
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

«ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ» 
ɢɧɫɬɢɬɭɬ 

«ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ» 
ɤɚɮɟɞɪɚ 

 
 

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

 «        »                       2022 ɝ.     
 
 

 
Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ  

ɧɚɢɦɟɧɨɜɚɧɢɟ ȼɄɊ  

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɥɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ ɬɟɦɵ  

13.03.02.07, ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ  
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

 
 
 
 

 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ          ________             ɤ.ɬ.ɧ., ɞɨɰɟɧɬ         Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ       . 

                          ɩɨɞɩɢɫɶ, ɞɚɬɚ               ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ    ________                                             Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ       . 

                         ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ȼɵɩɭɫɤɧɢɤ             ________                                              ȼ.ȼ. ɇɢɤɢɮɨɪɨɜ. 

                         ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2022 
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ɋɬɭɞɟɧɬɭ  ɇɢɤɢɮɨɪɨɜɭ ȼɚɥɟɧɬɢɧɭ ȼɚɞɢɦɨɜɢɱɭ                            .                  
Ƚɪɭɩɩɚ Ɏɗ18-05Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)            13.03.02.07               .    
                              ɧɨɦɟɪ                                                                                                                      ɤɨɞ 

                ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ                  
                                                                             ɧɚɢɦɟɧɨɜɚɧɢɟ, ɩɪɨɮɢɥɶ  

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɥɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ                          .                 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №5937/ɫ ɨɬ 2022-04-20 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ,  ɤ.ɬ.ɧ., ɞɨɰɟɧɬ, ɉɂ ɋɎɍ                   .     
                                                         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ  
1. ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɤɨɦɛɢɧɚɬɚ ɧɚ ɪɢɫɭɧɤɟ 1;                                          . 
2. ɋɜɟɞɟɧɢɹ ɨɛ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɩɨ ɰɟɯɚɦ ɤɨɦɛɢɧɚɬɚ ɜ ɬɚɛɥɢɰɟ1;  .                   
3. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɟɨɝɪɚ-
ɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. ɇɚ ɩɨɞɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɚ ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɳɧɨɫɬɶɸ 63 ɆȼȺ ɧɚɩɪɹɠɟɧɢɟɦ 115/37/10,5 ɤȼ. Ɍɪɚɧɫ-
ɮɨɪɦɚɬɨɪɵ ɪɚɛɨɬɚɸɬ ɪɚɡɞɟɥɶɧɨ. Ɇɨɳɧɨɫɬɶ ɄɁ ɧɚ ɫɬɨɪɨɧɟ 115 ɤȼ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ ɪɚɜɧɚ 1150 ɆȼȺ;                                                                                        .                 
4. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɤɨɦɛɢɧɚɬɚ 4,5 ɤɦ;  
5. Ʉɨɦɛɢɧɚɬ ɪɚɛɨɬɚɟɬ ɜ ɞɜɟ ɫɦɟɧɵ.                                                                     .                   
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 1. Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 2. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 3. Ɋɚɫ-
ɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 4. Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɢ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ; 5. ɉɪɨɟɤɬɢ-
ɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 6. ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ 
ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 7. Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ; 
8. ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ; 9. Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 10. ȼɵɛɨɪ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 11. Ɋɚɫɱɟɬ ɡɚɡɟɦɥɟɧɢɹ ɢ ɦɨɥɧɢɟɡɚɳɢɬɵ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶ-
ɧɨɣ ɩɨɞɫɬɚɧɰɢɢ; 12. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ–
10000/35; 13. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ; 14. Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɜ ɫɯɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɥɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ. 
 



 

Изм Лист № докум. Подп. Дата 

Кафедра  
электроэнергетики 

Разраб. 
Пров. 

Н.Контр. 
Утв. 

Никифоров В.В. 
Амузаде А.С. 

 

 

Пантелеев В.И. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

БР-13.03.02.07 

Электроснабжение  
литейно-механического 

комбината 

Лит. Лист Листов 
 У  3 129 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɤɨɦɛɢɧɚɬɚ ɫ ɤɚɪɬɨ-
ɝɪɚɦɦɨɣ ɧɚɝɪɭɡɨɤ; 2. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɨɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɤɨɦɛɢɧɚɬɚ; 3. ɉɥɚɧ ɢ ɪɚɡɪɟɡ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ; 4. Ɋɟɥɟɣ-
ɧɚɹ ɡɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ 10000/35; 5. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨ-
ɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.    
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                       Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ 
                                                               ɩɨɞɩɢɫɶ              ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ  
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                        ȼ.ȼ. ɇɢɤɢɮɨɪɨɜ
                                                        ɩɨɞɩɢɫɶ                         ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ  

 
«   »       2022 ɝ. 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

4 

Лист 
     

     

ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 
ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɡɚɜɨɞɚ» ɫɨɞɟɪɠɢɬ 129 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭ-
ɦɟɧɬɚ, 42 ɬɚɛɥɢɰɵ, 42 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɞɥɹ ɥɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢ-
ɧɚɬɚ. 

ɐɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
- ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɜ ɰɟɥɨɦ; 
- ɜɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ; 
- ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ; 
- ɞɨɫɬɢɠɟɧɢɟ ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɤ ɰɟɧɬɪɚɦ 

ɧɚɝɪɭɡɤɢ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ ɛɵɥɨ 

ɪɚɫɫɱɢɬɚɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɜɵɛɪɚɧɨ ɢ ɩɪɨɜɟɪɟɧɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢɟ ɩɪɨɟɤɬɚ, ɨɛɟɫɩɟɱɟɧɚ ɬɪɟɛɭɟɦɚɹ ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɨɛɟɫɩɟɱɟɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɚɸɳɟɝɨ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ. 
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ɋɈȾȿɊɀȺɇɂȿ 
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ȼȼȿȾȿɇɂȿ 
 
ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ – ɷɬɨ ɤɨɦɩɥɟɤɫ ɭɫɬɪɨɣɫɬɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. 

Ɍɪɭɞɧɨɫɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɷɬɢɯ ɫɢɫɬɟɦ 
ɩɭɬɟɦ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɩɢɬɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɜɵɛɨɪɚ 
ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢ ɬɢɩɚ ɤɨɦɩɟɧ-
ɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɬɚɤ ɞɚɥɟɟ. ɂɦɟɧɧɨ ɪɟɲɟɧɢɟ ɜɫɟɯ ɷɬɢɯ ɡɚɞɚɱ ɜ ɫɨɜɨɤɭɩ-
ɧɨɫɬɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɫɬɚɧɞɚɪɬɚɦɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɝɪɚɦɨɬɧɨ 
ɪɚɛɨɬɚɬɶ ɜɫɟɦɭ ɩɪɟɞɩɪɢɹɬɢɸ, ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ.   
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
1.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜɵɫɬɭɩɚɸɬ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɩɪɢ-

ɹɬɢɹ (ɪɢɫɭɧɨɤ 1) ɢ ɫɜɟɞɟɧɢɹ ɨɛ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ (ɬɚɛɥɢɰɚ 1). 
 
 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɤɨɦɛɢɧɚɬɚ 

 
Ɍɚɛɥɢɰɚ 1  ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɥɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥ-ɜɨ 

ɷɥ.ɩɪɢɟɦ-
ɧɢɤɨɜ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɫɭɦɦɚɪɧɚɹ 

ɦɨɳɧɨɫɬɶ,ɤȼɬ 
 
1 

Ʌɢɬɟɣɧɵɣ ɤɨɪɩɭɫ 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ ɩɟɱɶ 3 ɬ 

 
100 
2 

 
2850 
5000 

2 ɐɟɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɩɨɪɲɧɟɣ 150 2100 

3 ɋɤɥɚɞ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ 10 70 
4 ɐɟɯ ɩɚɥɶɰɟɜ 180 3200 
5 ɉɪɟɫɫɨɜɵɣ ɰɟɯ 20 2000 
6 Ɋɟɦɨɧɬɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ 40 300 
 
7 

Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 
ɚ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ 
ɛ) 0,4 ɤȼ 

 
4 
20 

 
2520 
250 

8 ɋɬɪɨɢɬɟɥɶɧɵɣ ɰɟɯ 20 250 
9 Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ, ɫɬɨɥɨɜɚɹ 40 150 
10 ɐɟɯ ɨɛɪɚɛɨɬɤɢ ɝɢɥɶɡ 100 1560 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥ-ɜɨ 

ɷɥ.ɩɪɢɟɦ-
ɧɢɤɨɜ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɫɭɦɦɚɪɧɚɹ 

ɦɨɳɧɨɫɬɶ,ɤȼɬ 
12 ɐɟɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ 40 500 
13 ɗɥɟɤɬɪɨɰɟɯ 30 320 
14 ɋɤɥɚɞ ɚɥɸɦɢɧɢɟɜɵɯ ɰɭɲɟɤ 10 40 
15 ɋɤɥɚɞ ɩɟɫɤɚ 20 140 

 
1.2 Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
 
Ʌɢɬɟɣɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ – ɨɬɪɚɫɥɶ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɡɚ-

ɧɢɦɚɸɳɚɹɫɹ ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɮɚɫɨɧɧɵɯ ɞɟɬɚɥɟɣ ɢ ɡɚɝɨɬɨɜɨɤ ɩɭɬёɦ ɡɚɥɢɜɤɢ 
ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɭ, ɩɨɥɨɫɬɶ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɤɨɧɮɢɝɭɪɚɰɢɸ 
ɬɪɟɛɭɟɦɨɣ ɞɟɬɚɥɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɥɢɬɶɹ, ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɦɟɬɚɥɥ ɜ ɮɨɪɦɟ ɡɚɬɜɟɪɞɟɜɚɟɬ ɢ ɩɨ-
ɥɭɱɚɟɬɫɹ ɨɬɥɢɜɤɚ – ɝɨɬɨɜɚɹ ɞɟɬɚɥɶ ɢɥɢ ɡɚɝɨɬɨɜɤɚ, ɤɨɬɨɪɚɹ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɢ (ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɢ ɫɧɢɠɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨ-
ɫɬɢ) ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɟ-
ɪɟɞ ɥɢɬɟɣɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɫɬɨɢɬ ɡɚɞɚɱɚ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ, ɪɚɡɦɟɪɵ ɢ 
ɮɨɪɦɚ ɤɨɬɨɪɵɯ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɚ ɤ ɪɚɡɦɟɪɚɦ ɢ ɮɨɪɦɟ ɝɨɬɨɜɨɣ ɞɟ-
ɬɚɥɢ. ȼ ɦɚɲɢɧɚɯ ɢ ɩɪɨɦɵɲɥɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɬ 50% ɞɨ 95% ɜɫɟɯ ɞɟɬɚ-
ɥɟɣ ɢɡɝɨɬɨɜɥɹɸɬ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ ɜ ɮɨɪɦɵ [1].  

Ɋɟɦɨɧɬɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ ɨɬɧɨɫɢɬɫɹ ɤ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɰɟɯɚɦ ɡɚ-
ɜɨɞɚ. Ɉɧ ɨɛɫɥɭɠɢɜɚɟɬ ɜɫɟ ɰɟɯɚ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɡɚɜɨɞɚ, ɩɪɨɢɡɜɨɞɢɬ ɬɟɤɭɳɢɣ ɢ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɢ ɢɡɝɨɬɚɜɥɢɜɚɟɬ ɡɚɩɚɫ-
ɧɵɟ ɱɚɫɬɢ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ. ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɰɟɯɚ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨ-
ɛɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɢɯ ɪɚɛɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ. Ɉɫɬɚɧɨɜɤɚ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɢɡ ɧɢɯ ɧɟ ɜɵɡɵɜɚɟɬ ɨɫɬɚɧɨɜɤɢ ɞɪɭ-
ɝɢɯ ɩɪɢɟɦɧɢɤɨɜ. ȼ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɦɟɯɚɧɢɡɦɵ ɪɟɦɨɧɬɧɨ-ɦɟɯɚ-
ɧɢɱɟɫɤɨɝɨ ɰɟɯɚ ɫɥɭɠɚɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ. 

Ʌɢɬɟɣɧɵɣ ɤɨɪɩɭɫ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɚ, 
ɨɬɥɢɜɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɹɜɥɹɸɳɢɯɫɹ ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɰɢɟɣ ɡɚɜɨɞɚ. 

ȼ ɦɟɯɚɧɢɱɟɫɤɢɯ ɰɟɯɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɚ, ɨɱɢɫɬɤɚ ɢ 
ɩɟɪɜɢɱɧɚɹ ɨɛɪɚɛɨɬɤɚ. Ɉɫɧɨɜɧɵɦɢ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦɢ ɷɬɢɯ ɰɟɯɨɜ ɹɜɥɹ-
ɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ (ɲɥɢɮɨɜɚɥɶɧɵɟ, ɬɨɤɚɪɧɵɟ, 
ɫɜɟɪɥɢɥɶɧɵɟ), ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ, ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɩɪɟɫɫɵ. Ɇɨɳɧɨɫɬɢ 
ɩɪɢɜɨɞɨɜ ɫɬɚɧɤɨɜ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɤɨɥɟɛɥɸɬɫɹ ɨɬ 1,5 ɞɨ 28 ɤȼɬ. Ʉɨ-
ɥɢɱɟɫɬɜɨ ɩɪɢɜɨɞɨɜ ɜ ɦɟɯɚɧɢɱɟɫɤɢɯ ɰɟɯɚɯ ɞɨɫɬɢɝɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ.  

Ʉɨɦɩɪɟɫɫɨɪɧɚɹ ɫɥɭɠɢɬ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢ-
ɦɨɝɨ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ. Ɉɫɧɨɜɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɤɨɦɩɪɟɫɫɨɪ-
ɧɨɣ ɹɜɥɹɸɬɫɹ ɤɨɦɩɪɟɫɫɨɪɵ ɢ ɜɟɧɬɢɥɹɬɨɪɵ. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɢɜɨɞɨɜ ɜɟɧɬɢ-
ɥɹɬɨɪɨɜ ɢ ɤɨɦɩɪɟɫɫɨɪɨɜ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ, ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɨɫɬɨɹɧɧɵɣ. 
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ɗɥɟɤɬɪɨɰɟɯ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟ-
ɦɨɧɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɲɟɞɲɟɝɨ ɢɡ ɫɬɪɨɹ ɢɥɢ ɢɦɟɸɳɟɝɨ 
ɧɟɩɨɥɚɞɤɢ ɜ ɪɚɛɨɬɟ. 

Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ, ɫɬɨɥɨɜɚɹ – ɪɭɤɨɜɨɞɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɪɟɞɩɪɢ-
ɹɬɢɟɦ ɢ ɩɢɬɚɧɢɟ ɫɨɬɪɭɞɧɢɤɨɜ. 

ɋɬɪɨɢɬɟɥɶɧɵɣ ɰɟɯ – ɫɛɨɪɤɚ ɝɨɬɨɜɵɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ.  
ɐɟɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɞɝɨɬɨɜɤɭ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 

ɩɪɨɤɚɬɚ, ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɦɟɬɤɢ, ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɷɥɟɦɟɧɬɨɜ ɫɬɚɥɶ-
ɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɨɜɟɞɟɧɢɟ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ. 

ɉɪɟɫɫɨɜɵɣ ɰɟɯ (ɉɍ) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɲɬɚɦɩɨɜɤɢ ɞɟɬɚɥɟɣ ɷɥɟɤɬɪɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɧ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɪɭɩɧɨɝɨ ɡɚ-
ɜɨɞɚ ɷɥɟɤɬɪɨɢɡɞɟɥɢɣ. ɇɚ ɧɟɦ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: ɫɬɚɧɨɱɧɨɟ ɨɬɞɟɥɟɧɢɟ, ɝɞɟ ɪɚɡ-
ɦɟɳɟɧ ɫɬɚɧɨɱɧɵɣ ɩɚɪɤ; ɪɟɦɨɧɬɧɚɹ ɦɚɫɬɟɪɫɤɚɹ, ɫɥɭɠɟɛɧɵɟ, ɜɫɩɨɦɨɝɚɬɟɥɶ-
ɧɵɟ ɢ ɛɵɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ. Ɍɪɚɧɫɩɨɪɬɧɵɟ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɩɨɦɨ-
ɳɶɸ ɤɪɚɧ-ɛɚɥɤɢ ɢ ɧɚɡɟɦɧɵɯ ɷɥɟɤɬɪɨɬɟɥɟɠɟɤ. 

ȼ ɰɟɯɟ ɩɚɥɶɰɟɜ – ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɨɪɲɧɟɜɵɯ ɩɚɥɶɰɟɜ ɢɡ ɫɩɟɰɢɚɥɶɧɨɣ 
ɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ ɰɟ-
ɦɟɧɬɚɰɢɢ ɢ ɡɚɤɚɥɤɢ. 

ɐɟɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɩɨɪɲɧɟɣ ɨɛɪɚɛɨɬɤɢ ɝɢɥɶɡ – ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɨɪɲ-
ɧɟɣ Ⱦȼɋ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɫ ɩɨɦɨɳɶɸ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɢ ɨɛɪɚɛɚ-
ɬɵɜɚɸɳɢɯ ɫɬɚɧɤɨɜ. 
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2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨ-
ɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 
Ʌɢɬɟɣɧɵɣ ɰɟɯ ɢ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɨɬɧɨɫɹɬɫɹ ɤ I ɤɚɬɟɝɨɪɢɢ, ɩɨɫɤɨɥɶɤɭ ɩɟ-

ɪɟɪɵɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɢɜɟɞɟɬ ɤ ɦɚɫɫɨɜɨɦɭ ɛɪɚɤɭ ɩɪɨɞɭɤɰɢɢ, ɧɚɪɭɲɟ-
ɧɢɸ ɫɥɨɠɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɩɨɜɥɟɱɶ ɨɩɚɫ-
ɧɨɫɬɶ ɞɥɹ ɠɢɡɧɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ɐɟɯɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɩɨɪɲɧɟɣ, ɩɨɪɲɧɟɜɵɯ ɩɚɥɶɰɟɜ, ɨɛɪɚɛɨɬɤɢ ɝɢɥɶɡ, 
ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɛɥɨɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɰɟɯɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɫɫɨɜɵɣ ɰɟɯ ɨɬ-
ɧɟɫɟɦ ɤɨ II  ɤɚɬɟɝɨɪɢɢ. Ɉɫɬɚɜɲɢɟɫɹ ɰɟɯɚ ɨɬɧɨɫɹɬɫɹ ɤ III  ɤɚɬɟɝɨɪɢɢ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.  Ɍɚɤɠɟ ɨɩɪɟɞɟɥɢɦ ɤɥɚɫɫ ɩɨɠɚɪɨ- ɢ ɜɡɪɵɜɨɨɩɚɫɧɨ-
ɫɬɢ ɞɥɹ ɩɨɦɟɳɟɧɢɣ [2]. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3. 
 
Ɍɚɛɥɢɰɚ 2 – Ʉɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ ɡɚɜɨɞɚ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɚɬɟɝɨɪɢɹ ɧɚɞɟɠɧɨɫɬɢ 

1 
Ʌɢɬɟɣɧɵɣ ɤɨɪɩɭɫ  
ɚ) 0,4 ɤȼ,  
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ ɩɟɱɶ 3 ɬ 

 
I 

2 ɐɟɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɩɨɪɲɧɟɣ II  

3 ɋɤɥɚɞ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ  III  

4 ɐɟɯ ɩɚɥɶɰɟɜ  II  

5 ɉɪɟɫɫɨɜɵɣ ɰɟɯ  II  

6 Ɋɟɦɨɧɬɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ  II  

7 
Ʉɨɦɩɪɟɫɫɨɪɧɚɹ  
ɚ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ  
ɛ) 0,4 ɤȼ  

 
I 

8 ɋɬɪɨɢɬɟɥɶɧɵɣ ɰɟɯ III  

9 Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ, ɫɬɨɥɨɜɚɹ  III  

10 ɐɟɯ ɨɛɪɚɛɨɬɤɢ ɝɢɥɶɡ II  

11 Ȼɥɨɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɰɟɯɨɜ II  

12 ɐɟɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ II  

13 ɗɥɟɤɬɪɨɰɟɯ  III  

14 ɋɤɥɚɞ ɚɥɸɦɢɧɢɟɜɵɯ ɰɭɲɟɤ III  
15 ɋɤɥɚɞ ɩɟɫɤɚ  III  

 
Ɍɚɛɥɢɰɚ 3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɟɞɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟɧɧɵɯ ɮɚɤ-
ɬɨɪɨɜ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ 
ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ 
ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ 

Ʌɢɬɟɣɧɵɣ ɤɨɪɩɭɫ  
ɚ) 0,4 ɤȼ  
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɚɹ ɩɟɱɶ 3 ɬ 
 

ɀɚɪɤɨɟ ɩɨɦɟ-
ɳɟɧɢɟ 

ȼ-II  ɉ-I 

ɐɟɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɩɨɪɲ-
ɧɟɣ 

ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟɧɧɵɯ ɮɚɤ-
ɬɨɪɨɜ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ 
ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ 
ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ 

ɋɤɥɚɞ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ  ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  

ɐɟɯ ɩɚɥɶɰɟɜ  ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-IIɚ 

ɉɪɟɫɫɨɜɵɣ ɰɟɯ  ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  

Ɋɟɦɨɧɬɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ 
ɰɟɯ  

ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-II  ɉ-II  

Ʉɨɦɩɪɟɫɫɨɪɧɚɹ  
ɚ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ  
ɛ) 0,4 ɤȼ  

ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-IIa 

ɋɬɪɨɢɬɟɥɶɧɵɣ ɰɟɯ ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  

Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ, ɫɬɨɥɨ-
ɜɚɹ  

ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-III  

ɐɟɯ ɨɛɪɚɛɨɬɤɢ ɝɢɥɶɡ ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-II  ɉ-II  

Ȼɥɨɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɰɟɯɨɜ ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  

ɐɟɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-II  

ɗɥɟɤɬɪɨɰɟɯ  ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-II  ɉ-II  

ɋɤɥɚɞ ɚɥɸɦɢɧɢɟɜɵɯ 
ɰɭɲɟɤ 

ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-III  

ɋɤɥɚɞ ɩɟɫɤɚ  ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ 

ȼ-IIɚ ɉ-III  
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3 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

3.1 Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɥɢɬɟɣɧɨɝɨ ɰɟɯɚ 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɤɢ ɥɢɧɟɣɧɨɝɨ ɰɟɯɚ 10 ɤȼ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɬɢɩ 

ɞɭɝɨɜɨɣ ɫɬɚɥɟɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ ɢ ɩɟɱɧɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. ȼɵɛɢɪɚɟɦ ɞɭɝɨ-
ɜɭɸ ɫɬɚɥɟɩɥɚɜɢɧɭɸ ɩɟɱɶ Ⱦɋɉ 3 ɮɢɪɦɵ ɈɈɈ «ɇɉɎ ɄɈɆɌȿɊɆ» [5]. ɏɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɱɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.   
 
Ɍɚɛɥɢɰɚ 4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ⱦɋɉ-3 

Ɍɢɩ 
ɩɟɱɢ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɟɦɤɨɫɬɶ ɩɟɱɢ, ɬ 

Ɇɨɳɧɨɫɬɶ 
ɩɟɱɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ  ɤȼȺ 

ȼɪɟɦɹ ɪɚɫ-
ɩɥɚɜɥɟɧɢɟ 

ɍɞɟɥɶɧɵɣ 
ɪɚɫɯɨɞ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ, 

ɤȼɬ∙ɱ/ɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɩɢɬɚɸɳɟɣ 

ɫɟɬɢ, ɤȼ 

Ⱦɋɉ-3 3 2500 1 450 10 
 

Ɇɨɳɧɨɫɬɶ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɤȼ∙Ⱥ: 
 ܵːˑˏ ൒ ܩ ∙ 𝜑ݏ݋ܹܿ ∙ 𝜏 ∙ ˋܭ ,                                                                                      ሺ͵.ͳሻ 

 
ɝɞɟ G – ɟɦɤɨɫɬɶ ɩɟɱɢ, ɬ; 
      W – ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ∙ɱ/ɬ; 
      𝜏 – ɜɪɟɦɹ ɪɚɫɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ, ɱ;  
      cos𝜑, Kɢ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨ 
ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [3]. 
 ܵːˑˏ ൒ ͵ ∙ ͶͷͲͲ,ͻ ∙ ͳ ∙ Ͳ,͹ͷ = ʹͲͲͲ. 

 
ȼɵɛɢɪɚɟɦ 2 ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɗɌɆɉɄ 3500/10 [6], ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 
 

Ɍɚɛɥɢɰɚ 5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɗɌɆɉɄ 3500/10 
 

Ɍɢɩ 
 

ɇɨɦɢɧɚɥɶ-
ɧɚɹ ɦɨɳ-

ɧɨɫɬɶ, ɤȼȺ 

ɇɚɩɪɹɠɟ-
ɧɢɟ ɨɛɦɨ-

ɬɨɤ, ɤȼ 

ȼɢɞ 
ɨɯɥɚ-

ɠɞɟɧɢɹ 

ɉɟɪɟɤɥɸɱɢɧɢɟ 
ɫɬɭɩɟɧɟɣ 

ɇɚɩɪɹɠɟɧɢɹ 

Чɢɫɥɨ ɩɨ-
ɥɨɠɟɧɢɣ 

ɉȻȼ 
ɗɌɆɉɄ 
3500/10 

2500 10/0,38 Ɇ ɉȻȼ 12 

 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɥɢɬɟɣɧɨɝɨ ɰɟɯɚ №1 ɧɚ ɧɚɩɪɹɠɟ-

ɧɢɟ 10 ɤȼ, ɪɚɫɱɟɬ ɛɭɞɟɦ ɜɟɫɬɢ ɩɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ. 

ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɭɯ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɰɟɯɚ 
№1 ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ: 
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 ܲː ˑˏ = ܵːˑˏ ∙ 𝜑ݏ݋ܿ = ͷͲͲͲ ∙ Ͳ,ͻ = ͶͷͲͲ.                                                 ሺ͵.ʹሻ 
 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 
 

Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɧɚɝɪɭ-
ɡɨɤ ɜɵɛɢɪɚɸɬ ɢ ɩɪɨɜɟɪɹɸɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɬɚɤ 
ɠɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
 Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɫɢɥɨɜɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭ-
ɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ (ɤɜɚɪ), 
 

 ܲ˓ = ˔ܭ ∙ ܲː ,                                                                                                           ሺ͵.͵ሻ 
     ܳ˓ = ܲ˓ ∙  𝜑,                                                                                                       ሺ͵.Ͷሻ݃ݐ

 
ɝɞɟ ܲː  – ɫɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ (ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ) ɜɫɟɯ 
ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɤȼɬ; 
  ;ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ [3, ɬɚɛɥ 2.1] – ˔ܭ       
       tgφ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɪɢёɦɧɢɤɨɜ 
ɞɚɧɧɨɝɨ ɰɟɯɚ [3, ɬɚɛɥ 2.1]. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ  
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ, 

 ܲ˓ ˑ = ܲː ˑ ∙  ˑ,                                                                                                     ሺ͵.ͷሻ˔ܭ
 
ɝɞɟ ܲː ˑ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ, 
ɤȼɬ; 

 ˑ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ˔ܭ 
ɞɚɧɧɵɦ [3, ɬɚɛɥ 2.3]; 

ȼɟɥɢɱɢɧɚ ܲː ˑɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 ܲː ˑ = ̟ܲ ˇˑ ∙  ሺ͵.͸ሻ                                                                                                       ,ܨ

 
ɝɞɟ ̟ܲ ˇˑ – ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɥɚ ɰɟɯɚ, ɤȼɬ/ɦ2[1, ɬɚɛɥ 
2.4];  

F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɰɟɯɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɝɟɧɩɥɚɧɭ, ˏଶ. 
Ⱦɚɥɟɟ ɞɥɹ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɪɟɚɤɬɢɜ-

ɧɭɸ ɧɚɝɪɭɡɤɭ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɜɚɪ, 
  ܳ˓ˑ = ܲ˓ ˑ ∙ tgφ,                                                                                                    ሺ͵.͹ሻ 
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ɝɞɟ tgφ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚ-
ɜɨɱɧɵɦ ɞɚɧɧɵɦ [3, ɬɚɛɥ 2.5]. 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ ɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ 
ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [3], ɤȼ∙Ⱥ, 
 ܵ˓ = √(ʟ˓ + ʟ˓ˑ)ଶ + (ܳ˓ + ܳ˓ˑ)ଶ.                                                               ሺ͵.ͺሻ 

 
ɉɪɢɟɦɧɢɤɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ ɰɟɯɚ ɭɱɢɬɵɜɚɸɬɫɹ ɨɬɞɟɥɶɧɨ. 

Ɋɚɫɱɟɬɧɵɟ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ ɝɪɭɩɩ ɩɪɢɟɦɧɢɤɨɜ ɜɵɲɟ 1000 ȼ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɤȼɬ (ɤɜɚɪ), 

 ʟ˓ = ˔ܭ ∙ ܲː ,                                                                                                         ሺ͵.ͻሻ 
 ܳ௣ = ʟ˓ ∙ tgφ.                                                                                                   ሺ͵.ͳͲሻ 
 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɤȼ∙Ⱥ, 
 ܵ˓ = √ʟ˓ଶ + ܳ˓ଶ.                                                                                            ሺ͵.ͳͳሻ 

 
Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɬɚɛɥɢɰɚ 1. 

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɜ ɰɟɥɨɦ 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɚɤɬɢɜɧɵɦ ɢ ɪɟɚɤɬɢɜɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ ɫ ɭɱɟ-
ɬɨɦ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɨɫɜɟɳɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ, ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɰɟɯɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ Ƚɉɉ, ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɚ ɜ [3]. 

Ɍɚɤ ɤɚɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɰɟɯɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ ɟɳɟ ɧɟ ɜɵɛɪɚɧɵ, ɬɨ ɩɪɢ-
ɛɥɢɠɟɧɧɨ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ, ɤȼɬ (ɤɜɚɪ), 

 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ܵ˓,                                                                                              ሺ͵.ͳʹሻ 
 ∆ܳ˙˕ = Ͳ,ͳ ∙ ܵ˓,                                                                                                ሺ͵.ͳ͵ሻ 

 
ɝɞɟ ܵ˓ − ɩɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ (0,4 ɤȼ) ɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢ-
ɟɦɧɢɤɨɜ ɡɚɜɨɞɚ. 

ɂɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ ɬɚɛɥɢɰɚ 1 ɩɨɥɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ 0,4 
ɤȼ ɪɚɜɧɚ ܵ˓ = ͳʹͳʹͻ,ͳͶ ɤȼ∙Ⱥ. 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼɬ, 
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∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ͳʹͳʹͻ,ͳͶ = ʹͶʹ,ͷͺ. 
 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤɜɚɪ, 

 ∆ܳ˙˕ = Ͳ,ͳ ∙ ͳʹͳʹͻ,ͳͶ  = ͳʹͳʹ,ͻͳͶ. 
 

Ɉɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɢɡ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ 
ɫɟɬɶ ɡɚɜɨɞɚ ɜ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ, ɤɜɚɪ, 

 ܳэ = 𝛼ܭ ∙ (∑ܲ˓ .଴,ସ + ∑ܲ˓ .ଵ଴),                                                                       ሺ͵.ͳͶሻ 
 

ɝɞɟ ܭ𝛼 = Ͳ,ʹͻ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ 
ɥɢɧɢɣ ɩɪɢ U = 110 ɤȼ; 
      ∑ܲ˓ .଴,ସ , ∑ܲ˓ .ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 
 ܳэ = Ͳ,ʹͻ ∙ ሺͺͷ͵ͷ,͹ͻ + ͸Ͳͳͺሻ = ͶʹʹͲ,͸ ˍ˅˃˓. 

 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ, ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 

ɩɨ ɡɚɜɨɞɭ ɜ ɰɟɥɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɤɜɚɪ, 
 ܳˍ˖ = ∑ܳ˓.଴,ସ+∑ܳ˓.ଵ଴ + ∆ܳ˙˕ − ܳэ ,                                                         ሺ͵.ͳͷሻ 
 

ɝɞɟ ∑ܳ˓.଴,ସ , ∑ܳ˓.ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɜɚɪ. 
 ܳˍ˖∑ = ͺ͸ͳ͹,ʹͲ͹ + ͶͲʹͷ,ͲͶͳ + ͳʹͳʹ,ͻͳͶ − ͶʹʹͲ,͸ = ͻ͸͵Ͷ,ͷ͸ʹ ˍ˅˃˓. 
 

ɇɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢ-
ɧɚɦ 10 ɤȼ Ƚɉɉ, ɤɜɚɪ, 

 ܳ = ܳ˓∑ − ܳˍ˖∑ ,                                                                                              ሺ͵.ͳ͸ሻ 
 

ɝɞɟ ܳ˓∑ – ɪɚɫɱёɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ 
Ƚɉɉ, ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ (ܭ˓ˏ = Ͳ,ͻͷ), ɤɜɚɪ. 
 ܳ˓∑ = ሺܳ˓∑଴,ସ + ܳ˓ ∑ ଵ଴ሻ ⋅ ˏ˓ܭ + ∆ܳ˙˕ ,                                                    ሺ͵.ͳ͹ሻ 

 
ɝɞɟ ܳ˓∑଴,ସ , ܳ˓ ∑ ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɜɚɪ. 
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ܳ˓∑ = ሺͺ͸ͳ͹,ʹͲ͹ + ͶͲʹͷ,ͲͶͳሻ ⋅ Ͳ,ͻͷ + ͳʹͳʹ,ͻͳͶ = ͳ͵ʹʹ͵,ͲͶͻ͸ ˍ˅˃˓.  
 ܳ = ͳ͵ʹʹ͵,ͲͶͻ͸ − ͻ͸͵Ͷ,ͷ͸ʹ = ͵ͷͺͺ,Ͷͺ ˍ˅˃˓. 

 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɧɢɦɚɸɬɫɹ ɛɚɬɚɪɟɢ ɫɬɚɬɢɱɟ-

ɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ ɩɨ ɫɥɟɞɭ-
ɸɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 

 ∆̱ܲ ˖ = ̟ܲ ˇ ∙ ܳˍ˖∑ ,                                                                                            ሺ͵.ͳͺሻ 
 

ɝɞɟ ̟ܲ ˇ – ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɵɟ 0,2% ɨɬ ܳˍ˖∑. 
 ∆̱ܲ ˖ = Ͳ,ͲͲʹ ∙ ͻ͸͵Ͷ,ͷ͸ʹ  = ͳͻ,ʹ͹ ˍʑ˕. 

 
Ɋɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ Ƚɉɉ, 

ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
ˏ˓ܭ) = Ͳ,ͻͷ), ɤȼɬ, 

 ܲ˓ ∑ = ሺܲ˓ ∑଴,ସ + ܲ˓ ∑ ଵ଴ሻ ⋅ ˏ˓ܭ + ∑ܲ˓ ˑ + ∆ܲ̇ ˕ ,                                        ሺ͵.ͳͻሻ 
 
ɝɞɟ ܲ˓ ∑଴,ସ ,  ܲ˓ ∑ ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ; 
         ∑ܲ˓ ˑ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ 
ɧɚɝɪɭɡɤɢ, ɤȼɬ. 

 ܲ˓ ∑ = ሺ͹͹ͺͺ,ͷ + ͸Ͳͳͺሻ ⋅ Ͳ,ͻͷ + ͹Ͷ͹,ʹͻ + ʹͶʹ,ͷͺ = ͳͶͳͲ͸,ͲͶͷ ˍʑ˕. 
 
Ɉɛɳɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣ-

ɫɬɜɚɯ ɧɚ ɲɢɧɚɯ 10 ɤȼ ɩɨɞɫɬɚɧɰɢɢ, ɤȼɬ. 
 ܲ = ܲ˓ ∑ + ∆̱ܲ ˖                                                                                               ሺ͵.ʹͲሻ 
 ܲ = ͳͶͳͲ͸,ͲͶͷ + ͳͻ,ʹ͹ = ͳͶͳʹͷ,͵ͳͷ. 
 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 10 ɤȼ Ƚɉɉ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤ-

ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤȼ∙Ⱥ, 
 ܵ˓ଵ଴ = √ܲଶ + ܳଶ ,                                                                                         ሺ͵.ʹͳሻ 

 ܵ˓ଵ଴ = √ͳͶͳʹͷ,͵ͳͷ ଶ + ͵ͷͺͺ,Ͷͺ ଶ = ͳͶͷ͹Ͷ,Ͳͳ.  
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ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ ɛɭɞɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ Ƚɉɉ. ɉɨɬɟɪɢ ɦɨɳ-
ɧɨɫɬɢ (ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ) ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ, (ɤɜɚɪ), ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙ ܵ˓ଵ଴,                                                                                      ሺ͵.ʹʹሻ 

 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ܵ˓ଵ଴,                                                                                        ሺ͵.ʹ͵ሻ 
 ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙ ͳͶͷ͹Ͷ,Ͳͳ = ʹͻͳ,Ͷͺ, 

 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ͳͶͷ͹Ͷ,Ͳͳ = ͳͶͷ͹,Ͷ. 
 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
Ƚɉɉ, ɤȼ∙Ⱥ, 

 ܵ˓ʑʜ = √ሺܲ + ∆̞ܲ ʒʞʞሻଶ + ሺܳ + ∆ܳ˕ʒʞʞሻଶ ,                                             ሺ͵.ʹͶሻ 
 ܵ˓ʑʜ = √ሺͳͶͳʹͷ,͵ͳͷ + ʹͻͳ,Ͷͺሻଶ + ሺ͵ͷͺͺ,Ͷͺ + ͳͶͷ͹,͵ ሻଶ == ͳͶͷ͹Ͷ,Ͳͳ . 

 cos 𝜑 = ͳͶͳʹͷ,͵ͳͷ + ʹͻͳ,Ͷͺ ͳͶͷ͹Ͷ,Ͳͳ   = Ͳ,ͻ͹ 

 
Ȼɟɡ ɭɱёɬɚ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
 ܵ˓ʑʜ = √ሺͳͶͳͲ͸,͵ͳͷ + ͵ͺ͸,͸ͻሻଶ + ሺͳ͵ʹʹ͵,ͲͶͻ͸ + ͳͻ͵͵,͵Ͳሻଶ = = ʹͲͻ͹Ͳ,ͷ. 

 cos 𝜑 = ͳͶͳͲ͸,͵ͳͷ + ͵ͺ͸,͸ͻʹͲͻ͹Ͳ,ͷ = Ͳ,͹Ͳ 
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4 Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɦɟɫɬɨɪɚɫɩɨɥɨ-
ɠɟɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨ-
ɞɨɦ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɩɨɥɨɠɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɩɪɨɜɨɞɢɬ 
ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ ɢ ɦɚɫɫɚɦɢ. 

Ɍɨɝɞɚ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪ-
ɦɭɥɚɦ [3]: 

଴ݔ  = ∑ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ ∙ ∑௜௡ଵݔ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ௡ଵ ,                                                                                ሺͶ.ͳሻ 

଴ݕ  = ∑ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ ∙ ∑௜௡ଵݕ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ௡ଵ ,                                                                                ሺͶ.ʹሻ 

 
ɝɞɟ xi, yi – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ. 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɪɨɬɹɠɟɧɧɨɫɬɢ, ɤɚɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɡɚɜɨɞɚ 
ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ, ɬɚɤ ɢ ɰɟɯɨɜɵɯ ɫɟɬɟɣ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɤȼ, ɭɦɟɧɶɲɟɧɢɹ 
ɪɚɫɯɨɞɚ ɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɝɥɚɜɧɭɸ ɩɨɧɢɡɢɬɟɥɶɧɭɸ ɢ ɰɟɯɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɤɚɤ 
ɦɨɠɧɨ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɧɚ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɡɚ-
ɜɨɞɚ ɧɚɧɨɫɢɬɫɹ ɤɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɦɟ-
ɳёɧɧɵɟ ɩɨ ɝɟɧɩɥɚɧɭ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɩɥɨɳɚɞɶ ɤɪɭɝɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɦɚɫɲɬɚɛɟ ɪɚɜɧɚ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ 
 ௜ܲ = ߨ ∙ ௜ଶݎ ∙ ݉.                                                                                                ሺͶ.͵ሻ 

 
ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ 

௜ݎ  = √ ௜ܲߨ ∙ ݉.                                                                                                     ሺͶ.Ͷሻ 
 
Ɍɚɤ ɠɟ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɧɚɧɨɫɢɬɫɹ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɜɢɞɟ 

ɫɟɤɬɨɪɚ, ɭɝɨɥ ɤɨɬɨɪɨɝɨ ɨɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ ɚɤɬɢɜɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢ 
ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ. 

ߙ  = ͵͸Ͳ° ∙ ௣ܲ௢௜௣ܲ௜ + ௣ܲ௢௜ .                                                                                                     ሺͶ.ͷሻ 

 
ɝɞɟ ʟ˓ – ɚɤɬɢɜɧɚɹ ɪɚɫɱɟɬɧɵɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ; 
      ʟ˓ˑ – ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɰɟɯɨɜ, ɤȼɬ. 
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ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6. 
 

