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ɋɬɭɞɟɧɬɭ  ɋɟɥɢɜɚɧɨɜɨɣ ȼɢɤɬɨɪɢɢ Ⱥɧɞɪɟɟɜɧɟ                                             
Ƚɪɭɩɩɚ Ɏɗ18-05Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ(ɫɩɟɰɢɚɥɶɧɨɫɬɶ)            13.03.02.07                 
                             ɧɨɦɟɪ                                                                                                             ɤɨɞ 

                ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ                     
                                                         ɧɚɢɦɟɧɨɜɚɧɢɟ, ɩɪɨɮɢɥɶ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
 ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ                                     
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №5937/ɫ ɨɬ 20.04.22 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ,  ɤ.ɬ.ɧ., ɞɨɰɟɧɬ, ɉɂ ɋɎɍ                
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ  
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ  
1. ɋɯɟɦɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɮɚɛɪɢɤɢ;                                                         
2. ɋɜɟɞɟɧɢɹ ɨɛ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɩɨ ɰɟɯɚɦ ɡɚɜɨɞɚ;                                        
3. ɉɢɬɚɧɢɟ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɝɟɧɟ- 
ɪɚɬɨɪɧɵɯ ɲɢɧ Ɍɗɐ ɦɨɳɧɨɫɬɶɸ 400 Ɇȼɬ (4 ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɩɨ 100 
Ɇȼɬ) ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɲɢɧɚɯ 10,5 ɤȼ ɢ ɫ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 35/10,5 
ɤȼ. Ɇɨɳɧɨɫɬɶ ɄɁ ɧɚ ɲɢɧɚɯ 10,5 ɤȼ Ɍɗɐ ɪɚɜɧɚ 500 ɆȼȺ.; 
4. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨ ɮɚɛɪɢɤɢ 5,2 ɤɦ; 
5. Ɂɚɜɨɞ ɪɚɛɨɬɚɟɬ ɜ ɞɜɟ ɫɦɟɧɵ.                                                                          
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 1. Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 2. 
Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 3. Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɢ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ; 4. 
ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ; 
5. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 6. 
ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 7. ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ 
ɥɢɧɢɣ; 8. Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 9. ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ; 10. 
Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ ɢ ɡɚɡɟɦɥɟɧɢɹ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ; 11. 
Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ–4000/35; 12. 
ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ;  13. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ ɩɨɬɟɪɢ 
ɜ ɋɗɋ. 
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ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɮɚɛɪɢɤɢ ɫ 
ɤɚɪɬɨɝɪɚɦɦɨɣ ɧɚɝɪɭɡɨɤ; 2. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɨɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ; 3. ɉɥɚɧ ɢ ɪɚɡɪɟɡ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ; 4. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ 4000/35; 5. ɋɯɟɦɚ 
ɩɨɞɤɥɸɱɟɧɢɹ ɮɢɥɶɬɪɚ ɤ ɧɟɥɢɧɟɣɧɨɣ ɧɚɝɪɭɡɤɟ; 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.         
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                   Ⱥ.ɋ. Ⱥɦɭɡɚɞɟ             

      ɩɨɞɩɢɫɶ    ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ  
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                        ȼ.Ⱥ. ɋɟɥɢɜɚɧɨɜɚ  

      ɩɨɞɩɢɫɶ       ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ  

 
«   »       2022 ɝ.
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 
ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ» ɫɨɞɟɪɠɢɬ 100 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 21 
ɬɚɛɥɢɰ, 57 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɞɥɹ ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɡɚɜɨɞɚ. 
ɐɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
- ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɜ ɰɟɥɨɦ; 
- ɜɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ; 
- ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ; 
- ɞɨɫɬɢɠɟɧɢɟ ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɤ ɰɟɧɬɪɚɦ ɧɚɝɪɭɡɤɢ; 
-ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɢ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ ɛɵɥɨ 

ɪɚɫɫɱɢɬɚɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɜɵɛɪɚɧɨ ɢ ɩɪɨɜɟɪɟɧɨ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɟɤɬɚ, ɨɛɟɫɩɟɱɟɧɚ ɬɪɟɛɭɟɦɚɹ ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɨɛɟɫɩɟɱɟɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɚɸɳɟɝɨ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɟɪɫɨɧɚɥɚ. 
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ȼȼȿȾȿɇɂȿ 
 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɟɬɟɣ 
ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000 ȼ ɢ ɜɵɲɟ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ 
ɩɨɞɫɬɚɧɰɢɣ, ɫɥɭɠɢɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɭɬɟɦ ɩɨɞɚɱɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɤ ɦɟɫɬɭ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɨɦ 
ɤɨɥɢɱɟɫɬɜɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ. 

ȼ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɢɞёɬ ɩɪɨɰɟɫɫ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 
ɩɭɬɟɦ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɩɢɬɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ 
ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɚɤ ɞɚɥɟɟ. ɂɦɟɧɧɨ ɪɟɲɟɧɢɟ 
ɜɫɟɯ ɷɬɢɯ ɡɚɞɚɱ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɫɬɚɧɞɚɪɬɚɦɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɝɪɚɦɨɬɧɨ ɪɚɛɨɬɚɬɶ ɜɫɟɦɭ ɩɪɟɞɩɪɢɹɬɢɸ, ɜ 
ɬɟɯɧɢɱɟɫɤɨɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ.   
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1. Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɢɜɨɜɚɪɟɧɧɨɝɨ 
ɡɚɜɨɞɚ. ɉɪɨɰɟɫɫ ɩɢɜɨɜɚɪɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ: 

1. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɭɫɥɚ. ȼɧɚɱɚɥɟ ɹɱɦɟɧɧɵɣ ɫɨɥɨɞ ɞɪɨɛɹɬ, ɢɡ ɤɨɬɨɪɨɝɨ 
ɩɨɥɭɱɚɟɬɫɹ ɫɨɥɨɞɨɜɵɣ ɩɨɦɨɥ. ȿɝɨ ɫɦɟɲɢɜɚɸɬ ɫ ɜɨɞɨɣ. ɗɬɨɬ ɩɪɨɰɟɫɫ 
ɧɚɡɵɜɚɟɬɫɹ «ɡɚɬɢɪɚɧɢɟɦ», ɚ ɩɨɥɭɱɟɧɧɚɹ ɫɦɟɫɶ – ɡɚɬɨɪɨɦ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ 
ɜɨɞɵ ɮɟɪɦɟɧɬɵ ɹɱɦɟɧɹ ɧɚɱɢɧɚɸɬ ɪɚɫɳɟɩɥɹɬɶ ɤɪɚɯɦɚɥ ɧɚ ɫɨɥɨɞɨɜɵɣ ɫɚɯɚɪ. 
Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɮɟɪɦɟɧɬɚɰɢɢ ɩɢɜɨɜɚɪɵ ɧɚɝɪɟɜɚɸɬ ɡɚɬɨɪ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 76°C. 

Ⱦɚɥɟɟ ɝɨɬɨɜɨɟ ɫɭɫɥɨ ɮɢɥɶɬɪɭɸɬ.  
2. ȼɚɪɤɚ ɫɭɫɥɚ. ɉɨɥɭɱɟɧɧɨɟ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ ɫɭɫɥɨ ɧɚɝɪɟɜɚɸɬ, 

ɞɨɜɨɞɹɬ ɞɨ ɤɢɩɟɧɢɹ ɢ ɞɨɛɚɜɥɹɸɬ ɯɦɟɥɶ. ȼɚɪɤɚ ɫɭɫɥɚ ɡɚɧɢɦɚɟɬ 2-3 ɱɚɫɚ. Ⱦɚɥɟɟ 
ɫɜɚɪɟɧɧɨɟ ɫɭɫɥɨ ɮɢɥɶɬɪɭɸɬ ɨɬ ɨɫɬɚɬɤɨɜ ɯɦɟɥɹ ɢ ɞɚɸɬ ɨɬɫɬɨɹɬɶɫɹ.  

3. Ȼɪɨɠɟɧɢɟ. ɑɢɫɬɨɟ ɫɭɫɥɨ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɬɪɭɛɵ ɧɚ ɞɧɨ ɛɪɨɞɢɥɶɧɵɯ 
ɱɚɧɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɰɢɥɢɧɞɪɨɤɨɧɢɱɟɫɤɢɦɢ ɬɚɧɤɚɦɢ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɠɢɞɤɨɫɬɶ 
ɨɫɬɵɧɟɬ ɞɨ ɧɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɱɚɧ ɞɨɛɚɜɥɹɸɬ ɞɪɨɠɠɢ. Ⱦɥɹ ɩɢɜɚ 
ɜɟɪɯɨɜɨɝɨ ɛɪɨɠɟɧɢɹ ɩɟɪɟɞ ɞɨɛɚɜɥɟɧɢɟɦ ɞɪɨɠɠɟɣ ɫɭɫɥɨ ɨɯɥɚɠɞɚɸɬ ɞɨ 18-
22°C, ɞɥɹ ɩɢɜɚ ɧɢɡɨɜɨɝɨ ɛɪɨɠɟɧɢɹ – ɞɨ 5-10°C. 

ȼ ɯɨɞɟ ɛɪɨɠɟɧɢɹ ɜɵɞɟɥɹɟɬɫɹ ɦɧɨɝɨ ɬɟɩɥɚ, ɩɨɷɬɨɦɭ ɫɭɫɥɨ ɧɭɠɞɚɟɬɫɹ ɜ 
ɩɨɫɬɨɹɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɚɛɢɥɶɧɨɣ. 

4. ɋɨɡɪɟɜɚɧɢɟ. ɇɚ ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚɯ ɩɨɥɭɱɢɥɨɫɶ ɦɨɥɨɞɨɟ 
ɧɟɮɢɥɶɬɪɨɜɚɧɧɨɟ ɩɢɜɨ, ɬɪɟɛɭɸɳɟɟ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɡɪɟɜɚɧɢɹ (ɧɟ ɤɚɫɚɟɬɫɹ 
ɩɲɟɧɢɱɧɵɯ ɫɨɪɬɨɜ). Ⱦɥɹ ɫɨɡɪɟɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɨɥɶɲɢɟ ɟɦɤɨɫɬɢ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɚ ɫɚɦ ɩɪɨɰɟɫɫ ɞɥɢɬɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɧɟɞɟɥɶ ɞɨ ɱɟɬɵɪɟɯ 
ɦɟɫɹɰɟɜ. 

ȼɨ ɜɪɟɦɹ ɫɨɡɪɟɜɚɧɢɹ ɧɭɠɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɬɚɛɢɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢ 
ɞɚɜɥɟɧɢɟ ɜ ɟɦɤɨɫɬɹɯ, ɤɨɥɟɛɚɧɢɹ ɧɟɞɨɩɭɫɬɢɦɵ.  

5. Ɏɢɥɶɬɪɚɰɢɹ. ɉɨɫɥɟ ɫɨɡɪɟɜɚɧɢɹ ɩɢɜɨ ɩɪɨɯɨɞɢɬ ɟɳɟ ɨɞɧɭ ɮɢɥɶɬɪɚɰɢɸ 
ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɮɢɥɶɬɪɚɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬ ɤɪɭɩɧɵɯ ɢ 
ɦɟɥɤɢɯ ɱɚɫɬɢɰ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɧɧɵɣ ɧɚɩɢɬɨɤ ɫɬɚɧɨɜɢɬɫɹ ɚɛɫɨɥɸɬɧɨ 
ɩɪɨɡɪɚɱɧɵɦ ɢ ɝɨɬɨɜɵɦ ɤ ɪɨɡɥɢɜɭ. 

6. Ɋɨɡɥɢɜ. ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɢɜɨ ɩɟɪɟɥɢɜɚɸɬ ɜ 
ɬɚɪɭ ɪɚɡɧɵɯ ɜɢɞɨɜ. ɉɟɪɟɞ ɪɨɡɥɢɜɨɦ ɛɭɬɵɥɤɢ, ɤɟɝɢ ɢɥɢ ɛɨɱɨɧɤɢ ɜɫɟ ɟɦɤɨɫɬɢ 
ɦɨɸɬ, ɡɚɬɟɦ ɭɞɚɥɹɸɬ ɩɨɩɚɜɲɢɣ ɜɧɭɬɪɶ ɜɨɡɞɭɯ. [1] 

Ɍɚɤɠɟ ɤ ɩɢɬɚɧɢɸ ɩɨɞɤɥɸɱɟɧɵ ɫɭɛɩɨɞɪɹɞɱɢɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɫɨɫɟɞɫɬɜɟ 
ɫ ɩɢɜɨɜɚɪɟɧɧɵɦ ɡɚɜɨɞɨɦ. ɂɯ ɨɩɢɫɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɟɞɩɪɢɹɬɢɹ.[2] 

№ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɰɟɯɚ 

Ɋɚɫɲɢɮɪɨɜɤɚ Ɉɩɢɫɚɧɢɟ 

1 

ɋɧɚɛɫɛɵɬ 
ɍɩɪɚɜɥɟɧɢɟ 

ɫɧɚɛɠɟɧɢɹ ɢ ɫɛɵɬɚ. 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ 
ɫɛɵɬɨɦ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ 
ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɢ ɧɚɢɛɨɥɟɟ 

ɩɨɥɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɩɥɚɧɚ ɩɨ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɞɭɤɰɢɢ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɥɸɱɟɧɧɵɦɢ 
ɞɨɝɨɜɨɪɚɦɢ. 

2 

ɉɆɄ-13 

Ʉɨɦɩɚɧɢɹ ɈɈɈ 
«ɉɆɄ 13» - 

ɉɪɨɢɡɜɨɞɫɬɜɨ 
Ɇɟɬɚɥɥɢɱɟɫɤɢɯ 
Ʉɨɧɫɬɪɭɤɰɢɣ. 

ɉɆɄ 13 ɡɚɧɢɦɚɟɬɫɹ 
ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ 
ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, 

ɪɚɡɪɚɛɨɬɤɚ ɱɟɪɬɟɠɟɣ ɢ 
ɦɨɧɬɚɠɨɦ. 

3 
ȺɌɄ-4 

ɈɈɈ 
«Ⱥɜɬɨɬɪɚɧɫɩɨɪɬɧɚɹ 

ɤɨɦɩɚɧɢɹ-4». 

Ɉɫɧɨɜɧɵɦ ɜɢɞɨɦ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɹɜɥɹɟɬɫɹ: «Ⱦɨɛɵɱɚ ɝɪɚɜɢɹ, ɩɟɫɤɚ 

ɢ ɝɥɢɧɵ». 

4 

ɍɆ-19 

Ɉɮɢɫ ɭɩɪɚɜɥɟɧɢɟ 
ɦɟɯɚɧɢɡɚɰɢɢ №19, 

ɬɪɚɧɫɩɨɪɬɧɚɹ 
ɤɨɦɩɚɧɢɹ. 

Ʉɨɦɩɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ  
ɩɟɪɟɜɨɡɤɟ ɝɪɭɡɨɜ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

5 

ɍɉɌɄ 

Ɉɮɢɫ ɭɩɪɚɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɤɨɦɩɥɟɤɬɚɰɢɢ. 

ɍɉɌɄ - ɫɬɪɭɤɬɭɪɧɚɹ ɱɚɫɬɶ 
ɫɢɫɬɟɦɵ ɤɨɦɩɥɟɤɬɚɰɢɢ ɢ 

ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ 
ɮɭɧɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɯɪɚɧɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ, ɞɨɪɚɛɨɬɤɢ (ɢɥɢ 
ɩɟɪɟɪɚɛɨɬɤɢ) ɢ ɤɨɦɩɥɟɤɫɧɨɣ 

ɩɨɫɬɚɜɤɢ ɢɯ ɧɚ ɨɛɴɟɤɬɵ. 

6 
ɉɆɄ-2 

ɉɟɬɟɪɛɭɪɝɫɤɚɹ 
ɦɟɛɟɥɶɧɚɹ 
ɤɨɦɩɚɧɢɹ. 

Ʉɨɦɩɚɧɢɹ ɡɚɧɢɦɚɟɬɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɢ ɩɪɨɞɚɠɟɣ 

ɦɟɛɟɥɢ. 

7 

ɋɆɉ-159 
Ɉɮɢɫ ɫɬɪɨɢɬɟɥɶɧɨ-

ɦɨɧɬɚɠɧɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ. 

ȼ ɨɮɢɫɟ ɩɪɨɯɨɞɹɬ ɤɨɧɫɭɥɶɬɚɰɢɢ 
ɢ ɡɚɤɥɸɱɟɧɢɢ ɫɞɟɥɨɤ ɧɚ 

ɫɬɪɨɢɬɟɥɶɧɵɟ ɢ ɦɨɧɬɚɠɧɵɟ 
ɪɚɛɨɬɵ. 

8 

ɆɄ-61 
Ʉɨɦɩɚɧɢɹ Ɇɟɞɢɚ- 

Ʉɥɸɱ. 

Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɤɨɦɩɚɧɢɢ 
ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɤɨɧɫɭɥɶɬɚɰɢɢ ɢ 

ɫɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦ ɪɚɡɜɢɬɢɹ ɩɨ 
ɜɨɩɪɨɫɨɦ ɨɪɝɚɧɢɡɚɰɢɢ ɛɢɡɧɟɫɚ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

9 

ȼɬɨɪɰɜɟɬɦɟɬ 
Ʉɨɦɩɚɧɢɹ ɩɨ 

ɩɪɢёɦɭ ɰɜɟɬɧɵɯ 
ɦɟɬɚɥɥɨɜ. 

ɉɪɟɞɩɪɢɹɬɢɟ «ȼɬɨɪɰɜɟɬɦɟɬ» 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɤɭɩɤɭ ɥɨɦɚ, 
ɩɟɪɟɪɚɛɨɬɤɭ ɦɟɬɚɥɥɨɥɨɦɚ. 
ɋɩɟɰɢɚɥɢɡɚɰɢɹ ɤɨɦɩɚɧɢɢ - 
ɩɟɪɟɪɚɛɨɬɤɚ ɥɨɦɚ ɦɟɬɚɥɥɨɜ, 

ɨɬɯɨɞɵ ɤɚɛɟɥɹ ɢ ɩɪɨɱɢɟ ɫɥɨɠɧɵɟ 
ɥɨɦɚ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ 

ɞɟɦɨɧɬɚɠ ɤɚɛɟɥɹ. 
 

10 

ȽȺɉɌ 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ 
ɚɞɦɢɧɢɫɬɪɚɰɢɹ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ 
ɬɨɪɝɨɜɥɢ. 

Ɉɪɝɚɧɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɬɨɪɝɨɜɥɢ. 

11 

Ɋɨɫɛɚɤɚɥɟɹ 

Ɋɟɫɩɭɛɥɢɤɚɧɫɤɚɹ 
ɤɨɧɬɨɪɚ ɨɩɬɨɜɨɣ 

ɬɨɪɝɨɜɥɢ 
ɛɚɤɚɥɟɣɧɵɦɢ 

ɬɨɜɚɪɚɦɢ. 

Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɚɝɟɧɬɨɜ ɩɨ ɨɩɬɨɜɨɣ 
ɬɨɪɝɨɜɥɟ ɬɟɤɫɬɢɥɶɧɵɦ ɫɵɪɶɟɦ ɢ 

ɩɨɥɭɮɚɛɪɢɤɚɬɚɦɢ. 

12 
ɋɟɥɶɯɨɡɬɟɯ. Ɉɮɢɫ ɈɈɈ 

«ɋɟɥɶɯɨɡɬɟɯ». 
ȼɵɪɚɳɢɜɚɧɢɟ ɨɞɧɨɥɟɬɧɢɯ 

ɤɭɥɶɬɭɪ. 

13 
ɉɢɜɡɚɜɨɞ 

ɉɢɜɨɜɚɪɟɧɧɵɣ 
ɡɚɜɨɞ. 

- 

14 

ȺɌȻ 
Ⱥɡɢɚɬɫɤɨ-

Ɍɢɯɨɨɤɟɚɧɫɤɢɣ 
ɛɚɧɤ. 

Ɉɫɧɨɜɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
ɤɪɟɞɢɬɨɜɚɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢ 

ɛɢɡɧɟɫɚ; ɩɪɢɜɥɟɱɟɧɢɟ ɞɟɧɟɝ 
ɝɪɚɠɞɚɧ ɜɨ ɜɤɥɚɞɵ ɢ ɬ.ɞ. 

15 
ɊɆɁ 

Ɋɟɦɨɧɬɧɨ-
ɦɟɯɚɧɢɱɟɫɤɢɣ 

ɡɚɜɨɞ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɪɟɦɨɧɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɬɟɝɨɪɢɢ ɰɟɯɨɜ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

Ⱦɥɹ ɜɵɛɨɪɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, 
ɜɵɛɨɪɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɵɩɨɥɧɟɧɢɹ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɪɚɫɱɟɬɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɜɥɚɞɟɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɤɚɠɞɨɝɨ 
ɰɟɯɚ ɢ ɤɚɬɟɝɨɪɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢɥɢ ɫɤɥɚɞɫɤɨɝɨ ɩɨɦɟɳɟɧɢɹ. [3] 

ɉɢɜɡɚɜɨɞ, ɊɆɁ, ɆɄ-61 ɢ ɉɆɄ-2 ɨɬɧɟɫёɦ ɤ II ɤɚɬɟɝɨɪɢɢ, ɩɪɢ ɩɟɪɟɪɵɜɟ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɬ ɤ ɧɟɞɨɨɬɩɭɫɤɭ ɩɪɨɞɭɤɰɢɢ, ɦɚɫɫɨɜɵɦ 
ɩɪɨɫɬɨɹɦ ɪɚɛɨɱɢɯ, ɦɟɯɚɧɢɡɦɨɜ. 

Ɉɫɬɚɥɶɧɵɟ ɨɬɧɟɫɟɧɵ ɤ III ɤɚɬɟɝɨɪɢɢ. 
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1.2 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɟɞɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ 
 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɩɨɦɟɳɟɧɢɟ – ɡɚɦɤɧɭɬɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɫɩɟɰɢɚɥɶɧɨ 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɡɞɚɧɢɹɯ ɢ ɫɨɨɪɭɠɟɧɢɹɯ, ɜ ɤɨɬɨɪɵɯ ɩɨɫɬɨɹɧɧɨ (ɩɨ ɫɦɟɧɚɦ) 
ɢɥɢ ɩɟɪɢɨɞɢɱɟɫɤɢ (ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɪɭɞɨɜɚɹ 
ɞɟɹɬɟɥɶɧɨɫɬɶ ɥɸɞɟɣ. [4] 

ɋɪɟɞɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɨɹɧɢɟɦ 
ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ (ɜɥɚɠɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɯ 
ɫɬɪɭɣ, ɡɚɝɚɡɨɜɚɧɧɨɫɬɶɸ, ɡɚɩɵɥɟɧɧɨɫɬɶɸ), ɨɫɜɟɳɟɧɧɨɫɬɶɸ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ 
ɫɭɬɨɤ, ɭɪɨɜɧɟɦ ɲɭɦɨɜ, ɭɪɨɜɧɟɦ ɜɢɛɪɚɰɢɢ. Ɂɚɞɚɧɢɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɛɨɪ 
ɤɚɬɟɝɨɪɢɣ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ ɰɟɯɨɜ. [3] 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɚɬɟɝɨɪɢɢ ɢ ɤɥɚɫɫɵ ɞɥɹ ɤɚɠɞɨɝɨ ɰɟɯɚ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɭ 2. [3, ɝɥ. 7.3-7.4], [5] 

Ɍɚɛɥɢɰɚ 2- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɰɟɯɨɜ 

№ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɰɟɯɚ 

Ʉɚɬɟɝɨɪɢɢ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨ

ɜ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧ
ɵɯ ɮɚɤɬɨɪɨɜ 

ȼɡɪɵɜɨɨɩɚɫɧ
ɚɹ ɡɨɧɚ 

ɉɨɠɚɪɨɨɩɚɫɧɚɹ 
ɡɨɧɚ 

1 
ɋɧɚɛɫɛɵɬ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV  ɉ-IIɚ 

2 
ɉɆɄ-13 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IIa ɉ-II 

3 
ȺɌɄ-4 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

4 
ɍɆ-19 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

5 
ɍɉɌɄ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

6 
ɉɆɄ-2 

II ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-II ɉ-IIɚ 

7 
ɋɆɉ-159 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

8 
ɆɄ-61 

II ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

9 
ȼɬɨɪɰɜɟɬɦɟɬ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IIa ɉ-II 

10 
ȽȺɉɌ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

11 
Ɋɨɫɛɚɤɚɥɟɹ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

12 
ɋɟɥɶɯɨɡɬɟɯ. 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

13 
ɉɢɜɡɚɜɨɞ 

II ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IIa ɉ-II 

14 
ȺɌȻ 

III ɇɨɪɦɚɥɶɧɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IV ɉ-IIɚ 

15 
ɊɆɁ 

II ɀɚɪɤɨɟ 
ɩɨɦɟɳɟɧɢɟ ȼ-IIa ɉ-II 
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2. Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 

 
Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɧɚɝɪɭɡɨɤ 
ɜɵɛɢɪɚɸɬ ɢ ɩɪɨɜɟɪɹɸɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɬɚɤ ɠɟ 
ɨɩɪɟɞɟɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
 Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɫɢɥɨɜɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɤȼɬ (ɤɜɚɪ), 
 ܲ˓ = ɫܭ ∙ ɧܲ ,                                                                                                             ሺʹ.ͳሻ 

 ܳ˓ = ܲ˓ ∙  𝜑 ,                                                                                                         ሺʹ.ʹሻ݃ݐ
 
ɝɞɟ ɧܲ – ɫɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ (ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ) ɜɫɟɯ 
ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɤȼɬ; 
  ;ɫ – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ [6, ɬɚɛɥ 1.6]ܭ         
      ɝɞɟ tgφ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɪɢɟɦɧɢɤɨɜ 
ɞɚɧɧɨɝɨ ɰɟɯɚ, ɪɚɜɧɵɣ:    

 tgφ = tgሺarccosφሻ,                                                                                            ሺʹ.͵ሻ 
 

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

 ܲ˓ ˑ = ɧܲɨ ∙  ɫɨ,                                                                                                         ሺʹ.Ͷሻܭ
 
ɝɞɟ ɧܲɨ– ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɤȼɬ; ܭɫɨ– ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɞɥɹ ɨɫɜɟɳɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 
ɞɚɧɧɵɦ [6, ɬɚɛɥ 1.10]; 

ȼɟɥɢɱɢɧɚ ɧܲɨɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤȼɬ, 
 

ɧܲɨ = ɭܲɞɨ ∙ 𝐹 ,                                                                                                          ሺʹ.ͷሻ 
 
ɝɞɟ ɭܲдɨ– ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɥɚ ɰɟɯɚ, ɤȼɬ/ɦ2[6, ɬɚɛɥ 2.4];  

F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɰɟɯɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɝɟɧɩɥɚɧɭ, ɦଶ. 
Ⱦɚɥɟɟ ɞɥɹ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɪɟɚɤɬɢɜɧɭɸ 

ɧɚɝɪɭɡɤɭ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɜɚɪ, ܳɪɨ = ɪܲɨ ∙ tgφ ,                                                                                                        ሺʹ.͸ሻ 
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ɝɞɟ tgφ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ 
ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [6, ɬɚɛɥ 2.5]. 
 ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɵɯ ɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [7], ɤȼ∙Ⱥ, 
 ܵɪ = √ሺɊɪ + Ɋɪɨሻଶ + ሺܳɪ + ܳɪɨሻଶ.                                                                    ሺʹ.͹ሻ 

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɜ ɰɟɥɨɦ 

 
Ɍɚɤ ɤɚɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢ ɰɟɯɨɜɵɯ 

ɩɨɞɫɬɚɧɰɢɣ ɟɳɟ ɧɟ ɜɵɛɪɚɧɵ, ɬɨ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɢɛɥɢɠɟɧɨ, ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ ɧɢɠɟ: 

 ∆ܲ̇ ˕ = Ͳ,Ͳʹ ∙ ܵ˓ = Ͳ,Ͳʹ ∙ ͷ͹Ͳ͹,Ͳͺͷ = ͳͳͶ,ͳͶͳ ˍВ˕                             ሺʹ.ͺሻ 
 ∆ܳ˙˕ = Ͳ,ͳ ∙ ܵ˓ = Ͳ,ͳ ∙ ͷ͹Ͳ͹,Ͳͺͷ = ͷ͹Ͳ,͹Ͳͺ ˍ˅˃˓                             ሺʹ.ͻሻ 
 
ɝɞɟ Sɪ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ ɢ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, 
ɪɚɜɧɚɹ 5707,085 ɤȼȺ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨ 
ɩɪɟɞɩɪɢɹɬɢɸ ɜ ɰɟɥɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܳˍ˖  =  ܳ˓଴.ସ  +  ܳ˓ଵ଴  +  ∆ܳ˙˕  −  ܳэ =                                                       ሺʹ.ͳͲሻ = ͵ͶͲʹ,Ͷͻ͸ + Ͳ − ͳͳͶͷ,Ͷ͹͸ = ʹʹͷ͹,Ͳʹ ˍ˅˃˓ 
 
ɝɞɟ ܳ˓଴.ସ, ܳ˓ଵ଴ – ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɧɚ ɲɢɧɚɯ 0,4 ɢ 10 
ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɜɚɪ; 
      ∆Qɰɬ − ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ (2.12), ɤɜɚɪ.  
       Qэ − ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ 
ɩɟɪɟɞɚɟɬɫɹ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ ɩɪɟɞɩɪɢɹɬɢɸ ɜ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ, 
ɤɜɚɪ, ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ:  
 ܳэ = ݇ · ܲ˓ = Ͳ,ʹͻ · Ͷͷͺͳ,ͻͲͶ = ͳͳͶͷ,Ͷ͹͸ ɤɜɚɪ                                  ሺʹ.ͳͳሻ 
 
ɝɞɟ ܭ𝛼 = Ͳ,ʹͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ[7]; ܲ˓ – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢёɦɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɢ 6-
10 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȼɬ. 

ɇɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ 6-10 ɤȼ Ƚɉɉ: 
 ܳଵ଴  =  (ܳ˓଴,ସ  +  ܳ˓ଵ଴) ⋅ ˏ˓ܭ   +  ܳ˓.ˑ  +  ∆ܳ˙˕  −  ܳˍ˖  =                     ሺʹ.ͳʹሻ = ሺ͵ͶͲʹ,Ͷͻ͸ + Ͳሻ · Ͳ,ͻͷ + ͳͲͷ,Ͷͷͷ + ͷ͹Ͳ,͹Ͳͺ − ʹʹͷ͹,Ͳʹ = ͳ͸ͷͳ,ͷͳ ˍ˅˃˓ 
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ɝɞɟ Кɪɦ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. 
ȼ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɛɚɬɚɪɟɢ ɫɬɚɬɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ.  
Ɍɨɝɞɚ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɧɢɯ: 

 ∆̱ܲ ˖ = ̟ܲ ˇ ∙ ܳˍ˖ = Ͳ,ͲͲʹ ∙ ʹʹͷ͹,Ͳʹ = Ͷ,ͷͳ ˍВ˕                                  ሺʹ.ͳ͵ሻ 
 
ɝɞɟ Ɋɭɞ – ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦɵɟ ɪɚɜɧɵɦɢ 0,2% 
ɨɬ ɧɟɨɛɯɨɞɢɦɨɣ ɦɨɳɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɉɛɳɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɤɨɦɩɟɧɫɚɰɢɢ 
ɧɚ ɲɢɧɚɯ ɩɨɞɫɬɚɧɰɢɢ: 
 ଵܲ଴ = (ܲ˓ ଴,ସ + ܲ˓ ଵ଴) ∙ ˏ˓ܭ + ܲ˓ ˑ + ∆ܲ̇ ˕ + 𝛥ܲˍ˖ =                                  ሺʹ.ͳͶሻ = ሺͶʹ͸ͳ,Ͳ͸ͷ + Ͳሻ · Ͳ,ͻͷ + ͵ʹͲ,ͺ͵ͻ + ͳͳͶ,ͳͶͳ + Ͷ,ͷͳ = ͶͶͺ͹,ͷͲʹ ˍВ˕ 

 
ɝɞɟ ܲ˓ ˑ – ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɤȼɬ. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 10 ɤȼ Ƚɉɉ ɢɥɢ ȽɊɉ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ: 
 ܵ′˓ = √ ଵܲ଴ଶ + ܳଵ଴ଶ = √ͶͶͺ͹,ͷͲʹଶ + ͳ͸ͷͳ,ͷͳଶ = Ͷ͹ͺͳ,͹ͷ͵ ˍВА ሺʹ.ͳͺሻ 

 
ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ ɛɭɞɟɬ ɪɚɫɩɨɥɨɠɟɧɚ Ƚɉɉ. ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ 

ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɮɨɪɦɭɥɚɦ: 
 ∆ܲ′௠ = Ͳ,Ͳʹ ∙ ܵ′˓ = Ͳ,Ͳʹ · ʹͺͷͶͺ,Ͳ͸ͷ = ͻͷ,͸͵ͷ ˍВ˕                         ሺʹ.ͳͷሻ 
 ∆ܳ′௠ = Ͳ,ͳ ∙ ܵ′˓ = Ͳ,ͳ · ʹͺͷͶͺ,Ͳ͸ͷ = Ͷ͹ͺ,ͳ͹͸ ˍ˅˃˓                         ሺʹ.ͳ͸ሻ 
 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ: 
 ܵ˓ = √ሺ ଵܲ଴ + ∆ܲ′௠ሻଶ + (ܳଵ଴ + ∆ܳ′௠) =                                                 ሺʹ.ͳ͹ሻ = √ሺͶͶͺ͹,ͷͲʹ + ͻͷ,͸͵ͷሻଶ + ሺͳ͸ͷͳ,ͷͳ + Ͷ͹ͺ,ͳ͹͸ሻଶ = ͷͲͷ͵,͸Ͳͻ ˍВА 
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3. Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ 
ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ 
 

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

Ɍɨɝɞɚ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɚɦ [7]: 

଴ݔ  = ∑ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ ∙ ∑𝑖௡ଵݔ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ௡ଵ ,                                                                                      ሺ͵.ͳሻ 

଴ݕ  = ∑ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ ∙ ∑𝑖௡ଵݕ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ௡ଵ .                                                                                      ሺ͵.ʹሻ 

ɝɞɟ xi, yi − ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i-ɝɨ ɰɟɯɚ. 
Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɪɨɬɹɠɟɧɧɨɫɬɢ, ɤɚɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɡɚɜɨɞɚ 

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

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɧɚ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɡɚɜɨɞɚ 
ɧɚɧɨɫɢɬɫɹ ɤɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɦɟɳёɧɧɵɟ ɩɨ 
ɝɟɧɩɥɚɧɭ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɩɥɨɳɚɞɶ ɤɪɭɝɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ 
ɪɚɜɧɚ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ, 
 𝑖ܲ = ߨ ∙ 𝑖ଶݎ ∙ ݉                                                                                                       ሺ͵.͵ሻ 

 
 ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ 
𝑖ݎ  = √ 𝑖ܲߨ ∙ ݉                                                                                                           ሺ͵.Ͷሻ 

 
Ɍɚɤ ɠɟ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɧɚɧɨɫɢɬɫɹ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɜɢɞɟ ɫɟɤɬɨɪɚ, 

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

 𝛼 = ͵͸Ͳ° ∙ ௣ܲ௢𝑖௣ܲ𝑖 + ௣ܲ௢𝑖                                                                                                      ሺ͵.ͷሻ 

 
ɝɞɟ ʟ˓ – ɚɤɬɢɜɧɚɹ ɪɚɫɱɟɬɧɵɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ; 
      ʟ˓ˑ – ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɰɟɯɨɜ, ɤȼɬ. 

ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3. 
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Ɍɚɛɥɢɰɚ 3 – Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɯɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
 

 № 
ɰɟɯɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Pp+Ppo, 

ɤȼɬ 
Ppo, 
ɤȼɬ 

r, ɦɦ 
α, 

ɝɪɚɞ 
x, ɦ 

y, 
ɦ 

(Pp+Ppo)x, 
ɤȼɬ·ɦ 

(Pp+Ppo)y, 
ɤȼɬ·ɦ 

ɉɨɬɪɟɛɢɬɟɥɢ 0,4 ɤȼ 

1 ɋɧɚɛɫɛɵɬ 37,061 19,421 6,87 188,65 108 172 4002,57 6374,46 

2 ɉɆɄ-13 159,787 1,987 14,27 4,48 95 165 15179,78 26364,89 

3 ȺɌɄ-4 265,151 31,151 18,38 42,29 66 145 17499,95 38446,87 

4 ɍɆ-19 74,587 40,377 9,75 194,88 32 143 2386,77 10665,90 

5 ɍɉɌɄ 184,281 11,781 15,32 23,01 25 87 4607,03 16032,45 

6 ɉɆɄ-2 241,742 29,192 17,55 43,47 57 87 13779,32 21031,59 

7 ɋɆɉ-159 75,910 16,830 9,83 79,82 132 19 10020,12 1442,29 

8 ɆɄ-61 200,671 41,371 15,99 74,22 109 113 21873,16 22675,85 

9 ȼɬɨɪɰɜɟɬɦɟɬ 361,016 5,216 21,45 5,20 153 73 55235,51 26354,20 

10 ȽȺɉɌ 209,481 35,481 16,34 60,97 185 111 38753,93 23252,36 

11 Ɋɨɫɛɚɤɚɥɟɹ 172,881 8,381 14,84 17,45 169 70 29216,86 12101,66 

12 ɋɟɥɶɯɨɡɬɟɯ. 50,374 9,984 8,01 71,35 204 85 10276,30 4281,79 

13 ɉɢɜɡɚɜɨɞ 1118,407 25,637 37,75 8,25 209 178 233746,96 199076,36 

14 ȺɌȻ 389,722 12,322 22,28 11,38 259 182 100937,89 70929,33 

15 ɊɆɁ 1040,834 31,709 36,41 10,97 160 172 166533,48 179023,49 

ɂɬɨɝɨ:   3463,498           490302,66 458977,10 

 
Ʉɨɨɪɞɢɧɚɬɵ ɢɯ ɰɟɧɬɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

଴ݔ  = ∑ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ ∙ ∑𝑖௡ଵݔ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ௡ଵ = ͶͻͲ͵Ͳʹ,͸͸͵Ͷ͸͵,Ͷͻͺ = ͳͶͳ,ͷ͸ ˏ                           ሺ͵.͸ሻ 

଴ݕ  = ∑ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ ∙ ∑𝑖௡ଵݕ ሺܲ˓ 𝑖 + ܲ˓ ˑ𝑖ሻ௡ଵ = Ͷͷͺͻ͹͹,ͳͲ͵Ͷ͸͵,Ͷͻͺ = ͳ͵ʹ,ͷʹ ˏ                             ሺ͵.͹ሻ 
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Ɋɢɫɭɧɨɤ 2 – Ʉɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ 

 
4. ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɞɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ, ɩɨ ɮɨɪɦɭɥɟ ɋɬɢɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɟɫɬɚɧɞɚɪɬɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ.  

ɇɟɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɤȼ, 
  ܷ˓˃˙ = Ͷ,͵Ͷ√݈ + ͳ͸ܲ = Ͷ,͵Ͷ√ͷ,ʹ + ͳ͸ ∙ Ͷ,Ͷͺͺ =  ͵ͺ,Ͳͺͷ ˍВ.           ሺͶ.ͳሻ  
 

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

 
4.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ  
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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 ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɪɭɝɨɣ ɛɭɞɟɬ ɩɨɤɪɵɜɚɬɶ ɜɫɸ 
ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ 2-ɨɣ ɤɚɬɟɝɨɪɢɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ 
ɨɬɤɥɸɱɟɧɚ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. [3] 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
(ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ) ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɫɭɬɨɱɧɵɦ ɝɪɚɮɢɤɨɦ ɧɚɝɪɭɡɤɢ, 
ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɜɟɫɬɧɚ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɬɚɤ ɢ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ ɞɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. 
Ƚɪɚɮɢɤ ɩɨɡɜɨɥɹɟɬ ɭɬɜɟɪɠɞɚɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɥɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɭɫɥɨɜɢɹ 
ɡɚɝɪɭɡɤɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɫɪɨɤɭ ɫɥɭɠɛɵ, ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɡɚɜɨɞɨɦ ɢɡɝɨɬɨɜɢɬɟɥɟɦ 
(ɨɛɵɱɧɨ 20 -25 ɥɟɬ).  

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɫɭɬɨɱɧɵɦ ɝɪɚɮɢɤɨɦ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ ɢɡ ɫɩɪɚɜɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. [6] 

 

 
Ɋɢɫɭɧɨɤ 4 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ 

 
ȼɵɛɢɪɚɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɮɨɪɦɭɥɟ, ɤȼȺ: 
 Sːˑˏ.˕ = S˓Вʜ݊ ∙ ݇ˊ = ͷͲͷ͵,͸Ͳͻʹ ∙ Ͳ,͹ = ͵͸Ͳͻ,͹ʹͳ,                                                            ሺͶ.ʹሻ   

 
ɝɞɟ kɡ = 0,7 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ [3], n- ɱɢɫɥɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ[3], Sp୆H - ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ ɧɚ ɫɬɨɪɨɧɟ 
ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ƚɉɉ ɩɨ ɮɨɪɦɭɥɟ (2.21). 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɆɇ-6300/35 ɢ ɌɆɇ-
6300/110 (ɬɚɛɥ. 4) [8], [9]. 
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Ɍɚɛɥɢɰɚ 4 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɆɇ-6300/35 ɢ ɌɆɇ-
6300/110 

Ɍɢɩ 
ɬɪɚɧɫɮɨɪɦɚɬ

ɨɪɚ 

ɇɨɦɢɧɚɥ
ɶɧɚɹ 

ɦɨɳɧɨɫɬɶ
, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ, 
ɤȼɬ 

ɇɚɩɪɹ
ɠɟɧɢɟ 
ɤɨɪɨɬɤ

ɨɝɨ 
ɡɚɦɵɤɚ
ɧɢɹ,% 

Ɍɨɤ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ, % 

ȼɇ ɇɇ 
ɏɨɥɨɫɬɨɝɨ 

ɯɨɞɚ 

Ʉɨɪɨ
ɬɤɨɝɨ  
ɡɚɦɵ
ɤɚɧɢɹ 

ɌɆɇ-
4000/10,5 

4000 10, 11 3,85 33,5 7,5 0,3 

ɌɆɇ-
4000/110 

4000 115 11 5 35 10,5 0,2 

 
 Ɉɩɪɟɞɟɥɹɟɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧɨɦ.ɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ  

ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ Iɧɨɦ.ɬ.ɚɜ, Ⱥ 
 𝐼 ˑˏ.˕ = ܵːˑˏ.˕√͵ ∙ ܷːː.˕ = ͶͲͲͲ√͵ ∙ ͳͳ = ʹͲͻ,ͻͷ,                                                              ሺͶ.͵ሻ 

 𝐼 ˑˏ.˕.˃˅ = ܵːˑˏ.˕ ∙ ͳ,Ͷ√͵ ∙ ܷːː.˕ = ͶͲͲͲ ∙ ͳ,Ͷ√͵ ∙ ͳͳ = ʹͻ͵,ͻʹ.                                                   ሺͶ.Ͷሻ 

 
 ɉɨ ɝɪɚɮɢɤɭ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɦ ɫɬɭɩɟɧɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɧɚɝɪɭɡɨɤ  
ɜ ɞɨɥɹɯ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɢ ɢɯ ɞɥɢɬɟɥɶɧɨɫɬɶ, ɱ. 
a1=0,7;   t1=1; 
a2=0,75; t2=1; 
a3=0,7; t3=1; 
a4=0,65; t4= 1; 
a5=0,7; t5=1; 
a6=0,75; t6=1; 
a7=0,7;   t7=1; 
a8=0,8; t8=1; 
a9=0,9; t9=1; 
a10=1;  t10= 1; 
a11=0,95; t11=1; 
a12=0,9; t12=1; 
a13=0,95; t13=1; 
a14=0,87;   t14=1; 
a15=0,85; t15=1; 
a16=0,87; t16=1; 
a17=0,9; t17= 1; 
a18=0,87; t18=1; 
a19=0,85; t19=1; 
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a20=0,87;   t20=1; 
a21=0,9; t21=1; 
a22=0,87; t22=1; 
a23=0,75; t23= 1; 
a24=0,62; t24=1; 
 

ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ, Ⱥ, 
 𝐼эˍ˅.ሺ௠௔௫ሻ = 𝐼 ˑˏ.˕.˃˅ √ܽଵଶݐଵ + ܽଶଶݐଶ + ⋯ + ܽ௡ଶݐ௡ݐଵ + ଶݐ + ⋯ + ௡ݐ                                                ሺͶ.ͷሻ  

𝐼эˍ˅.ሺ௠௔௫ሻ = ʹͻ͵,ͻʹ√Ͳ,͹ଶ ∗ ͳ + Ͳ,͹ͷଶ ∗ ͳ + Ͳ,͹ଶ ∗ ͳ + ⋯ + Ͳ,͸ʹଶ ∗ ͳʹͶ = ʹͶͺ,͸͹. 
 ɋɬɭɩɟɧɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɧɚɝɪɭɡɨɤ  ɜ ɞɨɥɹɯ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɢ ɢɯ 

ɞɥɢɬɟɥɶɧɨɫɬɶ ɡɚ ɜɪɟɦɹ 9 ɱ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ: 
 
a1=0,7;   t1=1; 
a2=0,75; t2=1; 
a3=0,7; t3=1; 
a4=0,65; t4= 1; 
a5=0,7; t5=1; 
a6=0,75; t6=1; 
a7=0,7;   t7=1; 
a8=0,8; t8=1; 
a9=0,9; t9=1; 
 

 ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɧɚɱɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɡɚ ɜɪɟɦɹ 9 ɱ, 
ɩɪɟɞɲɟɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ, Ⱥ 
 𝐼эˍ˅.ː = ʹͲͻ,ͻͷ√Ͳ,͹ଶ ∗ ͳ + Ͳ,͹ͷଶ ∗ ͳ + ⋯ + Ͳ,ͻଶ ∗ ͳ + Ͳ,ͻଶ ∗ ͳͻ = ʹͶͷ,Ͷͳ ሺͶ.͸ሻ  

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɟɜɵɲɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɨ.ɟ., 

 ݇˒.ː. = 𝐼эˍ˅.ሺ௠௔௫ሻ𝐼 ˑˏ.˕ = ʹͶͺ,͸͹ʹͲͻ,ͻͷ = ͳ,ͳͺ.                                                                          ሺͶ.͹ሻ  
 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɱɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɨ.ɟ. 
 ݇ː.ː. = 𝐼эˍ˅.ː =𝐼 ˑˏ.˕ = ͳͷͷ,ͺʹʹͲͻ,ͻͷ = Ͳ,͹Ͷ.                                                                             ሺͶ.ͺሻ  
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Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ  
ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ, ɤȼȺ, 
 ܵːˑˏ.˕ ൒ ܵ௠௔௫ ∙ ݇ଵ−ଶ݇˒.ː. ൒ ͷͲͷ͵,͸Ͳͻ ∙ Ͳ,ͺͷͳ,ͳͷ = ͵͹͵ͷ,ʹ͹͸.                                        ሺͶ.ͻሻ  
 
ɝɞɟ Smax = Sɪȼɇ – ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɨɞɫɬɚɧɰɢɢ ɧɚ 
ɪɚɫɱɟɬɧɵɣ ɭɪɨɜɟɧɶ ɩɹɬɢ ɥɟɬ, k1-2 = 0,75-0,85 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɚɫɬɢɹ ɜ 
ɧɚɝɪɭɡɤɟ ɩɨɬɪɟɛɢɬɟɥɟɣ 1-ɣ ɢ 2-ɣ ɤɚɬɟɝɨɪɢɣ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɪɚɧɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ Ƚɉɉ. 

ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɆɇ 4000/35 ɢ ɌɆɇ-4000/110. 
 

5. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 
ɋɢɫɬɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɫɟɛɹ ɫɯɟɦɭ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɫɧɨɜɧɵɦɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟɲɧɟɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɞɟɠɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɢ. 

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

ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ I ɤɚɬɟɝɨɪɢɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 
ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟ ɲɢɧ ɩɪɢɟɦɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɢɬɚɧɢɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ 
ɨɬɞɟɥɶɧɨɣ ɥɢɧɢɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ. ɇɟɡɚɜɢɫɢɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ 
ɧɚɡɵɜɚɸɬ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɩɪɢɟɦɧɢɤɚ (ɝɪɭɩɩɵ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), 
ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ ɧɟ ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ 
ɧɚ 5 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɨɪɦɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɩɪɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɟɝɨ ɧɚ 
ɞɪɭɝɨɦ ɢɥɢ ɧɚ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɚɯ ɩɢɬɚɧɢɹ ɷɬɢɯ ɩɪɢɟɦɧɢɤɨɜ. Ʉ ɱɢɫɥɭ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 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 
ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ; 

2) ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɨɬɤɥɸɱɚɸɳɢɣɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɞɧɨɣ ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) 
ɲɢɧ. 
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Ɋɢɫɭɧɨɤ 5 – ȼɚɪɢɚɧɬɵ ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ɋɯɟɦɚ 4ɇ-ɞɜɚ ɛɥɨɤɚ (ɥɢɧɢɹ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ) ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ 

ɧɟɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 
35-220 ɤȼ ɞɥɹ ɬɭɩɢɤɨɜɵɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. [10] əɜɥɹɟɬɫɹ 
ɥɭɱɲɟɣ ɫɯɟɦɨɣ ɫ ɩɨɡɢɰɢɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɥɹ ɬɭɩɢɤɨɜɵɯ ɢɥɢ 
ɨɬɜɟɬɜɢɬɟɥɶɧɵɯ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɝɚɡɨɜɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɫ ɩɪɭɠɢɧɧɵɦɢ ɩɪɢɜɨɞɚɦɢ ɞɥɹ 
ɩɨɞɫɬɚɧɰɢɣ 35-220 ɤȼ. [11] 

ȼɵɛɨɪ ɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɫɟɬɢ ɩɪɢ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɥɭɱɲɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ. 

ɉɨɷɬɨɦɭ ɤɪɢɬɟɪɢɣ, ɩɨ ɤɨɬɨɪɨɦɭ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫ ɪɚɜɧɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɛɭɞɟɬ ɦɢɧɢɦɭɦ ɩɪɢɜɟɞɟɧɧɵɯ 
ɡɚɬɪɚɬ, ɬɵɫ. ɪɭɛ./ɝɨɞ: 

 ʖ = Еː ∙ ʙ + ʗ + ʢ                                                                                                    ሺͷ.ͳሻ 
 
ɝɞɟ ȿɧ – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. 
Ɇɟɬɨɞɢɤɢ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ [7,11]. 
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5.1.1 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ Ʌɗɉ 35 ɤȼ ɢ ɩɨɞɫɬɚɧɰɢɢ 
35/10 (1-ɣ ɜɚɪɢɚɧɬ) 
 
ɚ) ɜɵɛɨɪ ɫɟɱɟɧɢɹ Ʌɗɉ 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ, Ⱥ, 
 I˓ = S˓n · √͵ ∙ ܷː = ͷͲͷ͵,͸Ͳͻʹ · √͵ · ͵ͷ = Ͷͳ,͸ͺ,                                                                 ሺͷ.ʹሻ 

 
 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ. 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ (ɨɛɪɵɜ ɨɞɧɨɣ ɰɟɩɢ), Ⱥ: 
 𝐼 max = ܵ˓√͵ ∙ ܷː = ͷͲͷ͵,͸Ͳͻ√͵ · ͵ͷ = ͺ͵,͵͸                                                                  ሺͷ.͵ሻ 

 

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2, 
 𝐹э = 𝐼э = Ͷͳ,͸ͺͳ,͵ = ͵ʹ,Ͳ͸,                                                                                         ሺͷ.Ͷሻ 

 

 

ɝɞɟ jɷɤ – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, Ⱥ/ɦɦ2, 
ɩɪɢɧɹɬɨ ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɩɪɨɜɨɞɨɜ ɩɪɢ ɱɢɫɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ 
ɧɚɝɪɭɡɤɢ Ɍmax = 1500 ɱ. [12] 
ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ Sɫɬ = 35 ɦɦ2, ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-
35 ɫ Iɞɨɩ = 175 Ⱥ ɢ r0=0,85 Ɉɦ/ɤɦ.[3,13] 
ɍɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɧɚɝɪɟɜɭ: 
 𝐼ɞɨɩ   ≥ 𝐼ɪ݉ܽݔ;  

175 ≥ ͺ͵,͵͸. 
ɛ) ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɝɨɥɨɜɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɜɵɤɥɸɱɚɬɟɥɢ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ Ƚɉɉ.  
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɌɗɊ:  
 

Uɧ.ɜ ≥ Uɧ, 
Iɧ.ɜ ≥ Iɪɚɛ.max, 

 
ɂɡɜɟɫɬɧɨ, ɱɬɨ Uɧ = 35 ɤȼ, Iɪɚɛ.max = ͺ͵,͵͸Ⱥ ɢ Uɧ = 10 ɤȼ,  
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𝐼 ˃˄௠௔௫ = 𝐼 ˃˄௠௔௫ ∙ ˅ܷːܷːː = ͺ͵,͵͸ ∙ ͵ͷͳͲ = ʹͻͳ,͹͸ А                                              ሺͷ.ͷሻ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȽȻɗ-35 ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ 

ɞɚɧɧɵɦɢ Uɧ.ɜ = 35 ɤȼ, Iɧ.ɜ = 630 Ⱥ, Iɨɬɤɥ.ɜ = 12,5 ɤȺ [14]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 

10 ≥ 10, 
630 ≥ ʹͻͳ,͹͸. 

 
 ɂ ȼȼɆ-ɋɗɓ-10 ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 10 ɤȼ, Iɧ.ɜ = 1000 Ⱥ, 

Iɨɬɤɥ.ɜ = 20 ɤȺ [15]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 

10 ≥ 10, 
1000 ≥ 291,76. 

 
ɜ) Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɢ 35 ɤȼ, ɬɵɫ.ɪɭɛ/ɤɦ, 
 ʙˎଷହ = Аˎ + Вˎܷːˑˏଶ + ʠˎ𝐹 = ͺ,͹ + ʹͳͶ ∙ ͳͲ−ଷ ∙ ͵ͷଶ + ͵͸ ∙ ͵ͷ = 
            = ͳͷ͵Ͳ,ͺͷ,                                                                                                         ሺͷ.͸ሻ 
             
ɝɞɟ Ⱥɥ, ȼɥ, ɋɥ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [17] ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɨɩɨɪ.  

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɞɜɟ ɨɞɧɨɰɟɩɧɵɟ Ʌɗɉ, ɬɵɫ.ɪɭɛ, 
 ʙ˒ˎΣ = ʙˎଷହ ∙ ݊ ∙ ݈ = ͳͷ͵Ͳ,ͺͷ ∙ ͳ ∙ ͷ,ʹ = ͹ͻ͸Ͳ,Ͷʹ.                                              ሺͷ.͹ሻ 
 
ɝ) Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɨɞɫɬɚɧɰɢɸ 

Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɢɦɨɫɬɶ ɷɥɟɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ Ɍɉ: 
ɋɬɨɢɦɨɫɬɶ 1 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 35/10 ɤȼ, ɦɨɳɧɨɫɬɶɸ 4000 ɤȼȺ, ɬɵɫ. ɪɭɛ, 

 ʙ˕ଷହ = А˕ + В˕ܷːˑˏଶ + ʠ˕ܵːˑˏ.˕ = ʹͲ + ͳ,Ͷ͵ ∙ ͳͲ−ଷ ∙ ͵ͷଶ + Ͳ,ͺͺ͸ ∙ Ͷ = ʹͷ,͵͵,                                                                                                                              ሺͷ.ͺሻ 
 

ɋɬɨɢɦɨɫɬɶ 1 ɹɱɟɣɤɢ 35 ɤȼ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ, ɬɵɫ.ɪɭɛ, 
 ʙяଷହ = Ая + Вяܷːˑˏଶ = ͳͷ + ʹ,ͳ ∙ ͳͲ−ଷ ∙ ͵ͷଶ = ͳ͹,ͷ͹.                                       ሺͷ.ͻሻ 

 
ɉɨɫɬɨɹɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ, 

 ʙ˒ଷହ = А˒ + В˒ܷːˑˏଶ = ͷͲ + ͳ͵ ∙ ͳͲ−ଷ ∙ ͵ͷଶ = ͸ͷ,ͻʹ.                                     ሺͷ.ͳͲሻ 
 

ɋɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩ/ɫɬ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ (35 ɤȼ), ɬɵɫ.ɪɭɛ, 
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ʙ˕˒Σଷହ = ሺʹͷ,͵͵ ∙ ʹ + ͳ͹,ͷ͹ ∙ ʹ + ͸ͷ,ͻʹሻ ∙ ͳ͹Ͳ = ͹ͳͷʹͳ,ͺͳ,                        ሺͷ.ͳͳሻ 
 
ɝɞɟ 170 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 1991 ɝɨɞɨɦ). 

