
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɋɚɹɧɨ-ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ 

ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

ɤɚɮɟɞɪɚ 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
________    Ⱥ.Ⱥ.Ⱥɱɢɬɚɟɜ 
       ɩɨɞɩɢɫɶ       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____» _________ 2022 ɝ. 

 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.02 – ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ ȼɅȺȾɂɆɂɊɋɄɈɃ Ƚɗɋ ɇȺ ɊȿɄȿ ɌɈɄ. 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɉȿɊȿɏɈȾɇɕɏ ɉɊɈɐȿɋɋɈȼ ȼ ɌɊȺɇɋɎɈɊɆȺɌɈɊȺɏ 
ɌɈɄȺ 

 ɬɟɦɚ 

 
                                                     ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
                                                          ȽȽɗɗɋ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɝɨ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ 
___________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 

ɮɢɥɢɚɥɚ ɋɎɍ 
ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ, 

ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

  ɂ.ɂ.Ʌɢɬɜɢɧɨɜ    
   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

    

ȼɵɩɭɫɤɧɢɤ ___________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
  ɘ.Ⱥ.Ɂɢɧɶɤɟɜɢɱ 
   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

    
 
 
 
 
 
 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪёɦɭɲɤɢ 2022 



2 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ Ɍɨɤ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ» 

 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 

 
ȼɨɞɧɨ–ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ  
ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɝɢɞɪɨɭɡɥɚ ________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ 
 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɌȿɏɇɂɑȿɋɄɂɃ ɉȺɋɉɈɊɌ ȼɅȺȾɂɆɂɊɋɄɈɃ Ƚɗɋ 
  
1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ: Ɍɨɤ;  
2. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ: Ⱥɦɭɪɫɤɚɹ ɨɛɥɚɫɬɶ;  
3. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ: Ƚɗɋ; 
4. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ:  
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ: 123 ɦ³/ɫ;  
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1%: 1257,8 ɦ³/ɫ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1%: 25 ɦ³/ɫ;  
5. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ:  
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ: ɝɨɞɢɱɧɨɟ;  
ɛ) ɨɬɦɟɬɤɢ: ɇɉɍ 452,00 ɦ, ɍɆɈ 437,73 ɦ;  
ɜ) ɨɛɴɟɦɵ: ɩɨɥɧɵɣ 0,15 ɤɦ3, ɩɨɥɟɡɧɵɣ 0,00248 ɤɦ3;  
6. ɇɚɩɨɪɵ Ƚɗɋ:  
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ: 57,43 ɦ;  
ɛ) ɪɚɫɱɟɬɧɵɣ: 47,3 ɦ;  
ɝ) ɦɢɧɢɦɚɥɶɧɵɣ: 39,7 ɦ;  
7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɚ) ɦɨɳɧɨɫɬɶ: ɭɫɬɚɧɨɜɥɟɧɧɚɹ 109 Ɇȼɬ, ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ 35 Ɇȼɬ,  
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ: 447 ɦɥɧ.ɤȼɬ·ɱ,  
ɜ) ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 4000 ɱ,  
8. ɉɥɨɬɢɧɵ:  
ɚ) ɪɭɫɥɨɜɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ;  
ɛ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ; 
ɜ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ; 
ɝ) ɨɛɳɚɹ ɞɥɢɧɚ 812,0 ɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 67,4 ɦ; 
9. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ  
ɚ) ɬɢɩ: ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ; 
ɛ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɩɪɨɥɟɬɨɜ: 2 ɨɬɜɟɪɫɬɢɹ ɩɨ 14 ɦ; 
10. Ɂɞɚɧɢɟ Ƚɗɋ:  
ɚ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ: 2; 
ɛ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ: ɝɪɚɧɢɬɵ;  
ɜ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: ɤɪɭɝɥɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ; 
ɝ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: ɢɡɨɝɧɭɬɚɹ; 
11.Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ:  
ɚ) ɬɢɩ ɬɭɪɛɢɧɵ: ɊɈ75ɚ-ȼ-400;  
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ: ɋȼ-808/130-40ɍ4, ɦɨɳɧɨɫɬɶ 55 Ɇȼɬ,  
ɜ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ: 150 ɨɛ/ɦɢɧ,  
12.Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ:  
ɚ) ɱɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ (NPV): 305,46 ɦɥɧ.ɪɭɛ;  
ɛ) ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ: 9,5 ɥɟɬ; 
ɜ) ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ: 1,12 ɪɭɛɥɟɣ; 
ɝ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ: 88683,8 ɪɭɛ/ɤȼɬ.   
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ȼȼȿȾȿɇɂȿ 
 

ɋɟɝɨɞɧɹ Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ. Ƚɢɞɪɨɪɟɫɭɪɫɵ — ɜɨɡɨɛɧɨɜɥɹɟɦɵɣ ɢ ɧɚɢɛɨɥɟɟ 
ɷɤɨɥɨɝɢɱɧɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɠɚɬɶ 
ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɫɨɯɪɚɧɹɬɶ ɡɚɩɚɫɵ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɛɭɞɭɳɢɯ ɩɨɤɨɥɟɧɢɣ. Ʉɪɨɦɟ ɫɜɨɟɝɨ ɩɪɹɦɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ — ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ — ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɪɟɲɚɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɹɞ ɜɚɠɧɟɣɲɢɯ ɞɥɹ ɨɛɳɟɫɬɜɚ ɢ ɝɨɫɭɞɚɪɫɬɜɚ ɡɚɞɚɱ. ɉɪɹɦɚɹ 
ɜɵɝɨɞɚ ɨɬ ɧɢɯ ɜɤɥɸɱɚɟɬ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦ ɩɢɬɶɟɜɨɝɨ ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɪɚɡɜɢɬɢɟ ɫɭɞɨɯɨɞɫɬɜɚ, ɫɨɡɞɚɧɢɟ ɢɪɪɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɜ 
ɢɧɬɟɪɟɫɚɯ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɪɵɛɨɪɚɡɜɟɞɟɧɢɟ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɪɟɤ, 
ɩɨɡɜɨɥɹɸɳɟɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɛɨɪɶɛɭ ɫ ɩɚɜɨɞɤɚɦɢ ɢ ɧɚɜɨɞɧɟɧɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ.  

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɞɥɹ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɪɚɡɜɢɬɢɹ 
ɰɟɥɨɝɨ ɪɹɞɚ ɜɚɠɧɟɣɲɢɯ ɨɬɪɚɫɥɟɣ ɷɤɨɧɨɦɢɤɢ ɢ ɫɬɪɚɧɵ ɜ ɰɟɥɨɦ. Ʉɚɠɞɚɹ 
ɜɜɟɞɟɧɧɚɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɬɨɱɤɨɣ ɪɨɫɬɚ 
ɷɤɨɧɨɦɢɤɢ ɪɟɝɢɨɧɚ ɫɜɨɟɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ, ɜɨɤɪɭɝ ɧɟɟ ɜɨɡɧɢɤɚɸɬ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɪɚɡɜɢɜɚɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɫɨɡɞɚɸɬɫɹ ɧɨɜɵɟ ɪɚɛɨɱɢɟ ɦɟɫɬɚ.   

Ɋɚɡɜɢɬɢɟ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ – ɫɟɝɨɞɧɹ ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɢɨɪɢɬɟɬɧɵɯ 
ɡɚɞɚɱ ɝɨɫɭɞɚɪɫɬɜɚ. Ⱦɥɹ ɟɟ ɪɟɲɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ Ɏɟɞɟɪɚɥɶɧɚɹ ɰɟɥɟɜɚɹ ɩɪɨɝɪɚɦɦɚ 
ɩɨ ɪɚɡɜɢɬɢɸ ɪɟɝɢɨɧɚ, ɫɨɡɞɚɧɨ Ɇɢɧɢɫɬɟɪɫɬɜɨ ɩɨ ɪɚɡɜɢɬɢɸ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ. 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ ɫɬɚɧɰɢɣ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɪɟɝɢɨɧɚ ɢ ɫɞɟɪɠɢɜɚɧɢɹ ɪɨɫɬɚ ɬɚɪɢɮɨɜ.  Ȼɨɝɚɬɟɣɲɢɟ ɪɟɫɭɪɫɵ 
Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɨɝɨ ɪɟɝɢɨɧɚ ɨɫɬɚɸɬɫɹ ɦɚɥɨɨɫɜɨɟɧɧɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɨɛɥɚɫɬɹɦɢ Ɋɨɫɫɢɢ. ɉɨ ɪɚɡɧɵɦ ɨɰɟɧɤɚɦ, ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ Ⱦɚɥɶɧɟɝɨ 
ȼɨɫɬɨɤɚ ɡɚɞɟɣɫɬɜɨɜɚɧ ɧɚ 5 — 15%. Ƚɢɞɪɨɩɨɬɟɧɰɢɚɥ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ 
ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 370 ɦɥɪɞ ɤȼɬɱ, ɱɬɨ ɜ 10 ɪɚɡ ɛɨɥɶɲɟ ɧɵɧɟɲɧɟɣ ɜɵɪɚɛɨɬɤɢ 
ɜɫɟɯ ɷɧɟɪɝɨɫɢɫɬɟɦ ɪɟɝɢɨɧɚ. ɗɬɨ ɛɨɝɚɬɫɬɜɨ ɨɫɜɨɟɧɨ ɜɫɟɝɨ ɧɚ 3%.  

Ɂɚɞɚɱɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɭɱɢɬɶ ɨɫɧɨɜɧɵɟ 
ɞɢɫɰɢɩɥɢɧɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɛɭɞɭɳɟɦɭ ɫɩɟɰɢɚɥɢɫɬɭ-ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɭ ɨɫɜɨɢɬɶ 
ɩɪɢёɦɵ ɜɟɞɟɧɢɹ ɪɟɠɢɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɢɞɪɨɭɡɥɚ ɜ ɭɫɥɨɜɢɹɯ, 
ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɪɟɚɥɶɧɵɦ. ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɜ 
ɡɚɞɚɧɧɨɦ ɫɬɜɨɪɟ ɪɟɤɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ 
ɪɚɛɨɬɵ ɜ ɨɛɴɟɞɢɧёɧɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫ ɭɱёɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ.  
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1 Ɉɛɳɚɹ ɱɚɫɬɶ 
 
1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 
1.1.1 Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 
 
Ʉɥɢɦɚɬ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ ɦɭɫɫɨɧɧɵɦɢ ɱɟɪɬɚɦɢ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɚɤɨɝɨ ɤɥɢɦɚɬɚ ɨɛɭɫɥɨɜɥɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫɨɥɧɟɱɧɨɣ 
ɪɚɞɢɚɰɢɢ, ɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ ɢ ɫɥɟɞɭɸɳɢɯ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ: 
ɲɢɪɨɬɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɭɞɚɥёɧɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɦɨɪɹ, ɜɥɢɹɧɢɟ ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɪɟɥɶɟɮɚ, ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ.  

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɪɟɠɢɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɤɥɢɦɚɬɨɨɛɪɚɡɨɜɚɧɢɹ. 
Ɍɟɪɪɢɬɨɪɢɹ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɭɦɟɪɟɧɧɵɯ ɲɢɪɨɬɚɯ, ɝɞɟ ɜ 
ɬɟɱɟɧɢɟ ɝɨɞɚ, ɜ ɫɜɹɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɵɫɨɬɵ ɫɨɥɧɰɚ ɧɚɞ ɝɨɪɢɡɨɧɬɨɦ, ɢɡɦɟɧɹɟɬɫɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɧɹ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ. ɇɚ ɩɪɢɯɨɞ 
ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜɥɢɹɟɬ ɫɨɫɬɨɹɧɢɟ ɚɬɦɨɫɮɟɪɵ: ɱɟɦ ɛɨɥɶɲɟ ɩɨɜɬɨɪɹɟɦɨɫɬɶ 
ɹɫɧɵɯ ɞɧɟɣ, ɬɟɦ ɛɨɥɶɲɟ ɩɪɢɬɨɤ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɫɨɥɧɟɱɧɨɝɨ ɫɢɹɧɢɹ, ɜɵɪɚɠɟɧɧɚɹ ɜ ɱɚɫɚɯ ɡɚ ɝɨɞ, ɧɚ ɫɟɜɟɪɟ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 
ɜɟɥɢɱɢɧɭ 1900-2000, ɚ ɧɚ ɸɝɟ  ɛɨɥɟɟ 2500. 

ɋɪɟɞɧɢɟ ɢɸɥɶɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɩɪɟɜɵɲɚɸɬ 19°ɋ, ɚ ɹɧɜɚɪɫɤɢɟ 
ɨɩɭɫɤɚɸɬɫɹ ɞɨ − 27-32°ɋ. Ɉɫɚɞɤɨɜ ɠɟ ɜɵɩɚɞɚɟɬ ɧɟ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ ɸɝɟ, ɩɨɷɬɨɦɭ 
ɡɞɟɫɶ ɩɨɜɵɲɚɟɬɫɹ ɡɚɛɨɥɨɱɟɧɧɨɫɬɶ. 

Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɜ ɨɛɥɚɫɬɢ ɜɟɥɢɤɨ: ɜ ɫɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɯ ɝɨɪɧɵɯ 
ɢ ɜɨɫɬɨɱɧɵɯ ɪɚɣɨɧɚɯ ɢɯ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 900 ɞɨ 1000 ɦɦ. Ɂɚ ɢɸɧɶ, ɢɸɥɶ 
ɢ ɚɜɝɭɫɬ ɦɨɠɟɬ ɜɵɩɚɞɚɬɶ ɞɨ 70% ɝɨɞɨɜɨɣ ɧɨɪɦɵ ɨɫɚɞɤɨɜ. 

  
1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ  
 
Ɍɨɤ  ɪɟɤɚ ɜ Ɂɟɣɫɤɨɦ ɪɚɣɨɧɟ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ Ɋɨɫɫɢɢ, ɩɪɚɜɵɣ 

ɩɪɢɬɨɤ Ɂɟɢ. Ⱦɥɢɧɚ ɪɟɤɢ  251 ɤɦ, ɩɥɨɳɚɞɶ ɟё ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ  6420 ɤɦ², 
ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ – 6 ɦ, ɫɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɟɤɟ  123 ˏ

య̝
. ɂɫɬɨɤ  ɧɚ ɫɟɜɟɪɧɵɯ 

ɫɤɥɨɧɚɯ ɯɪɟɛɬɚ Ɍɚɚɝɚ. ȼ ɜɟɪɯɧɟɦ ɬɟɱɟɧɢɢ ɯɚɪɚɤɬɟɪɧɚ ɦɧɨɝɨɥɟɬɧɢɦɢ ɧɚɥɟɞɹɦɢ. 
Ɍɟɱёɬ ɫɧɚɱɚɥɚ ɧɚ ɫɟɜɟɪ, ɡɚɬɟɦ ɩɨɜɨɪɚɱɢɜɚɟɬ ɧɚ ɸɝ. ɋ 1938 ɝɨɞɚ ɜɟɥɢɫɶ 
ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɧɚɛɥɸɞɟɧɢɹ. ȼɩɚɞɚɟɬ ɜ Ɂɟɸ ɩɪɢɦɟɪɧɨ ɜ 25 ɤɦ ɜɵɲɟ ɩɨɫёɥɤɚ 
Ȼɨɦɧɚɤ, ɜ ɭɫɬɶɟ ɞɟɥɢɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɪɭɤɚɜɨɜ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɣ ɪɚɫɯɨɞ – Ͷ.ͺͻ ˏయ̝
. Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɣ ɪɚɫɯɨɞ  1250 
ˏయ̝

. ɉɢɬɚɧɢɟ ɪɟɤɢ ɜ ɨɫɧɨɜɧɨɦ ɞɨɠɞɟɜɨɟ. 

Ʉɚɱɟɫɬɜɨ ɜɨɞɵ – ɩɢɬɶɟɜɚɹ. Ɉɫɧɨɜɧɵɦɢ ɩɪɢɬɨɤɚɦɢ ɹɜɥɹɸɬɫɹ: ɪɟɤɢ ɋɢɜɚɤɚɧ ɢ 
ȼɥɚɞɢɦɢɪɨɜɫɤɚɹ. 
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1.1.3 Ƚɟɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
ȼ ɨɫɧɨɜɚɧɢɢ ɪɟɤɢ Ɍɨɤ - ɫɤɚɥɶɧɵɟ ɩɨɪɨɞɵ: ɝɪɚɧɢɬɵ ɢ ɝɪɚɧɨɞɢɨɪɢɬ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɨɣ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɪɚɫɱɟɬɧɚɹ ɫɟɣɫɦɢɱɟɫɤɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɣɨɧɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɪɚɜɧɚ 6  7 ɛɚɥɥɚɦ. 

 
1.1.4 ɗɧɟɪɝɨ  ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 
ɗɧɟɪɝɟɬɢɤɚ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ  ɫɟɤɬɨɪ ɷɤɨɧɨɦɢɤɢ ɪɟɝɢɨɧɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɢ ɫɛɵɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. ɉɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 2019 ɝɨɞ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ 
ɷɤɫɩɥɭɚɬɢɪɨɜɚɥɢɫɶ 5 ɤɪɭɩɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɨɛɳɟɣ ɦɨɳɧɨɫɬɶɸ 4166 Ɇȼɬ ɢ 5 
ɧɟɛɨɥɶɲɢɯ ɞɢɡɟɥɶɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɨɛɳɟɣ ɦɨɳɧɨɫɬɶɸ 0,4 Ɇȼɬ.  

ȼɥɚɞɢɦɢɪɫɤɚɹ Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɨɩɟɪɚɬɢɜɧɭɸ ɡɨɧɭ Ɏɢɥɢɚɥɚ ȺɈ «ɋɈ ȿɗɋ» «Ɉɛɴɟɞɢɧɟɧɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ȼɨɫɬɨɤɚ». ȼ ɫɨɫɬɚɜ ɈȾɍ ȼɨɫɬɨɤɚ 
ɜɯɨɞɹɬ: Ⱥɦɭɪɫɤɨɟ, ɉɪɢɦɨɪɫɤɨɟ, ɏɚɛɚɪɨɜɫɤɨɟ, əɤɭɬɫɤɨɟ ɊȾɍ. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
1. Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ: 
1.1 ɗɧɟɪɝɨɫɢɫɬɟɦɚ: Ɉɗɋ ȼɨɫɬɨɤɚ; 
1.2 Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ: 719 Ɇȼɬ; 
1.3 ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 4000 ɱ; 
1.4 Ɋɟɡɟɪɜɵ: ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 2%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 

ɫɨɫɬɚɜɥɹɟɬ 8%; 
2. ɋɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɤɢ: ɨɞɢɧɨɱɧɚɹ Ƚɗɋ; 
3. Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɝɢɞɪɨɭɡɥɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɧɚ ɪɢɫɭɧɤɟ Ⱥ.1; 
4. Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɧɢɠɧɟɦ 

ɛɶɟɮɟ 0,85; 
5. Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2.1; 
 

Ɍɚɛɥɢɰɚ 2.1 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ 
Q, ɦ3/ɫ I II III IV V VI VII VIII IX X XI XII 

Ɍɪɟɛɨɜɚɧɢɹ ȼɏɄ 50 50 50 50 50 50 50 50 50 50 50 50 

Ɏɢɥɶɬɪɚɰɢɹ 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 

ɂɫɩɚɪɟɧɢɟ 0 0 0 1 2 1 2 1 1 1 0 0 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ 2,0 2,8 -2,3 -4,7 0 0 0 0 0 0,2 0,9 1,1 

Qɫɚɧ.ɩ-ɤ 25 
 
6. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ kN =8,6; 
7. ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ ∆h=0,3 ɦ; 
8. ɇɉɍ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ 452,00 ɦ; 
9. Ɋɚɫɱɟɬɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ ɪɟɤɢ Ɍɨɤ ɜ ɫɬɜɨɪɟ 

ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɫ 1938 ɩɨ 1978 ɝɨɞ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ 
Ⱥ.2. 

ɉɪɨɮɢɥɶ ɫɬɜɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 
Ɋɢɫɭɧɨɤ 2.2 – ɉɪɨɮɢɥɶ ɫɬɜɨɪɚ 
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2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɨ 
ɜɨɞɧɨɫɬɢ ɝɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ, 
ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɡɚ 41 ɝɨɞ ɧɚɛɥɸɞɟɧɢɣ ɪ. Ɍɨɤ ɜ 
ɩɟɪɢɨɞ ɫ 1938  1979 ɝɝ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɪɚɡɞɟɥɢɦ ɝɨɞ ɧɚ ɞɜɚ ɩɟɪɢɨɞɚ: 
ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). Ʉ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ 
ɨɬɧɨɫɹɬɫɹ ɬɟ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ 
ɪɚɫɯɨɞɭ, ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ  ɷɬɨ ɩɟɪɢɨɞ ɦɟɠɟɧɢ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 
ɤɚɠɞɨɝɨ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ, ɪɚɫɯɨɞɚ ɜ ɩɨɥɨɜɨɞɶɟ ɢ ɜ ɦɟɠɟɧɶ ɜ ɩɪɨɰɟɧɬɚɯ 
ɩɨ ɮɨɪɦɭɥɟ (2.1): 

 pሺmሻ = ୫୬+ଵ ∙ ͳͲͲ%                                                                                         (2.1)  

 
ɝɞɟ m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ 
ɜ ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ; n = Ͷͳ – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 

 
Ɂɚɧɨɫɢɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɬɚɛɥɢɰɭ 2.2. 
 

Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 
ɝɨɞɚ 

№ɩ/ɩ P, % Qɫɪ ɝɨɞ , 
ɦ3/ɫ 

Ƚɨɞɵ Qɦɟɠ, 
ɦ3/ɫ 

Ƚɨɞɵ Qɩɨɥ, 
ɦ3/ɫ 

Ƚɨɞɵ 

1 2 215 1958 101 1945 618 1958 
2 5 208 1968 95 1968 583 1946 
3 7 206 1959 91 1959 551 1959 
4 10 201 1967 87 1951 548 1968 
6 14 182 1975 80 1958 523 1960 
7 17 182 1946 74 1975 505 1975 
8 19 165 1976 73 1972 479 1976 
9 21 156 1961 72 1960 463 1963 
10 24 154 1969 64 1970 444 1969 
11 26 148 1945 62 1961 436 1961 
12 29 148 1963 60 1976 407 1974 
13 31 146 1974 59 1974 402 1950 
14 33 140 1950 58 1969 395 1954 
15 36 138 1972 56 1944 341 1962 
16 38 130 1951 56 1973 335 1972 
17 40 130 1970 53 1950 334 1942 
18 43 126 1954 51 1952 325 1970 
19 45 121 1962 50 1971 323 1949 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2  
№ɩ/ɩ P, % 

Qɫɪ ɝɨɞ , 
ɦ3/ɫ Ƚɨɞɵ 

Qɦɟɠ, 
ɦ3/ɫ Ƚɨɞɵ 

Qɩɨɥ, 
ɦ3/ɫ Ƚɨɞɵ 

20 48 119 1944 48 1946 321 1957 
21 50 117 1942 48 1956 311 1947 
22 52 110 1947 47 1948 311 1941 
23 55 110 1957 47 1962 307 1944 
24 57 110 1973 45 1942 307 1955 
25 60 107 1952 44 1977 288 1945 
26 62 106 1955 43 1947 275 1952 
27 64 103 1949 42 1963 270 1973 
28 67 97 1971 40 1957 264 1939 
29 69 92 1941 40 1943 258 1951 
30 71 89 1978 39 1955 255 1953 
31 74 88 1939 37 1978 244 1978 
32 76 86 1953 36 1954 236 1971 
33 79 85 1956 35 1964 219 1940 
34 81 81 1940 35 1940 215 1965 
35 83 79 1948 30 1949 196 1956 
36 86 79 1977 29 1953 185 1938 
37 88 73 1965 29 1939 181 1977 
38 90 68 1943 26 1965 175 1948 
39 93 64 1938 26 1966 152 1943 
40 95 62 1964 23 1938 143 1964 
41 98 55 1966 19 1941 142 1966 

 
ɉɨ ɪɚɫɱɟɬɧɵɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɦ ɨɩɪɟɞɟɥɹɟɦ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ 

ɝɨɞ. Ɂɚ ɦɚɥɨɜɨɞɧɵɣ ɩɪɢɧɢɦɚɟɦ ɝɨɞ ɫɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 90%, ɧɨ 
ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟɬ ɤɨɧɤɪɟɬɧɨɝɨ ɝɨɞɚ, ɩɨɷɬɨɦɭ ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɨɬ 
ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 1942 ɢ 1953 ɝɨɞɵ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, 
ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. 

ɇɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɦɟɠɟɧɢ  
 

Ʉɩ = 
୕˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ ୕ ଵଽସଶ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ସ଼ସହ = ͳ,Ͳ͹     

 

Ʉɦ = 
୕˄˃ˊሺˏˈˉˈː˟ሻ ୕ ଵଽହଷ ˒ˑ ˏˈˉˈːˋ = ଶ଻ହହ = Ͳ,ͻ͵ 

 

Ʉɩ = 
୕˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ ୕ ଵଽସଷ ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ଶସସଶଷହ = ͳ,ͳͷ     

 

Ʉɦ = 
୕˄˃ˊሺˏˈˉˈː˟ሻ ୕ ଵଽସଷ ˒ˑ ˏˈˉˈːˋ = ଶ଻ଶ଺ = Ͳ,͸ͷ    
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ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɦɚɥɨɜɨɞɧɵɦ ɛɭɞɟɬ 
1943 ɝɨɞ. ɉɪɨɢɡɜɟɞɟɦ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ 1943 ɝɨɞɚ ɫ ɭɱɟɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ. ɇɨ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɜɵɩɨɥɧɢɬɫɹ ɭɫɥɨɜɢɟ: ɨɛɴɟɦ 
ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɞɨɥɠɟɧ ɨɫɬɚɬɶɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ 
ɩɨɫɥɟ ɧɟɟ. 

ȼ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɢɦɟɸɬɫɹ ɬɚɤɢɟ ɪɚɫɯɨɞɵ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. ɇɭɠɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɩɪɚɜɥɟɧɢɹ, ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɫɥɟɞɭɸɳɟɦ ɭɫɥɨɜɢɢ: ɫɪɟɞɧɟɝɨɞɨɜɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɞɨ ɢɫɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɨ ɨɫɬɚɬɶɫɹ ɬɚɤɢɦ ɠɟ ɢ ɩɨɫɥɟ 
ɢɫɩɪɚɜɥɟɧɢɹ. 

ɋɜɟɞɟɦ ɪɚɫɱёɬɵ ɜ ɢɬɨɝɨɜɭɸ ɬɚɛɥɢɰɭ 2.3 ɢ ɩɨɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮ ɞɥɹ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɪɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ 
ɪɢɫɭɧɤɟ 2.3. 

 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱɟɬɧɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90%, 50%; ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ, ɫ 
ɩɪɢɜɟɞɟɧɢɟɦ, ɫ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 

Ɇɟɫɹɰ პ ჟ რ ს ტ უ ფ ქ ღ ყ შ ჩ 
Qɫɪ., 
ɦ3/ɫ 

Q50% 
20 23 27 74 313 376 312 75 65 52 43 24 117 

Q50%ɩɪɢɜɟɞ. 21 25 29 79 291 350 291 80 69 55 46 26 113 

Q50% ɤɨɪɪ. 20 21 24 79 313 376 312 72 68 57 43 29 117 

Q90% 11 13 19 73 156 143 158 64 63 52 43 23 68 

Q90%ɩɪɢɜɟɞ. 7 8 12 47 180 165 182 42 41 34 28 15 63 

Q90% ɤɨɪɪ. 11 13 19 73 140 183 140 64 63 52 43 23 68 

Q50%-90% 9 8 5 6 173 193 172 8 5 5 0 6 49 

 

 
Ɋɢɫɭɧɨɤ 2.3 - ɋɨɜɦɟɳɟɧɧɵɣ ɝɢɞɪɨɝɪɚɮ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
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2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ 
 
ɉɨ ɢɫɯɨɞɧɨɦɭ ɪɹɞɭ ɜɵɛɢɪɚɟɦ ɫɪɟɞɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ, ɡɚɧɨɫɢɦ 

ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɭ ɉɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.3. 
Ɉɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ Q˔˓, ɤɨɷɮɮɢɰɢɟɧɬ 

ɜɚɪɢɚɰɢɢ C୴ ɢ ɚɫɢɦɦɟɬɪɢɢ Cୱ. 
 K = ୕౤୕˔˓,                                                                                                          (2.1) 

 
ɝɞɟ Q୬ − n − ˞ˌ ˚ˎˈː ˓ˢˇ˃ ˏ˃ˍ˔ˋˏ˃ˎ˟ː˞˘ ˆˑˇˑ˅˞˘ ˓˃˔˘ˑˇˑ˅; 
      Q˔˓ − ˔˓ˈˇːˋˌ ˏːˑˆˑˎˈ˕ːˋˌ ˏ˃ˍ˔ˋˏ˃ˎ˟ː˞ˌ ˓˃˔˘ˑˇ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 

 C୴ = √∑ሺ୏−ଵሻమ୬ = √ହ,଴ଽ଴ସଵ = Ͳ,͵ͷ;                                                                  (2.2) 

 Cୱ = ∑ሺ୏−ଵሻయ୬େ౬య = ଴,ଽଷଷସଵ∙ሺ଴,ଷହሻయ = Ͳ,ͷ͵.                                                                  (2.3) 

 
 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ 

ɪɚɜɧɚ: 
 Ɂୡ୴ = ± √ଵ+ଷେ౬మ√ଶሺ୬−ଵሻ ∙ ͳͲͲ% = √ଵ+ଷ∙଴,ଷହమ√ଶ∙ସ଴ ∙ ͳͲͲ% = ͳ͵%.                                 (2.4) 

 
Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɨɣ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 

ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɫɢɦɦɟɬɪɢɢ ɪɚɜɧɚ: 

 Ɂୡୱ = ± √ల౤∙√ଵ+଺େ౬మ+ହେ౬రେs ∙ ͳͲͲ% = √ లరభ∙√ଵ+଺∙଴,ଷହమ+ହ∙଴,ଷହర଴,ହଷ ∙ ͳͲͲ% = ͻ͹,͵%.        
 

Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɨɣ, ɡɧɚɱɢɬ, ɩɪɢɧɢɦɚɟɦ Cୱ = ʹC୴. 

 Cୱ = ʹC୴ = ʹ ∙ Ͳ,͵ͷ = Ͳ,͹;                                                                           (2.6) 
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Ɂୡୱ = ± √ల౤∙√ଵ+଺େ౬మ+ହେ౬రେs ∙ ͳͲͲ% = √ లరభ∙√ଵ+଺∙଴,ଷହమ+ହ∙଴,ଷହర଴,଻ ∙ ͳͲͲ% = ͹͵,ͷ%.  (2.7) 

 
Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɨɣ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 

Ʉɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ 
№ 986 ɨɬ 02.11.2013ɝ. «Ɉ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». 
ɂɫɯɨɞɹ ɢɡ ɤɪɢɬɟɪɢɟɜ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, 
ɜɵɛɢɪɚɟɦ II ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ. 

ɉɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɢɯ 
ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ ɩɨ ɬɚɛɥɢɰɟ ɋ.ɂ. Ɋɵɛɤɢɧɚ – ɉ.Ⱥ. Ⱥɥɟɤɫɟɟɜɚ. 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɋ.ɂ. Ɋɵɛɤɢɧɚ – ɉ.Ⱥ. Ⱥɥɟɤɫɟɟɜɚ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɨɪɞɢɧɚɬ ɔ ɩɪɢ Cs = 0,63 ɢ ɡɚɩɢɫɵɜɚɟɦ ɢɯ ɜɨ ɜɬɨɪɭɸ ɫɬɪɨɤɭ ɬɚɛɥɢɰɵ Ⱥ.4 
ɩɪɢɥɨɠɟɧɢɟ Ⱥ. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɮɚɤɬɢɱɟɫɤɚɹ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɢɯ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɪɟɤɢ Ɍɨɤ ɩɪɢ Ɋ0,5% ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, 
ɪɢɫɭɧɨɤ Ⱥ.1. 

 
2.4 ɉɨɫɬɪɨɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 

ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

2.4.1 ɂɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ (ɂɄɇ) 
 
ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ (ɂɄɇ) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ 

ɢɡɦɟɧɟɧɢɹ ɩɪɢɪɨɫɬɚ ɫɭɬɨɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɩɪɢɪɨɫɬɚ ɧɚɝɪɭɡɤɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɂɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɩɨ ɞɚɧɧɵɦ, 
ɩɨɥɭɱɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɧɠɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɩɨ ɭɛɵɜɚɧɢɸ, ɞɟɥɟɧɢɸ ɟё ɧɚ 
ɡɨɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɪɢɪɚɳɟɧɢɹɦ ɧɚɝɪɭɡɤɢ ɢ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 
ɞɚɧɧɵɯ ɡɨɧɚɯ. ȼ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɛɥɢɰɵ Ȼ.1 ɢ Ȼ.2 ɫɭɬɨɱɧɨɣ 
ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɨɜ. 

 
2.4.2 Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ 

ɡɧɚɱɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
Ƚɨɞɨɜɨɣ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɭɸ 
ɮɭɧɤɰɢɸ, ɡɚɩɢɫɚɧɧɭɸ ɜ ɮɨɪɦɭɥɟ (2.8):  

 Pሺtሻ = ˃ + b ∙cosሺሺ͵Ͳ° ∙ t − ͳͷ°ሻ ∙ ஠ଵ଼଴,                               (2.8) 

 
ɝɞɟ t – ɧɨɦɟɪɚ ɦɟɫɹɰɟɜ; a ɢ b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɱɢɫɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ:  
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a୫ୟ୶ = ୔ౣ౗౮ʖ +୔ౣ౗౮ʚଶ = ଻ଶସ+ସ଴ହଶ = ͷ͸Ͷ,ͷ                                                                              (2.9) 

 b୫ୟ୶ = ୔ౣ౗౮ʖ −୔ౣ౗౮ʚଶ = ଻ଶସ−ସ଴ହଶ = ͳͷͻ,ͷ                                                 (2.10) 

 
 

ɝɞɟ P୫ୟ୶ʖ , P୫ୟ୶ʚ ,  P̝ʖ˓ , P̝ʚ˓  – ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɜ ɡɢɦɧɢɟ ɢ ɥɟɬɧɢɟ ɫɭɬɤɢ, 
ɫɪɟɞɧɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɜ ɡɢɦɧɢɟ ɢ ɥɟɬɧɢɟ ɫɭɬɤɢ. ȼɫɟ ɜɵɱɢɫɥɟɧɢɹ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 
2.4. 

 
Ɍɚɛɥɢɰɚ 2.4 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ  

t α cos 
Ptmax, 
Ɇȼɬ Ptɫɪ., Ɇȼɬ 

1 0,26 0,966 719 531 
2 0,79 0,707 677 504 
3 1,31 0,259 606 456 
4 1,83 -0,258 523 401 
5 2,36 -0,706 452 353 
6 2,88 -0,965 411 326 
7 3,4 -0,966 410 326 
8 3,93 -0,708 451 353 
9 4,45 -0,261 523 401 
10 4,97 0,256 605 456 
11 5,50 0,705 677 504 
12 6,02 0,965 719 531 

 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ ɬɚɛɥɢɰɵ 2.4 ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ 

ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɞɥɹ Ⱥɦɭɪɫɤɨɝɨ ɊȾɍ ɩɨ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ 
ɧɚɝɪɭɡɤɢ. Ƚɪɚɮɢɤ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.4 

 

Ɋɢɫɭɧɨɤ 2.4 – ɋɨɜɦɟɳɟɧɧɵɣ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
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2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Ƚɗɋ 
 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɚɧɰɢɢ 

ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ β ɩɨ ɮɨɪɦɭɥɟ (2.14). ɇɚɣɞɟɦ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ ɩɨ ɮɨɪɦɭɥɟ (2.13): 

 W̅ = Q̅ ∙ t = ͳʹ͵ ∙ ͵ͳͷ͵͸ͲͲͲ = ͵,ͺͺ ˍˏଷ,                             (2.13) 
 

ɝɞɟ Q̅ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɡɚ 41 ɝɨɞɚ; t – ɱɢɫɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 
ɉɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ Ƚɗɋ ɛɭɞɟɬ ɢɡɜɟɫɬɟɧ 

ɥɢɲɶ ɩɨɫɥɟ ɫɪɚɛɨɬɤɢ, ɬɚɤ ɱɬɨ ɢɫɩɨɥɶɡɭɟɦ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ.  
 Ⱦ = ୚˒ˑˎ୛̅̅̅ = ଴,଺ଵ଻ଷ,଼଼ = Ͳ,ͳ͸                                                                             (2.14) 

 
ɝɞɟ Vɩɨɥ – ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 
ɝɨɞɢɱɧɵɣ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

 
2.5.1 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
ɐɟɥɶɸ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɹɜɥɹɟɬɫɹ:  
– ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ (ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ) ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ; 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ – ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ 

ɨɛɴɟɦɚ (ɍɆɈ); 
– ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
 ɉɪɢɦɟɦ, ɱɬɨ ɪɚɫɯɨɞ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɩɨɫɬɨɹɧɧɵɣ, ɧɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

ɦɟɫɹɰɚ ɤ ɦɟɫɹɰɭ ɢɡɦɟɧɹɟɬɫɹ ɦɝɧɨɜɟɧɧɨ, ɤɚɤ ɢ ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. Ɋɚɫɱɟɬ 
ɧɚɱɢɧɚɟɦ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɨɜɟɧɶ 
ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ∇ɇɉɍ = 452 ɦ.  

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɳɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɪɚɫɯɨɞɚ Ƚɗɋ. 
ɍɪɨɜɧɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɢɜɵɯ ɫɜɹɡɟɣ. 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɫɱɟɬɚ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɬɪɢ ɭɫɥɨɜɢɹ: 
–

 Qʜʐ=Q˔˃ː.˒−ˍ,  –
 Zː˃˚ʑʐ=Zˍˑːʑʐ,  –
 NʒЭʠ=Nʒ˃˓.  ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɞɥɹ ɞɟɤɚɛɪɹ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.6, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɚɫɱɟɬɚ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ – ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.5, ɢ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ 
ɂɄɇ ɫ ɭɱёɬɨɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 2.7. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɡɚ ɞɟɤɚɛɪɶ ɨɩɪɟɞɟɥɢɥɢ: 

–
 V˒ˑˎˈˊ.=Ͳ,ͻͳͺ ˍˏ͵;  –
 N˓˃˄.=ͷ͸ ʛʑ˕;  
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– Э˔˓.ˆˑˇ. = ͶͶ͹ ˏˎː. ˍʑ˕ · ɱ.  
ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɡɚ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫ ɫɭɬɨɱɧɵɦɢ 

ɝɪɚɮɢɤɚɦɢ ɧɚɝɪɭɡɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. ɇɚ ɪɢɫɭɧɤɟ 2.5 ɩɪɟɞɫɬɚɜɥɟɧ 
ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɡɚ ɫɭɬɤɢ ɞɟɤɚɛɪɹ. 

 
Ɋɢɫɭɧɨɤ 2.5 - Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ  
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Ɋɢɫɭɧɨɤ 2.6 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɞɟɤɚɛɪɟ 
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Ɋɢɫɭɧɨɤ 2.7 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɹɧɜɚɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɋɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɜ 
ɬɚɛɥɢɰɵ 2.5, 2.6. 

 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɬɚɛɥɢɰɚ 

№ɩ/
ɩ 

KN Qɫ/ɩ, 
ɦ3/ɫ 

H, ɦ Nɛɚɡ, 
Ɇȼɬ 

ɗɛɚɡ, 
ɦɥɧ 

ɤȼɬ*ɱ 

Nɝɚɪ, 
Ɇȼɬ 

ɗɝɚɪ, 
ɦɥɧ 

ɤȼɬ*ɱ 

ɗɩɢɤ, 
ɦɥɧ 

ɤȼɬ*ɱ 

Nɩɢɤ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇȼɬ 

Nɪɚɛ. 
ɫɭɳ, 

Ɇȼɬ 
1 

8,6 
 

25 
 

51,07 52 1,248 56 1,356 0,108 51 103 260 
2 47,65 25 0,6 35 0,852 0,252 76 101 225 
3 45,41 10 0,24 19 0,463 0,223 65 75 215 
4 45,33 10 0,24 19 0,465 0,225 62 72 174 
5 48,73 10 0,24 21 0,499 0,259 54 64 139 
6 53,01 11 0,264 22 0,54 0,276 54 65 140 
7 56,26 12 0,288 24 0,573 0,285 55 67 127 
8 58,25 13 0,312 25 0,593 0,281 59 72 138 
9 58,71 13 0,312 25 0,598 0,286 66 79 145 
10 58,82 13 0,312 25 0,596 0,284 69 82 183 
11 57,92 25 0,6 35 0,847 0,247 76 101 225 
12 54,93 52 1,248 56 1,355 0,107 51 103 260 

 
ɉɪɨɜɟɞɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɟɠɢɦɚ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ, 

ɩɨɥɭɱɢɥɢ ɨɬɦɟɬɤɭ ∇ɍɆɈ=437,73 ɦ, ɪɚɫɫɱɢɬɚɥɢ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ Vɩɨɥɟɡɧ = 0,918 ɤɦ3. 

 
2.6 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ 
 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɫɬɪɨɢɦ ɛɚɥɚɧɫ 

ɷɧɟɪɝɢɢ. Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɫɬɪɨɢɬɫɹ ɩɨ ɝɪɚɮɢɤɭ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ Nɫɪ.ɫɭɬ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ. ɋɪɟɞɧɟɫɭɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ Ƚɗɋ, 
ɛɟɪɭɬɫɹ ɢɡ ɫɪɚɛɨɬɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɢ ɜɵɱɢɫɥɹɸɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ Ƚɗɋ ɡɚ ɫɭɬɤɢ.  

ɇɚ ɪɢɫɭɧɤɟ 2.8 ɩɪɟɞɫɬɚɜɥɟɧ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ. 
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Ɋɢɫɭɧɨɤ 2.8 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ 

 
2.7 Ɋɚɫɱёɬ ɪɟɡɟɪɜɨɜ 
 
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, 

ɡɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ (ɧɨɹɛɪɶ). ɂɡ 
ɪɢɫɭɧɤɚ 2.8 ɜɢɞɧɨ, ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɟɜ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ 
ɦɟɫɹɰɵ Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ.  

ɉɨ ɛɚɥɚɧɫɭ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɟɫɹɰɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɜ ɷɬɨɬ ɦɟɫɹɰ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 
ɡɧɚɱɟɧɢɟ ɧɚɝɪɭɡɨɱɧɵɯ, ɚɜɚɪɢɣɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ ɪɟɡɟɪɜɨɜ. ɉɪɢ 
ɩɨɫɬɪɨɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɝɨɞɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɢɡ ɬɚɛɥɢɰɵ 2.6. Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ 8.1-8.3. 

 Nː˃ˆ˓˖ˊˑ˚ː˞ˌ˓ˈˊ =Pɦɚɯ·0,03                                                                (2.15) 
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ɗɧɟɪɝɨɫɢɫɬɟɦɚ, Ɇȼɬ Ȼɵɬɨɜɵɟ ɦɨɳɧɨɫɬɢ, Ɇȼɬ
Ɇɨɳɧɨɫɬɢ ȼɏɄ, Ɇȼɬ ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, Ɇȼɬ
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Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬ ɧɚɝɪɭɡɨɱɧɨɝɨ ɪɟɡɟɪɜɚ ɪɚɫɩɪɟɞɟɥɢɬɶ ɤɚɤɚɹ 

ɦɨɳɧɨɫɬɶ ɭɯɨɞɢɬ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ, ɚ ɤɚɤɚɹ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɭɸ.  
 

  Nʏ˅˃˓ˋˌː˞ˌ˓ˈˊ =Pɦɚɯ·0,1                                                                        (2.16) 
 

Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɥɨɠɢɬɶ ɪɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ ɢ Ɍɗɋ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ.  
 N˓ˈˊ.˒˓ˑˈˍ˕˓ˈˏ = ୒˓˃˄଺                                                       (2.17) 

 

ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.6. 

Ɍɚɛɥɢɰɚ 2.6- Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ, 
Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ 
Ƚɗɋ, Ɇȼɬ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
Ƚɗɋ, Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, Ɇȼɬ 

719 72 22 260 16 0 103 6 0 356 0 0 72 
677 68 20 220 14 0 101 6 0 356 0 0 68 
606 61 18 215 13 0 75 5 0 316 0 0 61 
523 52 16 174 11 0 72 5 0 277 0 0 52 
452 45 14 139 10 0 64 4 0 249 0 0 45 
411 41 12 140 8 0 65 4 0 206 0 30 41 
411 41 12 138 8 0 67 4 0 206 0 30 41 
451 45 14 138 9 0 72 5 0 241 0 0 45 
523 52 16 145 10 0 79 6 0 299 0 0 52 
605 61 18 183 12 31 82 6 12 340 0 0 61 
677 68 20 220 14 0 101 6 0 356 0 0 68 
719 72 22 260 16 0 103 6 0 356 0 0 72 

Ƚɪɚɮɢɤ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, 
ɩɨɫɬɪɨɟɧɧɵɣ ɩɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰɵ 2.6 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10. 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɹɧɜɚɪɸ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ 8.4. 

 N˒˓ˑˈˍ˕.ʒЭʠ˖˔˕ = Nˢː˅˃˓˟˓˃˄ + N˓ˈˊ.˒˓ˑˈˍ˕ː˃ˆ˓ = ͳͲ͵ + ͸ = ͳͲͻ ʛʑ˕                           (2.18) 
 
2.9 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 

ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɚɜɟɧ 3% P୲୫ୟ୶, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
10 % ɨɬ P୲୫ୟ୶. ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ, ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ Ɍɗɐ. Ⱥɜɚɪɢɣɧɵɣ ɛɭɞɟɬ 
ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ.   

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɪɚɜɧɚ N˖˔˕.ʒЭʠ = ͳͲͻ ʛʑ˕. 
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Ɋɚɫɱɟɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ Ȼ.14 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

ɇɚ ɪɢɫɭɧɤɟ 2.10 ɩɪɟɞɫɬɚɜɥɟɧ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɢ. 

