
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ 

ɢɧɫɬɢɬɭɬ 

ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɢ ɫɢɫɬɟɦɵ  
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ                             
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ   

   ȼ.ɂ. ɉɚɧɬɟɥɟɟɜ                    
                              ɩɨɞɩɢɫɶ    ɢɧɢɰɢɚɥɵ,  ɮɚɦɢɥɢɹ                                   

 «___» _____  2018 ɝ.                      
 

ȾɂɉɅɈɆɇЫɃ ɉɊɈȿɄТ 
13.03.02.07 «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ» 

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 

 ɬɟɦɚ   
 

ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ 
 
 
 

 
 Ɋɭɤɨɜɨɞɢɬɟɥɶ                                        ɤ.ɬ.ɧ. ɞɨɰɟɧɬ                        Ⱥ.ȼ. ɋɭɜɨɪɢɧ 

                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ              ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 

 ȼɵɩɭɫɤɧɢɤ                                                                                          ɘ.ɉ. ȿɪɨɧɢɧ 
                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
 

 

 

 

 

 

 

 

 

Ʉɪɚɫɧɨɹɪɫɤ  2018 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

2 
Ⱦɉ – 13.03.02.07.ɉɁ 

ɋɬɭɞɟɧɬɭ          ȿɪɨɧɢɧɭ ɘɪɢɸ ɉɟɬɪɨɜɢɱɭ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ  Ɏɗ-14-05Ȼ  ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ):   13.03.02.07 
ɧɨɦɟɪ         ɤɨɞ 

              «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ» 
ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

Ɍɟɦɚ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №     ɨɬ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ:   Ⱥ.ȼ. ɋɭɜɨɪɢɧ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɉɂ ɋɎɍ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 

1. ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɡɚɜɨɞɚ, ɝɟɧɩɥɚɧ; 
2. ɋɜɟɞɟɧɢɹ ɨɛ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɡɚɜɨɞɚ; 
3. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɦɨɳɧɨɫɬɶɸ ɩɨ 125 ɆȼȺ, ɧɚɩɪɹɠɟɧɢɟɦ 230/115/10,5 ɤȼ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɪɚɛɨɬɚɸɬ ɪɚɡɞɟɥɶɧɨ. Ɇɨɳɧɨɫɬɶ ɄɁ, ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɪɚɜɧɚ 2100 ɆȼȺ. 

4. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ (ɡɚɜɨɞ ɪɚɛɨɬɚɟɬ ɜ ɞɜɟ ɫɦɟɧɵ);  
5. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɡɚɜɨɞɚ 1,2 ɤɦ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 1. ɋɨɞɟɪɠɚɧɢɟ ɪɚɫɱɟɬɧɨɩɨɹɫɧɢɬɟɥɶ-
ɧɨɣ ɡɚɩɢɫɤɢ; 2. ȼɜɟɞɟɧɢɟ; 3. Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 4. Ɋɚɫɱɟɬ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 5. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ; 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟ-
ɤɬɪɨɫɧɚɛɠɟɧɢɹ; 7. ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;        8. 
Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 9. ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ; 10. Ɋɚɫɱɟɬ 
ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 11. ȼɵɛɨɪ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; 12. ɋɚɦɨɡɚɩɭɫɤ 
ɞɜɢɝɚɬɟɥɟɣ; 13. Ɋɚɫɱɟɬ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɬɪɚɧɫ-ɮɨɪɦɚɬɨɪɚ Ƚɉɉ; 14. Ɋɚɫɱɟɬ 
ɦɨɥɧɢɟɡɚɳɢɬɵ ɢ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ; 15. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ.  
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 1. Ƚɟɧɩɥɚɧ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɤɚɪɬɨɝɪɚɦɦɨɣ 
ɧɚɝɪɭɡɨɤ; 2. ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 3. Ɉɞɧɨ-
ɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 4. ɉɥɚɧ ɢ ɪɚɡɪɟɡ Ƚɉɉ; 5. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ 
ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 6. Ɍɗɉ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ;  
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ                                                   Ⱥ.ȼ. ɋɭɜɨɪɢɧ 

                                                          ɩɨɞɩɢɫɶ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                                ɘ.ɉ. ȿɪɨɧɢɧ 
                                                   ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
«___» ______  2018 ɝ. 

  



 

 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

3 
Ⱦɉ – 13.03.02.07.ɉɁ 

Ɍɚɛɥɢɰɚ 1  ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɤȼɬ 

ɋɭɦɦɚɪɧɚɹ 
1. Ƚɚɪɚɠ 250 
2. ɋɬɨɥɨɜɚɹ 350 
3. Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ 80 
4. ɐɁɅ ɢ ɋɄȻ 370 
5. Ʉɨɦɩɪɟɫɫɨɪɧɚɹ: 
ɚ) 0,4 ɤȼ, 
ɛ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ 10 ɤȼ 

500 
4ɯ1250 

6. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №1: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 30 ɬ 

3700 
14400 

7. Ʉɭɡɧɟɱɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ 500 
8. ɗɥɟɤɬɪɨɪɟɦɨɧɬɧɵɣ ɰɟɯ 280 
9. ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ 120 
10. ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, ɤɨɤɫɚ 400 
11. ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ 
ɲɢɯɬɵ 

890 

12. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №2: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 20 ɬ 

2000 
9000 

13. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №3: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 25 ɬ 

1700 
14400 

14. ɇɚɫɨɫɧɚɹ: 
ɚ) 0,4 ɤȼ, 
ɛ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ 10 ɤȼ 

1000 
4ɯ1500 

15. ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 
ɱɚɫɬɟɣ 

320 

 
Ɉɫɜɟɳɟɧɢɟ ɰɟɯɨɜ ɢ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɩɥɨɳɚɞɢ. 

 

 

 

 

 

 

 



 

 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

4 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɤɨɦɛɢɧɚɬɚ 



 

 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Лиɫɬ 

5 

Ⱦɉ-13.03.02.07 ɉɁ 

 Ɋɚɡɪɚɛ. ȿɪɨɧɢɧ ɘ.ɉ. 
 ɉɪɨɜɟɪ. ɋɭɜɨɪɢɧ Ⱥ.ȼ. 
 Ɋɟɰɟɧɡ.  

 ɇ. Ʉɨɧɬɪ. ɋɭɜɨɪɢɧ Ⱥ.ȼ. 
  ɍɬɜɟɪɞ. ɉɚɧɬɟɥɟɟɜ ȼ.ɂ. 

 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 

Лиɬ. Лиɫɬов 

125 

ɗɌɄɢɋ 

ɊȿФȿɊАТ 
 
 Ⱦɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɦɟɬɚɥɥɨɜ» ɫɨɞɟɪɠɢɬ 125 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 ɢɥɥɸɫɬɪɚɰɢɣ, 31 
ɬɚɛɥɢɰɭ, 170 ɮɨɪɦɭɥ, 1 ɩɪɢɥɨɠɟɧɢɟ, 20 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂȿ, ɌɊȺɇɋɎɈɊɆȺɌɈɊ, 
ɊȺɋɉɊȿȾȿɅɂɌȿɅɖɇɈȿ ɍɋɌɊɈɃɋɌȼɈ, ɌɈɄ, ɇȺɉɊəɀȿɇɂȿ, 
ɄɈɊɈɌɄɈȿ ɁȺɆɕɄȺɇɂȿ, ɊȿɅȿɃɇȺə ɁȺЩɂɌȺ, ɇȺȽɊɍɁɄȺ, 
ɗɅȿɄɌɊɈɗɇȿɊȽɂə, ɉɈȾɋɌȺɇɐɂə, ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄɂȿ 
ɉɈɄȺɁȺɌȿɅɂ, ȻȿɁɈɉȺɋɇɈɋɌɖ, ɄȺȻȿɅɖ, ɆɈЩɇɈɋɌɖ. 
 Ɉɛɴɟɤɬ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: ɡɚɜɨɞ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. 
 ɐɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
 – ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ; 
 – ɜɵɛɨɪ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 
 – ɨɪɝɚɧɢɡɚɰɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ; 
 – ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 – ɜɵɛɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɧɚɞɟɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 – ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɥɨɜɨɝɨ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ɛɵɥɨ ɜɵɛɪɚɧɨ ɧɨɜɟɣɲɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɞɫɱɢɬɚɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢ ɨɛɟɫɩɟɱɟɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
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ȼȼȿȾȿɇɂȿ 
 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɟɬɟɣ ɧɚɩɪɹɠɟ-
ɧɢɟɦ ɞɨ 1000 ȼ ɢ ɜɵɲɟ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, 
ɫɥɭɠɢɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɭɬɟɦ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɤ ɦɟɫɬɭ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ. ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɩɪɟɞɩɪɢɹɬɢɹ ɹɜ-
ɥɹɟɬɫɹ ɩɨɞɫɢɫɬɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɴɹɜ-
ɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ.  

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɷɬɨɣ ɫɢɫɬɟɦɵ ɩɭɬɟɦ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɪɚɰɢɨɧɚɥɶ-
ɧɨɝɨ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɫɟɬɟɣ, ɫɪɟɞɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɬ.ɞ. 
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1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɤɨɦɛɢɧɚɬɚ 
 
ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɮɟɪɪɨɫɩɥɚɜɧɵɟ ɩɟɱɢ ɪɚɛɨɬɚɸɬ ɧɟɩɪɟɪɵɜɧɨ. ȼ 

ɪɚɛɨɬɚɸɳɟɣ ɩɟɱɢ ɷɥɟɤɬɪɨɞɵ ɩɨɝɪɭɠɟɧɵ ɜ ɬɜёɪɞɭɸ ɲɢɯɬɭ, ɤɨɬɨɪɭɸ 
ɩɨɩɨɥɧɹɸɬ ɩɨ ɦɟɪɟ ɟё ɩɪɨɩɥɚɜɥɟɧɢɹ; ɫɩɥɚɜ ɢ ɲɥɚɤ ɜɵɩɭɫɤɚɸɬ ɩɟɪɢɨɞɢɱɟɫɤɢ. 
ɉɟɱɢ ɷɬɨɝɨ ɬɢɩɚ ɨɫɧɚɳɟɧɵ ɦɨɳɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ: 7500-65000 ɤȼȺ. 
ɉɟɱɢ ɬɪɟɯɮɚɡɧɵɟ, ɫɬɚɰɢɨɧɚɪɧɵɟ ɢɥɢ ɜɪɚɳɚɸɳɢɟɫɹ ɨɛɵɱɧɨ ɢɡɝɨɬɨɜɥɹɸɬɫɹ 
ɨɬɤɪɵɬɵɦɢ, ɚ ɧɨɜɵɟ ɩɟɱɢ ɡɚɤɪɵɬɵɦɢ ɫɜɨɞɚɦɢ. 

ȼ ɪɭɞɨɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɩɟɱɢ (Ɋȼɉ) ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ – ɡɚ ɫɱɟɬ ɝɨɪɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɭɝ ɢ ɡɚ ɫɱɟɬ ɩɪɨɬɟɤɚɧɢɹ 
ɬɨɤɚ ɱɟɪɟɡ ɡɚɝɪɭɡɤɭ. ȼ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɜɵɞɟɥɹ-
ɟɦɨɣ ɷɬɢɦɢ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ ɧɚɝɪɟɜɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɨ. Ɋȼɉ ɧɚɲɥɢ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɵɩɥɚɜɤɢ ɮɟɪɪɨ-
ɫɩɥɚɜɨɜ. 
Ɇɨɳɧɵɟ ɮɟɪɪɨɫɩɥɚɜɧɵɟ ɷɥɟɤɬɪɨɩɟɱɢ ɞɥɹ ɪɭɞɨɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɚɝɪɟɝɚɬɵ, ɪɚɛɨɬɚɸɳɢɟ ɩɪɢ 
ɛɨɥɶɲɨɣ ɫɢɥɟ ɬɨɤɚ (40-90 ɤȺ), ɧɨ ɩɪɢ ɧɢɡɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɟɝɨ (4-6 Ⱥ/ɫɦ2). 
Ɍɪɟɛɭɟɦɵɟ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ (900-1500 ɦɦ) ɷɥɟɤɬɪɨɞɵ, ɨɤɚɡɚɥɨɫɶ, 
ɩɪɚɤɬɢɱɟɫɤɢ ɭɞɨɛɧɨ ɢɡɝɨɬɨɜɥɹɬɶ ɜ ɩɟɱɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ.  

Ɍɨɤɨɩɪɨɜɨɞ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɷɥɟɤɬɪɨɞɚɦ ("ɤɨɪɨɬɤɚɹ ɫɟɬɶ") – ɨɱɟɧɶ 
ɜɚɠɧɚɹ ɱɚɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɮɟɪɪɨɫɩɥɚɜɧɨɣ ɩɟɱɢ. ɉɪɢ ɛɨɥɶɲɢɯ ɫɢɥɚɯ ɬɨɤɚ ɢ 
ɧɟɭɞɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɧɟɣ ɦɨɝɭɬ ɞɨɫɬɢɱɶ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɠɟɬɫɹ ɧɚ ɄɉȾ. ɢ ɜɟɥɢɱɢɧɟ cos  
ɭɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɚɤɬɢɜɧɵɯ ɢ 
ɪɟɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɥɢɧɚ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ; ɩɪɨɤɥɚɞɤɭ 
ɬɨɤɨɜɟɞɭɳɢɯ ɲɢɧ ɢɥɢ ɬɪɭɛ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɛɢɮɢɥɹɪɧɨ, ɬ.ɟ. ɱɬɨɛɵ ɲɢɧɵ, 
ɨɛɬɟɤɚɟɦɵɟ ɬɨɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ, ɜɨɡɦɨɠɧɨ, 
ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ. 

ɇɟɩɪɟɪɵɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɟɪɪɨɫɩɥɚɜɨɜ ɩɨɬɪɟɛɨɜɚɥɚ 
ɫɨɡɞɚɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɛɟɡ ɤɨɧɬɚɤɬɨɜ ɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɧɟɞɪɹɸɬ ɛɟɫɤɨɧɬɚɤɬɧɵɟ 
ɪɟɝɭɥɹɬɨɪɵ ɧɚ ɦɚɝɧɢɬɧɵɯ ɭɫɢɥɢɬɟɥɹɯ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ 
ɩɟɪɟɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ. 
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2 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 
2.1 ȼɵɛɨɪ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɷɥɟɤɬɪɨɷɧɟɪ-

ɝɢɢ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɦɢ ɦɨɳɧɨɫɬɶ ɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɥɚɜɤɢ, ɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɪɟɠɢɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɱɚɫɬɵɦɢ ɬɨɥɱɤɚɦɢ ɬɨɤɚ, ɩɨɷɬɨɦɭ ɷɥɟɤɬɪɨɫɬɚɥɟɩɥɚɜɢɥɶ-
ɧɵɟ ɰɟɯɢ ɩɨɥɭɱɚɸɬ ɩɢɬɚɧɢɟ ɨɬ ɫɩɟɰɢɚɥɶɧɵɯ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɉɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜɨ ɦɧɨɝɨɦ ɫɯɨɞɧɵ ɫ ɨɛɵɱɧɵɦɢ ɫɢɥɨɜɵɦɢ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɦɢ, ɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɬɥɢɱɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨ-
ɛɟɧɧɨɫɬɹɦɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɟɱɟɣ. 

ȼɵɛɟɪɟɦ ɩɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɞɥɹ ɰɟɯɚ №6. 
Ɇɨɳɧɨɫɬɶ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-

ɦɭɥɟ, ɤȼ∙Ⱥ, 
 

. ,
cos

ɪ
ɩɟɱ ɬɪ

ɩɟɱ ɢ

G WS
n K 


   (1) 

 
ɝɞɟ     ܩ– ɜɦɟɫɬɢɦɨɫɬɶ (ёɦɤɨɫɬɶ) ɩɟɱɢ, ɬ; 𝑊– ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 1 ɬ, ɤȼɬ/ɬ; ݊˒ˈ˚ − ɤɨɥɢɱɟɫɬɜɨ ɩɟɱɟɣ ɜ ɰɟɯɭ, ɲɬ; 𝐾ˋ,𝑐ݏ݋𝜑– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [1, ɫ. 28-42]. 

 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɟɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɩɥɚɜɢɥɶɧɨɦ ɰɟɯɟ: 
 

.
30 300 7142,857

2 0,7 0,9
ɪ

ɩɟɱ ɬɪS  
  , (2) 

 
Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨ-

ɫɬɶɸ ܵ˒ˈ˚.˕˓ːˑˏ = ͺͲͲͲ ˍʑ ∙ А. ɇɨɦɢɧɚɥɶɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ, 

 

. . cos ,ɧɨɦ ɧɨɦ
ɩɟɱ ɬɪ ɩɟɱ ɬɪP S    (3) 

 

. 16000 0,9 14400ɧɨɦ
ɩɟɱ ɬɪP     

 
ȼ ɩɥɚɜɢɥɶɧɨɦ ɰɟɯɟ №6 ɭɫɬɚɧɨɜɥɟɧɵ 2 ɩɟɱɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 

ɤɚɠɞɚɹ ɩɨ 14400 ɤȼɬ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 2 ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɗɌɐɉɄ-
12500/10 ɦɨɳɧɨɫɬɶɸ 8000 ɤȼ∙Ⱥ. 
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɛɭɞɟɦ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ ɥɢɬɟɣɧɵɯ ɰɟɯɨɜ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɟɪɟɦ ɩɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɞɥɹ 12 ɢ13 ɰɟɯɨɜ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɪɚɫɱɟɬɚ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 2. 

 
Ɍɚɛɥɢɰɚ 2 – ȼɵɛɨɪ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

№ 
ɰɟɯɚ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɟ-
ɱɟɣ 

ܵ˒ˈ˚.˕˓˓˃˔˚  ܵ˒ˈ˚.˕˓ːˑˏ  ܲ˒ ˈ˚.˕˓ːˑˏ  ܲ̇ ˈ˘˃ːˑˏ Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ 

6 2 7142,86 8000 7200 14400 ɗɌɐɉɄ-12500/10 
12 2 4761,90 5000 4500 9000 ɗɌɐɉɄ-7500/10 
13 4 2976,19 4000 3600 14400 ɗɌɐɉɄ-7500/10 

 
2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳ-

ɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 
 
ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɡɧɚɱɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɵ-
ɛɢɪɚɸɬ ɢ ɩɪɨɜɟɪɹɸɬ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɨɩɪɟɞɟ-
ɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɬ ɩɪɚɜɢɥɶɧɨɣ ɨɰɟɧɤɢ ɨɠɢɞɚɟɦɵɯ 
ɧɚɝɪɭɡɨɤ ɡɚɜɢɫɹɬ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ (ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ) ɫɢɥɨɜɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ (ɤɜɚɪ), 

 𝑝ܲ = 𝐾ɫ ∙ ɧܲ ,  (4) 
 Qp = Pp ∙ tgφ ,  (5) 
 

ɝɞɟ ɧܲ – ɫɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ, ɩɪɢɧɢɦɚ-
ɟɬɫɹ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɤȼɬ; 𝐾ɫ  – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 
[1, ɫ. 11-12]; tgφ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɪɢɟɦɧɢɤɨɜ 
ɞɚɧɧɨɝɨ ɰɟɯɚ, [1, ɫ. 28-42]. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɛɵɱɧɨ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ, 

 𝑝ܲɨ = ɧܲɨ ∙ 𝐾ɫɨ ,  (6) 
 

ɝɞɟ ܲ ɧɨ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ; 𝐾ɫɨ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 
ɞɚɧɧɵɦ [1, ɫ. 38];  
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ȼɟɥɢɱɢɧɚ ɧܲɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

ɧܲɨ = ɭܲɞɨ ∙  (7)   , ܨ
 

ɝɞɟ ɭܲɞɨ – ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɩɥɨɳɚɞɢ ɩɨɥɚ ɰɟɯɚ, ɤȼɬ/ɦଶ
 [1, ɫ. 44];    

F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɰɟɯɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɝɟɧɩɥɚɧɭ, ɦଶ. 
 
Ⱦɥɹ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɝɚɡɨɪɚɡɪɹɞɧɵɦɢ ɥɚɦɩɚɦɢ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤ-

ɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɜɚɪ, 
 ܳɪɨ = ɪܲɨ ∙ tgφ,  (8) 
 

ɝɞɟ tgφ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱ-
ɧɵɦ ɞɚɧɧɵɦ [1, ɫ 45]. 
 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ ɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 
(ɞɨ 1000 ȼ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ, [1, ɫ 12], ˍʑ ∙ А, 

 ܵɪ = √ሺɊɪ + Ɋɪɨሻଶ + ሺܳɪ + ܳɪɨሻଶ .  (9) 

 
ɉɪɢɟɦɧɢɤɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ ɰɟɯɚ ɭɱɢɬɵɜɚɸɬɫɹ ɨɬɞɟɥɶɧɨ. Ɋɚɫ-

ɱɟɬɧɵɟ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ ɝɪɭɩɩ ɩɪɢɟɦɧɢɤɨɜ ɜɵɲɟ 1000 ȼ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɤȼɬ (ɤɜɚɪ), 

 
Ɋɪ = 𝐾ɫ ∙ ɧܲ ,  (10) 
 ܳ𝑝 = Ɋɪ ∙ tgφ ,  (11) 
 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ˍʑ ∙ А, 
 ܵɪ = √Ɋɪ

ଶ + ܳɪ
ଶ ,  (12) 

 
ɋɭɦɦɚɪɧɵɟ ɪɚɫɱɟɬɧɵɟ ɚɤɬɢɜɧɵɟ ɢ ɪɟɚɤɬɢɜɧɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 0,4 

ɤȼ ɢ 10 ɤȼ ɜ ɰɟɥɨɦ ɩɨ ɡɚɜɨɞɭ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ. Ɋɚɫɱёɬ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.
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Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 

№ 
ɐɟɯɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɰɟɯɚ 

ɋɢɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɋɭɦɦɚɪɧɚɹ 

Pɧɨɦ, 
ɤȼɬ 

Ʉɫ cosφ tgφ Pɪ, ɤȼɬ 
Qɪ, 

ɤȼɚɪ 
F, ɦ2 Pɭɞɨ, ɤȼɬ/ɦ2 

Pɧɨɦɨ, 
ɤȼɬ 

Kɫɨ cosφɨ tgφɨ 
Pɪɨ, 
ɤȼɬ 

Qɪɨ, 
ɤȼɚɪ 

Pɪ+Pɪɨ, 
ɤȼɬ 

Qɪ+Qɪɨ, 
ɤȼɬ 

S, ɄȼȺ 

ɉɨɬɪɟɛɢɬɟɥɢ 0,4 ɤȼ 

1 Ƚɚɪɚɠ 250 0,25 0,7 1,02 62,5 64 3200 0,014 44,8 0,6 0,9 0,484322 26,88 13,019 89,38 77 117,831 

2 ɋɬɨɥɨɜɚɹ 350 0,45 0,9 0,48 157,5 76 1000 0,014 14 0,9 0,9 0,484322 12,60 6,1025 170,10 82 189,000 

3 Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ 80 0,45 0,75 0,88 36 32 2132 0,014 29,848 0,9 0,9 0,484322 26,86 13,01 62,86 45 77,170 

4 ɐɁɅ ɢ ɋɄȻ 370 0,25 0,7 1,02 92,5 94 1518 0,014 21,252 0,8 0,9 0,484322 17,00 8,2343 109,50 103 150,060 

5 Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 0.4 ɤȼ 500 0,8 0,85 0,62 400 248 900 0,014 12,6 0,85 0,9 0,484322 10,71 5,1871 410,71 253 482,426 

6 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №1 0.4 ɤȼ 1800 0,85 0,8 0,75 1530 1148 7535 0,014 105,49 0,95 0,9 0,484322 100,22 48,537 1630,22 1196 2021,907 

7 Ʉɭɡɧɟɱɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ 500 0,6 0,75 0,88 300 265 648 0,014 9,072 0,95 0,9 0,484322 8,62 4,1741 308,62 269 409,233 

8 ɗɥɟɤɬɪɨɪɟɦɨɧɬɧɵɣ ɰɟɯ 280 0,95 0,8 0,75 266 200 912 0,014 12,768 0,95 0,9 0,484322 12,13 5,8746 278,13 205 345,738 

9 ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ 120 0,5 0,76 0,86 60 51 2190 0,014 30,66 0,6 0,9 0,484322 18,40 8,9096 78,40 60 98,855 

10 ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, ɤɨɤɫɚ 400 0,5 0,76 0,86 200 171 4880 0,014 68,32 1 0,9 0,484322 68,32 33,089 268,32 204 337,137 

11 
ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ 

ɲɢɯɬɵ 
890 0,45 0,75 0,88 400,5 353 2401 0,014 33,614 0,95 0,9 0,484322 31,93 15,466 432,43 369 568,260 

12 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №2 0.4 ɤȼ 1500 0,85 0,8 0,75 1275 956 3486 0,014 48,804 0,95 0,9 0,484322 46,36 22,455 1321,36 979 1644,344 

13 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №3 0.4 ɤȼ 1200 0,85 0,8 0,75 1020 765 4280 0,014 59,92 0,95 0,9 0,484322 56,92 27,57 1076,92 793 1337,136 

14 ɇɚɫɨɫɧɚɹ 0.4 ɤȼ 1000 0,75 0,8 0,75 750 563 1080 0,014 15,12 0,85 0,9 0,484322 12,85 6,2245 762,85 569 951,520 

15 
ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 

ɱɚɫɬɟɣ 
320 0,5 0,76 0,86 160 137 2025 0,014 28,35 0,6 0,9 0,484322 17,01 8,2383 177,01 145 228,858 

16 Ɉɫɜɟɳɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ             123760 2E-04 19,802 1 0,57 1,441482 19,80 28,544 19,80 29 34,740 

  ɂɌɈȽɈ ɩɨ 0,4 ɤȼ 9560       6710 5122 38187   554,42       486,62 254,63 7196,62 5376 8994,213 

 ɉɨɬɪɟɛɢɬɟɥɢ 10 ɤȼ  

5 Ʉɨɦɩɪɟɫɫɨɪɧɚɹ ɋȾ 10 ɤȼ 5000 1 0,85 0,62 5000 0         5000,00 0 5000,000 

6 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 30ɬ 14400 0,9 0,7 1,02 12960 13222         12960 13222 18514,286 

12 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 20ɬ 9000 0,9 0,7 1,02 8100          8100,00 8264 11571,429 

13 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 25ɬ 14400 0,9 0,7 1,02 12960 13222         12960,00 13222 18514,286 

14 ɇɚɫɨɫɧɚɹ ɋȾ 10 ɤȼ 6000 1 0,85 0,62 6000 0         6000,00 0 6000,000 

  ɂɌɈȽɈ ɩɨ 10 ɤȼ 48800       45020 34707                 45020,00 34707 59600,000 
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2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɤɨɦɛɢɧɚɬɚ ɜ ɰɟɥɨɦ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢ-

ɧɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɚɤɬɢɜɧɵɦ ɢ ɪɟɚɤɬɢɜɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ ɫ 
ɭɱɟɬɨɦ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɨɫɜɟɳɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ, ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɰɟɯɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ Ƚɉɉ, ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. 

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

 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ܵ˓ ,  (13) 
 ∆ܳ˙˕ = Ͳ,ͳ ∙ ܵ˓ ,   (14) 
 

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

ɂɡ ɬɚɛɥɢɰɵ 2 ɩɨɥɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ 0,4 ɤȼ ɪɚɜɧɚ ܵ˓ = ͺͻͻͶ,ʹͳ͵ ɤȼ∙Ⱥ. 
 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ,  
 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ͺͻͻͶ,ʹͳ͵ = ͳ͹ͻ,ͺͺͶ 

 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, 

 ∆ܳ˙˕ = Ͳ,ͳ ∙ ͺͻͻͶ,ʹͳ͵  = ͺͻͻ,Ͷʹͳ  
 
Ɉɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɢɡ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ 

ɫɟɬɶ ɡɚɜɨɞɚ ɜ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ, ɤȼɚɪ, 

 ܳэ = 𝐾𝛼 ∙ (∑ܲ˓ .଴,ସ + ∑ܲ˓ .ଵ଴) ,  (15) 
 

ɝɞɟ 𝐾𝛼 = Ͳ,ʹͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ; ∑ܲ˓ .଴,ସ , ∑ܲ˓ .ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 

 ܳэ = Ͳ,ʹͻ ∙ ሺ͹ͳͻ͸,͸ʹ + ͶͷͲʹͲ,ͲͲሻ = ͳͷͳͶʹ,ͺʹ   
 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ, ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɨ 

ɤɨɦɛɢɧɚɬɭ ɜ ɰɟɥɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɤȼɚɪ, 
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 ܳˍ˖∑ = ∑ܳ˓.଴,ସ+∑ܳ˓.ଵ଴ + ∆ܳ˙˕ − ܳэ ,  (16) 
 

ɝɞɟ ∑ܳ˓.଴,ସ , ∑ܳ˓.ଵ଴ − ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɚɪ. 

 ܳˍ˖∑ = ͷ͵͹͸ + ͵Ͷ͹Ͳ͹ + ͺͻͻ,Ͷʹ − ͳͷͳͶʹ,ͺʹ = ʹͷͺͶͲ  
  
ɇɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɨɬɧɟɫёɧɧɚɹ ɤ 

ɲɢɧɚɦ 10 ɤȼ Ƚɉɉ, ɤȼɚɪ, 
 ܳ = ܳ˓∑ − ܳˍ˖∑ ,   
 (17) 

ɝɞɟ ܳ˓∑ – ɪɚɫɱёɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ 
Ƚɉɉ, ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(𝐾˓ˏ = Ͳ,ͻͷ), ɤɜɚɪ. 

 ܳ˓∑ = ሺܳ˓∑଴,ସ + ܳ˓∑ଵ଴ሻ ⋅ 𝐾˓ˏ + ∆ܳ˙˕ ,  (18) 
 

ɝɞɟ ܳ˓∑଴,ସ , ܳ˓∑ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɚɪ. 

 ܳ˓∑ = ሺͷ͵͹͸ + ͵Ͷ͹Ͳ͹ሻ ⋅ Ͳ,ͻͷ + ͺͻͻ,Ͷʹ = ͵ͺͻ͹ͺ,ͻ͹  
 ܳ = ͵ͺͻ͹ͻ,ͻ͹ − ʹͷͺͶͲ,͵Ͷ = ͳ͵ͳ͵ͺ,͸͵ 
 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɧɢɦɚɸɬɫɹ ɛɚɬɚɪɟɢ ɫɬɚɬɢɱɟ-

ɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ ɩɨ ɫɥɟɞɭɸ-
ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 

 ∆̱ܲ ˖ = ̟ܲ ˇ ∙ ܳˍ˖∑ ,  (19) 
 

ɝɞɟ ̟ܲ ˇ − ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɵɟ 0,2% ɨɬ ܳˍ˖∑. 
 ∆̱ܲ ˖ = Ͳ,ͲͲʹ ∙  ʹͷͺͶͲ,͵Ͷ = ͷͳ,͵ͺ 

 
Ɋɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ 

Ƚɉɉ, ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(𝐾˓ˏ = Ͳ,ͻͷ), ɤȼɬ, 

 ܲ˓ ∑ = ሺܲ˓ ∑଴,ସ + ܲ˓ ∑ଵ଴ሻ ⋅ 𝐾˓ˏ + ∑ܲ˓ ˑ + ∆ܲ̇ ˕ ,  (20) 
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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͸͹ͳͲ + ͶͷͲʹͲሻ ⋅ Ͳ,ͻͷ + Ͷͺ͸,͸ʹ + ͳ͹ͻ,ͺͺͶ = ͶͻͺͳͲ 
 
Ɉɛɳɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣ-

ɫɬɜɚɯ ɧɚ ɲɢɧɚɯ 10 ɤȼ ɩɨɞɫɬɚɧɰɢɢ, ɤȼɬ, 
 ܲ = ܲ˓ ∑ + ∆̱ܲ ˖ ,  (21) 
 ܲ = ͶͻͺͳͲ + ͷͳ,͸ͺ = Ͷͻͺ͸ͳ,͸ͺ 
 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 10 ɤȼ Ƚɉɉ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜ-

ɧɨɣ ɦɨɳɧɨɫɬɢ, ɤȼ∙Ⱥ, 
 ܵ˓ଵ଴ = √ܲଶ + ܳଶ ,  (22) 
 ܵ˓ଵ଴ = √Ͷͻͺ͸ͳ,͸ͺ ଶ + ͳ͵ͳ͵ͺ,͸͵ଶ = ͷͳͷ͸͵,͸͸  
 
ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ ɛɭɞɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ Ƚɉɉ. ɉɨɬɟɪɢ ɦɨɳɧɨ-

ɫɬɢ (ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ) ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ, (ɤȼɚɪ), 

 ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙ ܵ˓଺, (23) 
 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ܵ˓଺.  (24) 
 ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙  ͷͳͷ͸͵,͸͸ = ͳͲ͵ͳ,ʹ͹, 
 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ͷͳͷ͸͵,͸͸ = ͷͳͷ͸,͵͹  
 
ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

Ƚɉɉ, ɤȼ∙Ⱥ, 
 ܵ˓ȼɇ = √ሺܲ + ∆̞ܲ ʒʞʞሻଶ + ሺܳ + ∆ܳ˕ʒʞʞሻଶ ,  (25) 
 ܵ˓ȼɇ = √ሺͶͻͺ͸ͳ,͸ͺ + ͳͲ͵ͳ,ʹ͹ ሻଶ + ሺͳ͵ͳ͵ͺ,͸͵ + ͷͳͷ͸,͵͹  ሻଶ= ͷͶͲͺͳ,Ͷʹ. 
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3 Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟ-
ɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɚɤɫɢɦɚɥɶɧɨ, ɧɚɫɤɨɥɶɤɨ ɩɨɡɜɨɥɹɸɬ ɩɪɨ-

ɢɡɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢɛɥɢɠɚɸɬ ɤ ɰɟɧɬɪɚɦ ɧɚɝɪɭɡɨɤ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ ɷɤɨɧɨɦɢɱɧɭɸ ɢ ɧɚɞɟɠɧɭɸ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɬɚɤ ɤɚɤ 
ɫɨɤɪɚɳɚɟɬɫɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɫɟɬɟɣ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɭɦɟɧɶɲɚɸɬɫɹ ɩɨ-
ɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ; ɭɦɟɧɶɲɚɟɬɫɹ ɡɨɧɚ ɚɜɚɪɢɣ ɢ ɭɞɟɲɟɜɥɹ-
ɟɬɫɹ ɪɚɡɜɢɬɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ (ɩɨɞɫɬɚɧɰɢɢ ɫɬɪɨɹɬ ɨɱɟɪɟɞɹɦɢ ɩɨ ɦɟɪɟ ɪɚɫɲɢ-
ɪɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟ-
ɧɢɹ ɩɨɞɫɬɚɧɰɢɣ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨ-
ɫɬɢɝɚɸɬ ɧɚɢɦɟɧɶɲɢɯ ɡɚɬɪɚɬ. 

ɉɪɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɦɟ-
ɬɨɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟ-
ɞɟɥɢɬɶ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ (ɰɟɯɚ). Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɩɪɨ-
ɜɟɫɬɢ ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɦɚɫɫɚɦɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ, ɚ ɤɨɨɪɞɢɧɚɬɵ ɢɯ 
ɰɟɧɬɪɚ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦ, ɦ, [1, c.53-56] 

଴ݔ  = ∑ (𝑃౦𝑖+𝑃౦౥𝑖)∙௫𝑖𝑛భ∑ (𝑃౦𝑖+𝑃౦౥𝑖)𝑛భ  , (26) 

଴ݕ  = ∑ (𝑃౦𝑖+𝑃౦౥𝑖)∙௬𝑖𝑛భ∑ (𝑃౦𝑖+𝑃౦౥𝑖)𝑛భ   (27) 

 
ɝɞɟ ݔ௜, ݕ௜ − ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ. 
Ɇɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɩɥɨɳɚɞɢ ɰɟɯɚ 

ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ ɫɨɜɩɚɞɚɟɬ c ɰɟɧɬɪɨɦ 
ɬɹɠɟɫɬɢ ɮɢɝɭɪɵ, ɢɡɨɛɪɚɠɚɸɳɟɣ ɰɟɯ ɧɚ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɚɤɬɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɭɱɟɬɚ ɬɪɟɬɶɟɣ ɤɨɨɪɞɢ-
ɧɚɬɵ (ݖ଴), ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɬɪɟɛɭɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ 
ɞɨɥɠɧɨ ɫɨɜɩɚɞɚɬɶ ɫ ɰɟɧɬɪɨɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫ ɧɟ-
ɤɨɬɨɪɵɦ ɫɦɟɳɟɧɢɟɦ ɜ ɫɬɨɪɨɧɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɝɟɧɩɥɚɧ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɧɨɫɢɬɫɹ ɤɚɪɬɨ-
ɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ. Ʉɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡ-
ɦɟɳɟɧɧɵɟ ɩɨ ɝɟɧɩɥɚɧɭ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɢɱɟɦ ɩɥɨɳɚɞɢ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɷɬɢɦɢ 
ɨɤɪɭɠɧɨɫɬɹɦɢ, ɜ ɜɵɛɪɚɧɧɨɦ ɦɚɫɲɬɚɛɟ ɪɚɜɧɵ ɪɚɫɱёɬɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɰɟɯɚ ɧɚɧɨɫɢɬɫɹ ɫɜɨɹ ɨɤɪɭɠɧɨɫɬɶ, ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɟɬ ɫ 
ɰɟɧɬɪɨɦ ɧɚɝɪɭɡɨɤ ɰɟɯɚ. ɉɥɨɳɚɞɶ ɤɪɭɝɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɪɚɜɧɚ ɪɚɫɱɟɬ-
ɧɨɣ ɧɚɝɪɭɡɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɰɟɯɚ, ɩɨɷɬɨɦɭ ɟɝɨ ɪɚɞɢɭɫ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɦɦ, 
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௜ݎ = √ 𝑃˓𝑖𝜋∙𝑚 ,  (28) ɝɞɟ ܲ˓ ௜ − ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ i-ɝɨ ɰɟɯɚ, ɤȼɬ; ݉ − ɦɚɫɲɬɚɛ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɤɪɭɝɚ (ɩɨɫɬɨɹɧɧɵɣ ɞɥɹ ɜɫɟɯ ɰɟɯɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ), ɤȼɬ/ɦɦ2. 

 
ɋɢɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɞɨ ɢ ɜɵɲɟ 1000 ȼ ɢɡɨɛɪɚɠɚɸɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɤɪɭɝɚɦɢ. 

Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚɧɨɫɢɬɫɹ ɜ ɜɢɞɟ ɫɟɤɬɨɪɚ ɤɪɭɝɚ, ɢɡɨɛɪɚɠɚɸɳɟɝɨ 
ɧɚɝɪɭɡɤɭ ɞɨ 1000 ȼ. ɍɝɨɥ ɫɟɤɬɨɪɚ α ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, 
ɝɪɚɞ, 

ߙ  = 𝑃 ˑ𝑃 +𝑃 ˑ ∙ ͵͸Ͳ,  (29) 

 
ɝɞɟ ܲ˓ , ܲ˓ ˑ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ (0,4 ɤȼ) ɢ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 
ɰɟɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 

Ɋɚɫɱɟɬ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 
 
Ɍɚɛɥɢɰɚ 4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɚɤɬɢɜɧɨɣ ɦɨɳ-

ɧɨɫɬɢ 
№ ɐɟɯɚ ɇɚɢɦɟɨɜɚɧɢɟ 

Pɪ+Pɪɨ, 
ɤȼɬ 

Pɪɨ, ɤȼɬ r, ɦɦ α, ɝɪɚɞ x, ɦ y, ɦ (Pɪ+Pɪɨ)∙x (Pɪ+Pɪɨ)∙y 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 0,4 ɤȼ 

1 Ƚɚɪɚɠ 89,38 26,88 5,96 108,27 114 19 10189,32 1698,22 

2 ɋɬɨɥɨɜɚɹ 170,10 12,60 8,23 26,67 65 217 11056,50 36911,70 

3 
Ɂɚɜɨɞɨɭɩɪɚɜɥɟ-

ɧɢɟ 
62,86 26,86 5,00 153,84 12 200 754,36 12572,64 

4 ɐɁɅ ɢ ɋɄȻ 109,50 17,00 6,60 55,89 51 270 5584,58 29565,43 

5 
Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 

0.4 ɤȼ 
410,71 10,71 12,79 9,39 342 32 140462,82 13142,72 

6 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №1 0.4 ɤȼ 

1630,22 100,22 25,47 22,13 167 209 272245,99 340715,04 

7 
Ʉɭɡɧɟɱɧɨ-ɦɟɯɚ-

ɧɢɱɟɫɤɢɣ ɰɟɯ 
308,62 8,62 11,08 10,05 390 125 120361,18 38577,30 

8 
ɗɥɟɤɬɪɨɪɟɦɨɧɬ-

ɧɵɣ ɰɟɯ 
278,13 12,13 10,52 15,70 425 125 118205,08 34766,20 

9 
ɋɤɥɚɞ ɨɛɨɪɭɞɨ-

ɜɚɧɢɹ 
78,40 18,40 5,59 84,48 265 32 20774,94 2508,67 

10 
ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, 

ɤɨɤɫɚ 
268,32 68,32 10,34 91,66 110 117 29515,20 31393,44 

11 
ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ 

ɩɨɞɝɨɬɨɜɤɢ 
ɲɢɯɬɵ 

432,43 31,93 13,12 26,58 196 117 84756,93 50594,70 

12 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №2 0.4 ɤȼ 

1321,36 46,36 22,94 12,63 290 114 383195,50 150635,47 

13 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №3 0.4 ɤȼ 

1076,92 56,92 20,71 19,03 330 202 355384,92 217538,65 

14 ɇɚɫɨɫɧɚɹ 0.4 ɤȼ 762,85 12,85 17,43 6,07 404 32 308192,21 24411,26 

15 
ɋɤɥɚɞ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 

ɱɚɫɬɟɣ 
177,01 17,01 8,39 34,59 430 218 76114,30 38588,18 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

20 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 10 ɤȼ 

5 
Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 

ɋȾ 10 ɤȼ 
5000,00  44,61  342 32 1710000,00 160000,00 

6 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 30 ɬ 
12960,00  71,83  167 209 2164320,00 2708640,00 

12 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 20 ɬ 
8100,00  56,78  290 114 2349000,00 923400,00 

13 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 25 ɬ 
12960,00  71,83  330 202 4276800,00 2617920,00 

14 
ɇɚɫɨɫɧɚɹ ɋȾ 10 

ɤȼ 
6000,00  48,87  404 32 2424000,00 192000,00 

 ɂɌɈȽɈ 52196,82      14860913,82 7625579,62 

 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɢɫɩɨɥɶɡɭɹ ɞɚɧ-

ɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 3. 
 

0

14860913,82
296,72

52196,82
x   , 

 

0

7625579,62
116,05

52196,82
y    

 
Ƚɉɉ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ, ɬɚɤ ɤɚɤ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɛɥɢɡɢɬɶ ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤ ɰɟɧɬɪɭ ɩɨ-
ɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɩɪɨɬɹɠёɧɧɨɫɬɶ ɤɚɤ ɪɚɫɩɪɟ-
ɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤ ɢ ɰɟɯɨɜɵɯ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ȿɫɥɢ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨɩɚɞɚɟɬ ɜ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɰɟɯɚ, ɬɨ Ƚɉɉ ɫɦɟɳɚɸɬ ɜ 
ɫɬɨɪɨɧɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɜɛɥɢɡɢ ɷɬɨɝɨ ɰɟɯɚ. 

ɐɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

21 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

 
 

Ɋɢɫɭɧɨɤ 2 – ɐɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

Ɍɚɤ ɤɚɤ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɧɚɯɨɞɢɬɫɹ ɜ 12 ɰɟɯɭ, ɬɨ Ƚɉɉ ɫɥɟ-
ɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɛɥɢɠɟ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ. 
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4 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
4.1 ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
 
ɋɢɫɬɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛ-

ɠɟɧɢɹ ɢ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɸ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɞɟɠ-
ɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɢ [1, ɫ.57]. 

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

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
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 ɦɨɳɧɨ-
ɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢɟɦɧɵɦ 
ɩɭɧɤɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, ȽɊɉ, Ɋɉ) [1, ɫ.57]. 

ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ I ɤɚɬɟɝɨɪɢɢ, ɬɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫɟɤɰɢɨɧɢɪɨ-
ɜɚɧɢɟ ɲɢɧ ɩɪɢɟɦɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɢɬɚɧɢɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ ɨɬɞɟɥɶɧɨɣ ɥɢɧɢɢ, ɬɚɤ 
ɤɚɤ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ I ɤɚɬɟɝɨɪɢɢ, ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɉɍɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚ-
ɧɢɹ. ɇɟɡɚɜɢɫɢɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɧɚɡɵɜɚɸɬ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɩɪɢɟɦɧɢɤɚ 
(ɝɪɭɩɩɵ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɩɨɫɥɟɚɜɚ-
ɪɢɣɧɨɝɨ 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 ɩɢɬɚɧɢɹ 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 ɧɟ-
ɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ; 

2) ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢɥɢ ɢɦɟɸɬ ɫɜɹɡɶ, ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɳɭɸɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɞɧɨɣ ɫɟɤɰɢɢ 
(ɫɢɫɬɟɦɵ) ɲɢɧ. 

 
 
4.2 ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɚɬɶ ɧɟɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ 
ɮɨɪɦɭɥɚɦ ɩɨɥɭɱɟɧɧɵɦ ɧɚ ɨɫɧɨɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɩɨ ɮɨɪ-
ɦɭɥɟ ɋɬɢɥɥɚ [1, ɫ.60], ɤȼ, 
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ܷ = Ͷ,͵Ͷ ∙ √݈ + ͳ͸ܲ˓ ȼɇ ,  (30) 
 

ɝɞɟ ݈ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɤɨɦɛɢɧɚɬɚ, ɪɚɜɧɨɟ 3,5 ɤɦ; ܲ˓ ȼɇ – ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɟɞɩɪɢɹɬɢɹ, 
ɨɬɧɟɫɟɧɧɨɣ ɤ ɲɢɧɚɦ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ƚɉɉ, Ɇȼɬ. 

 ܷ = Ͷ,͵Ͷ ∙ √ͳ,ʹ + ͳ͸ ∙ ͷͲ,ͺͻʹ = ͳʹ͵,ͻͶ 
 
ɉɨ ɫɬɚɧɞɚɪɬɧɨɣ ɲɤɚɥɟ ɜɵɛɢɪɚɟɦ ɞɜɚ ɛɥɢɡɥɟɠɚɳɢɯ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶ-

ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ, 
 ˔ܷ˕′ ൑ ܷ ൑ ˔ܷ"̞  ,  (31) 
 

ɝɞɟ ˔ܷ˕′ , ˔ܷ"̞  – ɫɬɚɧɞɚɪɬɧɵɟ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. 
 ͳͳͲ ൑ ͳʹ͵,ͻͶ ൑ ʹʹͲ  

  
ɉɪɨɢɡɜɟɞɟɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨ-

ɫɧɚɛɠɟɧɢɹ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ 110 ɤȼ ɢ 220 ɤȼ.  
 

4.3 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶ-
ɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 

 
ȼ ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɦɨɳɧɨɫɬɶ 

ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɢɬɚɧɢɟ 
ɜɫɟɯ ɩɪɢɟɦɧɢɤɨɜ. ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ɉɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɨɞ-
ɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɪɭɝɨɣ ɛɭɞɟɬ ɩɨɤɪɵɜɚɬɶ ɜɫɸ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ 1-
ɨɣ ɢ 2-ɨɣ ɤɚɬɟɝɨɪɢɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ 
ɷɬɨɦ ɱɚɫɬɶ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɨɬɤɥɸɱɟɧɚ ɫ ɰɟɥɶɸ ɫɧɢ-
ɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. [1, ɫ. 59-60]. 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ ɜɚɪɢɚɧɬɚ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ ɫ ɩɢɬɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ. 

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼ·Ⱥ, 
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ɝɞɟ    ܵɪȼɇ – ɩɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɤȼ·Ⱥ;  𝐾ɡ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  ݊ɬ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
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Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɨɪɦɚɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ (0,65–0,7), ɚ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ –(1,3–
1,4) [2, ɫ.393].  

 

.

54081,42
38629,6

0,7 2ɧɨɦ ɬS  
  

 
ɂɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɧɨɦɢɧɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ܵɧɨɦ.ɬ = ͶͲͲͲͲ  ˍʑ · А. ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɞɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚɦ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɨ.ɟ., 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɨ.ɟ., 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɡɧɚɱɟɧɢɹɦ. Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɵ ɌɊȾɇ-40000/110 ɢ ɌɊȾɇ-40000/220, ɬɪɟɯɮɚɡɧɵɟ ɞɜɭɯɨɛɦɨɬɨɱɧɵɟ (ɫ 
ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ) ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ 
ɦɚɫɥɚ ɢ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɞɭɬɶɟɦ, ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ ɧɚɝɪɭɡɤɨɣ 
[3, ɫ.243]. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɷɬɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
5. 

Ɍɚɛɥɢɰɚ 5 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ܵɧɨɦ.ɬ, ɆȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ,  
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ  ˍܷˊ, % 

Ɍɨɤ ɯɨɥɨ-
ɫɬɨɝɨ  

ɯɨɞɚ, % ȼɇ ɇɇ ∆ ௫ܲ௫ ∆ ɤܲɡ 

ɌɊȾɇ 40 110 10 36 172 10,5 0,65 
ɌɊȾɇ 40 220 10 50 170 12 0,9 
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4.4 ȼɵɛɨɪ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɹ  

 
ɇɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

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

 
,ɧɁ p K ɂ      (35) 

 
ɝɞɟ  ˓ː = Ͳ,Ͳ͹ʹͷ – 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 ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɤɬɵ ɛɨɥɶɲɨɣ, ɫɪɟɞɧɟɣ ɢ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ 
ɩɪɟɞɩɪɢɹɬɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɴɟɤɬɚɦ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢёɦɧɵɦ ɩɭɧɤɬɨɦ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, Ɋɉ).  

ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ 
ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɚ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɞɜɚ ɤɥɚɫɫɚ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ: 220 ɢ 110 ɤȼ. Ⱦɥɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɵɛɢɪɚɟɦ ɞɜɚ ɜɚɪɢ-
ɚɧɬɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: ɨɬ ɲɢɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɣ ɥɢ-
ɧɢɟɣ 110 ɤȼ (1-ɣ ɜɚɪɢɚɧɬ) ɢ ɨɬ ɲɢɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɣ 
ɥɢɧɢɟɣ 220 ɤȼ (2-ɨɣ ɜɚɪɢɚɧɬ). ɋɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɜɚ-
ɪɢɚɧɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
 
4.5 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲ-

ɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 110 ɤȼ 
 
4.5.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɬɨɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ (ɨɛɪɵɜ ɨɞ-

ɧɨɣ ɰɟɩɢ) ɪɟɠɢɦɚɯ, Ⱥ, 
 

,
3
ɪȼɇ

ɪ
ɰ ɧɨɦ

S
I

n U


 
  (36) 

 
ɝɞɟ    ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ. 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

26 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

54081,42
142,1

2 3 110
ɪI  

 
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. ,
( 1) 3

ɪȼɇ
ɪɚɛ ɦɚɤɫ

ɰ ɧɨɦ

S
I

n U


  
 (37) 

 

.

54081,42
284,19

(2 1) 3 110
ɪɚɛ ɦɚɤɫI  

  
   

 
 

 
 

Ɋɢɫɭɧɨɤ 3 – ȼɚɪɢɚɧɬɵ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
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ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɬɨɤɚɦ ɪɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ȼɅ, ɦɦ2, 
 

,ɪ
ɪɚɫɱ

ɷɤ

I
F

j
  (38) 

 
ɝɞɟ     ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 
 

142,1
129,18

1,1ɪɚɫɱF    

 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ [3, ɫ.84] ̝ܨ ˕ = ͻͷ ɦɦଶ, ɢ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-95/16. 
ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ, 
 

. ,ɞɨɩ ɪɚɛ ɦɚɤɫI I   (39) 

 ͵͵Ͳ > ʹͺͶ,ͳͻ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
 
4.5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɯɟɦɵ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɢɫɩɨɥɶɡɭɟɦ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚ-

ɬɟɥɢ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [4].  
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɫɟɬɶ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,ɫɟɬɶ ȼ ɅЭɉK K K    (40) 
 

ɝɞɟ    Ʉȼ – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ, ɬɵɫ. ɪɭɛ; 
ɄɅɗɉ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ Ʌɗɉ, ɬɵɫ. ɪɭɛ. 
 

,ȼ ȼɨ ȼK K n    (41) 
 

ɝɞɟ   Ʉȼ଴ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɨɞɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɷɥɟɝɚɡɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɵɫ. 
ɪɭɛ;  ݊ʑ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ; 

 
9506 2 19012ȼK          

 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

28 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɬɵɫ. ɪɭɛ., 

 
,ɅЭɉ ɭɞ ɰK K n l    (42) 

 
ɝɞɟ   Ʉɭɞ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ 1 ɤɦ ȼɅ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞɜɟɫ-
ɤɨɣ ɨɞɧɨɣ ɰɟɩɢ ɞɥɹ Ⱥɋ95/16, ɬɵɫ. ɪɭɛ./ɤɦ;  ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ. ݈ – ɩɪɨɬɹɠёɧɧɨɫɬɶ Ʌɗɉ, ɤɦ. 

 
1136,24 2 1,2 2726,98ɅЭɉK     , 

 
19012 2726,98 21739,98ɫɟɬɶK          

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,Ƚɉɉ ɌɊ ɈɊɍK K K   (43) 
 

ɝɞɟ   ɄɌɊ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɬɵɫ. ɪɭɛ.;  
ɄɈɊɍ – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɈɊɍ (ɞɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɢ), ɬɵɫ. ɪɭɛ.  
 

,ɌɊ ɌɊɨ ɌɊK K n    (44) 
 

ɝɞɟ    ɄɌɊ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110, ɬɵɫ. ɪɭɛ.; ݊ɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɲɬ. 
 

11057,2 2 22114,40ɌɊK    , 
 

22114,40 81080 103194,4ȽɉɉK           
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

ɫɟɬɶ ȽɉɉK K K    (45) 
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
 

1 21738,98 103194,4 124933,38K       
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4.5.3 Ɋɚɫɱɟɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

1
,

n
i ɅЭɉ ȼ ɈɊɍ ɌɊ

ɚ ɅЭɉ ȼ ɈɊɍ ɌɊi
ɉɂ ɉɂ ɉɂ ɉɂ ɉɂ

K K K K Kɂ
T T K K K

        (46) 

 
ɝɞɟ    T˒ ˋ– ɫɪɨɤ ɩɨɥɟɡɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ, ɝɨɞ.  

 
2726,98 19012 81080 22114,40

7349,022
17 17 17 17ɚɂ       

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

. . . . . . . . . .

1
,

100 100 100 100 100

ɅЭɉ ȼ ɈɊɍ ɌɊn
i ɷ ɪ i ɅЭɉ ɷ ɪ ȼ ɷ ɪ ɈɊɍ ɷ ɪ ɌɊ ɷ ɪ

ɨ
i

K p K p K p K p K p
ɂ



    
     

 (47) 
 

ɝɞɟ     pэ.˓.– ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, %. 
 

2726,98 0,8 19012 5,9 81080 5,9 22114,40 5,9
7231,993

100 100 100 100ɨɂ    
      

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

,ɉЭɂ W     (48) 
 

ɝɞɟ   ∆𝑊∑ – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ, ɤȼɬ·ɱ/ɝɨɞ; ߚ = Ͳ,ͲͲʹ͸͸Ͷ – ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ ɤȼɬ·ɱ. 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ʌɗɉ, ɤȼɬ·ɱ/ɝɨɞ,  
 

,ɅЭɉ ɅЭɉW P       (49) 
 

ɝɞɟ    Ʌܲɗɉ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ, ɤȼɬ; 𝜏 – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ. 
 

2
4

(0,124 ) ,
10

ɦɚɤɫ
ɝɨɞ

T
T      (50) 
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ɝɞɟ    ɦܶɚɤɫ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ [1, ɫ.72], ɱ. 
ɝܶɨɞ – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, ɱ. 

 

2
4

4355
(0,124 ) 8760 2742,23

10
      

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

2

0
2

,ɪȼɇ
ɅЭɉ

ɐ ɧɨɦ

Sr l
P

n U


     (51) 

 
ɝɞɟ    ݎ଴ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ȼɅ [3], Ɉɦ/ɤɦ; ݈ – ɞɥɢɧɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɤɦ; ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ Ʌɗɉ, ɲɬ. 

 
2

2

0,301 1,2 54081,42
43,655

2 110 1000ɅЭɉP


   


,   

 
43,655 2742,23 119711ɅЭɉW           

 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼɬ·ɱ/ɝɨɞ., 
 

2

.

1
( ) ,ɪȼɇ

ɌɊ ɌɊ ɯɯ ɝɨɞ ɤɡ
ɌɊ ɧɨɦ ɬɪ

S
W n P T P

n S
          (52) 

 
ɝɞɟ    ∆ ɯܲɯ, ∆ ɤܲɡ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [3, ɫ.243], ɤȼɬ. 

21 54081,42
2 36 8760 172 ( ) 2742,23 1061820,91

2 40000ɌɊW            

ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸ-
ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ·ɱ/ɝɨɞ; 

 
,ɅЭɉ ɌɊW W W      (53) 

 
119710,67 1061820,91 1181531,58W           

 
Ɍɨɝɞɚ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

0,002664 1061820,91 3147,60ɉЭɂ     
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ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-
ɦɭɥɟ, ɬɵɫ.ɪɭɛ./ɝɨɞ, 

 
,ɚ ɨ ɉЭɂ ɂ ɂ ɂ      (54) 

 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

1 7349,02 7231,99 3147,60 17728,62ɂ        
 
Ɉɛɨɫɧɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-

ɧɢɹ (ɩɨ ȼɅ 110 ɤȼ), ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

1 0,0725 124933,38 17728,62 26786,29Ɂ      
 
4.6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲ-

ɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 220 ɤȼ 
 
4.6.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɬɨɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ (ɨɛɪɵɜ ɨɞ-

ɧɨɣ ɰɟɩɢ) ɪɟɠɢɦɚɯ, Ⱥ, 
 

,
3
ɪȼɇ

ɪ
ɰ ɧɨɦ

S
I

n U


 
  

 
ɝɞɟ    ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ. 

 
54081,42

71,05
2 3 220

ɪI  
 

,    

 

. ,
( 1) 3

ɪȼɇ
ɪɚɛ ɦɚɤɫ

ɰ ɧɨɦ

S
I

n U


  
 

 

.

54081,42
142,1

(2 1) 3 220
ɪɚɛ ɦɚɤɫI  

  
 

 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɬɨɤɚɦ ɪɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ȼɅ, ɦɦ2, 
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,ɪ
ɪɚɫɱ

ɷɤ

I
F

j
    

 
ɝɞɟ     ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 

 
71,05

64,59
1,1ɪɚɫɱF    

 
ɉɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ 220 ɤȼ ̝ܨ ˕ = ʹͶͲ ɦɦଶ, ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-240/32. 
 
 
ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ, 
 

. ,ɞɨɩ ɪɚɛ ɦɚɤɫI I   

 ͸Ͳͷ > ͳͶʹ,ͳ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
 
4.6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɯɟɦɵ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɢɫɩɨɥɶɡɭɟɦ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚ-

ɬɟɥɢ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [4].  
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɫɟɬɶ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,ɫɟɬɶ ȼ ɅЭɉK K K    
 

ɝɞɟ    Ʉȼ – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ, ɬɵɫ. ɪɭɛ; 
ɄɅɗɉ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ Ʌɗɉ, ɬɵɫ. ɪɭɛ. 
 

,ȼ ȼɨ ȼK K n     
 

ɝɞɟ   Ʉȼ଴ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɨɞɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɜɚɤɭɭɦɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɵɫ. 
ɪɭɛ;  ݊ʑ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ; 

 
15713,6 2 31427,2ȼK     
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Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɬɵɫ. ɪɭɛ., 

 
,ɅЭɉ ɭɞ ɰK K n l     

 
ɝɞɟ    Ʉɭɞ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ 1 ɤɦ ȼɅ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞ-
ɜɟɫɤɨɣ ɨɞɧɨɣ ɰɟɩɢ ɞɥɹ Ⱥɋ-240/32, ɬɵɫ. ɪɭɛ./ɤɦ;  ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ. ݈ – ɩɪɨɬɹɠёɧɧɨɫɬɶ Ʌɗɉ, ɤɦ. 

 
1406,44 2 1,2 3375,456ɅЭɉK     , 

 
31427,2 3375,456 34802,656ɫɟɬɶK     

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,Ƚɉɉ ɌɊ ɈɊɍK K K   
 

ɝɞɟ    ɄɌɊ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɬɵɫ. ɪɭɛ.;  
ɄɈɊɍ – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɈɊɍ (ɞɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɢ), ɬɵɫ. ɪɭɛ.  
 

,ɌɊ ɌɊɨ ɌɊK K n    
 

ɝɞɟ    ɄɌɊ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/220, ɬɵɫ. ɪɭɛ.; ݊ɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɲɬ; 
 

13315,4 2 26630,8ɌɊK    ,      
 

150766 26630,8 177396,8ȽɉɉK          
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

ɫɟɬɶ ȽɉɉK K K    
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
 

2 34802,656 177396,8 212199,456K        
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4.6.3 Ɋɚɫɱɟɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

1
,

n
i ɅЭɉ ȼ ɈɊɍ ɌɊ

ɚ ɅЭɉ ȼ ɈɊɍ ɌɊi
ɉɂ ɉɂ ɉɂ ɉɂ ɉɂ

K K K K Kɂ
T T K K K

       

 
ɝɞɟ    T˒ ˋ– ɫɪɨɤ ɩɨɥɟɡɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ, ɝɨɞ.  

 
3375,456 31427,2 150766 26630,8

12482,33
17 17 17 17ɚɂ       

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 

. . . . . . . . . .

1
,

100 100 100 100 100

ɅЭɉ ȼ ɈɊɍ ɌɊn
i ɷ ɪ i ɅЭɉ ɷ ɪ ȼ ɷ ɪ ɈɊɍ ɷ ɪ ɌɊ ɷ ɪ

ɨ
i

K p K p K p K p K p
ɂ



    
        

 
ɝɞɟ     pэ.˓.– ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, %. 

 
3375,456 0,8 31427,2 5,9 150766 5,9 26630,8 5,9

10259,38
100 100 100 100ɨɂ    

      

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

,ɉЭɂ W     
 

ɝɞɟ   ∆𝑊∑ – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ, ɤȼɬ·ɱ/ɝɨɞ; ߚ = Ͳ,ͲͲʹ͸͸Ͷ – ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ ɤȼɬ·ɱ. 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ʌɗɉ, ɤȼɬ·ɱ/ɝɨɞ,  
 

,ɅЭɉ ɅЭɉW P       
 

ɝɞɟ    Ʌܲɗɉ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ, ɤȼɬ; 𝜏 – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ. 
 

2
4

(0,124 ) ,
10

ɦɚɤɫ
ɝɨɞ

T
T       

 
ɝɞɟ    ɦܶɚɤɫ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ [1, ɫ.72], ɱ. 
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ɝܶɨɞ – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, ɱ. 
 

2
4

4355
(0,124 ) 8760 2742,23

10
      

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

2

0
2

,ɪȼɇ
ɅЭɉ

ɐ ɧɨɦ

Sr l
P

n U


     

 
ɝɞɟ    ݎ଴ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ȼɅ [3], Ɉɦ/ɤɦ; ݈ – ɞɥɢɧɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɤɦ; ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ Ʌɗɉ, ɲɬ. 

 
2

2

0,118 1,2 54081,42
4,278

2 220 1000ɅЭɉP


   


    

 
4,278 2742,23 1890596,17ɅЭɉW           

 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼɬ·ɱ/ɝɨɞ., 
 

2

.

1
( ) ,ɪȼɇ

ɌɊ ɌɊ ɯɯ ɝɨɞ ɤɡ
ɌɊ ɧɨɦ ɬɪ

S
W n P T P

n S
          

 
ɝɞɟ    ∆ ɯܲɯ, ∆ ɤܲɡ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [3, ɫ.243], ɤȼɬ. 
 

