
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ  

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
«ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ» 
 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
__________ȼ. ɂ. ɉɚɧɬɟɥɟɟɜ 
«___»_____________2022 ɝ. 

 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.02.05 – «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ» 
 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ  
110 ɤȼ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ» 

 
 

 
 
 
 
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ                                                      ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.                            ȼ. ɇ. Ƚɢɪɟɧɤɨɜ  

                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ                            ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ȼɵɩɭɫɤɧɢɤ                                                                                       ȿ.ȼ. ɑɟɪɜɟɧɤɨɜɚ 
                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
 ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ» 

 
 
 
 

ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

__________ȼ. ɂ. ɉɚɧɬɟɥɟɟɜ 

«___»_____________2022 ɝ. 
 
 
 
 
 
 
 
 

ɁȺȾȺɇɂȿ ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 
ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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ɋɬɭɞɟɧɬɭ: ɑɟɪɜɟɧɤɨɜɨɣ ȿɥɢɡɚɜɟɬɟ ȼɥɚɞɢɫɥɚɜɨɜɧɟ.  
Ƚɪɭɩɩɚ: Ɏɗ18-04Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.02.05 – 

ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ. 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ». 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 1150/ɫ ɨɬ 27.01.2022 ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 

«ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ» Ƚɢɪɟɧɤɨɜ ȼ.ɇ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ, 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɨɞɫɬɚɧɰɢɹɦɢ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɨɤ ɢ ɦɟɫɬɚ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ. 
 ɉɟɪɟɱɟɧɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɨɩɪɨɫɨɜ (ɪɚɡɞɟɥɨɜ ȼɄɊ). Ɋɚɫɱёɬ ɢ ɚɧɚɥɢɡ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ. Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɩɨɞɫɬɚɧɰɢɢ (ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɨɥɧɢɟɡɚɳɢɬɵ, ɡɚɡɟɦɥɟɧɢɣ).  
 ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɥɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɭɤɚɡɚɧɢɟɦ 
ɨɫɧɨɜɧɵɯ ɱɟɪɬɟɠɟɣ: 
ɱɟɪɬёɠ 1 – ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ;  
ɱɟɪɬёɠ 2 – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱёɬɨɜ 
ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɜɵɧɭɠɞɟɧɧɨɝɨ ɪɟɠɢɦɨɜ;  
ɱɟɪɬёɠ 3 – ɝɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɫɬɚɧɰɢɢ; 
ɱɟɪɬёɠ 4 – ɩɥɚɧ ɩɨɞɫɬɚɧɰɢɢ;  
ɱɟɪɬёɠ 5 – ɪɚɡɪɟɡ ɹɱɟɟɤ Ɋɍ 110, 35ɤȼ; 
ɱɟɪɬёɠ 6 – ɦɨɥɧɢɟɡɚɳɢɬɚ ɩɨɞɫɬɚɧɰɢɢ. 
 
 
 
 
 
 
 
  
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                                                          ȼ. ɇ. Ƚɢɪɟɧɤɨɜ 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                                      ȿ. ȼ. ɑɟɪɜɟɧɤɨɜɚ 
 

«30» 09. 2021 ɝ. 
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ» 
ɫɨɞɟɪɠɢɬ 99 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 7 ɩɪɢɥɨɠɟɧɢɣ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ, 7 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɋɏȿɆȺ ɁȺɆȿɓȿɇɂə, ɊȺɋɑЁɌ ɇɈɊɆȺɅɖɇɈȽɈ 
ɆȺɄɋɂɆȺɅɖɇɈȽɈ ɊȿɀɂɆȺ, ɊȺɋɑЁɌ ɌɈɄɈȼ ɄɁ, ȼɕȻɈɊ 
ɈȻɈɊɍȾɈȼȺɇɂə, ɁȺɁȿɆɅȿɇɂȿ, ɆɈɅɇɂȿɁȺɓɂɌȺ.  

Ɉɛɴɟɤɬ – ɩɨɞɫɬɚɧɰɢɹ ɁȾɄ 110/35/6,0 ɤȼ. 
ɐɟɥɢ ȼɄɊ:  
 ɪɚɫɱёɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ (ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ; ɪɚɫɱёɬ ɧɨɪɦɚɥɶɧɵɯ ɢ ɜɵɧɭɠɞɟɧɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ); 

–  ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ ɫ ɩɢɬɚɸɳɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ; 
 ɪɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɉɋ. 

 
 
 
 
 
 
 
  

          ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞёɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɩɨɞɫɬɚɧɰɢɹ, 
ɜɵɛɪɚɧɨ ɤɨɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ 
ɚɩɩɚɪɚɬɭɪɚ, ɨɲɢɧɨɜɤɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɬ. ɞ. Ɋɚɫɫɱɢɬɚɧɵ ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɢ ɧɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ 
ɪɚɛɨɬɵ ɫɟɬɢ, ɩɪɨɢɡɜɟɞёɧ ɢɯ ɚɧɚɥɢɡ.  
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ȼȼȿȾȿɇɂȿ 
 

            ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɜɢɞɨɦ ɷɧɟɪɝɢɢ, 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ. Ɉɫɧɨɜɧɵɟ ɢɫɬɨɱɧɢɤɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ – ɷɬɨ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɜɵɯ ɤɨɦɩɚɧɢɣ ɢ ɚɜɬɨɧɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ.    

ȼ ɪɚɦɤɚɯ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɜɵɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɩɨɞɫɢɫɬɟɦɵ: ɝɟɧɟɪɚɰɢɹ (ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɟɥɶɧɵɟ, ɝɚɡɨɝɟɧɟɪɚɬɨɪɧɵɟ ɢ 
ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɫɬɚɧɰɢɢ, ɧɚɫɨɫɧɵɟ ɚɝɪɟɝɚɬɵ ɢ ɬ. ɞ.); ɩɟɪɟɞɚɱɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
(ɬɪɭɛɨɩɪɨɜɨɞɵ ɢ ɫɟɬɢ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ 
ɩɨɞɫɬɚɧɰɢɢ); ɩɨɬɪɟɛɥɟɧɢɟ (ɨɫɧɨɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɩɪɢёɦɧɢɤɢ). ɋɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ (ɋɗɋ), ɤɚɤ ɢ ɞɪɭɝɢɟ ɨɛɴɟɤɬɵ 
ɞɨɥɠɧɵ ɨɬɜɟɱɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɧɢ 
ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɬɪɟɛɭɟɦɭɸ ɧɚɞɟɠɧɨɫɬɶ, ɛɵɬɶ ɭɞɨɛɧɵɦɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɢ ɛɟɡɨɩɚɫɧɵɦɢ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ, ɨɛɥɚɞɚɬɶ ɝɢɛɤɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ 
ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɛɥɢɡɤɢɯ ɤ ɧɢɦ ɜ 
ɩɨɫɥɟɚɜɚɪɢɣɧɵɯ.  

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɜɚɪɢɚɧɬ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɢ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ ɧɚ ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ, ɤɚɤ ɛɚɡɵ ɧɚɤɨɩɥɟɧɧɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɩɪɟɞɵɞɭɳɢɯ ɩɨɤɨɥɟɧɢɣ ɷɧɟɪɝɟɬɢɤɨɜ.   
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1. Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

1.1. ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɉɋ ɁȾɄ 110 ɤȼ ɤ Ʉɪɚɫɧɨɹɪɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 
 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ Ɉɛɴɟɞɢɧёɧɧɨɣ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɢ (Ɉɗɋ ɋɢɛɢɪɢ).       
   ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɭ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɜɯɨɞɢɬ 19 ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 
ɫɭɦɦɚɪɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 15833,8 ɆȼɌ. Ɍɪɢ ɢɡ ɧɢɯ (ɇɚɡɚɪɨɜɫɤɚɹ 
ȽɊɗɋ, Ʉɚɧɫɤɚɹ Ɍɗɐ, Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-1) ɜɯɨɞɹɬ ɫ ɝɪɭɩɩɭ ɈɈɈ «ɋɢɛɢɪɫɤɚɹ 
ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ» ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ȺɈ «ȿɧɢɫɟɣɫɤɚɹ 
ɌȽɄ (ɌȽɄ-13)», ɤɨɬɨɪɨɟ ɭɩɪɚɜɥɹɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɬɚɧɰɢɹɦɢ Ʉɪɚɫɧɨɹɪɫɤɚɹ 
Ɍɗɐ-2, Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-3, Ɇɢɧɭɫɢɧɫɤɚɹ Ɍɗɐ. Ʉɪɚɫɧɨɹɪɫɤɚɹ Ƚɗɋ 
ɩɪɢɧɚɞɥɟɠɢɬ ȺɈ «ȿɜɪɨɋɢɛɗɧɟɪɝɨ», Ȼɨɝɭɱɚɧɫɤɚɹ Ƚɗɋ ɉȺɈ «Ȼɨɝɭɱɚɧɫɤɚɹ 
Ƚɗɋ», Ȼɟɪёɡɨɜɫɤɚɹ ȽɊɗɋ ɹɜɥɹɟɬɫɹ ɮɢɥɢɚɥɨɦ ɉȺɈ «ɘɧɢɩɪɨ», Ʉɪɚɫɧɨɹɪɫɤɚɹ 
ȽɊɗɋ-2 ɉȺɈ «ɈȽɄ-2». Ɉɫɬɚɥɶɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ: ȽɌɗɋ ȼɚɧɤɨɪɫɤɚɹ – ɈɈɈ «Ɋɇ-ȼɚɧɤɨɪ», Ɍɗɐ ȺɈ 
«ɊɍɋȺɅ Ⱥɱɢɧɫɤ», Ɍɗɐ ȺɈ «ȺɇɁɉ ȼɇɄ», Ɍɗɐ ɈɈɈ «Ɍɟɩɥɨɋɛɵɬɋɟɪɜɢɫ», 
ȿɧɚɲɢɦɢɧɫɤɚɹ Ƚɗɋ – ɈɈɈ «ȿɧɚɲɢɦɢɧɫɤɚɹ Ƚɗɋ», ɚ ɬɚɤɠɟ 4 ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɉȺɈ «ɉɨɥɸɫ» (Ɍɗɐ-1, 2 ɉȺɈ «ɉɨɥɸɫ», Ⱦɗɋ-1, 2 ɉȺɈ 
«ɉɨɥɸɫ»). 

Ɉɬ ɉɋ 110 ɤȼ ɇɨɜɚɹ ȿɪɭɞɚ ɩɨ ɞɜɭɯɰɟɩɧɨɣ ȼɅ 110 ɤȼ ɋ-655, ɋ-656 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ȺɈ «ɉɨɥɸɫ» (ɉɋ 110 ɤȼ 
Ɉɥɢɦɩɢɚɞɢɧɫɤɚɹ, ɉɋ 110 ɤȼ ɁɂɎ-1,2, ɉɋ 110 ɤȼ ɁɂɎ-3).  

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɜɚɪɢɚɧɬ 
ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ ɤ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɋɟɜɟɪɧɨɝɨ ɷɧɟɪɝɨɪɚɣɨɧɚ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 

ɉɪɢɦɟɦ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ ɞɥɹ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ ɜ ɞɚɥɶɧɟɣɲɟɦ «ɉɋ ɁȾɄ 110 ɤȼ». 

ɉɢɬɚɧɢɟ ɉɋ ɁȾɄ 110 ɤȼ ɩɥɚɧɢɪɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɬɩɚɣɤɨɣ ɨɬ 
ɞɜɭɯɰɟɩɧɨɣ ɥɢɧɢɢ ȼɅ Ɍɚɣɝɚ 110 ɤȼ – ɉɋ ȽɈɄ 110 ɤȼ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɉɋ ɁȾɄ 110 ɤȼ 
ɩɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɧɚɝɪɭɡɨɤ ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ ɢ ɥɟɬɧɟɝɨ 
ɦɢɧɢɦɭɦɚ, ɫɜɟɞёɧɧɵɟ ɜ ɬɚɛɥɢɰɭ 1.1. 
Ɍɚɛɥɢɰɚ 1.1. Ɂɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚɝɪɭɡɨɤ 

ɉɟɪɢɨɞ ɧɚɝɪɭɡɤɢ ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɆȼȺ 
Ɂɢɦɧɢɣ ɦɚɤɫɢɦɭɦ 38,0+j15,2 

Ʌɟɬɧɢɣ ɦɢɧɢɦɭɦ 30,8+j12,3 
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ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɉɋ ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɢ ɩɪɢ ɪɚɫɱёɬɚɯ ɪɟɠɢɦɚ ɧɟ ɛɭɞɟɬ 
ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɬɞɚɥёɧɧɵɯ ɭɡɥɚɯ ɫɟɬɢ. 

Ɂɚ ɫɢɫɬɟɦɭ ɩɪɢɦɟɦ ɉɋ 220 ɤȼ ɉɪɢɚɧɝɚɪɫɤɚɹ, ɬɚɤ ɤɚɤ ɷɬɨ ɛɥɢɠɚɣɲɚɹ 
ɩɨɞɫɬɚɧɰɢɹ ɤ Ȼɨɝɭɱɚɧɫɤɨɣ Ƚɗɋ, ɨɬ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɤɨɬɨɪɨɣ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ 
ɩɨɞɤɥɸɱɟɧɢɟ ɉɋ 110 ɤȼ ɁȾɄ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɉɋ 110 
ɤȼ ɁȾɄ  ɤ ɫɟɬɢ ɋɟɜɟɪɨ-ȿɧɢɫɟɣɫɤɨɝɨ ɷɧɟɪɝɨɪɚɣɨɧɚ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɹɞ 
ɩɨɞɫɬɚɧɰɢɣ, ɬɚɤɢɯ ɤɚɤ: ɉɋ ȽɈɄ, ɉɋ Ȼɥɚɝɨɞɚɬɧɢɧɫɤɚɹ, ɉɋ ɇɨɣɛɢɧɫɤɚɹ, ɉɋ 
ȼɵɫɨɤɨɟ ɢ ɬɞ.  

ɇɚ ɱɟɪɬɟɠɟ №1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɩɪɨɳёɧɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
 
1.2. ɐɟɥɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɉɋ 

 
ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɢ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 110/35/6 ɤȼ. 

Ɂɨɥɨɬɨɞɨɛɵɜɚɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ – ɨɛɴɟɞɢɧɹɟɬ ɜ ɫɟɛɟ ɜɫɟ ɩɪɨɰɟɫɫɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ, ɪɚɡɪɚɛɨɬɤɨɣ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɩɨɥɭɱɟɧɢɟɦ ɦɟɬɚɥɥɚ ɢɡ ɪɭɞɵ.  

Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ, ɧɭɠɞɚɸɳɢɟɫɹ ɜ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ: 

1. ɉɨɞɪɚɡɞɟɥɟɧɢɟ ɩɨ ɞɨɛɵɱɟ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ (ɤɚɪɶɟɪɵ, ɲɚɯɬɵ, 
ɪɭɞɧɢɤɢ ɢ ɬ.ɞ.); 

2. Ɍɪɚɧɫɩɨɪɬɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɞɨɫɬɚɜɤɢ ɧɚ 
ɨɛɨɝɚɬɢɬɟɥɶɧɭɸ ɮɚɛɪɢɤɭ; 

3. ɉɨɞɪɚɡɞɟɥɟɧɢɟ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɞɨɛɵɬɨɝɨ ɩɨɥɟɡɧɨɝɨ ɢɫɤɨɩɚɟɦɨɝɨ; 
4. ɉɨɞɪɚɡɞɟɥɟɧɢɟ ɩɨ ɫɨɪɬɢɪɨɜɤɟ. 

ɋ ɭɱёɬɨɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɫɟɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɩɨɞɫɬɚɧɰɢɹ. 
 

2. Ɋɟɠɢɦ ɢ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɫɟɬɢ 110 ɤȼ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɞɟɣɫɬɜɭɸɳɢɯ ɢ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ȼɅ, ɩɨɞɫɬɚɧɰɢɢ. Ɋɚɫɱёɬɵ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɗȼɆ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɚɫɱёɬɚ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɟɬɟɣ RastrWin3.  

ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɣ ɤɨɦɩɚɧɢɢ ɤ ɫɟɬɢ ɋɟɜɟɪɨ-ȿɧɢɫɟɣɫɤɨɝɨ ɷɧɟɪɝɨɪɚɣɨɧɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɋɟɜɟɪɨ-ȿɧɢɫɟɣɫɤɨɝɨ ɷɧɟɪɝɨɪɚɣɨɧɚ 
 

2.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢ 
 

Ⱦɥɹ ɪɚɫɱёɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɫɯɟɦɭ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɋɟɜɟɪɨ-
ȿɧɢɫɟɣɫɤɨɝɨ ɪɚɣɨɧɚ. ȼ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɦɨɳɧɨɫɬɢ ɢ ɲɢɧ 
ɧɟɢɡɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɫɬɭɩɚɸɬ ɲɢɧɵ 220 ɤȼ ɉɋ ɉɪɢɚɧɝɚɪɫɤɚɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ [2, ɋ. 71, 108]. 
ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ȼɅ 110–220 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

         ܼ ௐ = ܴௐ + ݆ܺௐ 

 
 
 

 
 
 

Ɋɢɫɭɧɨɤ 2.1. ɉ-ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ȼɅ 110 – 220 ɤȼ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, Ɉɦ 

 ܼௐ = ܴௐ + ݆ܺௐ = ሺݎ଴ + ݆𝑥଴ሻ݊ɰ
⋅ ݈ௐ  , 

 
ɝɞɟ ݎ଴, 𝑥଴ – ɭɞɟɥɶɧɵɟ ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ, Ɉɦ/ɤɦ 

[12, ɋ. 87-88]; 

        ݈ௐ – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ;  

        ݊ ɰ– ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ. 
Ёɦɤɨɫɬɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɩɟɪɟɱɧɨɣ ɱɚɫɬɢ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɦɤɋɦ 
஼ܤ  = ܾ଴ ⋅ ݈ௐ ⋅ ݊ɰ, 

 

ɝɞɟ ܾ଴ ɭɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɥɢɧɢɢ [12, ɋ. 87-88], ɋɦ/ɤɦ. 
Ɋɚɫɱёɬɵ ɩɚɪɚɦɟɬɪɨɜ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 2.1. 

  Ɍɚɛɥɢɰɚ 2.1. ɉɚɪɚɦɟɬɪɵ Ʌɗɉ 110–220 ɤȼ 

Ʌɗɉ 
Ⱦɥɢɧɚ, 

ɤɦ 

Ʉɨɥ. 
ɰɟɩɟɣ 
n, ɲɬ 

Ɇɚɪɤɚ 
ɩɪɨɜɨɞɚ 

ܾ଴ ⋅ ͳͲ−଺, 
ɋɦ/ɤɦ 

ܼ଴ = ሺݎ଴ + ݆𝑥଴ሻ, 
Ɉɦ 

ܼௐ, Ɉɦ 
ܤ ⋅ ͳͲ−଺, 

ɋɦ 

1–2 173 2 Ⱥɋ 600/72 2,80 0,0875+j0,469 9,48+j70,6 475 
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2-4 180 2 Ⱥɋ 300/39 2,64 0,0975+j0,429 14,0+j43,7 303 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.1 
4-5 63 2 Ⱥɋ 300/39 2,64 0,0975+j0,429 8,24+j25,7 177 
2–7 229 2 Ⱥɋ 300/39 2,64 0,0975+j0,429 9,23+j36,7 603 

10-11 7,4 2 Ⱥɋ 95/16 2,61 0,330+j0,397 2,40+j3,20 19,3 
10–16 0,51 2 Ⱥɋ 120/19 2,66 0,270+j0,391 0,14+j0,22 1,4 
10–17 100 2 Ⱥɋ 240/32 2,81 0,118+j0,435 3,0+j40,4 281 
17–18 48 2 Ⱥɋ 240/32 2,81 0,118+j0,435 6,24+j19,4 135 
10-12 5,7 2 Ⱥɋ 185/29 2,75 0,132+j0,378 4,08+j16,2 99,5 
19–13 3,5 2 Ⱥɋ 300/39 2,64 0,0975+j0,429 0,38+j1,50 9,3 

 
ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɬɪёɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.2.  
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 

Ɋɢɫɭɧɨɤ 2.2.  ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɬɪёɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɉɋ ɁȾɄ 110 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.2 [4, ɫ. 692]. 
Ɍɚɛɥɢɰɚ 2.2.  ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɌɇ-63000/110 

Ɍɢɩ 
ܵɧɨɦ, 

Ɇȼ·Ⱥ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɧܷɨɦ, ɤȼ            ݑɤ,% ɪК, 

ɤȼɬ 

ɪ௑, 

ɤȼɬ 
𝐼௑, % 

ȼ ɋ ɇ   ȼɋ   ȼɇ   ɋɇ 

ɌȾɌɇ-
63000/110 

63 115 38,5 6,6  10,5    17     6   310   70 0,85 

YT 

 

ВU ɌВ ɌВ ɌВZ R jX 

В-Ck

ɌН ɌН ɌНZ R jX 

ɌC ɌC ɌɋZ R jX 

В-Нk
НU

CU

НU 

CU 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.2. 

Ɍɢɩ 
Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ ݍ௑, ɤɜɚɪ  ்ܴ,Ɉɦ ்ܺ,Ɉɦ 

ȼ ɋ ɇ ȼ ɋ ɇ 

ɌȾɌɇ-
63000/110 

536 0,52 0,52 0,52 22,6 0 13,1 

 
ɂɧɞɭɤɬɢɜɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
ʡܤ  = 𝐼௑ ∙ ܵʜʝʛͳͲͲ ∙ ܷʜʝʛଶ =  ͳ,Ͳ ∙ ͸͵,ͲͳͲͲ ∙ ͳͳͷଶ =  Ͷ͹,͸͸ ˏˍʠ ,  
 

ɝɞɟ 𝐼௑ – ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, %. 
Ⱥɤɬɢɜɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 𝐺ʡ = ௑ܷܲʜʝʛଶ ∙ ͳͲଷ =  ͹Ͳ,Ͳͳͳͷଶ  ∙ ͳͲଷ = ͷ,ʹͻ ˏˍʠ , 
 

ɝɞɟ ௑ܲ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ. 
 

2.1.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɩɨɞɫɬɚɧɰɢɢ  

 
Ɍɚɤ ɤɚɤ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɚ ɫɨɞɟɪɠɢɬ ɧɚɝɪɭɡɤɢ ɩɪɨɯɨɞɧɵɯ ɢ ɨɬɩɚɟɱɧɵɯ 

ɩɨɞɫɬɚɧɰɢɣ, ɬɨ ɪɚɫɱёɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɥɹ 
ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɟɪɢɨɞɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɡɢɦɧɢɣ ɦɚɤɫɢɦɭɦ ɢ 
ɥɟɬɧɢɣ ɦɢɧɢɦɭɦ ɷɬɢɯ ɧɚɝɪɭɡɨɤ.  
Ɍɚɛɥɢɰɚ 2.3.  Ɋɚɫɱёɬɧɵɟ ɧɚɝɪɭɡɤɢ ɩɨɞɫɬɚɧɰɢɢ 

ɏɚɪɚɤɬɟɪ
ɧɵɣ  

ɩɟɪɢɨɞ 
ɧɚɝɪɭɡɨɤ 

ɇɚɝɪɭɡɤɚ, ɆȼȺ 

ɉɋ 
ɁȾɄ 

 ɫɬɨɪɨɧɚ ɋɇ 

ɉɋ 
ɁȾɄ 

 ɫɬɨɪɨɧɚ ɇɇ 

ɉɋ 
Ɍɚɣɝɚ 

ɉɋ 
Ȼɥɚɝɨɞɚɬɧɢɧ

ɫɤɚɹ 

ɉɋ 
ȼɢɤɬɨɪɨɜɫɤɨ

ɟ  

ɉɋ 
ɇɨɣɛɢɧɫɤɚɹ 

Ɂɢɦɧɢɣ 
ɦɚɤɫɢɦɭɦ 

38,0+j15,2 3,0+j1,2 0,2+j0,8 42,2+j18,0 9,4+j5,2 5,0+j2,6 

Ʌɟɬɧɢɣ  
ɦɢɧɢɦɭɦ 

30,8+j12,3 2,4+j1,0 0,1+j0,2 16,0+j6,40 3,7+j1,9 2,0+j1,0 

 

(2.3) 

(2.4) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.3. 

ɏɚɪɚɤɬɟɪɧɵɣ 
ɩɟɪɢɨɞ  

ɧɚɝɪɭɡɨɤ 

ɇɚɝɪɭɡɤɚ, ɆȼȺ 

ɉɋ 
ȼɵɫɨɤɨɟ 

ɉɋ 
Ɋɚɡɞɨɥɢɧɫɤɚɹ 

ɉɋ 
Ƚɨɪɟɜɫɤɢɣ  

ȽɈɄ 

ɉɋ 
Ⱥɛɚɥɚɤɨɜɫɤɚɹ 

Ɂɢɦɧɢɣ 
ɦɚɤɫɢɦɭɦ 

26,0+j9,40 25,2+j50,3 31,1+j12,0 102+j46,2 

Ʌɟɬɧɢɣ  
ɦɢɧɢɦɭɦ 

10,1+j4,0 2,0+j1,8 10,7 +j4,8 70,0+j17,9 

 
ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɫ ɪɚɫɱёɬɨɦ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.3. 
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Ɋɢɫɭɧɨɤ 2.3. ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
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2.2. Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɲɢɧɚɯ ɩɨɞɫɬɚɧɰɢɢ 
 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱёɬɵ ɪɟɠɢɦɨɜ ɫɟɬɢ ɫ ɭɱёɬɨɦ ɉɋ ɜ 
ɧɨɪɦɚɥɶɧɨɦ ɢ ɜɵɧɭɠɞɟɧɧɨɦ ɪɟɠɢɦɚɯ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ, Ȼ, ȼ, Ƚ, Ⱦ, ȿ). ɉɨɞ 
ɧɨɪɦɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɫɱɢɬɚɟɦ ɧɚɯɨɠɞɟɧɢɟ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɫɟɬɢ ɜ ɪɚɛɨɬɟ, ɩɨɞ ɜɵɧɭɠɞɟɧɧɵɦ – ɨɬɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɥɢɧɢɢ 
ɧɚ ɉɋ ɁȾɄ 110 ɤȼ. Ɋɚɫɱёɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2,4 2,5 ɢ 
2,6. 

ɇɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɩɭɫɬɢɦɵɦɢ ɭɪɨɜɧɹɦɢ 
ɧɚɩɪɹɠɟɧɢɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ݇௎ > 15 %, ɜ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ 
 ݇௎ > 10 %, [9, ɫ.8]. 
 ݇௎ = ܷ − ˍܷ˓ܷ  ,  
 
ɝɞɟ U  – ɧɚɩɪɹɠɟɧɢɟ ɜ ɭɡɥɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɟɠɢɦɟ, ɤȼ;   

         Uɤɪ  –  ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɭɡɥɟ ɧɚɝɪɭɡɤɢ, ɤȼ.   
 ˍܷ˓ = Ͳ,͹ ∙ ːܷˑˏ , 
 
ɝɞɟ ɧܷɨɦ– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɤȼ.  

ȼɟɥɢɱɢɧɚ ɞɨɩɭɫɬɢɦɵɯ ɤɪɢɬɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ.   