 
Ɋɢɫɭɧɨɤ 2.10 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
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ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, Ɇȼɬ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, Ɇȼɬ
ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, Ɇȼɬ Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ Ɍɗɋ Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬ. Ƚɗɋ
Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɫɭɳ. Ƚɗɋ ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɭɳ. Ƚɗɋ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬ. Ƚɗɋ Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɜɪ Ɍɗɋ
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ 
ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 10.1. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.1. 

ɇɚɩɨɪ ɧɚ Ƚɗɋ ɩɪɢ ɪɚɫɯɨɞɟ QʒЭʠ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.1): 
 ʜʒЭʠሺQʒЭʠሻ = z˅˄( V̝ ˓˃˄) − zː˄ሺ Qː˄ሻ − ∆h                                                  (3.1) 
 

ɝɞɟ Δh – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 
ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
 N˖˔˕,˓˃˔˚ = k୒ · HʒЭʠ · QʒЭʠ                                                                             (3.2) 
 

ɝɞɟ  k୒ = 8,6 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 
ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 
 QʒЭʠ = QʒЭʠ୫ୟ୶ · √ ୌʒЭʠୌ˓˃˔˚N         (3.3) 

 
ɝɞɟ QʒЭʠ୫ୟ୶ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ƚɗɋ. 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ Qmin = Qɫɚɧ.ɩ-ɤ = 25 ɦ3/ɫ 
Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɢɡ 

ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɦ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ ɢ ɪɚɫɯɨɞɨɜ. Ɋɚɫɱɟɬ 
ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ ȼ.1 ɉɪɢɥɨɠɟɧɢɹ ȼ. Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɉɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.1. 

ɉɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ, ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ Ƚɗɋ, ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɦɨɳɧɨɫɬɢ ɢ ɪɚɫɯɨɞɭ. ɉɨɥɭɱɟɧɧɵɟ ɫ ɝɪɚɮɢɤɚ ɡɨɧɵ ɪɚɛɨɬɵ ɧɚɩɨɪɵ: H୫ୟ୶ =ͷ͹,Ͷͷ ɦ; H˓˃˔˚ = Ͷ͹,͵ ˏ; H୫୧୬ = ͵ͻ,͹ ˏ.   ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ୌౣi౤ୌౣ౗౮ = ଷଽ,଻଻ହ =Ͳ,ͷ͵.  

 
3.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 
Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɛɢɪɚɟɬɫɹ ɬɚ ɢɥɢ ɢɧɚɹ ɝɢɞɪɨɬɭɪɛɢɧɚ, 

ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɧɚɩɨɪ H˒˓ˈˇ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɛɨɬɚɟɬ ɬɭɪɛɢɧɚ. Ⱥ ɬɚɤɠɟ 
ɨɬɧɨɲɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɫɬɚɧɰɢɢ H୫୧୬ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ H˒˓ˈˇ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɠɟɬ ɝɢɞɪɨɬɭɪɛɢɧɚ, ɤɨɬɨɪɨɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. 

Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɭɪɛɢɧɵ: 
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– ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ60ɚ-ȼ 
– ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɊɈ75-ȼ 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɨɬɧɨɲɟɧɢɟ H୫୧୬/H˒˓ˈˇ. Ɉɧɨ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 

ɦɟɧɶɲɟ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
 ୌౣi౤ୌ˒˓ˈˇ = ଷଽ,଻଻ହ = Ͳ,ͷ͵   

 

Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɊɈ75-ȼ ɢ  ɉɅ60ɚ-ȼ  
ୌౣi౤ୌ˒˓ˈˇ ൒ Ͳ,ͷ. 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɜɵɛɪɚɧɧɵɟ ɬɭɪɛɢɧɵ ɩɨ ɧɚɩɨɪɚɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɜɵɛɪɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.1. 

ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ƚɍɏ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɞɥɹ 
ɤɚɠɞɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɚ ɬɭɪɛɢɧ, ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ɜɚɪɢɚɧɬɵ ɞɢɚɦɟɬɪɚ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ሺܦଵሻ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ሺ݊˔ˋː˘ሻ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ 
ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ ɜɨɞɵ ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ 
ɪɚɛɨɬɚɥɚ ɛɵ ɫ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ, ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɡɚɝɥɭɛɥɟɧɢɢ ɢ ɤɨɥɢɱɟɫɬɜɟ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɚɝɪɟɝɚɬɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ 
ɩɨɥɭɱɟɧɧɨɦ ɢɡ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɞɢɚɩɚɡɨɧɚ ɧɚɩɨɪɨɜ. Ɇɨɞɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɩɨɞɯɨɞɹɳɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

 
Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪɵ ɉɅ60-ȼ ɊɈ75-ȼ H˒˓ˈˇ, ˏ 60 75 H୫୧୬/H୫ୟ୶ 0,66 0,53 n୍ ˑ˒˕′ , ˑ˄/ˏ 116 83 Q୍ ˑ˒˕, ˎ/˔ 1080 1020 ηˏ ˑ˒˕ 0,913 0,920 Q୍ ୫ୟ୶′ , ˎ/˔ 1500 1200 σሺQ୍ ୫ୟ୶′ ሻ 0,55 0,13 D୍ ୫, ˏ 0,460 0,460 Hˏˑˇ, ˏ 12 4 

 
ɉɪɨɢɡɜɨɞɢɦ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɨɦ ɜɵɲɟ 

ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɷɬɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3.1. Ɂɚɞɚɟɦɫɹ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ D1 ɢ ɞɥɹ ɤɚɠɞɨɝɨ 
ɞɢɚɦɟɬɪɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

– ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.4):  
 Nୟ = ͻ,ͺͳ ∙ Q୍ ˓′ ∙ Dଵଶ ∙ H୮ଵ,ହ ∙ η˕ ∙ ηˆ = ͻ,ͺͳ · ͳ,ͳ͹ · Ͷଶ · Ͷ͹,͵ · √Ͷ͹,͵ · Ͳ,ͻʹͻ ·Ͳ,ͻ͹ = ͷͶͳͳͲ = Ͷʹ͸͹ͻ ˍʑ˕                                                                                                (3.4) 
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ɝɞɟ Q'I ɪ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; ɬ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
ɝ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 

– ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.5): 
 η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − ɂሻ + ɂ ∙ √ୈభˏˑˇୈభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ ஝ː஝ˏˑˇఱ ) =     

 

= ͳ − ሺͳ − Ͳ,ͺͻʹሻ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ√଴,ସ଺ସఱ ∙ √ ସସ଻,ଷభబ ∙ √ଵ,ସଷ·ଵ଴లଵ,଴ଵ·ଵ଴లఱ ) = Ͳ,ͻ͵ (3.5) 

 
ɝɞɟ ɦ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

D1ɦɨɞ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɦɨɞ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
D1 – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɪ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 
νɧ, νɦɨɞ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 

ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; ɂ – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (ɂ = Ͳ,͹ͷ). 

– ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (3.6):  
 Z′˃ˆ˓ = ୒˖˔˕୒˃ˆ˓ = ଵ଴ଽ଴଴଴ହସଵଵ଴ = ʹ,Ͳͳ, ɩɪɢɧɢɦɚɟɦ 2                                                     (3.6) 

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ=109 Ɇȼɬ); Naɝɪ – ɦɨɳɧɨɫɬɶ 
ɚɝɪɟɝɚɬɚ. 

– ɩɨɩɪɚɜɤɚ ɄɉȾ, ɮɨɪɦɭɥɚ (3.7): 
 m = ηːηˏ = ଴,ଽଶଽ଴,଼ଽଶ = ͳ,ͲͶͳ                                                                                    (3.7) 

 
– ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ), ɮɨɪɦɭɥɚ (3.8): 
 n′ = ୬I ˓′ √୫∙ʜ˓ୈభ = ଼ଷ·√ଵ,଴ସଵ·ସ଻,ଷସ = ͳͶͷ,͸ ⇒  ݊˔ˋː˘′ = ͳͷͲ ˑ˄ˏˋː                           (3.8) 

 
ɝɞɟ n'Iɪ - ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱɟɬɧɨɣ 
ɬɨɱɤɟ. 

– ɩɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɪɚɫɱɟɬɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (3.9 – 3.11): 
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n୍ ୫ୟ୶′ = ୬˔ˋː˘′ ୈభ√୫·ୌౣi౤ = ଵହ଴·ସ√ଵ,଴ସଵ·ଷଽ,଻ = ͻ͵ ˑ˄ˏˋː                                                                 (3.9) 

 n୍ ˓˃˔˚′ = ୬˔ˋː˘′ ୈభ√୫·ୌ˓˃˔˚ = ଵହ଴·ସ√ଵ,଴ସଵ·ସ଻,ଷ = ͺͷ ˑ˄ˏˋː                                                                   (3.10) 

 n୍ ୫୧୬′ = ୬˔ˋː˘′ ୈభ√୫·ୌౣ౗౮ = ଵହ଴·ସ√ଵ,଴ସଵ·ହ଻,ସହ = ͹͹ ˑ˄ˏˋː                                                                (3.11) 

 
– ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ, ɮɨɪɦɭɥɚ 

(3.12): 
 Q′୍ ୮ ∙ η˕ = ୒˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌభ˓,ఱ·ηˆ = ହସହ଴଴ଽ,଼ଵ·ସమ·ସ଻,ଷభ,ఱ·଴,ଽ଻ = ͳ,Ͳ͵                                       (3.12) 

 
Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n'Iɪ, 

ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୍ ୮ ∙ η˕ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɜɟɧɫɬɜɚ. 

– ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (3.13): 
 Q′୍ ୫ୟ୶ = ୒˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌౣ౗౮భ,ఱ ·ηˆ = ହସହ଴଴ଽ,଼ଵ·ସమ·ହ଻,ସହభ,ఱ·଴,ଽ଻ = Ͳ,͹͹                                            (3.13) 

 
Ɋɚɫɱɟɬɵ ɉɅ30ɚ-ȼ ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 
 

Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ60ɚ-ȼ 
D1, ɦ 3 3,55 4 2,8 2,65 2,5 3,75 4,5 5 
ɬ 0,9161 0,9179 0,9192 0,9153 0,9147 0,914 0,9185 0,9204 0,9214 

N'ɚ, Ɇȼɬ 40020 56149 71387 34831 31179 27728 62695 90467 111809 
Z', ɲɬ 2,7236 1,94 1,53 3,13 3,50 3,93 1,74 1,2049 0,9749 
Za, ɲɬ 3 2 2 4 3 4 2 1 1 

Nɚ, Ɇȼɬ 36333,3 54500 54500 27250 36333 27250 54500 109000 109000 
m 1,0351 1,0372 1,0386 1,0342 1,0336 1,0328 1,0379 1,0400 1,0411 

n'c, ɨɛ/ɦɢɧ 270,56 228,87 203,27 289,76 306,06 324,30 216,73 180,80 162,81 
nɫ, ɨɛ/ɦɢɧ 300 230,8 214,3 300 333,3 333,3 214,3 187,5 187,5 

n'min, 
ɨɛ/ɦɢɧ 

117 106 111 109 115 108 104 109 121 

n'max, 
ɨɛ/ɦɢɧ 

129 117 122 120 126 119 115 120 134 

n'ɪɚɫɱ, 
ɨɛ/ɦɢɧ 

140 128 133 131 138 130 125 131 146 

 
Ɋɚɫɱɟɬɵ ɊɈ75-ȼ ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 
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Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ75-ȼ   

 

ɇɟɨɛɯɨɞɢɦɵɟ ɬɨɱɤɢ ɪɚɫɯɨɞɨɜ ɢ ɄɉȾ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɨɥɹ ɧɚ 
ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɝɢɞɪɨɬɭɪɛɢɧ ɜɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.4. 
 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɵɯ ɬɨɱɟɤ ɞɥɹ Ƚɍɏ 

Ɍɭɪɛɢɧɚ ɉɅ60-ȼ ɊɈ75 Dଵ, ɦ 2,8 3,55 3,75 3 3,15 4 η˕, ɨ.ɟ 0,9153 0,9179 0,9185 0,93 0,93 0,929 N˃ˆ˓, ɤȼɬ 34831 56149 62695 30351,82 33479,23 54110,61 Z˃ˆ˓′ , ɲɬ 3,13 1,94 1,74 3,59 3,26 2,01 Z˃ˆ˓, ɲɬ 4 2 2 4 4 2 N˃ˆ˓′ , ɤȼɬ 27250 54500 54500 27250 27250 54500 ݉ 1,0342 1,0372 1,0379 1,039 1,039 1,041 ݊′, ɨɛ/ɦɢɧ 289,76 228,87 216,73 193,91 184,72 145,64 ݊˔ˋː˘′ , ɨɛ/ɦɢɧ 300 230,8 214,3 200 200 150 ୍݊ ௠𝑎𝑥′ , ɨɛ/ɦɢɧ 109 106 104 77,68 81,54 77,57 ୍݊ ˓˃˔˚′ , ɨɛ/ɦɢɧ 120 117 115 93,44 98,09 93,31 ୍݊ ௠𝑖௡′ , ɨɛ/ɦɢɧ 131 128 125 85,61 89,87 85,49 ܳ′˓ · η˕ 1,062 1,316 1,178 0,919 0,833 1,030 ܳ௠𝑎𝑥′ · η˕ 0,793 0,983 0,880 0,687 0,622 0,769 
 
Ⱦɚɧɧɵɟ ɬɭɪɛɢɧɵ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 

– Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ; 
– Ɉɩɬɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɡɨɧɚ ɬɭɪɛɢɧɵ; 
– ɉɪɢɟɦɥɟɦɨɟ ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ; 

D1, ɦ 3 3,15 3,35 3,55 3,75 4 4,25 

ɬ 0,93 0,93 0,93 0,93 0,93 0,929 0,93 

N'ɚ, Ɇȼɬ 30351,82 33479,23 37888,60 42571,78 47528,88 54110,61 61120,68 

Z', ɲɬ 3,59 3,26 2,88 2,56 2,29 2,01 1,78 

Za, ɲɬ 4 4 3 3 3 2 2 

Nɚ, Ɇȼɬ 27,25 27,25 36,33 36,33 36,33 54,50 54,50 

Δ' 1,039 1,039 1,040 1,040 1,041 1,041 1,042 
n'c, 

ɨɛ/ɦɢɧ 
193,91 184,72 173,75 164,00 155,30 145,64 137,11 

nɫ, 
ɨɛ/ɦɢɧ 

200 200 187,5 166,7 166,7 150 150 

n'min, 
ɨɛ/ɦɢɧ 77,68 81,54 81,27 76,55 80,84 77,57 82,39 
n'max, 

ɨɛ/ɦɢɧ 93,44 98,09 97,77 92,09 97,25 93,31 99,11 
n'ɪɚɫɱ, 

ɨɛ/ɦɢɧ 85,61 89,87 89,57 84,36 89,09 85,49 90,80 
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ɂɡ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɭɛɪɚɧɵ ȽɌ: ɉɅ60-ȼ ɫ Dଵ = ͵,͹ͷ ˏ, ɬ.ɤ. 
ɥɢɧɢɢ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ ɧɚɯɨɞɹɬɫɹ ɧɢɠɟ ɬɨɱɤɢ ɨɩɬɢɦɭɦɚ, ɚ ɬɚɤ ɠɟ ɢɡ ɜɚɪɢɚɧɬɨɜ 
ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ ɭɛɪɚɧɵ ɬɭɪɛɢɧɵ ɊɈ75 ɫ Dଵ = ͵ ˏ ˋ Dଵ = ͵,ͳͷ ˏ 
ɬɚɤ ɬɨɱɤɚ ɨɩɬɢɦɭɦɚ ɧɟ ɜɯɨɞɢɬ ɜ ɡɨɧɭ ɪɚɛɨɬɵ 

ɋɬɪɨɢɦ ɡɨɧɭ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. ɉɪɚɜɚɹ ɝɪɚɧɢɰɚ ɩɨɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɥɢɧɢɣ 
– ɜɟɪɯɧɹɹ ɩɪɨɜɨɞɢɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɥɢɧɢɹɦ ɨɬɤɪɵɬɢɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 
(ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɭɪɛɢɧɵ), ɚ ɧɢɠɧɹɹ ɫɬɪɨɢɬɫɹ ɩɨ 
ɞɜɭɦ ɬɨɱɤɚɦ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɨɣ – ɪɚɫɱёɬɧɚɹ ɬɨɱɤɚ, ɚ ɞɪɭɝɚɹ – ɬɨɱɤɚ, ɨɩɪɟɞɟɥёɧɧɚɹ 
ɩɨ ɬɨɣ ɠɟ ɮɨɪɦɭɥɟ, ɧɨ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ (ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɝɟɧɟɪɚɬɨɪɭ). Ʌɟɜɚɹ ɝɪɚɧɢɰɚ – ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
(ɫɚɧɢɬɚɪɧɵɣ ɩɨɩɭɫɤ), ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɟɞɢɧɟɧɧɵɟ ɬɨɱɤɢ Q′୍ ɩɪɢ Hmin ɢ Hmax. 

Ⱥɧɚɥɢɡɢɪɭɹ ɡɨɧɵ ɪɚɛɨɬ ɬɭɪɛɢɧ ɉɅ60ɚ-ȼ ɢ ɊɈ75-ȼ (ɉɪɢɥɨɠɟɧɢɟ ȼ, 
ɪɢɫɭɧɨɤ ȼ.2 – ȼ.7), ɜɵɛɢɪɚɟɦ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɦɟɬɤɢ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. ɗɬɨ ɊɈ75-ȼ-400, ɉɅ60ɚ-ȼ-280 ɢ ɉɅ60ɚ-ȼ-355 

Ȼɵɥɢ ɜɵɛɪɚɧɵ ɢɦɟɧɧɨ ɷɬɢ ɬɭɪɛɢɧɵ ɬɚɤ ɤɚɤ: 
– Ȼɨɥɶɲɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ ɢ ɬɨɱɤɟ ɨɩɬɢɦɭɦɚ; 
– Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɦɢɧɢɦɚɥɶɧɨ; 
– Ɍɨɱɤɚ ɨɩɬɢɦɭɦɚ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɪɚɛɨɬɵ; 
– Ɍɨɱɤɚ ɨɩɬɢɦɭɦɚ ɧɚɯɨɞɢɬɫɹ ɧɟ ɜɛɥɢɡɢ ɥɢɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ. 
 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟё ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟё 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (3.15): 
 ∇Z˓.ˍ. = Zː˄ሺQː˄ሻ + Hୱ                                                                                 (3.14) 
 

ɝɞɟ Zː˄ሺQː˄ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ.  

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ HS ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. ɬɪɟɛɭɸɳɢɦɢ 
ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

– ɪɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ 
Hmax ɢ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɢ; 

– ɪɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ Hɪ ɢ 
ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɢ; 

– ɪɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ 
Hmin ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.16): 
 Hୱ = B − Zː˄ሺ୕ː˄ሻଽ଴଴ − σ ∙ H − ∆Hୱ + Z˘. ˒ˎ                                                                (3.15) 
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ɝɞɟ ȼ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (10,33 ɦ ɜɨɞ.ɫɬ); ∆Hୱ − ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɊɄ; 
 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ;  
ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zɧɛ(Qɧɛ); 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 

ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɬɭɪɛɢɧɵ ɉɅ Zɯ.ɩɥ.= 0 ɦ 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɜɯɨɞɹɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ. 
Ɉɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ 

ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɢɥɢ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ 
ɪɢɫɭɧɤɟ Ⱥ.1 ɩɪɢɥɨɠɟɧɢɹ Ⱥ. 

Ɋɚɫɫɱɢɬɵɜɚɥɢ ɨɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ 
ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ (3.17-3.19). Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
ɜ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɬɭɪɛɢɧɚɯ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɨɫɢ 
ɩɨɜɨɪɨɬɚ ɥɨɩɚɫɬɟɣ. 

 ZʟʙሺH୫୧୬ሻ = Zː˄ (Q ሺH୫୧୬ሻ) + HୱሺH୫୧୬ሻ   (3.16) 
 ZʟʙሺH˓˃˔˚ሻ = Zː˄  ቀQ (H˓˃˔˚)ቁ + HୱሺH˓˃˔˚ሻ  (3.17) 

 ZʟʙሺH୫ୟ୶ሻ = Zː˄ (Q ሺH୫ୟ୶ሻ) + HୱሺH୫ୟ୶ሻ  (3.18) 
  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5 
 

Ɍɭɪɛɢɧɚ ɊɈ75 ɉɅ60-ȼ 𝐃૚, ɦ 4 2,8 3,55 Qሺʜ୫ୟ୶ሻ′ , ɦ3/ɫ 1,14 1,46 1,36 Qሺୌ˓˃˔˚ሻ′ , ɦ3/ɫ 0,988 1,4 1,44 Qሺୌ୫୧୬ሻ′ , ɦ3/ɫ 1,137 1,04 1,06 Qሺʜ୫ୟ୶ሻ, ɦ3/ɫ 122,27 88,23 132,30 Qሺʜ˓˃˔˚ሻ, ɦ3/ɫ 128,02 76,77 127,11 Qሺʜ୫୧୬ሻ, ɦ3/ɫ 116,97 52,25 85,72 Z୫ୟ୶ 
393,80 

 
393,30 

 
393,94 

 Z˓˃˔˚ 393,88 
 

393,13 
 

393,87 
 Z୫୧୬ 

393,72 
 

392,77 
 

393,27 
 Hୱ ୫ୟ୶, ɦ 

1,466 
 

-24,68 
 

-20,38 
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Hୱ ˓˃˔˚, ɦ 0,484 
 

-13,22 
 

-17,95 
 

 
ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɬɭɪɛɢɧ ɊɈ75-ȼ-400, ɉɅ60ɚ-ȼ-280 ɢ ɉɅ60ɚ-ȼ-355 ɛɵɥɚ 

ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ ɊɈ75-ȼ-400 ɫ ɞɢɚɦɟɬɪɨɦ 4,0 ɦɟɬɪɚ, ɬɚɤ ɤɚɤ:  
– ɨɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜɵɲɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɡɚɬɪɚɬ 

ɧɚ ɪɚɫɤɨɩɤɭ; 
– ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɦɟɧɶɲɟ; 
– ɦɟɧɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ; 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɭɦɨɡɚɤɥɸɱɟɧɢɣ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ 

ɊɈ75-ȼ-400, ɨɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɪɚɜɧɚ Zʟʙ = ͵ͻͶ,͵͸ ɦ. 
ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ75-ȼ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ȼ.8 ɜ 
ɩɪɢɥɨɠɟɧɢɢ ȼ. 

 
3.4 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɢɪɚɥɶɧɵɟ ɤɚɦɟɪɵ ሺɔ = ͵Ͷͷ ÷ ͵͸Ͳ°ሻ ɢɦɟɸɬ ɤɪɭɝɥɵɟ 

ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɜ ɪɚɣɨɧɟ ɡɭɛɚ, ɨɧɢ ɫɥɭɠɚɬ 
ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɬɭɪɛɢɧɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɧɚɩɪɚɜɥɹɸɳɢɣ 
ɚɩɩɚɪɚɬ. ɉɪɢ ɫɪɟɞɧɢɯ ɢ ɜɵɫɨɤɢɯ ɧɚɩɨɪɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɫ 
ɤɪɭɝɥɵɦɢ ɫɟɱɟɧɢɹɦɢ. 

ɉɨɬɨɤ ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɫɩɢɪɚɥɶɧɭɸ ɤɚɦɟɪɭ ɡɚɞɚɧ ɬɪɟɦɹ ɝɥɚɜɧɵɦɢ 
ɭɫɥɨɜɢɹɦɢ: 

– Ɉɛɟɫɩɟɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɩɨ ɨɤɪɭɠɧɨɫɬɢ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 

– Ɉɛɟɫɩɟɱɟɧɢɟ ɨɞɢɧɚɤɨɜɨɣ ɡɚɝɪɭɡɤɢ ɩɨɬɨɤɚ (ɩɨɫɬɨɹɧɫɬɜɨ ɦɨɦɟɧɬɚ 
ɫɤɨɪɨɫɬɢ) ɩɟɪɟɞ ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ. 

– Ɋɚɡɦɟɪɵ ɪɚɞɢɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɨɞɨɛɪɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɜ ɧɢɯ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ 
ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɉɨ ɮɨɪɦɭɥɚɦ 3.19-  ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 
ɝɢɞɪɨɬɭɪɛɢɧɵ: 

ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 b଴ = Ͳ,͵ͷ ∙ Dଵ = Ͳ,͵ͷ ∙ Ͷ = ͳ,Ͷ ˏ                                       (3.19) 

 
 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.5 

Ɍɭɪɛɢɧɚ ɊɈ75 ɉɅ60-ȼ 𝐃૚, ɦ 4 2,8 2,8 Hୱ ୫୧୬, ɦ 
1,576 

 
-2,46 

 
-2,66 

 ∇Zʟʙሺʜ୫ୟ୶ሻ 
395,26 

 
368,62 

 
373,57 

 ∇Zʟʙሺʜ୮ሻ 394,36 
 

379,91 
 

375,92 
 ∇Zʟʙሺʜ୫୧୬ሻ 

395,30 
 

390,31 
 

390,61 
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ɍɝɨɥ ɨɯɜɚɬɚ: 
 ɔ଴ = ͵Ͷͷ° 
 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
 bଵ = b଴ + Ͳ,Ͳʹ = ͳ,Ͷ + Ͳ,Ͳʹ = ͳ,Ͷʹ ˏ                             (3.20) 
 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɫɬɚɬɨɪɚ ɞɥɹ Dଵ = Ͷ ˏ: 
 Dୟ = ͸,ͳͷˏ; Dୠ = ͷ,͵ʹ ˏ; Dସ = ͸,ͷ ˏ; Rସ = ͵,ʹͷ ˏ; R = Ͳ,͵ͷ ˏ; hଵ = Ͳ,͵ͷ ˏ  

 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ: 

 Hଵ = bଵ + ʹ ∙ h = ͳ,Ͷʹ + ʹ ∙ Ͳ,͵ͷ = ʹ,ͳʹ ˏ                            (3.21) 
 
ɋɤɨɪɨɫɬɶ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɢɧɢɦɚɟɬɫɹ ɓ˅˘ =͸,Ͷ ˏ ˔⁄ . 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ: 
 Q˅˘ = Q୮ ∙ ஦ଷ଺଴° = ͳʹͺ ∙ ଷସହ°ଷ଺଴° = ͳʹʹ,͸͹                        (3.22) 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 F˅˘ = ୕˅˘஥˔˓ = ଵଶଶ,଺଻ ଺,ସ = ͳͻ ˏଶ                      (3.23) 

 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 p˅˘ = √୊˅˘஠ = √ ଵଽ ଷ,ଵସ = ʹ,Ͷͻ ˏ                                                  (3.24) 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 a˅˘ = Rସ + √p˅˘ଶ − ቀୌభଶ ቁଶ = ͵,ʹͷ + √ʹ,Ͷͻଶ − ቀଶ,ଵଶଶ ቁଶ = ͷ,ͷ ˏ                    (3.25) 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 R˅˘ = a˅˘ + p˅˘ = ͷ,ͷ + ʹ,Ͷͻ = ͹,ͻͻ ˏ                              (3.26)            
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Ɂɧɚɱɟɧɢɟ ஦̝ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ଵେ ∙ ɔ = a − √aଶ − pଶ = ͷ,ͷ − √ͷ,ͷଶ − ʹ,Ͷͻଶ = Ͳ,ͷͻͷ                        (3.27) 

 
ɉɪɢ ɩɪɢɧɹɬɨɦ ɡɧɚɱɟɧɢɢ:  

 ɔ = ஦˅˘ଷ଺଴ = Ͳ,ͻͷͺ                                                            (3.28) 

 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ ɔ୧ ɱɟɪɟɡ Δɔ = ͳͷ°, 

ɪɚɫɫɱɢɬɚɧɵ ɜɫɟ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. Ⱦɚɧɧɵɟ ɡɚɧɟɫɟɧɵ ɜ Ɍɚɛɥɢɰɭ 3.6 
 
Ɍɚɛɥɢɰɚ 3.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

φ - - - - - x x2 p2 p a R ° ° - ɦ ɦ ɦ-2 ɦ ɦ2 ɦ2 ɦ ɦ ɦ 

345 0,96 0,60 3,87 2,75 1,66 2,25 5,07 6,20 2,49 5,50 7,99 
330 0,92 0,57 3,70 2,58 1,61 2,18 4,73 5,85 2,42 5,43 7,84 
315 0,88 0,54 3,53 2,41 1,55 2,10 4,39 5,52 2,35 5,35 7,69 
300 0,83 0,52 3,37 2,24 1,50 2,01 4,06 5,18 2,28 5,26 7,54 
285 0,79 0,49 3,20 2,07 1,44 1,93 3,73 4,86 2,20 5,18 7,39 
270 0,75 0,47 3,03 1,91 1,38 1,85 3,41 4,53 2,13 5,10 7,23 
255 0,71 0,44 2,86 1,74 1,32 1,76 3,09 4,21 2,05 5,01 7,06 
240 0,67 0,41 2,69 1,57 1,25 1,67 2,78 3,90 1,98 4,92 6,89 
225 0,63 0,39 2,52 1,40 1,18 1,57 2,47 3,59 1,90 4,82 6,72 
210 0,58 0,36 2,36 1,23 1,11 1,47 2,17 3,29 1,81 4,72 6,54 
195 0,54 0,34 2,19 1,06 1,03 1,37 1,87 2,99 1,73 4,62 6,35 
180 0,50 0,31 2,02 0,90 0,95 1,26 1,58 2,70 1,64 4,51 6,15 
165 0,46 0,28 1,85 0,73 0,85 1,14 1,29 2,42 1,55 4,39 5,94 

 
Ɍɚɤ ɤɚɤ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ, ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɭɝɥɨɜ ɔ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ 

ɷɥɥɢɩɫɚ, ɬɨ ɦɟɬɨɞɢɤɚ, ɭɤɚɡɚɧɧɚɹ ɜɵɲɟ, ɧɟ ɩɨɞɯɨɞɢɬ. ɉɨɷɬɨɦɭ ɩɨɫɬɪɨɟɧɚ ɩɥɚɜɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɭɠɟ ɢɦɟɸɳɢɦɫɹ ɤɨɨɪɞɢɧɚɬɚɦ R ˋ ɔ ɞɨ ɤɨɨɪɞɢɧɚɬɵ ቀɔ = Ͳ; R =ୈౘଶ = ହ.ଷଶଶ = ʹ,͸͸ቁ. ɇɟɞɨɫɬɚɸɳɢɣ ɭɱɚɫɬɨɤ ɩɨɫɬɪɨɟɧ ɦɟɬɨɞɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɫ 
ɩɨɦɨɳɶɸ ɥɢɧɢɢ ɬɪɟɧɞɚ, ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ Microsoft Excel. 

  
Ɋɚɡɦɟɪɵ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 pଵ = ୌభଶ·ୱ୧୬ ୟౡ                                                              (3.29) 

 
Ƚɞɟ: a୩ = ͵ͷ° 
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Ɋɚɞɢɭɫɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ: 
 pଶ = ୖ−ሺୖర+୮భ·ሺଵ−ୡ୭ୱ ୟౡሻሻଶ·ୡ୭ୱ ୟౡ                                                    (3.30) 

 
 

Ⱦɚɧɧɵɟ ɪɚɫɱёɬɨɜ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7 
 
Ɍɚɛɥɢɰɚ 3.7 – Ⱦɚɧɧɵɟ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ 𝛗° ܘ૚, ,૛ܘ ˏ ,܀ ˏ ˏ 

150 

1,85 

5,704 1,294 
135 5,440 1,337 
120 5,137 1,152 
105 4,785 0,937 
90 4,371 0,685 
75 3,885 0,388 
60 3,315 0,040 
45 2,649 -0,367 

 
ɉɨɫɬɨɹɧɧɚɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 k = ୕˓ଶ·஠·భʠ = ଵଶ଼ଶ·ଷ,ଵସ·଴,ଷଶ = ͸Ͷ,͵Ͷ                                        (3.31) 

 
ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ (ɧɚ ɜɯɨɞɟ ɜ ɤɨɥɨɧɧɵ ɫɬɚɬɨɪɚ): 
 tg Ɂ = ୕p ሺଶ∙஠∙ୠభሻ⁄ ୩ = ଵଶ଼ ሺଶ∙ଷ,ଵସ∙ଵ,ସଶሻ⁄ ଺ସ,ଷସ = Ͳ,ʹʹ͵                                      (3.32) 

 Ɂ = arctg ቀ୕p ሺଶ∙஠∙ୠభሻ⁄ ୩ ቁ = arctgሺͲ,ʹʹ͵ሻ = ͳʹ,͵Ͷ°                                      (3.33) 

 
3.5 Ɋɚɫɱɟɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
3.5.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɟɥɢ ɫ 
ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ. Ɋɚɫɫɱɢɬɵɜɚɟɦ ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɨ ɮɨɪɦɭɥɟ (3.30): 

 D∗˅ ൒ (ͷ,ͳ ∙ ୑ˍ˓[தˇˑ˒])଴,ଷଷ
                                                                                     (3.30) 
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ˆˇˈ [ɒˇˑ˒] = ͵Ͳ ÷ ͵ͷ ʛʞ˃, Mˍ˓ −  ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɤɇ∙ɦ, 
ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (3.31).  
 Mˍ˓ = ଴,଴଴ଽ଻ସ∙୒୬˔ˋː˘ = ଴,଴଴ଽ଻ସ·ହସ,ହଵହ଴ = ͵,ͷͶ ʛʞ˃                                                    (3.31) 

 D∗˅ ൒ (ͷ,ͳ ∙ ୑ˍ˓[தˇˑ˒])଴,ଷଷ = ቀͷ,ͳ ∙ ଷ,ହସଷଷ ቁ଴,ଷଷ = Ͳ,ͺʹ ˏ  

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɢɥɢ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 
(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ Dɜ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ D≥1000 ɦɦ). D˅ =ͺͷͲ ˏˏ. 

 
3.5.2 Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 
 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ, ɮɨɪɦɭɥɚ (3.32): 
 R˓˃ˇ = Ͳ,ͺ ∙ ቀ ୒୬˔ˋː˘∙ୈభቁ = Ͳ,ͺ ∙ ହସହ଴଴ଵହ଴∙ସ = ͹ʹ,͸͹ ˍʜ                                             (3.32) 

 
ɝɞɟ n˔ˋː˘ − ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ. 

Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ d˒, ɫ ɭɱёɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ D˅, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ d˒ = 870 ɦɦ. 

Ⱦɥɹ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɬɫɹ ɱɢɫɥɨ ɢ ɜɵɫɨɬɚ 
ɫɟɝɦɟɧɬɨɜ ɩɨ ɬɚɛɥɢɰɟ 3.6. 

 
Ɍɚɛɥɢɰɚ 3.6 – ɑɢɫɥɨ ɢ ɜɵɫɨɬɚ ɫɟɝɦɟɧɬɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ D˅ 

Dɜ, ɦɦ 500 – 800 850 – 1100 1200 – 1600 1700 – 2200 

hɩ, ɦɦ 300 400 500 600 

Zɫɟɝɦ 8 8 10 12 

 h˒ = ͶͲͲ ˏˏ; Z˔ˈˆˏ = ͺ ˛˕ 
Ɉɩɪɟɞɟɥɹɟɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ ɩɨ ɮɨɪɦɭɥɟ (3.33): 
 Rଵ = ୖ˓˃ˇଵ+ଶୡ୭ୱα+ଶୡ୭ୱ ሺଶαሻ = ଻ଶ,଺଻ଵ+ଶ∙ୡ୭ୱ ସହ°+ଶ·ୡ୭ୱ ଽ଴° = ͵Ͳ,ͳ ˍʜ                            (3.33) 

 

ɝɞɟ Ƚ = ଷ଺଴°Z˔ˈˆˏ = ଷ଺଴°଼ = Ͷͷ°  – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ.    

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ ɩɨ ɮɨɪɦɭɥɟ (3.34): 
 p˖ˇ = ୖ˓˃ˇ୪˔ˈˆˏ∙୦˒ = ʹͻ ∙ ͳ͵,͸͸ = ͵ͻ͸ ൑ [p˖ˇ], ˍʞ˃  (3.34) 
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ɝɞɟ l˔ˈˆˏ – ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 
(3.35); 
 l˔ˈˆˏ = ଴,ଽ∙஠∙ୢ˒Z˔ˈˆˏ = Ͳ,ͻ ∙ ͵,ͳͶ ∙ ଴,଼଻଼ = Ͳ,͵Ͳ͹ = Ͳ,ʹͷͷ ˏ  (3.35) 

 [p˖ˇ] = ହ଴∙஠∙୬˔ˋː˘∙ୢ˒ଷ଴ = ͷͲ ∙ ͳ͵,͸͸ = ͸ͺ͵  ˍʞɚ  (3.36) 

 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɞɲɢɩɧɢɤ ɜɵɛɪɚɧ ɜɟɪɧɨ. 
 
3.6 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɬɫɹ ɫɟɪɢɣɧɵɣ ɬɢɩ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ. Ɉɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ, ɩɨ ɤɨɬɨɪɵɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ ɝɟɧɟɪɚɬɨɪɚ, ɷɬɨ ɟɝɨ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɚɹ 
ɞɨɥɠɧɚ ɫɨɜɩɚɞɚɬɶ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɢ ɚɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɫɨɜɩɚɞɚɬɶ ɫ ɦɨɳɧɨɫɬɶɸ ɬɭɪɛɢɧɵ ɢɥɢ 
ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ +/–10%. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7. 

 n˔ˋː = ͳͷͲ ˑ˄ˏˋː ;  
 Nୟ = ͷͶ,ͷ ʛʑ˕.  
 
ɇɚ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɋȼ-808/130-40 ɝɟɧɟɪɚɬɨɪ, ɝɞɟ:  
ɋȼ – ɫɢɧɯɪɨɧɧɵɣ, ɜɟɪɬɢɤɚɥɶɧɵɣ;  
808 – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɫɟɪɞɟɱɧɢɤɚ ɫɬɚɬɨɪɚ, ɫɦ;  
130 – ɞɥɢɧɚ ɫɟɪɞɟɱɧɢɤɚ ɫɬɚɬɨɪɚ, ɫɦ;  
40 – ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɸɫɨɜ 
 

Ɍɚɛɥɢɰɚ 3.7 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-808/130-40ɍ4. 
Ɍɢɩ ɋȼ-808/130-40ɍ4 

Ɇɚɫɫɚ ɨɛɳɚɹ, ɬ 255 
ɂɫɩɨɥɧɟɧɢɟ ɉɨɞɜɟɫɧɨɣ Sːˑˏ, ʛʑʏ 64,7 Pː ˑˏ, ʛʑ˕ 55 cos ɔ 0,8 Uːˑˏ, ˍʑ 10,5 nːˑˏ, ˑ˄/ˏˋː 150 ʙʞʓ, % 97,7 

 
Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɢ ɝɟɧɟɪɚɬɨɪɚ ɫɨɫɬɚɜɢɬ ɩɪɢɦɟɪɧɨ 3 %, 

ɞɨɩɭɫɤɚɟɬɫɹ. 
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Ɍɢɩ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ – ɡɨɧɬɢɱɧɵɣ, ɬɚɤ ɤɚɤ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɦɟɧɶɲɟ 200 ɨɛ/ɦɢɧ, ɚ ɬɚɤɠɟ ɞɢɚɦɟɬɪ ɊɄ ɜɯɨɞɢɬ ɜ ɞɨɩɭɫɤɚɟɦɵɟ ɩɪɟɞɟɥɵ (1800-
5000). 

3.7 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

3.7.1 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɝɚɛɚɪɢɬɚɦ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɝɢɞɪɨɬɭɪɛɢɧ ɹɜɥɹɟɬɫɹ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ). Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɞɚɱɭ ɦɚɫɥɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɭɪɛɢɧ (ɧɚɩɪɢɦɟɪ, 
ɫɟɪɜɨɦɨɬɨɪɨɜ ɇȺ). Ɇɇɍ ɫɨɫɬɨɢɬ ɢɡ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ ɢ ɫɥɢɜɧɨɝɨ ɛɚɤɚ. 
Ɇɇɍ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɡɚɩɚɫ ɦɚɫɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɫɚɦɵɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
ɫɟɪɜɨɦɨɬɨɪɨɜ. 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɟɧɵ ɨɛɴёɦɨɦ 
ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɢɥɢ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɨɪɚ 
57,45 ɦ ɢ D1 = 4,0 ɦ: Ɇɇɍ 1,6/1-40-2,5-2, ɝɞɟ:  

1,6 – ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ;  
1 – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ;  
40 – ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2;  
2,5 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3;  
2 – ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 

 
3.7.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
Ⱦɥɹ ɪɚɞɢɚɥɶɧɨ ɨɫɟɜɨɣ ɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɬɫɹ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 

ɪɟɝɭɥɹɬɨɪ ɫ ɨɞɧɢɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɨɪɝɚɧɨɦ: ɗȽɊ-2ɂ1-100-11 (1985ɝ.): 
ɗȽɊ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ 
2ɂ1 – ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ 
100 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 
11 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 11-ɝɨ ɢɫɩɨɥɧɟɧɢɹ 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ƚɗɋ  
 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɬɪɟɛɭɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɩɨɞɯɨɞɚ ɤ ɜɵɛɨɪɭ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɪɟɲɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɭ, 
ɜɧɟɲɧɢɟ ɢ ɜɧɭɬɪɟɧɧɢɟ ɫɜɹɡɢ, ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ, ɩɚɪɚɦɟɬɪɵ ɢ ɧɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ ɢ ɟɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ, ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɷɬɚɩɨɜ 
ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɬ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ 
ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ 
ɝɢɛɤɨɫɬɶ (ɬ.ɟ. ɩɪɢɫɩɨɫɨɛɥɹɟɦɨɫɬɶ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ) ɢ ɭɞɨɛɫɬɜɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ. 

ȼ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɭɡɥɚ ɛɥɢɠɚɣɲɟɣ ɩɨɞɫɬɚɧɰɢɟɣ ɹɜɥɹɟɬɫɹ 
«ɉɪɢɡɟɣɫɤɚɹ» ɫ ɜɵɫɲɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ.  

ɇɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɟ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɫɯɟɦɵ: ɨɞɢɧɨɱɧɵɣ ɢ ɭɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ 
ɪɢɫɭɧɤɟ 4.1.  

 

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɚɦɢ 
 

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ  
 
4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ  
 
ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜɵɛɪɚɧ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɋȼ-808/130-40ɍ4 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ "ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ". ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 
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Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-808/130-40ɍ4 
ɇɨɦɢɧɚɥɶɧɚɹ 

ɦɨɳɧɨɫɬɶ 
 ܌𝐗 ܌′′𝐗 ܌′𝛗 𝐗ܛܗ܋ ˏːˑ܃

S, ɆȼȺ P, Ɇȼɬ ɤȼ ɨ.ɟ. 22 35 93 
64,7 55 10,5 0,85 

 
4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɨɞɢɧɨɱɧɵɦ 

ɛɥɨɤɨɦ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 

ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɨɬɨɪɚɹ 
ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 0,5% ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(4.1). 

 S˓˃˔˚ = ୔ːˑˏ−୔˔.ː.ୡ୭ୱ ஦ = ହହ−ଵ,଴ଽ଴,଼ହ = ͸͵,Ͷʹ ʛʑ · ʏ, (4.1) 

 
ɝɞɟ Pː ˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ (ɭɫɬɚɧɨɜɥɟɧɧɚɹ) ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, Ɇȼɬ; P̝ .ː. = Ͳ,Ͳͳ ∙ ̟ܲ ˔˕ = Ͳ,Ͳͳ ∙ ͳͲͻ = ͳ,Ͳͻ ʛʑ˕ – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ; cos ɔ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɨ.ɟ. 
ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɨɛɪɚɧ ɩɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɟɬɫɹ 

ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɜɢɞɚ «Ⱦɐ», ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 
ɧɚɩɪɹɠɟɧɢɹ ɛɟɡ ɜɨɡɛɭɠɞɟɧɢɹ (ɉȻȼ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɥɨɤɟ ɫ 
ɝɟɧɟɪɚɬɨɪɨɦ ɌȾɐ-80000/220-ɍ1, ɏɅ1. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.2. 

 
Ɍɚɛɥɢɰɚ 4.2 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-80000/220 ܁ːˑˏ, ɆȼȺ 

𝑈, ɤȼ 𝑼ˍˊ, % 𝑰𝒙𝒙, % 𝜟𝑷𝒙, ɤȼɬ 𝜟𝑷ˍ, ɤȼɬ 𝑼˅ː, ɤȼ 𝑼ːː, ɤȼ 

80 242 10,5 11,0 0,3 60 280 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ T୫ୟ୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɒ, ɤɨɬɨɪɨɟ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.2): 

 ɒ = ቀͲ,ͳʹͶ + ୘ౣ౗౮ଵ଴ర ቁଶ · ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ · ͺ͹͸Ͳ = ʹͶͲͷ ˚/ˆˑˇ (4.2)  

 
 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɮɨɪɦɭɥɚ (4.3): 
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t˓˃˄ = ͺ͹͸Ͳ − ɊT˒ ˎ − ωT˅ , (4.3)  
 
ɝɞɟ Ɋ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ,1 ɪɚɡ ɜ ɝɨɞ; T˒ ˎ – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɩɪɢɧɹɬɨ: T˒ ˎ = ͵Ͳ˚; ω – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɛɥɨɤɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ: ω = Ͳ,Ͳʹͷ ɟɞ/ɝɨɞ; T˅  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ, T˅ = ͸Ͳ ˚. 

 t˓˃˄ = ͺ͹͸Ͳ − ͳ · ͵Ͳ − Ͳ,Ͳʹͷ · ͸Ͳ = ͺ͹ʹͻ ˚  
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wʤʤ = nʡ · ∆Pʤʤ · t˓˃˄, (4.4)  

 
ɝɞɟ nʡ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɛɥɨɤɟ, nʡ = ͳ; ∆Pʤʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; t˓˃˄ – ɜɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ, ɱ. 

 ∆Wʤʤ = ͳ · ͸Ͳ · ͺ͹ʹͻ = ͷʹ͵,͹Ͷ ʛʑ˕ · ˚  
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wʜ = ∆୔ʙʖ୬˕ · ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ · ɒ, (4.5)  

 
ɝɞɟ ∆Pʙʖ – ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; n˕ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; S˓˃˔˚ – ɦɨɳɧɨɫɬɶ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɆȼȺ; S˕ ːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɆȼȺ; ɒ – ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɱ/ɝɨɞ. 