21 54081,42
2 50 8760 170 ( ) 2742,23 1302088,11

2 40000ɌɊW            

 
ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸ-

ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ·ɱ/ɝɨɞ; 
 

,ɅЭɉ ɌɊW W W      
 

11732,44 1302088,11 1313820,551W           
 
Ɍɨɝɞɚ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
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0,002664 1313820,551 3500,02ɉЭɂ     
 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-

ɦɭɥɟ, ɬɵɫ.ɪɭɛ./ɝɨɞ, 
 

ɚ ɨ ɉЭɂ ɂ ɂ ɂ     
 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

2 12482,32 10259,38 3500,02 26241,72ɂ        
 
Ɉɛɨɫɧɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

(ɩɨ ȼɅ 220 ɤȼ), ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

2 0,0725 212199,456 26241,72 41626,18Ɂ    
 

 
Ɍɚɛɥɢɰɚ 6 – Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɜɧɟɲɧɟɝɨ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

№ ɜɚɪɢ-
ɚɧɬɚ 

К∑,  
ɬɵɫ. ɪɭɛ. 

ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ ʖ, ɬɵɫ. 
ɪɭɛ./ɝɨɞ ʗ˃, ɬɵɫ. 

ɪɭɛ./ɝɨɞ 
ʗˑ, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

ʗ˒э, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

ʗ∑, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

1 (110 ɤȼ) 124933,38 7349,02 7231,99 3147,6 17728,62 26786,29 
2 (220 ɤȼ) 212199,456 12482,32 10259,38 3500,02 26241,72 41626,18 

 
 ȼɵɜɨɞ: ɬɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɩɨ ɩɪɢɜɟɞёɧɧɵɦ ɡɚɬɪɚɬɚɦ ɦɟɠɞɭ ɫɪɚɜɧɢɜɚɟ-

ɦɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɩɪɚɤɬɢɱɟɫɤɢ 40%, ɬɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚёɦ ɩɟɪɜɨɦɭ ɜɚɪɢ-
ɚɧɬɭ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ (110 
ɤȼ) ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞɜɟɫɤɨɣ ɩɪɨɜɨɞɨɜ ɧɚ 
ɨɞɧɨɰɟɩɧɨɣ ɨɩɨɪɟ. 

 
.
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5 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ ɤɨɦ-
ɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

 
Ɇɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 2500 ɤȼ∙Ⱥ, 

ɬɚɤ ɤɚɤ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɪɚɫɬɭɬ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚ-
ɦɵɤɚɧɢɹ. ɑɢɫɥɨ ɬɢɩɨɪɚɡɦɟɪɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. 
ɐɟɯɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦɢ ɢ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɧɵɦɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɧɚɞёɠɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ [5, ɫ.10]. 

ɉɪɢ ɜɵɛɨɪɟ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɞɨɥɠɟɧ ɪɟɲɚɬɶɫɹ ɜɨɩɪɨɫ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɜɟɥɢɱɢɧɟ ɪɟɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 
ɤȼ [5, ɫ.10]. 

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

1) ȼɵɛɢɪɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨ-
ɪɨɜ; 

2) Ɉɩɪɟɞɟɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɇȻɄ ɜ ɰɟɥɹɯ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ 
ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɢ ɜ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɜɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ  ɧɚɝɪɭɡɤɢ [5. ɫ.10], ɤȼ∙Ⱥ/ˏଶ, 

 𝜎ː = ௌ𝐹  ,  (55) 

 

ɝɞɟ  ܵɪ – ɪɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ, ɤȼ∙Ⱥ;  
F – ɩɥɨɳɚɞɶ ɰɟɯɚ, ɦଶ. 
 
Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɨɣ ɦɨɳɧɨɫɬɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɢɬɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ ɧɚɝɪɭɡɨɤ, 
 𝑁୫i୬ = 𝑃𝐾ˊ∙ௌːˑˏ.˕ + ∆𝑁 , (56) 

 
ɝɞɟ 𝐾ˊ – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [1], ɨ. ɟ.; ∆𝑁 – ɞɨɛɚɜɤɚ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ.  

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɞɟɥɶ-

ɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɩɟɪɟɞɚɱɭ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
 𝑁ˑ˒˕ = 𝑁୫i୬ + ݉ , (57) 
 

ɝɞɟ ݉ – ɱɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɫɩɟɰɢɚɥɶɧɵɦ ɤɪɢɜɵɦ [5; ɫ. 14]. 
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ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 

ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ, ɤɜɚɪ, 
 ܳˏ˃ˍ˔.˕ = √ሺ𝑁ˑ˒˕ ∙ 𝐾ˊ ∙ ܵːˑˏ.˕ሻଶ − ܲ˓ଶ ,       (58) 

 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ɤɜɚɪ, 
 ܳːˍଵ = ܳ˓ − ܳˏ˃ˍ˔.˕ ,  (59) 
 
ȿɫɥɢ ɜ ɪɚɫɱɟɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଵ < Ͳ, ɬɨ ɭɫɬɚɧɨɜɤɚ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚ-

ɬɨɪɨɜ ɩɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ (ɫɨɫɬɚɜ-
ɥɹɸɳɚɹ ܳːˍଵ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ). 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 

ɢ ɜ ɫɟɬɢ 10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɜɚɪ, 
 ܳːˍଶ = ܳ˓ − ܳːˍଵ − γ ∙ 𝑁ˑ˒˕ ∙ ܵːˑˏ.˕ ,      (60) 
   

ɝɞɟ γ – ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 𝐾ʟଵ ɢ 𝐾ʟଶ 
ɢ ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɰɟɯɨɜɨɣ Ɍɉ [1]. 

 
ȿɫɥɢ ɜ ɪɚɫɱёɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଶ < Ͳ, ɬɨ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɨɜ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ܳːˍଶ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ. 
 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ɤɜɚɪ, 
 ܳːˍ = ܳːˍଵ + ܳːˍଶ  (61) 
 
Ɋɚɫɫɱɢɬɚɟɦ ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɰɟɯɨɜ №5, 

№9 ɢ №14, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɭɸ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɞɨ 1 ɤȼ) ɢ ɩɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɇȻɄ. Ⱦɥɹ ɪɚɫɱёɬɚ ɢɫɩɨɥɶ-
ɡɭɟɦ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 2. 

 
ɍɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ  ɧɚɝɪɭɡɤɢ, 
 𝜎ɧ = ͳͷ͵ʹ,ͺͶͳ͹Ͳ = Ͳ,͵͸ͺ  
Ɍɚɤ ɤɚɤ ɰɟɯɚ №5 ɢ №14 ɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦɢ I-ɨɣ ɤɚɬɟɝɨɪɢɢ, ɬɨ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɝɪɭɡɤɢ 0,75 ɢ ɧɨɦɢɧɚɥɶ-
ɧɨɣ ɦɨɳɧɨɫɬɶɸ 630 ɤȼ·Ⱥ, [7, ɫ.5] (ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 
1600 ɢ 2500 ɤȼ∙Ⱥ ɧɟɨɛɯɨɞɢɦɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ). 
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Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁୫i୬ = ͳʹͷͳ,ͻ͸Ͳ,͹ͷ ∙ ͸͵Ͳ + Ͳ,͵ͷ = ͵  
 
Ɉɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁ˑ˒˕ = ͵ + Ͳ = ͵ 
 
ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 

ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ̱ ˅˃˓ 
 ܳˏ˃ˍ˔.˕ = √ሺ͵ ∙ Ͳ,͹ͷ ∙ ͸͵Ͳሻଶ − ͳʹͷͳ,ͻ͸ଶ = ͸͸Ͷ,͹͸ͳ  
 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ̱ ʑ˃˓ 
 ܳːˍଵ = ͺͺʹ,Ͳ͵ − ͸͸Ͷ,͹͸ͳ = ʹͳ͹,ʹ͹  
 
Ɋɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɟɥɶɧɵɯ ɩɨɬɟɪɶ 𝐾ʟଵ = ͳͷ (ɞɥɹ ɋɢɛɢɪɢ ɢ ɞɥɹ 

ɬɪɟɯ ɫɦɟɧ), ɚ ɪɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ γ = 𝐾ʟଵ/͵Ͳ (ɞɥɹ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɫɯɟɦɵ 
ɩɢɬɚɧɢɹ). 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ̱ ʑ˃˓ 
 ܳːˍଶ = ͺͺʹ,Ͳ͵ − ʹͳ͹,ʹ͹ − Ͳ,ͷ ∙ ͵ ∙ ͸͵Ͳ = ͳͻʹ,ʹ͸ 
 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ˍʑ˃˓ 
 ܳːˍ = ʹͳ͹,ʹ͹ + ͳͻʹ,ʹ͸ = ͶͲͻ,ͷ͵  
 
Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɢ ɧɢɡɤɨɜɨɥɶɬ-

ɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 150 ɤȼɚɪ ɬɢɩɚ ɍɄɆ 
58-04-150-30-ɍɁ [6]. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ 

ɨɫɬɚɥɶɧɵɯ ɰɟɯɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7, ɚ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɇȻɄ ɜ ɬɚɛɥɢɰɟ 
9.  

 
 
 
 
 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

40 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

Ɍɚɛɥɢɰɚ 7 – ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɉɨɬɪɟɛɢɬɟɥɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɭɧɤɬɚ ɩɢɬɚɧɢɹ 

Ɇɟɫɬɨ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ 

ɩɭɧɤɬɚ ɩɢɬɚ-
ɧɢɹ 

σɧ, 
ɤȼȺ/ɦ2 

Pɪ, 
ɤȼɬ 

Qɪ, 
ɤɜɚɪ 

Sɧɨɦ.ɬ, 
ɤȼȺ 

Ʉɡ Nmin Nɨɩɬ 

ɐɟɯ №5;9;14 Ɍɉ-1, Ɍɉ-2 ɐɟɯ №14 0,368 1251,96 882 630 0,75 3 3 
ɐɟɯ №1;10;11 Ɍɉ-3 ɐɟɯ №11 0,098 790,13 650 630 0,8 2 2 
ɐɟɯ №2;3;4 Ɍɉ-4 ɐɟɯ №3 0,090 342,46 230 250 0,85 2 2 
ɐɟɯ №7;8;15 Ɍɉ-5 ɐɟɯ №7 0,274 763,76 619 630 0,8 2 2 

ɐɟɯ №6 Ɍɉ-6, Ɍɉ-7 ɐɟɯ №6 0,268 1630,22 1196 630 0,75 4 4 

ɐɟɯ №12 Ɍɉ-8, Ɍɉ-9 ɐɟɯ №12 0,472 1321,36 979 630 0,75 3 3 
ɐɟɯ №13 Ɍɉ-10, Ɍɉ-11 ɐɟɯ №13 0,248 1076,92 793 630 0,75 3 3 

 
Ɍɚɛɥɢɰɚ 8 – ɉɚɪɚɦɟɬɪɵ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ܵɧɨɦ.ɬ, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ,  
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ  ˍܷˊ, % 

Ɍɨɤ ɯɨɥɨ-
ɫɬɨɝɨ  

ɯɨɞɚ, % ȼɇ ɇɇ ∆ ௫ܲ௫ ∆ ɤܲɡ 

ɌɆ 630 10 0,4 1,56 8,5 5,5 0,8 
ɌɆ 250 10 0,4 0,945 3,7 4,5 1,7 

 
 

Ɍɚɛɥɢɰɚ 9 – ȼɵɛɨɪ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ 

ɉɨɬɪɟɛɢɬɟɥɢ  Qɪ, 
ɤɜɚɪ 

Qɧɤ.ɪɚɫɱ, 
ɤɜɚɪ 

Qɧɤ.ɮɚɤɬ 
ɤɜɚɪ 

Ʉɨɥ-ɜɨ 
ɇȻɄ, 
ɲɬ. 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ 
ɇȻɄ, ɤɜɚɪ 

Ɍɢɩ ɇȻɄ 

ɐɟɯ 
№5;9;14 

882 409,53 450 3 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ 
№1;10;11 

650 334,58 334 2 167 ɍɄɆ 58-04-20-10-ɍɁ 

ɐɟɯ №2;3;4 230 104,75 100 2 50 ɍɄɆ 58-04-50-10-ɍ3 
ɐɟɯ 

№7;8;15 
619 304,19 300 2 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ №6 1196 566,04 600 4 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ №12 979 506,21 501 3 167 ɍɄɆ 58-04-167-33,3-ɍɁ 

ɐɟɯ №13 793 320,07 337,5 3 112,5 
ɍɄɆ 58-04-112,5-37,5-

ɍɁ 
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6 Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɹɯ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɟɦ 6-10 ɤȼ 

 
ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɩɪɟɞɩɪɢɹɬɢɟ ɤɚɤ ɭɡɟɥ ɫɟɬɢ 6,10 ɤȼ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸ-

ɱɟɧɵ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɢ ɢɫɬɨɱɧɢɤɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɨ ɛɚɥɚɧɫ ɪɟɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɭɡɥɟ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ ɢɦɟɟɬ ɜɢɞ, [5, ɫ.106]. 

 ܳ˓∑ + ∆ܳ˕ʒʞʞ − ܳ˅ˍ − ܳːˍ.˗˃ˍ˕ − ܳ˔ˇΣ − ܳэ = Ͳ ,   (62) 
 

ɝɞɟ ܳ˓∑ – ɪɚɫɱёɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 6,10 ɤȼ 
Ƚɉɉ (ɫɦ. ɩ.ɩ 2.2), ɤȼɚɪ; 
      ∆ܳ˕ʒʞʞ – ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ , ɤȼɚɪ; 
      ܳ ˅ˍ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɤɨɧ-
ɞɟɧɫɚɬɨɪɧɵɦɢ ɛɚɬɚɪɟɹɦɢ, ɤȼɚɪ; 
      ܳ ːˍ.˗˃ˍ˕ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɜɵɞɚɜɚɟɦɚɹ ɮɚɤɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ 
ɇȻɄ (ɫɦ. ɬɚɛɥ.9), ɤȼɚɪ; 
      ܳ ˔ˇΣ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢ-
ɝɚɬɟɥɹɦɢ, ɤɜɚɪ; 
      ܳ э – ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɩɪɟɞ-
ɩɪɢɹɬɢɸ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ, ɤȼɚɪ. 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɋȾ, ɤɨɬɨɪɭɸ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ, ɤȼɚɪ, 

 

 (63) 

 
ɝɞɟ ߙˏ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɋȾ (ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɧɨɦɨ-
ɝɪɚɦɦɟ); 
         ܲ ːˑˏ.˔ˇ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɤȼɬ; 
         ܳ ːˑˏ.˔ˇ – ɧɨɦɢɧɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɤɜɚɪ. 

 
 (64) 

 ܳːˑˏʠʓଵ =  ͳʹͷͲ ∙ Ͳ,͵͵ = ͶͳͲ,ͺ͸, 
 ܳːˑˏʠʓଶ =  ͳ͸ͲͲ ∙ Ͳ,͵͵ = Ͷͻ͵,Ͳ͵, 
 ܳ˔ˇ.эଵ = Ͳ,͵͵ ∙ √ͳʹͷͲଶ + ͶͳͲ,ͺ͸ଶ = Ͷ͵Ͷ,ʹͳ, 
 ܳ˔ˇ.эଶ = Ͳ,͵ͺ ∙ √ͳ͸ͲͲଶ + Ͷͻ͵,Ͳ͵ଶ = ͸͵͸,ʹͳ 
 
ɋɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɜɫɟɦɢ ɋȾ, ɤȼɚɪ, 

2 2 ,ɋȾɷ ɦ ɧɨɦɋȾ ɧɨɦɋȾQ P Q  

;ɧɨɦɋȾ ɧɨɦɋȾ ɧɨɦɋȾQ P tg 
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  ܳ˔ˇΣ = ݊ˇ ∙ ܳ˔ˇ.э , (65) 
 

ɝɞɟ ݊ˇ – ɤɨɥɢɱɟɫɬɜɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɲɬ. 
 ܳ˔ˇΣଵ = Ͷ ∙ Ͷ͵Ͷ,ʹͳ = ͳ͹͵͸,ͺͶ, 
 ܳ˔ˇΣଶ = Ͷ ∙ ͸͵͸,ʹͳ = ʹͷͶͶ,ͺͶ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ȼȻɄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɵ, ɤɜɚɪ,  
 ܳ˅ˍ = ܳ˓∑ + ∆ܳ˕ʒʞʞ − ܳːˍ.˗˃ˍ˕ − ܳ˔ˇΣଵ − ܳ˔ˇΣଵ − ܳэ , (66) 
 ܳ˅ˍ = ͵ͺͻ͹ͻ,ͻ͹ + ͷͳͷ͸,͵͹ − ʹ͸ʹʹ,ͷ − ͳ͹͵͸,ͺͶ −  ʹͷͶͶ,ͺͶ − ͺ͹ͶͲ,ͻͳ == ʹʹͲͺͺ,͵͵  
 
ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɜɟɧɚɞɰɚɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚɬɨ-

ɪɨɜ ɬɢɩɚ ɍɄɅ 56-10,5-1800ɍɁ [6], ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɨ 1800 ɤȼɚɪ ɤɚɠ-
ɞɚɹ.  

 
Ɇɨɳɧɨɫɬɶ ɮɚɤɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ȼȻɄ, ɤȼɚɪ, 
 ܳ˅ˍ.˗˃ˍ˕ = ͳʹ ∙ ͳͺͲͲ = ʹͳ͸ͲͲ  
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7 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
 
7.1 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 10 ɤȼ 
 
ɉɟɪɟɞ ɪɚɫɱɟɬɨɦ ɬɨɤɨɜ ɄɁ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɤɚɛɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɟɞɢ-

ɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ ɢ ɰɟɯɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞ-
ɫɬɚɧɰɢɢ. [1, ɫ.62] 

Ʉɚɛɟɥɢ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ ɛɭɞɟɦ ɜɵɛɢɪɚɬɶ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɬɨɤɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (10 ɤȼ) ɞɥɹ ɭɱɚɫɬɤɚ: Ƚɉɉ – 
Ɍɉ1. Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦ ɱɟɬɵɪɟ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɥɨɠɟɧ-
ɧɵɟ ɜ ɬɪɚɧɲɟɟ ɤɚɛɟɥɶɧɵɟ ɥɢɧɢɢ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɧɢɦɢ 100 ɦɦ. 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭ-

ɸɳɟɣ ɮɨɪɦɭɥɟ, Ⱥ, 

,
3

ɪ
ɪ

ɤ ɧɨɦ

S
I

n U


 
        (67) 

 

ɝɞɟ ܵ˓ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨ ɞɚɧɧɨɦɭ ɤɚɛɟɥɸ, ɤȼ∙Ⱥ; 
       ݊ ˍ – ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɬɪɚɧɲɟɟ, ɲɬ. 

 ܵ˓ = √ሺɊɪɇɇ + ∆ ɰܲɬ + Ɋɪȼɇሻଶ + ሺܳɪɇɇ + ∆ܳɰɬ − ܳɋȾΣଶሻଶ  ,   (68) 

 
ɝɞɟ     ܵ˓ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨ ɞɚɧɧɨɦɭ ɤɚɛɟɥɸ, ɤȼ∙Ⱥ; 

Ɋɪɇɇ, ܳɪɇɇ – ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ 
5,8,14 ɰɟɯɨɜ, ɤȼɬ, ɤȼɚɪ; ∆ ɰܲɬ, ∆ܳɰɬ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɪɚɡɞɟɥɶɧɨɣ ɪɚɛɨɬɟ, ɤȼɬ, ɤȼɚɪ; 

Ɋɪȼɇ, – ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ 10 ɤȼ 14 ɰɟɯɚ, ɤȼɬ; ܳɋȾΣଶ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, 
ɤɜȼɪ. 

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɪɚɡɞɟɥɶ-

ɧɨɣ ɪɚɛɨɬɟ, ɤȼɬ: 
        

2 ,ɰɬ ɯɯ ɰɬ ɤɡ ɰɬ ɰɬP P n P n           (69) 

 

ɝɞɟ      – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨ.ɟ;  
– ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ, ɤȼɬ; 

ɰɬ

xxP



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

44 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

– ɩɨɬɟɪɢ ɤɨɪɨɬɤɨ ɡɚɦɵɤɚɧɢɹ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ, ɤȼɬ;  

 – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɲɬ. 

 
2 2
0,4 0,4 ./ ,ɰɬ ɪ ɪ ɈɉɌ ɧɨɦ ɰɬP Q N S      (70) 

 

ɝɞɟ     – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ, ɤȼɬ; 
 – ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼɚɪ. 

 
2 21254,96 (582 450) / 3 630 0,7ɰɬ      , 

 
 ∆ܲ̇ ˕ = ͳ,ͷ͸ ∙ ͵ + ͺ,ͷ ∙ Ͳ,͹Ͳଶ ∙ ͵ = ͳ͹,ʹͲ 
 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɩɚɪɚɥ-

ɥɟɥɶɧɨɣ ɪɚɛɨɬɟ, ɤȼɚɪ: 
 

   (71) 

 
ɝɞɟ    - ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, %;   

- ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨ ɡɚɦɵɤɚɧɢɹ, %;  
 - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ. 

 

 ∆ܳ˙˕ = ሺʹ ∙ ͵ + ͷ,ͷ ∙ Ͳ,͹Ͳଶ ∙ ͵ሻ ∙ ଺ଷ଴ଵ଴଴ = ͺͺ,ͺͶ, 

             ܵ˓ = √ሺͳʹͷͳ,ͻ͸ + ͳ͹,ʹͲ + ͸ͲͲͲሻଶ + ሺͷͺʹ + ͺͺ,ͺͶ − ʹͷͶͶ.ͺͶ͵ሻଶ= ͹ͷͶͷ,͸͹ , 
 

7545,67
220,63

3 2 10
ɪI  

 
 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚ-

ɠɟɧɢɹ, Ⱥ, 
 

.
3 ( 1)

ɪ
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  
,       (72) 

 

ɤɡP

ɰɬn

0,4ɪP

0,4ɪQ

.2( ) ,
100
ɧɨɦ ɰɬ

ɰɬ ɯɯ ɰɬ ɤɡ ɰɬ ɰɬ

S
Q I n u n     
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.

7545,67
441,27

3 (2 1) 10
ɪɚɛ ɦɚɤɫI  

  
 

 
Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɠɢɥɵ ɤɚɛɟɥɹ, ɦɦ2, 
ɪɚɫɱܨ  = 𝐼ɪ௝ɷɤ

 ,           (73) 

 
ɝɞɟ ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 
 

220,63
200,58

1,1ɪɚɫɱF    

ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ̝ܨ ˕ = ͵ͲͲ ɦɦଶ, ɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɠɢɥɨɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɜ 
ɩɨɥɢɷɬɢɥɟɧɨɜɨɣ ɨɛɨɥɨɱɤɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɪɤɢ Ⱥɉɜɉ-(1×300)/35 ɩɪɨɤɥɚɞɵɜɚ-
ɟɦɨɝɨ ɜ ɡɟɦɥɟ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ Iɞɨɩ=447 Ⱥ. [8, ɫ.39]  

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (𝐾ଵ), 
ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ (𝐾ଶ), ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (𝐾ଷ), [1]. 

 
Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = 𝐾ଵ ∙ 𝐾ଶ ∙ 𝐾ଷ ∙ 𝐼 ˑ˒ ൒ 𝐼 .𝑚𝑎௫ , (74) 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [1], Ⱥ. 
 

` 1 0,9 1,05 91 45,48ȾɈɉI     
 (75) 

 
          ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, %: 
 

,   (76) 

 

   (77) 

 
ɝɞɟ     Iɪ – ɪɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ; 

l  - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɤɦ; 
 cos 𝜑 - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ (ɧɚ ɧɚɝɪɭɡɤɟ), ɨ.ɟ; 

 -  ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ;  

% 100%,
ɧɨɦ

U
U

U


  

3 ( cos sin ),ɤ ɪ ɭɞ ɭɞU n I l r x         

ɭɞr
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 - ɭɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ. 

 cos 𝜑 = 𝑃 బ,4+𝑃 భబ+∆𝑃 ˕ௌ˓ ,   (78) 

 
1251,96 6000 17,20

cos 0,96
7545,67

  
  , 

 sin 𝜑 = sin ሺarccos ሺcos 𝜑ሻሻ = −Ͳ,ʹ͹,  

 

3 2 220,60 0,140 (0,1 0,96 0,154 0,27) 5,81U          , 

 
5,81

% 100% 0,06
10000

U     

 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 

ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
10. 

 
Ɍɚɛɥɢɰɚ 10 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ 

ɍɱɚɫɬɨɤ Sɪ, ɤȼ·Ⱥ Iɪ, Ⱥ Iɪɚɛ.ɦɚɤɫ, Ⱥ Fɫɬ, ɦɦ2 Iɞɨɩ, Ⱥ I'ɞɨɩ, Ⱥ nɥ, ɲɬ 
Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

 

Ƚɉɉ – Ɋɍ1 7545,67 220,63 441,27 300 477 450,77 2 Ⱥɉɜɉ 0,06 
Ƚɉɉ – Ɋɍ2 5293,07 154,77 309,54 185 371 357,61 2 Ⱥɉɜɉ 0,45 
Ƚɉɉ-Ɋɍ3 18514,29 541,35 1082,71 800 1161 1219,05 2 Ⱥɉɜɉ 0,33 
Ƚɉɉ-Ɋɍ4 11571,43 338,35 676,69 800 719 679,46 2 Ⱥɉɜɉ 0,07 
Ƚɉɉ-Ɋɍ5 18514,29 541,35 1082,71 800 1161 1219,05 2 Ⱥɉɜɉ 0,42 
Ƚɉɉ-Ɍɉ3 883,33 25,83 51,66 35 145 137,03 2 Ⱥɉɜɉ 0,06 
Ƚɉɉ-Ɍɉ4 382,86 11,19 22,39 35 145 137,03 2 Ⱥɉɜɉ 0,11 

Ƚɉɉ – Ɍɉ5 868,06 25,38 50,76 35 145 137,03 2 Ⱥɉɜɉ 0,13 
Ƚɉɉ-Ɍɉ6,7 1799,52 52,62 105,23 35 145 137,03 2 Ⱥɉɜɉ 0,22 
Ƚɉɉ-Ɍɉ8,9 1457,48 42,62 85,23 35 145 137,03 2 Ⱥɉɜɉ 0,05 

Ƚɉɉ-
Ɍɉ10,11 1405,80 41,11 82,21 

35 
145 137,03 2 

Ⱥɉɜɉ 
0,20 

 
 
7.2 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 0,4 ɤȼ 
 
ɉɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (0,4 ɤȼ) ɧɚ ɭɱɚɫɬɤɟ: Ɋɉ10–Ɋɉ11.  

3
ɪ

ɪ
ɤ ɧɨɦ
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I

n U


 
,        
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𝐼 = ͷ͹Ͷ,Ͷʹͳ√͵ ∙ ͷ ∙ Ͳ,Ͷ = ͳ͸͹,ͻ͸  
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚ-

ɠɟɧɢɹ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ = ͷ͹Ͷ,Ͷʹͳ√͵ ∙ ሺͷ − ͳሻ ∙ Ͳ,Ͷ = ʹͲͻ,ͻͷ  
 
ȼɵɛɢɪɚɟɦ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɠɢɥɨɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɩɨɥɢɜɢɧɢɥɯɥɨ-

ɪɢɞɧɨɝɨ ɩɥɚɫɬɢɤɚ (ɉȼɏ) ɫ ɛɪɨɧɟɣ ɢɡ ɞɜɭɯ ɫɬɚɥɶɧɵɯ ɥɟɧɬ ɫ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɨɣ 
ɢɡ ɉȼɏ ɩɥɚɫɬɢɤɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɪɤɢ ȺȼȻɛɒɜ-4×150 ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɜ 
ɡɟɦɥɟ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ Iɞɨɩ=300 Ⱥ. [9, ɫ.16]. 

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (𝐾ଵ), 
ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ (𝐾ଶ), ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (𝐾ଷ), [1]. 

 
Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = 𝐾ଵ ∙ 𝐾ଶ ∙ 𝐾ଷ ∙ 𝐼 ˑ˒ ൒ 𝐼 ˃˄.𝑚𝑎௫ , 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [1], Ⱥ. 
 𝐼′ˇˑ˒ = ͳ ∙ Ͳ,ͺ ∙ ͳ,Ͳͷ ∙ ͵ͲͲ = ʹͷʹ > ʹͲͻ,ͻͷ 
 
ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, %: 
 

   

 cos 𝜑 = ܲ˓ ଴,ସܵ˓ = Ͷͷͷ,ͳͶͷ͹Ͷ,Ͷʹ = Ͳ,͹ͻ 

 sin 𝜑 = sin ሺarccos ሺcos 𝜑ሻሻ = Ͳ,͸ͳ, 

 ∆ܷ = √͵ ∙ ͷ ∙ ͳ͸͹,ͻ͸ ∙ Ͳ,ͲͶ ∙ ሺͲ,ͳͺ ∙ Ͳ,͹ͻ + Ͳ,Ͳ͸ ∙ Ͳ,Ͳ,͸ͳሻ = ͳͲ,͵, 
 ∆ܷ% = ͳͲ,͵ͶͲͲ = ʹ,ͷ͹ 

 

ɑɬɨ ɜɯɨɞɢɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ ɞɥɹ ɫɟɬɟɣ 0,4 ɤȼ. 

3 ( cos sin ),ɤ ɪ ɭɞ ɭɞU n I l r x         
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Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 
ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
11. 

 
Ɍɚɛɥɢɰɚ 11 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ 

ɍɱɚɫɬɨɤ 
Sɪ, 

ɤȼ·Ⱥ 
Iɪ, Ⱥ 

Iɪɚɛ.ɦɚɤɫ, 
Ⱥ 

Fɫɬ, 
ɦɦ2 

Iɞɨɩ, Ⱥ I'ɞɨɩ, Ⱥ nɥ, ɲɬ 
Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

 

Ɋɉ1-Ɋɉ2 581,28 212,46 283,28 240 374 314,16 4 ȺȼȻɛɒɜ 2,76 

Ɋɉ2-Ɋɉ3 98,85 144,52  50 157 164,85 1 ȺȼȻɛɒɜ 2,90 

Ɋɉ4-Ɋɉ5 337,14 123,22 164,30 95 233 195,72 4 ȺȼȻɛɒɜ 1,72 

Ɋɉ4-Ɋɉ6 117,83 172,27  70 195 204,75 1 ȺȼȻɛɒɜ 3,19 

Ɋɉ7-Ɋɉ8 150,06 73,13 109,69 50 157 140,12 3 ȺȼȻɛɒɜ 2,58 

Ɋɉ7-Ɋɉ9 189,00 138,16 276,32 150 300 283,50 2 ȺȼȻɛɒɜ 0,58 

Ɋɉ10-Ɋɉ11 574,42 167,96 209,95 150 300 252,00 5 ȺȼȻɛɒɜ 2,57 

Ɋɉ11-Ɋɉ12 228,86 111,53 167,29 95 233 207,95 3 ȺȼȻɛɒɜ 1,47 
 

,%U
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8 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 ɡɚ-
ɦɵɤɚɧɢɹ, ɨɛɪɵɜ ɧɚɝɪɭɠɟɧɧɨɣ ɰɟɩɢ ɥɢɧɢɢ ɢɥɢ ɟё ɮɚɡɵ, ɜɵɩɚɞɟɧɢɟ ɜɪɚɳɚɸ-
ɳɢɯɫɹ ɦɚɲɢɧ ɢɡ ɫɢɧɯɪɨɧɢɡɦɚ ɢ ɬ.ɞ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɗɗɋ, ɤɨ-
ɬɨɪɵɟ ɜɡɚɢɦɨɫɜɹɡɚɧɵ. 

Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɄɁ ɜ ɫɟɬɢ ɢɥɢ ɜ ɷɥɟɦɟɧɬɚɯ ɷɥɟɤɬɪɨ-
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɵɯ ɞɟɣɫɬɜɢɣ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɄɁ ɜɵɛɢɪɚɸɬ ɪɚɫɱёɬɧɭɸ ɫɯɟɦɭ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
ɢ ɩɨ ɧɟɣ ɫɨɫɬɚɜɥɹɸɬ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɦɚɝɧɢɬɧɵɟ ɫɜɹɡɢ ɡɚɦɟɧɟɧɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹɦɢ. Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. ɉɨɫɥɟ ɷɬɨɝɨ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɜɵɩɨɥɧɹɸɬ ɟё ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɧɚɯɨɞɹɬ 
ɬɨɤɢ ɄɁ. 

Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɛɭɞɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɞɥɹ ɞɜɭɯ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭ-
ɠɟɧɧɵɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ (Ƚɉɉ–Ɋɍ4 ɢ Ƚɉɉ – Ɍɉ6). Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ 
ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ RastrWin3. ɂɫɯɨɞɧɵɟ ɞɚɧ-
ɧɵɟ ɢ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 
 

8.1 ȼɵɛɨɪ ɛɚɡɢɫɧɵɯ ɭɫɥɨɜɢɣ 
 
ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɨɣ ɦɨɳɧɨɫɬɢ ɜɵɛɟɪɟɦ Sɛ=10000 Ɇȼ·А 
Ɂɚ ɛɚɡɢɫɧɵɟ ɩɪɢɦɟɦ ɧɚɩɪɹɠɟɧɢɹ ɢɡ ɫɬɚɧɞɚɪɬɚ ɫɪɟɞɧɢɯ ɧɨɦɢɧɚɥɶɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ: UɛI=115 ɤȼ; UɛII=10,5 ɤȼ; UɛIII =0,4 ɤȼ. 
 
Ȼɚɡɢɫɧɵɣ ɬɨɤ ɫɬɭɩɟɧɢ, ɤȺ:  
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14430
3

10000
0,4ɛIIII 


  

 
 
8.2 Ɋɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨ.ɟ: 
 

//

/ cos
ɛ

ɋȾ ɧɨɦd
ɋȾ

S
X X

P 
   (80) 

 
ɝɞɟ     / /

dX  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨ.ɟ; 

ɛS  –  ɛɚɡɢɫɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼ·Ⱥ; 
 

ɧɨɦ
ɋȾP  – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ; 

cos  –  ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 
ɨ.ɟ.. 

 

1
0,20 10000 316,7

4 1,5 / 0,95ɋȾX    , 

 

2
0,20 10000 380

4 1,25 / 0,95ɋȾX     

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ GS, ɨ.ɟ: 
 

ɛ
GS

K

S
X

S
            (81) 

 
ɝɞɟ     ɄS  – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, Ɇȼ·Ⱥ. 

 
10000 4.762
2100

ɛ
GS

K

S
X

S
   , 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

 ,, ,0,5

100
K ȼ ɇK ȼ ɋ K ɋ ɇ ɛ

АɌȼɇ
ɧɨɦ

u u u Sɏ
S

   
 

,  (82) 
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 ,, ,0,5

100
K ȼ ɇK ȼ ɋ K ɋ ɇ ɛ

АɌɋɇ
ɧɨɦ

u u u S
X

S
   

 
, (83) 

 , , ,0,5

100
K ȼ ɇ K ɋ ɇ K ȼ ɋ ɛ

АɌɇɇ
ɧɨɦ

u u u S
X

S
    

 
, (84) 

 
ɝɞɟ     ,K ȼ ɋu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ 
ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

,K ȼ ɇu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ 
ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

,K ɋ ɇu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɫɪɟɞɧɟɝɨ ɢ 
ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

ɧɨɦS  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ɇȼ·Ⱥ. 
 

 0,5 11 42 28 10000 10
100 125АɌȼɇɏ
 

  
, 

 
 0,5 11 28 42 10000 1,2 0

100 125АɌɋɇX
  

    
, 

 
 0,5 42 28 11 10000 23,6

100 125АɌɇɇX
  

  
 

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɪɚɫɳɟɩ-

ɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 

0,125
100

K ɛ
Ɍȼɇ

ɧɨɦ

U S
X

S


  ,  (85) 

 

' "

1,75
100

K ɛ
Ɍɇɇ Ɍɇɇ

ɧɨɦ

U S
X X

S


   , (86) 

 
ɝɞɟ     KU  – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, %. 

 

2 3,28
0,125 10,5 10000

100 40Ɍ ȼɇX 
  , 

 

2 ' 2 "
1,75 10,5 10000 45,94

100 40Ɍ ɇɇ Ɍ ɇɇX X      
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ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɦɈɦ.: 
 

2 2 2

100
ɤɡ ɛ

ɧɨɦ

K
ɐɌ

ɧɨɦ

U
S

U PX
S

   
       

  , (87) 

 
ɝɞɟ     ɤɡP  – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȼɬ. 

 
22 2

13,541
400
630

5,5 8,5
100 630ɐɌX   

  
   

   

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɨ.ɟ.: 
 

W W 2 ,ɛ
W

ɛ

S
X X

U
            (88) 

 
ɝɞɟ     WX  – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, Ɉɦ/ɤɦ; 

W  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 

ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ, ɤȼ. 
 

1 2

10000
0,430 1,2 0,39

115WX     , 

 

2 2

10000
0,103 0,145 1,35

10,5WX     , 

 

3 2

10000
0,154 0,1 0,47

2 10,5WX    


, 

 

4 2

10000
0,177 0,14 2,25

10,5WX     , 

 

5 2

10000
0,142 0,05 0,64

10,5WX      

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 
ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɭɠɧɨ ɧɚɣɬɢ 
ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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






r

x
Ta 

,  (89) 

 
ɝɞɟ    x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɨ-
ɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨ.ɟ.; 

r  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɨɪɨɬ-
ɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨ.ɟ.; 

  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɞ/ɫ. 
 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨ.ɟ.: 

0,01

1 aT
ɭɞk e


   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɬɧɨɲɟɧɢɟɦ 
x/r: 

 

GS: x/r=50, 
 
ɋȾ1, ɋȾ2: x/r=40, 
 
T2: x/r=30, 
 
T3: x/r=15, 
 
АɌ: x/r=40  
12 
 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɨ.ɟ: 
 

/
xr

x r
           (90) 

 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ GS: 
 

4,762
0,10

50GSr    

 
Ⱥɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨ.ɟ. 
 

10 0,25
40АɌȼɇr   , 
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0АɌɋɇr  , 

 
23,6 0,59
40АɌɇɇr   , 

 

2
3,28 0,11
30T ȼɇr   , 

 

2 ' 2 "
45,94 1,53

30T ɇɇ T ɇɇr r    

 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɦɈɦ: 
 

2

2
ɤɡ ɛIII

ɧɨɦ
ɐɌ

P U
S

r
 , (91) 

 
2

2 3,427
8,5 400

630ɐɌr 
  

 
Ⱥɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨ.ɟ.: 
 

1
316,7 7,92

40ɋȾr   , 

 

2
2

380 9,5
40 40
ɋȾ

ɋȾr
x

    

 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɨ.ɟ.: 
 

W W 2 ,ɛ
W

ɛ

S
r r

U
            (92) 

 
ɝɞɟ     Wr  – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, Ɉɦ/ɤɦ; 

W  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 

ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ, ɤȼ. 
 

1 2
100000,25 1,2 0,23
115Wr     , 
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2 2
100000,868 0,145 11,42
10,5Wr     , 

 

3 2
100000,868 0,1 3,94
10,5Wr     , 

 

4 2
100000,443 0,14 5,63
10,5Wr     , 

 

5 2
100000,0367 0,05 0,17
10,5Wr      

 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢ ɪɚɫɱɟɬɨɜ ɭɞɚɪɧɵɯ ɬɨɤɨɜ ɄɁ ɡɚɧɟ-
ɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 12. 

 
Ɍɚɛɥɢɰɚ 12 – Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢ ɪɚɫɱɟɬ ɭɞɚɪɧɵɯ ɬɨɤɨɜ 

ɄɁ 
Ɍɨɱɤɚ ɄɁ 
(№ ɭɡɥɚ) 0ɉI ,ɨ.ɟ. ɛI , ɤȺ 0ɉI , ɤȺ ɷɤɜZ , Ɉɦ ɭɞk , ɨ.ɟ. ɭɞi , ɤȺ 

1(5) 0,076 50,204 3,81 0,542+j13,129 1,87 7,12 
2(7) 0,022 549,857 12,10 1,667+j46,299 1,88 22,80 
3(10) 0,021 549,857 11,57 13,087+j47,649 1,39 16,11 
4(8) 0,022 549,857 12,10 4,446+j46,671 1,72 20,84 
5(9) - - 8,21 18,427+j81,271 1,05 8,62 
6(13) 0,016 549,857 8,80 2,372+j63,033 1,88 16,54 

 

Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤ ɜ ɬɨɱɤɟ 5 ɩɨ ɮɨɪɦɭɥɟ, ɤȺ: 
 

2 2
5 5

0 5
400

3ɉ ɄI
x r 

  
 ,       (93) 

 

ɝɞɟ     5x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
5 ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ; 

5r – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ; ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢ-
ɧɢɢ, Ɉɦ. 

ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ: 

 

5 4 ɐɌx x x   ,   (94) 
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ɝɞɟ     4x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
4, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 

ɐɌx – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞёɧɧɨɟ 
ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ. 

 
ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 4, 

ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 
 

2

3
44 10ɛIII

ɛII
ɷɤɜ

U
U

x x
 
  
 
  ,       (95) 

ɝɞɟ     4ɷɤɜx  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
4 ɢɡ ɬɚɛɥɢɰɵ 12, ɨ.ɟ.. 

 
ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 ɩɪɢɜɟ-

ɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 
 

5 ɤɨɧɬɐɌr r r  ,         (96) 

ɝɞɟ     ɐɌr – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞёɧɧɨɟ ɤ 
ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 

ɤɨɧɬr – ɚɤɬɢɜɧɨɟ ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ, ɦɈɦ. 
 

2
3

4 4,446 6,45
0,4 10
10,5

r
 
  
 

  , 

 
2

3
4 67,73

0,446,671
10,5

10x
 

 
 
  , 

 

5 3,427 15 18,427r   , 

 

5 67,73 13,541 81,271x   , 

 

2 20 5 8,21
400

3 81,271 18,427ɉ ɄI  
 

  
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                                       ɚ)                                                                   ɛ) 

Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɵ ɞɥɹ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɄɁ: 
ɚ) – ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ, ɛ) – ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ.
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9 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
9.1 ȼɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ȼɵɤɥɸɱɚɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 

ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ: ɞɥɢɬɟɥɶɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɩɟɪɟɝɪɭɡɤɚ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɯɨɥɨɫɬɨɣ ɯɨɞ, ɧɟɫɢɧɯɪɨɧɧɚɹ ɪɚɛɨɬɚ. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ: [2, ɫ.337-339] 
 1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
 2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
 3) Ɍɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
 4) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ݅ɭ ൑ ݅ɩɪ.ɫɤɜ; 
 5) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ BK ൑ 𝐼ଶ் ·  .்ݐ
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɭɫɥɨɜɢɹɦ, ɬɨɥɶɤɨ ɢɫɤɥɸɱɚɟɬɫɹ 

ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
 
 

9.1.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɩɨɞ-
ɫɬɚɧɰɢɢ (110 ɤȼ) ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 

 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ (110 ɤȼ), Ⱥ, 
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ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɥɨɧɤɨɜɵɣ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 3AP1-FG 

145 (Siemens) [10] ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɬɢɩɚ ɊȽɉɁ—ɋɗɓ – 1(2)–
110/1250–ɍɏɅ1  [11] ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 
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Ɍɚɛɥɢɰɚ 13 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɧɚ ȼɇ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ  
3AP1-FG 145 (Simens) 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȽɉɁ– ɋɗɓ – 110/1250 

ɍɏɅ1 ˖ܷ˔˕ ൑ ܷːˑˏ ˖ܷ˔˕ = ͳͳͲ ˍʑ ܷːˑˏ = ͳͳͲ ˍʑ ܷːˑˏ = ͳͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼 ˑˏ = ͳͲͲͲ А 𝐼 ˑˏ = ͳʹͷͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 
𝐼 𝜏 = ͵,ͺͳ  ˍА 

𝐼 ˕ˍˎ.ːˑˏ = ͷͲ ˍА - ݅˖ ൑ ݅ɩɪ.ɫɤɜ ݅˖ = ͹,ͳʹ ˍА ݅˒˓.˔ˍ˅ = ͳͲͲ ˍА ݅˒˓.˔ˍ˅ = ͺͲ ˍА BK ൑ 𝐼ଶ் · ்ݐ  
𝐵К = ͵,ͺͳ ଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳʹ͹ሻ == ͳ,ʹ͹Ͳ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ = ͳͷͲ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ͺͲଶ ∙ Ͳ,Ͳ͸ == ͵ͺͶ ˍАଶ ∙ ˔ 

 
 
9.1.2 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧ-

ɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 
 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ (10ɤȼ), Ⱥ, 
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ȼ ɰɟɩɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɜ ɫɟɤɰɢɨɧɧɨɣ ɩɟɪɟɦɵɱɤɟ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɄɊɍ–ɋɗɓ–70 [12]. ȼ 
ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ-
ɋɗɓ-ɉ-10-50/2000 [13]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩ-
ɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ȼ ɪɚɡɴɟɞɢɧɢɬɟɥɹɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɢɞɢɦɵɣ ɪɚɡɪɵɜ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɲɤɚɮɚ ɄɊɍ, ɬ.ɟ. ɫ ɩɨɦɨɳɶɸ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ. ɉɪɨɜɟɪɤɚ ɞɚɧɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬёɦ ɩɪɨɜɟɪɤɢ ɫɚɦɨɣ 
ɹɱɟɣɤɢ (ɲɤɚɮɚ) ɄɊɍ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ 
ɄɊɍ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 
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Ɍɚɛɥɢɰɚ 14 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 
ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȼɍ-ɋɗɓ-ɉ-10-50/2000 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–70 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ͳ͸ͳͺ,ͷͲ А 𝐼ɧɨɦ = ʹͲͲͲ А 𝐼 ˑˏ = ʹͲͲͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͳʹ,ͳͲ ɤА 𝐼ɨɬɤ.ɧɨɦ = ͷͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹʹ,ͺͲ ˍА ݅ɩɪ.ɫɤɜ = ͳʹͺ ɤА ݅˒˓.˔ˍ˅ = ͷͲ ˍА 

BK ൑ 𝐼ଶ் · ்ݐ  
𝐵Ʉ = ͳʹ,ͳଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͷሻ=  ͳͷ,ͺͶ ɤАଶ ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ == ͳͷͲ ɤАଶ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ͶͲଶ ∙ Ͳ,Ͳ͸ == ͻ͸ ˍАଶ ∙ ˔ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-

ɋɗɓ–70 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

 
9.1.3 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞ-

ɫɬɚɧɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ  
 
ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɰɟɩɢ ɄɅ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭ-

ɠɟɧɧɨɣ ɥɢɧɢɢ (Ƚɉɉ–Ɋɍ1. Ɍɨɤɢ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚ-
ɛɨɬɵ ɷɬɨɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɫɦ. ɩ. 7. 

ȼ ɰɟɩɢ ɄɅ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɋɗɓ–63 [12]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭ-
ɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ–ɋɗɓ–10–20/630 [14]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ 
ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚ-
ɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ (ɲɤɚɮɚ ɄɊɍ) ɚɧɚɥɨɝɢɱɧɚ ɩɪɨɜɟɪɤɟ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɩ.9.3 
ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 15. 

 
Ɍɚɛɥɢɰɚ 15 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɄɅ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ 

ȼȼɍ–ɋɗɓ–10–
20/630 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–63 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ͶͶͳ,ʹ͹ А 𝐼ɧɨɦ = ͸͵Ͳ А 𝐼 ˑˏ = ͸͵Ͳ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͳʹ,ͳ ɤА 𝐼ɨɬɤ.ɧɨɦ = ʹͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹ͹,ͻ ˍА ݅ɩɪ.ɫɤɜ = ͷͲ ɤА ݅˒˓.˔ˍ˅ = ͷʹ ˍА 

BK ൑ 𝐼ଶ் · ்ݐ  

𝐵Ʉ = ͳʹ,ͳଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͳሻ= ͳͲ,ʹͷ ɤАଶ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͸== ʹͶ ɤАଶ ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͸ == ʹͶ ˍАଶ∙ ˔ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-
ɋɗɓ–63 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

 
 
9.1.4 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞ-

ɫɬɚɧɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɩɟɱɟɣ  
 
Ɍɨɤɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɄɅ 10 ɤȼ ɩɨɞɯɨɞɹɳɢɯ ɤ ɩɟɱɚɦ, ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ 

ɨɬ ɬɨɤɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɞɪɭɝɢɯ ɧɚɝɪɭɡɤɚɯ.  
ȼ ɰɟɩɢ ɄɅ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɋɗɓ–63 [12]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭ-
ɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ-ɋɗɓ-ɉ-10-50/2000 [14]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ 
ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚ-
ɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ (ɲɤɚɮɚ ɄɊɍ) ɚɧɚɥɨɝɢɱɧɚ ɩɪɨɜɟɪɤɟ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɩ.9.3 
ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 16 

 
Ɍɚɛɥɢɰɚ 16 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɄɅ ɩɟɱɟɣ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ 

ȼȼɍ-ɋɗɓ-ɉ-10-
50/2000 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–63 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ͳͲͺʹ,͹ͳ  А 𝐼ɧɨɦ = ʹͲͲͲ А 𝐼 ˑˏ = ʹͲͲͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͺ,ͺ ɤА 𝐼ɨɬɤ.ɧɨɦ = ͷͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹ͹,ͻ ˍА ݅ɩɪ.ɫɤɜ = ͷͲ ɤА ݅˒˓.˔ˍ˅ = ͷͲ ˍА BK ൑ 𝐼ଶ் · ்ݐ  
𝐵Ʉ = ͺ,ͺଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͳሻ= ͷ,Ͷʹ ɤАଶ ∙ ɫ

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸== ͳͷͲ ɤАଶ ∙ ɫ 
𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ == ͳͷͲ ˍАଶ ∙ ˔ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-

ɋɗɓ–63 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
 
9.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ 

ɬɨɤɚ ɫɟɬɢ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɫ ɰɟɥɶɸ ɩɨɞɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶ-
ɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ. Ɍɚɤɠɟ ɌɌ ɧɟɨɛɯɨ-
ɞɢɦɵ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: [2, ɫ. 373] 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
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2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ; 
3) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ  𝐼ɩɨ ൑ 𝐼ɩɪ.ɫɤɜ; 
4) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ  BK ൑ 𝐼ଶ் ·  .்ݐ
5) ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ݖଶ ൑  ˏଶːˑݖ
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɟ ɢɡɜɟɫɬɧɚ, 

ɬɨ ɩɪɨɜɟɪɤɭ ɩɨ ɞɚɧɧɨɦɭ ɤɪɢɬɟɪɢɸ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟ ɛɭɞɟɦ. 
 
9.2.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (110 ɤȼ) 
 
ȼ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (110 

ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ–110. [15]. 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 17. 

 
Ɍɚɛɥɢɰɚ 17 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
Ɍȼ–ɋɗɓ–110 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͳͲ ɤȼ ɧܷɨɦ = ͳͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼ଵɧɨɦ = ͵ͲͲ А 

 
ɇɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɜɫɬɪɨɟɧɧɵɟ ɌɌ ɧɟ 

ɩɪɨɜɟɪɹɸɬɫɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ–110 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɢɧɢɦɚɸɬɫɹ ɤ ɭɫɬɚɧɨɜɤɟ. 
 
ȼ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 ɜɨɡɥɟ ɫɢɥɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ (110 ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈȽɎ-110 ɍɏɅ1. 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 18. 
Ɍɚɛɥɢɰɚ 18 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɌɈȽɎ-110 ɍɏɅ1 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͳͲ ɤȼ ɧܷɨɦ = ͳͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼ଵɧɨɦ = ͵ͲͲ А ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ͹,ͳʹ ˍА ݅ɩɪ.ɫɤɜ = ͸Ͷ ɤА BK ൑ 𝐼ଶ் · 𝐵Ʉ ்ݐ = ͳ,ʹ͹Ͳ ɤАଶ ∙ ɫ  𝐼ଶ் ∙ ்ݐ = ʹͷଶ ∙ ͵ = ͳͺ͹ͷ ˍАଶ ∙ ˔ 
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9.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 ɤȼ) 
  
ȼ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 

ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ-10. [10]  
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 19. 
 
Ɍɚɛɥɢɰɚ 19 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɌȼɅ–ɋɗɓ–10 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ =  ͳ͸ͳͺ,ͷ  А 𝐼ଵɧɨɦ = ʹͲͲͲ А 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍȼ–ɋɗɓ–10 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɤ ɭɫɬɚɧɨɜɤɟ. 
 
ȼ ɜɵɛɪɚɧɧɭɸ ɜɜɨɞɧɭɸ ɹɱɟɣɤɭ ɄɊɍ-ɋɗɓ-70 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ-ɋɗɓ-10 ɨɩɨɪɧɵɟ ɜ ɥɢɬɨɣ ɢɡɨɥɹɰɢɢ. [10]  
 
Ɍɚɛɥɢɰɚ 20 – ɉɚɪɚɦɟɬɪɵ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɌɈɅ-ɋɗɓ-

10 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  2000 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI2  5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɞɢɧi
 100 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  40 
ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 

ɫ ɬɟɪɦt  1 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ – 0,5 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 
 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

.ɧɨɦ ɫɟɬ ɧɨɦU U  , (101) 
 
10 = 10                 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
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1 .ɧɨɦ ɪɚɛ ɦɚɤɫI I  ,  (102) 

               
2000 > 1618,5 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ: 
 

,ɞɢɧ ɭɞi i   (103) 

                       
ɝɞɟ     ݅ɭɞ. = ʹʹ,ͺ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ [Ɍɚɛɥɢɰɚ 12]; ݅ɞɢɧ. - ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ (ɩɨ ɤɚɬɚɥɨɝɭ). 

 
100 > 22,8 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤАଶ ∙ ɫ: 
 

2 ,ɬɟɪɦ ɬɟɪɦ ɤI t B    (104) 

ɝɞɟ    𝐵Ʉ=15,84 ɤȺ2∙ɫ [ɫɦɨɬɪ. ɉ 10.1.2]. 
 

240 1 15,84  ,    
 
1600 > 15,84 
 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: ݖଶ ൑  .ଶ ɧɨɦݖ
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɜɵɯ ɰɟɩɟɣ ɧɟɜɟɥɢɤɨ, ɩɨɷɬɨɦɭ      

[5, ɫ.300]. ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɨɢɬ ɢɡ ɩɪɢɛɨɪɨɜ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 
ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɚɤɬɨɜ [5, ɫ.300]: 

 

2 2 ,ɩɪɢɛ ɤ ɩɪɨɜZ r r r r      (105) 

 
ɝɞɟ     - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ; 

- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ, Ɉɦ; 
- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

2
2

,ɩɪɢɛ
ɩɪɢɛ

S
r

I
   (106) 

 
ɝɞɟ     - ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ, ȼȺ;  

2 2Z r

ɩɪɢɛr

ɤr

ɩɪɨɜr

ɩɪɢɛS
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2I  - ɜɬɨ-
ɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɪɢɛɨɪɚ, Ⱥ. 

2I   
ȼɬɨɪɢɱɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɨ ɤɚɬɚɥɨɝɭ ɞɥɹ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,5 ɫɨ-

ɫɬɚɜɥɹɟɬ 5 ȼ∙Ⱥ, ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ:  
 

2 2

5
0,2

5ɧɨɦZ  
 

ɋɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɤɢ ɌɌ ɜɵɩɨɥɧɟɧɨ ɩɨ ɫɯɟɦɟ ɩɨɥɧɨɣ ɡɜɟɡɞɵ. Ʉ ɢɡɦɟɪɢ-
ɬɟɥɶɧɵɦ ɨɛɦɨɬɤɚɦ ɩɨɞɤɥɸɱɟɧɵ ɬɚɤɢɟ ɩɪɢɛɨɪɵ, ɤɚɤ ɚɦɩɟɪɦɟɬɪ, ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶ ɢ ɫɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ [4, ɫɬɪ.635].  

 

 
Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ 

ɩɪɢɛɨɪɨɜ 
 

ɉɚɪɚɦɟɬɪɵ ɞɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɫɜɟɞɟɧɵ ɜ ɫɥɟɞɭɸɳɭɸ ɬɚɛɥɢɰɭ 21: 
 
 
Ɍɚɛɥɢɰɚ 21 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɉɪɢɛɨɪ Ɍɢɩ Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɇɚɝɪɭɡɤɚ, ȼȺ 

Ⱥɦɩɟɪɦɟɬɪ ɗ-335 1,0 0,5 
ɋɱɟɬɱɢɤ ɬɪɟɯɮɚɡ-

ɧɵɣ 
ɋɗɌ-4ɌɆ.03 0,5 0,1 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ȿ-824 0,5 1,0 

 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɬɨɪɢɱɧɨɣ ɫɬɨɪɨɧɟ, ɢɫɯɨɞɹ ɢɡ ɬɚɛɥɢɰɵ 22, ɫɨɫɬɚɜ-

ɥɹɟɬ ܵ˒˓ˋ˄ = ͳ,͸ ʑА. 
 

2

1,6
0,064

5ɩɪɢɛr    

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɩɪɢɧɢɦɚɟɬɫɹ 0,05 Ɉɦ ɩɪɢ ɞɜɭɯ - ɬɪɟɯ ɩɪɢɛɨɪɚɯ 

[5, ɫ.300]. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɞɥɢɧɵ ɢ ɫɟ-
ɱɟɧɢɹ. ɉɪɢɧɢɦɚɸɬɫɹ ɚɥɸɦɢɧɢɟɜɵɟ ɩɪɨɜɨɞɚ, ɬɚɤ ɤɚɤ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨ-
ɫɬɚɜɥɹɟɬ 110 ɤȼ, ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ Ɉɦ ∙ ɦɦଶ/ɦ. Ⱦɥɢɧɚ ɫɨ-
ɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ l = 4 - 6 ɦ ɞɥɹ 10 
ɤȼ[5, ɫ.300]. 

0,0283 
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ɋɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ [5, 

ɫ.300]: 
 

,ɪɚɫɱ

ɩɪɨɜ

l
q

r

 
   (107) 

 
ɝɞɟ    - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɞɢ, Ɉɦ ∙ ɦɦଶ/ɦ; 

- ɪɚɫɱɟɬɧɚɹ ɞɥɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ, ɦ [5, ɫ. 300]. 

 
Ⱦɥɹ ɫɯɟɦɵ ɩɨɥɧɨɣ ɡɜɟɡɞɵ: 
 

,ɪɚɫɱl l   (108) 

 
ɝɞɟ   - ɞɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ, 
ɦ. 

 
5ɪɚɫɱl    (109) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨ-

ɜɢɹ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ: 
 

2ɩɪɢɛ ɤ ɩɪɨɜ ɧɨɦr r r Z     (110) 

 
Ɉɬɤɭɞɚ: 
 

2ɩɪɨɜ ɧɨɦ ɩɪɢɛ ɤr Z r r   ,  (111) 

 
0,2 0,064 0,05 0,086ɩɪɨɜr     , 

 
0,0283 5

1,65
0,086

q


 
 

 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 4 ɦɦଶ. 
 
ɉɟɪɟɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ɫ ɭɱɟɬɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɫɟɱɟɧɢɹ, Ɉɦ: 
 

0,0283 5
0,035

4
ɫɬ

ɩɪɨɜr


  , 

 



ɪɚɫɱl

l
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2 0,035 0,064 0,05 0,149Z     , 
 
0,149 ˂  0,2 
 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
ɉɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ 
ɹɱɟɣɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
ȼ ɜɵɛɪɚɧɧɭɸ ɹɱɟɣɤɭ ɄɊɍ-ɋɗɓ-63 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɬɨɤɚ ɌɈɅ-ɋɗɓ-10 ɨɩɨɪɧɵɟ ɜ ɥɢɬɨɣ ɢɡɨɥɹɰɢɢ. [10] 
 
 
 
 
Ɍɚɛɥɢɰɚ 22 – ɉɚɪɚɦɟɬɪɵ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɌɈɅ-ɋɗɓ-

10 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ Uɧɨɦ 10 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ I1ɧɨɦ 400 
ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ I2ɧɨɦ 5 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 
ɤȺ 

iɞɢɧ 100 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ Iɬɟɪɦ 40 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ, ɫ 

tɬɟɪɦ 1 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ -  0,5 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 
 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

.ɧɨɦ ɫɟɬ ɧɨɦU U  , 
 
10 = 10 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
 

1 .ɧɨɦ ɪɚɛ ɦɚɤɫI I , 

  
400 > 330,63 
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ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ: 
 

,ɞɢɧ ɭɞi i   

 
ɝɞɟ      ݅ɭɞ. = ʹ͹,ͻ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ [Ɍɚɛɥɢɰɚ 11]; 

 ݅ɞɢɧ. - ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ (ɩɨ ɤɚɬɚɥɨɝɭ). 
 
100>27,9 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤАଶ ∙ ɫ: 
 

2 ,ɬɟɪɦ ɬɟɪɦ ɤI t B    

 
ɝɞɟ    𝐵Ʉ=10,25 ɤȺ2∙ɫ [ɫɦɨɬɪ. ɉ9.1.3] 
 

240 1 10,25  ,   
 
 1600>10,25 
 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
 

2 2 ,ɧɨɦZ Z   
 
ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɥɹ ɰɟɩɟɣ ɢɡɦɟɪɟɧɢɹ ɞɚɧɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɫɨɫɬɚɜɥɹɟɬ, Ɉɦ: 
 

2 0,2ɧZ   
 
ɋɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɤɢ ɌɌ ɜɵɩɨɥɧɟɧɨ ɩɨ ɫɯɟɦɟ ɧɟɩɨɥɧɨɣ ɡɜɟɡɞɵ. Ʉ ɢɡɦɟɪɢ-

ɬɟɥɶɧɵɦ ɨɛɦɨɬɤɚɦ ɩɨɞɤɥɸɱɟɧɵ ɬɟ ɠɟ ɩɪɢɛɨɪɵ, ɱɬɨ ɢ ɧɚ ɜɜɨɞɧɵɯ ɹɱɟɣɤɚɯ. 
 

 
 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɩɪɢɛɨɪɨɜ 
 

Ⱦɥɹ ɫɯɟɦɵ ɧɟɩɨɥɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ: 
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3 ,ɪɚɫɱl l    (112) 

 
ɝɞɟ   - ɞɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ. 

 
8,66ɪɚɫɱl 

 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨ-

ɜɢɹ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ: 
 

2 ,ɩɪɢɛ ɤ ɩɪɨɜ ɧɨɦr r r Z     

Ɉɬɤɭɞɚ: 
 

2 ,ɩɪɨɜ ɧɨɦ ɩɪɢɛ ɤr Z r r     

 
0,2 0,064 0,05 0,086ɩɪɨɜr     , 

 
0,0283 8,66

2,85
0,086

q


 
 

 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 4 ɦɦଶ. 
 
ɉɟɪɟɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ɫ ɭɱɟɬɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɫɟɱɟɧɢɹ, Ɉɦ: 
 

0,0283 8,66
0,061

4
ɫɬ

ɩɪɨɜr


  , 

 

2 0,061 0,064 0,05 0,175Z     , 
 
0,175 ˂  0,2 
 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
ɉɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ 
ɹɱɟɣɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
9.3 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 

l
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Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɧɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ͳͲͲ ɢɥɢ ͳͲͲ/√͵ ȼ ɢ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɰɟɩɟɣ 
ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɨɬ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: [2, 

ɫ.375] 
 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɍɱёɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
3) ɍɱёɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ܵଶ ൑ ܵଶ ːˑˏ. 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 110 ɤȼ ɡɚɡɟɦɥɟɧɧɵɟ ɝɚɡɨɧɚɩɨɥɧɟɧɧɵɟ ɨɞɧɨɮɚɡ-

ɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈȽ-110 ɍɏɅ1 [13]. ɉɚɪɚɦɟɬɪɵ Ɍɇ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 21. 

 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 10 ɤȼ ɡɚɡɟɦɥɟɧɧɵɟ ɨɞɧɨɮɚɡɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɧɚɩɪɹɠɟɧɢɹ ɨɩɨɪɧɵɟ ɫ ɥɢɬɨɣ ɢɡɨɥɹɰɢɟɣ 3×ɁɇɈɅ-ɋɗɓ-10 [10], ɜɯɨɞɹɳɢɟ ɜ ɫɨ-
ɫɬɚɜ ɄɊɍ. ɉɚɪɚɦɟɬɪɵ Ɍɇ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 23. 

