵ͺ͸ ∙ ͸ͲͲ = ͺ͵,ͳ͸  ܤ = ͳͶͺ,͹Ͳͻ + ͺ͵,ͳ͸ = ʹ͵ͳ,ͺ͸ͻ  

˕ܷ = ͳ͵ͲͲ ∙ ʹ͵ͳ,ͺ͸ͻ ∙ ͳͲ−଺ = ͵Ͳͳ 

Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɪɚɫɱёɬɨɜ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɨ ɫɬɚɧɰɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɮɨɪɦɭɥɭ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

ˊܷ˒ = ˖ܰ ∙ ݊˖ ∙ ʣˊ˒ ∙ ͳͲ−଺ (10) 

ɝɞɟ ݊˖ – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɱɟɥ./Ɇȼɬ (ɫɦ. ɬɚɛɥɢɰɭ 1); 
 ʣˊ˒ – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ (ɫɦ. ɬɚɛɥɢɰɭ 1). ˊܷ˒ = ͳͳͷ ∙ ͳ,ͷ ∙ ͷʹͷʹͲ͸ ∙ ͳͲ−଺ = ͻͲ,ͷͻͺ 

Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

˃ܷ = К ∙ ʜ˃ (11) 
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ɝɞɟ ʜ˃ = ͸,͹% – ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ; 
 К – ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɭɞɨɪɨɠɚɧɢɹ, ɦɥɧ. 
ɪɭɛ./ɝɨɞ. ˃ܷ = ͳͷͷ͹ͳ,ͷͳͳ ∙ Ͳ,Ͳ͸͹ = ͳͲͶ͵ 

Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

˕ܷ˓ = К ∙ ʜ˕˓ (12) 

ɝɞɟ ʜ˕˓ = ͷ% – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶ-
ɧɵɯ ɜɥɨɠɟɧɢɣ. ˕ܷ˓ = ͳͷͷ͹ͳ,ͷͳͳ ∙ Ͳ,Ͳͷ = ͹͹ͺ,ͷ͹͸ 

Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ: 
– ɨɛɳɟɰɟɯɨɜɵɟ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
– ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
– ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ; 
– ɩɥɚɬɚ ɡɚ ɡɟɦɥɸ; 
– ɢ ɞɪɭɝɢɟ. 

ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 20–30% ɨɬ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, 
ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɫ ɭɱёɬɨɦ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɦɥɧ. ɪɭɛ./ɝɨɞ: ܷ˒˓ = Ͳ,ʹ ∙ ( ˃ܷ + ˊܷ˒ + ˕ܷ˓) + ʠʝʥ (13) 

ɝɞɟ ɋɈɐ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ ʠʝʥ = ˅˔ܪ ∙ ˊܷ˒ = Ͳ,͵ͲͶ ∙ ͻͲ,ͷͻͺ = ʹ͹,ͷͶʹ (14) 

ɝɞɟ ܪ˔˅ = ͵Ͳ,Ͷ % – ɧɨɪɦɚɬɢɜ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɞɨɥɢ; ܷ˒˓ = Ͳ,ʹ ∙ ሺͳͲͶ͵ + ͻͲ,ͷͻͺ + ͹͹ͺ,ͷ͹͸ሻ + ʹ͹,ͷͶʹ = ͶͲͻ,ͻ͹͹  

эܷ = ͳͲͶ͵ + ͻͲ,ͷͻͺ + ͹͹ͺ,ͷ͹͸ + ͶͲͻ,ͻ͹͹ + ͵Ͳͳ = ʹ͸ʹ͵,ͳͷͳ 

  

2.4 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ 

Ɍɚɛɥɢɰɚ 2 – ɇɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ɍ-25/34-3,4/0,12 SST-400 Ɍ-40-130 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ max, Ɇȼɬ 115 115 116 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, Ƚɤɚɥ/ɱ 110 95 90 

ɍɞ. ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɷɥ. 
ɷɧɟɪɝɢɸ  ɤɝ/(ɤȼɬ ּɱ) 0,1796 0,1812 0,182 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

 
ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ Ɍ-25/34-3,4/0,12 ɫɨɫɬɚɜɥɹɸɬ – 3509,69 ɦɥɧ ɪɭɛ, 

SST-400 – 5556,31 ɦɥɧ ɪɭɛ, Ɍ-40-130 – 5314,293 ɦɥɧ ɪɭɛ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɪɟɯ 
ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɩɪɢɦɟɪɨɜ ɜɢɞɧɨ, ɱɬɨ ɜɵɝɨɞɧɟɟ ɫɬɚɜɢɬɶ Ɍ-25/34-3,4/0,12. ȿɠɟ-
ɝɨɞɧɨ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ. Ɍɪɟɛɭɟɬɫɹ ɦɟɧɶɲɟ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ, ɧɚ 1805 ɦɥɧ ɪɭɛ ɦɟɧɶɲɟ, ɱɟɦ ɭ Ɍ-40-130. ɉɨɷɬɨɦɭ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɪɚɫɱɟɬɚ ɜɵɛɢɪɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɉȽɍ-ȼɐȽ 115 Ɇȼɬ (Ɍ-25/34-3,4/0,12). 

 
 ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥɨ ɜɵɛɪɚɧɨ: 
 Ⱦɜɟ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɬɢɩɚ LM6000 PD Sprint ɩɪɨɢɡɜɨɞɫɬɜɚ 

«General Electric»; 
 ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɬɢɩɚ Ɍ-25/34-3,4/0,12 ɩɪɨɢɡɜɨɞɫɬɜɚ ȺɈ «Ʉɚɥɭɠ-

ɫɤɢɣ ɬɭɪɛɢɧɧɵɣ ɡɚɜɨɞ»; 
 Ⱦɜɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɉɪ-75-4,0-440Ⱦ, ɩɪɨɢɡɜɨɞɫɬɜɚ ȺɈ «ɁɂɈ–ɉɨ-

ɞɨɥɶɫɤ». 
 

Ɍɚɛɥɢɰɚ 3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ⱥɝɪɟɝɚɬ Ɉɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

LM6000 PD Sprint 
˖ܰ˔˕ =  Ͷͷ ʛʑ˕ ݐ˅ы˘ˑ˒˃ =  Ͷͷ͵,ͷ °ܥ 

 

 

ɍɞ. ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɬɟɩɥɨɜɭɸ 
ɷɧɟɪɝɢɸ, ɤɝ/Ƚɤɚɥ 

138,6 155,61 145,70 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ ͳͷͷ͹ͳ,ͷͳͳ 19895,9 17564,19 

ɍɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ 
ɪɭɛ./ɝɨɞ 

 
ʹ͸ʹ͵,ͳͷͳ 3599,78 

3133,85 
 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 

301 503,99 
432,74 

 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ. 
ɤȼɬ∙ɱ 

 
828 818 

822 
 

ȼɵɪɚɛɨɬɤɚ ɬɟɩɥɚ, ɬɵɫ. Ƚɤɚɥ 
 

600 583 
592 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ, Ɇɥɧ ɪɭɛ 
 

3509,69 5556,31 
5314,293 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 

Ɍ-25/34-3,4/0,12 
˖ܰ˔˕ =  ʹͷ ʛʑ˕ ܳ˕ =  ͳͳͲ ʒˍ˃ˎ ˚⁄  

ɉɪ-75-4,0-440Ⱦ 

ˈ˒ܦ = ͹ͷ ˕ ˚⁄  ܲ˒ ˈ = Ͷ ʛʞ˃ ݐ˒ˈ = ͶͶͲ °ܥ 

 
Ⱦɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɯɜɚɬɚɟɬ ɧɚ ɩɨɤɪɵɬɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɨ 110 

Ƚɤɚɥ/ɱ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 115 Ɇȼɬ, ɱɬɨ ɡɚɦɟɧɹɟɬ ɩɥɚɧɢɪɭɟɦɵɣ ɜɨɞɨɝɪɟɣɧɵɣ 
ɤɨɬɟɥ 100 Ƚɤɚɥ/ɱ. 
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3.  Ɋɚɫɱɟɬɧɚя ɱɚɫɬɶ  
3.1  Ɋɚɫɱɟɬ ɝɚɡɢɮɢɤɚɰɢɢ ɭɝɥя  

Ƚɚɡɢɮɢɤɚɰɢɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɛɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ Ȼ2, ɫɨɫɬɚɜ 
ɭɝɥɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4 
Ɍɚɛɥɢɰɚ 4 – Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
Ɇɟɫɬɨɪɨɠɞɟɧɢɟ Ȼɨɪɨɞɢɧɫɤɨɟ  

 
Ɇɚɪɤɚ  2Ȼ,Ɋ  

 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Wp)  33 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Ap)  7,4 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Sp)  0,2 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Cp)  42,6 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Hp)  3 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Np)  0,6 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % (Op)  13,2 
ȼɵɯɨɞ ɥɟɬɭɱɢɯ, Vɝ, %  47 
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, Qpɧ, ɤȾɠ/ɤɝ  15280 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ, kɥɨ  1,15 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɵ, °ɋ, t1  1180 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɵ, °ɋ, t2  1210 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɵ, °ɋ, t3  1230 

 

ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɝɚɡɢɮɢɤɚɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɥɟɦɟɧɬɚɪɧɵɣ ɫɨ-
ɫɬɚɜ ɫɢɧɬɟɡ-ɝɚɡɚ ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɟɝɨ ɬɟɩɥɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛ-
ɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɧɬɟɡ-ɝɚɡɚ, ɜɵɯɨɞɹɳɟɝɨ ɢɡ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɫɯɨɞ ɨɫɬɪɨɝɨ 
ɩɚɪɚ ɢ ɜɨɡɞɭɯɚ ɧɚ ɩɪɨɰɟɫɫ ɝɚɡɢɮɢɤɚɰɢɢ, ɚ ɬɚɤ ɠɟ ɪɚɫɯɨɞ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɝɚ-
ɡɨɝɟɧɟɪɚɬɨɪ. 

ɋɯɟɦɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8 
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Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɝɚɡɢɮɢɤɚɰɢɢ 

3.1.1 Ɋɚɫɱɟɬ ɭɧɨɫɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɬɨɩɥɢɜɚ 

Ⱦɨɥɹ ɭɧɨɫɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɤɝ: 

′ːˋˏߙ = ͳͲͲ˓ܣ  ∙ ͳͲͲ − ͳͲͲˎ˛ߟ  (15)   

ɝɞɟ     ܣ˓ –ɞɨɥɹ ɡɨɥɵ ɜ ɬɨɩɥɢɜɟ, %; ߟ˛ˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɲɥɚɤɨɭɥɚɜɥɢɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ 60-70%. 

′ːˋˏߙ =  ͹,ͶͳͲͲ ∙ ͳͲͲ − ͸ͷͳͲͲ = Ͳ,Ͳʹͷͻ 

ɍɧɨɫ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɬɨɩɥɢɜɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɭɧɨɫɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɵ 
ɬɨɩɥɢɜɚ ɫɬɪɨɢɬɫɹ ɧɚ ɢɬɨɝɚɯ ɩɪɚɜɢɬɟɥɶɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɚɥɨɡɨɥɶɧɨɝɨ ɚɧ-
ɬɪɚɰɢɬɚ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ, ɤɝ/ɤɝ: ߙˑ˓ˆఈ =  ݂ሺݍ௙ ,  ሻ      (16)݌

ɝɞɟ       ߙˑ˓ˆఈ  – ɭɧɨɫɢɦɚɹ ɢɡ ɪɟɚɤɬɨɪɚ ɨɪɝɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɚɧɬɪɚɰɢɬɚ. 

Ⱦɥɹ ɢɧɵɯ ɭɥɟɣ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɞɨɛɧɵ, ɧɨ ɜ ɚɛɫɨɥɸɬɧɨɦ ɜɵɪɚ-
ɠɟɧɢɢ ɨɬɥɢɱɚɸɬɫɹ ɢɡ-ɡɚ ɪɚɡɥɢɱɢɹ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ. ɗɬɨ ɪɚɡɥɢɱɢɟ 
ɨɰɟɧɟɧɨ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ݇ˑ˓ˆ. 



 

25 

Ⱦɥɹ ɛɭɪɨɝɨ ɭɝɥɹ ݇ˑ˓ˆ = ͵,͹ʹ. 
 
ɇɚɯɨɞɢɦ ɭɧɨɫ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɢ ɨɛɳɟɟ ɡɧɚɱɟɧɢɟ ɭɧɨɫɚ, 

ɤɝ/ɤɝ: 
ˆ˓ˑߙ           =  ͳͲ−ସ ∙ ݇ˑ˓ˆ ∙ ሺͳͲͲ − ˓ܣ − ܹ˓ሻ (17)            ߙˑ˓ˆ =  ͳͲ−ସ ∙ ͵,͹ʹ ∙ ሺͳͲͲ − ͹,Ͷ − ͵͵ሻ = Ͳ,Ͳʹʹʹ 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɜ ɭɧɨɫɟ, %:          ݍସ˖ː = ˆ˓ˑߙ  ∙ ͵͵Ͳ͹͸ ∙ ͳͲͲ − ˓ːܳˎ˛ߟ  (18) 

ɝɞɟ    ͵͵Ͳ͹͸ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɤɨɤɫɚ, ɤȾɠ/ɤɝ; ݍ˙ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɵɥɟɭɥɚɜɥɢɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ ɝɟɧɟɪɚɬɨɪ-
ɧɨɝɨ ɝɚɡɚ ɩɪɢɧɢɦɚɟɦ 92%; ܳː˓  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɩɪɢɧɢɦɚɟɦ 15280 ɤȾɠ/ɤɝ.            ݍସ˖ː =  Ͳ,Ͳʹʹʹ ∙ ͵͵Ͳ͹͸ ∙ ͳͲͲ − ͻʹͳͷʹͺͲ = Ͳ,͵ͺ 

Ⱦɨɥɹ ɭɝɥɟɪɨɞɚ, ɩɨɬɟɪɹɧɧɨɝɨ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɧɚ 1 ɤɝ ɩɨɞɚɧ-
ɧɨɝɨ ɬɨɩɥɢɜɚ, %:          ∆ܥːˈˇ′ = ˍˆܥ  ∙ ܳː˓ ∙ ͳͲͲ ∙ ሺݍସ˛ˎ − ˍˆସ˖ːሻܳݍ ∙ ሺͳͲͲ − ˓ܣ − ܹ˓ሻ ∙ ሺͳͲͲ − ܸˆሻ (19) 

ɝɞɟ    ܥˆˍ – ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɝɨɪɸɱɟɣ ɦɚɫɫɟ ɤɨɤɫɚ ɩɪɢɧɢɦɚɟɦ 96%; ܳˆˍ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɝɨɪɸɱɟɣ ɦɚɫɫɵ ɤɨɤɫɚ ɩɪɢɧɢɦɚɟɦ 33076 ɤȾɠ/ɤɝ; ܸˆ – ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɩɪɢɧɢɦɚɟɦ 47%; ݍସ˛ˎ – ɩɨɬɟɪɹ ɬɟɩɥɚ ɫɨ ɲɥɚɤɨɦ ɩɪɢɧɢɦɚɟɦ 3-5% 
′ˇˈːܥ∆  =  ͻ͸ ∙ ͳͷʹͺͲ ∙ ͳͲͲ ∙ ሺ͵ − Ͳ,͵ͺሻ͵͵Ͳ͹͸ ∙ ሺͳͲͲ − ͹,Ͷ − ͵͵ሻ ∙ ሺͳͲͲ − Ͷ͹ሻ = ͷ,Ͷͷ 

3.1.2 Ɋɚɫɱɟɬ ɭɫɥɨɜɢɣ ɧɚɞɟɠɧɨɝɨ ɲɥɚɤɨɢɫɬɟɱɟɧɢя 

Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɜɚɠɟɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ. 
Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɨɛɟɫɩɟɱɟɧɢɢ ɪɹɞɚ ɜɵɜɟɞɟɧɧɵɯ ɢɡ ɩɪɚɤɬɢɤɢ ɭɫɥɨɜɢɣ: 

1. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞ-
ɤɨɩɥɚɜɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɨɥɵ, ɱɬɨ ɡɚɞɚɟɬɫɹ ɭɫɥɨɜɢɟɦ: 𝑣ˆˑ˓′′ ≥  ː.ˉ (20)ݐ

ɝɞɟ    𝑣ˆˑ˓′′  – ɬɟɦɩɟɪɚɬɭɪɚ ɚɡɨɜ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɡɨɧɵ  ɝɨɪɟɧɢɹ (ɮɭɪɦɟɧɧɨɣ ɡɨɧɟ), 
˚C; ݐː.ˉ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɨɪɦɚɥɶɧɨɝɨ ɠɢɞɤɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢɹ, ˚C. 
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2. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɚɤɬɢɤɨɣ ɡɧɚɱɢɦɵɦ ɬɪɟɛɨɜɚ-

ɧɢɟɦ ɹɜɥɹɟɬɫɹ ɩɨɞɞɟɪɠɚɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɯɨɞɹɳɢɯɫɹ ɧɚɞ 
ɥɟɬɤɨɣ ɮɨɤɭɫɚɯ ɮɭɪɦ ɧɢɠɧɟɝɨ ɹɪɭɫɚ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ 
ɢɫɬɟɤɚɧɢɟ ɲɥɚɤɚ ɜ ɦɟɠɤɭɫɤɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɢ ɜɨɡɦɟɳɚɬɶ ɟɝɨ ɨɯɥɚɠɞɟɧɢɟ ɜ 
ɳɟɥɟɜɨɣ ɥɟɬɤɟ, ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɭɫɥɨɜɢɹ: 

 𝑣˗ଵ ≥ ˔ݐ + ʹͲͲ (21)  

ɝɞɟ     ݐ˔ – ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɩɥɚɜɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɨɥɵ, ɩɪɢɧɢɦɚɟɦ 1230 ˚C. 
3. ɂɧɫɬɪɭɦɟɧɬɨɦ ɞɨɫɬɢɠɟɧɢɹ ɧɚɞɟɠɧɨɝɨ  ɜɵɯɨɞɚ ɠɢɞɤɨɝɨ ɲɥɚɤɚ  ɹɜɥɹ-

ɟɬɫɹ ɬɚɤɠɟ ɨɬɫɨɫ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɞɨɥɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ ɢɡ ɝɚɡɨɝɟɧɟ-
ɪɚɬɨɪɚ ɱɟɪɟɡ ɥɟɬɤɭ. 

Ɇɚɤɪɨɫɨɫɬɚɜ ɨɬɫɨɫɚɧɧɵɯ ɝɚɡɨɜ (ܥ ˑܱ˕˔ = ͷ%, ˔˕ଶˑܱܥ = ͳͶ%, ଶܪ ˑܱ˕˔ =ʹ%, ଶܰˑ˕˔ = ͹ͷ%ሻ. 
Ɉɩɪɟɞɟɥɢɦ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɨɬɫɨɫɟ, %: 
˔˕ˑܥߜ  = ( ఓ಴ఓ಴ೀమ) ∙ ˔˕ଶˑܱܥ + ቀ ఓ಴ఓ಴ೀቁ∙ܥ ˑܱ˕˔ (22) 

ɝɞɟ     ߤ஼  – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɭɝɥɟɪɨɞɚ, ɝ/ɦɨɥɶ; ߤ஼ைమ– ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɝ/ɦɨɥɶ; ܱܥଶˑ˕˔ – ɫɨɞɟɪɠɚɧɢɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɨɬɫɚɫɵɜɚɟɦɵɯ ɝɚɡɨɜ, %; ߤ஼ை – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɦɨɧɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɝ/ɦɨɥɶ; ܥ ˑܱ˕˔ – ɫɨɞɟɪɠɚɧɢɟ ɦɨɧɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɨɬɫɚɫɵɜɚɟɦɵɯ ɝɚɡɨɜ, %. 
˔˕ˑܥߜ    = ቀଵଶସସቁ ∙ Ͳ,ͳͶ + ቀଵଶଶ଼ቁ ∙ Ͳ,Ͳͷ = Ͳ,Ͳͷͻ͸ 

 
3.2 Ɋɚɫɱɟɬ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡ-ɝɚɡɚ 

Ɇɚɤɪɨɫɨɫɬɚɜ ɫɢɧɬɟɡ-ɝɚɡɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ CO, ܱܥଶ, ܪܥସ, ܪଶ, ܪଶܱ, ଶܰ, ܪଶܵ ɢ 
ɩɚɪɨɜ  ɫɦɨɥ. 

ȼɟɥɢɱɢɧɚ ɨɛɴɟɦɚ ɜ ɫɨɫɬɚɜɟ ɫɢɧɬɟɡ-ɝɚɡɚ, ɦ3/ɤɝ: 

ɝɞɟ     ߚ˔ – ɫɬɟɩɟɧɶ ɫɜɹɡɵɜɚɧɢɹ ɫɟɪɵ ɬɨɩɥɢɜɚ 65%. 
Ɉɛɴɟɦ ɩɚɪɨɜ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
ɝɞɟ     ߩ˔ˏ – ɩɥɨɬɧɨɫɬɶ ɫɦɨɥɹɧɵɯ ɩɚɪɨɜ 160, ɤɝ/ɦ3; 

                 ுܸమௌ = ଵ଴଴−ఉ˔ଵ଴଴ ∙ ௌ˓ଵ଴଴ ∙ ଶଶ,ସଵଷଷ,଴଺଺ = ଵ଴଴−଺ହଵ଴଴ ∙ ଴,ଶଵ଴଴ ∙ ଶଶ,ସଵଷଷ,଴଺଺ = Ͳ,ͲͲͲͶͻ (23) 

                        ுܸమௌ = ͳͲͲ − ܵ˓ − ܹ˓ͳͲͲ − ˏ˔ߩ ∙ ˏ˔ߜ ∙ ߰˔ˏ = ͳͲͲ − ͹,Ͷ − ͵͵ͳͲͲ ∙ Ͳ,Ͳͷ ∙ Ͳ,ʹ= ͵,ʹͷ͵ ∙ ͳͲ−ହ 

(24) 
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 .ɢɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɦɨɥ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɭɝɥɹ 0,05, ɤɝ/ɤɝ; ߰˔ˏ – ɞɨɥɹ ɧɟɪɚɡɥɨɠɢɜɲɢɯɫɹ ɫɦɨɥ ɩɪɢɧɢɦɚɟɦ 0,2 –ˏ˔ߜ
 
Ʉɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ ɬɨɩɥɢɜɚ, ɩɟɪɟɲɟɞɲɟɟ ɜ ɫɨɫɬɚɜ ɫɦɨɥ, ɜɵ-

ɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ, %: 
˓ˏ˔ܥ∆            = Ͳ,ͺͻ ∙ ሺͳͲͲ − ˓ܣ − ܹ˓ሻ ∙ ˏ˔ߜ ∙ ߰˔ˏ 

 
(25) 

˓ˏ˔ܪ∆  = Ͳ,ͲͶͳ ∙ ሺͳͲͲ − ˓ܣ − ܹ˓ሻ ∙ ˏ˔ߜ ∙ ߰˔ˏ 
 

(26) 

˓ˏ˔ܥ∆  = Ͳ,ͺͻ ∙ ሺͳͲͲ − ͹,Ͷ − ͵͵ሻ ∙ Ͳ,Ͳͷ ∙ Ͳ,ʹ = Ͳ,Ͷ͹͹Ͷ 
 

 

˓ˏ˔ܪ∆  = Ͳ,ͲͶͳ ∙ ሺͳͲͲ − ͹,Ͷ − ͵͵ሻ ∙ Ͳ,Ͳͷ ∙ Ͳ,ʹ = Ͳ,Ͳʹʹ 
 

 

ɝɞɟ    Ͳ,ͺͻ  ɢ 0,041  ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨ-
ɪɨɞɚ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪɧɨɣ ɫɦɨɥɟ ɩɨ ɞɚɧɧɵɦ ɟɟ ɚɧɚɥɢɡɚ. 
 

