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ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
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                « _____» ________ 20 ___ ɝ. 
 

 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
13.03.01 – Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 

ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  

ɉɪɨɟɤɬ ȽɊɗɋ 3200 Ɇȼɬ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 
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Ɋɭɤɨɜɨɞɢɬɟɥɶ    ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ  ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ       ȿ.Ɉ. Ʉɚɡɚɤɨɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɍɟɯ. ɤɨɧɬɪɨɥɶ      ɋ.Ⱥ. Ɇɢɯɚɣɥɟɧɤɨ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ      ɉ.ȼ. ɒɢɲɦɚɪɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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                                         ȿ.Ⱥ. Ȼɨɣɤɨ____                 
                              ɩɨɞɩɢɫɶ             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

                « _____» ________ 20 ___ ɝ. 
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Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ  ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ 
ɢɫɩɨɥɧɟɧɢɸ 

 
ȿ.Ɉ. Ʉɚɡɚɤɨɜ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

    

                                                                               « _____» ________ 20 ___ ɝ.

ɋɬɭɞɟɧɬɭ                     Ʉɚɡɚɤɨɜɭ ȿɝɨɪɭ Ɉɥɟɝɨɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ     Ɏɗ15‒01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ȽɊɗɋ 3200 Ɇȼɬ ɧɚ  
ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 5016/ɫ ɨɬ 16 ɚɩɪ. 2019 ɝ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɋɚɣɨɧ ɪɚɡɦɟɳɟɧɢɹ  Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ; 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  3200 Ɇȼɬ;  ɬɨɩɥɢɜɨ  ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ 2Ȼ 
 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 

 
ȼɜɨɞɧɚɹ ɱɚɫɬɶ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɪɚɫɱɟɬɧɚɹ  

ɱɚɫɬɶ 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Ʌɢɫɬ 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ʉ-800-275 
Ʌɢɫɬ 2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ  
Ʌɢɫɬ 3. Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ  
Ʌɢɫɬ 4. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ  
 
 
 
 
 



2 

ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ȽɊɗɋ 3200 Ɇȼɬ ɧɚ 
ɫɭɩɟɪɯɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ» ɫɨɞɟɪɠɢɬ 73 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 15 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɌɍɊȻɈȺȽɊȿȽȺɌ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ, ɍɏɈȾəɓɂȿ 
ȽȺɁɕ, ɉɊɈɆȿɀɍɌɈɑɇɕɃ ɉȿɊȿȽɊȿȼ, ȻȺɃɉȺɋ ɉȼȾ, ɉɇȾ, 
ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ, ɉɊɈɐȿɋɋ ɊȺɋɒɂɊȿɇɂə, 
ȼɋɉɈɆɈȽȺɌȿɅɖɇɈȿ ɈȻɈɊɍȾɈȼȺɇɂȿ. 

Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɛɥɨɤ 800 Ɇȼɬ ɫ ɤɨɬɥɨɦ ɉɩ-
2000-275 ɢ ɬɭɪɛɢɧɨɣ Ʉ-800-275. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɛɥɨɤɚ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɣɩɚɫɨɜ ɉȼȾ ɢ ɉɇȾ, ɩɨɜɵɲɟɧɢɟ ɄɉȾ ɛɥɨɤɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɢɜɟɞɟɧɨ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ; ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ, ɤɨɬɟɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɢ ɬɟɯɧɢɤɨ- ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɚɧɰɢɢ; ɜɵɛɪɚɧɨ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɪɚɫɫɱɢɬɚɧɵ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; ɪɚɡɪɚɛɨɬɚɧɵ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ ɤɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ 
ɤɨɪɩɭɫɚ; ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɜɨɞɵ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ. 
Ɍɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɨɹɫɧɢɬɟɥɶɧɨɝɨ 

ɬɟɤɫɬɚ, ɪɢɫɭɧɤɨɜ, ɬɚɛɥɢɰ ɢ ɱɟɪɬɟɠɟɣ.  
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ȼȼȿȾȿɇɂȿ 
 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ (Ɍɗɋ) ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɦɧɨɝɢɟ 
ɞɟɫɹɬɢɥɟɬɢɹ ɨɫɬɚɸɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɩɨɡɢɬɢɜɧɭɸ ɞɢɧɚɦɢɤɭ ɪɨɫɬɚ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɫɬɪɚɧɵ ɧɚɯɨɞɢɬɫɹ ɜ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɬɚɪɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɢɬɭɚɰɢɹ ɭɫɭɝɭɛɥɹɸɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɜ 
ɪɹɞɟ ɪɟɝɢɨɧɨɜ ɞɟɮɢɰɢɬɚ ɦɨɳɧɨɫɬɢ, ɧɟɞɨɫɬɚɬɨɤ ɤɨɬɨɪɨɣ ɜ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ 
ɧɟɢɡɛɟɠɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɪɚɡɜɢɬɢɢ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɨ ɪɚɡɜɢɬɵɯ ɪɟɝɢɨɧɨɜ 
Ɋɨɫɫɢɢ. ɉɵɥɟɭɝɨɥɶɧɵɟ ɷɧɟɪɝɨɛɥɨɤɢ ɦɨɳɧɨɫɬɶɸ 300, 500, 800 Ɇȼɬ ɧɚ ɩɚɪɚɦɟɬɪɵ 
ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 24 Ɇɉɚ, 545˚ɋ ɛɵɥɢ ɫɨɡɞɚɧɵ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɧɚ ɩɟɪɟɞɨɜɨɦ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ 
ɩɪɨɲɥɨɝɨ ɜɟɤɚ. Ⱦɚɧɧɵɟ ɷɧɟɪɝɨɛɥɨɤɢ ɹɜɥɹɸɬɫɹ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɨ ɫɟɣ ɞɟɧɶ, ɯɨɬɹ 
ɨɧɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɮɢɡɢɱɟɫɤɨɟ ɢ ɦɨɪɚɥɶɧɨɟ ɫɬɚɪɟɧɢɟ.  

ɇɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɦɢɪɚ ɨɫɬɚɟɬɫɹ, ɤɚɤ ɢ ɩɪɟɠɞɟ, ɞɚɥɶɧɟɣɲɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ Ɍɗɋ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɪɟɲɟɧɢɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ȽɊɗɋ 
ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫ ɷɧɟɪɝɨɛɥɨɤɚɦɢ ɩɨ ɫɯɟɦɟ Ȼɉɗ. ɂɞɟɹ 
ɛɥɨɤɨɜ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɬɛɨɪɚ 
ɬɟɩɥɨɬɵ ɨɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɤɨɧɜɟɤɬɢɜɧɵɯ ɝɚɡɨɯɨɞɚɯ ɢ, ɬɟɦ ɫɚɦɵɦ, ɫɧɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. Ⱦɥɹ ɨɯɥɚɠɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɚɣɩɚɫ ɝɪɭɩɩɵ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ), ɚ ɬɚɤɠɟ ɨɛɜɨɞ ɱɚɫɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
ɫɢɫɬɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜɵɯ ɬɭɪɛɢɧ. 

Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɹɞ ɡɚɪɭɛɟɠɧɵɯ Ɍɗɋ ɧɚ ɋɋɄȾ ɬɚɤɢɯ ɤɚɤ: 
Ɍɗɋ SchwarzePumpe (ɛɥɨɤ 800 Ɇȼɬ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ 26,8 Ɇɉɚ, 565 ˚ɋ, 

ɄɉȾ 40,8%) 
Ɍɗɋ Nideraussem (ɛɥɨɤ 965 Ɇȼɬ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ 27,5 Ɇɉɚ, 580 ˚ɋ, 

ɄɉȾ 45,2%) 
Ɍɗɋ Neurath (ɛɥɨɤ 660 Ɇȼɬ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ 29,6 Ɇɉɚ, 600 ˚ɋ, ɄɉȾ 

43,4%). 
ɉɨɫɥɟ ɚɧɚɥɢɡɚ Ɍɗɋ ɩɪɨɬɨɬɢɩɨɦ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɚɧɰɢɹ Nideraussem, 

ɤɨɬɨɪɚɹ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬ ɬɟɯɧɨɥɨɝɢɸ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɫ 2002 ɝ.  
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1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

1.1 Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȽɊɗɋ 
 
Ɍɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ ɨɫɧɨɜɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɨɫɧɨɜɧɨɝɨ ɢ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɜɚɪɢɚɧɬɨɜ ȽɊɗɋ. ɉɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɤɨɦɦɟɪɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɫɬɚɧɰɢɢ ɫ ɦɟɧɶɲɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ ɩɨ ɨɬɩɭɫɤɭ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸɳɟɝɨ 525206 
Ɉɛɹɡɚɬɟɥɶɧɵɟ ɫɬɪɚɯɨɜɵɟ ɜɵɩɥɚɬɵ ɨɬ ɎɈɌ, % 30,4 
Ʉɨɷɮɮɢɰɢɟɧɬɭɞɨɪɨɠɚɧɢɹɤɚɩɢɬɚɥɶɧɵɯɜɥɨɠɟɧɢɣ 118 
ɋɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ, % 6,7 
ɇɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩ. ɜɥɨɠɟɧɢɣ ɜ Ɍɗɋ, % 5 
ɍɫɬɚɧɨɜɥɟɧɧɚ
ɹ ɦɨɳɧɨɫɬɶ, 

NɭɆȼɬ 

Ɉɫɧɨɜɧɨɣ 
ɚɝɪɟɝɚɬ 

Ʉɨɥɢɱɟɫɬɜ
ɨ ɛɥɨɤɨɜ 

ɋɨɩɨɫɬɚɜɥɹɟɦ
ɵɣ ɚɝɪɟɝɚɬ 

Ʉɨɥɢɱɟɫɬ
ɜɨ ɛɥɨɤɨɜ 

ȼɢɞ 
ɬɨɩɥɢɜ

ɚ 

Ɋɚɣɨɧ 
ɫɨɨɪɭɠɟɧ

ɢɹ 
3200 Ʉ-800-275 4 Ʉ-660-275 5 ɍɝɨɥɶ  ɋɢɛɢɪɶ 

ɐɟɧɚ 
ɬɨɩɥɢɜɚ, 
ɪɭɛ./ɧɚɬ.

ɟɞ 

Ɉɪɢɟɧɬɢɪɨɜɨɱ
ɧɚɹ ɬɟɩɥɨɬɚ 

ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ 

Ɍɨɩɥɢɜɧ
ɵɣ 

ɷɤɜɢɜɚɥɟ
ɧɬ 

ɐɟɧɚ ɡɚ 
ɭɫɥɨɜɧɨɟ 
ɬɨɩɥɢɜɨ 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɲɬɚɬɧɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ 

1 ɜɚɪɢɚɧɬ 2 ɜɚɪɢɚɧɬ 

922 15280 2,183 422,4 0,45 0,45 

1.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 

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

ˠܷ = ˕ܷ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓     (1)
  

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

Ɉɩɪɟɞɟɥɹɟɦ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ: 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ. ɟ. ɤɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ ɡɚ 
ɜɵɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɜ ɤɚɩɢɬɚɥɶɧɨɦ ɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ, ɱɚɫ/ɝɨɞ: ܶ˓ = ͺ͹͸Ͳ − ܶ˓ ˈˏ (2) 

ɝɞɟ Tɪɟɦ – ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɜ ɪɟɦɨɧɬɟ, ɱ. 
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Ⱦɥɹ ɷɧɟɪɝɨɛɥɨɤɨɜ Ʉɗɋ 800 Ɇȼɬ ܶ˓ ˈˏ = ͷ͸ͻ [ͳ͵]             ܶ˓ = ͺ͹͸Ͳ − ሺͷ͸ͻ ∙ Ͷሻ = ͸ͶͺͶ 
 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɗɋ, Ɇȼɬ ɱ: ܹ = ˖ܰ˔˕ ∙ ̟ܶ ˔˕ (3) 

ɝɞɟ ˖ܰ˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; ̟ܶ ˔˕ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 400 ɦɟɧɶɲɟ ܶ˓ .             ̟ܶ ˔˕ = ͸ͶͺͶ − ͶͲͲ = ͸ͲͺͶ             ܹ = ͵ʹͲͲ ∙ ͸ͲͺͶ = ͳͻͶ͸ͺͺͲͲ 

ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ: 
 ̱ܲ ˠ˔ = ܹ/ܶ˓  (4) 
            ̱ܲ ˠ˔ = ͳͻͶ͸ͺͺͲͲ͸ͶͺͶ = ͵ͲͲʹ,ͷͻͳ 

ɝɞɟ ܶ˓ – ɱɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ, ɱ. 
ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ: 
 ܲ˄ ˎ = ̱ܲ ˠ˔/݊˄ˎ (5) 

ɝɞɟ ݊˄ˎ– ɱɢɫɥɨ ɛɥɨɤɨɜ (ɫɦ. ɬɚɛɥɢɰɭ 1).             ܲ˄ ˎ = ͵ͲͲʹ,ͷͻͳͶ = ͹ͷͲ,͸Ͷͺ 

 
Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɛɥɨɤɚɦɢ Ʉɗɋ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɢ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ: 
˕˔˖ܤ  = ሺܾ˘˘ ∙ ܲː + ܾଵ ∙ ܲ˄ ˎ + ሺܾଶ − ܾଵሻ ∙ ሺܲ˄ ˎ − ܲɣ ˍሻሻ ∙ ܶ˓ ∙ ݊˄ˎ (6) 

ɝɞɟ ܾ˘˘ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɯɨɥɨɫɬɨɣ ɯɨɞ ɚɝɪɟɝɚɬɚ: Ⱦɥɹ 
ɚɝɪɟɝɚɬɚ Ʉ-800-275: ܾ˘˘ = Ͳ,ͲʹͶͶ, ɞɥɹ Ʉ-660-275ܾ ˘˘ = Ͳ,Ͳʹʹͷ ɢɡ ɬɚɛɥɢɰɵ Ⱥ.3 
[13]. ܾଵ ɢ ܾ ଶ – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɢɪɨɫɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  ɞɨ ɬɨɱɤɢ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜ ɡɨɧɟ ɩɟɪɟɝɪɭɡɤɢ; Ⱦɥɹ ɚɝɪɟɝɚɬɚ Ʉ-800-275: ܾଵ =Ͳ,ʹͺͻ, ܾଶ = Ͳ,ʹͺͻ, ɞɥɹ Ʉ-660-275 ܾଵ = Ͳ,ʹͻ͸,  ܾଶ = Ͳ,͵ͳͶ ɢɡ ɬɚɛɥɢɰɵ Ⱥ.3 [13]. 



8 

ܲɣ ˍ ɢ ܲː  – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɢ, Ɇȼɬ; Ⱦɥɹ Ʉ-800-
275 ܲɣ ˍ = ͺͲͲ ʛВ˕ ɢ ܲː = ͺͲͲ ʛВ˕, ɚ ɞɥɹ ɛɥɨɤɚ Ʉ-660-275 ܲɣ ˍ = ͳͺ͹ ʛВ˕ ɢ ܲː =ʹͲͲ ʛ˅˕ ɢɡ ɬɚɛɥ. Ⱥ.3 [13].             ܤ˖˔˕ = ͸ͳ͵ʹ͹ͷ͵,ͻʹ 

ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ: 
˕˔˖ˈːܤ  = ˚଺−ଵ଴˒ܤ ∙ ݊˒଺−ଵ଴˚ ∙ ݊˄ˎ + ˔.˘˒ܤ ∙ ݊˒˘.˔ ∙ ݊˄ˎ (7) 

ɝɞɟ ܤ˒଺−ଵ଴˚ ɢ ܤ˒˘.˔.– ɩɭɫɤɨɜɵɟ ɩɨɬɟɪɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɨɫɬɚɧɨɜɟ ɧɚ 6–10 
ɱɚɫɨɜ, ɢ ɩɪɢ ɩɭɫɤɟ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; Ⱦɥɹ Ʉ-800-275 ܤ˒଺−ଵ଴˚ = ͺͷ, ܤ˒˘.˔ =ͶͲͲ, ɞɥɹ Ʉ-660-275 ܤ˒଺−ଵ଴˚ = ʹͲ, ܤ˒˘.˔ = ͸Ͳ  ɢɡ ɬɚɛɥɢɰɵ Ⱥ.4 [13].  ݊˒଺−ଵ଴˚ɱ ɢ ݊˒˘.˔. – ɱɢɫɥɨ ɩɭɫɤɨɜ ɢ ɨɫɬɚɧɨɜɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 6 – 10 ɱɚɫɨɜ 
ɢ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢɧɢɦɚɟɦ ݊˒଺−ଵ଴˚ = ͳͲ, ݊˒˘.˔=2            ܤːˈ˖˔˕ = ͺͷ ∙ ͳͲ ∙ Ͷ + ͶͲͲ ∙ ʹ ∙ Ͷ = ͸͸ͲͲ 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ, ɬ ɭ.ɬ./ɝɨɞ: 
ܤ  = ˕˔˖ܤ + ܤ            ːˈ˖˔˕ (8)ܤ = ͸ͳ͵ʹ͹ͷ͵,ͻʹ + ͸͸ͲͲ = ͸ͳ͵ͻ͵ͷ͵,ͻʹ 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

˕ܷ = ʥ ∙ В ∙ ͳͲ−଺           (9)            ˕ܷ = Ͷʹʹ,Ͷ ∙ ͸ͳ͵ͻ͵ͷ͵,ͻʹͳͲͲͲͲͲͲ = ʹͷͻ͵,ͳͷͶ 

ɝɞɟ ɐ – ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬ.ɭ.ɬ. (ɫɦ. ɬɚɛɥɢɰɭ 1). 
 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ: 

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

ˊܷ˒ = ˖ܰ ∙ ݊˖ ∙ Фˊ˒ ∙ ͳͲ−଺, (10) 

           ˊܷ˒ = ͵ʹͲͲ ∙ Ͳ,Ͷͷ ∙ ͷʹͷʹͲ͸ͳͲͲͲͲͲͲ = ͹ͷ͸,ʹͻ͹ 

ɝɞɟ ݊˖ – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɱɟɥ./Ɇȼɬ (ɫɦ. ɬɚɛɥɢɰɭ 1); Фˊ˒ – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ (ɫɦ. ɬɚɛɥɢɰɭ 1). 
 
Ɉɩɪɟɞɟɥɹɟɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ: 

Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 
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˃ܷ = К ∙ ʜ˃, (11) 

ɝɞɟ ʜ˃ – ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ (ɫɦ. ɬɚɛɥ. 1); К – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ɍɗɋ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 
 К = (К′ + К˄ˎ ∙ ሺ݊˄ˎ − ͳሻ) ∙ ݀𝑖 ∙ ݇˖ˇ, (12) 

ɝɞɟ К′ ɢ К˄ˎ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɬɚɧɨɜɤɨɣ ɨɞɧɨɝɨɛɥɨɤɚ 
ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ, ɦɥɧ. ɪɭɛ.; ɉɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ Ⱥ.1 [13] 
ɞɥɹ Ʉ-800-275 К′ = ͳʹ͹,Ͳͷ,  К˄ˎ = ͺ͵,ͺͻ; ɞɥɹ Ʉ-660-275 К′ = Ͷͻ,ʹ͵, К˄ˎ = ʹ͵,ͻ͹ ݀𝑖  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɣɨɧ ɪɚɡɦɟɳɟɧɢɹ; ɞɥɹ ɋɢɛɢɪɢ ͳ,ʹ; ݇˖ˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɜ ɰɟɧɚɯ ɬɟɤɭɳɟɝɨ ɝɨɞɚ (ɫɦ. ɬɚɛɥɢɰɭ 1).            К = (ͳʹ͹,Ͳͷ + ͺ͵,ͺͻ ∙ ሺͶ − ͳሻ) ∙ ͳ,ʹ ∙ ͳͳͺ = ͳͲ͹͸ʹ͹ 

˃ܷ = ͳͲ͹͸ʹ͹ ∙ Ͳ,Ͳ͸͹ = ͵ͷͻʹ,ͻͻ  
  
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ: 

Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

˕ܷ˓ = К ∙ ʜ˕˓,            (13)             ˕ܷ˓ = ͳͲ͹͸ʹ͹ ∙ Ͳ,Ͳͷ = ʹ͸ͺͳ,͵Ͷ 

ɝɞɟ ʜ˕˓ – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ ɜ Ɍɗɋ (ɫɦ. ɬɚɛɥɢɰɭ 1). 
 

Ɉɩɪɟɞɟɥɹɟɦ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ: 

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

ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 20 – 30 % ɨɬ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, 
ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɫ ɭɱёɬɨɦ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɦɥɧ. ɪɭɛ./ɝɨɞ: ܷ˒˓ = Ͳ,ʹ ∙ ( ˃ܷ + ˕ܷ˓ + ˊܷ˒) + ʠʝʥ, (14)            ˒ܷ˓ = Ͳ,ʹ ∙ ሺ͵ͷͻʹ,ͻͻ + ʹ͸ͺͳ,͵Ͷ + ͹ͷ͸,ʹͻ͹ሻ = ͳ͸͵͸,ͲͶ 

ɝɞɟ ɋɈɐ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 
 ʠʝʥ = ˅˔ܪ ∙ ˊܷ˒, (15) 
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ʠʝʥ = ͵Ͳ,Ͷ ∙ ଻ହ଺,ଶଽ଻ଵ଴଴ = ʹʹͻ,ͻͳ  

ɝɞɟ ܪ˔˅ – ɧɨɪɦɚɬɢɜ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɞɨɥɢ (ɫɦ. ɬɚɛɥɢɰɭ 1); 
 
Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɫɱёɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ: 
 ̟ܶ ˇ.˅ = ˕ܷ/ ˠܷ, (16)            ˠܷ = ˕ܷ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓ = ͳͳʹͷͻ,ͺʹ 

           ̟ܶ ˇ.˅ = ʹͷͻ͵,ͳͷͶͳͳʹͷͻ,ͺʹ = Ͳ,ʹ͵ 

 
1.1.2 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬɱ: 
 ܹˑ ˕˒ = ܹ ∙ ሺͳ − ܽ˔ːሻ, (17) 

ɝɞɟ ܽ˔ː – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɫɬɚɧɰɢɢ, ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɷɧɟɪɝɨɛɥɨɤɚ Ʉ-800-275 ܽ˔ː = Ͷ%, ɞɥɹ Ʉ-660-275 ܽ˔ː =͸% ɩɨ ɬɚɛɥɢɰɟ Ⱥ.5 [13].             ܹˑ ˕˒ = ͳͻͶ͸ͺͺͲͲ ∙ ሺͳ − Ͳ,ͲͶሻ = ͳͺ͹Ͳͻͷͳ͹ 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬɱ: 
 ˑܷ˕˒ˠ = ˠܷ/ܹˑ ˕˒, (18) 
            ˑܷ˕˒ˠ = ͳͳʹͷͻ,ͺʹ ∙ ͳͲͲͲͳͺ͹Ͳͻͷͳ͹ = Ͳ,͸Ͳͳͺ 

 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬɱ: 
 ˅ܷ˞˓ˠ = ˠܷ/ܹɣ , (19) 

            ˅ܷ˞˓ˠ = ͳͳʹͷͻ,ͺʹ ∙ ͳͲͲͲͳͻͶ͸ͺͺͲͲ = Ͳ,ͷ͹ͺͶ 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɚɧɧɵɣ ɤȼɬ ɱ, ɤɝ ɭ.ɬ./ɤȼɬɱ: ܤ˅˞˓ =  (20) ,ܹ/ܤ
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˓˞˅ܤ            = ͸ͳ͵ͻ͵ͷ͵,ͻʹ ∙ ͳͲͲͲͳͻͶ͸ͺͺͲͲ = ͵ͳͷ,͵Ͷ 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ ɱ, ɤɝ ɭ.ɬ./ɤȼɬɱ: 
˒˕ˑܤ  = ˑܹ/ܤ ˕˒, (21) 
˒˕ˑܤ             = ͸ͳ͵ͻ͵ͷ͵,ͻʹ ∙ ͳͲͲͲͳͺ͹Ͳͻͷͳ͹ = ͵ʹͺ,ͳͶͲ͹ 

 
ɉɪɢ ɪɚɫɱɟɬɟ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɛɥɨɤɚ ɩɪɢɧɢɦɚɟɦ ܹˑ ˕˒ˑ˔ː = ܹˑ ˕˒˔ˑ˒, ɬɨɝɞɚ 

ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ȽɊɗɋ, Ɇȼɬɱ: 
 ܹ = ܹˑ ˕˒/ሺͳ − ܽ˔ːሻ, (22) 
 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ: 
 ̟ܶ ˔˕ = ܹ/ ˖ܰ˔˕, (23) 
 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ. ɟ. ɤɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ ɡɚ 

ɜɵɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɜ ɤɚɩɢɬɚɥɶɧɨɦ ɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ, ɱɚɫ/ɝɨɞ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 400 ɛɨɥɶɲɟ ̟ܶ ˔˕. 