 ɇɚ ɲɢɧɚɯ 110 ɤȼ: 

ˍܷ˓ = Ͳ,͹ ∙ ːܷˑˏ = Ͳ,͹ ∙ ͳͳͲ = ͹͹,Ͳ ˍВ  
ɇɚ ɲɢɧɚɯ 35 ɤȼ: 

ˍܷ˓ = Ͳ,͹ ∙ ːܷˑˏ = Ͳ,͹ ∙ ͵ͷ = ʹͶ,ͷ ˍВ 

 ɇɚ ɲɢɧɚɯ 6 ɤȼ: 

ˍܷ˓ = Ͳ,͹ ∙ ːܷˑˏ = Ͳ,͹ ∙ ͸,Ͳ = Ͷ,ʹ ˍВ 

Ɍɚɛɥɢɰɚ 2.4.  ɇɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ (ɡɢɦɧɢɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɨɤ) 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɇɚɩɪɹɠɟɧɢɟ, ɤȼ Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ݇௎, % 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 110 ɤȼ ɉɋ 
ɁȾɄ  

113,0 43,4
 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 35 ɤȼ ɉɋ 
ɁȾɄ 

35,1 46,8 

(2.5) 

(2.6) 
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ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 6 ɤȼ ɉɋ 
ɁȾɄ 

6,3 48,2 

Ɍɚɛɥɢɰɚ 2.5. ȼɵɧɭɠɞɟɧɧɵɣ ɪɟɠɢɦ. Ɉɬɤɥɸɱɟɧɢɟ ɥɢɧɢɢ (ɡɢɦɧɢɣ ɦɚɤɫɢɦɭɦ 
ɧɚɝɪɭɡɨɤ) 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɇɚɩɪɹɠɟɧɢɟ, ɤȼ Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ݇௎, % 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 110 ɤȼ ɉɋ 
ɁȾɄ 

110,7   44,7 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 35 ɤȼ 34,4 47,8 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 6 ɤȼ 5,9 49,1 

 
Ɍɚɛɥɢɰɚ 2.6. ȼɵɧɭɠɞɟɧɧɵɣ ɪɟɠɢɦ. Ɉɬɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɡɢɦɧɢɣ 

ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɨɤ) 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɇɚɩɪɹɠɟɧɢɟ, ɤȼ Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ݇௎, % 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 110 ɤȼ ɉɋ 
ɁȾɄ 

111,3   44,5 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 35 ɤȼ 32,4 50,1 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ 6 ɤȼ 5,5 60,3 

 
ɂɡ ɬɚɛɥɢɰ ɜɢɞɧɨ, ɱɬɨ ɪɟɠɢɦɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦɢ 

ɭɪɨɜɧɹɦɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɜɵɧɭɠɞɟɧɧɨɦ ɪɟɠɢɦɚɯ, ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɡɚɩɚɫɚ ɫɬɚɬɢɱɟɫɤɨɣ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɧɚɩɪɹɠɟɧɢɸ  ݇௎ > 15 % ɜ 
ɧɨɪɦɚɥɶɧɨɦ ɢ ݇௎ > 10 % ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɧɚɩɪɹɠɟɧɢɣ ɜ ɞɪɭɝɢɯ ɭɡɥɚɯ ɫɟɬɢ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 2.7. 
Ɍɚɛɥɢɰɚ 2.7.  ɍɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɲɢɧɚɯ ɉɋ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɞɫɬɚɧɰɢɢ  

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ȼɇ, ɤȼ  

ɇɨɪɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

(ɡɢɦɧɢɣ 
ɦɚɤɫɢɦɭɦ) 

ɇɨɪɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 
(ɥɟɬɧɢɣ 

ɦɢɧɢɦɭɦ) 

Ɉɬɤɥɸɱɟɧɢɟ  
ɥɢɧɢɢ ɧɚ 
 ɉɋ ɁȾɄ  
(ɡɢɦɧɢɣ 

ɦɚɤɫɢɦɭɦ) 

Ɉɬɤɥɸɱɟɧɢɟ  
1 ɌɊ ɧɚ  
ɉɋ ɁȾɄ  
(ɡɢɦɧɢɣ 

ɦɚɤɫɢɦɭɦ) 
ɁȾɄ 113,0 114,1 110,7 111,3 

Ȼɥɚɝɨɞɚɬɢɧɫɤɚɹ 116,4 126,4 118,1 115,7 
ȼɢɤɬɨɪɨɜɫɤɨɟ  113,7 126,9 118,7 116,4 
ɇɨɣɛɢɧɫɤɚɹ 117,7 128,1 117,7 113,6 

ȼɵɫɨɤɨɟ 117,9 128,5  117,9 112,8 
Ɍɚɣɝɚ 230,0 242,0 233,7 230,4 

Ɋɚɡɞɨɥɢɧɫɤɚɹ 233,5 241,2 235,1 233,9 
Ƚɨɪɟɜɫɤɢɣ ȽɈɄ 235,0 241,9 236,6 233,0 
Ⱥɛɚɥɚɤɨɜɫɤɚɹ 235,9 242,3 237,6 232,9 

           Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɜɢɞɢɦ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɹ ɜɨ ɜɫɟɯ 
ɭɡɥɚɯ ɧɚɯɨɞɹɬɫɹ ɜ ɞɨɩɭɫɬɢɦɵɯ ɝɪɚɧɢɰɚɯ. 
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3. Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɜɵɩɨɥɧɟɧ ɪɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɨɛɴɟɤɬɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɜ ɩɪɢɥɟɝɚɸɳɟɣ ɫɟɬɢ. Ɂɧɚɱɟɧɢɹ ɬɨɤɨɜ ɄɁ ɩɪɢɜɟɞɟɧɵ ɤ ɤɥɚɫɫɭ 
ɧɚɩɪɹɠɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɭɡɥɚ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ. ɋɢɫɬɟɦɨɣ ɜɵɫɬɭɩɚɟɬ ɉɋ ɉɪɢɚɧɝɚɪɫɤɚɹ 220 ɤȼ, 
ɬɚɤ ɤɚɤ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɲɢɧ ɛɟɫɤɨɧɟɱɧɨɣ ɦɨɳɧɨɫɬɢ. Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɗȼɆ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ TKZ 3000. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɪɚɫɱёɬɨɜ ɜ ɩɪɨɝɪɚɦɦɟ TKZ 3000 ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɥɟɧɢɟ ɢ ɜɜɨɞ ɜ 
ɗȼɆ ɮɚɣɥɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ.  

3.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  
 
Ɋɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɢɦ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
 ܺீௌଵ = ܺሺଵሻ ∙ ˔ܷଶ˓ܵːˑˏଵ = Ͳ,Ͳͷ ∙ ͳͳͲଶ͸͸ͷ = Ͳ,ͻͳ  
 

ɝɞɟ ܺሺଵሻ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ (ɢɫɯɨɞɹ ɢɡ 
ɪɚɛɨɬɵ «ɋɯɟɦɚ ɢ ɩɪɨɝɪɚɦɦɚ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɧɚ ɩɟɪɢɨɞ 2019-2023 ɝɨɞɨɜ», ɨ.ɟ.; ܵːˑˏଵ – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ (3.2), Ɇȼ·Ⱥ;  ˔ܷ˓ – ɫɪɟɞɧɟɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɫɧɨɜɧɨɣ ɫɬɭɩɟɧɢ (ɡɚɳɢɳɚɟɦɨɝɨ 
ɷɥɟɦɟɧɬɚ), ɤȼ. 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɫɬɟɦɵ: 

ܵːˑˏଵ = √ ଵܲଶ + ܳଵଶ = √͸͸͵,͸ଶ + ͵͸,Ͷଶ = ͸͸ͷ ʛВ · А 

 ʞˑˎːˑˈ ˔ˑ˒˓ˑ˕и˅ˎˈːиˈ:  ܼௐଵ = ሺܴௐ + ݆ܺௐሻ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ
 

 
Ɍɚɛɥɢɰɚ 3.1. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ Ʌɗɉ 

ɍɱɚɫɬɨɤ ɫɟɬɢ Ʉɨɥ. ɰɟɩɟɣ n, 
ɲɬ ܼௐ, Ɉɦ ˔ܷ˓, ɤȼ ˔ܷ˓.ːˑˏ, ɤȼ ܼௐଵ, Ɉɦ 

1–2 2 9,48 + j70,6 115 230 2,37 + j17,6 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1. 
2–3 1 14,2 + j44,3 

  

3,55 + j11,1 
2–4 1 14,0 + j43,7 3,50 + j10,9 
3–4 1 0,065 + j0,20 0,016 + j0,05 

3–5 1 8,24 + j25,7 2,06 + j6,42 
4–5 1 8,19 + j25,5 

 

 

2,05 + j6,38 
2–6 1 15,4 + j61,3 3,85 + j15,3 
2–7 1 24,7 + j98,0 6,18 + j24,5 
6–7 1 9,23 + j36,7 2,31 + j9,18 

10–11 2 2,40 + j3,20 
115 

2,40 + j3,20 
10–12 1 4,08 + j16,2 4,08 + j16,2 
10–19 1 4,08 + j16,2 4,08 + j16,2 
10–16 2 0,14 + j0,22   0,14 + j0,22 
10–17 2 13,0 + j40,4 13,0 + j40,4 
12–14 1 0,38 + j1,50 0,38 + j1,50 
19–13 1 0,38 + j1,50   0,38 + j1,50 
17–18 2 6,24 + j19,4   6,24 + j19,4 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

˅ˍݑ              = Ͳ,ͷ ∙ ሺݑ˅−˔ + ː−˅ݑ − ːሻ−˔ݑ = Ͳ,ͷ ∙ ሺͳͳ + ͵ͳ − ͳͻሻ = ͳͳ,ͷ ; 
˔ˍݑ     = Ͳ,ͷ ∙ ሺݑ˅−˔ + ː−˔ݑ − ːሻ−˅ݑ = Ͳ,ͷ ∙ ሺͳͳ + ͳͻ − ͵ͳሻ = Ͳ ; 
ːˍݑ  = Ͳ,ͷ ∙ ሺݑ˔−ː + ː−˅ݑ − ሻ˔−˅ݑ = Ͳ,ͷ ∙ ሺͳͻ + ͵ͳ − ͳͳሻ = ͳͻ,ͷ ; 

 ܺАʡВ = ͳͲͲ˅ˍݑ ∙ ˔ܷଶ˓ܵːˑˏ.ʡ = ͳͳ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ͳʹ,ͳ͸ ʝˏ; 
 ܺАʡ஼ = ͳͲͲ˔ˍݑ ∙ ˔ܷଶ˓ܵːˑˏ.ʡ = ͲͳͲͲ ∙ ͳͳͷଶͳʹͷ = Ͳ ʝˏ; 
 ܺАʡு = ːͳͲͲˍݑ  ∙ ˔ܷଶ˓ܵːˑˏ.ʡ = ͳͻ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ʹͲ,͸ ʝˏ; 
˅ˍݑ   = Ͳ,ͷ ∙ ˔−˅,ˍݑ) + ː−˅,ˍݑ − (ː−˔,ˍݑ = Ͳ,ͷ ∙ ሺͳͲ,ͷ + ͳ͹ − ͸,Ͳሻ = ͳͲ,͹ͷ % ; 

˔ˍݑ     = Ͳ,ͷ ∙ ˔−˅,ˍݑ) + ː−˔,ˍݑ − (ː−˅,ˍݑ = Ͳ,ͷ ∙ ሺ͸,ͷ + ͳͲ,ͷ − ͳ͹,ͷሻ ≈ Ͳ % ; 
ːˍݑ  = Ͳ,ͷ ∙ ː−˔,ˍݑ) + ː−˅,ˍݑ − (˔−˅,ˍݑ = Ͳ,ͷ ∙ ሺͳ͹ + ͸,Ͳ − ͳͲ,ͷሻ = ͸,ʹͷ % ; 
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Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ܺB, Ɍଵ = ܺB, Ɍଶ = ͳͲ,͹ͷ ⋅ ͳͳͷଶͳͲͲ ⋅ ͸͵ = ʹʹ,͸ Ɉɦ ; 

 ܺC, Ɍଵ = ܺC, Ɍଶ = ͲͳͲͲ ⋅ ͳͳͷଶ͸͵ = Ͳ  Ɉɦ ; 
 ܺɇ, Ɍଵ = ܺɇ, Ɍଶ = ͸,ʹͷͳͲͲ ⋅ ͳͳͷଶ͸͵ = ͳ͵,ͳ  Ɉɦ ; 
 

ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɮɨɪɦɭɥɚɦ: 

ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɫɟɬɢ 35 ɤȼ ɢ ɛɨɥɟɟ 
 ܺH = Ͳ,Ͷͷ ⋅ ˔ܷଶ˓ܵːˑˏ .ʜ  ; 
 

ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɫɟɬɢ ɦɟɧɟɟ 35 ɤȼ 
 ܺH = Ͳ,͵ͷ ⋅ ˔ܷଶ˓ܵːˑˏ .ʜ . 
 
 Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɨɤ: 
  ܴH = ܺHʹ,ͷ . 
 
Ɍɚɛɥɢɰɚ 3.2. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

ȼɟɬɜɶ 
ɧɚɝɪɭɡɤɢ 

ɇɚɩɪɹɠɟɧɢɟ 
ɫɟɬɢ, ɤȼ 

ɉɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ, 

ɆȼȺ 

Ɇɨɞɭɥɶ 
ɩɨɥɧɨɣ 

ɦɨɳɧɨɫɬɢ, 
ɆȼȺ 

Ⱥɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܴH, Ɉɦ 

ɂɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܺH, Ɉɦ 

3 – 24 230  31,1 + j12,0 33,3 71,4 178,5 
5 – 23 230 102 – j41,6 110,2 21,6 54,0 
6 – 25 230 15,5 + 7,9 17,4 137 342 
11 – 28 115 42,2 + j18,0 45,9 51,9 130 
16 – 27 115 9,4 + j5,2 10,7 222 554 
17 – 29 115 5,0 + j2,6 5,6 422 1056 
18 – 30 115 26,4 – j9,4 28,0 85,0 212 
13 – 33 115 85,0 + j6,6 85,3 27,9 69,8 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.2. 
9 – 26 10,5 0,20 + j2,0 2,01 921 2303 
19-32 110 17,5-j3,6 17.9 133 333 
12-31 110 17,5-j3,6 17.9 133 333 

 
– ɞɥɹ ɨɞɧɨɰɟɩɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɫɨ ɫɬɚɥɶɧɵɦɢ ɝɪɨɡɨɡɚɳɢɬɧɵɦɢ 

ɬɪɨɫɚɦɢ ܺሺ଴ሻܺሺଵሻ = ͵,Ͳ ; 
 

– ɞɥɹ ɞɜɭɯɰɟɩɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɫɨ ɫɬɚɥɶɧɵɦɢ ɝɪɨɡɨɡɚɳɢɬɧɵɦɢ 
ɬɪɨɫɚɦɢ 

 ܺሺ଴ሻܺሺଵሻ = Ͷ,͹ ;  
 
– ɞɥɹ ɫɢɫɬɟɦɵ GS 
 

Хሺ଴ሻ = Ͳ,ͲͶͲ ;  
 ܺீௌ଴ = ܺሺ଴ሻ ∙ ˔ܷଶ˓ܵːˑˏଵ = Ͳ,ͲͶͲ ∙ ͳͳͲଶ͸͸ͷ = Ͳ,͹͵ ;   
 

Хௐ଴ = Хௐଵ ⋅ ܺሺ଴ሻܺሺଵሻ  ;     
 

3.1.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ  ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ȼ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɦɨɬɨɤ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟ ɢɡɦɟɧɹɸɬɫɹ, ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ GS ɢ Ʌɗɉ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɚɬɶ.  

Ⱥɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ ɬɨɤɨɜ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɹɦ, Ɉɦ 

 ܴௐ଴ = ሺݎ଴ + Ͳ,ͳͷሻ ⋅ ݈ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ ; 
 
 
 

(3.1) 
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 ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȼɅ ɫɜɟɞёɦ ɜ ɬɚɛɥɢɰɭ 3.3. 
Ɍɚɛɥɢɰɚ 3.3. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȼɅ 

ɍɱɚɫɬɨɤ 
ɫɟɬɢ 

Ⱦɥɢɧɚ, 
ɤɦ 

Ʉɨɥ. 
ɰɟɩɟɣ n, 

ɲɬ 
˔ܷ˓.ːˑˏ, ɤȼ ݎ଴, Ɉɦ/ɤɦ Хௐଵ, Ɉɦ ܼௐ଴ = ܴௐ଴ + ݆Хௐ଴, Ɉɦ 

1–2 172,4 2 

230 

0,055 17,6 8,84 + j82,7 
2–3 109,3 1 0,130 11,1 7,65 + j52,2 
2–4 108 1 0,130 10,9 7,56 + j51,2 
3–4 0,5 1 0,130 0,051 0,040 + j0,24 
3–5 63,4 1 0,130 6,42 4,44 + j30,2 
4–5 63 1 

 

0,130 6,38 4,41 + j30,0 
2–6 143 1 0,108 15,3 9,22 + j71,9 
2–7 228,5 1 0,108 24,5 14,7 + j115 
6–7 85,5 1 0,108 9,18 5,51 + j43,2 

10–11 7,4 2 

115 

0,330 3,20 3,55 + j15,0 
10–12 37,7 1 0,108 16,2 9,73 + j76,1 
10–19 37,7 1 0,108 16,2 9,73 + j76,1 
10–16 0,51 2 0,270 0,22 0,21 + j1,03 
10–17 100 2 0,130 40,4 28,0 + j190 
19–13 3,5 1 

 
0,108 1,50 0,90 + j7,05 

12–14 3.5 1 0,108 1.50 0.90 + j7.0538 
17–18 48 2  0,130 19,4 13,4 + j91,2 

 

 ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɢ 
ɧɚɝɪɭɡɨɤ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 0. 

ɇɚɝɪɭɡɤɭ ɡɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɭɫɥɨɜɧɨ ɩɪɟɞɫɬɚɜɢɦ ɤɚɛɟɥɶɧɵɦɢ 
ɥɢɧɢɹɦɢ. Ⱦɥɢɧɭ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɧɚ 35 ɤȼ ɩɪɢɦɟɦ ɪɚɜɧɨɣ 2,0 ɤɢɥɨɦɟɬɪɚ, ɚ 
ɞɥɢɧɭ ɄɅ 6 ɤȼ – 0,25 ɤɢɥɨɦɟɬɪɚ. Ʌɢɧɢɢ 35 ɤȼ ɢ 6 ɤȼ ɫɱɢɬɚɟɦ ɜɵɩɨɥɧɟɧɧɨɣ 
ɤɚɛɟɥɟɦ ɦɚɪɤɢ ȺɋȻ-3×95 ɢ ȺɋȻ-3×25 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɚɛɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3 [4, ɫ. 674]. 
Ɍɚɛɥɢɰɚ 3.4.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɛɟɥɟɣ ɦɚɪɤɢ ȺɋȻ-3×95 ɢ ȺɋȻ-3×25 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɋɟɱɟɧɢɟ, ɦɦ2 ݎ଴, Ɉɦ/ɤɦ 𝑥଴, Ɉɦ/ɤɦ 

35 95 0,326 0,126 
6 25 1,24 0,096 

 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ: 

       ܴɤɥଵଶ−ଵଶଶ = ܴɤɥͳͶ-ͳͶͶ = ଴ݎ ⋅ ݈ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ = Ͳ,͵ʹ͸ ⋅ ʹ,ͲͲ ⋅ (ͳͳͷ͵͹ )ଶ = ͸,͵Ͳ ʝˏ ; 
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ܴɤɥଵଷ−ଵଷଷ = ܴɤɥͳͷ-ͳͷͷ = ଴ݎ ⋅ ݈ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ = ͳ,ʹͶ ⋅ Ͳ,ʹͷ ⋅ (ͳͳͷ͸,͵ )ଶ = ͳͲ͵ ʝˏ . 
 
 ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ: 
 

ɤܺɥଵଶ−ଵଶଶ = ɤܺɥͳͶ-ͳͶͶ = 𝑥଴ ⋅ ݈ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ = Ͳ,ͳʹ͸ ⋅ ʹ,ͲͲ ⋅ (ͳͳͷ͵͹ )ଶ = ʹ,Ͷ͵ ʝˏ ; 
 

ɤܺɥଵଷ−ଵଷଷ = ɤܺɥͳͷ-ͳͷͷ = 𝑥଴ ⋅ ݈ ⋅ ቆ ˔ܷ˓˔ܷ˓.ːˑˏቇଶ = Ͳ,Ͳͻ͸ ⋅ Ͳ,ʹͷ ⋅ (ͳͳͷ͸,͵ )ଶ = ͺ,Ͳ ʝˏ . 
               

3. 3. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɄɁ 
 
ȼ ɬɚɛɥɢɰɭ 3.5 ɫɜɟɞёɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɞɥɹ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɄɁ. 

Ɍɚɛɥɢɰɚ 3.5. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

ɇɚɡɜɚɧɢɟ ɉɋ 
ȼɟɬɜɶ 
ɧɚɝɪɭ
ɡɤɢ 

ɇɚɩɪɹɠ
ɟɧɢɟ 

ɫɟɬɢ, ɤȼ 

ɉɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ, 

Ɇȼ⋅Ⱥ 

Ɇɨɞɭɥ
ɶ 

ɩɨɥɧɨɣ 
ɦɨɳɧɨ

ɫɬɢ, 
Ɇȼ⋅Ⱥ 

Ⱥɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜ
ɥɟɧɢɟ ܴH, 

Ɉɦ 

ɂɧɞɭɤɬɢɜ
ɧɨɟ 

ɫɨɩɪɨɬɢɜɥ
ɟɧɢɟ ܺH, 

Ɉɦ 

ɉɋ Ƚɨɪɟɜɫɤɢɣ ȽɈɄ 3–24 230 31,1 + j12,0 33,3 71,4 178,5 
ɉɋ Ⱥɛɚɥɚɤɨɜɫɤɚɹ 5–23 230 102 – j41,6 110,2 21,6 54,0 

ɉɋ Ⱥɦɢɤɚɧ 6–25 230 15,5 + 7,9 17,4 137 342 
ɉɋ Ȼɥɚɝɨɞɚɬɧɢɧɫɤɚɹ 11–28 115 42,2 + j18,0 45,9 51,9 130 

ɉɋ ȼɢɤɬɨɪɨɜɫɤɨɟ 16–27 115 9,4 + j5,2 10,7 222 554 
ɉɋ ɇɨɣɛɢɧɫɤɨɟ 17–29 115 5,0 + j2,6 5,6 422 1056 

ɉɋ ȼɵɫɨɤɨɟ 18–30 115 26,4 – j9,4 28,0 85,0 212 
ɉɋ Ɍɚɣɝɚ 10 ɤȼ 9–26 10,5 0,20 + j2,0 2,01 921 2303 

ɉɋ ȽɈɄ 12–31 6,3 17,5 + j7,5 19,0 97,2 243 

ɉɋ ɁȾɄ 

33-37 37 13,5 + j0,1 13,5 84,2 215 
33-35 6,3 3,5 + j2,8 4,48 375 978 
34-41 37 13,5 + j0,2 13,5 84,2 215 
34-39 6,3 5,0 + j2,6 4,48 375 978 

 
Ⱦɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚɢɛɨɥɟɟ ɬɹɠёɥɨɝɨ ɪɟɠɢɦɚ, ɬɨ ɟɫɬɶ ɧɚ ɲɢɧɚɯ 110, 35, 6 
ɤȼ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɫɬɨɪɨɧɟ 
ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ.  
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Ɏɚɣɥɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ɀ.  

ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɚ 
ɧɚ ɗȼɆ, ɩɪɢɜɟɞɟɧɵ ɤ ɫɬɭɩɟɧɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 115 ɤȼ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ 
ɠɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɄɁ ɧɚ ɫɬɨɪɨɧɚɯ 110, 35 ɢ 6 ɤȼ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɭɬёɦ 
ɞɨɦɧɨɠɟɧɢɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ.   

ɂɬɨɝɨɜɵɟ ɪɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ TKZ 3000.                
Ɍɚɛɥɢɰɚ 3.6.  Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ TKZ 3000 𝐼Ʉͳ 𝐼Ʉʹ 𝐼Ʉ͵ 𝐼Ʉͳሺଵሻ 

ɤȺ ɤȺ ɤȺ ɤȺ 
2,41 5,29 19,5 1,14 

 
 ɝɞɟ 𝐼Ʉͳ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɪɟɯɮɚɡɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ, 
        𝐼Ʉʹ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɪɟɯɮɚɡɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ɋɇ, 
        𝐼Ʉ͵, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɪɟɯɮɚɡɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ɇɇ, 
        𝐼Ʉͳሺଵሻ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɞɧɨɮɚɡɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ 
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Ɋɢɫɭɧɨɤ 3.  ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɟɬɢ 
  



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
27 

ʚˋ˔
˕     

  

 

 

4. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ 
 
4.1. ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 

 
Ⱦɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ I ɢ II ɤɚɬɟɝɨɪɢɢ ɧɚ ɩɨɞɫɬɚɧɰɢɸ ɉɋ 

ɁȾɄ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɪɨɬɟɤɚɸɳɚɹ ɩɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɉɋ 110 ɤȼ ɁȾɄ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ (ɩɪɢɥɨɠɟɧɢɟ ȼ), 
ɫɨɫɬɚɜɥɹɟɬ 53,3 ɆȼȺ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɢ – 2ɯ63 ɆȼȺ.  

ȼɵɛɟɪɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚ ɉɋ ɁȾɄ ɌȾɌɇ 63000/110. 
ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɨɜɟɪɢɦ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɨɩɬɢɦɚɥɶɧɨɣ 

ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ݇З
ɨɩɬ= 0,6–0,7 ɩɨ ɮɨɪɦɭɥɟ 

 ݇ɡ = ܵ݊ʡ ⋅ ܵːˑˏʡ , 
 

ɝɞɟ ்݊– ɱɢɫɥɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 ݇З = ͷ͵,͵ʹ ⋅ ͸͵ = Ͳ,Ͷʹ͵ , 

 
ɢ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, ɤɨɬɨɪɵɣ, ɤɚɤ ɫɤɚɡɚɧɨ ɜ [6, ɫ. 91], ɧɟ 
ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɡɧɚɱɟɧɢɹ 1,3–1,4 
 ݇ɚɜ = ܵሺ݊ʡ − ͳሻ ⋅ ܵːˑˏʡ ൑ ͳ,͵ − ͳ,Ͷ ; 

 ݇ɚɜ = ͷ͵,͵ሺʹ − ͳሻ ⋅ ͸͵ = Ͳ,ͺͷ  ; 
 

ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 

4.2. ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɯɟɦɚɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɋɬɚɧɞɚɪɬɨɦ ɨɪɝɚɧɢɡɚɰɢɢ ɈȺɈ «ɎɋɄ ȿɗɋ» [7]: 

 ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞёɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɞɫɬɚɧɰɢɢ ɢ 
ɩɟɪɟɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɩɨ ɦɟɠɫɢɫɬɟɦɧɵɦ ɫɜɹɡɹɦ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ 
ɪɟɠɢɦɚɯ; 
 

(4.1) 

(4.2) 

(4.3) 
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 ɭɱёɬ ɩɟɪɫɩɟɤɬɢɜɵ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ; 
 ɭɱёɬ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ; 
 ɭɱёɬ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɢ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 

ɪɚɛɨɬ ɧɚ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ ɫɯɟɦɵ ɛɟɡ ɨɬɤɥɸɱɟɧɢɹ ɫɨɫɟɞɧɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ; 
 ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɜɵɩɨɥɧɟɧɢɹ ɪɟɦɨɧɬɨɜ ɢ 

ɪɚɫɲɢɪɟɧɢɹ, ɤɨɦɩɚɤɬɧɨɫɬɢ ɢ ɞɪ. 
ȼɵɛɨɪ ɫɯɟɦɵ Ɋɍ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɩɪɢɫɨɟɞɢɧɟɧɢɣ. ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ   

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ, 
 ݊ = ݊ʚ+݊˕˓+݊ˎ˔ , 

 

ɝɞɟ лn – ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧɹɟɦɵɯ ɥɢɧɢɣ, 

ɬɪn – ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧɹɟɦɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 

лɫn – ɱɢɫɥɨ ɥɢɧɢɣ ɫɜɹɡɢ. 
  Ⱦɥɹ ɈɊɍ 110 ɤȼ, 
 ݊ = ʹ + ʹ = Ͷ . 

