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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ Ⱥɪɬɟɦɨɜɫɤɨɣ 
Ɍɗɐ-2» ɫɨɞɟɪɠɢɬ 68 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 14 ɢɥɥɸɫɬɪɚɰɢɣ, 182 
ɮɨɪɦɭɥɵ, 7 ɬɚɛɥɢɰ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ȽȺɁɈɌɍɊȻɂɇɇȺə ɍɋɌȺɇɈȼɄȺ, ɉȺɊɈȼɈɃ ɄɈɌȿɅ-
ɍɌɂɅɂɁȺɌɈɊ, ɉȺɊɈȽȺɁɈȼȺə ɍɋɌȺɇɈȼɄȺ, ɈɏɊȺɇȺ ɈɄɊɍɀȺɘɓȿɃ 
ɋɊȿȾɕ, ɗɄɈɇɈɆɂɑȿɋɄɂɃ ɊȺɋɑȿɌ. 

Ɉɛɴɟɤɬ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ – Ⱥɪɬɟɦɨɜɫɤɚɹ Ɍɗɐ. 
ɐɟɥɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 – ɫɨɨɪɭɠɟɧɢɟ ɷɧɟɪɝɨɢɫɬɨɱɧɢɤɚ 

ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɵɛɵɜɚɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɨɳɧɨɫɬɟɣ ɞɟɣɫɬɜɭɸɳɟɣ 
Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ. Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɝɨ ɬɟɩɥɨ-ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɫ ɭɱёɬɨɦ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɨɫɬɚ ɬɟɩɥɨɜɵɯ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ 
ȽɌɍ, ɬɟɩɥɨɜɨɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɞɜɭɯɤɨɧɬɭɪɧɨɝɨ ɛɚɪɚɛɚɧɧɨɝɨ ɤɨɬɥɚ-
ɭɬɢɥɢɡɚɬɨɪɚ, ɭɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɩɨɞɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɱɚɫɬɶ, ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɱɚɫɬɶ. 
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ȼȼȿȾȿɇɂȿ 
 
ɉɪɨɛɥɟɦɵ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɬɨɹɬ ɧɚ ɨɞɧɨɦ ɢɡ 

ɩɟɪɜɵɯ ɦɟɫɬ ɜ ɦɢɪɟ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ. ȼ Ɋɨɫɫɢɢ ɩɪɨɛɥɟɦɵ 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɩɨɹɜɢɥɢɫɶ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ, ɚ ɜ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɷɬɨɬ 
ɜɨɩɪɨɫ ɜɫɬɚɥ ɨɫɨɛɟɧɧɨ ɨɫɬɪɨ. ɇɟɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɩɥɢɜɧɵɯ 
ɪɟɫɭɪɫɨɜ ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɨɦɧɵɦ ɮɢɧɚɧɫɨɜɵɦ ɩɨɬɟɪɹɦ ɜ ɨɬɪɚɫɥɢ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ 
ɫɨɛɨɣ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɞɨɪɨɠɚɧɢɟ ɰɟɧ ɧɚ ɬɨɩɥɢɜɨ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɩɪɨɛɥɟɦɵ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɧɚɩɪɹɦɭɸ ɜɥɢɹɸɬ ɧɚ ɪɚɡɜɢɬɢɟ ɧɚɲɟɣ ɷɤɨɧɨɦɢɤɢ ɜ 
ɰɟɥɨɦ. 

ɋɩɟɰɢɚɥɢɫɬɵ ɜɵɞɟɥɹɸɬ ɧɟɤɨɬɨɪɵɟ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ 
ɜ Ɋɨɫɫɢɢ: 

1. Ɇɨɪɚɥɶɧɵɣ ɢ ɮɢɡɢɱɟɫɤɢɣ ɢɡɧɨɫ ɮɨɧɞɨɜ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɪɨɢɫɯɨɞɢɬ ɥɨɤɚɥɶɧɚɹ ɡɚɦɟɧɚ ɭɫɬɚɪɟɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ 
ɷɬɨɦ ɜɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɡɚɦɟɧɚ ɢɡɧɨɲɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɚɧɚɥɨɝɢɱɧɨɟ 
ɧɨɜɨɟ ɧɟ ɪɟɲɚɟɬ ɩɪɨɛɥɟɦ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ, ɩɨɬɨɦɭ ɱɬɨ, ɩɨɦɢɦɨ ɮɢɡɢɱɟɫɤɨɝɨ 
ɢɡɧɨɫɚ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɭɫɬɚɪɟɥɨ ɦɨɪɚɥɶɧɨ. Ɉɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɨ 
ɢ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ. 

2. Ɉɬɫɭɬɫɬɜɢɟ ɱɟɬɤɨɝɨ ɩɥɚɧɚ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɞɚɧɧɨɣ ɨɬɪɚɫɥɢ. ɉɨ 
ɭɬɜɟɪɠɞɟɧɢɹɦ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɟɝɦɟɧɬ ɧɚɲɟɣ ɷɤɨɧɨɦɢɤɢ 
ɫɭɳɟɫɬɜɭɟɬ ɛɟɡ ɤɚɤɨɝɨ ɥɢɛɨ ɞɨɥɝɨɫɪɨɱɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɢ ɷɬɨ ɝɥɚɜɧɚɹ 
ɩɪɨɛɥɟɦɚ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ. ɍɯɨɞ ɨɬ ɩɥɚɧɨɜɨɣ ɷɤɨɧɨɦɢɤɢ, ɫɭɳɟɫɬɜɨɜɚɜɲɟɣ ɜ 
ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ, ɩɨɜɥɟɤ ɡɚ ɫɨɛɨɣ ɧɟɨɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɢɫɬɟɦɟ ɪɚɡɜɢɬɢɹ 
ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. ɇɟɞɨɫɬɚɬɨɤ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ 
ɨɬɨɞɜɢɝɚɟɬ ɧɚ ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɫɪɨɤ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɜ 
ɫɬɪɚɧɟ. 

3. Ʉɚɞɪɨɜɵɣ ɜɨɩɪɨɫ. Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɶ-ɞɜɚɞɰɚɬɶ ɥɟɬ ɪɟɡɤɨ ɩɨɦɟɧɹɥɢɫɶ 
ɩɪɢɨɪɢɬɟɬɵ ɧɚɫɟɥɟɧɢɹ ɜ ɜɵɛɨɪɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɱɬɨ ɧɟ ɦɨɝɥɨ 
ɧɟ ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɢ ɤɨɥɢɱɟɫɬɜɟ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ. 

4. ɉɪɨɛɥɟɦɵ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɪɚɰɢɨɧɚɥɶɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɫɭɪɫɨɜ. ɍɫɬɚɪɟɜɲɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ ɨɬɜɟɱɚɸɳɟɟ 
ɫɨɜɪɟɦɟɧɧɵɦ ɧɨɪɦɚɬɢɜɚɦ, ɩɪɢɜɨɞɢɬ ɤ ɦɚɫɫɨɜɨɦɭ ɪɚɫɬɨɱɢɬɟɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
ɬɨɩɥɢɜɚ. Ɂɚɱɚɫɬɭɸ Ɍɗɐ ɚɛɫɨɥɸɬɧɨ ɧɟ ɨɛɟɫɩɟɱɟɧɵ ɞɨɫɬɨɣɧɵɦ ɫɨɜɪɟɦɟɧɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɢ ɜɟɫɶ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɫɜɨɞɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɦɭ ɪɟɦɨɧɬɭ ɢ 
ɧɚɥɚɞɤɚɦ ɭɫɬɚɪɟɜɲɟɝɨ ɨɫɧɨɜɧɨɝɨ ɮɨɧɞɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɞɥɹ 
ɡɚɦɟɳɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɜɵɪɚɛɨɬɚɜɲɟɣ ɫɜɨɣ ɩɚɪɤɨɜɵɣ ɪɟɫɭɪɫ ȺɌɗɐ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ 
ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ (ɉȽɍ) ɭɬɢɥɢɡɚɰɢɨɧɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɣ 
ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɨɜ: 

- Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ȽɌɍ); 
- Ɍɟɩɥɨɜɨɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ (Ʉɍ); 
- ɍɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ (ɉɌ); 
- Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɉȽɍ. 
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ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɩɨɞɛɨɪ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ, ɩɨɥɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 400 Ɇȼɬ, ɬɟɩɥɨɜɚɹ – 480 Ƚɤɚɥ/ɱ. 
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1 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ 
 
1.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɚɤɬɭɚɥɶɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 
 
Ⱥɪɬɟɦɨɜɫɤɚɹ Ɍɗɐ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɚ ɸɝɟ ɉɪɢɦɨɪɫɤɨɝɨ ɤɪɚɹ ɜ ɱɟɪɬɟ 

ɝɨɪɨɞɚ Ⱥɪɬɟɦ, ɡɚɩɭɳɟɧɚ ɜ ɪɚɛɨɬɭ ɜ 1936 ɝɨɞɭ (ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ 400 Ɇȼɬ, ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ – 297 Ƚɤɚɥ/ɱ). ɋɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ, ɝɞɟ ɩɪɨɠɢɜɚɟɬ ɫɜɵɲɟ 105 
ɬɵɫɹɱ ɱɟɥɨɜɟɤ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɸɬ ɤɚɦɟɧɧɵɟ ɭɝɥɢ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɉɪɢɦɨɪɫɤɨɝɨ ɤɪɚɹ ɢ ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ. Ɉɫɧɨɜɧɵɦɢ 
ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ ɧɚɫɟɥɟɧɢɟ Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ 
ɨɤɪɭɝɚ ɢ ɩɪɟɞɩɪɢɹɬɢɹ: ɚɷɪɨɩɨɪɬ ɝ. ȼɥɚɞɢɜɨɫɬɨɤ, Ɉɉɏ «Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɨɟ», 
ɍɫɫɭɪɢɣɫɤɚɹ ɩɬɢɰɟɮɚɛɪɢɤɚ, ɈȺɈ «ȾȺɅɖɗɇȿɊȽɈɊȿɆɈɇɌ», Ɍɍ Ⱥɪɬɟɦɨɜɫɤɢɣ, 
ɈɈɈ "Ⱥɪɬёɦɨɜɫɤɢɣ ɡɚɜɨɞ ɀȻɂ". 

Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 2 ɬɭɪɛɨɚɝɪɟɝɚɬɚ Ʉ-100-
90-6 ɢ 2 ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɄɌ-115-8,8-2 ɦɨɳɧɨɫɬɶɸ 100 Ɇȼɬ ɤɚɠɞɵɣ, ɜɜɟɞɟɧɧɵɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 1967, 1996, 2000 ɢ 2003 ɝɨɞɚɯ. ɉɚɪ ɞɥɹ ɬɭɪɛɢɧ ɩɪɨɢɡɜɨɞɹɬ 8 
ɤɨɬɥɨɜ ȻɄɁ-220-100 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 220 ɬ/ɱ ɤɚɠɞɵɣ. Ɉɛɨɪɨɬɧɚɹ ɫɢɫɬɟɦɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɝɪɚɞɢɪɧɹɦɢ ɩɨɞɩɢɬɵɜɚɟɬɫɹ ɫ ɜɨɞɨɡɚɛɨɪɧɨɝɨ 
ɭɡɥɚ ɧɚ ɪɟɤɟ Ⱥɪɬɟɦɨɜɤɚ, ɚ ɬɚɤɠɟ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚ ɪɟɤɟ Ʉɭɱɟɥɢɧɨɜɚ ɩɚɞɶ. 
Ɉɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɨɬɤɪɵɬɵɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ɈɊɍ) ɧɚɩɪɹɠɟɧɢɟɦ 35, 110 ɢ 220 ɤȼ ɩɨ ɥɢɧɢɹɦ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ (Ʌɗɉ). 

ɋɨɨɪɭɠɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɟɣɫɬɜɭɸɳɟɣ Ɍɗɐ ɭɫɬɚɪɟɥɢ, ɦɧɨɝɢɟ 
ɦɟɯɚɧɢɡɦɵ ɢɡɧɨɲɟɧɵ, ɩɨɷɬɨɦɭ ɨɛɴɟɤɬ ɩɪɨɫɬɨ ɧɟ ɩɨɞɥɟɠɢɬ ɦɨɞɟɪɧɢɡɚɰɢɢ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɫɬɟɩɟɧɧɵɣ ɜɵɜɨɞ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ 
ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɡɚɦɟɳɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɫɬɚɧɰɢɢ ɡɚɩɥɚɧɢɪɨɜɚɧɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 400 Ɇȼɬ. ɇɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɬɚɤɠɟ ɪɚɛɨɬɚɸɬ 24 
ɤɨɬɟɥɶɧɵɯ (17 ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɢ 7 ɜɟɞɨɦɫɬɜɟɧɧɵɯ). ɂɯ ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ 
ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 185 Ƚɤɚɥ/ɱ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ 
Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɫɜɨɛɨɞɧɵɯ 
ɦɨɳɧɨɫɬɟɣ ɧɚ ɫɬɚɧɰɢɢ, ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɩɨɫɬɚɜɳɢɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 
Ⱥɪɬɟɦɨɜɫɤɚɹ Ɍɗɐ, ɢɫɯɨɞɹ ɢɡ ɫɨɫɬɨɹɧɢɹ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɚɤɬɢɱɟɫɤɢ 
ɜɨɲɥɚ ɜ ɫɜɨɢ ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɟɞɟɥɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 
ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ. ɋ ɭɱɟɬɨɦ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɚɧɰɢɢ ɜ ɨɬɩɭɫɤɟ ɬɟɩɥɚ ɫɨɫɬɚɜɥɹɟɬ 250 Ƚɤɚɥ/ɱ, ɩɪɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫɟɬɟɜɵɯ ɛɨɣɥɟɪɨɜ 320 Ƚɤɚɥ/ɱ. Ɂɚ ɩɨɫɥɟɞɧɟɟ 
ɞɟɫɹɬɢɥɟɬɢɟ ɜ ɝ. Ⱥɪɬɟɦ ɫɥɨɠɢɥɚɫɶ ɭɫɬɨɣɱɢɜɚɹ ɬɟɧɞɟɧɰɢɹ ɤ ɪɨɫɬɭ ɩɨɬɪɟɛɥɟɧɢɹ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɋɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ ɫɨɫɬɚɜɢɥ ɩɨɪɹɞɤɚ 70% ɢ, ɫɨɝɥɚɫɧɨ ɩɥɚɧɭ 
ɪɚɡɜɢɬɢɹ ɝɨɪɨɞɚ, ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɪɚɫɬɢ. 
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Ƚɟɧɟɪɚɥɶɧɵɦ ɩɥɚɧɨɦ ɜ ɝɨɪɨɞɟ ɧɚɦɟɱɟɧ ɨɫɧɨɜɧɨɣ ɨɛɴɟɦ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ, 
ɨɛɳɢɣ ɨɛɴɟɦ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɫɬɚɜɢɬ 930 ɬɵɫ. ɦ2 ɨɛɳɟɣ ɩɥɨɳɚɞɢ. 
ɉɪɨɝɧɨɡɢɪɭɟɬɫɹ ɩɪɢɪɨɫɬ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɝɨɪɨɞɚ ɡɚ ɫɱɟɬ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɬɪɨɹɳɢɯɫɹ ɡɞɚɧɢɣ ɧɚ ɩɟɪɢɨɞ ɞɨ 2028 
ɝɨɞɚ. ɉɨ ɞɚɧɧɵɦ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɛɥɢɠɚɣɲɭɸ 
ɩɟɪɫɩɟɤɬɢɜɭ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɞɥɹ ɰɟɥɟɣ 
ɠɢɥɢɳɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ɇɚɢɛɨɥɶɲɢɣ ɩɪɢɪɨɫɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ ɧɚ ɨɛɴɟɤɬɚɯ 
ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ (ɬɟɩɥɢɱɧɵɣ ɤɨɦɛɢɧɚɬ Ɉɉɏ «Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ»). 
ɋɭɦɦɚɪɧɵɣ ɩɪɢɪɨɫɬ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɫɟɤɬɨɪɚ ɢ ɨɛɳɟɫɬɜɟɧɧɨ-ɞɟɥɨɜɵɯ ɡɞɚɧɢɣ 
ɫɨɫɬɚɜɢɬ ɩɨɪɹɞɤɚ 230 Ƚɤɚɥ/ɱ. ɇɚ ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɞɟɣɫɬɜɭɸɳɟɣ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ. 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ ɧɚ ɤɚɪɬɟ 
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Ɋɢɫɭɧɨɤ 1.2 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɞɟɣɫɬɜɭɸɳɟɣ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ 
 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɩɨɡɜɨɥɢɬ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 
1. ɉɨɞɤɥɸɱɟɧɢɟ ɤ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦɭ ɬɟɩɥɨ ɢ ɜɨɞɨɫɧɚɛɠɟɧɢɸ 

Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ, ɜɤɥɸɱɚɹ ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ: ɝ. Ⱥɪɬɟɦ, ɫ. 
ɋɭɪɚɠɟɜɤɚ, ɫ. Ɉɥɟɧɢɣ, ɫ. əɫɧɨɟ, ɫ. Ʉɧɟɜɢɱɢ, ɫ. Ʉɪɨɥɟɜɰɵ, ɚ ɬɚɤɠɟ 
ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ. 

2. ɉɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɬɟɩɥɨ ɢ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɜɜɨɞɚ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ. 

3. Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɜɵɛɪɚɧ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɫɬɚɧɰɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɝɚɡɢɮɢɤɚɰɢɢ ɝ. Ⱥɪɬɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɤɥɚɞɤɢ ɧɨɜɨɝɨ 
ɝɚɡɨɩɪɨɜɨɞɚ ɨɬ ɨɫɧɨɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ. 

Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟɦ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɜɵɛɪɚɧɚ ɩɥɨɳɚɞɤɚ ɜɛɥɢɡɢ 
ɜɨɢɧɫɤɨɣ ɱɚɫɬɢ, ɧɚ 3,5 ɤɦ ɜɨɫɬɨɱɧɟɟ ɞɟɣɫɬɜɭɸɳɟɣ ȺɌɗɐ (ɪɢɫɭɧɨɤ 1.3), ɫ 
ɩɟɪɫɩɟɤɬɢɜɨɣ ɪɚɫɲɢɪɟɧɢɹ ɞɨ 800 Ɇȼɬ. ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɜɵɛɪɚɧɧɨɣ 
ɬɟɪɪɢɬɨɪɢɢ ɹɜɥɹɸɬɫɹ ɩɨɥɨɝɢɣ ɪɟɥɶɟɮ ɢ ɨɬɫɭɬɫɬɜɢɟ ɫɬɟɫɧɟɧɧɨɫɬɢ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɛɥɢɡɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɢ ɠɟɥɟɡɧɨɣ 
ɞɨɪɨɝ. 
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Ɋɢɫɭɧɨɤ 1.3 – Ɇɟɫɬɨ ɩɥɨɳɚɞɤɢ ɩɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ȺɌɗɐ-2 
 
1.2 Ɂɚɞɚɱɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɟ ɩɥɨɳɚɞɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɡɨɥɨɨɬɜɚɥɚ ɞɟɣɫɬɜɭɸɳɟɣ Ɍɗɐ ɢ ɪɹɞɨɦ ɫ ɜ/ɱ 61230. ɉɟɪɜɚɹ 
ɩɥɨɳɚɞɤɚ ɧɟ ɩɨɞɨɲɥɚ ɢɡ-ɡɚ ɫɬɟɫɧɟɧɧɨɫɬɢ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɬ.ɤ. ȺɌɗɐ 
ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶ ɪɚɛɨɬɚɬɶ ɞɨ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ Ɍɗɐ-2. ɉɨɷɬɨɦɭ 
ɨɫɬɚɧɨɜɢɥɢɫɶ ɧɚ ɜɬɨɪɨɣ ɩɥɨɳɚɞɤɟ. 

Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɜɵɛɪɚɧ ɩɪɢɪɨɞɧɵɣ 
ɝɚɡ, ɡɧɚɱɢɬ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɜɟɫɬɢ ɝɚɡɨɩɪɨɜɨɞ ɤ ɦɟɫɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ ɢ 
ɩɨɫɬɪɨɢɬɶ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɩɭɧɤɬ. ȼ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ ɝɚɡɢɮɢɤɚɰɢɢ 
ɉɪɢɦɨɪɫɤɨɝɨ ɤɪɚɹ ɜ 2020-2021 ɝɨɞɚɯ ɨɬ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɝɚɡɨɩɪɨɜɨɞɚ ɋɚɯɚɥɢɧ-
ɏɚɛɚɪɨɜɫɤ-ȼɥɚɞɢɜɨɫɬɨɤ ɛɵɥ ɩɪɨɥɨɠɟɧ ɝɚɡɨɩɪɨɜɨɞ-ɨɬɜɨɞ ɞɨ ɝ. Ⱥɪɬɟɦ ɢ 
ɩɨɫɬɪɨɟɧɚ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɬɚɧɰɢɹ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɵɛɪɚɧɚ ɨɛɨɪɨɬɧɚɹ ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɝɪɚɞɢɪɧɹɦɢ. Ɂɚɛɨɪ ɜɨɞɵ ɞɥɹ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɨɬ 
ɪɟɤɢ Ⱥɪɬɟɦɨɜɤɚ, ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɥɨɠɢɬɶ ɬɪɭɛɨɩɪɨɜɨɞ 
ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 4,6 ɤɦ (ɪɢɫɭɧɨɤ 1.4).  

Ɍɚɤ ɤɚɤ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɟ, ɞɥɹ ɟɝɨ ɞɨɫɬɚɜɤɢ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɫɬɪɨɢɬɶ ɠ/ɞ ɜɟɬɤɭ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 1 ɤɦ (ɪɢɫɭɧɨɤ 1.5). 
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Ɋɢɫɭɧɨɤ 1.4 – Ɍɪɭɛɨɩɪɨɜɨɞ ɞɨ ȺɌɗɐ-2 
 

 
 

Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɠ/ɞ ɜɟɬɤɢ ɞɨ ɦɟɫɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
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1.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ 
 
ɂɡɧɚɱɚɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɩɪɨɟɤɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ ɩɚɪɨɫɢɥɨɜɵɯ 

ɭɫɬɚɧɨɜɨɤ ɛɥɨɱɧɨɝɨ ɬɢɩɚ ɫ ɤɨɬɥɚɦɢ ɬɢɩɚ ȿ-575-13,8-560 ɢ ɩɚɪɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ 
ɄɌ-140/165-12,8-555. Ɋɟɥɶɟɮ ɦɟɫɬɧɨɫɬɢ Ⱥɪɬɟɦɨɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ 
ɯɨɥɦɢɫɬɵɣ ɫ ɩɟɪɟɩɚɞɚɦɢ ɜɵɫɨɬ ɞɨ 200-500 ɦɟɬɪɨɜ (ɦɟɫɬɚɦɢ ɞɨ 700). ɉɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɦɟɫɬɧɨɫɬɢ ɜɵɛɪɚɧɵ 2 ɩɥɨɳɚɞɤɢ: 

ɉɥɨɳɚɞɤɚ №1 (ɩ. ɋɭɪɚɠɟɜɤɚ):  
ɉɥɸɫɵ: ɩɨɥɨɝɢɣ ɪɟɥɶɟɮ; ɨɬɫɭɬɫɬɜɢɟ ɫɬɟɫɧɟɧɧɨɫɬɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɪɚɛɨɬ.  
Ɇɢɧɭɫɵ: ɭɱɚɫɬɨɤ ɫɟɥɶɯɨɡ ɧɚɡɧɚɱɟɧɢɹ (ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɜɨɞ); ɩɪɨɬɹɠɟɧɧɵɟ 

ɬɪɚɫɫɵ ɜɧɟɲɧɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ; ɛɥɢɡɨɫɬɶ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ (ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɝɪɚɧɢɰɵ ɫɬɚɧɰɢɢ ɞɨ ɛɥɢɠɚɣɲɟɣ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ 320 ɦɟɬɪɨɜ, ɨɬ ɝɪɚɧɢɰɵ 
ɡɨɥɨɨɬɜɚɥɚ – 600 ɦɟɬɪɨɜ). 