 ∆Wʜ = ଴,ଶ଼ଵ ∙ ቀ଺ଷ,ସଶ ଼଴ ቁଶ ∙ ʹͶͲͷ = Ͷʹ͵,ʹͷ ʛʑ˕ · ˚  

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

(4.6): 
 ʗ˒ = 𝛾ଵ · ∆Wʤʤ + 𝛾ଶ · ∆Wʜ, (4.6)  

 
ɝɞɟ ∆Wʤʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ʛʑ˕ · ˚; ∆Wʜ – ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ʛʑ˕ · ˚; 𝛾ଵ, 𝛾ଵ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ ȿɗɋ Ɋɨɫɫɢɢ; 

 Ⱦଵ = ͳ,ʹ · ͳͲ−ଶ  ˕˞˔. ˓˖˄/ሺʛʑ˕ · ˚ሻ  
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Ⱦଶ = ͳ,͸ͷ · ͳͲ−ଶ ˕˞˔. ˓˖˄/ሺʛʑ˕ · ˚ሻ  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ 1 ɚɝɪɟɝɚɬɧɵɣ ɛɥɨɤ: 
 ʗʞ ˑˇˋːˑ˚ = ͳ,ʹ ∙ ͳͲ−ଶ ∙ ͷʹ͵,͹Ͷ + ͳ,͸ͷ ∙ ͳͲ−ଶ ∙ Ͷʹ͵,ʹͷ = ͳ͵,ʹ͹  ˕˞˔ ˓˖˄/ˆˑˇ   
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (2 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ) ɩɨɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

(4.7): ʗʞ = ʹ · ʗʞ ˑˇˋːˑ˚ = ͳ͵,ʹ͹ ∙ ʹ = ʹ͸,ͷͶ ˕˞˔. ˓˖˄/ˆˑˇ                                  (4.7) 
 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɭɤɪɭɩɧɟɧɧɵɦ 

ɛɥɨɤɨɦ  
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 

ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ, ɮɨɪɦɭɥɚ (4.8). 

 S˓˃˔˚ = ʹ ⋅ ୔ːˑˏ−୔˔.ː.ୡ୭ୱ ஦ = ʹ ⋅ ହହ−ଵ,଴ଽ଴,଼ହ = ͳʹ͸,ͺͷ ʛʑ · ʏ (4.8) 

 
ɝɞɟ Pː ˑˏ ˋ P̝ .ː. −ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɢ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ 
ɜɢɞɚ «ɐ», ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɥɨɤɟ 
ɫ ɝɟɧɟɪɚɬɨɪɨɦ Ɍɐ-160000/220-ɍ1, ɍɏɅ1 ɡɚɜɨɞɚ ɈȺɈ «ɗɥɟɤɬɪɨɡɚɜɨɞ». 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
 
Ɍɚɛɥɢɰɚ 4.3 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɐ-160000/220-ɍ1 ܁ːˑˏ, ʛʑʏ 

,܃ ˍʑ ܃ʙʖ, ,ʙʖ۾∆ % ˍʑ˕ ∆۾ʤʤ, ˍʑ˕ 𝐈ʤʤ,  ʜʜ܃ ʑʜ܃ %

160 242 10,5 12,0 525 167 0,6 

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɹɬɫɹ ɪɚɫɱɟɬɵ, ɚɧɚɥɨɝɢɱɧɵɟ ɜɵɛɨɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɥɹ 

ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ: 
 ɒ = (Ͳ,ͳʹͶ + T୫ୟ୶ͳͲସ )ଶ · ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͶͲͲͲͳͲସ )ଶ · ͺ͹͸Ͳ = ʹͶͲͷ ˚/ˆˑˇ 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ: 
 t˓˃˄ = ͺ͹͸Ͳ − ͳ · ͵Ͳ − Ͳ,Ͳͷ · ͸Ͳ = ͺ͹ʹ͹ ˚  
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ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɝɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wʤʤ = ʹ ⋅ Ͳ,ͳ͸͹ ⋅ ͺ͹ʹ͹ = ʹͻͳͶ,ͺ ʛʑ˕ · ˚  
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wʜ = ଴,ହଶହଶ ∙ ቀଵଶ଺,଼ହ ଵ଺଴ ቁଶ ∙ ʹͶͲͷ = ͵͸ͻ͸,͹ͻ ʛʑ˕ · ˚  

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 1 ɭɤɪɭɩɧɟɧɧɵɣ 

ɚɝɪɟɝɚɬɧɵɣ ɛɥɨɤ: 
 ʗʞ ˖ˍ˓˖˒ː = ͳ,ʹ ∙ ͳͲ−ଶ ∙ ʹͻͳͶ,ͺ + ͳ,͸ͷ ∙ ͳͲ−ଶ ∙ ͵͸ͻ͸,͹ͻ = Ͷͳ,ͷʹ ˕˞˔. ˓˖˄ˆˑˇ  

 
ȼ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 

ɭɫɬɚɧɨɜɤɢ ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɨɜ. Ɍɚɤɠɟ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɚɹ ɫɯɟɦɚ 
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɧɚɞɟɠɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ. 

 
4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 

0,5% ɨɬ ɜɫɟɣ ɦɨɳɧɨɫɬɢ, ɮɨɪɦɭɥɚ (4.10): 
 S˔.ː. = Ͳ,ͲͲͳ ∙ ୔ʒЭʠୡ୭ୱ ஦ˆ  (4.9)  

 
ɝɞɟ cos ɔˆ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
 S˔.ː. = Ͳ,ͲͲͳ ∙ ଵ଴ଽ଴,଼ହ = ͳ,ʹͺ ˍʑ ∙ ʏ.  
 
ɉɨ ɤɚɬɚɥɨɝɭ ɡɚɜɨɞɚ ɈɈɈ «ɍɪɚɥ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɬɫɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-2500/10,5. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-2500/10,5 ܁ːˑˏ, ɆȼȺ 
 ɤȼɬ ,ˍ۾ɤȼɬ 𝚫 ,ܠ۾𝚫 % ,ˊˍ܃ ɤȼ ,܃

ɋɬɨɢɦɨɫɬɶ, 
ɦɥɧ. ɪɭɛ. ܃˅ː, ɤȼ ܃ːː, ɤȼ 

2,5 10,5 6,3 2,5 70 235 24,3 
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4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ  

 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ ɫɢɫɬɟɦɭ, ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (4.10): 
 SΣ = ୔˖˔˕−୔˔.ː.ୡ୭ୱ ஦ = ଵ଴ଽ−଴,଴ଵ∙ଵ଴ଽ଴,଼ହ = ͳʹ͸,ͻͷ ʛʑ · ʏ (4.10)  

 
ɝɞɟ P̟ ˔˕ − ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ, cos ɔ − ɤɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ. 

ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ ɞɥɹ ȼɅ 220 ɤȼ: 
 Pː ˃˕. = ͳ͵ͷ ʛʑ˕.  
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ (220ɤȼ): 
 K = ͳ,ʹ.  
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ: 
 cos ɔ˔ = Ͳ,ͺ͹;  
 
ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.11): 
 n = ୗΣሺ୩∙୔ː˃˕ሻ/ୡ୭ୱ஦ౙ + ͳ (4.11)  

 
ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɧɢɣ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɥɢɠɚɣɲɭɸ ɫɬɨɪɨɧɭ: 
 n = ଵଶ଺,଼ହሺଵ,ଶ∙ଵଷହሻ/଴,଼ହ + ͳ = ͳ,͹ ≈ ʹ  

 
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ, ɮɨɪɦɭɥɚ (4.12): 
 I˓˃˄ = ୗΣ୬·√ଷ·ଶଶ଴ = ଵଶ଺,଼ହ∙ଵ଴యଶ∙√ଷ∙ଶଶ଴ = ͳ͸͸ˍʏ  (4.12)  

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ, ɮɨɪɦɭɥɚ (4.13): 
 I˓˃˔˚ = I˓˃˄ · Ƚ୍ · Ƚத (4.13)  

 
ɝɞɟ Ƚ୍ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ, Ƚ୍ = ͳ,Ͳͷ; Ƚத – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, Ƚத = ͳ. 
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I˓˃˔˚ = Ͳ,ͳͲͷ · ͳ,Ͳͷ · ͳ = Ͳ,ͳͳ ˍʏ  
 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɩɨ ɦɟɬɨɞɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ⱦɥɹ ɥɢɧɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ j = Ͳ,ͻ ʏ/ˏˏଶ. Ɍɨɝɞɚ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɮɨɪɦɭɥɚ 
(4.14): 

 F = ୍˓˃˔˚୨ = ଵ଻ସ଴,ଽ = ͳͻ͵,͵ ˏˏଶ (4.14)  

 
ɝɞɟ j − ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, Ⱥ/ɦɦ2 

ɉɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ. ɋɪɚɜɧɢɜɚɹ ɞɥɢɬɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ Iˇˇ = ͸ͳͲ ʏ, ɫ ɩɨɫɥɟɚɜɚɪɢɣɧɵɦ, ɤɨɬɨɪɵɣ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(4.15): 

 I˒.˃˅ = ୗΣሺ୬−ଵሻ·√ଷ·ଶଶ଴ = ଵଶ଺,଼ହሺଶ−ଵሻ∙√ଷ∙ଶଶ଴ = ͵͵͵  ʏ  (4.15)  

 
ɋɭɳɟɫɬɜɭɟɬ ɭɫɥɨɜɢɟ ɧɚɝɪɟɜɚ: 
Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ 𝐼 ˑ˒ =  ͷͲͺ ʏ. 
 Iˇˇ > I˒.˃˅  
 ͷͲͺ ʏ > ͵͵ ʏ  
 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɩɨ 

ɧɚɝɪɟɜɭ, ɛɵɥ ɜɵɛɪɚɧ ɩɪɨɜɨɞ Ⱥɋ-240/39. ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ Ⱥɋ-240/39 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 

 
Ɍɚɛɥɢɰɚ 4.6 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-240/32 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 
ɮɚɡɟ ܚ૙ ʝˏ/ˍˏ ܠ૙ ʝˏ/ˍˏ ܊૙ ʠˏ/ˍˏ ͳ 0,118 0,405 2,81 

 
4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɪɚɫɱɟɬɚ  
 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.16): 
 K = n ∙ Kʡ + m ∙ Kʡʠʜ + t ∙ KʙʟʢЭ (4.16)  
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ɝɞɟ Kʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ 
- 201,99 ɦɥɧ.ɪɭɛ.; ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ - 342,86 ɦɥɧ.ɪɭɛ.);  Kʡʠʜ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (41,42 ɦɥɧ. ɪɭɛ); KʙʟʢЭ – ɫɬɨɢɦɨɫɬɶ ɄɊɍɗ (103 ɦɥɧ. ɪɭɛ);  n – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; m – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; t − ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɨɪɨɦ Ɋɍ. 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ:  
 Kଵ = ʹ ⋅ ʹͲͳ,ͻͻ + Ͷ ⋅ ͳͲ͵,ʹ + ͵ ⋅ Ͷͳ,Ͷʹ = ͻͶͳ,ͲͶ ˏˎː. ˓˖˄.   
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙଶ = ͳ ∙ ͵Ͷʹ,ͺ͸ + Ͷ ⋅ ͳͲ͵,ʹ + ͵ ⋅ Ͷͳ,Ͷʹ = ͺ͹ͻ,ͻʹ ˏˎː. ˓˖˄.   
 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɢɰɚ ɩɨɥɧɵɯ 

ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɟ ɩɨ ɮɨɪɦɭɥɟ (4.17): 
 ʖ୧ = ʔː ∙ ʙ୧ + ʗ୧ (4.17)   

 
ɝɞɟ ʔː = 0,15 – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ.  

ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
 ʖଵ = Ͳ,ͳͷ ∙ ͻͶͳͲͶͲͲͲͲ + ʹ͸ͷͶͲ = ͳͶͳͳͺʹͷͶͲ ˓˖˄./ˆˑˇ.  
  
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ: 
 ʖଶ = Ͳ,ͳͷ ∙ ͺ͹ͻͻʹͲͲͲͲ + ͶͳͷʹͲ = ͳ͵ʹͲʹͻͷʹͲ ˓˖˄./ˆˑˇ.  
 
 
 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ, ɮɨɪɦɭɥɚ (4.18):  
 ʟ = ʖభ−ʖమʖభ ∙ ͳͲͲ%, (4.18)   

 ʟ = ଵସଵଵ଼ଶହସ଴ −ଵଷଶ଴ଶଽହଶ଴ଵସଵଵ଼ଶହସ଴ ∙ ͳͲͲ% = ͸,Ͷ %.  
 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɧɚ ɭɫɬɚɧɨɜɤɭ ɨɞɢɧɨɱɧɨɝɨ ɢ ɭɤɪɭɩɧɟɧɧɨɝɨ 

ɛɥɨɤɨɜ ɫɨɫɬɚɜɥɹɟɬ 6,4 %. ɇɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɭɸ ɫɬɨɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɤɪɭɩɧɟɧɧɵɦ, ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɛɭɞɟɬ ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ, ɬɚɤ ɤɚɤ ɨɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ 
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ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɫɬɚɧɰɢɢ, ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ, ɚ ɪɚɡɧɨɫɬɶ ɜ ɡɚɬɪɚɬɚɯ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɚɤɢɯ ɦɚɫɲɬɚɛɨɜ ɧɟ ɬɚɤ ɜɟɥɢɤɚ ɢ ɨɩɪɚɜɞɚɧɚ 
ɧɚɞɟɠɧɨɫɬɶɸ. 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ-220 ɤȼ:  

– 2 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ;  
– 2 ȼɅɗɉ; 

ɂɬɨɝɨɜɨɟ ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɜɧɨ 4. ɉɪɢ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɧɚɩɪɹɠɟɧɢɹ ɢ 
ɤɨɥɢɱɟɫɬɜɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɛɵɥ ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ ɋɯɟɦɵ «ɑɟɬɵɪɟɯɭɝɨɥɶɧɢɤ». 
ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.2. 

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ Ɋɍ ȼɇ 220 ɤȼ: 2 ɋɒ 

 
4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 

ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin 
  
4.6.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
  
Ⱦɥɹ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɵ ɜɵɱɢɫɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ. 
ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ, ɮɨɪɦɭɥɵ (4.19 – 4.21): 
 Xʠ = ୙ːˑˏమୗʙʖ = ଶଷ଴మଶହ଴ = ʹͳͳ,͸Ͳ ʝˏ (4.19)  

 
ɝɞɟ Uːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ, Sʙʖ − ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
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Rʠ = ଡ଼ʠω∙୘౗,ʠ = ଶଵଵ,଺଴଴,଴ଷହ∙ଷଵସ = ͳͻ,ʹͷ ʝˏ (4.20)   

 
ɝɞɟ ω − ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ. 
 Eʠ = E∗̝ ∙ U˄ˊ = ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ                                                                 (4.21) 

 
ɝɞɟ E∗̝ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ. 

ɉɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɨɜ, ɮɨɪɦɭɥɵ (4.22-4.24): 
 ʔˆ = Eʒ′′ ∙ Uːˑˏ.ˆ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ˍʑ (4.22)   

 
ɝɞɟ Uːˑˏ.ˆ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɤȼ. 
 xʒ = x ′ୢ′ ∙ ୙ːˑˏమୗːˑˏ = Ͳ,͵ͷ ∙ ଵ଴,ହమ଺ସ,଻ = Ͳ,ͷͻ͸ ʝˏ (4.23)   

 
ɝɞɟ x ′ୢ′ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Sːˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ. 
 Rʒ = ଡ଼ʒω∙୘౗,ʒ = ଴,ହଽ଺ଷଵସ∙଴,଴ସହ = Ͳ,ͲͶʹ ʝˏ (4.24)  

 
ɉɚɪɚɦɟɬɪɵ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɮɨɪɦɭɥɵ (4.25-4.27): 
 Xʡ = ୙ˍ,%ଵ଴଴ ∙ ୙ːˑˏమୗːˑˏ = ଵଵଵ଴଴ ∙ ଶସଶమ଼଴ = ͺͲ,ͷ͵ ʝˏ (4.25)  

 
ɝɞɟ Uˍ,% −ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ %. 
 Rʡ = ∆P̱ ∙ ୙ːˑˏమୗːˑˏమ = Ͳ,ʹͺ ∙ ଶସଶమ଼଴మ = ʹ,ͷ͸ ʝˏ (4.26)  

 
ɝɞɟ ∆P̱ − ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
 kʡ = ୙ʜʜ୙ʑʜ = ଵ଴,ହଶସଶ = Ͳ,ͲͶ͵ ˑ. ˈ. (4.27)  

 
ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɢ, ɮɨɪɦɭɥɵ (4.28-4.29): 
 Xʚ = X଴,˖ˇ ∙ L = Ͳ,Ͷ͵ͷ ∙ ͸Ͳ = ʹ͸,ͳ ʝˏ  (4.28)  

 
ɝɞɟ X଴,˖ˇ − ɭɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, L – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ. 
 Rʚ = R଴,˖ˇ ∙ L = Ͳ,ͳͳͺ ∙ ͸Ͳ = ͹,Ͳͺ ʝˏ (4.29)  
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ɝɞɟ X଴,˖ˇ − ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ. 
 

4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 
ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 

 

ȼ ɉȼɄ RastrWin ɫɨɡɞɚɧ ɮɚɣɥ ɞɢɧɚɦɢɤɢ, ɜ ɬɚɛɥɢɰɵ ɡɚɧɟɫɟɧɵ ɢɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɲɢɧɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɝɥɚɜɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.7 ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɧɚ ɪɢɫɭɧɤɚɯ 4.3-4.8.  

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 
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Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 3ɮ ɄɁ ɧɚ ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ 

 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 3ɮ ɄɁ ɧɚ ɄɊɍɗ 

 

 
Ɋɢɫɭɧɨɤ 4.8 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 1ɮ ɄɁ ɧɚ ɄɊɍɗ 

 
Ɍɚɛɥɢɰɚ 4.7– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 

ȼɢɞ ɧɟɫɢɦɦɟɬɪɢɢ Ɍɨɱɤɚ ɄɁ 𝐈ܖ, ˍʏ 𝐢˖ˇ, ˍʏ 

Ɍɪёɯɮɚɡɧɨɟ ɄɁ 
Ƚɟɧɟɪɚɬɨɪ Ƚ1 11,51 14,27 

ɄɊɍɗ – 220 ɤȼ 3,927 9,55 

Ɉɞɧɨɮɚɡɧɨɟ ɄɁ ɄɊɍɗ – 220 ɤȼ 5,868 31,58 

 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɩɨ ɮɨɪɦɭɥɟ (4.30): 
 i˖ˇ = √ʹk˖ˇI୬, (4.30)   

 
ɝɞɟ k˖ˇ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɟɧɟɪɚɬɨɪɚ ɢ ɄɊɍɗ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ k˖ˇ = ͳ,ͻͶ 
ɞɥɹ ɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ  k˖ˇ = ͳ,͹ʹ ɞɥɹ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 220ɤȼ. 𝐼ʙʟʢЭሺଵሻ = ͷ,ͺ͸ͺ ˍʏ > 𝐼ʙʟʢЭሺଷሻ = ͵,ͻʹ͹ ˍʏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ ɹɜɥɹɟɬɫɹ ɪɚɫɱёɬɧɨɣ ɞɥɹ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 
 

4.6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 
 
ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ – 

ɜɚɠɧɟɣɲɢɣ ɷɬɚɩ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɨɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɨɬ ɤɨɬɨɪɨɝɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɧɚɞёɠɧɨɫɬɶ ɟё ɪɚɛɨɬɵ. 
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ɉɪɢ ɜɵɛɨɪɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 
ɧɟɫɤɨɥɶɤɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

1. Ⱦɥɢɬɟɥɶɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ; 

2. ɉɪɨɬɢɜɨɫɬɨɹɧɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɢ 
ɬɟɩɥɨɜɵɦ ɞɟɣɫɬɜɢɹɦ ɬɨɤɨɜ ɄɁ; 

3. ȼɵɞɟɪɠɢɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ, 
ɫɱɢɬɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (4.31): 

 Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ = ͳ,Ͳͷ ∙ ͵,ͷ͸ = ͵,͹Ͷ  ˍʏ (4.31)   
 
ɝɞɟ Iˆ,ːˑˏ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ. 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɱɢɬɚɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (4.32): 

 I˓˃˄ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏ = ସସ√ଷ∙ଶସଶ = Ͳ,ͳͲͷ ˍʏ (4.32)  

 
ɝɞɟ U˕,ːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Sˆ,ːˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ. 

Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ, ɮɨɪɦɭɥɚ 
(4.33): 

 I˓˃˄.୫ୟ୶ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଵଶ଺,଼ହଶ∙√ଷ∙ଶଶ଴ = Ͳ,ͳ͸͸ ˍʏ  (4.33)   

 
ɝɞɟ nˎ − ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ, S∑ − ɫɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 
ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ, ɮɨɪɦɭɥɚ (4.34): 

 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵଶ଺,଼ହଵ∙√ଷ∙ଶଶ଴ = Ͳ,͵͵͵  ˍʏ                                           (4.34)   
 

4.6.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 10,5 ɤȼ  

 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɧɟɤɨɬɨɪɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, 

ɩɪɢɧɢɦɚɹ ɢɯ ɜɨ ɜɧɢɦɚɧɢɹ ɜɵɛɢɪɚɟɦ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ 
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«ABB», – VD4-10-40/400, ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɪɚɫɩɢɫɚɧɵ ɜ ɬɚɛɥɢɰɟ 
ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 4.8: 

Ɍɚɛɥɢɰɚ 4.8 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɹ VD4-10-40/400 
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ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
– ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɮɨɪɦɭɥɚ (4.35): 
 Uːˑˏ ൒ U˖˔˕ (4.35)   

 ͳͲ,ͷ ˍʑ ൒ ͳͲ,ͷ ˍʑ; 
 
– ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, ɮɨɪɦɭɥɚ (4.36): 
 Iːˑˏ ൒ I˓˃˄ ୫ୟ୶ (4.36)   

 ͶͲͲͲ ʏ ൒ ͵͹ͶͲ; 
 
– ɉɨ ɫɢɦɦɟɬɪɢɱɧɨɦɭ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ, ɮɨɪɦɭɥɚ (4.37): 
 Iˑ˕ˍˎ.ːˑˏ ൒ I୬த                                                                                                  (4.37)   
 ͶͲ ˍʏ ൒ ͳͳ,ͷͳ ˍʏ; 
 
– ɉɨ ɨɬɤɥɸɱɟɧɢɸ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ɮɨɪɦɭɥɚ (4.38): 
 iୟ,ːˑˏ ൒ iୟத (4.38)   

 𝑖𝑎ːˑˏ = √ʹ ∙ Ͳ,͵ ∙ ͶͲ = ͳ͸,ͻ͹ ˍʏ ൒ 𝑖𝑎.𝜏 = √ʹ ∙ ͳͳ,ͷͳ ∙ ˈ−଴,଴ଷହ଴,଴ସହ = ͹,Ͷ͹ ˍʏ 
 
– ɉɨ ɨɬɤɥɸɱɟɧɢɸ ɩɨɥɧɨɝɨ ɬɨɤɚ ɄɁ (ɟɫɥɢ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɟɞɵɞɭɳɟɟ 
ɭɫɥɨɜɢɟ ) , ɮɨɪɦɭɥɚ (4.39): 
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√ʹIˑ˕ˍˎ.ːˑˏሺͳ + Ⱦːˑˏሻ ൒ √ʹI୬த + iୟத                                                           (4.39) 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɭɫɥɨɜɢɟ ɩɨ ɨɬɤɥɸɱɟɧɢɸ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɭɫɥɨɜɢɟ ɩɨ ɨɬɤɥɸɱɟɧɢɸ ɩɨɥɧɨɝɨ ɬɨɤɚ ɄɁ ɧɟ ɩɪɨɜɟɪɹɟɦ; 
 
– ɇɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɮɨɪɦɭɥɚ (4.40): 
 iˇˋː ൒ i˖                                                                                                         (4.40) 
 ͶͲ ˍʏ ൒ ͳͳ,ͷͳ ˍʏ;  
 
– ɇɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɮɨɪɦɭɥɚ (4.41): 
 Bˍ,ːˑˏ ൒ Bˍ,˓˃˔˚ ሺI˕ˈ˓ଶ ∙ t˕ˈ˓ ൒ Bˍ,˓˃˔˚ሻ                                                             (4.41)   
 ͶͲଶ ∙ ͳ = ͳ͸ͲͲ ˍʏଶ ∙ ˔ ൒ 𝐵ˍ = ͳͳ,ͷͳଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = ͳͲ,͸ ˍʏଶ ∙ ˔;  
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɡɧɚɱɢɬ, ɞɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨɞɯɨɞɢɬ. 

Ⱦɚɥɟɟ ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɧɟɫɤɨɥɶɤɨ ɩɭɧɤɬɨɜ, ɜɵɛɟɪɟɦ ɪɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊ-10/4000ɍ1, ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ: 

 
Ɍɚɛɥɢɰɚ 4.9 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɪɚɡɴɟɞɢɧɢɬɟɥɹ - ɊȼɊ-10/4000ɍ1 
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ɉɪɢ ɜɵɛɨɪɟ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
– ɉɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɮɨɪɦɭɥɚ (4.42): 
 Uːˑˏ ൒ U˖˔˕ (4.42)   

 ͳͲ,ͷ ˍʑ ൒ ͳͲ,ͷ ˍʑ;  
 
– ɉɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ, ɮɨɪɦɭɥɚ (4.43): 
 Iːˑˏ ൒ I˓˃˄ ୫ୟ୶  (4.43)   
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ͶͲͲͲ ʏ ൒ ͵͹ͶͲ ʏ;  
– ɇɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɮɨɪɦɭɥɚ (4.44): 
 iˠˎ.ˇˋː ൒ i˖ˇ (4.44)   

 ͳͺͲ ˍʏ ൒ ͳͳ,ͷͳ ˍʏ;  
 

– ɇɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɮɨɪɦɭɥɚ (4.45): 
 Bˍ,ːˑˏ ൒ Bˍ,˓˃˔˚ ሺI˕ˈ˓ଶ ∙ t˕ˈ˓ ൒ Bˍ,˓˃˔˚ሻ (4.45)   

 ͹ͳଶ ∙ Ͷ = ʹͲ ͳ͸Ͷ ˍʏଶ ∙ ˔ ൒ 𝐵ˍ = ͳͳ,ͷͳଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = ͳͲ,͸ ˍʏଶ ∙ ˔; 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɹ - VD4-

10-40/400 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ - ɊȼɊ-10/4000ɍ1. 
ɂɡ ɤɚɬɚɥɨɝɚ ɩɪɨɢɡɜɨɞɢɬɟɥɹ «ABB ɗɧɟɪɝɨ» ɞɥɹ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɛɵɥ ɜɵɛɪɚɧ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ VD4-10-40/400 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊ-
10/4000ɍ1. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 4.8 – 4.9.  

Ⱦɚɥɟɟ ɜɵɛɟɪɟɦ ɫɢɧɯɪɨɧɢɡɚɬɨɪ. ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɝɟɧɟɪɚɬɨɪɨɜ — 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɟɪ ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɪɚɜɟɧɫɬɜɚ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɩɨɬɟɧɰɢɚɥɨɜ ɞɢɡɟɥɶɧɵɯ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫɢɫɬɟɦɨɣ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɢɯ ɛɟɡɨɩɚɫɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɜ ɪɚɛɨɬɭ. 

ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3. ɉɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. Ⱥɋ-Ɇ3 ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɦ 
ɢɫɩɨɥɧɟɧɢɢ ɍ ɤɚɬɟɝɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 4 ɩɨ ȽɈɋɌ 15150 (ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 1 ɞɨ 45°ɋ; ɜɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35°ɋ).  

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». ȺɉɄɗ-1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, 
ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɝɟɧɟɪɚɬɨɪɚ ɢ ɩɪ. ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɪɹɞ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɚɛɨɬɭ ɪɨɬɨɪɚ ɢ ɫɬɚɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ.  

ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.10. 
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Ɍɚɛɥɢɰɚ 4.10 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

ɋɱёɬɱɢɤ  ɋɗɌ-4ɌɆ.03Ɇ RS485 0,5 8 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 
ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ-Ɇ3 RS485 0,5 10 

  ∑ = 26 ȼ·Ⱥ 

 
4.7 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
Ⱦɟɥɚɟɦ ɜɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. Ɉɪɢɟɧɬɢɪɭɟɦɫɹ ɧɚ ɧɚɲɢ ɪɚɫɱɟɬɧɵɟ 

ɞɚɧɧɵɟ Uʒ = ͳͲ,ͷ ˍʑ ˋ Iˆ.˓˃˄ ୫ୟ୶ = ͵ͷ͸Ͳ ʏ.  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɜɵɛɟɪɟɦ ɌɒɅ-10-0,5-4000/5, ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11, ɬɚɤ ɠɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɧɟɤɨɬɨɪɵɦ ɭɫɥɨɜɢɹɦ: 

Ɍɚɛɥɢɰɚ 4.11 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–10-2 
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ɌɒɅ-10-
0,5-4000/5 

 
10 12 4000 1,2 100 70/3 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇɌɆɂ-10-66ɍɁ. ɇɨɦɢɧɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 12 ɤȼ. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɇɌɆɂ-10-66ɍɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12. 
Ɍɚɛɥɢɰɚ 4.12– ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
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ɇɌɆɂ-10-66ɍɁ 10 12 120 1000 
 

Ʉ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɫɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ, ɚɧɚɥɢɡɚɬɨɪ ɤɚɱɟɫɬɜɚ, ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɨɧɢ ɫɨɡɞɚɸɬ ɧɚɝɪɭɡɤɭ ɞɥɹ 
ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɤɨɦɦɭɬɚɰɢɢ. 
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Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 10,5 ɤȼ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-ɉ1-10ɍɏɅ1 ɮɢɪɦɵ ɁȺɈ 
«ɁɗɌɈ». 

 
4.8 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ  
 
ɄɊɍɗ ɫɟɪɢɢ ELK-14 ɫ ɬɨɤɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ, ɫɨɜɦɟɳɟɧɧɵɟ ɜ ɡɚɡɟɦɥɟɧɧɨɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ, ɨɛɥɚɞɚɸɳɢɦ ɥɭɱɲɢɦɢ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 4.13. 
 

Ɍɚɛɥɢɰɚ 4.13– Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɄɊɍɗ 
ȼɟɥɢɱɢɧɚ  Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ Uɧɨɦ = 253 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 460 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 50 
ɉɚɪɚɦɟɬɪɵ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ Id. = 135 
Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ IT. = 50 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ 3 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 

50 Ƚɰ, ɤȼ 
530 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɚ, ɤȼ 1050 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ) 

Ⱦɥɹ ɭɱɟɬɚ 0,25s 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5s 

Ⱦɥɹ ɡɚɳɢɬɵ 10ɪ 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ) 

Ⱦɥɹ ɭɱɟɬɚ 0,2s 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5s 

Ⱦɥɹ ɡɚɳɢɬɵ 3ɪ 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 

Ʌɢɧɟɣɧɨɣ ɹɱɟɣɤɢ 3150 
ɋɛɨɪɧɵɯ ɲɢɧ 4000 

 
ȼɫɟ ɄɊɍɗ Ⱥȼȼ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɥɢ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨɫɥɟɞɧɢɟ 

ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɫɬɚɧɞɚɪɬɵ (IEC/ANSI) ɢ ɩɪɨɲɥɢ ɬɢɩɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɜ 
ɧɟɡɚɜɢɫɢɦɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ. ɍɫɬɪɨɣɫɬɜɚ ELK-14 ɩɨɥɧɨɫɬɶɸ ɫɨɛɢɪɚɸɬɫɹ ɢ 
ɢɫɩɵɬɵɜɚɸɬɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɵɯ, 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɢ ɧɚɞɟɠɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ 
ɢɫɩɵɬɚɧɢɣ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɟɞɢɧɢɰɵ ɭɩɚɤɨɜɵɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɟɪɟɜɨɡɱɢɤɚ, ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɦɚɪɲɪɭɬɚ ɢ 
ɭɫɥɨɜɢɣ ɯɪɚɧɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ. Ʉɨɦɩɚɤɬɧɵɟ ɪɚɡɦɟɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ 
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ɩɨɫɬɚɜɥɹɬɶ ɩɨɥɧɨɫɬɶɸ ɫɨɛɪɚɧɧɵɟ ɹɱɟɣɤɢ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ, ɤɨɬɨɪɵɟ 
ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɪɟɦɟɧɧɨɝɨ ɯɪɚɧɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɫɩɵɬɚɧɧɵɟ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɟ ɢ ɡɚɩɨɥɧɟɧɧɵɟ ɷɥɟɝɚɡɨɦ 
ɹɱɟɣɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɸɬ ɨɛɴɟɦ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ. əɱɟɣɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɚ ɨɩɟɪɚɰɢɢ ɫ ɝɚɡɨɦ ɫɜɟɞɟɧɵ ɤ ɦɢɧɢɦɭɦɭ.  
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

5.1 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
  
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ ɧɚ 

ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ. 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.1):  
 Iːˆሺଵሻ = Iሺ̂ଵሻ = ୗːˑˏ√ଷ∙୙ːˑˏ = ଺ସ,଻∙ଵ଴య√ଷ∙ଵ଴,ହ଴ = ͵ͷͷ͹,ͷͺ ʏ,                                                         (5.1) 

 
ɝɞɟ Sːˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; Uːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɝɟɧɟɪɚɬɨɪɚ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɜɬɨɪɢɱɧɵɦ ɨɛɦɨɬɤɚɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɮɨɪɦɭɥɚ 
(5.2): 

 Iːˆሺଶሻ = ୍ːˆሺభሻ∙୩˔˘୩˕˕ = ଷହହ଻,ହ଼∙ଵ,଴଴ସ଴଴଴/ହ = Ͷ,Ͷͷ ʏ    (5.2)  

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɝɥɚɜɧɵɦ ɜɵɜɨɞɚɦ, 

ɮɨɪɦɭɥɚ (5.3): 
 Iሺ̂ଶሻ = ୍ːˆሺభሻ∙୩˔˘୩˕˕ = ଷହହ଻,ହ଼∙ଵ,଴଴ସ଴଴଴/ହ = Ͷ,Ͷͷ  ʏ                                                                    (5.3) 

 
ɝɞɟ k˔˘ − ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ = 1,0 ɞɥɹ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɌɌ ɜ ɡɜɟɡɞɭ; k˕˕ −ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 

 
Ɋɚɫɫɱɢɬɚɟɦ ɛɚɡɨɜɵɣ ɬɨɤ, ɤɨɬɨɪɵɣ ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɜɢɱɧɵɦ ɰɟɩɹɦ:  
 I˄˃ˊ = ୩˔˘∙୍ʜʝʛ.ʟ୩˕˕∙୩˕ˈ = ଵଶ଴଴,଴଴∙଴,଼ଵ଺రబబఱ ∙భబ,ఱబబ,రళఱ = Ͳ,ͷͷ  ʏ                                                            (5.4) 

 
ɝɞɟ k˔˘ − ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɪɚɜɧɵɣ 0,816;  Iʜʝʛ.ʟ −ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ;  k˕˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; k˕ˈ −ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ. 

Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɪɨɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(5.5): 

 ͳ,ͳ ∙ Iːˑˏ,˓ˑ˕ = ͳ,ͳ ∙ ͳʹͲͲ,ͲͲ = ͳ͵ʹͲ,ͲͲ ʏ                                                           (5.5) 
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ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜɵɛɢɪɚɟɦ ɫɢɫɬɟɦɭ ɜɨɡɛɭɠɞɟɧɢɹ ɢɡ ɤɚɬɚɥɨɝɚ. ɉɚɪɚɦɟɬɪɵ 
ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 5.1. 

 
Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɢɩ ɫɢɫɬɟɦɵ 
ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɨɤ 
(ɞɥɢɬɟɥɶɧɵɣ) 𝑰ˇˎˋ˕., ʏ 

Ɍɨɤ, Ⱥ 
(ɮɨɪɫɢɪɨɜɚɧɧɵɣ) 𝑰˗ˑ˓˔., Ⱥ 

ɇɚɩɪɹɠɟɧɢɟ, 
ȼ 

(ɞɥɢɬɟɥɶɧɨɟ)  𝑼ˇˎˋ˕., ȼ 

ɇɚɩɪɹɠɟɧɢɟ, ȼ 
(ɮɨɪɫɢɪɨɜɚɧɧɨɟ) 𝑼˗ˑ˓˔., ȼ 

ɋɌɋ-320-
1400-

2,5ɍɏɅ4 
ͳͶͲͲ ʏ 

 ʹ͵ͶͲ ʏ 
͵ʹͲʑ ͶͻͲʑ 

 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɩɚɪɚɦɟɬɪɚɦ 

ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ 
ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2. 

 
Ɍɚɛɥɢɰɚ 5.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɢɩ 

Ɇɨɳɧɨɫɬ
ɶ ɫɟɬɟɜɨɣ 
ɨɛɦɨɬɤɢ, ˍʑʏ 

ɇɨɦɢɧɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɦɨɬɨɤ, ȼ, ɤȼ 

Ɍɨɤ 
ɩɪɟɨɛɪɚɡ
ɨɜɚɬɟɥɹ, ʏ 

ȼɢɞ ɢ 
ɞɢɚɩɚɡɨɧ 

ɪɟɝɭɥɢɪɨɜɚ
ɧɢɹ 

ɧɚɩɪɹɠɟɧɢ
ɹ 

ɋɯɟɦɚ 
ɢ 

ɝɪɭɩɩɚ 
ɫɨɟɞɢɧ
ɟɧɢɹ 

ɨɛɦɨɬɨ
ɤ 

ɫɟɬɟɜɨɣ, ˍʑ 
ɜɟɧɬɢɥɶɧ

ɨɣ, ʑ 
ɩɪɟɨɛɪɚɡ
ɨɜɚɬɟɥɹ, ʑ 

,˄ˊˑ˅܁ − ˍʑʏ ܃˔ˈ˕, ˍʑ ܃˅ˈː˕, ʑ ܃˒˓ˈˑ˄˓, ʑ 𝐈˒˓ˈˑ˄, ʏ − − 

ɌɋɁɉ-
2000/10
-ȽɌ-ɍ3 

ͳ͵Ͷ͵,ͲͲ ͳͲ,ͷͲ Ͷ͹ͷ,ͲͲ ͸ͲͲ,ͲͲ ʹͲͲͲ,ͲͲ 
ʞʐʑ ± ʹ∙ ʹ,ͷ% 

ʢ/ʓ− ͳͳ 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ ɫɨ 

ɫɬɨɪɨɧɵ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.6):  
 Iʑʜ ʡʔ ːˑˏሺଵሻ = ୗːˑˏ√ଷ∙୙ːˑˏ = ଵଷସଷ,଴଴√ଷ∙ଵ଴,ହ଴ = ͹͵,ͺͷ ʏ,   (5.6) 

 
ɝɞɟ Sːˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ; Uːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ. 

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍȿ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɜɬɨɪɢɱɧɵɦ ɨɛɦɨɬɤɚɦ, ɮɨɪɦɭɥɚ (5.7): 

 Iʑʜʡʔ˓ሺଶሻ = ୍ʑʜ ʡʔ ːˑˏሺభሻ ∙୩˔˘୩˕˕ = ଻ଷ,଼ହ∙ଵ,଴ସ଴଴/ହ = Ͳ,ͻʹ ʏ                                                        (5.7)  
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ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ1 ɩɨ 
ɮɨɪɦɭɥɟ (5.8). ɗɬɨ ɞɟɥɚɟɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶɧɨ ɡɚɳɢɬɵ, ɜ ɞɚɧɧɨɣ 
ɬɨɱɤɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɫɚɦɨɟ ɛɨɥɶɲɨɟ. 

 Iˍˊሺଷሻ = ୉∗ ୶ୢ′′ ∙ Iːˑˏ,ˆ = ଵ,଴଼଴,ଶଶ ∙ ͵,ͷ͸Ͳ = ͳ͹,ͷ ˍʏ                                                 (5.8) 

 
ɝɞɟ E∗ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ; xd′′ −  ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ; Iːˑˏ,ˆ – ɬɨɤ ɫɬɚɬɨɪɚ. 

Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.9): 
 Iˍˊሺଶሻ = √ଷଶ ∙ Iˍˊሺଷሻ = √ଷଶ ∙ ͳ͹,ͷ = ͳͷ,ͳ͵ ˍʏ                                       (5.9) 

 
ɉɨɫɱɢɬɚɟɦ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ2, ɮɨɪɦɭɥɚ 

(5.10): 
 Iˍˊሺଷሻ = ଵ଴଴∙𝐼 .ːˑˏ௎ʙʖ = ଵ଴଴∙଻ଷ,଼ହ଺ = ͳʹ͵Ͳ,ͺ  ʏ                                       (5.10) 

 Iˍˊሺଶሻ = √ଷଶ ∙ Iˍˊሺଷሻ = √ଷଶ ∙ ͳʹ͵Ͳ,ͺ  = ͳͲ͸ͷ,ͻ ʏ  (5.11) 

 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ (ɆɌɁ) 

ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
1) Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (5.12): 
 I˔˓.ˊଶ = 𝐾ː∙𝐾˗ˑ˓˔∙𝐼 ˑˏ.˓ˑ˕∙𝐾˔˘∙𝐾˔˘ ˕˕𝐾˅ˑˊ˅∙௡˕.˕.∙௡˕.ˈ. = ଵ,ଶ଴∙ଵ,଼଴∙ଵଶ଴଴,଴଴∙଴,଼ଵ଺∙ଵ,଴଴଴,଼଴∙଼଴,଴଴∙ଶଶ,ଵ଴ = ͳ,Ͷͻ ʏ   (5.12) 

 
ɝɞɟ kː = ͳ,ʹ; k˗ = ͳ.ͺ; k˅ˑˊ˅˓ = Ͳ,ͺ; k˕˕ = ͶͲͲ/ͷ; kʡʔ = ʹʹ,ͳ; k˔˘ˈˏ˞ = Ͳ,ͺͳ͸. 
 

2) ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (5.14): 
 I˔˓.ˊଵ ሺˑ.ˈሻ = 𝐼 ˓.ʛʡʖ𝐼ːˑˏ.ʡʔ ሺమሻ = ଵ,ସଽ଴,ଽଶ = ͳ,͸ʹ ˑ. ˈ              (5.13) 

 k˚ = ୍ˍ,ౣi౤୍˔˓.ˊభ = ୍ˍˊ,˕.ˍమሺమሻ୍˔˓.ˊభ = ଵ଴଺ହ,ଽ ଵ,଺ଶ∙଼଴,଴଴ = ͺ,ʹʹ >1,5  (5.14) 

 
Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɝɚɲɟɧɢɟ 

ɩɨɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɨɬɤɥɸɱɟɧɢɟ ȺȽɉ. 
Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤɨɜɭɸ ɨɬɫɟɱɤɭ (ɌɈ) ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ 

ɮɨɪɦɭɥɟ (5.15) 
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I˔˓.ʡʝ = 𝐾ː∙𝐼𝐾మሺయሻ∙𝐾˔˘ ˕˕௡˕.˕. = ଵ,ସ଴∙ଵଶଷ଴,଼∙ଵ,଴଴଼଴,଴଴ = ʹͳ,ͷͶ ʏ                                              (5.15) 

 k˚ʡʝ = ୍ˍ,ౣi౤୍˔˓.ʡʝ = ୍ˍˊ,˕.ˍభሺమሻ୍˔˓.ʡʝ = ଵହଵଷ଴ଶଷ,ସଵ ∙଼଴ = ͺ,ͳ > ʹ   (5.16) 

 
Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɝɚɲɟɧɢɟ 

ɩɨɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɨɬɤɥɸɱɟɧɢɟ ȺȽɉ. 
 

 5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɹɬɵ ɤ 

ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 
ɇɚ ɝɥɚɜɧɨɦ ɝɟɧɟɪɚɬɨɪɟ ɋȼ-808/130 – 40ɍ4: 
– ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
– Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
– Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

– Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
– Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
– Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɞɥɢɬɟɥɶɧɨɣ ɮɨɪɫɢɪɨɜɤɢ; 
– ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
– Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ 
– Ɂɚɳɢɬɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ ɜɨɡɛɭɞɢɬɟɥɹ ɢ ɬɢɪɢɫɬɨɪɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɨɬ ɬɨɤɨɜ ɧɚɝɪɭɡɤɢ; 
– Ȼɥɨɤɢɪɨɜɤɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɐ 80000/220-ɍ1: 
– Ɂɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɢ ɧɚ ɜɵɜɨɞɚɯ; 
– Ɂɚɳɢɬɚ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɨɛɦɨɬɤɟ ɢ ɧɚ ɜɵɜɨɞɚɯ, 

ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɫɟɬɢ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ; 
– Ɂɚɳɢɬɚ ɨɬ ɜɢɬɤɨɜɵɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ; 
– Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɧɟɲɧɢɦɢ ɄɁ; 
– Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɟɪɟɝɪɭɡɤɨɣ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɱɚɫɬɢɱɧɨɝɨ ɩɪɨɛɨɹ ɢɡɨɥɹɰɢɢ ɜɜɨɞɨɜ 500 ɤȼ; 
– Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜɧɭɬɪɢ ɤɨɠɭɯɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ, ɢ ɨɬ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ. 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ: 
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– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
– Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220 ɤȼ: 
Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
– ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
– 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
– ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ ɛɥɢɡɤɢɯ 

ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
– 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

(ɌɇɁɇɉ); 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220 ɤȼ. 
 
5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 

 
5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G)  
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ሺIʠʟ < Ͳ,ʹ ∙ Iʜሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: Iʜʝʛ = ͵ͷ͸Ͳ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηʡʡ = ͶͲͲͲ/ͷ ʏ.  
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ ɜɟɥɢɱɢɧɚ Iʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ 
ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɪɟɠɢɦɚ. Ɍɨɤ ɧɟɛɚɥɚɧɫɚ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.17). 