 
Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɫɬɚɧɰɢɢ ɜɵɛɢɪɚɟɬɫɹ ɫ 

ɭɱёɬɨɦ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɋɯɟɦɵ ɜɵɛɢɪɚɸɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɎɋɄ ȿɗɋ [7], ɬɢɩ ɈɊɍ ɩɨɞɫɬɚɧɰɢɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɗɋ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɢ 
ɬɪɟɛɭɟɦɨɣ ɧɚɞёɠɧɨɫɬɢ. 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɜɢɬɟɥɶɧɨɣ. ɉɪɢ ɧɚɩɪɹɠɟɧɢɢ 
110 ɤȼ ɢ ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɪɚɜɧɨɟ 4, ɜ ɨɬɜɟɬɜɢɬɟɥɶɧɨɣ ɉɋ 
ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ ɛɥɨɱɧɨɣ ɫɯɟɦɵ – ɫɯɟɦɚ 4ɇ - ɞɜɚ ɛɥɨɤɚ ɫ 
ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɣ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 6. 
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Ɋɢɫɭɧɨɤ 6. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɈɊɍ 110 ɤȼ 
ɋɯɟɦɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 35-220 ɤȼ ɩɪɢ 4 ɩɪɢɫɨɟɞɢɧɟɧɢɹɯ. 
ɇɟɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɩɟɪɟɦɵɱɤɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɡɨɦɤɧɭɬɚ, ɨɧɚ 

ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɥɭɱɚɟ ɪɟɦɨɧɬɚ ɨɞɧɨɝɨ ɢɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɥɢɛɨ ɨɞɧɨɣ ɢɡ 
ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ [8].  

Ʉ ɞɨɫɬɨɢɧɫɬɜɚɦ ɞɚɧɧɨɣ ɫɯɟɦɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 
 – ɡɚɧɢɦɚɟɬ ɦɢɧɢɦɚɥɶɧɵɟ ɨɬɱɭɠɞɚɟɦɵɟ ɩɥɨɳɚɞɢ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɢɫɨɟɞɢɧɟɧɢɣ; 
– ɷɤɨɧɨɦɢɱɧɨɫɬɶ (ɞɜɚ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɱɟɬɵɪɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ); 
– ɩɪɨɫɬɨɬɚ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ; 
–  ɧɚɝɥɹɞɧɨɫɬɶ; 
– ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɛɥɨɤɢɪɨɜɤɢ ɢ ɨɩɟɪɚɰɢɢ ɫ ɪɚɡɴɟɞɢɧɢɬɟɥɹɦɢ ɩɪɨɫɬɵ 

ɢ ɨɞɧɨɬɢɩɧɵ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɦɢɧɢɦɢɡɢɪɨɜɚɧɵ ɨɬɤɚɡɵ ɩɨ ɜɢɧɟ ɩɟɪɫɨɧɚɥɚ 
 

4.3. Ɋɚɫɱёɬ ɬɨɤɨɜ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɨɜ ɜ ɰɟɩɹɯ 
ɩɨɞɫɬɚɧɰɢɢ  
 

4.3.1. ɐɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  
 

ɇɚ ɫɬɨɪɨɧɚɯ ȼɇ ɢ ɇɇ ɪɚɫɱёɬɧɵɟ ɬɨɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɜɵɪɚɠɟɧɢɹɦ, ɤȺ 
 𝐼ɧɨɪɦ = Ͳ,͹ ⋅  ܵːˑˏʡ√͵ ⋅ ːܷˑˏ  ; 
 𝐼ɧɨɪɦ =  ܵːˑˏʡ√͵ ⋅ ܷːˑˏ𝑚𝑎𝑥  , 
 

ɝɞɟ 𝐼ɧɨɪɦ – ɬɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ; 
      𝐼௠𝑎𝑥– ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɪɟɦɨɧɬɧɨɝɨ ɢɥɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ; 
      ݇ З = Ͳ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ; 
      ݇ ɚɜ = ͳ,Ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ. 

ɇɚ ɫɬɨɪɨɧɟ ȼɇ ɪɚɫɱёɬɧɵɟ ɬɨɤɢ ɫɨɫɬɚɜɹɬ: 
 𝐼ȼɇɧɨɪɦ = Ͳ,͹ ⋅  ͸͵√͵ ⋅ ͳͳͲ = Ͳ,ʹ͵ͳ ˍА ; 

 𝐼ȼɇ௠𝑎𝑥 = ͳ,Ͷ ⋅  ͸͵√͵ ⋅ ͳͳͲ = Ͳ,Ͷ͸͵ ˍА . 
 

(4.4) 

(4.5) 
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ɇɚ ɫɬɨɪɨɧɟ ɋɇ ɪɚɫɱёɬɧɵɟ ɬɨɤɢ ɫɨɫɬɚɜɹɬ: 
 𝐼ɋɇɧɨɪɦ = ܵ˒˔.˔ːʹ ⋅ √͵ ⋅ ːܷˑˏ = ʹ,ʹͶʹ ⋅ √͵ ⋅ ͵ͷ = Ͳ,Ͳͳͺͷ ˍА ; 

 𝐼ɋɇ௠𝑎𝑥 = ܵ˒˔.˔ː√͵ ⋅ ːܷˑˏ = ʹ,ʹͶ√͵ ⋅ ͵ͷ = Ͳ,Ͳ͵͹Ͳ ˍА . 
 

ɇɚ ɫɬɨɪɨɧɟ ɇɇ ɪɚɫɱёɬɧɵɟ ɬɨɤɢ ɫɨɫɬɚɜɹɬ: 
 𝐼ɇɇɧɨɪɦ = ܵ˒˔.ːːʹ ⋅ √͵ ⋅ ːܷˑˏ = ͵͵,͸ʹ ⋅ √͵ ⋅ ͸,Ͳ = ͳ,͸ʹ ˍА ; 
 

   
 𝐼ɇɇ௠𝑎𝑥 = ܵ˒˔.ːː√͵ ⋅ ːܷˑˏ = ͵͵,͸√͵ ⋅ ͸,Ͳ = ͵,ʹͶ ˍА . 

 
4.3.2. ɐɟɩɢ ɥɢɧɢɣ  

 
Ɍɨɤɢ ɜ ɰɟɩɹɯ ɞɥɹ n ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ [6, C. 215], ɤȺ 
 𝐼ɧɨɪɦ = ܵː˃ˆ˓݊ ⋅ √͵ ⋅ ːܷˑˏ  ; 

 𝐼ɧɨɪɦ = ݊݊ − ͳ ːˑ˓ˏ𝑚𝑎𝑥  . 
 
Ɉɩɪɟɞɟɥɢɦ ɬɨɤɢ ɰɟɩɟɣ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ: 
 𝐼ɧɨɪɦ = ͷ͵,͵ʹ ⋅ √͵ ⋅ ͳͳͲ = Ͳ,ͳͶͲ ˍА ; 

 𝐼ɧɨɪɦ = ʹʹ − ͳ ⋅ Ͳ,ͳͶͲ = Ͳ,ʹͺͲ ˍА . 
 

 
 

(4.6) 

(4.7) 

(4.8) 

(4.9) 

(4.10) 

(4.11) 
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ɇɚɣɞёɦ ɬɨɤɢ ɰɟɩɟɣ ɥɢɧɢɣ ɫɬɨɪɨɧɵ ɋɇ: 
 𝐼ɋɇ ɧɨɪɦ = ʹ,ʹͶʹ ⋅ √͵ ⋅ ͵ͷ = Ͳ,Ͳͳͺͷ ˍА . 

 
ɇɚɣɞёɦ ɬɨɤɢ ɰɟɩɟɣ ɥɢɧɢɣ ɫɬɨɪɨɧɵ ɇɇ: 
 𝐼ɇɇ ɧɨɪɦ = ͵͵,͸ʹ ⋅ √͵ ⋅ ͸,Ͳ = ͳ,͸ʹ ˍА . 

 

4.4.  ȼɵɛɨɪ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɪɟɚɤɬɨɪɨɜ  

Ɋɟɚɤɬɨɪɵ ɜɵɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɢɯ ɭɫɬɚɧɨɜɤɢ, ɩɨ 
ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɬɨɤɭ ɢ ɢɧɞɭɤɬɢɜɧɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ. 
 Ɍɚɤ ɤɚɤ ɬɨɤ ɄɁ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɛɨɥɶɲɟ 20 ɤȺ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ 
ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɪɟɚɤɬɨɪɵ. 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɟɚɤɬɨɪɚ ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ 

ɧܷɨɦLR ൒ ˖ܷ˔˕ ; 𝐼ɧɨɦLR ൒ 𝐼ɇɇ max ; 
 𝐼ɇɇ max = ͵ʹͶͲ Ⱥ ͶͲͲͲ ൒ ͵ʹͶͲ 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ: 𝑥ɪ ൒ 𝑥ɪ
ɬɪɟɛ ,  𝑥ɪ

ɬɪɟɛ = 𝑥ɪɟɡ
ɬɪɟɛ − 𝑥ɪɟɡ , 𝑥ɪɟɡ = ܷɇɇ√͵𝐼ɩͲ , 

𝑥ɪ
ɬɪɟɛ = ܷɇɇ√͵𝐼ɩͲ˕˓ˈ˄, 

ɝɞɟ     𝐼˒଴ – ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɛɟɡ ɭɱɟɬɚ ɭɫɬɚɧɨɜɤɢ 
ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɪɟɚɤɬɨɪɚ, ɤȺ.       
  𝐼˒଴ ˕˓ˈ˄ – ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

(4.16) 

(4.17) 
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ɧɟ ɛɨɥɟɟ 12,1 ɤȺ.          

 𝑥ɪɟɡ
ɬɪɟɛ– ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ 

ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 𝐼˒଴ ˕˓ˈ˄ = ͳͳ,Ͳͺ ˍА ; 
 𝑥ɪɟɡ =  ͸,͸√͵ ⋅ ʹ͸,ͷ = Ͳ,ͳͶͶ ʝˏ ;  

 𝑥ɪɟɡ =  ͸,͸√͵ ⋅ ͳʹ,ͳ = Ͳ,͵ͳͷ ʝˏ ; 
          

 𝑥ɪ
ɬɪɟɛ = Ͳ,͵Ͷ͵ − Ͳ,ͳͶͶ = Ͳ,ͳ͹ͳ Ɉɦ . 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɪɟɚɤɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 0,20 Ɉɦ. 
 

0,18 Ɉɦ ≥ 0,17 Ɉɦ. 
 
ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɪɟɚɤɬɨɪ ɊɌɈɋ-10-4000/35. 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɛɨɪɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɉɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.1. 
Ɍɚɛɥɢɰɚ 4.1.  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɛɨɪɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɉɋ 

Uȼɇ UCɇ Uɇɇ 𝐼Ʉͳ 𝐼Ʉʹ 𝐼Ʉ͵ 𝐼Ʉͳሺଵሻ 𝐼Ʉ͵ɞɨ ɪɟɚɤ.
 

ɤȼ ɤȼ ɤȼ ɤȺ ɤȺ ɤȺ ɤȺ ɤȺ 

110 35 6,0 2,41 5,29 12,1 1,14 26,5 

 
4.5. ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ  

 
4.5.1. ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

110 ɤȼ 
 

ɋɨɝɥɚɫɧɨ [11] ɫɛɨɪɧɵɟ ɲɢɧɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɨɲɢɧɨɜɤɚ ɜ ɩɪɟɞɟɥɚɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜɫɟɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɚ ɧɟ ɩɪɨɜɟɪɹɸɬɫɹ. 

ȼɵɛɢɪɚɟɦ ɝɢɛɤɭɸ ɨɲɢɧɨɜɤɭ 110 ɤȼ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍ-1(ɩɪɨɜɨɞ Ⱥɋ-120/19) [6, ɫ. 624]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɵɯ ɝɢɛɤɢɯ 
ɨɲɢɧɨɜɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
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Ɍɚɛɥɢɰɚ 4.2.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ 
Ɋɚɞɢɭɫ ɩɪɨɜɨɞɚ, ɦɦ2 Ⱦɨɩɭɫɬɢɦɵɣ ɬɨɤ, Ⱥ 

7,60 390 
 

Ɍɚɤ ɤɚɤ ɲɢɧɵ ɜɵɩɨɥɧɟɧɵ ɧɟɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ 
ɜɨɡɞɭɯɟ, ɬɨ ɩɪɨɜɟɪɤɭ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɩɪɨɢɡɜɨɞɢɬɶ 
ɫɨɝɥɚɫɧɨ [6, ɫ. 238]. 

ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 20 ɤȺ (ɫɦ. ɬɚɛɥɢɰɭ 4.1) [6, ɫ. 238].  

ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɜɵɛɪɚɧɧɨɣ ɦɚɪɤɢ ɩɪɨɜɨɞɚ: 
– ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ, 𝐼௠𝑎𝑥ɞɨɩ  

 
280 < 390 ; 

 
– ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ [6, ɫ. 

237], ɨɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ 

 

ȿ଴ = ͵Ͳ,͵ ⋅ ݉ ⋅ (ͳ + Ͳ,ʹͺͲ√ݎ ) , 
  

ɝɞɟ m – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɚ (ɞɥɹ 
ɦɧɨɝɨɩɪɨɜɨɥɨɱɧɵɯ ɩɪɨɜɨɞɨɜ m = 0,82);  

ȿ଴ = ͵Ͳ,͵ ⋅ Ͳ,ͺʹ ⋅ (ͳ + Ͳ,ʹͺͲ√Ͳ,͹͸Ͳ) = ͵͵,Ͷ ˍВ/˔ˏ . 
 

ɇɚɩɪɹɠёɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ 
 

ȿ = Ͳ,͵ͷͶ ⋅ ݎܷ ⋅ ݈݃ ݎ˓˔ܦ  , 
 
ɝɞɟ U – ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ;  
       Dcp – ɫɪɟɞɧɟɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ. 

ɉɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɮɚɡ, ɫɦ 
  

Dcp = 1,26⋅D, 

(4.18) 

(4.19) 

(4.20) 
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ɝɞɟ D = 300 ɫɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɮɚɡɚɦɢ ɜ ɈɊɍ 110 ɤȼ. 
˓˔ܦ  = ͳ,ʹ͸ ⋅ ͵ͲͲ = ͵͹ͺ ; 
ܧ  = Ͳ,͵ͷͶ ⋅ ͳͳͲͲ,͹͸Ͳ ⋅ ݈݃ ͵͹ͺͲ,͹͸Ͳ = ͳͻ,Ͳ. 

 
ɍɫɥɨɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɪɨɧɵ: 

 ͳ,Ͳ͹ܧ ൑ Ͳ,ͻͲܧ଴ ; 
 ͳ,Ͳ͹ ⋅ ͳͻ,Ͳ ൑ Ͳ,ͻͲ ⋅ ͵͵,Ͷ ; 
 ʹͲ,͵ < ͵Ͳ,ͳ . 
 

Ⱦɚɧɧɵɣ ɩɪɨɜɨɞ ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɩɚɪɚɦɟɬɪɚɦ.  

4.5.2. ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɫɬɨɪɨɧɟ ɫɪɟɞɧɟɝɨ           
ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɚ, ɫɥɭɠɚɳɟɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɲɢɧɨɜɤɢ ɈɊɍ 35 ɤȼ 
ɩɪɢɦɟɦ Ⱥɋ 10/1,8 [6, ɫ. 624] (ɬɚɛɥɢɰɚ 4.3). 
Ɍɚɛɥɢɰɚ 4.3.  Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ Ⱥɋ 10/1,8 

Ɋɚɞɢɭɫ ɩɪɨɜɨɞɚݎ, ɦɦ 
Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ𝐼ɞɨɩ, 

Ⱥ 

2,5 84 

 
ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɜɵɛɪɚɧɧɨɣ ɦɚɪɤɢ ɩɪɨɜɨɞɚ: 

– ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ, 𝐼௠𝑎𝑥ɞɨɩ  

37 < 84; 

– ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɢɜɟɞёɧɧɵɦ ɜ [6, ɫ. 
237], ɨɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ: 

 

ȿ଴ = ͵Ͳ,͵ ⋅ Ͳ,ͺʹ ⋅ ቆͳ + Ͳ,ʹͺͲ√Ͳ,ʹͷͲቇ = ͵ͺ,ͺ ˍВ/˔ˏ . 
 

(4.21) 
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ɇɚɩɪɹɠёɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɚ, 
ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (4.20) ɤȼ/ɫɦ. 

ɉɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɮɚɡ, ɫɦ 
  

Dcp = 1,26⋅D , 

ɝɞɟ D = 150 ɫɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɮɚɡɚɦɢ ɜ ɈɊɍ 35 ɤȼ; 
˓˔ܦ  = ͳ,ʹ͸ ⋅ ͳͷͲ = ͳͺͻ ; 
ܧ   = Ͳ,͵ͷͶ ⋅ ͵ͷͲ,ʹͷͲ ⋅ ݈݃ ͳͺͻͲ,ʹͷͲ = ͳ͹,ʹ . 
 

ɍɫɥɨɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɪɨɧɵ ɩɨ ɮɨɪɦɭɥɟ (4.21): 
 ͳ,Ͳ͹ ⋅ ͳ͹,ʹ ൑ Ͳ,ͻ ⋅ ͵ͳ,͸ ; 
 ͳͺ,Ͷ < ʹͺ,Ͷ . 

 
Ⱦɚɧɧɵɣ ɩɪɨɜɨɞ ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɩɚɪɚɦɟɬɪɚɦ.  
 
4.6. ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ 

ɇɚ ɫɬɨɪɨɧɭ 6 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɄɊɍ ɋɗɓ-80 ɍɏɅ3 ɈȺɈ «ɗɥɟɤɬɪɨɳɢɬ 
ɋɚɦɚɪɚ» [10]. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɢɟ ɛɥɨɤ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɹɱɟɟɤ ɫ ɤɨɪɢɞɨɪɨɦ ɭɩɪɚɜɥɟɧɢɹ (ɛɥɨɤ ɄɊɍ), ɲɤɚɮ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) ɢ ɲɤɚɮ ȼɑ-ɫɜɹɡɢ. 
Ɍɚɛɥɢɰɚ 4.4. Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɄɊɍ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 6,0 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 7,2 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɥɚɜɧɵɯ ɰɟɩɟɣ ɲɤɚɮɚ, Ⱥ 4000 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɄɊɍ, 

ɤȺ 
40 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 40 
ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ 3,0 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 102 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 

-ɲɢɪɢɧɚ  
-ɝɥɭɛɢɧɚ 
-ɜɵɫɨɬɚ 

 
1000 
1650 
2715 
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ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɄɊɍ [6, ɫ. 30]: 
– ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ, 
 

ɭܷɫɬ ൑ ɧܷɨɦ;
  ͸,Ͳ = ͸,Ͳ , 

 
ɝɞɟ Uɭɫɬ – ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ; 

Uɧɨɦ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɲɤɚɮɚ ɄɊɍ, ɤȼ. 
– ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ  
 𝐼ɧɨpɦ ൑ 𝐼ɧɨɦ, 

 ͳ͸ʹͲ < ͶͲͲͲ, 
 𝐼ɧɨɦ௠𝑎𝑥 
   ͵ʹͶͲ < ͶͲͲͲ. 

 
– ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ,  
 ݅ɭ ൑ ݅ɞɢɧ ;                                                                       

 ݅ɭ = √ʹ ⋅ 𝐼௄ଷ ⋅ ݇ɭɞ; 
 ݅ɭ = √ʹ ⋅ ͳʹ,ͳ ⋅ ͳ,ͻ͸ = ͵͵,ʹ ɤȺ, 
 
ɝɞɟ kɭɞ=1,96, ɬɨɝɞɚ ɢɦɟɟɦ 
 ͵͵,ʹ < ͳͲʹ. 
 

– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ:  
Кܤ  ൑ 𝐼ɬɟɪ

ଶ ⋅  ;ɬɟɪݐ

Кܤ  = 𝐼Kʹଶ ሺݐɨɬɤɥ + 𝑎ܶ ⋅ ሺͳ − ݁−మ⋅𝑡ɨɬɤɥ𝑇𝑎 ሻሻ; 
 

(4.22) 

(4.23) 

(4.24) 

(4.25) 

(4.26) 

(4.27) 

(4.28) 
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Кܤ = ͳʹ, ͳଶ ሺͲ,ͳͺ + Ͳ,ʹ͵ ⋅ ሺͳ − ݁−మ⋅బ,భ8బ,మయ ሻሻ = ͷͶ,͸ ɤȺ2∙ɫ; 
  𝐼ɬɟɪ

ଶ ⋅ ɬɟɪݐ = ͶͲ,Ͳଶ ⋅ ͵,Ͳ = ͶͺͲͲ ɤȺ2∙ɫ. 
 
Ɍɨɝɞɚ ɢɦɟɟɦ  
 ͷͶ,͸ < ͶͺͲͲ . 

 
ȼ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ 6 ɤȼ ɨɲɢɧɨɜɤɚ ɢ ɫɛɨɪɧɵɟ 

ɲɢɧɵ ɜɵɩɨɥɧɹɸɬɫɹ ɠёɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ. Ɇɟɞɧɵɟ ɲɢɧɵ ɢɡ-ɡɚ 
ɜɵɫɨɤɨɣ ɢɯ ɫɬɨɢɦɨɫɬɢ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɨɜɵɯ ɧɚɝɪɭɡɤɚɯ 
[6, ɫ. 218].  

ȼɵɛɢɪɚɟɦ ɚɥɸɦɢɧɢɟɜɵɟ ɲɢɧɭ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ȺȾ 31Ɍ 120×10 
[6, ɫ. 624]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.5. 
Ɍɚɛɥɢɰɚ 4.5. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ 

Ɋɚɡɦɟɪɵ ɲɢɧɵ h×b, ɦɦ ɋɟɱɟɧɢɟ ɩɨɥɨɫɵ, ɦɦ2 Ⱦɨɩɭɫɬɢɦɵɣ ɬɨɤ, Ⱥ 

120×10 1197 4000 
 

ɉɪɨɜɟɪɤɚ ɠɟɫɬɤɢɯ ɲɢɧ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 
– ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ 𝐼௠𝑎𝑥ɞɨɩ , 
– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ݍ ൒  ,minݍ

ɝɞɟ ݍmin  ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɦɦ2; 

ݍ          ɜɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ ɲɢɧɵ. 
– ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 𝜎ɪɚɫɱ ൑ 𝜎ɞɨɩ,  

ɝɞɟ ıɞɨɩ  ɞɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ, Ɇɉɚ. 
ɉɪɨɜɟɪɢɦ ɲɢɧɵ 6 ɤȼ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɲɟ: 
– ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ,  
 𝐼௠𝑎𝑥ɞɨɩ  , 

 ͵ʹͶͲ < ͶͲͲͲ ; 
 

– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ,  
ݍ  ൒  . minݍ
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Ɇɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɭɫɥɨɜɢɸ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɦɦ2 
ݍ  √ȼК

ɋ் ௠𝑖௡, 
 

ɝɞɟ ்ܥ = ͺʹ  ɮɭɧɤɰɢɹ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ [6, ɫ. 624] 
А⋅ɫబ,5
ɦɦమ ;  

       Вʙ – ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤАଶ ⋅ ɫ,  
Кܤ  = 𝐼K͵ɞɨ ɪɟɚɤ.మሺݐɨɬɤɥ + 𝑎ܶ ⋅ ሺͳ − ݁−మ⋅𝑡ɨɬɤɥ𝑇𝑎 ሻሻ, 

 
ɝɞɟ   ݐɨɬɤɥ– ɪɚɫɱёɬɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɄɁ, 
ɨɬɤɥݐ  = .ɨɫɧ.ɡɚɳݐ +  ; ɉ.ȼݐ

 
ɝɞɟ   ݐɨɫɧ.ɡɚɳ.– ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɪɚɜɧɨɣ 0,1ɫ  ݐɉ.ȼ– ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɛɥɢɠɚɣɲɟɝɨ ɤ ɦɟɫɬɭ ɄɁ ɜɵɤɥɸɱɚɬɟɥɹ  
ɪɚɜɧɨɟ 0,08 ɫ 
ɨɬɤɥݐ  = Ͳ,ͳͲ + Ͳ,Ͳͺ = Ͳ,ͳͺ ɫ; 

Кܤ  = ʹ͸, ͷଶ ቆͲ,ͳͺ + Ͳ,ͳͲ ⋅ (ͳ − ݁−మ⋅బ,భ8బ,భ )ቇ = ͳͻͶ,͹ ɤȺ2∙ɫ ; 

ݍ  √ͳͻͶ,͹ ⋅ ͳͲ଺ͺʹ  ˏˏଶ . 
 
Ɍɨɝɞɚ ɢɦɟɟɦ  
 ͳͳͻ͹ > ͳ͹Ͳ,ʹ ; 
 

 ɩɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ,  
 𝜎ɪɚɫɱ ൑ 𝜎ɞɨɩ . 
 
 
 

(4.29) 
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Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ, ɇ/ɦ ݂ሺଷሻ = √͵ ⋅ ͳͲ−଻ ݅ɭ

ଶ
ɚ

, 
 

ɝɞɟ ɚ = 0,1  ɪɚɫɫɬɨɹɧɢɟ, ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɮɚɡɚɦɢ, ɦ; 
      ݅ ɭ  ɭɞɚɪɧɵɣ ɬɨɤ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɩɨ ɮɨɪɦɭɥɟ (4.26) 
ɪɚɜɧɵɣ 31,4 ɤȺ 
 ݂ሺଷሻ = √͵ ⋅ ͳͲ−଻ ሺ͵ͳ,Ͷ ⋅ ͳͲଷሻଶͲ,ͳ = ʹͲͷͲ ɇ/ɦ. 

 
ɂɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɇ/ɦ 
 

М = ݂ሺଷሻ ⋅ ݈ଶͳͲ , 
 

ɝɞɟ ݈  ɞɥɢɧɚ ɲɤɚɮɚ ɄɊɍ ݈ = ͳ,Ͳɦ [10]. 
   ɉɨɥɭɱɢɦ 
 

М = ʹͲͷͲ ⋅ ͳ, ͲଶͳͲ = ʹͲͷ,ͷ ʜ/ˏ . 
 

ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ 
ɨɩɪɟɞɟɥɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ, Ɇɉɚ 
 𝜎ɪɚɫɱ = Мܹ , 

 
ɝɞɟ  ܹ  ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ 
ɞɟɣɫɬɜɢɸ ɭɫɢɥɢɹ, ɫɦ3. 

ɉɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɩɪɟɞɟɥɢɬɫɹ [6, C. 224] 

 ܹ = ܾଶ ⋅ ℎ͸  , 
 

ɝɞɟ b ɢ h   ɲɢɪɢɧɚ ɢ ɜɵɫɨɬɚ ɩɨɥɨɫɵ ɲɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ, ɫɦ 
 

(4.30) 

(4.31) 

(4.32) 

(4.33) 
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ܹ = Ͳ,ͲͲͺ ⋅ Ͳ,ͳͲଶ͸ = ͳ͵,͵ ⋅ ͳͲ−଺, ɦଷ . 
 

Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡɝɢɛɚɸɳɟɝɨ 
ɦɨɦɟɧɬɚ 
 𝜎ɪɚɫɱ = Мܹ = ʹͲͷ,Ͳͳ͵,͵ ⋅ ͳͲ−଺ = ͳͷ,Ͷ ʛʞ˃ . 

 
ɉɨ [6, ɫ. 224] ɩɪɢɧɢɦɚɟɦ ıɞɨɩ = 75,0 Ɇɉɚ, ɬɨɝɞɚ ɢɦɟɟɦ 

 ͳͷ,Ͷ < ͹ͷ,Ͳ .  
 

 ȼɵɛɪɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

4.7. ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ  
  

ȼɵɤɥɸɱɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɚɩɩɚɪɚɬɨɦ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɤɚɯ, ɨɧ ɫɥɭɠɢɬ ɞɥɹ ɨɬɤɥɸɱɟɧɢɹ ɢ ɜɤɥɸɱɟɧɢɹ ɜ ɰɟɩɢ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ: 
ɞɥɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɩɟɪɟɝɪɭɡɤɚ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɯɨɥɨɫɬɨɣ ɯɨɞ, 
ɧɟɫɢɧɯɪɨɧɧɚɹ ɪɚɛɨɬɚ. ɇɚɢɛɨɥɟɟ ɬɹɠɟɥɨɣ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɨɩɟɪɚɰɢɟɣ ɹɜɥɹɟɬɫɹ 
ɨɬɤɥɸɱɟɧɢɟ ɄɁ ɢ ɜɤɥɸɱɟɧɢɟ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ [6, C. 295]. 

ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɨɜɟɞɟɦ ɩɨ [6, C. 338]. ɉɪɢ ɜɵɛɨɪɟ 
ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 12 ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ, ɬɚɤ ɤɚɤ 
ɡɚɜɨɞɚɦɢ-ɢɡɝɨɬɨɜɢɬɟɥɹɦɢ ɝɚɪɚɧɬɢɪɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɚɪɚɦɟɬɪɨɜ, ɧɚɩɪɢɦɟɪ: 

 𝐼˅ˍˎ,ːˑˏ ൒ 𝐼ˑ˕ˍ,ːˑˏ , 
 ݅ɜɤɥ,ɧɨɦ ൒ ͳ,ͺ ⋅ √ʹ ⋅ 𝐼ɨɬɤ,ɧɨɦ , 
 

ɬɨ ɞɨɩɭɫɬɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɛɨɪ ɬɨɥɶɤɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɨ ɜɚɠɧɟɣɲɢɦ 
ɩɚɪɚɦɟɬɪɚɦ: 

– ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ:  
 

ɭܷɫɬ ൑ ɧܷɨɦ  ; 
 
– ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ: 𝐼ɧɨpɦ ൑ 𝐼ɧɨɦ ; 

(4.34) 

(4.35) 

(4.36) 

(4.37) 
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 𝐼ɧɨɦ௠𝑎𝑥  ; 
 
– ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 
1) ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ 

 𝐼ɨɬɤɥ.ɧɨɦ ൒ 𝐼ɩĲ ; 
 

 2) ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ 
  ݅ɚ,𝜏 ൑ ݅ɚ,ɧɨɦ = √ʹ ⋅ 𝛽ɧͳͲͲ ⋅ 𝐼ɨɬɤɥ.ɧɨɦ , 
 
ɝɞɟ ݅ɚ,ɧɨɦ – ɧɨɦɢɧɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɜ ɨɬɤɥɸɱɟɧɧɨɦ ɬɨɤɟ ɞɥɹ ɜɪɟɦɟɧɢ Ĳ; 
       𝛽ɧ – ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɨɬɤɥɸɱɚɟɦɨɦ ɬɨɤɟ ɜɵɛɪɚɧɧɨɟ ɩɨ [6, C. 296], %. 

       ݅ ɚ,𝜏 – ɚɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɄɁ ɜ ɦɨɦɟɧɬ ɪɚɫɯɨɠɞɟɧɢɹ 
ɤɨɧɬɚɤɬɨɜ Ĳ  ݅ɚ,𝜏 = √ʹ ⋅ 𝐼ɩͲሺଷሻ ⋅ ݁−𝜏

ɚ்  , 
 

ɝɞɟ ɚܶ– ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, 
ɫ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ [6, ɫ. 150]                                                                                   
        Ĳ – ɧɚɢɦɟɧɶɲɟɟ ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɄɁ ɞɨ ɦɨɦɟɧɬɚ ɪɚɫɯɨɠɞɟɧɢɹ 
ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɫ: 
 𝜏 = ,ɫݐ ɜɪɡ,௠𝑖௡ , 

 
ɝɞɟ ݐɪɡ.௠𝑖௡ = 0,01 ɫ – ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ; 
 .ɫ.ɜ. – ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹݐ        

– ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
 𝐼ɩ଴ሺଷሻ ൑ 𝐼ɞɢɧ ; 

 ݅ɭ ൑ ݅ɞɢɧ , 
 

ɝɞɟ 𝐼ɞɢɧ – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɄɁ; 

(4.38) 

(4.39) 

(4.40) 

(4.41) 

(4.42) 

(4.43) 

(4.44) 
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       ݅ ɭ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɰɟɩɢ ɜɵɤɥɸɱɚɬɟɥɹ.  ݅ɭ = √ʹ𝐼ɩ.଴ሺଷሻ ⋅ ݇ɭ , 
 
ɝɞɟ ݇ɭɞ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ [6, C. 150]; 

      𝐼ɩ.଴ሺଷሻ – ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɰɟɩɢ 
ɜɵɤɥɸɱɚɬɟɥɹ; 

– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ:  
Кܤ  ൑ 𝐼ɬɟɪ

ଶ ⋅  , ɬɟɪݐ
 

ɝɞɟ 𝐼ɬɟɪ – ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ; 
 ;ɬɟɪ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫݐ       
 ;К – ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸܤ       
Кܤ  = 𝐼ɩ.଴ଶ ሺݐɨɬɤɥ + Ɍɚሻ, 

 
ɝɞɟ ݐɨɬɤɥ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ, ɫ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ [6] ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ:  ݐɨɬɤɥ = ɪ.ɡݐ +  ,ɨɬɤɥ,ɜݐ

 
ɝɞɟ ݐɪ.ɡ – ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɵɯ ɪɟɥɟɣɧɵɯ ɡɚɳɢɬ, ɫ;  
 .ɨɬɤɥ,ɜ – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɤɥɸɱɚɬɟɥɟɣ, ɫݐ       
 

4.7.1. ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ 
 

ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɈɊɍ 110 ɤȼ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɦɚɪɤɢ  
ȼȽɌ-110-25,0/1250 ɍɏɅ1 [7]. ȿɝɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 
Ɍɚɛɥɢɰɚ 4.6.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽɌ-110-31,5/1250 ɍɏɅ1 

ɇɨɦɢɧɚɥɶɧɨ
ɟ 

ɧɚɩɪɹɠɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɞɥɢɬɟɥɶɧɵɣ 
ɬɨɤ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ ɬɨɤ 

ɨɬɤɥɸɱɟɧɢ
ɹ 

ɋɨɛɫɬɜɟɧɧɨ
ɟ ɜɪɟɦɹ 

ɨɬɤɥɸɱɟɧɢɹ 

Ɍɨɤ 
ɷɥɟɤɬɪɨɞɢɧɚ

ɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤɨɣ 

ɫɬɨɣɤɨɫɬɢ 

ȼɪɟɦɹ 
ɬɟɪɦɢɱɟɫɤɨ

ɣ 
ɫɬɨɣɤɨɫɬɢ 

ɧܷɨɦ , ɤȼ 𝐼ɧɨɦ, Ⱥ 𝐼ɨɬɤɥ.ɧɨɦ, ɤȺ ݐɫ.ɜ, ɫ ݅ɞɢɧ, ɤȺ 𝐼ɬɟɪ, ɤȺ ݐɬɟɪ, ɫ 

110 1250 25,0 0,035 25,0 25,0 3,0 
 

ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨ ɭɫɥɨɜɢɹɦ, ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɵɲɟ: 
– ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɭܷɫɬ ൑ ɧܷɨɦ 

(4.45) 

(4.46) 

(4.47) 

(4.48) 
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ͳͳͲ = ͳͳͲ ; 
– ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼ːˑpˏ ൑ 𝐼ːˑˏ, 𝐼ɧɨɦ௠𝑎𝑥 

    ͳͶͲ,Ͳ < ͳʹͷͲ; 
 ʹͺͲ,Ͳ < ͳʹͷͲ; 

 
– ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 
1) ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, 𝐼ɨɬɤɥ.ɧɨɦ ൒ 𝐼ɩ𝜏 
 ʹͷ,Ͳ < ͺ,ͳͺ ; 

 
2) ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ݅ɚ,𝜏 ൑ ݅ɚ,ɧɨɦ 𝜏 = Ͳ,Ͳͳ + Ͳ,Ͳ͵ͷ = Ͳ,ͲͶͷ ɫ; 

 ݅ɚ,ɧɨɦ = √ʹ ⋅ ʹͷ,Ͳ ⋅ ͶͲ,ͲͳͲͲ = ͳͶ,ͳ ɤȺ; 
 ݅ɚ,𝜏 = √ʹ ⋅ ʹ,Ͷͳ ⋅ ݁−଴,଴ସହ଴,଴ଷ = ͳ,͵ͷ ɤȺ; 
 

ɬɨɝɞɚ ɢɦɟɟɦ  
 ͳ,͵ͷ < ͳͶ,ͳ; 

 

– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɭ ൑ ݅ɞɢɧ 

 ݅ɭ = √ʹ ⋅ ʹ,Ͷͳ ⋅ ͳ,͹ = ͷ,͹Ͷ , 
 

ɝɞɟ ݇ɭ = ͳ,͹, ɬɨɝɞɚ ɢɦɟɟɦ                 ͷ,͹Ͷ < ʹͷ,Ͳ ; 
 

– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ܤК ൑ 𝐼ɬɟɪ
ଶ ⋅  : ɬɟɪݐ

Кܤ  = ʹ,Ͷͳଶ ቆͲ,ͳͺ + Ͳ,Ͳ͵ ⋅ (ͳ − ݁−ଶ⋅଴,ଵ଼଴,଴ଷ )ቇ = ͳ,ʹʹ ɫɤАଶ ; 
 

ɝɞɟ ݐˑ˕ˍ= 0,18 ɫ, ɚܶ = 0,03 ɫ. 
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 𝐼ɬɟɪ
ଶ ⋅ ɬɟɪݐ = ʹͷ,Ͳଶ ⋅ ͵,Ͳ = ͳͺ͹ͷ ɤАଶ 

 

 ɬɨɝɞɚ ɢɦɟɟɦ 
 ͳ,ʹʹͲ < ͳͺ͹ͷ . 
 

ȼɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
4.7.2. ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ 

 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɈɊɍ 35 ɤȼ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɦɚɪɤɢ  

ȼȽȻɗ-35-12,5/630 ɍɏɅ1 [7]. ȿɝɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7. 
Ɍɚɛɥɢɰɚ 4.7.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȻɗ-35-12,5/630 ɍɏɅ1 

ɇɨɦɢɧɚɥɶɧɨ
ɟ 

ɧɚɩɪɹɠɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɞɥɢɬɟɥɶɧɵɣ 
ɬɨɤ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ ɬɨɤ 

ɨɬɤɥɸɱɟɧɢ
ɹ 

ɋɨɛɫɬɜɟɧɧɨ
ɟ ɜɪɟɦɹ 

ɨɬɤɥɸɱɟɧɢɹ 

Ɍɨɤ 
ɷɥɟɤɬɪɨɞɢɧɚ

ɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤɨɣ 

ɫɬɨɣɤɨɫɬɢ 

ȼɪɟɦɹ 
ɬɟɪɦɢɱɟɫɤɨ

ɣ 
ɫɬɨɣɤɨɫɬɢ 

ɧܷɨɦ , ɤȼ 𝐼ɧɨɦ, Ⱥ 𝐼ɨɬɤɥ.ɧɨɦ, ɤȺ ݐɫ.ɜ, ɫ ݅ɞɢɧ, ɤȺ 𝐼ɬɟɪ, ɤȺ ݐɬɟɪ, ɫ 

35 630 12,5 0,04 31,5 12,5 3,0 
 

ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨ ɭɫɥɨɜɢɹɦ ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɵɲɟ: 
– ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɭܷɫɬ ൑ ɧܷɨɦ 

 ͵ͷ = ͵ͷ ; 
 

– ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼ːˑpˏ ൑ 𝐼ːˑˏ, 𝐼ɧɨɦ௠𝑎𝑥 

 ͳͺ,ͷ < ͸͵Ͳ ; 
 ͵͹,Ͳ < ͸͵Ͳ ; 

 
– ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 
1) ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, 𝐼ɨɬɤɥ.ɧɨɦ ൒ 𝐼ɩ𝜏 

 ͳʹ,ͷ > ͸,Ͷͺ ; 
 

2) ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ݅ɚ,𝜏 ൑ ݅ɚ,ɧɨɦ 
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𝜏 = Ͳ,Ͳͳ + Ͳ,Ͳ͵ͷ = Ͳ,ͲͶͷ ˔ ; ݅ɚ,ɧɨɦ = √ʹ ⋅ ͳʹ,ͷ ⋅ ͶͲ,ͲͳͲͲ = ͹,Ͳ͹ ˍА ; 
 ݅ɚ,𝜏 = √ʹ ⋅ ͷ,ʹͻ ⋅ ݁−଴,଴ସହ଴,ଵ = ͷ,Ͳʹ ˍА ; 

 
ɬɨɝɞɚ ɢɦɟɟɦ: ͷ,Ͳʹ < ͹,Ͳ͹ ; 
 
– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɭ ൑ ݅ɞɢɧ 

 ݅ɭ = √ʹ ⋅ ͷ,ʹͻ ⋅ ͳ,ͻ = ͳͶ,ͳ ɤȺ , 
 

ɝɞɟ ݇ɭ = ͳ,ͻ, ɬɨɝɞɚ ɢɦɟɟɦ                 ͳͶ,ͳ < ͵ͳ,ͷ ; 
 

– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ܤК ൑ 𝐼ɬɟɪ
ଶ ⋅  : ɬɟɪݐ

Кܤ  = ͷ,ʹͻଶ ቆͲ,ͳͺ + Ͳ,ͳ ⋅ (ͳ − ݁−ଶ⋅଴,ଵ଼଴,ଵ )ቇ = ͷ,ͺͺ ɤАଶ˔ ; 
 

ɝɞɟ ݐˑ˕ˍ= 0,18 ɫ, ɚܶ = 0,1 ɫ. 
 𝐼ɬɟɪ

ଶ ⋅ ɬɟɪݐ = ͳʹ, ͷଶ ⋅ ͵,Ͳ = Ͷ͸ͻ ɤАଶ˔ ; 
 

 ɬɨɝɞɚ ɢɦɟɟɦ ͷ,ͺͺ < Ͷ͸ͻ 
 

ȼɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
4.7.3. ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ 

 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɄɊɍ 6ɤȼ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ  

ȼɊɋ-6-40/4000 ɍ2 [9]. ȿɝɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.8. 
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Ɍɚɛɥɢɰɚ 4.8.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼɊɋ-6-40/4000 ɍ2 

ɇɨɦɢɧɚɥɶɧɨ
ɟ 

ɧɚɩɪɹɠɟɧɢɟ    
ɧܷɨɦ , ɤȼ 

ɇɨɦɢɧɚɥɶɧɵ
ɣ 

ɞɥɢɬɟɥɶɧɵɣ 
ɬɨɤ   𝐼ɧɨɦ, Ⱥ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ ɬɨɤ 

ɨɬɤɥɸɱɟɧɢɹ𝐼ɨɬɤɥ.ɧɨɦ, ɤȺ 

ɋɨɛɫɬɜɟɧɧɨɟ 
ɜɪɟɦɹ 

ɨɬɤɥɸɱɟɧɢɹ ݐɫ.ɜ, ɫ 

Ɍɨɤ 
ɷɥɟɤɬɪɨɞɢɧɚ

ɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ ݅ɞɢɧ, ɤȺ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤɨ
ɣ ɫɬɨɣɤɨɫɬɢ             𝐼ɬɟɪ, ɤȺ 

ȼɪɟɦɹ 
ɬɟɪɦɢɱɟɫɤɨɣ 

ɫɬɨɣɤɨɫɬɢݐɬɟɪ, ɫ 

6,0 4000 40 0,12 102 40 3 

 
ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨ ɭɫɥɨɜɢɹɦ, ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɵɲɟ: 
– ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɭܷɫɬ ൑ ɧܷɨɦ 
 ͸,Ͳ = ͸,Ͳ ; 

 
– ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ𝐼ːˑpˏ ൑ 𝐼ːˑˏ, 𝐼ɧɨɦ௠𝑎𝑥       

 ͳ͸ʹͲ < ͶͲͲͲ ; 
 ͵ʹͶͲ < ͶͲͲͲ ; 
 

– ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 
1) ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, 𝐼ɨɬɤɥ.ɧɨɦ ൒ 𝐼ɩĲ 

 ͶͲ,Ͳ > ͳͻ,ͷ ; 
 

2) ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ݅ɚ,𝜏 ൑ ݅ɚ,ɧɨɦ  

 𝜏 = Ͳ,Ͳͳ + Ͳ,ͳʹ = Ͳ,ͳ͵ ˔; 
 ݅ɚ,ɧɨɦ = √ʹ ⋅ ͶͲ ⋅ ͶͲͳͲͲ = ͳ͹,ͺ ˍА; 

 ݅ɚ,𝜏 = √ʹ ⋅ ͳͻ,ͷ ⋅ ݁−଴,଴ସହ଴,ଵ = ͳ͹,Ͷ ˍА; 
 

ɬɨɝɞɚ ɢɦɟɟɦ  
 ͳ͹,Ͷ < ͳ͹,ͺ ; 
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– ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɭ ൑ ݅ɞɢɧ 

 ݅ɭ = √ʹ ⋅ ͳ͹,Ͷ ⋅ ʹ,Ͳ = Ͷͻ,ʹ ˍА; 
 
ɝɞɟ kɭɞ=1,96, ɬɨɝɞɚ ɢɦɟɟɦ 
 ͺͲ,Ͳ < Ͷͻ,ʹ ; 
 
 

– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ܤК ൑ 𝐼ɬɟɪ
ଶ ⋅  :ɬɟɪݐ

Кܤ  = ͳͻ,ͷଶ ቆͲ,ͳͺ + Ͳ,ʹ͵ ⋅ (ͳ − ݁−ଶ⋅଴,ଵ଼଴,ଶଷ )ቇ = ͳ͵ͻ,ͳ ˍАଶ ∙ ˔;  
  𝐼ɬɟɪ

ଶ ⋅ ɬɟɪݐ = ͶͲ,Ͳଶ ⋅ ͵,Ͳ = ʹͻ͹͸ ˍАଶ ∙ ˔; 
 
ɬɨɝɞɚ ɢɦɟɟɦ    
 ͳ͵ͻ,ͳ < ʹͻ͹͸ .  

 
ȼɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
4.8. ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ  ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɡɴɟɞɢɧɟɧɢɹ ɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɧɢɯ ɬɨɤɚ; ɫɨɡɞɚёɬ ɜɢɞɢɦɵɣ ɪɚɡɪɵɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.  

ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɭɫɥɨɜɢɹɦɢ, [6, ɫ. 290]: 

– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɚɡɴɟɞɢɧɢɬɟɥɹ  
 

ɧܷɨɦ ൒ ɭܷɫɬ ; 
 

– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɚɡɴɟɞɢɧɢɬɟɥɹ  
 𝐼ːˑˏ ൒ 𝐼ːˑ˓ˏ, 
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 𝐼ɧɨɦ ൒ 𝐼௠𝑎𝑥; 
 

– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ  
 ݅ɩɪ.ɫɤɜ ൒ ݅ɭɞ , 
                                                          

ɝɞɟ ݅ɩɪ.ɫɤɜ  ɚɦɩɥɢɬɭɞɚ ɩɪɟɞɟɥɶɧɨɝɨ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȺ;    
 – ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ  
 

ȼК ൑ 𝐼ɬɟɪɦ
ଶ  , ɬɟɪɦݐ

                                                                         

ɝɞɟ Вʙ  ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȺଶ ⋅ ɫ;  

    𝐼ɬɟɪɦ  ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ;  
 .ɬɟɪɦ  ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫݐ    
 

4.8.1. ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ 
 

ȼɨɡɶɦɟɦ ɬɪёɯɩɨɥɸɫɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɟɪɢɢ  
ɊȽɉ-110/1000 ɍɏɅ1 [7].  

Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɫɟɪɢɢ ɊȽɉ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɜ ɬɪɟɯɩɨɥɸɫɧɨɦ 
ɢɫɩɨɥɧɟɧɢɢ. Ʉɨɧɫɬɪɭɤɰɢɹ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɚɧɨɜɤɭ 
ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ ɩɪɢɜɨɞɨɜ ɞɥɹ ɝɥɚɜɧɵɯ ɢ ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ: ɉȾɋ 
(ɞɜɢɝɚɬɟɥɶɧɵɣ) ɢ ɉɊɉ (ɪɭɱɧɨɣ). ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɝɥɚɜɧɵɯ ɢ 
ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ ɞɜɢɝɚɬɟɥɶɧɵɣ ɩɪɢɜɨɞ. 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9 
Ɍɚɛɥɢɰɚ 4.9. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ  

ɧܷɨɦ, ɤȼ 𝐼ɧɨɦ, Ⱥ 
݅ɩɪ.ɫɤɜ, 

ɤȺ 
Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 

110 1000 80 31,5 
 

 ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɲɟ: 
– ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɧܷɨɦ ൒ ɭܷɫɬ: 

 ͳͳͲ = ͳͳͲ  ; 
 

– ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɪɚɡɴɟɞɢɧɢɬɟɥɹ, 𝐼ːˑˏ ൒ 𝐼ːˑ˓ˏ, 𝐼ɧɨɦ ൒ 𝐼௠𝑎𝑥 
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ͳͲͲͲ > ͳͶͲ,Ͳ ; ͳͲͲͲ > ʹͺͲ,Ͳ . 
 

– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɩɪ.ɫɤɜ ൒ ݅ɭ 

ɝɞɟ ݅ɭɞ = ͷ,͹Ͷ ɤȺ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.1 

 ͺͲ,Ͳ > ͷ,͹Ͷ ;  
– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ȼК ൑ 𝐼ɬɟɪɦ

ଶ  ,ɬɟɪɦݐ
ɝɞɟ ȼ௄ = ͳ,ʹʹ ɤȺ2ɫ  – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.1 
 𝐼ɬɟɪɦ

ଶ ⋅ ɬɟɪɦݐ = ͵ͳ, ͷଶ ⋅ ͵,Ͳ = ʹͻ͹͹ ˍАଶ ∙ ˔;  
 

 ɬɨɝɞɚ ɢɦɟɟɦ 
 ͳ,ʹʹͲ < ʹͻ͹͹ . 

 
         ȼɵɛɪɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽɉ-110/1000-40 ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 

4.8.2. ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ 
 
ȼɨɡɶɦɟɦ ɬɪёɯɩɨɥɸɫɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɟɪɢɢ  

ɊȽ-35/630 ɍɏɅ1 [7].  
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɫɟɪɢɢ ɊȽ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɜ ɬɪɟɯɩɨɥɸɫɧɨɦ ɢɫɩɨɥɧɟɧɢɢ.         

Ʉɨɧɫɬɪɭɤɰɢɹ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɚɧɨɜɤɭ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ 
ɩɪɢɜɨɞɨɜ ɞɥɹ ɝɥɚɜɧɵɯ ɢ ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ: ɉȾɋ (ɞɜɢɝɚɬɟɥɶɧɵɣ) ɢ ɉɊɉ 
(ɪɭɱɧɨɣ). ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɝɥɚɜɧɵɯ ɢ ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ 
ɞɜɢɝɚɬɟɥɶɧɵɣ ɩɪɢɜɨɞ. 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
Ɍɚɛɥɢɰɚ 4.10. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ  

ɧܷɨɦ, ɤȼ 𝐼ɧɨɦ, Ⱥ 
݅ɩɪ.ɫɤɜ, 

ɤȺ 
Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 

35 630 31,5 12,5 
ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɲɟ: 
– ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɧܷɨɦ ൒ ɭܷɫɬ: 

 ͳͳͲ = ͳͳͲ ; 
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– ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɪɚɡɴɟɞɢɧɢɬɟɥɹ, 𝐼ːˑˏ ൒ 𝐼ːˑ˓ˏ, 𝐼ɧɨɦ ൒ 𝐼௠𝑎𝑥 

 ͸͵Ͳ > ͳͺ,ͷ ;  
 ͸͵Ͳ > ͵͹,Ͳ . 

 
 

– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɩɪ.ɫɤɜ ൒ ݅ɭ 

ɝɞɟ ݅ɭɞ = ͳͶ,ͳ ɤȺ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.2 

 ͵ͳ,ͷ > ͳͶ,ͳ ;   
 

– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ȼК ൑ 𝐼ɬɟɪɦ
ଶ  ,ɬɟɪɦݐ

ɝɞɟ ȼ௄ = ͷ,ͺͺ ɤȺ2ɫ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.2 
 𝐼ɬɟɪɦ

ଶ ⋅ ɬɟɪɦݐ = ͳʹ,ͷଶ ⋅ ͵,Ͳ = Ͷ͸ͻ ɤȺଶ ⋅ ɫ; 
 

 ɬɨɝɞɚ ɢɦɟɟɦ 
 ͷ,ͺͺ < Ͷ͸ͻ . 

 
         ȼɵɛɪɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽ-35/630 ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 
ɩɪɨɜɟɪɤɢ. 
 

4.8.3. ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ 
 
 ɇɚ ɫɬɨɪɨɧɟ ɇɇ 6 ɤȼ ɭɫɬɚɧɨɜɥɟɧɵ ɹɱɟɣɤɢ ɄɊɍ Cɗɓ 80-6, ɜ ɤɨɬɨɪɵɟ 
ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ. Ɍɚɤ ɤɚɤ ɟɝɨ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɞɟɧɬɢɱɧɵɟ 
ɜɚɤɭɭɦɧɨɦɭ ɜɵɤɥɸɱɚɬɟɥɸ, ɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɧɟ ɬɪɟɛɭɟɬɫɹ [10]. 
 

