
 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈ ȼɈ  
 «ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»   

ɢɧɫɬɢɬɭɬ 

                   «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»     
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ                      

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______ Ƚ.ɇ. ɑɢɫɬɹɤɨɜ  
ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« _____»   ________  2018 ɝ. 
 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 
 

 13.03.02 «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»  
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
Ɋɚɡɪɚɛɨɬɤɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ ɩɪɨɦ. ɩɥɨɳɚɞɨɤ 

ɋȺɁ, ɏȺɁ ɢ ɋȺəɇȺɅ 
ɬɟɦɚ 

 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ __________   ɞɨɰɟɧɬ ɤɚɮ. ɗɗ, ɤ.ɷ.ɧ.                ɇ.ȼ. Ⱦɭɥɟɫɨɜɚ  
                      ɩɨɞɩɢɫɶ, ɞɚɬɚ        ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

   
ȼɵɩɭɫɤɧɢɤ      __________                                                       Ⱥ.Ⱥ. Ƚɭɡɟɧɤɨɜ  
                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                             ɂ.Ⱥ. Ʉɵɱɚɤɨɜɚ  

                                      ɩɨɞɩɢɫɶ, ɞɚɬɚ                                               ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 

Ⱥɛɚɤɚɧ 2018 



 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈ ȼɈ  
 «ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»   

ɢɧɫɬɢɬɭɬ 

                   «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»     
ɤɚɮɟɞɪɚ 
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Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______ Ƚ.ɇ. ɑɢɫɬɹɤɨɜ  
ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« _____»   ________  2018 ɝ. 
 
 

 

 

ɁȺȾȺɇɂȿ  

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɜɢɞɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

ɋɬɭɞɟɧɬɭ    Ƚɭɡɟɧɤɨɜɭ Ⱥɪɬɟɦɭ Ⱥɧɞɪɟɟɜɢɱɭ      
                                             (ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ ɫɬɭɞɟɧɬɚ) 
Ƚɪɭɩɩɚ              14-2        ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)       13.03.02        
                                                                                                             (ɤɨɞ) 
                          «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»       
                                                          (ɧɚɢɦɟɧɨɜɚɧɢɟ) 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫɯɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ ɩɪɨɦ. ɩɥɨɳɚɞɨɤ ɋȺɁ, ɏȺɁ ɢ ɋȺəɇȺɅ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №   400  ɨɬ    11.05.2018           
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ  ɇ.ȼ. Ⱦɭɥɟɫɨɜɚ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ», ɤ.ɷ.ɧ.  

                                    (ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɉɞɧɨɥɢɧɟɣɧɵɟ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 10 ɤȼ; 
ɜɟɞɨɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ 10 ɤȼ; ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɩɪɢɹɬɢɹ; 
ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
ȼɜɟɞɟɧɢɟ 
1 Ɍɟɨɪɢɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
2.2 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɞɥɹ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
2.3 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
2.4 Ɋɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ 
2.5 ɋɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɏȺɁ ɢ ɋȺəɇȺɅ 
2.6 Ɍɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
2.7 Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

2.7.1 Ɋɚɫɱɟɬ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
2.7.2 Ɋɚɫɱɟɬ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ 

2.8 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
2.8.1 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɚɩɩɚɪɚɬɨɜ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ 
2.8.2 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 10 ɤȼ 

3  ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɟɪɟɱɟɧɶ ɨɛɹɡɚɬɟɥɶɧɵɯ ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ: 
1. ɉɟɪɫɩɟɤɬɢɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ  
2. Ɉɞɧɨɥɢɧɟɣɧɚɹ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
3. ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ  
 
 
 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ        ɇ.ȼ. Ⱦɭɥɟɫɨɜɚ  
                                                             (ɩɨɞɩɢɫɶ)                       (ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ) 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                       Ⱥ.Ⱥ. Ƚɭɡɟɧɤɨɜ  
                                                             (ɩɨɞɩɢɫɶ)                       (ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ) 
 
  « 05 » ɮɟɜɪɚɥɹ 2018ɝ. 



 

 

ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ ɩɪɨɦ. ɩɥɨɳɚɞɨɤ ɋȺɁ, ɏȺɁ ɢ ɋȺəɇȺɅ» 
ɫɨɞɟɪɠɢɬ 61 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 12 ɪɢɫɭɧɤɨɜ, 33 ɬɚɛɥɢɰɵ, 35 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɗɅȿɄɌɊɂɑȿɋɄȺə ɇȺȽɊɍɁɄȺ, ɋɏȿɆȺ ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂə, 
ɈȻɈɊɍȾɈȼȺɇɂȿ, ȺɇȺɅɂɁ, ɈɌɄȺɁ, ɅɈɄȺɅɖɇȺə ɋɆȿɌȺ, 
ɗɄɈɇɈɆɂɑȿɋɄȺə ɗɎɎȿɄɌɂȼɇɈɋɌɖ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 10 
ɤȼ ȺɈ «Ɋɭɫɚɥ ɋɚɹɧɨɝɨɪɫɤ» ɢ ȺɈ «Ɋɭɫɚɥ ɋȺəɇȺɅ». 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɦɟɬɨɞɵ ɢ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦɧɵɯ ɪɟɲɟɧɢɣ ɫ ɭɱɟɬɨɦ 
ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɩɪɢɦɟɧɹɥɢɫɶ 
ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ: ɷɦɩɢɪɢɱɟɫɤɢɣ; ɭɩɨɪɹɞɨɱɟɧɧɵɯ 
ɞɢɚɝɪɚɦɦ; ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ; ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ; 
ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɫɨɝɥɚɫɧɨ ɮɨɪɦɵ ɊɌɆ 36.18.32.4-92. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɟɤɬɚ 
ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɡɚ ɫɱɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 220/10 ɤȼ. 

ɐɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢ ɱɢɫɥɚ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
 ȼɵɛɨɪ ɫɯɟɦɵ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ. 
 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. 
 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 
 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ.  
Ɂɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ – ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɢ ȺɈ «Ɋɭɫɚɥ ɋɚɹɧɨɝɨɪɫɤ» ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ, 
ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɩɪɚɜɤɨɣ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɜɧɟɞɪɟɧɢɹ ɩɪɢɧɹɬɵɯ ɪɟɲɟɧɢɣ.  

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ – ɪɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɫɨɝɥɚɫɧɨ ɩɢɫɶɦɭ ɡɚɤɚɡɭ ɢ 
ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ ɨɬ ɈɈɈ «Ɋɭɫɫɤɚɹ ɢɧɠɢɧɢɪɢɧɝɨɜɚɹ ɤɨɦɩɚɧɢɹ».  

 

 

 

 



 

 

ABSTRACT 
 

Final qualification work on a subject «Development of the perspective scheme 
of power supply of network of 10 kV industrial platforms SAZ, HAZ and SAYANAL» 
contains 61 pages of the text document, 12 drawings, 33 tables, 35 used sources, 3 
sheets of graphic material. 

ELECTRIC LOADING, SCHEME OF POWER SUPPLY, EQUIPMENT, 
ANALYSIS, REFUSAL, LOCAL ESTIMATE, ECONOMIC EFFICIENCY. 

Object of researches – the system of power supply of own needs of 10 kV of JSC 
«RUSAL Sayanogorsk» and JSC «RUSAL SAYANAL». 

Subject of researches – methods and method of calculation of electric loading. 
The scientific novelty consists in development of circuit decisions taking into 

account perspective development of consumers and use of the modern electrotechnical 
equipment for increase in reliability and profitability of systems of power supply. 

Research methods – in the course of performance of work were applied methods 
of calculation of electric loading: empirical; ordered charts; statistical; probabilistic 
modeling of production schedules; calculation of electric loadings according to the 
RTM 36.18.32.4-92 form. 

The purpose of work is development of the project of perspective development 
of system of power supply, due to construction of new substation of 220/10 kV. 

Tasks of final qualification work: 
 Calculation of electric loading for determination of power and number of 

transformers of new substation. 
 Choice of the scheme and constructive decision of substation. 
 Calculation of currents of short circuit. 
 Choice and check of electric devices. 
 Choice of transformers of own needs. 
 Configuration and structure of substation. 
The importance of work – is caused by the fact that the results received when 

performing final qualification work can be used at the JSC «RUSAL Sayanogorsk» 
enterprise at design of new substation that is confirmed by the certificate of results of 
introduction of decisions.  

The scope – work was performed according to the letter to the order and the 
specification from LLC «Russian Engineering Company». 
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ȼȼȿȾȿɇɂȿ 
 

ɋɚɹɧɨɝɨɪɫɤɢɣ ɚɥɸɦɢɧɢɟɜɵɣ ɡɚɜɨɞ (ȺɈ «ɊɍɋȺɅ ɋɚɹɧɨɝɨɪɫɤ»)  ɨɞɢɧ ɢɡ 
ɬɪɟɯ ɜɟɞɭɳɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɚɥɸɦɢɧɢɹ ɜ Ɋɨɫɫɢɢ. ɇɚ ɞɨɥɸ ɡɚɜɨɞɚ ɩɪɢɯɨɞɢɬɫɹ 
ɛɨɥɟɟ 11% ɪɨɫɫɢɣɫɤɨɝɨ ɢ 1,5 % ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ [1]. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɭɠɞɚɟɬɫɹ ɜ ɧɚɞɟɠɧɨɦ ɢ 
ɛɟɫɩɟɪɟɛɨɣɧɨɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ, ɬɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ ɚɥɸɦɢɧɢɹ – ɷɬɨ ɨɱɟɧɶ 
ɫɥɨɠɧɵɣ, ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɩɪɟɪɵɜɧɨ, ɚ ɡɧɚɱɢɬ, ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɬɚɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨɥɠɧɚ 
ɨɬɜɟɱɚɬɶ ɫɚɦɵɦ ɜɵɫɨɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɧɚɞɟɠɧɨɫɬɢ [2]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ (ɋɗɋ) 
ɋɚɹɧɨɝɨɪɫɤɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɡɚɜɨɞɚ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɬɪɟɛɨɜɚɧɢɹ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɫɯɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɧɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ, ɧɟ ɜɵɩɨɥɧɹɸɬɫɹ. ɇɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɤɚɤ: 

 ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɜɡɚɢɦɨɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ, ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɤɨɜɨɣ ɩɟɪɟɝɪɭɡɤɢ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɧɢɯ. 

 ɩɢɬɚɧɢɟ ɨɬ ɨɞɧɨɣ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ (Ƚɉɉ) ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 10 ɤȼ, ɬɪɟɯ ɩɪɨɦ. ɩɥɨɳɚɞɨɤ ɫ 
ɧɟɡɚɜɢɫɢɦɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɝɪɚɮɢɤɚɦɢ ɩɨɬɪɟɛɥɟɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ 
ɧɚɞɟɠɧɨɫɬɶ ɞɚɧɧɨɣ ɫɯɟɦɵ, ɬɚɤ ɤɚɤ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɚɜɚɪɢɣɧɨɟ ɨɬɤɥɸɱɟɧɢɟ 
ɥɸɛɨɝɨ ɢɡ ɬɨɤɨɩɪɨɜɨɞɨɜ 10 ɤȼ, ɩɪɢɜɨɞɢɬ ɤ ɦɚɫɫɨɜɨɦɭ ɨɬɤɥɸɱɟɧɢɸ ɜɫɟɯ 
ɩɪɨɢɡɜɨɞɫɬɜ ɞɚɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɣ ɨɫɬɚɧɨɜɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɍɫɭɝɭɛɥɹɟɬ ɞɚɧɧɭɸ ɫɢɬɭɚɰɢɸ ɬɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɨɛɴɟɦ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɪɚɛɨɬɚɥ ɫɜɨɣ ɪɟɫɭɪɫ, ɨ ɱɟɦ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɨɬɤɥɸɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɋɗɋ [3], ɬɚɤɠɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɵɣ ɪɨɫɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

ȼɫɟ ɷɬɨ ɩɪɢɜɟɥɨ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ-1 ɢ ɩɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɐɊɉ-1 ɢ 
ɐɊɉ-2 ɧɟ ɩɨɡɜɨɥɹɸɬ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ Ƚɉɉ-1. 

ɇɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 10ɤȼ ȺɈ «ɊɍɋȺɅ ɋɚɹɧɨɝɨɪɫɤ» ɹɜɥɹɟɬɫɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ. 

Ⱦɚɧɧɚɹ ɜɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ ɫɢɫɬɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɩɪɟɞɩɪɢɹɬɢɹ ȺɈ «Ɋɭɫɚɥ ɋɚɹɧɨɝɨɪɫɤ». 

 ɋɨɝɥɚɫɧɨ ɩɢɫɶɦɭ ɡɚɤɚɡɭ ɢ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ ɨɬ ɈɈɈ «Ɋɭɫɫɤɚɹ 
ɢɧɠɢɧɢɪɢɧɝɨɜɚɹ ɤɨɦɩɚɧɢɹ», ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɪɚɡɞɟɥɵ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɧɨɝɨ 
ɪɟɲɟɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ ɫ ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ ɪɨɫɬɚ ɦɨɳɧɨɫɬɟɣ 
ɢ ɪɚɡɜɢɬɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. 
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1. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
1.1 Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 
 
Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫɨɝɥɚɫɧɨ 

ɭɤɚɡɚɧɢɹɦ ɩɨ ɪɚɫɱɟɬɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦ 
ɰɢɪɤɭɥɹɪɨɦ ȼɇɂɉɂ Ɍɹɠɩɪɨɦɷɥɟɤɬɪɨɩɪɨɟɤɬ № 358-90 ɨɬ 1 ɚɜɝɭɫɬɚ 1990 ɝ. 
(ɮɨɪɦɚ ɊɌɆ 36.18.32.4-92.) [4], [5].  

 
1.2 ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɤɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ 
 
ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [6]: 
 ܵːˑˏ.˕ = ܵ˓˃˔˚𝐾˒ˈ˓ ,                                                                                                               ሺͳሻ 

 
ɝɞɟ     ܵ˓˃˔˚ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, (ɤȼȺ); 𝐾˒ˈ˓ − ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɝɪɭɡɤɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɩɨ ɲɢɧɚɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [7], [8]: 
 ∆= (ܵ˓˃˔˚.ଵʡ − ܵ˓˃˔˚.ଶʡ)ܵ˓˃˔˚.ଵʡ ∙ ͳͲͲ%,                                                                               ሺʹሻ 

 
ɝɞɟ     ܵ˓˃˔˚.ଵʡ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ ɩɟɪɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (ɤȼȺ); ܵ˓˃˔˚.ଵʡ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ ɜɬɨɪɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (ɤȼȺ). 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɢ ɩɟɪɟɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 𝐾ˊ = ܵ˓˃˔˚ʡܵːˑˏ.˕ ,                                                                                                                 ሺ͵ሻ 

 
ɝɞɟ     ܵ˓˃˔˚ʡ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ ɨɞɧɨɝɨ ɢɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, (ɤȼȺ); ܵːˑˏ.˕ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (ɤȼȺ). 

 𝐾˒ˈ˓ = ܵ˓˃˔˚ܵːˑˏ.˕                                                                                                                  ሺͶሻ 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ [9]. 
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Ⱥɤɬɢɜɧɵɟ ɩɨɬɟɪɢ: 
 ∆ܲ = ∆ܲ̆ ˘ + 𝐾ଶ́ ∙ ∆̱ܲ ˊ,                                                                                                ሺͷሻ 

 
ɝɞɟ     ∆ܲ̆ ˘ − ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (ɤȼɬ); ∆̱ܲ ˊ − ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, (ɤȼɬ); 𝐾ˊ − ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
Ɋɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ: 
 ∆ܳ = ∆ܳ˘˘ + 𝐾 ଶ́ ∙ ∆ܳː˃ˆ˓,                                                                                          ሺ͸ሻ 
 

ɝɞɟ     ∆ܳ˘˘ − ɪɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, (ɤȼȺɪ); ∆ܳː˃ˆ˓ − ɧɚɝɪɭɡɨɱɧɵɟ ɪɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ, (ɤȼȺɪ). 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɢ ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɚɤ: ∆ܳ˘˘ = ݅˘˘ ∙ ܵːˑˏ.˕ ∙ ͳͲ−ଶ,                                                                                           ሺ͹ሻ 
 

ɝɞɟ     ݅˘˘ − ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (%). 
 ∆ܳː˃ˆ˓ = ˊˍݑ ∙ ܵːˑˏ.˕ ∙ ͳͲ−ଶ,                                                                                      ሺͺሻ 
 

ɝɞɟ     ݑˍˊ −ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, (%). 
 
ɉɪɟɞɟɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɨ 

ɩɪɟɞɟɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɨɳɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: 
 ܳ˒˓ˈˇ = (ܲ˓ + ∆ܲ) ∙  𝜑,                                                                                           ሺͻሻ݃ݐ
 

ɝɞɟ     ܲ˓ − ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, (ɤȼɬ); ݃ݐ𝜑 − ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɬɚɧɝɟɧɫɚ, ɞɥɹ ɫɟɬɟɣ ɜɵɲɟ 110 ɤȼ ݃ݐ𝜑 = Ͳ,ͷ. 
 
Ɇɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ (Ʉɍ) ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɹ 

ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɮɨɪɦɭɥɵ: 
 ܳʙʢ = (ܳ˓ + ∆ܳ) − ܳ˒˓ˈˇ,                                                                                      ሺͳͲሻ 
 

ɝɞɟ     ܳ˓ − ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, (ɤȼȺɪ). 
 
1.3 Ɋɚɫɱɟɬ ɥɢɧɢɣ 220 ɢ 10 ɤȼ. 
 
ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ɜ ɫɟɬɹɯ ɜɵɲɟ 1ɤȼ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ [10], ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɠɢɦɭ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ: 
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ܵэˍ = 𝐼ʚэ݆ˍ ,                                                                                                                     ሺͳͳሻ 

 
ɝɞɟ     э݆ˍ − ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ (А ˏˏଶ⁄  ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ [ɉɍɗ]; 𝐼 ˎ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɞɧɨɣ ɥɢɧɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
ɪɚɛɨɬɵ, (Ⱥ). 

 
Ɍɨɤ ɜ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [11]: 
 𝐼ʚ = ܵ˓˃˔˚𝑛ˎэ˒ ∙ √͵ ∙ ܷːˑˏ ,                                                                                               ሺͳʹሻ 

 
ɝɞɟ     𝑛ˎэ˒ − ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ, (ɲɬ.); ܷːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, (ɤȼ). 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ: 
 Iˇˑ˒ ൒ I ˒˃˅ ,                                                                                                                    ሺͳ͵ሻ  
 

ɝɞɟ     Iˇˑ˒ − ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɞɥɹ ɩɪɨɜɨɞɧɢɤɚ, (Ⱥ); I ˒˃˅ − ɬɨɤ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ, (Ⱥ). 
 
1.4 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
1.4.1 Ɍɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɄɁ) ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɜ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ [12]. 
Ȼɚɡɢɫɧɵɣ ɬɨɤ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐼 = ܵ˄√͵ ∙ ܷ˄ ,                                                                                                             ሺͳͶሻ 

 
ɝɞɟ     ܵ˄ − ɛɚɡɢɫɧɚɹ ɦɨɳɧɨɫɬɶ, (ɆȼȺ); ܷ˄ − ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɭɩɟɧɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, (ɤȼ). 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 𝑋˔ = 𝐼𝐼 ˕ˍˎ ,                                                                                                                   ሺͳͷሻ 

 
ɝɞɟ     𝐼 ˕ˍˎ − ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɬɤɥɸɱɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɝɨɥɨɜɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, 
(ɤȺ).  
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 𝑋ʚ = 𝑥˖ˇ ∙ 𝑙ʚ ∙ ܵ˄ܷଶ˄ ,                                                                                                       ሺͳ͸ሻ 

 
ɝɞɟ    𝑥˖ˇ − ɭɞɟɥɶɧɨ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, (Ɉɦ/ɤɦ); 𝑙ʚ − ɞɥɢɧɚ ɥɢɧɢɢ, (ɤɦ). 

 
Ɉɛɳɟɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɪɚɜɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɛɦɨɬɨɤ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɜɧɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ [13]: 

 𝑋ʡ = 𝑋ʡːː = ܷˍͳͲͲ · ܵ˄ܵː ,                                                                                            ሺͳ͹ሻ  
 

ɝɞɟ     ˍܷ − ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (%); ܵː − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɆȼȺ). 
 
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑋ʡ˅ː = ʹ ∙ 𝑋ʡ                                                                                                               ሺͳͺሻ 
 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɚɧɚɥɨɝɢɱɧɨ 

ɢɧɞɭɤɬɢɜɧɨɦɭ: 
 ܴʡ = ܴʡːː = ∆̱ܲ ˊ ∙ ܵ˄ܵଶː                                                                                               ሺͳͻሻ 

 ܴʡ˅ː = ʹ ∙ ܴʡːː                                                                                                           ሺʹͲሻ 
 
ɉɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɮɨɪɦɭɥɵ: 
 𝐼ሺଷሻ = 𝐼𝑋𝛴 ,                                                                                                                    ሺʹͳሻ 

 
ɝɞɟ    𝑋𝛴 − ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɬɨɱɤɢ ɄɁ, (ɨ.ɟ.) 