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨ 1 ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 
ଵ∑ܭ  = ∑ˎ˒ܭ + ˒˕ܭ = ͹ͻ͸Ͳ,Ͷʹ + ͹ͳͷʹͳ,ͺͳ = ͹ͻͶͺʹ,ʹ͵.                                ሺͷ.ͳʹሻ 

 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɹ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ∑ = ʗ˃∑ + ʗ˕∑ + ʗэ∑.                                                                                           ሺͷ.ͳ͵ሻ 
 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ˃∑ = ʗ˃ˎ + ʗ˃˅ + ʗ˃˕,                                                                                          ሺͷ.ͳͶሻ 
 

ɝɞɟ ʗ˃ˎ,  ʗ˃˅, ʗ˃˕– ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɥɢɧɢɹɦ, 
ɜɵɤɥɸɱɚɬɟɥɹɦ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ. 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚɯɨɞɹɬ ɩɨ ɧɨɪɦɚɦ ɚɦɨɪɬɢɡɚɰɢɢ ݌௔ ɜ 
ɞɨɥɹɯ ɟɞɢɧɢɰɵ ɨɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, 

 ʗ௔ = ௔݌ ∙  ሺͷ.ͳͷሻ                                                                                                                .ܭ
 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ pa ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱёɬɨɦ ɫɪɨɤɚ ɩɨɥɟɡɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɴɟɤɬɚ T˒ ˋ, 

௔݌  = ͳ˒ܶˋ. 
 ʗ˃∑ଵ = Ͳ,Ͳ͸͹ ∙ ͹ͻ͸Ͳ,Ͷʹ + Ͳ,Ͳ͸͹ ∙ ͳ͹,ͷ͹ + Ͳ,Ͳͷ ∙ ʹͷ,͵͵ = ͷ͵ͷ,͸͵.         ሺͷ.ͳ͸ሻ 

 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 
ɂɬ  ɂɬɥ  ɂɬɜ  ɂɬɬ ,                                                                                  ሺͷ.ͳ͹ሻ 
 

ɝɞɟ ɂɬɥ ,ɂɬɜ , ɂɬɬ − ɪɚɫɯɨɞɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɪɟɦɨɧɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ 
ɥɢɧɢɹɦ, ɜɵɤɥɸɱɚɬɟɥɹɦ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ. 

Ɋɚɫɯɨɞɵ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ ɨɬɱɢɫɥɟɧɢɹɦ ݌э.˓.ɜ ɞɨɥɹɯ ɟɞɢɧɢɰɵ ɨɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ˕ = .˓.э݌ ∙  ሺͷ.ͳͺሻ                                                                                                             .ܭ
 ʗ˕∑ = Ͳ,Ͳʹ͸ ∙ ͹ͻ͸Ͳ,Ͷʹ + Ͳ,Ͳͷͻ ∙ ͳ͹,ͷ͹ + Ͳ,Ͳͷͻ ∙ ʹͷ,͵͵ = ʹͲͻ,͵͸.         ሺͷ.ͳͻሻ 
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ɋɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ, 
 ∆ܲ = ܴ ∙ ܵ𝑃ଶܷଶ = ଴ݎ ∙ ݈݊Ц ∙ ܵ𝑃ଶܷଶ ∙ ͳͲଷ = Ͳ,ͺͷ ∙ ͷ,ʹʹ ∙ ͷͲͷ͵,͸Ͳͻଶ͵ͷଶ ∙ ͳͲଷ = Ͷ͸,Ͳ͹. ሺͷ.ʹͲሻ 

 
ɝɞɟ r0 – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ/ɤɦ; 
l − ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 
nɰ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ; 
Sɪ – ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼ∙Ⱥ. 
 
ȼɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ: 

௠௔௫ = (Ͳ,ͳʹͶ + ௠ܶ௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͳͷͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ = = ͸ͷ͹,͸͹,                                                                                                                 ሺͷ.ʹͳሻ 

 
 
 

ɝɞɟ Tmax – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɚɜɨɞɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɞɜɟ ɫɦɟɧɵ, ɱ. 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɹɯ, ˍВ˕ ∙ ˚/ˆˑˇ, 
 ∆𝑊ʚ = ∆ܲ ∙ 𝜏௠௔௫ = Ͷ͸,Ͳ͹ ∙ ͸ͷ͹,͸͹ = ͵Ͳ͵Ͳͳ,ͷͶ,                                          ሺͷ.ʹʹሻ 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ˍВ˕ ∙ ˚/ˆˑˇ, 
 ∆𝑊ʡ = ݊ ∙ ∆ܲ̆ ˘ ∙ ܶ˅ + ͳ݊ ∆̱ܲ ˊ ∙ ( ܵ𝑃ܵː˕)ଶ ∙ 𝜏௠௔௫ = = ʹ ∙ ͷ,͸ ∙ ͺ͹͸Ͳ + ͳʹ ∙ ͵͵,ͷ ∙ (ͷͲͷ͵,͸ͲͻͶͲͲͲ )ଶ ∙ ͸ͷ͹,͸͹ = ͻͺͳʹͻ,ͷͺ          ሺͷ.ʹ͵ሻ 

 
ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ,˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗЭ∑ = ʗЭ ∙ ∆𝑊∑ = ʗЭ ∙ ሺ∆𝑊ʡ + ∆𝑊ʚሻ ∙ ͳͲ−ଷ = = ʹ,ͷ͹Ͷ ∙ ሺ͵Ͳ͵Ͳͳ,ͷͶ + ͻͺͳʹͻ,ͷͺሻ ∙ ͳͲ−ଷ = ͵͸͸,͵͸,                                ሺͷ.ʹͶሻ 
 

ɝɞɟ ɂɷ – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɧɚ ɫɚɣɬɟ ɉȺɈ «Ʉɪɚɫɧɨɹɪɫɤɷɧɟɪɝɨɫɛɵɬ»[16] 
ɞɥɹ 35 ɤȼ. 

ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ∑ = ʗ˃∑ + ʗʡ∑ + ʗЭ∑ = ͷ͵ͷ,͸͵ + ʹͲͻ,͵͸ + ͵͸͸,͵͸ = ͳͳͳͳ,͵ͷ.        ሺͷ.ʹͷሻ 
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5.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɳɟɪɛɚ ɨɬ ɩɟɪɟɪɵɜɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

ɋɨɫɬɚɜɢɦ ɫɯɟɦɭ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɞɟɠɧɨɫɬɢ: 

 
Ɋɢɫɭɧɨɤ 6 -  ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 

 
Ɍɚɤ ɤɚɤ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɨɬɤɥɸɱɟɧ, ɬɨ 

ɫɯɟɦɚ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɤɚɤ ɧɚ ɪɢɫ. 5. 

 
Ɋɢɫɭɧɨɤ 7 – ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɳɟɪɛɚ 

 

ɂɡ [11]: 

Ⱦɥɹ ɥɢɧɢɣ 35 ɤȼ: 
ωɥ = 0,8 ɨɬɤɚɡ/ɝɨɞ; Ɍɥɜ = 10∙ ͳͲ−ଷ ɝɨɞ/ɨɬɤɚɡ. 

Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 35 ɤȼ: 
ωɜ35 = 0,004 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ = 40∙ ͳͲ−ଷ ɝɨɞ/ɨɬɤɚɡ. 

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
ωɬ = 0,012 ɨɬɤɚɡ/ɝɨɞ; Ɍɬɜ = 70∙ ͳͲ−ଷ ɝɨɞ/ɨɬɤɚɡ.  

Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ: 
ωɜ10 = 0,003 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ = 20 ∙ ͳͲ−ଷɝɨɞ/ɨɬɤɚɡ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ Ʌɗɉ-35 ɤȼ: 
ଷହˎ˅ܭ  = 𝜔˅ˎଷହܶ˅ ˎଷହ = Ͳ,Ͳͺ ∙ ͷ,ʹͳͲͲ ∙ ͳͲ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,ͲͶ͹ ∙ ͳͲ−ଷ.    ሺͷ.ʹͷሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 35 ɤȼ: 
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ଷହ˅ܭ = 𝜔˅ଷହܶ˅ ଷହ = Ͳ,ͲͲͶ ∙ ͶͲ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,Ͳͳͺ ∙ ͳͲ−ଷ.                  ሺͷ.ʹ͸ሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 35 ɤȼ: 
ଷହ˕ܭ  = 𝜔˕ଷହ̞ܶ ଷହ = Ͳ,Ͳͳʹ ∙ ͹Ͳ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,Ͳͻ͸ ∙ ͳͲ−ଷ.                  ሺͷ.ʹ͹ሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ: 
ଵ଴˅ܭ  = 𝜔˅ଵ଴ܶ˅ ଵ଴ = Ͳ,ͲͲ͵ ∙ ʹͲ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,ͲͲ͸ͺ ∙ ͳͲ−ଷ.                 ሺͷ.ʹͺሻ 

 
ɉɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧɬɨɜ 
 𝜔𝐼 = 𝜔˅ˎଷହܭ˅ˎଷହ + 𝜔˅ଷହܭ˅ଷହ + 𝜔˕ଷହܭ˕ଷହ + 𝜔˅ଵ଴ܭ˅ଵ଴ = = Ͳ,ͺ ∙ Ͳ,ͲͶ͹ ∙ ͳͲ−ଷ + Ͳ,ͲͲͶ ∙ Ͳ,Ͳͳͺ ∙ ͳͲ−ଷ + Ͳ,Ͳͳʹ ∙ Ͳ,Ͳͻ͸ ∙ ͳͲ−ଷ + +Ͳ,ͲͲͶ ∙ Ͳ,ͲͲ͸ͺ ∙ ͳͲ−ଷ = Ͳ,Ͳ͵ͻ ∙ ͳͲ−ଷ                                                                ሺͷ.ʹͻሻ 
 
ɇɟɞɨɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɩɪɨɫɬɨɹɯ, ɤȼɬ∙ɱ, 
 𝑊˒.э.𝐼 = ∑ ௭ܲ݇௢௭𝜏௡௭ = Ͳ,Ͳ͵ͻ ∙ ͳͲ−ଷ ∙௓

௭=ଵ ͶͶͺ͹,ͷͲʹ ∙ ሺͳͲ + ͶͲ + ͹Ͳ + ʹͲሻ == ʹͶ,͸ͷ.                                                                                                                   ሺͷ.͵Ͳሻ 
 

ɝɞɟ Z – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ;  
Pz – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ, ɤȼɬ;  
koz – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ z-

ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ koz = 0,6);  
τnz – ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɤɥɸɱɟɧɢɣ ɡɚ ɝɨɞ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ 

ɫɟɬɢ, ɱ. 
ɍɳɟɪɛ, ɬɵɫ.ɪɭɛ.,  
 ʢ𝐼 = ˖଴ ∙ 𝑊˒.э.𝐼 ∙ ʗʗ.ʠ.ʠ. = ͺ͹ ∙ ͵,ͳͶ ∙ ͳͲͶ,Ͷ͹ = ʹʹͶ,ͲͶ,                                 ሺͷ.͵ͳሻ 
 

ɝɞɟ ɭ0 = 87 ɪɭɛ./ɤȼɬ∙ɱ (ɞɥɹ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ)[6], ʗʗ.ʠ.ʠ.- ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ. [18] 
 

5.1.3 Ɋɚɫɱɟɬ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ I ɜɚɪɢɚɧɬɭ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 



 
 

Иǚ ƾǛǤ № ǂǡǗǢ. ДǓǥ
Дǂ-13.03.02.07 

29 

ƾǛǤ
     

     

ʖ∑ ଵ = Еʜ ∙ ʙ∑ + ʗ∑ + ʢ∑ = Ͳ,ͳʹͷ ∙ ͹ͻͶͺʹ,ʹ͵ + ͳͳͳͳ,͵ͷ + ʹʹͶ,ͲͶ == ͳͳʹ͹Ͳ,͸͹,                                                                                                                  ሺͷ.͵ʹሻ 
ɝɞɟ ʙ∑ − ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ˕ы˔. ˓˖˄./ˆˑˇ, ʗ∑ − 
ɫɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ˕ы˔. ˓˖˄./ˆˑˇ, ʢ∑ −ɭɳɟɪɛ, ɬɵɫ.ɪɭɛ,  Еʜ - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɨ ɫɬɚɜɤɟ ɞɟɩɨɡɢɬɚ ɐɟɧɬɪɨɛɚɧɤɚ. 

5.2.1 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɨɪɭɠɟɧɢɟ Ʌɗɉ 110 ɤȼ ɢ 
ɩɨɞɫɬɚɧɰɢɢ 110/10 (2-ɣ ɜɚɪɢɚɧɬ) 
 
ɚ) ɜɵɛɨɪ ɫɟɱɟɧɢɹ Ʌɗɉ 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ, Ⱥ, 
 I˓ = S˓n · √͵ ∙ ܷː = ͷͲͷ͵,͸Ͳͻʹ · √͵ · ͳͳͲ = ͳ͵,ʹ͸, 
 
ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɲɬ; 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ (ɨɛɪɵɜ ɨɞɧɨɣ ɰɟɩɢ), Ⱥ: 
 𝐼 max = ܵ˓√͵ ∙ ܷː = ͷͲͷ͵,͸Ͳͻ√͵ · ͳͳͲ = ʹ͸,ͷʹ.                                                               ሺͷ.͵͵ሻ 

 

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2, 
 𝐹э = 𝐼э = ͳ͵,ʹ͸ͳ,͵ = ͳͲ,ʹ͹.                                                                                       ሺͷ.͵Ͷሻ 

 

 

ɝɞɟ jɷɤ – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, Ⱥ/ɦɦ2, 
ɩɪɢɧɹɬɨ ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɩɪɨɜɨɞɨɜ ɩɪɢ ɱɢɫɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ 
ɧɚɝɪɭɡɤɢ Ɍmax = 2000−3000 ɱ. [13] 

ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ Sɫɬ = 70 ɦɦ2, ɩɪɨɜɨɞ 
ɦɚɪɤɢ Ⱥɋ-70 ɫ Iɞɨɩ = 265 Ⱥ ɢ r0=0,428 Ɉɦ/ɤɦ.[3] 
ɍɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɧɚɝɪɟɜɭ: 
 𝐼ɞɨɩ   ≥ 𝐼ɪ݉ܽݔ;  

265 ≥ ʹ͸,ͷʹ. 
ɛ) ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɝɨɥɨɜɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɜɵɤɥɸɱɚɬɟɥɢ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ Ƚɉɉ.  
ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɌɗɊ:  
 

Uɧ.ɜ ≥ Uɧ, 
Iɧ.ɜ ≥ Iɪɚɛ.max, 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ Uɧ = 110 ɤȼ, Iɪɚɛ.max = ʹ͸,ͷʹ Ⱥ ɢ Uɧ = 10 ɤȼ,  

 𝐼 ˃˄௠௔௫ = 𝐼 ˃˄௠௔௫ ∙ ˅ܷːܷːː = ʹ͸,ͷʹ ∙ ͳͳͲͳͲ = ʹͻͳ,͹ʹ А.                                        ሺͷ.͵ͷሻ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȽȻ-110 ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ 

ɞɚɧɧɵɦɢ Uɧ.ɜ = 35 ɤȼ, Iɧ.ɜ = 630 Ⱥ, Iɨɬɤɥ.ɜ = 12,5 ɤȺ [14]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 

110 ≥ 110, 
630 ≥ ʹͻͳ,͹ʹ. 

 
 ɂ ȼȼɆ-ɋɗɓ-10 ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Uɧ.ɜ = 10 ɤȼ, Iɧ.ɜ = 1000 Ⱥ, 

Iɨɬɤɥ.ɜ = 20 ɤȺ [15]. 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɣ: 

10 ≥ 10, 
1000 ≥ 291,72. 

 
ɜ) Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɢ 110 ɤȼ, ɬɵɫ.ɪɭɛ/ɤɦ, 
 ʙˎଵଵ଴ = Аˎ + Вˎܷːˑˏଶ + ʠˎ𝐹 = ͳͳ,ͲͶ + ʹͷͷ ∙ ͳͲ−ଷ ∙ ͳͳͲଶ + ʹͻ ∙ ͹Ͳ = = ͷͳʹ͸,ͷͶ.                                                                                                                  ሺͷ.͵͸ሻ 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɞɜɟ ɨɞɧɨɰɟɩɧɵɟ Ʌɗɉ, ɬɵɫ.ɪɭɛ, 
 ʙ˒ˎΣ = ʙˎଵଵ଴ ∗ ݊ ∗ ݈ = ͷͳʹ͸,ͷͶ ∙ ͳ ∙ ͷ,ʹ = ʹ͸͸ͳͶ,ͳʹ.                                   ሺͷ.͵͹ሻ 
 
ɝ) Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɨɞɫɬɚɧɰɢɸ 
Ɉɩɪɟɞɟɥɹɟɦ ɫɬɨɢɦɨɫɬɶ ɷɥɟɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ Ɍɉ: 
ɋɬɨɢɦɨɫɬɶ 1 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 110/10 ɤȼ, ɦɨɳɧɨɫɬɶɸ 4000 ɤȼȺ, ɬɵɫ. ɪɭɛ, 
 ʙ˕ଵଵ଴ = А˕ + В˕ܷːˑˏଶ + ʠ˕ܵːˑˏ.˕ = ʹͲ + ͳ,Ͷ͵ ∙ ͳͲ−ଷ ∙ ͳͳͲଶ + Ͳ,ͺͺ͸ ∙ Ͷ = = ͶͲ,ͺͷ.                                                                                                                        ሺͷ.͵ͺሻ 
 
ɋɬɨɢɦɨɫɬɶ 1 ɹɱɟɣɤɢ 35 ɤȼ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ, ɬɵɫ.ɪɭɛ, 

 ʙяଵଵ଴ = Ая + Вяܷːˑˏଶ = ͳͷ + ʹ,ͳ ∙ ͳͲ−ଷ ∙ ͳͳͲଶ = ͶͲ,Ͷͳ.                              ሺͷ.͵ͻሻ 
 
ɉɨɫɬɨɹɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ, 
 ʙ˒ଵଵ଴ = А˒ + В˒ܷːˑˏଶ = ͷͲ + ͳ,͵ ∙ ͳͲ−ଷ ∙ ͳͳͲଶ = ʹͲ͹,͵.                             ሺͷ.ͶͲሻ 
 
ɋɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩ/ɫɬ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ (110 ɤȼ), ɬɵɫ.ɪɭɛ, 
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ʙ˕˒Σଵଵ଴ = ሺͶͲ,ͺͷ ∙ ʹ + ͶͲ,Ͷͳ ∗ ʹͲ + ʹͲ͹,͵ሻ ∗ ͳ͹Ͳ = ͳͲͲͺͶʹ,ͻͺ,            ሺͷ.Ͷͳሻ 
 
ɝɞɟ 170 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 1991 ɝɨɞɨɦ). 
 ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨ 2 ɜɚɪɢɚɧɬɭ, ɬɵɫ. ɪɭɛ., 

ଵଵ଴∑ܭ  = ∑ˎ˒ܭ + ˒˕ܭ = ʹ͸͸ͳͶ,ͳʹ + ͳͲͲͺͶʹ,ͻͺ = ͳʹ͹ͷͲͲ,ͻͻ.                  ሺͷ.Ͷʹሻ 
 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɬɵɫ.ɪɭɛ./ɝɨɞ, 
 ʗ˃ ∑ = Ͳ,Ͳ͸͹ ∙ ʹ͸͸ͳͶ,ͳʹ + Ͳ,Ͳ͸͹ ∙ ͶͲ,Ͷͳ + Ͳ,Ͳ͸͹ ∙ ͶͲ,ͺͷ = ͳ͹ͺͻ,ͳͷ. ሺͷ.Ͷ͵ሻ 

 
Ɋɚɫɯɨɞɵ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ˕∑ = Ͳ,ͲͲͺ ∙ ʹ͸͸ͳͶ,ͳʹ + Ͳ,Ͳͷͻ ∙ ͶͲ,Ͷͳ + Ͳ,Ͳͷͻ ∙ ͶͲ,ͺͷ = ͸ͻ͸,Ͷʹ.        ሺͷ.ͶͶሻ 

 

ɋɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ, 
 ∆ܲ = ܴ ∙ ܵ𝑃ଶܷଶ = ଴ݎ ∙ ݈݊Ц ∙ ܵ𝑃ଶܷଶ ∙ ͳͲଷ = Ͳ,Ͷʹͺ ∙ ͷ,ʹʹ ∙ ͷͲͷ͵,͸ͲͻଶͳͳͲଶ ∙ ͳͲଷ = ʹ,͵ͷ.    ሺͷ.Ͷͷሻ 

ɝɞɟ r0 – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ/ɤɦ; 
l − ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ; 
nɰ – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ; 
Sɪ – ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼ∙Ⱥ. 
 
ȼɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɨɬɟɪɶ, ɱ: 

  

௠௔௫ = (Ͳ,ͳʹͶ + ௠ܶ௔௫ͳͲସ ) ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͳͷͲͲͳͲସ ) ∙ ͺ͹͸Ͳ = ͸ͷ͹,͸͹ ሺͷ.Ͷ͸ሻ 

ɝɞɟ Tmax – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɚɜɨɞɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɞɜɟ ɫɦɟɧɵ, ɱ. 

Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɹɯ, ˍВ˕ ∙ ˚/ˆˑˇ, 
 ∆𝑊ʚ = ∆ܲ ∙ 𝜏௠௔௫ = ʹ,͵ͷ ∙ ͸ͷ͹,͸͹ = ͳͷͶͶ,͸ͻ.                                                ሺͷ.Ͷ͹ሻ 
 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ˍВ˕ ∙ ˚/ˆˑˇ, 
 ∆𝑊ʡ = ݊ ∙ ∆ܲ̆ ˘ ∙ ܶ˅ + ͳ݊ ∆̱ܲ ˊ ∙ ( ܵ𝑃ܵː˕)ଶ ∙ 𝜏௠௔௫ = 
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= ʹ ∙ ͷ ∙ ͺ͹͸Ͳ + ͳʹ ∙ ͵ͷ ∙ (ͷͲͷ͵,͸ͲͻͶͲͲͲ )ଶ ∙ ʹͻ͹,Ͳ͸ = ͳʹ͵ͶͻͲ,͹Ͷ.                  ሺͷ.Ͷͺሻ 

 
Ƚɨɞɨɜɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɤȼɬ∙ɱ/ɝɨɞ, 
 ∆𝑊∑ = ∆𝑊ʡ + ∆𝑊ʚ = ͳͷͶͶ,͸ͻ + ͳʹ͵ͶͻͲ,͹Ͷ = ͳʹͷͲ͵ͷ,Ͷʹ                ሺͷ.Ͷͻሻ 
 
ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ,˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗЭ∑ = ʗЭ ∙ ∆𝑊∑ = ͵,͹ͷʹ ∙ ͳʹͷͲ͵ͷ,Ͷʹ = Ͷ͸ͻ,ͳ͵.                                     ሺͷ.ͷͲሻ 
 

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

ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʗ∑ = ʗ˃∑ + ʗʡ∑ + ʗЭ∑ = ͳ͹ͺͻ,ͳͷ + ͸ͻ͸,Ͷʹ + Ͷ͸ͻ,ͳ͵ = ʹͻͷͶ,͹.         ሺͷ.ͷͳሻ 
 

5.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɳɟɪɛɚ ɨɬ ɩɟɪɟɪɵɜɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

Ⱦɥɹ ɥɢɧɢɣ 110 ɤȼ:  
ωɥ = 1 ɨɬɤɚɡ/ɝɨɞ; Ɍɥɜ = 9‧ 10-3 ɝɨɞ/ɨɬɤɚɡ. 

Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ:  
ωɜ = 0,003 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ = 20‧ 10-3 ɝɨɞ/ɨɬɤɚɡ. 

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 110/10:  
ωɬ = 0,017 ɨɬɤɚɡ/ɝɨɞ; Ɍɬɜ = 70‧ 10-3 ɝɨɞ/ɨɬɤɚɡ. 

Ⱦɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ:  
ωɜ = 0,003 ɨɬɤɚɡ/ɝɨɞ; Ɍɜɜ = 20‧ 10-3 ɝɨɞ/ɨɬɤɚɡ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ Ʌɗɉ-110 ɤȼ: 
ଵଵ଴ˎ˅ܭ  = 𝜔˅ˎଵଵ଴ܶ˅ ˎଵଵ଴ = ͳ ∙ ͷ,ʹͳͲͲ ∙ ͻ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,Ͳͷ͵ ∙ ͳͲ−ଷ.   ሺͷ.ͷʹሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ: 
ଵଵ଴˅ܭ  = 𝜔˅ଵଵ଴ܶ˅ ଵଵ଴ = Ͳ,ͲͲ͵ ∙ ʹͲ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,ͲͲ͸ͺ ∙ ͳͲ−ଷ.     ሺͷ.ͷ͵ሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 35 ɤȼ: 
ଷହ˕ܭ  = 𝜔˕ଷହ̞ܶ ଷହ = Ͳ,Ͳͳ͹ ∙ ͹Ͳ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,ͳ͵͸ ∙ ͳͲ−ଷ.              ሺͷ.ͷͶሻ 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ 10 ɤȼ: 
ଵ଴˅ܭ  = 𝜔˅ଵ଴ܶ˅ ଵ଴ = Ͳ,ͲͲ͵ ∙ ʹͲ ∙ ͳͲͲͲ͵͸ͷ ∙ ʹͶ ∙ ͳͲ−ଷ = Ͳ,ͲͲ͸ͺ ∙ ͳͲ−ଷ.           ሺͷ.ͷͷሻ 

 
ɉɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧɬɨɜ 
 𝜔𝐼 = 𝜔˅ˎଵଵ଴ܭ˅ˎଵଵ଴ + 𝜔˅ଵଵ଴ܭ˅ଵଵ଴ + 𝜔˕ଵଵ଴ܭ˕ଵଵ଴ + 𝜔˅ଵ଴ܭ˅ଵ଴ = = ͳ ∙ Ͳ,Ͳͷ͵ ∙ ͳͲ−ଷ + Ͳ,ͲͲ͵ ∙ Ͳ,ͲͳͶ ∙ ͳͲ−ଷ + Ͳ,Ͳͳ͹ ∙ Ͳ,ͳͶ ∙ ͳͲ−ଷ + +Ͳ,ͲͲ͵ ∙ Ͳ,Ͳ͸ͺ ∙ ͳͲ−ଷ = Ͳ,Ͳͷ͸ ∙ ͳͲ−ଷ                                                             ሺͷ.ͷ͸ሻ 

 
ɇɟɞɨɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɩɪɨɫɬɨɹɯ, ɤȼɬ∙ɱ, 
 𝑊˒.э.𝐼 = ∑ ௭ܲ݇௢௭𝜏௡௭ = Ͳ,Ͳͷ͸ ∙ ͳͲ−ଷ ∙௓

௭=ଵ ͶͶͺ͹,ͷͲʹ ∙ ሺͻ + ʹͲ + ͹Ͳ + ʹͲሻ = = ʹͻ,͹ͺ.                                                                                                                   ሺͷ.ͷ͹ሻ 
 

ɝɞɟ Z – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ;  
Pz – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ, ɤȼɬ;  
koz – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ z-

ɦɭ ɭɱɚɫɬɤɭ ɫɟɬɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ koz = 0,6);  
τnz – ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɤɥɸɱɟɧɢɣ ɡɚ ɝɨɞ ɩɨ z-ɦɭ ɭɱɚɫɬɤɭ 

ɫɟɬɢ, ɱ. 
ɍɳɟɪɛ, ɬɵɫ.ɪɭɛ.,  
 ʢ𝐼 = ˖଴ ∙ 𝑊˒.э.𝐼 = ͺ͹ ∙ ʹͻ,͹ͺ ∙ ͳͲͶ,Ͷ͹ = ʹ͹Ͳ,͹ͳ,                                           ሺͷ.ͷͺሻ 
 

ɝɞɟ ɭ0 = 87 ɪɭɛ./ɤȼɬ∙ɱ (ɞɥɹ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ)[6], ʗʗ.ʠ.ʠ.- ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ [18]. 
 