Ɍɚɛɥɢɰɚ 6 – Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɯɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

№ 
ɰɟɯɚ ɩɨ 

ɝɟɧɩɥɚɧɭ 
Ɋɪ+Ɋɪɨ, 

ɤȼɬ 
Ɋɪɨ, 
ɤȼɬ r, ɦɦ 

α, 
ɝɪɚɞ ɯ, ɦ ɭ, ɦ (Ɋɪ+Ɋɪɨ)·ɯ (Ɋɪ+Ɋɪɨ)·ɭ 

ɉɨɬɪɟɛɢɬɟɥɢ 0,4 ɤȼ 

1 
Ʌɢɬɟɣ-
ɧɵɣ ɤɨɪ-
ɩɭɫ 

1859,56 149,56 72,554 28,954 193,5 37,5 359824,9 69733,5 

2 

ɐɟɯ ɚɜ-
ɬɨɦɨ-
ɛɢɥɶɧɵɯ 
ɩɨɪɲɧɟɣ 

789,264 54,264 47,268 24,751 108 165 85240,51 130228,6 

3 

ɋɤɥɚɞ 
ɝɨɬɨɜɨɣ 
ɩɪɨɞɭɤ-
ɰɢɢ 

314,825 69,25 29,853 79,187 271,5 163,5 85474,99 51473,89 

4 
ɐɟɯ 
ɩɚɥɶɰɟɜ 

1295,21 15,21 60,552 4,2276 333 52,5 431304,9 67998,53 

5 
ɉɪɟɫɫɨ-
ɜɵɣ ɰɟɯ 

1020,106 20,1 53,738 7,0934 249 99 254006,4 100990,5 

6 

Ɋɟ-
ɦɨɧɬɧɨ-
ɦɟɯɚɧɢ-
ɱɟɫɤɢɣ 
ɰɟɯ 

225,005 15 25,238 23,999 390 174 87751,95 39150,87 

7 
Ʉɨɦ-
ɩɪɟɫɫɨɪ-
ɧɚɹ 

234,234 9,234 25,75 14,192 172,5 127,5 40405,37 29864,84 

8 
ɋɬɪɨɢ-
ɬɟɥɶɧɵɣ 
ɰɟɯ 

157,76 7,76 21,133 17,708 309 15 48747,84 2366,4 

9 

Ɂɚɜɨɞɨ-
ɭɩɪɚɜɥɟ-
ɧɢɟ, ɫɬɨ-
ɥɨɜɚɹ 

98,407 23,24 16,691 85,018 382,5 235,5 37640,68 23174,85 

10 
ɐɟɯ ɨɛ-
ɪɚɛɨɬɤɢ 
ɝɢɥɶɡ 

556,392 10,39 39,687 6,7226 115,5 240 64263,28 133534,1 

11 

Ȼɥɨɤ ɦɟ-
ɯɚɧɢɱɟ-
ɫɤɢɯ ɰɟ-
ɯɨɜ 

1424,267 44,26 63,497 11,187 180 207 256368,1 294823,3 

12 

ɐɟɯ ɦɟ-
ɬɚɥɥɨ-
ɤɨɧ-
ɫɬɪɭɤ-
ɰɢɣ 

246,94 71,94 26,44 104,88 271,5 228 67044,21 56302,32 

13 
ɗɥɟɤɬɪɨ-
ɰɟɯ 

255,39 31,39 26,888 44,248 373,5 135 95388,17 34477,65 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 

№ ɰɟɯɚ ɩɨ 
ɝɟɧɩɥɚɧɭ 

Ɋɪ+Ɋɪɨ, 
ɤȼɬ 

Ɋɪɨ, 
ɤȼɬ 

r, ɦɦ α, 
ɝɪɚɞ 

ɯ, ɦ ɭ, ɦ (Ɋɪ+Ɋɪɨ)·ɯ (Ɋɪ+Ɋɪɨ)·ɭ 

14 

ɋɤɥɚɞ 
ɚɥɸɦɢ-
ɧɢɟɜɵɯ 
ɰɭɲɟɤ 

18,318 6,318 7,2011 124,17 354 174 6484,572 3187,332 

15 
ɋɤɥɚɞ 
ɩɟɫɤɚ 

47,05 5,05 11,541 38,64 391,5 87 18420,08 4093,35 

ɉɨɬɪɟɛɢɬɟɥɢ 10 ɤȼ 

1 
Ʌɢɬɟɣ-
ɧɵɣ ɰɟɯ, 
ɗȾɉ 3ɬ 

3750 - 103,03 0 193,5 37,5 725625 140625 

7 

Ʉɨɦ-
ɩɪɟɫɫɨɪ-
ɧɚɹ ɋȾ  
10 ɤȼ 

2268 - 80,127 0 172,5 127,5 391230 289170 

ɂɬɨɝɨ 14560,728      3055221 1471195 

 
Ʉɨɨɪɞɢɧɚɬɵ ɢɯ ɰɟɧɬɪɚ, ɦ, 

଴ݔ  = ∑ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ ∙ ∑௜௡ଵݔ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ௡ଵ = ͵ͲͷͷʹʹͳͳͶͷ͸Ͳ,͹ʹͺ = ʹͲͻ,ͺʹ,                            ሺͶ.͸ሻ 

଴ݕ  = ∑ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ ∙ ∑௜௡ଵݕ ሺܲ˓ ௜ + ܲ˓ ˑ௜ሻ௡ଵ = ͳͶ͹ͳͳͻͷͳͶͷ͸Ͳ,͹ʹͺ = ͳͲͳ,ͲͶ.                             ሺͶ.͹ሻ 
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5 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
5.1 ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 

 
ɋɢɫɬɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɯɟɦɭ ɷɥɟɤɬɪɨ-

ɫɧɚɛɠɟɧɢɹ ɢ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹ-
ɸɬɫɹ ɧɚɞɟɠɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɢ [3, ɫ.52]. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɪɹɞɭ ɫ 
ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪ ɪɚɡ-
ɦɟɳɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, 
ɧɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɤɬɵ ɛɨɥɶɲɨɣ (75-100 Ɇȼɬ ɢ ɛɨɥɟɟ), ɫɪɟɞɧɟɣ (ɨɬ 5-7,5 ɞɨ 
75 Ɇȼɬ) ɢ ɦɚɥɨɣ (ɞɨ 5 Ɇȼɬ) ɦɨɳɧɨɫɬɢ. Ⱦɥɹ ɩɪɟɞɩɪɢɹɬɢɣ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ 
ɦɨɳɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢ-
ɟɦɧɵɦ ɩɭɧɤɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, ȽɊɉ, Ɋɉ) [3, ɫ.52]. 

ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ I ɤɚɬɟɝɨɪɢɢ, ɬɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫɟɤɰɢɨɧɢ-
ɪɨɜɚɧɢɟ ɲɢɧ ɩɪɢɟɦɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɢɬɚɧɢɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ ɨɬɞɟɥɶɧɨɣ ɥɢ-
ɧɢɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ I ɤɚɬɟɝɨɪɢɢ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢ-
ɤɨɜ ɩɢɬɚɧɢɹ. ɇɟɡɚɜɢɫɢɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɧɚɡɵɜɚɸɬ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ 
ɩɪɢɟɦɧɢɤɚ (ɝɪɭɩɩɵ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɟ 
ɞɥɹ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ ɧɟ ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ 5 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɨɪɦɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɩɪɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɟɝɨ ɧɚ ɞɪɭɝɨɦ ɢɥɢ ɧɚ ɞɪɭɝɢɯ 
ɢɫɬɨɱɧɢɤɚɯ ɩɢɬɚɧɢɹ ɷɬɢɯ ɩɪɢɟɦɧɢɤɨɜ. Ʉ ɱɢɫɥɭ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢ-
ɬɚɧɢɹ ɨɬɧɨɫɹɬ ɞɜɟ ɫɟɤɰɢɢ ɢɥɢ ɫɢɫɬɟɦɵ ɲɢɧ ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 
ɢ ɩɨɞɫɬɚɧɰɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɨɛɥɸɞɟɧɢɢ ɫɥɟɞɭɸɳɢɯ ɞɜɭɯ ɭɫɥɨɜɢɣ: 

1) ɤɚɠɞɚɹ ɫɟɤɰɢɹ ɢɥɢ ɫɢɫɬɟɦɚ ɲɢɧ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɦɟɟɬ ɩɢɬɚɧɢɟ ɨɬ 
ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ; 

2) ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢɥɢ ɢɦɟɸɬ ɫɜɹɡɶ, ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɳɭɸɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɞɧɨɣ ɫɟɤ-
ɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ [8]. 

ȼɵɛɢɪɚɟɦ ɫɯɟɦɭ 4H «Ⱦɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɣ» [9]. 

ɋɯɟɦɚ 4ɇ-ɞɜɚ ɛɥɨɤɚ (ɥɢɧɢɹ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ) ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜ-
ɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 
35-220 ɤȼ ɞɥɹ ɬɭɩɢɤɨɜɵɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ.əɜɥɹɟɬɫɹ ɥɭɱ-
ɲɟɣ ɫɯɟɦɨɣ ɫ ɩɨɡɢɰɢɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɥɹ ɬɭɩɢɤɨɜɵɯ ɢɥɢ ɨɬ-
ɜɟɬɜɢɬɟɥɶɧɵɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɷɥɟɝɚɡɨɜɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɫ ɩɪɭɠɢɧɧɵɦɢ ɩɪɢɜɨɞɚɦɢ ɞɥɹ ɩɨɞ-
ɫɬɚɧɰɢɣ 35-220 ɤȼ. [9] 
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Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ 4ɇ «Ⱦɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜɬɨɦɚ-

ɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɣ» 
 

5.2 ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-
ɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɞɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ, ɩɨ ɮɨɪɦɭɥɟ ɋɬɢɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɟɫɬɚɧɞɚɪɬ-
ɧɨɟ ɧɚɩɪɹɠɟɧɢɟ [3].  

ɇɟɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɤȼ 
  ܷ˓˃˙ = Ͷ,͵Ͷ√݈ + ͳ͸ܲ = Ͷ,͵Ͷ√Ͷ,ͷ + ͳ͸ ∙ ͳͶ,͹͸͹ =  ͸͹,͵Ͷ ˍʑ.           ሺͷ.ͳሻ  
 

ɂɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɜɚ ɛɥɢɠɚɣɲɢɯ ɡɧɚɱɟɧɢɹ ɷɬɨ 35 ɢ 
110 ɤȼ. Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɫ ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɧɚɩɪɹɠɟɧɢɹɦɢ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ. Ɍɚɤ ɤɚɤ ɩɪɟɞɩɪɢɹɬɢɟ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, ɩɢɬɚɸɳɢɟ 
ɥɢɧɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜɨɡɞɭɲɧɵɦɢ. 

 
5.3 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ  
 
Ⱦɥɹ ɧɚɞɟɠɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢ-

ɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɞɨɥɠɧɨ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ ɧɟ ɦɟɧɟɟ 2 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
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ɉɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɨɞɧɨɝɨ ɢɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɪɭɝɨɣ ɛɭɞɟɬ ɩɨɤɪɵɜɚɬɶ 
ɜɫɸ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ 1-ɨɣ ɢ 2-ɨɣ ɤɚɬɟɝɨɪɢɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɨɱɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɨɬ-
ɤɥɸɱɟɧɚ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [3]. 

Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ, ɤȼ∙Ⱥ 
 ܵː௠ ൒ ܵʟʹ ∙ Ͳ,͹ =  ͳͶͷ͹Ͷ,Ͳͳʹ · Ͳ,͹ = ͳͲͶͳͲ,Ͷ.                                                    ሺͷ.ʹሻ 

 
ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɪɚɜɧɵɦ 0,7 [8]. 
ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨ-

ɫɬɶɸ 10000 ɤȼ∙Ⱥ 
Ɉɩɪɟɞɟɥɢɦ ɡɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 

 Кʖ = ܵʟʹ ∙ ܵː௠ = ͳͶͷ͹Ͷ,Ͳͳʹ ∙ ͳͲͲͲͲ = Ͳ,͹͵.                                                               ሺͷ.͵ሻ 

 
ȼ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 

 КʖАʑ  = ܵʟܵː௠ = ͳͶͷ͹Ͷ,ͲͳͳͲͲͲͲ = ͳ,ͳͶ͸.                                                             ሺͷ.Ͷሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚ-

ɛɨɬɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɡɧɚɱɟɧɢɹɦ [8]. 
ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɇɋ-10000/35, ɌȾɇ–

10000/110 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɤɚɬɚɥɨɠɧɵɦɢ ɞɚɧɧɵɦɢ [17]. 
 

Ɍɚɛɥɢɰɚ 7 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ-10000/35 

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶ-
ɧɚɹ ɦɨɳ-

ɧɨɫɬɶ, ɆȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɨɛ-

ɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ 
ɤȼɬ 

ɇɚɩɪɹɠɟ-
ɧɢɟ ɤɨɪɨɬ-
ɤɨɝɨ ɡɚɦɵ-
ɤɚɧɢɹ uɤ, 

% 

Ɍɨɤ ɯɨ-
ɥɨɫɬɨɝɨ 
ɯɨɞɚ, % ȼɇ ɇɇ ΔɊɯɯ ΔɊɤɡ 

ɌȾɇɋ – 
10000/35 

10 36,75 10,5 9 60 8 0,25 

 
Ɍɚɛɥɢɰɚ 8 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ - 10000/110 

Ɍɢɩ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶ-
ɧɚɹ ɦɨɳ-

ɧɨɫɬɶ, 
ɆȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɨɛ-

ɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ 
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ 

uɤ, % 

Ɍɨɤ ɯɨ-
ɥɨɫɬɨɝɨ 
ɯɨɞɚ, % ȼɇ ɇɇ ΔɊɯɯ ΔɊɤɡ 

ɌȾɇ –
10000/110 

10 115 11 10 58 10,5 0,4 
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5.4 ȼɵɛɨɪ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɬɟɯ-
ɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ 

 
ɇɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɩɪɟɞɩɪɢɹɬɢɹ ɜɵɛɢɪɚɸɬ ɩɨ ɭɫɥɨɜɢɸ ɦɢɧɢɦɚɥɶɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɪɚɫ-
ɫɱɢɬɚɧɧɵɯ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 

 ʖ = ˓ː ∙ К∑ + ʗ∑ ,                                                                                             ሺͷ.ͷሻ 
  

ɝɞɟ ˓ː = Ͳ,Ͳ͹ͷ - ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ, 1/ɝɨɞ; 
       К∑ - ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ. ɪɭɛ.; 
       ʗ∑ - ɫɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɤɬɵ ɛɨɥɶɲɨɣ, ɫɪɟɞɧɟɣ ɢ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɴɟɤɬɚɦ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢёɦɧɵɦ ɩɭɧɤɬɨɦ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, Ɋɉ).  

ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ, ɩɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɩɨɞɫɬɚɧɰɢɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. ɇɚ ɩɨɞɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɚ 
ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɳɧɨɫɬɶɸ 63 ɆȼȺ ɧɚɩɪɹɠɟɧɢɟɦ 
115/37/10 ɤȼ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɪɚɛɨɬɚɸɬ ɪɚɡɞɟɥɶɧɨ. Ⱦɥɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢ-
ɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɵɛɢɪɚɟɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: ɨɬ ɲɢɧ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 35 ɤȼ (1-ɣ ɜɚɪɢɚɧɬ) ɢ ɜɨɡɞɭɲ-
ɧɨɣ ɥɢɧɢɟɣ 110 ɤȼ ɨɬ ɲɢɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (2-ɨɣ ɜɚɪɢɚɧɬ). ɋɯɟɦɵ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɜɚɪɢɚɧɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 
 

Ɋɢɫɭɧɨɤ 4 – ȼɚɪɢɚɧɬɵ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
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5.5 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɥɹ ɜɚɪɢɚɧɬɨɜ 
ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

Ⱦɥɹ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɬɨɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ Ip ɢ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ Ip max, Ⱥ, 
 𝐼௣ = ܵ௣݊√͵ ːܷˑˏ = ͳͷͻ͵Ͷ,Ͷ͹ͷʹ · √͵ ∙ ͵ͷ = ͳ͵ͳ,Ͷʹ,                                                    ሺͷ.͸ሻ 

 𝐼௣ ௠௔௫ = ܵ௣√͵ܷːˑˏ = ͳͷͻ͵Ͷ,Ͷ͹ͷ√͵ ∙ ͵ͷ = ʹ͸ʹ,ͺͷ.                                               ሺͷ.͹ሻ 

 
 Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2, 
ܨ˓  ˃˔˚ = 𝐼௣э݆ˍ = ͳ͵ͳ,Ͷʹ ͳ,ͳ = ͳͳͻ,Ͷ͹,                                                                ሺͷ.ͺሻ 

 
ɝɞɟ э݆ˍ - ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [10]. 
 Ȼɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ 120 ɦɦ2. ȼɵɛɢɪɚɟɬɫɹ ɩɪɨɜɨɞ Ⱥɋ-
120/19 ɫ ɞɨɩɭɫɬɢɦɨɣ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɨɣ Iɞɨɩ=390 Ⱥ [11]. 

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ 
 𝐼 ˑ˒ ൒ 𝐼 ˃˄.ˏ˃ˍ˔,                                                                                                   ሺͷ.ͻሻ 
 ͵ͻͲ ൒ ʹ͸ʹ,ͺͷ − ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 

 
  Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɨɤɢ ɞɥɹ ɫɯɟɦɵ ɫ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ. 
 𝐼௣ = ܵ௣݊√͵ ːܷˑˏ = ͳͷͻ͵Ͷ,Ͷ͹ͷʹ √͵ ∙ ͳͳͲ = Ͷͳ,ͺͳ А,                                                 ሺͷ.ͳͲሻ 

 𝐼௣ ௠௔௫ = ܵ௣√͵ ːܷˑˏ = ͳͻ͸͹͹,ͷ͵ͳ√͵ ∙ ͳͳͲ = ͺ͵,͸͵ А.                                           ሺͷ.ͳͳሻ 

 
Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2, 

ܨ˓  ˃˔˚ = 𝐼௣э݆ˍ = Ͷͳ,ͺͳͳ,ͳ = ͵ͺ,ͲͲ.                                                                     ሺͷ.ͳʹሻ 

 
Ⱦɥɹ ɥɢɧɢɢ 110 ɤȼ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ 70 ɦɦ2 ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭ-

ɫɬɢɦɵɦ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ [3]. 
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ȼɵɛɢɪɚɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ 110 ɤȼ ̝ܨ ˕ = ͹Ͳ ˏˏଶ, 
ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-70/11 [11]. 

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ 
 𝐼 ˑ˒ ൒ 𝐼 ˃˄.ˏ˃ˍ˔,                                                                                                 ሺͷ.ͳ͵ሻ 
 ʹ͸ͷ ൒ ͺ͵,͸͵ − ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 
 
ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ 

ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɝɨɥɨɜɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ (Q1 ɢ Q2) ɢ ɜɵ-

ɤɥɸɱɚɬɟɥɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ Ƚɉɉ (Q3 ɢ Q4).  
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɌɗɊ:  
 
Uɧ.ɜ ≥ Uɧ,                                                                                              ሺͷ.ͳͶሻ 
 
Iɧ.ɜ ≥ Iɪɚɛ.max.                                                                        ሺͷ.ͳͷሻ 
 
ɂɡɜɟɫɬɧɨ, ɱɬɨ Uɧ = 35 ɤȼ, Iɪɚɛ.max = ʹ ͸ʹ,ͺͷ Ⱥ (Q1 ɢ Q2) ɢ Uɧ = 10ɤȼ, 

Iɪɚɛ.max = ʹ͸ʹ,ͺͷ *35/10=919,975 Ⱥ (Q3 ɢ Q4). 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɇ-ɋɗɓ-35-25/1000 

(Q1 ɢ Q2) ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 35 ɤȼ, Iɧ.ɜ = 1000 Ⱥ, Iɨɬɤɥ.ɜ = 25 ɤȺ 
[12]. 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 
 
10 ≥ 10, 
 
1000 ≥ 282,85. 
 
 ɂ ȼȼɍ-ɋɗɓ-10-20/1000 (Q3 ɢ Q4) ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 

= 10 ɤȼ, Iɧ.ɜ = 1000 Ⱥ, Iɨɬɤɥ.ɜ = 20 ɤȺ [15]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 
 
10 ≥ 10, 
 
1000 ≥ 919,975. 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɢ ɞɥɹ ɫɯɟɦɵ ɫ ɧɚɩɪɹɠɟɧɢɟɦ 110 

ɤȼ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɝɨɥɨɜɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ (Q1 ɢ Q2) ɢ ɜɵ-
ɤɥɸɱɚɬɟɥɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ Ƚɉɉ (Q3 ɢ Q4).  

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɌɗɊ:  
 

Uɧ.ɜ ≥ Uɧ,                                                                                             ሺͷ.ͳ͸ሻ 
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Iɧ.ɜ ≥ Iɪɚɛ.max.                                                     ሺͷ.ͳ͹ሻ 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ Uɧ = 110 ɤȼ, Iɪɚɛ.max = 83,63 Ⱥ (Q1 ɢ Q2) ɢ Uɧ = 10 ɤȼ, 
Iɪɚɛ.max = 83,63*110/10=919,93 Ⱥ (Q3 ɢ Q4). 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȽɌ-ɋɗɓ-110 (Q1 ɢ Q2) 
ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 110 ɤȼ, Iɧ.ɜ = 1250 Ⱥ, Iɨɬɤɥ.ɜ = 20 ɤȺ [14].ȼɵ-
ɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 

 
110 ≥ 110, 
 
1250 ≥83,63. 

 
 ɂ ȼȼɍ-ɋɗɓ-10-20/1000 (Q3 ɢ Q4) ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 

= 10 ɤȼ, Iɧ.ɜ =1000 Ⱥ, Iɨɬɤɥ.ɜ = 20 ɤȺ [13]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 
 
10 ≥ 10, 
 
1000 ≥ 913,8. 
 
5.6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ 

ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 35 ɤȼ 
 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɢ 35 ɤȼ, ɬɵɫ.ɪɭɛ/ɤɦ, 
 К˅ˎଷହ = Аˎ + ʑˎܷːˑˏଶ + ʠˎˎܨ = ͺ,͹ + ʹͳͶ ∗ ͳͲ−ଷ ∗ ͵ͷଶ + ͵͸ ∗      (5.18) ∗ ͳʹͲ = ͶͷͻͲ,ͺͷ,                                                                                                      

 
ɝɞɟ Ⱥɥ, ȼɥ, ɋɥ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪ 
[10].  

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɞɜɟ ɨɞɧɨɰɟɩɧɵɟ Ʌɗɉ, ɬɵɫ.ɪɭɛ, 
 К˒ˎΣଷହ = ͶͷͻͲ,ͺͷ ∗ ͳ ∗ Ͷ,ͷ = Ͷͳ͵ͳ͹,͸͸.  
 
ɋɬɨɢɦɨɫɬɶ 1 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 35/10 ɤȼ, ɦɨɳɧɨɫɬɶɸ 10000 ɤȼȺ, ɬɵɫ. 

ɪɭɛ, 
            К˕ଷହ = А˕ + ʑ˕ܷːˑˏଶ + ʠ˕ܵːˑˏ.˕ =                                                            ሺͷ.ͳͻሻ= ʹͲ + ͳ,Ͷ͵ ∗ ͳͲ−ଷ ∗ ͵ͷଶ  + Ͳ,ͺͺ͸ ∗ ͳͲ = ͵Ͳ,͸ͳ, 
 

ɝɞɟ А˕, ʑ˕, ʠ˕ − ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [10]. 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ, ɬɵɫ. ɪɭɛ., 
 Кяଷହ = Ая + ʑяܷːˑˏଶ = ͳͷ + ʹ,ͳ ∗ ͳͲ−ଷ ∗ ͵ͷଶ = ͳͷ,ʹͳ,                     (5.20) 
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ɝɞɟ Ая,  ʑя −ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [10] 
ɉɨɫɬɨɹɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ, 
 К˒ଷହ = А˒ + ʑ˒ ːܷˑˏଶ = ͷͲ + ͳ,͵ ∗ ͳͲ−ଷ ∗ ͵ͷଶ = ͸ͷ,ͻʹ.                      (5.21) 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ƚɉɉ, ɬɵɫ. ɪɭɛ, 
ଷହ˒˕ܭ            = ቌ∑ ௜݊˕௜ூ˕ܭ

௜=ଵ + ∑ я௝݊я௝௃ܭ
௝=ଵ + ቍ˒ܭ ݇ଶ଴ଶଶ = = ሺ͵Ͳ,͸ͳ ∗ ʹ + ͳͷ,ʹͳ ∗ ʹ + ͸ͷ,ͻʹሻ ∙ ͳ͹Ͳ = ͹͵͵ʹͻ,ʹͷ, 

 

(5.22) 

ɝɞɟ kଶ଴ଶଶ = 170 – ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɟɪɟɣɬɢ ɨɬ ɫɬɨ-
ɢɦɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɤ ɫɬɨɢɦɨɫɬɢ ɜ ɪɨɫɫɢɣ-
ɫɤɢɯ ɪɭɛɥɹɯ ɧɚ 2022 ɝɨɞ.  

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ, 
𝛴ଷହܭ  = ଷହ˒˕ܭ + ଷହˎܭ = ͹͵͵͵Ͳ + Ͷͳ͵ͳ͹,͸͸ = ͳͳͶ͸Ͷ͸,ͻ.                   ሺͷ.ʹ3ሻ 

 
ɞ) Ɋɚɫɱёɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ  
ɂɡɞɟɪɠɤɢ ɧɚ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

       ʗ˕𝛴 = ʗ˕ˎ + ʗ˕˅ + ʗ˕˕ = Ͳ,Ͳʹ͸ ∗ ʹͲ͸ͷͺ,ͺ͵ + Ͳ,Ͳͷͻ ∗ ͵Ͳ,͸ͳ +   +Ͳ,Ͳͷͻ ∗ ͳ͹,ͷ͹ = ͳͲ͹͸,ͻ͸, 
(5.24) 

 
ɝɞɟ ɂɬɥ, ɂɬɜ, ɂɬɬ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɩɨ ɥɢɧɢɹɦ, ɜɵɤɥɸɱɚɬɟɥɹɦ 
ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɵɫ. ɪɭɛ. [3]. 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚɯɨɞɹɬ ɩɨ ɧɨɪɦɚɦ ɚɦɨɪɬɢɡɚɰɢɢ ˓˃ ɜ 
ɞɨɥɹɯ ɟɞɢɧɢɰɵ ɨɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, 

 ʗ˃ = ˓˃ · К.                                                                                               (5.25) 
    
ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ˓˃ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɫɪɨɤɚ ɩɨɥɟɡɧɨɝɨ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ʡ˒ˋ ɨɛɴɟɤɬɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ  
 ˓˃ = ͳʡ˒ˋ. 
 

 
(5.26) 

 

Ɋɚɫɯɨɞɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 ʗ˃𝛴 = ʗ˃ˎ + ʗ˃˅ + ʗ˃˕ = Ͳ,Ͳ͸͹ ∗ ʹͲ͸ͷͺ,ͺ͵ + Ͳ,Ͳͷ ∗ ͵Ͳ,͸ͳ + +Ͳ,Ͳ͸͸ ∗ ͳ͹,ͷ͹ = ʹ͹͹Ͳ,ͺ͵, 

 

(5.27) 
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ɝɞɟ ɂɚɥ, ɂɚɜ, ɂɚɬ – ɪɚɫɯɨɞɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɪɟɦɨɧɬ ɩɨ ɥɢɧɢɹɦ, ɜɵɤɥɸ-
ɱɚɬɟɥɹɦ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɵɫ. ɪɭɛ. [3]. 

Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ, 

 𝛥ܲˎ = ܴ ܵଶ˓ܷଶ = ଴ݎ ∙ ݈݊˙ ∙ ܵଶ˓ܷଶ ∙ ͳͲ−ଷ =         = Ͳ,ʹͶͶ ∗ Ͷ,ͷʹ ∗ ͳͶͷ͹Ͷ,Ͳͳͷଶ͵ͷଶ ∙ ͳͲ−ଷ = ͻͷ,ͳͻͳ, 
 

(5.28) 

ɝɞɟ ݎ଴–ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ/ɤɦ;        ݈ −ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ;        ݊˙–ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ; 
      ܵ ˓–ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼ∙Ⱥ 

ȼɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ:  ௠௔௫ = (Ͳ,ͳʹͶ + ௠ܶ௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͵͸ͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ= ʹͲͷʹ,Ͳͺ 
 

(5.29)  

ɝɞɟ Tmax – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɞɥɹ ɥɢɬɟɣɧɨ-
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ, ɱ [10]. 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ·ɱ, 
 𝛥ܹˎ = 𝛥ܲˎ ∙ ௠௔௫ = ͻͷ,ͳͻͳ ∗ ʹͲͷʹ,Ͳͺ = ͳͻͷ͵͵ͻ,ʹͷ. 
 

(5.30) 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɪɚɜɧɵ, ɤȼɬ·ɱ/ɝɨɞ 
 𝛥ܹ̞ = ݊ ∙ 𝛥 ௫ܲ௫ ∙ ܶ˅ + ͳ݊ ∙ 𝛥̱ܲ ˊ ∙ ( ܵ˓ܵː˕)ଶ ∙ ௠௔௫ = = ʹ ∗ ͻ ∗ ͺ͹͸Ͳ + ଵଶ ∗ ͸Ͳ ∗ ቀଵସହ଻ସ,଴ଵହଵ଴଴଴଴ ቁଶ ∗ ʹͲͷʹ,ͳ = ʹͶ͹ͶͲͳ,ʹ, 

 

 (5.31) 

ɝɞɟ n – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 𝛥 ௫ܲ௫ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɤȼɬ;  𝛥̱ܲ ˊ − ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȼɬ; ܵ˓ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼ∙Ⱥ; ܵː˕ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ∙Ⱥ; ܶ˅  – ɝɨɞɨɜɨɟ ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ. 
  Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ, ɤȼɬ·ɱ, 

 𝛥 𝛴ܹ = 𝛥ܹ̞ + 𝛥ܹˎ = ʹͶ͹ͶͲͳ,ʹ + ͳͻͷ͵͵ͻ,ʹͷ = ͶͶʹ͹ͶͲ,ͷ.          (5.32) 
 

ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
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ʗЭΣ = ʗЭ ∙ ∆ Σܹ = ʹ,ͷ͹Ͷ ∙ ͶͶʹ͹ͶͲ,ͷ = ͳͳ͵ͻ,͸ͳ,                              ሺͷ.͵͵ሻ 
 
ɝɞɟ ɂɷ – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɧɚ ɫɚɣɬɟ ɉȺɈ «Ʉɪɚɫɧɨɹɪɫɤɷɧɟɪɝɨɫɛɵɬ» 
ɞɥɹ 35 ɤȼ [15]. 

ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ, 

 ʗ𝛴 = ʗ˃𝛴 + ʗ˕𝛴 + ʗэ𝛴 = ͳͲ͹͸,ͻ + ʹ͹͹Ͳ,ͺ͵ + ͳͳ͵ͻ,͸ͳ =            (5.34) 
   = Ͷͻͺ͹,Ͷ. 
 

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ, 
 ʖ𝛴ଵ = ʔː ∙ К𝛴 + ʗ𝛴 = Ͳ,ͳʹͷ ∙ ͳͳͶ͸Ͷ͸,ͻ + ͳͳ͵ͻ,͸ͳ = ʹͳʹͲ͹,ͷ, 
 

 (5.35) 

ɝɞɟ Eɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɫɤɨɧɬɪɨɜɚɧɢɹ, ɩɨ ɫɬɚɜɤɟ ɞɟɩɨɡɢɬɚ ɐɟɧɬɪɨɛɚɧɤɚ, 
ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ (ɨɤɬɹɛɪɶ 2020 ɝɨɞɚ) ɫɬɚɜɤɚ ɫɨɫɬɚɜɥɹɟɬ 12,5 %, ɬ.ɟ. Eɧ = 
0,125. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɳɟɪɛɚ ɨɬ ɩɟɪɟɪɵɜɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɋɨɫɬɚɜɢɦ ɫɯɟɦɭ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɞɟɠɧɨɫɬɢ: 
 

 
Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 

 
Ɍɚɤ ɤɚɤ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɨɬɤɥɸɱɟɧ, ɬɨ 

ɫɯɟɦɚ ɛɭɞɟ ɜɵɝɥɹɞɟɬɶ ɬɚɤ: 
 

 
Ɋɢɫɭɧɨɤ 6 – ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 
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ɉɨ cɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɧɚɯɨɞɢɦ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ [3]. 
Ⱦɥɹ ɥɢɧɢɣ 35 ɤȼ: 
Ωɜɥ35 = 0,8 ɨɬɤɚɡ/ɝɨɞ; Ɍɚ.ɜɥ35 =10 ɱ/ɝɨɞ; Ɍɥɜ35 = 1,142 ɝɨɞ/ɨɬɤɚɡ.  
Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 35 ɤȼ:  
ωɜ35 = 0,004 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ35 =40 ɱ/ɝɨɞ;  Ɍɜɜ35 = 4,566 ɝɨɞ/ɨɬɤɚɡ.  
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  
ωɬ = 0,012 ɨɬɤɚɡ/ɝɨɞ; Ɍɬɜ =70 ɱ/ɝɨɞ;  Ɍɬɜ = 7,991 ɝɨɞ/ɨɬɤɚɡ. 
Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ  
ωɜ10 = 0,03 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ10 =20 ɱ/ɝɨɞ;  Ɍɜɜ10 = 2,283 ɝɨɞ/ɨɬɤɚɡ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ Ʌɗɉ-35 ɤȼ: 

ଷହˎ˅ܭ  = 𝜔ˎܶˎ ˅ = ʹ ∙ Ͷ,ͷͳͲͲ ∙ ͳ,ͳͶʹ ∙ ͳͲ−ଷ = Ͳ,Ͷͳͳ ∙ ͳͲ−ସ.                    ሺͷ.͵͸ሻ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 35 ɤȼ: 
ଷହ˅ܭ  = 𝜔˅ଷହܶ˅ ଷହ = Ͳ,ͲͶ ∙ Ͷ,ͷ͸͸ ∙ ͳͲ−ଷ = Ͳ,Ͳͳͺ ∙ ͳͲ−ଷ .                   ሺͷ.͵͹ሻ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 35 ɤȼ: ܭ˕ଷହ = 𝜔˕ଷହ̞ܶ ଷହ = Ͳ,Ͳͳʹ ∙ ͹,ͻͻͳ ∙ ͳͲ−ଷ = Ͳ,Ͳͻ͸ ∙ ͳͲ−ଷ.                 ሺͷ.͵ͺሻ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ: 
ଵ଴˅ܭ  = 𝜔˅ଵ଴ܶ˅ ଵ଴ = Ͳ,Ͳ͵ ∙ ʹ,͵ ∙ ͳͲ−ଷ = Ͳ,Ͳ͸ͺ ∙ ͳͲ−ଷ.                         ሺͷ.͵ͻሻ 
 
ɉɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧ-

ɬɨɜ, 
 𝜔ூ = 𝜔˅ˎଷହܭ˅ˎଷହ + 𝜔˅ଷହܭ˅ଷହ + 𝜔˕ଷହܭ˕ଷହ + 𝜔˅ଵ଴ܭ˅ଵ଴ = ͳ,͸ ∙ ∙ Ͳ,Ͳͺ͸Ͷ ∙ ͳͲ−ଷ + Ͳ,Ͳʹ ∙ Ͳ,Ͳ͵ʹ ∙ ͳͲ−ଷ + Ͳ,Ͳͳ ∙ Ͳ,Ͳͺ ∙ ͳͲ−ଷ ++Ͳ,ͲͶ ∙ Ͳ,Ͳ͸ͺ ∙ ͳͲ−ଷ = Ͳ,͵Ͷ ∙ ͳͲ−ଷ. 
 

ሺͷ.ͶͲሻ 

ɇɟɞɨɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɩɪɨɫɬɨɹɯ, ɤȼɬ∙ɱ, 
 

˒ܹ.э.ூ = ∑ ௭ܲ݇௢௭𝜏௡௭ =௓
௭=ଵ Ͳ,͵Ͷ ∙ ͳͲ−ଷ∙ ሺͳͲ ∙ ͳͶͶͳ͸,ͳͷ + ͳͶ ∙∙ ͳͶͶͳ͸,ͳͷ + ͹Ͳ ∙ ͳͶͶͳ͸,ͳͷ+ ʹͲ ∙ ͳͶͶͳ͸,ͳͷሻ == ͸͹,Ͷͺ , 

 

ሺͷ.Ͷʹሻ 

ɝɞɟ Z – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ;  
      Pz – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ, ɤȼɬ;  
      koz – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ 
z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ koz = 0,6);  
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      τnz – ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɤɥɸɱɟɧɢɣ ɡɚ ɝɨɞ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ 
ɫɟɬɢ, ɱ. 

ɍɳɟɪɛ, ɬɵɫ.ɪɭɛ,  
 ʢଷହ = ˖଴ ∙ ˒ܹ.э.ூ ∙ ʗʗ.ʠ.ʠ = ʹ͸ͺ ∙ ͸͹,Ͷͺ ∙ ͳͲͶ,Ͷ ∙ ͳͲ−ଷ  =             ሺͷ.Ͷ͵ሻ      = ͳͺͺͺ,ͲͶ,                                    
 

ɝɞɟ- ɭ0 = 268 ɪɭɛ./ɤȼɬ∙ɱ [10]; 
ɂ ɂ.ɋ.ɋ -ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ [16]. 

 
5.7 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ 

ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 110 ɤȼ 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɢ 110 ɤȼ, ɬɵɫ.ɪɭɛ/ɤɦ, 
 К˅ˎଵଵ଴ = Аˎ + ʑˎܷːˑˏଶ + ʠˎˎܨ == ͳͳ,ͲͶ + ʹͷͷ ∗ ͳͲ−ଷ ∗ ͳͳͲଶ + ʹͻ ∗ ͹Ͳ = ͳͻͺͻ,ͺ,  (5.44) 

 
ɝɞɟ Ⱥɥ, ȼɥ, ɋɥ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪ 
[10].  

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɞɜɟ ɨɞɧɨɰɟɩɧɵɟ Ʌɗɉ, ɬɵɫ.ɪɭɛ, 
 К˒ˎΣଵଵ଴ = ͳͻͺͻ,ͺ ∗ ʹ ∗ Ͷ,ͷ = Ͷ͸ͳ͵ͺ,ͺ͸.                                               ሺͷ.Ͷͷሻ 
 
ɋɬɨɢɦɨɫɬɶ 1 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 110/10 ɤȼ, ɦɨɳɧɨɫɬɶɸ 10000 ɤȼȺ, ɬɵɫ. 

ɪɭɛ, 
 К˕ଵଵ଴ଵ଴ = А˕ + ʑ˕ܷːˑˏଶ + ʠ˕ܵːˑˏ.˕ == ʹͲ + ͳ,Ͷ͵ ∗ ͳͲ−ଷ ∗ ͳͳͲଶ + Ͳ,ͺͺ͸ ∗ ͳͲ = Ͷ͸,ͳ͸͵, (5.46) 

 
ɝɞɟ – А˕, ʑ˕, ʠ˕ − ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [10]. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ, ɬɵɫ. ɪɭɛ, 
 Кяଵଵ଴ = Ая + ʑя ːܷˑˏଶ = ͳͷ + ʹ,ͳ ∗ ͳͲ−ଷ ∗ ͳͳͲଶ = ͳͷ,ʹͳ,              ሺͷ.Ͷ͹ሻ 

 
ɝɞɟ Ая,  ʑя − ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [10]. 

ɉɨɫɬɨɹɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ, 
 К˒ଵଵ଴ = А˒ + ʑ˒ ːܷˑˏଶ = ͷͲ + ͳ,͵ ∗ ͳͲ−ଷ ∗ ͳͳͲଶ = ʹͲ͹,͵.           (5.48) 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ƚɉɉ, ɬɵɫ. ɪɭɛ, 
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ଵଵ଴˒˕ܭ = ቌ∑ ௜݊˕௜ூ˕ܭ
௜=ଵ + ∑ я௝݊я௝௃ܭ

௝=ଵ + ቍ˒ܭ ݇ଶ଴ଶଵ = = ሺͶ͸,ͳ͸ ∗ ʹ + ͶͲ,Ͷͳ ∗ ʹ + ͸ͷ,͹͵ሻ ∙ ͳ͹Ͳ == ͳͲʹ͸ͷͲ,Ͷʹ , 
 

 
 
 
(5.49) 

ɝɞɟ kଶ଴ଶଶ = 170 – ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɟɪɟɣɬɢ ɨɬ ɫɬɨ-
ɢɦɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɤ ɫɬɨɢɦɨɫɬɢ ɜ ɪɨɫɫɢɣ-
ɫɤɢɯ ɪɭɛɥɹɯ ɧɚ 2022 ɝɨɞ.  

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
ɞ) Ɋɚɫɱёɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ  
ɂɡɞɟɪɠɤɢ ɧɚ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 ʗ˕𝛴 = ʗ˕ˎ + ʗ˕˅ + ʗ˕˕ = Ͳ,Ͳʹ͸ ∗ Ͷ͸ͳ͵ͺ,ͺ͸ + Ͳ,Ͳͷͻ ∗ Ͷ͸,ͳ͸ + +Ͳ,Ͳͷͻ ∗ ͳͷ,ʹͳ = ͳʹͲ͵,ʹ͵, 

 
 (5.51) 

ɝɞɟ ɂɬɥ, ɂɬɜ, ɂɬɬ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɩɨ ɥɢɧɢɹɦ, ɜɵɤɥɸɱɚɬɟɥɹɦ 
ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɵɫ. ɪɭɛ.[3]. 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚɯɨɞɹɬ ɩɨ ɧɨɪɦɚɦ ɚɦɨɪɬɢɡɚɰɢɢ ˓˃ ɜ 
ɞɨɥɹɯ ɟɞɢɧɢɰɵ ɨɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, 

 ʗ˃ = ˓˃ · К. 
 

  (5.52) 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ˓˃ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɫɪɨɤɚ ɩɨɥɟɡɧɨɝɨ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ʡ˒ˋ ɨɛɴɟɤɬɚ,  

 ˓˃ = ͳʡ˒ˋ 

 

(5.53) 

Ɋɚɫɯɨɞɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 ʗ˃𝛴 = ʗ˃ˎ + ʗ˃˅ + ʗ˃˕ = Ͳ,Ͳ͸͹ ∗ Ͷ͸ͳ͵ͺ,ͺ͸ + Ͳ,Ͳ͸͹ ∗ ͳͷ,ʹͳ + +Ͳ,Ͳͷ ∗ Ͷ͸,ͳ͸ = ͵ͲͻͶ,͸͵, 

 

(5.54) 

ɝɞɟ ɂɚɥ, ɂɚɜ, ɂɚɬ – ɪɚɫɯɨɞɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɪɟɦɨɧɬ ɩɨ ɥɢɧɢɹɦ, ɜɵɤɥɸ-
ɱɚɬɟɥɹɦ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɵɫ. ɪɭɛ.[3]. 

Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ, 

 𝛥ܲˎ = ܴ ܵଶ˓ܷଶ = ଴ݎ ∙ ݈݊˙ ∙ ܵଶ˓ܷଶ ∙ ͳͲ−ଷ = = Ͳ,Ͷʹ ∗ Ͷ,ͷʹ ∙ ͳͶͷ͹͵,ͲͳଶͳͳͲଶ ∙ ͳͲ−ଷ = ͳ͸,ͷͺ͸, (5.55) 
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ɝɞɟ ݎ଴–ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ/ɤɦ;        ݈ −ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ;        ݊˙–ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ; 
      ܵ ˓–ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼ∙Ⱥ. 

ȼɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ, 
 

௠௔௫ = (Ͳ,ͳʹͶ + ௠ܶ௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͵͸ͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ= ʹͲͷʹ,ͳ, 
 

(5.56) 

ɝɞɟ Tmax – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɟɞɩɪɢɹ-
ɬɢɹ, ɱ.[10] 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ·ɱ, 
 𝛥ܹˎ = 𝛥ܲˎ ∙ ௠௔௫ = ͳ͸,ͷͺ͸ ∗ ʹͲͷʹ,ͳ = ͵ͶͲ͵͸,ͳ. 
 

(5.57) 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɪɚɜɧɵ, ɤȼɬ·ɱ/ɝɨɞ, 
 𝛥ܹ̞ = ݊ ∙ 𝛥 ௫ܲ௫ ∙ ܶ˅ + ͳ݊ ∙ 𝛥̱ܲ ˊ ∙ ( ܵ˓ܵː˕)ଶ ∙ ௠௔௫ = = ʹ ∗ ͳͲ ∗ ͺ͹͸Ͳ + ͳʹ ∗ ͷͺ ∗ (ͳͶͷ͹͵,ͲͳͳͲͲͲͲ )ଶ ∗ ʹͲͷʹ = ͵Ͳͳͷͺ͵,͹ͺ, 

 

(5.58) 

ɝɞɟ n – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;        𝛥 ௫ܲ௫  − ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɤȼɬ;         𝛥̱ܲ ˊ −ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȼɬ;        ܵ˓ − ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼ∙Ⱥ;        ܵː˕ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ∙Ⱥ;        ܶ˅  – ɝɨɞɨɜɨɟ ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ. 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ, ɤȼɬ·ɱ, 

 𝛥 𝛴ܹ = 𝛥ܹ̞ + 𝛥ܹˎ = ͵ͶͲ͵͸ + ͵ͲͳͷͺͶ = ͵͵ͷ͸ʹͲ. 
 

(5.59) 

ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 ʗЭ∑ = ʗЭ ∙ ∆ Σܹ = ͵,͸ͻͳ ∙ ͵͵ͷ͸ʹͲ = ͳʹͷͻ,ʹͷ,                                    (5.60) 
 

ɝɞɟ ɂɷ – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɧɚ ɫɚɣɬɟ ɉȺɈ «Ʉɪɚɫɧɨɹɪɫɤɷɧɟɪɝɨɫɛɵɬ» 
ɞɥɹ 110 ɤȼ [15]. 

ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ, 
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ʗ𝛴 = ʗ˃𝛴 + ʗ˕𝛴 + ʗэ𝛴 = ͳʹͲ͵ + ͵ͲͻͶ,͸͵ + ͳʹͷͻ,  ͵= ͷͷͷ͸,͸͵. 
 

