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ɋɬɭɞɟɧɬɭ Ʉɨɤɨɪɢɧɭ ɉɚɜɥɭ ɂɝɨɪɟɜɢɱɭ 
(ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ ɫɬɭɞɟɧɬɚ) 

Ƚɪɭɩɩɚ    ɁɎɗ 15-01Ȼ   ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)              13.03.01 
                                 (ɤɨɞ) 
                                    Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
  (ɧɚɢɦɟɧɨɜɚɧɢɟ) 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ ɝ. ȿɧɢɫɟɣɫɤɚ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №  1159/ɫ ɨɬ 04 ɮɟɜɪɚɥɹ 2020 ɝɨɞɚ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɋ.Ɋ. əɧɨɜ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ Ɍɗɋ ɉɂ ɋɎɍ 

(ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ 60 Ɇȼɬ, ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ 100 
Ƚɤɚɥ/ɱ, ɦɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝ.ȿɧɢɫɟɣɫɤ 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, ɨɛɳɚɹ ɱɚɫɬɶ, 
ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
Ʌɢɫɬ 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ 
Ʌɢɫɬ 2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
Ʌɢɫɬ 3. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
Ʌɢɫɬ 4. Ɋɚɡɪɟɡ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ______________ ɋ.Ɋ. əɧɨɜ 
       ɩɨɞɩɢɫɶ 
 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ______________ ɉ.ɂ. Ʉɨɤɨɪɢɧ 
       ɩɨɞɩɢɫɶ 
 
   « _02_ » ____06____ 2020 ɝ.
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ɊȿɎȿɊȺɌ 
 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ ɝ. ȿɧɢɫɟɣɫɤɚ» ɫɨɞɟɪɠɢɬ 70 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɗɄɈɇɈɆɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ, ɌɍɊȻɂɇȺ, ɄɈɌȿɅ, ɌȿɉɅɈȼȺə 
ɋɏȿɆȺ, ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ, ɈȻɈɊɍȾɈȼȺɇɂȿ, 
ȼɕȻɊɈɋɕ. 
 Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɝ. ȿɧɢɫɟɣɫɤ. 
 ɐɟɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 - ɡɚɦɟɳɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɯ ɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ; 
 - ɫɧɢɠɟɧɢɟ ɬɚɪɢɮɨɜ ɧɚ ɬɟɩɥɨ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
 - ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɢ ɚɧɚɥɢɡɚ ɞɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
ɉɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɜɵɛɪɚɧɨ ɨɫɧɨɜɧɨɟ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɋɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫɢɫɬɟɦɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, 
ɡɨɥɨɨɱɢɫɬɤɢ, ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɍɚɤɠɟ 
ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɜɵɛɪɨɫɨɜ ɢ ɜɵɛɪɚɧɚ ɞɵɦɨɜɚɹ ɬɪɭɛɚ. 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɨɤɚɡɚɥɢ ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɟɤɬɚ. 
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ȼȼȿȾȿɇɂȿ 
 
 ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ 80 % ɩɨɬɪɟɛɢɬɟɥɟɣ ɝ. 
ȿɧɢɫɟɣɫɤɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɬ 26 ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ 
ɬɟɩɥɨɢɫɬɨɱɧɢɤɨɜ (6 ɤɨɬɟɥɶɧɵɯ ɢɡ ɧɢɯ ɧɚɯɨɞɹɬɫɹ ɜ ɚɜɚɪɢɣɧɨɦ ɫɨɫɬɨɹɧɢɢ), 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɜ ɪɚɦɤɚɯ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɝɪɚɧɢɰ ɝɨɪɨɞɚ.  
 Ʉɨɬɟɥɶɧɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɡɞɚɧɢɹɯ, ɤɨɬɨɪɵɟ ɧɟ ɨɬɜɟɱɚɸɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɚɜɢɥ ɬɟɯɧɢɱɟɫɤɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ. Ⱦɚɧɧɚɹ ɫɢɬɭɚɰɢɹ ɫɥɨɠɢɥɚɫɶ ɫ 80-ɯ 
ɝɨɞɨɜ XX ɜɟɤɚ, ɤɨɝɞɚ ɜɟɞɨɦɫɬɜɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɫɬɚɥɢ ɨɛɭɫɬɪɚɢɜɚɬɶ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɡɞɚɧɢɹ ɩɨɞ ɤɨɬɟɥɶɧɵɟ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ 
ɬɟɩɥɨɦ ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɛɴɟɤɬɵ, ɬɚɤ ɢ ɠɢɥɢɳɧɵɣ ɮɨɧɞ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɥɫɹ ɧɚ 
ɛɚɥɚɧɫɟ ɩɪɟɞɩɪɢɹɬɢɣ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɭ ɧɚɫɟɥɟɧɢɹ ɝɨɪɨɞɚ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. 
Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɤɥɸɱɟɧɢɸ ɩɪɨɜɨɞɢɥɢɫɶ ɛɟɡ ɩɨɥɭɱɟɧɢɹ ɤɚɤɢɯ ɥɢɛɨ 
ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɩɪɢɦɟɧɹɥɢɫɶ ɧɟ ɤɚɱɟɫɬɜɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. 
 Ɍɟɩɥɨɫɧɚɛɠɟɧɢɟ ɨɫɬɚɥɶɧɵɯ 20% ɧɚɫɟɥɟɧɢɹ ɝɨɪɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ, ɚɜɬɨɧɨɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ. 
 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɫɟɯ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɤɨɬɟɥɶɧɵɯ – 95/70°ɋ, 
ɱɬɨ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɧɟ ɞɨɫɬɚɬɨɱɧɵɦ ɜ ɩɟɪɢɨɞ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ. 
 Ɍɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɬ 
ɢɫɬɨɱɧɢɤɨɜ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – Ɍɗɐ. 
 ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɧɚ ɡɚɦɟɧɭ ɫɬɚɪɵɯ ɤɨɬɟɥɶɧɵɯ ɧɟɨɛɯɨɞɢɦɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ Ɍɗɐ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 60 Ɇȼɬ ɢ 
ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ 100 Ƚɤɚɥ/ɱ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɲɢɪɟɧɢɹ. 
 ȼɜɨɞ ɜ ɪɚɛɨɬɭ Ɍɗɐ ɩɨɡɜɨɥɢɬ ɩɨɤɪɵɬɶ ɬɟɩɥɨɜɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɜ 
ɝɨɪɨɞɟ ɢ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ ɫ ɭɱɟɬɨɦ ɡɚɤɪɵɬɢɹ ɦɚɥɵɯ 
ɧɟɷɮɮɟɤɬɢɜɧɵɯ ɤɨɬɟɥɶɧɵɯ ɢ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɷɤɨɥɨɝɢɱɟɫɤɭɸ 
ɨɛɫɬɚɧɨɜɤɭ. 
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 1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

 1.1 Ⱥɧɚɥɢɡ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ 
 
 ɋɭɳɟɫɬɜɭɸɳɟɟ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɫɮɟɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɟɪɟɞɚɱɢ 
ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ȿɧɢɫɟɣɫɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
 
Ɍɚɛɥɢɰɚ 1.1 – ɋɭɳɟɫɬɜɭɸɳɟɟ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɂɫɬɨɱɧɢɤɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɉɪɢɫɨɟɞɢɧɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱ 
ɋɭɳɟɫɬɜɭɸɳɚɹ ɧɚɝɪɭɡɤɚ ɉɟɪɫɩɟɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ 

Ɉɬɨɩɥɟɧɢɟ Ƚȼɋ ȼɫɟɝɨ Ɉɬɨɩɥɟɧɢɟ Ƚȼɋ ȼɫɟɝɨ 
Ʉɨɬɟɥɶɧɚɹ №1 4,86 1,2 6,06 5,83 1,45 7,28 
Ʉɨɬɟɥɶɧɚɹ №2 0,49 0,01 0,5 0,6 0,02 0,62 
Ʉɨɬɟɥɶɧɚɹ №3, №4 2,08 0,52 2,6 2,46 0,63 3,09 
Ʉɨɬɟɥɶɧɚɹ №5 3,05 0,7 3,75 3,66 0,84 4,5 
Ʉɨɬɟɥɶɧɚɹ №6 2,1 0,4 2,5 2,1 0,4 2,5 
Ʉɨɬɟɥɶɧɚɹ №7 6,2 1,1 7,3 7,76 1,25 8,92 
Ʉɨɬɟɥɶɧɚɹ №8 6,66 1 7,66 7,73 1,16 8,89 
Ʉɨɬɟɥɶɧɚɹ №9 0,55 0,15 0,7 0,64 0,17 0,81 
Ʉɨɬɟɥɶɧɚɹ №10 3,32 0,48 3,8 3,85 0,56 4,41 
Ʉɨɬɟɥɶɧɚɹ №11 1,73 0,37 2,1 2 0,43 2,43 
Ʉɨɬɟɥɶɧɚɹ №12 1,95 0,3 2,25 2,26 0,35 2,61 
Ʉɨɬɟɥɶɧɚɹ ɩɨ ɭɥ. Ƚɪɨɦɨɜɨɣ 2,3 1,15 3,45 2,67 1,33 4 
Ʉɨɬɟɥɶɧɚɹ №13 0,58 0,1 0,68 0,58 0,1 0,68 
Ʉɨɬɟɥɶɧɚɹ №14 0,89 0,05 0,94 0,89 0,05 0,94 
Ʉɨɬɟɥɶɧɚɹ №15 0,63 0,05 0,68 0,8 0,2 1 
Ʉɨɬɟɥɶɧɚɹ №16 0,37 0,01 0,38 0,8 0,1 0,9 
Ʉɨɬɟɥɶɧɚɹ №17 0,45 0,01 0,46 0,8 0,1 0,9 
Ʉɨɬɟɥɶɧɚɹ №18 1,34 0,5 1,84 5 1,5 6,5 
Ʉɨɬɟɥɶɧɚɹ №19 0,56 0,05 0,61 0,8 0,2 1 
Ʉɨɬɟɥɶɧɚɹ №20 3,02 0,3 3,32 4 1 5 
Ʉɨɬɟɥɶɧɚɹ №21 0,62 0,1 0,72 0,8 0,2 1 
Ʉɨɬɟɥɶɧɚɹ №22 0,36 0,2 0,56 0,8 0,2 1 
Ʉɨɬɟɥɶɧɚɹ №23 1,52 0,2 1,72 2 0,5 2,5 
Ʉɨɬɟɥɶɧɚɹ №24 3 0,8 3,8 6 1,5 7,5 
Ʉɨɬɟɥɶɧɚɹ №25 5,39 1,7 7,09 7 1,8 8,8 
ɂɬɨɝɨ 54,02 11,45 65,47 71,83 16,04 87,78 
 
 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.1, ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ȿɧɢɫɟɣɫɤɟ ɜɨɡɪɚɫɬɚɟɬ ɫ 65,47 Ƚɤɚɥ/ɱ ɞɨ 87,78 Ƚɤɚɥ/ɱ ɡɚ ɫɱɟɬ 
ɩɨɞɤɥɸɱɟɧɢɹ ɧɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɠɢɥɶɹ ɢ ɪɚɡɜɢɬɢɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
 ȼɜɨɞ ɧɨɜɨɝɨ ɤɪɭɩɧɨɝɨ ɬɟɩɥɨɢɫɬɨɱɧɢɤɚ ɫ ɭɱɟɬɨɦ ɡɚɤɪɵɬɢɹ ɦɚɥɵɯ 
ɧɟɷɮɮɟɤɬɢɜɧɵɯ ɤɨɬɟɥɶɧɵɯ ɩɨɡɜɨɥɢɬ ɩɨɞɤɥɸɱɢɬɶ ɬɟɩɥɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ. ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɪɟɛɢɬɟɥɢ 
ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 
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Ɍɚɛɥɢɰɚ 1.2 – ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ 
ɩɭɧɤɬɨɜ 

ɇɚɫɟɥёɧɧɵɣ ɩɭɧɤɬ ɉɪɢɫɨɟɞɢɧɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱ 
ɫ. ȼɟɪɯɧɟɩɚɲɢɧɨ 7,67 
ɫ. Ɉɡɟɪɧɨɟ 3,03 
ɫ. ɍɫɬɶ-Ʉɟɦɶ 0,7 
ɫ. ɉɥɨɬɛɢɳɟ 0,3 
ɂɬɨɝɨ 11,7 
 
 ɋ ɭɱɟɬɨɦ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ ɧɟɨɛɯɨɞɢɦɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶɸ ɧɨɜɨɝɨ 
ɤɪɭɩɧɨɝɨ ɬɟɩɥɨɢɫɬɨɱɧɢɤɚ ɞɨɫɬɢɝɚɟɬ 99,48 Ƚɤɚɥ/ɱ. 
 ȼ ɝ. ȿɧɢɫɟɣɫɤɟ ɨɬɤɪɵɬɚɹ ɫɯɟɦɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɡɚɜɢɫɢɦɵɦɢ 
ɷɥɟɜɚɬɨɪɧɵɦɢ (ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ) ɩɪɢɫɨɟɞɢɧɟɧɢɹɦɢ ɨɬɨɩɢɬɟɥɶɧɨɣ 
ɧɚɝɪɭɡɤɢ, ɛɟɡ ɭɫɬɪɨɣɫɬɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɢ ɩɨɬɪɟɛɥɟɧɢɹ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɨɬɤɪɵɬɨɣ ɫɯɟɦɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 
ɪɚɫɬɨɱɢɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ Ƚȼɋ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɤɪɚɣɧɟ 
ɜɪɟɞɧɵɣ ɞɥɹ ɡɞɨɪɨɜɶɹ ɠɢɬɟɥɟɣ, ɢ ɫɥɨɠɧɵɣ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 Ɂɚɤɪɵɬɚɹ ɫɯɟɦɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ 
ɨɬɤɪɵɬɨɣ. Ɉɫɧɨɜɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɞɚɱɚ ɝɨɪɹɱɟɣ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɸ ɩɢɬɶɟɜɨɝɨ 
ɤɚɱɟɫɬɜɚ, ɬ.ɤ. ɩɨɞɚɟɬɫɹ ɩɪɨɫɬɨ ɩɨɞɨɝɪɟɬɚɹ ɜɨɞɚ, ɤɨɬɨɪɚɹ ɩɨɞɚɟɬɫɹ ɢ ɞɥɹ ɯɨɥɨɞɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɩɪɢɝɨɬɨɜɥɟɧɧɚɹ ɧɚ 
ɢɫɬɨɱɧɢɤɟ ɬɟɩɥɚ ɫ ɭɱɟɬɨɦ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɩɨ ɬɪɟɛɨɜɚɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ. ȼ 
ɡɚɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɪɚɫɯɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɬ.ɤ. 
ɨɬɫɭɬɫɬɜɭɸɬ ɫɥɢɜɵ ɝɨɪɹɱɟɣ ɜɨɞɵ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɤɪɨɦɟ ɧɨɪɦɚɬɢɜɧɵɯ ɢ 
ɧɟɧɨɪɦɚɬɢɜɧɵɯ ɭɬɟɱɟɤ. 
 ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ ɩɟɪɟɯɨɞɢɬ ɫ ɨɬɤɪɵɬɨɣ ɧɚ 
ɡɚɤɪɵɬɭɸ ɫɯɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɡɚ ɫɱɟɬ 
ɩɨɞɤɥɸɱɟɧɢɹ ɧɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
 ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɝ. ȿɧɢɫɟɣɫɤɟ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɜ 2-ɯ 
ɬɪɭɛɧɨɦ ɢɫɩɨɥɧɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 60 ɤɦ., ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɢɡ ɧɢɯ ɧɚɯɨɞɢɬɫɹ ɜ 
ɜɟɬɯɨɦ ɫɨɫɬɨɹɧɢɢ. Ⱦɚɧɧɚɹ ɫɢɬɭɚɰɢɹ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɩɨ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɸ. Ⱦɥɹ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɢ ɫɦɨɧɬɢɪɨɜɚɬɶ ɧɨɜɵɟ ɥɢɧɢɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɫ ɰɟɧɬɪɚɥɶɧɵɦɢ 
ɬɟɩɥɨɜɵɦɢ ɩɭɧɤɬɚɦɢ (ɐɌɉ) ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɭɧɤɬɚɦɢ (ɂɌɉ). 
 Ʉɪɨɦɟ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ Ɍɗɐ ɩɨɡɜɨɥɹɟɬ ɩɨɤɪɵɬɶ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɝ. ȿɧɢɫɟɣɫɤɚ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɬɶ ɩɨɪɹɞɤɚ 
30 Ɇȼɬ, ɚ ɬɚɤɠɟ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ: 

- ɫ. Ⱥɛɚɥɚɤɨɜɨ; 
 - ɩ. ɇɨɜɨɤɚɪɝɢɧɨ; 
 - ɩ. ɒɚɩɤɢɧɨ; 
 - ɫ. ɉɨɝɨɞɚɟɜɨ; 
 - ɫ. ɑɚɥɛɵɲɟɜɨ; 
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 - ɩ. ɉɨɞɬɟɫɨɜɨ; 
 - ɫ. ɉɨɬɚɩɨɜɨ; 
 - ɫ. ȿɩɢɲɢɧɨ. 
 
 
 1.2 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
 Ɍɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, ɢɫɯɨɞɹ ɫ ɩɨɡɢɰɢɢ 
ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɡɚɢɦɨɭɜɹɡɤɭ ɨɬɪɚɫɥɟɜɵɯ ɢɧɬɟɪɟɫɨɜ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɰɟɥɨɦ [1]. 
 Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ 
ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɨɧɤɭɪɫɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ. 
  Ɋɚɫɫɱɢɬɚɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 
 
Ɍɚɛɥɢɰɚ 1.3 – ɂɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɤ ɪɚɫɱɟɬɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɟɫɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɐ ɝ. ȿɧɢɫɟɣɫɤ 
ȼɢɞ ɬɨɩɥɢɜɚ Ʉɚɦɟɧɧɵɣ ɭɝɨɥɶ  
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱɚɫ: 
ɚ) ɜ ɩɚɪɟ 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
0 

100 

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 

 
4800 
4000 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ɇȼɬ 60 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 6500 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
Ɍɗɐ, ɱɚɫ/ɝɨɞ 

6500 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ, ɬ/ɱɚɫ 320 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧ, ɱɚɫ/ɝɨɞ 7200 

Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɪɭɛ/ɬ ɭ.ɬ. 1500 

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

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 160 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸɳɟɝɨ, ɪɭɛ./ɝɨɞ 540000 

Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 1,6 

Ɉɬɱɢɫɥɟɧɢɟ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ (ɜ % ɤ ɎɈɌ), % 30,4 
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 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɨɞɧɚ ɬɭɪɛɢɧɚ Ɍ-60/65-130 (ɜɚɪɢɚɧɬ 1) ɢ ɞɜɟ 
ɬɭɪɛɢɧɵ Ɍ-30/35-90 (ɜɚɪɢɚɧɬ 2). 
 
 ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ɍɗɐ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 
 
Ɍɚɛɥɢɰɚ 1.4 – ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ɍɗɐ 

№ 
ɜɚɪɢɚɧɬɚ 

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 

1 365,6 24,4 45,09 1229,16 

2 365,0 25,0 46,18 1278,09 

 
 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
  

 
ɫ ɪ

ɦɚɤɪ.ɗ =Ɂ -Ɂ ,   (1.1) 
 

ɝɞɟ  
ɪɁ  – ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɦɥɧ ɪɭɛ.; 

 
ɫɁ  – ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ, ɦɥɧ ɪɭɛ.; 

 
 ɦɚɤɪ.ɗ =1229,16-1278,09=48,93. 

 
 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɩɟɪɜɵɦ ɜɚɪɢɚɧɬɚɦɢ, % 
  

 ɦɚɤɪ.
ɫ

ɗ
100%

Ɂ
 , 

 

 
48,93

100%=3,8
1229,16

 . 

  
 Ɍ.ɤ. ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɡɚɬɪɚɬɚɦ 2-ɯ ɜɚɪɢɚɧɬɨɜ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ 5% , ɜɚɪɢɚɧɬɵ ɫ ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɪɚɜɧɨɷɤɨɧɨɦɢɱɧɵɦɢ. 
 
 

1.3 Ɋɚɫɱёɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 
 ȿɞɢɧɨɜɪɟɦɟɧɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɞɥɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ К , ɦɥɧ ɪɭɛ., 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 
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 , (1.2) 

 
ɝɞɟ Ʉɬ1, Ʉɬ(ɩɨɫɥ) – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɭɡɟɥ ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ (ɜɤɥɸɱɚɸɬ ɫɬɨɢɦɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨ ɬɭɪɛɢɧɵ, 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɫɜɹɡɚɧɧɨɝɨ ɫ ɧɢɦɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɬɨɢɦɨɫɬɶ 
ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, ɫɨɨɪɭɠɟɧɢɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ ɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɞɪ.); 
 Ʉɩ1, Ʉɩ(ɩɨɫɥ) – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɭɡɟɥ ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ (ɜɤɥɸɱɚɸɬ ɫɬɨɢɦɨɫɬɶ ɤɨɬɥɚ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɬɹɝɨɞɭɬɶɟɜɵɯ ɭɫɬɪɨɣɫɬɜ, ɡɨɥɨɭɞɚɥɟɧɢɹ ɢ 
ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ, ɫɬɨɢɦɨɫɬɶ ɡɞɚɧɢɹ ɤɨɬɟɥɶɧɨɣ, ɞɟɚɷɪɚɬɨɪɧɨɣ, ɛɭɧɤɟɪɧɨɣ, 
ɞɵɦɨɜɵɯ ɬɪɭɛ, ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɜɧɟɲɧɟɝɨ ɝɢɞɪɨɡɨɥɨɭɞɚɥɟɧɢɹ ɢ ɞɪ.); 
 ɄN – ɨɛɳɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɣ 
(ɜɤɥɸɱɚɟɬ ɫɬɨɢɦɨɫɬɶ ɤɨɦɦɭɧɢɤɚɰɢɣ, ɨɫɜɨɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ, ɩɨɞɫɨɛɧɵɯ ɢ 
ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɧɵɯ ɪɚɛɨɬ ɢ ɞɪ.); 
 kɤ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɬ 
ɩɪɢɧɹɬɵɯ ɩɪɢ ɪɚɫɱёɬɟ ɧɨɪɦɚɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ (ɦɟɫɬɧɵɟ ɭɫɥɨɜɢɹ, ɫɢɫɬɟɦɭ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜɢɞ ɬɨɩɥɢɜɚ);  
 Ʉɭɞ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ;  
 
 Ɋɚɫɱёɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɢ 𝐾𝑁, ɦɥɧ 
ɪɭɛ., ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 
 
 ,  (1.3) 
 
ɝɞɟ ɄN1 – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɨɳɧɨɫɬɢ, ɞɥɹ Ɍɗɐ, ɦɨɳɧɨɫɬɶ 
ɤɨɬɨɪɨɣ ɦɟɧɶɲɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ, ɧɨ ɫɚɦɚɹ 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; 
 
 3,1 10 0,03 3,4NК     , 
 
     1 9,8 0 9,3 0 3,4 1 160 3600,53К         , 

 
     2 6,63 1 4,14 9,3 0 3,4 1 1 3754,50 36К          . 

 
 
 
 

 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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 1.4 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɩɨɡɢɰɢɢ ɦɢɤɪɨɷɤɨɧɨɦɢɤɢ 
 
 Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ 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. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɫɱɟɬɭ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.5. 
 
Ɍɚɛɥɢɰɚ 1.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɫɱɟɬɭ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɉɨɤɚɡɚɬɟɥɢ ɫɨɫɬɚɜɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɍɫɥɨɜɧɵɟ 
ɨɛɨɡɧɚɱɟɧɢɹ 

1 ɜɚɪɢɚɧɬ 
1 × Ɍ-60/65-130 

2 ɜɚɪɢɚɧɬ 
2 × Ɍ-30/35-90 

ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ Ɍɗɐ, ɦɥɧ 
ɤȼɬ/ɱ 

ɨɬɩɗ
 

365,6 365,0 

Ƚɨɞɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ 
ɧɚ Ɍɗɐ, ɬɵɫ.Ƚɤɚɥ ɝɨɞQ

 
400,0 400,0 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨ 
Ɍɗɐ, ɬɵɫ. ɬ ɭ.ɬ. ɬɷɰȼ

 
148,4 146,0 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷ/ɷ, ɬɵɫ. ɬ ɭ.ɬ. ɷȼ  82,1 79,7 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɬ/ɷ ɬȼ

 
66,3 66,3 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, 
ɦɥɧ ɪɭɛ. U  752,0 781,4 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ ɬU
 

222,6 219,1 

Ɋɚɫɯɨɞ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɦɥɧ 
ɪɭɛ. ɚɦU

 
273,6 285,3 

Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, ɦɥɧ 
ɪɭɛ. ɡ/ɩU  78,9 90,1 

Ɂɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ, 
ɦɥɧ ɪɭɛ. ɬɪU

 
54,7 57,1 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ, ɦɥɧ ɪɭɛ. ɩɪU
 

122,2 129,8 
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 Ⱦɥɹ ɪɚɫɱёɬɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɢɦ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɰɟɯɚɦ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɢɡ ɪɚɫɱёɬɚ, ɱɬɨ: 
 - ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ ɩɨɥɧɨɫɬɶɸ ɡɚɛɢɪɚɟɬ ɌɌɐ ɢ Ʉɐ; 
 - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɌɌɐ ɢ 
Ʉɐ – 65%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 5%;  
 - ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɌɌɐ ɢ Ʉɐ 
– 40%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 30%; 
 - ɪɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɌɌɐ ɢ Ʉɐ – 65%; Ɍɐ ɢ ɗɐ – 30%; ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 5%; 
 - ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ ɩɨɥɧɨɫɬɶɸ ɭɯɨɞɹɬ ɧɚ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɨ ɫɪɚɜɧɢɜɚɟɦɵɦ ɜɚɪɢɚɧɬɚɦ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 1.6 ɢ 
1.7. 
 
Ɍɚɛɥɢɰɚ 1.6 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ (1 
ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ ɪɭɛ. ȼɫɟɝɨ 

ɡɚɬɪɚɬ, 
ɦɥɧ ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, ɦɥɧ 
ɪɭɛ. 

ɬU
 ɚɦU

 ɪɟɦU
 ɡ/ɩU  ɩɪU

 
ɷ/ɷ ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 222,59 136,82 27,60 27,36 – 414,38 232,41 181,97 

Ɇɚɲɢɧɧɵɣ ɡɚɥ, ɗɐ – 123,14 27,60 24,63 – 175,37 175,37 – 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ 

– 13,68 23,66 2,74 122,17 162,25 112,19 50,06 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 222,59 273,64 78,87 54,73 122,17 752,00 519,96 232,04 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ 1,42 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 580,09 

 
 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɩɟɪɜɨɦɭ 
ɜɚɪɢɚɧɬɭ. Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɩɨ 
ɮɢɡɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, ɬ.ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ. 
 

 ɷ/ɷ ɷ/ɷ
ɬɬɰ ɬɬɰ

ɬɷɰ

ȼɁ =Ɂ
ȼ
 ,   (1.4) 

 

 ɷ/ɷ
ɬɬɰ

414,38Ɂ =84,69 =232,41
151

 , 
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 ɬ/ɷ ɷ/ɷ
ɬɬɰ ɬɬɰ ɬɬɰɁ =Ɂ - Ɂ ,   (1.5) 

 
 ɬ/ɷ

ɬɬɰɁ =414,38 232,41=181,97 . 
 
  Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ. 
 

 
ɦɚɲ.ɡɬɬɰ

ɷ/ɷ
ɦɚɲ.ɡ

ɷ/ɷ
ɬɬɰ

ɨɛɳ
ɷ/ɷ
ɨɛɳ ɁɁ

ɁɁ
ɁɁ




 ,   (1.6) 

 

 ɷ/ɷ
ɨɛɳ

232,41 175,37Ɂ 162,25 112,19
414,38 175,37


  


, 

 
 ɷ/ɷ

ɨɛɳɨɛɳ
ɬ/ɷ
ɨɛɳ ɁɁɁ  ,   (1.7) 

 
 ɬ/ɷ

ɨɛɳɁ 162,25 112,19 50,06   . 
 
 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 1 ɜɚɪɢɚɧɬɚ 
 

 
ɷ/ɷ
ɨɛɳɪɟɤ

ɷ/ɷ
ɨɩɬ

Ɂ
ɫ/ɫ

ɗ
 ,   (1.8) 

 
ɪɟɤ

ɷ/ɷ
519,96ɫ/ɫ 1,42
365,63

  , 

 

 
ɬ/ɷ
ɨɛɳɪɟɤ

ɬ/ɷ
ɝɜ.ɝɨɞ

Ɂ
ɫ/ɫ

Q
 ,   (1.9) 

 

 ɪɟɤ
ɬ/ɷ

232,0 1000ɫ/ɫ 580,09
400


  . 

 
 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɜɬɨɪɨɦɭ 
ɜɚɪɢɚɧɬɭ. Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ 
ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, ɬ.ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɦɥɧ ɪɭɛ. 
 

 ɷ/ɷ ɷ/ɷ
ɬɬɰ ɬɬɰ

ɬɷɰ

ȼɁ =Ɂ
ȼ
 ,   (1.10) 

 

 ɷ/ɷ
ɬɬɰ

82,26Ɂ 421,81 233,55
148,57

   , 
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 ɬ/ɷ ɷ/ɷ
ɬɬɰ ɬɬɰ ɬɬɰɁ =Ɂ - Ɂ ,   (1.11) 

 
 ɬ/ɷ

ɬɬɰɁ 421,81 233,55 188,27   . 
 
Ɍɚɛɥɢɰɚ 1.7 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ (2 
ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ ɪɭɛ. ȼɫɟɝɨ 

ɡɚɬɪɚɬ, 
ɦɥɧ ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, ɦɥɧ 
ɪɭɛ. 

ɬU
 ɚɦU

 ɪɟɦU
 ɡ/ɩU  ɩɪU

 
ɷ/ɷ ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 219,06 142,67 31,55 28,53 – 421,81 233,55 188,27 

Ɇɚɲɢɧɧɵɣ ɡɚɥ, ɗɐ – 128,41 31,55 25,68 – 185,63 185,63  

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ 

– 14,27 27,04 2,85 129,76 173,92 120,02 53,90 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 219,06 285,34 90,13 57,07 129,76 781,37 539,20 242,17 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ 1,48 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 605,43 

  
  Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ ɪɭɛ. 
 

 
ɦɚɲ.ɡɬɬɰ

ɷ/ɷ
ɦɚɲ.ɡ

ɷ/ɷ
ɬɬɰ

ɨɛɳ
ɷ/ɷ
ɨɛɳ ɁɁ

ɁɁ
ɁɁ




 ,   (1.12) 

 

 ɷ/ɷ
ɨɛɳ

233,55 185,63Ɂ 173,92 120,02
421,81 185,63


  


, 

 
 ɷ/ɷ

ɨɛɳɨɛɳ
ɬ/ɷ
ɨɛɳ ɁɁɁ  ,   (1.13) 

 
 ɬ/ɷ

ɨɛɳɁ 173,92 120,02 53,9   . 
 
 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 2 ɜɚɪɢɚɧɬɚ 
 

 
ɷ/ɷ
ɨɛɳɫɨɩ

ɷ/ɷ
ɨɩɬ

Ɂ
ɫ/c

ɗ
 ,   (1.14) 
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 ɫɨɩ
ɷ/ɷ

539,20ɫ/c 1,48
365,04

  , 

 

 
ɬ/ɷ
ɨɛɳɫɨɩ

ɬ/ɷ
ɝɜ.ɝɨɞ

Ɂ
ɫ/c

Q
 ,   (1.15) 

 

 ɫɨɩ
ɬ/ɷ

242,17 1000ɫ/c 605,43
400


  . 

 
 Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ 1 ɜɚɪɢɚɧɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɭɫɬɚɧɨɜɤɢ ɨɞɧɨɣ ɬɭɪɛɢɧɵ Ɍ-60/65-
130. 
 ɉɪɢ ɜɵɛɨɪɟ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɨɫɧɨɜɧɵɦ ɫɪɚɜɧɢɜɚɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ 
ɄɉȾ ɢ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɧɚ ɷɤɨɥɨɝɢɸ. Ɇɚɪɤɢ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɜɵɛɪɚɧɧɨɦ ɬɨɩɥɢɜɟ ɢ ɩɨɞɯɨɞɹɳɢɯ ɤ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɬɭɪɛɢɧɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɢ 
ɪɚɫɯɨɞɭ ɩɚɪɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 1.8 [2]. 
 
Ɍɚɛɥɢɰɚ 1.8 – ȼɵɛɨɪ ɤɨɬɥɨɚɝɪɟɝɚɬɚ  

№ 
ɜɚɪɢɚɧɬɚ 

Ɇɚɪɤɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ 
ɄɉȾ, 

% 
ɋɩɨɫɨɛ 

ɲɥɚɤɨɭɞɚɥɟɧɢɹ 

ɍɞɟɥɶɧɵɟ 
ɜɵɛɪɨɫ 
ɨɤɫɢɞɨɜ 

ɚɡɨɬɚ (NOɯ) 
ɡɚ ɤɨɬɥɨɦ, 

ɦɝ/ɧɦ³ 
1 ȻɄɁ-320-140-6 88,2 Ɍɜɟɪɞɨɟ 300 

2 ȻɄɁ-320-140 ɉɌ-5 88 ɀɢɞɤɨɟ 500 

 
 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1.8, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ 1 ɜɚɪɢɚɧɬ, ɬ.ɤ. ɫɚɦɵɣ ɜɵɫɨɤɢɣ 
ɄɉȾ ɭ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ-320-140-6 ɩɪɢ ɧɢɡɤɨɦ ɡɧɚɱɟɧɢɢ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NOɯ), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɜɵɫɨɤɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ ɜɵɛɢɪɚɟɦ ɤɨɬɥɨɚɝɪɟɝɚɬ 
ȻɄɁ-320-140-6. 
 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 ɫɨɩ ɪɟɤ ɫɨɩ ɪɟɤ

ɯɨɡ ɷ/ɷ ɷ/ɷ ɨɬɩ ɬ/ɷ ɬ/ɷ ɝɨɞɗ =(ɫ/c -ɫ/ɫ ) ɗ +(ɫ/ɫ -ɫ/ɫ ) Q  , (1.16) 
 
 (1,48 1,42) 365,04 (605,43 580,09) 400 101,6ɯɨɡЭ        . 
 
 ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɩɨ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɢ ɧɚ ɭɪɨɜɧɟ Ɍɗɐ ɝɨɞɨɜɨɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɫɨɫɬɚɜɥɹɟɬ 101,6 ɦɥɧ ɪɭɛ./ɝɨɞ. 
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 1.5 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 
 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ Ɍɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɪɚɫɱёɬ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ, ɧɚɩɪɚɜɥɹɟɦɵɯ ɧɚ ɞɚɧɧɵɟ ɰɟɥɢ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɯɨɡɪɚɫɱёɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɩɪɢɹɬɢɣ. 
 Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɟɣ 
ɢɧɜɟɫɬɢɰɢɣ. 
 ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ NPV , ɦɥɧ ɪɭɛ., ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
[1] 
 

  
 / /

0

1

1 0,1

n

э э ɬ э ɚɦ n
n

NPV Ⱦ Ⱦ U K


    


 , (1.17) 

 
ɝɞɟ  ээȾ /  – ɩɪɢɛɵɥɶ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
 эɬȾ /  – ɩɪɢɛɵɥɶ ɨɬ ɩɪɨɞɚɠɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
  Uɚɦ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
  К – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ; 
 n – ɬɟɤɭɳɢɣ ɝɨɞ. 
 
 ɉɪɢɛɵɥɶ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶɸ ɩɥɚɧɨɜɨɝɨ ɭɪɨɜɧɹ 

ээȾ / , ɦɥɧ ɪɭɛ./ɝɨɞ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 / ɝ.ɨɬɩ( ) Wэ э э эȾ Ɍ U   ,  (1.18) 
 
ɝɞɟ Uɷ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./(ɤȼɬ∙ɱ); 
  ɝ.ɨɬɩW  – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, Ɇȼɬ·ɱ; 
 эɌ  – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɪɭɛ./(ɤȼɬ·ɱ); 
 
 / (1,99 1,42) 365,63 166,14э эȾ     . 
 
 ɉɪɢɛɵɥɶ ɨɬ ɩɪɨɞɚɠɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶɸ ɩɥɚɧɨɜɨɝɨ 
ɭɪɨɜɧɹ эɬȾ / , ɦɥɧ ɪɭɛ./ɝɨɞ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 / ɝɜ.ɝɨɞ( ) Qɬ э ɬ ɬȾ Ɍ U   ,  (1.19) 
 
ɝɞɟ Uɬ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ; 
  ɝɜ.ɝɨɞQ  – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɬɵɫ. Ƚɤɚɥ; 
 ɬɌ  – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɭɸ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɪɭɛ./Ƚɤɚɥ; 
 

 3
/ (1044,16 580,09) 400 10 149ɬ эȾ      . 
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 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɩɪɨɟɤɬ 
ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 1.9. 
 