Ƚɚɡɢɮɢɤɚɰɢɹ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɫɬɟɩɟɧɶɸ ɤɨɧɜɟɪɬɚ-
ɰɢɢ  ɟɝɨ ɜ ܱܥଶ ɢ ɯɚɪɚɤɬɟɪɨɦ ɫɨɨɬɧɨɲɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɯ  
ɦɚɤɪɨɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡ-ɝɚɡɚ. ȼ ɨɩɵɬɚɯ ɷɬɢ ɩɪɨɩɨɪɰɢɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɜɟɥɢɱɢ-
ɧɚɦɢ: 
஼ைܥ  = ܱܥܱܥ + ଶܱܥ +  ସܪܥ

(27) 

 
ɝɞɟ    ܱܥ ,ܱܥଶ, ܪܥସ – ɨɛɴɟɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɨɡɧɚɱɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡ-
ɝɚɡɚ, %. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɵɬɨɜ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɞɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜ ɝɚɡɢɮɢɰɢɪɭɟɦɨɦ ɬɨɩɥɢɜɟ, ɨɬɤɭɞɚ 
ɦɨɠɧɨ ɧɚɣɬɢ ɨɛɴɟɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɧɬɟɡ-ɝɚɡɚ, %: ܱܥ = ͺͷ% ܱܥଶ = ͺ% ܪܥସ = ͹% 

஼ܸை + ஼ܸைమ + ஼ܸுర = ሺͳ − ˑ˕˔ሻܥߜ ∙ ˓ܥ ∙ ′ˇˈːܥ∆ ∙ ͳͲͲ˓ˏ˔ܥ∆ ∙ ʹʹ,Ͷͳͳʹ,Ͳͳͳ 
(28) 

 

஼ܸை + ஼ܸைమ + ஼ܸுర = ሺͳ − Ͳ,Ͳͷͻ͸ሻ ∙ Ͷʹ,͸ ∙ ͷ,Ͷͷ͵ ∙ Ͳ,Ͷ͹͹ͶͳͲͲ ∙ ʹʹ,Ͷͳͳʹ,Ͳͳͳ = Ͳ,͸͵͸ͺ 

Ɉɛɴɟɦɵ ɞɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ, ɦ3/ɤɝ: 
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Ɉɛɴɟɦ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɦ3/ɤɝ: 
 ஼ܸை = ஼ைܥ ∙ ( ஼ܸை + ஼ܸைమ + ஼ܸுర) = Ͳ,ͺͷ ∙ Ͳ,͸͵͸ͺ = Ͳ,ͷͶͳ͵ (29) 

ɝɞɟ    ܥ஼ை– ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ, %. 

Ɉɛɴёɦ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɦ3/ɤɝ: 

஼ܸைమ = ஼ைమܥ ∙ ( ஼ܸை + ஼ܸைమ + ஼ܸுర) = Ͳ,Ͳͺ ∙ Ͳ,͸͵͸ͺ = Ͳ,ͲͷͲͻ (30) 

ɝɞɟ     ܥ஼ை– ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ, %. 

Ɉɛɴёɦ ɦɟɬɚɧɚ, ɦ3/ɤɝ: 

஼ܸுర = ஼ுరܥ ∙ ( ஼ܸை + ஼ܸைమ + ஼ܸுర) = Ͳ,Ͳ͹ ∙ Ͳ,͸͵͸ͺ = Ͳ,ͲͶͶ͸ (31) 

ɝɞɟ    ܥ஼ுర– ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɧɚ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ, %. 

Ɉɛɴёɦ ɨɤɚɡɵɜɚɟɦɨɝɨ ɝɚɡɚ, ɦ3/ɤɝ: 

ܸˑ ˕˔ = ஼ܸை ∙ Ͳ,Ͳ͵ ∙ ܥ ˑܱ˕˔ͳͲͲܥ ˑܱ˕˔ = Ͳ,ͷͶͳ͵ ∙ Ͳ,Ͳ͵ ∙ Ͳ,ͲͷͳͲͲͲ,Ͳͷ = Ͳ,Ͳͳ͸ʹͶ (32) 

Ɉɛɴɟɦɵ ுܸమ ɢ ுܸమை ɦɨɠɧɨ ɜɵɜɟɡɬɢ ɢɡ ɢɡɜɟɫɬɧɨɣ ɫɬɟɩɟɧɢ ɪɚɡɥɨɠɟɧɢɹ ɜɨɞɹ-
ɧɨɝɨ ɩɚɪɚ ɢ ɫɨɛɥɸɞɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɛɚɥɚɧɫɚ, ɦ3/ɤɝ: 

ுܸమ = ߯ ∙ ுమைܩ] ∙ ʹ ∙ ͳ,ͲͲͺʹ ∙ ͳ,ͲͲͺ + ͳ͸ + ˓ܪ − −ͳͲͲ˓ˏ˔ܪ∆ (ʹ ∙ ஼ܸுర + ுܸమௌ + ଶܪ ˑܱ˕˔ͳͲͲ ∙ ܸˑ ˕˔) ∙ ʹ ∙ ͳ,ͲͲͺͳͲͲ ] ∙ ʹʹ,Ͷͳʹ ∙ ͳ,ͲͲͺ 
(33) 

 

ɝɞɟ     ߯– ɫɬɟɩɟɧɶ ɪɚɡɥɨɠɟɧɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɢɧɹɬɚɹ 90%; ܩுమை – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɮɭɪɦɵ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɢ ɤɨɪ-
ɪɟɤɬɢɪɭɟɦɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ, 0,142 ɤɝ/ɤɝ; ܪଶ ˑܱ˕˔ – ɩɪɨɰɟɧɬ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɨɬɫɚɫɵɜɚɟɦɵɯ ɝɚɡɚɯ, 2%. 

ுܸమை = ுܸమ ∙ ଵ−ఞఞ + ௐ˓ଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵ,଴଴଼+ଵ଺ (34) 

    ுܸమ = Ͳ,ͻ ∙ [Ͳ,ͳͶʹ ∙ ʹ ∙ ͳ,ͲͲͺʹ ∙ ͳ,ͲͲͺ + ͳ͸ + ʹ − Ͳ,ͲʹʹͳͲͲ− (ʹ ∙ Ͳ,ͲͶͶ͸ + Ͳ,ͲͲͲͶͻ + ʹͳͲͲ ∙ Ͳ,Ͳͳ͸ʹͶ) ∙ ʹ ∙ ͳ,ͲͲͺͳͲͲ ]∙ ʹʹ,Ͷͳʹ ∙ ͳ,ͲͲͺ = Ͳ,Ͷ͵ͺͺ 
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ுܸమை = Ͳ,Ͷ͵ͺͺ ∙ ଵ−଴,ଽ଴,ଽ + ଷଷଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵ,଴଴଼+ଵ଺ = Ͳ,͵ͳͳ  

ȼɵɱɢɫɥɹɟɦ ɨɛɴɟɦ ேܸమ ɢɡ ɛɚɥɚɧɫɚ ɤɢɫɥɨɪɨɞɚ, ɦ³/ɤɝ: 

ேܸమ = ቀ[ ஼ܸை + ʹ ∙ ஼ܸைమ + ுܸమை + ሺܪଶ ˑܱ˕˔ + ʹ ∙ ˔˕ଶˑܱܥ + ܥ ˑܱ˕˔ሻ ∙ ௏ˑ ˕˔ଵ଴଴] ∙ ଵ଺ଶଶ,ସଵ −ை˓ଵ଴଴ − ቀௐ˓ଵ଴଴ + ுమைቁܩ ∙ ଵ଺ଶ∙ଵ,଴଴଼+ଵ଺ቁ ∙ ଶଶ,ସଵଶ∙ଵ଺ ∙ ଻ଽଶଵ − ேమˑ˕˔ଵ଴଴ ∙ ܸˑ ˕˔ + ே˓ଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵସ,଴଴଼ (35) 

ேܸమ = ሺ[Ͳ,ͷͶͳ͵ + ʹ ∙ Ͳ,ͲͷͲͻ + Ͳ,͵ͳͳ + ሺʹ + ʹ ∙ Ͳ,ͳͶ + Ͳ,Ͳͷሻ ∙ ଴,଴ଵ଺ଶସଵ଴଴ ] ∙  ∙ ଵ଺ଶଶ,ସଵ − ଵଷ,ଶଵ଴଴ − ቀ ଷଷଵ଴଴ + Ͳ,ͳͶʹቁ ∙ ଵ଺ଶ∙ଵ,଴଴଼+ଵ଺ሻ ∙ ଶଶ,ସଵଶ∙ଵ଺ ∙ ଻ଽଶଵ − ଻ହଵ଴଴ ∙ Ͳ,Ͳͳ͸ʹͶ + ଴,଺ଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵସ,଴଴଼ =  = Ͳ,ͷ͵͵ͳ  

Ɉɛɴɟɦ ɫɢɧɬɟɡ–ɝɚɡɚ ɜ ɜɵɯɨɞɧɨɦ ɩɚɬɪɭɛɤɟ ɪɟɚɤɬɨɪɚ ɧɚ 1 ɤɝ ɝɚɡɢɮɢɰɢɪɭɟɦɨɝɨ 
ɬɨɩɥɢɜɚ, ɦ³/ɤɝ: ܸ̝−ˆ = ஼ܸை + ஼ܸைమ + ஼ܸுర + ுܸమ + ுܸమை + ேܸమ + ுܸమௌ + ܸ̝ˏ (36) ܸ̝−ˆ = Ͳ,ͷͶͳ͵ + Ͳ,ͲͷͲͻ + Ͳ,ͲͶͶ͸ + Ͳ,Ͷ͵ͺͺ + Ͳ,͵ͳͳ + Ͳ,ͷ͵͵ͳ + Ͳ,ͲͲͲͶͻ ++͵,ʹͷʹ ∙ ͳͲ−ହ = ͳ,ͻʹͲͳ  

ȼɵɱɢɫɥɹɟɦ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɧɬɟɡ-ɝɚɡɚ, %: ܥ˔ˑ˔˕ = ௏̝ ˑ˔˕௏̝ −ˆ ∙ ͳͲͲ% (37) 

Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 5. 

Ɍɚɛɥɢɰɚ 5 – ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɧɬɟɡ–ɝɚɡɟ 

ɋɨɟɞɢɧɟɧɢɟ ɜ ɫɨɫɬɚɜɟ ɝɚɡɚ 
ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 

ɜ ɝɚɡɟ, % 

CO 28,19 
CO2 2,653 
CH4 2,321 
H2 22,85 

H2O 16,195 
N2 27,763 

H2S 0,0255 
ɋɦɨɥɚ 0,0017 

ɋɭɦɦɚ ɫɨɫɬɚɜɥɹɸɳɢɯ: 100 
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Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3, ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɢɧɬɟɡ ɝɚɡɚ, ɤȾɠ/ɤɝ∙°C, ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: ܳː.˔−ˆ˓ = ͳʹ͹,͹ ∙ ஼ைܥ + ͵ͷ͸ ∙ ஼ுరܥ + ͳͲͺ ∙ ுమܥ + ʹ͵Ͷ ∙ ுమௌܥ + ͷͺ͵͸͸,ʹ ∙ ˓ˆ−˔.ːܳ (38) ˏ˔ܥ = ͳʹ͹,͹ ∙ ʹͺ,ͳͻ + ͵ͷ͸ ∙ ʹ,͵ʹͳ + ͳͲͺ ∙ ʹʹ,ͺͷ + ʹ͵Ͷ ∙ Ͳ,Ͳʹͷͷ + ͷͺ͵͸͸,ʹ ∙ Ͳ,ͲͲͳ͹ =͹ͲͲͳ,ͻ͹͵  ܥ˔−ˆ = ஼ைܥ ∙ ஼ைଵ଴଴ + ஼ைమܥ ∙ ஼ைమଵ଴଴ + ஼ுరܥ ∙ ஼ுరଵ଴଴ + ுమܥ ∙ ுమଵ଴଴ + ுమைܥ ∙ ுమைଵ଴଴ + ேమܥ ∙ேమଵ଴଴ + ுమௌܥ ∙ ுమௌଵ଴଴ + ˏ˔ܥ ∙ ˔ˏˑˎ˃ଵ଴଴ ˆ−˔ܥ (39)  = ͳ,͵ ∙ ଶ଼,ଵଽଵ଴଴ + ͳ,͸͸ ∙ ଶ,଺ହଷଵ଴଴ + ͳ,ͷͶͺ ∙ ଶ,ଷଶଵଵ଴଴ + ͳ,ʹ͹ͺ ∙ ଶଶ,଼ହଵ଴଴ + ͳ,ʹ͹͸ ∙ଵ଺,ଵଽହଵ଴଴ + ͳ,ʹͷ͹ ∙ ଶ଻,଻଺ଷଵ଴଴ + ͳ,ͷͲͺ ∙ ଴,଴ଶହହଵ଴଴ + ʹ͹ͳ,͵ ∙ ଴,଴଴ଵ଻ଵ଴଴ = ͳ,ʹͻͻ  

ɝɞɟ ܥ஼ை – ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢɧɢɦɚɟɦ 1,3 ɤȾɠ/(ɦ3 °C); 
 ;஼ைమ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢɧɢɦɚɟɦ 1,66 ɤȾɠ/(ɦ3 °C)ܥ 
 ;஼ுర – ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬɚɧɚ ɩɪɢɧɢɦɚɟɦ 1,548 ɤȾɠ/(ɦ3 °C)ܥ 
 ;ுమ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɨɪɨɞɚ ɩɪɢɧɢɦɚɟɦ 1,278 ɤȾɠ/(ɦ3 °C)ܥ 
 ;ுమை – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɩɪɢɧɢɦɚɟɦ 1,276 ɤȾɠ/(ɦ3 °C)ܥ 
 ;ேమ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɚɡɨɬɚ ɩɪɢɧɢɦɚɟɦ 1,257 ɤȾɠ/(ɦ3 °C)ܥ 
 .ுమௌ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɟɪɨɜɨɞɨɪɨɞɚ ɩɪɢɧɢɦɚɟɦ 1,508 ɤȾɠ/(ɦ3 °C)ܥ 
 .ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɦɨɥɵ ɩɪɢɧɢɦɚɟɦ 271,3 ɤȾɠ/(ɦ3 °C) – ˏ˔ܥ 

Ɋɚɫɯɨɞ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ, ɦ³/ɤɝ: ܸ̝ .˅ = ቀ ேమଵ଴଴ ∙ ܸ̝−ˆ + ேమˑ˕˔ଵ଴଴ ∙ ܸˑ ˕˔ − ே˓ଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵସ,଴଴଼ቁ ∙ ଵ଴଴଻ଽ  (40) ܸ̝ .˅ = ቀଶ଻,଻଺ଷଵ଴଴ ∙ ͳ,ͻʹͲͳ + ଻ହଵ଴଴ ∙ Ͳ,Ͳͳ͸ʹͶ − ଶଵ଴଴ ∙ ଶଶ,ସଵଶ∙ଵସ,଴଴଼ቁ ∙ ଵ଴଴଻ଽ = Ͳ,͸ͺͶͳ  

Ɋɚɫɯɨɞ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɤɝ/ɤɝ: ܩˑ.˒ = ுమைܩ − Ͳ,Ͳͳ͸ͳ ∙ ܸ̝ .˅ ∙ ଵ଺+ଶ∙ଵ,଴଴଼ଶଶ,ସଵ ˒.ˑܩ (41)  = Ͳ,ͳͶʹ − Ͳ,Ͳͳ͸ͳ ∙ Ͳ,͸ͺͶͳ ∙ ଵ଺+ଶ∙ଵ,଴଴଼ଶଶ,ସଵ = Ͳ,ͳ͵͵ͳ  

3.3  Ɋɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɨɦ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɢɧɬɟɡ–ɝɚɡɚ ɡɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɨɦ, ɜɵɱɢɫɥɹɟɬɫɹ ɢɡ ɟɝɨ ɬɟɩɥɨ-
ɜɨɝɨ ɛɚɥɚɧɫɚ ɩɨ ɮɨɪɦɭɥɟ, °C: 𝜗ˆˆ′′ = ொː˓ ∙(ଵ−଴,଴ଵ∙௤ర˖ː)+ℎʡʞ+ℎʓ−௏̝ −ˆ∙ொː.˔−ˆ˓ −ொˑ˕˔−ℎʧ+ଶ଴଴஼˔−ˆ∙௏̝ −ˆ+௖ˊˎ∙ఈˏˋː′ +௖ˆˍ∙ఈˑ˓ˆ ∙  (42) ˆˆߟ

ɝɞɟ  ℎʡʞ – ɷɧɬɚɥɶɩɢɹ ɜɧɟɫɟɧɧɨɝɨ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ ɭɝɥɹ, ɤȾɠ/ ɤɝ ; 
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 ℎʓ – ɷɧɬɚɥɶɩɢɹ ɞɭɬɶɹ, ɤȾɠ/ɤɝ ; 
 ܳˑ˕˔ – ɯɢɦɢɱɟɫɤɚɹ ɢ ɮɢɡɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɬɫɚɫɵɜɚɟɦɵɯ ɢɡ ɥɟɬɤɢ ɝɚɡɨɜ, 
ɤȾɠ/ɤɝ ; 
 ℎʧ – ɷɧɬɚɥɶɩɢɹ ɲɥɚɤɚ, ɤȾɠ/ ɤɝ ; 
 .ɬɟɪɦɢɱɟɫɤɨɟ ɄɉȾ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ 0,93 – ˆˆߟ 

ȼɵɱɢɫɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ ɭɝɥɹ, ɤȾɠ/ɤɝ: ℎʡʞ = ʡʞܥ ∙ ʡʞݐ = ͳ,͵ ∙ ʹͲ = ʹ͸ (43) 

ɝɞɟ  ܥʡʞ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɭɝɥɹ, ɤȾɠ/(ɦ3 °C); 
 .ʡʞ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ ɭɝɥɹ,°ɋݐ 

ȼɵɱɢɫɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɞɭɬɶɹ, ɤȾɠ/ɤɝ: ℎʓ = ܸ̝ .˅ ∙ ˅.˔ܥ ∙ ˅.˔ݐ + ˒.ˑܩ ∙ ℎˑ.˒ (44) 

ɝɞɟ  ܥ˔.˅ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɦ 1,3 ɤȾɠ/(ɦ3 °C); 
-ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɫɬɟɩɟɧɶ ɫɠɚɬɶɹ ɜ ɤɨɦ – ˅.˔ݐ 
ɩɪɟɫɫɨɪɟ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ; ݐ˔.˅ = (ܶː ˃˚ ∙ 𝑘−భ𝑘ˍߨ ) − ʹ͹͵ = (ͳͷ ∙ ͻభ,ర−భభ,ర ) − ʹ͹͵ = ʹ͸͸,ͷͷ (45) 

ɝɞɟ  ܶː ˃˚ – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ɩɪɢɧɢɦɚɟɦ 
15, °C; 
 ;ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 9 – ˍߨ 
 ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɞɢɚɛɚɬɵ ɞɥɹ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɦ 1,4. 
 ;ˑ.˒ – ɪɚɫɯɨɞ ɨɫɬɪɨɝɨ ɩɚɪɚ ɧɚ ɞɭɬɶɟ, ɤɝ/ɤɝܩ 
 ℎˑ.˒ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ, 3438,32 ɤȾɠ/ɤɝ. ℎʓ = Ͳ,͸ͺͶͳ ∙ ͳ,͵ ∙ ʹ͸͸,ͷͷ + Ͳ,ͳ͵͵ͳ ∙ ͵Ͷ͵ͺ,͵ʹ = ͸ͻͶ,ͺ͸  

ȼɵɱɢɫɥɹɟɦ ɯɢɦɢɱɟɫɤɭɸ ɢ ɮɢɡɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɨɬɫɚɫɵɜɚɟɦɵɯ ɢɡ ɥɟɬɤɢ ɝɚ-
ɡɨɜ, ɤȾɠ/ɤɝ: ܳˑ˕˔ = ͳʹ͹,͹ ∙ ܸˑ ˕˔ ∙ ஼ைˑ˕˔ଵ଴଴ + ܸˑ ˕˔ ∙ ቀܥ஼ை ∙ ஼ைˑ˕˔ଵ଴଴ + ஼ைమܥ ∙ ஼ைమˑ˕˔ଵ଴଴ + ைమܥ ∙ ைమˑ˕˔ଵ଴଴ ேమܥ+ ∙ ேమˑ˕˔ଵ଴଴ ቁ ∙ ˔ݐ + ʹͲͲ (46) ܳˑ˕˔ = ͳʹ͹,͹ ∙ Ͳ,Ͳͳ͸ʹ ∙ ଴,଴ହଵ଴଴ + Ͳ,Ͳͳ͸ʹ ∙ ቀͳ,͵ ∙ ଴,଴ହଵ଴଴ + ͳ,͸͸ ∙ ଴,ଵସଵ଴଴ + ͳ,ʹͳ ∙ ଶଵ଴଴ +ͳ,ʹͷ͹ ∙ ଻ହଵ଴଴ቁ ∙ ͳʹ͵Ͳ + ʹͲͲ = ʹʹͷ,ͺ͹  

ȼɵɱɢɫɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɲɥɚɤɚ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɤɝ: ℎʧ = ஺˓ଵ଴଴ ∙ ሺܿˊˎ ∙ 𝜗ሻ (47) 
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ɝɞɟ  ሺܿˊˎ ∙ 𝜗ሻ - ɷɧɬɚɥɶɩɢɹ ɡɨɥɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ˔ + ʹͲͲ ɩɪɢɧɢɦɚɟɦ 1986,35 
ɤȾɠ/ɤɝ; 
ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɩɥɚɜɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɲɥɚɤɚ ɩɪɢɧɹɬɚɹ 1230, °ɋ. ℎʧ - ˔ݐ  = ଻,ସଵ଴଴ ∙ ሺͳͻͺ͸,͵ͷ ሻ = ͳͶ͸,ͻͻ  

Ɉɩɪɟɞɟɥɢɦ ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɨɥɵ, ɤȾɠ/(ɦ3 °C): ܿˊˎ = ሺ௖ˊˎ∙𝜗ሻ௧య+ଶ଴଴ = ଵଽ଼଺,ଷହଵଶଷ଴+ଶ଴଴ = ͳ,͵ͺͻ (48) 

Ɉɩɪɟɞɟɥɢɜ ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɧɬɟɡ-ɝɚɡɚ ɡɚ ɪɟɚɤɬɨɪɨɦ, °C: 𝜗ˆˆ′′ = ଵହଶ଼଴∙ሺଵ−଴,଴ଵ∙଴,ଷ଼ሻ+ଶ଺+ଽଷ଴,଺଻−ଵ,ଽଶ଴ଵ∙଻଴଴ଵ,ଽ଻−ଶଶହ,଼଻−ଵସ଺,ଽଽ+ଶ଴଴ଵ,ଶଽଽ∙ଵ,ଽଶ଴ଵ+ଵ,ଷ଼ଽ∙଴,ଶହଽ+଴,଼ସ∙଴,଴ଶଶଶ ∙ Ͳ,ͻ͵ = ͺͶͺ  

Ɉɩɪɟɞɟɥɢɜ ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɧɬɟɡ-ɝɚɡɚ ɡɚ ɪɟɚɤɬɨɪɨɦ ɨɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜ ɮɭɪɦɟɧɧɨɣ ɡɨɧɟ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ 𝜗˗ଵ =ͳͷͺ͸,ʹ℃. 