 
Ɍɚɛɥɢɰɚ 23 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈɅ-

ɋɗɓ-10 

ɇɨɦɢɧɚɥɶ-
ɧɨɟ ɧɚɩɪɹ-
ɠɟɧɢɟ, ɤȼ 

ɇɚɩɪɹɠɟɧɢɟ 
ɨɫɧɨɜɧɨɣ 
ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ, ȼ 

ɇɚɩɪɹɠɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɨɣ ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ, ȼ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɜɬɨ-
ɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ, ȼ∙Ⱥ 

10 100/ 3  100 ɢɥɢ 100/ 3  

0,2/30 
0,5/75 
1/200 
3/600 

 
ɉɪɨɜɟɪɤɚ Ɍɇ ɩɨ ɭɫɥɨɜɢɹɦ: 
 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
 

. ,ɧɨɦ ɫɟɬ ɧɨɦU U                
 
10=10 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ. 
 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɸɬ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ ɩɨɞɤɥɸɱɚɟ-

ɦɵɯ ɩɪɢɛɨɪɨɜ.  
 
ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ. 
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Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɧɟ ɨɝɨɜɨɪɟɧɵ, ɩɨ-
ɷɬɨɦɭ ɩɪɨɜɟɪɤɭ ɧɟ ɩɪɨɢɡɜɨɞɢɦ 

 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
 

2 2
2 ,ɧɨɦ ɩɪɢɛ ɩɪɢɛS P Q    (113) 

 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 3×ɁɇɈɅ-ɋɗɓ-10 ɫɨɫɬɚɜɥɹɟɬ 0,5 ɢ ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ 

ɧɚɝɪɭɡɤɢ 3×30=90 ȼȺ. ɇɨ ɬɚɤ ɤɚɤ Ɍɇ ɫɨɟɞɢɧɟɧɵ ɜ ɬɪɟɯɮɚɡɧɭɸ ɝɪɭɩɩɭ ɩɨ ɫɯɟɦɟ 
ɡɜɟɡɞɚ, ɛɟɪɟɦ ɫɭɦɦɚɪɧɭɸ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɬɪɟɯ ɮɚɡ. [4, ɫ.375] 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɩɪɢɛɨɪɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. 

 
Ɍɚɛɥɢɰɚ 24 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɢɛɨɪɨɜ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɇɚɝɪɭɡɤɚ, ȼȺ 

ȼɨɥɶɬɦɟɬɪ ɗ-335 1 1,0 0,5 
ɋɱɟɬɱɢɤ ɞɜɭɯɮɚɡ-

ɧɵɣ 
ɋɗɌ-4ɌɆ.03 16 0,5 8×3,0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ȿ-824 1 0,5 1,0 

ɂɬɨɝɨ:    25,5 

 
Ɍɨɝɞɚ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ: 
 

2 25,5ɧɚɝɪS  , 

 

2ɧɚɝɪ ɧɨɦS S , (114) 

 
25,5 ˂  90 
 
Ⱦɚɧɧɨɟ ɭɫɥɨɜɢɟ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
 
ȼɫɟ ɬɪɟɛɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ, ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹ-

ɠɟɧɢɹ ɤ ɩɪɢɛɨɪɚɦ 
 
 

9.4 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ 
 
9.4.1 ȼɵɛɨɪ ɝɢɛɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ȼ Ɋɍ 35 ɤȼ ɢ ɜɵɲɟ ɩɪɢɦɟɧɹɸɬɫɹ ɝɢɛɤɢɟ ɲɢɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɨɜɨɞɚɦɢ 

Ⱥɋ ɢ ɠɟɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ. [2, ɫ.186]. 
ȼ ɄɌɉ-ɋɗɓ-Ȼ(Ɇ) 110/10(6) «Ʌɚɞɶɹ» ɨɲɢɧɨɜɤɚ Ɋɍ 110 ɤȼ ɜɵɩɨɥɧɟɧɚ 

ɬɪɭɛɚɦɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 1915 ȽɈɋɌ 18482-79, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɨɞɢɧ ɢ 
ɞɜɚ ɹɪɭɫɚ, ɢ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɦ ɩɪɨɜɨɞɨɦ ɝɢɛɤɚɹ ɨɲɢɧɨɜɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɤɨɪɨɬɤɢɯ ɩɟɪɟɦɵɱɟɤ ɢ ɨɬɩɚɟɤ ɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɥɢɧɟɣɧɵɯ ɜɜɨɞɨɜ ɤ 
Ɋɍ 110 ɤȼ ɢ ɫɢɥɨɜɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ. 

ɒɢɧɵ ɜɵɛɢɪɚɟɦ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ. ɋɟɱɟɧɢɟ ɲɢɧ ɜɵɛɢɪɚ-
ɸɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɬ.ɟ ɩɨ ɪɚɛɨɱɟɦɭ ɦɚɤɫɢ-
ɦɚɥɶɧɨɦɭ ɬɨɤɭ. 

 
ɍɫɥɨɜɢɟ  ɜɵɛɨɪɚ ɲɢɧ ɩɨ ɬɨɤɭ: 
 

  (115)
  

ɝɞɟ   - ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɞɥɹ ɲɢɧɵ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ 
ɩɨɩɪɚɜɤɢ ɧɚ ɪɚɫɩɨɥɨɠɟɧɢɟ ɲɢɧ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ. 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ Iɪɚɛ.ɦɚɤɫ.ȼɇ=294,27 Ⱥ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ɫ ɛɥɢɠɚɣɲɢɦ 
ɛɨɥɶɲɢɦ ɞɨɩɭɫɬɢɦɵɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɬɨɤɨɦ Iɞɨɩ=330 Ⱥ ɦɚɪɤɢ Ⱥɋ90/16 [20, 
ɫ. 428]. ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɲɢɧ ɩɨ ɬɨɤɭ ɜɵɩɨɥɧɹɟɬɫɹ. Ⱦɚɥɟɟ ɩɪɨɜɨɞ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɪɢɬɶ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɢɪɨɜɚɧɢɹ.  

ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɪɨɧɵ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɝɢɛɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɩɪɢ 
U=35 ɤȼ ɢ ɜɵɲɟ. [2, ɫ.191] 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ [2, ɫ.191-192]: 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ, 
 

0

0

0,299
30,3 (1 ),E m

r
      (116) 

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

ro – ɪɚɞɢɭɫ ɩɪɨɜɨɞɚ, ɫɦ, [20, ɫ.428]. 

max . ,ɞɥ ɞɨɩI I

'
.ɞɨɩɞɥI

m
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0

0,299
30,3 0,82 (1 ) 33,91

0,675
E       

 
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɪɚɫɳɟɩɥɟɧ-

ɧɨɝɨ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ,  
 

0
0

0,354 1,05
,

lg( )

ɧɨɦ

ɫɪ

U
E

D
r

r

 



  (117) 

ɝɞɟ    U – ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ;  
– ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ,
, (ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɮɚɡ) 

 
ɝɞɟ - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ. Ⱦɥɹ 110 ɤȼ  D=200 ɫɦ  
 

0,354 1,05 110
23.50

1,26 200
0,675 lg( )

0,675

E
 

 



   

 
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: 

 

01,07 0,9E E   ,  (118) 
 
1,07 23,5 0,9 33,91   ,    
 
25,15 30,52  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɜɨɞ Ⱥɋ 90/16 ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ. 
ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
 
Ɍɚɤ ɤɚɤ 𝐼 ˊКଵ˂ʹͲ ˍА, ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɪɹɬɶ ɝɢɛɤɢɟ ɲɢɧɵ ɧɚ ɷɥɟɤ-

ɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ. [2, ɫ.306] 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɚ ɩɪɨɜɟɪɤɚ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 

ɲɢɧɵ ɜɵɩɨɥɧɟɧɵ «ɝɨɥɵɦɢ» ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. [2, ɫ.306] 

ɫɪD

DDɫɪ 26,1

D
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9.4.2 ȼɵɛɨɪ ɠɟɫɬɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
Ɍɚɤɠɟ ɩɨɦɢɦɨ ɨɲɢɧɨɜɤɢ ɝɢɛɤɢɦɢ ɲɢɧɚɦɢ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɨɲɢɧɨɜɤɚ 

ɬɪɭɛɱɚɬɵɦɢ ɲɢɧɚɦɢ. ȼɵɛɢɪɚɟɦ ɚɥɸɦɢɧɢɟɜɵɟ ɲɢɧɵ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ 
ɧɚɪɭɠɧɨɝɨ ɞɢɚɦɟɬɪɚ D=30 ɦɦ ɢ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ d=27 ɦɦ ɫ ɞɨɩɭɫɬɢɦɵɦ 
ɬɨɤɨɦ 500 Ⱥ. 

 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ, 
 

0

0

0,299
30,3 (1 ),E m

r
      

 

0

0,299
30,3 1 (1 ) 37,73

1,5
E     

 
 
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɪɚɫɳɟɩɥɟɧ-

ɧɨɝɨ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ,  
 

0
0

0,354 1,05
,

lg( )

ɧɨɦ

ɫɪ

U
E

D
r

r

 



  

 
0,354 1,05 110

12,24
1,26 200

1,5 lg( )
1,5

E
 

 



,   

 

01,07 0,9E E   ,    
 
1,07 12,24 0,9 37,73   ,    
 
13,10 33,96  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɲɢɧɵ ɩɪɨɯɨɞɹɬ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ. 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɚ ɩɪɨɜɟɪɤɚ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 

ɲɢɧɵ ɜɵɩɨɥɧɟɧɵ «ɝɨɥɵɦɢ» ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. [2, ɫ.306] 
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Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɲɢɧ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ.  
 
ɍɫɥɨɜɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɲɢɧ, Ɇɉɚ: 
 
 , , (119) 
 

ɝɞɟ    - ɞɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ. 
 
ɇɚɢɛɨɥɶɲɟɟ ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ-

ɦɭɥɟ, ɇ/ɦ [2, ɫ.178]: 
 

2
1(3) 73 10 ,ɭɞi

f
a

     (120) 

 

ɝɞɟ    1ɭɞi  - ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ Ƚɉɉ ɩɨ ɪɚɫɱɟɬɭ, Ⱥ [2, ɫ. 90]; 

a=2 - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ, ɦ. 
 

3 2
(3) 7 (7,12 10 )

3 10 4,39
2

f  
   

 
 
Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɲɢɧ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ [2, ɬɚɛɥ. 4,1; ɫ.179], 

ɫɦ3, 
 

4 4( )
,

32

D d
W

D

  


    (121) 

 
ɝɞɟ    D = 3 ɫɦ;  d = 2,7 ɫɦ, [11, ɫ.395] 

 
4 4(3 2,7 )

0.91
32 3

W
  

 
    

 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡɝɢɛɚɸ-

ɳɟɝɨ ɦɨɦɟɧɬɚ, Ɇɉɚ: 
2 2

18
max 3 10 ɭɞi l

W a
  

  
  , (122) 

 
3 2 2

8
max

(7,12 10 ) 10
3 10 47,19

0,91 2
   

   
     

Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (41 - 48) Ɇɉɚ [2, ɫ.181]. 
 

ɞɨɩ max

ɞɨɩ
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Ɍɪɭɛɱɚɬɵɟ ɲɢɧɵ D = 3 ɫɦ ɢ d = 2,7 ɫɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɩɪɨɜɟɪɤɢ. 

 
9.4.3 ȼɵɛɨɪ ɠɟɫɬɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ 6-10 ɤȼ ɨɲɢɧɨɜɤɚ ɢ ɫɛɨɪɧɵɟ ɲɢɧɵ ɜɵ-

ɩɨɥɧɹɸɬɫɹ ɠɟɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ. ɉɪɢ ɬɨɤɚɯ ɞɨ 3000 Ⱥ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɨɞɧɨ ɢ ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ [2, ɫ. 175]. ȼɵɛɢɪɚɟɦ ɫɟɱɟɧɢɟ ɲɢɧɵ ɢɡ ɭɫɥɨ-
ɜɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ, Iɪɚɛ.ɦɚɤɫ.=1618,50 Ⱥ. ȼɵɛɢɪɚɟɦ 
ɚɥɸɦɢɧɢɟɜɵɟ, ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ [20, ɫ.395]. 

 
Ɍɚɛɥɢɰɚ 25 – ɉɚɪɚɦɟɬɪɵ ɲɢɧɵ 

Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ 
ɬɨɤ, Ⱥ 

Ɋɚɡɦɟɪɵ 
ɲɢɧɵ, ɦɦ 

ɋɟɱɟɧɢɟ ɲɢɧɵ, ɦɦ2 

1680 120×8 960 
 
ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɲɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɧɚɝɪɟɜɭ (ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ). 

ɍɱɢɬɵɜɚɸɬɫɹ ɬɚɤɠɟ ɩɨɫɥɟɚɜɚɪɢɣɧɵɟ ɪɟɠɢɦɵ. [2, ɫ. 177]. 
 

 ≤ ,  

 

ɝɞɟ   - ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɧɚ ɲɢɧɵ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɤɢ ɩɪɢ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɥɚɲɦɹ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɨɬɥɢɱɧɨɣ ɨɬ ɩɪɢɧɹɬɨɣ. 

 
1618,5 < 1680 
 
ɉɪɨɜɟɪɤɚ ɲɢɧ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɄɁ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɭɫɥɨ-

ɜɢɸ [2, ɫ.177]: 
 

  (123) 
 

ɝɞɟ    - ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɦɦ2;  
- ɜɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ, ɦɦ2. 

 

  (124) 

 
ɝɞɟ     ɋT – ɮɭɧɤɰɢɹ [2, ɫ.141], A∙c1/2/ɦɦ2 ; 

- ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ, ɤȺ2∙ɫ 

 (125) 

. .ɪɚɛ ɦɚɤɫI '
.ɞɨɩɞɥI

ɞɨɩI

min ,q q

minq
q

min ,ɤ

Ɍ

B
q

C


kB
2

2 ( ),ɤ ɤɡɄ ɨɬɤɥ ɚB I t T  
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ɝɞɟ    - ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɧɚ ɲɢɧɚɯ 
ɇɇ (ɫɦɨɬɪ. ɪɚɫɱɟɬ ɬɨɤɨɜ ɄɁ), ɤȺ;  

tɨɬɤɥ - ɪɚɫɱɟɬɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɄɁ, ɫ;  
Tɚ - ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ 

ɄɁ, ɫ, [2, ɫ. 110; Ɍɚɛɥ. 3.6] 
 

  (126) 
     

 
ɝɞɟ    tɪ.ɡ. – ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɞɚɧɧɨɣ ɰɟɩɢ ɫ ɭɱɟɬɨɦ 
ɞɟɣɫɬɜɢɹ Ⱥɉȼ, ɫ;  

tɩ.ɜ. – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 
 

, 
 

212,1 (0,06 0,05) 15,84ɤB     ,   
 

min 3

15,84
44,22

90 10
q  

 ,   

 
44,22 < 960 
 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɲɢɧ ɭɫɥɨɜɢɹ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣ-

ɤɨɫɬɶ ɫɨɛɥɸɞɚɸɬɫɹ, ɩɨɷɬɨɦɭ ɫɨɝɥɚɫɧɨ ɉɍɗ [12] ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤ-
ɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. 

 
Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɞɜɭɯɩɨɥɨɫɧɵɯ ɲɢɧ.  
ɒɢɧɵ ɪɚɫɩɨɥɚɝɚɟɦ ɩɥɚɲɦɹ. 
 
ɍɫɥɨɜɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɲɢɧ, Ɇɉɚ: 
 

, 
ɝɞɟ    - ɞɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɪɨɥɟɬ l ɦɟɠɞɭ ɨɩɨɪɧɵɦɢ ɢɡɨɥɹɬɨɪɚɦɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɱɚ-

ɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɭɞɟɬ ɛɨɥɶɲɟ 200 Ƚɰ [2, ɫ.221], ɦ:  
 

2 173,2
,

200

J
l

q
    (127) 

Ʉ3ɤɡI

. . ,ɨɬɤɥ ɪ ɡ ɩ ɜt t t 

0,01 0,05 0,06ɨɬɤɥt   

ɞɨɩ max

ɞɨɩ
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ɝɞɟ    J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɢɡɝɢɛɚɸɳɟɣ ɫɢɥɵ, ɫɦ4; 

q – ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɲɢɧɵ, ɫɦ2. 
 
ȿɫɥɢ ɲɢɧɵ ɧɚ ɢɡɨɥɹɬɨɪɚɯ ɪɚɫɩɨɥɨɠɟɧɵ ɩɥɚɲɦɹ, ɬɨ: 
 

3

6

b h
J


  , (128) 

30,8 6
28,8

6
J


  ,   

 

2 173,2 28,8
1,5

200 4,8 2
l   

 ,      

 

1,5 1,23l         
 
ɍɫɢɥɢɟ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɧɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɢɯ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɸ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɷɬɨ ɭɫɢɥɢɟ, ɜ ɩɪɨɥɟɬɟ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɭɫɬɚɧɚɜɥɢ-
ɜɚɸɬ ɩɪɨɤɥɚɞɤɢ. ɉɪɨɥɟɬ ɦɟɠɞɭ ɩɪɨɤɥɚɞɤɚɦɢ lɉ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɄɁ, ɧɟ ɜɵɡɵɜɚɥɢ ɫɨɩɪɢ-
ɤɨɫɧɨɜɟɧɢɹ ɩɨɥɨɫ: 

 

4(3)
0,216 ɉ ɉ

ɉ
ɭ ɮ

a E J
l

i k


    (129) 

 
Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɞɜɟ ɩɨɥɨɫɵ – ɢɡɨɥɹɬɨɪɵ ɞɨɥɠɧɚ ɢɦɟɬɶ ɱɚɫɬɨɬɭ 

ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɨɥɶɲɟ 200 Ƚɰ, ɱɬɨɛɵ ɧɟ ɩɪɨɢɡɨɲɥɨ ɪɟɡɤɨɝɨ ɭɜɟɥɢɱɟ-
ɧɢɹ ɭɫɢɥɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɧɫɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɜɟɥɢɱɢɧɚ lɉ 
ɜɵɛɢɪɚɟɬɫɹ ɟɳɟ ɩɨ ɨɞɧɨɦɭ ɭɫɥɨɜɢɸ: 

 

2
40,133 10 ,ɉ

ɉ
ɉ

E J
l

m
 

     (130) 

 
ɝɞɟ    aɉ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɩɨɥɨɫ, ɫɦ;  

Jɉ = h∙b3/12 – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɥɨɫɵ, ɫɦ4;  
kɮ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ [2, ɫ.224. ɪɢɫ.4.5]; 
mɉ – ɦɚɫɫɚ ɩɨɥɨɫɵ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ, ɤɝ/ɦ; 
E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɲɢɧ [2, ɫ.224 ɬɚɛɥ.4.2]. 
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10

4
3

1,6 7 10 0,256
0,216 0,894

22,8 10 0,3ɉl
 

   
     

 
10

2
4

7 10 0,256
0,133 10 0,456

1,3ɉl
  

          

 
ɉɪɢɧɢɦɚɟɦ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ lɉ = 0,46 ɦ, ɬɨɝɞɚ ɱɢɫɥɨ ɩɪɨɤɥɚɞɨɤ ɜ ɩɪɨ-

ɥɟɬɟ : 
 

1
ɉ

l
n

l
  ,  (131) 

 
1,23

1 1,67
0,46

n       

 
ɉɪɢɧɢɦɚɟɦ n = 2 
 
ɉɪɢ ɞɜɭɯ ɩɪɨɤɥɚɞɤɚɯ ɜ ɩɪɨɥɟɬɟ ɪɚɫɱɟɬɧɵɣ ɩɪɨɥɟɬ: 
 

1ɉ
l

l
n


   (132) 

 
1,23

0,41
2 1ɉl  
     

 
ɋɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɜ ɩɚɤɟɬɟ ɢɡ ɞɜɭɯ ɩɨɥɨɫ, ɇ/ɦ: 
 

2
2 710

4
ɮ ɭɞ

ɉ

k i
f

b
    , (133) 

 
3 2

70,3 (22,8 10 )
10 487,4

4 0,008ɉf


        

 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɨɫ (ɲɢɧɵ ɪɚɫɫɦɚɬ-

ɪɢɜɚɸɬɫɹ ɤɚɤ ɛɚɥɤɢ ɫ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɡɚɳɟɦɥɟɧɧɵɦɢ 
ɤɨɧɰɚɦɢ), Ɇɉɚ: 
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,
12

ɉ ɉ
ɉ

ɉ

f l

W
 


   (134) 

 
ɝɞɟ    Wɉ – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɞɧɨɣ ɩɨɥɨɫɵ, ɫɦ3;  

lɉ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɤɥɚɞɤɚɦɢ, ɦ. 
 
 Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɨɥɨɫ ɧɚ ɪɟɛɪɨ [2, ɬɚɛɥ. 4,1; 

ɫ.179], ɫɦ3, 
 

2

6ɉ
h b

W


  , (135) 

26 0,8
0,64

6ɉW


  ,
 

2487,4 0,41
10,67

12 0,64ɉ


 
      

 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɚɡ, Ɇɉɚ: 
 

2
8 2

23 10 ,ɮ ɭɞ
ɮ

l
i

a W
    

   (136) 

 
ɝɞɟ     l = 1,23  – ɞɥɢɧɚ ɩɪɨɥɟɬɚ ɦɟɠɞɭ ɢɡɨɥɹɬɨɪɚɦɢ, ɦ; 

Wɮ – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɚɤɟɬɚ ɲɢɧ, ɫɦ3. 
 
Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɚɤɟɬɚ ɲɢɧ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ ɩɥɚɲɦɹ [2, 

ɬɚɛɥ. 4,1; ɫ.179], ɫɦ3, 
 

2

3ɮ
b h

W


  , (137) 

 
20,8 6

9,6
3ɮW


  ,   

 
2

8 3 21,23
3 10 (22,8 10 ) 5,67

0,25 9,6ɮ
     

    

 
ɒɢɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɱɧɵ, ɟɫɥɢ: 
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ɪɚɫɱ ɮ ɉ ɞɨɩ      ,  (138) 

 
5,67 10,67 40ɪɚɫɱ    ,   

 
16,34 ˂ 40 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (41 - 48) Ɇɉɚ [2, ɫ.181]. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɧɵ ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɵ. 
 
9.5 ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ  
 
9.5.1 ȼɵɛɨɪ ɩɨɞɜɟɫɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ɉɨɞɜɟɫɧɵɟ ɥɢɧɟɣɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚ-

ɧɨɜɤɢ ɫ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹ-
ɰɢɢ ɢ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɜ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ. ɇɚ ɫɬɨɪɨɧɟ ȼɇ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɦ ɢɡɨɥɹɬɨɪ ɅɄ–70/110ɍɏɅ. 

 
ɉɪɨɜɟɪɤɚ ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ, 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ 
 

,ɭɫɬ ɧɨɦU U   

 
110 = 110 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.2 ȼɵɛɨɪ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɀɟɫɬɤɢɟ ɲɢɧɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɚɯ. ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪ 

ɬɢɩɚ ɈɋɄ2—10—Ⱥ—4ɍɏɅ1 [23] ɨɩɨɪɧɵɣ ɫɬɟɪɠɧɟɜɨɣ ɫ ɦɚɬɟɪɢɚɥɨɦ ɡɚɳɢɬ-
ɧɨɣ ɨɛɨɥɨɱɤɢ ɢɡɨɥɹɰɢɨɧɧɨɣ ɱɚɫɬɢ ɢɡ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɪɟɡɢɧɵ ɫ ɪɚɡɪɭɲɚ-
ɸɳɟɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɢɡɝɢɛ Fɪɚɡɪ=2 ɤɇ. ȼɵɛɨɪ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸ-
ɳɢɦ ɭɫɥɨɜɢɹɦ: 

 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ: 
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,ɭɫɬ ɧɨɦU U                                                                

 
10=10 
 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ: 
 

,ɪɚɫɱ ɞɨɩF F   (139) 

 
ɝɞɟ     Fɪɚɫɱ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ;  

Fɞɨɩ – ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ: 
 

0,6 ,ɞɨɩ ɪɚɡɪF F   (140) 

 
ɝɞɟ    Fɪɚɡɪ – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ. 

 
0,6 2000 1200ɞɨɩF    , 

 
2

2 73 10ɭɞ
ɪɚɫɱ

i l
F

a


   ,  (141) 

 
3 2

7(22,8 10 ) 0,75
3 10 269,8

0,25ɪɚɫɱF  
    ,    

 ʹ͸ͻ,ͺ < ͳʹͲͲ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.3 ȼɵɛɨɪ ɩɨɞɜɟɫɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɉɨɞɜɟɫɧɵɟ ɥɢɧɟɣɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚ-

ɧɨɜɤɢ ɫ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹ-
ɰɢɢ ɢ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɜ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ. ɇɚ ɫɬɨɪɨɧɟ ɇɇ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɦ ɢɡɨɥɹɬɨɪ ɅɄ–70/10ɍɏɅ. 

 
ɉɪɨɜɟɪɤɚ ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ, 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ 
 

,ɭɫɬ ɧɨɦU U           

 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

83 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ͳͲ = ͳͲ – ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.4 ȼɵɛɨɪ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪɵ ɂɉɉɍ-10/4000-30-Ⱥ4 ɩɪɨɯɨɞɧɨɣ ɩɨɥɢɦɟɪɧɵɣ ɭɫɢ-

ɥɟɧɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ (ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ ɪɚɜɧɚɹ 30 ɤɇ) [24]. ɂɡɨ-
ɥɹɬɨɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹɰɢɢ ɢ ɫɨɟɞɢɧɟɧɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɡɚɤɪɵ-
ɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɨɟɞɢɧɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢɥɢ ɥɢɧɢɹɦɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 

 
ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ: 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

,ɭɫɬ ɧɨɦU U            

 
10 = 10 
 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
 

.ɪɚɛ ɦɚɤɫɇɇ ɧɨɦI I ,               

 
1618,5<4000 
 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ, ɤɇ: 
 

ɪɚɫɱ ɞɨɩF F ,                    

 
0,6 30000 18000ɞɨɩF     

 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɨɩɨɪɧɵɣ ɢɡɨɥɹɬɨɪ: 
 

0,5ɪɚɫɱ ɮF f l   ,  (142) 

 
2

2 70,5 3 10ɭɞ
ɪɚɫɱ

i l
F

a


    ,  

 
3 2

7(22,8 10 ) 0,75
0,5 3 10 134,9

0,25ɪɚɫɱF  
     ,    
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 ʹ͸͹,ͺ͹ < ͳͺͲͲͲ– ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.6 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) 
 
9.6.1 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ ȼɇ 

110 ɤȼ 
 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɣ ɜ ɩɪɨɜɨɞɚ ɥɢɛɨ ɩɟɪɟɤɪɵɬɢɣ ɜɨɡɞɭɲɧɵɯ ɩɪɨɦɟɠɭɬ-
ɤɨɜ ɩɪɢ ɭɞɚɪɟ ɦɨɥɧɢɢ ɜ ɨɩɨɪɭ. ɗɬɢ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɞɨɯɨɞɹɬ ɞɨ ɩɨɞɫɬɚɧ-
ɰɢɢ ɢ ɜɵɡɵɜɚɸɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ɉɧɢ ɦɨɝɭɬ 
ɜɵɡɵɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɢ ɡɚɳɢɬɵ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
- ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ Ɉɉɇ, 

1 3,81ɄɁI ɤА  
- ɪɚɣɨɧ ɩɨ ɡɚɝɪɹɡɧɟɧɢɸ II . 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɉɉɇ: 
 
1) ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ [18, 

ɫ.5]: 
 

 ɧɪɨ ɧɫU U ,  (143) 

 
ɝɞɟ    ɧɫU  - ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ 

 
ɇɚɯɨɞɢɦ ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫ ɩɹɬɢɩɪɨɰɟɧɬɧɵɦ ɡɚɩɚ-

ɫɨɦ, [18, ɫ.5, ɬɚɛɥ. 1] ɤȼ: 
 

1,05 72,8 76,44ɧɫU     
 
ȼɵɛɢɪɚɟɦ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 ɮɢɪɦɵ ɈɈɈ “Ɍɚɜɪɢɞɚ ɷɥɟɤ-

ɬɪɢɤ” [14] ɫ ɧɚɢɛɨɥɶɲɢɦ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɪɚɛɨɱɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 
83ɧɪɨU ɤȼ . 

 
83  76,44  
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2) ɉɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ [18, ɫ.8]: 
 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɪɵɜɚ ɩɨɤɪɵɲɤɢ Ɉɉɇ ɩɪɢ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦ ɩɨɜɪɟ-

ɠɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɧɨɪɦɢɪɭɟɦɵɣ ɬɨɤ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɝɪɚɧɢɱɢ-
ɬɟɥɹ ɜɛI ɧɚ 15-20% ɩɪɟɜɵɲɚɥ ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɬɨɤɨɜ ɄɁ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɞɥɹ ɬɨɱɤɢ 
ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ 40ɜɛI ɤА [18, ɫ. 41]. 

 
(1,15 1,2)ɜɛ ɤɡI I   ,  (144) 

 
40 1,2 3,81  , 
 
40 4,57  
 
ɉɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ: 
 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ ɤɜɚɡɢɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ: 
 

.

ɭ
ɭ

ɧɪ ɮ

U
K

U
 , (145) 

 
1,4ɭK    (146) 

 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ ɈɊɍ, 

ɤȼ, 
 

110
1,15 73,03

3
ɧɪU    , 

 
1,4 1,4 73,03 102,24ɭ ɧɪU U      

 
Ʉɪɚɬɧɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ, 
 

102,24
1,23

83ɭK    

 
ȼɪɟɦɹ ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-

ɉ1-110/83/10/2 ɍɏɅ1 [18, ɫ. 17, ɬɚɛɥ 6], ɫ, 
 

ɜ ɭ ɫɪt t ,  (147) 
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ɝɞɟ    4ɭ ɫɪt c  – ɜɪɟɦɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɬɨɝɨ ɪɟɠɢɦɚ; 
ɜt – ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɝɪɚɧɢɱɢɬɟɥɶ ɜɵɞɟɪɠɢɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ 

ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ [14] 
 
Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 1000ɜt ɫ , ɬɨɝɞɚ 
 
1000 4 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɝɪɨɡɨɜɵɯ ɩɟɪɟɧɚɩɪɹ-

ɠɟɧɢɹɯ: 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɨɬɫɬɚɸɳɢɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɝɪɨɡɨɜɨɦ ɢɦ-

ɩɭɥɶɫɟ ɫ ɚɦɩɥɢɬɭɞɨɣ 10 ɤȺ ɞɥɹ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɫɟɬɟɣ 110 ɤȼ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 
ɛɨɥɟɟ 295 ɤȼ. Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760  ɩɪɢ ɝɪɨɡɨɜɨɦ ɢɦɩɭɥɶɫɟ 10ɤȺ 

268ɨɫɬ ɝU ɤȼ , ɬɨɝɞɚ 

 
268 295 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
5) Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɟ-

ɪɟɧɚɩɪɹɠɟɧɢɹɯ: 
 

. / (1,15 1,2),ɨɫɬ ɤ ɤɢU U    (148) 
 

ɝɞɟ   ɤɢU  – ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɞɥɹ ɡɚɳɢɳɚ-
ɟɦɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɤȼ;  

.ɨɫɬ ɤU  – ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɨɦɦɭɬɚ-
ɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɤȼ. 

 

Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ . 225,3ɨɫɬ ɤU ɤȼ  [14]. 
 

502ɤɢ ɂ Ʉ ɂɋɉU K K U      (149) 
 

ɝɞɟ     ɂK  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɩɭɥɶɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɩɪɨɱɧɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɤɨɪɨɬɤɨɝɨ ɢɦɩɭɥɶɫɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɞɧɨɦɢɧɭɬɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ 1,35ɂK  ;  

ɄK  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɦɭɥɹɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɧɨɝɨɤɪɚɬɧɨɫɬɶ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɟ ɫɬɚɪɟɧɢɟ ɢɡɨɥɹɰɢɢ 1ɄK  ;  

50ɂɋɉU  – ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
50 200ɂɋɉU ɤȼ ,  
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1,35 1 2 200 381ɤɢU      , 

225,3 381/1,2 , 

225,3 317,5  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
6) ȼɵɛɟɪɟɦ ɞɥɢɧɭ ɩɭɬɢ ɭɬɟɱɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ ɢ ɟɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥ-

ɧɟɧɢɟ. ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟ-
ɝɨɪɢɢ II , ɫɥɟɞɨɜɚɬɟɥɶɧɨ  ɞɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2,00 ɫɦ/ɤȼ 
ɢɥɢ  2 / 126 250ɫɦ ɤȼ ɤȼ ɫɦ  .Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760  ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ 
ɩɭɬɢ ɭɬɟɱɤɢ 280ɭɬL ɫɦ , 

 
250 280  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɍɏɅ, ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ 1. 
Ɉɝɪɚɧɢɱɢɬɟɥɶ ɦɚɪɤɢ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 

ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
9.6.2 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 

ɤȼ 
 
Ɉɉɇ-ɉ-10/12,0/10ɍɏɅ1[14] – ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɷɥɟɤ-

ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɟɬɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɢɥɢ ɤɨɦ-
ɩɟɧɫɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ. ɂɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɞɥɹ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɭɫɬɚ-
ɧɨɜɤɢ (ɍɏɅ1 ɢ 2 ɩɨ ȽɈɋɌ15150). ȼɫɬɪɚɢɜɚɸɬɫɹ ɜ ɄɊɍ ɋɗɓ-70 ɢ ɄɊɍ ɋɗɓ-
63. 

 
9.7 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ.ɧ. ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɜɫɟɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 

ɩɨɞɫɬɚɧɰɢɹɯ 35-750 ɤȼ. [2, ɫ.475]. Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɧɚɝɪɭɡɤɚɦ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɝɪɭɡɤɢ ɢ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨɫɬɢ. 

Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɟɜɟɥɢɤɚ, ɩɨɷɬɨɦɭ ɨɧɢ ɩɪɢ-
ɫɨɟɞɢɧɹɸɬɫɹ ɤ ɫɟɬɢ 380/220 ȼ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬ ɩɢɬɚɧɢɟ ɨɬ ɩɨɧɢɠɚɸɳɢɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɨɞ-
ɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. [26] 
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Ɍɚɛɥɢɰɚ 26 – ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɉɉ  
ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ P, ɤȼɬ cosφ, ɨ.ɟ. Ʉɨɥ-ɜɨ ɇɚɝɪɭɡɤɚ 

P, ɤȼɬ Q, ɤȼɚɪ 
Ɉɯɥɚɠɞɟɧɢɟ ɌɊȾɇ– 32000/110 3,3 0,85 2 6,6 4,1 
ɉɨɞɨɝɪɟɜ ɜɵɤɥɸɱɚɬɟɥɟɣ  – 
3AP1-FG 145 

2,4 1 2 4,8 – 

ɉɨɞɨɝɪɟɜ, ɨɫɜɟɳɟɧɢɟ ɢ ɜɟɧɬɢ-
ɥɹɰɢɹ ɲɤɚɮɚ ɄɊɍ 

1,51 1 22 33,22 – 

Ɉɬɨɩɥɟɧɢɟ, ɨɫɜɟɳɟɧɢɟ, ɜɟɧɬɢ-
ɥɹɰɢɹ ɁɊɍ 10 ɤȼ 

6 1 1 6 - 

Ɉɫɜɟɳɟɧɢɟ ɈɊɍ 110 ɤȼ 2 1 1 2 -  
ɉɨɞɡɚɪɹɞɧɨ-ɡɚɪɹɞɧɵɣ ɚɝɪɟɝɚɬ 
ȼȺɁɉ 

23 1 2 46 - 

ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ ɪɚɡɴɟɞɢɧɢ-
ɬɟɥɟɣ ɊȽɉɁ-ɋɗɓ-110 

0,08 1 8 0,64 - 

ɂɬɨɝɨ:    99,26 33,46 
 
6.1.1 ɇɚ ɜɫɟɯ ɉɋ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. [22] 
6.3.1.1 ɇɚ ɉɋ ɧɚɩɪɹɠɟɧɢɟɦ 35 ɤȼ (ɤɪɨɦɟ ɨɬɩɚɟɱɧɵɯ ɢ ɬɭɩɢɤɨɜɵɯ) ɢ ɜɵɲɟ 

ɞɨɥɠɧɚ ɩɪɢɦɟɧɹɬɶɫɹ ɫɢɫɬɟɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɫɢɫɬɟɦɚ ɈɉɌ, 
ɋɈɉɌ) ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. [22] 

6.1.2 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 ɩɟɪɟ-
ɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫ ɇɇ 0,4 ɤȼ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 630 ɤȼȺ ɞɥɹ ɉɋ 110-220 ɤȼ ɢ ɧɟ ɛɨɥɟɟ 1000 
ɤȼȺ ɞɥɹ ɉɋ 330 ɤȼ ɢ ɜɵɲɟ. [22] 

 
 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ [2, ɫ.475], ɤȼ∙Ⱥ, 
 

2 2 ,ɪ ɫ ɭɫɬ ɭɫɬS k P Q     (150) 

 
ɝɞɟ     ʢܲʠʡ – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ Ɍɋɇ, ɤȼɬ; 

kɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ 
ɢ ɡɚɝɪɭɡɤɢ. ȼ ɨɪɢɟɧɬɢɪɨɜɚɱɧɵɯ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɩɪɢɧɹɬɶ kɫ=0,8. [2, ɫ.475] 

 
2 20,8 99,26 33,46 83,80ɪS        

 
Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ, ɤȼ∙Ⱥ, 
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. ,ɪɚɫɱ
ɧɨɦ ɬ

ɉ

S
S

K
   (151) 

 
ɝɞɟ    Kɉ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, ɟɝɨ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 
ɪɚɜɧɵɦ 1,4. 

 

.

83,80
59,86

1,4ɧɨɦ ɬS      

 
Ȼɥɢɠɚɣɲɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɭ Ɍɋɇ-63/10. 
 
Ɍɚɛɥɢɰɚ 27 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɋɇ - 63/10 ܵɬ.ɧɨɦ, 

ɤȼȺ 
ɧܷɨɦ
ȼɇ , 

ɤȼ 
ɧܷɨɦ
ɇɇ, 

ɤȼ 

ɋɯɟɦɚ ɢ ɝɪɭɩɩɚ 
ɫɨɟɞɢɧɟɧɢɣ ɨɛɦɨ-

ɬɨɤ 
,% , ɤȼɬ , ɤȼɬ 

100 10 0,4 ɍ/ɍɧ-0 4,0 0,26 1,45 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

.

,ɪɚɫɱ
ɡ

ɬɪ ɬ ɧɨɦ

S
k

n S


   (152) 

 
83,80

0,66
2 63ɡk  
  

 
Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ (0,6 - 0,7). [4, ɫ.393]. 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ: 
 

.

,
( 1)

ɪɚɫɱ
ɡ

ɬɪ ɬ ɧɨɦ

S
k

n S


    (153) 

    
83,08

1,32
(2 1) 63ɡk  
   

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 1,40: 
 

1,4ɚɜk   , (154) 
 
 

ku ɯɯP ɤɡP
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1,32 ˂  1,4 
 
ɌɆ – 63/10 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
6.1.5  ɇɚ ɉɋ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɩɟɪɚɬɢɜɧɵɦ ɬɨɤɨɦ (ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɧɚɥɢɱɢɢ 

ɒɍɈɌ) ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɨɥɠɧɵ ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɱɟɪɟɡ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɢ ɤ ɲɢɧɚɦ Ɋɍ 6-35 ɤȼ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɷɬɢɯ 
Ɋɍ ɤ ɨɛɦɨɬɤɟ ɇɇ ɨɫɧɨɜɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. [ɇɌɉ] 

 

 
Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɫ.ɧ ɩɨɞɫɬɚɧɰɢɢ ɫ ɨɩɟɪɚɬɢɜɧɵɦ ɩɨɫɬɨɹɧɧɵɦ 

ɬɨɤɨɦ 
 

 
9.8 ȼɵɛɨɪ ɚɩɩɚɪɚɬɭɪɵ ɡɚɳɢɬɵ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɢɠɟ 1000 ȼ 
 
Ʉ ɡɚɳɢɬɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɢɠɟ 1000 ȼ ɨɬɧɨɫɹɬɫɹ ɩɥɚɜɤɢɟ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɨɡɞɭɲɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ. ɉɥɚɜɤɢɟ ɩɪɟɞɨ-
ɯɪɚɧɢɬɟɥɢ – ɩɪɨɫɬɟɣɲɢɟ ɡɚɳɢɬɧɵɟ ɚɩɩɚɪɚɬɵ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ – 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɫɟɬɢ ɨɬ ɩɟɪɟɝɪɭɡɨɤ, ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢɥɢ ɫɧɢɠɟ-
ɧɢɣ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɧɟɱɚɫɬɵɯ ɨɩɟɪɚɬɢɜɧɵɯ ɜɤɥɸɱɟɧɢɣ ɢ ɨɬɤɥɸɱɟɧɢɣ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

ɋɩɨɫɨɛ ɫɨɟɞɢɧɟɧɢɹ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨ ɫɛɨɪɧɵɦɢ ɲɢɧɚɦɢ Ɋɍ 
ɇɇ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 

 
9.8.1 ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɨɡɞɭɲɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 
ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ 

ɷɬɚɩɵ: 
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ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ: 
 1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ˖ܷ˔˕ ൑ ܷːˑˏ;; 
 2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
 3) Ɍɨɤ ɨɬɤɥɸɱɟɧɢɹ ɚɜɬɨɦɚɬɚ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
 4) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ݅˖ ൑ ݅˒˓.˔ˍ˅; 
 5) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ BK ൑ 𝐼ଶ் ·  ்ݐ
 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɚ, ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ (0,4 ɤȼ), Ⱥ: 
 

.
0,4 ,

3
ɧɨɦ ɬ

ɧɨɦɇɇ ɡ
ɧɨɦɇɇ

S
I k
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 


  (155) 

 

0,4

630
0,7 644,74

3 0,4
ɧɨɦɇɇI   


, 

 
/ .

. 0,4 ,
3

ɩ ɚɜ ɧɨɦ ɬ
ɪɚɛ ɦɚɤɫɇɇ ɡ

ɧɨɦɇɇ

S
I k

U
 


  (156) 

 

. 0,4

630
1,4 1289

3 0,4
ɪɚɛ ɦɚɤɫɇɇI   


  

 
ɂɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜɵɛɢ-

ɪɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-ɋɗɓ-Ⱥɋ16 [12] ɜɨɡɞɭɲɧɵɣ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 1600 Ⱥ. ɍɫɥɨɜɢɹ ɩɪɨɜɟɪɤɢ ɞɚɧɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 28. 

 
Ɍɚɛɥɢɰɚ 28 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-Ⱥɋ/16 

ɭܷɫɬ ൑ ɧܷɨɦ ɭܷɫɬ = Ͳ,Ͷ ɤȼ ɧܷɨɦ = Ͳ,Ͷ ɤȼ 𝐼ɪɚɛ.ɦɚɤɫ ൑ 𝐼ɧɨɦ 𝐼 ˃˄.ˏ˃ˍ˔ = ͳʹͺͻ А 𝐼ɧɨɦ = ͳ͸ͲͲ А 𝐼ɩ𝜏 ൑ 𝐼ɨɬɤɥ.ɧɨɦ 𝐼 𝜏 = ͺ,ʹͳ ɤА 𝐼ɨɬɤɥ.ɧɨɦ = ͸ͷ ɤА ݅ɭ ൑ ݅ɩɪ.ɫɤɜ ݅˖ = ͺ,͸ʹ ˍА ݅ɩɪ.ɫɤɜ = ͸ͷ ɤА 𝐵Ʉ ൑ 𝐼ଶ் ∙  ்ݐ
𝐵К = ͺ,ʹͳଶ ∙ ሺͲ,Ͳ͵ͷ + Ͳ,ͲͲʹሻ = = ʹ,Ͷͻ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͸ͷଶ ∙ ͳ = Ͷʹʹͷ ˍАଶ ∙ ˔ 

 
Ⱦɚɧɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ ɩɨ ɜɫɟɦ ɭɫɥɨ-

ɜɢɹɦ. 
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9.8.2 ȼɵɛɨɪ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (10 ɤȼ) ɰɟɯɨɜɨɝɨ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ 

 
ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 

ɡɚɳɢɬɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹ-
ɠɟɧɢɹ. ɇɚ ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ ɩɨɧɢɠɚɸɳɢɯ ɩɨɞɫɬɚɧɰɢɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɟɞɨ-
ɯɪɚɧɢɬɟɥɢ ɬɢɩɚ ɉɄ. 

 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ: 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
2) ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ 𝐼ɪɚɛ ൑ 𝐼ɧɨɦ; 
3) ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 𝐼ɩ𝜏 ൑ 𝐼ɨɬɤɥ.ɧɨɦ; 
 
ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 250, 630 ɤȼȺ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɦɚɪɤɢ ɉɄ-10/80 [1]. ɉɪɨɜɟɪɤɚ ɞɚɧɧɵɯ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɩɪɢɜɟ-
ɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 29. 

 
Ɍɚɛɥɢɰɚ 29 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

ɍɫɥɨɜɢɹ ɜɵ-
ɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧ-
ɧɵɟ ɧɚ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪ ɦɨɳɧɨ-
ɫɬɶɸ 250 ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɳɧɨɫɬɶɸ 630 

ɤȼȺ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄ-
10/30 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄ-
10/50 

˖ܷ˔˕ ൑ ܷːˑˏ ˖ܷ˔˕ = ͳͲ ˍʑ ˖ܷ˔˕ = ͳͲ ˍʑ ܷːˑˏ = ͳͲ ˍʑ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼 ˑˏ 
𝐼 ˃˄.ˏ˃ˍ˔ = ʹͲ,͵ А 𝐼 ˃˄.ˏ˃ˍ˔ = ͷͲ,ͷͶ А 𝐼 ˑˏ = ͵Ͳ А 𝐼 ˑˏ = ͷͲ А 𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 

𝐼 𝜏 = ͺ,͸ʹ ˍА 𝐼 𝜏 = ͺ,͸ʹ ˍА 
𝐼 ˕ˍˎ.ːˑˏ  ːˈ ˑˆ˓˃ːˋ˚ˈː 

𝐼 ˕ˍˎ.ːˑˏ = ʹͲͲ√͵ ∙ ͸ == ͳͻ,ʹͷ ˍА ݐ˅ ൑ АȼɌݐ ˍݐ = Ͳ,͵ͷ ɫ ݐАȼɌ = Ͳ,͵ͷ ˔ ݐȼ = Ͳ,ͷ ˔ ݐȼ = ʹ ˔ 
ɉɥɚɜɤɢɟ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɜɵɛɢɪɚɸɬ ɫ ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ ɢɯ ɨɬ 

ɛɪɨɫɤɨɜ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. Ɇɚɤ-
ɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɚɜɨɞɟ ɧɟ ɛɨɥɟɟ 630 ɤȼȺ, ɡɧɚ-
ɱɢɬ, ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɪɚɜɟɧ 75 Ⱥ. 

ɉɪɨɜɟɪɤɚ ɜɫɬɚɜɤɢ ɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫ ɚɩɩɚɪɚɬɚɦɢ ɡɚɳɢɬɵ ɜɜɨɞɚ 0,4 ɤȼ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ, ɫ 

 

. ,ɫ ɡ
ȼ

ɉ

t t
t

K

 
   (157) 

ɝɞɟ ݐ˅ – ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɩɪɢ ɄɁ ɧɚ ɫɬɨɪɨɧɟ 
0,4 ɤȼ, ɫ. 

 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ: 
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. ,ɫ ɡ
ȼ

ɉ

t t
t

K

 
  (158) 

 
ɝɞɟ ݐ˔.ˊ – ɩɨɥɧɨɟ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɫɨ ɫɬɨɪɨɧɵ 0,4 ɤȼ, ɫ ɤɨɬɨɪɨɣ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ,  ݐ˔.ˊ = Ͳ,Ͳʹ ± Ͳ,Ͳͳ  ɫ – ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɪɚɫɰɟɩɢɬɟɥɟɣ ɚɜɬɨɦɚɬɨɜ ɫ 
ɭɱɟɬɨɦ ɪɚɡɛɪɨɫɚ ɫɪɚɛɚɬɵɜɚɧɢɹ;  ݐ˔.ˊ ɞɥɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɚɦɩɟɪ-ɫɟɤɭɧɞɧɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɟ;  ∆ݐ – ɦɢɧɢɦɚɥɶɧɚɹ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɚɜɬɨɦɚɬɨɜ – 
0,3 ɫ, ɞɥɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ – 0,6 ɫ;  К˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɤɚɬɚɥɨɠɧɨɝɨ ɜɪɟɦɟɧɢ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ 
ɜɫɬɚɜɤɢ ɢ ɜɪɟɦɟɧɢ ɟɟ ɪɚɡɨɝɪɟɜɚ, К˒ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,9. 

 
Ɍɨɤ IɄ5 ɩɪɢɜɨɞɢɦ ɤ ɧɚɩɪɹɠɟɧɢɸ 10 ɤȼ, ɤȺ:  
 

  (159) 
 

`
5

0,4
8,21 0,313

10,5ɤɡɄI     

 
ɉɨ ɬɨɤɭ 𝐼 ˊКହ′  ɩɨ ɚɦɩɟɪ-ɫɟɤɭɧɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɥɚɜɤɨɝɨ ɩɪɟɞɨɯɪɚɧɢ-

ɬɟɥɹ ɧɚ 100 Ⱥ  ɨɩɪɟɞɟɥɹɟɦ ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ tȼ ≈ 2 ɫ [1].  
 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ: 
˅ݐ  = ଴,଴ଶ+଴,ଷ଴,9 = Ͳ,͵ͷ , 
 
2>0,35 
 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɡɧɚɱɢɬ ɭɫɥɨɜɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɨɛɥɸɞɚɟɬɫɹ. 
 

`
5 5 ,ɤɡɄ ɤɡɄ ɌI I K 
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10 ɉɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɫɚɦɨɡɚɩɭɫɤ 
 
ɋɚɦɨɡɚɩɭɫɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-

ɧɢɹ ɩɨɫɥɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɧɚɪɭɲɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ 
ɫɜɨɣ ɧɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. Ɉɬɥɢɱɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɚɦɨɡɚɩɭɫɤɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦ ɩɭɫɤɨɦ: 

– Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɭɫɤɚɟɬɫɹ ɝɪɭɩɩɚ ɞɜɢɝɚɬɟɥɟɣ; 
– ȼ ɦɨɦɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɧɚɱɚɥɚ ɫɚɦɨɡɚɩɭɫɤɚ 

ɱɚɫɬɶ, ɢɥɢ ɜɫɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɜɪɚɳɚɸɬɫɹ ɫ ɧɟɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɶɸ; 
– ɋɚɦɨɡɚɩɭɫɤ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 
ɉɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɧɚɪɭɲɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɚɦɨɡɚɩɭɫɤ ɞɨɩɭ-

ɫɬɢɦ ɤɚɤ ɞɥɹ ɫɚɦɢɯ ɦɟɯɚɧɢɡɦɨɜ ɬɚɤ ɢ ɞɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 
ȿɫɥɢ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɦɨɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɟɣ, ɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɦɨɡɚɩɭɫɤ ɞɥɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɨɬɤɥɸɱɟ-
ɧɢɟ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ. 

Ɋɚɫɱɟɬ ɭɫɥɨɜɢɹ ɫɚɦɨɡɚɩɭɫɤɚ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ: 
ȼ ɰɟɯɟ № 5 ɭɫɬɚɧɨɜɥɟɧɵ 4ɯ1250 ɋȾ. ɂɡ ɫɩɪɚɜɨɱɧɢɤɚ ɜɵɛɢɪɚɟɦ ɞɜɢɝɚɬɟɥɶ 

ɦɚɪɤɢ ɋȾɇ15-39-6ɍɁ. 
ȼ ɰɟɯɟ № 14 ɭɫɬɚɧɨɜɥɟɧɵ 4ɯ1600 ɋȾ. ɂɡ ɫɩɪɚɜɨɱɧɢɤɚ ɜɵɛɢɪɚɟɦ ɞɜɢɝɚ-

ɬɟɥɶ ɦɚɪɤɢ ɋȾɇ15-49-6ɍɁ. 
ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɫɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 30. 
 
Ɍɚɛɥɢɰɚ 30 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

№ ɰɟɯɚ Sɧ, ɤȼȺ Pɧ, ɤȼɬ Uɧ,ɤȼ n, % Iɩ/Iɧ 
N, 

ɨɛ/ɦɢɧ 
cosɮ 

5 1316 1250 10 94,5 2 1000 0,95 
14 1684 1600 10 95,2 2 1000 0,95 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, Ⱥ: 
 

  ,
3 cos

ɧɨɦ
ɧɨɦ

ɧɨɦ

P
I

U  


  
  (160) 

ɝɞɟ    Pɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ; 
n – ɄɉȾ ɞɜɢɝɚɬɟɥɹ, ɨ.ɟ. 
 

1

1250
80,48

3 10 0,95 0,945
ɧɨɦɋȾI  

  
 

 

2

1600
102,26

3 10 0,95 0,952
ɧɨɦɋȾI  

  
 

 
ɉɭɫɤɨɜɨɣ ɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, Ⱥ: 
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. ,ɩɭɫɤ ɞɜ ɉ ɧɨɦI k I    (161) 

 
ɝɞɟ    kɉ – ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ, ɨ.ɟ (ɩɨ ɤɚɬɚɥɨɝɭ). 
 

. 1 2 80,48 160,96ɩɭɫɤ ɞɜI    , 

 

. 2 2 102,26 204,52ɩɭɫɤ ɞɜI     

  
ɋɭɦɦɚɪɧɵɣ ɩɭɫɤɨɜɨɣ ɬɨɤ ɧɟɨɬɤɥɸɱɚɟɦɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɧɨɦɢ-

ɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɢɯ ɜɵɜɨɞɚɯ, Ⱥ: 
 

. 1 . 1 2 . 2ɩɭɫɤ ɫɭɦɦ ɞɜ ɩɭɫɤ ɞɜ ɞɜ ɩɭɫɤ ɞɜI n I n I     , (162) 

 

. 4 160,96 4 204,52 1461,92ɩɭɫɤ ɫɭɦɦI         

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɨɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɫɬɚɧɨɜɥɟɧɧɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, Ɉɦ: 
.

.
.3

ɧɨɦ ɞɜ
ɞɜ ɷɤɜ

ɩɭɫɤ ɫɭɦɦ

U
x

I


 , (163) 

 

.

10000
3,95

3 1461,92
ɞɜ ɷɤɜx  


  

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɵɣ ɬɨɤ ɫɚɦɨɡɚɩɭɫɤɚ Iɫɚɦ, Ⱥ: 
 

.

.

,
3

ɧɨɦ ɞɜ
ɫɚɦ

ɫɭɦɦ ɪɚɫɱ

U
I

x



  (164) 

 
ɝɞɟ   xɫɭɦɦ.ɪɚɫɱ – ɫɭɦɦɚɪɧɨɟ ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ [Ɍɚɛ-
ɥɢɰɚ 12], Ɉɦ: 

2

. 3 .
ɛII

ɫɭɦɦ ɪɚɫɱ Ʉ ɞɜ ɷɤɜ
ɛ

U
x x x

S
    , (165) 

 
2

.

10,5
46,671 3,95 4,46

10000ɫɭɦɦ ɪɚɫɱx     ,    

 
10000

1296,04
3 4,46
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Ɉɫɬɚɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ, ɨɬ ɤɨɬɨɪɵɯ ɩɢɬɚɸɬɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɢ, ɤȼ: 

.
. .

.

,ɞɜ ɷɤɜ
ɨɫɬ ɞɜ ɧɨɦ ɞɜ

ɫɭɦɦ ɪɚɫɱ

x
U U

x
    (166) 

 

.

3,95
10 8,86

4,46ɨɫɬ ɞɜU    , 

 

.

.

8,86
100% 100% 88,6%

10
ɨɫɬ ɞɜ

ɧɨɦ ɞɜ

U

U
     

 
ɋɚɦɨɡɚɩɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
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11 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 
 
11.1 ɉɨɜɪɟɠɞɟɧɢɹ ɢ ɧɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ  
 
Ɉɫɧɨɜɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ: 
- ɦɟɠɞɭɮɚɡɧɵɟ ɢɥɢ ɦɧɨɝɨɮɚɡɧɵɟ ɄɁ ɜ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɧɚ 

ɜɵɜɨɞɚɯ;  
- ɨɞɧɨɮɚɡɧɵɟ ɄɁ ɧɚ ɜɵɜɨɞɚɯ; 
- ɩɨɠɚɪ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ.  
Ɇɟɠɞɭɮɚɡɧɵɟ ɢɥɢ ɦɧɨɝɨɮɚɡɧɵɟ ɄɁ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɜɪɟ-

ɠɞɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ, ɩɪɨɯɨɞɹ ɩɨ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɬɨɤ ɄɁ ɧɚɝɪɟɜɚɟɬ ɢɯ 
ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɩɪɟɞɟɥɚ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ ɢ ɬɨɤɨ-
ɜɟɞɭɳɢɯ ɱɚɫɬɟɣ.  

ɉɪɢ ɡɚɦɵɤɚɧɢɢ ɨɞɧɨɣ ɢɡ ɮɚɡ ɧɚ «ɡɟɦɥɸ» ɜ ɫɟɬɹɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚ-
ɥɶɸ ɩɨɹɜɥɹɟɬɫɹ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ. ɗɬɨɬ ɜɢɞ ɩɨɜɪɟɠɞɟɧɢɹ ɫɨɡɞɚɟɬ ɧɟɧɨɪ-
ɦɚɥɶɧɵɣ ɪɟɠɢɦ, ɜɵɡɵɜɚɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɥɟɱɶ ɡɚ ɫɨɛɨɣ 
ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɟɦɥɢ ɞɜɭɯ ɧɟɩɨɜɪɟɠɞɟɧɧɵɯ ɮɚɡ ɢ ɨɞɧɨɮɚɡ-
ɧɨɟ ɄɁ ɩɟɪɟɣɞɟɬ ɜ ɦɟɠɞɭɮɚɡɧɨɟ.  

ȼɢɬɤɨɜɵɟ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɚɯ ɢ ɩɨɠɚɪ ɫɬɚɥɢ, ɫɟɪɞɟɱɧɢɤɚ ɦɨɝɭɬ ɩɪɢɜɟ-
ɫɬɢ ɤ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  

Ɉɬ ɜɫɟɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɫɪɚɛɚɬɵɜɚɬɶ ɦɝɧɨ-
ɜɟɧɧɨ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɟɣ.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɢɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɦɝɧɨɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɛɚɡɟ ɪɟɥɟ ɊɌ-40, ɝɚɡɨɜɚɹ ɡɚ-
ɳɢɬɚ ɢ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ «ɡɟɦɥɸ» (ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ).  

ɇɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ:  
- ɜɧɟɲɧɢɟ ɄɁ;  
- ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɟɪɟɝɪɭɡɤɚ;  
- ɫɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ;  
- ɪɟɠɢɦ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɛɚɤɟ.  
ɉɪɢ ɜɧɟɲɧɢɯ ɄɁ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɪɟ-

ɠɢɦ ɫɜɟɪɯɬɨɤɨɜ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɟɪɟɝɪɟɜ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɨɛɦɨɬɨɤ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɨɝɨ ɪɟɠɢɦɚ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ 
– ɆɌɁ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ.  

Ɇɝɧɨɜɟɧɧɨɟ ɫɪɚɛɚɬɵɜɚɧɢɟ ɨɬ ɬɚɤɨɣ ɡɚɳɢɬɵ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɩɨɷɬɨɦɭ ɨɧɚ 
ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɤɨɬɨɪɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ – ݐɫɡ = ݐɫɡɫɦ.ɷɥ + ∆ݐ.  

ɉɟɪɟɝɪɭɡɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɡɜɚɧɧɚɹ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɤɚ ɫɜɟɪɯ ɧɨɦɢɧɚɥɶ-
ɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɟɪɟɝɪɟɜɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɢɡɧɨɫɭ ɢɡɨɥɹɰɢɢ ɢ ɟɟ ɩɨɜɪɟɠɞɟɧɢɸ.  

Ɍɚɤ ɤɚɤ ɩɟɪɟɝɪɭɡɤɚ — ɷɬɨ ɫɢɦɦɟɬɪɢɱɧɵɣ ɪɟɠɢɦ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɚɧɨ-
ɜɢɬɶ ɪɟɥɟ ɜ ɨɞɧɭ ɮɚɡɭ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɢɝɧɚɥ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɣ 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
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Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɥɢɤɜɢɞɚɰɢɸ ɩɨɜɪɟɠɞɟ-
ɧɢɣ ɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɷɥɟɦɟɧɬɚ ɢɥɢ ɭɱɚɫɬɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɬ ɟɟ ɧɟɩɨ-
ɜɪɟɠɞɟɧɧɵɯ ɱɚɫɬɟɣ.  

Ɂɚɳɢɬɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɧɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɞɨɥɠɧɚ ɢɥɢ ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɟɝɨ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢ ɦɟɠɞɭɮɚɡɧɵɯ ɢ ɜɢɬɤɨɜɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ, 
ɚ ɬɚɤɠɟ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ, ɢɥɢ ɩɨɞɚɜɚɬɶ ɫɢɝɧɚɥ ɨ ɧɟɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɩɟɪɟɝɪɭɡɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɚɫɥɚ ɢ ɬ.ɞ.).  

ɇɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ Ƚɉɉ ɩɪɟɞɭɫɦɚɬ-
ɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɳɢɬɵ:  

1 Ɉɬ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɢ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ - ɩɪɨɞɨɥɶ-
ɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ;  

2 Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ;  
3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ;  
4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɟɪɟɝɪɭɡɤɢ  
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɲɤɚɮ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ 

ɒɗ 2607 041 “ɗɤɪɚ”. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɡɚɳɢɬ ɜɡɹɬɚ ɢɡ [20] 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɚɯ 

ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɬɟɯ ɠɟ ɩɪɢɧɰɢɩɚɯ, ɱɬɨ ɢ ɡɚɳɢɬɵ ɧɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɟɥɟ. 
ɉɨɷɬɨɦɭ ɦɟɬɨɞɵ ɪɚɫɱɟɬɨɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ, ɜ ɨɫɧɨɜɧɨɦ, 
ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɡɚɳɢɬ. 

 
11.2 Ɋɚɫɱɟɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɄɁ ɦɟɠɞɭ ɮɚɡɚɦɢ ɧɚ ɡɟɦɥɸ ɢ ɨɬ ɡɚɦɵɤɚ-

ɧɢɣ ɜɢɬɤɨɜ ɨɞɧɨɣ ɮɚɡɵ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɩɪɨɞɨɥɶɧɚɹ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ.  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɨɫɧɨɜɚɧ ɧɚ ɫɪɚɜɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɢ ɧɚɩɪɚɜɥɟ-
ɧɢɹ ɬɨɤɨɜ ɞɨ ɢ ɩɨɫɥɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɪɚɧɫɮɨɪɦɚ- 
ɬɨɪɚ).  

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɩɨ (4.1), (4.2) [20] ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 31.   
 