4.9. ȼɵɛɨɪ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

Ʉɨɧɬɪɨɥɶ ɡɚ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɚɠɟ ɧɚ ɚɧɚɥɨɝɢɱɧɵɯ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹɯ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ 
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ɪɚɡɥɢɱɧɵɦ. ɇɟɨɛɯɨɞɢɦɵɣ ɫɨɫɬɚɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.11 [6, 
ɫ. 366]. 
Ɍɚɛɥɢɰɚ 4.11.  Ʉɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 

ɐɟɩɶ 
Ɇɟɫɬɨ 

ɭɫɬɚɧɨɜɤɢ 
ɩɪɢɛɨɪɚ 

ɉɟɪɟɱɟɧɶ ɩɪɢɛɨɪɨɜ ɉɪɢɦɟɱɚɧɢɟ 

Ɍɪёɯɨɛɦɨɬɨɱɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
 
 
 

ȼɇ Ⱥɦɩɟɪɦɟɬɪ ȼɚɬɬɦɟɬɪ – ɬɨɥɶɤɨ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 110 
ɤȼ ɢ ɜɵɲɟ. 
ȿɫɥɢ ɩɨɬɨɤ ɦɨɳɧɨɫɬɢ 
ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ, ɬɨ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɜɚɬɬɦɟɬɪɵ ɢ 
ɜɚɪɦɟɬɪɵ  ɫ   
ɞɜɭɯɫɬɨɪɨɧɧɟɣ 
ɲɤɚɥɨɣ ɢ ɞɜɚ 
ɫɱɟɬɱɢɤɚ ɫɨ 
ɫɬɨɩɨɪɚɦɢ. 

ɋɇ 

Ⱥɦɩɟɪɦɟɬɪ, ɜɚɬɬɦɟɬɪ, 
ɫɱёɬɱɢɤɢ ɚɤɬɢɜɧɨɣ ɢ 
ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 

 

 
 

ɇɇ 
 

Ⱥɦɩɟɪɦɟɬɪ, ɜɚɬɬɦɟɬɪ, 
ɫɱёɬɱɢɤɢ ɚɤɬɢɜɧɨɣ ɢ 
ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 

 
 

 
 
 

ɋɛɨɪɧɵɯ ɲɢɧ 10, 35 
ɤȼ 

 
 
 
 
 

ɇɚ ɤɚɠɞɨɣ 
ɫɟɤɰɢɢ ɢɥɢ 

ɫɢɫɬɟɦɟ ɲɢɧ 

ȼɨɥɶɬɦɟɬɪ ɞɥɹ 
ɢɡɦɟɪɟɧɢɹ 

ɦɟɠɞɭɮɚɡɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɢ 

ɜɨɥɶɬɦɟɬɪ 
ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɬɪёɯ ɮɚɡɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ 

ɇɚ ɬɪɚɧɡɢɬɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɲɢɧɚɯ 
35 ɤȼ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɪɟɝɢɫɬɪɢɪɭɸɳɢɣ 
ɜɨɥɶɬɦɟɬɪ, ɟɫɥɢ 
ɲɢɧɵ ɩɨɞɫɬɚɧɰɢɢ 
ɹɜɥɹɸɬɫɹ 
ɤɨɧɬɪɨɥɶɧɵɦɢ 
ɬɨɱɤɚɦɢ ɩɨ 
ɧɚɩɪɹɠɟɧɢɸ ɜ 
ɫɢɫɬɟɦɟ 

ɒɢɧɨɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ 
ɢ ɫɟɤɰɢɨɧɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ 

– Ⱥɦɩɟɪɦɟɬɪ – 

Ʌɢɧɢɹ 10  ɤȼ – 

Ⱥɦɩɟɪɦɟɬɪ, ɪɚɫɱёɬɧɵɟ 
ɫɱёɬɱɢɤɢ ɚɤɬɢɜɧɨɣ ɢ 
ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 

ɞɥɹ ɥɢɧɢɣ, 
ɩɪɢɧɚɞɥɟɠɚɳɢɯ 

ɩɨɬɪɟɛɢɬɟɥɸ 

ȿɫɥɢ ɩɨ ɫɱёɬɱɢɤɚɦ ɧɟ 
ɜɟɞɟɬɫɹ ɞɟɧɟɠɧɵɣ 
ɪɚɫɱɟɬ, ɬɨ ɫɱёɬɱɢɤ 

ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 
ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
52 

ʚˋ˔
˕     

  

 

 

Ʌɢɧɢɹ 35 ɤȼ – 

Ⱥɦɩɟɪɦɟɬɪ, ɪɚɫɱёɬɧɵɟ 
ɫɱёɬɱɢɤɢ ɚɤɬɢɜɧɨɣ ɢ 

ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɬɭɩɢɤɨɜɵɯ 

ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ 
ɥɢɧɢɹɯ 

Ɍɨɠɟ   

 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.11 

Ʌɢɧɢɹ 110 ɤȼ – 

Ⱥɦɩɟɪɦɟɬɪ, ɜɚɬɬɦɟɬɪ, 
ɜɚɪɦɟɬɪ, 

ɮɢɤɫɢɪɭɸɳɢɣ ɩɪɢɛɨɪ, 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɄɁ, 
ɪɚɫɱёɬɧɵɟ ɫɱёɬɱɢɤɢ 

ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɷɧɟɪɝɢɢ ɬɭɩɢɤɨɜɵɯ  
ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ 

ɥɢɧɢɹɯ 

Ⱦɥɹ ɥɢɧɢɣ ɫ 
ɩɨɮɚɡɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɪɢ 

ɚɦɩɟɪɦɟɬɪɚ. 
ɇɚ ɥɢɧɢɹɯ ɫ 

ɞɜɭɯɫɬɨɪɨɧɧɢɦ 
ɩɢɬɚɧɢɟɦ 

ɜɚɬɬɦɟɬɪ ɢ ɜɚɪɦɟɬɪ ɫ 
ɞɜɭɯɫɬɨɪɨɧɧɟɣ 

ɲɤɚɥɨɣ, ɞɜɚ ɫɱёɬɱɢɤɚ 
ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɫɨ 

ɫɬɨɩɨɪɚɦɢ 

 
4.10. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ (ɌɌ) ɫɥɭɠɚɬ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɵɯ 

ɜɟɥɢɱɢɧ ɜ ɜɟɥɢɱɢɧɵ ɭɞɨɛɧɵɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɪɚɡɜɨɞɤɭ ɩɟɪɜɢɱɧɵɯ ɢ ɜɬɨɪɢɱɧɵɯ ɰɟɩɟɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢɜɟɞɟɦ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 4.11. ɋɯɟɦɚ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 
 

 
 

Ɋɢɫɭɧɨɤ 4.1.  ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
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 ɩɪɢɛɨɪɨɜ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

ɫɥɟɞɭɸɳɢɦɢ ɭɫɥɨɜɢɹɦɢ, [6, ɫ. 373]:  
– ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ 
  

ɧܷɨɦ ൒ ɭܷɫɬ ; 
 
– ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ   
 𝐼ଵɧɨɦ ൒ 𝐼௠𝑎𝑥 ; 
                                                                             
– ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ  
 ݅ɞɢɧ ൒ ݅ɭɞ , 

 

ɝɞɟ ݅ɞɢɧ ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ; 
– ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ  
 

ȼК ൑ 𝐼ɬɟɪɦ
ଶ  ; ɬɟɪɦݐ

                                                                      
– ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ  
 ܼଶ ൑ ܼଶɧɨɦ , 
                                                                                        

ɝɞɟ ܼଶ  ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɌɌ;  
      ܼ ଶɧɨɦ  ɧɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɜ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ. 

ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɨɢɬ ɢɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢɛɨɪɨɜ, 
ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɚɤɬɨɜ:  

ଶݎ  = ɩɪɢɛݎ + ɩɪɨɜݎ +  . ɤݎ
 
4.10.1. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ 

ɇɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌɈȽɎ-110 [7]. 
Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɩɪɢɦɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɈȽɎ-110-600/5 ɍɏɅ1, ɟɝɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12. 

(4.49) 

(4.50) 

(4.51) 

(4.52) 

(4.53) 

(4.54) 



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
54 

ʚˋ˔
˕     

  

 

 

Ɍɚɛɥɢɰɚ 4.12.  ɉɚɪɚɦɟɬɪɵ ɌɈȽɎ-110-600/5 ɍɏɅ1 

 
 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɲɟ: 
– ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɧܷɨɦ ൒ ɭܷɫɬ 

 ͳͳͲ = ͳͳͲ ; 
 

– ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɪɚɡɴɟɞɢɧɢɬɟɥɹ, 𝐼ːˑˏ ൒ 𝐼ːˑ˓ˏ, 𝐼ɧɨɦ ൒ 𝐼௠𝑎𝑥 

 ͸ͲͲ > ͳͶͲ ; 
 ͸ͲͲ > ʹͺͲ ; 

 
– ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɩɪ.ɫɤɜ ൒ ݅ɭɞ 

ɝɞɟ ݅ɭɞ = ͷ,͹Ͷ ɤȺ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.1 

 ͺͲ,Ͳ > ͷ,͹Ͷ ; 
 

– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ȼК ൑ 𝐼ɬɟɪɦ
ଶ   ,ɬɟɪɦݐ

ɝɞɟ ܤК = ͳ,ʹʹɤȺ2ɫ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.1 
 𝐼ɬɟɪ

ଶ ⋅ ɬɟɪݐ = ͵ͳ, ͷଶ ⋅ ͳ,Ͳ = ͻͻ͵ ˍАଶ ∙ ˔ , 
 

ɬɨɝɞɚ ɢɦɟɟɦ: 
 ͳ,ʹʹ < ͻͻ͵ ; 
 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɨ ɡɚɝɪɭɡɤɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɌɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɚɹ 

ɧɚɝɪɭɡɤɚ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ (Ʉɂɉ), ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ ɧɢɦ. 

ɇɨɦɢɧɚɥɶ
ɧɨɟ 

ɧɚɩɪɹɠɟɧɢ
ɟ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɩɟɪɜɢɱɧɵɣ 
ɬɨɤ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɜɬɨɪɢɱɧɵɣ 
ɬɨɤ 

Ɍɨɤ 
ɷɥɟɤɬɪɨɞ

ɢɧ. 
ɫɬɨɣɤɨɫɬ

ɢ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤ

ɨɣ 
ɫɬɨɣɤɨɫɬɢ 

ȼɪɟɦɹ 
ɬɟɪɦɢɱɟɫɤ

ɨɣ 
ɫɬɨɣɤɨɫɬɢ 

ɇɨɦɢɧɚɥɶ
ɧɚɹ 

ɜɬɨɪɢɱɧɚɹ 
ɧɚɝɪɭɡɤɚ 

ɧܷɨɦ , ɤȼ 𝐼ଵɧɨɦ , Ⱥ 𝐼ଶɧɨɦ, Ⱥ 𝐼эɥ.ɞɢɧ., ɤȺ 𝐼ɬɟɪ, ɤȺ ݐɬɟɪ, ɫ ܵʹɧ, ȼ·Ⱥ 

110 600 5 80 31,5 1 30 
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Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɩɪɟɞɫɬɚɜɢɦ ɷɬɢ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 
4.13. 
Ɍɚɛɥɢɰɚ 4.13.  ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼ·Ⱥ 

ɮɚɡɚ Ⱥ ɮɚɡɚ ȼ ɮɚɡɚ ɋ 
Ⱥɦɩɟɪɦɟɬɪ  ɋȺ3020 2,8 – – 
ȼɚɬɬɦɟɬɪ ɐɅ2132 2,0 – – 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɬɨɤɚ 

ȿ-824 1,0 1,0 1,0 

ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɋȺɁ-ɂ681 2,5 – 2,5 
ɋɱɟɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɋɊ4-689 2,5 2,5 2,5 
ɂɬɨɝɨ: 10,8 3,5 6,0 

 
ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 4.13 ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ ɮɚɡɨɣ ɭ ɌɌ ɞɥɹ 

ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɹɜɥɹɟɬɫɹ ɮɚɡɚ Ⱥ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɟɱɟɧɢɟ ɞɚɧɧɵɯ ɤɚɛɟɥɟɣ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɧɚɝɪɭɡɤɟ ɮɚɡɵ Ⱥ.  

ɉɪɢɧɢɦɚɟɬɫɹ ɭɫɥɨɜɢɟ, ɱɬɨ ɢɧɞɭɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɰɟɩɟɣ ɦɚɥɚ, 
ɩɨɷɬɨɦɭ ɢɯ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ ɚɤɬɢɜɧɨɦɭ,  

– ɨɩɪɟɞɟɥɹɟɦ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ: 
ɩɪɢɛݎ  = ܵɩɪɢɛ𝐼ଶଶ = ͳͲ,ͺͷ, Ͳଶ = Ͳ,Ͷ͵ʹ Ɉɦ , 

 

ɝɞɟ ܵɩɪɢɛ  ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ, ȼ∙Ⱥ;  
      𝐼ଶ  ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ⱥ. 

ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [6, ɫ. 374] ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɩɪɢɦɟɦ 
ɪɚɜɧɵɦ ݎɤɨɧɬ = Ͳ,ͳɈɦ. Ɍɨɝɞɚ ɞɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ: 

ɩɪݎ  = ܼଶɧɨɦ − ɩɪɢɛݎ − ɤɨɧɬɪݎ = ͳ,ʹ − Ͳ,Ͷ͵ − Ͳ,ͳ = Ͳ,͸͹ ʝˏ; 
 ܼଶɧɨɦ = ܵଶɧɨɦ𝐼ଶଶ = ͵Ͳͷ, Ͳଶ = ͳ,ʹ ʝˏ. 

 
ɋ ɭɱёɬɨɦ ɷɬɨɝɨ ɫɟɱɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɦɦଶ 

ݍ  = 𝜌 ⋅ ݈ɪɚɫɱݎɩɪ
 , 

 

ɝɞɟ 𝜌 = Ͳ,Ͳʹͺ͵ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɥɸɦɢɧɢɹ, Ɉɦ⋅ˏ
ɦɦమ ;  

      ݈ ɪɚɫɱ  ɪɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɦ. 

(4.55) 
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Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6, ɫ. 374] 
 ݈ɪɚɫɱ = Ͳ,ͺͷ ⋅ ݈ = Ͳ,ͺͷ × ͹Ͳ = ͷͻ,ͷ ɦ . 
 

Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ 
ݍ  = 𝜌 ⋅ ݈ɪɚɫɱݎɩɪ

= Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͲ,͸͹ = ʹ,ͷͳ ɦɦଶ. 
 
ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɟɦ 4 ɦɦ2, ɬɨɝɞɚ 

ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ 
ɩɪݎ   = 𝜌 ⋅ ݈ɪɚɫɱݍ = Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͶ,Ͳ = Ͳ,Ͷʹ Ɉɦ . 

 
Ɍɨɝɞɚ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ, Ɉɦ 

 ܼଶ = ɩɪݎ + ɩɪɢɛݎ + ɤɨɧɬݎ = Ͳ,Ͷʹ + Ͳ,Ͷ͵ + Ͳ,ͳͲ = Ͳ,ͻͷ . 
 
 Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 𝑧ଶ ൑ 𝑧ʹɧɨɦ, ɬɚɤ ɤɚɤ 
 Ͳ,ͻͷ < ͳ,ʹ . 

 
4.10.2. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

35 ɤȼ 

ɇɚ ɫɬɨɪɨɧɟ ȼɇ 35 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ-35-1000/5 
ɍɏɅ 1 [12] , ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.14. 
Ɍɚɛɥɢɰɚ 4.14.  ɉɚɪɚɦɟɬɪɵ ɌɈɅ-35-40/5 ɍɏɅ 1 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɲɟ: 
– ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɧܷɨɦ ൒ ɭܷɫɬ 

 

ɇɨɦɢɧɚɥɶ
ɧɨɟ 

ɧɚɩɪɹɠɟɧɢ
ɟ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɩɟɪɜɢɱɧɵɣ 
ɬɨɤ 

ɇɨɦɢɧɚɥɶɧ
ɵɣ 

ɜɬɨɪɢɱɧɵɣ 
ɬɨɤ 

Ɍɨɤ 
ɷɥɟɤɬɪɨɞ

ɢɧ. 
ɫɬɨɣɤɨɫɬ

ɢ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤ

ɨɣ 
ɫɬɨɣɤɨɫɬɢ 

ȼɪɟɦɹ 
ɬɟɪɦɢɱɟɫɤ

ɨɣ 
ɫɬɨɣɤɨɫɬɢ 

ɇɨɦɢɧɚɥɶ
ɧɚɹ 

ɜɬɨɪɢɱɧɚɹ 
ɧɚɝɪɭɡɤɚ 

ɧܷɨɦ, ɤȼ 𝐼ଵɧɨɦ, Ⱥ 𝐼ଶɧɨɦ, Ⱥ 𝐼эɥ.ɞɢɧ., ɤȺ 𝐼ɬɟɪ, ɤȺ ݐɬɟɪ, ɫ ܵʹɧ, ȼ·Ⱥ 

35 40 5 8 2,1 3 30 
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͵ͷ = ͵ͷ; 
 

– ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɪɚɡɴɟɞɢɧɢɬɟɥɹ, 𝐼ːˑˏ ൒ 𝐼ːˑ˓ˏ, 𝐼ɧɨɦ ൒ 𝐼௠𝑎𝑥 

 ͳͲͲͲ > ͳͺ,ͷ ; 
 ͳͲͲͲ > ͵͹,Ͳ ; 

 
 
 

– ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ݅ɩɪ.ɫɤɜ ൒ ݅ɭɞ 

ɝɞɟ ݅ɭɞ = ͳͶ,ͳ ɤȺ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.2 

 ͵ͳ,ͷ > ͳͶ,ͳ ; 
 

– ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ȼК ൑ 𝐼ɬɟɪɦ
ଶ   ,ɬɟɪɦݐ

ɝɞɟ ܤК = ͷ,ͺͺɤȺ2ɫ – ɪɚɫɫɱɢɬɚɧ ɜ ɩɭɧɤɬɟ 4.5.2 
 𝐼ɬɟɪ

ଶ ⋅ ɬɟɪݐ = ͺ,Ͳଶ ⋅ ͵,Ͳ = ͳͻʹ ˍАଶ ∙ ˔ , 
 
ɬɨɝɞɚ ɢɦɟɟɦ 
 ͳͶ,ͳ < ͳͻʹ . 
 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɨ ɡɚɝɪɭɡɤɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɌɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɚɹ 

ɧɚɝɪɭɡɤɚ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ (Ʉɂɉ), ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ ɧɢɦ. 
Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɩɪɟɞɫɬɚɜɢɦ ɷɬɢ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 
4.15. 
Ɍɚɛɥɢɰɚ 4.15.  ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼ·Ⱥ 

ɮɚɡɚ Ⱥ ɮɚɡɚ ȼ ɮɚɡɚ ɋ 
Ⱥɦɩɟɪɦɟɬɪ  ɋȺ3020 2,8 – – 
ȼɚɬɬɦɟɬɪ ɐɅ2132 2,0 – – 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɬɨɤɚ 

ȿ-824 1,0 1,0 1,0 

ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɋȺɁ-ɂ681 2,5 – 2,5 
ɋɱɟɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɋɊ4-689 2,5 2,5 2,5 
ɂɬɨɝɨ: 10,8 3,5 6,0 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 4.15 ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ ɮɚɡɨɣ ɭ ɌɌ ɞɥɹ 
ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɹɜɥɹɟɬɫɹ ɮɚɡɚ Ⱥ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɟɱɟɧɢɟ ɞɚɧɧɵɯ ɤɚɛɟɥɟɣ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɧɚɝɪɭɡɤɟ ɮɚɡɵ Ⱥ.  

ɉɪɢɧɢɦɚɟɬɫɹ ɭɫɥɨɜɢɟ, ɱɬɨ ɢɧɞɭɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɰɟɩɟɣ ɦɚɥɚ, 
ɩɨɷɬɨɦɭ ɢɯ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ ɚɤɬɢɜɧɨɦɭ [6, ɫ. 374],  

– ɨɩɪɟɞɟɥɹɟɦ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ 
ɩɪɢɛݎ  = ܵɩɪɢɛ𝐼ଶଶ = ͳͲ,ͺͷ, Ͳଶ = Ͳ,Ͷ͵ʹ Ɉɦ , 
  

ɝɞɟ ܵɩɪɢɛ  ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ, ȼ∙Ⱥ;  
      𝐼ଶ  ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ⱥ. 
ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [6, ɫ. 374] ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ݎɤɨɧɬ = Ͳ,ͳ Ɉɦ. Ɍɨɝɞɚ ɞɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ: 
ɩɪݎ   = ܼଶɧɨɦ − ɩɪɢɛݎ − ɤɨɧɬɪݎ = ͳ,ʹ − Ͳ,Ͷ͵ − Ͳ,ͳ = Ͳ,͸͹ Ɉɦ ; 

 ܼଶɧɨɦ = ܵଶɧɨɦ𝐼ଶଶ = ͵Ͳͷ, Ͳଶ = ͳ,ʹ ʝˏ. 
 

Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6, ɫ. 374] 
 ݈ɪɚɫɱ = Ͳ,ͺͷ ⋅ ݈ = Ͳ,ͺͷ × ͹Ͳ = ͷͻ,ͷ ˏ , 

 
ɬɨɝɞɚ ɫɟɱɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ: 

ݍ  = 𝜌 ⋅ ݈ɪɚɫɱݎɩɪ
= Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͲ,͸͹ = ʹ,ͷ ɦɦଶ. 

 
ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɟɦ 4 ɦɦ2, ɬɨɝɞɚ 

ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ: 
ɩɪݎ   = 𝜌 ⋅ ݈ɪɚɫɱݍ = Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͶ,Ͳ = Ͳ,Ͷʹ Ɉɦ, 
 
ɬɨɝɞɚ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ: 
 ܼଶ = ɩɪݎ + ɩɪɢɛݎ + ɤɨɧɬݎ = Ͳ,Ͷʹ + Ͳ,Ͷ͵ + Ͳ,ͳ = Ͳ,ͻͷ Ɉɦ . 
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 Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 𝑧ଶ ൑ 𝑧ʹɧɨɦ, ɬɚɤ ɤɚɤ 
 Ͳ,ͻͷ < ͳ,ʹ . 
 
 
 
 
 
 

4.10.3. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 
ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ 

ɉɪɢɦɟɦ ɌɈɅ-35-600/5 ɍɏɅ 1 [12]: 
 

– ɧܷɨɦ = ͵ͷ = ɭܷɫɬ = ͵ͷ ɤȼ ; 
 

– 𝐼ͳːˑˏ = 600 > 𝐼ௐ,ɧɨɪɦ =18,5 Ⱥ. 
 

4.10.4. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ ɜɵɛɢɪɚɟɦ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦ ɪɚɧɟɟ ɲɤɚɮɨɦ ɄɊɍ ɋɗɓ 70-6. ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ 
ɌɈɅ-10-4000/5 ɍɏɅ 1[12]: 

 
– ɧܷɨɦ = ͳͲ ൒ ɭܷɫɬ = ͸,Ͳ ɤȼ; 

 
– 𝐼ͳːˑˏ = 4000 > 𝐼HH max = ͵ʹͶͲ Ⱥ. 

 
4.10.5. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 

ɧɢɡɠɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜ ɄɊɍ ɋɗɓ 80-6. ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɌɈɅ-10-2000/5 ɍɏɅ 
1[12]: 

ɉɪɢɦɟɦ ɌɈɅ-10-2000/5 ɍɏɅ 1[12]: 
 

– ɧܷɨɦ = ͳͲ ൒ ɭܷɫɬ = ͸,Ͳ ɤȼ; 
 

– 𝐼ͳːˑˏ = 2000 > 𝐼ௐ,ɧɨɪɦ = ͳ͸ʹͲ Ⱥ. 
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4.10.6.  ȼɵɛɨɪ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
ȼ ɜɜɨɞɚɯ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɜɵɫɨɤɨɦ (110 ɤȼ) ɫɪɟɞɧɟɦ (35 

ɤȼ) ɢ ɧɢɡɤɨɦ (10 ɤȼ) ɧɚɩɪɹɠɟɧɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɫɬɪɨɟɧɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ. ɇɚ ɫɚɣɬɟ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɜɵɛɪɚɧɧɨɝɨ ɫɢɥɨɜɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɌɇ 63000/110 ɭɤɚɡɚɧɵ ɜɫɬɪɨɟɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ 
ɌȼɌ-110-І-600/5 ɧɚ ɫɬɨɪɨɧɟ ȼɇ (110 ɤȼ) ɌȼɌ-35-I-1000/5 ɧɚ ɫɬɨɪɨɧɟ ɋɇ (35 
ɤȼ) ɢ ɌȼɌ-10-I-5000/5 ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 ɤȼ). 

 
 

Ɍɚɛɥɢɰɚ 4.16.  Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

Ɍɢɩ 

ɇɨɦɢɧɚɥɶɧ
ɨɟ 
ɧɚɩɪɹɠɟɧɢɟ
, ɤȼ 

ɉɟɪɜɢɱɧɵɣ ɬɨɤ 
(ɜɤɥɸɱɚɹ 
ɨɬɜɟɬɜɥɟɧɢɹ), Ⱥ 

ɇɨɦɢɧɚɥɶɧɵɣ 
ɜɬɨɪɢɱɧɵɣ 
ɬɨɤ, Ⱥ 

Ɍɨɤ 
ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ, 𝐼ɬɟɪ, ɤȺ 

ɌȼɌ-110-І-
600/5 

110 600 5 40 

ɌȼɌ-35-I-
1000/5 

35 1000 5 40 

ɌȼɌ-10-I-
5000/5 

10 5000 5 40 

 
ɉɪɨɜɟɪɤɭ ɜɵɛɪɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ 

ɭɫɥɨɜɢɹɦ [1]. 
  
ɉɨ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ: 
     ːܷˑˏ ൒ ˔ܷˈ˕.ːˑˏ ,  

 ͳͳͲ = ͳͳͲ  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ110-І-600/5 
 ͵ͷ = ͵ͷ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ35-I-1000/5 
 ͳͲ = ͳͲ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ10-I-1500/5 

 
ɉɨ ɬɨɤɭ, Ⱥ: 
      𝐼ଵːˑˏ ൒ 𝐼max ,  

(4.56) 

(4.57) 
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 ͸ͲͲ > Ͷ͸͵ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ110-І-600/5 
 ͳͲͲͲ > ͵͹ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ-35-I-1000/5 
 ͷͲͲͲ > ͵ʹͶͲ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɌȼɌ-10-I-5000/5 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, 

ɬɚɤ ɤɚɤ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɪɚɫɫɱɢɬɚɧ ɧɚ ɷɬɨ ɢ ɩɪɨɲɟɥ ɷɬɢ ɩɪɨɜɟɪɤɢ. 
ȼɵɛɪɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 

 
4.11. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 

 
         Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ, ɧɚ ɪɢɫɭɧɤɟ 4.4 
ɩɪɢɜɟɞɟɦ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 4.11. 