Ɋɚɫɱɟɬ ɨɫɬɚɥɶɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ 
ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɛɥɨɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ (1) – (23). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Ɍɗɉ ɛɥɨɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Ɍɗɉ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ʉ-800-275 Ʉ-660-275 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ/ɝɨɞ 6484 6633 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ 6084 6233 
ȼɵɪɚɛɨɬɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ Ʉɗɋ, Ɇȼɬɱ 19468800 1994618 
ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ 3002,591 3007,031 
ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ 750,648 187,939 
Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɛɥɨɤɚɦɢ Ʉɗɋ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ.ɭ.ɬ./ɝɨɞ 

6132753,92 6383452,947 

ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ.ɭ.ɬ./ɝɨɞ 6600 5120 
Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ, ɬ.ɭ.ɬ./ɝɨɞ 6139353,92 6388572,947 
Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ./ɝɨɞ 2593,154 2698,42 
Ɋɚɫɯɨɞɵ ɩɨ ɨɩɥɚɬɟ ɬɪɭɞɚ, ɦɥɧ. ɪɭɛ./ɝɨɞ 756,297 756,297 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ. ɪɭɛ./ɝɨɞ 3592,99 3878,178 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ./ɝɨɞ 107627 126334 
Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɦɥɧ. ɪɭɛ./ɝɨɞ 2681,34 2894,16 
ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 229,91 229,91 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 1636,04 1735,64 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, % 0,230 0,226 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 11259,82 11962,7 
Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬɱ 18709517 18709517 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬɱ: 0,6018 0,6394 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ʉ-800-275 Ʉ-660-275 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬɱ 0,5784 0,5997 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɚɧɧɵɣ ɤȼɬɱ, ɤɝ 
ɭ.ɬ/ɤȼɬɱ 

315,34 320,29 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬɱ, ɤɝ 
ɭ.ɬ./ɤȼɬɱ 

328,14 341,46 

 
ɋɪɚɜɧɢɜɚɹ ɩɨɤɚɡɚɬɟɥɢ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 

ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɬɩɭɳɟɧɧɨɣ ɢ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ ɱɬɨ 
ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ (Ʉ-800-275) ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɪɟɤɨɦɟɧɞɭɟɦɵɦ. 

 
1.1.3 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 

ɤɪɢɬɟɪɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ 
 
ɉɨ ɩɨɤɚɡɚɬɟɥɸ ɩɪɨɟɤɬɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɣ 

ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȽɊɗɋ, ɤɨɬɨɪɵɣ ɫɬɚɧɨɜɢɬɫɹ ɪɟɤɨɦɟɧɞɭɟɦɵɦ. 
ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 

ɦɚɤɪɨɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ. 

 
ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɭɪɨɜɧɟ ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɢɬ, ɦɥɧ.ɪɭɛ./ɝɨɞ: 
 Э˘.˓. = ሺܷ˓ˈˍˑ˕˒ − ˔ܷˑ˒ˑ˕˒ሻ ∙ ܹˑ ˕˒, (24) 

ɝɞɟ ܷ˓ˈˍˑ˕˒ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, ɪɭɛ./ɤȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2); 
 ˔ܷˑ˒ˑ˕˒ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 
ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, ɪɭɛ./ɤȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2); 
 ܹˑ ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, 
Ɇȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2). 
             Э˘.˓. = ሺͲ,͸Ͳͳͺ − Ͳ,͸͵ͻͶሻ ∙ ͳͺ͹Ͳͻͷͳ͹ͳͲͲͲ = −͹Ͳʹ,ͻ 

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ 
(ɚɝɪɟɝɚɬ Ʉ-800-275) ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȽɊɗɋ.  

1.1.4 Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ȽɊɗɋ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɨɬɪɚɠɚɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɟɤɬɨɦ 
ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɢ ɩɨɡɜɨɥɹɸɳɢɯ ɫɭɞɢɬɶ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ ɞɥɹ ɟɝɨ ɭɱɚɫɬɧɢɤɨɜ, ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɨɞɧɢɯ ɩɪɨɟɤɬɨɜ ɧɚɞ ɞɪɭɝɢɦɢ. 
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ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɝɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
ɋɬɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɧɟ ɭɱɢɬɵɜɚɸɬ ɢɡɦɟɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɩɢɬɚɥɚ ɜ ɬɟɱɟɧɢɟ 
ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɟɤɬɚ, ɦɟɬɨɞɵ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɭɱɟɫɬɶ 
ɧɟɪɚɜɧɨɰɟɧɧɨɫɬɶ ɨɞɢɧɚɤɨɜɵɯ ɫɭɦɦ ɩɨɫɬɭɩɥɟɧɢɣ ɢ ɩɥɚɬɟɠɟɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ 
ɪɚɡɧɵɦ ɩɟɪɢɨɞɚɦ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɟɤɬɚ. 

Ɍɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ Ɇȼɬɱ ɫ ɭɱɟɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ 
(40%), ɪɭɛ./Ɇȼɬɱ: 

 ʡˠ = ሺͳ + ʟሻ ∙ ˑܷ˕˒ˠ , (25) 
            ʡˠ = ሺͳ + Ͳ,Ͷሻ ∙ Ͳ,͸Ͳͳͺ = Ͳ,ͺͶ 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɬ Ʉɗɋ ɫɨɫɬɚɜɢɬ, ɦɥɧ. ɪɭɛ.: 
 Вʟʞ = ʡˠ ∙ ܹˑ ˕˒, (26)            Вʟʞ = Ͳ,ͺͶ ∙ ͳͺ͹Ͳͻͷͳ͹ͳͲͲͲ = ͳͷ͹͸Ͷ 

 
Ⱦɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ. ɪɭɛ.: 
 Дˑ˔ː = Вʟʞ − ʠ˒ˑˎː, (27)            ʠ˒ˑˎː = ˑܷ˕˒ˠ ∙ ܹˑ ˕˒ = Ͳ,͸Ͳͳͺ ∙ ͳͺ͹Ͳͻͷͳ͹ͳͲͲͲ = ͳͳʹ͸Ͳ Дˑ˔ː = ͳͷ͹͸Ͷ − ͳͳʹ͸Ͳ = ͶͷͲͶ  

ɝɞɟ ʠ˒ˑˎː – ɩɨɥɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 
Ʉɗɋ, ɦɥɧ. ɪɭɛ. 
 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɩɨ ɫɬɚɜɤɟ 20% ɫɨɫɬɚɜɢɬ, ɦɥɧ. ɪɭɛ.: 
 ʜ˒˓ = Дˑ˔ː Ͳ,ʹ, (28)            ʜ˒˓ = ͶͷͲͶ Ͳ,ʹ = ͻͲͳ 
 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ.: 
 ʦʞ = Дˑ˔ː −  (29) ,˓˒ܪ
            ʦʞ = ͶͷͲͶ − ͻͲͳ = ͵͸Ͳ͵ 
 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ.: 
 ʦДʞ = ʦʞ + ˃ܷ, (30) 
             ʦДʞ = ͵͸Ͳ͵ + ͵ͷͻ͵ = ͹ͳͻ͸ 
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ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ.: 
 ʦДʞʜʗ௧ = ʦДʞʜʗ௧−ଵ + ʦДʞ௧,  (31) 
 
ȼ ɧɭɥɟɜɨɣ ɝɨɞ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɤɚɩɢɬɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɫɨ ɡɧɚɤɨɦ 

ɦɢɧɭɫ. 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ.: 
 ДДʞ௧ = ʦДʞ𝑡ሺଵ+௥ሻ𝑡, (32) 

ɝɞɟ ݎ – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ ɞɥɹ Ʉɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ݎ = ͳͲ %. 
 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ.: 
 ДДʞʜʗ௧ = ДДʞʜʗ௧−ଵ + ДДʞ௧ , (33) 
 
ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 15 ɥɟɬ. Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʉɗɋ 
ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 3. 
 

1.1.5 Ɉɰɟɧɤɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 
 
ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ NPV: 
 ܸܰܲ = ∑ ௉𝑘ሺଵ+௥ሻ𝑘 − ∑ ூ஼𝑘ሺଵ+௥ሻ𝑛 = ͳͳͲͺ (34) 

 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ DPI: 
ܫܲܦ  = ே௉௏|∑ ಺𝐶బሺభ+𝑟ሻ𝑛| + ͳ = ͳ,͵ͷ     (35) 

 
ɉɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ: 
 ܲܲ = ͸ + ଷଶହସ଻ଵଽ଺ = ͸,Ͷͷ (36) 

 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ DPP: 
ܲܲܦ  = ͳͳ + ଵ଼଼଻ଶଶଽଷ = ͳͳ,ͺʹ (37) 

 
 ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR: 
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ܴܴܫ = ଵݎ + ௙ሺ௥భሻ௙ሺ௥భሻ−௙ሺ௥మሻ · ሺݎଶ − ଵሻݎ = ͳͲ% (38) 

 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɭɦɟɪɟɧɧɨ ɪɢɫɤɨɜɵɦ, ɹɜɥɹɟɬɫɹ 
ɞɨɯɨɞɧɵɦ ɬɚɤ ɤɚɤ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɩɪɟɜɵɲɚɟɬ 1,3, ɫɨ ɫɪɨɤɚɦɢ ɨɤɭɩɚɟɦɨɫɬɢ: 
ɩɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 7,45 ɥɟɬ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ – 11,82 ɥɟɬ. 

Ɍɚɛɥɢɰɚ 3 –Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɪɟɤɨɦɟɧɞɭɟɦɵɣ 
ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʉɗɋ 

ɉɨɤɚɡɚɬɟɥɢ Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ 
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1.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɛɵɥ ɜɵɛɪɚɧ ɤɨɬɟɥ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɫ 
ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɢɱɢɧɚɦɢ. 

Ɉɫɨɛɟɧɧɨɫɬɹɦɢ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ ɢ ɩɨɜɵɲɟɧɧɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɲɥɚɤɨɜɚɧɢɸ ɢ 
ɡɚɝɪɹɡɧɟɧɢɸ ɬɨɩɨɱɧɵɯ ɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɧɚɞёɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɬɚɤɢɯ ɭɝɥɹɯ, ɩɪɢɧɢɦɚɸɬɫɹ ɭɦɟɪɟɧɧɵɟ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɹ ɢ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. 
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Ɉɩɵɬ ɪɚɛɨɬɵ ɤɨɬɥɨɜ ɧɚ ɛɭɪɵɯ ɭɝɥɹɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɞёɠɧɨɣ ɛɟɫɲɥɚɤɨɜɨɱɧɨɣ ɪɚɛɨɬɵ ɬɨɩɤɢ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɫɟɱɟɧɢɸ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. ɋɨɛɥɸɞɟɧɢɟ 
ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɠɢɝɚɧɢɹ ɛɭɪɵɯ ɭɝɥɟɣ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɨɪɟɧɢɹ, 
ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. 

ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɩɪɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɤɨɬɥɚ ɜ ɬɨɩɤɟ ɢ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ ɞɜɢɠɭɬɫɹ ɬɨɥɶɤɨ ɜɜɟɪɯ. ɉɪɢ ɟɝɨ ɜɵɩɨɥɧɟɧɢɢ ɨɬɩɚɞɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɥɨɠɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, ɚ 
ɜɟɪɬɢɤɚɥɶɧɵɣ ɤɨɧɜɟɤɬɢɜɧɵɣ ɝɚɡɨɯɨɞ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 

Ȼɚɲɟɧɧɭɸ ɤɨɦɩɨɧɨɜɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɚɛɪɚɡɢɜɧɨɣ ɡɨɥɨɣ. ȿɟ ɨɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɬɚɤɢɯ ɬɨɩɥɢɜ – ɪɚɜɧɨɦɟɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ, ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɨɥɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɩɨɜɨɪɨɬɨɜ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ, ɩɪɢɫɭɳɢɯ, ɧɚɩɪɢɦɟɪ ɜ Ɍ-ɨɛɪɚɡɧɨɣ ɤɨɦɩɨɧɨɜɤɟ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɦɟɧɶɲɢɣ ɢɡɧɨɫ ɬɪɭɛ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ȼɚɲɟɧɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɪɭɝɢɦɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɫɢɥɶɧɨ ɲɥɚɤɭɸɳɢɯ ɬɨɩɥɢɜ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ 
ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɬɨɩɤɢ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɢɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɨɪɵ ɜ ɩɨɜɟɪɯɧɨɫɬɹɯ ɡɚ ɧɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɦɟɧɶɲɚɟɬɫɹ ɨɛɳɚɹ 
ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɤɨɬɥɚ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɭɩɪɨɳɚɸɬɫɹ ɭɡɥɵ 
ɰɟɥɶɧɨɫɜɚɪɧɨɣ ɦɟɦɛɪɚɧɧɨɣ ɤɨɪɨɛɤɢ ɷɤɪɚɧɨɜ, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ 
ɫɬɵɤɢ ɩɚɧɟɥɟɣ ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞɵ (ɧɚɩɪɢɦɟɪ, ɷɤɪɚɧɨɜ ɬɨɩɤɢ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɷɤɪɚɧɨɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ), 
ɤɨɧɫɬɪɭɤɰɢɹ ɩɟɪɟɩɭɫɤɧɨɣ ɫɢɫɬɟɦɵ ɢ ɜɫɟɣ ɫɯɟɦɵ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɦɢɪɨɜɚɹ ɬɟɧɞɟɧɰɢɹ, ɛɚɲɟɧɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɡɚɧɢɦɚɟɬ 
ɦɟɧɶɲɭɸ ɩɥɨɳɚɞɶ ɢ ɨɛɴɟɦ ɡɞɚɧɢɹ, ɢɦɟɟɬ ɥɭɱɲɭɸ ɤɨɦɩɨɧɨɜɤɭ ɝɨɪɟɥɨɤ, 
ɩɵɥɟɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɢ ɦɟɥɶɧɢɰ ɩɪɢ ɩɪɹɦɨɦ ɜɞɭɜɚɧɢɢ. 

Ʉɨɥɶɰɟɜɚɹ ɬɨɩɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ 
ɬɨɩɨɤ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɜɢɯɪɟɜɨɣ ɯɚɪɚɤɬɟɪ 
ɬɟɱɟɧɢɹ ɝɚɡɨɜ. ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɜ ɬɚɤɨɣ ɬɨɩɤɟ ɞɜɢɠɭɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɭɡɤɢɦ 
ɫɩɢɪɚɥɶɧɨ-ɜɢɯɪɟɜɵɦ ɩɨɬɨɤɨɦ ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɤɢ, ɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ 
(ɩɪɢɨɫɟɜɨɣ) ɨɛɥɚɫɬɢ ɬɨɩɤɢ ɩɨ ɜɫɟɣ ɟɟ ɜɵɫɨɬɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɚɤɬɢɜɧɨɟ 
ɞɜɢɠɟɧɢɟ ɮɚɤɟɥɚ. ɉɪɢ ɬɚɤɨɦ ɪɟɲɟɧɢɢ ɜɪɚɳɚɸɳɢɣɫɹ ɮɚɤɟɥ ɨɤɚɡɵɜɚɟɬɫɹ 
ɡɚɠɚɬɵɦ ɜ ɤɨɥɶɰɟɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɢ ɧɚɪɭɠɧɵɦɢ ɷɤɪɚɧɚɦɢ, 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɭɫɥɨɜɢɹ ɫɦɟɲɟɧɢɹ, ɜɵɝɨɪɚɧɢɹ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɚɤɨɦ ɬɨɩɨɱɧɨɦ 
ɨɛɴɟɦɟ ɫɬɚɧɨɜɹɬɫɹ ɞɪɭɝɢɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɬɨɩɤɚɦɢ. 
ɉɪɨɜɟɞёɧɧɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢ ɦɧɨɝɨɝɪɚɧɧɨɣ 
ɤɨɥɶɰɟɜɵɯ ɤɚɦɟɪ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɜɨɫɶɦɢɝɪɚɧɧɨɦ ɫɟɱɟɧɢɢ ɚɷɪɨɞɢɧɚɦɢɤɚ 
ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɢ ɛɥɢɡɤɚ ɤ ɬɟɱɟɧɢɸ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɟ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɢ ɩɨɡɜɨɥɹɟɬ: ɫɧɢɡɢɬɶ ɜɵɫɨɬɭ ɤɨɬɥɚ ɧɚ 
30÷40%; ɭɦɟɧɶɲɢɬɶ ɦɟɬɚɥɥɨёɦɤɨɫɬɶ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɨɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚ ɤɨɬɥɚ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ ɧɚ 20%; ɩɨɜɵɫɢɬɶ ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ 
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ɷɤɪɚɧɧɵɯ ɩɚɧɟɥɟɣ ɬɨɩɤɢ ɡɚ ɫɱёɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢɯ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɨɩɤɢ; ɭɦɟɧɶɲɢɬɶ ɡɚɝɪɹɡɧɟɧɢɟ ɢ ɲɥɚɤɨɜɚɧɢɟ 
ɬɨɩɤɢ ɡɚ ɫɱёɬ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɭɪɨɜɧɹ ɜ ɬɨɩɤɟ; ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵ NOx 
ɡɚ ɫɱёɬ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɜɧɭɬɪɟɧɧɟɣ 
ɪɟɰɢɪɤɭɥɹɰɢɢ. 

2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

2.1 Ɉɩɢɫɚɧɢɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɩɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ ɤ ɪɚɫɱɟɬɭ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ ɫ ɬɭɪɛɢɧɚɦɢ Ʉ-800-275 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.  

ɋɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
(ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ) ɢ ɬɪɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
ɋɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ) – ɤɚɫɤɚɞɧɵɣ ɜ 
ɞɟɚɷɪɚɬɨɪ. ɋɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɉɇȾ – 4 ɤɚɫɤɚɞɧɵɣ ɜ ɉɇȾ – 5, ɢɡ 5 ɜ 6 ɢ ɬɚɤ ɞɚɥɟɟ 
ɞɨ ɉɇȾ-8. ȼ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɹɦɨɬɨɱɧɵɣ ɤɨɬɟɥ ɫ ɞɜɭɦɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹɦɢ.  

 
Ɍɚɛɥɢɰɚ 4 – Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɬɭɪɛɢɧɵ Ʉ-800-275 

 
Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɨ ɨɬɫɟɤɚɦ: 
ɐɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 86%ЦВД

oi  ;  

ɐɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ: 88%ЦɋД
oi  . 

ɐɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 84%ЦɇД
oi  . 

ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨ ɨɬɫɟɤɚɦ: 
ɐɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 94,9%ЦВД

дɪ  ; 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 800 

Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 27,5 
Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 580 
Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ, Ɇɉɚ 0,0035 

ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 9 

Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ, Ɇɉɚ 
 

ɊɈɌ1 = 8,256 
ɊɈɌ2 = 5,54 
ɊɈɌ3 = 2,6 

ɊɈɌ4 = 1,264 
ɊɈɌ5 = 0,62 
ɊɈɌ6 = 0,332 
ɊɈɌ7 = 0,194 
ɊɈɌ8 = 0,078 
ɊɈɌ9 = 0,023 
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ɐɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ: 94,9%ЦВД
дɪ  ; 

ɐɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 97%ЦɇД
дɪ  . 

          ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ  0,99эɦ  . 
 
Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɋɇɆЗ = 1,2%  
Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ ɋɇКɈ=1,2%  
ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɍɌ = 1,1% 
 
ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ ɌɈ =0,98  

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɜɞ = 2ɨɋ  
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɧɞ = 4ɨɋ 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɢ Ɉɗ ɫɩ = 2ɨɋ  
 

 

Ɋɢɫɭɧɨɤ 1  – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ ɫ ɬɭɪɛɢɧɚɦɢ Ʉ-800-275 
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2.2 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 

ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ 0А . ɋ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐȼȾ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ, Ɇɉɚ: 

'
0 0 27,5 0,949 26,098.ɰɜд

дɪP P       (38) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ 0P  ɞɨ ɞɚɜɥɟɧɢɹ 1ɨɬP , 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɜɥɟɧɢɸ ɡɚ ɐȼȾ, ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ 0 0'А В  . ɉɪɢ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ “ȼ” ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: 

0 0 0
( ) ,ɰɜд

B A A B oii i i i      (39) 

ɝɞɟ  
0

3069,286Bi   ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ;  

0
3408,063Ai   ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ; 0.86ɰɜд

oi  - ɜɧɭɬɪɟɧɧɢɣ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɰɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

0 0 0
( ) ,ɰɜд

B A A B oii i i i      𝑖஻ = ͵ͶͲͺ,Ͳ͸͵ − ሺ͵ͶͲͺ,Ͳ͸͵ − ͵Ͳ͸ͻ,ʹͺ͸ሻ ∙ Ͳ,ͺ͸ = ͵ͳͳ͸,͹ͳͷ  

Ɍɨɱɤɭ ɋ ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ Ɋɩɩ = 9,5% 
ɢ ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐɋȾ, Ɇɉɚ: ܲ = ܲˑ ˕ଵ ∙ ∆ܲ ∙ 𝜂˙˔ˇ                 (40) ܲ = ͺ,ʹͷ͸ ∙ ሺͳ − Ͳ,Ͳͻͷሻ ∙ Ͳ,ͻͷ = ͹,Ͳͻͳ  

ЦɋД= 0,95–ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ.

0
( ) ,ɰɫд

D C C D oii i i i      𝑖஽ = ͵͸Ͳʹ,ʹ͸ͷ − ሺ͵͸Ͳʹ,ʹ͸ͷ − ͵ʹ͸Ͳ,ʹʹ͸ሻ ∙ Ͳ,ͺͺ = ͵͵Ͳͳ,ʹ͹ͳ
ɝɞɟ  iɋ = 3602,265 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɩɟɪɜɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɟɪɟɝɪɟɜɨɦ, 

iD0 = 3260,226 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɬɪɟɬɶɟɦɭ ɨɬɛɨɪɭ; 

0
ЦɋД

i = 0,88 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ 
ɞɚɜɥɟɧɢɹ. 

Ɍɨɱɤɭ E ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ Ɋɩɩ = 9,5% 
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 ܲ = ʹ,͸ ∙ ሺͳ − Ͳ,Ͳͻͷሻ = ʹ,͵ͷ͵  

0
( ) ,ɰɫд

F E E F oii i i i     𝑖ி = ͵͸Ͷʹ,ͺ͹ʹ − ሺ͵͸Ͷʹ,ͺ͹ʹ − ͵Ͳʹ͵,ͳͲͶሻ ∙ Ͳ,ͺͺ = ͵Ͳͻ͹,Ͷ͹͸
ɝɞɟ  iE = 3642,872 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɜɬɨɪɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɟɪɟɝɪɟɜɨɦ, 

iF0 = 3023,104 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɬɪɟɬɶɟɦɭ ɨɬɛɨɪɭ;  

0
ЦɋД

i = 0,88 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ 
ɞɚɜɥɟɧɢɹ. 