Ɍɚɛɥɢɰɚ 31. Ɋɚɫɱɟɬ ɛɚɡɢɫɧɵɯ ɬɨɤɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɢ ɦɟɬɨɞ ɨɩɪɟɞɟ-

ɥɟɧɢɹ 

ɑɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɬɨ-
ɪɨɧɵ 

110 ɤȼ 10,5 ɤȼ 10,5 ɤȼ 

ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɧɚ 
ɫɬɨɪɨɧɚɯ ɡɚɳɢɳɚɟɦɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɝɨ ɧɨ-
ɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, Ⱥ 

ɧɨɦ.ɫɬɨɪ

ɧɨɦ
ɧɨɦ.ɫɬɨɪ

3U

S
I   

ɧɨɦ.ȼɇ

40000

3 115
201,05Ⱥ

I 






 

ɧɨɦ.ɇɇ1

ɧɨɦ.ɇɇ2

40000

3 10,5

2202,04Ⱥ

I

I



 

 



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ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

- Y Y Y 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɫɯ.ɌɌk  1 1 1 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

IK  300/5 2000/5 2000/5 

Ȼɚɡɢɫɧɵɟ ɬɨɤɢ ɩɨ ɫɬɨɪɨ-
ɧɚɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ IK

kI
I

ɫɯɧɨɦ.ɫɬɨɪ
ɛɚɡ.ɫɬɨɪ   

ɛɚɡ.ȼɇ

201,5 1

300/5
3,36 А

I 


 



 

ɛɚɡ.ɇɇ1

ɛɚɡ.ɇɇ2

2202,04
5,51

2000 / 5
5,77Ⱥ

I

I

 




 

 

ɑɢɫɥɨ ɜɢɬɤɨɜ ɩɟɪɜɢɱɧɵɯ 
ɨɛɦɨɬɨɤ ɜɯɨɞɧɵɯ ɌɌ ɬɟɪ-

ɦɢɧɚɥɚ 
- 1w =4 1w =1 1w =1 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɧɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ (4.9)  

ɢ (4.10) [20], ɨ.ɟ.: 
 

ɨɬɫ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪɞ0 ɪɚɫɱ ȺɌ( )

1,3(2 1 0,05 0,16 0,02) 0,364,

I k k k u f f    

     
 

 
ɝɞɟ     3,1ɨɬɫ k , ɨ.ɟ.; 

1ɨɞɧ k , ɨ.ɟ; 

2ɩɟɪ k , ɨ.ɟ.; 
05,0 , ɨ.ɟ.; 

16,0ɪɟɝ u , ɨ.ɟ.; 

02,0ɜɵɪ f , ɨ.ɟ.; 
ΔfȺɌ = 0. 
 
ɉɪɢɧɢɦɚɟɦ 40ɞ0 ,I   ɨ.ɟ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɚ ɬɨɪɦɨɠɟɧɢɹ ɪɚɜɧɨɣ 0,1ɬ0 I  ɨ.ɟ 

Ɉɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɳɚ-
ɟɦɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɜ ɬɨɱɤɟ Ʉ2: 

(3)
Ʉ-2 12,10I   ɤȺ, ɩɪɢɜɟɞɟɧ ɤ ɇɇU . 

 
Ɍɨɤ ɄɁ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ȼɇU , ɤȺ: 
 

(3)
Ʉ-3

10,512,10 1,105
115

I     

 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

100 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰɚɯ ɩɨ (4.14) [20], ɨ.ɟ: 

 

Ʉmax ɫɬɨɪ
Ʉmax

 ɫɬɨɪ ɛɚɡ.ɫɬɨɪ

1105 5 5,48
300 3,36I

I
I

K I
  

 
  

 
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɨɤ, ɪɚɜɧɵɣ ɬɨɤɭ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 

ɫɤɜɨɡɧɨɦ ɬɨɤɟ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ, ɩɨ (4.13) [20], ɨ.ɟ.: 
 

ɞ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪ Ʉmax( ) (2 1 0,1 0,16 0,02) 5,48 2,1I k k u f I         
  

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɫɨɝɥɚɫɧɨ (4.15) [20], ɨ.ɟ.: 
 

ɬ ɞɄmax Ʉmax( ) ɫos(180 ) 5,48 (5,48 2,1) cos15 4,23I I I I         

 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɩɨ (4.16) [20], ɨ.ɟ.: 
 

ɞ ɞ0
ɬ ɨɬɫ

ɬ ɬ0

2,1 0,3641,1 0,59
4,23 1,0

I I
k k

I I
    
 

. 

 
ɉɪɢɧɢɦɚɟɦ 60ɬ ,k  . ɍɝɨɥ ɧɚɤɥɨɧɚ ɬɨɪɦɨɡɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ α ɛɭɞɟɬ 

ɪɚɜɟɧ  α = arctg 0,6 = 31°. 
 
Ɍɨɤ ɬɨɪɦɨɠɟɧɢɹ ɛɥɨɤɢɪɨɜɤɢ ɩɨ (4.12) [20] ɪɚɜɟɧ, ɨ.ɟ: 
 

ɩɪɟɞ.ɧɚɝɪɨɬɫɬ.ɛɥ kkI  
ɛɚɡ.ɫɬɨɪɫɬɨɪ

ɧɨɦ.ɧɚɝɪ
IK

I

I
 

201,05 51,1 1,8 1,97
300 3,36


  


.    

 
ɉɪɢɧɢɦɚɟɦ 2ɬ.ɛɥ I  ɨ.ɟ. 
 
ɍɪɨɜɟɧɶ ɛɥɨɤɢɪɨɜɤɢ ɩɨ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɟ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 

15,0/ 12 ff II  (15 %). 

ɉɨ ɭɫɥɨɜɢɸ ɨɬɫɬɪɨɣɤɢ ɨɬ ɛɪɨɫɤɚ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ 

 
5,6ɨɬɫ I  ɨ.ɟ 

 
ɉɨ ɭɫɥɨɜɢɸ ɨɬɫɬɪɨɣɤɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ 

ɩɨ (4.18) [20], ɨ.ɟ: 
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ɨɬɫ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪɄmax1,5 ( ) 1,5 5,48 (3 1 0,1 0,16 0,02) 3,95I I k k u f          
  

ɉɪɢɧɢɦɚɟɦ 5,6ɨɬɫ I  ɨ.ɟ. 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɟɤɰɢɢ ɇɇ  
(ɬɨɱɤɚ Ʉ2). 
 

(3)
Ʉmin

ɱ
ȼɇɞ0 ɛɚɡ.ȼɇ

3 / 2 1105 3 / 2 2,61 2
0,364 3,36 300 /5I

I
k

I I K
    

   
 

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 2ɱ k . 
 
11.3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ 
 
ȼ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɡɚɳɢɬ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɨɜ («ɋɢɪɢɭɫ – Ɍ», «ɋɢɪɢɭɫ – Ɍ3», ɡɚɳɢɬɵ ɮɢɪɦɵ «ɗɄɊȺ» ɢ ɬ. ɞ.) ɦɚɤ-
ɫɢɦɚɥɶɧɵɟ ɬɨɤɨɜɵɟ ɡɚɳɢɬɵ (ɆɌɁ) ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɞɥɹ ɜɫɟɯ ɫɬɨɪɨɧ ɡɚɳɢ-
ɳɚɟɦɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
ɆɌɁ ɫɬɨɪɨɧ ɇɇ 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɫ ɭɱɟɬɨɦ ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɫɟɤɰɢɨɧɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ȺȼɊ ɩɨ (4.20) [20], Ⱥ: 

 

max.ɪɚɛ
ɜ

ɫɡɩɨɬɫ
c.ɡ I

k

kk
I    

 
ɝɞɟ ɫɡɩk  - ɤɨɷɮɮɢɰɢɟɧɬ ɫɚɦɨɡɚɩɭɫɤɚ, ɡɚɜɢɫɢɬ ɨɬ ɭɞɚɥɟɧɧɨɫɬɢ ɢ ɩɪɨɰɟɧɬ-

ɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɚɝɪɭɡɤɟ ɞɜɢɝɚɬɟɥɟɣ. Ɇɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 4÷4,5 ɞɥɹ ɩɪɨ-
ɦɵɲɥɟɧɧɵɯ, 2,5 ɞɥɹ ɝɨɪɨɞɫɤɢɯ ɢ 2 ɞɥɹ ɫɟɥɶɫɤɢɯ ɫɟɬɟɣ (ɭɬɨɱɧɹɟɬɫɹ ɪɚɫɱɟɬɨɦ); 

ɨɬɫk - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɪɚɜɟɧ 1,2; 

ɜk  - ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɪɚɜɟɧ 
0,92÷0,95; 

ɪɚɛ.maxI - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ 
ɡɚɳɢɬɵ. 

 
Ɍɨɤ ɧɚɝɪɭɡɤɢ ɧɚ ɨɛɦɨɬɤɚɯ ɇɇ, Ⱥ: 
 

ɧɨɦ
ɧɨɦɇɇ1 ɧɨɦɇɇ2

ɇɇ

/ 2
3

S
I I

U
 


, 
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ɧɨɦɇɇ1 ɧɨɦɇɇ2
40000 1101,02

2 3 10,5
I I  

 
 

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫɨɫɬɚɜɥɹɟɬ 0,7Sɧɨɦ . 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ȺȼɊ, Ⱥ: 
 

ɧɨɦ ɫɡɩ ɧɨɦɪɚɛ.max 0,7 0,7I I k I   , 

 

ɪɚɛ.max 0,7 1101,02 4 0,7 1101,02 3853,57I       , 

 

ɫ.ɡ.ɇɇ1 ɫ.ɡ.ɇɇ2
1,2 3853,57 4972,35
0,93

I I    , 

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɟɤɰɢɢ ɜ 

ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ (ɬɨɱɤɚ Ʉ2). Ɍɨɤ ɄɁ ɪɚɜɟɧ 0 2 12,1ɉ ɄI   ɤȺ (ɩɪɢɜɟɞɟɧ ɤ 

ɇɇU ). 
 

(2)
ɉ0-Ʉ2

ɱ
ɫ.ɡ.ɇɇ1

12100 3 / 2 2,1 1,5
4972,35

I
k

I
     

 
Ɂɚɳɢɬɚ ɩɪɨɯɨɞɢɬ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɆɌɁ ɫɬɨɪɨɧɵ ɇɇ ɫ ɩɭɫ-

ɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 
ȼɬɨɪɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɇɇ (ɭɫɬɚɜɤɚ), Ⱥ: 
 

ɫ.ɡɇɇ1
c.ɪ

4972 12,43
2000/5I

I
I

K
   , 

 

ɭɫɬ.ɆɌɁɇɇ1 ɭɫɬɆɌɁɇɇ2 12,43I I   

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɇɇ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ t  

ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ: 
 

ttt  ɢɫ.ɫ.ɡ.ɨɬɯ.ɩɪɋȼ ɫ.ɡ  = 0,4 + 0,3 = 0,7 ɫ, 

 

013070ɫ.ɡ.CBɫ.ɡ.ɇɇ2ɫ.ɡ.ɇɇ1 ,,,tttt  ɫ, 
 

ɝɞɟ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ Δt ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 0,3 ɫ. 
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ɆɌɁ ɫɬɨɪɨɧɵ ȼɇ 
 
ɆɌɁ ɫɬɨɪɨɧɵ ȼɇ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɭɫɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ. 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ (4.29) [20], Ⱥ: 
 

ɨɬɫ
ɫ.ɡ.ȼɇ ɧɨɦ.ȼɇ

ɜ

1,2 201,05 259,42
0,93

kI I
k

     

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɆɌɁ ȼɇ ɩɨ ɬɨɤɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ 

ɫɟɤɰɢɢ 10,5 ɤȼ (Ɍɨɱɤɚ Ʉ2). 
 
Ɍɨɤ ɄɁ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɚɩɪɹɠɟɧɢɸ ȼɇU  ɪɚɜɟɧ, Ⱥ: 
 

(3)
Ʉ-2

10,512100 1104,78
115

I    , 

 
 2
Ʉ-2min

ɱ
ɫ.ɡ

3 / 21104,78 3,68 1,5
259,42

I
k

I
     

 
Ⱦɥɹ ɩɭɫɤɚ ɆɌɁ ȼɇ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɩɭɫɤɨɜɵɯ ɨɪɝɚɧɚ 

ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɡɚɳɢɬ ɆɌɁ ɇɇ1 ɢ ɆɌɁ ɇɇ2. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɟɥɟ ɧɚɩɪɹɠɟɧɢɹ (ɩɨɞɤɥɸɱɚ-

ɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɚɯ ɇɇ) ɫɨɝɥɚɫɧɨ (4.30) [20], ɤȼ: 
 

9365106060 ɧɨɦɇɇɫ.ɡ.ȼɇ ,,,U,U   

 
ɍɫɬɚɜɤɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ, ȼ: 
 

3
ɫ.ɡ

ɫ.ɪ.
6.93 10 60

10500 /100U

U
U

K
    

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɧɚɩɪɹɠɟɧɢɹ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɢ ɩɨ (4.32) [20] ɪɚɜɧɨ, ɤȼ: 
 

630510060060 ɧɨɦɫ.ɡ.2 ,,,U,U  , 

 
3

2ɫ.ɡ.
2c.p

0,63 10
6 ȼ

10500 /100U

U
U

K


    

 
ȼɬɨɪɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ȼɇ ɪɚɜɟɧ, Ⱥ: 
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ɫ.ɡ.ȼɇ
ɫ.ɪ.ȼɇ

I ȼɇ

259,42 4,32
300/5

I
I

K
   , 

 

ɭɫɬ.ɆɌɁ ȼɇ 4,32I   

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ȼɇ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ t  

ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɫɬɨɪɨɧɵ ɇɇ 
 

313001ɫ.ɡ.ɇɇɫ.ɡ.ȼɇ ,,,ttt   ɫ. 
 
 
11.4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ 
 
ɇɚ ɩɨɧɢɠɚɸɳɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɫ ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɫɬɨɪɨɧɵ ɇɇ 

ɡɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɤɚɠɞɨɦ ɜɜɨɞɟ ɫɬɨɪɨɧɵ ɇɇ ɢ ɧɚ ɫɬɨ-
ɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɫɬɨɪɨɧɵ ɇɇ (ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ 
ɬɨɤɚ ɫɬɨɪɨɧɵ ɇɇ), Ⱥ: 

 

ɨɬɫ
ɧɨɦ.ɇɇɫ.ɡ.ɇɇ1 ɫ.ɡ.ɇɇ2

1,2 1101,02 1420,67
0,93ɜ

kI I I
k

       

 
Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɫɬɨɪɨɧɵ ȼɇ (ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ 

ɬɨɤɚ ɫɬɨɪɨɧɵ ȼɇ), Ⱥ: 
 

ɨɬɫ
ɫ.ɡ.ȼɇ ɧɨɦ.ȼɇ

1,2 201,05 259,42
0,93ɜ

kI I
k

     , 

 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ ɩɪɢɧɹɬ ɪɚɜɧɵɦ kɨɬɫ = 1,2; ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ kɜ 
= 0,93. 

 
ɍɫɬɚɜɤɢ ɡɚɳɢɬɵ, Ⱥ: 
 

ɫ.ɡ.ɇɇ
ɫ.ɪ.ɇɇ1 ɫ.ɪ.ɇɇ2

I ɇɇ

1420,67 3,55
2000/5

I
I I

K
    , 

 

ɫ.ɡ.ȼɇ
ɫ.ɪ.ȼɇ

I ȼɇ

259,42 4,32
300/5

I
I

K
     

 
Ɂɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɞɟɣɫɬɜɭɸɬ ɧɚ ɫɢɝɧɚɥ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9 ɫ. 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

105 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

11.5 Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɧɚ ɛɚɡɟ ɪɟɥɟ ɊȽɌ-80 
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɦɨɳ-

ɧɨɫɬɶɸ ɜɵɲɟ 1000 ɤȼȺ.  
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɜɟɫɶɦɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɵ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ.  
Ɉɫɧɨɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɝɚɡɨɜɨɣ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ: ɩɪɨɫɬɨɬɚ ɟѐ 

ɭɫɬɪɨɣɫɬɜɚ, ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɦɚɥɨɟ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɩɪɢ ɡɧɚɱɢɬɟɥɶ-
ɧɵɯ ɩɨɜɪɟɠɞɟɧɢɹɯ, ɞɟɣɫɬɜɢɟ ɧɚ ɫɢɝɧɚɥ ɢɥɢ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɡɦɟɪɨɜ ɩɨɜɪɟɠɞɟɧɢɹ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɧɚ ɨɬɤɥɸ-
ɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  

ɉɨɜɪɟɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɜɨɡɧɢɤɚɸɳɢɟ ɜɧɭɬɪɢ ɟɝɨ ɤɨɠɭɯɚ, ɫɨɩɪɨ-
ɜɨɠɞɚɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɨɣ ɢɥɢ ɧɚɝɪɟɜɨɦ ɞɟɬɚɥɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɨ-
ɠɟɧɢɸ ɦɚɫɥɚ ɢ ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɥɟɬɭɱɢɯ ɝɚɡɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɜ ɜ ɤɨɠɭɯɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɞɜɢɠɟɧɢɟ 
ɦɚɫɥɚ ɜ ɫɬɨɪɨɧɭ ɪɚɫɲɢɪɢɬɟɥɹ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɪɢɡɧɚɤɨɦ ɩɨɜɪɟɠɞɟɧɢɹ ɜɧɭɬɪɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɗɬɢ ɩɪɢɡɧɚɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ ɡɚ-
ɳɢɬɵ ɩɪɢ ɩɨɦɨɳɢ ɝɚɡɨɜɵɯ ɪɟɥɟ, ɪɟɚɝɢɪɭɸɳɢɯ ɧɚ ɩɨɹɜɥɟɧɢɟ ɝɚɡɚ ɢ ɞɜɢɠɟɧɢɟ 
ɦɚɫɥɚ.  

Ƚɚɡɨɜɨɟ ɪɟɥɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɬɪɭɛɟ, ɫɨɟɞɢɧɹɸɳɟɣ ɤɨɠɭɯ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɫ ɪɚɫɲɢɪɢɬɟɥɟɦ ɬɚɤ, ɱɬɨɛɵ ɱɟɪɟɡ ɧɟɝɨ ɩɪɨɯɨɞɹɳɢɣ ɝɚɡ ɢ ɩɨɬɨɤ ɦɚɫɥɚ, 
ɭɫɬɪɟɦɥɹɸɳɢɟɫɹ ɜ ɪɚɫɲɢɪɢɬɟɥɶ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ.  

Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɟɝɨ ɨɛɦɨɬɨɤ ɢ ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɢɬɤɨɜɵɯ ɡɚɦɵɤɚɧɢɹɯ, ɧɚ ɤɨ-
ɬɨɪɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɬɨɥɶɤɨ ɩɪɢ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɢɬɤɨɜ, 
ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɟ ɪɟɚɝɢɪɭɟɬ ɫɨɜɫɟɦ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ ɢ ɜɵɲɟ 
ɩɨɫɬɚɜɥɹɸɬɫɹ ɜɦɟɫɬɟ ɫ ɝɚɡɨɜɨɣ ɡɚɳɢɬɨɣ.  

 
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɧɟ ɞɟɣɫɬɜɭɟɬ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɧɚ ɜɵɜɨɞɚɯ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɚ ɢ ɞɨɥɠɧɚ ɜɵɜɨɞɢɬɶɫɹ ɢɡ ɞɟɣɫɬɜɢɹ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɨɩɚɫɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɜɨɡ-
ɞɭɯɚ ɜ ɤɨɠɭɯɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɬ.ɟ. ɩɨɫɥɟ ɞɨɥɢɜɤɢ ɦɚɫɥɚ, ɪɟɦɨɧɬɚ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɢ ɜɤɥɸɱɟɧɢɹ ɟɝɨ ɜɧɨɜɶ).  
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12 Ɋɚɫɱɟɬ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ  
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 1 ɤȼ ɢ ɜɵɲɟ 

ɫɟɬɢ ɫ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜɵɩɨɥɧɹɸɬɫɹ ɱ ɭɱɟɬɨɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ 0,5ɁR    Ɉɦ ɢɥɢ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ. 

Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɪɚɫɱѐɬɚ – ɡɚɦɟɧɚ ɫɥɨɠɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɪɚɫɱɟɬɧɨɣ ɤɜɚɞ-
ɪɚɬɧɨɣ ɦɨɞɟɥɶɸ ɩɪɢ ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ɢɯ ɩɥɨɳɚɞɟɣ S, ɨɛɳɟɣ ɞɥɢɧɵ LȽ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɝɥɭɛɢɧɵ ɢɯ ɡɚɥɨɠɟɧɢɹ t, ɱɢɫɥɚ ɢ ɞɥɢɧɵ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɡɚɡɟɦɥɢɬɟɥɟɣ ɢ ɝɥɭɛɢɧɵ ɢɯ ɡɚɥɨɠɟɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 9 – ɉɥɚɧ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ: 1 – ɨɝɪɚɠɞɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ; 
2 – ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ  

 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ, ɫ: 
 

, , ,ȼ ɪ ɡ ɨɬɤ ȼt t     (167) 

ɝɞɟ     tɪ,ɡ – ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɫ; 
tɨɬɤ,ȼ – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 
 

0,12 0,05 0,17ȼ     

 
ɉɨ [2, ɫ. 596] ɫ ɭɱɟɬɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɹɟɦ ɞɨɩɭɫɬɢɦɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ Uɉ.ȾɈɉ = 400 ȼ. 
ȼ ɪɚɫɱɟɬɚɯ ɦɧɨɝɨɫɥɨɣɧɵɣ ɝɪɭɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɜɭɯɫɥɨɣɧɵɦ: ɜɟɪɯɧɢɣ 

ɬɨɥɳɢɧɨɣ h ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ρ1, ɧɢɠɧɢɣ ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟɦ ρ2. ȼɟɥɢɱɢɧɵ ρ1, ρ2, h ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɚɦɟɪɨɜ. ɉɨ [2] ɩɪɢɧɢɦɚɟɦ 
ρ1= 500 Ɉɦ·ɦ (ɩɟɫɨɤ); ρ2=100 Ɉɦ∙ɦ (ɫɭɝɥɢɧɨɤ), h = 2 ɦ. 
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Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɤɨɫɧɨɜɟɧɢɹ: 

0,45
,

( )
ɉ

ȼ Ƚ

M
k

l L

a S







  (168) 

 
ɝɞɟ     lȼ = 5 ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ, ɦ; 

LȽ = 387 ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ; 
a = 5 ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, ɦ; 
S = 1325 ɩɥɨɳɚɞɶ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɦ2; 
M = 0,75 ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ρ1/ ρ2; ߚ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ Rɑ ɢ   

ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɪɚɫɬɟɤɚɧɢɹ ɬɨɤɚ ɨɬ ɫɬɭɩɧɟɣ Rɋ: 
 

,ɑ

ɑ ɋ

R

R R
 

   (169) 

 
ɝɞɟ     Rɑ = 1000 Ɉɦ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ; 

Rɋ = 1,5∙ ρ1 – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɭɩɧɢ ɱɟɥɨɜɟɤɚ. 
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1000 1,5 500
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ɉɨɬɟɧɰɢɚɥ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ, ȼ: 
 

, ,ɉɊ ȾɈɉ
Ɂ

ɉ

U
U

k
   (170) 

 
400

3333
0,12ɁU    

 
ɑɬɨ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ (ɦɟɧɶɲɟ 10 ɤȼ). 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, Ɉɦ: 
 

,Ɂ
Ɂ

Ɂ

U
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   (171) 
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ɝɞɟ     IɁ – ɬɨɤ, ɫɬɟɤɚɸɳɢɣ ɫ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣ-
ɫɬɜɚ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ, Ⱥ: 

 

1(0,4 0,6) ,Ɂ ɤɡɄI I     (172) 
 

0,5 2139 1069,5ɁI    ,   
 

,

3333
3,12

1069,5Ɂ ɞɨɩR      

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɡɚɦɟɧɹɟɬɫɹ ɫɥɨɠɧɵɣ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɡɚɡɟɦɥɢ-

ɬɟɥɶ ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɤɜɚɞɪɚɬɧɭɸ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ. Ɂɚɦɟɧɚ ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɩɥɨɳɚɞɟɣ ɪɟɚɥɶɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɢ ɟɝɨ ɦɨɞɟɥɢ.  

 

 
Ɋɢɫɭɧɨɤ 10 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ  

 
Ⱦɥɢɧɚ ɫɬɨɪɨɧɵ ɦɨɞɟɥɢ ɪɚɜɧɚ, ɦ: 
 

25 53 36,4S      
 
ɑɢɫɥɨ ɹɱɟɟɤ ɩɨ ɫɬɨɪɨɧɟ ɤɜɚɞɪɚɬɚ: 
 

1,
2

ȽL
m

S
 


  (173) 
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618
1 7,49

2 36,4
m   


   

 
ɉɪɢɧɢɦɚɟɦ m = 8. 
 
Ⱦɥɢɧɚ ɩɨɥɨɫ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ, ɦ: 
 

` 2 ( 1),ȽL S m      (174) 
 

` 2 36,4 (8 1) 655,2ȽL         
 
Ⱦɥɢɧɚ ɫɬɨɪɨɧ ɹɱɟɣɤɢ, ɦ: 
 

,
S

b
m

   (175) 

 
36,4

4,55
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b      

 
ɑɢɫɥɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɨɧɬɭɪɚ ɩɪɢ a/lȼ = 1: 
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36,4 4

29,12
5ȼn


    

 
ɉɪɢɧɢɦɚɟɦ nȼ = 29. 
 
Ɉɛɳɚɹ ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ: 
 

,ȼ ȼ ȼL l n    (177) 
 

5 29 145ȼL       
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ: 
 

5 0,7
0,157 0,1

36,4
ȼl t

S

 
   ,  
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(0,385 0,25 ),ȼl t
A

S


     (178) 

 
5 0,7

(0,385 0,25 ) 0,346
36,4

A


     ,  

 
ɉɨ [2] ɞɥɹ ρ1/ ρ2 = 5, a/lȼ = 1, 
 

2 0,7
0,26

5ȼ

h t

l

 
    , 

 
Ɉɩɪɟɞɟɥɹɟɦ ρɗ/ ρ2 = 1,22, ɬɨɝɞɚ ρɗ = 1,22∙ ρ2 = 1,22∙100 = 122 Ɉɦ∙ɦ. 
 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ, Ɉɦ: 
 

`
,Э Э

Ɂ
Ƚ ȼ

R A
L LS

 
  

   (179) 

 
122 122

0,346 1,312
36,4 655,2 145ɁR    


    

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ, 

Ɉɦ: 

, ,Ɂ Ɂ ɞɨɩR R    

 

1,31 ˂  3,12 
 
ɇɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ȼ: 
 

,ɉɊ ɉ Ɂ ɁU k I R     (180) 
 

0,12 1069,5 1,312 168,38ɉɊU         
 
ɑɬɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ 400 ȼ. 
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13 Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ 
 
Ɇɨɥɧɢɟɡɚɳɢɬɧɚɹ ɫɢɫɬɟɦɚ (ɆɁɋ) – ɷɬɨ ɤɨɦɩɥɟɤɫ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ ɥɸɞɟɣ, ɫɨɯɪɚɧɧɨɫɬɢ ɡɞɚɧɢɣ ɫ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɝɪɨɡɨɜɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɢ ɩɨɞɫɬɚɧɰɢɢ ɩɨ [] ɨɬɧɨɫɹɬɫɹ ɤ ɫɩɟɰɢɚɥɶɧɵɦ  ɨɛɴ-
ɟɤɬɚɦ ɢ ɩɨ ɨɬɪɚɫɥɟɜɨɦɭ ɪɭɤɨɜɨɞɹɳɟɦɭ ɞɨɤɭɦɟɧɬɭ ɊȾ 153 – 34.3 – 35.125 – 99, 
ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɳɢɬɵ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 0.995 []. 

Ɂɚɳɢɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɈɊɍ) ɨɬ 
ɉɍɆ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɬɟɪɠɧɟɜɵɦɢ ɢ ɬɪɨɫɨɜɵɦɢ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ. ɉɨɫɥɟɞɧɢɟ 
ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɨɲɢɧɨɜɤɢ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɩɪɨɬɹɠɟɧɧɨ-
ɫɬɢ.  

ɋɬɟɪɠɧɟɜɵɟ ɦɨɥɧɢɟɨɬɜɨɞɵ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɫɬɟɪɠɧɟɣ (ɦɨɥɧɢɟɩɪɢɟɦɧɢɤɨɜ), ɜɨɡɜɵɲɚɸɳɢɯɫɹ ɧɚɞ ɡɚɳɢɳɚɟɦɵɦɢ ɨɛɴ-
ɟɤɬɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɡɚɡɟɦɥɢɬɟɥɟɦ. Ɇɢɧɢɦɚɥɶɧɵɟ ɫɟɱɟɧɢɹ ɦɨɥɧɢɟɩɪɢɟɦɧɢ-
ɤɨɜ: ɞɥɹ ɫɬɚɥɢ – 50 ɦɦ², ɚɥɸɦɢɧɢɹ – 70 ɦɦ² ɢ ɦɟɞɢ  35 ɦɦ² [1]. 

Ɂɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɫɜɹɡɚɧɨ ɫ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɩɨɪɚɠɚɟɦɨ-
ɫɬɶɸ ɦɨɥɧɢɟɣ ɜɵɫɨɤɢɯ ɨɛɴɟɤɬɨɜ. Ɂɨɧɨɣ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚɡɵɜɚɸɬ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɜɨɤɪɭɝ ɦɨɥɧɢɟɨɬɜɨɞɚ ɡɚɞɚɧɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɨɬɥɢɱɚɸɳɟɟɫɹ ɬɟɦ, ɱɬɨ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɭɞɚɪɚ ɦɨɥɧɢɢ ɜ ɨɛɴɟɤɬ, ɰɟɥɢɤɨɦ ɪɚɡɦɟɳɟɧɧɵɣ ɜ ɟɝɨ ɨɛɴɟɦɟ, ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

 
ȼɵɹɜɥɹɟɦ ɨɛɴɟɤɬ, ɬɪɟɛɭɸɳɢɣ ɡɚɳɢɬɵ ɨɬ ɭɞɚɪɨɜ ɦɨɥɧɢɢ, ɢɦɟɸɳɢɣ 

ɧɚɢɛɨɥɶɲɭɸ ɜɵɫɨɬɭ ɧɚ ɈɊɍ h11,35 = ݔ ɦ. 
hx =11,35 ɦ – ɜɵɫɨɬɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɝɢɛɤɢɟ ɲɢɧɵ);  
h = 19 ɦ – ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ ɞɥɹ 110 ɤȼ; 
hɚ = h-hx – ɜɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɦɨɥɧɢɟɨɬɜɨɞɚ; 
a1 = 23,5 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ; 
a2 = 27,8 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ; 
rx – ɡɨɧɚ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ. 
 
ȼɵɛɢɪɚɟɦ ɧɚɢɛɨɥɶɲɢɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, ɨɛɪɚɡɨɜɚɧɧɵɣ ɬɨɱɤɚɦɢ ɭɫɬɚɧɨɜɤɢ 

ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ ɪɢɫ.17.1 ɷɬɨ ɬɨɱɤɢ 1-2-3-4. Ɋɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ 27,8 ɯ 
23,5 ɦ. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɨ ɪɚɡɦɟɪɚɦ ɷɬɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɞɥɢɧɭ ɞɢɚɝɨɧɚɥɢ L1-5, ɦ2: 
 

2 2
1 4 1 2,L a a     (181) 

 
2 2

1 4 23,5 27,8 36,4L       
 
Ⱦɥɹ ɧɚɞɟɠɧɨɫɬɢ ɡɚɳɢɬɵ 0,995 
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max 4,35 ,L h    (182) 
 

max 4,35 19 82,7L    ,  
 

2,25 ,CL h    (183) 
 

2,25 19 42,8CL       
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ, ɦ: 
 

1 4 max,CL L L     (184) 
 
16,8 ˂ 42,8 ˂ 82,7 
 
Ɋɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ: 
 

0 (1,1 0,002 ) ,r h h     (185) 
 

0 (1,1 0,002 19) 19 20,2r          
 
ȼɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɡɨɧɵ, ɦ: 
 

0 0,85 ,h h    (186) 
 

0 0,85 19 16,2h       
 
ɇɚɯɨɞɢɦ ɪɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ rx ɧɚ ɜɵɫɨɬɟ ɲɢɧ 

hx= 11,35 ɦ, ɦ 
 

(1,1 0,002 ) ( ),
0,85

x
x

h
r h h       (187) 

 
11,35

(1,1 0,002 19) (19 ) 6
0,85xr          

 
Ɂɨɧɚ ɡɚɳɢɬɵ ɞɜɨɣɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ ɩɪɢ 
 L > h: 
 

4
0 (0,17 3 10 ) ( ),ɋh h h L h         (188) 

 
416,2 (0,17 3 10 19) (36,4 19) 13,1ɋh         ,   
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0 ,C x
cx

C

h h
r r

h


    (189) 

 
13,1 11,35

20,2 2,75
13,1cxr


       

   
ɉɪɟɞɟɥɶɧɚɹ ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ hɉ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨ-

ɜɚɥɚ ɜ ɡɨɧɟ ɡɚɳɢɬɵ ɞɜɭɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ 
ɧɢɦɢ L1-4, ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɳɢɬɵ Pɡ=0.995: 

 
42,8

19
2,25ɉh      

 
 

 
Ɋɢɫɭɧɨɤ 11 – Ɂɨɧɚ ɡɚɳɢɬɵ ɲɟɫɬɢ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ ɜɵɫɨɬɟ 

ɏh  ɢ Ɉh  
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Ɋɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ Ƚɉɉ ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ 6 ɦɨɥɧɢɟɨɬɜɨ-
ɞɨɜ ɤɚɠɞɵɣ ɜɵɫɨɬɨɣ 19 ɦɟɬɪɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢ-
ɫɭɧɤɟ. 
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14 ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. Ɍɟɤɭɳɢɣ ɪɟɦɨɧɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 10-500 ɤȼ 
3. Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
3.1 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɬɟɤɭɳɟɦɭ ɪɟɦɨɧɬɭ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɮɨɪɦɢɬɶ ɧɚɪɹɞ-ɞɨɩɭɫɤ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɤɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɩɨɪɹɞɤɟ ɢ ɩɟɪɟɞɚɬɶ ɟɝɨ ɨɩɟɪɚ-
ɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ. 

3.2 Ɋɚɛɨɬɵ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɟɦɨɧɬɧɵɦ ɩɟɪɫɨɧɚɥɨɦ, ɞɨ-
ɩɭɳɟɧɧɵɦ ɤ ɞɚɧɧɨɦɭ ɜɢɞɭ ɪɚɛɨɬ, ɢɡɭɱɢɜɲɢɦ ɧɚɫɬɨɹɳɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɢɧɫɬɪɭɤɰɢɸ. 

3.3 Ɋɭɤɨɜɨɞɢɬɟɥɶ ɪɚɛɨɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɢ ɞɨɩɭɫɤɚɸɳɢɣ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 
ɪɚɛɨɬ ɩɪɨɜɟɪɹɸɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɩɪɚ-
ɜɢɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜ-
ɥɟɧɧɵɯ ɧɚ ɛɟɡɨɩɚɫɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ. 

3.4 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬ ɪɚɛɨɱɚɹ ɡɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɛɪɚɧɚ ɨɬ ɩɨɫɬɨɪɨɧ-
ɧɢɯ ɩɪɟɞɦɟɬɨɜ, ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɦɟɳɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ: ɢɧ-
ɫɬɪɭɦɟɧɬ ɢ ɨɫɧɚɫɬɤɚ. 

3.5 ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɪɟɦɨɧɬɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɪɭɤɨɜɨɞɫɬɜɨ-
ɜɚɬɶɫɹ ɩɪɚɜɢɥɚɦɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɭɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.1. 

3.6 Ɋɚɛɨɱɚɹ ɡɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɨɫɜɟɳɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ 
ɩɪɚɜɢɥɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɧɚ Ⱥɗɋ. 

3.7 ɇɚ ɈɊɍ ɢ ȼɅ ɫ ɧɚɩɪɹɠɟɧɢɟɦ – 330 ɤȼ ɢ ɜɵɲɟ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟ-
ɱɟɧɚ ɡɚɳɢɬɚ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɬ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ, ɫɩɨɫɨɛɧɨɝɨ ɨɤɚɡɵɜɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ 
ɢ ɜɵɡɵɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɡɪɹɞɨɜ ɩɪɢ ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɤ ɡɚɡɟɦɥɟɧ-
ɧɵɦ ɢɥɢ ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɨɬ ɡɟɦɥɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɦ ɨɛɴɟɤɬɚɦ. 

3.8 Ⱦɨɩɭɫɬɢɦɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɧɟɢɫɤɚɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨ-
ɫɬɚɜɥɹɟɬ 5 ɤȼ/ɦ. ɉɪɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 
ɜɵɲɟ 5 ɤȼ/ɦ (ɪɚɛɨɬɚ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ) ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟ-
ɧɹɬɶ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɢɥɢ ɡɚɳɢɬɭ ɜɪɟɦɟɧɟɦ. 

3.9 ɉɪɢ ɭɪɨɜɧɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɗɉ ɫɜɵɲɟ 5 ɞɨ 20 ɤȼ/ɦ ɞɨɩɭɫɬɢɦɨɟ 
ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɍ = 50/ȿ - 2, ɝɞɟ ȿ - ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɗɉ, ɤȼ/ɦ; 
Ɍ - ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ, ɱ. 

3.10 Ɇɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ ɧɚ ɩɧɟɜɦɨɤɨɥɟɫɧɨɦ ɯɨɞɭ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɡɨɧɟ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ. ɉɪɢ ɢɯ ɩɟɪɟɞɜɢ-
ɠɟɧɢɢ ɜ ɷɬɨɣ ɡɨɧɟ ɞɥɹ ɫɧɹɬɢɹ ɧɚɜɟɞɟɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɦɟ-
ɬɚɥɥɢɱɟɫɤɭɸ ɰɟɩɶ, ɩɪɢɫɨɟɞɢɧɟɧɧɭɸ ɤ ɲɚɫɫɢ ɢɥɢ ɤɭɡɨɜɭ ɢ ɤɚɫɚɸɳɭɸɫɹ ɡɟɦɥɢ. 

3.11 ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜ-
ɤɚɯ ɭɤɚɡɵɜɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɡɨɧɟ ɜɥɢɹ-
ɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɫɬɪɨɤɟ «Ɉɬɞɟɥɶɧɵɟ ɭɤɚɡɚɧɢɹ». 

3.12 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɩɪɨɢɡɜɟɫɬɢ ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɨɬɤɥɸɱɟɧɢɹ ɢ ɩɪɢɧɹɬɶ ɦɟɪɵ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɨɲɢɛɨɱɧɨɦɭ ɢɥɢ ɫɚɦɨ-
ɩɪɨɢɡɜɨɥɶɧɨɦɭ ɜɤɥɸɱɟɧɢɸ ɜɵɤɥɸɱɚɬɟɥɹ (ɪɚɡɨɛɪɚɬɶ ɰɟɩɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɬɨɤɚ). 
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3.13 ȼɵɜɟɫɢɬɶ ɡɚɩɪɟɳɚɸɳɢɟ ɩɥɚɤɚɬɵ «ɇɟ ɜɤɥɸɱɚɬɶ! Ɋɚɛɨɬɚɸɬ ɥɸɞɢ» ɧɚ 
ɤɥɸɱɚɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɦ. 

3.14 ɉɪɨɜɟɪɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɤɨɬɨɪɵɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɥɸɞɟɣ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨ-
ɤɨɦ. 

3.15 ɍɫɬɚɧɨɜɢɬɶ ɡɚɡɟɦɥɟɧɢɹ (ɜɤɥɸɱɢɬɶ ɡɚɡɟɦɥɹɸɳɢɟ ɧɨɠɢ). ȼɵɜɟɫɢɬɶ 
ɭɤɚɡɚɬɟɥɶɧɵɟ ɩɥɚɤɚɬɵ “Ɂɚɡɟɦɥɟɧɨ”. 

3.16 ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɭɱɚɫɬɤɚɯ ɨɬɤɥɸɱɟɧɧɵɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɫɧɹɬɢɹ ɧɚɜɟɞɟɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ. 
ɉɪɢɤɚɫɚɬɶɫɹ ɤ ɨɬɤɥɸɱɟɧɧɵɦ, ɧɨ ɧɟ ɡɚɡɟɦɥɟɧɧɵɦ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ ɛɟɡ 
ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. Ɋɟɦɨɧɬɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ ɨɫɧɚɫɬɤɚ, ɤɨɬɨ-
ɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɨɬ ɡɟɦɥɢ, ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦ-
ɥɟɧɵ. 

3.17 ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɲɟɧɵ ɩɥɚɤɚɬɵ «Ɂɚɡɟɦɥɟɧɨ» 
ɧɚ ɩɪɢɜɨɞɚɯ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, ɨɬɞɟɥɢɬɟɥɟɣ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚɝɪɭɡɤɢ, ɩɪɢ ɨɲɢ-
ɛɨɱɧɨɦ ɜɤɥɸɱɟɧɢɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɚɧɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɟɧɧɵɣ 
ɭɱɚɫɬɨɤ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɢ ɧɚ ɤɥɸɱɚɯ ɢ ɤɧɨɩɤɚɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ. 

3.18 Ɉɝɪɚɞɢɬɶ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɫɢɝɧɚɥɶɧɨɣ ɥɟɧɬɨɣ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɢ 
ɜɵɜɟɫɢɬɶ ɧɚ ɨɝɪɚɠɞɟɧɢɟ ɩɥɚɤɚɬɵ ɛɟɡɨɩɚɫɧɨɫɬɢ «ɋɬɨɣ! ɇɚɩɪɹɠɟɧɢɟ» ɥɢɰɟɜɨɣ 
ɫɬɨɪɨɧɨɣ ɜɧɭɬɪɶ. ɇɚ ɤɚɠɞɨɣ ɮɚɡɟ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜɵɜɟɫɢɬɶ ɩɥɚɤɚɬɵ «Ɋɚɛɨɬɚɬɶ 
ɡɞɟɫɶ». 

3.19 ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɦɨɧɬɢɪɭɟɦɨɝɨ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɩɪɨɢɡɜɟɫɬɢ ɜɵɪɭɛɤɭ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 

3.20 ɉɪɢ ɪɚɛɨɬɟ, ɜɵɩɨɥɧɹɟɦɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɞɴɟɦɧɢɤɚ, ɩɨɞɴɟɦɧɢɤ 
ɞɨɥɠɟɧ ɛɵɬɶ ɡɚɡɟɦɥɟɧ ɦɟɞɧɵɦ, ɝɢɛɤɢɦ ɩɪɨɜɨɞɧɢɤɨɦ ɫɟɱɟɧɢɟɦ ɧɟ ɦɟɧɟɟ 16 
ɦɦ2. 

3.21 ɉɪɢ ɪɚɛɨɬɟ ɫ ɚɜɬɨɩɨɞɴёɦɧɢɤɚ ɡɚɩɪɟɳɚɟɬɫɹ ɩɪɢɛɥɢɠɚɬɶ ɥɸɥɶɤɭ ɤ 
ɫɨɫɟɞɧɢɦ ɲɢɧɚɦ ɧɚ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɸ ɪɚɫɫɬɨɹɧɢɟ: 

-U=110 ɤȼ < 1,5 ɦ; 
-U=220 ɤȼ < 2,5 ɦ; 
-U=500 ɤȼ < 4,5 ɦ; 
3.22 ɂɡɦɟɪɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɞɨɥɠɧɨ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶɫɹ ɧɚ ɨɬɤɥɸɱɟɧɧɵɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɫ ɤɨɬɨɪɵɯ ɫɧɹɬ ɡɚɪɹɞ ɩɭɬɟɦ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɯ ɡɚɡɟɦɥɟɧɢɹ. Ɂɚɡɟɦɥɟɧɢɟ ɫ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɫɥɟɞɭɟɬ 
ɫɧɢɦɚɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɦɟɝɚɨɦɦɟɬɪɚ. 

3.23 ɂɡɦɟɪɹɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɦɨɠɟɬ ɪɚɛɨɬɧɢɤ, 
ɢɦɟɸɳɢɣ ɝɪɭɩɩɭ III. 

3.24 ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɬɨɤɨɜɟɞɭ-
ɳɢɯ ɱɚɫɬɟɣ ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɩɪɨɜɨɞɚ ɫɥɟɞɭɟɬ ɩɪɢɫɨɟɞɢɧɹɬɶ ɤ ɧɢɦ ɫ ɩɨɦɨɳɶɸ 
ɢɡɨɥɢɪɭɸɳɢɯ ɞɟɪɠɚɬɟɥɟɣ (ɲɬɚɧɝ). ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 
1000 ȼ, ɤɪɨɦɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɟɪɱɚɬɤɚɦɢ. 

3.25 ɉɪɢ ɪɚɛɨɬɟ ɫ ɦɟɝɚɨɦɦɟɬɪɨɦ ɩɪɢɤɚɫɚɬɶɫɹ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ, ɤ 
ɤɨɬɨɪɵɦ ɨɧ ɩɪɢɫɨɟɞɢɧɟɧ, ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɫɥɟɞɭɟɬ 
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ɫɧɹɬɶ ɫ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɨɫɬɚɬɨɱɧɵɣ ɡɚɪɹɞ ɩɭɬɟɦ ɢɯ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɡɚ-
ɡɟɦɥɟɧɢɹ. 

3.26 ɉɪɢ ɪɟɦɨɧɬɟ ɢɡɨɥɹɬɨɪɨɜ ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɪɟɡɤɢ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɫɬɪɵɯ ɪɟɠɭɳɢɯ ɩɪɟɞɦɟɬɨɜ. 

3.27 Ɂɚɩɪɟɳɚɟɬɫɹ ɤ ɢɡɨɥɹɬɨɪɚɦ ɩɪɢɫɬɚɜɥɹɬɶ ɥɟɫɬɧɢɰɭ ɢɥɢ ɤɪɟɩɢɬɶ ɧɚ 
ɧɢɯ ɦɨɧɬɚɠɧɵɟ ɩɨɹɫɚ. 

3.28 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɡɛɨɪɤɢ ɥɸɛɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɬɟ-
ɪɟɬɶ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɦɵɬɶ ɦɨɸɳɢɦ ɫɨɫɬɚɜɨɦ. 

3.29 ɉɪɢ ɪɚɡɛɨɪɤɟ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɢɦɟɸɳɢɯ ɫɠɚɬɵɟ ɩɪɭɠɢɧɵ, ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ ɢ ɫɨɛɥɸɞɚɬɶ 
ɨɫɬɨɪɨɠɧɨɫɬɶ. 

3.30 ɉɪɢ ɪɚɡɛɨɪɤɟ ɢ ɫɛɨɪɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ 
ɢɫɩɪɚɜɧɵɦ ɫɬɚɧɞɚɪɬɧɵɦ ɢ ɫɩɟɰɢɚɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. Ɂɚɩɪɟɳɚɟɬɫɹ ɩɪɢ ɡɚ-
ɬɹɠɤɟ ɛɨɥɬɨɜ ɢ ɝɚɟɤ ɧɚɪɚɳɢɜɚɬɶ ɤɥɸɱɢ ɬɪɭɛɚɦɢ. 

3.31 ɇɟ ɞɨɩɭɫɤɚɬɶ ɩɪɢ ɪɚɡɛɨɪɤɟ ɧɚɧɟɫɟɧɢɹ ɭɞɚɪɨɜ ɩɨ ɞɟɬɚɥɹɦ. ɇɟ ɩɨɥɶ-
ɡɨɜɚɬɶɫɹ ɡɭɛɢɥɨɦ ɢ ɦɨɥɨɬɤɨɦ ɞɥɹ ɨɬɜɢɧɱɢɜɚɧɢɹ ɝɚɟɤ ɢ ɛɨɥɬɨɜ. 

3.32 ɉɪɢ ɪɚɡɛɨɪɤɟ ɢ ɫɛɨɪɤɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟ-
ɞɢɬɶ ɡɚ ɱɢɫɬɨɬɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ ɢ ɩɪɢɧɢɦɚɬɶ ɜɫɟ ɦɟɪɵ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɟ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɜɪɟɠɞɟɧɢɹ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ.  

3.33 ɋɧɹɬɵɟ ɭɡɥɵ, ɷɥɟɦɟɧɬɵ ɢ ɞɟɬɚɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɥɨ-
ɠɟɧɵ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɬɟɣɧɟɪɵ, ɩɨɤɪɵɬɵɟ ɱɢɫɬɨɣ ɛɭɦɚɝɨɣ, ɢɥɢ ɭɥɨɠɟɧɵ ɧɚ 
ɞɟɪɟɜɹɧɧɵɟ ɩɨɞɤɥɚɞɤɢ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɹ. 

3.34 Ɉɬɞɟɥɶɧɵɟ ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɤɪɟɩɟɠ, ɩɪɨɤɥɚɞɤɢ, ɛɨɥɬɵ, 
ɲɩɢɥɶɤɢ) ɞɨɥɠɧɵ ɫɤɥɚɞɵɜɚɬɶɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɞɞɨɧɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɫɥɭɱɚɣɧɨɝɨ ɩɨɩɚɞɚɧɢɹ ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɩɨɥɨɫɬɢ. 

3.35 ȼ ɩɪɨɰɟɫɫɟ ɫɥɢɜɚ ɢ ɡɚɥɢɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɫɢɥɨɜɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɢ ɜɵɲɟ ɜɜɨɞɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɹɜɥɟɧɢɹ ɧɚ ɧɢɯ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɡɚɪɹɞɚ. 

3.36 ɉɟɪɟɞ ɨɫɦɨɬɪɨɦ ɞɟɬɚɥɢ, ɬɪɟɛɭɸɳɢɟ ɨɱɢɫɬɤɢ ɨɬ ɫɬɚɪɨɣ ɫɦɚɡɤɢ ɢ 
ɝɪɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɦɵɬɶ ɧɟɮɬɹɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ «ɇɟɮɪɚɫ-ɋ2-80/120». 

3.37 ɉɪɢ ɨɫɦɨɬɪɟ ɞɟɬɚɥɟɣ, ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɩɨɫɥɟ ɪɚɡɛɨɪɤɢ, ɧɟɨɛɯɨ-
ɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɢɯ ɫɨɫɬɨɹɧɢɟ, ɯɚɪɚɤɬɟɪ ɩɪɢɪɚɛɨɬɤɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɞɟɬɚɥɟɣ, ɡɚɡɨɪɵ ɜ ɬɪɭɳɢɯɫɹ ɩɚɪɚɯ, ɬɨ ɟɫɬɶ ɩɪɨɜɟɫɬɢ ɢɯ 
ɩɨɥɧɭɸ ɞɟɮɟɤɬɚɰɢɸ ɫɨɝɥɚɫɧɨ ɩɪɢɥɨɠɟɧɢɸ 1 ɧɚɫɬɨɹɳɟɣ Ɍɂ. 

3.38 ɉɨɞɝɨɬɨɜɤɭ ɤ ɪɟɦɨɧɬɭ ɜɪɚɳɚɸɳɢɯɫɹ ɦɟɯɚɧɢɡɦɨɜ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜ-
ɥɹɬɶ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ, ɭɤɚɡɚɧɧɵɦ ɜ ɧɚɪɹɞɟ. ɉɪɢ ɷɬɨɦ 
ɦɟɯɚɧɢɡɦ ɞɨɥɠɟɧ ɛɵɬɶ ɨɫɬɚɧɨɜɥɟɧ. ɇɚɩɪɹɠɟɧɢɟ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɦɟɯɚ-
ɧɢɡɦɚ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɚɪɦɚɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨ ɫɧɹɬɶ, ɚ ɩɢɬɚɸɳɢɣ ɤɚɛɟɥɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɡɚɡɟɦɥɢɬɶ. 

3.39 ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɟ ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɦɟɯɚɧɢɡɦɟ ɢ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɟ ɦɭɮɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɫɰɟɩɥɟɧɚ. Ɋɚɫɰɟɩɥɟɧɢɟ ɦɭɮɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɪɟɦɨɧɬɧɵɦ ɩɟɪɫɨɧɚɥɨɦ ɩɨ ɧɚɪɹɞɭ ɧɚ ɪɟɦɨɧɬ ɜɪɚɳɚɸɳɟɝɨɫɹ ɦɟɯɚɧɢɡɦɚ. 
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3.40 Ɂɚɩɨɪɧɭɸ ɚɪɦɚɬɭɪɭ ɦɟɯɚɧɢɡɦɚ (ɡɚɞɜɢɠɤɢ, ɲɢɛɟɪɵ, ɡɚɫɥɨɧɤɢ, ɜɟɧ-
ɬɢɥɢ ɢ ɞɪ.) ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜ ɩɨɥɨɠɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ. 

3.41 ɉɪɢ ɜɵɜɨɞɟ ɜ ɪɟɦɨɧɬ ɜɪɚɳɚɸɳɢɯɫɹ ɦɟɯɚɧɢɡɦɨɜ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
ɫɧɹɬɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɚɪɦɚɬɭɪɵ ɞɨɥɠɟɧ 
ɩɪɨɢɡɜɨɞɢɬɶ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɩɟɪɫɨɧɚɥ. 

3.42 ɋ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɨɬɤɥɸɱɟɧɧɵɯ ɞɥɹ ɪɟ-
ɦɨɧɬɚ, ɫɥɟɞɭɟɬ ɫɧɹɬɶ ɞɚɜɥɟɧɢɟ. ɋ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɨɬɤɥɸɱɚɸɳɟɣ ɚɪɦɚɬɭɪɵ 
ɫɧɹɬɶ ɧɚɩɪɹɠɟɧɢɟ. 

3.43 ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɟɮɟɤɬɨɜ (ɩɨɜɪɟɠɞɟɧɢɣ) ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ 
ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɚɜɥɟɧ ɜ ɢɡɜɟɫɬɧɨɫɬɶ ɦɚɫɬɟɪ ɛɪɢɝɚɞɵ, ɜɵɩɨɥɧɹɸɳɟɣ ɪɚɛɨɬɵ, 
ɫɬɚɪɲɢɣ ɦɚɫɬɟɪ ɭɱɚɫɬɤɚ, ɤɨɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ ɞɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɋɨ-
ɫɬɚɜɥɟɧ ɚɤɬ ɞɟɮɟɤɬɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚɧɟ-
ɧɢɸ ɞɟɮɟɤɬɚ. 

3.44 Ⱦɨ ɫɛɨɪɤɢ ɭɫɬɪɚɧɢɬɶ ɞɟɮɟɤɬɵ. Ⱦɟɮɟɤɬɧɵɟ ɞɟɬɚɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚ-
ɦɟɧɟɧɵ ɧɨɜɵɦɢ ɩɪɢ ɩɨɥɨɦɤɚɯ, ɬɪɟɳɢɧɚɯ, ɡɚɞɢɪɚɯ, ɢɡɧɨɫɚɯ ɫɜɟɪɯ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɢ ɜɵɪɚɛɨɬɤɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɪɟ-
ɫɭɪɫɚ ɞɨ ɡɚɦɟɧɵ. 

3.45 ɉɟɪɟɞ ɫɛɨɪɤɨɣ ɞɟɬɚɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɦɵɬɵ ɪɚɫɬɜɨɪɢɬɟɥɟɦ «ɇɟ-
ɮɪɚɫ-ɋ2-80/120». 

3.46 ɋɛɨɪɤɚ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɨɝɥɚɫɧɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ɊȾ ɗɈ 0198–2000, ɩɪɢ ɷɬɨɦ ɡɚɬɹɠɤɚ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɢɦɦɟɬɪɢɱɧɨ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɪɟɫɬ–ɧɚɤɪɟɫɬ, ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ – ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ ɢ ɜɵɩɨɥɧɹɬɶɫɹ ɜ 3–4 ɩɪɨɯɨɞɚ. 

3.47 ɉɪɢ ɫɛɨɪɤɟ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ ɡɚ ɩɪɚɜɢɥɶɧɵɦ ɩɨɞɛɨɪɨɦ ɞɟɬɚɥɟɣ ɢ 
ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɱɟɪɬɟɠɚɦɢ 
(ɪɢɫɭɧɤɚɦɢ) ɢ ɦɚɪɤɢɪɨɜɤɚɦɢ, ɩɪɢɧɹɬɶ ɦɟɪɵ, ɢɫɤɥɸɱɚɸɳɢɟ ɧɟɜɟɪɧɭɸ ɫɛɨɪɤɭ 
ɞɟɬɚɥɟɣ. 

3.48 Ɍɪɭɳɢɟɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɞɟɬɚɥɟɣ ɩɟɪɟɞ ɫɛɨɪɤɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɫɦɚɡɚɬɶ ɫɦɚɡɤɨɣ «ɐɢɚɬɢɦ 221». 

3.49 Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢ ɫɛɨɪɤɟ ɡɚɦɟɧɹɬɶ ɫɧɹɬɵɟ ɩɪɨɤɥɚɞɤɢ. ɉɪɨɤɥɚɞɤɢ 
ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɩɚɪɨɧɢɬɚ ȽɈɋɌ 481-80. ȼɫɟ ɩɚɪɨɧɢɬɨɜɵɟ ɩɪɨɤɥɚɞɤɢ ɩɟɪɟɞ 
ɭɫɬɚɧɨɜɤɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɬёɪɬɵ ɫɭɯɢɦ ɝɪɚɮɢɬɨɦ. 

3.50 ɉɪɢ ɫɛɨɪɤɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɜɫɟ ɪɟɡɶɛɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɨɫɢɬɶ ɫɦɚɡɤɭ «ɐɢɚɬɢɦ 221» ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɡɚɞɢɪɨɜ ɪɟɡɶɛɵ. 

3.51 ɇɚ ɜɪɟɦɹ ɩɟɪɟɪɵɜɨɜ ɜ ɪɚɛɨɬɟ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ, ɩɨ ɨɤɨɧɱɚɧɢɢ 
ɪɚɛɨɱɟɝɨ ɞɧɹ ɢ ɧɚ ɜɵɯɨɞɧɵɟ ɞɧɢ ɡɚɩɪɟɳɚɟɬɫɹ ɨɫɬɚɜɥɹɬɶ ɜɧɭɬɪɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢɧɫɬɪɭɦɟɧɬ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɜɟɬɨɲɶ ɢ ɬ.ɩ. 

3.52 ɉɪɢ ɪɟɦɨɧɬɟ, ɟɫɥɢ ɪɚɛɨɬɚ ɧɟ ɡɚɤɨɧɱɟɧɚ, ɧɚɪɹɞ-ɞɨɩɭɫɤ ɟɠɟɞɧɟɜɧɨ 
ɩɪɢɤɪɵɜɚɟɬɫɹ, ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɭɛɢɪɚɟɬɫɹ, ɡɧɚɤɢ, ɩɥɚɤɚɬɵ ɢ ɨɝɪɚɠɞɟɧɢɹ ɫɨɯɪɚ-
ɧɹɸɬɫɹ. 

3.53 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɧɚ ɫɥɟɞɭɸɳɢɣ ɞɟɧɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɞɨɥɠɟɧ 
ɭɛɟɞɢɬɶɫɹ ɜ ɰɟɥɨɫɬɢ ɢ ɫɨɯɪɚɧɧɨɫɬɢ ɨɫɬɚɜɥɟɧɧɵɯ ɩɥɚɤɚɬɨɜ, ɨɝɪɚɠɞɟɧɢɣ, ɚ 
ɬɚɤɠɟ - ɧɚɞɟɠɧɨɫɬɢ ɡɚɡɟɦɥɟɧɢɣ. 
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3.54 Ʉɚɠɞɭɸ ɫɦɟɧɭ, ɩɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɨɛɹɡɚɧ 
ɨɪɝɚɧɢɡɨɜɚɬɶ ɭɛɨɪɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɱɟɝɨ ɞɧɹ ɢ ɧɚ ɜɵɯɨɞ-
ɧɵɟ ɞɧɢ ɡɚɩɪɟɳɚɟɬɫɹ ɨɫɬɚɜɥɹɬɶ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɢɧɫɬɪɭɦɟɧɬ, ɩɪɢɫɩɨɫɨɛɥɟ-
ɧɢɹ, ɜɟɬɨɲɶ. ɉɪɢ ɪɟɦɨɧɬɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶ (ɪɭɤɨɜɨɞɢɬɟɥɶ) ɪɚɛɨɬ ɞɨɥɠɟɧ ɨɛɪɚ-
ɳɚɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɧɚ ɫɨɛɥɸɞɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɢɫ-
ɤɥɸɱɚɸɳɢɯ ɩɨɩɚɞɚɧɢɟ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ. 

3.55 ɉɟɪɟɞ ɩɭɫɤɨɦ ɜɪɚɳɚɸɳɟɝɨɫɹ ɦɟɯɚɧɢɡɦɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɟɪɟɞ ɨɩɪɨ-
ɛɨɜɚɧɢɟɦ, ɞɨɥɠɧɚ ɛɵɬɶ ɫɨɛɪɚɧɚ ɦɭɮɬɚ ɫɰɟɩɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɵ ɜɫɟ ɨɝɪɚɠɞɟ-
ɧɢɹ ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɟɣ, ɫɧɹɬɵ ɡɧɚɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɛɪɚɧ ɢɧɫɬɪɭɦɟɧɬ ɢ ɦɚɬɟ-
ɪɢɚɥɵ ɢ ɜɵɜɟɞɟɧɵ ɥɸɞɢ ɫ ɦɟɫɬɚ ɪɚɛɨɬ. 

3.56 ɉɨɫɥɟ ɨɩɪɨɛɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɞɨɥɠɟɧɢɹ 
ɪɚɛɨɬ ɧɚ ɧɟɦ) ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɜɧɨɜɶ ɩɨɞɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ ɩɪɨ-
ɜɟɞɟɧɢɹ ɪɚɛɨɬ, ɭɤɚɡɚɧɧɵɦ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ. 

3.57 ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɨɛɹɡɚɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɦɢ ɱɥɟɧɚɦɢ ɛɪɢɝɚɞɵ ɬɪɟɛɨɜɚɧɢɣ, ɭɤɚɡɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɢɧɫɬɪɭɤ-
ɰɢɢ.
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ȼ ɞɚɧɧɨɦ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭ-
ɡɨɤ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɨ-
ɩɪɨɫɚ ɨ ɫɯɟɦɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨ-
ɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢ-
ɹɬɢɹ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɜɵɛɨɪ ɷɥɟɤ-
ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɤɨɦɛɢɧɚɬɚ, ɨɬɜɟɱɚɸɳɚɹ ɜɫɟɦ ɧɟɨɛɯɨɞɢ-
ɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɤɚɱɟɫɬɜɭ ɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
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                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
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2 
Ⱦɉ – 13.03.02.07.ɉɁ 

ɋɬɭɞɟɧɬɭ          ȿɪɨɧɢɧɭ ɘɪɢɸ ɉɟɬɪɨɜɢɱɭ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ  Ɏɗ-14-05Ȼ  ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ):   13.03.02.07 
ɧɨɦɟɪ         ɤɨɞ 

              «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ» 
ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

Ɍɟɦɚ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №     ɨɬ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ:   Ⱥ.ȼ. ɋɭɜɨɪɢɧ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɉɂ ɋɎɍ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 

1. ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɡɚɜɨɞɚ, ɝɟɧɩɥɚɧ; 
2. ɋɜɟɞɟɧɢɹ ɨɛ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɡɚɜɨɞɚ; 
3. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɦɨɳɧɨɫɬɶɸ ɩɨ 125 ɆȼȺ, ɧɚɩɪɹɠɟɧɢɟɦ 230/115/10,5 ɤȼ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɪɚɛɨɬɚɸɬ ɪɚɡɞɟɥɶɧɨ. Ɇɨɳɧɨɫɬɶ ɄɁ, ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɪɚɜɧɚ 2100 ɆȼȺ. 

4. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ (ɡɚɜɨɞ ɪɚɛɨɬɚɟɬ ɜ ɞɜɟ ɫɦɟɧɵ);  
5. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɡɚɜɨɞɚ 1,2 ɤɦ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ: 1. ɋɨɞɟɪɠɚɧɢɟ ɪɚɫɱɟɬɧɨɩɨɹɫɧɢɬɟɥɶ-
ɧɨɣ ɡɚɩɢɫɤɢ; 2. ȼɜɟɞɟɧɢɟ; 3. Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 4. Ɋɚɫɱɟɬ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 5. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ; 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟ-
ɤɬɪɨɫɧɚɛɠɟɧɢɹ; 7. ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;        8. 
Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 9. ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ; 10. Ɋɚɫɱɟɬ 
ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 11. ȼɵɛɨɪ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; 12. ɋɚɦɨɡɚɩɭɫɤ 
ɞɜɢɝɚɬɟɥɟɣ; 13. Ɋɚɫɱɟɬ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɬɪɚɧɫ-ɮɨɪɦɚɬɨɪɚ Ƚɉɉ; 14. Ɋɚɫɱɟɬ 
ɦɨɥɧɢɟɡɚɳɢɬɵ ɢ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ; 15. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ.  
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 1. Ƚɟɧɩɥɚɧ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɤɚɪɬɨɝɪɚɦɦɨɣ 
ɧɚɝɪɭɡɨɤ; 2. ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 3. Ɉɞɧɨ-
ɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 4. ɉɥɚɧ ɢ ɪɚɡɪɟɡ Ƚɉɉ; 5. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ 
ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 6. Ɍɗɉ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ;  
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ                                                   Ⱥ.ȼ. ɋɭɜɨɪɢɧ 

                                                          ɩɨɞɩɢɫɶ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                                ɘ.ɉ. ȿɪɨɧɢɧ 
                                                   ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
«___» ______  2018 ɝ. 
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Ɍɚɛɥɢɰɚ 1  ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɤȼɬ 

ɋɭɦɦɚɪɧɚɹ 
1. Ƚɚɪɚɠ 250 
2. ɋɬɨɥɨɜɚɹ 350 
3. Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ 80 
4. ɐɁɅ ɢ ɋɄȻ 370 
5. Ʉɨɦɩɪɟɫɫɨɪɧɚɹ: 
ɚ) 0,4 ɤȼ, 
ɛ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ 10 ɤȼ 

500 
4ɯ1250 

6. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №1: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 30 ɬ 

3700 
14400 

7. Ʉɭɡɧɟɱɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ 500 
8. ɗɥɟɤɬɪɨɪɟɦɨɧɬɧɵɣ ɰɟɯ 280 
9. ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ 120 
10. ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, ɤɨɤɫɚ 400 
11. ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ 
ɲɢɯɬɵ 

890 

12. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №2: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 20 ɬ 

2000 
9000 

13. ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №3: 
ɚ) 0,4 ɤȼ, 
ɛ) ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 25 ɬ 

1700 
14400 

14. ɇɚɫɨɫɧɚɹ: 
ɚ) 0,4 ɤȼ, 
ɛ) ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ 10 ɤȼ 

1000 
4ɯ1500 

15. ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 
ɱɚɫɬɟɣ 

320 

 
Ɉɫɜɟɳɟɧɢɟ ɰɟɯɨɜ ɢ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɩɥɨɳɚɞɢ. 
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Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɤɨɦɛɢɧɚɬɚ 



 

 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Лиɫɬ 

5 

Ⱦɉ-13.03.02.07 ɉɁ 

 Ɋɚɡɪɚɛ. ȿɪɨɧɢɧ ɘ.ɉ. 
 ɉɪɨɜɟɪ. ɋɭɜɨɪɢɧ Ⱥ.ȼ. 
 Ɋɟɰɟɧɡ.  

 ɇ. Ʉɨɧɬɪ. ɋɭɜɨɪɢɧ Ⱥ.ȼ. 
  ɍɬɜɟɪɞ. ɉɚɧɬɟɥɟɟɜ ȼ.ɂ. 

 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 

Лиɬ. Лиɫɬов 

125 

ɗɌɄɢɋ 

ɊȿФȿɊАТ 
 
 Ⱦɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɦɟɬɚɥɥɨɜ» ɫɨɞɟɪɠɢɬ 125 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 ɢɥɥɸɫɬɪɚɰɢɣ, 31 
ɬɚɛɥɢɰɭ, 170 ɮɨɪɦɭɥ, 1 ɩɪɢɥɨɠɟɧɢɟ, 20 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂȿ, ɌɊȺɇɋɎɈɊɆȺɌɈɊ, 
ɊȺɋɉɊȿȾȿɅɂɌȿɅɖɇɈȿ ɍɋɌɊɈɃɋɌȼɈ, ɌɈɄ, ɇȺɉɊəɀȿɇɂȿ, 
ɄɈɊɈɌɄɈȿ ɁȺɆɕɄȺɇɂȿ, ɊȿɅȿɃɇȺə ɁȺЩɂɌȺ, ɇȺȽɊɍɁɄȺ, 
ɗɅȿɄɌɊɈɗɇȿɊȽɂə, ɉɈȾɋɌȺɇɐɂə, ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄɂȿ 
ɉɈɄȺɁȺɌȿɅɂ, ȻȿɁɈɉȺɋɇɈɋɌɖ, ɄȺȻȿɅɖ, ɆɈЩɇɈɋɌɖ. 
 Ɉɛɴɟɤɬ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: ɡɚɜɨɞ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. 
 ɐɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
 – ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ; 
 – ɜɵɛɨɪ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 
 – ɨɪɝɚɧɢɡɚɰɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ; 
 – ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 – ɜɵɛɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɧɚɞɟɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 – ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɥɨɜɨɝɨ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ɛɵɥɨ ɜɵɛɪɚɧɨ ɧɨɜɟɣɲɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɞɫɱɢɬɚɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢ ɨɛɟɫɩɟɱɟɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
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ɋɨɞɟɪɠɚɧɢɟ 
ȼȼȿȾȿɇɂȿ 9 

1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɤɨɦɛɢɧɚɬɚ 10 

2 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 11 
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ȼȼȿȾȿɇɂȿ 
 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɟɬɟɣ ɧɚɩɪɹɠɟ-
ɧɢɟɦ ɞɨ 1000 ȼ ɢ ɜɵɲɟ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, 
ɫɥɭɠɢɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɭɬɟɦ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɤ ɦɟɫɬɭ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ. ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɩɪɟɞɩɪɢɹɬɢɹ ɹɜ-
ɥɹɟɬɫɹ ɩɨɞɫɢɫɬɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɴɹɜ-
ɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ.  

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɷɬɨɣ ɫɢɫɬɟɦɵ ɩɭɬɟɦ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɪɚɰɢɨɧɚɥɶ-
ɧɨɝɨ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɫɟɬɟɣ, ɫɪɟɞɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɬ.ɞ. 
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1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɤɨɦɛɢɧɚɬɚ 
 
ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɮɟɪɪɨɫɩɥɚɜɧɵɟ ɩɟɱɢ ɪɚɛɨɬɚɸɬ ɧɟɩɪɟɪɵɜɧɨ. ȼ 

ɪɚɛɨɬɚɸɳɟɣ ɩɟɱɢ ɷɥɟɤɬɪɨɞɵ ɩɨɝɪɭɠɟɧɵ ɜ ɬɜёɪɞɭɸ ɲɢɯɬɭ, ɤɨɬɨɪɭɸ 
ɩɨɩɨɥɧɹɸɬ ɩɨ ɦɟɪɟ ɟё ɩɪɨɩɥɚɜɥɟɧɢɹ; ɫɩɥɚɜ ɢ ɲɥɚɤ ɜɵɩɭɫɤɚɸɬ ɩɟɪɢɨɞɢɱɟɫɤɢ. 
ɉɟɱɢ ɷɬɨɝɨ ɬɢɩɚ ɨɫɧɚɳɟɧɵ ɦɨɳɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ: 7500-65000 ɤȼȺ. 
ɉɟɱɢ ɬɪɟɯɮɚɡɧɵɟ, ɫɬɚɰɢɨɧɚɪɧɵɟ ɢɥɢ ɜɪɚɳɚɸɳɢɟɫɹ ɨɛɵɱɧɨ ɢɡɝɨɬɨɜɥɹɸɬɫɹ 
ɨɬɤɪɵɬɵɦɢ, ɚ ɧɨɜɵɟ ɩɟɱɢ ɡɚɤɪɵɬɵɦɢ ɫɜɨɞɚɦɢ. 

ȼ ɪɭɞɨɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɩɟɱɢ (Ɋȼɉ) ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ – ɡɚ ɫɱɟɬ ɝɨɪɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɭɝ ɢ ɡɚ ɫɱɟɬ ɩɪɨɬɟɤɚɧɢɹ 
ɬɨɤɚ ɱɟɪɟɡ ɡɚɝɪɭɡɤɭ. ȼ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɜɵɞɟɥɹ-
ɟɦɨɣ ɷɬɢɦɢ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ ɧɚɝɪɟɜɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɨ. Ɋȼɉ ɧɚɲɥɢ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɵɩɥɚɜɤɢ ɮɟɪɪɨ-
ɫɩɥɚɜɨɜ. 
Ɇɨɳɧɵɟ ɮɟɪɪɨɫɩɥɚɜɧɵɟ ɷɥɟɤɬɪɨɩɟɱɢ ɞɥɹ ɪɭɞɨɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɚɝɪɟɝɚɬɵ, ɪɚɛɨɬɚɸɳɢɟ ɩɪɢ 
ɛɨɥɶɲɨɣ ɫɢɥɟ ɬɨɤɚ (40-90 ɤȺ), ɧɨ ɩɪɢ ɧɢɡɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɟɝɨ (4-6 Ⱥ/ɫɦ2). 
Ɍɪɟɛɭɟɦɵɟ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ (900-1500 ɦɦ) ɷɥɟɤɬɪɨɞɵ, ɨɤɚɡɚɥɨɫɶ, 
ɩɪɚɤɬɢɱɟɫɤɢ ɭɞɨɛɧɨ ɢɡɝɨɬɨɜɥɹɬɶ ɜ ɩɟɱɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ.  

Ɍɨɤɨɩɪɨɜɨɞ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɷɥɟɤɬɪɨɞɚɦ ("ɤɨɪɨɬɤɚɹ ɫɟɬɶ") – ɨɱɟɧɶ 
ɜɚɠɧɚɹ ɱɚɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɮɟɪɪɨɫɩɥɚɜɧɨɣ ɩɟɱɢ. ɉɪɢ ɛɨɥɶɲɢɯ ɫɢɥɚɯ ɬɨɤɚ ɢ 
ɧɟɭɞɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɧɟɣ ɦɨɝɭɬ ɞɨɫɬɢɱɶ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɠɟɬɫɹ ɧɚ ɄɉȾ. ɢ ɜɟɥɢɱɢɧɟ cos  
ɭɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɚɤɬɢɜɧɵɯ ɢ 
ɪɟɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɥɢɧɚ ɤɨɪɨɬɤɨɣ ɫɟɬɢ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ; ɩɪɨɤɥɚɞɤɭ 
ɬɨɤɨɜɟɞɭɳɢɯ ɲɢɧ ɢɥɢ ɬɪɭɛ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɛɢɮɢɥɹɪɧɨ, ɬ.ɟ. ɱɬɨɛɵ ɲɢɧɵ, 
ɨɛɬɟɤɚɟɦɵɟ ɬɨɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ, ɜɨɡɦɨɠɧɨ, 
ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ. 

ɇɟɩɪɟɪɵɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɟɪɪɨɫɩɥɚɜɨɜ ɩɨɬɪɟɛɨɜɚɥɚ 
ɫɨɡɞɚɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɛɟɡ ɤɨɧɬɚɤɬɨɜ ɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɧɟɞɪɹɸɬ ɛɟɫɤɨɧɬɚɤɬɧɵɟ 
ɪɟɝɭɥɹɬɨɪɵ ɧɚ ɦɚɝɧɢɬɧɵɯ ɭɫɢɥɢɬɟɥɹɯ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ 
ɩɟɪɟɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ. 
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2 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 
2.1 ȼɵɛɨɪ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɷɥɟɤɬɪɨɷɧɟɪ-

ɝɢɢ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɦɢ ɦɨɳɧɨɫɬɶ ɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɥɚɜɤɢ, ɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɪɟɠɢɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɱɚɫɬɵɦɢ ɬɨɥɱɤɚɦɢ ɬɨɤɚ, ɩɨɷɬɨɦɭ ɷɥɟɤɬɪɨɫɬɚɥɟɩɥɚɜɢɥɶ-
ɧɵɟ ɰɟɯɢ ɩɨɥɭɱɚɸɬ ɩɢɬɚɧɢɟ ɨɬ ɫɩɟɰɢɚɥɶɧɵɯ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɉɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜɨ ɦɧɨɝɨɦ ɫɯɨɞɧɵ ɫ ɨɛɵɱɧɵɦɢ ɫɢɥɨɜɵɦɢ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɦɢ, ɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɬɥɢɱɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨ-
ɛɟɧɧɨɫɬɹɦɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɟɱɟɣ. 

ȼɵɛɟɪɟɦ ɩɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɞɥɹ ɰɟɯɚ №6. 
Ɇɨɳɧɨɫɬɶ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-

ɦɭɥɟ, ɤȼ∙Ⱥ, 
 

. ,
cos

ɪ
ɩɟɱ ɬɪ

ɩɟɱ ɢ

G WS
n K 


   (1) 

 
ɝɞɟ     ܩ– ɜɦɟɫɬɢɦɨɫɬɶ (ёɦɤɨɫɬɶ) ɩɟɱɢ, ɬ; 𝑊– ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 1 ɬ, ɤȼɬ/ɬ; ݊˒ˈ˚ − ɤɨɥɢɱɟɫɬɜɨ ɩɟɱɟɣ ɜ ɰɟɯɭ, ɲɬ; 𝐾ˋ,𝑐ݏ݋𝜑– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [1, ɫ. 28-42]. 

 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɟɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɩɥɚɜɢɥɶɧɨɦ ɰɟɯɟ: 
 

.
30 300 7142,857

2 0,7 0,9
ɪ

ɩɟɱ ɬɪS  
  , (2) 

 
Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨ-

ɫɬɶɸ ܵ˒ˈ˚.˕˓ːˑˏ = ͺͲͲͲ ˍʑ ∙ А. ɇɨɦɢɧɚɥɶɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ, 

 

. . cos ,ɧɨɦ ɧɨɦ
ɩɟɱ ɬɪ ɩɟɱ ɬɪP S    (3) 

 

. 16000 0,9 14400ɧɨɦ
ɩɟɱ ɬɪP     

 
ȼ ɩɥɚɜɢɥɶɧɨɦ ɰɟɯɟ №6 ɭɫɬɚɧɨɜɥɟɧɵ 2 ɩɟɱɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 

ɤɚɠɞɚɹ ɩɨ 14400 ɤȼɬ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 2 ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɗɌɐɉɄ-
12500/10 ɦɨɳɧɨɫɬɶɸ 8000 ɤȼ∙Ⱥ. 
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɛɭɞɟɦ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ ɥɢɬɟɣɧɵɯ ɰɟɯɨɜ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɟɪɟɦ ɩɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɞɥɹ 12 ɢ13 ɰɟɯɨɜ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɪɚɫɱɟɬɚ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 2. 

 
Ɍɚɛɥɢɰɚ 2 – ȼɵɛɨɪ ɩɟɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

№ 
ɰɟɯɚ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɟ-
ɱɟɣ 

ܵ˒ˈ˚.˕˓˓˃˔˚  ܵ˒ˈ˚.˕˓ːˑˏ  ܲ˒ ˈ˚.˕˓ːˑˏ  ܲ̇ ˈ˘˃ːˑˏ Ɍɢɩ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ 

6 2 7142,86 8000 7200 14400 ɗɌɐɉɄ-12500/10 
12 2 4761,90 5000 4500 9000 ɗɌɐɉɄ-7500/10 
13 4 2976,19 4000 3600 14400 ɗɌɐɉɄ-7500/10 

 
2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳ-

ɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 
 
ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɡɧɚɱɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɵ-
ɛɢɪɚɸɬ ɢ ɩɪɨɜɟɪɹɸɬ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɨɩɪɟɞɟ-
ɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɬ ɩɪɚɜɢɥɶɧɨɣ ɨɰɟɧɤɢ ɨɠɢɞɚɟɦɵɯ 
ɧɚɝɪɭɡɨɤ ɡɚɜɢɫɹɬ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ (ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ) ɫɢɥɨɜɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ (ɤɜɚɪ), 

 𝑝ܲ = 𝐾ɫ ∙ ɧܲ ,  (4) 
 Qp = Pp ∙ tgφ ,  (5) 
 

ɝɞɟ ɧܲ – ɫɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ, ɩɪɢɧɢɦɚ-
ɟɬɫɹ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɤȼɬ; 𝐾ɫ  – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 
[1, ɫ. 11-12]; tgφ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɪɢɟɦɧɢɤɨɜ 
ɞɚɧɧɨɝɨ ɰɟɯɚ, [1, ɫ. 28-42]. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɛɵɱɧɨ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ, 

 𝑝ܲɨ = ɧܲɨ ∙ 𝐾ɫɨ ,  (6) 
 

ɝɞɟ ܲ ɧɨ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ; 𝐾ɫɨ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 
ɞɚɧɧɵɦ [1, ɫ. 38];  
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ȼɟɥɢɱɢɧɚ ɧܲɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

ɧܲɨ = ɭܲɞɨ ∙  (7)   , ܨ
 

ɝɞɟ ɭܲɞɨ – ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɩɥɨɳɚɞɢ ɩɨɥɚ ɰɟɯɚ, ɤȼɬ/ɦଶ
 [1, ɫ. 44];    

F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɰɟɯɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɝɟɧɩɥɚɧɭ, ɦଶ. 
 
Ⱦɥɹ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɝɚɡɨɪɚɡɪɹɞɧɵɦɢ ɥɚɦɩɚɦɢ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤ-

ɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɜɚɪ, 
 ܳɪɨ = ɪܲɨ ∙ tgφ,  (8) 
 

ɝɞɟ tgφ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱ-
ɧɵɦ ɞɚɧɧɵɦ [1, ɫ 45]. 
 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ ɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 
(ɞɨ 1000 ȼ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ, [1, ɫ 12], ˍʑ ∙ А, 

 ܵɪ = √ሺɊɪ + Ɋɪɨሻଶ + ሺܳɪ + ܳɪɨሻଶ .  (9) 

 
ɉɪɢɟɦɧɢɤɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ ɰɟɯɚ ɭɱɢɬɵɜɚɸɬɫɹ ɨɬɞɟɥɶɧɨ. Ɋɚɫ-

ɱɟɬɧɵɟ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ ɝɪɭɩɩ ɩɪɢɟɦɧɢɤɨɜ ɜɵɲɟ 1000 ȼ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɤȼɬ (ɤɜɚɪ), 

 
Ɋɪ = 𝐾ɫ ∙ ɧܲ ,  (10) 
 ܳ𝑝 = Ɋɪ ∙ tgφ ,  (11) 
 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ˍʑ ∙ А, 
 ܵɪ = √Ɋɪ

ଶ + ܳɪ
ଶ ,  (12) 

 
ɋɭɦɦɚɪɧɵɟ ɪɚɫɱɟɬɧɵɟ ɚɤɬɢɜɧɵɟ ɢ ɪɟɚɤɬɢɜɧɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 0,4 

ɤȼ ɢ 10 ɤȼ ɜ ɰɟɥɨɦ ɩɨ ɡɚɜɨɞɭ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ. Ɋɚɫɱёɬ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.
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Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 

№ 
ɐɟɯɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɰɟɯɚ 

ɋɢɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɋɭɦɦɚɪɧɚɹ 

Pɧɨɦ, 
ɤȼɬ 

Ʉɫ cosφ tgφ Pɪ, ɤȼɬ 
Qɪ, 

ɤȼɚɪ 
F, ɦ2 Pɭɞɨ, ɤȼɬ/ɦ2 

Pɧɨɦɨ, 
ɤȼɬ 

Kɫɨ cosφɨ tgφɨ 
Pɪɨ, 
ɤȼɬ 

Qɪɨ, 
ɤȼɚɪ 

Pɪ+Pɪɨ, 
ɤȼɬ 

Qɪ+Qɪɨ, 
ɤȼɬ 

S, ɄȼȺ 

ɉɨɬɪɟɛɢɬɟɥɢ 0,4 ɤȼ 

1 Ƚɚɪɚɠ 250 0,25 0,7 1,02 62,5 64 3200 0,014 44,8 0,6 0,9 0,484322 26,88 13,019 89,38 77 117,831 

2 ɋɬɨɥɨɜɚɹ 350 0,45 0,9 0,48 157,5 76 1000 0,014 14 0,9 0,9 0,484322 12,60 6,1025 170,10 82 189,000 

3 Ɂɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ 80 0,45 0,75 0,88 36 32 2132 0,014 29,848 0,9 0,9 0,484322 26,86 13,01 62,86 45 77,170 

4 ɐɁɅ ɢ ɋɄȻ 370 0,25 0,7 1,02 92,5 94 1518 0,014 21,252 0,8 0,9 0,484322 17,00 8,2343 109,50 103 150,060 

5 Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 0.4 ɤȼ 500 0,8 0,85 0,62 400 248 900 0,014 12,6 0,85 0,9 0,484322 10,71 5,1871 410,71 253 482,426 

6 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №1 0.4 ɤȼ 1800 0,85 0,8 0,75 1530 1148 7535 0,014 105,49 0,95 0,9 0,484322 100,22 48,537 1630,22 1196 2021,907 

7 Ʉɭɡɧɟɱɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ 500 0,6 0,75 0,88 300 265 648 0,014 9,072 0,95 0,9 0,484322 8,62 4,1741 308,62 269 409,233 

8 ɗɥɟɤɬɪɨɪɟɦɨɧɬɧɵɣ ɰɟɯ 280 0,95 0,8 0,75 266 200 912 0,014 12,768 0,95 0,9 0,484322 12,13 5,8746 278,13 205 345,738 

9 ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ 120 0,5 0,76 0,86 60 51 2190 0,014 30,66 0,6 0,9 0,484322 18,40 8,9096 78,40 60 98,855 

10 ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, ɤɨɤɫɚ 400 0,5 0,76 0,86 200 171 4880 0,014 68,32 1 0,9 0,484322 68,32 33,089 268,32 204 337,137 

11 
ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ 

ɲɢɯɬɵ 
890 0,45 0,75 0,88 400,5 353 2401 0,014 33,614 0,95 0,9 0,484322 31,93 15,466 432,43 369 568,260 

12 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №2 0.4 ɤȼ 1500 0,85 0,8 0,75 1275 956 3486 0,014 48,804 0,95 0,9 0,484322 46,36 22,455 1321,36 979 1644,344 

13 ɐɟɯ ɷɥɟɤɬɪɨɩɟɱɟɣ №3 0.4 ɤȼ 1200 0,85 0,8 0,75 1020 765 4280 0,014 59,92 0,95 0,9 0,484322 56,92 27,57 1076,92 793 1337,136 

14 ɇɚɫɨɫɧɚɹ 0.4 ɤȼ 1000 0,75 0,8 0,75 750 563 1080 0,014 15,12 0,85 0,9 0,484322 12,85 6,2245 762,85 569 951,520 

15 
ɋɤɥɚɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 

ɱɚɫɬɟɣ 
320 0,5 0,76 0,86 160 137 2025 0,014 28,35 0,6 0,9 0,484322 17,01 8,2383 177,01 145 228,858 

16 Ɉɫɜɟɳɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ             123760 2E-04 19,802 1 0,57 1,441482 19,80 28,544 19,80 29 34,740 

  ɂɌɈȽɈ ɩɨ 0,4 ɤȼ 9560       6710 5122 38187   554,42       486,62 254,63 7196,62 5376 8994,213 

 ɉɨɬɪɟɛɢɬɟɥɢ 10 ɤȼ  

5 Ʉɨɦɩɪɟɫɫɨɪɧɚɹ ɋȾ 10 ɤȼ 5000 1 0,85 0,62 5000 0         5000,00 0 5000,000 

6 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 30ɬ 14400 0,9 0,7 1,02 12960 13222         12960 13222 18514,286 

12 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 20ɬ 9000 0,9 0,7 1,02 8100          8100,00 8264 11571,429 

13 ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ ɩɟɱɢ 25ɬ 14400 0,9 0,7 1,02 12960 13222         12960,00 13222 18514,286 

14 ɇɚɫɨɫɧɚɹ ɋȾ 10 ɤȼ 6000 1 0,85 0,62 6000 0         6000,00 0 6000,000 

  ɂɌɈȽɈ ɩɨ 10 ɤȼ 48800       45020 34707                 45020,00 34707 59600,000 
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2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɤɨɦɛɢɧɚɬɚ ɜ ɰɟɥɨɦ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢ-

ɧɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɚɤɬɢɜɧɵɦ ɢ ɪɟɚɤɬɢɜɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ ɫ 
ɭɱɟɬɨɦ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɨɫɜɟɳɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ, ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɰɟɯɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ Ƚɉɉ, ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. 

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

 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ܵ˓ ,  (13) 
 ∆ܳ˙˕ = Ͳ,ͳ ∙ ܵ˓ ,   (14) 
 

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

ɂɡ ɬɚɛɥɢɰɵ 2 ɩɨɥɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ 0,4 ɤȼ ɪɚɜɧɚ ܵ˓ = ͺͻͻͶ,ʹͳ͵ ɤȼ∙Ⱥ. 
 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ,  
 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ͺͻͻͶ,ʹͳ͵ = ͳ͹ͻ,ͺͺͶ 

 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, 

 ∆ܳ˙˕ = Ͳ,ͳ ∙ ͺͻͻͶ,ʹͳ͵  = ͺͻͻ,Ͷʹͳ  
 
Ɉɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɢɡ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ 

ɫɟɬɶ ɡɚɜɨɞɚ ɜ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ, ɤȼɚɪ, 

 ܳэ = 𝐾𝛼 ∙ (∑ܲ˓ .଴,ସ + ∑ܲ˓ .ଵ଴) ,  (15) 
 

ɝɞɟ 𝐾𝛼 = Ͳ,ʹͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ; ∑ܲ˓ .଴,ସ , ∑ܲ˓ .ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 

 ܳэ = Ͳ,ʹͻ ∙ ሺ͹ͳͻ͸,͸ʹ + ͶͷͲʹͲ,ͲͲሻ = ͳͷͳͶʹ,ͺʹ   
 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ, ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɨ 

ɤɨɦɛɢɧɚɬɭ ɜ ɰɟɥɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɤȼɚɪ, 
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 ܳˍ˖∑ = ∑ܳ˓.଴,ସ+∑ܳ˓.ଵ଴ + ∆ܳ˙˕ − ܳэ ,  (16) 
 

ɝɞɟ ∑ܳ˓.଴,ସ , ∑ܳ˓.ଵ଴ − ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɚɪ. 

 ܳˍ˖∑ = ͷ͵͹͸ + ͵Ͷ͹Ͳ͹ + ͺͻͻ,Ͷʹ − ͳͷͳͶʹ,ͺʹ = ʹͷͺͶͲ  
  
ɇɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɨɬɧɟɫёɧɧɚɹ ɤ 

ɲɢɧɚɦ 10 ɤȼ Ƚɉɉ, ɤȼɚɪ, 
 ܳ = ܳ˓∑ − ܳˍ˖∑ ,   
 (17) 

ɝɞɟ ܳ˓∑ – ɪɚɫɱёɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ 
Ƚɉɉ, ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(𝐾˓ˏ = Ͳ,ͻͷ), ɤɜɚɪ. 

 ܳ˓∑ = ሺܳ˓∑଴,ସ + ܳ˓∑ଵ଴ሻ ⋅ 𝐾˓ˏ + ∆ܳ˙˕ ,  (18) 
 

ɝɞɟ ܳ˓∑଴,ସ , ܳ˓∑ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɚɪ. 

 ܳ˓∑ = ሺͷ͵͹͸ + ͵Ͷ͹Ͳ͹ሻ ⋅ Ͳ,ͻͷ + ͺͻͻ,Ͷʹ = ͵ͺͻ͹ͺ,ͻ͹  
 ܳ = ͵ͺͻ͹ͻ,ͻ͹ − ʹͷͺͶͲ,͵Ͷ = ͳ͵ͳ͵ͺ,͸͵ 
 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɧɢɦɚɸɬɫɹ ɛɚɬɚɪɟɢ ɫɬɚɬɢɱɟ-

ɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ ɩɨ ɫɥɟɞɭɸ-
ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 

 ∆̱ܲ ˖ = ̟ܲ ˇ ∙ ܳˍ˖∑ ,  (19) 
 

ɝɞɟ ̟ܲ ˇ − ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɵɟ 0,2% ɨɬ ܳˍ˖∑. 
 ∆̱ܲ ˖ = Ͳ,ͲͲʹ ∙  ʹͷͺͶͲ,͵Ͷ = ͷͳ,͵ͺ 

 
Ɋɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ 

Ƚɉɉ, ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(𝐾˓ˏ = Ͳ,ͻͷ), ɤȼɬ, 

 ܲ˓ ∑ = ሺܲ˓ ∑଴,ସ + ܲ˓ ∑ଵ଴ሻ ⋅ 𝐾˓ˏ + ∑ܲ˓ ˑ + ∆ܲ̇ ˕ ,  (20) 
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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͸͹ͳͲ + ͶͷͲʹͲሻ ⋅ Ͳ,ͻͷ + Ͷͺ͸,͸ʹ + ͳ͹ͻ,ͺͺͶ = ͶͻͺͳͲ 
 
Ɉɛɳɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣ-

ɫɬɜɚɯ ɧɚ ɲɢɧɚɯ 10 ɤȼ ɩɨɞɫɬɚɧɰɢɢ, ɤȼɬ, 
 ܲ = ܲ˓ ∑ + ∆̱ܲ ˖ ,  (21) 
 ܲ = ͶͻͺͳͲ + ͷͳ,͸ͺ = Ͷͻͺ͸ͳ,͸ͺ 
 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 10 ɤȼ Ƚɉɉ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜ-

ɧɨɣ ɦɨɳɧɨɫɬɢ, ɤȼ∙Ⱥ, 
 ܵ˓ଵ଴ = √ܲଶ + ܳଶ ,  (22) 
 ܵ˓ଵ଴ = √Ͷͻͺ͸ͳ,͸ͺ ଶ + ͳ͵ͳ͵ͺ,͸͵ଶ = ͷͳͷ͸͵,͸͸  
 
ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ ɛɭɞɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ Ƚɉɉ. ɉɨɬɟɪɢ ɦɨɳɧɨ-

ɫɬɢ (ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ) ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ, (ɤȼɚɪ), 

 ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙ ܵ˓଺, (23) 
 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ܵ˓଺.  (24) 
 ∆̞ܲ ʒʞʞ = Ͳ,Ͳʹ ∙  ͷͳͷ͸͵,͸͸ = ͳͲ͵ͳ,ʹ͹, 
 ∆ܳ˕ʒʞʞ = Ͳ,ͳ ∙ ͷͳͷ͸͵,͸͸ = ͷͳͷ͸,͵͹  
 
ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

Ƚɉɉ, ɤȼ∙Ⱥ, 
 ܵ˓ȼɇ = √ሺܲ + ∆̞ܲ ʒʞʞሻଶ + ሺܳ + ∆ܳ˕ʒʞʞሻଶ ,  (25) 
 ܵ˓ȼɇ = √ሺͶͻͺ͸ͳ,͸ͺ + ͳͲ͵ͳ,ʹ͹ ሻଶ + ሺͳ͵ͳ͵ͺ,͸͵ + ͷͳͷ͸,͵͹  ሻଶ= ͷͶͲͺͳ,Ͷʹ. 
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3 Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟ-
ɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɚɤɫɢɦɚɥɶɧɨ, ɧɚɫɤɨɥɶɤɨ ɩɨɡɜɨɥɹɸɬ ɩɪɨ-

ɢɡɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢɛɥɢɠɚɸɬ ɤ ɰɟɧɬɪɚɦ ɧɚɝɪɭɡɨɤ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ ɷɤɨɧɨɦɢɱɧɭɸ ɢ ɧɚɞɟɠɧɭɸ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɬɚɤ ɤɚɤ 
ɫɨɤɪɚɳɚɟɬɫɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɫɟɬɟɣ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɭɦɟɧɶɲɚɸɬɫɹ ɩɨ-
ɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ; ɭɦɟɧɶɲɚɟɬɫɹ ɡɨɧɚ ɚɜɚɪɢɣ ɢ ɭɞɟɲɟɜɥɹ-
ɟɬɫɹ ɪɚɡɜɢɬɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ (ɩɨɞɫɬɚɧɰɢɢ ɫɬɪɨɹɬ ɨɱɟɪɟɞɹɦɢ ɩɨ ɦɟɪɟ ɪɚɫɲɢ-
ɪɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟ-
ɧɢɹ ɩɨɞɫɬɚɧɰɢɣ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨ-
ɫɬɢɝɚɸɬ ɧɚɢɦɟɧɶɲɢɯ ɡɚɬɪɚɬ. 

ɉɪɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɦɟ-
ɬɨɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟ-
ɞɟɥɢɬɶ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ (ɰɟɯɚ). Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɩɪɨ-
ɜɟɫɬɢ ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɦɚɫɫɚɦɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ, ɚ ɤɨɨɪɞɢɧɚɬɵ ɢɯ 
ɰɟɧɬɪɚ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦ, ɦ, [1, c.53-56] 

଴ݔ  = ∑ (𝑃౦𝑖+𝑃౦౥𝑖)∙௫𝑖𝑛భ∑ (𝑃౦𝑖+𝑃౦౥𝑖)𝑛భ  , (26) 

଴ݕ  = ∑ (𝑃౦𝑖+𝑃౦౥𝑖)∙௬𝑖𝑛భ∑ (𝑃౦𝑖+𝑃౦౥𝑖)𝑛భ   (27) 

 
ɝɞɟ ݔ௜, ݕ௜ − ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ. 
Ɇɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɩɥɨɳɚɞɢ ɰɟɯɚ 

ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ ɫɨɜɩɚɞɚɟɬ c ɰɟɧɬɪɨɦ 
ɬɹɠɟɫɬɢ ɮɢɝɭɪɵ, ɢɡɨɛɪɚɠɚɸɳɟɣ ɰɟɯ ɧɚ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɚɤɬɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɭɱɟɬɚ ɬɪɟɬɶɟɣ ɤɨɨɪɞɢ-
ɧɚɬɵ (ݖ଴), ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɬɪɟɛɭɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ 
ɞɨɥɠɧɨ ɫɨɜɩɚɞɚɬɶ ɫ ɰɟɧɬɪɨɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫ ɧɟ-
ɤɨɬɨɪɵɦ ɫɦɟɳɟɧɢɟɦ ɜ ɫɬɨɪɨɧɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɝɟɧɩɥɚɧ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɧɨɫɢɬɫɹ ɤɚɪɬɨ-
ɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ. Ʉɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡ-
ɦɟɳɟɧɧɵɟ ɩɨ ɝɟɧɩɥɚɧɭ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɢɱɟɦ ɩɥɨɳɚɞɢ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɷɬɢɦɢ 
ɨɤɪɭɠɧɨɫɬɹɦɢ, ɜ ɜɵɛɪɚɧɧɨɦ ɦɚɫɲɬɚɛɟ ɪɚɜɧɵ ɪɚɫɱёɬɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɰɟɯɚ ɧɚɧɨɫɢɬɫɹ ɫɜɨɹ ɨɤɪɭɠɧɨɫɬɶ, ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɟɬ ɫ 
ɰɟɧɬɪɨɦ ɧɚɝɪɭɡɨɤ ɰɟɯɚ. ɉɥɨɳɚɞɶ ɤɪɭɝɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɪɚɜɧɚ ɪɚɫɱɟɬ-
ɧɨɣ ɧɚɝɪɭɡɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɰɟɯɚ, ɩɨɷɬɨɦɭ ɟɝɨ ɪɚɞɢɭɫ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɦɦ, 
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௜ݎ = √ 𝑃˓𝑖𝜋∙𝑚 ,  (28) ɝɞɟ ܲ˓ ௜ − ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ i-ɝɨ ɰɟɯɚ, ɤȼɬ; ݉ − ɦɚɫɲɬɚɛ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɤɪɭɝɚ (ɩɨɫɬɨɹɧɧɵɣ ɞɥɹ ɜɫɟɯ ɰɟɯɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ), ɤȼɬ/ɦɦ2. 

 
ɋɢɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɞɨ ɢ ɜɵɲɟ 1000 ȼ ɢɡɨɛɪɚɠɚɸɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɤɪɭɝɚɦɢ. 

Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚɧɨɫɢɬɫɹ ɜ ɜɢɞɟ ɫɟɤɬɨɪɚ ɤɪɭɝɚ, ɢɡɨɛɪɚɠɚɸɳɟɝɨ 
ɧɚɝɪɭɡɤɭ ɞɨ 1000 ȼ. ɍɝɨɥ ɫɟɤɬɨɪɚ α ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, 
ɝɪɚɞ, 

ߙ  = 𝑃 ˑ𝑃 +𝑃 ˑ ∙ ͵͸Ͳ,  (29) 

 
ɝɞɟ ܲ˓ , ܲ˓ ˑ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ (0,4 ɤȼ) ɢ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 
ɰɟɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 

Ɋɚɫɱɟɬ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 
 
Ɍɚɛɥɢɰɚ 4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɚɤɬɢɜɧɨɣ ɦɨɳ-

ɧɨɫɬɢ 
№ ɐɟɯɚ ɇɚɢɦɟɨɜɚɧɢɟ 

Pɪ+Pɪɨ, 
ɤȼɬ 

Pɪɨ, ɤȼɬ r, ɦɦ α, ɝɪɚɞ x, ɦ y, ɦ (Pɪ+Pɪɨ)∙x (Pɪ+Pɪɨ)∙y 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 0,4 ɤȼ 

1 Ƚɚɪɚɠ 89,38 26,88 5,96 108,27 114 19 10189,32 1698,22 

2 ɋɬɨɥɨɜɚɹ 170,10 12,60 8,23 26,67 65 217 11056,50 36911,70 

3 
Ɂɚɜɨɞɨɭɩɪɚɜɥɟ-

ɧɢɟ 
62,86 26,86 5,00 153,84 12 200 754,36 12572,64 

4 ɐɁɅ ɢ ɋɄȻ 109,50 17,00 6,60 55,89 51 270 5584,58 29565,43 

5 
Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 

0.4 ɤȼ 
410,71 10,71 12,79 9,39 342 32 140462,82 13142,72 

6 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №1 0.4 ɤȼ 

1630,22 100,22 25,47 22,13 167 209 272245,99 340715,04 

7 
Ʉɭɡɧɟɱɧɨ-ɦɟɯɚ-

ɧɢɱɟɫɤɢɣ ɰɟɯ 
308,62 8,62 11,08 10,05 390 125 120361,18 38577,30 

8 
ɗɥɟɤɬɪɨɪɟɦɨɧɬ-

ɧɵɣ ɰɟɯ 
278,13 12,13 10,52 15,70 425 125 118205,08 34766,20 

9 
ɋɤɥɚɞ ɨɛɨɪɭɞɨ-

ɜɚɧɢɹ 
78,40 18,40 5,59 84,48 265 32 20774,94 2508,67 

10 
ɋɤɥɚɞ ɤɜɚɪɰɢɬɚ, 

ɤɨɤɫɚ 
268,32 68,32 10,34 91,66 110 117 29515,20 31393,44 

11 
ɐɟɯ ɞɪɨɛɥɟɧɢɹ ɢ 

ɩɨɞɝɨɬɨɜɤɢ 
ɲɢɯɬɵ 

432,43 31,93 13,12 26,58 196 117 84756,93 50594,70 

12 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №2 0.4 ɤȼ 

1321,36 46,36 22,94 12,63 290 114 383195,50 150635,47 

13 
ɐɟɯ ɷɥɟɤɬɪɨɩɟ-
ɱɟɣ №3 0.4 ɤȼ 

1076,92 56,92 20,71 19,03 330 202 355384,92 217538,65 

14 ɇɚɫɨɫɧɚɹ 0.4 ɤȼ 762,85 12,85 17,43 6,07 404 32 308192,21 24411,26 

15 
ɋɤɥɚɞ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ ɡɚɩɚɫɧɵɯ 

ɱɚɫɬɟɣ 
177,01 17,01 8,39 34,59 430 218 76114,30 38588,18 
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ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 10 ɤȼ 

5 
Ʉɨɦɩɪɟɫɫɨɪɧɚɹ 

ɋȾ 10 ɤȼ 
5000,00  44,61  342 32 1710000,00 160000,00 

6 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 30 ɬ 
12960,00  71,83  167 209 2164320,00 2708640,00 

12 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 20 ɬ 
8100,00  56,78  290 114 2349000,00 923400,00 

13 
ɗɥɟɤɬɪɨɞɭɝɨɜɵɟ 

ɩɟɱɢ 25 ɬ 
12960,00  71,83  330 202 4276800,00 2617920,00 

14 
ɇɚɫɨɫɧɚɹ ɋȾ 10 

ɤȼ 
6000,00  48,87  404 32 2424000,00 192000,00 

 ɂɌɈȽɈ 52196,82      14860913,82 7625579,62 

 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɢɫɩɨɥɶɡɭɹ ɞɚɧ-

ɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 3. 
 

0

14860913,82
296,72

52196,82
x   , 

 

0

7625579,62
116,05

52196,82
y    

 
Ƚɉɉ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ, ɬɚɤ ɤɚɤ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɛɥɢɡɢɬɶ ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤ ɰɟɧɬɪɭ ɩɨ-
ɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɩɪɨɬɹɠёɧɧɨɫɬɶ ɤɚɤ ɪɚɫɩɪɟ-
ɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤ ɢ ɰɟɯɨɜɵɯ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ȿɫɥɢ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨɩɚɞɚɟɬ ɜ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɰɟɯɚ, ɬɨ Ƚɉɉ ɫɦɟɳɚɸɬ ɜ 
ɫɬɨɪɨɧɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɜɛɥɢɡɢ ɷɬɨɝɨ ɰɟɯɚ. 

ɐɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – ɐɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

Ɍɚɤ ɤɚɤ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɧɚɯɨɞɢɬɫɹ ɜ 12 ɰɟɯɭ, ɬɨ Ƚɉɉ ɫɥɟ-
ɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɛɥɢɠɟ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ. 
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4 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
4.1 ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
 
ɋɢɫɬɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛ-

ɠɟɧɢɹ ɢ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɸ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɞɟɠ-
ɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɢ [1, ɫ.57]. 

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

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
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 ɦɨɳɧɨ-
ɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢɟɦɧɵɦ 
ɩɭɧɤɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, ȽɊɉ, Ɋɉ) [1, ɫ.57]. 

ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ I ɤɚɬɟɝɨɪɢɢ, ɬɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫɟɤɰɢɨɧɢɪɨ-
ɜɚɧɢɟ ɲɢɧ ɩɪɢɟɦɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɢɬɚɧɢɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ ɨɬɞɟɥɶɧɨɣ ɥɢɧɢɢ, ɬɚɤ 
ɤɚɤ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ I ɤɚɬɟɝɨɪɢɢ, ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɉɍɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚ-
ɧɢɹ. ɇɟɡɚɜɢɫɢɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɧɚɡɵɜɚɸɬ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɩɪɢɟɦɧɢɤɚ 
(ɝɪɭɩɩɵ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɩɨɫɥɟɚɜɚ-
ɪɢɣɧɨɝɨ 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 ɩɢɬɚɧɢɹ 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 ɧɟ-
ɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ; 

2) ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢɥɢ ɢɦɟɸɬ ɫɜɹɡɶ, ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɳɭɸɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɞɧɨɣ ɫɟɤɰɢɢ 
(ɫɢɫɬɟɦɵ) ɲɢɧ. 

 
 
4.2 ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɚɬɶ ɧɟɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ 
ɮɨɪɦɭɥɚɦ ɩɨɥɭɱɟɧɧɵɦ ɧɚ ɨɫɧɨɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɩɨ ɮɨɪ-
ɦɭɥɟ ɋɬɢɥɥɚ [1, ɫ.60], ɤȼ, 
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ܷ = Ͷ,͵Ͷ ∙ √݈ + ͳ͸ܲ˓ ȼɇ ,  (30) 
 

ɝɞɟ ݈ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɤɨɦɛɢɧɚɬɚ, ɪɚɜɧɨɟ 3,5 ɤɦ; ܲ˓ ȼɇ – ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɟɞɩɪɢɹɬɢɹ, 
ɨɬɧɟɫɟɧɧɨɣ ɤ ɲɢɧɚɦ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ƚɉɉ, Ɇȼɬ. 

 ܷ = Ͷ,͵Ͷ ∙ √ͳ,ʹ + ͳ͸ ∙ ͷͲ,ͺͻʹ = ͳʹ͵,ͻͶ 
 
ɉɨ ɫɬɚɧɞɚɪɬɧɨɣ ɲɤɚɥɟ ɜɵɛɢɪɚɟɦ ɞɜɚ ɛɥɢɡɥɟɠɚɳɢɯ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶ-

ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ, 
 ˔ܷ˕′ ൑ ܷ ൑ ˔ܷ"̞  ,  (31) 
 

ɝɞɟ ˔ܷ˕′ , ˔ܷ"̞  – ɫɬɚɧɞɚɪɬɧɵɟ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. 
 ͳͳͲ ൑ ͳʹ͵,ͻͶ ൑ ʹʹͲ  

  
ɉɪɨɢɡɜɟɞɟɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨ-

ɫɧɚɛɠɟɧɢɹ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ 110 ɤȼ ɢ 220 ɤȼ.  
 

4.3 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶ-
ɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 

 
ȼ ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɦɨɳɧɨɫɬɶ 

ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɢɬɚɧɢɟ 
ɜɫɟɯ ɩɪɢɟɦɧɢɤɨɜ. ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ɉɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɨɞ-
ɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɪɭɝɨɣ ɛɭɞɟɬ ɩɨɤɪɵɜɚɬɶ ɜɫɸ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ 1-
ɨɣ ɢ 2-ɨɣ ɤɚɬɟɝɨɪɢɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ 
ɷɬɨɦ ɱɚɫɬɶ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɨɬɤɥɸɱɟɧɚ ɫ ɰɟɥɶɸ ɫɧɢ-
ɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. [1, ɫ. 59-60]. 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ ɜɚɪɢɚɧɬɚ ɷɥɟɤɬɪɨɫɧɚɛ-
ɠɟɧɢɹ ɫ ɩɢɬɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ. 

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼ·Ⱥ, 
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 (32) 

 
ɝɞɟ    ܵɪȼɇ – ɩɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɛɢɧɚɬɚ, ɤȼ·Ⱥ;  𝐾ɡ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  ݊ɬ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
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Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɨɪɦɚɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ (0,65–0,7), ɚ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ –(1,3–
1,4) [2, ɫ.393].  

 

.

54081,42
38629,6

0,7 2ɧɨɦ ɬS  
  

 
ɂɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɧɨɦɢɧɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ܵɧɨɦ.ɬ = ͶͲͲͲͲ  ˍʑ · А. ɉɪɨɢɡɜɟɞёɦ ɩɪɨɜɟɪɤɭ ɞɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚɦ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɨ.ɟ., 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɨ.ɟ., 
 

/
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Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɡɧɚɱɟɧɢɹɦ. Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɵ ɌɊȾɇ-40000/110 ɢ ɌɊȾɇ-40000/220, ɬɪɟɯɮɚɡɧɵɟ ɞɜɭɯɨɛɦɨɬɨɱɧɵɟ (ɫ 
ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ) ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ 
ɦɚɫɥɚ ɢ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɞɭɬɶɟɦ, ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ ɧɚɝɪɭɡɤɨɣ 
[3, ɫ.243]. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɷɬɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
5. 

Ɍɚɛɥɢɰɚ 5 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ܵɧɨɦ.ɬ, ɆȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ,  
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ  ˍܷˊ, % 

Ɍɨɤ ɯɨɥɨ-
ɫɬɨɝɨ  

ɯɨɞɚ, % ȼɇ ɇɇ ∆ ௫ܲ௫ ∆ ɤܲɡ 

ɌɊȾɇ 40 110 10 36 172 10,5 0,65 
ɌɊȾɇ 40 220 10 50 170 12 0,9 
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4.4 ȼɵɛɨɪ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɹ  

 
ɇɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

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

 
,ɧɁ p K ɂ      (35) 

 
ɝɞɟ  ˓ː = Ͳ,Ͳ͹ʹͷ – 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 ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɤɬɵ ɛɨɥɶɲɨɣ, ɫɪɟɞɧɟɣ ɢ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ 
ɩɪɟɞɩɪɢɹɬɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɴɟɤɬɚɦ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ ɩɪɢёɦɧɵɦ ɩɭɧɤɬɨɦ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ, Ɋɉ).  

ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɡɚɜɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ 
ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɚ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɞɜɚ ɤɥɚɫɫɚ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ: 220 ɢ 110 ɤȼ. Ⱦɥɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɵɛɢɪɚɟɦ ɞɜɚ ɜɚɪɢ-
ɚɧɬɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ: ɨɬ ɲɢɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɣ ɥɢ-
ɧɢɟɣ 110 ɤȼ (1-ɣ ɜɚɪɢɚɧɬ) ɢ ɨɬ ɲɢɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɣ 
ɥɢɧɢɟɣ 220 ɤȼ (2-ɨɣ ɜɚɪɢɚɧɬ). ɋɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɜɚ-
ɪɢɚɧɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
 
4.5 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲ-

ɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 110 ɤȼ 
 
4.5.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɬɨɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ (ɨɛɪɵɜ ɨɞ-

ɧɨɣ ɰɟɩɢ) ɪɟɠɢɦɚɯ, Ⱥ, 
 

,
3
ɪȼɇ

ɪ
ɰ ɧɨɦ

S
I

n U


 
  (36) 

 
ɝɞɟ    ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ. 
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 (37) 
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Ɋɢɫɭɧɨɤ 3 – ȼɚɪɢɚɧɬɵ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

27 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɬɨɤɚɦ ɪɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ȼɅ, ɦɦ2, 
 

,ɪ
ɪɚɫɱ

ɷɤ

I
F

j
  (38) 

 
ɝɞɟ     ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 
 

142,1
129,18

1,1ɪɚɫɱF    

 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ [3, ɫ.84] ̝ܨ ˕ = ͻͷ ɦɦଶ, ɢ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-95/16. 
ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ, 
 

. ,ɞɨɩ ɪɚɛ ɦɚɤɫI I   (39) 

 ͵͵Ͳ > ʹͺͶ,ͳͻ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
 
4.5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɯɟɦɵ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɢɫɩɨɥɶɡɭɟɦ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚ-

ɬɟɥɢ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [4].  
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɫɟɬɶ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,ɫɟɬɶ ȼ ɅЭɉK K K    (40) 
 

ɝɞɟ    Ʉȼ – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ, ɬɵɫ. ɪɭɛ; 
ɄɅɗɉ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ Ʌɗɉ, ɬɵɫ. ɪɭɛ. 
 

,ȼ ȼɨ ȼK K n    (41) 
 

ɝɞɟ   Ʉȼ଴ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɨɞɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɷɥɟɝɚɡɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɵɫ. 
ɪɭɛ;  ݊ʑ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ; 

 
9506 2 19012ȼK          
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Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɬɵɫ. ɪɭɛ., 

 
,ɅЭɉ ɭɞ ɰK K n l    (42) 

 
ɝɞɟ   Ʉɭɞ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ 1 ɤɦ ȼɅ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞɜɟɫ-
ɤɨɣ ɨɞɧɨɣ ɰɟɩɢ ɞɥɹ Ⱥɋ95/16, ɬɵɫ. ɪɭɛ./ɤɦ;  ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ. ݈ – ɩɪɨɬɹɠёɧɧɨɫɬɶ Ʌɗɉ, ɤɦ. 

 
1136,24 2 1,2 2726,98ɅЭɉK     , 

 
19012 2726,98 21739,98ɫɟɬɶK          

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,Ƚɉɉ ɌɊ ɈɊɍK K K   (43) 
 

ɝɞɟ   ɄɌɊ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɬɵɫ. ɪɭɛ.;  
ɄɈɊɍ – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɈɊɍ (ɞɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɢ), ɬɵɫ. ɪɭɛ.  
 

,ɌɊ ɌɊɨ ɌɊK K n    (44) 
 

ɝɞɟ    ɄɌɊ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110, ɬɵɫ. ɪɭɛ.; ݊ɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɲɬ. 
 

11057,2 2 22114,40ɌɊK    , 
 

22114,40 81080 103194,4ȽɉɉK           
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

ɫɟɬɶ ȽɉɉK K K    (45) 
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
 

1 21738,98 103194,4 124933,38K       
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4.5.3 Ɋɚɫɱɟɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

1
,

n
i ɅЭɉ ȼ ɈɊɍ ɌɊ

ɚ ɅЭɉ ȼ ɈɊɍ ɌɊi
ɉɂ ɉɂ ɉɂ ɉɂ ɉɂ

K K K K Kɂ
T T K K K

        (46) 

 
ɝɞɟ    T˒ ˋ– ɫɪɨɤ ɩɨɥɟɡɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ, ɝɨɞ.  

 
2726,98 19012 81080 22114,40

7349,022
17 17 17 17ɚɂ       

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

. . . . . . . . . .

1
,

100 100 100 100 100

ɅЭɉ ȼ ɈɊɍ ɌɊn
i ɷ ɪ i ɅЭɉ ɷ ɪ ȼ ɷ ɪ ɈɊɍ ɷ ɪ ɌɊ ɷ ɪ

ɨ
i

K p K p K p K p K p
ɂ



    
     

 (47) 
 

ɝɞɟ     pэ.˓.– ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, %. 
 

2726,98 0,8 19012 5,9 81080 5,9 22114,40 5,9
7231,993

100 100 100 100ɨɂ    
      

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

,ɉЭɂ W     (48) 
 

ɝɞɟ   ∆𝑊∑ – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ, ɤȼɬ·ɱ/ɝɨɞ; ߚ = Ͳ,ͲͲʹ͸͸Ͷ – ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ ɤȼɬ·ɱ. 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ʌɗɉ, ɤȼɬ·ɱ/ɝɨɞ,  
 

,ɅЭɉ ɅЭɉW P       (49) 
 

ɝɞɟ    Ʌܲɗɉ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ, ɤȼɬ; 𝜏 – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ. 
 

2
4

(0,124 ) ,
10

ɦɚɤɫ
ɝɨɞ

T
T      (50) 
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ɝɞɟ    ɦܶɚɤɫ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ [1, ɫ.72], ɱ. 
ɝܶɨɞ – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, ɱ. 

 

2
4

4355
(0,124 ) 8760 2742,23

10
      

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

2

0
2

,ɪȼɇ
ɅЭɉ

ɐ ɧɨɦ

Sr l
P

n U


     (51) 

 
ɝɞɟ    ݎ଴ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ȼɅ [3], Ɉɦ/ɤɦ; ݈ – ɞɥɢɧɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɤɦ; ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ Ʌɗɉ, ɲɬ. 

 
2

2

0,301 1,2 54081,42
43,655

2 110 1000ɅЭɉP


   


,   

 
43,655 2742,23 119711ɅЭɉW           

 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼɬ·ɱ/ɝɨɞ., 
 

2

.

1
( ) ,ɪȼɇ

ɌɊ ɌɊ ɯɯ ɝɨɞ ɤɡ
ɌɊ ɧɨɦ ɬɪ

S
W n P T P

n S
          (52) 

 
ɝɞɟ    ∆ ɯܲɯ, ∆ ɤܲɡ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [3, ɫ.243], ɤȼɬ. 

21 54081,42
2 36 8760 172 ( ) 2742,23 1061820,91

2 40000ɌɊW            

ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸ-
ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ·ɱ/ɝɨɞ; 

 
,ɅЭɉ ɌɊW W W      (53) 

 
119710,67 1061820,91 1181531,58W           

 
Ɍɨɝɞɚ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

0,002664 1061820,91 3147,60ɉЭɂ     
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ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-
ɦɭɥɟ, ɬɵɫ.ɪɭɛ./ɝɨɞ, 

 
,ɚ ɨ ɉЭɂ ɂ ɂ ɂ      (54) 

 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

1 7349,02 7231,99 3147,60 17728,62ɂ        
 
Ɉɛɨɫɧɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-

ɧɢɹ (ɩɨ ȼɅ 110 ɤȼ), ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

1 0,0725 124933,38 17728,62 26786,29Ɂ      
 
4.6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɜɧɟɲ-

ɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɢɬɚɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ 220 ɤȼ 
 
4.6.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɬɨɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ (ɨɛɪɵɜ ɨɞ-

ɧɨɣ ɰɟɩɢ) ɪɟɠɢɦɚɯ, Ⱥ, 
 

,
3
ɪȼɇ

ɪ
ɰ ɧɨɦ

S
I

n U


 
  

 
ɝɞɟ    ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ. 

 
54081,42

71,05
2 3 220

ɪI  
 

,    

 

. ,
( 1) 3

ɪȼɇ
ɪɚɛ ɦɚɤɫ

ɰ ɧɨɦ

S
I

n U


  
 

 

.

54081,42
142,1

(2 1) 3 220
ɪɚɛ ɦɚɤɫI  

  
 

 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɬɨɤɚɦ ɪɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ȼɅ, ɦɦ2, 
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,ɪ
ɪɚɫɱ

ɷɤ

I
F

j
    

 
ɝɞɟ     ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 

 
71,05

64,59
1,1ɪɚɫɱF    

 
ɉɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ 220 ɤȼ ̝ܨ ˕ = ʹͶͲ ɦɦଶ, ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-240/32. 
 
 
ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), Ⱥ, 
 

. ,ɞɨɩ ɪɚɛ ɦɚɤɫI I   

 ͸Ͳͷ > ͳͶʹ,ͳ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
 
4.6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɯɟɦɵ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɢɫɩɨɥɶɡɭɟɦ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚ-

ɬɟɥɢ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [4].  
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɫɟɬɶ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,ɫɟɬɶ ȼ ɅЭɉK K K    
 

ɝɞɟ    Ʉȼ – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ, ɬɵɫ. ɪɭɛ; 
ɄɅɗɉ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ Ʌɗɉ, ɬɵɫ. ɪɭɛ. 
 

,ȼ ȼɨ ȼK K n     
 

ɝɞɟ   Ʉȼ଴ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɨɞɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɜɚɤɭɭɦɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɵɫ. 
ɪɭɛ;  ݊ʑ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɟɩɢ ɥɢɧɢɢ; 

 
15713,6 2 31427,2ȼK     
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Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɬɵɫ. ɪɭɛ., 

 
,ɅЭɉ ɭɞ ɰK K n l     

 
ɝɞɟ    Ʉɭɞ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ 1 ɤɦ ȼɅ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞ-
ɜɟɫɤɨɣ ɨɞɧɨɣ ɰɟɩɢ ɞɥɹ Ⱥɋ-240/32, ɬɵɫ. ɪɭɛ./ɤɦ;  ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ. ݈ – ɩɪɨɬɹɠёɧɧɨɫɬɶ Ʌɗɉ, ɤɦ. 

 
1406,44 2 1,2 3375,456ɅЭɉK     , 

 
31427,2 3375,456 34802,656ɫɟɬɶK     

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

,Ƚɉɉ ɌɊ ɈɊɍK K K   
 

ɝɞɟ    ɄɌɊ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɬɵɫ. ɪɭɛ.;  
ɄɈɊɍ – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɈɊɍ (ɞɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɢ), ɬɵɫ. ɪɭɛ.  
 

,ɌɊ ɌɊɨ ɌɊK K n    
 

ɝɞɟ    ɄɌɊ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/220, ɬɵɫ. ɪɭɛ.; ݊ɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ, ɲɬ; 
 

13315,4 2 26630,8ɌɊK    ,      
 

150766 26630,8 177396,8ȽɉɉK          
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɬɵɫ. ɪɭɛ., 
 

ɫɟɬɶ ȽɉɉK K K    
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
 

2 34802,656 177396,8 212199,456K        
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4.6.3 Ɋɚɫɱɟɬ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

1
,

n
i ɅЭɉ ȼ ɈɊɍ ɌɊ

ɚ ɅЭɉ ȼ ɈɊɍ ɌɊi
ɉɂ ɉɂ ɉɂ ɉɂ ɉɂ

K K K K Kɂ
T T K K K

       

 
ɝɞɟ    T˒ ˋ– ɫɪɨɤ ɩɨɥɟɡɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ, ɝɨɞ.  

 
3375,456 31427,2 150766 26630,8

12482,33
17 17 17 17ɚɂ       

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 

. . . . . . . . . .

1
,

100 100 100 100 100

ɅЭɉ ȼ ɈɊɍ ɌɊn
i ɷ ɪ i ɅЭɉ ɷ ɪ ȼ ɷ ɪ ɈɊɍ ɷ ɪ ɌɊ ɷ ɪ

ɨ
i

K p K p K p K p K p
ɂ



    
        

 
ɝɞɟ     pэ.˓.– ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, %. 

 
3375,456 0,8 31427,2 5,9 150766 5,9 26630,8 5,9

10259,38
100 100 100 100ɨɂ    

      

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ, 
 

,ɉЭɂ W     
 

ɝɞɟ   ∆𝑊∑ – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ, ɤȼɬ·ɱ/ɝɨɞ; ߚ = Ͳ,ͲͲʹ͸͸Ͷ – ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ ɤȼɬ·ɱ. 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ʌɗɉ, ɤȼɬ·ɱ/ɝɨɞ,  
 

,ɅЭɉ ɅЭɉW P       
 

ɝɞɟ    Ʌܲɗɉ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ, ɤȼɬ; 𝜏 – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ. 
 

2
4

(0,124 ) ,
10

ɦɚɤɫ
ɝɨɞ

T
T       

 
ɝɞɟ    ɦܶɚɤɫ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ [1, ɫ.72], ɱ. 
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ɝܶɨɞ – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, ɱ. 
 

2
4

4355
(0,124 ) 8760 2742,23

10
      

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

2

0
2

,ɪȼɇ
ɅЭɉ

ɐ ɧɨɦ

Sr l
P

n U


     

 
ɝɞɟ    ݎ଴ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ȼɅ [3], Ɉɦ/ɤɦ; ݈ – ɞɥɢɧɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɤɦ; ݊˙ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ Ʌɗɉ, ɲɬ. 

 
2

2

0,118 1,2 54081,42
4,278

2 220 1000ɅЭɉP


   


    

 
4,278 2742,23 1890596,17ɅЭɉW           

 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼɬ·ɱ/ɝɨɞ., 
 

2

.

1
( ) ,ɪȼɇ

ɌɊ ɌɊ ɯɯ ɝɨɞ ɤɡ
ɌɊ ɧɨɦ ɬɪ

S
W n P T P

n S
          

 
ɝɞɟ    ∆ ɯܲɯ, ∆ ɤܲɡ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [3, ɫ.243], ɤȼɬ. 
 

21 54081,42
2 50 8760 170 ( ) 2742,23 1302088,11

2 40000ɌɊW            

 
ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸ-

ɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ·ɱ/ɝɨɞ; 
 

,ɅЭɉ ɌɊW W W      
 

11732,44 1302088,11 1313820,551W           
 
Ɍɨɝɞɚ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
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0,002664 1313820,551 3500,02ɉЭɂ     
 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪ-

ɦɭɥɟ, ɬɵɫ.ɪɭɛ./ɝɨɞ, 
 

ɚ ɨ ɉЭɂ ɂ ɂ ɂ     
 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ, ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

2 12482,32 10259,38 3500,02 26241,72ɂ        
 
Ɉɛɨɫɧɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

(ɩɨ ȼɅ 220 ɤȼ), ɬɵɫ.ɪɭɛ./ɝɨɞ 
 

2 0,0725 212199,456 26241,72 41626,18Ɂ    
 

 
Ɍɚɛɥɢɰɚ 6 – Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɜɧɟɲɧɟɝɨ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

№ ɜɚɪɢ-
ɚɧɬɚ 

К∑,  
ɬɵɫ. ɪɭɛ. 

ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ɬɵɫ. ɪɭɛ./ɝɨɞ ʖ, ɬɵɫ. 
ɪɭɛ./ɝɨɞ ʗ˃, ɬɵɫ. 

ɪɭɛ./ɝɨɞ 
ʗˑ, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

ʗ˒э, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

ʗ∑, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

1 (110 ɤȼ) 124933,38 7349,02 7231,99 3147,6 17728,62 26786,29 
2 (220 ɤȼ) 212199,456 12482,32 10259,38 3500,02 26241,72 41626,18 

 
 ȼɵɜɨɞ: ɬɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɩɨ ɩɪɢɜɟɞёɧɧɵɦ ɡɚɬɪɚɬɚɦ ɦɟɠɞɭ ɫɪɚɜɧɢɜɚɟ-

ɦɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɩɪɚɤɬɢɱɟɫɤɢ 40%, ɬɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚёɦ ɩɟɪɜɨɦɭ ɜɚɪɢ-
ɚɧɬɭ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ (110 
ɤȼ) ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɨɩɨɪɚɯ ɫ ɩɨɞɜɟɫɤɨɣ ɩɪɨɜɨɞɨɜ ɧɚ 
ɨɞɧɨɰɟɩɧɨɣ ɨɩɨɪɟ. 