ɇɚɢɛɨɥɶɲɟɟ ɜɨɡɦɨɠɧɨɟ ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɄɁ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɸɬ 
ɭɞɚɪɧɵɦ ɬɨɤɨɦ ɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 ݅˖ˇ = 𝐾˖ˇ ∙ √ʹ ∙ 𝐼ሺଷሻ,                                                                                                   ሺʹʹሻ 
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ɝɞɟ  𝐾˖ˇ − ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ܶ˃  
ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ. 
 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ: ܶ˃ = 𝑋эˍ˅𝜔 ∙ ܴэˍ˅ ,                                                                                                              ሺʹ͵ሻ 

 
ɝɞɟ    𝑋эˍ˅ − ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɬɨɱɤɢ ɄɁ, (ɨ.ɟ.); ܴэˍ˅ − ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɬɨɱɤɢ ɄɁ, (ɨ.ɟ.); 𝜔 − ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɩɪɢ ɱɚɫɬɨɬɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɪɚɜɧɨɣ 50 (Ƚɰ), 𝜔 ݂ߨʹ= = ʹ ∙ ͵,ͳͶ ∙ ͷͲ = ͵ͳͶ ሺ˔ˈˍ−ଵሻ. 

 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ𝑇                                                                                                         ሺʹͶሻ 
 
1.4.2 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ 
 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɈɁɁ – 𝐼ʝʖʖ, ሺАሻ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [14]: 
 𝐼ʝʖʖ = 𝐾ʝʞ√𝐼𝑅ଶ + 𝐼ଶ,                                                                                                 ሺʹͷሻ 

 
ɝɞɟ     𝐼𝑅 − ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ, (Ⱥ); 𝐼 − ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ, (Ⱥ); 𝐾ʝʞ = Ͳ,͹ͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ, 
ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɨɬɤɥɸɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɥɢɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢɥɢ ɪɟɦɨɧɬɧɵɦɢ ɪɚɛɨɬɚɦɢ. 
 

Ⱥɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 𝐼𝑅 = 𝐼𝑅.ˇˑ˄ + 𝐼𝑅.ˋˊ,                                                                                                      ሺʹ͸ሻ 

 
ɝɞɟ   𝐼𝑅.ˇˑ˄ − ɞɨɛɚɜɨɱɧɵɣ ɚɤɬɢɜɧɵɣ ɬɨɤ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɸɬ ɜ ɪɟɠɢɦɟ ɈɁɁ 
ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, (Ⱥ); 𝐼𝑅.ˋˊ − ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɚɤɬɢɜɧɵɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, (Ⱥ). 

Ⱦɥɹ ɝɨɞɨɜɨɝɨ ɩɟɪɢɨɞɚ 𝐼𝑅.ˋˊ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐼𝑅.ˋˊ = Ͳ,ʹ ∙ 𝐼 ,                                                                                                             ሺʹ͹ሻ 

 
ɝɞɟ     𝐼 − ɟɦɤɨɫɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ, (Ⱥ). 
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Ɋɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐼 = 𝐼 − 𝐼𝐿 ,                                                                                                                 ሺʹͺሻ 

 
ɝɞɟ     𝐼𝐿 − ɢɧɞɭɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɬɢɩɚ ɇɌɆɂ ɢ ɞɭɝɨɝɚɫɹɳɢɦɢ ɪɟɚɤɬɨɪɚɦɢ. 
 

ȿɦɤɨɫɬɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɈɁɁ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 𝐼 = ∑ 𝑙ˍˎ.𝑖 ∙ ݅˖ˇ.ˍˎ.𝑖௡

𝑖=ଵ + ∑ 𝑛ˍ ∙௡
𝑘=ଵ ݅˖ˇ.ˍ,                                                                      ሺʹͻሻ 

 
ɝɞɟ     𝑙ˍˎ.𝑖 − ɞɥɢɧɚ ɜɨɡɞɭɲɧɨɣ ɢɥɢ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨɩɟɪɟɱɧɵɦ 
ɫɟɱɟɧɢɟɦ, (ɦ); ݅˖ˇ.ˍˎ.𝑖 − ɭɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɧɚ 1ɤɦ ɜɨɡɞɭɲɧɨɣ ɢɥɢ 
ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ, (Ⱥ/ɤɦ), ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɬɚɛɥɢɰɚɦ ɢɡ [15]; 𝑛ˍ − ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɬɢɩɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, (ɲɬ); ݅˖ˇ.ˍ − ɭɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ, ɩɪɢɯɨɞɹɳɟɝɨɫɹ ɧɚ ɨɞɧɭ 
ɟɞɢɧɢɰɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, (Ⱥ), ɜɵɛɢɪɚɟɬɫɹ 
ɩɨ ɬɚɛɥɢɰɟ [15]. 
 

ɂɧɞɭɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐼𝐿 = 𝐼 ˈ˃ˍ + 𝑛ʜʡʛʗ ∙ ݅ʜʡʛʗ,                                                                                      ሺ͵Ͳሻ 

 
ɝɞɟ     𝐼 ˈ˃ˍ − ɬɨɤ ɞɭɝɨɝɚɫɹɳɟɝɨ ɪɟɚɤɬɨɪɚ ɜ ɪɟɠɢɦɟ ɈɁɁ, (Ⱥ); 𝑛ʜʡʛʗ − ɤɨɥɢɱɟɫɬɜɨ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɇɌɆɂ, 
ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɫɟɬɢ, (ɲɬ); ݅ʜʡʛʗ − ɢɧɞɭɤɬɢɜɧɵɣ ɬɨɤ, ɝɟɧɟɪɢɪɭɟɦɵɣ ɨɞɧɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɇɌɆɂ 
ɜ ɫɟɬɶ ɜ ɪɟɠɢɦɟ ɈɁɁ, (Ⱥ). 
 

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɇɌɆɂ ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ ݅ʜʡʛʗ = Ͳ,ͳͷ ሺАሻ. 
 
1.5 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ȼɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɨɦɢɧɚɥɶɧɵɦ 

ɩɚɪɚɦɟɬɪɚɦ ɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɹɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [16]. 
ɋɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ: 
1) ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 ˖ܷ˔˕ ൑ ܷːˑˏ,                                                                                                               ሺ͵ͳሻ 
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ɝɞɟ     ˖ܷ˔˕ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ (ɤȼ); ܷːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, (ɤȼ). 
 
2) Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ: 

 𝐼 .௠𝑎𝑥 ൑ 𝐼 ˑˏ,                                                                                                              ሺ͵ʹሻ 
 

ɝɞɟ     𝐼 ˑˏ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɚɩɩɚɪɚɬɚ, (Ⱥ); 𝐼 .௠𝑎𝑥 − ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɫɟɬɢ, ɤɨɬɨɪɨɦɭ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɤ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ, (Ⱥ). 

 
3) ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ: 

 ݅ˇˋː ൒ ݅˖ˇ,                                                                                                                    ሺ͵͵ሻ 
 
ɝɞɟ     ݅ˇˋː − ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɚ, (ɤȺ); ݅˖ˇ − ɭɞɚɪɧɵɣ ɬɨɤ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, (ɤȺ). 
 

4) Ɍɟɪɦɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ: 
 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ                                                                                                                  ሺ͵Ͷሻ 
 
ɝɞɟ     𝐼ʡ − ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɚ, (ɤȺ); ݐʡ − ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɄɁ, (ɫ); 𝐵ˍ − ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ, (ɤАଶ ∙ ˔). 
 

5) Ʉɨɦɦɭɬɚɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ: 
 𝐼ሺଷሻ ൑ 𝐼 ˕ˍˎ,                                                                                                                 ሺ͵ͷሻ 

 
ɝɞɟ     𝐼 ˕ˍˎ − ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɬɤɥɸɱɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɚɩɩɚɪɚɬɚ, (ɤȺ); 𝐼ሺଷሻ − ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, (ɤȺ). 
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2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɨɫɬɨɹɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 10 ɤȼ ȺɈ «ɊɍɋȺɅ ɋɚɹɧɨɝɨɪɫɤ», ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɚɹ 
ɫɢɫɬɟɦɚ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɨɬɜɟɱɚɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ [17]. 

 ɋɥɨɠɢɜɲɚɹɫɹ ɫɢɬɭɚɰɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɛɟɫɩɟɪɟɛɨɣɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢɪɨɫɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɦɨɳɧɨɫɬɟɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɨɫɭɳɟɫɬɜɢɦ. ɉɟɪɫɩɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɜ 
ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ, ɧɟɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɭɳɟɫɬɜɭɸɳɟɝɨ, ɜ 
ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɫɢɥɨɜɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ȼɫɟ ɷɬɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɫɬɪɭɸ ɧɟɨɛɯɨɞɢɦɨɫɬɶ, ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. 

ɇɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɞɫɬɚɧɰɢɢ. Ʉ ɞɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶ 
ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɋȺəɇȺɅ ɢ ɏȺɁ. ɉɨɥɧɵɣ ɩɟɪɟɜɨɞ ɧɚ ɧɨɜɭɸ 
ɩɨɞɫɬɚɧɰɢɸ ɧɚɝɪɭɡɤɢ ɋȺəɇȺɅ ɢ ɫɢɫɬɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɏȺɁ, ɩɨɡɜɨɥɢɬ: 

1) Ɉɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɋȺɁ, ɏȺɁ ɢ ɋȺəɇȺɅ. 

2) ɋɨɡɞɚɬɶ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ. 

3) ɂɫɤɥɸɱɢɬɶ ɜ ɛɭɞɭɳɟɦ ɫɥɭɱɚɢ ɨɛɴɟɦɧɨɝɨ ɫɛɪɨɫɚ ɧɚɝɪɭɡɤɢ ɜ ɪɚɡɦɟɪɟ 
1,5 ɝȼɬ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ. 

 
2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 
ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ 

ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢɜɹɡɤɚ ɤ ɤɥɚɫɫɭ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ.  

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɫɭɳɟɫɬɜɭɟɬ ɝɥɚɜɧɚɹ ɩɨɧɢɡɢɬɟɥɶɧɚɹ 
ɩɨɞɫɬɚɧɰɢɹ (Ƚɉɉ) Ƚɉɉ-3, ɫ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 
ɷɥɟɤɬɪɨɥɢɡɧɵɯ ɭɫɬɚɧɨɜɨɤ ɏȺɁ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɉɉ-3 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɬɤɪɵɬɨɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɈɊɍ) ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ. Ɉɩɟɪɚɬɢɜɧɚɹ ɫɯɟɦɚ 
Ƚɉɉ-3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɉɪɢɥɨɠɟɧɢɢ 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɜ ɞɚɧɧɨɦ 
ɦɟɫɬɟ ɩɨɡɜɨɥɢɬ: 

1) ɩɨɞɤɥɸɱɢɬɶɫɹ ɤ ɫɭɳɟɫɬɜɭɸɳɟɦɭ ɈɊɍ 220 ɤȼ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ 
ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.  

2) ɫɧɢɡɢɬɶ ɪɚɫɫɬɨɹɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɥɢɧɢɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɰɟɧɬɪɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 
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Ɋɢɫɭɧɨɤ 2.1 – Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

Ⱦɚɧɧɚɹ ɩɨɞɫɬɚɧɰɢɹ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɢɬɚɧɢɟ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɩɭɧɤɬɨɜ (Ɋɉ) ɢ ɳɢɬɨɜ ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɧɢɦɚɟɦ ɬɚɤɢɦ ɠɟ. 

ɉɪɢ ɜɵɛɨɪɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɤɥɢɦɚɬɢɱɟɫɤɢɟ 
ɭɫɥɨɜɢɹ, ɜ ɤɨɬɨɪɵɯ ɨɧɨ ɛɭɞɟɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ.  

ɋɨɝɥɚɫɧɨ ɋɉ 131.13330.2012 «ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ», ɞɥɹ ɝɨɪɨɞɚ 
ɋɚɹɧɨɝɨɪɫɤɚ [18]. 

Ɍɟɦɩɟɪɚɬɭɪɚ: 
Ⱥɛɫɨɥɸɬɧɚɹ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ: -47 °ɋ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ: -40°ɋ. 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɦɟɫɹɰɚ (ɹɧɜɚɪɹ): 

79%. 
Ɂɟɦɥɟɬɪɹɫɟɧɢɹ: ɫɟɣɫɦɢɱɧɨɫɬɶ ɪɚɣɨɧɚ: - 6 ɛɚɥɥɨɜ. 
ȼɟɬɪɨɜɨɣ ɪɟɠɢɦ:   
ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɝɨɞɚ ɨɬɥɢɱɚɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɜɟɬɪɨɜ ɡɚɩɚɞɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ. 
ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ: 
Ɇɢɧɢɦɚɥɶɧɚɹ ɢɡ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɩɨ ɪɭɦɛɚɦ ɡɚ ɢɸɥɶ: - 0 ɦ/ɫ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢɡ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɩɨ ɪɭɦɛɚɦ ɡɚ ɹɧɜɚɪɶ: - 4,8 ɦ/ɫ. 
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ɋɪɟɞɧɹɹ ɡɚ ɩɟɪɢɨɞ ɫɨ ɫɪɟɞɧɟɫɭɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ <8°ɋ: - 2,3 
ɦ/ɫ.  

Ɋɚɣɨɧɢɪɨɜɚɧɢɟ ɩɥɨɳɚɞɤɢ: 
ɉɨ ɤɚɪɬɟ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ Ɋɟɫɩɭɛɥɢɤɚ ɏɚɤɚɫɢɹ ɜ ɰɟɥɨɦ 

ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɭ 1ȼ. 
ɉɨ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ ɝɨɥɨɥɟɞɚ ɝ. ɋɚɹɧɨɝɨɪɫɤ ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɭ – II. 
ɉɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɨɛɥɚɫɬɶ 

ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɭ – 2. 
ɉɨ ɞɚɜɥɟɧɢɸ ɜɟɬɪɚ ɢ ɩɨ ɜɟɫɭ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɨɛɥɚɫɬɶ 

ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɭ III. 
ɋɪɟɞɧɹɹ ɦɟɫɹɱɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ 

ɦɟɫɹɰɚ,79%. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɡɚ ɧɨɹɛɪɶ-ɦɚɪɬ, 98ɦɦ. 
ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɝɪɨɡ – ɨɬ 20 ɞɨ 40 ɱɚɫɨɜ. 
ɉɪɢ ɜɵɛɨɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ 

ɫɥɟɞɭɟɬ ɨɬɞɚɜɚɬɶ ɩɪɟɞɩɨɱɬɟɧɢɟ ɭɫɬɚɧɨɜɤɚɦ ɫ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɢɫɩɨɥɧɟɧɢɟɦ 
ɍɏɅ1. 

 
2.2 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɞɥɹ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 220/10 

ɤȼ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɛɨɪɚ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɬ ɞɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɛɭɞɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ȺɈ «Ɋɭɫɚɥ ɋȺəɇȺɅ» ɢ ɏȺɁ. ɉɪɢ ɷɬɨɦ ɜ 
ɪɚɫɱɟɬɚɯ ɭɱɬɟɧɨ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ȺɈ «Ɋɭɫɚɥ ɋȺəɇȺɅ» ɜ 
ɪɚɡɦɟɪɟ 6,9 ɆȼȺ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɵ ɊɌɆ [5].  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
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Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 10ɤȼ ɞɥɹ ɧɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 
 

ɗɉ 
 

n, 
ɲɬ 

 
pɧ, 
ɤȼɬ 

Pɧ = 
npɧ, 
ɤȼɬ 

 
Ʉɢ 

 
cosφ 

 
tgφ 

 
Pɫ, 

ɤȼɬ 

 
Qɫ, 
ɤɜɚɪ 

 
npɧ2 

 
nɷ 

 
Ʉɪ 

 
Pp, ɤȼɬ 

 
Qp, 
ɤɜɚɪ 

 
Sp, 

ɤȼȺ 

 
Ip, A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Ɋɉ-25 (Iɫ.ɲ.) 10ɤȼ 

Ʉ-1,Ʉ-3 (ȺȾ) 2 1300 2600 0,72 0,8 0,75 1872 1404 3380000  

Ⱦ2201,Ⱦ2203,Ⱦ2205 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,72 0,78 0,8 2696 2163 4672512 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 780 780 0,72 0,78 0,8 561,6 450,6 608400 

ɂɬɨɝɨ: 9  10319 0,72 0,8 0,74 7430 5503 12063587 8,8267 0,6 4457,808 3301,9 5547,49 320,28 

Ɋɉ-24 (Iɫ.ɲ.) 10ɤȼ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1950 3900 0,72 0,78 0,8 2808 2253 7605000  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1248 2496 0,72 0,78 0,8 1797 1442 3115008 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 4 780 3120 0,72 0,78 0,8 2246 1802 2433600 
Ⱦ1201,Ⱦ1203,Ⱦ1205 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 

ɂɬɨɝɨ: 11  12711 0,72 0,8 0,76 9152 6983 16556283 9,7588 0,6 5491,152 4189,66 6906,95 398,77 

Ɋɉ-25 (IIɫ.ɲ.) 10ɤȼ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,72 0,78 0,8 2696 2163 4672512  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 780 780 0,72 0,78 0,8 561,6 450,6 608400 
Ʉ-2,Ʉ-4,Ʉ-5 (ȺȾ) 3 1300 3900 0,72 0,8 0,75 2808 2106 5070000 
Ⱦ2202,Ⱦ2204,Ⱦ2206 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 

ɂɬɨɝɨ: 10  11619 0,72 0,8 0,74 8366 6205 13753587 9,8157 0,6 5019,408 3723,1 6249,47 360,81 

Ɋɉ-24 (IIɫ.ɲ.) 10ɤȼ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 4 780 3120 0,72 0,78 0,8 2246 1802 2433600  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1248 2496 0,72 0,78 0,8 1797 1442 3115008 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1950 3900 0,72 0,78 0,8 2808 2253 7605000 
Ⱦ1202,Ⱦ1204,Ⱦ1206 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
ɂɬɨɝɨ: 11  12711 0,72 0,8 0,76 9152 6983 16556283 9,7588 0,6 5491,152 4189,66 6906,95 398,77 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "Ⱥ" (Iɫ.ɲ.) 10ɤȼ 
TRA 1…12,18,19 (2000) 14 1360 19040 0,3 0,68 1,08 5712 6159 25894400  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,8 0,78 0,8 2995 2403 4672512 

 ɂɬɨɝɨ: 17  22784 0,382 0,71 0,98 8707 8562 30566912 16,983 0,8 9380,76 9224,3 13156,2 759,58 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ - "ɋ" 10ɤȼ 
TRC 1...5, (2000) 5 1460 7300 0,3 0,73 0,94 2190 2050 10658000  
TRC 6, (2500) 1 1825 1825 0,3 0,73 0,94 547,5 512,6 3330625 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 

ɂɬɨɝɨ: 7  10373 0,36 0,74 0,9 3736 3364 15546129 6,9213 0,8 5403,72 4865,68 7271,52 419,82 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "B" 10ɤȼ 
TRB 1...5, (2000) 5 1460 7300 0,3 0,73 0,94 2190 2050 10658000  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 

ɂɬɨɝɨ: 6  8548 0,373 0,75 0,89 3188 2851 12215504 5,9816 0,8 2550,72 2281,07 3421,91 197,56 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "Ⱥ" (IIɫ.ɲ.) 10ɤȼ 
TRA 14, (1600) 1 1168 1168 0,3 0,73 0,94 350,4 328,1 1364224  
TRA 13,16,17,20, (2000) 4 1460 5840 0,3 0,73 0,94 1752 1640 8526400 
TRA 15, (3200) 1 2336 2336 0,3 0,73 0,94 700,8 656,1 5456896 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 

ɂɌɈȽɈ: 7  10592 0,359 0,74 0,9 3802 3425 16905024 6,6365 0,8 3041,28 2740,35 4093,76 236,35 

ɂɌɈȽɈ ɫɢɥɨɜɚɹ ɧɚɝɪɭɡɤɚ:     0,76       40836 34515,7 53468,8 3091,94 
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2.3 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɟɪɜɨɣ 

ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɭɫɥɨɜɢɟ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɜɡɚɢɦɨɪɟɡɟɪɜɢɪɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [2]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɧɢɦɚɟɦ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɪɚɜɧɨɟ ɞɜɭɦ. 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (1) ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 
ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɧɟ 
ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɡɧɚɱɟɧɢɹ – 𝐾˒ˈ˓ ൑ ͳ,Ͳͷ [9]: 

 ܵːˑˏ.˕ = ͷ͵Ͷ͸ͻ,ʹ͵ͳ,Ͳͷ = ͷͲͻʹ͵,Ͳͺ ሺˍВАሻ 

 
ɉɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɊȾɐɇ 63000/220/10/10 ɍɏɅ1 [19]. 
 

Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

Ɍɢɩ 
ܵːˑˏ, 
(ɤȼȺ) 

ܷːˑˏ, (ɤȼ) ݑˍˊ, % 𝐼 ˘, % 
∆̱ܲ ˊ, 
(ɤȼɬ) 

∆ܲ̆ ˘, 
(ɤȼɬ) ȼɇ ɇɇ 

1 2 3 4 5 6 7 8 
ɌɊȾɐɇ 

63000/220/10/10 
ɍɏɅ1 

63000 230 10,5 11,5 0,5 265 70 

 
2.4 Ɋɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ 

ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ  
 
Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɜɵɛɨɪɨɦ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɢɯ ɡɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɢɬɶ ɭɫɥɨɜɢɟ ɩɨ ɩɪɟɞɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ ɢɡ ɫɟɬɢ 
10 ɤȼ [20]. 

 
2.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɤɰɢɹɯ ɲɢɧ Ɋɍ 10 ɤȼ [21].  
Ɍɚɤ ɤɚɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ 

ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɯɟɦɭ ɫ 
ɞɜɨɣɧɨɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɛɨɪɧɵɯ ɲɢɧ, ɨɧɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɯ [22]. 

Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ ɧɚ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɲɢɧ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɚɯ 2.3 – 2.6. 
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Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ Iɫ.ɲ. 10ɤȼ ɧɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

 
ɗɉ 

 
n, ɲɬ 

 
pɧ, 
ɤȼɬ 

Pɧ = 
npɧ, 
ɤȼɬ 

 
Ʉɢ 

 
cosφ 

 
tgφ 

 
Pɫ, ɤȼɬ 

 
Qɫ, 
ɤɜɚɪ 

 
npɧ2 

 
nɷ 

 
Ʉɪ 

 
Pp, ɤȼɬ 

 
Qp, 
ɤɜɚɪ 

 
Sp, ɤȼȺ 

 
Ip, A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Ɋɉ-25 (Iɫ.ɲ.) 10ɤȼ 
Ʉ-1,Ʉ-3 (ȺȾ) 2 1300 2600 0,72 0,8 0,75 1872 1404 3380000  

Ⱦ2201,Ⱦ2203,Ⱦ2205 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,72 0,78 0,8 2696 2163 4672512 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 780 780 0,72 0,78 0,8 561,6 450,6 608400 
ɂɬɨɝɨ: 9  10319 0,72 0,8 0,74 7430 5503 12063587 8,8267 0,6 4457,808 3301,9 5547,49 320,28 

Ɋɉ-24 (Iɫ.ɲ.) 10ɤȼ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1950 3900 0,72 0,78 0,8 2808 2253 7605000  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1248 2496 0,72 0,78 0,8 1797 1442 3115008 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 4 780 3120 0,72 0,78 0,8 2246 1802 2433600 
Ⱦ1201,Ⱦ1203,Ⱦ1205 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
ɂɬɨɝɨ: 11  12711 0,72 0,8 0,76 9152 6983 16556283 9,7588 0,6 5491,152 4189,66 6906,95 398,77 

ɂɌɈȽɈ ɩɨ Iɫ.ɲ.:  9949 7491,6 12454 719 
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Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ IIɫ.ɲ. 10ɤȼ ɧɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

 
ɗɉ 

 
n, ɲɬ 

 
pɧ, 
ɤȼɬ 

Pɧ = 
npɧ, 
ɤȼɬ 

 
Ʉɢ 

 
cosφ 

 
tgφ 

 
Pɫ, ɤȼɬ 

 
Qɫ, 
ɤɜɚɪ 

 
npɧ2 

 
nɷ 

 
Ʉɪ 

 
Pp, ɤȼɬ 

 
Qp, 
ɤɜɚɪ 

 
Sp, ɤȼȺ 

 
Ip, A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Ɋɉ-25 (IIɫ.ɲ.) 10ɤȼ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,72 0,78 0,8 2696 2163 4672512  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 780 780 0,72 0,78 0,8 561,6 450,6 608400 
Ʉ-2,Ʉ-4,Ʉ-5 (ȺȾ) 3 1300 3900 0,72 0,8 0,75 2808 2106 5070000 
Ⱦ2202,Ⱦ2204,Ⱦ2206 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
ɂɬɨɝɨ: 10  11619 0,72 0,8 0,74 8366 6205 13753587 9,8157 0,6 5019,408 3723,1 6249,47 360,81 

Ɋɉ-24 (IIɫ.ɲ.) 10ɤȼ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 4 780 3120 0,72 0,78 0,8 2246 1802 2433600  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1248 2496 0,72 0,78 0,8 1797 1442 3115008 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 2 1950 3900 0,72 0,78 0,8 2808 2253 7605000 
Ⱦ1202,Ⱦ1204,Ⱦ1206 (ȺȾ) 3 1065 3195 0,72 0,84 0,65 2300 1486 3402675 
ɂɬɨɝɨ: 11  12711 0,72 0,8 0,76 9152 6983 16556283 9,7588 0,6 5491,152 4189,66 6906,95 398,77 

ɂɌɈȽɈ ɩɨ IIc.ɲ.:  10511 7912,8 13156 759,6 
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Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ IIIɫ.ɲ. 10ɤȼ ɧɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

 
ɗɉ 

 
n, ɲɬ 

 
pɧ, 
ɤȼɬ 

Pɧ = 
npɧ, 
ɤȼɬ 

 
Ʉɢ 

 
cosφ 

 
tgφ 

 
Pɫ, ɤȼɬ 

 
Qɫ, 
ɤɜɚɪ 

 
npɧ2 

 
nɷ 

 
Ʉɪ 

 
Pp, ɤȼɬ 

 
Qp, 
ɤɜɚɪ 

 
Sp, ɤȼȺ 

 
Ip, A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "Ⱥ" (Iɫ.ɲ.) 10ɤȼ 

TRA 1…12,18,19 (2000) 14 1360 19040 0,3 0,68 1,08 5712 6159 25894400  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 3 1248 3744 0,8 0,78 0,8 2995 2403 4672512 
ɂɬɨɝɨ: 17  22784 0,382 0,71 0,98 8707 8562 30566912 16,983 0,8 9380,76 9224,3 13156,2 759,58 

ɂɌɈȽɈ ɩɨ IIIɫ.ɲ.:  9380,76 9224,3 13156,2 759,58 

 
Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ IVɫ.ɲ. 10ɤȼ ɧɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

 
ɗɉ 

 
n, ɲɬ 

 
pɧ, 
ɤȼɬ 

Pɧ = 
npɧ, 
ɤȼɬ 

 
Ʉɢ 

 
cosφ 

 
tgφ 

 
Pɫ, ɤȼɬ 

 
Qɫ, 
ɤɜɚɪ 

 
npɧ2 

 
nɷ 

 
Ʉɪ 

 
Pp, ɤȼɬ 

 
Qp, 
ɤɜɚɪ 

 
Sp, ɤȼȺ 

 
Ip, A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ - "ɋ" 10ɤȼ 

TRC 1...5, (2000) 5 1460 7300 0,3 0,73 0,94 2190 2050 10658000  

TRC 6, (2500) 1 1825 1825 0,3 0,73 0,94 547,5 512,6 3330625 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 
ɂɬɨɝɨ: 7  10373 0,36 0,74 0,9 3736 3364 15546129 6,9213 0,8 5403,72 4865,68 7271,52 419,82 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "B" 10ɤȼ 
TRB 1...5, (2000) 5 1460 7300 0,3 0,73 0,94 2190 2050 10658000  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.6 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
ɂɬɨɝɨ: 6  8548 0,373 0,75 0,89 3188 2851 12215504 5,9816 0,8 2550,72 2281,07 3421,91 197,56 

ɋɚɹɧɚɥ ɳɢɬ 10ɤȼ- "Ⱥ" (IIɫ.ɲ.) 10ɤȼ 
TRA 14, (1600) 1 1168 1168 0,3 0,73 0,94 350,4 328,1 1364224  

TRA 13,16,17,20, (2000) 4 1460 5840 0,3 0,73 0,94 1752 1640 8526400 
TRA 15, (3200) 1 2336 2336 0,3 0,73 0,94 700,8 656,1 5456896 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 10/0,4 1 1248 1248 0,8 0,78 0,8 998,4 801 1557504 
ɂɬɨɝɨ: 7  10592 0,359 0,74 0,9 3802 3425 16905024 6,6365 0,8 3041,28 2740,35 4093,76 236,35 

ɂɌɈȽɈ ɩɨ IVɫ.ɲ.: 10995,72 9887,1 14787,2 853,74 
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Ɍɚɛɥɢɰɚ 2.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

ɗɉ cosφ Pp, ɤȼɬ Qp, ɤɜɚɪ Sp, ɤȼȺ Ip, A 

1 2 3 4 5 6 
ɇɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ 

1Ɍ ɧɨɜɵɣ 0,75 19329,76 16715,9 25610,2 1478,58 
2Ɍ ɧɨɜɵɣ 0,77 21506,72 17799,9 27943,2 1613,34 

Ɋɟɦɨɧɬ 1Ɍ ɧɨɜɵɣ ɢɥɢ 2Ɍ ɧɨɜɵɣ 
1Ɍ ɧɨɜɵɣ ɢɥɢ 2Ɍ ɧɨɜɵɣ 0,76 40836,48 34515,8 53469,22992 3087,05 

 
ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ ɮɨɪɦɭɥɟ (2): 
 ∆= ሺʹ͹ͻͶ͵,ʹ − ʹͷ͸ͳͲ,ʹሻʹ͹ͻͶ͵,ʹ ∙ ͳͲͲ% = ͺ,͵ͷ %. 
 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɫɟɤɰɢɹɦ ɲɢɧ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɦɟɪɧɵɦ, ɬɚɤ 

ɤɚɤ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɟ ɩɪɟɜɵɲɚɟɬ 15% [21].  
Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɢ ɩɟɪɟɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ 

ɮɨɪɦɭɥɚɦ (3) ɢ (4): 
 𝐾ˊଵʡ = ʹͷ͸ͳͲ,ʹ͸͵ͲͲͲ = Ͳ,Ͷͳ 

 𝐾ˊଶʡ = ʹ͹ͻͶ͵,ʹ͸͵ͲͲͲ = Ͳ,ͶͶ 

 𝐾˒ˈ˓ = ͷ͵Ͷ͸ͻ,ʹ͵͸͵ͲͲͲ = Ͳ,ͺͷ 

 
2.4.2 ȼɵɛɨɪ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ. 
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 1Ɍ 
Ⱥɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɩɨ ɮɨɪɦɭɥɟ (5): 
 ∆ܲ = ͹Ͳ + Ͳ,Ͷͳଶ ∙ ʹ͸ͷ = ͳͳͶ,ͷͷ ሺˍВ˕ሻ 

 
Ɋɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ (6): 
 ∆ܳ = ͵ͳͷ + Ͳ,Ͷͳଶ ∙ ͹ʹͶͷ = ͳͷ͵ʹ,ͻ ሺˍВА˓ሻ                
 
ɇɚɝɪɭɡɨɱɧɵɟ ɢ ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ (7), (8): 
 ∆ܳ˘˘ = Ͳ,ͷ ∙ ͸͵ͲͲͲ ∙ ͳͲ−ଶ = ͵ͳͷ ሺˍВА˓ሻ                         
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∆ܳː˃ˆ˓ = ͳͳ,ͷ ∙ ͸͵ͲͲͲ ∙ ͳͲ−ଶ = ͹ʹͶͷ ሺˍВА˓ሻ                 
 
Ⱦɥɹ 2Ɍ: 
 
Ⱥɤɬɢɜɧɵɟ ɩɨɬɟɪɢ (5): 
 ∆ܲ = ͹Ͳ + Ͳ,ͶͶଶ ∙ ʹ͸ͷ = ͳʹͳ,͵ ሺˍВ˕ሻ 

 
Ɋɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ (6): 
 ∆ܳ = ͵ͳͷ + Ͳ,ͶͶଶ ∙ ͹ʹͶͷ = ͳ͹ͳ͹,͸͵ ሺˍВА˓ሻ                
 
ɉɪɟɞɟɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɨ 

ɩɪɟɞɟɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɨɳɧɨɫɬɢ (9): 
 
Ⱦɥɹ 1Ɍ: 
 ܳ˒˓ˈˇ = ሺͳͻ͵ʹͻ,͹͸ + ͳͳͶ,ͷͷሻ ∙ Ͳ,ͷ = ͻ͹ʹʹ,ͳͷͷ ሺˍВА˓ሻ 
 
Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɨɳɧɨɫɬɢ (10): 
 ܳʙʢ = ሺͳ͸͹ͳͷ,ͻ + ͳͷ͵ʹ,ͻሻ − ͻ͹ʹʹ,ͳͷͷ = ͺͷʹ͸,͸ͷ ሺˍВА˓ሻ 
 
ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ 5400 (ɤȼȺɪ). 
 
Ⱦɥɹ 2Ɍ ɧɨɜɵɣ: 
 ܳ˒˓ˈˇ = ሺʹͳͷͲ͸,͹ʹ + ͳʹͳ,͵ሻ ∙ Ͳ,ͷ = ͳͲͺͳͶ,Ͳͳ ሺˍВА˓ሻ 
 ܳʙʢ = ሺͳ͹͹ͻͻ,ͻ + ͳ͹ͳ͹,͸͵ሻ − ͳͲͺͳͶ,Ͳͳ = ͺ͹Ͳ͵,ͷʹ ሺˍВА˓ሻ 
 
ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ 5400 (ɤȼȺɪ). 
ȼɵɛɢɪɚɟɦ ɤɨɦɩɟɧɫɢɪɭɸɳɭɸ ɭɫɬɚɧɨɜɤɭ ɍɄɊɆ 10,5-5400-450 ɍɏɅ2 [23]. 
Ɋɚɫɫɦɨɬɪɢɦ ɤɚɤ ɩɨɜɥɢɹɟɬ ɭɫɬɚɧɨɜɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɧɚ 

ɡɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 

Ɍɚɛɥɢɰɚ 2.8 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɧɚɝɪɭɡɨɤ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ tgφ Pp, ɤȼɬ Qp, ɤɜɚɪ Sp, ɤȼȺ 

1 2 3 4 5 
Ⱦɨ ɭɫɬɚɧɨɜɤɢ Ʉɍ 

ɋɬɨɪɨɧɚ 10ɤȼ 
1Ɍ ɧɨɜɵɣ 0,86 19329,76 16715,9 25610,2 
2Ɍ ɧɨɜɵɣ 0,83 21506,72 17799,9 27943,2 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.8 
 

1 2 3 4 5 
ɋɬɨɪɨɧɚ 220ɤȼ 

1Ɍ ɧɨɜɵɣ 0,94 19444,31 18248,8 26666,46 
2Ɍ ɧɨɜɵɣ 0,9 21628,02 19517,53 29132,55 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ Ʉɍ 
ɋɬɨɪɨɧɚ 10ɤȼ 

1Ɍ ɧɨɜɵɣ 0,3 19329,76 5915,9 20214,78 
2Ɍ ɧɨɜɵɣ 0,32 21506,72 6999,9 22617,2 

ɋɬɨɪɨɧɚ 220ɤȼ 
1Ɍ ɧɨɜɵɣ 0,38 19426,9 6972,8 20640,36 
2Ɍ ɧɨɜɵɣ 0,4 21611,06 8253,85 23133,61 

 
Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ 

ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (3),(4): 
 𝐾ˊଵʡ = ʹͲʹͳͶ,͹ͺ͸͵ͲͲͲ = Ͳ,͵ʹ 

 𝐾ˊଶʡ = ʹʹ͸ͳ͹,ʹ͸͵ͲͲͲ = Ͳ,͵͸ 

 𝐾˒ˈ˓ = Ͷʹͺ͵ͳ,ͻͺ͸͵ͲͲͲ = Ͳ,͸ͺ 

 
ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ∆= ሺʹʹ͸ͳ͹,ʹ − ʹͲʹͳͶ,͹ͺሻʹʹ͸ͳ͹,ʹ ∙ ͳͲͲ% = ͳͲ,͸%. 
 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɫɟɤɰɢɹɦ ɲɢɧ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɦɟɪɧɵɦ, ɬɚɤ 

ɤɚɤ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 15% [21].   
2.5 ɋɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɏȺɁ ɢ ɋȺəɇȺɅ 
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɛɭɞɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɉɉ 3 ɢ 

ɩɨɥɭɱɚɬɶ ɩɢɬɚɧɢɟ ɨɬ ɈɊɍ 220 ɤȼ, ɩɨ ɞɜɭɦ ɥɢɧɢɹɦ ɫɜɹɡɢ. ɇɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɛɭɞɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɛɥɨɱɧɚɹ ɫɯɟɦɚ [24]. ɋɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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I С.Ш. II С.Ш.

III С.Ш. IV С.Ш.

1Т 2Т

Л1 Л2

ХАЗ САЯНАЛ САЯНАЛ ХАЗ

 
Ɋɢɫɭɧɨɤ 2.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɨɞɫɬɚɧɰɢɢ 

 
Ɍɚɤ ɤɚɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ 

ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɧɚ ɫɬɨɪɨɧɟ 10 ɤȼ ɛɭɞɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɯɟɦɭ ɫ ɞɜɨɣɧɨɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɛɨɪɧɵɯ ɲɢɧ, ɨɧɚ 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɯ [22]. 

Ɋɚɛɨɱɢɣ ɪɟɠɢɦ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɪɚɡɞɟɥɶɧɨɣ ɪɚɛɨɬɨɣ ɫɟɤɰɢɣ ɲɢɧ 
ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɥɭɱɚɟ ɜɵɜɨɞɚ ɜ ɪɟɦɨɧɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 1Ɍ ɧɨɜɵɣ 
ɢɥɢ 2Ɍ ɧɨɜɵɣ, ɧɚɝɪɭɡɤɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɤɨɬɨɪɵɣ ɧɟ ɧɚɯɨɞɢɬɫɹ 
ɜ ɪɟɦɨɧɬɟ. 

 
2.5.1 Ɋɚɫɱɟɬ ɥɢɧɢɣ ɫɜɹɡɢ 220 ɤȼ 
 
ɉɢɬɚɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɝɢɛɤɢɦ ɲɢɧɚɦ, 

ɜɵɩɨɥɧɟɧɧɵɦɢ ɫɨɜɪɟɦɟɧɧɵɦɢ ɚɧɚɥɨɝɚɦɢ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɯ ɩɪɨɜɨɞɨɜ, 
ɩɪɨɜɨɞɚɦɢ Aero Z. Ⱦɚɧɧɵɟ ɧɟɢɡɨɥɢɪɨɜɚɧɧɵɟ ɩɪɨɜɨɞɚ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɦɟɸɬ ɦɟɧɶɲɟɟ, ɩɪɢɦɟɪɧɨ 30-35%, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɟɬɪɨɜɵɦ ɧɚɝɪɭɡɤɚɦ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɩɨɜɪɟɠɞɟɧɢɹɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɤ ɭɞɚɪɚɦ ɦɨɥɧɢɢ [25]. 

 
Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤ ɞɥɹ ɥɢɧɢɢ ɩɢɬɚɸɳɟɣ 1Ɍ ɧɨɜɵɣ (12): 
 𝐼ʚଵ = ʹͲ͸ͶͲ,͵͸√͵ ∙ ʹʹͲ = ͷͶ,ͳ͹ ሺАሻ 

 
Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤ ɞɥɹ ɥɢɧɢɢ ɩɢɬɚɸɳɟɣ 2Ɍ ɧɨɜɵɣ (12): 
 𝐼ʚଶ = ʹ͵ͳ͵͵,͸ͳ√͵ ∙ ʹʹͲ = ͸Ͳ,͹ͳ ሺАሻ 

 
ɍɱɢɬɵɜɚɹ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɢ ɪɨɫɬ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ, ɪɚɫɱɟɬ ɫɟɱɟɧɢɹ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɩɨ 
ɬɨɤɭ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ. 

Ɍɨɤ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ ɞɥɹ ɥɸɛɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (12): 
 𝐼 ˈˏ.ʚ = Ͷʹͺ͵ͳ,ͻͺ√͵ ∙ ʹʹͲ = ͳͳʹ,Ͷ ሺАሻ 

 
Ɍɚɛɥɢɰɚ 2.9 – ɇɨɪɦɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ [10]  
 

ɉɪɨɜɨɞɧɢɤ ɉɪɢ ௠ܶ𝑎𝑥, (ɱ) 
1000-3000 3000-5000 Ȼɨɥɟɟ 5000 

1 2 3 4 
ɇɟɢɡɨɥɢɪɨɜɚɧɧɵɟ 
ɩɪɨɜɨɞɚ ɢ ɲɢɧɵ: 
ɚɥɸɦɢɧɢɟɜɵɟ 

1,3 1,1 1 

 
Ɍɚɤ ɤɚɤ ɩɪɟɞɩɪɢɹɬɢɟ ɪɚɛɨɬɚɟɬ ɤɪɭɝɥɨɫɭɬɨɱɧɨ – ɱɢɫɥɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ 

ɩɪɢɧɢɦɚɟɦ ɛɨɥɟɟ 5000 (ɱ) ɩɪɢɧɢɦɚɟɦ э݆ˍ = ͳ. 
ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ (11): 
 ܵэˍ = ͳͳʹ,Ͷͳ = ͳͳʹ,Ͷ ሺˏˏଶሻ 

 
ɉɨɥɭɱɟɧɧɨɟ ɪɚɫɱɟɬɧɨɟ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ܵэˍ ɩɪɢɜɨɞɢɦ ɤ 

ɛɥɢɠɚɣɲɟɦɭ ɫɬɚɧɞɚɪɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɫ ɭɱɟɬɨɦ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ 
ɞɢɚɦɟɬɪɚ ɞɥɹ ɥɢɧɢɣ 220 (ɤȼ) ɪɚɜɧɨɝɨ 21,6 (ɦɦ) [10], ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ 
ɩɪɨɜɨɞ Aero Z 242-2Z, ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ – 𝐼 ˑ˒ = ͷͻ͸ ሺАሻ. 

ȼɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ ɩɨɡɜɨɥɢɬ ɜ ɛɭɞɭɳɟɦ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɞɚɧɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ. 
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ɋɨɝɥɚɫɧɨ ɉɍɗ, ɞɥɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 35 ɤȼ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɩɪɨɜɟɪɤɭ ɧɚ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɫɟɱɟɧɢɟ ɩɨ 
ɭɫɥɨɜɢɹɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ [10]. 
 
Ɍɚɛɥɢɰɚ 2.10 – Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɩɨ ɭɫɥɨɜɢɹɦ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ [10] 
 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ȼɅ ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ, ሺˏˏଶሻ 
ȼɅ ɛɟɡ ɩɟɪɟɫɟɱɟɧɢɣ ɜ ɪɚɣɨɧɚɯ ɩɨ ɝɨɥɨɥɟɞɭ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɯ  

1 2 
Ⱦɨ II 35/6,2 
ȼ III-IV 50/8 
ȼ V ɢ ɛɨɥɟɟ 70/11 

 
Ɍɚɤ ɤɚɤ ɩɨ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ ɝɨɥɨɥɟɞɚ ɝ. ɋɚɹɧɨɝɨɪɫɤ ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɭ – II 

[18], ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɨ ɩɪɟɞɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɝɨ 35/6,2 ሺˏˏଶሻ. ɉɪɨɜɨɞ Aero Z 242-2Z ɫ ɫɟɱɟɧɢɟɦ 
242 ሺˏˏଶሻ ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ. 