 Iʜʐሺʜሻ = kʝʓʜ ∙ f୧ ∙ Iʜ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ Iʜ = ͳ͹ͺ ʏ, (5.17)  
 
ɝɞɟ kʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
 

1.  Iʠʟ.଴ ൒ kʜ ∙ Iʜʐሺʜሻ = ʹ ∙ Ͳ,Ͳͷ ∙ Iʜ = ͵ͷ͸ ʏ, (5.18)  
 
ɝɞɟ kʜ = ʹ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 



64 
 

2. ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ɭɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɬɨɤɚ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ ɡɚ ɜɵɩɪɹɦɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ TE: Iʠʟ.଴ ൒ Iˍˊଶሺଷሻ , ɬɚɤ ɤɚɤ ɬɨɤ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɡɚ ɜɵɩɪɹɦɢɬɟɥɶɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ Ɍȿ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɫɬɨɪɨɧɟ ȼɇ Ɍȿ ɪɚɜɟɧ Iˍˊଶሺଷሻ = ͳʹ͵Ͳ,ͺ   ʏ, 
ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɬɨɤɚ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɭɫɥɨɜɢɸ 1, ɬɨ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ kʜ = ͳ,ͳ (ɫɜɹɡɚɧɧɨɝɨ ɫ ɞɨɩɭɫɬɢɦɨɣ 
ɩɨɝɪɟɲɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ) ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɩɨ ɮɨɪɦɭɥɟ (5.19): 

 Iʠʟ.ʝ = ͳ,ͳ ∙ ୍ˍˊమሺయሻଵ = ͳ,ͳ ∙ ଵଶଶଽ,଼ହ ଵ = ͳ͵ͷʹ,ͺ͵ ʏ  (5.19) 

 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ: Iʠʟ.ʝ = Ͳ,ͷ ∙ Iʜ. 
ɋɨɝɥɚɫɧɨ ɉɍɗ ɩ. 3.2.36 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɞɨɥɠɧɚ 

ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɫ ɬɨɤɨɦ ɫɪɚɛɚɬɵɜɚɧɢɹ ɧɟ ɛɨɥɟɟ 0,6∙Iɧɨɦ. 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ kʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ kʡ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.20): 

 Iʜʐሺʙʖሻ = kʏʞ ∙ f୧ ∙ kʝʓʜ ∙ Iʛʏʙʠ, (5.20)  
 
ɝɞɟ kʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; kʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5-ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); Iʛʏʙʠ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (5.21). 

 Iʛʏʙʠ = ୉′̂′୶ౚ′′ ∙ Iʜ = ଵ,ଵଷ଴,ଶଶ ∙ ͵ͷ͸Ͳ =  ͳͺʹͺͷ,Ͷͷ ʏ  (5.21)  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ, ɮɨɪɦɭɥɚ (5.22): 
 Iʜʐሺʙʖሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͳͺʹͺͷ,Ͷͷ = ͳͺʹͺ,ͷͶ ʏ            (5.22) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ, ɮɨɪɦɭɥɚ (5.23): 
 kʡ >  ୍ʜʐሺʙʖሻ∙୩ʜ୍ʡ ,     (5.23)  

 kʡ > ଵ଼ଶ଼,ହ∙ଶ,଴ଵ଺ସଷସ,ଶ଺ ,  
 kʡ > Ͳ,ʹͶ,   
 

ɝɞɟ kʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; Iʡ - ɬɨɤ ɬɨɪɦɨɠɟɧɢɹ ɜ ɪɟɠɢɦɟ ɩɪɨɬɟɤɚɧɢɹ 
ɩɨ ɝɟɧɟɪɚɬɨɪɭ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɤɜɨɡɧɵɯ ɬɨɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.24): 

 Iʡ = √I˔ˍ˅୫ୟ୶ ∙ ሺI˔ˍ˅୫ୟ୶ − Iː˄୫ୟ୶ሻ ∙ cosȽ  ,                                                  (5.24) 
 

ɝɞɟ Iː˄୫ୟ୶ −  ɬɨɤ ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɟɛɚɥɚɧɫɚ ɪɚɜɧɵɣ 1828,5 Ⱥ; Ƚ − ɭɝɨɥɶ ɦɟɠɞɭ 
ɜɟɤɬɨɪɚɦɢ ɬɨɤɨɜ ɩɥɟɱ ɡɚɳɢɬɵ, ɜ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɚɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 
ɨɬ 10˚ ɞɨ 20˚. Ɍɨɝɞɚ ɬɨɤ ɬɨɪɦɨɠɟɧɢɹ ɪɚɜɟɧ: 
 Iʡ = √I˔ˍ˅୫ୟ୶ ∙ ሺI˔ˍ˅୫ୟ୶ − Iː˄୫ୟ୶ሻ ∙ cosȽ =  = √ͳ͹ͷͲͲ ∙ ሺͳ͹ͷͲͲ − ͳͺʹͺ,ͷሻ ∙ cosͳͲ˚ = ͳ͸Ͷ͵Ͷ,ʹ͸  ʏ  

 
ɉɪɢɦɟɦ ɭɫɬɚɜɤɭ kʡ = Ͳ,͸. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ, ɪɚɜɧɵɣ ɬɚɧɝɟɧɫɭ 

ɭɝɥɚ ɧɚɤɥɨɧɚ ɬɨɪɦɨɡɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɟɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ – ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɩɟɪɟɯɨɞɧɨɝɨ ɪɟɠɢɦɚ ɜɧɟɲɧɟɝɨ ɄɁ.  

3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 
ɬɨɪɦɨɠɟɧɢɹ) ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.25): 

 Iʜʡ = ୍∗ʠʟ୩ʡ = ଴,ଷ଼଴,ହ = Ͳ,͹͸ ˑ. ˈ. (5.25)  

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ȼ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ, ɮɨɪɦɭɥɚ (5.26): 
 B ൒ ୍∗ʠʟ୩ʡ = ଴,ଷ଼଴,ହ = Ͳ,͹͸. (5.26)  

 
ɉɪɢɧɹɬɨ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɚɜɧɵɦ ɲɟɫɬɢ ɧɨɦɢɧɚɥɚɦ, ɫɱɢɬɚɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ (5.27): 

 Iˑ˕˔ = ሺʹ − ͳʹሻ ∙ Iʜʝʛ = ͸ ∙ ͵ͷ͸Ͳ = ʹͳ͵͸Ͳ ʏ      (5.27) 
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ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 
ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɚ. 
 

5.3.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ (UN 
(UO))  

 
Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85-95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺUʝ Эʚ.ʠʡ.ሻ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ Uʝ Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 
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ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

ɇɚ ɪɢɫɭɧɤɟ ɜɵɲɟ: ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ, 0,7 ɦɤɎ;  ʠʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɡɟɦɥɟ, 0,007 ɦɤɎ;  ʠʧ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ, 0,008 ɦɤɎ;  ʠʑʒ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, 0,25 ɦɤɎ. 

 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (5.28): 
 CΣ = Cʡ + ʠʒ + ʠʧ + ʠʑʒ = Ͳ,ͲͲ͹ + Ͳ,͹ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = Ͳ,ͻ͸ͷ ˏˍʣ˗˃ˊ˖, (5.28) 

 Uʝ Эʚ.ʠʡ = ʙ ∙ U଴ ∙ ʠʡሺஜబሻʠʡሺஜబሻ+ʠΣ, (5.29)  

 
ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; ʠʡሺɊ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ሺʠʡሺɊ଴ሻ = Ͳ,Ͳͳʹ ˇˎˢ U = ʹͶʹ ˍʑሻ; 
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U଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤɨɬɨɪɨɟ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(5.30): 

 U଴ = ଵଷ ∙ ୙ʜʝʛ ʑʜ√ଷ = ଵଷ ∙ ଶସଶ√ଷ = Ͷ͸,ͷ͹ ˍʑ, (5.30)  

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɮɨɪɦɭɥɚ 

(5.31): Iେ = ͳ,͹͵ ∙ Uʚ ∙ ω ∙ ʠΣ = ͳ,͹͵ ∙ ͳͲ,ͷ ∙ ͳͲଷ ∙ ͵ͳͶ ∙ Ͳ,ͻ͸ͷ ∙ ͳͲ−଺ = ͷ,ͷ ʏ    (5.31)  
 

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɪɚɜɧɨ ɩɨ ɮɨɪɦɭɥɟ (5.29): 

 Uʝ Эʚ.ʠʡ. = Ͳ,ͷ ∙ Ͷʹ,͵Ͷ ∙ ͳͲͲͲ ∙ ଴,଴ଵ଴,଴ଵ+଴,ଽ଺ଷ = ʹͳ͹,ͷ͹ ʑ  

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.32): 
 Uʠʟ ൒ ୩ʜ୩ʑ ∙ ଷ୬ʡʜ ∙ U଴ Эʚ.ʠʡ,       (5.32)  

 Uʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଷ∙ଶଵ଻,ହ଻ భబ,ఱ√య∙బ,భ/య ,  
 nʡʜ = ͳͲͲ/͵  
 Uʠʟ ൒ ͷ,͸͹, 
 

ɝɞɟ kʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; nʡʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; kʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. U଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 10 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: U଴ଵୋ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 5,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; U଴ୋ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 10 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ U଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ U଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 ɞɨ 
3. 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ kʡ. Ɋɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.33) ɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 
ɡɚɳɢɳɟɧɨ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

 ʤ = ଵ୩ʡ+ଶ = ଵଷ+ଶ = Ͳ,ʹͲ = ʹͲ % (5.33)  

 
ɉɪɢ kʡ = ͵ ɨɪɝɚɧ U଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 20 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 

 
5.3.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>)  
 

1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɮɨɪɦɭɥɵ (5.34): 
 Uେʟଶ = ଵ,ସ∙୙ʜ୬ʡʜ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ (5.34)  

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ Uʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.35): 
 Uେʟଵ = ଵ,ଶ∙୙ʜ୬ʡʜ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ (5.35)  

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙ Iʜ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.3.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2)   
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I∗ଶ, 
ɤɨɬɨɪɵɣ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.36): 
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I∗ଶ = ୍మ୍ʜ , (5.36)  

 
ɝɞɟ Iଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; Iʜ– 
ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ Iଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.37): 

 tʓʝʞ = ୅୍∗మమ = ͵Ͳ ˔, (5.37)  

 
ɝɞɟ A = ͵Ͳ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺIଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ Iଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). 

ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮɨɪɦɭɥɨɣ (5.38):  
 I∗ଶʠʗʒʜ = Ͳ,Ͳ͹   
 Iଶʠʗʒʜ = Ͳ,Ͳ͹ ∙ Iʜ = ʹͶͻ,ʹ ʏ   (5.38) 
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺIଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɬɪɟɛɨɜɚɧɢɹ ɉɌɗ ɤ ɞɨɩɭɫɬɢɦɨɦɭ ɭɪɨɜɧɸ ɬɨɤɚ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɤɨɫɜɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 
ɨɛɦɨɬɨɤ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 14%.  
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɷɬɨɦ ɪɟɠɢɦɟ ɫɨɫɬɚɜɢɬ tʛʏʙʠ = ͳͷ͵Ͳ ˔.  

ɉɪɢ ɷɬɨɦ ɭɫɬɚɜɤɚ ɪɚɜɧɚ ɩɨ ɮɨɪɦɭɥɟ (5.39): 
 I∗ଶ = √ʏ୲ = √ ଷ଴ଵହଷ଴ = Ͳ,ͳͶ (5.39)  

 
ɍɫɬɚɜɤɭ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ tʛʏʙʠ, ɮɨɪɦɭɥɚ (5.40), (5.41): 
 I∗ଶʞʢʠʙ = ୍∗మ୩ʜ = Ͳ,ͳͶ/ͳ,ʹ = Ͳ,ͳʹ, (5.40)  

 
ɝɞɟ kʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
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Iଶʞʢʠʙ = Ͳ,ͳʹ ∙ Iʜ = Ͷʹ͹,ʹ ʏ (5.41)  
 

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ I∗ଶʞʢʠʙ = Ͳ,ͳʹ: tʓʝʞ = ଷ଴଴,ଵଶమ ≈ ʹʹͲ͵,ʹ ˔  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ Iଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɨ ɮɨɪɦɭɥɟ (5.42): 

 tʠʟ = ଷ଴ሺ୍∗మሻమ = ͳͷ͵Ͳ ˔ (5.42)  

 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.2. 
 

Ɍɚɛɥɢɰɚ 5.2 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ 
ɬɨɤɭ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 
1,0 0,6 0,5 0,4 0,3 0,2 0,12 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ), tʠʟ 30 83 120 188 333 750 1530 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
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ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɧɹɬɨ: tˏˋː = Ͳ,ͷ ˔, tˏ˃ˍ˔ =ͳͷ͵Ͳ ˔. ɍɫɬɚɜɤɭ tˏˋː ɡɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɦɢɧɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɨɣ ɢɡ ɢɦɟɸɳɟɝɨɫɹ ɞɢɚɩɚɡɨɧɚ ɭɫɬɚɜɨɤ (0,5 ɫɟɤ.). 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨ 
ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɢ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ 
ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ, 
ɪɟɝɭɥɢɪɭɟɦɨɣ ɭɫɬɚɜɤɨɣ ɜɪɟɦɟɧɢ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ʡˑ˘ˎ).  

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺ𝐼ଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ 𝐼ଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɭɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ. 
ɍɫɥɨɜɢɟ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 

220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ 
ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 
 I∗ଶʠ.ʖ. ൑ ୍మʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(ଡ଼ౚ ˅ː′′ +ଡ଼ʡ+ଡ଼ʚ) ;                                                               (5.43)     

 
ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱёɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 S˄˃ˊ = ͳͲͲ ʛʑʏ; U˄˃ˊଵ = ͳͲ,ͷ ˍʑ; U˄˃ˊଶ = ʹͶʹ ˍʑ.  

 X∗ˎ = X଴,ʢʓ ∙ l ∙ ୗ˄୙మ˄ = Ͳ,Ͷ͵ͷ ∙ ͸Ͳ ∙ ଺଴ଶସଶమ = Ͳ,Ͳʹ͹ ˑ. ˈ.                                    (5.44) 

 I˄˃ˊଵ = ୗ˄˃ˊ√ଷ∙୙˄˃ˊభ                                                                                               (5.45) 

 I˄˃ˊଵ = ଵ଴଴∙ଵ଴య√ଷ∙ଵ଴,ହ଴ = ͷͶͻͺ,ͷ͹ ʏ  

 𝐼 ˃ˊଶ = 𝑆˄˃ˊ√ଷ∙௎˄˃ˊమ                                                                                                 (5.46) 

 I˄˃ˊଶ = ଵ଴଴∙ଵ଴య√ଷ∙ଶସଶ,଴଴ = ʹ͵ͺ,ͷ͹ ʏ  
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X∗ˆˈː.˄˃ˊ. = Xୢ ′′ ∙ ୙ːˑˏమୗːˑˏ ∙ ୗ˄˃ˊ୙˄˃ˊమమ                                                                             (5.47) 

 X∗ˆˈː.˄˃ˊ. = Ͳ,ʹʹ ∙ ଵ଴,ହమమ଺ସ,଻ ∙ ଵ଴଴,଴଴ଵ଴,ହమమ = Ͳ,͵Ͷ ˑ. ˈ.  
 X∗˕˓−˓˃.˄˃ˊ. = ୙ˍ%ଵ଴଴ ∙ ୙ːˑˏమୗːˑˏ ∙ ୗ˄˃ˊ୙˄˃ˊమమ                                                                              (5.48) 

 X∗˕˓−˓˃.˄˃ˊ. = ଵଵ ଵ଴଴,଴଴ ∙ ଶସଶ,଴଴మ଼଴,଴଴ ∙ ଵ଴଴,଴଴ଶସଶ,଴଴మ = Ͳ,ͳ͵͹ͷ ˑ. ˈ.  
 I∗ሺଷሻʙʖ = ୉∗ଡ଼∗ˆˈː.˄˃ˊ.+ଡ଼∗˕˓−˓˃.˄˃ˊ.+ଡ଼∗ʚ                                                                    (5.49) 

 I∗ሺଷሻʙʖ = ଵ଴,ଷସ+଴,ଵଷ଻ହ+଴,଴ଶ଻ = ͳ,ͻͺ ˑ. ˈ.  
 I∗ሺଶሻଶ.ʙʖ = √ଷଶ∙√ଷ ∙ I∗ሺଷሻˍˊ.                                                                                 (5.50) 

 I∗ሺଶሻଶ.ʙʖ = √ଷଶ∙√ଷ ∙ ͳ,ͻͺ = Ͳ,ͻͻ ˑ. ˈ.  
 
ɉɟɪɟɜɟɞɟɦ ɜ ɢɦɟɧɨɜɚɧɧɵɟ ɟɞɢɧɢɰɵ: 

 I∗ሺଶሻːːଶ = I∗ሺଶሻଶ.ˍˊ. ∙ I˄˃ˊଵ;                                                                              (5.51) 
 I∗ሺଶሻːːଶ = Ͳ,ͻͻ ∙ ͷͶͻͺ,ͷ͹ =  ͷͶͶͻ,ͷʹ ʏ  
 
Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɦ ɬɨɤ ɜ ɫɨɨɬɜɟɫɬɜɢɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 Iଶʛʗʜሺଶሻ = ୍∗ሺమሻːːమ୩˕˕ ;                                                                                              (5.52) 

 Iଶʛʗʜሺଶሻ = ହସସଽ,ହଶ ସ଴଴଴/ହ = ͸,ͺͳ ʏ  

 
 
Ɍɨɝɞɚ ɭɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ: 
 𝐼ଶ ˔.ˊ. ൑ 𝐼మʛʗʜሺమሻ𝐾˚ ,                                                                                                   (5.53) 
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ɝɞɟ 𝐾˚ = ͳ,͵ − ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

 𝐼ଶ ˔.ˊ. ൑ ଺,଼ଵଵ,ଷ = ͷ,ʹͶ  ʏ          

 𝐼∗ʠʟ ൑ 𝐼మʠʖ𝐼ʜʝʛ = ହ,ଶସସ,ସହ = ͳ,ͳ͹                                                                             (5.54) 

                                                               
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ 

ɨɬɫɟɱɤɢ ɢɡ ɞɢɚɩɚɡɨɧɚ Ͳ,ͷ − Ͳ,ͺ 𝐼 ˑˏ.ˆˈː.. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 𝐾˚ > ͳ,͵. ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Ͳ,ͺ ∙ 𝐼 ˑˏ.ˆˈː. 
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɟɞɢɧɢɰɚɯ: 
 𝐼∗ଶ ˔.ˊ. = Ͳ,ͺ ∙ 𝐼 ˃ˊ;                                                                                          (5.55) 
 𝐼∗ଶ ˔..ˊ = Ͳ,ͺ ∙ Ͷ,Ͷͷ = ͵,ͷ͸ ʏ  

 
Ɍɨɝɞɚ: 

 𝐾˚ = 𝐼మሺమሻ𝐼మ ˔.ˊ. ;                                                                                                      (5.56) 

 𝐾˚ = ଺,଼ଵଷ,ହ଺ = ͳ,ͻͳ  

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ 𝐼ଶʠ.ʖ. = Ͳ,ͺͲ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ k˚ > ͳ,ʹ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɒɋȼ, 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ (I1)  
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.45): 
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Iଵʠʗʒʜ = ୩ʜ∙୍ʜ୩ʑ = ଵ,଴ହ∙ଷହ଺଴଴,ଽ଼ = ͵ͺͳͶ,ʹͺ ʏ,  (5.45)  

 
ɝɞɟ kʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 

 kʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t = ͸ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.46): 
 Iଵʞʢʠʙ = ଵ,଴଼∙୍ʜ଴,ଽ଼ = ଵ,଴଼∙ଷହ଺଴଴,ଽ଼ = ͵ͻʹ͵,ʹ͸ ʏ (5.46)   

 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.3. 
 

Ɍɚɛɥɢɰɚ 5.3 – ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ 𝑰𝑰ʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ 
(ɫ) 3600 1200 500 350 270 150 75 5 5 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ 
 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 

3) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.47):  
 Iଵʝʡʠ = ଵ,ଶ∙୍ʜʝʛ଴,ଽ଼ = ଵ,ଶ଴∙ଷହ଺଴଴,ଽ଼ = Ͷ͵ͷͻ,ͳͺ ʏ,  (5.47)  

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ Uʒ <. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ, ɮɨɪɦɭɥɚ (5.48): 
 Uʠʟ = ଴,଺଼∙୙ʜʝʛ୩ʑ∙୬ʡ = ଴,଺଼∙ଵ଴ହ଴଴,଴଴ଵ,଴ଷ∙ଵ଴ହ,଴଴ = ͸͸,Ͳʹ ʑ (5.48)  

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɒɋȼ, 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 𝐙૚ <, 𝐙૛ <  
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚёɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I 
ɢ II  ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III  ɢ IV ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1 ɫ. ɍɤɚɡɚɧɧɚɹ 
ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ 
ɡɚɳɢɬ ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. Zଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ ȼɥɚɞɢɦɢɪɫɤɚɹ 
Ƚɗɋ – ɉɋ ɉɪɢɡɟɣɫɤɚɹ 1, ɮɨɪɦɭɥɚ (5.49): 

 Zଵ ൑ Ͳ,ͺ ∙ Zʡ + ଴,଼୏ʡ ∙ Zଵʚ (5.49)   

 Zଵ ൑ Ͳ,ͺͲ ∙ ቀͺͲ,ͷ͵ + ଶ଺,ଵଶ,଴଴ቁ  

 Zଵ ൑ ͺͳ,ͺʹ Ɉɦ 
 



77 
 

ɝɞɟ Kʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ, ɪɚɜɧɵɣ 
ɤɨɥɢɱɟɫɬɜɭ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ; Zଵʚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; Zʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ; 

 Zʡ = ଴,ଵଵ∙ଶସଶ଼଴ ଶ = ͺͲ,ͷ͵ ʝˏ  

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ, ɭɫɬɚɜɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.50): 
 Zଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ (Uʙʖ ∙ ୗːˑˏሺˆˈːሻୗːˑˏሺʡʜሻ + Zభʚ′୏ʡ ∙ ୗːˑˏሺˆˈːሻ୙ʑʜమ )   (5.50) Zଵ ˑ.ˈ. ൑ Ͳ,ͺͲ ∙ ቀ ଵଵଵ଴଴ ∙ ଺ସ,଻଼଴ + ଶ଺,ଵଶ,଴଴ ∙ ଺ସ,଻ଶଶ଴,଴଴మቁ,  
 Zଵ ˑ.ˈ. ൑ Ͳ,Ͳͺͷ  
 Zଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (5.51): 
 Zଵ = Zଵ ˑ.ˈ. ∙ Z˄ = Ͳ,Ͳͺͷ ∙ ͳ,͹ͲͶ = Ͳ,ͳͶͷ ʝˏ, (5.51)  

 

ɝɞɟ Z˄ = ୙మ˄ୗːˑˏ,ˆ = ଵ଴,ହ଴మ଺ସ,଻ = ͳ,͹ͲͶ ʝˏ. 
 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɧɚɣɞɟɧɚ ɩɨ ɮɨɪɦɭɥɟ (5.52): 
 Zଵେଷ = Zଵ ∙ ୬ʡ୬ʜ = Ͳ,ͳͶͷ ∙ రబబబఱభబ,ఱబ,భబ = ͳ,ͳ ʝˏ (5.52)  

 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ Zଵ = ͳ,ͳ ʝˏ. 
 
2) Ɏɭɧɤɰɢɹ ∆Z ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆Z, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆Z = ͵Ͳ ʝˏ˔ˈˍ. 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ 
ɫɛɪɨɫ ȺɊɁ. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 
(5.53): 

 Zʜʏʒʟ = ୙ʜʝʛ√ଷ∙୍ʜʏʒʟ = ଵ଴,ହ଴∙ଵ଴య√ଷ∙ଷହହ଼ = ͳ,͹ͲͶ ʝˏ, (5.53)  

 
ɝɞɟ Iʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɩɨ ɮɨɪɦɭɥɟ 
(5.54): 

 Zʜʏʒʟ.ʣ = ଴,ଽହ∙୙ʜ୍ʣ = ଴,ଽହ∙ଵ,଴଴ଵ,଼଴ = Ͳ,ͷ͵ ˑ. ˈ.,                                                          (5.54) 

 
ɝɞɟ Iʣ − ɬɨɤ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

 
ɇɚɣɞɟɦ ɭɝɨɥ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɩɨ ɮɨɪɦɭɥɟ (5.55): 
 cosɔ ʜʏʒʟ.ʣ = ୡ୭ୱ஦ʜ଴,ଽହ∙୍ʣ = ଴,଼ହ଴,ଽହ∙ଵ,଼଴ = Ͳ,ͷ, (5.55)  

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ ɔʜʏʒʟ.ʣ = ͸Ͳ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ ɩɨ ɮɨɪɦɭɥɟ 

(5.56), ɩɟɪɟɫɱɟɬ ɜ ɢɦɟɧɨɜɚɧɧɵɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ – ɮɨɪɦɭɥɚ (5.57): 
 Zଶେʖ = Zʜʏʒʟ.ʣʙʜ = ଴,ହଷଵ,ଵ଴ = Ͳ,Ͷͺ ˑ. ˈ., (5.56) 

 Zଶେʖ = Zଶ˔ˊ ˑ.ˈ. ∙ Zʐ = Ͳ,Ͷͺ ∙ ଵ଴,ହ଴మ଺ସ,଻ = Ͳ,ͺͳͺ ʝˏ. (5.57) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (5.58): 
 Zଶʠʖ = Zమʠʖ∙୬ʡ୬ʜ = ଴,଺଺∙ସ଴଴଴/ହଵ଴ହ଴଴/ଵ଴଴ = ͸,ʹ͵ ʝˏ, (5.58) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Zଶ = ͸,ʹ͵ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 20%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ Zʠʛଵ = Ͳ,ͳͺʹ ʝˏ, Zʠʛଶ = ͳ,ͲͲͶ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.7. 
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ː˃ˆ˓ – ɭɝɨɥ ɧɚɝɪɭɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɨɦɢɧɚɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ሺcosɔ = Ͳ,ͺͷሻ.  
 

5.3.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. Ɂɚɳɢɬɚ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ.  

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.59): 
 I୔ ʠʗʒʜ. = ୏ː∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ∙୬˕.˕. = ଵ,଴ହ∙ଵଶ଴଴,଴଴∙଴,଼ଵ଺଴,ଽ଼∙భబ,ఱబబ,రళఱ = Ͷ͹,Ͷ͸  ʏ. (5.59)  

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (5.60): 

 I୔ ʞʢʠʙ. = ୏ː∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ = ଵ,ଵ∙ଵଶ଴଴,଴଴∙଴,଼ଵ଺଴,ଽ଼∙భబ,ఱబబ,రళఱ = Ͷͻ,͹ʹ = ͳ,ͳ͵ ˑ. ˈ. (5.60)  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɬɚɛɥɢɰɟɣ 5.4, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
Ɍɚɛɥɢɰɚ 5.4 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ 𝐈𝐈ʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 1,15 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨɟ 210 140 110 90 70 55 20 210 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.8. 
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Ɋɢɫɭɧɨɤ 5.8 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.61):  

 Iʟ ʝʡʠ = ଶ,ଶ∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ = ଶ,ଶ∙ଵଶ଴଴,଴଴∙଴,଼ଵ଺଴,ଽ଼∙భబ,ఱబబ,రళఱ = ͻͻ,ͶͶ ʏ = ʹ,ʹ͸ ˑ. ˈ. (5.61)  

 
5.4 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ  
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱёɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ 

ɫɯɟɦɵ Ƚɗɋ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɈɈɈ ɇɉɉ «ɗɄɊȺ». 
 ɍɫɬɚɧɨɜɤɚ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ 
ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ. 
 Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴёɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 
 ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞёɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞёɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 
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5.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ   
 

ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ  
 
6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 

 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ∇ȽȽɉ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.1): 
 ∇ʒʒʞ = ∇ʜʞʢ + hୱ ,                                                                                     (6.1) 
 

ɝɞɟ hୱ – ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ȼȻ. 
 hୱ = h୰୳୬ଵ% + ∆hୱୣ୲ + a ,                                                                              (6.2) 
 

ɝɞɟ h୰୳୬ –  ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1% ɧɚ ɨɬɤɨɫ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ; ∆hୱୣ୲ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; 

ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɩɪɢɧɢɦɚɟɦɵɣ ɧɟ ɦɟɧɟɟ 0,4 ɦ ɢ ɧɟ ɛɨɥɟɟ 2,0 ɦ, 
ɜɵɛɢɪɚɟɦ 0,4.  

ȼɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ (6.3): 
 

 ∆hୱୣ୲ = k୵ ∙ ୚౭మ ∙୐୥∙ୢ ∙ cosȽ ,                                                                               (6.3) 

 
ɝɞɟ  V୵ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ ሺV୵ =ʹͶ ɦ/ɫ);  k୵ = ͵ሺͳ + Ͳ,͵V୵ ሻ ∙ ͳͲ−଻ = ʹͷ,ͷ ∙ ͳͲ−଻,  

L – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ (L = ͸ͻͲͲ ɦ); Ƚ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɦ α = 0. 

 
ɇɚɣɞɟɦ ɭɫɥɨɜɧɭɸ ɪɚɫɱɟɬɧɭɸ ɝɥɭɛɢɧɭ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɩɨ ɮɨɪɦɭɥɟ 

(6.4): 
 d = ∇ʜʞʢ−∇ˇː˃ଶ = ସହଶ−ଷଽଶଶ = ͵Ͳ ˏ                                                                    (6.4) 

 ∆hୱୣ୲ = k୵ ∙ ୚౭మ ∙୐୥∙ୢ ∙ cosȽ = ʹͷ,ͷ ∙ ͳͲ−଻ ∙ ଶହమ ∙଺ଽ଴଴ଽ,଼ଵ∙ଷ଴ ∙ cosͲ =  Ͳ,Ͳ͵͹Ͷ                   
(6.5) 

 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ. Ⱦɥɹ 

ɷɬɨɝɨ: 
1. ȼɵɱɢɫɥɹɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ୥୐୚౭మ  ɢ ୥୲୚౭  ɩɨ ɮɨɪɦɭɥɚɦ (6.6 – 6.7), 

ɝɞɟ t -ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɩɪɢɧɢɦɚɟɦ t = 6 ɱ = 21600 ɫ. 
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୥୐୚౭మ = ଽ,଼ଵ∗଺ଽ଴଴ଶହమ = ͳͲͺ,͵                                                                                       (6.6) 

 ୥୲୚౭ = ଽ,଼ଵ∗ଶଵ଺଴଴ଶହ = ͺͶ͹ͷ,ͺͶ                                                                                  (6.7) 

 
2. ɂɡ ɝɪɚɮɢɤɚ ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ 

ɫ ɝɥɭɛɢɧɨɣ d > Ͳ,ͷɉୢ̅̅ ̅, ɝɞɟ ɞɧɨ ɧɟ ɜɥɢɹɟɬ ɧɚ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɥɧ) ɩɨ 
ɡɧɚɱɟɧɢɹɦ ୥୐୚౭మ  ɢ ୥୲୚౭  ɨɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ୥୦̅୚౭మ  ɢ ୥୘̅୚౭ . 

 
Ɋɢɫɭɧɨɤ 6.1 – Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ ୥∙୘˔˓୚౭  ɢ ୥∙୦̅୚౭మ 

ɋɧɹɬɵɟ ɫ ɝɪɚɮɢɤɚ 6.1 ɡɧɚɱɟɧɢɹ ɜɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 6.1 
 

Ɍɚɛɥɢɰɚ 6.1 – ɷɥɟɦɟɧɬɵ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɜ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɢ ɦɟɥɤɨɜɨɞɧɨɣ ɡɨɧɚɯ ܏ ∙ ܟ܄ܜ  
܏ ∙ ૛ܟ܄ۺ  g ∙ T̝ ˓V୵  

g ∙ h̅V୵ଶ  
g ∙ T̝ ˓V୵  

g ∙ h̅V୵ଶ  

3,79 0,075 1,69 0,0195 

 
3. ȼɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɚɦ 

(6.8 – 6.9), ɜɵɛɢɪɚɹ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ  ୥୦̅୚౭మ  ɢ ୥୘̅୚౭  ሺͲ,Ͳͳʹ ˋ ͳ,ʹͷ ˔ˑˑ˕˅ˈ˕˔˕˅ˈːːˑሻ. 
 h̅ = ଴,଴ଵଽହ∙௏𝑤మ𝑔 = ଴,଴ଵଽ∙ଶହమଽ,଼ଵ = ͳ,ʹͶʹ ˏ                                                                                    (6.8) 
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 T̅ = ଵ,଺ଽ∙୚౭୥ = ଵ,଺ଶହ∙ଶହଽ,଼ଵ = Ͷ,͵Ͳ͹ ˔                                                                                   (6.9) 

 
4. ȼɵɱɢɫɥɹɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ (6.10): 
 ɉୢ̅̅ ̅ = ୥୘మ̅̅̅̅ଶ஠ = ଽ,଼ଵ∙ସ,ଷ଴଻ మଶ∙ଷ,ଵସ = ʹͺ,ͻ͸ ˏ                                                                       (6.10) 

 
ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ d > Ͳ,ͷ ∙ ɉୢ̅̅ ̅.  ȿɫɥɢ ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɬ.ɟ. ɡɨɧɚ 

ɦɟɥɤɨɜɨɞɧɚɹ, ɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ T̅ ɢ h̅ ɧɚ ɝɪɚɮɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɨɝɢɛɚɸɳɭɸ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ୥ୢ୚౭మ . 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ͵Ͳ > ͳͶ,Ͷͺ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 
5. Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (6.11): 
 hଵ% = h̅ ∙ k୧ ,                                                                                                   (6.11) 
 

ɝɞɟ ki  ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ 6.2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ  ୥୐୚౭మ  (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ).  
 

 
Ɋɢɫɭɧɨɤ 6.2 – Ƚɪɚɮɢɤ ɧɚɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɹ ki ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ 

 
ɂɫɯɨɞɹ ɢɡ ɝɪɚɮɢɤɚ, k୧ = ʹ,Ͳͺ, ɬɨɝɞɚ hଵ% = ͳ,ʹͶʹ · ʹ,Ͳͺ = ʹ,ͷͺ ˏ  
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Ⱦɥɹ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ 
ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ (6.16): 

 ∇ʒʐʞ = ∇ʜʞʢ + hଵ% + ∆hୱୣ୲ + Ƚ ,                                                           (6.12) 
 

ɝɞɟ Ƚ – ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ: 
ɞɥɹ ȽɌɋ ɤɥɚɫɫɚ I-0,8 ɦ, II -0,6 ɦ , III -IV-0,4 ɦ; Ƚ = Ͳ,Ͷ ˏ. 
 ∇ʒʐʞ = ∇ʜʞʢ + hଵ% + ∆hୱୣ୲ + Ƚ = Ͷͷʹ + ʹ,ͷͺ + Ͳ,Ͳ͵͹ + Ͳ,͸ = Ͷͷͷ,ʹʹ ˏ  

 
6.2 Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɚɫɫɨɦ ȽɌɋ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ – Q3%, ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ -Q0,5%. 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɍɇȻ = f (QɇȻ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.4. 

 

 
Ɋɢɫɭɧɨɤ 6.4 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɍɇȻ = f (QɇȻ) 

 
Ɍɚɛɥɢɰɚ 6.1 – Ɍɚɛɥɢɰɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɪɚɡɥɢɱɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ 

ɪ, % 0,01% 0,1% 0,5% 1% 3% Qɫɚɧ 
Qɦɚɤɫ - 1257,8 1091,1 1013,2 933,1 25 

Ɉɬɦ. ɍɇȻ - 401,8 401,61 401,24 400,79 392,36 

 
Ɍɨɩɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɪɚɣɨɧɚ ɜɫɟɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫ ɧɚɧɟɫɟɧɧɨɣ 

ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɟɣ ɢ ɫ ɦɚɫɲɬɚɛɧɵɦ ɨɬɪɟɡɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.5. 
 

392,00

393,00

394,00

395,00

396,00

397,00

398,00

399,00

400,00

401,00

402,00

0 200 400 600 800 1000 1200

Z
ɇ

Ȼɦ

Q, ɤɭɛ.ɦ/c

Z̦б=f(Qлет)

Z̦б=f(Q̛̥̚)



86 
 

 
Ɋɢɫɭɧɨɤ 6.5 – Ʉɚɪɬɚ ɪɚɣɨɧɚ ɫɬɜɨɪɚ ɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 6.4 ɨɩɪɟɞɟɥɹɸɬ: 
 
ɩ

ɪ
ɢ
 
ɪ
ɚ
ɫ
ɯ
ɨ
ɞ
ɟQˏ˃ˍ˔.˓˃˔˚ˑ˔ː = 1013,2 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 401,24 ɦ; 

 
ɩ

ɪ
ɢ
 
ɪ
ɚ
ɫ
ɯ
ɨ
ɞ
ɟQˏ˃ˍ˔.˓˃˔˚˒ˑ˅ = 1257,8 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 401,84 ɦ. 

 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ  
 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ 
ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 

 Hˑ˔ː = ∇ ʜʞʢ − ʢʜʐ(Qˏ˃ˍ˔. ˓˃˔˚ˑ˔ː ) = Ͷͷʹ,ͲͲ − ͶͲͳ,ʹͶ = ͷͲ,͹͸  ˏ  
 H˒ˑ˅ = ∇ ʣʞʢ − ʢʜʐ(Qˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ ) = Ͷͷ͵,ͲͲ − ͶͲͳ,ͺͶ = ͷͳ,ͳ͸ ˏ  
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (6.17 – 6.18): 

 Qˆ˃ˑ˔ː = ୒ˆ˃ ଽ,଼ଵ∙ሺୌˑ˔ː −∆୦ሻ∙ɳ = ହସହ଴଴ଽ,଼ଵ·ሺହ଴,଻଺−଴,ଷሻ ·଴,ଽଷ = ͳͳͺ,Ͷ ˏଷ/˔       (6.13)   

 

 Qˆ˃˒ˑ˅ = ୒ˆ˃ଽ,଼ଵ∙ሺୌ˒ˑ˅−∆୦ሻ∙ɳ = ହସହ଴଴ଽ,଼ଵ·ሺହଵ,ଵ଺−଴,ଷሻ ·଴,ଽଷ = ͳͳ͹,Ͷͷ ˏଷ/˔ (6.14)   

 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ - m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: m =  ሺn −  ͳሻ ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ n ൑ ͸; 
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ɫɥɟɞɨɜɚɬɟɥɶɧɨ, m =  ʹ −  ͳ = ͳ 
ɇɚɣɞɟɦ ɪɚɫɯɨɞɵ Ƚɗɋ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɟɜ ɩɨ ɮɨɪɦɭɥɚɦ (6.19 – 6.20):  
 QʒЭʠˑ˔ː = m ∙  Qˆ˃ˑ˔ː = ͳͳͺ,Ͷ ∙ ͳ = ͳͳͺ,Ͷ ˏଷ/˔ (6.15)   

 QʒЭʠ˒ˑ˅ = m ∙  Qˆ˃˒ˑ˅ = ͳͳ͹,Ͷͷ ∙ ͳ = ͳͳ͹,Ͷͷ ˏଷ/˔  (6.16)   
 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (6.21): 

 Q˓˃˔˚ˑ˔ː = Qˏ˃ˍ˔. ˓˃˔˚ˑ˔ː − QʒЭʠˑ˔ː − Qୡ (6.17)   
 Q˓˃˔˚ˑ˔ː = ͳͲͳ͵,ʹ − ͳͳͺ,͵ͻ − ͳͳͶ,ͲͶ = ͹ͺͲ,͹͹ ˏଷ/˔  

 Qୡ = ୚˒ˑ + ୚˒˓ʡ˔˓ = ଴,ଽଵ଼∙ଵ଴9+଴,ହ଺∙ଵ଴9ଵଶଽ଺଴଴଴଴ = ͳͳͶ,ͲͶ ˏଷ/˔ (6.18)  

 
Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɩɨ ɮɨɪɦɭɥɟ (6.23): 
 Q˓˃˔˚˒ˑ˅ = Qˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ − QʒЭʠ˒ˑ˅ − Qୡ (6.19)  

 Q˓˃˔˚˒ˑ˅ = ͳʹͷ͹,ͺ − ͳͳ͹,Ͷͷ − ͳͳͶ,ͲͶ = ͳͲʹ͸,͵ˏଷ/˔  
 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 

ɝɢɞɪɨɭɡɥɚ (ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ)  
 
Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɦɨɝɭɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ ɢɥɢ 

ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. Ⱦɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɨɩɨɪɨɠɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɜɨɞɨɫɩɭɫɤɨɦ (ɜɨɞɨɜɵɩɭɫɤɨɦ). ɉɨɥɧɨɟ 
ɨɩɨɪɨɠɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɩɪɢ ɥɢɤɜɢɞɚɰɢɢ ȽɌɋ. 

Ɂɚɞɚɟɦɫɹ ɞɢɚɦɟɬɪɚɦɢ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ D ɨɬ 1 ɞɨ 5 ɦɟɬɪɨɜ 
(ɜɨɡɶɦɟɦ 3 ɦ). Ɋɚɫɫɱɢɬɚɟɦ ɨɬɦɟɬɤɭ ɰɟɧɬɪɚ ɨɬɜɟɪɫɬɢɹ ɩɨ ɮɨɪɦɭɥɟ (6.24):  

 ∇ʥʝ = ∇˒ˑˎ˃ ˆ˃ˎ−ˋ + hˆ˃ˎ−ˋ + ͵,ͷ = ͵ͻʹ + ͵ + ͵,ͷ = ͵ͻͺ,ͷͲ ˏ          (6.20)  
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɇ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

(6.25): 
 ʜ = ʜʞʢ+ʢʛʝଶ − ∇ʥʝ = ସହଶ+ସଷ଻,଻ଷଶ − ͵ͻͺ,ͷ = Ͷ͸,͵͸ ˏ                                (6.21) 

 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɩɨ ɮɨɪɦɭɥɟ (6.26):  
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Q = Ɋω√ʹgH = Ͳ,ͺ ∙ ͵,ͳͶ ∙ √ʹ ∙ ͻ,ͺͳ ∙ Ͷ͸,͵͸ = ͹ͷ,͹͸ ˏଷ/˔  (6.22)  
 
ɝɞɟ Ɋ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8;  ω - ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ, ɫɱɢɬɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (6.27).   

 ω =  ɎRଶ  =  ͵,ͳͶ ∙ ͳ = ͵,ͳͶ ˏଶ, (6.23)  
 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɧɟ ɦɟɧɟɟ 2-ɯ), 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɨ ɮɨɪɦɭɥɟ (6.28): 

 n = ୕ୡ୕ = ଵସଶ,ହହ଻ହ,଻଺ = ͳ,ͺͺ (ɨɤɪɭɝɥɹɟɦ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ) (6.24)  

 
ɉɪɢɧɢɦɚɟɦ 2 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 2,0. 
 
6.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ ɩɨ ɮɨɪɦɭɥɟ (6.29): 
 q˓ = V୦ ∙ hː˄ (6.25)  

 
ɝɞɟ hɧɛ  ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ɍɇȻ = f (Qɧɛ) 
ɩɪɢ  Qˏ˃ˍ˔. ˓˃˔˚ˑ˔ː ;  V୦ ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ (ɩɟɫɨɤ – 2,5÷3,5 ɦ/ɫ; ɝɥɢɧɚ  3÷4 ɦ/ɫ; ɝɪɚɜɢɣ  3,5 
ɦ/ɫ; ɩɨɥɭɫɤɚɥɶɧɵɟ  3,5÷ 4,5 ɦ/ɫ; ɫɤɚɥɶɧɵɟ – ɛɨɥɟɟ 5 ɦ/ɫ). ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 5 ɦ/ɫ. 

 q˓  =  ͷ ∙ ͻ,ʹͶ = Ͷ͸,ʹ ˏଶ/˔  
 
Ɉɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ ɩɨ ɮɨɪɦɭɥɟ (6.30):  
 q˅  =  ͳ,ʹͷ ∙ q˓  =  ͳ,ʹͷ ∙ Ͷ͸,ʹ = ͷ͹,͹ͷ ˏଶ/˔ (6.26)  

 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.31): 
 B = ୕˓˃˔˚ˑ˔ː୯˅ = ଻଼଴,଻଻ହ଻,଻ହ = ͳ͵,ͷʹ ˏ (6.27)  

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 𝐵ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɨɤɪɭɝɥɹɟɦ B ɞɨ 14 ɦ. ɋɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ b ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɬɟɯ. ɪɟɝɥɚɦɟɧɬɨɦ. ɉɪɢɧɢɦɚɟɦ b = 7. ȼ ɢɬɨɝɟ: 2 ɩɪɨɥɟɬɨɜ ɩɨ 7 ɦ.  
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Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ: 
Ȼɟɪɟɡɢɧɫɤɢɣ Ⱥ.Ɋ. ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɬɨɥɳɢɧɭ ɧɟɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɥɟɬɚ. ɉɪɢɦɟɦ ɬɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ 
ɛɵɤɚ ɪɚɜɧɨɣ: Ɂ˄ = ͵ ˏ.Ɍɨɝɞɚ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɛɵɤɨɜ: 
 B˅ = b ∙ n + ሺn − ͳሻ ∙ Ɂ˄,                               (6.28) 
 B˅ = ͹ ∙ ʹ + ሺʹ − ͳሻ ∙ ͵ = ͳ͹ ˏ. 
 

6.2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ 
 
ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, ɫɧɚɱɚɥɚ 
ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ  ɇ01 ɩɨ ɮɨɪɦɭɥɟ (6.32), ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ 
ɢ ɩɨɞɬɨɩɥɟɧɢɹ  ɇ02 ɩɨ ɮɨɪɦɭɥɟ (6.33). 

 H଴ଵˑ˔ː =  ( ୕˓˃˔˚ˑ˔ː୫∙ୠ∙୬∙√ଶ୥)ଶ ଷ⁄ = ቀ ଻଼଴,଻଻଴,ସଽ·ଵସ·√ଶ·ଽ,଼ଵቁଶ/ଷ = ͺ,͹ͳ ˏ (6.29)  

 
ɝɞɟ m  ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ (ɜ ɩɪɨɟɤɬɟ 
ɩɪɢɧɢɦɚɸɬ m = 0,49) 

 H଴ଶˑ˔ː =  ( ୕˓˃˔˚ˑ˔ː୫∙க ∙σ∙ୠ∙୬∙√ଶ୥)ଶ ଷ⁄ = ቀ ଻଼଴,଻଻଴,ସଽ·଴,଼ହ଺·ଵ·ଵସ·√ଶ·ଽ,଼ଵቁଶ/ଷ = ͻ,͸ͷ ˏ   (6.30)  

 
ɝɞɟ σ  ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ (ɜ ɩɪɨɟɤɬɟ σ = 1);  

İ  ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ ɩɨɬɨɤɚ ɜ 
ɩɪɨɥɟɬ. 