(5.60) 

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ.: 
 ʖ𝛴ଵ = ʔː ∙ К𝛴 + ʗ𝛴 = Ͳ,ͳʹͷ ∙ ͳͶͺ͹ͺͻ,͵ + ͷͷͷ͸,͸ =  ʹͶͳͷͷ,͵͵, 

 
 (5.61) 

ɝɞɟ Eɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɫɤɨɧɬɪɨɜɚɧɢɹ, ɩɨ ɫɬɚɜɤɟ ɞɟɩɨɡɢɬɚ ɐɟɧɬɪɨɛɚɧɤɚ, 
ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ (ɨɤɬɹɛɪɶ 2021 ɝɨɞɚ) ɫɬɚɜɤɚ ɫɨɫɬɚɜɥɹɟɬ 12,5 %, ɬ.ɟ. Eɧ = 
0,125. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɳɟɪɛɚ ɨɬ ɩɟɪɟɪɵɜɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɋɨɫɬɚɜɢɦ ɫɯɟɦɭ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɞɟɠɧɨɫɬɢ: 
 

 
Ɋɢɫɭɧɨɤ 7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 

 
Ɍɚɤ ɤɚɤ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɨɬɤɥɸɱɟɧ, ɬɨ 

ɫɯɟɦɚ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɬɚɤ: 
 

 
Ɋɢɫɭɧɨɤ 8 – ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 

 
ɉɨ cɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɧɚɯɨɞɢɦ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ [3]. 
Ⱦɥɹ ɥɢɧɢɣ 110 ɤȼ: 
ωɜɥ110 = 1 ɨɬɤɚɡ/ɝɨɞ; Ɍɚ.ɜɥ110 =9 ɱ/ɝɨɞ; Ɍɥɜ = 1,027 ɝɨɞ/ɨɬɤɚɡ.  
Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ:  
ωɜ110 = 0,003 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ110 =20 ɱ/ɝɨɞ;  Ɍɜɜ = 2,283 ɝɨɞ/ɨɬɤɚɡ.  
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ:  
ωɬ = 0,017 ɨɬɤɚɡ/ɝɨɞ; Ɍɬɜ110 =70 ɱ/ɝɨɞ;  Ɍɬɜ = 7,991 ɝɨɞ/ɨɬɤɚɡ. 
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Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ  
ωɜ10 = 0,003 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ10 =20 ɱ/ɝɨɞ;  Ɍɜɜ10 = 2,283 ɝɨɞ/ɨɬɤɚɡ. 

ଵଵ଴ˎ˅ܭ  = 𝜔ˎܶˎ ˅ = ͳ ∙ ସ,ହଵ଴଴ ∙ ͳ,Ͳʹ͹ ∙ ͳͲ−ଷ = Ͳ,ͲͶ͸ ∙ ͳͲ−ଷ.                  (5.62) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 35 ɤȼ, 
ଵଵ଴˅ܭ  = 𝜔˅ଵଵ଴ܶ˅ ଵଵ଴ = Ͳ,ͲͲ͵ ∙ ʹ,ʹͺ͵ ∙ ͳͲ−ଷ = Ͳ,Ͳ͸ͺ ∙ ͳͲ−ଷ.            (5.63) 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 35 ɤȼ, 
ଵଵ଴˕ܭ  = 𝜔˕ଵଵ଴̞ܶ ଵଵ଴ = Ͳ,Ͳͳ͹ ∙ ͹,ͻͻͳ ∙ ͳͲ−ଷ = Ͳ,ͳ͵ ∙ ͳͲ−ଷ.              (5.64) 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ, 
ଵ଴˅ܭ  = 𝜔˅ଵ଴ܶ˅ ଵ଴ = Ͳ,ͲͲ͵ ∙ ʹ,ʹͺ͵ ∙ ͳͲ−ଷ = Ͳ,Ͳ͸ͺ ∙ ͳͲ−ଷ.                 (5.65) 
 
ɉɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧ-

ɬɨɜ, 
 𝜔ூ = 𝜔˅ˎଵଵ଴ܭ˅ˎଵଵ଴ + 𝜔˅ଵଵ଴ܭ˅ଵଵ଴ + 𝜔˕ଵଵ଴ܭ˕ଵଵ଴ + 𝜔˅ଵ଴ܭ˅ଵ଴ == Ͳ,Ͷͻ ∙ ͳͲ−ଷ. (5.66) 

 
ɇɟɞɨɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɩɪɨɫɬɨɹɯ, ɤȼɬ∙ɱ, 
 

˒ܹ.э.ூூ = ∑ ௭ܲ݇௢௭𝜏௡௭ =௓
௭=ଵ Ͳ,Ͷͻ ∙ ͳͲ−ଷ∙ ሺͻ ∙ ͳͶͳʹͷ,ͳͷ + ʹͲ ∙ ͳͶͳʹͷ,ͳͷ + ͹Ͳ ∙ ͳͶͳʹͷ,ͳͷ+ ʹͲ ∙ ͳͶͶͳ͸,ͳͷሻ = ͺͳ,͸͸, 

 

(5.67) 

ɝɞɟ Z – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ;  
      Pz – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ, ɤȼɬ;  
      koz – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ 
z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ koz = 0,6);  
      τnz – ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɤɥɸɱɟɧɢɣ ɡɚ ɝɨɞ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ 
ɫɟɬɢ, ɱ. 

ɍɳɟɪɛ, ɬɵɫ.ɪɭɛ,  
 ʢଵଵ଴ = ˖଴ ∙ ˒ܹ.э.ூ ∙ ʗʗ.ʠ.ʠ = ʹ͸ͺ ∙ ͺͳ,͸͸ ∙ ͳͲͶ,Ͷ ∙ ͳͲ−ଷ  =             ሺͷ.͸ͺሻ      = ʹʹͺͶ,͹ͺ,                                    
 

ɝɞɟ ɭ0 = 268 ɪɭɛ./ɤȼɬ∙ɱ [10]; 
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ɂ ɂ.ɋ.ɋ -ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ [16]. 
ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ  
 

Ɍɚɛɥɢɰɚ 9 – ɂɬɨɝɨɜɚɹ ɬɚɛɥɢɰɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȼɚɪɢɚɧɬɵ 

I (35ɤȼ) II (110 ɤȼ) 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ Ʉ, ɬɵɫ. ɪɭɛ. ͳͳͶ͸Ͷ͸,ͻ ͳͶͺ͹ͺͻ,͵ 
ȿɠɟɝɨɞɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɪɟɦɨɧɬ 
ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɵɫ. ɪɭɛ. Ͷͻͺ͹,Ͷ ͷͷͷ͸,͸͵ 

ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ, W , ɬɵɫ. ɤȼɬ∙ɱ/ɝɨɞ ͶͶʹ͹ͶͲ,ͷ ͵͵ͷ͸ʹͲ 
ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɂɷ, 
ɬɵɫ. ɪɭɛ. ͳͳ͵ͻ,͸ͳ ͳʹͷͻ,ʹͷ 

ɍɳɟɪɛ ɨɬ ɧɟɞɨɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ. ͳͺͺͺ,ͲͶ ʹʹͺͶ,͹ͺ 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ Ɂ , ɬɵɫ. ɪɭɛ./ɝɨɞ ʹͳʹͲ͹,ͷ ʹͶͳͷͷ,͵͵ 

 
Ɋɚɡɧɢɰɚ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɜɚɪɢɚɧɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 14 %. ɋɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɨɬɞɚɟɦ ɩɪɟɞɩɨɱɬɟɧɢɟ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɢ ɜɵɩɨɥɧɹɟɦ ɞɚɥɶɧɟɣɲɢɟ 
ɪɚɫɱɟɬɵ ɬɨɥɶɤɨ ɞɥɹ ɧɟɝɨ. 
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6 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ 
ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

 
Ɇɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 2500 ɤȼ∙Ⱥ, 

ɬɚɤ ɤɚɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɪɚɫɬɭɬ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ. ɑɢɫɥɨ ɬɢɩɨɪɚɡɦɟɪɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶ-
ɧɵɦ. ɐɟɯɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦɢ ɢ ɞɜɭɯɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɧɵɦɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɧɚɞёɠɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ [3]. 

Ɍɚɤɠɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɫɜɟɳɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹ-
ɬɢɹ. ɋɜɟɬɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɫɜɟɬɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɫɥɟɞɭɟɬ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫ-
ɩɪɟɞɟɥɢɬɶ ɦɟɠɞɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦɢ ɩɨɞɫɬɚɧɰɢɹɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɡɞɟɥɢɦ 
ɬɟɪɪɢɬɨɪɢɸ ɧɚ ɱɟɬɵɪɟ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɱɚɫɬɢ. ɉɢɬɚɧɢɟ ɤɚɠɞɨɣ ɱɚɫɬɢ ɛɭɞɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɧɟɣ ɩɨɞɫɬɚɧɰɢɢ. 

Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɤȼɬ, 
 ʟ˓ˑ˕ˈ˓ = ݇𝑐௢ʟ˖ˇܵ˕ˈ˓ = Ͳ,ͺ ∗ Ͳ,ͳ͸ ∗ ͳͲ−ଷ ∗ ͸͵ͺͺ͸ = ͺ,ͳ͹͹,                   ሺ͸.ͳሻ 

 
ɝɞɟ ݇𝑐௢ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɬɟɪɪɢɬɨɪɢɢ, ɨ.ɟ.; ʟ˖ˇ – ɭɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɦɵɲ-
ɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ (0,09-0,25 [4]), ɤȼɌ/ɦ2; ܵ˕ˈ˓ – ɩɥɨɳɚɞɶ ɩɪɟɞɩɪɢɹɬɢɹ ɛɟɡ ɭɱɟɬɚ ɩɥɨɳɚɞɢ ɰɟɯɨɜ, ɦ2. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 10. Ʉɨ-
ɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ cosφ = 0,95 [4]. 

 
Ɍɚɛɥɢɰɚ 10 – Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ 

Чɚɫɬɶ ɬɟɪɪɢɬɨɪɢɢ 
Ⱦɨɥɹ ɱɚɫɬɢ ɬɟɪɪɢ-

ɬɨɪɢɢ ɨɬ ɨɛɳɟɣ 
ɩɥɨɳɚɞɢ, % 

Ɋɚɫɱɟɬɧɚɹ ɚɤɬɢɜ-
ɧɚɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ ɪɟɚɤ-
ɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ, 

ɤɜɚɪ 
ɋ-Ɂ 24 1,919 0,614 
ɋ-ȼ 23 1,89 0,605 
ɘ-Ɂ 29 2,356 0,754 
ɘ-ȼ 24 2,013 0,644 

ɂɬɨɝɨ 100 8,177 2,617 
 
ɉɪɢ ɜɵɛɨɪɟ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɧɨɜɪɟ-

ɦɟɧɧɨ ɞɨɥɠɟɧ ɪɟɲɚɬɶɫɹ ɜɨɩɪɨɫ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɜɟɥɢɱɢɧɟ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟ-
ɧɢɟɦ ɞɨ 1 ɤȼ [3]. 

ɋɭɦɦɚɪɧɭɸ ɪɚɫɱɟɬɧɭɸ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɢɡɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ (ɇȻɄ), ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɰɟɯɨɜɨɣ ɫɟɬɢ, ɨɩɪɟɞɟɥɹɸɬ ɜ ɞɜɚ ɷɬɚɩɚ: 

1) ȼɵɛɢɪɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɨɜ; 
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2) Ɉɩɪɟɞɟɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɇȻɄ ɜ ɰɟɥɹɯ ɫɧɢɠɟɧɢɹ ɩɨ-
ɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɢ ɜ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ [3]. 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ [3]. 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɜɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ  ɧɚɝɪɭɡɤɢ, ɤȼ∙Ⱥ/ˏଶ, 
 𝜎ː = ܨ˓ܵ ,                                                                                                               ሺ͸.ʹሻ 

 
ɝɞɟ  ܵ˓ – ɪɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ, ɤȼ∙Ⱥ;  

F – ɩɥɨɳɚɞɶ ɰɟɯɚ, ˏଶ. 
Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɨɣ ɦɨɳɧɨɫɬɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɢɬɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ ɧɚɝɪɭɡɨɤ, 
 𝑁୫i୬ = ˊܭ˓ܲ ∙ ܵːˑˏ.˕ + ∆𝑁,                                                                                  ሺ͸.͵ሻ 

 
ɝɞɟ ܭˊ – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [3], ɨ.ɟ; ∆𝑁 – ɞɨɛɚɜɤɚ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ.  

ɗɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɞɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɩɟɪɟɞɚɱɭ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 

 𝑁ˑ˒˕ = 𝑁୫i୬ + ݉,                                                                                              ሺ͸.Ͷሻ 
 

ɝɞɟ ݉ – ɱɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɬ 
ɩɨ ɫɩɟɰɢɚɥɶɧɵɦ ɤɪɢɜɵɦ [3]. 

ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 
ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ, ɤɜɚɪ, 

 ܳˏ˃ˍ˔.˕ = √ሺ𝑁ˑ˒˕ ∙ ˊܭ ∙ ܵːˑˏ.˕ሻଶ − ܲ˓ଶ.                                                           ሺ͸.ͷሻ 

 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ɤɜɚɪ, 
 ܳːˍଵ = ܳ˓ − ܳˏ˃ˍ˔.˕ .                                                                                         ሺ͸.͸ሻ 

 
ȿɫɥɢ ɜ ɪɚɫɱɟɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଵ < Ͳ, ɬɨ ɭɫɬɚɧɨɜɤɚ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧ-

ɫɚɬɨɪɨɜ ɩɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ (ɫɨ-
ɫɬɚɜɥɹɸɳɚɹ ܳːˍଵ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ). 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨ-
ɪɚɯ ɢ ɜ ɫɟɬɢ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɜɚɪ, 
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ܳːˍଶ = ܳ˓ − ܳːˍଵ − γ ∙ 𝑁ˑ˒˕ ∙ ܵːˑˏ.˕ ,                                                           ሺ͸.͹ሻ 
   

ɝɞɟ γ – ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ܭʟଵ ɢ ܭʟଶ ɢ ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɰɟɯɨɜɨɣ Ɍɉ [3]. 
ȿɫɥɢ ɜ ɪɚɫɱёɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଶ < Ͳ, ɬɨ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɨɜ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ܳːˍଶ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ. 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ɤɜɚɪ, 
 ܳːˍ = ܳːˍଵ + ܳːˍଶ .                                                                                           ሺ͸.ͺሻ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɰɟɯɚ 

№4,12,9,14,6, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɭɸ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚ-
ɪɟɣ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɞɨ 1 ɤȼ) ɢ ɩɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɇȻɄ. Ⱦɥɹ ɪɚɫɱёɬɚ ɢɫ-
ɩɨɥɶɡɭɟɦ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 1 ɩɪɢɥɨɠɟɧɢɟ Ⱥ. 

ɍɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, 
 𝜎ː = ͵ͷʹ͸,ͷͳͻͻͶͳ = Ͳ,͵ͷ.  
 
ɉɪɢ ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɛɨɥɟɟ 0,2... 0,3 ɤȼ·Ⱥ/ɦ2 ɢ ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɟ 

ɛɨɥɟɟ 3 000... 4 000 ɤȼ·Ⱥ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɰɟɯɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɦɨɳɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 1 600...2 500 ɤȼ·Ⱥ. ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɝɪɭɡɤɢ 0,7 ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 
2500 ɤȼ·Ⱥ, 

Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁୫i୬ = ͳͻͷͲ,ʹ͸Ͳ,͹ ∙ ʹͷͲͲ + Ͳ,ͺͻ = ʹ.           
 
Ɉɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁ˑ˒˕ = ʹ + Ͳ = ʹ.         
 
ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 

ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ˍ˅˃˓, 
 ܳˏ˃ˍ˔.˕ = √ሺʹ ∙ Ͳ,͹ ∙ ʹͷͲͲሻଶ − ͳͻͷͲ,ʹ͸ଶ = ʹͻͲ͸,ʹͺ. 
 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ˍ˅˃˓, 
 ܳːˍଵ = ʹ͹͸ͷ,ͷ͹ − ʹͻͲ͸,ʹͺ = −ͳͶͲ,͹ʹ.     
 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

43 

Лист 
     

     

ɉɨɫɤɨɥɶɤɭ ܳːˍଵ < Ͳ, ɬɨ ɭɫɬɚɧɨɜɤɚ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɪɢ ɜɵɛɨɪɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ 
ɨɫɬɚɥɶɧɵɯ ɰɟɯɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11, ɩɚɪɚɦɟɬɪɵ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ- ɜ ɬɚɛɥɢɰɟ 12, ɚ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɇȻɄ-ɜ ɬɚɛɥɢɰɟ 13.  

 
Ɍɚɛɥɢɰɚ 11 – ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɉɨɬɪɟɛɢ-
ɬɟɥɢ 

ɇɚɢɦɟɧɨ-
ɜɚɧɢɟ 

ɩɭɧɤɬɚ 
ɩɢɬɚɧɢɹ  

Ɇɟɫɬɨ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ 
ɩɭɧɤɬɚ ɩɢ-

ɬɚɧɢɹ 

σɧ, 
ɤȼȺ
/ɦ2 

Pɪ, 
ɤȼɬ 

Qɪ, 
ɤɜɚɪ 

Sɧɨɦ.
ɬ, 

ɤȼȺ 
Ʉɡ 

N
mi
n 

Nɨ
ɩɬ 

ɐɟɯ № 
1,3,8, ɘ-Ɂ 

Ɍɉ-1, 
Ɍɉ-1ɚ 

ɐɟɯ № 1 0,18 
2111,6

5 
1557,6

0 
1000 0,66 4 4 

ɐɟɯ № 
5,13,15,7, 

ɘ-ȼ 
Ɍɉ-2 ɐɟɯ №5 0,47 

1606,7
9 

1494,0
7 

1600 0,69 2 2 

ɐɟɯ № 
4,12,9,14,6,

ɋ-ȼ 
Ɍɉ-3 ɐɟɯ № 4 0,35 

1950,2
6 

2765,5
7 

2500 0,71 2 2 

ɐɟɯ № 2,7, 
ɋ-Ɂ 

Ɍɉ-4 ɐɟɯ № 2 0,37 
1023,5

0 
939,49 1000 0,75 2 2 

ɐɟɯ №11 Ɍɉ-5 ɐɟɯ № 11 0,81 
1424,2

7 
1627,9

6 
1600 0,69 2 2 

ɐɟɯ № 10 Ɍɉ-6 ɐɟɯ № 10 1,23 556,39 560,45 1000 0,79 1 1 

 
Ɍɚɛɥɢɰɚ 12 – ɉɚɪɚɦɟɬɪɵ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶ-
ɧɚɹ ɦɨɳ-

ɧɨɫɬɶ ࡿːˑˏ.˕, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ, 
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ  ࢁˍˊ, % 

Ɍɨɤ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ, % 

ȼɇ ɇɇ ∆𝑷𝒙𝒙 ∆𝑷ˍˊ 
ɌɆ 1000 10 0,4 1,7 10,5 6 1,3 
ɌɆ 1600 10 0,4 3,3 18 5.5 1,3 
ɌɆ 2500 10 0,4 4,6 25 5,5 1,0 

 
Ɍɚɛɥɢɰɚ 13 – ȼɵɛɨɪ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ [34] 

ɉɨɬɪɟɛɢɬɟɥɢ 
Qɪ, 

ɤɜɚɪ 

Qɧɤ.ɪ
ɚɫɱ, 
ɤɜɚɪ 

Qɧɤ.
ɮɚɤɬ 
ɤɜɚɪ 

Ʉɨɥ-ɜɨ 
ɇȻɄ, 
ɲɬ. 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ 
ɇȻɄ, ɤɜɚɪ 

Ɍɢɩ ɇȻɄ 

ɐɟɯ № 1,3,8 1557,60 
40,71 50,4 4 ͳʹ,͸ 

ɍɄɆ-0,4-12,6-
1,8 ɍ3 

ɐɟɯ № 5,13,15,7 1494,07 - - - - - 

ɐɟɯ № 
4,12,9,14,6 

2765,57 
- - - - - 

ɐɟɯ № 2,7 939,49 - - - - - 

ɐɟɯ №11 1627,96 - - - - - 

ɐɟɯ № 10 
560,45 

135,68 150 1 150 ɍɄɆ-0,4-150-7,5 
ɍ3 
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Ɂɚɬɟɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 
ɜ ɫɟɬɹɯ 10 ɤȼ. ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɚɜɨɞ ɭɡɥɨɦ ɫɟɬɢ 10 ɤȼ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢ-
ɫɨɟɞɢɧɟɧɵ ɢɫɬɨɱɧɢɤɢ ɢ ɩɨɬɪɟɛɢɬɟɥɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɨ ɬɨɝɞɚ ɛɚɥɚɧɫ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɛɭɞɟɬ ɢɦɟɬɶ ɬɚɤɨɣ ɜɢɞ:   
 ܳ˓ − ܳʠʓ − ܳ˗˃ˍ˕ ʜК + ܳʒʞʞ − ܳʑК − ܳЭଵ = Ͳ,                                      ሺ͸.ͻሻ 
 
ɝɞɟ ܳ˓ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ 6-
10 ɤȼ, ɤɜɚɪ;  
      ܳ ʒʞʞ – ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ, ɤɜɚɪ;  
      ܳ ˔ˇ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ 
ɞɜɢɝɚɬɟɥɹɦɢ, ɤɜɚɪ;  
      ܳ ˅ˍ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ 
ɄȻ, ɤɜɚɪ;  
      ܳ ːˍ.˗˃ˍ˕ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ɤɜɚɪ; ܳɷ1 – ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢ-
ɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɩɪɟɞɩɪɢɹɬɢɸ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ, 
ɤɜɚɪ. 

ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɨɥɚɝɚɟ-
ɦɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɋȾ, ɤɜɚɪ, 

 ܳʠʓ э = ˏߙ ∙ ܳʠʓ ːˑˏ = Ͳ,ͻͶ ∙ ͵ʹ͹ = ͵Ͳ͹,͵ͺ,                                           ሺ͸.ͳͲሻ 
 
ɝɞɟ ߙˏ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɋȾ (ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɧɨɦɨ-
ɝɪɚɦɦɟ) [4]. 

ɋɭɦɦɚɪɧɚɹ ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɞɜɢɝɚɬɟɥɟɣ, ɤɜɚɪ, 
 ܳʠʓ = ܳʠʓ э ∙ ݊ = ͵Ͳ͹,͵ͺ ∙ Ͷ = ͳʹʹͻ,ͷʹ.                                              ሺ͸.ͳͳሻ 
 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ Ⱦɋɉ, ɤɜɚɪ, 
 ܳʞ = ܲː ˑˏ˒݃ݐ ˔ܭ𝜑 = ͷͲͲͲ · Ͳ,͹ͷ · Ͳ,͸ʹͲ =2324,0412.                      ሺ͸.ͳʹሻ 

 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚɬɨ-

ɪɨɜ ɞɥɹ ɲɢɧ, ɫ ɤɨɬɨɪɵɯ ɩɢɬɚɟɬɫɹ ɧɚɝɪɭɡɤɚ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɪɨɦɟ Ⱦɋɉ, ɢɡ ɭɫɥɨ-
ɜɢɹ ɛɚɥɚɧɫɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɪɚɜɧɚ, ɤɜɚɪ, 
 ܳʑКଵ = ܳ˓ − ܳʠʓ − ܳ˗˃ˍ˕ ʜК + ܳʒʞʞ − ܳЭଵ =                                       = ͳ͵ʹʹ͵,Ͳͷ − ͳʹʹͻ,ͷʹ − ʹͲͲ,Ͷ + ͳͶ͹ͻ,ͳʹͷ  − ͶʹʹͲ,ͷͳ =          ሺ͸.ͳ͵ሻ = ͻͳͷͳ,͹Ͷ.                                                                   

 
Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ 4 ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɍɄɊɆ-10,5-1350-1ɯ450ɪ-

2ɯ900ɪ ɍ3[35] ɢ 2 ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɋɌɄ-2/20-10 [36]. 
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7 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɟɱɟɧɢɣ ɤɚɛɟɥɟɣ, ɩɢɬɚɸɳɢɯ ɰɟɯɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ, ɬɪɟɛɭ-
ɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɚɝɪɭ-
ɡɨɱɧɵɯ ɩɨɬɟɪɶ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɮɚɤɬɢɱɟɫɤɨɣ ɡɚɝɪɭɡɤɢ, ɢ ɩɨɬɟɪɶ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ [3]. Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜɵɩɨɥɧɢɦ ɫɨɝɥɚɫɧɨ [3] ɧɚ ɩɪɢɦɟɪɟ Ɍɉ2.  

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤȼɬ, 
 ∆̞ܲ ˓ = ∆ܲ̆ · ݊ + ∆̱ܲ ˊ · ͳ݊ ቆ ܵ˗ܵː.˕˓ቇଶ =                                                          ሺ͹.ͳሻ 

= ͵,͵ · ʹ + ͳͺ · ͳʹ (ʹͳͻͶ,Ͳͺͳ͸ͲͲ )ଶ = ʹ͵,ͷʹ, 
 

ɝɞɟ n - ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧ-
ɰɢɢ;  
      ∆ܲ̆  - ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɯɯ, ɤȼɬ;  
      ∆̱ܲ ˊ - ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɤȼɬ; 
       ܵ˗ – ɮɚɤɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ, 

 ܵ˗ = √ܲ˓ଶ + (ܳ˓ − ܳː˄ˍ˗)ଶ =                                                                     ሺ͹.ʹሻ = √ͳ͸Ͳ͸,͹ͻଶ + ሺͳͶͻͶ,Ͳ͹ − ͷͲሻଶ =2194,08. 
 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɜɚɪ, 
 ∆ܳ˕˓ = ∆ܳ˘ · ݊ + ∆ܳˍˊ · ͳ݊ ቆ ܵʣܵː.˕˓ቇଶ

= ܵː.˕˓ · 𝐼ͳͲͲ · ݊ + ܵː.˕˓ · ܷˍˊͳͲͲ · ͳ݊ ቆ ܵʣܵː.˕˓ቇଶ =                          ሺ͹.͵ሻ 
   = ͳ͸ͲͲ · ͳ,ͲͳͲͲ · ʹ + ͳ͸ͲͲ · ͷ,ͷͳͲͲ · ͳʹ (ʹͳͻͶ,Ͳͺͳ͸ͲͲ )ଶ = ͳʹͶ,͵ͶͲͺ,                   

 
ɝɞɟ ∆ܳ˘ – ɪɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɯɯ, ɤɜɚɪ; 
      ∆ܳˍˊ – ɪɟɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤɜɚɪ; 
      𝐼  – ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, %; 
      ܷ ˍˊ – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, %. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨɬɟɪɢ ɜ ɤɚɠɞɵɯ ɐɌɉ, ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 14. 
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Ɍɚɛɥɢɰɚ 14 – Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 

№Ɍɉ Sɧ.ɬɪ, ɤȼȺ ΔɊɬɪ (ɞɥɹ ɨɞɧɨɣ 
Ɍɉ), ɤȼɬ 

ΔQɬɪ (ɞɥɹ ɨɞɧɨɣ Ɍɉ), ɤɜɚɪ 

Ɍɉ-1 1000 24,471 152,978 
Ɍɉ-2 1600 23,524 124,340 
Ɍɉ-3 2500 32,103 175,970 
Ɍɉ-4 1000 13,533 83,905 
Ɍɉ-5 1600 23,048 122,016 
Ɍɉ-6 1000 6,719 41,682 
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8 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
 

8.1 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 10 ɤȼ 
 

ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ [3].  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (10 ɤȼ) ɞɥɹ ɭɱɚɫɬɤɚ: 
Ƚɉɉ -Ɍɉ2. Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦ ɞɜɟ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨ-
ɥɨɠɟɧɧɵɟ ɜ ɬɪɚɧɲɟɟ ɤɚɛɟɥɶɧɵɟ ɥɢɧɢɢ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɧɢɦɢ 300 ɦɦ. 

Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟ-
ɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, Ⱥ, 

 

𝐼 =  √(ܲ˓ː + ∆̞ܲ )ଶ + (ܳ˓ː + ∆ܳ˕)ଶ݊ˍ · √͵ ∙ ܷːˑˏ =                                                      ሺͺ.ͳሻ 

= √ሺͳ͸Ͳ͸,͹ͻ + ʹ͵,ͷʹሻଶ + ሺͳͶͻͶ,Ͳ͹ + ͳʹͶ,͵Ͷሻଶ͵ · √͵ · ͳͲ = ͸Ͷ,ʹʹ, 
 
ɝɞɟ ܲ˓ː - ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɝɪɭɡɤɢ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ, ɤȼɬ; 

ΔPɬ - ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (ɬɚɛɥɢɰɚ 14), ɤȼɬ; ݊ˍ - ɱɢɫɥɨ ɩɢɬɚɸɳɢɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ;  ܳ˓ː  - ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɝɪɭɡɤɢ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ ɫ ɭɱɟ-
ɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɜɚɪ, 

 ܳ˓ː = ܳ˓ − ܳːˍ ˗˃ˍ˕ = ͳͶͻͶ,Ͳ͹ − Ͳ = ͳͶͻͶ,Ͳ͹.                                    ሺͺ.ʹሻ 
 
Ɍɨɤ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, Ⱥ, 
 

𝐼 ˃ =  √(ܲ˓ː + ∆̞ܲ )ଶ + (ܳ˓ː + ∆ܳ˕)ଶሺ݊ˍ − ͳሻ · √͵ ∙ ܷːˑˏ =                                                    ሺͺ.͵ሻ 
= √ሺͳ͸Ͳ͸,͹ͻ + ʹ͵,ͷʹሻଶ + ሺͳͶͻͶ,Ͳ͹ + ͳʹͶ,͵Ͷሻଶͳ · √͵ · ͳͲ = ͳʹͺ,ͶͶ. 

 
Ɋɚɫɱёɬɧɨɟ ɫɟɱɟɧɢɟ ɠɢɥɵ ɤɚɛɟɥɹ, 
ܨ˓  ˃˔˚ = 𝐼௣э݆ˍ = ͸Ͷ,ʹʹͳ,͹ = ͶͲ,ͳͶ ˏˏଶ.                                                              ሺͺ.Ͷሻ 
 
Ȼɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ - 50 ɦɦ2. ɂɫɩɨɥɶɡɭɟɬɫɹ ɤɚɛɟɥɶ ɚɥɸ-

ɦɢɧɢɟɜɵɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɫ ɜɟɥɢɱɢɧɨɣ ɞɥɢɬɟɥɶɧɨ ɞɨ-
ɩɭɫɬɢɦɨɝɨ ɬɨɤɚ 𝐼 ˑ˒ = ͳ͹Ͳ Ⱥ [11]. 
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ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
-ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩ ,(ଶܭ) ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ, ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ ,(ଵܭ)
ɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (ܭଷ) [3].  

Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = ଵܭ ∙ ଶܭ ∙ ଷܭ ∙ 𝐼 ˑ˒ ൒ 𝐼 .௠௔௫ ,                                                               ሺͺ.ͷሻ 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [11], Ⱥ, 
  𝐼′ˇˑ˒ = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͳͷ ∙ ͳͷ͸ = ͳͶ͹,Ͷʹ ൒ ͳʹͺ,ͶͶ.  

 
          ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, 
 ∆ܷ% = ∆ܷܷːˑˏ ∙ ͳͲͲ%,                                                                                   ሺͺ.͸ሻ 

 ∆ܷ = √͵ ∙ ݊௞ ∙ 𝐼௣ ∙ ݈ ∙ ݎ̟) ˇ ∙ 𝜑ݏ݋ܿ + ˇ˖ݔ ∙  𝜑),                                                  (8.7)݊݅ݏ
 
ɝɞɟ Iɪ – ɪɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ; 
      l - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɤɦ; 
      ܿ  ;𝜑  - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ (ɧɚ ɧɚɝɪɭɡɤɟ), ɨ.ɟݏ݋
ݎ̟         ˇ-  ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ;  
 .ɭɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ - ˇ˖ݔ      

𝜑ݏ݋˔  = ܲ + ܲ̇ ˕ܵ˓ = ͳ͸Ͳ͸,͹ͻ + ͳͲ,ͷͻʹʹʹͶ,͸ͷ = Ͳ,͹͵,                                          ሺͺ.ͺሻ 

 sinሺ arccos 𝜑ሻ = Ͳ,͸ͺ.                                                                                   ሺͺ.ͻሻ 
 
          ∆ܷ = √͵ ∙ ͵ ∙ ͸Ͷ,ʹʹ ∙ Ͳ,ͳͷ ∙ ሺͲ,͵ͺ͵ ∙ Ͳ,͹͵ + Ͳ,ʹͲͶ ∙ Ͳ,͸ͺሻ = ͹,Ͳͷ, 
 ∆ܷ = ͹,ͲͷͳͲͲͲͲ ∙ ͳͲͲ% = Ͳ,Ͳ͹Ͳͷ.

              
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 

ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 15.  
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Ɍɚɛɥɢɰɚ 15 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ 

ɍɱɚɫɬɨɤ 
Sɪ, 

ɤȼ·Ⱥ I ɪ, Ⱥ 
I ɪɚɛ.ɦɚɤ

ɫ, Ⱥ 
Fɫɬ, 
ɦɦ2 

I ɞɨɩ, 
Ⱥ I' ɞɨɩ, Ⱥ 

nɥ, 
ɲɬ 

Ɇɚɪɤ
ɚ ɤɚ-
ɛɟɥɹ 

L,ɤɦ ∆ࢁ, % 

Ƚɉɉ-Ɍɉ1 2705,65 78,11 156,21 50 156 147,42 4 Ⱥɉɜɉ 0,0315 0,0092 
Ɍɉ1-Ɍɉ1ɚ 705,65 20,37 40,74 50 156 147,42 2 Ⱥɉɜɉ 0,207 0,0316 
Ƚɉɉ-Ɍɉ2 2297,21 66,31 132,63 50 156 147,42 2 Ⱥɉɜɉ 0,15 0,0728 
Ɍɉ3-Ɍɉ3 3547,17 51,20 68,27 50 156 147,42 4 Ⱥɉɜɉ 0,327 0,1113 
Ɍɉ4-Ɍɉ4 1456,97 42,06 84,12 50 156 147,42 2 Ⱥɉɜɉ 0,075 0,0226 
Ɍɉ4-Ɍɉ5 2270,94 65,56 131,11 50 156 147,42 2 Ⱥɉɜɉ 0,0795 0,0366 
Ɍɉ5-Ɍɉ6 722,16 20,85 41,69 50 156 147,42 2 Ⱥɉɜɉ 0,094 0,0142 
Ƚɉɉ-Ɋɍ1 4411,76 63,68 84,90 50 156 147,42 4 Ⱥɉɜɉ 0,187 0,0900 
Ƚɉɉ-Ɋɍ2 2835,00 40,92 54,56 50 156 147,42 4 Ⱥɉɜɉ 0,103 0,0315 

 
8.2 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 0,4 ɤȼ 
 
ɉɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (0,4 ɤȼ) ɧɚ ɭɱɚɫɬɤɟ: Ɋɉ1–Ɋɉ2.  
 𝐼 = ͵Ͷ͵,͸ͳ√͵ ∙ Ͷ ∙ Ͳ,Ͷ = ͳ͵Ͳ,ͷʹ А 

Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵ-
ɪɚɠɟɧɢɹ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ = ͵Ͷ͵,͸ͳ√͵ ∙ ሺͶ − ͳሻ ∙ Ͳ,Ͷ = ͳ͸Ͷ,Ͳʹ А 

 
ȼɵɛɢɪɚɟɦ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɠɢɥɨɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɩɨɥɢɜɢɧɢɥɯɥɨ-

ɪɢɞɧɨɝɨ ɩɥɚɫɬɢɤɚ (ɉȼɏ) ɫ ɛɪɨɧɟɣ ɢɡ ɞɜɭɯ ɫɬɚɥɶɧɵɯ ɥɟɧɬ ɫ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱ-
ɤɨɣ ɢɡ ɉȼɏ ɩɥɚɫɬɢɤɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɪɤɢ ȺȼȻɛɒɜ-4×95 ɩɪɨɤɥɚɞɵɜɚɟ-
ɦɨɝɨ ɜ ɡɟɦɥɟ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ Iɞɨɩ=199 Ⱥ. [11]. 

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
-ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩ ,(ଶܭ) ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ ,(ଵܭ)
ɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (ܭଷ), [3]. 

Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = ଵܭ ∙ ଶܭ ∙ ଷܭ ∙ 𝐼 ˑ˒ ൒ 𝐼 ˃˄.௠௔௫,                                                          ሺͺ.ͳͲሻ 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [11], Ⱥ, 
 𝐼′ˇˑ˒ = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͳͷ ∙ ͳͺ͹ = ͳ͹͸,͹ͳͷ ൒ ͳ͸Ͷ,Ͳʹ.  

 
ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

50 

Лист 
     

     

∆ܷ% = ∆ܷܷːˑˏ ∙ ͳͲͲ%,                                                                                ሺͺ.ͳͳሻ 

 ∆ܷ = √͵ ∙ ݊௞ ∙ 𝐼௣ ∙ ݈ ∙ ݎ̟) ˇ ∙ 𝜑ݏ݋ܿ + ˇ˖ݔ ∙  𝜑),                                    (8.12)݊݅ݏ
 
ɝɞɟ Iɪ – ɪɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ; 
      l - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɤɦ; 
      ܿ  ;𝜑  - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ (ɧɚ ɧɚɝɪɭɡɤɟ), ɨ.ɟݏ݋
ݎ̟         ˇ-  ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ;  
 .ɭɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ - ˇ˖ݔ      

 cos 𝜑 = ܲܵ˓ = ʹͷͳ,͹͸͵Ͷ͹,͸ͳ = Ͳ,ͷ,                                                                      ሺͺ.ͳ͵ሻ 
 sinሺ arccos 𝜑ሻ = Ͳ,ͺ͸.                                                                        (8.14) 

 
          ∆ܷ = √͵ ∙ Ͷ ∙ ͳ͵Ͳ,ͷʹ ∙ Ͳ,Ͳʹͷ ∙ ሺͲ,ͷ ∙ Ͳ,Ͷ͸ + Ͳ,Ͳ͸ͳʹ ∙ Ͳ,ͺ͸ሻ = ͳ,͸ͳ, 
 ∆ܷ = ͳ,͸ͳͲ,Ͷ ∙ ͳͲͲͲ ∙ ͳͲͲ% = Ͳ,Ͷ.

 
 

Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 
ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 16. 
 
Ɍɚɛɥɢɰɚ 16 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ 

ɍɱɚɫɬɨɤ Sɪ, 
ɤȼ·Ⱥ 

I ɪ, Ⱥ I ɪɚɛ.ɦɚ
ɤɫ, Ⱥ 

Fɫɬ, 
ɦɦ2 

I ɞɨɩ, 
Ⱥ 

I' ɞɨɩ, 
Ⱥ 

nɥ, 
ɲɬ 

Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

L ,ɤɦ 
∆U,
% 

Ɋɉ1-Ɋɉ2 343,61 130,52 164,02 70 187 176,71 4 ȺȼȻɛɒɜ 0,025 0,40 

Ɋɉ2-Ɋɉ3 237,79 90,32 120,43 70 187 176,71 4 ȺȼȻɛɒɜ 0,038 0,59 

Ɋɉ4-Ɋɉ5 389,52 147,95 197,27 95 224 211,68 4 ȺȼȻɛɒɜ 0,081 1,61 

Ɋɉ5-Ɋɉ6 60,22 45,75 91,49 50 150 141,75 2 ȺȼȻɛɒɜ 0,063 0,61 

Ɋɉ7-Ɋɉ8 376,09 142,85 190,47 95 224 211,68 4 ȺȼȻɛɒɜ 0,020 0,33 

Ɋɉ8-Ɋɉ9 121,67 46,22 61,62 50 150 141,75 4 ȺȼȻɛɒɜ 0,049 0,54 

Ɋɉ7-Ɋɉ10 306,81 116,54 155,38 70 187 176,71 4 ȺȼȻɛɒɜ 0,027 0,50 

Ɋɉ10-Ɋɉ11 105,82 80,39 160,78 70 187 176,71 2 ȺȼȻɛɒɜ 0,024 0,29 

Ɋɉ12-Ɋɉ13 290,47 110,33 147,11 70 187 176,71 4 ȺȼȻɛɒɜ 0,04 0,78 

Ɋɉ4-Ɋɉ14 290,47 110,33 147,11 70 187 176,71 4 ȺȼȻɛɒɜ 0,064 1,21 

 
Ⱦɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɹɯ ɩɪɢɧɢɦɚɟɦ ɧɟ 

ɛɨɥɟɟ 5% 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

51 

Лист 
     

     

9 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
  

ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜɨɡɧɢɤɚɸɬ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ 
(ɗɗɋ) ɤɚɤ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɜɤɥɸɱɟɧɢɟ ɢɥɢ ɨɬɤɥɸɱɟɧɢɟ 
ɧɚɝɪɭɡɤɢ, ɥɢɧɢɣ, ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ ɞɪ.), ɬɚɤ ɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ: 
ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ, ɨɛɪɵɜ ɧɚɝɪɭɠɟɧɧɨɣ ɰɟɩɢ ɥɢɧɢɢ ɢɥɢ ɟё ɮɚɡɵ, ɜɵɩɚɞɟɧɢɟ 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɲɢɧ ɢɡ ɫɢɧɯɪɨɧɢɡɦɚ ɢ ɬ.ɞ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɡɦɟɧɟ-
ɧɢɣ ɜ ɗɗɋ, ɤɨɬɨɪɵɟ ɜɡɚɢɦɨɫɜɹɡɚɧɵ. 

Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɄɁ ɜ ɫɟɬɢ ɢɥɢ ɜ ɷɥɟɦɟɧɬɚɯ ɷɥɟɤ-
ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɵɯ ɞɟɣ-
ɫɬɜɢɣ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɄɁ ɜɵɛɢɪɚɸɬ ɪɚɫɱёɬɧɭɸ ɫɯɟɦɭ ɷɥɟɤɬɪɨɭɫɬɚ-
ɧɨɜɤɢ ɢ ɩɨ ɧɟɣ ɫɨɫɬɚɜɥɹɸɬ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɦɚɝɧɢɬɧɵɟ ɫɜɹɡɢ 
ɡɚɦɟɧɟɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ. Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. ɉɨ-
ɫɥɟ ɷɬɨɝɨ ɨɩɪɟɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɜɵɩɨɥɧɹɸɬ ɟё ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɟ ɢ ɧɚɯɨɞɹɬ ɬɨɤɢ ɄɁ. 

Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɛɭɞɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɞɥɹ ɞɜɭɯ ɧɚɢɛɨɥɟɟ 
ɧɚɝɪɭɠɟɧɧɵɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ (Ƚɉɉ-Ɋɍ2),ɤ ɲɢɧɚɦ ɤɨɬɨɪɵɯ ɩɨɞɤɥɸɱɟɧɵ 
ɞɜɚ ɋȾ ɢ ɧɚɝɪɭɡɤɚ ɰɟɯɚ №1 ɢ 5. Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰɚɯ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ MathCAD 15. Ɋɚɫɱёɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨ-
ɠɟɧɢɢ Ȼ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. 
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             ɚ                                                                 ɛ 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɵ ɞɥɹ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ 
ɚ)- ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ; ɛ)- ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ. 

 
 Ɍɚɛɥɢɰɚ 17 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ 

Ɍɨɱɤɚ ɄɁ Uɛ, ɤȼ I ɩɨ, ɤȺ iɭ, ɤȺ 

Ʉ1 37 9,373 14,449 
Ʉ2 10,5 5,493 13,983 
Ʉ3 10,5 5,387 13,714 
Ʉ4 10,5 5,335 13,58 
Ʉ5 0,4 14,04 20,253 
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10 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

10.1 ȼɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 

ȼɵɤɥɸɱɚɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɚ 
ɢɦɟɧɧɨ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, ɩɟɪɟɝɪɭɡɤɟ, ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, ɯɨɥɨ-
ɫɬɨɦ ɯɨɞɟ, ɧɟɫɢɧɯɪɨɧɧɨɣ ɪɚɛɨɬɟ. 

ɉɨɷɬɨɦɭ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɬɚɤɢɟ [18]: 
1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
3) ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
4) ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ݅˖ ൑ ݅˒˓.˔ˍ˅; 
5) ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ ܤ௄ ൑ 𝐼ଶ் ·  .்ݐ
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɭɫɥɨɜɢɹɦ, ɬɨɥɶɤɨ ɢɫɤɥɸɱɚɟɬɫɹ 

ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ [18]. 
 