Ɍɚɤ ɤɚɤ 𝜗˗ଵ > ௖ݐ + ʹͲͲ = ͳʹ͵Ͳ + ʹͲͲ = ͳͶ͵Ͳ℃ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɜ ɧɢɠɧɟɣ ɮɭɪɦɟɧɧɨɣ ɡɨɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɵɣ ɜɵɯɨɞ ɲɥɚɤɚ ɢɡ ɝɚɡɨ-
ɝɟɧɟɪɚɬɨɪɚ. 
Ɉɩɪɟɞɟɥɢɦ ɩɥɨɬɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡ–ɝɚɡɚ, ɤɝ/ ɦ3: ߩ஼ை = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ሻܱܥ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ʹͺ,ͳͻሻ = Ͳ,͵ͷʹͶ (49) ߩ஼ைమ = Ͳ,Ͳͳ ∙ ሺͳ,ͻ͸ ∙ ଶሻܱܥ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ʹ,͸ͷ͵ሻ = Ͳ,ͲͷʹͶ (50) ߩ஼ுర = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ସሻܪܥ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ʹ,͵ʹͳሻ = Ͳ,Ͳͳ͸͸ (51) ߩுమ = Ͳ,Ͳͳ ∙ ሺͲ,Ͳͺͻͻ ∙ ଶሻܪ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ʹʹ,ͺͷሻ = Ͳ,ͲʹͲͷ (52) ߩேమ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ଶܰሻ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ʹ͹,͹͸͵ሻ = Ͳ,͵Ͷ͹ (53) ߩுమை = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ଶܱሻܪ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ͳ͸,ͳͻͷሻ = Ͳ,͵Ͷ͹͹ (54) ߩுమௌ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ ଶܵሻܪ = Ͳ,Ͳͳ ∙ ሺͳ,ʹͷ ∙ Ͳ,ͲͲͳ͹ሻ = Ͳ,ͲͲͲͶ (55) 

ɉɥɨɬɧɨɫɬɶ ɫɢɧɬɟɡ–ɝɚɡɚ, ɤɝ/ɦ3: ߩ˔.ˆ = ஼ைߩ + ஼ைమߩ + ஼ுరߩ + ுమߩ + ேమߩ + ுమைߩ + ˆ.˔ߩ ுమௌ (56)ߩ = Ͳ,͵ͷʹͶ + Ͳ,ͲͷʹͶ + Ͳ,Ͳͳ͸͸ + Ͳ,ͲʹͲͷ + Ͳ,͵Ͷ͹ + Ͳ,͵Ͷ͹͹ + Ͳ,ͲͲͲͶ  = ͳ,ͳ͵͹  
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Ɉɩɪɟɞɟɥɢɦ ɦɚɫɫɭ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɧɬɟɡ ɝɚɡɚ ɜ 1 ɤɝ ɝɚɡɚ, ɤɝ: ݉ˍˑˏ˒ = ఘˍˑˏ˒∙಴ˍˑˏ˒భబబఘ˔−ˆ  (57) 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɦɚɫɫɵ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɢɯ ɷɧɬɚɥɶɩɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 
ɜɯɨɞɟ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɨɯɥɚɞɢɬɟɥɹ ɝɚɡɚ ɫɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 6. 

Ɍɚɛɥɢɰɚ 6 – Ɇɚɫɫɵ ɢ ɷɧɬɚɥɶɩɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡ–ɝɚɡɚ 
ɗɥɟɦɟɧɬ ɜ ɫɨɫɬɚɜɟ 

ɫɢɧɬɟɡ-ɝɚɡɚ 
Ɇɚɫɫɵ ɤɨɦɩɨɧɟɧ-

ɬɨɜ, ɤɝ 

ɗɧɬɚɥɶɩɢɹ ɷɥɟɦɟɧɬɨɜ, ɤȾɠ/ɦ3 𝜗ˆˆ′′ = ͺͶͺ ℃ 𝜗ˑ˘ˎ′′ = ͵ͲͲ ℃ 

CO 0,3099 1226,46 599,63 
CO2 0,0461 1121,17 477,38 
CH4 0,0146 1047,13 266,7 
H2 0,0181 16251,88 8177,56 

H2O 0,3058 2271,42 1078,33 
N2 0,3052 1216,02 597,96 

H2S 0,0003448 729,8 195,8 
 
ɗɧɬɚɥɶɩɢɹ ɫɢɧɬɟɡ–ɝɚɡɚ ɩɟɪɟɞ ɨɯɥɚɞɢɬɟɥɟɦ ɝɚɡɚ, ɤȾɠ/ɤɝ: ℎ˔−ˆ˅˘ = ݉஼ை ∙ ℎ஼ை˅˘ + ݉஼ைమ ∙ ℎ஼ைమ˅˘ + ݉஼ுర ∙ ℎ஼ுర˅˘ + ݉ுమ ∙ ℎுమ˅˘ + ݉ுమை ∙ ℎுమை˅˘ +݉ேమ ∙ ℎேమ˅˘ + ݉ுమௌ ∙ ℎுమௌ˅˘  (58) ℎ˔−ˆ˅˘ = Ͳ,͵Ͳͻͻ ∙ ͳʹʹ͸,Ͷ͸ + Ͳ,ͲͶ͸ͳ ∙ ͳͳʹͳ,ͳ͹ + Ͳ,ͲͳͶ͸ ∙ ͳͲͶ͹,ͳ͵ + Ͳ,Ͳͳͺͳ ∙ͳ͸ʹͷͳ,ͺͺ + Ͳ,͵Ͳͷͺ ∙ ʹʹ͹ͳ,Ͷʹ + Ͳ,͵Ͳͷʹ ∙ ͳʹͳ͸,Ͳʹ + Ͳ,ͲͲͲ͵ͶͶͺ ∙ ͹ʹͻ,ͺ =ͳͺͲ͸,͸Ͳͻ  

ɗɧɬɚɥɶɩɢɹ ɫɢɧɬɟɡ–ɝɚɡɚ ɩɨɫɥɟ ɨɯɥɚɞɢɬɟɥɹ ɝɚɡɚ, ɤȾɠ/ɤɝ: ℎ˔−ˆ˅ы˘ = ݉஼ை ∙ ℎ஼ை˅ы˘ + ݉஼ைమ ∙ ℎ஼ைమ˅ы˘ + ݉஼ுర ∙ ℎ஼ுర˅ы˘ + ݉ுమ ∙ ℎுమ˅ы˘ + ݉ுమை ∙ℎுమை˅ы˘ + ݉ேమ ∙ ℎேమ˅ы˘ + ݉ுమௌ ∙ ℎுమௌ˅ы˘ (59) ℎ˔−ˆ˅ы˘ = Ͳ,͵Ͳͻͻ ∙ ͷͻͻ,͸͵ + Ͳ,ͲͶ͸ͳ ∙ Ͷ͹͹,͵ͺ + Ͳ,ͲͳͶ͸ ∙ ʹ͸͸,͹ + Ͳ,Ͳͳͺͳ ∙ͺͳ͹͹,ͷ͸ + Ͳ,͵Ͳͷͺ ∙ ͳͲ͹ͺ,͵͵ + Ͳ,͵Ͳͷʹ ∙ ͷͻ͹,ͻ͸ + Ͳ,ͲͲͲ͵ͶͶͺ ∙ ͳͻͷ,ͺ = ͺ͹ͳ,͹͸  

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪ, ɤɝ/ɫ: ܤˆˆ = ஻˔.ˆ.ʒʡʢ௏̝ −ˆ∙ఘ˔−ˆ = ଺଺,଻଴଼ଵ,ଽଶ଴ଵ∙ଵ,ଵଷ଻ = ͵Ͳ,ͷͷ͵ (60) 

ɝɞɟ ܤ˔.ˆ.ʒʡʢ = ͸͸,͹Ͳͺ – ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɫɢɧɬɟɡ-ɝɚɡɚ ɧɚ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ, ɤɝ/ɫ. 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɝɚɡɢɮɢɤɚɰɢɸ ɭɝɥɹ, ɤɝ/ɫ: ܩ˒˃˓.ˆˆ = ˆˆܤ ∙ ˒.ˑܩ = ͵Ͳ,ͷͷʹ ∙ Ͳ,ͳ͵͵ͳ = Ͷ,Ͳ͸ͺ (61) 
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Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɝɚɡɢɮɢɤɚɰɢɸ ɭɝɥɹ, ɤɝ/ɫ: ܩ˅ˑˊˇ.ˆˆ = ஻ˆˆ௏̝ .˅∙ఘ˔.˅ = ଷ଴,ହହଶ଴,଺଼ସଵ∙଴,ଽଶଶ = Ͷͺ,Ͷ͵͹ (62) 

3.4  Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ȽɌɍ 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ȽɌɍ (ɪɢɫɭɧɨɤ 9) ɢ ɰɢɤɥɚ ȽɌɍ (ɪɢɫɭɧɨɤ 10) 
ɢɫɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɡɚɞɚɧɧɵɦɢ ɢɥɢ ɩɪɢɧɢɦɚɟɦɵɦɢ ɩɨ ɨɰɟɧɤɟ, ɹɜɥɹɸɬɫɹ: 

– ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ LM6000 PD Sprint  эܰ = Ͷͷ Ɇȼɬ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ  ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ ݐ˔ = ͳͶ͵Ͳ℃; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ݐ௔ = ͳͷ℃; 
– ɧɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɫɨɩɥɨɜɵɯ ɢ ɪɚɛɨɱɢɯ ɥɨɩɚ-

ɬɨɤ, ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ݐ௪ = ͺͷͲ℃ ; 
– ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ߝ = ͵ͳ,ͳ; 
– ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ݖ = ͹; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ߣ = Ͳ,ͻͷ; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ߟˍ˔ =Ͳ,ͻͻͷ; 
– ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɬɭɪɛɢɧɵ ߟˏ = Ͳ,ͻͻ; 
– ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ ߟЭʒ = Ͳ,ͻͺʹ; 
– ɢɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ ߟʡ = Ͳ,ͺͶ; 
– ɢɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ ߟˍ = Ͳ,ͺ͸; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ ߙ˖ = Ͳ,ͲͲͷ; 

ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɩɪɢɧɢɦɚɟɦ ɫɢɧɬɟɡ–ɝɚɡ ܱܥ = ʹͺ,ͳͻ % , ଶܱܥ  =ʹ,͸ͷ͵ %, ସܪܥ  = ʹ,͵ʹͳ %, ଶܪ = ʹʹ,ͺͷ %, ଶܰ = ʹ͹,͹͸͵ %, ଶܱܪ  = ͳ͸,ͳͻͷ %, ܪଶܵ = Ͳ,Ͳʹͷͷ % ɢɦɟɸɳɢɣ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
– ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ܳː˓ = ͸ͳͷ͹,͹Ͷ͸ ɤȾɠ/ɤɝ; 
– ɩɥɨɬɧɨɫɬɶ ɫɢɧɬɟɡ–ɝɚɡɚ ߩ˔.ˆ = ͳ,ͳ͵͹ ˍˆ/ˏଷ. 

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

ɗȽ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ 
Ɋɢɫɭɧɨɤ 9 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
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3.4.1  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢя ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫ-
ɫɨɪɟ 

 
Ɋɢɫɭɧɨɤ 10 – ɐɢɤɥ ɩɪɨɫɬɨɣ ȽɌɍ 

Ɍɨɱɤɚ ɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɨɹɧɢɸ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɞɚɜɥɟɧɢɟ 
Ɋɚ, ɬɟɦɩɟɪɚɬɭɪɚ ݐ௔). Ɉɬɪɟɡɨɤ ܾܽ – ɪɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫ-
ɫɨɪɟ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɞɨ ɩɚɪɚɦɟɬɪɨɜ ௕ܲ ɢ ݐ௕; ܾܽ′ – ɢɡɨɷɧɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫ ɫɠɚɬɢɹ; 
ɨɬɪɟɡɨɤ ܾ௖ – ɩɪɨɰɟɫɫ ɩɨɞɜɨɞɚ ɬɟɩɥɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɞɨ ݐ௖; ɨɬɪɟɡɨɤ – ɪɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ ɫ ɭɱɟɬɨɦ ɩɨ-
ɬɟɪɶ ɞɨ ɩɚɪɚɦɟɬɪɨɜ ௗܲ ɢ ݐௗ; ܿ݀′- ɢɡɨɷɧɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫ; ɨɬɪɟɡɨɤ –ɭɫɥɨɜɧɨɟ ɡɚɦɵ-
ɤɚɧɢɟ ɰɢɤɥɚ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɬɨɱɤɚ ɚ) ௔ܶ, К: 

௔ܶ = ௔ݐ + ʹ͹͵ = ͳͷ + ʹ͹͵ = ʹͺͺ (63) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௔ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3: ܿ˓˅ሺݐ௔ሻ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ௔ݐ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͳͷ = ͳ,ʹͺͺ (64) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25ºɋ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3: ܿ˓˅ሺʹͷሻ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ːˇ (65) ܿ˓˅ሺʹͷሻ˃˕˔ݐ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ʹͷ = ͳ,ʹͻ  

ɗɧɬɚɥɶɩɢɢ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤɚɤ ɪɚɡɧɨɫɬɶ ɢɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ. 

Ɉɛɴɟɦɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3: ℎ௔′ ሺݐ௔ሻ = ܿ˓˅ ሺݐ௔ሻ ∙ ௔ݐ = ͳ,ʹͺͺ ∙ ͳͷ = ͳͻ,͵ʹ͸ (66) ℎʑ′ ሺʹͷሻ = ܿ˓˅ሺʹͷሻ ∙ ௔ݐ = ͳ,ʹͻ ∙ ͳͷ = ͵ʹ,ʹͶ (67) 
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ℎ˃ = ℎ௔′ ሺݐ௔ሻ − ℎʑ′ ሺʹͷሻ = ͳͻ,͵ʹ͸ − ͵ʹ,ʹͶ = −ͳʹ,ͻͳͶ (68) 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɜ ɩɪɨ-
ɰɟɫɫɟ ɫɠɚɬɢɹ ɞɥɹ ɜɨɡɞɭɯɚ ݉˅ = Ͳ,ʹͺ. Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨ-
ɪɨɦ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ (ɬɨɱɤɚ b ɪɢɫɭɧɤɚ 10)  ݐ௕,°ɋ. 

௕ܶ = ௔ܶ ∙ ቀͳ + 𝜀𝑚˅ఎˍ ቁ = ௔ܶ ∙ ቀͳ + 𝜀𝑚˅ఎˍ ቁ = ͺʹͻ,ͺͶͺ (69) ݐ௕ = ௕ܶ − ʹ͹͵ = ͹ʹ͹,ͻͲ͵ − ʹ͹͵ = ͷͷ͸,ͺͶͺ (70) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௕ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, 
ɤȾɠ/ɦ3∙ɝɪɚɞ: ܿ˓˅ሺݐ௕ሻ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ௕ሻݐ௕ (71) ܿ˓˅ሺݐ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͷͷ͸,ͺͶͺ = ͳ,͵ͷ͵  

Ɉɛɴɟɦɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3: ℎ௕′ ሺݐ௕ሻ = ܿ˓˅ ሺݐ௕ሻ ∙ ௕ݐ = ͳ,͵ͷ͵ ∙ ͷͷ͸,ͺͶͺ = ͹ͷ͵,͸ͺʹ (72) ℎ௕ = ℎ௕′ ሺݐ௕ሻ − ℎʑ′ ሺʹͷሻ = ͹ͷ͵,͸ͺʹ − ͵ʹ,ʹͶ = ͹ʹͳ,ͶͶʹ (73) 

ɋɪɟɞɧɹɹ ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɩɪɨɰɟɫɫɟ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ܿ˓˅ ′, ɤȾɠ/ɦ3∙ɝɪɚɞ: ܿ˓˅ ′ = ℎ್−ℎ˃௧್−௧ೌ = ଻ଶଵ,ସସଶ−ሺ−ଵଶ,ଽଵସሻହହ଺,଼ସ଼−ଵହ = ͳ,͵ͷͷ (74) 

ɋɪɟɞɧɹɹ ɦɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɩɪɨɰɟɫɫɟ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ܿ˓˅ , ɤȾɠ/ɦ3∙ɝɪɚɞ: ܿ˓˅ = ௖˓˅′ఘ˅ = ଵ,ଷହହଵ,ଶଽଷ = ͳ,ͲͶͺ (75) 

ɝɞɟ ߩ˅ = ͳ,ʹͻ͵ ˍˆ/ˏଷ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 
ɍɬɨɱɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ݉˅ : ݉˅ = ோ˅௖˓˅′ = ଴,ଶ଼଻௖˓˅′ = Ͳ,ʹ͹Ͷ (76) 

ɝɞɟ ܴ˅ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɤȾɠ/ɤɝ·Ʉ, ɜɨɡɞɭɯɚ, ܴ˅ = Ͳ,ʹͺ͹; 
ɍɬɨɱɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ ɩɪɢ ɧɨɜɨɦ 

ɡɧɚɱɟɧɢɢ ݉˅ = Ͳ,ʹ͹Ͷ (ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ). Ɋɚɫɱɟɬ ɩɨɜɬɨɪɹɟɬɫɹ: ݐ௕ =ͷ͵ͺ,͵ͻ͸°ɋ, ℎ௕ = ͸ͻͷ,ʹ͹Ͷ ɤȾɠ/ɦ3. 
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3.4.2  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢя 

Ɍɟɩɥɨɟɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɚ ɡɚ ɬɭɪɛɢɧɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௖, 
ɤȾɠ/(ɦ3∙ɝɪɚɞ): ܿோைమ = ͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ௖ (77) ܿோைమݐ = ͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ͳͶ͵Ͳ = ʹ,͵ͺͷ  ܿுమை = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ௖ (78) ܿுమைݐ = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ͳͶ͵Ͳ = ͳ,ͺ͵ͳ  ܿேమ = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ௖ݐ

 
(79) ܿேమ = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ͳͶ͵Ͳ = ͳ,Ͷ͵ͺ 

 ܿ௏బ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ௖ݐ
 

(80) ܿ௏బ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͳͶ͵Ͳ = ͳ,Ͷͷͺ 
 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
25oC : ܿோைమሺʹͷሻ = ͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ʹͷ = ͳ,͹ͳͳ  ܿுమைሺʹͷሻ = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ʹͷ = ͳ,Ͷͺ  ܿேమሺʹͷሻ = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ʹͷ = ͳ,ʹͺ͵ 

 ܿ௏బሺʹͷሻ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ʹͷ = ͳ,ʹͻ 
 

ɇɚɯɨɞɢɦ ɨɛɴɟɦɵ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚ-
ɧɢɹ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α=1, ɦ3/ɦ3: 

଴ܸ = Ͳ,ͲͶ͹͸ · [Ͳ,ͷ ∙ ሺܱܥ + ଶሻܪ + ͳ,ͷ · ଶܵܪ + ቀͳ + ସସቁ ·  ସ] (81)ܪܥ

଴ܸ = Ͳ,ͲͶ͹͸ · [Ͳ,ͷ ∙ ሺʹͺ,ͳͻ + ʹʹ,ͺͷሻ + ͳ,ͷ · Ͳ,Ͳʹ͸ + ቀͳ + ସସቁ · ʹ,͵ʹʹ] =ͳ,Ͷ͵ͺ  

ேܸమ = Ͳ,͹ͻ · ଴ܸ + ேమଵ଴଴ = Ͳ,͹ͻ · ͳ,Ͷ͵ͺ + ଶ଻,଻଺ଷଵ଴଴ = ͳ,Ͷͳ͵ (82) 

ோܸைమ = Ͳ,Ͳͳ · ሺܱܥ + ଶܱܥ + ଶܵܪ +  ସሻ (83)ܪܥ

ோܸைమ = Ͳ,Ͳͳ · ሺʹͺ,ͳͻ + ʹ,͸ͷ͵ + Ͳ,Ͳʹ͸ + ʹ,͵ʹʹሻ = Ͳ,͵͵ʹ  
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ுܸమை = Ͳ,Ͳͳ ∙ ሺܪଶ + ଶܱሻܪ + Ͳ,Ͳͳ͸ͳ · ଴ܸ (84) 

ுܸమை = Ͳ,Ͳͳ ∙ ሺʹʹ,ͺͷ + ͳ͸,ͳͻͷሻ + Ͳ,Ͳͳ͸ͳ · ͳ,Ͷ͵ͺ = Ͳ,ͶͳͶ  

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ , ɦ3/ɦ3: ܸ̂ = ேܸమ + ோܸைమ + ுܸమை = ͳ,Ͷͳ͵ + Ͳ,͵͵ʹ + Ͳ,ͶͳͶ = ʹ,ͳͷͻ (85) 

Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: ݎோைమ = ௏ೃೀమ௏̂ = ଴,ଷଷଶଶ,ଵହଽ = Ͳ,ͳͷͶ (86) ݎேమ = ௏ಿ మ௏̂ = ଵ,ସଵଷଶ,ଵହଽ = Ͳ,͸ͷͷ (87) ݎுమை = ௏𝐻మೀ௏̂ = ଴,ସଵସଶ,ଵହଽ = Ͳ,ͳͻʹ (88) 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௖ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: ℎ௖′ ሺݐ௖ሻ = ோைమݎ) ∙ ܿோைమ + ேమݎ ∙ ܿேమ + ுమைݎ ∙ ܿுమை) ∙ ′௖ (89) ℎ௖ݐ ሺݐ௖ሻ = ሺͲ,ͳͷͶ ∙ ͳ,͹ͳͳ + Ͳ,͸ͷͷ ∙ ͳ,Ͷ͵ͷ + Ͳ,ͳͻʹ ∙ ͳ,Ͷͷͷሻ ∙ ͳͶ͵Ͳ = ʹ͵͹ʹ,ʹͺ͹  

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ hȽ  ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25oC: ℎ′˅ ሺʹͷሻ = ቀݎோைమ ∙ ܿோைమሺʹͷሻ + ேమݎ ∙ ܿேమሺʹͷሻ + ுమைݎ ∙ ܿுమைሺʹͷሻቁ ∙ ʹͷ (90) ℎ′˅ ሺʹͷሻ = ሺͲ,ͳͷͶ ∙ ʹ,͵͹ͳ + Ͳ,͸ͷͷ ∙ ͳ,ʹͺ͵ + Ͳ,ͳͻʹ ∙ ͳ,Ͷͺሻ ∙ ʹͷ = ͵Ͷ,͸ͷ͸  

ȼ ɢɬɨɝɟ ɢɫɤɨɦɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3: ℎ௖ ሺݐ௖ሻ = ℎ௖′ ሺݐ௖ሻ − ℎˆ ሺʹͷሻ = ʹ͵͹ʹ,ʹͺ͹ − ͵Ͷ,͸ͷ͸ = ʹ͵͵͹,͸͵ͳ (91) 

Ɉɛɴɟɦɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௖  ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, 
ɤȾɠ/ɦ3: ℎˆ̝ = ܿ˓˅ ሺݐ௖ሻ ∙ ௖ݐ − ℎ′˅ ሺʹͷሻ = ͳ,Ͷͷͺ ∙ ͳͶ͵Ͳ − ͵Ͷ,͸ͷ͸ = ʹͲͷ͵,ͳͻ (92) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɚɯ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ: ߙ = ொː˓ ∙ఎˍ˔+௏బ∙ℎ˅̝−ሺଵ−௏బሻ∙ℎ˅̝௏బ∙ሺℎ˅̝−ℎ್ሻ ߙ (93)  = ଻଴଴ଵ,ଽ଻ଷ∙଴,ଽଽହ+ଵ,ସଷ଼∙ଶ଴ହଷ,ଵଽ−ሺଵ−ଵ,ସଷ଼ሻ∙ଶ଴ହଷ,ଵଽଵ,ସଷ଼∙ሺଶ଴ହଷ,ଵଽ−଺ଽହ,ଶ଻ସሻ = ʹ,͸Ͳͻ  
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Ⱦɚɥɟɟ ɧɚɯɨɞɢɦ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɤɨɷɮɮɢ-
ɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α > 1. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɦ3: 

ுܸమை = ுܸమை + Ͳ,Ͳͳ͸ͳ · ሺߙ − ͳሻ ∙ ଴ܸ (94) 

ுܸమை = Ͳ,ͶͳͶ + Ͳ,Ͳͳ͸ͳ · ሺʹ,͸Ͳͻ − ͳሻ ∙ ͳ,Ͷ͵ͺ = Ͳ,Ͷͷͳ  

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ , ɦ3/ɦ3: ܸ̂ = ேܸమ + ோܸைమ + ுܸమை + ሺߙ − ͳሻ ∙ ଴ܸ (95) ܸ̂ = ͳ,Ͷͳ͵ + Ͳ,͵͵ʹ + Ͳ,ͶͶͺ + ሺʹ,͸Ͳͻ − ͳሻ ∙ ͳ,Ͷ͵ͺ = Ͷ,ͷͲͺ  

Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: ݎோைమ = ௏ೃೀమ௏̂ = ଴,ଷଷଶସ,ହ଴଼ = Ͳ,Ͳ͹Ͷ (96) ݎேమ = ௏ಿ మ௏̂ = ଵ,ସଵଷସ,ହ଴଼ = Ͳ,͵ͳ͵ (97) ݎுమை = ௏𝐻మೀ௏̂ = ଴,ସହଵସ,ହ଴଼ = Ͳ,ͳ (98) ݎ௏బ = ሺఈ−ଵሻ∙௏బ௏̂ = ሺଶ,଺଴ଽ−ଵሻ∙ଵ,ସଷ଼ସ,ହ଴଼ = Ͳ,ͷͳ͵ (99) 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ௖ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: ℎ௖′ ሺݐ௖ሻ = ோைమݎ) ∙ ܿோைమ + ேమݎ ∙ ܿேమ + ுమைݎ ∙ ܿுమை + ௏బݎ ∙ ܿ௏బ) ∙ ′௖ (100) ℎ௖ݐ ሺݐ௖ሻ = ሺͲ,Ͳ͹Ͷ ∙ ͳ,͹ͳͳ + Ͳ,͵ͳ͵ ∙ ͳ,Ͷ͵ͷ + Ͳ,ͳ ∙ ͳ,Ͷͷͷ + Ͳ,ͷͳ͵ ∙ ͳ,Ͷͷͷሻ ∙ͳͶ͵Ͳ = ʹʹʹ͹,ͳͺ͵  

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ℎ′̂ሺʹͷሻ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25oC: ℎ′̂ሺʹͷሻ = ቀݎோைమ ∙ ܿோைమሺʹͷሻ + ேమݎ ∙ ܿேమሺʹͷሻ + ுమைݎ ∙ ܿுమைሺʹͷሻ + ௏బݎ ∙ ܿ௏బሺʹͷሻቁ ∙ ʹͷ (101) ℎ′̂ሺʹͷሻ = ሺͲ,Ͳ͹Ͷ ∙ ʹ,͵͹ͳ + Ͳ,͵ͳ͵ ∙ ͳ,ʹͺ͵ + Ͳ,ͳ ∙ ͳ,Ͷͺ + Ͳ,ͷͳ͵ ∙ ͳ,ʹͻሻ ∙ ʹͷ =͵͵,Ͷ͵͸  

ȼ ɢɬɨɝɟ ɢɫɤɨɦɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3: ℎ௖ = ℎ௖′ ሺݐ௖ሻ − ℎ′˅ ሺʹͷሻ = ʹʹʹ͹,ͳͺ͵ − ͵͵,Ͷ͵͸ = ʹͳͻ͵,͹Ͷ͹ (102) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɤȾɠ/(ɦ3∙ɝɪɚɞ): 
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ܿʒ˓′ = ℎ೎௧೎ = ଶଵଽଷ,଻ସ଻ଵସଷ଴ = ͳ,ͷ͵Ͷ (103) 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɤɝ/ɦɨɥɶ: ߤˆ = ʹͺ,ͳͷ ∙ ேమݎ + ͶͶ,Ͳͳ ∙ ோைమݎ + ͳͺ,Ͳʹ ∙ ுమைݎ + ʹͺ,ͻ͹ ∙ ˆߤ ௏బ (104)ݎ = ʹͺ,ͳͷ ∙ Ͳ,͵ͳ͸ + ͶͶ,Ͳͳ ∙ Ͳ,Ͳ͹Ͷ + ͳͺ,Ͳʹ ∙ Ͳ,ͳ + ʹͺ,ͻ͹ ∙ Ͳ,ͷͳ͵ = ʹͺ,͹ʹͷ  

Ɉɛɴɟɦ 1 ɦɨɥɹ ɞɥɹ ɜɫɟɯ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (ɞɚɜɥɟɧɢɢ 1 ɛɚɪ, 
ɬɟɦɩɟɪɚɬɭɪɟ 0ɨɋ) ɪɚɜɟɧ 22,41 ɦ3/ɦɨɥɶ. 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3:  ߩˆ = ఓˆଶଶ,ସଵ = ଶ଼,଻ଶହଶଶ,ସଵ = ͳ,ʹͺʹ (105) 

Ɇɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɤȾɠ/(ɤɝ∙ɝɪɚɞ): ܿ˓̂ = ௖˓̂′ఘˆ = ଵ,ହଷସଵ,ଶ଼ଶ = ͳ,ͳͻ͹ (106) 

Ƚɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɤȾɠ/(ɤɝ·ɝɪɚɞ): ܴˆ = ଼,ଷଵସఓˆ = ଼,ଷଵସଶ଼,଻ଶହ = Ͳ,ʹͺͻ (107) 

ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ: ݉ˆ = ோˆ௖˓̂ = ଴,ଶ଼ଽଵ,ଵଽ଻ = Ͳ,ʹͶʹ (108) 

 

3.4.3  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢя ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ (ɬɨɱɤɚ d ɜ ɪɟɚɥɶɧɨɦ ɩɪɨ-
ɰɟɫɫɟ) ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɣɞɟɧɧɨɟ ɜ ɩɪɟɞɵɞɭɳɟɣ ɮɨɪɦɭɥɟ 
ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɞɥɹ ɝɚɡɨɜ ݉ˆ: 

ௗܶ = ̝ܶ ∙ (ͳ − ሺͳ −  ௠ˆሻ) (109)−ߜ

ɝɞɟ ߜ = ε · λ  – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɜ ɬɭɪɛɢɧɟ;  ߜ = ε · λ =  ͵ͳ,ͳ · Ͳ,ͻͷ = ʹͻ,ͷͶͷ (110) 

ɝɞɟ λ = 0,95 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜɨ ɜɯɨɞɧɨɦ ɢ ɜɵɯɨɞɧɨɦ ɩɚɬɪɭɛɤɚɯ. 

ௗܶ = ͳ͹Ͳ͵ ∙ (ͳ − ሺͳ − ʹͻ,ͷͶͷ−଴,ଶସଶሻ) = ͻͲ͵,ʹ͸Ͷ  ݐௗ = ௗܶ − ʹ͹͵ = ͻͲ͵,ʹ͸Ͷ − ʹ͹͵ = ͸͵Ͳ,ʹ͸Ͷ (111) 
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Ɍɟɩɥɨɟɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɚ ɡɚ ɬɭɪɛɢɧɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐௗ 
ɤȾɠ/(ɦ3∙ɝɪɚɞ): ܿோைమ = ͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ͸͵Ͳ,ʹ͸Ͷ = ʹ,ͲͲͳ  ܿுమை = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ͸͵Ͳ,ʹ͸Ͷ = ͳ,͸͵ͳ  ܿேమ = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ͸͵Ͳ,ʹ͸Ͷ = ͳ,͵ͷ 

 ܿ௏బ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͸͵Ͳ,ʹ͸Ͷ = ͳ,͵͸ʹ 
 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐௗ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: ℎௗ′ ሺݐௗሻ = ோைమݎ) ∙ ܿோைమ + ேమݎ ∙ ܿேమ + ுమைݎ ∙ ܿுమை + ௏బݎ ∙ ܿ௏బ) ∙ ′ௗ (112) ℎௗݐ ሺݐௗሻ = ሺͲ,Ͳ͹Ͷ ∙ ʹ,ͲͲͳ + Ͳ,͵ͳ͵ ∙ ͳ,͸͵ͳ + Ͳ,ͳ ∙ ͳ,͵ͷ + Ͳ,ͷͳ͵ ∙ ͳ,͵͸ʹሻ ∙͸͵Ͳ,ʹ͸Ͷ = ͻͲʹ,͸ͺ͵  

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3: ℎௗ = ℎௗ′ ሺݐௗሻ − ℎ′˅ ሺʹͷሻ = ͻͲʹ,͸ͺ͵ − ͵͵,Ͷ͹ͺ = ͺ͸ͻ,ʹͶ͸ (113) 

Ɇɚɫɫɨɜɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɤɝ: ܫௗ = ℎ೏ఘˆ = ଼଺ଽ,ଶସ଺ଵ,ଶ଼ଶ = ͸͹ͺ,ͳͶͶ (114) 

Ɉɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ (ɩɟɪɟɞ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ), 
ɤȾɠ/(ɦ3∙ɝɪɚɞ): ܿ˓̂′ = ℎ೏௧೏ = ଼଺ଽ,ଶସ଺଺ଷ଴,ଶ଺ସ = ͳ,͵͹ͻ (115) 

Ɇɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ (ɩɟɪɟɞ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ), 
ɤȾɠ/(ɤɝ∙ɝɪɚɞ): ܿ˓̂ = ௖˓̂′ఘˆ = ଵ,ଷ଻ଽଵ,ଶ଼ଶ = ͳ,Ͳ͹͸ (116) 

ɋɪɟɞɧɹɹ ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ, 
ɤȾɠ/(ɦ3∙ɝɪɚɞ): ܿ˓˔˓ˆ ′ = ℎ೎−ℎd௧೎−௧೏ = ଶଵଽଷ,଻ସ଻−଼଺ଽ,ଶସ଺ଵସଷ଴−଺ଷ଴,ଶ଺ସ = ͳ,͸ͷ͸ (117) 

ɋɪɟɞɧɹɹ ɦɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ, 
ɤȾɠ/(ɤɝ∙ɝɪɚɞ): 
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ܿ˓˔˓ˆ = ௖˓˔˓ˆ ′ఘˆ = ଵ,଺ହ଺ଵ,ଶ଼ଶ = ͳ,ʹͻʹ (118) 

ɋɪɟɞɧɢɣ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ: ݉ˆ = ோˆ௖˓˔˓ˆ = ଴,ଶ଼ଽଵ,ଶଽଶ = Ͳ,ʹʹͶ (119) 

ɍɬɨɱɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ ɩɪɢ ɧɨɜɨɦ 
ɡɧɚɱɟɧɢɢ ݉ˆ = Ͳ,ʹʹͶ (ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ). Ɋɚɫɱɟɬ ɩɨɜɬɨɪɹɟɬɫɹ ɨɬ ɮɨɪɦɭɥɵ 
ௗݐ :(3.82) = ͻͶʹ,ͷͳ°ɋ, ℎௗ = ͻʹͻ,ͷ͹ͳ ɤȾɠ/ɦ3, ܫௗ = ͹ʹͷ,ʹͲ͹ ɤȾɠ/ɤɝ.  

Ɍɪɟɬɶɟ ɩɪɢɛɥɢɠɟɧɢɟ ݉ˆ = Ͳ,ʹʹ͵, ݐௗ = ͻͶͶ,͵ͻʹ °ɋ, ℎௗ = ͻ͵ʹ,Ͷ͹ͷ ɤȾɠ/ɦ3, ܫௗ = ͹ʹ͹,Ͷ͹ʹ ɤȾɠ/ɤɝ. 
Ɋɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ (ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟ-

ɩɚɞ), ɤȾɠ/ɤɝ: ܪ𝑖ʡ = ℎ೎−ℎ೏ఘˆ = ଶଵଽଷ,଻ସ଻−ଽଷଶ,ସ଻ହଵ,ଶ଼ଶ = ͻͺ͵,ͻͺͶ (120) 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: ܪ𝑖ʡ = ு𝑖ʡఎʡ = ଽ଼ଷ,ଽ଼ସ଴,଼ସ = ͻͺ͵,ͻͺͶ (121) 

Ɋɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɦ3: ܪˍ = ℎ௕ − ℎ௔ = ͸ͻͷ,ʹ͹Ͷ − ሺ−ͳʹ,ͻͳͶሻ = ͹Ͳͺ,ͳͺͺ (122) 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɬɟɱɤɢ ɜɨɡɞɭɯɚ:  ܾ = ఈ∙௏బ∙(ଵ+ఈ˖)ଵ+ఈ∙௏బ = ଶ,଺଴ଽ∙ଵ,ସଷ଼∙ሺଵ+଴,଴଴ହሻଵ+ଶ,଺଴ଽ∙ଵ,ସଷ଼ = Ͳ,͹ͻ͵ (123) 

ɝɞɟ ߙ˖ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ. 
ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ȽɌɍ ɧɚ ɜɚɥɭ ɚɝɪɟɝɚɬɚ, ɤȾɠ/ɦ3: ܪ௘ = 𝑖ʡܪ ∙ ˏߟ ∙ ˆߩ − ܾ ∙ ௘ܪ (124) ˍܪ = ͻͺ͵,ͻͺͶ ∙ Ͳ,ͻͻ ∙ ͳ,ʹͺʹ − Ͳ,͹ͻ͵ ∙ ͹Ͳͺ,ͳͺͺ = ͸ͺ͹,Ͳ͸͸  

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ, ɦ3/ɫ: ܩʡ′ = ேэு೐∙ఎЭʒ = ସହ଴଴଴଺଼଻,଴଺଺∙଴,ଽଽ = ͸͸,ͳͷͺ (125) 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ:  ܩʡ = ′ʡܩ ∙ ˆߩ = ͸͸,ͳͷͺ ∙ ͳ,ʹͺʹ = ͺͶ,ͺͲͳ (126) 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɫ ɭɱɟɬɨɦ ɭɬɟɱɟɤ, ɦ3/ɫ: 
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ˍܩ = ܾ ∙ ′ʡܩ = Ͳ,͹ͻ͵ ∙ ͸͸,ͳͷͺ = ͷʹ,Ͷ͸͵ (127) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ: ܤ = ீʡ′ሺଵ+ఈ∙௏బሻ = ଺଺,ଵହ଼ሺଵ+ଶ,଺଴ଽ∙ଵ,ସଷ଼ሻ = ͳ͵,ͻʹͺ (128) 

Ɇɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ, ɤȼɬ: 

𝑖ܰʡ = ʡܩ ∙ 𝑖ʡܪ = ͺͶ,ͺͲͳ ∙ ͻͺ͵,ͻͺͶ = ͺ͵ͶͶʹ,ͷ͹͹ (129) 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȼɬ: 

ˍܰ = ˍܩ ∙ ˍܪ = ͷʹ,Ͷ͸͵ ∙ ͹Ͳͺ,ͳͺͺ = ͵͹ͳͷ͵,͸Ͳͷ (130) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ȽɌɍ: ߮ = ே𝑖ʡ−ேˍே𝑖ʡ = ଼ଷସସଶ,ହ଻଻−ଷ଻ଵହଷ,଺଴ହ଼ଷସସଶ,ହ଻଻ = Ͳ,ͷͷͷ (130) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ȽɌɍ (ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ) ɛɟɡ 
ɨɯɥɚɠɞɟɧɢɹ: ߟэ = ሺே𝑖ʡ−ேˍሻ∙ఎЭʒ஻∙ொː˓ = ሺ଼ଷସସଶ,ହ଻଻−ଷ଻ଵହଷ,଺଴ହሻ∙଴,ଽଽଵଷ,ଽଶ଼∙ଵହଶ଼଴ = Ͳ,Ͷ͹ (131) 

3.4.4  ɍɱɟɬ ɨɯɥɚɠɞɟɧɢя ɬɭɪɛɢɧɵ ȽɌɍ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɨɬɛɢɪɚɟɦɵɣ ɨɬ ɤɨɦɩɪɟɫɫɨɪɚ ɧɚ ɨɯɥɚɠɞɟ-
ɧɢɟ ɬɭɪɛɢɧɵ, ɦ3/ɦ3: ݃˅ = Ͳ,Ͳʹ + Ͳ,͵ʹ ∙ ͳͲ−ଷ ∙ ሺݐ௖ − ˅݃ ௪ሻ (132)ݐ = Ͳ,Ͳʹ + Ͳ,͵ʹ ∙ ͳͲ−ଷ ∙ ሺͳͶ͵Ͳ − ͺͷͲሻ = Ͳ,ʹͲ͸  

ɝɞɟ  ݐ௪ – ɧɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɥɨɩɚɬɨɤ, ɨɩɪɟɞɟɥɹɟɦɚɹ 
ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ, ݐ௪ = 850°ɋ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, К, (ɟɫɥɢ ɩɪɢ-
ɧɹɬɶ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ z =7 ɢ ɫɱɢɬɚɬɶ ɪɚɛɨɬɭ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɨɞɢ-
ɧɚɤɨɜɨɣ): 

ଶܶଵ = ௖ܶ − ଵ𝑧 ∙ ு𝑖ʡ௖˓˔˓ˆ = ͳ͸͹͵ − ଵସ ∙ ଽ଼ଷ,ଽ଼ସଵ,ଶଽଶ = ͳͷͻͶ,͸ʹ͹ (133) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ:  ߛ = ଵఝ ∙ ቀͳ − ߮ − 𝑧−ଵ𝑧 ∙ ்್మ்భቁ + ଴,଺ସ∙ఝ (134) 

ߛ = ଵ଴,ହହହ ∙ ቀͳ − Ͳ,͸͵ − ଻−ଵ଻ ∙ ଼ଵଵ,ଷଽ଺ଵହଽସ,଺ଶ଻ቁ + ଴,଺ସ∙଴,ହହହ = Ͳ,ʹͺ͹  
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Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɪɚɛɨɬɚ ȽɌɍ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ, ɤȾɠ/ɦ3: ܪʒʡʢ = 𝑖ʡܪ ∙ ˆߩ − ܾ ∙ ʒʡʢܪ (135) ˍܪ = ͻͺ͵,ͻͺͶ ∙ ͳ,ʹͺʹ − Ͳ,͹ͻ͵ ∙ ͹Ͳͺ,ͳͺͺ = ͸ͻͻ,͸͹ͺ  

ȼɧɭɬɪɟɧɧɹɹ ɪɚɛɨɬɚ ȽɌɍ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, ɤȾɠ/ɦ3: ܪʒʡʢˑ˘ˎ = ʒʡʢܪ ∙ ሺͳ − ߛ ∙ ݃˅ሻ = ͸ͻͻ,͸͹ͺ ∙ ሺͳ − Ͳ,ʹͺ͹ ∙ Ͳ,ʹͲ͸ሻ = ͸ͷͺ,Ͷͳ͸ (136) 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ, % : ߟʒʡʢˏ = ͳ − ଵ−ఎˏఝ = ͳ − ଵ−଴,ଽଽ଴,ହହହ = Ͳ,ͻͺʹ (137) 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, ɦ3/ɫ: ܩʡˑ˘ˎ′ = ேэுʒʡʢˑ˘ˎ∙ఎʒʡʢˏ ∙ఎЭʒ = ସହ଴଴଴଺ହ଼,ସଵ଺∙଴,ଽ଼ଶ∙଴,ଽଽ = ͹Ͳ,͵ͲͶ (138) 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, ɤɝ/ɫ: ܩʡˑ˘ˎ = ′ˎ˘ʡˑܩ ∙ ˆߩ = ͹Ͳ,͵ͲͶ ∙ ͳ,ʹͺʹ = ͳͺ,ͻ͹ʹ (139) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, ɦ3/ɫ: ܤ = ீʡˑ˘ˎሺଵ+ఈ∙௏బሻ = ଵ଼,ଽ଻ଶሺଵ+ଶ,଺଴ଽ∙ଵ,ସଷ଼ሻ = ͳͶ,ͺͲͳ (140) 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɫ ɭɱɟɬɨɦ ɪɚɫɯɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ, ɦ3/ɫ: ܩКʠˑ˘ˎ = ఈ∙௏బሺଵ+ఈ∙௏బሻ ∙ ′ˎ˘ʡˑܩ = ଶ,଺଴ଽ∙ଵ,ସଷ଼ሺଵ+ଶ,଺଴ଽ∙ଵ,ସଷ଼ሻ ∙ ͹Ͳ,͵ͲͶ = ͷͷ,ͷͲ͵ (141) 

ɇɟɨɛɯɨɞɢɦɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɫ ɭɱɟɬɨɦ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ 
ɧɚ ɨɯɥɚɠɞɟɧɢɟ, ɦ3/ɫ: ܩКʠˑ˘ˎ′ = ሺܾ + ݃˅ሻ ∙ ′ˎ˘ʡˑܩ = ሺͲ,͹ͻ͵ + Ͳ,ʹͲ͸ሻ ∙ ͹Ͳ,͵ͲͶ = ͹Ͳ,ʹͲͷ (142) 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɜɨɡɞɭɯɚ, ɫɛɪɚɫɵɜɚ-
ɟɦɨɝɨ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ (ɪɚɫɯɨɞ ɝɚɡɨɜ ɜ ɤɨɬɟɥ-ɭɬɢɥɢɡɚ-
ɬɨɪ), ɦ3/ɫ: ܩКʢ′ = ሺͳ + ݃˅ሻ ∙ ′ˎ˘ʡˑܩ = ሺͳ + Ͳ,ʹͲ͸ሻ ∙ ͹Ͳ,͵ͲͶ = ͺͶ,͹ͷͺ (143) 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɜɨɡɞɭɯɚ, ɫɛɪɚɫɵɜɚ-
ɟɦɨɝɨ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ (ɪɚɫɯɨɞ ɝɚɡɨɜ ɜ ɤɨɬɟɥ-ɭɬɢɥɢɡɚ-
ɬɨɪ), ɤɝ/ɫ: ܩКʢ = ′Кʢܩ ∙ ˆߩ = ͺͶ,͹ͷͺ ∙ ͳ,ʹͺʹ = ͳͲͺ,͸Ͷ͵ (144) 
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ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ ɫ ɨɯɥɚɠɞɟɧɢɟɦ: ߟэˑ˘ˎ = эߟ ∙ ሺͳ − ߛ ∙ ݃˅ሻ = Ͳ,Ͷ͹ ∙ ሺͳ − Ͳ,ʹͺ͹ ∙ Ͳ,ʹͲ͸ሻ = Ͳ,ͶͶʹ (145) 

 

3.5  Ɋɚɫɱɟɬ ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 
Ɋɢɫɭɧɨɤ 11 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɉȽɍ 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɢɫɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, 
ɡɚɞɚɜɚɟɦɵɦɢ ɢɥɢ ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɬɟɩɥɨɜɨɦ ɪɚɫɱɟɬɟ ȽɌɍ, ɹɜɥɹɸɬɫɹ: ଴ܲ = Ͷ ʛʞ˃;  ݐ଴ = ͶͶͲ °ܥ; ܳʒʠʞ = ͳ͸ ʛʑ˕; 

– ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ȽɌɍ ܩКʢ = ͳͲͺ,͸Ͷ͵ ɤɝ/ɫ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ ȽɌɍ ݐௗ = ͹ʹͷ,ͶͶͺ°ɋ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ݐ௔ = ͳͷ°ɋ; 
– ɞɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ݌଴ = Ͷ Ɇɉɚ; 
– ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ Ʉɍ ∆݌˒ˈ = Ͳ,ʹͷ Ɇɉɚ; 
– ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ  ݌˄ = ଴݌ + ˈ˒݌∆ = Ͷ,ʹͷ Ɇɉɚ;  
– ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ  ݌ˇ = Ͳ,ͷ Ɇɉɚ;  
– ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɉɇ ݌′′ʞʜ = ͳ,ͳͷ݌˄ = Ͷ,ͺͻ Ɇɉɚ; 
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– ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ  ݌′′ЭК = ͳ,Ͳͷ݌˄ = Ͷ,Ͷ͸ Ɇɉɚ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ  ݐ′′ЭК = ЭКሻ′′݌௦′ሺݐ − ͺ = ʹͶͺ,ͻ͵℃;  
– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ ݐЭК′ = ͳͷͳ,ͺ͵͸ ℃; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɜɵɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ݐ′ʒʠʞ′ = ͹Ͳ ˚ɋ. 
 
– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɚɡɨɜɨɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ݐ′ʒʠʞ′ = ͳͷͲ ˚ɋ. 