ɉɪɢɜɟɞёɦ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ  
 

ɧܷɨɦ ൒ ɭܷɫɬ ; 
 

– ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ; 
– ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ  
 ܵɧɨɦ ൒ ܵଶ𝛴  , 
 

ɝɞɟ ܵଶ𝛴  ɧɚɝɪɭɡɤɚ ɜɫɟɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ, ȼ∙Ⱥ;  
      ܵ ːˑˏ  ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɜ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, ȼ⋅Ⱥ; 

    – ɩɨ ɞɨɩɭɫɬɢɦɵɦ ɩɨɬɟɪɹɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɨɜɨɞɚɯ ɤ ɫɱёɬɱɢɤɚɦ 
 𝛥ܷ ൑ 𝛥 ˇܷˑ˒, ɝɞɟ 𝛥 ɞܷɨɩ = Ͳ,ͷ% [6]., 

 

 

(4.58) 

(4.59) 
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Ɋɢɫɭɧɨɤ 4.2. ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 
ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ 

 
4.11.1. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ 
 

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɨɪ ɩɪɨɜɟɞɟɦ ɩɨ ɧܷɨɦ [6, ɫ. 374]. Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɦɟɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇȺɆɂ-110 ɍɏɅ1 [13]. 

 
4.11.2. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɫɪɟɞɧɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ 
 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɡɜɟɞёɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ 4.11, ɜɡɹɬɵɦɢ ɩɨ [6, ɫ. 378] ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.17. 
Ɍɚɛɥɢɰɚ 4.17.  ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ 

Ɇɨɳɧɨɫɬɶ  
ɨɞɧɨɣ 

ɨɛɦɨɬɤɢ, 
ȼ·Ⱥ 

ɑɢɫɥɨ 
ɨɛɦɨɬɨɤ 

cosφ sinφ 
ɑɢɫɥɨ 
ɩɪɢɛɨɪ

ɨɜ 

Ɉɛɳɚɹ  
ɩɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 
Ɋ, ȼɬ Q, ɜɚɪ 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɧɚɩɪɹɠɟɧɢɹ 

ȿ-825 5,0 1 1 0 1 5,0 0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ȿ-829 10,0 1 1 0 1 10,0 0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ȿ-830 10,0 1 1 0 1 10,0 0 

ɋɱёɬɱɢɤ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ɋɊ4-ɂ674 3,0 2 0,38 0,925 3 18,0 43,82 

ɋɱёɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ɋɊ4-ɂ689 3,0 2 0,38 0,925 3 18 43,82 

ɂɬɨɝɨ  61 87,64 
 

ɉɪɢɦɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈɅ-35-III [12]. 
ȼɵɩɨɥɧɢɦ ɟɝɨ ɩɪɨɜɟɪɤɭ: 
– ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɮɨɪɦɭɥɚ  
 ͵ͷ = ͵ͷ ; 
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– ɩɪɢɧɢɦɚɟɦɵɣ ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ 0,5. ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɷɬɨɦ ɤɥɚɫɫɟ 
ɬɨɱɧɨɫɬɢ Sɧɨɦ = 150 ȼ∙Ⱥ;  

– ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
 ܵଶ𝛴 = √ܲଶ + ܳଶ = √͸ͳଶ + ͺ͹,͸Ͷଶ = ͳͲ͹ ȼ ⋅ Ⱥ . 

 
           ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ  
 ܵଶ𝛴 = ͳͲ͹ < ܵːˑˏ =  ͳͷͲ ȼ ⋅ Ⱥ; 

 
 
– ɬɚɤ ɤɚɤ ɮɚɡɚ А ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɚ, ɩɪɨɜɟɞɟɦ ɪɚɫɱёɬ ɩɨɬɟɪɶ 

ɧɚɩɪɹɠɟɧɢɹ ɢɦɟɧɧɨ ɞɥɹ ɷɬɨɣ ɮɚɡɵ 
 𝛥ܷ = √͵ ⋅ 𝐼 ⋅ ܴܷ ⋅ ͳͲͲ , 
 𝐼 = ܵଶ𝛴ଶܷ  , 

 
ɝɞɟ ଶܷ – ɥɢɧɟɣɧɨɟ ɜɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ, ȼ. 

 𝐼 = ͳͲ͹ͳͲͲ = ͳ,Ͳ͹ . 
 

Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6, ɫ. 374] 
 ݈ɪɚɫɱ = Ͳ,ͺͷ ⋅ ݈ = Ͳ,ͺ × ͹Ͳ = ͷͻ,ͷ ˏ. 
  

  Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɤɚɛɟɥɹ 
ݍ  = 𝜌 ⋅ ݈ɪɚɫɱݎɩɪ

= Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͲ,͹ͺ = ʹ,ͳ͸ ˏˏଶ. 
 

ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɟɦ 4 ɦɦ2, ɬɨɝɞɚ 
ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ 
ɩɪݎ   = 𝜌 ⋅ ݈ɪɚɫɱݍ = Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷͶ,Ͳ = Ͳ,Ͷʹ ʝˏ. 

(4.60) 

(4.61) 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɩɪɢɦɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɬɚɤɢɟ ɠɟ ɩɪɨɜɨɞɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɜɹɡɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɫɱɟɬɱɢɤɨɜ. Ɍɨɝɞɚ ܴ = Ͳ,Ͷʹ Ɉɦ. 
 𝛥ܷ = √͵ ⋅ ͳ,Ͳ͹ ⋅ Ͳ,ͶʹͳͲͲ ⋅ ͳͲͲ = Ͳ,͹͹ , 

 
ɱɬɨ ɛɨɥɟɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ 𝛥 ɞܷɨɩ = Ͳ,ͷ%.  
 
 
 
 

ɉɪɢɦɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ݍ = ͸ ɦɦ2, ɬɨɝɞɚ ɩɨɥɭɱɢɦ 
 ܴ = 𝜌 ⋅ ݈ɪɚɫɱݍ = Ͳ,Ͳʹͺ͵ ⋅ ͷͻ,ͷ͸,Ͳ = Ͳ,ʹͺ Ɉɦ; 

  𝛥ܷ = √͵ ⋅ ͳ,Ͳ͹ ⋅ Ͳ,ʹͺͳͲͲ ⋅ ͳͲͲ = Ͳ,Ͷͺ , 
 

ɱɬɨ ɦɟɧɟɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ, ɮɨɪɦɭɥɚ  
 Ͳ,Ͷͺ < Ͳ,ͷͲ. 

 
4.11.3. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ  
 

ȼɵɛɨɪ ɩɪɨɢɡɜɟɞёɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ 4.11, ɜɡɹɬɵɦɢ ɩɨ 
[6, ɫ. 378] ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.18. 
Ɍɚɛɥɢɰɚ 4.18.  ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ 

Ɇɨɳɧɨɫɬɶ  
ɨɞɧɨɣ 

ɨɛɦɨɬɤɢ, 
ȼ·Ⱥ 

ɑɢɫɥɨ 
ɨɛɦɨɬɨ

ɤ 
cosφ sinφ 

ɑɢɫɥɨ 
ɩɪɢɛɨ

ɪɨɜ 

Ɉɛɳɚɹ  
ɩɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

Ɋ, ȼɬ Q, ɜɚɪ 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɧɚɩɪɹɠɟɧɢɹ 

ȿ-825 5,0 1 1 0 1 5,0 0 
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ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ȿ-829 10,0 1 1 0 1 10,0 0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ȿ-830 10,0 1 1 0 1 10,0 0 

ɋɱёɬɱɢɤ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ɋɊ4-ɂ674 3,0 2 0,38 0,925 3 18,0 43,82 

ɋɱёɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ɋɊ4-ɂ689 3,0 2 0,38 0,925 3 18 43,82 

ɂɬɨɝɨ  61 87,64 

 
ɉɪɢɦɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈɅ-10 [12]. 
 
ȼɵɩɨɥɧɢɦ ɟɝɨ ɩɪɨɜɟɪɤɭ: 
– ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ  
 ͳͲ > ͸,Ͳ ; 
 
– ɩɪɢɧɢɦɚɟɦɵɣ ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ 0,5. ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɷɬɨɦ ɤɥɚɫɫɟ 

ɬɨɱɧɨɫɬɢ Sɧɨɦ = 150 ȼ∙Ⱥ;  
– ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
 ܵଶ𝛴 = √ܲଶ + ܳଶ = √͸ͳଶ + ͺ͹,͸Ͷଶ = ͳͲ͹ ȼ ⋅ Ⱥ . 

 
         ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 
 ͳͲ͹ < ͳͷͲ ; 

 
– ɬɚɤ ɤɚɤ ɮɚɡɚ А ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɚ, ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨɬɟɪɶ 

ɧɚɩɪɹɠɟɧɢɹ ɢɦɟɧɧɨ ɞɥɹ ɷɬɨɣ ɮɚɡɵ 
 𝛥ܷ = √͵ ⋅ 𝐼 ⋅ ܴܷ ⋅ ͳͲͲ% , 

 𝐼 = ܵଶ𝛴ଶܷ  , 
 

ɝɞɟ ଶܷ – ɥɢɧɟɣɧɨɟ ɜɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ, ȼ. 
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𝐼 = ͳͲ͹ͳͲͲ = ͳ,Ͳ͹ . 
 

     ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɩɪɢɦɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɬɚɤɢɟ ɠɟ ɩɪɨɜɨɞɚ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɜɹɡɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɫɱɟɬɱɢɤɨɜ. Ɍɨɝɞɚ ܴ = Ͳ,Ͷͺ Ɉɦ. 
 𝛥ܷ = √͵ ⋅ ͳ,Ͳ͹ ⋅ Ͳ,ͶͺͳͲͲ ⋅ ͳͲͲ = Ͳ,ͺͻ , 
 
ɱɬɨ ɛɨɥɟɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ 𝛥 ɞܷɨɩ = Ͳ,ͷ%.  
 
 
 

ɉɪɢɦɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ݍ = ͸ ɦɦ2, ɬɨɝɞɚ ɩɨɥɭɱɢɦ 
 ܴ = 𝜌 ⋅ ݈ɪɚɫɱݍ = Ͳ,Ͳʹͺ͵ ⋅ ͷͲ͸,Ͳ = Ͳ,ʹ͵ͷ Ɉɦ ; 

 𝛥ܷ = √͵ ⋅ ͳ,Ͳ͹ ⋅ Ͳ,ʹ͵ͷͳͲͲ ⋅ ͳͲͲ = Ͳ,Ͷ͵ͷ , 
 

ɱɬɨ ɦɟɧɟɟ ɞɨɩɭɫɬɢɦɨɝɨ 
 Ͳ,Ͷ͵ͷ < Ͳ,ͷͲͲ. 

 
4.12. ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
ɇɚ ɜɫɟɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɹɯ 35–750 ɤȼ, ɚ ɬɚɤɠɟ ɧɚ 

ɩɨɞɫɬɚɧɰɢɹɯ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɫɢɧɯɪɨɧɧɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɨɫɧɚɳёɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɨɯɥɚɠɞɟɧɢɹ ɬɢɩɚ Ⱦ, Ⱦɐ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɇɨɳɧɨɫɬɶ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɜɟɥɢɤɚ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɢɦɟɧɹɸɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ 
ɜɬɨɪɢɱɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 220–380 ȼ, ɦɨɳɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 630 ɤȼ∙Ⱥ (ɧɚ ɨɱɟɧɶ 
ɤɪɭɩɧɵɯ ɩɨɞɫɬɚɧɰɢɹɯ ɞɨ 1000 ɤȼ∙Ⱥ, ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ݑК = ͺ%).  

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ [6, ɫ. 475]      

 

(4.62) 
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்ܵ ൒ ܵɪɚɫɱ݇ɚɜ
 , 

 
ɝɞɟ ݇ɚɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, ɤɨɬɨɪɵɣ, ɤɚɤ ɫɤɚɡɚɧɨ ɜ [6, ɫ. 91], 
ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɶɲɟ  (1,3–1,4), ɩɪɢɦɟɦ ɪɚɜɧɵɦ 1,4; ܵɪɚɫɱ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɉɋ, ɤȼ∙Ⱥ. 
         ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 
ɩɨɞɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [6, ɫ. 639]. 
ɇɚɝɪɭɡɤɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 4.19. ɉɪɢɧɹɜ ɞɥɹ 
ɞɜɢɝɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ cosφ = 0,85, ɨɩɪɟɞɟɥɢɦ ܳɭɫɬ ɢ ɪɚɫɱɟɬɧɭɸ ɧɚɝɪɭɡɤɭ: 

 ܵɪɚɫɱ = ݇ɋ√ ɭܲɫɬ
ଶ + ܳɭɫɬ

ଶ  , 
 

ɝɞɟ ݇ɋ = Ͳ,ͺ  ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ [6, ɫ. 477]. 

Ɍɚɛɥɢɰɚ 4.19.  ɇɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ 

ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ 

cosφ tgφ 

ɇɚɝɪɭɡɤɚ 

 ɤɨɥ. × ɤȼɬ  Ɋɭɫɬ, 
ɤȼɬ 

Qɭɫɬ, 
ɤɜɚɪ 

Ɉɯɥɚɠɞɟɧɢɟ ɌȾɌɇ – 
63000/110 

2 × 4,5 0,85 0,62 9,0 6,43 

ɉɨɞɨɝɪɟɜ ȼȽɌ-110 2 × 1,8 1 0 3,6 – 

Ɉɬɨɩɥɟɧɢɟ, 
ɨɫɜɟɳɟɧɢɟ, 
ɜɟɧɬɢɥɹɰɢɹ 

Ɉɉɍ  1 × 80,0 

 
1 

 
     0 

80,0 – 
ɁɊɍ 6 ɤȼ 1 × 5,0 5,0 – 
Ɉɫɜɟɳɟɧɢɟ 
ɈɊɍ 110 ɤȼ 

1 × 2,0 2,0 – 

Ɉɫɜɟɳɟɧɢɟ 
ɈɊɍ 35 ɤȼ 

1 × 7,0 7,0 – 

ɉɨɞɨɝɪɟɜ ɲɤɚɮɨɜ ɄɊɍ 13 ×1,0 1 0 13,0 – 
ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ  
ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

6 × 0,6 1 0 6,0 – 

ɉɨɞɡɚɪɹɞɧɨ-ɡɚɪɹɞɧɵɣ ɚɝɪɟɝɚɬ 2 × 23,0 1 0 46,0 – 
Ɇɚɫɥɨɯɨɡɹɣɫɬɜɨ 1 × 78,0 1 0 78,0 0 
ɂɬɨɝɨ 249,6 6,43 

 
Ɋɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 ܵɪɚɫɱ = Ͳ,ͺ ⋅ √ʹͶͻ, ͸ଶ + ͸,Ͷ͵ଶ = ͳͻͻ,ͺ  ˍВ ∙ А. 
 

(4.63) 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɞɜɭɯ Ɍɋɇ ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɨɩɪɟɞɟɥɢɬɫɹ 
 ்ܵ ൒ ܵɪɚɫɱ݇ɩ

= ͳͻͻ,ͺͳ,ͶͲ = ͳͶʹ,͹  ˍВ ∙ А, 
 
ɝɞɟ ݇˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɦɚɫɥɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɪɚɜɧɵɣ 40 %. 

Ʉ ɭɫɬɚɧɨɜɤɟ ɜɵɛɢɪɚɸɬɫɹ ɞɜɚ Ɍɋɇ ɬɢɩɚ ɌɆȽ-160/6, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ 
ɫɨɝɥɚɫɧɨ [16] ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 4.20. 

 
 

Ɍɚɛɥɢɰɚ 4.20. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆȽ – 160/6 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ܵːˑˏ.ʡʠʜ, 

ɤȼ·Ⱥ 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɜɵɫɲɟɟ Вܷʜ, ɤȼ ɧɢɡɲɟɟ ܷʜʜ, ɤȼ 

160 ±2 × 1,5% 6,0 0,4 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɤɚɠɞɨɝɨ Ɍɋɇ, 
 ݇ɡ ൒ ܵɪɚɫɱ݇ɩ  ⋅ ܵʡ = ͳͶʹ,͹ʹ ∙ ͳ͸Ͳ = Ͳ,Ͷͷ < Ͳ,͸Ͳ − Ͳ,͹Ͳ . 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, 

 ݇ɡ = ܵɪɚɫɱሺ݊Ɍ − ͳሻ ⋅ ܵɌ
= ͳͶʹ,͹ͳ ⋅ ͳ͸Ͳ = Ͳ,ͺͻ < ͳ,ͶͲ . 

 
Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
Ɍɚɤ ɤɚɤ ɩɟɪɟɦɟɧɧɵɣ ɨɩɟɪɚɬɢɜɧɵɣ ɬɨɤ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɉɋ 35–220 ɤȼ ɛɟɡ 

ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɇ ɢɥɢ ɩɪɢ ɜɵɩɪɹɦɥɟɧɧɨɦ ɬɨɤɟ ɧɚ ɉɋ 110 ɤȼ ɫ ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ 
ɜɵɤɥɸɱɚɬɟɥɹɦɢ ȼɇ, ɬɨ ɜ ɤɚɱɟɫɬɜɟ  ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɉɋ 
ɩɪɢɦɟɦ ɫɯɟɦɭ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɩɟɪɚɬɢɜɧɵɦ ɬɨɤɨɦ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɜɫɟɯ 
ɉɋ 330–750 ɤȼ, ɧɚ ɉɋ 110–220 ɤȼ ɫ ɱɢɫɥɨɦ ɦɚɫɥɹɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɬɪɢ ɢ 
ɛɨɥɟɟ, ɧɚ ɉɋ 35–220 ɤȼ ɫ ɜɨɡɞɭɲɧɵɦɢ ɢ ɷɥɟɝɚɡɨɜɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ [6, ɫ. 
475]. 
 Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɦɟɦ ɚɤɤɭɦɭɥɹɬɨɪɵ ɬɢɩɚ Vb 2308 VARTA[14]. 
Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɟ ɦɚɥɨɨɛɫɥɭɠɢɜɚɟɦɵɟ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɛɚɬɚɪɟɢ ɷɬɨɝɨ ɬɢɩɚ 
ɢɦɟɸɬ ɫɪɨɤ ɫɥɭɠɛɵ ɩɪɢ 20 ɨɋ ɞɨ 30 ɥɟɬ. Ёɦɤɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ (ȺȻ) 
ɜɵɛɪɚɧɚ, ɢɫɯɨɞɹ ɢɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɚɬɚɪɟɟɣ ɜɫɟɣ ɧɚɝɪɭɡɤɢ 
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ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɈɉɌ) ɧɚ ɉɋ ɢ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɞɥɢɬɟɥɶɧɨɦɭ ɪɚɡɪɹɞɭ ɬɨɤɨɦ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ ɫ ɜɤɥɸɱɟɧɢɟɦ ɜɚɤɭɭɦɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 6 ɤȼ ɜ ɤɨɧɰɟ ɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ. 
 ȼɵɛɪɚɧɧɚɹ ȺȻ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

– ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɦɟɧɟɟ 0,8Uɧɨɦ ɧɚ ɲɢɧɚɯ ɈɉɌ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ; 
– ɜɤɥɸɱɟɧɢɟ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 6 ɤȼ ɩɨɫɥɟ 12-ɱɚɫɨɜɨɝɨ ɪɚɡɪɹɞɚ 

ɬɨɤɨɦ ɧɚɝɪɭɡɤɢ; 
– ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɦɟɧɟɟ 0,85Uɧɨɦ ɧɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚɯ ɜɤɥɸɱɟɧɢɹ 

ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 6 ɤȼ ɩɪɢ ɢɯ ɪɚɛɨɬɟ ɜ ɥɸɛɵɯ 
ɪɟɠɢɦɚɯ. 

Ɍɚɤ ɠɟ ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɦɟɦ ɜ ɤɚɱɟɫɬɜɟ ɡɚɪɹɞɧɨ-ɩɨɞɡɚɪɹɞɧɵɯ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɜɚ ɜɵɩɪɹɦɢɬɟɥɹ ɬɢɩɚ ȼɌɁɉ 100/220, ɤɨɬɨɪɵɟ 
ɨɛɟɫɩɟɱɢɜɚɸɬ: 

– ɡɚɪɹɞ ɢ ɩɨɞɡɚɪɹɞ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɜɨ 
ɜɫɟɯ ɪɟɠɢɦɚɯ; 

– ɩɚɪɚɥɥɟɥɶɧɭɸ ɪɚɛɨɬɭ ȺȻ ɚ ɧɚɝɪɭɡɤɭ; 
– ɩɢɬɚɧɢɟ ɧɚɝɪɭɡɤɢ ɈɉɌ ɩɪɢ ɨɬɤɥɸɱɟɧɧɨɣ ȺȻ. 

 

4.13.  Ɂɚɳɢɬɚ ɨɬ ɜɨɥɧ, ɩɪɢɯɨɞɹɳɢɯ ɫ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ 
 
ɉɪɢ ɡɚɳɢɬɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɝɪɨɡɨɜɵɯ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ Ɉɉɇ ɞɨɥɠɟɧ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɭ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɞɨ 
ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɚɩɩɚɪɚɬɚ. Ɉɉɇ, ɤɚɤ ɢ ɜɟɧɬɢɥɶɧɵɟ ɪɚɡɪɹɞɧɢɤɢ ɢɦɟɸɬ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɡɨɧɭ ɡɚɳɢɬɵ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɜɨɥɧ, ɩɪɢɯɨɞɹɳɢɯ ɫ ɥɢɧɢɣ [15]. ɉɨɷɬɨɦɭ Ɉɉɇ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɭ ɜɵɜɨɞɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɟ ɡɚɳɢɳɚɸɬ ɤɚɤ ɩɪɚɜɢɥɨ 
ɭɞɚɥɟɧɧɵɟ ɨɛɴɟɤɬɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ Ɉɉɇ ɧɚ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ.  

 
4.13.1. ȼɵɛɨɪ Ɉɉɇ ɞɥɹ ɡɚɳɢɬɵ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ              

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ Ɉɉɇ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ 
 

ɧܷɪɨ ൒ ɧܷɫ , 
 

ɝɞɟ ɧܷɪɨ – ɧɚɢɛɨɥɶɲɟɟ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ Ɉɉɇ, ɤȼ; 

(4.64) 
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      ܷ ɧɫ – ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ 
 ͺͲ,Ͳ > ͹ʹ,ͺ . 

 
ɇɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.21 

Ɍɚɛɥɢɰɚ 4.21.  ɇɨɦɢɧɚɥɶɧɵɟ ɢ ɧɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ 
ɫɟɬɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɧܷɨɦ ,ɤȼ ɧܷɚɢɛ.ɪɚɛ,ɤȼ ɧܷɫ,ɤȼ 

6,0 6,9 6,9 
10,0 11,5    11,5 
35,0 40,5 40,5 
110,0 126,0 72,8 
220,0 252,0 145,7 

 
Ⱦɚɧɧɨɦɭ ɭɫɥɨɜɢɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ Ɉɉɇ-ɉ1-110/77/20/4ɍɏɅ1 (ɬɚɛɥɢɰɚ 

4.21) [7]. 
Ɍɚɛɥɢɰɚ 4.22. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɉɉɇ-ɉ1-110/77/20/4ɍɏɅ1  

ɧܷɪɨ, ɤȼ 𝐼ɧɨɦ, ɤȺ ɨܷɫɬ.ɤ, ɤȼ ɨܷɫɬ.ɝ, ɤȼ W,ɤȾɠ/ɤȼ 𝐼ȼȻ, ɤȺ 

77 10 187 244 12,7 20 

  
ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɞɚɧɧɨɝɨ Ɉɉɇ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɞɪɭɝɢɦ 

ɭɫɥɨɜɢɹɦ. ɉɪɨɜɟɪɤɚ ɩɨ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɤȺ 
 𝐼ȼȻ > 𝐼К , 

 ʹͲ,Ͳ > ͺ,ͳͺ , 
 

ɝɞɟ 𝐼ȼȻ− ɬɨɤ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɝɪɚɧɢɱɢɬɟɥɹ, ɤȺ. 
      𝐼ɄɁ− ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȺ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ Ɉɉɇ ɩɪɢ ɝɪɨɡɨɜɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ. 
ɍɩɪɨɳɟɧɧɨ ɨɰɟɧɢɬɶ ɡɚɳɢɬɧɵɣ ɭɪɨɜɟɧɶ Ɉɉɇ ɦɨɠɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɡɧɚɱɢɬ ɢ ɭɪɨɜɧɢ ɢɡɨɥɹɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɵ ɫ ɨɫɬɚɸɳɢɦɫɹ ɧɚɩɪɹɠɟɧɢɟɦ ɜɟɧɬɢɥɶɧɵɯ 
ɪɚɡɪɹɞɧɢɤɨɜ, ɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ Ɋȼ ɢ ɡɚɳɢɳɚɟɦɵɦ ɨɛɴɟɤɬɨɦ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ ɜ ɉɍɗ [1]. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ 
ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɨܷɫɬ.ɝ ɩɪɢ ɝɪɨɡɨɜɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɜɵɲɟ 
ɨɫɬɚɸɳɢɯɫɹ ɧɚɩɪɹɠɟɧɢɹ Ɋȼ ɩɪɢ ɬɟɯ ɠɟ ɬɨɤɚɯ ɤɨɨɪɞɢɧɚɰɢɢ (5 ɢɥɢ 10 Ⱥ): 

 

ɨܷɫɬ.ɝ < ɨܷɫɬ.ɪɜ , 

(4.65) 

(4.66) 
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ɝɞɟ ɨܷɫɬ.ɝ − ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɝɪɨɡɨɜɵɯ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ, ɤȼ; 

ɨܷɫɬ.ɪɜ − ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜɟɧɬɢɥɶɧɨɝɨ 
ɪɚɡɪɹɞɧɢɤɚ, ɤȼ. 

Ɂɧɚɱɟɧɢɟ ɨɫɬɚɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜɟɧɬɢɥɶɧɨɝɨ ɪɚɡɪɹɞɧɢɤɚ [15, ɫ . 9],  ɤȼ 
 

ɨܷɫɬ.ɪɜ = ʹͻͷ . 
 

Ɍɨɝɞɚ 
 ʹͶͶ < ʹͻͷ . 
 
