
Мɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
                                ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ    

ɢɧɫɬɢɬɭɬ 
 

                             «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»    
ɤɚɮɟɞɪɚ 

 
ɍɌВȿɊɀȾАɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  ɉɚɧɬɟɥɟɟɜ В.ɂ. 
ɩɨɞɩɢɫɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«____»  ______   2022 ɝ. 
 
 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻɈɌȺ 
 

 13.03.02 – ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
             ɉɪɨɟɤɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɌɗЦ-330 МВɬ   

ɬɟɦɚ 

 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ         _________        ____________________              А.А. ȿɝɨɧɫɤɢɣ 
                              ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

  

Вɵɩɭɫɤɧɢɤ               ________                                                                   А.Ɋ. Мɚɥɨɜ 
    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

  

 

 

 
Кɪɚɫɧɨɹɪɫɤ 2022 



Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
                             ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ     

ɢɧɫɬɢɬɭɬ 
 

                              «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»     
ɤɚɮɟɞɪɚ 

 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_______ɉɚɧɬɟɥɟɟɜ ȼ.ɂ. 
ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«14 »  09  2021 ɝ. 
 

 

 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍЮ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍЮ ɊȺȻɈɌɍ 

в форме                        ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ     
ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

 

 

 

 

 

 

 

 

 

 

 
Кɪɚɫɧɨɹɪɫɤ 2021 



ɋɬɭɞɟɧɬɭ __Ɇɚɥɨɜɭ_Ⱥɧɞɪɟɸ Ɋɨɦɚɧɨɜɢɱɭ_______________ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
Ƚɪɭɩɩɚ Ɏɗ18-03Ȼɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)           13.03.02   

         ɧɨɦɟɪ                                                                                                   ɤɨɞ 

«ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ», (ɩɪɨɮɢɥɶ) ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
                                                           ɩɨɥɧɨɟ ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ      
ɉɪɨɟɤɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ Ɍɗɐ -330 Ɇȼɬ      
              
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № _______ ɨɬ     
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼКɊȺ.Ⱥ. ȿɝɨɧɫɤɢɣ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.,  
ɤɚɮɟɞɪɚ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ» ɉɂ ɋɎɍ       
                                  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼКɊ: 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɫɜɹɡɢ Ɍɗɐ ɫ ɫɢɫɬɟɦɨɣ 

1) ɋɜɹɡɶ ɫ ɫɢɫɬɟɦɨɣ Sɋ1=4000 ɆȼȺ, Sɋ2=5800 ɆȼȺ, Uɋ1=110 ɤȼ, Uɋ2=110ɤȼ, 
ɏɋ1=0,3 ɨ.ɟ., ɏɋ2=0,25 ɨ.ɟ., lɊɍ-ɋ1=40 ɤɦ (2 ɲɬ.), lɊɍ-ɋ2=50 ɤɦ (2 ɲɬ.),  
lɋ1-ɋ2=60 ɤɦ (2 ɲɬ.); 2) ɇɚɝɪɭɡɤɚ ɧɚ Ɋɍ 110 ɤȼ: Ɋmax=260 Ɇȼɬ,Ɋmin=180 Ɇȼɬ, 
n1– ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ ɤ ɧɚɝɪɭɡɤɟ ɧɚ 110 ɤȼ (ɨɩɪɟɞɟɥɢɬɶ). 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼКɊ: 1) ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 2) Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨ-
ɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 3) Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɧɭɠɞ; 4) ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɲɤɚɮɨɜ КɊɍ – 6,3 ɤȼ; 5) ȼɵɛɨɪ ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɲɢɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɨɤɨɩɪɨɜɨɞɨɜ ɢ ɤɚɛɟɥɟɣ; 6) Ƚɪɨɡɨ-
ɡɚɳɢɬɚ; 7) Ɂɚɡɟɦɥɟɧɢɟ; 8) Ɉɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ  
ɌɌК–110–ɍ3–ɉ 



ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 1) Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨ-
ɟɞɢɧɟɧɢɣ Ɍɗɐ 2) Ɋɚɡɪɟɡɵ ɹɱɟɟɤ Ɋɍ 110ɤȼ; 3) ɉɥɚɧ Ɋɍ 110ɤȼ; 4) ɋɯɟɦɚ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼКɊ                           _________________     __Ⱥ.Ⱥ. ȿɝɨɧɫɤɢɣ________ 
                                                                                             ɩɨɞɩɢɫɶ                               ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                          ____Ⱥ.Ɋ. Ɇɚɥɨɜ_______ 
                                                                             ɩɨɞɩɢɫɶ,                   ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 

«14»09  2021 ɝ. 



 

 

      

 ǓП – 13.03.02.04  Пǐ 
 

 

     
1 

Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

ɊȿɎȿɊАɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɱɚɫɬɢ Ɍɗɐ-330 Ɇȼɬ» ɫɨɞɟɪɠɢɬ 67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, ɩɪɢɥɨɠɟɧɢɣ, 
30 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: Ƚɥɚɜɧɚɹ 
ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ɍɗɐ, ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ, ɪɚɡɪɟɡɵ ɹɱɟɟɤ Ɋɍ 110 ɤȼ, ɩɥɚɧ Ɋɍ 110 ɤȼ.  

ɐɟɥɢ ɪɚɛɨɬɵ:  
- ɜɵɛɪɚɬɶ ɨɫɧɨɜɧɨɟ ɫɢɥɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ɍɗɐ;  
- ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
- ɪɚɫɫɱɢɬɚɬɶ ɬɨɤɢ ɄɁ ɜ ɫɯɟɦɚɯ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
- ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ ɌɄɁ ɩɪɨɜɟɫɬɢ ɜɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɜ ɫɯɟɦɟ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ ɢ ɫɢɫɬɟɦɟ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ;  

- ɜɵɛɪɚɬɶ ɫɯɟɦɭ Ɋɍ;  
- ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ, 

ɦɟɯɚɧɢɡɦɨɜ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ;  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ 

Ɍɗɐ-330 Ɇȼɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɨɪɦɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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ВВȿȾȿɇɂȿ 
 
ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢɝɪɚɟɬ ɜɟɞɭɳɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɜɫɟɯ ɨɬɪɚɫɥɟɣ 

ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ɍɗɋ), ɧɚ ɤɨɬɨɪɵɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨ 68% ɜɫɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
Ɋɨɫɫɢɢ. ɋɪɟɞɢ ɜɫɟɯ Ɍɗɋ ɜɵɞɟɥɹɸɬ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ʉɗɋ) ɢ 
ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ (Ɍɗɐ). 

Ɍɗɐ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɝɨɪɨɞɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɢ ɬɟɩɥɨɦ. əɜɥɹɹɫɶ, ɤɚɤ ɢ Ʉɗɋ, 
ɬɟɩɥɨɜɵɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ, ɨɧɢ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɨɫɥɟɞɧɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɩɥɚ «ɨɬɪɚɛɨɬɚɜɲɟɝɨ» ɜ ɬɭɪɛɢɧɚɯ ɩɚɪɚ ɞɥɹ ɧɭɠɞ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɬɨɩɥɟɧɢɹ, ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɢ ɝɨɪɹɱɟɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɉɪɢ ɬɚɤɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɬɟɩɥɚ ɞɨɫɬɢɝɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɞɟɥɶɧɵɦ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟɦ, ɬ. ɟ. ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɗɋ ɢ ɩɨɥɭɱɟɧɢɟɦ 
ɬɟɩɥɚ ɨɬ ɦɟɫɬɧɵɯ ɤɨɬɟɥɶɧɵɯ. ɉɨɷɬɨɦɭ Ɍɗɐ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɪɚɣɨɧɚɯ (ɝɨɪɨɞɚɯ) ɫ ɛɨɥɶɲɢɦ ɩɨɬɪɟɛɥɟɧɢɟɦ ɬɟɩɥɚ ɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ȼ ɰɟɥɨɦ, ɧɚ Ɍɗɐ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɤɨɥɨ 25% ɜɫɟɣ 
ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɜ ɫɬɪɚɧɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɟɤɬ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ Ɍɗɐ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 330 Ɇȼɬ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɭɪɵɣ ɭɝɨɥɶ. ɋɢɫɬɟɦɚ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ – ɨɛɨɪɨɬɧɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɞɢɪɟɧ. 
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1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ɍɗɐ. 
 

ɋɯɟɦɵ Ɍɗɐ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɜ 
ɨɬɧɨɲɟɧɢɢ ɧɚɞɟɠɧɨɫɬɢ, ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɢ, ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, 
ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɝɢɛɤɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ, ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, 
ɜɵɛɨɪ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ ɫɯɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ 
ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ (Ɋɍ), ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
(ɄɁ) [7]. 

Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɫɯɟɦɵ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɝɟɧɟɪɚɬɨɪɚɦɢ, ɩɟɪɟɞɚɟɬɫɹ 
ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɢ ɩɨɫɬɭɩɚɟɬ 
ɜ ɫɢɫɬɟɦɭ ɩɨ ɜɨɡɞɭɲɧɵɦ ɢ ɤɚɛɟɥɶɧɵɦ ɥɢɧɢɹɦ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
 

 
 

Ɋɢɫɭɧɨɤ 1 — ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ  
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2. Вɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

2.1 Вɵɛɨɪ ɝɟɧɟɪɚɬɨɪɨɜ 
 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɨɣ ɫɬɚɧɰɢɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɝɟɧɟɪɚɬɨɪɵ ɬɢɩɚ: 
ɌɌɄ-110-2 ɍ3-ɉ [1] ɜ ɤɨɥɢɱɟɫɬɜɟ 3 ɲɬ. 

 
Ɍɚɛɥɢɰɚ 1 - ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɌɌɄ-110-2 ɍ3-ɉ 

nɧɨɦ, 
ɨɛ/ɦɢɧ 

SG ɧɨɦ , 
MBA 

Pɧɨɦ, 
Ɇȼɬ 

Uɧɨɦ, 
ɤȼ 

cosφG x’’d ɄɉȾ ,% 

3000 137,5 110 10,5 0,8 0,21 98,4 
 

2.2 Вɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɪɚɜɧɨɣ 10% ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ [2]. 

 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, Ɇȼɬ: 
 ܵʠʜ = ܵʠʜ𝐺ଵ = ܵʠʜ𝐺ଶ = ܵʠʜ𝐺ଷ = ܵ𝐺 ːˑˏ ∙ Ͳ,ͳ                                           (2.1.1) 

 ܵʠʜ = ͳ͵͹,ͷ ∙ Ͳ,ͳ = ͳ͵,͹ͷ                                                                                  

                       
ɉɟɪɟɬɨɤɢ ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɞɥɹ ɜɫɟɯ ɫɯɟɦ ɪɚɜɧɵ, 

MBA: 
 ܵʡ˄ˎ = ܵ𝐺 ːˑˏ − ܵʠʜ                                                                                  (2.1.2) 
 

 ܵʡ˄ˎ = ͳ͵͹,ͷ − ͳ͵,͹ͷ = ͳʹ͵,͹ͷ 

 
ȼɵɛɢɪɚɟɦ ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢɡ ɭɫɥɨɜɢɹ 

 ܵʡ.ːˑˏ ൒ ܵʡ˄ˎ                                                                                                       (2.1.3) 
 ܵʡ.ːˑˏ ൒ ܵʡ˄ˎ = ͳʹ͵,͹ͷ ʛʑʏ 

 

ɂɡ [3] ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɢɩɚ ɌȾɐ-125000/110-ɍ1 ɍɏɅ1. 
 
Ɍɚɛɥɢɰɚ 2 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-125000/110-ɍ1 ɍɏɅ ܵʡ.ːˑˏ, ɆȼȺ Uɜɧ,ɤȼ Uɧɧ, ɤȼ ݑˍ,% 

Px 
ɤȼɬ 

Pɤ, 
ɤȼɬ 

125 121 10,5 10,5 120 400 
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2.3 Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɜɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 
 
ȼɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ: 
 

− ɇɚɩɪɹɠɟɧɢɸ:  
 
Uɧɨɦ ≥ Uɫ 

 
− Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ: 

 
Iɧɨɦ ≥ Iɪɚɛ.ɦɚɤɫ. 

 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɰɟɩɹɯ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɤȺ: 
 I˓˃˄.ˏ˃ˍ˔.் = ܵ𝐺 ːˑˏ√͵ ∙ ܷːˑˏ                                                                                         ሺʹ.͵.ͳሻ 

 I˓˃˄.ˏ˃ˍ˔.் = ͳ͵͹,ͷ ∙ ͳͲ଺√͵ ∙ ͳͳͲ ∙ ͳͲଷ = Ͳ,͹ʹʹ 

 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɤȺ: 
 I𝐺˓˃˄.ˏ˃ˍ˔. = ܵ𝐺 ːˑˏ√͵ ∙ Ͳ,ͻͷ ∙ ܷːˑˏ                                                                             ሺʹ.͵.ʹሻ 

 I𝐺˓˃˄.ˏ˃ˍ˔. = ͳ͵͹,ͷ ∙ ͳͲ଺√͵ ∙ Ͳ,ͻͷ ∙ ͳͲ,ͷ ∙ ͳͲଷ = ͹,ͻ͸ 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ Ɋɍɗɇ-110 ɩɪɨɢɡɜɨɞɫɬɜɚ «ɍɗɌɆ» [4] ɢ ɗȽɊɍ 
HECS-80 ɩɪɨɢɡɜɨɞɫɬɜɚ ABB [5]: 
 
Ɍɚɛɥɢɰɚ 3 – ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɇɚɩɪɹɠɟɧɢɟ, 

ɤȼ Ɍɢɩ Uɧ, 
ɤȼ 

Іɧ, 
Ⱥ 

Iɧ.ɨɬɤɥ, 
ɤȺ 

Iɧ.ɜɤɥ, 
ɤȺ 

βɧɨɪɦ, 
% 

iɩɪ.ɫɤɜ, 
ɤȺ 

Iɬɟɪ, 
ɤȺ 

tɬɟɪɦ, ɫ tɨɬɤɥ, ɫ 

10,5 
HECS

-80 
20 8500 80 220 75 220 80 3 0,034 

110 
Ɋɍɗɇ
-110 

110 2500 40 100 40 100 40 3 0,035 
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ȼ ɞɚɥɶɧɟɣɲɟɦ, ɩɨɫɥɟ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ, ɜɵɛɪɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɧɚ: 

 
− Ɉɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ:  

 

Iɧ.ɨɬɤɥ ≥ Iɩτ ; ݅˃ ːˑˏ = √ଶ𝛽ːˑ˓ˏଵ଴଴   ;ː ˑ˕ˍˎ ≥ ݅˃ 𝜏ܫ

 
ȿɫɥɢ Iɧ.ɨɬɤɥ ≥ Iɩτ ; ݅˃ ːˑˏ  ൑ ݅˃ 𝜏, ɩɪɨɜɟɪɹɸɬ ɩɨ ɩɨɥɧɨɦɭ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ: 
 ݅ː ˑ˕ˍˎ = ˎˍ˕ː ˑܫʹ√ ቀͳ + 𝛽ːˑ˓ˏଵ଴଴ ቁ ≥ ݅ˍ𝜏 = ݅˒ 𝜏 + ݅˃ 𝜏 = 𝜏 ˒ܫʹ√ +  ;𝜏 ˃ܫ

 
− ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ:  

 
iɩɪ.ɫɤɜ ≥  iɭɞ; 

 
− Ɍɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 

 
I2

ɬɟɪ‧tɬɟɪɦ ≥ ȼɤ. 
 
2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ Ʌɗɉ, ɩɟɪɟɞɚɸɳɢɯ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɹɦ 

 
ɑɢɫɥɨ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ: 

 ܰ𝑊 = ʟ୫axʟ˒˓ˑ˒ + ͳ,                                                                                                  ሺʹ.Ͷ.ͳሻ 

 
ɝɞɟ ʟ୫ax – ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨɬɪɟɛɢɬɟɥɹɦ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɪɟɠɢɦɟ, Ɇȼɬ;  ʟ˒˓ˑ˒ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɥɢɧɢɣ 110 ɤȼ, ɪɚɜɧɚɹ 50 Ɇȼɬ, ɞɥɹ ɥɢɧɢɣ 
ɞɥɢɧɨɣ ɦɟɧɶɲɟ 50 ɤɦ [27]. 
 ܰ𝑊 = ʹ͸ͲͷͲ + ͳ = ͸,ʹ ≈ ͹ 
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2.5 Вɵɛɨɪ ɩɪɨɜɨɞɨɜ Ʌɗɉ, ɩɟɪɟɞɚɸɳɢɯ ɦɨɳɧɨɫɬɶ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɩɨ Ʌɗɉ, Ⱥ: 

୫axܫ  = ∑ ܵ𝐺 ːˑˏ − ∑ ܵʠʜ − ܵ୫i୬√͵ ∙ ܷːˑˏ ∙ ܰ𝑊 ,                                                                     ሺʹ.ͷ.ͳሻ 

 
ɝɞɟ ∑ ܵ𝐺  – ɫɭɦɦɚɪɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ, ɆȼȺ;  ∑ ܵʠʜ – ɫɭɦɦɚɪɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɆȼȺ; S୫i୬ – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɆȼȺ. 

୫axܫ  = ሺ͵ ∙ ͳ͵͹,ͷ − ͵ ∙ ͳ͵,͹ͷ − ͳͺͲͲ,ͺͷሻ ∙ ͳͲ଺√͵ ∙ ͳͳͲ ∙ ͳͲଷ ∙ Ͷ = ʹͲͻ,͵ 

 
ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɦɦ2: 
ʟܨ  = ୫ax݆Эܫ ,                                                                                                             ሺʹ.ͷ.ʹሻ 

 
ɝɞɟ ݆Э – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [6, Ɍɚɛɥ. 1.1.36].  
ʟܨ  = ʹͲͻ,͵ͳ,ͳ = ͳͻͲ,͵ 

 
ɂɡ [3, Ɍɚɛɥ. 3.5] ɜɵɛɟɪɟɦ ɩɪɨɜɨɞ ȺɋɄ 240/32. Ⱦɥɹ ɥɢɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ 

ɫɢɫɬɟɦɭ 1 ɫ ɫɢɫɬɟɦɨɣ 2 ɩɪɢɧɢɦɚɟɦ ɤ ɜɵɛɨɪɭ ɩɪɨɜɨɞɧɢɤɢ ɬɨɣ ɠɟ ɦɚɪɤɢ. 
 
Ɍɚɛɥɢɰɚ 4 – ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɪɨɜɨɞɚ ȺɋɄ 240/32 ɧɚ ɧɚɩɪɹɠɟɧɢɟ 110 ɤȼ 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 
ɮɚɡɟ 

r0, 
Ɉɦ/ɤɦ ɩɪɢ 

20°ɋ 
x0, Ɉɦ/ɤɦ 

b0‧10-6, 
ɋɦ/ɤɦ 

1 0,118 0,405 2,808 
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3. Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
 

ɋɯɟɦɭ ɡɚɦɟɳɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɟɞɢɧɢɰɚɯ ɩɪɢ 
ɩɪɢɛɥɢɠɟɧɧɨɦ ɩɪɢɜɟɞɟɧɢɢ. Ȼɚɡɢɫɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ 
ɪɹɞɭ ɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ ɫɪɟɞɧɢɦ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɹɦ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɭɩɟɧɹɯ ɬɪɚɧɫɮɨɪɦɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɨɣ ɦɨɳɧɨɫɬɢ 
ɩɪɢɦɟɦ ܵ ʐ = ͳͲͲ ʛʑ ∙ ʏ. Ɍɚɤɠɟ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: 

− ɉɪɟɧɟɛɪɟɝɚɟɦ ɜɥɢɹɧɢɟɦ ɧɚɝɪɭɡɤɢ ɧɚ ɜɟɥɢɱɢɧɭ ɬɨɤɨɜ ɄɁ; 
− ɉɪɟɧɟɛɪɟɝɚɟɦ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ Ʌɗɉ. 