ɉɥɨɳɚɞɤɚ №2 (ɡɨɥɨɨɬɜɚɥ ɞɟɣɫɬɜɭɸɳɟɣ Ɍɗɐ):  
ɉɥɸɫɵ: ɭɱɚɫɬɨɤ ɜ ɚɪɟɧɞɟ ɭ ȾȽɄ; ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɜɨɞ ɤɚɬɟɝɨɪɢɢ ɡɟɦɟɥɶ; 

ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɣ ɨɛɴɟɦ ɪɚɛɨɬ ɩɨ ɜɧɟɲɧɢɦ ɥɢɧɟɣɧɵɦ ɨɛɴɟɤɬɚɦ (ɬɟɩɥɨɫɟɬɶ, 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ; ɠ/ɞ ɩɨɞɴɟɡɞɧɨɣ ɩɭɬɶ).  

Ɇɢɧɭɫɵ: ɫɬɟɫɧɟɧɧɨɫɬɶ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɭɸɳɟɣ 
Ɍɗɐ; ɱɚɫɬɶ ɡɨɥɨɨɬɜɚɥɚ ɞɨɥɠɧɚ ɨɫɬɚɜɚɬɶɫɹ ɜ ɪɚɛɨɬɟ; ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ 
ɫɜɚɣɧɵɯ ɨɫɧɨɜɚɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɜɚɪɢɚɧɬɚ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɟɤɬ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ 
ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ. ɉɥɸɫɚɦɢ ɷɬɨɝɨ ɜɚɪɢɚɧɬɚ ɹɜɥɹɸɬɫɹ: ɦɟɧɶɲɚɹ 
ɩɥɨɳɚɞɤɚ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɫɨɤɪɚɳɟɧɢɟ ɫɪɨɤɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɭɦɟɧɶɲɟɧɢɟ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɪɟɝɢɨɧɚ, ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜɵɫɨɤɚɹ 
ɷɤɨɧɨɦɢɹ ɩɨ ɨɩɟɪɚɰɢɨɧɧɵɦ ɡɚɬɪɚɬɚɦ (ɡɚ 15-ɬɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɩɨɪɹɞɤɚ 30 ɦɥɪɞ 
ɪɭɛɥɟɣ). Ɇɢɧɭɫɨɦ ɷɬɨɝɨ ɜɚɪɢɚɧɬɚ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɨɫɥɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ, ɜɵɛɪɚɧ ɜɬɨɪɨɣ ɩɪɨɟɤɬ ɤɚɤ ɧɚɢɛɨɥɟɟ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɣ. 

Ɉɫɧɨɜɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɜɵɛɪɚɧɵ ɞɜɟ ɉȽɍ 
ɦɨɳɧɨɫɬɶɸ 200 Ɇȼɬ ɤɚɠɞɚɹ. ȼ ɫɨɫɬɚɜ ɤɚɠɞɨɣ ɉȽɍ ɜɨɣɞɭɬ ɞɜɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ȽɌɗ-65, ɞɜɚ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɛɚɪɚɛɚɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɬɥɚ-
ɭɬɢɥɢɡɚɬɨɪɚ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɢ ɨɞɧɚ ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ Ɍ-63/76-8,8.  

ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜɵɛɪɚɧɵ: 
1. Ⱦɜɭɯɜɚɥɶɧɚɹ ɦɨɧɨɛɥɨɱɧɚɹ ɩɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɬɪɟɯɤɨɧɬɭɪɧɵɦ 

ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ.  
ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 
- ȽɌɍ SGT5-4000F ɮɢɪɦɵ Siemens ɦɨɳɧɨɫɬɶɸ 280 Ɇȼɬ; 
- ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ SST5-5000 ɮɢɪɦɵ Siemens ɦɨɳɧɨɫɬɶɸ 140 Ɇȼɬ; 
- ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɬɪɟɯɤɨɧɬɭɪɧɵɣ ɛɚɪɚɛɚɧɧɵɣ ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɫ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɮɢɪɦɵ ɈȺɈ «ɗɆȺɥɶɹɧɫ». 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɛɥɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 420 Ɇȼɬ. 
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2. ɉɚɪɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ STAG 107 FA ɮɢɪɦɵ General Electric, 
ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɨɛɥɨɱɧɭɸ ɨɞɧɨɜɚɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ ɦɨɳɧɨɫɬɶɸ 
410 Ɇȼɬ. 

ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 
- ɝɚɡɨɬɭɪɛɢɧɧɚɹ ɭɫɬɚɧɨɜɤɚ MS9001FA ɮɢɪɦɵ General Electric ɦɨɳɧɨɫɬɶɸ 

280 Ɇȼɬ; 
- ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɉɌ ɮɢɪɦɵ General Electric ɦɨɳɧɨɫɬɶɸ 130 Ɇȼɬ; 
- ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɬɪɟɯɤɨɧɬɭɪɧɵɣ ɛɚɪɚɛɚɧɧɵɣ ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɫ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɮɢɪɦɵ CMI Energy. 
SWOT-ɚɧɚɥɢɡ ɜɵɛɪɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 

1.1. 
 

Ɍɚɛɥɢɰɚ 1.1 – SWOT-ɚɧɚɥɢɡ 
ȼɚɪɢɚɧɬɵ 

Ʉɪɢɬɟɪɢɢ Ɉɫɧɨɜɧɨɣ 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ 

1 2 

1 2 3 4 

(S) ɫɢɥɶɧɵɟ 
ɫɬɨɪɨɧɵ 

ɍɞɟɲɟɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɢ 
ɬɟɩɥɚ, ɭɜɟɥɢɱɟɧɢɟ ɢɯ 
ɜɵɪɚɛɨɬɤɢ; 
- ɍɜɟɥɢɱɟɧɢɟ 
ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 - Ⱦɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɚɹ 
ɨɤɭɩɚɟɦɨɫɬɶ ɩɪɨɟɤɬɚ; 
 - ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; 
- ɇɨɜɨɟ ɫɨɜɪɟɦɟɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ; 
- Ɇɟɧɶɲɚɹ ɫɬɨɢɦɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ 

ɍɞɟɲɟɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɢ 
ɬɟɩɥɚ, ɭɜɟɥɢɱɟɧɢɟ ɢɯ 
ɜɵɪɚɛɨɬɤɢ; 
- ɍɜɟɥɢɱɟɧɢɟ 
ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 - ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; 
- ɇɨɜɨɟ ɫɨɜɪɟɦɟɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ; 
- ȼɵɫɨɤɢɣ ɄɉȾ (58%) 

ɍɞɟɲɟɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɢ 
ɬɟɩɥɚ, ɭɜɟɥɢɱɟɧɢɟ ɢɯ 
ɜɵɪɚɛɨɬɤɢ; 
- ɍɜɟɥɢɱɟɧɢɟ 
ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 - ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; 
- ɇɨɜɨɟ ɫɨɜɪɟɦɟɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ; 
- ȼɵɫɨɤɢɣ ɄɉȾ (52%) 

(W) ɫɥɚɛɵɟ 
ɫɬɨɪɨɧɵ 

- Ȼɨɥɟɟ ɧɢɡɤɢɣ ɄɉȾ 
(47%); 
- ɇɟɯɜɚɬɤɚ 
ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ 

- Ȼɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɢ 
ɞɚɥɶɧɨɫɬɶ ɞɨɫɬɚɜɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɪɢɨɛɪɟɬɟɧɢɟ ɡɚɩɚɫɧɵɯ 
ɱɚɫɬɟɣ ɤ ɢɧɨɫɬɪɚɧɧɨɣ 
ɬɟɯɧɢɤɟ, ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɫɩɟɰɢɚɥɶɧɨɦ 
ɩɪɨɝɪɚɦɦɧɨɦ 
ɨɛɟɫɩɟɱɟɧɢɢ; 
- ɇɟɯɜɚɬɤɚ 
ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ 

- Ȼɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɢ 
ɞɚɥɶɧɨɫɬɶ ɞɨɫɬɚɜɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɪɢɨɛɪɟɬɟɧɢɟ ɡɚɩɚɫɧɵɯ 
ɱɚɫɬɟɣ ɤ ɢɧɨɫɬɪɚɧɧɨɣ 
ɬɟɯɧɢɤɟ, ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɫɩɟɰɢɚɥɶɧɨɦ 
ɩɪɨɝɪɚɦɦɧɨɦ 
ɨɛɟɫɩɟɱɟɧɢɢ; 
- ɇɟɯɜɚɬɤɚ 
ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ 

(O) ɜɨɡɦɨɠɧɨɫɬɢ - Ɋɨɫɬ ɫɩɪɨɫɚ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨ 

- Ɋɨɫɬ ɫɩɪɨɫɚ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨ 

- Ɋɨɫɬ ɫɩɪɨɫɚ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨ 

(T) ɭɝɪɨɡɵ - Ɋɨɫɬ ɰɟɧ ɧɚ ɬɨɩɥɢɜɨ 
- ɇɟɫɬɚɛɢɥɶɧɵɣ ɤɭɪɫ 
ɜɚɥɸɬ; 
- Ɋɨɫɬ ɰɟɧ ɧɚ ɬɨɩɥɢɜɨ 

- ɇɟɫɬɚɛɢɥɶɧɵɣ ɤɭɪɫ 
ɜɚɥɸɬ; 
- Ɋɨɫɬ ɰɟɧ ɧɚ ɬɨɩɥɢɜɨ 
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ȼɵɜɨɞ: Ɋɚɫɫɦɨɬɪɟɜ SWOT-ɚɧɚɥɢɡ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɜɚɪɢɚɧɬ ɜɵɛɨɪɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɣ. 

 
1.4 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ 
 
ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 

ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ, 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɭɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ 
ɬɭɪɛɢɧɵ, ɨɰɟɧɢɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɩɨɞɛɨɪ ɢ ɪɚɫɱɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɭɸɬɫɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.2. 

 
Ɍɚɛɥɢɰɚ 1.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ  

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ эܰ, Ɇȼɬ 65 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ  tc , °C 1350 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ ta ,°C 10 

Ɉɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɤɨɦɩɪɟɫɫɨɪɚ İ = pb/pa 30 

ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ 𝜂Э.ʒ. 0,983 

ɄɉȾ ɬɭɪɛɢɧɵ 𝜂ʒʡ 0,88 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ 𝛼˖ 0,005 

ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ  𝜂К 0,86 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ  𝜂Кʠ 0,995 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɬɭɪɛɢɧɵ 𝜂М 0,99 

ɇɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ 𝑡𝜔, ºɋ 850 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ȼȾ ଴ܲ˅ ˇ, Ɇɉɚ 8,8 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɇȾ ଴ܲː ˇ, Ɇɉɚ 0,8 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ Pɤ, ɤɉɚ 3,75 

 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ⱥɪɬɟɦɨɜɫɤɨɣ Ɍɗɐ-2 ɜɵɛɪɚɧ ɩɪɢɪɨɞɧɵɣ 

ɝɚɡ ɋɚɯɚɥɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɚɜɚɪɢɣɧɨɝɨ ɬɨɩɥɢɜɚ – ɞɢɡɟɥɶɧɨɟ 
ɬɨɩɥɢɜɨ ɦɚɪɤɢ 3 (ȽɈɋɌ 305–82). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3.  

  
Ɍɚɛɥɢɰɚ 1.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

 

ɋɨɫɬɚɜ ɝɚɡɚ, % , ɩɨ ɨɛɴɟɦɭ 𝑸˓ː 
ɤȾɠ/ɦ3 

𝝆 
ɝ/ɦ3 CH4 C2H6 C3H8 C4H10 C5H12 CO2 CO N2 

95,5 2,7 0,4 0,2 0,1 0,2 0 1 36680 0,756 
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2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 
 
2.1 Ɋɚɡɪɚɛɨɬɤɚ ɉɌɋ 
 
ȼ ɬɟɩɥɨɜɨɣ ɫɯɟɦɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ȽɌɍ ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ɜɵɩɨɥɧɹɟɬ 

ɮɭɧɤɰɢɸ ɬɟɩɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɩɪɟɨɛɪɚɡɭɸɳɟɝɨ ɷɧɟɪɝɢɸ ɝɨɪɹɱɢɯ ɝɚɡɨɜ ɜ 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɭɫɬɚɧɨɜɤɢ. ɗɬɚ ɷɧɟɪɝɢɹ ɱɚɫɬɢɱɧɨ ɩɨɬɪɟɛɥɹɟɬɫɹ 
ɤɨɦɩɪɟɫɫɨɪɨɦ, ɚ ɨɫɬɚɜɲɚɹɫɹ ɟё ɱɚɫɬɶ ɩɟɪɟɞɚɟɬɫɹ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɭ, ɤ ɤɨɬɨɪɨɦɭ 
ɩɨɞɤɥɸɱɚɟɬɫɹ ɧɚɝɪɭɡɤɚ. ɋɩɨɫɨɛ ɪɚɛɨɬɵ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɨɜ – ɞɢɧɚɦɢɱɟɫɤɢɣ – 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɫɠɚɬɢɹ ɝɚɡɚ ɢ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɟ ɛɥɚɝɨɞɚɪɹ 
ɫɢɥɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɜɪɚɳɚɸɳɢɯɫɹ ɥɨɩɚɬɨɤ ɢ ɩɨɬɨɤɚ ɝɚɡɚ. ȼɨɡɞɭɯ, 
ɫɠɢɦɚɟɦɵɣ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ. Ɂɚɬɟɦ ɝɚɡɵ, 
ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ, ɩɨɫɬɭɩɚɸɬ 
ɜ ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ. 

ɉɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ȽɌɗ-65 ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

ТП

СН

ПВК

ТП

СН

ПВК

 
 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɉȽɍ 
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Э
ȽN

ЭȽ

К

ȽɌɍ

Кɋ

ɋ
ȽQ

a

b c

d
ȼɨɡɞɭɯ Ƚɚɡы

Pd, 
td

Pa, 
ta

Pb, 
tb

Pc, 
tc

ȽɌ

 
 

К – ɤɨɦɩɪɟɫɫɨɪ; Кɋ – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; ȽɌ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; ЭȽ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ 

Ɋɢɫɭɧɨɤ 2.2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 

a

b

c

d

Ƚq2

T

S

1q

Tb

Td

Ta

Tc

b'
d'

 
Рɢɫɭɧɨɤ 2.3 – Цɢɤɥ ɩɪɨɫɬɨɣ ГɌɍ 

 

2.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ȽɌɍ 
 

2.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ 
ɤɨɦɩɪɟɫɫɨɪɟ 

 
Ɍɟɩɥɨɟɦɤɨɫɬɢ ɢ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ, ɝɚɡɨɜ ɢ ɫɦɟɫɟɣ ɜ ɞɚɧɧɨɦ ɩɨɫɨɛɢɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɦɟɬɨɞɢɤɟ [5], ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɭɸ ɬɨɱɧɨɫɬɶ ɞɥɹ 
ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɞɥɹ 
ɜɨɡɞɭɯɚ mɜ=0,28. 



17 
 
 

Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
(ɬɨɱɤɚ b, ɪɢɫɭɧɨɤ 2.2), K: 

 

1
1

ɜm

b a
ɤ

T T



 
   

 
, (2.1) 

 

ɝɞɟ aT  – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɬɨɱɤɚ ɚ), Ʉ; 
   – ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ; 
 ɜm  – ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɜɨɡɞɭɯɚ; 
 ɤ  – ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ. 
 ௕ܶ = ʹͺ͵,ͳͷ ∙ ቀͳ + ଷ଴బ,మఴ−ଵ଴,଼଺ ቁ = ͺͲ͹,ʹʹ͸ К. 

 𝑡௕ = ௕ܶ − ʹ͹͵,ͳͷ, (2.2) 
 𝑡௕ = ͺͲ͹,ʹʹ͸ − ʹ͹͵,ͳͷ = ͷ͵Ͷ,Ͳ͹͸℃. 
 
ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3

: 
 

'
ɚ ( ) (25)ȼ

ɚ ɚh h t h  , (2.3) 
 

ɝɞɟ '
ɚ ( ) ( ) (1,2866 0,0001201 )ȼ

ɚ ɪ ɚ ɚ ɚ ɚh t c t t t t      , (2.4) 

 ℎʹ௔ሺ𝑡௔ሻ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͳͲሻ ∙ ͳͲ = ͳʹ,ͺ͹ͺ ɤȾɠ/ɦ3, 
 

(25) (25) 25 (1,2866 0,0001201 25) 25ȼ ȼ

ɪh c      , (2.5) 

 
(25) (1,2866 0,0001201 25) 25 32,24ȼh       ɤȾɠ/ɦ3, 

 ℎ௔ = ͳʹ,ͺ͹ͺ − ͵ʹ,ʹͶ = −ͳͻ,͵͸ʹ ɤȾɠ/ɦ3. 
 
ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɬɨɱɤɚ b), ɚɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɟ (2.4), 

ɤȾɠ/ɦ3
: 

 ℎ௕′ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͷ͵Ͷ,Ͳ͹͸ሻ ∙ ͷ͵Ͷ,Ͳ͹͸ = ͹ʹͳ,͵ͻͻ ɤȾɠ/ɦ3, 
 ℎ௕ = ͹ʹͳ,͵ͻͻ − ͵ʹ,͵Ͷ = ͸ͺͻ,ͳͷͻ ɤȾɠ/ɦ3. 
 
ɋɪɟɞɧɢɟ ɢɡɨɛɚɪɧɚɹ ɢ ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɨɡɞɭɯɚ ɩɪɢ ɫɠɚɬɢɢ ɟɝɨ ɜ 

ɤɨɦɩɪɟɫɫɨɪɟ [2], ɤȾɠ/(ɦ3∙℃): 
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'ɜ b ɚ
ɪ

b ɚ

h hɫ
t t





, (2.6) 

 ܿ˓˅ ′ = ଺଼ଽ,ଵହଽ−ሺ−ଵଽ,ଷ଺ଶሻହଷସ,଴଻଺−ଵ଴ = ͳ,͵ͷʹ, 

 
'

ȼ

ɜ
ɪ

v
ɜ

ɫ
ɫ


 , (2.7) 

 
ɝɞɟ  1,293ɜ  ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

 ܿ𝜈 = ଵ,ଷହଶଵ,ଶଽଷ = ͳ,ͲͶ͸. 

 
ɍɬɨɱɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ mɜ: 
 

ȼ ȼ

ɜ

v

R
m

ɫ
 , (2.8) 

 
ɝɞɟ  0,287ɜR   ɤȾɠ/(ɤɝ Ʉ) – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɜɨɡɞɭɯɚ. 

 ݉˅ = ଴,ଶ଼଻ଵ,଴ସ଺ = Ͳ,ʹ͹Ͷ. 

 
ɍɬɨɱɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ): 
 ௕ܶ = ʹͺ͵,ͳͷ ∙ ቀͳ + ଷ଴బ,మళర−ଵ଴,଼଺ ቁ = ͹ͻͳ,͵͹ͷ К, 

 𝑡௕ = ͹ͻͳ,͵͹ͷ − ʹ͹͵,ͳͷ = ͷͳͺ,ʹʹͷ℃. 
 
ɍɬɨɱɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ hb, ɚɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɟ 

(2.4), ɤȾɠ/ɦ3
: 

 ℎ௕′ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͷͳͺ,ʹʹͷሻ ∙ ͷͳͺ,ʹʹͷ = ͸ͻͻ,ͲͲʹ ɤȾɠ/ɤɝ, 
 ℎ௕ = ͸ͻͻ,ͲͲʹ − ͵ʹ,͵Ͷ = ͸͸͸,͹͸ʹ ɤȾɠ/ɤɝ. 
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2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 
 
ɗɧɬɚɥɶɩɢɸ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (ɩɪɢ α=1), ɤȾɠ/ɦ3, ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ (ɬɨɱɤɚ ɫ) ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɦɟɬɨɞɢɤɟ [6]: 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ ɫɠɢɝɚɧɢɹ 1ɦ3 
ɝɚɡɚ (ɩɪɢ α=1), ɦ3/ɦ3 (ɦ3 ɜɨɡɞɭɯɚ ɧɚ ɦ3 ɫɠɢɝɚɟɦɨɝɨ ɝɚɡɚ) : 

 

0 2 20,0476 0,5 0,5 ( / 4) 1,5m nV CO H m n C H H S           , (2.9) 

 
ɝɞɟ CO, H2, CmHn, H2S – ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɚ, %. 
 ଴ܸ = Ͳ,ͲͶ͹͸ ∙ ሺͲ,ͷ ∙ Ͳ + Ͳ,ͷ ∙ Ͳ + ʹ ∙ ͻͷ,ͷ + ͵,ͷ ∙ ʹ,͹ + ͷ ∙ Ͳ,Ͷ + ͸,ͷ ∙ Ͳ,ʹ ++ͺ ∙ Ͳ,ͳሻ = ͻ,͹͵͹ ɦ3/ɦ3. 

  
Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3

: 
 

2 2 20,01RO m nV CO ɋO H S mC H       , (2.10) 

 ோܸைమ = Ͳ,Ͳͳ ∙ ሺͲ,ʹ + Ͳ + ͻͷ,ͷ + ʹ ∙ ʹ,͹ + ͵ ∙ Ͳ,Ͷ + Ͷ ∙ Ͳ,ʹ + ͷ ∙ Ͳ,ͳሻ = ͳ,Ͳ͵͸. 
 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɦ3

: 
 

2 0 20,79 0,01NV V N    , (2.11) 

 ேܸమ = Ͳ,͹ͻ ∙ ͻ,͹͵͹ + Ͳ,Ͳͳ ∙ ͳ = ͹,͹Ͳʹ ɦ3/ɦ3. 
 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3

: 
 

2 2 2 00,01 ( / 2) 0,0161H O m nV H S H n C H V        , (2.12) 

 ுܸమை = Ͳ,Ͳͳ ∙ ሺͲ + ʹ ∙ ͻͷ,ͷ + ͵ ∙ ʹ,͹ + Ͷ ∙ Ͳ,Ͷ + Ͷ ∙ Ͳ,ʹ + ͷ ∙ Ͳ,ͳሻ + Ͳ,Ͳͳ͸ͳ ∙  ∙ ͻ,͹͵͹ = ʹ,ͳͺ ɦ3/ɦ3. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, α: 
 

. 0 0

0

(1 )

( )

ȼ

ȼ
Ɍ

ɪ
ɧ ɤ ɫ ɫ ɩ ɫ1

ɫ b

Q V h h V h

V h h

       


 
, (2.13) 

 
ɝɞɟ    hɌɩ= 0 – ɷɧɬɚɥɶɩɢɹ ɬɨɩɥɢɜɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ. 
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𝛼 = ଷ଺଺଼଴∙଴,ଽଽହ+ଽ,଻ଷ଻∙ଵଽଶଷ,ହହଶ+଴−ሺଵ+ଽ,଻ଷ଻ሻ∙ଶଵଵହ,଼ଵଷଽ,଻ଷ଻∙ሺଵଽଶଷ,ହହଶ−଺଺଺,଻଺ଶሻ = ʹ,͸ͷ͹. 