10.1.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɜ 

ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ-10000/35 
 
ɉɟɪɟɞ ɜɵɛɨɪɨɦ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟ-

ɥɢɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɢ ɪɚɛɨɱɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɨɤɢ, ɩɪɨɯɨɞɹɳɢɟ ɱɟɪɟɡ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɵ. 

Ɍɨɤɢ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, Ⱥ, 
 𝐼 ˑˏʜʜ = ݇ˊ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʑʜ = Ͳ,͹ ∙ ͳͲ ͲͲͲ√͵ ∙ ͵ͷ = ͳͳͷ,Ͷ͹,                             ሺͳͲ.ͳሻ 

 𝐼 ˃˄.ˏ˃ˍ˔ = ݇ˊ˒˃ ˅ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʑʜ = ͳ,Ͷ ∙ ʹͷͲͲͲ√͵ ∙ ͵ͷ = ʹ͵Ͳ,ͻͶ ,                      ሺͳͲ.ʹሻ 

 

ɝɞɟ ݇ˊ, ݇ˊ˃˒˅ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɢ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ, ɨ.ɟ.; 
      ܵ ːˑˏ.˕ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
      ܷ ːˑˏʑʜ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɨɪɨɧɟ ȼɇ, ɤȼ. 

ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɇ-ɉ-ɋɗɓ-35-
25/1000 ɍɏɅ1 [12].  

ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ,                                                                                                   ሺͳͲ.͵ሻ 
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͵ͷ = ͵ͷ, 
 

ɝɞɟ ˖ܷ˔˕ – ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɝɞɟ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ, ɤȼ;        ːܷˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ ɤɚɬɚɥɨɝɭ), ɤȼ. 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ,                                                                                              ሺͳͲ.Ͷሻ 
 ʹ͵Ͳ,ͻͶ < ͳͲͲͲ , 
 

ɝɞɟ 𝐼 ˃˄.ˏ˃ˍ˔ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ; 
      𝐼 ˑˏ - ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ ɤɚɬɚɥɨɝɭ). 

ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɤȺ, 
 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ ,                                                                                               ሺͳͲ.ͷሻ 
 ͻ,͵͹͵ < ʹͷ, 

 
ɝɞɟ 𝐼 𝜏 – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɜ ɦɨ-
ɦɟɧɬ τ ɧɚɱɚɥɚ ɪɚɫɯɨɠɞɟɧɢɹ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɤȺ; 
       𝐼 ˕ˍˎ.ːˑˏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ ɤɚɬɚɥɨɝɭ), ɤȺ. 

ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ, ɤȺ, 
 ݅˖ ൑ ݅˒˓.˔ˍ˅,                                                                                                      ሺͳͲ.͸ሻ 
 ͳͶ,ͶͶͻ < ͸͵ , 
 

ɝɞɟ ݅ ˖ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ, ɤȺ;        ݅˒˓.˔ – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɄɁ, ɤȺ. 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦ-

ɩɭɥɶɫɭ, ˍАଶ ∙ ˔, 
 BK ൑ 𝐼ଶ் · ்ݐ ,                                                                                                   ሺͳͲ.͹ሻ 

ˍܤ  = 𝐼 ଴ଶ ∙ ሺݐˑ˕ˍˎ + ௔ܶሻ = ͻ,͵͹͵ଶ · ሺͲ,Ͳ͸ + Ͳ,Ͳʹሻ = = ͹,Ͳʹ ൑ ʹͷଶ · ͵ = ͳͺ͹ͷ , (10.8) 

 
ɝɞɟ ʑˍ – ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ2·ɫ; 
       𝐼் – ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ 
ɤɚɬɚɥɨɝɭ), ɤȺ; 
்ݐ         – ɜɪɟɦɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ I, 
ɫ; 
 ;ˑ˕ˍˎ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɫ[18]ݐ       
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       ܶ ௔ – ɜɪɟɦɹ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɫ[18]. 
ȼɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ.  
Ɍɚɤɠɟ ɜɵɛɟɪɟɦ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽɉɡ -ɋɗɓ-1-35/630 ɍɏɅ1 [19].  
ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
 ˖ܷ˔˕ ൑ ܷːˑˏ,                                                                                                   ሺͳͲ.ͻሻ 
 ͵ͷ = ͵ͷ , 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ,                                                                                            ሺͳͲ.ͳͲሻ 

 ʹ͵Ͳ,ͻͶ < ͸͵Ͳ . 
 

ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ, ɤȺ, 
 ݅˖ ൑ ݅˒˓.˔ˍ˅ ,                                                                                                  ሺͳͲ.ͳͳሻ 
 ͳͶ,ͶͶͻ < ͵ͳ,ͷ . 
  

ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ, ˍАଶ ∙ ˔, 
 BK ൑ 𝐼ଶ் · ்ݐ  ,                                                                                                ሺͳͲ.ͳʹሻ 

 ͹,Ͳʹ ൑ ͳʹ,ͷଶ · ͵ = Ͷ͸ͺ,͹ͷ . 
 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ.  
 

10.1.2 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜ 
ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ-10000/35 

 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɚ, ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ, Ⱥ, 
 𝐼 ˑˏʑʜ = ݇ˊ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = Ͳ,͹ ∙ ͳͲͲͲͲ√͵ ∙ ͳͲ = ͶͲͶ,ͳͶͷ,                      ሺͳͲ.ͳ͵ሻ 

 𝐼 ˃˄.ˏ˃ˍ˔ = ݇ˊ˒˃˅ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = ͳ,Ͷ ∙ ͳͲͲͲͲ√͵ ∙ ͳͲ = ͺͲͺ,ʹͻ .                 ሺͳͲ.ͳͶሻ 
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ȼ ɰɟɩɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɄɊɍ-ɋɗɓ-63 [20]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨ-
ɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ–ɋɗɓ-ɉ3-10–
20/1000 ɍ2 [13]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥьɧɨɝɨ 
(ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ȼ ɪɚɡɴɟɞɢɧɢɬɟɥɹɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɢɞɢɦɵɣ ɪɚɡɪɵɜ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɲɤɚɮɚ ɄɊɍ, ɬ.ɟ. ɫ ɩɨɦɨɳɶɸ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɉɪɨ-
ɜɟɪɤɚ ɞɚɧɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬёɦ ɩɪɨɜɟɪɤɢ ɫɚɦɨɣ ɹɱɟɣɤɢ 
(ɲɤɚɮɚ) ɄɊɍ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 
 
Ɍɚɛɥɢɰɚ 18 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ ɫɬɨ-
ɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȼɍ–ɋɗЩ-ɉ3–
10–20/1000 ɍ2 

əɱɟɣɤɚ ɄɊɍ–ɋɗЩ–63 

˖ܷ˔˕ ൑ ːܷˑˏሺͳͲ.͵ሻ ˖ܷ˔˕ = ͳͲ ˍʑ  ːܷˑˏ = ͳͲ ˍʑ ːܷˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏሺͳͲ.Ͷሻ 𝐼 ˃˄.ˏ˃ˍ˔ = ͺͲͺ,ʹͻ  А 𝐼 ˑˏ = ͳͲͲͲ А 𝐼 ˑˏ = ͳͲͲͲ А 

𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ ሺͳͲ.ͷሻ 𝐼 𝜏 = ͷ.Ͷͻ͵ ˍА 𝐼 ˕ˍ.ːˑˏ = ʹͲ ˍА - ݅˖ ൑ ݅˒˓.˔ˍ˅ሺͳͲ.͸ሻ ݅˖ = ͳ͵.ͻͺ͵ˍА ݅˒˓.˔ˍ˅ = ͷͲ ˍА ݅˒˓.˔ˍ˅ = ͷͲ ˍА BK ൑ 𝐼ଶ் ·  ሺͳͲ.͹ሻ ்ݐ
Кܤ = ͷ,Ͷͻ͵ ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͷሻ == ͵,Ͳͳ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͵=      ͳʹ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͵=       ͳʹ ˍАଶ ∙ ˔ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ     

ɄɊɍ-ɋɗɓ-63 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
10.1.3 ȼɵɛɨɪ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɟɤɰɢɣ ɲɢɧ 10 ɤȼ Ƚɉɉ 

ɢ Ɋɍ 10 ɤȼ 
 

Ɋɚɫɱёɬ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ 
ɧɚɝɪɭɡɤɚ ɩɨ ɫɟɤɰɢɹɦ ɲɢɧ 10 ɤȼ Ƚɉɉ ɢ Ɋɍ ɪɚɫɩɪɟɞɟɥɟɧɚ ɪɚɜɧɨɦɟɪɧɨ. Ɍɨɝɞɚ 
ɦɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɪɚɛɨɱɢɣ ɬɨɤ ɱɟɪɟɡ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚ-
ɬɟɥɶ ɛɭɞɟɬ ɪɚɜɟɧ ɧɚɢɛɨɥɶɲɟɦɭ ɪɚɛɨɱɟɦɭ ɬɨɤɭ ɱɟɪɟɡ ɜɵɤɥɸɱɚɬɟɥɶ, ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ. 

ȼɵɛɢɪɚɟɦ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɍ-ɋɗɓ-ɉ3-10-20/1000 ɍ2 
[13] Ɍɚɤ ɤɚɤ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɤɪɨɦɟ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɬɨɤɚ, ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɜɵɤɥɸɱɚɬɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɫɬɨɪɨɧɟ 
ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ (ɬɚɛɥ. 18), ɢ ɩɚɪɚɦɟɬɪɵ ɬɨɤɚ ɄɁ ɞɥɹ ɩɪɨɜɟɪɤɢ ɜɵ-
ɤɥɸɱɚɬɟɥɹ ɬɟ ɠɟ – ɬɨɱɤɚ Ʉ2, ɬɨ ɩɪɨɜɟɪɤɚ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨɜɬɨ-
ɪɹɟɬ ɩɪɨɜɟɪɤɭ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ. ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ, ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɢ ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
19 
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Ɍɚɛɥɢɰɚ 19 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ  
ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȼɍ–ɋɗЩ-ɉ3-10–20/1000 ɍ2 ˖ܷ˔˕ ൑ ːܷˑˏሺͳͲ.͵ሻ ˖ܷ˔˕ = ͳͲ ˍʑ  ːܷˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏሺͳͲ.Ͷሻ 𝐼 ˃˄.ˏ˃ˍ˔ = ͺͲͺ,͵  А 𝐼 ˑˏ = ͳͲͲͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ ሺͳͲ.ͷሻ 𝐼 𝜏 = ͷ.Ͷͻ͵ ˍА 𝐼 ˕ˍ.ːˑˏ = ʹͲ ˍА ݅˖ ൑ ݅˒˓.˔ˍ˅ሺͳͲ.͸ሻ ݅˖ = ͳ͵.ͻͺ͵ˍА ݅˒˓.˔ˍ˅ = ͷͳ ˍА BK ൑ 𝐼ଶ் ·  ሺͳͲ.͹ሻ ்ݐ

Кܤ = ͷ,Ͷͻ͵ ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͷሻ= ʹ,ͶͳͶ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͵ = ͳʹ ˍАଶ ∙ ˔ 

 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 

 
10.1.4 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜ 

ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
 
ȼ ɰɟɩɢ ɄɅ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɋɗɓ-63 [20]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ 
ɜɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ-ɋɗɓ-ɉ3-10-20/630 ɍ2 [13]. Ɍɚɤɠɟ ɜ ɷɬɢ 
ɹɱɟɣɤɢ ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ.  

ȼ ɬɚɛɥɢɰɚɯ 20 ɢ 21 ɩɪɢɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ. 
 

Ɍɚɛɥɢɰɚ 20 - ɉɪɨɜɟɪɤɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɯɨɞɹɳɢɯ 
ɥɢɧɢɹɯ ɫɢɫɬɟɦɵ ɲɢɧ 10 ɤȼ Ƚɉɉ ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 

ɍɱɚɫɬɨɤ nɰ, ɲɬ 𝑰˓˃˄.ˏ˃ˍ˔,Ⱥ 𝑰ːˑˏ,Ⱥ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ 
ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ 

ɬɨɤɭ  𝑰˓˃˄.ˏ˃ˍ˔൑ 𝑰ːˑˏሺ૚૙. 𝟒ሻ 
Ƚɉɉ-Ɍɉ1 4 52,07018 630 52,07018൑630 
Ƚɉɉ-Ɍɉ2 2 132,63 630 132,63൑630 
Ƚɉɉ-Ɍɉ3 4 68,27 630 68,27൑630 
Ƚɉɉ-Ɍɉ4 2 84,12 630 84,12൑ ͸͵Ͳ 

 

Ɍɚɛɥɢɰɚ 21 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜ 
ɰɟɩɢ ɄɅ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȼɍ–ɋɗЩ-ɉ3–10–20/1000 ɍ2 ˖ܷ˔˕ ൑ ːܷˑˏሺͳͲ.͵ሻ ˖ܷ˔˕ = ͳͲ ˍʑ  ܷːˑˏ = ͳͲ ˍʑ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ ሺͳͲ.ͷሻ 𝐼 𝜏 = ͷ,͵ͺ͹ ˍА 𝐼 ˕ˍ.ːˑˏ = ʹͲ ˍА ݅˖ ൑ ݅˒˓.˔ˍ˅ሺͳͲ.͸ሻ ݅˖ = ͳ͵,͹ͳͶˍА ݅˒˓.˔ˍ˅ = ͷͳ ˍА BK ൑ 𝐼ଶ் · ்ݐ  ሺͳͲ.͹ሻ 

Кܤ = ͷ,͵ͺ͹ ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͷሻ= ʹ,ͻͲʹˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͵=      ͳʹ ˍАଶ ∙ ˔ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-ɋɗɓ-63 ɭɞɨ-
ɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

10.1.5 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ Ɋɉ 10 ɤȼ 
 
 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɯɨɞɹɳɢɣ ɥɢɧɢɹɯ ɨɬ Ɋɍ 10 ɤȼ ɢ ɫɟɤɰɢɨɧɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɋɍ 10 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɜɵɛɨɪɭ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɢ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɫɢɫɬɟɦɟ 
ɲɢɧ 10 ɤȼ Ƚɉɉ. 
 ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɍ–ɋɗɓ–ɉ3-10–
20/630 ɍ2 [13]. ɉɪɨɜɟɪɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɚɯ 22, 23. 
 
Ɍɚɛɥɢɰɚ 22 – ɉɪɨɜɟɪɤɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɯɨɞɹɳɢɯ 
ɥɢɧɢɹɯ ɫɢɫɬɟɦɵ ɲɢɧ 10 ɤȼ Ƚɉɉ. 

ɍɱɚɫɬɨɤ nɰ, ɲɬ 𝑰˓˃˄.ˏ˃ˍ˔,Ⱥ 𝑰ːˑˏ,Ⱥ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ 
ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ 

ɬɨɤɭ  𝑰˓˃˄.ˏ˃ˍ˔൑ 𝑰ːˑˏሺ૚૙. 𝟒ሻ 
Ɋɍ1-Ⱦɋɉ 1 2 127,36 630 ͳʹ͹,͵͸ ൑ ͸͵Ͳ 
Ɋɍ1-Ⱦɋɉ 2 2 127,36 630 ͳʹ͹,͵͸ ൑ ͸͵Ͳ 
Ɋɍ2-ɋȾ1 2 40,98 630 ͶͲ,ͻͺ ൑ ͸͵Ͳ 
Ɋɍ2-ɋȾ2 2 40,98 630 ͶͲ,ͻͺ ൑ ͸͵Ͳ 
Ɋɍ2- ɋȾ3 2 40,98 630 40,98 ൑ 630 
Ɋɍ2 –ɋȾ4 2 40,98 630 40,98൑ 630 

 
Ɍɚɛɥɢɰɚ 23 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ Ɋɉ  

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ 

ȼȼɍ–ɋɗЩ–ɉ3-10–20/630 
ɍ2 ˖ܷ˔˕ ൑ ܷːˑˏሺͳͲ.͵ሻ ˖ܷ˔˕ = ͳͲ ˍʑ  ܷːˑˏ = ͳͲ ˍʑ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ ሺͳͲ.ͷሻ 𝐼 𝜏 = ͷ.͵͵ͷ ˍА 𝐼 ˕ˍ.ːˑˏ = ʹͲ ˍА ݅˖ ൑ ݅˒˓.˔ˍ˅ሺͳͲ.͸ሻ ݅˖ = ͳ͵.ͷͺͲˍА ݅˒˓.˔ˍ˅ = ͷͳ ˍА BK ൑ 𝐼ଶ் ·  ሺͳͲ.͹ሻ ்ݐ

Кܤ = ͷ,͵͵ͷ ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͷሻ= ʹ,ͺͶ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͵=      ͳʹ ˍАଶ ∙ ˔ 

 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 

10.2 ȼɵɛɨɪ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (10 ɤȼ) ɰɟɯɨɜɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɩɪɢɦɟɧɹɸɬ 
ɞɥɹ ɡɚɳɢɬɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
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ɧɚɩɪɹɠɟɧɢɹ. ɇɚ ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ ɩɨɧɢɠɚɸɳɢɯ ɩɨɞɫɬɚɧɰɢɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɬɢɩɚ ɉɄɌ. 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɢ ɞɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɛɢɪɚɸɬ[2]: 
1. ɩɨ ɧɚɩɪɹɠɟɧɢɸ; 
2. ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ; 
3. ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ; 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɵɛɟɪɟɦ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ. 
Ɍɨɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚ-

ɛɨɬɵ, Ⱥ, 
 𝐼 ˑˏ ʑʜ = ܵːˑˏ ʡ√͵ · ܷːˑˏ ʑʜ = ͳͲͲͲ√͵ · ͳͲ = ͷ͹,͹͵,                                            ሺͳͲ.ͳͶሻ 

 𝐼 ˅˃˓ ʑʜ = ͳ,Ͷ · ܵːˑˏ ʡ√͵ · ܷːˑˏ ʑʜ = ͳ,Ͷ · ͳͲͲͲ√͵ · ͳͲ = ͺͲ,ͺʹ .                                    ሺͳͲ.ͳͷሻ 

 
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ ɢ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ 

ɧɚ ɫɬɨɪɨɧɟ 10 ɤȼ ɨɩɪɟɞɟɥɹɟɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚ-
ɧɢɬɟɥɹ, ɨɧ ɪɚɜɟɧ 100 Ⱥ [20]. 

ȼɵɛɢɪɚɟɦ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄɌ-103-10-100-12,5-ɍ3. 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ, 

 ˖ܷ˔˕ ൑ ܷːˑˏ,                                                                                                 ሺͳͲ.ͳ͸ሻ 
 ͳͲ = ͳͲ. 
 

ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ,                                                                                          ሺͳͲ.ͳ͹ሻ 
  ͺͲ,ͺʹ < ͳͲͲ . 
 

ɉɪɨɜɟɪɤɚ ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ (ɧɚɢɛɨɥɶɲɟɦɭ) ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ ɩɪɟɞɨɯɪɚ-
ɧɢɬɟɥɹ, ɤȺ, 

 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ,                                                                                             ሺͳͲ.ͳͺሻ 
 ͷ,͵ͺ͹ < ͳʹ,ͷ. 
 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɢɪɚɸɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳ-

ɧɨɫɬɶɸ 1600 ɢ 2500, ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. 
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Ɍɚɛɥɢɰɚ 24 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 

ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪ ɦɨɳɧɨ-
ɫɬɶɸ 1000 

ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 

ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪ ɦɨɳɧɨ-
ɫɬɶɸ 1600 

ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 
ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪ ɦɨɳ-
ɧɨɫɬɶɸ 2500 

ɤȼȺ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɉɄɌ-103-
10-100-12,5-

ɍ3 

ɉɄɌ-103-10-
160-12,5-ɍ3 

ɉɄɌ-104-10-
200-12,5-ɍ3 

˖ܷ˔˕ ൑ ːܷˑˏ ˖ܷ˔˕ = ͳͲ ˍʑ ˖ܷ˔˕ = ͳͲ ˍʑ ˖ܷ˔˕ = ͳͲ ˍʑ ːܷˑˏ= ͳͲ ˍʑ ːܷˑˏ = ͳͲ ˍʑ ːܷˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼ଵːˑˏ 
 

𝐼 ˃˄= ͺͲ,ͺʹ А 
𝐼 ˃˄= ͳʹͻ,͵ʹ А 

𝐼 ˃˄= ʹͲʹ,Ͳ͹ А 
𝐼 ˑˏ = ͳͲͲ А 𝐼 ˑˏ = ͳ͸Ͳ А 𝐼 ˑˏ = ʹͲͲ А 𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 

𝐼 𝜏= ͷ,͵ͺ͹  ˍА 
𝐼 𝜏= ͷ,͵ͺ͹ ˍА 

𝐼 𝜏= ͷ,͵ͺ͹ ˍА 
𝐼 ˕ˍˎ.ːˑˏ= ͳʹ,ͷ ˍА 

𝐼 ˕ˍˎ.ːˑˏ= ͳʹ,ͷ ˍА 
𝐼 ˕ˍˎ.ːˑˏ= ͳʹ,ͷˍА 

 
10.3 ȼɵɛɨɪ ɚɩɩɚɪɚɬɭɪɵ ɡɚɳɢɬɵ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɢɠɟ 1000 ȼ. ȼɵ-

ɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɨɡɞɭɲɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 
ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸ-

ɳɢɟ ɷɬɚɩɵ [18]: 
1. ȼɵɛɨɪ ɬɢɩɚ ɚɜɬɨɦɚɬɚ 
2. ȼɵɛɨɪ ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɩɨ ɭɫɥɨɜɢɸ,ɤȼ, 

  ˖ܷ˔˕ ൑ ܷːˑˏ.                                                                                                  ሺͳͲ.ͳͻሻ  
 
3. ȼɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɚɜɬɨɦɚɬɚ, Ⱥ,  
 𝐼 ˃˄. ൑ 𝐼 ˑˏ.                                                                                                    ሺͳͲ.ʹͲሻ 
 
4. ȼɵɛɨɪ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ, 
 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ.                                                                                               ሺͳͲ.ʹͳሻ 

 
5. ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ɩɨ ɚɦɩɥɢɬɭɞɧɨɦɭ ɡɧɚɱɟɧɢɸ 
ɬɨɤɚ, ɤȺ, 
 ݅˖ ൑ ݅˒˓.˔ˍ˅.                                                                                           (10.22) 

 
6. Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦ-
ɩɭɥɶɫɭ, ˍАଶ ∙ ˔,  
 BK ൑ 𝐼ଶ் · τ்.                                                                                        (10.23) 
 
Ⱦɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɨɬ ɬɨɤɚ ɄɁ ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ:  
 BK = 𝐼 ଴ଶ · ሺݐˑ˕ˍˎ + aܶሻ,                                                                                ሺͳͲ.ʹͶሻ 
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ɝɞɟ Iɩ0 – ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɬɨɤɚ ɄɁ, ɪɚɜɧɚɹ ɪɚɫɱɟɬɧɨɦɭ ɬɨɤɭ ɄɁ; 

   aܶ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ 
ɄɁ [3]. 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɄɁ, ɫ, 
 tˑ˕ˍˎ = .˅.˒ݐ +  (10.25)                                                         ,.ˊ.˓ݐ
 

ɝɞɟ ݐ˒.˅. – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɤɚɬɚɥɨɝɭ(ɜɪɟɦɹ ɫ ɦɨ-
ɦɟɧɬɚ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɞɨ ɩɨɥɧɨɝɨ ɩɨɝɚɫɚɧɢɹ ɞɭɝɢ); 

 ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ (ɩɪɢ ɭɱɟɛɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ – .ˊ.˓ݐ 
ɷɬɨ ɜɪɟɦɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 0,1 ɫ). [3] 

Ɍɨɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚ-
ɛɨɬɵ, Ⱥ, 
 𝐼 ˑˏ ʑʜ = ܵːˑˏ ʡ√͵ · ܷːˑˏ ʑʜ = ͳͲͲͲ√͵ · Ͳ,Ͷ = ͳͶͶ͵,͵͹,                                   ሺͳͲ.ʹ͸ሻ 

 𝐼 ˅˃˓ ʑʜ = ͳ,Ͷ · ܵːˑˏ ʡ√͵ · ܷːˑˏ ʑʜ = ͳ,ͷ · ͳͲͲͲ√͵ · Ͳ,Ͷ = ʹͲʹͲ,͹ʹ.                             ሺͳͲ.ʹ͹ሻ 

 
ɂɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜɵ-

ɛɢɪɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ50-47-2500 [22] ɜɨɡɞɭɲɧɵɣ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 2500 Ⱥ. ɍɫɥɨɜɢɹ ɩɪɨɜɟɪɤɢ 
ɞɚɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 25.  

 
Ɍɚɛɥɢɰɚ 25 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɧɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɦɨɳɧɨ-

ɫɬɶɸ 1000 ɤȼȺ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɟɡɭɥɶɬɚɬ 

ȼȺ50-47-2500 (Ɍɉ-1, Ɍɉ-1ɚ,Ɍɉ-4,Ɍɉ-6) 

˖ܷ˔˕ ൑ ːܷˑˏ ˖ܷ˔˕ = Ͳ,Ͷ ˍʑ ːܷˑˏ = Ͳ,Ͷ ˍʑ Ͳ,Ͷ = Ͳ,Ͷ 𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼 ˑˏ 
𝐼 .ˏ = ʹͲʹͲ,͹ʹ А 𝐼 ˑˏ = ʹͷͲͲ А 

2020,720൑2500 𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 
𝐼 𝜏 = ͳͶ,ͲͶ ˍА 𝐼 ˕ˍˎ.ːˑˏ = ͸ͷ ˍА 

͹,Ͳ͵ͷ ൑ ͸ͷ 

݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹͲ,ʹͷ͵ ˍА ݅˒˓.˔ˍ˅ = ͸ͷ ˍА ͳͳ,ͺͲͳ ൑ ͸ͷ 

Кܤ ൑ 𝐼ଶ் ∙  ்ݐ

=Кܤ ͳͶ,ͲͶଶ∙ ሺͲ,Ͳ͵ͷ + Ͳ,ͲͲʹሻ = 
  = ͹,ʹͻ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͸ͷଶ ∙ ͳ = Ͷʹʹͷ ˍАଶ ∙ ˔ 

͹,ʹͻ ൑ Ͷʹʹͷ 

ȼȺ50-47-4000 (Ɍɉ-2, Ɍɉ-5) 

˖ܷ˔˕ ൑ ːܷˑˏ ˖ܷ˔˕ = Ͳ,Ͷ ˍʑ ːܷˑˏ = Ͳ,Ͷ ˍʑ 
Ͳ,Ͷ = Ͳ,Ͷ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 25 
ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɧɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɦɨɳɧɨ-

ɫɬɶɸ 1000 ɤȼȺ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɟɡɭɥɶɬɚɬ 𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼 ˑˏ 

𝐼 .ˏ = ͵ʹ͵͵,ͳ͸ А 𝐼 ˑˏ = ͶͲͲͲ А 
3233,16൑4000 

𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 
𝐼 𝜏 = ͳͶ,ͲͶ ˍА 𝐼 ˕ˍˎ.ːˑˏ = ͺͷ ˍА 

͹,Ͳ͵ͷ ൑ ͺͷ 

݅˖ ൑ ݅˒˓.˔ˍ˅ 
݅˖ = ʹͲ,ʹͷ͵ ˍА ݅˒˓.˔ˍ˅ = ͺͷ ˍА 

ͳͳ,ͺͲͳ ൑ ͺͷ 

Кܤ ൑ 𝐼ଶ் ∙  ்ݐ

=Кܤ ͳͶ,ͲͶଶ∙ ሺͲ,Ͳ͵ͷ + Ͳ,ͲͲʹሻ = 
  = ͹,ʹͻ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͺͷଶ ∙ ͳ = ͹ʹʹͷ ˍАଶ ∙ ˔ 

͹,ʹͻ ൑ ͹ʹʹͷ 

ȼȺ50-47-6300 (Ɍɉ-3) 

˖ܷ˔˕ ൑ ːܷˑˏ ˖ܷ˔˕ = Ͳ,Ͷ ˍʑ ːܷˑˏ = Ͳ,Ͷ ˍʑ 
Ͳ,Ͷ = Ͳ,Ͷ 

𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼 ˑˏ 

𝐼 .ˏ = ͷͲͷͳ,ͺͳ А 𝐼 ˑˏ = ͸͵ͲͲ А 
ͷͲͷͳ,ͺͳ ൑6300 

𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 
𝐼 𝜏 = ͳͶ,ͲͶ ˍА 𝐼 ˕ˍˎ.ːˑˏ = ͳͲͲ ˍА 

͹,Ͳ͵ͷ ൑ ͳͲͲ 

݅˖ ൑ ݅˒˓.˔ˍ˅ 
݅˖ = ʹͲ,ʹͷ͵ ˍА ݅˒˓.˔ˍ˅ = ͳͲͲ ˍА 

ͳͳ,ͺͲͳ ൑ ͳͲͲ 

Кܤ ൑ 𝐼ଶ் ∙  ்ݐ

=Кܤ ͳͶ,ͲͶଶ∙ ሺͲ,Ͳ͵ͷ + Ͳ,ͲͲʹሻ = 
  = ͹,ʹͻ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͳͲͲଶ ∙ ͳ == ͳͲͲͲͲ ˍАଶ ∙ ˔ 

͹,ʹͻ ൑ ͳͲͲͲͲ 

 

Ⱦɚɧɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ ɩɨ ɜɫɟɦ 
ɭɫɥɨɜɢɹɦ. 
 

10.4 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ ɫɟɬɢ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɬɨɤ ɜɬɨɪɢɱ-

ɧɨɣ ɰɟɩɢ ɫ ɰɟɥɶɸ ɩɨɞɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɟ-
ɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɵ ɬɨɤɚ. Ɍɚɤɨɟ ɩɨɞɤɥɸɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɛɨɪɵ ɫ ɦɟɧɶ-
ɲɢɦɢ ɧɨɦɢɧɚɥɶɧɵɦɢ ɬɨɤɚɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. Ɍɚɤɠɟ ɌɌ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɢ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ [18]: 
1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ ˖ܷ˔˕ ൑ ܷːˑˏ,                                                     (10.28) 
2) ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ,          (10.29) 
3) ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɄɁ ݅˖ ൑ 𝐼 ˓.˔ˍ˅,       (10.30) 
4) ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ BK ൑ 𝐼ଶ் ·  (10.31)         ,்ݐ
5) ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ݖଶ ൑  ଶːˑˏ.           (10.32)ݖ
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10.4.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (35 ɤȼ) 
 
ɇɚ ɫɬɨɪɨɧɟ 35 ɤȼ ɩɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ-

ɋɗɓ-35-250/5 [22]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 

ɉɨ ɧɚɩɪɹɠɟɧɢɸ (10.28), ɤȼ, 
 ͵ͷ = ͵ͷ. 

 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ (10.29), Ⱥ, 

 ʹ͵Ͳ,ͻͶ < ʹͷͲ.  
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ (10.30), ɤȺ, 

 ͳͶ,ͶͶͻ < ͸ʹ,ͷ . 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 

(10.31), ̱ Аଶ ∙ ˔, 
 ͳͻͷ,Ͳ͵ < ʹͷଶ · ͵ = ͳͺ͹ͷ. 

 
 ɉɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ. 
ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕,                                                                         ሺͳͲ.͵ʹሻ 
 
ɝɞɟ ˒ݎ ˓ˋ˄ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ; 
ݎ˒       ˓ˑ˅ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ;         ̱ݎ ˑː˕ - ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ. 
 
 Ɍɚɛɥɢɰɚ 26 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪɵ Ɍɢɩ ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼ∙Ⱥ 

Ⱥɦɩɟɪɦɟɬɪ  ɗ351 0,5 
ȼɚɬɬɦɟɬɪ Ⱦ365 0,5 
ȼɚɪɦɟɬɪ Ⱦ365 0,5 
ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɂ680 2,5 
ɋɱɟɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɂ673 2,5 
ɂɬɨɝɨ:  6,5 

 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ, 

ݎ˒  ˓ˋ˄ = ܵ˒˓ˋ˄𝐼ଶଶ = ͸,ͷͷଶ = Ͳ,ʹ͸,                                                                    ሺͳͲ.͵͵ሻ 
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ɝɞɟ ܵ˒˓ˋ˄ - ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɢɛɨɪɚɦɢ, ɤȼȺ; 𝐼ଶ – ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (1 ɢɥɢ 5 Ⱥ), Ⱥ. 
ɑɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɪɚɛɨɬɚɥ ɜ ɬɪɟɛɭɟɦɨɦ 

ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɭɫɥɨɜɢɟ, 
ݎ˒  ˓ˑ˅ = ˏଶːˑݎ − ݎ˒ ˓ˋ˄ − ݎ̱ ˑː˕ = Ͳ,ͺ − Ͳ,ʹ͸ − Ͳ,ͳ = Ͳ,ͶͶ ʝˏ.        ሺͳͲ.͵Ͷሻ 
 

Ⱦɥɹ ɞɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ 35/10 ɤȼ ɛɭ-
ɞɟɬ ɩɪɢɦɟɧɟɧ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɵɦɢ ɠɢɥɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱ-
ɧɚɹ ɞɥɢɧɚ ɤɨɬɨɪɨɝɨ 60 ɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɟɞɢɧɟɧɵ ɜ ɩɨɥɧɭɸ ɡɜɟɡɞɭ, ɩɨ-
ɷɬɨɦɭ ݈˓˃˔˚ = ݈. 

Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɪɚɜɧɨ, ɦɦ2, 
ܨ  = ߩ · ݎ˒˚˔˃˓݈ ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͸ͲͲ,ͶͶ = ͵,ͺͷ,                                                      ሺͳͲ.͵ͷሻ 
 
ɝɞɟ ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ; ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɩɪɨ-
ɜɨɞɨɜ ߩ˃ˎ = Ͳ,Ͳʹͺ͵ ʝˏ · ˏˏమˏ ; 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ, ɩɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ 
ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2. Ɉɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡ-
ɦɨɠɧɨɦɭ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
Ɍɨɝɞɚ ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ, 

ݎ˒  ˓ˑ˅ = ߩ · ܨ˚˔˃˓݈ = Ͳ,Ͳʹͺ͵ · ͸ͲͶ = Ͳ,ͶʹͶͷ.                                          ሺͳͲ.͵͸ሻ 

  
Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (13.32) Ɉɦ, 

ଶݎ  = Ͳ,ʹ͸ + Ͳ,ͶʹͶͷ + Ͳ,ͳ = Ͳ,͹ͺ.                    
 Ͳ,͹ͺ < Ͳ,ͺ. 
 
 Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

ɇɚ ɜɜɨɞɵ ȼɇ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ 
ɌȼɅ-ɋɗɓ-35-300/5 [24]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧ-
ɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 

ɉɨ ɧɚɩɪɹɠɟɧɢɸ (10.28), ɤȼ, 
 ͵ͷ = ͵ͷ. 

 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ (10.29), Ⱥ, 

 ʹ͵Ͳ,ͻͶ < ͵ͲͲ. 
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ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ (10.30), ɤȺ, 
 ͳͶ,ͶͶͻ < ͸͵. 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 

(10.31), ̱ Аଶ ∙ ˔, 
 ͳͻͷ,Ͳ͵ < ͷͲଶ · ͵ = ͹ͷͲͲ . 

 
 ɉɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ. 
 
 Ɍɚɛɥɢɰɚ 27 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪɵ Ɍɢɩ ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼ∙Ⱥ 

Ⱥɦɩɟɪɦɟɬɪ  ɗ351 0,5 
ȼɚɬɬɦɟɬɪ Ⱦ365 0,5 
ȼɚɪɦɟɬɪ Ⱦ365 0,5 
ɂɬɨɝɨ:  1,5 

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ (10.33), Ɉɦ, 

ݎ˒  ˓ˋ˄ = ͳ,ͷͷଶ = Ͳ,Ͳ͸,                                                              
 
ɝɞɟ ܵ˒˓ˋ˄ - ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ, ɤȼȺ; 𝐼ଶ - ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (1 ɢɥɢ 5 Ⱥ), Ⱥ. 
 ɑɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɪɚɛɨɬɚɥ ɜ ɬɪɟɛɭɟɦɨɦ 
ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɭɫɥɨɜɢɟ (10.34), 
ݎ˒  ˓ˑ˅ = Ͳ,ͺ − Ͳ,Ͳ͸ − Ͳ,ͳ = Ͳ,͸Ͷ ʝˏ .             

 
Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɪɚɜɧɨ (10.35), ɦɦ2, 

ܨ  = Ͳ,Ͳʹͺ͵ · ͸ͲͲ,͸Ͷ = ʹ,ͷ͹,                                                    
 
ɝɞɟ ρ - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ; ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɩɪɨ-
ɜɨɞɨɜ ߩ˃ˎ = Ͳ,Ͳʹͺ͵ ʝˏ · ˏˏమˏ ; 

ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2. 
Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ (10.36), Ɉɦ, 

ݎ˒  ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͸ͲͶ = Ͳ,ͶʹͶͷ.                                           
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Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (10.32), Ɉɦ, ݎଶ = Ͳ,ͲͶ + Ͳ,ͶʹͶͷ + Ͳ,ͳ = Ͳ,ͷ͸Ͷͷ.                    
 Ͳ,ͷ͸Ͷͷ < Ͳ,ͺ. 
 
 Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

10.4.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ 
ɇɇ Ƚɉɉ 

 
ȼ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌȾɇ 10000/35 ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌȼɅ–
ɋɗɓ–10-1000/5 [25]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 

ɉɨ ɧɚɩɪɹɠɟɧɢɸ (10.28) , ɤȼ, 
 ͳͲ = ͳͲ. 

 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ (10.29), Ⱥ, 
 ͺͲͺ,ʹͻ ൑ ͳͲͲͲ . 

 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ (10.30), А, 

 ͳ͵ͻ͵ͺ < ͶͲ.  
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 

(10.31) , ̱ Аଶ ∙ ˔, 
 ʹ,ͶͳͶ ൑ ͷͲଶ · ͵ = ͹ͷͲͲ.  

 
ɉɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ 
 

 Ɍɚɛɥɢɰɚ 28 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪɵ Ɍɢɩ ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼ∙Ⱥ 

Ⱥɦɩɟɪɦɟɬɪ  ɗ351 0,5 
ȼɚɬɬɦɟɬɪ Ⱦ365 0,5 
ȼɚɪɦɟɬɪ Ⱦ365 0,5 
ɂɬɨɝɨ:  1,5 

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ (10.33), Ɉɦ, 
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ݎ˒ ˓ˋ˄ = ͳ,ͷͷଶ = Ͳ,Ͳ͸.  
 
ɑɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɪɚɛɨɬɚɥ ɜ ɬɪɟɛɭɟɦɨɦ 

ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɭɫɥɨɜɢɟ (10.34): 
ݎ˒  ˓ˑ˅ = Ͳ,ͺ − Ͳ,Ͳ͸ − Ͳ,ͳ = Ͳ,͸Ͷ ʝˏ.               

 
Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɪɚɜɧɨ (10.35), ɦɦ2, 
ܨ  = Ͳ,Ͳʹͺ͵ · ͸ͲͲ,͸Ͷ = ʹ,͸ͷ.                                               
 
ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2. Ɉɧɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦɭ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ (10.36), Ɉɦ, 
ݎ˒  ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͸ͲͶ = Ͳ,ͶʹͶͷ.                                            
 
Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (10.32), Ɉɦ, 
ଶݎ  = Ͳ,Ͳ͸ + Ͳ,ͶʹͶͷ + Ͳ,ͳ = Ͳ,ͷͺ.                  
 Ͳ,ͷͺ < Ͳ,ͺ. 
 
Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
10.4.3 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɨɬɯɨɞɹ-

ɳɢɯ ɥɢɧɢɹɯ Ƚɉɉ ɢ Ɋɉ 10 ɤȼ 
 

ȼ ɜɵɛɪɚɧɧɵɟ ɹɱɟɣɤɢ ɄɊɍ ɋɗɓ–63 ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɧɚ ɨɬɯɨ-
ɞɹɳɟɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɨɩɨɪɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ 
ɌɈɅ–ɋɗɓ–10-150/5 ɍ2 [26]. ȼ ɤɚɱɟɫɬɜɟ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɨɜ ɬɨɤɚ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɚɦɩɟɪɦɟɬɪ ɢ ɫɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤ-
ɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɭɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɋɜɟɞɟɦ ɜ ɬɚɛ-
ɥɢɰɵ 29, 30 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɩɟɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ, ɩɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ ɬɨɤɚ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɰɟɩɟɣ ɢ ɩɪɨɜɟɪɤɭ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ 
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Ɍɚɛɥɢɰɚ 29 – ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ Ƚɉɉ ɢ 
Ɋɉ 10 ɤȼ 

ɍɱɚɫɬɨɤ 
Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ  Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ  

I ɪɚɛ.ɦɚɤɫ, 
Ⱥ 

I ɩɨ, ɤȺ Bɤ,ɤȺ2ɫ I ɧɨɦ1, 
Ⱥ 

iɞɢɧ, 
ɤȺ 

I ɬɟɪ, ɤȺ 𝑰˕ˈ˓૛ 𝒕˕ˈ˓,ɤȺ2ɫ 

Ƚɉɉ-Ɍɉ1 78,16 5,387 1,66 150 40 16 256 
Ƚɉɉ-Ɍɉ2 66,37 5,387 1,66 150 40 16 256 
Ƚɉɉ-Ɍɉ4 42,13 5,387 1,66 150 40 16 256 
Ƚɉɉ-Ɋɍ1 127,36 5,335 0,21 150 40 16 256 
Ƚɉɉ-Ɋɍ2 81,84 5,335 0,21 150 40 16 256 

 
Ɍɚɛɥɢɰɚ 30 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢ-
ɧɢɹɯ Ƚɉɉ ɢ Ɋɍ10 

Ɋɚɫɱɟɬɧɨɟ ɜɵɪɚɠɟɧɢɟ Ɋɟɡɭɥɶɬɚɬ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ (10.33), Ɉɦ ˒ݎ ˓ˋ˄ = ͳ,ͷͷଶ = Ͳ,Ͳ͸
 ɇɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɌɌ ɜ ɡɚɞɚɧɧɨɦ 

ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ (10.34), Ɉɦ ݖଶːˑˏ = ʹͲͷଶ = Ͳ,ͺ
 Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɩɨ (10.35), Ɉɦ ˒ݎ ˓ˑ˅ =0,8-0,06-0,1=0,64

 Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 
(10.36), Ɉɦ ݍ˓˃˔˚ = Ͳ,Ͳʹͺ͵ ∙ ͵,ͶͲ,͸Ͷ = Ͳ,ͳͷ, 
ɋɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ, ɦɦ2 4 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɩɨ 
(10.37), Ɉɦ ˒ݎ ˓ = ଶݎ = Ͳ,Ͳʹͺ͵ ∙ ͵,ͶͶ = Ͳ,ͲͶ 

ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ˒ˑ (10.32), Ɉɦ ݎଶ =0,06+0,04+0,1=0,2 
ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ (10.31) 0,2 < 0,8 

 
10.4.4 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɰɟɩɢ ɫɟɤ-

ɰɢɨɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 
 ȼ ɰɟɩɢ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɤ ɢɡɦɟɪɢɬɟɥɶɧɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ 
ɬɨɤɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɚɦɩɟɪɦɟɬɪ [3]. ɉɪɢɦɟɦ ɩɚɪɚɦɟɬɪɵ ɚɦɩɟɪɦɟɬɪɚ ɩɨ 
ɩ. 10.4.2. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɰɟɩɢ ɫɟɤɰɢɨɧ-
ɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 31. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɞɥɹ ɰɟɩɢ ɫɟɤɰɢ-
ɨɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɢɜɟɞɟɦ ɜ ɬɚɛɥɢɰɚɯ 32, 33. 