5.2.3 Ɋɚɫɱɟɬ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
 
ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ II ɜɚɪɢɚɧɬɭ, ˕ы˔. ˓˖˄./ˆˑˇ, 
 ʖ∑ ଵ = Еʜ ∙ ʙ∑ + ʗ∑ + ʢ∑ = Ͳ,ͳʹͷ ∙ ͳʹ͹ͷͲͲ,ͻͻ + ʹͻͷͶ,͹ + ʹ͹Ͳ,͹ͳ = = ͳͻͳ͸͵,Ͳ͵,                                                                                                             ሺͷ.ͷͻሻ 
 

ɝɞɟ ʙ∑ − ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ˕ы˔. ˓˖˄./ˆˑˇ, ʗ∑ − 
ɫɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ˕ы˔. ˓˖˄./ˆˑˇ, ʢ∑ −ɭɳɟɪɛ, ɬɵɫ.ɪɭɛ. 
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Ɍɚɛɥɢɰɚ 5 – ɂɬɨɝɨɜɚɹ ɬɚɛɥɢɰɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȼɚɪɢɚɧɬɵ 

I (35 ɤȼ) II (110 ɤȼ) 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ Ʉ, ɬɵɫ. ɪɭɛ. 79482,23 127500,99 

ȿɠɟɝɨɞɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚ 
ɚɦɨɪɬɢɡɚɰɢɸ, ɪɟɦɨɧɬ ɢ 
ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɵɫ. ɪɭɛ. 

535,63 ͳ͹ͺͻ,ͳͷ 

ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ∆W,ɬɵɫ.ɤȼɬ∙ɱ/ɝɨɞ 12843,1 12503,54 
ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɂɗ, ɬɵɫ. ɪɭɛ. 1111,35 ʹͻͷͶ,͹ 

ɍɳɟɪɛ ɨɬ ɧɟɞɨɨɬɩɭɫɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ.ɪɭɛ. 224,04 ʹ͹Ͳ,͹ͳ 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ Ɂ, ɬɵɫ. 
ɪɭɛ./ɝɨɞ 

12270,67 ͳͻͳ͸͵,Ͳ͵ 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɜɚɪɢɚɧɬ №1 (35 ɤȼ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ. 

6. ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɯɨɜ ɧɚ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ, ɢɯ 
ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ, ɧɚɝɪɭɡɤɟ, ɩɨɠɚɪɨ- ɢ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ: 

- ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟ ɨɫɜɟɳɟɧɢɟ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɰɟɯɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ; 

- ɩɢɬɚɧɢɟ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɵɦ ɥɢɧɢɹɦ, ɩɪɢ ɷɬɨɦ 
ɩɨɬɪɟɛɢɬɟɥɢ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɞɨɥɠɧɵ ɫɬɨɹɬɶ ɜ ɦɚɝɢɫɬɪɚɥɢ ɩɟɪɜɵɦɢ; 

Ɍɚɤɠɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɫɜɟɳɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ. 
ɋɜɟɬɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. 

Ɉɫɜɟɬɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɫɥɟɞɭɟɬ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɦɟɠɞɭ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦɢ ɩɨɞɫɬɚɧɰɢɹɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɡɞɟɥɢɦ ɬɟɪɪɢɬɨɪɢɸ ɧɚ 
ɱɟɬɵɪɟ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɱɚɫɬɢ. ɉɢɬɚɧɢɟ ɤɚɠɞɨɣ ɱɚɫɬɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 
ɨɬ ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɧɟɣ ɩɨɞɫɬɚɧɰɢɢ. 

Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɤȼɬ, 
 ʟ˓ˑ˕ˈ˓ = ݇𝑐௢ʟ˖ˇܵ˕ˈ˓ = Ͳ,ͺ ∗ Ͳ,ͳ͸ ∗ ͳͲ−ଷ ∗ ͵͹͸͵ͷ = Ͷ,ͺͳ͹,                       ሺ͸.ͳሻ 
 
ɝɞɟ ݇𝑐௢ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɬɟɪɪɢɬɨɪɢɢ, ɨ.ɟ.; 
Pɭɞ – ɭɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɬɟɪɪɢɬɨɪɢɢ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ (0,09-0,25)[6], ɤȼɬ/ɦ2, Sɬɟɪ- ɩɥɨɳɚɞɶ 
ɩɪɟɞɩɪɢɹɬɢɹ ɛɟɡ ɭɱɟɬɚ ɩɥɨɳɚɞɢ ɰɟɯɨɜ, ɦ2. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ №6. 
Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ ɢɡ ɩ.2, ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 
ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ cosφ = 0,95. [12] 
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Ɍɚɛɥɢɰɚ №6 – Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ 

ɑɚɫɬɶ 
ɬɟɪɪɢɬɨɪɢɢ 

Ⱦɨɥɹ ɱɚɫɬɢ 
ɬɟɪɪɢɬɨɪɢɢ ɨɬ 
ɨɛɳɟɣ ɩɥɨɳɚɞɢ, 
% 

Ɋɚɫɱɟɬɧɚɹ 
ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ 
ɪɟɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɤɜɚɪ 

ɋ-Ɂ 14 0,674 0,223 
ɋ-ȼ 20 0,963 0,318 
ɘ-Ɂ 21 1,012 0,334 
ɘ-ȼ 23 1,108 0,366 
ɂɬɨɝɨ  4,817 1,59 

 
ȼɵɛɨɪ ɧɨɦɢɧɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɛɭɞɟɬ 

ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɩɥɨɬɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɰɟɯɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ ɞɥɹ ɜɫɟɣ ɝɪɭɩɩɵ 
ɰɟɯɨɜ ɜɵɛɢɪɚɟɬɫɹ ɨɞɢɧ ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɫɯɨɞɹ ɢɡ ɪɚɰɢɨɧɚɥɶɧɨɣ ɡɚɝɪɭɡɤɢ 
ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɫ ɭɱɟɬɨɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɜ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɜɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɰɟɯɨɜ 13,14 ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɭɞɟɥɶɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ı, ɤȼ∙Ⱥ/ɦ2 

 σ = ܵ˓˃˔˚.ː𝐹 = ͳ͹ͷͺ,͹͵͵͹ʹͳͶ = Ͳ,ʹͶͶ                                                                      ሺ͸.ʹሻ 

 
ɝɞɟ ܵ˓˃˔˚.ː – ɫɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000ȼ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɦ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɰɟɯɨɜ. 
Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ 13 ɢ 14 ɰɟɯɨɜ: 

 𝑁ˑ˒˕ = ʠܲʛܭʖ ∙ ܵʜʝʛ ʡ + ∆𝑁 = ͳͷ͸ʹ,͸ͲͳͲ,͹ ∙ ͸͵Ͳ + Ͳ,Ͷ͸ = Ͷ                                 ሺ͸.͵ሻ 

 
ɝɞɟ ܭˊ –ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [7], ɨ.ɟ.; 
      ∆𝑁 – ɞɨɛɚɜɤɚ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ. 

Ɉɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 𝑁ˑ˒˕ = 𝑁௠𝑖௡ + ݉ = Ͷ                                                                                         ሺ͸.Ͷሻ 
 
ɝɞɟ ݉ –ɱɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɫɩɟɰɢɚɥɶɧɵɦ ɤɪɢɜɵɦ [7]. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɞɪɭɝɢɯ ɰɟɯɨɜ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 
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Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɰɟɯɚɯ. 

№Ɍɉ ɉɨɬɪɟɛɢɬɟɥɢ 
Ɇɟɫɬɨ 

ɪɚɫɩɨɥɨɠɟɧɢɹ 
𝜎ː, 

ɤȼȺ/ɦ2 𝑁௠𝑖௡, ɲɬ ∆𝑁 m 
𝑁ˑ˒˕, 
ɲɬ 

Ɍɉ-1  
 

ɐɟɯ № 15 ɢ 
Ɉɫɜɟɳɟɧɢɟ 

ɬɟɪɪɢɬɨɪɢɢ ɋ-Ɂ 

ɐɟɯ №15 
 

0,592 1,49 1,51 0 2 

Ɍɉ-2, 
Ɍɉ-3  

ɐɟɯ № 13,14 ɢ 
Ɉɫɜɟɳɟɧɢɟ 

ɬɟɪɪɢɬɨɪɢɢ ɋ-
ȼ 

ɐɟɯ №13  

0,641 3,54 0,46 0 4 

Ɍɉ-4, 
Ɍɉ-5, 
Ɍɉ-6  

ɐɟɯ № 
1,2,3,4,5,6,8 ɢ 
Ɉɫɜɟɳɟɧɢɟ 

ɬɟɪɪɢɬɨɪɢɢ ɘ-
Ɂ 

ɐɟɯ №3,6,8 

0,121 4,27 0,73 0 5 

Ɍɉ-7, 
Ɍɉ-8,  

ɐɟɯ № 
7,9,10,11,12 ɢ 

Ɉɫɜɟɳɟɧɢɟ ɘ-
ȼ 

ɐɟɯ №10 

0,177 2,69 0,31 0 3 
 

Ɍɚɛɥɢɰɚ 8 – ȼɵɛɨɪ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ[19],[20],[21]. 

№Ɍɉ F, ɦ2 Pρ, ɤȼɬ Qρ, ɤɜɚɪ Sρ, ɤȼȺ 
Sɧɨɦ.ɬ, 
ɤȼȺ 

𝑁ˑ˒˕, 
ɲɬ 

Ɍɢɩ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɉ-1  
 2487 1041,508 1040,159 1472,037 1000 2 

ɌɆ 1000/10/0,4 

Ɍɉ-2, 
Ɍɉ-3  2805 1509,091 973,082 1796,926 630 4 

ɌɆ 630/10/0,4 

Ɍɉ-4, 
Ɍɉ-5, 
Ɍɉ-6  12218 1364,963 911,776 1484,042 400 5 

ɌɆ 400/10/0,4 

Ɍɉ-7,  
Ɍɉ-8,  5654 870,674 478,719 1000,411 400 3 

ɌɆ 400/10/0,4 

 
Ɂɚɬɟɦ ɧɚɯɨɞɢɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɬɶ ɱɟɪɟɡ 2 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ܳmax ௠ = √ሺ𝑁ˑ˒˕ ∙ ˊܭ ∙ ܵːˑˏ ˕ሻଶ − ʟ˔ଶˏ =                                                       ሺ͸.ͷሻ = √ሺ͵ ∙ Ͳ,͹͹ ∙ ͸͵Ͳሻଶ − ͳͲͶͳ,ͷͲͺଶ = ͳͲͶͲ,ʹ͸͸ ˍ˅˃˓ 
 ܳʜʙଵ = ܳ˔ˏ − ܳmax ௠ = ͳͲͶͲ,ͳͷͻ − ͳͲͶͲ,ʹ͸͸ = −Ͳ,ͳͲ͹ ˍ˅˃˓              ሺ͸.͸ሻ 

 
 ȿɫɥɢ  ܳʜʙଵ ൑ Ͳ, ɭɫɬɚɧɨɜɤɚ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱёɬ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ. 
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7. ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
 

ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ  

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

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, Ⱥ, 
 𝐼 =  ܵ௣݊ˍ · √͵ ∙ ܷːˑˏ = ͳͺͻͲʹ · √͵ · ͳͲ = ͷͶ,ͷ͸                                                 ሺ͹.ͳሻ 

 
ɝɞɟ ܵ˓– ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɩɨ ɞɚɧɧɨɣ ɄɅ, ɤȼ∙Ⱥ;  ݊ˍ – ɱɢɫɥɨ ɩɢɬɚɸɳɢɯ ɤɚɛɟɥɶɧɜɯ ɥɢɧɢɣ;  

 
Ɍɨɤ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, Ⱥ, 
 𝐼 ˃ =  ܵ௣ሺ݊ˍ − ͳሻ · √͵ ∙ ܷːˑˏ =  ͳͺͻͲͳ · √͵ · ͳͲ = ͳͲͻ,ͳͳͻ                              ሺ͹.ʹሻ 

 
Ɋɚɫɱёɬɧɨɟ ɫɟɱɟɧɢɟ ɠɢɥɵ ɤɚɛɟɥɹ 
 𝐹 ˃˔˚ = 𝐼௣э݆ˍ = ͷͶ,ͷ͸ͳ,͵ = Ͷͳ,ͻ͹ ˏˏଶ                                                         ሺ͹.͵ሻ 

 
Ȼɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ – 50 ɦɦ2. ɫ ɨɛɨɥɨɱɤɨɣ ɢɡ 

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɧɨɝɨ ɩɥɚɫɬɢɤɚɬɚ 𝐼 ˑ˒ = ͳͻͷ Ⱥ [23]. 
ɉɨɫɥɟ ɩɪɨɜɟɪɹɟɬɫɹ, ɦɨɠɟɬ ɥɢ ɤɚɛɟɥɶ ɫ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ 𝐼 ˑ˒, ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɯɨɠɞɟɧɢɟ ɩɨ ɥɢɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɬɨɤɚ ɩɨ  

ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 𝐼 ˑ˒ ൒ 𝐼 ˃݇ଵ ∙ ݇ଶ ∙ ݇ଷ                                                                                                           ሺ͹.Ͷሻ 

 ͳͻͷ ൒ ͳͲͻ,ͳͳͻͳ ∙ Ͳ,ͻ ∙ Ͳ,ͻ = ͳ͵Ͷ,͹ͳͷ А 

 
ɝɞɟ ݇ଵ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; ɩɪɢ ɭɫɥɨɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ +25℃ ɢ 
ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɥ +50℃  ݇ଵ = ͳ,ͲͲ [3, ɬɚɛɥ. 1.3.3]; 
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         ݇ଶ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ 
ɤɚɛɟɥɟɣ, ɥɟɠɚɳɢɯ ɪɹɞɨɦ ɜ ɡɟɦɥɟ; ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɤɚɛɟɥɹɦɢ 300 ɦɦ ɢ 
ɤɨɥɢɱɟɫɬɜɟ ɤɚɛɟɥɟɣ, ɪɚɜɧɨɦ 3, ݇ଶ = Ͳ,ͻ [3, ɬɚɛɥ. 1.3.26]; 

         ݇ଷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɮɚɤɬɢɱɟɫɤɨɟ ɭɞɟɥɶɧɨɟ 
ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ; ɞɥɹ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɨɣ ɩɨɱɜɵ ɜɥɚɠɧɨɫɬɶɸ 8-
12% ݇ଷ = Ͳ,ͻ [3, ɬɚɛɥ. 1.3.23]. 

 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤɚɛɟɥɶɧɚɹ ɥɢɧɢɹ ɛɭɞɟɬ ɩɪɨɜɟɪɟɧɚ ɩɨɫɥɟ 

ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
ɉɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɹɯ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 35 ɤȼ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɮɨɪɦɭɥɟ 
 ∆ܷ = √͵ ∙ 𝐼௣ ∙ ݈ ∙ ݎ̟) 𝜑ݏ݋ܿˇ + (𝜑݊݅ݏˇ˖ݔ =                                                     ሺ͹.ͷሻ = √͵ · ͷͶ,ͷ͸ · Ͳ,Ͳͳ͸ · ሺͲ,͸Ͷͳ · Ͳ,͹ͳ + Ͳ,ͳͺͶ · Ͳ,͹ͳሻ = Ͳ,ͺͺ В 
 
Ɍɚɤ ɤɚɤ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ, ɧɚɣɞɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ ɜɵɲɟ, ɧɟ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɭɞɢɬɶ ɨ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ, ɟɝɨ 
ɫɥɟɞɭɟɬ ɜɵɪɚɡɢɬɶ ɜ ɩɪɨɰɟɧɬɚɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ. 

Ɍɨɝɞɚ ɩɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ     
 ∆ܷːˑˏ% = ∆ܷܷːˑˏ ∙ ͳͲͲ% = Ͳ,ͲͲͻ  %                                                            ሺ͹.͸ሻ 

 
 ɉɨɥɭɱɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ.  

Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɢɪɚɟɦ ɤɚɛɟɥɢ ɞɥɹ ɞɪɭɝɢɯ ɭɱɚɫɬɤɨɜ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 
ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
 

8. Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
  

Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɄɁ) ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɜɵɛɨɪɚ 
ɚɩɩɚɪɚɬɭɪɵ ɢ ɩɪɨɜɟɪɤɢ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ (ɲɢɧ, ɢɡɨɥɹɬɨɪɨɜ, 
ɤɚɛɟɥɟɣ ɢ ɬ. ɞ.) ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɚ ɬɚɤɠɟ 
ɞɥɹ ɜɵɛɨɪɚ ɭɫɬɚɜɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬ ɢ ɩɪɨɜɟɪɤɢ ɢɯ ɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɫɪɚɛɚɬɵɜɚɧɢɹ. Ɋɚɫɱɟɬɧɵɦ ɜɢɞɨɦ ɄɁ ɞɥɹ ɜɵɛɨɪɚ ɢɥɢ ɩɪɨɜɟɪɤɢ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɵɱɧɨ ɫɱɢɬɚɸɬ ɬɪɟɯɮɚɡɧɨɟ ɄɁ. Ɉɞɧɚɤɨ ɞɥɹ ɜɵɛɨɪɚ ɢ 
ɩɪɨɜɟɪɤɢ ɭɫɬɚɜɨɤ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɬɨɤɨɜ ɄɁ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɜɨɞɹɬɫɹ ɞɨɩɭɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ [23]: 
- ɬɪɟɯɮɚɡɧɚɹ ɫɟɬɶ ɩɪɢɧɢɦɚɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɨɣ; 
- ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɧɚɝɪɭɡɤɢ; 
- ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɟɦɤɨɫɬɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɟɦɤɨɫɬɧɵɟ ɬɨɤɢ ɜ ɜɨɡɞɭɲɧɨɣ ɢ 
ɤɚɛɟɥɶɧɨɣ ɫɟɬɹɯ; 
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- ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚɫɵɳɟɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɢɫɬɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ 
ɩɨɫɬɨɹɧɧɵɦɢ ɢ ɧɟ ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɬɨɤɚ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ ɰɟɩɢ; 
- ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

Ɋɚɫɱёɬ ɬɨɤɨɜ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ: 
- Ʉ1 – ɄɁ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ; 
- Ʉ2 – ɄɁ ɧɚ ɲɢɧɟ ɇɇ Ƚɉɉ; 
- Ʉ3 – ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɉ-1, ɫɬɨɹɳɟɝɨ ɩɟɪɜɵɦ ɜ 
ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ ɦɚɝɢɫɬɪɚɥɢ; 
- Ʉ4 – ɄɁ ɧɚ ɲɢɧɚɯ ɇɇ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɉ-1. 

Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ MathCAD 15 ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. Ɋɚɫɱёɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ 
Ⱥ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8. 
 

 

 
Ɋɢɫɭɧɨɤ 8 – ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 
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 Ɍɚɛɥɢɰɚ 8– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ 

Ɍɨɱɤɚ ɄɁ U˄, ˍВ I˒ˑ, ˍА i˖, ˍА 

Ʉ1 37 8,118 12,513 
Ʉ2 10,5 2,555 6,504 
Ʉ3 10,5 2,543 6,469 
Ʉ4 10,5 7,839 11,419 

 
9. ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

9.1 ȼɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ȼɵɤɥɸɱɚɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 

ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɚ 
ɢɦɟɧɧɨ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, ɩɟɪɟɝɪɭɡɤɟ, ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, ɯɨɥɨɫɬɨɦ 
ɯɨɞɟ, ɧɟɫɢɧɯɪɨɧɧɨɣ ɪɚɛɨɬɟ. 

ɉɨɷɬɨɦɭ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɬɚɤɢɟ[7]: 
1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ; 
3) ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ; 
4) ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ݅˖ ൑ ݅˒˓.˔ˍ˅; 
5) ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ ܤ𝐾 ൑ 𝐼ଶ் ·  .்ݐ
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɭɫɥɨɜɢɹɦ, ɬɨɥɶɤɨ ɢɫɤɥɸɱɚɟɬɫɹ 

ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ [3, 1.4.22]. 
 

9.1.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɜ ɰɟɩɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ-4000/35 

 
ɉɟɪɟɞ ɜɵɛɨɪɨɦ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ 

ɧɨɦɢɧɚɥɶɧɵɟ ɢ ɪɚɛɨɱɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɨɤɢ, ɩɪɨɯɨɞɹɳɢɟ ɱɟɪɟɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. 

Ɍɨɤɢ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, Ⱥ, 
 𝐼 ˑˏʜʜ = ݇ˊ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏВʜ = Ͳ,͹ ∙ ͶͲͲͲ√͵ ∙ ͵ͷ = Ͷ͸,ͳͺͺ                                 ሺͻ.ͳሻ  

 𝐼 ˃˄.ˏ˃ˍ˔ = ݇ˊ˒ /˃˅ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏВʜ = ͳ,Ͷ ∙ ͶͲͲͲ√͵ ∙ ͵ͷ = ͻʹ,͵͹͸                           ሺͻ.ʹሻ 

ɝɞɟ ݇ˊ, ݇ˊ˒ /˃˅– ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɢ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨ.ɟ.; 
           ܵːˑˏ.˕ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
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          ܷːˑˏВʜ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɨɪɨɧɟ ȼɇ, ɤȼ. 
ȼɵɛɢɪɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȻɗɌ–35/630 ɍɏɅ1 

[24].  
ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                    ሺͻ.͵ሻ 
 ͵ͷ ˍВ = ͵ͷ ˍВ 
 

ɝɞɟ ˖ܷ˔˕ – ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɝɞɟ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ, ɤȼ;        ːܷˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ ɤɚɬɚɥɨɝɭ), ɤȼ. 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ                                                 ሺͻ.Ͷሻ 

 ͻʹ,͵͹͸ А < ͸͵Ͳ А 
 

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

ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ                                                  ሺͻ.ͷሻ 

 
 ͺ,ͳͳͺ ˍА < ʹͷ ˍА 
 

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

ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                     ሺͻ.͸ሻ 

 ͳʹ,ͷͳ͵ ˍА < ͸͵ ˍА 
 
ɝɞɟ ݅ ˖ – ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ, ɤȺ;        ݅˒˓.˔ – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɄɁ, ɤȺ. 

ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                    ሺͻ.͹ሻ 

 



 
 

Иǚ ƾǛǤ № ǂǡǗǢ. ДǓǥ
Дǂ-13.03.02.07 

42 

ƾǛǤ
     

     

ˍܤ = 𝐼 ଴ଶ ∙ ሺݐˑ˕ˍˎ + ௔ܶሻ = ͺ,ͳͳͺଶ · ሺͲ,Ͳ͵ + Ͳ,Ͳʹሻ = ͵,ʹͻͷ ˍАଶ ∙ ˔ ൑ ʹͷଶ · ͵= ͳͺ͹ͷ ˍАଶ ∙ ˔ 
 
ɝɞɟ Вˍ – ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɩɨ ɪɚɫɱɟɬɭ, ɤȺ2·ɫ; 
       𝐼் – ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ (ɩɨ ɤɚɬɚɥɨɝɭ), 
ɤȺ; 
்ݐ         – ɜɪɟɦɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ I, ɫ; 
 ;ˑ˕ˍˎ – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɫ[24]ݐ       
       ௔ܶ – ɜɪɟɦɹ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɫ[25]. 

ȼɵɤɥɸɱɚɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ.  
Ɍɚɤɠɟ ɜɵɛɟɪɟɦ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-

ɩɨɜɨɪɨɬɧɨɝɨ ɬɢɩɚ ɊȽ-35/630 ɍɏɅ1 [26].  
ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                   ሺͻ.ͺሻ 
 ͵ͷ ˍВ = ͵ͷ ˍВ 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ                                                  ሺͻ.ͻሻ 

 ͻʹ,͵͹͸  А < ͸͵Ͳ А 
 

ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                   ሺͻ.ͳͲሻ 
 ͳʹ,ͷͳ͵ ˍА < ͸͵ ˍА 
  

ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                    ሺͻ.ͳͳሻ 

 ͵,ʹͻͷ ˍАଶ ∙ ˔ ൑ ʹͲଶ · ͵ = ͳʹͲͲ ˍАଶ ∙ ˔ 
 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ.  
 
9.1.2 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜ ɰɟɩɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ-4000/35 
 
Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ, Ⱥ, 
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 𝐼 ˑˏВʜ = ݇ˊ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = Ͳ,͹ ∙ ͶͲͲͲ√͵ ∙ ͳͲ = ͳ͸ͳ,͸ͷͺ                       ሺͻ.ͳʹሻ  
 𝐼 ˃˄.ˏ˃ˍ˔ = ݇ˊ˒ /˃˅ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = ͳ,Ͷ ∙ ͶͲͲͲͲ√͵ ∙ ͳͲ = ͵ʹ͵,͵ͳ͸                 ሺͻ.ͳ͵ሻ 

 
ɇɚ ɫɬɨɪɨɧɭ 10 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɄɊɍ-ɋɗɓ-63 [27] 
ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                  ሺͻ.ͳͶሻ 
 ͳͲ ˍВ = ͳͲ ˍВ 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ                                               ሺͻ.ͳͷሻ 
 ͵ʹ͵,͵ͳ͸ А < ͸͵Ͳ А 

 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                   ሺͻ.ͳ͸ሻ 
 ͸,ͷͲͶ ˍА < ʹͲ ˍА 
 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                  ሺͻ.ͳ͹ሻ 
ˍܤ  = 𝐼 ଴ଶ ∙ ሺݐˑ˕ˍˎ + ௔ܶሻ = ͸,ͷͲͶଶ · ሺͳ,ͻ + Ͳ,Ͳͳሻ = ͶͶ,ʹͳʹ ˍАଶ ∙ ˔ ൑ ͵ͳ,ͷଶ · ͵= ʹͻ͹͸,͹ͷ ˍАଶ ∙ ˔ 
 
ȼ ɞɚɧɧɨɣ ɹɱɟɣɤɟ ɜɵɤɥɸɱɚɬɟɥɢ (ȼȼɆ-ɋɗɓ-10[28]) ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɢ 

ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ ɭɠɟ ɜɫɬɪɨɟɧɧɵɟ ɜ ɲɤɚɮ ɄɊɍ-ɋɗɓ-63 ɢ ɬɚɤ ɠɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

 
9.1.3 ȼɵɛɨɪ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɟɤɰɢɣ ɲɢɧ 10 ɤȼ Ƚɉɉ 

 

Ɋɚɫɱёɬ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ 
ɧɚɝɪɭɡɤɚ ɩɨ ɫɟɤɰɢɹɦ ɲɢɧ 10 ɤȼ Ƚɉɉ ɪɚɫɩɪɟɞɟɥɟɧɚ ɪɚɜɧɨɦɟɪɧɨ. Ɍɨɝɞɚ ɦɨɠɧɨ 
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ɩɪɢɧɹɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɪɚɛɨɱɢɣ ɬɨɤ ɱɟɪɟɡ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɛɭɞɟɬ 
ɪɚɜɟɧ ɩɨɥɨɜɢɧɟ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɱɟɪɟɡ ɜɵɤɥɸɱɚɬɟɥɶ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (ɩ. 9.1.2). 