 
Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɩɪɢ 𝛼 > ͳ, ɦ3/ɦ3

: 
 ுܸమை′ = ுܸమை + Ͳ,Ͳͳ͸ͳ ∙ ሺ𝛼 − ͳሻ ∙ ଴ܸ, (2.14) 
 ுܸమை′ = ʹ,ͳͺ + Ͳ,Ͳͳ͸ͳ ∙ ሺʹ,͸ͷ͹ − ͳሻ ∙ ͻ,͹͵͹ = ʹ,Ͷ͵ͻ ɦ3/ɦ3. 
 
ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3: 
 

2 2 2 0( ' ( 1)Ƚ RO ɇ Ɉ NV V V V V       , (2.15) 

 ܸ̂ = (ͳ,Ͳ͵͸ + ʹ,ͶͶ͸ + ͹,͹Ͳʹ + ͻ,͹͵͹ ∙ ሺʹ,͸ͷ͹ − ͳሻ) = ʹ͹,͵Ͳ͹ ɦ3/ɦ3.
 

 
Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ: 
 

2

2

RO
RO

Ƚ

V
r

V
 , (2.16) 

ோைమݎ  = ଵ,଴ଷ଺ଶ଻,ଷ଴଻ = Ͳ,Ͳ͵ͺ,
 

 
2

2

'ɇ Ɉ
ɇ Ɉ

Ƚ

V
r

V
 , (2.17) 

ுమைݎ  = ଶ,ସଷଽଶ଻,ଷ଴଻ = Ͳ,Ͳͺͻ, 

 
2

2
N

N
Ƚ

V
r

V
 , (2.18) 

ேమݎ  = ଻,଻଴ଶଶ଻,ଷ଴଻ = Ͳ,ʹͺʹ, 

 
( 1) 0

0v
Ƚ

V
r

V

  
 , (2.19) 

௏బݎ  = ሺଶ,଺ହ଻−ଵሻ∙ଽ,଻ଷ଻ଶ଻,ଷ଴଻ = Ͳ,ͷͻͳ. 

 
ɗɧɬɚɥɶɩɢɸ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡௖ ɩɨɫɥɟ ɤɚɦɟɪɵ 

ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ, ɤɚɤ ɷɧɬɚɥɶɩɢɸ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: 
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 
2 2 2 2 2 2

'
. . 0 0ɩ ɫ RO RO H O H O N N v v ch r c r c r c r c t         , (2.20) 

 
ɝɞɟ ɫRO2,ɫH2O,ɫN2 – ɢɡɨɛɚɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: 

 ܿோைమ = ሺͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ 𝑡௖ሻ, (2.21) 
 ܿோைమ = ሺͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ͳ͵ͷͲሻ = ʹ,͵Ͷ͹, 
 ܿுమை = ሺͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ 𝑡௖ሻ, (2.22) 
 ܿுమை = ሺͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ͳ͵ͷͲሻ = ͳ,ͺͳͳ, 
 ܿேమ = ሺͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ 𝑡௖ሻ, (2.23) 
 ܿேమ = ሺͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ͳ͵ͷͲሻ = ͳ,Ͷʹͻ, 
 ܿ௏బ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ 𝑡௖ሻ, (2.24) 
 ܿ௏బ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͳ͵ͷͲሻ = ͳ,ͶͶͻ, 
 ℎ˒.˔.′ = ͳ͵ͷͲ ∙ ሺʹ,͵Ͷ͹ ∙ Ͳ,Ͳ͵ͺ + ͳ,ͺͳͳ ∙ Ͳ,Ͳͺͻ + ͳ,Ͷʹͻ ∙ Ͳ,ʹͺʹ + ͳ,ͶͶͻ ∙           ∙  Ͳ,ͷͻͳሻ = ʹͲ͵ͺ,Ͳ͵Ͷ ɤȾɠ/ɦ3. 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

25oC: 
 ℎ˒.˔.′ ሺʹͷሻ = ʹͷ ∙ ሺͳ,͹ͳͳ ∙ Ͳ,Ͳ͵ͺ + ͳ,Ͷͺ ∙ Ͳ,Ͳͺͻ + ͳ,ʹͺ͵ ∙ Ͳ,ʹͺʹ + ͳ,ʹͻ ∙            ∙  Ͳ,ͷͻͳሻ = ͵͵,Ͳͳͷ ɤȾɠ/ɦ3. 
 
ȼ ɢɬɨɝɟ ɢɫɤɨɦɚɹ ɷɧɬɚɥɶɩɢɹ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3: 
 

. . . . . .( ) (25)ɩ ɫ ɩ ɫ ɫ ɩ ɫh h t h   , (2.25) 
 ℎ˒.௖. = ʹͲ͵ͺ,Ͳ͵Ͷ − ͵͵,Ͳͳͷ = ʹͲͲͷ,Ͳͳͻ ɤȾɠ/ɦ3. 
 
ɗɧɬɚɥɶɩɢɹ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ tc ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, 

ɤȾɠ/ɦ3: 
 

'
c( ) (25) ( ) (25) 25ȼ ȼ ȼ

c c ɪ c c ɪh h t h c t t c      , (2.26) 

 ℎ௖′ ሺ𝑡௖ሻ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͳ͵ͷͲሻ ∙ ͳ͵ͷͲ = ͳͻͷͷ,͹ͻʹ ɤȾɠ/ɦ3, 
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ℎ௖ = ͳͻͷͷ,͹ͻʹ − ͵ʹ,ʹͶ = ͳͻʹ͵,ͷͷʹ ɤȾɠ/ɦ3. 
 
2.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ 
 
ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɞɥɹ ɝɚɡɚ ݉ˆ = Ͳ,ʹͷ. Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɡɚ ɬɭɪɛɢɧɨɣ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɨɋ: 
 

 1 (1 ) ,Ƚm
d c ɌT T       (2.27) 

 
273,d dt T   

 
ɝɞɟ    į= İ·λ= 30·0,95=28,5 – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɜ ɬɭɪɛɢɧɟ; 

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

 ௗܶ = ͳ͸ʹ͵,ͳͷ ∙ ሺͳ − ሺͳ − ʹͺ,ͷ−଴,ଶହሻ ∙ Ͳ,ͺͺሻ = ͺͳ͵,ͶͲͷ Ʉ, 
 𝑡ௗ = ͺͳ͵,ͶͲͷ − ʹ͹͵,ͳͷ = ͷͶͲ,ʹͷͷ℃. 
 
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3: 
 

( ) (25)ȼ

d d dh h t h  , (2.28) 
 ℎௗ′ሺ𝑡𝑑ሻ = ͷͶͲ,ʹͷͷ ∙ ሺͳ,ͻͷͺ ∙ Ͳ,Ͳ͵͹ + ͳ,͸Ͳͺ ∙ Ͳ,Ͳͺͺ + ͳ,͵Ͷ ∙ Ͳ,ʹ͹ͺ + ͳ,͵ͷͳ ∙     ∙ Ͳ,ͷͻ͹ሻ = ͹ͷ͵,ͳ͹ͻ ɤȾɠ/ɦ3, 
 ℎௗ = ͹ͷ͵,ͳ͹ͻ − ͵͵,Ͳͳͷ = ͹ʹͲ,ͳ͸Ͷ ɤȾɠ/ɦ3. 
 
ɋɪɟɞɧɹɹ ɨɛɴɟɦɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɜ ɬɭɪɛɢɧɟ, 

ɤȾɠ/(ɦ3∙ɝɪɚɞ): 
 

'Ƚ c d
p

c d

h hɫ
t t





, (2.29) 

 ܿ˓̂′ = ଵଽଶଷ,ହହଶ−଻ଶ଴,ଵ଺ସଵଷହ଴−ହସ଴,ଶହହ = ͳ,ͷͺ͹ ɤȾɠ/(ɦ3∙ɝɪɚɞ). 
 
ɋɪɟɞɧɹɹ ɦɚɫɫɨɜɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɜ ɬɭɪɛɢɧɟ, ɤȾɠ/(ɤɝ∙ɝɪɚɞ): 
 

'Ƚ

Ƚ p
p

ɝ

ɫ
ɫ


 , (2.30) 
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ɝɞɟ     ߩˆ = ͳ,ʹ͸Ͷ ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ. 
 ܿ˓̂ = ଵ,ହ଼଻ଵ,ଶ଺ସ = ͳ,ʹͷͷ ɤȾɠ/(ɤɝ∙ɝɪɚɞ). 

 
ɍɬɨɱɧɹɟɦ ɫɪɟɞɧɢɣ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ: 
 

'
Ƚ

ɝ
Ƚ

p

R
m

ɫ
 , (2.31) 

 ݉′̂ = ଴,ଶଽଷଵ,ଶହହ = Ͳ,ʹ͵Ͷ. 

 
ɍɬɨɱɧɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɨɋ: 
 ௗܶ = ͳ͸ʹ͵,ͳͷ ∙ ሺͳ − ሺͳ − ʹͺ,ͷ−଴,ଶଷସሻ ∙ Ͳ,ͺͺሻ = ͺͶ͹,Ͷ͵Ͷ Ʉ, 
 𝑡ௗ = ͺͶ͹,Ͷ͵Ͷ − ʹ͹͵,ͳͷ = ͷ͹Ͷ,ʹͺͶ℃. 
 
ɗɧɬɚɥɶɩɢɸ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɨɱɤɟ d ɡɚ 

ɬɭɪɛɢɧɨɣ ɨɩɪɟɞɟɥɹɟɦ ɤɚɤ ɷɧɬɚɥɶɩɢɸ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: 
 

 2 2 2 2 2 2 0 0' ,d RO RO H O H O N N v v dh r c r c r c r c t          (2.32) 

 
ɝɞɟ td  – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, oC; 

ɫRO2,ɫH2O,ɫN2 – ɢɡɨɛɚɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: 
 ܿோைమ = ሺͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ 𝑡ௗሻ, (2.33) 
 ܿோைమ = ሺͳ,͸ͻͻͲ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ͸͹Ͷ,ͺͶͳሻ = ͳ,ͻ͹ͷ, 
 ܿுమை = ሺͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ 𝑡ௗሻ, (2.34) 
 ܿுమை = ሺͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ͸͹Ͷ,ͺͶͳሻ = ͳ,͸ͳ͹, 
 ܿேమ = ሺͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ 𝑡ௗሻ, (2.35) 
 ܿேమ = ሺͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ͸͹Ͷ,ͺͶͳሻ = ͳ,͵Ͷ͵, 
 ܿ௏బ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ 𝑡ௗሻ, (2.36) 
 ܿ௏బ = ሺͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͸͹Ͷ,ͺͶͳሻ = ͳ,͵ͷ͸, 
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ℎௗ′ሺ𝑡𝑑ሻ = ͷ͹Ͷ,ʹͺͶ ∙ ሺͳ,ͻ͹ͷ ∙ Ͳ,Ͳ͵͹ + ͳ,͸ͳ͹ ∙ Ͳ,Ͳͺͺ + ͳ,͵Ͷ͵ ∙ Ͳ,ʹ͹ͺ + ͳ,͵ͷ͸ ∙   ∙ Ͳ,ͷͻ͹ሻ = ͺͲ͵,ͶͲͻ ɤȾɠ/ɦ3. 
 

ɗɧɬɚɥɶɩɢɹ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3: 
 

. .( ) (25)d d d ɩ ɫh h t h   , (2.37) 
 ℎௗ = ͺͲ͵,ͶͲͻ − ͵͵,Ͳͳͷ = ͹͹Ͳ,͵ͻͶ ɤȾɠ/ɦ3. 
 
Ɋɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ (ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ 

ɬɟɩɥɨɩɟɪɟɩɚɞ), ɤȾɠ/ɦ3: 
 

Ɍ
c d

ɝ

h h
H




 , (2.38) 

𝑇ܪ  = ଵଽଶଷ,ହହଶ−଻଻଴,ଷଽସଵ,ଶ଺ସ = ͻ͹Ͷ,͹͸͵ ɤȾɠ/ɦ3. 

 
Ɋɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɦ3: 
௞ܪ  = ℎ௕ − ℎ௔, (2.39) 
௞ܪ  = ͸͸͸,͹͸ʹ— ሺ−ͳͻ,͵͸ʹሻ = ͸ͺ͸,ͳʹͶ ɤȾɠ/ɦ3. 
 
 ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ȽɌɍ ɧɚ ɜɚɥɭ ɚɝɪɟɝɚɬɚ, ɤȾɠ/ɦ3: 
 

ɟ Ɍ ɦ ɤɝH H b H      , (2.40) 
 

ɝɞɟ b – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ 
ɜɫɥɟɞɫɬɜɢɟ ɭɬɟɱɟɤ: 

 

0

0

(1 )

1
ɭV

b
V

 


 


 
, (2.41) 

 ܾ = ଶ,଻∙ଽ,଻ଷ଻∙ሺଵ+଴,଴଴ହሻଵ+ଶ,଻∙ଽ,଻ଷ଻ = Ͳ,ͻ͸ͺ, 

௘ܪ  = ͻ͹Ͷ,͹͸͵ ∙ Ͳ,ͻͻ ∙ ͳ,ʹ͸Ͷ − Ͳ,ͻ͸ͺ ∙ ͸ͺ͸,ͳʹͶ = ͷͷͶ,ͻͻͶ ɤȾɠ/ɦ3. 
 
Ɋɚɫɯɨɞ ɝɚɡɚ ɱɟɪɟɡ ɬɭɪɛɢɧɭ, ɦ3/ɫ: 
 

Ɍ
.

э

e э ɝ

N
G

H 



, (2.42) 
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𝑇ܩ = ଺ହ଴଴଴ହହସ,ଽଽସ∙଴,ଽ଺଼ = ͳͳͻ,ͳͶͶ ɦ3/ɫ. 
 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɦ3/ɫ: 
 

'
Ʉ Ʉ (1 )ɭ ɌG G b G     , (2.43) 

′௞ܩ  = Ͳ,ͻ͸ͺ ∙ ͳͳͻ,ͳͶͶ = ͳͳͷ,ʹͺ͵ ɦ3/ɫ. 
 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɦ3/ɫ: 
 

Ɍ

0(1 )

G
B

V


 
, (2.44) 

ܤ  = ଵଵଽ,ଵସସଵ+ଶ,଻∙ଽ,଻ଷ଻ = Ͷ,Ͷ͵ͷ ɦ3/ɫ. 
 
Ɇɨɳɧɨɫɬɶ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, Ɇȼɬ: 
 ˕ܰ = ˕ܩ ∙  (2.45) ,˕ܪ
 ܰ𝑇 = ͳͳͻ,ͳͶͶ ∙ ͻ͹Ͷ,͹͸͵ = ͳͶ͸,ͺͲʹ Ɇȼɬ. 
 
Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɤɨɦɩɪɟɫɫɨɪɨɦ, Ɇȼɬ: 
 

'
Ʉ Ʉ ɄN G H  , (2.46) 

 𝐾ܰ = ͳͳͷ,ʹͺ͵ ∙ ͸ͺ͸,ͳʹͶ = ͹ͻ,ʹͳ Ɇȼɬ. 
 
Ɇɨɳɧɨɫɬɶ, ɨɬɩɭɫɤɚɟɦɨɣ ɬɭɪɛɢɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ: 
 

( )э Ɍ К эɝN N N    , (2.47) 
 эܰ = ሺͳͶ͸,ͺͲʹ − ͹ͻ,ʹͳሻ ∙ Ͳ,ͻͺ͵ = ͸͸,ͶͶ͵ Ɇȼɬ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ȽɌɍ:

 

 
Ɍ Ʉ

Ɍ

( )N N

N
 
 , (2.48) 

 𝜑 = ଵସ଺,଼଴ଶ−଻ଽ,ଶଵଵସ଺,଼଴ଶ = Ͳ,Ͷ͸. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ȽɌɍ (ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ): 
 𝜂э = ேˆ˕˖஻∙ொː˓, (2.49)

 
 𝜂э = ଺ହ଴଴଴ସ,ଵ଺∙ଷ଺଺଼଴ = Ͳ,Ͷ. 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ, ɦ3/ɦ3: 
 

3
ɜ 0,02 0,32 10 ( )ɫ wg t t     , (2.50) 

 
ɝɞɟ tw – ɧɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɥɨɩɚɬɨɤ, ɨɩɪɟɞɟɥɹɟɦɚɹ 
ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ, tw= 800-850°ɋ. 
 𝘨˅ = Ͳ,Ͳʹ + Ͳ,͵ʹ ∙ ͳͲ−ଷ ∙ ሺͳ͵ͷͲ − ͺͷͲሻ = Ͳ,ͳͺ ɦ3/ɦ3. 

 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, Ʉ, (ɟɫɥɢ 

ɩɪɢɧɹɬɶ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ z=4 ɢ ɫɱɢɬɚɬɶ ɪɚɛɨɬɭ ɜɫɟɯ ɫɬɭɩɟɧɟɣ 
ɨɞɢɧɚɤɨɜɨɣ): 

 ଶܶ′ = ௖ܶ − ு˕௓∙௖˓̂ , (2.51) 

 ଶܶ′ = ͳ͸ʹ͵,ͳͷ − ଽ଻ସ,଻଺ଷସ∙ଵ,ଶହହ = ͳͶʹͻ,͸ͳͳ Ʉ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ: 
ߛ  = ଵ𝜑 ∙ ቀͳ − 𝜑 − ௓−ଵ௓ ∙ 𝑇್𝑇మ′ቁ + ଴,଺ସ∙𝜑, (2.52) 

ߛ  = ଵ଴,ସ଺ ∙ ቀͳ − Ͳ,Ͷ͸ − ସ−ଵସ ∙ ଼଴଻,ଶଶ଺ଵସଶଽ.଺ଵଵቁ + ଴,଺ସ∙଴,ସ଺ = Ͳ,ͷͻ͸. 

 
Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɪɚɛɨɬɚ ȽɌɍ, ɤȾɠ/ɦ3: 
 

,T ɝ KH H b H     (2.53) 
ܪ  = ͻ͹Ͷ,͹͸͵ ∙ ͳ,ʹ͸Ͷ − Ͳ,ͻ͸ͺ ∙ ͸ͺ͸,ͳʹͶ = ͷ͸ͺ,ʹͷʹ ɤȾɠ/ɦ3. 
 
ȼɧɭɬɪɟɧɧɹɹ ɪɚɛɨɬɚ ȽɌɍ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3: 
 

ɨɯɥ ɜ(1 ),H ɇ g     (2.54) 
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ˎ˘ˑܪ = ͷ͸ͺ,ʹͷʹ ∙ ሺͳ − Ͳ,ͷͻ͸ ∙ Ͳ,ͳͺሻ = ͷͲ͹,ʹͻͶ ɤȾɠ/ɦ3. 
 
Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ, ɦ3/ɫ: 
 

ɗ
'

ɨɯɥ ɦ ɷɝ
T

N
G

ɇ  


 
, (2.55) 

𝑇ܩ  = ଺ହ଴଴଴ହ଴଻,ଶଽସ∙଴,ଽଽ∙଴,ଽ଼ଷ = ͳ͵͵,ʹͶͳ ɦ3/ɫ. 
 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɦ3/ɫ: 
 

ɨɯɥ
01

TG
B

V


 
, (2.56) 

ˎ˘ˑܤ  = ଵଷଷ,ଶସଵଵ+ଶ,଻∙ଽ,଻ଷ଻ = Ͷ,ͻͷͻ ɦ3/ɫ. 
 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ, ɦ3/ɫ: 
 

0
Ʉ

0

,
1 Ɍ

V
G G

V





 
 

 (2.57) 

𝐾ܩ  = ଶ,଻∙ଽ,଻ଷ଻ଵ+ଶ,଻∙ଽ,଻ଷ଻ ∙ ͳ͵͵,ʹͶͳ = ͳʹͺ,ʹͺͳ ɦ3/ɫ. 
 
ɇɟɨɛɯɨɞɢɦɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɫ ɭɱɟɬɨɦ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ 

ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ, ɦ3/ɫ: 
 

Ʉ

'
ɜ( ) ɌG b g G   , (2.58) 

′௞ܩ  = ሺͲ,ͻ͸ͺ + Ͳ,ͳͺሻ ∙ ͳ͵͵,ʹͶͳ = ͳͷʹ,ͻͲ͸ ɦ3/ɫ. 
 
Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɜɨɡɞɭɯɚ, ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɜ 

ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ: 
 

T

'
ɜ(1 ) ɌG g G   , (2.59) 

′𝑇ܩ  = ሺͳ + Ͳ,ͳͺሻ ∙ ͳ͵͵,ʹͶͳ = ͳͷ͹,ʹʹͶ ɦ3/ɫ. 
 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ ɫ ɨɯɥɚɠɞɟɧɢɟɦ: 
 

ɷ ɨɯɥ ɷ ɜ(1 )g      , (2.60) 
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𝜂э ˑ˘ˎ = Ͳ,Ͷ ∙ ሺͳ − Ͳ,ͷͻ͸ ∙ Ͳ,ͳͺሻ = Ͳ,͵ͷ͹. 
 
2.3 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

ПВК

ɌП

ɋН

Нɋ

Вɋ ɩсt

ɨсt

всt

ɧсt

'
всP

'
ɧсP

ɧ
всt

ɧ
ɧсt

 
Ɍɉ – ɬɟɩɥɨɜɨɣ ɩɨɬɪɟɛɢɬɟɥɶ; ɋɇ – ɫɟɬɟɜɨɣ ɧɚɫɨɫ; 

ɇɋ – ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ȼɋ – ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 
 

Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 

ɇɚɝɪɭɡɤɚ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ, ɤȼɬ: 
 

ɬɭɪɛ max
ɨɬ ɨɬQ Q α  , (2.61) 

 
ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ, α=0,6. 

 ܳˑ˕˕˖˓˄ = ʹ͹ͻͳʹͲ ∙ Ͳ,͸ = ͳ͸͹Ͷ͹ʹ ɤȼɬ. 
 
Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: 
 

max
ɨɬ

ɫɜ
ɜ

Q
G

ɋ · t


 , (2.62) 
˅˔ܩ  = ଶ଻ଽଵଶ଴ସ,ଵ଼଺∙ሺଵଷ଴−଻଴ሻ = ͳͳͳͳ,͵ʹ͵ ɤɝ/ɫ. 
 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: 
 

ɬɭɪɛ
ɨɬɛ

ɜɫ ɨɫ
ɫɜ ɜ

Q
t t

G C
 

 , (2.63) 
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𝑡˅˔ = ͹Ͳ + ଵ଺଻ସ଻ଶଵଵଵଵ,ଷଶଷ∙ସ,ଵ଼଺ = ͳͲ͸ ɋ. 
 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: 
 

ɜɫ ɨɫ
ɧɫ ɨɫ

t t
t t

2


 

, (2.64) 
 𝑡ː˔ = ͹Ͳ + ଵ଴଺−଻଴ଶ = ͺͺ ɋ. 
 
ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 5

ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɢɬ, ɋ: 

 
ɧ
ɜɫ ɜɫt t  , (2.65) 

 𝑡˅˔ː = ͳͲ͸ + ͷ = ͳͳͳ ɋ. 
 
ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ: 
 𝑡̅˅ ˔ː = Ͷ͸ͷ,ͷͻͺ ɤȾɠ/ɤɝ. 
 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ [8], Ɇɉɚ: 
 ܲ˅′̝ = Ͳ,ͳͶͺ Ɇɉɚ. 
 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 
 

'
ɜɫ ɜɫ
ɬɭɪɛ

P
P

0,95
 , (2.66) 

 ̞ܲ ˖˓˄˅˔ = ଴,ଵସ଼଴,ଽହ = Ͳ,ͳͷ͸ Ɇɉɚ. 
 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: 
 ℎ˅˘˅˔ = ʹ͸ͻͷ ɤȾɠ/ɤɝ. 
 
ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 5

ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ: 
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𝑡ː˔ː = 𝑡ː˔ + 𝜗, (2.67) 
 𝑡ː˔ː = ͺͺ + ͷ = ͻ͵ ɋ. 
 
ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹ [8], ɤȾɠ/ɤɝ: 
 𝑡̅ː ˔ː = ͵ͺͻ,ͷͻͷ ɤȾɠ/ɤɝ. 
 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ: 
 ܲː′̝ = Ͳ,Ͳ͹ͻ Ɇɉɚ. 
 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 
 

'
ɧɫ ɧɫ
ɬɭɪɛ

P
P

0,95
 , (2.68) 

 ̞ܲ ˖˓˄ː˔ = ଴,଴଻ଽ଴,ଽହ = Ͳ,Ͳͺ͵ Ɇɉɚ. 
 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: 
 ℎ˅˘ː̝ = ʹ͸͸͹ ɤȾɠ/ɤɝ. 
 
Ɋɚɫɯɨɞ ɩɚɪɚ ɢɡ ɬɭɪɛɢɧɵ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ, ɤɝ/c: 
˔˅ܦ  = ˔ீ˅∙ሺ𝑡˅˔−𝑡ː˔ሻ∙஼˅ሺℎ˅˘˅˔−𝑡̅˅˔ːሻ∙଴,ଽ଼ , (2.69) 

˔˅ܦ  = ଵଵଵଵ,ଷଶଷ∙ሺଵ଴଺−଼଼ሻ∙ସ,ଵ଼଺ሺଶ଺ଽହ−ସ଺ହ,ହଽ଼ሻ∙଴,ଽ଼ = ͵ͺ,͵ʹ͸ ɤɝ/ɫ. 
 
Ɋɚɫɯɨɞ ɩɚɪɚ ɢɡ ɬɭɪɛɢɧɵ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ, ɤɝ/c: 
˔ːܦ  = ˔ீ˅∙ሺ𝑡ː˔−𝑡ˑ˔ሻ∙஼˅−஽˅˔∙ሺ𝑡̅˅˔ː−𝑡̅ː˔ːሻ∙଴,ଽ଼ሺℎ˅˘ː̝−𝑡̅ː˔ːሻ∙଴,ଽ଼ ,

 
(2.70) 

˔ːܦ  = ଵଵଵଵ,ଷଶଷ∙ሺ଼଼−଻଴ሻ∙ସ,ଵ଼଺−ଷ଼,ଷଶ଺∙ሺସ଺ହ,ହଽ଼−ଷ଼ଽ,ହଽହሻ∙଴,ଽ଼ሺଶ଺଺଻−ଷ଼ଽ,ହଽହሻ∙଴,ଽ଼ = ͵͸,ʹ͵ͻ ɤɝ/ɫ. 
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2.4 Ɋɚɫɱɟɬ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ 
 
2.4.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 2.1) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɟ ȽɌɍ, ɞɜɚ Ʉɍ ɫ ɝɚɡɨɜɵɦ 

ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɤɨɧɞɟɧɫɚɬɚ (ȽɉɄ), ɞɟɚɷɪɚɬɨɪ ɢ ɩɚɪɨɜɭɸ ɬɭɪɛɢɧɭ ɫ ɞɜɭɦɹ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬɛɨɪɚɦɢ. Ⱦɟɚɷɪɚɬɨɪ ɩɢɬɚɟɬɫɹ ɩɚɪɨɦ ɢɡ ɤɨɥɥɟɤɬɨɪɚ, ɤ 
ɤɨɬɨɪɨɦɭ ɩɪɢɫɨɟɞɢɧɟɧɵ ɬɪɭɛɨɩɪɨɜɨɞɵ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ. ȽɌɍ 
ɫɛɪɚɫɵɜɚɸɬ ɜɵɯɥɨɩɧɵɟ ɝɚɡɵ ɜ Ʉɍ. ɉɨɬɨɤɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɜɵɯɨɞɹɳɢɟ ɢɡ 
ɤɨɧɬɭɪɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ ɩɨɞɚɸɬɫɹ ɤ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɟ. ɉɨɬɨɤɢ ɩɚɪɚ 
ɜɵɲɟɞɲɢɟ ɢɡ ɤɨɧɬɭɪɨɜ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɞɚɸɬɫɹ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ, 
ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɩɟɪɟɞ ɑɇȾ. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ [7]. 
ȽɌɍ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
- ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ Nэ =65 Ɇȼɬ; 
- ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ Gɝ = 198,765 ɤɝ/ɫ; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ td =575,846 ºɋ; 
- ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ 𝜂э̂˕˖ = ͵ͷ,͹%; 
ɍɯɨɞɹɳɢɟ ɝɚɡɵ ȽɌɍ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɢ 

ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ tɧ.ɜ. =10ºɋ, ɞɚɜɥɟɧɢɟ ɪɧ.ɜ. =105ɉɚ. 
Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɪɧ.ɜ. =3,75 ɤɉɚ; ɞɨɩɭɫɬɢɦɚɹ ɜɥɚɠɧɨɫɬɶ yɤ =15%. 
Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɚɯ Ʉɍ: ɪ0

ɜɞ = 8,8 Ɇɉɚ; ɪ0
ɧɞ =0,8 Ɇɉɚ. 

Ⱦɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ ɪȾ =0,6 Ɇɉɚ. 
ɇɟɨɛɯɨɞɢɦɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɧɚɩɨɪɚɦɢ ɛɭɞɟɦ ɡɚɞɚɜɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɫɱɟɬɚ. ȼ ɪɚɫɱɟɬɚɯ ɛɭɞɟɦ ɩɪɟɧɟɛɪɟɝɚɬɶ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɜɫɥɟɞɫɬɜɢɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨ ɬɪɚɤɬɚɦ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ (Ʉɍ), ɚ ɬɚɤɠɟ 
ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɡɚ ɫɱɟɬ ɫɠɚɬɢɹ ɜ ɧɚɫɨɫɚɯ. 

 
2.4.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
ɉɨ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɟ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɢ 

ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ Ʉɍ. 
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɫɨɜɨɤɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɢɫɩɚɪɢɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ: 
 

0( ) ( ),ɜɞ ɜɞ ɜɞ ɜɞ
ɝ d эɤ ɉ эɤG I I G h h      (2.71) 

 
ɝɞɟ Gɝ – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; 

Id  – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ, ɤȾɠ/ɤɝ; 
h0

ɜɞ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
ɤɨɬɥɚ ɩɪɢ ɪ0

ɜɞ, ɤȾɠ/ɤɝ; 
hэɤ

ɜɞ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɜ 
ɫɨɫɬɨɹɧɢɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɪ0

ɜɞ), ɤȾɠ/ɤɝ. 
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ȼɵɛɪɚɜ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ įtэɤ = 70ºɋ, ɧɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ 
ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, °ɋ: 

 𝜗эˍ˅̌ = 𝑡˅ˇ + ˍ𝑡эߜ = ͵Ͳͳ,͹Ͷ + ͹Ͳ = ͵͹ͳ,͹Ͷ °ɋ, (2.72) 
 

ɝɞɟ tɜɞ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ (ȼȾ) ɩɨ ɪ0

ɜɞ, °ɋ. 
ɋ ɩɨɦɨɳɶɸ ɜɞ

эɤ  ɧɚɯɨɞɢɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɤȾɠ/ɤɝ: 

 
Iэɤ

ɜɞ = 378,906 ɤȾɠ/ɤɝ. 
 
ɂɡ ɭɪɚɜɧɟɧɢɹ (2.71) ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɝɟɧɟɪɢɪɭɟɦɵɣ Ʉɍ, ɤɝ/c: 
˅˒ܩ  ˇ = ˆܩ ∙ ூ𝑑−ூэˍ˅̌ℎబ˅ˇ−ℎэ˅̱ˇ , (2.73) 

˅˒ܩ  ˇ = ͳͻͺ,͹͸ͷ ∙ ଻ଷଶ,଻଴଻−ଷ଻଼,ଽ଴଺ଷଷ଼ଽ,଻ଷ଼−ଵଷହସ,ହସ = ͵Ͷ,ͷͷͶ ɤɝ/c. 
 
Ⱦɥɹ ɷɤɨɧɨɦɚɣɡɟɪɚ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɵɦ 

ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 
 

( ) ( ),ɜɞ ɜɞ ɜɞ ɜɞ
ɝ эɤ ɭɯ ɉ эɤ ɞG I I G h h      

(2.74) 

 
ɝɞɟ hɞ  – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɢɡ ɞɟɚɷɪɚɬɨɪɚ, ɤȾɠ/ɤɝ; 
 Iɭɯ

ɜɞ – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ, ɩɨɤɢɞɚɸɳɢɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɤɨɧɬɭɪɚ ȼȾ, ɤȾɠ/ɤɝ. 
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ, ɩɨɤɢɞɚɸɳɢɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɤɨɧɬɭɪɚ ȼȾ, ɤȾɠ/ɤɝ: 
ܫ̟  ˘˅̌ = ̌˅ˍэܫ − ீ˒˅ˇ∙(ℎэ˅̱ˇ−ℎˇ)ˆீ  ,

 (2.75) 

ܫ̟  ˘˅̌ = ͵͹ͺ,ͻͲ͸ − ଷସ,ହହସ∙ሺଵଷହସ,ହସ−଺଻଴,ହ଴ଵሻଵଽ଼,଻଺ହ = ʹͷͻ,ͻͻʹ ɤȾɠ/ɤɝ.
 

 
Ⱦɚɧɧɚɹ ɷɧɬɚɥɶɩɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ 𝜗˖˘˅̌ = ʹͳͻ,Ͳ͹ʹ ºɋ. 
Ⱦɥɹ ɫɨɜɨɤɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɢɫɩɚɪɢɬɟɥɹ ɤɨɧɬɭɪɚ 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ: 
ˆܩ  ∙ ܫ̟) ˘˅̌ − ܫ̂ ˒ˍ) = ː˒ܩ ˇ ∙ (ℎ଴ːˇ − ℎ˄ːˇ),

 
(2.76) 

 
ȼ ɷɬɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ IȽɉК ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ: 
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0 0 ,ɧɞ ɧɞ
ɧɞt t    (2.77) 

 
ɝɞɟ įtɧɞ=20 ºɋ – ɜɵɛɪɚɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ. 
 𝜗଴ː ˇ = ͳ͹Ͳ,Ͷͳ + ʹͲ = ͳͻͲ,Ͷͳ °ɋ. 

 

ɋ ɩɨɦɨɳɶɸ 0
ɧɞ  ɧɚɯɨɞɢɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɨɜ ɩɟɪɟɞ ȽɉɄ, ɤȾɠ/ɤɝ: 

 
Iɝɩɤ =177,645 ɤȾɠ/ɤɝ. 
 
ɗɧɬɚɥɶɩɢɸ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɞɚɜɥɟɧɢɸ ɜ ɤɨɧɬɭɪɟ ɪ0
ɧɞ, Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɬɭɪɚ, ºɋ: 

 
t0

ɧɞ =  𝜗 ɭɯ
ɜɞ -  įtɧɞ, (2.78) 

 
ɝɞɟ įtɧɞ = 5 ºɋ – ɩɪɢɧɹɬɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ. 

 𝑡଴ːˇ = ʹͳͻ,Ͳ͹ʹ − ͷ = ʹͳͶ,Ͳ͹ʹ ºɋ. 
 
ɇɚɯɨɞɢɦ h0

ɧɞ = 2843,871 ɤȾɠ/ɤɝ.  
ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ 

ɫɨɫɬɨɹɧɢɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ p0
ɧɞ): 

 
hɛ

ɧɞ =721,018 ɤȾɠ/ɤɝ. 
 
ɂɡ ɭɪɚɜɧɟɧɢɹ (2.76) ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɤɨɧɬɭɪ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ Ʉɍ, ɤɝ/c: 
 

0

,
ɜɞ
ɭɯ ȽɉКɧɞ

ɉ ɝ ɧɞ ɧɞ
ɛ

I I
G G

h h


 

  (2.79) 

ː˒ܩ  ˇ = ͳͻͺ,͹͸ͷ ∙ ଶହଽ,ଽଽଶ−ଵ଻଻,଺ସହଶ଼଻ଵ,଻ଷସ−଻ଶଵ,଴ଵ଼ = ͹,͸ͳ ɤɝ/c. 

 
Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɚɝɪɟɜ ɤɨɧɞɟɧɫɚɬɚ ɜ ȽɉɄ ɢ ɞɟɚɷɪɚɬɨɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɦɟɪɧɨ. ɉɪɢɦɟɦ ɷɧɬɚɥɶɩɢɸ ɜɨɞɵ ɡɚ ȽɉɄ hȽɉК = 620 ɤȾɠ/ɤɝ, ɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɚ tȽɉК = 147,16 ºɋ. 

ɋɨɫɬɚɜɥɹɟɦ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ: 
 ቀሺʹܩ˒˅ ˇ + ː˒ܩʹ ˇሻ − ቁˇܩ ∙ ℎˆ˒ˍ + ˇܩ ∙ ℎ଴ːˇ = ሺʹܩ˒˅ ˇ + ː˒ܩʹ ˇሻ ∙ ℎˇ , (2.80) 

 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɜɵɪɚɠɟɧɢɹ, ɤɝ/c: 
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ˇܩ = (ଶீ˒˅ˇ+ଶீ˒ː ˇ)∙(ℎˇ−ℎˆ˒ˍ)ℎబːˇ−ℎˆ˒ˍ  , (2.81) 

ˇܩ  = ሺଶ∙ଷସ,ହହସ+ଶ∙଻,଺ଵሻ∙ሺ଺଻଴,ହ଴ଵ−଺ଶ଴ሻଶ଼଻ଵ,଻ଷସ−଺ଶ଴ = ͳ,ͺͻͳ ɤɝ/c. 
 
ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, ɤȾɠ/ɤɝ: 
 ℎ˒˅ = (ଶீ˒˅ˇ+ଶீ˒ː ˇ−ீˇ− ˔ீ˒)∙ℎˍ+ ˔ீ˒∙ሺℎ˔˒−ℎˍሻଶீ˒˅ˇ+ଶீ˒ː ˇ−ீˇ  ,

 
(2.82) 

 ℎ˒˅ = ሺଶ∙ଷସ,ହହସ+ଶ∙଻,଺ଵ−ଵ,଼ଽଵ−଻ସ,ହ଺଺ሻ∙ଵଵ଺,଻ହହ+଻ସ,ହ଺଺∙ሺଷ଼ଽ,ହଽହ−ଵଵ଺,଻ହହሻଶ∙ଷସ,ହହସ+ଶ∙଻,଺ଵ−ଵ,଼ଽଵ = ʹͷ͹,ͻ͵ͺ. 

 
ȿɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɚ tɩɜ = 61,619 ºɋ. 
ɋɨɫɬɚɜɥɹɟɦ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ȽɉɄ: 
ˆܩ  ∙ ܫ̂) ˒ˍ − ܫ̟ ˘) = ቀܩ˒˅ ˇ + ː˒ܩ ˇ − ீଶ̌ ቁ ∙ ሺℎˆ˒ˍ − ℎ˒˅ሻ ,

 (2.83) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ Ʉɍ, ɤȾɠ/ɤɝ: 
ܫ̟  ˘ = ܫ̂ ˒ˍ − ቀீ˒˅ˇ+ீ˒ː ˇ−ಸమ̌ ቁ∙ሺℎˆ˒ˍ−ℎ˒˅ሻˆீ  ,

 (2.84) 

ܫ̟  ˘ = ͳ͹͹,͸Ͷͷ − ቀଷସ,ହହସ+଻,଺ଵ−భ,ఴవభమ ቁ∙ሺ଺ଶ଴−ଷ଺ଷ,ହସ଺ሻଵଽ଼,଻଺ହ = ͳͲʹ,ͷ͸Ͷ.
  

ɇɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ: 
 𝜗 ɭɯ=73,151 ºɋ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ȼȾ, ɤȾɠ/ɤɝ: 
ܫ̀  ˔˒˅ˇ = ܫ˅ ˘ − ீ˒˅ˇ∙(ℎబ˅ˇ−ℎ𝑠ˇ)ˆீ  , (2.85) 

ܫ̀  ˔˒˅ˇ = ͹͵ʹ,͹Ͳ͹ − ଷସ,ହହସ∙ሺଷଷ଼ଽ,଻ଷ଼−ଶ଻ସ଺,ଵ଺ሻଵଽ଼,଻଺ହ = ͸ʹͲ,ͺʹ͹.
 

 
ɇɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ȼȾ 𝜗ˋ˔˒˅ˇ = ͷ͵͹,ͺ͵͵ ºɋ. 
Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ɇȾ, ɤȾɠ/ɤɝ: 
ܫ̀  ˔˒ːˇ = ܫ̂ ˒ˍ + ீ˒ː ˇ∙(ℎ𝑠 ˇ−ℎˇ)ˆீ  , (2.86) 
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ܫ̀ ˔˒ːˇ = ͳ͹͹,͸Ͷͷ + ଻,଺ଵ∙ሺଶ଻଺଼,ଷ଴ଶ−଺଻଴,ହ଴ଵሻଵଽ଼,଻଺ହ = ʹͷ͹,ͻ͸͸. 

 
ɇɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɢɫɩɚɪɢɬɟɥɶ ɇȾ 𝜗ˋ˔˒ːˇ = ʹͳ͹,ʹͷ͸ ºɋ. 
Ɉɩɪɟɞɟɥɢɦ ɄɉȾ Ʉɍ: 
 𝜂ˍ˖ = ூ˅˘−ூ˖˘ூ˅˘−ூೌ  ,

 (2.87) 

 𝜂ˍ˖ = ଻ଷଶ,଻଴଻−ଵ଴ଶ,ହ଺ସ଻ଷଶ,଻଴଻−ଵଵ,଴଻ = Ͳ,ͺ͹͵. 

 
Ɍɟɩɥɨ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ ɞɜɭɯ ȽɌɍ ɜ ɩɚɪɨɬɭɪɛɢɧɧɵɣ ɰɢɤɥ, ɤȼɬ: 
 ܳˆ˃ˊ = ʹ ∙ ˆܩ ∙ ܫ˅) ˘ − ܫ̟ ˘) , (2.88) 
 ܳˆ˃ˊ = ʹ ∙ ͳͻͺ,͹͸ͷ ∙ ሺ͹͵ʹ,͹Ͳ͹ − ͳͲʹ,ͷ͸Ͷሻ = ʹͷͲͷͲͲ,ͺͺͺ ɤȼɬ. 
 
Ɍɟɩɥɨ, ɩɨɥɭɱɟɧɧɨɟ ɩɚɪɨɦ, ɤȼɬ: 
 ܳ˒˃˓ = ˅˒ܩʹ ˇ ∙ ℎ଴˅ˇ + ː˒ܩʹ) ˇ − (ˇܩ ∙ ℎ଴ːˇ − ˅˒ܩʹ) ˇ + ː˒ܩʹ ˇ − (ˇܩ ∙ ℎˍ,   

 
(2.89) 

 ܳ˒˃˓ = ʹ ∙ ͵Ͷ,ͷͷͶ ∙ ͵͵ͺͻ,͹͵ͺ + ሺʹ ∙ ͹,͸ͳ − ͳ,ͺͻͳሻ ∙ ʹͺ͹ͳ,͹͵Ͷ −−ሺʹ ∙ ͵Ͷ,ͷͷͶ + ʹ ∙ ͹,͸ͳ − ͳ,ͺͻͳሻ ∙ ͳͳ͸,͹ͷͷ = ʹ͸ʹͻͲͺ,ͶͲͶ  ɤȼɬ.

 
 
Ɍ.ɤ. ɜ ɫɯɟɦɟ ɞɜɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 
 ܳˍ˖ = ொ˔˓ଶ = ͳʹͺ͵ͷʹ,͵ʹ͵. 

 
Ɍɟɩɥɨ, ɩɨɞɜɨɞɢɦɨɟ ɤ ɜɨɞɟ (ɩɚɪɭ) ɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ Ʉɍ: 
Ⱦɥɹ ȽɉɄ, ɤȼɬ: 
 ܳˆ˒ˍ = ቀܩ˒˅ ˇ + ː˒ܩ ˇ − ீଶ̌ ቁ ∙ ሺℎˆ˒ˍ − ℎ˒˅ሻ , (2.90) 

 ܳˆ˒ˍ = ቀ͵Ͷ,ͷͷͶ + ͹,͸ͳ − ଵ,଼ଽଵଶ ቁ ∙ ሺ͸ʹͲ − ͵͸͵,ͷͶ͸ሻ = ͳͶͻʹ͵,ͷ͸ ɤȼɬ. 
 
Ⱦɥɹ ɢɫɩɚɪɢɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤȼɬ: 
 

,ɧɞ ɧɞ ɧɞ
ɢɫɩ ɉQ G r   (2.91) 

 
ɝɞɟ rɧɞ =2047,285 ɤȾɠ/ɤɝ – ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɞɚɜɥɟɧɢɸ p0

ɧɞ.  
 ܳˋ˔˒ːˇ = ͹,͸ͳ ∙ ʹͲͶ͹,ʹͺͷ = ͳͷͷͺͲ,ͷͷ͸ ɤȼɬ. 
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Ⱦɥɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤȼɬ: 
 

0( '' ),ɧɞ ɧɞ ɧɞ ɧɞ
ɩɩ ɉ sQ G h h    (2.92) 

 ܳ˒˒ː̌ = ͹,͸ͳ ∙ ሺʹͺ͹ͳ,͹͵Ͷ − ʹ͹͸ͺ,͵Ͳʹሻ = ͹ͺ͹,ͳͷͶ ɤȼɬ. 
 
Ⱦɥɹ ɷɤɨɧɨɦɚɣɡɟɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤȼɬ: 
 ܳэˍ˅̌ = ˅˒ܩ ˇ ∙ (ℎэˍ˅ˇ − ℎˇ), (2.93) 
 ܳэˍ˅̌ = ͵Ͷ,ͷͷͶ ∙ ሺͳ͵ͷͶ,ͷͶ − ͸͹Ͳ,ͷͲͳሻ = ʹ͵͸͵ͷ,ͻͶͺ ɤȼɬ. 
 
Ⱦɥɹ ɢɫɩɚɪɢɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤȼɬ: 
 

,ɜɞ ɜɞ ɜɞ
ɢɫɩ ɉQ G r   (2.94) 

 
ɝɞɟ ɜɞr =1495,48 ɤȾɠ/ɤɝ – ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɞɚɜɥɟɧɢɸ ɪ0

ɜɞ. 
 ܳˋ˔˒˅ˇ = ͵Ͷ,ͷͷͶ ∙ ͳͶͻͷ,Ͷͺ = ͷͳ͸͹Ͷ,Ͳͺͻ ɤȼɬ. 