  
ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɬɨɱɤɚ D’, Ɇɉɚ, 

6 0,332 0,97 0,322.ɰɧд
ɨɬ дɪP P       

ɝɞɟ дɪЦɇД = 0,97 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. 

ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ G, ɤȾɠ/ɤɝ: 

0
( ) ,ɰɧд

G F F G oii i i i      

3097,476 (3097,476 2309,134) 0,84 2435,269.Gi       

ɝɞɟ   iF’ = 3097,476 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ,  

iG0 = 2309,134 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɐɇȾ ɩɪɢɞɚɜɥɟɧɢɢ 
ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ Ɋɤ = 0,0035Ɇɉɚ; 

0
ЦɇД

i = 0,84 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɰɢɥɢɧɞɪɚ 
ɧɢɡɤɨɝɨɞɚɜɥɟɧɢɹ. 

ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2– ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 

ɉɨɬɟɪɸ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɩɪɨɜɨɞɚɯ ɧɚ ɩɭɬɢ ɨɬ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɞɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɪɢɧɢɦɚɟɦ 5%. 

 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɉȼȾ-1 ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɩɚɪɨɩɪɨɜɨɞɟ, 
Ɇɉɚ, 

ʞܲВДଵ = ͺ,ʹͷ͸ ∙ Ͳ,ͻͷ = ͹,ͺͶ͵ ʛʞ˃. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, °C: ݐː = ʹͻ͵,͸ʹͺ. 
ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: ̅ݐː = ͳ͵Ͳͻ,ͷͳ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫ ɭɱɟɬɨɦ ɧɟɞɨɝɪɟɜɚ, °C: 

˅˒ݐ  = ːݐ − 𝜗ʞВД = ʹͻͲ 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ: 
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˒̅ݐ  ˅ = ˅˒ݐ ∙ ˅ܥ = ʹͻͲ ∙ Ͷ,ͳͺ͸ = ͳʹͳ͵,ͻͶ.  

ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɢɡ i-S-ɞɢɚɝɪɚɦɦɵ), ɤȾɠ/ɤɝ: 𝑖ˑ˕˄ = ͵ͳͳ͸,͹ͳͷ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɨɣ ɞɨ ɨɬɛɨɪɚ ɧɚ ɉȼȾ-7, ɤȾɠ/ɤɝ:   ℎ = 𝑖଴ ∙ 𝑖ˑ˕˄ = ͵ͶͲͺ,Ͳ͸͵ − ͵ͳͳ͸,͹ͳͷ = ʹͻͳ,͵Ͷͺ. 
 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 5 
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Ɍɚɛɥɢɰɚ 5– ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ  

ɗɥɟɦɟɧɬ ɫɯɟɦɵ 

ɉ
ȼȾ

-1
 

ɉ
ȼȾ

-2
 

ɉ
ȼȾ

-3
 

Ɍɉ
ɇ

 

Ⱦ
 

ɉ
ɇ

Ⱦ
-4

 

ɉ
ɇ

Ⱦ
-5

 

ɉ
ɇ

Ⱦ
-6

 

ɉ
ɇ

Ⱦ
-7

 

ɉ
ɇ

Ⱦ
-8

 

Ʉɨ
ɧɞ

. 

Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɟ, 
Ɇɉɚ 8,

25
6 

5,
54

 

2,
6 

1,
26

4 

1,
26

4 

0,
62

 

0,
33

2 

0,
19

4 

0,
07

8 

0,
02

3 

0,
00

35
 

ɗɧɬɚɥɶɩɢɹ ɜ 
ɨɬɛɨɪɟ, ɤȾɠ/ɤɝ 

31
16

,7
15

 

35
25

,7
 

33
01

,2
7 

33
40

,9
5 

34
43

,6
8 

32
46

,3
 

30
97

,4
76

 

29
89

,4
2 

28
24

,6
9 

26
52

,1
3 

24
35

,2
7 

Ⱦɚɜɥɟɧɢɟ ɜ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟ 7,

84
3 

5,
26

3 

2,
47

 

1,
20

1 

0,
75

 

0,
58

9 

0,
31

5 

0,
18

4 

0,
07

4 

0,
02

19
 

0,
00

35
 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɨɧɞɟɧɫɚɬɚ 

ɝɪɟɸɳɟɝɨ ɩɚɪɚ 29
3,

62
8 

26
7,

16
 

22
3,

31
5 

18
8 

16
7,

75
 

15
8,

11
 

13
5,

2 

11
7,

56
 

91
,4

 

62
,0

34
 

25
,8

 

ɗɧɬɚɥɶɩɢɹ 
ɤɨɧɞɟɧɫɚɬɚ 

ɝɪɟɸɳɟɝɨ ɩɚɪɚ, 
ɤȾɠ/ɤɝ 13

09
,5

11
 

11
70

,7
2 

95
9 

79
8,

67
 

70
9,

38
 

66
7,

36
7 

56
8,

61
 

49
3,

56
8 

38
2,

86
 

25
9,

66
3 

10
8,

2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 

ɩɢɬ.ɜɨɞɵ/ɨɫɧ.ɤɨɧɞ. 

29
0 

26
5,

16
 

22
1,

31
5 

18
6 

16
7,

75
 

15
4,

11
 

13
1,

2 

11
3,

56
 

87
,4

 

58
,0

34
 

25
,8

 

ɗɧɬɚɥɶɩɢɹ ɡɚ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 

ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ, 

ɤȾɠ/ɤɝ 

12
13

,9
4 

11
09

,9
85

 

92
6,

42
5 

77
8,

6 

70
9,

38
 

64
5,

10
9 

54
9,

19
 

47
5,

51
 

36
5,

86
 

24
2,

93
 

10
8,

2 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ, 

ɤȾɠ/ɤɝ 29
1,

35
 

36
7,

92
 

59
2,

34
 

79
1,

53
 

79
1,

53
 

98
8,

92
 

11
37

,7
4 

12
45

,8
 

14
10

,5
 

15
83

,0
8 

17
99

,9
5 
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2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ  

ɉɪɢɦɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ 1,255ɪК  . 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɨɞɧɭ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: 

( ) ,Э
Ɍ ɪ ɬɩɧ ɬɩɧ

i эɦ

W
D К y D

H 
   


 (41) 

ɝɞɟ  1799,95iH   - ɬɟɩɥɨɩɟɪɟɩɚɞ, ɫɪɚɛɚɬɵɜɚɟɦɵɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɤɝ; 

0.99эɦ  - ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɩɚɪɚ ɨɬɛɨɪɨɦ ɧɚ ɩɪɢɜɨɞ 
ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ: 

Ɍɉɇ Ɍɉɇ ɤ

0 k

i i 3443,68 2435,27ɭ 0,67
i i q 3408,063 2435,27 532,98

 
  

     

ɝɞɟ q = 532,98 ɤȾɠ/ɤɝ  – ɬɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ ɩɚɪɭ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ 

 
ɝɞɟ iɌɉɇ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ Ɍɉɇ ɢɡ ɬɚɛɥɢɰɵ 2, ɤȾɠ/ɤɝ; 

800000
1,255 0,67 24,88 584,338

1799,95 0,99ɌD
       

 

2.5 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ ɩɪɢɧɹɬ 0,5 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: ܦˠˉ = Ͳ,ͲͲͷ ∙ ˕ܦ = Ͳ,ͲͲͷ ∙ ͷͺͶ,͵͵ͺ = ʹ,ͻʹ (42) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ: ܦ˖˒ˎ = Ͳ,Ͳͳ ∙ ˕ܦ = Ͳ,Ͳͳ ∙ ͷͺͶ,͵͵ͺ = ͷ,ͺͶ͵ (43) 

ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ: ܦ˖˕ = Ͳ,Ͳͳͳ ∙ ˕ܦ = Ͳ,Ͳͳͳ ∙ ͷͺͶ,͵͵ͺ = ͸,Ͷʹͺ (44) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ: ܦ˔ː = Ͳ,ͲʹͶ ∙ ˕ܦ = Ͳ,ͲʹͶ ∙ ͷͺͶ,͵͵ͺ = ͳͶ,ͲʹͶ (45) 

Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɝ/ɫ: ܦ˒ˈ = ˕ܦ + ˉˠܦ + ˎ˒˖ܦ + ˕˖ܦ +  ː, (46)˔ܦ



25 

ˈ˒ܦ = ͷͺͶ,͵͵ͺ + ʹ,ͻʹʹ + ͷ,ͺͶ͵ + ͸,Ͷʹͺ + ͳͶ,ͲʹͶ = ͸ͳ͵,ͷͷ  

Ɍ.ɤ. ɤɨɬɟɥ ɩɪɹɦɨɬɨɱɧɵɣ, ɬɨ ɩɨɬɟɪɶ ɫ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɨɣ ɧɟɬ ɢ ɪɚɫɯɨɞ 
ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɪɚɜɟɧ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, Dɩɟ = Gɩɜ. 

 
2.6 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ, ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

2.6.1 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
 
ɉɨ ɩɪɨɟɤɬɭ ɬɟɩɥɨɜɚɹ ɫɬɚɧɰɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ Ȼɨɪɨɞɢɧɫɤɨɦ ɪɚɣɨɧɟ, ɢ ɜ 

ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɜɵɛɪɚɧ Ȼɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 
Ɍɚɛɥɢɰɚ 5 - Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ȼɚɫɫɟɣɧ, 
ɦɟɫɬɨɪɨɠɞɟ
ɧɢɟ 

Ɇɚɪɤɚ 
ɬɨɩɥɢɜ
ɚ 

ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % ȼɵɯɨɞ 
ɥɟɬɭɱɢ
ɯ, % 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ
, ɤȾɠ/ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɵ ܹ˓ ݐ ˓ܱ ˓ܰ ˓ܪ ˓ܥ ˓ܵ ˓ܣଵ ݐଶ ݐଷ 

Ȼɨɪɨɞɢɧɫɤɢ
ɣ 

2Ȼ 33 7,4 0,2 42,6 3 0,6 13,2 47 15280 1180 1210 1230 

 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ܸ˅଴, ˏଷ/ˍˆ, ɞɥɹ ɫɠɢɝɚɧɢɹ ɨɞɧɨɝɨ ɤɝ ɬɜɟɪɞɨɝɨ 

ɬɨɩɥɢɜɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܸ˅଴ = Ͳ,Ͳͺͺͻሺܥ˓ + Ͳ,͵͹ͷ ∙ ܵ˓ሻ + Ͳ,ʹ͸ͷ ∙ ˓ܪ − Ͳ,Ͳ͵͵͵ ∙ ܱ˓   (47)  

ɝɞɟ ܥ˓–ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 5); ܵ˓– ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 5); ܪ˓–ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ. 5); ܱ˓–ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ.5); ܸ˅଴ = Ͳ,ͲͺͺͻሺͶʹ,͸ + Ͳ,͵͹ͷ ∙ Ͳ,ʹሻ + Ͳ,ʹ͸ͷ ∙ ͵ − Ͳ,Ͳ͵͵͵ ∙ ͳ͵,ʹ = Ͷ,ͳͶͻ  

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ேܸమ଴ = Ͳ,͹ͻ ∙ ܸ˅଴ + Ͳ,ͺ ∙ ே˓ଵ଴଴  (48) 

  
ɝɞɟ ܸ˅଴–ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ߙ = ͳ,ɦ3/ɤɝ; ܰ˓– ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 5); 

ேܸమ଴ = Ͳ,͹ͻ ∙ Ͷ,ͳͶͻ + Ͳ,ͺ ଴,଺ଵ଴଴ = ͵,ʹͺ͵     
Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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ோܸைమ = ͳ,ͺ͸͸ ஼˓+଴,ଷ଻ହ∙ௌ˓ଵ଴଴      (49) 

   
ɝɞɟ ܥ˓–ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 5); ܵ˓– ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥɢɰɭ 5). 

ோܸைమ = ͳ,ͺ͸͸ ସଶ,଺+଴,ଷ଻ହ∙଴,ଶଵ଴଴ = Ͳ,͹ͻ͸  

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ˓ܪ + Ͳ,ͲͳʹͶ ∙ ܹ˓ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴                                      (50)
   

ɝɞɟ  ܪ˓–ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; ܹ˓–ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %; ܸ˅଴–ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚߙ = ͳ,ɦ3/ɤɝ. 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ͵ + Ͳ,ͲͳʹͶ ∙ ͵͵ +  Ͳ,Ͳͳ͸ͳ ∙ Ͷ,ͳͶͻ = Ͳ,ͺͲͻ ɦ3/ɤɝ 

ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: ܸ̂଴ = ேܸమ଴ + ோܸைమ + ுܸమை଴                                                                                 (51)
    ܸ̂଴ = Ͳ,͹ͻ͸ + ͵,ʹͺ͵ + Ͳ,ͺͲͻ = Ͷ,ͺͺɦ3/ɤɝ 

2.6.2 Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɜɵɛɢɪɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ߙ˕ = ͳ,ʹ  

ɉɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ: ∆ߙ˒ˎ = Ͳ,ͲͶ − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ; ∆ߙ˕ = Ͳ,Ͳͺ − ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ; ∆ߙ˒˒ = Ͳ,Ͳ͵ −ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ;  ∆ߙВЭК = Ͳ,Ͳʹ −ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɞɹɧɨɦ ɷɤɨɧɨɦɚɣɡɟɪɟ;  ∆ߙВʖʞ = Ͳ,Ͳ͵ −ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ.  

Ɉɛɴɟɦ ɝɚɡɨɜ, ɢɯ ɦɚɫɫɚ, ɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɨɣ ɩɵɥɢ, 
ɩɨɞɫɱɢɬɚɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɝɚɡɨɯɨɞɚ, ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 6. 
 

 



27 

Ɍɚɛɥɢɰɚ 6 ‒ Ɉɛɴёɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴёɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɟɟ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ɍɨɩɤɚ Ʉɉɉ1 
Ʉɉɉ

2 
ɉɉ2 

Ʉɉɉ
2ɉɉ1 

Ʉɉɉ
2 

Ʉɉɉ
1ɉɉ2 

Ʉɉɉ
1ɉɉ1 

ȼɗɄ 
ȼɁɉ, 
Ȼɩɜɞ, 
Ȼɩɧɞ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɚɝɪɟɜɚ Ɍ iα =α + α   

1,2 1,23 1,26 1,29 1,31 1,34 1,39 1,41 1,41 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ߙ˔˓ 
1,2 1,215 1,245 1,275 1,3 1,325 1,365 1,39 1,39 

Ɉɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ,
3ɦ / ɤɝ  

2 2

0 0
ɫɪ ȼ0,0161 ( 1)H O H OV V V     

 

0,822 0,824 0,826 0,828 0,83 0,832 0,835 0,836 0,836 

ɉɨɥɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ, ɦ3/ɤɝ, 
0 0

Ƚ Ƚ ɫɪ ȼ1,016 ( 1)V V V     
 

5,731 5,858 5,984 6,11 6,195 6,321 6,53 6,616 6,616 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɬɪёɯɚɬɨɦɧɵɯ 
ɝɚɡɨɜ 

2 2 Ƚ/RO ROr V V
 

0,139 0,136 0,133 0,13 0,129 0,126 0,122 0,12 0,12 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 

2 2 Ƚ/H O H Or V V
 

0,109 0,107 0,105 0,103 0,102 0,1 0,097 0,096 0,096 

ɋɭɦɦɚɪɧɚɹ ɨɛɴёɦɧɚɹ ɞɨɥɹ 

2 2ɩ RO H Or r r 
 

0,282 0,277 0,271 0,266 0,262 0,258 0,25 0,247 0,247 

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɪ 0

Ƚ ɫɪ ȼ1 0,01 1,306αG А V     
 

7,429 7,51 7,673 7,835 7,971 8,106 8,323 8,512 8,512 

 
2.6.3 Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
 
ɗɧɬɚɥɶɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ ɢɥɢ 

ɤȾɠ/ɦ3, ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 𝜗, ℃, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: ܪ଴̂ = ሺ ோܸைమ ∙ ܿோைమ + ுܸమை଴ ∙ ܿுమை + ேܸమ଴ ∙ ܿேమሻ ∙ 𝜗                                           (52) 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: ܪ଴˅ = ܸ˅଴ ∙ ܿ˅ ∙ 𝜗                                                                                              (53)
   
ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ ߙ > ͳ: ܪˆ = ଴̂ܪ + ሺߙ − ͳሻܪ଴˅ + (54)                                                                         ˎˊܪ
    
ȼ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥɚɯ ܿ ˅, ܿோைమ , ܿுమை, ܿேమ - ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɨɡɞɭɯɚ, ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɢ ɚɡɨɬɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, 
ɤȾɠ/(ˏଷ ∙ К), ɢ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3 [1]; ߙ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ; ܪˊˎ – ɷɧɬɚɥɶɩɢɹ ɡɨɥɵ, 
ɤȾɠ/ɤɝ. 

ɉɨɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 7. 
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Ɍɚɛɥɢɰɚ 7 - ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ˆܪ = ଴̂ܪ + ሺߙ − ͳሻܪ଴˅ +  ˛ˍ,ˍˠ˅ߙ ˎˊܪ

766,494 

1817,043 

2758,116 

3774,201 

4781,359 

5814,718 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ଵ˒˒ଵ˒˒ˍߙ

 

 

 

3789,206 

4724,541 

5745,808 

6792,144 

7860,053 

8946,848 

10050,69 

11187,10 

12306,32 

13456,39 

14614,41 

15783,11 

 

 

 

 

 

 

 

 

 ଵ˒˒ଶ˒˒ˍߙ

 

 

 

3616,72 

4582,502 

5573,53 

6589,034 

7625,637 

8680,61 

9752,28 

10854,06 

11942,27 

13058,96 

14183,28 

15370,31 

 

 

 

 

 

 

 

 

 ଶ˒˒ˍߙ

 
 

 

3549,228 

4497,279 

5470,165 

6467,169 

7484,98 

8520,867 

9573,236 

10654,23 

11723,84 

12820,5 

13924,79 

15039,38 

 
 

 
 

 
 

 
 

 ଶ˒˒ଵ˒˒ˍߙ

 

 

 

3504,23 

4440,463 

5401,254 

6385,925 

7391,22 

8414,371 

9453,87 

10521,01 

11578,22 

12661,53 

13752,37 

14853,45 

 

 

 

 

 

 

 

 

 ଶ˒˒ଶ˒˒ˍߙ

 

 

 

3436,742 

4355,24 

5297,88 

6264,059 

7250,572 

8251,682 

9274,82 

10321,18 

11359,79 

12423,07 

13493,74 

14574,55 

 

 

 

 

 

 

 

 

 ଵ˒˒ˍߙ

 

 

 

3369,25 

4270,016 

5194,52 

6142,13 

7109,92 

8094,885 

9095,774 

10121,35 

11141,37 

12184,61 

13235,11 

14295,65 

 

 

 

 

 

 

 

 

 ˕ߙ

 

 

 

 

 

 

 

6969,273 

7935,142 

8916,725 

9921,526 

10922,94 

11946,15 

12976,48 

14016,75 

15065,54 

16123,63 

17184,15 

18252,37 

19325,7 

20407,09 

21487,07 

22575,6 

 ˅଴ܪ

547,618 

1099,8 

1659,035 

2249,722 

3344,535 

4062,196 

4688,31 

5324,771 

5968,278 

6660,953 

7280,934 

7562,354 

7948,63 

8621,058 

9296,569 

9977,47 

10660,28 

11344,12 

12036,63 

12729,89 

13428,21 

14125,2 

14826,42 

 ଴̂ܪ

673,743 

1366,125 

2077,912 

2851,815 

3616,636 

4402,049 

5207,88 

6031,609 

6870,18 

7723,07 

8586,335 

9466,756 

10356,42 

11252,26 

12157,43 

13070,05 

13991,57 

14915,32 

15845,04 

16779,72 

17721,44 

18662,03 

19609,77 

߭, ℃ 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 
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2.7 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 𝜂ˍ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ +  ଺ሻ                                                       (55)ݍ

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, %, ɡɚɜɢɫɢɬ ɨɬ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭ.ɝ. ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݍଶ = ு˖˘.ˆ−𝛼˖˘.ˆ∙ு˘బ˅ொ˓˓ ∙ ሺͳͲͲ −    ସሻ                                                                   (56)ݍ

ɝɞɟ      ܪ˖˘.ˆ = ͹͸͸,Ͷͻ͸– ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɦɟɬɨɞɨɦ 
ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 𝜗˖˘.ˆ = ͳͲͲ℃, ɩɨ 
ɬɚɛɥɢɰɟ 7; ܪ˘଴˅ – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 
ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘˅ = ͳͲ˚ʠ ɩɨ ɬɚɛɥɢɰɟ 7; ߙ˖˘.ˆ = ͳ,Ͷ –ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ; ݍସ– ɩɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ [1] %; ܳ˓˓ – ɪɚɛɨɱɟɟ ɪɚɫɩɨɥɚɝɚɟɦɨɟ ɬɟɩɥɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. ܪ˘଴˅ = 54,762ɤȾɠ/ɤɝ ݍସ = ͳ,Ͷ%    

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɸ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ: ݍଶ = ସଷଷ,ସଽ଺−ଵ,ସ∙ହସ,଻଺ଶଵହଶ଼଴ ∙ ሺͳͲͲ − ͳ,Ͷሻ = ͷ,ʹͺ %  

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ. Ⱦɥɹ ɜɫɟɯ ɩɵɥɟɭɝɨɥɶɧɵɯ 
ɤɨɬɥɨɜ ɞɚɧɧɚɹ ɬɟɩɥɨɜɚɹ ɩɨɬɟɪɹ ɪɚɜɧɚ ɧɭɥɸ. ݍଷ = Ͳ  

ɉɨɬɟɪɹ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭݍହ, %, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ݍହ = Ͳ,ʹ%, ɬ.ɤ ܦːˑˏ > ʹͷͲ ˍˆ/˔;  

   
    

ɇɚɣɞёɦ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ ߮: ߮ = ͳ − ௤ఱଵ଴଴                                                                                                 (57)
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߮ = ͳ − ଴,ଶଵ଴଴ = Ͳ,ͻͻͺ  

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ ݍ଺, % : 
 ொː˓ଵ଴଴଴ ∙ ʹ,ͷ = ͵ͺ,ʹ  

Ɍ.ɤ. А˓ = ͹,Ͷ < ொː˓ଵ଴଴଴ ∙ ʹ,ͷ, ɬɨ ݍ଺ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ: ݍ଺ = Ͳ    

ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɛɪɭɬɬɨ 
ɩɨ ɮɨɪɦɭɥɟ (15): 𝜂ˍ˃˄˓ = ͳͲͲ% − ሺͷ,ʹͺ + Ͳ + ͳ,Ͷ + Ͳ,ʹ + Ͳሻ = ͻ͵,ͳʹ%  

2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɬ/ɱ: В = ஽˒ˈ∙ሺℎ˒ˈ−௧˒˅̅̅ ̅̅ ሻ+஽˒˒భ∙ሺℎ′′˒˒భ−ℎ′˒˒భሻ+஽˒˒మ∙ሺℎ′′˒˒మ−ℎ′˒˒మሻொ˓˓ ∙𝜂ˍ˃˄˓                                       (58)

    
ɝɞɟ    ܳː˓– ɪɚɛɨɱɚɹ ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 𝜂ˍ˃˄˓–ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. В = ଺ଵଷ,ହହ∙ሺଷସ଴଼,଴଺ଷ−ଵଶ଻଻,ଷହଽሻ+ହହ଴,ଷ଻ସ∙ሺଷ଺଴ଶ,ଶ଺ହ−ଷଵଵ଺,଻ሻ+ହହ଴,ଷ଻ସ∙ሺଷ଺ସଶ,଼଻−ଷଷ଴ଵ,ଷሻଵହଶ଼଴∙଴,ଽଷଵଶ =ͳͳͻ,ͷʹ ˍˆ/˔  

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ, 
ɬ/ɱ: В˓ = В ቀͳ − ௤రଵ଴଴ቁ = ͳͳͻ,ͷʹ ∙ ቀͳ − ଵ,ସଵ଴଴ቁ = ͳͳͺ,ͻʹ  ˍˆ/˔                             (59) 

ɇɚɣɞɟɧɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨɡɜɨɥɹɟɬ ɩɪɢɫɬɭɩɢɬɶ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɱɟɬɭ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɬɚɤ ɠɟ ɜɵɛɪɚɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

2.9 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 
 
Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɛɭɞɟɬ ɪɚɫɫɱɢɬɚɧ 

ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɨɣ, ɬ.ɟ. ɧɚɯɨɠɞɟɧɢɹ ɜɫɟɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ. 
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Ɋɢɫɭɧɨɤ 3 - ɗɫɤɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

 
Ɂɚɞɚɱɟɣ ɪɚɫɱɟɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɷɤɪɚɧɨɜ ɬɨɩɤɢ Qɥ, ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ. 𝜗 "̞ = ͳ͵͸͵,͹ͻ͸, ℃ 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ Qɬ, ɤȾɠ/ɤɝ, ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɬɵ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ Qɜ, ɩɨɫɬɭɩɚɸɳɟɝɨ 
ɜ ɬɨɩɤɭ: ܳ˕ = ܳː˓ ∙ ଵ଴଴−௤య−௤ర−௤లଵ଴଴−௤ర + ܳ஻                                                                         (60) 

ɝɞɟ ܳː˓  – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; ݍଷ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ, %; ݍସ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ, %; ݍ଺– ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɬɟɩɥɨɦ ɲɥɚɤɚ, %; ܳ஻ – ɬɟɩɥɨɬɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɨɩɤɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨɬɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ܳ஻ = ˅ˆߚ ∙ ˅଴ˆܪ + ሺ∆ߙ˕ + ˅଴˘ܪሻˎ˒ߙ∆                                                                (61) 

 ɝɞɟ ߚˆ˅ – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ; ܪˆ଴˅  – ɷɧɬɚɥɶɩɢɹ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ; ∆ߙ˕ = Ͳ,Ͳͷ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ; ∆ߙ˒ˎ = Ͳ,ͲͶ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɭ; ܪ˘଴˅  – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ. 