ȼɵɛɢɪɚɟɦ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɆ-ɋɗɓ-10/630 [28]. Ɍɚɤ ɤɚɤ ɜɫɟ 
ɩɚɪɚɦɟɬɪɵ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɤɪɨɦɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ, ɧɟ 
ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɜɵɤɥɸɱɚɬɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ, ɢ ɩɚɪɚɦɟɬɪɵ ɬɨɤɚ ɄɁ ɞɥɹ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ɨɞɧɢ ɢ 
ɬɟ ɠɟ – ɬɨɱɤɚ Ʉ2, ɬɨ ɩɪɨɜɟɪɤɚ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨɜɬɨɪɹɟɬ ɩɪɨɜɟɪɤɭ 
ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ. 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ                                               ሺͻ.ͳͺሻ 

 ͳ͸ͳ,͸ͷͺ А < ͸͵Ͳ А 
 

 
9.1.4 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜ 
ɰɟɩɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 

 
ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɰɟɩɢ ɄɅ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɧɚɢɛɨɥɟɟ 

ɧɚɝɪɭɠɟɧɧɨɣ ɥɢɧɢɢ(Ƚɉɉ–Ɍɉ-4). 
 𝐼 ˑˏʜʜ = ܵ˓݊ · √͵ ∙ ܷːˑˏʜʜ = ͳ͹ͻ͸,ͻʹ͸ʹ · √͵ ∙ ͳͲ = ͷͳ,ͺ͹͵ А                           ሺͻ.ͳͻሻ 

 𝐼 ˃˄.ˏ˃ˍ˔ = ܵ˓݊ · √͵ ∙ ܷːˑˏʜʜ = ͳ͹ͻ͸,ͻʹ͸ͳ · √͵ ∙ ͳͲ = ͳͲ͵,͹Ͷ͸ А                        ሺͻ.ʹͲሻ 

 
ȼ ɤɨɦɩɥɟɤɬɚɰɢɸ ɜɵɛɪɚɧɧɨɝɨ ɄɊɍ ɭɠɟ ɜɯɨɞɹɬ ɜɵɤɥɸɱɚɬɟɥɢ ɬɢɩɚ ȼȼȿ-

ɋɗɓ-1-20/630[28]. 
ɉɪɨɜɟɪɤɚ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ  ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.ʹͳሻ 
 ͳͲ ˍВ = ͳͲ ˍВ 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑˏ                                             ሺͻ.ʹʹሻ 
 ͳͲ͵,͹Ͷ͸ А < ͸͵Ͳ А 
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ɉɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ                                                ሺͻ.ʹ͵ሻ 
 ʹ,ͷͶ͵ ˍА < ʹͲ ˍА 
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                  ሺͻ.ʹͶሻ 
 ͸,Ͷ͸ͻ ˍА < ͷͳ ˍА 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                ሺͻ.ʹͷሻ 
ˍܤ  = 𝐼 ଴ଶ ∙ ሺݐˑ˕ˍˎ + ௔ܶሻ = ͸,Ͷ͸ͻ ଶ · ሺͳ + Ͳ,Ͳͳሻ = Ͷʹ,ʹ͸͸ ˍАଶ ∙ ˔ ൑ ʹͲଶ · ͵= ͳʹͲͲ ˍАଶ ∙ ˔ 
 
ɇɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ ɭɫɬɚɧɨɜɥɟɧɵ ɹɱɟɣɤɢ ɄɊɍ-ɋɗɓ-63-10, ɜ ɤɨɬɨɪɵɯ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɲɬɟɩɫɟɥɶɧɨɝɨ ɬɢɩɚ. ɉɪɨɢɡɜɨɞɢɬɶ ɢɯ ɩɪɨɜɟɪɤɭ 
ɧɟ ɬɪɟɛɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 

 
9.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

 
Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ ɫɟɬɢ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ 

ɰɟɩɢ ɫ ɰɟɥɶɸ ɩɨɞɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ. 
Ɍɚɤɨɟ ɩɨɞɤɥɸɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɛɨɪɵ ɫ ɦɟɧɶɲɢɦɢ 
ɧɨɦɢɧɚɥɶɧɵɦɢ ɬɨɤɚɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. Ɍɚɤɠɟ ɌɌ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɢ ɰɟɩɟɣ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ[7]: 
1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ; 
3) ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɄɁ ݅˖ ൑ 𝐼 ˓.˔ˍ˅; 
4) ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ BK ൑ 𝐼ଶ் ·  .்ݐ
5) ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ݖଶ ൑  .ˏଶːˑݖ
 

9.2.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ (35 ɤȼ) 
 
ɇɚ ɫɬɨɪɨɧɟ 35 ɤȼ ɩɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ-ɋɗɓ-

35 [29]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ: 
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ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.ʹ͸ሻ 
 ͵ͷ = ͵ͷ 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ                                              ሺͻ.ʹ͹ሻ 
 ͻʹ,͵͹͸ А < ͳͷͲ А 
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                   ሺͻ.ʹͺሻ 
 ͸,Ͷ͸ͻ ˍА < ͸͵ ˍА 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                  ሺͻ.ʹͻሻ 
 ͵,ʹͻͷ ˍАଶ ∙ ˔ < ͳ͸ଶ · ͵ = ͹͸ͺ ˍАଶ ∙ ˔ 
 

  ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ 
ଶݎ  ൑  ଶːˑˏ                                                   ሺͻ.͵Ͳሻݎ
ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕                                   ሺͻ.͵ͳሻ 
 
ɝɞɟ ˒ݎ ˓ˋ˄ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ; ˒ݎ ˓ˑ˅ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɪɨɜɨɞɨɜ; ̱ݎ ˑː˕ – ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ. 
 
 Ɍɚɛɥɢɰɚ 9 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 

ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼȺ 

A B C 

Ⱥɦɩɟɪɦɟɬɪ 
ɋȺ3021-
5-3 [30] 

0,2 2,5 2,5 2,5 

ȼɚɬɬɦɟɬɪ 
ɋɊ3021-5 

[31] 
0,5 2,5 2,5 2,5 

ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 
ɋɌ3021-

5[32] 
0,5 2,5 2,5 2,5 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 9 

ɋɱɟɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 
Ɋɟɫɭɪɫ-
ȿ4-5-S-
ɧ[33] 

0,2S 1 1 1 

ɂɬɨɝɨ:   8,5 8,5 8,5 

 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ, 

ݎ˒  ˓ˋ˄ = ܵ˒˓ˋ˄𝐼ଶଶ = ͺ,ͷͷଶ = Ͳ,͵Ͷ                                                                          ሺͻ.͵ʹሻ 

 
ɝɞɟ ܵ˒˓ˋ˄ – ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɢɛɨɪɚɦɢ, ɤȼȺ; 𝐼ଶ – ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (1 ɢɥɢ 5 Ⱥ), Ⱥ. 
  
 

ɇɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɌɌ ɜ ɡɚɞɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, Ɉɦ, ݖଶːˑˏ = ʹͲͷଶ = Ͳ,ͺ,                                                                                ሺͻ.͵͵ሻ  

 

ɝɞɟ 20 – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢ cosφ = 0,8S2ɧɨɦ, ȼȺ, ɩɪɢɦɟɦ ɢɡ ɞɢɚɩɚɡɨɧɚ 
ɬɚɛɥɢɰɚ № 13.3. 

ɑɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɪɚɛɨɬɚɥ ɜ ɬɪɟɛɭɟɦɨɦ ɤɥɚɫɫɟ 
ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɭɫɥɨɜɢɟ: 
ݎ˒  ˓ˑ˅ = ˏଶːˑݎ − ݎ˒ ˓ˋ˄ − ݎ̱ ˑː˕ = Ͳ,ͺ − Ͳ,͵Ͷ − Ͳ,ͳ = Ͳ,͵͸ ʝˏ             ሺͻ.͵Ͷሻ 
 

Ⱦɥɹ ɞɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ 35/10 ɤȼ ɛɭɞɟɬ 
ɩɪɢɦɟɧɟɧ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɵɦɢ ɠɢɥɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɚɹ 
ɞɥɢɧɚ ɤɨɬɨɪɨɝɨ 60 ɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɟɞɢɧɟɧɵ ɜ ɩɨɥɧɭɸ ɡɜɟɡɞɭ, ɩɨɷɬɨɦɭ ݈˓˃˔˚ = √͵ · ݈. 

Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɪɚɜɧɨ, ɦɦ2, 
 𝐹 = ߩ · ݎ˒˚˔˃˓݈ ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͶͺͲ,͵͸ = ͵,͹͹                                                   ሺͻ.͵ͷሻ 

 
ɝɞɟ ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ; ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ 
ɩɪɨɜɨɞɨɜ ߩ˃ˎ = Ͳ,Ͳʹͺ͵ ʝˏ · ˏˏଶ/ˏ; 

ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ 4 ɦɦ2, ɨɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦɭ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ [3]. 

Ɍɨɝɞɚ ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ, 
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ݎ˒ ˓ˑ˅ = ߩ · ݈˓˃˔˚𝐹 = Ͳ,Ͳʹͺ͵ · ͶͺͶ = Ͳ,͵Ͷ.                                                     ሺͻ.͵͸ሻ 

  
Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ɉɦ, 

ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕ = Ͳ,͵Ͷ + Ͳ,͵Ͷ + Ͳ,ͳ = Ͳ,͹ͺ                   ሺͻ.͵͹ሻ 
 Ͳ,͹ͺ < Ͳ,ͺ 
 
 Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

ɇɚ ɜɜɨɞɵ ȼɇ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɪɚɢɜɚɟɦɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ-ɗɄ 
Ɇ1[34]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 

ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.͵ͺሻ 
 ͵ͷ = ͵ͷ 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ                                              ሺͻ.͵ͻሻ 
 ͻʹ,͵͹͸А < ͳͷͲ А 
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                   ሺͻ.ͶͲሻ 
 ͳʹ,ͷͳ͵ ˍА < ͸͵ ˍА 
 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                  ሺͻ.Ͷͳሻ 
 ͵,ʹͻͷ ˍАଶ ∙ ˔ < ͳͷଶ · ͵ = ͸͹ͷ ˍАଶ ∙ ˔ 
 

  ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ 
ଶݎ  ൑  ଶːˑˏ                                                   ሺͻ.Ͷʹሻݎ
ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕                                   ሺͻ.Ͷ͵ሻ 
 



 
 

Иǚ ƾǛǤ № ǂǡǗǢ. ДǓǥ
Дǂ-13.03.02.07 

49 

ƾǛǤ
     

     

ɝɞɟ ˒ݎ ˓ˋ˄ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ; ˒ݎ ˓ˑ˅ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɪɨɜɨɞɨɜ; ̱ݎ ˑː˕ – ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ. 
 
 Ɍɚɛɥɢɰɚ 10 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 

ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼȺ 

A B C 

Ⱥɦɩɟɪɦɟɬɪ 
ɋȺ3021-
5-3 [30] 

0,2 2,5 2,5 2,5 

ȼɚɬɬɦɟɬɪ 
ɋɊ3021-5 
[31] 

0,5 2,5 2,5 2,5 

ɂɬɨɝɨ:   5 5 5 

 

Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ, 
ݎ˒  ˓ˋ˄ = ܵ˒˓ˋ˄𝐼ଶଶ = ͷͷଶ = Ͳ,ʹ                                                                          ሺͻ.ͶͶሻ 

 
ɝɞɟ ܵ˒˓ˋ˄ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ, ɤȼȺ; 𝐼ଶ – ɜɬɨɪɢɱɧɵɣ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (1 ɢɥɢ 5 Ⱥ), Ⱥ. 

ɇɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɌɌ ɜ ɡɚɞɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, Ɉɦ 
ˏଶːˑݖ  = ͳͷͷଶ = Ͳ,͸                                                                                         ሺͻ.Ͷͷሻ 

 
 ɑɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɪɚɛɨɬɚɥ ɜ ɬɪɟɛɭɟɦɨɦ ɤɥɚɫɫɟ 
ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɭɫɥɨɜɢɟ: 
ݎ˒  ˓ˑ˅ = ˏଶːˑݎ − ݎ˒ ˓ˋ˄ − ݎ̱ ˑː˕ = Ͳ,͸ − Ͳ,ʹ − Ͳ,Ͳͷ = Ͳ,͵ͷ ʝˏ             ሺͻ.Ͷ͸ሻ 
 

Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɪɚɜɧɨ, ɦɦ2, 
 𝐹 = ߩ · ݎ˒˚˔˃˓݈ ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͶͺͲ,͵ͷ = ͵,ͷ                                                  ሺͻ.Ͷ͹ሻ 

ɝɞɟ ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ; ɞɥɹ ɚɥɸɦɢɧɢɟɜɵɯ 
ɩɪɨɜɨɞɨɜ ߩ˃ˎ = Ͳ,Ͳʹͺ͵ ʝˏ · ˏˏଶ/ˏ; 

ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ  ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2. Ɏɚɤɬɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ, 

ݎ˒  ˓ˑ˅ = ߩ · ݈˓˃˔˚𝐹 = Ͳ,Ͳʹͺ͵ · ͶͺͶ = Ͳ,ͲʹͶ                                           ሺͻ.Ͷͺሻ 
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Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ɉɦ, 

ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕ = Ͳ,ʹ + Ͳ,ͲʹͶ + Ͳ,Ͳͷ = Ͳ,ʹ͹                   ሺͻ.Ͷͻሻ 
 Ͳ,ʹ͹ <  Ͳ,͸ 
 Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

9.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɇɇ (10 ɤȼ) 
 
ɇɚ ɫɬɨɪɨɧɟ ɇɇ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ ɭɫɬɚɧɚɜɥɢɜɚɟɦ 

ɜɫɬɪɚɢɜɚɟɦɵɟ ɨɩɨɪɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ Ɍȼ-ɋɗɓ-10, ɤɨɬɨɪɵɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɦɚɫɥɹɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɫɢɥɨɜɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ [35]. 

Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɬɟ ɠɟ ɩɪɢɛɨɪɵ ɭɱɟɬɚ, ɱɬɨ ɢ ɧɚ ɫɬɨɪɨɧɟ ȼɇ Ƚɉɉ, 
ɢɫɤɥɸɱɚɹ ɫɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ [7]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Sɩɪɢɛ = 7,5 ȼȺ. 
ɋɯɟɦɭ ɫɨɟɞɢɧɟɧɢɣ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢɦɟɦ ɜ ɩɨɥɧɭɸ 
ɡɜɟɡɞɭ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ: 

ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                ሺͻ.ͷͲሻ 
 ͳͲ = ͳͲ 
 
ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ                                             ሺͻ.ͷͳሻ 
 ͵ʹ͵,͵ͳ͸ А ൑ ͶͲͲ А 
 
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                  ሺͻ.ͷʹሻ 
 ͸,Ͷ͸ͻ ˍА < ͶͲ ˍА 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                                 ሺͻ.ͷ͵ሻ 
 ͵,ʹͻͷ ˍАଶ ∙ ˔ ൑ ͳͷଶ · ͵ = ͹͹ͷ ˍАଶ ∙ ˔ 
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ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ 
 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ, 
ݎ˒  ˓ˋ˄ = ܵ˒˓ˋ˄𝐼ଶଶ = ͹,ͷͷଶ = Ͳ,͵                                                                         ሺͻ.ͷͶሻ 

ɇɨɦɢɧɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɌɌ ɜ ɡɚɞɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ, Ɉɦ 
ˏଶːˑݖ  = ͳͷͷଶ = Ͳ,͸                                                                                           ሺͻ.ͷͷሻ 

 
Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ 
ݎ˒  ˓ˑ˅ = ˏଶːˑݎ − ݎ˒ ˓ˋ˄ − ݎ̱ ˑː˕ = Ͳ,͸ − Ͳ,͵ − Ͳ,Ͳͷ = Ͳ,ʹͷ ʝˏ              ሺͻ.ͷ͸ሻ 
 
ɋɟɱɟɧɢɟ, ɦɦ2 
 𝐹 = ߩ · ݎ˒˚˔˃˓݈ ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͶͺͲ,ʹͷ = ͷ,Ͷ                                                 ሺͻ.ͷ͹ሻ 

 
ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2.  
Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ, 
ݎ˒  ˓ˑ˅ = ߩ · ݈˓˃˔˚𝐹 = Ͳ,Ͳʹͺ͵ · Ͷͺ͸ = Ͳ,ʹ͵                                           ሺͻ.ͷͺሻ 

 
Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ɉɦ, 
ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕ = Ͳ,ʹ͵ + Ͳ,ʹͷ + Ͳ,ͳ = Ͳ,ͷͺ                   ሺͻ.ͷͻሻ 
 Ͳ,ͷͺ < Ͳ,͸ 
 
Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
ȼ ɤɨɦɩɥɟɤɬ ɄɊɍ–ɋɗɓ–63 ɜ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɯɨɞɹɬ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɌɈɅ–ɋɗɓ–10 [37]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɢ 
ɩɪɨɜɟɪɤɢ ɞɚɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 

 
 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.͸Ͳሻ 
 ͳͲ = ͳͲ 
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ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ                                            ሺͻ.͸ͳሻ 
  ͳͲ͵,͹Ͷ͸ А < ͳͷͲ А 
 
ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ 
 ݅˖ ൑ ݅˒˓.˔ˍ˅                                                 ሺͻ.͸ʹሻ 
 ͸,Ͷ͸ͻ ˍА < ͶͲ ˍА 
 
ɉɨ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɬɨɤɚɦ ɄɁ ɩɨ ɬɟɩɥɨɜɨɦɭ ɢɦɩɭɥɶɫɭ 
 BK ൑ 𝐼ଶ் · ்ݐ                                               ሺͻ.͸͵ሻ 
 ͵,ʹͻͷ ˍАଶ ∙ ˔ ൑ ͳͷଶ · ͵ = ͹͹ͷ ˍАଶ ∙ ˔ 
 
ȼ ɰɟɩɢ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɤ ɢɡɦɟɪɢɬɟɥɶɧɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ 

ɬɨɤɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɚɦɩɟɪɦɟɬɪ[7].  
ɉɪɨɜɟɪɤɚ ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
 

 Ɍɚɛɥɢɰɚ 11 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 

ɇɚɝɪɭɡɤɚ ɮɚɡɵ, ȼȺ 

A B C 

Ⱥɦɩɟɪɦɟɬɪ 
ɋȺ3021-
5-3 [28] 

0,2 2,5 2,5 2,5 

ɂɬɨɝɨ:   2,5 2,5 2,5 

 
Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢɛɨɪɨɜ, Ɉɦ, 
ݎ˒  ˓ˋ˄ = ܵ˒˓ˋ˄𝐼ଶଶ = ʹ,ͷͷଶ = Ͳ,ͳ                                                                                ሺͻ.͸ͺሻ 

ˏଶːˑݖ  = ͳͲͷଶ = Ͳ,Ͷ                                                                                                 ሺͻ.͸ͻሻ 

 
ݎ˒  ˓ˑ˅ = ˏଶːˑݎ − ݎ˒ ˓ˋ˄ − ݎ̱ ˑː˕ = Ͳ,Ͷ − Ͳ,ͳ − Ͳ,Ͳͷ = Ͳ,ʹͷ ʝˏ                 ሺͻ.͹Ͳሻ 

ɋɟɱɟɧɢɟ, ɦɦ2 
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𝐹 = ߩ · ݎ˒˚˔˃˓݈ ˓ˑ˅ = Ͳ,Ͳʹͺ͵ · ͵,ͶͲ,ʹͷ = Ͳ,ʹͺ                                                   ሺͻ.͹ͳሻ 

 
ɉɪɢɧɢɦɚɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ȺɄɊȼȽ ɫ ɠɢɥɚɦɢ ɫɟɱɟɧɢɹ 4 ɦɦ2.  
Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, Ɉɦ, 
ݎ˒  ˓ˑ˅ = ߩ · ݈˓˃˔˚𝐹 = Ͳ,Ͳʹͺ͵ · ͵,ͶͶ = Ͳ,ͲʹͶ                                             ሺͻ.͹ʹሻ 

 
Ɏɚɤɬɢɱɟɫɤɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, Ɉɦ, 
ଶݎ  = ݎ˒ ˓ˋ˄ + ݎ˒ ˓ˑ˅ + ݎ̱ ˑː˕ = Ͳ,ͳ + Ͳ,ͲʹͶ + Ͳ,Ͳͷ = Ͳ,ͳ͹Ͷ                   ሺͻ.͹͵ሻ 
 Ͳ,ͳ͹Ͷ <  Ͳ,Ͷ 
 
9.3 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 
ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

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

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ, 
1) ɉɨ ɧɚɩɪɹɠɟɧɢɸ ˖ܷ˔˕ ൑ ܷːˑˏ; 
2) ɍɱёɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
3) ɍɱёɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ܵଶ ൑ ܵଶ ːˑˏ. 
 
Ʉ ɭɫɬɚɧɨɜɤɟ ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ–35 [38] (ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ) ɢ ɇȺɅɂ-10 [38] (ɜɫɬɪɨɟɧɧɵɟ ɜ ɄɊɍ ɧɚ ɫɬɨɪɨɧɟ ɇɇ) ɫ ɤɥɚɫɫɨɦ 
ɬɨɱɧɨɫɬɢ 0,5. 

ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ–35: 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                  ሺͻ.͹Ͷሻ 
 ͵ͷ ˍВ = ͵ͷ ˍВ 

 

ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɇȺɅɂ–10: 
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.͹ͷሻ 

 ͳͲ ˍВ = ͳͲ ˍВ 
 

 Ɍɚɛɥɢɰɚ 12 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ  
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ɉɪɢɛɨɪɵ Ɍɢɩ Ɇɨɳɧɨɫɬɶ 
ɨɞɧɨɝɨ 
ɨɛɦɨɬɤɢ, ȼ∙Ⱥ 

ɑɢɫɥɨ 
ɩɪɢɛɨɪɨ
ɜ 

ɑɢɫɥɨ 
ɨɛɦɨɬɨ
ɤ 

P, ȼɬ Q, ɜɚɪ 

ȼɨɥɶɬɦɟɬɪ  ɗ350 3 9 1 27 0 
ȼɚɬɬɦɟɬɪ ɋɊ3021-5 0,5 9 2 9 0 
ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ ɢ 
ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ  

Ɋɟɫɭɪɫ-ȿ4-
5-Ⱥ-ɜ 

2,5 7 2 13,3 32,375 

ȼɚɪɦɟɬɪ ɋɌ3021-5 1,5 9 2 27 0 
ɂɬɨɝɨ: 

 
   76,3 32,375 

 
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɛɨɪɨɜ, ȼȺ 
 ܵଶ = √ቀ∑ ܲ˒ ˓ˋ˄ቁଶ + ቀ∑ ܳ˒˓ˋ˄ቁଶ = √ሺ͹͸,͵ሻଶ + ሺ͵ʹ,͵͹ͷሻଶ = ͺʹ,ͺͺͶ  ሺͻ.͹͸ሻ  
 ܵଶ ൑ ܵଶːˑˏ                                                  ሺͻ.͹͹ሻ 
 ͺʹ,ͺͺͶ ВА < ʹʹͷ ВА 
 
9.4 ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ 

 

9.4.1 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 
 
ȼ ɈɊɍ 35 ɤȼ ɢ ɜɵɲɟ ɩɪɢɦɟɧɹɸɬɫɹ ɝɢɛɤɢɟ ɲɢɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɨɜɨɞɨɦ 

Ⱥɋ. ɋɨɝɥɚɫɧɨ ɉɍɗ ɫɛɨɪɧɵɟ ɲɢɧɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɨɲɢɧɨɜɤɚ ɜ ɩɪɟɞɟɥɚɯ, 
ɨɬɤɪɵɬɵɯ ɢ ɡɚɤɪɵɬɵɯ Ɋɍ ɜɫɟɯ ɧɚɩɪɹɠɟɧɢɣ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 

Ⱦɥɹ ɨɲɢɧɨɜɤɢ ɢ ɫɛɨɪɧɵɯ ɲɢɧ ɈɊɍ ɜɵɛɢɪɚɟɦ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɣ ɩɪɨɜɨɞ 
ɦɚɪɤɢ Ⱥɋ 70/11[3] ɫ ɞɨɩɭɫɬɢɦɨɣ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɨɣ 𝐼 ˑ˒ = ʹ͸ͷ А. 

ɉɪɨɜɟɪɤɚ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ, Ⱥ, 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑ˒                                                ሺͻ.͹ͺሻ 

 ͻʹ,͵͹͸ < ʹ͸ͷ 
 

Ⱦɚɥɟɟ ɜɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ 
ɩɨ ɮɨɪɦɭɥɟ 

௠𝑖௡ݍ  = ܥ𝐾ܤ√ ൑  ሺͻ.͹ͻሻ                                            ݍ

˕ܥ𝐾ܤ√  = √͵,ʹͻͷ͹ͷ · ͳͲ−ଷ = ʹͶ,ʹͲ͵ ˏˏଶ < ͹Ͳ ˏˏଶ              ሺͻ.ͺͲሻ 
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ɝɞɟ ВК – ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɩɪɢ ɄɁ, ɤȺ2·ɫ; 
ɋ – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ (ɞɥɹ ɩɪɨɜɨɞɚ Ⱥɋ ɩɪɢ ɞɨɩɭɫɬɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɧɚɝɪɟɜɚ ɩɪɨɜɨɞɧɢɤɨɜ 160℃ ɡɧɚɱɟɧɢɟ ɋ=75 [25, ɬɚɛɥ. 3.18]), ɨ.ɟ; 
q – ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɦ2. 

ɇɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ɩɪɨɜɟɪɹɸɬɫɹ ɝɢɛɤɢɟ ɲɢɧɵ 
Ɋɍ ɩɪɢ 𝐼𝐾 ൒ ʹͲ ɤȺ [3, ɩ.4.2.3]. ɇɚ ɫɬɨɪɨɧɟ 35 ɤȼ Iɩ0=8,118 ɤȺ, ɩɪɨɜɟɪɤɚ ɧɟ 
ɬɪɟɛɭɟɬɫɹ. 

 
9.4.2 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 

 

Ɍɚɤ ɤɚɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ, ɬɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɠɟɫɬɤɚɹ 
ɨɲɢɧɨɜɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ. ɉɪɢ ɬɨɤɚɯ ɞɨ 3000 Ⱥ 
ɩɪɢɦɟɧɹɸɬɫɹ ɨɞɧɨ ɢ ɞɜɭɯɩɨɥɨɫɧɵɟ ɲɢɧɵ [25]. 

ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɠɟɫɬɤɢɯ ɲɢɧ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ 
ɬɨɤɭ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬ ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ, ɧɨ ɢ 
ɩɪɢ ɩɨɫɥɟɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɜɨ ɜɪɟɦɹ ɪɟɦɨɧɬɨɜ, ɚ ɬɚɤɠɟ ɛɭɞɟɬ ɭɱɢɬɵɜɚɬɶɫɹ 
ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ ɦɟɠɞɭ ɲɢɧɚɦɢ. 

  𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼 ˑ˒                                               ሺͻ.ͺͳሻ 
 ͵ʹ͵,͵ͳ͸ ൑ ͵͹Ͳ А  

  
 Ɍɚɛɥɢɰɚ 13 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɲɢɧɵ [3, ɬɚɛɥ. 4,5] 

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

370 30×4 120 

 
ɉɪɨɜɟɪɢɦ ɲɢɧɵ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ 
 𝜗𝑘 ൑ 𝜗𝑘.ˇˑ˒ ˋˎˋ ݍ௠𝑖௡ ൑  ሺͻ.ͺʹሻ                                    ݍ
 

ɝɞɟ ݍ௠𝑖௡‒ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɦ2, 
௠𝑖௡ݍ  = ்ܥ𝑘ܤ√ = √͵,ʹͻͷ ͻͲ · ͳͲ−ଷ = ʹͲ,ͳ͹                        ሺͻ.ͺ͵ሻ 

 ʹͲ,ͳ͹ < ͳʹͲ 
 
ɉɪɨɜɟɪɢɦ ɲɢɧɵ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ 
 𝜎௠௔௫ ൑ 𝜎ˇˑ˒                                               ሺͻ.ͺͶሻ 
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ɝɞɟ 𝜎˓˃˔˚ – ɪɚɫɱɟɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ, ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧ ɩɪɢ 
ɩɪɨɬɟɤɚɧɢɢ ɭɞɚɪɧɨɝɨ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ; 𝜎ˇˑ˒ – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ ɦɚɬɟɪɢɚɥɚ ɲɢɧ. 

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

 ݂ሺଷሻ = √͵ ∙ ͳͲ−7 ∙ ሺ݅˖ˇሺଷሻሻଶܽ = √͵ ∙ ͳͲ−7 ∙ ሺ͸,Ͷ͸ͻ ∙ ͳͲଷሻଶͲ,͵ = ʹͶ,ͳ͸ͳ              ሺͻ.ͺͷሻ 

 
ɝɞɟ ݅˖ˇ = ͸,Ͷ͸ͻ ∙ ͳͲଷ– ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ, Ⱥ;  

a = 0,3 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɲɢɧ, ɦ. 
 
ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɧ ɩɥɚɲɦɹ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɜɟɧ, ɫɦ3, 
 𝑊 = ܾଶ ∙ ℎ͸ = ͸ଶ · Ͳ,͸͸ = ͵,͸                                                                         ሺͻ.ͺ͸ሻ 

 
ɝɞɟ ܾ = Ͳ,͸ ˔ˏ; ℎ = ͸ ˔ˏ, 
ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɟɬɚɥɥɟ ɲɢɧɵ, ɤɨɬɨɪɨɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ, Ɇɉɚ, 
 𝜎௠௔௫ = ݂ሺଷሻ ∙ ݈ଶͳͲ ∙ 𝑊 = ʹͶ,ͳ͸ͳ ∙ Ͳ,͹ͷଶͳͲ ∙ ͵,͸ = Ͳ,͵͹ͺ                                          ሺͻ.ͺ͹ሻ 

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

Ⱦɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 41 Ɇɉɚ, 
 Ͳ,͵͹ͺ  ൑ Ͷͳ 
 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ. 
 

