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ɋɬɭɞɟɧɬɭ Ɍɚɪɚɫɟɧɤɨ Ʉɨɧɫɬɚɧɬɢɧɭ ɂɜɚɧɨɜɢɱɭ 
(ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ ɫɬɭɞɟɧɬɚ) 

Ƚɪɭɩɩɚ    ɁɎɗ 17-12Ȼȼ   ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)              13.03.01            . 
                                 (ɤɨɞ) 
                                    Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
  (ɧɚɢɦɟɧɨɜɚɧɢɟ) 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ    ɉɪɨɟɤɬ Ɍɗɐ 495 Ɇȼɬ ɜ 
ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ                                                                                                            _ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 1159/ɫ ɨɬ 04 ɮɟɜɪɚɥɹ 2020 ɝɨɞɚ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɋ.Ⱥ. Ɇɢɯɚɣɥɟɧɤɨ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ «Ɍɗɋ» ɉɂɋɎɍ 

(ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ 495 Ɇȼɬ, ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ 
1279 Ɇȼɬ, ɬɨɩɥɢɜɨ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɦɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ, ɪɚɫɱɟɬɧɚɹ 
ɱɚɫɬɶ, ɨɛɳɚɹ ɱɚɫɬɶ, ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
Ʌɢɫɬ 1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ  
Ʌɢɫɬ 2. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ  
Ʌɢɫɬ 3. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ (ɬɭɪɛɢɧɚ Ɍ-120/130-130/15)     
Ʌɢɫɬ 4. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ (ɬɭɪɛɢɧɭ ɉɌ-135/165-130/15) 
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Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ______________  Ʉ.ɂ. Ɍɚɪɚɫɟɧɤɨ 
       ɩɨɞɩɢɫɶ 
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ɊȿɎȿɊȺɌ 
 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ Ɍɗɐ 495 Ɇȼɬ» 
ɫɨɞɟɪɠɢɬ 69 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 15 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ,         
4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɗɄɈɇɈɆɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ, 
ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ, ɈȻɈɊɍȾɈȼȺɇɂȿ, 
ɌɈɉɅɂȼɇɈȿ ɏɈɁəɃɋɌȼɈ, ɈɏɊȺɇȺ ɈɄɊɍɀȺɘɓȿɃ ɋɊȿȾɕ. 
 Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ - ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. 
 ɐɟɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
          - ɜɵɜɨɞ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɷɮɮɟɤɬɢɜɧɨɝɨ, ɭɫɬɚɪɟɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 - ɜɜɨɞ ɫɨɜɪɟɦɟɧɧɵɯ, ɷɤɨɧɨɦɢɱɧɵɯ ɢ ɷɤɨɥɨɝɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ; 
 - ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɜ ȿɤɚɬɟɪɢɧɛɭɪɝɟ; 
 - ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ȿɤɚɬɟɪɢɧɛɭɪɝɚ; 
 - ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɚɪɨɦ ɧɭɠɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɢ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ 
ɜɚɪɢɚɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɢɡɜɟɞɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 
ɩɪɨɟɤɬɚ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ȼɵɛɪɚɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ 
ɩɪɟɞɟɥɚɯ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ. ɋɩɪɨɟɤɬɢɪɨɜɚɧɨ ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɢ ɬɟɯɧɢɱɟɫɤɨɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ. Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ. 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɩɨɤɚɡɚɥɢ ɬɟɯɧɢɱɟɫɤɭɸ ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɟɤɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
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ȿɤɚɬɟɪɢɧɛɭɪɝ – ɤɪɭɩɧɵɣ ɩɪɨɦɵɲɥɟɧɧɵɣ ɰɟɧɬɪ ɍɪɚɥɚ (ɨɩɬɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɟ ɢ ɬɹɠɟɥɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ, 
ɦɟɬɚɥɥɭɪɝɢɹ, ɥɟɝɤɚɹ ɢ ɩɢɳɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɜɨɟɧɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɣ 
ɤɨɦɩɥɟɤɫ). Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɝɨɪɨɞɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɛɥɢɠɚɣɲɢɯ ɝɨɪɨɞɨɜ 
ɋɪɟɞɧɟɭɪɚɥɶɫɤ ɢ ȼɟɪɯɧɹɹ ɉɵɲɦɚ, Ȼɟɪɟɡɨɜɫɤɢɣ, ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɟɣ ɹɜɥɹɸɬɫɹ: 

- ɇɨɜɨ-ɋɜɟɪɞɥɨɜɫɤɚɹ Ɍɗɐ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 557 Ɇȼɬ; 
- ɋɜɟɪɞɥɨɜɫɤɚɹ Ɍɗɐ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 24 Ɇȼɬ; 
- Ⱥɤɚɞɟɦɢɱɟɫɤɚɹ Ɍɗɐ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 222 Ɇȼɬ; 
- Ɍɗɐ ȼɂɁɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 70 Ɇȼɬ; 
- Ɍɗɐ ɊɌɂ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 12 Ɇȼɬ; 
- Ɍɗɐ 19 ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 10 Ɇȼɬ; 
- Ɍɗɐ ɌɆɁ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 24 Ɇȼɬ. 
ɋɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɫɢɫɬɟɦɵ             

ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɫɨɫɬɚɜɢɥɚ 919 Ɇȼɬ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ 3256 Ƚɤɚɥ/ɱɚɫ. ɋɪɟɞɧɢɣ ɜɨɡɪɚɫɬɧɨɣ ɜɨɡɪɚɫɬ ɫɬɚɧɰɢɣ ɩɨɫɥɟ ɜɜɨɞɚ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ (ɤɪɨɦɟ Ⱥɤɚɞɟɦɢɱɟɫɤɨɣ Ɍɗɐ) ɫɨɫɬɚɜɢɥ 65 ɥɟɬ. Ɉɫɧɨɜɧɨɣ ɜɢɞ 
ɬɨɩɥɢɜɚ – ɝɚɡ. 

ɉɪɟɞɩɪɢɹɬɢɹ ɷɧɟɪɝɟɬɢɤɢ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [14]. Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɧɟɝɚɬɢɜɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɝɨɪɨɞɟ ɚɤɬɭɚɥɶɧɨ. 
Ɉɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɭɦɟɧɶɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɣ 
ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɨɫɬɚɸɬɫɹ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɚ ɜɪɟɞɧɵɯ 
ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɢ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɚ ɪɚɡɦɟɳɚɟɦɵɯ ɨɬɯɨɞɨɜ. ɍɥɭɱɲɟɧɢɟ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɛɭɞɟɬ ɞɨɫɬɢɝɚɬɶɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɜɵɜɨɞɚ ɢɡ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɣ, ɫɬɚɧɰɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɤɨɬɟɥɶɧɵɯ ɫ 
ɦɟɧɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɝɟɧɟɪɢɪɭɸɳɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɜɵɪɚɛɨɬɚɜɲɢɦ ɫɜɨɣ 
ɪɟɫɭɪɫ. ɉɪɹɦɨɣ ɷɮɮɟɤɬ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɫɜɹɡɚɧ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɨɥɟɟ ɷɤɨɥɨɝɢɱɧɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɄɉȾ. 
ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɤɨɫɜɟɧɧɵɣ ɷɮɮɟɤɬ, ɤɨɬɨɪɵɣ ɩɨ ɦɚɫɲɬɚɛɚɦ ɦɨɠɟɬ ɛɵɬɶ 
ɛɨɥɶɲɟ ɩɪɹɦɨɝɨ. Ɉɧ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɨɟ ɷɤɨɧɨɦɢɱɧɨɟ ɢ ɷɤɨɥɨɝɢɱɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɥɭɱɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢ ɤɨɧɤɭɪɟɧɬɧɨɦ ɨɬɛɨɪɟ ɧɚ ɨɩɬɨɜɨɦ 
ɪɵɧɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɢ ɜɵɬɟɫɧɹɟɬ ɦɟɧɟɟ ɷɤɨɧɨɦɢɱɧɨɟ 
ɝɟɧɟɪɢɪɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɉɨɬɟɧɰɢɚɥ ɬɚɤɨɝɨ ɡɚɦɟɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 26,5 
ɬɵɫ. ɬɨɧɧ, ɢɥɢ 6,3 ɩɪɨɰɟɧɬɚ ɨɬ ɜɵɛɪɨɫɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɷɧɟɪɝɟɬɢɤɢ ɜ 
ɋɜɟɪɞɥɨɜɫɤɨɣ ɨɛɥɚɫɬɢ [14].  

Ɉɛɴɟɤɬɵ ɝɟɧɟɪɚɰɢɢ ɪɚɡɜɢɜɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜɛɥɢɡɢ ɤɪɭɩɧɟɣɲɢɯ 
ɨɛɥɚɫɬɧɵɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɧɬɪɨɜ, ɝɞɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɫɩɪɨɫ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɢ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ: ɝɨɪɨɞɚ  
ȿɤɚɬɟɪɢɧɛɭɪɝ, ɉɟɪɜɨɭɪɚɥɶɫɤ, ɇɢɠɧɢɣ Ɍɚɝɢɥ, Ʉɚɦɟɧɫɤ-ɍɪɚɥɶɫɤɢɣ [14]. ɍɪɨɜɟɧɶ 
ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɟɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɰɟɧɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɨɛɴɟɤɬɨɜ 



 

4 
 

ɝɟɧɟɪɚɰɢɢ ɜ ɝɨɪɨɞɫɤɢɯ ɨɤɪɭɝɚɯ ɢ ɢɧɵɯ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɨɛɪɚɡɨɜɚɧɢɹɯ. ȿɳɟ 
ɨɞɢɧ ɫɰɟɧɚɪɢɣ ɫɜɹɡɚɧ ɫ ɡɚɤɪɵɬɢɟɦ ɭɫɬɚɪɟɜɲɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ (ɫɬɚɧɰɢɣ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ) ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ 
ɧɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 

ɇɚɫɬɨɹɳɢɣ ɩɪɨɟɤɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ Ɍɗɐ          
ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 495 Ɇȼɬ ɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ    
ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ  – 1100 Ƚɤɚɥ/ɱ., ɜɡɚɦɟɧ ɜɵɛɵɜɚɸɳɟɝɨ ɭɫɬɚɪɟɜɲɟɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɢ ɛɥɢɠɚɣɲɢɯ 
ɝɨɪɨɞɨɜ – ɫɩɭɬɧɢɤɨɜ. Ɍɚɤ ɤɚɤ ȿɤɚɬɟɪɢɧɛɭɪɝ ɨɛɟɫɩɟɱɟɧ ɩɨɫɬɚɜɤɚɦɢ            
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɬɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ Ɍɗɐ, ɪɚɛɨɬɚɸɳɭɸ ɧɚ ɝɚɡɭ. 
ɉɪɟɞɭɫɦɨɬɪɟɧ ɩɪɨɦɵɲɥɟɧɧɵɣ ɨɬɛɨɪ ɩɚɪɚ 276 ɬ/ɱ ɞɥɹ ɧɭɠɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɨɞɚ (ɡɚɜɨɞ ɊɌɂ, ɰɟɥɥɸɥɨɡɧɨ – ɛɭɦɚɠɧɵɣ 
ɤɨɦɛɢɧɚɬ, ɩɢɳɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɬɹɠɟɥɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ,         
ɦɟɬɚɥɥɭɪɝɢɹ, ɜɨɟɧɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɣ ɤɨɦɩɥɟɤɫ). Ɉɫɧɨɜɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ 
ɩɚɪɚ ɹɜɥɹɸɬɫɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɡɚɜɨɞɵ ɢ ɨɛɨɪɨɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ                   
ɝɨɪɨɞɚ. ɇɚ ɢɯ ɞɨɥɸ ɩɪɢɯɨɞɢɬɫɹ 80% ɨɛɴɟɦɚ ɩɚɪɚ.          
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 1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

 1.1 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ 
 

Ɍɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, ɢɫɯɨɞɹ ɫ ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɡɚɢɦɨɭɜɹɡɤɭ ɨɬɪɚɫɥɟɜɵɯ ɢɧɬɟɪɟɫɨɜ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɢ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɰɟɥɨɦ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɪɟɚɥɢɡɭɟɬɫɹ 
ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɤɚɠɞɨɦɭ ɢɡ ɤɨɧɤɭɪɫɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɱɟɫɤɢɦɢ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɜ ɋɎɍ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɚɛɥɢɱɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ȿxcɟl [10]. 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɜɚɪɢɚɧɬɨɜ ɩɨ ɦɢɧɢɦɭɦɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

1 ɋɪɚɜɧɢɜɚɟɦɵɟ ɜɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɬɟɯɧɢɱɟɫɤɢ ɫɨɩɨɫɬɚɜɢɦɵ ɢ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵ. 

2  ȼɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɞɢɧɚɤɨɜɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, 
ɨɧɢ ɞɨɥɠɧɵ ɭɪɚɜɧɢɜɚɬɶɫɹ ɩɨ ɩɨɥɟɡɧɨɦɭ ɨɬɩɭɫɤɭ ɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɡɚɦɵɤɚɸɳɢɯ ɡɚɬɪɚɬ ɢ ɭɫɬɚɧɨɜɨɤ. 

3  ȼɫɟ ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɮɢɧɚɧɫɢɪɭɸɬɫɹ ɢɡ ɨɞɧɨɝɨ ɢɫɬɨɱɧɢɤɚ. 
ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ                 

ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɨɧɨɦɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ( ) ɩɨ            

ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɩɨɫɬɚɜɥɹɟɦɵɦ ɜɚɪɢɚɧɬɨɦ ( ). 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢɧɢɦɚɟɦ ɬɪɢ ɬɭɪɛɢɧɵ Ɍ-120/130-130/15 ɢ 
ɬɭɪɛɢɧɭ ɉɌ-135/165-130/15, ɲɟɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ            
ȿ-500-13,8-560 ȽɆɇ (ɜɚɪɢɚɧɬ 1) ɢ ɞɜɟ ɬɭɪɛɢɧɵ ɉɌ-80/100-130/13 ɢ ɬɪɢ 
ɬɭɪɛɢɧɵ Ɍ-110/120-130/5, ɲɟɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ȿ-500-13,8-560 
ȽɆɇ (ɜɚɪɢɚɧɬ 2). 

 
Ɋɚɫɫɱɢɬɚɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
 

Ɍɚɛɥɢɰɚ 1.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɟɫɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɐ 
ɋɜɟɪɞɥɨɜɫɤɚɹ ɨɛɥɚɫɬɶ ɝ. 

ȿɤɚɬɟɪɢɧɛɭɪɝ 

ȼɢɞ ɬɨɩɥɢɜɚ Ƚɚɡ 
Ɍɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱɚɫ: 
          ɚ) ɜ ɩɚɪɟ 
          ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
148 
1100 

 

ɪ
ɬɷɰ.ɫɁ

ɫ
ɬɷɰ.ɫɁ
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 

 
 ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ɍɗɐ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.2 – ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ɍɗɐ 

№ ɜɚɪɢ-
ɚɧɬɚ 

ɋɜɹɡɶ ɩɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ.ɤȼɬ×ɱ Ɂɚɬɪɚɬɵ ɧɚ 
ɩɟɪɟɬɨɤɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɦɥɧ.ɪɭɛ. 

ɉɪɢɜɟɞɟɧɧɵɟ 
ɡɚɬɪɚɬɵ ɩɨ Ɍɗɐ, 

ɦɥɧ.ɪɭɛ. 
ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 

Ɍɗɐ 

ɉɟɪɟɞɚɱɚ ɜ 
ɫɢɫɬɟɦɭ ɢ ɢɡ 

ɫɢɫɬɟɦɵ 
1 2785 185  342,31  6731,89  
2 2756  214  395,44  6955,85  
 
 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

,                                                                                          (1.1) 

ɝɞɟ     – ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ (ɦɥɧ ɪɭɛ.); 
 – ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ (ɦɥɧ ɪɭɛ.). 

 

ɫ ɪ
.ɗ Ɂ Ɂɦɚɤɪ  

ɪɁ
ɫɁ

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ƚɨɞɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɩɚɪɭ 0,9 

Ƚɨɞɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɝɨɪ. ɜɨɞɟ 0,85 

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

 
 

5100 
3350 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ɇȼɬ 495 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 

6000 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ Ɍɗɐ, ɱɚɫ/ɝɨɞ 

6000 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ, ɬ/ɱɚɫ 500 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ, % 92 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧ, ɱɚɫ/ɝɨɞ 7200 

Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɪɭɛ/ɬ.ɭ.ɬ 1600 

Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɷ/ɷɧɟɪɝɢɸ, ɪɭɛ/ɤȼɬ×ɱ 1,85 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 118 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸɳɟɝɨ, 
ɪɭɛ./ɝɨɞ 

442679 

Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 1,2 

Ɉɬɱɢɫɥɟɧɢɟ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ (ɜ % ɤ ɎɈɌ), % 30,4 
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Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɩɟɪɜɵɦ ɜɚɪɢɚɧɬɚɦɢ: 
 

, 

 
ɬɚɤ ɤɚɤ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɡɚɬɪɚɬɚɦ 2-ɯ ɜɚɪɢɚɧɬɨɜ ɧɟ ɜɵɯɨɞɢɬ ɢɡ 
ɞɢɚɩɚɡɨɧɚ , ɜɚɪɢɚɧɬɵ ɫ ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɪɚɜɧɨɷɤɨɧɨɦɢɱɧɵɦɢ. 
 
 1.2 Ɋɚɫɱɺɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 
 ȿɞɢɧɨɜɪɟɦɟɧɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ К , ɦɥɧ ɪɭɛ., ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ [12] 
 
 , (1.2) 

 
ɝɞɟ Ʉɬ1, Ʉɬ(ɩɨɫɥ) – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɭɡɟɥ ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ; 
 Ʉɩ1, Ʉɩ(ɩɨɫɥ) – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɭɡɟɥ ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ; 
 ɄN – ɨɛɳɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɣ; 
 kɤ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɬ 
ɩɪɢɧɹɬɵɯ ɩɪɢ ɪɚɫɱɺɬɟ ɧɨɪɦɚɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ  [12];  
 Ʉɭɞ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ, ɩɪɢɧɢɦɚɟɦ 118;  
 
 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɢ   , ɦɥɧ ɪɭɛ., 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɜɵɪɚɠɟɧɢɸ 
 
 ,  (1.3) 
 
ɝɞɟ ɄN1 – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɨɳɧɨɫɬɢ, ɞɥɹ Ɍɗɐ, 
ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɣ ɦɟɧɶɲɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ, ɧɨ ɛɥɢɡɤɚɹ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ; 
 ΔN – ɪɚɡɧɢɰɚ ɜ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɢ ɫɩɪɚɜɨɱɧɨɣ (ɦɟɧɶɲɟɣ) 
ɦɨɳɧɨɫɬɢ, Ɇȼɬ; 
  – ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɟɞɢɧɢɰɭ ɦɨɳɧɨɫɬɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɞɢɚɩɚɡɨɧɟ ɦɨɳɧɨɫɬɟɣ, ɛɥɢɡɤɢɯ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ; 
 
 9,3 60 0,0122 10,03NК     , 
 
     16,5 4 8,25 12,86 6 8 10,03 1 118 14252,04К           . 

 

.ɗ 6955,85 6731,89 223,95ɦɚɤɪ   

ɫ ɪ

ɫ

Ɂ Ɂ 6955,85 6731,89
100% 100% 3,22%

Ɂ 6955,85
 

   

%5

 1 ( ) 1 ( )ɬ ɬ ɩɨɫɥ ɩ ɩ ɩɨɫɥ N ɤ ɭɞК К К К К К k K       

1N N NК K N K  

NK
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 1.3 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 

Ɋɚɫɱɟɬ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɭɱɟɬɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢɧɬɟɪɟɫɨɜ 
ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɨɫɧɨɜɧɵɯ ɯɨɡɪɚɫɱɟɬɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 

ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɜɧɭɬɪɢɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɷɮɮɟɤɬɚ ɩɨ ɩɪɟɞɩɪɢɹɬɢɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɟɧɢɹ             
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ         
ɜɚɪɢɚɧɬɭ. ɉɪɨɟɤɬɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɚɪɢɚɧɬɭ. 

 
 

Ɍɚɛɥɢɰɚ 1.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɫɱɟɬɭ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɉɨɤɚɡɚɬɟɥɢ ɫɨɫɬɚɜɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɍɫɥɨɜɧɵɟ 
ɨɛɨɡɧɚɱɟɧɢɹ 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ 3× 
Ɍ-120+ ɉɌ-135  

ɋɨɩɨɫɬɚɜɥɹɟɦɵɣ 2× 
ɉɌ-80+ 3×Ɍ-110 

ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ Ɍɗɐ, ɦɥɧ. 
ɤȼɬ/ɱ 

 2785 2756 

Ƚɨɞɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ ɧɚ 
Ɍɗɐ, ɬɵɫ.Ƚɤɚɥ  5093 5093 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨ Ɍɗɐ, 
ɬɵɫ. ɬ.ɭ.ɬ.  1366,58 1420,56 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷ/ɷ, ɬɵɫ. ɬ.ɭ.ɬ.  562,37 615,07 

ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬ/ɷ  804,21 805,49 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, 
ɦɥɧ.ɪɭɛ.  2386,14 2455,02 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ.ɪɭɛ  2196,42 2283,72  

Ɋɚɫɯɨɞ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, 
ɦɥɧ.ɪɭɛ.  1174,56 1184,09  

Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, 
ɦɥɧ.ɪɭɛ.  426,01 467,58  

Ɂɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ, 
ɦɥɧ.ɪɭɛ.  234,91 236,82   

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ.  550,65 566,54  

 
 
 

ɨɬɩɗ

ɝɨɞQ

ɬɷɰȼ

ɷȼ

ɬȼ

U

ɬU

ɚɦU

ɡ/ɩU

ɬɪU

ɩɪU
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Ɍɚɛɥɢɰɚ 1.4 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
(ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ.ɪɭɛ. 
ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 

ɦɥɧ. 
ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ.ɪɭɛ. 