 
Ⱦɥɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤȼɬ: 
 

0( '' ),ɩɞ ɧɞ ɜɞ ɜɞ
ɩɩ ɉ sQ G h h    (2.95) 

 ܳ˒˒˅ˇ = ͹,͸ͳ ∙ ሺ͵͵ͺͻ,͹͵ͺ − ʹ͹Ͷ͸,ͳ͸ሻ = ʹʹʹ͵͹,ͺ͹ͻ ɤȼɬ. 
 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ: 
 ܳ̅ˆ˒ˍ = ொˆ˒ˍொˍ˖ = ଵସଽଶଷ,ହ଺ ଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͳͳ͸, (2.96) 

 ܳ̅ˋ˔˒ːˇ = ொˋ˔˒ːˇொˍ˖ = ଵହହ଼଴,ହହ଺ଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͳʹͳ, 

 ܳ̅˒˒ː̌ = ொ˒˒ː̌ொˍ˖ = ଻଼଻,ଵହସଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͲͲ͸, 

 ܳ̅эˍ˅̌ = ொэˍ˅̌ொˍ˖ = ଶଷ଺ଷହ,ଽସ଼ଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͳͺͶ, 

 ܳ̅ˋ˔˒˅ˇ = ொˋ˔˒˅ˇொˍ˖ = ହଵ଺଻ସ,଴଼ଽଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͶͲ͵, 
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ܳ̅˒˒˅ˇ = ொ˒˒˅ˇொˍ˖ = ଶଶଶଷ଻,଼଻ଽଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,ͳ͹͵. 

 

 
2.5 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ Ʉɍ ɧɟɨɛɯɨɞɢɦɨ 

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 ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɪɭɛ ɟɞɢɧɨɝɨ 
ɫɨɪɬɚɦɟɧɬɚ (ɫɬɚɥɶ 20, ɤɪɨɦɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ȼȾ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɫɬɚɥɶ 12ɏ1ɆɎ). ɉɚɪɚɦɟɬɪɵ ɨɪɟɛɪɟɧɢɹ  ɫɥɟɞɭɸɳɢɟ: 

- ɞɢɚɦɟɬɪ ɬɪɭɛ 32 4d   ɦɦ; 
- ɲɚɝ ɪɟɛɪɚ 5ɪɟɛb  ɦɦ; 
- ɜɵɫɨɬɚ ɪɟɛɪɚ 9ɪɟɛh  ɦɦ; 
- ɬɨɥɳɢɧɚ ɪɟɛɪɚ 1ɪɟɛ  ɦɦ; 

- ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ 1 72s  ɦɦ; 
- ɩɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ 2 85s  ɦɦ. 
Ɍɢɩɨɜɚɹ ɫɟɤɰɢɹ (ɪɢɫ. 2.5), ɢɫɩɨɥɶɡɭɟɦɚɹ ɜɨ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɨɬɥɨɜ, 

ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɪɹɞɨɜ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɫ ɲɚɯɦɚɬɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ, 
ɨɛɴɟɞɢɧɟɧɧɵɯ ɤɨɥɥɟɤɬɨɪɚɦɢ ɞɢɚɦɟɬɪɨɦ 168 ɦɦ, ɬɨɥɳɢɧɨɣ 15 ɦɦ. ɒɢɪɢɧɚ 
ɬɢɩɨɜɨɣ ɫɟɤɰɢɢ 2500ɫɟɤb   ɦɦ (ɩɨ ɨɫɹɦ ɬɪɭɛ), ɚ ɞɥɢɧɚ ݈˔ˈˍ = ͳͶͲͲͲ ɦɦ (ɩɨ ɨɫɹɦ 
ɤɨɥɥɟɤɬɨɪɨɜ). ȼ ɨɞɧɨɦ ɪɹɞɭ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɩɪɢɧɢɦɚɟɦ ɱɢɫɥɨ ɫɟɤɰɢɣ 2ɫɟɤm  . 

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ [3]: 
- ɞɥɹ ɝɚɡɚ 𝜔ˆ = ͹ ɦ/ɫ; 
- ɞɥɹ ɩɚɪɚ 𝜔˒ = ͳͲ  ɦ/ɫ; 
- ɞɥɹ ɜɨɞɵ 𝜔˅ = ͳ,ʹ ɦ/ɫ; 
Ɍɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɛɟɪɭɬɫɹ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ. 
 



38 
 
 

 
 

Ɋɢɫɭɧɨɤ 2.5 – Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɢɩɨɜɨɣ ɫɟɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 

 
2.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
Ɂɚɞɚɜɲɢɫɶ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɭɫɥɨɜɧɨɣ ɫɤɨɪɨɫɬɶɸ ɝɚɡɨɜ ɭɫɥ

ɝ  ɜ 
ɝɚɡɨɯɨɞɟ ɜ ɞɢɚɩɚɡɨɧɟ 7-9 ɦ/c, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 
ɝɚɡɨɯɨɞɚ Ʉɍ, ɦ2: 

 𝑓 = ˆீ∙௏̂ ∙ሺ𝑇 ˒+ଶ଻ଷሻ𝜔ˆ∙ଶ଻ଷ  , (2.97) 

 
ɝɞɟ Vɝ=1/ρɝ, ɦ3/ɤɝ; 
 ρɝ     – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ,  ɤɝ/ɦ3;  
 Gɝ   – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ, ɤɝ/ɫ;  
 Tɉɉ =

𝜗˅˘+𝜗ˋ˔˒ଶ  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɉɉ, ɨɋ. 
 𝑓 = ଵହ଻,ଶହଵ∙ሺହହ଺,଼ଷଽ+ଶ଻ଷሻ଻∙ଶ଻ଷ = ͸ͺ,ʹͺͷ ɦ2. 

 
Ɂɚɞɚɜɚɹɫɶ ɱɢɫɥɨɦ ɫɟɤɰɢɣ ɜ ɪɹɞɭ mɫɟɤ=2 ɢ ɲɢɪɢɧɨɣ ɫɟɤɰɢɢ bɫɟɤ=2,5 ɦ, 

ɨɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɤɨɬɥɚ, ɦ: 
 
bɤɨɬɥɚ= bɫɟɤ·mɫɟɤ, (2.98) 
 
bɤɨɬɥɚ= 2,5·2=5 ɦ. 
 
Ɍɨɝɞɚ ɞɥɢɧɚ ɬɪɭɛ, ɦ: 
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݈˕˓ = ௙௕ˍˑ˕ˎ˃, (2.99) 

 ݈˕˓ = ଺଼,ଶ଼ହହ = ͳ͵,͸ͷ͹ ɦ. 
 
2.5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ 
 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦ: 
 

2 ,ɧ ɜɧ ɫɬd d     (2.100) 
 

0,032 2 0,004 0,04ɧd      ɦ. 
 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɚɞɤɨɣ ɬɪɭɛɵ, ɦ2: 
ܨ̂  ˎ.˕˓ = ߨ ∙ ݀ː ∙ ݈˕˓, (2.101) 
ܨ̂  ˎ.˕˓ = ͵,ͳͶ ∙ Ͳ,ͲͶ ∙ ͳ͵,͸ͷ͹ = ͳ,͹ͳ͸ ɦ2.

 
 
ɉɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 

 2 22 ,
2ɪɟɛ ɧ ɪɟɛ ɧF d h d
        

 (2.102) 

 

 2 23,14
0,04 2 0,009 0,04 0,002771

2ɪɟɛF          ɦ2.
 

 
ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɟɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 

.ɜɧ ɪɟɛ ɧ ɪɟɛF d    , (2.103) 

 

. 3,14 0,04 0,001 0,0001257ɜɧ ɪɟɛF      ɦ2.
 

 
ɉɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 

 . 2 ,ɧ ɪɟɛ ɧ ɪɟɛ ɪɟɛF d h       (2.104) 

 
 . 3,14 0,04 2 0,009 0,001 0,000182ɧ ɪɟɛF        ɦ2. 

 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɪɟɛɪɟɧɧɨɣ ɬɪɭɛɵ, ɦ2: 
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ܨ̞ ˓ = ܨ̂ ˎ.˕˓ + ܨ˓) ˈ˄ + ːܨ .˓ˈ˄ − ܨ˅ ː.˓ˈ˄) ∙ ௟˕˓ℎ˓ˈ˄ ,
 

(2.105) 

ܨ̞  ˓ = ͳ,͹ͳ͸ + ሺͲ,ͲͲʹ͹ + Ͳ,ͲͲͲͳͺʹ − Ͳ,ͲͲͲͳʹͷ͹ሻ ∙ ଵଷ,଺ହ଻଴,଴଴ହ = ͻ,Ͷ͵ͻ ɦ2.
  

ɑɢɫɥɨ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɜ ɨɞɧɨɦ ɪɹɞɭ ɤɚɠɞɨɣ ɫɟɤɰɢɢ, ɲɬ: 
 

1

1ɫɟɤ
ɬɪ

b
m

s
  , (2.106) 

 
2,5

1 34
0,072ɬɪm     ɲɬ.

 
 
ɉɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɬɥɚ ɞɥɹ ɝɚɡɨɜ, ɦ2: 
 

Fɩɪ = f –2·mɬɪ·mɫɟɤ·(dɧɚɪ·lɬɪ+ 2· ௟˕˓ℎ˓ˈ˄·Hɪɟɛ·įɪɟɛ), (2.107) 

 

Fɩɪ = 68,285 –2·34·2·(0,04·13,657+ 2·ଵଷ,଺ହ଻଴,଴଴ହ ·0,009·0,001)=27,795 ɦ2. 

 
ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɉɉ, ɦ/c: 
 𝜔ˆ = ˆீ∙௏̂ ∙ሺ𝑇 ˒+ଶ଻ଷሻி˒ ˓∙ଶ଻ଷ , (2.108) 

 𝜔ˆ = ଵହ଻,ଶହଵ∙ሺହହ଺,଼ଷଽ+ଶ଻ଷሻଶ଻,଻ଽହ∙ଶ଻ଷ = ͳ͹,ͳͻ͹ ɦ/c. 

 
ɍɬɨɱɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉ, ɦ/c: 
 𝜔˒ = ସ∙ீ˒˅ˇ∙ʋ˒ଶ∙గ∙ௗ˕మ˓ ∙௠˕˓∙௠˔ˈˍ˙ , (2.109) 
 𝜔˒ = ସ∙ଷସ,ହହସ∙଴,଴ଷ଼ଶ∙ଷ,ଵସ∙଴,଴ଷଶమ∙ଷସ∙ଶ = ͷ,ͻͷͺ ɦ/c.

  
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ, ɦ2: 
 

2,ɫɟɤ ɬɪ ɬɪF F m  
 (2.110) 

ܨ̝  ˈˍ = ͻ,Ͷ͵ͻ ∙ ͵Ͷ ∙ ʹ = ͸Ͷͳ,ͺͷ͸ ɦ2. 
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2.5.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ 
 
ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ˚ɋ: 
 

ln

ɛ ɦ
ɉɉȼȾ

ɛ

ɦ

t t
t

t

t


 

 
 
 

, (2.111) 

 

ɝɞɟ ɦt  – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ, ɞɥɹ ɉɉȼȾ 
ȼȾ

ɦ d ɩɟt t  ; 

ɛt  – ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ, ɞɥɹ ɉɉȼȾ 

ɛ ɉɉȼȾ ɉɉȼȾt t   . 

 ∆𝑡ʞʞʑʓ = ଶଷ଺,଴ଽଷ−଻ହ,଼ସ଺lnቀమయల,బవయళఱ,ఴరల ቁ = ͳͶͳ,ͳʹʹ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ, ȼɬ/(ɦ·Ʉ): 
 

0,65
0,33

1 Prɝ ɝ ɧ
ɝ z s

ɧ ɝ

d
C C

d

 


 
    

 
, (2.112) 

 𝛼ଵ = ଴,଴଻଴,଴ସ ∙ ቀଵ଻,ଵଽ଻∙଴,଴ସ଼,ଵ଼∙ଵ଴−ఱ ቁ଴,଺ହ ∙ Ͳ,͸ͳͷ଴,ଷଷ ∙ Ͳ,ͺͶͶ ∙ Ͳ,͵ʹͶ = ͻʹ,ͳͺ͹. 

 

ɝɞɟ , ,Prɝ ɝ ɝ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ [10]; 

zC  – ɩɨɩɪɚɜɤɚ ɧɚ ɱɢɫɥɨ ɩɨɩɟɪɟɱɧɵɯ ɪɹɞɨɜ ɬɪɭɛ ɩɨ  ɯɨɞɭ ɝɚɡɨɜ; 

2z  – ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɚ; 

sC  – ɩɨɩɪɚɜɤɚ  ɧɚ ɤɨɦɩɨɧɨɜɤɭ ɩɭɱɤɚ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɭ, ȼɬ/(ɦ·Ʉ): 
 

0,8
0,4

2 0,023 Prɩ ɩ ɜɧ
ɩ

ɜɧ ɩ

d

d

 


 
   

 
, (2.113) 

 𝛼ଶ = Ͳ,Ͳʹ͵ ∙ ଴,଴଻ସ଴,଴ଷଶ ∙ ቀହ,ଽହ଼∙଴,଴ଷଶଵ,ଷ∙ଵ଴−ల ቁ଴,଼ ∙ Ͳ,ͻ͸଴,ସ = ͹ͳͲ,ͺʹ. 
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ɝɞɟ , ,Prɩ ɩ ɩ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɩɚɪɚ [10]. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ȼɬ/(ɦ2·Ʉ): 
 

1

1

2

1
ɉɉȼȾk

 







, (2.114) 

 
ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɞɥɹ ɝɚɡɚ 0,85  . 

 ݇ʞʞʑʓ = ଴,଼ହ∙ଽଶ,ଵ଼଻ଵ−వమ,భఴళళభబ,ఴమ = ͺͳ,͸ͲͶ. 

 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ, ɦ2: 
ʞʞʑʓܨ  = ொ˒˒˅ˇ∙ଵ଴య௞˒˒˅ˇ∙∆𝑡˒˒˅ˇ, (2.115) 

ʞʞʑʓܨ  = ଶଶଶଷ଻,଼଻ଽ∙ଵ଴య଼ଵ,଺଴ସ∙ଵସଵ,ଵଶଶ = ͳͻ͵ͳ,Ͳʹʹ. 

 
Ʉɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɉɉȼȾ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ: 
ʞʞʑʓݖ  = ி˒ ˒˅ˇி̝ ˈˍ∙௠˔ˈˍ ∙ ʹ, (2.116) 

ʞʞʑʓݖ  = ଵଽଷଵ,଴ଶଶ଺ସଵ,଼ହ଺∙ଶ ∙ ʹ = Ͷ. 

 
2.5.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉȼȾ 
 
ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɢɫɩɚɪɢɬɟɥɹ, ˚ɋ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (2.111), ɜ ɤɨɬɨɪɨɣ ɦ ИɋɉȼȾ ИɋɉȼȾt t    ɢ ɛ ɉɉȼȾ ɉɉȼȾt t   . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ, ȼɬ/(ɦ·Ʉ), ɞɥɹ 
ɂɋɉȼȾ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (2.114). 

Ʉɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɨɜɨɞɹɧɨɦɭ 
ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɜ ɢɫɩɚɪɢɬɟɥɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ 
ɤɢɩɟɧɢɹ ɜɨɞɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɱɟɧɶ ɜɟɥɢɤ, ɢ ɜɟɥɢɱɢɧɚ 

2

1


ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢɫɩɚɪɢɬɟɥɹ, ȼɬ/(ɦ2·Ʉ): 
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1

1
1ИɋɉȼȾ

ɬɪ

ɦ

k 
 




, (2.117) 

ɝɞɟ ɦ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɞɥɹ ɫɬɚɥɢ 20: 
 

 50,6 0,0263 100ɫɬ
ɦ ɫɪt     , (2.118) 

 
Ɂɞɟɫɶ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ, ˚ɋ: 
 

2 2
2

ИɋɉȼȾ ɉɉȼȾ ИɋɉȼȾ ɉɉȼȾ
ɫɬ
ɫɪ

t t

t

     


 , (2.119) 

 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉȼȾ, ɦ2, ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ 

ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ ɮɨɪɦɭɥɚɦ (2.115 ɢ 2.116). 
 
2.5.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ 
 
ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɷɤɨɧɨɦɚɣɡɟɪɚ, ˚ɋ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (2.111), ɜ ɤɨɬɨɪɨɣ ɦ ИɋɉȼȾ ИɋɉȼȾt t    ɢ ɛ ЭК ЭКt t   . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɞɥɹ 
ɷɤɨɧɨɦɚɣɡɟɪɚ, ȼɬ/(ɦ·Ʉ): 

 
0,6

0,33
1 Prɝ ɝ ɧ

ɝ z s
ɧ ɝ

d
C C

d

 


 
    

 
, (2.120) 

 

ɝɞɟ , ,Prɝ ɝ ɝ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ, ɩɪɢɧɢɦɚɟɦ ɩɨ [10]; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ȼɬ/(ɦ2·Ʉ): 
 

1

11эɤk

 


 

, (2.121) 

 
ɝɞɟ      – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɥɹ ɝɚɡɚ 

0,003  ; 
ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦ2, ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ 

ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ ɮɨɪɦɭɥɚɦ (2.115 ɢ 2.116). 
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2.5.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ ɤɨɧɬɭɪɚ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
Ɋɚɫɱɟɬ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɜɵɲɟɢɡɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɞɥɹ ɤɨɧɬɭɪɚ ȼȾ, ɚ ɢɦɟɧɧɨ: 
- ɪɚɫɱɟɬ ɩɥɨɳɚɞɢ ɉɉɇȾ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɭ ɉɉȼȾ, ɮɨɪɦɭɥɵ (2.111 – 

2.116), ɝɞɟ ɩɟ
ɦ ЭК ɉɉɇȾt t   ɢ ɛ ɉɉɇȾ ɉɉɇȾt t   ; 

- ɪɚɫɱɟɬ ɩɥɨɳɚɞɢ ɂɋɉɇȾ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ɪɚɫɱɟɬɭ ɂɋɉȼȾ, ɮɨɪɦɭɥɵ 
(2.118 – 2.119), ɝɞɟ ɦ ИɋɉɇȾ ИɋɉɇȾt t    ɢ ɛ ɉɉɇȾ ɉɉɇȾt t   ; 

- ɪɚɫɱɟɬ ɩɥɨɳɚɞɢ ȽɉɄ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɭ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɮɨɪɦɭɥɵ 
(2.120 – 2.121), ɝɞɟ ɦ ИɋɉɇȾ ȽɉКt t   ɢ ɛ ɭɯ ɩɜt t  ; 

Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.1. 
 

Ɍɚɛɥɢɰɚ 2.1 – Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱɟɬɚ Ʉɍ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɉɉȼȾ, ˚ɋ ɉɉȼȾt  141,122 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉȼȾ, ȼɬ/(ɦ2·Ʉ) ɉɉȼȾk  81,604 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ, ɦ2 ɉɉȼȾF  1931,022 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉȼȾ, ɲɬ ɉɉȼȾz  2 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɉɉȼȾ, ɦ/c ɝ  
17,197 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉȼȾ, ɦ/c ɩ  
5,958 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂɋɉȼȾ, ˚ɋ ИɋɉȼȾt  136,62 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɂɋɉȼȾ, ȼɬ/(ɦ2·Ʉ) ИɋɉȼȾk  134,049 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉȼȾ, ɦ2 ИɋɉȼȾF  2821,596 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂɋɉȼȾ, ɲɬɭɤ ИɋɉȼȾz  3 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɂɋɉȼȾ, ɦ/c ɝ  
15,082 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɷɤɨɧɨɦɚɣɡɟɪɚ, ˚ɋ эɤt
 

64,998 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ȼɬ/(ɦ2·Ʉ) эɤk  82,358 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦ2 эɤF  4415,39 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɲɬ эɤz  4 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɗɄȼȾ, ɦ/c ɝ  
11,779 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɉɉɇȾ, ˚ɋ ɉɉɇȾt  18,702 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉɇȾ, ȼɬ/(ɦ2·Ʉ) ɉɉɇȾk  43,833 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉɇȾ, ɦ2 ɉɉɇȾF  960,246 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1   

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉɇȾ, ɲɬɭɤ ɉɉɇȾz  1 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɉɉɇȾ, ɦ/c ɝ  
10,179 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉɇȾ, ɦ/c ɩ  
9,642 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂɋɉɇȾ, ˚ɋ ИɋɉɇȾt  31,54 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɂɋɉɇȾ, ȼɬ/(ɦ2·Ʉ) ИɋɉɇȾk  81,81 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɂɋɉɇȾ, ɦ2 ИɋɉɇȾF  6038,365 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂɋɉɇȾ, ɲɬɭɤ ИɋɉɇȾz  5 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɂɋɉɇȾ, ɦ/c ɝ  
9,882 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ȽɉɄ, ˚ɋ ȽɉКt  23,996 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ȽɉɄ, ȼɬ/(ɦ2·Ʉ) ȽɉКk  74,85 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ȽɉɄ, ɦ2 ȽɉКF  8118,093 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ȽɉɄ, ɲɬɭɤ ȽɉКz  7 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ȽɉɄ, ɦ/c ɝ  
8,389 

 
2.6 ɍɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 
 
Ɋɚɫɱɟɬ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɩɪɨɜɨɞɢɬɫɹ ɩɨ 

ɩɪɢɛɥɢɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɜ ɞɜɚ ɷɬɚɩɚ. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɦ ɄɉȾ ɱɚɫɬɢ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ (ɞɨ ɫɦɟɲɟɧɢɹ ɫ ɩɨɬɨɤɨɦ ɩɚɪɚ ɢɡ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ) 0

ɜɞ
i , ɚ 

ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ; ɡɚɬɟɦ ɩɚɪɚɦɟɬɪɵ 
ɩɚɪɚ ɜ ɤɚɦɟɪɟ ɫɦɟɲɟɧɢɹ ɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ 0

ɧɞ
i  

ɱɚɫɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɨɬ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ ɞɨ ɤɨɧɞɟɧɫɚɬɨɪɚ). ɉɪɨɰɟɫɫ 
ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɜ h-s ɞɢɚɝɪɚɦɦɟ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. Ɍɭɪɛɢɧɭ 
ɜɵɩɨɥɧɹɟɦ ɫ ɫɨɩɥɨɜɵɦ ɩɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɟɦ.  
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Ɋɢɫɭɧɨɤ 2.6 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɞɜɭɯ ɞɚɜɥɟɧɢɣ 

 

ɄɉȾ ɑȼȾ 0
ɜɞ
i  ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ 

ɞɥɹ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ ɦɚɥɨɣ ɜɟɟɪɧɨɫɬɢ: 
 𝜂଴𝑖˅ˇ = (Ͳ,ͻʹ − ଴,ଶீ˒˅ˇ∙𝑣˔˓) ∙ ቀͳ + ுబ˅ˇ−଻∙ଵ଴మଶ∙ଵ଴ర ቁ ∙ ݇˅ˎ ,

 
(2.122) 

 
ɝɞɟ ܪ଴˅ˇ = ͸ͳ͸,ͶͲ͸ ɤȾɠ/ɤɝ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ; 

ɜɥk =1. 
ɂɫɩɨɥɶɡɭɹ h-s ɞɢɚɝɪɚɦɦɭ, ɧɚɣɞɟɦ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ 𝑣଴˅ˇ = Ͳ,Ͳ͵͹͹ ɦ3/ɤɝ ɢ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ 𝑣𝑧 ˇ = Ͳ,ʹ͸ʹ ɦ3/ɤɝ. 
 𝑣˔˓ = (𝑣଴˅ˇ ∙ 𝑣𝑧 ˇ)଴,ହ = ሺͲ,Ͳ͵͹͹ ∙ Ͳ,ʹ͸ʹሻ଴,ହ = Ͳ,Ͳͻͻ ɦ3/ɤɝ, (2.123) 
 
ɄɉȾ ɱɚɫɬɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
 



47 
 
 

𝜂଴𝑖˅ˇ = ቀͲ,ͻʹ − ଴,ଶ଺ଽ,ଵ଴଻∙଴,଴ଽଽቁ ∙ ቀͳ + ଺ଵ଺,ସ଴଺−଻∙ଵ଴మଶ∙ଵ଴ర ቁ ∙ ͳ = Ͳ,ͺͺ͹. 