Ɍɚɛɥɢɰɚ 1.9 – ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

ɉɨɤɚɡɚɬɟɥɢ 
Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ (ɝɨɞ) 

0 1 2 3 4 5 6 7 8 9 10 
Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ɩɨ 
ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ – 
ɤɚɩ. ɜɥɨɠɟɧɢɹ (Ʉ), 
ɦɥɧ ɪɭɛ. 
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Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ 
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ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ, ɦɥɧ ɪɭɛ.  

-3
60

0,
53

 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

58
8,

29
 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

n

1

(1 0,1)  

1 

0,
90

9 

0,
82

6 

0,
75

1 

0,
68

3 

0,
62

1 

0,
56

4 

0,
51

3 

0,
46

6 

0,
42

4 

0,
38

5 
ɑɢɫɬɵɣ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɞɨɯɨɞ, ɦɥɧ ɪɭɛ. 

-3
60

0,
53

 

53
4,

76
 

48
5,

93
 

44
1,

81
 

40
1,

80
 

36
5,

33
 

33
1,

80
 

30
1,

79
 

27
4,

14
 

24
9,

44
 

22
6,

49
 

ɑȾȾ 
ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ, ɦɥɧ ɪɭɛ. 

-3
60

0,
53

 

-3
06

5,
78

 

-2
57

9,
85

 

-2
13

8,
04

 

-1
73

6,
24

 

-1
37

0,
91

 

-1
03

9,
11

 

-7
37

,3
2 

-4
63

,1
8 

-2
13

,7
4 

12
,7

5 

  
 Ɍɚɤ ɤɚɤ ɑȾȾ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ ɧɭɥɹ ɧɚ ɞɟɫɹɬɨɦ ɝɨɞɭ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ Ɍɗɐ ɫ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ Ɍ-60/65-130 ɢ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɦ ȻɄɁ-320-140-6 ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ ɞɟɫɹɬɶ ɥɟɬ. 
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 2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 
 
 2.1 Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ Ɍ-60/65-130 
 
 2.1.1 Ɉɩɢɫɚɧɢɟ ɬɭɪɛɢɧɵ Ɍ-60/65-130 
  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɪɟɛɭɟɦɵɯ ɜɟɥɢɱɢɧ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɨɤ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɭɪɛɢɧɚ Ɍ-60/65-130. 

Ⱦɥɹ ɩɨɤɪɵɬɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɢɤɨɜɵɟ 
ɛɨɣɥɟɪɚ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-60/65-130 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.1 ɢ ɧɚ 1 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ɍɭɪɛɢɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɜɚɥɶɧɵɣ ɞɜɭɯɰɢɥɢɧɞɪɨɜɵɣ ɚɝɪɟɝɚɬ, 
ɜɵɩɨɥɧɟɧɧɵɣ ɩɨ ɫɯɟɦɟ: ɐȼȾ+ɐɋɇȾ. ɉɚɪɨɪɚɫɩɪɟɞɟɥɟɧɢɟ - ɫɨɩɥɨɜɨɟ. ɋɜɟɠɢɣ ɩɚɪ 
ɩɨɞɜɨɞɢɬɫɹ ɤ ɫɬɨɩɨɪɧɨɦɭ ɤɥɚɩɚɧɭ, ɨɬɤɭɞɚ ɩɨ ɩɟɪɟɩɭɫɤɧɵɦ ɬɪɭɛɚɦ ɩɨɫɬɭɩɚɟɬ ɤ 
ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɚɦ ɬɭɪɛɢɧɵ. ɑɟɬɵɪɟ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚ ɪɚɫɩɨɥɨɠɟɧɵ 
ɜ ɩɚɪɨɜɵɯ ɤɨɪɨɛɤɚɯ, ɜɜɚɪɟɧɧɵɯ ɜ ɩɟɪɟɞɧɸɸ ɱɚɫɬɶ ɤɨɪɩɭɫɚ ɐȼȾ. 

ɐȼȾ ɢɦɟɟɬ ɞɜɭɯɜɟɧɟɱɧɭɸ ɪɟɝɭɥɢɪɭɸɳɭɸ ɫɬɭɩɟɧɶ ɢ ɜɨɫɟɦɶ ɫɬɭɩɟɧɟɣ 
ɞɚɜɥɟɧɢɹ. Ɋɨɬɨɪ - ɰɟɥɶɧɨɤɨɜɚɧɵɣ. ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɐɇȾ ɢɦɟɟɬ 13 ɫɬɭɩɟɧɟɣ 
ɞɚɜɥɟɧɢɹ. 

ɉɚɪ ɢɡ ɞɜɭɯ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɩɨɞɚёɬɫɹ ɧɚ ɞɜɟ 
ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɜɤɥɸɱёɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. ɍɫɬɚɧɨɜɤɚ 
ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 
ɤɨɧɞɟɧɫɚɬɧɵɟ ɢ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ, ɚ ɬɚɤɠɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɚɪɦɚɬɭɪɨɣ. 

Ɋɟɝɟɧɟɪɚɬɢɜɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɩɚɪɨɦ, ɨɬɛɢɪɚɟɦɵɦ ɢɡ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ, ɢ ɢɦɟɟɬ ɱɟɬɵɪɟ ɉɇȾ, 
ɞɟɚɷɪɚɬɨɪ ɢ ɬɪɢ ɉȼȾ. ɋɥɢɜ ɞɪɟɧɚɠɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ – 
ɤɚɫɤɚɞɧɵɣ (ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɪɟɧɚɠɧɵɯ ɧɚɫɨɫɨɜ) ɜ ɞɟɚɷɪɚɬɨɪ. ɉɇȾ № 1, 2, 3 ɢ 4 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ 
ɩɨɞɚɱɟɣ ɟɝɨ ɜ ɞɟɚɷɪɚɬɨɪ. Ʉɚɠɞɵɣ ɉɇȾ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ 
ɩɚɪɨɜɨɣ ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ. ɉȼȾ - ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɩɚɪɨɜɨɞɹɧɵɟ ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ ɫɨ ɜɫɬɪɨɟɧɧɵɦ 
ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɦ ɢ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ, ɩɨɞɨɝɪɟɜɚɸɬ ɩɢɬɚɬɟɥɶɧɭɸ ɜɨɞɭ ɩɨɫɥɟ 
ɞɟɚɷɪɚɬɨɪɚ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɚ ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 
ɪɚɫɲɢɪɢɬɟɥɶ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ, ɚ ɡɚɬɟɦ – ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 
ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɢɡ ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ (ɏȼɈ) ɢ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ 
ɤɚɧɚɥɢɡɚɰɢɸ. ɂɡ ɪɚɫɲɢɪɢɬɟɥɹ (Ɋɇɉ) ɜɵɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ.  

ɉɚɪ ɫ ɭɩɥɨɬɧɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɜ ɫɚɥɶɧɢɤɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (Ɉɍ), ɚ ɢɡ 
ɨɫɧɨɜɧɵɯ ɷɠɟɤɬɨɪɨɜ ɤɨɧɞɟɧɫɚɬɨɪɚ – ɜ ɨɯɥɚɞɢɬɟɥɶ ɷɠɟɤɬɨɪɧɨɝɨ ɩɚɪɚ (Ɉɗ), ɱɬɨ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɨɞɨɝɪɟɜɭ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. 

Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-60/65-130 [3] ɢ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
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Ɍɚɛɥɢɰɚ 2.1 – Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-60/65-130 ɢ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ Wɷ 

ɧɨɦɢɧɚɥɶɧɚɹ 60 Ɇȼɬ 
ɦɚɤɫɢɦɚɥɶɧɚɹ 65 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɬɭɪɛ

ɨɬQ  100 Ƚɤɚɥ/ɱ (116 Ɇȼɬ) 
ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 

Ⱦɚɜɥɟɧɢɟ P0 12,8 Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ t0 555ɋ 

Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ 
Pɨɬɛ1 2,96 Ɇɉɚ 
Pɨɬɛ2 1,765 Ɇɉɚ 
Pɨɬɛ3 1,062 Ɇɉɚ 
Pɨɬɛ4 0,565 Ɇɉɚ 
Pɨɬɛ5 0,286 Ɇɉɚ 
Pɨɬɛ6 0,059÷0,245 Ɇɉɚ 
Pɨɬɛ7 0,049÷0,196 Ɇɉɚ 
Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ Pɤ 0,051 Ɇɉɚ 

Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɨ ɨɬɫɟɤɚɦ 
ɐȼȾ
oiη  83% 
ɐɋȾ
oiη  91% 
ɐɇȾ
oiη  87% 

ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɩɨ ɨɬɫɟɤɚɦ 
ɐȼȾ
ɞɪη  95% 

ɐɋȾ
ɞɪη  92% 

ɐɇȾ
ɞɪη  92% 

ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɷɦ 97% 
ɄɉȾ ɬɪɚɧɫɩɨɪɬɚ ɬɪ 98% 
Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɩɪɨɞ 1,5% ɨɬ Dɩɝ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɋɇ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɦɡ
ɫɧα  [4] 1,2% ɨɬ Dɬ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɋɇ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ ɤɰ
ɫɧα  1,2% ɨɬ Dɬ 

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɞɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

5% 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ tɯɨɜ 30ɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɏɈȼ ɜ ɬɟɯɧɢɱɟɫɤɭɸ 
ɤɚɧɚɥɢɡɚɰɢɸ tɫɥ 

60ɋ 

ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɭɬα  1,1 % 

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 

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɋɉ ɩɧɞ  5ɋ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɬɟɩɥɨɫɟɬɢ 150/70 ɋ 
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Ɋɢɫɭɧɨɤ 2.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-60/65-130 

 
 

2.1.2 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 
 ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.2, ɫɨɫɬɨɢɬ ɢɡ 
ɞɜɭɯ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɩɢɤɨɜɨɝɨ ɛɨɣɥɟɪɚ. ɉɚɪ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
ɩɨɫɬɭɩɚɟɬ ɢɡ ɲɟɫɬɨɝɨ ɢ ɫɟɞɶɦɨɝɨ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ, ɧɚ ɩɢɤɨɜɵɣ ɛɨɣɥɟɪ ɢɡ 
ɤɨɥɥɟɤɬɨɪɚ ɩɚɪɚ 10-16 ɤɝɫ/ɫɦ2. 

Ɍɉ

ɋɇ-2

ɋɉ-1

ɋɉ-2

ɋɇ-1

ɫɜG
ɨɫt

2ɫɩt 

1ɫɩt 

ɩɫt

2 6,ɫɩD i ɧ
ɜɫt

ɧ
ɧɫt

1 7,ɫɩD i
ɉȻ

 
Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 
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 Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫɜG , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 
max
ɨɬ

ɫɜ
ɜ

Q
G

C t



,   (2.1) 

 
ɝɞɟ  ɜC  – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/ɤɝ·ɝɪɚɞ;  
 

 232000
692,8

4,186 (150 70)ɫɜG  
 

. 

 
 ɗɧɬɚɥɶɩɢɸ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɫt , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɨɫ ɨɫ ɜt t C  ,   (2.2) 
 
 70 4,186 293ɨɫt    . 
 
 ɗɧɬɚɥɶɩɢɸ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ɫɩt  , 
ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 2

ɬɭɪ
ɨɬɛ

ɫɩ ɨɫ

ɫɜ

Q
t t

G
   ,   (2.3) 

 

 2
116000

293 460,5
692,8

ɫɩt     . 

 
 Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ɫɩt  , ɋ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  
 

 2

2

ɫɩ
ɫɩ

ɜ

t
t

ɋ


  ,   (2.4) 

  

 2

460,5
110

4,186ɫɩt    . 

 
 ɇɚɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɞɨ 110°ɋ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ. 
Ⱦɚɥɶɧɟɣɲɢɣ ɧɚɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫɜɵɲɟ 110°ɋ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɜ ɩɢɤɨɜɵɯ ɛɨɣɥɟɪɚɯ. 
 ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 5  ɋ 
[5], ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ɫɩ

ɞt
  ɫɨɫɬɚɜɥɹɟɬ 115 ɋ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹ '
2ɫɩP   ɫɨɫɬɚɜɥɹɟɬ 1,69 ɛɚɪ [6]. 
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 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ 2
ɨɬɛ

ɫɩP   ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ 5% [5] ɫɨɫɬɚɜɥɹɟɬ 1,78 ɛɚɪ [6]. 
 Ɍɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 1ɫɩt  , ɋ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 2
1 2

ɫɩ ɨɫ
ɫɩ ɨɫ

t t
t t 




  ,   (2.5) 

 

 1

110 70
70 90

2ɫɩt 


   . 

 
 ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 5  ɋ 
[5], ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ 1ɫɩ

ɞt
  ɫɨɫɬɚɜɥɹɟɬ 95°ɋ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹ '
1ɫɩP   ɫɨɫɬɚɜɥɹɟɬ 0,846 ɛɚɪ [6]. 

 ɗɧɬɚɥɶɩɢɸ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 1ɫɩt  , 
ɄȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
   
 1 1ɫɩ ɩɫ ɜt t ɋ   ,   (2.6) 
 
 1 90 4,186 376,7ɫɩt     . 
 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ 1

ɨɬɛ
ɫɩP   ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ 5% [5] ɫɨɫɬɚɜɥɹɟɬ 0,89 ɛɚɪ [6]. 
 ɇɚɝɪɭɡɤɭ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ɫɩQ  , ɤȼɬ, ɪɚɜɧɭɸ ɧɚɝɪɭɡɤɟ 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 1ɫɩQ  , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 
2

ɬɭɪ
ɨɬɛ

ɫɩ
Q

Q = ,   (2.7) 

 

 116000
58000

2ɫɩQ =  . 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɉɋȽ-2 2ɫɩD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ 
ɩɨ ɮɨɪɦɭɥɟ 
 

 2
6 ɬɨ

ɫɩ
ɫɩ ɧ

ɜɫ

Q
D =

(i - t )·
,   (2.8) 

 
ɝɞɟ ɬɨ  – ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ [5]; 
 ɧ

ɜɫt  - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɉɋȽ-2, ɤȾɠ/ɤɝ; 
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 2

58000
27,8

(2606,7 482,5)·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 )·
,   (2.9) 

 
ɝɞɟ ɧ

ɧɫt  - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɉɋȽ-1, ɤȾɠ/ɤɝ; 
 

 1

58000
28

(2509,3 398)·0,98ɫɩD  


. 

 
 

2.1.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ 
 
 ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ Ⱥ0. ɋ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐȼȾ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ '

0P , Ɇɉɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
  
 '

0 0·
ЦȼȾ
ɞɪP P ,   (2.10) 

 
 '

0 12,8·0,95 10 121,6P    . 
 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ '

0P  ɞɨ ɞɚɜɥɟɧɢɹ 1P , 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɜɥɟɧɢɸ ɡɚ ɐȼȾ, ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ A'B0. ɉɪɢ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ “ȼ” Bi , ɤȾɠ/ɤɝ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 

0
( )· ЦȼȾ

B A A B oii i i i     ,   (2.11) 

 
ɝɞɟ  

0Bi = 3057,9 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ [6];  
  Ai  = 3486,5 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ [6];  
 
 3486,5 (3486,5 3057,9)·0,83 3130,8Bi     . 
 
 ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɐɋȾ, ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ “B'” 1

'P , Ɇɉɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 1 1
' ЦɋȾ

ɞɪP = P  ,   (2.12) 

 
ɝɞɟ  ЦɋȾ

ɞɪ  – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ; 
 
 1 2,96 0,92 10= 27,2'P =   . 
 
 ɗɧɬɚɥɶɩɢɸ ɜ ɬɨɱɤɟ “C” ɋi , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 

0' '( )· ЦɋȾ
ɋ B B C oii i i i    ,   (2.13) 

 
ɝɞɟ 'Bi = 3130,8 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɐɋȾ [6]; 
 

0Ci = 2452,9 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɐɋȾ [6];  

  
 3130,8 (3130,8 2452,9)·0,91 2513,9ɋi     . 

 
 ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɐɇȾ, ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ “ɋ'” 7

'P , Ɇɉɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 7 7

' ЦɇȾ
ɞɪP = P  ,   (2.14) 

 
ɝɞɟ  ЦɇȾ

ɞɪ – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 
 7  0,089 0,92 10 = 0,819'P =   . 
 
 ɗɧɬɚɥɶɩɢɸ ɜ ɬɨɱɤɟ “D” Di , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 

0' '( )· ЦɇȾ
D C C D oii i i i    ,   (2.15) 

 
ɝɞɟ 'Ci =2509,3 ɄȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ [6]; 
 

0Di = 2136,1 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ Ɋɤ [6];  
  
 2509,3 (2509,3 2136,1)·0,87 2184,6Di     . 
 
 ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ, ɧɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 
ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ. 
 ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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
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ɉɚ
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
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0

2136, 1Кi 

1
'
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2 Ɇ

ɉɚ

P


7
'

0, 082Ɇɉɚ

P


ɤɨɧɞɟɧɫɚɬ
ɨɪ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

ɤȾɠ
ɤɝ

 
 

Ɋɢɫɭɧɨɤ 2.3 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ Ɍ-60/65-130 
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2.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 
 
 ɇɚɯɨɞɢɦ ɩɚɪɚɦɟɬɪɵ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɉȼȾ-1.  
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 2,96 Ɇɉɚ. ɉɪɢɧɢɦɚɹ ɩɨɬɟɪɸ ɞɚɜɥɟɧɢɹ ɜ 
ɩɚɪɨɩɪɨɜɨɞɟ 5 % [5] ɧɚɯɨɞɢɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ 
 
 1 29,6 0,95 28,1ɉȼȾP    .   (2.16) 

  
 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫ ɭɱёɬɨɦ ɧɟɞɨɝɪɟɜɚ, ɋ 
 
 tɩɜ = tɧ –  = 230,3– 2 = 228,3.   (2.17) 
 
 ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ 
 
 пвt = tɩɜ·ɋɜ = 228,3·4,186 = 955,6.   (2.18) 
  
 ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ [6] 
 
 iɨɬɛ = 3130,8.   (2.19) 

  
 ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɧɚ ɬɭɪɛɢɧɟ, ɤȾɠ/ɤɝ 
 
 h = i0 – iɨɬɛ = 3486,5 – 3130,8 = 355,7. (2.20) 
 
 Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ 
ɫɯɟɦɵ. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧɵ 

ɉȼȾ1 ɉȼȾ2 ɉȼȾ3 Ⱦ ɉɇȾ4 ɉɇȾ5 ɋɉ2 ɉɇȾ6 ɋɉ1 ɉɇȾ7 Ʉ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 
ɬɭɪɛɢɧɵ, ɛɚɪ 

29,6 17,65 10,62 10,62 5,65 2,86 1,78 1,78 0,89 0,89 0,0051 

ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
ɤȾɠ/ɤɝ 3130,8 3027,3 2917,4 2917,4 2796,3 2681,2 2606,8 2606,8 2509,3 2509,3 2184,6 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɭ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɛɚɪ 28,12 16,77 10,09 6 5,37 2,72 1,69 1,69 0,85 0,85 0,0051 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ 
(ɧɚɫɵɳɟɧɢɹ) ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
ɋ 

230,3 203,6 180,3 158,8 154,5 130,2 115 115 95 95 33,2 

ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ 

991,6 868,9 764,4 670,5 651,8 547,1 482,6 482,6 398,02 398,02 139,2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, ɋ 

228,3 201,6 178,3 158,8 150,5 126,2 111 111 91 91 – 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, ɤȾɠ/ɤɝ 955,6 844,1 746,2 664,9 630,1 528,2 464,6 464,6 380,9 380,9 – 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ 355,7 459,2 569,1 569,4 690,2 805,3 879,8 879,8 977,2 97,4 1301,9 
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2.1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɞɥɹ 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 1ty  ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 1
1

0

ɫɩ k
t

k

i i
y

i i
 




,   (2.21) 

 

 1

2606,8 2184,6
0,324

3486,5 2184,6ty


 


. 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɞɥɹ 
ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 2ty  ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 2
2

0

ɫɩ k
t

k

i i
y

i i
 




,   (2.22) 

 

 2

2509,3 2184,6
0,249

3486,5 2184,6ty


 


. 