3.5.1  Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ  
Ⱦɥɹ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɚ (ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, 

ɢɫɩɚɪɢɬɟɥɹ ɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, Ƚɋɉ) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɪɢ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚ-
ɥɚɧɫɚ: ܩʒ · ሺܫௗ − ஻ሻܫ = · ଴ܦ ሺℎ଴  − ℎs′′ ሻ (146) ܩʒ · ሺܫ஻ − ௌሻܫ = · ଴ܦ ሺℎs′′   − ℎs′  ሻ (147) ܩʒ · ሺܫௌ − ʒʠʞሻܫ = · ଴ܦ ሺℎs′  − ℎ′′ʞʜሻ (148) ܩʒ · ʒʠʞܫ) − ܫ̟ ˘) = · ˅˔ܩ ሺℎ′′ʒʠʞ  − ℎ′ʒʠʞ ሻ (149) 

ɝɞɟ  ܩʒ  –ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬɟɥ ͳͲͺ,͸Ͷ͵, ɤɝ/ɫ; 
ɋɪɚɡɭ ɠɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ I ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚ-

ɜɨɦ ɬɨɩɥɢɜɚ, ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɨɜ ɩɟɪɟɞ ɝɚɡɨ-
ɜɨɣ ɬɭɪɛɢɧɨɣ, ɬ.ɟ. ɬɟɩɥɨɜɵɦ ɛɚɥɚɧɫɨɦ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ɉɪɢ ɜɵɛɪɚɧɧɨɦ ɬɨɩɥɢɜɟ 
ɢ ɢɡɜɟɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ȽɌɍ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ. 
ܫ̟ ;ʒʠʞ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɜɵɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤȾɠ/ɤɝܫ ;ௌ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɷɤɨɧɨɦɚɣɡɟɪ, ɤȾɠ/ɤɝܫ ;஻ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝܫ ;ௗ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ ͺ͸ͻ,ʹͶ͸, ɤȾɠ/ɤɝܫ  ˘ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɤȾɠ/ɤɝ; 
 ℎ଴  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɤɨɬɥɚ ɩɪɢ ݌଴ , 3307,868 
ɤȾɠ/ɤɝ; 
 ℎ௦′ ሺ݌ ˄ ሻ –ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ (ɜ ɫɨɫɬɨɹɧɢɢ ɧɚɫɵɳɟ-
ɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ݌ ˄ , 1105,111 ɤȾɠ/ɤɝ; ℎ௦′′ሺ݌ ˄ ሻ –ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɛɚɪɚɛɚɧɚ (ɜ ɫɨɫɬɨɹɧɢɢ ɧɚɫɵɳɟɧɢɹ 
ɩɪɢ ɞɚɜɥɟɧɢɢ ݌ ˄ , 2799,566 ɤȾɠ/ɤɝ; 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ, ºɋ: ߠЭК = ЭКሻ′′݌௦′ሺݐ +  ЭК (150)′′ݐߜ

ɝɞɟ ݐ௦′ሺ݌′′ЭКሻ = ʹͷ͸,ͺͻ͸ ºɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜɨɞɵ ɩɪɢ ɞɚɜɥɟɧɢɢ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ; 
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ЭК′′ݐߜ  = ͸Ͳ ºɋ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ. ߠЭК = ʹͷ͸,ͺͻ͸ + ͸Ͳ = ʹ͸͸,ͻ͵  

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ߠЭК , ɤȾɠ/ɤɝ, ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ, ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ. ܫௌ = ఏЭК ఘˆ = ͷ͸Ͷ,Ͷ͵ (151) 

Ɋɚɫɯɨɞ ɩɚɪɚ, ɝɟɧɟɪɢɪɭɟɦɵɣ ɨɞɧɢɦ Ʉɍ, ɤɝ/ɫ: ܦ଴ = ீʒ ·ሺூ೏−ூೄሻℎబ  −ℎೞ′ = ଵ଴଼,଺ସଷ·ሺ଼଺ଽ,ଶସ଺−ହ଺ସ,ସଷሻଷଷ଴଻,଼଺଼−ଵଵ଴ହ,ଵଵଵ = ͳͷ,͸ (152) 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ (ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ), ɤȾɠ/ɤɝ: ܫ஻ = ௗܫ − ஽బ ∙ሺℎబ  −ℎೞ′′ሻீʒ  (153) 

஻ܫ = ͺ͸ͻ,ʹͶ͸ − ଵହ,଺∙ሺଷଷ଴଻,଼଺଼ −ଶ଻ଽଽ,ହ଺଺ሻଵ଴଼,଺ସଷ = ͸ͷͷ,ͻ͹͸  

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ (ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ), ˚ɋ: ߠ஻  = ூಳ௖ʟಳ = ூ˖ʑ̆ʓ௥ೃೀమ ∙௖ೃೀమ+௥ಿ మ ∙௖ಿమ+௥𝐻మೀ∙௖𝐻మೀ+௥𝑉బ ∙௖𝑉బ (154) 

ɝɞɟ  ܿʟ஻  – ɬɟɩɥɨɟɦɤɨɫɬɶ ߠ஻  = Ͷʹ͵,͸°ɋ. 

ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ (ɧɚ ɜɯɨɞɟ ɜ Ƚɋɉ), ɤȾɠ/ɤɝ: ܫʒʠʞ = ௌܫ − ஽బ ∙ሺℎೞ′  −ℎ′′ʞʜሻீʒ  (155) 

ɝɞɟ ℎ′′ʞʜ- ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇ, ℎ′′ʞʜ = ℎ௦′ (ˇ݌) = ͸Ͷʹ,͸ͳͶ. ܫʒʠʞ = ͷ͸Ͷ,Ͷ͵ − ଵହ,଺∙ሺଵଵ଴ହ,ଵଵଵ −଺ସଶ,଺ଵସሻଵ଴଼,଺ସଷ = Ͷͻͺ,Ͳʹ  

ɇɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɷɤɨɧɨɦɚɣɡɟɪɨɦ (ɧɚ ɜɯɨɞɟ ɜ Ƚɋɉ) ߠʒʠʞ, °ɋ: ߠʒʠʞ = ூʒʠʞ஼ು.ʒʠʞ = ʹͳ͸,ͻ͹ (156) 

ɉɪɢɧɢɦɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ Ƚɋɉ ݐʒʠʞ′ = ͹Ͳ°ɋ. 
Ɍɨɝɞɚ ɟɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɬɚɥɶɩɢɹ ℎʒʠʞ′ = ʹͻ͵,Ͳͳͺ ɤȾɠ/ɤɝ.  
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ Ƚɋɉ ݐ′ʒʠʞ′ = ͳͷͲ°ɋ. ȿɣ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɷɧɬɚɥɶɩɢɹ ℎʒʠʞ′′ = ͸͵ʹ,ʹͷʹ ɤȾɠ/ɤɝ. ̟ܫ ˘ = ͳͳͲ,ͻͻ͸ ɤȾɠ/ɤɝ, ݐ˖˘ = ͳͷͷ°ʠ. 

Ɍɨɝɞɚ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: ܩ˔˅ = ீʒ ·(ூʒʠʞ−ூ˖˘)( ℎʒʠʞ′′  −ℎʒʠʞ′ ) (157) 

= ˅˔ܩ ͳͲͺ,͸Ͷ͵ · ሺͶͻͺ,Ͳʹ − ͳͳͲ,ͻͻ͸ ሻሺ͸͵ʹ,ʹͷʹ − ʹͻ͵,Ͳͳͺሻ = ͹ͻ,Ͷ͵Ͷ 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ, ɤȾɠ/ɤɝ: ℎˇ = ℎ௦(݌ˇ) = ͸ͶͲ,ͳͺͷ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ: ܦˇ = ሺ஽బ ሻ∙(ℎˇ−ℎʒʠʞ′′ )ℎబ −ℎʒʠʞ′′ = ሺଵହ,଺ሻ∙ሺ଺ସ଴,ଵ଼ହ−଺ଷଶ,ଶହଶሻଷଷ଴଻,଼଺଼ −଺ଷଶ,ଶହଶ = ͵,ͲͶͶ (158) 

ɄɉȾ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ:  ߟКʢ = ூ೏−ூ˖˘ூ೏−ூೌ = ଼଺ଽ,ଶସ଺−ଶସଽ,ଽଽ଼଺ଽ,ଶସ଺−ሺ−ଵଶ,ଽଵସሻ = Ͳ,͹ͻ    (159) 

Ɍɟɩɥɨ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ ȽɌɍ ɜ ɩɚɪɨɬɭɪɛɢɧɧɵɣ ɰɢɤɥ, ɤȼɬ: ܳʒАʖ = ʒܩ ∙ ௗܫ) − ܫ̟ ˘) = ͳ͸Ͷ,͹ͷ͹ (160) 

Ɍɟɩɥɨ, ɩɨɥɭɱɟɧɧɨɟ ɩɚɪɨɜɨɞɹɧɵɦ ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɜ Ʉɍ, ɤȼɬ: ܳʞАʟ = ʹ ∙ ∙ ଴ܦ ℎ଴ − (ʹ ∙ − ଴ܦ (ˇܦ ∙ ℎˍ (161) ܳʞАʟ = ͳ͸Ͷ,ʹͻͳ  

ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ , %: ߜ = |ொʒАʖ−ொʞАʟொʒАʖ | ∙ ͳͲͲ% = |ଵ଺ସ,଻ହ଻−ଵ଺ସ,ଶଽଵଵ଺ସ,଻ହ଻ | ∙ ͳͲͲ% = Ͳ,Ͳ͵ (162) 

ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɦɟɧɶɲɟ 1%, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫ-
ɱɟɬɨɜ. 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɬɟɩɥɨ, ɩɨɞɜɨɞɢɦɨɟ ɤ ɜɨɞɟ (ɩɚɪɭ) ɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ 
ɨɞɧɨɝɨ Ʉɍ. 

Ɍɟɩɥɨ, ɩɨɞɜɨɞɢɦɨɟ ɜ ɢɫɩɚɪɢɬɟɥɟ, ɤȼɬ: ܳʗʠʞ = ʹ ∙ ∙ ଴ܦ ℎ௦′ = ʹ ∙ ͳͷ,͸ ∙ ͳͳͲͷ,ͳͳͳ = ͵ͶͶ͹ͻ,Ͷ͵ʹ (163) 

Ɍɟɩɥɨ, ɩɨɞɜɨɞɢɦɨɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɤȼɬ: ܳʞʞ  = ʹ ∙ ∙ ଴ܦ ሺℎ଴   − ℎ௦′′ሻ (164) 
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ܳʞʞ = ʹ ∙ ͳͷ,͸ ∙ ሺ͵͵Ͳ͹,ͺ͸ͺ − ʹ͹ͻͻ,ͷ͸͸ሻ = ͳͷͺͷͻ,Ͳʹʹ  

Ɍɟɩɥɨ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ ɷɤɨɧɨɦɚɣɡɟɪɭ, ɤȼɬ: ܳЭК = ʹ ∙ ∙ ଴ܦ (ℎ௦′ − ℎˇ) (165) ܳЭК = ʹ ∙ ͳͷ,͸ʹ ∙ ሺͳͳͲͷ,ͳͳͳ − ͸ͶͲ,ͳͺͷሻ = ͳͶͷͲͷ,͸ͻͳ 

Ɍɟɩɥɨ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ ɤɨɬɥɭ-ɭɬɢɥɢɡɚɬɨɪɭ, ɤȼɬ: ܳКʢ = ܳʞʞ  + ܳʗʠʞ + ܳЭК + ܳʒʠʞ = ͺͲͺͶͶ,123 (166) 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɬɟɩɥɨɜɭɸ ɞɢɚɝɪɚɦɦɭ (ɪɢɫɭɧɨɤ 
12) 
 

 
Ɋɢɫɭɧɨɤ 12 – Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ 
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3.6  Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɨɜɟɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɩɪɨɪɚɛɨɬɤɭ ɫɬɚɧɞɚɪɬɧɨɣ ɫɟɤɰɢɢ 
Ʉɍ, ɬɨ ɟɫɬɶ ɜɵɛɪɚɬɶ ɜɫɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɤɰɢɢ, ɚ ɬɚɤɠɟ ɬɢɩ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɪɟɛɪɟɧɢɹ ɬɪɭɛ. ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɢɦɟɸɬ ɲɚɯɦɚɬɧɨɟ ɪɚɫɩɨ-
ɥɨɠɟɧɢɟ ɬɪɭɛ ɟɞɢɧɨɝɨ ɫɨɪɬɚɦɟɧɬɚ (ɫɬɚɥɶ 20, ɤɪɨɦɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɉɉ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɬɚɥɶ 12ɏ1ɆɎ).  

ɉɚɪɚɦɟɬɪɵ ɨɪɟɛɪɟɧɢɹ ɫɥɟɞɭɸɳɢɟ: 
– ɞɢɚɦɟɬɪ ɬɪɭɛ ݀ = ͵ʹ × Ͷ ɦɦ; 
– ɲɚɝ ɪɟɛɪɚ ܾ˓ˈ˄ = ͷɦɦ; 
– ɜɵɫɨɬɚ ɪɟɛɪɚ ℎ˓ˈ˄ = ͻɦɦ; 
– ɬɨɥɳɢɧɚ ɪɟɛɪɚ  ߜ˓ˈ˄ = ͳɦɦ; 
– ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ ݏଵ = ͹ʹɦɦ; 
– ɩɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ݏଶ = ͺͷɦɦ; 
Ɍɢɩɨɜɚɹ ɫɟɤɰɢɹ (ɪɢɫɭɧɨɤ 13), ɢɫɩɨɥɶɡɭɟɦɚɹ ɜɨ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɨɬɥɨɜ 

ɡɚɜɨɞɚ, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɪɹɞɨɜ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɫ ɲɚɯɦɚɬɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ, 
ɨɛɴɟɞɢɧɟɧɧɵɯ ɤɨɥɥɟɤɬɨɪɚɦɢ ɞɢɚɦɟɬɪɨɦ 168 ɦɦ, ɬɨɥɳɢɧɨɣ 15 ɦɦ. ɒɢɪɢɧɚ ɬɢ-
ɩɨɜɨɣ ɫɟɤɰɢɢ ܾ˔ˈˍ = ʹ,ʹ ɦ (ɩɨ ɨɫɹɦ ɤɪɚɣɧɢɯ ɬɪɭɛ). ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ 
ɪɚɡɦɟɪɵ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɢ ɪɚɡɦɟɪɵ ɫɟɤɰɢɢ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɬɚɧɞɚɪɬɧɵɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

ȼ ɨɞɧɨɦ ɪɹɞɭ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɱɢɫɥɨ ɫɟɤɰɢɣ ݉˔ˈˍ = Ͷ. 
Ɍɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɛɟɪɭɬɫɹ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 13 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɢɩɨɜɨɣ ɫɟɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ Ʉɍ 

 

3.6.1  Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ Ʉɍ 

3.6.1.1  Ɉɩɪɟɞɟɥɟɧɢɟ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɤɨɬɥɚ 

Ɂɚɞɚɜɲɢɫɶ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɤɨɪɨɫɬɶɸ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɯɨɞ Ʉɍ 
(ɩɟɪɟɞ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ) ߱଴ = ͳͲ ɦ/c, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ, ɦ2: ݂ = ீʒ ∙௏̂ ∙ሺ௧೏+ଶ଻ଷሻ𝜔బ∙ଶ଻ଷ = ଵ଴଼,଺ସଷ∙଴,଻଼∙ሺ଻ଶହ,ସସ଼+ଶ଻ଷሻଵ଴∙ଶ଻ଷ = ͳͲ͵,͵ʹͻ (167) 
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ɝɞɟ  ܸ̂  – ɨɛɴɟɦ ɝɚɡɨɜ, ɦ3/ɤɝ; ܸ̂ = ଵఘˆ = ଵଵ,ଶ଼ଶ = Ͳ,͹ͺ (168) 

 ;ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3 - ˆߩ 
 ;ʒ - ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɟɧ ɜ ɬɟɩɥɨɜɨɦ ɪɚɫɱɟɬɟ ȽɌɍܩ 
 .ௗ –ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ Ʉɍ, °ɋݐ 

Ɉɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ, ɚ ɡɚɬɟɦ ɜɵɫɨɬɭ ɤɨɬɥɚ, ɦ: ܾˍˑ˕ˎ˃ = ܾ˔ˈˍ ∙ ݉˔ˈˍ = ʹ,ʹ ∙ Ͷ = ͺ,ͺ (169) ݈˕˓ = ௙௕ˍˑ˕ˎ˃ = ଵ଴ଷ,ଷଶଽ଼,଼ = ͳͳ,͹Ͷ (170) 

ɑɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɦ ɪɹɞɭ ɤɚɠɞɨɣ ɫɟɤɰɢɢ, ɲɬ: ݉ଵ˕˓ = ௕˔ˈˍ௦భ − ͳ = ଶ,ଶ଴,଴଻ଶ − ͳ = ͵Ͳ (171) 

ɉɨɥɧɨɟ ɱɢɫɥɨ ɬɪɭɛ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ, ɲɬ: ݉˕˓ = ʹ ∙ ݉ଵ˕˓ = ʹ ∙ ͵Ͳ = ͸Ͳ (172) 

ɉɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɬɥɚ ɞɥɹ ɝɚɡɨɜ ɜ ɡɨɧɟ ɉɉ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ 
ɪɚɡɧɨɫɬɶ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ ɢ ɫɭɦɦɚɪɧɨɣ ɩɥɨɳɚɞɢ ɬɪɭɛ 
ɩɟɪɜɨɝɨ ɪɹɞɚ ɉɉ, ɦ2: ˒ܨ ˓ = ݂ − ݉ଵ˕˓ ∙ ݉˔ˈˍ ∙ (݀ː˃˓ ∙ ݈˕˓ + ʹ ∙ ௟˕˓ ௕˓ˈ˄ ∙ ℎ˓ˈ˄ ∙  (173) (˄ˈ˓ߜ

ܨ˒ ˓ = ͳͲ͵,͵ʹͻ − ͵Ͳ ∙ Ͷ ∙ ቀͲ,ͲͶ ∙ ͳͳ,͹Ͷʹ + ʹ ∙ ଵଵ,଻ସଶ ଴,଴଴ହ ∙ Ͳ,ͲͲͻ ∙ Ͳ,ͲͲͳቁ = ͷ͵,ͳͺ  

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɉɉ, ɦ/ɫ: ߱ˆ = ீʒ∙௏̂ ∙(ఏʞʞ.˔˓+ଶ଻ଷ)ி˒ ˓∙ଶ଻ଷ = ଵ଴଼,଺ସଷ∙଴,଻଼∙ሺହ଻ସ,ହଶସ+ଶ଻ଷሻହଷ,ଵ଼∙ଶ଻ଷ = ͳʹ,͵ʹ (174) 

ɝɞɟ    ߠʞʞ.˔˓ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɉɉ, °ɋ: ߠʞʞ.˔˓ = ௧೏+ఏʞʞଶ = ଻ଶହ,ସସ଼+ସଶଷ,଺ଶ = ͷ͹Ͷ,ͷʹͶ (175) 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉ, ɦ/ɫ: ߱˒ = ସ∙ܦͲ∙௩˔ʞ˓ʞଶ∙గ∙ௗ˅మː ∙௠˕˓∙௠˔ˈˍ (176) 
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ɝɞɟ 𝑣˔ʞ˓ʞ  – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɜ ɉɉ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ݌଴,  ɢ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ ݐ˔ʞ˓ʞ. 
 ݀˅ː – ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ: ݀˅ː = ݀ː − ʹ ∙ ˓˕ߜ = Ͳ,Ͳ͵ʹ − ʹ ∙ Ͳ,ͲͲͶ = Ͳ,ͲʹͶ (177) 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, °ɋ: ݐ˔ʞ˓ʞ = ௧బ+௧ʞʞଶ = ସସ଴+ଶହଷ,ଽ଻଼ଶ = ͵Ͷ͸,ͻͺͻ (178) 

ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɦ3/ɤɝ: 𝑣˔ʞ˓ʞ = ݂(ʟ଴, (ʞ˓ʞ˔ݐ = Ͳ,Ͳ͸͸ (179) ߱˒ = ସ∙ଵହ,଺∙଴,଴଺଺ଶ∙ଷ,ଵସ∙଴,଴ଶସమ∙ଷ଴∙ସ = ͳͳ,Ͷͺ͵  

 

3.6.1.2  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɚɞɤɨɣ ɬɪɭɛɵ, ɦ2: ̂ܨ ˎ.˕˓ = ߨ · ݀ː˃˓ · ݈˕˓ = ͵,ͳͶ · Ͳ,Ͳ͵ʹ · ͳͳ,͹Ͷʹ = ͳ,ͳͺ  ˏଶ (180) 

ɉɥɨɳɚɞɶ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɟɛɪɚ, ɦ2: ˓ܨ ˈ˄ = ʹ ∙ గଶ · (݀ː˃˓ − ʹ ∙ ℎ˓ˈ˄)ଶ + ݀ː˃˓ଶ ܨ˓ (181)  ˈ˄ = ʹ ∙ ଷ,ଵସଶ · ሺͲ,Ͳ͵ʹ − ʹ ∙ Ͳ,ͲͲͻሻଶ + Ͳ,Ͳ͵ʹଶ = Ͳ,ͲͲʹ͵  

ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɟɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: ˅ܨ ː.˓ˈ˄ = ߨ · ݀ː · ˄ˈ˓ߜ = ͵,ͳͶ · Ͳ,Ͳ͵ · Ͳ,ͲͲͳ = Ͳ,ͲͲͲͳͲͳ ˏଶ (182) 

ɉɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: ːܨ .˓ˈ˄ = ߨ · (݀ː˃˓ − ʹ ∙ ℎ˓ˈ˄) ∙ ܨː (183) ˄ˈ˓ߜ .˓ˈ˄ = ͵,ͳͶ · ሺͲ,Ͳ͵ʹ − ʹ ∙ Ͳ,ͲͲͻሻ ∙ Ͳ,ͲͲͳ = Ͳ,ͲͲͲͳͷ͹  

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɨɪɟɛɪɟɧɧɨɣ ɬɪɭɛɵ, ɦ2: ̞ܨ ˓ = ܨ̂ ˎ.˕˓ + ܨ˓) ˈ˄ + ܨ˅ ː.˓ˈ˄ + ːܨ .˓ˈ˄) ∙ ௟˕˓ ௕˓ˈ˄ (184) 

ܨ̞ ˓ = ͳ,ͳͺ    + ሺͲ,ͲͲʹ͵ + Ͳ,ͲͲͲͳͲͳ + Ͳ,ͲͲͲͳͷ͹ሻ ∙ ଵଵ,଻ସଶ ଴,଴଴ହ = ͸,Ͷͻʹ  
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ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ (ɞɜɭɯ ɪɹɞɨɜ ɬɪɭɛ), ɦ2: ̝ܨ ˈˍ = ܨ̞ ˓ ∙ ݉˕˓ = ͸,Ͷͻʹ ∙ ͸Ͳ = ͵ͺͻ,ͷͶͳ (185) 

3.6.1.3  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉ  
ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ,°ɋ: ∆ݐ = ∆௧˄−∆௧ˏ௟௡∆೟˄∆೟ˏ  (186) 

ɝɞɟ  ∆ݐ˄ – ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ; 
 ;ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ – ˏݐ∆ 

Ⱦɥɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ,°ɋ: ∆ݐ˄ = ௗݐ − ଴ݐ = ͹ʹͷ,ͶͶͺ − ͶͶͲ = ʹͺͷ,ͶͶͺ. (187) ∆ݐˏ = ʞʞߠ − ʞʞݐ = Ͷʹ͵,͸ − ʹͷ͵,ͻ͹ͺ = ͳ͸ͻ,͸ʹʹ (188) ∆ݐʞʞ = ଶ଼ହ,ସସ଼ −ଵ଺ଽ,଺ଶଶ lnቀమఴఱ,రరఴ భలవ,లమమ ቁ = ʹ͵ʹ,ͷ͵Ͷ℃.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɬɪɭɛɵ ɩɪɢ ɩɨɩɟ-
ɪɟɱɧɨɦ ɨɛɬɟɤɚɧɢɢ ɢ ɲɚɯɦɚɬɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɬɪɭɛ ߙଵ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ଵߙ : = Ͳ,ʹ ఒˆௗː ቀ𝜔ˆ∙ௗː௩ˆ ቁ ∙ ݎ̂ܲ  ଴.ଷଷ ∙ 𝑧ܥ ∙  ௦ (189)ܥ

ɝɞɟ  ߣˆ = Ͳ,Ͳ͸ʹ, 𝑣ˆ = ͸ͺ,Ͷ ∙ ͳͲ−଺, ݎ̂ܲ  = Ͳ,͸͵ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ∙Ʉ), ɤɢ-
ɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ ɢ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɨɜ;  
 ;𝑧 – ɩɨɩɪɚɜɤɚ ɧɚ ɱɢɫɥɨ ɩɨɩɟɪɟɱɧɵɯ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜܥ 
-௦ – ɩɨɩɪɚɜɤɚ ɧɚ ɤɨɦɩɨɧɨɜɤɭ ɩɭɱɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨܥ 
ɫɢɬɟɥɶɧɵɯ ɲɚɝɨɜ 𝜎ଵ ɢ 𝜎ଶ: 𝜎ଵ = ௦భௗː˓ = ଴,଴଻ଶ଴,଴ଷଶ = ʹ,ʹͷ (190) 