 
2.5.2 ȼɵɛɨɪ ɜɜɨɞɨɜ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 10 ɤȼ 
 
ȼɜɨɞ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (Ɋɍ) 10 ɤȼ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ 

ɠɟɫɬɤɢɯ ɲɢɧ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ. 
ɋɟɱɟɧɢɟ ɲɢɧ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɜ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɩɨɬɪɟɛɥɟɧɢɹ. 
 𝐼 ˅ˑˇ = ͺͷ͵,͹Ͷ ሺАሻ 
 
Ɍɚɤ ɤɚɤ ɩɪɟɞɩɪɢɹɬɢɟ ɪɚɛɨɬɚɟɬ ɤɪɭɝɥɨɫɭɬɨɱɧɨ – ɱɢɫɥɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ 

ɩɪɢɧɢɦɚɟɦ ɛɨɥɟɟ 5000 (ɱ) ɢɡ ɬɚɛɥɢɰɵ 2.8 ɩɪɢɧɢɦɚɟɦ э݆ˍ = ͳ. 
 ܵэˍ = ͺͷ͵,͹Ͷͳ = ͺͷ͵,͹Ͷ ሺˏˏଶሻ 

 
ɉɪɢɧɢɦɚɟɦ ɜɜɨɞɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɬɪɭɛɵ 80/72 ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ 

ɬɨɤɨɦ – Iˇˑ˒ = ʹͲ͵ͷ ሺАሻ. 
Ɍɚɤɠɟ ɨɫɭɳɟɫɬɜɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (13): 
 I˓ˈˏ. = ͹ͷͻ,ͷͺ + ͺͷ͵,͹Ͷ = ͳ͸ͳ͵,͵ʹ ሺАሻ 
 ʹͲ͵ͷ ሺАሻ ൒ ͳ͸ͳ͵,͵ʹ ሺАሻ 
 
ȼɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
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2.6 Ɍɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
 
Ɍɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɛɭɞɟɦ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɬɨɤɨɩɪɨɜɨɞɨɜ (ɌȾ) ɬɚɤ ɤɚɤ, ɫɨɝɥɚɫɧɨ ɉɍɗ [10] 
ɩɪɨɤɥɚɞɤɚ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜ ɬɪɚɧɲɟɹɯ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢ ɜɨɡɦɨɠɧɵɯ ɪɚɡɥɢɜɚɯ 
ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɦɟɬɚɥɥɨɜ. Ⱥ ɬɚɤɠɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɦɨɳɧɨɫɬɢ ɜɵɲɟ 15 Ɇȼ∙Ⱥ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɬɨɤɨɩɪɨɜɨɞɵ [10]. 

Ɍɚɤɠɟ ɬɨɤɨɩɪɨɜɨɞɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɤɚɛɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ [26]: 

1) ɛɨɥɶɲɚɹ ɧɚɞɟɠɧɨɫɬɶ, ɜ ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɤɚɛɟɥɶɧɵɯ ɦɭɮɬ; 
2) ɦɟɧɶɲɢɟ ɫɬɨɢɦɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ; 
3) ɥɭɱɲɢɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɜɢɡɭɚɥɶɧɨɝɨ 

ɨɫɦɨɬɪɚ; 
4) ɛɨɥɶɲɚɹ ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɡɚ ɫɱɟɬ ɥɭɱɲɢɯ ɭɫɥɨɜɢɣ 

ɨɯɥɚɠɞɟɧɢɹ. 
 
2.6.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɢ ɦɚɪɤɢ ɬɨɤɨɩɪɨɜɨɞɨɜ 
 
ɑɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɚɫɢɦɦɟɬɪɢɸ ɧɚɝɪɭɡɨɤ ɜɫɥɟɞɫɬɜɢɟ ɜɥɢɹɧɢɹ 

ɜɡɚɢɦɨɢɧɞɭɤɰɢɢ ɦɟɠɞɭ ɮɚɡɚɦɢ ɬɨɤɨɩɪɨɜɨɞɚ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɦɦɟɬɪɢɱɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɚɡ, ɬɨ ɟɫɬɶ ɜ ɜɟɪɲɢɧɚɯ ɬɪɟɭɝɨɥɶɧɢɤɚ [26]. 

ɋɟɱɟɧɢɟ ɲɢɧ ɬɨɤɨɩɪɨɜɨɞɨɜ, ɚɧɚɥɨɝɢɱɧɨ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ [10] (11) ɢ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ ɜ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ. 

Ⱦɥɹ ɌȾ1 ɢ ɌȾ4: 
 ܵэˍʡʓଵ = ͹ͳͻͳ = ͹ͳͻ ሺˏˏଶሻ 

 ܵэˍʡʓସ = ͹ͷͻ,͸ͳ = ͹ͷͻ,͸ ሺˏˏଶሻ 

 
ȼɵɛɨɪ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɨ ɛɨɥɶɲɟɦɭ ɫɟɱɟɧɢɸ. 
ɉɪɢɧɢɦɚɟɦ ɬɨɤɨɩɪɨɜɨɞɵ ɌȾ1 ɢ ɌȾ4 ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɬɪɭɛɵ – 80/72 Iˇˑ˒ =ʹͲ͵ͷ ሺАሻ [27]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɬɨɤɭ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ (13): 
 I˓ˈˏ. = ͹ͷͻ,͸ + ͹ͳͻ = ͳͶ͹ͺ,͸ ሺАሻ 
 ʹͲ͵ͷ ሺАሻ ൒ ͳͶ͹ͺ,͸ ሺАሻ 
 
Ɍɨɤɨɩɪɨɜɨɞ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ. 
 
Ⱦɥɹ ɌȾ2 ɢ ɌȾ3: 
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ܵэˍʡʓଵ = ͹ͷͻ,ͷͺͳ = ͹ͷͻ,ͷͺ ሺˏˏଶሻ 

 ܵэˍʡʓସ = ͺͷ͵,͹Ͷͳ = ͺͷ͵,͹Ͷ ሺˏˏଶሻ 

 
ȼɵɛɨɪ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɨ ɛɨɥɶɲɟɦɭ ɫɟɱɟɧɢɸ. 
ɉɪɢɧɢɦɚɟɦ ɬɨɤɨɩɪɨɜɨɞɵ ɌȾ2 ɢ ɌȾ3 ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɬɪɭɛɵ 80/72 Iˇˑ˒ =ʹͲ͵ͷ ሺАሻ [27]. 
Ɍɚɤɠɟ ɨɫɭɳɟɫɬɜɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (13): 
 I˓ˈˏ. = ͹ͷͻ,ͷͺ + ͺͷ͵,͹Ͷ = ͳ͸ͳ͵,͵ʹ ሺАሻ 
 ʹͲ͵ͷ ሺАሻ ൒ ͳ͸ͳ͵,͵ʹ ሺАሻ 
 
ɍɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
2.7 Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
2.7.1 Ɋɚɫɱɟɬ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɬɨɤɨɜ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ [28]. 
Ⱦɥɹ ɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɢ ɧɚɦɟɬɢɬɶ 

ɯɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ ɄɁ.  
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɫɨɫɬɚɜɢɦ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ – ɪɢɫɭɧɨɤ 2.4. 
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I С.Ш. II С.Ш.

III С.Ш. IV С.Ш.

1Т 2Т

Л1 Л2

РП24, РП25 САЯНАЛ САЯНАЛ РП24, РП25

К3

ЛЭП

К1 К2

К4

К5 К6 К7 К8

ЛЭП

ТД1 ТД2 ТД3 ТД4

 

 
Ɋɢɫɭɧɨɤ 2.3 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
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Хc

Хлэп Хлэп
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Хл1 Хл2

Хвн1Т Хвн2Т

Хнн1Т Хнн1Т Хнн2Т Хнн2Т

ХТД1 ХТД2 ХТД3 ХТД4

RТД1 RТД2 RТД3 RТД4

К1 К2

К3

К6 К7 К8К5

К4

 
Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɦɨɳɧɨɫɬɶ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɨɬɤɥɸɱɚɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɝɨɥɨɜɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɞɫɬɚɧɰɢɢ 
«Ⱥɥɸɦɢɧɢɟɜɚɹ 500». Ɍɚɦ ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɝɚɡɨɜɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ALSTOM-
AREVA HGF 1014 ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ ɨɬɤɥɸɱɟɧɢɹ – 𝐼 ˕ˍˎ = ͷͲ ሺˍАሻ. 

ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ܵ˄ = ͳͲͲ ሺʛВАሻ. ȼ ɤɚɱɟɫɬɜɟ 
ɛɚɡɢɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɬɨɣ ɫɬɭɩɟɧɢ, ɧɚ ɤɨɬɨɪɨɣ 
ɢɦɟɟɬ ɦɟɫɬɨ ɄɁ [13], ɞɥɹ ɬɨɱɟɤ Ʉ1 ɢ Ʉ2 – ܷ˄ଵ = ʹ͵Ͳ ሺˍВሻ, ɞɥɹ ɬɨɱɟɤ ɧɚ ɧɢɡɤɨɣ 
ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ – ܷ˄ଶ = ͳͲ,ͷ ሺˍВሻ. 
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ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɬɨɱɤɢ Ʉ–1. 
 
Ȼɚɡɢɫɧɵɣ ɬɨɤ (14): 
 𝐼 = ͳͲͲ√͵ ∙ ʹ͵Ͳ = Ͳ,ʹͷ ሺˍАሻ.                                                      
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ (15): 
 𝑋˔ = Ͳ,ʹͷͷͲ = Ͳ,ͲͲͷ ሺˑ. ˈሻ.                                                                         
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɣ (16) ɨɬ ɉɋ «Ⱥɥɸɦɢɧɢɟɜɚɹ 500» Ⱦ-85 – Ⱦ-88 ȺɋɈ 

400/51: 
 𝑋ʚЭʞ = Ͳ,Ͷʹ ∙ ͹,͵ͷͺ ∙ ͳͲͲ ∙ ͳͲ଺ሺʹ͵Ͳ ∙ ͳͲଷሻଶ = Ͳ,ͲͲ͸ ሺˑ. ˈሻ;                   

 
Ɍɚɤ ɤɚɤ ɥɢɧɢɢ ɞɜɭɯɰɟɩɧɵɟ: 
 𝑋ʚЭʞ` = 𝑋ʚЭʞʹ = Ͳ,ͲͲ͸ʹ = Ͳ,ͲͲ͵ ሺˑ. ˈሻ;        
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ (16): 
 𝑋ʚଵ = Ͳ,Ͷ͵ͷ ∙ Ͳ,Ͳ͸ ∙ ͳͲͲ ∙ ͳͲ଺ሺʹ͵Ͳ ∙ ͳͲଷሻଶ = Ͳ,ͲͲͲͲͷ ሺˑ. ˈሻ;                   
 
Ɍɨɤ ɄɁ (21): 
 𝐼 ଵሺଷሻ = 𝐼𝑋˔ + 𝑋ʚЭʞ` + 𝑋ʚଵ = Ͳ,ʹͷͲ,ͲͲͷ + Ͳ,ͲͲ͵ + Ͳ,ͲͲͲͲͷ = ͵ͳ,Ͳ͸ ሺˍАሻ.           
 
ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɬɨɱɤɢ ɄɁ: 
 𝑋эˍ˅ = 𝑋ʙ−ଵ = 𝑋˔ + 𝑋ʚЭʞ` + 𝑋ʚଵ = Ͳ,ͲͲͷ + Ͳ,ͲͲ͵ + Ͳ,ͲͲͲͲͷ= Ͳ,ͲͲͺͲͷ ሺˑ. ˈ. ሻ                                                                               ሺ͵͸ሻ 

 ܴэˍ˅ = ܴʙ−ଵ = ܴ˔ + ܴʚЭʞ` + ܴʚଵ= Ͳ + ቆͲ,Ͳ͵Ͷ ∙ ͹,͵ͷͺ ∙ ͳͲͲ ∙ ͳͲ଺ʹ ∙ ሺʹ͵Ͳ ∙ ͳͲଷሻଶ ቇ + ቆͲ,ͳʹͳ ∙ Ͳ,Ͳ͸ ∙ ͳͲͲ ∙ ͳͲ଺ሺʹ͵Ͳ ∙ ͳͲଷሻଶ ቇ= Ͳ + Ͳ,ͲͲͲʹͶ + Ͳ,ͲͲͲͲͳͶ = Ͳ,ͲͲͲʹͷͶ ሺˑ. ˈ. ሻ                      
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ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ (23): 
 ܶ˃ = Ͳ,ͲͲͺͲͷ͵ͳͶ ∙ Ͳ,ͲͲͲʹͷͶ = Ͳ,ͳ ሺ˔ˈˍሻ. 
 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ(24): 
 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,ଵ = ͳ,ͻ;                                                                      
 
ɍɞɚɪɧɵɣ ɬɨɤ (22): 
 ݅˖ˇ.ˍଵ = ͳ,ͻ ∙ √ʹ ∙ ͵ͳ,Ͳ͸ = ͺ͵,Ͷ͸ ሺˍАሻ.                 
Ɋɚɫɱɟɬɵ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɬɨɱɟɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10. 
 

Ɍɚɛɥɢɰɚ 2.11 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ 
 

Ɍɨɱɤɚ ɄɁ ɇɚɩɪɹɠɟɧɢɟ ːܷˑˏ, (ɤȼ) ɉɟɪɢɨɞɢɱɟɫɤɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚɄɁ 𝐼ሺ̱ଷሻ, (ɤȺ) 

ɍɞɚɪɧɵɣ ɬɨɤ ɄɁ ݅˖ˇ, 
(ɤȺ) 

1 2 3 4 
Ʉ–1 220 31,06 83,46 
Ʉ–2 220 30,75 82,62 
Ʉ–3 10 9,93 26,54 
Ʉ–4 10 9,93 26,54 
Ʉ–5 10 8,04 20,75 
Ʉ–6 10 7,49 19,07 
Ʉ–7 10 7,49 19,07 
Ʉ–8 10 8,04 20,75 

 
2.7.2 Ɋɚɫɱɟɬ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ 
 
Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɧɟɣɬɪɚɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ (ɈɁɁ). Ɍɨɤ ɈɁɁ ɜ 
ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɦɤɨɫɬɶɸ ɫɟɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɤɚɛɟɥɶɧɵɦ ɥɢɧɢɹɦ ɫɨ ɫɪɨɤɨɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɨɥɟɟ 5 ɥɟɬ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢ 
ɚɤɬɢɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɈɁɁ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɤɬɢɜɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ [29].  

Ɋɚɫɱɟɬ ɬɨɤɚ ɈɁɁ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (25) – (30). 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɚ ɈɁɁ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɨɜɨɣ 

ɩɨɞɫɬɚɧɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.12 – 2.20.  
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Ɍɚɛɥɢɰɚ 2.12 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ Ɋɉ-24 1ɫ.ɲ. 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
Ɍɉ-24-1 Ɍ-1, Ɍɋ-2500 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,12 1,580 0,04 0,23 0,02 0,23 
Ɍɉ-24-2 Ɍ-1, Ɍɋ-2500 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,09 1,580 0,04 0,18 0,02 0,18 
Ɍɉ-24-4 Ɍ-1, Ɍɋ-1000 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,6 1,580 0,02 0,97 0,10 0,97 
Ɍɉ-24-3 Ɍ-1, Ɍɋ-2500 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,24 1,580 0,04 0,42 0,04 0,42 
Ɍɉ-24-6 Ɍ-1, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,9 1,580 0,04 1,46 0,15 1,47 
Ɍɉ-24-5 Ɍ-1, Ɍɋ-1000 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,45 1,580 0,02 0,73 0,07 0,73 
Ɍɉ-24-7 Ɍ-1, ɌɆ-1000 Ⱥɉɜȼɧɝ 3(1ɯ95) 1,8 1,580 0,02 2,86 0,29 2,88 

Ⱦ1205-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,15 1,580 0,09 0,33 0,03 0,33 
Ⱦ1203-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,12 1,580 0,04 0,23 0,02 0,23 
Ⱦ1201-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,21 1,580 0,04 0,37 0,04 0,37 

Ɍɉ-24-8 Ɍ-1, ɌɆ-1600 Ⱥɉɜȼɧɝ 3(1ɯ95) 1,8 1,580 0,04 2,88 0,29 2,90 
Ɋɉ-25 1ɫ.ɲ. Ⱥɉɜȼɧɝ 3(1ɯ800) 2,7 3,070 6,3 14,59 1,46 14,66 
ɇɌɆɂ-10 - 0 0,000 -0,11 -0,11 0,00 -0,11 

ɂɌɈȽɈ  9,18   25,15 2,51 25,27 

 
Ɍɚɛɥɢɰɚ 2.13 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ Ɋɉ-24 2ɫ.ɲ.  
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
Ɍɉ-24-1 Ɍ-2, Ɍɋ-2500 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,09 1,580 0,04 0,18 0,02 0,18 
Ɍɉ-24-2 Ɍ-1, Ɍɋ-2500 Ⱥɉɜȼɧɝ 3(1ɯ95) 0,09 1,580 0,04 0,18 0,02 0,18 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.13 
 

1 2 3 4 5 6 7 8 
Ɍɉ-24-2 Ɍ-2, Ɍɋ-1000 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,09 1,580 0,02 0,16 0,02 0,16 
Ɍɉ-24-4 Ɍ-2, Ɍɋ-1000 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,6 1,580 0,02 0,97 0,10 0,97 
Ɍɉ-24-3 Ɍ-2, Ɍɋ-2500 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,24 1,580 0,04 0,42 0,04 0,42 
Ɍɉ-24-6 Ɍ-2, Ɍɋ-1600 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,9 1,580 0,04 1,46 0,15 1,47 
Ɍɉ-24-5 Ɍ-2, Ɍɋ-1000 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,45 1,580 0,02 0,73 0,07 0,73 
Ɍɉ-24-7 Ɍ-2, ɌɆ-1000 Ⱥɉɩȼɧɝ 3(1ɯ95) 1,8 1,580 0,02 2,86 0,29 2,88 

Ⱦ1202-5ɋ, ȺȾ-1065 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,15 1,580 0,09 0,33 0,03 0,33 
Ⱦ1204-5ɋ, ȺȾ-1065 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,12 1,580 0,04 0,23 0,02 0,23 
Ⱦ1206-5ɋ, ȺȾ-1065 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,21 1,580 0,04 0,37 0,04 0,37 

Ɍɉ-24-8 Ɍ-2, ɌɆ-1600 Ⱥɉɩȼɧɝ 3(1ɯ95) 0,6 1,580 0,04 0,99 0,10 0,99 
Ɋɉ-25 2ɫ.ɲ. Ⱥɉɩȼɧɝ 3(1ɯ800) 2,7 3,070 6,61 14,90 1,49 14,97 
ɇɌɆɂ-10 - 0 0,000 -0,11 -0,11 0,00 -0,11 
ɂɌɈȽɈ  7,95   23,49 2,35 23,61 

 
Ɍɚɛɥɢɰɚ 2.14 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ Ɋɉ-25 2ɫ.ɲ. 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
Ɍɉ-25-1 Ɍ-2, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,15 1,410 0,04 0,25 0,03 0,25 
Ɍɉ-25-2 Ɍ-1, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,09 1,410 0,04 0,17 0,02 0,17 
Ɍɉ-25-3 Ɍ-2, Ɍɋ-1000 Ⱥɉɜȼɧɝ 3(1ɯ70) 1,2 1,410 0,02 1,71 0,17 1,72 
Ɍɉ-25-4 Ɍ-2, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 1,5 1,410 0,04 2,16 0,22 2,17 

Ʉ-2 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,243 1,410 0,09 0,43 0,04 0,43 
Ʉ-4 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,279 1,410 0,09 0,48 0,05 0,49 
Ʉ-5 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,3 1,410 0,09 0,51 0,05 0,52 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.14 
 

1 2 3 4 5 6 7 8 
Ⱦ2202-5ɋ, ȺȾ Ⱥɉɜȼɧɝ 3(1ɯ70) 0,24 1,410 0,04 0,38 0,04 0,38 
Ⱦ2204-5ɋ, ȺȾ Ⱥɉɜȼɧɝ 3(1ɯ70) 0,18 1,410 0,04 0,29 0,03 0,30 
Ⱦ2206-5ɋ, ȺȾ Ⱥɉɜȼɧɝ 3(1ɯ70) 0,21 1,410 0,04 0,34 0,03 0,34 

ɇɌɆɂ-10 - 0 0,000 -0,11 -0,11 0,00 -0,11 
ɂɌɈȽɈ  4,392   6,61 0,66 6,65 

 
Ɍɚɛɥɢɰɚ 2.15 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ Ɋɉ-25 1ɫ.ɲ. 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
Ɍɉ-25-1 Ɍ-1, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,15 1,410 0,04 0,25 0,03 0,25 
Ɍɉ-25-2 Ɍ-2, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,09 1,410 0,04 0,17 0,02 0,17 
Ɍɉ-25-3 Ɍ-1, Ɍɋ-1000 Ⱥɉɜȼɧɝ 3(1ɯ70) 1,2 1,410 0,02 1,71 0,17 1,72 
Ɍɉ-25-4 Ɍ-1, Ɍɋ-1600 Ⱥɉɜȼɧɝ 3(1ɯ70) 1,5 1,410 0,04 2,16 0,22 2,17 

Ʉ-1 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,249 1,410 0,09 0,44 0,04 0,44 
Ʉ-3 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,282 1,410 0,09 0,49 0,05 0,49 

Ⱦ2201-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,24 1,410 0,09 0,43 0,04 0,43 
Ⱦ2203-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,24 1,410 0,09 0,43 0,04 0,43 
Ⱦ2205-5ɋ, ȺȾ-1065 Ⱥɉɜȼɧɝ 3(1ɯ70) 0,18 1,410 0,09 0,34 0,03 0,35 