 
 ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ ɪК  ɪɚɜɧɵɦ 1,1395 [5], ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ 
ɬɭɪɛɢɧɭ ɬD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 1 1 2 2
э

ɬ ɪ ɬ ɬ ɬ ɬ
i эɦ

W
D K y D y D

H 
 

       
,  (2.23) 

 
ɝɞɟ  iH  – ɬɟɩɥɨɩɟɪɟɩɚɞ, ɫɪɚɛɚɬɵɜɚɟɦɵɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɤɝ; 
 эɦ  – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ, %; 
 

 60000
=1,1395 · 0,249 28,03 0,324 27,86 72,4

1301,9 0,97ɬD
       

. 

 
 

2.1.6 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ эɠD , ɤɝ/ɫ, ɩɪɢɧɢɦɚɟɦ 0,5% ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ 
ɬɭɪɛɢɧɭ ɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 0,005эɠ ɬD D  ,   (2.24) 
 
 0,005 72,4 0,4эɠD    .  
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 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ ɭɩɥD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 0,01ɭɩɥ ɬD D  ,    (2.25) 

 
 0,01 72,4 0,7ɭɩɥD    . 

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

 
100

ɭɬ
ɭɬ ɬD D


  ,    (2.26) 

 
ɝɞɟ ɭɬ  – ɞɨɥɹ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ, % [4];  

 

 1,1
72,4 0,8

100ɭɬD    . 

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

 
100

ɋɇ

ɆЗ КЦ
ɫɧ

ɫɧ ɬD D
 

   ,    (2.27) 

 
ɝɞɟ 

ɋɇ

ɆЗ  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ, % [4];  

 КЦ
ɫɧ  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ, % [4];  

 

 1,2 1,2
72,4 1,7

100ɫɧD


   . 

 
 Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɜD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɩɜ ɬ эɠ ɭɩɥ ɭɬ ɫɧD D D D D D     ,    (2.28) 

 
 72,4 0,4 0,7 0,8 1,7 76ɩɜD       .  
 
 Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɩɪG , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

 
100

ɩɪ
ɩɪ ɩɜG D


  ,    (2.29) 

  
ɝɞɟ  ɩɪ  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɭɜɤɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [6]; 
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 1,5
76 1,1

100ɩɪG    . 

 
 Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ ɭɱɟɬɨɦ ɩɪɨɞɭɜɤɢ ɩɜG , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
  
 ɩɜ ɩɜ ɩɪG D G  ,   (2.30) 

  
 76 1,1 77,1ɩɜG    . 

 
 

2.1.7 Ɋɚɫɱёɬ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 
 

 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.4. 

ɉɏɈȼ
ɏɈȼ

Ɋɇɉ 

в ɞɟаэɪаɬɨɪ 

cDɩɪG

ɩɪt

ɩɪt

ɩɪG

ɯɨɜt
ɯɨɜt

ɫɥt

ɯɨɜD

ci

  
Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 

 
 ɂɡ ɭɪɚɜɧɟɧɢɣ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɪɚɫɲɢɪɢɬɟɥɹ 
ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 1cD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 
1

ɩɪ ɩɪ ɩɪ
c

G ·(t  - t  )
D =

r


,   (2.31) 
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ɝɞɟ  ɩɪt  – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɪɢ Ɋɛ = 150 ɛɚɪ, ɤȾɠ/ɤɝ [6];  

 ɩɪt  – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ, ɤȾɠ/ɤɝ [6];  

  r1 – ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ Ɋɞ = 0,6 Ɇɉɚ, ɤȾɠ/ɤɝ [6]; 
 

 1,1·(1610,2-670,5)
= =0,5

2085,6cD .  

 
 Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɤɚɧɚɥɢɡɚɰɢɸ ɩɪG , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 -ɩɪ ɩɪ cG G D  ,   (2.32) 

 
 1,1- 0,5 0,6ɩɪG   . 

 
 Ʉɨɥɢɱɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɜ ɞɟɚɷɪɚɬɨɪ ɯɨɜD , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɩɪɯɨɜ ɭɬ ɫɧD G D D   ,   (2.33)  

 
 0,6 0,8 1,7 3,1ɯɨɜD     . 
 
 ɂɡ ɭɪɚɜɧɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɉɏɈȼ ɬɟɦɩɟɪɚɬɭɪɭ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ 
ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɨɜt , °ɋ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 
( )ɩɪ ɩɪ ɫɥ

ɯɨɜ ɯɨɜ
ɯɨɜ

G t t
t t

D

  
   ,   (2.34) 

 
ɝɞɟ  ɩɪt   – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɪɚɫɲɢɪɢɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, °ɋ [6];  

 ɯɨɜt  – ɬɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɏɈȼ, °ɋ [5]; 
 ɫɥt  – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɚɹ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɤɚɧɚɥɢɡɚɰɢɸ 
ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, °ɋ [5]; 
 

 0,6 (160,2 60)
30 49,9

3,1ɯɨɜt
     . 

 
 

2.1.8 Ɋɚɫɱёɬ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 

 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɉȼȾ-1,2,3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 
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ɉȼȾ-1

ɉȼȾ-2

ɉȼȾ-3

ɉɇ
ɩɜG

3i
3

ɧt
3D

1D

ɩɜt

ɞt

2D
2

ɧt

1
ɧt

2i

1i

ɞt

ɩɜt

ɩɜt

 
Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉȼȾ-1,2,3 

 
  ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1 
 
 1 1 1 ɬɨ( ) ( )ɧ

ɩɜ ɩɜ ɩɜD i t G t t       .   (2.35) 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-1 1D , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 1
1 1 ɬɨ

( )

( )
ɩɜ ɩɜ ɩɜ

ɧ

G t t
D

i t 
 


 

,   (2.36) 

 

 1

77,1 (955,6 844,1)
4,1

(3130,8 991,6) 0,98
D

 
 

 
. 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-2 
 
 2 1 2 1 1 2 ɬɨ( ( ) ( )) ( )ɧ ɧ ɧ

ɩɜ ɩɜ ɩɜD i t D t t G t t           . (2.37) 
 

 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-2 2D , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 1 1 2 ɬɨ
2

2 2 ɬɨ

( ) ( )

( )

ɧ ɧ
ɩɜ ɩɜ ɩɜ

ɧ

G t t D t t
D

i t




      


 
,   (2.38) 

 

 2

77,1 (844,1 746,2) 4,1 (991,6 868,9) 0,98
3,3

(3027,3 868,9) 0,98
D

     
 

 
. 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-3 
 
 3 3 3 1 2 2 3 ɬɨ( ( ) ( ) ( )) ( )ɧ ɧ ɧ

ɩɜ ɩɜ ɞD i t D D t t G t t            . (2.39) 
 
 ɉɟɪɟɩɚɞ ɷɧɬɚɥɶɩɢɣ ɧɚ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ ɩɧt , ɄȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 

 
210

ɩɧ
ɧ

P
t




  
  ,    (2.40) 

  
ɝɞɟ   – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɵ, 3ɦ ɤɝ  [6]; 
 ɧ  – ɄɉȾ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, % [6]; 
 P  – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, ɛɚɪ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɧ ɞP P P   ,   (2.41) 
 
ɝɞɟ ɞP  – ɞɚɜɥɟɧɢɟ ɧɚ ɜɫɚɫɟ, ɛɚɪ (ɞɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ);  
 ɧP  – ɞɚɜɥɟɧɢɟ ɧɚ ɧɚɩɨɪɟ, ɛɚɪ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [5] 
   
 0 1,4ɧP P  ,   (2.42) 
 
 130 1,4 182ɧP    , 
 
 182 6 176P    , 
 

 
2176 0,0011 10

25,5
0,75ɩɧt

 
   . 

 
 ɗɧɬɚɥɶɩɢɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-3 ɫ ɭɱɟɬɨɦ ɧɚɝɪɟɜɚ ɟɟ ɜ ɉɇ ɞt , 
ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɞ ɞ ɩɧt t t   .   (2.43) 
 
 670,5 25,5 696ɞt    . 
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 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-3 3D , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 1 2 2 3 ɬɨ
3

3 3 ɬɨ

( ) ( ) ( )

( )

ɧ ɧ
ɩɜ ɩɜ ɞ

ɧ

G t t D D t t
D

i t




       


 
, (2.44) 

 

 3

77,1 (746,2 696) (3,3 4,1) (868,9 764,4) 0,98
1,5

(2917,4 764,4) 0,98
D

      
 

 
. 

 
 

2.1.9 Ɋɚɫɱёɬ ɞɟɚɷɪɚɬɨɪɚ 
 
 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

Ⱦ

3D 3i

ɫ cD i

1 2 3D D D 

3
ɧt k kD t

ɯɨɜD
ɩɜ ɞG t

ɯɨɜt

ɢɡ Ɋɇɉ 

 
Ɋɢɫɭɧɨɤ 2.6 - ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ 

 
 ɍɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɨɜ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ ɢɦɟɸɬ ɜɢɞ 
 

 3 1 1 2 3

3 3 1 1 1 2 3 3

( )

( )

ɫ k ɯɨɜ ɩɜ
ɧ

ɫ c k k ɯɨɜ ɯɨɜ ɩɜ ɞ

D D D D D D D G

D i D i D D D t D t D t G t

       
              

 (2.45) 

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

 3

3

0,5 (4,1 3,3 1,5) 3,1 77,1

2917,4 0,5 2756,1 (4,1 3,3 1,5) 764,4 630,1 3,1 208,7 77,1 670,5
k

k

D D

D D

       
              

 

 
 ɂɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ 3D  
ɪɚɜɧɹɟɬɫɹ 0,9 ɤɝ/ɫ, ɚ ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ kD  ɫɨɫɬɚɜɥɹɟɬ 63,6 ɤɝ/ɫ. 
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2.1.10 Ɋɚɫɱёɬ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-4 ɢɦɟɟɬ ɜɢɞ 
 
 4 4 4 ɬɨ( ) ( )ɧ

k k kD i t D t t       .   (2.46) 
 
 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉɇȾ-4 ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.7. 
 

ɉɇȾ-4 

4D

4
ɧt

4i

kDɤt kt

 
Ɋɢɫɭɧɨɤ 2.7 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɉɇȾ-4 

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

 4
4 4 ɬɨ

( )

( )
k k k

ɧ

D t t
D

i t 
 


 

,   (2.47) 

  

 4

63,6 (630,1 528,2)
3,1

(2796,3 651,8) 0,98
D

 
 

 
. 

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

 

5 5 5 4 4 5

4 5 6 5

4 5 6 6 5 2

/ / / /
6 6 6 4 5 5 6

6

/ / / / / / / / /
6 7

( ) ( ) ( )

( )

( ) ( ) ( ) ( )

ɧ ɧ ɧ
k k k

k ɤ
ɧ ɧ

k ɤ ɤ ɤ ɫɩ
ɧ ɧ ɧ

ɤ ɤ ɤ

ɤ ɤ
ɧ

ɤ ɤ ɤ ɤ

D i t D t t D t t

D D D D D D

D t D D D t D t D t

D i t D D t t D t t

D D D

D t D t D t

D

 

 


          
     

           

           
   

      
/ / / / / / / / / / /

7 7 7( ) ( )ɧ
ɤ ɤ ɤi t D t t












     

 (2.48) 

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

 
 ȼ ɨɯɥɚɞɢɬɟɥɟ ɷɠɟɤɬɨɪɚ ɢ ɨɯɥɚɞɢɬɟɥɟ ɭɩɥɨɬɧɟɧɢɣ ɨɫɧɨɜɧɨɣ ɤɨɧɞɟɧɫɚɬ 
ɧɚɝɪɟɜɚɟɬɫɹ ɧɚ 6°ɋ [5]. ɉɨɞɫɬɚɜɥɹɹ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɤɝ/ɫ, ɢ 
ɷɧɬɚɥɶɩɢɣ, ɤȾɠ/ɤɝ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ 
 

 

5

5 6

5 6

6 5

/ /

(2681,2 547,1) 0,98 3,1 (651,8 547,1) 0,98 63,6 (528,2 )

63,6 3,1 27,9

122 (3,1 ) 482,6 464,6 27,9 482,6

(2606,8 482,6) 0,98 (3,1 ) (547,1 482,6) 0,98

(464,6

k

ɤ

ɤ ɤ

ɤ ɤ

D t

D D D

t D D D

D D

D t

         
    

         

        

   / /

/ / / /

7

)

28

28 398 380,9

(2509,3 398) 0,98 (380,9 164,2)

ɤ ɤ

ɤ ɤ ɤ

ɤ

D D

D t D

D D









   


     
      

 

 
 ɂɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-5 5D  
ɫɨɫɬɚɜɥɹɟɬ 1,5 ɤɝ/ɫ, ɧɚ ɉɇȾ-6 6D  ɫɨɫɬɚɜɥɹɟɬ 0,9 ɤɝ/ɫ, ɚ ɧɚ ɉɇȾ-7 7D  ɫɨɫɬɚɜɥɹɟɬ 0,2 
ɤɝ/ɫ. Ɋɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɉɇȾ-6 ɩɨɫɥɟ ɜɬɨɪɨɣ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ ɤD  
ɪɚɜɧɹɟɬɫɹ 30,3 ɤɝ/ɫ, ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ ɩɟɪɜɨɣ ɬɨɱɤɨɣ ɫɦɟɲɟɧɢɹ
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ɤD  ɫɨɫɬɚɜɢɥ 2,3 ɤɝ/ɫ. ɗɧɬɚɥɶɩɢɹ ɩɨɫɥɟ ɩɟɪɜɨɣ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ kt   ɪɚɜɧɹɟɬɫɹ 474 
ɤȾɠ/ɤɝ, ɚ ɩɨɫɥɟ ɜɬɨɪɨɣ ////

ɤt  ɪɚɜɧɹɟɬɫɹ 396,7 ɄȾɠ/ɤɝ. 
 Ɋɚɫɯɨɞɚ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɤ ɪD  , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 7ɤ ɪ ɤ эɠ ɭɩɥD = D D D D    ,   (2.49) 

 
 2,3 0,4 0,7 0,2 1ɤ ɪD       . 

 
 ɍɬɨɱɧёɧɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɬD , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 1 2 3 4 5 6 7 1 2ɬ ɞ ɤ ɪ ɫɩ ɫɩD D D D D D D D D D D D            , (2.50) 

  
 4,1 3,3 1,5 0,9 3,1 1,5 0,9 0,2 1 28 27,9 72,4ɬD             . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɨ ɪɚɫɯɨɞɭ ɩɚɪɚ ɩ , %, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 100%ɬ ɬ
ɩ

ɬ

D D

D



  ,   (2.51)  

 

 72,4 72,4
100% 0% 2%

72,4ɩ


    . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩ  ɫɨɫɬɚɜɢɥɚ ɦɟɧɟɟ 2%, ɱɬɨ ɞɨɩɭɫɬɢɦɨ [7]. ɉɪɨɜɟɪɤɭ 
ɩɨ ɛɚɥɚɧɫɭ ɦɨɳɧɨɫɬɢ pW , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

 1 0 1 2 0 2 3 0 3 4 0 4

5 0 5 6 2 0 6 7 1 0 7 0

( ( ) ( ) ( ) ( ) ( )

 ( ) ( ) ( ) ( ) ( ) ( )) ,
p ɞ

ɫɩ ɫɩ ɤ ɪ ɤ эɦ

W D i i D i i D D i i D i i

D i i D D i i D D i i D i i 

             

              
 (2.52) 

 

 

 (4,1 (3486,5 3130,8) 3,3 (3486,5 3027,3) (1,5 0,9) (3486,52917,4)

 +3,1 (3486,5 2796,3) 1,5 (3486,5 2681,2) (0,9 27,9) (3486,5

 2606,8) (0,2 28) (3486,5 2509,3) 1 (3486,5 2184,6)) 0,974 600002,6

pW           

        
          .

 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ э , %, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 

 100%ɪ
э

W W

W



  ,   (2.53) 
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 60000 60002,6
100% 0,004% 2%

60000э


    . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ э  ɫɨɫɬɚɜɢɥɚ ɦɟɧɟɟ 2%, ɱɬɨ ɞɨɩɭɫɬɢɦɨ [7]. 
 
 
 2.2 Ɋɚɫɱёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ Ɍɗɋ 
 
 Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɧɨɜɨɣ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ Ɍɗɐ [7]. 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ ɬɭQ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 0( ) ( ) ( )ɬɭ ɬ ɩɜ c ɫ ɩɜ ɯɨɜ ɩɜ ɯɨɜQ D i t D i t D t t          , (2.54) 

 
 72,4 (3486,5 955,6) 0,5 (2756,1 955,6) 3,1 (955,6 208,7) 181801,6.ɬɭQ            

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

ɬ ɫɩ ɧɫ ɫɩ ɜɫQ D i - t D i - t  ,   (2.55) 
 
 27,9·(2606,8 482,6) 28·(2509,3 398) 118367,3ɬQ      . 

 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ э

ɬɭQ , ɤȼɬ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 э

ɬɭ ɬɭ ɬQ Q Q  ,   (2.56) 

 
 181801,6 118367,3 63434,3э

ɬɭQ    . 
 
 Ɍɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɟQ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ( ) ( )ɩɟ ɩɟ ɩɟ ɩɜ ɩɪ ɩɪ ɩɜQ D i t D t t      ,   (2.57) 

 
ɝɞɟ  ɩɟi  – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ [6]; 
 
 76 (3489,5 955,62) 1,1 (1610,2 955,6) 193376,7ɩɟQ        . 
 
 ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ȼ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 ɩɟ
ɪ

ɧ ɩɝ

Q
B

Q 



,   (2.58) 

 
ɝɞɟ ɪ

ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ [8]; 
 ɩɝ  – ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [2]; 
 

 193376,7
7,48

29310 0,882
B  


. 

 
 Ɉɬɩɭɳɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɨɬɩW , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɨɬɩ э ɫɧ эW W e W   ,   (2.59) 
 
ɝɞɟ ɫɧe  - ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ, % [7]; 

 
 60000 0,08 60000 55200ɨɬɩW     . 

 
 Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɱɟɧɧɭɸ ɬɨɥɶɤɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɧ

ээW , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 ɫɧ ɫɧ

ээ ээ эW e W  ,   (2.60) 
   

ɝɞɟ  0,05ɫɧ
ээe   – ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ [7]; 
 
 0,05 60000 3000ɫɧ

ээW    . 
 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɜɟɪɯɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɜɫ  
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

  6 0 6

0 0

1ɤ
ɜɫ

ɤ ɤ

i i i i
K

i i i i


   
         

,   (2.61) 

 
ɝɞɟ К – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ [7]; 

 

 2509,3 2184,6 3486,5 2509,3
1 0,4 0,324

3486,5 2184,6 3486,5 2184,6ɜɫ
            

. 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɧɢɠɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɧɫ  
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 7 0 7

0 0

1ɤ
ɧɫ

ɤ ɤ

i i i i
K

i i i i


   
         

,   (2.62) 

 

 2606,8 2184,6 3486,5 2606,8
1 0,4 0,412

3486,5 2184,6 3486,5 2184,6ɧɫ
            

. 

  
 ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɨɬɛɨɪɨɜ 
ɩɚɪɚ э

ɨɬɛQ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 
 1 7 2 6·( ) (1 ) ·( ) (1 )э ɧ ɧ

ɨɬɛ ɫɩ ɧɫ ɧɫ ɫɩ ɜɫ ɜɫQ D i - t D i - t        , (2.63) 
 
 28·(2509,3 398) (1 0,324) 27,9·(2606,8 482,6) (1 0,412) 74796,1э

ɨɬɛQ          . 
  
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɫɧ

ɬɭQ , ɤȼɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ [7] 
 
 0,05ɫɧ

ɬɭ ɬɭQ Q  ,   (2.64) 

 
 181801,6 0,05 9090,1ɫɧ

ɬɭQ    . 

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

 
э э ɫɧ
ɬɭ ɨɬɛ ɬɭ

э э э ɫɧ
ɬɭ ɨɬɛ ɬɭ ɬ

Q Q Q
K

Q Q Q Q

  


   
,   (2.65)  

 

 63434,3 9090,1 74796,1
0,554

63434,3 9090,1 74796,1 118367,3эK
 

 
  

. 

 
 Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ эB , ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 ɨɬɩ
э э ɫɧ

э ээ

W
B B K

W W
  


,   (2.66) 

 

 55200
7,48 0,554 4,017

60000 3000эB    


. 

 
 Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ ɬB , ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
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 ɬ эB B B  ,   (2.67) 
 
 7,48 4,017 3,463ɬB    . 
 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ эb , 
ɤɝ/(ɤȼɬ∙ɱ), ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 
3600 э

э
ɨɬɩ

B
b

W


 ,   (2.68) 

 

 3600 4,017
0,262

55200эb


  . 

 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ ɬb , ɤɝ/ȽȾɠ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 610ɬ
ɬ ɬɭɪ

ɨɬɛ

B
b

Q
  ,   (2.69) 

 

 63,463
10 29,858

116000ɬb    . 

 
 

 2.3 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 
 
 2.3.1 ȼɵɛɨɪ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
 
 ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ, ɱɬɨɛɵ 
ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ ɉɌɋ.  
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ [3]:  
 – ɉȼȾ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-350-230-50, ɝɞɟ 350 – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2, 230 ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɛɚɪ, 50 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɤɨɪɩɭɫɟ, ɛɚɪ; 
 – ɉȼȾ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-350-230-36; 
 – ɉȼȾ-3 ɬɢɩɨɪɚɡɦɟɪɚ ɉȼ-350-230-21. 
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ [3]:  
 – ɉɇȾ-4 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-130-16-10-II; 
 – ɉɇȾ-3 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-130-16-10-II; 
 – ɉɇȾ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-130-16-9-III; 
 – ɉɇȾ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉɇ-90-16-4-III. 
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 2.3.2 ȼɵɛɨɪ ɞɟɚɷɪɚɬɨɪɚ 
 
 ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɜG , ɬ/ɱ, ɜɵɛɢɪɚɟɦ ɞɟɚɷɪɚɬɨɪ 
ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɤɨɥɨɧɤɨɣ Ⱦɉ-225-7 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]:  
 – ɞɚɜɥɟɧɢɟ 6 ɛɚɪ;  
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 225 ɬ/ɱ. 
 Ɍɚɤ ɤɚɤ ɟɦɤɨɫɬɶ ɞɟɚɷɪɚɬɨɪɧɨɝɨ ɛɚɤɚ ɞɥɹ Ɍɗɐ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɫɭɦɦɚɪɧɵɣ ɡɚɩɚɫ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 7 ɦɢɧɭɬ ɪɚɛɨɬɵ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚ [7], ɬɨ ɜɵɛɢɪɚɟɦ ɛɚɤ ȼȾ-65-1 ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɦɟɫɬɢɦɨɫɬɶɸ 78 
ɦ3. 
 
 
 2.3.3 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

 
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜɨɞɵ, 
ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɢ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ [3]. 
 ȼɵɛɢɪɚɟɦ ɋɉ-1 ɬɢɩɨɪɚɡɦɟɪɚ ɉɋȽ-1300-3-8-I ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ:  
 – ɞɚɜɥɟɧɢɟ ɩɚɪɚ 0,39 Ɇɉɚ; 
 – ɞɚɜɥɟɧɢɟ ɜɨɞɵ 0,88 Ɇɉɚ; 
 – ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ 3000 ɬ/ɱ. 
 ȼɵɛɢɪɚɟɦ ɋɉ-2 ɬɢɩɨɪɚɡɦɟɪɚ ɉɋȽ-1300-3-8-I ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ:  
 – ɞɚɜɥɟɧɢɟ ɩɚɪɚ 0,39 Ɇɉɚ; 
 – ɞɚɜɥɟɧɢɟ ɜɨɞɵ 0,88 Ɇɉɚ; 
 – ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ 3000 ɬ/ɱ. 
 
 
 2.3.4 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
 ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 40% ɛɨɥɶɲɟ, ɱɟɦ ɧɨɦɢɧɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. ɉɨɫɤɨɥɶɤɭ ɫɬɪɭɤɬɭɪɚ Ɍɗɐ ɧɟɛɥɨɱɧɚɹ, ɬɨ ɜɫɟ 
ɉɗɇɵ ɪɚɛɨɬɚɸɬ ɜ ɨɛɳɢɣ ɩɢɬɚɬɟɥɶɧɵɣ ɤɨɥɥɟɤɬɨɪ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɗɇ 
ɜɵɛɢɪɚɟɦ ɫ ɬɟɦ ɭɫɥɨɜɢɟɦ, ɱɬɨ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɧɚɫɨɫɨɜ, 
ɨɫɬɚɜɲɢɣɫɹ ɦɨɝ ɨɛɟɫɩɟɱɢɬɶ ɧɨɦɢɧɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɚɝɪɟɝɚɬɚ. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɗɇ ɩɧQ , 3ɦ ɱ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (ɞɜɚ ɧɚɫɨɫɚ ɩɨ 
100 % ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɬɭɪɛɢɧɭ – ɨɞɢɧ ɢɡ ɧɢɯ ɪɟɡɟɪɜɧɵɣ) 
 
 3,6ɩɧ ɩɜQ G  ,   (2.70) 
 
 77,1 3,6 277,8ɩɧQ    . 
 
 ȼɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɬɢɩɚ ɉɗ-380-185 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 – ɩɨɞɚɱɚ 380 3ɦ ɱ ; 
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 – ɧɚɩɨɪ 2030 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 2900 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 3150 ɤȼɬ; 
 – ɄɉȾ 83 %. 
 
 
 2.3.5 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
 Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢɦɟɦ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɜ ɥɟɬɧɢɣ 
ɩɟɪɢɨɞ D=204,7 ɬ/ɱ. ȼɵɛɢɪɚɟɦ ɤɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɬɢɩɚ Ʉɫȼ320-160 (ɞɜɚ ɧɚɫɨɫɚ 
ɩɨ 100 % ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɬɭɪɛɢɧɭ – ɨɞɢɧ ɢɡ ɧɢɯ ɪɟɡɟɪɜɧɵɣ) ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 – ɩɨɞɚɱɚ 320 3ɦ ɱ ; 
 – ɧɚɩɨɪ 160 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 186 ɤȼɬ. 
 
 
 2.3.6 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 

 
 ɉɪɢɦɟɧɹɟɦ ɞɜɟ ɫɬɭɩɟɧɢ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ: ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ (ɋɇ-1) 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɜɬɨɪɚɹ (ɋɇ-2) – ɩɟɪɟɞ ɉȻ. ɋɟɬɟɜɵɟ 
ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɧɚ ɬɭɪɛɢɧɭ, ɪɚɫɫɱɢɬɵɜɚɹ ɢɯ ɧɚ 50%-
ɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ ɫɧQ , 3ɦ ɱ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 3,6
2
ɫɜ

ɫɧ
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Q   ,   (2.71)  

 

 
692,8

3,6 1247
2ɫɧQ    .  

 
 ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɢɩɚ ɋɗ-1250-45 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 1250 3ɦ ɱ ; 
 – ɧɚɩɨɪ 45 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 185 ɤȼɬ; 
 – ɄɉȾ 82 %. 
 
 ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɬɢɩɚ ɋɗ-1250-70 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 1250 3ɦ ɱ ; 
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 – ɧɚɩɨɪ 70 ɦ; 
 – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ; 
 – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 295 ɤȼɬ; 
 – ɄɉȾ 82 %. 
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 3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɡɨɥɨɨɱɢɫɬɤɢ, 
ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ, ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
 
 3.1 ȼɵɛɨɪ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɢ ɌȾɆ 
 
 ɉɨ ɪɚɫɯɨɞɭ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɢ ɩɚɪɚɦɟɬɪɚɦ ɨɫɬɪɨɝɨ ɩɚɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɤɨɬɥɨɚɝɪɟɝɚɬ ȻɄɁ-320-140-6. 
 Ʉɨɬɟɥ ɜɟɪɬɢɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɣ, ɨɞɧɨɛɚɪɚɛɚɧɧɵɣ, ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 
ɰɢɪɤɭɥɹɰɢɟɣ, ɨɞɧɨɤɨɪɩɭɫɧɵɣ ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɜɵɫɨɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ, ɜ 
ɝɚɡɨɩɥɨɬɧɨɦ ɢɫɩɨɥɧɟɧɢɢ, ɉ-ɨɛɪɚɡɧɨɣ ɡɚɤɪɵɬɨɣ ɤɨɦɩɨɧɨɜɤɢ, ɫ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ 
ɬɹɝɨɣ [2]. 
 Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. ɒɥɚɤɨɭɞɚɥɟɧɢɟ 
ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɟ, ɧɟɩɪɟɪɵɜɧɨɟ ɫ ɩɨɦɨɳɶɸ ɲɧɟɤɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ ɢ ɞɪɨɛɢɥɨɤ. 
Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɩɪɢɡɦɚɬɢɱɟɫɤɚɹ, ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, ɫ ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ ɩɨ ɨɫɹɦ 
ɬɪɭɛ ɫɨɫɬɚɜɥɹɟɬ 12,06×7,7 ɦ. Ɍɨɩɤɚ ɷɤɪɚɧɢɪɨɜɚɧɚ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ, ɝɚɡɨɩɥɨɬɧɵɦɢ 
ɢɫɩɚɪɢɬɟɥɶɧɵɦɢ ɫɬɟɧɤɚɦɢ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɢɣ ɷɤɪɚɧɵ 
ɨɛɪɚɡɭɸɬ ɫɤɚɬɵ «ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ». ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɢɦɟɟɬɫɹ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɜɵɫɬɭɩ. 
 Ɍɨɩɨɱɧɵɟ ɷɤɪɚɧɵ ɢɦɟɸɬ 16 ɧɟɡɚɜɢɫɢɦɵɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɤɨɧɬɭɪɨɜ. 
ɀɟɫɬɤɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɫɬɟɧ ɬɨɩɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɹɫɚɦɢ ɠɟɫɬɤɨɫɬɢ. 
 Ȼɚɪɚɛɚɧ ɤɨɬɥɚ ɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 1600 ɦɦ, ɫ 
ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ 112ɦɦ (ɫɬɚɥɶ 16ȽɇɆȺ). 
 ɋɯɟɦɚ ɢɫɩɚɪɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫ ɩɪɨɦɵɜɤɨɣ ɩɚɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɨɣ. 
ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɢɫɩɚɪɟɧɢɹ ɜɤɥɸɱɟɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɛɚɪɚɛɚɧ ɤɨɬɥɚ ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ ɜɧɭɬɪɢɛɚɪɚɛɚɧɧɵɯ ɰɢɤɥɨɧɨɜ ɢ ɩɪɨɦɵɜɨɱɧɵɯ 
ɭɫɬɪɨɣɫɬɜ. ȼ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɜɤɥɸɱɟɧɵ 14 ɛɥɨɤɨɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. ȼɬɨɪɚɹ 
ɫɬɭɩɟɧɶ ɢɫɩɚɪɟɧɢɹ ɜɤɥɸɱɟɧɚ ɜ ɞɜɚ ɫɞɜɨɟɧɧɵɯ ɛɥɨɤɚ ɜɵɧɨɫɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ 
ɰɢɤɥɨɧɨɜ ɦɦ ɢ ɞɜɚ ɫɪɟɞɧɢɯ ɛɥɨɤɚ ɷɤɪɚɧɨɜ ɬɨɩɤɢ. 
 ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɤɨɬɥɚ ȻɄɁ-320-
140-6. 
 
Ɍɚɛɥɢɰɚ 3.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ ȻɄɁ-320-140-6 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ ɬ/ɱ 320 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ Ɇɉɚ 13,8 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ °ɋ 560 
Ɋɚɡɦɟɪɵ ɹɱɟɣɤɢ ɩɨ ɨɫɹɦ ɤɨɥɨɧɢ: 
ɲɢɪɢɧɚ 
ɝɥɭɛɢɧɚ 

ɦ  
24 
36 

ȼɵɫɨɬɚ ɞɨ ɜɟɪɯɚ ɯɪɟɛɬɨɜɨɣ ɛɚɥɤɢ ɦ 40,2 
  
 ɉɪɨɞɨɥɶɧɵɣ ɢ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡɵ ɤɨɬɥɚ ȻɄɁ-320-140-6 ɢɡɨɛɪɚɠɟɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 3.1 ɢ 3.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫɭɧɨɤ 3.1 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȻɄɁ-320-140-6 
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 Ɍɪɚɤɬ ɩɚɪɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɩɨɬɨɤɨɜ. 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɞɜɭɦɹ ɜɩɪɵɫɤɚɦɢ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɢ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɟɣ. 
 ȼ ɤɨɧɜɟɤɬɢɜɧɨɦ ɝɚɡɨɯɨɞɟ ɡɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ ɪɚɡɦɟɳɟɧɵ ɜɨɞɹɧɨɣ 
ɷɤɨɧɨɦɚɣɡɟɪ ɢ ɬɪɭɛɱɚɬɵɣ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɫɤɨɦɩɨɧɨɜɚɧɧɵɟ «ɜ ɪɚɫɫɟɱɤɭ». 
 Ʉɚɪɤɚɫ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɦɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. Ʉɨɬɟɥ 
ɩɨɞɜɟɲɢɜɚɟɬɫɹ ɧɚ ɲɚɪɧɢɪɧɵɯ ɬɹɝɚɯ ɤ ɩɨɬɨɥɨɱɧɨɦɭ ɩɟɪɟɤɪɵɬɢɸ ɤɚɪɤɚɫɚ. Ȼɚɪɚɛɚɧ 
ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɤɨɧɫɨɥɶɧɨɣ ɱɚɫɬɢ ɩɨɬɨɥɨɱɧɵɯ ɛɚɥɨɤ, ɚ ɤɨɧɜɟɤɬɢɜɧɚɹ ɲɚɯɬɚ 
ɨɩɢɪɚɟɬɫɹ ɧɚ ɩɨɪɬɚɥ ɤɨɬɥɚ. 
 Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɬɟɩɥɨɜɨɣ ɤɚɦɟɪɨɣ ɞɥɹ ɫɨɜɦɟɫɬɧɨɣ ɢɡɨɥɹɰɢɢ ɩɟɪɟɩɭɫɤɧɵɯ 
ɬɪɭɛ ɢ ɤɚɦɟɪ ɤɨɬɥɚ, ɢɦɟɸɳɟɣ ɜɭɥɤɚɧɢɬɨɜɭɸ ɢɡɨɥɹɰɢɸ. 
 Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɥɚ ɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɨɬ ɡɨɥɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ. 
Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɩɭɫɤɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɝɚɡɨɯɨɞɚ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɞɪɨɛɟɨɱɢɫɬɤɚ. 
 