 ɂ = ͳ − Ͳ,ʹ [ஞ˖+ሺ୬−ଵሻஞ˄୬ ] ୌబభୠ = ͳ − Ͳ,ʹ · ቀ଴,଻+ሺଶ−ଵሻ·଴,ସହଶ ቁ · ଼,଻ଵ଻ = Ͳ,ͺͷ͸, (6.31)  

 
ɝɞɟ ξ˖- ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɩɪɢɧɢɦɚɸɬ 0,7 ξ˄-ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ, ɞɥɹ ɩɨɥɭɤɪɭɝɥɨɝɨ ɨɱɟɪɬɚɧɢɹ 0,45. 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ 
V0 ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.35): 

 ʜ = ʜ଴ଶ − α୚బమଶ୥ ; (6.32)  
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V଴ = ୕˓˃˔˚ˑ˔ːሺ∇ʜʞʢ−∇ˇː˃ሻሺ୆+ሺ୬−ଵሻஔʐሻ =  ଻ହଶ,ଶ଺ሺସହଶ−ଷଽଶሻ∙ሺଵସ+ሺଶ−ଵሻ·ଷሻ = Ͳ,͹͵ͺ ˏ/˔ (6.33)  

 
ɝɞɟ įȻ  ɬɨɥɳɢɧɚ ɛɵɤɚ, Ƚ = ͵. 

Ɍɨɥɳɢɧɚ ɛɵɤɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ ɢ ɪɚɡɦɟɪɨɜ 
ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɜ Ʉɉ ɩɪɢɧɢɦɚɸɬ įȻ = 3 ɦ − ɞɥɹ 
ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b ≤ 14 ɦ ɢ įȻ = 4 ɦ - ɞɥɹ ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b > 14 ɦ). 

 H = H଴ଶ − α୚బమଶ୥ = ͻ,͸ͷ − ଵ,ଵ∙଴,଻ଷ଼ మଶ∙ଽ,଼ଵ = ͻ,͵ͷ ˏ   

 
6.2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ  
 
ɇɚɡɧɚɱɚɸɬ H˔˕ - ɛɥɢɠɚɣɲɢɣ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ ɇ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ (4; 4,5; 5,0; 5,5; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 
18,0; 20,0 ɦ). 

 
H = ͻ,͵ͷ  ɦ ɩɪɢɧɢɦɚɟɦ H˔˕ = 9 ɦ. 
 
Ɉɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.37) ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 ∇ʒʑ =  ʜʞʢ − H˔˕  =  Ͷͷʹ,ͲͲ − ͻ =  ͶͶ͵,ͲͲ ˏ  (6.34)  

 
6.2.6 ɉɪɨɜɟɪɤɚ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ  
 

Ɉɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ Ɏɉɍ) ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɩɨ 
ɮɨɪɦɭɥɟ (6.38):  

 H଴ଵ˒ˑ˅ = ( ୕˓˃˔˚˒ˑ˅୫∙୆∙√ଶ୥)ଶ ଷ⁄ = ቀ ଽଽ଻,଻ଽ଴,ସଽ·ଵସ·√ଶ·ଽ,଼ଵቁଶ/ଷ = ͳͲ,ʹͷ ˏ (6.35)  

 
ȼɵɱɢɫɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ 

ɩɨ ɮɨɪɦɭɥɟ (6.39): 
 ɂ = ͳ − Ͳ,ʹ [ξ˖ + ሺn − ͳሻξ଴n ] H଴ଵb = ͳ − Ͳ,ʹ · ቆͲ,͹ + ሺʹ − ͳሻ · Ͳ,Ͷͷʹ ቇ · ͳͲ,ʹͷ͹ = Ͳ,ͻʹ 

 H଴ଶ˒ˑ˅ =  ( ୕˓˃˔˚˒ˑ˅୫∙க∙σ˒∙୆∙√ଶ୥)ଶ ଷ⁄ = ቀ ଽଽ଻,଻ଽ଴,ସଽ·଴,ଽଶ·ଵ·ଵସ·√ଶ·ଽ,଼ଵቁଶ/ଷ = ͳͲ,ͺ͵ ˏ (6.36)  
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Ɋɚɫɫɱɢɬɵɜɚɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 
ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɩɨ ɮɨɪɦɭɥɟ (6.41). ɋɤɨɪɨɫɬɶ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 
ɫɥɭɱɚɟ ɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (6.40): 

 V଴˒ ˑ˅ = ୕˓˃˔˚˒ˑ˅ሺ∇ʣʞʢ−∇ˇː˃ሻሺ୆+ሺ୬−ଵሻஔʐሻ = ଽଽ଻,଻ଽሺସହଷ−ଷଽଶሻ∙ሺଵସ+ሺଶ−ଵሻ·ଷሻ = Ͳ,ͻͶ͹ ˏ/˔  (6.37)  

 H˒ˑ˅ = H଴ଶ˒ˑ˅ − α∙୚బ˒ˑ˅మଶ୥ = ͳͲ,ͺ͵ − ଵ,ଵ∙଴,ଽସ଻ మଶ∙ଽ,଼ଵ = ͳͲ,͹͹ ˏ (6.38)  

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ ɩɨ ɮɨɪɦɭɥɟ 

(6.42), ɬ.ɟ. ɨɬɦɟɬɤɭ ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ 
ɜɨɞɨɫɥɢɜ:  

 ∇ʣʞʢ˓ = ∇ʒʑ + H˒ˑ˅ =  ͶͶ͵ + ͳͲ,͹͹ = Ͷͷ͵,͹͹ ˏ (6.39)  
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɚɫɱёɬɨɜ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɨɬɦɟɬɤɚ ∇ʣʞʢ˓ ɩɨɥɭɱɢɥɚɫɶ ɪɚɜɧɨɣ Ͷͷ͵,ͷʹ ɦ, ɚ ɡɚɞɚɧɧɚɹ ɨɬɦɟɬɤɚ ∇Ɏɉɍ ɪɚɜɧɚ 454 ɦ. Ɋɚɫɫɱɢɬɚɧɧɚɹ ɨɬɦɟɬɤɚ ɦɟɧɶɲɟ 
ɡɚɞɚɧɧɨɣ, ɩɪɢɧɢɦɚɟɦ ɡɚɞɚɧɧɭɸ ɨɬɦɟɬɤɭ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɨɜ 

 
6.2.7 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
  
ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɤɨɨɪɞɢɧɚɬɵ ɩɪɢɜɟɞɟɧɵ ɞɥɹ 

ɡɧɚɱɟɧɢɹ H =1 ɦ ɭɠɟ ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɧɚɩɨɪ H˔˕ = ͻ ˏ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɦɧɨɠɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɨɨɪɞɢɧɚɬɵ, ɤɨɬɨɪɵɟ ɫɜɟɞɟɧɵ 

ɬɚɛɥɢɰɭ 6.2 ɢ ɩɨɫɬɪɨɟɧ ɨɝɨɥɨɜɨɤ ɧɚ ɪɢɫɭɧɤɟ 6.6. 
 
Ɍɚɛɥɢɰɚ 6.2 – Ʉɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

x y x y x y x y 

0 1,134 9 2,304 18 11,115 27 25,416 
0,9 0,324 9,9 2,889 18,9 12,321 27,9 27,117 
1,8 0,063 10,8 3,546 19,8 13,572 28,8 28,863 

2,7 0 11,7 4,275 20,7 14,877 29,7 30,645 

3,6 0,054 12,6 5,076 21,6 16,38 30,6 32,481 
4,5 0,243 13,5 5,949 22,5 17,64 31,5 34,362 
5,4 0,54 14,4 6,876 23,4 19,098 32,4 36,279 
6,3 0,9 15,3 7,857 24,3 20,601 33,3 38,241 
7,2 1,314 16,2 8,883 25,2 22,158 34,2 40,239 
8,1 1,782 17,1 9,972 26,1 23,76 35,1 42,282 

      36 44,442 
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Ɋɢɫɭɧɨɤ 6.6 – ɉɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 

. 
ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ 

ɩɨ ɞɭɝɟ C - D ɪɚɞɢɭɫɨɦ R. ȼɟɥɢɱɢɧɭ ɷɬɨɝɨ ɪɚɞɢɭɫɚ ɧɚɡɧɚɱɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɫɨɬɵ ɩɥɨɬɢɧɵ pɜ = 53ɦ ɢ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ ɇɫɬ = 9 ɦ. ɉɪɢɧɢɦɚɟɦ ɪɚɞɢɭɫ 
ɫɨɩɪɹɠɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ R ɪɚɜɧɵɣ 22ɦ. 

Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ (ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ) ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ (6.40): 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ H˔˕ =  ͶͶ͵ + ͳ,͸ ∙ ͻ =  Ͷͷ͹,Ͷ ˏ                                 (6.40) 
 
6.3. Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɇȻ  
 
Ɉɩɪɟɞɟɥɹɸɬ ɬɢɩ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɩɪɢ ɞɨɧɧɨɦ ɪɟɠɢɦɟ ɞɥɹ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɪɭɫɥɚ. 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (6.41): 
 hˍ˓ = √ α∙୕˓మሺ୆+ሺ୬−ଵሻ∙ஔ˄ሻమ∙୥య = √ ଵ,ଵ∙଻଼଴,଻଻మଽ,଼ଵ∙ሺଵସ+ଷሻమయ = ͸,ͳͺ ˏ   (6.41)  

 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ ɫɱɢɬɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (6.45): 
 T଴ = ∇ʜʞʢ − ∇ʓʜʝ = Ͷͷʹ,ͲͲ − ͵ͻʹ,ͲͲ = ͸Ͳ ˏ (6.42)   

 

ȼɵɱɢɫɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ξ୘బ = ୘బ୦ˍ˓ = ͸Ͳ͸,ͳͺ = ͻ,͹ͳ ˏ. ȼ ɩɪɨɟɤɬɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ, 
ɱɬɨ ɩɥɨɬɢɧɵ ɜɵɫɨɬɨɣ ɦɟɧɟɟ 15 ɦ ɢɦɟɸɬ ɦɚɥɭɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ; ɜɵɫɨɬɨɣ ɨɬ 
15 ɞɨ 40 ɦ - ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ; ɚ ɜɵɫɨɬɨɣ ɫɜɵɲɟ 40 ɦ - ɛɨɥɶɲɭɸ 
ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ. Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɔ=0,95.  
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ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɧɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ 
ɢ  ξ୘బ ɨɩɪɟɞɟɥɹɸ ɝɥɭɛɢɧɭ hୡ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɔ = 0,9 (ɞɥɹ ɜɨɞɨɫɥɢɜɚ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɨɱɟɪɬɚɧɢɟɦ ɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɝɥɚɞɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ) ɢ ɝɥɭɛɢɧɭ hୡ"  – ɜɬɨɪɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɫɨ ɫɠɚɬɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɥɢɱɢɧɵ ξ୘బ, ɨɩɪɟɞɟɥɹɸ ξ′˔ = Ͳ,ʹ͸ ɢ ξୡ" = ʹ,͹. 

 
ȼɵɱɢɫɥɹɟɦ ɫɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ ɩɨ ɮɨɪɦɭɥɚɦ (6.43 – 6.44): 
 hୡ′ = ℰ˔ ∙ hˍ˓ = Ͳ,ʹ͸ · ͸,ͳͺ = ͳ,͸Ͳ ˏ (6.43)  

  hୡ′′ = ℰ′′˔ ∙ hˍ˓ = ʹ,͹ · ͸,ͳͺ = ͳ͸,͸ͻ ˏ (6.44)   
 hୡ′′ = ͳ͸,͸ͻ ˏ > hː˄ = ͳ,͸ ˏ, ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɜ ɇȻ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ. 

 
Ɍɚɤ ɤɚɤ ɜ ɫɬɜɨɪɟ ɧɚɯɨɞɢɬɫɹ ɬɜёɪɞɵɣ ɝɪɚɧɢɬ, ɢ ɩɥɨɬɢɧɚ ɢɦɟɟɬ ɛɨɥɶɲɭɸ 

ɜɵɫɨɬɭ (ɛɨɥɟɟ 40 ɦ), ɚ ɬɚɤ ɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ୐˒ˎʜ˒ˎ > ͵ (
଼ଵଶ଺଻,ସ = ͳʹ,ͲͶሻ. ȼ 

ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ ɜɵɛɢɪɚɟɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɭɸ ɫɬɪɭɸ. ɋɬɪɭɹ, 
ɫɯɨɞɹɳɚɹ ɫ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ, ɨɬɥɟɬɚɟɬ ɧɚ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɨɞɨɫɛɪɨɫɚ. ȼ 
ɦɟɫɬɟ ɩɚɞɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɹɦɚ ɪɚɡɦɵɜɚ. ɗɧɟɪɝɢɹ ɝɚɫɢɬɶɫɹ ɡɚ ɫɱёɬ ɩɪɟɨɞɨɥɟɧɢɹ 
ɫɬɪɭɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɜ ɩɟɪɢɨɞ ɩɪɵɠɤɚ. 
 

6.3.1 Ɋɚɫɱɟɬ ɨɬɛɪɨɫɚ ɫɬɪɭɢ  
 
Ⱦɥɹ ɜɨɞɨɫɛɪɨɫɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 40 ɦ 

ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɱɚɫɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ 
ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ ɩɪɨɱɧɵɯ ɫɤɚɥɶɧɵɯ 
ɝɪɭɧɬɨɜ ɜ ɨɫɧɨɜɚɧɢɢ, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɵɟ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɝɪɭɧɬɵ ɛɟɪɟɝɨɜɵɯ 
ɩɪɢɦɵɤɚɧɢɣ.  

ȿɫɥɢ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɬɨ ɜ ɤɨɧɰɟ ɜɨɞɨɫɥɢɜɚ 
ɭɫɬɪɚɢɜɚɸɬ ɜɵɫɨɤɢɣ ɭɫɬɭɩ ɫ ɧɨɫɤɢɦ ɬɪɚɦɩɥɢɧɨɦ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɨɛɟɫɩɟɱɟɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ȽɌɋ. 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɜɵɱɢɫɥɹɟɦ 
ɩɨ ɮɨɪɦɭɥɟ 6.46: 
 L = kୟ · zଵ · ɔଶ · sin ʹȽ ቀͳ + ቀ୸బ୸భ − ͳቁ ଵ஦మ ୱ୧୬మ αቁ                                            (6.46) 

 
ɝɞɟ Ƚ – ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ: Ƚ = ͵Ͳ°; ɔ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ: ɔ = Ͳ,ͻ; 

 z଴ = ∇ʜʞʢ − ∇ʜʐ = Ͷͷʹ,ͲͲ − ͶͲͳ,ʹͶ = ͷͲ,͹͸ ˏ 
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zଵ = ∇ʜʞʢ − ∇ːˑ˔ˍ˃ = Ͷͷʹ,ͲͲ − ͶͲ͵,ͺͶ = Ͷͺ,ͳ͸ ˏ 
 ∇ːˑ˔ˍ˃ = ∇ˇː˃ + ˃                                                                                          (6.47) 

 ˃ = hʜʐ + ሺͳ. .ʹሻˏ                                                                                                   (6.48) 
 ˃ = ͻ,ͺͶ + ʹ = ͳͳ,ͺͶ ˏ 
 ∇ːˑ˔ˍ˃ = ͵ͻʹ + ͳͳ,ͺͶ = ͶͲ͵,ͺͶ ˏ 

 Fr = ୴ʜమ୥୦ʜ                                                                                                         (6.48) 

 
ɝɞɟ vʜ – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ; 
 vʜ = ɔ√ʹgzଵ = Ͳ,ͻ · √ʹ · ͻ,ͺͳ · Ͷͺ,ͳ͸ = ʹ͹,͸͸ ˏ/˔                                (6.49) 
 hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ 
 hʜ = ୯˅୴ʜ = ହ଻,଻ହଶ଻,଺଺ = ʹ,Ͳͻ ˏ                                                                                         (6.50) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɱɢɫɥɨ Ɏɪɭɞɨ: 

 Fr = ଶ଻,଺଺మଽ,଼ଵ·ଶ,଴ଽ = ͵͹,͵ͺ                                                                                          (6.51) 

 
ɉɪɢ ɱɢɫɥɚɯ Ɏɪɭɞɚ: Fr ൒ ͵ͷ ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ: kୟ = Ͳ,ͺ − Ͳ,ͻ , 

ɩɪɢɧɢɦɚɟɦ kୟ = Ͳ,ͻ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ ɜɵɱɟɫɥɟɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ 6.46: 
 L = Ͳ,ͻ · Ͷͺ,ͳ͸ · Ͳ,ͻଶ · sin ʹ · ͵Ͳ° (ͳ + (ͷͲ,͹͸Ͷͺ,ͳ͸ − ͳ) ͳͲ,ͻଶ sinଶ ͵Ͳ°) = ͸Ͷ,ͳ͹ ˏ 

 
ɉɪɨɜɟɪɤɨɣ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 

ɫɨɨɪɭɠɟɧɢɹ, ɜɵɫɬɭɩɚɟɬ ɭɫɥɨɜɢɟ: 
 L > Ͳ,Ͷz଴                                                                                                            (6.52) 
 ͸Ͷ,ͳ͹ > Ͳ,Ͷ · ͷͲ,͹͸ ͸Ͷ,ͳ͹ > ʹͲ,͵Ͳ 
 

Ʉɚɤ ɜɢɞɧɨ ɭɫɥɨɜɢɟ 6.52 ɜɵɩɨɥɧɹɟɬɫɹ, ɚ ɡɧɚɱɢɬ ɨɬɦɟɬɤɚ ɭɫɬɭɩɚ (ɧɨɫɤɚ) 
ɜɵɛɪɚɧɚ ɩɪɚɜɢɥɶɧɨ. 
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Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 h˓˃ˊ = t − hʜʐ                                                                                                                         (6.53) 

 
ɝɞɟ hʜʐ – ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɯɨɞɟ Qଵ%, hʜʐ = ͻ,ʹͶ ˏ; t – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 t = (Ͳ,ͳ + Ͳ,Ͷͷ − √Frర ) · √Fr · √୦ʜʐ ୢర · hʜ                                                                (6.54) 

 
ɝɞɟ Fr – ɪɚɫɱёɬɧɨɟ ɱɢɫɥɨ Ɏɪɭɞɨ, Fr = ͵͹,͵͹; d – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɫɤɚɥɵ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ, d =ͳ; hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, hʜ = ʹ,Ͳͻ ˏ 

 t = (Ͳ,ͳ + Ͳ,Ͷͷ − √͵͹,͵͹ర ) · √͵͹,͵͹ · √ଽ,ଶସ ଵర · ʹ,Ͳͻ = ʹ͸,ͻͺ                        (6.55) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɝɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 h˓˃ˊ = ʹ͸,ͻͺ − ͻ,ʹͶ = ͳ͹,͹Ͷ ˏ 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ: 

 Lଵ = L + ୲୲୥ αభ                                                                                                         (6.56) 

 
ɝɞɟ aଵ – ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ; 
 tg Ƚଵ = √tgଶȽ ଶ୥ሺ଴,ହ୦ʜ·ୡ୭ୱ α+ୟ−୦ʜʐሻ୴ʜమ ·ୡ୭ୱమ α                                                                    (6.57) 

 
ɝɞɟ a – ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɚɫɱёɬɚɦ ɪɚɜɧɚ 9 ɦ; vʜ – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ, vʜ = ʹ͹,͸͸ ˏ/˔ ; hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, hʜ = ʹ,Ͳͻ ˏ; Ƚ – ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, Ƚ = ͵Ͳ°; 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɢɦ:  
 tg Ƚଵ = √tgଶ͵Ͳ° + ʹ · ͻ,ͺͳ · ሺͲ,ͷ · ʹ,Ͳͻ · cos ͵Ͳ° + ͳͳ,ͺͶ − ͻ,ʹͶሻʹ͹,͸͸ ଶ · cosଶ ͵Ͳ° = Ͳ,͸͹ 
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Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɵɱɢɫɥɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ 6.56: 
 Lଵ = ͸Ͷ,ͳ͹ + ʹ͸,ͻͺͲ,͸͹ = ͳͲͶ,ͶͶ ˏ 

 
Ⱦɥɢɧɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ: 

 b˓ = ʹ,ͷhˍ˓ + ͵,͹h˓˃ˊ = ʹ,ͷ · ͸,ͳͺ + ͵,͹ · ͳ͹,͹Ͷ = ͺͳ,Ͳͳ ˏ                       (6.58) 
 

Ⱦɥɢɧɧɚ ɹɦɵ ɪɚɡɦɵɜɚ ɩɨ ɞɧɭ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ: 
 b˓ ˇːˑ = ʹ,ͷhˍ˓ = ʹ,ͷ · ͸,ͳͺ = ͳͷ,Ͷͷ ˏ                                                            (6.59) 
ɍɤɥɨɧ ɜɟɪɯɨɜɨɝɨ ɨɬɤɨɫɚ ɹɦɵ ɪɚɡɦɵɜɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ 1:2,2, ɭɤɥɨɧ ɧɢɡɨɜɨɝɨ 
ɨɬɤɨɫɚ 1:1,5. 
 

6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ  
 

6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ  
 

Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ ɢ ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 

ɉɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: −Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; −ɍɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 

ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ, ɬ.ɤ. ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɚɹ. Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 

ɉɪɢ ɫɨɨɬɧɨɲɟɧɢɢ  ୆୦˒ˎ = ሺͲ,͸ ÷ Ͳ,ͺሻ  ɩɥɨɬɢɧɚ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɛɭɞɟɬ 
ɨɬɜɟɱɚɬɶ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɫɨɫɬɚɜɢɬ, ɩɪɢɧɢɦɚɟɦ: 

Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ:  
 ∇˒ˑˇ = ∇ˇː˃ − ሺd + Ɂ˅ + ሺʹ ÷ ͵ሻ                                                                 (6.60) 
 

ɝɞɟ d – ɝɥɭɛɢɧɚ ɤɨɥɨɞɰɚ;  Ɂ˅ – ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ; 
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Ɍɚɤ ɤɚɤ ɫɩɨɫɨɛɨɦ ɝɚɲɟɧɢɹ ɜɨɞɵ ɜɵɛɪɚɧ ɨɬɛɪɨɫ ɫɬɪɭɢ. Ɍɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɛɨɹ ɨɬɫɭɬɫɬɜɭɟɬ. ɇɨ ɫɥɟɞɭɟɬ ɡɚɝɥɭɛɢɬɶ ɩɥɨɬɢɧɭ, ɩɨɷɬɨɦɭ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɡɚɝɥɭɛɢɬɶ ɩɥɨɬɢɧɭ ɧɚ 2 ɦɟɬɪɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 
 ∇˒ˑˇ = ∇ˇː˃ − ʹ = ͵ͻʹ,ͲͲ − ʹ = ͵ͻͲ,ͲͲ                                                       (6.61) 
 

ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 h˒ˎ = ∇ː˒˖ − ∇˒ˑˇ = Ͷͷʹ,ͲͲ − ͵ͻͲ,ͲͲ = ͸ʹ,Ͳ ˏ.                                    (6.62) 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 B˒ˑˇ = Ͳ,͹Ͷʹ ∙ h˒ˎ = Ͳ,͹Ͷʹ · ͸ʹ,Ͳ = Ͷ͸ ˏ.                                                        (6.63) 

6.4.2 Ȼɵɤɢ  
 
ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 

ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ.  
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɮɨɪɦɭ ɜ ɩɥɚɧɟ. 
ɉɪɢɧɢɦɚɸɬɫɹ ɛɵɤɢ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ, ɲɢɪɢɧɚ ɢ ɞɥɢɧɚ ɩɚɡɚ ɞɥɹ ɪɟɦɨɧɬɧɨɝɨ 

ɡɚɬɜɨɪɚ 0,5 ɦ, ɲɢɪɢɧɚ ɢ ɝɥɭɛɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ 0,7 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɸɬ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
6.4.3 ɍɫɬɨɢ  
 
ɍɫɬɨɢ ɩɥɨɬɢɧ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɜɨɞɨɫɥɢɜɭ 

ɡɟɦɥɹɧɨɣ ɩɥɨɬɢɧɵ ɢɥɢ ɛɟɪɟɝɚ ɨɬ ɪɚɡɦɵɜɚ ɜɨɞɨɣ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɚɜɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ ɢ ɩɥɚɜɧɨɝɨ ɟɝɨ ɪɚɫɬɟɤɚɧɢɹ 
ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɩɚɫɧɨɝɨ ɞɟɣɫɬɜɢɹ ɮɢɥɶɬɪɚɰɢɢ ɜ ɡɨɧɟ 
ɩɪɢɦɵɤɚɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɤ ɛɟɪɟɝɭ.  

ȼ ɩɪɨɟɤɬɟ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɜɭɯ ɬɢɩɨɜ 
ɭɫɬɨɟɜ: 

 ɋɨɩɪɹɝɚɸɳɢɟ ɭɫɬɨɢ: ɨɞɢɧ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ 
ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɨɣ ɢ ɜɬɨɪɨɣ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɨɣ.  

 Ɋɚɡɞɟɥɶɧɵɣ ɭɫɬɨɣ – ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɬ 
ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɢ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɨɬ ɜɨɞɨɫɥɢɜɧɨɣ. 

 
6.4.4 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ  

  
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ.  
ɇɚ ɨɬɦɟɬɤɟ ∇=393,00 ɦ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɪɟɧɚɠɧɚɹ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ 

ɝɚɥɟɪɟɹ ͵,Ͳ ∙ ͵,ͷ ˏ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɧɚ ɨɬɦɟɬɤɟ ∇=409,44 ɦ ɢ ∇=427,23 ɦ, ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ 
ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ ɢɦɟɸɬ ɪɚɡɦɟɪ 2,0∙2,5 
ɦ. 

6.4.5 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɚ ɜ 

ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɭɸ ɝɚɥɟɪɟɸ. Ⱦɢɚɦɟɬɪ 
ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 20 ɫɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ 2 ɦ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ˃ˇ˓, ɚ ɬɚɤ ɠɟ ɞɨ ɜɟɪɯɨɜɨɣ 
ɝɪɚɧɢ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ ɧɚɡɧɚɱɚɟɦ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 
 aˇ˓ ൒ ୌౚ·ஓ౤୍ˍ˓,ˏ                                                                                                             (6.64) 

 
Ƚɞɟ ɀ୬ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɜ 

ɫɥɭɱɚɟ ȽɌɋ II  ɤɥɚɫɫɚ ɀ୬ = ͳ,ʹ; Iˍ˓,ˏ – ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ, ɞɥɹ 
ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɩɥɨɬɢɧ Iˍ˓,ˏ = ʹͷ; Hୢ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 Hୢ = ∇ʜʞʢ − ∇ʢʜʐ˔˒ = Ͷͷʹ,Ͳ − ͵ͻʹ,͵͸ = ͷͻ,͸Ͷ ˏ                                 (6.65) 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɥɨɜɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
 aˇ˓ ൒ ͷͻ,͸Ͷ · ͳ,ʹʹͷ  

 aˇ˓ ൒ ʹ,ͺ͸ 
 

ɉɪɢɧɢɦɚɟɦ aˇ˓ = ͵ 
 

6.4.6 ɗɥɟɦɟɧɬɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɩɥɨɬɢɧɵ 
 

ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɧɚ ɫɤɚɥɟ, ɭɫɬɪɚɢɜɚɟɬɫɹ 
ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ  

Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 hˊ˃˅ = Ͳ,ͷ ∙ Hୢ = Ͳ,ͷ ∙ ͷͻ,͸Ͷ = ʹͻ,ͺʹ ˏ                                                             (6.66) 
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Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 hˇ˓ = Ͳ,ͷ ∙ hˊ˃˅ = Ͳ,ͷ ∙ ʹͻ,ͺʹ = ͳͶ,ͻͳ ˏ                                                                 (6.67) 
 

 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 

 Ɂˊ˃˅ = ∆ୌ∙ஓ౤୎ˍ˓                                                                                                                   (6.68) 

 
Ƚɞɟ Jˍ˓ – ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɜ ɡɚɜɟɫɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɜɵɛɢɪɚɟɬɫɹ Jˍ˓ = ͳͷ; ∆H – ɧɚɩɨɪ ɧɚ ɡɚɜɟɫɭ, ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆H = Hୢ − Hୟୱ                                                                                                        (6.69) 
 

Ƚɞɟ Hୟୱ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦ. Ɂɚɜɟɫɟ 
 Hୟୱ = Ͳ,ͶHୢ = Ͳ,Ͷ · ͷͻ,͸Ͷ = ʹ͵,ͺ͸ ˏ                                                                        (6.70) 
 Hୟୢ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɞɪɟɧɚɠɟ 
 Hୟୢ = Ͳ,ͳͷHୢ = Ͳ,ͳͷ · ͷͻ,͸Ͷ = ͺ,ͻͷ ˏ                                                                 (6.71) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 

 ∆H = Hୢ − Hୟୱ = ͷͻ,͸Ͷ − ʹ͵,ͺ͸ = ͵ͷ,͹ͺ ˏ                                                    (6.72) 
 Ɂˊ˃˅ = ଷହ,଻଼ ∙ଵ,ଶଵହ = ʹ,ͺ͸                                                                                                        (6.73) 

 
Ɍɚɤ ɤɚɤ ɨɛɵɱɧɨ ɪɹɞ ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɥɳɢɧɭ 

ɡɚɜɟɫɵ ɩɪɢɦɟɪɧɨ 3 ɦ, ɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɨɞɧɨɪɹɞɧɚɹ ɡɚɜɟɫɚ ɲɢɪɢɧɨɣ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 

 lଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻB˒ˑˇ = ሺʹ,Ͷ ÷ Ͷ,ͺሻ                                                                       (6.74) 
 

ɉɪɢɧɢɦɚɟɦ ݈ଵ = Ͷ ˏ 
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ, ɩɪɢɧɢɦɚɟɦ: 
 ݈ଶ = ͺ ˏ 
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6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ  

 
6.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ  
 
ȼɟɫ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.75): 
 G˒ˎ = ୗ˒ˎ∙ୠ∙୥∙஡ʐୠ+ஔʐ = ଵସ଺଺,଻ଵ∙଻∙ଽ,଼ଵ∙ଶ,ସ଻+ଷ = ʹͶͳ͹ʹˍʜ/ˏ;    (6.75)  

 
ɝɞɟ  S˒ˎ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ (ɪɚɫɫɱɢɬɚɧɨ ɜ ɩɪɨɝɪɚɦɦɟ 
AutoCad); b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ;  Ɂʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ;  ɏʐ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɥɨɬɢɧɵ. 
Ⱦɚɥɟɟ ɩɨɜɬɨɪɹɟɦ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɞɥɹ ɛɵɤɚ ɩɨ ɮɨɪɦɭɥɟ (6.76): 
 G˄ = ୗ˄∙ஔʐ∙஡˄∙୥ୠ+ஔʐ = ଵଽ଼ଵ,ଶଽ∙ଷ∙ଶ,ସ∙ଽ,଼ଵ଻+ଷ = ͳͷ͹Ͷ͵,ͷʹ ˍʜ/ˏ; (6.76)  

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.77) Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 Qଷ ≈ Ͳ,Ͳͷͷf√fg = Ͳ,Ͳͷͷ ∙ ͹͵,ͷ  ∙ √͹͵,ͷ  ∙ ͻ,ͺͳ = ͵͵ͻ,ͻͻ ˍʜ     (6.77)  

 
ɝɞɟ f – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, ɧɚɣɞɟɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ (6.67): 

 f = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ b = ሺͶͷ͵ − ͶͶ͵ + Ͳ,ͷሻ ∙ ͹ = ͹͵,ͷ ˏଶ (6.78)  
 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɧɚ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.79): 
 qˊ = ୕ˊୠ+ஔʐ = ଷଷଽ,ଽଽ  ଻+ଷ = ͵͵,ͻͻ ˍʜ/ˏ                                                                  (6.79) 

 
6.5.2 ɋɢɥɚ ɝɢɞɪɚɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ  
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
– ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɩɨ ɮɨɪɦɭɥɟ (6.69):  
 ʡʑ = ஡౭୥୦భ మଶ = ଵ଴଴଴∙ଽ,଼ଵ∙଺ଶమଶ = ͳͺͺͷͶ,ͺʹ ˍʜ/ˏ (6.80)  

 
ɝɞɟ hଵ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = Ͷͷʹ − ͵ͻͲ = ͸ʹ ˏ. 

 
– ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɨ ɮɨɪɦɭɥɟ (6.70): 
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ʡʜ = ஡౭୥୦మ మଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ହ,ଽଵమଶ = ͳ͹ͳ,ͷͷ ˍʜ/ˏ (6.81)  

 
ɝɞɟ hଶ = ∇ʜʐ˔. ˒. −∇˒ˑˇˑ˛˅˞ = ͵ͻʹ,͵͸ − ͵ͻͲ,ͲͲ = ʹ,͵͸ ˏ 
 

6.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫ 

ɜɵɫɨɬɨɣ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ (ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ) ɢ ɞɥɢɧɨɣ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
(ɩɪɢɧɹɬɨ ȼ = 46 ɦ). 

ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.82): 

 W˅ˊ˅ = Sˠ˒ɏ୵g = ͳͳͲ,ͻʹ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͳͲͺͺ,ͳʹ ˍʜ/ˏ, (6.82)  
 
ɝɞɟ Sˠ˒ = ͳͳͲ,ͻʹ ˏଶ – ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. 
 

6.5.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ  
 
ɋɢɥɭ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.83): 
 W˗ = Sˠ˒ · ɏ୵ · g = Ͷͷͻ,͵Ͷ ∙ ͳͲͲͲ · ͻ,ͺͳ = ͶͷͲ͸,ͳ͵ ˍʜ/ˏ (6.83)  

 
ɝɞɟ Sˠ˒ = Ͷͷͻ,͵Ͷ ˏଶ- ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ. 

 
6.5.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ  
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.84): 
 ˓ː = ɀː˅ˊ˅ ∙ hː ∙ tgଶ ቀͶͷ − ஦ଶː ቁ = ͳͲ ∙ ʹ ∙ 𝑡݃ଶ ቀͶͷ − ଶ଴ଶ ቁ = ͻ,ͺ ˍʜ/ˏଷ (6.84)  

 
ɝɞɟ hː- ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 2 ɦ; ɔː –ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, ɔː = ʹͲ°; ɀː˅ˊ˅-ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: ɀː˅ˊ˅ = ͳͲ ˍʜˏయ; 

 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ. ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

(6.75): 
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Eː = ʟː∙୦ːଶ = ଽ,଼·ଶଶ = ͻ,ͺ ˍʜ (6.85)  

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ (6.76): 
 ʟ′ˆ˓ = ɀː˅ˊ˅ ∙ hː ∙ tgଶ ቀͶͷ − ஦ˆ˓ଶ ቁ − ʹ · c ∙ tg ቀͶͷ − ஦ˆ˓ଶ ቁ (6.86)  

 
ɝɞɟ ɔˆ˓ = Ͷʹ,ͷ°, ˇˎˢˆ˓˃ːˋ˕˃. c = ʹͲ ˍʞ˃.  

 ʟ′ˆ˓ = ͳͲ ∙ ʹ ∙ 𝑡݃ଶ ቀͶͷ − ଷ଺,ହଶ ቁ − ʹ ∙ Ͷʹ,ͷ ∙ 𝑡݃ ቀͶͷ − ଷ଺,ହଶ ቁ = −͵͹,͹͸ ˍʜˏమ          
 
ȼ ɬɨɱɤɟ ɧɚ ɤɚɠɞɨɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ hˆ˓ ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɜɟɫ 

ɧɚɧɨɫɨɜ ɢ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.77): 
 ʟ′′ˆ˓ = (ɀː˅ˊ˅ ∙ hː + ɀˆ˓˅ˊ˅ ∙ hˆ˓) ∙ tgଶ ቀͶͷ − ஦ˆ˓ଶ ቁ − ʹ · c ∙ tg ቀͶͷ − ஦ˆ˓ଶ ቁ (6.87)  

 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.78): 
 ɀˆ˓˅ˊ˅ = ɀˆ˓ − ሺͳ − n଴ሻɀ୵ = ʹͻ − ሺͳ − Ͳ,͵ሻ ∙ ͻ,ͺͳ = ʹʹ,ͳ͵ ˍʜˏయ   (6.88)  

 

ɝɞɟ ɀˆ˓ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ, ɀˆ˓ = ʹͻ ˍʜˏయ ; n଴ – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, n଴ = Ͳ,͵; hˆ˓ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, hˆ˓ = ͳ ˏ; ɔˆ˓ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ, ɔˆ˓ = ͵͸,ͷ° ; ɀ୵ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
  ʟ′′ˆ˓ = ሺͳͲ ∙ ʹ + ʹʹ,ͳ͵ ∙ ͳሻ ∙ 𝑡݃ଶ (Ͷͷ − ͵͸,ͷʹ ) − ʹ ∙ Ͷʹ,ͷ ∙ 𝑡݃ (Ͷͷ − ͵͸,ͷʹ )= −͵ʹ,ͳͶ 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɪɚɜɧɚ ɩɨ 

ɮɨɪɦɭɥɟ (6.79): 
 E˃ = ʟ′ˆ˓+ ʟ′′ˆ˓ଶ hˆ˓ = ቀ−ଷ଻,଻଺−ଷଶ,ଵସଶ ቁ ∙ ʹ = −͸ͻ,ͻ ˍʜ (6.89)  

 
Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɟɝɨ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɚɯ. 
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Ɋɚɫɫɱɢɬɚɟɦ ɩɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɇȻ ɩɨ ɮɨɪɦɭɥɟ (6.80): 
 ʟ′ˆ˓ = ɀ˄ˈ˕˅ˊ˅ ∙ h˒ˎ ∙ tgଶ ቀͶͷ + ஦ˆ˓ଶ ቁ + ʹ · c ∙ tg ቀͶͷ − ஦ˆ˓ଶ ቁ (6.90) 

 ʟ′ˆ˓ = ʹʹ,ͳ͵ ∙ ʹ ∙ tgଶ ቀͶͷ + ଷ଺,ହଶ ቁ + ʹ ∙ Ͷʹ,ͷ ∙ tg ቀͶͷ + ଷ଺,ହଶ ቁ = ͵Ͷʹ,ͺͷ ˍʜˏమ          
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
 E˒ː = Sˠ˒ = ୮ʞ.ˆ˓′′∙୦ˆ˓ଶ = ଷସଶ,଼ହ∙ଶଶ = ͵Ͷʹ,ͺͷ ˍʜ  

 
6.5.6 Ɋɚɫɱɟɬ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ  
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɢ 

ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ (6.82) Ⱥ.Ʌ. 
Ɇɨɠɟɜɢɬɢɧɨɜɚ. 

 W˅ˑˎː = Ͳ,ͷ ∙ ɏ୵g ∙ hଵ% ∙ ቀ஛̅ౚ஠ + ୦బଶ ቁ (6.91)  

 
ɝɞɟ ɉ̅ୢ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, ɉ̅ୢ = ʹͺ,ͻ͸ɦ; hଵ% - ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ hଵ% = ʹ,ͷͺ ˏ; h଴ – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ, ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.83):  

 h଴ = ஠∙୦భ%మ஛̅ౚ = 𝜋∙ଶ,ହ଼ మ    ଶ଼,ଽ଺ = Ͳ,͹ʹ ˏ (6.92)  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: W˅ˑˎː = Ͳ,ͷ ∙ ɀ˅ ∙ hଵ% ∙ ቀ஛̅ౚ஠ + ୦బଶ ቁ = Ͳ,ͷ · ͻ,ͺͳ · ʹ,ͷͺ ∙ ቀଶ଼,ଽ଺ 𝜋 + ଴,଻ଶଶ ቁ =ͳʹͳ,ʹͳ ˍʜ  
ɉɥɟɱɨ ɫɢɥɵ W˅ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɢɦ 

ɩɨ ɮɨɪɦɭɥɟ (6.84): 
 yୡ = ஛̅ౚଶ∙஠ − ଷ଼ ∙ hଵ% = ଶ଼,ଽ଺ଶ∙𝜋 − ଷ଼ · ʹ,ͷͺ = Ͷ,ʹ͵ ˏ                                                 (6.93) 

 
ɗɩɸɪɭ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ, 

ɨɫɧɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ, ɨɞɧɚ ɜɟɪɲɢɧɚ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɥɟɠɚɳɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ, ɪɚɫɩɨɥɨɠɟɧɚ ɧɟ ɜɵɲɟ ͳ,ͳℎଵ% ɧɚɞ ɍȼȻ, ɚ 
ɞɪɭɝɚɹ ɧɟ ɧɢɠɟ ͺℎଵ%ɍȼȻ. 
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6.6 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ  

 
Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ «ɫɨɨɪɭɠɟɧɢɟ-ɨɫɧɨɜɚɧɢɟ» ɞɨɥɠɧɨ 

ɨɛɨɫɧɨɜɵɜɚɬɶɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɨɜ ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɯ 
ɩɪɨɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ, ɞɟɮɨɪɦɚɰɢɣ ɢ ɫɦɟɳɟɧɢɣ. 

Ɋɚɫɱɟɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɞɜɭɦ ɝɪɭɩɩɚɦ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ: 
ɩɨ ɩɟɪɜɨɣ ɝɪɭɩɩɟ - ɩɨɬɟɪɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ (ɢɥɢ) ɩɨɥɧɚɹ 

ɧɟɩɪɢɝɨɞɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ, ɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɫɧɨɜɚɧɢɣ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ; 
ɩɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ - ɧɟɩɪɢɝɨɞɧɨɫɬɶ ɤ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɨɜɨɞɹɬ 

ɪɚɫɱɟɬɵ ɦɟɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɩɟɪɟɦɟɳɟɧɢɣ ɢ 
ɞɟɮɨɪɦɚɰɢɣ, ɨɛɪɚɡɨɜɚɧɢɹ ɢɥɢ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɢ ɞɪ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨ ɡɧɚɤɨɦ «–», ɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɨ ɡɧɚɤɨɦ «+».  

ȼ ɩɪɨɟɤɬɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɩɨ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɨɛɳɟɣ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɧɵ, ɚ 
ɬɚɤɠɟ ɨɛɳɟɣ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.4, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ. 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
Ɍɚɛɥɢɰɚ 6.4 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɢ 𝛄܎ ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɋɢɥɚ 𝛄܎, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, 
ɤɇ∙ɦ 

Ɍɜ 1 ĺ 18854,82 20,66 389540,58 
Ɍɧ 1 ĸ 27,32 0,79 21,58 
Gɛ 0,95 Ļ 15743,53 8,76 -137913,31 E˒˃˔˔ 1 ĸ 342,85 0,67 -229,7095 Eː 1,2 ĺ 11,76 2,67 31,4 
Gɩɥ 0,95 Ļ 22963,4 7,21 -165566,11 
Wɜɡɜ 1 Ĺ 1088,12 0 0 
Wɮ 1 Ĺ 4506,13 12,84 57858,71 
Wɜɨɥɧ 1 ĺ 121,21 56,03 6791,39 
qɡ 0,9 Ļ 30,51 19,5 -594,95 

ɇɚɣɞɟɦ ɫɭɦɦɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɮɨɪɦɭɥɟ 
(6.85): 

 ∑ N = 𝐺˄ + 𝐺˒ˎ − 𝑊 ˊ˅− 𝑊˗ + ݃ˊ (6.94)  
 ∑ N = ͷ͹Ͷ͵,ͷ͵ + ʹʹͻ͸͵,Ͷ − ͳͲͺͺ,ͳʹ − ͶͷͲ͸,ͳ͵ + ͵Ͳ,ͷͳ = ͵͵ͳͶ͵,ͳͻ ˍʜ  

 
ɋɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɡɧɚɤɨɜ: 
 ∑ ʛ = ͳͶͻͻ͵ͻ,ͷͻ ˍʜ ∙ ˏ  
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Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɭ 
ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩ.ɦ.): 

Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɚɦ (6.86 – 6.90): 
 σ୷୳ = − ∑ ୒୆ + ଺ ∑ ʛ୆మ = − ଷଷଵସଷ,ଵଽ    ସ଺ + ଺·ଵସଽଽଷଽ,ହଽସ଺మ = −ʹͻͷ,͵Ͷ ˍʞ˃ (6.95)  

 
ɝɞɟ ∑ N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; ∑ ʛ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; B = Ͷ͸ ˏ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ.  

 σ୶୳ = σ୷୳ ∙ m୳ଶ − ɀ˅ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ = −ʹͻͷ,͵Ͷ  ∙ Ͳଶ − ͻ,ͺͳ ∙ ͸ʹ ∙ ሺͳ − Ͳଶሻ =−͸Ͳͺ,ʹʹ ˍʜ/ˏଶ                                                                                                       (6.96) 
 
ɝɞɟ H୳ୢ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, 62 ɦ; m୳ = ctgȽ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ, 

0; 
 ɒ୶୷୳ = (ɀ˅ ∙ H୳ୢ + σ୷୳) ∙ m୳ = Ͳ ˍʞ˃ (6.97)  

 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + ɀ˅ ∙ H୳ୢ ∙ m୳ଶ = −ʹͻͷ,͵Ͷ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ ͸ʹ ∙ Ͳଶ =−ʹͻͷ,͵Ͷ ˍʞ˃ (6.98)  
 σଷ୳ = −ɀ˅ ∙ H୳ୢ = −ͻ,ͺͳ ∙ ͸ʹ = −͸Ͳͺ,ʹʹ ˍʞ˃ (6.99)  
 

Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɚɦ (6.91 – 6.94): 
 σ୷୲ = − ଷଷଵସଷ,ଵଽ    ସ଺ − ଺·ଵସଽଽଷଽ,ହଽସ଺మ = −ͳͳͶͷ,͸͸ ˍʞ˃ (6.100)  

 σ୶୲ = σ୷୲ ∙ m୲ଶ − ɀ˅ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ (6.101)  
 

ɝɞɟ H୲ୢ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, 2,36; 
 m୲ = Ͳ,͹ͷͶ – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ. σ୶୲ = −ͳͳͶͷ,͸͸ ∙ Ͳ,͹ͷͶ ଶ − ͻ,ͺͳ ∙ ʹ,͵͸ ∙ ሺͳ − Ͳ,͹ͷͶ ሻ = −͸ͷ͸,ͻͷ ˍʞ˃  
 ɒ୶୷୲ = −(ɀ˅ ∙ H୲ୢ + σ୷୲ ) ∙ m୲ − (ͻ,ͺͳ ∙ ʹ,͵͸ + ሺ−ͳͳͶͷ,͸͸ሻ) ∙ Ͳ,͹ͷͶ =ͺͶ͸,͵͹ ˍʞ˃  

 σଵ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + ɀ˅ ∙ H୲ୢ ∙ m୲ଶ (6.102)  
 σଵ୲ = −ͳͳͶͷ,͸͸ ∙ ሺͳ + Ͳ,͹ͷͶଶሻ + ͻ,ͺͳ ∙ ʹ,͵͸ ∙ Ͳ,͹ͷͶଶ = −ͳ͹ͺ͵,ͺʹ ˍʞ˃  
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σଷ୲ = −ɀ˅ ∙ H୲ୢ = −ͻ,ͺͳ ∙ ʹ,͵͸ = −ʹ͵,ͳͷ ˍʞ˃ (6.103)  
 

ɋɜɟɞɟɦ ɡɧɚɱɟɧɢɹ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɚɛɥɢɰɭ 6.5. 
 