ɗɧɬɚɥɶɩɢɢ ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ ݐˆ˅ ɢ ݐˆ˅ ɩɪɢ ߚ = ͳ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ܪˆ˅ = ͳ͸ͷͻ,Ͳ͵ͷ ˍДˉ/ˍˆ ܪ˘଴˅ = ͷͶ,͹͸ʹ ɤȾɠ/ɤɝ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ: ߚˆ˅ = ˕ߙ − ˕ߙ∆ − ˎ˒ߙ∆ = ͳ,ʹ − Ͳ,Ͳͷ − Ͳ,ͲͶ = ͳ,ͳͳ   

ɝɞɟ     ߙ˕ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ. ܳ஻ = ͳ,ͳͳ ∙ ͳ͸ͷͻ,Ͳ͵ͷ + ሺͲ,Ͳͷ + Ͳ,ͲͶሻ ∙  ͷͶ,͹͸ʹ = ͳͺͶ͸,Ͷͷͺ ˍДˉ/ˍˆ ܳ˕ = ͳͷʹͺͲ ∙ ଵ଴଴−଴−ଵ,ସ−଴ଵ଴଴−ଵ,ସ + ͳͺͶ͸,Ͷͷͺ = ͳ͹ͳʹ͸,ͺͷͶ ˍДˉ/ˍˆ  

ɇɚɣɞɟɦ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɨɩɤɟ 
ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɪɚɬɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ ɜ ɬɚɛɥɢɰɟ 
7, ɩɪɢɧɢɦɚɹ ܪ˃ = ܳ˕ 

௔ܸ = ͳͻ͵͹,ͺͷ͵  

Ɉɫɧɨɜɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɫɥɭɠɢɬ 
ɤɪɢɬɟɪɢɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɤɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ): ݑܤ =  (62)                                                                                                      ˕ݏ݌݇

ɝɞɟ ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ·Ɇɉɚ); ݌ = Ͳ,ͳ – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ; ݏ˕ = ͳͷ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɦ, 
ɡɚɞɚɟɬɫɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɬɨɱɧɟɧɢɟɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ·Ɇɉɚ), ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݇ = ݎ˒ˆ݇ + ˎˊߤˎˊ݇ + ݇ˍ                                                                               (63)

   
ɝɞɟ  ݇ˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜɫɝɨɪɚɧɢɹ, 
1/(ɦ·Ɇɉɚ); 
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ݎ˒  – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ (ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥ.6 ɞɥɹ ɬα ); ݇ˊˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 
ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ, 1/(ɦ·Ɇɉɚ); ߤˊˎ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ; ݇ˍ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɱɚɫɬɢɰɚɦɢ ɝɨɪɹɳɟɝɨ ɤɨɤɫɚ, 
ɩɪɢɧɢɦɚɟɦ ݇ˍ = Ͳ,ͷ 1/(ɦ·Ɇɉɚ). 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ, 1/(ɦ·Ɇɉɚ), ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ: ݇ˆ = ቀ଻,଼+ଵ଺∙௥ಹమೀ√௥˒ ∙௦˕ − ͳቁ ቀͳ − Ͳ,͵͹ ∙ ்̞′′ଵ଴଴଴ቁ   

ɝɞɟ    ݎுమை – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ; ˒ݎ  – ɫɭɦɦɚɪɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ; ݏ˕ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɬɨɩɤɢ, ɦ; ʡ′̞′ = 𝜗 ′̞′ + ʹ͹͵ = ͳ͵͸͵,͹ͻ͸ + ʹ͹͵ = ͳ͸͵͸,͹ͻ͸ К – ɚɛɫɨɥɸɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ. ݇ˆ = ቀ଻,଼+ଵ଺∙଴,ଵ଴ଽ√଴,ଶ଼ଶ∙ଵହ − ͳቁ ቀͳ − Ͳ,͵͹ ∙ ଵ଺ଷ଺,଻ଽ଺ଵ଴଴଴ ቁ = ͳ,͵Ͷͳ ଵˏ∙ʛʞ˃  

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ ɱɚɫɬɢɰɚɦɢ 
ɥɟɬɭɱɟɣ ɡɨɥɵ: ݇ˊˎ = ସଷఘˆሺ்̞′′ௗˊˎሻబ,లళ                                                                                              (64) 

ɝɞɟ     𝜌ˆ = ͳ͵ͲͲ ˆ/ˏଷ– ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ; ̞ܶ′′ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, Ʉ; ݀ˊˎ = ͳ͸ ˏˍˏ – ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɞɥɹ ɦɨɥɨɬɤɨɜɵɯ 
ɦɟɥɶɧɢɰ. ݇ˊˎ = ସଷ∙ଵଷ଴଴ሺଵ଺ଷ଺,଻ଽ଺∙ଵ଺ሻబ,లళ = ͷͺ,Ͳ͹ͻ ଵˏ∙ʛʞ˃  

Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ,1/(ɦ·Ɇɉɚ), ɬɨɩɨɱɧɨɣ ɫɪɟɞɨɣ ɩɨ 
ɭɪɚɜɧɟɧɢɸ (63): ݇ = ͳ,͵Ͷͳ ∙ Ͳ,ʹͺʹ + ͷͺ,Ͳ͹ͻ ∙ Ͳ,ͲͲͻ + Ͳ,ͷ = ͳ,͵ͷͷ 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ ɩɨ (62): ݑܤ = ͳ,͵ͷͷ ∙ Ͳ,ͳ ∙ ͳͷ = ʹ,Ͳ͵͵  

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ: ܽ˕ = ͳ − ˈ−஻௨ = Ͳ,ͺ͹  
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ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ Bu ɨɩɪɟɞɟɥɹɟɦ ɷɮɮɟɤɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ 
Ȼɭɝɟɪɚ :Bu ݑ̃ܤ  = ͳ,͸ ln ቀଵ,ସ∙஻௨మ+஻௨+ଶଵ,ସ∙஻௨మ−஻௨+ଶቁ                                                                            (65) ݑ̃ܤ = ͳ,͸ ln ቀଵ,ସ∙ଶ,଴ଷଷమ+ଶ,଴ଷଷ+ଶଵ,ସ∙ଶ,଴ଷଷమ−ଶ,଴ଷଷ+ଶቁ = Ͳ,ͺͷͷ  

ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɹɞɪɚ ɮɚɤɟɥɚ ɜ ɬɨɩɤɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɟɟ ɜɟɪɯɧɟɣ ɱɚɫɬɢ. Ⱦɥɹ ɭɱɟɬɚ ɩɨɥɨɠɟɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɮɚɤɟɥɚ ɜ 
ɤɚɦɟɪɧɨɣ ɬɨɩɤɟ ɜɜɨɞɢɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ Ɇ, ɤɨɬɨɪɵɣ ɞɥɹ 
ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܯ = Ͳ,ͷͻ − Ͳ,ͷܺ˕(66) 

ɝɞɟ  ܺ˕ = Ͳ,Ͷ – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ ɩɨɥɨɠɟɧɢɹ 
ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɩɤɟ.  ܯ = Ͳ,ͷͻ − Ͳ,ͷ ∙ Ͳ,Ͷ = Ͳ,͵ͻ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɚ: ߰ = ݔ ∙ 𝜉                                                                                                         (67) 

ɝɞɟ 𝜉 – ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ; ݔ – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ. ݔ = Ͳ,ͻ͸ʹ  

ɍɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ 𝜉 ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɧɚɫɬɟɧɧɵɯ 
ɝɥɚɞɤɨɬɪɭɛɧɵɯ ɷɤɪɚɧɨɜ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɛɭɪɨɦ ɭɝɥɟ: 𝜉 = Ͳ,ͷ  ߰ = Ͳ,ͻ͸ʹ ∙ Ͳ,ͷ = Ͳ,Ͷͺͳ  

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ˏଶ, ɢɫɩɨɥɶɡɭɹ 
ɮɨɪɦɭɥɭ: 

ܨ̝  ˕ = ஻˓∙ொˎ ∙ √ భಾమ∙ቀ 𝑉𝑎+మళయV′′˕+మళయ−ଵቁమయହ,଺଻∙ଵ଴−భభ∙ெ∙ట∙஻௨̃బ,ఱ∙ሺV′′˕+ଶ଻ଷሻ∙ሺ௏𝑎+ଶ଻ଷሻయ                                                    (68) 

 
ɝɞɟ   ܳˎ  - ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤȾɠ/ɤɝ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 
ɩɨɜɟɪɯɧɨɫɬɹɦ ɧɚɝɪɟɜɚ ɬɨɩɤɢ: ܳ˕ˎ = ߮ ∙ (ܳ˕ −  (69)                                                                                        (̞"ܪ
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ɝɞɟ ܳ˕– ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ; ܪ"̞ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɤȾɠ/ɤɝ. ܳ˕ˎ = Ͳ,ͻͻͺ ∙  ሺͳ͹ͳʹ͸,ͺͷͶ − ͳͳͺ͹Ͳ,ͻͷሻ = ͷʹͶ͹,͵ͻ   

ܨ̝  ˕ = ଵଵ଼,ଽଶ∙ହଶସ଻,ଷଽ∙ √ భబ,యవమ∙ቀభవయళ,ఴఱయ+మళయభయలయ,ళవల+మళయ−ଵቁమయହ,଺଻∙ଵ଴−భభ∙଴,ଷଽ∙଴,ସ଼ଵ∙஻௨̃బ,ఱ∙ሺଵଷ଺ଷ,଻ଽ଺+ଶ଻ଷሻ∙ሺଵଽଷ଻,଼ହଷ+ଶ଻ଷሻయ = Ͷ͸͹ͻ,ͳͶ͸  

 
ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ (ɜɨɫɩɪɢɧɹɬɵɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ), ɤȼɬ/ɦ2: ݍˎ = ஻˓∙ொ˕ˎி̝ ˕                                                                                                         (70) 

ɝɞɟ     ܤ˓ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ܳ˕ˎ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɹɦ 
ɧɚɝɪɟɜɚ ɬɨɩɤɢ, ɤȾɠ/ɤɝ; ̝ܨ ˕– ɩɨɥɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɤɢ, ɦ2. ݍˎ = ͳͳͺ,ͻʹ ∙ ͷʹͶ͹,͵ͻͶ͸͹ͻ,ͳͶ͸ = ͳ͵͵,͵͸ͳ  

Ⱦɚɥɟɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɥɨɳɚɞɢ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɢɯ ɜɵɫɨɬɵ 
 

Ɍɚɛɥɢɰɚ 8 - Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɉɥɨɳɚɞɶ, ˏଶ ȼɵɫɨɬɚ, ɦ 
Ɍɨɩɤɚ              4679,146 37,652 
ɒɉɉ     2060,91  7,678 
Ʉɉɉ-1 6077,9 1,707 
Ʉɉɉ-2 ɉɉ2 5583,974 1,507 
Ʉɉɉ-2 ɉɉ1 12733,202 3,379 
Ʉɉɉ-2 15478,47 3,92 
Ʉɉɉ-1 ɉɉ2 7412,79 2,389 
Ʉɉɉ-1 ɉɉ1 19441,946 5,6 
ȼɗɄ    38977,267 4,91 
ȼɁɉ 108090,176 10,45 
Ɍɭɗ (Ȼɩɜɞ) 25642,08 13,8 
Ɍɭɗ (Ȼɩɧɞ) 20319,809 10,96 

 
2.10 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1: 
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 
 
 

1 1 1 1 1

1 1 1 1 1

1 1 1 1 2

( ' )

( ' )

( )

ɨɬ ɨɬ ɩɜ ɩɜɩɜд ɫɩ

ɨɬ ɧɩɜд ɩɜ ɫɩ ɨд

ɧɩɜд д ɩɜ ɨд ɩɜɩɜд

D i i G t t

D i t G t t

D t t G t t







    

    

    

 

1ɫɩt  ˋ 1ɨдt  - ˋ˔ˍˑˏ˞ˈ ˠː˕˃ˎ˟˒ˋˋ, ˍДˉ/ˍˆ 

1D  - ˋ˔ˍˑˏ˞ˌ ˓˃˔˘ˑˇ ˒˃˓˃ ˅ ˑ˕˄ˑ˓, ˍˆ/˔ 

1ɩɜɩɜдt  - ˠː˕˃ˎ˟˒ˋˢ ˒ˋ˕˃˕ˈˎ˟ːˑˌ ˅ˑˇ˞ ˊ˃ ˒ˑˇˑˆ˓ˈ˅˃˕ˈˎˈˏ, ˍДˉ/ˍˆ 

1ɧɩɜдt  - ˠː˕˃ˎ˟˒ˋˢ ˍˑːˇˈː˔˃˕˃ ˆ˓ˈˡ˜ˈˆˑ ˒˃˓˃, ˍДˉ/ˍˆ 

1 1 1( , )д ɩɜд дt f P t =1200,47 ˍДˉ/ˍˆ, 
1дt =273,16 - ˕ˈˏ˒ˈ˓˃˕˖˓˃ ˇ˓ˈː˃ˉ˃ ˆ˓ˈˡ˜ˈˆˑ ˒˃˓˃ ˒ˑ˔ˎˈ ʝД, ˒˓ˋːˋˏ˃ˈ˕˔ˢ ː ˃ ͺ ˆ˓˃ˇ˖˔ˑ˅ ˄ˑˎ˟˛ˈ ˕ˈˏ˒ˈ˓˃˕˖˓˞ ˒ˋ˕˃˕ˈˎ˟ːˑˌ ˅ˑˇ˞ ˊ˃ ʞВД-ʹ ሺ˕˃˄ˎˋ˙˃ ʹሻ; 

  

1'ɨɬi - f (P˒˅ˇͳ; t'ˑ˕ͳሻ=ʹͺʹʹ,ͺͺ͹ ˍДˉ/ˍˆ 

ɝɞɟ t'ɨɬ1=305,63 - ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɫɥɟ Ɉɉ, ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 12 
ɝɪɚɞɭɫɨɜ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɬɚɛɥɢɰɚ 2) 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɫɨɫɬɚɜɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɛɚɥɚɧɫɨɜ ɞɥɹ ɉȼȾ-2 ɢ 

ɉȼȾ-3: 

 
 

 

2 2 2 2 2

2 2 2 1 1 2 2 2

1 2 2 2 2 3

( ' )

( ( ' ) ( ))

( ) ( )

ɨɬ ɨɬ ɩɜ ɩɜɩɜд ɫɩ

ɨɬ ɧɩɜд д ɧɩɜд ɩɜ ɫɩ ɨд

ɧɩɜд д ɩɜ ɨд ɩɜɩɜд

D i i G t t

D i t D t t G t t

D D t t G t t







    

       

     

 

2ɫɩt  ˋ 2ɨдt  - ˋ˔ˍˑˏ˞ˈ ˠː˕˃ˎ˟˒ˋˋ, ˍДˉ/ˍˆ 

2D  - ˋ˔ˍˑˏ˞ˌ ˓˃˔˘ˑˇ ˒˃˓˃ ˅ ˑ˕˄ˑ˓, ˍˆ/˔ 

2 2 2( , )д ɩɜд дt f P t =ͻͺ͹,Ͷͷ ˍДˉ/ˍˆ 

1дt =229,315 - ˕ˈˏ˒ˈ˓˃˕˖˓˃ ˇ˓ˈː˃ˉ˃ ˆ˓ˈˡ˜ˈˆˑ ˒˃˓˃ ˒ˑ˔ˎˈ ʝД, ˒˓ˋːˋˏ˃ˈ˕˔ˢ ː ˃ ͺ ˆ˓˃ˇ˖˔ˑ˅ ˄ˑˎ˟˛ˈ ˕ˈˏ˒ˈ˓˃˕˖˓˞ ˒ˋ˕˃˕ˈˎ˟ːˑˌ ˅ˑˇ˞ ˊ˃ ʞВД-͵ ሺ˕˃˄ˎˋ˙˃ ʹሻ; 
  

2'ɨɬi - f (P˒˅ˇʹ; t'ˑ˕ʹሻ=ʹͺͶͳ,ͻ ˍДˉ/ˍˆ 

ɝɞɟ t'ɨɬ2=279,16 - ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɫɥɟ Ɉɉ, ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 12 
ɝɪɚɞɭɫɨɜ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɬɚɛɥɢɰɚ 2) 

 
 

 

3 3 3 3 3

3 3 3 1 2 2 3 3 3

1 2 3 3 3 3

( ' )

( ( ' ) ( ) ( ))

( ) ( )

ɨɬ ɨɬ ɩɜ ɩɜɩɜд ɫɩ

ɨɬ ɧɩɜд д ɧɩɜд ɩɜ ɫɩ ɨд

ɧɩɜд д ɩɜ ɨд ɬɩɧ

D i i G t t

D i t D D t t G t t

D D D t t G t t







    

        

      

 

3ɫɩt  ˋ 3ɨдt  - ˋ˔ˍˑˏ˞ˈ ˠː˕˃ˎ˟˒ˋˋ, ˍДˉ/ˍˆ 
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3D  - ˋ˔ˍˑˏ˞ˌ ˓˃˔˘ˑˇ ˒˃˓˃ ˅ ˑ˕˄ˑ˓, ˍˆ/˔ 

3 3 3( , )д ɩɜд дt f P t =772,65 ˍДˉ/ˍˆ 

3дt =181,98 - ˕ˈˏ˒ˈ˓˃˕˖˓˃ ˇ˓ˈː˃ˉ˃ ˆ˓ˈˡ˜ˈˆˑ ˒˃˓˃ ˒ˑ˔ˎˈ ʝД, ˒˓ˋːˋˏ˃ˈ˕˔ˢ ː˃ ͺ ˆ˓˃ˇ˖˔ˑ˅ ˄ˑˎ˟˛ˈ ˕ˈˏ˒ˈ˓˃˕˖˓˞ ˒ˋ˕˃˕ˈˎ˟ːˑˌ ˅ˑˇ˞ ˊ˃ ʡʞʜ ሺ˕˃˄ˎˋ˙˃ ʹሻ;  

3'ɨɬi - f (P˒˅ˇ3; t'ˑ˕3)=2ͺ͵ͻ,ͻͺ ˍДˉ/ˍˆ 

ɝɞɟ t'ɨɬ3=235,315 - ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɫɥɟ Ɉɉ, ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 12 
ɝɪɚɞɭɫɨɜ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 

( ) 1000
756,19ɩɜ ɩɜ Д

ɬɩɧ

V P P
t

n

  
   ɤȾɠ/ɤɝ, 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧ ɜ ɭɪɚɜɧɟɧɢɹ ɢ ɪɟɲɚɟɦ ɞɚɧɧɵɟ 
ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ PTC Mathcad. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɭɱɚɟɦ ɢɫɤɨɦɵɟ ɜɟɥɢɱɢɧɵ ɪɚɫɯɨɞɨɜ ɩɚɪɚ, ɤɝ/ɫ ɢ ɷɧɬɚɥɶɩɢɣ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 
ɤȾɠ/ɤɝ: 

 

1 33,96D   

2 42,428D   

3 35,658D   

1

2

3

1198

1063,646

900,152

ɫɩ

ɫɩ

ɫɩ

t

t

t







 

1

2

3

1115,9

948,78

789,54

ɨд

ɨд

ɨд

t

t

t





  
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɬɭɪɛɨɩɪɢɜɨɞ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ: 
 

Ɋɚɫɯɨɞ ɩɚɪɚ D˕˒ɧɚ ɩɪɢɜɨɞɧɭɸ ɬɭɪɛɢɧɭ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ: 

˒˕ܦ  = ீ˒˅∙௏̝ ˓∙ሺ௉˄ː−௉˅ ሻு𝑖 ˒∙𝜂ː∙𝜂ˏ̞˒                                                                              (71)  

 
ɝɞɟ    ܸ̝˓ = Ͳ,ͲͲͳͳͳ ˏଷ/ˍˆ - ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 

 P˄ ː = ͵ͷ,͹ͷ ʛʞ˃ - ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ,  
  ܲ˅ = ܲ̌ = Ͳ,͹ͷ ʛʞ˃ - ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɩɟɪɟɞ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ,  
 𝜂ˏ̞˒ = Ͳ,ͻͺ – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɩɪɢɜɨɞɧɨɣ ɬɭɪɛɢɧɵ, 
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 𝜂ː = Ͳ,ͺ͵ - ɄɉȾ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, 
𝑖ܪ  ˒ = ݂ሺܲˑ ˕ସ; 𝑖ˑ˕ସ; ̱ܲ ˕ሻ - ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɚɪɚ ɜ ɬɭɪɛɨɩɪɢɜɨɞɟ, ɤȾɠ/ɤɝ, ɝɞɟ  
 ̱ܲ ˕ = Ͳ,ͲͲ͵ͷ ʛʞ˃ – ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɪɢɜɨɞɧɨɣ ɬɭɪɛɢɧɵ. 
𝑖ܪ             ˒ = ݂ (ͳ,ʹ͸Ͷ ʛʞ˃;  ͵ͶͶ͵,͸ͺ ˍДˉˍˆ ; Ͳ,ͲͲ͵ͷ ʛʞ˃) = ͳͳ͹͹,ͻͶ 