 
.
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5 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ ɤɨɦ-
ɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

 
Ɇɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 2500 ɤȼ∙Ⱥ, 

ɬɚɤ ɤɚɤ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɪɚɫɬɭɬ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚ-
ɦɵɤɚɧɢɹ. ɑɢɫɥɨ ɬɢɩɨɪɚɡɦɟɪɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. 
ɐɟɯɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦɢ ɢ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɧɵɦɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɧɚɞёɠɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ [5, ɫ.10]. 

ɉɪɢ ɜɵɛɨɪɟ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɞɨɥɠɟɧ ɪɟɲɚɬɶɫɹ ɜɨɩɪɨɫ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɜɟɥɢɱɢɧɟ ɪɟɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 
ɤȼ [5, ɫ.10]. 

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

1) ȼɵɛɢɪɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨ-
ɪɨɜ; 

2) Ɉɩɪɟɞɟɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɇȻɄ ɜ ɰɟɥɹɯ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ 
ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɢ ɜ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɜɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ  ɧɚɝɪɭɡɤɢ [5. ɫ.10], ɤȼ∙Ⱥ/ˏଶ, 

 𝜎ː = ௌ𝐹  ,  (55) 

 

ɝɞɟ  ܵɪ – ɪɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ, ɤȼ∙Ⱥ;  
F – ɩɥɨɳɚɞɶ ɰɟɯɚ, ɦଶ. 
 
Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɨɣ ɦɨɳɧɨɫɬɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɢɬɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ ɧɚɝɪɭɡɨɤ, 
 𝑁୫i୬ = 𝑃𝐾ˊ∙ௌːˑˏ.˕ + ∆𝑁 , (56) 

 
ɝɞɟ 𝐾ˊ – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [1], ɨ. ɟ.; ∆𝑁 – ɞɨɛɚɜɤɚ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ.  

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɞɟɥɶ-

ɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɩɟɪɟɞɚɱɭ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
 𝑁ˑ˒˕ = 𝑁୫i୬ + ݉ , (57) 
 

ɝɞɟ ݉ – ɱɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɫɩɟɰɢɚɥɶɧɵɦ ɤɪɢɜɵɦ [5; ɫ. 14]. 
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ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 

ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ, ɤɜɚɪ, 
 ܳˏ˃ˍ˔.˕ = √ሺ𝑁ˑ˒˕ ∙ 𝐾ˊ ∙ ܵːˑˏ.˕ሻଶ − ܲ˓ଶ ,       (58) 

 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ɤɜɚɪ, 
 ܳːˍଵ = ܳ˓ − ܳˏ˃ˍ˔.˕ ,  (59) 
 
ȿɫɥɢ ɜ ɪɚɫɱɟɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଵ < Ͳ, ɬɨ ɭɫɬɚɧɨɜɤɚ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚ-

ɬɨɪɨɜ ɩɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ (ɫɨɫɬɚɜ-
ɥɹɸɳɚɹ ܳːˍଵ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ). 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 

ɢ ɜ ɫɟɬɢ 10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɜɚɪ, 
 ܳːˍଶ = ܳ˓ − ܳːˍଵ − γ ∙ 𝑁ˑ˒˕ ∙ ܵːˑˏ.˕ ,      (60) 
   

ɝɞɟ γ – ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 𝐾ʟଵ ɢ 𝐾ʟଶ 
ɢ ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɰɟɯɨɜɨɣ Ɍɉ [1]. 

 
ȿɫɥɢ ɜ ɪɚɫɱёɬɚɯ ɨɤɚɠɟɬɫɹ, ɱɬɨ ܳːˍଶ < Ͳ, ɬɨ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɨɜ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ܳːˍଶ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ. 
 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ɤɜɚɪ, 
 ܳːˍ = ܳːˍଵ + ܳːˍଶ  (61) 
 
Ɋɚɫɫɱɢɬɚɟɦ ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɰɟɯɨɜ №5, 

№9 ɢ №14, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɭɸ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɞɨ 1 ɤȼ) ɢ ɩɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɇȻɄ. Ⱦɥɹ ɪɚɫɱёɬɚ ɢɫɩɨɥɶ-
ɡɭɟɦ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 2. 

 
ɍɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ  ɧɚɝɪɭɡɤɢ, 
 𝜎ɧ = ͳͷ͵ʹ,ͺͶͳ͹Ͳ = Ͳ,͵͸ͺ  
Ɍɚɤ ɤɚɤ ɰɟɯɚ №5 ɢ №14 ɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦɢ I-ɨɣ ɤɚɬɟɝɨɪɢɢ, ɬɨ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɝɪɭɡɤɢ 0,75 ɢ ɧɨɦɢɧɚɥɶ-
ɧɨɣ ɦɨɳɧɨɫɬɶɸ 630 ɤȼ·Ⱥ, [7, ɫ.5] (ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 
1600 ɢ 2500 ɤȼ∙Ⱥ ɧɟɨɛɯɨɞɢɦɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ). 
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Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁୫i୬ = ͳʹͷͳ,ͻ͸Ͳ,͹ͷ ∙ ͸͵Ͳ + Ͳ,͵ͷ = ͵  
 
Ɉɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
 𝑁ˑ˒˕ = ͵ + Ͳ = ͵ 
 
ɇɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɜɚɬɶ 

ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ̱ ˅˃˓ 
 ܳˏ˃ˍ˔.˕ = √ሺ͵ ∙ Ͳ,͹ͷ ∙ ͸͵Ͳሻଶ − ͳʹͷͳ,ͻ͸ଶ = ͸͸Ͷ,͹͸ͳ  
 
Ɇɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1 ɤȼ, ̱ ʑ˃˓ 
 ܳːˍଵ = ͺͺʹ,Ͳ͵ − ͸͸Ͷ,͹͸ͳ = ʹͳ͹,ʹ͹  
 
Ɋɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɟɥɶɧɵɯ ɩɨɬɟɪɶ 𝐾ʟଵ = ͳͷ (ɞɥɹ ɋɢɛɢɪɢ ɢ ɞɥɹ 

ɬɪɟɯ ɫɦɟɧ), ɚ ɪɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ γ = 𝐾ʟଵ/͵Ͳ (ɞɥɹ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɫɯɟɦɵ 
ɩɢɬɚɧɢɹ). 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ̱ ʑ˃˓ 
 ܳːˍଶ = ͺͺʹ,Ͳ͵ − ʹͳ͹,ʹ͹ − Ͳ,ͷ ∙ ͵ ∙ ͸͵Ͳ = ͳͻʹ,ʹ͸ 
 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ, ˍʑ˃˓ 
 ܳːˍ = ʹͳ͹,ʹ͹ + ͳͻʹ,ʹ͸ = ͶͲͻ,ͷ͵  
 
Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɢ ɧɢɡɤɨɜɨɥɶɬ-

ɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 150 ɤȼɚɪ ɬɢɩɚ ɍɄɆ 
58-04-150-30-ɍɁ [6]. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ 

ɨɫɬɚɥɶɧɵɯ ɰɟɯɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7, ɚ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɇȻɄ ɜ ɬɚɛɥɢɰɟ 
9.  
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Ɍɚɛɥɢɰɚ 7 – ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɉɨɬɪɟɛɢɬɟɥɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɭɧɤɬɚ ɩɢɬɚɧɢɹ 

Ɇɟɫɬɨ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ 

ɩɭɧɤɬɚ ɩɢɬɚ-
ɧɢɹ 

σɧ, 
ɤȼȺ/ɦ2 

Pɪ, 
ɤȼɬ 

Qɪ, 
ɤɜɚɪ 

Sɧɨɦ.ɬ, 
ɤȼȺ 

Ʉɡ Nmin Nɨɩɬ 

ɐɟɯ №5;9;14 Ɍɉ-1, Ɍɉ-2 ɐɟɯ №14 0,368 1251,96 882 630 0,75 3 3 
ɐɟɯ №1;10;11 Ɍɉ-3 ɐɟɯ №11 0,098 790,13 650 630 0,8 2 2 
ɐɟɯ №2;3;4 Ɍɉ-4 ɐɟɯ №3 0,090 342,46 230 250 0,85 2 2 
ɐɟɯ №7;8;15 Ɍɉ-5 ɐɟɯ №7 0,274 763,76 619 630 0,8 2 2 

ɐɟɯ №6 Ɍɉ-6, Ɍɉ-7 ɐɟɯ №6 0,268 1630,22 1196 630 0,75 4 4 

ɐɟɯ №12 Ɍɉ-8, Ɍɉ-9 ɐɟɯ №12 0,472 1321,36 979 630 0,75 3 3 
ɐɟɯ №13 Ɍɉ-10, Ɍɉ-11 ɐɟɯ №13 0,248 1076,92 793 630 0,75 3 3 

 
Ɍɚɛɥɢɰɚ 8 – ɉɚɪɚɦɟɬɪɵ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  

Ɍɢɩ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ܵɧɨɦ.ɬ, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ,  
ɤȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ  ˍܷˊ, % 

Ɍɨɤ ɯɨɥɨ-
ɫɬɨɝɨ  

ɯɨɞɚ, % ȼɇ ɇɇ ∆ ௫ܲ௫ ∆ ɤܲɡ 

ɌɆ 630 10 0,4 1,56 8,5 5,5 0,8 
ɌɆ 250 10 0,4 0,945 3,7 4,5 1,7 

 
 

Ɍɚɛɥɢɰɚ 9 – ȼɵɛɨɪ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ 

ɉɨɬɪɟɛɢɬɟɥɢ  Qɪ, 
ɤɜɚɪ 

Qɧɤ.ɪɚɫɱ, 
ɤɜɚɪ 

Qɧɤ.ɮɚɤɬ 
ɤɜɚɪ 

Ʉɨɥ-ɜɨ 
ɇȻɄ, 
ɲɬ. 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ 
ɇȻɄ, ɤɜɚɪ 

Ɍɢɩ ɇȻɄ 

ɐɟɯ 
№5;9;14 

882 409,53 450 3 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ 
№1;10;11 

650 334,58 334 2 167 ɍɄɆ 58-04-20-10-ɍɁ 

ɐɟɯ №2;3;4 230 104,75 100 2 50 ɍɄɆ 58-04-50-10-ɍ3 
ɐɟɯ 

№7;8;15 
619 304,19 300 2 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ №6 1196 566,04 600 4 150 ɍɄɆ 58-04-150-30-ɍɁ 

ɐɟɯ №12 979 506,21 501 3 167 ɍɄɆ 58-04-167-33,3-ɍɁ 

ɐɟɯ №13 793 320,07 337,5 3 112,5 
ɍɄɆ 58-04-112,5-37,5-

ɍɁ 
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6 Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɹɯ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɟɦ 6-10 ɤȼ 

 
ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɩɪɟɞɩɪɢɹɬɢɟ ɤɚɤ ɭɡɟɥ ɫɟɬɢ 6,10 ɤȼ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸ-

ɱɟɧɵ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɢ ɢɫɬɨɱɧɢɤɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɨ ɛɚɥɚɧɫ ɪɟɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɭɡɥɟ 6,10 ɤȼ ɩɪɟɞɩɪɢɹɬɢɹ ɢɦɟɟɬ ɜɢɞ, [5, ɫ.106]. 

 ܳ˓∑ + ∆ܳ˕ʒʞʞ − ܳ˅ˍ − ܳːˍ.˗˃ˍ˕ − ܳ˔ˇΣ − ܳэ = Ͳ ,   (62) 
 

ɝɞɟ ܳ˓∑ – ɪɚɫɱёɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɨɬɧɟɫёɧɧɚɹ ɤ ɲɢɧɚɦ 6,10 ɤȼ 
Ƚɉɉ (ɫɦ. ɩ.ɩ 2.2), ɤȼɚɪ; 
      ∆ܳ˕ʒʞʞ – ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ , ɤȼɚɪ; 
      ܳ ˅ˍ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɤɨɧ-
ɞɟɧɫɚɬɨɪɧɵɦɢ ɛɚɬɚɪɟɹɦɢ, ɤȼɚɪ; 
      ܳ ːˍ.˗˃ˍ˕ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɜɵɞɚɜɚɟɦɚɹ ɮɚɤɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ 
ɇȻɄ (ɫɦ. ɬɚɛɥ.9), ɤȼɚɪ; 
      ܳ ˔ˇΣ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢ-
ɝɚɬɟɥɹɦɢ, ɤɜɚɪ; 
      ܳ э – ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɩɪɟɞ-
ɩɪɢɹɬɢɸ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ, ɤȼɚɪ. 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɋȾ, ɤɨɬɨɪɭɸ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ, ɤȼɚɪ, 

 

 (63) 

 
ɝɞɟ ߙˏ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɋȾ (ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɧɨɦɨ-
ɝɪɚɦɦɟ); 
         ܲ ːˑˏ.˔ˇ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɤȼɬ; 
         ܳ ːˑˏ.˔ˇ – ɧɨɦɢɧɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɤɜɚɪ. 

 
 (64) 

 ܳːˑˏʠʓଵ =  ͳʹͷͲ ∙ Ͳ,͵͵ = ͶͳͲ,ͺ͸, 
 ܳːˑˏʠʓଶ =  ͳ͸ͲͲ ∙ Ͳ,͵͵ = Ͷͻ͵,Ͳ͵, 
 ܳ˔ˇ.эଵ = Ͳ,͵͵ ∙ √ͳʹͷͲଶ + ͶͳͲ,ͺ͸ଶ = Ͷ͵Ͷ,ʹͳ, 
 ܳ˔ˇ.эଶ = Ͳ,͵ͺ ∙ √ͳ͸ͲͲଶ + Ͷͻ͵,Ͳ͵ଶ = ͸͵͸,ʹͳ 
 
ɋɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɜɫɟɦɢ ɋȾ, ɤȼɚɪ, 

2 2 ,ɋȾɷ ɦ ɧɨɦɋȾ ɧɨɦɋȾQ P Q  

;ɧɨɦɋȾ ɧɨɦɋȾ ɧɨɦɋȾQ P tg 
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  ܳ˔ˇΣ = ݊ˇ ∙ ܳ˔ˇ.э , (65) 
 

ɝɞɟ ݊ˇ – ɤɨɥɢɱɟɫɬɜɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɋȾ, ɲɬ. 
 ܳ˔ˇΣଵ = Ͷ ∙ Ͷ͵Ͷ,ʹͳ = ͳ͹͵͸,ͺͶ, 
 ܳ˔ˇΣଶ = Ͷ ∙ ͸͵͸,ʹͳ = ʹͷͶͶ,ͺͶ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ȼȻɄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɵ, ɤɜɚɪ,  
 ܳ˅ˍ = ܳ˓∑ + ∆ܳ˕ʒʞʞ − ܳːˍ.˗˃ˍ˕ − ܳ˔ˇΣଵ − ܳ˔ˇΣଵ − ܳэ , (66) 
 ܳ˅ˍ = ͵ͺͻ͹ͻ,ͻ͹ + ͷͳͷ͸,͵͹ − ʹ͸ʹʹ,ͷ − ͳ͹͵͸,ͺͶ −  ʹͷͶͶ,ͺͶ − ͺ͹ͶͲ,ͻͳ == ʹʹͲͺͺ,͵͵  
 
ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɜɟɧɚɞɰɚɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚɬɨ-

ɪɨɜ ɬɢɩɚ ɍɄɅ 56-10,5-1800ɍɁ [6], ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɨ 1800 ɤȼɚɪ ɤɚɠ-
ɞɚɹ.  

 
Ɇɨɳɧɨɫɬɶ ɮɚɤɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ȼȻɄ, ɤȼɚɪ, 
 ܳ˅ˍ.˗˃ˍ˕ = ͳʹ ∙ ͳͺͲͲ = ʹͳ͸ͲͲ  
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

43 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

7 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
 
7.1 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 10 ɤȼ 
 
ɉɟɪɟɞ ɪɚɫɱɟɬɨɦ ɬɨɤɨɜ ɄɁ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɤɚɛɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɟɞɢ-

ɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ ɢ ɰɟɯɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞ-
ɫɬɚɧɰɢɢ. [1, ɫ.62] 

Ʉɚɛɟɥɢ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ ɛɭɞɟɦ ɜɵɛɢɪɚɬɶ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɬɨɤɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (10 ɤȼ) ɞɥɹ ɭɱɚɫɬɤɚ: Ƚɉɉ – 
Ɍɉ1. Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦ ɱɟɬɵɪɟ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɥɨɠɟɧ-
ɧɵɟ ɜ ɬɪɚɧɲɟɟ ɤɚɛɟɥɶɧɵɟ ɥɢɧɢɢ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɧɢɦɢ 100 ɦɦ. 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭ-

ɸɳɟɣ ɮɨɪɦɭɥɟ, Ⱥ, 

,
3

ɪ
ɪ

ɤ ɧɨɦ

S
I

n U


 
        (67) 

 

ɝɞɟ ܵ˓ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨ ɞɚɧɧɨɦɭ ɤɚɛɟɥɸ, ɤȼ∙Ⱥ; 
       ݊ ˍ – ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɬɪɚɧɲɟɟ, ɲɬ. 

 ܵ˓ = √ሺɊɪɇɇ + ∆ ɰܲɬ + Ɋɪȼɇሻଶ + ሺܳɪɇɇ + ∆ܳɰɬ − ܳɋȾΣଶሻଶ  ,   (68) 

 
ɝɞɟ     ܵ˓ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨ ɞɚɧɧɨɦɭ ɤɚɛɟɥɸ, ɤȼ∙Ⱥ; 

Ɋɪɇɇ, ܳɪɇɇ – ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ 
5,8,14 ɰɟɯɨɜ, ɤȼɬ, ɤȼɚɪ; ∆ ɰܲɬ, ∆ܳɰɬ – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɪɚɡɞɟɥɶɧɨɣ ɪɚɛɨɬɟ, ɤȼɬ, ɤȼɚɪ; 

Ɋɪȼɇ, – ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ 10 ɤȼ 14 ɰɟɯɚ, ɤȼɬ; ܳɋȾΣଶ – ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, 
ɤɜȼɪ. 

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɪɚɡɞɟɥɶ-

ɧɨɣ ɪɚɛɨɬɟ, ɤȼɬ: 
        

2 ,ɰɬ ɯɯ ɰɬ ɤɡ ɰɬ ɰɬP P n P n           (69) 

 

ɝɞɟ      – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨ.ɟ;  
– ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ, ɤȼɬ; 

ɰɬ

xxP
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– ɩɨɬɟɪɢ ɤɨɪɨɬɤɨ ɡɚɦɵɤɚɧɢɹ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ, ɤȼɬ;  

 – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɲɬ. 

 
2 2
0,4 0,4 ./ ,ɰɬ ɪ ɪ ɈɉɌ ɧɨɦ ɰɬP Q N S      (70) 

 

ɝɞɟ     – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼ, ɤȼɬ; 
 – ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɧɚ ɲɢɧɚɯ 0,4 ɤȼɚɪ. 

 
2 21254,96 (582 450) / 3 630 0,7ɰɬ      , 

 
 ∆ܲ̇ ˕ = ͳ,ͷ͸ ∙ ͵ + ͺ,ͷ ∙ Ͳ,͹Ͳଶ ∙ ͵ = ͳ͹,ʹͲ 
 
ɉɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɢɯ ɩɚɪɚɥ-

ɥɟɥɶɧɨɣ ɪɚɛɨɬɟ, ɤȼɚɪ: 
 

   (71) 

 
ɝɞɟ    - ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, %;   

- ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨ ɡɚɦɵɤɚɧɢɹ, %;  
 - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ. 

 

 ∆ܳ˙˕ = ሺʹ ∙ ͵ + ͷ,ͷ ∙ Ͳ,͹Ͳଶ ∙ ͵ሻ ∙ ଺ଷ଴ଵ଴଴ = ͺͺ,ͺͶ, 

             ܵ˓ = √ሺͳʹͷͳ,ͻ͸ + ͳ͹,ʹͲ + ͸ͲͲͲሻଶ + ሺͷͺʹ + ͺͺ,ͺͶ − ʹͷͶͶ.ͺͶ͵ሻଶ= ͹ͷͶͷ,͸͹ , 
 

7545,67
220,63

3 2 10
ɪI  

 
 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚ-

ɠɟɧɢɹ, Ⱥ, 
 

.
3 ( 1)

ɪ
ɪɚɛ ɦɚɤɫ

ɤ ɧɨɦ

S
I

n U


  
,       (72) 

 

ɤɡP

ɰɬn

0,4ɪP

0,4ɪQ

.2( ) ,
100
ɧɨɦ ɰɬ

ɰɬ ɯɯ ɰɬ ɤɡ ɰɬ ɰɬ
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.

7545,67
441,27

3 (2 1) 10
ɪɚɛ ɦɚɤɫI  

  
 

 
Ɋɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɠɢɥɵ ɤɚɛɟɥɹ, ɦɦ2, 
ɪɚɫɱܨ  = 𝐼ɪ௝ɷɤ

 ,           (73) 

 
ɝɞɟ ɷ݆ɤ – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɪɚɜɧɚɹ 1,1 Ⱥ/ɦɦ2 [1, ɫ.71]. 
 

220,63
200,58

1,1ɪɚɫɱF    

ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ̝ܨ ˕ = ͵ͲͲ ɦɦଶ, ɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɠɢɥɨɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɜ 
ɩɨɥɢɷɬɢɥɟɧɨɜɨɣ ɨɛɨɥɨɱɤɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɪɤɢ Ⱥɉɜɉ-(1×300)/35 ɩɪɨɤɥɚɞɵɜɚ-
ɟɦɨɝɨ ɜ ɡɟɦɥɟ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ Iɞɨɩ=447 Ⱥ. [8, ɫ.39]  

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (𝐾ଵ), 
ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ (𝐾ଶ), ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (𝐾ଷ), [1]. 

 
Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = 𝐾ଵ ∙ 𝐾ଶ ∙ 𝐾ଷ ∙ 𝐼 ˑ˒ ൒ 𝐼 .𝑚𝑎௫ , (74) 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [1], Ⱥ. 
 

` 1 0,9 1,05 91 45,48ȾɈɉI     
 (75) 

 
          ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, %: 
 

,   (76) 

 

   (77) 

 
ɝɞɟ     Iɪ – ɪɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ; 

l  - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɤɦ; 
 cos 𝜑 - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ (ɧɚ ɧɚɝɪɭɡɤɟ), ɨ.ɟ; 

 -  ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ;  

% 100%,
ɧɨɦ

U
U

U


  

3 ( cos sin ),ɤ ɪ ɭɞ ɭɞU n I l r x         

ɭɞr
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 - ɭɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ. 

 cos 𝜑 = 𝑃 బ,4+𝑃 భబ+∆𝑃 ˕ௌ˓ ,   (78) 

 
1251,96 6000 17,20

cos 0,96
7545,67

  
  , 

 sin 𝜑 = sin ሺarccos ሺcos 𝜑ሻሻ = −Ͳ,ʹ͹,  

 

3 2 220,60 0,140 (0,1 0,96 0,154 0,27) 5,81U          , 

 
5,81

% 100% 0,06
10000

U     

 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 

ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
10. 

 
Ɍɚɛɥɢɰɚ 10 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 10 ɤȼ 

ɍɱɚɫɬɨɤ Sɪ, ɤȼ·Ⱥ Iɪ, Ⱥ Iɪɚɛ.ɦɚɤɫ, Ⱥ Fɫɬ, ɦɦ2 Iɞɨɩ, Ⱥ I'ɞɨɩ, Ⱥ nɥ, ɲɬ 
Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

 

Ƚɉɉ – Ɋɍ1 7545,67 220,63 441,27 300 477 450,77 2 Ⱥɉɜɉ 0,06 
Ƚɉɉ – Ɋɍ2 5293,07 154,77 309,54 185 371 357,61 2 Ⱥɉɜɉ 0,45 
Ƚɉɉ-Ɋɍ3 18514,29 541,35 1082,71 800 1161 1219,05 2 Ⱥɉɜɉ 0,33 
Ƚɉɉ-Ɋɍ4 11571,43 338,35 676,69 800 719 679,46 2 Ⱥɉɜɉ 0,07 
Ƚɉɉ-Ɋɍ5 18514,29 541,35 1082,71 800 1161 1219,05 2 Ⱥɉɜɉ 0,42 
Ƚɉɉ-Ɍɉ3 883,33 25,83 51,66 35 145 137,03 2 Ⱥɉɜɉ 0,06 
Ƚɉɉ-Ɍɉ4 382,86 11,19 22,39 35 145 137,03 2 Ⱥɉɜɉ 0,11 

Ƚɉɉ – Ɍɉ5 868,06 25,38 50,76 35 145 137,03 2 Ⱥɉɜɉ 0,13 
Ƚɉɉ-Ɍɉ6,7 1799,52 52,62 105,23 35 145 137,03 2 Ⱥɉɜɉ 0,22 
Ƚɉɉ-Ɍɉ8,9 1457,48 42,62 85,23 35 145 137,03 2 Ⱥɉɜɉ 0,05 

Ƚɉɉ-
Ɍɉ10,11 1405,80 41,11 82,21 

35 
145 137,03 2 

Ⱥɉɜɉ 
0,20 

 
 
7.2 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 0,4 ɤȼ 
 
ɉɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɤɚɛɟɥɹ (0,4 ɤȼ) ɧɚ ɭɱɚɫɬɤɟ: Ɋɉ10–Ɋɉ11.  
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𝐼 = ͷ͹Ͷ,Ͷʹͳ√͵ ∙ ͷ ∙ Ͳ,Ͷ = ͳ͸͹,ͻ͸  
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚ-

ɠɟɧɢɹ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ = ͷ͹Ͷ,Ͷʹͳ√͵ ∙ ሺͷ − ͳሻ ∙ Ͳ,Ͷ = ʹͲͻ,ͻͷ  
 
ȼɵɛɢɪɚɟɦ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɠɢɥɨɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɩɨɥɢɜɢɧɢɥɯɥɨ-

ɪɢɞɧɨɝɨ ɩɥɚɫɬɢɤɚ (ɉȼɏ) ɫ ɛɪɨɧɟɣ ɢɡ ɞɜɭɯ ɫɬɚɥɶɧɵɯ ɥɟɧɬ ɫ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɨɣ 
ɢɡ ɉȼɏ ɩɥɚɫɬɢɤɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɪɤɢ ȺȼȻɛɒɜ-4×150 ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɜ 
ɡɟɦɥɟ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ Iɞɨɩ=300 Ⱥ. [9, ɫ.16]. 

ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ (ɩɨ ɧɚɝɪɟɜɭ), ɫ 
ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (𝐾ଵ), 
ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɬɪɚɧɲɟɟ (𝐾ଶ), ɧɚ ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ (𝐾ଷ), [1]. 

 
Ⱦɚɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ,  
 𝐼′ˇˑ˒ = 𝐾ଵ ∙ 𝐾ଶ ∙ 𝐾ଷ ∙ 𝐼 ˑ˒ ൒ 𝐼 ˃˄.𝑚𝑎௫ , 
  

ɝɞɟ 𝐼 ˑ˒ – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɤɚɛɟɥɹ [1], Ⱥ. 
 𝐼′ˇˑ˒ = ͳ ∙ Ͳ,ͺ ∙ ͳ,Ͳͷ ∙ ͵ͲͲ = ʹͷʹ > ʹͲͻ,ͻͷ 
 
ɉɪɨɜɟɪɢɦ ɤɚɛɟɥɶ ɧɚ ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ, %: 
 

   

 cos 𝜑 = ܲ˓ ଴,ସܵ˓ = Ͷͷͷ,ͳͶͷ͹Ͷ,Ͷʹ = Ͳ,͹ͻ 

 sin 𝜑 = sin ሺarccos ሺcos 𝜑ሻሻ = Ͳ,͸ͳ, 

 ∆ܷ = √͵ ∙ ͷ ∙ ͳ͸͹,ͻ͸ ∙ Ͳ,ͲͶ ∙ ሺͲ,ͳͺ ∙ Ͳ,͹ͻ + Ͳ,Ͳ͸ ∙ Ͳ,Ͳ,͸ͳሻ = ͳͲ,͵, 
 ∆ܷ% = ͳͲ,͵ͶͲͲ = ʹ,ͷ͹ 

 

ɑɬɨ ɜɯɨɞɢɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ ɞɥɹ ɫɟɬɟɣ 0,4 ɤȼ. 

3 ( cos sin ),ɤ ɪ ɭɞ ɭɞU n I l r x         
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Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɤɚɛɟɥɶ ɤ 
ɭɫɬɚɧɨɜɤɟ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
11. 

 
Ɍɚɛɥɢɰɚ 11 – ȼɵɛɨɪ ɤɚɛɟɥɟɣ ɧɚ 0,4 ɤȼ 

ɍɱɚɫɬɨɤ 
Sɪ, 

ɤȼ·Ⱥ 
Iɪ, Ⱥ 

Iɪɚɛ.ɦɚɤɫ, 
Ⱥ 

Fɫɬ, 
ɦɦ2 

Iɞɨɩ, Ⱥ I'ɞɨɩ, Ⱥ nɥ, ɲɬ 
Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

 

Ɋɉ1-Ɋɉ2 581,28 212,46 283,28 240 374 314,16 4 ȺȼȻɛɒɜ 2,76 

Ɋɉ2-Ɋɉ3 98,85 144,52  50 157 164,85 1 ȺȼȻɛɒɜ 2,90 

Ɋɉ4-Ɋɉ5 337,14 123,22 164,30 95 233 195,72 4 ȺȼȻɛɒɜ 1,72 

Ɋɉ4-Ɋɉ6 117,83 172,27  70 195 204,75 1 ȺȼȻɛɒɜ 3,19 

Ɋɉ7-Ɋɉ8 150,06 73,13 109,69 50 157 140,12 3 ȺȼȻɛɒɜ 2,58 

Ɋɉ7-Ɋɉ9 189,00 138,16 276,32 150 300 283,50 2 ȺȼȻɛɒɜ 0,58 

Ɋɉ10-Ɋɉ11 574,42 167,96 209,95 150 300 252,00 5 ȺȼȻɛɒɜ 2,57 

Ɋɉ11-Ɋɉ12 228,86 111,53 167,29 95 233 207,95 3 ȺȼȻɛɒɜ 1,47 
 

,%U
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8 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 ɡɚ-
ɦɵɤɚɧɢɹ, ɨɛɪɵɜ ɧɚɝɪɭɠɟɧɧɨɣ ɰɟɩɢ ɥɢɧɢɢ ɢɥɢ ɟё ɮɚɡɵ, ɜɵɩɚɞɟɧɢɟ ɜɪɚɳɚɸ-
ɳɢɯɫɹ ɦɚɲɢɧ ɢɡ ɫɢɧɯɪɨɧɢɡɦɚ ɢ ɬ.ɞ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɗɗɋ, ɤɨ-
ɬɨɪɵɟ ɜɡɚɢɦɨɫɜɹɡɚɧɵ. 

Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɄɁ ɜ ɫɟɬɢ ɢɥɢ ɜ ɷɥɟɦɟɧɬɚɯ ɷɥɟɤɬɪɨ-
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɵɯ ɞɟɣɫɬɜɢɣ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɄɁ ɜɵɛɢɪɚɸɬ ɪɚɫɱёɬɧɭɸ ɫɯɟɦɭ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
ɢ ɩɨ ɧɟɣ ɫɨɫɬɚɜɥɹɸɬ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɦɚɝɧɢɬɧɵɟ ɫɜɹɡɢ ɡɚɦɟɧɟɧɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹɦɢ. Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. ɉɨɫɥɟ ɷɬɨɝɨ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɜɵɩɨɥɧɹɸɬ ɟё ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɧɚɯɨɞɹɬ 
ɬɨɤɢ ɄɁ. 

Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɛɭɞɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɞɥɹ ɞɜɭɯ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭ-
ɠɟɧɧɵɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ (Ƚɉɉ–Ɋɍ4 ɢ Ƚɉɉ – Ɍɉ6). Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ 
ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ RastrWin3. ɂɫɯɨɞɧɵɟ ɞɚɧ-
ɧɵɟ ɢ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 
 

8.1 ȼɵɛɨɪ ɛɚɡɢɫɧɵɯ ɭɫɥɨɜɢɣ 
 
ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɨɣ ɦɨɳɧɨɫɬɢ ɜɵɛɟɪɟɦ Sɛ=10000 Ɇȼ·А 
Ɂɚ ɛɚɡɢɫɧɵɟ ɩɪɢɦɟɦ ɧɚɩɪɹɠɟɧɢɹ ɢɡ ɫɬɚɧɞɚɪɬɚ ɫɪɟɞɧɢɯ ɧɨɦɢɧɚɥɶɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ: UɛI=115 ɤȼ; UɛII=10,5 ɤȼ; UɛIII =0,4 ɤȼ. 
 
Ȼɚɡɢɫɧɵɣ ɬɨɤ ɫɬɭɩɟɧɢ, ɤȺ:  
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14430
3

10000
0,4ɛIIII 


  

 
 
8.2 Ɋɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨ.ɟ: 
 

//

/ cos
ɛ

ɋȾ ɧɨɦd
ɋȾ

S
X X

P 
   (80) 

 
ɝɞɟ     / /

dX  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨ.ɟ; 

ɛS  –  ɛɚɡɢɫɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼ·Ⱥ; 
 

ɧɨɦ
ɋȾP  – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ; 

cos  –  ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 
ɨ.ɟ.. 

 

1
0,20 10000 316,7

4 1,5 / 0,95ɋȾX    , 

 

2
0,20 10000 380

4 1,25 / 0,95ɋȾX     

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ GS, ɨ.ɟ: 
 

ɛ
GS

K

S
X

S
            (81) 

 
ɝɞɟ     ɄS  – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, Ɇȼ·Ⱥ. 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

 ,, ,0,5

100
K ȼ ɇK ȼ ɋ K ɋ ɇ ɛ

АɌȼɇ
ɧɨɦ

u u u Sɏ
S

   
 

,  (82) 
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 ,, ,0,5

100
K ȼ ɇK ȼ ɋ K ɋ ɇ ɛ

АɌɋɇ
ɧɨɦ

u u u S
X

S
   

 
, (83) 

 , , ,0,5

100
K ȼ ɇ K ɋ ɇ K ȼ ɋ ɛ

АɌɇɇ
ɧɨɦ

u u u S
X

S
    

 
, (84) 

 
ɝɞɟ     ,K ȼ ɋu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ 
ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

,K ȼ ɇu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ 
ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

,K ɋ ɇu   – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɫɪɟɞɧɟɝɨ ɢ 
ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, %; 

ɧɨɦS  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ɇȼ·Ⱥ. 
 

 0,5 11 42 28 10000 10
100 125АɌȼɇɏ
 

  
, 

 
 0,5 11 28 42 10000 1,2 0

100 125АɌɋɇX
  

    
, 

 
 0,5 42 28 11 10000 23,6

100 125АɌɇɇX
  

  
 

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɪɚɫɳɟɩ-

ɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 

0,125
100

K ɛ
Ɍȼɇ

ɧɨɦ

U S
X

S


  ,  (85) 

 

' "

1,75
100

K ɛ
Ɍɇɇ Ɍɇɇ

ɧɨɦ

U S
X X

S


   , (86) 

 
ɝɞɟ     KU  – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, %. 

 

2 3,28
0,125 10,5 10000

100 40Ɍ ȼɇX 
  , 

 

2 ' 2 "
1,75 10,5 10000 45,94

100 40Ɍ ɇɇ Ɍ ɇɇX X      
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ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɦɈɦ.: 
 

2 2 2

100
ɤɡ ɛ

ɧɨɦ

K
ɐɌ

ɧɨɦ

U
S

U PX
S

   
       

  , (87) 

 
ɝɞɟ     ɤɡP  – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȼɬ. 

 
22 2

13,541
400
630

5,5 8,5
100 630ɐɌX   

  
   

   

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɨ.ɟ.: 
 

W W 2 ,ɛ
W

ɛ

S
X X

U
            (88) 

 
ɝɞɟ     WX  – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, Ɉɦ/ɤɦ; 

W  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 

ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ, ɤȼ. 
 

1 2

10000
0,430 1,2 0,39

115WX     , 

 

2 2

10000
0,103 0,145 1,35

10,5WX     , 

 

3 2

10000
0,154 0,1 0,47

2 10,5WX    


, 

 

4 2

10000
0,177 0,14 2,25

10,5WX     , 

 

5 2

10000
0,142 0,05 0,64

10,5WX      

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 
ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɭɠɧɨ ɧɚɣɬɢ 
ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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






r

x
Ta 

,  (89) 

 
ɝɞɟ    x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɨ-
ɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨ.ɟ.; 

r  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɨɪɨɬ-
ɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨ.ɟ.; 

  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɞ/ɫ. 
 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨ.ɟ.: 

0,01

1 aT
ɭɞk e


   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɚɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɬɧɨɲɟɧɢɟɦ 
x/r: 

 

GS: x/r=50, 
 
ɋȾ1, ɋȾ2: x/r=40, 
 
T2: x/r=30, 
 
T3: x/r=15, 
 
АɌ: x/r=40  
12 
 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɨ.ɟ: 
 

/
xr

x r
           (90) 

 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ GS: 
 

4,762
0,10

50GSr    

 
Ⱥɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨ.ɟ. 
 

10 0,25
40АɌȼɇr   , 
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0АɌɋɇr  , 

 
23,6 0,59
40АɌɇɇr   , 

 

2
3,28 0,11
30T ȼɇr   , 

 

2 ' 2 "
45,94 1,53

30T ɇɇ T ɇɇr r    

 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɦɈɦ: 
 

2

2
ɤɡ ɛIII
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P U
S

r
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2

2 3,427
8,5 400

630ɐɌr 
  

 
Ⱥɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨ.ɟ.: 
 

1
316,7 7,92

40ɋȾr   , 

 

2
2

380 9,5
40 40
ɋȾ

ɋȾr
x

    

 
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɨ.ɟ.: 
 

W W 2 ,ɛ
W

ɛ

S
r r

U
            (92) 

 
ɝɞɟ     Wr  – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, Ɉɦ/ɤɦ; 

W  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 

ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ, ɤȼ. 
 

1 2
100000,25 1,2 0,23
115Wr     , 
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2 2
100000,868 0,145 11,42
10,5Wr     , 

 

3 2
100000,868 0,1 3,94
10,5Wr     , 

 

4 2
100000,443 0,14 5,63
10,5Wr     , 

 

5 2
100000,0367 0,05 0,17
10,5Wr      

 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢ ɪɚɫɱɟɬɨɜ ɭɞɚɪɧɵɯ ɬɨɤɨɜ ɄɁ ɡɚɧɟ-
ɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 12. 

 
Ɍɚɛɥɢɰɚ 12 – Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢ ɪɚɫɱɟɬ ɭɞɚɪɧɵɯ ɬɨɤɨɜ 

ɄɁ 
Ɍɨɱɤɚ ɄɁ 
(№ ɭɡɥɚ) 0ɉI ,ɨ.ɟ. ɛI , ɤȺ 0ɉI , ɤȺ ɷɤɜZ , Ɉɦ ɭɞk , ɨ.ɟ. ɭɞi , ɤȺ 

1(5) 0,076 50,204 3,81 0,542+j13,129 1,87 7,12 
2(7) 0,022 549,857 12,10 1,667+j46,299 1,88 22,80 
3(10) 0,021 549,857 11,57 13,087+j47,649 1,39 16,11 
4(8) 0,022 549,857 12,10 4,446+j46,671 1,72 20,84 
5(9) - - 8,21 18,427+j81,271 1,05 8,62 
6(13) 0,016 549,857 8,80 2,372+j63,033 1,88 16,54 

 

Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤ ɜ ɬɨɱɤɟ 5 ɩɨ ɮɨɪɦɭɥɟ, ɤȺ: 
 

2 2
5 5

0 5
400

3ɉ ɄI
x r 

  
 ,       (93) 

 

ɝɞɟ     5x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
5 ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ; 

5r – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ; ɛU  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢ-
ɧɢɢ, Ɉɦ. 

ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, Ɉɦ: 

 

5 4 ɐɌx x x   ,   (94) 

 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

56 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ɝɞɟ     4x  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
4, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 

ɐɌx – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞёɧɧɨɟ 
ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ. 

 
ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 4, 

ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 
 

2

3
44 10ɛIII

ɛII
ɷɤɜ

U
U

x x
 
  
 
  ,       (95) 

ɝɞɟ     4ɷɤɜx  – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 
4 ɢɡ ɬɚɛɥɢɰɵ 12, ɨ.ɟ.. 

 
ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɄɁ 5 ɩɪɢɜɟ-

ɞɟɧɧɨɟ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 
 

5 ɤɨɧɬɐɌr r r  ,         (96) 

ɝɞɟ     ɐɌr – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞёɧɧɨɟ ɤ 
ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɦɈɦ; 

ɤɨɧɬr – ɚɤɬɢɜɧɨɟ ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ, ɦɈɦ. 
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                                       ɚ)                                                                   ɛ) 

Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɵ ɞɥɹ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɄɁ: 
ɚ) – ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ, ɛ) – ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ.
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9 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
9.1 ȼɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ȼɵɤɥɸɱɚɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 

ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ: ɞɥɢɬɟɥɶɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɩɟɪɟɝɪɭɡɤɚ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɯɨɥɨɫɬɨɣ ɯɨɞ, ɧɟɫɢɧɯɪɨɧɧɚɹ ɪɚɛɨɬɚ. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ: [2, ɫ.337-339] 
 1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
 2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
 3) Ɍɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
 4) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ݅ɭ ൑ ݅ɩɪ.ɫɤɜ; 
 5) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ BK ൑ 𝐼ଶ் ·  .்ݐ
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɭɫɥɨɜɢɹɦ, ɬɨɥɶɤɨ ɢɫɤɥɸɱɚɟɬɫɹ 

ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
 
 

9.1.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɩɨɞ-
ɫɬɚɧɰɢɢ (110 ɤȼ) ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 

 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ (110 ɤȼ), Ⱥ, 
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ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɥɨɧɤɨɜɵɣ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 3AP1-FG 

145 (Siemens) [10] ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɬɢɩɚ ɊȽɉɁ—ɋɗɓ – 1(2)–
110/1250–ɍɏɅ1  [11] ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 
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Ɍɚɛɥɢɰɚ 13 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɧɚ ȼɇ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ  
3AP1-FG 145 (Simens) 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȽɉɁ– ɋɗɓ – 110/1250 

ɍɏɅ1 ˖ܷ˔˕ ൑ ܷːˑˏ ˖ܷ˔˕ = ͳͳͲ ˍʑ ܷːˑˏ = ͳͳͲ ˍʑ ܷːˑˏ = ͳͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼 ˑˏ = ͳͲͲͲ А 𝐼 ˑˏ = ͳʹͷͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 
𝐼 𝜏 = ͵,ͺͳ  ˍА 

𝐼 ˕ˍˎ.ːˑˏ = ͷͲ ˍА - ݅˖ ൑ ݅ɩɪ.ɫɤɜ ݅˖ = ͹,ͳʹ ˍА ݅˒˓.˔ˍ˅ = ͳͲͲ ˍА ݅˒˓.˔ˍ˅ = ͺͲ ˍА BK ൑ 𝐼ଶ் · ்ݐ  
𝐵К = ͵,ͺͳ ଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳʹ͹ሻ == ͳ,ʹ͹Ͳ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ = ͳͷͲ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ͺͲଶ ∙ Ͳ,Ͳ͸ == ͵ͺͶ ˍАଶ ∙ ˔ 

 
 
9.1.2 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧ-

ɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 
 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ (10ɤȼ), Ⱥ, 
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ȼ ɰɟɩɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɜ ɫɟɤɰɢɨɧɧɨɣ ɩɟɪɟɦɵɱɤɟ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɄɊɍ–ɋɗɓ–70 [12]. ȼ 
ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ-
ɋɗɓ-ɉ-10-50/2000 [13]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩ-
ɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ȼ ɪɚɡɴɟɞɢɧɢɬɟɥɹɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɢɞɢɦɵɣ ɪɚɡɪɵɜ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɲɤɚɮɚ ɄɊɍ, ɬ.ɟ. ɫ ɩɨɦɨɳɶɸ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ. ɉɪɨɜɟɪɤɚ ɞɚɧɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬёɦ ɩɪɨɜɟɪɤɢ ɫɚɦɨɣ 
ɹɱɟɣɤɢ (ɲɤɚɮɚ) ɄɊɍ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ 
ɄɊɍ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 
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Ɍɚɛɥɢɰɚ 14 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 
ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȼɍ-ɋɗɓ-ɉ-10-50/2000 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–70 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ͳ͸ͳͺ,ͷͲ А 𝐼ɧɨɦ = ʹͲͲͲ А 𝐼 ˑˏ = ʹͲͲͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͳʹ,ͳͲ ɤА 𝐼ɨɬɤ.ɧɨɦ = ͷͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹʹ,ͺͲ ˍА ݅ɩɪ.ɫɤɜ = ͳʹͺ ɤА ݅˒˓.˔ˍ˅ = ͷͲ ˍА 

BK ൑ 𝐼ଶ் · ்ݐ  
𝐵Ʉ = ͳʹ,ͳଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͷሻ=  ͳͷ,ͺͶ ɤАଶ ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ == ͳͷͲ ɤАଶ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ͶͲଶ ∙ Ͳ,Ͳ͸ == ͻ͸ ˍАଶ ∙ ˔ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-

ɋɗɓ–70 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

 
9.1.3 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞ-

ɫɬɚɧɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ  
 
ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɰɟɩɢ ɄɅ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭ-

ɠɟɧɧɨɣ ɥɢɧɢɢ (Ƚɉɉ–Ɋɍ1. Ɍɨɤɢ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚ-
ɛɨɬɵ ɷɬɨɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɫɦ. ɩ. 7. 

ȼ ɰɟɩɢ ɄɅ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɋɗɓ–63 [12]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭ-
ɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ–ɋɗɓ–10–20/630 [14]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ 
ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚ-
ɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ (ɲɤɚɮɚ ɄɊɍ) ɚɧɚɥɨɝɢɱɧɚ ɩɪɨɜɟɪɤɟ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɩ.9.3 
ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 15. 

 
Ɍɚɛɥɢɰɚ 15 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɄɅ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ 

ȼȼɍ–ɋɗɓ–10–
20/630 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–63 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ͶͶͳ,ʹ͹ А 𝐼ɧɨɦ = ͸͵Ͳ А 𝐼 ˑˏ = ͸͵Ͳ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͳʹ,ͳ ɤА 𝐼ɨɬɤ.ɧɨɦ = ʹͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹ͹,ͻ ˍА ݅ɩɪ.ɫɤɜ = ͷͲ ɤА ݅˒˓.˔ˍ˅ = ͷʹ ˍА 

BK ൑ 𝐼ଶ் · ்ݐ  

𝐵Ʉ = ͳʹ,ͳଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͳሻ= ͳͲ,ʹͷ ɤАଶ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͸== ʹͶ ɤАଶ ∙ ɫ 

𝐼ଶ் ∙ ்ݐ = ʹͲଶ ∙ Ͳ,Ͳ͸ == ʹͶ ˍАଶ∙ ˔ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-
ɋɗɓ–63 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

 
 
9.1.4 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞ-

ɫɬɚɧɰɢɢ (10 ɤȼ) ɜ ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɩɟɱɟɣ  
 
Ɍɨɤɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɄɅ 10 ɤȼ ɩɨɞɯɨɞɹɳɢɯ ɤ ɩɟɱɚɦ, ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ 

ɨɬ ɬɨɤɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɞɪɭɝɢɯ ɧɚɝɪɭɡɤɚɯ.  
ȼ ɰɟɩɢ ɄɅ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ ɫɟɪɢɢ ɋɗɓ–63 [12]. ȼ ɞɚɧɧɵɟ ɄɊɍ ɜɫɬɪɨɟɧɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɚɤɭ-
ɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼɍ-ɋɗɓ-ɉ-10-50/2000 [14]. Ɍɚɤɠɟ ɜ ɷɬɢ ɹɱɟɣɤɢ 
ɜɫɬɪɨɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ. ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚ-
ɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ (ɲɤɚɮɚ ɄɊɍ) ɚɧɚɥɨɝɢɱɧɚ ɩɪɨɜɟɪɤɟ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɩ.9.3 
ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 16 

 
Ɍɚɛɥɢɰɚ 16 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɲɤɚɮɚ ɄɊɍ ɧɚ 

ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ ɄɅ ɩɟɱɟɣ 

ɍɫɥɨɜɢɹ  
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ 

ȼȼɍ-ɋɗɓ-ɉ-10-
50/2000 

əɱɟɣɤɚ ɄɊɍ–ɋɗɓ–63 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ͳͲͺʹ,͹ͳ  А 𝐼ɧɨɦ = ʹͲͲͲ А 𝐼 ˑˏ = ʹͲͲͲ А 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͺ,ͺ ɤА 𝐼ɨɬɤ.ɧɨɦ = ͷͲ ɤА - ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ʹ͹,ͻ ˍА ݅ɩɪ.ɫɤɜ = ͷͲ ɤА ݅˒˓.˔ˍ˅ = ͷͲ ˍА BK ൑ 𝐼ଶ் · ்ݐ  
𝐵Ʉ = ͺ,ͺଶ ∙ ሺͲ,Ͳ͸ + Ͳ,Ͳͳሻ= ͷ,Ͷʹ ɤАଶ ∙ ɫ

𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸== ͳͷͲ ɤАଶ ∙ ɫ 
𝐼ଶ் ∙ ்ݐ = ͷͲଶ ∙ Ͳ,Ͳ͸ == ͳͷͲ ˍАଶ ∙ ˔ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-

ɋɗɓ–63 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
 
9.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ 

ɬɨɤɚ ɫɟɬɢ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɫ ɰɟɥɶɸ ɩɨɞɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶ-
ɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ. Ɍɚɤɠɟ ɌɌ ɧɟɨɛɯɨ-
ɞɢɦɵ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: [2, ɫ. 373] 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
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2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ; 
3) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ  𝐼ɩɨ ൑ 𝐼ɩɪ.ɫɤɜ; 
4) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ  BK ൑ 𝐼ଶ் ·  .்ݐ
5) ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ݖଶ ൑  ˏଶːˑݖ
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɟ ɢɡɜɟɫɬɧɚ, 

ɬɨ ɩɪɨɜɟɪɤɭ ɩɨ ɞɚɧɧɨɦɭ ɤɪɢɬɟɪɢɸ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟ ɛɭɞɟɦ. 
 
9.2.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (110 ɤȼ) 
 
ȼ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (110 

ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ–110. [15]. 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 17. 

 
Ɍɚɛɥɢɰɚ 17 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
Ɍȼ–ɋɗɓ–110 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͳͲ ɤȼ ɧܷɨɦ = ͳͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼ଵɧɨɦ = ͵ͲͲ А 

 
ɇɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɜɫɬɪɨɟɧɧɵɟ ɌɌ ɧɟ 

ɩɪɨɜɟɪɹɸɬɫɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ–110 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɢɧɢɦɚɸɬɫɹ ɤ ɭɫɬɚɧɨɜɤɟ. 
 
ȼ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 ɜɨɡɥɟ ɫɢɥɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ (110 ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈȽɎ-110 ɍɏɅ1. 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 18. 
Ɍɚɛɥɢɰɚ 18 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ȼɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɌɈȽɎ-110 ɍɏɅ1 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͳͲ ɤȼ ɧܷɨɦ = ͳͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ = ʹͻͶ,ʹ͹ А 𝐼ଵɧɨɦ = ͵ͲͲ А ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ͹,ͳʹ ˍА ݅ɩɪ.ɫɤɜ = ͸Ͷ ɤА BK ൑ 𝐼ଶ் · 𝐵Ʉ ்ݐ = ͳ,ʹ͹Ͳ ɤАଶ ∙ ɫ  𝐼ଶ் ∙ ்ݐ = ʹͷଶ ∙ ͵ = ͳͺ͹ͷ ˍАଶ ∙ ˔ 
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9.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 ɤȼ) 
  
ȼ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 

ɤȼ) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ–ɋɗɓ-10. [10]  
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 19. 
 
Ɍɚɛɥɢɰɚ 19 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨ-

ɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ ɜɨ ɜɜɨɞɚɯ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɍɫɥɨɜɢɹ 
ȼɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 
ɌȼɅ–ɋɗɓ–10 

˖ܷ˔˕ ൑ ܷːˑˏ ɭܷɫɬ = ͳͲ ɤȼ ɧܷɨɦ = ͳͲ ɤȼ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ 𝐼 ˃˄.ˏ˃ˍ˔ =  ͳ͸ͳͺ,ͷ  А 𝐼ଵɧɨɦ = ʹͲͲͲ А 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍȼ–ɋɗɓ–10 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɤ ɭɫɬɚɧɨɜɤɟ. 
 
ȼ ɜɵɛɪɚɧɧɭɸ ɜɜɨɞɧɭɸ ɹɱɟɣɤɭ ɄɊɍ-ɋɗɓ-70 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ-ɋɗɓ-10 ɨɩɨɪɧɵɟ ɜ ɥɢɬɨɣ ɢɡɨɥɹɰɢɢ. [10]  
 
Ɍɚɛɥɢɰɚ 20 – ɉɚɪɚɦɟɬɪɵ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɌɈɅ-ɋɗɓ-

10 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  2000 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI2  5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɞɢɧi
 100 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  40 
ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 

ɫ ɬɟɪɦt  1 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ – 0,5 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 
 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

.ɧɨɦ ɫɟɬ ɧɨɦU U  , (101) 
 
10 = 10                 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
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1 .ɧɨɦ ɪɚɛ ɦɚɤɫI I  ,  (102) 

               
2000 > 1618,5 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ: 
 

,ɞɢɧ ɭɞi i   (103) 

                       
ɝɞɟ     ݅ɭɞ. = ʹʹ,ͺ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ [Ɍɚɛɥɢɰɚ 12]; ݅ɞɢɧ. - ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ (ɩɨ ɤɚɬɚɥɨɝɭ). 

 
100 > 22,8 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤАଶ ∙ ɫ: 
 

2 ,ɬɟɪɦ ɬɟɪɦ ɤI t B    (104) 

ɝɞɟ    𝐵Ʉ=15,84 ɤȺ2∙ɫ [ɫɦɨɬɪ. ɉ 10.1.2]. 
 

240 1 15,84  ,    
 
1600 > 15,84 
 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: ݖଶ ൑  .ଶ ɧɨɦݖ
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɜɵɯ ɰɟɩɟɣ ɧɟɜɟɥɢɤɨ, ɩɨɷɬɨɦɭ      

[5, ɫ.300]. ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɨɢɬ ɢɡ ɩɪɢɛɨɪɨɜ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 
ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɚɤɬɨɜ [5, ɫ.300]: 

 

2 2 ,ɩɪɢɛ ɤ ɩɪɨɜZ r r r r      (105) 

 
ɝɞɟ     - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ; 

- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ, Ɉɦ; 
- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

2
2

,ɩɪɢɛ
ɩɪɢɛ

S
r

I
   (106) 

 
ɝɞɟ     - ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ, ȼȺ;  

2 2Z r

ɩɪɢɛr

ɤr

ɩɪɨɜr

ɩɪɢɛS
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2I  - ɜɬɨ-
ɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɪɢɛɨɪɚ, Ⱥ. 

2I   
ȼɬɨɪɢɱɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɨ ɤɚɬɚɥɨɝɭ ɞɥɹ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,5 ɫɨ-

ɫɬɚɜɥɹɟɬ 5 ȼ∙Ⱥ, ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ:  
 

2 2

5
0,2

5ɧɨɦZ  
 

ɋɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɤɢ ɌɌ ɜɵɩɨɥɧɟɧɨ ɩɨ ɫɯɟɦɟ ɩɨɥɧɨɣ ɡɜɟɡɞɵ. Ʉ ɢɡɦɟɪɢ-
ɬɟɥɶɧɵɦ ɨɛɦɨɬɤɚɦ ɩɨɞɤɥɸɱɟɧɵ ɬɚɤɢɟ ɩɪɢɛɨɪɵ, ɤɚɤ ɚɦɩɟɪɦɟɬɪ, ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶ ɢ ɫɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ [4, ɫɬɪ.635].  

 

 
Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ 

ɩɪɢɛɨɪɨɜ 
 

ɉɚɪɚɦɟɬɪɵ ɞɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɫɜɟɞɟɧɵ ɜ ɫɥɟɞɭɸɳɭɸ ɬɚɛɥɢɰɭ 21: 
 
 
Ɍɚɛɥɢɰɚ 21 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɉɪɢɛɨɪ Ɍɢɩ Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɇɚɝɪɭɡɤɚ, ȼȺ 

Ⱥɦɩɟɪɦɟɬɪ ɗ-335 1,0 0,5 
ɋɱɟɬɱɢɤ ɬɪɟɯɮɚɡ-

ɧɵɣ 
ɋɗɌ-4ɌɆ.03 0,5 0,1 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ȿ-824 0,5 1,0 

 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɬɨɪɢɱɧɨɣ ɫɬɨɪɨɧɟ, ɢɫɯɨɞɹ ɢɡ ɬɚɛɥɢɰɵ 22, ɫɨɫɬɚɜ-

ɥɹɟɬ ܵ˒˓ˋ˄ = ͳ,͸ ʑА. 
 

2

1,6
0,064

5ɩɪɢɛr    

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɩɪɢɧɢɦɚɟɬɫɹ 0,05 Ɉɦ ɩɪɢ ɞɜɭɯ - ɬɪɟɯ ɩɪɢɛɨɪɚɯ 

[5, ɫ.300]. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɞɥɢɧɵ ɢ ɫɟ-
ɱɟɧɢɹ. ɉɪɢɧɢɦɚɸɬɫɹ ɚɥɸɦɢɧɢɟɜɵɟ ɩɪɨɜɨɞɚ, ɬɚɤ ɤɚɤ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨ-
ɫɬɚɜɥɹɟɬ 110 ɤȼ, ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ Ɉɦ ∙ ɦɦଶ/ɦ. Ⱦɥɢɧɚ ɫɨ-
ɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ l = 4 - 6 ɦ ɞɥɹ 10 
ɤȼ[5, ɫ.300]. 

0,0283 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

66 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

 
ɋɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ [5, 

ɫ.300]: 
 

,ɪɚɫɱ

ɩɪɨɜ

l
q

r

 
   (107) 

 
ɝɞɟ    - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɞɢ, Ɉɦ ∙ ɦɦଶ/ɦ; 

- ɪɚɫɱɟɬɧɚɹ ɞɥɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ, ɦ [5, ɫ. 300]. 

 
Ⱦɥɹ ɫɯɟɦɵ ɩɨɥɧɨɣ ɡɜɟɡɞɵ: 
 

,ɪɚɫɱl l   (108) 

 
ɝɞɟ   - ɞɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ, 
ɦ. 

 
5ɪɚɫɱl    (109) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨ-

ɜɢɹ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ: 
 

2ɩɪɢɛ ɤ ɩɪɨɜ ɧɨɦr r r Z     (110) 

 
Ɉɬɤɭɞɚ: 
 

2ɩɪɨɜ ɧɨɦ ɩɪɢɛ ɤr Z r r   ,  (111) 

 
0,2 0,064 0,05 0,086ɩɪɨɜr     , 

 
0,0283 5

1,65
0,086

q


 
 

 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 4 ɦɦଶ. 
 
ɉɟɪɟɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ɫ ɭɱɟɬɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɫɟɱɟɧɢɹ, Ɉɦ: 
 

0,0283 5
0,035

4
ɫɬ

ɩɪɨɜr


  , 

 



ɪɚɫɱl

l
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2 0,035 0,064 0,05 0,149Z     , 
 
0,149 ˂  0,2 
 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
ɉɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ 
ɹɱɟɣɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
ȼ ɜɵɛɪɚɧɧɭɸ ɹɱɟɣɤɭ ɄɊɍ-ɋɗɓ-63 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɬɨɤɚ ɌɈɅ-ɋɗɓ-10 ɨɩɨɪɧɵɟ ɜ ɥɢɬɨɣ ɢɡɨɥɹɰɢɢ. [10] 
 
 
 
 
Ɍɚɛɥɢɰɚ 22 – ɉɚɪɚɦɟɬɪɵ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɌɈɅ-ɋɗɓ-

10 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ Uɧɨɦ 10 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ I1ɧɨɦ 400 
ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ I2ɧɨɦ 5 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 
ɤȺ 

iɞɢɧ 100 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ Iɬɟɪɦ 40 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ, ɫ 

tɬɟɪɦ 1 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ -  0,5 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 
 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

.ɧɨɦ ɫɟɬ ɧɨɦU U  , 
 
10 = 10 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
 

1 .ɧɨɦ ɪɚɛ ɦɚɤɫI I , 

  
400 > 330,63 
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ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɨɤɚɦ ɄɁ: 
 

,ɞɢɧ ɭɞi i   

 
ɝɞɟ      ݅ɭɞ. = ʹ͹,ͻ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ [Ɍɚɛɥɢɰɚ 11]; 

 ݅ɞɢɧ. - ɬɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ (ɩɨ ɤɚɬɚɥɨɝɭ). 
 
100>27,9 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤАଶ ∙ ɫ: 
 

2 ,ɬɟɪɦ ɬɟɪɦ ɤI t B    

 
ɝɞɟ    𝐵Ʉ=10,25 ɤȺ2∙ɫ [ɫɦɨɬɪ. ɉ9.1.3] 
 

240 1 10,25  ,   
 
 1600>10,25 
 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
 

2 2 ,ɧɨɦZ Z   
 
ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɥɹ ɰɟɩɟɣ ɢɡɦɟɪɟɧɢɹ ɞɚɧɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɫɨɫɬɚɜɥɹɟɬ, Ɉɦ: 
 

2 0,2ɧZ   
 
ɋɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɤɢ ɌɌ ɜɵɩɨɥɧɟɧɨ ɩɨ ɫɯɟɦɟ ɧɟɩɨɥɧɨɣ ɡɜɟɡɞɵ. Ʉ ɢɡɦɟɪɢ-

ɬɟɥɶɧɵɦ ɨɛɦɨɬɤɚɦ ɩɨɞɤɥɸɱɟɧɵ ɬɟ ɠɟ ɩɪɢɛɨɪɵ, ɱɬɨ ɢ ɧɚ ɜɜɨɞɧɵɯ ɹɱɟɣɤɚɯ. 
 

 
 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɩɪɢɛɨɪɨɜ 
 

Ⱦɥɹ ɫɯɟɦɵ ɧɟɩɨɥɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ: 
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3 ,ɪɚɫɱl l    (112) 

 
ɝɞɟ   - ɞɥɢɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɞɨ ɩɪɢɛɨɪɨɜ. 

 
8,66ɪɚɫɱl 

 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨ-

ɜɢɹ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ: 
 

2 ,ɩɪɢɛ ɤ ɩɪɨɜ ɧɨɦr r r Z     

Ɉɬɤɭɞɚ: 
 

2 ,ɩɪɨɜ ɧɨɦ ɩɪɢɛ ɤr Z r r     

 
0,2 0,064 0,05 0,086ɩɪɨɜr     , 

 
0,0283 8,66

2,85
0,086

q


 
 

 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ 4 ɦɦଶ. 
 
ɉɟɪɟɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ ɫ ɭɱɟɬɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɫɟɱɟɧɢɹ, Ɉɦ: 
 

0,0283 8,66
0,061

4
ɫɬ

ɩɪɨɜr


  , 

 

2 0,061 0,064 0,05 0,175Z     , 
 
0,175 ˂  0,2 
 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
ɉɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ 
ɹɱɟɣɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
9.3 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 

l
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Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɧɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ͳͲͲ ɢɥɢ ͳͲͲ/√͵ ȼ ɢ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɰɟɩɟɣ 
ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɨɬ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: [2, 

ɫ.375] 
 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɍɱёɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
3) ɍɱёɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ܵଶ ൑ ܵଶ ːˑˏ. 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 110 ɤȼ ɡɚɡɟɦɥɟɧɧɵɟ ɝɚɡɨɧɚɩɨɥɧɟɧɧɵɟ ɨɞɧɨɮɚɡ-

ɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈȽ-110 ɍɏɅ1 [13]. ɉɚɪɚɦɟɬɪɵ Ɍɇ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 21. 