Ɍɚɛɥɢɰɚ 6.5 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɇɚɩɪɹɠɟɧɢɟ ોܡ  ોܠ  ૌܡܠ  ો૚  ો૜  

ȼɟɪɯɨɜɚɹ 
ɝɪɚɧɶ −ʹͻͷ,͵Ͷ −͸Ͳͺ,ʹʹ 0 −͸Ͳͺ,ʹʹ  −ʹͻͷ,͵Ͷ 

ɇɢɡɨɜɚɹ ɝɪɚɧɶ −ͳͳͶͷ,͸͸ −͸ͷ͸,ͻͷ ͺͶ͸,͵͹   −ͳ͹ͺ͵,ͺʹ −ʹ͵,ͳͷ 
 

6.6.1 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟɟ ɨɫɧɨɜɚɧɢɹ  

 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɫɨɨɪɭɠɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɩɪɨɱɧɨɫɬɶ. ɍɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ: 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 ɀ୬ ∙ ɀ୪ୡ ∙ |σଷ୲ | ൑ ɀୡ ∙ Rୠ (6.104)  

 
ɝɞɟ ɀ୬ = ͳ,ʹ– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɹ; ɀ୪ୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɀ୪ୡ = ͳ; ɀୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɀୡ =Ͳ,ͻͷ; Rୠ – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ 
(6.96). 

 Rୠ ൒ ஓ౤ ∙ஓౢౙ∙|σయ౫|ஓౙ  (6.105)  

 Rୠ ൒ ଵ,ଶ∙ଵ∙|−ଵ଻଼ଷ,଼ଶ |଴,ଽହ = ʹʹͷ͵,ʹͶ ˍʜˏమ  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ5 ɫ ɪɚɫɱɟɬɧɵɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ Rୠ = ʹͺͲͲ  ˍʜ/ˏଶ. 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɜ ɮɨɪɦɭɥɟ (6.97): 
 σ୷୳ < Ͳ (6.106)  

 −ʹͻͷ,͵Ͷ ˍʜ/ˏଶ < Ͳ  
 
3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɭɫɥɨɜɢɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (6.107): 
 



107 
 

|σ୷୳|  ൒ Ͳ,ʹͷ ∙ ɀ˅ ∙ H୳ୢ (6.108)  
 ʹͻͷ,͵Ͷ  ˍʜˏమ ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ ͸ʹ = ͳͷʹ,Ͳ͸ ˍʜˏమ .  

 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 

ɩɪɨɱɧɨɫɬɢ. 
 

6.6.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ 
ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ.  

ɉɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ, ɡɚɩɢɫɚɧɧɨɟ ɜ 
ɮɨɪɦɭɥɟ (6.107): 

 ୖ∙ஓౙ୊∙ஓౢౙ ൒ ɀ୬ (6.109)  

 R = (𝐺˒ˎ + 𝐺˄ + ݃ˊ − 𝑊˗ − 𝑊 ˊ˅) ∙ 𝑡݃𝜑 + ʔ˒˃˔ ∙ 𝛾௖′ + 𝑐 ∙ 𝐵˒  (6.110)  
 
ɝɞɟ ɀୡ′ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 
ɩɪɢɧɢɦɚɟɬɫɹ Ͳ,͹. 
 R = ሺʹʹͻ͸͵,Ͷ + ͳͷ͹Ͷ͵,ͷ͵ + ͵Ͳ,ͷͳ − ͳͲͺͺ,ͳʹ − ͶͷͲ͸,ͳ͵ሻ ∙ 𝑡݃͵͸,ͷ° +͵Ͷʹ,ͺͷ ∙ Ͳ,͹ + Ͷʹ,ͷ ∙ Ͷ͸ = ʹ͸͹ͳͻ,Ͷʹ ˍʜ/ˏ  

 
ɝɞɟ ɔ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; c = Ͷʹ,ͷ ˍʜ/ˏଶ – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; 

 
ɉɨ ɮɨɪɦɭɥɟ (6.109) ɪɚɫɫɱɢɬɚɟɦ ɫɭɦɦɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ: 
 F = ʡ˅ − ʡː + W˅ˑˎː + ʔː − ʔ˒˃˔˔ (6.111)  

 F = ͳͺͺͷͶ,ͺʹ − ʹ͹,͵ʹ + ͳʹͳ,ʹͳ + ͳͳ,͹͸ − ͵Ͷʹ,ͺͷ = ͳͺ͸ͳ͹,͸ʹ ˍʜˏ
  

 
Ɍɨɝɞɚ ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ʹ͸͹ͳͻ,Ͷʹ   ∙ Ͳ,ͻͷ ͳͺ͸ͳ͹,͸ʹ ∙ ͳ ൒ ͳ,ʹ 

 ͳ,͵͸ ൒ ͳ,ʹ  
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ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

7.1 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ  
 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɫɧɨɜɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɢ ɹɜɥɹɸɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦɢ ɞɥɹ ɜɫɟɯ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ (ɂɌɊ), ɪɚɛɨɱɢɯ ɢ 
ɫɥɭɠɚɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ, ɚ ɬɚɤɠɟ ɪɟɦɨɧɬɧɵɯ, 
ɧɚɥɚɞɨɱɧɵɯ, ɫɬɪɨɢɬɟɥɶɧɵɯ, ɦɨɧɬɚɠɧɵɯ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɜɵɩɨɥɧɹɸɳɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɸ, ɪɟɦɨɧɬ (ɪɟɤɨɧɫɬɪɭɤɰɢɸ), ɧɚɥɚɞɤɭ ɢ ɢɫɩɵɬɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɷɬɢɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ 
ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɥɸɞɟɣ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɨɛɹɡɚɧ: 
– ɨɪɝɚɧɢɡɨɜɚɬɶ ɢɡɭɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɜɫɟɦɢ ɪɚɛɨɬɧɢɤɚɦɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
– ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
– ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɟɠɢɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ;  

– ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ. 

– ɧɚɡɧɚɱɢɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɥɢɰ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨ ɤɚɠɞɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢ ɩɨɦɟɳɟɧɢɸ; 

– ɨ ɤɚɠɞɨɦ ɩɨɠɚɪɟ ɫɨɨɛɳɚɬɶ ɜ ɦɟɫɬɧɵɟ ɨɪɝɚɧɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɚɡɧɚɱɚɬɶ ɤɨɦɢɫɫɢɸ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɩɨɠɚɪɚ ɢ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ.  

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɫɨɨɪɭɠɟɧɢɣ) ɢ ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɢɯ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɧɚɡɧɚɱɟɧɧɵɯ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ.  

Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ: 

– ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɫɨɛɥɸɞɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɨɜɵɲɚɸɳɢɯ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ;  

– ɨɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɩɨɠɚɪɭ;  

– ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
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– ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ 
ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ; 

– ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ: ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɩɨɠɚɪɚ, ɚɜɚɪɢɢ ɢɥɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ, ɭɝɪɨɠɚɸɳɢɯ ɩɟɪɫɨɧɚɥɭ ɢ 
ɧɚɪɭɲɚɸɳɢɯ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɹɬɶ ɦɟɪɵ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɜɵɡɨɜɭ ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ, ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ ɞɥɹ 
ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɬɭɲɟɧɢɟ ɢ ɷɜɚɤɭɚɰɢɸ ɩɟɪɫɨɧɚɥɚ (ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ.  

Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ ɜɵɲɟɫɬɨɹɳɟɦɭ 
ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ 
ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ 
ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ȼɫɟ ɪɚɛɨɬɧɢɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɬɧɢɤɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

– ɩɨɠɚɪɧɨ – ɬɟɯɧɢɱɟɫɤɢɣ ɦɢɧɢɦɭɦ 
– ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
– ɪɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɜɧɟɩɥɚɧɨɜɵɟ ɢ 

ɰɟɥɟɜɵɟ), ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
– ɫɩɟɰɢɚɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ;  
– ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ;  
– ɩɨɜɵɲɟɧɢɟ ɡɧɚɧɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ;  
– ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 
ɉɟɪɫɨɧɚɥ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

ȼ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɳɢɬɵ, ɬɟɥɟɦɟɯɚɧɢɤɢ, ɫɜɹɡɢ ɢ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɪɟɞɫɬɜ Ⱥɋɍ ɞɨɥɠɧɵ ɜɤɥɸɱɚɬɶɫɹ ɨɬɞɟɥɶɧɵɦ ɪɚɡɞɟɥɨɦ ɤɨɧɤɪɟɬɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 
ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɛɹɡɚɧɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ. 

ɉɥɚɧ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɪɚɛɨɬɧɢɤɚɦɢ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ 
ɆȼȾ ɫɨɜɦɟɫɬɧɨ ɫ ɚɞɦɢɧɢɫɬɪɚɰɢɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɢ ɭɬɜɟɪɠɞɚɟɬɫɹ 
ɧɚɱɚɥɶɧɢɤɨɦ ɝɚɪɧɢɡɨɧɚ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ ɢ ɩɟɪɜɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. 

ɇɚ ɦɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɫɤɥɚɞɨɜ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɩɥɚɧ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɨ. ɉɥɚɧ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɞɨɥɠɟɧ 
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ɫɨɫɬɚɜɥɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ «Ɇɟɬɨɞɢɱɟɫɤɢɯ ɭɤɚɡɚɧɢɣ ɩɨ 
ɫɨɫɬɚɜɥɟɧɢɸ ɨɩɟɪɚɬɢɜɧɵɯ ɩɥɚɧɨɜ ɢ ɤɚɪɬɨɱɟɤ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɧɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ». 

Ɍɟɪɪɢɬɨɪɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɥɠɧɚ ɩɨɫɬɨɹɧɧɨ ɫɨɞɟɪɠɚɬɶɫɹ 
ɜ ɱɢɫɬɨɬɟ, ɨɱɢɳɚɬɶɫɹ ɨɬ ɫɝɨɪɚɟɦɵɯ ɨɬɯɨɞɨɜ. 

Ɂɚɩɪɟɳɚɟɬɫɹ ɡɚɝɪɨɦɨɠɞɚɬɶ ɦɚɬɟɪɢɚɥɚɦɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɨɟɡɞɵ ɜɨɤɪɭɝ 
ɡɞɚɧɢɣ ɢ ɞɨɪɨɝɢ. 

ȼɫɹ ɬɟɪɪɢɬɨɪɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɥɠɧɚ ɢɦɟɬɶ ɤɚɩɢɬɚɥɶɧɨɟ 
ɨɝɪɚɠɞɟɧɢɟ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɤɨɧɬɪɨɥɶɧɨ-ɩɪɨɩɭɫɤɧɵɟ ɩɭɧɤɬɵ, ɚ ɬɚɤɠɟ ɧɚɪɭɠɧɨɟ 
ɨɫɜɟɳɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɦɢ. 

ȼɫɟ ɩɪɨɟɡɞɧɵɟ ɞɨɪɨɝɢ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɨɞɴɟɡɞɵ ɤ ɩɨɠɚɪɧɵɦ ɝɢɞɪɚɧɬɚɦ, ɤ ɜɨɞɨɟɦɚɦ ɢ ɞɪɭɝɢɦ ɢɫɬɨɱɧɢɤɚɦ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ (ɩɪɭɞɵ, ɝɪɚɞɢɪɧɢ, ɤɚɧɚɥɵ ɢ ɬ.ɩ.), ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɫɩɟɰɢɚɥɶɧɵɦɢ 
ɩɥɨɳɚɞɤɚɦɢ (ɩɢɪɫɚɦɢ), ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɫɬɨɹɧɧɨ ɫɜɨɛɨɞɧɵɦɢ, ɚ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ 
ɨɱɢɳɚɬɶɫɹ ɨɬ ɫɧɟɝɚ ɢ ɧɚɥɟɞɢ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɪɨɠɧɵɟ 
ɡɧɚɤɢ ɢ ɩɨɹɫɧɹɸɳɢɟ ɧɚɞɩɢɫɢ, ɧɟ ɞɨɩɭɫɤɚɸɳɢɟ ɨɫɬɚɧɨɜɤɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, 
ɞɪɭɝɢɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɦɟɫɬɚɯ ɫɭɠɟɧɢɹ ɩɪɨɟɡɞɧɵɯ ɞɨɪɨɝ, ɩɨɞ 
ɚɪɤɚɦɢ ɢ ɜ ɦɟɫɬɚɯ ɪɚɫɫɬɚɧɨɜɤɢ ɩɨɠɚɪɧɨɣ ɬɟɯɧɢɤɢ ɩɨ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɥɚɧɭ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

Ɂɚɤɪɵɬɢɟ ɨɬɞɟɥɶɧɵɯ ɩɪɨɟɡɞɨɜ ɢ ɭɱɚɫɬɤɨɜ, ɞɨɪɨɝ ɧɚ ɪɟɦɨɧɬ ɢɥɢ ɩɨ ɞɪɭɝɢɦ 
ɩɪɢɱɢɧɚɦ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧɨ ɩɨɫɥɟ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɨɛɴɟɤɬɨɜɨɣ ɩɨɠɚɪɧɨɣ 
ɨɯɪɚɧɨɣ ɢ ɭɫɬɪɨɣɫɬɜɚ ɜɪɟɦɟɧɧɵɯ ɨɛɴɟɡɞɨɜ ɢɥɢ ɩɟɪɟɟɡɞɨɜ ɱɟɪɟɡ ɪɟɦɨɧɬɢɪɭɟɦɵɟ 
ɭɱɚɫɬɤɢ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɧɚ ɜɟɫɶ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɞɨɥɠɧɵ 
ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɞɨɪɨɠɧɵɟ ɡɧɚɤɢ ɢ ɭɤɚɡɚɬɟɥɢ ɦɚɪɲɪɭɬɚ ɫɥɟɞɨɜɚɧɢɹ. 

Ɇɟɫɬɚ ɪɟɦɨɧɬɚ ɞɨɪɨɝ ɢɥɢ ɩɭɬɢ ɨɛɴɟɡɞɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɨɫɜɟɳɟɧɢɟ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ ɢɥɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɫɨɨɪɭɠɟɧɢɣ ɞɟɣɫɬɜɭɸɳɟɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɪɚɡɦɟɳɟɧɢɟ ɧɚ ɟɝɨ 
ɬɟɪɪɢɬɨɪɢɢ ɢɧɜɟɧɬɚɪɧɵɯ ɡɞɚɧɢɣ, ɞɪɭɝɢɯ ɜɪɟɦɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɛɵɬɨɜɵɯ 
ɜɚɝɨɧɱɢɤɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. ȼ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, ɩɪɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɡɞɚɧɢɣ ɢ ɜɚɝɨɧɱɢɤɨɜ ɡɚ ɬɟɪɪɢɬɨɪɢɟɣ 
ɷɧɟɪɝɨɩɪɟɞɩɪɢɹɬɢɹ ɢɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɞɪɭɝɢɯ ɛɵɬɨɜɵɯ ɩɨɦɟɳɟɧɢɣ, 
ɞɨɩɭɫɤɚɟɬɫɹ ɢɯ ɭɫɬɚɧɨɜɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɩɪɟɞɩɪɢɹɬɢɟɦ ɨɛɴɟɤɬɨɜɨɣ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɨɣ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɭɫɬɚɧɨɜɤɚ 
ɜɪɟɦɟɧɧɵɯ ɢɧɜɟɧɬɚɪɧɵɯ ɡɞɚɧɢɣ ɢ ɛɵɬɨɜɵɯ ɜɚɝɨɧɱɢɤɨɜ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɥɢɠɟ 30 
ɦ ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɫɤɥɚɞɫɤɢɯ ɡɞɚɧɢɣ. 

Ɋɚɡɦɟɳɟɧɢɟ ɛɵɬɨɜɵɯ ɜɚɝɨɧɱɢɤɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɜ ɜɢɞɟ ɝɪɭɩɩ, ɧɟ ɛɨɥɟɟ 10 
ɜɚɝɨɧɱɢɤɨɜ ɜ ɤɚɠɞɨɣ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɜɫɟɯ ɪɚɛɨɬ ɜɚɝɨɧɱɢɤɢ ɞɨɥɠɧɵ ɛɵɬɶ 
ɭɛɪɚɧɵ ɫ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ. 

Ɂɚɩɪɟɳɚɟɬɫɹ ɪɚɡɦɟɳɟɧɢɟ ɛɵɬɨɜɵɯ ɜɚɝɨɧɱɢɤɨɜ ɜɧɭɬɪɢ ɡɞɚɧɢɣ. 
ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ ɫɥɟɞɭɟɬ ɪɟɝɭɥɹɪɧɨ ɫɤɚɲɢɜɚɬɶ 

ɢ ɜɵɜɨɡɢɬɶ ɬɪɚɜɭ. 
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Ɂɚɩɪɟɳɚɟɬɫɹ ɯɪɚɧɟɧɢɟ ɜɵɫɭɲɟɧɧɨɣ ɬɪɚɜɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɷɧɟɪɝɨɩɪɟɞɩɪɢɹɬɢɹ ɢ ɧɚ ɩɪɢɥɟɝɚɸɳɟɣ ɩɥɨɳɚɞɤɟ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɥɢɠɟ 100 ɦ). 

ɋɠɢɝɚɧɢɟ ɦɭɫɨɪɚ ɢ ɨɬɯɨɞɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɷɧɟɪɝɨɩɪɟɞɩɪɢɹɬɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ (ɩɟɱɚɯ). 

Ɂɚɩɪɟɳɚɟɬɫɹ ɪɚɡɜɟɞɟɧɢɟ ɤɨɫɬɪɨɜ ɞɥɹ ɷɬɨɣ ɰɟɥɢ. 
ɉɪɨɟɡɞɵ ɜɧɭɬɪɢ ɨɛɴɟɤɬɨɜɵɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ ɞɨɥɠɧɵ ɛɵɬɶ 

ɫɜɨɛɨɞɧɵɦɢ ɞɥɹ ɩɪɨɟɡɞɚ ɩɨɠɚɪɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɢɦɟɬɶ ɫɩɥɨɲɧɵɟ ɧɚɫɬɢɥɵ ɧɚ 
ɭɪɨɜɧɟ ɝɨɥɨɜɨɤ ɪɟɥɶɫɨɜ. 

Ɂɚɩɪɟɳɚɟɬɫɹ ɫɬɨɹɧɤɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɜɚɝɨɧɨɜ ɛɟɡ ɥɨɤɨɦɨɬɢɜɚ ɧɚ 
ɩɟɪɟɟɡɞɚɯ ɞɨɪɨɝ ɬɟɪɪɢɬɨɪɢɢ ɷɧɟɪɝɨɩɪɟɞɩɪɢɹɬɢɣ. 
 

7.1.1 Ɉɛɴɟɤɬɵ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ Ƚɗɋ 
 
Ɉɛɴɟɤɬɚɦɢ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ: 

– ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ; 
– ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ; 
– ɤɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ; 
– ɫɬɚɧɰɢɨɧɧɨɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɨ; 
– ɩɨɞɩɭɥɶɬɨɜɵɟ, ɩɨɞɳɢɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ. 
ɋɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɬɭɲɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 63 ɆȼȺ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ 
ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɨɧɬɢɪɭɸɬɫɹ 
ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ 
ɨɪɨɫɢɬɟɥɢ. 

Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ ɡɚɩɨɪɧɨ- 
ɩɭɫɤɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ (Ɂɉɍ). Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɩɨɠɚɪɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɩɨɜɟɳɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɠɚɪɚ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɩɨɞɚɱɟɣ ɜɨɞɵ ɧɚ ɨɱɚɝ ɩɨɠɚɪɚ. 

Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

 
7.1.2 ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 
 
1. ɇɚ ɞɜɟɪɢ ɩɨɦɟɳɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɧɟɫɟɧɵ 

ɧɚɞɩɢɫɢ: "Ⱥɤɤɭɦɭɥɹɬɨɪɧɚɹ", "Ɉɝɧɟɨɩɚɫɧɨ", "Ʉɭɪɢɬɶ ɡɚɩɪɟɳɟɧɨ" ɢɥɢ ɜɵɜɟɲɟɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɤɢ. ɇɚ ɞɜɟɪɹɯ ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɣ 
ɡɧɚɤ «Ɉɫɬɨɪɨɠɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ». 
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2. ɉɪɢ ɡɚɦɟɧɟ ɢɥɢ ɪɟɦɨɧɬɟ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɜɟɬɢɥɶɧɢɤɨɜ, 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜɟɧɬɢɥɹɰɢɢ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ ɜ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ 
ɬɪɟɛɨɜɚɧɢɹ ɢɯ ɦɨɧɬɚɠɚ, ɭɫɬɚɧɨɜɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɡɨɧɚɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. 

3. ȼ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɨɥɠɧɨ ɪɟɝɭɥɹɪɧɨ 
ɩɪɨɜɟɪɹɬɶɫɹ ɫɨɫɬɨɹɧɢɟ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɨɣ ɜɟɧɬɢɥɹɰɢɢ, ɤɨɬɨɪɚɹ ɛɥɨɤɢɪɭɟɬɫɹ ɫ 
ɡɚɪɹɞɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɨɦɢɧɚɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. 

4. ɩɨɥɵ ɢ ɫɬɟɥɥɚɠɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ 
ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɍɗ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ. 

5. ɉɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɩɨɦɟɳɟɧɢɟ ɦɨɠɟɬ 
ɨɬɚɩɥɢɜɚɬɶɫɹ ɤɚɥɨɪɢɮɟɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɪɚɫɩɨɥɚɝɚɟɦɵɦ ɜɧɟ ɷɬɨɝɨ ɩɨɦɟɳɟɧɢɹ, 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɫɬɪɨɣɫɬɜ ɩɪɨɬɢɜ ɡɚɧɨɫɚ ɢɫɤɪ ɱɟɪɟɡ ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɤɚɧɚɥɵ. 
Ɍɪɭɛɨɩɪɨɜɨɞɵ ɩɚɪɨɜɨɝɨ ɢɥɢ ɜɨɞɹɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɩɨɦɟɳɟɧɢɣ 
ɞɨɥɠɧɵ ɫɨɟɞɢɧɹɬɶɫɹ ɧɚ ɫɜɚɪɤɟ. 

Ɂɚɩɪɟɳɚɸɬɫɹ ɮɥɚɧɰɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɭɫɬɚɧɨɜɤɚ ɜɟɧɬɢɥɟɣ. 
6. Ɋɟɦɨɧɬ ɢ ɯɪɚɧɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɢ ɳɟɥɨɱɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɨɥɠɧɵ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɪɚɡɧɵɯ ɩɨɦɟɳɟɧɢɹɯ. 
7. ȼ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ ɩɨɦɟɳɟɧɢɢ ɡɚɛɨɪ ɜɨɡɞɭɲɧɨ-ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ 

ɜɟɧɬɢɥɹɰɢɢ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɤɚɤ ɢɡ ɜɟɪɯɧɟɣ, ɬɚɤ ɢ ɢɡ ɧɢɠɧɟɣ ɟɝɨ ɱɚɫɬɢ. 
ȿɫɥɢ ɩɨɬɨɥɨɤ ɢɦɟɟɬ ɜɵɫɬɭɩɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɧɚɤɥɨɧ, ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɵɬɹɠɤɚ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ ɤɚɠɞɨɝɨ ɨɬɫɚ ɢɥɢ ɢɡ ɫɚɦɨɣ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɨɬɨɥɤɚ. 

8. ɉɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɩɨɦɟɳɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
ɫɬɟɤɥɚ ɨɤɨɧ ɞɨɥɠɧɵ ɛɵɬɶ ɦɚɬɨɜɵɦɢ ɢɥɢ ɩɨɤɪɵɜɚɬɶɫɹ ɛɟɥɨɣ ɤɥɟɟɜɨɣ ɤɪɚɫɤɨɣ, 
ɫɬɨɣɤɨɣ ɤ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ. 

9. Ɋɚɛɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɹɥɶɧɵɯ ɥɚɦɩ ɜ ɩɨɦɟɳɟɧɢɹɯ 
ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɫɥɟ ɩɪɟɤɪɚɳɟɧɢɹ ɡɚɪɹɞɤɢ 
ɛɚɬɚɪɟɢ ɩɪɢ ɭɫɥɨɜɢɢ ɬɳɚɬɟɥɶɧɨɝɨ ɩɪɨɜɟɬɪɢɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ. 

10. Ɂɚɩɪɟɳɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ ɤɭɪɢɬɶ, ɯɪɚɧɢɬɶ ɤɢɫɥɨɬɵ ɢ ɳɟɥɨɱɢ ɜ ɤɨɥɢɱɟɫɬɜɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ 
ɨɞɧɨɫɦɟɧɧɭɸ ɩɨɬɪɟɛɧɨɫɬɶ, ɨɫɬɚɜɥɹɬɶ ɫɩɟɰɨɞɟɠɞɭ, ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɟɞɦɟɬɵ ɢ 
ɫɝɨɪɚɟɦɵɟ ɦɚɬɟɪɢɚɥɵ. 
 

7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
  

Ɉɯɪɚɧɚ ɬɪɭɞɚ - ɫɢɫɬɟɦɚ ɫɨɯɪɚɧɟɧɢɹ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɪɚɛɨɬɧɢɤɨɜ ɜ 
ɩɪɨɰɟɫɫɟ ɬɪɭɞɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɩɪɚɜɨɜɵɟ, ɫɨɰɢɚɥɶɧɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɟ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ, ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ, 
ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɟ, ɪɟɚɛɢɥɢɬɚɰɢɨɧɧɵɟ ɢ ɢɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ. 

Ɉɯɪɚɧɚ ɬɪɭɞɚ ɩɪɢ ɨɫɦɨɬɪɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 
Ɋɚɛɨɬɧɢɤɢ, ɧɟ ɨɛɫɥɭɠɢɜɚɸɳɢɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɦɨɝɭɬ ɞɨɩɭɫɤɚɬɶɫɹ ɞɥɹ 

ɨɫɦɨɬɪɚ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɜ ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, 
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ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɞɚɧɧɭɸ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɭ, ɢɦɟɸɳɟɝɨ ɝɪɭɩɩɭ IV ɩɨ 
ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ - ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ, ɢ 
ɢɦɟɸɳɟɝɨ ɝɪɭɩɩɭ III ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ - ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ 
ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000 ȼ, ɥɢɛɨ ɪɚɛɨɬɧɢɤɚ, ɢɦɟɸɳɟɝɨ ɩɪɚɜɨ ɟɞɢɧɨɥɢɱɧɨɝɨ 
ɨɫɦɨɬɪɚ.  

ɋɨɩɪɨɜɨɠɞɚɸɳɢɣ ɪɚɛɨɬɧɢɤ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɧɬɪɨɥɶ ɡɚ 
ɛɟɡɨɩɚɫɧɨɫɬɶɸ ɪɚɛɨɬɧɢɤɨɜ, ɞɨɩɭɳɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɢ ɩɪɟɞɭɩɪɟɠɞɚɬɶ 
ɢɯ ɨ ɡɚɩɪɟɳɟɧɢɢ ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ. 

ɋɨɩɪɨɜɨɠɞɚɸɳɢɣ ɪɚɛɨɬɧɢɤ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɧɬɪɨɥɶ ɡɚ 
ɛɟɡɨɩɚɫɧɨɫɬɶɸ ɪɚɛɨɬɧɢɤɨɜ, ɞɨɩɭɳɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɢ ɩɪɟɞɭɩɪɟɠɞɚɬɶ 
ɢɯ ɨ ɡɚɩɪɟɳɟɧɢɢ ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ. 

ɉɪɢ ɨɫɦɨɬɪɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɪɚɡɪɟɲɚɟɬɫɹ ɨɬɤɪɵɜɚɬɶ ɞɜɟɪɢ ɳɢɬɨɜ, 
ɫɛɨɪɨɤ, ɩɭɥɶɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ. 

ɉɪɢ ɨɫɦɨɬɪɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ 
ɜɯɨɞɢɬɶ ɜ ɩɨɦɟɳɟɧɢɹ, ɤɚɦɟɪɵ, ɧɟ ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɨɝɪɚɠɞɟɧɢɹɦɢ ɢɥɢ ɛɚɪɶɟɪɚɦɢ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɦɢ ɩɪɢɛɥɢɠɟɧɢɸ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ ɧɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɧɟɟ 
ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ N 1, ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɩɭɧɤɬɨɦ 3.3 ɉɪɚɜɢɥ (ɞɚɥɟɟ - ɬɚɛɥɢɰɚ 
N 1). ɇɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɨɧɢɤɚɬɶ ɡɚ ɨɝɪɚɠɞɟɧɢɹ ɢ ɛɚɪɶɟɪɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. 

ɇɟ ɞɨɩɭɫɤɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɤɚɤɨɣ-ɥɢɛɨ ɪɚɛɨɬɵ ɜɨ ɜɪɟɦɹ ɨɫɦɨɬɪɚ. 
ɉɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ 3 - 35 ɤȼ 

ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɦɟɫɬɭ ɡɚɦɵɤɚɧɢɹ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɧɟɟ 4 ɦ ɜ ɡɚɤɪɵɬɨɦ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ (ɞɚɥɟɟ - ɁɊɍ) ɢ ɦɟɧɟɟ 8 ɦ ɜ ɨɬɤɪɵɬɨɦ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ (ɞɚɥɟɟ - ɈɊɍ) ɢ ɧɚ ȼɅ ɞɨɩɭɫɤɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ 
ɨɩɟɪɚɬɢɜɧɵɯ ɩɟɪɟɤɥɸɱɟɧɢɣ ɫ ɰɟɥɶɸ ɥɢɤɜɢɞɚɰɢɢ ɡɚɦɵɤɚɧɢɹ ɢ ɨɫɜɨɛɨɠɞɟɧɢɹ 
ɥɸɞɟɣ, ɩɨɩɚɜɲɢɯ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɷɥɟɤɬɪɨɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

ɉɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɞɥɹ ɨɫɜɨɛɨɠɞɟɧɢɹ ɩɨɫɬɪɚɞɚɜɲɟɝɨ ɨɬ ɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɫɧɹɬɨ ɧɟɦɟɞɥɟɧɧɨ ɛɟɡ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. 

Ɉɬɤɥɸɱɚɬɶ ɢ ɜɤɥɸɱɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɤɨɦɦɭɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɫɧɹɬɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
(ɜɵɤɥɸɱɚɬɟɥɶ, ɜɵɤɥɸɱɚɬɟɥɶ ɧɚɝɪɭɡɤɢ, ɨɬɞɟɥɢɬɟɥɶ, ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɚɜɬɨɦɚɬ, 
ɪɭɛɢɥɶɧɢɤ, ɩɚɤɟɬɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ, ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ) (ɞɚɥɟɟ - ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ 
ɚɩɩɚɪɚɬɵ) ɢ ɡɚɡɟɦɥɢɬɟɥɢ (ɡɚɡɟɦɥɹɸɳɢɟ ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɡɚɡɟɦɥɹɸɳɢɟ ɧɨɠɢ) 
ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ ɫ ɪɭɱɧɵɦ ɩɪɢɜɨɞɨɦ ɧɟɨɛɯɨɞɢɦɨ ɜ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɟɪɱɚɬɤɚɯ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɥɢɰɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɞɭɝɢ.  

ɋɧɢɦɚɬɶ ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɫɥɟɞɭɟɬ ɩɪɢ ɫɧɹɬɨɦ 
ɧɚɩɪɹɠɟɧɢɢ. 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɫɧɢɦɚɬɶ ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɩɨɞ 
ɧɚɩɪɹɠɟɧɢɟɦ, ɧɨ ɛɟɡ ɧɚɝɪɭɡɤɢ. 

ɉɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɞɨɩɭɫɤɚɟɬɫɹ ɡɚɦɟɧɹɬɶ: 
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– ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɜ ɰɟɩɹɯ ɭɩɪɚɜɥɟɧɢɹ, ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɛɥɨɤɢɪɨɜɤɢ, 
ɢɡɦɟɪɟɧɢɹ, ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɤɨɧɬɪɨɥɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ (ɞɚɥɟɟ - ɜɬɨɪɢɱɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɢɥɢ ɰɟɩɢ); 

– ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ; 
– ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɩɪɨɛɨɱɧɨɝɨ ɬɢɩɚ. 
ɉɪɢ ɫɧɹɬɢɢ ɢ ɭɫɬɚɧɨɜɤɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɥɶɡɨɜɚɬɶɫɹ: 
– ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ - ɢɡɨɥɢɪɭɸɳɢɦɢ 

ɤɥɟɳɚɦɢ (ɲɬɚɧɝɨɣ) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɟɪɱɚɬɨɤ ɢ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ 
ɥɢɰɚ, ɝɥɚɡ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɪɢɫɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɞɭɝɢ; 

– ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000 ȼ - ɢɡɨɥɢɪɭɸɳɢɦɢ ɤɥɟɳɚɦɢ, 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɟɪɱɚɬɤɚɦɢ ɢ ɫɪɟɞɫɬɜɚɦɢ ɡɚɳɢɬɵ ɥɢɰɚ, ɝɥɚɡ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɪɢɫɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ. 

Ɉɯɪɚɧɚ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ: 
Ɋɚɛɨɬɵ ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ: 
– ɩɨ ɡɚɞɚɧɢɸ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɚɛɨɬɵ, ɨɩɪɟɞɟɥɹɸɳɟɦɭ ɫɨɞɟɪɠɚɧɢɟ, ɦɟɫɬɨ 

ɪɚɛɨɬɵ, ɜɪɟɦɹ ɟɟ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ, ɭɫɥɨɜɢɹ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ, ɫɨɫɬɚɜ 
ɛɪɢɝɚɞɵ ɢ ɪɚɛɨɬɧɢɤɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɛɟɡɨɩɚɫɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ (ɞɚɥɟɟ 
- ɧɚɪɹɞ-ɞɨɩɭɫɤ); 

– ɩɨ ɪɚɫɩɨɪɹɠɟɧɢɸ; 
– ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɟɪɟɱɧɹ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 
ɇɟ ɞɨɩɭɫɤɚɟɬɫɹ ɫɚɦɨɜɨɥɶɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɜ ɞɟɣɫɬɜɭɸɳɢɯ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ, ɚ ɬɚɤɠɟ ɪɚɫɲɢɪɟɧɢɟ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɨɛɴɟɦɚ ɡɚɞɚɧɢɹ, 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚɪɹɞɨɦ-ɞɨɩɭɫɤɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ ɭɬɜɟɪɠɞɟɧɧɵɦ 
ɪɚɛɨɬɨɞɚɬɟɥɟɦ ɩɟɪɟɱɧɟɦ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɜ ɦɟɫɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɞɪɭɝɨɦɭ ɧɚɪɹɞɭ-ɞɨɩɭɫɤɭ 
ɞɨɥɠɧɨ ɫɨɝɥɚɫɨɜɵɜɚɬɶɫɹ ɫ ɪɚɛɨɬɧɢɤɨɦ, ɜɵɞɚɜɲɢɦ ɩɟɪɜɵɣ ɧɚɪɹɞ. 

ɇɚɥɢɱɢɟ ɭ ɪɚɛɨɬɧɢɤɚ ɨɩɪɟɞɟɥёɧɧɨɣ ɝɪɭɩɩɵ ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ 
ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɟɦɭ ɩɨɥɭɱɢɬɶ ɞɨɩɭɫɤ ɤ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. ɗɬɨ 
ɬɪɟɛɨɜɚɧɢɟ ɨɬɧɨɫɢɬɫɹ ɬɚɤɠɟ ɢ ɤɨ ɜɫɟɦ ɥɢɰɚɦ ɧɟɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ, 
ɪɚɛɨɬɚɸɳɢɦ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɢ ɧɟ ɩɨɩɚɞɚɸɳɟɝɨ ɩɨɞ ɨɩɪɟɞɟɥɟɧɢɟ 
«ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ» ɢɥɢ «ɷɥɟɤɬɪɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ». 

ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɩɟɪɫɨɧɚɥ ɩɪɟɞɩɪɢɹɬɢɹ ɢɥɢ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɚɬɟɝɨɪɢɢ: 

– ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ; 
– ɪɟɦɨɧɬɧɵɣ; 
– ɨɩɟɪɚɬɢɜɧɵɣ; 
– ɨɩɟɪɚɬɢɜɧɨ-ɪɟɦɨɧɬɧɵɣ; 
– ɷɥɟɤɬɪɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɟɪɫɨɧɚɥ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 
Ʉ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨɬɧɨɫɹɬ ɨɛɵɱɧɨ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ 
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ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɢɟ ɦɨɧɬɚɠɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɧɚɥɚɞɨɱɧɵɯ 
ɪɚɛɨɬ ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ. 

Ɉɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ (ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɬɢɜɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ, ɨɫɦɨɬɪɨɜ, ɩɨɞɝɨɬɨɜɤɭ ɦɟɫɬɚ ɪɚɛɨɬɵ, ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɚɦ ɢ ɧɚɞɡɨɪ 
ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɧɚ ɧɢɯ). 

Ɋɟɦɨɧɬɧɵɣ ɩɟɪɫɨɧɚɥ ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬ ɟɝɨ ɦɨɧɬɚɠ, 
ɧɚɥɚɞɤɭ ɢ ɢɫɩɵɬɚɧɢɟ. 

Ʉ ɨɩɟɪɚɬɢɜɧɨ-ɪɟɦɨɧɬɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨɬɧɨɫɹɬɫɹ ɫɩɟɰɢɚɥɢɫɬɵ, ɩɪɨɲɟɞɲɢɟ 
ɤɭɪɫ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɡɚɤɪɟɩɥёɧɧɨɝɨ ɡɚ ɧɢɦɢ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉ ɤɚɬɟɝɨɪɢɢ ɷɥɟɤɬɪɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɨɬɧɨɫɹɬɫɹ ɪɚɛɨɬɧɢɤɢ, 
ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ, ɝɥɚɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ (ɷɥɟɤɬɪɨɥɢɡ, ɷɥɟɤɬɪɨɫɜɚɪɤɚ, ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ 
ɩɟɱɢ ɢ ɬ.ɩ.). 

ɉɪɟɞɫɬɚɜɢɬɟɥɹɦ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɤɚɠɞɨɣ ɢɡ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɚɬɟɝɨɪɢɣ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɦɟɞɢɰɢɧɫɤɨɝɨ 
ɨɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɧɢɹ, ɤɭɪɫɚ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ ɢ ɫɞɚɱɢ ɷɤɡɚɦɟɧɨɜ ɩɨ 
ɩɪɨɜɟɪɤɟ ɡɧɚɧɢɣ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɝɪɭɩɩɚ ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɨɦɟɪ 
ɩɪɢɫɜɚɢɜɚɟɦɨɣ ɝɪɭɩɩɵ (ɨɬ II ɞɨ V) ɡɚɜɢɫɢɬ ɨɬ ɫɬɚɠɚ ɪɚɛɨɬɵ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ. 

Ɋɚɛɨɬɧɢɤɚɦɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ ɛɟɡɨɩɚɫɧɨɟ ɜɟɞɟɧɢɟ ɪɚɛɨɬ ɜ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ, ɹɜɥɹɸɬɫɹ: 

– ɜɵɞɚɸɳɢɣ ɧɚɪɹɞ-ɞɨɩɭɫɤ, ɨɬɞɚɸɳɢɣ ɪɚɫɩɨɪɹɠɟɧɢɟ, ɭɬɜɟɪɠɞɚɸɳɢɣ 
ɩɟɪɟɱɟɧɶ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɜɵɞɚɸɳɢɣ ɪɚɡɪɟɲɟɧɢɟ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɫ 
ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɩɭɧɤɬɚ 5.14 ɉɪɚɜɢɥ; 

– ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɪɚɛɨɬ; 
– ɞɨɩɭɫɤɚɸɳɢɣ; 
– ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ; 
– ɧɚɛɥɸɞɚɸɳɢɣ; 
– ɱɥɟɧɵ ɛɪɢɝɚɞɵ.  
Ɋɚɛɨɬɧɢɤ, ɜɵɞɚɸɳɢɣ ɧɚɪɹɞ-ɞɨɩɭɫɤ, ɨɬɞɚɸɳɢɣ ɪɚɫɩɨɪɹɠɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ. Ɉɧ ɹɜɥɹɟɬɫɹ 
ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɢ ɩɪɚɜɢɥɶɧɨɫɬɶ ɭɤɚɡɚɧɧɵɯ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ 
(ɪɚɫɩɨɪɹɠɟɧɢɢ) ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ; ɡɚ ɤɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ 
ɛɪɢɝɚɞɵ ɢ ɧɚɡɧɚɱɟɧɢɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɛɟɡɨɩɚɫɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ; ɡɚ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɝɪɭɩɩ ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɧɢɤɨɜ, ɭɤɚɡɚɧɧɵɯ ɜ ɧɚɪɹɞɟ-
ɞɨɩɭɫɤɟ, ɜɵɩɨɥɧɹɟɦɨɣ ɪɚɛɨɬɟ; ɡɚ ɩɪɨɜɟɞɟɧɢɟ ɰɟɥɟɜɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ 
ɨɬɜɟɬɫɬɜɟɧɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɪɚɛɨɬ (ɩɪɨɢɡɜɨɞɢɬɟɥɸ ɪɚɛɨɬ, ɧɚɛɥɸɞɚɸɳɟɦɭ). 

Ɋɚɛɨɬɧɢɤ, ɜɵɞɚɸɳɢɣ ɪɚɡɪɟɲɟɧɢɟ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɧɚ ɞɨɩɭɫɤ, 
ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ: 
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– ɡɚ ɜɵɞɚɱɭ ɤɨɦɚɧɞ ɩɨ ɨɬɤɥɸɱɟɧɢɸ ɢ ɡɚɡɟɦɥɟɧɢɸ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 
(ɞɚɥɟɟ - Ʌɗɉ) ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɭɩɪɚɜɥɟɧɢɢ, 
ɢ ɩɨɥɭɱɟɧɢɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɢɯ ɜɵɩɨɥɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɡɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ 
ɞɟɣɫɬɜɢɹ ɩɨ ɨɬɤɥɸɱɟɧɢɸ ɢ ɡɚɡɟɦɥɟɧɢɸ Ʌɗɉ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɟɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɭɩɪɚɜɥɟɧɢɢ; 

– ɡɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɧɚɪɹɞɨɦ-ɞɨɩɭɫɤɨɦ 
(ɪɚɫɩɨɪɹɠɟɧɢɟɦ) ɦɟɪ ɩɨ ɨɬɤɥɸɱɟɧɢɸ ɢ ɡɚɡɟɦɥɟɧɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɮɚɤɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ; 

– ɡɚ ɤɨɨɪɞɢɧɚɰɢɸ ɜɪɟɦɟɧɢ ɢ ɦɟɫɬɚ ɪɚɛɨɬ ɞɨɩɭɳɟɧɧɵɯ ɛɪɢɝɚɞ (ɝɪɭɩɩɚ ɢɡ 
ɞɜɭɯ ɱɟɥɨɜɟɤ ɢ ɛɨɥɟɟ), ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɭɱɟɬ ɛɪɢɝɚɞ, ɚ ɬɚɤɠɟ ɡɚ ɩɨɥɭɱɟɧɢɟ 
ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɜɫɟɯ ɞɨɩɭɳɟɧɧɵɯ ɤ ɪɚɛɨɬɚɦ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɟ ɛɪɢɝɚɞ 
(ɞɨɩɭɫɤɚɸɳɢɯ) ɨ ɩɨɥɧɨɦ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɜ ɪɚɛɨɬɭ. 

Ɉɬɜɟɬɫɬɜɟɧɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ 
ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɪɚɛɨɱɟɝɨ 
ɦɟɫɬɚ ɢ ɢɯ ɞɨɫɬɚɬɨɱɧɨɫɬɶ, ɡɚ ɩɪɢɧɢɦɚɟɦɵɟ ɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɨ ɭɫɥɨɜɢɹɦ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɡɚ ɩɨɥɧɨɬɭ ɢ 
ɤɚɱɟɫɬɜɨ ɰɟɥɟɜɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ ɛɪɢɝɚɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɜɨɞɢɦɨɝɨ 
ɞɨɩɭɫɤɚɸɳɢɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɛɟɡɨɩɚɫɧɨɝɨ 
ɜɟɞɟɧɢɹ ɪɚɛɨɬ. 