9.5 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 

ɉɨ ɉɍɗ [3] ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ʉ ɲɢɧɚɦ Ɋɍ 10 ɤȼ Ɍɋɇ ɞɨɥɠɧɵ ɩɨɞɤɥɸɱɚɬɶɫɹ ɱɟɪɟɡ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɢ [3]. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɋɌɈ ɉȺɈ «ɎɋɄ ȿɗɋ» «ɋɢɫɬɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɣ. Ɍɢɩɨɜɵɟ 
ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ» [39].   
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Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ Ɍɋɇ ɩɨ [25] ɢ ɩɚɪɚɦɟɬɪɚɦ ɜɵɛɪɚɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɜɟɞɟɦ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɭ № 15.1. 
Ɍɚɛɥɢɰɚ 14– ɇɚɝɪɭɡɤɚ Ɍɋɇ 

ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ 

cos 

ɇɚɝɪɭɡɤɚ 
 

Pɪаɫɱ, 
ɤȼɬ 

Q, 
ɤɜɚɪ ȿɞɢɧɢɰɵ, ɤȼɬ× ɤɨɥ-ɜɨ 

 
ɉɨɞɨɝɪɟɜ ɜɤɥɸɱɚɬɟɥɟɣ ȼȻɗɌ-35  0,8×2 1 1,6 0 

ɉɨɞɨɝɪɟɜ ɲɤɚɮɨɜ ɄɊɍ-10 ɤȼ  4×18 1 72 0 
ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 1×8 1 8 0 

Ɉɫɜɟɳɟɧɢɟ ɈɊɍ 35 ɤȼ 1×6 1 6 0 
Ɉɬɨɩɥɟɧɢɟ ɢ ɨɫɜɟɳɟɧɢɟ  Ɉɉɍ 10×1 1 10 0 

Ɉɫɜɟɳɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ ɁɊɍ 10 ɤȼ 10×1 1 10 0 
ɂɬɨɝɨ 107,6 0 

 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ [25], ɤȼ∙Ⱥ, 
 ܵ˓ = ݇𝑐 ∙ √ ʢܲʠʡଶ + ܳʢʠʡଶ,                                                                             ሺͻ.ͺͺሻ 

 ܵ˓ = Ͳ,ͺ ∙ √ͳͲ͹,͸ଶ = ͺ͸,Ͳͺ ˍВ ∙ А. 
 

ɝɞɟ ʢܲʠʡ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɤȼɬ; ܳʢʠʡ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɤɜɚɪ; ݇𝑐– ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ 
ɢ ɡɚɝɪɭɡɤɢ, ɜ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8 ɨ.ɟ. [23]. 

Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ, ɤȼ∙Ⱥ, 
 ܵːˑˏ.் = ܵ˓ʙˊ ∙ ݊˕  ,                                                                                               ሺͻ.ͺͻሻ 

 ܵːˑˏ.் = ͺ͸,ͲͺͲ,͹ ∙ ʹ = ͸ʹ,Ͷͳ. 
 
Ȼɥɢɠɚɣɲɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɌɆ – 63/10 [3]. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɷɬɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ №15.3. 

 
Ɍɚɛɥɢɰɚ 15 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆ – 63/10[40] 

Sɧɨɦ, 
ɤȼ∙Ⱥ 

Uȼɇ, ɤȼ Uɇɇ ,ɤȼ uk ,% ∆Pɯ, ɤȼɬ ∆Pk, ɤȼɬ Ix% 

63 10 0,4 4,5 1,28 0,26 2,8 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, 
 ݇ˊ = ͸ʹ,Ͷͳʹ · ͸͵ = Ͳ,͸ͳ.                                                                                      ሺͻ.ͻͲሻ 

 
Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ (0,6–0,7).[25]  
ɉɪɨɜɟɪɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, 
 ݇˃˅ = ͹͸,͸ͳሺʹ − ͳሻ · ͸͵ = ͳ,ʹʹ.                                                                         ሺͻ.ͻͳሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 1,4. 
Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 

9.6 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ (Ɉɉɇ) 
 
ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɢ 

ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɝɪɚɧɢɱɢɬɟɥɢ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɢ 
ɚɬɦɨɫɮɟɪɧɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢɡɨɥɹɰɢɢ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɚ ɫɬɨɪɨɧɚɯ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɬɢɩɚ:  

1) Ɉɉɇ–ɉ–35 ɍɏɅ1 [41] – ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɭɫɬɚɧɨɜɨɤ ɜ 
ɫɟɬɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ. 

2) Ɉɉɇ–ɉ–10 ɍɏɅ1 [42] – ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɭɫɬɚɧɨɜɨɤ ɜ 
ɫɟɬɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ. ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɄɊɍ ɋɗɓ-63. 
 
Ɍɚɛɥɢɰɚ 16 – ȼɵɛɨɪ Ɉɉɇ 

ɉɚɪɚɦɟɬɪ Ɉɉɇ–ɉ–35 ɍɏɅ1 Ɉɉɇ–ɉ–10 ɍɏɅ2 
Uɧɨɦ, ɤȼ 35 10 

ɇɚɢɛɨɥɶɲɟɟ ɞɥɢɬɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɟ ɪɚɛɨɱɟɟ 
ɧɚɩɪɹɠɟɧɢɟ UɇɊ, ɤȼ 

40,5 12,7 

ɇɨɦɢɧɚɥɶɧɵɣ ɪɚɡɪɹɞɧɵɣ 
ɬɨɤ, ɤȺ 

10 10 

Ⱦɥɢɧɚ ɩɭɬɢ ɭɬɟɱɤɢ ɜɧɟɲɧɟɣ 
ɢɡɨɥɹɰɢɢ, ɫɦ, ɧɟ ɦɟɧɟɟ 

168 37 

 
9.7 ȼɵɛɨɪ ɩɥɚɜɤɢɯ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

 
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɞɥɹ ɡɚɳɢɬɵ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ.  
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ɇɚ ɧɚɩɪɹɠɟɧɢɢ ȼɇ ɩɨɧɢɠɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɪɢɧɢɦɚɟɦ ɤ 
ɭɫɬɚɧɨɜɤɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɬɢɩɚ ɉɄ (ɫ ɤɜɚɪɰɟɜɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ) ɩɨ [7].  

ɉɪɟɞɨɯɪɚɧɢɬɟɥɢ ɞɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɛɢɪɚɸɬ: 
1. ɩɨ ɧɚɩɪɹɠɟɧɢɸ; 
2. ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ; 
3. ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ; 
4. ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ (Iв ɧɨɦ). 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɵɛɟɪɟɦ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɦɨɳɧɨɫɬɶɸ 630 ɤȼȺ. 
Ɍɨɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, 

Ⱥ, 
 𝐼 ˑˏ Вʜ = ܵːˑˏ ʡ√͵ · ܷːˑˏ Вʜ = ͸͵Ͳ√͵ · ͳͲ = ͵͸,͵͹͵                                             ሺͻ.ͺʹሻ 

 𝐼 ˅˃˓ Вʜ = ͳ,Ͷ · ܵːˑˏ ʡ√͵ · ܷːˑˏ Вʜ = ͳ,Ͷ · ͸͵Ͳ√͵ · ͳͲ = ͷͲ,ͻʹʹ                                       ሺͻ.ͺ͵ሻ 

 
Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɳɧɨɫɬɶɸ 630 ɤȼȺ ɢ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɧɚ 

ɫɬɨɪɨɧɟ 10 ɤȼ ɨɩɪɟɞɟɥɹɟɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ, 
ɨɧ ɪɚɜɟɧ 160 Ⱥ [43]. 

ȼɵɛɢɪɚɟɦ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄɌ-102-10-80-31,5-ɍ3. 
ɇɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ 

 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.ͺͶሻ 
 ͳͲ = ͳͲ 
 

ɍɫɥɨɜɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 
 𝐼 ˃˄.ˏ˃ˍ˔ ൑ 𝐼ଵːˑˏ                                             ሺͻ.ͺͷሻ 
  ͷͲ,ͻʹʹ А < ͺͲ А 
 

ɉɪɨɜɟɪɤɚ ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ (ɧɚɢɛɨɥɶɲɟɦɭ) ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ 

 𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ                                              ሺͻ.ͺ͸ሻ 
 ͸,ͷͲͶ ˍА < ͵ͳ,ͷ ˍА 
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ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɛɢɪɚɸɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɦɨɳɧɨɫɬɶɸ 400 ɢ 160, ɭɫɥɨɜɢɹ ɜɵɛɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. 
 
Ɍɚɛɥɢɰɚ 17 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɳɧɨɫɬɶɸ 400 

ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɳɧɨɫɬɶɸ 630 

ɤȼȺ 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ ɧɚ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɦɨɳɧɨɫɬɶɸ 1000 

ɤȼȺ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɉɄɌ-101-10-40-
31,5-ɍ3 

ɉɄɌ-102-10-80-
31,5-ɍ3 

ɉɄɌ-101-10-80-
31,5-ɍ3 

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

𝐼 ˃˄ = ͵ʹ.͵͵ʹ А 𝐼 ˃˄ = ͷͲ,ͻʹʹ, А 𝐼 ˃˄ = ͷ͹,͹͵ͷ А 𝐼 ˑˏ = ͶͲ А 𝐼 ˑˏ = ͺͲ А 𝐼 ˑˏ = ͺͲ А 

𝐼 𝜏 ൑ 𝐼 ˕ˍˎ.ːˑˏ 𝐼 𝜏 = ͸,ͷͲͶ  ˍА 𝐼 𝜏 = ͸,ͷͲͶ  ˍА 𝐼 𝜏 = ͸,ͷͲͶ  ˍА 𝐼 ˕ˍˎ.ːˑˏ = ͵ͳ,ͷ ˍА 
𝐼 ˕ˍˎ.ːˑˏ= ͵ͳ,ͷ ˍА 

𝐼 ˕ˍˎ.ːˑˏ= ͳʹ,ͷ ˍА 

 
9.8 ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ 

 
9.8.1 ȼɵɛɨɪ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɢ ɇɇ 

 
Ɉɩɨɪɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ 

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

ɇɚ ɫɬɨɪɨɧɟ 35 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɢɡɨɥɹɬɨɪɵ ɈɋɄ5-35 ɍɏɅ1 [44]. 
Ɉɩɨɪɧɵɟ ɢɡɨɥɹɬɨɪɵ ɩɪɨɜɟɪɹɸɬ ɩɨ ɭɫɥɨɜɢɹɦ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ  
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.ͺ͹ሻ 
 ͵ͷ ˍВ = ͵ͷ ˍВ 
 
ɉɨ ɧɚɝɪɭɡɤɟ  
 𝐹 ˃˔˚ ൑ 𝐹 ˑ˒                                                ሺͻ.ͺͺሻ 
 
ɝɞɟ 𝐹 ˃˔˚ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ;  
      𝐹 ˑ˒ – ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ: Fɞɨɩ = 0,6Fɪɚɡɪ; 
      𝐹 ˃ˊ˓ – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ. 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ, ɇ, 
 𝐹 ˃˔˚ = √͵ ∙ ݅௬ଶܽ ∙ ݈ ∙ ͳͲ−7 = √͵ ∙ ͳͶͶͷ͵ଶͲ,͵ ∙ Ͳ,͹ͷ ∙ ͳͲ−7 = ͻͲ,Ͷͷʹ         ሺͻ.ͺͻሻ 
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ͻͲ,Ͷͷʹ ʜ < Ͳ,͸ · ͷͲͲͲ = ͵ͲͲͲ ʜ 
 
Ⱦɚɧɧɵɟ ɢɡɨɥɹɬɨɪɵ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ. 

 
9.8.2 ȼɵɛɨɪ ɩɪɨɯɨɞɧɵɯ ɢɡɨɥɹɬɨɪɨɜ 

 
ɉɪɨɯɨɞɧɵɟ ɢɡɨɥɹɬɨɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɨɥɹɰɢɢ ɢ ɫɨɟɞɢɧɟɧɢɹ 

ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. ɍɫɬɚɧɚɜɥɢɜɚɟɦ 
ɢɡɨɥɹɬɨɪɵ ɂɉɍ-10/630-12,5 ɍɏɅ1 [45]. 

ɉɪɨɯɨɞɧɵɟ ɢɡɨɥɹɬɨɪɵ ɩɪɨɜɟɪɹɸɬ ɩɨ ɭɫɥɨɜɢɹɦ: 
ɉɨ ɧɚɩɪɹɠɟɧɢɸ  
 ˖ܷ˔˕ ൑ ܷːˑˏ                                                 ሺͻ.ͻ͵ሻ 

 ͳͲ ˍВ = ͳͲ ˍВ 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ  

  𝐹 ˃˔˚ ൑ 𝐹 ˑ˒                                                 ሺͻ.ͻͶሻ 
 

Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ, ɇ, 
 𝐹 ˃˔˚ = ͻͻ,ͻͻͳ 
 ͻͻ,ͻͻͳ ʜ < Ͳ,͸ · ͳʹͷͲͲ = ͹ͷͲͲ ʜ 
 

Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ 
 𝐼 ˃˔˚ ௠௔௫ ൑ 𝐼 ˑ˒                                              ሺͻ.ͻͷሻ 
 ͵ʹ͵,͵ͳ͸ А < ͸͵Ͳ А 
 

ɉɪɨɯɨɞɧɨɣ ɢɡɨɥɹɬɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɭɫɥɨɜɢɹɦ  
 

9.9 ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɨɡɞɭɲɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ  
 

Ɍɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɰɟɯɨɜɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɩɨɞɫɬɚɧɰɢɢ (0,4 ɤȼ), Ⱥ, 
 𝐼 ˑˏʜʜ = ݇ˊ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = Ͳ,͹ ∙ ͸͵Ͳ√͵ ∙ Ͳ,Ͷ = ͸͵͸,ͷʹ͵                       ሺͻ.ͻ͸ሻ  
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 𝐼 ˃˄.ˏ˃ˍ˔ = ݇ˊ˒ /˃˅ ∙ ܵːˑˏ.˕√͵ ∙ ܷːˑˏʜʜ = ͳ,Ͷ ∙ ͸͵Ͳ√͵ ∙ Ͳ,Ͷ = ͳʹ͹͵,Ͳͷ͹               ሺͻ.ͻ͹ሻ  
 
ɂɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ 

ɜɵɛɢɪɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɨɡɞɭɲɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-450[46] ɫ 
ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 1600 Ⱥ. 
 
Ɍɚɛɥɢɰɚ 18 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ-
450 ˖ܷ˔˕ ൑ ːܷˑˏ ˖ܷ˔˕ = Ͳ,ͶˍВ ːܷˑˏ = Ͳ,Ͷ ˍВ 𝐼˓˃˄.ˏ˃ˍ˔ ൑ 𝐼ːˑˏ 𝐼˓˃˄.ˏ˃ˍ˔ = ͳʹ͹͵,Ͳͷ͹ А 𝐼˓˃˄.ˏ˃ˍ˔ = ͳ͸ͲͲ А 𝐼˒𝜏 ൑ 𝐼ˑ˕ˍˎ.ːˑˏ 𝐼˒𝜏 = ͹,ͺ͵ͻ ˍА 𝐼˒𝜏 = ͶͲ ˍА ݅˖ ൑ ݅˒˓.˔ˍ˅ ݅˖ = ͳͳ,Ͷͳͻ ˍА ݅˖ = ͳͲͲ ˍА ܤʙ ൑ 𝐼ଶ் ∙  ்ݐ

ʙܤ = ͹,ͺ͵ͻଶ ∙ ሺͲ,ͳ + Ͳ,Ͳͳሻ= ͸,͹͸ ˍАଶ ∙ ˔ 
𝐼ଶ் ∙ ்ݐ = ͶͲଶ ∙ ͳ = ͳ͸ͲͲ ˍАଶ ∙ ˔ 

 
10. Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ ɢ ɡɚɡɟɦɥɟɧɢɹ ɝɥɚɜɧɨɣ ɩɨɧɢɡɢɬɟɥɶɧɨɣ 

ɩɨɞɫɬɚɧɰɢɢ  
 

10.1 Ɋɚɫɱɟɬ ɤɨɧɬɭɪɧɨɝɨ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɝɥɚɜɧɨɣ 
ɩɨɧɢɡɢɬɟɥɶɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 
 

Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ[47]: 
ݎ˅  = Ͳ,͵ߩʙ˔ˈˊ.˅ = Ͳ,͵ · ʹͲͲ · ͳ,͹ = ͳͲʹ ʝˏ                                                ሺͳͲ.ͳሻ 
 

ɝɞɟ ߩ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ; 
      ʙ˔ˈˊ.˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɟɡɨɧɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɨɦɟɪɡɚɧɢɟ ɢ 
ɩɪɨɫɵɯɚɧɢɟ ɝɪɭɧɬɚ: ʙ˔ˈˊ.˅ = ͳ,͹. 

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

 
ɝɞɟ ɪɚɫɱɟɬɧɵɣ (ɟɦɤɨɫɬɧɵɣ) ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ: 
 𝐼 = ܷː ∙ ͷͲ͵ˎ˅ܮ = ͵ͷ · ͷ,ʹ͵ͷͲ = Ͳ,ͷʹ А                                                                  ሺͳͲ.͵ሻ 
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Ɍɪɟɛɭɟɦɨɟ ɩɨ ɇɇ ܴˊ˖ଶ = ͳͲ ʝˏ, ɧɨ ɬɚɤ ɤɚɤ ߩ > ͳͲͲ ʝˏ · ˏ, ɬɨ ɞɥɹ 

ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ܴˊ˖.ˇˑ˒ = ܴˊ˖ଶ · Ͳ,Ͳͳߩ = ͳͲ · Ͳ,Ͳͳ · ʹͲͲ = ʹͲ ʝˏ. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
- ɛɟɡ ɭɱɟɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ (ɪɚɫɱɟɬɧɨɟ) 
 𝑁′˅.˓ = ݎܴ́˅ ˖ = ͳͲʹʹͲ = ͷ,ͳ                                                                                  ሺͳͲ.Ͷሻ 

 𝑁′˅.˓ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 6. 
- ɫ ɭɱɟɬɨɦ ɷɤɪɚɧɢɪɨɜɚɧɢɹ 
 𝑁˅.˓ = 𝑁′˃.˓𝜂˅ = ͸Ͳ,ͺ = ͹,ͷ                                                                                   ሺͳͲ.ͷሻ 

 
ɝɞɟ 𝜂˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

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

ɩɥɚɧ. 

 
Ɋɢɫɭɧɨɤ 9 – Ɋɚɡɦɟɳɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ 

 
Ɉɩɪɟɞɟɥɢɦ ɭɬɨɱɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
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ܴ˅ = ˅𝑁˅𝜂ݎ˅ = ͳͲʹͺ · Ͳ,ͺ = ͳͷ,ͻ͵ͺ ʝˏ                                                                ሺͳͲ.͸ሻ 

 ܴˆ = Ͳ,Ͷܮ˒𝜂ˆ · ߩ · ˆ.ˊˈ˔ܭ · lg ʹ · ܾ˒ଶܮ · ݐ =                                                                   ሺͳͲ.͹ሻ = Ͳ,Ͷͳʹͺ · Ͳ,͸Ͷ · ʹͲͲ · Ͷ · lg ʹ · ͳʹͺଶͳ͹,͸ · ͳͲ−ଷ · Ͳ,ͷ = ʹͷ,͸͸ͺ ʝˏ 

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

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

 ሺͳͲ ʝˏሻ ܴˊ˖.ˇˑ˒ > ܴˊ˖ሺͻ,ͺ͵͵  ʝˏሻ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Ɂɍ ɛɭɞɟɬ 
ɷɮɮɟɤɬɢɜɧɵɦ.  

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

10.2 Ɋɚɫɱɟɬ ɦɨɥɧɢɟɡɚɳɢɬɵ Ƚɉɉ  
 

ȼɨ ɜɪɟɦɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɫɟɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢ ɩɪɟɞɨɬɜɪɚɳɚɬɶ 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɢɯ ɭɞɚɪɚɦɢ ɦɨɥɧɢɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ 
ɨɬɤɪɵɬɵɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɦ. 

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

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

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

 ɡɞɚɧɢɹ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɡɚɤɪɵɬɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ;  
 ɡɞɚɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ.  
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Ⱦɥɹ ɡɚɳɢɬɵ ɈɊɍ ɨɬ ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɢ ɩɪɢɦɟɧɹɸɬ ɨɬɞɟɥɶɧɨ 
ɫɬɨɹɳɢɟ ɫɬɟɪɠɧɟɜɵɟ ɦɨɥɧɢɟɨɬɜɨɞɵ ɢɥɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɬɟɪɠɧɟɜɵɟ 
ɦɨɥɧɢɟɨɬɜɨɞɵ ɧɚ ɩɨɪɬɚɥɚɯ ɩɨɞɫɬɚɧɰɢɢ ɫɨ ɫɜɨɢɦ ɨɛɨɫɨɛɥɟɧɧɵɦɢ 
ɡɚɡɟɦɥɢɬɟɥɹɦɢ. 

ɋɬɚɧɞɚɪɬɧɨɣ ɡɨɧɨɣ ɡɚɳɢɬɵ ɨɞɢɧɨɱɧɨɝɨ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ 
ɜɵɫɨɬɨɣ h = 16 ɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɤɪɭɝɨɜɨɣ ɤɨɧɭɫ, ɜɟɪɲɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚɞɚɟɬ 
ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ ɦɨɥɧɢɟɨɬɜɨɞɚ.  
 ɉɨ ɫɬɚɧɞɚɪɬɭ ɨɪɝɚɧɢɡɚɰɢɢ ɋɈ 153-34.21.122-2003 ɩɨɞɫɬɚɧɰɢɢ ɨɬɧɨɫɹɬɫɹ 
ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɴɟɤɬɚɦ ɢ ɩɨ ɨɬɪɚɫɥɟɜɨɦɭ ɪɭɤɨɜɨɞɹɳɟɦɭ ɞɨɤɭɦɟɧɬɭ ɊȾ 153-
34.3-35.125-99, ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɳɢɬɵ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɚ ɢɥɢ 
ɛɨɥɟɟ 0,995. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɱɢɬɚɟɦ ɡɨɧɭ ɡɚɳɢɬɵ ɦɟɠɞɭ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ 
ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɹɜ ɜɵɫɨɬɭ ɦɨɥɧɢɟɨɬɜɨɞɚ ɪɚɜɧɨɣ 16 ɦ. 

ȼɵɫɨɬɚ ɡɨɧɵ ɜ ɜɢɞɟ ɤɨɧɭɫɚ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [47, ɬɚɛɥ. 1.2] ɢ ɪɚɜɧɚ: 
 ℎ଴ = Ͳ,͹ʹ · ℎ = Ͳ,͹ʹ · ͳ͸ = ͳͳ,ͷʹ                                                               ሺͳͲ.ͻሻ 

 
Ɋɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ɧɚ ɭɪɨɜɧɟ ɡɟɦɥɢ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [40, ɬɚɛɥ. 1.2] 

ɢ ɪɚɜɟɧ, 
଴ݎ  = Ͳ,͹Ͳ · ℎ = Ͳ,͹Ͳ · ͳ͸ = ͳͳ,ʹ                                                                ሺͳͲ.ͳͲሻ 
 
Ɋɚɞɢɭɫ ɡɨɧɵ ɡɚɳɢɬɵ ݎ௫ ɧɚ ɜɵɫɨɬɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ℎ௫ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ, ɦ, 
௫ݎ  = ଴ݎ · ሺℎ଴ − ℎ௫ሻℎ଴ = ͳͳ,ʹ · ሺͳͳ,ͷʹ − ͵,ͷͺሻͳͳ,ͷʹ = ͹,͹ͳͻ                           ሺͳͲ.ͳͳሻ 

 
ɝɞɟ ݎ଴ ɪɚɞɢɭɫ ɤɨɧɭɫɚ, ɦ;        ℎ଴ ɜɵɫɨɬɚ ɤɨɧɭɫɚ, ɦ;         ℎ௫ ɜɵɫɨɬɚ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɦ ɧɚ ɨɬɤɪɵɬɨɦ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 35 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɦ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɡɨɧɵ ɡɚɳɢɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɱɟɦ ɭ 
ɨɞɢɧɨɱɧɵɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɚ ɢ ɛɨɥɟɟ.  

Ɇɨɥɧɢɟɨɬɜɨɞ ɫɱɢɬɚɟɬɫɹ ɞɜɨɣɧɵɦ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ ܮ ɦɟɠɞɭ 
ɫɬɟɪɠɧɟɜɵɦɢ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ܮெ𝐴𝑋  ɢ ܮ𝐶, 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨ ɮɨɪɦɭɥɚɦ: 

ெ𝐴𝑋ܮ  = Ͷ,͵ͷ · ℎ = Ͷ,͵ͷ · ͳ͸ = ͸ͻ,͸ ˏ                                                      ሺͳͲ.ͳʹሻ 
𝐶ܮ  = ʹ,ʹͷ · ℎ = ʹ,ʹͷ · ͳ͸ = ͵͸ ˏ                                                               ሺͳͲ.ͳ͵ሻ 
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 ɉɪɢ ܮ < 𝐶ܮ  ɝɪɚɧɢɰɚ ɡɨɧɵ ɡɚɳɢɬɵ ɧɟ ɢɦɟɟɬ ɩɪɨɜɟɫɚ ɚ ɡɧɚɱɢɬ ℎ𝐶 = ℎ଴ 
ܮ  = ͵Ͷ,͸͵ ˏ < ͵͸ ˏ 
 

Ɍɨɝɞɚ ɲɢɪɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɰɟɧɬɪɟ ɦɟɠɞɭ 
ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ ɧɚ ɜɵɫɨɬɟ, ɦ, 

௫ݎ  = ଴ݎ · ሺℎ଴ − ℎ௫ሻℎ଴ = ͳͳ,ʹ · ሺͳͳ,ͷʹ − ͵,ͷ͸ሻͳͳ,ͷʹ = ͸,͵͵ͻ                           ሺͳͲ.ͳͶሻ 

 
ɇɢɠɟ, ɧɚ ɪɢɫɭɧɤɟ 10 ɦɟɠɞɭ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɨɧɚ ɡɚɳɢɬɵ ɫ ɪɚɫɱɟɬɧɵɦɢ ɞɚɧɧɵɦɢ. 

 
Ɋɢɫɭɧɨɤ 10 – Ɂɨɧɚ ɡɚɳɢɬɵ ɦɟɠɞɭ 1 ɢ 2 ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɡɨɧɚ ɡɚɳɢɬɵ ɦɟɠɞɭ 1 ɢ 3 ɦɨɞɧɢɟɨɬɜɨɞɨɦ. 
ɂɡ ɪɢɫɭɧɤɚ 11 ɜɢɞɧɨ, ɱɬɨ ɡɨɧɚ ɡɚɳɢɬɵ ɧɟ ɢɦɟɟɬ ɩɪɨɜɚɥɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

ɨɬ ɡɟɦɥɢ ɜ ℎ௫, ɚ ɡɧɚɱɢɬ ɞɥɹ ɜɫɟɝɨ Ƚɉɉ ɡɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ. 

 
Ɋɢɫɭɧɨɤ 11 – Ɂɨɧɚ ɡɚɳɢɬɵ ɱɟɬɵɪɟɯ ɫɬɟɪɠɧɟɜɵɯ ɦɨɥɧɢɟɨɬɜɨɞɨɜ 

 
11. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ–4000/35 
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Ɇɧɨɝɨɮɚɡɧɵɟ ɢɥɢ ɦɟɠɞɭɮɚɡɧɵɟ ɄɁ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɬɨɤ ɄɁ 
ɧɚɝɪɟɜɚɟɬ ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɩɪɟɞɟɥɚ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ. 

Ɉɫɧɨɜɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ[50]: 
– ɨɞɧɨɮɚɡɧɵɟ ɄɁ ɧɚ ɜɵɜɨɞɚɯ; 
– ɦɧɨɝɨ ɢɥɢ ɦɟɠɞɭɮɚɡɧɵɟ ɄɁ ɜ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɧɚ 

ɜɵɜɨɞɚɯ; 
– ɩɨɠɚɪ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ. 
ȼɢɬɤɨɜɵɟ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɚɯ ɢ ɩɨɠɚɪ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ ɦɨɝɭɬ 

ɹɜɥɹɬɶɫɹ ɩɪɢɱɢɧɚɦɢ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɨɷɬɨɦɭ ɪɟɥɟɣɧɚɹ 
ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɦɝɧɨɜɟɧɧɨ ɫɪɚɛɚɬɵɜɚɬɶ ɧɚ ɜɫɟ ɜɢɞɵ ɩɨɜɪɟɠɞɟɧɢɣ.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɢɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɦɝɧɨɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɝɚɡɨɜɚɹ ɡɚɳɢɬɚ. 

ɇɟɧɨɪɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ: 
– ɪɟɠɢɦ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɛɚɤɟ; 
– ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɟɪɟɝɪɭɡɤɚ; 
– ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ; 
– ɜɧɟɲɧɢɟ ɄɁ. 
ɉɪɢ ɜɧɟɲɧɢɯ ɄɁ ɜɨɡɧɢɤɚɟɬ ɪɟɠɢɦ ɫɜɟɪɯɬɨɤɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɡɜɚɬɶ 

ɩɟɪɟɝɪɟɜ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɨɛɦɨɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ 
ɜɨɡɞɟɣɫɬɜɢɢ. ɉɨɷɬɨɦɭ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɬɚɤɨɝɨ ɪɟɠɢɦɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ – ɆɌɁ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ. 

Ɍɚɤɚɹ ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɤɨɬɨɪɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ – ݐɫɡ = ݐɫɡ 
ɫɦ.ɷɥ + ∆ݐ, ˕˃ˍ ˍ˃ˍ ˏˆːˑ˅ˈːːˑˈ ˔˓˃˄˃˕ы˅˃ːˋˈ ːˈ ˕˓ˈ˄˖ˈ˕˔я  

ɍɜɟɥɢɱɟɧɢɟ ɬɨɤɚ ɫɜɟɪɯ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɜɵɡɜɚɧɧɵɦ ɩɟɪɟɝɪɭɡɤɨɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɟɜɭ, ɚ ɜ ɫɥɟɞɫɬɜɢɢ ɢ ɤ ɭɫɤɨɪɟɧɢɸ ɢɡɧɨɫɚ 
ɢɡɨɥɹɰɢɢ, ɢ ɟɟ ɩɨɜɪɟɠɞɟɧɢɸ. 

ɉɟɪɟɝɪɭɡɤɚ ɹɜɥɹɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɵɦ ɪɟɠɢɦɨɦ, ɚ ɡɧɚɱɢɬ ɞɥɹ ɡɚɳɢɬɵ 
ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɚɧɨɜɢɬɶ ɪɟɥɟ ɬɨɥɶɤɨ ɧɚ ɨɞɧɭ ɮɚɡɭ, ɩɪɢ ɷɬɨɦ ɨɧɨ ɛɭɞɟɬ 
ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɢɝɧɚɥ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɩɨ ɪɚɡɝɪɭɡɤɟ.  

 
11.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɊɁ 

 
1. ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɵ, Ⱥ, 
 𝐼˅ = ܵː√͵ · ܷː˅ = ͶͲͲͲ√͵ · ͵ͷ = ͸ͷ,ͻͺ͵                                                               ሺͳͳ.ͳሻ 
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ɝɞɟ ܵː – ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ·Ⱥ; 
      ܷː˅  – ɧɚɩɪɹɠɟɧɢɟ ȼɇ, ɤȼ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ, 
 

 𝐼T୅ଵ˓˃˔˚ = 𝐼˅ · ݇˔˘ = ͸ͷ,ͻͺ͵ · ͳ = ͸ͷ,ͻͺ͵                                                ሺͳͳ.ʹሻ 
 
ɝɞɟ ݇˔˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɬɚɤ ɤɚɤ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
«ɡɜɟɡɞɚ», ݇˔˘ = ͳ. 

ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈɅ–ɋɗɓ–35-150/5: 
– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 𝐼 ˑˏ = ͳͷͲ А; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ்݊𝐴ଵ = ͳͷͲ/ͷ. 

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

– ɧɚ ɫɬɨɪɨɧɟ ɇɇ: 
 ்݊௏ଵ = ܷː˅ͳͲͲ = ͵ͷͲͲͲͳͲͲ                                                                                       ሺͳͳ.͵ሻ 

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

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

 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɄɁ ɩɪɢɦɟɧɹɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ 

ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ. Ʉɨɦɩɥɟɤɬ ɡɚɳɢɬɵ: ɲɤɚɮ ɒɗ2607 151. 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ. 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ, 
 𝐼 ˊ = Ͷ · 𝐼˅ = Ͷ · ͸ͷ,ͻͺ͵ = ʹ͸͵,ͻ͵ʹ                                                       ሺͳͳ.ͷሻ 
 

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

 𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଵ = ͳ͸Ͷͻ,ͷ͹ʹ ͳͳͷͲͷ = ͺ,͹ͻͺ                                                 ሺͳͳ.͸ሻ 

 



 
 

Иǚ ƾǛǤ № ǂǡǗǢ. ДǓǥ
Дǂ-13.03.02.07 

69 

ƾǛǤ
     

     

݇˚ = √͵ · 𝐼௠𝑖௡ሺଶሻʹ𝐼 ˊ = √͵ · ͺͳͳͺ · √͵ʹʹ · ʹ͸͵,ͻ͵ʹ = ʹ͵,Ͳ͹ > ʹ                                          ሺͳͳ.͹ሻ 

 
ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 
 

11.3 Ɂɚɳɢɬɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɜɧɟɲɧɢɯ ɄɁ 
 

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

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ, 
 𝐼 ˊ = ݇ː · ݇˔ˊ݇˅ · 𝐼 ˃˄ ˏ˃ˍ˔ = ͳ,͵ · ʹͲ,ͺͷ · ͸ͷ,ͻͺ͵ · ͳ,Ͷ = ʹͺʹ,ͷ͸ʹ                   ሺͳͳ.ͺሻ 

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

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ 
 𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଵ = ʹͺʹ,ͷ͸ʹ · ͳͳͷͲͷ = ͻ,Ͷͳͺ                                              ሺͳͳ.ͻሻ 

 
ɉɪɨɜɟɪɤɚ ɡɚɳɢɬɵ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 

 

݇˚ = √͵ · 𝐼௠𝑖௡ሺଶሻʹ𝐼 ˊ = √͵ · ͺͳͳͺ · √͵ʹʹ · ʹͺʹ,ͷ͸ʹ = ʹͳ,ͷ͹ > ͳ,ͷ                                    ሺͳͳ.ͳͲሻ 

 
Ɂɧɚɱɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ, 
ˊ˔ݐ  = ˏ̝ˊ˔ݐ .эˎ + ݐ∆ = ͳ + Ͳ,ͷ = ͳ,ͷ                                                               ሺͳͳ.ͳͳሻ 
 
11.4 Ɂɚɳɢɬɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɦɟɧɹɸɬ 

ɆɌɁ ɨɬ ɩɟɪɟɝɪɭɡɨɤ. Ʉɨɦɩɥɟɤɬ ɡɚɳɢɬɵ: ɲɤɚɮ ɒɗ2607 151. 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɚ, Ⱥ, 
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𝐼 ˊ = ݇ː݇˅ · 𝐼 ˃˄.ˏ˃ˍ˔ = ͳ,ͲͷͲ,ͺͷ · ͸ͷ,ͻͺ͵ · ͳ,Ͷ = ͳͳͶ,ͳͳʹ                            ሺͳͳ.ͳʹሻ 

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

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ, 
 𝐼 ˓ = 𝐼 ˊ · ݇˔˘݊˕˃ଶ = ͳͳͶ,ͳͳʹ · ͳͳͷͲͷ = ͷ,ͺͲͶ                                                ሺͳͳ.ͳ͵ሻ 

 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɆɌɁ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɟ ɩɪɨɜɟɪɹɟɬɫɹ. 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɨɱɟɪɟɞɢ: 𝐼 ˊ𝐼 = ͻ − ͳͲ ˔ – ɫɢɝɧɚɥ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɡɝɪɭɡɤɚ; 𝐼 ˊ = ͶͲ ˏˋː – ɨɬɤɥɸɱɟɧɢɟ. 

 
11.5 Ɂɚɳɢɬɚ ɨɬ ɩɨɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 
ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.  
ɒɤɚɮ ɡɚɳɢɬɵ: ɒɗ2607 151. Ʉɨɦɩɥɟɤɬ ɡɚɳɢɬɵ: 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɤȼ, 
 ˔ܷˊ = Ͳ,͹ ∙ ܷːˑˏ = Ͳ,͹ · ͵ͷ = ʹͶ,ͷ                                                         ሺͳͳ.ͳͶሻ 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, ȼ, 
 

˔ܷ˓ = ˔ܷˊ்݊௏ଵ = ʹͶͷͲͲ͵ͷͲͲͲͳͲͲ = ͹Ͳ                                                                 ሺͳͳ.ͳͷሻ 

 
12. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ  
 
ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ – ɫɢɫɬɟɦɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 

ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɫɪɟɞɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɳɢɬɭ ɥɸɞɟɣ ɨɬ ɜɪɟɞɧɨɝɨ ɢ 
ɨɩɚɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɬɨɤɚ, ɷɥɟɤɬɪɨɞɭɝɢ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ 
ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. 

 Ɍɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɞɨ 1000 ȼ ɩɪɢɦɟɧɹɟɦ 
ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɢɥɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜ ɡɚɳɢɬɧɵɟ ɤɨɠɭɯɢ. 
Ƚɞɟ ɷɬɨ ɫɞɟɥɚɬɶ ɧɟɜɨɡɦɨɠɧɨ ɨɝɪɚɠɞɚɟɦ ɡɨɧɭ ɛɚɪɶɟɪɚɦɢ. ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ 
ɨɛɨɥɨɱɟɤ ɢ ɨɝɪɚɠɞɟɧɢɟ ɧɟ ɦɟɧɟɟ IP2X. ȼɫɟ ɩɪɨɜɨɞɧɢɤɢ ɡɚɡɟɦɥɹɟɦ. PEN- 
ɩɪɨɜɨɞɧɢɤ ɧɚ ɜɜɨɞɟ ɜ ɩɨɦɟɳɟɧɢɟ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɜɬɨɪɧɨ ɡɚɡɟɦɥɟɧ. 
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ȼɫɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɡɚɜɨɞɟ ɡɚɡɟɦɥɟɧɵ. Ɍɪɟɯɮɚɡɧɭɸ ɫɟɬɶ ɞɨ 1000 ȼ ɫ 
ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɜɵɩɨɥɧɹɟɦ ɫ ɡɚɳɢɬɧɵɦ ɧɭɥɟɜɵɦ ɩɪɨɜɨɞɧɢɤɨɦ. 

ȼɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɚɪɤɢɪɭɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ. 
Ɉɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɩɪɨɯɨɞɢɬɶ ɩɨɜɬɨɪɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ 
ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɩɨɥɝɨɞɚ. ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟ 
ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɛɨɬ ɩɪɨɜɨɞɢɬɫɹ ɰɟɥɟɜɨɣ ɢɧɫɬɪɭɤɬɚɠ. ȼɫɟ ɩɥɚɧɨɜɵɟ ɢ 
ɜɧɟɩɥɚɧɨɜɵɟ ɢɧɫɬɪɭɤɬɚɠɢ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɠɭɪɧɚɥɟ. 
Ɉɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɛɨɬ ɞɨɥɠɟɧ ɢɦɟɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɪɭɩɩɭ ɞɨɩɭɫɤɚ. 

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

ȼ ɩɪɨɟɤɬɟ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɱɟɝɨ ɜɵɛɪɚɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ.  

ɋ ɰɟɥɶɸ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɹɜɥɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɤɨɠɭɯɚɯ, ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɟɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ, ɤɨɪɩɭɫɚɯ, 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɲɚɝɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɫɬɟɩɟɧɢ 
ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ: 

a) ɢɡɨɥɹɰɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢ ɟɟ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ - ɷɬɨ 
ɢɡɦɟɪɟɧɢɟ ɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɪɢɟɦɤɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɩɨɫɥɟ ɦɨɧɬɚɠɚ, 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɜ ɫɪɨɤɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɩɪɚɜɢɥɚɦɢ, ɢɥɢ ɜ ɫɥɭɱɚɟ 
ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ. ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɢɦɵɟ ɧɚ ɨɬɤɥɸɱɟɧɧɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ ɨɬɞɟɥɶɧɵɯ 
ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 
ɢ ɬ.ɩ. ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɹɬɫɹ ɦɟɝɨɦɦɟɬɪɨɦ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɧɨɪɦɚɦɢ, 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɦɢ ɜ ɆɉɈɌ, ɉɍɗ ɉɌɗɗɉ ɢ ɉɉȻ. 

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

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

Ɉɉɇ (ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ). 
 

13. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ ɩɨɬɟɪɢ ɜ ɋɗɋ 
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Ʉɚɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ — ɫɬɟɩɟɧɶ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. [51] 

Ʉɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ (ɱɚɫɬɨɬɵ, 
ɧɚɩɪɹɠɟɧɢɹ, ɮɨɪɦɚ ɤɪɢɜɨɣ ɬɨɤɚ) ɜ ɭɡɥɚɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɭɪɨɜɧɟɣ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.  
ɋɧɢɠɟɧɢɟ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ: 

 ɉɨɜɵɲɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɚɜɚɪɢɢ; 
 ɍɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ; 
 ɍɦɟɧɶɲɟɧɢɟ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 ȼɥɢɹɧɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɷɥɟɤɬɪɨɢɡɦɟɪɟɧɢɣ; 
 Ɂɚɦɟɬɧɵɟ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢёɦɧɢɤɨɜ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɱɢɯ 
ɦɟɯɚɧɢɡɦɨɜ. [52] 

Ɂɚɱɚɫɬɭɸ ɭɯɭɞɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɜɹɡɚɧɨ ɫ 
ɭɫɢɥɟɧɢɟɦ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɱɟɪɟɡ ɨɛɳɭɸ ɫɟɬɶ, ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɟɥɢɧɟɣɧɵɯ ɢ ɭɞɚɪɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ. ɑɬɨɛɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɷɬɨ ɜɥɢɹɧɢɟ ɨɛɪɚɳɚɸɬɫɹ ɤ ɩɨɧɹɬɢɸ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɫɬɟɩɟɧɶ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɪɭɲɟɧɢɹ 
ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɢ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɧɢɠɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɟɞɟɥɚ. [53] 

ɂɦɟɧɧɨ ɧɟɥɢɧɟɣɧɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹ. Ƚɚɪɦɨɧɢɱɟɫɤɢɟ ɬɨɤɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ, ɫɨɡɞɚɸɬ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɩɨɥɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. [51] 

ɉɨɤɚɡɚɬɟɥɹɦɢ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ 
ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɸɬɫɹ: 
- ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 40-
ɝɨ ɩɨɪɹɞɤɚ ܭ௎ሺ௡ሻ ɜ ɩɪɨɰɟɧɬɚɯ ɧɚɩɪɹɠɟɧɢɹ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ଵܷ ɜ ɬɨɱɤɟ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: ܭ௎ሺ௡ሻ = ሺܷ௡ሻଵܷ ∙ ͳͲͲ%.                                                                                            ሺͳ͵.ͳሻ 

- ɡɧɚɱɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɹ (ɨɬɧɨɲɟɧɢɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɫɭɦɦɵ ɜɫɟɯ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɞɨ 40-ɝɨ ɩɨɪɹɞɤɚ ɤ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɦɭ 
ɡɧɚɱɟɧɢɸ ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ) ܭ௎ ɜ ɩɪɨɰɟɧɬɚɯ ɜ ɬɨɱɤɟ ɩɟɪɟɞɚɱɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: 

௎ܭ = √∑ ሺܷ௡ሻଶே௡=ଶܷଵ ∙ ͳͲͲ%.                                                                                    ሺͳ͵.ʹሻ 
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ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɝɚɪɦɨɧɢɤɢ ɬɨɤɚ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɢɫɬɟɦɵ ɜ ɬɨɱɤɟ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɢɫɤɚɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɹɬ 
ɤ ɛɨɥɶɲɢɦ ɩɨɬɟɪɹɦ. ɗɬɨ ɬɚɤ ɠɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ, ɟɫɥɢ ɧɚ ɜɯɨɞɟ ɭ ɩɨɬɪɟɛɢɬɟɥɹ 
ɧɢɡɤɢɟ ɭɪɨɜɧɢ ɢɫɤɚɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɧɢ ɫɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɧɚɝɪɭɠɟɧɵ 
ɜɵɲɟ ɧɨɪɦɵ.  

 
13.1 ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɷɥɟɦɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
 
ȼɵɫɲɢɟ ɝɚɪɦɨɧɢɤɢ (ȼȽ) – ɷɬɨ ɬɨɤɢ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ, ɱɚɫɬɨɬɚ ɤɨɬɨɪɵɯ 

ɩɪɟɜɵɲɚɟɬ ɨɫɧɨɜɧɨɟ ɤɨɥɟɛɚɧɢɟ 50/60 Ƚɰ ɢ ɤɪɚɬɧɚ ɷɬɨɣ ɱɚɫɬɨɬɟ ɨɫɧɨɜɧɨɝɨ 
ɤɨɥɟɛɚɧɢɹ.[54] 

ɂɫɬɨɱɧɢɤɢ (ɭɫɢɥɢɬɟɥɢ) ɝɚɪɦɨɧɢɤ: 
 ɬɢɪɢɫɬɨɪɧɵɟ ɤɨɧɬɪɨɥɥɟɪɵ;  
 ɱɚɫɬɨɬɧɵɟ ɩɪɢɜɨɞɵ;  
 ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ;  
 ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

(ɛɟɡ ɮɢɥɶɬɪɨɜ);  
 ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ;  
 ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ; 
 ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɪɟɚɤɬɨɪɵ;  
 ɧɟɥɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ, ɢɫɤɚɠɚɸɳɚɹ ɮɨɪɦɭ ɤɪɢɜɨɣ ɬɨɤɚ, ɱɬɨ 

ɝɟɧɟɪɢɪɭɟɬ ɝɚɪɦɨɧɢɤɢ. [55] 
ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɷɥɟɦɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ: 
1. ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɜɪɚɳɚɸɳɢɟɫɹ ɦɚɲɢɧɵ. 
Ƚɚɪɦɨɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɩɪɢɜɨɞɹɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ ɜ 

ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ, ɜ ɰɟɩɹɯ ɪɨɬɨɪɚ, ɚ ɬɚɤɠɟ ɜ ɫɬɚɥɢ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ. ɉɨɬɟɪɢ ɜ 
ɩɪɨɜɨɞɧɢɤɚɯ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɢɡ-ɡɚ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɷɮɮɟɤɬɚ ɩɪɢ ɷɬɨɦ ɛɨɥɶɲɟ, ɱɟɦ ɨɩɪɟɞɟɥɹɟɦɵɟ ɨɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

Ɍɨɤɢ ɭɬɟɱɤɢ, ɜɵɡɵɜɚɟɦɵɟ ɝɚɪɦɨɧɢɤɚɦɢ ɜ ɬɨɪɰɟɜɵɯ ɡɨɧɚɯ ɫɬɚɬɨɪɚ ɢ 
ɪɨɬɨɪɚ, ɩɪɢɜɨɞɹɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ. ȼ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ ɫ 
ɪɨɬɨɪɨɦ ɫɨ ɫɤɨɲɟɧɧɵɦɢ ɩɚɡɚɦɢ ɢ ɩɭɥɶɫɢɪɭɸɳɢɦɢ ɦɚɝɧɢɬɧɵɦɢ ɩɨɬɨɤɚɦɢ ɜ 
ɫɬɚɬɨɪɟ ɢ ɪɨɬɨɪɟ ɜɵɫɲɢɟ ɝɚɪɦɨɧɢɤɢ ɜɵɡɵɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɜ 
ɫɬɚɥɢ. ȼɟɥɢɱɢɧɚ ɷɬɢɯ ɩɨɬɟɪɶ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɫɤɨɫɚ ɩɚɡɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ. 

ɋɪɟɞɧɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɨɬ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ ɞɚɧɧɵɦɢ; ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 14 %; ɰɟɩɢ ɪɨɬɨɪɚ 41 %; ɬɨɪɰɟɜɵɟ 
ɡɨɧɵ 19 %; ɚɫɢɦɦɟɬɪɢɱɧɵɟ ɩɭɥɶɫɚɰɢɢ 26 %. 

Ɂɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɨɬɟɪɶ ɧɚ ɚɫɢɦɦɟɬɪɢɱɧɵɟ ɩɭɥɶɫɚɰɢɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ 
ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧɚɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɚɧɚɥɨɝɢɱɧɨ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɫɟɞɧɢɟ ɧɟɱɟɬɧɵɟ ɝɚɪɦɨɧɢɤɢ ɜ ɫɬɚɬɨɪɟ 
ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɜɵɡɵɜɚɸɬ ɜ ɪɨɬɨɪɟ ɝɚɪɦɨɧɢɤɢ ɱɟɬɧɨɣ ɱɚɫɬɨɬɵ. 
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ɇɚɩɪɢɦɟɪ, 5-ɹ ɢ 7-ɹ ɝɚɪɦɨɧɢɤɢ ɜ ɫɬɚɬɨɪɟ ɜɵɡɵɜɚɸɬ ɜ ɪɨɬɨɪɟ ɝɚɪɦɨɧɢɤɢ ɬɨɤɚ 
6-ɝɨ ɩɨɪɹɞɤɚ, ɜɪɚɳɚɸɳɢɟɫɹ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ - 
ɨɞɧɨ ɢɡ ɫɚɦɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɹɜɥɟɧɢɣ, ɜɵɡɵɜɚɟɦɨɟ ɝɚɪɦɨɧɢɤɚɦɢ ɜɨ 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɲɢɧɚɯ. Ɉɧɢ ɩɪɢɜɨɞɹɬ ɤ ɩɨɜɵɲɟɧɢɸ ɨɛɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɚɲɢɧɵ ɢ ɤ ɦɟɫɬɧɵɦ ɩɟɪɟɝɪɟɜɚɦ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɜ ɪɨɬɨɪɟ. Ⱦɜɢɝɚɬɟɥɢ ɫ 
ɪɨɬɨɪɨɦ ɬɢɩɚ «ɛɟɥɢɱɶɹ ɤɥɟɬɤɚ» ɞɨɩɭɫɤɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɨɬɟɪɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɭ, ɱɟɦ ɞɜɢɝɚɬɟɥɢ ɫ ɮɚɡɧɵɦ ɪɨɬɨɪɨɦ. ɇɟɤɨɬɨɪɵɟ ɪɭɤɨɜɨɞɫɬɜɚ 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ 
ɝɟɧɟɪɚɬɨɪɟ 10 %, ɚ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ 
ɜɜɨɞɚɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 2 %. Ⱦɨɩɭɫɬɢɦɨɫɬɶ ɝɚɪɦɨɧɢɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɬɨɦɭ, ɤɚɤɢɟ ɭɪɨɜɧɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɧɢ ɫɨɡɞɚɸɬ. 

Ɇɨɦɟɧɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɵɟ ɝɚɪɦɨɧɢɤɚɦɢ. Ƚɚɪɦɨɧɢɤɢ ɬɨɤɚ ɜ ɫɬɚɬɨɪɟ 
ɜɵɡɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɨɦɟɧɬɵ ɜɪɚɳɟɧɢɹ: ɝɚɪɦɨɧɢɤɢ, ɨɛɪɚɡɭɸɳɢɟ 
ɩɪɹɦɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɚ ɨɛɪɚɡɭɸɳɢɟ 
ɨɛɪɚɬɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ – ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

Ɍɨɤɢ ɝɚɪɦɨɧɢɤ ɜ ɫɬɚɬɨɪɟ ɦɚɲɢɧɵ ɜɵɡɵɜɚɸɬ ɷɥɟɤɬɪɨɞɜɢɠɭɳɭɸ ɫɢɥɭ, 
ɩɪɢɜɨɞɹɳɭɸ ɤ ɩɨɹɜɥɟɧɢɸ ɧɚ ɜɚɥɭ ɜɪɚɳɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɝɚɪɦɨɧɢɤɢ. Ɉɛɵɱɧɨ ɨɧɢ ɨɱɟɧɶ ɦɚɥɵ ɢ ɤ ɬɨɦɭ ɠɟ 
ɱɚɫɬɢɱɧɨ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɢɡ-ɡɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. ɇɟɫɦɨɬɪɹ 
ɧɚ ɷɬɨ, ɨɧɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɜɢɛɪɚɰɢɹɦ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ. [56] 

2. ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
Ƚɚɪɦɨɧɢɤɢ ɬɨɤɚ ɜ ɥɢɧɢɹɯ ɩɪɢɜɨɞɹɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ ɦɨɳɧɨɫɬɢ 

ɢ ɩɚɞɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ. 
ȼ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɹɯ ɝɚɪɦɨɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɞɢɷɥɟɤɬɪɢɤ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɜɟɥɢɱɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɚɦɩɥɢɬɭɞɵ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɜɟɥɢɱɢɜɚɟɬ ɱɢɫɥɨ ɩɨɜɪɟɠɞɟɧɢɣ ɤɚɛɟɥɹ ɢ 
ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɨɜ. 

ȼ ɥɢɧɢɹɯ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɝɚɪɦɨɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɬɨɣ ɠɟ 
ɩɪɢɱɢɧɟ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ ɧɚ ɤɨɪɨɧɭ. 

3. ȼɥɢɹɧɢɹ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
Ƚɚɪɦɨɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɜɵɡɵɜɚɸɬ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ 

ɧɚ ɝɢɫɬɟɪɟɡɢɫ ɢ ɩɨɬɟɪɶ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɢɯɪɟɜɵɦɢ ɬɨɤɚɦɢ ɜ ɫɬɚɥɢ, ɚ ɬɚɤɠɟ 
ɩɨɬɟɪɶ ɜ ɨɛɦɨɬɤɚɯ. ɋɨɤɪɚɳɚɟɬɫɹ ɬɚɤɠɟ ɫɪɨɤ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ ɜ ɨɛɦɨɬɤɚɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɨ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɬɚɤ ɤɚɤ ɧɚɥɢɱɢɟ ɮɢɥɶɬɪɚ, ɩɪɢɫɨɟɞɢɧɹɟɦɨɝɨ ɨɛɵɱɧɨ ɤ 
ɫɬɨɪɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɧɟ ɫɧɢɠɚɟɬ ɝɚɪɦɨɧɢɤɢ ɬɨɤɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 
ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɛɨɥɶɲɭɸ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
ɇɚɛɥɸɞɚɸɬɫɹ ɬɚɤɠɟ ɥɨɤɚɥɶɧɵɟ ɩɟɪɟɝɪɟɜɵ ɛɚɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ ɚɫɩɟɤɬ ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɪɦɨɧɢɤ ɧɚ ɦɨɳɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɫɬɨɢɬ ɜ ɰɢɪɤɭɥɹɰɢɢ ɭɬɪɨɟɧɧɨɝɨ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ 
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ɨɛɦɨɬɤɚɯ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɪɟɭɝɨɥɶɧɢɤ. ɗɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɩɟɪɟɝɪɭɡɤɟ. 
[57] 

4. ȼɥɢɹɧɢɟ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɩɪɢɜɨɞɹɬ ɤ ɢɯ 

ɩɟɪɟɝɪɟɜɭ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ 
ɞɨɩɭɫɤɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɨɤɨɜɭɸ ɩɟɪɟɝɪɭɡɤɭ. Ʉɨɧɞɟɧɫɚɬɨɪɵ, ɜɵɩɭɫɤɚɟɦɵɟ ɜ 
ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ, ɞɨɩɭɫɤɚɸɬ ɩɟɪɟɝɪɭɡɤɭ 15 %, ɜ ȿɜɪɨɩɟ ɢ Ⱥɜɫɬɪɚɥɢɢ – 30 %, 
ɜ ɋɒȺ – 80 %, ɜ ɋɇȽ – 30 %. ɉɪɢ ɩɪɟɜɵɲɟɧɢɢ ɷɬɢɯ ɜɟɥɢɱɢɧ, 
ɧɚɛɥɸɞɚɸɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ, ɩɨɜɵɲɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɢ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ 
ɜɜɨɞɚɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɩɨɫɥɟɞɧɢɟ ɩɟɪɟɝɪɟɜɚɸɬɫɹ ɢ ɜɵɯɨɞɹɬ ɢɡ ɫɬɪɨɹ. [56] 

5. ȼɥɢɹɧɢɟ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɧɚ ɭɫɬɪɨɣɫɬɜɚ ɡɚɳɢɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦ 
Ƚɚɪɦɨɧɢɤɢ ɦɨɝɭɬ ɧɚɪɭɲɚɬɶ ɪɚɛɨɬɭ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɵ ɢɥɢ ɭɯɭɞɲɚɬɶ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɏɚɪɚɤɬɟɪ ɧɚɪɭɲɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ 
ɭɫɬɪɨɣɫɬɜɚ. ɐɢɮɪɨɜɵɟ ɪɟɥɟ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 
ɚɧɚɥɢɡɟ ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ ɢɥɢ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 
ɝɚɪɦɨɧɢɤɚɦ. Ɍɨ ɟɫɬɶ ɜɨɡɦɨɠɧɵ ɥɨɠɧɵɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ.  