 
  

Ɋɢɫɭɧɨɤ 3.2 – ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ȻɄɁ-320-140-6 
 

ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɢɫɩɨɥɶɡɭɟɬɫɹ Ʉɨɤɭɣɫɤɢɣ ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ. 
 Ʉɨɤɭɣɫɤɨɟ ɭɝɨɥɶɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ - ɭɝɨɥɶɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɜ 
Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɩɪɢɦɟɪɧɨ ɜ ɬɪɢɞɰɚɬɢ ɤɢɥɨɦɟɬɪɚɯ ɧɚ ɫɟɜɟɪɨ-ɜɨɫɬɨɤ ɨɬ ɩɨɫɟɥɤɚ 
Ɇɨɬɵɝɢɧɨ ɧɚ ɪɟɤɟ Ⱥɧɝɚɪɚ. ȼɯɨɞɢɬ ɜ ɫɨɫɬɚɜ Ɍɭɧɝɭɫɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ, 
ɨɬɤɪɵɬɨ ɜ 1931 ɝɨɞɭ. 
 Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ P

ɧQ  ɫɨɫɬɚɜɥɹɟɬ 21056 ɤȾɠ/ɤɝ (5030 ɤɤɚɥ/ɱ). 
 Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ʉɨɤɭɣɫɤɨɝɨ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɭ 3.2 [8]. 
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Ɍɚɛɥɢɰɚ 3.2 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ɇɟɫɬɨɪɨɠ- 
ɞɟɧɢɟ 

Ɇɚɪɤɚ 
Ɋɚɛɨɱɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ, % 

ȼɵɯɨɞ 
ɥɟɬɭɱɢɯ, 

ȽV , % PW  PA  PS  PC  PH  PN  PO  
Ʉɨɤɭɣɫɤɨɟ  Ⱦ 20,2 7 0,44 55,65 2,96 1,07 12,68 26 

  
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ 
 
 0 0,0889 ( 0,375 ) 0,265 0,0333Ɋ P P P

BV C S H O        , (3.1)  
 

 0 0,0889 (55,65 0,375 0,44) 0,265 2,96 0,0333 12,68 5,3BV          . 
 

 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ 
 

 
100

8,079,0 00

2

P

ȼN

N
VV  , (3.2) 

 

 
2

0 1,07
0,79 5,3 0,8 4,2

100NV      . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ 
 

 
100

375,0
866,10

2

ɊɊ

RO

SC
V


 ,  (3.3) 

 

 
2

0 55,65 0,375 0,44
1,866 1

100ROV
 

   . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ 
 
 00 0161,00124,0111,0

2 B
PP

OH VWHV  , (3.4) 

 
 

2

0 0,111 2,96 0,0124 20,2 0,0161 5,3 0,7H OV        . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɤɝ 
 
 0000

222 NROOHɝ VVVV  ,  (3.5) 

 
 0 0,7 1 4,2 5,9ɝV     . 
 
 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɬɭ ɤɨɬɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ 
ɫɨɨɬɧɨɲɟɧɢɹ, ɤɝ/ɫ 
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 ȼɤ = ɩɟ
ɧ
ɪ ɤɚ

Q

Q 
,  (3.6)  

 
ɝɞɟ  ɪ

ɧQ – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 
 

 
193376,7

10,4
21056 0,882ɤȼ  


. 

 
 Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ ȼɪ, ɤɝ/ɫ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɛɢɪɚɸɬɫɹ 
ɞɭɬɶɟɜɵɟ ɜɟɧɬɢɥɹɬɨɪɵ ɢ ɞɵɦɨɫɨɫɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱёɬɨɦ ɮɢɡɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ 
ɫɝɨɪɚɧɢɹ ɬɜёɪɞɨɝɨ ɬɨɩɥɢɜɚ, % (ɞɥɹ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ q4 = 1) 
 

 4100

100ɪ ɤ
qȼ ȼ 

  ,  (3.7) 

 

 
100 1

10,4 10,3
100ɪȼ 

   . 

 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ3/ɫ 
 

 
273

273
)(0 
 ɯɜ

ɜɡɩɩɩɬɬɜɪɞɜ
t

VBV  , (3.8) 

 
ɝɞɟ  ɬ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,2 [9]; 
 ɬ - ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,06 [9];  
 ɩɩ  - ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɚɯ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 
0,3 [9]; 
 ɜɡɩ  - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ȼɁɉ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,05 [9];  
 ɯɜt - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 
 

 
20 273

10,3 5,3 (1,2 0,06 0,3 0,05) 52,4
273ɞɜV


        = 188,7 ɬɵɫ. ɦ3/ɱ. 

 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɪ

ɞɜV , ɬɵɫ. ɦ3/ɱ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  1 = 1,1 
 
 1,1ɪ

ɞɜ ɜɟɧV V  ,  (3.9) 
 
 1,1 188,7 207,6ɪ

ɞɜV    . 
 
 ɇɚɩɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ. ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɜɨɡɞɭɲɧɨɦɭ 
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ɬɪɚɤɬɭ 4ɩɨɬH   ɤɉɚ. Ɋɚɫɱёɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ, ɤɉɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  2 = 1,2 

 
 1,2ɪ

ɞɜ ɞɜɇ ɇ  ,  (3.10) 
 
 1,2 4 4,8ɪ

ɞɜɇ    . 
 
 ȼɵɛɢɪɚɟɦ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ɬɢɩɚ ȼȾɇ-22-IIɭ ɧɚ ɤɨɬɟɥ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [9]: 

- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 210/167 ɬɵɫ. ɦ3/ɱ; 
- ɄɉȾ – 85%; 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 740/590 ɨɛ/ɦɢɧ. 

 
 Ɉɛɴёɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɭɯ

ɝV  ɪɚɜɟɧ ɫɭɦɦɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴёɦɚ ɝɚɡɨɜ, 
ɨɛɪɚɡɭɸɳɢɯ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ 0

ɝV , ɢ ɨɛɴёɦɚ ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɩɨ ɬɪɚɤɬɭ ɤɨɬɥɚ 
 
 0 01,0161 ( 1)ɭɯ

ɝ ɝ ɭɯV V V     ,  (3.11) 

 
ɝɞɟ  ɭɯ = 1,33 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ [9]; 

 
 5,9 1,0161 (1,33 1) 5,3 7,7ɭɯ

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

 04 273100
( ( ) )

100 273
ɭɯ ɞ

ɞɫ ɪɚɫɱ ɝ ɡɭ ɝɯ ɜ
tq

V B V V  
        , (3.12) 

 

 
100 1 142 273

10,3 (7,7 (0,1 0,08) 5,3) 135,8
100 273ɞɫV
 

        =488,8 ɬɵɫ. ɦ3/ɱ. 

 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɪ

ɞɫV , ɦ3/ɫ, ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  1 = 1,1 
 
 1,1ɪ

ɞɫ ɞɫV V  ,  (3.13) 
 

 1,1 488,8 537,7ɪ
ɞɫV    . 

 
 ɇɚɩɨɪ ɞɵɦɨɫɨɫɚ ɇɞ, ɤɉɚ, ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɩɪɟɨɞɨɥɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɟɧɢɹ ɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɫɟɯ 
ɝɚɡɨɯɨɞɨɜ. ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ 
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3,75ɩɨɬH   ɤɉɚ. Ɍɨɝɞɚ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɤɉɚ, ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɩɚɫɚ
 2 = 1,2 
 
 1,2 ɩɨɬH H  ,  (3.14) 
 
 1,2 3,75 4,5H    . 
 
 ȼɵɛɢɪɚɟɦ ɞɵɦɨɫɨɫ ɬɢɩɚ ȾɈȾ-28,5 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [9]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 585/680 ɬɵɫ. ɦ3/ɱ; 
 - ɄɉȾ – 82,5%; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 370/596 ɨɛ/ɦɢɧ. 
 
 
 3.2 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 
 
 3.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɢ ɫɢɫɬɟɦɚ ɩɪɢёɦɧɵɯ 
ɪɚɡɝɪɭɡɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 
 
 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ 
 
 ,  (3.15) 

 
ɝɞɟ  ȼ – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɲɬ; 
 
 1 10,4 10,4 37,5ɨɛɳȼ      ɬ/ɱ. 
 
 ȼ ɫɭɞɨɯɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɞɨɫɬɚɜɤɚ ɭɝɥɹ ɧɚ ɩɥɨɳɚɞɤɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɨɞɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɩɨ ɪɟɤɟ ȿɧɢɫɟɣ (ɬ.ɤ. ɷɬɨ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɨ) ɧɚ ɨɬɤɪɵɬɵɟ 
ɫɤɥɚɞɵ ɞɥɹ ɩɪɢɟɦɚ ɭɝɥɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɪɚɣɨɧɟ ȾɈɄɚ ɧɚ ɛɟɪɟɝɭ ɪɟɤɢ ȿɧɢɫɟɣ ɢ 
ɞɚɥɟɟ ɚɜɬɨɬɪɚɧɫɩɨɪɬɨɦ ɧɚ ɬɟɪɪɢɬɨɪɢɸ Ɍɗɋ. 
 ȼ ɧɟ ɫɭɞɨɯɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɞɨɫɬɚɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ 
ɞɨ ɝɨɪɨɞɚ Ʌɟɫɨɫɢɛɢɪɫɤɚ, ɨɬɤɭɞɚ ɞɚɥɶɧɟɣɲɚɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɦ ɩɭɬɟɦ. 
 ɉɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɠ/ɞ ɩɭɬɟɣ ɤ Ɍɗɋ, ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ ɪɚɡɝɪɭɡɤɚ ɭɝɥɹ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 
ɜɪɭɱɧɭɸ. 
 ȼɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ Ɍɗɋ ɫ ɪɚɫɯɨɞɨɦ ɬɨɩɥɢɜɚ ɛɨɥɟɟ 150 
ɬ/ɱ [7]. 
 ȼɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɢ ɠ/ɞ ɩɭɬɢ ɨɬ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɞɨ ɫɬɚɧɰɢɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜ ɫɥɭɱɚɟ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɲɢɪɟɧɢɹ Ɍɗɋ ɢ 
ɭɜɟɥɢɱɟɧɢɹ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɞɨ 150 ɬ/ɱ ɢ ɜɵɲɟ. 
  
 

ɤɨɛɳ ȼnȼ 
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 3.2.2 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 
 

 Ɍɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɥɟɧɬɨɱɧɵɯ 
ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɢɟ, ɞɪɭɝɚɹ ɪɟɡɟɪɜɧɚɹ.  
 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɧɢɬɤɢ, ɬ/ɱ 

 

 
ȼɫɭɬȼɪɚɫɱ T

 ,   (3.16) 

 
ɝɞɟ  21T   ɱ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ; 
 ȼɫɭɬ – ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ; 

 

 37,5 24
42,8

21
ȼɪɚɫɱ


  . 

  
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɬ/ɱ 
 

 2ȼ b c Kɥ a    ,  (3.17) 

 
ɝɞɟ  b  – ɲɢɪɢɧɚ ɥɟɧɬɵ, ɦ; 
 c  – ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ [7], ɦ/ɫ; 
  – ɧɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ, ɬ/ɦ3 [7]; 
 K

a
= 285 ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ  ɬɨɩɥɢɜɚ 

ɧɚ ɥɟɧɬɟ [7]; 
 

 20,65 2,0 0,76 285 183ȼɥ      . 

 
 Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɛɟɡ 
ɫɛɪɚɫɵɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ 
 

  1 2 37
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       

 


, (3.18) 

 
ɝɞɟ  Z  = 50 - ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɨɜ, ɦ; 
 H  = 5 - ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ 
ɤɨɧɰɟɜɨɝɨ ɛɚɪɚɛɚɧɨɜ, ɦ; 
 zK = 1 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɥɢɧɵ ɥɟɧɬɵ [7]; 
 1K  = 296 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ ɥɟɧɬɵ [7]; 
 


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. 

 
 ɇɚ ɤɨɧɜɟɣɟɪɟ ɢɦɟɟɬɫɹ ɫɛɪɚɫɵɜɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ 
ɧɭɠɧɨ ɪɚɫɫɱɢɬɚɬɶ. Ɇɨɳɧɨɫɬɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɥɭɠɤɨɜɨɝɨ ɫɛɪɚɫɵɜɚɬɟɥɹ, ɤȼɬ 

 
 0,0075 0,0075 183 0,65 0,9ɫɛ ɥW ȼ b       .  (3.19) 
 
 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɤȼɬ 

 

 ,  (3.20) 

 
ɝɞɟ  = 1,25 - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ [7]; 
  = 0,95 - ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, % [7]; 
  = 0,96 - ɄɉȾ ɪɟɞɭɤɬɨɪɚ, % [7]; 
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 3.2.3 Ⱦɪɨɛɢɥɤɢ 

 
 ɉɪɢɦɟɧɹɟɦ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ.  
 Ⱦɥɹ ɝɪɭɛɨɝɨ ɞɪɨɛɥɟɧɢɹ ɜɧɚɱɚɥɟ ɬɪɚɤɬɚ ɨɪɝɚɧɢɡɭɟɬɫɹ ɞɪɨɛɥɟɧɢɟ ɜ ɜɚɥɤɨɜɵɯ 
ɡɭɛɱɚɬɵɯ ɞɪɨɛɢɥɤɚɯ. ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ ɜɚɥɤɨɜɭɸ 
ɞɪɨɛɢɥɤɭ [7] ȾȾɁ-15 12 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 150 ɬ/ɱ (ɩɪɢ ɤɪɭɩɧɨɫɬɢ 
ɞɪɨɛɥёɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɨ 150 ɦɦ). 
 Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɭɟɦ ɦɨɥɨɬɤɨɜɵɟ ɧɟɡɚɛɢɜɚɸɳɢɟɫɹ ɞɪɨɛɢɥɤɢ ɫ ɩɨɞɜɢɠɧɵɦɢ 
ɞɪɨɛɢɥɶɧɨɣ ɢ ɨɬɛɨɣɧɨɣ ɩɥɢɬɚɦɢ ɢ ɫ ɨɱɢɫɬɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɨ ɪɚɫɱɟɬɧɨɦɭ 
ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ ɞɪɨɛɢɥɤɢ ɬɢɩɚ ɋɆ-19Ⱥ [7] ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 67÷105 ɬ/ɱ; 
 - Ɋɚɡɦɟɪɵ ɪɨɬɨɪɚ: 
  ɞɥɢɧɚ – 1000 ɦɦ; 
  ɞɢɚɦɟɬɪ – 800 ɦɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 100 ɨɛ/ɦɢɧ; 
 - Ɋɚɡɦɟɪ ɜɵɯɨɞɹɳɢɯ ɤɭɫɤɨɜ – ɞɨ 15 ɦɦ; 
 - Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 125 ɤȼɬ. 
 
 ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ɧɚ ɤɨɬɥɟ, ɦ3 
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 ,  (3.21) 

 
ɝɞɟ  ȼɱ

max – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬёɥ, ɬ/ɱ; 
  = 10 - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɬɨɩɥɢɜɟ, ɡɚɩɚɫɟɧɧɨɦ ɜ 
ɛɭɧɤɟɪɚɯ; 
 = 0,8 – ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ [7]; 
 = 0,76 – ɧɚɫɵɩɧɨɣ ɜɟɫ ɭɝɥɹ [7]; 
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. 

 
 Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ɜ ɭɝɥɟɪɚɡɦɨɥɶɧɵɟ ɦɟɥɶɧɢɰɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɟɧɬɨɱɧɵɟ ɩɢɬɚɬɟɥɢ ɫɵɪɨɝɨ ɭɝɥɹ ɫ ɲɢɪɢɧɨɣ ɥɟɧɬɵ 800 ɦɦ, ɞɥɢɧɨɣ 
5 ɦ. ɋɤɨɪɨɫɬɶ ɩɨɥɨɬɧɚ 0,16 ɦ/ɫ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ – 4,5 ɤȼɬ. 
 
 
 3.2.4 Ɍɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ 

 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɬɨɩɥɢɜɨɦ ɫɨɡɞɚɸɬ ɟɝɨ ɪɟɡɟɪɜɧɵɟ ɡɚɩɚɫɵ: 
ɨɩɟɪɚɬɢɜɧɵɣ ɪɟɡɟɪɜ – ɜ ɛɭɧɤɟɪɚɯ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɜ ɪɚɫɯɨɞɧɨɦ ɫɤɥɚɞɟ, 
ɞɨɥɝɨɜɪɟɦɟɧɧɵɣ – ɧɚ ɪɟɡɟɪɜɧɨɦ ɫɤɥɚɞɟ.  
 ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɚ ɦɟɫɹɱɧɵɣ ɡɚɩɚɫ ɩɪɢ 20 ɱɚɫɚɯ ɪɚɛɨɬɵ ɜ 
ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɥɨɜ. 
 ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɭɸ ɲɬɚɛɟɥɹɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ2 
 

 
24 ɨɛɳB n

F
h  
 


 

,  (3.22) 

 
ɝɞɟ  n  – ɱɢɫɥɨ ɫɭɬɨɤ ɡɚɩɚɫɚ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ; 
 h  – ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ, ɦ; 
   = 0,8 – 0,9 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɨɬɤɨɫɚ (ɫɩɨɥɡɚɧɢɹ) ɬɨɩɥɢɜɚ 
ɜ ɲɬɚɛɟɥɟ [7]; 
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 3.2.5 Ɉɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 
 

 ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɭɝɥɹ ɹɜɥɹɟɬɫɹ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɶ Ʉɥɨ. ȿɝɨ 
ɜɵɱɢɫɥɹɸɬ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɗɷɬ, ɤȼɬ·ɱ/ɬ, ɤ 
ɪɚɫɯɨɞɭ ɷɧɟɪɝɢɢ ɗ ɧɚ ɩɨɦɨɥ ɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ 
 

 эɬ
ɥɨ

Э
K

Э
 .  (3.23) 

 
 Ɂɚ ɷɬɚɥɨɧɧɨɟ ɬɨɩɥɢɜɨ ɩɪɢɧɢɦɚɸɬ ɚɧɬɪɚɰɢɬɨɜɵɣ ɲɬɵɛ (Ⱥɒ), ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɥɨK  = 1. ɉɪɚɤɬɢɱɟɫɤɢ ɥɨK  ɩɨɤɚɡɵɜɚɟɬ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɥɶɧɢɰɵ ɩɪɢ ɪɚɡɦɨɥɟ ɞɚɧɧɨɝɨ ɭɝɥɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ 
ɪɚɡɦɨɥɟ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ. 
 ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [10] ɜɵɛɢɪɚɟɦ ɦɟɥɶɧɢɰɭ ɬɢɩɚ ɆɆ. Ɇɟɥɶɧɢɰɚ ɫɨɫɬɨɢɬ ɢɡ 
ɫɬɚɥɶɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɪɨɬɨɪɚ ɫ ɲɚɪɧɢɪɧɨ ɭɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɧɟɦ ɛɢɥɚɦɢ. ɍɝɨɥɶ, 
ɩɨɩɚɞɚɹ ɧɚ ɛɵɫɬɪɨɜɪɚɳɚɸɳɢɟɫɹ ɛɢɥɚ, ɪɚɡɦɚɥɵɜɚɸɬɫɹ ɢ ɭɜɥɟɤɚɸɬɫɹ ɢɡ ɤɨɪɩɭɫɚ ɜ 
ɬɨɩɤɭ ɤɨɬɥɚ. 
 ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [10] ɜɵɛɢɪɚɟɦ ɡɚɦɤɧɭɬɭɸ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ 
ɫɢɫɬɟɦɭ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɩɵɥɢ ɢ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɭɲɤɨɣ.  
 Ⱦɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɤɨɬɥɚ ɢ ɧɚɝɪɭɡɤɢ ɜɵɛɢɪɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ Z = 4 [7]. 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ ȼɪ, ɬ/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɢɡɜɟɫɬɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬёɥ ɢ ɩɪɢɧɹɬɨɦɭ ɱɢɫɥɭ ɦɟɥɶɧɢɰ ɫ ɭɱёɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ Ʉɡ (ɩɪɢ Z ɪɚɜɧɵɦ ɱɟɬɵɪёɦ Ʉɡ = 1,2 [7]) 
 

 ɡ ɤ
ɪ

К ȼ
ȼ

Z


 ,  (3.24) 

 

 
1,1 37,5

11,2
4ɪȼ 

  .  