˒˕ܦ            = ͸ͳ͵,ͷͷ ∙ Ͳ,ͲͲͳͳ ∙ ሺ͵ͷ,͹ͷ − Ͳ,͹ͷሻͳͳ͹͹,ͻͶ ∙ Ͳ,ͻͺ ∙ Ͳ,ͺ͵ = ʹͶ,ͺͺ  
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɞɟɚɷɪɚɬɨɪ: 

ɍɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ: 

1 2 3( ) ,ɩɜ ɨк Д ɯɨɜG D D D G D D        

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: 

1 2 3 3 4( ) ,ɩɜ ɩɜД д Д ɨɬД ɨк ɩɜɩɧд ɯɨɜ ɯɨɜG t D D D t D i G t D t             

ɂɫɤɨɦɵɟ ɜɟɥɢɱɢɧɵ: 
ɨкG – ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɉɇȾ-4, ɤɝ/ɫ; 
ДD – ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ; 

468,27

12,78
ɨк

Д

G

D




 

Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 
 
ɉɇȾ-4: 

 5 5 4 4 5( )ɨɬ ɧɩɧд ɨк ɩɜɩɧд ɩɜɩɧдD i t G t t    
 

5 17,772D  ɤɝ/ɫ
 

 
 ɉɇȾ-5: 

 5 4 5 6 6 5 5 6( ( ) ( ))ɧɩɧд ɧɩɧд ɨɬ ɧɩɧд ɨк ɩɜɩɧд ɩɜɩɧдD t t D i t G t t      
 

6 13,228D  ɤɝ/ɫ 
 
 ɉɇȾ-6: 

 5 6 5 6 7 7 6 6 7(( ) ( ) ( ))ɧɩɧд ɧɩɧд ɨɬ ɧɩɧд ɨк ɩɜɩɧд ɩɜɩɧдD D t t D i t G t t       
 

7 20,06D  ɤɝ/ɫ 
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           ɉɇȾ-7: 
 5 6 7 6 7 8 8 7 7 8(( ) ( ) ( ))ɧɩɧд ɧɩɧд ɨɬ ɧɩɧд ɨк ɩɜɩɧд ɩɜɩɧдD D D t t D i t G t t        

 
8 21,741D  ɤɝ/ɫ 

 
ɉɇȾ-8: 

 '
5 6 7 8 7 8 9 9 8 8 8(( ) ( ) ( ))ɧɩɧд ɧɩɧд ɨɬ ɧɩɧд ɨк ɩɜɩɧд ɩɜɩɧдD D D D t t D i t G t t         

 ' '
8 ( 3) 4,186 120,578ɩɜɩɧд ɩɜКt t     ɤȾɠ/ɤɝ 

9 19,296D   ɤɝ/ɫ 
 
Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɪɚɜɟɧ, ɤɝ/ɫ, 
ˍܦ            = ˍˑܩ − ሺܦଽ + ଼ܦ + ଻ܦ + ଺ܦ + ହܦ + ˉˠܦ + ˎ˒˖ܦ + ːሻ˒˕ܦ = ͵Ͷʹ,ͷ͵ʹ 
 
ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ:  D˕ = ˍܦ + ଽܦ + ଼ܦ + ଻ܦ + ଺ܦ + ହܦ + ଷܦ+ː˒˕ܦ + ଶܦ + ଵܦ + ˇܦ =͵Ͷʹ,ͷ͵ʹ + ͳͻ,ʹͻ͸ + ʹͳ,͹Ͷͳ + ʹͲ,Ͳ͸ + ͳ͵,ʹʹͺ + ͳ͹,͹͹ʹ + ʹͶ,ͺͺ +͵ͷ,͸ͷͺ + Ͷʹ,Ͷʹͺ + ͵͵,ͻ͸Ͷ + ͳʹ,͹ͺ = ͷͺͶ,͵͵ͺ ˍˆ/ܿ   

ɑɬɨ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɧɟɟ ɧɚɣɞɟɧɧɵɦ ɪɚɫɯɨɞɨɦ. 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɦɨɳɧɨɫɬɢ: 

8

1

ɨɬɛ ɨɬɛ
э i i i к эɦ

i

W D h H D 


 
      


                                                                         (72)
 ͺͲͲͲͲͲ = ሺ͵͵,ͻ͸Ͷ ⋅ ʹͻͳ,͵ͷ + Ͷʹ,Ͷʹͺ ⋅ ͵͸͹,ͻʹ + ͵ͷ,͸ͷͺ ⋅ ͷͻʹ,͵Ͷ +ሺͳʹ,͹ͺ + ʹͶ,ͺͺሻ ⋅  ͹ͻͳ,ͷ͵ + ͳ͹,͹͹ʹ ⋅ ͻͺͺ,ͻͳ͸ + ͳ͵,ʹʹͺ ⋅ ͳͳ͵͹,͹͵ͺ +ʹͲ,Ͳ͸ ⋅ ͳʹͶͷ,͹ͻ + ʹͳ,͹Ͷ ⋅ ͳͶͳͲ,ͷ + ͳͻ,ʹͻ͸ ⋅ ͳͷͺ͵,Ͳͺʹ + ͵Ͷʹ,ͷ͵ ⋅ͳ͹ͻͻ,ͻͷሻ ⋅ Ͳ,ͻͺ = ͺͲ͵,͸ͺͷ ʛВ˕  

ɇɟɫɨɨɬɜɟɬɫɬɜɢɟ ɡɚɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ΔWɷ: Δܹɣ = Ͳ,Ͷ͸% - ɞɚɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɞɨɩɭɫɬɢɦɚ 

2.11 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɜ ɛɚɣɩɚɫ 

 
Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: ܳ˕˖ = ˕ܦ ∙ ሺ𝑖଴ − ˒̅ݐ ˅ሻ + ଵ˒˒ܦ ∙ ሺ𝑖′˒˒ଵ′ − 𝑖˒˒ଵ′ ሻ + ଶ˒˒ܦ ∙ ሺ𝑖˒˒ଶ′′ − 𝑖˒˒ଶ′ ሻ + ˅ˑ˘ܩ ∙ሺ̆̅ݐ ˑ˅ − ˒̅ݐ ˅ሻ                                                                                                                (73) 
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ܳ˕˖ = ͷͺͶ,͵͵ͺ ∙ ሺ͵ͶͲͺ,Ͳ͸͵ − ͳʹͳ͵,ͻͶሻ + ͷͷͲ,͵͹Ͷ ∙ ሺ͵͸Ͳʹ,ʹ͸ͷ −͵ͳͳ͸,͹ͳͷሻ + ͷͲͷ,͹ʹ ∙ ሺ͵͸Ͷʹ,ͺ͹ʹ − ͵͵Ͳͳ,ʹ͹ͳሻ + ʹͲ,Ͷͷʹ ∙ ሺͳʹͳ͵,ͻͶ −ͳʹͷ,ͷͺሻ = ͳ͹ͶͶ͵ͷ͹,Ͷʹ  

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, ɤȼɬ: ܳ˕˖ = ˈ˒ܦ ∙ ሺ𝑖଴ − ˒̅ݐ ˅ሻ + ଵ˒˒ܦ ∙ ሺ𝑖′˒˒ଵ′ − 𝑖˒˒ଵ′ ሻ + ଶ˒˒ܦ ∙ ሺ𝑖˒˒ଶ′′ − 𝑖˒˒ଶ′ ሻ            (74) ܳ˕˖ = ͸ͳ͵,ͷͷ ∙ ሺ͵ͶͲͺ,Ͳ͸͵ − ͳʹͳ͵,ͻͶሻ + ͷͷͲ,͵͹Ͷ ∙ ሺ͵͸Ͳʹ,ʹ͸ͷ −͵ͳͳ͸,͹ͳͷሻ + ͷͲͷ,͹ʹ ∙ ሺ͵͸Ͷʹ,ͺ͹ʹ − ͵͵Ͳͳ,ʹ͹ͳሻ = ͳ͹ͺ͸ʹͲͶ,ͳͻ  

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ: ܤ = ொ˒ˈொː˓ ∙𝜂˒ˆ                                                                                                        (75) 

ɝɞɟ    ܳː˓ = ʹͻ͵ͳͲ - ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; ܤ = ଵ଻଼଺ଶ଴ସ,ଵଽଶଽଷଵ଴∙଴,ଽଷଵଶ = ͸͸,ʹͶ  

ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ 9 %, [8] ɨɬɩɭɳɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ: ܹˑ ˕˒ = ܹɣ − Ͳ,Ͳͻ ∙ ܹɣ                                                                                    (76) 

 ܹˑ ˕˒ = ͺͲͲͲͲͲ − Ͳ,Ͳͻ ∙ ͺͲͲͲͲͲ = ͹ʹͺͲͲͲ  
 
Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɱɟɧɧɚɹ ɬɨɥɶɤɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ: 
 ܹɣ ˠ̝ː = ݁ˠˠ̝ː ∙ ܹɣ                                                                                                (77) 
 

ɝɞɟ ݁ˠˠ̝ː = Ͳ,Ͳͷ – ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [8] ܹɣ ˠ̝ː = Ͳ,Ͳͷ ∙ ͹ʹͺͲͲͲ = ͵͸ͶͲͲ  

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ: 
ˠܤ  = ܤ ∙ 𝐾ˠ ௐˑ ˕˒ௐɣ −ௐɣ ˠ̝ː ˠܤ (78)                                                                                           = ͸͸,ʹͶ ∙ ͳ ∙ ଻ଶ଼଴଴଴଼଴଴଴଴଴−ଷ଺ସ଴଴ = ͸͵,Ͷͷ  

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɤɝ/(ɤȼɬ·ɱ): ܾˠ = ஻ˠௐˑ ˕˒ ∙ ͵͸ͲͲ                                                                                              (79) 
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ܾˠ = ଺ଷ,ସହ଻ଶ଼଴଴଴ ∙ ͵͸ͲͲ = Ͳ,͵ͳʹ  

ɋɪɚɜɧɢɦ ɩɨɤɚɡɚɬɟɥɢ ɪɚɫɯɨɞɨɜ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɨɬɛɨɪɵ, ɦɨɳɧɨɫɬɢ 
ɬɭɪɛɢɧɵ ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷ/ɷ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɚɫɯɨɞɚɯ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ/ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɜ ɛɚɣɩɚɫ 

Ɍɚɛɥɢɰɚ 9 - Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɛɚɣɩɚɫ 

ȼɟɥɢɱɢɧɚ 

Ɋɚɫɯɨɞ ɩɢɬ. ɜɨɞɵ/ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɜ ɛɚɣɩɚɫ 

60% 50% 40% 
Ȼɟɡ 

ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ܦଶ, ɤɝ/ɫ 15,26 19,789 24,317 42,428 ܦଷ, ɤɝ/ɫ 12,67 16,507 20,338 35,658 ܦହ, ɤɝ/ɫ 7,835 9,643 11,39 17,772 ܦ଺, ɤɝ/ɫ 5,832 7,177 8,478 13,228 ܦ଻, ɤɝ/ɫ 8,84 10,884 12,856 20,06 ଼ܦ, ɤɝ/ɫ 9,585 11,796 13,933 21,741 ܦଽ, ɤɝ/ɫ 8,507 10,47 12,366 19,296 ܹɣ , Ɇȼɬ 893 878 862 800 ܾˠ, ɤɝ/(ɤȼɬ·ɱ) 0,281 0,292 0,299 0,312 

ɂɡ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɛɥɨɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 
ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, 
ɹɜɥɹɸɳɟɣɫɹ ɨɫɧɨɜɧɨɣ ɩɨɬɟɪɟɣ ɜ ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ, ɩɪɢ ɷɬɨɦ ɫɧɢɡɢɜ ɭɞɟɥɶɧɵɣ 
ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ 
ɩɪɢɦɟɧɟɧɚ ɫɯɟɦɚ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ 60/40. 

2.12 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉɌɍ 
 
2.12.1  ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
Ⱦɥɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɜɵɛɢɪɚɸɬ 

ɩɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɛɥɨɤ ɫ ɡɚɩɚɫɨɦ 6–8%, ɬ/ɱ: ܩ˒˅ + ͹% ∙ ˅˒ܩ = ʹʹͲͺ,͹ͻͺ + ͹% ∙ ʹʹͲͺ,͹ͻͺ = ʹ͵͸͵,ͶͳͶ ˕/˚        (80) 

ȼɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɬɭɪɛɨɧɚɫɨɫ ɉɇ-1500-330 ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ 
ɧɚɫɨɫɨɜ ɧɚ ɨɞɢɧ ɛɥɨɤ, ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɩɨɞɚɱɚ - 1500 ˏ ଷ/˚ 
 ɧɚɩɨɪ - 3300 ɇ 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 4700 ɨɛ/ɦɢɧ 
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2.12.2  ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɤɨɥɢɱɟɫɬɜɟ 2-3 ɧɚ ɬɭɪɛɢɧɭ, ɩɪɢ 

ɞɜɭɯ – ɤɚɠɞɵɣ ɧɚ 100 %-ɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɚ ɩɪɢ ɬɪɟɯ – ɧɚ 50 %-ɧɭɸ. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɨɦ ɉɌɋ ɩɨ ɪɚɫɯɨɞɚɦ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɫɚɫ ɧɚɫɨɫɨɜ 
ɩɪɨɢɡɜɟɞѐɦ ɢɯ ɜɵɛɨɪ. 

ˍˑܩ  = ͳͺͷͺ,Ͳ͹ͻ ˕/˚             (81) 
 
ȼɵɛɢɪɚɟɦ ɤɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ Ʉɋȼ 1000—95 ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 ɩɨɞɚɱɚ: 1000 ɦ3/ɱ; 
 ɩɨɥɧɵɣ ɧɚɩɨɪ: 95 ɦ.ɜɨɞ.ɫɬ.; 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ: 970 ɨɛ/ɦɢɧ; 
 ɦɨɳɧɨɫɬɶ - 400 ɤȼɬ; 

 
2.12.3  ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 
 
ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɛɥɨɱɧɨɝɨ ɬɢɩɚ ɩɪɢɧɹɬɚ ɛɥɨɱɧɚɹ ɫɯɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ɍɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɚ ɩɨ 50%ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɡ 
ɪɟɡɟɪɜɚ. Ʉɚɠɞɵɣ ɧɚɫɨɫ ɪɚɛɨɬɚɟɬ ɧɚ ɫɜɨɸ ɫɢɫɬɟɦɭ, ɜɤɥɸɱɚɸɳɭɸ ɧɚɩɨɪɧɵɣ 
ɜɨɞɨɜɨɞ, ɩɨɥɨɜɢɧɭ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɫɥɢɜɧɨɣ ɜɨɞɨɜɨɞ. 

Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɬ/ɱ: 
.˅.ˑܩ  = ݉ ∙  (82)                ˍܦ
 

ɝɞɟ m - ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɤɝ/ɤɝ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 70 [8]; ܦ˒ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɬ/ɱ; 
.˅.ˑܩ  = ͹Ͳ ∙ ͶͶͳ,ͺͺ͸ = ͵Ͳͻ͵ʹ,Ͳʹ  
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɬ/ɱ: 
˓.˅.ˑܩ  = ͳ,ͳ ∙  ˑ.˅.                (83)ܩ
˓.˅.ˑܩ  = ͳ,ͳ ∙ ͵Ͳͻ͵ʹ,Ͳʹ = ͵ͶͲʹͷ,ʹʹ  
 
ȼɵɛɢɪɚɟɦ ɞɜɚ ɧɚɫɨɫɚ ɬɢɩɚ Ɉɉȼ5-110 ɍ3 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɨɞɚɱɚ - 19200 ɦ3/ɱ; 
 ɉɨɥɧɵɣ ɧɚɩɨɪ - 10,5 ɦɦ.ɜɨɞ.ɫɬ.; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 485 ɨɛ/ɦɢɧ; 
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2.12.4  Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
 
Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɛɢɪɚɟɦ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ, ɬɚɤ ɤɚɤ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ ɉɌɋ. 
ɉȼȾ-1: ɉȼ 1600-380-17, ɝɞɟ 1600 - ɩɥɨɳɚɞɶ ɩɪɨɝɪɟɜɚ, ˏଶ; 380 - ɪɚɛɨɱɟɟ 

ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɛɚɪ; 17 - ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɤɨɪɩɭɫɟ, ɛɚɪ. 
ɉȼȾ-2: ɉȼ 2000-380-40; 
ɉȼȾ-3: ɉȼ 1600-380-66; 
ɉɇȾ-4: ɉɇ 1900-32-6-1; 
ɉɇȾ-5: ɉɇ 1900-32-6-1; 
ɉɇȾ-6: ɉɇ 1900-32-6-1; 
ɉɇȾ-7: ɉɇ 1900-32-6-1; 
ɉɇȾ-8: ɉɇ 1900-32-6-1. 
 
2.12.5 Ⱦɟɚɷɪɚɬɨɪ 
 
ɉɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɞɟɚɷɪɚɬɨɪ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ 

ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ Ⱦɋɉ-2800/185 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
ɞɚɜɥɟɧɢɟ - 7 ɛɚɪ; 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 2800 ɬ/ɱ; 
ɚɤɤɭɦɭɥɹɬɨɪɧɵɣ ɛɚɤ - 150 ˏ ଷ; 
 
2.13 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ, ɜɵɛɨɪ ɞɵɦɨɫɨɫɚ ɢ ɞɭɬɶɟɜɨɝɨ 

ɜɟɧɬɢɥɹɬɨɪɚ 

2.13.1  Ɋɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɭɛɱɚɬɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɝɚɡɨɯɨɞɚɯ, 
ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɝɚɡɨɯɨɞɚɯ ɤɚɤ ɜ 
ɩɪɟɞɟɥɚɯ ɤɨɬɥɚ, ɬɚɤ ɢ ɜɧɟ ɟɝɨ. 

Ɂɚɜɟɪɲɟɧɢɟɦ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɚɩɨɪɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɞɵɦɨɫɨɫɚ ɢ ɦɨɳɧɨɫɬɢ ɟɝɨ ɩɪɢɜɨɞɚ. ȼɵɛɪɚɧɧɚɹ ɦɚɪɤɚ ɞɵɦɨɫɨɫɚ ɞɨɥɠɧɚ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɡɪɹɠɟɧɢɟ ɜ ɬɨɩɤɟ ɪɚɜɧɨɟ 3 ɦɦɦ.ɜɨɞ.ɫɬ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10. 
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ɬ-ɡɭ - ɬɪɚɤɬ "ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ"; ɤ-ɡɭ - ɬɪɚɤɬ "ɤɨɬɟɥ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ"; ɡɭ-ɞ - ɬɪɚɤɬ 

"ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɫɨɫ" ɞ-ɬɪ - ɬɪɚɤɬ "ɞɵɦɨɫɨɫ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ" 
Ɋɢɫɭɧɨɤ 4 - ɋɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

Ɍɚɛɥɢɰɚ 10 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɍɱɚɫɬɨɤ 
ɬɪɚɤɬɚ 

Ⱦɢɚɦɟɬɪ 
ɬɪɭɛ, d, 
ɦɦ 

ɑɢɫɥɨ 
ɪɹɞɨɜ 
ɬɪɭɛ ɩɨ 
ɯɨɞɭ ɝɚɡɚ 
Z2 

Ɉɬɧɨɲɟɧɢɟ ɲɚɝɚ 
ɬɪɭɛ ɤ ɞɢɚɦɟɬɪɭ 

Ⱦɥɢɧɚ 
ɩɪɨɞɨɥɶɧɨ 
ɨɦɵɜɚɟɦɵɯ 
ɬɪɭɛ, ɦ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ, ݒ˔˓,°ʠ 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 
ɝɚɡɨɜ, ݓˆ,, 
ɦ/ɫ ݏଵ݀ 

 ଶ݀ݏ

ɒɉɉ 36 30 18 1,1 - 1156,898 5 

Ʉɉɉ-1 38 51 4,21 1,9 - 1066,713 6 

Ʉɉɉ-2 ɉɉ2 50 27 4,21 1,4  925,98 7,5 

Ʉɉɉ-2 ɉɉ1 42 16 3 1,9  817,896 6 

Ʉɉɉ-2 38 78 3 1,9  735,617 6 

Ʉɉɉ-1 ɉɉ2 50 27 4,21 1,4  640,516 7,5 

Ʉɉɉ-1 ɉɉ1 42 16 3 1,9  527,74ё 7,5 

ȼɗɄ 32 78 2,5 1,9  376,21 7,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 

ɍɱɚɫɬɨɤ 
ɬɪɚɤɬɚ 

Ⱦɢɚɦɟɬɪ 
ɬɪɭɛ, d, 
ɦɦ 

ɑɢɫɥɨ 
ɪɹɞɨɜ 
ɬɪɭɛ ɩɨ 
ɯɨɞɭ ɝɚɡɚ 
Z2 

Ɉɬɧɨɲɟɧɢɟ ɲɚɝɚ 
ɬɪɭɛ ɤ ɞɢɚɦɟɬɪɭ 

Ⱦɥɢɧɚ 
ɩɪɨɞɨɥɶɧɨ 
ɨɦɵɜɚɟɦɵɯ 
ɬɪɭɛ, ɦ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ, ݒ˔˓,°ʠ 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 
ɝɚɡɨɜ, ݓˆ,, 
ɦ/ɫ 

ȼɁɉ 38 - 1,35 1,9 10,45 280,23 15 

ȻɉȼȾ 38 208 2,5 1,9  315,46 15 

ȻɉɇȾ 38 298 2,5 1,9  215,17 15 

 

2.13.1.1 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦɨɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɒɢɪɦɨɜɵɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ ɮɚɤɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨ ɝɚɡɨɜɨɣ 
ɫɬɨɪɨɧɟ ɪɹɞ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɤɚɧɚɥɨɜ, ɫɬɟɧɤɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɨɜɚɧɵ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɭɛ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ. Ⱦɜɢɠɟɧɢɟ ɝɚɡɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɧɚɩɪɚɜɥɟɧɨ ɤɚɤ ɩɨɩɟɪɟɤ, ɬɚɤ ɢ ɜɞɨɥɶ ɬɪɭɛ. ɂɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɲɚɝɚ 
ɲɢɪɦ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɱɟɧɶ ɦɚɥ. Ɍɚɤ, ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɲɢɪɦɚɯ 
ɦɟɧɶɲɟ 10 ɦ/ɫ (ɫɦ. ɬɚɛɥɢɰɭ 10), ɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɫɚɦɨɬɹɝɚ ɲɢɪɦ ɧɟ 
ɭɱɢɬɵɜɚɟɬɫɹ. 
 