 
Ȼɚɡɢɫɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɭɩɟɧɹɯ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɤȼ: 

 ܷʐଵ = ͳͲ,ͷ; 
 ܷʐଶ = ͳͳͷ; 
 

Ȼɚɡɢɫɧɵɣ ɬɨɤ, ɤȺ: 
ʐ𝑖ܫ  = ܵʐ√͵ ∙ ܷʐ𝑖                                                                                                        ሺ͵.ͳ.ͳሻ 

 
Ȼɚɡɢɫɧɵɟ ɬɨɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɭɩɟɧɟɣ, ɤȺ: 

ʐଵܫ  = ͳͲͲ√͵ ∙ ͳͲ,ͷ = ͷ,ͷͲͲ 

ʐଶܫ  = ͳͲͲ√͵ ∙ ͳͳͷ = Ͳ,ͷͲʹ 

 
Ɂɧɚɱɟɧɢɹ ɗȾɋ ɢɫɬɨɱɧɢɤɨɜ [2, Ɍɚɛɥ. 3.2], ɨ.ɟ.: 
 
Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ G1, G2, G3 – ܧଵ = ଶܧ = ଷܧ = ͳ,ͳ͵ 

 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ GS1, GS2 – ܧସ = ହܧ = ͳ,Ͳ 
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ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ G1, G2, G3, ɨ. ɟ.: 
 𝑥𝐺 = 𝑥𝑑′′ ∙ ܵʐܵʜ                                                                                                          ሺ͵.ͳ.ʹሻ 

 𝑥ଵ = 𝑥ଶ = 𝑥ଷ = Ͳ,ʹͳ ∙ ͳͲͲͳ͵͹,ͷ = Ͳ,ͳͷ͵ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ GS1, GS2 ɨ. ɟ.: 

 𝑥𝐺ௌ = ܺʠ ∙ ܵʐ̝ܵ                                                                                                         ሺ͵.ͳ.͵ሻ 

 𝑥ସ == Ͳ,͵ ∙ ͳͲͲͶͲͲͲ = Ͳ,Ͳ͹ͷ 

 𝑥ହ = Ͳ,ʹͷ ∙ ͳͲͲͷͺͲͲ = Ͳ,ͲͶ͵ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ T1, T2, T3 ɨ. ɟ.: 

 𝑥ʡ = ͳͲͲˍݑ ∙ ܵʐܵʡ.ːˑˏ                                                                                                  ሺ͵.ͳ.Ͷሻ 

 𝑥଺ = 𝑥଻ = 𝑥଼ = ͳͲ,ͷͳͲͲ ∙ ͳͲͲͳʹͷ = Ͳ,ͲͺͶ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʌɗɉ, ɨ. ɟ.: 
 𝑥𝑊 = 𝑥଴ ∙ ݈ ∙ ܵʐܷʐଷଶ                                                                                                   ሺ͵.ͳ.ͷሻ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʌɗɉ Ɋɍ-ɋ1, ɨ. ɟ.: 
 𝑥ଽ = 𝑥ଵ଴ = Ͳ,ͶͲͷ ∙ ͶͲ ∙ ͳͲͲͳͳͷଶ = Ͳ,ͳʹ͵ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʌɗɉ Ɋɍ-ɋ2, ɨ. ɟ.: 

 𝑥ଵଵ = 𝑥ଵଶ = Ͳ,ͶͲͷ ∙ ͷͲ ∙ ͳͲͲͳͳͷଶ = Ͳ,ͳͷ͵ 

 
 



 

 

      

 ǓП – 13.03.02.04  Пǐ 
 

 

     
12 

Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʌɗɉ ɋ1-ɋ2, ɨ. ɟ.: 
 𝑥ଵଷ = 𝑥ଵସ = Ͳ,ͶͲͷ ∙ ͸Ͳ ∙ ͳͲͲͳͳͷଶ = Ͳ,ͳͺͶ 

 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɧɨɣ 

ɫɯɟɦɵ ɫɬɚɧɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
 

 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 
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Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ 

 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɬɪɟɯɮɚɡɧɨɟ ɄɁ ɜ ɬɨɱɤɟ Ʉ-1 (10,5 ɤȼ). 

ɉɪɟɨɛɪɚɡɭɟɦ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɬɨɱɤɢ Ʉ-1: 
 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ: 
 𝑥ଵହ = 𝑥ଵ + 𝑥଺ = Ͳ,ͳͷ͵ + Ͳ,ͲͺͶ = Ͳ,ʹ͵͹ 
  𝑥ଵ଺ = 𝑥ଶ + 𝑥଻ = Ͳ,ͳͷ͵ + Ͳ,ͲͺͶ = Ͳ,ʹ͵͹ 
 

 
Ɋɢɫɭɧɨɤ 3 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 1 
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Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

ɉɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ:  
 𝑥ଵ଻ = 𝑥ଵହ ∙ 𝑥ଵ଺𝑥ଵହ + 𝑥ଵ଺ = Ͳ,ʹ͵͹ ∙ Ͳ,ʹ͵͹Ͳ,ʹ͵͹ + Ͳ,ʹ͵͹ = Ͳ,ͳͳͺͷ 

ଵଷܧ  = ଷܧ||ଵܧ = ଵܧ ∙ 𝑥ଵ଺ + ଷܧ ∙ 𝑥ଵହ𝑥ଵହ + 𝑥ଵ଺ = ͳ,ͳ͵ ∙ Ͳ,ʹ͵͹ + ͳ,ͳ͵ ∙ Ͳ,ʹ͵͹Ͳ,ʹ͵͹ + Ͳ,ʹ͵͹ = ͳ,ͳ͵ 

 𝑥ଵ଼ = 𝑥ଽ ∙ 𝑥ଵ଴𝑥ଽ + 𝑥ଵ଴ = Ͳ,ͳʹ͵ ∙ Ͳ,ͳʹ͵Ͳ,ͳʹ͵ + Ͳ,ͳʹ͵ = Ͳ,Ͳ͸ͳͷ 

 𝑥ଵଽ = 𝑥ଵଵ ∙ 𝑥ଵଶ𝑥ଵଵ + 𝑥ଵଶ = Ͳ,ͳͷ͵ ∙ Ͳ,ͳͷ͵Ͳ,ͳͷ͵ + Ͳ,ͳͷ͵ = Ͳ,Ͳ͹͸ͷ 

 𝑥ଶ଴ = 𝑥ଵଷ ∙ 𝑥ଵସ𝑥ଵଷ + 𝑥ଵସ = Ͳ,ͳͺͶ ∙ Ͳ,ͳͺͶͲ,ͳͺͶ + Ͳ,ͳͺͶ = Ͳ,Ͳͻʹ 

 

 
Ɋɢɫɭɧɨɤ 4 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 2 
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Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

Ɍɪɟɭɝɨɥɶɧɢɤ x18, x19, x20 ɧɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɨɛɪɚɡɭɟɦ ɜ ɫɯɟɦɭ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 
«ɡɜɟɡɞɵ»: 

 𝑥ଶଵ = 𝑥ଵ଼ ∙ 𝑥ଵଽ𝑥ଵ଼ + 𝑥ଵଽ + 𝑥ଶ଴ = Ͳ,Ͳ͸ͳͷ ∙ Ͳ,Ͳ͹͸ͷͳ,͵ͺ + Ͳ,͵Ͳ͸ + ͳ,͸͸ = Ͳ,ͲʹͲͷ 

 𝑥ଶଶ = 𝑥ଵ଼ ∙ 𝑥ଶ଴𝑥ଵ଼ + 𝑥ଵଽ + 𝑥ଶ଴ = Ͳ,Ͳ͸ͳͷ ∙ Ͳ,Ͳͻʹͳ,͵ͺ + Ͳ,͵Ͳ͸ + ͳ,͸͸ = Ͳ,ͲʹͶ͸ 

 𝑥ଶଷ = 𝑥ଵଽ ∙ 𝑥ଶ଴𝑥ଵ଼ + 𝑥ଵଽ + 𝑥ଶ଴ = Ͳ,Ͳ͹͸ͷ ∙ Ͳ,Ͳͻʹͳ,͵ͺ + Ͳ,͵Ͳ͸ + ͳ,͸͸ = Ͳ,Ͳ͵Ͳ͸ 

 

 

Ɋɢɫɭɧɨɤ 5 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 3 
 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ: 
 𝑥ଶସ = 𝑥ସ + 𝑥ଶଶ = Ͳ,Ͳ͹ͷ + Ͳ,ͲʹͶ͸ = Ͳ,Ͳͻͻ͸ 
 𝑥ଶହ = 𝑥ହ + 𝑥ଶଷ = Ͳ,ͲͶ͵ + Ͳ,Ͳ͵Ͳ͸ = Ͳ,Ͳ͹͵͸ 
 

ɉɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ:  
 𝑥ଶ଺ = 𝑥ଶସ ∙ 𝑥ଶହ𝑥ଶସ + 𝑥ଶହ = Ͳ,Ͳͻͻ͸ ∙ Ͳ,Ͳ͹͵͸Ͳ,Ͳͻͻ͸ + Ͳ,Ͳ͹͵͸ = Ͳ,ͲͶʹ͵ 

ସହܧ  = ହܧ||ସܧ = ସܧ ∙ 𝑥ଶହ + ହܧ ∙ 𝑥ଶସ𝑥ଶସ + 𝑥ଶହ = ͳ,Ͳ ∙ Ͳ,Ͳ͹͵͸ + ͳ,Ͳ ∙ Ͳ,Ͳͻͻ͸Ͳ,Ͳͻͻ͸ + Ͳ,Ͳ͹͵͸ = ͳ,Ͳ 

 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ: 

 𝑥ଶ଻ = 𝑥ଶଵ + 𝑥ଶ଺ = Ͳ,ͲʹͲͷ + Ͳ,ͲͶʹ͵ = Ͳ,Ͳ͸ʹͺ 
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Ɋɢɫɭɧɨɤ 6 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 4 
 
ɉɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ:  

 𝑥ଶ଼ = 𝑥ଵ଻ ∙ 𝑥ଶ଻𝑥ଵ଻ + 𝑥ଶ଻ = Ͳ,ͳͳͺͷ ∙ Ͳ,Ͳ͸ʹͺͲ,ͳͳͺͷ + Ͳ,Ͳ͸ʹͺ = Ͳ,ͲͶͳ 

ଵଷସହܧ  = ଵଷܧ ∙ 𝑥ଶ଻ + ସହܧ ∙ 𝑥ଵ଻𝑥ଵ଻ + 𝑥ଶ଻ = ͳ,ͳ͵ ∙ Ͳ,Ͳ͸ʹͺ + ͳ,Ͳ ∙ Ͳ,ͳͳͺͷͲ,ͳͳͺͷ + Ͳ,Ͳ͸ʹͺ = ͳ,ͲͶͷ 

 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ: 

 𝑥ଶଽ = 𝑥଻ + 𝑥ଶ଼ = Ͳ,ͲͺͶ + Ͳ,ͲͶͳ = Ͳ,ͳʹͷ 
 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɗȾɋ ɨɬɨɛɪɚɡɢɦ ɧɚ ɫɯɟɦɟ, 
ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 
Ɋɢɫɭɧɨɤ 7 – ɂɬɨɝɨɜɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɬɨɱɤɢ Ʉ-1 
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Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɨɬ ɝɟɧɟɪɚɬɨɪɚ G2, 
ɤȺ: 
଴,𝐺ଶ˒ܫ  = ଶ𝑥ଶܧ ∙ ʐଵܫ = ͳ,ͳ͵Ͳ,ͳͷ͵ ∙ ͷ,ͷ = ͶͲ,͸ʹ 

 
Ɉɩɪɟɞɟɥɢɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɨɜ ɨɬ 

ɫɢɫɬɟɦɵ ɢ ɝɟɧɟɪɚɬɨɪɨɜ G1, G3, ɨ.ɟ.:  
∗଴,𝐺ௌ˒ܫ  = ଵଷସହ𝑥ଶଽܧ = ͳ,ͲͶͷͲ,ͳʹͷ = ͺ,͵͸ 

 
Ɋɚɡɜɟɪɧɟɦ ɢɬɨɝɨɜɭɸ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɬɞɟɥɶɧɨ ɬɨɤ ɨɬ 

ɫɢɫɬɟɦɵ ɢ ɨɬ ɝɟɧɟɪɚɬɨɪɨɜ G1, G3. 
 

 
Ɋɢɫɭɧɨɤ 8 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 5 

 
Ɉɩɪɟɞɟɥɢɦ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ 𝑥଻ ɢ  

ɩɨɬɟɧɰɢɚɥ ܷ𝑎, ɨ.ɟ.:  
 ܷ𝑎 = ∗଴,𝐺ௌ˒ܫ ∙ 𝑥଻  = ͺ,͵͸ ∙ Ͳ,ͲͺͶ = Ͳ,͹Ͳʹ 

 
Ɋɚɡɜɟɪɧɟɦ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ ɞɨ ɜɢɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 6 ɢ  

ɨɩɪɟɞɟɥɢɦ ɨɬɞɟɥɶɧɨ ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɨɜ ɨɬ ɫɢɫɬɟɦɵ 
ɢ ɨɬ ɝɟɧɟɪɚɬɨɪɨɜ G1, G3. 
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Ɋɢɫɭɧɨɤ 9 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 6 

 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɨɬ ɝɟɧɟɪɚɬɨɪɨɜ 

G1,G3, ɤȺ: 
଴,𝐺ଵ,𝐺ଷ˒ܫ  = ଵଷܧ − ܷ𝑎𝑥ଵ଻ ∙ ʐଵܫ = ͳ,ͳ͵ − Ͳ,͹ͲʹͲ,ͳͳͺͷ ∙ ͷ,ͷ = ͳͻ,ͺ͸ 

 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɨɬ ɫɢɫɬɟɦɵ, ɤȺ: 

଴,𝐺ௌ˒ܫ  = ସହܧ − ܷ𝑎𝑥ଶ଻ ∙ ʐଵܫ = ͳ,Ͳ − Ͳ,͹ͲʹͲ,Ͳ͸ʹͺ ∙ ͷ,ͷ = ʹ͸,ͳ 

 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ, 

ɤȺ: 
଴˒ܫ  = ଴,𝐺ଵ,𝐺ଷ˒ܫ + ଴,𝐺ଶ˒ܫ + ଴,𝐺ௌ˒ܫ = ͳͻ,ͺ͸ + ͶͲ,͸ʹ + ʹ͸,ͳ = ͺ͸,ͷͺ 
 

3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɄɁ 
 
ɍɞɚɪɧɵɣ ɬɨɤ ɄɁ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ [2]: 
 ݅˖ˇ = √ʹ ∙ ݇˖,𝐺ௌ ∙ ଴,𝐺ௌ˒ܫ + √ʹ ∙ ݇˖,𝐺ଶ ∙ ଴,𝐺ଶ˒ܫ + √ʹ ∙ ݇˖,𝐺ଵ,𝐺ଷ ∙  ଴,𝐺ଵ,𝐺ଷ      ሺ͵.͵.ͳሻ˒ܫ
 

ɝɞɟ ݇˖ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
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Ɂɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɢ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɫɢɫɬɟɦɵ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɛɨɪɧɵɦɢ ɲɢɧɚɦɢ, ɝɞɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɄɁ, ɜɨɡɞɭɲɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɫɨɝɥɚɫɧɨ  
[2, ɬɚɛɥ. 3.6]: 

 𝑎ܶ,𝐺ௌ = Ͳ,Ͳ͵ ˔; 
 ݇˖,𝐺ௌ = ͳ,͹ͳ͹; 

 
Ɂɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɢ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɌɌɄ-110-2 ɍ3-ɉ, 
ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɬɨɱɤɟ ɄɁ, ɩɪɢɦɟɦ ɚɧɚɥɨɝɢɱɧɵɦɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɭ  
ɌȼɎ-110-2ȿɍ3 ɫɨɝɥɚɫɧɨ [2, ɬɚɛɥ. 3.7]: 

 𝑎ܶ,𝐺ଶ = Ͳ,Ͷͳ ˔; 
 ݇˖,𝐺ଶ = ͳ,ͻ͹͸; 

 
Ɂɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɢ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɛɥɨɤɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ  
ɌɌɄ-110-2 ɍ3-ɉ ɢ ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-125000/110-ɍ1 ɍɏɅ1, 
ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɬɨɱɤɟ ɄɁ ɫɨɝɥɚɫɧɨ [2, ɬɚɛɥ. 3.6]: 

 𝑎ܶ,𝐺ଵ,𝐺ଷ = Ͳ,ʹ͸ ˔; 
 ݇˖,𝐺ଵ,𝐺ଷ = ͳ,ͻ͸ͷ; 
 
ɍɞɚɪɧɵɣ ɬɨɤ ɄɁ, ɤȺ: 
 ݅˖ˇ = √ʹ ∙ ͳ,͹ͳ͹ ∙ ʹ͸,ͳ + √ʹ ∙ ͳ,ͻ͹͸ ∙ ͶͲ,͸ʹ + √ʹ ∙ ͳ,ͻ͸ͷ ∙ ͳͻ,ͺ͸ = ʹ͵ʹ,ͳ 

 
3.4. Ɋɚɫɱɟɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɄɁ 

ɜ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɝɪɚɥɚ Ⱦɠɨɭɥɹ 
 

3.4.1. Ɋɚɫɱɟɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɡɚɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
 

Ɂɧɚɱɟɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  ݐ = 𝜏, ɫɨɝɥɚɫɧɨ [2]: 
 ݅𝑎ሺ𝜏ሻ = √ʹ ∙ ଴,𝐺ௌ˒ܫ ∙ ݁− 𝜏𝐺𝑆்𝑎,𝐺𝑆 + √ʹ ∙ ଴,𝐺ଶ˒ܫ ∙ ݁− 𝜏𝐺మ்𝑎,𝐺మ + +√ʹ ∙ ଴,𝐺ଵ,𝐺ଷ˒ܫ ∙ ݁− 𝜏𝐺భ,𝐺య்𝑎,𝐺భ,𝐺య                                                                              ሺ͵.Ͷ.ͳ.ͳሻ 
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ɝɞɟ 𝑎ܶ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɫ; 𝜏 – ɦɨɦɟɧɬ ɪɚɡɪɵɜɚ ɤɨɧɬɚɤɬɨɜ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 
 𝜏 = ௠𝑖௡ ˊݐ +  ሺ͵.Ͷ.ͳ.ʹሻ                                                                                                .˅.˔ݐ

 
ɝɞɟ ݐˊ ௠𝑖௡– ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɪɚɜɧɨɟ 

0,01 ɫ; 
 ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɩɚɫɩɨɪɬɧɵɦ – .˅.˔ݐ 

ɞɚɧɧɵɦ, ɫ. 
 𝜏𝐺ௌ = Ͳ,Ͳͳ + Ͳ,Ͳ͵ͷ = Ͳ,ͲͶͷ 

 𝜏𝐺ଶ = 𝜏𝐺ଵ,𝐺ଷ = Ͳ,Ͳͳ + Ͳ,Ͳ͵Ͷ = Ͳ,ͲͶͶ 
 

Ɂɧɚɱɟɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  ݐ = 𝜏, ɤȺ: 
 ݅𝑎ሺ𝜏ሻ = √ʹ ∙ (ʹ͸,ͳ ∙ ݁−଴,଴ସହ଴,଴ଷ + ͶͲ,͸ʹ ∙ ݁−଴,଴ସସ଴,ସଵ + ͳͻ,ͺ͸ ∙ ݁−଴,଴ସସ଴,ଶ଺ ) = ͺͳ,ͷͶ 

 
3.4.2. Ɋɚɫɱɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɡɚɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
 

Ⱦɥɹ ɫɢɫɬɟɦɵ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜ ɦɟɫɬɟ ɄɁ ɛɭɞɟɬ 
ɧɟɡɚɬɭɯɚɸɳɟɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ: 
𝜏,𝐺ௌ˒ܫ  = ଴,𝐺ௌ˒ܫ = ʹ͸,ͳ ˍʏ 
 

Ⱦɚɥɟɟ ɧɚɣɞɟɦ ɨɬɧɨɲɟɧɢɟ 𝐼˒బ,𝐺𝐼ːˑˏ , ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɭɞɚɥɟɧɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɦɟɫɬɚ ɄɁ, ɝɞɟ ܫːˑˏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɄɁ, 
ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɬɨɣ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ, ɝɞɟ ɩɪɨɢɡɨɲɥɨ ɄɁ, ɤȺ: 

ˏːˑܫ  = ݊ ∙ ܵ𝐺 ːˑˏ√͵ ∙ ܷʐ𝑖                                                                                                ሺ͵.Ͷ.ʹ.ͳሻ 

 
ɝɞɟ ݊ – ɱɢɫɥɨ ɝɟɧɟɪɚɬɨɪɨɜ. 
ːˑˏ𝐺ଶܫ  = ͳ͵͹,ͷ√͵ ∙ ͳͲ,ͷ = ͹,ͷ͹ 

ːˑˏ𝐺ଵ,𝐺ଷܫ  = ʹ ∙ ͳ͵͹,ͷ√͵ ∙ ͳͲ,ͷ = ͳͷ,ͳͶ 
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ːˑˏଶܫ଴,𝐺ଶ˒ܫ = ͶͲ,͸ʹ͹,ͷ͹ = ͷ,͵͸ ≈ ͷ 

ːˑˏଶܫ଴,𝐺ଵ,𝐺ଷ˒ܫ  = ͳͻ,ͺ͸ͳͷ,ͳͶ = ͳ,͵ͳ < ʹ 

 
ɂɫɩɨɥɶɡɭɹ ɨɫɧɨɜɧɵɟ ɬɢɩɨɜɵɟ ɤɪɢɜɵɟ ɧɚɯɨɞɢɦ ɭɞɚɥɟɧɧɨɫɬɶ ߛ𝑡  

[2, ɪɢɫ. 3.8]: 
𝜏𝐺ଶߛ  = ଴,𝐺ଶ˒ܫ𝜏,𝐺ଶ˒ܫ = Ͳ,ͻʹ 

𝜏𝐺ଵ,𝐺ଷߛ  = ଴,𝐺ଵ,𝐺ଷ˒ܫ𝜏,𝐺ଵ,𝐺ଷ˒ܫ = ͳ 

 
Ⱦɚɥɟɟ ɧɚɣɞɟɦ ɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 

ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤȺ: 
𝜏,𝐺ଶ˒ܫ  = ଴,𝐺ଶ˒ܫ ∙ Ͳ,ͻʹ = ͶͲ,͸ʹ ∙ Ͳ,ͻʹ = ͵͹,Ͷ 

𝜏,𝐺ଵ,𝐺ଷ˒ܫ  = ଴,𝐺ଵ,𝐺ଷ˒ܫ ∙ ͳ = ͳͻ,ͺ͸ ∙ ͳ = ͳͻ,ͺ͸ 
 

Ɍɨɝɞɚ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ 
ɬɨɱɤɟ Ʉ-1 ɜ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤȺ: 

𝜏˒ܫ  = 𝜏,𝐺ଶ˒ܫ + 𝜏,𝐺ଵ,𝐺ଷ˒ܫ + 𝜏,𝐺ௌ˒ܫ = ͵͹,Ͷ + ͳͻ,ͺ͸ + ʹ͸,ͳ = ͺ͵,͵͸ 
 

3.4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɝɪɚɥɚ Ⱦɠɨɭɥɹ 
 
ɂɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɧɚɯɨɞɹɬ ɩɨ [2]: 
ˍܤ  = ଴ଶሺ𝜏˒ܫ + 𝑎ܶሻ                                                                                            ሺ͵.Ͷ.͵.ͳሻ 

 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɢɧɬɟɝɪɚɥɚ Ⱦɠɨɭɥɹ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɩɪɢɧɢɦɚɬɶ ݐˊ ௠𝑖௡ = Ͷ ˔ [6, ɩ. 1.4.8]. 
 
Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɨɬ ɫɢɫɬɟɦɵ, ˍʏଶ · ˔: 

𝐺ௌܤ  = ʹ͸,ͳ  ଶ ∙ ሺͲ,ͲͶͷ + Ͳ,Ͳ͵ሻ = ͷͳ,ͳ 
 

Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɨɬ ɝɟɧɟɪɚɬɨɪɚ G2, ˍʏଶ · ˔: 
𝐺ଶܤ  = ͶͲ,͸ʹଶ ∙ Ͷ = ͸͸ͲͲ,ͻ 
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Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɨɬ ɝɟɧɟɪɚɬɨɪɨɜ G1, G3, ˍʏଶ · ˔: 
𝐺ଵ,𝐺ଷܤ  = ͳͻ,ͺ͸ଶ ∙ Ͷ = ͳͷ͹͹,͹ 
 

ɋɭɦɦɚɪɧɵɣ ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ, ˍʏଶ · ˔: 
Кܤ  = ͷͳ,ͳ + ͸͸ͲͲ,ͻ + ͳͷ͹͹,͹ = ͺʹʹͻ,͹ 
 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɩɪɢ ɄɁ ɜ ɬɨɱɤɟ Ʉ-1 ɢ ɫɜɟɞɟɦ 
ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɬɚɛɥɢɰɭ 5. 

 
Ɍɚɛɥɢɰɚ 5 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ 

Ɍɨɱɤɚ 
ɄɁ 

ɂɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ 

ܷʜ, ɤȼ ܫ˒଴, ɤȺ ݅˖ˇ, ɤȺ ݅𝑎ሺ𝜏ሻ, 
ɤȺ 

К, ˍʏଶܤ 𝜏, ɤȺ˒ܫ ·˔ 

Ʉ-1 

G2 

10,5 

40,62 113,52 51,6 ͵͹,Ͷ ͸͸ͲͲ,ͻͲ 

GS+ G1,G3 45,96 118,57 31,95 45,96 1628,80 

Σ 86,58 ʹ͵ʹ,ͳ ͺ͵,ͷͷ ͺ͵,͵͸ ͺʹʹͻ,͹Ͳ 

Ʉ-2 

Σ G 

110 

7,18 19,95 2,52 6,97 4,79 

GS 8,00 19,40 8,57 8,00 206,21 

Σ ͳͷ,ͳͺ ͵ͻ,͵ͷ ͳͳ,Ͳͻ ͳͶ,ͻ͹ ʹͳͳ,ͲͲ 

 
4. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ. 

 
4.1 Вɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ Ɍɗɐ 
 
4.1.1 Вɵɛɨɪ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ 

 

Ɍɢɩ ɢ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɬɭɪɛɢɧ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɧɟɨɛɯɨɞɢɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ. 
ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɢ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ ɢɥɢ ɢɡ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɞɨɥɠɧɵ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɚ [7]. 

ɋ ɭɱɟɬɨɦ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɢɯ ɦɨɳɧɨɫɬɢ  
3ɯ110 Ɇȼɬ, ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɞɚɧɧɨɣ ɫɬɚɧɰɢɢ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɬɢɩɚ  
Ɍ-110/120-130 [28]. ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 
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Ɍɚɛɥɢɰɚ 6 – ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ  
Ɍɢɩ ɬɭɪɛɢɧɵ Ɍ-110/120-130 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɇɨɳɧɨɫɬɶ ɧɨɦ/max, Ɇȼɬ 110/120 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ ɩɚɪɚ, ɨɋ 555 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, 
Ɇɉɚ 

5,4 

Ɇɚɤɫɢɦɚɥɶɧɵɣ 
ɪɚɫɯɨɞ ɩɚɪɚ, 

ɬ/ɱ 

ȼ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ 
ɪɟɠɢɦɟ 

485 

ȼ ɪɟɠɢɦɟ 
ɪɟɝɭɥɢɪɭɟɦɨɝɨ 

ɨɬɛɨɪɚ 
460 

Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ 
ɜɨɞɵ, ɦ3/ɱ 

16000 

Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ, Ɇɉɚ 12,75 
 
4.1.2 Вɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ Ɍɗɐ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɸɬɫɹ ɞɜɟ ɫɯɟɦɵ 

ɩɚɪɨɩɪɨɜɨɞɨɜ, ɫɨɟɞɢɧɹɸɳɢɯ ɤɨɬɥɵ ɫ ɬɭɪɛɢɧɚɦɢ: ɛɥɨɱɧɚɹ ɫɯɟɦɚ ɢ ɫɯɟɦɚ ɫ 
ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ. 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɪɟɲɟɧɨ ɜɵɛɪɚɬɶ ɫɯɟɦɭ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ ɬɚɤ ɤɚɤ 
ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɡɚɦɟɧɢɬɶ ɥɸɛɨɣ ɤɨɬɟɥ ɩɪɢ ɟɝɨ ɜɵɜɨɞɟ ɜ ɪɟɦɨɧɬ ɢɥɢ ɜɵɯɨɞɟ ɢɡ 
ɫɬɪɨɹ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɚɬɶ ɨɞɧɢɦ ɤɨɬɥɨɦ ɧɚ ɞɜɟ ɬɭɪɛɢɧɵ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ 
ɫɧɢɠɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ [7]. 

 
4.1.3 Вɵɛɨɪ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ 

 

ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɞɟɥɚɧɧɵɦ ɪɚɧɟɟ ɜɵɛɨɪɨɦ ɬɭɪɛɢɧ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ 
ɫɨɟɞɢɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
ȿɞɢɧɢɱɧɚɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɚɫɨɜɨɝɨ 
ɪɚɫɯɨɞɚ ɩɚɪɚ. 

ɉɪɢ ɫɯɟɦɚɯ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ ɫɭɦɦɚɪɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɫɟɯ ɤɨɬɥɨɜ Ɍɗɐ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ 8-10% ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ 
ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɬ/ɱ: 

˄ˑܦ  = ሺͳ,Ͳͺ − ͳ,ͳሻ ∙ 𝑧 ∙ ˄˓˖˕ܦ ∙ ሺͳ + ݎ̝ ːሻ                                                   ሺͶ.ͳ.͵.ͳሻ 
 

ɝɞɟ ܦ˕˖˓˄ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɬɭɪɛɢɧɵ, ɬ/ɱ; 𝑧 – ɱɢɫɥɨ ɬɭɪɛɢɧ;  ̝ݎ ː – ɩɨɩɪɚɜɤɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɢ ɧɚ 
ɩɨɤɪɵɬɢɟ ɭɬɟɱɟɤ, ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 0,04 ɨ.ɟ. [7]. 
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˃ˎ˕ˑˍܦ ൒ ͳ,ͳ ∙ ͵ ∙ Ͷͺͷ ∙ ͳ,ͲͶ = ͳ͸͸Ͷ,ͷʹ 
 

ȼɵɛɢɪɚɟɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪ ȿ-420-13,8-560ɄɌ ɩɪɨɢɡɜɨɞɫɬɜɚ 
«ɋɢɛɷɧɟɪɝɨɦɚɲ - ȻɄɁ» [8] ɜ ɤɨɥɢɱɟɫɬɜɟ 5 ɲɬɭɤ, ɫ ɭɱɟɬɨɦ, ɱɬɨ ɨɞɢɧ ɢɡ ɧɢɯ 
ɪɟɡɟɪɜɧɵɣ.   

ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 
 

Ɍɚɛɥɢɰɚ 7 – ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ  

Ɍɢɩ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ȿ-420-13,8-560ɄɌ 

Ʉɨɦɩɨɧɨɜɤɚ ɉ-ɨɛɪɚɡɧɵɣ  

Ɉɛɳɢɟ 
ɩɚɪɚɦɟɬɪɵ  

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬ/ɱ 420 
ɄɉȾ, % 91,5 

ɉɚɪɚɦɟɬɪɵ 
ɩɚɪɚ 

Ⱦɚɜɥɟɧɢɟ, Ɇɩɚ (ɤɝɫ/ɫɦ2) 13,8 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɨɋ 560 
 

4.2 Вɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 
4.2.1 Вɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
 
ɉɢɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ (ɉɇ), ɤɨɬɨɪɵɟ ɩɨɞɚɸɬ ɜɨɞɭ ɜ ɤɨɬɟɥ, ɹɜɥɹɸɬɫɹ 

ɧɚɢɛɨɥɟɟ ɦɨɳɧɵɦɢ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɧɚ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ.  

Ⱦɥɹ Ɍɗɐ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ ɩɨ ɩɚɪɭ ɜɵɛɢɪɚɸɬ ɨɛɳɢɟ ɩɢɬɚɬɟɥɶɧɵɟ 
ɧɚɫɨɫɵ. ɂɯ ɫɭɦɦɚɪɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɛɨɬɭ ɜɫɟɯ 
ɤɨɬɥɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɩɪɢ ɨɫɬɚɧɨɜɟ ɥɸɛɨɝɨ ɢɡ ɧɚɫɨɫɨɜ [9]. 

ɇɚɩɨɪ ɉɇ ɩɪɢɧɢɦɚɸɬ ɧɚ 30-50% ɛɨɥɶɲɟ, ɱɟɦ ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ 
ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, Ɇɉɚ: 

ܪ  = ሺͳ,͵ − ͳ,ͷሻܲː                                                                                            ሺͶ.ʹ.ͳ.ͳሻ 
 
Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɇ, ɦ3/ɱ: 
 ܳ = ͳ,Ͳͷܳ˕                                                                                                       ሺͶ.ʹ.ͳ.ʹሻ 
 
Ɍɨɝɞɚ ɧɚɩɨɪ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɥɹ ɨɞɧɨɣ ɬɭɪɛɢɧɵ: 
ܪ  = ͳ,ͷ ∙ ͳʹ,͹ͷ = ͳͻ,ͳ͵  
 ܳ = ͳ,Ͳͷ ∙ Ͷͺͷ = ͷͲͻ,ʹͷ  
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɵɛɢɪɚɟɦ ɉɇ ɬɢɩɚ ɉɗ-580-185-5 [24] ɜ 
ɤɨɥɢɱɟɫɬɜɟ 4 ɲɬɭɤ (1 ɪɟɡɟɪɜɧɵɣ). ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 8. 

 
Ɍɚɛɥɢɰɚ 8 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

Ɍɢɩ ɧɚɫɨɫɚ 
ɉɨɞɚɱɚ, 

ɦ3/ɱ 

ɇɚɩɨɪ, ɦ 
(ɞɚɜɥɟɧɢɟ, 

Ɇɉɚ) 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 
ɉɗ-580-185-5 580 2030 (18,5) 3000 4000 

 
Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɚɫɨɫɚ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ 

ɞɥɹ ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ 4Ⱥ3Ɇ-4000/6000-ɍɏɅ4 [9]. Ⱦɚɧɧɵɟ ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 9. 
 
Ɍɚɛɥɢɰɚ 9 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 

Ɍɢɩ ɧɚɫɨɫɚ ɉɗ-580-185-5 
Ɍɢɩ ɞɜɢɝɚɬɟɥɹ 4Ⱥ3Ɇ-4000/6000-ɍɏɅ4 

 ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 4000 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 3000 𝜂ː, ,𝜑ݏ݋ܿ 97,3 % ˑ. ˈ. 0,89 
 

4.2.2 Вɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 

Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ (Ʉɇ) ɩɨɞɚɸɬ ɤɨɧɞɟɧɫɚɬ ɨɬɨɛɪɚɧɧɨɝɨ, ɚ ɬɚɤɠɟ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ 
ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ 2-4 Ʉɇ. ɉɪɢ ɨɫɬɚɧɨɜɤɟ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɞɨɥɠɧɵ ɛɵɬɶ 
ɨɛɟɫɩɟɱɟɧɚ 100% ɪɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɫɬɚɜɲɢɯɫɹ ɜ ɪɚɛɨɬɟ [9]. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-110/120-130, ˏଷ/˚: 
 ܳ = ͳ,Ͳͷ ∙ Ͷͺͷ = ͷͲͻ,ʹͷ  
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ Ʉɇ 

ɬɢɩɚ Ʉɫȼ-320-85 [24] ɜ ɤɨɥɢɱɟɫɬɜɟ 3 ɲɬ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɤɨɧɞɟɧɫɚɬɧɵɯ 
ɧɚɫɨɫɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 10. 
 
Ɍɚɛɥɢɰɚ 10 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 

Ɍɢɩ ɧɚɫɨɫɚ 
ɉɨɞɚɱɚ, 

ɦ3/ɱ 

ɇɚɩɨɪ, ɦ 
(ɞɚɜɥɟɧɢɟ, 

Ɇɉɚ) 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 
Ʉɫȼ-320-85 320 85(0,8) 1500 132 
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Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɚɫɨɫɚ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ 
ɞɥɹ ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ BA02-280S4 [25]. Ⱦɚɧɧɵɟ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 11. 

 
Ɍɚɛɥɢɰɚ 11 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 

Ɍɢɩ ɧɚɫɨɫɚ Ʉɫȼ-320-85 
Ɍɢɩ ɞɜɢɝɚɬɟɥɹ BA02-280S4 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 132 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 1500 𝜂ː, ,𝜑ݏ݋ܿ 95,5 % ˑ. ˈ. 0,9 
 

4.2.3 Вɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 
 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ ɩɨɞɚɸɬ ɨɯɥɚɠɞɚɸɳɭɸ ɜɨɞɭ ɜ ɤɨɧɞɟɧɫɚɬɨɪɵ 
ɬɭɪɛɢɧ. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɦɚɲɢɧɧɨɦ ɡɚɥɟ ɢɥɢ ɜ ɛɟɪɟɝɨɜɨɣ 
ɧɚɫɨɫɧɨɣ. ɍɫɬɚɧɨɜɢɦ ɐɇ ɜ ɦɚɲɢɧɧɨɦ ɡɚɥɟ, ɩɨ ɞɜɚ ɧɚ ɨɞɧɭ ɬɭɪɛɢɧɭ ɫ 50% 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɤɚɠɞɵɣ. ȼ ɫɢɫɬɟɦɚɯ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ 
ɝɪɚɞɢɪɧɹɦɢ ɩɪɢɦɟɧɹɸɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɧɚɫɨɫɵ. 

Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɐɇ ɩɪɢɧɢɦɚɸɬ ɜɟɥɢɱɢɧɭ ɥɟɬɧɟɝɨ 
ɪɟɠɢɦɚ ɨɯɥɚɠɞɟɧɢɹ, ɪɚɡɜɢɜɚɟɦɵɣ ɧɚɩɨɪ ɞɨɥɠɟɧ ɩɪɟɨɞɨɥɟɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɧɚɩɨɪɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɫɥɢɜɧɨɣ ɬɪɭɛɵ ɢ ɬ.ɞ. 
ɇɚɩɨɪ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɜ ɩɪɟɞɟɥɚɯ 150-300 ɤɉɚ [9]. 

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ ɞɥɹ ɬɭɪɛɢɧɵ  

Ɍ-110/120-130, ˏଷ/˚: 
 ܳˑ˘ˎ = ͳ͸ͲͲͲ  
 
Ɍɨɝɞɚ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ, ˏଷ/˚: 
 ܸ̇ ˅ = ݊ ∙ ܳˑ˘ˎ                                                                                                    ሺͶ.ʹ.͵.ͳሻ 

 
ɝɞɟ ݊ – ɱɢɫɥɨ ɬɭɪɛɢɧ.  

 ܸ̇ ˅ = ͵ ∙ ͳ͸ͲͲͲ = ͶͺͲͲͲ 

 
ɇɚ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧɚ ɨɛɨɪɨɬɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ⱦɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ ɭɫɬɚɧɨɜɢɦ ɛɚɲɟɧɧɵɟ ɝɪɚɞɢɪɧɢ ɄȾȻ 
1200 ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «Ʉɚɫɤɚɞ» [23]. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɪɚɞɢɪɟɧ ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 12. 
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Ɍɚɛɥɢɰɚ 12 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɞɢɪɟɧ ɄȾȻ 1200 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɦ3/ɱ  

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ 
ɧɚ ɨɬɦɟɬɤɟ 
ɜɟɪɯɚ ɱɚɲɢ 

ɜɨɞɨɫɛɨɪɧɨɝɨ 
ɛɚɫɫɟɣɧɚ, ɦ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɬɟɩɥɨɜɚɹ 

ɧɚɝɪɭɡɤɚ, ɤȼɬ 

Ɉɬɦɟɬɤɚ 
ɜɨɞɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɵ, ɦ 

6000-18000 10-20 116500 6,4 

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɐɇ, ˏଷ/˚: 
 ܳ˙ː = ܳˑ˘ˎʹ = ͳ͸ͲͲͲʹ = ͺͲͲͲ 

 
ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ ɐɇ ɬɢɩɚ 800ȼ-2,5/100 [9] ɜ 

ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 13. 

 
Ɍɚɛɥɢɰɚ 13 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɨɫɟɜɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɧɚɫɨɫɨɜ 

Ɍɢɩ ɧɚɫɨɫɚ 
ɉɨɞɚɱɚ, 

ɦ3/ɱ 

ɇɚɩɨɪ, ɦ 
(ɞɚɜɥɟɧɢɟ, 

Ɇɉɚ) 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

800ȼ-2,5/40 9400 40(0,4) 600 1400 

 
Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɚɫɨɫɨɜ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ 

ɞɥɹ ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ ȾȼȾȺ2-173/59-10-12ɍɏɅɁ [9].  Ⱦɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 14. 