 
ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ: 
𝑖ܪ  ˇ = ˇ˅଴ܪ ∙ 𝜂଴𝑖˅ˇ = ͸ͳ͸,ͶͲ͸ ∙ Ͳ,ͺͺ͹ = ͷͶ͸,ͺͶͻ ɤȾɠ/ɤɝ, (2.124) 
 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ, ɤȾɠ/ɤɝ: 
 ℎ˅ы˘˅ˇ = ℎ଴˅ˇ − 𝑖ܪ ˇ = ͵͵ͺͻ,͹͵ͺ − ͷͶ͸,ͺͶͻ = ʹͺͶʹ,ͺͺͻ ɤȾɠ/ɤɝ, (2.125) 
 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɑɇȾ, ɤȾɠ/ɤɝ: 
 

0( )ɜɞ ɜɞ ɧɞ ɧɞ
ɧɞ ɉ ɜыɯ ɉ ɞ
ɫɦ ɜɞ ɧɞ

ɉ ɉ ɞ

G h G G h
h

G G G

   


 
, (2.126) 

 ℎ˔ˏː̌ = ଺ଽ,ଵ଴଻∙ଶ଼ସଶ,଼଼ଽ+ሺଵହ,ଶଶଵ−ଵ,଼ଽଵሻ∙ଶ଼଻ଵ,଻ଷସ଺ଽ,ଵ଴଻+ଵହ,ଶଶଵ−ଵ,଼ଽଵ = ʹͺͶ͹,ͷͷ͵ ɤȾɠ/ɤɝ. 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɄɉȾ ɐɇȾ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ: 
 𝜂଴𝑖ːˇ = Ͳ,ͺ͹ ∙ ቀͳ + ுబː ˇ−ସ଴଴ଵ଴ర ቁ ∙ ݇˅ˎ − ∆ு˅˔ுబː ˇ  , (2.127) 

 
ɝɞɟ ܪ଴ː ˇ = ͺͲͲ,ͻ͵͸ ɤȾɠ/ɤɝ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ; ∆ܪ˅˔– ɩɨɬɟɪɢ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ ɤȾɠ/ɤɝ. 

Ɉɩɪɟɞɟɥɹɟɦ ɞɥɢɧɭ ɪɚɛɨɱɟɣ ɥɨɩɚɬɤɢ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ,zl   ɪɚɫɫɱɢɬɚɜ 
ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑɇȾ. 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑɇȾ, ɤɝ/ɫ: 
 

( ) ,ɜɞ ɧɞ
ɉ ɉ Ⱦ ɧɫ ɜɫG G G G G G       

(2.128) 

𝛴ܩ  = ሺ͸ͻ,ͳͲ͹ + ͳͷ,ʹʹͳሻ − ͳ,ͺͻͳ − ͵͸,ʹ͵ͻ − ͵ͺ,͵ʹ͸ = ͹,ͺ͹ͳ ɤɝ/ɫ. 
 
ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ɩɪɢ ɞɚɜɥɟɧɢɢ pɤ =3,75 ɤɉɚ ɢ ɢɡɜɟɫɬɧɵɯ ɧɚɱɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑɇȾ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ h-s ɞɢɚɝɪɚɦɦɟ              𝑣ˍ = ʹͻ,Ͷͻͺ ɦ3/ɤɝ. 
ȼɵɛɢɪɚɟɦ ɫɬɚɧɞɚɪɬɧɭɸ ɥɨɩɚɬɤɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɍɌɁ ɞɥɢɧɨɣ ݈𝑧 = Ͳ,͹ͷͷ ɦɦ ɢ 

ɤɨɪɧɟɜɵɦ ɞɢɚɦɟɬɪɨɦ 1,52 ɦ, ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɬɟɪɹ ɫ ɜɵɯɨɞɧɨɣ 
ɫɤɨɪɨɫɬɶɸ 14ɜɫH   ɤȾɠ/ɤɝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɜɥɚɠɧɨɫɬɢ: 
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݇˅ˎ = ͳ − Ͳ,Ͷ ∙ ሺͳ − ߛ˅ ˎሻ ∙ ሺݕ଴ + 𝑧ሻݕ ∙ ுబ˅ˎுబː ˇ , (2.129) 

 
ɝɞɟ ܪ଴ː ˇ = ͺͲͲ,ͻ͵͸ ɤȾɠ/ɤɝ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ; ܪ଴˅ˎ = ͸ͺ͵,ͷ͹͹ ɤȾɠ/ɤɝ – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ ɡɨɧɟ ɜɥɚɠɧɨɝɨ 
ɩɚɪɚ (ɩɨ h-s ɞɢɚɝɪɚɦɦɟ); 

y0=0 – ɜɥɚɠɧɨɫɬɶ ɩɟɪɟɞ ɐɇȾ; 
yz=0,202 – ɜɥɚɠɧɨɫɬɶ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ; 

ɜɥ = yz. 
 ݇˅ˎ = ͳ − Ͳ,Ͷ ∙ ሺͳ − Ͳ,ʹͲʹሻ ∙ ሺͲ + Ͳ,ʹͲʹሻ ∙ ଺଼ଷ,ହ଻଻଼଴଴,ଽଷ଺ = Ͳ,ͻͶͷ. 

 
ɄɉȾ ɑɇȾ ɧɚɯɨɞɢɦ ɩɨ (2.126): 
 𝜂଴𝑖ːˇ = Ͳ,ͺ͹ ∙ ቀͳ + ଼଴଴,ଽଷ଺−ସ଴଴ଵ଴ర ቁ ∙ Ͳ,ͻͶͷ − ଵସ଼଴଴,ଽଷ଺ = Ͳ,ͺ͵ͺ. 

 
ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɐɇȾ, ɤȾɠ/ɤɝ: 
𝑖ܪ  ˇ = ଴ːܪ ˇ ∙ 𝜂଴𝑖ːˇ , (2.130) 
𝑖ܪ  ˇ = ͺͲͲ,ͻ͵͸ ∙ Ͳ,ͺ͵ͺ = ͸͹Ͳ,ͺ͸ͻ ɤȾɠ/ɤɝ. 
 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɤȾɠ/ɤɝ: 
 ℎ˅ы˘ːˇ = ℎ˅ы˘˅ˇ − 𝑖ܪ ˇ , (2.131) 
 ℎ˅ы˘ːˇ = ʹͺͶʹ,ͺͺͻ − ͸͹Ͳ,ͺ͸ͻ = ʹͳ͹ʹ,Ͳʹͳ ɤȾɠ/ɤɝ. 
 
ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȼɬ: 
 𝑖˒ܰ ˕ = ˅˒ܩ ˇ ∙ ˇ˅଴ܪ ∙ 𝜂଴𝑖˅ˇ + ˅˒ܩ) ˇ + ː˒ܩ ˇ − ˇܩ − ˔˅ܩ − (˔ːܩ ∙ ଴ːܪ ˇ ∙ 𝜂଴𝑖ːˇ , (2.132) 
 𝑖˒ܰ ˕ = ͸ͻ,ͳͲ͹ ∙ ͸ͳ͸,ͶͲ͸ ∙ Ͳ,ͺͺ͹ + ሺ͸ͻ,ͳͲ͹ + ͳͷ,ʹʹͳ − ͳ,ͺͻͳ − ͵ͺ,͵ʹ͸ − −͵͸,ʹ͵ͻሻ ∙ ͺͲͲ,ͻ͵͸ ∙ Ͳ,ͺ͵ͺ = Ͷ͵Ͳ͹ͳ,ʹͳͻ ɤȼɬ. 
 
Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȼɬ: 
 ଴ܰ˒ ˕ = ˅˒ܩ ˇ ∙ ˇ˅଴ܪ + ˅˒ܩ) ˇ + ː˒ܩ ˇ − ˇܩ − ˔˅ܩ − (˔ːܩ ∙ ଴ːܪ ˇ,

 

(2.133) 
 ଴ܰ˒ ˕ = ͸ͻ,ͳͲ͹ ∙ ͸ͳ͸,ͶͲ͸ + ሺ͸ͻ,ͳͲ͹ + ͳͷ,ʹʹͳ − ͳ,ͺͻͳ − ͵ͺ,͵ʹ͸ − ͵͸,ʹ͵ͻሻ ∙     ∙ ͺͲͲ,ͻ͵͸ = ͶͺͻͲͳ,ͺʹ͵ ɤȼɬ. 
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Ɇɨɳɧɨɫɬɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɄɉȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ: 
 𝜂଴𝑖˒˕ = ே𝑖 ˕ேబ˒˕ , (2.134) 

 𝜂଴𝑖˒˕ = ସଷ଴଻ଵ,ଶଵଽସ଼ଽ଴ଵ,଼ଶଷ = Ͳ,ͺͺͳ.
 

 
2.7 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɉȽɍ 
 
Ɉɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɉȽɍ, ɦ3/ɫ: 
ʞʒʢܤ  = ʞʒʢэܤ + ˕ʞʒʢܤ = ʹ ∙ ʒʡʢܤ = ʹ ∙ Ͷ,ͻͷͻ = ͻ,ͻͳͺ ˏଷ ˔⁄ , (2.135) 
 ஻ʞʒʢэ஻ʞʒʢ = ேʞʒʢэேʞʒʢэ +𝜂ொ˕, (2.136) 

 
ɝɞɟ ʞܰʒʢэ  – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɉȽɍ, ɤȼɬ; ܳ˕ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɉȽɍ, ɤȾɠ/ɫ; 

η – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦ 0,6; 
Ʉɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦ3/ɫ: 
ʞʒʢэܤ  = ஻ʞʒʢ∙ேʞʒʢэேʞʒʢэ +𝜂ொ˕, (2.137) 

ʞʒʢэܤ  = ଽ,ଽଵ଼ ∙ଶ଴଴ ଴଴଴ଶ଴଴ ଴଴଴+଴,଺∙ଶ଻ଽଵଶ଴ = ͷ,͵ͻͺ ˏଷ ˔⁄ . 

 
Ʉɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, 

ɦ3/ɫ: 
˕ʞʒʢܤ  = ͻ,ͻͳͺ − ͷ,͵ͻͺ = Ͷ,ͷʹ ˏଷ ˔⁄ . 
 
ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
 𝜂ʞʒʢэ = ேʞʒʢэ஻ʞʒʢэ ொː˓ఘˆ, (2.138) 

 𝜂ʞʒʢэ = ଶ଴଴ ଴଴଴ହ,ଷଽ଼∙ଷ଺଺଼଴∙଴,଻ହ଺ = ͳ,Ͳʹ͵. 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɤɝ/(ɤȼɬ ɱ): 
 ܾʞʒʢэ = ଴,ଵଶଶ଼𝜂ʞʒʢэ = ଴,ଵଶଶ଼ଵ,଴ଶଷ = Ͳ,ͳʹ ˍˆ ˍʑ˕ ∙ ˚⁄ , (2.139) 
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ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ: 
 𝜂ʞʒʢ˕ = 𝜂ʞʒʢэ𝜂 , (2.140) 

 𝜂ʞʒʢ˕ = ଵ,଴ଶଷ଴,଺ = ͳ,͹Ͳͷ. 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɬɟɩɥɨɬɵ, ɤɝ/ȽȾɠ: 
 ܾʞʒʢ˕ = ଷସ,ଵଶଵ𝜂ʞʒʢ˕ , (2.141) 

 ܾʞʒʢ˕ = ଷସ,ଵଶଵଵ,଻଴ହ = ʹͲ,Ͳͳ ˍˆ ʒʓˉ⁄ . 

 
Ⱥɛɫɨɥɸɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɄɉȾ ɉɌɍ: 
 𝜂𝑖 ˕˖ = ே𝑖ொˍ˖ = ସଷ଴଻ଵ,ଶଵଽଵଶ଼ଷହଶ,ଷଶଷ = Ͳ,͵͵͸, (2.142) 

 
Ⱥɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɉɋɍ: 
 𝜂э˒ ˔˖ = 𝜂𝑖 ˕˖ ∙ 𝜂ˍ˖ ∙ 𝜂ˏ ∙ 𝜂эˆ = Ͳ,͵͵͸ ∙ Ͳ,ͺ͹͵ ∙ Ͳ,ͻͻ ∙ Ͳ,ͻͺ͵ = Ͳ,ʹͺͷ, (2.143) 
 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉȽɍ: 
 эܰ˒ ˆ˖ = ʹ ∙ эܰ̂ ˕˖ + 𝑖ܰ ∙ 𝜂ˏ ∙ 𝜂эˆ ,  (2.144) 
 эܰ˒ ˆ˖ = ʹ ∙ ͸ͷ + Ͷ͵,Ͳ͹ͳ ∙ Ͳ,ͻͻ ∙ Ͳ,ͻͺ͵ = ͳ͹ͳ,ͻͳͷ Ɇȼɬ.  
 
Ɍɟɩɥɨ, ɩɨɞɜɟɞɟɧɧɨɟ ɜ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ȽɌɍ: 
 ܳˍ.˔ = ଶ∙ேэ̂˕˖𝜂э̂˕˖ = ଶ∙଺ହ଴.ଷହ଻ = ͵͸Ͷ,ͳͶ͸ Ɇȼɬ, (2.145)  

 
Ⱥɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɉȽɍ: 
 𝜂э˒ ˆ˖ = ேэ˒ ˆ˖ொˍ.˔ = ଵ଻ଵ,ଽଵହଷଷ଻,଺଺ଶ = Ͳ,Ͷ͹ʹ. (2.146) 
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2.8 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɉɌɋ 
 
2.8.1 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
 
ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜɨɞɵ, 

ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɢ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ. 
Ɋɚɫɱɟɬɧɵɣ ɩɪɨɩɭɫɤ ɫɟɬɟɜɨɣ ɜɨɞɵ Gɫɜ = 1111,323 ɤɝ/ɫ = 4000 ɬ/ɱ. Ⱦɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɢɦ ɩɨɞɨɝɪɟɜɚɬɟɥɢ: ɉɋȽ-2300-3-
8-II ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

• ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ 2300 ɦ2. 
• Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɢ ɜɨɞɵ 3 ɚɬɦ. 
• Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ 9 ɚɬɦ. 
 
2.8.2 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 
 
ȼɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɭ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ ܩ˔ː = ͶͲͲͲ ɦ3/ɱ. ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ 
ɧɚɫɨɫɵ ɋɗ-5000-70-5 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2]: 

• ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 5000 ɦ3/ɱ 
• ɇɚɩɨɪ – 70 ɦ ɜɨɞ.ɫɬ. 
• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ. 
• ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 1250 ɤȼɬ. 
 
2.8.3 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
Ⱦɥɹ ɛɥɨɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

ɜɵɛɢɪɚɸɬ ɩɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ ɡɚɩɚɫɨɦ 6-8%, ɬ/ɱ: 
ܩ  = ˅˒ܩ ∙ ͳ,Ͳ͹, (2.147) 
 
ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 30-50% ɛɨɥɶɲɟ, ɱɟɦ 

ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɦ ɜɨɞ.ɫɬ.: 
ܪ  = ܲ ∙ ͳ,͵, (2.148) 
 
Ⱦɥɹ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
ˇ˅ܩ  = ͳʹͶ,͵ͻ ∙ ͳ,Ͳ͹ = ͳ͵͵,ͳ ɬ/ɱ, 
ˇ˅ܪ  = ͺͻ͹,͵ͷ ∙ ͳ,͵ = ͳͳ͸͸,ͷ͸ ɦ ɜɨɞ.ɫɬ. 
 
Ⱦɥɹ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
ˇːܩ  = ʹ͹,͵ͻ ∙ ͳ,Ͳ͹ = ʹͻ,͵ͳ ɬ/ɱ, 
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ˇːܪ = ͺͳ,ͷͺ ∙ ͳ,͵ = ͳͲ͸,Ͳͷ ɦ ɜɨɞ.ɫɬ. 
 
Ⱦɥɹ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɉɗ-160-140 

ɜ ɤɨɥɢɱɟɫɬɜɟ 4 ɲɬ, ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2]: 
• ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 160 ɦ3/ɱ. 
• Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ – 1400 ɦ ɜɨɞ.ɫɬ. 
• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 2979 ɨɛ/ɦɢɧ. 
• Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 1000 ɤȼɬ. 
Ⱦɥɹ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɉɗ-65-28 ɜ 

ɤɨɥɢɱɟɫɬɜɟ 4 ɲɬ, ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2]: 
• ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 65 ɦ3/ɱ. 
• Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ – 290 ɦ ɜɨɞ.ɫɬ. 
• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 2940 ɨɛ/ɦɢɧ. 
• Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 110 ɤȼɬ. 
 
2.8.4 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢɦɟɦ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɜ ɥɟɬɧɢɣ 

ɩɟɪɢɨɞ, ܦ = ͳͷͳ,ͺ ɬ/ɱ. ɉɪɢɧɢɦɚɟɦ ɧɚɩɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɜ ɩɪɟɞɟɥɚɯ 50-
150 ɦ ɜɨɞ.ɫɬ. 

ȼɵɛɢɪɚɟɦ ɤɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ Ʉ 160–30 – 4 ɲɬ. ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2]: 
• ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 160 ɦ3/ɱ. 
• Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ – 150 ɦ ɜɨɞ.ɫɬ. 
• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ. 
• Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 275 ɤȼɬ. 
 
2.8.5 ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 
 
ɋ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɨɣ Ɍ-63/76-8,8 ɤɨɦɩɥɟɤɬɭɟɬɫɹ ɤɨɧɞɟɧɫɚɬɨɪ Ʉ-6000 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɩɥɨɨɛɦɟɧɚ 6000 ɦ2 ɢ ɪɚɫɯɨɞɨɦ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 13000 ɦ3/ɱ. 
ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɨɪɨɞɚ, ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, 
ɦ3/ɱ: 

ˇˑ˅ܩ  = Ͳ,Ͳ͵ ∙ ˅ˑܩ = Ͳ,Ͳ͵ ∙ ͳ͵ͲͲͲ = ͵ͻͲ. (2.149) 
 
ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ 

ɧɚɫɨɫɨɜ, ɦ3/ɱ: 
˔˃ˏܩ  = Ͳ,Ͳͳ͹ ∙ ˅ˑܩ = Ͳ,Ͳͳ͹ ∙ ͳ͵ͲͲͲ = ʹʹͳ. (2.150) 
 
ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɦ3/ɱ: 
ˇˑ˒ܩ  = Ͳ,ͲͲͺ ∙ ˅ˑܩ = Ͳ,ͲͲͺ ∙ ͳ͵ͲͲͲ = ͳͲͶ. (2.151) 
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ȼɨɞɚ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɢ ɭɬɟɱɟɤ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɢ ɬɟɩɥɨɜɵɯ 
ɫɟɬɟɣ, ɦ3/ɱ: 

˕ˑ˒ܩ  = Ͳ,ͲͲͳ ∙ ˅ˑܩ = Ͳ,ͲͲͳ ∙ ͳ͵ͲͲͲ = ͳ͵. (2.152) 
 
ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ, ɦ3/ɱ: 
ˏˏ˖˔ܩ  = ˅ˑܩ + ˇˑ˅ܩ + ˔˃ˏܩ + ˇˑ˒ܩ +  ˑ˕, (2.153)˒ܩ
ˏˏ˖˔ܩ  = ͳ͵ͲͲͲ + ͵ͻͲ + ʹʹͳ + ͳͲͶ + ͳ͵ = ͳ͵͹ʹͺ. 
 
Ɍɚɤ ɤɚɤ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɩɨ ɞɜɭɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦ, ɬɨ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ 

ɧɚɫɨɫ: ܩ˙ː = ଵଷ଻ଶ଼ଶ = ͸ͺ͸Ͷ ɦ3/ɱ. 
ȼɵɛɢɪɚɟɦ ɧɚɫɨɫɵ ɬɢɩɚ Ⱦ 12500-10 ɜ ɤɨɥɢɱɟɫɬɜɟ ɱɟɬɵɪɟɯ ɲɬɭɤ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2]: 
• ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 12500 ɦ3/ɱ. 
• ɇɚɩɨɪ – 10 ɦ ɜɨɞ.ɫɬ. 
• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 372 ɨɛ/ɦɢɧ. 
• Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ - 426 ɤȼɬ. 
 
3 Ɉɛɳɚɹ ɱɚɫɬɶ 
 
3.1 Ƚɚɡɨɜɨɟ ɯɨɡɹɣɫɬɜɨ 
 
Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɫɧɚɛɠɚɸɬɫɹ ɝɚɡɨɦ ɨɬ 

ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɬɚɧɰɢɣ (ȽɊɋ) ɱɟɪɟɡ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ 
(ȽɊɉ). ɇɚ Ɍɗɋ ɫɨɨɪɭɠɚɟɬɫɹ ɨɞɢɧ ȽɊɉ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȽɊɉ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɜɫɟɦɢ ɪɚɛɨɱɢɦɢ ɤɚɦɟɪɚɦɢ 
ɫɝɨɪɚɧɢɹ. ȽɊɉ ɪɚɡɦɟɳɚɸɬ ɜ ɨɬɞɟɥɶɧɵɯ ɡɞɚɧɢɹɯ. Ʉ ɤɚɠɞɨɦɭ ȽɊɉ ɝɚɡ ɩɨɞɜɨɞɢɬɫɹ 
ɩɨ ɨɞɧɨɦɭ ɝɚɡɨɩɪɨɜɨɞɭ. Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɩɟɪɟɞ ȽɊɉ 8÷10 Ɇɉɚ, ɚ ɩɨɫɥɟ ȽɊɉ ɨɧɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɬɟɪɹɦɢ ɞɚɜɥɟɧɢɹ ɞɨ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɵɦ ɞɚɜɥɟɧɢɟɦ 
ɩɟɪɟɞ ɝɨɪɟɥɤɚɦɢ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,6÷2 Ɇɉɚ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȽɊɉ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ 
ɜɫɟɦɢ ȽɌɍ Ɍɗɐ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 90 ɬ/ɱ. ȼ ɩɪɟɞɟɥɚɯ ȽɊɉ ɢ ɞɨ ɤɚɦɟɪ 
ɫɝɨɪɚɧɢɹ ɩɪɨɤɥɚɞɤɚ ɝɚɡɨɩɪɨɜɨɞɨɜ ɧɚɡɟɦɧɚɹ. ɉɨɞɜɨɞ ɝɚɡɚ ɨɬ ȽɊɉ ɤ ɦɚɝɢɫɬɪɚɥɢ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɢ ɨɬ ɧɟɟ ɤ ɤɚɦɟɪɚɦ ɫɝɨɪɚɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ 
ɨɞɧɨɧɢɬɨɱɧɵɦ. ɋɯɟɦɚ ɝɚɡɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

ȼ ȽɊɉ ɢɦɟɸɬɫɹ ɪɚɛɨɱɢɟ ɧɢɬɤɢ ɝɚɡɨɩɪɨɜɨɞɚ, ɧɢɬɤɢ ɦɚɥɨɝɨ ɪɚɫɯɨɞɚ, 
ɜɤɥɸɱɚɟɦɵɟ ɩɪɢ ɦɚɥɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɝɚɡɚ, ɢ ɪɟɡɟɪɜɧɚɹ ɧɢɬɤɚ ɫ ɪɭɱɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ ɚɪɦɚɬɭɪɨɣ. ɇɚ ɪɚɛɨɱɢɯ ɧɢɬɤɚɯ ɢ ɧɢɬɤɚɯ ɦɚɥɨɝɨ ɪɚɫɯɨɞɚ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɪɟɝɭɥɹɬɨɪɵ ɞɚɜɥɟɧɢɹ ɢ ɡɚɳɢɬɧɵɟ ɪɟɝɭɥɹɬɨɪɵ 
«ɩɨɫɥɟ ɫɟɛɹ». 

ɉɪɢ ɡɚɩɨɥɧɟɧɢɢ ɝɚɡɨɦ ɝɚɡɨɩɪɨɜɨɞɵ ɞɨɥɠɧɵ ɩɪɨɞɭɜɚɬɶɫɹ ɢɦ ɱɟɪɟɡ 
ɫɛɪɨɫɧɵɟ ɫɜɟɱɢ ɞɨ ɜɵɬɟɫɧɟɧɢɹ ɜɫɟɝɨ ɜɨɡɞɭɯɚ, ɚ ɩɪɢ ɨɫɜɨɛɨɠɞɟɧɢɢ ɨɬ ɝɚɡɚ 
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ɩɪɨɞɭɜɚɬɶɫɹ ɜɨɡɞɭɯɨɦ ɞɨ ɜɵɬɟɫɧɟɧɢɹ ɜɫɟɝɨ ɝɚɡɚ. ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ 
ɬɟɦ, ɱɬɨ ɩɪɢ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɜ ɜɨɡɞɭɯɟ 5÷15% 
ɨɛɪɚɡɭɟɬɫɹ ɜɡɪɵɜɨɨɩɚɫɧɚɹ ɫɦɟɫɶ. ɂɡ ɫɛɪɨɫɧɵɯ ɫɜɟɱɟɣ ɝɚɡ ɜɵɩɭɫɤɚɟɬɫɹ ɜ ɦɟɫɬɚ, 
ɨɬɤɭɞɚ ɨɧ ɧɟ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɜ ɡɞɚɧɢɹ, ɢ ɝɞɟ ɢɫɤɥɸɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɬ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɫɬɨɱɧɢɤɚ ɨɝɧɹ. ɇɚ ɝɚɡɨɩɪɨɜɨɞɚɯ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɫɬɚɥɶɧɚɹ ɚɪɦɚɬɭɪɚ.  
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1 – ɡɚɩɨɪɧɚɹ ɡɚɞɜɢɠɤɚ; 2 – ɪɚɫɯɨɞɨɦɟɪ; 3 – ɮɢɥɶɬɪ; 4 – ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ;  
5 – ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 6 – ɛɚɣɩɚɫɧɚɹ ɥɢɧɢɹ; 7 – ɪɟɝɭɥɹɬɨɪ ɪɚɫɯɨɞɚ ɝɚɡɚ;  

8 – ɢɦɩɭɥɶɫɧɵɣ ɨɬɫɟɱɧɵɣ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɤɥɚɩɚɧ; 9 – ɩɪɨɛɤɨɜɵɣ ɤɪɚɧ.  
 

Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɝɚɡɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ 
 

3.2 ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
 
Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɩɨɬɪɟɛɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɜɨɞɵ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɜɨɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ 
ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɜ ɬɭɪɛɢɧɚɯ ɩɚɪɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɥɨɝɢɢ ɧɚɢɛɨɥɟɟ 
ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɨɛɨɪɨɬɧɨɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɞɢɪɟɧ. 

Ɍɚɤɠɟ ɜɨɞɚ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ. Ɋɚɫɯɨɞ ɜɨɞɵ 
ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɬɚɧɰɢɢ, ɜɢɞɚ ɬɨɩɥɢɜɚ, ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. ɉɪɢɦɟɧɟɧɢɟ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ȼ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ȽɌɍ 

Ʉ ɞɪɭɝɨɣ ȽɌɍ            Ʉ ɞɪɭɝɨɣ ȽɌɍ            Ʉ ɞɪɭɝɨɣ ȽɌɍ 
 

Ɉɬ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ 
ɝɚɡɨɩɪɨɜɨɞɚ 

ȽɊɉ 
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ɡɧɚɱɢɬɟɥɶɧɭɸ ɷɤɨɧɨɦɢɸ ɩɪɢɪɨɞɧɨɣ ɜɨɞɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɬɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɨɟɦɨɜ. ȼ ɤɚɱɟɫɬɜɟ 
ɢɫɬɨɱɧɢɤɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɤɚ Ⱥɪɬɟɦɨɜɤɚ ɩɥɨɳɚɞɶɸ ɜɨɞɨɫɬɨɤɚ 
1460 ɤɦ2. 

Ⱦɥɹ ɬɭɪɛɢɧɵ Ɍ-63/76-8,8 ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ 
13000ɦ3/ɱ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɇɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ ɪɚɫɯɨɞ ɜɨɞɵ ɫɨɫɬɚɜɢɬ 
13728 ɦ3/ɱ (ɫɦ. ɪɚɡɞɟɥ 2.8.5), ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚ ɜɫɸ ɫɬɚɧɰɢɸ 27456 ɦ3/ɱ. ɉɨ 
ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɪɚɫɯɨɞɭ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɞɜɟ ɝɪɚɞɢɪɧɢ ɛɚɲɟɧɧɨɝɨ ɬɢɩɚ ȻȽ-2600-
72 ɜɵɫɨɬɨɣ 72 ɦɟɬɪɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 20000 ɦ3/ɱ. 

ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
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1 – ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ; 2 – ɝɚɡɨɨɯɥɚɞɢɬɟɥɢ ɝɟɧɟɪɚɬɨɪɚ; 3 – ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɬɭɪɛɢɧɵ; 

4 – ɝɪɚɞɢɪɧɹ; 5 – ɬɪɭɛɨɩɪɨɜɨɞɵ ɫɛɪɨɫɧɨɣ ɜɨɞɵ ɨɬ ɨɯɥɚɞɢɬɟɥɟɣ ɦɚɫɥɚ ɢ ɝɚɡɚ ɜ ɩɨɞɜɨɞɹɳɢɟ 
ɜɨɞɨɜɨɞɵ; 6 – ɜɨɞɨɫɛɪɨɫɧɨɣ ɛɚɫɫɟɣɧ ɝɪɚɞɢɪɧɢ; 7 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ; 8 – ɩɟɪɟɦɵɱɤɚ 

ɦɟɠɞɭ ɫɥɢɜɧɵɦɢ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚ; 9 – ɫɥɢɜɧɵɟ ɧɚɩɨɪɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɤ 
ɝɪɚɞɢɪɧɹɦ; 10 – ɩɨɞɜɨɞɹɳɢɟ ɫɚɦɨɬёɱɧɵɟ ɜɨɞɨɜɨɞɵ ɤ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɚɦ; 

11 – ɬɪɭɛɨɩɪɨɜɨɞɵ ɩɨɞɩɢɬɤɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ; 13 – ɩɟɪɟɦɵɱɤɚ ɦɟɠɞɭ ɧɚɩɨɪɧɵɦɢ 
ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ 

Ɋɢɫɭɧɨɤ 3.2 – Ɉɛɨɪɨɬɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɝɪɚɞɢɪɧɟɣ 
 
3.3 ȼɵɛɨɪ ɢ ɨɩɢɫɚɧɢɟ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ Ɍɗɐ 
 
ɉɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɡɵɜɚɸɬ ɝɟɧɟɪɚɥɶɧɵɦ 

ɩɥɚɧɨɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɫɨɛɥɸɞɚɸɬɫɹ: ɫɚɧɢɬɚɪɧɨ- 
ɝɢɝɢɟɧɢɱɟɫɤɢɟ, ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɩɪɚɜɢɥɚ ɢ ɧɨɪɦɵ. ɍɱɬɟɧɨ ɩɪɟɨɛɥɚɞɚɸɳɟɟ 
ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɟ "ɪɨɡɨɣ ɜɟɬɪɨɜ". 

ɋɨɨɪɭɠɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɚɡɦɟɳɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɭɞɨɛɧɭɸ ɫɜɹɡɶ ɢɯ ɫ ɬɨɩɥɢɜɧɨɣ ɢ ɜɨɞɧɨɣ ɛɚɡɚɦɢ, ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɬɟɩɥɨɜɨɣ ɢ 
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ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ɉɛɹɡɚɬɟɥɟɧ ɬɚɤɠɟ ɭɞɨɛɧɵɣ ɩɨɞɴɟɡɞ ɢ ɩɨɞɜɨɞ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ, ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɞɥɹ ɩɨɞɜɨɡɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɦɚɬɟɪɢɚɥɨɜ. 

Ɍɟɪɪɢɬɨɪɢɹ Ɍɗɐ ɪɚɡɛɢɬɚ ɧɚ ɱɟɬɵɪɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɨɧɵ: 
- ɡɨɧɚ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ (ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦ ɨɬɤɪɵɬɵɟ ɭɫɬɚɧɨɜɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɈɊɍ 
110 ɤȼ ɢ 220 ɤȼ, ɫɨɨɪɭɠɟɧɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɝɚɡɨɜɨɟ 
ɯɨɡɹɣɫɬɜɨ); 

- ɡɨɧɚ ɏȼɈ; 
- ɡɨɧɚ ɫɤɥɚɞɫɤɢɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɡɞɚɧɢɣ; 
- ɛɵɬɨɜɚɹ ɡɨɧɚ. 
Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɨ – ɛɵɬɨɜɨɣ ɤɨɪɩɭɫ ɫɨɟɞɢɧɟɧ ɫ ɝɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ 

ɩɪɨɯɨɞɧɨɣ ɝɚɥɟɪɤɨɣ, ɫɨɨɪɭɠɟɧɧɨɣ ɧɚ ɭɪɨɜɧɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɈɊɍ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɞɨɥɶ ɮɚɫɚɞɚ, ɚ ɝɪɚɞɢɪɧɢ ɫɨ ɫɬɨɪɨɧɵ ɬɨɪɰɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 

ɏȼɈ, ɫɤɥɚɞ ɪɟɚɝɟɧɬɨɜ ɢ ɞɪɭɝɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɨɦɟɳɟɧɢɹ 
ɪɚɫɩɨɥɨɠɟɧɵ ɫɨ ɫɬɨɪɨɧɵ ɬɨɪɰɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɡɜɢɬɚɹ ɫɟɬɶ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɦɟɠɞɭ ɡɞɚɧɢɹɦɢ ɢ ɫɨɨɪɭɠɟɧɢɹɦɢ, ɚ ɱɟɪɟɡ ɩɨɞɴɟɡɞɧɭɸ ɞɨɪɨɝɭ – ɫ 
ɝɨɪɨɞɨɦ. Ʉ ɝɥɚɜɧɨɦɭ ɤɨɪɩɭɫɭ, ɫɤɥɚɞɭ ɯɢɦɪɟɚɝɟɧɬɨɜ, ɦɚɬɟɪɢɚɥɶɧɵɦ ɫɤɥɚɞɚɦ 
ɩɨɞɜɟɞɟɧɵ ɩɨɫɬɨɹɧɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɥɢɧɢɢ. 

Ɍɟɪɪɢɬɨɪɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɥɚɝɨɭɫɬɪɚɢɜɚɟɬɫɹ ɢ ɨɡɟɥɟɧɹɟɬɫɹ. Ⱦɨɪɨɝɢ 
ɚɫɮɚɥɶɬɢɪɭɸɬɫɹ, ɧɚ ɜɵɟɡɞɟ ɢɡ Ɍɗɐ (ɩɪɨɯɨɞɧɚɹ) ɨɛɨɪɭɞɭɟɬɫɹ ɚɜɬɨɫɬɨɹɧɤɚ ɢ 
ɚɜɬɨɛɭɫɧɚɹ ɨɫɬɚɧɨɜɤɚ. 

ȼɫɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɦɟɳɚɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ ɨɝɪɚɞɵ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɥɢɫɬɟ №2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

 
3.4 ȼɵɛɨɪ ɢ ɨɩɢɫɚɧɢɟ ɤɨɦɩɨɧɨɜɤɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
 
Ʉɨɦɩɨɧɨɜɤɨɣ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ɍɗɐ ɧɚɡɵɜɚɸɬ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ. 
Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ, ɛɟɡɚɜɚɪɢɣɧɭɸ, 
ɛɟɡɨɩɚɫɧɭɸ ɢ ɭɞɨɛɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɪɟɦɨɧɬɚ, 
ɭɞɨɛɫɬɜɨ ɦɨɧɬɚɠɚ, ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɡɚɰɢɸ ɪɚɛɨɬ, ɫɨɛɥɸɞɟɧɢɟ ɫɚɧɢɬɚɪɧɨ- 
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ, 
ɭɞɨɛɫɬɜɨ ɪɚɫɲɢɪɟɧɢɹ ɫɬɚɧɰɢɢ. 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɩɪɢɧɢɦɚɟɦ ɡɚɤɪɵɬɭɸ ɤɨɦɩɨɧɨɜɤɭ ɝɥɚɜɧɨɝɨ 
ɤɨɪɩɭɫɚ. Ⱦɥɹ ɤɨɪɩɭɫɚ Ɍɗɐ ɢɫɩɨɥɶɡɭɟɦ ɫɛɨɪɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɤɚɪɤɚɫ, 
ɫɨɫɬɨɹɳɢɣ ɢɡ ɤɨɥɨɧɧ, ɨɩɢɪɚɸɳɢɯɫɹ ɧɚ ɦɨɧɨɥɢɬɧɵɣ ɮɭɧɞɚɦɟɧɬ. ɒɚɝ ɩɨ 
ɤɨɥɨɧɧɚɦ - 12 ɦɟɬɪɨɜ. Ɇɚɲɢɧɧɵɣ ɡɚɥ ɪɚɡɞɟɥɹɸɬ ɩɨ ɜɵɫɨɬɟ ɧɚ ɞɜɟ ɱɚɫɬɢ: 
ɜɟɪɯɧɸɸ, ɜ ɤɨɬɨɪɨɣ ɧɚɯɨɞɹɬɶɫɹ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɢ ɧɢɠɧɸɸ, ɜ ɤɨɬɨɪɨɣ 
ɧɚɯɨɞɹɬɶɫɹ ȽɌɍ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ - ɤɨɧɞɟɧɫɚɬɨɪɵ ɬɭɪɛɢɧ, 
ɤɨɧɞɟɧɫɚɬɧɵɟ ɢ ɩɢɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ, ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɞɪ. 
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ȼ ɜɜɟɪɯɭ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɨɫɬɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɪɚɧ 
ɫ ɨɫɧɨɜɧɵɦ ɤɪɸɤɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 50 ɬ ɢ ɦɚɥɵɦ ɤɪɸɤɨɦ ɫ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 10 ɬ. ȼ ɩɟɪɟɤɪɵɬɢɢ ɧɢɠɧɟɝɨ ɨɬɞɟɥɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɩɪɨɟɦɵ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɪɚɧɨɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɚɡɦɟɳɟɧɢɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɨɫɬɪɨɜɧɨɟ - ɜɨɤɪɭɝ ɢ ɜɞɨɥɶ ɫɬɟɧ ɭɫɬɪɨɟɧɵ 
ɝɚɥɟɪɤɢ ɢ ɩɪɨɯɨɞɵ. Ɋɚɡɦɟɳɟɧɢɟ ɩɨɩɟɪɟɱɧɨɟ, ɩɪɢ ɷɬɨɦ ɩɚɪɚɥɥɟɥɶɧɵɟ ɨɫɢ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ. Ɍɭɪɛɨɚɝɪɟɝɚɬɵ 
ɪɚɡɦɟɳɚɸɬɫɹ ɬɭɪɛɢɧɚɦɢ ɫɨ ɫɬɨɪɨɧɵ ɤɨɬɟɥɶɧɨɣ, ɚ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 
ɝɟɧɟɪɚɬɨɪɚɦɢ ɫɨ ɫɬɨɪɨɧɵ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ. ɉɪɟɞɭɫɦɨɬɪɟɧɚ 
ɦɨɧɬɚɠɧɚɹ ɩɥɨɳɚɞɤɚ ɧɚ ɭɪɨɜɧɟ ɩɨɥɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɷɬɚɠɚ. 

ȼ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ ɤɨɬɥɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɛɟɫɩɨɞɜɚɥɶɧɨɦ 
ɩɨɦɟɳɟɧɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɨɦ ɤɚɪɤɚɫɟ. ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɨɞɢɧ ɦɨɫɬɨɜɨɣ ɤɪɚɧ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɦɨɧɬɚɠɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚ ɧɟɫɤɨɥɶɤɢɯ 
ɨɬɦɟɬɤɚɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɦɨɧɬɧɵɟ ɡɨɧɵ. ȼ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɟ 
ɨɛɟɫɩɟɱɟɧ ɩɨɞɴɟɡɞ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ. 

ȼɧɭɬɪɟɧɧɢɟ ɤɨɥɨɧɧɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɤɨɬɟɥɶɧɨɣ ɫɨɟɞɢɧɹɸɬɫɹ ɦɟɠɞɭ 
ɫɨɛɨɣ ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɫɨɟɞɢɧɢɬɟɥɶɧɵɦɢ ɛɚɥɤɚɦɢ. ɗɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɨɬɢɜ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɥɢɫɬɟ 
№3 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

 
4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
ɉɪɨɰɟɫɫ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ  ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ – ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɜɨɞɧɵɣ ɛɚɫɫɟɣɧ ɢ ɩɨɱɜɭ, ɩɪɢɱɟɦ 
ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ, ɩɨɫɤɨɥɶɤɭ 
ɤɚɱɟɫɬɜɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ – ɜɚɠɧɟɣɲɢɣ ɮɚɤɬɨɪ, ɜɥɢɹɸɳɢɣ ɧɚ ɡɞɨɪɨɜɶɟ, 
ɫɚɧɢɬɚɪɧɭɸ ɢ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ. 

ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɬɪɭɛ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 
ɛɥɨɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ 
ɜɵɛɪɨɫɚɦɢ ɢɡ ɬɪɭɛ ɧɟ ɩɪɟɜɵɲɚɥɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 

Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɪɚɛɨɬɚɟɬ ɧɚ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ, ɜɵɛɪɨɫɵ 
ɡɨɥɵ ɢ ɨɤɫɢɞɨɜ ɫɟɪɵ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɜ ɭɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, 
ɩɨɤɢɞɚɸɳɢɯ ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ 
ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɢɫɯɨɞɹ ɢɡ ɱɟɝɨ, ɨɩɪɟɞɟɥɢɬɶ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

 
4.1 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ 
 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NO ɢ NO2) ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɞɢɨɤɫɢɞ 

ɚɡɨɬɚ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ (ܯேை𝑥), ɝ/ɫ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ேை𝑥ܯ  = ேை𝑥ܫ ∙ ܤ ∙ 𝜑,   (4.1) 
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ɝɞɟ ܤ = ͻ,ͻͳͺ ɤɝ/ɫ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ; 𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɚɜɥɟɧɢɸ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɜ ɬɨɩɤɟ (ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ (0,9-0,5)); ܫேை𝑥 – ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ NOx, ɝ/ɤɝ ɬɨɩɥɢɜɚ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 

ேை𝑥ܫ  = ேை𝑥ܥ ∙ ܸ̂ ,                 (4.2) 
 

ɝɞɟ ܥேை𝑥 = Ͳ,ͳͷ ɝ/ɦ3 – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɜ 
ɩɟɪɟɫɱɟɬɟ ɧɚ NOɯ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; ܸ̂  – ɨɛɴɟɦ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɦ3/ɤɝ ɬɨɩɥɢɜɚ, ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɜɟɧ: 

 ܸ̂ = ܸ̂଴ + Ͳ,ͻͺͶ ∙ ሺ𝛼ˑ˄ − ͳሻ ∙ ܸ˅଴ − ுܸమை଴ ,             (4.3) 
 

ɝɞɟ ܸ̂଴ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɝɚɡɨɜ, ɦ 3 /ɤɝ; ܸ˅଴ – ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ 3 /ɤɝ; 𝛼ˑ˄ = ʹ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɡɚ 
ɬɭɪɛɢɧɨɣ; ுܸమை଴  – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ 3 /ɤɝ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɨɛɴɟɦɚ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɬɚɛɥɢɰɟɣ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ: 

 ܸ˅଴ = ͻ,͹͵͹ ɦ3/ɦ3; ܸ˅଴ = ௏˅బఘˆ = ଽ,଻ଷ଻ଵ,ଶ଺ସ = ͹,͹Ͳ͵ ɦ3/ɤɝ, 
 ܸ̂଴ = ͳͲ,ͻͳͺ ɦ3/ɦ3; ܸ̂଴ = ௏̂బఘˆ = ଵ଴,ଽଵ଼ଵ,ଶ଺ସ = ͺ,͸͵ͺ ɦ3/ɤɝ, 
 ுܸమை଴ = ʹ,ͶͶ͸ ɦ3/ɦ3; ுܸమை଴ = ௏ಹమ𝑂బఘˆ = ଶ,ସସ଺ଵ,ଶ଺ସ = ͳ,ͻ͵ͷ ɦ3/ɤɝ, 
 ܸ̂ = ͺ,͸͵ͺ + Ͳ,ͻͺͶ ∙ ሺʹ,͹ − ͳሻ ∙ ͹,͹Ͳ͵ − ͳ,ͻ͵ͷ = ͳͻ,ͷͺͻ ɦ3/ɤɝ. 
 
ɍɞɟɥɶɧɵɣ ɜɵɛɪɨɫ NOx, ɝ/ɤɝ: 
ேை𝑥ܫ  = Ͳ,ͳͷ ∙ ͳͻ,ͷͺͻ = ʹ,ͻ͵ͺ. 

 
Ɍɨɝɞɚ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NO ɢ NO2) ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɞɢɨɤɫɢɞ ɚɡɨɬɚ:  
ேை𝑥ܯ  = ʹ,ͻ͵ͺ ∙ ͻ,ͻͳͺ ∙ Ͳ,ͷ = ͳͶ,ͷ͹ ɝ/ɫ. 
 
Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɞɥɹ ȽɌɍ ɫɠɢɝɚɸɳɢɯ 

ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 10÷20 ɦɟɬɪɨɜ ɜɵɲɟ ɤɨɧɶɤɚ ɫɚɦɨɝɨ ɜɵɫɨɤɨɝɨ 
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ɡɞɚɧɢɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɧɢɠɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɜɵɛɪɨɫɨɜ ɞɨ ɡɧɚɱɟɧɢɣ, ɧɟ 
ɩɪɟɜɵɲɚɸɳɢɯ ɉȾɄ, ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɢɤɪɨɮɚɤɟɥɶɧɵɯ ɝɨɪɟɥɨɤ ɜ 
ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. 

 
4.2 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 
 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ 

ɩɟɪɟɫɱɟɬɟ ɧɚ ɦɟɬɚɧ ܯ஼ை ɢ ܯ஼ுర, ɝ/ɫ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ 
ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ: 

஼ைܯ  = ஼ைܫ ∙  (4.4)                 ,ܤ
஼ுరܯ  = ஼ுరܫ ∙  (4.5)                 ,ܤ
 

ɝɞɟ ȼ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɤɝ/ɫ; ܫ஼ை ,  :஼ுర – ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɋɈ ɢ CH4, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟܫ
஼ைܫ  = 𝛼஼ை ∙  ଷ,                (4.6)ݍ
஼ுరܫ  = 𝛼஼ுర ∙  ଷ,                 (4.7)ݍ
 

ɝɞɟ ݍଷ = Ͳ,ͷ% – ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ; 𝛼஼ை , 𝛼஼ுర– ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɜɢɞɨɦ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. 
 
Ⱦɥɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ: 
 𝛼஼ை = ʹʹ,ͺ; 𝛼஼ுర = ͷ,Ͳͳ. 
 
Ɍɨɝɞɚ ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ: 
஼ைܫ  = ʹʹ,ͺ ∙ Ͳ,ͷ = ͳͳ,Ͷ ɝ/ɤɝ ɬɨɩɥɢɜɚ, 
஼ுరܫ  = ͷ,Ͳͳ ∙ Ͳ,ͷ = ʹ,ͷͲͷ ɝ/ɤɝ ɬɨɩɥɢɜɚ. 
 
Ɍɨɝɞɚ ɜɵɛɪɨɫ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ: 
஼ைܯ  = ͳͳ,Ͷ ∙ ͻ,ͻͳͺ = ͳͳ͵,Ͳ͸ͷ ɝ/c, 
஼ுరܯ  = ʹ,ͷͲͷ ∙ ͻ,ͻͳͺ = ʹͶ,ͺͶͷ ɝ/ɫ. 
 
 
 
 



60 
 
 

4.3 Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
Ɉɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɩɪɢ ɪɚɛɨɬɟ Ɍɗɋ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ. 
ȼɟɫɶɦɚ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ ɫɢɫɬɟɦɟ ɨɯɪɚɧɵ ɚɬɦɨɫɮɟɪɵ ɨɬ ɜɪɟɞɧɵɯ 
ɜɵɛɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɝɚɡɨɨɬɜɨɞɹɳɟɟ ɭɫɬɪɨɣɫɬɜɨ – ɞɵɦɨɜɚɹ ɬɪɭɛɚ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɧɟ ɛɵɥɢ ɩɪɟɜɵɲɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɧɚ ɭɪɨɜɧɟ ɞɵɯɚɧɢɹ 
ɱɟɥɨɜɟɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɉȾɄ, ɬɪɟɛɭɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ. 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ ɨɬɜɨɞɚ ɝɚɡɨɜ ɢ 
ɪɚɫɫɟɢɜɚɧɢɹ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɞɪɭɝɢɯ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 
ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

˓˕ܪ  = ௡݌ ∙ √௠∙஺∙ெ∙ிʞʓК−஼˗ ∙ √ ௓௏∙𝛿𝑡య
,              (4.8) 

 
ɝɞɟ ݌௡ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɪɚɫɱɟɬɚ ɦɧɨɝɨɫɬɜɨɥɶɧɵɯ ɬɪɭɛ, 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɱɢɫɥɚ ɫɬɜɨɥɨɜ ɜ ɬɪɭɛɟ n, ɞɥɹ ɨɞɧɨɫɬɜɨɥɶɧɵɯ ɬɪɭɛ ݌௡ = ͳ; 

m – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ 
ɭɫɬɶɹ ɬɪɭɛɵ, ɩɪɢ Wo=25 ɦ/ɫ, m = 0,9; 

A – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ 
ɚɬɦɨɫɮɟɪɵ, ɞɥɹ ɧɚɲɢɯ ɲɢɪɨɬ A =160; 

Ɇ – ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ; 
F – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ 

ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ, F=1; 
ɋɮ – ɮɨɧɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɵɛɪɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ɋɮ = 0,1; 
ɉȾК – ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɨɜɚɹ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ, ɩɪɢɧɢɦɚɟɦ ɉȾК = 0,25 ɦɝ/ɦ3; 
Z – ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛ, ɩɪɢɧɢɦɚɟɦ Z=1; ܸ = ͵ͳͶ,ͶͶͺ ɦ3/ɫ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ; 
t – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɝɚɡɨɜ 𝑡˖˘ = ͹͵℃ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 𝑡˅ (ɩɨɫɥɟɞɧɹɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɫɚɦɨɝɨ ɠɚɪɤɨɝɨ ɦɟɫɹɰɚ ɜ ɩɨɥɞɟɧɶ 20 °ɋ). 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ: 
˓˕ܪ  = ͳ ∙ √଴,ଽ∙ଵ଺଴∙ଵସ,ହ଻∙ଵ଴,ଶହ−଴,ଵ ∙ √ ଵଷଵସ,ସସ଼∙ହଷయ = ʹ͵,ͶͲͳ,   (4.9) 

 
ɉɪɢɧɢɦɚɟɦ ɛɥɢɡɤɭɸ ɩɨ ɡɧɚɱɟɧɢɸ ɫɬɚɧɞɚɪɬɧɭɸ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ: ܪ˕˓ = ʹͷ ɦ. Ɉɩɪɟɞɟɥɢɦ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ, ɦ: 
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଴ܦ = ͳ,ͳ͵ ∙ √ ௏ௐబ = ͳ,ͳ͵ ∙ √ଷଵସ,ସସ଼ଶହ = Ͷ,ͲͲͺ,   (4.10) 

 
ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ: 
˗эܪ  = ܪ + ܪ∆ = ܪ + ͳ,ͻ ∙ ஽బ∙ௐబʋ∙𝜑 ,  (4.11) 

 
ɝɞɟ ܦ଴ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ, ɦ; ଴ܹ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɭɫɬɶɟ ɬɪɭɛɵ, ɦ/ɫ; ʋ = Ͷ ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ; 𝜑 = ͳ,Ͷʹ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ. 

˗эܪ  = ʹͷ + ͳ,ͻ ∙ ସ,଴଴଼∙ଶହସ∙ଵ,ସଶ = ͷͺ,ͷ. 

 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ  ɩɪɢ ɜɵɛɪɨɫɟ ܱܰଶ  

ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ: 
ˏܥ  = ஺∙ெ∙ி∙௠∙௡ுэమ̠ ∙ √௏∙𝛿𝑡య , (4.12) 

ˏܥ  = ଵ଺଴∙ଵସ,ହ଻∙ଵ∙଴,ଽ∙ଵହ଼,ହమ∙ √ଷଵସ,ସସ଼∙ହଷయ = Ͳ,ͲʹͶ. 

 
ɋɪɚɜɧɢɜɚɟɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫ ʞʓК = Ͳ,ʹͷ, ɦɝ/ɦ3. ܥˏ < ʞʓК. 
Ɋɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɟ ɩɪɟɜɵɲɚɸɬ ɉȾɄ, ɩɪɢ 

ɜɵɫɨɬɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ܪ = ʹͷ ɦ. Ɍɚɤ ɤɚɤ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɞɨɥɠɧɚ ɛɵɬɶ 
ɧɚ 10 ɦɟɬɪɨɜ ɜɵɲɟ ɫɚɦɨɝɨ ɜɵɫɨɤɨɝɨ ɡɞɚɧɢɹ ɫɬɚɧɰɢɢ, ɩɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ: ܪ˕˓ = ͷͲ ɦ. 

  
5 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
5.1 Ɋɚɫɱёɬ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɚɪɨɝɚɡɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
Ⱦɜɟ ɩɚɪɨɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɉȽɍ-200 Ɇȼɬ 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɞɥɹ ɫɥɟɞɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 
 ɱɟɬɵɪɟ ɝɚɡɨɜɵɟ ɬɭɪɛɢɧɵ ȽɌɗ-65 Ɇȼɬ; 
 ɱɟɬɵɪɟ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ; 
 ɞɜɟ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ Ɍ-63/76 Ɇȼɬ. 
Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 
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Ɍɚɛɥɢɰɚ 5.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɬɚɧɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ  
ɩɨɤɚɡɚɬɟɥɹ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 400 

ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ȽɌɗ-65 
Ɍ-63/76 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ/ɝɨɞ 5500 
Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, Ƚɤɚɥ/ɱ 144 
Ƚɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤȼɬ·ɱ/ɝɨɞ 2200000000 
Ƚɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ƚɤɚɥ/ɝɨɞ 691200 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɉȽɍ, ɦ3/ɫ 19,836 
ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ߩˆ, ɤɝ/ɦ3

 0,756 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɝɚɡɚ, ɤȾɠ/ɤɝ 36680 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɦ3/Ƚɤɚɥ 20,01 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɦ3/ɤȼɬ·ɱ 0,12 
Ⱦɨɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ 2% 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ. 14000 
Ɍɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɪɭɛ/ɤȼɬ·ɱ 3,3 
Ɍɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɪɭɛ/Ƚɤɚɥ 2570 

 
5.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 
 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɜ ɩɪɨɟɤɬɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 

ɪɚɫɱёɬɚɯ, ɝɪɭɩɩɢɪɭɟɦ ɜ ɭɤɪɭɩɧɟɧɧɵɟ ɫɬɚɬɶɢ ɤɚɥɶɤɭɥɹɰɢɢ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 
 эܷ = ˕ܷ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓, (5.1) 
 

ɝɞɟ ˕ܷ – ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ./ɝɨɞ; ˊܷ˒ – ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, ɦɥɧ. ɪɭɛ./ɝɨɞ; ˃ܷ – ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɦɥɧ. ɪɭɛ./ɝɨɞ; ˕ܷ˓ – ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ, ɦɥɧ. ɪɭɛ./ɝɨɞ; ܷ˒˓ – ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ. 
 ˕ܷ = ʥ ∙ ሺܾэ ∙ эܹ + ܾ˕ ∙ ܹ̞ ሻ ∙ ݇ ∙ ͳͲ−଺, (5.2) 
 

ɝɞɟ ɐ – ɰɟɧɚ ɬɨɩɥɢɜɚ [15], ɪɭɛ./ɦ3; 
bɬ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɦ3/Ƚɤɚɥ;  
Wɬ – ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ƚɤɚɥ/ɝɨɞ; 
bɷ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦ3/ɤȼɬ·ɱ; 
Wɷ – ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤȼɬ·ɱ/ɝɨɞ; 
k – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 

ɪɟɠɢɦɟ (2%). 
 ˕ܷ = ͷ,͵͹ ∙ (Ͳ,ͳʹ ∙ ʹʹͲͲ ͲͲͲ ͲͲͲ + ʹͲ,Ͳͳ ∙ ͸ͻͳʹͲͲ) ∙ ͳ,Ͳʹ ∙ ͳͲ−଺ =  = ͳͳ͸͸,͸Ͷ ˏˎː ˓˖˄.  
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ˊܷ˒ = ݊˖ ∙ ˖ܰ˔˕ ∙ ʣˊ˒ ∙ ͳͲ−଺, (5.3) 
 

ɝɞɟ ݊˖  – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ [16]; 
Nɭ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɉȽɍ, Ɇȼɬ; 

 – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ [17], ɪɭɛ./ɝɨɞ. 
 ˊܷ˒ = Ͳ,͵ʹ ∙ ͶͲͲ ∙ ͷͺʹ͸͵Ͳ = ͹Ͷ,ͷͺ ˏˎː ˓˖˄./ˆˑˇ. 
 ˃ܷ = 𝐾 ∙  (5.4) ,˃ܪ
 

ɝɞɟ ܪ˃ – ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ [18]; 𝐾  – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ɍɗɋ [16], ɦɥɧ ɪɭɛ. 
 ˃ܷ = ͳͶͲͲͲ ∙ Ͳ,Ͳ͸͸ = ͻʹͶˏˎː ˓˖˄./ˆˑˇ, 
 ˕ܷ˓ = 𝐾 ∙  (5.5) ,˓˕ܪ
 

ɝɞɟ ܪ˕˓ – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ ɜ Ɍɗɋ [18]. 

 ˕ܷ˓ = ͳͶͲͲͲ ∙ Ͳ,Ͳ͵ͺ = ͷ͵ʹ ˏˎː ˓˖˄./ˆˑˇ. 
 
Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ: 
– ɨɛɳɟɰɟɯɨɜɵɟ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
– ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
– ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ; 
– ɩɥɚɬɚ ɡɚ ɡɟɦɥɸ; 
– ɢ ɞɪ. 
ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 20 – 30 % ɨɬ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɚɦɨɪɬɢɡɚɰɢɸ, ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɫ ɭɱёɬɨɦ ɟɞɢɧɨɝɨ ɫɨɰɢɚɥɶɧɨɝɨ ɧɚɥɨɝɚ, ɦɥɧ. 
ɪɭɛ./ɝɨɞ: 

 ܷ˒˓ = Ͳ,ʹ ∙ ( ˃ܷ + ˕ܷ˓ + ˊܷ˒) + ʠʝʥ, (5.6) 
 

ɝɞɟ ɋɈɐ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɩɨ ɫɬɚɜɤɟ 30% ɨɬ 
ɪɚɫɯɨɞɨɜ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ. 

 ܷ˒˓ = Ͳ,ʹ ∙ ሺͻʹͶ + ͷ͵ʹ + ͹Ͷ,ͷͺሻ + Ͳ,͵ ∙ ͹Ͷ,ͷͺ = ͵ʹͺ,Ͷͻ ˏˎː ˓˖˄/ˆˑˇ. 
 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɹɬ, ɦɥɧ ɪɭɛ/ɝɨɞ: 
 эܷ = ͳͳ͸͸,͸Ͷ + ͹Ͷ,ͷͺ + ͻʹͶ + ͷ͵ʹ + ͵ʹͺ,Ͷͻ = ͵Ͳʹͷ,͹ ˏˎː ˓˖˄/ˆˑˇ. 
 

ɡɩɎ
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5.1.2 Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
 
1. Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɩɨ 

ɮɢɡɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, ɬ.ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ: 
 Зˍ˕˙э/э = Зˍ˕˙ ∙ ௕э∙ௐэ௕э∙ௐэ+௕˕∙ௐ̞ , (5.7) 

 З˕˕˙˕/э = З˕˕˙ − З˕˕˙э/э , (5.8) 
 
2. Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ: 
 Зˑ˄щэ/э = Зˑ˄щ ∙ Зˍ˕˙э/э +Зэ˙э/эЗˍ˕˙+Зэ˙ , (5.9) 

 Зˑ˄щ˕/э = Зˑ˄щ − Зˑ˄щэ/э , (5.10) 
 
3. Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 

ɪɭɛ/ɤȼɬ·ɱ: 
 ˅ܷы˓э = ЗΣэ/эௐэ , (5.11) 

 
4. Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɫ ɲɢɧ ɫɬɚɧɰɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ·ɱ: 
 ˑܷ˕˒э = ЗΣэ/эௐˑ ˕˒, (5.12) 

 
ɝɞɟ ܹˑ ˕˒  – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ·ɱ: 

 ܹˑ ˕˒ = эܹ ∙ ሺͳ − 𝛼˔ːሻ, (5.13) 
 

ɝɞɟ 𝛼˔ː = Ͳ,Ͳʹ  –  ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ ɫɬɚɧɰɢɢ. 

 
5. Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ/Ƚɤɚɥ: 
 ˅ܷы˓˕ = ЗΣ̞/эௐˑ ˕˒, (5.14) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 5.2 
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Ɍɚɛɥɢɰɚ 5.2 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ  

ɋɬɚɞɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ.ɪɭɛ. ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 

ɦɥɧ. ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ.ɪɭɛ. 𝑼˕ 𝑼˃ 𝑼ˊ˒ 𝑼˕˓ 𝑼˒˓ ɷ/ɷ ɬ/ɷ 

ɄɌɐ 1166,64 462,00 26,10 266,00 - 1920,74 1152,44 768,29 

ɗɐ - 415,80 26,10 239,40 - 681,30 681,30 - 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ - 46,20 22,37 26,60 328,49 423,66 298,57 125,09 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 1166,64 924,00 74,58 532,00 328,49 3025,70 2132,31 893,39 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ 1,73 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɟɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 1290 

 
5.2 Ɋɚɫɱёɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɨɰɟɧɤɚ 

ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɪɚɫɲɢɪɟɧɢɹ ɉȽɍ-Ɍɗɐ 
 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ - ɷɬɨ ɩɟɪɢɨɞ (ɢɡɦɟɪɹɟɦɵɣ ɜ ɦɟɫɹɰɚɯ, ɤɜɚɪɬɚɥɚɯ ɢɥɢ 

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

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

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ. ɪɭɛ: 
 ʦʓʓ = {[ሺ эܶ − ˑܷ˕˒э ሻ ∙ ܹˑ ˕˒ + ሺ̞ܶ − ˑܷ˕˒˕ ሻ ∙ ܳˑ˕˒ + ˃ܷ] ∙ ଵሺଵ+଴,ଵሻ𝑛} − 𝐾, (5.15) 

 
ɝɞɟ  𝐾 – ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɦɥɧ ɪɭɛ.; ˑܷ˕˒э  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ·ɱ.; ˑܷ˕˒˕  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ/Ƚɤɚɥ.; ˃ܷ – ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; ܹˑ ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ; ܳˑ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ƚɤɚɥ; ݊  –  ɬɟɤɭɳɢɣ ɝɨɞ; эܶ – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ·ɱ ɫ ɭɱёɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, 
ɩɪɢɧɢɦɚɟɦ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɬɚɪɢɮ, ɪɭɛ/ɤȼɬ·ɱ ; ̞ܶ  – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ Ƚɤɚɥ ɫ ɭɱёɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, 
ɩɪɢɧɢɦɚɟɦ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɬɚɪɢɮ, ɪɭɛ/Ƚɤɚɥ. 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ: 
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ʦʓэ = ሺ эܶ − ˑܷ˕˒э ሻ ∙ ܹˑ ˕˒, (5.16) 
 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ: 
 ʦʓ˕ = ሺ̞ܶ − ˑܷ˕˒˕ ሻ ∙ ܳˑ˕˒, (5.17) 
 
Ɍɚɪɢɮ ɧɚ ɷ/ɷ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 3,3 ɪɭɛ/ɤȼɬ·ɱ, ɬɚɪɢɮ ɧɚ ɬ/ɷ ɩɪɢɧɢɦɚɟɦ 

ɪɚɜɧɵɦ 2570 ɪɭɛ/Ƚɤɚɥ ɩɨ ɬɚɛɥɢɰɟ 5.1. 
Ɋɚɫɱёɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɫɬɚɧɰɢɢ ɫɜɟɞёɧ ɜ ɬɚɛɥɢɰɭ 5.3. 
 

Ɍɚɛɥɢɰɚ 5.3 – ɉɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
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3. ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
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4. Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ଵሺଵ+଴,ଵሻ𝑛 
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Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɩɪɨɟɤɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉȽɍ Ɍɗɐ ɨɤɭɩɚɸɬɫɹ ɧɚ 

ɲɟɫɬɨɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ. ܲܲܦ = ͷ,ͻ ɥɟɬ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɜɵɩɨɥɧɟɧ 

ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ȽɌɗ-65, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɄɉȾ ȽɌɍ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɪɚɫɯɨɞ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ 
ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ: 
-  ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɢ ɜɨɞɵ ɩɨ ɜɫɟɦɭ ɬɪɚɤɬɭ (ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ, 

ɜɥɚɠɧɨɫɬɶ, ɷɧɬɚɥɶɩɢɢ ɢ ɪɚɫɯɨɞɵ); 
- ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ, ɄɉȾ ɨɬɫɟɤɨɜ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɢ ɟɟ 

ɦɨɳɧɨɫɬɶ, ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ; 
- ɚɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ; 
- ɄɉȾ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ; 
- ɄɉȾ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ. 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɨɩɪɟɞɟɥɟɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ: ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. 

Ⱦɚɥɟɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɩɨɞɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɪɚɫɫɦɨɬɪɟɧɚ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ ɫɢɫɬɟɦɚ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 
Ɋɚɫɫɱɢɬɚɧɵ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɢ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɨɩɪɟɞɟɥɟɧɵ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɬɟɩɥɨɜɨɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. 

ȼ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ: 
- ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ; 
- Ƚɟɧɩɥɚɧ; 
- Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ; 
- Ɋɚɡɪɟɡ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2035 ɝ. 
ɍɬɜɟɪɠɞɟɧɚ Ɋɚɫɩɨɪɹɠɟɧɢɟɦ ɩɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 9 ɢɸɧɹ 2020 ɝ. №1523-ɪ. 

2. ɉɨɞɛɨɪɫɤɢɣ, Ʌ. ɇ. Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɢ ɩɚɪɨɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ : ɦɟɬɨɞ. ɩɨɫɨɛɢɟ ɤ ɤɭɪɫɨɜɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ / Ʌ. ɇ. 
ɉɨɞɛɨɪɫɤɢɣ ; ɋɢɛ. ɮɟɞɟɪ. ɭɧ-ɬ – Ʉɪɚɫɧɨɹɪɫɤ : ɋɎɍ, 2015. – 53 ɫ. 

3. ɐɚɧɟɜ, ɋ. ȼ. Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɢ ɩɚɪɨɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ : ɍɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ / ɋ. ȼ. ɐɚɧɟɜ, ȼ. Ⱦ. Ȼɭɪɨɜ, Ⱥ. ɇ. 
Ɋɟɦɟɡɨɜ. – Ɇ. : ɂɡɞɚɬɟɥɶɫɬɜɨ Ɇɗɂ, 2002. – 584 ɫ. 

4. Ʉɨɫɬɸɤ, Ⱥ. Ƚ.  Ɍɭɪɛɢɧɵ ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ : 
ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. – 2-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. / Ⱥ. Ƚ. Ʉɨɫɬɸɤ, ȼ. ȼ. Ɏɪɨɥɨɜ, Ⱥ. ȿ. 
Ȼɭɥɤɢɧ, ɢ ɞɪ. ; Ɋɟɞ. Ʉɨɫɬɸɤ, Ⱥ. Ƚ. – Ɇ. : ɂɡɞɚɬɟɥɶɫɬɜɨ Ɇɗɂ, 2001. – 488 ɫ. 

5. ɋɬɟɩɚɧɨɜ, ɂ. Ɋ. ɉɚɪɨɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ. Ɉɫɧɨɜɵ ɬɟɨɪɢɢ, ɩɪɢɦɟɧɟɧɢɟ ɢ 
ɩɟɪɫɩɟɤɬɢɜɵ / ɂ. Ɋ. ɋɬɟɩɚɧɨɜ. – Ⱥɩɚɬɢɬɵ, 2000. – 166 ɫ. 
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