2.13.1.2 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɟɪɜɨɣ 
ɫɬɭɩɟɧɢ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɦɦ.ɜɨɞ.ɫɬ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎˍ˒˒ଵ = 𝜉 ∙ ℎˇ                         (84) 

ɝɞɟ 𝜉 - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ 
 𝜉 = 𝜉଴ ∙ ܼଶ                (85) 

ɝɞɟ 𝜉଴ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚ 
 𝜉଴ = 𝜉ˆ˓ ∙ ˄ܥ ∙  ோ௘               (86)ܥ

 
ɝɞɟ 𝜉ˆ˓ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɬɪɭɛɧɵɯ ɩɭɱɤɨɜ ɩɪɢ 
ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ [2]; ܥ˄,  ;ோ௘ - ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵܥ

 𝜉଴ = Ͳ,ͷͶ ∙ Ͳ,ͷ͸ ∙ Ͳ,ͷʹ = Ͳ,ͳͷ͹  
 𝜉 = Ͳ,ͳͷ͹ ∙ ͷͳ = ͺ,Ͳͳ  
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  ℎˇ - ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ; 
 ∆ℎˍ˒˒ଵ = ͺ,Ͳͳ ∙ Ͳ,ͺͷ = ͸,ͺ  

2.13.1.3 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɬɨɪɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɜɬɨɪɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɚɧɚɥɨɝɢɱɧɨ ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɨ ɮɨɪɦɭɥɚɦ 
(84), (85), (86): 
 𝜉଴ = Ͳ,ͷ͵ ∙ Ͳ,ͷ͸ ∙ Ͳ,Ͷͺ = Ͳ,ͳͶʹ  

 𝜉 = Ͳ,ͳͶʹ ∙ ʹ͹ = ͵,ͺ͵Ͷ  
 ∆ℎˍ˒˒ଶ˒˒ଶ = ͵,ͺ͵Ͷ ∙ Ͳ,ͺͷ = ͵,ʹ͸  
 
2.13.1.4 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɩɟɪɜɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɩɟɪɜɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɚɧɚɥɨɝɢɱɧɨ ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɨ ɮɨɪɦɭɥɚɦ 
(84), (85), (86): 
 𝜉଴ = Ͳ,ͷͷ ∙ Ͳ,ͷ͸ ∙ Ͳ,Ͷͺ = Ͳ,ͳ͵Ͷ  

 𝜉 = Ͳ,ͳ͵Ͷ ∙ ͳ͸ = ʹ,ͳͶͶ  
 ∆ℎˍ˒˒ଶ˒˒ଵ = ʹ,ͳͶͶ ∙ Ͳ,ͺ = ͳ,͹ʹ  
 

2.13.1.5 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, 
ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɚɧɚɥɨɝɢɱɧɨ ɤɨɧɜɟɤɬɢɜɧɨɦɭ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɨ ɮɨɪɦɭɥɚɦ (84), (85), (86): 
 𝜉଴ = Ͳ,ͷ͵ ∙ Ͳ,Ͷ͸ ∙ Ͳ,Ͷͺ = Ͳ,ͳͳ͹  

 𝜉 = Ͳ,ͳͳ͹ ∙ ͹ͺ = ͻ,ͳ  
 ∆ℎˍ˒˒ଶ = ͻ,ͳ ∙ Ͳ,͹ͷ = ͸,ͺ  
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2.13.1.6 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɬɨɪɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɩɟɪɜɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɚɧɚɥɨɝɢɱɧɨ ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɨ ɮɨɪɦɭɥɚɦ 
(84), (85), (86): 
 𝜉଴ = Ͳ,ͷ͵ ∙ Ͳ,ͷ͵ ∙ Ͳ,ͷ = Ͳ,ͳͶ  

 𝜉 = Ͳ,ͳͶ ∙ ʹ͹ = ͵,͹ͺ  
 ∆ℎˍ˒˒ଵ˒˒ଶ = ͵,͹ͺ ∙ Ͳ,͹ͷ = ʹ,ͺ͵  
 
2.13.1.7 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɩɟɪɜɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɩɟɪɜɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɚɧɚɥɨɝɢɱɧɨ ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɨ ɮɨɪɦɭɥɚɦ 
(84), (85), (86): 
 𝜉଴ = Ͳ,ͷ ∙ Ͳ,ͷ͸ ∙ Ͳ,ͷ = Ͳ,ͳͶ  

 𝜉 = Ͳ,ͳͶ ∙ ͳ͸ = ʹ,ʹͶ  
 ∆ℎˍ˒˒ଵ˒˒ଵ = ʹ,ʹͶ ∙ Ͳ,͹ͷ = ͳ,͸ͺ  
 
2.13.1.8 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ 

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ: ߮ = ௦భ−ௗː௦′మ−ௗː               (87) 

ɝɞɟ ݏଵ - ɲɚɝ ɬɪɭɛ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɩɨ ɲɢɪɢɧɟ ɩɭɱɤɚ, ɦ; ݀ː - ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 10) ݏ′ଶ = √ଵସ ∙ ଵଶݏ +  ଶଶ              (88)ݏ

ɝɞɟ ݏଶ  - ɲɚɝ ɬɪɭɛ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɦ; ݏ′ଶ = √ଵସ ∙ Ͳ,Ͳ͹ଶ + Ͳ,ͲͶͺଶ = Ͳ,Ͳͷͻ  ߮ = ଴,଴଻−଴,଴ଷଶ଴,଴ହଽ−଴,଴ଷଶ = ͳ,͵ͺ͹   
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦɦ.ɜɨɞ.ɫɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: ∆ℎ˅ˠˍ = ∆ℎ˕˓ ∙ ௦ܥ ∙ ௗܥ ∙ ሺܼଶ + ͳሻ                      (89) 

ɝɞɟ ∆ℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ ɜɨɞɹɧɨɝɨ 
ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦɦ.ɜɨɞ.ɫɬ.; ܥ௦ - ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ [2]; ܥௗ - ɩɨɩɪɚɜɤɚ ɧɚ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ [2]; ܼଶ - ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɚ (ɫɦ. ɬɚɛɥɢɰɭ 10) ∆ℎ˅ˠˍ = Ͳ,͵͹ ∙ ͳ,Ͳͷ ∙ ͳ ∙ ሺ͹ͺ + ͳሻ = ͵Ͳ,͹  

2.13.1.9 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɛɚɣɩɚɫɚ ɉȼȾ 

ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɚɦ (87), (88), (89) ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ 
ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ݏ′ଶ = √ଵସ ∙ Ͳ,Ͳ͹ଶ + Ͳ,ͲͶଶ = Ͳ,Ͳͷ͵  ߮ = ଴,଴଻−଴,଴ଷଶ଴,଴ହଷ−଴,଴ଷଶ = ͳ,͹ͻ͹  ∆ℎ˄˒˅ˇ = Ͳ,͵ ∙ ͳ,Ͳͷ ∙ ͳ ∙ ሺʹͲͺ + ͳሻ = ͸ͷ,ͺ͵  

2.13.1.10  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɛɚɣɩɚɫɚ ɉɇȾ 

ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɚɦ (87), (88), (89), ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ 
ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ: ݏ′ଶ = √ଵସ ∙ Ͳ,Ͳ͹ଶ + Ͳ,ͲͶଶ = Ͳ,Ͳͷ͵  ߮ = ଴,଴଻−଴,଴ଷଶ଴,଴ହଷ−଴,଴ଷଶ = ͳ,͹ͻ͹  ∆ℎ˄˒ːˇ = Ͳ,͵ ∙ ͳ,Ͳͷ ∙ ͳ ∙ ሺʹͻͺ + ͳሻ = ͻͶ,ͳͺ  

2.13.1.11  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 

Ƚɚɡɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ɜ ɬɪɭɛɚɯ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɬɪɭɛɵ ɢ ɜɵɯɨɞɚ ɢɡ ɧɢɯ, 
ɦɦ.ɜɨɞ.ɫɬ.: ∆ℎ˅ˊ˒ = ∆ℎ˕˓ + ∆ℎˋˊˏ             (90) 

ɝɞɟ  ∆ℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ ɬɪɭɛɚɯ, ɦ. ɜɨɞ. ɫɬ; ∆ℎ˕˓ = ˛ܥ ∙ ∆ℎ′˕˓ ∙ ℎ˅ˊ˒             (91) 
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ɝɞɟ   ܥ˛ - ɩɨɩɪɚɜɤɚ ɧɚ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ [2], ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ k, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɦɨɬɪɢɦ ɩɨ [2] k=0,2; ∆ℎ′˕˓ - ɩɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɚɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦɦ.ɜɨɞ.ɫɬ. [2]; ℎ˅ˊ˒ - ɨɛɳɚɹ ɜɵɫɨɬɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ; ∆ℎ˕˓ = Ͳ,ͻ ∙ ͳ ∙ ͳͲ,Ͷͷ = ͻ,Ͷ  ∆ℎˋˊˏ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜ ɩɪɢ ɜɯɨɞɟ 
ɢ ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ. ɜɨɞ. ɫɬ: ∆ℎˋˊˏ = ݉ ∙ ሺ𝜉˅˘ + 𝜉˅˞˘ሻ ∙ ℎˇ              (92) 

ɝɞɟ    m=ܼ˘ˑˇ  - ɱɢɫɥɨ ɤɭɛɨɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ; 𝜉˅˘, 𝜉˅˞˘ - ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɜɵɯɨɞɚ ɢɡ ɧɟɝɨ 
[2], ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɲɟɧɢɹ: ிˏி˄ = ଴,଻଼ହ∙ௗ˅మː௦భ∙௦మ                 (93) 

ɝɞɟ ˏܨ  - ɦɟɧɶɲɟɟ ɩɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ, ˏଶ;    ˄ܨ  - ɛɨɥɶɲɟɟ ɩɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ, ˏଶ;   ݀˅ଶː  - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ; ݏଵ, ˄ଶ - ɲɚɝɢ ɬɪɭɛ ɜ ɩɭɱɤɟ ɩɨ ɲɢɪɢɧɟ ɢ ɟɝɨ ɝɥɭɛɢɧɟ. ிˏிݏ = ଴,଻଼ହ∙଴,଴ଷ଼ହమ଴,଴ସ∙଴,଴ହସ = Ͳ,ͷ͵ͻ  𝜉˅˘ = Ͳ,ʹͷ   𝜉˅˞˘ = Ͳ,ʹͷ  ℎˇ - ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɦɦ.ɜɨɞ.ɫɬ., 
ɨɩɪɟɞɟɥɹɟɬɫɹ [2] ∆ℎˋˊˏ = ʹ ∙ ሺͲ,ʹͷ + Ͳ,ʹͷሻ ∙ ͵,͸ = ͵,͸  ∆ℎ˅ˊ˒ = ͻ,Ͷ + ͵,͸ = ͳ͵  

2.13.1.12  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɯɨɞɨɜ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɟɝɨ ɝɚɡɨɯɨɞɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵ ɦɟɫɬɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ: ∆ℎˆ˘ = ∑ ∆ℎˏ𝑖 +௡𝑖=ଵ ∆ℎ˕˓  
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Ʉ ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ ɨɬɧɨɫɹɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɨɜɨɪɨɬɚɯ ɢɡ 
ɬɨɩɤɢ ɜ ɝɚɡɨɯɨɞ ɢ ɢɡ ɝɚɡɨɯɨɞɚ ɜ ɝɚɡɨɯɨɞ, ɩɪɢ ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɫɟɱɟɧɢɹ, ɩɪɢ 
ɜɯɨɞɟ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ (ɫɦ. ɪɢɫɭɧɨɤ 4). 

ȼɫɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎˏ = 𝜉ˏ ∙ ℎˇ              (94) 

ɝɞɟ  𝜉ˏ - ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 90˚ 𝜉ˏ = ͳ, ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɧɚ 45˚ 𝜉ˏ = Ͳ,ͷ) ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɝɚɡɨɜ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ ɜ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɲɚɯɬɵ ɡɚɞɚɟɦɫɹ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɫɟɦ ɬɪɚɤɬɟ ɞɨ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ωˆ = ͳͷ ˏ/˔  ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ 
ɝɚɡɨɜ: ∆ℎˏଵ = ͳ ∙ Ͳ,͵͹ = Ͳ,͵͹  ∆ℎˏଶ = Ͳ,ͷ ∙ ͻ,͸ = Ͷ,ͺ  ∆ℎˏଷ = Ͳ,ͷ ∙ ͻ,͸ = Ͷ,ͺ  ∆ℎˏସ = Ͳ,ͷ ∙ ͻ,͸ = Ͷ,ͺ  ∆ℎˏହ = ͳ ∙ ͻ,͸ = Ͷ,ͺ  

ɇɚɣɞɟɧɧɵɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɭɦɦɢɪɭɸɬɫɹ ɩɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ 
ɤɚɠɞɨɦɭ ɢɡ ɭɱɚɫɬɤɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 4) 

ɍɱɚɫɬɨɤ "ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ": 
 ∑ ∆ℎˏ𝑖˕−ˊ˖ = ∆ℎˏଵ +௡𝑖=ଵ ∆ℎˏଶ + ∆ℎˏଷ           (95) 
 ∆ℎˏ𝑖˕−ˊ˖ = Ͳ,͵͹ + Ͷ,ͺ + Ͷ,ͺ = ͻ,ͻ͹  

ɍɱɚɫɬɨɤ "ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ": ∑ ∆ℎˏ𝑖ˊ˖−ˇ˕ = ∆ℎˏସ +௡𝑖=ଵ ∆ℎˏହ            (96) ℎˏ𝑖ˊ˖−ˇ˕ = Ͷ,ͺ + Ͷ,ͺ = ͻ,͸  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ ɜ ɝɚɡɨɩɪɨɜɨɞɚɯ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɧɚ ɥɸɛɨɦ ɭɱɚɫɬɤɟ ɝɚɡɨɩɪɨɜɨɞɚ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ∆ℎ˕˓ = ߣ ∙ ௟ௗˠˍ˅ ∙ ℎˇ                       (97) 
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ɝɞɟ     ߣ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ, ߣ = Ͳ,Ͳ͵; ݀ˠˍ˅ - ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ, ɦ ݀ˠˍ˅ = ʹʹ; ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɝɚɡɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ [2]; ݈ - ɞɥɢɧɵ ɭɱɚɫɬɤɨɜ, ɦ 

ɍɱɚɫɬɨɤ "ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ": ℎˇ̞−ˊ˖ = ݂ሺݒ˖˘.ˆ.; ߱ˆሻ             (98) 

ɝɞɟ    ݒ˖˘.ˆ. - ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ˚ɋ; ߱ˆ - ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɦ/ɫ, ɩɪɢɧɢɦɚɟɦ ߱ˆ = ͳͷ; ℎˇ̞−ˊ˖ = ͻ,ͺ  ݈˕−ˊ˖ = ஽˒ˈሺଵ,ଶ଼+଴,଴଴଼ଷ∙஽˒ˈሻ             (99) 

ɝɞɟ    ܦ˒ˈ - ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɤɝ/ɫ; ݈˕−ˊ˖ = ଺ଵଷ,ହହሺଵ,ଶ଼+଴,଴଴଼ଷ∙଺ଵଷ,ହହሻ = ͻ͸,ʹͺ  

ɍɱɚɫɬɨɤ "ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ": ℎˇ́˖−ˇ˕ = ݂ሺݒˇ.; ߱ˆሻ             (100) 

ɝɞɟ     ݒˇ. - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ, ˚ɋ ݒˇ. = 𝛼˖˘∙௩˖˘.ˆ.+∆𝛼∙௧˘˅𝛼˖˘+∆𝛼                        (101) 

ɝɞɟ     ߙ˖˘ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ߙ˖˘ = ͳ,Ͷͳ; ∆ߙ - ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 
ɢ ɞɵɦɨɫɨɫɨɦ, ∆ߙ = Ͳ,Ͳʹͷ; ݐ˘˅ - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˚ɋ; ݒˇ. = ଵ,ସଵ∙ଵ଴଴+଴,଴ଶହ∙ଷ଴ଵ,ସଵ+଴,଴ଶହ = ͻͻ  ℎˇ́˖−ˇ˕ = ͻ,ͺ  ݈˕−ˊ˖ = ஽˒ˈሺଵ+଴,଴଴଻∙஽˒ˈሻ             (102) ݈˕−ˊ˖ = ଺ଵଷ,ହହሺଵ+଴,଴଴଻∙଺ଵଷ,ହହሻ = ͳͳͷ,ͺ͹  

Ⱦɥɢɧɚ ɜɫɟɝɨ ɭɱɚɫɬɤɚ "ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ-ɞɵɦɨɫɨɫ", ɦ: 
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݈˕−ˊ˖ = ݈˕−ˊ˖ + Ͳ,͵ͷ ∙ ݈ˊ˖−ˇ˕            (103) ݈˕−ˊ˖ = ͻ͸,ʹͺ + ͳͳͷ,ͺ͹ = ʹͳʹ,ͳͷ  ∆ℎ˕˓˕−ˊ˖ = Ͳ,Ͳ͵ ∙ ଽ଺,ଶ଼ଶଶ ∙ ͻ,ͺ = ͳ,ʹͺ͹  ∆ℎ˕˓ˊ˖−ˇ˕ = Ͳ,Ͳ͵ ∙ ଵଵହ,଼଻ଶଶ ∙ ͻ,ͺ = ͳ,ͷͶͺ  

2.13.1.13  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɦɦ.ɜɨɞ.ɫɬ. Δℎˊ˖ = ͹Ͳ 

2.13.1.14  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

ɉɪɢ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɬɹɝɟ ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɪɚɫɫɱɢɬɵɜɚɸɬ ɤɚɤ ɨɛɵɱɧɵɣ 
ɝɚɡɨɯɨɞ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ 
ɢ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ: 

Δℎˇ˕ = Δℎ˕˓ + Δℎ˅˞˘                                                      (104) 

ɝɞɟ    Δℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɦɦ.ɜɨɞ.ɫɬ.; Δℎ˕˓ = 𝜆଼∙𝑖 ∙ ℎˇ              (105) 

ɝɞɟ     ߣ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ, ɡɚɜɢɫɢɬ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚɦɟɬɪɚ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ݀଴ (ɩɪɢ ݀଴ < ߣ ,ʹ = Ͳ,Ͳʹ; ɩɪɢ ݀଴ ≥ ߣ ,ʹ = Ͳ,Ͳͳͷ) ݀଴ = Ͳ,Ͳͳͺͺ ∙ √௏˕˓˄ఠబ              (106) 

ɝɞɟ    ܸ̞ ˓˄ - ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ, ˏଷ/˚ ܸ̞ ˓˄ = Ͷ ∙ ˓ܤ ∙ ሺܸ̟ ˘.ˆ. + ߙ∆ ∙ ܸ˅଴ሻ ∙ ௏̌ +ଶ଻ଷଶ଻ଷ           (107) 

ɝɞɟ ܤ˓ - ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ܸ̟ ˘.ˆ. - ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ˏଷ/ˍˆ; ∆ߙ - ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 
ɢ ɞɵɦɨɫɨɫɨɦ, ∆ߙ = Ͳ,Ͳʹͷ; ܸ˅଴ - ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ˏଷ/ˍˆ; ܸ̌  - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ, ˚ɋ; ܸ̞ ˓˄ = Ͷ ∙ ͳͳͺ,ͻʹ ∙ ሺͳͳ,͵ʹ + Ͳ,Ͳʹͷ ∙ ͹,͵͸ͳሻ ∙ ଽଽ+ଶ଻ଷଶ଻ଷ = Ͷͳͻʹ,ͷͺ  ߱଴ - ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ, ɩɪɢɧɢɦɚɟɬɫɹ 15 ɦ/ɫ; 
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݀଴ = Ͳ,Ͳͳͺͺ ∙ √ସଵଽଶ,ହ଼∙ଷ଺଴଴ଵହ = ͳͻ  

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɞɢɚɦɟɬɪɭ ɨɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ [2], ɦ: ݈ˇ˕ = ʹͷͲ  

i - ɭɝɨɥ ɧɚɤɥɨɧɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, i=0,02; ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɪɢɧɹɬɨɣ ɫɤɨɪɨɫɬɢ ߱଴, ɦ/ɫ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ ܸ̌ , ˚ɋ; ℎˇ = ͻ,ͺ  Δℎ˕˓ = ଴,଴ଵହ଼∙଴,଴ଶ ∙ ͻ,ͺ = Ͳ,ͻʹ  

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɦɦ.ɜɨɞ.ɫɬ.: Δℎ˅˞˘ = 𝜉 ∙ ℎˇ              (108) 

ɝɞɟ    𝜉 - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 𝜉 = ͳ Δℎ˅˞˘ = ͳ ∙ ͻ,ͺ = ͻ,ͺ  

Δℎˇ˕ = Ͳ,ͻʹ + ͻ,ͺ = ͳͲ,͹ʹ 

2.13.1.15 Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ, ɦɦ.ɜɨɞ.ɫɬ., ɥɸɛɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɝɚɡɨɜɨɝɨ 
ɬɪɚɤɬɚ, ɜɤɥɸɱɚɹ ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ: ℎ˔ = ±ʜ ∙ ݃ ∙ ሺͳ,ʹ͵ − 𝜌଴ ∙ ଶ଻ଷ௩ˆ+ଶ଻ଷሻ      (109) 

ɝɞɟ    ɇ - ɜɵɫɨɬɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɝɚɡɨɯɨɞɚ, ɦ; 

g- ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, g=9,81 ˏ /˔ଶ; 

1,23 - ɩɥɨɬɧɨɫɬɶ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ˍˆ/ˏଷ; 𝜌଴ - ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, 𝜌଴ = ͳ,͵ʹ ˍˆˏయ  ;ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ, ˚ɋ- ˆݒ ;

ɋɚɦɨɬɹɝɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ: ݒˆ = ௩′′˅ˠˍ+௩˖˘ˆଶ               (110) 

ɝɞɟ     ݒ′′˅ˠˍ - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ, ˚ɋ; ݒ˖˘ˆ - ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ˚ɋ; 
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ˆݒ = ଷଶ଴,ଽ଺ଵ+ଵ଴଴ଶ = ʹͳͲ,Ͷͺ  ℎ˔̱ ˛ = −ͺͺ,Ͷ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଶଵ଴,ସ଼+ଶ଻ଷቁ = −Ͷ͵Ͷ,ͳͷ  

ɋɚɦɨɬɹɝɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ݒˆ = ௩ˇ+௧˘˅ଶ                (111) 

ɝɞɟ     ݒˇ - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ, ˚ɋ; ݐ˘˅ - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˚ɋ; ݒˆ = ଽଽ+ଷ଴ଶ = ͸Ͷ,ͷ  ℎ˔̌ ˕ = ʹͷͲ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷ଺ସ,ହ+ଶ଻ଷቁ = ͷ͸Ͷ,Ͳ͸Ͷ  

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɭɸ ɬɹɝɭ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ∆ܪ௖ = ℎ˔̌ ˕ + ℎ˔̱ ௖ܪ∆ (112)              ˛ = ͷ͸Ͷ,Ͳ͸Ͷ − Ͷ͵Ͷ,ͳͷ = ͳʹͻ,ͻͳʹ  

2.13.1.16 Ɋɚɫɱɟɬ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɬɹɝɟ, 
ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ∆ܪ = ∑ ∆ℎ˕−ˊ˖ + ∑ ∆ℎˊ˖−ˇ˕            (113) 

ɝɞɟ     ∆ℎ˕−ˊ˖ - ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ "ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ", 
ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: ∆ℎ˕−ˊ˖ = ∆ℎ˛˒˒ + ∆ℎˍ˒˒ଵ + ∆ℎˍ˒˒ଶ˒˒ଶ + ∆ℎˍ˒˒ଶ˒˒ଵ + ∆ℎˍ˒˒ଶ + ∆ℎˍ˒˒ଵ˒˒ଶ +∆ℎˍ˒˒ଵ˒˒ଵ + ∆ℎ˅ˠˍ + ∆ℎˍˑː˅ + ∆ℎˏ̞−ˊ˖ + ∆ℎˆ˘̞−ˊ˖ + ∆ℎˊ˖                 (144) ∆ℎ˕−ˊ˖ = Ͳ + ͸,ͺ + ͵,ʹ͸ + ͳ,͹ʹ + ͸,ͺ + ʹ,ͺ͵ + ͳ,͸ͺ + ͵Ͳ,͹ + ͳ͹ʹ,ͻͺ +ͻ,ͻ͹ + ͳ,ʹͺ͹ + ͹Ͳ = ͵Ͳͺ,Ͳʹ͹  ∆ℎˊ˖−ˇ˕ - ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ "ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ", 
ɦɦ.ɜɨɞ.ɫɬ.: ∆ℎˊ˖−ˇ˕ = ∆ℎˏ̟́ −ˇ˕ + ∆ℎˆ˘ˊ˖−ˇ˕ + ∆ℎˇ˕                    (115) 