 
 

     ɷ / ɷ  ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 2196,42  587,28 149,10 117,46   3050,26 1255,23 1795,03 

Ɍɐ ɢ ɗɐ  
  528,55 149,10 105,71   783,37 783,37   

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ   58,73 127,8 11,75 550,65  748,92 398,25 350,67 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 
2196,42  1174,56 426,01 234,91 550,65  4582,56 2436,95 2145,71 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɪɭɛ./ɤȼɬ∙ɱ 

0,88 

ȿɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 421,34 

 
ɚ) Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɩɨ         

ɮɢɡɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ.: 
 

                                                                                         (1.2) 

 

 

 

                                                                                         (1.3) 

 
ɬ/ɷ
ɬɬɰɁ 3050,26 1255,23 1795,03    

  
ɛ) Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɟɦ          

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ.: 

                                                                           (1.4) 

 

 

 

                                                                                       (1.5) 
 

ɬU ɚɦU ɪɟɦU ɡ/ɩU ɩɪU

ɬɷɰ

ɷ/ɷ
ɬɬɰ

ɷ/ɷ
ɬɬɰ ȼ

ȼɁɁ 

ɷ/ɷ
ɬɬɰ

562,37Ɂ 3050,26 1255,23
1366,58

  

ɷ/ɷ
ɬɬɰɬɬɰ

ɬ/ɷ
ɬɬɰ ɁɁɁ 

ɦɚɲ.ɡɬɬɰ

ɷ/ɷ
ɦɚɲ.ɡ

ɷ/ɷ
ɬɬɰ

ɨɛɳ
ɷ/ɷ
ɨɛɳ ɁɁ

ɁɁ
ɁɁ






ɷ/ɷ
ɨɛɳ

1255,23+783,37Ɂ 748,92 398,25
3050,26 783,37

  


ɷ/ɷ
ɨɛɳɨɛɳ

ɬ/ɷ
ɨɛɳ ɁɁɁ 
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ɜ) Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɧɟɪɝɢɢ ɫ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɚ ɩɨ ɩɭɧɤɬɭ         
5 ɢ ɨɬɩɭɫɤɚ ɷɧɟɪɝɢɢ ɢɡ ɬɚɛɥɢɰɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

 

 
 

 

 
Ɍɚɛɥɢɰɚ 1.5 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
(ɫɨɩɨɫɬɚɜɥɹɟɦɵɣ ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ.ɪɭɛ. 
ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 

ɦɥɧ. 
ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ.ɪɭɛ. 

 
 

     ɷ / ɷ  ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 2283,72 592,04 163,65 118,41  3157,82 1367,26 1790,56 

Ɇɚɲɢɧɧɵɣ ɡɚɥ,  
ɗɐ  

 532,84 163,65 106,57  803,06 803,06  

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ 

 59,20 140,27 11,84 566,54 777,86 426,22 351,64 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 2283,72 1184,09 467,58 236,82 566,54 4738,74 2596,54 2142,20 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɪɭɛ./ɤȼɬ∙ɱ 

0,94 
 
 

ȿɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 420,65 

 
ɚ) Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɩɨ ɮɢ-

ɡɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ.: 
 

 
 

 
 
ɛ) Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɟɦ           

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ.: 
 

ɬ/ɷ
ɨɛɳɁ 748,92 398,25 350,67  

ɷ/ɷ
ɨɛɳ

ɨɬ

2436,85

2784,96

Ɂ
0,88

ɗ
 

ɬ/ɷ 3
ɨɛɳ

ɩ.ɝɨɞ ɝɜ.ɝɨɞ

214Ɂ 10
421,34

Q Q 1408 368

5,

5

71
 

 

ɬU ɚɦU ɪɟɦU ɡ/ɩU ɩɪU

ɷ/ɷ
ɬɬɰ

615,07Ɂ 1367,26
615,07 805,49

3157,82  


ɬ/ɷ
ɬɬɰɁ 3157,82 1367,26 1790,56  
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ɜ) Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɧɟɪɝɢɢ ɫ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɚ ɩɨ ɩɭɧɤɬɭ 

5 ɢ ɨɬɩɭɫɤɚ ɷɧɟɪɝɢɢ ɢɡ ɬɚɛɥɢɰɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 
 

 
 

 

 
Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɛɢɪɚɟɦ 

ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ (3× Ɍ-120+ ɉɌ-135). 
 
ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ. 
 

                         (1.6) 
 

 
 
Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɩɨ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɧɚ ɭɪɨɜɧɟ ɩɪɟɞɩɪɢɹɬɢɹ ɝɨɞɨɜɨɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɫɨɫɬɚɜɢɥ 183,23 ɦɥɧ ɪɭɛ./ɝɨɞ. 

 
 

 1.4 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – ɷɬɨ ɩɟɪɢɨɞ, ɢɡɦɟɪɹɟɦɵɣ ɜ ɦɟɫɹɰɚɯ, ɤɜɚɪɬɚɥɚɯ, ɝɨɞɚɯ, 
ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨɤɪɵɜɚɸɬɫɹ ɫɭɦɦɚɪɧɵɦɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɨɛɳɢɣ ɨɛɴɟɦ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɨɫɬɚɟɬɫɹ ɛɨɥɶɲɢɦ ɫɭɦɦɵ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 
ɨɬɱɢɫɥɟɧɢɣ ɢ ɩɪɢɪɨɫɬɚ ɩɪɢɛɵɥɢ [10]. 
 Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, 
ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢɧɜɟɫɬɢɰɢɣ. 
 ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ ɪɭɛ: 

,        (1.7) 

ɷ/ɷ
ɨɛɳ

1367,26 803,06Ɂ 777,86 426,22
3157,82 803,06


  



ɬ/ɷ
ɨɛɳɁ 777,86 426,22 351,64  

ɷ/ɷ
ɨɛɳ

ɨɩɬ

2596,54

2756,25

Ɂ
0,94

ɗ
 

ɬ/ɷ 3
ɨɛɳ

ɩ.ɝɨɞ ɝɜ.ɝɨɞ

214Ɂ 10
420,65

Q Q 3685 1408

2,2
 

 

/ / / /( / / ) ( / / )ɫɨɩ ɪɟɤ ɫɨɩ ɪɟɤ
ɯɨɡ э э э э ɨɬɩ ɬ э ɬ э ɝɨɞЭ ɫ c ɫ ɫ Э ɫ ɫ ɫ ɫ Q   

3(0,94 0,88) 2784,96 (420,65 421,34) 5093 10 183,23ɯɨɡЭ        

   ɷ ɬ
ɷ/ɷ ɨɬɩ ɨɬɩɚ ɬ/ɷ ɨɬɩ ɨɬɩ n

0

1ɑȾȾ (T U ) W (T U ) Q 1 U K
(1 r)

t

ɩɪ ɚ
n

ɇ


                

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ɝɞɟ     Ʉ – ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɦɥɧ ɪɭɛ.; 
 – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ/Ƚɤɚɥ; 
 – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ ɱ.; 
 – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ; 

 – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ɇȼɬ; 
ɇɩɪ – ɫɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, 20%; 

 – ɬɟɤɭɳɢɣ ɝɨɞ;  
t – ɝɨɪɢɡɨɧɬ ɪɚɫɱɺɬɚ; 
r – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ, 10%; 
Ɍɬ/ɷ – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ Ƚɤɚɥ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɪɭɛ./Ƚɤɚɥ.  

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

 
,   (1.8) 

 
,  (1.9) 

 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɬ Ɍɗɐ 

ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ., 
 

        (1.10) 
 

Ⱦɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ ɪɭɛ.,  
 

    (1.11) 
 

ɝɞɟ    Cɩɨɥɧ – ɩɨɥɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 
Ɍɗɐ, ɦɥɧ ɪɭɛ.; 
 

 
,   (1.12) 

 

 
 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɩɨ ɫɬɚɜɤɟ 20% ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ.,  

 
,     (1.13) 

 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ ɪɭɛ., 

, 

 (1.14) 
 

ɬ
ɨɬɩU
ɷ
ɨɬɩU

ɨɬɩW

ɨɬɩQ

n

ɷ/ɷɌ

   /Ɍ 1 1 0,75 737,421, 33 44ɬ
ɬ э ɨɬɩɊ U      

   ɷ/Ɍ 1 1 0,4 0,88 1,23э
э ɨɬɩɊ U      

3
/ ɬ/ 2784,96 7180,481,23 737,34 5093 10э э ɨɬɩ э ɨɬɩȼɊɉ Ɍ W Ɍ Q          

ɨɫɧ ɩɨɥɧȾ ȼɊɉ ɋ 

32784,96 421,34 5093 10 4582,0,8 568э ɬ
ɩɨɥɧ ɨɬɩ ɨɬɩ ɨɬɩ ɨɬɩɋ U W U Q         

4587180,48 2597,92,56 2ɨɫɧȾ   

0,2 2597,0,2 92 519,58ɩɪ ɨɫɧɇ Ⱦ   

2597,92 519,58 2078,34ɨɫɧ ɩɪɑɉ Ⱦ ɇ    



 

1
3 

 Ɍɚɛɥɢɰɚ 1
.6

 – ɉ
ɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  

ɉ
ɨɤɚɡɚɬɟɥɢ 

Ɋɚɫɱɟɬɧɵ
ɣ ɩɟɪɢɨɞ 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

1
0 

1
1 

1
2 1

3 
1

4 
1

5 
1) Ⱦ

ɟɧɟɠ
ɧɵ

ɣ 
ɩɨɬɨɤ ɩɨ 
ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ – 
ɤɚɩ.ɜɥɨɠ

ɟɧɢɹ 
(Ʉ

) 
  -15058,51 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

– 
– 

– 

2) Ⱦ
ɟɧɟɠ

ɧɵ
ɣ 

ɩɨɬɨɤ ɩɨ 
ɨɫɧɨɜɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ: 

– 
2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

2597,92 

3) ɇ
ɚɥɨɝ ɧɚ 

ɩɪɢɛɵ
ɥɶ 

– 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

519,58 

4) ɑɢɫɬɚɹ 
ɩɪɢɛɵ

ɥɶ 
– 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

2078,34 

5) Ⱥ
ɦɨɪɬɢɡɚɰɢ-

ɨɧɧɵ
ɟ 

ɨɬɱɢɫɥɟɧɢɹ 
– 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

1174,56 

6) ɑɢɫɬɵ
ɣ 

ɞɟɧɟɠ
ɧɵ

ɣ ɩɨɬɨɤ 
– 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

3252,90 

7) ɑɢɫɬɵ
ɣ 

ɞɟɧɟɠ
ɧɵ

ɣ ɩɨɬɨɤ 
ɧɚɪɚɫɬɚɸ

ɳ
ɢɦ 

ɢɬɨɝɨɦ
 

-15058,51 

-11805,61 

-8552,70 

-5299,80 

-2046,90 

1206,01 

4458,91 

7711,82 

10964,72 

14217,62 

17470,53 

20723,43 

23976,34 

27229,24 

30482,14 

33735,05 
8) Ʉ

ɨɷɮɮɢɰɢɟɧɬ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢ
ɹ

 

1 

0,909 

0,826 

0,751 

0,683 

0,620 

0,564 

0,513 

0,466 

0,424 

0,385 

0,350 

0,319 

0,290 

0,263 

0,239 

9) ɑɢɫɬɵ
ɣ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧ-
ɧɵ

ɣ ɞɨɯɨɞ 

-15058,51 

2956,89 

2686,89 

2442,93 

2221,73 

2020,05 

1834,64 

1668,74 

1515,85 

1379,23 

1252,37 

1138,52 

1037,68 

943,34 

855,51 

777,44 

10) ɑȾ
Ⱦ

 
ɧɚɪɚɫɬɚɸ

ɳ
ɢɦ 

ɢɬɨɝɨɦ
 

-15058,51 

-12101,62 

-9414,72 

-6971,79 

-4750,06 

-2730,01 

-895,37 

773,37 

2289,23 

3668,46 

4920,82 

6059,34 

7097,02 

8040,36 

8895,87 

9673,32 

 

n
r)

(1

1
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ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɬɚɧɰɢɢ ɫ ɬɪɟɦɹ ɬɭɪɛɢɧɚɦɢ Ɍ-120/130-130/15 ɢ 
ɬɭɪɛɢɧɨɣ ɉɌ-135/165-130/15, ɲɟɫɬɶɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɚɪɨɜɵɦɢ ɤɨɬɥɚɦɢ            
ȿ-500-13,8-560 ȽɆɇ ɧɚ ɜɨɫɶɦɨɦ ɝɨɞɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

 
 

 2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 
 
 2.1 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ Ɍ-120/130-130-12,8 ɢ 
ɩɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ ɤ ɪɚɫɱɟɬɭ 
 
 2.1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ Ɍ-120/130-130-12,8 
 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ ɫ ɬɭɪɛɢɧɨɣ Ɍ-120/130-130-12,8 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɢɮɢɤɚɰɢɸ ɬɭɪɛɢɧɵ Ɍ-110/120-130-5Ɇ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ 
ɞɥɹ ɫɬɪɨɹɳɢɯɫɹ ɢ ɪɚɫɲɢɪɹɟɦɵɯ Ɍɗɐ ɝɨɪɨɞɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
Ɍɭɪɛɢɧɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɟɠɢɦɚɯ ɬɟɩɥɨɜɨɝɨ ɝɪɚɮɢɤɚ (ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ) ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ ɜɫɬɪɨɟɧɧɵɯ ɩɭɱɤɨɜ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɨɞɩɢɬɨɱɧɨɣ, ɬɚɤ ɢ ɫɟɬɟɜɨɣ 
ɜɨɞɨɣ.   

Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɨɞɧɨɜɟɧɟɱɧɭɸ ɪɟɝɭɥɢɪɭɸɳɭɸ ɫɬɭɩɟɧɶ, ɱɬɨ ɩɨɜɵɲɚɟɬ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɭɪɛɢɧɵ ɧɚ ɪɟɠɢɦɚɯ ɛɥɢɡɤɢɯ ɤ ɪɚɫɱɟɬɧɵɦ. ȼ ɬɭɪɛɢɧɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɚ ɧɚ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ. 
ɇɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɚɯ ɜɵɩɨɥɧɹɟɬɫɹ 
ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɞɢɚɮɪɚɝɦɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɤɚɠɞɨɦ ɩɨɬɨɤɟ ɐɇȾ. 
Ɍɭɪɛɢɧɚ ɜɵɩɨɥɧɟɧɚ ɨɞɧɨɜɚɥɶɧɨɣ ɜ ɬɪɟɯ ɰɢɥɢɧɞɪɚɯ – ɐȼȾ, ɐɋȾ ɢ ɐɇȾ. 
Ʌɨɩɚɬɨɱɧɵɣ ɚɩɩɚɪɚɬ ɬɭɪɛɢɧɵ ɪɚɫɫɱɢɬɚɧ ɢ ɧɚɫɬɪɨɟɧ ɧɚ ɪɚɛɨɬɭ ɩɪɢ ɱɚɫɬɨɬɟ ɬɨɤɚ 
ɜ ɫɟɬɢ 50 Ƚɰ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 50 ɫ-1. 

 ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ: ɐȼȾ – 9, ɐɋȾ – 14, ɐɇȾ – 2×2. Ʌɨɩɚɬɤɚ ɩɨɫɥɟɞɧɟɣ 
ɫɬɭɩɟɧɢ ɜɵɩɨɥɧɟɧɚ ɭɦɟɪɟɧɧɨɣ ɞɥɢɧɵ (550 ɦɦ), ɜ ɫɜɹɡɢ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ, ɷɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɧɚɞɟɠɧɨɫɬɶ ɩɪɨɬɢɜ ɷɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫɚ. 

 
ɉɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-120/130-130-12,8. 

 

Ɍɚɛɥɢɰɚ 2.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɍ-120/130-130-12,8 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, Ɇȼɬ Wɷ 120 
ɇɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ, Ɇɉɚ Ɋ0 12,8 
ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɨɋ t0 555 
Ʉɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɉɚ Ɋɤ 5,3 
ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ  8 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɨɋ t ɩɜ 232 
 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ: 
 
  Ɋɨɬ1 (ɉȼȾ – 1) = 3,32 Ɇɉɚ;   



 

15 
 

  Ɋɨɬ2 (ɉȼȾ – 2) = 2,28 Ɇɉɚ;   
  Ɋɨɬ3 (ɉȼȾ – 3) = 1,22 Ɇɉɚ;   
  Ɋɨɬ4 (ɞɟɚɷɪɚɬɨɪ) = 1,22 Ɇɉɚ; 
  Ɋɨɬ5 (ɉɇȾ – 4) = 0,57 Ɇɉɚ; 
  Ɋɨɬ6 (ɉɇȾ – 5) = 0,294 Ɇɉɚ; 
  Ɋɨɬ7 (ɉɇȾ – 6) = 0,172 Ɇɉɚ; 
  Ɋɨɬ8 (ɉɇȾ – 7) = 0,085 Ɇɉɚ; 
 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɨ ɨɬɫɟɤɚɦ: 
  
       ɐȼȾ

i0  = 83,0;     ɐCȾ
i0  = 92,0;    ɐYȾ

i0  = 88,7;   
 
ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨ ɨɬɫɟɤɚɦ: ɐȼȾ

ɞɪ  = 0,95;     ɐCȾ
ɞɪ  = 0,95;    ɐɇȾ

ɞɪ  = 0,92;   

 
ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ:  ЭɆ = 0,97 

Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɆЗ
ɋɇ = 1,2% 

Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ КɈ
ɋɇ =1,2% 

ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɍɌ = 1,1% 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɢ ɷɠɟɤɬɨɪɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ tɷɠ + tɫɩ =6 ɨɋ 
ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ ɬɨ = 0,98 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ  ɩɜɞ = 2ɨɋ 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ  ɩɧɞ = 4ɨɋ 
ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɞɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 5% 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɫɟɬɢ ɞɥɹ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ   145/70 ɨɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ tɯɨɜ =30 ɨɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɏɈȼ ɜ ɬɟɯɧɢɱɟɫɤɭɸ 
ɤɚɧɚɥɢɡɚɰɢɸ tɫɥ= 60ɋ 
 
 
 2.1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 
 
 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫ ɬɭɪɛɢɧɨɣ Ɍ-120/130-130 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 2.1 [15]. ɉɚɪ ɢɡ ɞɜɭɯ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ 
ɩɨɞɚɺɬɫɹ ɧɚ ɞɜɟ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɜɤɥɸɱɺɧɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 
 ɋɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɺɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɞɟɚɷɪɚɬɨɪɚ ɢ ɬɪɺɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɋɥɢɜ ɞɪɟɧɚɠɚ 
ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ – ɤɚɫɤɚɞɧɵɣ ɜ ɞɟɚɷɪɚɬɨɪ. 
 ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɫɯɟɦɚ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ, ɩɚɪ ɫɨ ɜɫɟɯ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɩɨɫɬɭɩɚɟɬ ɜ ɨɛɳɭɸ ɦɚɝɢɫɬɪɚɥɶ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɚ ɡɚɬɟɦ ɤ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2.  

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɚ ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 
ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɪɚɫɲɢɪɢɬɟɥɶ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ, ɚ ɡɚɬɟɦ – ɜ 
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ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɢɡ ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ 
(ɏȼɈ) ɢ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɤɚɧɚɥɢɡɚɰɢɸ. ɂɡ ɫɟɩɚɪɚɬɨɪɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ (Ɋɇɉ №1) 
ɜɵɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ, ɢɡ ɫɟɩɚɪɚɬɨɪɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ (Ɋɇɉ № 2) – ɜ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ № 6. 
 ɉɚɪ ɫ ɭɩɥɨɬɧɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɜ ɫɚɥɶɧɢɤɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (Ɉɍ), ɚ ɢɡ 
ɨɫɧɨɜɧɵɯ ɷɠɟɤɬɨɪɨɜ ɤɨɧɞɟɧɫɚɬɨɪɚ – ɜ ɨɯɥɚɞɢɬɟɥɶ ɷɠɟɤɬɨɪɧɨɝɨ ɩɚɪɚ (Ɉɗ), ɱɬɨ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɨɞɨɝɪɟɜɭ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. 
 

 

 
 
 
 

Ɋɢɫɭɧɨɤ 2.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-120/130-130 
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Ɋɢɫɭɧɨɤ 2.2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ Ɍɗɐ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ 
 
 

 2.2 Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ Ɍ-120/130-130 
ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɪɟɠɢɦ 
 
 2.2.1 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 

 ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɵɩɨɥɧɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
 

 
 

Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 

Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫɜG , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ,                                          
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max
ɨɬ

ɫɜ
ɜ

Q
G

C t



,                                                                              (2.1) 

 
ɝɞɟ   ɜC  – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, 4,186 ɤȾɠ/ɤɝ•ɝɪɚɞ; 
 

300000
955,6

4,186 (145 70)ɫɜG  
 

 

 
Ɍɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ, Ɇȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ 
 
 ,  (2.2) 
 

 300 150 150ɩɜɤQ    . 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ 

 

 ,  (2.3) 

 

 150
0,5

300ɌЭɐ =  . 

ɗɧɬɚɥɶɩɢɸ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɨɫ ɨɫ ɜt t C  ,  (2.4) 
 

 . 
 
ɗɧɬɚɥɶɩɢɸ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , 

ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.5) 

 

 2
150000

293,02 450,0
955,6

ɫɩt     . 

Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɋ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  
 

 ,  (2.6) 

   

max ɬɭɪ
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2ɫɩt 

2

ɬɭɪ
ɨɬɛ

ɫɩ ɨɫ

ɫɜ

Q
t t

G
  

2ɫɩt 

2

2

ɫɩ
ɫɩ

ɜ

t
t

ɋ


 



 

19 
 

 
2

450,0
108

4,186ɫɩt    . 

 
ɉɪɢɧɢɦɚɟɦ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ       

4  ɋ [3], ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ɫɩ

ɞt
  ɫɨɫɬɚɜɥɹɟɬ 112 ɋ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ 

ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ  ɫɨɫɬɚɜɥɹɟɬ 0,153 Ɇɉɚ [2]. 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ  ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ 5% ɫɨɫɬɚɜɥɹɟɬ 0,161 Ɇɉɚ [2]. 
 

 Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɋ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

,  (2.7) 

 

1

108 70
70 89

2ɫɩt 


   . 

 
 ɉɪɢɧɢɦɚɟɦ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 4 
ɋ [3], ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ  ɫɨɫɬɚɜɥɹɟɬ 93 °ɋ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹ  ɫɨɫɬɚɜɥɹɟɬ 0,0786 Ɇɉɚ [2]. 
 ɗɧɬɚɥɶɩɢɸ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
   
 ,  (2.8) 
 
 1 89 4,186 371,5ɫɩt     . 
 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ  ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ 5% ɫɨɫɬɚɜɥɹɟɬ 0,0827 Ɇɉɚ [2]. 
 
 
 2.2.2 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ 
 

ɂɡ ɡɚɜɨɞɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ [15] ɩɪɢɧɢɦɚɟɦ: 
ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ: 

 
 

Ⱦɚɜɥɟɧɢɟ                                                             Ɋ0 = 12,8 Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ                                                       t0 = 555 0ɋ 
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ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ (ɫɦ. ɪɢɫɭɧɨɤ 2.3) ɬɨɱɤɭ Ⱥ0. ɋ ɭɱɺɬɨɦ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐȼȾ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ , Ɇɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
  
 ,  (2.9) 

 
 . 
 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ P0' ɧɚ ɜɯɨɞɟ ɜ 
ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɞɨ ɞɚɜɥɟɧɢɹ P1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɜɥɟɧɢɸ ɡɚ ɐȼȾ, 
ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ Ⱥ'B0. ɉɪɢ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ 
―ȼ‖ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.10) 

 
ɝɞɟ  = 3087,9 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɫɲɢɪɟɧɢɹ [4];  
   = 3486,5 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ [2];  
  
 . 
 

ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɐɋȾ, ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ―B'‖ , Ɇɉɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.11) 

 
ɝɞɟ   = 0,95 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ; 
 
 . 
 

ɗɧɬɚɥɶɩɢɸ ɜ ɬɨɱɤɟ ―C‖ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.12) 

 
ɝɞɟ = 3155,7 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɐɋȾ [2]; 
 = 2438,1 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɐɋȾ [2];  
  
 . 

 ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɐɇȾ, ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ―ɋ'‖ , Ɇɉɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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7
'P
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 ,  (2.13) 

 
ɝɞɟ   = 0,92 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 
 7  0,085 0,92 = 0,078'P =  . 
 

ɗɧɬɚɥɶɩɢɸ ɜ ɬɨɱɤɟ ―D‖ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 

0

ɐɇȾ
C" C" D oii i (i i )· ηK    ,  (2.14) 

 
ɝɞɟ C"i =2490,3 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
[4]; 
 = 2129,4 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ Ɋɤ = 0,0053 Ɇɉɚ [2];  
  
 i 2490,3 (2490,3 2129,4)·0,887 2170,2К     . 
 
 ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ ɬɭɪɛɢɧɵ. 
 ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
 

 
Ɋɢɫɭɧɨɤ 2.3 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ Ɍ-120/130-130 

7 7
' ɐɇȾ

ɞɪP = P 

ɐɇȾ
ɞɪ

Di

0Di
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 2.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 
 
 ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɉȼȾ-1. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ                 
3,32 Ɇɉɚ. ɉɪɢɧɢɦɚɹ ɩɨɬɟɪɸ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɩɪɨɜɨɞɟ 5 % [4], ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɭ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ , Ɇɩɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 1 1 0,95 3,32 0,95 3,15ɉȼȾP Ɋ     .  (2.15)

   
 Ɍɟɦɩɟɪɚɬɭɪɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫ ɭɱɺɬɨɦ ɧɟɞɨɝɪɟɜɚ tɩɜ, 
ɋ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.16)

  
ɝɞɟ  – ɧɟɞɨɝɪɟɜ ɜ ɉȼȾ, °ɋ [2]; 
 
 . 
 

  ɗɧɬɚɥɶɩɢɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ,  (2.17) 
 

 
_

234,6 4,186 982,04ɩɜt    . 
 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɧɚ ɬɭɪɛɢɧɟ h, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 
 ,  (2.18) 
ɝɞɟ  – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ [4]; 
 
 , 
 
 Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. Ɋɟɡɭɥɶɬɚɬɵ 
ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.2. 
Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧɵ 

ɉȼȾ1 ɉȼȾ2 ɉȼȾ3 
Ⱦɟɚɷ- 
ɪɚɬɨɪ 

ɉɇȾ4 ɉɇȾ5 ɋɉ2 ɉɇȾ6 ɋɉ1 ɉɇȾ7 
Ʉɨɧɞɟɧ-

ɫɚɬɨɪ 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 
ɬɭɪɛɢɧɵ, Ɇɉɚ 

3,32 2,28 1,22 1,22 0,57 0,294 0,172 0,172 0,085 0,085 0,0053 

ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ, ɤȾɠ/ɤɝ 

3155,7 3074,8 2934,1 2934,1 2786,1 2673,6 2589,3 2589,3 2490,3 2490,3 2170,2 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɭ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ 

3,154 2,166 1,159 0,6 0,541 0,279 0,153 0,153 0,079 0,079 0,0053 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɨɧɞɟɧɫɚɬɚ 
(ɧɚɫɵɳɟɧɢɹ) ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ, ɋ 

236,6 216,4 186,4 158,8 154,9 131,1 112 112 93 93 33,9 

1ɉȼȾP

ɩɜ ɧt t  



236,6 2 234,6ɩɜt   

ɩɜt
_

ɩɜ ɩɜ ɜt t ɋ 

0 ɨɬɛh i i 

ɨɬɛi

3486,5 3155,7 330,8h   
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
ɉȼȾ1 ɉȼȾ2 ɉȼȾ3 

Ⱦɟɚɷ- 
ɪɚɬɨɪ 

ɉɇȾ4 ɉɇȾ5 ɋɉ2 ɉɇȾ6 ɋɉ1 ɉɇȾ7 
Ʉɨɧɞɟɧ-

ɫɚɬɨɪ 
ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ 

1021,5 927,2 791,5 670,5 653,3 551,1 469,8 469,8 389,6 389,6 142,1 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, ɋ 

234,6 214,4 184,4 158,8 150,9 127,1 108 108 89 89 – 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, 
ɤȾɠ/ɤɝ 

982,04 897,6 771,9 664,8 631,5 532,1 452,09 452,09 372,6 372,6 – 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ 

330,8 411,7 552,4 552,4 700,4 812,8 897,2 897,2 996,2 996,2 1316,3 

 
 
 2.2.4 Ɋɚɫɱɺɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 
 ɇɚɝɪɭɡɤɭ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɤȼɬ, ɪɚɜɧɭɸ ɧɚɝɪɭɡɤɟ 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 2 / 2ɬɭɪ
ɫɩ ɨɬɛQ = Q ,  (2.19) 

 

 2 150000 / 2 75000ɫɩQ =  . 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɉɋȽ-2 , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 2
2

6 ɬɨ

ɫɩ
ɫɩ ɧ

ɜɫ

Q
D =

(i - t )·


 ,  (2.20) 

 
ɝɞɟ  – ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ [5]; 
 

 2

75000
36,1

(2589,3 469,8)·0,98ɫɩD = 


. 

  
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɉɋȽ-1 1ɫɩD  , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

           1
7 ɬɨ

ɫɩ
ɫɩ ɧ

ɧɫ

Q
D =

(i - t )· ,                                                      (2.21) 

 

 1

75000
36,43

(2490,3 389,6)·0,98ɫɩD   


. 

 
 
 
 
 

2ɫɩQ 

1ɫɩQ 

2ɫɩD

ɬɨ
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 2.2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɞɥɹ 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.22) 

 

 . 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɞɥɹ 
ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,              (2.23) 

 

 . 

 
 ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ  ɪɚɜɧɵɦ 1,161 [5], ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ 

ɬɭɪɛɢɧɭ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,                                                        (2.24) 

 
ɝɞɟ   – ɬɟɩɥɨɩɟɪɟɩɚɞ ɫɪɚɛɚɬɵɜɚɟɦɵɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɤɝ; 
  – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 

 

 
120000

=1,161 · 0,318 36,43 0,243 36,1 132,78
1316,3 0,97ɬD
       

. 

 
 

 2.2.6 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ  , ɤɝ/ɫ, ɩɪɢɧɢɦɚɟɦ 0,5 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ 
ɬɭɪɛɢɧɭ ɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,                                                                                          (2.25) 

 
 0,005 132,78 0,66эɠD    .  

1ty

1
1

0

ɫɩ k
t

k

i i
y

i i
 




1

2589,3 2170,2
0,318

3486,5 2170,2ty


 


2ty

2
2

0

ɫɩ k
t

k

i i
y

i i
 




2

2490,3 2170,2
0,243

3486,5 2170,2ty


 


ɪК

ɬD

1 1 2 2
э

ɬ ɪ ɬ ɬ ɬ ɬ
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       
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Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 ,   (2.26) 

 
 0,01 132,78 1,33ɭɩɥD    . 

 
 ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ Dɭɬ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,   (2.27)

  
ɝɞɟ  – ɞɨɥɹ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ [4];  

 

 1,1
132,78 1,46

100ɭɬD    . 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

  ,   (2.28)

  
ɝɞɟ  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ [4];  
  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ [4];  
 

 1,2 1,2
132,78 3,19

100ɫɧD


   . 

 
 Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,   (2.29) 

 
 132,78 0,66 1,33 1,46 3,19 139,42ɩɜD       .  
 
 Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

 ,   (2.30)

  
ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɭɜɤɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [4]; 

 
1,5

139,42 2,09
100ɩɪG    . 

 

ɭɩɥD

0,01ɭɩɥ ɬD D 

100
ɭɬ

ɭɬ ɬD D


 

ɭɬ

ɫɧD

100
ɋɇ

ɆЗ Кɐ
ɫɧ

ɫɧ ɬD D
 

 

ɋɇ

ɆЗ
Кɐ
ɫɧ

ɩɜD

ɩɜ ɬ эɠ ɭɩɥ ɭɬ ɫɧD D D D D D    

ɩɪG

100
ɩɪ

ɩɪ ɩɜG D


 

ɩɪ
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 Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ ɭɱɟɬɨɦ ɩɪɨɞɭɜɤɢ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
  

 ,  (2.31)

  
 139,42 2,09 141,51ɩɜG    .  
 
 
 2.2.7 Ɋɚɫɱɺɬ ɫɟɩɚɪɚɬɨɪɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 
 

ɂɡ ɭɪɚɜɧɟɧɢɣ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.32) 

 

ɝɞɟ   – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɪɢ Ɋɛ = 15 Ɇɉɚ, ɤȾɠ/ɤɝ 
[2];  
  – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ, ɤȾɠ/ɤɝ [2];  
  r1 – ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ Ɋɞ = 0,6 Ɇɉɚ, ɤȾɠ/ɤɝ [4]; 
 

 1

2,09·(1610,15-670,5)
= =0,94

2085,64cD . 

 

 ɋɯɟɦɚ ɪɚɫɲɢɪɢɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 
Ɋɢɫɭɧɨɤ 2.4 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɚɫɲɢɪɢɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 
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 Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɜ ɪɚɫɲɢɪɢɬɟɥɶ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɩɪG , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 -ɩɪ ɩɪ ɜɬG G D  ,  (2.33) 

 
 2,09-0,94 1,15ɩɪG   . 

 
 ɂɡ ɭɪɚɜɧɟɧɢɣ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.34) 

 
ɝɞɟ  – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɢɡ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, 
ɤȾɠ/ɤɝ [5]; 
  – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ, ɤȾɠ/ɤɝ [5]; 
 r2 – ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ Ɋ6 = 0,153 Ɇɉɚ, ɤȾɠ/ɤɝ [4]; 

 

2

1,15·(670,5-452,09)
= =0,11

2224,41ɫD . 

 
 Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɤɚɧɚɥɢɡɚɰɢɸ , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.35) 

 1,15-0,11 1,04ɩɪG   . 

 
 Ʉɨɥɢɱɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɜ ɞɟɚɷɪɚɬɨɪ , 
ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.36)  

 
 1,04 1,46 3,19 5,68ɯɨɜD     . 
 
 ɂɡ ɭɪɚɜɧɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɉɏɈȼ ɬɟɦɩɟɪɚɬɭɪɭ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ 
ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ , °ɋ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.37) 

ɝɞɟ   – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɪɚɫɲɢɪɢɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, °ɋ [4];  
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  – ɬɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɏɈȼ, °ɋ [4]; 
  – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɚɹ ɜ ɬɟɯɧɢɱɟɫɤɭɸ 
ɤɚɧɚɥɢɡɚɰɢɸ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, °ɋ [4]; 
 

 1,04 (112,3 60)
30 39,48

5,68ɯɨɜt
     . 

 
 
 2.2.8 Ɋɚɫɱɺɬ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 

 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉȼȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 

 
Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉȼȾ 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1 
 
 .  (2.38) 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-1 , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.39) 

 

 1

141,5 (982,04 897,7)
5,71

(3155,7 1021,5) 0,98
D

 
 

 
. 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-2 
 
 . (2.40) 
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 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-2 , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.41) 

 

 2

141,5 (897,6 771,9) 5,71 (1021,5 927,2) 0,98
7,88

(3074,8 927,2) 0,98
D

     
 

 
. 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-3 
 
 . (2.42) 

 
 ɉɟɪɟɩɚɞ ɷɧɬɚɥɶɩɢɣ ɧɚ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 

 ,   (2.43)

  
ɝɞɟ  – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɵ,  [2]; 
  – ɄɉȾ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ [4]; 
  – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, Ɇɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 
 ,  (2.44) 
 
ɝɞɟ  – ɞɚɜɥɟɧɢɟ ɧɚ ɜɫɚɫɟ, Ɇɉɚ (ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ);  
  – ɞɚɜɥɟɧɢɟ ɧɚ ɧɚɩɨɪɟ, Ɇɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [4]; 
   
 ,  (2.45) 
 
 , 
 
 , 
 

 
317,6 0,0018 10

42,4
0,75ɩɧt

 
   . 

 
 ɗɧɬɚɥɶɩɢɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-3 ɫ ɭɱɟɬɨɦ ɧɚɝɪɟɜɚ ɟɟ ɜ ɉɇ 
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 .  (2.46) 
 

 670,5 42,4 712,74ɞt    . 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-3 , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 , (2.47) 

 

 3

141,5 (771,9 712,74) (5,71 7,88) (927,2 791,5) 0,98
3,0

(2934,1 791,5) 0,98
D

      
 

 
. 

 
 

 2.2.9 Ɋɚɫɱɺɬ ɞɟɚɷɪɚɬɨɪɚ 
 
 ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɜɨɞɵ ɢ ɩɚɪɚ ɞɟɚɷɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 
Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ 

 ɍɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɨɜ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ ɢɦɟɸɬ 
ɜɢɞ 
 

  (2.48) 

 
 ɉɨɞɫɬɚɜɥɹɹ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɤɝ/ɫ, ɢ ɷɧɬɚɥɶɩɢɣ, ɤȾɠ/ɤɝ, 
ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ 
 
 

3

3

0,94 (5,71 7,88 3,0) 5,68 141,5

2934,1 0,94 2786,1 (5,71 7,88 3,0) 791,5 631,5 5,68 167,37 141,5 670,5
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 ɂɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ 
 ɪɚɜɧɹɟɬɫɹ 1,51 ɤɝ/ɫ, ɚ ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ  ɫɨɫɬɚɜɥɹɟɬ                

116,77 ɤɝ/ɫ. 
 
 
 2.2.10 Ɋɚɫɱɺɬ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-4 ɢɦɟɟɬ ɜɢɞ 
 
 4 4 4 ɬɨ( ) ( )ɧ

k k kD i t D t t       .  (2.49)
  
 
 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉɇȾ-4 ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.7. 
 

ɉɇД-4 

4D

4
ɧt

4i

kDɤt kt

 
Ɋɢɫɭɧɨɤ 2.7 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉɇȾ-4 

 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-4 , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ,  (2.50)

  
 

 
4

116,77 (631,5 532,1)
5,55

(2786,1 653,3) 0,98
D

 
 

 
. 

 
 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉɇȾ-5,6,7 ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.8. 
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Ɋɢɫɭɧɨɤ 2.8 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-5, ɉɇȾ-6, ɉɇȾ-
7, Ɍɋ-1 ɢ Ɍɋ-2 
 

  (2.51)

  
 
 ȼ ɨɯɥɚɞɢɬɟɥɟ ɷɠɟɤɬɨɪɚ ɢ ɨɯɥɚɞɢɬɟɥɟ ɭɩɥɨɬɧɟɧɢɣ ɨɫɧɨɜɧɨɣ ɤɨɧɞɟɧɫɚɬ 
ɧɚɝɪɟɜɚɟɬɫɹ ɧɚ 6°ɋ [12]. ɉɨɞɫɬɚɜɥɹɹ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɤɝ/ɫ, ɢ 
ɷɧɬɚɥɶɩɢɣ, ɤȾɠ/ɤɝ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ 
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 ɂɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-5  
ɫɨɫɬɚɜɥɹɟɬ 4,3 ɤɝ/ɫ, ɧɚ ɉɇȾ-6  ɫɨɫɬɚɜɥɹɟɬ 3,5 ɤɝ/ɫ, ɚ ɧɚ ɉɇȾ-7  ɫɨɫɬɚɜɥɹɟɬ 
3,1 ɤɝ/ɫ. Ɋɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɉɇȾ-6 ɩɨɫɥɟ ɜɬɨɪɨɣ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ  
ɪɚɜɧɹɟɬɫɹ 66,87 ɤɝ/ɫ, ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ ɩɟɪɜɨɣ ɬɨɱɤɨɣ 
ɫɦɟɲɟɧɢɹ  ɫɨɫɬɚɜɢɥ 30,77 ɤɝ/ɫ. ɗɧɬɚɥɶɩɢɹ ɩɨɫɥɟ ɩɟɪɜɨɣ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ  

ɪɚɜɧɹɟɬɫɹ 450,74 ɤȾɠ/ɤɝ, ɚ ɩɨɫɥɟ ɜɬɨɪɨɣ  ɪɚɜɧɹɟɬɫɹ 381,78 ɤȾɠ/ɤɝ. 
 
 Ɋɚɫɯɨɞɚ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 ,  (2.52) 

 
 30,77 0,66 1,33 3,1 25,68ɤ ɪD       . 

 
 ɍɬɨɱɧɺɧɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 , (2.53) 

 5,71 7,88 3,0 5,55 4,3 3.5 3,1 25,68 36,43 36,11 131,26ɬD            . 
 

 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɨ ɪɚɫɯɨɞɭ ɩɚɪɚ , %, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.54)

  
 

 
132,78 131,26

100% 1,14% 2%
132,78ɩ


    . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ  ɫɨɫɬɚɜɢɥɚ 1,14 %, ɱɬɨ ɞɨɩɭɫɬɢɦɨ [12]. ɉɪɨɜɟɪɤɭ 
ɩɨ ɛɚɥɚɧɫɭ ɦɨɳɧɨɫɬɢ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 (2.55) 

 
 (5,71 (3486,5 3155,7) 7,88 (3486,5 3074,8) (3,0 1,51) (3486,5 2934,1)

 +5,55 (3486,5 2786,1) 4,3 (3486,5 2673,6) (3,5 36,43) (3486,5

 2589,3) (3,1 36,11) (3486,5 2490,3) 25,68 (3486,5 2170,2)) 0,

pW           

        
         97 119984,8.

 

 
 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ , %, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 

 ,  (2.56) 

 

 
120000 1119984,8

100% 0,013% 2%
120000э


    . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ  ɫɨɫɬɚɜɢɥɚ 0,013%, ɱɬɨ ɞɨɩɭɫɬɢɦɨ [6]. 

 
 

 2.3 Ɋɚɫɱɺɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ 
  

 Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ Ɍɗɐ [1]. 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 , (2.57) 

 

 
132,78 (3486,5 982,04) 0,94 (2756,1 982,04) 0,11 (2697,1 982,04)

5,68 (982,04 165,37) 326028,05.
ɬɭQ          

   
 

 
 Ɂɚɬɪɚɱɟɧɧɭɸ ɬɟɩɥɨɬɭ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 
 1 7 2 6·( ) ·( )ɧ ɧ

ɬ ɫɩ ɧɫ ɫɩ ɜɫQ D i - t D i - t  ,  (2.58) 
 
 36,43·(2490,3 389,6) 36,11·(2589,3 469,8) 153061,22.ɬQ       

 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ , ɤȼɬ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.59) 
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 32628,05 153061,22 172966,82э
ɬɭQ    . 

 Ɍɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɤɨɬɥɨɚɝɪɟɝɚɬɚ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.60) 

 
ɝɞɟ   – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ [4]; 
 
 139,41 (3489,5 982,04) 2,09 (1610,15 982,04) 350893,01ɩɟQ        . 
 
 ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ȼ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.61) 

 
ɝɞɟ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ [6]; 
  – ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [7]; 
 

 350893,01
10,47

35800 0,936
B  


. 

 
 ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ  ɪɚɜɧɵɦ 8% [1], 
ɨɬɩɭɳɟɧɧɭɸ ɦɨɳɧɨɫɬɶ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  
 
 ,  (2.62) 

 
 . 

 
 Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɱɟɧɧɚɹ ɬɨɥɶɤɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ,  (2.63) 

   
ɝɞɟ   – ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ [1]; 
 
 . 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɜɟɪɯɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ  
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 , 

  (2.64) 
ɝɞɟ К – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ [1]; 

 

 2589,3 2170,2 3486,5 2589,3
1 0,4 0,405

3486,5 2170,2 3486,5 2170,2ɜɫ
            

. 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɧɢɠɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ  
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ,  (2.65) 

 

 2490,3 2170,2 3486,5 2490,3
1 0,4 0,317

3486,5 2170,2 3486,5 2170,2ɧɫ
            

. 

  
 ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ 
ɨɬɛɨɪɨɜ ɩɚɪɚ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 , (2.66) 

 
36,43·(2490,3 389,6) (1 0,317) 36,11·(2589,3 469,8) (1 0,405) 97798,52.э

ɨɬɛQ         

 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ 
ɩɨ ɮɨɪɦɭɥɟ [11] 
 
 ,  (2.67) 

 
 326028,05 0,05 16301,4ɫɧ

ɬɭQ    . 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚɦɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.68)
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 Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.69) 

 

 110400
10,47 0,652 6,61

120000 6000эB    


. 

 
 Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.70) 

 

 
3150 10

4,6
35800 0,91ɩɜɤB


 


. 

 
 Ɋɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 
 ,  (2.71) 
 
 10,47 6,61 4,6 8,46ɬB     . 
 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ , 
ɤɝ/(ɤȼɬ∙ɱ), ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.72) 
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ɉȼɄ , ɤɝ/ȽȾɠ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ,  (2.73) 
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 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ  ɜ ɩɟɪɟɫɱɟɬɟ 
ɢɡ ɤɝ/ȽȾɠ ɜ ɬ.ɧ.ɬ./Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ 0,108 ɬ.ɧ.ɬ./Ƚɤɚɥ. ɉɪɢ ɪɚɫɱɟɬɟ ɧɚ ɭɫɥɨɜɧɨɟ 
ɬɨɩɥɢɜɨ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ   ɫɨɫɬɚɜɥɹɟɬ 0,265 
ɤɝ/(ɤȼɬ∙ɱ), ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ ɫɨɫɬɚɜɥɹɟɬ 31,161 ɤɝ/ȽȾɠ (0,13 ɬ.ɭ.ɬ./Ƚɤɚɥ). 
 
 

2.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ ɉɌ-135/165-130/15 
 
2.4.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɌ-135/165-130/15 
 
Ɍɭɪɛɢɧɚ ɉɌ-135/165-130/15 ɍɌɁ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɰɢɥɢɧɞɪɨɜ – ɐȼȾ ɢ 

ɐɇȾ [15]. ɂɡ ɩɚɪɨɩɪɨɜɨɞɚ ɨɫɬɪɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɤ ɞɜɭɦ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɚɦ, 
ɨɬ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɱɟɬɵɪɟɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɚɦ ɫɨɩɥɨɜɨɣ 
ɫɢɫɬɟɦɵ ɩɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɤɨɪɩɭɫɟ ɐȼȾ. ɉɨɞɜɨɞ ɩɚɪɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɰɟɧɬɪɚɥɶɧɭɸ ɱɚɫɬɶ ɐȼȾ. ɐȼȾ ɬɭɪɛɢɧɵ ɜɵɩɨɥɧɟɧ ɞɜɭɫɬɟɧɧɵɦ 
ɢ ɩɪɨɬɢɜɨɬɨɱɧɵɦ ɢ ɩɨɥɧɨɫɬɶɸ ɭɧɢɮɢɰɢɪɨɜɚɧ ɫ ɐȼȾ ɬɭɪɛɢɧɵ Ɋ-100-130/15 
ɌɆɁ. ȼ ɥɟɜɨɦ ɩɨɬɨɤɟ, ɧɚɩɪɚɜɥɟɧɧɨɦ ɜ ɫɬɨɪɨɧɭ ɩɟɪɟɞɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ, 
ɪɚɫɩɨɥɨɠɟɧɵ ɨɞɧɨɜɟɧɟɱɧɚɹ ɪɟɝɭɥɢɪɭɸɳɚɹ ɫɬɭɩɟɧɶ ɢ ɲɟɫɬɶ ɫɬɭɩɟɧɟɣ ɞɚɜɥɟɧɢɹ, 
ɜ ɩɪɚɜɨɦ ɩɨɬɨɤɟ ɪɚɫɩɨɥɨɠɟɧɨ ɲɟɫɬɶ ɫɬɭɩɟɧɟɣ ɞɚɜɥɟɧɢɹ. ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɨɬɛɨɪ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɜɵɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ ɐȼȾ. 

ɂɡ ɩɟɪɟɩɭɫɤɧɵɯ ɬɪɭɛ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɤ ɱɟɬɵɪɟɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɚɦ 
ɑɋȾ ɧɚ ɜɯɨɞɟ ɜ ɐɇȾ. ɉɪɨɣɞɹ ɨɞɧɨɜɟɧɟɱɧɭɸ ɪɟɝɭɥɢɪɭɸɳɭɸ ɢ ɲɟɫɬɶ 
ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɫɬɭɩɟɧɟɣ ɑɋȾ, ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɦɟɪɭ, ɢɡ ɤɨɬɨɪɨɣ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɜɵɣ ɨɬɨɩɢɬɟɥɶɧɵɣ ɨɬɛɨɪ. Ɋɚɫɯɨɞ ɜ ɨɬɨɩɢɬɟɥɶɧɵɣ ɨɬɛɨɪ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɜɨɪɨɬɧɨɣ ɞɢɚɮɪɚɝɦɨɣ ɫ ɞɪɨɫɫɟɥɶɧɵɦ ɩɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. 
Ⱦɚɥɟɟ ɩɚɪ ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɞɜɭɯ ɫɬɭɩɟɧɹɯ, ɡɚ ɤɨɬɨɪɵɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɬɨɪɨɣ 
ɨɬɨɩɢɬɟɥɶɧɵɣ ɨɬɛɨɪ; ɪɚɫɯɨɞ ɜ ɧɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɤɪɵɬɢɟɦ ɜɬɨɪɨɣ 
ɪɟɝɭɥɢɪɭɸɳɟɣ ɞɢɚɮɪɚɝɦɵ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɩɟɪɟɞ ɑɇȾ. 

Ʉɚɠɞɵɣ ɢɡ ɪɨɬɨɪɨɜ ɜɚɥɨɩɪɨɜɨɞɚ ɥɟɠɢɬ ɜ ɞɜɭɯ ɨɩɨɪɧɵɯ ɩɨɞɲɢɩɧɢɤɚɯ. 
Ɂɚɞɧɢɣ ɩɨɞɲɢɩɧɢɤ ɐȼȾ - ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɨɩɨɪɧɨ-ɭɩɨɪɧɵɣ, ɫ 
ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɭɩɨɪɧɵɦɢ ɤɨɥɨɞɤɚɦɢ. Ɉɬɞɟɥɶɧɵɟ ɪɨɬɨɪɵ ɫɨɟɞɢɧɟɧɵ 
ɠɟɫɬɤɢɦɢ ɦɭɮɬɚɦɢ; ɩɨɥɭɦɭɮɬɵ ɪɨɬɨɪɨɜ ɬɭɪɛɢɧɵ ɜɵɩɨɥɧɟɧɵ ɡɚɨɞɧɨ ɫ ɜɚɥɚɦɢ. 
Ɋɨɬɨɪ ɐɇȾ - ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ: ɞɢɫɤɢ ɩɟɪɜɵɯ ɲɟɫɬɢ ɫɬɭɩɟɧɟɣ ɨɬɤɨɜɚɧɵ 
ɡɚɨɞɧɨ ɫ ɜɚɥɨɦ, ɨɫɬɚɥɶɧɵɟ ɞɢɫɤɢ - ɧɚɫɚɞɧɵɟ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɨɫɟɜɨɝɨ ɭɫɢɥɢɹ 
ɧɚ ɜɚɥɭ ɜ ɱɚɫɬɢ ɩɟɪɟɞɧɟɝɨ ɤɨɧɰɟɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɐɇȾ ɜɵɩɨɥɧɟɧ ɫɬɭɩɟɧɱɚɬɵɣ 
ɪɚɡɝɪɭɡɨɱɧɵɣ ɞɢɫɤ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ. 

ɐɇȾ ɬɭɪɛɢɧɵ ɜɵɩɨɥɧɟɧ ɨɞɧɨɫɬɟɧɧɵɦ ɫ ɨɞɧɢɦ ɜɵɯɥɨɩɨɦ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 
ɉɟɪɟɞɧɹɹ ɢ ɫɪɟɞɧɹɹ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɐɇȾ - ɥɢɬɵɟ, ɡɚɞɧɹɹ - ɫɜɚɪɧɚɹ. ȼɫɟ 
ɞɢɚɮɪɚɝɦɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɨɛɨɣɦɚɯ, ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɚɬɪɭɛɤɨɜ ɨɬɛɨɪɚ. ɂɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɢ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɜɥɚɠɧɨɫɬɢ ɥɨɩɚɬɤɚ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɜɵɩɨɥɧɟɧɚ ɭɦɟɪɟɧɧɨɣ ɞɥɢɧɵ (830 ɦɦ), 
ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɧɚɞɟɠɧɨɫɬɶ ɩɪɨɬɢɜ ɷɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫɚ. 

Ɏɢɤɫɩɭɧɤɬ ɬɭɪɛɢɧɵ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɩɟɪɟɞɧɢɯ ɨɩɨɪɚɯ ɜɵɯɥɨɩɧɨɝɨ 
ɩɚɬɪɭɛɤɚ ɬɭɪɛɢɧɵ. Ⱥɝɪɟɝɚɬ ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɩɟɪɟɞɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ. Ⱦɥɹ 
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ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɝɪɟɜɚ ɢ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɩɭɫɤɚ ɬɭɪɛɢɧɵ 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɩɚɪɨɜɨɣ ɨɛɨɝɪɟɜ ɮɥɚɧɰɟɜ ɢ ɲɩɢɥɟɤ ɐȼȾ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɩɪɨɬɟɱɟɤ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɢɦɟɧɟɧɵ ɛɟɫɤɨɧɬɚɤɬɧɵɟ ɥɚɛɢɪɢɧɬɨɜɵɟ ɭɩɥɨɬɧɟɧɢɹ. 
Ɍɭɪɛɢɧɚ ɫɧɚɛɠɟɧɚ ɜɚɥɨɩɨɜɨɪɨɬɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɜɪɚɳɚɸɳɢɦ ɜɚɥɨɩɪɨɜɨɞ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɫ ɱɚɫɬɨɬɨɣ 0,067 ɫ-1. Ʌɨɩɚɬɨɱɧɵɣ ɚɩɩɚɪɚɬ ɬɭɪɛɢɧɵ ɜɵɩɨɥɧɟɧ ɢ 
ɧɚɫɬɪɨɟɧ ɧɚ ɪɚɛɨɬɭ ɩɪɢ ɱɚɫɬɨɬɟ ɬɨɤɚ ɜ ɫɟɬɢ 50 Ƚɰ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 50 ɫ-1. Ⱦɨɩɭɫɤɚɟɬɫɹ ɞɥɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɩɪɢ ɱɚɫɬɨɬɟ 
ɬɨɤɚ ɜ ɫɟɬɢ ɨɬ 49 ɞɨ 50,5 Ƚɰ [15]. 
 

 Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɬɭɪɛɢɧɵ ɉɌ-135-130/15 ɢɡ [15]: 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ: Wɷ = 135 Ɇȼɬ; 
ɇɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ: Dɩɪ = 320 ɬ/ɱɚɫ; 
Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ: ɛɚɡ

ɨɬQ 90 Ɇȼɬ; 
ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ:  
1) Ⱦɚɜɥɟɧɢɟ P0 = 12,75 Ɇɉɚ; 
2) Ɍɟɦɩɟɪɚɬɭɪɚ t0 = 555 ɋ; 
Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ Pɤ = 0,0034 Ɇɉɚ; 
ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ – 7; 
Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ: 
Pɨɬ1 = 3,335 Ɇɉɚ;  
Pɨɬ2 = 2,236 Ɇɉɚ;  
Pɨɬ3 = 1,49 Ɇɉɚ;   
Pɨɬ4 = 0,5 Ɇɉɚ;  
Pɨɬ5 = 0,24 Ɇɉɚ;  
Pɨɬ6 = 0,086 Ɇɉɚ;  
Pɨɬ7 = 0,019 Ɇɉɚ; 
 
ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɩɨ ɨɬɫɟɤɚɦ ɬɭɪɛɢɧɵ: 
 ɐȼȾ

oiη   83 %, ɐɇȾ
oiη   80 %. 

ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨ ɨɬɫɟɤɚɦ: 
 ɐȼȾ

ɞɪη = 96 %, ɐɇȾ
ɞɪη = 96 %. 

ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɷɦ = 0,98; 
Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɩɪɨɞ = 1,5%; 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɦɡ

ɫɧα   1,2 %; 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ ɤɰ
ɫɧα   1,2 %; 

ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɭɬα   1,1 %; 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ tɯɨɜ = 30 ɋ; 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɢ ɷɠɟɤɬɨɪɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ tɷɠ + tɫɩ = 6 C; 
ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ ηɬɨ = 98 %; 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉȼȾ ɩɜɞ  = 2ɋ; 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉɇȾ ɩɧɞ = 4ɋ; 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ  tɨɤ = 40°ɋ; 
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Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɞɥɹ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ: 145/70C; 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɢ ɷɠɟɤɬɨɪɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ: 6 ɫɩэɠ tt C. 
 
 

2.4.2 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ  
 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫ ɬɭɪɛɢɧɨɣ ɉɌ-135/165-130/15 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.9. 
ɋɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɺɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɞɟɚɷɪɚɬɨɪɚ ɢ ɬɪɺɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɋɥɢɜ 
ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ) – ɤɚɫɤɚɞɧɵɣ ɜ 
ɞɟɚɷɪɚɬɨɪ. ɋɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉɇȾ) – 
ɤɚɫɤɚɞɧɵɣ ɜ ɉɇȾ № 6 ɢ ɢɡ ɧɟɝɨ ɞɪɟɧɚɠɧɵɦ ɧɚɫɨɫɨɦ (Ⱦɇ) ɜ ɥɢɧɢɸ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ. ȼ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɬɥɨɚɝɪɟɝɚɬ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ, ɧɟɩɪɟɪɵɜɧɚɹ 
ɩɪɨɞɭɜɤɚ ɤɨɬɥɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɪɚɫɲɢɪɢɬɟɥɶ. Ⱦɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɫ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ (ɉɏɈȼ) ɢɡ 
ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ (ɏȼɈ). ɂɡ ɪɚɫɲɢɪɢɬɟɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 
ɞɟɚɷɪɚɬɨɪ, ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜ ɉɇȾ №6. 

ɉɚɪ ɢɡ ɭɩɥɨɬɧɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɜ ɫɚɥɶɧɢɤɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (Ɉɍ), ɚ ɢɡ 
ɨɫɧɨɜɧɵɯ ɷɠɟɤɬɨɪɨɜ ɤɨɧɞɟɧɫɚɬɨɪɚ – ɜ ɨɯɥɚɞɢɬɟɥɶ ɷɠɟɤɬɨɪɧɨɝɨ ɩɚɪɚ (Ɉɗ). 
Ʉɨɧɞɟɧɫɚɬ ɨɬ Ɉɍ, Ɉɗ ɢ ɉɇȾ-7 ɤɚɫɤɚɞɧɨ ɫɥɢɜɚɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 

ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɤɨɧɞɟɧɫɚɬɚ ɯɢɦɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 
ɞɟɚɷɪɚɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ. 

 

 
 

Ɋɢɫɭɧɨɤ 2.9 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ ɉɌ-135/165-
130/15 
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2.4.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 
 
ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ (ɫɦ. ɪɢɫɭɧɨɤ 2.10) ɬɨɱɤɭ Ⱥ0. ɋ ɭɱɺɬɨɦ 

ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐȼȾ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, Ɇɉɚ 

  
' ɐȼȾ
0 0 ɞɪP P ·η ,                                                                                                 (2.74) 

 
'
0P 12,75·0,96 12,24  . 

 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ P0' ɞɨ ɞɚɜɥɟɧɢɹ P1, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɜɥɟɧɢɸ ɡɚ ɐȼȾ, ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ Ⱥ'B0. ɉɪɢ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ―ȼ‖ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ 

 

0

ɐȼȾ
B A A B oii i (i i )·η    ,                                                                                 (2.75) 

ɝɞɟ  
0Bi = 2885,92 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɫɲɢɪɟɧɢɹ /4/;  
       Ai = 3485,02 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ [2];  

ɐȼȾ
oiη = 0,83 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɰɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
 

Bi 3484,5 (3484,5 2885,92)·0,83 2987,76    . 
 

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɬɨɱɤɚ ―B'‖, Ɇɉɚ  

 
' ɐɇȾ
3 3 ɞɪP = P  ,                                                                                             (2.76) 

 
ɝɞɟ ɐɇȾ

ɞɪ  = 0,98 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ; 
 

 1,49 0,98 = 1,46'
3P =  . 

 
ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ ―C‖, ɤȾɠ/ɤɝ 

 

0

ɐɇȾ
ɋ B' B' C oii i (i i )·η   ,                                                                                  (2.77) 

 
ɝɞɟ B'i = 2987,76 ɄȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ [2]; 
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0Ci = 2016,4 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ Ɋɤ = 0,0034 Ɇɉɚ [2];  
ɐɇȾ
oiη = 0,8 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɰɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 

ɋi 2987,76 (2987,76 2016,4)·0,8 2210,67    . 

 
ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ, ɧɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 

ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ. 
 ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10. 

 
 

Ɋɢɫɭɧɨɤ 2.10 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɉɌ-135-130 
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 2.5 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 
 
 2.5.1 Ʉɨɬɥɨɚɝɪɟɝɚɬ 
 
 ɉɨ ɧɚɱɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɚɪɚ ɢ ɪɚɫɯɨɞɭ ɧɚ ɬɭɪɛɢɧɭ, ɚ ɬɚɤɠɟ ɜɢɞɭ 
ɬɨɩɥɢɜɚ, ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ ɜɵɛɢɪɚɟɦ ɤɨɬɥɨɚɝɪɟɝɚɬ ɬɢɩɚ ȿ-500-13,8-560 ȽɆɇ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ ɢ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɦ ɦɚɡɭɬɟ [6]. 

Ʉɨɬɟɥ ɨɞɧɨɛɚɪɚɛɚɧɧɵɣ, ɨɞɧɨɤɨɪɩɭɫɧɵɣ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ, ɧɚ 
ɜɵɫɨɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ, ɢɦɟɟɬ ɉ-ɨɛɪɚɡɧɭɸ ɨɬɤɪɵɬɭɸ ɢɥɢ ɡɚɤɪɵɬɭɸ 
ɤɨɦɩɨɧɨɜɤɭ. 
 Ʉɨɬɟɥ ɪɚɫɫɱɢɬɚɧ ɧɚ ɪɚɛɨɬɭ ɩɨɞ ɧɚɞɞɭɜɨɦ ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ. Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, ɩɪɢɡɦɚɬɢɱɟɫɤɚɹ, ɜ ɫɟɱɟɧɢɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɪɚɡɦɟɪɚɦɢ ɩɨ ɨɫɹɦ ɬɪɭɛ 7,68×13,52 ɦ. 
 ɋɬɟɧɵ ɬɨɩɤɢ ɷɤɪɚɧɢɪɨɜɚɧɵ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ ɩɚɧɟɥɹɦɢ ɢɡ ɝɥɚɞɤɢɯ ɬɪɭɛ 
Ø60x6 ɦɦ ɢ ɜɜɚɪɟɧɧɨɣ ɩɨɥɨɫɵ. 
 ɉɨɞ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɨɦ ɮɪɨɧɬɨɜɨɝɨ ɷɤɪɚɧɚ ɢ ɢɦɟɟɬ 
ɧɚɤɥɨɧ 15° ɤ ɝɨɪɢɡɨɧɬɚɥɢ ɜ ɫɬɨɪɨɧɭ ɡɚɞɧɟɣ ɫɬɟɧɤɢ. 
 Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ 
ɬɪɭɛɚɦɢ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɨɛɪɚɡɨɜɚɧ ɜɵɫɬɭɩ ɜ ɫɬɨɪɨɧɭ ɬɨɩɤɢ. 
 Ɍɨɩɤɚ ɨɛɨɪɭɞɨɜɚɧɚ ɜɨɫɟɦɶɸ ɜɢɯɪɟɜɵɦɢ ɝɚɡɨɦɚɡɭɬɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɞɜɚ ɹɪɭɫɚ ɧɚ ɡɚɞɧɟɣ ɫɬɟɧɟ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɹɪɭɫɚɦɢ 
ɫɨɫɬɚɜɥɹɟɬ 2,6 ɦ. 
 Ƚɨɪɟɥɤɢ ɜɢɯɪɟɜɵɟ ɞɜɭɯɩɨɬɨɱɧɵɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɡɞɟɥɶɧɨɝɨ 
ɫɠɢɝɚɧɢɹ ɝɚɡɚ ɢ ɦɚɡɭɬɚ, ɢɦɟɸɬ ɷɥɟɤɬɪɨɝɚɡɨɜɵɟ ɡɚɩɚɥɶɧɢɤɢ. 
 ɋɬɟɧɵ ɢ ɩɨɞ ɩɟɪɟɯɨɞɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɩɨɬɨɥɨɤ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɨɩɭɫɤɧɨɣ 
ɝɚɡɨɯɨɞ ɷɤɪɚɧɢɪɨɜɚɧɵ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ ɦɟɦɛɪɚɧɧɵɦɢ ɩɚɧɟɥɹɦɢ ɢɡ 
ɩɥɚɜɧɢɤɨɜɵɯ ɬɪɭɛ. 
 ȼ ɫɪɟɞɧɟɣ ɱɚɫɬɢ (ɩɨ ɜɵɫɨɬɟ) ɬɨɩɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɩɚɧɟɥɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 
 ɒɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ ɪɚɫɩɨɥɨɠɟɧ ɜ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɬɨɩɤɢ ɧɚ ɭɪɨɜɧɟ ɜɵɯɨɞɧɨɝɨ ɨɤɧɚ. 
 ȼ ɪɚɣɨɧɟ ɜɵɯɨɞɧɨɝɨ ɨɤɧɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɩɟɪɟɯɨɞɧɨɦ ɝɚɡɨɯɨɞɟ 
ɪɚɡɦɟɳɟɧɵ ɱɟɬɵɪɟ ɫɬɭɩɟɧɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 
 ȼ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɩɚɤɟɬɚ ɜɨɞɹɧɨɝɨ 
ɷɤɨɧɨɦɚɣɡɟɪɚ, ɡɦɟɟɜɢɤɢ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɮɪɨɧɬɭ ɤɨɬɥɚ. 
Ɇɟɦɛɪɚɧɧɵɣ ɷɤɨɧɨɦɚɣɡɟɪ ɤɪɟɩɢɬɫɹ ɧɚ ɩɨɞɜɟɫɧɵɯ ɬɪɭɛɚɯ ɜ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ. 
 ɉɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, ɜɵɧɟɫɟɧɧɵɦ ɡɚ ɩɪɟɞɟɥɵ ɤɨɬɥɚ ɢ ɪɚɡɦɟɳɟɧɧɵɦ ɡɚ 
ɨɩɭɫɤɧɨɣ ɲɚɯɬɨɣ. 
 
 ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȿ-500-13,8-560 ȽɆɇ ɢɡɨɛɪɚɠɟɧ ɧɚ                
ɪɢɫɭɧɤɟ 2.11. 
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Ɋɢɫɭɧɨɤ 2.11 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȿ-500-13,8-560 ȽɆɇ 
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 2.5.2 Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
 

 ɉɨ ɡɚɜɨɞɫɤɢɦ ɢ ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉȼȾ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɪɚɫɱɟɬɵ.  

ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ [5]:  
 – ɉȼȾ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-425-230-37, ɝɞɟ 425 – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2, 230 ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɛɚɪ, 37 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɤɨɪɩɭɫɟ, ɛɚɪ; 
 – ɉȼȾ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-425-230-55; 
 – ɉȼȾ-3 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-425-230-13. 
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ [10]:  
 – ɉɇȾ-4 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-250-16-7-IV; 
 – ɉɇȾ-3 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-250-16-7-IV; 
 – ɉɇȾ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-250-16-7-IV; 
 – ɉɇȾ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-250-16-7-III.  
 
 
 2.5.3 Ⱦɟɚɷɪɚɬɨɪ 
 
 ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɜG , ɬ/ɱ, ɜɵɛɢɪɚɟɦ ɞɟɚɷɪɚɬɨɪ 
ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ Ⱦɉ-500 ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɤɨɥɨɧɤɨɣ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]:  
 – ɞɚɜɥɟɧɢɟ 0,6 Ɇɉɚ;  
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 500 ɬ/ɱ. 
 ȿɦɤɨɫɬɶ ɞɟɚɷɪɚɬɨɪɧɨɝɨ ɛɚɤɚ ɞɥɹ Ɍɗɐ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɭɦɦɚɪɧɵɣ 
ɡɚɩɚɫ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 7 ɦɢɧɭɬ ɪɚɛɨɬɵ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [6], 
ɬɨɝɞɚ ɜɵɛɢɪɚɟɦ ɛɚɤ ȼȾ-65-1 ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɦɟɫɬɢɦɨɫɬɶɸ 78 ɦ3. 
 
 
 2.5.4 ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

 
 ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜɨɞɵ, ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɢ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɜɵɛɢɪɚɟɦ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫɟɬɟɜɨɣ ɜɨɞɵ [5]. 
 ȼɵɛɢɪɚɟɦ ɋɉ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉɋȽ-2300-2-8-I ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ:  
 – ɞɚɜɥɟɧɢɟ ɩɚɪɚ 0,03 – 0,2 Ɇɩɚ; 
 – ɞɚɜɥɟɧɢɟ ɜɨɞɵ 0,088 Ɇɩɚ; 
 – ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ 3500 ɬ/ɱ. 
 ȼɵɛɢɪɚɟɦ ɋɉ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉɋȽ-2300-2-8-II ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ:  
 – ɞɚɜɥɟɧɢɟ ɩɚɪɚ 0,06 – 0,25 Ɇɩɚ; 
 – ɞɚɜɥɟɧɢɟ ɜɨɞɵ 0,088 Ɇɩɚ; 
 – ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ 3500 ɬ/ɱ. 
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 2.5.5 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
 ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɦ ɧɚ 40% ɛɨɥɶɲɟ, ɱɟɦ ɧɨɦɢɧɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. ɋɬɪɭɤɬɭɪɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɧɟɛɥɨɱɧɚɹ, ɬɨ 
ɜɫɟ ɉɗɇɵ ɪɚɛɨɬɚɸɬ ɜ ɨɛɳɢɣ ɩɢɬɚɬɟɥɶɧɵɣ ɤɨɥɥɟɤɬɨɪ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɉɗɇ ɜɵɛɢɪɚɟɦ ɫ ɭɫɥɨɜɢɟɦ, ɱɬɨ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɧɚɫɨɫɨɜ, 
ɨɫɬɚɜɲɢɟɫɹ ɦɨɝɥɢ ɨɛɟɫɩɟɱɢɬɶ ɧɨɦɢɧɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ. ɉɨɷɬɨɦɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɇ ɩɧQ , 3ɦ ɱ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 
 3,6ɩɧ ɩɜQ G  ,  (2.74) 
 
 141,5 3,6 509,6ɩɧQ    . 
 
 ȼɵɛɢɪɚɟɦ ɱɟɬɵɪɟ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɚ ɬɢɩɚ ɉɗ-580-185/200 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]: 
 – ɩɨɞɚɱɚ 580 3ɦ ɱ ; 
 – ɧɚɩɨɪ 2030 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 2904 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 3650 ɤȼɬ. 
 
 
 2.5.6 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
 Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ ɩɪɢɦɟɦ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɜ 
ɥɟɬɧɢɣ ɩɟɪɢɨɞ D=357 ɬ/ɱ. ȼɵɛɢɪɚɟɦ ɤɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɬɢɩɚ Ʉɫȼ500-85 (ɞɜɚ 
ɧɚɫɨɫɚ ɩɨ 100 % ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɬɭɪɛɢɧɭ – ɨɞɢɧ ɢɡ ɧɢɯ ɪɟɡɟɪɜɧɵɣ) ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]: 
 – ɩɨɞɚɱɚ 500 3ɦ ɱ ; 
 – ɧɚɩɨɪ 85 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1000 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 154 ɤȼɬ. 
 
 
 2.5.7 ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 

 
  ɉɨ ɪɚɫɯɨɞɭ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ ɜ ɤɨɥɢɱɟɫɬɜɟ 16000 ɦ3/ɱ 
ɜɵɛɢɪɚɟɦ ɧɚɫɨɫ ɬɢɩɚ Ɉɉ2-110 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]: 
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 11880-21960 3ɦ ɱ ; 
 – ɧɚɩɨɪ 16,2-9,4 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 485 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 505-897 ɤȼɬ. 
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 2.5.8 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 
 

 ȼɵɛɢɪɚɟɦ ɞɜɟ ɫɬɭɩɟɧɢ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ: ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ (ɋɇ-1) 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɜɬɨɪɚɹ (ɋɇ-2) – ɩɟɪɟɞ ɉȼɄ. 
ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɧɚ ɬɭɪɛɢɧɭ, ɪɚɫɫɱɢɬɵɜɚɹ 
ɢɯ ɧɚ 50% ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɧɚ ɫɤɥɚɞɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ 
ɧɚɫɨɫ ɞɥɹ ɜɫɟɣ Ɍɗɐ ɢɥɢ ɨɞɢɧ ɧɚ ɤɚɠɞɵɣ ɬɢɩ ɧɚɫɨɫɨɜ. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ ɫɧQ , 3ɦ ɱ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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2ɫɧQ    .  

 
 ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɬɢɩɚ ɋɗ-
2000-100 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]: 
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 2000 3ɦ ɱ ; 
 – ɧɚɩɨɪ 100 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 3000 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 640 ɤȼɬ; 
 – ɄɉȾ 85 %. 
  
  
 3 Ɉɛɳɚɹ ɱɚɫɬɶ 
 
 3.1 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ - ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɜɵɛɪɚɧɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɟɟ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɩɨɞɫɨɛɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ, 
ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɬɭɪɛɢɧɧɨɟ ɢ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɳɢɬ 
ɭɩɪɚɜɥɟɧɢɹ, ɝɚɡɨɜɨɟ ɯɨɡɹɣɫɬɜɨ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, 
ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɯɢɦɜɨɞɨɨɱɢɫɬɤɭ, ɫɢɫɬɟɦɭ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 
ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɫɥɭɠɟɛɧɵɟ ɩɨɦɟɳɟɧɢɹ, ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɫɨɛɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ - ɦɚɫɬɟɪɫɤɢɟ, ɝɚɪɚɠɢ, ɩɨɠɚɪɧɭɸ ɨɯɪɚɧɭ. Ɍɚɤ ɠɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ 
ɩɭɬɢ, ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ, ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɚɧɚɥɢɡɚɰɢɢ. ȼɫɟ 
ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɦɟɳɚɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ ɨɝɪɚɞɵ ɫɬɚɧɰɢɢ [5]. 
 Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ Ɍɗɋ ɹɜɥɹɟɬɫɹ ɤɨɦɩɚɤɬɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɥɨɳɚɞɤɟ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɱɟɦɭ ɫɧɢɠɚɟɬɫɹ 
ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɤɨɦɦɭɧɢɤɚɰɢɣ. 
 ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɝɟɧɩɥɚɧɚ Ɍɗɋ ɧɟɨɛɯɨɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ 
ɩɪɢɧɰɢɩɨɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɴɟɤɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
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ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɨ ɫɬɨɪɨɧɵ ɬɭɪɛɢɧɧɨɝɨ 
ɨɬɞɟɥɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜɧɨɦɭ ɡɞɚɧɢɸ ɪɚɡɦɟɳɚɟɬɫɹ ɝɥɚɜɧɨɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ƚɪɚɞɢɪɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫɨ ɫɬɨɪɨɧɵ 
ɩɨɫɬɨɹɧɧɨɣ ɬɨɪɰɟɜɨɣ ɫɬɨɪɨɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɈɊɍ ɢ ɥɢɧɢɹɦ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ 
ɜɨ ɢɡɛɟɠɚɧɢɟ ɤɚɩɟɥɶ ɜɥɚɝɢ ɧɚ ɢɡɨɥɹɬɨɪɚɯ ɢ ɩɟɪɟɤɪɵɬɢɹ ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɬɨɤɨɦ. 
 Ƚɟɧɩɥɚɧ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ 
ɫɬɚɧɰɢɢ, ɞɥɹ ɱɟɝɨ ɫɨ ɫɬɨɪɨɧɵ ɝɥɚɜɧɨɝɨ ɡɞɚɧɢɹ ɢ ɩɪɨɱɢɯ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 
ɫɨ ɫɬɨɪɨɧɵ ɜɪɟɦɟɧɧɨɝɨ ɬɨɪɰɚ ɧɟɬ ɨɛɴɟɤɬɨɜ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɪɚɫɲɢɪɟɧɢɸ. 
Ɇɟɠɞɭ ɡɞɚɧɢɹɦɢ, ɫɨɨɪɭɠɟɧɢɹɦɢ ɢ ɭɫɬɚɧɨɜɤɚɦɢ ɜ ɝɟɧɩɥɚɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɠɚɪɧɵɟ ɪɚɡɪɵɜɵ ɢ ɩɪɨɟɡɞɵ [5]. 
 Ʉ ɩɨɦɟɳɟɧɢɹɦ ɬɭɪɛɢɧɧɨɝɨ ɡɚɥɚ ɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɤ ɨɬɤɪɵɬɨɦɭ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɢ ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ, ɤ 
ɩɪɢɟɦɧɨɪɚɡɝɪɭɡɨɱɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɤ ɫɤɥɚɞɚɦ ɦɚɫɥɚ ɢ ɞɪɭɝɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧ ɩɨɞɜɨɞ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ ɢ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. 
 
 
 3.2 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

 
 Ƚɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ ɫɬɚɧɰɢɢ ɧɚɡɵɜɚɸɬ ɝɥɚɜɧɨɟ ɟɟ ɡɞɚɧɢɟ, ɜ ɤɨɬɨɪɨɦ 
ɪɚɡɦɟɳɚɸɬ ɨɫɧɨɜɧɨɟ ɢ ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ȼ 
ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɩɨɞɚɟɬɫɹ ɬɨɩɥɢɜɨ, ɩɨɞɥɟɠɚɳɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɸ, ɜɨɞɚ ɞɥɹ 
ɨɯɥɚɠɞɟɧɢɹ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪɚ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɞɥɹ ɞɪɭɝɢɯ ɰɟɥɟɣ. ɂɡ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɨɬɜɨɞɢɬɫɹ ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɞɵɦɨɜɵɟ 
ɝɚɡɵ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɜɵɜɨɞɢɬɫɹ ɤɨɧɟɱɧɚɹ ɩɪɨɞɭɤɰɢɹ - ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ. 
ɉɨɞ ɤɨɦɩɨɧɨɜɤɨɣ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɫɬɚɧɰɢɢ ɩɨɧɢɦɚɸɬ ɜɡɚɢɦɧɨɟ ɪɚɡɦɟɳɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢ ɜɵɛɨɪɟ ɤɨɦɩɨɧɨɜɤɢ ɝɥɚɜɧɨɝɨ 
ɤɨɪɩɭɫɚ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ ɫɨɫɬɚɜ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɜɯɨɞɹɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɦɟɳɟɧɢɹ (ɨɬɞɟɥɟɧɢɹ): ɤɨɬɟɥɶɧɨɟ ɢ 
ɬɭɪɛɢɧɧɨɟ (ɦɚɲɢɧɧɵɣ ɡɚɥ) ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ɦɟɠɞɭ ɤɨɬɟɥɶɧɵɦ ɢ ɬɭɪɛɢɧɧɵɦ ɩɨɦɟɳɟɧɢɹɦɢ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [5]. 
 ȼ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɬɥɨɚɝɪɟɝɚɬɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 
ɛɟɫɩɨɞɜɚɥɶɧɨɦ ɩɨɦɟɳɟɧɢɢ. ɇɚ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɧɰɢɹɯ ɩɪɢɧɹɬɨ ɨɞɧɨɪɹɞɧɨɟ 
ɪɚɡɦɟɳɟɧɢɟ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɜ ɡɞɚɧɢɢ. 
 Ʉɨɬɥɨɚɝɪɟɝɚɬɵ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɫɨɛɫɬɜɟɧɧɨɦ ɤɚɪɤɚɫɟ ɢ ɩɪɢ ɷɬɨɦ 
ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɚ ɦɨɫɬɨɜɵɯ ɤɪɚɧɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɦɨɧɬɚɠɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɨɬɦɟɬɤɚɯ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɟɦɨɧɬɧɵɟ ɡɨɧɵ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ 
ɪɟɦɨɧɬɟ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɠɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɬɭɩɢɤɨɜɵɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɡɚɟɡɞ, 
ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɜɴɟɡɞɨɦ. Ⱦɵɦɨɫɨɫɵ ɢ ɞɵɦɨɜɵɟ ɬɪɭɛɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɭɪɨɜɧɢ ɡɟɦɥɢ, ɜɛɥɢɡɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɩɨɦɟɳɟɧɢɹ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ. 
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 Ɍɭɪɛɢɧɧɨɟ ɨɬɞɟɥɟɧɢɟ ɪɚɡɞɟɥɹɟɬɫɹ ɩɨ ɜɵɫɨɬɟ ɧɚ ɞɜɚ ɩɨɦɟɳɟɧɢɹ: ɜ ɜɟɪɯɧɟɦ 
ɭɫɬɚɧɨɜɥɟɧɵ ɬɭɪɛɨɚɝɪɟɝɚɬɵ, ɜ ɧɢɠɧɟɦ - ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɚɡɦɟɳɟɧ ɮɭɧɞɚɦɟɧɬ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚ, ɤɨɧɞɟɧɫɚɬɨɪɵ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ 
ɢ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɞɪɭɝɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɩɢɬɚɬɟɥɶɧɵɟ, 
ɤɨɧɞɟɧɫɚɬɧɵɟ, ɞɪɟɧɚɠɧɵɟ ɢ ɩɪɨɱɢɟ ɧɚɫɨɫɵ. 
 Ɇɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɩɨɦɟɳɟɧɢɟɦ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ, 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦ, ɫɩɥɨɲɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɟ ɜɵɩɨɥɧɹɸɬ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɛɫɥɭɠɢɜɚɬɶ ɦɨɫɬɨɜɵɦ ɤɪɚɧɨɦ, ɧɟ ɬɨɥɶɤɨ ɬɭɪɛɨɚɝɪɟɝɚɬɵ, ɧɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɨɬɞɟɥɟɧɢɢ. 
 ȼɨɤɪɭɝ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɭɫɬɪɚɢɜɚɸɬ ɩɥɨɳɚɞɤɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, 
ɫɨɟɞɢɧɹɟɦɵɟ ɩɟɪɟɯɨɞɚɦɢ ɫ ɝɚɥɟɪɟɹɦɢ, ɢɞɭɳɢɦɢ ɜɞɨɥɶ ɤɨɥɨɧɧ ɢ ɫɬɟɧ 
ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ. 
 Ɍɭɪɛɨɭɫɬɚɧɨɜɤɚ ɫɤɨɦɩɨɧɨɜɚɧɚ ɩɨ «ɨɫɬɪɨɜɧɨɦɭ» ɩɪɢɧɰɢɩɭ. Ɍɭɪɛɢɧɚ ɢ 
ɝɟɧɟɪɚɬɨɪ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɫɜɨɟɦ ɮɭɧɞɚɦɟɧɬɟ, ɧɟ ɫɜɹɡɚɧɧɵɦ ɫ ɞɪɭɝɢɦɢ 
ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ, ɱɬɨɛɵ ɜɢɛɪɚɰɢɹ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɧɟ ɩɟɪɟɞɚɜɚɥɚɫɶ 
ɧɚ ɧɢɯ. Ⱦɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɥɨɳɚɞɤɢ ɧɚ ɞɜɭɯ ɭɪɨɜɧɹɯ, ɦɟɠɞɭ ɩɥɨɳɚɞɤɨɣ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɬɭɪɛɢɧɵ ɢ ɩɨɥɨɦ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɦɟɳɟɧɢɹ. ȼ ɬɭɪɛɢɧɧɨɦ ɡɚɥɟ ɩɪɢɧɹɬɨ 
ɩɨɩɟɪɟɱɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ. 
 Ʉɨɧɞɟɧɫɚɬɨɪ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨɞ ɮɭɧɞɚɦɟɧɬɨɦ ɜɞɨɥɶ ɨɫɢ. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨ ɛɨɤɚɦ ɬɭɪɛɢɧɵ. ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
ɪɚɡɦɟɳɟɧɵ ɫ ɭɱɟɬɨɦ ɭɞɨɛɧɨɣ ɬɪɚɫɫɢɪɨɜɤɢ ɬɟɩɥɨɩɪɨɜɨɞɨɜ. ȼ ɬɭɪɛɢɧɧɨɦ 
ɨɬɞɟɥɟɧɢɢ ɜɵɩɨɥɧɟɧ ɩɨɞɜɚɥ ɞɥɹ ɩɪɨɤɥɚɞɤɢ ɜ ɧɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɜɨɞɨɜɨɞɨɜ ɢ 
ɞɪɭɝɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ. Ɍɚɤɠɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɦɨɫɬɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɪɚɧɚ, ɫ ɜɪɟɦɟɧɧɨɝɨ ɬɨɪɰɚ 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɜɴɟɡɞ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɚɜɬɨɦɨɛɢɥɶɧɵɦ 
ɜɴɟɡɞɨɦ. 
 ȼ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɨɦɟɳɟɧɢɢ ɧɚɯɨɞɹɬɫɹ ɞɟɚɷɪɚɬɨɪɵ ɫ ɛɚɤɚɦɢ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɦ ɪɚɡɦɟɳɚɸɬ ɊɈɍ ɢ ȻɊɈɍ, 
ɬɪɭɛɨɩɪɨɜɨɞɵ, ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɪɚɫɯɨɞɚ ɢ ɬɟɩɥɨɜɵɟ ɳɢɬɵ. 
 ɉɨɞɡɟɦɧɚɹ ɱɚɫɬɶ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɜ ɫɛɨɪɧɨɦ ɢ 
ɦɨɧɨɥɢɬɧɨɦ ɠɟɥɟɡɨɛɟɬɨɧɟ: ɮɭɧɞɚɦɟɧɬɵ ɡɞɚɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɫɛɨɪɧɵɦɢ, ɚ 
ɮɭɧɞɚɦɟɧɬɵ ɩɨɞ ɨɛɨɪɭɞɨɜɚɧɢɟ - ɫɛɨɪɧɵɦɢ ɢ ɫɛɨɪɧɨ-ɦɨɧɨɥɢɬɧɵɦɢ. ȼ 
ɦɚɲɢɧɧɨɦ ɢ ɞɟɚɷɪɚɬɨɪɧɨɦ ɨɬɞɟɥɟɧɢɹɯ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɭɫɬɪɚɢɜɚɟɬɫɹ ɫɢɥɨɜɨɣ 
ɩɨɥ ɜ ɜɢɞɟ ɫɩɥɨɲɧɨɣ ɦɨɧɨɥɢɬɧɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɩɥɢɬɵ, ɧɚ ɤɨɬɨɪɭɸ 
ɨɩɢɪɚɸɬɫɹ ɫɬɨɣɤɢ ɩɟɪɟɤɪɵɬɢɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɞɜɚɥɚ ɢ ɪɚɡɥɢɱɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. 
 Ʉɨɬɟɥɶɧɨɟ ɢ ɬɭɪɛɢɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɡɦɟɳɟɧɨ ɜ ɪɚɡɧɵɯ ɩɨɦɟɳɟɧɢɹɯ 
ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ [5]:  
 - ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɜɵɲɟɧɧɨɣ ɱɢɫɬɨɬɵ ɩɨɦɟɳɟɧɢɹ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ, ɧɭɠɞɚɸɳɢɯɫɹ ɜ ɨɫɨɛɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɡɚɡɨɪɨɜ ɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɭɡɥɨɜ;  
 - ɢɡ-ɡɚ ɫɬɪɟɦɥɟɧɢɹ ɪɚɡɞɟɥɢɬɶ ɜɡɪɵɜɨɨɩɚɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ;  
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 - ɢɡ-ɡɚ ɪɚɡɧɨɣ ɜɵɫɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɧɵɯ ɢɯ 
ɝɚɛɚɪɢɬɨɜ ɢ ɜɟɫɚ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɟɨɞɢɧɚɤɨɜɵɯ 
ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 
  
 
 3.3 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 
 
 3.3.1 Ƚɚɡɨɜɨɟ ɯɨɡɹɣɫɬɜɨ 
 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɹɜɥɹɟɬɫɹ ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ. Ɉɞɧɚɤɨ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɪɚɛɨɬɵ ɧɟ ɬɨɥɶɤɨ ɧɚ ɝɚɡɟ, ɧɨ ɢ ɧɚ 
ɦɚɡɭɬɟ. Ƚɚɡ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɬɚɧɰɢɸ ɨɬ ɝɚɡɨɩɪɨɜɨɞɚ ɢɥɢ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 
ɫɬɚɧɰɢɢ (ȽɊɋ) ɫ ɞɚɜɥɟɧɢɟɦ 0,7-1,3 Ɇɉɚ (ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ) ɢɥɢ 0,3— 0,5 Ɇɉɚ 
(ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ) ɩɨ ɨɞɧɨɣ ɥɢɧɢɢ ɩɨɞɡɟɦɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɭ ɮɨɪɫɭɧɨɤ ɤɨɬɥɨɚɝɪɟɝɚɬɚ  ɞɨ 0,13-0,2 Ɇɉɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɟɝɨ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɜ ɝɚɡɨɪɟɝɭɥɢɪɭɸɳɟɦ ɩɭɧɤɬɟ (ȽɊɉ). 

Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨ ɜ ɨɞɧɭ ɢɥɢ ɞɜɟ ɫɬɭɩɟɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɳɟɝɨ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɝɚɡɚ. ȼɜɢɞɭ ɪɟɡɤɨɝɨ ɲɭɦɚ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɝɚɡɚ 
ȽɊɉ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɨɬɞɟɥɶɧɨɦ (ɡɚɝɥɭɛɥɟɧɧɨɦ ɜ ɡɟɦɥɸ) ɡɞɚɧɢɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɨɛɨɪɭɞɭɟɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɦɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦɢ ɢ 
ɩɪɨɬɢɜɨɜɡɪɵɜɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȽɊɉ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɝɚɡɨɜɨɦ 
ɬɨɩɥɢɜɟ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ 
ɜɫɟɦɢ ɪɚɛɨɱɢɦɢ ɤɨɬɥɚɦɢ. Ⱦɥɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɫɬɚɧɰɢɣ ɦɨɳɧɨɫɬɶɸ ɞɨ 1200 
Ɇȼɬ ɢ Ɍɗɐ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɨ ɞɨ 4000 ɬ/ɱ ɫɨɨɪɭɠɚɟɬɫɹ ɨɞɢɧ ȽɊɉ, ɚ ɞɥɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ — ɞɜɚ ɢɥɢ ɛɨɥɟɟ. ȼ ɤɚɠɞɨɦ ȽɊɉ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɧɚ ɪɟɡɟɪɜɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɪɟɝɭɥɢɪɭɸɳɚɹ ɞɚɜɥɟɧɢɟ ɝɚɡɚ. 

ȽɊɉ ɪɚɡɦɟɳɚɸɬ ɜ ɨɬɞɟɥɶɧɵɯ ɡɞɚɧɢɹɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɚɧɰɢɢ. Ʉ ȽɊɉ ɝɚɡ 
ɩɨɞɜɨɞɢɬɫɹ ɩɨ ɨɞɧɨɦɭ ɝɚɡɨɩɪɨɜɨɞɭ (ɛɟɡ ɪɟɡɟɪɜɧɨɝɨ) ɨɬ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɧɟ 
ɬɟɪɪɢɬɨɪɢɢ ɫɬɚɧɰɢɢ ȽɊɋ. Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɩɟɪɟɞ ȽɊɉ 0,6–1,1 Ɇɉɚ, ɚ ɩɨɫɥɟ ȽɊɉ 
ɬɪɟɛɭɟɦɨɟ ɟɝɨ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɬɟɪɹɦɢ ɞɚɜɥɟɧɢɹ ɞɨ ɫɚɦɨɝɨ ɭɞɚɥɟɧɧɨɝɨ 
ɨɬ ȽɊɉ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɢ ɧɟɨɛɯɨɞɢɦɵɦ ɞɚɜɥɟɧɢɟɦ ɝɚɡɚ ɩɟɪɟɞ ɝɨɪɟɥɤɚɦɢ ɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɛɵɱɧɨ 0,13–0,2 Ɇɉɚ. 
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ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1. 
 

Отвод к другим котлам

От магистрального
газопровода

ГРП

К горелкам котла

1 1

1

1 1

1
1

2

2
3

4

6

5

7

8

9

От магистрального
газопровода

ГРП

К горелкам котла

1 1

1

1 1

1
1

2

2
3

4

6

5

7

8

9

 
 

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 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ 
 

ɇɚ ɝɚɡɨɩɪɨɜɨɞɚɯ ɩɟɪɟɞ ɢ ɩɨɫɥɟ ȽɊɉ ɩɪɢɦɟɧɹɸɬ ɡɚɞɜɢɠɤɢ ɫ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɡɚ 
ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɤɥɚɩɚɧɚɦɢ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ.  

ɇɚ ɝɚɡɨɩɪɨɜɨɞɟ ɤ ɤɚɠɞɨɦɭ ɤɨɬɥɭ ɢɦɟɸɬɫɹ: ɡɚɩɨɪɧɚɹ ɡɚɞɜɢɠɤɚ, ɲɚɣɛɚ 
ɪɚɫɯɨɞɨɦɟɪɚ, ɪɟɝɭɥɹɬɨɪ ɪɚɫɯɨɞɚ ɝɚɡɚ, ɢɦɩɭɥɶɫɧɵɣ ɨɬɫɟɱɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɤɥɚɩɚɧ, ɪɚɛɨɬɚɸɳɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɭ ɝɨɪɟɥɨɤ ɞɨ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɨɫɬɚɧɨɜɤɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɢɥɢ ɞɵɦɨɫɨɫɚ. Ɋɟɝɭɥɹɬɨɪ 
ɪɚɫɯɨɞɚ ɝɚɡɚ ɭɩɪɚɜɥɹɟɬɫɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɤɢ 
ɝɨɪɟɧɢɹ ɩɨ ɞɜɭɦ ɢɦɩɭɥɶɫɚɦ: ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ ɢ ɩɟɪɟɩɚɞɭ 
ɞɚɜɥɟɧɢɹ ɧɚ ɞɢɚɮɪɚɝɦɟ ɩɚɪɨɦɟɪɚ. Ⱦɥɹ ɩɪɨɞɭɜɤɢ ɝɚɡɨɩɪɨɜɨɞɨɜ ɢɦɟɸɬɫɹ 
ɩɪɨɞɭɜɨɱɧɵɟ ɫɜɟɱɢ ɫ ɩɥɨɬɧɵɦɢ ɡɚɩɨɪɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ.  

ɇɚɪɭɠɧɵɣ ɝɚɡɨɩɪɨɜɨɞ ɨɬ ȽɊɉ ɞɨ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ 
ɧɚ ɷɫɬɚɤɚɞɟ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɭɞɥɢɧɟɧɢɹ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ. 
Ƚɚɡɨɩɪɨɜɨɞ ɩɨɤɪɵɜɚɟɬɫɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ.  
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Ɋɚɫɯɨɞ ɝɚɡɚ, ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɸ, ɢɡɦɟɪɹɟɬɫɹ ɜ ɦ3/ɱ ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɞɪɨɫɫɟɥɶɧɵɦɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɦɢ ɧɚ ɨɛɳɟɣ ɦɚɝɢɫɬɪɚɥɢ 
ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚ ɝɚɡɨɩɪɨɜɨɞɟ ɤ ɤɚɠɞɨɦɭ ɩɚɪɨɝɟɧɟɪɚɬɨɪɭ. 

 
 

 3.3.2 Ɇɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ 
 

Ɉɫɧɨɜɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɹɜɥɹɸɬɫɹ ɩɪɢɟɦɧɨ-
ɪɚɡɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɦɚɡɭɬɨɯɪɚɧɢɥɢɳɟ (ɦɚɡɭɬɧɵɣ ɫɤɥɚɞ), ɧɚɫɨɫɧɚɹ 
ɫɬɚɧɰɢɹ, ɦɚɡɭɬɨɩɪɨɜɨɞɵ, ɚɪɦɚɬɭɪɚ. ɉɪɢɟɦɧɨ-ɫɥɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 
ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɩɪɢɟɦɚ ɦɚɡɭɬɚ ɢɡ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɰɢɫɬɟɪɧ, ɪɚɡɨɝɪɟɜɚ, ɢ 
ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɦɚɡɭɬɚ ɜ ɪɟɡɟɪɜɭɚɪɵ-ɯɪɚɧɢɥɢɳɚ. ɋɨɨɪɭɠɟɧɢɹ ɩɪɢɟɦɧɨ-ɫɥɢɜɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɚ ɩɪɢɟɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 50, 60 ɢ 120ɬ. Ⱦɥɹ 
ɫɥɢɜɚ ɦɚɡɭɬɚ ɧɟɨɛɯɨɞɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɡɨɝɪɟɜ ɟɝɨ ɜ ɰɢɫɬɟɪɧɚɯ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 60-70° ɋ. ȼɪɟɦɹ ɩɨɞɨɝɪɟɜɚ ɢ ɫɥɢɜɚ ɨɞɧɨɣ ɫɬɨɹɧɤɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ 
ɛɨɥɶɲɟ 9-ɬɢ ɱɚɫɨɜ. 

Ɇɚɡɭɬ ɧɚ Ɍɗɐ ɞɨɫɬɚɜɥɹɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ, ɜɨɞɧɵɦ ɢɥɢ ɬɪɭ-
ɛɨɩɪɨɜɨɞɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɢ ɫɥɢɜɚɟɬɫɹ ɜ ɩɪɢɟɦɧɵɣ ɪɟɡɟɪɜɭɚɪ. ȼ ɥɨɬɤɚɯ ɩɟɪɟɞ 
ɪɟɡɟɪɜɭɚɪɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɟɬɤɢ ɫ ɹɱɟɣɤɚɦɢ 10×10 ɦɦ, ɫɥɭɠɚɳɢɟ ɞɥɹ 
ɡɚɞɟɪɠɤɢ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ. ɂɡ ɩɪɢɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ ɦɚɡɭɬ ɧɚɫɨɫɚɦɢ 
ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɜ ɨɫɧɨɜɧɵɟ ɪɟɡɟɪɜɭɚɪɵ-ɯɪɚɧɢɥɢɳɚ, ɫɥɭɠɚɳɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɡɚɩɚɫɚ ɦɚɡɭɬɚ. 

ɂɡ ɪɟɡɟɪɜɭɚɪɨɜ-ɯɪɚɧɢɥɢɳ ɦɚɡɭɬ ɫɚɦɨɬɟɤɨɦ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɨɜ 
ɩɨɞɚɟɬɫɹ ɜ ɡɞɚɧɢɟ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ, ɝɞɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚɫɨɫɵ, 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɢ ɮɢɥɶɬɪɵ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ. ȼ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɦɚɡɭɬ 
ɩɨɞɨɝɪɟɜɚɟɬɫɹ, ɨɱɢɳɚɟɬɫɹ ɢ ɩɨɞ ɡɚɞɚɧɧɵɦ ɞɚɜɥɟɧɢɟɦ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ. 

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɥɢɧɢɢ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɦɚɡɭɬɚ, ɡɚ ɫɱɟɬ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨɟ ɞɜɢɠɟɧɢɟ ɟɝɨ ɩɨ ɬɪɭɛɚɦ 
ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. ɗɬɨ ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɟɝɨ ɡɚɫɬɵɜɚɧɢɟ ɩɪɢ ɨɫɬɚɧɨɜɤɟ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ. 

Ɇɚɡɭɬ ɧɚ ɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɚɜɚɪɢɣɧɨɟ ɬɨɩɥɢɜɨ. Ⱥɜɚɪɢɣɧɨɟ 
ɦɚɡɭɬɨɯɨɡɹɣɫɬɜɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɨɞɚɱɭ ɤɨɥɢɱɟɫɬɜɚ ɦɚɡɭɬɚ, ɤɨɬɨɪɨɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɜɫɟɯ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɬɟɱɟɧɢɢ 
5 ɫɭɬɨɤ. Ɇɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɨɞɧɨɣ ɫɯɟɦɟ. 

  
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ         

ɪɢɫɭɧɤɟ 3.1. 
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от других
котлов

Приёмное сливное устройство

Склад

Мазутонасосная

12

3

4

5

6 7
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к другим
котлам

14

15 16

17 18

от других
котлов

Приёмное сливное устройство

Склад

Мазутонасосная

12

3

4

5

6 7

8

9

10

11

12

13 19

к другим
котлам

14

15 16

17 18

 
 

1 - ɰɢɫɬɟɪɧɚ; 2 - ɫɥɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 3 - ɮɢɥɶɬɪ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ; 4 - ɩɪɢɟɦɧɵɣ 
ɪɟɡɟɪɜɭɚɪ; 5 - ɩɟɪɟɤɚɱɢɜɚɸɳɢɣ ɧɚɫɨɫ; 6 - ɨɫɧɨɜɧɨɣ ɪɟɡɟɪɜɭɚɪ; 7, 8, 19 - ɥɢɧɢɢ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɦɚɡɭɬɚ; 9 - ɧɚɫɨɫ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ; 10 - ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ; 11 - 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɦɚɡɭɬɚ; 12 - ɮɢɥɶɬɪ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ; 13 - ɧɚɫɨɫ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ; 14 - 

ɡɚɩɨɪɧɚɹ ɡɚɞɜɢɠɤɚ; 15 - ɪɟɝɭɥɹɬɨɪ ɪɚɫɯɨɞɚ; 16 - ɪɚɫɯɨɞɨɦɟɪ; 17 - ɡɚɞɜɢɠɤɚ; 18 - 
ɮɨɪɫɭɧɤɢ ɤɨɬɥɚ. 

 
Ɋɢɫɭɧɨɤ 3.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 

 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɦɚɡɭɬ ɩɪɢɯɨɞɢɬɫɹ 

ɩɨɞɨɝɪɟɜɚɬɶ ɧɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɬɪɚɤɬɚ ɟɝɨ ɞɜɢɠɟɧɢɹ. ɉɟɪɜɢɱɧɵɣ ɩɨɞɨɝɪɟɜ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 35-45 °ɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɪɢɟɦɧɨ-ɪɚɡɝɪɭɡɨɱɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 
ɩɪɢ ɫɥɢɜɟ ɢɡ ɰɢɫɬɟɪɧ ɢ ɞɜɢɠɟɧɢɢ ɩɨ ɫɚɦɨɬɟɱɧɵɦ ɥɨɬɤɚɦ. ȼ ɪɟɡɟɪɜɭɚɪɚɯ ɦɚɡɭɬ 
ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɞɨ 90° ɋ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 120-150° ɋ, 
ɜɵɛɢɪɚɟɦɨɣ ɩɨ ɭɫɥɨɜɢɹɦ ɪɚɫɩɵɥɢɜɚɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ. 
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Ⱦɚɜɥɟɧɢɟ ɦɚɡɭɬɚ ɜ ɥɢɧɢɢ ɤ ɤɨɬɟɥɶɧɨɣ ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɮɨɪɫɭɧɨɤ. Ʉɚɱɟɫɬɜɟɧɧɨɟ ɪɚɫɩɵɥɢɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɮɨɪɫɭɧɤɚɦɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 3-4,5 Ɇɉɚ; ɩɚɪɨɜɵɦɢ - 0,5-1,0 Ɇɉɚ. Ⱦɚɜɥɟɧɢɟ 3-
4,5 Ɇɉɚ ɧɚɞɟɠɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɪɚɛɨɬɟ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɜɤɥɸɱɟɧɧɵɯ ɝɪɭɩɩ ɧɚɫɨɫɨɜ. ȼ ɩɟɪɜɨɣ ɞɚɜɥɟɧɢɟ ɩɨɜɵɲɚɟɬɫɹ ɞɨ 1-1,5 Ɇɉɚ, ɜɨ 
ɜɬɨɪɨɣ - ɞɨ ɡɚɞɚɧɧɨɝɨ. Ɉɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɩɨɞɴɟɦ ɞɚɜɥɟɧɢɹ ɧɟ ɧɚɞɟɠɟɧ ɢɡ-ɡɚ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɹɜɥɟɧɢɣ ɤɚɜɢɬɚɰɢɢ ɢ ɫɪɵɜɚ ɪɚɛɨɬɵ ɧɚɫɨɫɨɜ. 

ɉɪɢɟɦɧɨ-ɪɚɡɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɱɚɫɬɨɤ ɠɟ-
ɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɫ ɠɟɥɨɛɨɦ ɦɟɠɞɭ ɪɟɥɶɫɚɦɢ, ɤɭɞɚ ɫɥɢɜɚɟɬɫɹ ɦɚɡɭɬ ɢɡ 
ɰɢɫɬɟɪɧ. ɀɟɥɨɛ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɛɥɢɰɨɜɤɨɣ ɢ 
ɭɤɥɨɧɨɦ ɞɧɚ 0,01 ɜ ɫɬɨɪɨɧɭ ɩɪɢɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ. ɉɨ ɞɧɭ ɠɟɥɨɛɚ 
ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɩɚɪɨɜɵɟ ɬɪɭɛɵ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɦɚɡɭɬɚ. 

Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɫɥɢɜɚ ɦɚɡɭɬ ɜ ɰɢɫɬɟɪɧɚɯ ɪɚɡɨɝɪɟɜɚɟɬɫɹ ɩɚɪɨɦ ɞɚɜɥɟɧɢɟɦ 
1 - 1,2 Ɇɉɚ, ɩɨɞɚɜɚɟɦɵɦ ɜ ɰɢɫɬɟɪɧɭ ɱɟɪɟɡ ɜɟɪɯɧɸɸ ɝɨɪɥɨɜɢɧɭ. ɇɚ ɧɟɤɨɬɨɪɵɯ 
Ɍɗɐ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɨɝɪɟɜɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɫɨɨɪɭɠɚɟɦɵɟ ɩɨ 
ɬɢɩɭ ɪɚɡɦɨɪɚɠɢɜɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

ɉɨ ɭɫɥɨɜɢɹɦ ɭɞɨɛɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɞɥɢɧɚ ɫɥɢɜɧɵɯ ɷɫɬɚɤɚɞ ɩɪɢ-
ɧɢɦɚɟɬɫɹ ɧɟ ɛɨɥɟɟ 100 ɦ. 

Ɋɟɡɟɪɜɭɚɪɵ ɫɥɭɠɚɬ ɞɥɹ ɩɪɢɟɦɤɢ ɢ ɯɪɚɧɟɧɢɹ ɦɚɡɭɬɚ. Ɉɧɢ ɞɨɥɠɧɵ ɢɦɟɬɶ 
ɩɪɨɱɧɭɸ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɡɜɨɥɹɸɳɭɸ ɫɨɨɪɭɠɚɬɶ ɢɯ 
ɫɨɜɪɟɦɟɧɧɵɦɢ ɢɧɞɭɫɬɪɢɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ; ɢɦɟɬɶ ɩɥɨɬɧɵɟ ɫɬɟɧɤɢ, 
ɢɫɤɥɸɱɚɸɳɢɟ ɩɪɨɬɟɱɤɢ ɦɚɡɭɬɚ; ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɞɟɠɧɭɸ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ. 

Ɋɟɡɟɪɜɭɚɪɵ ɜɵɩɨɥɧɹɸɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɢɥɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ. 
ɂɫɩɨɥɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɟɦɧɵɦ, ɩɨɞɡɟɦɧɵɦ ɢɥɢ ɩɨɥɭɩɨɞɡɟɦɧɵɦ. ɉɪɢ 
ɧɚɡɟɦɧɨɦ ɢɫɩɨɥɧɟɧɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɚɦɨɬɟɱɧɚɹ ɩɨɞɚɱɚ ɦɚɡɭɬɚ ɜ 
ɦɚɡɭɬɨɧɚɫɨɫɧɭɸ ɫɬɚɧɰɢɸ, ɩɪɢ ɷɬɨɦ ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ 
ɦɟɧɶɲɟ, ɧɨ ɛɨɥɟɟ ɫɥɨɠɧɨ ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
Ʉɚɠɞɵɣ ɧɚɡɟɦɧɵɣ ɪɟɡɟɪɜɭɚɪ ɢɥɢ ɝɪɭɩɩɚ ɪɟɡɟɪɜɭɚɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɨɝɪɚɠɞɟɧɵ 
ɡɟɦɥɹɧɵɦ ɜɚɥɨɦ. Ɉɛɜɚɥɨɜɚɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ 50% ɨɛɴɟɦɚ 
ɯɪɚɧɹɳɟɝɨɫɹ ɦɚɡɭɬɚ. Ɇɟɠɞɭ ɪɟɡɟɪɜɭɚɪɚɦɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɩɨɠɚɪɧɵɟ 
ɪɚɡɪɵɜɵ ɢ ɩɪɨɟɡɞɵ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɨɬɪɟɛɧɚɹ ɩɥɨɳɚɞɶ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɧɚɡɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ ɩɥɨɳɚɞɢ 
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

ɉɨɞɡɟɦɧɵɟ ɪɟɡɟɪɜɭɚɪɵ ɫɥɨɠɧɟɟ, ɢ ɞɥɹ ɜɵɞɚɱɢ ɢɡ ɧɢɯ ɦɚɡɭɬɚ ɬɪɟɛɭɟɬɫɹ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɧɚɫɨɫɵ. Ɉɞɧɚɤɨ ɷɬɢ ɧɟɞɨɫɬɚɬɤɢ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ 
ɩɪɨɫɬɨɬɨɣ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɦɟɧɶɲɟɣ 
ɩɨɬɪɟɛɧɨɣ ɩɥɨɳɚɞɶɸ ɞɥɹ ɢɯ ɪɚɡɦɟɳɟɧɢɹ. ȼ ɤɨɧɤɪɟɬɧɵɯ ɫɥɭɱɚɹɯ ɜɵɛɨɪ 
ɢɫɩɨɥɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ 
ɡɚɬɪɚɬ ɞɥɹ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɨɜ. 