ɇɌɆɂ-10 - 0 0,000 -0,11 -0,11 0,00 -0,11 
ɂɌɈȽɈ  4,131   6,3 0,63 6,34 
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Ɍɚɛɥɢɰɚ 2.16 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ "ɳɢɬ 10 ɤȼ -Ⱥ-" 1ɫ.ɲ. ɋɚɹɧɚɥ  
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
TRA-1, ɌɆ-2000 RG5H10R (3ɯ50) 0,014 3,750 0,04 0,09 0,01 0,09 
TRA-2, ɌɆ-2000 RG5H10R (3ɯ50) 0,01 3,750 0,04 0,08 0,01 0,08 
TRA-3, ɌɆ-2000 RG5H10R (3ɯ50) 0,008 3,750 0,04 0,07 0,01 0,07 
TRA-4, ɌɆ-2000 RG5H10R (3ɯ50) 0,011 3,750 0,04 0,08 0,01 0,08 
TRA-5, ɌɆ-2000 RG5H10R (3ɯ50) 0,015 3,750 0,04 0,10 0,01 0,10 
TRA-6, ɌɆ-2000 RG5H10R (3ɯ50) 0,019 3,750 0,04 0,11 0,01 0,11 
TRA-7, ɌɆ-2000 RG5H10R (3ɯ50) 0,022 3,750 0,04 0,12 0,01 0,12 
TRA-8, ɌɆ-2000 RG5H10R (3ɯ50) 0,027 3,750 0,04 0,14 0,01 0,14 
TRA-9, ɌɆ-2000 RG5H10R (3ɯ50) 0,031 3,750 0,04 0,16 0,02 0,16 

TRA-10, ɌɆ-2000 RG5H10R (3ɯ50) 0,047 3,750 0,04 0,22 0,02 0,22 
TRA-11, ɌɆ-2000 RG5H10R (3ɯ50) 0,05 3,750 0,04 0,23 0,02 0,23 
TRA-12, ɌɆ-2000 RG5H10R (3ɯ50) 0,054 3,750 0,04 0,24 0,02 0,24 
TRA-18, ɌɆ-2000 RG5H10R (3ɯ50) 0,086 3,750 0,04 0,36 0,04 0,36 
TRA-19, ɌɆ-2000 RG5H10R (3ɯ50) 0,09 3,750 0,04 0,38 0,04 0,38 
Ɍɉ-22-1, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,115 0,780 0,04 0,13 0,01 0,13 
Ɍɉ-22-2, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,35 0,780 0,04 0,31 0,03 0,31 
Ɍɉ-22-3, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,48 0,780 0,04 0,41 0,04 0,42 

ɂɌɈȽɈ  1,429   3,23 0,32 3,25 

 
 
 
 
 
 
 



41 
 

Ɍɚɛɥɢɰɚ 2.17 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ "ɳɢɬ 10 ɤȼ -Ⱥ-" 2ɫ.ɲ. ɋɚɹɧɚɥ 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
Ɍɉ-22-1, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,125 0,780 0,04 0,14 0,01 0,14 
TRA-13, ɌɆ-2000 RG5H10R (3x50) 0,07 3,750 0,04 0,30 0,03 0,30 
TRA-14, ɌɆ-2000 RG5H10R (3x50) 0,074 3,750 0,04 0,32 0,03 0,32 
TRA-15, ɌɆ-2000 RG5H10R (3x50) 0,078 3,750 0,04 0,33 0,03 0,33 
TRA-16, ɌɆ-2000 RG5H10R (3x50) 0,082 3,750 0,04 0,35 0,03 0,35 
TRA-17, ɌɆ-2000 RG5H10R (3x50) 0,086 3,750 0,04 0,36 0,04 0,36 
TRA-20, ɌɆ-2000 RG5H10R (3x50) 0,005 3,750 0,04 0,06 0,01 0,06 

ɓɢɬ 10ɤȼ -B- RG5H10R 3(3x120) 0,45 5,070 0,75 3,03 0,30 3,05 
ɂɌɈȽɈ  1,69   9,28 0,93 9,33 

 
Ɍɚɛɥɢɰɚ 2.18– Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ "ɳɢɬ 10 ɤȼ -B-" ɋɚɹɧɚɥ 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
TRB-2, ɌɆ-2000 RG5H10R (3x50) 0,01 3,750 0,04 0,08 0,01 0,08 
TRB-4, ɌɆ-2000 RG5H10R (3x50) 0,015 3,750 0,04 0,10 0,01 0,10 
TRB-1, ɌɆ-2000 RG5H10R (3x50) 0,009 3,750 0,04 0,07 0,01 0,07 
TRB-3, ɌɆ-2000 RG5H10R (3x50) 0,013 3,750 0,04 0,09 0,01 0,09 
TRB-5, ɌɆ-2000 RG5H10R (3x50) 0,017 3,750 0,04 0,10 0,01 0,10 

Ɍɉ-22-3, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,35 0,780 0,04 0,31 0,03 0,31 
ɂɌɈȽɈ  0,414   0,75 0,08 0,76 

 



42 
 

Ɍɚɛɥɢɰɚ 2.19 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ "ɳɢɬ 10 ɤȼ -ɋ-" ɋɚɹɧɚɥ 
 

ɇɚɝɪɭɡɤɚ Ɍɢɩ ɢ ɫɟɱɟɧɢɟ ɄɅ (ȼɅ) Ⱦɥɢɧɚ, 
(ɤɦ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɄɅ (ȼɅ), (Ⱥ) 

ɍɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ 
ɩɨɬɪɟɛɢɬɟɥɹ, (Ⱥ) 

ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ 

ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ 
ɫɨɫɬɚɜɥɹɸ
ɳɚɹ ɬɨɤɚ 
ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ 
ɬɨɤ ɈɁɁ, 

(Ⱥ) 

1 2 3 4 5 6 7 8 
TRC-1, ɌɆ-2000 RG5H10R (3ɯ50) 0,011 3,750 0,04 0,08 0,01 0,08 
TRC-2, ɌɆ-2000 RG5H10R (3ɯ50) 0,014 3,750 0,04 0,09 0,01 0,09 
TRC-3, ɌɆ-2000 RG5H10R (3ɯ50) 0,017 3,750 0,04 0,10 0,01 0,10 
TRC-4, ɌɆ-2000 RG5H10R (3ɯ50) 0,02 3,750 0,04 0,12 0,01 0,12 
TRC-5, ɌɆ-2000 RG5H10R (3ɯ50) 0,024 3,750 0,04 0,13 0,01 0,13 

Ɍɉ-22-2, ɌɆ-1600 ȺȺɒȼ (3ɯ150) 0,037 0,780 0,04 0,07 0,01 0,07 
TRC-6, ɌɆ-2000 RG5H10R (3ɯ50) 0,028 3,750 0,04 0,15 0,01 0,15 

ɂɌɈȽɈ  0,151   0,74 0,07 0,74 

 
Ɍɚɛɥɢɰɚ 2.20 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 10 ɤȼ 
 

ɇɚɝɪɭɡɤɚ ɋɨɛɫɬɜɟɧɧɵɣ 
ɟɦɤɨɫɬɧɨɣ ɬɨɤ, (Ⱥ) 

Ⱥɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɬɨɤɚ ɈɁɁ, (Ⱥ) 

ɉɨɥɧɵɣ ɬɨɤ ɈɁɁ, (Ⱥ) 

1 2 3 4 
Ɋɉ–24,Ɋɉ–25 48,64 4,86 48,88 

ɋɚɹɧɚɥ ɓɢɬ 10 ɤȼ –Ⱥ– 1,2 ɫ.ɲ. 12,51 1,25 12,58 
ɌȾ1,ɌȾ4 2,96 3,1 4,29 
ɌȾ2,ɌȾ3 4,07 3,82 5,58 
ɂɌɈȽɈ 68,18 13,03 71,33 
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Ⱥɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɈɁɁ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨɫɬɢɝɚɸɬ 
68,18 (Ⱥ) ɢ 13,03 (Ⱥ), ɚ ɩɨɥɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɈɁɁ, ɫ ɭɱɟɬɨɦ ɚɤɬɢɜɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɡɨɥɹɰɢɢ, ɪɚɜɧɨ 71,33 (Ⱥ). ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɈɁɁ 
ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɪɚɜɧɭɸ 20 (Ⱥ) [9], ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɚ 
ɤɨɦɩɟɧɫɚɰɢɹ ɟɦɤɨɫɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɈɁɁ. 

Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɟɦɤɨɫɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɈɁɁ ɧɟɨɛɯɨɞɢɦɨ 
ɭɫɬɚɧɨɜɢɬɶ ɞɭɝɨɝɚɫɹɳɢɣ ɪɟɚɤɬɨɪ (ȾȽɊ) ɬɢɩɚ ɊɁȾɉɈɆȺ–635/10 ɍ1 [30], ɤɨɬɨɪɵɣ 
ɜ ɪɟɠɢɦɟ ɈɁɁ ɫɦɨɠɟɬ ɩɨɤɪɵɬɶ ɜɫɸ ɟɦɤɨɫɬɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɈɁɁ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɧ ɫɧɢɡɢɬɫɹ ɞɨ ɡɧɚɱɟɧɢɹ 13,03 (Ⱥ). 

 
2.8 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɉɪɢ ɜɵɛɨɪɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɜɚɥɨɫɶ ɜ 

ɫɬɨɪɨɧɭ ɧɚɞɟɠɧɨɫɬɢ ɢ ɧɟɩɪɢɯɨɬɥɢɜɨɫɬɢ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ. Ɍɚɤ ɤɚɤ ɤɨɦɩɚɧɢɹ 
Siemens ɢɦɟɟɬ ɨɝɪɨɦɧɵɣ ɨɩɵɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɨ ɫɟɛɹ ɤɚɤ ɨɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɯ, ɜɵɛɨɪ ɨɫɬɚɧɨɜɢɥɫɹ ɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ ɞɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɫɬɚɥɨ ɬɨ, ɱɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɦɩɚɧɢɢ Siemens 
ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɩɨɤɚɡɚɥɨ ɜɵɫɨɤɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɭɞɨɛɫɬɜɨ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɪɟɦɨɧɬɟ. 

ɉɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɮɨɪɦɭɥɚɦ (31) – (35). 
 
2.8.1 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɚɩɩɚɪɚɬɨɜ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ 
 
2.8.1.1 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ  
 
Ɍɨɤ ɜ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 𝐼 ˋː = ͸Ͳ,͹ͳ ሺАሻ 
 
Ɍɨɤ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ ɞɥɹ ɥɸɛɨɣ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ: 
 𝐼 ˈˏ = ͳͳʹ,Ͷ ሺАሻ 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ Siemens 3AP1 FG 

ɍɏɅ1 [31]. 
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Ɋɢɫɭɧɨɤ 2.5 – ȼɵɤɥɸɱɚɬɟɥɶ Siemens 3AP1 FG 
 

Ɋɚɫɫɱɢɬɚɟɦ ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ (34): 
 Вˍ = 𝐼ଶ ∙ ሺ𝜏 + ܶ˃ ሻ = ͵ͳ,Ͳ͸ଶ ∙ ሺͲ,ͳ͸ + Ͳ,ͳ ሻ = ʹͷͲ,ͺ͵ ሺˍАଶ ∙ ˔ሻ            

 
ɝɞɟ    𝜏 = ˊ˓ݐ + ˍ˕ˑݐ = Ͳ,ͳ + Ͳ,Ͳ͸ = Ͳ,ͳ͸ ሺ˔ሻ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ( ɫɭɦɦɚ 
ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ) ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ) [14].  
 
Ɍɚɛɥɢɰɚ 2.21 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɹ 220 ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ʹͶͷ ሺˍВሻ ˖ܷ˔˕ = ʹʹͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ͶͲͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳͳʹ,Ͷ ሺАሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͳ͵ͷ ሺˍАሻ ݅˖ˇ = ͺ͵,Ͷ͸ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ͷͲଶ ∙ (ͳ͵) == ͺ͵͵,͵͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ʹͷͲ,ͺ͵ ሺˍАଶ ∙ ˔ሻ 

𝐼ሺ̱ଷሻ ൑ 𝐼ˑ˕ˍˎ 𝐼ˑ˕ˍˎ = ͷͲ ሺˍАሻ 𝐼ሺ̱ଷሻ = ͵ͳ,Ͳ͸ ሺˍАሻ 

 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
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2.8.1.2 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 220 ɤȼ 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɪɚɡɴɟɞɢɧɢɬɟɥɶ Siemens D BF4-245N ɍɏɅ1 

ɝɨɪɢɡɨɧɬɚɥɶɧɨ – ɩɨɜɨɪɨɬɧɨɝɨ ɬɢɩɚ [31]. 
 

 
 

Ɋɢɫɭɧɨɤ 2.6 – Ɋɚɡɴɟɞɢɧɢɬɟɥɶ Siemens D BF4-245N 
 

Ɍɚɛɥɢɰɚ 2.22 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 220 ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ʹͷʹ ሺˍВሻ ˖ܷ˔˕ = ʹʹͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ͶͲͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳͳʹ,Ͷ ሺАሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͳ͸ʹ ሺˍАሻ ݅˖ˇ = ͺ͵,Ͷ͸ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ͸͵ଶ ∙ (ͳ͵) == ͳ͵ʹ͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ʹͷͲ,ͺ͵ ሺˍАଶ ∙ ˔ሻ 

 
ȼɵɛɪɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
2.8.1.3 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ 
 
Ɉɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢɡɨɥɹɰɢɢ ɝɥɚɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
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(ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ), ɫ ɪɚɛɨɱɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɞɨɩɭɫɬɢɦɵɦɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɦɢ [32]. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɉɉɇ: 
 

1) ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ (31): 
 ˖ܷ˔˕ ൑ ܷːˑˏ 
 
2) ɉɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ: 
 ܷː˓.˔ ൑ ܷː˓.ˑ˒ː,                                                                                                           ሺ͵͹ሻ 
 

ɝɞɟ     ːܷ˓.ˑ˒ː − ɧɨɦɢɧɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ Ɉɉɇ, (ɤȼ); ܷː˓.˔ − ɧɨɦɢɧɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, (ɤȼ). 
 

ɇɨɦɢɧɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɫɟɬɟɣ 110 – 220 (ɤȼ) ɪɚɜɧɨ:  
 ܷː˓.˔ = ͳ,ͳͷ ∙ ܷːˑˏ√͵ = ͳ,ͳͷ ∙ ʹʹͲͳ,͹͵ = ͳͶ͸,ʹͶ ሺˍВሻ,                                             ሺ͵ͺሻ 

 
3) ɉɨ ɭɪɨɜɧɸ ɜɵɞɟɪɠɢɜɚɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɹɯ 
 ˑܷ˔˕ ൑ ˑܷ˔˕.ːˑˏ,                                                                                                          ሺ͵ͻሻ 
 

ɝɞɟ     ˑܷ˔˕ − ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɤɨɦɦɭɬɚɰɢɹɯ, (ɤȼ); ܷˋ˔˒.ˍ −ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, (ɤȼ). 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ Siemens 3PE321 

ɍɏɅ1 [31]. 
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Ɋɢɫɭɧɨɤ 2.7 – Ɉɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ Siemens 3PE321 
 

Ɍɚɛɥɢɰɚ 2.23 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ Ɉɉɇ 220 ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ʹʹͺ ሺˍВሻ ˖ܷ˔˕ = ʹʹͲ ሺˍВሻ ːܷ˓.˔ ൑ ːܷ˓.ˑ˒ː ːܷ˓.ˑ˒ː = ͳͺʹ ሺˍВሻ ːܷ˓.˔ = ͳͶ͸,ʹͶ ሺˍВሻ  ˑܷ˔˕ ൑ ˋܷ˔˒.ˍ ˋܷ˔˒.ˍ = ͷͶ͹ ሺˍВሻ ˑܷ˔˕ = ͶͻͶ ሺˍВሻ 

 
ȼɵɛɪɚɧɧɵɣ Ɉɉɇ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ ɩɨ ɨɫɧɨɜɧɵɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
2.8.1.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɬɨɤɨɜɨɣ ɰɟɩɢ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɢɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨ, ɩɪɢɧɢɦɚɟɦ, ɱɬɨ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ 
ɚɤɬɢɜɧɨɦɭ [14]: 

 𝑍ଶ = 𝑟ଶ = 𝑟 ˓ˋ˄. + 𝑟 ˓ + 𝑟 ,                                                                                     ሺͶͲሻ 
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ɝɞɟ     𝑟 ˓ˋ˄. − ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, (Ɉɦ); 𝑟 ˓ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ, (Ɉɦ); 𝑟 − ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ, (Ɉɦ). 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɭɦɦɚɪɧɨɣ 

ɦɨɳɧɨɫɬɢ: 
 𝑟 ˓ˋ˄. = ܵଶ𝐼ଶːˑˏଶ ,                                                                                                             ሺͶͳሻ 

 
ɝɞɟ     ܵଶ − ɫɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ, (ȼȺ); 𝐼ଶːˑˏ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (Ⱥ). 

 
Ɍɚɛɥɢɰɚ 2.24 – ɉɚɪɚɦɟɬɪɵ ɩɪɢɛɨɪɨɜ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
 

ɉɪɢɛɨɪ Ʉɨɥɢɱɟɫɬɜɨ ܵ˒˓, ሺВАሻ 

1 2 3 
ɂɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 

SIMEAS P 
1 2 

Ȼɥɨɤ ɩɪɢɛɨɪɨɜ SIPROTEC 5 1 1,5 

 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ: 𝑟 ˓ˋ˄. = ͵,ͷͷଶ = Ͳ,ͳͶ ሺʝˏሻ 

 
Ⱦɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɜ ɫɟɬɢ 220 (ɤȼ) 𝑙 = ͳͲͲ ሺˏሻ, ɩɪɢ ɫɯɟɦɟ 

ɫɨɟɞɢɧɟɧɢɹ «ɧɟɩɨɥɧɨɣ ɡɜɟɡɞɵ» 𝑙˓ = √͵ ∙ ͳͲͲ = ͳ͹͵,ʹ ሺˏሻ [14]. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɦɟɞɧɵɯ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɜɧɨ: 
 𝑟 ˓ = 𝑙˓ ∙ ܨ˒𝐶𝑢ߩ ˓ = ͳ͹͵,ʹ ∙ ͳ͹ʹ,ͷ = ͳͳ͹͹,ͺ ሺˏʝˏሻ ≈ ͳ,ͳͺ ሺʝˏሻ,                           ሺͶʹሻ 

 

ɝɞɟ     ߩ𝐶𝑢 − ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɞɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ቀˏʝˏ∙ˏˏ2ˏ ቁ; ˒ܨ ˓ − ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, (ˏˏଶ). 
 
ɉɪɢɧɢɦɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ 𝑟 = Ͳ,Ͳͷ ሺʝˏሻ.  
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɫɨɫɬɚɜɢɬ: 
 𝑍ଶ = 𝑟ଶ = Ͳ,ͳͶ + ͳ,ͳͺ + Ͳ,Ͳͷ = ͳ,͵͹ ሺʝˏሻ 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Siemens Trench SAS/245 

ɍɏɅ1 [31]. 
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Ɋɢɫɭɧɨɤ 2.8 – Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 220 ɤȼ Siemens Trench SAS/245 
 

Ɍɚɛɥɢɰɚ 2.25 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ  
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ʹͶͷ ሺˍВሻ ˖ܷ˔˕ = ʹʹͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ʹͲͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳͳʹ,Ͷ ሺАሻ 𝑍ଶːˑˏ ൒ 𝑍ଶ 𝑍ଶːˑˏ = ʹ ሺʝˏሻ 𝑍ଶ = ͳ,͵͹ ሺʝˏሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͳ͸Ͳ ሺˍАሻ ݅˖ˇ = ͺ͵,Ͷ͸ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ͸͵ଶ ∙ (ͳ͵) == ͳ͵ʹ͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ʹͷͲ,ͺ͵ ሺˍАଶ ∙ ˔ሻ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
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2.8.2 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 10 ɤȼ 
 
ɇɚ ɫɬɨɪɨɧɟ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɥɟɤɬɧɨɟ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫ ɷɥɟɝɚɡɨɜɨɣ ɢɡɨɥɹɰɢɟɣ (ɄɊɍɗ) Siemens NXPLUS 
C ɍɏɅ2 [33]. 

 

 
 

Ɋɢɫɭɧɨɤ 2.9 – əɱɟɣɤɢ ɄɊɍɗ Siemens NXPLUS C 
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2.8.2.1 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ 
 
əɱɟɣɤɢ ɜɜɨɞɚ ɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɹ ɄɊɍɗ ɨɛɨɪɭɞɨɜɚɧɵ 

ɜɚɤɭɭɦɧɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɫɟɪɢɢ Siemens 3AH5134–6 ɍɏɅ2 [33]. 
 