 
ȼɵɛɟɪɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 10 ɤȼ ɡɚɡɟɦɥɟɧɧɵɟ ɨɞɧɨɮɚɡɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɧɚɩɪɹɠɟɧɢɹ ɨɩɨɪɧɵɟ ɫ ɥɢɬɨɣ ɢɡɨɥɹɰɢɟɣ 3×ɁɇɈɅ-ɋɗɓ-10 [10], ɜɯɨɞɹɳɢɟ ɜ ɫɨ-
ɫɬɚɜ ɄɊɍ. ɉɚɪɚɦɟɬɪɵ Ɍɇ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 23. 

 
Ɍɚɛɥɢɰɚ 23 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 3×ɁɇɈɅ-

ɋɗɓ-10 

ɇɨɦɢɧɚɥɶ-
ɧɨɟ ɧɚɩɪɹ-
ɠɟɧɢɟ, ɤȼ 

ɇɚɩɪɹɠɟɧɢɟ 
ɨɫɧɨɜɧɨɣ 
ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ, ȼ 

ɇɚɩɪɹɠɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɨɣ ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ, ȼ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɜɬɨ-
ɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ, ȼ∙Ⱥ 

10 100/ 3  100 ɢɥɢ 100/ 3  

0,2/30 
0,5/75 
1/200 
3/600 

 
ɉɪɨɜɟɪɤɚ Ɍɇ ɩɨ ɭɫɥɨɜɢɹɦ: 
 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɤȼ, 
 

. ,ɧɨɦ ɫɟɬ ɧɨɦU U                
 
10=10 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ. 
 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɸɬ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ ɩɨɞɤɥɸɱɚɟ-

ɦɵɯ ɩɪɢɛɨɪɨɜ.  
 
ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ. 
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Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɧɟ ɨɝɨɜɨɪɟɧɵ, ɩɨ-
ɷɬɨɦɭ ɩɪɨɜɟɪɤɭ ɧɟ ɩɪɨɢɡɜɨɞɢɦ 

 
ɉɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
 

2 2
2 ,ɧɨɦ ɩɪɢɛ ɩɪɢɛS P Q    (113) 

 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 3×ɁɇɈɅ-ɋɗɓ-10 ɫɨɫɬɚɜɥɹɟɬ 0,5 ɢ ɦɨɳɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ 

ɧɚɝɪɭɡɤɢ 3×30=90 ȼȺ. ɇɨ ɬɚɤ ɤɚɤ Ɍɇ ɫɨɟɞɢɧɟɧɵ ɜ ɬɪɟɯɮɚɡɧɭɸ ɝɪɭɩɩɭ ɩɨ ɫɯɟɦɟ 
ɡɜɟɡɞɚ, ɛɟɪɟɦ ɫɭɦɦɚɪɧɭɸ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɬɪɟɯ ɮɚɡ. [4, ɫ.375] 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɩɪɢɛɨɪɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. 

 
Ɍɚɛɥɢɰɚ 24 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɢɛɨɪɨɜ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɇɚɝɪɭɡɤɚ, ȼȺ 

ȼɨɥɶɬɦɟɬɪ ɗ-335 1 1,0 0,5 
ɋɱɟɬɱɢɤ ɞɜɭɯɮɚɡ-

ɧɵɣ 
ɋɗɌ-4ɌɆ.03 16 0,5 8×3,0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ȿ-824 1 0,5 1,0 

ɂɬɨɝɨ:    25,5 

 
Ɍɨɝɞɚ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ: 
 

2 25,5ɧɚɝɪS  , 

 

2ɧɚɝɪ ɧɨɦS S , (114) 

 
25,5 ˂  90 
 
Ⱦɚɧɧɨɟ ɭɫɥɨɜɢɟ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
 
ȼɫɟ ɬɪɟɛɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ, ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹ-

ɠɟɧɢɹ ɤ ɩɪɢɛɨɪɚɦ 
 
 

9.4 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ 
 
9.4.1 ȼɵɛɨɪ ɝɢɛɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ȼ Ɋɍ 35 ɤȼ ɢ ɜɵɲɟ ɩɪɢɦɟɧɹɸɬɫɹ ɝɢɛɤɢɟ ɲɢɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɨɜɨɞɚɦɢ 

Ⱥɋ ɢ ɠɟɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ. [2, ɫ.186]. 
ȼ ɄɌɉ-ɋɗɓ-Ȼ(Ɇ) 110/10(6) «Ʌɚɞɶɹ» ɨɲɢɧɨɜɤɚ Ɋɍ 110 ɤȼ ɜɵɩɨɥɧɟɧɚ 

ɬɪɭɛɚɦɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 1915 ȽɈɋɌ 18482-79, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɨɞɢɧ ɢ 
ɞɜɚ ɹɪɭɫɚ, ɢ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɦ ɩɪɨɜɨɞɨɦ ɝɢɛɤɚɹ ɨɲɢɧɨɜɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɤɨɪɨɬɤɢɯ ɩɟɪɟɦɵɱɟɤ ɢ ɨɬɩɚɟɤ ɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɥɢɧɟɣɧɵɯ ɜɜɨɞɨɜ ɤ 
Ɋɍ 110 ɤȼ ɢ ɫɢɥɨɜɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ. 

ɒɢɧɵ ɜɵɛɢɪɚɟɦ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ. ɋɟɱɟɧɢɟ ɲɢɧ ɜɵɛɢɪɚ-
ɸɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɬ.ɟ ɩɨ ɪɚɛɨɱɟɦɭ ɦɚɤɫɢ-
ɦɚɥɶɧɨɦɭ ɬɨɤɭ. 

 
ɍɫɥɨɜɢɟ  ɜɵɛɨɪɚ ɲɢɧ ɩɨ ɬɨɤɭ: 
 

  (115)
  

ɝɞɟ   - ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɞɥɹ ɲɢɧɵ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ 
ɩɨɩɪɚɜɤɢ ɧɚ ɪɚɫɩɨɥɨɠɟɧɢɟ ɲɢɧ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ. 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ Iɪɚɛ.ɦɚɤɫ.ȼɇ=294,27 Ⱥ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ɫ ɛɥɢɠɚɣɲɢɦ 
ɛɨɥɶɲɢɦ ɞɨɩɭɫɬɢɦɵɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɬɨɤɨɦ Iɞɨɩ=330 Ⱥ ɦɚɪɤɢ Ⱥɋ90/16 [20, 
ɫ. 428]. ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɲɢɧ ɩɨ ɬɨɤɭ ɜɵɩɨɥɧɹɟɬɫɹ. Ⱦɚɥɟɟ ɩɪɨɜɨɞ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɪɢɬɶ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɢɪɨɜɚɧɢɹ.  

ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɪɨɧɵ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɝɢɛɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɩɪɢ 
U=35 ɤȼ ɢ ɜɵɲɟ. [2, ɫ.191] 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ [2, ɫ.191-192]: 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ, 
 

0

0

0,299
30,3 (1 ),E m

r
      (116) 

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

ro – ɪɚɞɢɭɫ ɩɪɨɜɨɞɚ, ɫɦ, [20, ɫ.428]. 

max . ,ɞɥ ɞɨɩI I

'
.ɞɨɩɞɥI

m
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0

0,299
30,3 0,82 (1 ) 33,91

0,675
E       

 
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɪɚɫɳɟɩɥɟɧ-

ɧɨɝɨ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ,  
 

0
0

0,354 1,05
,

lg( )

ɧɨɦ

ɫɪ

U
E

D
r

r

 



  (117) 

ɝɞɟ    U – ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ;  
– ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɮɚɡ, ɫɦ,
, (ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɮɚɡ) 

 
ɝɞɟ - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ. Ⱦɥɹ 110 ɤȼ  D=200 ɫɦ  
 

0,354 1,05 110
23.50

1,26 200
0,675 lg( )

0,675

E
 

 



   

 
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: 

 

01,07 0,9E E   ,  (118) 
 
1,07 23,5 0,9 33,91   ,    
 
25,15 30,52  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɜɨɞ Ⱥɋ 90/16 ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ. 
ɉɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
 
Ɍɚɤ ɤɚɤ 𝐼 ˊКଵ˂ʹͲ ˍА, ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɪɹɬɶ ɝɢɛɤɢɟ ɲɢɧɵ ɧɚ ɷɥɟɤ-

ɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ. [2, ɫ.306] 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɚ ɩɪɨɜɟɪɤɚ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 

ɲɢɧɵ ɜɵɩɨɥɧɟɧɵ «ɝɨɥɵɦɢ» ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. [2, ɫ.306] 

ɫɪD

DDɫɪ 26,1

D
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9.4.2 ȼɵɛɨɪ ɠɟɫɬɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
Ɍɚɤɠɟ ɩɨɦɢɦɨ ɨɲɢɧɨɜɤɢ ɝɢɛɤɢɦɢ ɲɢɧɚɦɢ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɨɲɢɧɨɜɤɚ 

ɬɪɭɛɱɚɬɵɦɢ ɲɢɧɚɦɢ. ȼɵɛɢɪɚɟɦ ɚɥɸɦɢɧɢɟɜɵɟ ɲɢɧɵ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ 
ɧɚɪɭɠɧɨɝɨ ɞɢɚɦɟɬɪɚ D=30 ɦɦ ɢ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ d=27 ɦɦ ɫ ɞɨɩɭɫɬɢɦɵɦ 
ɬɨɤɨɦ 500 Ⱥ. 

 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɩɨɥɹ, ɤȼ/ɫɦ, 
 

0

0

0,299
30,3 (1 ),E m

r
      

 

0

0,299
30,3 1 (1 ) 37,73

1,5
E     

 
 
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɤɨɥɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɪɚɫɳɟɩɥɟɧ-

ɧɨɝɨ ɩɪɨɜɨɞɚ, ɤȼ/ɫɦ,  
 

0
0

0,354 1,05
,

lg( )

ɧɨɦ

ɫɪ

U
E

D
r

r

 



  

 
0,354 1,05 110

12,24
1,26 200

1,5 lg( )
1,5

E
 

 



,   

 

01,07 0,9E E   ,    
 
1,07 12,24 0,9 37,73   ,    
 
13,10 33,96  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɲɢɧɵ ɩɪɨɯɨɞɹɬ ɩɨ ɭɫɥɨɜɢɸ ɤɨɪɨɧɵ. 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɚ ɩɪɨɜɟɪɤɚ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 

ɲɢɧɵ ɜɵɩɨɥɧɟɧɵ «ɝɨɥɵɦɢ» ɩɪɨɜɨɞɚɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. [2, ɫ.306] 
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Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɲɢɧ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ.  
 
ɍɫɥɨɜɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɲɢɧ, Ɇɉɚ: 
 
 , , (119) 
 

ɝɞɟ    - ɞɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ. 
 
ɇɚɢɛɨɥɶɲɟɟ ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ-

ɦɭɥɟ, ɇ/ɦ [2, ɫ.178]: 
 

2
1(3) 73 10 ,ɭɞi

f
a

     (120) 

 

ɝɞɟ    1ɭɞi  - ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ Ƚɉɉ ɩɨ ɪɚɫɱɟɬɭ, Ⱥ [2, ɫ. 90]; 

a=2 - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ, ɦ. 
 

3 2
(3) 7 (7,12 10 )

3 10 4,39
2

f  
   

 
 
Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɲɢɧ ɬɪɭɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ [2, ɬɚɛɥ. 4,1; ɫ.179], 

ɫɦ3, 
 

4 4( )
,

32

D d
W

D

  


    (121) 

 
ɝɞɟ    D = 3 ɫɦ;  d = 2,7 ɫɦ, [11, ɫ.395] 

 
4 4(3 2,7 )

0.91
32 3

W
  

 
    

 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡɝɢɛɚɸ-

ɳɟɝɨ ɦɨɦɟɧɬɚ, Ɇɉɚ: 
2 2

18
max 3 10 ɭɞi l

W a
  

  
  , (122) 

 
3 2 2

8
max

(7,12 10 ) 10
3 10 47,19

0,91 2
   

   
     

Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (41 - 48) Ɇɉɚ [2, ɫ.181]. 
 

ɞɨɩ max

ɞɨɩ
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Ɍɪɭɛɱɚɬɵɟ ɲɢɧɵ D = 3 ɫɦ ɢ d = 2,7 ɫɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɩɪɨɜɟɪɤɢ. 

 
9.4.3 ȼɵɛɨɪ ɠɟɫɬɤɢɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ 6-10 ɤȼ ɨɲɢɧɨɜɤɚ ɢ ɫɛɨɪɧɵɟ ɲɢɧɵ ɜɵ-

ɩɨɥɧɹɸɬɫɹ ɠɟɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ. ɉɪɢ ɬɨɤɚɯ ɞɨ 3000 Ⱥ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɨɞɧɨ ɢ ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ [2, ɫ. 175]. ȼɵɛɢɪɚɟɦ ɫɟɱɟɧɢɟ ɲɢɧɵ ɢɡ ɭɫɥɨ-
ɜɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ, Iɪɚɛ.ɦɚɤɫ.=1618,50 Ⱥ. ȼɵɛɢɪɚɟɦ 
ɚɥɸɦɢɧɢɟɜɵɟ, ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ [20, ɫ.395]. 

 
Ɍɚɛɥɢɰɚ 25 – ɉɚɪɚɦɟɬɪɵ ɲɢɧɵ 

Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ 
ɬɨɤ, Ⱥ 

Ɋɚɡɦɟɪɵ 
ɲɢɧɵ, ɦɦ 

ɋɟɱɟɧɢɟ ɲɢɧɵ, ɦɦ2 

1680 120×8 960 
 
ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɲɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɧɚɝɪɟɜɭ (ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ). 

ɍɱɢɬɵɜɚɸɬɫɹ ɬɚɤɠɟ ɩɨɫɥɟɚɜɚɪɢɣɧɵɟ ɪɟɠɢɦɵ. [2, ɫ. 177]. 
 

 ≤ ,  

 

ɝɞɟ   - ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɧɚ ɲɢɧɵ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɤɢ ɩɪɢ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɥɚɲɦɹ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɨɬɥɢɱɧɨɣ ɨɬ ɩɪɢɧɹɬɨɣ. 

 
1618,5 < 1680 
 
ɉɪɨɜɟɪɤɚ ɲɢɧ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɄɁ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɭɫɥɨ-

ɜɢɸ [2, ɫ.177]: 
 

  (123) 
 

ɝɞɟ    - ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɦɦ2;  
- ɜɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ, ɦɦ2. 

 

  (124) 

 
ɝɞɟ     ɋT – ɮɭɧɤɰɢɹ [2, ɫ.141], A∙c1/2/ɦɦ2 ; 

- ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ, ɤȺ2∙ɫ 

 (125) 

. .ɪɚɛ ɦɚɤɫI '
.ɞɨɩɞɥI

ɞɨɩI

min ,q q

minq
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
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ɝɞɟ    - ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ ɧɚ ɲɢɧɚɯ 
ɇɇ (ɫɦɨɬɪ. ɪɚɫɱɟɬ ɬɨɤɨɜ ɄɁ), ɤȺ;  

tɨɬɤɥ - ɪɚɫɱɟɬɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɄɁ, ɫ;  
Tɚ - ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ 

ɄɁ, ɫ, [2, ɫ. 110; Ɍɚɛɥ. 3.6] 
 

  (126) 
     

 
ɝɞɟ    tɪ.ɡ. – ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɨɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɞɚɧɧɨɣ ɰɟɩɢ ɫ ɭɱɟɬɨɦ 
ɞɟɣɫɬɜɢɹ Ⱥɉȼ, ɫ;  

tɩ.ɜ. – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 
 

, 
 

212,1 (0,06 0,05) 15,84ɤB     ,   
 

min 3

15,84
44,22

90 10
q  

 ,   

 
44,22 < 960 
 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɲɢɧ ɭɫɥɨɜɢɹ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣ-

ɤɨɫɬɶ ɫɨɛɥɸɞɚɸɬɫɹ, ɩɨɷɬɨɦɭ ɫɨɝɥɚɫɧɨ ɉɍɗ [12] ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɤɚ ɧɚ ɷɥɟɤ-
ɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. 

 
Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɞɜɭɯɩɨɥɨɫɧɵɯ ɲɢɧ.  
ɒɢɧɵ ɪɚɫɩɨɥɚɝɚɟɦ ɩɥɚɲɦɹ. 
 
ɍɫɥɨɜɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɲɢɧ, Ɇɉɚ: 
 

, 
ɝɞɟ    - ɞɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɪɨɥɟɬ l ɦɟɠɞɭ ɨɩɨɪɧɵɦɢ ɢɡɨɥɹɬɨɪɚɦɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɱɚ-

ɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɭɞɟɬ ɛɨɥɶɲɟ 200 Ƚɰ [2, ɫ.221], ɦ:  
 

2 173,2
,

200

J
l

q
    (127) 

Ʉ3ɤɡI

. . ,ɨɬɤɥ ɪ ɡ ɩ ɜt t t 

0,01 0,05 0,06ɨɬɤɥt   

ɞɨɩ max

ɞɨɩ
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ɝɞɟ    J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɢɡɝɢɛɚɸɳɟɣ ɫɢɥɵ, ɫɦ4; 

q – ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɲɢɧɵ, ɫɦ2. 
 
ȿɫɥɢ ɲɢɧɵ ɧɚ ɢɡɨɥɹɬɨɪɚɯ ɪɚɫɩɨɥɨɠɟɧɵ ɩɥɚɲɦɹ, ɬɨ: 
 

3

6

b h
J


  , (128) 

30,8 6
28,8

6
J


  ,   

 

2 173,2 28,8
1,5

200 4,8 2
l   

 ,      

 

1,5 1,23l         
 
ɍɫɢɥɢɟ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɧɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɢɯ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɸ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɷɬɨ ɭɫɢɥɢɟ, ɜ ɩɪɨɥɟɬɟ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɭɫɬɚɧɚɜɥɢ-
ɜɚɸɬ ɩɪɨɤɥɚɞɤɢ. ɉɪɨɥɟɬ ɦɟɠɞɭ ɩɪɨɤɥɚɞɤɚɦɢ lɉ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɄɁ, ɧɟ ɜɵɡɵɜɚɥɢ ɫɨɩɪɢ-
ɤɨɫɧɨɜɟɧɢɹ ɩɨɥɨɫ: 

 

4(3)
0,216 ɉ ɉ

ɉ
ɭ ɮ

a E J
l

i k


    (129) 

 
Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɞɜɟ ɩɨɥɨɫɵ – ɢɡɨɥɹɬɨɪɵ ɞɨɥɠɧɚ ɢɦɟɬɶ ɱɚɫɬɨɬɭ 

ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɨɥɶɲɟ 200 Ƚɰ, ɱɬɨɛɵ ɧɟ ɩɪɨɢɡɨɲɥɨ ɪɟɡɤɨɝɨ ɭɜɟɥɢɱɟ-
ɧɢɹ ɭɫɢɥɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɧɫɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɜɟɥɢɱɢɧɚ lɉ 
ɜɵɛɢɪɚɟɬɫɹ ɟɳɟ ɩɨ ɨɞɧɨɦɭ ɭɫɥɨɜɢɸ: 

 

2
40,133 10 ,ɉ

ɉ
ɉ

E J
l

m
 

     (130) 

 
ɝɞɟ    aɉ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɩɨɥɨɫ, ɫɦ;  

Jɉ = h∙b3/12 – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɥɨɫɵ, ɫɦ4;  
kɮ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ [2, ɫ.224. ɪɢɫ.4.5]; 
mɉ – ɦɚɫɫɚ ɩɨɥɨɫɵ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ, ɤɝ/ɦ; 
E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɲɢɧ [2, ɫ.224 ɬɚɛɥ.4.2]. 
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4
3

1,6 7 10 0,256
0,216 0,894

22,8 10 0,3ɉl
 

   
     

 
10

2
4

7 10 0,256
0,133 10 0,456

1,3ɉl
  

          

 
ɉɪɢɧɢɦɚɟɦ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ lɉ = 0,46 ɦ, ɬɨɝɞɚ ɱɢɫɥɨ ɩɪɨɤɥɚɞɨɤ ɜ ɩɪɨ-

ɥɟɬɟ : 
 

1
ɉ

l
n

l
  ,  (131) 

 
1,23

1 1,67
0,46

n       

 
ɉɪɢɧɢɦɚɟɦ n = 2 
 
ɉɪɢ ɞɜɭɯ ɩɪɨɤɥɚɞɤɚɯ ɜ ɩɪɨɥɟɬɟ ɪɚɫɱɟɬɧɵɣ ɩɪɨɥɟɬ: 
 

1ɉ
l

l
n


   (132) 

 
1,23

0,41
2 1ɉl  
     

 
ɋɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɩɨɥɨɫɚɦɢ ɜ ɩɚɤɟɬɟ ɢɡ ɞɜɭɯ ɩɨɥɨɫ, ɇ/ɦ: 
 

2
2 710

4
ɮ ɭɞ

ɉ

k i
f

b
    , (133) 

 
3 2

70,3 (22,8 10 )
10 487,4

4 0,008ɉf


        

 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɨɫ (ɲɢɧɵ ɪɚɫɫɦɚɬ-

ɪɢɜɚɸɬɫɹ ɤɚɤ ɛɚɥɤɢ ɫ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɡɚɳɟɦɥɟɧɧɵɦɢ 
ɤɨɧɰɚɦɢ), Ɇɉɚ: 
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ɝɞɟ    Wɉ – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɞɧɨɣ ɩɨɥɨɫɵ, ɫɦ3;  

lɉ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɤɥɚɞɤɚɦɢ, ɦ. 
 
 Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɨɥɨɫ ɧɚ ɪɟɛɪɨ [2, ɬɚɛɥ. 4,1; 

ɫ.179], ɫɦ3, 
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h b
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

  , (135) 

26 0,8
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ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɚɡ, Ɇɉɚ: 
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ɝɞɟ     l = 1,23  – ɞɥɢɧɚ ɩɪɨɥɟɬɚ ɦɟɠɞɭ ɢɡɨɥɹɬɨɪɚɦɢ, ɦ; 

Wɮ – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɚɤɟɬɚ ɲɢɧ, ɫɦ3. 
 
Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɚɤɟɬɚ ɲɢɧ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ ɩɥɚɲɦɹ [2, 

ɬɚɛɥ. 4,1; ɫ.179], ɫɦ3, 
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0,25 9,6ɮ
     

    

 
ɒɢɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɱɧɵ, ɟɫɥɢ: 
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ɪɚɫɱ ɮ ɉ ɞɨɩ      ,  (138) 

 
5,67 10,67 40ɪɚɫɱ    ,   

 
16,34 ˂ 40 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (41 - 48) Ɇɉɚ [2, ɫ.181]. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɧɵ ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɵ. 
 
9.5 ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ  
 
9.5.1 ȼɵɛɨɪ ɩɨɞɜɟɫɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ɉɨɞɜɟɫɧɵɟ ɥɢɧɟɣɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚ-

ɧɨɜɤɢ ɫ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹ-
ɰɢɢ ɢ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɜ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ. ɇɚ ɫɬɨɪɨɧɟ ȼɇ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɦ ɢɡɨɥɹɬɨɪ ɅɄ–70/110ɍɏɅ. 

 
ɉɪɨɜɟɪɤɚ ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ, 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ 
 

,ɭɫɬ ɧɨɦU U   

 
110 = 110 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.2 ȼɵɛɨɪ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɀɟɫɬɤɢɟ ɲɢɧɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɚɯ. ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪ 

ɬɢɩɚ ɈɋɄ2—10—Ⱥ—4ɍɏɅ1 [23] ɨɩɨɪɧɵɣ ɫɬɟɪɠɧɟɜɨɣ ɫ ɦɚɬɟɪɢɚɥɨɦ ɡɚɳɢɬ-
ɧɨɣ ɨɛɨɥɨɱɤɢ ɢɡɨɥɹɰɢɨɧɧɨɣ ɱɚɫɬɢ ɢɡ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɪɟɡɢɧɵ ɫ ɪɚɡɪɭɲɚ-
ɸɳɟɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɢɡɝɢɛ Fɪɚɡɪ=2 ɤɇ. ȼɵɛɨɪ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸ-
ɳɢɦ ɭɫɥɨɜɢɹɦ: 

 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ: 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

82 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

,ɭɫɬ ɧɨɦU U                                                                

 
10=10 
 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ: 
 

,ɪɚɫɱ ɞɨɩF F   (139) 

 
ɝɞɟ     Fɪɚɫɱ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ;  

Fɞɨɩ – ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ: 
 

0,6 ,ɞɨɩ ɪɚɡɪF F   (140) 

 
ɝɞɟ    Fɪɚɡɪ – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ. 

 
0,6 2000 1200ɞɨɩF    , 

 
2

2 73 10ɭɞ
ɪɚɫɱ

i l
F

a


   ,  (141) 

 
3 2

7(22,8 10 ) 0,75
3 10 269,8

0,25ɪɚɫɱF  
    ,    

 ʹ͸ͻ,ͺ < ͳʹͲͲ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.3 ȼɵɛɨɪ ɩɨɞɜɟɫɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɉɨɞɜɟɫɧɵɟ ɥɢɧɟɣɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚ-

ɧɨɜɤɢ ɫ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹ-
ɰɢɢ ɢ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɜ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ. ɇɚ ɫɬɨɪɨɧɟ ɇɇ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɦ ɢɡɨɥɹɬɨɪ ɅɄ–70/10ɍɏɅ. 

 
ɉɪɨɜɟɪɤɚ ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ, 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ 
 

,ɭɫɬ ɧɨɦU U           
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ͳͲ = ͳͲ – ˖˔ˎˑ˅ˋˈ ˅ы˒ˑˎːяˈ˕˔я. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.5.4 ȼɵɛɨɪ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪɵ ɂɉɉɍ-10/4000-30-Ⱥ4 ɩɪɨɯɨɞɧɨɣ ɩɨɥɢɦɟɪɧɵɣ ɭɫɢ-

ɥɟɧɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ (ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ ɪɚɜɧɚɹ 30 ɤɇ) [24]. ɂɡɨ-
ɥɹɬɨɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹɰɢɢ ɢ ɫɨɟɞɢɧɟɧɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɡɚɤɪɵ-
ɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɨɟɞɢɧɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢɥɢ ɥɢɧɢɹɦɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 

 
ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɹɦ: 
 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼ: 
 

,ɭɫɬ ɧɨɦU U            

 
10 = 10 
 
ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ, Ⱥ: 
 

.ɪɚɛ ɦɚɤɫɇɇ ɧɨɦI I ,               

 
1618,5<4000 
 
ɉɨ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɟ, ɤɇ: 
 

ɪɚɫɱ ɞɨɩF F ,                    

 
0,6 30000 18000ɞɨɩF     

 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɨɩɨɪɧɵɣ ɢɡɨɥɹɬɨɪ: 
 

0,5ɪɚɫɱ ɮF f l   ,  (142) 

 
2

2 70,5 3 10ɭɞ
ɪɚɫɱ

i l
F

a


    ,  

 
3 2

7(22,8 10 ) 0,75
0,5 3 10 134,9

0,25ɪɚɫɱF  
     ,    
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 ʹ͸͹,ͺ͹ < ͳͺͲͲͲ– ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ɂɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 
 
 
9.6 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) 
 
9.6.1 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ ȼɇ 

110 ɤȼ 
 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɣ ɜ ɩɪɨɜɨɞɚ ɥɢɛɨ ɩɟɪɟɤɪɵɬɢɣ ɜɨɡɞɭɲɧɵɯ ɩɪɨɦɟɠɭɬ-
ɤɨɜ ɩɪɢ ɭɞɚɪɟ ɦɨɥɧɢɢ ɜ ɨɩɨɪɭ. ɗɬɢ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɞɨɯɨɞɹɬ ɞɨ ɩɨɞɫɬɚɧ-
ɰɢɢ ɢ ɜɵɡɵɜɚɸɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ɉɧɢ ɦɨɝɭɬ 
ɜɵɡɵɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɢ ɡɚɳɢɬɵ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
- ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ Ɉɉɇ, 

1 3,81ɄɁI ɤА  
- ɪɚɣɨɧ ɩɨ ɡɚɝɪɹɡɧɟɧɢɸ II . 
 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɉɉɇ: 
 
1) ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ [18, 

ɫ.5]: 
 

 ɧɪɨ ɧɫU U ,  (143) 

 
ɝɞɟ    ɧɫU  - ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ 

 
ɇɚɯɨɞɢɦ ɧɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫ ɩɹɬɢɩɪɨɰɟɧɬɧɵɦ ɡɚɩɚ-

ɫɨɦ, [18, ɫ.5, ɬɚɛɥ. 1] ɤȼ: 
 

1,05 72,8 76,44ɧɫU     
 
ȼɵɛɢɪɚɟɦ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 ɮɢɪɦɵ ɈɈɈ “Ɍɚɜɪɢɞɚ ɷɥɟɤ-

ɬɪɢɤ” [14] ɫ ɧɚɢɛɨɥɶɲɢɦ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɪɚɛɨɱɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 
83ɧɪɨU ɤȼ . 

 
83  76,44  
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2) ɉɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ [18, ɫ.8]: 
 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɪɵɜɚ ɩɨɤɪɵɲɤɢ Ɉɉɇ ɩɪɢ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦ ɩɨɜɪɟ-

ɠɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɧɨɪɦɢɪɭɟɦɵɣ ɬɨɤ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɝɪɚɧɢɱɢ-
ɬɟɥɹ ɜɛI ɧɚ 15-20% ɩɪɟɜɵɲɚɥ ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɬɨɤɨɜ ɄɁ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɞɥɹ ɬɨɱɤɢ 
ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ 40ɜɛI ɤА [18, ɫ. 41]. 

 
(1,15 1,2)ɜɛ ɤɡI I   ,  (144) 

 
40 1,2 3,81  , 
 
40 4,57  
 
ɉɨ ɜɪɟɦɟɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɩɨɜɵɲɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ: 
 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ ɤɜɚɡɢɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ: 
 

.

ɭ
ɭ

ɧɪ ɮ

U
K

U
 , (145) 

 
1,4ɭK    (146) 

 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ ɈɊɍ, 

ɤȼ, 
 

110
1,15 73,03

3
ɧɪU    , 

 
1,4 1,4 73,03 102,24ɭ ɧɪU U      

 
Ʉɪɚɬɧɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ, 
 

102,24
1,23

83ɭK    

 
ȼɪɟɦɹ ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-

ɉ1-110/83/10/2 ɍɏɅ1 [18, ɫ. 17, ɬɚɛɥ 6], ɫ, 
 

ɜ ɭ ɫɪt t ,  (147) 
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ɝɞɟ    4ɭ ɫɪt c  – ɜɪɟɦɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɬɨɝɨ ɪɟɠɢɦɚ; 
ɜt – ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɝɪɚɧɢɱɢɬɟɥɶ ɜɵɞɟɪɠɢɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ 

ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ [14] 
 
Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 1000ɜt ɫ , ɬɨɝɞɚ 
 
1000 4 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɝɪɨɡɨɜɵɯ ɩɟɪɟɧɚɩɪɹ-

ɠɟɧɢɹɯ: 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɨɬɫɬɚɸɳɢɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɝɪɨɡɨɜɨɦ ɢɦ-

ɩɭɥɶɫɟ ɫ ɚɦɩɥɢɬɭɞɨɣ 10 ɤȺ ɞɥɹ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɫɟɬɟɣ 110 ɤȼ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 
ɛɨɥɟɟ 295 ɤȼ. Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760  ɩɪɢ ɝɪɨɡɨɜɨɦ ɢɦɩɭɥɶɫɟ 10ɤȺ 

268ɨɫɬ ɝU ɤȼ , ɬɨɝɞɚ 

 
268 295 – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
5) Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɟ-

ɪɟɧɚɩɪɹɠɟɧɢɹɯ: 
 

. / (1,15 1,2),ɨɫɬ ɤ ɤɢU U    (148) 
 

ɝɞɟ   ɤɢU  – ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɞɥɹ ɡɚɳɢɳɚ-
ɟɦɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɤȼ;  

.ɨɫɬ ɤU  – ɨɫɬɚɸɳɟɟɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢɱɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɨɦɦɭɬɚ-
ɰɢɨɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɤȼ. 

 

Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ . 225,3ɨɫɬ ɤU ɤȼ  [14]. 
 

502ɤɢ ɂ Ʉ ɂɋɉU K K U      (149) 
 

ɝɞɟ     ɂK  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɩɭɥɶɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɩɪɨɱɧɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɤɨɪɨɬɤɨɝɨ ɢɦɩɭɥɶɫɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɞɧɨɦɢɧɭɬɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ 1,35ɂK  ;  

ɄK  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɦɭɥɹɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɧɨɝɨɤɪɚɬɧɨɫɬɶ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɟ ɫɬɚɪɟɧɢɟ ɢɡɨɥɹɰɢɢ 1ɄK  ;  

50ɂɋɉU  – ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
50 200ɂɋɉU ɤȼ ,  
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1,35 1 2 200 381ɤɢU      , 

225,3 381/1,2 , 

225,3 317,5  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
6) ȼɵɛɟɪɟɦ ɞɥɢɧɭ ɩɭɬɢ ɭɬɟɱɤɢ ɨɝɪɚɧɢɱɢɬɟɥɹ ɢ ɟɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥ-

ɧɟɧɢɟ. ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟ-
ɝɨɪɢɢ II , ɫɥɟɞɨɜɚɬɟɥɶɧɨ  ɞɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2,00 ɫɦ/ɤȼ 
ɢɥɢ  2 / 126 250ɫɦ ɤȼ ɤȼ ɫɦ  .Ⱦɥɹ Ɉɉɇ-ɊɄ-110/83-10-760  ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ 
ɩɭɬɢ ɭɬɟɱɤɢ 280ɭɬL ɫɦ , 

 
250 280  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɍɏɅ, ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ 1. 
Ɉɝɪɚɧɢɱɢɬɟɥɶ ɦɚɪɤɢ Ɉɉɇ-ɊɄ-110/83-10-760 ɍɏɅ1 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 

ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ. 
 
9.6.2 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 

ɤȼ 
 
Ɉɉɇ-ɉ-10/12,0/10ɍɏɅ1[14] – ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɷɥɟɤ-

ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɟɬɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɢɥɢ ɤɨɦ-
ɩɟɧɫɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ. ɂɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɞɥɹ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɭɫɬɚ-
ɧɨɜɤɢ (ɍɏɅ1 ɢ 2 ɩɨ ȽɈɋɌ15150). ȼɫɬɪɚɢɜɚɸɬɫɹ ɜ ɄɊɍ ɋɗɓ-70 ɢ ɄɊɍ ɋɗɓ-
63. 

 
9.7 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ.ɧ. ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɜɫɟɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 

ɩɨɞɫɬɚɧɰɢɹɯ 35-750 ɤȼ. [2, ɫ.475]. Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɧɚɝɪɭɡɤɚɦ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɝɪɭɡɤɢ ɢ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨɫɬɢ. 

Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɟɜɟɥɢɤɚ, ɩɨɷɬɨɦɭ ɨɧɢ ɩɪɢ-
ɫɨɟɞɢɧɹɸɬɫɹ ɤ ɫɟɬɢ 380/220 ȼ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬ ɩɢɬɚɧɢɟ ɨɬ ɩɨɧɢɠɚɸɳɢɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɨɞ-
ɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. [26] 
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Ɍɚɛɥɢɰɚ 26 – ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɉɉ  
ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ P, ɤȼɬ cosφ, ɨ.ɟ. Ʉɨɥ-ɜɨ ɇɚɝɪɭɡɤɚ 

P, ɤȼɬ Q, ɤȼɚɪ 
Ɉɯɥɚɠɞɟɧɢɟ ɌɊȾɇ– 32000/110 3,3 0,85 2 6,6 4,1 
ɉɨɞɨɝɪɟɜ ɜɵɤɥɸɱɚɬɟɥɟɣ  – 
3AP1-FG 145 

2,4 1 2 4,8 – 

ɉɨɞɨɝɪɟɜ, ɨɫɜɟɳɟɧɢɟ ɢ ɜɟɧɬɢ-
ɥɹɰɢɹ ɲɤɚɮɚ ɄɊɍ 

1,51 1 22 33,22 – 

Ɉɬɨɩɥɟɧɢɟ, ɨɫɜɟɳɟɧɢɟ, ɜɟɧɬɢ-
ɥɹɰɢɹ ɁɊɍ 10 ɤȼ 

6 1 1 6 - 

Ɉɫɜɟɳɟɧɢɟ ɈɊɍ 110 ɤȼ 2 1 1 2 -  
ɉɨɞɡɚɪɹɞɧɨ-ɡɚɪɹɞɧɵɣ ɚɝɪɟɝɚɬ 
ȼȺɁɉ 

23 1 2 46 - 

ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ ɪɚɡɴɟɞɢɧɢ-
ɬɟɥɟɣ ɊȽɉɁ-ɋɗɓ-110 

0,08 1 8 0,64 - 

ɂɬɨɝɨ:    99,26 33,46 
 
6.1.1 ɇɚ ɜɫɟɯ ɉɋ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. [22] 
6.3.1.1 ɇɚ ɉɋ ɧɚɩɪɹɠɟɧɢɟɦ 35 ɤȼ (ɤɪɨɦɟ ɨɬɩɚɟɱɧɵɯ ɢ ɬɭɩɢɤɨɜɵɯ) ɢ ɜɵɲɟ 

ɞɨɥɠɧɚ ɩɪɢɦɟɧɹɬɶɫɹ ɫɢɫɬɟɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɫɢɫɬɟɦɚ ɈɉɌ, 
ɋɈɉɌ) ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. [22] 

6.1.2 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 ɩɟɪɟ-
ɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫ ɇɇ 0,4 ɤȼ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 630 ɤȼȺ ɞɥɹ ɉɋ 110-220 ɤȼ ɢ ɧɟ ɛɨɥɟɟ 1000 
ɤȼȺ ɞɥɹ ɉɋ 330 ɤȼ ɢ ɜɵɲɟ. [22] 

 
 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ [2, ɫ.475], ɤȼ∙Ⱥ, 
 

2 2 ,ɪ ɫ ɭɫɬ ɭɫɬS k P Q     (150) 

 
ɝɞɟ     ʢܲʠʡ – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ Ɍɋɇ, ɤȼɬ; 

kɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ 
ɢ ɡɚɝɪɭɡɤɢ. ȼ ɨɪɢɟɧɬɢɪɨɜɚɱɧɵɯ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɩɪɢɧɹɬɶ kɫ=0,8. [2, ɫ.475] 

 
2 20,8 99,26 33,46 83,80ɪS        

 
Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ, ɤȼ∙Ⱥ, 
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. ,ɪɚɫɱ
ɧɨɦ ɬ

ɉ

S
S

K
   (151) 

 
ɝɞɟ    Kɉ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, ɟɝɨ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 
ɪɚɜɧɵɦ 1,4. 

 

.

83,80
59,86

1,4ɧɨɦ ɬS      

 
Ȼɥɢɠɚɣɲɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɭ Ɍɋɇ-63/10. 
 
Ɍɚɛɥɢɰɚ 27 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɋɇ - 63/10 ܵɬ.ɧɨɦ, 

ɤȼȺ 
ɧܷɨɦ
ȼɇ , 

ɤȼ 
ɧܷɨɦ
ɇɇ, 

ɤȼ 

ɋɯɟɦɚ ɢ ɝɪɭɩɩɚ 
ɫɨɟɞɢɧɟɧɢɣ ɨɛɦɨ-

ɬɨɤ 
,% , ɤȼɬ , ɤȼɬ 

100 10 0,4 ɍ/ɍɧ-0 4,0 0,26 1,45 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

.

,ɪɚɫɱ
ɡ

ɬɪ ɬ ɧɨɦ

S
k

n S


   (152) 

 
83,80

0,66
2 63ɡk  
  

 
Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ (0,6 - 0,7). [4, ɫ.393]. 
 
ɉɪɨɜɟɪɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ: 
 

.

,
( 1)

ɪɚɫɱ
ɡ

ɬɪ ɬ ɧɨɦ

S
k

n S


    (153) 

    
83,08

1,32
(2 1) 63ɡk  
   

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 1,40: 
 

1,4ɚɜk   , (154) 
 
 

ku ɯɯP ɤɡP
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1,32 ˂  1,4 
 
ɌɆ – 63/10 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 
6.1.5  ɇɚ ɉɋ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɩɟɪɚɬɢɜɧɵɦ ɬɨɤɨɦ (ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɧɚɥɢɱɢɢ 

ɒɍɈɌ) ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɨɥɠɧɵ ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɱɟɪɟɡ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɢ ɤ ɲɢɧɚɦ Ɋɍ 6-35 ɤȼ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɷɬɢɯ 
Ɋɍ ɤ ɨɛɦɨɬɤɟ ɇɇ ɨɫɧɨɜɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. [ɇɌɉ] 

 

 
Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɫ.ɧ ɩɨɞɫɬɚɧɰɢɢ ɫ ɨɩɟɪɚɬɢɜɧɵɦ ɩɨɫɬɨɹɧɧɵɦ 

ɬɨɤɨɦ 
 

 
9.8 ȼɵɛɨɪ ɚɩɩɚɪɚɬɭɪɵ ɡɚɳɢɬɵ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɢɠɟ 1000 ȼ 
 
Ʉ ɡɚɳɢɬɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɢɠɟ 1000 ȼ ɨɬɧɨɫɹɬɫɹ ɩɥɚɜɤɢɟ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɨɡɞɭɲɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ. ɉɥɚɜɤɢɟ ɩɪɟɞɨ-
ɯɪɚɧɢɬɟɥɢ – ɩɪɨɫɬɟɣɲɢɟ ɡɚɳɢɬɧɵɟ ɚɩɩɚɪɚɬɵ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ – 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɫɟɬɢ ɨɬ ɩɟɪɟɝɪɭɡɨɤ, ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢɥɢ ɫɧɢɠɟ-
ɧɢɣ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɧɟɱɚɫɬɵɯ ɨɩɟɪɚɬɢɜɧɵɯ ɜɤɥɸɱɟɧɢɣ ɢ ɨɬɤɥɸɱɟɧɢɣ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

ɋɩɨɫɨɛ ɫɨɟɞɢɧɟɧɢɹ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨ ɫɛɨɪɧɵɦɢ ɲɢɧɚɦɢ Ɋɍ 
ɇɇ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 

 
9.8.1 ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɨɡɞɭɲɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 
ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ 

ɷɬɚɩɵ: 
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ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ: 
 1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ˖ܷ˔˕ ൑ ܷːˑˏ;; 
 2) ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
 3) Ɍɨɤ ɨɬɤɥɸɱɟɧɢɹ ɚɜɬɨɦɚɬɚ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
 4) Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ݅˖ ൑ ݅˒˓.˔ˍ˅; 
 5) Ɍɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɄɁ BK ൑ 𝐼ଶ் ·  ்ݐ
 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɚ, ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ (0,4 ɤȼ), Ⱥ: 
 

.
0,4 ,

3
ɧɨɦ ɬ

ɧɨɦɇɇ ɡ
ɧɨɦɇɇ

S
I k

U
 


  (155) 

 

0,4

630
0,7 644,74

3 0,4
ɧɨɦɇɇI   


, 

 
/ .

. 0,4 ,
3

ɩ ɚɜ ɧɨɦ ɬ
ɪɚɛ ɦɚɤɫɇɇ ɡ

ɧɨɦɇɇ

S
I k

U
 


  (156) 

 

. 0,4

630
1,4 1289

3 0,4
ɪɚɛ ɦɚɤɫɇɇI   


  

 
ɂɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜɵɛɢ-

ɪɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-ɋɗɓ-Ⱥɋ16 [12] ɜɨɡɞɭɲɧɵɣ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 1600 Ⱥ. ɍɫɥɨɜɢɹ ɩɪɨɜɟɪɤɢ ɞɚɧɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 28. 

 
Ɍɚɛɥɢɰɚ 28 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-Ⱥɋ/16 

ɭܷɫɬ ൑ ɧܷɨɦ ɭܷɫɬ = Ͳ,Ͷ ɤȼ ɧܷɨɦ = Ͳ,Ͷ ɤȼ 𝐼ɪɚɛ.ɦɚɤɫ ൑ 𝐼ɧɨɦ 𝐼 ˃˄.ˏ˃ˍ˔ = ͳʹͺͻ А 𝐼ɧɨɦ = ͳ͸ͲͲ А 𝐼ɩ𝜏 ൑ 𝐼ɨɬɤɥ.ɧɨɦ 𝐼 𝜏 = ͺ,ʹͳ ɤА 𝐼ɨɬɤɥ.ɧɨɦ = ͸ͷ ɤА ݅ɭ ൑ ݅ɩɪ.ɫɤɜ ݅˖ = ͺ,͸ʹ ˍА ݅ɩɪ.ɫɤɜ = ͸ͷ ɤА 𝐵Ʉ ൑ 𝐼ଶ் ∙  ்ݐ
𝐵К = ͺ,ʹͳଶ ∙ ሺͲ,Ͳ͵ͷ + Ͳ,ͲͲʹሻ = = ʹ,Ͷͻ ˍАଶ ∙ ˔ 

𝐼ଶ் ∙ ்ݐ = ͸ͷଶ ∙ ͳ = Ͷʹʹͷ ˍАଶ ∙ ˔ 

 
Ⱦɚɧɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ ɩɨ ɜɫɟɦ ɭɫɥɨ-

ɜɢɹɦ. 
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9.8.2 ȼɵɛɨɪ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (10 ɤȼ) ɰɟɯɨɜɨɝɨ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ 

 
ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 

ɡɚɳɢɬɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹ-
ɠɟɧɢɹ. ɇɚ ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ ɩɨɧɢɠɚɸɳɢɯ ɩɨɞɫɬɚɧɰɢɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɟɞɨ-
ɯɪɚɧɢɬɟɥɢ ɬɢɩɚ ɉɄ. 

 
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ: 
1) ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɭܷɫɬ ൑ ɧܷɨɦ; 
2) ɉɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ 𝐼ɪɚɛ ൑ 𝐼ɧɨɦ; 
3) ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 𝐼ɩ𝜏 ൑ 𝐼ɨɬɤɥ.ɧɨɦ; 
 
ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 250, 630 ɤȼȺ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɦɚɪɤɢ ɉɄ-10/80 [1]. ɉɪɨɜɟɪɤɚ ɞɚɧɧɵɯ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɩɪɢɜɟ-
ɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 29. 

 
Ɍɚɛɥɢɰɚ 29 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

ɍɫɥɨɜɢɹ ɜɵ-
ɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧ-
ɧɵɟ ɧɚ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪ ɦɨɳɧɨ-
ɫɬɶɸ 250 ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɳɧɨɫɬɶɸ 630 

ɤȼȺ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄ-
10/30 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄ-
10/50 

˖ܷ˔˕ ൑ ܷːˑˏ ˖ܷ˔˕ = ͳͲ ˍʑ ˖ܷ˔˕ = ͳͲ ˍʑ ܷːˑˏ = ͳͲ ˍʑ ܷːˑˏ = ͳͲ ˍʑ 𝐼 ˃˄.ˏ˃ˍ˔൑ 𝐼 ˑˏ 
𝐼 ˃˄.ˏ˃ˍ˔ = ʹͲ,͵ А 𝐼 ˃˄.ˏ˃ˍ˔ = ͷͲ,ͷͶ А 𝐼 ˑˏ = ͵Ͳ А 𝐼 ˑˏ = ͷͲ А 𝐼 𝜏൑ 𝐼 ˕ˍˎ.ːˑˏ 

𝐼 𝜏 = ͺ,͸ʹ ˍА 𝐼 𝜏 = ͺ,͸ʹ ˍА 
𝐼 ˕ˍˎ.ːˑˏ  ːˈ ˑˆ˓˃ːˋ˚ˈː 

𝐼 ˕ˍˎ.ːˑˏ = ʹͲͲ√͵ ∙ ͸ == ͳͻ,ʹͷ ˍА ݐ˅ ൑ АȼɌݐ ˍݐ = Ͳ,͵ͷ ɫ ݐАȼɌ = Ͳ,͵ͷ ˔ ݐȼ = Ͳ,ͷ ˔ ݐȼ = ʹ ˔ 
ɉɥɚɜɤɢɟ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɜɵɛɢɪɚɸɬ ɫ ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ ɢɯ ɨɬ 

ɛɪɨɫɤɨɜ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. Ɇɚɤ-
ɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɚɜɨɞɟ ɧɟ ɛɨɥɟɟ 630 ɤȼȺ, ɡɧɚ-
ɱɢɬ, ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɪɚɜɟɧ 75 Ⱥ. 

ɉɪɨɜɟɪɤɚ ɜɫɬɚɜɤɢ ɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫ ɚɩɩɚɪɚɬɚɦɢ ɡɚɳɢɬɵ ɜɜɨɞɚ 0,4 ɤȼ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ, ɫ 

 

. ,ɫ ɡ
ȼ

ɉ

t t
t

K

 
   (157) 

ɝɞɟ ݐ˅ – ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɩɪɢ ɄɁ ɧɚ ɫɬɨɪɨɧɟ 
0,4 ɤȼ, ɫ. 

 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ: 
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. ,ɫ ɡ
ȼ

ɉ

t t
t

K

 
  (158) 

 
ɝɞɟ ݐ˔.ˊ – ɩɨɥɧɨɟ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɫɨ ɫɬɨɪɨɧɵ 0,4 ɤȼ, ɫ ɤɨɬɨɪɨɣ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ,  ݐ˔.ˊ = Ͳ,Ͳʹ ± Ͳ,Ͳͳ  ɫ – ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɪɚɫɰɟɩɢɬɟɥɟɣ ɚɜɬɨɦɚɬɨɜ ɫ 
ɭɱɟɬɨɦ ɪɚɡɛɪɨɫɚ ɫɪɚɛɚɬɵɜɚɧɢɹ;  ݐ˔.ˊ ɞɥɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɚɦɩɟɪ-ɫɟɤɭɧɞɧɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɟ;  ∆ݐ – ɦɢɧɢɦɚɥɶɧɚɹ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɚɜɬɨɦɚɬɨɜ – 
0,3 ɫ, ɞɥɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ – 0,6 ɫ;  К˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɤɚɬɚɥɨɠɧɨɝɨ ɜɪɟɦɟɧɢ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ 
ɜɫɬɚɜɤɢ ɢ ɜɪɟɦɟɧɢ ɟɟ ɪɚɡɨɝɪɟɜɚ, К˒ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,9. 

 
Ɍɨɤ IɄ5 ɩɪɢɜɨɞɢɦ ɤ ɧɚɩɪɹɠɟɧɢɸ 10 ɤȼ, ɤȺ:  
 

  (159) 
 

`
5

0,4
8,21 0,313

10,5ɤɡɄI     

 
ɉɨ ɬɨɤɭ 𝐼 ˊКହ′  ɩɨ ɚɦɩɟɪ-ɫɟɤɭɧɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɥɚɜɤɨɝɨ ɩɪɟɞɨɯɪɚɧɢ-

ɬɟɥɹ ɧɚ 100 Ⱥ  ɨɩɪɟɞɟɥɹɟɦ ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ tȼ ≈ 2 ɫ [1].  
 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ: 
˅ݐ  = ଴,଴ଶ+଴,ଷ଴,9 = Ͳ,͵ͷ , 
 
2>0,35 
 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɡɧɚɱɢɬ ɭɫɥɨɜɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɨɛɥɸɞɚɟɬɫɹ. 
 

`
5 5 ,ɤɡɄ ɤɡɄ ɌI I K 
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10 ɉɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɫɚɦɨɡɚɩɭɫɤ 
 
ɋɚɦɨɡɚɩɭɫɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟ-

ɧɢɹ ɩɨɫɥɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɧɚɪɭɲɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ 
ɫɜɨɣ ɧɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. Ɉɬɥɢɱɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɚɦɨɡɚɩɭɫɤɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦ ɩɭɫɤɨɦ: 

– Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɭɫɤɚɟɬɫɹ ɝɪɭɩɩɚ ɞɜɢɝɚɬɟɥɟɣ; 
– ȼ ɦɨɦɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɧɚɱɚɥɚ ɫɚɦɨɡɚɩɭɫɤɚ 

ɱɚɫɬɶ, ɢɥɢ ɜɫɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɜɪɚɳɚɸɬɫɹ ɫ ɧɟɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɶɸ; 
– ɋɚɦɨɡɚɩɭɫɤ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 
ɉɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɧɚɪɭɲɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɚɦɨɡɚɩɭɫɤ ɞɨɩɭ-

ɫɬɢɦ ɤɚɤ ɞɥɹ ɫɚɦɢɯ ɦɟɯɚɧɢɡɦɨɜ ɬɚɤ ɢ ɞɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 
ȿɫɥɢ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɦɨɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɟɣ, ɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɦɨɡɚɩɭɫɤ ɞɥɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɨɬɤɥɸɱɟ-
ɧɢɟ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ. 

Ɋɚɫɱɟɬ ɭɫɥɨɜɢɹ ɫɚɦɨɡɚɩɭɫɤɚ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ: 
ȼ ɰɟɯɟ № 5 ɭɫɬɚɧɨɜɥɟɧɵ 4ɯ1250 ɋȾ. ɂɡ ɫɩɪɚɜɨɱɧɢɤɚ ɜɵɛɢɪɚɟɦ ɞɜɢɝɚɬɟɥɶ 

ɦɚɪɤɢ ɋȾɇ15-39-6ɍɁ. 
ȼ ɰɟɯɟ № 14 ɭɫɬɚɧɨɜɥɟɧɵ 4ɯ1600 ɋȾ. ɂɡ ɫɩɪɚɜɨɱɧɢɤɚ ɜɵɛɢɪɚɟɦ ɞɜɢɝɚ-

ɬɟɥɶ ɦɚɪɤɢ ɋȾɇ15-49-6ɍɁ. 
ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɫɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 30. 
 
Ɍɚɛɥɢɰɚ 30 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

№ ɰɟɯɚ Sɧ, ɤȼȺ Pɧ, ɤȼɬ Uɧ,ɤȼ n, % Iɩ/Iɧ 
N, 

ɨɛ/ɦɢɧ 
cosɮ 

5 1316 1250 10 94,5 2 1000 0,95 
14 1684 1600 10 95,2 2 1000 0,95 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, Ⱥ: 
 

  ,
3 cos

ɧɨɦ
ɧɨɦ

ɧɨɦ

P
I

U  


  
  (160) 

ɝɞɟ    Pɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ; 
n – ɄɉȾ ɞɜɢɝɚɬɟɥɹ, ɨ.ɟ. 
 

1

1250
80,48

3 10 0,95 0,945
ɧɨɦɋȾI  

  
 

 

2

1600
102,26

3 10 0,95 0,952
ɧɨɦɋȾI  

  
 

 
ɉɭɫɤɨɜɨɣ ɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, Ⱥ: 
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. ,ɩɭɫɤ ɞɜ ɉ ɧɨɦI k I    (161) 

 
ɝɞɟ    kɉ – ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ, ɨ.ɟ (ɩɨ ɤɚɬɚɥɨɝɭ). 
 

. 1 2 80,48 160,96ɩɭɫɤ ɞɜI    , 

 

. 2 2 102,26 204,52ɩɭɫɤ ɞɜI     

  
ɋɭɦɦɚɪɧɵɣ ɩɭɫɤɨɜɨɣ ɬɨɤ ɧɟɨɬɤɥɸɱɚɟɦɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɧɨɦɢ-

ɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɢɯ ɜɵɜɨɞɚɯ, Ⱥ: 
 

. 1 . 1 2 . 2ɩɭɫɤ ɫɭɦɦ ɞɜ ɩɭɫɤ ɞɜ ɞɜ ɩɭɫɤ ɞɜI n I n I     , (162) 

 

. 4 160,96 4 204,52 1461,92ɩɭɫɤ ɫɭɦɦI         

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɨɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɫɬɚɧɨɜɥɟɧɧɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, Ɉɦ: 
.

.
.3

ɧɨɦ ɞɜ
ɞɜ ɷɤɜ

ɩɭɫɤ ɫɭɦɦ

U
x

I


 , (163) 

 

.

10000
3,95

3 1461,92
ɞɜ ɷɤɜx  


  

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɵɣ ɬɨɤ ɫɚɦɨɡɚɩɭɫɤɚ Iɫɚɦ, Ⱥ: 
 

.

.

,
3

ɧɨɦ ɞɜ
ɫɚɦ

ɫɭɦɦ ɪɚɫɱ

U
I

x



  (164) 

 
ɝɞɟ   xɫɭɦɦ.ɪɚɫɱ – ɫɭɦɦɚɪɧɨɟ ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ [Ɍɚɛ-
ɥɢɰɚ 12], Ɉɦ: 

2

. 3 .
ɛII

ɫɭɦɦ ɪɚɫɱ Ʉ ɞɜ ɷɤɜ
ɛ

U
x x x

S
    , (165) 

 
2

.

10,5
46,671 3,95 4,46

10000ɫɭɦɦ ɪɚɫɱx     ,    

 
10000

1296,04
3 4,46

ɫɚɦI  

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Ɉɫɬɚɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ, ɨɬ ɤɨɬɨɪɵɯ ɩɢɬɚɸɬɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɢ, ɤȼ: 

.
. .

.

,ɞɜ ɷɤɜ
ɨɫɬ ɞɜ ɧɨɦ ɞɜ

ɫɭɦɦ ɪɚɫɱ

x
U U

x
    (166) 

 

.

3,95
10 8,86

4,46ɨɫɬ ɞɜU    , 

 

.

.

8,86
100% 100% 88,6%

10
ɨɫɬ ɞɜ

ɧɨɦ ɞɜ

U

U
     

 
ɋɚɦɨɡɚɩɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

97 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

11 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɇ-40000/110 
 
11.1 ɉɨɜɪɟɠɞɟɧɢɹ ɢ ɧɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ  
 
Ɉɫɧɨɜɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ: 
- ɦɟɠɞɭɮɚɡɧɵɟ ɢɥɢ ɦɧɨɝɨɮɚɡɧɵɟ ɄɁ ɜ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɧɚ 

ɜɵɜɨɞɚɯ;  
- ɨɞɧɨɮɚɡɧɵɟ ɄɁ ɧɚ ɜɵɜɨɞɚɯ; 
- ɩɨɠɚɪ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ.  
Ɇɟɠɞɭɮɚɡɧɵɟ ɢɥɢ ɦɧɨɝɨɮɚɡɧɵɟ ɄɁ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɜɪɟ-

ɠɞɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ, ɩɪɨɯɨɞɹ ɩɨ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɬɨɤ ɄɁ ɧɚɝɪɟɜɚɟɬ ɢɯ 
ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɩɪɟɞɟɥɚ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ ɢ ɬɨɤɨ-
ɜɟɞɭɳɢɯ ɱɚɫɬɟɣ.  

ɉɪɢ ɡɚɦɵɤɚɧɢɢ ɨɞɧɨɣ ɢɡ ɮɚɡ ɧɚ «ɡɟɦɥɸ» ɜ ɫɟɬɹɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚ-
ɥɶɸ ɩɨɹɜɥɹɟɬɫɹ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ. ɗɬɨɬ ɜɢɞ ɩɨɜɪɟɠɞɟɧɢɹ ɫɨɡɞɚɟɬ ɧɟɧɨɪ-
ɦɚɥɶɧɵɣ ɪɟɠɢɦ, ɜɵɡɵɜɚɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɥɟɱɶ ɡɚ ɫɨɛɨɣ 
ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɟɦɥɢ ɞɜɭɯ ɧɟɩɨɜɪɟɠɞɟɧɧɵɯ ɮɚɡ ɢ ɨɞɧɨɮɚɡ-
ɧɨɟ ɄɁ ɩɟɪɟɣɞɟɬ ɜ ɦɟɠɞɭɮɚɡɧɨɟ.  

ȼɢɬɤɨɜɵɟ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɚɯ ɢ ɩɨɠɚɪ ɫɬɚɥɢ, ɫɟɪɞɟɱɧɢɤɚ ɦɨɝɭɬ ɩɪɢɜɟ-
ɫɬɢ ɤ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  

Ɉɬ ɜɫɟɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɫɪɚɛɚɬɵɜɚɬɶ ɦɝɧɨ-
ɜɟɧɧɨ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɟɣ.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɢɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɦɝɧɨɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɛɚɡɟ ɪɟɥɟ ɊɌ-40, ɝɚɡɨɜɚɹ ɡɚ-
ɳɢɬɚ ɢ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ «ɡɟɦɥɸ» (ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ).  

ɇɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ:  
- ɜɧɟɲɧɢɟ ɄɁ;  
- ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɟɪɟɝɪɭɡɤɚ;  
- ɫɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ;  
- ɪɟɠɢɦ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɛɚɤɟ.  
ɉɪɢ ɜɧɟɲɧɢɯ ɄɁ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɪɟ-

ɠɢɦ ɫɜɟɪɯɬɨɤɨɜ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɟɪɟɝɪɟɜ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɨɛɦɨɬɨɤ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɨɝɨ ɪɟɠɢɦɚ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ 
– ɆɌɁ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ.  

Ɇɝɧɨɜɟɧɧɨɟ ɫɪɚɛɚɬɵɜɚɧɢɟ ɨɬ ɬɚɤɨɣ ɡɚɳɢɬɵ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɩɨɷɬɨɦɭ ɨɧɚ 
ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɤɨɬɨɪɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ – ݐɫɡ = ݐɫɡɫɦ.ɷɥ + ∆ݐ.  

ɉɟɪɟɝɪɭɡɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɡɜɚɧɧɚɹ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɤɚ ɫɜɟɪɯ ɧɨɦɢɧɚɥɶ-
ɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɟɪɟɝɪɟɜɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɢɡɧɨɫɭ ɢɡɨɥɹɰɢɢ ɢ ɟɟ ɩɨɜɪɟɠɞɟɧɢɸ.  

Ɍɚɤ ɤɚɤ ɩɟɪɟɝɪɭɡɤɚ — ɷɬɨ ɫɢɦɦɟɬɪɢɱɧɵɣ ɪɟɠɢɦ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɚɧɨ-
ɜɢɬɶ ɪɟɥɟ ɜ ɨɞɧɭ ɮɚɡɭ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɢɝɧɚɥ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɣ 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
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Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɥɢɤɜɢɞɚɰɢɸ ɩɨɜɪɟɠɞɟ-
ɧɢɣ ɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɷɥɟɦɟɧɬɚ ɢɥɢ ɭɱɚɫɬɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɬ ɟɟ ɧɟɩɨ-
ɜɪɟɠɞɟɧɧɵɯ ɱɚɫɬɟɣ.  

Ɂɚɳɢɬɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɧɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɞɨɥɠɧɚ ɢɥɢ ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɟɝɨ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢ ɦɟɠɞɭɮɚɡɧɵɯ ɢ ɜɢɬɤɨɜɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ, 
ɚ ɬɚɤɠɟ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ, ɢɥɢ ɩɨɞɚɜɚɬɶ ɫɢɝɧɚɥ ɨ ɧɟɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɩɟɪɟɝɪɭɡɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɚɫɥɚ ɢ ɬ.ɞ.).  

ɇɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ Ƚɉɉ ɩɪɟɞɭɫɦɚɬ-
ɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɳɢɬɵ:  

1 Ɉɬ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɢ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ - ɩɪɨɞɨɥɶ-
ɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ;  

2 Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ;  
3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ;  
4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɟɪɟɝɪɭɡɤɢ  
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɲɤɚɮ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ 

ɒɗ 2607 041 “ɗɤɪɚ”. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɡɚɳɢɬ ɜɡɹɬɚ ɢɡ [20] 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɚɯ 

ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɬɟɯ ɠɟ ɩɪɢɧɰɢɩɚɯ, ɱɬɨ ɢ ɡɚɳɢɬɵ ɧɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɟɥɟ. 
ɉɨɷɬɨɦɭ ɦɟɬɨɞɵ ɪɚɫɱɟɬɨɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ, ɜ ɨɫɧɨɜɧɨɦ, 
ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɡɚɳɢɬ. 

 
11.2 Ɋɚɫɱɟɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɄɁ ɦɟɠɞɭ ɮɚɡɚɦɢ ɧɚ ɡɟɦɥɸ ɢ ɨɬ ɡɚɦɵɤɚ-

ɧɢɣ ɜɢɬɤɨɜ ɨɞɧɨɣ ɮɚɡɵ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɩɪɨɞɨɥɶɧɚɹ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ.  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɨɫɧɨɜɚɧ ɧɚ ɫɪɚɜɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɢ ɧɚɩɪɚɜɥɟ-
ɧɢɹ ɬɨɤɨɜ ɞɨ ɢ ɩɨɫɥɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɪɚɧɫɮɨɪɦɚ- 
ɬɨɪɚ).  