 
Ɍɚɛɥɢɰɚ 31 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɰɟɩɢ 
ɫɟɤɰɢɨɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ 
Ɂɧɚɱɟɧɢɟ 

ɌɈɅ-ɋɗЩ-
10 1000/5 

ɌɈɅ-ɋɗЩ-
10 150/5 

ɌɈɅ-ɋɗЩ-
10 100/5 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɨɦ, ɤȼ 10 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 
Uɧɚɢɛ.ɪɚɛ, ɤȼ 

12 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 31 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
ɇɚɢɦɟɧɨ-

ɜɚɧɢɟ ɩɚɪɚ-
ɦɟɬɪɚ 

Ɂɧɚɱɟɧɢɟ 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
I1ɧɨɦ, Ⱥ 

1000 150 100 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ 
I2ɧɨɦ, Ⱥ 

5 5 5 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɛɦɨɬɤɢ ɢɡɦɟɪɟ-
ɧɢɹ ɩɪɢ cosφ = 0,8S2ɧɨɦ, ȼȺ 

15 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ Iɬɟɪ, ɤȺ 40 16 10 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ 
(ɧɚɢɛɨɥɶɲɢɣ ɩɢɤ) iɞɢɧ, ɤȺ 

100 40 25 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ tɬɟɪ, ɫ 

1 

Ʉɥɚɫɫɵ ɬɨɱɧɨɫɬɢ (ɞɥɹ ɬɪɟɯ ɜɬɨɪɢɱɧɵɯ ɨɛ-
ɦɨɬɨɤ) 

0,2S 
0,2S 
10P 

 
Ɍɚɛɥɢɰɚ 32 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɰɟɩɢ ɫɟɤ-
ɰɢɨɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɍɱɚɫɬɨɤ Ɋɟɡɭɥɶɬɚɬ ɩɪɨɜɟɪɤɢ 

˖ܷ˔˕ ൑ ܷːˑˏ (10.28), ɤȼ 
ɋȼ Ƚɉɉ 10 = 10 
ɋȼ Ɋɉ-1 10 = 10 
ɋȼ Ɋɉ-2 10 = 10 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏሺͳͲ.ʹͻሻ , Ⱥ 
ɋȼ Ƚɉɉ ͺͲͺ,ͳͷ   < 500 
ɋȼ Ɋɉ-1 127,35 < 150 
ɋȼ Ɋɉ-2 81,84 < 100 ܤˍ ൑ 𝐼 ˈ˓ଶ ∙  ɤȺ2∙ɫ , (10.30) ˓ˈ˕ݐ
ɋȼ Ƚɉɉ 3,01 < 1600 
ɋȼ Ɋɉ-1 2,84 < 256 
ɋȼ Ɋɉ-2 2,84 < 100 𝐼 ˇ ൑ ݅ˇˋː (10.31), ɤȺ 
ɋȼ Ƚɉɉ 13,983 < 100 
ɋȼ Ɋɉ-1 13,58 < 40 
ɋȼ Ɋɉ-2 13,58 <25 

 
Ɍɚɛɥɢɰɚ 33 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɜ ɰɟɩɢ ɫɟɤɰɢɨɧ-
ɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

Ɋɚɫɱɟɬɧɨɟ ɜɵɪɚɠɟɧɢɟ Ɋɟɡɭɥɶɬɚɬ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ (10.33), Ɉɦ ˒ݎ ˓ˋ˄ = Ͳ,ͷͷଶ = Ͳ,Ͳʹ 

ɇɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɌɌ ɜ ɡɚɞɚɧɧɨɦ 
ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ (10.34), Ɉɦ ݖଶːˑˏ = ʹͲͷଶ = Ͳ,ͺ 

Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɩɨ (10.35), Ɉɦ ˒ݎ ˓ˑ˅ = Ͳ,͸ − Ͳ,Ͳʹ − Ͳ,ͳ = ͷ,ͳͺ 
Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 
(10.36), Ɉɦ ݍ˓˃˔˚ = Ͳ,Ͳʹͺ͵ · ͵,Ͷͷ,ͳͺ = Ͳ,ʹͳ 

ɋɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ, ɦɦ2 4 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 33 
Ɋɚɫɱɟɬɧɨɟ ɜɵɪɚɠɟɧɢɟ Ɋɟɡɭɥɶɬɚɬ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɩɨ 
(10.37), Ɉɦ ˒ݎ ˓ = Ͳ,Ͳʹͺ͵ · ͵,ͶͶ = Ͳ,ͲʹͶ 

ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ˒ˑ (10.32), Ɉɦ ݎଶ = 0,1 + 0,02 + 0,1 = 0,202 
ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ (10.31) 0,202 < 0,6 

 
ȼɵɛɪɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
10.5 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 
ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɨ-

ɧɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 100 ɢɥɢ100/√3 ȼ 
ɢ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɰɟɩɟɣ ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɨɬ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬ-
ɪɚɦ, 

1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
  ˖ܷ˔˕ ൑ ܷːˑˏ .                                                                                                ሺͳͲ.͵͹ሻ 
 
2) ɍɱёɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
3) ɉɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ 
4) ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟȼȺ, 
 ܵଶ ൑ ܵଶ ːˑˏ,                                                                                                  ሺͳͲ.͵ͺሻ 
 

ɝɞɟ Sɧɨɦ – ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɡɦɟɪɟɧɢɹ ɬɪɟɯɮɚɡɧɨɣ ɝɪɭɩɩɵ, ȼȺ 
(ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɨɛɦɨɬɨɤ ɨɞɧɨɮɚɡɧɵɯ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɚ)        ܵଶ- ɧɚɝɪɭɡɤɚ ɜɫɟɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ Ɍɇ, ɪɚɜ-
ɧɚɹ, ȼȺ, 

 ܵଶ = √∑ ܲ˒ ˓ˋ˄ଶ + ∑ ܳ˒˓ˋ˄ଶ ,                                                              ሺͳͲ.͵ͻሻ 
 

ɝɞɟ Pɩɪɢɛ, Qɩɪɢɛ- ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ Ɍɇ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ȼɬ( ɜɚɪ). 
 
10.5.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ȼɇ Ƚɉɉ 

 
ɉɨ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ Ƚɉɉ ɜɵɩɨɥɧɹɟɦ ɪɚɫɱɟɬ ɡɚ ɨɬɩɭɳɟɧɧɭɸ ɷɥɟɤɬɪɨ-

ɷɧɟɪɝɢɸ. ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɭɤɚɡɚɧɚ ɜ ɬɚɛ-
ɥɢɰɟ 34. 
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Ɍɚɛɥɢɰɚ 34 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɥɚɫɫ 
ɬɨɱɧɨ-

ɫɬɢ 

ɇɚɝɪɭɡɤɚ  

ȼɬ ɜɚɪ ȼȺ 

ȼɨɥɶɬɦɟɬɪ ɋȼ3021-100-3  0,2 7,5 - 7,5 
ȼɚɬɬɦɟɬɪ ɰɢɮɪɨɜɨɣ ɋɊ3021-5  0,5 7,5 - 7,5 
ȼɚɬɬɦɟɬɪ ɰɢɮɪɨɜɨɣ ɋɌ3021-5  0,5 7,5 - 7,5 
ɋɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɦɧɨɝɨɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɣ 

Ɋɟɫɭɪɫ-ȿ4-5-S-ɧ  0,2S 2 9,8 10 

ɂɬɨɝɨ:    24,5 9,8 26,39 
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɝɪɭɩɩɭ ɚɧɬɢɪɟɡɨɧɚɧɫɧɵɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɬɢɩɚ ɇȺɅɂ-ɋɗɓ-35[27]. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɬɪɟɯɮɚɡɧɨɣ ɝɪɭɩɩɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 35. 

 
Ɍɚɛɥɢɰɚ 35 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ 
ɇȺɅɂ-ɋɗɓ-35 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɇȺɅɂ–ɋɗЩ–35 
ɇɨɦɢɧɚɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ U1ɧɨɦ, 
ɤȼ 

35 

ɇɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ U1ɧɨɦ ɮ, 
ɤȼ 35/√͵ 

ɇɨɦɢɧɚɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ U2ɧɨɦ, 
ȼ 

100 

ɇɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ U2ɧɨɦ ɮ, ȼ 100/√͵ 
Ʉɥɚɫɫɵ ɬɨɱɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɨɛɦɨɬɨɤ 0,2; 0,5; 1,0; 3,0 

ɇɨɦɢɧɚɥɶɧɚɹ ɬɪɟɯɮɚɡɧɚɹ ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɡɦɟ-
ɪɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ S2ɧɨɦ, ȼȺ 

0,2 30 
0,5 75 
1,0 150 
3,0 450 

 
 ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɨ ɭɫɥɨɜɢɸ (10.37), ɤȼ, 
 

35 = 35. 
 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ ɩɪɢɫɨɟɞɢɧɹɟɦɵɯ ɢɡ-

ɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ – 0,2. 
ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ Ɍɇ ɩɨ (10.39), ȼȺ, 
 ܵଶ = √ʹͶ,ͷଶ + ͻ,ͺଶ = ʹ͸,͵ͻ, 
 

ɝɞɟ 24,5 ɢ 9,8 – ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ Ɍɇ ɩɨ ɬɚɛɥɢɰɟ 
34, ȼɬ ɢ ɜɚɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ ɭɫɥɨɜɢɸ (10.38), ȼȺ, 
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30> 26,39. 
 
ȼɵɛɪɚɧɧɚɹ ɬɪɟɯɮɚɡɧɚɹ ɝɪɭɩɩɚ Ɍɇ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵ-

ɛɨɪɚ. 
 
10.5.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ Ƚɉɉ 
 
ȼɬɨɪɢɱɧɭɸ ɧɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ ɬɟ ɠɟ ɩɪɢ-

ɛɨɪɵ, ɱɬɨ ɢ ɜ ɩ. 10.5.1, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɫɱɟɬɱɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɫɬɚɜɹɬɫɹ ɧɚ ɜɫɟɯ ɩɪɢɫɨɟɞɢɧɟɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ɇɇ, ɚ ɬɚɤɠɟ ɜɨ ɜɜɨɞɧɨɣ ɹɱɟɣɤɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ɍɚɤɠɟ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ ɧɚ ɤɚɠɞɭɸ ɫɟɤɰɢɸ ɫɬɚɜɢɬɫɹ ɨɞɢɧ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

ȼ ɹɱɟɣɤɢ ɄɊɍ-ɋɗɓ-70 ɜɫɬɪɨɟɧɚ ɬɪɟɯɮɚɡɧɚɹ ɝɪɭɩɩɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ-ɋɗɓ-10[28] ɢɯ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 37. 

 
Ɍɚɛɥɢɰɚ 36 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ 
Ʉɨɥ-
ɜɨ, 
ɲɬ 

Ɍɢɩ 
Ʉɥɚɫɫ 
ɬɨɱɧɨ-

ɫɬɢ 

ɇɚɝɪɭɡɤɚ ɮɚɡɵ, 
ȼȺ 

A B C 
ȼɨɥɶɬɦɟɬɪ 1 ɋȼ3021-100-3 0,2 7,5 - 7,5 
ȼɚɬɬɦɟɬɪ ɰɢɮɪɨɜɨɣ 5 ɋɊ3021-5 0,5 37,5 - 37,5 
ȼɚɬɬɦɟɬɪ ɰɢɮɪɨɜɨɣ 5 ɋɌ3021-5 0,5 37,5 - 37,5 
ɋɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɦɧɨɝɨɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɣ 

4 
Ɋɟɫɭɪɫ-ȿ4-5-S-

ɧ 
0,2S 8 39,2 40 

ɂɬɨɝɨ:    90,5 39,2 98,62 
  
Ɍɚɛɥɢɰɚ 37 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ 
ɇȺɅɂ-ɋɗɓ-10 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ U1ɧɨɦ, ɤȼ 10/√͵ 
ɇɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ U1ɧɨɦ ɮ, ɤȼ 10 
ɇɨɦɢɧɚɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ U2ɧɨɦ, ȼ 100 
ɇɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ U2ɧɨɦ ɮ, ȼ 100/3 
Ʉɥɚɫɫɵ ɬɨɱɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɨɛɦɨɬɨɤ 0,2; 0,5; 1,0; 3,0 

ɇɨɦɢɧɚɥɶɧɚɹ ɬɪɟɯɮɚɡɧɚɹ ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɡɦɟɪɟɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ S2ɧɨɦ, ȼȺ 

0,2 30 
0,5 100 
1,0 150 
3,0 450 

 
 ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɨ ɭɫɥɨɜɢɸ (10.37), ɤȼ,  

 
10 = 10. 
 
ɉɪɢɧɢɦɚɟɦ ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ Ɍɇ – 0,5.  
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ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ Ɍɇ ɩɨ (10.39), ȼȺ, 
 ܵଶ = √ͻͲ,ͷଶ + ͵ͻ,ʹଶ = ͻͺ,͸ʹ. 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ ɭɫɥɨɜɢɸ (10.38), ȼȺ, 
 
100 > 98,62. 
 
ȼɵɛɪɚɧɧɚɹ ɬɪɟɯɮɚɡɧɚɹ ɝɪɭɩɩɚ Ɍɇ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵ- 

-ɛɨɪɚ. 
 

10.6 ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ 
 

10.6.1 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 
 
ȼ ɈɊɍ 35 ɤȼ ɢ ɜɵɲɟ ɩɪɢɦɟɧɹɸɬɫɹ ɝɢɛɤɢɟ ɲɢɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɨɜɨ-

ɞɨɦ Ⱥɋ. ɋɨɝɥɚɫɧɨ ɉɍɗ ɫɛɨɪɧɵɟ ɲɢɧɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɨɲɢɧɨɜɤɚ ɜ ɩɪɟ-
ɞɟɥɚɯ, ɨɬɤɪɵɬɵɯ ɢ ɡɚɤɪɵɬɵɯ Ɋɍ ɜɫɟɯ ɧɚɩɪɹɠɟɧɢɣ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 
ɧɚɝɪɟɜɚ [18]. 

Ⱦɥɹ ɨɲɢɧɨɜɤɢ ɢ ɫɛɨɪɧɵɯ ɲɢɧ ɈɊɍ ɜɵɛɢɪɚɟɦ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɣ ɩɪɨ-
ɜɨɞ ɦɚɪɤɢ Ⱥɋ-70/11 ɫ ɞɨɩɭɫɬɢɦɨɣ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɨɣ 𝐼 ˑ˒ = ʹ͸ͷ А. 

ɉɪɨɜɟɪɤɚ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑ˒,                                                                                              ሺͳͲ.͸͵ሻ 

 ʹ͵Ͳ,ͻͶ < ʹ͸ͷ. 
 

ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɪɨɧɵ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɝɢɛɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɩɪɢ U=35 ɤȼ ɢ ɜɵɲɟ. [18, ɫ.191] 

ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ [18, ɫ.191-192]: 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤ-

ɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ, 
            ʔ଴ = ͵Ͳ,͵ ∙ ݉ ∙ ቆͳ + Ͳ,ʹͻͻ√ݎ଴ ቇ,                                                                  ሺͳͲ.͸Ͷሻ 

 
ɝɞɟ    – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨ-
ɜɨɞɚ (ɞɥɹ ɦɧɨɝɨɩɪɨɜɨɥɨɱɧɵɯ ɩɪɨɜɨɞɨɜ m=0,82), [18];  

ro – ɪɚɞɢɭɫ ɩɪɨɜɨɞɚ, ɫɦ, [18, ɫ.428]. 
  ʔ଴ = ͵Ͳ,͵ ∙ Ͳ,ͺʹ ∙ ቆͳ + Ͳ,ʹͻͻ√Ͳ,ͷ͹ቇ = ͵Ͷ,͸ͻ. 
 

m
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ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɪɚɫɳɟɩ-
ɥɟɧɧɨɝɨ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ,  

 

                                                                                  (10.65) 

 
ɝɞɟ    U – ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ;  
         – ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ,   

, (ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɮɚɡ) ɝɞɟ - ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɮɚɡɚɦɢ. Ⱦɥɹ 35 ɤȼ  D=44 ɫɦ [2]. 
 E = Ͳ,͵ͷͶ ∙ ͳ,Ͳͷ ∙ ͵ͷͲ,͹͸ ∙ lg ቀͳ,ʹ͸ ∙ ͶͶͲ,ͷ͹ ቁ = ͺ,͸.    
  
 ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɨɜɨɞɨɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨ E ɧɚ ɫɪɟɞɧɟɦ ɩɪɨɜɨɞɟ ɧɚ 
7% ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɤɪɚɣɧɢɯ ɩɪɨɜɨɞɚɯ. ɉɪɨɜɨɞɚ ɧɟ ɛɭɞɭɬ ɤɨɪɨɧɢɪɨɜɚɬɶ, ɟɫɥɢ 
ɧɚɢɛɨɥɶɲɚɹ E ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɥɸɛɨɝɨ ɩɪɨɜɨɞɚ ɧɟ ɛɨɥɟɟ 0,9∙E. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɭɫɥɨɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɤɨɪɨɧɵ,  
 

                                                                                      (10.66)  
 ͳ,Ͳ͹ ∙ ͺ,͸ = ͻ,ͺ͵ ൑ Ͳ,ͻ ∙ ͵Ͷ,͸ͻ = ͵Ͳ,Ͳ͵. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɜɨɞ Ⱥɋ-70/11 ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ. 
ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
Ɍɚɤ ɤɚɤ 𝐼 ˊКଵ˂ʹͲ ˍА, ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɪɹɬɶ ɝɢɛɤɢɟ ɲɢɧɵ ɧɚ 

ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ [18, ɫ.306]. 
ɉɪɨɜɟɪɤɭ ɧɚ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ɧɟ ɩɪɨɜɨɞɢɦ, ɬɚɤ ɤɚɤ ɲɢɧɵ 

ɜɵɩɨɥɧɟɧɵ ɝɨɥɵɦɢ ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ [18]. 
Ⱦɚɧɧɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
10.6.2 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 

 

Ɍɚɤ ɤɚɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ, ɬɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɠɟɫɬ-
ɤɚɹ ɨɲɢɧɨɜɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ. ɉɪɢ ɬɨɤɚɯ ɞɨ 3000 Ⱥ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɨɞɧɨ ɢ ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ [18]. 

ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɠɟɫɬɤɢɯ ɲɢɧ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ 
ɬɨɤɭ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬ ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ, ɧɨ 
ɢ ɩɪɢ ɩɨɫɥɟɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɜɨ ɜɪɟɦɹ ɪɟɦɨɧɬɨɜ, ɚ ɬɚɤɠɟ ɛɭɞɟɬ ɭɱɢɬɵ-
ɜɚɬɶɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ ɦɟɠɞɭ ɲɢɧɚɦɢ. 
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𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑ˒,                                                                                            ሺͳͲ.͸͹ሻ 
 ͺͲͺ,ʹͻ А ൑ ͺ͹Ͳ. 

 
 Ɍɚɛɥɢɰɚ 38 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɲɢɧɵ [3] 

Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ, Ⱥ Ɋɚɡɦɟɪɵ ɲɢɧɵ, ɦɦ ɋɟɱɟɧɢɟ ɲɢɧɵ, ɦɦ2 

870 60×6 360 
 
ɉɪɨɜɟɪɢɦ ɲɢɧɵ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ, 
 𝜗௞ ൑ 𝜗௞.ˇˑ˒ ˋˎˋ ݍ௠௜௡ ൑  ሺͳͲ.͸ͺሻ                                                                       ,ݍ
 

ɝɞɟ ݍ௠௜௡‒ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɦ2, 
௠௜௡ݍ  = ்ܥ௞ܤ√ = √͵,͵ʹͻͲ · ͳͲ−ଷ = ʹͲ,ʹͷ,                                                        ሺͳͲ.͸ͻሻ 
 ʹͲ,ʹͷ < ͵͸Ͳ. 
 
ɉɪɨɜɟɪɢɦ ɲɢɧɵ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ, 
 𝜎௠௔௫ ൑ 𝜎ˇˑ˒,                                                                                                ሺͳͲ.͹Ͳሻ 
 

ɝɞɟ 𝜎˓˃˔˚ – ɪɚɫɱɟɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ, ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ 
ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ; 𝜎ˇˑ˒ – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ ɦɚɬɟɪɢɚɥɚ ɲɢɧ. 

ɇɚɢɛɨɥɶɲɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɲɢɧɵ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɢɦ 
ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ, ɇ/ɦ, 

 ݂ሺଷሻ = √͵ ∙ ͳͲ−଻ ∙ ሺ݅˖ˇሺଷሻሻଶܽ = √͵ ∙ ͳͲ−଻ ∙ ሺͳ͵,ͻͶͺ ∙ ͳͲଷሻଶͲ,ʹͷ = ͳ͵Ͷ,͹ͺ, ሺͳͲ.͹ͳሻ 

 
ɝɞɟ ݅˖ˇ = ͳ͵,ͻͶͺ ∙ ͳͲଷ– ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ, Ⱥ;  
     - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ (1/3 ɲɢɪɢɧɵ ɲɤɚɮɚ ɄɊɍ), ɦ; 

ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ ɩɥɚɲɦɹ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɜɟɧ, ɫɦ3, 
 ܹ = ܾଶ ∙ ℎ͸ = ͸ଶ · Ͳ,͸͸ = ͵,͸ ,                                                                  ሺͳͲ.͹ʹሻ 
 
ɝɞɟ ܾ = Ͳ,͸ ˔ˏ; ℎ = ͸ ˔ˏ, 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɟɬɚɥɥɟ ɲɢɧɵ, ɤɨɬɨɪɨɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡ-

ɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ, Ɇɉɚ, 

0,25a 
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𝜎௠௔௫ = ݂ሺଷሻ ∙ ݈ଶͳͲ ∙ ܹ = ͳ͵Ͷ,͹ͺ ∙ Ͳ,͹ͷଶͳͲ ∙ ͵,͸ = ʹ,ͳͳ ,                                        ሺͳͲ.͹͵ሻ 

 
ɝɞɟ ݈ = Ͳ,͹ͷ, ɞɥɢɧɚ ɩɪɨɥɟɬɚ, ɪɚɜɧɚɹ ɲɢɪɢɧɟ ɹɱɟɣɤɢ ɄɊɍ, ɦ. 

Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (41 - 48) Ɇɉɚ [18, 
ɫ.181], 

 ʹ,ͳͳ ൑ Ͷͳ. 
 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ. 

 
10.7 ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ 

 
10.7.1 ȼɵɛɨɪ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 

 
Ɉɩɨɪɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ 

ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹɰɢɢ ɢ 
ɤɪɟɩɥɟɧɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ.  

ɇɚ ɫɬɨɪɨɧɟ 35 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɢɡɨɥɹɬɨɪɵ ɈɋɄ3-35 ɍɏɅ1 [29]. 
Ɉɩɨɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɩɪɨɜɟɪɹɸɬ ɩɨ ɭɫɥɨɜɢɹɦ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
 ˖ܷ˔˕ ൑ ܷːˑˏ,                                                                                                ሺͳͲ.͹Ͷሻ 
 ͵ͷ = ͵ͷ . 
 
ɉɨ ɧɚɝɪɭɡɤɟ, ɇ,  
ܨ˓  ˃˔˚ ൑ ܨ̌ ˑ˒ ,                                                                                                ሺͳͲ.͹ͷሻ 
 
ɝɞɟ ˓ܨ ˃˔˚ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ;  
ܨ̌       ˑ˒ – ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ: Fɞɨɩ = 0,6Fɪɚɡɪ; 
ܨ˓       ˃ˊ˓ – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ. 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ, ɇ, 
ܨ˓  ˃˔˚ = √͵ ∙ ݅௬ଶܽ ∙ ݈ ∙ ͳͲ−଻ = √͵ ∙ ͳͶͶͶͻଶͲ,͵ ∙ Ͳ,͹ͷ ∙ ͳͲ−଻ = ͻͲ,Ͷͷʹ,   ሺͳͲ.͹͸ሻ 

 ͻͲ,Ͷͷʹ < Ͳ,͸ · ͷͲͲͲ = ͵ͲͲͲ . 
 
Ⱦɚɧɧɵɟ ɢɡɨɥɹɬɨɪɵ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

77 

Лист 
     

     

10.7.2 ȼɵɛɨɪ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 
 

ɀɟɫɬɤɢɟ ɲɢɧɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɚɯ. ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪ 
ɬɢɩɚ ɈɋɄ 2-10-2 ɍɏɅ1 [30] ɨɩɨɪɧɵɣ ɫɬɟɪɠɧɟɜɨɣ ɫ ɦɚɬɟɪɢɚɥɨɦ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɢɡɨɥɹɰɢɨɧɧɨɣ ɱɚɫɬɢ ɢɡ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɪɟɡɢɧɵ ɫ ɪɚɡɪɭɲɚɸ-
ɳɟɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɢɡɝɢɛ Fɪɚɡɪ=2 ɤɇ. ȼɵɛɨɪ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸ-
ɳɢɦ ɭɫɥɨɜɢɹɦ: 

ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
 

                                                                                                    (10.77) 

 
10<10. 
 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ, ɇ, 
 

                                                                                                    (10.78) 

 
ɝɞɟ Fɪɚɫɱ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ; Fɞɨɩ – ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨ-
ɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ. 
 

 
 

ɝɞɟ Fɪɚɡɪ – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ. 
 

ܨ̌  ˑ˒ = Ͳ,͸ ∙ ʹͲͲͲ = ͳʹͲͲ, 
 

ܨ˓ (10.79)                                                                                   ˃˔˚ = √͵ ∙ ͳͲ−଻ ∙ ሺͳ͵,ͻͺ͵ ∙ ͳͲଷሻଶ ∙ Ͳ,͹ͷͲ,ʹͷ = ͳͲͳ,͸, 
 ͳͲͳ,͸ < ͳʹͲͲ – ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
10.7.3 ȼɵɛɨɪ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɇɇ 10 ɤȼ 

 
ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪɵ ɂɉ-10/1600-7,5 ɍɏɅ1 (ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ 

ɧɚ ɢɡɝɢɛ ɪɚɜɧɚ 7,5 ɤɇ) [31]. ɂɡɨɥɹɬɨɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹɰɢɢ ɢ ɫɨ-
ɟɞɢɧɟɧɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɨ-
ɟɞɢɧɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢɥɢ ɥɢɧɢɹɦɢ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 

,ɭɫɬ ɧɨɦU U

,ɪɚɫɱ ɞɨɩF F

0,6 ;ɞɨɩ ɪɚɡɪF F 

2
2 73 10 ,ɭɞ

ɪɚɫɱ

i l
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a
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ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨ-
ɜɢɹɦ: 

ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

                                                                                                    (10.80) 

 
10<10. 
 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
 

                                                                                                 (10.81) 

 
808,29 <1600. 

 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ, ɤɇ: 
 

                                                                                                    (10.82) 

ܨ̌  ˑ˒ = Ͳ,͸ ∙ ͹ͷͲͲ = ͶͷͲͲ . 
 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɨɩɨɪɧɵɣ ɢɡɨɥɹɬɨɪ: 
 

                                                                                            (10.83) 

ܨ˓ (10.84)                                                                                   ˃˔˚ = √͵ ∙ ሺଵଷ,ଽ଼ଷ∙ଵ଴యሻమ∙଴,଻ହ଴,ଶହ ∙ ͳͲ−଻ = ͳͲͳ,͸. 
 ͳͲͳ,͸ < ͶͷͲͲ– ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
10.8 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) 

 

10.8.1 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ 
ȼɇ 35 ɤȼ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

- ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ Ɉɉɇ, Iɤɡ=9,373 
ɤȺ  
- ɪɚɣɨɧ ɩɨ ɡɚɝɪɹɡɧɟɧɢɸ II . 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɉɉɇ: 

,ɭɫɬ ɧɨɦU U

. ,ɪɚɛ ɦɚɤɫ ɧɨɦI I

,ɪɚɫɱ ɞɨɩF F

0,5 ,ɪɚɫɱ ɮF f l  
2

2 73 10 ,ɭɞ
ɪɚɫɱ
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1) ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ 
[31], 
 

 / Kɧɪɨ ɧɫ tU U ,                                                                                              ሺͳͲ.ͺͷሻ 
 
ɝɞɟ ɧɫU  - ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ; tK  - ɨɬɧɨɲɟɧɢɟ ɞɨɩɭ-
ɫɬɢɦɨɝɨ ɞɥɹ Ɉɉɇ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ t, 
ɤ ɧɚɢɛɨɥɶɲɟɦɭ ɪɚɛɨɱɟɦɭ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɝɪɚɮɢɤɨɜ [31]. 

ɉɪɢɧɢɦɚɟɦ 1,4tK  . 
ɇɚɯɨɞɢɦ ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫ ɩɹɬɢɩɪɨɰɟɧɬɧɵɦ ɡɚ-

ɩɚɫɨɦ, [31] ɤȼ, 
 ܷː˔ = ͳ,Ͳͷ ∙ ͶͲ,ͷ = Ͷʹ,ͷʹͷ. 

 
ȼɵɛɢɪɚɟɦ Ɉɉɇ-ɍ 35/38,5/10/550ɍɏɅ1 ɮɢɪɦɵ ɌɈɈ “Ɍɚɜɪɢɞɚ ɗɥɟɤ-

ɬɪɢɤ”, 
 ͵ͺ,ͷ > Ͷʹ,ͷʹͷͳ,Ͷ  

 ͵ͺ,ͷ > ͵Ͳ,͵͹ͷ. 
 

2) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ [31]: 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɪɵɜɚ ɩɨɤɪɵɲɤɢ Ɉɉɇ ɩɪɢ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦ ɩɨ-

ɜɪɟɠɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɧɨɪɦɢɪɭɟɦɵɣ ɬɨɤ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɝɪɚ-
ɧɢɱɢɬɟɥɹ ɜɛI ɧɚ 15-20% ɩɪɟɜɵɲɚɥ ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɬɨɤɨɜ ɄɁ, ɨɩɪɟɞɟɥɹɟɦɵɣ 
ɞɥɹ ɬɨɱɤɢ ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ 20ɜɛI ɤА  [31], 
 

(1,15 1,2)ɜɛ КɁI I   ,                                                                                      ሺͳͲ.ͺ͸ሻ 
 ʹͲ ൒ ͳ,ʹ ∙ ͻ,͵͹͵, 

 ʹͲ ൒ ͳͳ,ʹͶ. 
 

1) ɩɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ ɧɚ ɞɚɧ-
ɧɵɣ ɤɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɨɜɟɪɹɟɬɫɹ. 

2) ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ, ɤȼ, 
 

. / (1,15 1,2)ɨɫɬ ɤ ɤɢU U  ,                                                                                ሺͳͲ.ͺ͹ሻ 
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ɝɞɟ ɤɢU  - ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɞɥɹ 
ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɤȼ; .ɨɫɬ ɤU  - ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ 
ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɤȼ. 
Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ . 95ɨɫɬ ɤU ɤВ  [31]. 
 

502ɤɢ ɂ К ɂСПU K K U    ,                                                                             ሺͳͲ.ͺͺሻ 
 
ɝɞɟ ɂK  - ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɩɭɥɶɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɩɪɨɱɧɟɧɢɟ ɢɡɨɥɹɰɢɢ 

ɩɪɢ ɞɟɣɫɬɜɢɢ ɤɨɪɨɬɤɨɝɨ ɢɦɩɭɥɶɫɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɞɧɨɦɢ-
ɧɭɬɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ; КK  - ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɦɭɥɹɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɦɧɨɝɨɤɪɚɬɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɟ ɫɬɚɪɟɧɢɟ ɢɡɨɥɹ-
ɰɢɢ; 50ɂСПU  - ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤȼ 
[32]. 
 

1,35ɂK  ; 0,9КK  , 
 

1,35 0,9 2 85 146,05ɤɢU      , 
 

95 146,05/1,2 , 
 
95 121,71 . 
 
ȼɵɛɟɪɟɦ ɞɥɢɧɭ ɩɭɬɢ ɭɬɟɱɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ ɢ ɟɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥ-

ɧɟɧɢɟ.  
ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚ-

ɬɟɝɨɪɢɢ II , ɫɥɟɞɨɜɚɬɟɥɶɧɨ  ɞɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2,00 
ɫɦ/ɤȼ ɢɥɢ  2 / 40,5 81ɫɦ ɤВ ɤВ ɫɦ  . Ⱦɥɹ Ɉɉɇ-ɍ 35/38,5/10/550 ɍɏɅ1 ɦɢɧɢ-
ɦɚɥɶɧɚɹ ɞɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ 86,6ɭɬL ɫɦ . 

 
81 86,6  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɍɏɅ, ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ 1. 
Ɉɝɪɚɧɢɱɢɬɟɥɶ ɦɚɪɤɢ Ɉɉɇ-ɍ 35/38,5/10/550 ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
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10.8.2 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ 
ɇɇ 10 ɤȼ 
 

Ɉɉɇ-ɉ-10/12,0/10/550- ɍɏɅ1  [31] – ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɚɞɟɠɧɨɣ 
ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɟɬɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ ɫ ɢɡɨɥɢɪɨ-
ɜɚɧɧɨɣ ɢɥɢ ɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ. ɂɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɞɥɹ ɧɚɪɭɠɧɨɣ 
ɢ ɜɧɭɬɪɟɧɧɟɣ ɭɫɬɚɧɨɜɤɢ (ɍɏɅ 1 ɢ 2 ɩɨ ȽɈɋɌ15150). ȼɫɬɪɚɢɜɚɸɬɫɹ ɜ ɄɊɍ 
ɋɗɓ-63. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɉɉɇ: 
 

ɚ) ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ 
[31], 
 

 / Kɧɪɨ ɧɫ tU U ,                                                                                              ሺͳͲ.ͺͻሻ 
 
ɝɞɟ ɧɫU  - ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ; tK  - ɨɬɧɨɲɟɧɢɟ ɞɨɩɭ-
ɫɬɢɦɨɝɨ ɞɥɹ Ɉɉɇ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ t, 
ɤ ɧɚɢɛɨɥɶɲɟɦɭ ɪɚɛɨɱɟɦɭ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɝɪɚɮɢɤɨɜ [31]. 

ɉɪɢɧɢɦɚɟɦ 1,4tK  . 
ɇɚɯɨɞɢɦ ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫ ɩɹɬɢɩɪɨɰɟɧɬɧɵɦ ɡɚ-

ɩɚɫɨɦ, [32] ɤȼ, 
 ܷː˔ = ͳ,Ͳͷ ∙ ͳͳ,ͷ = ͳʹ,Ͳ͹ͷ, 

 ͳʹ > ͳʹ,Ͳ͹ͷͳ,Ͷ  

 ͳʹ > ͺ,͸ʹͷ. 
 

1) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ [31]: 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɪɵɜɚ ɩɨɤɪɵɲɤɢ Ɉɉɇ ɩɪɢ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦ ɩɨ-

ɜɪɟɠɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɧɨɪɦɢɪɭɟɦɵɣ ɬɨɤ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɝɪɚ-
ɧɢɱɢɬɟɥɹ ɜɛI ɧɚ 15-20% ɩɪɟɜɵɲɚɥ ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɬɨɤɨɜ ɄɁ, ɨɩɪɟɞɟɥɹɟɦɵɣ 
ɞɥɹ ɬɨɱɤɢ ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ Iɜɞ =10 ɤȺ[31]. 
 

(1,15 1,2)ɜɛ КɁI I   ,                                                                                      ሺͳͲ.ͻͲሻ 
 ͳͲ ൒ ͳ,ʹ ∙ ͷ,Ͷͻ͵, 

 ͳͲ ൒ ͸,ͷͻͳ. 
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2) ɩɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ ɧɚ ɞɚɧ-
ɧɵɣ ɤɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɨɜɟɪɹɟɬɫɹ. 

3) ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ: 
 

. / (1,15 1,2)ɨɫɬ ɤ ɤɢU U  ,                                                                                ሺͳͲ.ͻͳሻ 
 
ɝɞɟ ɤɢU  - ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɞɥɹ ɡɚɳɢ-
ɳɚɟɦɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɤȼ; .ɨɫɬ ɤU  - ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢ-
ɱɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɤȼ. 

Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ Uɨɫɬ.ɤ =30,9 ɤȼ  [31]. 
 

502ɤɢ ɂ К ɂСПU K K U    ,                                                                             ሺͳͲ.ͻʹሻ 
 
ɝɞɟ ɂK  - ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɩɭɥɶɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɩɪɨɱɧɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɤɨɪɨɬɤɨɝɨ ɢɦɩɭɥɶɫɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɞɧɨɦɢɧɭɬ-
ɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ; КK  - ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɦɭɥɹɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɧɨ-
ɝɨɤɪɚɬɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɟ ɫɬɚɪɟɧɢɟ ɢɡɨɥɹɰɢɢ; 

50ɂСПU  - ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤȼ [31]. 
 

1,35ɂK  ; 0,9КK  , 
 ܷˍˋ = ͳ,͵ͷ ∙ Ͳ,ͻ ∙ √ʹ ∙ ͵ͷ=60,14, 
            ͵Ͳ,ͻ ൑ ͸Ͳ,ͳͶͳ,ʹ  

 ͵Ͳ,ͻ ൑ ͷͲ,ͳʹ. 
 
4) ȼɵɛɟɪɟɦ ɞɥɢɧɭ ɩɭɬɢ ɭɬɟɱɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ ɢ ɟɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫ-

ɩɨɥɧɟɧɢɟ.  
ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚ-

ɬɟɝɨɪɢɢ II , ɫɥɟɞɨɜɚɬɟɥɶɧɨ  ɞɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2 ɫɦ/ɤȼ 
ɢɥɢ ʹͶ,ͳͷ ˔ˏ. Ⱦɥɹ Ɉɉɇ-ɉ-10/12,0/10/550- ɍɏɅ1  ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɩɭɬɢ 
ɭɬɟɱɤɢ Lɭɬ=29 ɫɦ. 

 ʹͶ,ͳͷ ൑ ʹͻ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɍɏɅ, ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ 1. 
Ɉɝɪɚɧɢɱɢɬɟɥɶ ɦɚɪɤɢ Ɉɉɇ-ɉ-10/12,0/10/550- ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ 
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10.9 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 

Ⱦɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ.ɧ. ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɜɫɟɯ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪ-
ɧɵɯ ɩɨɞɫɬɚɧɰɢɹɯ 35-750 ɤȼ. [18]. Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɧɚɝɪɭɡɤɚɦ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɝɪɭɡɤɢ ɢ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨɫɬɢ. 

ɇɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞ-
ɫɬɚɧɰɢɣ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɬɢɜɧɵɟ ɰɟɩɢ, ɫɢɫɬɟɦɚ ɫɜɹɡɢ, ɬɟɥɟɦɟɯɚɧɢɤɢ, ɚɜɚɪɢɣ-
ɧɨɟ ɨɫɜɟɳɟɧɢɟ, ɫɢɫɬɟɦɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɟɜɟɥɢɤɚ, ɩɨɷɬɨɦɭ ɨɧɢ 
ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ ɫɟɬɢ 380/220 ȼ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬ ɩɢɬɚɧɢɟ ɨɬ ɩɨɧɢɠɚɸ-
ɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 
ɩɨɞɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. [18] 

ɇɚ ɉɋ ɧɚɩɪɹɠɟɧɢɟɦ 35 ɤȼ (ɤɪɨɦɟ ɨɬɩɚɟɱɧɵɯ ɢ ɬɭɩɢɤɨɜɵɯ) ɢ ɜɵɲɟ 
ɞɨɥɠɧɚ ɩɪɢɦɟɧɹɬɶɫɹ ɫɢɫɬɟɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɫɢɫɬɟɦɚ ɈɉɌ, 
ɋɈɉɌ) ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. ɒɢɧɵ 0,4 ɤȼ ɫɟɤɰɢɨɧɢɪɭɸɬɫɹ.  

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɩɢɬɚɸɳɢɯ ɲɢɧɵ 0,4 
ɤȼ, ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɝɪɭɡɤɚɦɢ ɜ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚ-
ɛɨɬɵ ɉɋ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɢɯ ɡɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɧɭɠɞ ɫ ɇɇ 0,4 ɤȼ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 630 ɤȼȺ. [ɇɌɉ] 

Ⱦɥɹ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
(Ɍɋɇ) ɞɥɹ ɩɨɞɫɬɚɧɰɢɣ ɫ ɞɜɭɦɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɬɢɩɚ ɌȾɇɋ-10000/35 
ɨɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [18], ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧ-
ɧɵɯ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ. 

 
Ɍɚɛɥɢɰɚ 39 – ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɉɉ  

ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ P, ɤȼɬ cosφ, ɨ.ɟ. Ʉɨɥ-ɜɨ 
ɇɚɝɪɭɡɤɚ 

P, ɤȼɬ Q, ɤȼɚɪ 

Ɉɯɥɚɠɞɟɧɢɟ ɌȾɇɋ– 10000/35 1,5 1 2 3 - 
ɉɨɞɨɝɪɟɜ, ɨɫɜɟɳɟɧɢɟ ɢ ɜɟɧɬɢɥɹ-
ɰɢɹ ɲɤɚɮɚ ɄɊɍ 

4 1 6 24 – 

Ɉɬɨɩɥɟɧɢɟ, ɨɫɜɟɳɟɧɢɟ, ɜɟɧɬɢɥɹ-
ɰɢɹ ɁɊɍ 10 ɤȼ 

6 1 1 6 - 

Ɉɫɜɟɳɟɧɢɟ ɈɊɍ 35 ɤȼ 2 1 1 2 -  
ɉɨɞɡɚɪɹɞɧɨ-ɡɚɪɹɞɧɵɣ ɚɝɪɟɝɚɬ 
ȼȺɁɉ 

20,8 1 2 40,16 - 

ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ ɪɚɡɴɟɞɢɧɢɬɟ-
ɥɟɣ ɊȽɉ-35 

1 1 8 8 - 

Ɉɬɨɩɥɟɧɢɟ ɢ ɨɫɜɟɳɟɧɢɟ  Ɉɉɍ 6 1 1 6 - 
ɂɬɨɝɨ:    86,16 - 

 
ȼ ɭɱɟɛɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ cos 𝜑 = Ͳ,ͺͷ. [18]. 
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Ɍɨɝɞɚ ɪɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ, ̱ ʑ ∙ А [18], 
 S˓˃˔˚ = kc ∙ √P̝ .ː.ଶ + Q˔.ː.ଶ = kc ∙ P̝ .ː.cos φ,                                                 ሺͳͲ.ͻ͵ሻ 
 
ɝɞɟ ݇𝑐 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɞɧɨɜɪɟ-

ɦɟɧɧɨɫɬɢ ɢ ɡɚɝɪɭɡɤɢ. ȼ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɪɚɫɱёɬɚɯ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ݇𝑐 =Ͳ,ͺͲ [18]. 
 S˓˃˔˚ = Ͳ,ͺͲ ∙ ͺ͸,ͳ͸Ͳ,ͺͷ = ͺͳ,Ͳͻ  ˍʑ ∙ А. 
 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɢ ɞɜɭɯ Ɍɋɇ ɧɚ ɩɨɞ-

ɫɬɚɧɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 ܵːˑˏ.˕˔ː ൒ ܵ˓˃˔˚݇˒ˆ = ͺͳ,Ͳͻͳ,Ͷ = ͸͹,ͻ͹ ˍʑ ∙ А,                                             ሺͳͲ.ͻͶሻ 

 
ɝɞɟ  ݇˒ˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɩɪɢɧɢɦɚɟɬɫɹ  ͳ,Ͷ 
[18]. 

Ȼɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɪɚɜɧɨ 63 ɤȼ∙Ⱥ. 
ȼɵɛɢɪɚɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɅ– 63/10 [32]. 
 

Ɍɚɛɥɢɰɚ 40 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɅ– 63/10 

ɧɨɦS ,ɤȼ∙Ⱥ ВНU ,ɤȼ ННU ,ɤȼ 
ku ,% ɯP , ɤȼɬ kP , ɤȼɬ ɯI % 

63 10 0,4 4 0,3 1,28 2 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɚ: 
 kˊ = S˓˃˔˚n˕˔ː ∙ Sːˑˏ.˕˔ː ,                                                                                    ሺͳͲ.ͻͷሻ 
 

ɝɞɟ n˕˔ː – ɱɢɫɥɨ Ɍɋɇ. 
 kˊ = ͺͳ,Ͳͻ ʹ ∙ ͸͵ = Ͳ,͸Ͷ. 
 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ (0,6 - 0,7). ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɡɚɞɚɧɧɵɣ ɞɢɚɩɚɡɨɧ. 