Ɂɚɳɢɬɧɵɣ ɭɪɨɜɟɧɶ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ, 

ɤȼ 
 

ɨܷɫɬ.ɤ ൑ ɤܷɢሺͳ,ͳͷ − ͳ,ʹͲሻ , 
 

ɝɞɟ ɨܷɫɬ.ɤ − ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɤȼ; 

ɤܷɢ − ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ. 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 
 

ɤܷɢ = ݇ɢ ⋅ ݇ɤ ⋅ √ʹ ⋅ ɢܷɫɩ ͷͲ = ͳ,͵ͷ ⋅ Ͳ,ͻ ⋅ √ʹ ⋅ ʹͲͲ = ͵Ͷ͵ , 
 

ɝɞɟ ݇ɢ− ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɩɭɥɶɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɩɪɨɱɧɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɤɨɪɨɬɤɨɝɨ ɢɦɩɭɥɶɫɚ; ݇ɤ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɦɭɥɹɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɧɨɝɨɤɪɚɬɧɨɫɬɶ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɟ ɫɬɚɪɟɧɢɟ ɢɡɨɥɹɰɢɢ; 

ɢܷɫɩ ͷͲ − ɨɞɧɨɦɢɧɭɬɧɨɟ ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɱɚɫɬɨɬɵ, ɤȼ. 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ 
 ͳͺ͹ < ͵Ͷ͵ͳ,ʹͲ = ʹͺ͸ . 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ, ɫ 

 

(4.67) 
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ȼݐ ൒  , ɭݐ
 ͷ,Ͳ ൒ Ͷ,Ͳ , 

 
ɝɞɟ ݐȼ− ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɝɪɚɧɢɱɢɬɟɥɶ ɜɵɞɟɪɠɢɜɚɟɬ 
ɤɜɚɡɢɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ, ɫ [15, ɫ. 31]; 
 .ɍ− ɜɪɟɦɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ, ɫ [15, ɫ. 17]ݐ       

ȼɵɛɪɚɧɧɵɣ Ɉɉɇ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
 
 

4.13.2. ȼɵɛɨɪ Ɉɉɇ ɞɥɹ ɡɚɳɢɬɵ ɨɛɦɨɬɤɢ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ              
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ Ɉɉɇ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ  

ɉɨ ɮɨɪɦɭɥɟ  ͶͲ,ͷ = ͶͲ,ͷ , 
 

Ⱦɚɧɧɨɦɭ ɭɫɥɨɜɢɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ Ɉɉɇ-ɉ1-35/40,5/10/2ɍɏɅ1 [7]. 
Ɍɚɛɥɢɰɚ 4.21.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɉɉɇ-ɉ1-35/40,5/10/2ɍɏɅ1 

ɧܷɪɨ, ɤȼ 𝐼ɧɨɦ, ɤȺ ɨܷɫɬ.ɤ, ɤȼ ɨܷɫɬ.ɝ, ɤȼ W,ɤȾɠ/ɤȼ 𝐼ȼȻ, ɤȺ 

40,5 10 100 118 2,8 20 
 

ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɞɚɧɧɨɝɨ Ɉɉɇ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɞɪɭɝɢɦ 
ɭɫɥɨɜɢɹɦ. ɉɪɨɜɟɪɤɚ ɩɨ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɤȺ 

ɉɨ ɮɨɪɦɭɥɟ  
 ʹͲ,Ͳ > ͳ,ͷͲ , 
 
ɉɪɨɜɟɪɤɚ Ɉɉɇ ɩɨ ɷɧɟɪɝɨɟɦɤɨɫɬɢ, ɤȾɠ 
 𝛴ܹ ൑ Ɉܹɉɇ , 
 𝑖ܹ ⋅ ݊ ൑ Ɉܹɉɇ , 

 
ɝɞɟ  𝑖ܹ − ɷɧɟɪɝɢɹ, ɪɚɫɫɟɢɜɚɟɦɚɹ ɜ Ɉɉɇ ɡɚ ɨɞɢɧ ɰɢɤɥ ɡɚɠɢɝɚɧɢɹ ɞɭɝɢ, ɩɪɢ 
ɨɞɧɨɮɚɡɧɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ, ɤȾɠ; ݊ − ɱɢɫɥɨ ɡɚɠɢɝɚɧɢɣ ɞɭɝɢ. 

(4.69) 

(4.68) 
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ɑɢɫɥɨ ɡɚɠɢɝɚɧɢɣ ɞɭɝɢ ɨɰɟɧɢɦ ɩɨ ɮɨɪɦɭɥɟ 
 ݊ = ͵Ͳ − Ͳ,ͳ ⋅ 𝐼஼ = ͵Ͳ − Ͳ,ͳ ⋅ ͷ,ͷͲ ≈ ʹͻ , 
 

ɝɞɟ 𝐼஼ − ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ, Ⱥ. 
Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ 
 Ͳ,ʹͷ ⋅ ʹͻ ൑ ͻͲ,Ͳ ; 

 ͹,ʹͷ < ͻͲ,Ͳ . 
 

ɉɨ ɮɨɪɦɭɥɟ ͳͳͺ < ͺͷͳʹͲ = ͹Ͳ,ͺ . 
 

ɉɪɨɜɟɪɤɚ ɩɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ, ɫ 
ɉɨ ɮɨɪɦɭɥɟ  

 ͷ,Ͳ ൒ Ͷ,Ͳ , 
 

ȼɵɛɪɚɧɧɵɣ Ɉɉɇ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 

4.13.3 ȼɵɛɨɪ Ɉɉɇ ɞɥɹ ɡɚɳɢɬɵ ɨɛɦɨɬɤɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ              
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ Ɉɉɇ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ 
ɉɨ ɮɨɪɦɭɥɟ  
 ͹,ʹ > ͸,ͻ . 
 
Ⱦɚɧɧɨɦɭ ɭɫɥɨɜɢɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ Ɉɉɇ-ɉ1-6/7,2/10/2 (ɬɚɛɥɢɰɚ 4.22) [7]. 

Ɍɚɛɥɢɰɚ 4.22. Ɉɉɇ-ɉ1-6/7,2/10/2 

ɧܷɪɨ, ɤȼ 𝐼ɧɨɦ, ɤȺ ɨܷɫɬ.ɤ, ɤȼ ɨܷɫɬ.ɝ, ɤȼ W, ɤȾɠ/ɤȼ 𝐼ȼȻ, ɤȺ 

7,2 9,0 17,5 21,2 2,8 20 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɤȺ 
ɉɨ ɮɨɪɦɭɥɟ  
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ʹͲ,Ͳ > ͳ,ͳͷ ⋅ ͹,ͳ͸ ; 
 ʹͲ,Ͳ > ͺ,ʹ͵ . 

 
ɉɪɨɜɟɪɤɚ Ɉɉɇ ɩɨ ɷɧɟɪɝɨɟɦɤɨɫɬɢ, ɤȾɠ 
ɑɢɫɥɨ ɡɚɠɢɝɚɧɢɣ ɞɭɝɢ ɨɰɟɧɢɦ ɩɨ ɮɨɪɦɭɥɟ 
 ݊ = ͵Ͳ − Ͳ,ͳ ⋅ 𝐼஼ = ͵Ͳ − Ͳ,ͳ ⋅ ͸ͺ,͵ ≈ ʹ͵, 

 
ɝɞɟ 𝐼஼− ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ, Ⱥ. 
 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɚɦ 
 Ͳ,ʹͷ ⋅ ʹ͵ ൑ ͹ʹ,Ͳ ; 

 ͷ,͹ͷ < ͹ʹ,Ͳ. 
 
Ɉɩɪɟɞɟɥɢɦ ɡɚɳɢɬɧɵɣ ɭɪɨɜɟɧɶ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ. 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

ɤܷɢ = ݇ɢ ⋅ ݇ɤ ⋅ √ʹ ⋅ ɢܷɫɩ ͷͲ = ͳ,͵ͷ ⋅ Ͳ,ͻ ⋅ √ʹ ⋅ ʹͷ = Ͷʹ,ͻ ˍВ. 
 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ  
 ʹͳ,ʹ < Ͷʹ,ͻͳ,ʹͲ = ͵ͷ,͹ . 

 

ȼɵɛɪɚɧɧɵɣ Ɉɉɇ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɫɟɤɰɢɣ ɲɢɧ 6 ɤȼ ɩɪɢɦɟɧɢɦ ɷɬɨɬ ɠɟ  

Ɉɉɇ-ɉ1-6/7,2/10/2 
ȼ ɫɥɭɱɚɟ ɪɚɡɡɟɦɥɟɧɢɹ ɧɟɣɬɪɚɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ 

ɡɚɳɢɳɟɧɚ Ɉɉɇ. Ⱦɥɹ ɡɚɳɢɬɵ ɧɟɣɬɪɚɥɟɣ ɩɪɢɦɟɧɹɟɦ Ɉɉɇɇ-110/56/10/400 ɍɏɅ 
[15]. 

 
5 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ 
 
Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɤɚɤ ɢ ɪɚɛɨɬɚ ɥɸɛɨɣ ɫɥɨɠɧɨɣ 

ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
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ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɛɨɬɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ȼɨɡɧɢɤɚɸɬ 
ɮɚɤɬɨɪɵ, ɜɨɡɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɬɪɚɜɦɟ ɢɥɢ 
ɤ ɞɪɭɝɨɦɭ ɜɧɟɡɚɩɧɨɦɭ ɪɟɡɤɨɦɭ ɭɯɭɞɲɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɪɚɛɨɬɚɸɳɢɯ 
ɢɥɢ ɧɟɨɛɪɚɬɢɦɵɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

ɉɨɷɬɨɦɭ ɧɚ ɨɛɴɟɤɬɚɯ ɷɧɟɪɝɟɬɢɤɢ ɫɭɳɟɫɬɜɭɟɬ ɤɨɦɩɥɟɤɫ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ 
ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɫɪɟɞɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɳɢɬɭ ɥɸɞɟɣ ɨɬ ɬɚɤɢɯ 
ɹɜɥɟɧɢɣ, ɤɚɤ ɜɪɟɞɧɨɟ ɢ ɨɩɚɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. 
ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: ɤɨɧɫɬɪɭɤɰɢɟɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, 
ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ.  

 
ȼ ɪɚɛɨɬɟ   ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ 

ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ: 
– ɜɵɛɨɪ ɝɪɨɡɨɡɚɳɢɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ; 
– ɜɵɛɨɪ ɡɚɡɟɦɥɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ; 
Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɟ ɜɨɩɪɨɫɵ ɪɚɰɢɨɧɚɥɶɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ, ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɪɟɦɨɧɬɚ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɟɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɨɜɵɫɢɬɶ ɧɚɞёɠɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɫɨɤɪɚɬɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ, ɜɥɟɤɭɳɢɯ ɡɚ ɫɨɛɨɣ ɤɚɤ ɷɤɨɧɨɦɢɱɟɫɤɢɟ, ɬɚɤ 
ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɨɫɥɟɞɫɬɜɢɹ. 
 

5.1 Ɂɚɳɢɬɧɵɟ ɦɟɪɵ ɢ ɫɪɟɞɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɟɞɨɫɬɭɩɧɨɫɬɶ 
ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ 
 
  ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ [1], ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ 
ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɭɩɧɵ ɞɥɹ ɫɥɭɱɚɣɧɨɝɨ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɚ ɞɨɫɬɭɩɧɵɟ 
ɩɪɢɤɨɫɧɨɜɟɧɢɸ ɨɬɤɪɵɬɵɟ ɢ ɫɬɨɪɨɧɧɢɟ ɩɪɨɜɨɞɹɳɢɟ ɱɚɫɬɢ ɧɟ ɞɨɥɠɧɵ 
ɧɚɯɨɞɢɬɶɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɨɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɤɚɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɬɚɤ 
ɢ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɢɡɨɥɹɰɢɢ. 
 ɉɨɷɬɨɦɭ ɞɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ ɩɟɪɫɨɧɚɥɚ ɧɟɨɛɯɨɞɢɦɨ: 

– ɫɨɛɥɸɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɫɬɨɹɧɢɣ ɞɨ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢɥɢ 
ɩɭɬёɦ ɡɚɤɪɵɬɢɹ, ɨɝɪɚɠɞɟɧɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ; 

– ɩɪɢɦɟɧɟɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɚɩɩɚɪɚɬɨɜ ɢ ɨɝɪɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɲɢɛɨɱɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɞɨɫɬɭɩɚ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ; 

– ɩɪɢɦɟɧɟɧɢɟ ɧɚɞɥɟɠɚɳɟɣ ɢɡɨɥɹɰɢɢ; 
– ɩɪɢɦɟɧɟɧɢɟ ɞɜɨɣɧɨɣ ɢɡɨɥɹɰɢɢ; 
– ɤɨɦɩɟɧɫɚɰɢɹ ёɦɤɨɫɬɧɵɯ ɬɨɤɨɜ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ; 



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
76 

ʚˋ˔
˕     

  

 

 

– ɧɚɞɟɠɧɨɟ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɱɚɫɬɟɣ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɥɭɱɚɣɧɨ ɨɤɚɡɚɜɲɢɯɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɢ 
ɩɨɜɪɟɠɞɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚɳɢɬɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ; 

– ɡɚɡɟɦɥɟɧɢɟ ɢ ɡɚɧɭɥɟɧɢɟ ɤɨɪɩɭɫɨɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɷɥɟɦɟɧɬɨɜ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜɫɥɟɞɫɬɜɢɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ; 

– ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ; 
– ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
– ɩɪɢɦɟɧɟɧɢɟ ɭɫɬɪɨɣɫɬɜ, ɫɧɢɠɚɸɳɢɯ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɩɨɥɹ; 
– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɭɩɪɟɠɞɚɸɳɟɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɧɚɞɩɢɫɟɣ, ɩɥɚɤɚɬɨɜ. 
ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ 

ɬɟɯɧɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
ɇɢ ɨɞɧɭ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɦɟɪ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɨɣ. 
ȼ ɨɛɟɫɩɟɱɟɧɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ (ɷɥɟɤɬɪɨɡɚɳɢɬɧɵɟ ɫɪɟɞɫɬɜɚ) ɢ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. ȼɫɟ ɷɥɟɤɬɪɨɡɚɳɢɬɧɵɟ ɫɪɟɞɫɬɜɚ ɞɟɥɹɬɫɹ ɧɚ 
ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

ɚ) ɲɬɚɧɝɢ ɢɡɨɥɢɪɭɸɳɢɟ (ɨɩɟɪɚɬɢɜɧɵɟ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ, ɞɥɹ ɧɚɥɨɠɟɧɢɹ 
ɡɚɡɟɦɥɟɧɢɹ), ɤɥɟɳɢ ɢɡɨɥɢɪɭɸɳɢɟ (ɞɥɹ ɨɩɟɪɚɰɢɣ ɫ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ) ɢ 
ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɟ, ɭɤɚɡɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ, ɭɤɚɡɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ 
ɮɚɡɢɪɨɜɤɢ; 

ɛ) ɢɡɨɥɢɪɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 
1000  ȼ ɢ ɫɥɟɫɚɪɧɨ-ɦɨɧɬɚɠɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɫ ɢɡɨɥɢɪɭɸɳɢɦɢ ɪɭɤɨɹɬɤɚɦɢ; 

ɜ) ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɟɪɱɚɬɤɢ, ɛɨɬɵ, ɝɚɥɨɲɢ, ɤɨɜɪɢɤɢ, ɢɡɨɥɢɪɭɸɳɢɟ 
ɧɚɤɥɚɞɤɢ, ɢɡɨɥɢɪɭɸɳɢɟ ɩɨɞɫɬɚɜɤɢ; 

ɝ) ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɷɤɪɚɧɢɪɭɸɳɢɟ ɤɨɦɩɥɟɤɬɵ; 
ɞ) ɩɟɪɟɧɨɫɧɵɟ ɡɚɡɟɦɥɟɧɢɹ; 
ɟ) ɜɪɟɦɟɧɧɵɟ ɨɝɪɚɠɞɟɧɢɹ, ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɟ ɩɥɚɤɚɬɵ; 
ɠ) ɡɚɳɢɬɧɵɟ ɨɱɤɢ, ɪɭɤɚɜɢɰɵ, ɩɪɨɬɢɜɨɝɚɡɵ, ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ 

ɦɨɧɬɟɪɫɤɢɟ ɩɨɹɫɚ ɢ ɤɨɝɬɢ, ɫɬɪɚɯɨɜɨɱɧɵɟ ɤɚɧɚɬɵ, ɡɚɳɢɬɧɵɟ ɤɚɫɤɢ. 
ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɦɢ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɨɫɧɨɜɧɵɟ 

ɢɡɨɥɢɪɭɸɳɢɟ ɷɥɟɤɬɪɨɡɚɳɢɬɧɵɟ ɫɪɟɞɫɬɜɚ (ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɲɬɚɧɝɢ, ɢɡɨɥɢɪɭɸ-
ɳɢɟ ɢ ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɟ ɤɥɟɳɢ, ɭɤɚɡɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ, ɢɡɨɥɢɪɭɸɳɢɟ 
ɥɟɫɬɧɢɰɵ, ɢɡɨɥɢɪɭɸɳɢɟ ɲɬɚɧɝɢ), ɬɚɤ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ (ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɩɟɪɱɚɬɤɢ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɛɨɬɵ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɪɟɡɢɧɨɜɵɟ ɤɨɜɪɢɤɢ ɢ ɞɪ.). 
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5.2 Ɋɚɫɱёɬ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 

5.2.1 Ɋɚɫɱёɬ ɡɚɡɟɦɥɟɧɢɹ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɁȾɄ  

ȼɫɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɧɨɪɦɚɥɶɧɨ ɧɟ ɧɚɯɨɞɹɳɢɟɫɹ 
ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɧɨ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɢɡ-ɡɚ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ, ɞɨɥɠɧɵ ɧɚɞɟɠɧɨ ɫɨɟɞɢɧɹɬɶɫɹ ɫ ɡɟɦɥɟɣ. Ɍɚɤɨɟ 
ɡɚɡɟɦɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɡɚɳɢɬɧɵɦ, ɬɚɤ ɤɚɤ ɟɝɨ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɡɚɳɢɬɚ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɬ ɨɩɚɫɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɤɨɫɧɨɜɟɧɢɹ. 
Ɂɚɡɟɦɥɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ 
ɚɩɩɚɪɚɬɚ ɢɥɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɱɢɦ ɡɚɡɟɦɥɟɧɢɟɦ [6, ɫ. 588].  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ,  ɫɥɟɞɭɸɳɢɣ: ɫɧɢɠɟɧɢɟ 
ɞɨ ɛɟɡɨɩɚɫɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɢ ɲɚɝɚ.  

 ɉɪɢ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɨɬɤɥɸɱɚɟɬ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ.  

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɡɚɡɟɦɥɟɧɢɸ ɩɨɞɫɬɚɧɰɢɢ [1]: 
           − ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1 ɤȼ ɜ 
ɫɟɬɹɯ ɫ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɬɪɟɛɨɜɚɧɢɣ ɥɢɛɨ ɤ ɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɸ, ɥɢɛɨ ɤ ɧɚɩɪɹɠɟɧɢɸ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɜɵɩɨɥɧɟɧɢɸ ɢ ɤ 
ɨɝɪɚɧɢɱɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɡɟɦɥɹɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ; 
           − ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɹɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɩɪɢ ɫɬɟɤɚɧɢɢ ɫ ɧɟɝɨ ɬɨɤɚ 
ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɧɟ ɞɨɥɠɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɜɵɲɚɬɶ 10 ɤȼ. ɇɚɩɪɹɠɟɧɢɟ 
ɜɵɲɟ 10 ɤȼ ɞɨɩɭɫɤɚɟɬɫɹ ɧɚ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɫ ɤɨɬɨɪɵɯ ɢɫɤɥɸɱɟɧ 
ɜɵɧɨɫ ɩɨɬɟɧɰɢɚɥɨɜ ɡɚ ɩɪɟɞɟɥɵ ɡɞɚɧɢɣ ɢ ɜɧɟɲɧɢɯ ɨɝɪɚɠɞɟɧɢɣ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ; 
          − ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ, ɞɨɥɠɧɨ ɢɦɟɬɶ ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɝɨɞɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ ɛɨɥɟɟ 1,2 Ɉɦ ɫ ɭɱɟɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɟɫɬɟɫɬɜɟɧɧɵɯ ɢ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ. 

ȼ ɰɟɥɹɯ ɜɵɪɚɜɧɢɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɡɚɡɟɦɥɢɬɟɥɸ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɩɨɞɫɬɚɧɰɢɢ, ɡɚɧɹɬɨɣ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɩɪɨɥɨɠɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɡɚɡɟɦɥɢɬɟɥɢ, ɨɛɴɟɞɢɧɟɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɡɚɡɟɦɥɹɸɳɭɸ 
ɫɟɬɤɭ. 

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɉɋ ɁȾɄ. Ɋɚɫɱɟɬ ɛɭɞɟɦ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫɨɝɥɚɫɧɨ [6, ɫ. 
595]. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɜɵɱɢɫɥɢɦ 
ɪɚɫɱɟɬɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ, ɫ 
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 𝜏 = ɊɁݐ +  , ɨɬɤɥ,ȼݐ
 

 ɝɞɟ ݐɊЗ = Ͳ,ͳʹ  ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɡɟɪɜɧɨɣ ɡɚɳɢɬɵ, ɫ [6, ɫ. 600]; 
ɨɬɤɥ,ȼݐ        = Ͳ,Ͳ͵ͷ  ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 

Ɍɨɝɞɚ ɪɚɫɱёɬɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ 
 𝜏 = Ͳ,ͳʹ + Ͳ,Ͳ͵ͷ = Ͳ,ͳͷͷ ɫ . 
 

ɉɨ [6, ɫ. 596], ɫ ɭɱɟɬɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɩɪɟɞɟɥɹɟɦ 
ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩܷɪ,ɞɨɩ = ͶͲͲ ȼ. 

Ƚɪɭɧɬɵ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ ɬɜɟɪɞɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɡɚɥɟɠɚɦɢ ɝɨɪɧɵɯ ɩɨɪɨɞ – ɝɪɚɧɢɬɚɦɢ.  

ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɧɟɨɞɢɧɚɤɨɜɨ ɩɨ 
ɝɥɭɛɢɧɟ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɞɢɧɚɤɨɜɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɱɜ, ɫɥɚɝɚɸɳɢɯ ɟɝɨ. 

 ȼ ɪɚɫɱёɬɚɯ ɦɧɨɝɨɫɥɨɣɧɵɣ ɝɪɭɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɜɭɯɫɥɨɣɧɵɦ: ɜɟɪɯɧɢɣ 
ɬɨɥɳɢɧɨɣ h ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ρ1, ɧɢɠɧɢɣ ɫ ɭɞɟɥɶɧɵɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ρ2. ɋɨɝɥɚɫɧɨ [6, ɫ. 600] ɩɪɢɧɢɦɚɟɦ ρ1 = 800 Ɉɦ/ɦ, ρ2 = 1000 
Ɉɦ/ɦ, h = 2 ɦ. 

ɉɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɚɹ ɡɚɡɟɦɥɟɧɢɟɦ 54 × 36 ɦ2.                                     
ɉɥɚɧ ɡɚɡɟɦɥɟɧɢɹ ɈɊɍ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5.1.  
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ, ȼ 

 

Зܷ = ɩܷɪ,ɞɨɩ݇ɉ
, 

 

ɝɞɟ ݇ɉ  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ [6, ɫ. 600], 
 

(5.1) 

(5.2) 
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Ɋɢɫɭɧɨɤ 5.1. ɉɥɚɧ ɡɚɡɟɦɥɟɧɢɹ ɈɊɍ 110 ɤȼ 

 ݇ɉ = М ⋅ 𝛽(݈஻𝐿Ƚܽ√ܵ)଴,ସହ , 
 
ɝɞɟ M – ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ρ1/ρ2, ɩɨ [6, ɫ. 600], М = 0,8 ɩɪɢ 
ρ1/ρ2 = 800/1000 =0,8;  
      𝛽 – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ;  
      ݈ ȼ = ͷ,Ͳ – ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ;  
      ɚ = ͷ,Ͳ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, ɦ;  
      ܵ  – ɩɥɨɳɚɞɶ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɦ2;  
      𝐿Ƚ – ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɜɫɟɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɩɥɚɧɭ ɩɨɞɫɬɚɧɰɢɢ ɜ ɜɢɞɟ 
 𝐿Ƚ = ݊ɒ ⋅ 𝐿ɒ + ݊Ⱦ ⋅ 𝐿Ⱦ , 

 
ɝɞɟ ݊Д,݊ɒ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɨɫ ɩɨ ɲɢɪɢɧɟ ɢ ɞɥɢɧɟ ɈɊɍ, ɲɬ.;  
      𝐿Ш,𝐿Ⱦ  ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ ɈɊɍ, ɦ. 
 ݊ɒ = 𝐿Ⱦ

ɚ
+ ͳ = ͵͸,Ͳͷ,Ͳ + ͳ = ͺ,ʹ ≈ ͺ ɲɬ; 

 ݊Ⱦ = 𝐿ɒ

ɚ
+ ͳ = ͷͶ,Ͳͷ,Ͳ + ͳͳ,ͺ ≈ ͳʹ ɲɬ . 

                                                              
     Ɍɨɝɞɚ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ 

(5.3) 

(5.4) 



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
80 

ʚˋ˔
˕     

  

 

 

 𝐿Ƚ = ͺ ⋅ ͵͸,Ͳ + ͳʹ ⋅ ͷͶ,Ͳ = ͳͷͺͶ ɦ.                                             
 

 Ʉɨɷɮɮɢɰɢɟɧɬ 𝛽 ɨɩɪɟɞɟɥɢɬɫɹ ɜ ɜɢɞɟ 
 𝛽 = ܴɑܴɑ + ܴɋ

= ͳͲͲͲͳͲͲͲ + ͳ,ͷ ⋅ ͺͲͲ = Ͳ,ͶͷͶ , 
 

ɝɞɟ ܴɑ = ͳͲͲͲ  ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, Ɉɦ;  
      ܴ ɋ = ͳ,ͷ ⋅ 𝜌ଵ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɭɩɧɟɣ [6, ɫ. 600], Ɉɦ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ 
 ݇ɉ = Ͳ,ͺͲͲ ⋅ Ͳ,ͶͷͶቆ ͷ ⋅ ͳͷͺͶͷ ⋅ √͵͸,Ͳ ⋅ ͷͶ,Ͳቇ଴,ସହ = Ͳ,Ͳ͹ʹ.

 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ, ȼ  
ɉɨ ɮɨɪɦɭɥɟ  

 

ଷܷ = Ͷ͹ͷͲ,Ͳ͹ʹͲ = ͸ͷͻ͹ ȼ , 
 
ɱɬɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ Зܷ ɞɨɩ = ͳͲ,Ͳ ɤȼ [6, ɫ. 601]. 
 

 
Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 ܴЗ ɞɨɩ ൑ Зܷ𝐼З
ሺଵሻ , 

 

ɝɞɟ 𝐼З  ɬɨɤ, ɫɬɟɤɚɸɳɢɣ ɫ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, Ⱥ 
 𝐼ଷሺଵሻ = ሺͲ,Ͷ − Ͳ,͸ሻ 𝐼ɩ଴ሺଵሻ; 

 𝐼ଷሺଵሻ = Ͳ,ͶͲ ∙ ʹ͸ͶͲ = ͳͲͷ͸ А , 
 

(5.5) 

(5.6) 
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ɝɞɟ 𝐼ɩ଴ሺଵሻ  ɬɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, Ⱥ. 

Ɍɨɝɞɚ ɩɨɥɭɱɢɦ  
 ܴɁ ɞɨɩ ൑ ͸ͷͻ͹ͳͲͷ͸ = ͸,ͳ͸ . 
       
         Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɡɚɦɟɧɢɦ ɫɥɨɠɧɵɣ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɡɚɡɟɦɥɢɬɟɥɶ 
ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɤɜɚɞɪɚɬɧɭɸ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ. Ɂɚɦɟɧɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɩɥɨɳɚɞɟɣ ɪɟɚɥɶɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɟɝɨ ɦɨɞɟɥɢ [6, ɫ. 601].  