Ɋɚɛɨɬɧɢɤ ɢɡ ɱɢɫɥɚ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɩɪɨɢɡɜɨɞɹɳɢɣ 
ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ (ɢɥɢ) ɨɰɟɧɤɭ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɩɪɢɧɹɬɵɯ ɦɟɪ ɩɨ ɢɯ 
ɩɨɞɝɨɬɨɜɤɟ, ɢɧɫɬɪɭɤɬɢɪɭɸɳɢɣ ɱɥɟɧɨɜ ɛɪɢɝɚɞɵ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɞɨɩɭɫɤ ɤ 
ɪɚɛɨɬɟ (ɞɚɥɟɟ - ɞɨɩɭɫɤɚɸɳɢɣ), ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɩɪɚɜɢɥɶɧɨɫɬɶ ɢ 
ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɢɦ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɢɯ ɦɟɪɨɩɪɢɹɬɢɹɦ, ɭɤɚɡɚɧɧɵɦ ɜ ɧɚɪɹɞɟ-ɞɨɩɭɫɤɟ ɢɥɢ ɪɚɫɩɨɪɹɠɟɧɢɢ, 
ɯɚɪɚɤɬɟɪɭ ɢ ɦɟɫɬɭ ɪɚɛɨɬɵ, ɡɚ ɩɪɚɜɢɥɶɧɵɣ ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ, ɚ ɬɚɤɠɟ ɡɚ ɩɨɥɧɨɬɭ ɢ 
ɤɚɱɟɫɬɜɨ ɩɪɨɜɨɞɢɦɨɝɨ ɢɦ ɰɟɥɟɜɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ. 

Ⱦɨɩɭɫɤɚɸɳɢɟ ɞɨɥɠɧɵ ɧɚɡɧɚɱɚɬɶɫɹ ɢɡ ɱɢɫɥɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɞɨɩɭɫɤɚ ɧɚ ȼɅ, ɄɅ, ɄȼɅ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɣ, ɩɟɪɟɱɢɫɥɟɧɧɵɯ 
ɜ ɩɭɧɤɬɟ 5.13 ɉɪɚɜɢɥ. ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000 ȼ 
ɞɨɩɭɫɤɚɸɳɢɣ ɞɨɥɠɟɧ ɢɦɟɬɶ ɝɪɭɩɩɭ IV ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɜ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɞɨ 1000 ȼ - ɝɪɭɩɩɭ III ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ ɨɬɜɟɱɚɟɬ: 
– ɡɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɦɟɪɨɩɪɢɹɬɢɹɦ, 

ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɨɬɞɟɥɶɧɵɦ ɭɤɚɡɚɧɢɹɦ ɧɚɪɹɞɚ-
ɞɨɩɭɫɤɚ; 

– ɡɚ ɱɟɬɤɨɫɬɶ ɢ ɩɨɥɧɨɬɭ ɰɟɥɟɜɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ ɱɥɟɧɨɜ ɛɪɢɝɚɞɵ; 
– ɡɚ ɧɚɥɢɱɢɟ, ɢɫɩɪɚɜɧɨɫɬɶ ɢ ɩɪɚɜɢɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɫɪɟɞɫɬɜ 

ɡɚɳɢɬɵ, ɢɧɫɬɪɭɦɟɧɬɚ, ɢɧɜɟɧɬɚɪɹ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ; 
– ɡɚ ɫɨɯɪɚɧɧɨɫɬɶ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɨɝɪɚɠɞɟɧɢɣ, ɩɥɚɤɚɬɨɜ (ɡɧɚɤɨɜ 

ɛɟɡɨɩɚɫɧɨɫɬɢ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɱɟɥɨɜɟɤɚ ɨ ɜɨɡɦɨɠɧɨɣ 
ɨɩɚɫɧɨɫɬɢ, ɡɚɩɪɟɳɟɧɢɢ ɢɥɢ ɩɪɟɞɩɢɫɚɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɟɣɫɬɜɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɛɴɟɤɬɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ 
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ɢɫɤɥɸɱɟɧɢɟɦ ɢɥɢ ɫɧɢɠɟɧɢɟɦ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɚɫɧɵɯ ɢ (ɢɥɢ) ɜɪɟɞɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ (ɞɚɥɟɟ - ɩɥɚɤɚɬɵ, ɡɧɚɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ), ɡɚɡɟɦɥɟɧɢɣ, 
ɡɚɩɢɪɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ; 

– ɡɚ ɛɟɡɨɩɚɫɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬɵ ɢ ɫɨɛɥɸɞɟɧɢɟ ɉɪɚɜɢɥ ɢɦ ɫɚɦɢɦ ɢ 
ɱɥɟɧɚɦɢ ɛɪɢɝɚɞɵ; 

– ɡɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɱɥɟɧɚɦɢ ɛɪɢɝɚɞɵ. 
Ɋɚɛɨɬɧɢɤ ɢɡ ɱɢɫɥɚ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ 

ɧɚɞɡɨɪ ɡɚ ɛɪɢɝɚɞɚɦɢ, ɧɟ ɢɦɟɸɳɢɦɢ ɩɪɚɜɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ 
ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ (ɞɚɥɟɟ - ɧɚɛɥɸɞɚɸɳɢɣ), ɨɬɜɟɱɚɟɬ: 

1. ɡɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɦɟɪɨɩɪɢɹɬɢɹɦ, 
ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɨɬɞɟɥɶɧɵɦ ɭɤɚɡɚɧɢɹɦ ɧɚɪɹɞɚ-
ɞɨɩɭɫɤɚ; 

2. ɡɚ ɱɟɬɤɨɫɬɶ ɢ ɩɨɥɧɨɬɭ ɰɟɥɟɜɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ ɱɥɟɧɨɜ ɛɪɢɝɚɞɵ; 
3. ɡɚ ɧɚɥɢɱɢɟ ɢ ɫɨɯɪɚɧɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ 

ɡɚɡɟɦɥɟɧɢɣ, ɨɝɪɚɠɞɟɧɢɣ, ɩɥɚɤɚɬɨɜ ɢ ɡɧɚɤɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɡɚɩɢɪɚɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ ɩɪɢɜɨɞɨɜ; 

4. ɡɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɱɥɟɧɨɜ ɛɪɢɝɚɞɵ ɜ ɨɬɧɨɲɟɧɢɢ ɩɨɪɚɠɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ. 

ɇɚɛɥɸɞɚɸɳɢɦ ɧɚɡɧɚɱɚɟɬɫɹ ɪɚɛɨɬɧɢɤ, ɢɦɟɸɳɢɣ ɝɪɭɩɩɭ ɧɟ ɧɢɠɟ III ɩɨ 
ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɑɥɟɧ ɛɪɢɝɚɞɵ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ 
ɧɚɫɬɨɹɳɢɯ ɉɪɚɜɢɥ, ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɢɧɫɬɪɭɤɬɢɜɧɵɯ ɭɤɚɡɚɧɢɣ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɞɨɩɭɫɤɟ ɤ ɪɚɛɨɬɟ ɢ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ. 

 
7.3 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ  

 

7.3.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ  

 
ȼɥɚɞɢɦɢɪɫɤɢɣ ɝɢɞɪɨɭɡɟɥ  ɪɚɫɩɨɥɨɠɟɧ ɜ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ  ɧɚ ɪɟɤɟ Ɍɨɤ 
Ɍɨɤ — ɪɟɤɚ ɜ Ɂɟɣɫɤɨɦ ɪɚɣɨɧɟ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ Ɋɨɫɫɢɢ, ɩɪɚɜɵɣ 

ɩɪɢɬɨɤ Ɂɟɢ. ɂɫɬɨɤ — ɧɚ ɫɟɜɟɪɧɵɯ ɫɤɥɨɧɚɯ ɯɪɟɛɬɚ Ɍɚɚɝɚ. ȼ ɜɟɪɯɧɟɦ ɬɟɱɟɧɢɢ 
ɯɚɪɚɤɬɟɪɧɚ ɦɧɨɝɨɥɟɬɧɢɦɢ ɧɚɥɟɞɹɦɢ. Ɇɢɧɢɦɚɥɶɧɵɣ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɣ ɪɚɫɯɨɞ-
4.89 ɤɭɛ.ɦ/c.Ɇɚɤɫɢɦɚɥɶɧɵɣ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɣ ɪɚɫɯɨɞ-1250 ɤɭɛ.ɦ/c.ɉɢɬɚɧɢɟ 
ɪɟɤɢ ɜ ɨɫɧɨɜɧɨɦ ɞɨɠɞɟɜɨɟ. Ʉɚɱɟɫɬɜɨ ɜɨɞɵ – ɩɢɬɶɟɜɚɹ. 

Ⱦɥɢɧɚ ɪɟɤɢ — 251 ɤɦ, ɩɥɨɳɚɞɶ ɟё ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ — 6420 ɤɦ², 
ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ – 6 ɦ, ɫɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɟɤɟ – 123 ɤɭɛ.ɦ/c. ɉɢɬɚɧɢɟ 
ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. ɋ ɦɚɹ ɩɨ ɨɤɬɹɛɪɶ ɩɨ ɪɟɤɟ ɩɪɨɯɨɞɢɬ 3-4 ɞɨɠɞɟɜɵɯ ɩɚɜɨɞɤɚ; 
ɜɵɫɨɬɚ ɢɯ 0.8-1.2 ɦ.  

Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɪɟɡɤɨ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɝɨɪɧɵɯ ɦɚɫɫɢɜɨɜ. Ɂɢɦɚ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɚɹ, ɯɨɥɨɞɧɚɹ ɫ ɨɛɢɥɢɟɦ ɨɫɚɞɤɨɜ. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ -1,5° ɞɨ -14° ɋ. ȼɟɫɧɚ ɤɨɪɨɬɤɚɹ. 
ɋɪɟɞɧɢɣ ɢɡ ɚɛɫɨɥɸɬɧɵɯ ɦɢɧɢɦɭɦɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ -40, -46° ɧɚ ɪɨɜɧɵɯ ɢ 
ɜɨɡɜɵɲɟɧɧɵɯ ɦɟɫɬɚɯ, -44, -48° ɧɚ ɭɱɚɫɬɤɚɯ ɫ ɩɨɧɢɠɟɧɧɵɦ ɪɟɥɶɟɮɨɦ. 
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ɉɪɢɪɨɞɚ ɪɚɣɨɧɚ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɭɧɢɤɚɥɶɧɚ. ɇɚ 
ɤɥɢɦɚɬ ɫɢɥɶɧɨ ɜɥɢɹɸɬ ɝɨɪɧɵɣ ɪɟɥɶɟɮ ɦɟɫɬɧɨɫɬɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɋɨɜɟɬɫɤɨ-Ƚɚɜɚɧɫɤɨɝɨ ɪɚɣɨɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɧɢɤɚɥɶɧɨɟ ɫɦɟɲɟɧɢɟ 
ɮɥɨɪ ɢ ɮɚɭɧ, ȼɫɟɝɨ ɧɚɫɱɢɬɵɜɚɟɬɫɹ 47 ɜɢɞɨɜ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 250 
ɜɨɞɨɩɥɚɜɚɸɳɢɯ ɢ ɨɤɨɥɨɜɨɞɧɵɯ ɩɬɢɰ,133 ɜɢɞɚ ɪɵɛ (130 ɩɪɟɫɧɨɜɨɞɧɵɯ).  
ɂɡ ɩɬɢɰ, ɨɛɢɬɚɸɳɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ, ɦɧɨɠɟɫɬɜɨ ɜɢɞɨɜ ɡɚɧɟɫɟɧɵ ɜ 
Ʉɪɚɫɧɭɸ ɤɧɢɝɭ ɊɎ. ɋɚɦɵɦɢ ɹɪɤɢɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɨɯɨɬɧɢɱɶɟ-
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɬɢɰ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɚɝɚɪɵ, ɤɚɡɚɪɤɢ, ɛɟɥɨɥɨɛɵɣ ɝɭɫɶ. 
ɋɪɟɞɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɢɧɬɟɪɟɫɧɵɦ ɜɢɞɨɦ ɹɜɥɹɟɬɫɹ ɟɧɨɬɨɜɢɞɧɚɹ ɫɨɛɚɤɚ. Ɂɜɟɪɶ 
ɢɡ ɫɟɦɟɣɫɬɜɚ ɫɨɛɚɱɶɢɯ, ɫ ɝɭɫɬɵɦ ɦɟɯɨɦ, ɩɨɯɨɠɢɦ ɩɨ ɨɤɪɚɫɭ ɧɚ ɟɧɨɬɚ. ȼ ɝɨɪɧɨɣ 
ɬɭɧɞɪɟ ɨɛɢɬɚɸɬ ɤɚɛɚɪɝɢ – ɪɟɞɤɢɣ ɜɢɞ, ɡɚɧɟɫɟɧɧɵɣ ɜ Ʉɪɚɫɧɭɸ Ʉɧɢɝɭ. Ɏɥɨɪɚ 
ɧɚɫɱɢɬɵɜɚɟɬ ɛɨɥɟɟ 2000 ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ, 21 ɜɢɞ ɡɚɧɟɫɟɧ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ. ɇɚ 
ɬɟɪɪɢɬɨɪɢɢ ɟɫɬɶ ɤɚɤ ɸɠɧɵɟ ɪɚɫɬɟɧɢɹ, ɬɚɤ ɢ ɫɟɜɟɪɧɵɟ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɬɪɢ 
ɪɚɫɬɢɬɟɥɶɧɵɟ ɡɨɧɵ: ɬɚɣɝɚ, ɯɜɨɣɧɨ- ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɟ ɥɟɫɚ, ɥɟɫɨɫɬɟɩɢ. 

ȼɨɞɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɟɤɢ Ɍɨɤ ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ ɜɢɞɚɦɢ: Ʉɚɥɭɝɚ, Ɂɦɟɟɝɨɥɨɜ, 
ɋɚɡɚɧ ɢ ɬ.ɞ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɢɤɚɡɨɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɩɨ ɪɵɛɨɥɨɜɫɬɜɭ 
ɨɬ 17.09.2009 № 818 «Ɉɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɤɚɬɟɝɨɪɢɢ  ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 
ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɛɵɱɢ (ɜɵɥɨɜɚ) ɜɨɞɧɵɯ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɨɛɢɬɚɸɳɢɯ ɜ ɧɢɯ ɢ ɨɬɧɟɫɟɧɧɵɯ ɤ ɨɛɴɟɤɬɚɦ 
ɪɵɛɨɥɨɜɫɬɜɚ» ɪɟɤɚ Ɍɨɤ  ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɞɧɨɦɭ 
ɨɛɴɟɤɬɭ I ɤɚɬɟɝɨɪɢɢ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɢ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ ɫɛɪɨɫ ɫɬɨɱɧɵɯ  
ɜɨɞ ɜ ɪ. Ɍɨɤ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ  ɜɟɳɟɫɬɜ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

ȼɨɡɞɟɣɫɬɜɢɟ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ 
ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

 
7.3.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ  
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɢɞɵ ɪɚɛɨɬ: 
– ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
– ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
– ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
– ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
– ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
– ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
– ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 
ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
− ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 

ɢɡɦɟɧɟɧɢɹ;  
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− ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 
ɬɟɪɪɢɬɨɪɢɢ;  

− ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  
− ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɛɪɚɳɟɧɢɟ ɫ ɨɬɯɨɞɚɦɢ; 
− ɨɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɫɬɨɹɧɢɟɦ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ;  
− ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 
ȼɥɚɞɢɦɢɪɫɤɚɹ Ƚɗɋ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɜɢɞɟ 

ɢɡɦɟɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: 
1. ɉɨɜɵɲɟɧɢɟ ɜɥɚɠɧɨɫɬɢ; 
2. ɂɡɦɟɧɟɧɢɹ ɜɟɬɪɨɜɨɝɨ ɪɟɠɢɦɚ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ; 
3. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢ ɥɟɞɹɧɨɝɨ ɪɟɠɢɦɨɜ ɜɨɞɨɫɬɨɤɚ. 
ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɜ ɪɚɣɨɧɟ 

ɝɢɞɪɨɭɡɥɚ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɢ ɠɢɡɧɢ 
ɠɢɜɨɬɧɵɯ. 

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ: 

1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɟɠɢɦɨɜ;  

2.   ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɧɚɧɨɫɨɜ;  
3. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɜɨɞɵ ɪɟɤɢ Ɍɨɤ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɜɨɞɨɟɦɚ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɟɱɧɨɣ ɬɢɩ 
ɷɤɨɫɢɫɬɟɦɵ ɢɡɦɟɧɢɬɫɹ ɧɚ ɨɡɟɪɧɵɣ. 

ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ: 

− ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  
− ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  
− ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  
− ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɬɚɦɩɨɧɚɠ ɫɤɜɚɠɢɧ. 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ 

ɩɭɧɤɬɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɬɨɩɥɟɧɢɹ, ɛɟɪɟɝɨɨɛɪɭɲɟɧɢɹ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

– ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ 
ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ; 

– ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ; 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɫɜɹɡɚɧɨ 
ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 
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7.3.3 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ  

 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 

ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: 

1. Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ. Ʉɨɞ 
ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 82220101215 (ɪɟɞ. ɨɬ 16.08.2016)): 

 M = ୒∙୯ଵ଴଴% ∙ ɏ,  (7.1)  

 
ɝɞɟ N- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 ; q- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ; ɏ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3. 

 M = ୒∙୯ଵ଴଴ ∙ ɏ = ସଽହଷଶଶ ∙ଵ,଼ଵ଴଴ ∙ ʹ,ͷ = ʹʹʹͺͻ ˕  

 
2. Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ. Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 46101001205 
(ɪɟɞ. ɨɬ 16.08.2016)): 

 M = ୒∙୯ଵ଴଴% ∙ ɏ = ଼ହ∙ଵ,଴ଵ଴଴ ∙ ʹ,Ͳ = ͳ,͹ ˕,  (7.2)  

 
ɝɞɟ N- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ; q- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, %; ɏ- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3; 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 3833,1 ɬ ɥɨɦɚ 

ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 1,7 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ 
ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ.  

7.3.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 
ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ  

 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
1) ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
2) ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ-

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

3) Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɬɟɤɭɳɢɯ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
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4) ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

1. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
2. Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
3. Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
4. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɤɦ ɨɬ Ƚɗɋ ɩɥɚɧɢɪɭɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 

ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ, ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ (ɜɵɛɪɨɫɵ ɜ 
ɚɬɦɨɫɮɟɪɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ) ɢ ɮɢɡɢɱɟɫɤɢɯ (ɲɭɦ, 
ɢɧɮɪɚɡɜɭɤ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ) ɮɚɤɬɨɪɨɜ. Ɍɚɤɠɟ ɬɪɟɛɭɟɬɫɹ 
ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ɍɨɤ ɨɬ ɫɛɪɨɫɨɜ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ. 

 
7.3.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ 
 
ɋɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢɨɛɪɟɬɚɟɬ ɨɫɨɛɨɟ 

ɡɧɚɱɟɧɢɟ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜ ɨɫɜɨɟɧɢɟ ɜɨɜɥɟɤɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɨ ɩɥɨɳɚɞɢ 
ɬɟɪɪɢɬɨɪɢɹ, ɦɨɡɚɢɱɧɚɹ ɢ ɤɨɧɬɪɚɫɬɧɚɹ ɜ ɥɚɧɞɲɚɮɬɧɨɦ ɨɬɧɨɲɟɧɢɢ, ɬ.ɟ. 
ɧɟɨɞɧɨɪɨɞɧɚɹ ɩɨ ɭɫɥɨɜɢɹɦ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɚɦɨɨɱɢɳɟɧɢɹ ɩɪɢɪɨɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ. Ɉɰɟɧɤɚ ɩɨɬɟɧɰɢɚɥɚ "ɫɚɦɨɨɱɢɳɟɧɢɹ" ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɯ ɫɢɫɬɟɦ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɪɚɜɧɟɧɢɢ ɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɟɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ 
ɜ ɩɪɢɪɨɞɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɟɯɚɧɢɱɟɫɤɨɟ ɪɚɫɫɟɢɜɚɧɢɟ ɩɪɢɦɟɫɟɣ, ɢɯ ɯɢɦɢɱɟɫɤɨɟ ɢ 
ɮɢɡɢɱɟɫɤɨɟ ɩɪɟɜɪɚɳɟɧɢɟ. 

ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɪɚɫɫɟɢɜɚɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɳɟɫɬɜ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɞɥɟɠɚɬ ɩɟɪɜɨɨɱɟɪɟɞɧɨɣ ɨɰɟɧɤɟ, ɩɨɫɤɨɥɶɤɭ ɧɚɢɛɨɥɶɲɢɣ 
ɭɳɟɪɛ ɩɪɢɪɨɞɟ ɢ ɡɞɨɪɨɜɶɸ ɧɚɫɟɥɟɧɢɹ ɧɚɧɨɫɢɬ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɦɟɪɨɩɪɢɹɬɢɹ: 

– ɭɤɪɵɬɢɟ ɫɵɩɭɱɢɯ ɝɪɭɡɨɜ ɜɨ ɢɡɛɟɠɚɧɢɟ ɫɞɭɜɚɧɢɹ ɢ ɩɨɬɟɪɶ ɩɪɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɢɫɩɪɚɜɧɨɝɨ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɟ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɞɟɪɠɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɨɬɪɚɛɨɬɚɧɧɵɯ ɝɚɡɚɯ; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ, ɩɵɥɟɭɥɚɜɥɢɜɚɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɝɢɞɪɨɨɛɟɫɩɵɥɟɜɚɧɢɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɢ ɛɟɬɨɧɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ. 
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8 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ  
 

8.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  
 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɨɞɢɦɵɟ ɪɚɛɨɬɟ, ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɪɟɤɟ Ɍɨɤ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 109 Ɇȼɬ, ɚ ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 4000 ɱ. 
ɗɥɟɤɬɪɢɱɟɫɬɜɨ ɜɵɞɚɟɬɫɹ ɜ ɡɨɧɟ Ɉɗɋ ȼɨɫɬɨɤɚ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɨɜ, 
ɤɨɬɨɪɵɟ ɨɯɜɚɬɵɜɚɸɬ ɛɨɥɶɲɨɣ ɫɩɟɤɬɪ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɪɚɛɨɬ, ɧɚɱɢɧɚɹ ɫɨɡɞɚɧɢɟɦ 
ɤɨɬɥɨɜɚɧɚ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.1. 
 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2026 2027 2028 2029 2030 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ 

Ɇȼɬ 29 109,2 109,2 109,2 109,2 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɡɚ ɝɨɞ 
Ɇȼɬ·ɱ 9665,12 36400,0 36400,0 36400,0 36400,0 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 

ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 

ɧɭɠɞɵ 

Ɇȼɬ·ɱ 96,65 364,0 364,0 364,0 364,0 

Ɉɛɴɟɦ 
ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɡɚ ɝɨɞ 

ʛȼɬ·ɱ 9568,48 36036,0 36036,0 36036,0 36036,0 

Ɍɚɪɢɮ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɪɭɛ/Ɇȼɬ·ɱ 1175.00 1206.00 1235.00 1262.00 1289.00 

ȼɵɪɭɱɤɚ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ 11,24 43,46 44,5 45,48 46,45 

  
Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɨɛɴɟɦɟ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜɵɪɭɱɤɚ ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ, ɩɨɬɨɦɭ ɱɬɨ ɭɦɟɧɶɲɚɸɬɫɹ ɡɚɬɪɚɬɵ 
ɧɚ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɬɚɤɠɟ ɩɨɜɵɲɚɟɬɫɹ ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. Ɂɧɚɱɢɬ, 
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ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɜɫɟ ɛɵɫɬɪɟɟ ɨɤɭɩɚɟɬɫɹ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɜɨɸ 
ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ. 

 
8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ  

 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 

«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ. Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨɫɱɢɬɚɧɵ ɫ ɭɱёɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɰɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɨɝɧɨɡɨɜ 
ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɷɬɚɩ ɠɢɡɧɢ ɩɪɨɟɤɬɚ ɤɨɦɩɚɧɢɢ ɈȺɈ 
«ɊɭɫȽɢɞɪɨ», ɚ ɬɚɤɠɟ ɜɫɟɦ ɞɨɱɟɪɧɢɦ ɨɪɝɚɧɢɡɚɰɢɹɦ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ 
ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ 
ɪɚɫɱёɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɜɥɢɹɸɬ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ, ɬɚɤ ɤɚɤ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
– ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
– ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
– ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
– ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; 
– ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
– ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 0,08%. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, ɢ 

ɬ.ɞ.) Ƚɗɋ ɨɩɪɟɞɟɥɹɟɦ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. ɋɜɟɞɟɦ ɢɯ ɜ ɬɚɛɥɢɰɭ 
8.2. 

 
Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇȼɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 7,4 

ɉɪɨɱɢɟ 274,0 7,9 

ɂɬɨɝɢ ɩɨ Ƚɗɋ  15,3 
  

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ, 
ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ  
ɗɬɚɩ ɩɪɨɟɤɬɚ, ɝɨɞ ȼɟɥɢɱɢɧɚ, % 

Ɉɬ 1 ɞɨ 5  
Ɉɬ 6 ɞɨ 15  
Ɉɬ 16 ɞɨ 25  

  
ɍɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɚ ɬɚɤɠɟ 
ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.4 ɢ 8.5. 
 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇȼɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ ȿɗɋ» 135,38  3,92 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 
ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 , ɬɵɫ.ɪɭɛ/Ɇȼɬ·ɱ 

0,65 
ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 

ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇȼɬ·ɱ 
0,187 

ɂɬɨɝɨ  4,76 
 
Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2025 2026 2027 2028 2029 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, 

ɦɥɧ.ɪɭɛ 
52,456 67,579 69,49 94,40 94,40 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ 20,498 25,28 25,78 33,75 32,84 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ 15,34 153,73 57,79 57,79 57,79 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ 

1,28 1,58 2,42 3,16 3,08 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ 

4,76 16,12 16,12 16,12 16,12 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ 2,57 4,40 4,52 4,52 4,52 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ 96,91 172,75 176,11 209,73 208,74 

  
Ɂɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɡɚ ɩɟɪɜɵɣ ɝɨɞ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɩɟɪɢɨɞɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɨɜ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɧɭɠɞɵ, 
ɬɚɤ ɤɚɤ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ȼ ɞɚɥɶɧɟɣɲɢɟ ɱɟɬɵɪɟ ɝɨɞɚ ɪɚɫɯɨɞɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɬɪɚɯɨɜɚɧɢɹ ɢ 
ɪɟɦɨɧɬɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɩɨɫɤɨɥɶɤɭ ɫɬɨɢɦɨɫɬɶ ɢɦɭɳɟɫɬɜɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɡɚɤɭɩɚɟɬɫɹ ɢ ɦɨɧɬɢɪɭɟɬɫɹ ɧɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɞɤɥɸɱɚɟɬɫɹ 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ). 

Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɟɪɢɨɞ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 
8.1. 
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Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 

8.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ  

 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɨɤɚɡɵɜɚɸɬ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ. ɇɚɥɨɝɨɨɛɥɨɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 
ɫɪɟɞɫɬɜɨɦ ɧɚɩɨɥɧɟɧɢɹ ɛɸɞɠɟɬɚ ɤɪɚɹ ɢ ɫɬɪɚɧɵ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ. 

Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
– ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
– ɇȾɋ – 20%; 
– ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
– ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
– ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 

 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.6. 
 
Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2029 2030 2031 2032 2033 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ 173,82 178,85 183,76 188,90 193,80 

ɇȾɋ, ɦɥɧ.ɪɭɛ 154,07 213,43 217,92 222,55 227,19 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ 40800 40800 40800 40800 40800 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ 75,87 73,79 71,71 69,64 67,56 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ 403,80 466,10 473,45 481,04 488,66 

 
Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɧɚɥɨɝɨɜɚɹ ɧɚɝɪɭɡɤɚ 

ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ). ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɫɯɨɞɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

54%

21%

16%

1%
5%

3%

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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8.4 Ɉɰɟɧɤɚ ɩɪɢɛɵɥɢ  
 

ɉɪɢɛɵɥɶ, ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ. Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 
Ɍɚɛɥɢɰɚ 8.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ  

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

     
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 585,37 977,29 1000,65 1024,21 1045,86 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 96,91 172,75 176,11 209,73 208,74 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 582,54 972,77 996,13 1019,69 1041,34 
EBIT(ɩɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), 

ɦɥɧ.ɪɭɛ. 484,35 847,74 867,48 847,71 871,43 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 

ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 89,21 169,55 173,50 169,54 174,29 
NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 395,14 678,19 693,98 678,16 697,15 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,0 20,0 20,0 20,0 20,0 

 
 Ɉɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫɜɹɡɚɧ ɫ 
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ, ɛɟɬɨɧɧɵɦɢ ɪɚɛɨɬɚɦɢ. Ɂɚɬɟɦ ɩɨɫɥɟ ɜɵɯɨɞɚ 
Ƚɗɋ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɪɚɫɬёɬ ɨɛɴёɦ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ, ɫɜɹɡɚɧ ɫ ɬɚɪɢɮɨɦ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɦɨɳɧɨɫɬɶɸ ɫɨɝɥɚɫɧɨ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ. 
 

8.5 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 

 
ɇɚ ɪɢɫɭɧɤɟ 8.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ Cash-Flow. 
 

 
Ɋɢɫɭɧɨɤ 8.3 – Ƚɪɚɮɢɤ Cash-Flow 
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ɉɨɥɭɱɟɧɢɟ ɩɪɢɛɵɥɢ
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ɇɚ ɪɢɫɭɧɤɟ 8.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɫ ɭɤɚɡɚɧɢɟɦ ɷɬɚɩɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɨɟɤɬɚ. ȼɢɞɧɨ, ɱɬɨ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ɨɬɪɢɰɚɬɟɥɶɧɵɣ, ɜ ɫɜɹɡɢ ɫ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɩɪɢɨɛɪɟɬɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋ ɜɜɨɞɨɦ ɜ ɪɚɛɨɬɭ ɩɟɪɜɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚɛɥɸɞɚɟɬɫɹ 
ɭɦɟɧɶɲɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɞɟɧɟɠɧɨɝɨ ɩɨɬɨɤɚ, ɬɚɤ ɤɚɤ ɧɚɱɢɧɚɟɬɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɋ ɜɜɟɞɟɧɢɟɦ ɜɬɨɪɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɜɵɣɞɟɬ ɧɚ ɩɪɨɟɤɬɧɭɸ ɦɨɳɧɨɫɬɶ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɛɨɥɶɲɢɟ 
ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɫɹ ɩɪɢɛɵɥɶ. ɋ ɫɟɪɟɞɢɧɵ 
2030 ɝɨɞɚ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɞɨɯɨɞɵ ɧɚɱɢɧɚɸɬ 
ɩɨɤɪɵɜɚɬɶ ɪɚɫɯɨɞɵ ɢ ɩɪɢɧɨɫɢɬɶ ɩɪɢɛɵɥɶ. 

ȼɩɥɨɬɶ ɞɨ ɫɟɪɟɞɢɧɵ 2024 ɝɨɞɚ ɩɪɨɟɤɬ ɧɟ ɩɪɢɧɨɫɢɬ ɩɪɢɛɵɥɶ, ɱɬɨ 
ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɛɨɥɶɲɢɦ ɜɥɨɠɟɧɢɟɦ ɫɪɟɞɫɬɜ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ (ɩɪɢɨɛɪɟɬɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɟɦ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɚ ɬɚɤɠɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ) 

Ʉ ɤɨɧɰɭ 2024 ɝɨɞɚ ɩɨ ɩɪɨɟɤɬɭ ɜɜɨɞɢɬɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɟɪɜɵɣ ɚɝɪɟɝɚɬ, 
ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɪɟɡɤɢɣ ɫɤɚɱɨɤ ɧɚ ɝɪɚɮɢɤɟ. ɂɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɪɚɮɢɤɚ ɩɨɫɥɟ 
2025 ɝɨɞɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɡɚɤɭɩɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɨɣ ɤ ɜɜɟɞɟɧɢɸ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɜɬɨɪɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. 

 
8.6 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ  
 
Ƚɥɚɜɧɚɹ ɰɟɥɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɤɚɡɱɢɤɚ. (ȼɵɞɟɪɠɤɚ ɢɡ ɉɪɢɥɨɠɟɧɢɹ ɤ 
ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ 
«ɊɭɫȽɢɞɪɨ» ɧɚ 2017–2042 ɝɝ.»). 

ɐɟɥɶɸ ɨɰɟɧɤɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɤ ɬɚɤɢɦ 
ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 

1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ (NPV); 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ (PI); 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ (PP). 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

ɫɥɟɞɭɸɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ: 
a) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 

ɪɚɡɪɚɛɨɬɤɟ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», 
ɭɬɜɟɪɠɞɟɧɧɵɯ ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ 
ɨɫɧɨɜɚɧɢɢ Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24-16-
1/20/113; 

b) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɪɚɡɪɚɛɨɬɤɟ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ 
ɫɬɚɞɢɢ ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» 
ɨɬ 31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24–16–1/20–
113. 

c) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – 
«ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.» 
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Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems. 

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 20 ɥɟɬ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɨɤɭ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɜ 1 ɤɜɚɪɬɚɥ 2022 ɝɨɞɚ. 
Ƚɟɨɩɨɥɢɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ, ɧɚɱɢɧɚɹ ɫ 24 ɮɟɜɪɚɥɹ 2022 ɝɨɞɚ ɜ ɩɪɨɟɤɬɟ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ. 

3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
8.7 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ  

 
Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬɪɚɠɟɧɚ ɜ ɩɨɤɚɡɚɬɟɥɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 

ɬɚɛɥɢɰɟ 8.8. 
 

Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ȼɥɚɞɢɦɢɪɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ɍɨɤ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – DPB, ɦɟɫ 114 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ. ɪɭɛ 305,46 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ 1,12 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ – IRR, % 13,26 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ. ɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ·ɱ 0,35 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/ɤȼɬ 88638,8 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɞɨɯɨɞ ɧɚ ɤɨɧɟɰ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ 

ɫɨɫɬɚɜɢɬ 305,46 ɦɥɧ. ɪɭɛ. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ ɦɨɦɟɧɬ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɟɤɬɚ – 0,35 ɪɭɛ./ɤȼɬ·ɱ,. 

ɉɨɤɚɡɚɬɟɥɶ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɱɬɨ 
ɝɨɜɨɪɢɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɜɥɨɠɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɫɦɨɝɭɬ ɨɤɭɩɢɬɶɫɹ ɢ ɭɜɟɥɢɱɢɬɶɫɹ ɧɚ 12 %. ɉɟɪɢɨɞ 
ɨɤɭɩɚɟɦɨɫɬɢ 114 ɦɟɫɹɰ. ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɭɞɟɥɶɧɵɟ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɧɚ ɩɪɢɟɦɥɟɦɨɦ ɭɪɨɜɧɟ. 

 
8.8 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ  

 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɵ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ ɱɚɫɬɶ 
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ɛɸɞɠɟɬɨɜ ɪɚɡɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.9. 

 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ 

Ƚɨɞ 2029 2030 2031 2032 2033 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 332,46 396,85 406,52 415,92 452,62 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 75,87 73,79 71,71 69,64 67,56 

ɇɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ, ɦɥɧ.ɪɭɛ 403,8 466,12 473,46 481,04 488,66 

  
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɨɛɟɫɩɟɱɢɬ ɪɟɝɭɥɹɪɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ 

ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɤɚɤ ɜ ɮɟɞɟɪɚɥɶɧɵɣ, ɬɚɤ ɢ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ Ⱥɦɭɪɫɤɨɣ 
ɨɛɥɚɫɬɢ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɨɤɚɠɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɤɚɤ ɧɚ 
ɪɚɡɜɢɬɢɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɪɟɝɢɨɧɚ – ɩɭɬɟɦ ɩɪɨɤɥɚɞɵɜɚɧɢɹ ɧɨɜɵɯ ɞɨɪɨɝ ɢ 
ɫɨɡɞɚɧɢɹ ɪɚɛɨɱɢɯ ɩɨɫɟɥɟɧɢɣ, ɬɚɤ ɢ ɧɚ ɧɚɫɟɥɟɧɢɟ ɪɟɝɢɨɧɚ – ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ 
ɪɚɛɨɱɢɯ ɦɟɫɬ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɬɚɧɰɢɢ.  

 
8.9 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 
Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ, ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ – ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ ɢɧɞɟɤɫɚ 
ɞɨɯɨɞɧɨɫɬɢ (PI) ɨɬ: 

1) ɇɚɥɨɝɨɜɨɣ ɫɬɚɜɤɢ. Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.4; 
2) Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ. Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.5; 
3) Ɉɛɴɟɦɚ ɫɛɵɬɚ. Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.6. 
 

 
Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɨɝɨɜɨɣ ɫɬɚɜɤɢ 
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Ƚɪɚɮɢɤ 8.4 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɧɚɥɨɝɨɜɨɣ ɫɬɚɜɤɢ ɜɟɞёɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ (PI). 
 

 
Ɋɢɫɭɧɨɤ 8.5 – PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

 
ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɢɦ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɧɚɥɨɝɨɜɨɣ ɫɬɚɜɤɢ ɜɟɞёɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ (PI). 
 

 
Ɋɢɫɭɧɨɤ 8.6 – PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɫɛɵɬɚ 

 
ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8.6 ɜɢɞɧɨ, ɱɬɨ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɢɦɟɟɬ ɩɪɹɦɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɨɛɴɟɦɚ ɫɛɵɬɚ. 
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9 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ 
 

9.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 
 

ȼ ɪɚɦɤɚɯ ɬɟɦɚɬɢɤɢ ɛɚɤɚɥɚɜɪɫɤɨɣ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ ɜ 
ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ.  

Ɋɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢɞɟɬ ɩɨ ɩɭɬɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɦɨɳɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢ 
ɰɟɧɬɪɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬ ɨɛɳɟɣ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ ɫɟɬɢ. ɉɪɢ ɷɬɨɦ 
ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɬɟɧɞɟɧɰɢɣ. 

1. Ɋɨɫɬ ɟɞɢɧɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ ɚɝɪɟɝɚɬɨɜ ɤɚɤ ɜɵɪɚɛɚɬɵɜɚɸɳɢɯ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɬɚɤ ɢ ɟɟ ɩɨɬɪɟɛɥɹɸɳɢɯ. ɋɟɝɨɞɧɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ, 
ɧɚɩɪɢɦɟɪ, ɞɨɫɬɢɝɚɟɬ ɩɨɪɹɞɤɚ 1200 Ɇȼɬ, ɦɨɳɧɨɫɬɶ ɤɪɭɩɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɢɡɦɟɪɹɟɬɫɹ ɬɚɤ ɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫɥɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧ 
ɨɛɥɚɞɚɥɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɡɚɩɚɫɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɜɵɯ 
ɞɟɣɫɬɜɢɣ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɄɁ). Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɜɢɞɭ 
ɬɟɧɞɟɧɰɢɣ ɧɚ ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɚ ɬɚɤɠɟ, ɫɨɩɭɬɫɬɜɭɸɳɢɯ 
ɪɚɫɯɨɞɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɚɤɨɣ ɡɚɩɚɫ ɫɜɟɞɟɧ ɤ 
ɦɢɧɢɦɭɦɭ, ɩɨɷɬɨɦɭ ɜɨɡɪɨɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪɵ ɩɨɜɪɟɠɞɟɧɢɣ ɦɚɲɢɧ.  

2. Ɋɨɫɬ ɧɚɩɪɹɠɟɧɢɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ. ȼ ɤɨɧɰɟ 80-
ɯ ɝɨɞɨɜ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɜɩɟɪɜɵɟ ɜ ɦɢɪɟ ɜɜɟɞɟɧɨ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɧɚɩɪɹɠɟɧɢɟ 1150 ɤȼ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɗɋ) ɢ ɭɜɟɥɢɱɢɜɚɬɶ ɩɟɪɟɞɚɜɚɟɦɵɟ ɦɨɳɧɨɫɬɢ. ɇɨ ɷɬɨ 
ɜɵɡɵɜɚɟɬ ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɥɢɧɢɹɯ ɬɚɤɨɝɨ 
ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ ɢ ɭɫɥɨɠɧɹɟɬ ɪɚɫɱɟɬ ɢ ɚɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

3. ɍɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɞɢɧɟɧɢɣ, Ʉɪɭɩɧɵɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɫɟɝɨɞɧɹ ɫɨɡɞɚɧɵ ɜɨ ɜɫɟɯ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɦɢɪɚ. 
Ɉɛɴɟɞɢɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɧɚ ɩɚɪɚɥɥɟɥɶɧɭɸ ɪɚɛɨɬɭ 
ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɧɨ 
ɜɦɟɫɬɟ ɫ ɬɟɦ ɡɚɬɪɭɞɧɹɟɬ ɢ ɭɫɥɨɠɧɹɟɬ ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ, ɭɜɟɥɢɱɢɜɚɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɬɹɠɟɥɵɯ ɫɢɫɬɟɦɧɵɯ ɚɜɚɪɢɣ. ɋɚɦɵɦ ɥɭɱɲɢɦ ɫɪɟɞɫɬɜɨɦ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɚɤɢɯ ɚɜɚɪɢɣ ɹɜɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɭɩɪɚɜɥɟɧɢɹ 
ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ, ɤɨɬɨɪɨɟ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ: ɨɩɟɪɚɬɢɜɧɨ-
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ. Ɉɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɥɚɦɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɞɟɠɭɪɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɤɨɬɨɪɵɣ 
ɧɟɩɪɟɪɵɜɧɨ ɤɨɧɬɪɨɥɢɪɭɟɬ ɪɟɠɢɦ ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɹ ɟɝɨ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ 
ɜɨɡɦɨɠɧɵɟ ɚɜɚɪɢɢ ɢ ɥɢɤɜɢɞɢɪɭɟɬ ɢɯ ɩɨɫɥɟɞɫɬɜɢɹ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɩɟɪɚɬɢɜɧɨ-
ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɩɨɥɧɨɬɵ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ ɜ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɧɨ ɢ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɧɨɪɦɚɥɶɧɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɨɜ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɨɬ 
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ɫɜɟɪɯɬɨɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɢ 
ɫɢɫɬɟɦɧɨɣ ɚɜɬɨɦɚɬɢɤɢ. 

4. Ɋɚɡɜɢɬɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɦɟɬɨɞɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦ. ɇɟɩɪɟɪɵɜɧɨɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɟɪɟɞɚɱɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɬɤɪɵɬɢɟɦ ɢ ɜɧɟɞɪɟɧɢɟɦ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɦɟɬɨɞɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ. ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɨɥɭɱɢɥɚ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ 
ɬɟɯɧɨɥɨɝɢɹ ɜɟɤɬɨɪɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ ɧɨɪɦɚɥɶɧɵɯ, ɬɚɤ ɢ 
ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ ɷɧɟɪɝɨɫɢɫɬɟɦ. ɇɨɜɚɹ ɤɨɧɰɟɩɰɢɹ ɪɚɡɜɢɬɢɹ ɗɗɋ, ɩɨɥɭɱɢɜɲɚɹ 
ɧɚɡɜɚɧɢɟ Smart Grid, ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦ ɩɭɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɜ ɢɧɬɟɪɚɤɬɢɜɧɵɟ (ɩɨɬɪɟɛɢɬɟɥɶ - ɨɩɟɪɚɬɨɪ). Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ 
ɩɪɟɨɞɨɥɟɬɶ ɩɪɟɩɹɬɫɬɜɢɹ ɜ ɪɚɡɜɟɪɬɵɜɚɧɢɢ ɷɮɮɟɤɬɢɜɧɨɣ ɢɧɬɟɝɪɚɰɢɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. Ɍɟɯɧɨɥɨɝɢɢ 
Smart Grid ɩɪɟɞɴɹɜɥɹɸɬ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɧɟ ɬɨɥɶɤɨ 
ɫɢɥɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɧɨ ɢ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ. 

ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ 
ɭɫɥɨɠɧɟɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ʉɪɨɦɟ ɧɚɡɜɚɧɧɵɯ ɫɭɳɟɫɬɜɭɟɬ 
ɪɹɞ ɞɪɭɝɢɯ ɬɟɧɞɟɧɰɢɣ: ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɪɨɫɬ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɪɨɜɧɟɣ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɞɪɭɝɢɟ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦ 
ɬɳɚɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
 

9.2 ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ  
 

ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤ 
ɞɪɭɝɨɦɭ. Ɉɧ ɜɨɡɧɢɤɚɟɬ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɪɢ ɜɫɹɤɨɦ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɚ 
ɪɚɛɨɬɵ: ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɜ ɩɟɪɜɢɱɧɨɣ ɢɥɢ 
ɜɬɨɪɢɱɧɨɣ ɫɟɬɢ ɢ ɬ.ɞ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ, ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɨɟ ɧɚɫɵɳɟɧɢɟ ɫɟɪɞɟɱɧɢɤɨɜ. Ɉɫɬɚɬɨɱɧɚɹ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɥɢ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɢɡɦɟɪɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɦɨɬɨɤ ɩɟɪɟɞ ɜɜɨɞɨɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɫɨɯɪɚɧɹɟɬɫɹ 
ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ. ɉɟɪɟɯɨɞɧɵɟ ɪɟɠɢɦɵ ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 
ɧɚɫɵɳɟɧɢɟɦ ɫɟɪɞɟɱɧɢɤɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɨɫɬɚɬɨɱɧɨɣ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɫɵɳɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɢɫɤɚɠɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ 
ɬɨɤɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤɚɤ ɤ ɧɟɫɟɥɟɤɬɢɜɧɨɣ ɪɚɛɨɬɟ ɊɁ, ɬɚɤ ɢ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɟɧɢɹ ɄɁ. 
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9.3 ɉɚɪɚɦɟɬɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɪɚɛɨɬɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 

Ɋɟɠɢɦ ɪɚɛɨɬɵ ɌɌ ɩɪɢ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɚɤ:  

1. Ʉɪɚɬɧɨɫɬɶ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ; 
2. ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ; 
3. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɫɟɪɞɟɱɧɢɤɚ ɫ ɭɱɟɬɨɦ ɨɫɬɚɬɨɱɧɨɣ 

ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ.  
ɇɨɦɢɧɚɥɶɧɚɹ ɩɪɟɞɟɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ, Ʉɧɨɦ – ɩɪɟɞɟɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ ɩɪɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ. 
ɉɪɟɞɟɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ – ɨɬɧɨɲɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ 

ɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 10%, ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɩɟɪɜɢɱɧɨɦɭ ɬɨɤɭ. ɉɪɟɞɟɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɞɥɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ 
ɡɚɳɢɬɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɢɫɬɟɦ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 

ɉɪɢ ɧɚɫɬɪɨɣɤɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɭɫɬɪɨɣɫɬɜ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɄɁ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ 
ɢɦɟɟɬ ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ, ɤɚɤ ɩɪɟɞɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɜ 
ɦɚɝɧɢɬɨɩɪɨɜɨɞɟ ɌɌ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɫɬɚɬɨɱɧɨɣ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ. ɉɨɞ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ (K୰) 
ɩɨɧɢɦɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ (Ψ୰) ɤ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɸ 
ɧɚɫɵɳɟɧɢɹ (Ψୱ ), ɜɵɪɚɠɟɧɧɨɟ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢɥɢ ɩɪɨɰɟɧɬɚɯ: B୰ (Ψ୰ ) – ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ (ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ); Bୱ (Ψୱ) – ɢɧɞɭɤɰɢɹ (ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ) ɧɚɫɵɳɟɧɢɹ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ.  

ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɚ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ ɢ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɫɧɨɜɧɵɦ ɨɬɥɢɱɢɟɦ ɜ ɫɬɚɧɞɚɪɬɚɯ 
ɡɚɤɥɸɱɚɟɬɫɹ ɥɢɲɶ ɜ ɬɨɦ, ɱɬɨ ɜ ɧɟɤɨɬɨɪɵɯ ɭɤɚɡɵɜɚɟɬɫɹ ɤɨɧɤɪɟɬɧɨɟ ɜɪɟɦɹ (3 ɦɢɧ.), 
ɩɨ ɢɫɬɟɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɬɨɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, ɚ ɜ ɢɧɵɯ ɜɪɟɦɹ ɧɟ 
ɨɩɪɟɞɟɥɟɧɨ. 

9.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ  
 

ɉɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɟɣ ɌɌ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɪɟɞɫɬɜ 
ɊɁɢȺ ɩɪɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɤɨɝɞɚ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɌɌ 
ɜɯɨɞɹɬ ɜ ɧɚɫɵɳɟɧɢɟ ɢ ɧɚɱɢɧɚɸɬ ɪɚɛɨɬɚɬɶ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɱɬɨ 
ɦɨɠɟɬ ɨɛɭɫɥɨɜɢɬɶ ɧɟɩɪɚɜɢɥɶɧɭɸ ɪɚɛɨɬɭ ɭɫɬɪɨɣɫɬɜ ɊɁɢȺ.         

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɌɌ, ɩɪɢɜɟɞёɧɧɭɸ ɧɚ ɪɢɫ. 9.1. ȼ ɩɪɨɫɬɟɣɲɟɦ ɢɫɩɨɥɧɟɧɢɢ 
ɌɌ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɟ ɨɛɦɨɬɤɢ, ɧɚɦɨɬɚɧɧɵɟ ɧɚ ɦɚɝɧɢɬɧɵɣ ɲɢɯɬɨɜɚɧɧɵɯ 
ɫɟɪɞɟɱɧɢɤ, ɜɵɩɨɥɧɟɧɧɵɣ ɢɡ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ ɫ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ S ɢ ɞɥɢɧɨɣ ɫɪɟɞɧɟɣ ɦɚɝɧɢɬɧɨɣ ɥɢɧɢɢ lɫɪ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɦɚɬɟɪɢɚɥ, 
ɢɡ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɟɧ ɫɟɪɞɟɱɧɢɤ, ɢɡɜɟɫɬɟɧ, ɬɨ ɟɫɬɶ ɢɡɜɟɫɬɧɚ ɟɝɨ ɨɫɧɨɜɧɚɹ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɦɚɝɧɢɬɧɨɣ 
ɢɧɞɭɤɰɢɢ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤ ɨɬ ɧɚɩɪɹɠёɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B = f(H).  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɧɨɜɧɨɣ ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɛɟɡ ɭɱёɬɚ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɹɜɥɹɟɬɫɹ ɨɞɢɧ ɢɡ ɤɥɸɱɟɜɵɯ ɞɨɩɭɳɟɧɢɣ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɌɌ, ɬɚɤ ɤɚɤ ɨɧ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɍɱёɬ ɜɥɢɹɧɢɹ ɹɜɥɟɧɢɹ 
ɝɢɫɬɟɪɟɡɢɫɚ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɦɟɫɬɨ ɝɥɭɛɨɤɨɟ 
ɧɚɫɵɳɟɧɢɟ ɫɟɪɞɟɱɧɢɤɨɜ, ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɫɧɨɜɧɚɹ ɤɪɢɜɚɹ 
ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: ɩɪɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɝɥɭɛɨɤɢɯ ɧɚɫɵɳɟɧɢɹɯ ɫɟɪɞɟɱɧɢɤɚ 
ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ ɫɬɨɥɶ ɭɡɤɚ, ɱɬɨ ɟɸ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ.  
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Ɋɢɫɭɧɨɤ 9.1 – ɋɯɟɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

 
9.4.1 Ɋɟɚɥɢɡɚɰɢɹ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɧɚ ɹɡɵɤɟ MatLab                             

 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɧɚ ɛɚɡɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
MatLab ɢ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink ɫɨɫɬɚɜɢɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɦɨɞɟɥɶ 
ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɩɪɢɦɟɪɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɉɅ-10. 

 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ: 
 
fs=10000 – ɒɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, Ƚɰ; 
t=Currents_G(:,1) –  Ɇɚɫɫɢɜ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫ; 
alpha=-90; - ɇɚɱɚɥɶɧɵɣ ɭɝɨɥ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ, 

ɝɪɚɞɭɫɵ; 
i1=Currents_G(:,4) – Ɇɚɫɫɢɜ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ, Ⱥ 

(ɢɦɢɬɢɪɭɟɬɫɹ ɬɨɤ ɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ ɡɚɞɚɧɧɨɣ ɤɪɚɬɧɨɫɬɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ  
ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɥɚɝɚɸɳɟɣ). 
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Ɇɚɫɫɢɜɵ ɞɚɧɧɵɯ ɜɪɟɦɟɧɢ ɢ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ ɜɡɹɬɵ 
ɢɡ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɦɨɞɟɥɢ ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 9.2, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɫɪɟɞɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞ «i1» ɩɨɧɢɦɚɟɬɫɹ ɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ 
ɱɟɪɟɡ ɩɟɪɜɭɸ ɝɪɭɩɩɭ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɣ ɫɬɨɪɨɧɟ. 

 

 
Ɋɢɫɭɧɨɤ 9.2 - Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɟɪɜɢɱɧɵɯ ɰɟɩɹɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɡɚɳɢɬɵ 

 
ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɌɌ ɢ ɟɝɨ ɧɚɝɪɭɡɤɢ: 
S=11.2e-4 – ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɟɪɞɟɱɧɢɤɚ, ɤɜ.ɦ; 
lcp=0.48 ɦ Ⱦɥɢɧɚ ɫɪɟɞɧɟɣ ɦɚɝɧɢɬɧɨɣ ɥɢɧɢɢ, ɦ; 
W1=2 – ɑɢɫɥɨ ɜɢɬɤɨɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ; 
W2=159 – ɑɢɫɥɨ ɜɢɬɤɨɜ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ; 
Robm=0.28 – Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ, Ɉɦ; 
Lobm=0.1/314 – ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ, Ƚɧ; 
Rload=0.01 - Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, Ɉɦ; 
Lload=0.001/314; ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, Ƚɧ. 
 
Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ: 

 
di1=diff(i1)*fs;                                                                                          (9.1) 

 
ɋɨɡɞɚɧɢɟ ɦɚɫɫɢɜɚ ɜɪɟɦɟɧɢ ɬɨɣ ɠɟ ɪɚɡɦɟɪɧɨɫɬɢ, ɱɬɨ ɢ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ 

'di1’, ɢ ɜ ɬɨɦ ɠɟ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ, ɱɬɨ ɢɦɟɟɬ ɦɚɫɫɢɜ 't': 
 

t2=linspace(t(1),t(end),length(di1));                                                          (9.2) 
  

ɋɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɫɭɦɦɚɪɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ: 
 

R_sum=Robm+Rload;                                                                               (9.3) 
L_sum=Lobm+Lload;                                                                                (9.4) 
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ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɢ ɡɧɚɱɟɧɢɹ 'ȼ' ɢ 'ɇ' ɦɨɝɭɬ ɩɪɢɨɛɪɟɬɚɬɶ ɤɚɤ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 'ȼ' ɢ 'ɇ', ɱɬɨ 
ɥɟɝɤɨ ɫɞɟɥɚɬɶ ɜ ɫɢɥɭ ɟё ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ, ɩɨɥɶɡɭɹɫɶ ɮɭɧɤɰɢɟɣ 'fliplr', ɦɟɧɹɸɳɟɣ 
ɩɨɪɹɞɨɤ ɫɥɟɞɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ: 
  

BB=[-fliplr(B(2:end)), B];                                                                         (9.5) 
 

ɍɱɢɬɵɜɚɬɶ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ ɦɚɫɫɢɜɚ 'ȼ' ɩɪɢ ɟɝɨ ɪɚɫɲɢɪɟɧɢɢ ɧɟ ɛɭɞɟɦ, ɬɚɤ 
ɤɚɤ ɨɧ ɪɚɜɟɧ ɧɭɥɸ, ɚɧɚɥɨɝɢɱɧɨ ɫɞɟɥɚɟɦ ɫ ɦɚɫɫɢɜɨɦ 'ɇ'. 
  

HH=[-fliplr(H(2:end)), H];                                                                        (9.6) 
  

Ɂɧɚɱɟɧɢɹ 'ȼ', ɜ ɤɨɬɨɪɵɯ ɦɵ ɯɨɬɢɦ ɞɨɨɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɸ 'ɇ': 
 

B_=-B(end):0.05:B(end);                                                                           (9.7) 
  

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɟɣ 'interp1'. ɇɚ ɜɯɨɞ ɮɭɧɤɰɢɢ ɩɨɞɚɸɬɫɹ 3 ɦɚɫɫɢɜɚ 
ɞɚɧɧɵɯ: ɡɧɚɱɟɧɢɹ ɏ ɢ Y ɢɫɯɨɞɧɨɣ ɮɭɧɤɰɢɢ, ɬɚɤɠɟ ɦɚɫɫɢɜ ɏ1, ɫɨɞɟɪɠɚɳɢɣ 
ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɧɚɞɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɟ % ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ Y(X). 
ɇɚ ɜɵɯɨɞɟ ɮɭɧɤɰɢɢ ɦɵ ɩɨɥɭɱɚɟɦ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ Y1 ɜ ɬɨɱɤɚɯ ɏ1.  
  

H_=interp1(BB,HH,B_,'PCHIP');                                                              (9.8) 
 

ɇɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɬɨɱɤɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɫ: 
 

ts=[t(1) t(end)];                                                                                          (9.9) 
  

ɂɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 'ode23t'. 
Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɦɚɫɫɢɜ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɣ 
ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ 'T' ɢ ɡɧɚɱɟɧɢɹ ɢɧɬɟɝɪɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ 'y'.  
  

[T,y]=ode23t('trans_eq',ts,y0,options);                                                    (9.10) 
  
Ɍɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ ɧɚɣɞёɦ ɫ ɩɨɦɨɳɶɸ 

ɢɧɬɟɪɩɨɥɹɰɢɢ ɤɭɛɢɱɟɫɤɢɦɢ ɩɨɥɢɧɨɦɚɦɢ: 
 
 di1_T=interp1(t2,di1,T,'PCHIP');                                                           (9.11) 
  
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ 'dB/dH' ɞɥɹ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ 'ȼ', ɞɥɹ 

ɱɟɝɨ ɱɢɫɥɟɧɧɨ ɜɨɡɶɦёɦ ɩɪɨɢɡɜɨɞɧɭɸ ɮɭɧɤɰɢɢ 'ȼ(ɇ)' c ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɲɚɝɨɦ 
'deltaB': 
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 deltaB=0.0002 - ɒɚɝ ɜɡɹɬɢɹ ɩɪɨɢɡɜɨɞɧɨɣ, Ɍɥ.                                   (9.12) 
 
 dH=interp1(BB,HH,(y(2)+deltaB),'PCHIP')-interp1(BB,HH,(y(2)-

deltaB),'PCHIP');                                                                                               (9.13) 
 
 mu_dif=(y(2)+deltaB)/dH-(y(2)-deltaB)/dH;                                         (9.14) 
  
 Ɂɚɩɢɫɵɜɚɟɦ ɩɪɚɜɵɟ ɱɚɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɮɨɪɦɟ Ʉɨɲɢ:  
 
di2=((di1_T*mu_dif*S*W1*W2/lcp)-

y(1)*R_sum)/(L_sum+(mu_dif*S*W2^2)/lcp);                                                (9.15) 
  
dB=mu_dif*(di1_T*W1-di2*W2)/lcp;                                                    (9.16) 
  
ȼɧɨɫɢɦ ɜ ɩɪɚɜɢɥɶɧɨɦ ɩɨɪɹɞɤɟ ɜ ɜɵɯɨɞɧɭɸ ɩɟɪɟɦɟɧɧɭɸ 'dy' ɩɪɚɜɵɟ ɱɚɫɬɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ: 
  
dy=[di2; dB];                                                                                           (9.17) 

  
Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.3 – 9.5. ɇɚ ɪɢɫɭɧɤɟ 9.3 

ɤɪɢɜɚɹ ɫɢɧɟɝɨ ɰɜɟɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɜɢɱɧɨɦɭ ɬɨɤɭ, ɩɪɢɜɟɞɟɧɧɨɦɭ ɤɨ 
ɜɬɨɪɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ, ɤɪɢɜɚɹ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ – ɜɬɨɪɢɱɧɨɦɭ ɬɨɤɭ. ɇɚ ɪɢɫɭɧɤɟ 
ɯɨɪɨɲɨ ɜɢɞɧɵ ɢɫɤɚɠɟɧɢɹ ɮɨɪɦɵ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɩɪɨɰɟɫɫɚ 
ɧɚɫɵɳɟɧɢɹ ɌɌ. 

 

 

Ɋɢɫɭɧɨɤ 9.3 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ 

 



139 
 

 

Ɋɢɫɭɧɨɤ 9.4 – ɂɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɫɵɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 9.5 – Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ ɌɌ 

9.5 Ɋɚɫɱёɬ ɯɨɞɚ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ  
 

ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 
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Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɛɚɡɨɜɵɟ ɧɨɦɢɧɚɥɶɧɵɟ 
ɬɨɤɢ ɡɚɳɢɬ ɝɟɧɟɪɚɬɨɪɚ. 

ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ:  
 𝐼 ˆሺଵሻ = 𝐼ሺଵሻ = 𝑆ːˑˏ√ଷ∙௎ːˑˏ                                                                                       (9.18) 

 𝐼 ˆሺଵሻ = 𝐼ሺଵሻ = ଵ଼଼,ଶ∙ଵ଴య√ଷ∙ଵ଼,଴ = ͸Ͳ͵͸,ͷʹ ʏ                                                                (9.19) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ (ɫɬɚɬɨɪɚ): 𝐼ʜʝʛ = ͸Ͳ͵͸,ͷʹ  ʏ. 
 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ 𝐼ʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

 𝐼ʜʐሺʜሻ = ʙʝʓʜ ∙ 𝑖݂ ∙ 𝐼ʜ,                                                                               (9.20)  
 
ɝɞɟ ʙʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

 𝐼ʜʐሺʜሻ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͸Ͳ͵͸,ͷʹ  = ͵Ͳʹ ʏ 
 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 𝐼ʠʟ.଴ ൒ 𝐾ʜ ∙ 𝐼ʜʐሺʜሻ,   

 
ɝɞɟ 𝐾ʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 𝐼ʠʟ.଴ ൒ ʹ ∙ ͵Ͳʹ = ͸ͲͶ ʏ  

 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ: 
 𝐼ʠʟ.ʝ = Ͳ,ͳͷ ∙ 𝐼ʜ                                                                                       (9.21) 
 𝐼ʠʟ.ʝ = Ͳ,ͳͷ ∙ ͸Ͳ͵͸,ͷʹ  = ͻͲͷ,ͷ ʏ  
 
ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɭɸ ɭɫɬɚɜɤɭ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ɫ 

ɬɨɤɨɦ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜɧɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ : 
 𝐼ʠʟ.ʝ ൒ 𝐼𝐾మሺଷሻ                                                                                               (9.22)              
 ͻͲͷ,ͷ ʏ ൑ ͻͻ͹,Ͷ ʏ  
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Ɋɚɛɨɬɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɫ ɞɚɧɧɨɣ ɭɫɬɚɜɤɨɣ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ 

ɧɟɫɟɥɟɤɬɢɜɧɨɟ ɨɬɤɥɸɱɟɧɢɟ. ȼɵɛɢɪɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɩɨɥɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɶɸ ɌɌ  − ͳͲ%:  

 𝐼𝐾మሺଷሻ ∙ ͳ,ͳ                                                                                                    (9.23)              
 ͻͻ͹,Ͷ ∙ ͳ,ͳ = ͳͲͻ͹,ͳͶ ʏ                                                                                               
 
Ɉɩɪɟɞɟɥɢɦ ɭɫɬɚɜɤɭ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ:  
 𝐼∗ʠʟ = 𝐼𝐾మሺଷሻ ˑ.ˈ. = 𝐼𝐾మሺయሻ𝐼ʜʝʛ                                                                                (9.24)              

 𝐼∗ʠʟ = 𝐼𝐾మሺଷሻ ˑ.ˈ. = ଵ଴ଽ଻,ଵସ ଺଴ଷ଺,ହଶ  = Ͳ,ͳͺʹ ˑ. ˈ..                                                                            

2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ 𝐾ʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ 𝐾ʡ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

 𝐼ʜʐሺʙʖሻ = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙ 𝐼ʛʏʙʠ,                                                             (9.25)          
 
ɝɞɟ  ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (Ͳ,ͷ − 
ɞɥɹ ɨɞɧɨɬɢɩɧɵɯ ɌɌ; ͳ,Ͳ − ɞɥɹ ɪɚɡɧɵɯ ɌɌ); 𝐼ʛʏʙʠ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ; 

 𝐼ʛʏʙʠ = 𝐸′̂′𝑥𝑑′′ ∙ 𝐼ʜ                                                                                         (9.26)              

ܧ  ′̂′ = √cos 𝜑ˆଶ + ሺsin 𝜑ˆ + 𝑥ௗ′′ሻଶ = √Ͳ,ͺͷଶ + ሺͲ,ͷ͵ + Ͳ,ʹʹሻଶ = ͳ,ͳ͵          
(9.27)                                                  
 𝐼ʛʏʙʠ = ଵ,ଵଷ଴,ଶଶ ∙ ͸Ͳ͵͸,ͷʹ  =  ͵ͳͲͲͷ,ͺ ʏ    

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
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 𝐼ʜʐሺʙʖሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͵ͳͲͲͷ,ͺ  = ͵ͳͲͲ,͸ ʏ  
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 

 𝐾ʡ >  𝐼ʜʐሺʙʖሻ∙𝐾ʜ𝐼ʡ                                                                                           (9.28)          

 
ɝɞɟ 𝐾ʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  𝐼ʡ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

 
ȼɵɩɨɥɧɢɦ ɪɚɫɱёɬ ɫ ɭɱёɬɨɦ ɬɨɤɚ ɬɨɪɦɨɠɟɧɢɹ. 
Ɍɨɤ ɬɨɪɦɨɠɟɧɢɹ ɜ ɪɟɠɢɦɟ ɩɪɨɬɟɤɚɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɫɤɜɨɡɧɵɯ ɬɨɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
 Iʡ = √I˔ˍ˅ሺ୫ୟ୶ሻ ∙ (I˔ˍ˅ሺ୫ୟ୶ሻ − Iʜʐሺʙʖሻ) ∙ cos Ƚ,                                       (9.29)          

 
ɝɞɟ Ƚ − ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɬɨɤɨɜ ɩɥɟɱ ɡɚɳɢɬɵ; ɜ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱёɬɚɯ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɨɬ ͳͲ° ɞɨ ʹͲ°; 
 I୏భሺଷሻ = ଵ,଴଼଴,ଶଶ ∙ ͸,Ͳ͵͸  = ʹͻ,͸͵ ˍʏ  

 

 I˔ˍ˅ሺ୫ୟ୶ሻ = I୏భሺଷሻ = ʹͻ͸͵Ͳ  ʏ 
 Iʡ = √ʹͻ͸͵Ͳ ∙ ሺʹͻ͸͵Ͳ − ͵ͳͲͲ,͸ሻ ∙ cos ͳͲ° = ʹ͹ͺʹ͵,ͳ ʏ  

 
Ɍɨɝɞɚ Kʡ: 
 Kʡ > ଷଵ଴଴,଺∙ଶ,଴ଶ଻଼ଶଷ,ଵ = Ͳ,ʹʹ ≈ Ͳ,ʹ  

 Kʡ > Ͳ,ʹ   
 
ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɹ, ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Kʡ = Ͳ,ͷ. 
 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ: 
 Iʜʡ = ୍∗ʠʟ୏ʡ                                                                                                   (9.30)          

 Iʜʡ = ଴,ଵ଼ଶ଴,ହ = Ͳ,͵͸Ͷ ˑ. ˈ.   
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4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ B ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ B ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 

 B ൒ ୍∗ʠʟ୏ʡ                                                                                                      (9.31)  

 B ൒ ଴,ଷ଼଴,ହ = Ͳ,͵͸Ͷ   

 
ɉɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ B = ͳ,Ͳ. 
 
ɇɚ ɪɢɫɭɧɤɟ 9.5 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 9.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
 

9.6 Ⱥɧɚɥɢɡ ɪɚɛɨɬɵ 
 

ɇɚ ɛɚɡɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Matlab ɪɟɚɥɢɡɨɜɚɧɚ ɦɨɞɟɥɶ ɨɞɧɨɮɚɡɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ, 
ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɟɥɢ ɌɌ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɟɝɨ ɩɚɪɚɦɟɬɪɵ, ɚ ɬɚɤɠɟ 
ɤɪɢɜɭɸ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɫɬɚɥɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɧɟɢɡɜɟɫɬɧɚ. Ɉɞɧɚɤɨ ɨɧɚ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ȼȺɏ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɢɥɢ ɫɧɹɬɚ ɧɚ ɫɚɦɨɦ ɌɌ. 

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɨɬɟɤɚɸɳɢɯ ɬɨɤɨɜ ɢ 
ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.  
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ȼ ɦɨɞɟɥɢ ɪɟɚɥɢɡɨɜɚɧɨ ɜɚɠɧɨɟ ɫɜɨɣɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ – ɧɚɫɵɳɟɧɢɟ 
ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ. Ɉɧɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɢɫɤɚɠɟɧɢɹ ɮɨɪɦɵ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ ɩɪɢ 
ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɢ ɩɪɢ ɬɨɤɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɚɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, ɱɬɨ 
ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɧɟɤɨɪɪɟɤɬɧɭɸ ɪɚɛɨɬɭ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ 
ɚɜɬɨɦɚɬɢɤɢ. 

ɉɨɫɬɪɨɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 
ɝɟɧɟɪɚɬɨɪɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ȼɥɚɞɢɦɢɪɫɤɢɣ ɝɢɞɪɨɭɡɟɥ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚ ɪɟɤɟ Ɍɨɤ.  
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɟ ɧɚɪɭɲɚɟɬ ɷɤɨɥɨɝɢɱɟɫɤɨɟ 

ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɟɝɢɨɧɟ ɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɞɟɲɟɜɭɸ, "ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɭɸ" 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɪɟɡɤɨ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɝɨɪɧɵɯ ɦɚɫɫɢɜɨɜ. Ɂɢɦɚ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɚɹ, ɯɨɥɨɞɧɚɹ ɫ ɨɛɢɥɢɟɦ ɨɫɚɞɤɨɜ.  

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ -1,5° 
ɞɨ -14° ɋ. ȼɟɫɧɚ ɤɨɪɨɬɤɚɹ. ɋɪɟɞɧɢɣ ɢɡ ɚɛɫɨɥɸɬɧɵɯ ɦɢɧɢɦɭɦɨɜ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɡɞɭɯɚ -40°, -46° ɧɚ ɪɨɜɧɵɯ ɢ ɜɨɡɜɵɲɟɧɧɵɯ ɦɟɫɬɚɯ, -44°, -48° ɧɚ ɭɱɚɫɬɤɚɯ ɫ 
ɩɨɧɢɠɟɧɧɵɦ ɪɟɥɶɟɮɨɦ. 

ȼ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ ɡɚɥɟɝɚɸɬ ɬɜёɪɞɵɟ ɝɨɪɧɵɟ 
ɩɨɪɨɞɵ, ɚ ɢɦɟɧɧɨ – ɝɪɚɧɢɬɵ. Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɨɩɬɢɦɚɥɶɧɵɦɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ ɞɜɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɫ ɪɚɞɢɚɥɶɧɨ–ɨɫɟɜɵɦɢ 
ɬɭɪɛɢɧɚɦɢ ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 4ɦ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ 
ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ: 

– ɦɚɤɫɢɦɚɥɶɧɵɣ Hmax = 57,45 ɦ; 
 ɪɚɫɱɟɬɧɵɣ Hɪɚɫɱ =47,3 ɦ; 
 ɦɢɧɢɦɚɥɶɧɵɣ Hmin = 39,7 ɦ. 
ȼ ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɧɰɢɩ 

ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ. ȼ ɫɨɫɬɚɜ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɯɨɞɹɬ 
ɫɥɟɞɭɸɳɢɟ ɫɨɨɪɭɠɟɧɢɹ:  

 Ʌɟɜɨɛɟɪɟɠɧɚɹ ɤɚɦɟɧɧɨ-ɡɟɦɥɹɧɚɹ ɩɥɨɬɢɧɚ ɫ ɹɞɪɨɦ; 
 Ȼɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ; 
 Ƚɥɭɯɚɹ ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
 Ɋɭɫɥɨɜɚɹ ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
 Ɂɞɚɧɢɟ Ƚɗɋ; 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɥɢɹɧɢɟ ȼɥɚɞɢɦɢɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɫɨɰɢɚɥɶɧɨ - 

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɪɟɤɢ Ɍɨɤ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɞɟɮɢɰɢɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɍɚɤ ɠɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 
ɢ ɫɨɰɢɚɥɶɧɭɸ ɫɮɟɪɭ ɪɟɝɢɨɧɚ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

 

 

Ɋɢɫɭɧɨɤ Ⱥ.1 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɬ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ 
ɪɚɫɯɨɞɨɜ 

 
Ɍɚɛɥɢɰɚ Ⱥ.2 – Ɋɚɫɱɟɬɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ ɪɟɤɢ Ɍɨɤ ɜ ɫɬɜɨɪɟ 
ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ ɫ 1938 ɩɨ 1978 ɝɨɞ 

№ɩ/
ɩ Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII 

Qɫɪ. 
ɝɨɞ 

1 1938 17 14 15 61 212 176 168 28 18 22 22 11 64 
2 1939 6 5 5 58 387 169 236 43 37 62 32 15 88 
3 1940 10 7 8 149 189 215 252 54 27 34 17 12 81 
4 1941 10 10 8 16 300 313 319 36 26 28 24 15 92 
5 1942 12 8 6 38 648 326 152 28 27 80 55 24 117 
6 1943 19 13 11 73 156 143 158 64 43 52 63 23 68 
7 1944 17 16 13 91 556 184 182 129 77 72 59 29 119 
8 1945 20 17 16 36 526 211 126 280 217 182 85 57 148 
9 1946 43 30 25 89 1250 289 211 88 39 48 47 26 182 
10 1947 23 21 17 93 300 351 283 40 48 83 38 26 110 
11 1948 17 16 15 45 184 199 141 69 119 75 46 23 79 
12 1949 17 15 14 87 415 336 219 31 34 32 21 17 103 
13 1950 16 16 16 90 495 415 295 85 88 74 63 30 140 
14 1951 23 21 21 315 329 193 172 79 200 86 75 41 130 
15 1952 25 22 37 183 343 219 264 57 44 42 32 20 107 
16 1953 17 13 11 37 283 224 259 36 51 50 26 19 86 
17 1954 16 16 16 76 404 372 410 54 48 45 32 21 126 
18 1955 19 13 12 236 322 260 138 68 88 63 38 18 106 
19 1956 8 7 9 60 215 169 134 113 103 76 85 37 85 
20 1957 24 24 24 205 420 259 134 81 47 50 33 19 110 
21 1958 18 11 10 122 477 504 627 445 178 104 52 27 215 
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Ɍɚɛɥɢɰɚ Ⱥ.3 – Ⱦɚɧɧɵɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɢɯ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɪɟɤɢ 

Ƚɨɞɵ 
Q, 

ɦ3/ɫɟɤ № ɩ/ɩ Ƚɨɞɵ 

  

Ʉ-1 (Ʉ-1)2 (Ʉ-1)3 Ɋ, % 

1938 64 1 1958 215 1,74 0,74 0,559 0,418 1,691 
1939 88 2 1968 208 1,69 0,69 0,478 0,330 4,106 
1940 81 3 1959 206 1,67 0,67 0,455 0,307 6,522 
1941 92 4 1967 201 1,63 0,63 0,402 0,255 8,937 
1942 117 5 1960 185 1,50 0,50 0,254 0,128 11,353 
1943 68 6 1975 182 1,48 0,48 0,230 0,110 13,768 
1944 119 7 1946 182 1,48 0,48 0,230 0,110 16,184 
1945 148 8 1976 165 1,34 0,34 0,117 0,040 18,599 
1946 182 9 1961 156 1,26 0,26 0,072 0,019 21,014 
1947 110 10 1969 154 1,25 0,25 0,064 0,016 23,430 
1948 79 11 1963 148 1,20 0,20 0,041 0,008 25,845 
1949 103 12 1945 148 1,20 0,20 0,041 0,008 28,261 
1950 140 13 1974 146 1,18 0,18 0,035 0,007 30,676 
1951 130 14 1950 140 1,13 0,13 0,019 0,003 33,092 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.2 
№ɩ/

ɩ Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII 
Qɫɪ. 
ɝɨɞ 

22 1959 27 25 24 243 758 648 227 116 223 83 61 36 206 
23 1960 21 17 15 104 453 390 487 397 126 93 77 39 185 
24 1961 30 20 21 182 380 586 309 101 43 96 65 35 156 
25 1962 26 17 20 126 424 295 205 105 48 89 56 38 121 
26 1963 21 16 19 143 577 632 181 60 43 36 26 18 148 
27 1964 14 14 17 63 166 156 106 56 52 51 29 20 62 
28 1965 16 15 15 73 343 163 90 66 39 26 20 14 73 
29 1966 6 6 7 59 130 128 141 58 50 56 40 23 55 
30 1967 13 10 15 64 344 489 389 218 320 343 144 68 201 
31 1968 35 24 23 31 937 385 321 157 205 194 123 60 208 
32 1969 39 26 25 167 733 241 175 99 163 96 50 37 154 
33 1970 33 26 24 75 392 327 257 70 92 136 80 42 129 
34 1971 30 26 25 137 266 176 217 95 47 54 51 37 97 
35 1972 28 25 24 161 436 221 212 111 150 164 81 47 138 
36 1973 33 24 27 53 278 201 229 82 110 64 158 56 110 
37 1974 32 25 27 111 687 334 199 145 60 68 35 30 146 
38 1975 25 18 20 168 456 358 342 138 230 283 90 51 182 
39 1976 29 27 30 84 413 334 411 91 173 282 68 32 165 
40 1977 27 24 22 98 159 133 140 115 100 70 33 21 78 
41 1978 23 22 23 48 254 218 259 57 50 53 36 23 89 

۹ = ۿ ˓˔ۿۿ ˍ˖˄. ܋ˏ  



151 
 

 

 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.3 

Ƚɨɞɵ 
Q, 

ɦ3/ɫɟɤ № ɩ/ɩ Ƚɨɞɵ 
  

Ʉ-1 (Ʉ-1)2 (Ʉ-1)3 Ɋ, % 

1952 107 15 1972 138 1,12 0,12 0,015 0,002 35,507 
1953 87 16 1951 130 1,05 0,05 0,003 0,000 37,923 
1954 126 17 1970 129 1,04 0,04 0,002 0,000 40,338 
1955 106 18 1954 126 1,02 0,02 0,001 0,000 42,754 
1956 85 19 1962 121 0,98 -0,01 0,000 0,000 45,169 
1957 110 20 1944 119 0,96 -0,03 0,001 0,000 47,585 
1958 215 21 1942 117 0,95 -0,04 0,002 0,000 50,000 
1959 206 22 1957 110 0,90 -0,10 0,011 -0,001 52,415 
1960 185 23 1947 110 0,90 -0,10 0,011 -0,001 54,831 
1961 156 24 1973 110 0,90 -0,10 0,011 -0,001 57,246 
1962 121 25 1952 107 0,87 -0,13 0,017 -0,002 59,662 
1963 148 26 1955 106 0,86 -0,13 0,019 -0,003 62,077 
1964 62 27 1949 103 0,83 -0,16 0,026 -0,004 64,493 
1965 73 28 1971 97 0,78 -0,21 0,045 -0,009 66,908 
1966 55 29 1941 92 0,74 -0,25 0,064 -0,016 69,324 
1967 201 30 1978 89 0,72 -0,27 0,076 -0,021 71,739 
1968 208 31 1939 88 0,71 -0,28 0,081 -0,023 74,155 
1969 154 32 1953 87 0,70 -0,29 0,086 -0,025 76,570 
1970 129 33 1956 85 0,69 -0,30 0,095 -0,029 78,986 
1971 97 34 1940 81 0,65 -0,34 0,117 -0,040 81,401 
1972 138 35 1948 79 0,64 -0,35 0,128 -0,046 83,816 
1973 110 36 1977 78 0,63 -0,36 0,134 -0,049 86,232 
1974 146 37 1965 73 0,60 -0,40 0,165 -0,067 88,647 
1975 182 38 1943 68 0,55 -0,44 0,200 -0,089 91,063 
1976 165 39 1938 64 0,52 -0,48 0,230 -0,110 93,478 
1977 78 40 1964 62 0,50 -0,49 0,246 -0,122 95,894 
1978 89 41 1966 55 0,44 -0,55 0,306 -0,169 98,309 

ɋɭɦɦɚ    5060 41 0 5,090 0,933  
          

۹ = ۿ ˓˔ۿۿ ˍ˖˄. ܋ˏ  
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.4 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 
ɪɟɤɢ 

             

 p% 1 3 5 10 20 50 75 95 97 99 99,9  
 φ 2,7 2,09 1,78 1,32 0,8 -0,09 -0,72 -1,48 -1,65 -1,93 -2,35  
 Ms= φ *Cv 0,95 0,73 0,62 0,46 0,28 -0,03 -0,25 -0,52 -0,58 -0,68 -0,82  
 КS=MS+1 1,95 1,73 1,62 1,46 1,28 0,97 0,75 0,48 0,42 0,32 0,18  

 
Q=KSQcpм3/сек 239,2 213,0 199,6 179,8 157,4 119,1 92,0 59,3 52,0 39,9 21,8 

 
              

 
 

Ɋɢɫɭɧɨɤ Ⱥ.1 – Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɮɚɤɬɢɱɟɫɤɚɹ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɢɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɪɟɤɢ Ɍɨɤ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
ȼɨɞɧɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 

 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɚ 

ȼɪɟɦɹ P,Ɇȼɬ Pɪɚɧɠ,Ɇȼɬ ∆Ɋ,Ɇȼɬ ∆ɗ,ɦɥɧ 
ɤȼɬ*ɱ Ɋɤ-ɬɚ Ɇȼɬ ɗɤ-ɬɚ, 

Ʉȼɬ*ɱ 

1 346 724 18 0,018 18 0,018 

2 336 706 17 0,034 35 0,052 

3 323 689 11 0,033 46 0,085 

4 323 678 8 0,032 54 0,117 

5 336 670 18 0,09 72 0,207 

6 373 652 2 0,012 74 0,219 

7 473 650 36 0,252 110 0,471 

8 592 614 18 0,144 128 0,615 

9 670 596 4 0,036 132 0,651 

10 650 592 6 0,06 138 0,711 

11 596 586 3 0,033 141 0,744 

12 560 583 0 0 141 0,744 

13 567 583 16 0,208 157 0,952 

14 614 567 7 0,098 164 1,05 

15 586 560 87 1,305 251 2,355 

16 583 473 0 0 251 2,355 

17 706 473 55 0,935 306 3,29 

18 724 418 45 0,81 351 4,1 

19 689 373 27 0,513 378 4,613 

20 678 346 10 0,2 388 4,813 

21 652 336 0 0 388 4,813 

22 583 336 13 0,286 401 5,099 

23 473 323 0 0 401 5,099 

24 418 323 323 7,752 724 12,851 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

Ɍɚɛɥɢɰɚ Ȼ.2 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ  
ȼɪɟɦɹ P,Ɇȼɬ Pɪɚɧɠ,Ɇȼɬ ∆Ɋ,Ɇȼɬ 

∆ɗ,ɦɥɧ 
ɤȼɬ*ɱ Ɋɤ-ɬɚ Ɇȼɬ 

ɗɤ-ɬɚ, 
Ʉȼɬ*ɱ 

1 252 446 10,00 0,01 10,0 0,010 
2 238 436 13,00 0,03 23,0 0,036 
3 231 423 5,00 0,02 28,0 0,051 
4 231 418 0,00 0,00 28,0 0,051 
5 240 418 10,00 0,05 38,0 0,101 
6 296 408 3,00 0,02 41,0 0,119 
7 353 405 1,00 0,01 42,0 0,126 
8 374 404 5,00 0,04 47,0 0,166 
9 436 399 5,00 0,05 52,0 0,211 
10 446 394 4,00 0,04 56,0 0,251 
11 418 390 4,00 0,04 60,0 0,295 
12 394 386 5,00 0,06 65,0 0,355 
13 404 381 7,00 0,09 72,0 0,446 
14 423 374 16,00 0,22 88,0 0,670 
15 405 358 5,00 0,08 93,0 0,745 
16 381 353 2,00 0,03 95,0 0,777 
17 408 351 55,00 0,94 150,0 1,712 
18 399 296 24,00 0,43 174,0 2,144 
19 386 272 20,00 0,38 194,0 2,524 
20 390 252 12,00 0,24 206,0 2,764 
21 351 240 2,00 0,04 208,0 2,806 
22 418 238 7,00 0,15 215,0 2,960 
23 358 231 0,00 0,00 215,0 2,960 
24 272 231 231,00 5,54 446,0 8,504 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
  

Ɋɢɫɭɧɨɤ Ȼ.1 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɮɟɜɪɚɥɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɦɚɪɬɚ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.3 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɚɩɪɟɥɶ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.4 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɦɚɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.5 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢɸɧɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

 
Ɋɢɫɭɧɨɤ Ȼ.6 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢɸɥɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.7 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɚɜɝɭɫɬɚ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.8 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɫɟɧɬɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.9 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɨɤɬɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
 

00,511,522,533,544,555,566,577,588,599,51010,511

0

50

100

150

200

250

300

350

400

450

500

550

0

100

200

300

400

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ОК˃˔ʥˀЬ



164 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.10 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɧɨɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.11 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɞɟɤɚɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.14 – Ɋɚɫɱɟɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

Ɇɟɫɹɰɵ 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ, Ɇȼɬ ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, Ɇȼɬ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, Ɇȼɬ ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, Ɇȼɬ 
Pmax Pɚɜ Pɧɝ Nɪɚɛ Nɧɚɝɪ Nɪɟɦ Nɪɚɛ Nɧɚɝɪ Nɪɟɦ Nɪɚɛ Nɧɚɝɪ Nɪɟɦ Nɚɜɚɪ 

1 719 72 22 260 16 0 103 6 0 356 0 0 72 
2 677 68 20 220 14 0 101 6 0 356 0 0 68 
3 606 61 18 215 13 0 75 5 0 316 0 0 61 
4 523 52 16 174 11 0 72 5 0 277 0 0 52 
5 452 45 14 139 10 0 64 4 0 249 0 0 45 
6 411 41 12 140 8 0 65 4 0 206 0 30 41 
7 411 41 12 138 8 0 67 4 0 206 0 30 41 
8 451 45 14 138 9 0 72 5 0 241 0 0 45 
9 523 52 16 145 10 0 79 6 0 299 0 0 52 
10 605 61 18 183 12 31 82 6 12 340 0 0 61 
11 677 68 20 220 14 0 101 6 0 356 0 0 68 
12 719 72 22 260 16 0 103 6 0 356 0 0 72 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
Ɍɚɛɥɢɰɚ ȼ.1 – Ɋɚɫɱɟɬ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ  Ʌɢɧɢɹ ɨɝɪ ɩɨ Ƚɗɋ 
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 

ɪɚɫɯɨɞɭ 

Q Zɧɛ H ɧɩɭ H ɭɦɨ H ɪɚɫɱёɬ H Q ɇ Q ɇ Q 

0 391,99 57,91 43,64 51,51 60 207 47,3 263 58 25 
10 392,17 57,73 43,46 51,33 59 211 47 262 43 25 
40 392,69 57,21 42,94 50,81 58 215 46 259   
60 393,04 56,86 42,59 50,46 57 218 45 257   
80 393,39 56,51 42,24 50,11 56 222 44 254   

100 393,73 56,17 41,90 49,77 55 226 43 251   
120 394,07 55,83 41,56 49,43 54 230 42 248   
140 394,40 55,50 41,23 49,10 53 235 41 245   
160 394,72 55,18 40,91 48,78 52 239 40 242   
180 395,03 54,87 40,60 48,47 51 244 39 239   
200 395,33 54,57 40,30 48,17 50 249 38 236   
220 395,62 54,28 40,01 47,88 49 254 37 233   
240 395,90 54,00 39,73 47,60 48 259 36 229   
260 396,17 53,73 39,46 47,33 47,3 263 35 226   
280 396,42 53,48 39,21 47,08    34 223   
300 396,66 53,24 38,97 46,84    33 220   
320 396,90 53,00 38,73 46,60    32 216   
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 

Ɋɢɫɭɧɨɤ ȼ.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ȼɥɚɞɢɦɢɪɫɤɨɣ Ƚɗɋ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.2 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ60ɚ-ȼ-280 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 
 

Ɋɢɫɭɧɨɤ ȼ.3 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ60ɚ-ȼ-355  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.4 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ60ɚ-ȼ-375 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 
Ɋɢɫɭɧɨɤ ȼ.5 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ30ɚ-ȼ-300  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.6 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ75-ȼ-400 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.7 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ75-ȼ-315  
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 

Ɋɢɫɭɧɨɤ ȼ.8 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ75-ȼ
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ɊɂɅɈɀȿɇɂȿ Ƚ 
Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 

 
Ɍɚɛɥɢɰɚ Ƚ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɬɧɨɫɢɬɟɥɶɧɵ
ɟ ɟɞɢɧɢɰɵ 

ɂɦɟɧɨɜɚɧɧɵ
ɟ ɟɞɢɧɢɰɵ 

Ɂɚɳɢɬɚ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ 

I>TE ɆɌɁ I˔˓.ˊଶ  ͳ,͸ʹ ∙ Iʜ 1,49 

I>>TE ɌɈ I˔˓.ʡʝ  ʹ͵,Ͷͳ ∙ Iʜ 21,54 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,Iʠʟ.ʝ 

Ͳ,͵ͺ ∙ Iʜ 1,69 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,Kʡ 

Ͳ,ͷ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, Iʜʡ 
Ͳ,͹͸ ∙ Iʜ 3,356 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, 
ȼ ͳ,ͷ ∙ Iʜ 6,625 Ⱥ 

ɁɁȽ 
U଴ 

tଵ U଴ଵୋ - 10 ȼ tଶ U଴ୋ - 15 ȼ U଴ଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,Kʡ 
1,3 - 

Ɂɉɇ U> 

2 
ɫɬɭɩɟɧɶ Uେʟଶ ͳ,Ͷ ∙ Uʜ 140 ȼ 

1 
ɫɬɭɩɟɧɶ Uେʟଵ ͳ,ʹ ∙ Uʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ Iଶʠʗʒʜ Ͳ,Ͳ͹ ∙ Iʜ 0,31 Ⱥ 

ɉɈ Iଶʞʢʠʙ Ͳ,ͳʹ ∙ Iʜ 0,53 Ⱥ 

ɈɌɋ I Iଶʠ.ʖ. Ͳ,ͺ ∙ Iʜ 3,56 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ Iʠʗʒʜ ͳ,Ͳ͹ ∙ Iʜ 4,77 Ⱥ 
ɉɈ Iଵʞʢʠʙ ͳ,ͳͲ ∙ Iʜ 4,9 Ⱥ 

ɈɌɋ Iଵʝʡʠ ͳ,ʹʹ ∙ Iʜʝʛ 5,45 Ⱥ 

ȾɁ Z< 

1 
ɫɬɭɩɟɧɶ Z୍ 0,085 ͳ,ͳ ʝˏ 

2 
ɫɬɭɩɟɧɶ Z୍୍ 0,48 6,23 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 

ɋɈ I୔ ʠʗʒʜ. ͳ,ͳͳ ∙ Iʜʝʛ.ʟ 0,61 Ⱥ 
ɉɈ I୔ ʞʢʠʙ. ͳ,ͳ͵ ∙ Iʜʝʛ.ʟ 0,62 Ⱥ 

Ɉɬɫɟɱɤɚ I୔ ʞʢʠʙ. ʹ,ʹ͸ ∙ Iʜʝʛ.ʟ 1,24 Ⱥ 
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Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ⱦɟɣɫɬɜɢɟ 
Ɂɚɳɢɬɵ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ ȼ

/Ƚ
 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 ɢ
 

ɫɛ
ɪɨ

ɫ Ⱥ
ɊɁ

 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ ȼ

-2
20

 ɢ
 

ȼ-
Ɍɋ

ɇ
 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ɂɚɳɢɬɚ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ 

I>TE + +     

I>>TE + +     

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G + + + +   

ɁɁȽ 
U଴ 

tଵ      + tଶ + + +    U଴ଷ t + + +    

Ɂɉɇ U > 

1 ɫɬɭɩɟɧɶ tଵ + +     

2 ɫɬɭɩɟɧɶ tଶ + +     

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ      + 

ɂɈ + +     

ɈɌɋ I 
tଵ       tଶ     +  tଷ + +     

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ      + 
ɂɈ + +     

ɈɌɋ 
tଵ       tଶ     +  tଷ + +     

ȾɁ Z < 

1 ɫɬɭɩɟɧɶ 
tଵ     +  tଶ + + +    

2 ɫɬɭɩɟɧɶ 

tଵ       tଶ     +  tଷ + +     

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 

ɋɈ      + 
ɂɈ + +     

Ɉɬɫɟɱɤɚ + +     
 