ɉɪɨɜɟɪɢɦ ɟɝɨ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ: 
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k˃˅ = S˓˃˔˚ሺn˕˔ː − ͳሻ ∙ Sːˑˏ.˕˔ː = ͺͶ,ͻ͸ ሺʹ − ͳሻ ∙ ͸͵ = ͳ,ʹͻ.                          ሺͳͲ.ͻ͸ሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 1,4, 
 ͳ,ʹͻ < ͳ,Ͷ. 
 

Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
ɇɚ ɉɋ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɩɟɪɚɬɢɜɧɵɦ ɬɨɤɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧ-

ɧɵɯ ɧɭɠɞ ɞɨɥɠɧɵ ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɱɟɪɟɡ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɢ 
ɤ ɲɢɧɚɦ Ɋɍ 6-35 ɤȼ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɷɬɢɯ Ɋɍ ɤ ɨɛɦɨɬɤɟ ɇɇ ɨɫɧɨɜɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. [18] 

 

 
Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɫ ɨɩɟɪɚ-

ɬɢɜɧɵɦ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ 
 

ɇɚ ɩɨɞɫɬɚɧɰɢɹɯ ɫ ɜɵɫɲɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 35-110 ɤȼ ɩɪɢɦɟɧɹɸɬ ɨɞɧɭ 
ȺȻ, ɚ ɬɚɤɠɟ ɡɚɪɹɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ȼ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜɫɸ ɧɚɝɪɭɡɤɭ ɩɨ-
ɤɪɵɜɚɟɬ ɡɚɪɹɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɚ ɜ ɚɜɚɪɢɣɧɨɦ ɢɞɟɬ ɨɬ ȺȻ. ɑɢɫɥɨ ɚɤɤɭɦɭɥɹ-
ɬɨɪɨɜ ɜ ɛɚɬɚɪɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟ-
ɠɢɦɟ ɩɨɞɡɚɪɹɞɚ, ɤɨɬɨɪɨɟ ɩɪɟɜɵɲɚɟɬ ܷɧɨɦ = 220 ȼ ɧɚ 5% ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɨ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɲɬ, 

 𝑁 = ʹ͵ͳʹ,ʹ = ͳͲͷ.                                                                                         ሺͳͲ.ͻ͹ሻ 
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Ɋɢɫɭɧɨɤ 11 − ɉɪɢɦɟɪɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɜ 

ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɹɯ 
 

ɇɚ ɞɚɧɧɨɦ ɝɪɚɮɢɤɟ ɩɟɪɢɨɞ − ɷɬɨ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚɝɪɭɡɤɚ 
ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɫɟɤɰɢɹ − ɷɬɨ ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɚɜɚɪɢɣɧɨɣ ɧɚɝɪɭɡɤɢ ɞɨ 
ɤɨɧɰɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɢɨɞɚ. Ʉɚɠɞɨɦɭ ɩɟɪɢɨɞɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɢ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɷɬɨɬ 
ɬɨɤ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ёɦɤɨɫɬɶ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ ɮɨɪɦɭɥɟ, 
 ܳ˕ = ∑ሺܣ௡ − ௡−ଵሻܣ ∙  ሺ௡−ଵሻ−௡,                                                            ሺͳͲ.ͻͺሻ்ܭ
 
ɝɞɟ ்ܭ −ɤɨɷɮɮɢɰɢɟɧɬ ɟɦɤɨɫɬɢ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɪɢɫɭɧɤɭ 11;      
       A − ɬɨɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɢɨɞɚ, Ⱥ. 

 

 
Ɋɢɫɭɧɨɤ 12 −ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ்ܭ ɚɤɤɭɦɭɥɹɬɨɪɨɜ 

 
ȿɫɥɢ ɬɨɤ ɩɟɪɢɨɞɚ n ɛɨɥɶɲɟ ɬɨɤɚ ɩɟɪɢɨɞɚ n-1, ɬɨ ɟɦɤɨɫɬɶ ɫɟɤɰɢɢ n 

ɹɜɥɹɟɬɫɹ ɧɚɨɢɛɨɥɶɲɟɣ ɢ ɪɚɫɱɟɬ ɞɥɹ ɫɟɤɰɢɢ n-1 ɧɟ ɩɪɨɜɨɞɢɬɫɹ.   
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɟɦɤɨɫɬɶ ɫɟɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɟɦɤɨɫɬɶ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ɇɟɨɛɯɨɞɢɦɚɹ ɟɦɤɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɦɧɨɠɟɧɢɟɦ ɪɚɫɱɟɬɧɨɣ ɟɦɤɨɫɬɢ ɧɚ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ ɷɥɟɤɬɪɨɥɢɬɚ, ɚ ɬɚɤɠɟ ɧɚ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ 
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ɫɬɚɪɟɧɢɟ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɪɚɜɧɵɣ 1,25 ɢ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɧɟɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɨɜ, ɩɪɢɧɢɦɚɟɦɵɣ 1,15 [33]. Ɋɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 
41. 

Ɍɨɤɢ ɩɟɪɢɨɞɨɜ, Ⱥ, 
ଵܣ  = 𝐼ଵ + 𝐼ଶ = ͶͲ + ʹͺͲ = ͵ʹͲ,                                                           ሺͳͲ.ͻͻሻ 

ଶܣ  = 𝐼ଵ + 𝐼ଷ = ͶͲ + ͸Ͳ = ͳͲͲ,                                                           ሺͳͲ.ͳͲͲሻ 

ଷܣ  = 𝐼ଵ + 𝐼ଷ + 𝐼ସ + 𝐼ହ = ͶͲ + ͸Ͳ + ͳͲͲ + ͺͲ = ʹͺͲ,                  ሺͳͲ.ͳͲͳሻ 

ସܣ  = 𝐼ଵ + 𝐼ଷ + 𝐼ସ = ͶͲ + ͸Ͳ + ͳͲͲ = ʹͲͲ,                                     ሺͳͲ.ͳͲʹሻ 

ହܣ  = 𝐼ଵ = ͶͲ,                                                                                            ሺͳͲ.ͳͲ͵ሻ 

଺ܣ  = 𝐼ଵ + 𝐼଺ = ͶͲ + ͺͲ = ͳʹͲ.                                                           ሺͳͲ.ͳͲͶሻ 
 

Ɍɚɛɥɢɰɚ 41 – Ɋɚɫɱɟɬ ёɦɤɨɫɬɢ ȺɄȻ 

ɉɟɪɢ
ɨɞɵ 

Ɍɨɤɢ, Ⱥ Ɋɚɡɧɨɫɬɶ ɬɨɤɨɜ, 
Ⱥ 

ɉɪɨɞɨɥ
ɠɢɬɟɥɶ
ɧɨɫɬɶ 

ɩɟɪɢɨɞɨ
ɜ, ɦɢɧ 

ȼɪɟɦɹ ɞɨ 
ɤɨɧɰɚ 

ɫɟɤɰɢɢ, 
ɦɢɧ 

𝑲ࢀ Q, Ⱥ∙ɱ 

ɋɟɤɰɢɹ 1−ɬɨɥɶɤɨ ɩɟɪɜɵɣ ɩɟɪɢɨɞ 

ଵܣ 1 = ͵ʹͲ ܣଵ − Ͳ = ͵ʹͲ 1 1 0,77 ͵ʹͲ ∙ Ͳ,͹͹ == ʹͶ͸,ʹ 
ɋɟɤɰɢɹ 2−ɉɟɪɜɵɟ ɞɜɚ ɩɟɪɢɨɞɚ. Ɍɚɤ ɤɚɤ ܣଷ >  .ଶ, ɬɨ ɩɟɪɟɯɨɞɦ ɤ ɫɟɤɰɢɢ 3ܣ

ɋɟɤɰɢɹ 3−ɩɟɪɜɵɟ ɬɪɢ ɩɟɪɢɨɞɚ 
1 
2 
3 
 

ଵܣ = ͵ʹͲ ܣଶ = ͳͲͲ ܣଷ = ʹͺͲ 

ଵܣ − Ͳ = ͵ʹͲ ܣଶ − ଵܣ = −ʹʹͲ ܣଷ − ଶܣ = ͳͺͲ 

1 
29 
30 
 

1+29+30=60 
29+30=59 

30 

2 
2 

1,44 

͵ʹͲ ∙ ʹ = ͸ͶͲ 
-440 
259,2 

ɂɬɨɝɨ: 459,2 
ɋɟɤɰɢɹ 4−ɩɟɪɜɵɟ 4 ɩɟɪɢɨɞɚ 

1 
2 
3 
4 
 

ଵܣ = ͵ʹͲ ܣଶ = ͳͲͲ ܣଷ = ʹͺͲ ܣସ = ʹͲͲ 
 

ଵܣ − Ͳ = ͵ʹͲ ܣଶ − ଵܣ = −ʹʹͲ ܣଷ − ଶܣ = ͳͺͲ ܣସ − ଷܣ = −ͺͲ 
 

1 
29 
30 
60 
 

120 
119 
90 
60 
 

2,91 
2,91 
2,46 

2 
 

931,2 
-640,2 
442,8 
-160 

ɂɬɨɝɨ:573,8 

ɋɟɤɰɢɹ 5−ɉɟɪɜɵɟ ɩɹɬɶ ɩɟɪɢɨɞɨɜ. Ɍɚɤ ɤɚɤ ܣ଺ >  .ହ, ɬɨ ɩɟɪɟɯɨɞɦ ɤ ɫɟɤɰɢɢ 6ܣ
ɋɟɤɰɢɹ 6−ɩɟɪɜɵɟ 6 ɩɟɪɢɨɞɨɜ 

1 
2 
3 
4 
5 
6 
 

ଵܣ = ͵ʹͲ ܣଶ = ͳͲͲ ܣଷ = ʹͺͲ ܣସ = ʹͲͲ ܣହ = ͶͲ ܣ଺ = ͳʹͲ 
 

ଵܣ − Ͳ = ͵ʹͲ ܣଶ − ଵܣ = −ʹʹͲ ܣଷ − ଶܣ = ͳͺͲ ܣସ − ଷܣ = −ͺͲ ܣହ − ସܣ = −ͳ͸Ͳ ܣ଺ − ହܣ = ͺͲ 
 

1 
29 
30 
60 
59 
1 
 

1-6:180 
2-6:179 
3-6:150 
4-6:120 
5-6:69 

1 
 

3,72 
3,72 
3,33 
2,91 

2 
0,77 

 

1190,4 
-818,4 
599,4 
-232,8 
-320 
61,6 

ɂɬɨɝɨ:480,2 
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ɉɨ ɬɚɛɥɢɰɟ ɨɩɪɟɞɟɥɹɟɦ ɧɚɢɛɨɥɶɲɭɸ ɟɦɤɨɫɬɶ ɫɟɤɰɢɢ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 
573,8 Ⱥ∙ɱ. ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɫɬɚɜɥɹɟɬ 18 ɝɪɚ-
ɞɭɫ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 1,08 [33]. ɋ ɭɱёɬɨɦ 
ɜɫɟɯ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɚɹ ɟɦɤɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, 
Ⱥ∙ɱ, 

 ܳ = ͷ͹͵,ͺ ∙ ͳ ∙ ͳ,ʹͷ ∙ ͳ,ͳͷ = ͺʹͶ,ͺͶ.                                              ሺͳͲ.ͳͲͷሻ 
 
ɉɨ [33] ȺȻ ɛɵɬɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɨɣ ɨɬɤɪɵɬɨɝɨ 

(ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ) ɬɢɩɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɢɦɚɹ ɜɪɟɦɹ ɪɚɡɪɹɞɚ 8 ɱɚɫɨɜ, 
ɜɵɛɢɪɚɟɦ ɚɤɤɭɦɭɥɹɬɨɪ ɋɇ-864 ɫ ɧɨɦɢɧɚɥɶɧɨɣ ёɦɤɨɫɬɶɸ 864 Ⱥ∙ɱ.  

Ɂɚɪɹɞɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (Ɂɍ) ɞɨɥɠɧɵ ɜɵɛɢɪɚɬɶɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ȺȻ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɫɟɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɢɡɝɨɬɨɜɢɬɟɥɹɦɢ ȺȻ ɤ Ɂɍ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɹɜɥɟɧɧɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ȺȻ ɢ ɧɚɞɟɠɧɨɣ 
ɟɟ ɪɚɛɨɬɵ. 

Ɇɨɳɧɨɫɬɶ Ɂɍ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɡɚɪɹɞɚ ɚɤɤɭ-
ɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɞɨ ɟɦɤɨɫɬɢ, ɪɚɜɧɨɣ 90% ɧɨɦɢɧɚɥɶɧɨɣ, ɜ ɬɟɱɟɧɢɟ ɧɟ 
ɛɨɥɟɟ 8 ɱɚɫɨɜ ɢ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ [33]. 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɪɹɞɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɦɟɧɹɸɬ ɜɵɩɪɹɦɢɬɟɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ ɬɢɩɚ ȼȺɁɉ-380/260-40/80 ɧɚ ɧɚɩɪɹɠɟɧɢɟ 380-260 ȼ ɢ ɬɨɤ 40-
80 Ⱥ. 

Ɇɨɳɧɨɫɬɶ ɡɚɪɹɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤȼɬ, 
 ܲ́ = ሺͲ,ͳͷ𝑁 + 𝐼 ሻ ∙ ʹ,ʹ ∙ 𝑁𝐴 = ሺͲ,ͳͷ ∙ ʹͶ + ʹͲሻ ∙ ʹ,ʹ ∙ ͳͲͷ= ͷ,ͷ, (10.106) 

 
ɝɞɟ N — ɬɢɩɨɜɨɣ ɧɨɦɟɪ ɛɚɬɚɪɟɢ, ɪɚɜɧɵɣ 24;  
       Iɩ — ɬɨɤ ɩɨɫɬɨɹɧɧɨ ɜɤɥɸɱɟɧɧɨɣ ɧɚɝɪɭɡɤɢ, Ⱥ. 

ɇɚ ɩɨɞɫɬɚɧɰɢɹɯ 35-110 ɤȼ ɩɪɢɦɟɧɹɸɬ ɨɞɧɨ ɡɚɪɹɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ ɡɚɪɹɞɧɵɣ ɚɝɪɟɝɚɬ 
ȼȺɁɉ- 380/260-40/80, ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 42. 

 
Ɍɚɛɥɢɰɚ 42 — Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼȺɁɉ 

 1 ɪɟɠɢɦ 2 ɪɟɠɢɦ 3 ɪɟɠɢɦ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟ-
ɧɢɟ ɧɚ ɜɯɨɞɟ, ȼ 

380 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
ɧɚ ɜɯɨɞɟ, Ƚɰ 

50; 60 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɵɯɨɞ-
ɧɨɣ ɬɨɤ, Ⱥ 

40 80 40 

ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɯɨɞɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ȼ 

380 260 380 

ɇɨɦɢɧɚɥɶɧɚɹ ɜɵɯɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɤȼɬ 

15,2 20,8 0,32 
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11 Ɋɚɫɱɟɬ ɡɚɡɟɦɥɟɧɢɹ ɢ ɦɨɥɧɢɟɡɚɳɢɬɵ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ  
 

11.1 Ɋɚɫɱɟɬ ɤɨɧɬɭɪɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɝɥɚɜɧɨɣ ɩɨɧɢ-
ɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ, Ɉɦ, 
ݎ˅  = Ͳ,͵ߩК˔ˈˊ.˅ = Ͳ,͵ · ʹͲͲ · ͳ,͹ = ͳͲʹ,                                                 ሺͳͳ.ͳሻ 
 

ɝɞɟ ߩ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ; 
      К˔ˈˊ.˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɟɡɨɧɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɨɦɟɪɡɚɧɢɟ ɢ ɩɪɨɫɵ-
ɯɚɧɢɟ ɝɪɭɧɬɚ: К˔ˈˊ.˅ = ͳ,͹. 

ɉɪɟɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɜɦɟɳɟɧɧɨɝɨ Ɂɍ, Ɉɦ, 
 ܴˊ˖ଵ ൑ ʹͷͲ𝐼 = ʹͷͲͲ,Ͷͷ = ͷͷͷ,ͷͷ͸,                                                                ሺͳͳ.ʹሻ 

 
ɝɞɟ ɪɚɫɱɟɬɧɵɣ (ɟɦɤɨɫɬɧɵɣ) ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ, Ⱥ, 
 𝐼 = ܷː ∙ ͷͲ͵ˎ˅ܮ = ͵ͷ · Ͷ,ͷ͵ͷͲ = Ͳ,Ͷͷ.                                                             ሺͳͳ.͵ሻ 

 
Ɍɪɟɛɭɟɦɨɟ ɩɨ ɇɇ ܴˊ˖ଶ = ͳͲ ʝˏ, ɧɨ ɬɚɤ ɤɚɤ ߩ > ͳͲͲ ʝˏ · ˏ, ɬɨ ɞɥɹ ɪɚɫ-

ɱɟɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ܴˊ˖.ˇˑ˒ = ܴˊ˖ଶ · Ͳ,Ͳͳߩ = ͳͲ · Ͳ,Ͳͳ · ʹͲͲ = ʹͲ ʝˏ. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
- ɛɟɡ ɭɱɟɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ (ɪɚɫɱɟɬɧɨɟ), 
 𝑁′˅.˓ = ݎܴ́˅ ˖ = ͳͲʹʹͲ = ͷ,ͳ,                                                                           ሺͳͳ.Ͷሻ 
 𝑁′˅.˓ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 6. 
- ɫ ɭɱɟɬɨɦ ɷɤɪɚɧɢɪɨɜɚɧɢɹ, 
 𝑁˅.˓ = 𝑁′˃.˓𝜂˅ = ͸Ͳ,ͺ = ͹,ͷ,                                                                            ሺͳͳ.ͷሻ 

 
ɝɞɟ 𝜂˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

ɉɪɢɦɟɦ 𝑁˅.˓ = ͺ. 
Ɂɚɬɟɦ ɪɚɡɦɟɳɚɟɬɫɹ Ɂɍ ɧɚ ɩɥɚɧɟ ɢ ɭɬɨɱɧɹɸɬɫɹ ɪɚɫɫɬɨɹɧɢɹ, ɧɚɧɨɫɹɬɫɹ 

ɧɚ ɩɥɚɧ. 
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Ɋɢɫɭɧɨɤ 12 – Ɋɚɡɦɟɳɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ 

 
Ɉɩɪɟɞɟɥɢɦ ɭɬɨɱɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨ-

ɪɢɡɨɧɬɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ, Ɉɦ, 
 ܴ˅ = ˅𝑁˅𝜂ݎ˅ = ͳͲʹͺ · Ͳ,ͺ = ͳͷ,ͻ͵ͺ,                                                                 ሺͳͳ.͸ሻ 
 ܴˆ = Ͳ,Ͷܮ˒𝜂ˆ · ߩ · ˆ.ˊˈ˔ܭ · lg ʹ · ܾ˒ଶܮ · ݐ =                                                               ሺͳͳ.͹ሻ = Ͳ,Ͷͳʹͺ · Ͳ,͸Ͷ · ʹͲͲ · Ͷ · lg ʹ · ͳʹͺଶͳ͹,͸ · ͳͲ−ଷ · Ͳ,ͷ = ʹͷ,͸͸ͺ, 
 

ɝɞɟ ܮ˒ – ɞɥɢɧɚ ɩɨɥɨɫɵ, ɦ; 
      𝜂ˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ; 
 ;ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ, ɦ – ݐ      
      ܾ  – ɲɢɪɢɧɚ ɩɨɥɨɫɵ, ɦ: ɞɥɹ ɤɪɭɝɥɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ  ܾ =ͳ,ͳ݀. 

Ɉɩɪɟɞɟɥɹɟɦ ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Ɂɍ, Ɉɦ, 
 ܴˊ˖.˗ = ܴ˅ܴˆܴ˅ + ܴˆ = ͳͷ,ͻ͵ͺ · ʹͷ,͸͸ͺͳͷ,ͻ͵ͺ + ʹͷ,͸͸ͺ = ͻ,ͺ͵͵.                                     ሺͳͳ.ͺሻ 

 ሺͳͲ ʝˏሻܴˊ˖.ˇˑ˒ > ܴˊ˖ሺͻ,ͺ͵͵  ʝˏሻ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Ɂɍ ɛɭɞɟɬ ɷɮɮɟɤɬɢɜ-
ɧɵɦ.  

Ɂɍ ɞɥɹ Ƚɉɉ-35/10 ɫɨɫɬɨɢɬ ɢɡ 8 ɜɟɪɬɢɤɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ܮ˅ =Ͷ ˏ, ݀ = ͳ͸ ˏˏ; ܮ˒ = ͳʹͺ ˏ. 
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11.2 Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ Ƚɉɉ  
 

ȼɨ ɜɪɟɦɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ ɜɫɟɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟ-
ɧɢɹ ɢɯ ɭɞɚɪɚɦɢ ɦɨɥɧɢɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɨɬɤɪɵɬɵɦ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɤɚɦ. 

ȼ ɫɥɟɞɫɬɜɢɢ ɛɨɥɶɲɨɣ ɤɪɭɬɢɡɧɵ ɧɚɪɚɫɬɚɧɢɹ, ɚɦɩɥɢɬɭɞɵ ɢ ɢɧɬɟɝɪɚɥɚ 
ɬɨɤɚ, ɦɨɥɧɢɢ ɢɦɟɸɬ ɨɝɪɨɦɧɨɟ ɪɚɡɪɭɲɚɸɳɟɟ ɞɟɣɫɬɜɢɟ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɭɤɚɡɚɧɢɹɦɢ ɩɨ ɡɚɳɢɬɟ ɷɥɟɤɬɪɨɫɬɚɧ-
ɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ 3-500 ɤȼ ɨɬ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɢ (ɉɍɆ) ɢ ɝɪɨɡɨɜɵɯ 
ɜɨɥɧ, ɧɚɛɟɝɚɸɳɢɯ ɫ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɡɚɳɢɬɟ ɩɨɞɥɟɠɚɬ ɫɥɟɞɭɸɳɢɟ 
ɨɛɴɟɤɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɢɯ ɬɟɪɪɢɬɨɪɢɢ:  

 ɨɬɤɪɵɬɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ɈɊɍ), ɜ ɬɨɦ ɱɢɫɥɟ ɲɢɧ-
ɧɵɟ ɦɨɫɬɵ ɢ ɝɢɛɤɢɟ ɫɜɹɡɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɲɢɧɧɵɟ ɦɨɫɬɵ ɢ ɝɢɛɤɢɟ ɫɜɹɡɢ;  

 ɡɞɚɧɢɹ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɡɚɤɪɵɬɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ;  
 ɡɞɚɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ.  
Ⱦɥɹ ɡɚɳɢɬɵ ɈɊɍ ɨɬ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɢ ɩɪɢɦɟɧɹɸɬ ɨɬɞɟɥɶɧɨ ɫɬɨ-

ɹɳɢɟ ɫɬɟɪɠɧɟɜɵɟ ɦɨɥɧɢɟɨɬɜɨɞɵ ɢɥɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɦɨɥɧɢɟɨɬ-
ɜɨɞɵ ɧɚ ɩɨɪɬɚɥɚɯ ɩɨɞɫɬɚɧɰɢɢ ɫɨ ɫɜɨɢɦ ɨɛɨɫɨɛɥɟɧɧɵɦɢ ɡɚɡɟɦɥɢɬɟɥɹɦɢ. 

ɋɬɚɧɞɚɪɬɧɨɣ ɡɨɧɨɣ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ 
ɜɵɫɨɬɨɣ h = 11 ɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɤɪɭɝɨɜɨɣ ɤɨɧɭɫ, ɜɟɪɲɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚ-
ɞɚɟɬ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ ɦɨɥɧɢɟɨɬɜɨɞɚ.  
 ɉɨ ɫɬɚɧɞɚɪɬɭ ɨɪɝɚɧɢɡɚɰɢɢ ɋɈ 153-34.21.122-2003 ɩɨɞɫɬɚɧɰɢɢ ɨɬɧɨ-
ɫɹɬɫɹ ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɴɟɤɬɚɦ ɢ ɩɨ ɨɬɪɚɫɥɟɜɨɦɭ ɪɭɤɨɜɨɞɹɳɟɦɭ ɞɨɤɭɦɟɧɬɭ 
ɊȾ 153-34.3-35.125-99, ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɳɢɬɵ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ 
ɪɚɜɧɚ ɢɥɢ ɛɨɥɟɟ 0,995. 

Ɉɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ ɢɦɟɟɬ ɫɥɟɞɭɸ-
ɳɢɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ: ɜɵɫɨɬɚ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɨɛɴɟɤɬɚ hx ɫɨɫɬɚɜɥɹɟɬ 
5,5 ɦ (ɨɩɨɪɧɵɣ ɢɡɨɥɹɬɨɪ), ɲɢɪɢɧɚ b = 30 ɦ, ɞɥɢɧɚ a = 38,4 ɦ. Ɋɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ l1=20ɦ, l2=27,9 

ɉɪɟɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ, ɦ: 
ܮ  = √݈ଵଶ + ݈ଶଶ = √ʹͲଶ + ʹ͹,ͻଶ = ͵Ͷ,͵ʹ.    (11.9) 
 
ɉɪɟɜɵɲɟɧɢɟ ɜɵɫɨɬɵ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ha ɧɚɞ ɜɵɫɨɬɨɣ ɡɚɳɢɳɚɟɦɨɝɨ 

ɨɛɴɟɤɬɚ, ɦ, 
         ℎ௔ ൒ ܮͅ = ͵Ͷ,͵ʹͺ = Ͷ,ʹͺ.                                                                           ሺͳͳ.ͳͲሻ 

 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ, 
 ℎ = ℎ௔ + ℎ௫ = ͷ,ͷ + ͷ,ͷ = ͳͳ.                                                  (11.11)
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Ⱦɥɹ ɦɧɨɝɨɤɪɚɬɧɵɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɡɨɧɚ ɡɚɳɢɬɵ ɫɬɪɨɢɬɫɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɩɚɪɧɨ ɜɡɹɬɵɯ ɫɨɫɟɞɧɢɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ. ȼɵɫɨɬɚ 
ɜɟɪɲɢɧɵ ɤɨɧɭɫɚ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ h0 ɢ ɪɚɞɢɭɫɵ ɡɚɳɢɬɵ ɧɚ ɭɪɨɜɧɟ 
ɡɟɦɥɢ r0 ɢ ɧɚ ɜɵɫɨɬɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ rx ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɮɨɪɦɭɥɚɦ, ɦ, 

 ℎ଴ = Ͳ,ͻʹ ∙ ℎ = Ͳ,ͻʹ ∙ ͳͳ = ͳͲ,ͳʹ,                                                    (11.12) 
௫ݎ  = ͳ,ͷ ∙ ቀℎ − ℎ𝑥଴,ଽଶቁ = ͳ,ͷ ∙ ቀͳͳ − ହ,ହ଴,ଽଶቁ = ͺ,ͳͺ,                              (11.13) 

଴ݎ  = ͳ,ͷ ∙ ℎ = ͳ,ͷ ∙ ͳͳ = ͳ͸,ͷ .                                                         (11.14) 
 
ȼɵɫɨɬɚ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɩɨɩɚɪɧɨ ɜɡɹɬɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ, ɦ, 
 ℎ௠௜௡ = ℎ𝑐 = ℎ଴ − Ͳ,ͳͶሺ݈ − ℎሻ,                                                         (11.15) 

 ℎ௠௜௡ଵ = ͳͲ,ͳʹ − Ͳ,ͳͶ ∙ ሺʹ͹,ͻ − ͳͳሻ = ͸,ͻ, 
 ℎ௠௜௡ଶ = ͳͲ,ͳʹ − Ͳ,ͳͶ ∙ ሺʹͲ − ͳͳሻ = ͺ,ͺ͸. 
 
ɒɢɪɢɧɚ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɡɨɧɵ ɩɨɩɚɪɧɨ ɜɡɹɬɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ 

ɭɪɨɜɧɟ ɡɟɦɥɢ, ɦ, 
𝑐ݎ  = ଴ݎ = ͳ,ͷ ∙ ͳͳ = ͳ͸,ͷ.              (11.16) 
 
Ⱥ ɧɚ ɭɪɨɜɧɟ ɜɵɫɨɬɵ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɦ, 
𝑐௫ଵݎ  = ଴ݎ ∙ ℎ𝑐భ−ℎ𝑥ℎ𝑐భ = ͳ͸,ͷ ∙ ଼,଼଺−ହ,ଵ଼,଼଺ = ͹,                                             (11.17) 

𝑐௫ଶݎ  = ଴ݎ ∙ ℎ𝑐మ−ℎ𝑥ℎ𝑐మ = ͳ͸,ͷ ∙ ଺,ଽ−ହ,ଵ଺,ଽ = Ͷ,͵.                                               (11.18) 

 
ɉɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɥɧɢɟɡɚɳɢɬɵ ɧɚɧɨɫɹɬɫɹ ɧɚ ɩɥɚɧ ɩɨɞɫɬɚɧ-

ɰɢɢ. ɂɡ ɪɢɫɭɧɤɨɜ 14 ɢ 15 ɜɢɞɧɨ, ɱɬɨ ɡɚɳɢɳɚɟɦɵɣ ɨɛɴɟɤɬ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ 
ɦɨɥɧɢɟɡɚɳɢɬɵ, ɬɨ ɟɫɬɶ ɱɟɬɵɪɟ ɦɨɥɧɢɟɨɬɜɨɞɚ ɜɵɫɨɬɨɣ 11 ɦ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɡɚɳɢɬɭ ɩɨɞɫɬɚɧɰɢɢ ɨɬ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɢ. 
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Ɋɢɫɭɧɨɤ 14 – Ɂɨɧɚ ɡɚɳɢɬɵ ɦɟɠɞɭ 1 ɢ 2 ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ 

 

 
Ɋɢɫɭɧɨɤ 15 – Ɂɨɧɚ ɡɚɳɢɬɵ ɱɟɬɵɪɟɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ 
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12 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ–10000/35 
 
ɋɨɝɥɚɫɧɨ ɉɍɗ, ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɪɟ-

ɥɟɣɧɚɹ ɡɚɳɢɬɚ ɨɬ ɫɥɟɞɭɸɳɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚ-
ɛɨɬɵ [8]: 

1) ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɢ ɧɚ ɜɵɜɨɞɚɯ; 
2) ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɨɛɦɨɬɤɟ ɢ ɧɚ ɜɵɜɨɞɚɯ, ɩɪɢɫɨ-

ɟɞɢɧɟɧɧɵɯ ɤ ɫɟɬɢ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ; 
3) ɜɢɬɤɨɜɵɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ; 
4) ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɧɟɲɧɢɦɢ ɄɁ; 
5) ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɟɪɟɝɪɭɡɤɨɣ; 
6) ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ; 
7) ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇC 10000/35  ɒɤɚɮ 

ɡɚɳɢɬɵ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 6-35 ɤȼ ɒɗ2607 150[37]. ȼ 
ɫɨɫɬɚɜ ɲɤɚɮɚ ɒɗ2607 ɜɯɨɞɢɬ ɬɪɢ ɤɨɦɩɥɟɤɬɚ.   

ɉɟɪɜɵɣ ɤɨɦɩɥɟɤɬ (ɤɨɦɩɥɟɤɬ Ⱥ1) ɪɟɚɥɢɡɭɟɬ ɮɭɧɤɰɢɢ ɨɫɧɨɜɧɵɯ ɢ 
ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɫɨɞɟɪɠɢɬ: 

- ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ȾɁɌ) ɨɬ 
ɜɫɟɯ ɜɢɞɨɜ ɄɁ ɜɧɭɬɪɢ ɛɚɤɚ; 

- ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ ɫɬɨɪɨɧɵ ȼɇ ɫ ɩɭɫɤɨɦ ɩɨ ɧɚɩɪɹ-
ɠɟɧɢɸ (ɆɌɁ ȼɇ); 

- ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ  
- ɡɚɳɢɬɭ ɨɬ ɩɟɪɟɝɪɭɡɤɢ (Ɂɉ); 
- ɬɨɤɨɜɵɟ ɪɟɥɟ ɞɥɹ ɩɭɫɤɚ ɚɜɬɨɦɚɬɢɤɢ ɨɯɥɚɠɞɟɧɢɹ; 
- ɪɟɥɟ ɬɨɤɚ ɞɥɹ ɛɥɨɤɢɪɨɜɤɢ Ɋɉɇ ɩɪɢ ɩɟɪɟɝɪɭɡɤɟ; 
- ɪɟɥɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɟ ɇɇ, ɪɟɚɝɢɪɭɸɳɢɟ ɧɚ ɩɨ-

ɧɢɠɟɧɢɟ ɦɟɠɞɭɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɛɥɨɤɢɪɨɜɤɢ Ɋɉɇ; 
- ɩɪɢɟɦ ɫɢɝɧɚɥɨɜ ɨɬ ɫɢɝɧɚɥɶɧɨɣ ɢ ɨɬɤɥɸɱɚɸɳɟɣ ɫɬɭɩɟɧɟɣ ɝɚɡɨɜɨɣ 

ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ȽɁɌ), ɝɚɡɨɜɨɣ ɡɚɳɢɬɵ Ɋɉɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
(ȽɁ Ɋɉɇ), ɞɚɬɱɢɤɨɜ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ, ɩɨɧɢɠɟɧɢɹ ɢ ɩɨɜɵ-
ɲɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ, ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɰɟɩɟɣ ɨɯɥɚɠɞɟɧɢɹ; 

Cɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɨɦɩɥɟɤɬɨɜ Ⱥ1 ɤ ɰɟɩɹɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 16. 
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Ɋɢɫɭɧɨɤ 16 – Cɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɨɦɩɥɟɤɬɚ Ⱥ1 

 
12.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟ-

ɧɢɹ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɊɁ 
 

1. ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɵ, Ⱥ, 
 𝐼˅ = ܵː√͵ · ܷː˅ = ͳͲͲͲͲ√͵ · ͵ͷ = ͳ͸Ͷ,ͻ͸,                                                           ሺͳʹ.ͳሻ 

 
ɝɞɟ ܵː – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ·Ⱥ; 
      ܷ ː˅  – ɧɚɩɪɹɠɟɧɢɟ ȼɇ, ɤȼ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ, 
 𝐼TAଵ˓˃˔˚ = 𝐼˅ · ݇˔˘ = ͳ͸Ͷ,ͻ͸ · √͵ = ʹͺͷ,͹ͳ,                                               ሺͳʹ.ʹሻ 
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ɝɞɟ ݇˔˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɬɚɤ ɤɚɤ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɨɛ-
ɦɨɬɤɢ «ɬɪɟɭɝɨɥɶɧɢɤ», ݇˔˘ = √͵. 

ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌȼɅ–ɋɗɓ–35-300/5: 
– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 𝐼 ˑˏ = ͵ͲͲ А; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ்݊𝐴ଵ = ଷ଴଴ହ . 

2. ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ TV1 – ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɢ 
TV2 – ɧɚ ɫɬɨɪɨɧɟ ɇɇ: 

 ்݊௏ଵ = ܷː˅ͳͲͲ = ͵ͷͲͲͲͳͲͲ ,                                                                               ሺͳʹ.͵ሻ 

 
Ɍɢɩ TV1 – ɇȺɅɂ–35 
 ்݊௏ଵ = ܷː˅ͳͲͲ = ͳͲͲͲͲͳͲͲ ,                                                                                ሺͳʹ.Ͷሻ 

 
Ɍɢɩ TV2 – ɇȺɅɂ–10 
 
12.2 Ɂɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɄɁ ɩɪɢɦɟɧɹɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɬɨɤɨ-

ɜɭɸ ɡɚɳɢɬɭ. 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ. 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ, 
 𝐼 ˊ = Ͷ · 𝐼˅ = Ͷ · ͳ͸Ͷ,ͻ͸ = ͸ͷͻ,ͺͶ,                                                         ሺͳʹ.ͷሻ 
 

ɝɞɟ 𝐼˅ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɵ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɮɨɪɦɭɥɟ Ⱥ, 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ, 

 𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଵ = ͸ͷͻ,ͺͶ √͵͵ͲͲͷ = ͳͻ,ͲͶ,                                                   ሺͳʹ.͸ሻ 

 

݇˚ = √͵ · 𝐼௠௜௡ሺଶሻʹ𝐼 ˊ = √͵ · ͻ͵͹͵ · √͵ʹʹ · ͸ͷͻ,ͺͶ = ͳͲ,͸ͷ > ʹ.                                    ሺͳʹ.͹ሻ 

 
ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 
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12.3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ 
 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ ɩɪɢɦɟɧɹɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨ-
ɤɨɜɭɸ ɡɚɳɢɬɭ (ɆɌɁ). Ʉɨɦɩɥɟɤɬ ɡɚɳɢɬɵ: ɲɤɚɮ ɒɗ2607 151. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ, 
 𝐼 ˊ = ݇ː · ݇˔ˊ݇˅ · 𝐼 ˃˄ ˏ˃ˍ˔ = ͳ,͵ · ʹͲ,ͺͷ · ͳ͸Ͷ,ͻ͸ · ͳ,Ͷ = ͹Ͳ͸,Ͷͳ,                 ሺͳʹ.ͺሻ 

 
ɝɞɟ ݇ː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɟɧ 1,1 – 1,3; 
      ݇ ˔ˊ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɚɦɨɡɚɩɭɫɤɚ, ɩɪɢɧɢɦɚɸɬ ɨɬ 1 ɞɨ 3; 
      ݇ ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ 0,85. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ, 
 𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଵ = ͹Ͳ͸,Ͷͳ · ͳ͵ͲͲͷ = ͳͳ,͹͹.                                               ሺͳʹ.ͻሻ 
 

ɉɪɨɜɟɪɤɚ ɡɚɳɢɬɵ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, 
 

݇˚ = √͵ · 𝐼௠௜௡ሺଶሻʹ𝐼 ˊ = √͵ · ͻ͵͹͵ · √͵ʹʹ · ͹Ͳ͸,Ͷͳ = ͻ,ͻͷ > ͳ,ͷ.                                ሺͳʹ.ͳͲሻ 
 
Ɂɧɚɱɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ, 
ˊ˔ݐ  = ˏ̝ˊ˔ݐ .эˎ + ݐ∆ = ͳ + Ͳ,ͷ = ͳ,ͷ.                                                         ሺͳʹ.ͳͳሻ 
 
12.4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɦɟ-

ɧɹɸɬ ɆɌɁ ɨɬ ɩɟɪɟɝɪɭɡɨɤ. Ʉɨɦɩɥɟɤɬ ɡɚɳɢɬɵ: ɲɤɚɮ ɒɗ2607 151. 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɚ, Ⱥ, 
 𝐼 ˊ = ݇ː݇˅ · 𝐼 ˃˄.ˏ˃ˍ˔ = ͳ,ͲͷͲ,ͺͷ · ͳ͸Ͷ,ͻ͸ · ͳ,Ͷ = ʹͺͷ,ʹͺ,                           ሺͳʹ.ͳʹሻ 

 
ɝɞɟ ݇ː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,05; 
      ݇ ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɪɚɜɧɵɣ 0,85. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ, 
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𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଶ = ʹͺͷ,ʹͺ · ͳ͵ͲͲͷ = Ͷ,͹ͷ.                                               ሺͳʹ.ͳ͵ሻ 
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɆɌɁ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɟ ɩɪɨɜɟɪɹ-

ɟɬɫɹ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɨɱɟɪɟɞɢ: 𝐼 ˊூ = ͻ − ͳͲ ˔ – ɫɢɝɧɚɥ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɡɝɪɭɡɤɚ; 𝐼 ˊ = ͶͲ ˏˋː – ɨɬɤɥɸɱɟɧɢɟ. 

 
12.5 Ɂɚɳɢɬɚ ɨɬ ɩɨɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɤȼ, 
 ˔ܷˊ = Ͳ,͹ ∙ ܷːˑˏ = Ͳ,͹ · ͵ͷ = ʹͶ,ͷ .                                                      ሺͳʹ.ͳͶሻ 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, ȼ, 
 ˔ܷ˓ = ௎˔ˊ௡𝑇𝑉భ = ଶସହ଴଴య5బబబభబబ = ͹Ͳ .                                                                  (12.15)  

 
12.6 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜɧɭɬɪɢ ɤɨɠɭɯɚ ɢ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ 

ɦɚɫɥɚ 
 
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜɧɭɬɪɢ ɤɨɠɭɯɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ, ɢ ɨɬ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 
ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 6,3 MB Ⱥ ɢ ɛɨɥɟɟ. 

Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɢɝɧɚɥ ɩɪɢ ɫɥɚɛɨɦ ɝɚɡɨɨɛɪɚɡɨ-
ɜɚɧɢɢɢ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɦɚɫɥɚ ɢ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɝɚɡɨɨɛ-
ɪɚɡɨɜɚɧɢɢ ɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɦɚɫɥɚ. 

Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɦ ɩɪɢɦɟɧɹɬɶ ɝɚɡɨɜɨɟ ɪɟɥɟ ɬɢɩɚ BF-80/Q. 
Ⱦɥɹ ɡɚɳɢɬɵ ɧɚɲɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɝɚɡɨɜɨɟ ɪɟɥɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦ: 

ɜ ɩɚɬɪɭɛɤɟ; 
- ɜ Ɋɉɇ; ɜ ɛɚɤɟ. 
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɡɚɳɢɬɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɫ ɦɚɫɥɹɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ, ɫɧɚɛɠɟɧɧɵɯ ɪɚɫɲɢɪɢɬɟɥɹɦɢ, ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɜɧɭɬ-
ɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ, ɭɫɤɨɪɟɧɧɵɦ ɩɟ-
ɪɟɬɟɤɚɧɢɟɦ ɦɚɫɥɚ ɢɡ ɛɚɤɚ ɜ ɪɚɫɲɢɪɢɬɟɥɶ, ɚ ɬɚɤɠɟ ɨɬ ɭɬɟɱɤɢ ɦɚɫɥɚ ɢɡ ɛɚɤɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ. 