 
 ɉɨ [10] ɨɩɪɟɞɟɥɹɟɦ ɬɢɩɨɪɚɡɦɟɪ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ – ɆɆɌ 
1300/2030/735, ɨɬɧɟɫёɧɧɭɸ ɤ ɯɚɪɚɤɬɟɪɧɨɦɭ ɜɢɞɭ ɬɨɩɥɢɜɚ. ɉɟɪɟɪɚɫɱёɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬ/ɱ, ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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
 ,  (3.25) 

 

 
11,2 1,15

11,3
1,7

ȼ 
  . 

 
 Ⱦɚɧɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɩɨɫɬɚɜɢɦ ɫ ɬɟɦ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥɫɹ ɩɪɢ 
ɩɟɪɟɪɚɫɱёɬɟ ɦɟɥɶɧɢɰɵ, ɨɫɬɚɜɥɹɟɦ Z = 4 ɢ ɜɵɛɪɚɧɧɵɣ ɬɢɩ ɦɟɥɶɧɢɰ. 
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 3.3 ɋɢɫɬɟɦɚ ɡɨɥɨɨɱɢɫɬɤɢ 
 

 ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɚɤɬɢɜɧɨɝɨ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ, ɦ2 

 

 ω=
z u

ɞɫV


,  (3.26) 

 
ɝɞɟ  u – ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ, ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɧɚ ɧɢɡɤɢɟ 
ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ( 1 ɦ/ɫ), ɩɨɷɬɨɦɭ ɨɫɧɨɜɧɨɟ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ 
ɡɨɥɨɭɥɚɜɥɢɜɚɸɳɟɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɜɯɨɞɟ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ [11]; 
 z – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɤɨɪɩɭɫɨɜ, ɲɬ; 
 ɞɫV  – ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɷɥɟɤɬɪɨɮɢɥɶɬɪ, ɦ3/ɫ; 
 

 ω=
1

135,8
135,8 . 

 
 ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɨɥɭɱɢɥɨ ɭɥɚɜɥɢɜɚɧɢɟ 
ɥɟɬɭɱɟɣ ɡɨɥɵ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ. ɗɥɟɤɬɪɨɮɢɥɶɬɪɵ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɝɚɬɶ 
ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɭɥɚɜɥɢɜɚɧɢɹ: ɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɟɛɵɜɚɧɢɹ ɝɚɡɨɜ ɜ ɚɤɬɢɜɧɨɣ 
ɡɨɧɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɧɟ ɦɟɧɟɟ 8ɫ ɢ ɫɤɨɪɨɫɬɢ ɢɯ ɞɜɢɠɟɧɢɹ 1,0 – 1,2 ɦ/ɫ ɫɬɟɩɟɧɶ 
ɭɥɚɜɥɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 99 – 99,8%.  
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɞɜɭɯɫɟɤɰɢɨɧɧɵɣ ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɗȽȺ2-48-
12-6-4 [11] ɫ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 - ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜɵɯ ɩɪɨɯɨɞɨɜ – 48 ɲɬ; 
 - ɧɨɦɢɧɚɥɶɧɚɹ ɜɵɫɨɬɚ ɷɥɟɤɬɪɨɞɨɜ – 12 ɦ; 
 - ɤɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨɥɟɣ – 4 ɲɬ; 
 - ɩɥɨɳɚɞɶ ɚɤɬɢɜɧɨɝɨ ɫɟɱɟɧɢɹ – 155,8 ɦ2; 
 - ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɨɫɚɠɞɟɧɢɹ – 18000 ɦ2. 
 - ɚɤɬɢɜɧɚɹ ɞɥɢɧɚ ɩɨɥɹ 3,84 ɦ; 
 - ɞɥɢɧɚ 22740 ɦɦ; 
 - ɲɢɪɢɧɚ 15200 ɦɦ; 
 - ɜɵɫɨɬɚ 19900 ɦɦ. 
 
 ɍɬɨɱɧɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ/ɫ 
 

 ɭɬ
ɷɮ

V
U

z ω



,    (3.27) 

 

 ɭɬU 0,87
155,8

135,8
  . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɪɟɣɮɚ, ɦ/ɫ [10] 
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 2
ɬ ɨɤυ 0,25 (ȿ ȿ ) d    ,    (3.28) 

 
ɝɞɟ  ȿ – ɫɪɟɞɧɹɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ, ɤȼ/ɦ; 
 ȿɨɤ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɪɚɬɧɨɣ ɤɨɪɨɧɵ; 
 d – ɞɢɚɦɟɬɪ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɩɪɢ ɪɚɡɦɨɥɟ ɜ ɦɟɥɶɧɢɰɟ; 
 
 2 6

ɬυ 0,25 (280 1) 16 10 0,31      . 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɜɬɨɪɢɱɧɨɝɨ ɭɧɨɫɚ 
 
 ɭɧ ɧ ɷɥ ɜɫɄ Ʉ Ʉ Ʉ [1 0,25 (u 1)]       ,   (3.29) 

 
ɝɞɟ  ɧɄ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɫɨɬɵ ɷɥɟɤɬɪɨɞɚ; 
 ɷɥɄ – ɬɢɩ ɷɥɟɤɬɪɨɞɨɜ; 
 ɜɫɄ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɪɟɠɢɦɚ ɜɫɬɪɹɯɢɜɚɧɢɹ; 
 
 ɭɧɄ 0,625 1 1,3 [1 0,25 (0,87 1)] 0,84        . 

  
 ɉɚɪɚɦɟɬɪ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɪɉ  

 

 ɩ
ɪ ɭɧ

ɭɬ

n Lυɉ 0,2 Ʉ
U t


    ,   (3.30) 

 
ɝɞɟ  n – ɱɢɫɥɨ ɩɨɥɟɣ, ɲɬ; 
 ɩL – ɞɥɢɧɚ ɨɞɧɨɝɨ ɩɨɥɹ, ɦ; 
 t – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɪɨɧɢɪɭɸɳɢɦ ɢ ɨɫɚɞɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦɢ, ɦ; 
 

 ɪ
0,31 4 1,2ɉ 0,2 0,84 3,2
0,87 0,15


     . 

  
 ɉɪɨɫɤɨɤ ɫ ɭɱɟɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
 

 
-
2

ɚ ɫɪ ɪP (1 R Δ U ) Ɋ    ,   (3.31) 

 

ɝɞɟ  
-
2
ɫɪΔ U  – ɫɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɨɬɤɥɨɧɟɧɢɹ ɫɤɨɪɨɫɬɢ; 

 R – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɬɪɚɠɚɸɳɢɣ ɜɥɢɹɧɢɟ ɤɜɚɞɪɚɬɚ ɫɤɨɪɨɫɬɢ; 

 ɪɊ  – ɩɪɨɫɤɨɤ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɩɨɥɟ; 
 
 ɚP (1 12,46 0,042) 0,001 0,0005     . 
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 ɋɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ 
 
 ɧ ɚ ɩ ɚη=(1 j ) η j (β 1) Ɋ      ,    (3.32) 
 
ɝɞɟ  ɧj  – ɞɨɥɹ ɩɵɥɟɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜɧɟ ɩɨɥɹ; 

 ɩj  – ɞɨɥɹ ɩɵɥɟɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɨɫɥɚɛɥɟɧɧɨɦ ɩɨɥɟ; 
 β – ɜɨɡɪɚɫɬɚɧɢɟ ɩɪɨɫɤɨɤɚ ɜ ɩɨɥɭɚɤɬɢɜɧɨɣ ɡɨɧɟ; 
 
 η=(1 0,001) (1 0,0005) 0,05 (2 1) 0,0005 0,998        . 
 
 Ɉɩɬɢɦɚɥɶɧɚɹ ɩɵɥɟɟɦɤɨɫɬɶ, ɤɝ/ 2ɦ  
 
 0 vm 3 0,25 lgp   ,    (3.33) 
 
ɝɞɟ  vp  – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 
 
 0m 3 0,25 7,3 1,173    . 
 
 ɋɬɟɩɟɧɶ ɩɪɨɫɤɨɤɚ ɩɨɥɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ 
 

 
1

n
ɩη =Ɋ ,    (3.34) 

 
ɝɞɟ  Ɋ – ɫɬɟɩɟɧɶ ɩɪɨɫɤɨɤɚ ɱɟɪɟɡ ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɜ ɰɟɥɨɦ; 
 

 
1

4
ɩη =0,01 =0,316 . 

 
 ɉɚɭɡɵ ɦɟɠɞɭ ɭɞɚɪɚɦɢ, ɦɢɧ 
 

 ɩ 0

ɜɯ ɨɱ

Ⱥ m
τ= 16,7

V C η



 

,    (3.35) 

 
ɝɞɟ  ɩȺ – ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ, 2ɦ ;  

 ɜɯC – ɡɚɩɵɥɟɧɧɨɫɬɶ ɧɚ ɜɯɨɞɟ ɜ ɩɨɥɟ, ɝ/ 2ɦ ; 

 ɨɱη – ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɩɨɥɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ; 
 

 4500 1,173τ=16,7 31,6
135,8 30 (1 0,316)


 

  
. 

  
 Ɋɚɫɱɟɬɧɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɜɫɬɪɹɯɢɜɚɧɢɹ ɩɨ ɩɨɥɹɦ 
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 i iT ɤ τ  ,    (3.36) 
 
ɝɞɟ  iɤ  – ɫɨɨɬɧɨɲɟɧɢɟ ɢɧɬɟɪɜɚɥɨɜ ɜɫɬɪɹɯɢɜɚɧɢɹ; 
 
 1T 1 31,6 31,6   , 
 
 1T 3,2 31,6 101,3   , 
 
 1T 10 31,6 316   , 
 
 1T 31,6 31,6 1000,1   . 
 
 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɚɝɪɟɝɚɬɚ, ɦȺ 
 
 ɩ Ⱥ ɩJ =J Ⱥ ,    (3.37) 
 
ɝɞɟ  ȺJ  – ɭɞɟɥɶɧɵɣ ɬɨɤ, ɦȺ/ 2ɦ ; 

 ɩȺ – ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ, ɦ2; 
 
 ɩJ =0,3 4500 1350  . 
 
 ȼɵɛɢɪɚɟɦ ɚɝɪɟɝɚɬ ȺɌɉɈɆ-1600 [10]. Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɩɢɬɚɧɢɹ 
ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɨɞɧɨɝɨ ɩɨɥɹ, ɤȼ Ⱥ [10] 
 
 ɩ ɩW =J U ,    (3.38) 
 
ɝɞɟ  ɩJ – ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɚɝɪɟɝɚɬɚ, ɦȺ; 
 U – ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ; 
 
 ɩW =1350 0,1 135  . 
 
 ɇɚ ɨɞɢɧ 3ɦ  ɨɱɢɳɚɟɦɨɝɨ ɝɚɡɚ ɩɨɬɪɟɛɥɹɟɬɫɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ/ 3ɦ  
 

 3
ɩ

1ɦ

W
W =

V
,    (3.39) 

 
ɝɞɟ  W – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɩɢɬɚɧɢɹ ɱɟɬɵɪɟɯɩɨɥɶɧɨɝɨ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ, ɤȼ Ⱥ; 
 V – ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɷɥɟɤɬɪɨɮɢɥɶɬɪ, ɦ3/ɫ; 
 

 31ɦ

4 135
W = 4

135,8


 . 
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 Ɋɚɡɪɟɡ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 4 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 Ɋɚɫɯɨɞ ɥɟɬɭɱɟɣ ɡɨɥɵ ɧɚ ɜɯɨɞɟ ɜ ɮɢɥɶɬɪ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɱ 
 

 
40,01

32700

p
ɜɯ p ɧ
ɡɨɥ ɭɧ

Q
M B a A q

 
      

 
,  (3.40) 

 
ɝɞɟ ɭɧa  = 0,95 – ɞɨɥɹ ɡɨɥɵ ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ [8];  

 pA – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, %; 
 4q = 1 % – ɩɨɬɟɪɹ ɫ ɦɟɯɚɧɢɱɟɫɤɨɦ ɧɟɞɨɠɨɝɨɦ [8]; 
 B  – ɪɚɫɯɨɞ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɱ; 
 

 
21056

0,01 37486,1 0,95 7 1 2734,2
32700

ɜɯ
ɡɨɥM

        
 

=2,734 ɬ/ɱ. 

 
 Ɋɚɫɯɨɞ ɥɟɬɭɱɟɣ ɡɨɥɵ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɤɝ/ɱ 
 

 
100

100
ɡɭɜыɯ ɜɯ

ɡɨɥ ɡɨɥM M


  ,  (3.41) 

 
ɝɞɟ ɡɭ – ɄɉȾ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ, %; 

 

 100 99,5
2734,2 13,7

100
ɜыɯ
ɡɨɥM


   = 0,014 ɬ/ɱ. 

  
 
 3.4 ɋɢɫɬɟɦɚ ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ 

 
 ɍɞɚɥɟɧɢɟ ɲɥɚɤɚ ɢɡ-ɩɨɞ ɬɨɩɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ ɫ ɩɨɦɨɳɶɸ ɲɧɟɤɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ, 
ɩɟɪɟɞɜɢɝɚɸɳɟɝɨɫɹ ɜ ɡɚɩɨɥɧɟɧɧɨɣ ɜɚɧɧɟ. ɋ ɬɪɚɧɫɩɨɪɬɟɪɚɦɢ ɲɥɚɤ ɫɛɪɚɫɵɜɚɟɬɫɹ ɧɚ 
ɲɥɚɤɨɜɭɸ ɞɪɨɛɢɥɤɭ, ɝɞɟ ɞɪɨɛɢɬɫɹ ɧɚ ɤɭɫɤɢ ɧɟ ɛɨɥɟɟ 50 ɦɦ, ɡɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɜ 
ɫɦɵɜɧɨɣ ɤɚɧɚɥ. 
 Ⱦɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɡɨɥɵ ɢ ɲɥɚɤɚ ɡɚ ɩɪɟɞɟɥɵ ɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ 
ɛɚɝɟɪɧɵɟ ɧɚɫɨɫɵ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɲɥɚɤɚ ɢ ɡɨɥɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɛɳɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɭ. 
 ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ ɢ ɲɥɚɤɚ, ɭɞɚɥɹɟɦɨɟ ɫ Ɍɗɋ, ɬ/ɱ 
 

 . 4

100
0,01 ( ) (1 )

32700 100

ɪ
ɡɭɪ ɧ

ɲɥ ɡ ɨɛɳ ɭɧ
Q

Ɇ B A q a


        , (3.42) 

 
ɝɞɟ  ɪA  – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, %; 
 4q = 1 % – ɩɨɬɟɪɹ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ [8]; 
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 ɪ
ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 

 ɭɧa  = 0,95 – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ [8]; 

 ɡɭ – ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, %; 

 

 .

21056 100 99,5
0,01 37,5 (7 1 ) (1 0,95 ) 2,852

32700 100ɲɥ ɡɆ 
         . 

  
 Ɋɚɫɯɨɞ ɡɨɥɵ, ɬ/ɱ 
 
 ɜɯ ɜыɯ

ɡɨɥ ɡɨɥ ɡɨɥM M M  ,  (3.43) 
 
 2,734 0,014 2,721ɡɨɥM    .  

 
 Ɋɚɫɯɨɞ ɲɥɚɤɚ, ɬ/ɱ 
 
 .ɲɥ ɲɥ ɡ ɡɨɥɆ Ɇ Ɇ  ,  (3.44) 

 
 2,852 2,734 0,118ɲɥɆ    . 
  
 Ɋɚɫɯɨɞ ɜɨɞɵ, ɬ/ɱ 
 
 12ɜ ɲɥ ɡɨɥɆ M M   ,  (3.45) 
 
 12 2,721 0,118 3,839ɜɆ     . 

 
 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɩɭɥɶɩɵ, ɦ3/ɱ 
 

 ɲɥ ɡɨɥ ɜ

ɲɥ ɡɨɥ ɜ

M M M
Q

  
   ,  (3.46) 

 
ɝɞɟ  ɲɥ = 0,5; ɡɨɥ = 0,4; ɜ = 1,0 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɞɟɥɶɧɵɣ ɜɟɫ ɲɥɚɤɚ, ɡɨɥɵ ɢ 
ɜɨɞɵ, ɬ/ɦ3 [7]; 

 

 0,118 2,721 3,839
10,875

0,5 0,4 1
Q     . 

 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɛɚɝɟɪɧɭɸ ɧɚɫɨɫɧɭɸ ɫ ɬɪɟɦɹ ɧɚɫɨɫɚɦɢ (ɨɞɢɧ ɪɚɛɨɱɢɣ, ɨɞɢɧ ɜ 
ɪɟɦɨɧɬɟ, ɨɞɢɧ ɜ ɪɟɡɟɪɜɟ). 
 Ɇɢɧɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɥɚɤɨɡɨɥɨɩɪɨɜɨɞɚ, ɦ 
 

 4

3600

Q
d

 



 

,  (3.47) 
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ɝɞɟ   = 1,5 – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɩɭɥɶɩɵ, ɦ/ɫ; 
 Q  – ɪɚɫɯɨɞ ɩɭɥɶɩɵ ɧɚ ɛɚɝɟɪɧɵɣ ɧɚɫɨɫ; 

 

 4 10,875
0,051

3600 3,14 1,5
d


 

  . 

 
 ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɯɨɞɭ ɩɭɥɶɩɵ ɢ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɪɚɫɲɢɪɟɧɢɹ Ɍɗɋ ɜɵɛɢɪɚɟɦ ɛɚɝɟɪɧɵɣ ɧɚɫɨɫ ɬɢɩɚ ȽɪɌ 160/31,5 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
[3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 160 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 31,5 ɦ; 
 - Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ – 325 ɦɦ; 
 - Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 25 ɤȼɬ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 1450 ɨɛ/ɦɢɧ. 
 