Ⱦɥɢɧɚ ɫɬɨɪɨɧɵ ɦɨɞɟɥɢ, ɦ 
 √ܵ = √𝐿Ⱦ𝐿ɒ , 

 √ܵ = √͵͸ ⋅ ͷͶ = ͶͶ,ͳ ɦ. 
 

ɑɢɫɥɨ ɹɱɟɟɤ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 
 ݉ = 𝐿Ƚʹ√ܵ − ͳ , 
 
 ݉ = ͳͷͺͶʹ ⋅ ͶͶ,ͳ − ͳ = ͳ͸,Ͳ  
 
ɩɪɢɧɢɦɚɟɦ m = 17. 

Ⱦɥɢɧɚ ɩɨɥɨɫ ɜ ɪɚɫɱёɬɧɨɣ ɦɨɞɟɥɢ, ɦ 
 𝐿′Ƚ = ʹ√ܵሺ݉ + ͳሻ, 

 𝐿′Ƚ = ʹ ⋅ ͶͶ,ͳሺͳ͸ + ͳሻ = ͳͶͻͻ ɦ. 
 

Ⱦɥɢɧɚ ɫɬɨɪɨɧ ɹɱɟɣɤɢ, ɦ 
 ܾ = √ܵ݉

 

 

(5.7) 

(5.8) 

(5.9) 

(5.10) 
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ܾ = ͶͶ,ͳͳ͸ = ʹ,͹ͷ ˏ. 
 
ɑɢɫɥɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɨɧɬɭɪɚ ɩɪɢ  𝑎௅𝐵 =  ହହ = ͳ , ɲɬ ݊஻ = Ͷ√ܵͳ ⋅ ݈  , 

 ݊஻ = Ͷ ⋅ ͶͶ,ͳͳ ⋅ ͷ,Ͳ = ͵ͷ,͵ , 
ɩɪɢɧɢɦɚɟɦ ݊஻ =36. 

Ɉɛɳɚɹ ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ 
 𝐿ȼ = ݈ȼ ⋅ ݊ȼ , 

 𝐿ȼ = ͷ,Ͳ ⋅ ͵͸ = ͳͺͲ ɦ. 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ, ɦ 

 ݈ȼ + ܵ√ݐ  , 
 

 ͷ,Ͳ + Ͳ,͹ͶͶ,ͳ = Ͳ,ͳ͵ ɦ . 
  
          Ɍɚɤ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ ɪɚɜɧɚ 0,1, ɬɨ ɫɨɝɥɚɫɧɨ [6, ɫ. 601] 
ܣ  = Ͳ,͵ͺͷ − Ͳ,ʹͷ ݈ȼ + ܵ√ݐ  , 

ܣ  = Ͳ,͵ͺͷ − Ͳ,ʹͷ ⋅ Ͳ,ͳ͵ = Ͳ,͵ͷ͵ . 
 

ɉɨ [6, ɫ. 600] ɞɥɹ ρ1/ρ2 = 0,8, 
𝑎௅𝐵 = ହହ = ͳ, 

 
ℎଵ − ȼ݈ݐ

 , 
 

(5.11) 

(5.12) 

(5.13) 

(5.14) 

(5.15) 
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ʹ − Ͳ,͹ͷ = Ͳ,ʹ͸ . 
  

Ɉɩɪɟɞɟɥɹɟɦ ρɗ/ρ2 = 1,4, ɬɨɝɞɚ ρ2 = 1,4 , ρɗ = 1,4·60 = 84 Ɉɦ·ɦ. 
Ɉɬɤɭɞɚ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ, Ɉɦ 

 ܴଷ = ܣ 𝜌Э√ܵ + 𝜌Э𝐿Ƚ
" + 𝐿ȼ

 , 
 ܴଷ = Ͳ,͵ͷ͵ ͺͶͶͶ,ͳ + ͺͶͳͶͻͻ + ͳͺͲ = Ͳ,͹ʹʹ ʝˏ, 

  
ɱɬɨ ɦɟɧɶɲɟ  ܴ͵ ɞɨɩ = ͷͳ,͹. 

  ɇɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ȼ 
 

 

 

ɩܷɪ = Ͳ,ͲͺͶ ⋅ ͳͲͷ͸ ⋅ Ͳ,͹ʹʹ = ͸Ͷ,ͳ В 

 
ɱɬɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩܷɪ ɞɨɩ = Ͷ͹ͷ ȼ. 
 

5.2.2 Ɋɚɫɱёɬ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɨɬɤɪɵɬɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ 35 ɤȼ 

 
ȼ ɭɫɬɚɧɨɜɤɚɯ ɫ ɧɟɡɚɡɟɦɥɟɧɧɵɦɢ ɢ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɵɦɢ ɧɟɣɬɪɚɥɹɦɢ 

(ɫɟɬɢ 6, 10, 35 ɤȼ) ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ ( ଷܷ), ɬ. ɟ. 
ɧɨɪɦɢɪɭɟɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ܴଷ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɟɦ, ɱɬɨ ɡɚɦɵɤɚɧɢɟ ɮɚɡɵ ɧɚ ɡɟɦɥɸ ɜɵɡɵɜɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɨɝɨ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ, ɢ ɷɬɨɬ ɪɟɠɢɦ ɦɨɠɟɬ ɛɵɬɶ ɞɥɢɬɟɥɶɧɵɦ [6, ɫ. 598].  

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɡɚɡɟɦɥɟɧɢɸ ɜ ɫɟɬɹɯ 6–35 ɤȼ ɫɨɝɥɚɫɧɨ [1]: 
− ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɝɨɞɚ ɞɨɥɠɧɨ 

ɛɵɬɶ 
 ܴଷ ൑ ʹͷͲ𝐼ଷ  , 
 

ɝɞɟ 𝐼ଷ  ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ, Ⱥ 
Ɍɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ [6, ɫ. 30], 
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(5.16) 

(5.17) 

(5.18) 



 

 

ʗˊ
м

ʚˋ˔
˕

№ дˑк˖м. ʞˑд˒ˋ˔
ь

Да˕
а

Вʙʟ ͙͛.͛͘.͚͘.͘5 ʞʖ 
84 

ʚˋ˔
˕     

  

 

 

𝐼З = ܷ ⋅ ݈͵ͷͲ = ͵ͺ,ͷ ⋅ ͷͲ͵ͷͲ = ͷ,ͷͲ Ⱥ , 
 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ; 
l – ɫɭɦɦɚɪɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɫ ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ, ɤɦ. 

(ɉɪɢɛɥɢɠɟɧɧɭɸ ɫɭɦɦɚɪɧɭɸ ɞɥɢɧɭ ȼɅ 35 ɤȼ ɫ ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɢɦɟɦ 
ɪɚɜɧɨɣ 50 ɤɢɥɨɦɟɬɪɨɜ.) 

−ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 6–35 ɤȼ 
ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 10 Ɉɦ. 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɟɧɢɹ, Ɉɦ 
 ܴଷ ൑ ʹͷͲͷ,ͷͲ = Ͷͷ,ͷ . 

 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ  

10 Ɉɦ. 
ɉɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɚɹ ɡɚɡɟɦɥɟɧɢɟɦ 54×20 ɦ2.                                     
Ɂɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɜɵɩɨɥɧɟɧɨ ɜ ɜɢɞɟ ɤɨɧɬɭɪɚ ɢɡ ɩɨɥɨɫɵ 40×4 ɦɦ2, 

ɩɪɨɥɨɠɟɧɧɨɣ ɧɚ ɝɥɭɛɢɧɟ 1,0 ɦ ɜɨɤɪɭɝ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2 ɦ ɨɬ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɨɝɪɚɞɵ. Ɉɛɳɚɹ ɞɥɢɧɚ 
ɩɨɥɨɫɵ 148 ɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɤɨɧɬɭɪɚ ɫɨɝɥɚɫɧɨ [6, ɫ. 593], Ɉɦ 
ଶݎ  = Ͳ,͵͸͸ ⋅ 𝜌˓˃˔ч݈ ݈݃ ʹ݈ଶܾݐ  , 
 

ɝɞɟ ݈  ɞɥɢɧɚ ɩɨɥɨɫɵ, ɦ;  
      ܾ  – ɲɢɪɢɧɚ ɩɨɥɨɫɵ, ɦ; 
 ;ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ, ɦ – ݐ      
      𝜌ɪɚɫɱ 

– ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, 
Ɉɦ/ɦ. 
ଶݎ  = Ͳ,͵͸͸ ⋅ ͺͲͲͳͶͺ ݈݃ ʹ ⋅ ͳͶͺଶͶͲ ⋅ ͳͲ−ଷ ⋅ ͳ,Ͳ  = ͳͳ,Ͳ Ɉɦ, 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɹ ɜ ɤɨɧɬɭɪɟ 8 ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, 

ɫɨɝɥɚɫɧɨ [6, ɫ. 594] ɧɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫɵ 𝜂ɝ=0,74, ɬɨɝɞɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɨɫɵ ɜ ɤɨɧɬɭɪɟ ɢɡ ɜɨɫɶɦɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, Ɉɦ 
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ܴଶ = ܴଶ𝜂ଶ  , 
 ܴଶ = ͳͳ,ͲͲ,͹Ͷ = ͳͶ,ͻ Ɉɦ. 

 
ɇɟɨɛɯɨɞɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, Ɉɦ 
 ܴɜ = ܴɝ ⋅ ܴଷܴɝ − ܴଷ , 
 ܴɜ = ͳͶ,ͻ ⋅ ͳͲͳͶ,ͻ − ͳͲ = ͵Ͳ,Ͷ . 

 
Ʉɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ 
 ݊ɜ = ɜܴɜݎ ⋅ 𝜂ɜ

 , 
 

ɝɞɟ ݎɜ  ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɞɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ (ɫɬɟɪɠɧɹ ɞɥɢɧɨɣ 5 
ɦɢ ɞɢɚɦɟɬɪɨɦ 12 ɦɦ);  𝜂ɜ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɜɡɹɬɵɣ ɢɡ [6, ɫ. 594]. 
ݎ˅  = Ͳ,͵͸͸ ⋅ 𝜌˓˃˔ч݈ ቆ݈݃ ʹ݈݀ + ͳʹ ݈݃ Ͷݐ + ݈Ͷݐ − ݈ ቇ, 
ݎ˅  = Ͳ,͵͸͸ ⋅ ͺͲͲͷ (݈݃ ʹ ∙ ͷͲ,Ͳͳʹ + ͳʹ ݈݃ Ͷ ∙ ͵,ʹ + ͷͶ ∙ ͵,ʹ − ͷ ) = ͳͺͳ,ͷ , 
 ݊˅ = ͳͺͳ,ͷ͵Ͳ,Ͷ ∙ Ͳ,ͺʹ = ͹,ʹͲ  . 

 

ɉɪɢɧɢɦɚɟɦ ɜ ɤɨɧɬɭɪɟ 8 ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ. 
 
5.2.3 Ɋɚɫɱёɬ ɦɨɥɧɢɟɡɚɳɢɬɵ 
 
Ɇɨɥɧɢɟɡɚɳɢɬɨɣ ɧɚɡɵɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɞɟɣ, 
ɫɨɯɪɚɧɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɝɪɨɡɨɜɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ. 

(5.21) 
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Ɂɚɳɢɬɭ ɈɊɍ ɨɫɭɳɟɫɬɜɢɦ ɞɜɭɦɹ ɫɬɟɪɠɧɟɜɵɦɢ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ, 
ɜɵɩɨɥɧɹɟɦɵɦɢ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɟɪɠɧɟɣ. ȼɵɫɨɬɚ 
ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɨɬ ɭɪɨɜɧɹ ɡɟɦɥɢ ɪɚɜɧɚ 35 ɦɟɬɪɨɜ. Ɋɚɡɦɟɪɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɉɋ 
54 × 90 ɦɟɬɪɨɜ. 

ɉɪɨɜɟɞёɦ ɪɚɫɱёɬ ɦɨɥɧɢɟɡɚɳɢɬɵ ɞɥɹ ɉɋ (ɪɢɫɭɧɨɤ 5.2). 
ɒɢɪɢɧɚ ɡɨɧɵ ɡɚɳɢɬɵ bɯ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɦ  
 ܾɯ = ɯݎ

͹ℎ − ܽͳͶℎ − ܽ , 
 

ɝɞɟ rɯ  – ɪɚɞɢɭɫ ɡɚɳɢɬɵ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ; 
      ɚ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ, ɦ; 
      h – ɩɨɥɧɚɹ ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ. 
ɯݎ  = ℎ𝑎 ͳ,͸ܲͳ + ℎɯ

ℎ

 , 
 
ɝɞɟ ha – ɚɤɬɢɜɧɚɹ ɱɚɫɬɶ ɦɨɥɧɢɟɨɬɜɨɞɚ (ɩɪɟɜɵɲɟɧɢɟ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚɞ ɡɚ-

ɳɢɳɚɟɦɵɦ ɭɪɨɜɧɟɦ), ɦ; 
      hɯ  – ɜɵɫɨɬɚ ɡɚɳɢɳɚɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɦ; 
      Ɋ – ɩɨɫɬɨɹɧɧɚɹ, ɩɪɢ h ൑ 40, Ɋ = 1. 
ɯݎ  = ℎ𝑎 ͳ,͸ܲͳ + ℎ𝑥ℎ = ͵Ͳ ͳ,͸ ∙ ͳ,Ͳͳ + ͷ͵ͷ = Ͷ͵,Ͷ ˏ, 
 ܾɯ = ʹ ∙ Ͷ͵,Ͷ ∙ ( ͹ ∙ ͵ͷ − ͵ͲͳͶ ∙ ͵ͷ − ͵Ͳ) = ͶͲ,͸ ˏ. 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɡɨɧɵ ɡɚɳɢɬɵ ɞɜɭɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ bХ  

ɢ ɪɚɞɢɭɫ ɡɚɳɢɬɵ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ rХ   ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɸɬ 
ɬɟɪɪɢɬɨɪɢɸ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɉɋ ɧɚ ɜɵɫɨɬɟ 5 ɦɟɬɪɨɜ. 
 

(5.23) 

(5.24) 
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Ɋɢɫɭɧɨɤ 5.2. ɋɟɱɟɧɢɟ ɡɨɧɵ ɡɚɳɢɬɵ ɧɚ ɜɵɫɨɬɟ hХ  ɞɥɹ ɞɜɭɯɫɬɟɪɠɧɟɜɨɝɨ 

 ɦɨɥɧɢɟɨɬɜɨɞɚ 
 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɩɨɜɪɟɠɞɟɧɢɹ ɭɞɚɪɨɦ ɦɨɥɧɢɢ ɩɪɢɦɟɧɹɟɬɫɹ 
ɝɪɨɡɨɡɚɳɢɬɚ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɹɞɧɢɤɨɜ, ɢɫɤɪɨɜɵɯ ɩɪɨɦɟɠɭɬɤɨɜ, ɫɬɟɪɠɧɟɜɵɯ ɢ 
ɬɪɨɫɨɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ ɡɚɡɟɦɥɢɬɟɥɹɦ. Ɍɚɤɨɟ 
ɡɚɡɟɦɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɝɪɨɡɨɡɚɳɢɬɧɵɦ. 
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ɁȺɄɅɘɑȿɇɂȿ 
  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ȼɄɊ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɩɨɞɫɬɚɧɰɢɹ 110 ɤȼ.  
ȼɵɩɨɥɧɟɧ ɜɵɛɨɪ ɩɪɨɜɨɞɨɜ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɨɬɩɚɟɱɧɨɣ ɩɨɞɫɬɚɧɰɢɢ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɞɫɬɚɧɰɢɢ 110/35/6 ɜɵɛɪɚɧɵ 
ɫɯɟɦɵ Ɋɍ, ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɢ ɫɨɜɪɟɦɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɬɚɤɨɟ ɤɚɤ: 
ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɧɚɩɪɹɠɟɧɢɹ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ.  

ȼ   ɤɚɱɟɫɬɜɟ   ɢɫɬɨɱɧɢɤɨɜ   ɢɧɮɨɪɦɚɰɢɢ   ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɫɫɱɢɬɚɧɨ ɡɚɡɟɦɥɟɧɢɟ ɢ ɝɪɨɡɨɡɚɳɢɬɚ. 
Ɋɟɲɟɧɢɹ, ɩɪɢɧɹɬɵɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɣ, ɭɬɜɟɪɠɞɟɧɧɵɟ ɈȺɈ «ɎɋɄ 
ȿɗɋ». 

Ȼɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɟɬɢ: ɧɨɪɦɚɥɶɧɵɣ ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ 
ɢ ɥɟɬɧɟɝɨ ɦɢɧɢɦɭɦɚ ɧɚɝɪɭɡɨɤ, ɩɨɫɥɟɚɜɚɪɢɣɧɵɣ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɥɢɧɢɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ⱦɥɹ ɪɚɫɱёɬɚ ɪɟɠɢɦɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ: ɩɪɨɝɪɚɦɦɧɨ-
ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ «REGIM» ɢ RastrWin3.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɫɟɯ ɪɟɠɢɦɨɜ ɧɚɯɨɞɹɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ.  
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ɋɚɦɚɪɚ, 2016.  Ʉɨɞ ɞɨɫɬɭɩɚ: https://electroshield.ru 

17. ɋɌɈ 4.2–07–2014. ɋɬɚɧɞɚɪɬ ɨɪɝɚɧɢɡɚɰɢɢ «Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ» 
Ʉɪɚɫɧɨɹɪɫɤ: 2014.  60 ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ɇɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɨɤ 2022.  
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

Ɉɬɤɥɸɱɟɧɢɟ ɥɢɧɢɢ 19-13 ɜ ɧɨɪɦɚɥɶɧɨɣ ɫɯɟɦɟ. Ɋɟɠɢɦ ɡɢɦɧɟɝɨ 
ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɨɤ. 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɬɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɣ ɫɯɟɦɟ. Ɋɟɠɢɦ ɡɢɦɧɟɝɨ 
ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɨɤ. 
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 ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

ɇɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɥɟɬɧɟɝɨ ɦɢɧɢɦɭɦɚ ɧɚɝɪɭɡɨɤ 2022. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɉɬɤɥɸɱɟɧɢɟ ɥɢɧɢɢ 19-13 ɜ ɧɨɪɦɚɥɶɧɨɣ ɫɯɟɦɟ. Ɋɟɠɢɦ ɥɟɬɧɟɝɨ 
ɦɢɧɢɦɭɦɚ ɧɚɝɪɭɡɨɤ.
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ɉɊɂɅɈɀȿɇɂȿ ȿ 
 

Ɉɬɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɣ ɫɯɟɦɟ. Ɋɟɠɢɦ ɥɟɬɧɟɝɨ 
ɦɢɧɢɦɭɦɚ ɧɚɝɪɭɡɨɤ. 
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ɉɊɂɅɈɀȿɇɂȿ ɀ 
 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ :  ZDK 
Чɢɫɥɨ ɭɡɥɨɜ ɄɁ: 3 
Чɢɫɥɨ ɩɨяɫɨɜ: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɟɬɜɟɣ:     0 
 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     13                              Uɩɚ 115.21  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (5.707 26.950)         Z2  (5.707 26.950)         Z0  (14.722 119.901) 

 I1     379  -81            I2     379  -81            3I0    1136  -81  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     13-19                  I1     -378  -81           I2     -379  -81  

                           3I0    -1136  -80  

     13-33                  I1        0    0           I2        0    0  

                           3I0        0    0  

     13-33                  I1       -3    0           I2        0    0  

                           3I0       -9 -180  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     13                              Uɩɚ 115.21  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (5.707 26.950) 

                            I1    2414  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     13-19                  I1    -2414  -77  

     13-33                  I1        0    0  

     13-33                  I1        0    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     37                              Uɩɚ 36.70  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (0.631 3.804)          Z2  (0.631 3.804)          Z0  (1.472 13.397) 

 I1    1000  -82            I2    1000  -82            3I0    2999  -82  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     37-33                  I1    -1000  -82           I2     -999  -82  

                           3I0    -2994  -83  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     37                              Uɩɚ 36.70  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (0.631 3.804) 

                            I1    5493  -80  
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                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     37-33                  I1    -5492  -80  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     41                              Uɩɚ 36.70  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (0.573 3.968)          Z2  (0.573 3.968)          Z0  (-1661.731 

0.000) 

 I1     -13    0            I2     -13    0            3I0     -39    0  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     41-34                  I1        0    0           I2      -13 -180  

                           3I0      -47 -180  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     41                              Uɩɚ 36.70  1 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (0.573 3.968) 

                            I1    5283  -81  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     41-34                  I1    -5283  -81  

 

                                  Вɢɞ ɄɁ  3 
 

 ɆЕɋɌɈ ɄɁ     39                              Uɩɚ 6.60  0 
                    ɫɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (0.000 0.144) 

                            I1   19557  -86  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     39-34                  I1   -19557  -86  

                             

 

 

      ************  1 ɦɚя 2022     23 ɱɚɫ 31 ɦɢɧ 46 ɫɟɤ ************ 
 

  Вɪɟɦя ɨɮɨɪɦɥɟɧɢя   0 ɫɟɤ 
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                     Ɍɚɛɥɢɰɚ ɜɟɬɜɟɣ ɫɟɬɢ  ZDK ɫɬɪ.      1 
                         ɉɪяɦɚя ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬─────────┬─────────┬──────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │E;K;B(c);│   F     │ N ɷɥ.│ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼─────────┼─────────┼──────┤ 
│  4 │  0 │ 0       │ 1       │     0.001│     0.910│  230.000│    0.000│   0  │ 
│  0 │  0 │ 1       │ 2       │     2.370│    17.600│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 4       │     3.500│    10.900│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 3       │     3.550│    11.100│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 4       │     0.016│     0.051│    0.000│    0.000│   0  │ 
│  0 │  0 │ 4       │ 5       │     2.050│     6.380│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 5       │     2.060│     6.420│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 7       │     6.180│    24.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 6       │     3.850│    15.300│    0.000│    0.000│   0  │ 
│  0 │  0 │ 6       │ 7       │     2.310│     9.180│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │     2.400│     3.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │     2.400│     3.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 12      │     4.080│    16.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 19      │     4.080│    16.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 19      │ 13      │     0.380│     1.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 16      │     0.140│     0.220│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 16      │     0.140│     0.220│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 17      │    13.000│    44.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 17      │   130.000│    44.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 18      │     6.240│    19.400│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 18      │     6.240│    19.400│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 24      │    71.400│   178.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 5       │ 23      │    21.600│    54.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 6       │ 25      │   137.000│   342.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 11      │ 28      │    51.900│   130.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 16      │ 27      │   222.000│   554.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 23      │   422.000│  1056.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 18      │ 30      │    85.000│   212.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 13      │ 33      │    27.900│    69.800│    0.000│    0.000│   0  │ 
│  0 │  0 │ 9       │ 26      │   921.000│  2303.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 12      │ 14      │     0.380│     1.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 19      │ 32      │   133.000│   333.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 12      │ 31      │   133.000│   333.000│    0.000│    0.000│   0  │ 
│  3 │  0 │ 7       │ 8       │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 7       │ 22      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 8       │ 10      │     0.001│     0.000│    2.000│    0.000│   0  │ 
│  3 │  0 │ 22      │ 10      │     0.001│     0.000│    2.000│    0.000│   0  │ 
│  3 │  0 │ 8       │ 9       │     0.001│    20.600│   21.900│    0.000│   0  │ 
│  3 │  0 │ 22      │ 9       │     0.001│    20.600│   21.900│    0.000│   0  │ 
│  3 │  0 │ 13      │ 33      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 14      │ 34      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 33      │ 37      │     0.001│     0.000│    3.140│    0.000│   0  │ 
│  3 │  0 │ 34      │ 41      │     0.001│     0.000│    3.140│    0.000│   0  │ 
│  3 │  0 │ 33      │ 35      │     0.001│    20.600│   18.250│    0.000│   0  │ 
│  3 │  0 │ 34      │ 39      │     0.001│    20.600│   18.250│    0.000│   0  │ 
│    │    │         │         │          │          │         │         │      │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴─────────┴─────────┴──────┘ 
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Ɍɚɛɥɢɰɚ ɜɟɬɜɟɣ ɫɟɬɢ  ZDK   ɫɬɪ.      1 
ɇɭɥɟɜɚя ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. 

 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬──────────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │ K; B(c); │ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼──────────┤ 
│  0 │  0 │ 0       │ 1       │     0.001│     0.730│     0.000│ 
│  0 │  0 │ 1       │ 2       │     8.840│    82.700│     0.000│ 
│  0 │  0 │ 2       │ 4       │     7.560│    51.200│     0.000│ 
│  0 │  0 │ 2       │ 3       │     7.650│    52.200│     0.000│ 
│  0 │  0 │ 3       │ 4       │     0.040│     0.240│     0.000│ 
│  0 │  0 │ 4       │ 5       │     4.410│    30.000│     0.000│ 
│  0 │  0 │ 3       │ 5       │     4.440│    30.200│     0.000│ 
│  0 │  0 │ 2       │ 7       │    14.700│   115.000│     0.000│ 
│  0 │  0 │ 2       │ 6       │     9.220│    71.900│     0.000│ 
│  0 │  0 │ 6       │ 7       │     5.510│    43.200│     0.000│ 
│  0 │  0 │ 10      │ 11      │     3.550│    15.000│     0.000│ 
│  0 │  0 │ 10      │ 11      │     3.550│    15.000│     0.000│ 
│  0 │  0 │ 10      │ 12      │     9.730│    76.100│     0.000│ 
│  0 │  0 │ 10      │ 19      │     9.730│    76.100│     0.000│ 
│  0 │  0 │ 19      │ 13      │     0.900│     7.050│     0.000│ 
│  0 │  0 │ 10      │ 16      │     0.210│     1.030│     0.000│ 
│  0 │  0 │ 10      │ 16      │     0.210│     1.030│     0.000│ 
│  0 │  0 │ 10      │ 17      │    28.000│   190.000│     0.000│ 
│  0 │  0 │ 10      │ 17      │    28.000│   190.000│     0.000│ 
│  0 │  0 │ 17      │ 18      │    13.400│    91.200│     0.000│ 
│  0 │  0 │ 17      │ 18      │    13.400│    91.200│     0.000│ 
│  0 │  0 │ 3       │ 24      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 5       │ 23      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 6       │ 25      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 11      │ 28      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 16      │ 27      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 17      │ 23      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 18      │ 30      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 13      │ 33      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 9       │ 26      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 12      │ 14      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 19      │ 32      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 12      │ 31      │     0.000│     0.000│     0.000│ 
│  3 │  0 │ 7       │ 8       │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 7       │ 22      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 8       │ 10      │     0.001│     0.000│     2.000│ 
│  3 │  0 │ 22      │ 10      │     0.001│     0.000│     2.000│ 
│  3 │  0 │ 8       │ 9       │     0.001│    20.600│    21.900│ 
│  3 │  0 │ 22      │ 9       │     0.001│    20.600│    21.900│ 
│  3 │  0 │ 13      │ 33      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 14      │ 34      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 33      │ 37      │     0.001│     0.000│     3.140│ 
│  3 │  0 │ 34      │ 41      │     0.001│     0.000│     3.140│ 
│  3 │  0 │ 33      │ 35      │     0.001│    20.600│    18.250│ 
│  3 │  0 │ 34      │ 39      │     0.001│    20.600│    18.250│ 
│    │    │         │         │          │          │          │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴──────────┘ 
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