𝜎ଶ = ௦మௗː˓ = ଴,଴଼ହ଴,଴ଷଶ = ʹ,͸͸ (191) 

߮𝜎 = 𝜎భ−ଵ√଴,ଶହ∙𝜎భమ+𝜎భమ−ଵ = ଶ,଺଺−ଵ√଴,ଶହ∙ଶ,଺଺మ+ଶ,଺଺మ−ଵ = Ͳ,Ͷ͸ʹ (192) 

Ɍɚɤ ɤɚɤ ߮𝜎ɩɨɩɚɞɚɟɬ ɜ ɞɢɚɩɚɡɨɧ 0,1 < ߮𝜎 ≤1,7, ɬɨ ɩɨɩɪɚɜɤɚ ɧɚ ɤɨɦɩɨɧɨɜɤɭ 
ɩɭɱɤɚ ɬɪɭɛ: ܥ௦ = Ͳ,͵Ͷ ∙ ߮𝜎଴,ଵ = Ͳ,͵Ͷ ∙ Ͳ,Ͷ͸ʹ଴,ଵ = Ͳ,͵ͳͷ (193) 
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ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ݖଶ = Ͷ. Ɉɬɫɸɞɚ 
ɩɨɩɪɚɜɤɚ ɧɚ ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ: ܥ𝑧 = ͵,ͳʹ ∙ ଶ଴,ଵݖ − ʹ,ͷ = ͵,ͳʹ ∙ Ͷ଴,ଵ − ʹ,ͷ = Ͳ,ͺͶͶ (194) ߙଵ = Ͳ,ʹ ଴,଴଺ଶ଴,଴ଷଶ ቀଵସ,ଷଶ∙଴,଴ଷଶ଺଼,ସ∙ଵ଴−ల ቁ ∙ Ͳ,͸͵଴.ଷଷ ∙ Ͳ,ͺͶͶ ∙ Ͳ,͵ͳͷ = ͹ͻ,͹Ͷ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɭ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ଶߙ : = Ͳ,Ͳʹ͵ ∙ ఒ˒ௗ˅ː ቀ𝜔˒∙ௗ˅ː௩˒ ቁ ∙ ݎ˒ܲ ଴.ଷଷ (195) 

ɝɞɟ  ߣ˒ = Ͳ,Ͳ͸ͷ , 𝑣˒ = ͺ͹,ͻ͹ ∙ ͳͲ−଺ , ݎ˒ܲ = ͳ,ͲͶ͸ –ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ∙Ʉ), 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ ɢ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɩɚɪɚ. ߙଶ = Ͳ,ʹ ଴,଴଺ହ଴,଴ଷଶ ቀଵଵ,ସ଼ଷ∙଴,଴ଷଶ଼଻,ଽ଻∙ଵ଴−ల ቁ ∙ ͳ,ͲͶ͸଴.ଷଷ = ͵ʹ,ͳʹ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ : ݇ʞʞ = ఈభଵ−𝛼భ𝛼మ = ଻ଽ,଻ସଵ−ళవ,ళరయమ,భమ = ʹʹ,ͻͶ (196) 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉ, ˏଶ: ܨʞʞ = ொʞʞ∙ଵ଴య௞ʞʞ∙∆௧ʞʞ = ଵହ଼ହଽ,଴ଶଶ∙ଵ଴యଶଶ,ଽସ∙ଶଷଶ,ହଷସ = ͶͻͲͺ,͸ʹ͹ (197) 

ɝɞɟ  ܳʞʞ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɉɉ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɜ ɬɟɩɥɨɜɨɦ 
ɪɚɫɱɟɬɟ, ɤȾɠ/ɤɝ. 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɉɉ, ɲɬ.: ݖଶ = ிʞʞி̞ ˓ = ସଽ଴଼,଺ଶ଻଺,ସଽଶ ≈ Ͷ͹ͻ (198) 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɉɉ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ.: ݖଶ˔ˈˍ = ிʞʞி̝ ˈˍ∙௠˔ˈˍ = ସଽ଴଼,଺ଶ଻ଷ଼ଽ,ହସଵ∙ସ ≈ ʹ (199) 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɉɉ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ.: ݖଶ = ˍˈ˔ଶݖ ∙ ʹ = ʹ ∙ ʹ = Ͷ (200) 

3.6.1.4  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉ  
ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂɋɉ, °ɋ,  
˄ݐ∆  = ʞʞߠ −  ,ʗʠʞ′′ݐ
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ˏݐ∆  = ʗʠʞߠ −  .ʗʠʞ′ݐ
ʗʠʞݐ∆  = ଵ଻଴.଺ −ଵ଼.ଽଷ lnቀభళబ.ల భఴ.వయ ቁ = ͸ͺ,ͻͺ͸℃. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɂɋɉ ߙଵ,ʑ˕ ሺˏଶ ∙ Кሻ⁄ . Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ߣˆ, 𝑣ଶ, ܲݎଶ ɩɪɢɧɢɦɚɸɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɜ ɂɋɉ ߠʗʠʞ.˔˓. ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɨ ɮɨɪɦɭɥɟ (174). 

Ʉɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɨɜɨɞɹɧɨɦɭ ɪɚɛɨ-
ɱɟɦɭ ɬɟɥɭ ߙଶ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɜ ɢɫɩɚɪɢɬɟɥɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɤɢɩɟɧɢɹ 
ɜɨɞɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ߙଶ ɨɱɟɧɶ ɜɟɥɢɤ ɢ ɡɧɚɱɟɧɢɟ ɬɟɪɦɢ-
ɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɂɋɉ, ʑ˕ ሺˏଶ ∙ Кሻ⁄   ݇ʗʠʞ = ଵభ𝛼భ−𝛿˕˓𝜆ˏ  (201) 

ɝɞɟ  ߜ˕˓– ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦ;  
ˏߣ :ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ, ȼɬ/(ɦ·Ʉ), ɞɥɹ ɫɬɚɥɢ 20 - ˏߣ  = ͷͲ,͸ − Ͳ,Ͳʹ͸͵ ∙ ̞̝˓˔ݐ) − ͳͲͲ) (202) 

ɝɞɟ  ݐ˔˓̝̞  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ, °ɋ: ݐ˔˓̝̞ = ఏʗʠʞ.˔˓+௧′′ЭКଶ  (203) 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉ, ɦ2, ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɢ ɱɢɫɥɨ ɪɹ-
ɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

3.6.1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ 

ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɷɤɨɧɨɦɚɣɡɟɪɚ, °ɋ, ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (186), ɜ ɤɨɬɨɪɨɣ ∆ݐ˄ = ʗʠʞߠ − ˏݐ∆ ,ЭК′′ݐ = ЭКߠ − ′ЭКݐ . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɞɥɹ ɷɤɨɧɨɦɚɣɡɟɪɚ ߙଵ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (189). Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ߣˆ, 𝑣ଶ, ܲݎଶ 

ɩɪɢɧɢɦɚɸɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɜ ɷɤɨɧɨɦɚɣɡɟɪɟ ߠЭК.˔˓. ɋɤɨɪɨɫɬɶ ɝɚ-
ɡɨɜ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨ ɮɨɪɦɭɥɟ (174). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ : ݇ЭК =  ଵ (204)ߙ

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦ2, ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɢ 
ɱɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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3.6.1.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ Ƚɉɋȼ  

ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ Ƚɉɋȼ, °ɋ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ (186), ɜ ɤɨɬɨɪɨɣ ∆ݐ˄ = ˘˖ߠ − ′ʒʞʠʑݐ ˏݐ∆ , = ЭКߠ −  .ʒʞʠʑ′′ݐ

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɞɥɹ ɝɚɡɨɜɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹ ɫɟɬɟɜɨɣ ɜɨɞɵ ߙଵ, ʑ˕ ሺˏଶ ∙ Кሻ⁄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (189). Ɂɧɚɱɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ߣˆ, 𝑣ଶ, ܲݎଶ ɩɪɢɧɢɦɚɸɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɜ Ƚɉɋȼ ߠʒʞʠʑ.˔˓. ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨ ɮɨɪ-
ɦɭɥɟ (174). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ʑ˕ ሺˏଶ ∙ Кሻ⁄  ݇ʒʞʠʑ =  ଵ (205)ߙ

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ Ƚɉɋȼ, ɦ2, ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɢ ɱɢɫɥɨ 
ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛ-

ɥɢɰɭ 7 

Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ Ʉɍ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ (ɉɉ ) 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɉɉ, ˚ɋ ∆ݐʞʞ ʹ͵ʹ,ͷ͵Ͷ 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɉɉ, ˚ɋ ߠ˔ʞ˓ʞ ͷ͹Ͷ,ͷʹͶ 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɉɉ, ˚ɋ ݐ˔ʞ˓ʞ ͵Ͷ͸,ͻͺͻ 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɬɪɭɛɤɚɯ ɉɉ, ɦ/c ߱ˆ ͳʹ,͵ʹ 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉ, ɦ/c ߱˒ ͳͳ,Ͷͺ͵ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ 
ɫɬɟɧɤɟ ɬɪɭɛɵ ɉɉ, ȼɬ/(ɦ2∙Ʉ) ߙଵ ͹ͻ,͹Ͷ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ 
ɩɚɪɭ ɉɉ, ȼɬ/(ɦ2∙Ʉ) ߙଶ ͵ʹ,ͳʹ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉ, ȼɬ/(ɦ2∙Ʉ) ݇ʞʞ ʹʹ,ͻͶ 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉ, ɦ2: ܨʞʞ ͶͻͲͺ,͸ʹ͹ 
Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɉɉ, ɲɬ. ݖଶ Ͷ͹ͻ 
ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉ, ɲɬ. ݖଶ˔ˈˍ ʹ 
ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉ, ɲɬ. ݖଶ Ͷ 

ɂɫɩɚɪɢɬɟɥɶ (ɂɋɉ) 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂɋɉ, ˚ɋ ∆ݐʗʠʞ 68,986 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɂɋɉ, ˚ɋ ߠ˔ʗ˓ʠʞ 344,965 
ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɬɪɭɛɤɚɯ ɂɋɉ, ɦ/c ߱ˆ 5,6  
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɂɋɉ, °ɋ ݐ˔˓̝̞  298,983 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ ɂɋɉ, 
ȼɬ/(ɦ2∙Ʉ) 45,85 ˏߣ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ 
ɫɬɟɧɤɟ ɬɪɭɛɵ ɂɋɉ, ȼɬ/(ɦ2∙Ʉ) ߙଵ 37,52 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ȼɬ/(ɦ2∙Ʉ) ݇ʗʠʞ 37,4 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉ, ɦ2: ܨʗʠʞ 13352 
Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɂɋɉ, ɲɬ. ݖଶ 2056 
ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂɋɉ, ɲɬ. ݖଶ˔ˈˍ 4 
ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂɋɉ, ɲɬ. ݖଶ 8 

  

ɗɤɨɧɨɦɚɣɡɟɪ (ɗɄ) 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɗɄ, ˚ɋ ∆ݐЭК 35,892 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɗɄ, ˚ɋ ߠ˔Э˓К 241,485 
ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɬɪɭɛɤɚɯ ɗɄ, ɦ/c ߱ˆ 7 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ 
ɫɬɟɧɤɟ ɬɪɭɛɵ ɗɄ ȼȾ, ȼɬ/(ɦ2∙Ʉ) ߙଵ 34,35 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɗɄ, ȼɬ/(ɦ2∙Ʉ) ݇ЭК 34,35 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɗɄ, ɦ2: ܨЭК 4266,9 
Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɗɄ, ɲɬ. ݖଶ 657 
ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɗɄ, ɲɬ. ݖଶ˔ˈˍ 2 
ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɗɄ, ɲɬ. ݖଶ 4 

Ƚɚɡɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥя ɫɟɬɟɜɨɣ ɜɨɞɵ (Ƚɉɋȼ) 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ Ƚɉɋȼ, ˚ɋ ∆ݐʒʞʠʑ 23,426 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ  Ƚɉɋȼ , ˚ɋ ߠ˔ʒ˓ʞʠʑ 285,024 
ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɬɪɭɛɤɚɯ  Ƚɉɋȼ , ɦ/c ߱ˆ 6,9 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ 
ɫɬɟɧɤɟ ɬɪɭɛɵ  Ƚɉɋȼ, ȼɬ/(ɦ2∙Ʉ) ߙଵ 35,59 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ  Ƚɉɋȼ , ȼɬ/(ɦ2∙Ʉ) ݇ʒʞʠʑ 35,59 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ  Ƚɉɋȼ, ɦ2: ܨʒʞʠʑ 5009,1 
Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ  Ƚɉɋȼ, ɲɬ. ݖଶ 771 
ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ  Ƚɉɋȼ, ɲɬ. ݖଶ˔ˈˍ 3 
ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ  Ƚɉɋȼ, ɲɬ. ݖଶ 8 
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3.7  ɍɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 

Ɍɭɪɛɢɧɚ ɩɚɪɨɜɚɹ Ɍ-25/34-3,4/0,12 ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ, ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɨɬɨ-
ɩɢɬɟɥɶɧɵɦ ɨɬɛɨɪɨɦ ɩɚɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ Ɍ-32-
2ȼ3, ɦɨɧɬɢɪɭɟɦɨɝɨ ɧɚ ɨɛɳɟɦ ɮɭɧɞɚɦɟɧɬɟ ɫ ɬɭɪɛɢɧɨɣ.  

Ɍɭɪɛɢɧɚ – ɨɞɧɨɰɢɥɢɧɞɪɨɜɚɹ; ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢɡ 18 ɫɬɭɩɟɧɟɣ ɞɚɜ-
ɥɟɧɢɹ. Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɪɟɝɭɥɢɪɭɟɦɵɣ ɨɬɨɩɢɬɟɥɶɧɵɣ ɨɬɛɨɪ ɩɚɪɚ ɡɚ 14 ɫɬɭɩɟɧɶɸ. 
Ʉɚɦɟɪɨɣ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɬɭɪɛɢɧɚ ɞɟɥɢɬɫɹ ɧɚ ɱɚɫɬɶ ɜɵɫɨ-
ɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɑȼȾ) ɢ ɱɚɫɬɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɑɇȾ). ɑȼȾ ɫɨɫɬɨɢɬ ɢɡ 14 ɫɬɭɩɟ-
ɧɟɣ, ɑɇȾ – ɢɡ 4 ɫɬɭɩɟɧɟɣ. 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ – 25 Ɇȼɬ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 34 Ɇȼɬ ɩɪɢ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ. ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 50 Ƚɰ (3000 
ɨɛ/ɦɢɧ). Ɋɟɝɭɥɢɪɨɜɨɱɧɵɣ ɞɢɚɩɚɡɨɧ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ – 
30…100 % ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ.  

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ Ɍ-25/34-3,4/0,12 ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14.  

 

Ɋɢɫɭɧɨɤ 14 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-25/34-3,4/0,12 
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3.7.1  Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 

 

 
Ɋɢɫɭɧɨɤ 15 - ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
15. ɋɟɬɟɜɚɹ ɜɨɞɚ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɉɋȽ–1, ɡɚɬɟɦ ɜ ɉɋȽ–2.  

Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: ܩ˔.˅. = ொˑ𝑚̞ೌ𝑥௖˅∙△௧∙଴,ଽ଼ = ଵଶ଻,ଽଷସ.ଵ଼଺∙ሺଵହ଴−଻଴ሻ∙଴,ଽ଼ = ͳͲͺ,ͺ͵ (206) 

ɝɞɟ  ܳˑ௠̞௔௫ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɬɭɪɛɢɧɵ, Ɇȼɬ; 
 ܿ˅  ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/ɤɝ∙ɝɪɚɞ; 
 △  . ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ݐ

ɗɧɬɚɥɶɩɢɸ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ , ɤȾɠ/ɤɝ: ̅ݐˑ ˔ː = ˔ˑݐ ∙ ܿ˅ = ͹Ͳ ∙ Ͷ,ͳͺ͸ = ʹͻ͵,ʹ͵ (207) 

ɗɧɬɚɥɶɩɢɸ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ (ɉɋȽ-2), 
ɤȾɠ/ɤɝ: ݐ˅˔̅̅̅̅ = ˔ˑݐ + ொˑ𝑚̞ೌ𝑥˔ீ.˅. = ͷͷͳ,Ͳ͹ (208) 

Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ݐ˅˔ 
(ɉɋȽ-2), ºɋ: ݐ˅˔ = ௧˅˔̅̅ ̅̅௖˅ = ହହଵ,଴଻ସ,ଵ଼଺ = ͳ͵ͳ (209) 

ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 𝑣 = ͷ 
ºɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 136ºɋ.  

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ, 
Ɇɉɚ: 
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ܲ′˅˔ = Ͳ,͵ʹ  

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ʑܲʠˑ̞˄ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨ-
ɩɪɨɜɨɞɟ 5% , Ɇɉɚ: 

ʑܲʠˑ̞˄ = ͳ,Ͳͷ ∙ ܲ′˅˔ = ͳ,Ͳͷ ∙ Ͳ,͵ʹ = Ͳ,͵͵͸ (210) 

Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ºɋ: ݐː˔ = ˔ˑݐ + ௧˅˔−௧ˑ˔ଶ = ͹Ͳ + ଵଷଵ−଻଴ଶ = ͳͲ͵ (211) 

ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ  𝑣 = ͷ 
ºɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 108ºɋ.  

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ, 
Ɇɉɚ: ܲ′ː˔ = Ͳ,ͳ͵  

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ʜܲʠˑ˕˄ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨ-
ɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 

ʜܲʠˑ˕˄ = ͳ,Ͳͷ ∙ ܲ′ː˔ = ͳ,Ͳͷ ∙ Ͳ,ͳ͵ = Ͳ,ͳ͵͸ͷ (212) 

3.7.2  ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢя ɩɚɪɚ ɧɚ h-s ɞɢɚɝɪɚɦɦɟ 

ɉɨɫɬɭɩɢɜ ɜ ɐȼȾ, ɩɚɪ ɪɚɫɲɢɪɹɟɬɫɹ ɞɚɥɟɟ ɜ ɑɇȾ. 
ɉɪɢɦɟɦ ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ݌К = 4 ɤɉɚ. ߟ௢𝑖=0,85 
ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɚ A ɧɚɯɨɞɢɬɫɹ ɩɨ ݌଴ ɢ ݐ଴, ɤȾɠ/ɤɝ: ℎ଴ = ݂ሺ݌଴ , ଴ሻݐ = ͵͵Ͳ͹,ͻ (213) 

ɋ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɑȼȾ, ɞɚɜɥɟɧɢɟ 
ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ, Ɇɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: ݌˅˘ = ଴݌ ∙ Ͳ,ͻͷ = Ͷ ∙ Ͳ,ͻͷ = ͵,ͺ (214) 

ɉɪɨɰɟɫɫ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɢɡɨɷɧɬɚɥɶɩɧɵɣ (ɬɨɱɤɚ A’), ɧɚɣɞɟɦ ݐ˅˘ =Ͷ͵ͺ,͹Ͷͷ͹℃ , 𝑣˅˘ = Ͳ,Ͳͺʹͻ ˏଷ/ˍˆ 
ɗɧɬɚɥɶɩɢɹ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɜɯɨɞɚ ɜ 

ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɞɨ ɨɬɛɨɪɚ ɧɚ ɉɋȼ-2 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ℎʞʠʑ−ଶ = ͵͵Ͳ͹,ͻ − ሺ͵͵Ͳ͹,ͻ − ʹ͹ͳͳሻ ∗ Ͳ,ͺͷ = ʹͺͲͲ (215) 

ɇɚɣɞɟɦ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜ ɨɬɛɨɪɟ ɧɚ ɉɋȼ-2  𝑣଴ʞʠʑ−ଶ = Ͳ,͸ʹ ɦ3/ɤɝ. 
ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ ɋ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ˗ˑ˓ˏ˖ˎˈ, ɤȾɠ/ɤɝ: 
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ℎʞʠʑ−ଵ = ʹͺͲͲ − ሺʹͺͲͲ − ʹ͸͵͹ሻ ∗ Ͳ,ͺͷ = ʹ͸͸ͳ,͹  
 ℎˍ = ʹ͸͸ͳ,͹ − ሺʹ͸͸ͳ − ʹͳ͹Ͳሻ ∗ Ͳ,ͺͷ = ʹʹͶͶ,ʹ  
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɑȼȾ:  ߟ௢𝑖 = (Ͳ,ͻʹ − ଴,ହ஽బ∙௏ʦʑʓ˔˓) ∙ ቀͳ + ுʦʑʓబ−଻଴଴ଶ଴଴଴଴ ቁ ∙ ݇˅ˎ (216) 

ɝɞɟ ܦ଴ – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ; 
 ;଴ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝܪ 
 ݇˅ˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɜɥɚɠɧɨɫɬɢ, ݇˅ˎ = ͳ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɧɚɯɨ-
ɞɢɦ ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ܸ̝˓, ɦ3/ɤɝ: ܸʦʑʓ˔˓ = ௩˅ʦ̆ʑʓ+௩బʞʠʑ−మଶ = ଴,଴଼ଷ+଴,଺ଶଷଷଶ = Ͳ,͵ͷ͵ʹ (217) 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑȼȾ, ɤȾɠ/ɤɝ: ܪʦʑʓ଴ = ℎ଴ − ℎ଴ʞʠʑ−ଶ = ͵͵Ͳ͹,ͻ − ʹ͹ͳͳ = ͷͻ͸,ͻ (218) ߟ௢𝑖ʦʑʓ = ቀͲ,ͻʹ − ଴,ହଶ∙ଵହ,଺∙଴,ଷହଷଶቁ ∙ ቀͳ + ହଽ଺,ଽ−଻଴଴ଶ଴଴଴଴ ቁ ∙ ͳ = Ͳ,ͺͻ͸  

ɉɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑȼȾ, ɤȾɠ/ɤɝ: ܪ𝑖ʦʑʓ = ଴ʦʑʓܪ ∙ ௢𝑖ʦʑʓߟ = ͷͻ͸,ͻ ∙ Ͳ,ͺͻ͸ = ͷͲͻ,ͺʹͶ (219) 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɑȼȾ, ɤȼɬ: 

𝑖ܰ = ଴ܦ ∙ 𝑖ʦʑʓܪ = ʹ ∙ ͳͷ,͸ ∙ ͷͲͻ,ͺʹͶ = ͳͷͻͲ͸,ͷͲͻ (220) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜ ɨɬɛɨɪɟ ɧɚ ɉɋȼ-2, ɤȾɠ/ɤɝ: ℎʞʠʑ−ଶ𝑖 = ℎ଴ − 𝑖ʦʑʓܪ = ͵͵Ͳ͹,ͻ − ͷͲͻ,ͺʹͶ = ʹ͹ͻͺ,Ͳ͹͸ (221) 

Ɉɩɪɟɞɟɥɹɸɬ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɧɚ ɉɋȼ-2  ݐ𝑖 = ͳ͸͹,ͻͶͻʹ℃ , 𝑣𝑖ʞʠʑ−ଶ = Ͳ,͸ʹͳ ˏଷ/ˍˆ. 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞɵ ɩɚɪɚ ɢɡ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɧɚ ɫɟɬɟɜɵɟ 

ɩɨɞɨɝɪɟɜɚɬɟɥɢ.  
Ɋɚɫɯɨɞ ɩɚɪɚ ɢɡ ɬɭɪɛɢɧɵ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ܦ˅˔, ɤɝ/c: ܦ˅˔ = ˔ீ.˅.∙ሺ௧˅˔−௧ː˔ሻ∙௖˅ሺℎʞʠʑ−మ𝑖−௧̅˅˔ːሻ∙ఎ˒ = ଵ଴଼,଼ଷ∙ሺଵଷଵ−ଵ଴ଷሻ∙ସ,ଵ଼଺ሺଶ଻ଽ଼,଴଻଺−ହ଻଴,ଽଷହሻ∙଴,ଽ଼ = ͷ,ͺͶͺ (222) 