 
 3.5 ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ  
 
 Ⱦɥɹ Ɍɗɐ ɜ ɝɨɪɨɞɟ ȿɧɢɫɟɣɫɤ ɜɵɛɢɪɚɟɦ ɩɪɹɦɨɬɨɱɧɭɸ ɫɢɫɬɟɦɭ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɪɟɤɟ ȿɧɢɫɟɣ ɫɨɫɬɚɜɥɹɟɬ 5°ɋ. 
 ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɨɞɚ 
ɹɜɥɹɟɬɫɹ, ɜɨ-ɩɟɪɜɵɯ, ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ; ɜɨ-ɜɬɨɪɵɯ, ɨɧɚ 
ɫɥɭɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɨɝɪɨɦɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɩɥɚ ɩɟɪɟɦɟɳɚɸɬɫɹ ɧɚ ɫɬɚɧɰɢɢ ɨɬ ɛɨɥɟɟ ɧɚɝɪɟɬɵɯ ɬɟɥ ɤ ɦɟɧɟɟ ɧɚɝɪɟɬɵɦ.  
 ȼɨɞɭ ɪɚɫɯɨɞɭɸɬ ɬɚɤɠɟ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɞɥɹ ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ 
ɛɵɬɨɜɵɯ ɧɭɠɞ. Ɋɚɫɯɨɞ ɜɨɞɵ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɨɞɚ ɫɠɢɝɚɟɦɨɝɨ 
ɬɨɩɥɢɜɚ, ɬɢɩɚ ɢ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, 
ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ, ɫɬɟɩɟɧɶ ɫɨɜɟɪɲɟɧɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 
 ȼɵɛɢɪɚɟɦ ɩɪɹɦɨɬɨɱɧɭɸ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɞɚ ɢɡ ɪɟɤɢ 
ɩɨɞɚɟɬɫɹ ɨɞɧɨɤɪɚɬɧɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧ ɢ ɡɚɬɟɦ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɪɟɤɭ 
ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ. 
 ɉɪɢ ɩɪɹɦɨɬɨɱɧɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɢ ɩɨɞɚɱɚ ɜɨɞɵ ɧɚ ɫɬɚɧɰɢɸ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ. Ⱦɥɹ ɡɚɛɨɪɚ ɜɨɞɵ ɢɡ ɪɟɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɛɟɪɟɝɨɜɚɹ ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ ɫ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦɢ ɧɚɫɨɫɚɦɢ ɢ ɜɨɞɨɩɪɢɟɦɧɢɤɨɦ. 
ȼɨɞɚ ɢɡ Ȼɇɋ ɩɨɫɬɭɩɚɟɬ ɜ ɦɚɲɢɧɧɵɣ ɡɚɥ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɫɬɚɧɰɢɢ ɩɨ 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɜɨɞɨɜɨɞɚɦ. ɋɛɪɨɫ ɜɨɞɵ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɪɨɢɡɜɨɞɹɬ ɜ 
ɫɚɦɨɬɟɱɧɵɣ ɜɨɞɨɨɬɜɨɞɹɳɢɣ ɤɚɧɚɥ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɨɞɚ ɨɬɜɨɞɢɬɫɹ ɜ ɪɟɤɭ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ. 
 ɍɫɬɚɧɨɜɤɚ ɫ ɫɚɦɨɬɟɱɧɵɦ ɤɚɧɚɥɨɦ ɨɱɟɧɶ ɭɞɨɛɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɢ ɫɬɨɢɦɨɫɬɶ 
ɟɟ ɫɨɨɪɭɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟ ɜɟɥɢɤɚ. Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɢɜɨɞ 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɞɪɭɝɢɯ ɫɯɟɦɚɯ, ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ 
ɞɥɢɧɵ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɫɜɹɡɚɧɧɨɝɨ ɫ ɷɬɢɦ ɫɧɢɠɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. 
 ɋɯɟɦɚ ɩɪɹɦɨɬɨɱɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.3. 
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1 – ɤɨɧɞɟɧɫɚɬɨɪ; 2 – ɰɟɧɬɪɚɥɶɧɚɹ ɧɚɫɨɫɧɚɹ; 3 – ɧɚɩɨɪɧɵɟ ɦɚɝɢɫɬɪɚɥɢ; 4 – ɫɥɢɜɧɨɣ ɤɚɧɚɥ; 5 – 
ɫɥɢɜɧɵɟ ɤɨɥɨɞɰɵ; 6 – ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɵɣ ɤɨɥɨɞɟɰ; 7 – ɜɨɞɨɨɱɢɫɬɢɬɟɥɶɧɵɟ ɪɟɲɟɬɤɢ; 8 – 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ. 
 

Ɋɢɫɭɧɨɤ 3.3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɹɦɨɬɨɱɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ  
 
 ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɷɬɨɣ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɭɞɨɛɧɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɞɚɱɢ ɜɨɞɵ ɩɭɬɟɦ ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɬɚɸɳɢɯ ɧɚɫɨɫɨɜ, 
ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɢɯ ɩɪɢɜɨɞ. 
 Ɉɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɩɪɟɜɵɲɟɧɢɟ ɞɟɛɢɬɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 3-4 ɪɚɡɚ 
ɩɨɬɪɟɛɧɨɫɬɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ ɢɡɛɟɠɚɧɢɹ ɫɢɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 
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 4 Ɉɛɳɚɹ ɱɚɫɬɶ 
 
 4.1 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ - ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɜɵɛɪɚɧɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɟɟ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɞɚɧɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɩɨɞɫɨɛɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ, 
ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɬɭɪɛɢɧɧɨɟ ɢ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɳɢɬ 
ɭɩɪɚɜɥɟɧɢɹ, ɦɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, 
ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɯɢɦɜɨɞɨɨɱɢɫɬɤɭ, ɫɢɫɬɟɦɭ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 
ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɫɥɭɠɟɛɧɵɟ ɩɨɦɟɳɟɧɢɹ, ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɫɨɛɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ - ɦɚɫɬɟɪɫɤɢɟ, ɝɚɪɚɠɢ, ɩɨɠɚɪɧɭɸ ɨɯɪɚɧɭ, ɚ ɬɚɤ ɠɟ ɚɜɬɨɦɨɛɢɥɶɧɵɟ 
ɞɨɪɨɝɢ, ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɚɧɚɥɢɡɚɰɢɢ ɢ ɬ.ɞ. ȼɫɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ 
ɪɚɡɦɟɳɚɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ ɨɝɪɚɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ [7]. 
 Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ Ɍɗɋ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɤɨɦɩɚɤɬɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɥɨɳɚɞɤɟ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɫɧɢɠɚɟɬɫɹ 
ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɤɨɦɦɭɧɢɤɚɰɢɣ. 
 ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɝɟɧɩɥɚɧɚ Ɍɗɋ ɧɟɨɛɯɨɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɪɢɧɰɢɩɨɦ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɴɟɤɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɨ ɫɬɨɪɨɧɵ ɬɭɪɛɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨ 
ɝɥɚɜɧɨɦɭ ɡɞɚɧɢɸ ɪɚɡɦɟɳɚɟɬɫɹ ɝɥɚɜɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. 
 Ƚɟɧɩɥɚɧ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɥɟɞɭɸɳɟɝɨ 
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. ɇɚ ɬɟɪɪɢɬɨɪɢɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɵɫɚɠɢɜɚɸɬɫɹ ɡɟɥɟɧɵɟ ɧɚɫɚɠɞɟɧɢɹ [7]. 
 Ʉ ɩɨɦɟɳɟɧɢɹɦ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɤ ɨɬɤɪɵɬɨɦɭ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɢ ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ, ɤ ɩɪɢɟɦɧɨ-
ɪɚɡɝɪɭɡɨɱɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɤ ɫɤɥɚɞɚɦ ɦɚɫɥɚ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧ ɩɨɞɜɨɞ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 2 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ. 
 

 
 4.2 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
     Ƚɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚɡɵɜɚɸɬ ɝɥɚɜɧɨɟ ɟɟ ɡɞɚɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɪɚɡɦɟɳɚɸɬ ɨɫɧɨɜɧɨɟ ɢ ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ȼ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ 
 Ƚɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 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 ɤɨɬɥɚ, 
ɜɵɜɨɞɢɬɫɹ ɤɨɧɟɱɧɚɹ ɩɪɨɞɭɤɰɢɹ - ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ.  
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 ɉɨɞ ɤɨɦɩɨɧɨɜɤɨɣ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨɧɢɦɚɸɬ ɜɡɚɢɦɧɨɟ 
ɪɚɡɦɟɳɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢ ɜɵɛɨɪɟ ɤɨɦɩɨɧɨɜɤɢ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɨɫɧɨɜɧɵɦ 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 [7]. 
 ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɜɤɥɸɱɚɟɬ:  

- ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɟ; 
- ɦɚɲɢɧɧɨɟ ɨɬɞɟɥɟɧɢɟ; 
- ɛɭɧɤɟɪɧɨ-ɞɟɚɷɪɚɬɨɪɧɨɟ ɩɨɦɟɳɟɧɢɟ; 
- ɨɬɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ. 

 ȼ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɬɥɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 
ɛɟɫɩɨɞɜɚɥɶɧɨɦ ɩɨɦɟɳɟɧɢɢ. ɇɚ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɪɢɧɹɬɨ 
ɨɞɧɨɪɹɞɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɜ ɡɞɚɧɢɢ. 
 Ʉɨɬɥɵ 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 
ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɜɴɟɡɞ. Ⱦɵɦɨɫɨɫ ɢ ɞɵɦɨɜɚɹ ɬɪɭɛɚ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɭɪɨɜɧɢ ɡɟɦɥɢ, 
ɜɛɥɢɡɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɩɨɦɟɳɟɧɢɹ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ. 
 Ɇɚɲɢɧɧɨɟ 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 ɩɨɦɟɳɟɧɢɟɦ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɧɢɠɧɢɦ, ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦ, 
ɫɩɥɨɲɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɟ ɜɵɩɨɥɧɹɸɬ, ɱɬɨ 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 ɦɚɲɢɧɧɨɦ 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 
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ɞɪɭɝɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ. Ɍɚɤɠɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɦɨɫɬɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɪɚɧɚ, ɫ ɜɪɟɦɟɧɧɨɝɨ ɬɨɪɰɚ 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɜɴɟɡɞ. 
 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 ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɜ ɫɛɨɪɧɨɦ ɢ 
ɦɨɧɨɥɢɬɧɨɦ ɠɟɥɟɡɨɛɟɬɨɧɟ: ɮɭɧɞɚɦɟɧɬɵ ɡɞɚɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɫɛɨɪɧɵɦɢ, ɚ ɮɭɧɞɚ-
ɦɟɧɬɵ 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 [7]:  
 - ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɜɵɲɟɧɧɨɣ ɱɢɫɬɨɬɵ ɩɨɦɟɳɟɧɢɹ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ, ɧɭɠɞɚɸɳɢɯɫɹ ɜ ɨɫɨɛɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɡɚɡɨɪɨɜ ɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɭɡɥɨɜ;  
 - ɢɡ-ɡɚ ɫɬɪɟɦɥɟɧɢɹ ɪɚɡɞɟɥɢɬɶ ɜɡɪɵɜɨɨɩɚɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ;  
 - ɢɡ-ɡɚ ɪɚɡɧɨɣ ɜɵɫɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɧɵɯ ɢɯ 
ɝɚɛɚɪɢɬɨɜ ɢ ɜɟɫɚ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɟɨɞɢɧɚɤɨɜɵɯ 
ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 
 ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 3 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ. 
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 5 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

5.1 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. ȿɧɢɫɟɣɫɤɟ. 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 
ɞɨɥɠɧɵɦ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɜ ɝ. ȿɧɢɫɟɣɫɤɟ ɢ ɩɪɢɥɟɝɚɸɳɢɯ 
ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɨɬɧɨɫɢɬɫɹ: ɭɫɬɪɨɣɫɬɜɨ ɜɵɫɨɤɨɣ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɫɨɡɞɚɧɢɟ 
ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɵɯ ɡɨɧ ɦɟɠɞɭ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ ɢ ɠɢɥɵɦ ɦɚɫɫɢɜɨɦ. 
 ɍɫɬɚɧɨɜɤɚ ɫɟɪɨɭɥɚɜɥɢɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ, ɬɚɤ ɤɚɤ 
ɫɨɞɟɪɠɚɧɢɟ ɨɤɢɫɥɨɜ ɫɟɪɵ ɜ ɫɠɢɝɚɟɦɨɦ ɬɨɩɥɢɜɟ ɜɟɫɶɦɚ ɧɢɡɤɨɟ. 
 ȼ ɩɟɪɢɨɞ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ (ɲɬɢɥɶ, ɬɭɦɚɧ, 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ ɢɥɢ ɫɨɱɟɬɚɧɢɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ), ɫɩɨɫɨɛɫɬ-
ɜɭɸɳɢɯ ɧɚɤɨɩɥɟɧɢɸ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫɮɟɪɵ, ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɟɣ ɜ ɜɨɡɞɭɯɟ ɦɨɝɭɬ ɪɟɡɤɨ ɜɨɡɪɚɫɬɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɠɢɞɚɟɦɨɝɨ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɫɨɫɬɚɜɥɹɸɬɫɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɬɪɟɯ 
ɫɬɭɩɟɧɟɣ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɢ ɪɟɠɢɦɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 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 ɜ ɧɚɪɨɞɧɨɦ ɯɨɡɹɣɫɬɜɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɫɨɤɪɚɳɟɧɢɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɥɢɤɜɢɞɚɰɢɸ ɜɵɛɪɨɫɨɜ: 
ɨɛɪɚɛɨɬɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɤɨɜ, ɡɚɝɪɹɡɧɟɧɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ; ɭɫɬɚɧɨɜɤɚ 
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ɪɚɫɲɢɪɢɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɱɢɳɚɸɳɢɯ 
ɫɬɨɤɨɜ ɜ ɰɢɤɥɟ Ɍɗɐ ɢ ɬ.ɞ. 

 
 
 5.2 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɢ ɜɵɛɨɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
 ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɵɦɨɜɵɯ ɬɪɭɛ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ ɜɵɛɪɨɫɚɦɢ ɢɡ ɬɪɭɛ ɧɟ ɩɪɟɜɵɲɚɥɨ 
ɉȾɄ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 
 ȼɵɛɪɨɫɵ ɡɨɥɵ ɡɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

2NOɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ ȼ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ; 
 1  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɜɵɯɨɞ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɤɚɱɟɫɬɜɚ 
ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɚ ɲɥɚɤɨɭɞɚɥɟɧɢɹ [7]; 
 K  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɨɬɥɚ, ɤɝ/ɬ; 
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ɝɞɟ ɩɟD – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɬ/ɱ; 
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 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ 

2SɈɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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    
222

"1'120 SOSOSɈ ȼɆ   , (5.4) 

 
ɝɞɟ  

2
'SO  – ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ 

ɤɨɬɥɚ; 
 

2
"SO  – ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ. 

  
    

2
20 10,4 1 0,1 1 0 187,4SɈɆ        . 

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

 
ɡ

SO

ɡ
NO

SO

NOSO ɉȾК
ɉȾК

Ɇ
ɉȾК
ɉȾК

MɆɆ 2

2

2

22
 , (5.5) 

 
ɝɞɟ  ɉȾɄSO2, ɉȾɄNO2, ɉȾɄɡ – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ 
ɫɟɪɵ, ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɡɨɥɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɝ/ɦ3; 
 

 
0,15 0,15

187,4 13,4 3,8 214,9
0,085 0,15

Ɇ       . 

 
 ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 
ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɡɨɥɵ ɢ 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 ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɯ, ɦ, ɨɬ ɢɫɬɨɱɧɢɤɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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,  (5.6) 

 
ɝɞɟ  А  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ ɚɬɦɨɫɮɟɪɵ;  
 n  – ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɜɵɯ ɬɪɭɛ, ɲɬ; 
 V  – ɨɛɴɟɦ ɭɞɚɥɹɟɦɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ; 
 t  – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 
 F  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɚɷɪɨɡɨɥɟɣ (ɩɵɥɢ, ɡɨɥɵ) F  = 1; 
 m – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ 
ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ; 
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ɝɞɟ f  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ;  
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ɝɞɟ  D  = 8,4 – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ, ɦ; 
 0  = 40 – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɚ, ɦ/ɫ [7]; 
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 Ɍɚɤ ɤɚɤ ɦC <

2SOɉȾК , ɬɨ ɞɵɦɨɜɚɹ ɬɪɭɛɚ ɜɵɫɨɬɨɣ 200 ɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ. 
 ɗɮɮɟɤɬɢɜɧɭɸ ɜɵɫɨɬɭ ɜɵɛɪɨɫɨɜ ɞɵɦɨɜɨɣ ɬɪɭɛɵ эɮH , ɦ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ 
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ɝɞɟ    – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 5 
ɦ/ɫ [7];  
   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ ɜɵɫɨɬɨɣ 
ɬɪɭɛɵ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,63; 
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ɁȺɄɅɘɑȿɇɂȿ 
 

 ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɟɤɬ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ ɝ. ȿɧɢɫɟɣɫɤɚ. ɉɪɨɟɤɬ  ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɍɗɐ ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 60 Ɇȼɬ ɢ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ 100 
Ƚɤɚɥ/ɱ ɜ ɝ. ȿɧɢɫɟɣɫɤɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɫ ɰɟɥɶɸ ɡɚɦɟɳɟɧɢɹ ɬɟɩɥɨɜɵɯ 
ɦɨɳɧɨɫɬɟɣ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɯ ɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ. 
 Ɋɚɡɦɟɳɟɧɢɟ ɧɨɜɨɣ Ɍɗɐ ɩɪɨɢɡɜɟɞɟɧɨ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɜɥɢɹɧɢɢ ɧɚ 
ɷɤɨɥɨɝɢɸ. 
 Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ: 
 - ɪɚɫɱɟɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ ɞɟɫɹɬɶ ɥɟɬ; 
 - ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɨɬɛɨɪɨɜ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɟɝɨ ɪɚɫɯɨɞ ɧɚ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 
 - ɪɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɍɊɍɌ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ; 
 - ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ; 
 - ɜ ɪɚɡɞɟɥɟ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɢ ɜɵɛɨɪ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɭɫɬɚɧɨɜɤɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. 
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