ɍɫɬɚɧɨɜɢɦ ɝɚɡɨɜɵɟ ɪɟɥɟ ɫɟɪɢɢ ɊȽɌ-50 ɢ ɊɋɌ-25. 
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ȼ ɤɚɱɟɫɬɜɟ ɫɢɝɧɚɥɶɧɵɯ ɢ ɨɬɤɥɸɱɚɸɳɢɯ ɤɨɧɬɚɤɬɨɜ ɢ ɪɟɥɟ ɩɪɢɦɟɧɟɧɵ 
ɦɚɝɧɢɬɨɭɩɪɚɜɥɹɟɦɵɟ ɝɟɪɤɨɧɵ, ɡɚɦɵɤɚɧɢɟ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɩɪɢɛɥɢ-
ɠɟɧɢɹ ɤɪɭɝɥɨɝɨ ɦɚɝɧɢɬɚ ɤ ɤɨɧɰɭ ɫɬɟɤɥɹɧɧɨɣ ɤɨɥɛɵ, ɜ ɤɨɬɨɪɨɣ ɡɚɤɥɸɱɟɧ 
ɤɨɧɬɚɤɬ. ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɪɟɥɟ ɨɩɭɫɤɚɟɬɫɹ ɩɨɩɥɚɜɨɤ ɫɢɝɧɚɥɶ-
ɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɩɪɢ ɨɛɴɟɦɟ ɝɚɡɚ ɜ ɪɟɥɟ 250 - 300 ɫɦ3 ɭɩɪɚɜɥɹɸɳɢɣ ɦɚɝɧɢɬ 
ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɵɤɚɧɢɸ ɫɢɝɧɚɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ.  
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13 ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ  
 
B ɨɫɧɨɜɧɨɦ ɜɫɟ ɩɨɦɟɳɟɧɢɹ ɡɚɜɨɞɚ ɨɬɧɨɫɹɬɫɹ ɤ ɨɫɨɛɨ ɨɩɚɫɧɵɦ ɩɨɦɟ-

ɳɟɧɢɹɦ. 
ɋɨɝɥɚɫɧɨ ɉɍɗ [8]: 
1.7 «Ɂɚɡɟɦɥɟɧɢɟ ɢ ɡɚɳɢɬɧɵɟ ɦɟɪɵ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ.» Ɍɨɤɨɜɟɞɭ-

ɳɢɟ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɞɨ 1000 ȼ ɩɪɢɦɟɧɹɟɦ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɬɨɤɨɜɟ-
ɞɭɳɢɟ ɱɚɫɬɢ ɢɥɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜ ɡɚɳɢɬɧɵɟ ɤɨɠɭɯɢ. Ƚɞɟ ɷɬɨ ɫɞɟɥɚɬɶ ɧɟɜɨɡ-
ɦɨɠɧɨ ɨɝɪɚɠɞɚɟɦ ɡɨɧɭ ɛɚɪɶɟɪɚɦɢ. ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ ɨɛɨɥɨɱɟɤ ɢ ɨɝɪɚɠɞɟɧɢɟ 
ɧɟ ɦɟɧɟɟ IP2X. ȼɫɟ ɩɪɨɜɨɞɧɢɤɢ ɡɚɡɟɦɥɹɟɦ. PEN- ɩɪɨɜɨɞɧɢɤ ɧɚ ɜɜɨɞɟ ɜ ɩɨ-
ɦɟɳɟɧɢɟ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɜɬɨɪɧɨ ɡɚɡɟɦɥɟɧ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɩɪɹɦɨɝɨ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɛɭɞɟɬ ɭɫɬɚɧɨɜɤɚ 
ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɨɬɤɥɸɱɚɸɳɢɦ ɬɨɤɨɦ 30 
ɦȺ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɩɪɢ ɤɨɫɜɟɧɧɨɦ ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɜɵɩɨɥɧɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 
ɨɬɤɥɸɱɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɭɫɬɚɧɨɜɤɚɯ ɞɨ 1000 ɜɫɟ ɩɪɨɜɨɞɧɢɤɢ ɩɪɢɫɨɟɞɢ-
ɧɟɧɵ ɤ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɢ ɢɫɬɨɱɧɢɤɚ. ɍɫɬɚɧɨɜɢɦ ɫɢɫɬɟɦɵ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨɝɨ ɭɪɚɜɧɢɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ. ɇɚ ɜɜɨɞɟ ɜ ɩɟɪɟɞɜɢɠɧɭɸ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɤɭ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɝɥɚɜɧɚɹ ɲɢɧɚ ɭɪɚɜɧɢɜɚɧɢɹ ɩɨɬɟɧɰɢ-
ɚɥɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɪɟɛɨɜɚɧɢɹɦ. 

ȼɫɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɡɚɜɨɞɟ ɡɚɡɟɦɥɟɧɵ. Ɍɪɟɯɮɚɡɧɭɸ ɫɟɬɶ ɞɨ 1000 ȼ ɫ ɡɚ-
ɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜɵɩɨɥɧɹɟɦ ɫ ɡɚɳɢɬɧɵɦ ɧɭɥɟɜɵɦ ɩɪɨɜɨɞɧɢɤɨɦ. 

ȼ ɩɨɦɟɳɟɧɢɹɯ ɫ ɩɨɜɵɲɟɧɧɨɣ ɨɩɚɫɧɨɫɬɶɸ ɢ ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɩɢɬɚɧɢɟ 
ɫɜɟɬɢɥɶɧɢɤɨɜ ɜɵɩɨɥɧɹɟɦ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɳɢɬɧɨɝɨ 
ɨɬɤɥɸɱɟɧɢɹ ɧɚ 30 ɦȺ. Ʌɚɦɩɵ ɜ ɠɚɪɤɢɯ ɰɟɯɚɯ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜ ɚɪɦɚɬɭɪɟ ɫɩɟ-
ɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɧɚ ɨɞɧɭ ɮɚɡɭ ɝɪɭɩɩɨɜɨɣ ɫɟɬɢ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɦ ɧɟ ɛɨɥɶɲɟ 20 ɥɚɦɩ ɢ ɲɬɟɩɫɟɥɶɧɵɯ ɪɨɡɟɬɨɤ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ, ɭ ɤɨɬɨɪɵɯ ɟɫɬɶ ɨɬɤɪɵɬɵɟ ɩɪɨɜɨɞɹɳɢɟ, 
ɞɨɫɬɭɩɧɵɟ ɩɪɢɤɨɫɧɨɜɟɧɢɸ, ɱɚɫɬɢ, ɫɨɟɞɢɧɟɧɨ ɫ ɡɚɡɟɦɥɹɸɳɢɦ ɤɨɧɬɚɤɬɨɦ. 

Ɍɚɤ ɠɟ ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɚɪɤɢɪɭɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɨɩɚɫɧɨ-
ɫɬɢ. Ɉɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɩɪɨɯɨɞɢɬɶ ɩɨɜɬɨɪɧɵɣ ɢɧɫɬɪɭɤɬɚɠ 
ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɩɨɥɝɨɞɚ. ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟ 
ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɛɨɬ ɩɪɨɜɨɞɢɬɫɹ ɰɟɥɟɜɨɣ ɢɧɫɬɪɭɤɬɚɠ. ȼɫɟ ɩɥɚɧɨɜɵɟ ɢ ɜɧɟ-
ɩɥɚɧɨɜɵɟ ɢɧɫɬɪɭɤɬɚɠɢ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɠɭɪɧɚɥɟ. Ɉɛɫɥɭɠɢ-
ɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɛɨɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɭɸ ɝɪɭɩɩɭ ɞɨɩɭɫɤɚ. 

ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɛɨɪ ɢ ɭɞɚɥɟɧɢɟ 
ɨɬɯɨɞɨɜ: ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɦɚɫɥɚ, ɦɭɫɨɪɚ, ɬɟɯɧɢɱɟɫɤɢɯ ɜɨɞ ɢ ɬ.ɩ. ȼ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɞɨɥɠɧɚ ɛɵɬɶ ɢɫɤɥɸɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɭɤɚɡɚɧɧɵɯ ɨɬɯɨɞɨɜ ɜ ɜɨɞɨ-
ɟɦɵ, ɫɢɫɬɟɦɭ ɨɬɜɨɞɚ ɥɢɜɧɟɜɵɯ ɜɨɞ, ɨɜɪɚɝɢ, ɚ ɬɚɤɠɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɧɟ ɩɪɟɞ-
ɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɬɚɤɢɯ ɨɬɯɨɞɨɜ. 

ȼ ɩɪɨɟɤɬɟ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɱɟɝɨ ɜɵɛɪɚɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
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ɋ ɰɟɥɶɸ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɹɜɥɟɧɢɹ ɧɚɩɪɹ-
ɠɟɧɢɹ ɤɨɠɭɯɚɯ, ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɟɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɤɨɪɩɭɫɚɯ, ɷɥɟɤ-
ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɲɚɝɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɫɬɟɩɟɧɢ ɩɨ-
ɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ: 

a) ɢɡɨɥɹɰɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢ ɟɟ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ - ɷɬɨ 
ɢɡɦɟɪɟɧɢɟ ɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɪɢɟɦɤɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɩɨɫɥɟ ɦɨɧɬɚɠɚ, 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɜ ɫɪɨɤɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɩɪɚɜɢɥɚɦɢ, ɢɥɢ ɜ ɫɥɭɱɚɟ ɨɛɧɚɪɭɠɟ-
ɧɢɹ ɞɟɮɟɤɬɨɜ. ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɢɦɵɟ ɧɚ ɨɬɤɥɸɱɟɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɩɨɡɜɨ-
ɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɬ.ɩ. ɂɡɦɟɪɟ-
ɧɢɟ ɩɪɨɢɡɜɨɞɹɬɫɹ ɦɟɝɨɦɦɟɬɪɨɦ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɧɨɪɦɚɦɢ, ɪɟɝɥɚɦɟɧɬɢɪɨ-
ɜɚɧɧɵɦɢ ɜ ɆɉɈɌ, ɉɍɗ ɉɌɗɗɉ ɢ ɉɉȻ. 

ɛ) ɡɚɳɢɬɧɨɟ ɨɬɤɥɸɱɟɧɢɟ (ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ) ɩɪɢ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ 
(ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɡ ɢ ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ), ɡɚɦɵɤɚ-
ɧɢɹɯ ɧɚ ɡɟɦɥɸ (ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɨɬ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ), ɩɟɪɟɝɪɭɡ-
ɤɚɯ, ɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɯ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ, ɢ ɚɬɦɨɫɮɟɪɧɵɯ (ɨɬ ɩɟɪɟɝɪɭɡɤɢ), 
ɩɪɨɛɨɹɯ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɪɩɭɫɚɯ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ (ɡɚ-
ɳɢɬɚ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ). 

ɜ) ɤɨɧɬɚɤɬɧɨɟ ɡɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ.  
ɝ) ɡɚɳɢɬɚ ɨɬ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɢ - ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɝɪɨɡɨɡɚɳɢɬɚ. 

Ɉɉɇ (ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ). 
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14 Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-
ɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ  

 
14.1 ɉɪɢɱɢɧɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤ-

ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ  
 
ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɜɟɧɶɹ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ 

ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɹ ɜɫɟɝɞɚ ɫɨɞɟɪɠɚɬ ɧɚɪɹɞɭ ɫ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɧɞɭɤɬɢɜɧɨɝɨ ɢ ɟɦɤɨɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. ɍɫɬɪɨɣɫɬɜɚ, ɩɨ-
ɬɪɟɛɥɹɸɳɢɟ ɢɧɞɭɤɬɢɜɧɵɣ ɬɨɤ, ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɩɪɢɟɦɧɢɤɚɦɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ (ɷɧɟɪɝɢɢ), ɚ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɬɪɟɛɥɹɸɳɢɟ ɟɦɤɨɫɬɧɵɣ ɬɨɤ, – ɢɫɬɨɱ-
ɧɢɤɚɦɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (ɷɧɟɪɝɢɢ). Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɩɨɬɪɟɛɥɹɟɬ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɧɨɜ-
ɧɭɸ ɱɚɫɬɶ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɬɪɟɛɥɹɸɬ ɱɟɬɵɪɟ ɜɢɞɚ ɭɫɬɪɨɣɫɬɜ:  

ɚɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ – 40 % (ɫɨɜɦɟɫɬɧɨ ɫ ɛɵɬɨɜɵɦɢ, ɫɟɥɶɫɤɨɯɨɡɹɣ-
ɫɬɜɟɧɧɵɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ); 

ɷɥɟɤɬɪɨɩɟɱɧɵɟ ɭɫɬɚɧɨɜɤɢ – 8 %;  
ɜɟɧɬɢɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ – 10 %, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ (ɩɨɬɟɪɢ ɜ ɧɢɯ) – 35 %,  
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ (ɩɨɬɟɪɢ ɜ ɧɢɯ) – 7 %.  
ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɷɥɟɤɬɪɨɫɟɬɢ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ܷ = ܷ௠  ሺͳͶ.ͳሻɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɬɨɤ ɜ ɧɟɣ ɨɬɫɬɚɟɬ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ݐ𝜔݊݅ݏ∙

ɧɚ ɭɝɨɥ ɫɞɜɢɝɚ, 
 ݅ː = 𝐼௠ ∙ sinሺ𝜔ݐ − 𝜑ሻ.                   (14.2) 

 
ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɫ ɬɚɤɨɣ ɧɚɝɪɭɡɤɨɣ ɩɨɬɪɟɛɥɹɟɬ ɤɚɤ ɚɤɬɢɜɧɭɸ, ɬɚɤ ɢ 

ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɢ: 
 ܲ = ܷ ∙ 𝐼 ∙   𝜑,                                                                                           ሺͳͶ.͵ሻݏ݋ܿ

 ܲ = ܷ ∙ 𝐼 ∙ 𝜑݊݅ݏ = ܲ ∙     ሺͳͶ.Ͷሻ       ,݃ݐ
 
Ɍɟɤɭɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ: 
𝜑ݏ݋ܿ  = ܲܵ = ܲ√ܲଶ + ܳଶ  ,                                                                             ሺͳͶ.ͷሻ 
 
ɝɞɟ P, Q, S – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɬɢɜɧɚɹ, ɪɟɚɤɬɢɜɧɚɹ ɢ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɢ 

ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t (ɤȼɬ, ɤɜɚɪ, ɤȼȺ). 
Ⱥɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ ɢɡɦɟɧɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ 

ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ (ɫɭɬɨɤ, ɦɟɫɹɰɚ), ɧɨ ɢ ɜ ɬɟɱɟɧɢɟ 
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ɨɞɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɦɟɧɵ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɧɚɝɥɹɞɧɨ ɜɵɪɚɠɚɟɬ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɜ ɞɨɥɹɯ ɚɤɬɢɜɧɨɣ,  

𝜑݃ݐ  = ܳܲ ,                                                                                                       ሺͳͶ.͸ሻ 
 
ɋɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ܿݏ݋𝜑  ɢ ݃ݐ𝜑 ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɜɵɪɚɠɟɧɢɟɦ, 
𝜑ݏ݋˔  = ͳ√ͳ +  ଶ𝜑 ,                                                                                   ሺͳͶ.͹ሻ݃ݐ

 
Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɦ, ɦɨɠɟɬ ɫɨɜɟɪ-

ɲɚɬɶ ɪɚɛɨɬɭ ɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɜ ɞɪɭɝɢɟ ɜɢɞɵ ɷɧɟɪɝɢɢ: ɦɟɯɚɧɢɱɟɫɤɭɸ, 
ɬɟɩɥɨɜɭɸ, ɫɜɟɬɨɜɭɸ, ɯɢɦɢɱɟɫɤɭɸ, ɷɧɟɪɝɢɸ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢ ɝɚɡɚ ɢ ɬ.ɩ. 
Ɉɩɪɟɞɟɥɟɧɧɚɹ ɱɚɫɬɶ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɨɬɟɪɢ. 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɟ ɫɜɹɡɚɧɚ ɫ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɨɣ ɷɥɟɤɬɪɨɩɪɢɟɦ-
ɧɢɤɚ ɢ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɫɨɡɞɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɹɯ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɥɢɧɢɹɯ. 

ɋɥɟɞɭɟɬ ɫɤɚɡɚɬɶ ɨ ɧɟɤɨɬɨɪɨɣ ɭɫɥɨɜɧɨɫɬɢ ɬɨɥɤɨɜɚɧɢɹ Q ɤɚɤ ɦɨɳɧɨɫɬɢ. 
Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɞɪɭɝɢɟ ɜɢɞɵ ɦɨɳɧɨɫɬɢ, ɧɟ ɬɪɟɛɭɟɬ 
ɞɥɹ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɬɪɚɬɵ ɞɪɭɝɢɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ, ɧɟ ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ ɢ 
ɩɨɷɬɨɦɭ ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɦɨɳɧɨɫɬɶɸ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɝɟɧɟɪɚɰɢɢ ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɦɟɠɞɭ ɪɟɚɤɬɢɜɧɨɣ ɢ ɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɶɸ ɫɭɳɟɫɬɜɭɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɥɢɱɢɹ. ȿɫɥɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɢɟɦɧɢɤɚɦɢ ɢ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɬɟ-
ɪɹɟɬɫɹ ɜ ɷɥɟɦɟɧɬɚɯ ɫɟɬɢ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɟɬɢ ɦɨɝɭɬ ɛɵɬɶ ɫɨɢɡɦɟɪɢɦɵ ɫ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ, 
ɩɨɬɪɟɛɥɹɟɦɨɣ ɩɪɢɟɦɧɢɤɚɦɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɂɡ 100 % ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, 22 % ɬɟɪɹɟɬɫɹ ɜ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɜ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟ-
ɧɢɹ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ 110–750 ɤȼ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, 6,5 % ɬɟɪɹɟɬɫɹ ɜ ɥɢɧɢɹɯ 
ɪɚɣɨɧɧɵɯ ɫɟɬɟɣ ɫɢɫɬɟɦɵ, 13,5 % ɫɨɫɬɚɜɥɹɸɬ ɩɨɬɟɪɢ ɜ ɩɨɧɢɠɚɸɳɢɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɯ ɢ ɥɢɲɶ 58 % ɢɡ ɜɫɟɣ ɜɵɪɚɛɨɬɚɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢ-
ɯɨɞɹɬɫɹ ɧɚ ɲɢɧɵ 6–10 ɤȼ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɜɦɟɫɬɟ ɫ ɞɪɭɝɢɦɢ ɢɫɬɨɱ-
ɧɢɤɚɦɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɢ ɪɟɝɭɥɢɪɭɸɬ ɛɚɥɚɧɫ ɪɟɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ. ȼ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ 
ɝɟɧɟɪɚɬɨɪ ɜɵɪɚɛɚɬɵɜɚɟɬ ɧɨɦɢɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɟɣ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɦɨɳɧɨɫɬɢ. 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɡɧɚ-
ɱɟɧɢɟɦ ɜɨɡɦɨɠɧɚ ɜɵɞɚɱɚ ɭɜɟɥɢɱɟɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɫɜɟɪɯ ɧɨɦɢ-
ɧɚɥɶɧɨɣ. ȼɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟ-
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ɧɢɹ ɚɤɬɢɜɧɨɣ ɞɨɩɭɫɬɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɫɥɭɱɚɟ ɢɡɛɵɬɤɚ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ, ɬ.ɟ. ɜ ɪɟɠɢɦɟ ɦɢɧɢɦɭɦɚ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɤɨɬɨɪɚɹ 
ɱɚɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ, ɧɟɫɭɳɢɯ ɚɤɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ, ɦɨɠɟɬ ɩɟɪɟɜɨɞɢɬɶɫɹ ɧɚ ɪɚ-
ɛɨɬɭ ɫ ɩɨɧɢɠɟɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɦɨɳɧɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɠɟ ɝɟɧɟɪɢɪɭɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɪɟɠɢɦɟ 
ɧɚɢɛɨɥɶɲɢɯ ɧɚɝɪɭɡɨɤ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɝɟɧɟɪɚɰɢɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. ɗɮɮɟɤɬɢɜɧɟɟ ɜɦɟɫɬɨ ɫɧɢɠɟɧɢɹ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɪɟɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ. ɉɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɫɟɬɹɯ 
ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬ ɤɨɦɩɟɧɫɢɪɭ-
ɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ [39]. 

ɉɪɨɯɨɠɞɟɧɢɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɪɟɚɤɬɢɜɧɵɯ ɬɨɤɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɝɟ-
ɧɟɪɚɬɨɪɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɧɨɦɢ-
ɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢɥɢ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɫɧɢɠɚɟɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶ ɜɫɟɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ȼɨɥɶɲɚɹ ɡɚɝɪɭɡɤɚ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɶɸ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɭɡɤɟ ɩɨ ɬɨɤɭ ɝɟɧɟɪɚɬɨɪɨɜ, ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɞɚɠɟ ɜ ɬɟ ɱɚɫɵ, ɤɨɝɞɚ ɩɨ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɟ ɱɚɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ 
ɦɨɠɧɨ ɨɬɤɥɸɱɢɬɶ ɜ ɪɟɡɟɪɜ. Ɋɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚɝɪɭ-
ɠɚɸɬɫɹ ɩɢɬɚɸɳɢɟ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɬɢ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɳɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [40]. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ: 

1. ɉɪɢ ɩɟɪɟɞɚɱɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜɨ ɜɫɟɯ ɷɥɟɦɟɧ-
ɬɚɯ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɡɚɝɪɭɡɤɨɣ ɢɯ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɶɸ. Ɍɚɤ, ɩɪɢ ɩɟɪɟɞɚɱɟ ɚɤɬɢɜɧɨɣ Ɋ ɢ ɪɟɚɤɬɢɜɧɨɣ Q ɦɨɳɧɨɫɬɟɣ ɱɟɪɟɡ 
ɷɥɟɦɟɧɬ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɹɬ, 

 ∆ܲ = ܲଶ + ܳଶܷଶ ∙ ܴ = ܲଶܷଶ ∙ ܴ + ܳଶܷଶ ∙ ܴ = ∆ ௔ܲ + ∆ܲ˓ .                             ሺͳͶ.ͺሻ 

 
ɂɡ ɜɵɪɚɠɟɧɢɹ (13.8) ɜɢɞɧɨ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ ∆ܲ˓ , ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ Q, ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɵ ɟɟ ɤɜɚɞɪɚɬɭ. 

2. ɉɟɪɟɞɚɱɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨ ɫɭɳɟɫɬɜɟɧɧɵ ɜ ɫɟɬɹɯ ɪɚɣ-
ɨɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɦɨɳɧɨɫɬɟɣ P ɢ Q ɱɟɪɟɡ ɷɥɟɦɟɧɬ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R ɢ ɪɟɚɤɬɢɜɧɵɦ ɏ ɩɨɬɟɪɢ 
ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɬɚɜɹɬ: 
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ɝɞɟ ∆ܷ௔- ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-

ɫɬɶɸ; ∆ ˓ܷ- ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ. 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹ-

ɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɩɪɢɟɦɧɢɤɚ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ 
ɧɚɝɪɭɡɨɤ ɢ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɫɟɬɢ. ɗɬɨ ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɢ ɫɬɨɢɦɨɫɬɢ ɫɪɟɞɫɬɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

3. Ɂɚɝɪɭɡɤɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ ɫɢɫɬɟɦ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɭɦɟɧɶɲɚɟɬ ɢɯ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɫɟɱɟɧɢɣ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɭɜɟ-
ɥɢɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢɥɢ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨɞɫɬɚɧɰɢɣ ɢ 
ɬ.ɩ. 

ɉɨɫɤɨɥɶɤɭ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɟɢɡɛɟɠɧɚ ɩɪɢ ɪɚɛɨɬɟ ɦɧɨɝɢɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɨɧɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɚ ɩɨɥɧɨɫɬɶɸ. Ɉɞ-
ɧɚɤɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɫɪɟɞɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɟɟ ɩɨɬɪɟɛɥɟɧɢɹ ɢɡ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. 

ȼ ɤɚɤɨɣ-ɥɢɛɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɝɟɧɟɪɢɪɭɟɦɚɹ ɪɟɚɤɬɢɜɧɚɹ ɷɧɟɪɝɢɹ 
ɪɚɜɧɚ ɩɨɬɪɟɛɥɹɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ, ɩɨ-
ɬɪɟɛɧɨɫɬɶ ɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɨɛɵɱɧɨ ɩɪɟɜɵɲɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɤɪɵ-
ɬɢɹ ɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɝɟɧɟɪɚɬɨɪɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. ɉɨɷɬɨɦɭ ɜɨɡ-
ɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɫɬɚɜ-
ɥɹɸɳɢɯ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ. ɍɫɬɪɨɣɫɬɜɚɦɢ 
ɬɚɤɨɝɨ ɬɢɩɚ, ɧɚɡɵɜɚɟɦɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ, ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧ-
ɫɚɬɨɪɨɜ, ɫɢɧɯɪɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ ɢ ɞɜɢɝɚɬɟɥɢ, ɚ ɬɚɤɠɟ ɫɬɚɬɢɱɟɫɤɢɟ ɢɫɬɨɱ-
ɧɢɤɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. ɉɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɝɟɧɟɪɚɬɨɪɵ ɜɵɪɚ-
ɛɚɬɵɜɚɸɬ ɥɢɲɶ ɨɤɨɥɨ 60% ɬɪɟɛɭɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, 20% ɝɟɧɟɪɢ-
ɪɭɟɬɫɹ ɜ Ʌɗɉ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 110 ɤȼ, 20% ɜɵɪɚɛɚɬɵɜɚɸɬ ɤɨɦɩɟɧɫɢ-
ɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɭ ɩɨɬɪɟɛɢɬɟɥɹ. ɋɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɫ ɫɟɬɶɸ ɜɟ-
ɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɨɬɪɟɛɥɟɧɢɹ ɢɡ ɧɟɟ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ [41]. 

ȼɫɟ ɜɵɲɟ ɫɤɚɡɚɧɧɨɟ ɜɵɧɭɠɞɚɟɬ, ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɬɟɯɧɢɱɟɫɤɢ ɢ ɷɤɨɧɨɦɢ-
ɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɩɪɢɛɥɢɠɚɬɶ ɢɫɬɨɱɧɢɤɢ ɩɨɤɪɵɬɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɤ ɦɟɫɬɚɦ ɟɟ ɩɨɬɪɟɛɥɟɧɢɹ ɢ ɭɦɟɧɶɲɚɬɶ ɩɨɥɭɱɟɧɢɟ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢɡ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɗɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɪɚɡɝɪɭɠɚɟɬ ɩɢɬɚɸɳɢɟ ɥɢɧɢɢ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɨɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

 
14.2 ɉɪɢɧɰɢɩɵ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
 

Ʉɚɤ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ, ɨɩɟɪɟ-
ɠɚɟɬ ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɧɟɦɭ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 90°, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɨɤ, ɩɪɨɯɨɞɹ-
ɳɢɣ ɱɟɪɟɡ ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɨɬɫɬɚɟɬ ɨɬ ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
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90°. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɩɪɨɬɢɜɨɩɨɥɨɠɟɧ ɢɧɞɭɤɬɢɜɧɨɦɭ ɬɨɤɭ ɢ 
ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɢɞɭɳɚɹ ɧɚ ɫɨɡɞɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɨɬɢɜɨɩɨ-
ɥɨɠɧɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɢɞɭɳɟɣ ɧɚ ɫɨɡɞɚɧɢɟ ɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɥɹ. ɉɨɷɬɨɦɭ ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɢ ɟɦɤɨɫɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɱɢɬɚɸɬɫɹ 
ɭɫɥɨɜɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɨɤɭ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɢ ɦɨɳɧɨ-
ɫɬɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɭɫɥɨɜɧɨ ɩɪɢɧɹɬɵɦɢ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɵɟ ɪɟɚɤɬɢɜɧɵɟ ɦɨɳɧɨɫɬɢ ɟɦɤɨɫɬɢ ɢ 
ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɜɡɚɢɦɧɨ "ɭɧɢɱɬɨɠɚɸɬɫɹ" (QC – QL = 0) ɢ ɫɟɬɶ ɪɚɡɝɪɭɠɚɟɬɫɹ 
ɨɬ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. 

ɉɪɢɧɰɢɩ ɤɨɦɩɟɧɫɚɰɢɢ ɩɪɢ ɩɨɦɨɳɢ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɩɨɹɫɧɹɟɬ ɜɟɤɬɨɪ-
ɧɚɹ ɞɢɚɝɪɚɦɦɚ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

 
Ɋɢɫɭɧɨɤ 17 – ɉɪɢɧɰɢɩ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɝɨ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚ-
ɧɢɹ [38]: ɚ – ɫɯɟɦɚ ɞɨ ɤɨɦɩɟɧɫɚɰɢɢ; ɛ – ɫɯɟɦɚ ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ 

 
ȿɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ ɧɚɝɪɭɡɤɟ, ɫɨ-

ɞɟɪɠɚɳɟɣ R ɢ L, ɩɨɞɛɢɪɚɸɬ ɬɚɤɨɣ, ɱɬɨɛɵ ɬɨɤ IC, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɤɨɧɞɟɧ-
ɫɚɬɨɪ, ɛɵɥ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɛɥɢɡɨɤ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɤ ɧɚɦɚɝɧɢɱɢɜɚ-
ɸɳɟɦɭ ɬɨɤɭ IL, ɩɨɬɪɟɛɥɹɟɦɨɦɭ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L. ɂɡ ɜɟɤɬɨɪɧɨɣ ɞɢɚ-
ɝɪɚɦɦɵ ɜɢɞɧɨ, ɱɬɨ ɩɨɞɤɥɸɱɟɧɢɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶ-
ɲɢɬɶ ɭɝɨɥ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɬɨɤɨɦ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɫ ɜɟɥɢɱɢɧɵ j1 
ɞɨ ɜɟɥɢɱɢɧɵ j2 ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 
ɧɚɝɪɭɡɤɢ. ɍɜɟɥɢɱɢɜɚɹ ɟɦɤɨɫɬɶ, ɦɨɠɧɨ ɩɨɥɧɨɫɬɶɸ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɪɟɚɤ-
ɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɤɨɝɞɚ 𝜑 = 0 [38]. 

Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɚɤ ɜɫɹɤɨɟ ɜɚɠɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ 
ɦɟɪɨɩɪɢɹɬɢɟ, ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ. ȼɨ-ɩɟɪ-
ɜɵɯ, ɤɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɚ ɩɨ ɭɫɥɨɜɢɸ ɛɚɥɚɧɫɚ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. ȼɨ-ɜɬɨɪɵɯ, ɭɫɬɚɧɨɜɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 
ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɫɟɬɢ. ɂ, ɧɚɤɨ-
ɧɟɰ, ɜ-ɬɪɟɬɶɢɯ, ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 
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ɭɫɬɪɨɣɫɬɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɬɟɯɧɢɱɟɫɤɢɦ 
ɢ ɪɟɠɢɦɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

1) ɧɟɨɛɯɨɞɢɦɨɦɭ ɪɟɡɟɪɜɭ ɦɨɳɧɨɫɬɢ ɜ ɭɡɥɚɯ ɧɚɝɪɭɡɤɢ; 
2) ɪɚɫɩɨɥɚɝɚɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɲɢɧɚɯ ɟɟ ɢɫɬɨɱɧɢɤɚ; 
3) ɨɬɤɥɨɧɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ; 
4) ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ. 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɟɪɟɬɨɤɨɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨ ɥɢɧɢɹɦ ɢ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɚɦ ɢɫɬɨɱɧɢɤɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɥɠɧɵ ɪɚɡɦɟɳɚɬɶɫɹ ɜɛɥɢɡɢ 
ɦɟɫɬ ɟɟ ɩɨɬɪɟɛɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɞɚɸɳɢɟ ɷɥɟɦɟɧɬɵ ɫɟɬɢ ɪɚɡɝɪɭɠɚɸɬɫɹ ɩɨ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɱɟɦ ɞɨɫɬɢɝɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɢ ɧɚɩɪɹɠɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 
ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɪɟɚɤɬɢɜɧɵɟ ɦɨɳɧɨɫɬɢ ɢ 
ɬɨɤ ɜ ɥɢɧɢɢ ɭɦɟɧɶɲɚɸɬɫɹ – ɥɢɧɢɹ ɪɚɡɝɪɭɠɚɟɬɫɹ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
[39]. 

ɍɦɟɧɶɲɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɞɨ-
ɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɤɚɤ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɦɟ-
ɪɚɦɢ (ɫɭɳɧɨɫɬɶ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɜɥɢɹɧɢɹ ɩɪɢɟɦɧɢɤɚ ɧɚ ɩɢ-
ɬɚɸɳɭɸ ɫɟɬɶ ɩɭɬɟɦ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɚɦ ɩɪɢɟɦɧɢɤ), ɬɚɤ ɢ ɡɚ ɫɱɟɬ ɫɩɟɰɢɚɥɶ-
ɧɵɯ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ (ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ) ɜ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ɇɟɪɨɩɪɢɹɬɢɹ, ɩɪɨɜɨɞɢɦɵɟ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɢɥɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɦɨ-
ɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɝɪɭɩɩɵ: 

1) ɧɟ ɬɪɟɛɭɸɳɢɟ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ; 
2) ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ; 
3) ɞɨɩɭɫɤɚɟɦɵɟ ɜ ɜɢɞɟ ɢɫɤɥɸɱɟɧɢɹ. 
Ɇɟɪɨɩɪɢɹɬɢɹ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɫɧɢɠɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ 

ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɞɨɥɠɧɵ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɨ-
ɫɤɨɥɶɤɭ ɞɥɹ ɢɯ ɨɫɭɳɟɫɬɜɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɚ-
ɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ. Ʉ ɬɚɤɢɦ ɦɟɪɨɩɪɢɹɬɢɹɦ ɨɬɧɨɫɹɬɫɹ: 

- ɭɩɨɪɹɞɨɱɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɟɞɭɳɟɟ ɤ ɭɥɭɱɲɟɧɢɸ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɤ ɩɨɜɵɲɟɧɢɸ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ; 

- ɩɟɪɟɤɥɸɱɟɧɢɟ ɫɬɚɬɨɪɧɵɯ ɨɛɦɨɬɨɤ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɚɩɪɹ-
ɠɟɧɢɟɦ ɞɨ 1000 ȼ ɫ ɬɪɟɭɝɨɥɶɧɢɤɚ ɧɚ ɡɜɟɡɞɭ, ɟɫɥɢ ɢɯ ɡɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ ɦɟ-
ɧɟɟ 40%; 

- ɭɫɬɪɚɧɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɛɟɡ ɧɚɝɪɭɡɤɢ 
(ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ) ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɤɨɝɞɚ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɩɪɟɜɵɲɚɟɬ 10 ɦɢɧ; 

- ɡɚɦɟɧɚ, ɩɟɪɟɫɬɚɧɨɜɤɚ ɢ ɨɬɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɡɚɝɪɭɠɚɟɦɵɯ 
ɜ ɫɪɟɞɧɟɦ ɦɟɧɟɟ ɱɟɦ ɧɚ 30% ɨɬ ɢɯ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
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- ɡɚɦɟɧɚ ɦɚɥɨ ɡɚɝɪɭɠɟɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɞɜɢɝɚɬɟɥɹɦɢ ɦɟɧɶɲɟɣ ɦɨɳɧɨ-
ɫɬɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɢɡɴɹɬɢɟ ɢɡɛɵɬɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɦɟɧɶ-
ɲɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɢ ɞɜɢɝɚɬɟɥɟ; 

- ɡɚɦɟɧɚ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɬɨɣ ɠɟ 
ɦɨɳɧɨɫɬɢ, ɝɞɟ ɷɬɨ ɜɨɡɦɨɠɧɨ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɫɨɨɛɪɚɠɟɧɢɹɦ; 

- ɩɪɢɦɟɧɟɧɢɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɞɥɹ ɜɫɟɯ ɧɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɚ, ɝɞɟ ɷɬɨ ɩɪɢɟɦɥɟɦɨ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɫɨɨɛɪɚɠɟɧɢɹɦ; 

- ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ ɩɪɢ 
ɬɢɪɢɫɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ; 

- ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɟɦɨɧɬɚ ɞɜɢɝɚɬɟɥɟɣ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɢɯ ɧɨɦɢ-
ɧɚɥɶɧɵɯ ɞɚɧɧɵɯ; 

- ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɮɚɡ ɜɵɩɪɹɦɥɟɧɢɹ; 
- ɩɪɢɦɟɧɟɧɢɟ ɩɨɨɱɟɪɟɞɧɨɝɨ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ; 
- ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɫ ɢɫɤɭɫɫɬɜɟɧ-

ɧɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɜɟɧɬɢɥɟɣ (ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɧɢɠɟɧɧɵɦ 
ɩɨɬɪɟɛɥɟɧɢɟɦ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ), ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɫɨ-
ɞɟɪɠɚɧɢɟɦ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɜ ɬɨɤɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɦɟɪɨɩɪɢɹɬɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɟɧɫɢɪɭɸ-
ɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɬɨ ɨɧɢ ɞɨɥɠɧɵ ɨɛɨɫɧɨɜɵɜɚɬɶɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ 
ɪɚɫɱɟɬɚɦɢ ɢ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɫɨɝɥɚɫɨɜɚɧɢɢ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ [41].  Ʉ ɞɚɧ-
ɧɵɦ ɦɟɪɨɩɪɢɹɬɢɹɦ ɨɬɧɨɫɹɬɫɹ: 

-ɭɫɬɚɧɨɜɤɚ ɫɬɚɬɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ; 
-ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɚɬɨɪɨɜ; 
-ɩɪɢɦɟɧɟɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 
-ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɤɨɦɩɟɧɫɚɰɢɢ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɟɱɢɫ-

ɥɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɚɪɚɥɥɟɥɶɧɨ. 
Cɬɨɢɬ ɟɳɟ ɪɚɡ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɵɛɨɪɭ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜ-

ɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɥɠɟɧ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɬɳɚɬɟɥɶɧɵɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟ-
ɫɤɢɣ ɚɧɚɥɢɡ, ɱɬɨ ɫɜɹɡɚɧɧɨ ɫ ɢɯ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɚ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɥɨɠɧɨɫɬɶɸ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ʉɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɢɯ ɪɚɫɩɨɥɨɠɟ-
ɧɢɹ ɜ ɪɚɡɜɟɬɜɥɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 
ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ: 

1) ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ;  
2) ɝɪɭɩɩɨɜɵɟ;  
3) ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ.  
ɇɚ ɪɢɫɭɧɤɟ 18 ɩɨɤɚɡɚɧɵ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭ-

ɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ [41]. 
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Ɋɢɫɭɧɨɤ 18 – ɋɯɟɦɵ ɩɨɞɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ: 
ɚ – ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ; ɛ – ɝɪɭɩɩɨɜɚɹ ɤɨɦɩɟɧɫɚɰɢɹ; ɜ – 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ [41] 
 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ – ɭɫɬɪɨɣɫɬɜɚ, ɪɚɛɨɬɚɸɳɢɟ ɧɟɩɨɫɪɟɞ-

ɫɬɜɟɧɧɨ ɫ ɩɪɢɟɦɧɢɤɨɦ, ɩɨɬɪɟɛɥɹɸɳɢɦ ɢɡ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳ-
ɧɨɫɬɶ. ɉɪɢ ɩɨɥɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɩɪɢɟɦɧɢɤ ɢ ɭɫɬɪɨɣɫɬɜɨ ɤɨɦɩɟɧɫɚɰɢɢ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɞɥɹ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɬɪɟɛɥɹɸɳɢɟ ɬɨɥɶɤɨ ɚɤɬɢɜɧɭɸ 
ɦɨɳɧɨɫɬɶ. Ɉɞɧɚɤɨ ɩɪɢ ɜɵɤɥɸɱɟɧɧɨɦ ɩɨɬɪɟɛɢɬɟɥɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ 
ɭɫɬɪɨɣɫɬɜɚ ɬɚɤɠɟ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɢɧ-
ɞɢɜɢɞɭɚɥɶɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ. Ɍɚɤɨɣ ɜɢɞ ɤɨɦɩɟɧɫɚɰɢɢ ɥɭɱɲɟ ɜɫɟɝɨ ɩɪɢɦɟ-
ɧɹɬɶ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɦɨɳɧɨɫɬɢ ɢɫɤɚɠɟɧɢɹ ɩɪɢɟɦɧɢɤɨɜ ɫ ɧɟɥɢɧɟɣɧɵɦɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
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Ƚɪɭɩɩɨɜɚɹ ɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɫɬɪɨɣɫɬɜɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɚɛɨɬɵ ɨɬɞɟɥɶɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɤɨɦɩɟɧɫɚɰɢɢ ɷɬɨɝɨ ɜɢɞɚ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ – ɤɨɦɦɭɬɚ-
ɰɢɨɧɧɚɹ ɢ ɡɚɳɢɬɧɚɹ; ɤɪɨɦɟ ɬɨɝɨ, ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫɬɚɬɨɱɧɵɣ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨ-
ɫɬɢ. Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ, ɞɨɥɠɟɧ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɭɬɨɱɧɨɣ ɩɨɬɪɟɛ-
ɧɨɫɬɢ ɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ʉɚɤ ɩɪɚ-
ɜɢɥɨ, ɞɥɹ ɝɪɭɩɩɵ ɩɨɬɪɟɛɢɬɟɥɟɣ ɯɚɪɚɤɬɟɪɧɨ ɱɚɫɬɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɱɬɨ 
ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɟɦ ɦɨɳɧɨɫɬɢ, ɨɬɞɚɜɚɟɦɨɣ ɤɨɦɩɟɧɫɚɬɨɪɨɦ. 

ɉɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɪɚɡɜɢɬɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɧɚɦɟɬɢɜ-
ɲɟɣɫɹ ɬɟɧɞɟɧɰɢɢ ɤ ɫɨɡɞɚɧɢɸ ɜɫɟ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɷɧɟɪɝɨɛɥɨɤɨɜ ɡɧɚɱɟɧɢɟ ɰɟɧ-
ɬɪɚɥɢɡɨɜɚɧɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ ɤɨɦɩɟɧɫɚ-
ɰɢɢ ɜ ɤɪɭɩɧɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɨɦɩɟɧɫɚɰɢɹ ɜɨ ɜɫɟɯ ɬɨɱ-
ɤɚɯ ɫɢɫɬɟɦɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɧɟɥɢɧɟɣɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɛɨɥɶɲɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ, ɩɪɢɱɟɦ, ɱɟɦ ɛɨɥɶɲɟ ɪɚɫɫɬɨɹ-
ɧɢɟ, ɬɟɦ ɛɨɥɶɲɟ ɩɨɬɟɪɢ ɜ ɫɟɬɢ. ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɱɚɳɟ ɫɨ-
ɡɞɚɸɬ ɝɪɭɩɩɨɜɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ, ɚ ɞɥɹ ɧɟɥɢɧɟɣɧɨɣ ɧɚɝɪɭɡɤɢ ɛɨɥɶɲɨɣ ɦɨɳ-
ɧɨɫɬɢ – ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ. 

ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɦɩɟɧ-
ɫɚɬɨɪɚ, ɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɜɵɛɨɪ ɦɟɫɬ ɩɨɞɫɨɟɞɢɧɟɧɢɹ ɫɯɟɦ ɢɡɦɟɪɟɧɢɹ. Ʉɨɦ-
ɩɟɧɫɚɬɨɪ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɢɦɟɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɚ-
ɛɢɥɢɡɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɨɱɤɟ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɫɬɢɝɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɤɨɥɟɛɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɧɟɪɝɨɫɢ-
ɫɬɟɦɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɩɨɞɤɥɸɱɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɉɨɥɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ S ɫɨɫɬɨɢɬ ɢɡ ɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɦɨɳɧɨɫɬɢ P, ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɢɟɦɧɢɤɚɦɢ ɢ ɧɟ ɨɬɞɚɟɬɫɹ 
ɨɛɪɚɬɧɨ ɢɫɬɨɱɧɢɤɭ, ɢ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ Q, ɤɨɬɨɪɚɹ ɧɟ ɩɪɨɢɡɜɨɞɢɬ 
ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ, ɚ ɥɢɲɶ ɰɢɪɤɭɥɢɪɭɟɬ ɨɬ ɢɫɬɨɱɧɢɤɚ ɤ ɩɨɬɪɟɛɢɬɟɥɸ ɢ ɨɛ-
ɪɚɬɧɨ. 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝ-
ɧɢɬɧɵɯ ɩɨɥɟɣ, ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ (ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɹɯ, ɥɢɧɢɹɯ ɢ ɬ.ɞ.). 

ɉɪɢɟɦɧɢɤɢ ɩɨɬɪɟɛɥɹɸɳɢɟ ɢɧɞɭɤɬɢɜɧɵɣ ɬɨɤ ɧɚɡɵɜɚɸɬ ɩɪɢɟɦɧɢɤɚɦɢ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɭɫɬɪɨɣɫɬɜɚ ɩɨɬɪɟɛɥɹɸɳɢɟ ɟɦɤɨɫɬɧɵɣ ɬɨɤ 
– ɢɫɬɨɱɧɢɤɚɦɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɭɫɬɪɨɣɫɬɜ ɢ ɚɝɪɟɝɚɬɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ ɩɨɬɪɟɛɥɹɸɬ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ. 