Ɇɚɡɭɬ ɜ ɪɟɡɟɪɜɭɚɪɚɯ ɯɪɚɧɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70-80°ɋ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ 
ɩɨɬɟɪɶ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɫɬɟɧɤɢ ɧɚɡɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ ɩɨɤɪɵɜɚɸɬɫɹ 
ɞɥɹ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɦɚɬɚɦɢ ɢɡ ɦɢɧɟɪɚɥɶɧɨɣ ɜɚɬɵ ɫ ɨɛɲɢɜɤɨɣ ɫɧɚɪɭɠɢ ɠɟɫɬɶɸ 
ɢɥɢ ɧɚɧɟɫɟɧɢɟɦ ɫɥɨɹ ɚɫɛɨɰɟɦɟɧɬɧɨɣ ɲɬɭɤɚɬɭɪɤɢ. 
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ɉɨɞɡɟɦɧɵɟ ɪɟɡɟɪɜɭɚɪɵ ɫɨɨɪɭɠɚɸɬɫɹ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ. ɋɬɟɧɤɢ ɢɯ ɩɟɪɟɞ 
ɡɚɫɵɩɤɨɣ ɡɟɦɥɟɣ ɩɨɤɪɵɜɚɸɬ ɫɥɨɟɦ ɝɢɞɪɨɢɡɨɥɹɰɢɢ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ 
ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɫɬɟɧɨɤ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɩɨɬɟɪɢ ɬɟɩɥɚ 
ɪɟɡɟɪɜɭɚɪɚɦɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɞɨɜɨɥɶɧɨ ɜɟɥɢɤɢ. ȼ ɬɟɱɟɧɢɟ ɝɨɞɚ ɩɨɬɟɪɢ 
ɫɨɫɬɚɜɥɹɸɬ 600-900 ɆȾɠ ɧɚ 1 ɬɨɧɧɭ ɦɚɡɭɬɚ.  

ɋɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɞɨɫɬɢɝɚɟɬɫɹ ɯɪɚɧɟɧɢɟɦ ɦɚɡɭɬɚ ɛɟɡ ɩɨɞɨɝɪɟɜɚ. ɗɬɨɬ 
ɦɟɬɨɞ ɨɩɪɨɛɨɜɚɧ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚ ɧɟɫɤɨɥɶɤɢɯ Ɍɗɐ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ. ɉɪɢ ɧɚɥɢɱɢɢ ɧɚ ɫɤɥɚɞɟ ɧɟɫɤɨɥɶɤɢɯ ɪɟɡɟɪɜɭɚɪɨɜ ɱɚɫɬɶ ɢɡ 
ɧɢɯ ɧɟ ɨɛɨɝɪɟɜɚɟɬɫɹ. Ƚɨɬɨɜɧɨɫɬɶ ɤ ɫɥɢɜɭ ɦɚɡɭɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ 
ɨɛɨɝɪɟɜɨɦ ɫɥɢɜɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɶɸ ɜɤɥɸɱɟɧɢɹ 
ɨɫɧɨɜɧɵɯ ɩɨɞɨɝɪɟɜɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

ȼ ɪɟɡɟɪɜɭɚɪɚɯ ɦɚɡɭɬ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɜ ɩɚɪɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɨɪɹɱɟɝɨ ɦɚɡɭɬɚ. ɉɨ-
ɜɟɪɯɧɨɫɬɧɵɟ ɧɚɝɪɟɜɚɬɟɥɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɟɞɢɧɢɱɧɨɝɨ ɡɦɟɟɜɢɤɚ ɢɥɢ ɜ 
ɜɢɞɟ ɫɟɤɰɢɣ ɩɪɹɦɵɯ ɬɪɭɛ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɩɨ ɤɨɧɰɚɦ ɜ ɤɨɥɥɟɤɬɨɪɵ ɢ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɟɡɟɪɜɭɚɪɨɜ. ȼ ɧɚɝɪɟɜɚɬɟɥɢ ɩɨɞɚɟɬɫɹ ɩɚɪ 
ɞɚɜɥɟɧɢɟɦ 0,5-0,6 Ɇɉɚ. 

ɉɚɪɨɜɵɟ ɧɚɝɪɟɜɚɬɟɥɢ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɪɟ-
ɡɟɪɜɭɚɪɨɜ, ɨɞɧɚɤɨ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɧɢ ɜɤɥɸɱɚɸɬɫɹ ɪɟɞɤɨ. Ɉɫɧɨɜɧɵɦ 
ɫɨɜɪɟɦɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɪɚɡɨɝɪɟɜɚ ɹɜɥɹɟɬɫɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ 
ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɢɥɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɡɚɦɟɧɟ ɨɫɬɵɜɲɟɝɨ ɦɚɡɭɬɚ ɝɨɪɹɱɢɦ, 
ɧɚɝɪɟɜɚɟɦɵɦ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɢ ɩɨɞɚɜɚɟɦɵɦ ɜ 
ɪɟɡɟɪɜɭɚɪɵ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɪɟɰɢɪɤɭɥɹɰɢɢ. ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ ɩɨɞɨɝɪɟɜ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɵɣ ɩɨɞɨɝɪɟɜ ɦɚɡɭɬɚ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɢ ɷɮɮɟɤɬɢɜɧɨɟ 
ɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɟ ɜɵɩɚɞɟɧɢɸ ɨɫɚɞɤɨɜ. 

Ɇɚɡɭɬɨɧɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ ɫɨɨɪɭɠɚɸɬɫɹ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɨɞɧɨ- ɢɥɢ 
ɞɜɭɯɷɬɚɠɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɩɨɦɟɳɟɧɢɹɦɢ ɞɥɹ ɧɚɫɨɫɨɜ, ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜɚ. Ɉɬɞɟɥɶɧɨɟ ɩɨɦɟɳɟɧɢɟ 
ɜɵɞɟɥɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɵɬɨɜɨɝɨ. 

ɂɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚɫɨɫɵ, ɮɢɥɶɬɪɵ, ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɫɛɨɪɚ ɢ 
ɨɱɢɫɬɤɢ ɡɚɝɪɹɡɧɟɧɧɵɯ ɦɚɡɭɬɨɦ ɜɨɞ. ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɦɚɡɭɬɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɫɧɚɪɭɠɢ ɡɞɚɧɢɹ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ. 

Ⱦɥɹ ɩɟɪɟɤɚɱɤɢ ɦɚɡɭɬɚ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚɫɨɫɵ ɫɩɟɰɢɚɥɶɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. ȼ 
ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɟ ɧɚɫɨɫɵ ɫ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɜɚɥɨɦ, ɚ ɜ ɪɟɡɟɪɜɭɚɪɚɯ - ɨɫɟɜɵɟ ɧɚɫɨɫɵ ɩɨɝɪɭɠɧɨɝɨ ɬɢɩɚ. ɂ 
ɬɟ ɢ ɞɪɭɝɢɟ ɢɦɟɸɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ ɝɟɪɦɟɬɢɱɧɵɦ ɤɨɪɩɭɫɨɦ. 

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɦɚɡɭɬɚ ɢɡ ɪɟɡɟɪɜɭɚɪɨɜ ɫɚɦɨɬɟɤɨɦ (ɩɪɢ ɧɚɡɟɦɧɨɦ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɪɟɡɟɪɜɭɚɪɨɜ) ɜ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɧɚɫɨɫɵ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ. ɉɪɢ ɩɨɞɡɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɚɯ ɜ 
ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɧɚɫɨɫɵ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ; 
ɧɚɫɨɫɵ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɪɚɡɦɟɳɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɡɟɪɜɭɚɪɚɯ. 

Ʉɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ ɜ ɤɚɠɞɨɣ ɝɪɭɩɩɟ ɩɪɢɧɢɦɚɟɬɫɹ ɧɟ ɦɟɧɟɟ ɬɪɟɯ, ɫɱɢɬɚɹ 
ɨɞɢɧ ɪɟɡɟɪɜɧɵɦ. 
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ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɩɨɞɚɱɢ ɧɚɫɨɫɨɜ ɭɱɢɬɵɜɚɟɬɫɹ ɪɚɫɯɨɞ ɦɚɡɭɬɚ 
ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ ɜ ɤɨɥɢɱɟɫɬɜɟ 20-25% ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ. 

Ɏɢɥɶɬɪɵ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɫɟɬɨɤ ɫ ɹɱɟɣɤɚɦɢ 10×10 
ɦɦ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɟɪɟɞ ɧɚɫɨɫɚɦɢ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ. Ɍɨɧɤɚɹ ɨɱɢɫɬɤɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɮɢɥɶɬɪɚɯ ɤɨɪɩɭɫɧɨɝɨ ɬɢɩɚ ɱɟɪɟɡ ɫɟɬɤɢ ɫ ɹɱɟɣɤɚɦɢ ɪɚɡɦɟɪɨɦ 
1 1 ɦɦ. 

Ⱦɥɹ ɩɨɞɨɝɪɟɜɚ ɦɚɡɭɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɭɯɫɟɤɰɢɨɧɧɵɟ ɬɪɭɛɱɚɬɵɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ɉɨ ɬɪɭɛɚɦ ɞɜɢɠɟɬɫɹ ɦɚɡɭɬ, ɚ ɜ ɦɟɠɬɪɭɛɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɩɨɞɚɟɬɫɹ ɩɚɪ ɞɚɜɥɟɧɢɟɦ 1-1,2 Ɇɉɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɜɵɛɢɪɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɹɡɤɨɫɬɢ ɢ ɬɢɩɚ ɮɨɪɫɭɧɨɤ, ɉɪɢ ɪɚɫɩɵɥɢɜɚɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɮɨɪɫɭɧɤɚɦɢ ɜɹɡɤɨɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɜɵɲɟ 2ɨ ȼɍ, ɚ ɩɚɪɨɜɵɦɢ - 6ɨ ȼɍ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɪɚɡɧɵɯ ɦɚɪɨɤ 
ɦɚɡɭɬɚ ɩɪɢɜɨɞɹɬɫɹ ɜ ɫɩɪɚɜɨɱɧɢɤɚɯ. ɇɚɩɪɢɦɟɪ, ɦɚɡɭɬ ɦɚɪɤɢ Ɇ100 ɩɪɢ 
ɪɚɫɩɢɥɢɜɚɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɮɨɪɫɭɧɤɚɦɢ ɞɨɥɠɟɧ ɩɨɞɨɝɪɟɜɚɬɶɫɹ ɞɨ 130-140 
°ɋ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɦɚɡɭɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ 
ɬɢɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ». ɗɬɢ ɚɩɩɚɪɚɬɵ ɩɨ ɝɚɛɚɪɢɬɧɵɦ ɪɚɡɦɟɪɚɦ ɛɨɥɶɲɟ ɞɜɭɯ 
ɫɟɤɰɢɨɧɧɵɯ, ɧɨ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɩɥɨɬɧɨɫɬɶɸ ɬɪɭɛɱɚɬɨɣ 
ɫɢɫɬɟɦɵ, ɢɫɤɥɸɱɚɸɳɟɣ ɡɚɝɪɹɡɧɟɧɢɟ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ. 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɜ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɞɨɥɠɧɨ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɬɪɟɯ; ɨɞɢɧ ɢɡ ɧɢɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɚɤ ɪɟɡɟɪɜɧɵɣ. 

Ɉɬ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɜ ɤɨɬɟɥɶɧɭɸ ɦɚɡɭɬ ɩɨɞɚɟɬɫɹ ɩɨ ɞɜɭɦ ɦɚɡɭɬɨ-
ɩɪɨɜɨɞɚɦ, ɩɪɨɤɥɚɞɵɜɚɟɦɵɦ ɧɚ ɷɫɬɚɤɚɞɟ ɜ ɫɨɜɦɟɫɬɧɨɣ ɢɡɨɥɹɰɢɢ ɫ ɩɚɪɨ-
ɩɪɨɜɨɞɚɦɢ. Ʉɚɠɞɵɣ ɢɡ ɦɚɡɭɬɨɩɪɨɜɨɞɨɜ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɪɨɩɭɫɤ 75% 
ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɦɚɡɭɬɚ. 

Ⱦɥɹ ɦɚɡɭɬɨɩɪɨɜɨɞɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɥɶɧɵɟ ɛɟɫɲɨɜɧɵɟ ɬɪɭɛɵ. 
ɉɨɦɟɳɟɧɢɟ ɦɚɡɭɬɨɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ 

ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɨɷɬɨɦɭ ɜɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɚɪɦɚɬɭɪɚ ɢ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɜɨ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɦ ɢɫɩɨɥɧɟɧɢɢ. ɇɚ 
ɜɫɚɫɵɜɚɸɳɢɯ ɢ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɦɚɡɭɬɨɩɪɨɜɨɞɚɯ ɜ 10-15 ɦ ɨɬ ɡɞɚɧɢɹ ɧɚɫɨɫɧɨɣ 
ɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɚɜɚɪɢɣɧɵɟ ɡɚɩɨɪɧɵɟ ɤɥɚɩɚɧɵ. ɋ ɷɬɨɣ ɠɟ ɰɟɥɶɸ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ ɫ ɤɪɚɬɧɨɫɬɶɸ ɨɛɦɟɧɚ 
ɜɨɡɞɭɯɚ 20-35. 

ȼɵɛɪɚɧɧɚɹ ɩɥɨɳɚɞɤɚ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɥɚɧɢɪɭɟɬɫɹ ɫ ɭɤɥɨɧɨɦ 0,003 
ɞɥɹ ɫɬɨɤɚ ɥɢɜɧɟɜɵɯ ɜɨɞ. ɇɚ ɩɥɨɳɚɞɤɭ ɩɨɞɜɨɞɢɬɫɹ ɥɢɧɢɹ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, 
ɫɨɨɪɭɠɚɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɜɟɬɤɚ ɢ ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɞɨɪɨɝɚ. ȼɫɟ ɨɛɴɟɤɬɵ 
ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɨɛɨɪɭɞɭɸɬɫɹ ɧɚɞɟɠɧɨɣ ɝɪɨɡɨɡɚɳɢɬɨɣ. 
  
 
 3.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ 
 

ɂɫɬɨɱɧɢɤɨɦ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɣ 
ɝɚɡ, ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɵɣ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɝɚɡɨɩɪɨɜɨɞɭ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɵɦ 
ɝɚɡɨɩɪɨɜɨɞɚɦ ɢɡ Ɍɸɦɟɧɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɝɚɡɨɩɪɨɜɨɞɚ Ȼɭɯɚɪɚ-ɍɪɚɥ. 


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Ɉɛɫɥɭɠɢɜɚɧɢɟ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬ ɈɈɈ «Ƚɚɡɩɪɨɦ 
ɬɪɚɧɫɝɚɡ ȿɤɚɬɟɪɢɧɛɭɪɝ». 

Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɤɨɧɟɱɧɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɫɟɬɹɦ ɈȺɈ «ȿɤɚɬɟɪɢɧɛɭɪɝɝɚɡ» ɨɬ 7 ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ 
ɫɬɚɧɰɢɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɭɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.1 [7]. 

 
Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ 

ɋɨɫɬɚɜ ɝɚɡɚ ɩɨ ɨɛɴɺɦɭ, % Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ, 

P
ɧQ , 

ɤȾɠ/ɦ3 
ɋɇ4 ɋ2ɇ6 ɋ3ɇ8 ɋ4ɇ10 ɋ5ɇ12 ɋɈ2 N2 H2 H2S 

98,24 0,29 0,2 0,09 0,04 0,14 1 0 0 35800 

  
 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ , ɬ/ɱ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 ,                                                                                                    (3.1) 

 
ɝɞɟ  – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɲɬ; 
  – ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɥɨɚɝɪɟɝɚɬ, ɬ/ɱ; 
 
 6 37,7 226,2ɨɛщȼ    . 

 
 

3.3.4 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ 
 
 Ɋɚɫɱɢɬɵɜɚɟɦ ɨɛɴɟɦɵ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ  [7]. 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ , ɦ3/ɦ3, ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɦ3 ɝɚɡɨɨɛɪɚɡɧɨɝɨ 
ɬɨɩɥɢɜɚ 
 

 ,        (3.2) 

 
ɝɞɟ  , , , ,  – ɨɛɴɟɦɧɵɟ ɫɨɞɟɪɠɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, %; 
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 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ , ɦ3/ɦ3 

 
 ,                                                                           (3.3) 

 
ɝɞɟ   - ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɦ3;  
 
 

2

0 0,79 9,5 0,01 1 7,5NV      . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ , ɦ3/ɦ3 

 

 ,                                        (3.4) 

 

2
0,01 (0,1 0 0 1 98,24 2 0,29 3 0,2

4 0,09 5 0,04) 1.

ROV           

    
 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ , ɦ3/ɦ3 

 

 ,             (3.5) 

 
ɝɞɟ    ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɝ/ɦ3; 
 

 
2

4 6 8 10
0,01 0 0 98,24 0,29 0,2 0,09

2 2 2 2

12
0,04 0,124 10 0,0161 9,5 2,1.

2

H OV
           

      

 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ , ɦ3/ɦ3  
 ,                                                             (3.6) 

 
 0 1 7,5 2,1 10,6ȽV     . 
 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ , ɦ3/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ  
 

 ,                                   (3.7) 

 
ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɪɚɜɟɧ 1,2; 
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  – ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɪɚɜɟɧ 0,06;  
  – ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɢ, ɩɪɢɧɢɦɚɟɦ 0,03; 
  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ȼɁɉ, ɩɪɢɧɢɦɚɟɦ 0,05; 
  – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 
 

 
100 0,5 25 273

10,475 9,5 (1,2 0,06 0,3 0,05) 96,1
100 273ɞɜV
 

         . 

 
 ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ  
ɤɉɚ. Ɍɨɝɞɚ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ , ɤɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ  
 
 ,                                                                                                  (3.8)  

 
 . 

 
 ȼɵɛɢɪɚɟɦ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ ɬɢɩɚ ȼȾɇ-17 ɧɚ ɤɨɬɟɥ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [13]: 

- ɄɉȾ – 80%; 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 740/980 ɨɛ/ɦɢɧ. 
 

 Ɉɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ , ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  
 
 ,                                                                           (3.9) 

 
 10,6 1,0161 (1,3 1) 9,5 13,5ɭɯ

ɝV       . 
 
 Ɋɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɨɜ , ɦ3/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ  

 

 ,                                       (3.10) 

 

 
100 0,5 151 273

10,475 (13,5 (0,1 0,08) 10) 247,1
100 273ɞɫV
 

        . 

 ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ  
ɤɉɚ. Ɍɨɝɞɚ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ , ɤɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  
 
 ,                                                                                                (3.11) 
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 ȼɵɛɢɪɚɟɦ ɞɜɚ ɞɵɦɨɫɨɫɚ ɬɢɩɚ Ⱦɇ-24 ɧɚ ɤɨɬɟɥ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [13]: 
- ɄɉȾ – 82,5 %; 

- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 590/740 ɨɛ/ɦɢɧ. 
 
 
3.3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɩɚɫɚ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ 

 
 ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɣ 
ɦɚɡɭɬ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɡɭɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2 [7]. 
 
Ɍɚɛɥɢɰɚ 3.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɡɭɬɚ 

pW ,% pA ,% pS ,% pC ,% pH ,% pN ,% pO ,% ɪ
ɧQ , ɤȾɠ/ɤɝ 

1 0,06 2,55 85,04 10,64 0,71 39060 
  
 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ ɫɨɫɬɚɜɢɬ, ɬ/ɱ 
 
 ɦɚɡ ɦɚɡB n B   ,                                                                                               (3.12) 
 
ɝɞɟ n=6 – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ; 
 ɦɚɡB  - ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜ, ɤɝ/ɫ 
 

 ɩɟ
ɦɚɡ ɪ

ɧ ɩɝ

Q
B

Q 



,                                                                                              (3.13) 

 
ɝɞɟ ɪ

ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ [7]; 
 ɩɝ  – ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [8]; 
 

 350893,01
9,6

39060 0,936ɦɚɡB  


. 

 6 9,6 3,6 207,3ɦɚɡB     . 
  
 ȿɦɤɨɫɬɶ ɦɚɡɭɬɨɯɪɚɧɢɥɢɳɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɚ ɩɹɬɢɞɧɟɜɧɵɣ ɪɚɫɯɨɞ ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɜɫɟɯ ɤɨɬɥɨɜ, ɬ 
 
 5 24 207,3 5 24 24877,2ɦɚɡB B       . 
 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɦɚɡɭɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɹɬɶ ɫɩɟɰɢɚɥɶɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ 
ɨɛɴɟɦɨɦ 5000 ɦ3 ɤɚɠɞɵɣ. 
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 3.4 Ɍɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 
 
  Ⱦɥɹ Ɍɗɐ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ 
ɝɪɚɞɢɪɧɸ ɩɥɟɧɨɱɧɨɝɨ ɬɢɩɚ. Ɉɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɷɮɮɟɤɬɨɦ 
ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɦɚɥɵɯ ɩɥɨɳɚɞɹɯ ɢ ɦɟɧɶɲɟɣ ɫɬɨɢɦɨɫɬɶɸ ɫɨɨɪɭɠɟɧɢɹ. 
  ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫ ɛɚɲɟɧɧɨɣ ɝɪɚɞɢɪɧɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 3.2. 
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1 – ɜɵɬɹɠɧɚɹ ɛɚɲɧɹ; 2 – ɨɪɨɫɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ; 3 – ɐɇ; 4 – ɤɨɧɞɟɧɫɚɬɨɪ; 5 – 

ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɶ; 6 – ɨɯɥɚɞɢɬɟɥɶ ɝɚɡɚ ɢ ɜɨɡɞɭɯɚ; 7 – ɩɨɞɲɢɩɧɢɤɢ; 8 – ɏȼɈ; 9 – ɩɨɞɩɢɬɤɚ.  
 

Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫ ɝɪɚɞɢɪɧɟɣ 
  
 
  ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɧɚɞɺɠɧɨɫɬɢ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ ɛɨɥɟɟ 
ɜɵɫɨɤɭɸ ɧɚɞɺɠɧɨɫɬɶ ɫɢɫɬɟɦ ɫ ɛɚɲɟɧɧɵɦɢ ɝɪɚɞɢɪɧɹɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɜɟɧɬɢɥɹɬɨɪɧɵɦɢ ɡɚ ɫɱɺɬ ɨɬɫɭɬɫɬɜɢɹ ɜ ɧɟɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɜɪɚɳɚɸɳɢɯɫɹ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ 
ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɝɪɚɞɢɪɟɧ ɞɥɹ ɫɢɫɬɟɦ 
ɨɯɥɚɠɞɟɧɢɹ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ [4]. 
  ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɫɬɚɧɰɢɢ ɜɨɞɚ ɹɜɥɹɟɬɫɹ, ɪɚɛɨɱɢɦ ɬɟɥɨɦ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɬɚɤɠɟ ɨɧɚ ɫɥɭɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɪɢ 
ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɨɝɪɨɦɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɩɟɪɟɦɟɳɚɸɬɫɹ ɧɚ ɫɬɚɧɰɢɢ ɨɬ 
ɛɨɥɟɟ ɧɚɝɪɟɬɵɯ ɬɟɥ ɤ ɦɟɧɟɟ ɧɚɝɪɟɬɵɦ. 
  ȼɨɞɭ ɪɚɫɯɨɞɭɸɬ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɞɥɹ ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ ɛɵɬɨɜɵɯ 
ɧɭɠɞ. Ɋɚɫɯɨɞ ɜɨɞɵ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɬɚɧɰɢɢ, ɪɨɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɬɢɩɚ ɢ 
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ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, 
ɫɬɟɩɟɧɶ ɫɨɜɟɪɲɟɧɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ.  
 
  Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɭɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 3.3. 
  
Ɍɚɛɥɢɰɚ 3.3 – Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ 

ɇɚɡɧɚɱɟɧɢɟ ɜɨɞɵ Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, % 
Ɉɯɥɚɠɞɟɧɢɟ ɝɚɡɚ ɢ ɜɨɡɞɭɯɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ 4,5÷12,5 
Ɉɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 1,5÷3,5 
Ɉɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 0,7÷1,0 
Ƚɢɞɪɨɬɪɚɧɫɩɨɪɬ ɡɨɥɵ ɢ ɲɥɚɤɚ 2÷6 
ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 0,5÷0,8 
ɏɨɡɹɣɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 0,03÷0,05 
ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɜɨɞɵ ɜ ɫɢɫɬɟɦɚɯ ɨɛɨɪɨɬɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

4÷7 

 
   ȼ ɨɪɨɫɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɝɪɚɞɢɪɧɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ 
ɧɚɫɨɫɨɜ ɩɨɫɬɭɩɚɟɬ ɩɨɞɨɝɪɟɬɚɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɬɭɪɛɢɧ ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ. 
  Ƚɪɚɞɢɪɧɢ ɢɦɟɸɬ ɫɢɫɬɟɦɭ ɜɨɞɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɡɛɪɵɡɝɢɜɚɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɪɚɠɚɬɟɥɶɧɵɟ ɩɥɚɫɬɦɚɫɫɨɜɵɟ ɫɨɩɥɚ ɫ 
ɜɵɯɨɞɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ ɧɟ ɦɟɧɟɟ 40 ɦɦ. ȼɨɞɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 15-18 ɤɉɚ 
ɪɚɡɛɪɵɡɝɢɜɚɟɬɫɹ ɧɚɞ ɨɪɨɫɢɬɟɥɟɦ ɜ ɜɢɞɟ ɞɨɠɞɹ ɢ ɫɬɟɤɚɟɬ ɧɚ ɟɝɨ ɥɢɫɬɵ. 
Ɉɪɨɫɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɛɪɚɧɨ ɜ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɥɢɫɬɨɜ. 
ȼɨɞɹɧɚɹ ɩɥɟɧɤɚ, ɫɬɟɤɚɸɳɚɹ ɩɨ ɫɬɟɧɤɚɦ ɨɪɨɫɢɬɟɥɹ, ɨɯɥɚɠɞɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɢɫɩɚɪɟɧɢɹ ɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫ ɜɨɡɞɭɯɨɦ, ɜɯɨɞɹɳɢɦ ɜ ɨɪɨɫɢɬɟɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɱɟɪɟɡ ɨɤɧɚ. ɇɚɝɪɟɬɵɣ ɢ ɧɚɫɵɳɟɧɧɵɣ ɜɨɞɹɧɵɦɢ ɩɚɪɚɦɢ ɜɨɡɞɭɯ 
ɨɬɜɨɞɢɬɫɹ ɜɜɟɪɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɫɬɟɫɬɜɟɧɧɨɣ ɬɹɝɢ ɱɟɪɟɡ ɜɵɬɹɠɧɭɸ ɛɚɲɧɸ. 
  Ȼɚɲɧɹ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɧɚɪɭɠɧɵɦ 
ɤɚɪɤɚɫɨɦ ɢ ɨɛɲɢɜɤɨɣ ɝɨɮɪɢɪɨɜɚɧɧɵɦɢ ɥɢɫɬɚɦɢ ɢɡ ɚɥɸɦɢɧɢɟɜɨ-ɦɚɝɧɢɟɜɨɝɨ 
ɫɩɥɚɜɚ. Ɉɯɥɚɠɞɟɧɧɚɹ ɜɨɞɚ ɫɬɟɤɚɟɬ ɜ ɜɨɞɨɫɛɨɪɧɵɣ ɛɚɫɫɟɣɧ, ɨɬɤɭɞɚ ɩɪɢ ɛɨɥɟɟ 
ɧɢɡɤɨɣ, ɱɟɦ ɧɚ ɜɯɨɞɟ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɛɢɪɚɟɬɫɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦɢ ɧɚɫɨɫɚɦɢ ɞɥɹ 
ɩɨɞɚɱɢ ɫɧɨɜɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɵ ɬɭɪɛɢɧ.  
  ȼɨɞɚ ɜ ɝɪɚɞɢɪɧɹɯ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɚɪɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ         
ɢɫɩɚɪɹɟɦɨɣ ɜɥɚɝɢ ɫ ɭɱɟɬɨɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɫɬɚɜɥɹɟɬ 1,5-2%. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɚɪɟɧɢɹ ɫɨɥɟɫɨɞɟɪɠɚɧɢɟ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɜɨɡɪɚɫɬɚɟɬ; ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɩɪɨɞɭɜɤɭ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢɥɢ ɩɪɢɦɟɧɹɸɬ ɯɢɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 
ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɫɬɚɧɢɹ ɨɪɨɫɢɬɟɥɟɣ ɜɨɞɨɪɨɫɥɹɦɢ 
ɰɢɪɤɭɥɹɰɢɨɧɧɭɸ ɜɨɞɭ ɯɥɨɪɢɪɭɸɬ. 
  ȼɨɞɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɝɚɡɨɨɯɥɚɞɢɬɟɥɢ ɢ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɬɭɪɛɢɧ, 
ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɝɪɚɞɢɪɧɢ. Ɂɚɝɪɹɡɧɟɧɢɹ ɦɚɫɥɨɦ ɜɨɞɵ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, 
ɱɬɨ ɞɚɜɥɟɧɢɟ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɛɨɥɶɲɟ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ.  
  Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɞɢɪɟɧ ɫɥɟɞɭɸɳɢɟ: 

 ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɨɯɥɚɠɞɚɟɦɨɣ ɜɨɞɵ G, ɬ/ɱ,; 
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 ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Q = Gc (t2 - t1), ɤȼɬ, ɝɞɟ t2 ɢ t1 - ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, °ɋ; ɫ - ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/ (ɤɝ ∙ °ɋ); 

 ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ G/F, ɦ3/(ɦ3 ∙ ɱ), ɝɞɟ F - ɩɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɹ ɝɪɚɞɢɪɧɢ. 

  Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ Dɨɜ, ɤɝ/ɫ, ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
  Dɨɜ = m  Dɤ,                                                                                               (3.29)  

 
ɝɞɟ  m = 45 100 – ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɤɝ/ɤɝ, ɩɪɢɧɢɦɚɟɦ m = 60; 
  D’ɤ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ 
ɪɟɠɢɦɟ, ɤɝ/ɫ; 
 
  D’ɤ = Dɤ + Dɜɫ + Dɧɫ,                                                                                   (3.30) 
 
  D’ɤ = 27,93 + 36,43 + 36,11 = 100,47, 
 
  Dɨɜ = 60  100,47= 6027,91. 
 
  Ɉɛɴɺɦɧɵɣ ɪɚɫɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ Dɨɜ, ɦ3/ɱ 
 
  Dɨɜ = Dɨɜ/ρ,                                                                                                  (3.31) 
 
 ɝɞɟ  ρ – ɩɥɨɬɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ, ɤɝ/ɦ3; 

 
  Dɨɜ = 6027,91·3600/1000 = 21700,48. 
 
  Ɋɚɫɱɺɬɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ Dɪ

ɨɜ, ɦ3/ɱ 
 
  Dɪ

ɨɜ = 1,1 1,2 Dɨɜ,                                                                                      (3.32) 
 
  Dɪ

ɨɜ = 1,15·21700,48 = 24955,55.  
 
  Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɤɚɩɟɥɶɧɨ-ɩɥɟɧɨɱɧɵɯ ɝɪɚɞɢɪɟɧ t2 - t1 = 6 
÷ 12°ɋ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Q, ɤȼɬ 
 
  Q = Dɪ

ɨɜ  ɋɜ  (t2 - t1),   (3.33) 
 
  Q = 24955,55 ∙ 4,186 ∙ 9 = 940175,4. 
 
  ɉɨɜɟɪɯɧɨɫɬɶ ɨɪɨɲɟɧɢɹ , ɦ2, ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

  ,   (3.34) 





ɨɪF

ɭɞэɨɪ fWF 
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ɝɞɟ Wɷ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɛɥɨɤɚ, ɤȼɬ; 
   – ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɦ2/ɤȼɬ; 

 
  120000 0,03 3600ɨɪF    . 

 
  ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ ɨɞɧɭ ɝɪɚɞɢɪɧɸ ɬɢɩɚ ȻȽ-3200-73 ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [5]: 
 ɉɥɨɳɚɞɶ ɨɪɨɲɟɧɢɹ, ɦ2 –3200; 

 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ, ɬɵɫ.ɦ3/ɱ – 20,0 ÷ 26,0; 

 ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɦ3/(ɦ3 ∙ ɱ) – 6 ÷ 8; 

 ȼɵɫɨɬɚ ɩɨɞɴɺɦɚ ɜɨɞɵ, ɦ – 10; 

 ȼɵɫɨɬɚ ɛɚɲɧɢ, ɦ – 81; 

 ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɜɟɪɯɧɟɣ ɱɚɫɬɢ, ɦ – 70,2; 

 ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɧɢɠɧɟɣ ɱɚɫɬɢ, ɦ - 81. 

  
  Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɝɪɚɞɢɪɧɢ ɧɚɣɞɺɦ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ , ɦ3/(ɦ3 ∙ ɱ) 
 

  ,                                                              (3.35) 

 

  24955,55 6,93
3600

q  . 

 
  ɇɚɣɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɜɵɛɪɚɧɧɨɣ ɝɪɚɞɢɪɧɢ. 
 
 
 4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

 4.1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
 

 Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɨɤɚɡɵɜɚɸɬ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ                 
ɫɨɫɬɨɹɧɢɟ ɜɨɞɧɨɝɨ ɢ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɨɜ ɜ ɪɚɣɨɧɟ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ. Ɇɟɫɬɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɧɚɯɨɞɢɬɫɹ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝɟ. ɉɨɫɤɨɥɶɤɭ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ɍɗɐ ɪɚɛɨɬɚɟɬ ɩɨ ɬɟɩɥɨɜɨɦɭ ɝɪɚɮɢɤɭ, ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ. 
 Ʉ ɨɫɧɨɜɧɵɦ ɦɟɪɨɩɪɢɹɬɢɹɦ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɱɢɫɬɨɬɵ ɜɨɡɞɭɲɧɨɝɨ                
ɛɚɫɫɟɣɧɚ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɢ             
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ɩɪɢɥɟɝɚɸɳɢɯ ɝɨɪɨɞɨɜ ɨɬɧɨɫɢɬɫɹ: ɭɫɬɪɨɣɫɬɜɨ ɜɵɫɨɤɨɣ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, 
ɫɨɡɞɚɧɢɟ ɫɚɧɢɬɚɪɧɵɯ ɡɨɧ ɦɟɠɞɭ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ ɢ ɠɢɥɵɦ ɦɚɫɫɢɜɨɦ. 
 ȼ ɩɟɪɢɨɞ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ,              
ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɧɚɤɨɩɥɟɧɢɸ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫɮɟɪɵ, 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɟɣ ɜ ɜɨɡɞɭɯɟ ɦɨɝɭɬ ɪɟɡɤɨ ɜɨɡɪɚɫɬɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɠɢɞɚɟɦɨɝɨ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɫɨɫɬɚɜɥɹɸɬɫɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɬɪɟɯ 
ɫɬɭɩɟɧɟɣ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɢ ɪɟɠɢɦɚ ɫɬɚɧɰɢɢ ɜ ɩɟɪɢɨɞ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɭɫɥɨɜɢɣ. 
 ɉɪɟɞɭɩɪɟɠɞɟɧɢɟ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢ ɨɠɢɞɚɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɜ ɜɨɡɞɭɯɟ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɟɳɟɫɬɜ ɜɵɲɟ ɉȾɄ. ȼ 
ɞɚɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɪɢɧɹɬɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɤɪɚɳɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɛɟɡ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ Ɍɗɐ, ɬɨ ɟɫɬɶ 
ɭɱɢɬɵɜɚɟɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ ɨɛɳɟɝɨ ɯɚɪɚɤɬɟɪɚ: ɭɫɢɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɡɚ ɪɟɠɢɦɨɦ 
ɝɨɪɟɧɢɹ; ɩɪɟɤɪɚɳɟɧɢɹ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɭ; ɩɪɨɜɟɪɤɚ ɧɚɝɪɭɡɨɤ ɧɚ ɤɨɬɥɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɠɢɦɧɵɦɢ ɤɚɪɬɚɦɢ; 
ɩɪɟɤɪɚɳɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɤɨɬɥɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɩɪɢɜɨɞɹɳɟɝɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɭ. 
 ɉɪɟɞɭɩɪɟɠɞɟɧɢɟ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɨɫɬɚɜɥɹɟɬɫɹ ɩɪɢ ɨɠɢɞɚɧɢɢ              
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɜɨɡɞɭɯɟ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ 
ɫɜɵɲɟ 3 ɉȾɄ. ɉɪɢ ɜɬɨɪɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 20%. ɗɬɢ ɦɟɪɨɩɪɢɹɬɢɹ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɜɫɟ 
ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ. Ⱥ ɬɚɤɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ 
ɤɨɬɥɨɜ. 
 ɉɪɢ ɬɪɟɬɶɟɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɤɨɬɥɚ, ɨɠɢɞɚɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɜɨɡɞɭɯɟ 
ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɟɳɟɫɬɜ ɜɵɲɟ 5 ɉȾɄ, ɦɟɪɨɩɪɢɹɬɢɹ 
ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɫɨɤɪɚɳɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɩɪɢɡɟɦɧɨɦ ɧɚ 40%. ɉɪɢ ɷɬɨɦ ɪɟɠɢɦɟ ɩɥɚɧɢɪɭɟɬɫɹ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɜɵɯ            
ɧɚɝɪɭɡɨɤ. 
 Ⱦɥɹ ɡɚɳɢɬɵ ɩɪɢɪɨɞɧɵɯ ɜɨɞ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ             
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɫɨɤɪɚɳɟɧɢɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɥɢɤɜɢɞɚɰɢɸ ɜɵɛɪɨɫɨɜ: 
ɨɛɪɚɛɨɬɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɤɨɜ, ɡɚɝɪɹɡɧɟɧɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ; ɭɫɬɚɧɨɜɤɚ 
ɪɚɫɲɢɪɢɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɱɢɳɚɸɳɢɯ 
ɫɬɨɤɨɜ ɜ ɰɢɤɥɟ Ɍɗɐ. 
 
 

4.2 ȼɵɛɨɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɢ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ  
 

ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɵɦɨɜɵɯ ɬɪɭɛ ɜɵɛɢɪɚɟɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ ɜɵɛɪɨɫɚɦɢ ɢɡ ɬɪɭɛ ɧɟ ɩɪɟɜɵɲɚɥɨ 
ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ [9].  

ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
2NOɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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2 2NO ɞɫɆ V n N   ,                                                                                     (4.1) 

 
ɝɞɟ ɞɫV  – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɨɜ, ɦ3/ɫ; 
 2N  – ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ, %; 

n  – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɲɬ; 
 

2
247,1 7 0,01 17,3NOɆ     .   

 
ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ 

2SɈɆ , ɝ/ɫ, ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ SɈ2 ɜɵɛɪɚɫɵɜɚɟɦɵɯ 
ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ 

 

2
0SɈɆ  . (4.2) 

 
ɉɪɢɜɟɞɟɧɧɭɸ ɦɚɫɫɭ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ Ɇ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

2

2 2
2

SO
SO NO

NO

ɉȾК
Ɇ Ɇ M

ɉȾК
   ,                                                                         (4.3) 

 
ɝɞɟ  ɉȾɄSɈ2, ɉȾɄNɈ2 – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ ɢ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɦɝ/ɦ3; 
 

0,150 17,3 30,52
0,085

Ɇ     . 

 
ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ 

ɨɤɫɢɞɨɜ ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɦɋ , 
ɦɝ/ɦ3, ɩɪɢ ɜɵɛɪɨɫɟ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɨɞɢɧɨɱɧɨɝɨ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫ 
ɤɪɭɝɥɵɦ ɭɫɬɶɟɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɯ, ɦ, ɨɬ ɢɫɬɨɱɧɢɤɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

3
2ɦ

А Ɇ F m nɋ
V tɇ

  
 

 
,                                                                                (4.4) 

 
ɝɞɟ  А  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ 
ɚɬɦɨɫɮɟɪɵ, А  = 160; 

n  – ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛ, ɲɬ, ɜɵɛɢɪɚɟɦ ɞɜɟ ɞɵɦɨɜɵɟ ɬɪɭɛɵ ɫ ɜɵɫɨɬɨɣ ɇ  = 
180 ɦ; 

V  – ɨɛɴɟɦ ɭɞɚɥɹɟɦɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɫ; 
t  – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɜɨɡɞɭɯɚ; 
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F  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɚɷɪɨɡɨɥɟɣ (ɩɵɥɢ) F  = 1; 

m – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ; 
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,                                                                (4.5) 

 
ɝɞɟ f  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ;  
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,                                                                                               (4.6) 

 
ɝɞɟ  D  = 7,2 – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ, ɦ; 

0  = 15 – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, ɦ/ɫ, [14]; 
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. 

 
Ɍɚɤ ɤɚɤ ɦC <

2SOɉȾК , ɬɨ ɜɵɛɪɚɧɧɵɟ ɞɵɦɨɜɵɟ ɬɪɭɛɵ ɜɵɫɨɬɨɣ 180 ɦ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɹɦ. 

ɗɮɮɟɤɬɢɜɧɭɸ ɜɵɫɨɬɭ ɜɵɛɪɨɫɨɜ ɞɵɦɨɜɨɣ ɬɪɭɛɵ эɮH , ɦ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ 
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,                                                                                     (4.7) 

 
ɝɞɟ    – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 
5 ɦ/ɫ [12]; 

  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ ɜɵɫɨɬɨɣ 
ɬɪɭɛɵ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,63; 

 
7,2 15180 1,9 205,2
5 1,63эɮH    


. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

 ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ 
ɦɨɳɧɨɫɬɶɸ 495 Ɇȼɬ ɜ ɝɨɪɨɞɟ ȿɤɚɬɟɪɢɧɛɭɪɝɟ ɫ ɰɟɥɶɸ ɡɚɦɟɧɵ ɜɵɛɵɜɚɸɳɟɝɨ 
ɭɫɬɚɪɟɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɨɞɚ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɚɪɨɦ ɞɥɹ ɧɭɠɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ (ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɡɚɜɨɞɵ ɢ ɨɛɨɪɨɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ). 
 ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. 
 Ɋɚɫɫɱɢɬɚɧɨ ɢ ɜɵɛɪɚɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɬɚɧɰɢɢ. 
 ɋɩɪɨɟɤɬɢɪɨɜɚɧ ɝɟɧɩɥɚɧ, ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɢ ɬɟɯɧɢɱɟɫɤɨɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ. 
 ɍɞɟɥɟɧɨ ɜɧɢɦɚɧɢɟ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɪɚɫɫɱɢɬɚɧɚ ɞɵɦɨɜɚɹ ɬɪɭɛɚ 
ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ. 
 ȼɫɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɢ ɬɟɯɧɢɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ 
ɩɪɨɟɤɬɚ ɜ ɜɵɛɨɪɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɢɦɟɧɧɨ, ɬɪɢ ɬɭɪɛɢɧɵ            
Ɍ-120/130-130/15, ɬɭɪɛɢɧɚ ɉɌ-135/165-130/15 ɢ ɲɟɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɨɜɵɯ 
ɤɨɬɥɨɜ ȿ-500-13,8-560 ȽɆɇ. 
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