ɝɞɟ  ℎʞʠʑ−ଶ𝑖 – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɨɬɛɨɪ ɉɋȼ–2, ɤȾɠ/ɤɝ. 
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Ɋɚɫɯɨɞ ɩɚɪɚ ɢɡ ɬɭɪɛɢɧɵ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ܦː˔, ɤɝ/c: ܦː˔ = ˔ீ.˅.∙ሺ௧ː˔−௧ˑ˔ሻ∙௖˅−஽˅˔∙ሺ௧˅˔̅̅ ̅̅ −௧ː˔̅̅ ̅̅ ሻ∙ఎ˒ሺℎʞʠʑ−భ−௧̅ː˔ːሻ∙ఎ˒  (223) 

ɝɞɟ  ℎʞʠʑ−భ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɨɬɛɨɪ ɉɋȼ–1, ɤȾɠ/ɤɝ. 
˔ːܦ  = ͳͲͺ,ͺ͵ ∙ ሺͳ͵ͳ − ͳͲ͵ሻ ∙ Ͷ,ͳͺ͸ − ͷ,ͺͶͺ ∙ ሺͷͷͳ,Ͳ͹ − Ͷ͵ͳ,͹͸͵ሻ ∙ Ͳ,ͻͺሺʹͶͻͺ,ͳͷ − Ͷ͵ͳ,͹͸͵ሻ ∙ Ͳ,ͻͺ = ͷ,ʹͲͶ 

ʦʜʓܦ  = ଴ܦ − ˔˅ܦ − ˔ːܦ = ͳͷ,͸ − ͷ,ͺͶͺ − ͷ,ʹͲͶ = Ͷ,ͷͶͺ 
 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɑɇȾ: ߟ௢𝑖ʦʜʓ = (Ͳ,ͻʹ − ଴,ହ஽ʦʜʓ∙௏ʦʜʓ˔˓) ∙ (ͳ + ுబʦʜʓ−ସ଴଴ଵ଴଴଴଴ ) ∙ ݇˅ˎ − 𝜉˅˔ (224) 

ɝɞɟ ܦʦʜʓ – ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɑɇȾ, ɤɝ/ɫ; ܦʦʜʓ = ଴ܦ − ˔˅ܦ − ˔ːܦ = ͳͷ,͸ − ͷ,ͺͶͺ − ͷ,ʹͲͶ = Ͷ,ͷͶͺ                  (225) 

 ;଴ʦʜʓ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝܪ 
 ݇˅ˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɜɥɚɠɧɨɫɬɢ. 
 𝜉˅˔ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ ɑɇȾ, ɤȾɠ/ɤɝ. 
 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ, ɧɚɯɨɞɢɦ ɫɪɟɞɧɢɣ 
ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ܸ̝ʦ˓ʜʓ, ɦ3/ɤɝ: ܸ̝ʦ˓ʜʓ = ௩బʞʠʑ−మ+௩ˍଶ = ଴,଺ଶଷଷ+ଷ଴,ଷ଺ହଶ = ͳͷ,ͶͻͶʹ (226) 

Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ʦʜʓ, ɤȾɠ/ɤɝ: ܪ଴ʦʜʓ = ℎ଴ʞʠʑ−ଶ − ℎ′ˍ = ʹ͹ͳͳ − ʹͲͺ͹,Ͳ͵ͻ = ͸ʹ͵,ͻ͸ͳ (227) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɜɥɚɠɧɨɫɬɢ: ݇˅ˎ = ͳ − Ͳ,Ͷ ∙ ሺͳ − ሻˎ˅ߚ ∙ ሺݕଵ + ଶሻݕ ∙ ுబ˅ˎுబʦʜʓ, (228) 

ɝɞɟ ݕଵ – ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɑɇȾ, ݕଵ = Ͳ,Ͳ͹; 
ଶݕ ,ଶ – ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɑɇȾݕ  = Ͳ,ͳ͹ͻ; 
-ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɪɟɞɧɟɣ ɜɥɚɠɧɨɫɬɢ ɧɚ ɜɧɭɬɪɟɧ – ˎ˅ߚ 
ɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ; 
 ଴˅ˎ – ɱɚɫɬɶ ɪɚɫɩɨɥɚɝɚɟɦɨɝɨ ɬɟɩɥɨɩɟɪɟɩɚɞɚ ɑɇȾ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɨɛɥɚɫɬɢܪ 
ɜɥɚɠɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: ܪ଴˅ˎ = ଴ʦʜʓܪ = ͸ʹ͵,ͻ͸ͳ: ݇˅ˎ = ͳ − Ͳ,Ͷ ∙ ሺͳ − Ͳ,ͳሻ ∙ ሺͲ,Ͳ͹ + Ͳ,ͳ͹ͻሻ ∙ ଺ଶଷ,ଽ଺ଵ଺ଶଷ,ଽ଺ଵ = Ͳ,ͻͳ  
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Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ ɑɇȾ: 𝜉˅˔ = Δு˅˔ுబʦʜʓ (229) 

ɝɞɟ Δܪ˅˔ – ɞɥɹ ɬɭɪɛɢɧ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ 16–20 ɤȾɠ/ɤɝ, 
ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ: Δܪ˅˔ = ͳͺ; 𝜉˅˔ = ଵ଺଺ଶଷ,ଽ଺ଵ = Ͳ,Ͳʹ͸  

௢𝑖ʦʜʓߟ = (Ͳ,ͻʹ − Ͳ,ͷʹ ∙ Ͷ,ͷͶͺ ∙ ͳͷ,Ͷͻ) ∙ (ͳ + ͸ʹ͵,ͻ͸ͳ − ͶͲͲͳͲͲͲͲ ) ∙ Ͳ,ͻͳ − Ͳ,Ͳ͵ͻ͹ = Ͳ,͹ͻͺ 

 
ɉɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ: ܪ𝑖ʦʜʓ = ଴ʦʜʓܪ ∙ ௢𝑖ʦʜʓߟ = ͸ʹ͵,ͻ͸ͳ ∙ Ͳ,͹ͻͺ = Ͷͻͳ,͸ͺͳ (230) 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɑɇȾ, ɤȼɬ: 

𝑖ܰ = ଴ʦʜʓܦ ∙ 𝑖ʦʜʓܪ = ʹ ∙ Ͷ,ͷͶͺ ∙ Ͷͻͳ,͸ͺͳ = Ͷͷͳͳ,͸͸ͷ (231) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɤȾɠ/ɤɝ: ℎ𝑖.ˍ = ℎ଴ʞʠʑ−ଶ − 𝑖ʦʑʓܪ = ʹͺͲͲ − Ͷͻͳ,͸ͺͳ = ʹ͵Ͳͺ,͵ͳͻ (232) 

Ɉɩɪɟɞɟɥɹɸɬ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ  ݐ𝑖.ˍ = ʹͺ,ͻ͸ ℃ , 𝑣𝑖.ˍ = ͵Ͳ,ͳͶ ˏଷ/ˍˆ. 
 
ɍɬɨɱɧɹɟɦ ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ݔଶ = Ͳ,ͺͻͻ. ɇɚɣɞɟɦ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɨɬ ɜɥɚɠɧɨɫɬɢ ݇˅ˎ = Ͳ,ͻ͵ʹ ɢ ɄɉȾ ɑɇȾ ɩɨ ɮɨɪɦɭɥɟ ߟ௢𝑖ʦʜʓ = Ͳ,ͺͲͺ 

ɢ ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ ܪ𝑖ʦʜʓ = ͷͲͶ,ͳ͸ ɤȾɠ/ɤɝ, ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɑɇȾ ℎ𝑖 = ʹʹͻͷ,ͺͶ ɤȾɠ/ɤɝ, ɦɨɳɧɨɫɬɶ ɑɇȾ 𝑖ܰ = Ͷ͸ʹ͸,ͳ͹ʹ ɤȼɬ. 

ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȼɬ: 

ʞܰʡ = 𝑖ܰʦʑʓ + 𝑖ܰʦʜʓ (233) 

ʞܰʡ = ͳͷͻͲ͸,ͷͲͻ + Ͷ͸ʹ͸,ͳ͹ʹ = ʹͲͷ͵ʹ,͸ͺͳ  

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉɌɍ, ɤȼɬ: 

эܰʞʡʢ = ʞܰʡ ∙ ˘ˈˏߟ ∙ ˆэߟ = ʹͲͷ͵ʹ,͸ͺ ∙ Ͳ,ͻͺ͹ ∙ Ͳ,ͻͺ = ͳͻͺ͸Ͳ,ͶͶͳ (234) 

Ⱥɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɉTɍ: ߟэʞʡʢ = ேэʞʡʢଶ∙ொКʢ = ଵଽ଼଺଴,ସସଵଶ∙଼଴଼ସସ,ଵଶଷ = Ͳ,͵ͳ (235) 
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Ⱥɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɉɋɍ: ߟэʞʠʢ = эʞʡʢߟ ∙ Кʢߟ = Ͳ,͵ͳ ∙ Ͳ,͹ͻ = Ͳ,ʹͶͷ (236) 

 

 
Ɋɢɫɭɧɨɤ 16 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɜ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɟ 
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3.8  Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢя ɉȽɍ 

Ɇɨɳɧɨɫɬɢ ɢ ɪɚɫɯɨɞɵ ɨɩɪɟɞɟɥɢɦ ɞɥɹ ɨɞɧɨɝɨ ɛɥɨɤɚ ɉȽɍ. 
Ɇɨɳɧɨɫɬɶ ɉȽɍ ɛɪɭɬɬɨ, ɤȼɬ: 

˄ܰ˓.эʞʒʢ = ʹ ∙ ʒܰʡʢ + ʞܰʡ = ʹ ∙ ͶͶͲͷ͵,ͻ͸ + ͳͻͺ͸Ͳ,ͶͶͳ = ͳͲ͹ͻ͸ͺ (237) 

Ɇɨɳɧɨɫɬɶ ɉȽɍ ɧɟɬɬɨ, ɤȼɬ: 

ːܰˈ˕˕ˑ.эʞʒʢ = ˄ܰʞ˓ʒʢ ∙ ቀͳ − э˔ːଵ଴଴ቁ (238) 

ɝɞɟ э˔ː - ɡɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, э˔ː = ͵%. 

ːܰˈ˕˕ˑ.эʞʒʢ = ͳͲ͹ͻ͸ͺ ∙ ቀͳ − ଷଵ଴଴ቁ = ͳͲͶ͹ʹͻ,͵ͳ  

ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: ߟʞʒʢэ = ே˄˓.эʞʒʢொКʠ  (239) 

ɝɞɟ ܳКʠ – ɬɟɩɥɨ, ɩɨɞɜɟɞɟɧɧɨɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, ɤȼɬ: ܳКʠ = ଶ∙ேʒʡʢఎʒʡʢэ = ଶ∙ସସ଴ହଷ,ଽ଺଴,ସସଶ = ͳͻͻ͵͵ͻ,ͳͺ͸ (240) 

ʞʒʢэߟ = ே˄˓.эʞʒʢொКʠ = ଵ଴଻ଽ଺଼ଵଽଽଷଷଽ,ଵ଼଺ = Ͳ,ͷͶʹ  

ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ: ߟʞʒʢ˕ = ఎʞʒʢэఎ = ଴,ହସଶ଴,ହ = ͳ,ͲͺͶ (241) 

ɝɞɟ ߟ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ. 
Ʉɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦ3/ɫ: ܤʞʒʢэ = ଶ∙஻ʞʒʢ∙ே˄˓.эʞʒʢே˄˓.эʞʒʢ+ఎ∙ொʡ = ଶ∙ଵସ,଼଴ଵ∙ଵ଴଻ଽ଺଼ଵ଴଻ଽ଺଼+଴,ହ∙ଵହ଺ସ଴଴ = ͳͺ,ͳ͸ͺ (242) 

ɝɞɟ ܳʡ = ͳͷ͸ͶͲͲ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɉȽɍ, ɤȾɠ/ɫ. 
Ʉɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, 

ɦ3/ɫ: ܤʞʒʢ˕ = ʹ ∙ ʞʒʢܤ − ʞʒʢэܤ = ʹ ∙ ͳͶ,ͺͲͳ − ͳͺ,ͳ͸ͺ = ͳͳ,Ͷ͵Ͷ (243) 
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ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɝ/(ɤȼɬ·ɱ): ܾэʞʒʢ = ଵଶଶ.଼ఎʞʒʢэ = ଵଶଶ.଼଴,ହସଶ = ʹʹ͸,ͷ͸ͺ (244) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɬɟɩɥɨɬɵ, ɤɝ/ȽȾɠ: ܾʞʒʢ˕ = ଷସ,ଵଶଵఎʞʒʢ˕ = ଷସ,ଵଶଵଵ,଴଼ସ = ͵ͳ,Ͷ͹͹ (245) 

ɉɪɢ ɭɫɬɚɧɨɜɤɢ ɬɚɤɨɝɨ ɛɥɨɤɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɢɬ ͳͲͶ,͹ʹͻ 
Ɇȼɬ, ɬɟɩɥɨɜɚɹ 100,91 Ƚɤɚɥ/ɱ, ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ  ܾэʞʒʢ = ʹʹ͸,ͷ͸ͺ, ܾʞʒʢ˕ = ͵ͳ,Ͷ͹͹. 
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4  Ɉɛɳɚя ɱɚɫɬɶ  
4.1  Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ  
Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ (ɝɟɧɩɥɚɧ) ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɧ ɪɚɡ-

ɦɟɳɟɧɢɹ ɧɚ ɨɫɧɨɜɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɟɟ ɨɫɧɨɜɧɵɯ 
ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ.  

Ƚɟɧɩɥɚɧ — ɜɚɠɧɟɣɲɚɹ ɫɨɫɬɚɜɧɚɹ ɱɚɫɬɶ ɫɢɬɭɚɰɢɨɧɧɨɝɨ ɩɥɚɧɚ ɷɥɟɤɬɪɨɫɬɚɧ-
ɰɢɢ ɜɤɥɸɱɚɸɳɟɝɨ ɤɪɨɦɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɢ ɢɫɬɨɱɧɢɤ ɢ ɫɢɫɬɟɦɭ ɜɨɞɨ-
ɫɧɚɛɠɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɢɟ ɚɜɬɨɞɨɪɨɝɢ, ɜɵɜɨɞɵ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɷɥɟɤɬɪɢ-
ɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɢ ɬɟɩɥɨɩɪɨɜɨɞɨɜ.  

Ƚɟɧɩɥɚɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɩɨɞ-
ɫɨɛɧɵɟ ɡɞɚɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜɚ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ; ɞɵɦɨɜɭɸ ɬɪɭɛɭ; ɩɨ-
ɜɵɲɚɸɳɢɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ; ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ; ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɡɚɤɪɵɬɵɟ ɢ ɨɬɤɪɵɬɵɟ; ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟ-
ɧɢɹ, ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ; ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ; ɥɚɛɨɪɚɬɨɪɢɢ ɢ 
ɦɚɫɬɟɪɫɤɢɟ; ɫɤɥɚɞɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ; ɫɥɭɠɟɛɧɵɟ ɩɨɦɟɳɟɧɢɹ ɢ ɞɪ.  

Ɇɟɠɞɭ ɡɞɚɧɢɹɦɢ, ɫɨɨɪɭɠɟɧɢɹɦɢ ɢ ɭɫɬɚɧɨɜɤɚɦɢ ɜ ɝɟɧɩɥɚɧɟ ɩɪɟɞɭɫɦɚɬɪɢ-
ɜɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɠɚɪɧɵɟ ɪɚɡɪɵɜɵ ɢ ɩɪɨɟɡɞɵ.  

Ʉ ɩɨɦɟɳɟɧɢɹɦ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, ɤ ɨɬɤɪɵɬɨɦɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣ-
ɫɬɜɭ ɢ ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ, ɤ ɫɤɥɚɞɚɦ ɦɚɫɥɚ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧ ɩɨɞɜɨɞ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ.  

ȼɚɠɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɷɥɟɤɬɪɨɫɬɚɧ-
ɰɢɢ ɧɚ ɝɟɧɩɥɚɧɟ ɹɜɥɹɟɬɫɹ ɝɨɫɩɨɞɫɬɜɭɸɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɫɢɥɚ ɜɟɬɪɚ, ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɦɵɟ «ɪɨɡɨɣ ɜɟɬɪɨɜ». ɉɨɞ ɪɨɡɨɣ ɜɟɬɪɨɜ ɜ ɦɟɬɟɨɪɨɥɨɝɢɢ ɩɨɧɢɦɚɸɬ ɝɪɚɮɢɱɟɫɤɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɢɥɢ ɡɧɚɱɟɧɢɣ ɫɪɟɞ-
ɧɢɯ (ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɵɯ) ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɣ ɩɨ 
ɜɨɫɶɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦ. Ɋɨɡɚ ɜɟɬɪɨɜ ɢɡɨɛɪɚɠɟɧɚ ɜ ɜɢɞɟ ɜɨɫɶɦɢ ɜɟɤɬɨɪ-ɪɚɞɢɭɫɨɜ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɤ ɨɞɧɨɣ ɨɛɳɟɣ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɟ ɩɨ ɫɬɪɚɧɚɦ ɫɜɟɬɚ: ɫ ɫɟɜɟɪɚ ɧɚ 
ɸɝ, ɫ ɡɚɩɚɞɚ ɧɚ ɜɨɫɬɨɤ, ɫ ɸɝɚ ɧɚ ɫɟɜɟɪ, ɫ ɜɨɫɬɨɤɚ ɧɚ ɡɚɩɚɞ, ɫ ɫɟɜɟɪɨ-ɜɨɫɬɨɤɚ ɧɚ 
ɸɝɨ-ɡɚɩɚɞ ɢ ɬ. ɞ. 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ Ɍɗɐ ɧɚ ɟɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɢ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɤɨɦɩɥɟɤɫ. Ʉ ɤɨɬɨɪɨɦɭ 
ɩɪɟɞɴɹɜɥɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɢ, ɧɨ ɢ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ, ɚ ɬɚɤɠɟ ɷɫɬɟɬɢɱɟɫɤɢɟ.  

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ–2 ɫ ɩɚɪɨɝɚɡɨɜɵɦɢ ɛɥɨɤɚɦɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɧɚ ɜɬɨɪɨɦ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

4.2  Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ  
Ⱦɥɹ ɪɚɫɲɢɪɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ  ɩɚɪɨɝɚɡɨɜɵɣ ɛɥɨɤ 

ɫ ȼɐȽ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ LM 6000 PD SPRINT, ɞɜɭɯ ɜɟɪɬɢɤɚɥɶ-
ɧɵɯ ɤɨɬɥɨɜ–ɭɬɢɥɢɡɚɬɨɪɨɜ ɉɪ-75-4,0-440 Ⱦ, ɨɞɧɨɣ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ Ɍ-25/34-3,4 
ɢ ɞɜɭɯ ɝɚɡɨɝɟɧɟɪɚɬɨɪɨɜ. 

Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ ɪɚɡɞɟɥɟɧ ɧɚ: ɬɭɪɛɢɧɧɵɣ ɰɟɯ, ɤɨɬɟɥɶɧɵɣ ɰɟɯ, ɨɛɴɟɞɟɧɧɵɣ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɤɨɪɩɭɫ.  
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ȼ ɈȼɄ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ȼɉɍ, ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɩɨɦɟɳɟɧɢɹ, 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɨɦɟɳɟɧɢɹ, ɝɥɚɜɧɵɣ ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ, ɫɥɭɠɟɛɧɵɟ ɢ ɛɵɬɨɜɵɟ 
ɩɨɦɟɳɟɧɢɹ. 

ȼ ɬɭɪɛɢɧɧɨɦ ɰɟɯɭ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɢ ɨɞɧɚ ɩɚɪɨɬɭɪɛɢɧ-
ɧɚɹ ɭɫɬɚɧɨɜɤɚ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɩɨɦɟɳɟɧɢɹ. 
Ɍɭɪɛɢɧɧɵɣ ɰɟɯ ɨɞɧɨ ɩɪɨɥɟɬɧɵɣ, ɩɪɨɥɟɬ ɫɨɫɬɚɜɥɹɟɬ 39 ɦɟɬɪɨɜ, ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɜɵɫɨɬɚ – 23,830 ɦɟɬɪɚ. 

ȼ ɤɨɬɟɥɶɧɨɦ ɰɟɯɭ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɬɥɚ–ɭɬɢɥɢɡɚɬɨɪɚ, ɚ ɬɚɤ 
ɠɟ ɞɟɚɷɪɚɬɨɪ, ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫɵ, ɧɚɫɨɫɵ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɢ ɪɟ-
ɰɢɪɤɭɥɹɰɢɢ. Ʉɍ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɬɚɤɠɟ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɰɟɯɚ, 
ɫɢɦɦɟɬɪɢɱɧɨ ȽɌɍ, ɦɟɠɞɭ Ʉɍ ɞɟɥɚɟɬɫɹ ɩɪɨɥɟɬ 8 ɦɟɬɪɨɜ. Ʉɨɬɟɥɶɧɵɣ ɰɟɯ ɬɚɤ ɠɟ 
ɨɞɧɨ ɩɪɨɥɟɬɧɵɣ, ɩɪɨɥɟɬ – 30 ɦɟɬɪɨɜ, ɜɵɫɨɬɚ ɡɞɚɧɢɹ 28,00 ɦɟɬɪɚ.  

Ʉɨɬɥɵ–ɭɬɢɥɢɡɚɬɨɪɵ ɩɨɞɤɥɸɱɟɧɵ ɤ ɞɵɦɨɜɵɦ ɬɪɭɛɚɦ 50 ɦ ɤɚɠɞɚɹ. 
Ⱦɥɹ ɦɟɯɚɧɢɡɚɰɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɜ ɨɬɞɟɥɟɧɢɹɯ ȽɌɍ, Ʉɍ ɢ ɉɌɍ ɩɪɟɞɭ-

ɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ȼ ɨɬɞɟɥɟɧɢɹɯ ɩɪɟɞɭɫɦɨɬ-
ɪɟɧɵ ɦɟɫɬɚ ɞɥɹ ɪɟɦɨɧɬɧɵɯ ɩɥɨɳɚɞɨɤ, ɩɥɨɳɚɞɤɢ ɜɵɟɦɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɥɨɳɚɞɤɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɧɚ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɭɪɨɜɧɹɯ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɛɥɨɤɚ ɉȽɍ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɲɟɫɬɨɦ ɥɢɫɬɟ 
ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
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5 ɗɤɨɥɨɝɢɱɟɫɤɚя ɱɚɫɬɶ  
5.1  Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ  

ɉɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ ɜ ɬɨɩɥɢɜɨɫɠɢɝɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ 
ȽɌɍ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɬɨɤɫɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɫɟ ɦɧɨɝɨɨɛɪɚɡɢɟ 
ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

1. ɉɪɨɞɭɤɬɵ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɚ - ɭɝɥɟɤɢɫ-
ɥɵɣ ɝɚɡ ɋɈ2, ɜɨɞɹɧɵɟ ɩɚɪɵ ɇ2Ɉ, ɨɤɫɢɞɵ ɫɟɪɵ S2Ɉ ɢ SO3; 

2. Ʉɨɦɩɨɧɟɧɬɵ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ - ɫɜɨɛɨɞɧɵɣ ɭɝɥɟɪɨɞ ɋ, ɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ ɋɈ, ɪɚɡɥɢɱɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋхɇɭ; 

Ʉ ɧɚɢɛɨɥɟɟ ɬɨɤɫɢɱɧɵɦ ɨɬɧɨɫɹɬɫɹ ɤɨɦɩɨɧɟɧɬɵ ɜɬɨɪɨɣ ɢ ɨɫɨɛɟɧɧɨ ɬɪɟɬɶɟɣ 
ɝɪɭɩɩ. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɫɢɧɬɟɡ–ɝɚɡɚ ɉȽɍ ɧɟ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦ ɫ ɨɬɱɭɠɞɟɧɢɟɦ ɜɧɭ-
ɲɢɬɟɥɶɧɨɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɡɨɥɵ ɜ ɫɢɥɭ ɟɟ ɧɟɛɨɥɶɲɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ (ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɹɦɵɦ ɫɠɢɝɚɧɢɟɦ ɭɝɥɹ ɜ ɬɨɩɤɚ ɤɨɬɥɨɜ).  