ɂɡ-ɡɚ ɪɹɞɚ ɩɪɢɱɢɧ ɩɟɪɟɞɚɱɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɩɨ ɥɢɧɢɹɦ ɫɟɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ 
ɜɵɝɨɞɧɨɣ.  

1) ɉɪɢ ɩɨɜɵɲɟɧɧɨɣ ɡɚɝɪɭɡɤɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
(ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɥɢɧɢɣ, ɝɟɧɟɪɚɬɨɪɨɜ) ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɜɨɡɧɢɤɚɸɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ.  
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Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɭɥɚ,  

 ∆ܲ = ͵𝐼ଶܴ = ͵ ( ܵ√͵ · ܷ)ଶ · ܴ = ܵଶܷଶ ܴ = ܲଶ + ܳଶܷଶ · ܴ =                 ሺͳͶ.ͳͲሻ = ܲଶܴܷଶ + ܳଶܴܷଶ = ∆ ௉ܲ + ∆ ொܲ,           
 
ɝɞɟ ∆ ௣ܲ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ ɫɱɟɬ ɩɟɪɟɞɚɱɢ ɚɤɬɢɜɧɨɣ ɦɨɳ-

ɧɨɫɬɢ ɩɨ ɰɟɩɢ; ∆ ொܲ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ ɫɱɟɬ ɩɟɪɟɞɚɱɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. 

Ɍɨɝɞɚ ɜɫɥɟɞɫɬɜɢɟ ɧɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɚɤɬɢɜ-
ɧɵɟ ɩɨɬɟɪɢ ɪɚɜɧɵ, 

 ∆ ொܲ = ܳଶܴܷଶ ,                                                                                                 ሺͳͶ.ͳͳሻ 
 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɟɪɟɬɨ-

ɤɨɦ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɡɚɫɬɚɜɥɹɸɬ ɭɜɟɥɢɱɢɜɚɬɶ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ 
ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ. ɗɬɨ ɜɟɞɟɬ ɤ ɭɜɟɥɢ-
ɱɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɰɜɟɬɧɨɝɨ ɦɟɬɚɥɥɚ.  

Ɍɚɤ ɤɚɤ ɩɨɥɧɵɣ ɬɨɤ I ɫɜɹɡɚɧ ɫ ɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɨɨɬɧɨɲɟɧɢɟɦ: 
 𝐼 = 𝐼 · cos 𝜑,                                                                                              ሺͳͶ.ͳʹሻ 
 
Ɂɧɚɱɢɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ 

ɱɚɫɬɢ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɵ, 
 ∆ܲ = ͵𝐼ଶܴ = ͵𝐼ଶܴcosଶ 𝜑 = ∆ ௉ܲcˑsଶ 𝜑 ,                                                             ሺͳͶ.ͳ͵ሻ 
 
ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ cosφ, ɧɚɩɪɢɦɟɪ, ɫ 1 ɞɨ 0,8, ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɭɜɟɥɢ-

ɱɚɬɫɹ ɜ 1/0,82 = 1,56 ɪɚɡɚ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɦɚɫɫɵ ɩɪɨɜɨɞɨɜ ɧɚ 25%. 
ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ (ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ 𝐼 ), ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨɬɪɟɛɢɬɟɥɸ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. 

2) ɉɨɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɦɨɳɧɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɩɟɪɟɞɚɱɢ ɪɟɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɦɨɳɧɨɫɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɜɨɡɪɚɫɬɚɧɢɟɦ ɩɨɬɟɪɶ ∆Q: 

 ɜ ɥɢɧɢɢ, 
 
 ∆ܳ = ͵ · 𝐼ଶ · ଴ݔ · ݈,                                                                                    ሺͳͶ.ͳͶሻ 
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 ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, 
 

 ∆ܳ = ௌːˑˏଵ଴଴ ሺ݅˘˘ +  ଶሻ,                                                                          ሺͳͶ.ͳͷሻߚКʖݑ

 
ɝɞɟ ݅˘˘ – ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, %;  
      ܵ ːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  
 ;% ,Кʖ – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚݑ      
 .ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ – ߚ      
3) ɉɨɜɵɲɟɧɧɚɹ ɩɟɪɟɞɚɱɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜɵɡɵɜɚɟɬ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ. 
ɉɪɢ ɩɟɪɟɞɚɱɟ ɦɨɳɧɨɫɬɢ P ɢ Q ɱɟɪɟɡ ɡɜɟɧɨ ɫɟɬɢ ɫ ɚɤɬɢɜɧɵɦ ɢ ɪɟɚɤɬɢɜ-

ɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɧɵ, 
 ∆ܲ = ܲ · ܴ + ܳ · ܷܺ = ܲ · ܴܷ + ܳ · ܷܺ = ∆ܷ௉ + ∆ܷொ,                          ሺͳͶ.ͳ͸ሻ 

 
ɝɞɟ ∆ܷ௉ - ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɟɪɟɞɚɱɟɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ; 
          ∆ܷொ - ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɟɪɟɞɚɱɟɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. 

ɂɡ ɞɚɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɢ ɫɜɹɡɚɧɵ 
ɧɟ ɬɨɥɶɤɨ ɫɨ ɡɧɚɱɟɧɢɟɦ ɩɟɪɟɞɚɜɚɟɦɨɣ ɚɤɬɢɜɧɨɣ ɱɚɫɬɶɸ ɦɨɳɧɨɫɬɢ, ɧɨ ɢ ɫɨ 
ɡɧɚɱɟɧɢɹɦɢ ɩɟɪɟɞɚɜɚɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɥɢɧɢɢ. ɂɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɩɨ ɥɢɧɢɢ ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɬɨɥɶɤɨ 
ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɚ ɪɟɚɤɬɢɜɧɚɹ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ ɧɭɥɸ, ɬɨ ɧɚɩɪɹɠɟɧɢɟ ɜ 
ɤɨɧɰɟ ɥɢɧɢɢ ɛɭɞɟɬ ɭɜɟɥɢɱɟɧɚ ɧɚ,  

 ∆ܷொ = ܳ · ܷܺ  ,                                                                                             ሺͳͶ.ͳͶሻ 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ∆ܷொ ɭɜɟɥɢɱɢɜɚɸɬ ɨɬɤɥɨɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɡɚɠɢɦɚɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ 
ɢɡɦɟɧɟɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. ɂɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟ-
ɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɨɤɚɡɵɜɚɟɬ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟ-
ɠɢɦɵ ɪɚɛɨɬɵ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

1) ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɝɪɭɡɤɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɫɧɢɠɚɟɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɟɣ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ, ɱɬɨ ɱɚɫɬɨ ɧɟ ɞɚɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɧɭɸ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳ-
ɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ; 

2) ɡɚɝɪɭɡɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɫɧɢɠɚɟɬ ɢɯ ɄɉȾ; 
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3) ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɟɡɧɨɣ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɷɥɟɤɬɪɨɫɬɚɧ-
ɰɢɣ ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. 

ȿɫɥɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɜɵɫɢɬ ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ cosφ ɝɟɧɟɪɚɬɨɪɚ, ɬɨ ɚɤɬɢɜɧɚɹ ɱɚɫɬɶ 
ɧɚɝɪɭɡɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɦɟɧɶɲɟɧɚ. ɉɨ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ, ɩɨɥɧɵɣ ɬɨɤ 
ɧɚɝɪɭɡɤɢ ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɲɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɉɪɢ cosφ ɧɢɠɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɫɞɜɢɝɚ ɮɚɡ 
ɜ ɫɟɬɢ ɩɪɨɢɡɨɣɞɟɬ ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɥɟɦɦɚɯ ɫɬɚɬɨɪɚ, ɜ ɫɥɟɞɫɬɜɢɢ 
ɭɫɢɥɟɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɨɥɹ ɪɟɚɤɰɢɢ ɹɤɨɪɹ. ɗɬɨ ɩɨɬɪɟɛɭɟɬ ɛɨɥɟɟ ɫɢɥɶɧɨɝɨ 
ɜɨɡɛɭɠɞɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɢ ɫɧɢɠɟɧɧɨɦ cosφ ɩɨɜɵɲɟɧɧɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɩɪɢ-
ɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɩɨɜɵɲɟɧɢɸ ɦɨɳ-
ɧɨɫɬɢ ɩɟɪɜɢɱɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

  
14.3 Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɪɟɞɫɬɜɚ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɤɨɦɩɟɧɫɚɰɢɢ 

ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
 

Ʉɨɦɩɟɧɫɢɪɨɜɚɬɶ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɦɨɠɧɨ Ʉɍ ɜɵɫɨɤɨɝɨ, ɫɪɟɞɧɟɝɨ 
ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɧɬɚɤɬɨɪɨɜ ɢ ɬɢɪɢɫɬɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
Ɉɧɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɨɦ ɤɥɢɦɚɬɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ ɢ ɤɨɦɩɥɟɤɬɭ-
ɸɬɫɹ ɮɢɥɶɬɪɨɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ (ɎɄɍ); ɛɚɬɚɪɟɹɦɢ ɫɬɚɬɢɱɟ-
ɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ (ȻɋɄ); ɧɢɡɤɨɜɨɥɶɬɧɵɦɢ ɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɨɞɧɨ- ɢ 
ɬɪɟɯɮɚɡɧɵɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ, ɋȾ ɢ ɫɢɧɯɪɨɧɧɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ (ɋɄ), 
ɤɨɫɢɧɭɫɧɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ (ɤɨɧɞɟɧɫɚɬɨɪɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ), ɲɭɧɬɢɪɭ-
ɸɳɢɦɢ ɪɟɚɤɬɨɪɚɦɢ, ɫɬɚɬɢɱɟɫɤɢɦɢ ɬɢɪɢɫɬɨɪɧɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ. 

Ɋɚɡɥɢɱɚɸɬ ɩɨɩɟɪɟɱɧɭɸ ɢ ɩɪɨɞɨɥɶɧɭɸ ɤɨɦɩɟɧɫɚɰɢɸ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. 

ɉɪɢ ɩɨɩɟɪɟɱɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɢɧɞɭɤɬɢɜɧɵɟ ɢ ɟɦɤɨɫɬɧɵɟ ɰɟɩɢ Ʉɍ ɫɨ-
ɟɞɢɧɹɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ. ɉɪɢ ɷɬɨɦ ɬɨɤ ɜ ɧɟɪɚɡɜɟɬɜɥɟɧɧɨɣ ɱɚɫɬɢ ɰɟɩɢ ɪɚɜɟɧ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɭɦɦɟ ɢɧɞɭɤɬɢɜɧɵɯ ɢ ɟɦɤɨɫɬɧɵɯ ɬɨɤɨɜ: ɢɧɞɭɤɬɢɜɧɵɣ ɬɨɤ 
ɨɬɫɬɚɟɬ ɨɬ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɟɦɤɨɫɬɧɵɣ ɨɩɟɪɟɠɚɟɬ ɟɝɨ. ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɡɧɚɱɟɧɢɢ ɟɦɤɨɫɬɢ ɫɭɦɦɚɪɧɵɣ ɬɨɤ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ ɢɧɞɭɤɬɢɜɧɨɝɨ ɬɨɤɚ 
ɧɚɝɪɭɡɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ (cosφ) ɫɢ-
ɫɬɟɦɵ. ɉɨɜɵɲɟɧɢɟ cosφ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ ɢɫɬɨɱɧɢɤɨɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɥɢɧɢɣ, ɩɨɜɵɫɢɬɶ ɚɤ-
ɬɢɜɧɭɸ ɡɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɦɨɳɧɨɫɬɢ. 

ɉɪɢ ɩɨɩɟɪɟɱɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢ ɫɧɢɠɟɧɢɢ 
ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɫɧɢɠɚɸɬɫɹ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɜɵɲɚɟɬɫɹ ɧɚɩɪɹɠɟ-
ɧɢɟ ɜ ɫɟɬɢ, ɫɧɢɠɚɸɬɫɹ ɩɨɬɟɪɢ ɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ ɋɗɋ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɩɨɬɟɪɶ ɜ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɤɨɧɞɟɧɫɚɬɨɪɵ ɫɥɟɞɭɟɬ ɩɨɞɤɥɸɱɚɬɶ ɤɚɤ ɦɨɠɧɨ 
ɛɥɢɠɟ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɩɨɩɟɪɟɱɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɨɬɧɨ-
ɫɹɬɫɹ: ɩɪɨɫɬɨɬɚ ɢ ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ, ɞɨɫɬɭɩɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɦɚɥɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɤ ɧɟɞɨɫɬɚɬɤɚɦ – ɨɬ-
ɫɭɬɫɬɜɢɟ ɩɥɚɜɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɞɚɜɚɟɦɨɣ ɜ ɫɟɬɶ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, 
ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ, ɧɚɥɢɱɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɡɚɪɹɞɚ. 
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ɉɪɢ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɤɨɧɞɟɧɫɚɬɨɪɵ ɜɤɥɸɱɚɸɬ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ ɫ ɧɚɝɪɭɡɤɨɣ ɱɟɪɟɡ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɢɥɢ ɜɨɥɶɬɨ-ɞɨɛɚɜɨɱɧɵɣ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɯɨɞɢɬ ɩɨɥɧɵɣ ɬɨɤ ɥɢɧɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɨɤ ɄɁ. 
ɉɪɨɞɨɥɶɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. 

Ɉɞɧɚɤɨ ɩɪɢ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɜɨɡɦɨɠɧɵ ɚɜɚɪɢɣɧɵɟ ɪɟɠɢɦɵ: 
ɮɟɪɪɨɪɟɡɨɧɚɧɫɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɫɲɭɧɬɢɪɨɜɚɧɢɢ ɤɨɧ-
ɞɟɧɫɚɬɨɪɨɜ ɢ ɢɯ ɩɨɜɪɟɠɞɟɧɢɹ. ȿɫɥɢ ɜ ɫɯɟɦɟ ɩɢɬɚɧɢɹ ɜɨɡɧɢɤɚɟɬ ɪɟɡɤɨɟ ɩɨɜɵ-
ɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɬɨ ɤɨɧɞɟɧɫɚɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɦɟɞɥɟɧɧɨ ɪɚɡɪɹɠɟɧɵ 
ɱɟɪɟɡ ɢɫɤɪɨɜɨɣ ɩɪɨɦɟɠɭɬɨɤ ɢ ɡɚɲɭɧɬɢɪɨɜɚɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦ ɜɵɤɥɸɱɚɬɟ-
ɥɟɦ. ɉɪɨɞɨɥɶɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɥɢɧɢɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨ-
ɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɥɢɧɢɣ. 

ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɥɧɨ-
ɫɬɶɸ ɡɚɜɢɫɢɬ ɨɬ ɦɟɫɬɚ ɢ ɰɟɥɢ ɟɝɨ ɭɫɬɚɧɨɜɤɢ 

Ʉɨɧɞɟɧɫɚɬɨɪɧɵɟ ɛɚɬɚɪɟɢ (ɄȻ) ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɤɨɦɩɟɧ-
ɫɚɰɢɢ (ɜɵɞɚɱɚ ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ) ɧɚ ɉɉ. ɋɧɢɠɟɧɢɟ ɩɟɪɟɬɨɤɨɜ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɨɬ ɝɟɧɟɪɚɬɨɪɨɜ ɱɟɪɟɡ ɷɥɟɤɬɪɨɫɟɬɶ ɤ ɗɉ ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɚɤɬɢɜ-
ɧɨɣ ɷɧɟɪɝɢɢ ɢ ɧɨɪɦɚɥɢɡɭɟɬ ɧɚɩɪɹɠɟɧɢɟ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. ɄȻ ɭɫɬɚɧɚɜɥɢɜɚ-
ɸɬɫɹ ɜɛɥɢɡɢ ɨɬ ɦɟɫɬɚ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɢ ɩɪɢ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɥɹ ɢɡɦɟ-
ɧɟɧɢɹ ɜɵɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɜ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ. ɉɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɡɚɪɹɞɟ 
ɢ ɪɚɡɪɹɞɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɫɨɡɞɚɸɬ ɢɡɛɵɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɱɬɨ ɡɚɫɬɚɜ-
ɥɹɟɬ ɬɨɤ ɩɟɪɟɯɨɞɢɬɶ ɜ ɫɥɟɞɭɸɳɭɸ ɮɚɡɭ ɪɚɧɶɲɟ, ɱɟɦ ɷɬɨ ɛɵɥɨ ɛɵ ɩɪɢ ɨɬɫɭɬ-
ɫɬɜɢɢ ɜ ɫɯɟɦɟ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɄȻ ɝɟɧɟɪɢɪɭɸɬ ɪɟɚɤɬɢɜɧɭɸ 
ɦɨɳɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɜɵɞɚɜɚɟɦɚɹ ɜ ɫɢɫɬɟɦɭ ɦɨɳɧɨɫɬɶ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɫɢɫɬɟɦɟ 
ɄȻ (Qɉ) ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɩɚɫɩɨɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɛɚɬɚɪɟɣ (Qɤɨɧɞ).  

Ɇɨɳɧɨɫɬɶ Ʉɍ ɜ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1 ɤȼ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɫɥɨ-
ɜɢɸ ɛɚɥɚɧɫɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɲɢɧɚɯ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɝɥɚɜ-
ɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ (Ƚɉɉ). 

ȿɫɥɢ ɜ ɋɗɋ ɢɦɟɸɬɫɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɋȾ (6(10) ɤȼ), ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɢɫɬɨɱɧɢɤɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɨ ɭɱɢɬɵɜɚɟɬɫɹ ɢ 
ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɢɦɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ. ȿɫɥɢ ɢɯ ɦɨɳɧɨɫɬɶ ɧɟɞɨɫɬɚ-
ɬɨɱɧɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɛɚɥɚɧɫɚ, ɬɨ ɨɩɪɟɞɟɥɹɸɬ ɧɟɞɨɫɬɚɸɳɭɸ ɦɨɳɧɨɫɬɶ ɄȻ 
ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɜɚɪ: 

 ܳ˄˅ = ܳˍ˖ − ܳʠʓ − ܳ˄ː,                                                                           ሺͳͶ.ͳͷሻ 
 
ȿɫɥɢ ɰɟɯɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢɦɟɸɬ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ, 

ɬɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɭɫɬɚɧɨɜɤɚ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɄȻ (ɧɚ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟ-
ɧɢɹ ɜɵɲɟ 1 ɤȼ), ɬ.ɤ. ɨɧɢ ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɭɞɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɢɡ ɪɚɫ-
ɱɟɬɚ ɧɚ1 ɤɜɚɪ), ɱɟɦ ɭɞɟɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. 
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Ɉɛɵɱɧɨ ɤɨɧɞɟɧɫɚɬɨɪɵ ɜ ɫɟɬɹɯ ɧɚɩɪɹɠɟɧɢɟɦ 6(10) ɤȼ ɜɤɥɸɱɚɸɬɫɹ ɩɨ ɫɯɟɦɟ 
ɬɪɟɭɝɨɥɶɧɢɤɚ (ɪɢɫɭɧɨɤ 19, ɚ). 

  
Ɋɢɫɭɧɨɤ 19 – ɋɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ: ɚ – ɱɟ-

ɪɟɡ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 6(10) ɤȼ; ɛ – ɱɟɪɟɡ ɪɭɛɢɥɶɧɢɤ ɢ ɩɪɟɞɨ-
ɯɪɚɧɢɬɟɥɶ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɞɨ 1 ɤȼ 

1 – ɤɨɧɞɟɧɫɚɬɨɪɧɚɹ ɛɚɬɚɪɟɹ; 2 – ɪɚɡɪɹɞɧɢɤ; 3 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ; 4 – ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɜɵɤɥɸɱɚ-

ɬɟɥɶ; 5 – ɪɭɛɢɥɶɧɢɤ; 6 – ɩɥɚɜɤɢɣ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ; 7 – ɫɢɥɨɜɨɣ ɰɟɯɨɜɨɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 8 — ɪɚɡɴɟɞɢɧɢɬɟɥɶ 

 
ɉɪɢ ɨɬɤɥɸɱɟɧɢɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɞɥɹ ɡɚɦɟɧɵ ɢɥɢ ɪɟɦɨɧɬɚ ɧɟɨɛɯɨɞɢɦɨ 

ɢɯ ɪɚɡɪɹɞɢɬɶ, ɨɬɜɟɫɬɢ ɡɚɩɚɫɟɧɧɭɸ ɷɧɟɪɝɢɸ. Ⱦɥɹ ɷɬɨɝɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɪɚɡ-
ɪɹɞɧɢɤɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɡɚɩɚɫɟɧɧɚɹ ɷɧɟɪɝɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɟɪɟɞɚɟɬɫɹ ɤ ɪɚɡ-
ɪɹɞɧɢɤɭ. ɉɪɢ ɜɵɫɨɤɨɦ ɧɚɩɪɹɠɟɧɢɢ (6(10) ɤȼ) ɪɚɡɪɹɞɧɢɤ ɄȻ ɫɨɟɞɢɧɹɟɬɫɹ ɜ 
«ɬɪɟɭɝɨɥɶɧɢɤ»; ɜ «ɩɥɟɱɢ» ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɚɸɬ ɪɟɨ-
ɫɬɚɬɵ. Ɋɟɨɫɬɚɬɵ ɧɚɝɪɟɜɚɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɬɨɤɭ «ɜ ɤɜɚɞɪɚɬɟ», ɢ ɨɬɜɨ-
ɞɢɦɚɹ ɨɬ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɷɧɟɪɝɢɹ ɛɵɫɬɪɨ ɝɚɫɢɬɫɹ, ɱɬɨ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɪɚɡ-
ɪɹɞɤɢ ɄȻ. 

Ⱦɥɹ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɪɹɞɧɢɤ ɄȻ (ɩɨɡ. 1, ɪɢɫ. 19, ɛ) ɫɨɟɞɢ-
ɧɹɸɬ ɜ «ɡɜɟɡɞɭ». ȼ ɭɫɬɚɧɨɜɤɚɯ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
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(6(10) ɤȼ) ɩɪɢɦɟɧɹɸɬ ɄȻ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɵɦ 
ɜɤɥɸɱɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ. 

ɄȻ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɋȾ, ɩɪɨɳɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ; ɜ ɧɢɯ ɨɬɫɭɬɫɬɜɭɸɬ ɜɪɚ-
ɳɚɸɳɢɟɫɹ ɱɚɫɬɢ; ɨɧɢ ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɦɚɫɫɭ, ɱɬɨ ɜɚɠɧɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɜ ɧɢɯ ɦɟɧɶɲɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɪɚɛɨɬɤɭ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (2,5÷5 ȼɬ/ɤɜɚɪ). 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɄȻ ɨɬɧɨɫɹɬ ɡɚɜɢɫɢɦɨɫɬɶ ɝɟɧɟɪɢɪɭɟɦɨɣ ɢɦɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɨɬ ɧɚɩɪɹɠɟɧɢɹ, ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ ɢ ɩɟɪɟɧɚ-
ɩɪɹɠɟɧɢɹɦ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɫɤɚɠɟɧɢɹɦ ɮɨɪɦɵ ɤɪɢɜɨɣ ɩɨɞɜɨɞɢɦɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɥɚɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜɵɞɚɜɚɟɦɨɝɨ ɪɟɚɤɬɢɜɧɨɝɨ 
ɬɨɤɚ. ȼ ɫɟɬɹɯ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɱɪɟɡɦɟɪɧɨɟ ɞɪɨɛɥɟɧɢɟ 
ɦɨɳɧɨɫɬɢ Ʉɍ (ɜɵɛɢɪɚɬɶ ɭɫɬɚɧɨɜɤɢ ɦɨɳɧɨɫɬɶɸ ɦɟɧɟɟ 30 ɤɜɚɪ), ɬɚɤ ɤɚɤ ɷɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɡɚɳɢɬɧɭɸ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɭɸ ɚɩɩɚɪɚɬɭɪɭ, 
ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɧɚ ɤɚɠɞɵɣ ɤɜɚɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɄȻ. 

ɋɬɚɬɢɱɟɫɤɢɟ ɬɢɪɢɫɬɨɪɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ (ɋɌɄ) (ɤɨɫɢɧɭɫɧɵɟ ɤɨɧɞɟɧ-
ɫɚɬɨɪɵ) ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɋɗɋ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. ɋɌɄ, ɤɚɤ ɋȾ 
ɢ ɋɄ, ɦɨɝɭɬ ɜɵɞɚɜɚɬɶ ɢ ɩɨɬɪɟɛɥɹɬɶ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ. ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɟɬɹɯ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫ ɰɟɥɶɸ ɩɨɜɵ-
ɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɭɡɥɚɯ ɧɚɝɪɭɡɤɢ, ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɢ ɢ ɩɨɜɵɲɟɧɢɹ ɟɟ ɤɚɱɟɫɬɜɚ. ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɢ ɫɯɟɦɚ ɜɤɥɸɱɟ-
ɧɢɹ ɋɌɄ ɜɵɛɢɪɚɟɬɫɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 
ɋɗɋ, ɜɢɞɚ ɢ ɜɟɥɢɱɢɧɵ ɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɧɚɝɪɭɡɤɢ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ɋɌɄ ɜɵɩɭɫɤɚɸɬ ɜ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ: ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɢɜɨɞɨɜ ɩɪɨɤɚɬɧɵɯ ɫɬɚɧɨɜ ɢ ɞɥɹ 
ɞɭɝɨɜɵɯ ɫɬɚɥɟɩɥɚɜɢɥɶɧɵɯ ɩɟɱɟɣ (Ⱦɋɉ) (ɪɢɫɭɧɨɤ 20) ɢ ɞɥɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ 
ȼɅɗɉ.  
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Ɋɢɫɭɧɨɤ  – 20 ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɋɌɄ ɞɥɹ ɩɢɬɚɧɢɹ Ⱦɋɉ: ɎɄɐ – ɮɢɥɶ-
ɬɪɨɤɨɦɩɟɧɫɢɪɭɸɳɚɹ ɰɟɩɶ; ɊɎ – ɮɢɥɶɬɪɨɜɵɟ ɪɟɚɤɬɨɪɵ; ɄȻ – ɛɚɬɚɪɟɹ ɤɨɧ-
ɞɟɧɫɚɬɨɪɨɜ; ɌɊȽ – ɬɢɪɢɫɬɨɪɧɨɪɟɚɤɬɨɪɧɚɹ ɝɪɭɩɩɚ; ɉȾɍ ɋɌɄ – ɩɭɥɶɬ ɞɢɫɬɚɧ-
ɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɌɄ 

 

ɋɬɚɬɢɱɟɫɤɢɣ ɬɢɪɢɫɬɨɪɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɧɚɛɨɪ ɮɢɥɶ-
ɬɪɨɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɰɟɩɟɣ ɢ ɬɢɪɢɫɬɨɪɧɨ-ɪɟɚɤɬɨɪɧɭɸ ɝɪɭɩɩɭ, ɛɥɚɝɨɞɚɪɹ 
ɤɨɬɨɪɨɣ ɞɚɧɧɵɣ ɬɢɩ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɫɩɨɫɨɛɟɧ ɫɢɦɦɟɬɪɢɪɨɜɚɬɶ 
ɧɚɝɪɭɡɤɢ, ɷɮɮɟɤɬɢɜɧɨ ɩɨɞɚɜɥɹɬɶ ɮɥɢɤɟɪ, ɫ ɩɨɦɨɳɶɸ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ 
ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɳɧɨɫɬɢ, ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɡɚɞɚɧ-
ɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɨɱɤɟ ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ 
ɬɢɩɚ ɹɜɥɹɸɬɫɹ: ɪɟɝɭɥɢɪɭɟɦɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɳ-
ɧɨɫɬɢ; ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ; ɩɨɞɞɟɪɠɚɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɚɩɪɹ-
ɠɟɧɢɹ ɧɚ ɩɟɱɧɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ ɞɭɝɨɜɨɣ ɫɬɚɥɟɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɹɬɫɹ ɛɨɥɶ-
ɲɢɟ ɝɚɛɚɪɢɬɵ, ɝɟɧɟɪɚɰɢɹ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɩɪɢ ɪɚɛɨɬɟ ɬɢɪɢɫɬɨɪɧɨ-ɪɟɚɤɬɨɪ-
ɧɨɣ ɝɪɭɩɩɵ ɢ ɞɜɨɣɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ 
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ɁȺɄɅɘЧȿɇɂȿ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɨ-
ɩɪɨɫɚ ɨ ɫɯɟɦɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨ-
ɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞ-
ɩɪɢɹɬɢɹ. ɉɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧ-
ɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɫɪɟɞɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ Ƚɉɉ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ ɢ ɦɨɥɧɢɟɡɚɳɢɬɵ 
ɈɊɍ Ƚɉɉ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɲɚɪɢɤɨ-
ɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɡɚɜɨɞɚ, ɨɬɜɟɱɚɸɳɚɹ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ 
ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
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7. ɋɭɦɚɪɨɤɨɜɚ, Ʌ.ɉ. Ɉɫɧɨɜɵ ɪɚɫɱёɬɚ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: Ɇɟɬɨ-
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ɪɟɫɭɪɫ] // https://krsk-sbit.ru [ɫɚɣɬ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://krsk-
sbit.ru/index.php?route=information/rubric&rubric_id=104 

16. ɋɩɪɚɜɨɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ: "ɂɧɞɟɤɫɵ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ 
ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɢɧɞɟɤɫɵ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɨ-
ɟɤɬɧɵɯ ɢ ɢɡɵɫɤɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ" [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// 
http://www.consultant.ru/document/cons_doc_LAW_39473/ 

17. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɇɋ 10000/35 ɢ ɌȾɇC 10000/110: «ɈɈɈ» «Ɍɨ-
ɥɶɹɬɬɢɧɫɤɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ» - ɋɚɦɚɪɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. Ɍɨɥɶɹɬɬɢ 2021ɸ – Ɋɟ-
ɠɢɦ ɞɨɫɬɭɩɚ: https://transformator.com.ru/ 

18. Ɋɨɠɤɨɜɚ, Ʌ. Ⱦ. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɢ ɢ 
ɩɨɞɫɬɚɧɰɢɢ [Ɍɟɤɫɬ]: ɭɱɟɛɧɢɤ ɞɥɹ ɫɪɟɞ. ɩɪɨɮ. ɨɛɪɚɡɨɜɚɧɢɹ / Ʌ. Ⱦ. Ɋɨɠɤɨɜɚ, 
Ʌ. Ʉ. Ʉɨɪɧɟɟɜɚ, Ɍ.ȼ. ɑɢɪɤɨɜɚ. – Ɇ.: Ⱥɤɚɞɟɦɢɹ, 2013. – 448 ɫ. 

19. Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ 35 ɤȼ ɊȽɉ-ɋɗɓ-35 [ɗɥɟɤ-
ɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://www.electroshield.ru/ 

20. Ʉɨɦɩɥɟɤɬɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɟɪɢɢ ɄɊɍ-ɋɗɓ-63 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// https://www.electroshield.ru/catalog/komplektnye-
raspredelitelnye-ustroystva/kru-seshch-63-6-10-kv/ 

21. ɉɊȿȾɈɏɊȺɇɂɌȿɅɂ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɫɟɪɢɢ ɉɄɌ [ɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫ] // https://nva-korenevo.ru/download/catalog/catalog-pkt.pdf 

22. ȼɵɤɥɸɱɚɬɟɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ȼȺ-50-47-2500 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫ]: EKF – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://ekfgroup.com; 

23. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɈɅ–ɋɗɓ–35 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫ]: ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

24. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȼɅ–ɋɗɓ–35 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫ]: ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

25. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȼɅ–ɋɗɓ–10 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫ]: ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

26. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɈɅ–ɋɗɓ–10 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫ]: ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

27. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ–35 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 
ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

28. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ–10 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 
ɗɥɟɤɬɪɨɳɢɬ ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.electroshield.ru/; 

https://www.electroshield.ru/upload/iblock/654/Tekhnicheskaya-informatsiya-TI_210_2018-_versiya-1.0_.pdf
https://www.electroshield.ru/upload/iblock/654/Tekhnicheskaya-informatsiya-TI_210_2018-_versiya-1.0_.pdf
https://krsk-sbit.ru/index.php?route=information/rubric&rubric_id=104
https://krsk-sbit.ru/index.php?route=information/rubric&rubric_id=104
https://transformator.com.ru/
https://www.electroshield.ru/
https://nva-korenevo.ru/download/catalog/catalog-pkt.pdf
https://www.electroshield.ru/


 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

121 

Лист 
     

     

29. Ɉɩɨɪɧɵɟ ɢɡɨɥɹɬɨɪɵ  //  ɁȺɈ “ZETO” «Ɂɚɜɨɞ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ» [ɫɚɣɬ]. – Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ.Ɇɨɫɤɜɚ, 2016. – Ɋɟɠɢɦ ɞɨ-
ɫɬɭɩɚ: 
http://www.zeto.ru/http://www.zeto.ru/products_and_services/polymeric_insulat
ors/opornye-izolyatory/izolyatory-na-napryajenie- 10kv 

30. ɉɪɨɯɨɞɧɵɟ ɢɡɨɥɹɬɨɪɵ  [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]:  ɋɩɪɚɜɨɱɧɢɤ ɷɥɟɤɬ-
ɪɨɫɥɭɠɛɵ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://uralen.ru/catalog/izol/group-36/462.html  

31.Ɍɢɦɨɮɟɟɜ ɋ.Ⱥ., ɪɟɰɟɧɡɟɧɬ Ɍɢɯɨɧɨɜ Ⱥ.Ⱥ., Ɉɫɧɨɜɵ ɜɵɛɨɪɚ ɧɟɥɢɧɟɣ-
ɧɵɯ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ [Ɍɟɤɫɬ]: Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɤ ɤɭɪ-
ɫɨɜɨɦɭ ɢ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ. – Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɐ ɄȽɌɍ, 2003, 
50ɫ 

 32. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɋɁ.-
Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://transformator.com.ru 

33. Ⱥ.Ⱥ. ȼɚɫɢɥɶɟɜ ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ/ Ⱥ.Ⱥ. 
ȼɚ-ɫɢɥɶɟɜ, ɂ.ɉ. Ʉɪɸɱɤɨɜ, ȿ.Ɏ. ɇɚɹɲɤɨɜɚ., Ɇ.ɇ. Ɉɤɨɥɨɜɢɱ – Ɇɨɫɤɜɚ 
ɗɧɟɪɝɨ-ɚɬɨɦɢɡɞɚɬ, 1990. – 575 ɫ. 

34. Ʉɨɧɞɟɧɫɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɄɊɆ-0,4 // «ɉɪɨɦɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɚ» 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɩɨɫɬɚɜɤɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, [ɫɚɣɬ]. - Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.pea.ru/docs/equipment/reactive-power-compensation/low-voltage-
krm/ 

35. ɍɫɬɚɧɨɜɤɢ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ  // «ɏɈɆɈȼ 
ɷɥɟɤɬɪɨ», [ɫɚɣɬ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://khomovelectro.ru/catalog/kondesatornye-ustanovki/kondensatornye-
ustanovki-krm-6-3-10-5-ukrm-ukkrm.html 

36.  ɋɬɚɬɢɱɟɫɤɢɣ ɬɢɪɢɫɬɨɪɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ  ɋɬɚɬɤɨɦ  1Ɇȼɚɪ// «ɗɧɟɪ-
ɝɨɡɚɩɚɞ»,[cɚɣɬ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  http://energozapad.ru/staticheskij-
kompensator-statkom-na-1-mvar 

37.  ɒɤɚɮ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ  ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ  ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  
ɬɢɩɚ  ɒɗ2607 150// «ɈɈɈ ɗɄɊȺ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://www.electroshield.ru/ 

38. Ɇɢɧɢɧ Ƚ.ɉ. Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ. – Ɇ.: ɗɧɟɪɝɢɹ, 1978. – 88ɫ. – 
URL: https://www.studmed.ru/minin-gp-reaktivnaya-
moschnost_5b85ea97ddb.html 

39. ɂɞɟɥɶɱɢɤ ȼ. ɂ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ: ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. 
– Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1989. – 592ɫ.- URL: – 
https://www.proektant.org/books/0008-ELE-1989.pdf 

40. Ʉɨɧɨɜɚɥɨɜɚ Ʌ.Ⱥ., Ɋɨɠɤɨɜɚ Ʌ.Ⱦ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧ-
ɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɭɫɬɚɧɨɜɨɤ. – Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1989. – 528ɫ.-URL: 
https://bookree.org/reader?file=1504240 

41. ɋɭɩɪɨɧɨɜɢɱ Ƚ. ɍɥɭɱɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ: ɉɟɪ. ɫ ɩɨɥɶɫɤ. – Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1985. – 136ɫ – 
URL: https://www.studmed.ru/minin-gp-reaktivnaya-
moschnost_5b85ea97ddb.html 

https://vk.com/away.php?to=https%3A%2F%2Fkhomovelectro.ru%2Fcatalog%2Fkondesatornye-ustanovki%2Fkondensatornye-ustanovki-krm-6-3-10-5-ukrm-ukkrm.html&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fkhomovelectro.ru%2Fcatalog%2Fkondesatornye-ustanovki%2Fkondensatornye-ustanovki-krm-6-3-10-5-ukrm-ukkrm.html&cc_key=


 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

122 

Лист 
     

     

42. Ʌɢɩɤɢɧ Ȼ.ɘ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 
ɭɫɬɚɧɨɜɨɤ: ɍɱɟɛɧɢɤ ɞɥɹ ɭɱɚɳɢɯɫɹ ɬɟɯɧɢɤɭɦɨɜ. – Ɇ.: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1981. 
– 376ɫ.-URL: https://www.studmed.ru/lipkin-byu-elektrosnabzhenie-
promyshlennyh-predpriyatiy-i-ustanovok_f3209ce2859.html  



 
 

      

 

Изм
Лист

 
№

 докум. 
Подп. 

Дата
 

БР
-
13

.0
3
.0
2
.0
7
 

12
3
 

Лист
 

 

 

 

 

 

 

 

 

 

 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ɍɚɛɥɢɰɚ 1- Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 

Ɋɧ, ɤȼɬ Ʉɋ cosɮ tgɎ Ɋɪ, ɤȼɬ Qɪ, ɤɜɚɪ F,  ɦ^2
Ɋɭɞɨ, 

ɤȼɬ/ɦ^2 Ɋɧ ɨ,  ɤȼɬ Ʉɋ 0 tgɮ Ɋɪ ɨ, ɤȼɬ Qɪ ɨ
Ɋɪ + Ɋɪ ɨ, 

ɤȼɬ
Qɪ+Qɪɨ, 

ɤɜɚɪ Sɪ, ɤȼ∙Ⱥ 

1
Ʌɢɬɟɣɧɵɣ 

ɰɟɯ 2850 0,6 0,8 0,75 1710 1282,5 9261 0,017 157,437 0,95 0,329 149,56515 49,20693435 1859,565151331,706934 2287,231057

2
ɐɟɯ 

ɚɜɬɨɦɨɛɢɥɶɧ
ɵɯ ɩɨɪɲɧɟɣ

2100 0,35 0,7 1,020204061 735 749,849985 3360 0,017 57,12 0,95 0,329 54,264 17,852856 789,264 767,7028411101,047371

3
ɫɤɥɚɞ 

ɝɨɬɨɜɨɣ 
ɩɪɨɞɭɤɰɢɢ

70 0,35 0,7 1,020204061 24,5 24,9949995 4900 0,015 73,5 0,95 0,329 69,825 22,972425 94,325 47,9674245 105,8209783

4 ɐɟɯ ɩɚɥɶɰɟɜ 3200 0,4 0,5 1,732050808 1280 2217,025034 1800 0,013 23,4 0,95 0,329 22,23 7,31367 1302,23 2224,338704 2577,496002

5
ɉɪɟɫɫɨɜɵɣ 

ɰɟɯ 2000 0,5 0,7 1,020204061 1000 1020,204061 1411 0,015 21,165 0,95 0,329 20,10675 6,61512075 1020,10675 1026,819182 1447,402989

6
Ɋɟɦɨɧɬɧɨ-

ɦɟɯɚɧɢɱɟɫɤɢ
ɣ

300 0,7 0,8 0,75 210 157,5 1053 0,015 15,795 0,95 0,329 15,00525 4,93672725 225,00525 162,4367273 277,5122572

7
Ʉɨɦɩɪɟɫɫɨɪ

ɧɚɹ 250 0,9 0,8 0,75 225 168,75 648 0,015 9,72 0,95 0,329 9,234 3,037986 234,234 171,787986 290,4766409

8
ɋɬɪɨɢɬɟɥɶɧɵ

ɣ ɰɟɯ 250 0,6 0,65 1,16912955 150 175,3694325 544,5 0,015 8,1675 0,95 0,329 7,759125 2,552752125 157,759125 177,9221847 237,790339

9
Ɂɚɜɨɞɨɭɩɪɚɜ

ɥɟɧɢɟ, 
ɫɬɨɥɨɜɚɹ

150 0,5 0,76 0,855161937 75 64,1371453 1823 0,015 27,345 0,85 0,329 23,24325 7,64702925 98,24325 71,78417455 121,6745819

10
ɰɟɯ 

ɨɛɪɚɛɨɬɤɢ 
ɝɢɥɶɡ

1560 0,35 0,7 1,020204061 546 557,0314174 643,5 0,017 10,9395 0,95 0,329 10,392525 3,419140725 556,392525 560,4505582 789,7325307

11
ɛɥɨɤ 

ɦɟɯɚɧɢɱɟɫɤɢ
ɯ ɰɟɯɨɜ

2300 0,6 0,65 1,16912955 1380 1613,398779 2741 0,017 46,597 0,95 0,329 44,26715 14,56389235 1424,26715 1627,962672 2163,053253

12
ɰɟɯ 

ɦɟɬɚɥɥɨɤɨɧɫ
ɬɪɭɤɰɢɣ 

500 0,35 0,75 0,881917104 175 154,3354931 4455 0,017 75,735 0,95 0,329 71,94825 23,67097425 246,94825 178,0064674 304,4170505

13 ɷɥɟɤɬɪɨɰɟɯ 320 0,7 0,75 0,881917104 224 197,5494312 1944 0,017 33,048 0,95 0,329 31,3956 10,3291524 255,3956 207,8785836 329,3029275

14
ɫɤɥɚɞ 

ɚɥɸɦɢɧɢɟɜɵ
ɯ ɰɭɲɟɤ

40 0,3 0,5 1,732050808 12 20,78460969 810 0,013 10,53 0,6 0,329 6,318 2,078622 18,318 22,86323169 29,29635621

15 ɫɤɥɚɞ ɩɟɫɤɚ 140 0,3 0,76 0,855161937 42 35,91680137 648 0,013 8,424 0,6 0,329 5,0544 1,6628976 47,0544 37,5796989760,21918576

ɂɬɨɝɨ 0,38 16030 7788,5 8439,347189 578,923 540,60845 177,8601801 8535,79045 8617,20737 12129,1377

7
Ʌɢɬɟɣɧɵɣ 

ɰɟɯ, ɗȾɉ 3ɬ
4500 0,75 0,9 0,484322105 3750 2324,041 - - - - - - - 3750 2324,041 4411,764564

8
Ʉɨɦɩɪɟɫɫɨɪ
ɧɚɹ ɋȾ  10 ɤȼ 

2520 0,9 0,8 0,75 2268 1701 - - - - - - - 2268 1701 2835

ɂɌɈȽɈ 10 7020 - - - 6018 4025,041 - - - - - - - 6018 4025,04127 7239,977835

ɂɬɨɝɨ 0,38 ɢ 
10

23050 13806,5 12464,38819 578,923 540,60845 177,8601801 14553,79045 12642,24864 19369,11554

ɉɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ 10 ɤȼ

ɉɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ 0,38 ɤȼ 

ɇɚɢɦɟɧɨɜɚɧ
ɢɟ 

ɩɨɬɪɟɛɢɬɟɥɹ 
№ 

ɋɢɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɋɢɥɨɜɚɹ ɢ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ 
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