ɝɞɟ     ∆ℎˏ̟́ −ˇ˕ - ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦɦ.ɜɨɞ.ɫɬ.; ∆ℎˆ˘ˊ˖−ˇ˕ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɬɪɟɧɢɟ ɝɚɡɨɯɨɞɚ, ɦɦ.ɜɨɞ.ɫɬ.;  ∆ℎˇ˕ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦɦ.ɜɨɞ.ɫɬ.; 
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∆ℎˊ˖−ˇ˕ = ͻ,͸ + ͳ,ͷͶͺ + ͳͲ,͹ʹ = ʹͳ,ͺ͵ͺ  ∆ܪ = ͵Ͳͺ,Ͳʹ͹ + ʹͳ,ͺ͵ͺ = ͵ʹͻ,ͺ͸ͷ  

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɦɦ.ɜɨɞ.ɫɬ., ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ: ܪ˒ = ℎ′′˕ + ܪ∆ −  (116)             ˔ܪ∆

ɝɞɟ     ℎ′′˕ - ɪɚɡɪɟɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɦɦ.ɜɨɞ.ɫɬ.; ∆ܪ˔ - ɫɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɦɦ.ɜɨɞ.ɫɬ. (ɫɦ. ɮɨɪɦɭɥɭ 
˒ܪ ;(112 = ͵ + ͵ʹͻ,ͺ͸ͷ − ͳʹͻ,ͻͳʹ = ʹͲʹ,ͻͷ͵  

2.13.1.17 ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɵɦɨɫɨɫɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɟɝɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ 

ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɵɦɨɫɨɫɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɞɛɨɪɭ ɚɝɪɟɝɚɬɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɪɚɡɪɹɠɟɧɢɟ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ, ɢ ɩɨɬɪɟɛɥɹɸɳɟɣ ɧɚɢɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ˏయ̝
: 

 ܳ˓ = ଵߚ ∙ ܸ̌                         (117) 

ɝɞɟ     ߚଵ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ߚଵ = ͳ,ͳ; ܸ̌  - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ˏଷ/˔ 
 ܸ̌ = ˓ܤ ∙ (ܸ̟ ˘ˆ + ߙ∆ ∙ ܸ˅଴) ∙ ௩ˇ+ଶ଻ଷଶ଻ଷ            (118) 

ɝɞɟ    ܤ˓ - ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ܸ̟ ˘ˆ - ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ˏయ̝
 ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ - ߙ∆ ;

ɢ ɞɵɦɨɫɨɦ, ∆ߙ = Ͳ,Ͳʹͷ; ܸ˅଴ - ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ˏయˍˆ; ݒˇ - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ, ˚ɋ; 
 ܸ̌ = ͳͳͺ,ͻʹ ∙ ሺͳͳ,͵ʹ + Ͳ,Ͳʹͷ ∙ ͹,͵͸ͳሻ ∙ ଽଽ+ଶ଻ଷଶ଻ଷ = ͳͲͶ͹,ͺͻ  ܳ˓ = ͳ,ͳ ∙ ͳͲͶ͹,ͺͻ = ͳͳͷʹ,͸ͺ  
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ 
ɨɞɢɧ ɤɨɬɟɥ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɜɚ ɞɵɦɨɫɨɫɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɨɞɧɨɝɨ ɞɵɦɨɫɨɫɚ, ˏయ̝

: ܳˇ = ொଶ˓                (119)  

 ܳˇ = ଵଵହଶ,଺଼ଶ = ͷ͹͸,͵Ͷ  

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 3 
ɦɦ.ɜɨɞ.ɫɬ.: ܪˇ = ଶߚ ∙  (120)              ˒ܪ

ɝɞɟ    ߚଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ, ߚଶ = ͳ,ʹ; ܪ˒ - ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɦɦ.ɜɨɞ.ɫɬ.; ܪˇ = ͳ,ʹ ∙ ʹͲʹ,ͻͷ͵ = ʹͶ͵,ͷͶ  

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɚ ɜɵɛɢɪɚɟɦ 
ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩɨɪɚɡɦɟɪ ɞɵɦɨɫɨɫɚ [2]. 

Ⱦɵɦɨɫɨɫ ɦɚɪɤɢ ȾɈȾ-43 ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ n=740 ɨɛ/ɦɢɧ, ɄɉȾ 
ɞɵɦɨɫɨɫɚ 𝜂 = ͸ͷ%. 

Ɇɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɞɵɦɨɫɨɫɚ, ɤȼɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 ˇܰ = ଷߚ ∙ ொˇ∙ுˇ∙ଵ଴−య𝜂                        (121) 

ɝɞɟ     ߚଷ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ߚଷ = ͳ,Ͳͷ; 
 ˇܰ = ͳ,Ͳͷ ∙ ହ଻଺,ଷସ∙ଷ,଺∙ଶସଷ,ହସ∙ଵ଴−య଴,଺ହ = ͺͳ͸,ʹ͸  
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2.13.2 Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 
 

 

Ɋɢɫɭɧɨɤ 5 - Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

2.13.3.1 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɫɬɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ ɦɟɫɬɚ ɡɚɛɨɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ: ∆ℎ˅˒˓ = ∑ ∆ℎˏ𝑖 + ∆ℎ˕˓௡𝑖=ଵ             (122) 

ɝɞɟ     ∆ℎˏ𝑖 - ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ., ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ: ∆ℎˏ𝑖 = 𝜉ˏ𝑖 ∙ ℎˇ             (123) 

ɝɞɟ  𝜉ˏ𝑖 - ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 90˚𝜉ˏ = ͳ, ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɧɚ 45˚𝜉ˏ = Ͳ,ͷ); ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɝɚɡɨɜ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ ɜ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ; ∆ℎˏଵ = ͳ ∙ ͳ͵ = ͳ͵  ∆ℎˏଶ = Ͳ,ͷ ∙ ͳ͵ = ͸,ͷ  ∑ ∆ℎˏ𝑖 = ͳ͵ + ͸,ͷ = ͳͻ,ͷ  ∆ℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ ɭɱɚɫɬɤɟ ɝɚɡɨɯɨɞɚ, ɦɦ.ɜɨɞ.ɫɬ.: 
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∆ℎ˕˓ = ߣ ∙ ௟ௗˠ ∙ ℎˇ              (124) 

ɝɞɟ     ߣ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɦ ɩɪɢɛɥɢɠɟɧɧɨ ߣ = Ͳ,Ͳʹ; ݈ - ɞɥɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: ݈ = ͳ,ʹ ∙  (125)                        ˃ˍܪ

ɝɞɟ    ܪˍ˃ - ɜɵɫɨɬɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɦ ܪˍ˃ = ͺͺ,Ͷ; ݈ = ͳ,ʹ ∙ ͺͺ,Ͷ = ͳͲ͸,Ͳͺ  ݀ˠ - ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ ݀ˠ = ʹ; ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɤɨɪɨɫɬɢ ɜ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɟ, ɩɪɢɧɢɦɚɟɦɨɣ 15 ɦ/ɫ, ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ; ∆ℎ˕˓ = Ͳ,Ͳʹ ∙ ଵ଴଺,଴଼ଶ ∙ ͳ͵ = ͳ͵,͹ͻ  ∆ℎ˅˒˓ = ͳͻ,ͷ + ͳ͵,͹ͻ = ͵͵,ʹͻ  

2.13.3.2 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ 

Ⱦɥɹ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɯɨɞɨɦ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɪɢɫɭɧɨɤ 5) 
ɢɫɩɨɥɶɡɭɸɬ ɤɚɥɨɪɢɮɟɪɵ. 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɜɵɛɢɪɚɟɦ ɩɥɚɫɬɢɧɱɚɬɵɣ ɤɚɥɨɪɢɮɟɪ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ ∆ℎˍ˃ˎˑ˓ˋ˗ = ͵Ͷ ɦɦ.ɜɨɞ.ɫɬ. [2] 

2.13.3.3 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ∆ℎ˅ˊ˒ = ∆ℎ˕˓ + ∆ℎ˒ˑ˅             (126) 

ɝɞɟ     ∆ℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɦɦ.ɜɨɞ.ɫɬ.; ∆ℎ˕˓ = ∆ℎˆ˓ ∙ ሺܼଶ + ͳሻ ∙ ܼ˘ˑˇ                               (127) 

ɝɞɟ    ∆ℎˆ˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɦɦ.ɜɨɞ.ɫɬ., 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ, ɦ/ɫ, ɢ ɬɟɦɩɟɪɚɬɭɪɟ ˚ɋ; ܼଶ - ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɜ ɤɚɠɞɨɦ ɯɨɞɟ; ܼ˘ˑˇ - ɤɨɥɢɱɟɫɬɜɨ ɯɨɞɨɜ ɩɨ ɜɨɡɞɭɯɭ; ∆ℎ˕˓ = Ͳ,͹ͷ ∙ ሺͷ͵ + ͳሻ ∙ ʹ = ͺͳ  ∆ℎ˒ˑ˅ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ, ɦɦ.ɜɨɞ.ɫɬ.; ∆ℎ˒ˑ˅ = 𝜉 ∙ ℎˇ              (128) 
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ɝɞɟ     𝜉 - ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 180 ̊ , 𝜉 = ͵,ͷ; ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɧɚ 90˚, 𝜉 = Ͳ,ͻ)[2]; ∆ℎ˒ˑ˅ = Ͳ,ͻ ∙ ͳ,Ͷ + ሺ͵,ͷ ∙ ͳ,Ͷሻ ∙ ͹ = ͵ͷ,ͷ͸  ∆ℎ˅ˊ˒ = ͺͳ + ͵ͷ,ͷ͸ = ͳͳ͸,ͷ͸  

2.13.3.4 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɭɱɚɫɬɤɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ 
ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɨɝɨ ɩɨ ɜɵɩɪɹɦɥɟɧɧɨɣ ɞɥɢɧɟ ɷɬɨɝɨ ɭɱɚɫɬɤɚ. ∆ℎˆ˅ = ∑ ∆ℎˏ𝑖௡𝑖=ଵ + ∆ℎ˕˓            (129) 

ɝɞɟ     ∆ℎˏ𝑖 - ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ., ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ: ∆ℎˏ𝑖 = 𝜉ˏ𝑖 ∙ ∆ℎˇ              (130) 

ɝɞɟ  𝜉ˏ𝑖 - ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 180 ˚, 𝜉 = ʹ; ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɧɚ 90˚, 𝜉 = ͳ) [2]; ∆ℎˇ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦɦ.ɜɨɞ.ɫɬ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɤɨɪɨɫɬɢ ɜ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɟ, ɩɪɢɧɢɦɚɟɦɨɣ 15 ɦ/ɫ, ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ; ∆ℎˏଵ = ͳ ∙ ͹ = ͹  ∆ℎˏଶ = ͳ ∙ ͹ = ͹  ∆ℎˏ = ͹ + ͹ = ͳͶ  ∆ℎ˕˓ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦɦ.ɜɨɞ.ɫɬ.; ∆ℎ˕˓ = ߣ ∙ ௟ௗˠ ∙ ℎˇ              (131) 

ɝɞɟ     ߣ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɦ ɩɪɢɛɥɢɠɟɧɧɨ ߣ = Ͳ,Ͳʹ; ݈ - ɞɥɢɧɚ ɝɚɡɨɯɨɞɚ, ɦ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: ݈ = ஽˒ˈሺଵ,ହହ+଴,଴ଶହ∙஽˒ˈሻ              (132) ݀ˠ - ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ, ݀ˠ = ʹ; ∆ℎ˕˓ = Ͳ,Ͳʹ ∙ ଷ଺,଴ସ଺ଶ ∙ ͹ = ʹ,ͷʹ͸  ∆ℎˆ˅ = ͳͶ + ʹ,ͷʹ͸ = ͳ͸,ͷʹ͸  
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2.13.3.5 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɩɨɱɧɵɯ ɢ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɤɢ, ɦɦ.ɜɨɞ.ɫɬ., ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: ∆ℎˆˑ˓ = 𝜉ˆˑ˓ ∙ ℎˇ              (133) 

ɝɞɟ    𝜉ˆˑ˓ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢɧɢɦɚɟɬɫɹ 𝜉ˆˑ˓ = ʹ; ∆ℎˆˑ˓ = ʹ ∙ ͳ͵ = ʹ͸  

2.13.3.6 ɋɚɦɨɬɹɝɚ 

ɋɚɦɨɬɹɝɚ ɥɸɛɨɝɨ ɭɱɚɫɬɤɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ 
ɮɨɪɦɭɥɟ: ℎ˔ = ±ʜ ∙ ݃ ∙ ሺͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷ௧˅+ଶ଻ଷሻ           (134) 

ɋɚɦɨɬɹɝɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɞɜɭɯ ɭɱɚɫɬɤɨɜ: 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɜɨɡɞɭɯɨɩɪɨɜɨɞ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ. 

ɋɚɦɨɬɹɝɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ: ݐ˅ = ௧ˆ˅+௧˘˅ଶ ˅ݐ (135)                = ଷ଴଴+ଷ଴ଶ = ͳ͸ͷ  ℎ˔ = ʹʹ,Ͳʹͷ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଵ଺ହ+ଶ଻ଷቁ = ͺ͹,ͻͻͷ  

ɋɚɦɨɬɹɝɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ݐ˅ = ͵ͲͲ   ℎ˔ = −ͺ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଷ଴଴+ଶ଻ଷቁ = −Ͷ͹,ͳ͹Ͷ  

ȼɟɥɢɱɢɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɚɦɨɬɹɝɢ, ɦɦ.ɜɨɞ.ɫɬ., ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ: ܪ˔ = ∑ ℎ˔               (136) ܪ˔ = ͺ͹,ͻͻͷ − Ͷ͹,ͳ͹Ͷ = ͶͲ,ͺʹͳ  

2.13.3.7 ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɬɪɚɤɬɭ 

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 𝛥ܪ˒ = 𝛥ܪ˅ − ˔ܪ − ℎ′˕             (137) 

ɝɞɟ     𝛥ܪ˅ - ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɦɦ.ɜɨɞ.ɫɬ.; 𝛥ܪ˅ = ∆ℎ˅˒˓ + ∆ℎˍ˃ˎˑ˓ˋ˗ + ∆ℎ˅˒ + ∆ℎˆ˅ + ∆ℎˆˑ˓                  (138) 
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𝛥ܪ˅ = ͵͵,ʹͻ + ͵ͶͲ + ͳͳ͸,ͷ͸ + ͳ͸,ͷʹ͸ + ʹ͸ = ͷ͵ʹ,͵͹  ℎ′˕ - ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɭɪɨɜɧɟ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɦɦ.ɜɨɞ.ɫɬ.: ℎ′˕ = ℎ′′˕ + Ͳ,ͻͷ (139)                        ′ܪ 

ɝɞɟ    ℎ′′˕ - ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɦɦ.ɜɨɞ.ɫɬ.; ܪ′ - ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɜɵɫɲɟɣ ɬɨɱɤɨɣ ɫɟɱɟɧɢɹ ɜɵɯɨɞɚ ɝɚɡɨɜ 
ɢɡ ɬɨɩɤɢ ɢ ɫɪɟɞɧɢɦ ɫɟɱɟɧɢɟɦ ɜɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ, ɦ; ℎ′˕ = ͵ + Ͳ,ͻͷ ∙ ͸Ͳ = ͸Ͳ  𝛥ܪ˒ = ͷ͵ʹ,͵͹ − ͶͲ,ͺʹͳ − ͸Ͳ = Ͷ͵ͳ,ͷͷʹ  

2.13.3.8 ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ 

ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɞɛɨɪɭ ɚɝɪɟɝɚɬɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɚɜɥɟɧɢɟ, ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɩɪɢ ɪɚɫɱɟɬɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɢ ɩɨɬɪɟɛɥɹɸɳɟɣ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɩɨ ɪɚɫɱɟɬɭ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ., ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ 
ɪɚɡɜɢɜɚɬɶ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ: 

˅ܪ  = ଶߚ ∙ 𝛥ܪ (140)              ˒ܪ˅ = ͳ,ʹ ∙ Ͷ͵ͳ,ͷͷʹ = ͷͳ͹,ͺ͸  
 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ, ˏଷ/˔: 
 ܳ˓ = ଵߚ ∙ ܸ˅                         (141) 
  

ɝɞɟ     ߚଵ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ߚଵ = ͳ,ͳ; ܸ˅  - ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ˏଷ/˔; 
 ܸ˅ = ˓ܤ ∙ ܸ˅଴ ∙ ሺߙ˕ − ˕ߙ∆ − ˎ˒ߙ∆ + ሻ˒ˊ˅ߙ∆ ∙ ௧˘˅+ଶ଻ଷଶ଻ଷ                   (142) 

ɝɞɟ     ∆ߙ˒ˎ - ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ∆ߙ˒ˎ = Ͳ,ͲͶ; ∆ߙ˅ˊ˒ = Ͳ,Ͳ͵ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ;  ݐ˘˅ - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ˚ɋ; ܸ˅ = ͳͳͺ,ͻʹ ∙ ͹,͵͸ͳ ∙ ሺͳ,ʹ − Ͳ,Ͳͺ − Ͳ,ͲͶ + Ͳ,Ͳ͵ሻ ∙ ͵Ͳ + ʹ͹͵ʹ͹͵ = ͸ͳ͹,ͷ͸ ܳ˓ = ͳ,ͳ ∙ ͸ͳ͹,ͷ͸ = ͸͹ͻ,͵ͳ  
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ 

ɨɞɢɧ ɤɨɬɟɥ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ˏଷ/˔, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܳ˅ = ொଶ˓                (143) 

 ܳ˅ = ଺଻ଽ,ଷଵଶ = ͵͵ͻ,͸ͷ͹  

 
ȼɵɛɢɪɚɟɦ ɦɚɪɤɭ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨ ɧɚɣɞɟɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

[2]. 
Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ɬɢɩɚ ȼȾɈȾ-31,5, ɫ ɱɚɫɬɨɬɨɣ ɨɛɨɪɨɬɨɜ n=585 ɨɛ/ɦɢɧ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜɵɛɪɚɧɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 𝜂 = Ͳ,͸ 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˅ܰ = ଷߚ ∙ ொ˅∙ு˅∙ଵ଴−య𝜂                (144) 

ɝɞɟ    ߚଷ  - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ߚଷ = ͳ,Ͳͷ 
 ˅ܰ = ͳ,Ͳͷ ∙ ଷଷଽ,଺ହ଻∙ଷ,଺∙ହଵ଻,଼଺∙ଵ଴−య଴,଺ = ͳͳͲͺ,ͳͳ  

3 Ɉɛɳɚɹ ɱɚɫɬɶ 

3.1 ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

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. 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɧɚ ɱɟɬɵɪɟ ɛɥɨɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɟ ɝɪɚɞɢɪɧɢ 
(ɫɦ. ɪɢɫɭɧɨɤ 6). Ɍɚɤ ɠɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɚ ɫɱɢɬɚɟɦ, ɱɬɨ ɝɪɚɞɢɪɧɹ ɢɦɟɟɬ 
ɮɨɪɦɭ ɰɢɥɢɧɞɪɚ. 
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1 - ɤɨɧɞɟɧɫɚɬɨɪɵ ɬɭɪɛɢɧ; 2 - ɝɪɚɞɢɪɧɢ; 3 - ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ 
Ɋɢɫɭɧɨɤ 6 - ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɝɪɚɞɢɪɟɧ 

Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɝɪɚɞɢɪɟɧ ɹɜɥɹɸɬɫɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɯɥɚɠɞɟɧɢɹ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɜɵɫɨɬɚ ɜɵɬɹɠɧɨɣ ɛɚɲɧɢ. 

ɉɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ˏଶ: 
 ˑܨ ˓ = 𝜆∙ ˅ீఘ˅∙௩ˑ˓                                                                                                    (145) 

ɝɞɟ   ߣ - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ [8]; ܩ˅ - ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɤɝ/ɫ [8]; ݒˑ˓ - ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ [8]; 
 ˑܨ ˓ = ଴,ହ∙ଶଶ଼଻଴∙ଶଵ,ଵ଺ସ∙଴,଼ = ʹͶͷ͸Ͳ  

 
Ⱦɢɚɦɟɬɪ ɝɪɚɞɢɪɧɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɦ: 
ܦ  = √ସ∙ிˑ ˓గ                                                                                                      (146) 

ܦ  = √ସ∙ଶସହ଺଴ଷ,ଵସ = ͳ͹͸,ͻ  

ȼɵɫɨɬɚ ɝɪɚɞɢɪɧɢ, ɦ: ܪˆ˓ = ிˑ ˓గ∙஽                                                                                                      (147) ܪˆ˓ = ଶସହ଺଴ଷ,ଵସ∙ଵ଻଺,ଽ = ͶͶ,ʹ  
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3.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ȽɊɗɋ 

3.2.1 ȼɵɛɨɪ ɩɪɢɟɦɧɨ-ɪɚɡɝɪɭɡɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶɫɹ ɬɨɩɥɢɜɨ ɛɭɞɟɬ ɩɨ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ ɜ ɜɚɝɨɧɚɯ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 60 ɬɨɧɧ. 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɬɭ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ: ܤ˓ = ͳͳͺ,ͻʹ  ɤɝ/ɫ 

ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɢɬ, ɬ/ɱ: ܤ˚ = ˓ܤ ∙ ݊ ∙ ͵,͸(148) 

ɝɞɟ   ݊ - ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ; ܤ˚ = ͳͳͺ,ͻʹ ∙ Ͷ ∙ ͵,͸ = ͳ͹ͳʹ,ͶͶ  

ɉɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɸ ɢɫɩɨɥɶɡɭɟɦ ɬɪɢ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ 
ɪɨɬɨɪɧɨɝɨ ɬɪɟɯɨɩɨɪɧɨɝɨ ɬɢɩɚ ɩɨ [8]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ: 

ɱɢɫɥɨ ɨɩɪɨɤɢɞɵɜɚɧɢɣ ɡɚ 1 ɱɚɫ - 30; 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 2790/1800 ɬ/ɱ; 
ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ - 36ɯ2 ɤȼɬ; 

3.2.2 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 

ɋɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɸ, ɬ/ɫɭɬ, ɫɨɫɬɚɜɥɹɟɬ: ܤ˔˖˕ = ˚ܤ ∙ ʹͶ                                                                                               (149) ܤ˔˖˕ = ͳ͹ͳʹ,ͶͶ ∙ ʹͶ = ͶͳͲͻͺ,ͷ͸  

Ɍɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɵɣ ɰɟɯ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ 
(ɧɢɬɤɚɦɢ) ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɚɹ, ɞɪɭɝɚɹ ɪɟɡɟɪɜɧɚɹ. 