ɋɵɪɨɣ ɫɢɧɬɟɡ–ɝɚɡ ɫɨɞɟɪɠɢɬ ɜɟɳɟɫɬɜɚ, ɫɩɨɫɨɛɧɵɟ ɡɚɝɪɹɡɧɹɬɶ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɢ ɧɚɪɭɲɚɬɶ ɧɨɪɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɩɨɷɬɨɦɭ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɚɬɶ ɨɬ ɩɵɥɢ, ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ (H2S, COS, CS2), ɚɡɨɬɚ, ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ. Ɍɟɯɧɨɥɨɝɢɹ ɨɱɢɫɬɤɢ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɨɢɦɨɫɬɶ ɢ 
ɬɟɩɥɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɑɢɫɬɵɣ ɫɢɧɬɟɡ–ɝɚɡ, ɫɠɢɝɚɟɦɵɣ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɫɨɡɞɚɟɬ ɛɥɚɝɨɩɪɢ-
ɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɛɨɬɵ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ: ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 
ɫɟɪɵ ɜ ɚɬɦɨɫɮɟɪɭ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ.  

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɞɢɨɤɫɢɞ ɚɡɨɬɚ, ɝ/ɫ: ܯேைమ = ேைమܫ ∙  ʒʡʢ (246)ܤ

ɝɞɟ  ܤʒʡʢ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɤɝ/ɫ; 
ேைమܫ :ேைమ – ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ NOx, ɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟܫ  = ேைమܥ ∙ ܸ̂ = Ͳ,ͳͷ ∙ Ͷ,͵Ͷͷ = Ͳ,͸ͷʹ (247) 

ɝɞɟ  ܥேைమ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 
NOх, ɝ/ɦ3, ɩɪɢɧɢɦɚɟɦ ܥேைమ = Ͳ,ͳͷ ˆ/ˏଷ. 
 ܸ̂  – ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɦ3 ɬɨɩɥɢɜɚ ɡɚ ȽɌɍ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɦ3/ɤɝ. ܯேைమ = Ͳ,͸ͷʹ ∙ ͳͺ,ͻ͹ʹ = ͳʹ,͵͹  

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɝ/ɫ: ܯௌைమ = ௌைమܫ ∙  ʒʡʢ (248)ܤ

ɝɞɟ  ܫௌைమ – ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ SO2, ɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܫௌைమ = ௌைమܥ ∙ ܸ̂ = Ͳ,Ͳͷ ∙ Ͷ,͵Ͷͷ = Ͳ,ͳ͵ (250) 
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ɝɞɟ  ܥௌைమ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɝ/ɦ3, ɩɪɢɧɢɦɚɟɦ ܥௌைమ = Ͳ,Ͳ͵ ˆ/ˏଷ. ܯௌைమ = Ͳ,ͳ͵ ∙ ͳͺ,ͻ͹ʹ = ʹ,Ͷ͸͸  

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ ɚɧɚɥɢɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɩɨɫɱɢɬɚɬɶ. 
Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɡɨɥɵ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɚɤ ɤɚɤ ɜɫɟ ɭɧɨɫɢɦɵɟ ɢɡ ɝɚɡɨɝɟɧɟɪɚ-

ɬɨɪɚ ɱɚɫɬɢɰɵ ɭɥɚɜɥɢɜɚɸɬɫɹ ɜ ɮɢɥɶɬɪɟ ɢ ɜɨɡɜɪɚɳɚɸɬɫɹ ɝɚɡɨɝɟɧɟɪɚɬɨɪ, ɝ/ɫ: ܯˊˑˎ = Ͳ (251) 

Ɇɚɫɫɨɜɵɣ ɜɵɯɨɞ ɲɥɚɤɚ ɢɡ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ, ɝ/ɫ: 

ˎ˛ܯ = Ͳ,Ͳͳ ∙ ˆˆܤ ∙ ஺˓+௤ర∙ ೂ˓ːయలఴబబଵ଴଴ ∙ (ͳ −  (252) (ˎ˖ߟ

ɝɞɟ  ܤˆˆ – ɪɚɫɯɨɞ ɭɝɥɹ ɧɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪ, ɤɝ/ɫ, ͳ͵,ͻʹͺ. 
 ܳː.˔−ˆ˓  – ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɧɬɟɡ–ɝɚɡɚ, ɤȾɠ/ɤɝ, 6157,733. 
 .ɄɉȾ ɭɥɨɜɢɬɟɥɹ (ɜɨɡɜɪɚɬ ɱɚɫɬɢɰ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ) – ˎ˖ߟ 

ˎ˛ܯ = Ͳ,Ͳͳ ∙ ͳ͵,ͻʹͺ ∙ ଻,ସ+ଷ,ହ∙లభఱళ,ళయయయలఴబబଵ଴଴ ∙ ሺͳ − Ͳ,ͻ͵ሻ = ͻͷ,͸ͳ  

Ɉɬ ɞɜɭɯ ɝɚɡɨɝɟɧɟɪɚɬɨɪɨɜ ܯ˛ˎ = ͳͻͳ,ʹʹ ɝ/ɫ. 
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6  ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɭɧɤɬɟ 2 ɦɨɠɧɨ ɞɚɥɟɟ ɨɩɪɟɞɟɥɢɬɶ ɫɟ-
ɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɟɫɬɢ 
ɨɰɟɧɤɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. 

6.1  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥя ɪɚɫɱɟɬɚ 

Ɍɚɛɥɢɰɚ 8 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɟɫɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɐ ɝ. Ʉɪɚɫɧɨɹɪɫɤ 

ȼɢɞ ɬɨɩɥɢɜɚ 
Ȼɨɪɨɞɢɧɫɤɢɣ ɭɝɨɥɶ, 

ɦɚɪɤɢ 2ȻɊ 
Ʉɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ, ɲɬ: 3 
Ɍɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱɚɫ:  
ɚ) ɜ ɩɚɪɭ 0 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 306,277×3 
ɑɚɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɩɚɪɭ 0 

ɑɚɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɝɨɪ. ɜɨɞɟ 1 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ: 

 
 

ɚ) ɜ ɩɚɪɭ 0 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 6000 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ, Ɇȼɬ 449,83×3 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 

7100 

ɑɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 6000 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 1,18 
ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸ-
ɳɟɝɨ, ɪɭɛ./ɝɨɞ 

525206 

Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 1,2 

ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ, % 30,4 
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Ɍɚɛɥɢɰɚ 9 – Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

6.2  Ɋɚɫɱёɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪ-
ɝɢɢ 

Ⱦɥɹ ɪɚɫɱёɬɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɪɚɫɩɪɟɞɟɥɢɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɰɟɯɚɦ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɢɡ 
ɪɚɫɱёɬɚ, ɱɬɨ: 

– ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ ɩɨɥɧɨɫɬɶɸ ɡɚɛɢɪɚɟɬ ɌɌɐ ɢ Ʉɐ;  
– ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɌɌɐ 

ɢ Ʉɐ – 65%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 5%;  
– ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɌɌɐ ɢ Ʉɐ 

– 40%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 30%;  
– ɪɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛ-

ɪɚɡɨɦ: ɌɌɐ ɢ Ʉɐ – 65%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 5%;  
– ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ ɩɨɥɧɨɫɬɶɸ ɭɯɨɞɹɬ ɧɚ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫ-

ɯɨɞɵ. 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɚɛɥɢɰɚ 2.2. 

Ɍɚɛɥɢɰɚ 10 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɋɬɚɞɢɢ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ 

ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ ɪɭɛ ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 

ɦɥɧ ɪɭɛ 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ ɪɭɛ 

Uɬ Uɚɦ Uɪɟɦ Uɡɩ Uɩɪ ɧɚ ɷ/ɷ ɧɚ ɬ/ɷ 

Ɍɐ ɢ Ʉɐ ͵Ͳͳ 677,95 506,074 36.239  1520,313 ͻ͹ͷ,Ͳͷ ͷͶͷ,ʹ͸ 

Ɇɚɲɢɧɧɵɣ ɡɚɥ, 
ɗɐ 

 312,9 233,573 27,179  573,652 573,652  

Ɉɛɳɟɫɬɚɧɰɢɨɧ-
ɧɵɟ ɪɚɫɯɨɞɵ 

 52,15 38,929 27,179 409,977 528,235 ͵ͻͲ,͸ͺ ͳ͵͹,ͷͷ 

 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ɍ-25/34-3,4/0,12 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ max, Ɇȼɬ 115 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, Ƚɤɚɥ/ɱ 100 
ɍɞ. ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɷɥ. ɷɧɟɪɝɢɸ  

ɤɝ/(ɤȼɬּɱ) 0,1796 

ɍɞ. ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, 
ɤɝ/Ƚɤɚɥ 

138,6 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ ͳͷͷ͹ͳ,ͷͳͳ 
ɍɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ ɪɭɛ./ɝɨɞ 

 ʹ͸ʹ͵,ͳͷͳ 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 

301 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ. ɤȼɬ∙ɱ 
 

828 

ȼɵɪɚɛɨɬɤɚ ɬɟɩɥɚ, ɬɵɫ. Ƚɤɚɥ 
 

600 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ, Ɇɥɧ ɪɭɛ 
 

3509,69 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 

ȼɫɟɝɨ ɩɨ Ɍɗɐ ͵Ͳͳ 1043 778,576 90,598 409,977 2623,151 1939,382 682,81 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɩ./ɤȼɬ·ɱ 𝟎, 𝟗𝟗𝟔 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 162,633 

 
Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɩɨ ɮɢɡɢɱɟ-

ɫɤɨɦɭ ɦɟɬɨɞɭ, ɬ.ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ.: ܷКʡʥэ/э = ܷКʡʥ ∙ ஻э஻  (253) ܷКʡʥэ/э = ͳͷʹͲ,͵ͳ͵ ∙ ଵସ଼,଻଴ଽଶଷଵ,଼଺ଽ = ͻ͹ͷ,Ͳͷ  ܷКʡʥ˕/э = ܷКʡʥ − ܷКʡʥэ/э  (254) ܷКʡʥ˕/э = ͳͷʹͲ,͵ͳ͵ − ͻ͹ͷ,Ͳͷ = ͷͶͷ,ʹ͸  

Ɂɚɬɪɚɬɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɷɥɟɤɬɪɨɰɟɯɚ ɩɨɥɧɨɫɬɶɸ ɨɬɧɨɫɹɬɫɹ ɧɚ ɡɚɬɪɚɬɵ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ܷˏ˃˛.ˊэ/э = ܷˏ˃˛.ˊ = ͷ͹͵,͸ͷʹ (255) 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɩɨɪ-
ɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ.: 

ˑܷ˄˜э/э = ˑܷ˄˜ ∙ ௎Кʡʥэ/э +௎ˏ˃˛.ˊэ/э௎Кʡʥ+௎ˏ˃˛.ˊ (256) 

ˑܷ˄˜э/э = ͷʹͺ,ʹ͵ͷ ∙ ଽ଻ହ,଴ହ+ହ଻ଷ,଺ହଶଵହଶ଴,ଷଵଷ+ହ଻ଷ,଺ହଶ = ͵ͻͲ,͸ͺ  

ˑܷ˄˜˕/э = ˑܷ˄˜ − ˑܷ˄˜э/э  (257) 

ˑܷ˄˜˕/э = ͷʹͺ,ʹ͵ͷ − ͵ͻͲ,͸ͺ = ͳ͵͹,ͷͷ  

Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɫ ɲɢɧ ɫɬɚɧɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ∙ɱ: 

˅ܷы˓э/э = ௎∑э/эௐ̂ .ˑ˕˒ (258) 

ɝɞɟ  ܷ∑э/э – ɫɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɪɨɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ.: ܷ∑э/э = ܷКʡʥэ/э + ܷˏ˃˛.ˊ˃ˎэ/э + ˑܷ˄˜э/э  (259) 
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ܷ∑э/э = ͻ͹ͷ,Ͳͷ + ͷ͹͵,͸ͷʹ + ͵ͻͲ,͸ͺ = ͳͻ͵ͻ,͵ͺͺ  

 ܹ̂ .ˑ˕˒– ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ∙ɱ: ܹ̂ .ˑ˕˒ = ܹ ∙ ሺͳ − ܽ˔ːሻ ∙ ̟ܶ ˔˕ ∙ ͳͲ−ଷ (260) ܹ̂ .ˑ˕˒ = ͳͲͶ,͹ʹͻ ∙ ሺͳ − Ͳ,Ͳ͵ሻ ∙ ͹ͳͲͲ ∙ ͳͲ−ଷ = ͹ʹͳ,ʹ͸ͻ  

ɝɞɟ     ܽ˔ː – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɧɵ ɫɬɚɧɰɢɢ, %, ɩɪɢɦɟɦ 3%. 

˅ܷы˓э/э = ଵଽଷଽ,ଷ଼଼଻ଶଵ,ଶ଺ଽ = Ͳ,ͻͻ͸  

Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ/Ƚɤɚɥ: 

ˑܷ˕˒˕/э = ௎∑̞/эொˆ.ˑ˕˒ (261) 

ɝɞɟ  ܷ∑э/э – ɫɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɪɨɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ.: ܷ∑̞/э = ܷКʡʥ˕/э + ܷˏ˃˛.ˊ˃ˎ˕/э + ˑܷ˄˜˕/э  (262) ܷ∑̞/э = ͷͶͷ,ʹ͸ + Ͳ + ͳ͵͹,ͷͷ = ͸ͺʹ,ͺͳ  

  ܳˆ.ˑ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ƚɤɚɥ: ܳˆ.ˑ˕˒ = ܳ˕э ∙ ሺͳ − ܽ˔ːሻ ∙ ̞ܶ э ∙ ͳͲ−ଷ (263) 

ɝɞɟ ߙ˔ː = Ͳ,Ͳ͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɬɟɩɥɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɫɬɚɧɰɢɢ. ܳˑ˕˒ = ͳͲͲ,ͻͳ ∙ ሺͳ − Ͳ,Ͳ͵ሻ ∙ ͸ͲͲͲ ∙ ͳͲ−ଷ = ͷͺ͹,͵  

ˑܷ˕˒˕/э = ଺଼ଶ,଼ଵ∙ଵ଴యହ଼଻,ଷ = ͳ͸ʹ,͸͵͵  

6.3  Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɪɚɫɫɱɢ-
ɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟ-
ɡɭɥɶɬɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɟɣ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ: ɱɢɫɬɵɣ ɞɨɯɨɞ, 
ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ, ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɫ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɧɚɯɨɞɢɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: ʦʓʓʜʗ௧ = ∑ {[(ʡэ − ˑܷ˕˒э/э) ∙ ܹˑ ˕˒ + (ʡ˕ − ˑܷ˕˒˕/э) ∙ ܳˑ˕˒ + ˃ܷ] ∙ ଵሺଵ+଴,ଵሻ೟}௡௡=଴ − 𝐾 (264) 
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ɝɞɟ  𝐾 - ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɦɥɧ ɪɭɛ.; 

 ˑܷ˕˒э/э – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ ɱ.; 
 ˑܷ˕˒˕/э – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ.; 
 ˃ܷ – ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɦɥɧ ɪɭɛ.; 
 ܹˑ ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ; 
 ܳˑ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ƚɤɚɥ; 
 ;ɬɟɤɭɳɢɣ ɝɨɞ– ݐ 
 эܶ – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ Ɇȼɬɱ ɫ ɭɱɟɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ 
(40%), ɪɭɛ./Ɇȼɬɱ: 

эܶ = ሺͳ + ܴሻ ∙ ˑܷ˕˒э = ሺͳ + Ͳ,Ͷሻ ∙ Ͳ,ͻͻ͸ = ͳ,͵ͻͶ (265) 

 ̞ܶ  – ɬɚɪɢɮ ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ Ƚɤɚɥ ɫ ɭɱёɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶ-
ɧɨɫɬɢ (R), ɪɭɛ./Ƚɤɚɥ. (ɩɪɢɧɢɦɚɟɦ ɜ ɪɚɫɱɟɬɟ 75%).: ̞ܶ = ሺͳ + ܴሻ ∙ ˑܷ˕˒˕э = ሺͳ + Ͳ,͹ͷሻ ∙ ͳ͸ʹ,͸͵͵ = ʹͺͶ,͸ (266) 

ȼ ɧɭɥɟɜɨɣ ɝɨɞ ɑȾȾ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɤɚɩɢɬɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɫɨ ɡɧɚɤɨɦ 
ɦɢɧɭɫ. 

Ⱦɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ. ɪɭɛ.: ʓˑ˔ː = ʓээ + ʓ˕э (267) 

ɝɞɟ ʓээ – ɩɪɢɛɵɥɶ ɨɬ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ/ɝɨɞ.: ʓээ = ሺ эܶ − ˑܷ˕˒ээ ሻ ∙ ܹˑ ˕˒ = ሺͳ,͵ͻͶ − Ͳ,ͻͻ͸ሻ ∙ ͹ʹͳ,ʹ͸ͻ = ͵Ͳͺ,͹Ͳ͵ (268) 

 ʓ˕э – ɩɪɢɛɵɥɶ ɨɬ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ/ɝɨɞ. ʓ˕э = ሺ̞ܶ − ˑܷ˕˒˕э ሻ ∙ ܳˑ˕˒ = ሺʹͺͶ,͸ − ͳ͸ʹ,͸͵͵ሻ ∙ ͷͺ͹,͵ = ͹ͳ͸͵ͳ,ʹʹ  ʓˑ˔ː = ʓээ + ʓ˕э = ͵Ͳͺ,͹Ͳ͵ + ͹ͳ͸͵ͳ,ʹͳͻ = ͹ͳͻ͵ͻ,ͻʹ  

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɩɨ ɫɬɚɜɤɟ 20% ɫɨɫɬɚɜɢɬ, ɦɥɧ. ɪɭɛ.: ʜ˒˓ = ʓˑ˔ː Ͳ,ʹ = ͹ͳͻ͵ͻ,ͻʹ  Ͳ,ʹ = ͳʹͷͷ͵ (269) 

ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ.: ʦʞ௧ = ʓˑ˔ː − ˓˒ܪ = ͹ͳͻ͵ͻ,ͻʹ − ͳʹͷͷ͵ = ͷͻ͵ͺ͸,ͻʹ (270) 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ.: ʦʓʞ௧ = ʦʞ௧ + ˃ܷ = ͷͻ͵ͺ͸,ͻʹ + ͳͲͶ͵ = ͸ͲͶʹͻ,ʹʹ (271) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɩɪɨɟɤɬ 
ɪɚɫɲɢɪɟɧɢɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ–2 ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 11. 
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Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɩɪɨɟɤɬ ɪɚɫɲɢɪɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɡɚ ɫɱɟɬ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɥɨɤɚ ɉȽɍ ɫ ȼɐȽ ɨɤɭɩɚɸɬɫɹ ɧɚ 9–ɵɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 
 

Ɍɚɛɥɢɰɚ 11 – Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ/ɝɨɞ 0 1 2 3 4 5 6 7 8 9 10 11 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɨɬ ɢɧɜɟɫɬɢ-
ɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɦ-
ɩɚɧɢɢ Кɜл, ɦɥɧ ɪɭɛ. -1

5
5

7
1

,5
 

– – – – – – – – – – – 

Ⱦɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶ-
ɧɨɫɬɢ Ⱦɨɫɧ, ɦɥɧ ɪɭɛ. 

–  ͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

͹ͳͻ͵ͻ,
ͻ 

Ⱦɨɯɨɞ ɨɬ ɩɨ ɨɬɩɭɳɟɧɧɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ⱦэ/э, ɦɥɧ 
ɪɭɛ. 

–  ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ ͵Ͳͺ,͹ 

Ⱦɨɯɨɞ ɨɬ ɩɨ ɨɬɩɭɳɟɧɧɨɣ 
ɬɟɩɥɨɷɧɟɪɝɢɢ Ⱦɬ/э, ɦɥɧ ɪɭɛ. 

–  ͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

͹ͳ͸͵ͳ,
ʹʹ 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟ-
ɧɢɹ Uɚ, ɦɥɧ ɪɭɛ. 

– ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ ͳͲͶ͵ 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɇɩɪ, ɦɥɧ 
ɪɭɛ. 

–  ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ ͳʹͷͷ͵ 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ Чɉt, ɦɥɧ 
ɪɭɛ. 

 – ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ͷͻ͵ͺ͸,
ͻʹ 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ЧȾɉt, ɦɥɧ ɪɭɛ. 

-1
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͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

͸ͲͶʹͻ,
ʹʹ 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ 
ЧȾɉɇИt, ɦɥɧ ɪɭɛ. -1
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 11 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɞɨɯɨɞ ЧȾȾt, ɦɥɧ ɪɭɛ. 
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ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɞɨɯɨɞ ɫ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨ-
ɝɨɦ ЧȾȾɇИt, ɦɥɧ ɪɭɛ. -1
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ɁȺɄɅɘɑȿɇɂȿ 

ɐɟɥɶɸ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɪɚɡɪɚɛɨɬɚɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɭɸ ɭɫɬɚɧɨɜɤɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɲɟɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɫ 
ɧɢɡɤɢɦɢ ɜɵɛɪɨɫɚɦɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɜɵɫɨɤɨɣ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ–2 ɞɥɹ ɩɨɤɪɵɬɢɹ 
ɜɨɡɪɚɫɬɚɸɳɢɯ ɧɚɝɪɭɡɨɤ ɫɬɚɧɰɢɢ. 

Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɛɥɨɤɚ ɉȽɍ–Ɍɗɐ ɫ ȼɐȽ, ɭɫɬɚɧɨɜ-
ɥɟɧ ɷɧɟɪɝɨɛɥɨɤ ɦɨɳɧɨɫɬɶ ɞɨ 115 Ɇȼɬ, ɨɞɢɧ ɷɧɟɪɝɨɛɥɨɤ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɟɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ: ɬɭɪɛɢɧɚ Ɍ-25/34-3,4/0,12, ɞɜɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɉɪ-75-4,0-440Ⱦ 
ɢ ɞɜɟ ɝɚɡɨɜɵɟ ɬɭɪɛɢɧɵ LM6000 PD Sprint ɢ ɞɜɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɧɬɟɡ–ɝɚɡ, ɩɨɥɭɱɚɟɦɵɣ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪɟ 
ɢɡ ɭɝɥɹ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ:  
– ɪɚɫɱɟɬ ɝɚɡɢɮɢɤɚɰɢɢ ɭɝɥɹ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡ–ɝɚɡɚ ɢ ɟɝɨ ɬɟɩɥɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ; 
– ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɝɞɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɚ ɬɟɦɩɟ-

ɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢɡ ȽɌɍ ɢ ɢɯ ɪɚɫɯɨɞ, ɦɨɳɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ, ɄɉȾ ȽɌɍ; 

– ɬɟɩɥɨɜɨɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬɵ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨ-
ɬɨɪɨɝɨ ɛɵɥ ɧɚɣɞɟɧ ɪɚɫɯɨɞ ɩɚɪɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɢ ɩɚɪɚ ɩɨ ɬɪɚɤɬɭ ɤɨɬɥɚ, ɚ 
ɬɚɤɠɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ; 

– ɭɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɨɩɪɟ-
ɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɨɬɛɨɪɚ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɟɝɨ ɪɚɫɯɨɞ ɧɚ ɩɨɞɨɝɪɟɜ 
ɫɟɬɟɜɨɣ ɜɨɞɵ;  

– ɪɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ 
ɬɟɩɥɚ ɢ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɬɚɤɠɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɨ ɩɪɢɪɨɞɨ-
ɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɹɯ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. Ȼɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɜɵɛɪɨɫɵ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɨɟɤɬɚ ɫɨɞɟɪɠɢɬ ɪɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰ 
ɷɧɟɪɝɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ. ɂɫɯɨɞɹ ɢɡ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨ ɧɚɪɨɞɧɨ-ɯɨ-
ɡɹɣɫɬɜɟɧɧɨɦɭ ɦɟɬɨɞɭ ɢ ɦɟɬɨɞɚ ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɫɞɟɥɚɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯ-
ɧɢɱɟɫɤɢɦ ɪɟɲɟɧɢɹɦ ɩɪɨɟɤɬɚ.  

ɉɪɨɢɡɜɟɞёɧ ɪɚɫɱɟɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ ɫɨ-
ɫɬɚɜɥɹɟɬ 9 ɥɟɬ. 
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