 
Ɍɚɛɥɢɰɚ 14 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 

Ɍɢɩ ɧɚɫɨɫɚ 800ȼ-2,5/40 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ȾȼȾȺ2-173/59-10-12ɍɏɅɁ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 1600 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 600 𝜂ː, ,𝜑ݏ݋ܿ 94,2 % ˑ. ˈ. 0,84 
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4.2.4 Вɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 
 
ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 

ɬɭɪɛɢɧ ɧɚ Ɍɗɐ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɰɢɪɤɭɥɹɰɢɢ 
ɝɨɪɹɱɟɣ ɜɨɞɵ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɬ.ɟ. ɞɥɹ ɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɦ. 
 

Ʉɨɥɢɱɟɫɬɜɨ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɨɬɩɭɫɤɭ ɬɟɩɥɚ ɢɡ ɨɬɛɨɪɚ, ɦ3/ɱ: 

 ܳ˔ = "ˑ˕˄ሺ݅ܦ − ݅ˍሻሺݐ˒ −  ˑሻͶ,ͳͻ                                                                                         ሺͶ.ʹ.Ͷ.ͳሻݐ

 
ɝɞɟ ܦˑ˕˄ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ, ɬ/ɱ; ݅", ݅ˍ – ɷɧɬɚɥɶɩɢɢ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤȾɠ/ɤɝ; ݐ˒,  .ˑ – ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɢ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɨɋ; Ͷ,ͳͻ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/ɤɝݐ

 
ɇɚɩɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɞɨɥɠɟɧ ɩɪɟɨɞɨɥɟɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɞɚɸɳɟɣ ɢ 

ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɟɣ ɢ ɞɚɜɥɟɧɢɟ ɡɚ ɫɱɟɬ ɪɚɡɧɨɫɬɢ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɨɬɦɟɬɨɤ ɫɟɬɢ 
ɢ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɫɬɚɧɰɢɢ. ȿɝɨ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɜ ɩɪɟɞɟɥɚɯ 500-1500 ɤɉɚ [9]. 

 
Ɍɨɝɞɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-110/120-130, ˏଷ/˚: 
 ܳ˔ = Ͷͺͷ ∙ ሺ͵Ͷͷͻ − ͳʹͳͶሻሺͳͷͲ − ͹Ͳሻ ∙ Ͷ,ͳͻ = ͵ʹͶͺ,ʹͺ ˏଷ/˚ 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɭɸ ɬɭɪɛɢɧɭ ɋɇ 

ɬɢɩɚ ɋɗ-5000-160 [9] ɜ ɤɨɥɢɱɟɫɬɜɟ 1 ɲɬ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 
ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 15. 

 

Ɍɚɛɥɢɰɚ 15 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 

Ɍɢɩ ɧɚɫɨɫɚ 
ɉɨɞɚɱɚ, 

ɦ3/ɱ 

ɇɚɩɨɪ, ɦ 
(ɞɚɜɥɟɧɢɟ, 

Ɇɉɚ) 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

ɋɗ-5000-160-8 5000 160 (1,57) 3000 3150 

 
Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɚɫɨɫɨɜ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ 

ɞɥɹ ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ 4Ⱥ3Ɇ-3150/6000-ɍɏɅ4 [29]. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɢɦ 
ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 16. 
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Ɍɚɛɥɢɰɚ 16 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 
Ɍɢɩ ɧɚɫɨɫɚ ɋɗ-5000-160 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ 4ȺɁɆ-3150/6000 ɍɏɅ4 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 3150 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 3000 𝜂ː, ,𝜑ݏ݋ܿ 97,3 % ˑ. ˈ. 0,89 
 

4.2.5 Вɵɛɨɪ ɦɟɯɚɧɢɡɦɨɜ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 
 
Ɍɢɩ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɦɚɪɤɢ ɬɨɩɥɢɜɚ. Ɉɫɧɨɜɧɵɦ ɚɝɪɟɝɚɬɨɦ ɷɬɨɣ ɫɢɫɬɟɦɵ 
ɹɜɥɹɸɬɫɹ ɭɝɥɟɪɚɡɦɨɥɶɧɵɟ ɦɟɥɶɧɢɰɵ. Ɍɢɩ ɦɟɥɶɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɪɬɨɦ ɭɝɥɹ 
ɢ ɩɚɪɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɤɨɬɥɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɛɭɪɵɣ ɭɝɨɥɶ. Ⱦɥɹ ɧɟɝɨ 
ɩɪɢɦɟɧɹɸɬ ɦɨɥɨɬɤɨɜɵɟ ɦɟɥɶɧɢɰɵ ɢɥɢ ɦɟɥɶɧɢɰɵ-ɜɟɧɬɢɥɹɬɨɪɵ. ɇɚ ɤɨɬɟɥ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɛɨɥɟɟ 400 ɬ/ɱ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɟ ɦɟɧɟɟ 3 ɦɟɥɶɧɢɰ  
ɧɚ ɤɨɬɟɥ [9]. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɬ/ɱ: 

˓ܤ  = ˒ሺ݅ܦ − ݅˅ሻܳ˓ː 𝜂ˍ                                                                                                ሺͶ.ʹ.ͷ.ͳሻ 

 
ɝɞɟ ܦ – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɬ/ɱ; ݅˒, ݅˅ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ; ܳ˓ː  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 𝜂ˍ – ɄɉȾ ɤɨɬɥɚ. 

 
Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ, ɬ/ɱ: 
ܤ  = ߙ ∙ ݊˓ܤ − ˎܭ                                                                                                        ሺͶ.ʹ.ͷ.ʹሻ 

 
ɝɞɟ ߙ – ɪɚɫɱɟɬɧɵɣ ɡɚɩɚɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (1,1-1,15) [9]; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ; ܭˎ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ ɭɝɥɹ ɦɨɥɨɬɤɨɜɵɯ ɦɟɥɶɧɢɰ [30]. 

 
Ɋɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ ȿ-420-13,8-560ɄɌ, ɬ/ɱ: 
˓ܤ  = ͶʹͲሺʹ͸͵ͺ − ͳͷͷ͵ሻͳͳ͹ͳͷ,ʹ ∙ Ͳ,ͻͳͷ = Ͷʹ,ͷͷ 
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Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ, ɬ/ɱ: 
ܤ  = ͳ,ͳ ∙ Ͷʹ,ͷͷ͵ − Ͳ,ͻͷ = ʹʹ,ͺ͵ 

 
ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɵɣ ɤɨɬɟɥ ɦɨɥɨɬɤɨɜɵɟ ɦɟɥɶɧɢɰɵ  

Ɇȼ-2120/600/740 [9] ɜ ɤɨɥɢɱɟɫɬɜɟ 3 ɲɬ. 
 
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɦɟɥɶɧɢɰ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 17. 
 

Ɍɚɛɥɢɰɚ 17 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɥɶɧɢɰɵ 

Ɍɢɩ ɦɟɥɶɧɢɰɵ 
ɇɨɦɢɧɚɥɶɧɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɦ3/ɱ 

݊˔ˋː˘ 
ɞɜɢɝɚɬɟɥɹ, 

ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 
Ɇȼ-2120/600/740 25 750 400 

 
Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɟɥɶɧɢɰɵ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ 

ɞɥɹ ɧɟɟ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ ȾȺ3Ɉ4-450ɍɄ-8ɍ1 [9]. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ 18. 

 
Ɍɚɛɥɢɰɚ 18 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 

Ɍɢɩ ɦɟɥɶɧɢɰɵ Ɇȼ-2120/600/740 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ȾȺ3Ɉ4-450ɍɄ-8ɍ1 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 400 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 750 𝜂ː, ,𝜑ݏ݋ܿ 93,8 % ˑ. ˈ. 0,81 
 

4.2.6 Вɵɛɨɪ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɟɯɚɧɢɡɦɨɜ 
 

Ɉɫɬɚɧɨɜɤɚ ɜɫɟɯ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɬɪɟɛɭɟɬ ɨɫɬɚɧɨɜɤɢ ɤɨɬɥɚ. 
Ɉɫɬɚɧɨɜɤɚ ɨɞɧɨɝɨ ɢɡ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɢɥɢ ɞɵɦɨɫɨɫɨɜ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɧɚɝɪɭɡɤɢ ɛɥɨɤɚ ɧɚ 40-50%. Ⱦɥɹ ɤɨɬɥɨɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɛɨɥɟɟ 
220 ɬ/ɱ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɨ ɞɜɚ ɧɚɫɨɫɚ ɢ ɜɟɧɬɢɥɹɬɨɪɚ ɫ ɩɨɞɚɱɟɣ ɤɚɠɞɨɝɨ ɩɨ 50% 
ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ [9]. 
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Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɡɚɩɚɫɨɦ 5%, 
ɦ3/ɱ: ܳ˅ = ͳ,Ͳͷ ∙ ˓ܤ ∙ ଴ܸ(ߙˆ − 𝛴∆ߙ˒˓) ˅˘ݐ + ʹ͹͵ʹ͹͵                                             ሺͶ.ʹ.͸.ͳሻ  

 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɱ; ଴ܸ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ, ɧɦ3/ɱ; ߙˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ (1,2-1,25) [9]; 𝛴∆ߙ˒˓ – ɫɭɦɦɚ ɩɪɢɫɨɫɨɜ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ (0,02-0,05) [9]; ݐ˘˅ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ (25ɨɋ) [9]. 
 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɧɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɞɥɹ ɫɠɢɝɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɟɝɨ ɷɥɟɦɟɧɬɚɪɧɨɦɭ ɫɨɫɬɚɜɭ, ɧɦ3/ɱ, 
 ଴ܸ = Ͳ,Ͳͺͺͻሺܥ˓ + Ͳ,͵͹ͷܵ˓ሻ + Ͳ,ʹ͸ͷܪ˓ − Ͳ,Ͳ͵͵͵ܱ˓                          ሺͶ.ʹ.͸.ʹሻ 

 
ɝɞɟ ܥ˓, ܵ˓, ,˓ܪ ܱ˓ – ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ 
(ɛɭɪɵɣ ɭɝɨɥɶ), %. 
 

ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ ɞɵɦɨɫɨɫɨɜ ɜɵɛɢɪɚɸɬ ɫ 
ɡɚɩɚɫɨɦ 10%. Ɉɛɵɱɧɨ ɞɥɹ Ⱦȼ ɧɚɩɨɪ 3-7 ɤɉɚ, ɞɥɹ ɞɵɦɨɫɨɫɨɜ – 2-4 ɤɉɚ [9]. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɧɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɞɥɹ ɫɠɢɝɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ, 
ɧɦ3/ɱ: 

 ଴ܸ = Ͳ,Ͳͺͺͻሺ͸͵ + Ͳ,͵͹ͷ ∙ Ͳ,ͷሻ + Ͳ,ʹ͸ͷ ∙ ͵ − Ͳ,Ͳ͵͵͵ ∙ ͵ʹ = ͷ,ʹ͸ 
 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɨɜ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-110/120, 
ɦ3/ɱ: 

 ܳ˅ = ͳ,Ͳͷ ∙ ͶʹͷͷͲ ∙ ͷ,ʹ͸ሺͳ,ʹ − Ͳ,Ͳ͵ሻ ʹͷ + ʹ͹͵ʹ͹͵ = ͵ͲͲͳ͵͵ 

 
ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɵɣ ɤɨɬɟɥ Ⱦȼ ɬɢɩɚ ȼȾɇ-26-11ɭ [9] ɜ 

ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. 
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 19. 
 

Ɍɚɛɥɢɰɚ 19 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ 

Ɍɢɩ ɦɟɥɶɧɢɰɵ 
ɉɨɞɚɱɚ, 
ɬɵɫ. ɦ3/ɱ 

ɇɚɩɨɪ, ɤɉɚ 
ɑɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ, 
ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

ȼȾɇ-18-11 350 4,56 750 630 
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Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ Ⱦȼ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 
ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ ȾȺ3Ɉ4-560ɏ-8ɍ1 [9]. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ 20. 

 

Ɍɚɛɥɢɰɚ 20 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 
Ɍɢɩ Ⱦȼ ȼȾɇ-36 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ȾȺ3Ɉ4-560ɏ-8ɍ1 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 630 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 750 𝜂ː, ,𝜑ݏ݋ܿ 94,7 % ˑ. ˈ. 0,8 
 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɡɚɩɚɫɨɦ 5%, 
ɦ3/ɱ: 

 ܳ˅ = ͳ,Ͳͷ ∙ ˓ܤ ∙ ሺܸ̂ + ˕ˆߙ ∙ ଴ܸሻ ˇݐ + ʹ͹͵ʹ͹͵                                                    ሺͶ.ʹ.͸.͵ሻ 

 
ɝɞɟ ܸ̂  – ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ, ɦ3/ɤɝ; ଴ܸ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ, ɧɦ3/ɱ; ߙˆ˕ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɫɨɫɚ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ (0,15-0,25); ݐˇ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ (120-150 ɨɋ). 

 
ɉɨɥɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ, ɧɦ3/ɤɝ: 
 ܸ̂ = ሺͲ,͸ߙˆ + ͳ,ͳͳሻ ܳ˓ː + ͸ܹ˓ͳͲͲͲ + Ͳ,ͲͳʹͶܹ˓                                          ሺͶ.ʹ.͸.Ͷሻ 

 
ɝɞɟ ܳ˓ː  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɭɪɨɝɨ ɭɝɥɹ, ɤɤɚɥ/ɤɝ. 
 
ɉɨɥɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ, ɧɦ3/ɤɝ: 
 ܸ̂ = ሺͲ,͸ ∙ ͳ,ʹ + ͳ,ͳͳሻ ʹͺͲͲ + ͸ ∙ Ͳ,ͶͳͲͲͲ + Ͳ,ͲͳʹͶ ∙ Ͳ,Ͷ = ͷ,ͳ͵ 

 
Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɨɜ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-110/120, ɦ3/ɱ: 
 ܳ˅ = ͳ,Ͳͷ ∙ ͶʹͷͷͲ ∙ ሺͷ,ͳ͵ + Ͳ,ʹ ∙ ͷ,ʹ͸ሻ ͳ͵Ͳ + ʹ͹͵ʹ͹͵ = ͶͲ͹͹ͳͺ 
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ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɤɚɠɞɵɣ ɤɨɬɟɥ ɞɵɦɨɫɨɫɵ ɬɢɩɚ  
Ⱦɇ-26 x 2-0,62 [9] ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɞɵɦɨɫɨɫɨɜ ɫɜɟɞɟɦ ɜ 
ɬɚɛɥɢɰɭ 21. 

 
Ɍɚɛɥɢɰɚ 21 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɵɦɨɫɨɫɨɜ 

Ɍɢɩ ɦɟɥɶɧɢɰɵ 
ɉɨɞɚɱɚ, 
ɬɵɫ. ɦ3/ɱ 

ɇɚɩɨɪ, ɤɉɚ 
ɑɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ, 
ɨɛ/ɦɢɧ 

Ɍɪɟɛɭɟɦɚɹ 
ɦɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

Ⱦɇ-26 x 2-
0,62 

475 4,52 750 790 

 
Ɍɟɩɟɪɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ Ⱦɋ ɜɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 

ɧɟɝɨ ɩɪɢɜɨɞɧɨɣ ɞɜɢɝɚɬɟɥɶ ȾȺ3Ɉ4-560ɍɄ-8ɍ1 [9].  Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ 22. 

 
Ɍɚɛɥɢɰɚ 22 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ 

Ɍɢɩ Ⱦɋ Ⱦɇ-26 ɯ 2-0,62 
Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ȾȺ3Ɉ4-560ɍɄ-8ɍ1 

ɇɨɦɢɧ 
ɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ܲː , ˍʑ˕ 800 ܷː, ˍʑ 6 ݊˔, ˑ˄/ˏˋː 750 𝜂ː, ,𝜑ݏ݋ܿ 95 % ˑ. ˈ. 0,8 
 
4.3 Ɋɚɡɪɚɛɨɬɤɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɜɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɟɲɟɧɢɣ ɧɚ ɫɬɚɞɢɢ ɢɯ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɋɯɟɦɵ ɪɚɛɨɱɟɝɨ ɢ ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɨɬɞɟɥɶɧɵɯ ɛɥɨɤɨɜ ɢ ɜɫɟɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɣ ɨɩɪɟɞɟɥɟɧɵ ɨɛɳɢɟ 
ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

1) Ɋɚɛɨɱɟɟ ɩɢɬɚɧɢɟ ɜɫɟɯ ɜɢɞɨɜ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ ɋɇ, ɜɤɥɸɱɚɹ ɢ 
ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɟ, ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɬɟɦ ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ ɝɥɚɜɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫ ɩɨɦɨɳɶɸ ɩɨɧɢɠɚɸɳɢɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (ɪɟɚɤɬɨɪɨɜ). 

2) Ⱦɥɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɋɇ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɦ 
ɢɫɩɨɥɶɡɭɸɬ ɞɜɚ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ: 6-10 ɤȼ – ɞɥɹ ɩɢɬɚɧɢɹ ɦɨɳɧɵɣ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, 0,4-0,66 ɤȼ – ɞɥɹ ɩɢɬɚɧɢɹ ɦɟɥɤɢɯ ɞɜɢɝɚɬɟɥɟɣ, 
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ɷɥɟɤɬɪɨɫɜɟɬɢɥɶɧɢɤɨɜ ɢ ɩɪɨɱɟɣ ɧɚɝɪɭɡɤɢ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɧɰɢɩ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ.  

3) Ɋɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜɚ ɋɇ ɜɵɩɨɥɧɹɸɬ ɫ ɨɞɧɨɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɨɣ ɲɢɧ ɫ ɨɞɧɢɦ ɜɵɤɥɸɱɚɬɟɥɟɦ ɧɚ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɹɱɟɟɤ ɄɊɍ. 

4) Ɋɟɡɟɪɜɧɨɟ ɩɢɬɚɧɢɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɚɤɠɟ ɨɬɛɨɪɨɦ ɦɨɳɧɨɫɬɢ ɨɬ ɝɥɚɜɧɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ, ɱɬɨ ɦɟɫɬɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɰɟɩɟɣ 
ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɡɚɜɢɫɢɦɵ ɨɬ ɦɟɫɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɰɟɩɟɣ 
ɪɚɛɨɱɟɝɨ ɩɢɬɚɧɢɹ. Ⱦɥɹ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɟɡɚɜɢɫɢɦɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ [7]. 

Ⱦɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɩɪɢɦɟɦ ɧɚɩɪɹɠɟɧɢɹ 6 
ɢ 0,4 ɤȼ. 

 
4.3.1 ɋɯɟɦɚ ɫɟɬɢ 6,3 ɤВ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ɋɟɬɶ 6 ɤȼ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɢɬɚɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɦɨɳɧɨɫɬɶɸ ɨɬ 200 ɤȼɬ. 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɯɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɚɯ. ɒɢɧɵ ɪɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜ 6,3 ɤȼ ɫɟɤɰɢɨɧɢɪɭɸɬɫɹ ɢ ɢɯ ɩɢɬɚɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɦɟɧɟɟ ɱɟɦ ɨɬ ɞɜɭɯ ɩɢɬɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɬɜɟɬɫɬɜɟɧɧɵɟ 
ɦɟɯɚɧɢɡɦɵ ɞɭɛɥɢɪɭɸɬɫɹ ɢ ɢɯ ɩɢɬɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɪɚɡɧɵɯ ɫɟɤɰɢɣ ɋɇ.  

ɇɚ ɤɚɠɞɨɦ ɛɥɨɤɟ ɜɵɩɨɥɧɹɟɦ ɞɜɟ ɫɟɤɰɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 6,3 ɤȼ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɪɚɰɢɨɧɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɧɢɦɢ ɫɨɯɪɚɧɢɬɶ 
ɛɥɨɤ ɜ ɪɚɛɨɬɟ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɨɞɧɨɣ ɫɟɤɰɢɢ.  

ɉɢɬɚɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɟɬɢ ɋɇ 6,3 ɤȼ ɹɜɥɹɸɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɨɧɢ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɨɬɜɟɬɜɥɟɧɢɟɦ ɤ ɛɥɨɤɭ ɦɟɠɞɭ ɫɢɥɨɜɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ ɝɟɧɟɪɚɬɨɪɧɵɦ ɜɵɤɥɸɱɚɬɟɥɟɦ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢ ɧɚɥɢɱɢɢ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɭɫɤ ɷɧɟɪɝɨɛɥɨɤɚ ɢ ɪɚɡɜɨɪɨɬ ɗȾ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ 
ɪɚɛɨɱɟɝɨ Ɍɋɇ, ɩɨɷɬɨɦɭ ɪɟɡɟɪɜɧɵɣ Ɍɋɇ ɩɪɟɞɧɚɡɧɚɱɟɧ ɬɨɥɶɤɨ ɞɥɹ ɡɚɦɟɧɵ 
ɪɚɛɨɱɟɝɨ ɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɦɨɳɧɨɫɬɢ ɫɚɦɨɝɨ ɦɨɳɧɨɝɨ ɪɚɛɨɱɟɝɨ Ɍɋɇ. 

ɍɫɬɚɧɚɜɥɢɜɚɟɦ 1 ɊɌɋɇ, ɬɚɤ ɤɚɤ ɜ ɷɧɟɪɝɨɛɥɨɤɚɯ ɭɫɬɚɧɨɜɥɟɧɵ 
ɝɟɧɟɪɚɬɨɪɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ ɱɟɬɵɪɟɯ [2]. 
Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɛɭɞɟɬ ɩɨɞɤɥɸɱɟɧ ɤ Ɋɍ 110 ɤȼ. 
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Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɫɟɤɰɢɣ 6,3 ɤȼ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
4.3.2 ɋɯɟɦɵ ɫɟɬɢ 0,4 ɤВ ɫɨɛɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ 
 
ɋɟɬɶ 0,4 ɤȼ ɫɨɛɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɦɨɳɧɨɫɬɶɸ ɦɟɧɟɟ 200 ɤȼɬ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɟɬɟɣ 
ɨɫɜɟɳɟɧɢɹ. Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ 
ɨɫɜɟɳɟɧɢɹ ɨɬ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɫɟɤɰɢɣ 0,4 ɤȼ ɫɟɬɶ ɜɵɩɨɥɧɹɟɬɫɹ ɫ 
ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜ ɨɞɧɨɣ ɬɨɱɤɟ. Ɋɍɋɇ 0,4 ɤȼ, ɤɚɤ ɢ Ɋɍɋɇ 6,3 ɤȼ, 
ɫɟɤɰɢɨɧɢɪɭɟɬɫɹ [7]. 

 
4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ Ɍɋɇ ɫɨɫɬɚɜɥɹɟɦ ɬɚɛɥɢɰɭ 23 ɫ 

ɩɟɪɟɱɧɟɦ ɜɫɟɯ ɩɢɬɚɟɦɵɯ ɨɬ ɧɟɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 6,3 ɤȼ (ɛɟɡ ɭɱɟɬɚ 
ɪɟɡɟɪɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ), ɚ ɬɚɤɠɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɭɸ 
ɧɚɝɪɭɡɤɭ 0,4 ɤȼ ɢ ɪɚɫɱɟɬɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɧɢɡɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 6/0,4 
ɤȼ. 
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Ɍɚɛɥɢɰɚ 23 – ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɤɰɢɢ 6 ɤȼ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ  

Ɉɛɨɪɭɞɨɜɚɧɢɟ 
ɉɪɢɜɨɞɧɨɣ 
ɞɜɢɝɚɬɟɥɶ 

ܲː ˑˏ, ˍʑ˕ 
Ʉɨɥɢɱɟɫɬɜɨ 
ɧɚ ɫɬɚɧɰɢɸ  

Ʉɨɥɢɱɟɫɬɜɨ 
ɧɚ ɫɟɤɰɢɸ 

Ⱥ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɧɚ ɫɟɤɰɢɸ 

ȼ 

ɉɢɬɚɬɟɥɶɧɵɣ 
ɧɚɫɨɫ 

4Ⱥ3Ɇ-
4000/6000-

ɍɏɅ4 
4000 3 1 - 

Ʉɨɧɞɟɧɫɚɬɧɵɣ 
ɧɚɫɨɫ 

ȼȺɈ2-
560Ɇ-4 

132 9 2 1 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ 
ɧɚɫɨɫ 

ȾȼȾȺ2-
173/59-10-
12ɍɏɅɁ 

1600 6 1 1 

ɋɟɬɟɜɨɣ ɧɚɫɨɫ 
4ȺɁɆ-

3150/6000 
ɍɏɅ4 

3150 3 - 1 

Ɇɟɥɶɧɢɰɵ  ȾȺ3Ɉ4-
450ɍɄ-8ɍ1 

400 12 2 2 

Ⱦɭɬɶɟɜɵɟ 
ɜɟɧɬɢɥɹɬɨɪɵ 

ȾȺ3Ɉ4-
560ɏ-8ɍ1 

630 8 2(1) 1 

Ⱦɵɦɨɫɨɫɵ  ȾȺ3Ɉ4-
560ɍɄ-8ɍ1 

800 8 1 2(1) 

ɂɬɨɝɨ, ɤȼɬ  48478 8724(8094) 7912(7112) 
 
ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɪɚɫɱɟɬɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɟɤɰɢɢ 

Ɋɍɋɇ 0,4 ɤȼ ɩɪɢɛɥɢɠɟɧɧɨ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
 𝛴 ଴ܲ,ସ = ሺͲ,Ͳͻ − Ͳ,ͳͷሻ𝛴 ଺ܲ                                                                                ሺͶ.Ͷ.ͳሻ 
 

ɝɞɟ 𝛴 ଺ܲ – ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 6 ɤȼ. 
 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫ 
ɧɢɡɲɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ [9]: 

 ܵ˓ = Ͳ,ͺ(𝛴 ଺ܲ + 𝛴 ଴ܲ,ସ)݊ʡʠʜ                                                                                      ሺͶ.Ͷ.ʹሻ 

 
ɝɞɟ ݊ʡʠʜ  – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

 
ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥɢɰɵ 23 ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ 

ɫɟɤɰɢɢ Ɋɍɋɇ 0,4 ɤȼ, ɤȼɬ: 
 𝛴 ଴ܲ,ସ = Ͳ,ͳ ∙ ͶͺͶ͹ͺ = ͶͺͶͺ 
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Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 0,4 ɤȼ ɧɚ ɨɞɧɭ ɫɟɤɰɢɸ 6 ɤȼ, ɤȼɬ: 
 ̝ܲ ˈˍ˙ = 𝛴 ଴ܲ,ସ݊                                                                                                         ሺͶ.Ͷ.͵ሻ 

 ̝ܲ ˈˍ˙ = ͶͺͶͺ͸  = ͺͲͺ 

 
ɝɞɟ ݊˔ˈˍ˙ – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

 
Ɍɚɤ ɤɚɤ ɩɪɟɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɧɢɡɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɧɚɩɪɹɠɟɧɢɟɦ 6/0,4 ɤȼ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 
ɚɜɬɨɦɚɬɨɜ 0,4 ɤȼ ɢ ɫɨɫɬɚɜɥɹɟɬ 1000 ɤȼȺ [9], ɬɨ ɩɪɢɧɢɦɚɟɦ ɞɜɚ ɪɚɛɨɱɢɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 6/0,4 ɧɚ ɫɟɤɰɢɸ ɬɢɩɚ ɌɋɁ-630/6. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤȼȺ, 
 ܵ˓ = Ͳ,ͺሺͶͺͶ͹ͺ + ͶͺͶͺሻ͵ = ͳͶʹʹͲ,͵ 

 
ȼɵɛɢɪɚɟɦ Ɍɋɇ – ɌȾɇɋ-16000/20 [4]. ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ Ɍɋɇ 

ɜɵɛɢɪɚɟɦ ɌȾɇ-16000/110 [4]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɍɋɇ ɢ ɊɌɋɇ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 
10. 

 
Ɍɚɛɥɢɰɚ 24 - ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  

Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Sɧɨɦ, ɆȼȺ Uɜɧ,ɤȼ Uɧɧ, ɤȼ ݑˍ,% 
ɌȾɇɋ-16000/20 16 10,5 6,3 10,5 
ɌȾɇ-16000/110 16 115 6,3 10,5 

 
4.5 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤВ  
 
4.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

 

Ɋɚɧɟɟ ɜ ɩ. 3.1 ɢ ɩ. 3.2 ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɜɢɞɭ. ȼ 
ɞɚɧɧɨɦ ɩɭɧɤɬɟ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬɵ ɫ ɭɱɟɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɭɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 
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Ɋɢɫɭɧɨɤ 11 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɭɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
Ȼɚɡɢɫɧɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ: 

 ܵʐ = ͳͲͲ; 
 
Ȼɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ: 

 ܷʐ𝐼 = ͸,͵; 
 

Ȼɚɡɢɫɧɵɣ ɬɨɤ ɩɨ ɮɨɪɦɭɥɟ (͵.ͳ.ͳ), ɤȺ: 
ʐ𝐼ܫ  = ͳͲͲ√͵ ∙ ͸,͵ = ͻ,ͳ͸ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ Ɍɋɇ ɢ ɊɌɋɇ ɩɨ ɮɨɪɦɭɥɟ (͵.ͳ.Ͷ), ɨ.ɟ., 
 Хʡʠʜଵ = Хʡʠʜଶ = Хʡʠʜଷ = Хʟʡʠʜ = ͳͲ,ͷͳͲͲ ∙ ͳͲͲͳ͸ = Ͳ,͸ͷ͸ 

 
4.5.2 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
ɉɪɢɜɟɞɟɦ ɪɚɫɱɟɬ ɌɄɁ ɞɥɹ ɬɨɱɤɢ Ʉ-1. ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɪɚɫɱɟɬɚ ɄɁ ɧɚ 

ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɢɦɟɟɬ ɜɢɞ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 12. 
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Ɋɢɫɭɧɨɤ 12 – ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 
ɉɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɦɟɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ:  
ܧ  = ଵଷସହܺଶܧ + ଶܧ ଵܺଵܺ + ܺଶ = ͳ,ͲͶͷ ∙ Ͳ,ͳͷ͵ + ͳ,ͳ͵ ∙ Ͳ,ͳʹͷͲ,ͳʹͷ + Ͳ,ͳͷ͵ = ͳ,Ͳͺ 

 ܺଷ = ଵܺܺଶଵܺ + ܺଶ = Ͳ,ͳʹͷ ∙ Ͳ,ͳͷ͵Ͳ,ͳʹͷ + Ͳ,ͳͷ͵ = Ͳ,Ͳ͸ͻ 

 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɬɨɱɤɢ Ʉ-1:  
 ܺ = Ͳ,Ͳ͸ͻ + Ͳ,͸ͷ͸ = Ͳ,͹ʹͷ 
 
ɂ ɬɨɝɞɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɢɦɟɟɬ ɜɢɞ: 

 
Ɋɢɫɭɧɨɤ 13 – Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 
Ɍɚɤ ɤɚɤ ɩɪɢ ɄɁ ɜɛɥɢɡɢ ɞɜɢɝɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɬɨɪɨɧɟ 6,3 ɤȼ ɦɟɫɬɨ 

ɩɨɜɪɟɠɞɟɧɢɹ ɩɨɞɩɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɬɚɤ ɢ ɨɬ ɫɢɫɬɟɦɵ, ɬɨɤɢ 
ɨɬ ɧɢɯ ɨɩɪɟɞɟɥɹɸɬ ɨɬɞɟɥɶɧɨ.  
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Ⱦɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ɤȺ, 

଴ Д˒ܫ  = 𝛴ܭ˒𝑖ܫː𝑖                                                                                                   ሺͶ.ͷ.ʹ.ͳሻ 
 

ɝɞɟ ܭ˒𝑖  – ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ, ɨ.ɟ.; ܫː𝑖 – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɤȺ.  
 

Ɍɚɤ ɤɚɤ ɤ ɫɟɤɰɢɹɦ Ɍɋɇ ɩɨɞɤɥɸɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ, ɡɚɞɚɱɚ ɪɚɫɱɟɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬɫɹ, ɩɨɷɬɨɦɭ ɡɚɦɟɧɢɦ ɷɬɢ 
ɞɜɢɝɚɬɟɥɢ ɨɞɧɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 25. 

 
Ɍɚɛɥɢɰɚ 25 – ɩɚɪɚɦɟɬɪɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ, ɨ.ɟ. 5,6 
ɄɉȾ, ɨ.ɟ. 0,95 

ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨ.ɟ. 1,65 
Ⱥɩɟɪɢɨɞɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ, ɫ 0,04 
ɉɟɪɢɨɞɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ, ɫ 0,07 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɨ.ɟ. 0,85 
 
Ɍɨɝɞɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɤȺ: 
ːˑˏДܫ  = ∑ ܲː ˑˏ.ˇ˅.√͵ ∙ ܷː ∙ 𝜂 ∙ 𝜑ݏ݋ܿ                                                                              ሺͶ.ͷ.ʹ.ʹሻ 

 
ɝɞɟ ∑ ܲː ˑˏ.ˇ˅. – ɫɭɦɦɚɪɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɗȾ ɧɚɢɛɨɥɟɟ 
ɧɚɝɪɭɠɟɧɧɨɣ ɫɟɤɰɢɢ ɋɇ, Ɇȼɬ. 
ːˑˏДܫ  = ͺ,͹ʹͶ√͵ ∙ ͸,͵ ∙ Ͳ,ͻͷ ∙ Ͳ,ͺͷ = Ͳ,ͻͻ 

 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɤȺ: 
଴ Д˒ܫ  = Ͳ,ͻͻ ∙ ͷ,͸ = ͷ,ͷͶ 
 
Ⱦɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɜ ɬɨɱɤɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȺ: 
𝑡𝛴˒ܫ  = 𝑡Д˒ܫ +  𝑡𝐺ௌ                                                                                           ሺͶ.ͷ.ʹ.͵ሻ˒ܫ
଴𝛴˒ܫ  = ଴Д˒ܫ +  ଴𝐺ௌ                                                                                          ሺͶ.ͷ.ʹ.Ͷሻ˒ܫ
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Ⱦɥɹ ɫɢɫɬɟɦɵ ɩɪɢɧɢɦɚɟɦ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ, ɩɨɫɵɥɚɟɦɨɟ ɤ ɦɟɫɬɭ ɄɁ, ɛɭɞɟɬ ɧɟɡɚɬɭɯɚɸɳɢɦ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɢɩɨɜɵɟ ɤɪɢɜɵɟ ɧɟ ɢɫɩɨɥɶɡɭɟɦ, ɤȺ: 

𝑡𝐺ௌ˒ܫ  = ଴𝐺ௌ˒ܫ = ܧܺ ∙  ሺͶ.ͷ.ʹ.ͷሻ                                                                                      ˄ܫ

 
ɉɨɞɫɬɚɜɢɜ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɩɨɥɭɱɢɦ, ɤȺ: 
𝑡𝐺ௌ˒ܫ  = ଴𝐺ௌ˒ܫ = ͳ,ͲͺͲ,͹ʹͷ ∙ ͻ,ͳ͸ = ͳ͵,ʹ͹ 

 
ɉɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɭɦɦɚɪɧɨɝɨ ɬɨɤɚ ɄɁ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ, ɤȺ: 
଴𝛴˒ܫ  = ͷ,ͷͶ + ͳ͵,ʹ͹ = ͳͺ,ͺͳ 
 
Ɂɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɨɬ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɗȾ ɜ 

ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɤȺ: 
𝑡Д˒ܫ  = ଴Д˒ܫ ∙ ݁(− 𝑡˒்Д)                                                                                         ሺͶ.ͷ.ʹ.͸ሻ 
 

ɝɞɟ ݐˑ˕ˍ = ʟЗݐ + ʠʑݐ = Ͳ,Ͳͳ + Ͳ,Ͳ͵ͷ = Ͳ,ͲͶͷ ˔. 
𝑡Д˒ܫ  = ͷ,ͷͶ ∙ ݁ቀ−଴,଴ସହ଴,଴଻ ቁ = ʹ,ͻͳ 

 
Ɍɨɝɞɚ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɭɦɦɚɪɧɨɝɨ 

ɬɨɤɚ ɄɁ ɜ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤȺ: 
𝑡𝛴˒ܫ  = ʹ,ͻͳ + ͳ͵,ʹ͹ = ͳ͸,ͳͺ 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɄɁ ɞɥɹ 

ɤɚɠɞɨɣ ɢɡ ɜɟɬɜɟɣ ɧɚɯɨɞɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɜɪɟɦɟɧɢ ɢ ɭɞɚɪɧɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ. Ɍɨɝɞɚ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ, ɤȺ: 

 ݅˃𝑡𝛴 = 𝑡Д˃ܫ + 𝑡𝐺ௌ˃ܫ = √ʹ ∙ ଴Д˒ܫ ∙ ݁(− 𝑡˃்Д) + √ʹ ∙ ଴𝐺ௌ˒ܫ ∙ ݁ቀ− 𝑡்˃𝐺𝑆ቁ            ሺͶ.ͷ.ʹ.͹ሻ 
 ݅˖ˇ𝛴 = √ʹ ∙ ଴Д˒ܫ ∙ Д ˇ˖ܭ + √ʹ ∙ ଴𝐺ௌ˒ܫ ∙  𝐺ௌ                                              ሺͶ.ͷ.ʹ.ͺሻ ˇ˖ܭ
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Ɂɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɢ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɫɢɫɬɟɦɵ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɛɨɪɧɵɦɢ ɲɢɧɚɦɢ, ɝɞɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɄɁ, ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɶɸ 16 ɆȼȺ, 
ɫɨɝɥɚɫɧɨ [2, ɬɚɛɥ. 3.6]: 

 𝑎ܶ,𝐺ௌ = Ͳ,Ͳͷ ˔; 
 ݇˖,𝐺ௌ = ͳ,͹; 

 
ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ, ɤȺ: 
 ݅˃𝑡𝛴 = √ʹ ∙ ͷ,ͷͶ ∙ ݁ቀ−଴,଴ସହ଴,଴ସ ቁ + √ʹ ∙ ͳ͵,ʹ͹ ∙ ݁ቀ−଴,଴ସହ଴,଴ହ ቁ = ͳͲ,ͳ͹ 
 ݅˖ˇ𝛴 = √ʹ ∙ ͷ,ͷͶ ∙ ͳ,͸ͷ + √ʹ ∙ ͳ͵,ʹ͹ ∙ ͳ,͹ = ͶͶ,ͺ͵ 

 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɨɩɪɟɞɟɥɢɦ 

ɫɭɦɦɚɪɧɵɣ ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɨɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɢ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ, ɤȺ2ɫ: 

 B = I˒଴GSଶ ሺtˑ˕ˍ + T˃ ʠХሻ + I˒଴Дଶ (Ͳ,ͷT˒ Д + T˃ ʠХ) + +ʹ ∙ I˒଴GS ∙ I˒଴Д(T˒ Д + T˃ ʠХ)                                                                         ሺͶ.ͷ.ʹ.ͻሻ 
 

ɝɞɟ tˑ˕ˍ = Ͳ,ͲͶͷ ˔ – ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɄɁ ɞɨ ɟɝɨ ɨɬɤɥɸɱɟɧɢɹ; T˃ ʠХ – ɫɭɦɦɚɪɧɚɹ ɚɩɟɪɢɨɞɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɡɚɬɭɯɚɧɢɹ ɬɨɤɚ ɄɁ ɫɯɟɦɵ, ɫ, 
 T˃ ʠХ = T˃ GSI˒଴GS + T˃ ДI˒଴ДI˒଴GS + I˒଴Д                                                                         ሺͶ.ͷ.ʹ.ͳͲሻ 

 T˃ ʠХ = Ͳ,Ͳͷ ∙ ͳ͵,ʹ͹ + Ͳ,ͲͶ ∙ ͷ,ͷͶͳ͵,ʹ͹ + ͷ,ͷͶ = Ͳ,ͲͶ͹ 

 
Ɍɨɝɞɚ ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ, ɤȺ2ɫ, 
 B = ͳ͵,ʹ͹ଶ ∙ ሺͲ,ͲͶͷ + Ͳ,ͲͶ͹ሻ + ͷ,ͷͶଶ ∙ ሺͲ,ͷ ∙ Ͳ,Ͳ͹ + Ͳ,ͲͶ͹ሻ +ʹ ∙ ͳ͵,ʹ͹ ∙ ͷ,ͷͶሺͲ,Ͳ͹ + Ͳ,ͲͶ͹ሻ = ͵ͷ,ͻʹ 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɬɨɱɤɢ Ʉ-2 ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɢɦ ɜ 

ɬɚɛɥɢɰɟ 26. 
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Ɍɚɛɥɢɰɚ 26 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɧɚ ɲɢɧɚɯ ɋɇ 
Ɍɨɱɤɚ 

ɄɁ 
ɂɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ 

,଴˒ܫ ˍʏ ܫ˒𝑡, ˍʏ ݅˃𝑡 , ˍʏ ݅˖ˇ, ˍʏ ܤ, ˍʏଶ˔ 

Ʉ-1 
Ⱦ ͷ,ͷͶ ʹ,ͻͳ 2,54 12,93 

35,92 GS ͳ͵,ʹ͹ ͳ͵,ʹ͹ 7,63 31,9 
Σ ͳͺ,ͺͳ ͳ͸,ͳͺ 10,17 ͶͶ,ͺ͵ 

Ʉ-2 GS 14,03 14,03 8,07 33,73 18,7 
 

5. Вɵɛɨɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɲɢɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɬɨɤɨɩɪɨɜɨɞɨɜ ɢ ɤɚɛɟɥɟɣ 
 

5.1 Вɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 

ɇɚ ɧɚɩɪɹɠɟɧɢɟ 110 ɤȼ ɜ ɩ. 2.3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɨ ɜɵɛɪɚɧɨ ɷɥɟɝɚɡɨɜɨɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ Ɋɍɗɇ-110 ɩɪɨɢɡɜɨɞɫɬɜɚ 
«ɍɗɌɆ», ɜɵɩɨɥɧɟɧɧɨɟ ɧɚ ɛɚɡɟ ɜɵɤɥɸɱɚɬɟɥɹ ȼɗȻ-ɍɗɌɆ, ɷɥɟɝɚɡɨɜɵɯ ɦɨɞɭɥɟɣ 
ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ – ɡɚɡɟɦɥɢɬɟɥɟɣ ɫ ɩɪɢɜɨɞɨɦ, ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
ɦɚɪɤɢ ɌȼȽ-ɍɗɌɆ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɦɚɪɤɢ ɁɇȽ-ɍɗɌɆ.  

ɉɪɨɜɟɪɢɦ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ Ɋɍɗɇ ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɩɨ 
ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɹɦ. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 27.  

 
 

Ɍɚɛɥɢɰɚ 27 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ Ɋɍɗɇ-ɍɗɌɆ-110 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 

ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɜɵɤɥɸɱɚɬɟɥɹ 
Ɋɍɗɇ-110  

ɉɚɪɚɦɟɬɪɵ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɍɗɇ-110 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 110  110  110  ܫ˓˃˄.௠𝑎𝑥 ൑ 𝜏˒ܫ  ː, Ⱥ ͹ʹʹ  2500  2500ܫ ൑ ;ˑ˕ˍˎ.ː , ɤȺ ͵ͻ,͵ͷ  100  100  ݅˃ 𝜏ܫ ൑ ݅˃ ːˑˏ, ɤȺ ͳͶ,ͻ͹  40  - ݅˖ˇ ൑ Кܤ - ɤȺ ͳͳ,Ͳͻ  22,63 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ , ˍʏଶݐ · ˔ ʹͳͳ,ͲͲ  4800  4800  
 

Ɋɍɗɇ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɤɨɧɱɚɬɟɥɶɧɨ 
ɜɵɛɢɪɚɟɦ Ɋɍɗɇ-«ɍɗɌɆ»-110. 

 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ ɩ. 2.3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɨ ɜɵɛɪɚɧɨ 

ɷɥɟɝɚɡɨɜɨɟ ɝɟɧɟɪɚɬɨɪɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ 
ɝɟɧɟɪɚɬɨɪɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ, ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɡɚɡɟɦɥɢɬɟɥɶ, ɤɨɧɞɟɧɫɚɬɨɪɵ ɢ ɲɤɚɮ 
ɭɩɪɚɜɥɟɧɢɹ. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜ ɫɨɫɬɚɜɟ ɗȽɊɍ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 28.  
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Ɍɚɛɥɢɰɚ 28 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɗȽɊɍ (20 ɤȼ) 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 

ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɜɵɤɥɸɱɚɬɟɥɹ 
ɗȽɊɍ HECS-80 

ɉɚɪɚɦɟɬɪɵ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɗȽɊɍ HECS-80 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 10,5  20  20  ܫ˓˃˄.௠𝑎𝑥 ൑ 𝜏˒ܫ  ː, Ⱥ ͹ͻ͸Ͳ  8500  8500ܫ ൑ ;ˑ˕ˍˎ.ː , ɤȺ 118,57  220  220  ݅˃ 𝜏ܫ ൑ ݅˃ ːˑˏ, ɤȺ 45,96  80  - ݅˖ˇ ൑ Кܤ -  ɤȺ 51,6  84,85 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ , ˍʏଶݐ · ˔ ͸͸ͲͲ,ͻ  19200  19200  

 
ɗȽɊɍ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɤɨɧɱɚɬɟɥɶɧɨ 

ɜɵɛɢɪɚɟɦ ɗȽɊɍ HECS-100. 
 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɰɟɩɢ ɄɊɍ 6 ɤȼ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɜɜɨɞɧɨɣ 
ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɜɟɧ, Ⱥ: 
 I˓˃˄.ˏ˃ˍ˔. = ܵː ʡʠʜʹ ∙ √͵ ∙ ܷː                                                                                         ሺͷ.ͳ.ͳሻ 

 I˓˃˄.ˏ˃ˍ˔. = ͳ͸ʹ ∙ √͵ ∙ ͸,͵ = ͹͵͵ 

 
ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 

ɫɟɪɢɢ ɄɊɍ ZETO ɩɪɨɢɡɜɨɞɫɬɜɚ «ɁɗɌɈ» [12].  ɒɤɚɮɵ ɞɚɧɧɨɝɨ ɄɊɍ ɦɨɝɭɬ 
ɤɨɦɩɥɟɤɬɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫɢɥɨɜɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ. Ɉɫɧɨɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ 
ɲɤɚɮɨɜ - ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ VF 12, ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɟɣ 
SION, EVOLIS, BB/TEL, HD4, LF ɢ VD4. ɍɫɬɚɧɨɜɢɦ ɜ ɲɤɚɮɵ ɄɊɍ ɜɚɤɭɭɦɧɵɟ 
ɜɵɤɥɸɱɚɬɟɥɢ BB/TEL [26]. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɄɊɍ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɭ 29.  

 
Ɍɚɛɥɢɰɚ 29 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɄɊɍ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɜɵɤɥɸɱɚɬɟɥɹ ɄɊɍ ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 6  10 ܫ˓˃˄.௠𝑎𝑥 ൑ 𝜏˒ܫ ː, Ⱥ 733  1000ܫ ൑ ;ˑ˕ˍˎ.ː , ɤȺ 13,27 20 ݅˃ 𝜏ܫ ൑ ݅˃ ːˑˏ, ɤȺ 7,63  11,31  ݅˖ˇ ൑ Кܤ ɤȺ 31,9  51 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ , ˍʏଶݐ · ˔ 35,92  1200 
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5.2 Вɵɛɨɪ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɬɨɤɨɩɪɨɜɨɞɚ 
 

ɋɨɟɞɢɧɟɧɢɹ ɝɟɧɟɪɚɬɨɪɨɜ 60 Ɇȼɬ ɢ ɜɵɲɟ ɫ ɩɨɜɵɲɚɸɳɢɦ ɫɢɥɨɜɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɤɨɦɩɥɟɤɬɧɵɦɢ ɩɨɮɚɡɧɨ-
ɷɤɪɚɧɢɪɨɜɚɧɧɵɦɢ ɬɨɤɨɩɪɨɜɨɞɚɦɢ (ɄɗɌ) [17]. Ⱦɚɧɧɵɟ ɬɨɤɨɩɪɨɜɨɞɵ ɦɨɝɭɬ ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɬɨɤɚ ɌɒɅ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ 
ɁɇɈɅ ɢ ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-ɉ. ȼɵɛɢɪɚɟɦ ɬɨɤɨɩɪɨɜɨɞ ɬɢɩɚ 
Ɍɗɇȿ-20-8000-300 [11]. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 30. 

 
Ɍɚɛɥɢɰɚ 30 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɨɤɨɩɪɨɜɨɞɚ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɚɪɚɦɟɬɪɵ ɬɨɤɨɩɪɨɜɨɞɚ 
Ɍɗɇȿ-20-8000-300  ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 10,5 20  ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅  ː, Ⱥ 7960  8000ܫ ൑ Кܤ  ɤȺ 118,57  300 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ ͸͸ͲͲ,ͻ  43200  

 
ȼ ɛɥɨɤɚɯ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɨɬɩɚɣɤɚ ɨɬ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 

ɬɨɤɨɩɪɨɜɨɞɚ ɞɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ 
ɄɗɌ. Ɉɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɨɬɩɚɣɤɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɨ ɫɬɨɪɨɧɵ ȼɇ, ɤȺ: 

௠𝑎𝑥ʑʜ.˄˃˓ܫ  = ܵː ʡʠʜ√͵ ∙ ܷː ʡʠʜʑʜ                                                                                         ሺͷ.ʹ.ͳሻ 

௠𝑎𝑥ʑʜ.˄˃˓ܫ  = ͳ͸√͵ ∙ ͳͲ,ͷ = Ͳ,ͺͺ 

 
ȼɵɛɢɪɚɟɦ ɄɗɌ ɬɢɩɚ Ɍɗɇȿ-10-3150-250 [11]. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ 

ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 31. 
 

Ɍɚɛɥɢɰɚ 31 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɨɤɨɩɪɨɜɨɞɚ 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɚɪɚɦɟɬɪɵ ɬɨɤɨɩɪɨɜɨɞɚ  

 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 10,5  10,5 ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 880  3150ܫ ൑ Кܤ ɤȺ 232,1  250 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ 8229,7  30000 
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ɋɨɟɞɢɧɟɧɢɟ Ɍɋɇ ɫ ɄɊɍ ɧɚ ɫɬɨɪɨɧɟ 6 ɤȼ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ 
ɤɨɦɩɥɟɤɬɧɵɯ ɡɚɤɪɵɬɵɯ ɬɨɤɨɩɪɨɜɨɞɨɜ (ɌɄɁ). 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɨɬɩɚɣɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɨ ɫɬɨɪɨɧɵ ɇɇ, ɤȺ: 

௠𝑎𝑥ʜʜ.˄˃˓ܫ  = ܵː ʡʠʜ√͵ ∙ ܷː ʡʠʜʜʜ                                                                                         ሺͷ.ʹ.ʹሻ 

௠𝑎𝑥ʜʜ.˄˃˓ܫ  = ͳ͸√͵ ∙ ͸,͵ = ͳ,Ͷ͹ 

 
ȼɵɛɢɪɚɟɦ ɌɄɁ ɬɢɩɚ ɌɁɄ-6-1600-81 [11]. Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 32. 
 

Ɍɚɛɥɢɰɚ 32 – ɪɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɨɤɨɩɪɨɜɨɞɚ 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɚɪɚɦɟɬɪɵ ɬɨɤɨɩɪɨɜɨɞɚ  

 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 6  6 ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 1470  1600ܫ ൑ Кܤ ɤȺ 31,9  81 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ 35,92  2976,75 
 

5.3 Вɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɞɥɹ ɈɊɍ 110 ɤВ 
 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧɚ ɠɟɫɬɤɚɹ ɨɲɢɧɨɜɤɚ ɬɚɤ ɤɚɤ ɩɟɪɟɞ 
ɝɢɛɤɨɣ ɨɧɚ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɦɨɧɬɚɠɚ 
ɢ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɭɦɟɧɶɲɢɬɶ ɩɥɨɳɚɞɶ ɈɊɍ ɢ ɪɚɫɯɨɞ 
ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ. 

ɋɨɝɥɚɫɧɨ ɉɍɗ [6, ɩ. 1.3.28] ɨɲɢɧɨɜɤɚ ɜ ɩɪɟɞɟɥɚɯ ɈɊɍ ɩɪɨɜɟɪɤɟ ɩɨ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɧɟ ɩɨɞɥɟɠɢɬ. 

 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɲɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ: 

௠𝑎𝑥 ˄˃˓ܫ  ൑  ˒ˑˇܫ
 

ɉɨ ɮɨɪɦɭɥɟ (2.3.1): 
௠𝑎𝑥 ˄˃˓ܫ  = I˓˃˄.ˏ˃ˍ˔.் = ͹ʹʹ 
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ȼɵɛɢɪɚɟɦ ɠɟɫɬɤɢɟ ɲɢɧɵ ɒɇɄ1-1Ⱥɋ400-110/2000 ɍɏɅ1 ɩɪɨɢɡɜɨɞɫɬɜɚ 
«ɁɗɌɈ» ɫ ɝɢɛɤɢɦɢ ɨɬɜɟɬɜɥɟɧɢɹɦɢ ɜɵɩɨɥɧɟɧɧɵɦɢ ɩɪɨɜɨɞɚɦɢ ɦɚɪɤɢ Ⱥɋ-400/51. 
ȼ ɤɨɦɩɥɟɤɬ ɜɯɨɞɹɬ: ɬɪɭɛɱɚɬɵɟ ɲɢɧɵ, ɨɩɨɪɧɵɟ ɢɡɨɥɹɬɨɪɵ, ɬɨɤɨɜɵɟ 
ɤɨɦɩɟɧɫɚɬɨɪɵ, ɲɢɧɨɞɟɪɠɚɬɟɥɢ, ɞɟɪɠɚɬɟɥɢ ɞɥɹ ɜɧɭɬɪɢɹɱɟɣɤɨɜɵɯ ɫɜɹɡɟɣ, 
ɡɚɠɢɦɵ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɢɛɤɢɯ ɫɩɭɫɤɨɜ, ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ. Ɉɲɢɧɨɜɤɚ 
ɫɛɨɪɧɵɯ ɲɢɧ ɈɊɍ ɜɵɩɨɥɧɟɧɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 1915Ɍ [12].  ɉɚɫɩɨɪɬɧɵɟ 
ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 33. 

 
Ɍɚɛɥɢɰɚ 33 – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɠɟɫɬɤɨɣ ɨɲɢɧɨɜɤɢ 

 Uɧ, 
ɤȼ 

Іɞɨɩ.ɧɨɦ, 
Ⱥ 

 ଶˏˏ ,ܨ
d, 

ɦɦ 
iɩɪ.ɫɤɜ, 

ɤȺ 
Iɬɟɪ, 
ɤȺ 

tɬɟɪɦ, ɫ l, ɦ а, ɦ 

ɋɛɨɪɧɵɟ 
ɲɢɧɵ 

110 2000 8659 105 102 40 3 9 1,5 

Ƚɢɛɤɢɟ 
ɫɩɭɫɤɢ 

110 825 445,66 27,5 - - - - 2,5 

 
ɀɟɫɬɤɢɟ ɲɢɧɵ: 

 ͹ʹʹ ൑ ʹͲͲͲ; 
 
Ƚɢɛɤɢɟ ɫɩɭɫɤɢ: 
 ͹ʹʹ ൑ ͺʹͷ; 

  
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɠɟɫɬɤɢɯ ɲɢɧ ɩɪɢ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɹɯ: 
௠𝑖௡ݍ  ൑  ˇː˃˕˔ݍ

 
ɝɞɟ ݍ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɦɦ2; ݍ˔˕˃ːˇ – ɜɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ, ɦɦ2. 
௠𝑖௡ݍ  = ˕ܥ𝐾ܤ√                                                                                                          ሺͷ.͵.ͳሻ 

 
ɝɞɟ ܥ˕ = ͸͸ ɞɥɹ ɲɢɧ ɢɡ ɚɥɸɦɢɧɢɹ 1915Ɍ [2]. 
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௠𝑖௡ݍ = √ʹͳͳ ∙ ͳͲଷ͸͸ = ʹʹͲ ˏˏଶ 

 ʹʹͲ ൑ ͺ͸ͷͻ 
 

ɒɢɧɵ ɬɟɪɦɢɱɟɫɤɢ ɫɬɨɣɤɢ. 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɝɢɛɤɢɯ ɫɩɭɫɤɨɜ ɩɪɢ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɹɯ: 
௠𝑖௡ݍ  = √ʹͳͳ ∙ ͳͲଷ͹͸ = ͳͻͳ ˏˏଶ 

 
ɝɞɟ ܥ˕ = ͹͸ ɞɥɹ ɩɪɨɜɨɞɨɜ Ⱥɋ [2]. 
 ͳͻͳ ൑ ͶͶͷ,͸͸ 

 
Ƚɢɛɤɢɟ ɫɩɭɫɤɢ ɬɟɪɦɢɱɟɫɤɢ ɫɬɨɣɤɢ. 
 
ɉɪɨɜɟɪɤɚ ɠɟɫɬɤɢɯ ɲɢɧ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
 

଴݂ = ͳ͹͵,ʹ݈ଶ  ሺͷ.͵.ʹሻ                                                                                                   ݍܬ√

 
ɝɞɟ ݈ – ɞɥɢɧɚ ɩɪɨɥɟɬɚ ɦɟɠɞɭ ɢɡɨɥɹɬɨɪɚɦɢ, ɦ; ܬ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɢɡɝɢɛɚɸɳɟɣ ɫɢɥɵ, ɫɦ4; ݍ – ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɲɢɧɵ, ɫɦ2. 
 
Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɢɧɵ, ɫɦ4: 
ܬ  = ସ͸Ͷ݀ߨ                                                                                                                  ሺͷ.͵.͵ሻ 

ܬ  = ߨ ∙ ͳͲ,ͷସ͸Ͷ = ͷͻ͸,͸͸ 

 
ɑɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, Ƚɰ: 
 

଴݂ = ͳ͹͵,ʹͻଶ √ͷͻ͸,͸͸ͺ͸,ͷͻ = ͷ,͸ͳ  



 

 

      

 ǓП – 13.03.02.04  Пǐ 
 

 

     
49 

Ǒǰм. ǔǱǺǻ № дǷкǼм. ПǷдǸǱǺь Даǻа 

 

 

ȿɫɥɢ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɦɟɧɶɲɟ 30 Ƚɰ ɢ ɛɨɥɶɲɟ  
200 Ƚɰ, ɬɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɧɫɚ ɧɟ ɜɨɡɧɢɤɚɟɬ [2]. Ɍɨɝɞɚ ɲɢɧɵ ɞɢɧɚɦɢɱɟɫɤɢ 
ɭɫɬɨɣɱɢɜɵ. 

 
ɉɪɨɜɟɪɤɚ ɝɢɛɤɢɯ ɫɩɭɫɤɨɜ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɧɟ 

ɬɪɟɛɭɟɬɫɹ ɬɚɤ ɤɚɤ ܫ˒଴ < ʹͲ ˍʏ [2]. 
 
ɉɪɨɜɟɪɤɚ ɠɟɫɬɤɢɯ ɲɢɧ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɢɪɨɜɚɧɢɹ: 
˔ˍ˃ˏܧ  ൑  ଴ܧ
 

ɝɞɟ ܧˏ˃ˍ˔ – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ; ܧ଴ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨɤɪɭɝ ɩɪɨɜɨɞɨɜ, ɤȼ/ɫɦ. 

 
Cɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ ɎɋɄ [13, ɩ.1.3] ɞɚɧɧɨɟ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ: 
˒ˑˇܦ  ൑  ܦ
 
Ƚɞɟ ܦˇˑ˒ = ͻ – ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɞɢɚɦɟɬɪ ɲɢɧ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ 

[13, ɬɚɛɥ. 1.1], ɦɦ; ܦ – ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɜɵɛɪɚɧɧɵɯ ɲɢɧ, ɦɦ.  
 ͻ ൑ ͳͲͷ 

 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɉɪɨɜɟɪɤɚ ɝɢɛɤɢɯ ɫɩɭɫɤɨɜ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɢɪɨɜɚɧɢɹ: 
˔ˍ˃ˏܧ  = Ͳ,͵ͷͶ ∙ ଴ݎܷ ∙ lg ଴ݎ˓˔ܦ                                                                                                ሺͷ.͵.Ͷሻ 

 
Ƚɞɟ ܦ˔˓– ɫɪɟɞɧɟɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ; ݎ଴ = ͳ,͵͹ͷ – ɪɚɞɢɭɫ ɩɪɨɜɨɞɚ, ɫɦ.  

 
ɉɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɨɜɨɞɨɜ ɮɚɡ: 
˓˔ܦ  = ͳ,ʹ͸ ∙  ܦ

 
Ƚɞɟ ܦ˔˓ = ʹͷͲͲ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ; 

˓˔ܦ  = ͳ,ʹ͸ ∙ ʹͷͲͲ = ͵ͳͷͲ  
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˔ˍ˃ˏܧ = Ͳ,͵ͷͶ ∙ ͳͳͲͳ,͵͹ͷ ∙ lg ʹͷͲͳ,͵͹ͷ = ͳʹ,ͷ͵ 

଴ܧ  = ͵Ͳ,͵ ∙ ݉ ∙ ቆͳ + Ͳ,ʹͻͻ√ݎ଴ ቇ                                                                           ሺͷ.͵.ͷሻ 

 
Ƚɞɟ ݉ = Ͳ,ͺʹ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɪɨɜɨɞɚ [2]; 
଴ܧ  = ͵Ͳ,͵ ∙ Ͳ,ͺʹ ∙ ቆͳ + Ͳ,ʹͻͻ√ͳ,͵͹ͷቇ = ͵ͳ,ͳͺ 

 ͳʹ,ͷ͵ ൑ ͵ͳ,ͳͺ 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

 
ɉɪɨɜɟɪɤɚ ɠɟɫɬɤɢɯ ɲɢɧ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ: 
 𝜎௠𝑎𝑥 ൑ 𝜎ˇˑ˒ 
 
Ƚɞɟ 𝜎௠𝑎𝑥 – ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɢɡ-ɡɚ ɄɁ, Ɇɉɚ; 𝜎ˇˑ˒ = ʹʹ͵ – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫ ɭɱɟɬɨɦ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɜ 
ɦɟɫɬɚɯ ɫɜɚɪɤɢ [2, ɬɚɛɥ.4.2], Ɇɉɚ. 

 𝜎௠𝑎𝑥 = √͵ ∙ ͳͲ−଼ ∙ ͵ʹ ∙ ݅˖ˇଶ ∙ ݈ଶ݀ߨଷ ∙ ܽ 

 𝜎௠𝑎𝑥 = √͵ ∙ ͳͲ−଼ ∙ ͵ʹ ∙ ͵ͻ͵ͷͲଶ ∙ ͻଶߨͳͲ,ͷଷ ∙ ͳ,ͷ = ͳʹ,͹Ͷ  
 ͳʹ,͹Ͷ ൑ ʹʹ͵ 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɀɟɫɬɤɚɹ ɨɲɢɧɨɜɤɚ ɒɇɄ1-1Ⱥɋ400-110/2000 ɍɏɅ1 ɩɨɥɧɨɫɬɶɸ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
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5.5 Вɵɛɨɪ ɞɥɢɧɧɵɯ ɫɜɹɡɟɣ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ  
ɈɊɍ 110 ɤВ 

 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɨɜ, ɫɜɹɡɵɜɚɸɳɢɯ ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɈɊɍ 

110 ɤȼ, ɚɧɚɥɨɝɢɱɧɨ ɝɢɛɤɢɦ ɫɩɭɫɤɚɦ ɠɟɫɬɤɨɣ ɨɲɢɧɨɜɤɢ ɛɭɞɭɬ ɩɪɢɦɟɧɟɧɵ 
ɩɪɨɜɨɞɚ Ⱥɋ-400/51, ɬɚɤ ɤɚɤ ɞɚɧɧɵɟ ɩɪɨɜɨɞɧɢɤɢ ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɜ ɩ. 5.3 ɢ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɹɦ. 

 
5.6 Вɵɛɨɪ ɞɥɢɧɧɵɯ ɫɜɹɡɟɣ ɊɌɋɇ ɫ ɈɊɍ 110 ɤВ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɰɟɩɢ ɊɌɋɇ ɫɨ ɫɬɨɪɨɧɵ ȼɇ ɩɨ ɮɨɪɦɭɥɟ 

(5.2.1), Ⱥ: 
௠𝑎𝑥ʑʜ.˄˃˓ܫ  = ͳ͸√͵ ∙ ͳͳͲ = ͺͶ 

 
ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ (2.5.2), Ⱥ: 

ʟܨ  = ͺͶͳ,ͳ = ͹͸ 

 
ɂɡ [3, Ɍɚɛɥ. 3.5] ɜɵɛɟɪɟɦ ɩɪɨɜɨɞ Ⱥɋ 95/16. 
 

Ɍɚɛɥɢɰɚ 34 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ⱥɋ 95/16 
Uɧ,ɤȼ Іɞɨɩ.ɧɨɦ,Ⱥ ܨ,ˏˏଶ d,ɦɦ 

110 330 111,33 13,5 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ: 

 ͺͶ ൑ ͵͵Ͳ; 
  

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 

ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɠɟɫɬɤɢɯ ɲɢɧ ɩɪɢ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɹɯ: 

௠𝑖௡ݍ  = √ͳͺ,͹ ∙ ͳͲଷ͹͸ = ͷͶ ˏˏଶ 

 ͷͶ ൑ ͳͳͳ,͵͵ 
 

ɒɢɧɵ ɬɟɪɦɢɱɟɫɤɢ ɫɬɨɣɤɢ. 
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ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɧɟ ɬɪɟɛɭɟɬɫɹ ɬɚɤ ɤɚɤ 
଴˒ܫ  < ʹͲ ˍʏ [2]. 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɢɪɨɜɚɧɢɹ: 

 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨ ɮɨɪɦɭɥɟ ሺͷ.͵.Ͷሻ, ɤȼ/ɫɦ: 
˔ˍ˃ˏܧ  = Ͳ,͵ͷͶ ∙ ͳͳͲͲ,͸͹ͷ ∙ lg ʹͷͲͲ,͸͹ͷ = ʹʹ,Ͷ͸ 

 
 ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨɤɪɭɝ ɩɪɨɜɨɞɨɜ ሺͷ.͵.ͷሻ, ɤȼ/ɫɦ: 

଴ܧ  = ͵Ͳ,͵ ∙ Ͳ,ͺʹ ∙ ቆͳ + Ͳ,ʹͻͻ√Ͳ,͸͹ͷቇ = ͵͵,ͺͻ 

 ʹʹ,Ͷ͸ ൑ ͵͵,ͺͻ 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
5.5 Вɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 

 

Ʉɨɧɬɪɨɥɶ ɧɚɞ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɚɩɩɚɪɚɬɭɪɵ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ܷː ɢ ܫː, ɚ ɡɚɬɟɦ 
ɩɪɨɜɟɪɹɸɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ.  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɢɧɚɥɶɧɵɦ 
ɧɚɩɪɹɠɟɧɢɟɦ ɫɢɥɨɜɨɣ ɰɟɩɢ [2]. 

ȼɵɛɪɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɪɚɫɱɟɬɧɵɟ ɢ ɧɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɫɜɟɞɟɦ ɜ ɪɹɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɚɛɥɢɰ. 
 

5.5.1 В ɰɟɩɢ ɈɊɍ 110 ɤВ 
 

ɇɚ ɈɊɍ 110 ɤȼ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ Ɋɍɗɇ-ɍɗɌɆ-110 ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ 
ɛɥɨɤɚɦɢ ɌɌ ɢ Ɍɇ, ɜɵɩɨɥɧɟɧɧɵɦɢ ɧɚ ɛɚɡɟ ɌȼȽ-ɍɗɌɆ-110 ɢ ɁɇȽ-ɍɗɌɆ-110 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [4]. Ɍɚɤ ɤɚɤ ɞɚɧɧɵɟ ɛɥɨɤɢ ɢɡɝɨɬɨɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɪɚɛɨɬɵ 
ɜ ɫɨɫɬɚɜɟ Ɋɍɗɇ, ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɪɟɞɟɥɶɧɵɣ ɫɤɜɨɡɧɨɣ ɬɨɤ ɄɁ ɢ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɪɚɜɧɵɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɬɨɤɚɦ Ɋɍɗɇ. 
Ɋɚɫɱɟɬɧɵɟ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 35. 
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Ɍɚɛɥɢɰɚ 35 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɨɤɚ ɌɌ Ɋɍɗɇ-ɍɗɌɆ-110 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ ɌɌ 

Ɋɍɗɇ-ɍɗɌɆ -110 

˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 110 ɤȼ 110 ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 722 Ⱥ 750 Ⱥܫ ൑ Кܤ ɤȺ ͵ͻ,͵ͷ ɤȺ 100 ɤȺ ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ ʹͳͳ,ͲͲ ˍʏଶ · ˔ 4800 ˍʏଶ · ˔ 

 
Ɍɚɛɥɢɰɚ 36 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɨɤɚ Ɍɇ Ɋɍɗɇ-ɍɗɌɆ-110 

Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 
ɛɥɨɤ Ɍɇ Ɋɍɗɇ-ɍɗɌɆ-110 110 ɤȼ 

 

5.5.2 В ɰɟɩɢ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɊɌɋɇ (110 ɤВ) 
 
Ⱥɧɚɥɨɝɢɱɧɨ Ɋɍɗɇ, ɧɚ ɜɵɜɨɞɚɯ 110 ɤȼ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɊɌɋɇ 

ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌȼȽ-ɍɗɌɆ-110. 
 
Ɍɚɛɥɢɰɚ 37 – ȼɵɛɨɪ ɌɌ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌȼȽ-ɍɗɌɆ-110 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 110 ɤȼ 110 ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 722 Ⱥ 750 Ⱥܫ ൑ Кܤ ɤȺ ͵ͻ,͵ͷ ɤȺ 100 ɤȺ ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ ʹͳͳ,ͲͲ ˍʏଶ · ˔ 4800 ˍʏଶ · ˔ 

 
Ɍɚɛɥɢɰɚ 38 – ȼɵɛɨɪ ɌɌ ɊɌɋɇ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌȼȽ-ɍɗɌɆ-110 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 110 ɤȼ 110 ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 84 Ⱥ 100 Ⱥܫ ൑ Кܤ ɤȺ ͵͵,͹͵ ɤȺ 100 ɤȺ ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ ͳͺ,͹ ˍʏଶ · ˔ 4800 ˍʏଶ · ˔ 
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5.5.3 ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 10,5 ɤВ 
 

ȼ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɨɬɩɚɣɤɟ ɤ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɌɒɅ-ɋȼɗɅ-20-2. 
Ⱦɚɧɧɵɟ ɌɌ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɄɗɌ. 

 
Ɍɚɛɥɢɰɚ 39 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌɌ ɝɟɧɟɪɚɬɨɪɨɜ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌɒɅ-ɋȼɗɅ-20-2 

˔ܷˈ˕ˋ ൑ ܷː 10,5 ɤȼ 20  ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ Кܤ ː 7960 Ⱥ 8000 Ⱥܫ ൑ ଶ˓ˈ˕ܫ ∙ ʏଶˍ 6600,9 ˓ˈ˕ݐ · ˔ 91875 ˍʏଶ · ˔ 

 
Ɍɚɛɥɢɰɚ 39 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌɌ ɧɚ ɨɬɩɚɣɤɟ ɤ Ɍɋɇ  

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌɒɅ-ɋȼɗɅ-20-2 

˔ܷˈ˕ˋ ൑ ܷː 10,5 ɤȼ 20 ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ Кܤ ː 880 Ⱥ 1000 Ⱥܫ ൑ ଶ˓ˈ˕ܫ ∙ ʏଶˍ 8229,7 ˓ˈ˕ݐ · ˔ 91875 ˍʏଶ · ˔ 

 
ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ ɲɢɧɧɵɯ ɌɌ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɚɦɢɯ ɲɢɧ Ɋɍ ɩɨ ɞɚɧɧɨɦɭ ɭɫɥɨɜɢɸ ɧɟ ɩɪɨɜɟɪɹɸɬɫɹ [2].  
 
ȼ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ ɛɭɞɭɬ 

ɭɫɬɚɧɨɜɥɟɧɵ ɁɇɈɅ-ɋȼɗɅ-10. 
 
Ɍɚɛɥɢɰɚ 40 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɍɇ ɝɟɧɟɪɚɬɨɪɚ 

Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 

ɁɇɈɅ-ɋȼɗɅ-10 10 ɤȼ 

 
5.5.4 В ɄɊɍ 6,3 ɤВ 
 
ȼɵɛɪɚɧɧɨɟ ɄɊɍ ɁɗɌɈ ɜ ɩ. 5.1 ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɚɧɨɜɤɭ ɜ ɹɱɟɣɤɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɌɈɅ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ. ɍɫɬɚɧɨɜɢɦ 
ɜ ɹɱɟɣɤɢ ɄɊɍ ɌɌ ɌɈɅ-ɋȼɗɅ-10-1 ɢ Ɍɇ ɁɇɈɅ-ɋȼɗɅ-10. 
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Ɍɚɛɥɢɰɚ 41 – ȼɵɛɨɪ ɌɌ ɜ ɄɊɍ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɉɚɪɚɦɟɬɪɵ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌɈɅ-ɋȼɗɅ-10-1 ˔ܷˈ˕ˋ ൑ ܷː, ɤȼ 6,3 ɤȼ 6,3 ɤȼ ܫ˓˃˄.௠𝑎𝑥 ൑ ˇ˖݅ ː, Ⱥ 733 Ⱥ 800 Ⱥܫ ൑ Кܤ ɤȺ ͶͶ,ͺ͵ 102 ,˅ˍ˔.˓˒ܫ ൑ ʡଶܫ ∙ ʡ, ˍʏଶݐ · ˔ 35,92 1600 

 
Ɍɚɛɥɢɰɚ 42 – ȼɵɛɨɪ Ɍɇ ɜ ɄɊɍ 

Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 

ɁɇɈɅ-ɋȼɗɅ-10 6 ɤȼ 

 
5.6 Вɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɡɚɳɢɬɵ ɫɟɬɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɧɟɥɢɧɟɣɧɵɟ 
(Ɉɉɇ), ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɜɢɞɟ ɪɟɡɢɫɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɰɢɧɤɚ ɫ ɧɟɥɢɧɟɣɧɨɣ 
ȼȺɏ. Ɉɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɫɢɥɨɜɨɣ ɰɟɩɢ. ȼɵɛɟɪɟɦ ɨɝɪɚɧɢɱɢɬɟɥɢ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɫ ɩɨɥɢɦɟɪɧɨɣ ɢɡɨɥɹɰɢɟɣ Ɉɉɇ-ɉ ɩɪɨɢɡɜɨɞɫɬɜɚ  
ɁȺɈ «ɁɗɌɈ» [12]. 

ȼɵɛɪɚɧɧɵɟ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɪɚɫɱɟɬɧɵɟ ɢ ɧɨɦɢɧɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 43. 

 
Ɍɚɛɥɢɰɚ 43– ɜɵɛɨɪ Ɉɉɇ 

Ɍɢɩ Ɉɉɇ Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 

Ɉɉɇ-ɉ1-6/6,9/10/2 ɍɏɅ1 6 ɤȼ 

Ɉɉɇ-ɉ1-10/12/10/2 ɍɏɅ1 10 ɤȼ 

Ɉɉɇ-ɉ1-110/88/10/2 ɍɏɅ1 110 ɤȼ 

 
6 Вɵɛɨɪ ɫɯɟɦɵ OPɍ 110 ɤВ 
 
ɇɚ ɈɊɍ 110 ɤȼ ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɜɧɹɟɬɫɹ 15: 
– 4 ɜɨɡɞɭɲɧɵɟ ɥɢɧɢɢ, ɩɟɪɟɞɚɸɳɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɭ; 
– 7 ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, ɩɟɪɟɞɚɸɳɢɯ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɩɨɬɪɟɛɢɬɟɥɹɦ;  
– 3 ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  
– 1 ɪɟɡɟɪɜɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ.  
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ɉɪɢ ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɨɬ 5 ɞɨ 15 ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ 
ɧɚɞɟɠɧɨɫɬɢ ɩɢɬɚɧɢɹ ɤɚɠɞɨɣ ȼɅ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ 
ɜɫɟɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ ɲɢɧ) ɧɚ ɜɪɟɦɹ ɪɟɜɢɡɢɢ ɢ ɪɟɦɨɧɬɚ ɷɬɨɣ 
ɫɟɤɰɢɢ ɫɛɨɪɧɵɯ ɲɢɧ ɩɪɢɦɟɧɹɸɬɫɹ ɫɯɟɦɵ 13 (ɞɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ) ɢ 13ɇ 
(ɞɜɟ ɪɚɛɨɱɢɟ ɢ ɨɛɯɨɞɧɚɹ ɫɢɫɬɟɦɵ ɲɢɧ) [15, 16]. ɉɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɲɢɧɵ ɢɥɢ ɟɟ 
ɜɵɜɨɞɟ ɜ ɪɟɦɨɧɬ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɚ ɜɪɟɦɹ ɨɩɟɪɚɬɢɜɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɟɪɟɜɨɞɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɧɚ ɞɪɭɝɭɸ ɫɢɫɬɟɦɭ ɲɢɧ, 
ɞɨɩɭɫɬɢɦɨ. ȼ ɫɯɟɦɟ ɛɭɞɭɬ ɩɪɢɦɟɧɟɧɵ Ɋɍɗɇ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ 
ɧɚɞɟɠɧɨɫɬɶɸ. 

ɉɨ ɭɤɚɡɚɧɧɵɦ ɜɵɲɟ ɩɪɢɱɢɧɚɦ ɬɚɤɠɟ ɜɵɛɟɪɟɦ ɫɯɟɦɭ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ 
ɫɢɫɬɟɦɚɦɢ ɲɢɧ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɨɞɧɭ ɪɚɛɨɱɭɸ 
ɫɢɫɬɟɦɭ ɲɢɧ ɫɟɤɰɢɨɧɢɪɭɟɦ ɢ ɩɨɞɤɥɸɱɢɦ ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɤ ɪɚɡɧɵɦ 
ɫɟɤɰɢɹɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɚɠɟ ɩɪɢ ɄɁ ɫɪɚɡɭ ɧɚ ɞɜɭɯ ɪɚɛɨɱɢɯ ɫɢɫɬɟɦɚɯ ɲɢɧ ɨɞɢɧ 
ɛɥɨɤ ɢ ɱɚɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɨɫɬɚɧɭɬɫɹ ɜ ɪɚɛɨɬɟ. 
 

 

Ɋɢɫɭɧɨɤ 14 –ɋɯɟɦɚ ɈɊɍ ɞɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 
 

7. Ɋɚɫɱёɬ ɦɨɥɧɢɟɡɚɳɢɬɵ ɈɊɍ 110 ɤВ 
 
ɈɊɍ ɧɚɩɪɹɠɟɧɢɟɦ 35 ɤȼ ɢ ɜɵɲɟ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɳɢɳɟɧɵ ɨɬ ɩɪɹɦɵɯ 

ɭɞɚɪɨɜ ɦɨɥɧɢɢ. ȼ ɈɊɍ 110 ɤȼ ɢ ɜɵɲɟ ɦɨɥɧɢɟɨɬɜɨɞɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɡɚɡɟɦɥɹɸɳɟɦɭ ɤɨɧɬɭɪɭ 
ɫɬɚɧɰɢɢ [20]. Ɍɚɤ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɢ ɩɨɞɫɬɚɧɰɢɢ ɩɨ [6] ɨɬɧɨɫɹɬɫɹ ɤ 
ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɴɟɤɬɚɦ, ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɡɚɳɢɬɵ ɨɬ ɭɞɚɪɨɜ ɦɨɥɧɢɢ ɞɨɥɠɧɚ ɛɵɬɶ 
ɧɟ ɦɟɧɟɟ 0,995. 

Ɋɚɫɱёɬ ɦɨɥɧɢɟɡɚɳɢɬɵ ɩɪɨɢɡɜɟɞёɦ ɞɥɹ ɹɱɟɣɤɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɛɥɨɱɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨɫɬɚɥɶɧɵɟ ɹɱɟɣɤɢ ɛɭɞɭɬ ɡɚɳɢɳɟɧɵ ɨɬ ɭɞɚɪɨɜ ɦɨɥɧɢɣ 
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Ɋɢɫɭɧɨɤ 15 – ɈɊɍ 110 ɤȼ ɩɨ ɫɯɟɦɟ ɞɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ. Ɋɚɡɪɟɡ ɩɨ 

ɹɱɟɣɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
 

Ɋɢɫɭɧɨɤ 16 – ɇɚɢɛɨɥɶɲɢɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɜ ɫɯɟɦɟ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɦɨɥɧɢɟɨɬɜɨɞɨɜ 

 
ɇɚɢɛɨɥɟɟ ɜɨɡɜɵɲɚɸɳɢɣɫɹ ɨɛɴɟɤɬ ɈɊɍ – ɥɢɧɟɣɧɵɣ ɩɨɪɬɚɥ ɜɵɫɨɬɨɣ 

hx=11,5 ɦ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɦɨɥɧɢɟɨɬɜɨɞ ɜɵɫɨɬɨɣ h=21 ɦ. 
ȼɵɫɨɬɚ ɤɨɧɭɫɚ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ: 
 ℎ଴ = Ͳ,͹ʹ ∙ ℎ                                                                                                            ሺ͹.ͳሻ 

 ℎ଴ = Ͳ,͹ʹ ∙ ʹͳ = ͳͷ,ͳʹ 
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Ɋɚɞɢɭɫ ɤɨɧɭɫɚ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ: 
଴ݎ  = Ͳ,͹ ∙ ℎ                                                                                                             ሺ͹.ʹሻ 

଴ݎ  = Ͳ,͹ ∙ ʹͳ = ͳͶ,͹ 
 
Ɋɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚ ɜɵɫɨɬɟ ℎ𝑥, ɦ: 
𝑥ݎ  = ଴ݎ ∙ ሺℎ଴ − ℎ𝑥ሻℎ଴                                                                                                  ሺ͹.͵ሻ 

𝑥ݎ  = ͳͶ.͹ ∙ ሺͳͷ,ͳʹ − ͳͳ,ͷሻͳͷ,ͳʹ = ͵,ͷʹ 

 

 
Ɋɢɫɭɧɨɤ 17 – Ɂɨɧɚ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ ɜɵɫɨɬɟ hx 

 

 
Ɋɢɫɭɧɨɤ 18 –Ɂɨɧɚ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɜ ɪɚɡɪɟɡɟ 
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ȼ ɹɱɟɣɤɚɯ, ɝɞɟ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɢɬɶ ɦɨɥɧɢɟɨɬɜɨɞɵ ɧɚ ɥɢɧɟɣɧɵɟ 
ɩɨɪɬɚɥɵ, ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɦɨɥɧɢɟɨɬɜɨɞɵ ɆɈȽɄ-21 [21]. 

 
Ɍɚɛɥɢɰɚ 14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɥɧɢɟɨɬɜɨɞɚ ɆɈȽɄ-21 

Ɉɛɳɚɹ ɜɵɫɨɬɚ, ɦ ɇɢɠɧɢɣ ɞɢɚɦɟɬɪ, ɦɦ Ɋɚɡɦɟɪ ɨɩɨɪɧɨɝɨ 
ɮɥɚɧɰɚ, ɦɦ 

21 370 580 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɈɊɍ ɦɨɥɧɢɟɨɬɜɨɞɵ ɜɵɫɨɬɨɣ 21 

ɦɟɬɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ Ɋɍ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɡɚɳɢɳɟɧɨ ɨɬ ɭɞɚɪɨɜ ɦɨɥɧɢɢ. 
 
8. Ɋɚɫɱɟɬ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɈɊɍ 110 ɤВ 
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɜɵɲɟ 1ɤȼ ɫɟɬɢ 

ɫ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɭɱёɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɢɥɢ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ. ȼ ɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ  
110 ɤȼ ɢ ɜɵɲɟ ɫ ɛɨɥɶɲɢɦɢ ɬɨɤɚɦɢ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɨɥɠɧɨ ɛɵɬɶ RɁ ≤ 0,5 Ɉɦ. [6]  

Ɍɚɤɨɟ ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɩɪɚɜɞɚɧɧɨɦɭ 
ɩɟɪɟɪɚɫɯɨɞɭ ɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɈɊɍ 110 ɤȼ ɢ 
ɜɵɲɟ ɩɨɡɜɨɥɹɟɬ ɧɨɪɦɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɚ ɡɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ 
ɜɟɥɢɱɢɧɭ ɞɨɩɭɫɬɢɦɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ RɁ. ȾɈɉ [7].   

Ⱦɥɹ ɡɚɡɟɦɥɟɧɢɹ ɈɊɍ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɨ ɤɨɧɬɭɪɧɨɟ ɡɚɡɟɦɥɹɸɳɟɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɜɵɩɨɥɧɹɟɦɨɟ ɢɡ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɨɥɨɫ, ɩɪɨɥɨɠɟɧɧɵɯ ɜɞɨɥɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɜɵɪɚɜɧɢɜɚɸɳɢɯ ɩɨɥɨɫ, 
ɩɪɨɥɨɠɟɧɧɵɯ ɩɨɩɟɪɟɱɧɨ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɡɞɚɸɳɢɯ 
ɡɚɡɟɦɥɹɸɳɭɸ ɫɟɬɤɭ. 

 Ɋɚɫɱёɬ ɡɚɡɟɦɥɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɭɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɪɚɡɥɢɱɧɨ ɧɚ ɪɚɡɧɵɯ ɜɵɫɨɬɚɯ. Ɍɚɤ, ɜɟɪɯɧɢɣ ɫɥɨɣ ɝɪɭɧɬɚ 
ɬɨɥɳɢɧɨɣ h ɢɦɟɟɬ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ρ1, ɚ ɧɢɠɧɢɣ – ɭɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ρ2. Ⱦɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ – Lȼ, ɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɡɚɡɟɦɥɢɬɟɥɹɦɢ – a.  

 

 
Ɋɢɫɭɧɨɤ 19 – Ɂɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɈɊɍ  
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ɈɊɍ ɫɨɫɬɨɢɬ ɢɡ 17 ɹɱɟɟɤ – 15 ɩɪɢɫɨɟɞɢɧɟɧɢɣ, 1 ɲɢɧɨɫɨɟɞɢɧɢɬɟɥɶɧɵɣ 
ɜɵɤɥɸɱɚɬɟɥɶ ɢ 1 ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ, ɫɟɤɰɢɨɧɢɪɭɸɳɢɣ ɨɞɧɭ ɪɚɛɨɱɭɸ 
ɫɢɫɬɟɦɭ ɲɢɧ. ɉɥɨɳɚɞɶ ɹɱɟɣɤɢ Sɹ = 23,3 ɯ 9 ɦ2. ɉɥɨɳɚɞɶ ɈɊɍ S = 153 ɯ 23,3 ɦ2. 
Ɋɚɫɩɨɥɨɠɢɦ ɡɚɡɟɦɥɢɬɟɥɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ а = 5 ɦ ɢ ɧɚ ɝɥɭɛɢɧɟ  
t = 0,7 ɦ. Ɍɨɝɞɚ ɩɥɨɳɚɞɶ ɡɚɡɟɦɥɹɸɳɟɝɨ SɁ ɤɨɧɬɭɪɚ ɛɭɞɟɬ ɪɚɜɧɚ 155 ɯ 25 ɦ2. 

 

 
Ɋɢɫɭɧɨɤ 20 – ɋɯɟɦɚ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

Ɍɚɛɥɢɰɚ 44 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ ɡɚɡɟɦɥɟɧɢɹ 
S, ɦ2 ρ1, Ɉɦ‧ɦ ρ2, Ɉɦ‧ɦ h, ɦ a, ɦ t, ɦ LB, ɦ 

155 ɯ 25 500 60 2 5 0,7 5 
 
Ɋɚɫɱёɬɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɩɨ ɮɨɪɦɭɥɟ 11, ɫ: 
 𝜏 = Ͳ,ͲͶͷ 
  
ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫ ɭɱɟɬɨɦ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ [22, ɬɚɛɥ. 3], ȼ: 
 ܷ˒˓ = ͷͲͲ 

 
ɋɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ: 
ˆܮ   = ͳͷͷ ∙ ͸ + ʹͷ ∙ ͵ʹ = ͳ͹͵Ͳ 

  
ɉɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɭɞɟɥɶɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɚɡɧɵɯ 

ɫɥɨɟɜ ɝɪɭɧɬɚ, ˒˓ˋ 𝜌భ𝜌మ =  ହ଴଴଺଴ = ͺ,͵: 

 ʛ = Ͳ,ͺͲ͸ 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ߚ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɪɚɫɬɟɤɚɧɢɹ ɬɨɤɚ ɨɬ ɫɬɭɩɧɟɣ: 

ߚ  = ܴ˚ܴ˚ + ܴ˔                                                                                                              ሺͺ.ͳሻ 

 
ɝɞɟ ܴ˚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɪɚɜɧɨɟ 1000 Ɉɦ;  ܴ˔ = ͳ,ͷ ∙   ;ଵ – ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɪɚɫɬɟɤɚɧɢɹ ɬɨɤɚ ɨɬ ɫɬɭɩɧɟɣ, Ɉɦߩ
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ߚ = ͳͲͲͲͳͲͲͲ + ͳ,ͷ ∙ ͷͲͲ = Ͳ,ͷ͹ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɤɨɫɧɨɜɟɧɢɹ: 
 К˒ = ʛ ∙ )ߚ ܽˆܮ˅ܮ ∙ √ܵ)଴,ସହ                                                                                                    ሺͺ.ʹሻ 

 К˒ = Ͳ,ͺͲ͸ ∙ Ͳ,ͷ͹ቆ ͷ ∙ ͳ͹͵Ͳͷ ∙ √ͳͷ͵ ∙ ʹ͵,͵ቇ଴,ସହ = Ͳ,ͳ 

 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ, ȼ: 
 

ˊܷ = ܷ˒˓К˒                                                                                                                    ሺͺ.͵ሻ 

 

ˊܷ = ͷͲͲͲ,ͳ = ͷͲͲͲ 

 
Ɍɨɤ, ɫɬɟɤɚɸɳɢɣ ɫ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ, ȼ: 
ˊܫ  = ሺͲ,Ͷ − Ͳ,͸ሻ ∙  ଴ሺଵሻ,                                                                                            ሺͺ.Ͷሻ˒ܫ

 

ɝɞɟ ܫ˒଴ሺଵሻ– ɬɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ, ɪɚɜɧɵɣ 14570 Ⱥ;  
ˊܫ  = Ͳ,Ͷ ∙ ͳͶͷ͹Ͳ = ͷͺʹͻ ʏ 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, Ɉɦ: 

  ܴˊ.ˇˑ˒ ൑ ˊܫܷˊ                                                                                                                ሺͺ.ͷሻ 

 ܴˊ.ˇˑ˒ ൑ ͷͲͲͲͷͺʹͻ = Ͳ,ͺͷͺ 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɪɟɚɥɶɧɨɟ ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɈɊɍ 

ɩɪɟɨɛɪɚɡɭɟɦ ɜ ɤɜɚɞɪɚɬɧɭɸ ɦɨɞɟɥɶ. Ɂɚɦɟɧɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ 
ɩɥɨɳɚɞɟɣ ɪɟɚɥɶɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɟɝɨ ɦɨɞɟɥɢ. 
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Ⱦɥɢɧɚ ɫɬɨɪɨɧ ɦɨɞɟɥɢ, ɦ: 
 √ܵ = √ͳͷͷ ∙ ʹͷ = ͸ʹ,ʹͷ. 
 
ɑɢɫɥɨ ɹɱɟɟɤ ɩɨ ɫɬɨɪɨɧɟ ɤɜɚɞɪɚɬɚ: 
 ݉ = ʹˆܮ ∙ √ܵ − ͳ                                                                                                        ሺͺ.͸ሻ 

 ݉ = ʹˆܮ ∙ √ܵ − ͳ = ͳʹ,ͻ ≈ ͳ͵ 

 
Ⱦɥɢɧɚ ɩɨɥɨɫ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 
ˆܮ   = ʹ ∙ √ܵ ∙ ሺm + ͳሻ                                                                                            ሺͺ.͹ ሻ 
ˆܮ  = ʹ ∙ ͸ʹ,ʹͷ ∙ ሺͳ͵ + ͳሻ = ͳ͹Ͷ͵ 
 

Ⱦɥɢɧɚ ɫɬɨɪɨɧ ɹɱɟɣɤɢ: 
 ܾ = √ܵ݉                                                                                                                      ሺͺ.ͺሻ ܾ = ͸ʹ,ʹͷͳ͵ = Ͷ,͹ͻ 

 
ɑɢɫɥɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨ ɩɟɪɢɦɟɬɪɭ 

ɤɨɧɬɭɪɚ 
 ݊˅ = Ͷ ∙ ˅ܮܽܵ√ ∙ ˅ܮ                                                                                                               ሺͺ.ͻሻ 

 ݊˅ = Ͷ ∙ ͸ʹ,ʹͷͷͷ ∙ ͷ = Ͷͻ,ͺ ≈ ͷͲ 

 
Ɉɛɳɚɹ ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ: 
˅𝛴ܮ  = ݊˅ ∙  ሺͺ.ͳͲሻ                                                                                                          ˅ܮ
˅𝛴ܮ  = ͷͲ ∙ ͷ = ʹͷͲ 
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Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ ɩɪɢ t=0,7: 
 ℎ˅ = ˅ܮ + ܵ√ݐ                                                                                                             ሺͺ.ͳͳሻ 

 ℎ˅ = ͷ + Ͳ.͹͸ʹ,ʹͷ = Ͳ,Ͳͻʹ 

 
ɉɪɢ Ͳ ൑ ℎ˅ ൑ Ͳ,ͳ ɧɚɯɨɞɢɦ ɜɟɥɢɱɢɧɭ ʏ: 
 ʏ = Ͳ,ͶͶͶ − Ͳ,ͺͶ ∙ ℎ˅                                                                                         ሺͺ.ͳʹሻ 
 ʏ = Ͳ,ͶͶͶ − Ͳ,ͺͶ ∙ Ͳ,Ͳͻʹ = Ͳ,͵͸͹ 
 
ɉɨ ɉɍɗ [6] ɞɥɹ ɭɫɥɨɜɢɣ: 
ଶߩଵߩ  =  ͷͲͲ͸Ͳ = ͺ,͵; ܽܮ˅ = ͳ; ℎ − ˅ܮݐ = ʹ − Ͳ,͹ͷ = Ͳ,ʹ͸ 

 
ɧɚɯɨɞɢɦ ɨɬɧɨɲɟɧɢɟ 𝜌э𝜌మ = ͳ,͵ͺ, ˕ˑˆˇ˃: 
эߩ  = ͳ,͵ͺ ∙  ଶ                                                                                                        ሺͺ.ͳ͵ሻߩ
эߩ  = ͳ,͵ͺ ∙ ͸Ͳ = ͺʹ,ͺ 

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ: 
 ܴэ = ʏ ܵ√эߩ + ˆܮэߩ + ˅𝛴ܮ                                                                                         ሺͺ.ͳͶሻ 

 ܴэ = Ͳ,͵͸͹ ͺʹ,ͺ͸ʹ,ʹͷ + ͺʹ,ͺͳͻͻ͵ = Ͳ,ͷ͵ 

 
ɋɪɚɜɧɢɦ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ ɫ ɞɨɩɭɫɬɢɦɵɦ: 
 ܴэ < ܴˊ.ˇˑ˒                                                                                                             ሺͺ.ͳͷሻ 

 Ͳ,ͷ͵Ͳ < Ͳ,ͺͷͺ 
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Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ: 
 ܷ˒˓ = К˒ܫˊܴэ                                                                                                         ሺͺ.ͳ͸ሻ 

 ܷ˒˓ = Ͳ,ͳ ∙ ͷͺʹͻ ∙ Ͳ,ͷ͵Ͳ = ͵Ͳͺ,ͺ 
 
ɱɬɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ܷ˒˓ = ͷͲͲ ʑ. 
 
9. Ɉɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɫɟɪɢɢ ɌɌɄ 

 
Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɵ ɫɟɪɢɢ ɌɌɄ – ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɵ ɫ ɬɪɭɛɱɚɬɵɦ ɤɨɪɩɭɫɨɦ. 

Ⱦɚɧɧɵɟ ɦɚɲɢɧɵ ɨɛɥɚɞɚɸɬ ɜɨɡɞɭɲɧɨɣ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɰɢɤɥ ɨɯɥɚɠɞɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɦɤɧɭɬɵɣ ɢɥɢ ɪɚɡɨɦɤɧɭɬɵɣ.  

ɉɪɢ ɡɚɦɤɧɭɬɨɦ ɰɢɤɥɟ ɨɯɥɚɠɞɟɧɢɹ ɤɨɪɩɭɫ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɨɫɧɚɳɚɟɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɬɨɧɤɨɫɬɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫ ɜɨɞɹɧɵɦɢ ɢɥɢ ɜɨɡɞɭɲɧɵɦɢ 
ɨɯɥɚɞɢɬɟɥɹɦɢ, ɤɨɬɨɪɵɣ ɩɨɦɢɦɨ ɨɯɥɚɠɞɟɧɢɹ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ 
ɮɭɧɤɰɢɢ: 

– ɭɞɟɪɠɚɧɢɟ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɚɤɬɢɜɧɵɯ ɱɚɫɬɟɣ ɫɬɚɬɨɪɚ, ɚ ɬɚɤɠɟ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɤɨɪɨɛɨɜ (ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɣ) ɢ ɲɭɦɨɡɚɳɢɬɧɵɯ 
ɷɤɪɚɧɨɜ; 

– ɪɚɡɞɟɥɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɚɲɢɧɵ ɨɬ ɧɚɪɭɠɧɨɝɨ; 
– ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɫɨɝɥɚɫɧɨ ɡɚɞɚɧɧɨɣ ɫɯɟɦɟ, ɩɨɬɨɤɨɜ ɨɯɥɚɠɞɚɸɳɟɝɨ 

ɜɨɡɞɭɯɚ; 
– ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ ɫɟɪɞɟɱɧɢɤɚ ɫɬɚɬɨɪɚ. 
Ɉɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɜ ɫɬɚɬɨɪ ɢ ɪɨɬɨɪ ɪɚɡɞɟɥɶɧɨ. 
Ƚɟɧɟɪɚɬɨɪɵ ɫɟɪɢɢ ɌɌɄ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɶɲɢɦɢ ɜɟɫɨɦ (ɜ ɫɪɟɞɧɟɦ ɧɚ 15–

20%) ɢ ɝɚɛɚɪɢɬɚɦɢ (ɩɨ ɜɵɫɨɬɟ, ɞɥɢɧɟ ɢ ɲɢɪɢɧɟ ɧɚ 10–15%), ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɡɜɟɫɬɧɵɦɢ ɚɧɚɥɨɝɚɦɢ. ɇɟɛɨɥɶɲɨɣ ɜɟɫ ɢ ɤɨɦɩɚɤɬɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ 
ɤɨɦɩɨɧɨɜɨɱɧɵɦɢ ɪɟɲɟɧɢɹɦɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɩɨɥɭɱɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ. Ɂɧɚɱɟɧɢɹ ɄɉȾ ɝɟɧɟɪɚɬɨɪɨɜ 
ɩɪɟɜɨɫɯɨɞɹɬ ɜɟɥɢɱɢɧɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ȽɈɋɌ. ȼɵɫɨɤɢɣ ɄɉȾ 
ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɢɦɟɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɪɹɞɤɚ 60 – 70%, ɭɦɟɧɶɲɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ 
ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɡɚ ɫɱɟɬ ɩɪɢɜɟɞɟɧɢɹ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɤ ɭɪɨɜɧɸ 
ɧɢɠɟ ɧɨɪɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɥɹ ɢɡɨɥɹɰɢɢ ɤɥɚɫɫɚ ȼ, ɩɪɢ ɬɨɦ, ɱɬɨ ɢɡɨɥɹɰɢɹ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɢɦɟɟɬ ɧɚɝɪɟɜɨɫɬɨɣɤɨɫɬɶ ɤɥɚɫɫɚ F. 
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ɁАɄɅɘɑȿɇɂȿ 
 

ȼ ɯɨɞɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ Ɍɗɐ-
330 Ɇȼɬ ɛɵɥɨ ɜɵɛɪɚɧɨ ɨɫɧɨɜɧɨɟ ɫɢɥɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɧɚɢɛɨɥɟɟ 
ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ.  

Ⱦɚɥɟɟ ɛɵɥɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫɯɟɦɵ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ ɢ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɫɬɚɧɰɢɢ, ɜɵɛɪɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɚɩɩɚɪɚɬɵ, 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɫɯɟɦɵ Ɍɗɐ ɫ ɩɨɦɨɳɶɸ 
ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. Ȼɵɥɢ ɜɵɛɪɚɧɵ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɝɚɡɨɜɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɨɡɜɨɥɢɜɲɢɯ ɫɨɤɪɚɬɢɬɶ ɩɥɨɳɚɞɶ ɨɬɤɪɵɬɨɝɨ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ 1,5 ɪɚɡɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ Ɍɗɐ – 330 Ɇȼɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɜɫɟɦ ɫɨɜɪɟɦɟɧɧɵɦ ɧɨɪɦɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɉɍɗ. 
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ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
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