ɑɚɳɟ ɜɫɟɝɨ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɫɭɳɟɫɬɜɟɧɧɵ. Ȼɨɥɶɲɢɧɫɬɜɨ ɬɢɩɨɜ 
ɪɟɥɟ ɧɨɪɦɚɥɶɧɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɫɤɚɠɟɧɢɹ ɞɨ 20 %. Ɉɞɧɚɤɨ 
ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɦɨɳɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɫɟɬɹɯ ɦɨɠɟɬ ɜ ɛɭɞɭɳɟɦ 
ɢɡɦɟɧɢɬɶ ɫɢɬɭɚɰɢɸ. [51,56] 

6. ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɢɡɦɟɪɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ 
ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɨɛɵɱɧɨ ɤɚɥɢɛɪɭɸɬɫɹ ɩɪɢ ɱɢɫɬɨ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɢ ɭɜɟɥɢɱɢɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɧɚɥɢɱɢɢ 
ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ. ȼɟɥɢɱɢɧɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɝɚɪɦɨɧɢɤ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɬɚɤ ɤɚɤ ɡɧɚɤ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟɦ ɝɚɪɦɨɧɢɤ. 
ɉɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ, ɜɵɡɵɜɚɟɦɵɟ ɝɚɪɦɨɧɢɤɚɦɢ, ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. Ɉɛɵɱɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɫɱɟɬɱɢɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɡɚɜɵɲɚɸɬ ɩɨɤɚɡɚɧɢɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ (ɞɨ 6 %) ɩɪɢ ɧɚɥɢɱɢɢ ɭ 
ɩɨɬɪɟɛɢɬɟɥɹ ɢɫɬɨɱɧɢɤɚ ɢɫɤɚɠɟɧɢɹ. Ɍɚɤɢɟ ɩɨɬɪɟɛɢɬɟɥɢ ɨɤɚɡɵɜɚɸɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɤɚɡɚɧɧɵɦɢ ɡɚ ɜɧɟɫɟɧɢɟ ɢɫɤɚɠɟɧɢɣ ɜ ɫɟɬɶ, ɩɨɷɬɨɦɭ ɜ ɢɯ 
ɫɨɛɫɬɜɟɧɧɵɯ ɢɧɬɟɪɟɫɚɯ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɞɥɹ 
ɩɨɞɚɜɥɟɧɢɹ ɷɬɢɯ ɢɫɤɚɠɟɧɢɣ. [57] 

7. ȼɥɢɹɧɢɟ ɝɚɪɦɨɧɢɤ ɧɚ ɷɥɟɤɬɪɨɧɧɵɟ ɩɪɢɛɨɪɵ ɢ ɬɟɥɟɮɨɧɵ 
ɉɪɢ ɧɚɥɢɱɢɢ ɝɚɪɦɨɧɢɤ ɜ ɫɟɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɫɛɨɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɢ 

ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ, ɦɟɪɰɚɧɢɟ ɷɤɪɚɧɨɜ ɤɨɦɩɶɸɬɟɪɨɜ. Ɍɚɤ ɠɟ ɜɨɡɦɨɠɧɨ 
ɱɪɟɡɦɟɪɧɨɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ. 

Ɋɚɛɨɬɚ ɫ ɬɟɥɟɮɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ ɦɨɠɟɬ ɡɚɬɪɭɞɧɹɬɶɫɹ ɢɡ-ɡɚ ɩɨɹɜɥɟɧɢɹ 
ɲɭɦɨɜ ɧɚ ɱɚɫɬɨɬɚɯ ɝɚɪɦɨɧɢɤ ɫɟɬɟɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. [51, 57] 
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13.2 Ɇɟɬɨɞɵ ɩɨɞɚɜɥɟɧɢɹ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ 
 
ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɨɞɚɜɥɟɧɢɹ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ. Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧɨ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɪɨɜ: 
1. ɂɡɦɟɧɟɧɢɟ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ȼɵɞɟɥɟɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɨɬɞɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɲɢɧ; 

ɪɚɫɫɪɟɞɨɬɨɱɟɧɢɟ ɧɚɝɪɭɡɨɤ ɩɨ ɪɚɡɥɢɱɧɵɦ ɭɡɥɚɦ ɩɢɬɚɧɢɹ ɫ ɩɨɞɤɥɸɱɟɧɢɟɦ 
ɩɚɪɚɥɥɟɥɶɧɨ ɢɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɝɪɭɩɩɢɪɨɜɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɨ ɫɯɟɦɟ 
ɭɦɧɨɠɟɧɢɹ ɮɚɡ; ɩɨɞɤɥɸɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɤ ɫɢɫɬɟɦɟ ɫ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɶɸ Sɤɡ. 
[58] 

2. ɉɚɫɫɢɜɧɵɟ ɩɨɦɟɯɨɩɨɞɚɜɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ  
Ɏɢɥɶɬɪɵ- ɱɟɬɵɪёɯɩɨɥɸɫɧɢɤɢ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ 

ɩɢɬɚɧɢɹ ɢ ɩɪɢёɦɧɢɤɨɦ, ɤɨɬɨɪɵɟ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ ɩɪɨɩɭɫɤɚɸɬ ɤ ɩɪɢёɦɧɢɤɭ 
ɬɨɤɢ ɨɞɧɢɯ ɱɚɫɬɨɬ ɢ ɡɚɞɟɪɠɢɜɚɸɬ ɢɥɢ ɩɪɨɩɭɫɤɚɸɬ, ɧɨ ɫ ɛɨɥɶɲɢɦ ɡɚɬɭɯɚɧɢɟɦ 
ɬɨɤɢ ɞɪɭɝɢɯ ɱɚɫɬɨɬ. [51]  

ɉɚɫɫɢɜɧɵɟ ɫɝɥɚɠɢɜɚɸɳɢɟ ɮɢɥɶɬɪɵ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ – ɞɪɨɫɫɟɥɟɣ (ɤɚɬɭɲɟɤ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ) ɢ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ. ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɞɪɨɫɫɟɥɹ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ ɢ ɦɚɥɨɟ – ɩɨɫɬɨɹɧɧɨɦɭ, ɚ ɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ – 
ɧɚɨɛɨɪɨɬ. 

 
Ɋɢɫɭɧɨɤ 12- ɚ,ɛ) ɩɚɫɫɢɜɧɵɣ Ɏɇɑ ɮɢɥɶɬɪ; ɜ,ɝ) ɩɚɫɫɢɜɧɵɣ Ɏȼɑ ɮɢɥɶɬɪ 
3. Ⱥɤɬɢɜɧɵɟ ɮɢɥɶɬɪɵ 
Ɉɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɛɨɪɶɛɵ ɫ ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ ɢɫɤɚɠɟɧɢɹɦɢ – ɭɫɬɚɧɨɜɤɚ 

ɚɤɬɢɜɧɵɯ ɮɢɥɶɬɪɨɜ, ɤɨɬɨɪɵɟ ɫɞɟɥɚɧɵ ɧɚ ɛɚɡɟ ɦɨɳɧɵɯ ɫɢɥɨɜɵɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɮɢɥɶɬɪɚ 
ɨɫɧɨɜɚɧ ɧɚ ɜɜɟɞɟɧɢɢ ɜ ɜɵɫɨɤɨɜɨɥɶɬɧɭɸ ɰɟɩɶ ɱɟɪɟɡ ɩɨɜɵɲɚɸɳɢɣ 
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ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɢɝɧɚɥɚ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɝɚɪɦɨɧɢɤ ɜ ɷɬɨɣ ɰɟɩɢ. [58] 
 ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɚɫɫɢɜɧɵɯ ɮɢɥɶɬɪɨɜ, ɤɨɬɨɪɵɟ ɮɚɤɬɢɱɟɫɤɢ ɡɚɦɵɤɚɸɬ 
ɝɚɪɦɨɧɢɤɢ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɧɚ ɡɟɦɥɸ, ɚɤɬɢɜɧɵɟ ɮɢɥɶɬɪɵ ɝɟɧɟɪɢɪɭɸɬ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɢ ɧɚ ɱɚɫɬɨɬɚɯ ɝɚɪɦɨɧɢɤ ɜ ɩɪɨɬɢɜɨɮɚɡɟ ɫ ɧɢɦɢ, ɢ ɬɟɦ ɫɚɦɵɦ 
ɭɧɢɱɬɨɠɚɸɬ ɢɫɤɚɠɟɧɢɹ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɧɚɝɪɭɡɨɤ. [59] 

 
Ɋɢɫɭɧɨɤ 13 – ɫɯɟɦɵ, ɚ) ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ ɚɤɬɢɜɧɨɝɨ RC-ɮɢɥɶɬɪɚ; ɛ) ɩɨɥɨɫɧɨ-

ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ RC-ɮɢɥɶɬɪɚ; ɜ) ɩɨɥɨɫɧɨ-ɡɚɝɪɚɠɞɚɸɳɟɝɨ 
ɚɤɬɢɜɧɨɝɨ RC-ɮɢɥɶɬɪɚ. 

4. Ƚɢɛɪɢɞɧɵɟ ɮɢɥɶɬɪɵ 
ȼ ɝɢɛɪɢɞɧɵɯ ɮɢɥɶɬɪɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɚɤɬɢɜɧɚɹ, ɬɚɤ ɢ ɩɚɫɫɢɜɧɚɹ 

ɮɢɥɶɬɪɚɰɢɹ. Ʉɚɤ ɩɪɚɜɢɥɨ ɧɚ ɚɤɬɢɜɧɭɸ ɱɚɫɬɶ ɝɢɛɪɢɞɧɨɝɨ ɮɢɥɶɬɪɚ ɩɪɢɯɨɞɢɬɫɹ 
ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ ɨɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ.  
 

 
Ɋɢɫɭɧɨɤ 14 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɝɢɛɪɢɞɧɨɝɨ ɮɢɥɶɬɪɚ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ 
ɜɤɥɸɱɟɧɢɟɦ ɩɚɫɫɢɜɧɨɝɨ ɢ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ. [60] 
5.  Ɏɢɥɶɬɪɨɤɨɦɩɟɧɫɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 

ɎɄɍ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ȻɋɄ ɫ ɮɢɥɶɬɪɨɦ ɝɚɪɦɨɧɢɤ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɎɄɍ 
ɜɵɩɨɥɧɹɟɬ ɧɟ ɬɨɥɶɤɨ ɤɨɦɩɟɧɫɚɰɢɸ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɋɗɋ, ɧɨ ɢ 
ɩɨɞɚɜɥɹɟɬ ȼȽ. Ʉɚɠɞɵɣ ɛɥɨɤ ɎɄɍ ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɧɚ ɱɚɫɬɨɬɭ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɪɚɛɨɬɚɟɬ ɤɚɤ ɩɨɝɥɨɬɢɬɟɥɶ, ɩɪɟɨɛɪɚɡɭɹ ɬɨɤɢ ȼȽ ɜ ɬɟɩɥɨ, 
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ɜɵɞɟɥɹɟɦɨɟ ɧɚ ɪɟɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɮɢɥɶɬɪɚ. ɉɨɫɥɟɞɧɟɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ 
ɧɚɦ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɸɳɟɟ:  
1) ɧɟɥɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ ɝɟɧɟɪɢɪɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɩɟɤɬɪ ɝɚɪɦɨɧɢɤ, ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ;  
2) ɮɢɥɶɬɪ ɞɨɥɠɟɧ ɢɦɟɬɶ ɫɬɨɥɶɤɨ ɠɟ ɫɟɤɰɢɣ, ɫɤɨɥɶɤɨ ȼȽ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ 
ɧɚɝɪɭɡɤɨɣ. [61] 

6. ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
Ɋɚɡɞɟɥɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɨɛɦɨɬɤɚɦɢ "ɬɪɟɭɝɨɥɶɧɢɤ-ɡɜɟɡɞɚ" 

ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɛɨɪɨɬɶɫɹ ɫ ɝɚɪɦɨɧɢɤɚɦɢ, ɤɪɚɬɧɵɦɢ ɬɪɟɬɶɟɣ, ɩɪɢ 
ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɧɚɝɪɭɡɤɟ. Ⱦɥɹ ɨɫɥɚɛɥɟɧɢɹ ɜɥɢɹɧɢɹ ɧɟɫɢɦɦɟɬɪɢɢ ɧɚɝɪɭɡɤɢ ɢ 
ɭɦɟɧɶɲɟɧɢɹ ɬɨɤɚ ɧɟɣɬɪɚɥɢ ɩɪɢɦɟɧɹɸɬ "ɩɟɪɟɤɪɟɫɬɧɭɸ" (ɡɢɝɡɚɝɨɨɛɪɚɡɧɭɸ) 
ɫɢɫɬɟɦɭ ɨɛɦɨɬɨɤ, ɝɞɟ ɜɬɨɪɢɱɧɚɹ ɨɛɦɨɬɤɚ ɤɚɠɞɨɣ ɮɚɡɵ ɪɚɡɛɢɬɚ ɧɚ ɞɜɟ ɱɚɫɬɢ ɢ 
ɪɚɡɦɟɳɟɧɚ ɧɚ ɪɚɡɧɵɯ ɫɬɟɪɠɧɹɯ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  

ɉɪɢ ɧɟɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɬɨɤɚɯ ɜɨɡɪɚɫɬɚɸɬ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 
ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɡɚ ɫɱɟɬ ɩɨɬɟɪɶ ɧɚ ɜɢɯɪɟɜɵɟ ɬɨɤɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɢɯ 
ɭɫɬɚɧɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɢɥɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ Ʉ-ɮɚɤɬɨɪ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. Ʉ-ɮɚɤɬɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɦ, 
ɱɬɨ ɢɦɟɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɞɟɪɠɚɬɶ 
ɧɚɝɪɟɜɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɜɵɫɲɢɦɢ ɝɚɪɦɨɧɢɤɚɦɢ ɬɨɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɩɟɰɢɚɥɶɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɬɚɤɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɩɨɬɟɪɢ ɧɚ 
ɜɢɯɪɟɜɵɟ ɬɨɤɢ ɢ ɩɨɬɟɪɢ ɢɡ-ɡɚ ɩɚɪɚɡɢɬɧɨɣ ɟɦɤɨɫɬɢ.  

Ʉ-ɮɚɤɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɤɥɚɞ 
ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɜ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȿɫɥɢ Ʉ-ɮɚɤɬɨɪ ɪɚɜɟɧ 
ɟɞɢɧɢɰɟ, ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɥɢɧɟɣɧɚɹ ɢ ɜ ɰɟɩɢ ɩɪɨɬɟɤɚɟɬ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɬɨɤ. Ɂɧɚɱɟɧɢɹ Ʉ-ɮɚɤɬɨɪɚ ɜɵɲɟ ɟɞɢɧɢɰɵ ɭɤɚɡɵɜɚɸɬ ɧɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɩɪɢ ɧɟɥɢɧɟɣɧɵɯ ɧɚɝɪɭɡɤɚɯ, ɤɨɬɨɪɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɩɨɫɨɛɟɧ ɛɟɡɨɩɚɫɧɨ ɪɚɫɫɟɹɬɶ.[60] 

ɉɪɢ ɧɚɥɢɱɢɢ ɧɟɥɢɧɟɣɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 
ɩɪɢɜɨɞɹɳɢɯ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɬɨɤɨɜ, ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɞɚɜɥɹɸɳɟɟ ɜɵɫɲɢɟ ɝɚɪɦɨɧɢɤɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɢɥɶɬɪɨɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɪɚɡɥɢɱɧɵɟ ɮɢɥɶɬɪɵ: 
ɩɚɫɫɢɜɧɵɟ, ɚɤɬɢɜɧɵɟ, ɝɢɛɪɢɞɧɵɟ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɢɥɶɬɪɚɰɢɢ ɭɦɟɧɶɲɚɸɬɫɹ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ 
ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ.  
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ɁȺɄɅɘЧȿɇɂȿ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ ɛɵɥ 
ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɩɪɢɹɬɢɹ, ɨɩɪɟɞɟɥɟɧ ɰɟɧɬɪ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɪɚɫɫɱɢɬɚɧɨ ɪɚɰɢɨɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ 
ɫɟɬɢ ɫ ɭɱёɬɨɦ ɱɟɝɨ ɩɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ 
ɫɯɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɪɨɢɡɜɟɞёɧ ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɤ ɞɥɹ 
ɜɧɟɲɧɟɝɨ, ɬɚɤ ɢ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɜɨɞɚ. ȼɵɛɪɚɧɚ ɫɢɫɬɟɦɚ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ƚɉɉ ɢ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɡɚɳɢɬɧɨɝɨ 
ɡɚɡɟɦɥɟɧɢɹ ɢ ɦɨɥɧɢɟɡɚɳɢɬɵ ɈɊɍ Ƚɉɉ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɢɜɨɜɚɪɟɧɧɨɝɨ 
ɡɚɜɨɞɚ, ɨɬɜɟɱɚɸɳɚɹ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɯɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ 

 
Ɍɚɛɥɢɰɚ 19 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɧɚɝɪɭɡɨɤ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɰɟɯɚ 

ɋɢɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ  ɋɭɦɦɚɪɧɚɹ ɧɚɝɪɭɡɤɚ 

Pɧ, ɤȼɬ Ʉɫ cosϕ tgϕ Pp, ɤȼɬ Qɪ, ɤɜɚɪ 
F, 

ɦ^2 
Ɋɭɞo, 
ɤȼɬ 

Ɋɧ0, 
ɤȼɬ 

Ʉɫɨ 
Ɋɪɨ, 
Ʉɜɬ 

cosϕo tgϕo 
Qɪo, 
ɤɜɚɪ 

Ɋɪ+Ppɨ, 
ɤȼɬ 

Qɪ+Qpɨ, 
ɤɜɚɪ 

Sp, ɤȼȺ 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ 0,38 ɤȼ   

1 ɋɧɚɛɫɛɵɬ 29,4 0,6 0,85 0,62 17,64 10,932 2023 0,016 32,368 0,6 19,421 0,95 0,33 6,383 37,061 17,316 40,906 

2 ɉɆɄ-13 315,6 0,5 0,75 0,88 157,8 139,167 138 0,016 2,208 0,9 1,987 0,95 0,33 0,653 159,787 139,820 212,324 

3 ȺɌɄ-4 360 0,65 0,7 1,02 234 238,728 2036 0,018 36,648 0,85 31,151 0,95 0,33 10,239 265,151 248,967 363,716 

4 ɍɆ-19 62,2 0,55 0,8 0,75 34,21 25,658 2639 0,018 47,502 0,85 40,377 0,95 0,33 13,271 74,587 38,929 84,135 

5 ɍɉɌɄ 287,5 0,6 0,75 0,88 172,5 152,131 770 0,018 13,86 0,85 11,781 0,95 0,33 3,872 184,281 156,003 241,446 

6 ɉɆɄ-2 327 0,65 0,8 0,75 212,55 159,413 1908 0,018 34,344 0,85 29,192 0,95 0,33 9,595 241,742 169,008 294,963 

7 ɋɆɉ-159 84,4 0,7 0,73 0,94 59,08 55,312 1100 0,018 19,8 0,85 16,830 0,95 0,33 5,532 75,910 60,844 97,285 

8 ɆɄ-61 354 0,45 0,78 0,80 159,3 127,803 2704 0,018 48,672 0,85 41,371 0,95 0,33 13,598 200,671 141,401 245,486 

9 ȼɬɨɪɰɜɟɬɦɟɬ 889,5 0,4 0,9 0,48 355,8 172,322 322 0,018 5,796 0,9 5,216 0,95 0,33 1,715 361,016 174,036 400,776 

10 ȽȺɉɌ 348 0,5 0,8 0,75 174 130,500 2319 0,018 41,742 0,85 35,481 0,95 0,33 11,662 209,481 142,162 253,164 

11 Ɋɨɫɛɚɤɚɥɟɹ 470 0,35 0,95 0,33 164,5 54,069 873 0,016 13,968 0,6 8,381 0,95 0,33 2,755 172,881 56,823 181,980 

12 ɋɟɥɶɯɨɡɬɟɯ. 57,7 0,7 0,7 1,02 40,39 41,206 1040 0,016 16,64 0,6 9,984 0,95 0,33 3,282 50,374 44,488 67,206 

13 ɉɢɜɡɚɜɨɞ 1561,1 0,7 0,85 0,62 1092,77 677,238 1899 0,015 28,485 0,9 25,637 0,95 0,33 8,426 1118,407 685,664 1311,857 

14 ȺɌȻ 629 0,6 0,8 0,75 377,4 283,050 906 0,016 14,496 0,85 12,322 0,95 0,33 4,050 389,722 287,100 484,055 

15 ɊɆɁ 1552,5 0,65 0,7 1,02 1009,125 1029,513 2487 0,015 37,305 0,85 31,709 0,95 0,33 10,422 1040,834 1039,936 1471,327 

  ɂɬɨɝɨ 0,38 ɤȼ         4261,065 3297,041         320,839     105,455 4581,904 3402,496 5707,085 



 
 

ɉɊɂɅɈɀȿɇɂȿ Ȼ 
ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 

 
Ɍɚɛɥɢɰɚ 20 – ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 10 ɤȼ 

ɍɱɚɫɬɨɤ 
Sɪ, 

ɤȼȺ n Ip, A 
Ipmax, 

A 
F, 

ɦɦ2 
Iɞɨɩ, 

Ⱥ Ʉ1 Ʉ2 Ʉ3 
Iɞɨɩɪɚɫɱ, 

Ⱥ 
r, 

Ɉɦ/ɤɦ 
x, 

Ɉɦ/ɤɦ l, ɤɦ cosϕ sinϕ ∆U 
∆U, 
% 

Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

Ƚɉɉ-
Ɍɉ1 1890,00 2 54,56 109,119 42,0 195 1 0,9 0,9 134,72 0,641 0,18 0,016 0,71 0,71 0,88 0,009 Ⱥɉɜɉ 3ɯ50 

Ƚɉɉ-
Ɍɉ2 1600 2 46,19 92,38 35,5 195 1 0,9 0,9 114,04 0,641 0,18 0,068 0,71 0,71 3,17 0,032 Ⱥɉɜɉ 3ɯ50 

Ɍɉ2-Ɍɉ3 800 2 23,09 46,19 17,8 195 1 0,9 0,9 57,02 0,641 0,18 0,0726 0,84 0,54 1,85 0,019 Ⱥɉɜɉ 3ɯ50 
Ƚɉɉ-
Ɍɉ4 2000 2 57,74 115,47 44,4 195 1 0,9 0,9 142,56 0,641 0,18 0,1545 0,84 0,54 9,85 0,099 Ⱥɉɜɉ 3ɯ50 

Ɍɉ4-Ɍɉ5 1200 2 34,64 69,28 26,6 195 1 0,9 0,9 85,53 0,641 0,18 0,031 0,83 0,55 1,18 0,012 Ⱥɉɜɉ 3ɯ50 

Ɍɉ5-Ɍɉ6 400 2 11,55 23,09 8,9 195 1 0,9 0,9 28,51 0,641 0,18 0,035 0,87 0,48 0,45 0,005 Ⱥɉɜɉ 3ɯ50 
Ƚɉɉ-
Ɍɉ7 1200 2 34,64 69,28 26,6 195 1 0,9 0,9 85,53 0,641 0,18 0,143 0,87 0,48 5,54 0,055 Ⱥɉɜɉ 3ɯ50 

Ɍɉ7-Ɍɉ8 400 2 11,55 23,09 8,9 195 1 0,9 0,9 28,51 0,641 0,18 0,046 0,87 0,48 0,59 0,006 Ⱥɉɜɉ 3ɯ50 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
Ɍɚɛɥɢɰɚ 21 – ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 0,4 ɤȼ 

ɍɱɚɫɬɨɤ 
Sɪ, 

ɤȼȺ n Ip, A 
Ipmax, 

A 
F, 

ɦɦ2 
Iɞɨɩ, 

Ⱥ Ʉ1 Ʉ2 Ʉ3 
Iɞɨɩɪɚɫɱ, 

Ⱥ 
r, 

Ɉɦ/ɤɦ 
x, 

Ɉɦ/ɤɦ l, ɤɦ cosϕ sinϕ ∆U 
∆U, 
% 

Ɇɚɪɤɚ 
ɤɚɛɟɥɹ 

Ɋɉ13-
Ɋɉ14 484,06 4 174,67 9,32 145,6 283 1 0,9 0,9 215,64 0,21 0,06 0,01 0,81 0,59 0,62 0,15 

ȺȼȼȽ 
4ɯ150 

Ɍɉ8-Ɋɉ3 40,91 1 59,04 - 49,2 143 1 0,9 0,9 72,89 0,64 0,06 0,0315 0,91 0,42 1,95 0,49 ȺȼȼȽ 4ɯ50 

Ɋɉ6-Ɋɉ5 241,45 2 174,25 13,94 145,2 283 1 0,9 0,9 215,12 0,21 0,06 0,056 0,76 0,65 3,36 0,84 
ȺȼȼȽ 
4ɯ150 

Ɋɉ3-Ɋɉ4 296,46 2 213,95 17,12 178,3 252 1 0,9 0,9 264,14 0,27 0,06 0,045 0,75 0,66 4,05 1,01 
ȺȼȼȽ 
4ɯ185 

Ɋɉ8-Ɋɉ2 253,23 1 365,51 - 304,6 252 1 0,9 0,9 451,24 0,27 0,06 0,061 0,73 0,68 9,19 2,30 
ȺȼȼȽ 
4ɯ120 

Ɋɉ2-Ɋɉ1 253,23 1 365,51 - 304,6 252 1 0,9 0,9 451,24 0,27 0,06 0,061 0,89 0,46 10,32 2,58 
ȺȼȼȽ 
4ɯ120 

Ɋɉ10-
Ɋɉ7 97,28 1 140,42 - 117,0 252 1 0,9 0,9 173,36 0,27 0,06 0,077 0,78 0,63 4,65 1,16 

ȺȼȼȽ 
4ɯ120 

Ɋɉ10-
Ɋɉ9 649,96 1 938,14 - 781,8 252 1 0,9 0,9 1158,20 0,27 0,06 0,012 0,78 0,63 4,84 1,21 

ȺȼȼȽ 
4ɯ120 

Ɋɉ9-
Ɋɉ11 249,19 2 179,83 14,39 149,9 283 1 0,9 0,9 222,02 0,21 0,06 0,003 0,95 0,31 0,20 0,05 

ȺȼȼȽ 
4ɯ150 

Ɋɉ11-
Ɋɉ12 67,21 1 97,00 - 80,8 221 1 0,9 0,9 119,76 0,34 0,06 0,014 0,75 0,66 0,69 0,17 ȺȼȼȽ 4ɯ95 

Ɍɉ6-Ɋɉ3 447,85 4 161,60 8,62 134,7 283 1 0,9 0,9 199,51 0,21 0,06 0,005 0,85 0,52 0,29 0,07 
ȺȼȼȽ 
4ɯ150 

Ɍɉ5-Ɋɉ8 253,23 2 182,75 14,62 152,3 283 1 0,9 0,9 225,62 0,21 0,06 0,053 0,81 0,59 3,43 0,86 
ȺȼȼȽ 
4ɯ150 

 
 
 
 



 
 

ɉɊɂɅɈɀȿɇɂȿ ȼ 
Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ  

 
 

 

 
 

 
 



 
 

 
 

 
 

 



 
 

 
 

 

 
 

 

 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 



 
 



 
 



 
 



 
 

 



 
 

 