 
 

Ɋɢɫɭɧɨɤ 2.10 – ȼɚɤɤɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 10 ɤȼ Siemens 3AH5 
 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 
ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ: 
 I˓ˈˏ = ͹ͷͻ,ͷͺ + ͺͷ͵,͹Ͷ = ͳ͸ͳ͵,͵ʹ ሺАሻ 
 
Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɛɭɞɟɬ ɪɚɜɟɧ (34): 
 Вˍ = 𝐼ଶ ∙ ሺ𝜏 + ܶ˃ ሻ = ͻ,ͻ͵ଶ ∙ ሺͲ,ͺ͸ + Ͳ,Ͳͺͺ ሻ = ͻ͵,Ͷͺ ሺˍАଶ ∙ ˔ሻ            

ɝɞɟ    𝜏 = ˊ˓ݐ + ˎˈ˔ݐ∆ + ˍ˕ˑݐ = Ͳ,ͳ + Ͳ,͹ + Ͳ,Ͳ͸ = Ͳ,ͺ͸ ሺ˔ሻ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ 
( ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ (ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ 
(ɆɌɁ)) ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ) [33]; ∆ݐ˔ˈˎ − ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɫɬɭɩɟɧɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɆɌɁ [14]. 
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Ɍɚɛɥɢɰɚ 2.26 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ɜɜɨɞɚ ɜ Ɋɍ 10 ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ͳʹ ሺˍВሻ ˖ܷ˔˕ = ͳͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ʹͷͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳ͸ͳ͵,͵ʹ ሺАሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͸͵ ሺˍАሻ ݅˖ˇ = ʹ͸,ͷͶ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ʹͷଶ ∙ (ͳ͵) == ʹͲͺ,͵͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ͻ͵,Ͷͺ ሺˍАଶ ∙ ˔ሻ 

𝐼ሺ̱ଷሻ ൑ 𝐼ˑ˕ˍˎ 𝐼ˑ˕ˍˎ = ʹͷ ሺˍАሻ 𝐼ሺ̱ଷሻ = ͻ,ͻ͵ ሺˍАሻ 

 
ȼɵɤɥɸɱɚɬɟɥɢ ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ, ɚ ɬɚɤɠɟ 

ɩɨɡɜɨɥɹɸɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɝɪɭɡɤɭ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɟɪɫɩɟɤɬɢɜɧɨɟ 
ɪɚɡɜɢɬɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɜɵɤɥɸɱɚɬɟɥɟɣ ɨɬɯɨɞɹɳɢɯ ɹɱɟɟɤ. 
Ɍɨɤɢ ɜ ɨɬɯɨɞɹɳɢɯ ɮɢɞɟɪɚɯ ɪɚɜɧɵ: 
 I˗ˋˇଵ = ͹ͳͻ ሺАሻ 
 I˗ˋˇଶ = ͹ͷͻ,ͷͺ ሺАሻ 
 I˗ˋଷ = ͺͷ͵,͹Ͷ ሺАሻ 
 I˗ˋˇସ = ͹ͷͻ,͸ ሺАሻ 
 
Ɍɨɤɢ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ: I˓ˈˏ.ХАʖ = ͹ͷͻ,͸ + ͹ͳͻ = ͳͶ͹ͺ,͸ ሺАሻ 
 I˓ˈˏ.ʠАЯʜАʚ = ͹ͷͻ,ͷͺ + ͺͷ͵,͹Ͷ = ͳ͸ͳ͵,͵ʹ ሺАሻ 
 
ȼɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɶ Siemens 3AH5134–4 ɍɏɅ2 c ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 

2000 (Ⱥ) [33]. 
Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ (34): 
 Вˍ = 𝐼ଶ ∙ ሺ𝜏 + ܶ˃ ሻ = ͻ,ͻ͵ଶ ∙ ሺͲ,ͺ͸ + Ͳ,Ͳͺͺ ሻ = ͻ͵,Ͷͺ ሺˍАଶ ∙ ˔ሻ            

 
ɝɞɟ     𝜏 = ˊ˓ݐ + ˎˈ˔ݐ∆ + ˍ˕ˑݐ = Ͳ,ͳ + Ͳ,͹ + Ͳ,Ͳ͸ = Ͳ,ͺ͸ ሺ˔ሻ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ 
( ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ (ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ 
(ɆɌɁ)) ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ); ∆ݐ˔ˈˎ − ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɫɬɭɩɟɧɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɆɌɁ. 
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Ɍɚɛɥɢɰɚ 2.27 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 10 
ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ͳʹ ሺˍВሻ ˖ܷ˔˕ = ͳͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ʹͲͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳ͸ͳ͵,͵ʹ ሺАሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͸͵ ሺˍАሻ ݅˖ˇ = ʹ͸,ͷͶ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ʹͷଶ ∙ (ͳ͵) == ʹͲͺ,͵͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ͻ͵,Ͷͺ ሺˍАଶ ∙ ˔ሻ 

𝐼ሺ̱ଷሻ ൑ 𝐼ˑ˕ˍˎ 𝐼ˑ˕ˍˎ = ʹͷ ሺˍАሻ 𝐼ሺ̱ଷሻ = ͻ,ͻ͵ ሺˍАሻ 

 
ȼɵɛɪɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɥɢ ɡɚɦɟɧɵ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 

ɫɭɳɟɫɬɜɭɸɳɢɯ Ɋɉ, ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɢɬɶ ɢɯ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɨɬɤɥɸɱɚɸɳɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ, ɩɪɢ ɢɡɦɟɧɢɜɲɟɣɫɹ ɫɯɟɦɟ ɩɢɬɚɧɢɹ ɞɚɧɧɵɯ Ɋɉ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ Ɋɉ ɭɫɬɚɧɨɜɥɟɧɵ ɜɵɤɥɸɱɚɬɟɥɢ 
ȼȻɗɄ2–10–20/3150 ɍɏɅ2. 

 
Ɍɨɤ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ: 
 𝐼 .௠𝑎𝑥 = ͳ͸ͳ͵,͵ʹ ሺАሻ 

 
Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ (34): 
 Вˍ = 𝐼ଶ ∙ ሺ𝜏 + ܶ˃ ሻ = ͺ,ͲͶଶ ∙ ሺͲ,ͺ͸ + Ͳ,Ͳͷʹ ሻ = ͷͺ,ͻͷ ሺˍАଶ ∙ ˔ሻ            

 
ɝɞɟ     𝜏 = ˊ˓ݐ + ˎˈ˔ݐ∆ + ˍ˕ˑݐ = Ͳ,ͳ + Ͳ,͹ + Ͳ,Ͳ͸ = Ͳ,ͺ͸ ሺ˔ሻ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ 
( ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ (ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ 
(ɆɌɁ)) ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ); ∆ݐ˔ˈˎ − ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɫɬɭɩɟɧɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɆɌɁ. 

 
Ɍɚɛɥɢɰɚ 2.28 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 10 
ɤȼ 
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ͳͲ ሺˍВሻ ˖ܷ˔˕ = ͳͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ͵ͳͷͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳ͸ͳ͵,͵ʹ ሺАሻ ݅ˇˋː ൒ ݅˖ˇ ݅ˇˋː = ͺͲ ሺˍАሻ ݅˖ˇ = ʹͲ,͹ͷ ሺˍАሻ 𝐼ʡଶ ∙ ʡݐ ൒ 𝐵ˍ 𝐼ʡଶ ∙ ʡݐ = ʹͲଶ ∙ (ͳ͵) == ͳ͵͵,͵͵ ሺˍАଶ ∙ ˔ሻ 

Вˍ = ͷͺ,ͻͷ ሺˍАଶ ∙ ˔ሻ 

𝐼ሺ̱ଷሻ ൑ 𝐼ˑ˕ˍˎ 𝐼ˑ˕ˍˎ = ʹͲ ሺˍАሻ 𝐼ሺ̱ଷሻ = ͺ,ͲͶ ሺˍАሻ 
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ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɡɚɦɟɧɟ ɢɥɢ ɦɨɞɟɪɧɢɡɚɰɢɢ, 
ɬɚɤ ɤɚɤ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 

 
2.8.2.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
ȼɵɛɪɚɧɧɨɟ ɄɊɍɗ ɨɛɨɪɭɞɨɜɚɧɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɬɨɤɚ ɬɢɩɚ 4MC ɍɏɅ2 

[33]. 
 

 
 

Ɋɢɫɭɧɨɤ 2.11 – Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɬɢɩɚ 4Ɇɋ 
 
Ɍɚɛɥɢɰɚ 2.29 – ɉɚɪɚɦɟɬɪɵ ɩɪɢɛɨɪɨɜ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
 

ɉɪɢɛɨɪ Ʉɨɥɢɱɟɫɬɜɨ ܵ˒˓, ሺВАሻ 

1 2 3 
ɂɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 

SIMEAS P 
1 2 

Ȼɥɨɤ ɩɪɢɛɨɪɨɜ SIPROTEC 5 1 1,5 

 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ (41): 
 𝑟 ˓ˋ˄. = ͵,ͷͷଶ = Ͳ,ͳͶ ሺʝˏሻ 

 
Ⱦɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 𝑙 = ͸ ሺˏሻ, ɩɪɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ 

«ɧɟɩɨɥɧɨɣ ɡɜɟɡɞɵ» 𝑙˓ = √͵ ∙ ͸ = ͳͲ,͵ͻ ሺˏሻ [14]. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɦɟɞɧɵɯ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɜɧɨ (42): 
 𝑟 ˓ = 𝑙˓ ∙ ܨ˒𝐶𝑢ߩ ˓ = ͳͲ,͵ͻ ∙ ͳ͹ʹ,ͷ = ͹Ͳ,ͷͺ ሺˏʝˏሻ ≈ Ͳ,Ͳ͹ͳ ሺʝˏሻ,                                

 
ɉɪɢɧɢɦɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ 𝑟 = Ͳ,Ͳͷ ሺʝˏሻ.  
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɫɨɫɬɚɜɢɬ: 
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𝑍ଶ = 𝑟ଶ = Ͳ,ͳͶ + Ͳ,Ͳ͹ͳ + Ͳ,Ͳͷ = Ͳ,ʹ͸ͳ ሺʝˏሻ 
 
Ɍɚɛɥɢɰɚ 2.30 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ  
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ͳͲ ሺˍВሻ ˖ܷ˔˕ = ͳͲ ሺˍВሻ 𝐼˓.௠𝑎𝑥 ൑ 𝐼ːˑˏ 𝐼ːˑˏ = ʹͷͲͲ ሺАሻ 𝐼˓.௠𝑎𝑥 = ͳ͸ͳ͵,͵ʹ ሺАሻ 𝑍ଶːˑˏ ൒ 𝑍ଶ 𝑍ଶːˑˏ = Ͳ,ͺ ሺʝˏሻ 𝑍ଶ = Ͳ,ʹ͸ͳ ሺʝˏሻ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
ɄɊɍɗ ɨɛɨɪɭɞɨɜɚɧɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ 4ɆɌ [33]. 
 

 
 

Ɋɢɫɭɧɨɤ 2.12 – Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 4ɆɌ. 
 
ɉɪɨɜɟɪɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɦɨɳɧɨɫɬɢ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ: ܵଶːˑˏ ൒ ܵଶ,                                                                                                                 ሺͶ͵ሻ  

 
ɝɞɟ     ܵଶ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɜɬɨɪɢɱɧɨɣ ɰɟɩɶɸ, (ȼȺ); ܵଶːˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɟɝɨ ɪɚɛɨɬɭ ɜ ɡɚɞɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, (ȼȺ). 
 
Ɍɚɛɥɢɰɚ 2.31 – ɉɚɪɚɦɟɬɪɵ ɩɪɢɛɨɪɨɜ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ 
ɧɚɩɪɹɠɟɧɢɹ 
 

ɉɪɢɛɨɪ Ʉɨɥɢɱɟɫɬɜɨ ܵ˒˓, ሺВАሻ 

1 2 3 
ɂɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 

SIMEAS P 
1 2 

Ȼɥɨɤ ɩɪɢɛɨɪɨɜ SIPROTEC 5 1 1,5 
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ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɛɨɪɨɜ: 
 ܵଶ = ͵,ͷ ሺВАሻ 

 
ɉɪɢ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ 0,5, ܵଶːˑˏ = ͻͲ ሺВАሻ [33]. 
 

Ɍɚɛɥɢɰɚ 2.32 – ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ  
 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɩɩɚɪɚɬɚ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ 
1 2 3 ˖ܷ˔˕ ൑ ːܷˑˏ ːܷˑˏ = ͳͲ ሺˍВሻ ˖ܷ˔˕ = ͳͲ ሺˍВሻ ܵଶːˑˏ ൒ ܵଶ ܵଶːˑˏ = ͻͲ ሺВАሻ ܵଶ = ͵,ͷ ሺВАሻ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 

 
2.8.2.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɢɫɯɨɞɹ 

ɢɡ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɨɤ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ) ɞɥɹ ɬɭɩɢɤɨɜɨɣ 
ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 220/10 ɤȼ – ܵ˔ː = 200 (ɤȼȺ) [21]. 

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɩɨɤɪɵɬɢɹ ɜɫɟɣ ɧɚɝɪɭɡɤɢ ɜ ɚɜɚɪɢɣɧɨɦ ɢɥɢ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɚɯ: 
 ܵ˕˔ː ൒ ܵ˔ː,                                                                                                                    ሺͶͶሻ 

 
ɝɞɟ     ܵ˕˔ː − ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, (ɤȼȺ); ܵ˔ː − ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, (ɤȼȺ). 
 
ɉɪɢɧɢɦɚɟɦ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɋɇ: ɌɆȽ 250/10/0,4 ɍɏɅ2 [34]. 
 
Ɍɚɛɥɢɰɚ 2.33 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 

Ɍɢɩ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ܵːˑˏ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

(ɤȼȺ) 

ɇɚɩɪɹɠɟɧɢɟ 
ɨɛɦɨɬɤɢ, (ɤȼ) 

ɉɨɬɟɪɢ, (ȼɬ) ݑ𝑘 , ሺ%ሻ ݅𝑥 , ሺ%ሻ 

ȼɇ ɇɇ ХܲХ, ̱ܲ ˊ, 
1 2 3 4 5 6 7 8 

ɌɆȽ 250/10/0,4 
ɍɏɅ1 

250 10 0,4 580 3700 4,5 2,4 
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3 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ  
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɨɣ 

ɩɨɞɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ [35]: 
1) ɝɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ; 
2) ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ; 
3) ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ. 
 
Ƚɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Э = Эˆ + ʔː ∙ ʙ𝛴 ,                                                                                                       ሺͶͷሻ 
 

ɝɞɟ     ʔː − ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, 
ɞɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɪɚɜɟɧ 0,15; ʙ𝛴 − ɟɞɢɧɨɜɪɟɦɟɧɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, (ɬɵɫ. ɪɭɛ); Эˆ − ɝɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ, (ɬɵɫ. ɪɭɛ/ɝɨɞ). 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɛɵɥ ɜɵɩɨɥɧɟɧ 

ɥɨɤɚɥɶɧɵɣ ɫɦɟɬɧɵɣ ɪɚɫɱɟɬ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɣ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨ-
ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ. ɋɦɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ 3. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ 
ɫɦɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɨɫɬɚɜɢɥɚ – ʙ𝛴 = ͵ͳͻ͸͵ͺ,ͲͲͷ ሺ˕ы˔. ˓˖˄ሻ. 

Ƚɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ ɜɵɪɚɠɟɧɚ ɨɬɫɭɬɫɬɜɢɟɦ ɭɳɟɪɛɚ ɢɡ-ɡɚ ɩɟɪɟɪɵɜɨɜ ɜ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɢɧɢɦɚɟɦ ɝɨɞɨɜɭɸ ɷɤɨɧɨɦɢɸ ɪɚɜɧɨɣ 
ɡɧɚɱɟɧɢɸ ɭɳɟɪɛɚ ɩɪɢɧɟɫɟɧɧɨɝɨ ɚɜɚɪɢɣɧɵɦ ɨɬɤɥɸɱɟɧɢɟɦ ɫɟɬɢ 10 ɤȼ – Эˆ =͵ʹͷͲͲͲ ሺ˕ы˔. ˓˖˄ሻ [3]. 

Ɉɩɪɟɞɟɥɢɦ ɝɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ: 
 Э = ͵ʹͷͲͲͲ − Ͳ,ͳͷ ∙ ͵ͳͻ͸͵ͺ,ͲͲͷ = ʹ͹͹ͲͷͶ,͵ ሺ˕ы˔. ˓˖˄/ˆˑˇሻ 
 
Ɍɚɤ ɤɚɤ ɷɮɮɟɤɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɱɢɬɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ. 
Ɉɩɪɟɞɟɥɢɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ: 
ܧ  = Эˆʙ𝛴 = ͵ʹͷͲͲͲ͵ͳͻ͸͵ͺ,ͲͲͷ = ͳ,Ͳʹ                                                                              ሺͶ͸ሻ 

 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɢɦɟɟɬ ɨɱɟɧɶ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ. 
Ɋɚɫɫɱɢɬɚɟɦ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ: 
ܧ  = ʙ𝛴Эˆ = ͵ͳͻ͸͵ͺ,ͲͲͷ͵ʹͷͲͲͲ = Ͳ,ͻͺ ሺˎˈ˕ሻ = Ͳ,ͻͺ ∙ ͵͸ͷ = ͵ͷͻ ሺˇːˈˌሻ.          ሺͶ͹ሻ 

 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 359 ɞɧɟɣ, ɚ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɱɟɧɶ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɵɣ 
ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɫ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ 
ɪɚɡɪɚɛɨɬɚɧɚ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ȺɈ «Ɋɭɫɚɥ ɋɚɹɧɨɝɨɪɫɤ» ɢ ȺɈ «Ɋɭɫɚɥ ɋȺəɇȺɅ».  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
1) Ɉɛɨɫɧɨɜɚɧɨ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫɨɝɥɚɫɧɨ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɢ ɝɟɧɟɪɚɥɶɧɵɯ ɩɥɚɧɨɜ ɩɪɟɞɩɪɢɹɬɢɹ. 
2) Ɉɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 10 ɤȼ 

ɏȺɁ ɢ ɋȺəɇȺɅ. 
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ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
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9) Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɧɚɲɥɢ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɩɪɚɜɤɨɣ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɜɧɟɞɪɟɧɢɹ ɪɟɲɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ 
ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ. 
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ɉɊɂɅɈɀȿɇɂə 
 

ɉɪɢɥɨɠɟɧɢɟ 1 
 

Ƚɥɚɜɧɚɹ ɩɨɧɢɡɢɬɟɥɶɧɚɹ ɩɨɞɫɬɚɧɰɢɹ Ƚɉɉ-3 
 

 
 

Ɋɢɫɭɧɨɤ ɉ.1 – Ɉɩɟɪɚɬɢɜɧɚɹ ɫɯɟɦɚ Ƚɉɉ–3 
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ɉɪɢɥɨɠɟɧɢɟ 2 
 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɪɚɫɱɟɬɵ ɬɨɤɨɜ ɄɁ 
 
Ɍɨɱɤɚ Ʉ–2 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɡɚɩɢɬɚɧɵ ɨɬ ɪɚɡɧɵɯ ɫɟɤɰɢɣ ɈɊɍ 220 ɤȼ, ɩɨɷɬɨɦɭ 

ɟɞɢɧɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɛɭɞɟɬ ɞɥɢɧɚ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ ɨɬ ɫɟɤɰɢɢ ɲɢɧ ɈɊɍ ɞɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ: 
 𝑋ʚଶ = 𝑥˖ˇ ∙ 𝑙ʚଶ ∙ ܵ˄ܷ˄ଵଶ = Ͳ,Ͷ͵ͷ ∙ Ͳ,ͳ͸ ∙ ͳͲͲ ∙ ͳͲ଺ሺʹ͵Ͳ ∙ ͳͲଷሻଶ = Ͳ,ͲͲͲͳ͵ ሺˑ. ˈሻ; 

 
Ɍɨɤ ɄɁ: 
 𝐼 ଵሺଷሻ = 𝐼𝑋˔ + 𝑋ʚЭʞ` + 𝑋ʚଵ = Ͳ,ʹͷͲ,ͲͲͷ + Ͳ,ͲͲ͵ + Ͳ,ͲͲͲͳ͵ = ͵Ͳ,͹ͷ ሺˍАሻ. 
 
Ɉɩɪɟɞɟɥɢɦ ɭɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋˔ + 𝑋ʚЭʞ` + 𝑋ʚଶ = Ͳ,ͲͲͷ + Ͳ,ͲͲ͵ + Ͳ,ͲͲͲͳ͵ = Ͳ,ͲͲͺͳ͵ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−ଶ = ܴ˔ + ܴʚЭʞ` + ܴВʚଵ= Ͳ + Ͳ,ͲͲͲʹͶ + ቆͲ,ͳʹͳ ∙ Ͳ,ͳ͸ ∙ ͳͲͲ ∙ ͳͲ଺ሺʹ͵Ͳ ∙ ͳͲଷሻଶ ቇ= Ͳ + Ͳ,ͲͲͲʹͶ + Ͳ,ͲͲͲͲ͵͸ = Ͳ,ͲͲͲʹ͹͸ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,ͲͲͺͳ͵͵ͳͶ ∙ Ͳ,ͲͲͲʹ͹͸ = Ͳ,ͲͻͶሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴ଽସ = ͳ,ͻ;                                                                      
 ݅˖ˇ.ˍଵ = ͳ,ͻ ∙ √ʹ ∙ ͵Ͳ,͹ͷ = ͺʹ,͸ʹ ሺˍАሻ.              

 
Ɍɨɤ ɄɁ ɜ ɫɟɬɢ 10 ɤȼ 

 
Ɍɨɱɤɚ Ʉ–3 
 
Ȼɚɡɢɫɧɵɣ ɬɨɤ: 
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ɩɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɹ 2 
 𝐼 ଶ = ܵ˄√͵ ∙ ܷ˄ଵ = ͳͲͲ√͵ ∙ ͳͲ,ͷ = ͷ,ͷ ሺˍАሻ. 

 
Ɉɛɳɟɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɪɚɜɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɛɦɨɬɨɤ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɜɧɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

 𝑋ʡଵːː,ʡଶːː = ܷˍͳͲͲ · ܵ˄ܵː = ͳͳ,ͷͳͲͲ · ͳͲͲ͸͵ = Ͳ,ͳͺʹ ሺˑ. ˈ. ሻ         
 

ɝɞɟ    ܷˍ − ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (%);ܵː − 
ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɆȼȺ). 