Ɋɚɫɱɟɬɧɚɹ ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɧɢɬɤɢ: ܤ˓˃˔˚ = ஻˔˖˕்                                                                                                    (150) 

ɝɞɟ     ܶ - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɱ; 
˚˔˃˓ܤ  = ସଵ଴ଽ଼,ହ଺ଶଵ = ͳͻͷ͹  

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɬ/ɱ, ɩɪɢɛɥɢɠɟɧɧɨ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܤˎ = ܾଶ ∙ ܿ ∙ ߛ ∙ 𝐾                (151) 
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ɝɞɟ     ܾ - ɲɢɪɢɧɚ ɥɟɧɬɵ, ɦ; ܿ - ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ, ɦ/ɫ; ߛ - ɧɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ, ˕/ˏଷ; 𝐾 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɬɨɩɥɢɜɚ ɧɚ 
ɥɟɧɬɟ [8]; ܤˎ = ͳ,ʹଶ ∙ ʹ,ͷ ∙ Ͳ,ͺͷ ∙ ͵Ͷͷ = ͳͲͷͷ,͹  

Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɛɟɡ 
ɫɛɪɚɫɵɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤȼɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ˄ܹ = 𝐾భ∙௓∙௖+ଶ∙஻ˎ∙௓+ଷ଻∙஻ˎ∙ுଵ଴଴଴∙ଵ,ଷ଺ ∙ 𝐾ଵ                                                                       (152) 

ɝɞɟ     ܼ - ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ ɛɚɪɚɛɚɧɚ, ɦ; ܪ - ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɚ, ɦ; 𝐾ଵ  - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ ɥɟɧɬɵ [8]; 

 

˄ܹ = ͸ʹͻ ∙ ͷͲ ∙ ʹ,ͷ + ʹ ∙ ͳͲͷͷ,͹ ∙ ͷͲ + ͵͹ ∙ ͳͲͷͷ,͹ ∙ ͷͳͲͲͲ ∙ ͳ,͵͸ ∙ ͳ,Ͳͷ = ʹͻʹ,ͻ 

 
Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɤȼɬ: 
 ܹɣ ˒ = 𝐾ˊ∙ௐ˄𝜂ˠˇ∙𝜂˓                                                                                                   (153) 

ɝɞɟ    𝐾ˊ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ [8]; 𝜂ˠˇ - ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ [8]; 𝜂˓ - ɄɉȾ ɪɟɞɭɤɬɨɪɚ [8]; 
 ܹɣ ˒ = ଵ,ଶହ∙ଶଽଶ,ଽ଴,ଽହ∙଴,ଽ଻ = ͵ͻ͹,͵   
3.2.3 Ⱦɪɨɛɢɥɤɢ 

ɉɪɢɦɟɧɹɟɦ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ: 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ: ɡɭɛɱɚɬɵɟ ɞɪɨɛɢɥɤɢ ɬɢɩɚ ȾȾɁ-500-6: 
 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 300 ɬ/ɱ; 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 235 ɨɛ/ɦɢɧ; 
 ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ - 340 ɤȼɬ; 
 ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ - 500 ɦɦ; 
 ɞɥɢɧɚ ɪɨɬɨɪɚ - 1200 ɦɦ; 

ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ: ɦɨɥɨɬɤɨɜɵɟ ɞɪɨɛɢɥɤɢ ɬɢɩɚ ȾɆɇ 21-18,5 
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 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - (500-600) ɬ/ɱ; 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ - 490 ɨɛ/ɦɢɧ; 
 ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ - 900 ɤȼɬ; 
 ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ - 2100 ɦɦ; 
 ɞɥɢɧɚ ɪɨɬɨɪɚ - 1850 ɦɦ; 

ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ: 
 ܸ˄ = ஻˚∙𝜏𝛾ː˃˔∙𝐾ˊ                                                                                                    (154) 

 ܸ˄ = ଵ଻ଵଶ,ସସ∙଺଴,଼ହ∙଴,଼ = ͳͷͳͲͻ,͹  

 
Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɚ ɢɫɩɨɥɶɡɭɟɦ ɥɟɧɬɨɱɧɵɣ ɩɢɬɚɬɟɥɶ ɩɵɥɢ: 

ɲɢɪɢɧɚ ɥɟɧɬɵ - 800 ɦɦ; 
 ɞɥɢɧɚ - 2 ɦ; 
 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ 0,2 ɦ - 270 ˏ ଷ/˚; 
 ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ - 4,5 ɤȼɬ; 

3.2.4 Ɍɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ 

ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɦɟɫɹɱɧɵɣ ɪɚɫɯɨɞ ɩɪɢ 20 ɱɚɫɚɯ 
ɪɚɛɨɬɵ ɜ ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɥɨɜ, ɬ: ܤ = ˚ܤ ∙ ͵Ͳ ∙ ʹͲ                                                                                            (155) ܤ = ͳ͹ͳʹ,ͶͶ ∙ ͵Ͳ ∙ ʹͲ = ͳͲʹ͹Ͷ͸Ͷ  

ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɚɹ ɲɬɚɛɟɥɟɦ, ɦ: ܨ = ଶସ∙஻˚∙௡ℎ∙𝛾∙𝜑                                                                                                     (156) 

ɝɞɟ    ݊ - ɱɢɫɥɨ ɫɭɬɨɤ ɡɚɩɚɫɚ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ; ℎ - ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ, ɦ; ߮ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ (ɫɩɨɥɡɚɧɢɹ) 
ɬɨɩɥɢɜɚ ɜ ɲɬɚɛɟɥɟ [8]; 

ܨ            = ଶସ∙ଵ଻ଵଶ,ସସ∙ଷ଴ଷ଴∙଴,଼ହ∙଴,଼ = ͸ͲͶ͵ͻ,Ͳͷ  

4 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɬɚɧɰɢɢ 

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ – ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɜɵɛɪɚɧɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɟɟ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
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Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 
ɩɨɞɫɨɛɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɪɚɡɦɟɳɚɟɬɫɹ 
ɬɭɪɛɢɧɧɨɟ ɢ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɹ, ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɞɟɚɷɪɚɬɨɪɨɜ, ɳɢɬɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɛɭɧɤɟɪɚ ɭɝɥɹ ɢ ɩɵɥɢ; 
ɬɨɩɥɢɜɨɩɨɞɚɱɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɪɚɡɝɪɭɡɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɞɪɨɛɢɥɶɧɨɝɨ 
ɩɨɦɟɳɟɧɢɹ, ɷɫɬɚɤɚɞ ɞɥɹ ɥɟɧɬɨɱɧɵɯ ɬɪɚɧɫɩɨɪɬɟɪɨɜ; ɫɤɥɚɞɵ ɬɨɩɥɢɜɚ; 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɜɵɲɚɸɳɢɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɵɱɧɨɝɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ; 
ɞɵɦɨɜɵɟ ɬɪɭɛɵ; ɯɢɦɜɨɞɨɨɬɱɢɫɬɤɚ; ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 
ɫɢɫɬɟɦɚ ɡɨɥɨ- ɢ ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɫ ɡɨɥɨɨɬɜɚɥɚɦɢ; ɦɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ; ɡɞɚɧɢɹ ɢ 
ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɫɨɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɦɚɫɬɟɪɫɤɢɟ, ɫɤɥɚɞɵ, ɝɚɪɚɠ, ɩɨɠɚɪɧɚɹ 
ɨɯɪɚɧɚ, ɚ ɬɚɤɠɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ, ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ, ɭɫɬɪɨɣɫɬɜɚ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɚɧɚɥɢɡɚɰɢɢ. 

Ɉɛɴɟɤɬɵ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɪɚɫɩɨɥɨɠɟɧɵ ɫ ɩɨɞɜɟɬɪɟɧɧɨɣ ɫɬɨɪɨɧɵ, ɫɨ 
ɫɬɨɪɨɧɵ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ. Ɉɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 
ɪɚɫɩɨɥɨɠɟɧɨ ɫ ɮɚɫɚɞɧɨɣ ɫɬɨɪɨɧɵ ɝɥɚɜɧɨɝɨ ɡɞɚɧɢɹ. 

ȼɵɯɨɞ ɱɟɪɟɡ ɩɪɨɯɨɞɧɭɸ ɢ ɜɴɟɡɞ ɧɚ ɬɟɪɪɢɬɨɪɢɸ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɫɨ ɫɬɨɪɨɧɵ ɬɨɪɰɟɜɨɣ ɫɬɟɧɵ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. ɋɨ ɫɬɨɪɨɧɵ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɪɰɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɪɚɡɦɟɳɚɸɬ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ ɢ 
ɨɛɵɞɟɧɧɵɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɤɨɪɩɭɫɚ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ ɝɥɚɜɧɵɦ ɡɚɤɪɵɬɵɦɢ 
ɩɟɪɟɯɨɞɧɵɦɢ ɝɚɥɟɪɟɹɦɢ. 

ȼɫɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɦɟɳɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ 
ɨɝɪɚɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɧɟ ɨɫɧɨɜɧɨɣ ɨɝɪɚɞɵ ɪɚɡɦɟɳɚɸɬɫɹ ɡɨɥɨɨɬɜɚɥɵ, 
ɝɪɚɞɢɪɧɢ, ɚ ɬɚɤɠɟ ɪɹɞ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

5 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

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 ɢ ɬɟɩɥɨɜɚɹ 
ɷɧɟɪɝɢɹ ɫ ɩɚɪɨɦ ɢ ɝɨɪɹɱɟɣ ɜɨɞɨɣ. 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. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ, 
ɦɨɳɧɨɫɬɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɡɧɚɱɟɧɢɹ ɫɬɚɧɰɢɢ, ɜɢɞɚ ɬɨɩɥɢɜɚ, 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ. 
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ȼ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ ɜɵɞɟɥɟɧɨ ɞɜɚ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɟɥɶɧɨɟ ɢ ɬɭɪɛɢɧɧɨɟ ɨɬɞɟɥɟɧɢɟ. Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɩɪɨɞɨɥɶɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ, ɜɨɤɪɭɝ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɥɨɳɚɞɤɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɦɟɬɶ ɜ ɩɨɦɟɳɟɧɢɢ ɩɪɨɟɦɵ, ɫɜɨɛɨɞɧɵɟ ɨɬ ɩɟɪɟɤɪɵɬɢɹ. Ɍɚɤ ɠɟ ɜ ɬɭɪɛɢɧɧɨɦ 
ɨɬɞɟɥɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧ ɤɨɧɞɟɧɫɚɬɨɪ, ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɞɪɭɝɢɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɩɢɬɚɬɟɥɶɧɵɟ, ɤɨɧɞɟɧɫɚɬɧɵɟ, ɞɪɟɧɚɠɧɵɟ ɢ ɩɪɨɱɢɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ȼ ɩɨɦɟɳɟɧɢɢ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɜɴɟɡɞɵ. Ɇɟɠɞɭ ɤɨɬɟɥɶɧɵɦ ɢ ɬɭɪɛɢɧɧɵɦ 
ɨɬɞɟɥɟɧɢɹɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɛɭɧɤɟɪɨɜ ɩɵɥɢ, ɞɟɚɷɪɚɬɨɪɨɜ ɢ 
ɤɨɧɜɟɣɟɪɨɜ ɬɨɩɥɢɜɨɩɨɞɚɱɢ. Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɦɨɧɬɚ ɨɫɧɨɜɧɨɝɨ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɨɬɞɟɥɟɧɢɹɯ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɩɨɦɟɳɟɧɢɹ ɦɚɫɬɟɪɫɤɢɯ ɢ ɪɟɦɨɧɬɧɨ-ɦɨɧɬɚɠɧɵɯ ɩɥɨɳɚɞɨɤ, ɚ ɬɚɤɠɟ ɩɨɦɟɳɟɧɢɹ 
ɞɥɹ ɥɚɛɨɪɚɬɨɪɢɣ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɤɢ ɢ ɦɨɫɬɨɜɵɟ ɤɪɚɧɵ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɤɨɬɟɥɶɧɨɦ ɢ ɬɭɪɛɢɧɧɨɦ ɨɬɞɟɥɟɧɢɹɯ. 

6 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɧɚɪɚɜɧɟ ɫ ɞɪɭɝɢɦɢ ɬɹɠɟɥɵɦɢ ɢ ɝɪɹɡɧɵɦɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɧɚɫ ɫɪɟɞɵ. 
ɉɪɢɪɨɞɧɨɟ ɬɨɩɥɢɜɨ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɨɞɟɪɠɢɬ ɜɟɳɟɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɚɡɨɬ, 
ɫɟɪɚ, ɤɨɬɨɪɵɟ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɨɩɚɫɧɵɟ, ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ 
ɪɚɡɪɭɲɢɬɟɥɶɧɵɦɢ ɞɥɹ ɚɡɨɬɧɨɝɨ ɫɥɨɹ Ɂɟɦɥɢ, ɝɚɡɵ. Ʉɪɨɦɟ ɨɩɚɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ 
ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɬɚɤ ɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɡɨɥɚ, ɧɟ ɭɥɨɜɥɟɧɧɚɹ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɹɯ, ɢ 
ɹɜɥɹɸɳɚɹɫɹ ɪɚɞɢɚɰɢɨɧɧɵɦ ɡɚɝɪɹɡɧɢɬɟɥɟɦ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɚ ɬɟɩɥɨɜɵɟ 
ɫɬɚɧɰɢɢ ɧɚɥɚɝɚɸɬɫɹ ɤɪɭɩɧɵɟ ɲɬɪɚɮɵ ɡɚ ɩɪɟɜɵɲɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɥɹ ɤɚɠɞɨɣ 
ɬɟɪɪɢɬɨɪɢɢ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ. 

Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ, ɚ ɬɚɤɠɟ ɪɚɫɫɟɢɜɚɧɢɟ ɨɩɪɟɞɟɥɹɬ ɤɚɤɭɸ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ 
ɬɪɭɛɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚ ɭɪɨɜɧɟ 
ɞɵɯɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɥɚ ɞɨɩɭɫɬɢɦɭɸ ɧɨɪɦɭ. 
 

6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

Ɋɚɫɱɟɬ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ: 

Ɇɚɫɫɚ ɞɢɨɤɫɢɞɚ ɫɟɪɵ, ɝ/ɫ: 
ௌைଶܯ  = ʹ ∙ ௌ˓ଵ଴଴ ∙ ˓ܤ ∙ ሺͳ − 𝜂ௌைଶூ ሻ ∙ ሺͳ − 𝜂ௌைଶூூ ሻ                   (194) 

ɝɞɟ    ܵ˓ - ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɢɫɯɨɞɧɨɦ ɬɨɩɥɢɜɟ, % (ɫɦ. ɬɚɛɥɢɰɭ 1); ܤ˓ - ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; 𝜂ௌைଶூ = Ͳ - ɭɞɟɪɠɚɧɢɟ ɫɟɪɵ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ, [12]; 𝜂ௌைଶூூ = Ͳ,ʹ - ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɭɥɚɜɥɢɜɚɟɦɵɯ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ, [12]; 
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ௌைଶܯ = ʹ ∙ ͳͲଷ ∙ ଴,ଷଵ଴଴ ∙ ͳͳͺ,ͻʹ ∙ ሺͳ − Ͳ,ʹሻ ∙ ሺͳ − Ͳሻ = ͷ͹Ͳ,ͺʹ  

Ɋɚɫɱɟɬ ɫɨɞɟɪɠɚɧɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ: 

ȼɵɛɪɨɫ ɡɨɥɵ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɫ ɭɱɟɬɨɦ ɭɥɚɜɥɢɜɚɧɢɹ ɟɟ ɜ 
ɡɨɥɨɭɥɨɜɢɬɟɥɟ, ɝ/ɫ: 

ˎˑˊܯ = ͳͲଷ ∙ ː˖ߙ ஺˓+௤ర∙ 𝑄ː˓యమళଵ଴଴ ∙ ˓ܤ ∙ (ͳ − 𝜂ˊ˖)          (195) 

ɝɞɟ     𝜂ˊ˖ = Ͳ,ͻͻ - ɫɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ ɱɚɫɬɢɰ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ (Ȼɐ + 
ɷɥɟɤɬɪɨɮɢɥɶɬɪ) ɡɨɥɨɭɥɨɜɢɬɟɥɟ; ߙ˖ː = Ͳ,ͻͷ - ɞɨɥɹ ɭɧɨɫɚ ɡɨɥɵ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ; ݍସ - ɩɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ; ܯˊˑˎ = ͳͲଷ ∙ Ͳ,ͻͷ ଻,ଶ+ଵ,ସ∙భఱ,మఴయమ,ళଵ଴଴ ∙ ͳͳͺ,ͻʹ ∙ ሺͳ − Ͳ,ͻͻሻ = ͹,͸  

Ɋɚɫɱɟɬ ɫɨɞɟɪɠɚɧɢɹ ɨɤɢɫɥɨɜ ɚɡɨɬɚ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ: ܯேை௫ = Ͳ,͵Ͷ ∙ ͳͲ−଻ ∙ 𝐾 ∙ ˓ܤ ∙ ܳː˓ ∙ ቀͳ − ௤రଵ଴଴ቁ ∙ ଵߚ ∙ ሺͳ − 𝜉ଵ ∙ ሻݎ ∙ ଶߚ ∙ ଷߚ ∙ 𝜉ଶ 

                 (196) 

ɝɞɟ 𝐾 = ͳͲ,͹ʹͷ - ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɵɯɨɞ ɨɤɫɢɞɨɜ ɧɚ 1 ɬɨɧɧɭ 
ɫɨɠɠɟɧɧɨɝɨ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɬ [12]; ߚଵ = Ͳ,ͳ͹ͺ + Ͳ,Ͷͷ ∙ ͳ,ͻ = ͳ,Ͳ͵͵  ߚଶ = Ͳ,ͺͷ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɝɨɪɟɥɨɤ; ߚଷ = ͳ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɪɨɜɟɧɶ ɜ ɤɚɦɟɪɟ 
ɝɨɪɟɧɢɹ; 𝜉ଵ = Ͳ,͹ͷ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɩɨɫɨɛ ɜɜɨɞɚ ɝɚɡɨɜ ɜ ɬɨɩɤɭ; ܯேை௫ = Ͳ,͵Ͷ ∙ ͳͲ−଻ ∙ ͳͲ,͹ʹͷ ∙ ͳͳͺ,ͻʹ ∙ ͳͷ,ʹͺ ∙ ቀͳ − ଴,ହଵ଴଴ቁ ∙ ͳ,Ͳ͵͵ ∙ ሺͳ − Ͳ,Ͳͳ ∙ʹͲሻ ∙ Ͳ,ͺͷ ∙ ͳ ∙ Ͳ,͹ͷ = Ͷͳͷ,ʹͻ  

ɋɭɦɦɚɪɧɵɟ ɦɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ Ʉɗɋ: ܯ = ˎˑˊܯ + ௌைଶܯ + ேை௫ܯ ∙ ʞДК𝑆ೀమʞДКಿೀ𝑥           (197) ܯ = ቀ͹,͸ + ͷ͹Ͳ,ͺʹ + Ͷͳͷ,ʹͻ ∙ ଴,ହ଴,଼ହቁ ∙ Ͷ = ͵ʹͻͲ,ͺ͵  
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6.2 ȼɵɛɨɪ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 

ɦ: ܪ = √ ஺∙ெ∙௠ʞДК𝑆ೀమ ∙ √ ௓௏̂ ∙∆௧య
             (198) 

ɝɞɟ A=200 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; 

m - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɜɵɯɨɞɚ 
ɝɚɡɨɜ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ. Ɂɚɞɚɞɢɦɫɹ m=1,44 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɬɨɱɧɟɧɢɟɦ; 

Z=1 - ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɜɵɯ ɬɪɭɛ; ܸ̂ = ͹ͳͷ,͸Ͷ͹ˏଷ/˔ - ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɭɞɚɥɹɟɦɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ 
ɬɪɭɛɭ; ∆ݐ = ͳͳͶ ˚ʠ - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 

ܪ  = √ଶ଴଴∙ଷଶଽ଴,଼ଷ∙ଵ,ସସ଴,ହ ∙ √ ଵ଻ଵହ,଺ସ଻∙ଵଵସయ = ʹͲͻ,ʹͲͳ  

 
ɉɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɬɪɭɛɵ ɪɚɜɧɭɸ H=250ɦ. Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɫɥɟɞɭɸɳɢɟ 

ɩɚɪɚɦɟɬɪɵ: ߱ = ͳͷ - ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɭɫɬɶɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ/ɫ    
       ݂ = ଵ଴య∙௪బ∙஽∆௧∙ுమ                                                     (199) 

 
ɝɞɟ D=9,6 ɦ - ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ; 
 ݂ = ଵ଴య∙ଵହ∙ଽ,଺ଵଵସ∙ଶହ଴మ = Ͳ,Ͳʹ  

 
Ʉɨɷɮɮɢɰɢɟɧɬ mɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ ݂: 
 ݉ = ଵ଴,଺଻+଴,ଵ∙√௙+଴,ଷସ∙ √௙య              (200) 

 ݉ = ଵ଴,଺଻+଴,ଵ∙√଴,଴ଶ+଴,ଷସ∙ √଴,଴ଶయ = ͳ,ͶͶ  

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢɡ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ˏˆ/ˏଷ: ܥ௠௔௫ = ஺∙ெ∙௠ுమ ∙ ௓√௏̂ ∙∆௧య         (201) 
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௠௔௫ܥ = ଶ଴଴∙ଷଶଽ଴,଼ଷ∙ଵ,ସସଶହ଴మ ∙ ௓√଻ଵହ,଺ସ଻∙ଵଵସయ = Ͳ,͵ͷ  ܥ௠௔௫ < ʞДКௌைଶ , ɩɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 250 ɦ, ɢɡɝɨɬɚɜɥɢɜɚɟɦ 
ɬɪɭɛɭ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɬɪɭɛɵ ɢ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ: ܪˠ˗ = ܪ + ͳ,ͻ ∙ ஽∙௪బ௩∙𝜑         (202) 

ɝɞɟ    ߮ = ͳ,ͷͶ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ; ݒ = ͷ - ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ; ܪˠ˗ = ʹͷͲ + ͳ,ͻ ∙ ଽ,଺∙ଵହହ∙ଵ,଻ସ = ʹ͹Ͳ,ͻ͸  
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɩɪɨɟɤɬ ȽɊɗɋ 
ɦɨɳɧɨɫɬɶɸ 3200 Ɇȼɬ. Ɋɚɫɫɦɨɬɪɟɧ ɜɚɪɢɚɧɬ ɭɫɬɚɧɨɜɤɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ, ɪɚɛɨɬɚɸɳɢɣ ɧɚ 
ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ, ɫ ɨɞɧɢɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɪɨɦɩɟɪɟɝɪɟɜɨɦ. Ȼɵɥ ɩɪɢɦɟɧɟɧ ɛɚɣɩɚɫ ɱɚɫɬɢ ɜɨɞɵ ɩɨɦɢɦɨ ɉȼȾ, ɚ ɬɚɤɠɟ ɛɚɣɩɚɫ 
ɱɚɫɬɢ ɤɨɧɞɟɧɫɚɬɚ ɩɨɦɢɦɨ ɉɇȾ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ 
ɤɨɬɥɚ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɨɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɪɚɫɱɟɬɵ: 

- ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ; 
- ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɨɚɝɪɟɝɚɬɚ; 
- ɪɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ 
- ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ; 
- ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ; 
ɂɡ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 

ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 
ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɟ ɩɨɡɜɨɥɢɥ ɧɚɣɬɢ 
ɨɫɧɨɜɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɜɵɫɨɬɭ ɤɨɬɟɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ 100,2 ɦɟɬɪɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɝɚɡɨɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɟɦɥɟɦɭɸ 
ɜɟɥɢɱɢɧɭ, ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ - 202,95 ɦɦ. ɜɨɞ. ɫɬ., ɩɨ ɜɨɡɞɭɲɧɨɦɭ - 431, 552 ɦɦ. 
ɜɨɞ. ɫɬ. ɢ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɬɹɝɨɞɭɬɶɟɜɵɟ ɦɚɲɢɧɵ ɫɥɟɞɭɸɳɢɯ ɦɚɪɨɤ: 
ɞɵɦɨɫɨɫ ɬɢɩɚ ȾɈȾ-43 ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 740 ɨɛ/ɦɢɧ ɢ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ 
ȼȾɈȾ-31,5 ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 585 ɨɛ/ɦɢɧ. 

ɂɡ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜɢɞɧɨ, ɱɬɨ ɢɯ ɜɟɥɢɱɢɧɚ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ: ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ - 7,6 ɝ/ɫ, NOx - 415,29 ɝ/ɫ, 
SO2 - 570,82 ɝ/ɫ, ɚ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɨɫɬɚɜɢɥɚ 250 ɦɟɬɪɨɜ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɤɨɬɨɪɵɣ 
ɫɨɫɬɚɜɥɹɟɬ 11,82 ɥɟɬ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
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