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɩɨ (4.1), (4.2) [20] ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 31.   
 
Ɍɚɛɥɢɰɚ 31. Ɋɚɫɱɟɬ ɛɚɡɢɫɧɵɯ ɬɨɤɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɢ ɦɟɬɨɞ ɨɩɪɟɞɟ-

ɥɟɧɢɹ 

ɑɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɬɨ-
ɪɨɧɵ 

110 ɤȼ 10,5 ɤȼ 10,5 ɤȼ 

ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɧɚ 
ɫɬɨɪɨɧɚɯ ɡɚɳɢɳɚɟɦɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɝɨ ɧɨ-
ɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, Ⱥ 

ɧɨɦ.ɫɬɨɪ
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
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ɧɨɦ.ɇɇ2

40000

3 10,5

2202,04Ⱥ

I

I



 

 




 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

99 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

- Y Y Y 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɫɯ.ɌɌk  1 1 1 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

IK  300/5 2000/5 2000/5 

Ȼɚɡɢɫɧɵɟ ɬɨɤɢ ɩɨ ɫɬɨɪɨ-
ɧɚɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ IK

kI
I

ɫɯɧɨɦ.ɫɬɨɪ
ɛɚɡ.ɫɬɨɪ   

ɛɚɡ.ȼɇ

201,5 1

300/5
3,36 А

I 


 



 

ɛɚɡ.ɇɇ1

ɛɚɡ.ɇɇ2

2202,04
5,51

2000 / 5
5,77Ⱥ

I

I

 




 

 

ɑɢɫɥɨ ɜɢɬɤɨɜ ɩɟɪɜɢɱɧɵɯ 
ɨɛɦɨɬɨɤ ɜɯɨɞɧɵɯ ɌɌ ɬɟɪ-

ɦɢɧɚɥɚ 
- 1w =4 1w =1 1w =1 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɧɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ (4.9)  

ɢ (4.10) [20], ɨ.ɟ.: 
 

ɨɬɫ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪɞ0 ɪɚɫɱ ȺɌ( )

1,3(2 1 0,05 0,16 0,02) 0,364,

I k k k u f f    

     
 

 
ɝɞɟ     3,1ɨɬɫ k , ɨ.ɟ.; 

1ɨɞɧ k , ɨ.ɟ; 

2ɩɟɪ k , ɨ.ɟ.; 
05,0 , ɨ.ɟ.; 

16,0ɪɟɝ u , ɨ.ɟ.; 

02,0ɜɵɪ f , ɨ.ɟ.; 
ΔfȺɌ = 0. 
 
ɉɪɢɧɢɦɚɟɦ 40ɞ0 ,I   ɨ.ɟ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɚ ɬɨɪɦɨɠɟɧɢɹ ɪɚɜɧɨɣ 0,1ɬ0 I  ɨ.ɟ 

Ɉɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɳɚ-
ɟɦɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɜ ɬɨɱɤɟ Ʉ2: 

(3)
Ʉ-2 12,10I   ɤȺ, ɩɪɢɜɟɞɟɧ ɤ ɇɇU . 

 
Ɍɨɤ ɄɁ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ȼɇU , ɤȺ: 
 

(3)
Ʉ-3

10,512,10 1,105
115

I     
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰɚɯ ɩɨ (4.14) [20], ɨ.ɟ: 

 

Ʉmax ɫɬɨɪ
Ʉmax

 ɫɬɨɪ ɛɚɡ.ɫɬɨɪ

1105 5 5,48
300 3,36I

I
I

K I
  

 
  

 
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɨɤ, ɪɚɜɧɵɣ ɬɨɤɭ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 

ɫɤɜɨɡɧɨɦ ɬɨɤɟ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ, ɩɨ (4.13) [20], ɨ.ɟ.: 
 

ɞ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪ Ʉmax( ) (2 1 0,1 0,16 0,02) 5,48 2,1I k k u f I         
  

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ ɫɨɝɥɚɫɧɨ (4.15) [20], ɨ.ɟ.: 
 

ɬ ɞɄmax Ʉmax( ) ɫos(180 ) 5,48 (5,48 2,1) cos15 4,23I I I I         

 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɩɨ (4.16) [20], ɨ.ɟ.: 
 

ɞ ɞ0
ɬ ɨɬɫ

ɬ ɬ0

2,1 0,3641,1 0,59
4,23 1,0

I I
k k

I I
    
 

. 

 
ɉɪɢɧɢɦɚɟɦ 60ɬ ,k  . ɍɝɨɥ ɧɚɤɥɨɧɚ ɬɨɪɦɨɡɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ α ɛɭɞɟɬ 

ɪɚɜɟɧ  α = arctg 0,6 = 31°. 
 
Ɍɨɤ ɬɨɪɦɨɠɟɧɢɹ ɛɥɨɤɢɪɨɜɤɢ ɩɨ (4.12) [20] ɪɚɜɟɧ, ɨ.ɟ: 
 

ɩɪɟɞ.ɧɚɝɪɨɬɫɬ.ɛɥ kkI  
ɛɚɡ.ɫɬɨɪɫɬɨɪ

ɧɨɦ.ɧɚɝɪ
IK

I

I
 

201,05 51,1 1,8 1,97
300 3,36


  


.    

 
ɉɪɢɧɢɦɚɟɦ 2ɬ.ɛɥ I  ɨ.ɟ. 
 
ɍɪɨɜɟɧɶ ɛɥɨɤɢɪɨɜɤɢ ɩɨ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɟ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 

15,0/ 12 ff II  (15 %). 

ɉɨ ɭɫɥɨɜɢɸ ɨɬɫɬɪɨɣɤɢ ɨɬ ɛɪɨɫɤɚ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ 

 
5,6ɨɬɫ I  ɨ.ɟ 

 
ɉɨ ɭɫɥɨɜɢɸ ɨɬɫɬɪɨɣɤɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɄɁ 

ɩɨ (4.18) [20], ɨ.ɟ: 
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ɨɬɫ ɩɟɪ ɨɞɧ ɪɟɝ ɜɵɪɄmax1,5 ( ) 1,5 5,48 (3 1 0,1 0,16 0,02) 3,95I I k k u f          
  

ɉɪɢɧɢɦɚɟɦ 5,6ɨɬɫ I  ɨ.ɟ. 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɟɤɰɢɢ ɇɇ  
(ɬɨɱɤɚ Ʉ2). 
 

(3)
Ʉmin

ɱ
ȼɇɞ0 ɛɚɡ.ȼɇ

3 / 2 1105 3 / 2 2,61 2
0,364 3,36 300 /5I

I
k

I I K
    

   
 

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 2ɱ k . 
 
11.3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ 
 
ȼ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɡɚɳɢɬ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɨɜ («ɋɢɪɢɭɫ – Ɍ», «ɋɢɪɢɭɫ – Ɍ3», ɡɚɳɢɬɵ ɮɢɪɦɵ «ɗɄɊȺ» ɢ ɬ. ɞ.) ɦɚɤ-
ɫɢɦɚɥɶɧɵɟ ɬɨɤɨɜɵɟ ɡɚɳɢɬɵ (ɆɌɁ) ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɞɥɹ ɜɫɟɯ ɫɬɨɪɨɧ ɡɚɳɢ-
ɳɚɟɦɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
ɆɌɁ ɫɬɨɪɨɧ ɇɇ 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɫ ɭɱɟɬɨɦ ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɫɟɤɰɢɨɧɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ȺȼɊ ɩɨ (4.20) [20], Ⱥ: 

 

max.ɪɚɛ
ɜ

ɫɡɩɨɬɫ
c.ɡ I

k

kk
I    

 
ɝɞɟ ɫɡɩk  - ɤɨɷɮɮɢɰɢɟɧɬ ɫɚɦɨɡɚɩɭɫɤɚ, ɡɚɜɢɫɢɬ ɨɬ ɭɞɚɥɟɧɧɨɫɬɢ ɢ ɩɪɨɰɟɧɬ-

ɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɚɝɪɭɡɤɟ ɞɜɢɝɚɬɟɥɟɣ. Ɇɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 4÷4,5 ɞɥɹ ɩɪɨ-
ɦɵɲɥɟɧɧɵɯ, 2,5 ɞɥɹ ɝɨɪɨɞɫɤɢɯ ɢ 2 ɞɥɹ ɫɟɥɶɫɤɢɯ ɫɟɬɟɣ (ɭɬɨɱɧɹɟɬɫɹ ɪɚɫɱɟɬɨɦ); 

ɨɬɫk - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɪɚɜɟɧ 1,2; 

ɜk  - ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɪɚɜɟɧ 
0,92÷0,95; 

ɪɚɛ.maxI - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ 
ɡɚɳɢɬɵ. 

 
Ɍɨɤ ɧɚɝɪɭɡɤɢ ɧɚ ɨɛɦɨɬɤɚɯ ɇɇ, Ⱥ: 
 

ɧɨɦ
ɧɨɦɇɇ1 ɧɨɦɇɇ2

ɇɇ

/ 2
3

S
I I

U
 


, 
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ɧɨɦɇɇ1 ɧɨɦɇɇ2
40000 1101,02

2 3 10,5
I I  

 
 

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫɨɫɬɚɜɥɹɟɬ 0,7Sɧɨɦ . 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ȺȼɊ, Ⱥ: 
 

ɧɨɦ ɫɡɩ ɧɨɦɪɚɛ.max 0,7 0,7I I k I   , 

 

ɪɚɛ.max 0,7 1101,02 4 0,7 1101,02 3853,57I       , 

 

ɫ.ɡ.ɇɇ1 ɫ.ɡ.ɇɇ2
1,2 3853,57 4972,35
0,93

I I    , 

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɟɤɰɢɢ ɜ 

ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ (ɬɨɱɤɚ Ʉ2). Ɍɨɤ ɄɁ ɪɚɜɟɧ 0 2 12,1ɉ ɄI   ɤȺ (ɩɪɢɜɟɞɟɧ ɤ 

ɇɇU ). 
 

(2)
ɉ0-Ʉ2

ɱ
ɫ.ɡ.ɇɇ1

12100 3 / 2 2,1 1,5
4972,35

I
k

I
     

 
Ɂɚɳɢɬɚ ɩɪɨɯɨɞɢɬ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɆɌɁ ɫɬɨɪɨɧɵ ɇɇ ɫ ɩɭɫ-

ɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 
ȼɬɨɪɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɇɇ (ɭɫɬɚɜɤɚ), Ⱥ: 
 

ɫ.ɡɇɇ1
c.ɪ

4972 12,43
2000/5I

I
I

K
   , 

 

ɭɫɬ.ɆɌɁɇɇ1 ɭɫɬɆɌɁɇɇ2 12,43I I   

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɇɇ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ t  

ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ: 
 

ttt  ɢɫ.ɫ.ɡ.ɨɬɯ.ɩɪɋȼ ɫ.ɡ  = 0,4 + 0,3 = 0,7 ɫ, 

 

013070ɫ.ɡ.CBɫ.ɡ.ɇɇ2ɫ.ɡ.ɇɇ1 ,,,tttt  ɫ, 
 

ɝɞɟ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ Δt ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 0,3 ɫ. 
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ɆɌɁ ɫɬɨɪɨɧɵ ȼɇ 
 
ɆɌɁ ɫɬɨɪɨɧɵ ȼɇ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɭɫɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ. 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ (4.29) [20], Ⱥ: 
 

ɨɬɫ
ɫ.ɡ.ȼɇ ɧɨɦ.ȼɇ

ɜ

1,2 201,05 259,42
0,93

kI I
k

     

 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɆɌɁ ȼɇ ɩɨ ɬɨɤɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ 

ɫɟɤɰɢɢ 10,5 ɤȼ (Ɍɨɱɤɚ Ʉ2). 
 
Ɍɨɤ ɄɁ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɚɩɪɹɠɟɧɢɸ ȼɇU  ɪɚɜɟɧ, Ⱥ: 
 

(3)
Ʉ-2

10,512100 1104,78
115

I    , 

 
 2
Ʉ-2min

ɱ
ɫ.ɡ

3 / 21104,78 3,68 1,5
259,42

I
k

I
     

 
Ⱦɥɹ ɩɭɫɤɚ ɆɌɁ ȼɇ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɩɭɫɤɨɜɵɯ ɨɪɝɚɧɚ 

ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɡɚɳɢɬ ɆɌɁ ɇɇ1 ɢ ɆɌɁ ɇɇ2. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɟɥɟ ɧɚɩɪɹɠɟɧɢɹ (ɩɨɞɤɥɸɱɚ-

ɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɚɯ ɇɇ) ɫɨɝɥɚɫɧɨ (4.30) [20], ɤȼ: 
 

9365106060 ɧɨɦɇɇɫ.ɡ.ȼɇ ,,,U,U   

 
ɍɫɬɚɜɤɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ, ȼ: 
 

3
ɫ.ɡ

ɫ.ɪ.
6.93 10 60

10500 /100U

U
U

K
    

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɧɚɩɪɹɠɟɧɢɹ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɢ ɩɨ (4.32) [20] ɪɚɜɧɨ, ɤȼ: 
 

630510060060 ɧɨɦɫ.ɡ.2 ,,,U,U  , 

 
3

2ɫ.ɡ.
2c.p

0,63 10
6 ȼ

10500 /100U

U
U

K


    

 
ȼɬɨɪɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ȼɇ ɪɚɜɟɧ, Ⱥ: 
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ɫ.ɡ.ȼɇ
ɫ.ɪ.ȼɇ

I ȼɇ

259,42 4,32
300/5

I
I

K
   , 

 

ɭɫɬ.ɆɌɁ ȼɇ 4,32I   

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ȼɇ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ t  

ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɫɬɨɪɨɧɵ ɇɇ 
 

313001ɫ.ɡ.ɇɇɫ.ɡ.ȼɇ ,,,ttt   ɫ. 
 
 
11.4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ 
 
ɇɚ ɩɨɧɢɠɚɸɳɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɫ ɪɚɫɳɟɩɥɟɧɧɨɣ ɨɛɦɨɬɤɨɣ ɫɬɨɪɨɧɵ ɇɇ 

ɡɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɤɚɠɞɨɦ ɜɜɨɞɟ ɫɬɨɪɨɧɵ ɇɇ ɢ ɧɚ ɫɬɨ-
ɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɫɬɨɪɨɧɵ ɇɇ (ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ 
ɬɨɤɚ ɫɬɨɪɨɧɵ ɇɇ), Ⱥ: 

 

ɨɬɫ
ɧɨɦ.ɇɇɫ.ɡ.ɇɇ1 ɫ.ɡ.ɇɇ2

1,2 1101,02 1420,67
0,93ɜ

kI I I
k

       

 
Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɫɬɨɪɨɧɵ ȼɇ (ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ 

ɬɨɤɚ ɫɬɨɪɨɧɵ ȼɇ), Ⱥ: 
 

ɨɬɫ
ɫ.ɡ.ȼɇ ɧɨɦ.ȼɇ

1,2 201,05 259,42
0,93ɜ

kI I
k

     , 

 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ ɩɪɢɧɹɬ ɪɚɜɧɵɦ kɨɬɫ = 1,2; ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ kɜ 
= 0,93. 

 
ɍɫɬɚɜɤɢ ɡɚɳɢɬɵ, Ⱥ: 
 

ɫ.ɡ.ɇɇ
ɫ.ɪ.ɇɇ1 ɫ.ɪ.ɇɇ2

I ɇɇ

1420,67 3,55
2000/5

I
I I

K
    , 

 

ɫ.ɡ.ȼɇ
ɫ.ɪ.ȼɇ

I ȼɇ

259,42 4,32
300/5

I
I

K
     

 
Ɂɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɞɟɣɫɬɜɭɸɬ ɧɚ ɫɢɝɧɚɥ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9 ɫ. 
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11.5 Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɧɚ ɛɚɡɟ ɪɟɥɟ ɊȽɌ-80 
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɦɨɳ-

ɧɨɫɬɶɸ ɜɵɲɟ 1000 ɤȼȺ.  
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɜɟɫɶɦɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɵ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ.  
Ɉɫɧɨɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɝɚɡɨɜɨɣ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ: ɩɪɨɫɬɨɬɚ ɟѐ 

ɭɫɬɪɨɣɫɬɜɚ, ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɦɚɥɨɟ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɩɪɢ ɡɧɚɱɢɬɟɥɶ-
ɧɵɯ ɩɨɜɪɟɠɞɟɧɢɹɯ, ɞɟɣɫɬɜɢɟ ɧɚ ɫɢɝɧɚɥ ɢɥɢ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɡɦɟɪɨɜ ɩɨɜɪɟɠɞɟɧɢɹ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɧɚ ɨɬɤɥɸ-
ɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  

ɉɨɜɪɟɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɜɨɡɧɢɤɚɸɳɢɟ ɜɧɭɬɪɢ ɟɝɨ ɤɨɠɭɯɚ, ɫɨɩɪɨ-
ɜɨɠɞɚɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɨɣ ɢɥɢ ɧɚɝɪɟɜɨɦ ɞɟɬɚɥɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɨ-
ɠɟɧɢɸ ɦɚɫɥɚ ɢ ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɥɟɬɭɱɢɯ ɝɚɡɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɜ ɜ ɤɨɠɭɯɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɞɜɢɠɟɧɢɟ 
ɦɚɫɥɚ ɜ ɫɬɨɪɨɧɭ ɪɚɫɲɢɪɢɬɟɥɹ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɪɢɡɧɚɤɨɦ ɩɨɜɪɟɠɞɟɧɢɹ ɜɧɭɬɪɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɗɬɢ ɩɪɢɡɧɚɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ ɡɚ-
ɳɢɬɵ ɩɪɢ ɩɨɦɨɳɢ ɝɚɡɨɜɵɯ ɪɟɥɟ, ɪɟɚɝɢɪɭɸɳɢɯ ɧɚ ɩɨɹɜɥɟɧɢɟ ɝɚɡɚ ɢ ɞɜɢɠɟɧɢɟ 
ɦɚɫɥɚ.  

Ƚɚɡɨɜɨɟ ɪɟɥɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɬɪɭɛɟ, ɫɨɟɞɢɧɹɸɳɟɣ ɤɨɠɭɯ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɫ ɪɚɫɲɢɪɢɬɟɥɟɦ ɬɚɤ, ɱɬɨɛɵ ɱɟɪɟɡ ɧɟɝɨ ɩɪɨɯɨɞɹɳɢɣ ɝɚɡ ɢ ɩɨɬɨɤ ɦɚɫɥɚ, 
ɭɫɬɪɟɦɥɹɸɳɢɟɫɹ ɜ ɪɚɫɲɢɪɢɬɟɥɶ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ.  

Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɟɝɨ ɨɛɦɨɬɨɤ ɢ ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɢɬɤɨɜɵɯ ɡɚɦɵɤɚɧɢɹɯ, ɧɚ ɤɨ-
ɬɨɪɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɬɨɥɶɤɨ ɩɪɢ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɢɬɤɨɜ, 
ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɟ ɪɟɚɝɢɪɭɟɬ ɫɨɜɫɟɦ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ ɢ ɜɵɲɟ 
ɩɨɫɬɚɜɥɹɸɬɫɹ ɜɦɟɫɬɟ ɫ ɝɚɡɨɜɨɣ ɡɚɳɢɬɨɣ.  

 
Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɧɟ ɞɟɣɫɬɜɭɟɬ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɧɚ ɜɵɜɨɞɚɯ ɬɪɚɧɫɮɨɪɦɚ-

ɬɨɪɚ ɢ ɞɨɥɠɧɚ ɜɵɜɨɞɢɬɶɫɹ ɢɡ ɞɟɣɫɬɜɢɹ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɨɩɚɫɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɜɨɡ-
ɞɭɯɚ ɜ ɤɨɠɭɯɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɬ.ɟ. ɩɨɫɥɟ ɞɨɥɢɜɤɢ ɦɚɫɥɚ, ɪɟɦɨɧɬɚ ɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɢ ɜɤɥɸɱɟɧɢɹ ɟɝɨ ɜɧɨɜɶ).  
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12 Ɋɚɫɱɟɬ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ  
 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 1 ɤȼ ɢ ɜɵɲɟ 

ɫɟɬɢ ɫ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜɵɩɨɥɧɹɸɬɫɹ ɱ ɭɱɟɬɨɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ 0,5ɁR    Ɉɦ ɢɥɢ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ. 

Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɪɚɫɱѐɬɚ – ɡɚɦɟɧɚ ɫɥɨɠɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɪɚɫɱɟɬɧɨɣ ɤɜɚɞ-
ɪɚɬɧɨɣ ɦɨɞɟɥɶɸ ɩɪɢ ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ɢɯ ɩɥɨɳɚɞɟɣ S, ɨɛɳɟɣ ɞɥɢɧɵ LȽ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɝɥɭɛɢɧɵ ɢɯ ɡɚɥɨɠɟɧɢɹ t, ɱɢɫɥɚ ɢ ɞɥɢɧɵ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɡɚɡɟɦɥɢɬɟɥɟɣ ɢ ɝɥɭɛɢɧɵ ɢɯ ɡɚɥɨɠɟɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 9 – ɉɥɚɧ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ: 1 – ɨɝɪɚɠɞɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ; 
2 – ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ  

 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ, ɫ: 
 

, , ,ȼ ɪ ɡ ɨɬɤ ȼt t     (167) 

ɝɞɟ     tɪ,ɡ – ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɫ; 
tɨɬɤ,ȼ – ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ. 
 

0,12 0,05 0,17ȼ     

 
ɉɨ [2, ɫ. 596] ɫ ɭɱɟɬɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɹɟɦ ɞɨɩɭɫɬɢɦɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ Uɉ.ȾɈɉ = 400 ȼ. 
ȼ ɪɚɫɱɟɬɚɯ ɦɧɨɝɨɫɥɨɣɧɵɣ ɝɪɭɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɜɭɯɫɥɨɣɧɵɦ: ɜɟɪɯɧɢɣ 

ɬɨɥɳɢɧɨɣ h ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ρ1, ɧɢɠɧɢɣ ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟɦ ρ2. ȼɟɥɢɱɢɧɵ ρ1, ρ2, h ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɚɦɟɪɨɜ. ɉɨ [2] ɩɪɢɧɢɦɚɟɦ 
ρ1= 500 Ɉɦ·ɦ (ɩɟɫɨɤ); ρ2=100 Ɉɦ∙ɦ (ɫɭɝɥɢɧɨɤ), h = 2 ɦ. 
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Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɤɨɫɧɨɜɟɧɢɹ: 

0,45
,

( )
ɉ

ȼ Ƚ

M
k

l L

a S







  (168) 

 
ɝɞɟ     lȼ = 5 ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ, ɦ; 

LȽ = 387 ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ; 
a = 5 ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, ɦ; 
S = 1325 ɩɥɨɳɚɞɶ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɦ2; 
M = 0,75 ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ρ1/ ρ2; ߚ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ Rɑ ɢ   

ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɪɚɫɬɟɤɚɧɢɹ ɬɨɤɚ ɨɬ ɫɬɭɩɧɟɣ Rɋ: 
 

,ɑ

ɑ ɋ

R

R R
 

   (169) 

 
ɝɞɟ     Rɑ = 1000 Ɉɦ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ; 

Rɋ = 1,5∙ ρ1 – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɭɩɧɢ ɱɟɥɨɜɟɤɚ. 
 

1000
0,57

1000 1,5 500
  

 
,
 

 

0,45

0,75 0,57
0,12

5 618
( )
5 25 53

ɉk


 


 

   

 
ɉɨɬɟɧɰɢɚɥ ɧɚ ɡɚɡɟɦɥɢɬɟɥɟ, ȼ: 
 

, ,ɉɊ ȾɈɉ
Ɂ

ɉ

U
U

k
   (170) 

 
400

3333
0,12ɁU    

 
ɑɬɨ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ (ɦɟɧɶɲɟ 10 ɤȼ). 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, Ɉɦ: 
 

,Ɂ
Ɂ

Ɂ

U
R

I
   (171) 
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ɝɞɟ     IɁ – ɬɨɤ, ɫɬɟɤɚɸɳɢɣ ɫ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣ-
ɫɬɜɚ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ, Ⱥ: 

 

1(0,4 0,6) ,Ɂ ɤɡɄI I     (172) 
 

0,5 2139 1069,5ɁI    ,   
 

,

3333
3,12

1069,5Ɂ ɞɨɩR      

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɡɚɦɟɧɹɟɬɫɹ ɫɥɨɠɧɵɣ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɡɚɡɟɦɥɢ-

ɬɟɥɶ ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɤɜɚɞɪɚɬɧɭɸ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ. Ɂɚɦɟɧɚ ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɩɥɨɳɚɞɟɣ ɪɟɚɥɶɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɢ ɟɝɨ ɦɨɞɟɥɢ.  

 

 
Ɋɢɫɭɧɨɤ 10 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ  

 
Ⱦɥɢɧɚ ɫɬɨɪɨɧɵ ɦɨɞɟɥɢ ɪɚɜɧɚ, ɦ: 
 

25 53 36,4S      
 
ɑɢɫɥɨ ɹɱɟɟɤ ɩɨ ɫɬɨɪɨɧɟ ɤɜɚɞɪɚɬɚ: 
 

1,
2

ȽL
m

S
 


  (173) 
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618
1 7,49

2 36,4
m   


   

 
ɉɪɢɧɢɦɚɟɦ m = 8. 
 
Ⱦɥɢɧɚ ɩɨɥɨɫ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ, ɦ: 
 

` 2 ( 1),ȽL S m      (174) 
 

` 2 36,4 (8 1) 655,2ȽL         
 
Ⱦɥɢɧɚ ɫɬɨɪɨɧ ɹɱɟɣɤɢ, ɦ: 
 

,
S

b
m

   (175) 

 
36,4

4,55
8

b      

 
ɑɢɫɥɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɨɧɬɭɪɚ ɩɪɢ a/lȼ = 1: 
 

4
,

1ȼ
ȼ

S
n

l





  (176) 

 
36,4 4

29,12
5ȼn


    

 
ɉɪɢɧɢɦɚɟɦ nȼ = 29. 
 
Ɉɛɳɚɹ ɞɥɢɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɦ: 
 

,ȼ ȼ ȼL l n    (177) 
 

5 29 145ȼL       
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ: 
 

5 0,7
0,157 0,1

36,4
ȼl t

S

 
   ,  
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(0,385 0,25 ),ȼl t
A

S


     (178) 

 
5 0,7

(0,385 0,25 ) 0,346
36,4

A


     ,  

 
ɉɨ [2] ɞɥɹ ρ1/ ρ2 = 5, a/lȼ = 1, 
 

2 0,7
0,26

5ȼ

h t

l

 
    , 

 
Ɉɩɪɟɞɟɥɹɟɦ ρɗ/ ρ2 = 1,22, ɬɨɝɞɚ ρɗ = 1,22∙ ρ2 = 1,22∙100 = 122 Ɉɦ∙ɦ. 
 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ, Ɉɦ: 
 

`
,Э Э

Ɂ
Ƚ ȼ

R A
L LS

 
  

   (179) 

 
122 122

0,346 1,312
36,4 655,2 145ɁR    


    

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ, 

Ɉɦ: 

, ,Ɂ Ɂ ɞɨɩR R    

 

1,31 ˂  3,12 
 
ɇɚɩɪɹɠɟɧɢɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ȼ: 
 

,ɉɊ ɉ Ɂ ɁU k I R     (180) 
 

0,12 1069,5 1,312 168,38ɉɊU         
 
ɑɬɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ 400 ȼ. 
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13 Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ 
 
Ɇɨɥɧɢɟɡɚɳɢɬɧɚɹ ɫɢɫɬɟɦɚ (ɆɁɋ) – ɷɬɨ ɤɨɦɩɥɟɤɫ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ ɥɸɞɟɣ, ɫɨɯɪɚɧɧɨɫɬɢ ɡɞɚɧɢɣ ɫ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɝɪɨɡɨɜɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɢ ɩɨɞɫɬɚɧɰɢɢ ɩɨ [] ɨɬɧɨɫɹɬɫɹ ɤ ɫɩɟɰɢɚɥɶɧɵɦ  ɨɛɴ-
ɟɤɬɚɦ ɢ ɩɨ ɨɬɪɚɫɥɟɜɨɦɭ ɪɭɤɨɜɨɞɹɳɟɦɭ ɞɨɤɭɦɟɧɬɭ ɊȾ 153 – 34.3 – 35.125 – 99, 
ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɳɢɬɵ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 0.995 []. 

Ɂɚɳɢɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɈɊɍ) ɨɬ 
ɉɍɆ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɬɟɪɠɧɟɜɵɦɢ ɢ ɬɪɨɫɨɜɵɦɢ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ. ɉɨɫɥɟɞɧɢɟ 
ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɨɲɢɧɨɜɤɢ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɩɪɨɬɹɠɟɧɧɨ-
ɫɬɢ.  

ɋɬɟɪɠɧɟɜɵɟ ɦɨɥɧɢɟɨɬɜɨɞɵ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɫɬɟɪɠɧɟɣ (ɦɨɥɧɢɟɩɪɢɟɦɧɢɤɨɜ), ɜɨɡɜɵɲɚɸɳɢɯɫɹ ɧɚɞ ɡɚɳɢɳɚɟɦɵɦɢ ɨɛɴ-
ɟɤɬɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɡɚɡɟɦɥɢɬɟɥɟɦ. Ɇɢɧɢɦɚɥɶɧɵɟ ɫɟɱɟɧɢɹ ɦɨɥɧɢɟɩɪɢɟɦɧɢ-
ɤɨɜ: ɞɥɹ ɫɬɚɥɢ – 50 ɦɦ², ɚɥɸɦɢɧɢɹ – 70 ɦɦ² ɢ ɦɟɞɢ  35 ɦɦ² [1]. 

Ɂɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɫɜɹɡɚɧɨ ɫ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɩɨɪɚɠɚɟɦɨ-
ɫɬɶɸ ɦɨɥɧɢɟɣ ɜɵɫɨɤɢɯ ɨɛɴɟɤɬɨɜ. Ɂɨɧɨɣ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚɡɵɜɚɸɬ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɜɨɤɪɭɝ ɦɨɥɧɢɟɨɬɜɨɞɚ ɡɚɞɚɧɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɨɬɥɢɱɚɸɳɟɟɫɹ ɬɟɦ, ɱɬɨ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɭɞɚɪɚ ɦɨɥɧɢɢ ɜ ɨɛɴɟɤɬ, ɰɟɥɢɤɨɦ ɪɚɡɦɟɳɟɧɧɵɣ ɜ ɟɝɨ ɨɛɴɟɦɟ, ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

 
ȼɵɹɜɥɹɟɦ ɨɛɴɟɤɬ, ɬɪɟɛɭɸɳɢɣ ɡɚɳɢɬɵ ɨɬ ɭɞɚɪɨɜ ɦɨɥɧɢɢ, ɢɦɟɸɳɢɣ 

ɧɚɢɛɨɥɶɲɭɸ ɜɵɫɨɬɭ ɧɚ ɈɊɍ h11,35 = ݔ ɦ. 
hx =11,35 ɦ – ɜɵɫɨɬɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɝɢɛɤɢɟ ɲɢɧɵ);  
h = 19 ɦ – ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ ɞɥɹ 110 ɤȼ; 
hɚ = h-hx – ɜɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɦɨɥɧɢɟɨɬɜɨɞɚ; 
a1 = 23,5 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ; 
a2 = 27,8 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ; 
rx – ɡɨɧɚ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ. 
 
ȼɵɛɢɪɚɟɦ ɧɚɢɛɨɥɶɲɢɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, ɨɛɪɚɡɨɜɚɧɧɵɣ ɬɨɱɤɚɦɢ ɭɫɬɚɧɨɜɤɢ 

ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ ɪɢɫ.17.1 ɷɬɨ ɬɨɱɤɢ 1-2-3-4. Ɋɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ 27,8 ɯ 
23,5 ɦ. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɨ ɪɚɡɦɟɪɚɦ ɷɬɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɞɥɢɧɭ ɞɢɚɝɨɧɚɥɢ L1-5, ɦ2: 
 

2 2
1 4 1 2,L a a     (181) 

 
2 2

1 4 23,5 27,8 36,4L       
 
Ⱦɥɹ ɧɚɞɟɠɧɨɫɬɢ ɡɚɳɢɬɵ 0,995 
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max 4,35 ,L h    (182) 
 

max 4,35 19 82,7L    ,  
 

2,25 ,CL h    (183) 
 

2,25 19 42,8CL       
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ, ɦ: 
 

1 4 max,CL L L     (184) 
 
16,8 ˂ 42,8 ˂ 82,7 
 
Ɋɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ: 
 

0 (1,1 0,002 ) ,r h h     (185) 
 

0 (1,1 0,002 19) 19 20,2r          
 
ȼɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɡɨɧɵ, ɦ: 
 

0 0,85 ,h h    (186) 
 

0 0,85 19 16,2h       
 
ɇɚɯɨɞɢɦ ɪɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ rx ɧɚ ɜɵɫɨɬɟ ɲɢɧ 

hx= 11,35 ɦ, ɦ 
 

(1,1 0,002 ) ( ),
0,85

x
x

h
r h h       (187) 

 
11,35

(1,1 0,002 19) (19 ) 6
0,85xr          

 
Ɂɨɧɚ ɡɚɳɢɬɵ ɞɜɨɣɧɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ ɩɪɢ 
 L > h: 
 

4
0 (0,17 3 10 ) ( ),ɋh h h L h         (188) 

 
416,2 (0,17 3 10 19) (36,4 19) 13,1ɋh         ,   
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0 ,C x
cx

C

h h
r r

h


    (189) 

 
13,1 11,35

20,2 2,75
13,1cxr


       

   
ɉɪɟɞɟɥɶɧɚɹ ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ hɉ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨ-

ɜɚɥɚ ɜ ɡɨɧɟ ɡɚɳɢɬɵ ɞɜɭɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ 
ɧɢɦɢ L1-4, ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɳɢɬɵ Pɡ=0.995: 

 
42,8

19
2,25ɉh      

 
 

 
Ɋɢɫɭɧɨɤ 11 – Ɂɨɧɚ ɡɚɳɢɬɵ ɲɟɫɬɢ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚ ɜɵɫɨɬɟ 

ɏh  ɢ Ɉh  
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Ɋɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ Ƚɉɉ ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ 6 ɦɨɥɧɢɟɨɬɜɨ-
ɞɨɜ ɤɚɠɞɵɣ ɜɵɫɨɬɨɣ 19 ɦɟɬɪɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢ-
ɫɭɧɤɟ. 
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14 ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. Ɍɟɤɭɳɢɣ ɪɟɦɨɧɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 10-500 ɤȼ 
3. Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
3.1 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɬɟɤɭɳɟɦɭ ɪɟɦɨɧɬɭ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɮɨɪɦɢɬɶ ɧɚɪɹɞ-ɞɨɩɭɫɤ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɤɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɩɨɪɹɞɤɟ ɢ ɩɟɪɟɞɚɬɶ ɟɝɨ ɨɩɟɪɚ-
ɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ. 

3.2 Ɋɚɛɨɬɵ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɟɦɨɧɬɧɵɦ ɩɟɪɫɨɧɚɥɨɦ, ɞɨ-
ɩɭɳɟɧɧɵɦ ɤ ɞɚɧɧɨɦɭ ɜɢɞɭ ɪɚɛɨɬ, ɢɡɭɱɢɜɲɢɦ ɧɚɫɬɨɹɳɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɢɧɫɬɪɭɤɰɢɸ. 

3.3 Ɋɭɤɨɜɨɞɢɬɟɥɶ ɪɚɛɨɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɢ ɞɨɩɭɫɤɚɸɳɢɣ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 
ɪɚɛɨɬ ɩɪɨɜɟɪɹɸɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɩɪɚ-
ɜɢɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜ-
ɥɟɧɧɵɯ ɧɚ ɛɟɡɨɩɚɫɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ. 

3.4 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬ ɪɚɛɨɱɚɹ ɡɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɛɪɚɧɚ ɨɬ ɩɨɫɬɨɪɨɧ-
ɧɢɯ ɩɪɟɞɦɟɬɨɜ, ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɦɟɳɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ: ɢɧ-
ɫɬɪɭɦɟɧɬ ɢ ɨɫɧɚɫɬɤɚ. 

3.5 ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɪɟɦɨɧɬɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɪɭɤɨɜɨɞɫɬɜɨ-
ɜɚɬɶɫɹ ɩɪɚɜɢɥɚɦɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɭɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.1. 

3.6 Ɋɚɛɨɱɚɹ ɡɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɨɫɜɟɳɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ 
ɩɪɚɜɢɥɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɧɚ Ⱥɗɋ. 

3.7 ɇɚ ɈɊɍ ɢ ȼɅ ɫ ɧɚɩɪɹɠɟɧɢɟɦ – 330 ɤȼ ɢ ɜɵɲɟ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟ-
ɱɟɧɚ ɡɚɳɢɬɚ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɬ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ, ɫɩɨɫɨɛɧɨɝɨ ɨɤɚɡɵɜɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ 
ɢ ɜɵɡɵɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɡɪɹɞɨɜ ɩɪɢ ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɤ ɡɚɡɟɦɥɟɧ-
ɧɵɦ ɢɥɢ ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɨɬ ɡɟɦɥɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɦ ɨɛɴɟɤɬɚɦ. 

3.8 Ⱦɨɩɭɫɬɢɦɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɧɟɢɫɤɚɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨ-
ɫɬɚɜɥɹɟɬ 5 ɤȼ/ɦ. ɉɪɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 
ɜɵɲɟ 5 ɤȼ/ɦ (ɪɚɛɨɬɚ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ) ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟ-
ɧɹɬɶ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɢɥɢ ɡɚɳɢɬɭ ɜɪɟɦɟɧɟɦ. 

3.9 ɉɪɢ ɭɪɨɜɧɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɗɉ ɫɜɵɲɟ 5 ɞɨ 20 ɤȼ/ɦ ɞɨɩɭɫɬɢɦɨɟ 
ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɍ = 50/ȿ - 2, ɝɞɟ ȿ - ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɗɉ, ɤȼ/ɦ; 
Ɍ - ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ, ɱ. 

3.10 Ɇɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ ɧɚ ɩɧɟɜɦɨɤɨɥɟɫɧɨɦ ɯɨɞɭ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɡɨɧɟ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ. ɉɪɢ ɢɯ ɩɟɪɟɞɜɢ-
ɠɟɧɢɢ ɜ ɷɬɨɣ ɡɨɧɟ ɞɥɹ ɫɧɹɬɢɹ ɧɚɜɟɞɟɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɦɟ-
ɬɚɥɥɢɱɟɫɤɭɸ ɰɟɩɶ, ɩɪɢɫɨɟɞɢɧɟɧɧɭɸ ɤ ɲɚɫɫɢ ɢɥɢ ɤɭɡɨɜɭ ɢ ɤɚɫɚɸɳɭɸɫɹ ɡɟɦɥɢ. 

3.11 ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜ-
ɤɚɯ ɭɤɚɡɵɜɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɡɨɧɟ ɜɥɢɹ-
ɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɫɬɪɨɤɟ «Ɉɬɞɟɥɶɧɵɟ ɭɤɚɡɚɧɢɹ». 

3.12 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɩɪɨɢɡɜɟɫɬɢ ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɨɬɤɥɸɱɟɧɢɹ ɢ ɩɪɢɧɹɬɶ ɦɟɪɵ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɨɲɢɛɨɱɧɨɦɭ ɢɥɢ ɫɚɦɨ-
ɩɪɨɢɡɜɨɥɶɧɨɦɭ ɜɤɥɸɱɟɧɢɸ ɜɵɤɥɸɱɚɬɟɥɹ (ɪɚɡɨɛɪɚɬɶ ɰɟɩɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɬɨɤɚ). 
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3.13 ȼɵɜɟɫɢɬɶ ɡɚɩɪɟɳɚɸɳɢɟ ɩɥɚɤɚɬɵ «ɇɟ ɜɤɥɸɱɚɬɶ! Ɋɚɛɨɬɚɸɬ ɥɸɞɢ» ɧɚ 
ɤɥɸɱɚɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɦ. 

3.14 ɉɪɨɜɟɪɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɤɨɬɨɪɵɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɥɸɞɟɣ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨ-
ɤɨɦ. 

3.15 ɍɫɬɚɧɨɜɢɬɶ ɡɚɡɟɦɥɟɧɢɹ (ɜɤɥɸɱɢɬɶ ɡɚɡɟɦɥɹɸɳɢɟ ɧɨɠɢ). ȼɵɜɟɫɢɬɶ 
ɭɤɚɡɚɬɟɥɶɧɵɟ ɩɥɚɤɚɬɵ “Ɂɚɡɟɦɥɟɧɨ”. 

3.16 ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɭɱɚɫɬɤɚɯ ɨɬɤɥɸɱɟɧɧɵɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɷɥɟɤɬɪɨ-
ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɫɧɹɬɢɹ ɧɚɜɟɞɟɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ. 
ɉɪɢɤɚɫɚɬɶɫɹ ɤ ɨɬɤɥɸɱɟɧɧɵɦ, ɧɨ ɧɟ ɡɚɡɟɦɥɟɧɧɵɦ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ ɛɟɡ 
ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. Ɋɟɦɨɧɬɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ ɨɫɧɚɫɬɤɚ, ɤɨɬɨ-
ɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɨɬ ɡɟɦɥɢ, ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦ-
ɥɟɧɵ. 

3.17 ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɲɟɧɵ ɩɥɚɤɚɬɵ «Ɂɚɡɟɦɥɟɧɨ» 
ɧɚ ɩɪɢɜɨɞɚɯ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, ɨɬɞɟɥɢɬɟɥɟɣ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚɝɪɭɡɤɢ, ɩɪɢ ɨɲɢ-
ɛɨɱɧɨɦ ɜɤɥɸɱɟɧɢɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɚɧɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɡɟɦɥɟɧɧɵɣ 
ɭɱɚɫɬɨɤ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɢ ɧɚ ɤɥɸɱɚɯ ɢ ɤɧɨɩɤɚɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ. 

3.18 Ɉɝɪɚɞɢɬɶ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɫɢɝɧɚɥɶɧɨɣ ɥɟɧɬɨɣ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɢ 
ɜɵɜɟɫɢɬɶ ɧɚ ɨɝɪɚɠɞɟɧɢɟ ɩɥɚɤɚɬɵ ɛɟɡɨɩɚɫɧɨɫɬɢ «ɋɬɨɣ! ɇɚɩɪɹɠɟɧɢɟ» ɥɢɰɟɜɨɣ 
ɫɬɨɪɨɧɨɣ ɜɧɭɬɪɶ. ɇɚ ɤɚɠɞɨɣ ɮɚɡɟ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɜɵɜɟɫɢɬɶ ɩɥɚɤɚɬɵ «Ɋɚɛɨɬɚɬɶ 
ɡɞɟɫɶ». 

3.19 ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɦɨɧɬɢɪɭɟɦɨɝɨ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɩɪɨɢɡɜɟɫɬɢ ɜɵɪɭɛɤɭ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 

3.20 ɉɪɢ ɪɚɛɨɬɟ, ɜɵɩɨɥɧɹɟɦɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɞɴɟɦɧɢɤɚ, ɩɨɞɴɟɦɧɢɤ 
ɞɨɥɠɟɧ ɛɵɬɶ ɡɚɡɟɦɥɟɧ ɦɟɞɧɵɦ, ɝɢɛɤɢɦ ɩɪɨɜɨɞɧɢɤɨɦ ɫɟɱɟɧɢɟɦ ɧɟ ɦɟɧɟɟ 16 
ɦɦ2. 

3.21 ɉɪɢ ɪɚɛɨɬɟ ɫ ɚɜɬɨɩɨɞɴёɦɧɢɤɚ ɡɚɩɪɟɳɚɟɬɫɹ ɩɪɢɛɥɢɠɚɬɶ ɥɸɥɶɤɭ ɤ 
ɫɨɫɟɞɧɢɦ ɲɢɧɚɦ ɧɚ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɸ ɪɚɫɫɬɨɹɧɢɟ: 

-U=110 ɤȼ < 1,5 ɦ; 
-U=220 ɤȼ < 2,5 ɦ; 
-U=500 ɤȼ < 4,5 ɦ; 
3.22 ɂɡɦɟɪɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɞɨɥɠɧɨ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶɫɹ ɧɚ ɨɬɤɥɸɱɟɧɧɵɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɫ ɤɨɬɨɪɵɯ ɫɧɹɬ ɡɚɪɹɞ ɩɭɬɟɦ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɯ ɡɚɡɟɦɥɟɧɢɹ. Ɂɚɡɟɦɥɟɧɢɟ ɫ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɫɥɟɞɭɟɬ 
ɫɧɢɦɚɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɦɟɝɚɨɦɦɟɬɪɚ. 

3.23 ɂɡɦɟɪɹɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɦɨɠɟɬ ɪɚɛɨɬɧɢɤ, 
ɢɦɟɸɳɢɣ ɝɪɭɩɩɭ III. 

3.24 ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɦɟɝɚɨɦɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɬɨɤɨɜɟɞɭ-
ɳɢɯ ɱɚɫɬɟɣ ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɩɪɨɜɨɞɚ ɫɥɟɞɭɟɬ ɩɪɢɫɨɟɞɢɧɹɬɶ ɤ ɧɢɦ ɫ ɩɨɦɨɳɶɸ 
ɢɡɨɥɢɪɭɸɳɢɯ ɞɟɪɠɚɬɟɥɟɣ (ɲɬɚɧɝ). ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 
1000 ȼ, ɤɪɨɦɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɟɪɱɚɬɤɚɦɢ. 

3.25 ɉɪɢ ɪɚɛɨɬɟ ɫ ɦɟɝɚɨɦɦɟɬɪɨɦ ɩɪɢɤɚɫɚɬɶɫɹ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ, ɤ 
ɤɨɬɨɪɵɦ ɨɧ ɩɪɢɫɨɟɞɢɧɟɧ, ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɫɥɟɞɭɟɬ 
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ɫɧɹɬɶ ɫ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɨɫɬɚɬɨɱɧɵɣ ɡɚɪɹɞ ɩɭɬɟɦ ɢɯ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɡɚ-
ɡɟɦɥɟɧɢɹ. 

3.26 ɉɪɢ ɪɟɦɨɧɬɟ ɢɡɨɥɹɬɨɪɨɜ ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɪɟɡɤɢ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɫɬɪɵɯ ɪɟɠɭɳɢɯ ɩɪɟɞɦɟɬɨɜ. 

3.27 Ɂɚɩɪɟɳɚɟɬɫɹ ɤ ɢɡɨɥɹɬɨɪɚɦ ɩɪɢɫɬɚɜɥɹɬɶ ɥɟɫɬɧɢɰɭ ɢɥɢ ɤɪɟɩɢɬɶ ɧɚ 
ɧɢɯ ɦɨɧɬɚɠɧɵɟ ɩɨɹɫɚ. 

3.28 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɡɛɨɪɤɢ ɥɸɛɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɬɟ-
ɪɟɬɶ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɦɵɬɶ ɦɨɸɳɢɦ ɫɨɫɬɚɜɨɦ. 

3.29 ɉɪɢ ɪɚɡɛɨɪɤɟ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɢɦɟɸɳɢɯ ɫɠɚɬɵɟ ɩɪɭɠɢɧɵ, ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ ɢ ɫɨɛɥɸɞɚɬɶ 
ɨɫɬɨɪɨɠɧɨɫɬɶ. 

3.30 ɉɪɢ ɪɚɡɛɨɪɤɟ ɢ ɫɛɨɪɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ 
ɢɫɩɪɚɜɧɵɦ ɫɬɚɧɞɚɪɬɧɵɦ ɢ ɫɩɟɰɢɚɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. Ɂɚɩɪɟɳɚɟɬɫɹ ɩɪɢ ɡɚ-
ɬɹɠɤɟ ɛɨɥɬɨɜ ɢ ɝɚɟɤ ɧɚɪɚɳɢɜɚɬɶ ɤɥɸɱɢ ɬɪɭɛɚɦɢ. 

3.31 ɇɟ ɞɨɩɭɫɤɚɬɶ ɩɪɢ ɪɚɡɛɨɪɤɟ ɧɚɧɟɫɟɧɢɹ ɭɞɚɪɨɜ ɩɨ ɞɟɬɚɥɹɦ. ɇɟ ɩɨɥɶ-
ɡɨɜɚɬɶɫɹ ɡɭɛɢɥɨɦ ɢ ɦɨɥɨɬɤɨɦ ɞɥɹ ɨɬɜɢɧɱɢɜɚɧɢɹ ɝɚɟɤ ɢ ɛɨɥɬɨɜ. 

3.32 ɉɪɢ ɪɚɡɛɨɪɤɟ ɢ ɫɛɨɪɤɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟ-
ɞɢɬɶ ɡɚ ɱɢɫɬɨɬɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ ɢ ɩɪɢɧɢɦɚɬɶ ɜɫɟ ɦɟɪɵ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɟ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɜɪɟɠɞɟɧɢɹ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ.  

3.33 ɋɧɹɬɵɟ ɭɡɥɵ, ɷɥɟɦɟɧɬɵ ɢ ɞɟɬɚɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɥɨ-
ɠɟɧɵ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɬɟɣɧɟɪɵ, ɩɨɤɪɵɬɵɟ ɱɢɫɬɨɣ ɛɭɦɚɝɨɣ, ɢɥɢ ɭɥɨɠɟɧɵ ɧɚ 
ɞɟɪɟɜɹɧɧɵɟ ɩɨɞɤɥɚɞɤɢ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɹ. 

3.34 Ɉɬɞɟɥɶɧɵɟ ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɤɪɟɩɟɠ, ɩɪɨɤɥɚɞɤɢ, ɛɨɥɬɵ, 
ɲɩɢɥɶɤɢ) ɞɨɥɠɧɵ ɫɤɥɚɞɵɜɚɬɶɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɞɞɨɧɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɫɥɭɱɚɣɧɨɝɨ ɩɨɩɚɞɚɧɢɹ ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɩɨɥɨɫɬɢ. 

3.35 ȼ ɩɪɨɰɟɫɫɟ ɫɥɢɜɚ ɢ ɡɚɥɢɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɫɢɥɨɜɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɢ ɜɵɲɟ ɜɜɨɞɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɹɜɥɟɧɢɹ ɧɚ ɧɢɯ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɡɚɪɹɞɚ. 

3.36 ɉɟɪɟɞ ɨɫɦɨɬɪɨɦ ɞɟɬɚɥɢ, ɬɪɟɛɭɸɳɢɟ ɨɱɢɫɬɤɢ ɨɬ ɫɬɚɪɨɣ ɫɦɚɡɤɢ ɢ 
ɝɪɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɦɵɬɶ ɧɟɮɬɹɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ «ɇɟɮɪɚɫ-ɋ2-80/120». 

3.37 ɉɪɢ ɨɫɦɨɬɪɟ ɞɟɬɚɥɟɣ, ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɩɨɫɥɟ ɪɚɡɛɨɪɤɢ, ɧɟɨɛɯɨ-
ɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɢɯ ɫɨɫɬɨɹɧɢɟ, ɯɚɪɚɤɬɟɪ ɩɪɢɪɚɛɨɬɤɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɞɟɬɚɥɟɣ, ɡɚɡɨɪɵ ɜ ɬɪɭɳɢɯɫɹ ɩɚɪɚɯ, ɬɨ ɟɫɬɶ ɩɪɨɜɟɫɬɢ ɢɯ 
ɩɨɥɧɭɸ ɞɟɮɟɤɬɚɰɢɸ ɫɨɝɥɚɫɧɨ ɩɪɢɥɨɠɟɧɢɸ 1 ɧɚɫɬɨɹɳɟɣ Ɍɂ. 

3.38 ɉɨɞɝɨɬɨɜɤɭ ɤ ɪɟɦɨɧɬɭ ɜɪɚɳɚɸɳɢɯɫɹ ɦɟɯɚɧɢɡɦɨɜ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜ-
ɥɹɬɶ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ, ɭɤɚɡɚɧɧɵɦ ɜ ɧɚɪɹɞɟ. ɉɪɢ ɷɬɨɦ 
ɦɟɯɚɧɢɡɦ ɞɨɥɠɟɧ ɛɵɬɶ ɨɫɬɚɧɨɜɥɟɧ. ɇɚɩɪɹɠɟɧɢɟ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɦɟɯɚ-
ɧɢɡɦɚ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɚɪɦɚɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨ ɫɧɹɬɶ, ɚ ɩɢɬɚɸɳɢɣ ɤɚɛɟɥɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɡɚɡɟɦɥɢɬɶ. 

3.39 ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɟ ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɦɟɯɚɧɢɡɦɟ ɢ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɟ ɦɭɮɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɫɰɟɩɥɟɧɚ. Ɋɚɫɰɟɩɥɟɧɢɟ ɦɭɮɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɪɟɦɨɧɬɧɵɦ ɩɟɪɫɨɧɚɥɨɦ ɩɨ ɧɚɪɹɞɭ ɧɚ ɪɟɦɨɧɬ ɜɪɚɳɚɸɳɟɝɨɫɹ ɦɟɯɚɧɢɡɦɚ. 



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

118 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

3.40 Ɂɚɩɨɪɧɭɸ ɚɪɦɚɬɭɪɭ ɦɟɯɚɧɢɡɦɚ (ɡɚɞɜɢɠɤɢ, ɲɢɛɟɪɵ, ɡɚɫɥɨɧɤɢ, ɜɟɧ-
ɬɢɥɢ ɢ ɞɪ.) ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜ ɩɨɥɨɠɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ. 

3.41 ɉɪɢ ɜɵɜɨɞɟ ɜ ɪɟɦɨɧɬ ɜɪɚɳɚɸɳɢɯɫɹ ɦɟɯɚɧɢɡɦɨɜ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
ɫɧɹɬɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɚɪɦɚɬɭɪɵ ɞɨɥɠɟɧ 
ɩɪɨɢɡɜɨɞɢɬɶ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɩɟɪɫɨɧɚɥ. 

3.42 ɋ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɨɬɤɥɸɱɟɧɧɵɯ ɞɥɹ ɪɟ-
ɦɨɧɬɚ, ɫɥɟɞɭɟɬ ɫɧɹɬɶ ɞɚɜɥɟɧɢɟ. ɋ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɨɬɤɥɸɱɚɸɳɟɣ ɚɪɦɚɬɭɪɵ 
ɫɧɹɬɶ ɧɚɩɪɹɠɟɧɢɟ. 

3.43 ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɟɮɟɤɬɨɜ (ɩɨɜɪɟɠɞɟɧɢɣ) ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ 
ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɚɜɥɟɧ ɜ ɢɡɜɟɫɬɧɨɫɬɶ ɦɚɫɬɟɪ ɛɪɢɝɚɞɵ, ɜɵɩɨɥɧɹɸɳɟɣ ɪɚɛɨɬɵ, 
ɫɬɚɪɲɢɣ ɦɚɫɬɟɪ ɭɱɚɫɬɤɚ, ɤɨɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ ɞɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɋɨ-
ɫɬɚɜɥɟɧ ɚɤɬ ɞɟɮɟɤɬɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚɧɟ-
ɧɢɸ ɞɟɮɟɤɬɚ. 

3.44 Ⱦɨ ɫɛɨɪɤɢ ɭɫɬɪɚɧɢɬɶ ɞɟɮɟɤɬɵ. Ⱦɟɮɟɤɬɧɵɟ ɞɟɬɚɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚ-
ɦɟɧɟɧɵ ɧɨɜɵɦɢ ɩɪɢ ɩɨɥɨɦɤɚɯ, ɬɪɟɳɢɧɚɯ, ɡɚɞɢɪɚɯ, ɢɡɧɨɫɚɯ ɫɜɟɪɯ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɢ ɜɵɪɚɛɨɬɤɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɪɟ-
ɫɭɪɫɚ ɞɨ ɡɚɦɟɧɵ. 

3.45 ɉɟɪɟɞ ɫɛɨɪɤɨɣ ɞɟɬɚɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɦɵɬɵ ɪɚɫɬɜɨɪɢɬɟɥɟɦ «ɇɟ-
ɮɪɚɫ-ɋ2-80/120». 

3.46 ɋɛɨɪɤɚ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɨɝɥɚɫɧɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ɊȾ ɗɈ 0198–2000, ɩɪɢ ɷɬɨɦ ɡɚɬɹɠɤɚ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɢɦɦɟɬɪɢɱɧɨ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɪɟɫɬ–ɧɚɤɪɟɫɬ, ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ – ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ ɢ ɜɵɩɨɥɧɹɬɶɫɹ ɜ 3–4 ɩɪɨɯɨɞɚ. 

3.47 ɉɪɢ ɫɛɨɪɤɟ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ ɡɚ ɩɪɚɜɢɥɶɧɵɦ ɩɨɞɛɨɪɨɦ ɞɟɬɚɥɟɣ ɢ 
ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɱɟɪɬɟɠɚɦɢ 
(ɪɢɫɭɧɤɚɦɢ) ɢ ɦɚɪɤɢɪɨɜɤɚɦɢ, ɩɪɢɧɹɬɶ ɦɟɪɵ, ɢɫɤɥɸɱɚɸɳɢɟ ɧɟɜɟɪɧɭɸ ɫɛɨɪɤɭ 
ɞɟɬɚɥɟɣ. 

3.48 Ɍɪɭɳɢɟɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɞɟɬɚɥɟɣ ɩɟɪɟɞ ɫɛɨɪɤɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɫɦɚɡɚɬɶ ɫɦɚɡɤɨɣ «ɐɢɚɬɢɦ 221». 

3.49 Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢ ɫɛɨɪɤɟ ɡɚɦɟɧɹɬɶ ɫɧɹɬɵɟ ɩɪɨɤɥɚɞɤɢ. ɉɪɨɤɥɚɞɤɢ 
ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɩɚɪɨɧɢɬɚ ȽɈɋɌ 481-80. ȼɫɟ ɩɚɪɨɧɢɬɨɜɵɟ ɩɪɨɤɥɚɞɤɢ ɩɟɪɟɞ 
ɭɫɬɚɧɨɜɤɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɬёɪɬɵ ɫɭɯɢɦ ɝɪɚɮɢɬɨɦ. 

3.50 ɉɪɢ ɫɛɨɪɤɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɜɫɟ ɪɟɡɶɛɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɨɫɢɬɶ ɫɦɚɡɤɭ «ɐɢɚɬɢɦ 221» ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɡɚɞɢɪɨɜ ɪɟɡɶɛɵ. 

3.51 ɇɚ ɜɪɟɦɹ ɩɟɪɟɪɵɜɨɜ ɜ ɪɚɛɨɬɟ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ, ɩɨ ɨɤɨɧɱɚɧɢɢ 
ɪɚɛɨɱɟɝɨ ɞɧɹ ɢ ɧɚ ɜɵɯɨɞɧɵɟ ɞɧɢ ɡɚɩɪɟɳɚɟɬɫɹ ɨɫɬɚɜɥɹɬɶ ɜɧɭɬɪɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢɧɫɬɪɭɦɟɧɬ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɜɟɬɨɲɶ ɢ ɬ.ɩ. 

3.52 ɉɪɢ ɪɟɦɨɧɬɟ, ɟɫɥɢ ɪɚɛɨɬɚ ɧɟ ɡɚɤɨɧɱɟɧɚ, ɧɚɪɹɞ-ɞɨɩɭɫɤ ɟɠɟɞɧɟɜɧɨ 
ɩɪɢɤɪɵɜɚɟɬɫɹ, ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɭɛɢɪɚɟɬɫɹ, ɡɧɚɤɢ, ɩɥɚɤɚɬɵ ɢ ɨɝɪɚɠɞɟɧɢɹ ɫɨɯɪɚ-
ɧɹɸɬɫɹ. 

3.53 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɧɚ ɫɥɟɞɭɸɳɢɣ ɞɟɧɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɞɨɥɠɟɧ 
ɭɛɟɞɢɬɶɫɹ ɜ ɰɟɥɨɫɬɢ ɢ ɫɨɯɪɚɧɧɨɫɬɢ ɨɫɬɚɜɥɟɧɧɵɯ ɩɥɚɤɚɬɨɜ, ɨɝɪɚɠɞɟɧɢɣ, ɚ 
ɬɚɤɠɟ - ɧɚɞɟɠɧɨɫɬɢ ɡɚɡɟɦɥɟɧɢɣ. 
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3.54 Ʉɚɠɞɭɸ ɫɦɟɧɭ, ɩɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɨɛɹɡɚɧ 
ɨɪɝɚɧɢɡɨɜɚɬɶ ɭɛɨɪɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɱɟɝɨ ɞɧɹ ɢ ɧɚ ɜɵɯɨɞ-
ɧɵɟ ɞɧɢ ɡɚɩɪɟɳɚɟɬɫɹ ɨɫɬɚɜɥɹɬɶ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɢɧɫɬɪɭɦɟɧɬ, ɩɪɢɫɩɨɫɨɛɥɟ-
ɧɢɹ, ɜɟɬɨɲɶ. ɉɪɢ ɪɟɦɨɧɬɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶ (ɪɭɤɨɜɨɞɢɬɟɥɶ) ɪɚɛɨɬ ɞɨɥɠɟɧ ɨɛɪɚ-
ɳɚɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɧɚ ɫɨɛɥɸɞɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɢɫ-
ɤɥɸɱɚɸɳɢɯ ɩɨɩɚɞɚɧɢɟ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ. 

3.55 ɉɟɪɟɞ ɩɭɫɤɨɦ ɜɪɚɳɚɸɳɟɝɨɫɹ ɦɟɯɚɧɢɡɦɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɟɪɟɞ ɨɩɪɨ-
ɛɨɜɚɧɢɟɦ, ɞɨɥɠɧɚ ɛɵɬɶ ɫɨɛɪɚɧɚ ɦɭɮɬɚ ɫɰɟɩɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɵ ɜɫɟ ɨɝɪɚɠɞɟ-
ɧɢɹ ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɟɣ, ɫɧɹɬɵ ɡɧɚɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɛɪɚɧ ɢɧɫɬɪɭɦɟɧɬ ɢ ɦɚɬɟ-
ɪɢɚɥɵ ɢ ɜɵɜɟɞɟɧɵ ɥɸɞɢ ɫ ɦɟɫɬɚ ɪɚɛɨɬ. 

3.56 ɉɨɫɥɟ ɨɩɪɨɛɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɞɨɥɠɟɧɢɹ 
ɪɚɛɨɬ ɧɚ ɧɟɦ) ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɜɧɨɜɶ ɩɨɞɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ ɩɪɨ-
ɜɟɞɟɧɢɹ ɪɚɛɨɬ, ɭɤɚɡɚɧɧɵɦ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ. 

3.57 ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɨɛɹɡɚɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɦɢ ɱɥɟɧɚɦɢ ɛɪɢɝɚɞɵ ɬɪɟɛɨɜɚɧɢɣ, ɭɤɚɡɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɢɧɫɬɪɭɤ-
ɰɢɢ.



 

 
ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

120 
Ⱦɉ – 13.03.02.07.ɉɁ 

 

ɁАɄɅɘЧȿɇɂȿ 
 

ȼ ɞɚɧɧɨɦ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭ-
ɡɨɤ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧ ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɨ-
ɩɪɨɫɚ ɨ ɫɯɟɦɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨ-
ɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢ-
ɹɬɢɹ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɜɵɛɨɪ ɷɥɟɤ-
ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɤɨɦɛɢɧɚɬɚ, ɨɬɜɟɱɚɸɳɚɹ ɜɫɟɦ ɧɟɨɛɯɨɞɢ-
ɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɤɚɱɟɫɬɜɭ ɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼАɇɇɕХ ɂɋɌɈЧɇɂɄɈȼ 
 

1 ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ. ȼɟɪɫɢɹ 1.0 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : ɭɱɟɛ. ɉɨɫɨɛɢɟ 
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