Ɍɚɤ ɤɚɤ ɢɦɟɟɬɫɹ ɪɚɫɳɟɩɥɟɧɧɚɹ ɨɛɦɨɬɤɚ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɨ ɦɵ 
ɧɚɯɨɞɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 𝑋ʡଵ˅ː,ʡଶ˅ː = ʹ ∙ 𝑋ʡଵ,ʡଶ = ʹ ∙ Ͳ,ͳͺʹ = Ͳ,͵͸Ͷ ሺˑ. ˈ. ሻ                    
 
Ɉɩɪɟɞɟɥɢɦ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ Ʉ-3: 
 𝑋ʙ−ଷ = 𝑋ʙ−ଵ + 𝑋ʡଵːː,ʡଶːː + 𝑋ʡଵ˅ː,ʡଶ˅ː = Ͳ,ͲͲͺͲͷ + Ͳ,ͳͺʹ + Ͳ,͵͸Ͷ= Ͳ,ͷͷͶሺˑ. ˈ. ሻ 

 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
 𝐼 −ଷሺଷሻ = 𝐼 ଶ𝑋ʙ−ଷ = ͷ,ͷͲ,ͷͷͶ = ͻ,ͻ͵ ሺˍАሻ 

 
Ɉɩɪɟɞɟɥɢɦ ɚɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɄɁ: 
 𝑋эˍ˅ = 𝑋ʙ−ଷ = Ͳ,ͷͷͶ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−ଷ = ܴʙ−ଵ + ܴଵʡːː,ଶʡːː + ܴଵʡ˅ː,ଶʡ˅ː, 
 

ɝɞɟ    ܴଵʡ,ଶʡ − ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 1Ɍ ɢ 2Ɍ (ɨ.ɟ.). 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɚɧɚɥɨɝɢɱɧɨ 

ɢɧɞɭɤɬɢɜɧɨɦɭ: 
 ܴଵʡːː,ଶʡːː = ∆̱ܲ ˊ ∙ ܵ˄ܵଶː = Ͳ,ʹ͸ͷ ∙ ͳͲͲ͸͵ଶ = Ͳ,ͲͲ͸͹ ሺˑ. ˈ. ሻ ሺሻ 

 
 



65 
 

ɩɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɹ 2 
 ܴଵʡ˅ː,ଶʡ˅ː = ʹ ∙ ܴଵʡːː,ଶʡːː = ʹ ∙ Ͳ,ͲͲ͸͹ = Ͳ,Ͳͳ͵ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−ଷ = Ͳ,ͲͲͲʹͷͶ + Ͳ,ͲͲ͸͹ + Ͳ,Ͳͳ͵ = Ͳ,Ͳͳͻͻሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,ͷͷͶ͵ͳͶ ∙ Ͳ,Ͳͳͻͻ = Ͳ,Ͳͺͺ ሺ˔ˈˍሻ 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴଼଼ = ͳ,ͺͻ;                                                                      
 ݅˖ˇ.ˍ−ଷ = ͳ,ͺͻ ∙ √ʹ ∙ ͻ,ͻ͵ = ʹ͸,ͷͶ ሺˍАሻ.              
 
Ɍɨɱɤɚ Ʉ-4: 
 
Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ Ʉ-4 ɛɭɞɟɬ ɪɚɜɧɨ: 
 𝑋ʙ−ସ = 𝑋ʙ−ଶ + 𝑋ʡଵ,ʡଶ = Ͳ,ͲͲͺͳ͵ + Ͳ,ͳͺʹ + Ͳ,͵͸Ͷ = Ͳ,ͷͷͶ ሺˑ. ˈ. ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
 𝐼 −ସሺଷሻ = 𝐼 ଶ𝑋ʙ−ସ = ͷ,ͷͲ,ͷͷͶ = ͻ,ͻ͵ ሺˍАሻ 

 
ɍɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋ʙ−ସ = Ͳ,ͷͷͶ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−ସ = ܴʙ−ଶ + ܴଵʡːː,ଶʡːː + ܴଵʡ˅ː,ଶʡ˅ː= Ͳ,ͲͲͲʹ͹͸ + Ͳ,ͲͲ͸͹ + Ͳ,Ͳͳ͵ = Ͳ,Ͳʹ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,ͷͷͶ͵ͳͶ ∙ Ͳ,Ͳʹ = Ͳ,Ͳͺͺ ሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴଼଼ = ͳ,ͺͻ;                                                                      
 ݅˖ˇ.ˍଵ = ͳ,ͺͻ ∙ √ʹ ∙ ͻ,ͻ͵ = ʹ͸,ͷͶ ሺˍАሻ.              
 
Ɍɨɱɤɚ Ʉ–5 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɩɪɨɜɨɞɨɜ:ɌȾ1 ɢ ɌȾ4: 
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ɩɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɹ 2 
 𝑋ʡʓଵ,ʡʓସ = 𝑥˖ˇ ∙ 𝑙ʡʓଵ,ʡʓସ ∙ ܵ˄ܷ˄ଶଶ = Ͳ,ͳͺ ∙ Ͳ,ͺ ∙ ͳͲͲ ∙ ͳͲ଺ሺͳͲ,ͷ ∙ ͳͲଷሻଶ = Ͳ, ͳ͵ ሺˑ. ˈሻ; 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Ʉ–5: 

 𝑋ʙ−ହ = 𝑋ʙ−ଷ + 𝑋ʡʓଵ,ʡʓସ = Ͳ,ͷͷͶ + Ͳ,ͳ͵ = Ͳ,͸ͺͶ ሺˑ. ˈ. ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
 𝐼 −ହሺଷሻ = 𝐼 ଶ𝑋ʙ−ହ = ͷ,ͷͲ,͸ͺͶ = ͺ,ͲͶ ሺˍАሻ 

 
ɍɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋ʙ−ହ = Ͳ,͸ͺͶ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−ହ = ܴʙ−ଷ + ܴʡʓଵ,ʡʓସ = Ͳ,Ͳʹ + ቆͲ,Ͳ͵ ∙ Ͳ,ͺ ∙ ͳͲͲ ∙ ͳͲ଺ሺͳͲ,ͷ ∙ ͳͲଷሻଶ ቇ= Ͳ,Ͳʹ + Ͳ,Ͳʹͳͺ = Ͳ,ͲͶͳͺ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,͸ͺͶ͵ͳͶ ∙ Ͳ,ͲͶͳͺ = Ͳ,Ͳͷʹ ሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴ହଶ = ͳ,ͺʹͷ;                                                                      
 ݅˖ˇ.ˍ–ହ = ͳ,ͺʹͷ ∙ √ʹ ∙ ͺ,ͲͶ = ʹͲ,͹ͷ ሺˍАሻ.              
 
Ɍɨɱɤɚ Ʉ–6 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɩɪɨɜɨɞɨɜ ɌȾ2 ɢ ɌȾ3: 
 𝑋ʡʓଶ,ʡʓଷ = 𝑥˖ˇ ∙ 𝑙ʡʓଶ,ʡʓ,ଷ ∙ ܵ˄ܷ˄ଶଶ = Ͳ,ͳͺ ∙ ͳ,ͳ ∙ ͳͲͲ ∙ ͳͲ଺ሺͳͲ,ͷ ∙ ͳͲଷሻଶ = Ͳ, ͳͺ ሺˑ. ˈሻ; 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Ʉ–6: 
 𝑋ʙ−଺ = 𝑋ʙ−ଷ + 𝑋ʡʓଵ,ʡʓଶ = Ͳ,ͷͷͶ + Ͳ,ͳͺ = Ͳ,͹͵Ͷ ሺˑ. ˈ. ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
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 𝐼 −଺ሺଷሻ = 𝐼 ଶ𝑋ʙ−ହ = ͷ,ͷͲ,͹͵Ͷ = ͹,Ͷͻ ሺˍАሻ 

 
ɍɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋ʙ−଺ = Ͳ,͹͵Ͷ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−଺ = ܴʙ−ଷ + ܴʡʓଶ,ʡʓଷ = Ͳ,Ͳʹ + ቆͲ,Ͳ͵ ∙ ͳ,ͳ ∙ ͳͲͲ ∙ ͳͲ଺ሺͳͲ,ͷ ∙ ͳͲଷሻଶ ቇ= Ͳ,Ͳʹ + Ͳ,Ͳ͵ = Ͳ,Ͳͷ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,͹͵Ͷ͵ͳͶ ∙ Ͳ,Ͳͷ = Ͳ,ͲͶ͹ ሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴ସ଻ = ͳ,ͺ;                                                                      
 ݅˖ˇ.ˍଵ = ͳ,ͺ ∙ √ʹ ∙ ͹,Ͷͻ = ͳͺ,ͻͻ ሺˍАሻ.              

 
Ɍɨɱɤɚ Ʉ–7: 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Ʉ–7: 
 𝑋ʙ−଻ = 𝑋ʙ−ସ + 𝑋ʡʓଶ,ʡʓଷ = Ͳ,ͷͷͶ + Ͳ,ͳͺ = Ͳ,͹͵Ͷ ሺˑ. ˈ. ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
 𝐼 −଻ሺଷሻ = 𝐼 ଶ𝑋ʙ−଻ = ͷ,ͷͲ,͹͵Ͷ = ͹,Ͷͻ ሺˍАሻ 

 
ɍɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋ʙ−଻ = Ͳ,͹͵Ͷ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−଻ = ܴʙ−ସ + ܴʡʓଶ,ʡʓଷ = Ͳ,Ͳʹ + Ͳ,Ͳ͵ = Ͳ,Ͳͷ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,͹͵Ͷ͵ͳͶ ∙ Ͳ,Ͳͷ = Ͳ,ͲͶ͹ ሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴ସ଻ = ͳ,ͺ;                                                                      
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 ݅˖ˇ.ˍଵ = ͳ,ͺ ∙ √ʹ ∙ ͹,Ͷͻ = ͳͻ,Ͳ͹ ሺˍАሻ.              
 
Ɍɨɱɤɚ Ʉ–8 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Ʉ–8: 
 𝑋ʙ−଼ = 𝑋ʙ−ସ + 𝑋ʡʓଵ,ʡʓସ = Ͳ,ͷͷͶ + Ͳ,ͳ͵ = Ͳ,͸ͺͶ ሺˑ. ˈ. ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɄɁ: 
 𝐼 −଼ሺଷሻ = 𝐼 ଶ𝑋ʙ−଼ = ͷ,ͷͲ,͸ͺͶ = ͺ,ͲͶ ሺˍАሻ 

 
ɍɞɚɪɧɵɣ ɬɨɤ: 
 𝑋эˍ˅ = 𝑋ʙ−଼ = Ͳ,͸ͺͶ ሺˑ. ˈ. ሻ 

 ܴэˍ˅ = ܴʙ−଼ = ܴʙ−ସ + ܴʡʓଵ,ʡʓସ = Ͳ,Ͳʹ + Ͳ,Ͳʹͳͺ = Ͳ,ͲͶͳͺ ሺˑ. ˈ. ሻ 
 ܶ˃ = Ͳ,͸ͺͶ͵ͳͶ ∙ Ͳ,ͲͶͳͺ = Ͳ,Ͳͷʹ ሺ˔ˈˍሻ 

 𝐾˖ˇ = ͳ + ݁−଴,଴ଵ଴,଴ହଶ = ͳ,ͺʹͷ;                                                                      
 ݅˖ˇ.ˍଵ = ͳ,ͺʹͷ ∙ √ʹ ∙ ͺ,ͲͶ = ʹͲ,͹ͷ ሺˍАሻ.              
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Ʌɨɤɚɥɶɧɚɹ ɫɦɟɬɚ 

 

ɋɈȽɅАɋɈȼАɇɈ: ɍɌȼȿɊɀȾАЮ:

_________________ _________________

" _____ " ________________ 2017 ɝ. "____" ______________2017 ɝ.

(ɧɚɢɦеɧɨɜɚɧɢе ɫɬɪɨɣɤɢ)

ɅɈɄАɅɖɇɕɃ ɋɆȿɌɇɕɃ ɊАɋɑȿɌ № 
(ɥɨɤɚɥɶɧɚɹ ɫɦɟɬɚ)

ɧɚ ɋɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ ɞɥɹ ɧɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 220/10 ɤȼ
(ɧɚɢɦеɧɨɜɚɧɢе ɪɚɛɨɬ ɢ ɡɚɬɪɚɬ, ɧɚɢɦеɧɨɜɚɧɢе ɨɛъеɤɬɚ)

Ɉɫɧɨɜɚɧɢɟ: 
ɋɦɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ _______________________________________________________________________________________________ɬɵɫ. ɪɭɛ.
      ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ _______________________________________________________________________________________________ɬɵɫ. ɪɭɛ.
      ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ _______________________________________________________________________________________________ɬɵɫ. ɪɭɛ.
      ɩɪɨɱɢɯ _______________________________________________________________________________________________ɬɵɫ. ɪɭɛ.
ɋɪɟɞɫɬɜɚ  ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ _______________________________________________________________________________________________ɬɵɫ. ɪɭɛ.
ɋɦɟɬɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ _______________________________________________________________________________________________ɱɟɥ.ɱɚɫ
ɋɨɫɬɚɜɥɟɧ(ɚ) ɜ ɬɟɤɭɳɢɯ (ɩɪɨɝɧɨɡɧɵɯ) ɰɟɧɚɯ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ______________

Ɉɫɧ.Ɂ/ɩ Эɤ.Ɇɚ
ɲ

Ɂ/ɩɆɟɯ Ɉɫɧ.Ɂ/ɩ Эɤ.Ɇɚ
ɲ

Ɂ/ɩɆɟɯ
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 ɎȿɊ01-01-
003-14

Ɋɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɜ ɨɬɜɚɥ 
ɷɤɫɤɚɜɚɬɨɪɚɦɢ "ɞɪɚɝɥɚɣɧ" ɢɥɢ 
"ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ" ɫ ɤɨɜɲɨɦ 
ɜɦɟɫɬɢɦɨɫɬɶɸ 0,5 (0,5-0,63) ɦ3, 
ɝɪɭɩɩɚ ɝɪɭɧɬɨɜ: 2
ɇɊ (363,3 ɪɭɛ.): 95% ɨɬ ФɈɌ (382,42 ɪɭɛ.)
ɋɉ (191,21 ɪɭɛ.): 50% ɨɬ ФɈɌ (382,42 ɪɭɛ.)

1000 ɦ3 
ɝɪɭɧɬɚ

0,00533 25613,73 2338,23 23275,5 69411,03 136,52 12,46 124,06 369,96 299,7613 1,6 5141,558 27,4

ȼɫɟɝɨ
ȼ ɬɨɦ ɱɢɫɥɟ

ȼɫɟɝɨ
ȼ ɬɨɦ ɱɢɫɥɟ

№ 
ɩɩ

Ɉɛɨɫɧɨ-
ɜɚɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ʉɨɥ.

ɋɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ, ɪɭɛ. Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ, ɪɭɛ. Ɍ/ɡ ɨɫɧ.
ɪɚɛ.ɧɚ 

ɟɞ.

Ɍ/ɡ ɨɫɧ.
ɪɚɛ.

ȼɫɟɝɨ

Ɍ/ɡ 
ɦɟɯ. ɧɚ 

ɟɞ.

Ɍ/ɡ 
ɦɟɯ.

ȼɫɟɝɨ

Ɋɚɡɞɟɥ 1. Ɇɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ

___________________________319638,005

___________________________38325,682

_______________________________________________________________________________________________1028441,82

_______________________________________________________________________________________________181,114

_______________________________________________________________________________________________260548,448

_______________________________________________________________________________________________10150,103
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2 ɎȿɊ01-
01-013-

14

Ɋɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɫ 
ɩɨɝɪɭɡɤɨɣ ɧɚ ɚɜɬɨɦɨɛɢɥɢ-
ɫɚɦɨɫɜɚɥɵ ɷɤɫɤɚɜɚɬɨɪɚɦɢ 
ɫ ɤɨɜɲɨɦ ɜɦɟɫɬɢɦɨɫɬɶɸ 
0,5 (0,5-0,63) ɦ3, ɝɪɭɩɩɚ 

1000 ɦ3 
ɝɪɭɧɬɚ

0,058 35408,63 2598,23 32785,32 104256,9 2053,7 150,7 1901,55 6046,9 333,1172 19,32 7602,534 440,95

3 Ɏɋɋɐɩɝ-
03-02-01-

010

ɉɟɪɟɜɨɡɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɝɪɭɡɨɜ (ɤɪɨɦɟ ɦɚɫɫɨɜɵɯ 
ɧɚɜɚɥɨɱɧɵɯ, ɩɟɪɟɜɨɡɢɦɵɯ 
ɚɜɬɨɦɨɛɢɥɹɦɢ-
ɫɚɦɨɫɜɚɥɚɦɢ, ɚ ɬɚɤɠɟ 
ɛɟɬɨɧɧɵɯ ɢ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, 
ɫɬɟɧɨɜɵɯ ɢ 
ɩɟɪɟɝɨɪɨɞɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, 
ɥɟɫɨɦɚɬɟɪɢɚɥɨɜ ɤɪɭɝɥɵɯ ɢ 
ɩɢɥɨɦɚɬɟɪɢɚɥɨɜ, 
ɜɤɥɸɱɟɧɧɵɯ ɜ ɬɚɛɥɢɰɭ 03-
01), ɛɨɪɬɨɜɵɦ 
ɚɜɬɨɦɨɛɢɥɟɦ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 5 ɬ, ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ ɞɨ 10 ɤɦ: I 
ɤɥɚɫɫ ɝɪɭɡɚ

1 ɬ ɝɪɭɡɚ 104,87 173,34 173,34 18178,17 18178,17

4 ɎȿɊ01-
01-016-

02

Ɋɚɛɨɬɚ ɧɚ ɨɬɜɚɥɟ, ɝɪɭɩɩɚ 
ɝɪɭɧɬɨɜ0: 2-3

1000 ɦ3 
ɝɪɭɧɬɚ

0,058 3222,81 628,9 2568,83 9964,17 186,92 36,48 148,99 577,92 80,6285 4,68 705,8749 40,94

5 ɎȿɊ01-
01-033-

02

Ɂɚɫɵɩɤɚ ɬɪɚɧɲɟɣ ɢ 
ɤɨɬɥɨɜɚɧɨɜ ɳɟɛɧɟɦ ɢ 
ɩɟɫɤɨɦ  ɫ ɩɟɪɟɦɟɳɟɧɢɟɦ 
ɝɪɭɧɬɚ ɞɨ 5 ɦ 
ɛɭɥɶɞɨɡɟɪɚɦɢ 
ɦɨɳɧɨɫɬɶɸ: 59 (80) ɤȼɬ 
(ɥ.ɫ.), 2 ɝɪɭɩɩɚ ɝɪɭɧɬɨɜ

1000 ɦ3 
ɝɪɭɧɬɚ

0,059 4296,34 4296,34 20869,5 253,48 253,48 1231,3 1545,953 91,21
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6 ɎȿɊ01-01-
033-08

ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɝɪɭɧɬɚ ɧɚ 
ɤɚɠɞɵɟ ɩɨɫɥɟɞɭɸɳɢɟ 5 ɦ 
ɞɨɛɚɜɥɹɬɶ: ɤ ɧɨɪɦɟ 01-01-033-2
ɇɊ (577,64 ɪɭɛ.): 95% ɨɬ ФɈɌ (608,04 ɪɭɛ.)
ɋɉ (304,02 ɪɭɛ.): 50% ɨɬ ФɈɌ (608,04 ɪɭɛ.)

1000 ɦ3 
ɝɪɭɧɬɚ

0,059 2121,54 2121,54 10305,77 125,17 125,17 608,04 763,3906 45,04

7 ɎȿɊ01-02-
005-01

ɍɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɚ 
ɩɧɟɜɦɚɬɢɱɟɫɤɢɦɢ ɬɪɚɦɛɨɜɤɚɦɢ, 
ɝɪɭɩɩɚ ɝɪɭɧɬɨɜ: 1, 2
ɇɊ (4310,68 ɪɭɛ.): 95% ɨɬ ФɈɌ (4537,56 
ɪɭɛ.)
ɋɉ (2268,78 ɪɭɛ.): 50% ɨɬ ФɈɌ (4537,56 
ɪɭɛ.)

100 ɦ3 
ɭɩɥɨɬɧɟ

ɧɧɨɝɨ 
ɝɪɭɧɬɚ

0,59 4991,51 2360,98 2630,53 5329,79 2944,99 1392,98 1552,01 3144,58 276,7877 163,3 529,8419 312,61

8 Ɏɋɋɐ-408-
0122

ɉɟɫɨɤ ɩɪɢɪɨɞɧɵɣ ɞɥɹ 
ɫɬɪɨɢɬɟɥɶɧɵɯ: ɪɚɛɨɬ ɫɪɟɞɧɢɣ

ɦ3 54 319,4 17247,6

9 Ɏɋɋɐ-408-
0001

Щɟɛɟɧɶ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɤɚɦɧɹ ɞɥɹ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɦɚɪɤɚ 1400, 
ɮɪɚɤɰɢɹ 5(3)-10 ɦɦ

ɦ3 5 824,92 4124,6

10 ɎȿɊ08-01-
002-02

ɍɫɬɪɨɣɫɬɜɨ ɨɫɧɨɜɚɧɢɹ ɩɨɞ 
ɮɭɧɞɚɦɟɧɬɵ: ɳɟɛɟɧɨɱɧɨɝɨ
ɇɊ (8549,58 ɪɭɛ.): 122% ɨɬ ФɈɌ (7007,85 
ɪɭɛ.)
ɋɉ (5606,28 ɪɭɛ.): 80% ɨɬ ФɈɌ (7007,85 
ɪɭɛ.)

1 ɦ3 
ɨɫɧɨɜɚɧ

ɢɹ

5 1947,97 432,52 528,39 969,05 9739,85 2162,6 2641,95 4845,25 53,016 265,08 94,1167 470,58

11 ɎȿɊ07-01-
001-02

ɍɤɥɚɞɤɚ ɛɥɨɤɨɜ ɢ ɩɥɢɬ ɥɟɧɬɨɱɧɵɯ 
ɮɭɧɞɚɦɟɧɬɨɜ ɩɪɢ ɝɥɭɛɢɧɟ 
ɤɨɬɥɨɜɚɧɚ ɞɨ 4 ɦ, ɦɚɫɫɚ 
ɤɨɧɫɬɪɭɤɰɢɣ: ɞɨ 1,5 ɬ
ɇɊ (6990,62 ɪɭɛ.): 130% ɨɬ ФɈɌ (5377,4 
ɪɭɛ.)
ɋɉ (4570,79 ɪɭɛ.): 85% ɨɬ ФɈɌ (5377,4 ɪɭɛ.)

100 ɲɬ. 
ɫɛɨɪɧɵɯ 
ɤɨɧɫɬɪɭɤ

ɰɢɣ

0,06 51617,07 17923,83 26666,39 71699,46 3097,02 1075,43 1599,98 4301,97 2023,002 121,38 5448,309 326,9
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12 Ɏɋɋɐ-403-
0008

Ȼɥɨɤɢ ɛɟɬɨɧɧɵɟ ɞɥɹ ɫɬɟɧ 
ɩɨɞɜɚɥɨɜ ɧɚ ɰɟɦɟɧɬɧɨɦ ɜɹɠɭɳɟɦ 
ɩɭɫɬɨɬɧɵɟ Ɇ150, ɨɛɴɟɦɨɦ 0,3 ɞɨ 
0,5 ɦ3

ɦ3 2,052 4365,58 8958,17

13 ɎȿɊɦ08-
01-001-17

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɢɥɢ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɢɥɨɜɨɣ 
ɬɪɟɯɮɚɡɧɵɣ 220ɤȼ, ɦɨɳɧɨɫɬɶ, 
ɤȼ.Ⱥ: 25000-160000
ɇɊ (927062,73 ɪɭɛ.): 95% ɨɬ ФɈɌ (975855,5 
ɪɭɛ.)
ɋɉ (634306,08 ɪɭɛ.): 65% ɨɬ ФɈɌ (975855,5 
ɪɭɛ.)

ɲɬ. 2 390313,67 233786,6 138879,7 254141,1 780627,34 467573,3 277759,4 508282,2 24276,91 48553,82 22134,84 44269,69

14 ɩɪɚɣɫ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ  ɌɊȾɐɇ-
63000/220-ɍɏɅ1

ɲɬ. 2 65000000 130000000

15 ɎȿɊɩ01-
02-002-06

ɉɇɊ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɞɜɭɯɨɛɦɨɬɨɱɧɵɣ ɧɚɩɪɹɠɟɧɢɟɦ , 
ɤȼ, ɨɬ 110 ɞɨ 220, ɦɨɳɧɨɫɬɶɸ, 
ɆȼȺ, ɞɨ: 80
ɇɊ (41971,05 ɪɭɛ.): 65% ɨɬ ФɈɌ (64570,84 
ɪɭɛ.)
ɋɉ (25828,34 ɪɭɛ.): 40% ɨɬ ФɈɌ (64570,84 
ɪɭɛ.)

ɲɬ. 2 32285,42 32285,42 64570,84 64570,84 2496,17 4992,34

16 ɎȿɊɦ08-
01-067-10

ɍɫɬɚɧɨɜɤɚ ɍɄɊɆ 10,5-5400-450
ɇɊ (54330,04 ɪɭɛ.): 95% ɨɬ ФɈɌ (57189,52 
ɪɭɛ.)
ɋɉ (37173,19 ɪɭɛ.): 65% ɨɬ ФɈɌ (57189,52 
ɪɭɛ.)

1 ɲɤɚɮ 4 11500,11 3314,45 8168,32 10982,93 46000,44 13257,8 32673,28 43931,72 344,551 1378,2 813,4468 3253,79

17 ɩɪɚɣɫ ɍɄɊɆ 10,5-5400-450 ɍɏɅ2 ɲɬ. 4 700000,02 2800000,1

18 ɎȿɊ09-03-
014-01

Ɇɨɧɬɚɠ ɫɜɹɡɟɣ ɢ ɪɚɫɩɨɪɨɤ ɢɡ 
ɨɞɢɧɨɱɧɵɯ ɢ ɩɚɪɧɵɯ ɭɝɨɥɤɨɜ, 
ɝɧɭɬɨɫɜɚɪɧɵɯ ɩɪɨɮɢɥɟɣ ɞɥɹ 
ɩɪɨɥɟɬɨɜ: ɞɨ 24 ɦ ɩɪɢ ɜɵɫɨɬɟ 
ɡɞɚɧɢɹ ɞɨ 25 ɦ
ɇɊ (1013080,27 ɪɭɛ.): 90% ɨɬ ФɈɌ 
(1125644,74 ɪɭɛ.)
ɋɉ (956798,03 ɪɭɛ.): 85% ɨɬ ФɈɌ 
(1125644,74 ɪɭɛ.)

1 ɬ 
ɤɨɧɫɬɪɭɤ

ɰɢɣ

53 17311,1 12217,32 3747,28 9021,26 917488,3 647518 198605,8 478126,8 1397,855 74086,33 698,9033 37041,87
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19 ɩɪɚɣɫ Ʉɨɧɫɬɪɭɤɰɢɢ ɫɬɚɥɶɧɵɟ (ɩɨɪɬɚɥɵ 
220 ɤȼ)

ɬ 53 90730,16 4808698,5

20 ɎȿɊ33-02-
013-09

ɍɫɬɚɧɨɜɤɚ ɫɬɚɥɶɧɵɯ: ɛɨɥɬɨɜɵɯ 
ɬɪɚɜɟɪɫ ɩɨɪɬɚɥɨɜ ɦɚɫɫɨɣ ɞɨ 7,5 ɬ
ɇɊ (256968,02 ɪɭɛ.): 105% ɨɬ ФɈɌ 
(244731,45 ɪɭɛ.)
ɋɉ (146838,87 ɪɭɛ.): 60% ɨɬ ФɈɌ (244731,45 
ɪɭɛ.)

1 ɬ 
ɤɨɧɫɬɪɭɤ

ɰɢɣ

16,098 86274,22 5555,64 6002,95 9646,96 1388842,4 89434,69 96635,49 155296,8 552,25 8890,12 714,5894 11503,46

21 ɎȿɊɦ08-
01-018-03

Ɇɨɧɬɚɠ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ: 
220 ɤȼ
ɇɊ (1326486,67 ɪɭɛ.): 95% ɨɬ ФɈɌ 
(1396301,76 ɪɭɛ.)
ɋɉ (907596,14 ɪɭɛ.): 65% ɨɬ ФɈɌ 
(1396301,76 ɪɭɛ.)

ɤɨɦɩɥ.(
3 ɲɬ.)

12 84836,7 41481,71 35759,85 74876,77 1018040,4 497780,5 429118,2 898521,2 4307,55 51690,6 1830,046 21960,55

22 ɎȿɊɩ01-
12-023-01

ɂɫɩɵɬɚɧɢɟ ɜɜɨɞɚ ɢ ɩɪɨɯɨɞɧɨɝɨ 
ɢɡɨɥɹɬɨɪɚ ɫ ɮɚɪɮɨɪɨɜɨɣ, ɠɢɞɤɨɣ 
ɢɥɢ ɛɭɦɚɠɧɨɣ ɢɡɨɥɹɰɢɟɣ (ɞɨ 
ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ)
ɇɊ (15455,47 ɪɭɛ.): 65% ɨɬ ФɈɌ (23777,64 
ɪɭɛ.)
ɋɉ (9511,06 ɪɭɛ.): 40% ɨɬ ФɈɌ (23777,64 
ɪɭɛ.)

1 

ɢɫɩɵɬɚɧ
ɢɟ

36 660,49 660,49 23777,64 23777,64 53,6787 1932,43

23 ɎȿɊ33-01-
052-01

ɉɨɞɜɟɫɤɚ ɩɪɨɜɨɞɨɜ ȼɅ 220 ɤȼ (6 
ɩɪɨɜɨɞɨɜ) ɫɟɱɟɧɢɟɦ 240 ɦɦ2 
ɦɟɬɨɞɨɦ "ɩɨɞ ɬɹɠɟɧɢɟɦ" ɛɟɡ 
ɩɟɪɟɫɟɱɟɧɢɣ ɫ ɩɪɟɩɹɬɫɬɜɢɹɦɢ, 
ɩɪɢ ɞɥɢɧɟ ɚɧɤɟɪɧɨɝɨ ɩɪɨɥɟɬɚ: ɞɨ 
1 ɤɦ
ɇɊ (67996,01 ɪɭɛ.): 105% ɨɬ ФɈɌ (64758,1 
ɪɭɛ.)
ɋɉ (38854,86 ɪɭɛ.): 60% ɨɬ ФɈɌ (64758,1 
ɪɭɛ.)

1 ɤɦ 
ɥɢɧɢɢ

0,22 285834,27 60553,55 225280,7 233801,5 62883,54 13321,78 49561,76 51436,32 6294,546 1384,8 16771,94 3689,83
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24 ɎȿɊɦ08-
01-023-02

ɋɩɭɫɤ, ɩɟɬɥɹ ɢɥɢ ɩɟɪɟɦɵɱɤɚ, 
ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2, ɞɨ 300, 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ: 2
ɇɊ (119111,99 ɪɭɛ.): 95% ɨɬ ФɈɌ (125381,04 
ɪɭɛ.)
ɋɉ (81497,68 ɪɭɛ.): 65% ɨɬ ФɈɌ (125381,04 
ɪɭɛ.)

ɫɩɭɫɤ, 
ɩɟɬɥɹ 
ɢɥɢ 

ɩɟɪɟɦɵ
ɱɤɚ (3 
ɮɚɡɵ)

6 6586,22 4318,37 2252,99 16578,47 39517,32 25910,22 13517,94 99470,82 448,427 2690,56 1446,608 8679,65

25 ɉɪɚɣɫ-
ɥɢɫɬ

ɂɡɨɥɹɬɨɪɵ ɥɢɧɟɣɧɵɟ ɩɨɞɜɟɫɧɵɟ 
ɫɬɟɤɥɹɧɧɵɟ ɉɋȾ-70ȿ

ɲɬ 12 1284,55 15414,6

26 ɉɪɚɣɫ ɉɪɨɜɨɞ Aero Z 242-2Z ɦ 1320 379,98 501573,6

27 ɎȿɊɦ08-
01-077-01

Ɍɨɤɨɩɪɨɜɨɞɵ ɧɟɷɤɪɚɧɢɪɨɜɚɧɧɵɟ 
ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ. Ɍɨɤɨɩɪɨɜɨɞ 
ɡɚɤɪɵɬɵɣ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 10ɤȼ 
ɢɡ ɲɢɧ ɤɨɪɵɬɧɨɝɨ ɩɪɨɮɢɥɹ ɧɚ ɬɨɤ 
ɞɨ 3200Ⱥ
ɇɊ (31296863,08 ɪɭɛ.): 95% ɨɬ ФɈɌ 
(32944066,4 ɪɭɛ.)
ɋɉ (21413643,16 ɪɭɛ.): 65% ɨɬ ФɈɌ 
(32944066,4 ɪɭɛ.)

ɦ (3 
ɮɚɡɵ)

3812 5575,7 1982,58 3379,84 6659,62 21254568 7557595 12883950 25386471 205,8788 784810 550,7567 2099485

28 ɎȿɊɦ08-
01-004-04

Ɋɟɚɤɬɨɪ ɦɚɫɥɹɧɵɣ ɡɚɡɟɦɥɹɸɳɢɣ 
10 ɤȼ
ɇɊ (40562,66 ɪɭɛ.): 95% ɨɬ ФɈɌ (42697,54 
ɪɭɛ.)
ɋɉ (27753,4 ɪɭɛ.): 65% ɨɬ ФɈɌ (42697,54 
ɪɭɛ.)

1 ɲɬ. 2 16280,35 8712,74 6708,47 12636,03 32560,7 17425,48 13416,94 25272,06 905,69 1811,38 935,9378 1871,88

29 ɉɪɚɣɫ Ɋɟɚɤɬɨɪ ɊɁȾɉɈɆȺ 635/10 ɍ1 ɲɬ 2 847457,01 1694914

30 ɎȿɊɦ08-
01-006-04

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɧɚɩɪɹɠɟɧɢɟɦ: 220 ɤȼ
ɇɊ (52376,98 ɪɭɛ.): 95% ɨɬ ФɈɌ (55133,66 
ɪɭɛ.)
ɋɉ (35836,88 ɪɭɛ.): 65% ɨɬ ФɈɌ (55133,66 
ɪɭɛ.)

1 ɤɨɦɩɥ. 
(3 ɮɚɡɵ)

2 21724,17 9222,8 8844,77 18344,03 43448,34 18445,6 17689,54 36688,06 958,706 1917,41 1502,381 3004,76

Ɋɚɡɞɟɥ 2. Ɍɨɤɨɩɪɨɜɨɞɵ

Ɋɚɡɞɟɥ 3. ɋɨɩɭɬɫɬɜɭющɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ
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31 ɉɪɚɣɫ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ  ɬɨɤɚ  Siemens 
Trench SAS/245 ɍɏɅ1

ɲɬ 2 1390557 2781114

36 ɎȿɊɦ08-
01-001-01

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɫɢɥɨɜɨɣ 
ɬɪɟɯɮɚɡɧɵɣ 10 ɤȼ, ɦɨɳɧɨɫɬɶ, ɤȼ.Ⱥ: 
250
ɇɊ (23893,41 ɪɭɛ.): 95% ɨɬ ФɈɌ (25150,96 
ɪɭɛ.)
ɋɉ (16348,12 ɪɭɛ.): 65% ɨɬ ФɈɌ (25150,96 
ɪɭɛ.)

ɲɬ. 2 9222,17 4786,46 4262,65 7789,02 18444,34 9572,92 8525,3 15578,04 497,025 994,05 749,4474 1498,89

37 ɉɪɚɣɫ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɌɆȽ-250/10 ɍɏɅ1

ɲɬ 2 194999,98 389999,96

32 ɎȿɊɦ08-
01-008-05

ȼɵɤɥɸɱɚɬɟɥɶ ɷɥɟɝɚɡɨɜɵɣ 
ɧɚɩɪɹɠɟɧɢɟɦ: 220 ɤȼ
ɇɊ (585953,12 ɪɭɛ.): 95% ɨɬ ФɈɌ (616792,76 
ɪɭɛ.)
ɋɉ (400915,29 ɪɭɛ.): 65% ɨɬ ФɈɌ (616792,76 
ɪɭɛ.)

1 ɤɨɦɩɥ. 
(3 ɮɚɡɵ)

2 171859,52 80114,69 88863,1 228281,7 343719,04 160229,4 177726,2 456563,4 8327,93 16655,86 18544,47 37088,93

38 ɉɪɚɣɫ ȼɵɤɥɸɱɚɬɟɥɶ  Siemens 3AP1 FG 
ɍɏɅ1

ɲɬ 2 12000000 24000000

33 ɎȿɊɦ08-
01-011-08

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɧɚɩɪɹɠɟɧɢɟɦ: 
220 ɤȼ, ɧɚ ɬɨɤ 1000-3200 Ⱥ ɫ 
ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ ɡɚɡɟɦɥɹɸɳɢɦɢ 
ɧɨɠɚɦɢ
ɇɊ (236598,98 ɪɭɛ.): 95% ɨɬ ФɈɌ (249051,56 
ɪɭɛ.)
ɋɉ (161883,51 ɪɭɛ.): 65% ɨɬ ФɈɌ (249051,56 
ɪɭɛ.)

1 ɤɨɦɩɥ. 
(3 

ɩɨɥɸɫɚ)

4 35594,62 17170,56 17004,84 45092,33 142378,48 68682,24 68019,36 180369,3 1784,872 7139,49 3834,382 15337,53

39 ɉɪɚɣɫ Ɋɚɡɴɟɞɢɧɢɬɟɥɶ  Siemens D BF4-
245N ɍɏɅ1

ɲɬ 4 2500000 10000000

34 ɎȿɊɦ08-
01-015-10

Ɉɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 
ɧɟɥɢɧɟɣɧɵɣ ɧɚɩɪɹɠɟɧɢɟɦ: 220 ɤȼ
ɇɊ (23750,63 ɪɭɛ.): 95% ɨɬ ФɈɌ (25000,66 
ɪɭɛ.)
ɋɉ (16250,43 ɪɭɛ.): 65% ɨɬ ФɈɌ (25000,66 
ɪɭɛ.)

1 ɤɨɦɩɥ. 
(3 ɮɚɡɵ)

2 7825,14 2996,29 3888,51 9504,04 15650,28 5992,58 7777,02 19008,08 311,469 622,94 772,1051 1544,21

40 ɉɪɚɣɫ Ɉɉɇ Siemens 3PE321 ɍɏɅ1 ɲɬ 2 200000,02 400000,04
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35 ɎȿɊɦ08-
01-026-01

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
ɤɨɦɩɥɟɤɬɧɵɟ 6-10 ɤɜ.
ɇɊ (105233,5 ɪɭɛ.): 95% ɨɬ ФɈɌ (110772,1 
ɪɭɛ.)
ɋɉ (72001,87 ɪɭɛ.): 65% ɨɬ ФɈɌ (110772,1 
ɪɭɛ.)

ɲɬ. 10 10271,69 8253,71 1786,37 2823,5 102716,9 82537,1 17863,7 28235 857,092 8570,92 291,0645 2910,65

41 ɉɪɚɣɫ ɄɊɍЭ  Siemens NXPLUS C/2500 ɍ2 ɲɬ 10 550000 5500000

42 ɎȿɊ21-01-
015-01

ɋɛɨɪɤɚ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɫɨ 
ɫɬɚɥɶɧɵɦ ɤɚɪɤɚɫɨɦ ɢ 
ɦɧɨɝɨɫɥɨɣɧɵɦɢ ɩɚɧɟɥɹɦɢ: 
ɫɤɥɚɞɨɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɢ 
ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ ɨɛɴɟɦɨɦ ɞɨ 
1000 ɦ3
ɇɊ (124913,38 ɪɭɛ.): 96% ɨɬ ФɈɌ (130118,1 
ɪɭɛ.)
ɋɉ (65059,05 ɪɭɛ.): 50% ɨɬ ФɈɌ (130118,1 
ɪɭɛ.)

100 ɦ3 
ɡɞɚɧɢɹ

1 152649,6 67439,89 28022,91 62678,21 152649,6 67439,89 28022,91 62678,21 7435,494 7435,49 4885,352 4885,35

43 ɎȿɊ21-02-
002-12

ɍɫɬɪɨɣɫɬɜɨ ɨɬɨɩɥɟɧɢɹ ɁɊɍ
ɇɊ (11353,32 ɪɭɛ.): 96% ɨɬ ФɈɌ (11826,38 
ɪɭɛ.)
ɋɉ (5913,19 ɪɭɛ.): 50% ɨɬ ФɈɌ (11826,38 
ɪɭɛ.)

100 ɦ3 
ɡɞɚɧɢɹ

1 13726,84 11402,86 946,72 423,52 13726,84 11402,86 946,72 423,52 1199,045 1199,05 31,3722 31,37

44 ɎȿɊ21-02-
004-06

ɍɫɬɪɨɣɫɬɜɨ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ 
ɜɨ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɹɯ: ɦɚɫɬɟɪɫɤɢɯ
ɇɊ (2116,1 ɪɭɛ.): 96% ɨɬ ФɈɌ (2204,27 ɪɭɛ.)
ɋɉ (1102,14 ɪɭɛ.): 50% ɨɬ ФɈɌ (2204,27 
ɪɭɛ.)

100 ɦ3 
ɡɞɚɧɢɹ

1 2445,4 2038,69 126,56 165,58 2445,4 2038,69 126,56 165,58 233,2704 233,27 12,2003 12,2

46 ɎȿɊ21-02-
018-02

ɍɫɬɪɨɣɫɬɜɨ ɜɧɭɬɪɟɧɧɟɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɪɟɦɟɧɧɵɯ 
ɡɞɚɧɢɣ: ɦɚɫɬɟɪɫɤɢɯ
ɇɊ (8352,48 ɪɭɛ.): 96% ɨɬ ФɈɌ (8700,5 ɪɭɛ.)
ɋɉ (4350,25 ɪɭɛ.): 50% ɨɬ ФɈɌ (8700,5 ɪɭɛ.)

100 ɦ3 
ɡɞɚɧɢɹ

1 17560,65 8440,81 374,06 259,69 17560,65 8440,81 374,06 259,69 877,4148 877,41 19,1719 19,17

Ɋɚɡɞɟɥ 4. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɁɊɍ 10 ɤȼ
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209440378 9857778 14348836 28467904 1028442 2299844

36362863

25076424

10150103 94681,83 58938,88

260548448 926835,2 2240905

181114,38 6924,77

270879665 1028442 2299844

185233765

14348836

38325682

36362863

25076424

48758340

319638005 1028442 2299844

  ɂɬɨɝɨ ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ
  ɂɬɨɝɨ Ɇɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ
  ɂɬɨɝɨ ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ
  ɂɬɨɝɨ

ɂɬɨɝɨ ɩɪɹɦɵɟ ɡɚɬɪɚɬɵ ɩɨ ɫɦɟɬɟ ɜ ɛɚɡɢɫɧɵɯ ɰɟɧɚɯ
ɇɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ

  ɇȾɋ 18% ɨɬ 270879665,26
  ȼɋȿȽɈ ɩɨ ɫɦɟɬɟ

    ȼ ɬɨɦ ɱɢɫɥɟ:
      Ɇɚɬɟɪɢɚɥɵ
      Ɇɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ
      ɎɈɌ
      ɇɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ
      ɋɦɟɬɧɚɹ ɩɪɢɛɵɥɶ

ɋɦɟɬɧɚɹ ɩɪɢɛɵɥɶ
ɂɬɨɝɢ ɩɨ ɫɦɟɬɟ:




