
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɋɚɹɧɨ-ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ 
 

Ʉɚɮɟɞɪɚ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ  
ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜ. ɤɚɮɟɞɪɨɣ 
________    Ⱥ.Ⱥ. Ⱥɱɢɬɚɟɜ 
       ɩɨɞɩɢɫɶ        
«____» _________ 2022 ɝ. 

 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.02 – ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
 
 

ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ ɈɌȼȺɀɇɈɃ Ƚɗɋ ɇȺ ɊȿɄȿ ȺɊɏȺɊȺ. 
ɈɉȿɊȺɌɂȼɇɈȿ ɂ ɊȿɆɈɌɇɈȿ ɈȻɋɅɍɀɂȼȺɇɂȿ 

ȽɂȾɊɈȺȽɊȿȽȺɌȺ 
 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ 
___________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 

ɇɚɱɚɥɶɧɢɤ Ɉɩɟɪɚɬɢɜɧɨɣ 
ɫɥɭɠɛɵ ɮɢɥɢɚɥɚ ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» - «ɋɚɹɧɨ-

ɒɭɲɟɧɫɤɚɹ Ƚɗɋ ɢɦɟɧɢ 
ɉ.ɋ. ɇɟɩɨɪɨɠɧɟɝɨ» 

ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ, 
ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂ.ɘ. ɉɨɝɨɧɹɣɱɟɧɤɨ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

    

ȼɵɩɭɫɤɧɢɤ ___________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 Ⱥ.Ȼ. Ɇɨɪɨɡɨɜ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 
 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪёɦɭɲɤɢ 2022  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɉɬɜɚɠɧɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ⱥɪɯɚɪɚ. Ɉɩɟɪɚɬɢɜɧɨɟ ɢ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɝɢɞɪɨɚɝɪɟɝɚɬɚ» 

 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 
 
 

Ʉɨɧɫɭɥɶɬɚɧɬ ɪɭɤɨɜɨɞɢɬɟɥɹ ȻɊ  
 

________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

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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ɉɊɂɅɈɀȿɇɂȿ Ƚ Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ................................. 140 

 
 
 

  



  
 

7 
 

 

ɋɈɄɊȺɓȿɇɇɕɃ ɉȺɋɉɈɊɌ ɈɌȼȺɀɇɈɃ Ƚɗɋ 
 

1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ................................................................................... Ⱥɪɯɚɪɚ; 
2. ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɗɋ............................................................................... Ɉɬɜɚɠɧɚɹ; 
3. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ........................................................... Ⱥɦɭɪɫɤɚɹ ɨɛɥɚɫɬɶ; 
4. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ...................................................................... Ƚɗɋ; 
5. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ.................................................................................. 109 ɦ3/ɫ; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1,0%.............................................. 1150 ɦ3/ɫ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1%.............................................. 1397 ɦ3/ɫ; 
ɝ) ɦɢɧɢɦɚɥɶɧɵɣ.............................................................................................. 60 ɦ3/ɫ; 
6. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ............................................................. ɝɨɞɢɱɧɵɣ; 
ɛ) Ɉɬɦɟɬɤɚ ɇɉɍ........................................................................................... 173,00 ɦ; 
ɜ) Ɉɬɦɟɬɤɚ Ɏɉɍ........................................................................................... 174,20 ɦ; 
ɝ) Ɉɬɦɟɬɤɚ ɍɆɈ........................................................................................... 157,32 ɦ; 
ɞ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɧɵɣ................................................................. 2,79 ɦ3; 
ɟ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɟɡɧɵɣ.............................................................. 1,79 ɦ3; 
7. ɇɚɩɨɪɵ Ƚɗɋ: 
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ............................................................................................ 48,60 ɦ; 
ɛ) ɪɚɫɱёɬɧɵɣ................................................................................................... 38,10 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ............................................................................................. 29,60 ɦ; 
8. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ........................................................................ 128 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ......................... 341 ɦɥɧ. ɤȼɬ·ɱ; 
9. Ɋɚɡɦɟɪɵ ɩɥɨɬɢɧɵ (ɨɛɳɚɹ ɞɥɢɧɚ): 
ɚ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ............................................. 112,50 ɦ; 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ............................................... 201,00 ɦ; 
ɜ) ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ................................................................................... 177,50 ɦ; 
10. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: 
10.1 ɉɨɜɟɪɯɧɨɫɬɵɣ ɜɨɞɨɫɥɢɜ: 
ɚ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɩɪɨɥёɬɨɜ............................................................................ 13ɯ2 ɦ; 
ɛ) ɨɛɳɚɹ ɞɥɢɧɚ.................................................................................................... 26 ɦ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ................................................................................ 54,80 ɦ; 
10.2 Ƚɥɭɛɢɧɧɵɟ ɜɨɞɨɜɵɩɭɫɤɢ: 
ɚ) ɱɢɫɥɨ ɢ ɮɨɪɦɚ ɫɟɱɟɧɢɹ......................................................................... 2, ɤɪɭɝɥɨɟ; 
ɛ) ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ..................................................................................... D = 3,0 ɦ; 
11. Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ....................................................................................... ɩɪɢɩɥɨɬɢɧɧɨɟ; 
ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ.................................................................................................... 2; 
ɜ) ɝɪɭɧɬ ɨɫɧɨɜɚɧɢɹ......................................................................................... ɮɢɥɥɢɬ; 
ɝ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ.......................................................................... ɛɟɬɨɧɧɚɹ; 
ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ..................................................................... ɢɡɨɝɧɭɬɚɹ; 
12. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
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ɚ) ɬɢɩ ɬɭɪɛɢɧ.................................................................................... ɉɅ50–ȼ–500; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ......................................................................... ɋȼ–810/160–40; 

ɜ) ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ..................................... 70,4 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ................................................................................ 150 ɨɛ/ɦɢɧ; 

ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ................................................................ ɌȾ–80000/110; 
13. Ɍɟɯɧɢɤɨ−ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ.............................................................................. 162 ɦɟɫɹɰɟɜ; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ....................................................  0,34 ɪɭɛ/ɤȼɬ·ɱ; 
ɜ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ........................................................ 81493 ɪɭɛ/ɤȼɬ; 
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ȼȼȿȾȿɇɂȿ 
 
Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ (Ƚɗɋ) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɨɛɴɟɤɬ 

ɝɢɞɪɨɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ, ɜɜɢɞɭ ɬɨɝɨ ɱɬɨ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɪɚɡɪɵɜɧɭɸ 
ɫɢɫɬɟɦɭ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ɂɚɧɢɦɚɹ ɨɫɨɛɨ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɨɧɢ ɜɵɩɨɥɧɹɸɬ ɝɥɚɜɧɭɸ ɪɨɥɶ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɩɨɤɪɵɜɚɸɬ ɧɚɢɛɨɥɟɟ 
ɧɟɪɚɜɧɨɦɟɪɧɭɸ ɱɚɫɬɶ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɬɨɜɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ Ƚɗɋ ɜɟɫɶɦɚ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɵɧɤɟ ɫɛɵɬɚ.  

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢ ɤɥɸɱɟɜɵɦ ɷɥɟɦɟɧɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɢɫɬɟɦɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ȿɞɢɧɨɣ ɗɧɟɪɝɨɫɢɫɬɟɦɵ ɫɬɪɚɧɵ, ɬɚɤ ɤɚɤ ɪɚɫɩɨɥɚɝɚɟɬ 
ɛɨɥɟɟ 90% ɪɟɡɟɪɜɚ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɢ. ɂɡ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɢɩɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɦɟɧɧɨ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɦɚɧɟɜɪɟɧɧɵɦɢ, ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɵɦɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɨɛɴɟɦɵ ɜɵɪɚɛɨɬɤɢ ɜ 
ɫɱɢɬɚɧɧɵɟ ɦɢɧɭɬɵ, ɩɨɤɪɵɜɚɹ ɩɢɤɨɜɵɟ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɣ ɷɬɨɬ 
ɩɨɤɚɡɚɬɟɥɶ ɦɨɠɟɬ ɢɡɦɟɪɹɬɶɫɹ ɱɚɫɚɦɢ, ɚ ɞɥɹ ɚɬɨɦɧɵɯ – ɰɟɥɵɦɢ ɫɭɬɤɚɦɢ. 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ ɨɛɥɚɞɚɟɬ ɨɝɪɨɦɧɵɦ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɩɨɬɟɧɰɢɚɥɨɦ, ɨɞɧɚɤɨ ɫɬɟɩɟɧɶ ɟɝɨ ɨɫɜɨɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɞɪɭɝɢɯ 
ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ, ɩɪɢ ɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɜɟɫɶɦɚ ɨɳɭɬɢɦɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɟɝɨ 
ɨɫɜɨɟɧɢɹ. ȼ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɞɥɹ ɰɟɧɬɪɚ ɯɚɪɚɤɬɟɪɧɚ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɨɫɜɨɟɧɢɹ 
ɝɢɞɪɨɪɟɫɭɪɫɨɜ (50%), ɚ ɜ ɬɚɤɢɯ ɪɟɝɢɨɧɚɯ ɤɚɤ ɋɢɛɢɪɶ ɢ Ⱦɚɥɶɧɢɣ ȼɨɫɬɨɤ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɟɤ ɨɫɜɨɟɧ ɧɚ 20% ɢ ɧɚ 3% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɐɟɥɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɪɚɛɨɬɤɚ 
ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢ 
ɡɚɤɪɟɩɥɟɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɢɧɠɟɧɟɪɧɨɣ 
ɦɵɫɥɢ ɢ ɬɜɨɪɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ, ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɟ 
ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 

 
1.1 Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 
 
ȼ ɪɚɣɨɧɟ ɩɨɫɟɥɤɚ Ⱥɪɯɚɪɚ ɩɪɟɨɛɥɚɞɚɟɬ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɜɚɪɢɚɧɬ 

ɭɦɟɪɟɧɧɨɝɨ ɦɭɫɫɨɧɧɨɝɨ ɤɥɢɦɚɬɚ. Ʌɟɬɨ ɡɞɟɫɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬёɩɥɨɟ ɢ 
ɜɥɚɠɧɨɟ, ɬɚɤ ɤɚɤ ɡɞɟɫɶ ɜɵɩɚɞɚɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɡɢɦɚ ɹɜɥɹɟɬɫɹ ɦɨɪɨɡɧɨɣ ɢ ɫɧɟɠɧɨɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ Ⱥɪɯɚɪɟ 
ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ –0,7 ° C ɞɨ –0,9 ° C ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.1. ɋɚɦɚɹ ɜɵɫɨɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɪɟɞɢɧɟ ɢɸɥɹ, ɧɚ ɨɬɦɟɬɤɟ 20,6 ° C. əɧɜɚɪɶ ɠɟ 
ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɯɨɥɨɞɧɵɦ ɦɟɫɹɰɟɦ ɜ ɝɨɞɭ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɫɪɟɞɧɟɦ 
ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ −28,8 ° C. 

Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɜ ɨɛɥɚɫɬɢ Ƚɗɋ ɜɵɩɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ 
ɨɛɴɟɦɟ. ȼ ɫɟɜɟɪɨ–ɜɨɫɬɨɱɧɵɯ ɝɨɪɧɵɯ ɢ ɜɨɫɬɨɱɧɵɯ ɪɚɣɨɧɚɯ ɢɯ ɜɟɥɢɱɢɧɚ 
ɫɨɫɬɚɜɥɹɟɬ ɨɬ 900 ɞɨ 1000 ɦɦ. 

 
Ɍɚɛɥɢɰɚ 1.1 – Ɂɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɫɟɥɤɟ Ⱥɪɯɚɪɚ 
 ɦɟɫ 1 2 3 4 5 6 7 8 9 10 11 12 

t, 
°C −26,1 −22,1 −13,9 −3,6 6,7 15,6 20,6 14,6 6,8 −4,0 −20,2 −28,8 

 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ 109 ɦ3/ɫ. ɉɢɬɚɧɢɟ ɪɟɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɞɨɠɞɹ, ɚ ɢɦɟɧɧɨ ɛɨɥɟɟ 60%.  ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɜɟɫɟɧɧɟɟ ɩɨɥɨɜɨɞɶɟ ɩɨ ɜɟɥɢɱɢɧɟ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩɚɟɬ ɥɟɬɧɢɦ ɞɨɠɞɟɜɵɦ 
ɩɚɜɨɞɤɚɦ (ɞɨ 13 ɪɚɡ ɡɚ ɥɟɬɨ) ɫ ɩɨɞɴёɦɨɦ ɭɪɨɜɧɹ ɜɨɞɵ ɨɬ 1 ɞɨ 4 ɦ, ɡɚ ɷɬɨɬ ɩɟɪɢɨɞ 
ɩɪɨɯɨɞɢɬ ɫɜɵɲɟ 60% ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ. 

Ʉɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɦɟɬɨɤ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɨɬ ɨɛɴɟɦɨɜ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ZȼȻ

 = f(Vɜɞɯɪ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1. 
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Ɋɢɫɭɧɨɤ 1.1 – Ƚɪɚɮɢɤ ZȼȻ

 = f(Vɜɞɯɪ)  
 

Ʉɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɬ ɪɚɫɯɨɞɨɜ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ZɇȻ

 = f(Q) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
 

Ɋɢɫɭɧɨɤ 1.2 – Ƚɪɚɮɢɤ ZɇȻ
 = f(Q) 

 
Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɜ 51 ɝɨɞ ɡɚ ɪ. 

Ⱥɪɯɚɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 1.2. Ʉɚɠɞɵɣ ɝɨɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɤɚɠɞɵɣ ɦɟɫɹɰ. 
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Ɍɚɛɥɢɰɚ 1.2 – ɂɫɯɨɞɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 

Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII 
Qɫɪ. 
ɝɨɞ 

1941 12 9 5 3 195 314 209 122 90 91 32 15 91 
1942 14 11 8 15 170 579 200 120 92 30 9 7 105 
1943 9 6 4 5 572 323 187 124 35 60 21 9 113 
1944 11 7 5 2 112 548 190 125 90 50 29 14 99 
1945 17 9 6 4 480 294 182 114 96 100 57 24 115 
1946 12 9 7 5 98 524 210 119 66 70 25 15 97 
1947 12 7 6 4 137 500 224 94 45 34 15 12 91 
1948 12 8 6 5 264 393 259 124 104 90 61 21 112 
1949 17 16 12 6 155 601 197 171 100 113 42 13 120 
1950 10 12 14 18 145 382 198 107 80 66 20 10 89 
1951 13 11 10 7 150 498 234 228 100 100 59 25 120 
1952 25 20 16 10 101 529 200 104 67 58 45 23 100 
1953 16 12 11 6 99 500 223 103 64 58 20 12 94 
1954 13 10 8 5 94 600 199 101 50 54 18 10 97 
1955 11 8 8 5 127 681 223 149 113 109 30 18 124 
1956 13 8 7 4 176 800 246 124 26 57 17 9 124 
1957 9 8 5 2 158 201 168 98 66 60 24 14 68 
1958 11 7 7 6 192 652 500 148 120 90 30 11 148 
1959 11 9 9 4 122 685 214 123 61 49 35 20 112 
1960 10 11 15 4 161 530 228 215 110 100 28 16 119 
1961 16 11 8 5 141 458 255 146 100 80 46 16 107 
1962 14 9 5 3 137 483 227 120 100 82 26 11 101 
1963 9 9 9 11 200 637 217 135 30 59 32 14 114 
1964 11 8 6 5 170 650 364 129 68 43 12 4 123 
1965 6 5 5 3 95 540 180 100 76 34 19 13 90 
1966 9 4 3 3 87 400 218 118 70 55 22 14 84 
1967 15 9 8 6 136 483 325 137 110 100 34 8 114 
1968 7 5 4 5 136 650 195 116 52 36 16 7 102 
1969 7 5 5 3 134 500 211 97 69 48 24 13 93 
1970 13 8 4 3 133 633 250 149 80 60 21 6 113 
1971 8 8 7 4 171 1120 343 165 48 43 36 22 165 
1972 14 5 4 2 82 522 180 94 12 14 12 10 79 
1973 10 3 2 2 139 710 203 126 33 30 35 13 109 
1974 11 6 4 2 152 900 220 224 80 60 44 13 143 
1975 13 7 6 3 127 632 299 141 62 50 29 20 116 
1976 16 7 4 4 102 505 250 148 70 55 33 17 101 
1977 13 14 15 19 176 624 241 132 42 30 15 12 111 
1978 5 5 4 3 288 356 181 110 50 37 22 10 89 
1979 12 10 9 5 99 600 287 123 92 56 32 15 112 
1980 16 10 8 5 82 410 203 86 70 29 9 5 78 
1981 6 6 5 3 94 500 203 121 73 48 21 7 91 
1982 6 6 5 3 175 533 386 194 120 100 96 44 139 
1983 27 14 11 7 115 490 230 97 35 28 14 11 90 
1984 14 10 7 5 141 500 212 132 62 60 30 18 99 
1985 18 12 10 7 146 860 290 141 63 42 28 21 137 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 

Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII 
Qɫɪ. 
ɝɨɞ 

1986 19 19 19 12 144 860 247 140 72 51 39 17 137 
1987 11 9 8 5 182 501 219 185 110 100 31 16 115 
1988 19 17 14 8 134 610 304 125 64 86 60 34 123 
1989 24 15 11 21 583 152 286 151 96 110 41 15 125 
1990 12 8 6 3 143 616 305 141 100 83 26 9 121 
1991 8 7 6 3 200 502 249 115 51 34 15 9 100 

 
Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 
 

Ɍɚɛɥɢɰɚ 1.3 – Ɉɫɧɨɜɧɵɟ ɩɨɬɟɪɢ ɜɨɞɵ ɢɡ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɪɚɫɯɨɞɵ ɧɚ ȼɏɄ 

 
1.3 ɂɧɠɟɧɟɪɧɨ–ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɢɡɵɫɤɚɧɢɹ 
 
ɋɬɜɨɪ ɪɚɫɩɨɥɨɠɟɧ ɜ Ⱥɪɯɚɪɢɧɫɤɨɣ ɧɢɡɦɟɧɧɨɫɬɢ. Ɍɢɩ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ 

ɫɥɨɠɟɧ ɢɡ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ, ɚ ɢɦɟɧɧɨ ɮɢɥɥɢɬ. 
Ɏɢɡɢɤɨ–ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ  

ɦɟɬɚɦɨɪɮɢɱɟɫɤɚɹ. Ƚɨɪɧɚɹ ɩɨɪɨɞɚ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɫɨɫɬɚɜɭ ɹɜɥɹɸɳɚɹɫɹ 
ɩɟɪɟɯɨɞɧɨɣ ɦɟɠɞɭ ɝɥɢɧɢɫɬɵɦ, ɚ ɢɦɟɧɧɨ ɚɫɩɢɞɧɵɦ, ɤɪɨɜɟɥɶɧɵɦ ɢ ɫɥɸɞɹɧɵɦ 
ɫɥɚɧɰɟɦ. ɍɞɟɥɶɧɵɣ ɜɟɫ ɫɨɫɬɚɜɥɹɟɬ 26,5 ɤɇ/ɦ3, ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ 36 ɝɪɚɞ., 
ɫɰɟɩɥɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 150 ɤɉɚ. 

 
1.4 ɋɟɣɫɦɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ 
 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ. ȼ 

ɨɫɧɨɜɧɨɦ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 4−6 ɛɚɥɥɨɜ. ɂɡ ɢɡɜɟɫɬɧɵɯ ɡɞɟɫɶ 
ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɩɨɤɚ ɬɨɥɶɤɨ ɨɞɧɨ ɧɚ ɫɟɜɟɪɟ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɞɨɫɬɢɝɥɨ 
ɦɚɝɧɢɬɭɞɵ Ɇ=7,0 (1967 ɝ I 0 =9 ɛɚɥɥɨɜ). ȼ ɛɭɞɭɳɟɦ ɦɚɝɧɢɬɭɞɵ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɚ ɸɝɟ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ ɬɚɤɠɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɟ ɦɟɧɟɟ Ɇ=7,0, 
ɚ ɧɚ ɫɟɜɟɪɟ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɧɟ ɢɫɤɥɸɱɟɧɵ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɫ Ɇ=7,5 ɢ ɜɵɲɟ. ȼ 
ɪɚɣɨɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɫɬɜɨɪɨɜ ɫɟɣɫɦɢɱɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 6 ɛɚɥɥɨɜ.  

 
1.5 ɗɧɟɪɝɨ−ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɝɢɨɧɚ 
 
Ⱥɦɭɪɫɤɚɹ ɨɛɥɚɫɬɶ ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɨ–ɢɡɛɵɬɨɱɧɵɦ ɪɟɝɢɨɧɨɦ. ɉɨ ɞɚɧɧɵɦ ɧɚ 

2017 ɝɨɞ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɡɨɧɟ Ⱥɦɭɪɫɤɨɝɨ ɊȾɍ 
ɫɨɫɬɚɜɢɥɚ 17,805 ɦɥɪɞ ɤȼɬ∙ɱ, ɩɨɬɪɟɛɥɟɧɢɟ – 10,215 ɦɥɪɞ ɤȼɬ∙ɱ. 
  

Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII 
QȼɏɄ., ɦ3/ɫ  60 60 60 60 60 60 60 60 60 60 60 60 
Qɂɋɉ., ɦ3/ɫ  0 0 0 0 2 5 2 1 1 1 0 0 
QɅЁȾ., ɦ3/ɫ  1,8 2,5 3,2 –5 –5 0 0 0 0 0 0 1 

QɎɂɅɖɌ., ɦ3/ɫ  1 1 1 1 1 1 1 1 1 1 1 1 

https://wiki2.info/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://wiki2.info/%D0%93%D0%BB%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
https://wiki2.info/%D0%A1%D0%BB%D1%8E%D0%B4%D1%8F%D0%BD%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
https://wiki2.info/%D0%A1%D0%BB%D1%8E%D0%B4%D1%8F%D0%BD%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
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2 ȼɨɞɧɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɢ ɜɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
 
2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 
 
2.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ 
 
ɉɨ ɢɫɯɨɞɧɨɦɭ ɪɹɞɭ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ ɬɚɛɥɢɰɟ 1.2 ɜɵɛɢɪɚɟɦ ɫɪɟɞɧɢɟ 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ. Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɦ ɦɨɞɭɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ʉ: 
 K = ୕̝୕˓. (2.1) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ Cv ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ Cs: 
௩ܥ  = √∑ሺ௄−ଵሻమ௡ = √ସ,଻ହହଵ = Ͳ,͵Ͳͷ, 

      
(2.2) 

௦ܥ  = ∑ሺ௄−ଵሻయ௡஼𝑣య = ଴,଴଼ହହଵ∙଴,ଷ଴ହయ = Ͳ,͹ͷͲ.   (2.3) 

 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 

ɪɚɜɧɚ: 
௖௩ߜ  = ± √ଵ+ଷ஼𝑣మ√ଶሺ௡−ଵሻ ∙ ͳͲͲ% = √ଵ+ଷ∙଴,ଷ଴ହమ√ଶ∙ହ଴ ∙ ͳͲͲ% = ͳͳ,ʹͶ%. (2.4) 

 
Ⱦɚɧɧɚɹ ɨɲɢɛɤɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɫɢɦɦɟɬɪɢɢ 

ɪɚɜɧɚ: 
௖௦ߜ  = ± √ల೙∙√ଵ+଺஼𝑣మ+ହ஼𝑣ర஼ೞ ∙ ͳͲͲ% = √ లఱబ∙√ଵ+଺∙଴,ଷ଴ହమ+ହ∙଴,ଷ଴ହర଴,଻ହ଴ ∙ ͳͲͲ% = ͷͺ,ͷ͵ %.  
 

(2.5) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɩɪɨɜɟɪɨɱɧɨɝɨ 
ɫɥɭɱɚɟɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

 
Ɍɚɛɥɢɰɚ 2.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 

P% Ɏ ɢɥɢ φ ɆS KS Q, ɦ3/ɫ 
0,1 3,27 1,01 2,01 1397,02 
1 2,87 0,89 1,89 1149,90 
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2.1.2 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɜɵɛɨɪɚ ɪɚɫɱёɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɛɭɞɟɬ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ, ɚ ɢɦɟɧɧɨ ɧɚ 
ɦɧɨɝɨɜɨɞɧɵɣ ɢ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɜ 
ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ 
ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ. 

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɢɬɶ 
ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɦɚɥɨɜɨɞɧɵɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ, ɪɚɧɠɢɪɭɹ 
ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɢɯ ɭɛɵɜɚɧɢɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ 
ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

 Pሺmሻ = ௠୬+ଵ ∙ ͳͲͲ%, (2.6) 

 
ɝɞɟ Ɋ(m) – ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ; 

m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ; 

n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 
ɝɨɞɚ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 90% ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 
ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
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2.1.3 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1977 ɝ. 
ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 
 Q˒ହ଴%˄˃ˊˑ˅ˑˈ = ʹ͹Ͳ ˏయ̝

; 

 Q˒ ଵଽ଻଻ = ͵ͳͳ ˏయ̝
; 

 ʙ˒ = ୕˒ఱబ%˄˃ˊˑ˅ˑˈ୕˒భ9ళళ = ଶ଻଴ଷଵଵ = Ͳ,ͺ͹.                                                                        (2.7) 

 Qˏହ଴%˄˃ˊˑ˅ˑˈ = ʹͷ ˏయ̝
; 

 Qˏ ଵଽହ଴ = ͳͳ ˏయ̝
; 

 ʙˏ = ொˏఱబ%˄˃ˊˑ˅ˑˈொˏ భ9ఱబ = ଶହଵଵ = ʹ,ʹ͵,                                                                          (2.8) 

 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ: 

Ʉɩ − ɩɨɧɢɠɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,87; 
Ʉɦ − ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2,23. 

ɍɦɧɨɠɚɟɦ ɧɚ ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ: ɞɥɹ 
ɦɟɫɹɰɟɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɩɨɥɨɜɨɞɶɸ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ 0,87, ɞɥɹ 
ɦɟɫɹɰɟɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɦɟɠɟɧɢ ɧɚ 2,23. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.2. 

 
Ɍɚɛɥɢɰɚ 2.2 − Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 1977 (Ɋ = 50%), ɦ3/ɫ 

Ɇɟɫɹɰɵ  I II III IV V VI VII VIII IX X XI XII Qɫɪ.ɝɨɞ.  
1977 13 14 15 19 176 624 241 132 42 30 15 12 111 

ɫ ɩɪɢɜ. 29 31 34 42 153 543 210 115 94 67 34 27 115 
c ɤɨɪɪ. 25 27 29 37 153 543 210 115 82 59 29 23 111 

  
2.1.4 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90% ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1950 ɝ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ 
ɩɨɥɨɜɨɞɶɸ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 

Ʉ˒ = ொɩ ɛɚзɨɜɨе9బ%ொɩ భ9ఱబ = ଶଵ଴ଶ଴଼ = ͳ,Ͳͳ;                                                                         (2.9) 
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Ʉˏ = ொɦ ɛɚзɨɜɨе9బ%ொɦ భ9ఱబ = ଵ଻ଶଽ = Ͳ,ͷͺ,                                                                          (2.10) 

 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ: 

Ʉɩ − ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,01; 
Ʉɦ − ɩɨɧɢɠɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,58. 

Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 1950 (Ɋ = 90%), ɦ3/ɫ 
Ɇɟɫɹɰɵ  I II III IV V VI VII VIII IX X XI XII Qɫɪ.ɝɨɞ.  

1950 10 12 14 18 145 382 198 107 80 66 20 10 89 
ɫ ɩɪɢɜ. 6 7 8 10 146 386 200 108 46 38 12 6 81 
c ɤɨɪɪ. 6 7 8 10 162 428 222 120 46 38 12 6 89 

ɞɨɩ.ɤɨɪɪ. 6 7 8 10 130 517 190 95 46 38 12 6 89 
 
ȼ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɢɦɟɟɦ ɪɚɫɯɨɞɵ ɦɟɧɶɲɢɟ, ɱɟɦ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɜ V 

ɢ XI ɦɟɫɹɰɚɯ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: ɨɛɴɟɦ ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɞɨɥɠɟɧ 
ɨɫɬɚɬɶɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɩɨɫɥɟ ɧɟɟ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɦɟɫɹɰɵ, ɝɞɟ 
ɪɚɫɯɨɞ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɦɟɧɶɲɟ, ɱɟɦ ɦɚɥɨɜɨɞɧɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜ ɞɪɭɝɢɟ 
ɦɟɫɹɰɵ, ɧɨ ɨɛɹɡɚɬɟɥɶɧɨ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɩɟɪɢɨɞɭ (ɫɟɡɨɧɭ). 

ɍɬɨɱɧɢɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɥɟɬ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ−ɥɢɛɨ ɦɟɫɹɰɵ 
ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. 

ɉɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɦ ɞɚɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 2.4 ɫɬɪɨɢɬɫɹ 
ɪɚɫɱɟɬɧɵɣ ɝɢɞɪɨɝɪɚɮ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

Ɍɚɛɥɢɰɚ 2.4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII 

Q50%−Q90% 20 20 21 27 23 26 20 20 36 20 18 18 
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Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ  

 
2.1.5 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 

ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ  
 
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɢɡ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ P(t), ɩɨɫɬɪɨɢɦ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɨɫɢɬ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ 

ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ௧ܲ௠௔௫ = ܽ + ሺܾ ∙ cos|͵Ͳ° ∙ ݐ − ͳͷ°|ሻ,                                                            (2.11) 
 

ɝɞɟ t – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ (1– ɹɧɜɚɪɶ, 2– ɮɟɜɪɚɥɶ ɢ ɬ. ɞ.);  
ɚ, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ: 

    ܽ = ௉య೘𝑎𝑥+௉ˎ೘𝑎𝑥ଶ = ହ଺ଵ+ଷଶଽଶ = ͶͶͷ;                                                                  (2.12) 

 ܾ = ௉య೘𝑎𝑥−௉ˎ೘𝑎𝑥ଶ = ହ଺ଵ−ଷଶଽଶ = ͳͳ͸;                                                                  (2.13) 

 ܽ = ௉య̝˓+௉ˎ˔˓ଶ = ସ଼ଵ+ଶ଻ଶଶ = ͵͹͸;                                                                         (2.14) 

 ܾ = ௉య̝˓−௉ˎ˔˓ଶ = ସ଼ଵ−ଶ଻ଶଶ = ͳͲͷ.                                                                            (2.15) 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.5. Ƚɪɚɮɢɤɢ ɧɚɝɪɭɡɨɤ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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Ɍɚɛɥɢɰɚ 2.5 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ 
Ɇɟɫɹɰ ɫos(30∙t−15)∙(3,14/180) Pt(max) Pt(ɫɪɟɞ.) 

1 0,966 557 478 
2 0,707 527 451 
3 0,260 475 404 
4 −0,258 415 349 
5 −0,706 363 302 
6 −0,966 333 275 
7 −0,966 333 275 
8 −0,709 363 302 
9 −0,261 415 349 
10 0,256 475 403 
11 0,705 527 450 
12 0,965 557 478 

 

 

Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

2.1.6 ɉɨɤɪɵɬɢɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ  

 
Ȼɥɢɠɚɣɲɢɦɢ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ 

Ȼɭɪɟɣɫɤɚɹ ɢ ɇɢɠɧɟ−Ȼɭɪɟɣɫɤɚɹ Ƚɗɋ. Ɉɬ ɨɛɳɟɣ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɛɵɥɨ 
ɜɡɹɬɨ 1,7% − ɗɝɨɞ = 149,09 ɦɥɧ. ɤȼɬ∙ɱ, Nɭɫɬ = 40 Ɇȼɬ. 

ɑɬɨɛɵ ɪɚɡɦɟɫɬɢɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɬɚɧɰɢɢ ɧɚ ɂɄɇ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 
ɫɪɟɞɧɟɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ. Ɍɚɤ ɤɚɤ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɟ 
ɦɨɝɭɬ ɜɵɞɚɜɚɬɶ ɤɚɠɞɵɣ ɦɟɫɹɰ ɨɞɢɧɚɤɨɜɭɸ ɜɵɪɚɛɨɬɤɭ, ɜɩɨɥɧɟ ɥɨɝɢɱɧɵɦ ɛɭɞɟɬ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɡɢɦɨɣ ɜɵɪɚɛɨɬɤɚ ɧɚ 20 % ɛɨɥɶɲɟ, ɱɟɦ ɜ ɥɟɬɧɢɟ ɦɟɫɹɰɵ. Ɍɨɝɞɚ 
ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɦɚɥɵɯ Ƚɗɋ ɞɥɹ ɹɧɜɚɪɹ–ɞɟɤɚɛɪɹ ɪɚɜɧɚ:  
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Э˔˓.˔˖˕яː˅˃˓˟ = ቀЭ˔˓.ˆˑˇଷ଺ହ ቁ · ͳ,ʹ = ቀଵସଽ,଴ଽଷ଺ହ ቁ · ͳ,ʹ = Ͳ,Ͷͻ ˏˎː. ˍʑ˕ · ˚.                       (2.16) 
 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɦɨɳɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɦɟɫɹɰɟɜ ɝɨɞɚ. ɋɪɟɞɧɟɫɭɬɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ 
ɹɧɜɚɪɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɫɪɟɞɧɟɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɹɧɜɚɪɹ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɟɥɢɬɶ ɧɚ 24 ɱɚɫɚ: Ɉɬɜɚɠɧɨɣ Ⱥɪɯɚɪɚ Ɉɬɜɚɠɧɨɣ Ⱥɪɯɚɪɚ 

 𝑁˔˓.˔˖˕яː˅˃˓˟ = (Э˔˓.˔˖˕яː˅˃˓˟ଶସ ) · ͳͲͲͲ = ʹͲ ʛʑ˕.                                                        (2.17) 
 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɦɟɫɹɰɟɜ ɝɨɞɚ ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɦɨɳɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɚɧɚɥɨɝɢɱɧɨ. ɋɪɟɞɧɟɫɭɬɨɱɧɵɟ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ 
ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.6. 

 
Ɍɚɛɥɢɰɚ 2.6 – ɋɪɟɞɧɟɫɭɬɨɱɧɵɟ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ 

Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII Э˔˓.˔˖˕ˏˎː. ˍʑ˕ · ˚ 0,49 0,47 0,45 0,37 0,35 0,33 0,33 0,35 0,37 0,45 0,47 0,49 𝑁˔˓.˔˖˕, ʛʑ˕ 20 20 19 15 14 14 14 14 15 19 20 20 

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 

ɜɨɞɧɨ−ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ 
 
2.2.1 Ɋɚɫɱɟɬ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 

ɢ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 
 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1950 ɝ.) ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ 

ɩɨɥɟɡɧɵɯ ɪɚɫɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳ˒ˑˎ = ܳଽ଴% − ܳˋ˔˒ − ܳ˗ − ܳˎёˇ − ܳ˛ˎ,     (2.18) 
 

ɝɞɟ ܳଽ଴% – ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (ɞɥɹ 90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ); ܳˋ˔˒ – ɩɨɬɟɪɢ ɧɚ ɢɫɩɚɪɟɧɢɹ (ɩɪɢɧɢɦɚɸɬɫɹ ɤɚɤ 1% ɨɬ ɫɪɟɞɧɟɦɟɫɹɱɧɨɝɨ 
ɪɚɫɯɨɞɚ); ܳ˗ – ɩɨɬɟɪɢ ɧɚ ɮɢɥɶɬɪɚɰɢɸ (ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɩɪɢɧɢɦɚɸɬɫɹ ɡɚ 1% ɨɬ 
ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ); ܳˎёˇ – ɩɨɬɟɪɢ ɧɚ ɥɶɞɨɨɛɪɚɡɨɜɚɧɢɟ; ɜ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ ɧɟ ɡɚɦɟɪɡɚɟɬ 
ɩɪɢɧɢɦɚɟɦ ɡɚ 1% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. ȼ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ ɡɚɦɟɪɡɚɟɬ, 
ɩɪɢɧɢɦɚɟɦ 2% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. ȼ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ ɦɨɠɟɬ 
ɩɪɨɦɟɪɡɚɬɶ, ɩɪɢɧɢɦɚɟɦ ɡɚ 3% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. ɉɨɥɭɱɟɧɧɵɟ ɩɨɬɟɪɢ 
ɪɚɫɩɪɟɞɟɥɹɟɦ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɡɧɚɤɨɦ ɧɚ ɦɟɫɹɰɵ ɬɚɹɧɢɹ; ܳ˛ˎ – ɩɨɬɟɪɢ ɧɚ ɲɥɸɡɵ ɢ ɪɵɛɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɜ ɦɟɫɹɰɵ, ɝɞɟ ɢɞёɬ 
ɪɵɛɚ (ɩɪɢɧɢɦɚɟɦ ɡɚ 3% ɨɬ ɪɚɫɯɨɞɚ ɜ ɦɟɫɹɰ). 
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ȿɫɥɢ ɩɨɥɟɡɧɵɟ ɪɚɫɯɨɞɵ ɩɨɥɭɱɢɥɢɫɶ ɦɟɧɶɲɟ 0, ɬɨ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ 
ɩɨɬɟɪɢ (ɠɟɥɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɬɶ ɰɟɥɨɟ ɱɢɫɥɨ: 1%, 2%, 3% …). Ɋɚɫɱёɬ ɩɨɥɟɡɧɵɯ 
ɪɚɫɯɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2.7. 

 
Ɍɚɛɥɢɰɚ 2.7 – Ɋɚɫɱёɬ ɩɨɥɟɡɧɵɯ ɪɚɫɯɨɞɨɜ 

Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII ܳଽ଴%, ɦ3/ɫ 6 7 8 10 130 517 190 95 46 38 12 6 ܳˋ˔˒, ɦ3/ɫ 0 0 0 0 1 5 2 1 0 0 0 0 ܳ˗, ɦ3/ɫ 1 1 1 1 1 1 1 1 1 1 1 1 ܳˎёˇ, ɦ3/ɫ 1,8 2,5 3,2 −5 −3,5 0 0 0 0 0 0 1 ܳ˛ˎ, ɦ3/ɫ 0 0 0 0 0 0 0 0 0 0 0 0 ∑ ܳ, ɦ3/ɫ 3 3 4 −5 −2 6 3 2 3 1 1 2 ܳ˒ˑˎ, ɦ3/ɫ 3 4 4 15 132 511 187 93 45 37 11 4 
 
ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ 

ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 
  𝑁˄˞˕.ʒЭʠ = ݇ெ ∙ ܳ˒ˑˎ ∙  ʒЭʠ˒ˑˇ˅, (2.19)ܪ
  

ɝɞɟ ݇ெ   −  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ 
ɩɚɞɟɧɢɹ g = 9,81 ɢ ɄɉȾ ɝɢɞɪɨɚɝɪɟɝɚɬɚ η, ݇ெ  =  ͺ,͸ ÷ ͺ,ͺ; ܳ˒ˑˎ  − ɩɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; ܪʒЭʠ˒ˑˇ˅ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
˅ˇʒЭʠ˒ˑܪ  = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ) − ∆ℎ, 

 
ɝɞɟ ܼʑʐ  – ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ(ܳʜʐሺݐሻ) – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ−ɥɟɬɧɟɦɭ ɢ ɡɢɦɧɟɦɭ 
ɩɨɥɢɧɨɦɚɦ 6 ɫɬɟɩɟɧɢ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɟɡɧɵɟ ɪɚɫɯɨɞɵ ɦ; ∆ℎ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ (ɩɪɢɧɢɦɚɸɬɫɹ ɡɚ 1% ɨɬ 
ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ), ∆ℎ = Ͳ,Ͷ ɦ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  

 𝑁ʑʤʙ = ݇ெ ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅, (2.20)ܪ
 

ɝɞɟ ܳʑʤʙ − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

ɉɪɢ ɪɚɫɱёɬɟ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ ܼʜʐ(ܳʑʤʙሺݐሻ) ɛɶɟɮɚ ɢɫɩɨɥɶɡɭɟɦ ɡɧɚɱɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɬɚɛɥɢɰɚɯ Ⱥ.2, Ⱥ.3. 
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2.2.2 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɣ  
 
Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɟɧ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ Ƚɗɋ ɛɭɞɟɬ 

ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ.   
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɜ ɩɨɥɨɜɨɞɧɵɣ 

ɩɟɪɢɨɞ, ɤɨɬɨɪɵɟ ɜ ɩɨɫɥɟɞɫɬɜɢɢ ɛɭɞɭɬ ɩɟɪɟɧɨɫɢɬɶɫɹ ɧɚ ɡɢɦɭ: 
 𝑁ˋˊˎ = ∑𝑁˄˞˕ − ∑ 𝑁˅˘ˍ =  ͳʹͳ ʛʑ˕.                                                       (2.21) 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.8 ɫɬɪɨɢɬɫɹ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.4, ɧɚ ɤɨɬɨɪɨɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɪɟɞɟɥɢɬɶ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ 
ɦɨɳɧɨɫɬɟɣ ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ 
ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ.  

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱёɬ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɢ, ɧɚ ɪɢɫɭɧɤɟ 2.4 ɩɪɨɜɨɞɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɩɪɹɦɭɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. ɂɡ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɧɚɝɥɹɞɧɨ ɨɬɨɛɪɚɠɟɧɨ, 
ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɫ ɧɨɹɛɪɹ ɩɨ ɮɟɜɪɚɥɶ. 

 
Ɍɚɛɥɢɰɚ 2.8 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰ Pɫɪ, Ɇȼɬ Nɫɭɳ, Ɇȼɬ Nɛɵɬ, Ɇȼɬ NȼɏɄ, Ɇȼɬ 𝑵ˆ˃˓, Ɇȼɬ 

I 478 20 2 25 65 
II  451 20 3 25 35 
III  404 19 3 25 ɉɨ ȼɏɄ 
IV  349 15 4 25 ɉɨ ȼɏɄ 
V 302 14 52 25 ɉɨ ȼɏɄ 
VI  275 14 200 25 ɉɨ ȼɏɄ 
VII 275 14 76 25 ɉɨ ȼɏɄ 
VIII 302 14 39 25 ɉɨ ȼɏɄ 
IX  349 15 19 25 ɉɨ ȼɏɄ 
X 403 19 16 25 ɉɨ ȼɏɄ 
XI  450 20 5 25 35 
XII 478 20 2 25 65 
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Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

 
Ɍɚɤɠɟ ɩɨ ɝɪɚɮɢɤɭ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ ɨɩɪɟɞɟɥɹɟɦ ɦɟɫɹɰ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɦɟɫɹɰ, ɜ ɤɨɬɨɪɨɦ ɛɵɬɨɜɚɹ ɦɨɳɧɨɫɬɶ Nɛɵɬ 
ɦɟɧɶɲɟ, ɱɟɦ ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɩɨ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɦɭ ɪɟɠɢɦɭ NȼɏɄ. ȼ 
ɧɚɲɟɦ ɫɥɭɱɚɟ – ɷɬɨ IX ɦɟɫɹɰ. 

 
2.2.3 ȼɨɞɧɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
ɇɚɱɚɥɨ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ – IX ɦɟɫɹɰ. 
ȼ ɧɚɱɚɥɶɧɨɣ ɢɬɟɪɚɰɢɢ ɧɟ ɩɨɥɭɱɢɥɨɫɶ ɞɨɫɬɢɱɶ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɦ ɜɡɹɬɢɟɦ ɡɧɚɱɟɧɢɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. 
ɉɨɫɥɟ ɢɯ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɪɚɜɟɧɫɬɜɚ ɨɬɦɟɬɨɤ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ 
ɜɚɪɢɚɧɬ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɜɟɞёɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ 
ɬɚɛɥɢɰɚ Ⱥ.4. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
– ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – Nɝɚɪ = 65 Ɇȼɬ; 
– ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ – ɍɆɈ = 157,32 ɦ; 
– ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – Vɩɨɥɟɡɧ = 1,79 ɤɦ3. 
Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.6. 
 

Ɍɚɛɥɢɰɚ 2.6 – Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ 
Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII 

Nɝɚɪ, Ɇȼɬ 65 35 ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ 35 65 
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2.2.4 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚ 

ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ 
ɬɚɤɠɟ ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɚ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦ ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ:  

 𝑁ː˃ˆ˓ ≈ Ͷ% ∙ ʟ௠௔௫˔ = Ͳ,ͲͶ ∙ ͷͷ͹ = ʹʹ ʛʑ˕. (2.22) 
 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɟ Ƚɗɋ ɫɨɝɥɚɫɧɨ ɢɯ ɦɨɳɧɨɫɬɹɦ. 
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ, ɜɵɛɢɪɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10 % ɡɢɦɧɟɝɨ 

ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ: 
 𝑁˃˅˃˓. ≈ ͳͲ% ∙ ʟ௠௔௫˔ = Ͳ,ͳͲ ∙ ͷͷ͹ = ͷ͸ ʛʑ˕. (2.23) 
 
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ɍɗɋ. 
Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɬɨɥɶɤɨ ɜ ɬɟ 

ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɚ ɢɦɟɧɧɨ ɜ ɬɨɬ 
ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɧɚ Ƚɗɋ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɩɨɥɨɜɨɞɶɹ, ɧɨ ɞɨ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ʉɚɩɢɬɚɥɶɧɵɣ 
ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɧɟɨɛɯɨɞɢɦɨ ɩɥɚɧɢɪɨɜɚɬɶ ɬɚɤɠɟ ɨɞɢɧ ɪɚɡ ɜ 5−7 ɥɟɬ ɫ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 60–120 ɞɧɟɣ. Ɋɚɡɦɟɳɟɧɢɟ ɪɟɦɨɧɬɧɨɝɨ ɪɟɡɟɪɜɚ ɧɚ Ɍɗɋ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ, ɜ ɩɪɨɜɚɥɵ ɧɚɝɪɭɡɤɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 

Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 
ܨ˓  ˈˏ˒˓ˑˈˍ˕ = ே˓˃˄яː˅଺ = ଵଵଵ଺ = ͳͻ ʛʑ˕. (2.24) 

 
Ⱦɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ Ɍɗɋ ɢ Ƚɗɋ, ɪɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 
ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ Ⱥ.5 ɩɪɢɥɨɠɟɧɢɟ Ⱥ. Ƚɪɚɮɢɤ 

ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.5.  
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Ɋɢɫɭɧɨɤ 2.5 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ 

 
2.2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ɉɬɜɚɠɧɨɣ Ƚɗɋ 
 
Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɫɨɜɦɟɳɟɧɧɨɝɨ ɫ ɂɄɇ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 𝑁˓˃˄˅˞˕ ɩɪɟɞɫɬɚɜɥɟɧ 

ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɪɢɫɭɧɨɤ Ⱥ.1. ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ:  

 𝑁˖˔˕. = 𝑁˓˃˄˅˞˕ + 𝑁˓ˈˊ = ͳͳͳ + ͳ͹ = ͳʹͺ ʛʑ˕, (2.25) 
 

ɝɞɟ 𝑁˓˃˄˅˞˕ – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ; 𝑁˓ˈˊ – ɪɟɡɟɪɜɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ. 
 𝑁˓ˈˊ = 𝑁˓ˈˏ + 𝑁˃˅˃˓ + 𝑁ː˃ˆ˓ = Ͳ + Ͳ + ͳ͹ = ͳ͹ ʛʑ˕, (2.26) 
 

ɝɞɟ 𝑁˓ˈˏ – ɪɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ; 𝑁˃˅˃˓ – ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ; 𝑁ː˃ˆ˓ – ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ. 
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2.2.6 ȼɨɞɧɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 

 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɪɟɠɢɦɚ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: ɩɨ ɨɬɦɟɬɤɚɦ ɢ ɩɨ 

ɦɨɳɧɨɫɬɹɦ ɜ ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ – ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ Ⱥ.6 ɢ Ⱥ.7 ɩɪɢɥɨɠɟɧɢɹ Ⱥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɢɛɨɥɶɲɟɣ ɜɵɪɚɛɨɬɤɢ ɩɪɟɜɚɥɢɪɭɟɬ ɜɚɪɢɚɧɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
Ƚɗɋ ɩɨ ɦɨɳɧɨɫɬɹɦ ɜ ɩɟɪɢɨɞ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ (ɗ = 341 ɦɥɧ. ɤȼɬ·ɱ). 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɢ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɚɯ ɩɨ ɦɨɳɧɨɫɬɹɦ. Ƚɪɚɮɢɤ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 

 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɭɫɥɨɜɢɹɯ 

ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɜɨɞɧɨɫɬɹɯ. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 
3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 
 
3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ 
ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 3.1. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɜ ɭɱɟɛɧɨ−ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ» [2]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ ɇȻ 
ɇɚɩɨɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨ
ɣ ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 
QɇȻ, 
ɦ3/ɫ 

zɇȻɥɟɬɨ, 
ɦ 

zɇȻɡɢɦɚ, 
ɦ 

ɇɇɉɍ, 
ɦ 

ɇɍɆɈ, 
ɦ 

ɇɪɚɫɱ, 
ɦ 

ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

0 123,00 123,00 49,60 33,92 42,55 38,10 391 29,64 345 
50 124,61 124,42 47,99 32,31 40,94 38,51 386 30,11 347 
100 125,52 125,30 47,08 31,40 40,03 38,92 382 30,58 350 
150 126,06 125,85 46,54 30,86 39,49 39,33 378 31,05 353 
200 126,42 126,22 46,18 30,50 39,13 39,74 375 31,52 355 
250 126,72 126,50 45,88 30,20 38,83 40,15 371 31,99 358 
300 126,99 126,75 45,61 29,93 38,56 40,56 367 32,46 361 
350 127,25 126,98 45,35 29,67 38,30 40,97 363 32,93 363 
400 127,49 127,20 45,11 29,43 38,06 41,38 360 33,4 366 
450 127,70 127,41 44,90 29,22 37,85 41,79 356 33,87 368 
500 127,88 127,60 44,72 29,04 37,67 42,20 353 34,34 371 
550 128,04 127,77 44,56 28,88 37,51 42,61 349 34,81 373 
600 128,18 127,91 44,42 28,74 37,37 43,02 346 35,28 376 
650 128,32 128,04 44,28 28,60 37,23 43,43 343 35,75 378 
700 128,47 128,16 44,13 28,45 37,08 43,84 340 36,22 381 
750 128,58 128,29 44,02 28,34 36,97 44,25 336 36,69 383 
800 128,57 128,41 44,03 28,35 36,98 44,66 333 37,16 386 
850 128,26 128,53 44,34 28,66 37,29 45,07 330 37,63 388 
900 127,34 128,60 45,26 29,58 38,21 45,48 327 38,10 391 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 3.1 

ɨɩɪɟɞɟɥɹɟɦ: 
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- ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫a୶ = Ͷͺ,͸Ͳ ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ 
ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɪɚɫɯɨɞɭ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ; 

- ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ Hɪɚɫɱ = ͵ͺ,ͳͲ ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

- ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫i୬ = ʹͻ,͸Ͳ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ; 

- ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞɵ ɪɚɜɧɵ 60 ɢ 391 ɦ3/ɫ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 

 
3.1.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 
Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɜɵɛɢɪɚɟɬɫɹ ɬɚ ɢɥɢ ɢɧɚɹ 

ɝɢɞɪɨɬɭɪɛɢɧɚ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɧɚɩɨɪ ܪ˒˓ˈˇ, ɩɪɢ ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɨɬɧɨɲɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ 
ɫɬɚɧɰɢɢ ܪ௠𝑖௡ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ˈˇ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ 
ɝɢɞɪɨɬɭɪɛɢɧɚ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɨɩɪɟɞɟɥёɧɧɨɟ 
ɡɧɚɱɟɧɢɟ. 

Ɉɩɪɟɞɟɥɟɧɧɨɦɭ ɞɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɤɢɟ ɝɢɞɪɨɬɭɪɛɢɧɵ: 
- ɩɨɜɨɪɨɬɧɨ−ɥɨɩɚɫɬɧɚɹ ɉɅ50−ȼ; 
- ɩɨɜɨɪɨɬɧɨ−ɥɨɩɚɫɬɧɚɹ ɞɢɚɝɨɧɚɥɶɧɚɹ ɉɅȾ50−ȼ60°. 
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ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɨɬɧɨɲɟɧɢɟ ܪ௠𝑖௡/ܪ˒˓ˈˇ ɩɨ ɞɚɧɧɵɦ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 3.1. Ɉɧɨ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ: 

 ு೘𝑖೙ு˒˓ˈˇ = ଶଽ,଺଴ହ଴ = Ͳ,ͷͻ. (3.1) 

 

Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɉɅ50−ȼ ɢ ɉɅȾ50−ȼ60°  ு೘𝑖೙ு˒˓ˈˇ ൒ Ͳ,ͷ. 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɜɵɛɪɚɧɧɵɟ ɬɭɪɛɢɧɵ ɩɨ ɧɚɩɨɪɚɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɜɵɛɪɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧ. 

ɉɚɪɚɦɟɬɪ 
ɉɅ50−ȼ 

ɉɅȾ50−ȼ
60° ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɝɢɞɪɨɬɭɪɛɢɧɵ ɇɩɪɟɞ, ɦ 50 50 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɇmin/Hmax 0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ n'Iopt, ɨɛ/ɦɢɧ 116 113 
Ɉɩɬɢɦɚɥɶɧɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ Q'Iopt, ɥ/ɫ 1000 1100 

Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ɦ opt 0,887 0,862 
ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ QI max, ɥ/ɫ 1500 1650 

ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (ɊɄ) D'1, ɦ 0,460 0,35 
ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦɨɞ, ɦ 12 5 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɪɢ ɢɫɩɵɬɚɧɢɢ tɦɨɞ, 0ɋ 21 16 
 
ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɥɚɜɧɵɯ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ (Ƚɍɏ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧ, ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ɜɚɪɢɚɧɬɵ ɞɢɚɦɟɬɪɚ ሺܦଵሻ  ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 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 ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

ɉɪɨɢɡɜɨɞɢɦ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɨɦ ɜɵɲɟ 
ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɷɬɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3.2. ɂɫɩɨɥɶɡɭɹ ɫɬɚɧɞɚɪɬɧɵɣ ɪɹɞ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ D1 ɢ ɞɥɹ ɤɚɠɞɨɝɨ 
ɞɢɚɦɟɬɪɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ (3.2−3.11): 

 
- ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
 𝑁௔′ = ͻ,ͺͳ ∙ Q୍ ɪ′ ∙ Dଵଶ ∙ H୮ଵ,ହ ∙ η˕ ∙ ηˆ, (3.2) 
 

ɝɞɟ Q'I ɪ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
ɬ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 

 

η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − εሻ + ε√஽భˏˑˇ஽భఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ ), (3.3) 
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ɝɞɟ ɝ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ; 
ɦ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
D1ɦɨɞ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɦɨɞ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
D1 – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɪ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 
Ȟɧ, Ȟɦɨɞ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 

ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; 𝜺 – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (𝜺 = 0,75). 

- ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ:  
 Z′ɚɝɪ = NɭɫɬNɚɝɪ

, (3.4) 

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ =128000 ɤȼɬ); 

Naɝɪ – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ. 
Ɋɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ Z’ɚɝɪ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ (Za). 
ɉɨɫɥɟ ɱɟɝɨ ɭɬɨɱɧɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 𝑁௔ = ே˖˔˕௓𝑎 . (3.5) 

 
- ɩɨɩɪɚɜɤɚ ɄɉȾ: 
 ∆ଵ= ηɧηɦ

. (3.6) 

 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ): 
 n′ = ୬I ˓′ √Δభ∙ɇɪୈభ , (3.7) 

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

- ɩɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɪɚɫɱɟɬɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ. 

 n୍ ୫a୶′ = ୬˔ˋː˘ୈభሺ∆′∙ୌౣi౤ሻబ.ఱ, (3.8) 
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n୍ ˓˃˔˚′ = ୬˔ˋː˘ୈభ(∆′∙ୌ˓)బ.ఱ, (3.9) 

 n୍ ୫i୬′ = ୬˔ˋː˘ୈభሺ∆′∙ୌౣaxሻబ.ఱ. (3.10) 

  
- ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
 Q′୍ ୮ ∙ η˕ = Naଽ,଼ଵ∙ୈభమ∙ୌpభ,ఱ∙ηˆ ˔˓. (3.11) 

 
- ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ: 
 Q′୍ ∙ η˕ = Naଽ,଼ଵ∙ୈభమ∙ୌౣaxభ,ఱ ∙ηˆ ˔˓. (3.12) 

 
- ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ: 
 Q′୍ ୫a୶ = ୕ౣi౤୬∙ୈభమ∙√ୌౣi౤∙Δ′, (3.13) 

 Q′୍ ୫i୬ = ୕ౣi౤୬∙ୈభమ∙√ୌౣax∙Δ′. (3.14) 

 
ɇɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚɧɨɫɹɬɫɹ ɥɢɧɢɢ n’Imax, n'Ip, 

n’Imin. Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚ ɥɢɧɢɢ n’p ɩɨɞɛɢɪɚɟɦ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ, 
ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɜɟɧɫɬɜɨ (3.11). 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɢ ɫɬɪɨɢɦ ɥɢɧɢɸ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɥɢɧɢɢ n’Imin 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɨɪɭ Hmax, ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɧɚɯɨɞɢɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ 
ɩɨ ɭɪɚɜɧɟɧɢɸ (3.12). 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɜ ɤɨɨɪɞɢɧɚɬɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɞɜɭɯ 
ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ Hmin ɢ Hmax ɩɨ ɮɨɪɦɭɥɚɦ (3.13) ɢ (3.14) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɉɅ50−ȼ ɢ ɉɅȾ50−ȼ60° ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɦɟɬɪɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɬɚɛɥɢɰɚɯ Ȼ.1 ɢ Ȼ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɭɱɢɬɵɜɚɟɬɫɹ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪɵ ɬɭɪɛɢɧɵ ɢ ɟё ɛɥɨɤɚ, ɚ ɬɚɤɠɟ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 
ɜɥɢɹɸɳɚɹ ɧɚ ɝɚɛɚɪɢɬɵ ɢ ɦɚɫɫɭ ɝɟɧɟɪɚɬɨɪɚ, ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ, ɨɬ ɜɟɥɢɱɢɧɵ 
ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɡɚɝɥɭɛɥɟɧɢɟ ɬɭɪɛɢɧɵ, ɩɨɬɨɦɭ ɤɚɤ ɬɭɪɛɢɧɚ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɫ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɄɉȾ ɜ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɨ ɪɚɫɱɟɬɧɨɝɨ. Ɍɚɤ 
ɠɟ ɜɚɪɢɚɧɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɧɚɢɦɟɧɶɲɟɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɧɚɢɛɨɥɶɲɟɣ 
ɦɨɳɧɨɫɬɢ, ɜɵɫɨɤɢɣ ɄɉȾ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɢɦɟɬɶ ɨɩɬɢɦɚɥɶɧɵɦɢ ɩɨ 
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ɫɨɜɨɤɭɩɧɨɫɬɢ ɬɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɤ: ɦɟɧɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, 
ɧɚɢɦɟɧɶɲɚɹ ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ.   

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ ɞɥɹ ɪɚɛɨɬɵ ɜ 
ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅ50−ȼ−500, ɬɚɤ ɤɚɤ ɨɧɚ ɢɦɟɟɬ: 

- ɛɨɥɶɲɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ ɢ ɬɨɱɤɟ ɨɩɬɢɦɭɦɚ; 
- ɨɩɬɢɦɚɥɶɧɭɸ ɡɨɧɭ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ; 
- ɛɨɥɶɲɭɸ ɫɢɧɯɪɨɧɧɭɸ ɱɚɫɬɨɬɭ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɟ ɱɢɫɥɨ ɩɨɥɸɫɨɜ. 
ȼɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɚɧɧɭɸ ɝɢɞɪɨɬɭɪɛɢɧɭ 

ɜɨɡɦɨɠɧɨ ɞɨɫɬɚɜɢɬɶ ɧɚɡɟɦɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ. 
Ɂɨɧɚ ɪɚɛɨɬɵ ɞɥɹ ɉɅ50−ȼ−500 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɪɢɫɭɧɨɤ Ȼ.1. 
 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

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

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

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: 

- 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: 
 Hୱ = B − Zː˄ሺ୕ː˄ሻଽ଴଴ − 𝜎H − ∆H௦ + ∆ܼ˘.˒ˎ, (3.16) 

 
ɝɞɟ ȼ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (10,33 ɦ ɜɨɞɧ.ɫɬ); ∆H௦  – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ σ ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ ɢ 
ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 

 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ;  

ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zɧɛ(Qɧɛ); 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ ɢ 

ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ. Ⱦɥɹ ɉɅ ɬɭɪɛɢɧ ∆ܼ˘ ˒ˎ = Ͳ. 
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ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɇmax: 
 Hୱ = ͳͲ,͵͵ − ଵଶହ,଻ଽଽ଴଴ − Ͳ,ͳ͹ ∙ Ͷͺ,͸Ͳ − ͳ,ͷ = −Ͳ,ͳͲ ˏ. 

 
ɉɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ Hɪ: 
 Hୱ = ͳͲ,͵͵ − ଵଶ଺,ଵ଴ଽ଴଴ − Ͳ,͵ʹͷ ∙ ͵ͺ,ͳͲ − ͳ,ͷ = −Ͷ,Ͳʹ ˏ. 

 
ɉɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmin: 
 Hୱ = ͳͲ,͵͵ − ଵଶହ,଼ଷଽ଴଴ − Ͳ,ʹͺͷ ∙ ʹͻ,͸Ͳ − ͳ,ͷ = −Ͳ,Ͳͺ ˏ. 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɩɨɥɭɱɟɧɧɵɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɜɯɨɞɹɬ ɜ 

ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ. 
Ɉɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ 

ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɢɥɢ ɩɨ ɥɟɬɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɧɚ ɪɢɫɭɧɤɟ 1.2. 

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 ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

 Z˓ˍ ሺୌ୫a୶ሻ = Zʜʐሺ୫a୶ሻ + Hୱሺୌ୫a୶ሻ, (3.17) 
 Z˓ˍ ሺୌ˓˃˔˚ሻ = Zʜʐሺ˓˃˔˚ሻ + Hୱሺୌ˓˃˔˚ሻ, (3.18) 
 Z˓ˍ ሺୌ୫i୬ሻ = Zʜʐሺ୫i୬ሻ + Hୱሺୌ୫i୬ሻ. (3.19) 
 
Ⱦɥɹ ɬɭɪɛɢɧɵ ɉɅ50−ȼ−500: 
 Z˓ˍ ሺୌ୫a୶ሻ = ͳʹͷ,͹ͻ + Ͳ,ͳͲ = ͳʹͷ,ͺͻ ɦ, 
 Z˓ˍ ሺୌ˓˃˔˚ሻ = ͳʹ͸,ͳͲ − Ͷ,Ͳʹ = ͳʹʹ,Ͳͺ ɦ, 
 Z˓ˍ ሺୌ୫i୬ሻ = ͳʹͷ,ͺ͵ − Ͳ,Ͳͺ = ͳʹͷ,͹ͷ ɦ. 
 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Zʟʙ = ͳʹʹ,Ͳͺ. 
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3.3 ȼɵɛɨɪ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɪɚɫɱёɬɨɜ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɨɡɜɨɥɹɸɬ 

ɧɚɦɟɬɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɚɪɢɚɧɬɵ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ. 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɢɦɟɸɳɢɦɫɹ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ 
ɬɢɩɨɜ, ɚ ɬɚɤɠɟ ɩɨ ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ. Ȼɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ−810/160−40. 
ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜɵɛɪɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 

 
Ɍɚɛɥɢɰɚ 3.3 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ−810/160−40 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞ. ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ·Ⱥ 78,00 

ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɋɧɨɦ Ɇȼɬ 70,4 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ ɨ.ɟ. 0,9 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɨɦ ɤȼ 10,5 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧɨɦ ɤȺ 4,29 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ nɧɨɦ ɨɛ/ɦɢɧ 150 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ Xd − 0,93 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X’d − 0,35 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X’’d − 0,19 
ɂɫɩɨɥɧɟɧɢɟ ɡɨɧɬɢɱɧɨɟ 

 
3.4 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɉɨ ɧɨɦɨɝɪɚɦɦɟ [6, ɪɢɫɭɧɨɤ 10.9, ɫ 144] ɨɩɪɟɞɟɥɢɥɢ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɨɪɚ 48,6 ɦ ɢ D1 = 5 ɦ: Ɇɇɍ 8/1−40−8−2, ɝɞɟ:  
8 – ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ; 
1 – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
40 – ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2; 
8 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3; 
2 – ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ−ɥɨɩɚɫɬɧɚɹ, ɬɨ ɜɵɛɢɪɚɟɬɫɹ ɗȽɊ ɞɥɹ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɫ ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ. ɋɨɝɥɚɫɧɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 
[6], ɜɵɛɢɪɚɟɦ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɬɢɩɚ ɗȽɊɄ−2ɢ1−150−4, ɝɞɟ: 

2ɢ1 – ɭɩɪɚɜɥɹɸɳɚɹ ɤɨɥɨɧɤɚ 2ɢ1; 
150 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ ɜ ɦɦ; 
4 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4−ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ƚɗɋ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ, ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɷɬɚɩɨɜ 

ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɤɚɤ ɨɬ ɜɵɛɪɚɧɧɨɣ 
ɫɯɟɦɵ ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, 
ɨɩɟɪɚɬɢɜɧɚɹ ɝɢɛɤɨɫɬɶ, ɚ ɢɦɟɧɧɨ ɩɪɢɫɩɨɫɨɛɥɹɟɦɨɫɬɶ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ 
ɪɚɛɨɬɵ ɢ ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɬɚɤɠɟ 
ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɢɦɟɧɧɨ ɫ ɨɞɢɧɨɱɧɵɦɢ ɢ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. 

Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.1 ɢ 4.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ 
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Ɋɢɫɭɧɨɤ 4.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 
4.2   ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 
ɋɯɟɦɚ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫ 

ɭɱёɬɨɦ ɟɟ ɧɚɞɟɠɧɨɫɬɢ ɜ ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ. 
 
4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ 
 
ȼɵɛɨɪ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ (ȽȽ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ. Ⱦɚɧɧɵɟ 
ɩɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ȽȽ ɋȼ−810/160−40 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 𝐔ːˑˏ ܋𝐨ܛ𝛗 𝐗′܌ 𝐗′′܌ 𝐗܌ 
S, ɆȼȺ P, Ɇȼɬ ɤȼ ɨ.ɟ. % % % 

78 70,4 10,5 0,9 19 35 93 
 
4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɨɞɢɧɨɱɧɵɦ 

ɛɥɨɤɨɦ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɜ 

ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɹ, ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 
ɨɬ ɝɟɧɟɪɚɬɨɪɚ (ɬ.ɟ. ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ)). Ɉɩɪɟɞɟɥɢɦ ɢɯ ɱɢɫɥɨ, ɬɢɩ 
ɢ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ. 
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S˓˃˔˚ = ୔ˆ−୔˔ːୡ୭ୱφ = ଻଴,ସ−ଵ,ଶ଼଴,ଽ = ͹͸,ͺ ʛʑ ∙ ʏ, (4.1) 

 
ɝɞɟ ̝ܲ ː = Ͳ,Ͳͳ ∙ ̟ܲ ˔˕ = Ͳ,Ͳͳ ∙ ͳʹͺ = ͳ,ʹͺ ʛʑ˕ – ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫɬɚɧɰɢɢ; ̟ܲ ˔˕ = ͳʹͺ ʛʑ ∙ ʏ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; ܿݏ݋𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ȽȽ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,9. 

ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɇ−80000/110. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2.  

 
Ɍɚɛɥɢɰɚ 4.2 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ−80000/110 𝐒ːˑˏ, 

ɆȼȺ 
𝐔, ɤȼ 𝐔ˍˊ, % 𝐈ܠܠ, % 𝚫𝐏ܠ, ɤȼɬ 𝚫𝐏ˍ, ɤȼɬ 

ɋɬɨɢɦɨɫɬɶ, 
ɦɥɧ. ɪɭɛ. 𝐔˅ː, ɤȼ 𝐔ːː, ɤȼ 

80 115 10,5 10,5 0,45 58 310 50,9 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫a୶ = ͶͲͲͲ 
ɢ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 𝜏 = ቀͲ,ͳʹͶ + ʡ೘𝑎𝑥ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.  (4.2) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ⋅ ܶ˒ ˎ − 𝜔 ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚,  (4.3) 
 

ɝɞɟ ߤ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1;  ܶ˒ ˎ – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 30; 𝜔 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ (0,025 ɢ 0,05 ɞɥɹ 
ɨɞɢɧɨɱɧɨɝɨ ɢ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ);  T˅  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ−ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 60. 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɫɱɢɬɚɸɬɫɹ ɤɚɤ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ⋅ Ͳ,Ͳͷͺ ⋅ ͺ͹ʹͻ = ͷͲ͸,͵ ʛʑ˕ ∙ ˚, (4.4) 
 

ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɫɱɢɬɚɸɬɫɹ ɤɚɤ: 
 ∆ܹː = ∆௉̱௡˕ ∙ ቀௌ˓˃˔˚ௌːˑˏ ቁଶ ∙ 𝜏 = ଴,ଷଵଵ ∙ ቀ଻଺,଼ ଼଴ ቁଶ ∙ ʹͶͲͷ = ͸ͺ͹,ʹ ʛʑ˕ ∙ ˚. (4.5) 
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ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 ʗ = ଵߛ ∙ ∆ ௫ܹ௫ + ଶߛ ∙ ∆ܹː = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͷͲ͸,͵ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙  ∙ ͸ͺ͹,ʹ = ͻ,ʹ ˕˞˔. ˓˖˄./ˆˑˇ , 
(4.6) 

 
ɝɞɟ 1ߚ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ ɬɚɪɢɮɚɦ, 
ɪɚɜɧɵɣ Ͳ,͸ ∙ ͳͲ−ଶ  ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ, ߚଶ = Ͳ,ͻ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚˃˔ሻ. 

Ⱦɥɹ 2 ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ʗଵ = ʗ ∙ ʹ = ͻ,ʹ ∙ ʹ = ͳͺ,Ͷ ˕˞˔. ˓˖˄./ˆˑˇ. (4.7) 
 
ɋɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɢɡ [17, ɬɚɛɥ. 8], ɫ ɭɱɟɬɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ [20, ɬɚɛɥ. «Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɮɟɞɟɪɚɥɶɧɵɣ ɨɤɪɭɝ»]. 
 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɭɤɪɭɩɧёɧɧɵɦ 

ɛɥɨɤɨɦ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɜ 

ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɹ, ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 
ɨɬ ɝɟɧɟɪɚɬɨɪɚ (ɬ.ɟ. ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ)). Ɉɩɪɟɞɟɥɢɦ ɢɯ ɱɢɫɥɨ, ɬɢɩ 
ɢ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ. 

 ܵ˓˃˔˚ = ʹ ∙ ௉̂ −௉̝ ː௖௢௦𝜑 = ʹ ∙ ଻଴,ସ−ሺ଴,଴ଵ∗ଵଶ଼ሻ଴,ଽ = ͳͷ͵,͸ ʛʑ ∙ ʏ. (4.8) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɊȾɐɇ−160000/110. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.3. 

 
Ɍɚɛɥɢɰɚ 4.3 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɊȾɐɇ−160000/110 𝐒ːˑˏ, 

ɆȼȺ 
𝐔, ɤȼ 𝐔ˍˊ, % 𝐈ܠܠ, % 𝚫𝐏ܠ, ɤȼɬ 𝚫𝐏ˍ, ɤȼɬ 

ɋɬɨɢɦɨɫɬɶ, 
ɦɥɧ. ɪɭɛ. 𝐔˅ː, ɤȼ 𝐔ːː, ɤȼ 

160 121 10,5 11,0 0,35 85 410 53,9 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚. 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ⋅ Ͳ,Ͳͺͷ ⋅ ͺ͹ʹͻ = ͹Ͷͳ,ͻ ʛʑ˕ ∙ ˚. (4.9) 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
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∆ܹː = ∆௉̱௡˕ ∙ ቀௌ˓˃˔˚ௌːˑˏ ቁଶ ∙ 𝜏 = ଴,ସଵଵ ∙ ቀଵହଷ,଺ଵ଺଴ ቁଶ ∙ ʹͶͲͷ = ͻͲͺ,ͻ ʛʑ˕ ∙ ˚. (4.10) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͹Ͷͳ,͸ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͻͲͺ,ͻ = ͳʹ,͸ ˕˞˔. ˓˖˄./ˆˑˇ.  (4.11) 
 
Ⱦɥɹ 1 ɛɥɨɤɚ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ʗଶ = ܷ˒ˑ˕ሺଵሻ ∙ ͳ = ͳʹ,͸ ∙ ͳ = ͳʹ,͸ ˕˞˔. ˓˖˄./ˆˑˇ. (4.12) 
 
4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ) 
 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɨɞɢɧ Ɍɋɇ ɞɨɥɠɟɧ 
ɩɨɤɪɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɣ ɫɬɚɧɰɢɢ. 

 ܵ˓˃˔˚ = Ͳ,Ͳͳ ∙ ୔˖˔˕.ʒЭʠ௖௢௦𝜑ˆˈː = Ͳ,Ͳͳ ∙ ଵଶ଼଴଴଴଴,ଽ = ͳͶʹʹ ˍʑ ∙ ʏ  (4.13) 

 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ−1600/10/6,3 ɩɪɨɢɡɜɨɞɫɬɜɚ «ɑɟɛɨɤɫɚɪɫɤɨɝɨ 

ɗɥɟɤɬɪɨɡɚɜɨɞɚ». ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ−1600/10/6,3 𝐒ːˑˏ, Ɇȼ∙Ⱥ 
𝐔ʜ, ɤȼ 𝐔ˍ, % 𝐔ʑʜ 𝐔ʜʜ 

1,6 10,5 6,3 5,5 

 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 110 ɤȼ: 
 SΣ = ʟ˖˔˕.ʒЭʠ−୔˔.ː.ˆˠ˔ୡ୭ୱφˆˈː = ଵଶ଼−ଵ,ଶ଼଴,ଽ = ͳͶͲ,ͺ ʛʑ ∙ ʏ. (4.14) 

 
ɇɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ 1 ɰɟɩɢ 110 ɤȼ ɫɨɝɥɚɫɧɨ [1; 

ɬɚɛɥɢɰɚ 3.1] ܲ ː˃˕ = ͵Ͳ Ɇȼɬ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosφୡ = Ͳ,ͻ. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 110 ɤȼ: 
 ݊ˎ = ௌΣሺ௞∙௉ː ˃˕ሻ/ୡ୭ୱφౙ + ͳ = ଵସ଴,଼ ሺଵ,ସ∙ଷ଴/଴,ଽሻ + ͳ = Ͷ, (4.15) 
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ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 
1,2. 

ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 110 ɤȼ ɪɚɜɧɵɦ nˎ = Ͷ.  
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 110 ɤȼ: 
ܫ˓  ˃˄ = ௌΣ௡ˎ∙√ଷ∙௎ːˑˏ = ଵସ଴,଼ସ∙√ଷ∙ଵଵ଴ = Ͳ,ͳͺͶ ˍʏ. (4.16) 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 110 ɤȼ: 
ܫ˓  ˃˔˚ = ʡߙ ∙ 𝑖ߙ ∙ ܫ˓ ˃˄ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ Ͳ,ͳͺͶ = Ͳ,ͳͻ͵ ˍʏ, (4.17) 
 

ɝɞɟ αi – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,05; αɌ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1.  

ɋɜɵɲɟ 1 ɤȼ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ γ = 1,1 Ⱥ/ɦɦ2. 

ܨ  = ூ˓ ˃˔˚ఊ = ଵଽଷଵ,ଵ = ͳ͹ͷ ˏˏଶ. (4.18) 

 
ɋɨɝɥɚɫɧɨ [22, ɬɚɛɥ. 3.15] ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ−70/11. Ⱦɨɩɭɫɬɢɦɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɨɡɞɭɯɚ ̌ܫ ˑ˒ =  Ͳ,ʹ͸ͷ ˍʏ. 

ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
ܫ˒  .˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵସ଴,଼ଷ∙√ଷ∙ଵଵ଴ = Ͳ,ʹͶͷ ˍʏ. (4.19) 

ܫ˒  .˃˅ < ܫ̌ ˑ˒, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ Ⱥɋ−70/11 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 
 

Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ Ⱥɋ−70/11 
ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ ࡾ૙ 𝑿૙ 𝑩૙ 

ɲɬ. Ɉɦ/ɤɦ Ɉɦ/ɤɦ 10-6 ɋɦ/ɤɦ 
1 0,422 0,444 2,547 

 
4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ−ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɪɚɫɱёɬɚ 
 
Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɢɦɟɟɬ ɦɨɳɧɨɫɬɶ 128 Ɇȼɬ, ɚ ɬɚɤɠɟ ɧɢɡɤɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɢɬɶ ɄɊɍɗ 110 ɤȼ.  
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Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɋɇ ɢ ɹɱɟɟɤ Ɋɍ ȼɇ. Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ 
ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ʙ𝑖 = ሺ݇ + ݊ሻ ∙ ʙʙʟʢЭ + 𝑖 ∙ ʙ˔.˕. + ݉ ∙ ʙ˕.˔.ː., (4.20) 
  

ɝɞɟ ʙ˔.˕. – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  ʙ˕.˔.ː.– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ʙʙʟʢЭ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɄɊɍɗ;  ݇ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɫɥɭɠɟɛɧɵɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ; 𝑖 – ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ݉ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଵଵଵ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ: 
 ʙଵଵଵ଴ = ሺ͸ + ͳሻ ∙ ͻ,͹ + ʹ ∙ ͷͲ,ͻ + ͵ ∙ Ͳ,͹ = ͳ͹ͳ,ͺʹ ˏˎː. ˓˖˄. 
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଶଵଵ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 ʙଶଵଵ଴ = ሺͷ + ͳሻ ∙ ͻ,͹ + ͳ ∙ ͷ͵,ͻ + ͵ ∙ Ͳ,͹ = ͳͳͶ,ʹͳ ˏˎː. ˓˖˄.  
 
ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʖ𝑖 = ʔː ∙ ʙ𝑖 + ʗ𝑖, (4.21) 
  

ɝɞɟ ʔː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ 
ɷɧɟɪɝɟɬɢɤɭ ɩɨ ɩɪɢɤɚɡɭ Ɇɢɧɫɬɪɨɹ ɊɎ , ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 15 %. 

 ʖଵ = Ͳ,ͳͷ ∙ ͳ͹ͳ,ͺʹ + Ͳ,ͲͳͺͶ = ʹͷ,͹ͻ ˏˎː ˓˖˄./ˆˑˇ; 
 ʖଶ = Ͳ,ͳͷ ∙ ͳͳͶ,ʹͳ + Ͳ,Ͳʹͷ͵ = ͳ͹,ͳ͸ ˏˎː. ˓˖˄./ˆˑˇ.  
 
Ɉɩɪɟɞɟɥɢɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 P = ʖభ−ʖమʖభ ∙ ͳͲͲ% = ଶହ,଻ଽ  −ଵ଻,ଵ଺ଶହ,଻ଽ ∙ ͳͲͲ% = ͵͵,͸ʹ%. (4.22) 

 
ɋɪɚɜɧɢɜ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɛɥɨɱɧɵɯ ɫɯɟɦ ɞɟɥɚɟɦ 

ɜɵɜɨɞ, ɱɬɨ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬɚ ɹɜɥɹɟɬɫɹ ɯɨɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɞɨɪɨɠɟ, ɢ ɪɚɡɧɨɫɬɶ 
ɦɟɠɞɭ ɞɜɭɦɹ ɜɚɪɢɚɧɬɚɦɢ ɫɨɫɬɚɜɢɥɚ 33,62 %, ɧɨ ɜɵɛɢɪɚɬɶ ɫɯɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. 

ɋɬɚɧɰɢɹ ɢɦɟɟɬ 2 ɝɟɧɟɪɚɬɨɪɚ, ɡɧɚɱɢɬ ɩɪɚɜɢɥɶɧɟɟ ɢ ɧɚɞɟɠɧɟɟ ɛɭɞɟɬ ɜɵɛɪɚɬɶ 
ɫɯɟɦɭ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ, ɬɚɤ ɤɚɤ ɩɪɢ ɜɵɜɟɞɟɧɢɢ ɨɞɧɨɝɨ ɛɥɨɤɚ ɜ ɚɜɚɪɢɣɧɨɦ 
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ɪɟɠɢɦɟ ɢ ɩɪɢ ɪɟɦɨɧɬɚɯ ɫɬɚɧɰɢɹ ɩɪɨɞɨɥɠɢɬ ɫɧɚɛɠɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ 
ɩɨɬɪɟɛɢɬɟɥɟɣ, ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɟɬɫɹ ɧɚɞɟɠɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɯɟɦɨɣ ɫ 
ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɢɪɚɟɦ ɫɯɟɦɭ ɫ ɨɞɢɧɨɱɧɵɦɢ 
ɛɥɨɤɚɦɢ. 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ−110 ɤȼ:  
- 2 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ;  
- 4 ȼɅɗɉ. 
ɂɬɨɝɨɜɨɟ ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɜɧɨ 6. ɉɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 

ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ Ɋɍ ɜɵɛɢɪɚɟɦ ɨɞɧɭ ɪɚɛɨɱɭɸ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɭɸ 
ɜɵɤɥɸɱɚɬɟɥɟɦ ɫɢɫɬɟɦɭ ɲɢɧ. ɋɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ Ɋɍȼɇ №110−9 

 
4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɄɁ) 
 
4.6.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
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ˆݔ = ′′ௗݔ ∙ ௎ːˑˏమௌːˑˏ = Ͳ,ͳͻ ∙ ଵ଴,ହమ଻଼  = Ͳ,ʹͻͺ ʝˏ, (4.23) 

 
ɝɞɟ ݔௗ′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܵːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; ܷːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ݎ̂  = ˘ˆ𝜔∙ʡ˃,ˆ = ଴,ଶଽ଼ଷଵସ∙଴,ସ = Ͳ,ͲͲʹͶ ʝˏ, (4.24) 

 
ɝɞɟ 𝜔 – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; ܶ˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 
0,4 ɫ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
˕ݔ  = ௨ˍˊ%ଵ଴଴ ∙ ௎ʑʜమௌːˑˏ = ଵ଴,ହ∙ଵଵହమଵ଴଴∙଼଴ = ͳ͹,͵͸ ʝˏ, (4.25) 

  
ɝɞɟ ݑˍˊ% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܷʑʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ݎ̞  = Δ୔ౡ∙୙మ˄ୗːˑˏమ = ଷଵ଴∙ଵଵହమ଼଴మ = Ͳ,͸Ͷ ʝˏ, (4.26) 

 
ɝɞɟ ܵːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ∆̱ܲ  – ɩɨɬɟɪɢ ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 110 ɤȼ: 
ˎ˅ݔ  = ˇ˖,ˑݔ ∙ ݈ = Ͳ,Ͷ͵ʹ ∙ ͷͷ = ʹ͵,͹͸ ʝˏ, (4.27) 
 

ɝɞɟ ݔˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; ݈ – ɞɥɢɧɚ ȼɅ; ݊  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. 
ݎ˅  ˎ = ˑݎ ,˖ˇ ∙ ݈ = Ͳ,Ͷʹʹ ∙ ͷͷ = ʹ͵,ʹͳ ʝˏ, (4.28) 
 

ɝɞɟ ˑݎ ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
˔ݔ  = ௎˄భమௌˍ.ˊ = ଵଵହమଵ଴଴ = ͳ͵ʹ,ʹͷ ʝˏ, (4.29) 

 
ɝɞɟ ܷ˄ଵ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; ܵˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ. 
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ݎ̝ = ୶ʠ୘˃,ʠ∙ω = ଵଷଶ,ଶହ଴,଴ଷ∙ଷଵସ = ͳͶ,ͲͶ ʝˏ, (4.30) 

 
ɝɞɟ T˃ ,ʠ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 
0,03 ɫ. 

ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ˆܧ  = ′′∗ܧ ∙ ܷ˄ଶ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ˍʑ, (4.31) 
 

ɝɞɟ ܷ˄ଶ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܧ∗′′– ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ. 
ɗȾɋ ɫɢɫɬɟɦɵ: 
˔ܧ  = ′′˔∗ܧ ∙ ܷ˄ଵ = ͳ ∙ ͳͳͷ = ͳͳͷ ˍʑ, (4.32) 
 

ɝɞɟ ܧ∗˔′′  – ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ʙଵ = ௎ʜʜ௎ʑʜ = ଵ଴,ହଵଵହ = Ͳ,Ͳͻ. (4.33) 

 
4.6.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɉɄ RastrWin 
 
ɇɢɠɟ ɭɤɚɡɚɧɵ ɬɚɛɥɢɰɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 4.4−4.6 ɫ 

ɜɧɟɫɟɧɧɵɦɢ ɜ ɉɄ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɲɢɧɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ 
ɝɥɚɜɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ.  

 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 
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Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.7 ɢ 4.8 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ 

ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɄɊɍɗ 110 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ 

 

 
Ɋɢɫɭɧɨɤ 4.8 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 110 ɤȼ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.9 ɢɡɨɛɪɚɠёɧ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 

110 ɤȼ. 
 

 
Ɋɢɫɭɧɨɤ 4.9 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 110 ɤȼ 
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4.6.3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɄɁ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 
 

Ɍɚɛɥɢɰɚ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ 
Ɍɢɩ ɄɁ Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɌɄɁ 𝐈˒.ˑ, ˍʏ Ʉɭɞ 𝐢˖ 

1ɮ ɄɊɍɗ 110 ɤȼ 13,48 1,61 30,70 
3ɮ ɄɊɍɗ 110 ɤȼ 9,06 1,61 20,64 
3ɮ ȼɵɜɨɞɚ ɝɟɧɟɪɚɬɨɪɨɜ 10,5 ɤȼ 23,20 1,98 64,94 
 
4.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɨɜ 
 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɛɥɸɞɟɧɢɟ 

ɬɪɟɛɨɜɚɧɢɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  
ɉɪɢ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
 Iɝ,ɪɚɛ ୫a୶ = ͳ,Ͳͷ ∙ Iɝ,ɧɨɦ = ͳ,Ͳͷ ∙ ୗɧɨɦ√ଷ௎ɧɨɦ

= ͳ,Ͳͷ ∙ ଻଼√ଷ∙ଵ଴,ହ = Ͷ,ͷͲ͵ ˍʏ. (4.34) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɬ ɪɚɜɟɧ: 
 Iɬɪ−ɪɚ = ୗɧɨɦ√ଷ∙୙ɬ,ɧɨɦሺ−ఱ%ሻ = ଻଼√ଷ∙ሺଵଵହ−ହ%ሻ = Ͳ,Ͷͳʹ ɤȺ ˍʏ. (4.35) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɜ ɥɢɧɢɹɯ ɫɜɹɡɢ: 
 I˓˃˄.௠௔௫ = ୗ∑௡ˎ∙√ଷ∙୙ːˑˏ = ଵସ଴,଼ସ∙√ଷ∙ଵଵ଴ = Ͳ,ͳͺͷ ˍʏ. (4.36) 

 
ɉɨ Ʌɗɉ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ: 
 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵସ଴,଼ଷ∙√ଷ∙ଵଵ଴ = Ͳ,ʹͶ͸ ˍʏ. (4.37) 

 
4.8 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ 
 
4.8.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
Ƚɟɧɟɪɚɬɨɪɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɨɬɜɟɱɚɸɬ ɜɵɫɨɱɚɣɲɢɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɤɚɱɟɫɬɜɭ ɢ ɬɟɯɧɨɥɨɝɢɹɦ, ɜɵɫɨɤɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɢ 
ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɱɬɨ, ɜ ɢɬɨɝɟ, ɫɨɤɪɚɳɚɟɬ ɫɭɦɦɚɪɧɵɟ 
ɪɚɫɯɨɞɵ, ɬɚɤ ɠɟ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ: 



  
 

47 
 

 

- ɍɜɟɥɢɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ; 

- Ɉɩɬɢɦɚɥɶɧɚɹ ɥɢɱɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
- ɗɤɨɥɨɝɢɱɧɨɫɬɶ; 
- Ɇɢɧɢɦɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ, ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɬɟɤɭɳɟɟ 

ɫɨɞɟɪɠɚɧɢɟ. 
Ƚɟɧɟɪɚɬɨɪɧɚɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɤɚɦɩɚɧɢɢ ɈɈɈ «ɋɢɦɟɧɫ», 

VB1−D ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɛɨɪɧɨɣ ɲɢɧɨɣ ɛɥɚɝɨɞɚɪɹ ɬɟɯɧɨɥɨɝɢɢ, ɩɟɪɟɤɥɸɱɚɸɳɟɣ 
ɜɵɤɚɬɧɨɣ ɬɟɥɟɠɤɨɣ ɤɚɪɟɬɤɢ, ɩɪɟɞɥɚɝɚɟɬ ɜɵɫɨɤɭɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɝɨɬɨɜɧɨɫɬɶ 
ɢ ɧɚɞɟɠɧɭɸ ɢ ɷɤɨɧɨɦɢɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɷɧɟɪɝɢɢ. ɇɟɫɥɨɠɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 
ɩɪɢɟɦɵ ɨɛɥɟɝɱɚɸɬ ɭɫɬɚɧɨɜɤɭ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ. 

Ȼɥɚɝɨɞɚɪɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɬɨɣɤɨɫɬɢ ɤ ɩɚɪɚɡɢɬɧɨɣ ɞɭɝɟ IAC A FLR 63 ɤȺ, 
0,3 ɫ, VB1−D ɝɚɪɚɧɬɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɡɚɳɢɬɭ ɩɟɪɫɨɧɚɥɚ, ɚ ɛɥɚɝɨɞɚɪɹ 
ɤɚɬɟɝɨɪɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ LSC 2B ɢ ɤɥɚɫɫɭ ɨɝɪɚɧɢɱɟɧɢɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɭɝɢ PM – ɦɚɤɫɢɦɚɥɶɧɭɸ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɜ ɪɚɛɨɬɟ. 
ɂɡɨɥɢɪɨɜɚɧɧɚɹ ɜɨɡɞɭɯɨɦ ɢ ɷɤɪɚɧɢɪɨɜɚɧɧɚɹ ɦɟɬɚɥɥɨɦ ɭɫɬɚɧɨɜɤɚ ɩɪɨɲɥɚ ɬɢɩɨɜɨɟ 
ɢɫɩɵɬɚɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ IEC 62271−200 ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɜ ɩɨɦɟɳɟɧɢɹɯ.  

Ʉɨɦɩɚɤɬɧɵɟ ɝɚɛɚɪɢɬɵ ɞɟɥɚɸɬ ɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ. ɍɫɬɚɧɨɜɤɭ ɦɨɠɧɨ ɪɚɫɲɢɪɹɬɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 
ɟɟ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ. 

Ⱦɚɧɧɵɣ ɜɵɛɨɪ ɛɵɥ ɫɞɟɥɚɧ, ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɤɨɦɩɚɤɬɧɨɫɬɢ ɢ ɞɨɫɬɭɩɧɨɫɬɢ, ɢ ɩɨɜɫɟɦɟɫɬɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ƚɗɋ 
ɩɨ ɜɫɟɣ ɫɬɪɚɧɟ, ɱɬɨɛɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ VB1−D ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7. 
 

Ɍɚɛɥɢɰɚ 4.7 – ɉɚɪɚɦɟɬɪɵ ɢ ɩɪɨɜɟɪɤɚ ɝɟɧɟɪɚɬɨɪɧɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ VB1−D 

ɉɚɪɚɦɟɬɪɵ Ⱦɚɧɧɵɟ ɩɨ ɤɚɬɚɥɨɝɭ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ⱦɢɚɩɚɡɨɧ ɩɪɢɦɟɧɟɧɢɹ 50 Ɇȼɬ – 110 Ɇȼɬ 70,4 Ɇȼɬ 
Ɋɚɫɱёɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 17,5 ɤȼ 10,5 ɤȼ 

ɋɢɥɚ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɞɨ 5100 Ⱥ 4503 Ⱥ 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɪɚɫɱёɬɧɨɝɨ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 

ɞɨ 63 ɤȺ/3ɫ 23,20 ɤȺ 

Ɋɚɫɱёɬɧɵɣ ɢɦɩɭɥɶɫɧɵɣ ɬɨɤ ɞɨ 173 ɤȺ 64,94 ɤȺ 
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɫɬɨɤɣɤɨɫɬɢ ɤ 

ɩɚɪɚɡɢɬɧɨɣ ɞɭɝɟ 
ɞɭɝɨɫɬɨɣɤɨɫɬɶ ɞɨ IAC A 

FLR, 63ɤȺ/1 ɫɟɤ. 

 

Ʉɥɚɫɫ ɡɚɳɢɬɵ IP4X 
Ʉɚɬɟɝɨɪɢɹ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɝɨɬɨɜɧɨɫɬɢ 

LSC 2B 

ɍɫɬɚɧɨɜɤɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɣ 

ɋɩɨɫɨɛ ɩɨɞɤɥɸɱɟɧɹ 
ɤɚɛɟɥɶ, ɲɢɧɚ ɫ ɬɜёɪɞɨɣ 

ɢɡɨɥɹɰɢɟɣ 
ɍɫɬɚɧɨɜɤɚ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ 
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4.8.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ−10−ɍ3. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ» ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌɒɅ−10−ɍ3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.8. 

 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ−10−ɍ3 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͳ ˍʑ I˓˃˄ ୫a୶ < Iːˑˏ Iʒ.˓˃˄ = Ͷ,ͷ ˍʏ Iːˑˏ = ͷ ˍʏ 
 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ−ɋɗɓ−10. ɉɪɨɢɡɜɨɞɢɬɟɥɶ 

ɈȺɈ «ɗɥɟɬɪɨɳɢɬ ɋɚɦɚɪɚ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɁɇɈɅ−ɋɗɓ−10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͲ,ͷˍʑ 

 
ɉɪɢ ɜɵɛɨɪɟ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
 U˔ˈ˕ˋ ൑ Uːˑˏ; 
 Iˆ.˓˃˄.୫a୶ ൑ Iːˑˏ; 
 Bˍ.˓˃˔˚ ൑ Bˍ.ːˑˏ. 
 
ȼɵɛɪɚɧ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɬɢɩɚ ɊȼɊɁ−10/5000 Ɇɍ3 ɩɪɨɢɡɜɨɞɫɬɜɚ ɁȺɈ 

«ɁɗɌɈ», ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
 

Ɍɚɛɥɢɰɚ 4.10 − ɉɚɪɚɦɟɬɪɵ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɊȼɊɁ−10/5000 Ɇɍ3 
Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Uɫɟɬɢ = ͳͲ,ͷ ɤȼ Uɧɨɦ = ͳͲ,ͷ ˍʑ Iɝ.ɪɚɛ.୫a୶ = ͶͷͲ͵ Ⱥ Iɧɨɦ = ͷͲͲͲ ʏ Iɩ଴ = ʹ͵,ʹͲ ɤȺ Iɬɟɪɦ.ɫɬ = ͷͲ ɤȺ i୷ = ͸Ͷ,ͻͶ ɤȺ Iɷɥ.ɞɢɧ.ɫɬ = ͳʹͷ ɤȺ 

ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ) = = ʹ͵,ʹͲଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = = Ͷ͵,Ͳ͸ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ɤȺଶ ∙ ɫ 

 
4.8.3 ȼɵɛɨɪ ɫɢɧɯɪɨɧɢɡɚɬɨɪɨɜ ɢ ɚɧɚɥɢɡɚɬɨɪɨɜ 
 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 
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Ɍɚɛɥɢɰɚ 4.11 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 

Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ−1 RS485 0,5 8 
 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 

Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ−1 RS485 0,5 8 

ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ−Ɇ3 RS485 0,5 10 

 
ȼɵɛɪɚɧ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɇɉɎ ɉɪɨɫɨɮɬ−ȿ».  
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. Ⱥɧɚɥɢɡɚɬɨɪ ȺɉɄɗ−1 
ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɤɨɧɬɪɨɥɶ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ(ɉɄɗ) 
ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɬɟɤɭɳɢɯ ɉɄɗ ɢ ɢɯ ɫɬɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɚɤɠɟ ɫɨɯɪɚɧɹɬɶ 
ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ 
ɩɪɨɬɨɤɨɥɚ ɢɡɦɟɪɟɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɢɧɯɪɨɧɢɡɚɬɨɪɚ ɛɵɥ ɜɵɛɪɚɧ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ–Ɇ3, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «Ⱥɋɍ–ȼɗɂ». 
ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. Ɇɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɫɜɹɡɵɜɚɸɳɟɣ ɧɟɫɢɧɯɪɨɧɧɵɟ ɱɚɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ 
ɜɵɛɟɝɚ. 

 
4.9 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
Ȼɵɥɨ ɜɵɛɪɚɧɨ ɄɊɍɗ ɫɟɪɢɢ əȽȽ–110 ɩɪɨɢɡɜɨɞɫɬɜɚ ȺɈ ȼɈ 

«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɸɬɫɹ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɡɟɦɥɟɧɧɨɦ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɄɊɍɗ ɹɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫ 
ɦɧɨɠɟɫɬɜɨɦ ɩɪɟɜɨɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɤɥɸɱɚɹ ɤɨɦɩɚɤɬɧɨɫɬɶ, 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɬɨɣɤɨɫɬɶ ɤ 
ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. Ɉɫɧɨɜɧɵɟ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɄɊɍɗ əȽȽ–110 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12. 

 
Ɍɚɛɥɢɰɚ 4.12 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɄɊɍɗ 110 ɤȼ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ əȽȽ−110 
ɇɨɦɢɧɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 110 ɞɨ 126 

Ɍɨɤ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ, ɤȺ 4,5 ɞɨ 5 
Ɍɨɤ ɄɁ, ɤȺ 23,20 ɞɨ 50 

ɍɞɚɪɧɵɣ ɬɨɤ, ɤȺ 64,94 ɞɨ 125 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɨɫɧɚɳɟɧɨ ɤɨɦɩɥɟɤɫɨɦ ɫɩɟɰɢɚɥɶɧɵɯ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɩɚɫɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ, 
ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɜɢɞɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɚɜɬɨɦɚɬɢɤɢ, ɛɟɡ ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɨɠɧɚ ɧɨɪɦɚɥɶɧɚɹ ɢ 
ɧɚɞɟɠɧɚɹ ɪɚɛɨɬɚ ɫɨɜɪɟɦɟɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

 
5.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɉɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ 

ɛɥɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2. ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.3. 

 
Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 Ɍɢɩ ɋȼ−810/160−40 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 78 ɆȼȺ 

ɚɤɬɢɜɧɚɹ 70,4 Ɇȼɬ 
ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 10,5 ɤȼ 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,9 
ɱɚɫɬɨɬɚ 50 Ƚɰ 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 150 ɨɛ/ɦɢɧ 
ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 4289 Ⱥ 

ɬɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1185 Ⱥ 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 315 ȼ 

ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ  Xd 0,93 
ɩɟɪɟɯɨɞɧɨɟ  X'd 0,35 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  X"d 0,19 
ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 0,20 

ɟɦɤɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 0,5 ɦɤɎ/ɮɚɡɭ 
 

Ɍɚɛɥɢɰɚ 5.2 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍɢɩ ȿɞ. ɢɡɦ. ɌȾ−80000/110 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ ɆȼȺ 80 
ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤȼ 115/10,5 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ % 10,5 
ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ − Yɧ/Δ 

 
Ɍɚɛɥɢɰɚ 5.3 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ 

Ɍɢɩ ȿɞ. ɢɡɦ. ɌɋɁɉ−1600/10−Ɇ−ɍɁ 
ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ ɆȼȺ 3 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤȼ 10,5/6,3 
Ɍɨɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Ⱥ 1600 
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5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ−ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ.   

ɇɚ ɝɟɧɟɪɚɬɨɪɟ ɋȼ−810/160−40 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ ɨɬ:  
- ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 
- ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
- ɩɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
- ɩɟɪɟɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
- ɫɢɦɦɟɬɪɢɱɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɨɛɦɨɬɨɤ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
- ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɨɦ ɜɨɡɛɭɠɞɟɧɢɹ; 
- ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɚɬɨɪɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ; 
- ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɰɟɩɢ ɜɨɡɛɭɠɞɟɧɢɹ; 
- ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɫ ɩɨɬɟɪɟɣ ɜɨɡɛɭɠɞɟɧɢɹ; 
- ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
- ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
- ɨɬ ɞɥɢɬɟɥɶɧɨɣ ɮɨɪɫɢɪɨɜɤɢ; 
- ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɨɥɹ ɢɫɩɪɚɜɧɨɫɬɢ ɰɟɩɟɣ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 
- ɭɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ. 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɌȾ−80000/110 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ ɨɬ: 
- ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ;  
- ɭɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨɯɜɚɬɵɜɚɸɳɟɟ 

ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ);  
- ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ ɜ ɫɟɬɢ 110 ɤȼ;  
- ɪɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
- ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;  
- ɤɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;   
- ɪɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ – ɡɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ 

ɨɯɥɚɠɞɟɧɢɹ;  
- ɡɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 110 ɤȼ:  
- ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ−ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ);  
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ:  
- ɬɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ);  
- 4−ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

(ɌɇɁɇɉ); 
- ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ);  
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- ɍɊɈȼ 110ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 110ɤȼ).  

ɉɪɨɬɢɜɨɚɜɚɪɢɣɧɚɹ ɚɜɬɨɦɚɬɢɤɚ:  
- ɚɜɬɨɦɚɬɢɤɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (ȺɈɉɇ); 
- ɚɜɬɨɦɚɬɢɤɚ ɥɢɤɜɢɞɚɰɢɢ ɚɫɢɧɯɪɨɧɧɵɯ ɪɟɠɢɦɨɜ (ȺɅȺɊ). 
Ɂɚɳɢɬɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ:  
- ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
- ɡɚɳɢɬɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ. 
 
5.3 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ. 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 Iːˆሺଵሻ = ୔ːˑˏ/ୡ୭ୱφ√ଷ୙ːˑˏ = ଻଴,ସ∙ଵ଴య/଴,ଽ√ଷ∙ଵ଴,ହ = Ͷʹͺͺ,ͻ ʏ. (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:    
 Iːˆሺଶሻ = ʙ˔˘ூː ˆሺభሻʙʡʡ = ଵ∙ସଶ଼଼,ଽହ଴଴଴/ହ = Ͷ,ʹͻ ʏ. (5.2) 

 
Ⱦɚɥɟɟ ɩɨ ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɨɤɚ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɞɥɢɬɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɪɨɬɨɪɚ: 
 Iˇˇ.˓ˑ˕. = ͳ,ͳ ∙ I˓ˑ˕ = ͳ,ͳ ∙ ͳͳͺͷ = ͳ͵Ͳ͵,ͷ ʏ.                                                          (5.3) 
 

ɉɨ ɤɚɬɚɥɨɠɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɫɢɫɬɟɦɭ ɜɨɡɛɭɠɞɟɧɢɹ 
ɋɌɋ−320−1400−2,5 ɍɏɅ4. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.4. 

 
Ɍɚɛɥɢɰɚ 5.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ.  

Ɍɨɤ (ɞɥɢɬ/ɮɨɪɫ), Ⱥ ɇɚɩɪɹɠɟɧɢɟ (ɞɥɢɬ/ɮɨɪɫ), ȼ 
1400 320 
2340 490 

 
ȼɵɛɨɪ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɠɟ ɩɨ 

ɤɚɬɚɥɨɠɧɵɦ ɞɚɧɧɵɦ. Ȼɵɥ ɜɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.5. 

 
Ɍɚɛɥɢɰɚ 5.5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɌɋɁɉ−1600/10−Ɇ−ɍ3 

Ɇɨɳɧɨɫɬɶ, ɤȼȺ Uɜɟɧɬ, ȼ Uɩɪɟɨɛ,ȼ Iɩɪɟɨɛ,Ⱥ 
1482 655 825 1600 
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ɉɪɨɜɟɪɹɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ 
ɱɟɪɟɡ ɧɟɝɨ ɬɨɤɚ ɮɨɪɫɢɪɨɜɤɢ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɫɱɢɬɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 5.4: 

 ݇˒ˈ˓ = ூ˗∙௞˔˘ூː  ʡʔ  ,                                                                                                  (5.4) 

 
ɝɞɟ ̠ܫ  – ɬɨɤ ɮɨɪɫɢɪɨɜɤɢ, Ⱥ; ݇˔˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɮɚɡɧɨɝɨ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ 
ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,816; ːܫ  ʡʔ  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 

 ݇˒ˈ˓ = ଶଷସ଴∙଴,଼ଵ଺ଵଷ଴ହ,଺ = ͳ,Ͷ͸.  
 
ɉɨ ɞɚɧɧɵɦ ȽɈɋɌ ɞɨɩɭɫɬɢɦɚɹ ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ 50% 

ɫɨɫɬɚɜɥɹɟɬ 18 ɦɢɧɭɬ, ɩɪɢ ɷɬɨɦ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɪɟɠɢɦ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɩɟɪɟɝɪɭɡɤɟ ɫɨɫɬɚɜɥɹɟɬ 120 ɫɟɤ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɚɬɶ ɩɟɪɟɝɪɭɡɤɭ ɞɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɚɧɧɵɟ ɩɨ 
ɩɟɪɟɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.6. 

 
Ɍɚɛɥɢɰɚ 5.6 – Ⱦɨɩɭɫɬɢɦɵɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ. 

ɉɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ, % 20 30 40 50 60 
ɞɥɢɬɟɥɶɧɨɫɬɶ, ɦɢɧ 60 45 32 18 5 

 
5.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱёɬ ɢɯ ɭɫɬɚɜɨɤ 
 
5.4.1 Ɂɚɳɢɬɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ ɡɚɳɢɬ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 1 – ɩɟɪɟɞ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ ɜ ɬɨɱɤɟ 2 – ɩɨɫɥɟ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.1.  
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Ɋɢɫɭɧɨɤ 5.1 – ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɫ ɭɤɚɡɚɧɢɟɦ ɬɨɱɟɤ ɄɁ 

 
Ɍɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 1 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 5.5: 
 Iʙʖ ଵሺଷሻ = ୉"Xౚ" Iːˑˏ ˆˈː,                                                                                                 (5.5) 

 
ɝɞɟ ܧ" – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ ɜ ɫɟɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,08 ɨ.ɟ.; ܺௗ"  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ːܫ ˑˏ ˆˈː – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, Ⱥ. 

 Iʙʖ ଵሺଷሻ = ଵ,଴଼଴,ଵଽ ∙ Ͷʹͺͺ,ͺͻ = ʹͶ͵͹ͺ,ͻͷ ʏ. 

 
Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 1 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 5.6: 
 Iʙʖ ଵሺଶሻ = √ଷଶ Iʙʖ ଵሺଷሻ ,                                                                                                    (5.6) 

 

ɝɞɟ Iʙʖ ଵሺଷሻ  – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 1. 
 Iʙʖ ଵሺଶሻ = √ଷଶ ∙ ʹͶ͵͹ͺ,ͻͷ = ʹͳͳͳʹ,͹ͻ ʏ.  
 
Ɍɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 2 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 5.7: 
 Iʙʖ ଶሺଷሻ = ୍ʑʜ ʡʔ ୳ౡ% ∙ ͳͲͲ%,                                                                                           (5.7) 

 
ɝɞɟ Iʑʜ ʡʔ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
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Iʑʜ ʡʔ = ୗːˑˏ√ଷ୙ːˑˏ = ଵସ଼ଶ√ଷ∙ଵ଴,ହ = ͺͳ,Ͷͻ ʏ.  

 
ɝɞɟ ݑ௞% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

 Iʙʖ ଶሺଷሻ = ଼ଵ,ସଽହ ∙ ͳͲͲ% = ͳ͸ʹͻ,͹ͺ ʏ  

 
Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 2 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 5.6: 
 Iʙʖ ଵሺଶሻ = √ଷଶ ∙ ͳ͸ʹͻ,͹ͺ = ͳͶͳͳ,Ͷ͵ ʏ.  

 
ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫ ɡɚɩɚɫɨɦ ɜ ɫɜɹɡɢ ɫ ɧɚɫɵɳɟɧɢɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: kʡʡ = ସ଴଴ହ . 

 
5.4.2 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ 
 
ɍɫɬɚɜɤɚ ɆɌɁ ɩɨ ɬɨɤɭ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ 

ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɡɚ ɤɨɬɨɪɨɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ 2,5 – ɤɪɚɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɬɢɪɢɫɬɨɪɧɨɝɨ ɜɨɡɛɭɞɢɬɟɥɹ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɆɌɁ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɬɨɤɚ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɡɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɤ ɬɨɤɭ 
ɭɫɬɚɜɤɢ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ 1,5. Ɋɚɫɱɟɬ ɡɚɳɢɬɵ ɩɪɨɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.8: 
 I˔˓ = kːk˗k˔˘୍˓ˑ˕k˅kʡʡ୬ʡʔ ,                                                                                                 (5.8) 

 
ɝɞɟ kː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɞɥɹ ɞɚɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,2; k˗ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɫɢɪɨɜɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2,5; I˓ˑ˕ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ; k˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8; kʡʡ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; nʡʔ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  ݊ʡʔ = ௎ˆˈː௎ʜʡʔ = ଵ଴ହ଴଴଺ହହ = ͳ͸,Ͳ͵.                                                             

 I˔˓ = ଵ,ଶ∙ଶ,ହ∙଴,଼ଵ଺∙ଵଵ଼ହ଴,଼∙రబబఱ ∙ଵ଺,଴ଷ = ʹ,ͺ͵ ʏ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.9 ɢ ɞɨɥɠɟɧ 

ɜɵɩɨɥɧɹɬɶ ɭɫɥɨɜɢɟ 5.10. 
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k˚ = ୍ʙʖ ౣi౤୍˔˓୏ʡʡ,                                                                                                       (5.9) 

 
ɝɞɟ Iʙʖ ୫i୬ – ɬɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ 2 ɜ ɦɢɧɢɦɚɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ). 

 k˚ ൒ ͳ,ͷ;                                                                                                       (5.10) 
  k˚ = ଵସଵଵ,ସଷଶ,଼ଷ∙଼଴ = ͸,ʹͶ ൒ ͳ,ͷ – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.11: 
 I˔˓ ʛʡʖ = 

ூ̝ ˓ூː  మ,                                                                                                  (5.11) 

 

ɝɞɟ Iː ଶ – ɬɨɤ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɤɚɤ  ୍ʑʜ ʡʔ kʡʡ = ଼ଵ,ସଽరబబఱ = ͳ,Ͳʹ ʏ.                                                
 I˔˓ ʛʡʖ = ଶ,଼ଷଵ,଴ଶ = ʹ,͹ͺ ˑ. ˈ.  
 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɆɌɁ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɜɪɟɦɟɧɢ ɩɟɪɟɝɨɪɚɧɢɹ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɫɨɫɬɚɜɥɹɟɬ: 
ʛʡʖݐ  = Ͳ,Ͷ ˔. 
 
5.4.3 Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ  
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.12: 
 I˔˓ ʡʝ = kː୍ʙʖ మሺయሻkʡʡ ,                                                                                                  (5.12)     

 
ɝɞɟ kː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɞɥɹ ɞɚɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɬɫɹ 1,4; Iʙʖ ଶሺଷሻ  – ɬɨɤ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ 2, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɫɬɨɪɨɧɟ ȼɇ Ɍȿ; kʡʡ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ.                                            

ܫ̝  ˓ = ଵ,ସ∙ଵ଺ଶଽ,଻଼రబబఱ = ʹͺ,ͷʹ ʏ.  
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.13 ɢ ɞɨɥɠɟɧ 

ɜɵɩɨɥɧɹɬɶ ɭɫɥɨɜɢɟ 5.14. 
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k˚ = ୍ʙʖ భሺమሻ୍˔˓kʡʡ,                                                                                                       (5.13) 

 k˚ ൒ ʹ;                                                                                                            (5.14) 
 k˚ = ଶଵଵଵଶ,଻ଽଶ଼,ହଶ∙଼଴ = ͻ,ʹͷ ൒ ʹ – ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
ܫ̝  ˓ ʡʝ = ଶ଼,ହଶଵ,଴ଶ = ʹͺ,Ͳ ˑ. ˈ.. 

 
5.4.4 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ, ɨɬɥɢɱɚɟɬɫɹ ɚɛɫɨɥɸɬɧɨɣ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ. 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: Iʜʝʛ = Ͷʹͺͺ,ͻ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 𝜂ʡʡ = ͷͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ: 

 Iʜʐሺʜሻ = ʙʝʓʜ ∙ 𝑖݂ ∙ Iʜ ∙ ʙʜ,   (5.15) 

 
ɝɞɟ ʙʝʓʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɬɫɹ 0,5;  𝑖݂  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɬɫɹ 0,1; Iʜʝʛ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, Ⱥ; ʙʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2. 

 Iʜʐሺʜሻ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ Ͷʹͺͺ,ͺͻ ∙ ʹ = Ͷʹͺ,ͺͻ ʏ.  
 
ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: 
 Iʠʟ.଴ ൒ Kʜ ∙ Iʜʐሺʜሻ,                                                                                              (5.16) 

 
ɝɞɟ Kʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2. 
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Iʜʝʛ ଶ =  ୍ʜʝʛkʡʡ = ସଶ଼଼,଼ଽହ଴଴଴/ହ = Ͷ,ʹͻ ʏ;                                                                              (5.17) 

 I′′ሺଷሻሺˍଶሻ = ୍ʙʖ మሺయሻkʡʡ = ଵ଺ଶଽ,଻଼ହ଴଴଴/ହ = ͳ,͸͵ ʏ;                                                                           (5.18) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɫ ɭɱɟɬɨɦ 

ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ (ɇɇ) ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 Iʠʟ.଴ ൒ I′′ሺଷሻሺˍଶሻ ∙ Kʜ,                                                                                      (5.19) 
 

ɝɞɟ Kʜ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,1. 
 Iʠʟ.଴ ൒ ͳ,͸͵ ∙ ͳ,ͳ = ͳ,͹ͻ ʏ.  
 Iʠʟ.଴ ˑ.ˈ. = ୍ʠʟ.బ୍ʜʝʛ మ = ଵ,଻ଽସ,ଶଽ = Ͳ,Ͷʹ ˑ. ˈ.  
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɛɨɥɶɲɟ  ܫʠʟ.଴ ˑ.ˈ. ɪɚɜɧɨɟ 0,45 ɨ.ɟ.  
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

 Iʜʐሺʙʖሻ = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙ Iʛʏʙʠ ˔ˍ˅ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ʹͷͷͲͺ = ʹͷͷͳ ʏ,   (5.20) 

 
ɝɞɟ ʙʏʞ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɪɚɜɧɵɣ 2;   𝑖݂  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɪɚɜɧɵɣ 0,1; ʙʝʓʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɪɚɜɧɵɣ 0,5; ܫʛʏʙʠ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ: 

 Iʛʏʙʠ ˔ˍ˅ = ୉′̂′୶ౚ′′ ∙ Iʜ = ଵ,ଵଷ଴,ଵଽ ∙ Ͷʹͺͺ,ͺͻ = ʹͷͷͲͺ ʏ.   (5.21) 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
 Iʜʐሺʙʖሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ʹͷͷͲͺ = ʹͷͷͳ ʏ; 
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Ɍɨɤ ɬɨɪɦɨɠɟɧɢɹ ɜ ɪɟɠɢɦɟ ɩɪɨɬɟɤɚɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɫɤɜɨɡɧɵɯ ɬɨɤɨɜ: 

 
 Iʡ = √I˔ˍ˅ ሺˏ˃ˍ˔ሻሺI˔ˍ˅ ሺˏ˃ˍ˔ሻ − Iʜʐ ሺˏ˃ˍ˔ሻሻcosα,                                             (5.22) 
 

ɝɞɟ ߙ − ˖ˆˑˎ ˏˈˉˇ˖ ˅ˈˍ˕ˑ˓˃ˏˋ ˒ˎˈ˚ ˊ˃˜ˋ˕˞ ˅ ˇˋ˃˒˃ˊˑːˈ ͳͲ − ʹͲ ˆ˓˃ˇ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ ɮɨɪɦɭɥɟ 5.22: 
 Iʡ = √ʹͷͷͲͺሺʹͷͷͲͺ − ʹͷͷͳሻcosͳͷ = ʹ͵͹ͺ͵ ʏ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Kʡ >  ୍ʜʐሺʙʖሻ∙୏ʜ୍˕ ,                                                                                              (5.23) 

ɝɞɟ ܭʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2.  
 Kʡ > ଶହହଵ∙ଶଶଷ଻଼ଷ ; 

 Kʡ > Ͳ,ʹͳ; 
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Kʡ = Ͳ,ͷ. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ:  
 Iʜʡ = ୍∗ʠʟʙʡ = ଴,ସହ଴,ହ = Ͳ,ͻ. (5.24) 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
 B ൒ ୍∗ʠʟʙʡ = ଴,ସହ଴,ହ = Ͳ,ͻ.   (5.25) 

 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5. ɉɪɢ ɬɚɤɨɣ ɭɫɬɚɜɤɟ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ. 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ: 

 Iˑ˕˔ = ͸ ∙ Iːˑˏ ˆ = ͸ ∙ Ͷʹͺͺ,ͺͻ = ʹͷ͹͵͵,͵Ͷ ʏ.                                                      
 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ: 
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Iˑ˕˔ሺଶሻ =  ଶହ଻ଷଷ,ଷସହ଴଴଴ ହ⁄ = ʹͷ,͹͵ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iˑ˕˔∗ = ଶହ,଻ଷସ,ଶଽ = ͸,ͲͲ ˑ. ˈ. 

 
ɇɚ ɪɢɫɭɧɤɟ 5.2 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 

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

 
5.4.5 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 ɩɪɢ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85−95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
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ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ 
ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺܷʝ Эʚ.ʠʡ.ሻ ɩɪɢ 
ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ȼɇ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.3. 
 

 
Ɋɢɫɭɧɨɤ 5.3 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ܷʝ Эʚ.ʠʡ.  

 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 CΣ = Cʡ + ʠʒ + ʠШ + ʠʑʒ = Ͳ,ͲͲ͹͵ + Ͳ,͹ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = = Ͳ,ͻ͸ͷ ˏˍʣ˗˃ˊ˖,  (5.26) 

 ˆˇˈ C Ƚ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ;         C Ɍ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ;  C ɒ – ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ;  C ȼ.Ƚ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 10,5 ɤȼ.  
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 110 ɤȼ: 
 ܷ଴ ˠˎ.˔˕ = ʙ ∙ ܷ଴ ஼ሺఓబሻ஼ሺఓబሻ+ʠΣ = Ͳ,ͷ ∙ ʹʹͳ͵ʹ ∙ ଴,଴ଵ଴,଴ଵ+଴,ଽ଺ହ = ͳͳ͵,Ͷ͸,  (5.27) 

 
ɝɞɟ Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ܷ଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ 
ɧɟɣɬɪɚɥɶɸ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ Ͳ,ͷ; 

ɋɌሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 

CT (ߤͲሻ 
     CT 

   CȽ 

   Cɒ 

    C 

U0 ɷɥ.ɫɬ. 

U0 ɷɥ.ɫɬ. 

CT (ߤͲሻ 
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ܷ଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 ܷ଴ = ଵଷ ⋅ ௎ʜʝʛ ʑʜ√ଷ = ଵଷ ∙ ଵଵହ√ଷ = ʹʹ,ͳ͵ ˍʑ.     (5.28) 

  
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɬɫɹ: 
  Iେ = ͳ,͹͵ ∙ UɅ ∙ ω ∙ ɋΣ = ͳ,͹͵ ∙ ͳͲ,ͷ ∙ ͵ͳͶ ∙ Ͳ,ͻ͸ͷ ∙ ͳͲ−଺ = ͷ,ͷͳȺ.    (5.29) 
  
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 UɋɊ ൒ Ʉɇ

Ʉȼ
∙ ଷ∙୙బ ɗɅ.ɋɌ୬Ɍɇ

= ଵ,ଷ଴,ଽହ ∙ ଷ∙ଵଵଷ,ସ଺భబ,ఱ√య∙బ,భయ = ͸,͵ʹ ȼ, (5.30) 

 
ɝɞɟ Ʉɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,3; nɌɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 

Ʉȼ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,95. ܷ଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ଴ଵீ  ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ 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 ܷ଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ  ɜ ɧɟɣɬɪɚɥɢ ɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ ܷ ଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 ɞɨ 
3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ ܭʡ: 

 ʤ = ଵʙʡ+ଶ = ଵଵ,ଶ+ଶ = Ͳ,͵ͳ͵ ˑ. ˈ.  (5.31) 

 
ɉɪɢ ܭʡ = ͳ,ʹ ɨɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ 

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

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

 
5.4.6 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 
 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
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ܷ஼ʟଶ = ଵ,ସ∙௎ʜ௡ʡʜ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ. (5.32) 

  

2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 
ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ ܷʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

Ɉɪɝɚɧ U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɏɏ ɝɟɧɟɪɚɬɨɪɚ. 
 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ʜ௡ʡʜ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ. (5.33) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 110 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4.7 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 ɡɚɦɵɤɚɧɢɣ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. ɇɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɟɚɝɢɪɭɟɬ 
ɡɚɳɢɬɚ ܫ∗ଶ: 

 I∗ଶ = Iଶ/Iʜ, (5.34) 
 

ɝɞɟ Iଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ;  Iʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = A/I∗ଶଶ , (5.35) 

 
ɝɞɟ A – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ−ɢɡɝɨɬɨɜɢɬɟɥɟɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 30. 

Ɂɚɳɢɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ܫଶʠʗʒʜ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ 

ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ (ɞɟɣɫɬɜɭɟɬ 
ɧɚ ɫɢɝɧɚɥ). ɋɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɣ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ Ɇɉ−ɡɚɳɢɬ ɇɉɉ ɗɄɊȺ ɬɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɜɵɲɟ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ 
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ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɡɚɳɢɳɚɟɦɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɬɚɤ ɤɚɤ 
ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɦɨɬɤɚɯ 
ɝɟɧɟɪɚɬɨɪɚ. ȼ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɬɪɟɛɨɜɚɧɢɹ ɉɌɗ ɤ ɞɨɩɭɫɬɢɦɨɦɭ ɭɪɨɜɧɸ ɬɨɤɚ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɤɨɫɜɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 
ɨɛɦɨɬɨɤ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 14%. 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: ܫ∗ଶ˔ˋˆː = Ͳ,Ͳ͹ ˑ. ˈ.. 
 Iଶ˔ˋˆː = Ͳ,Ͳ͹ ∙ Iʜ = Ͳ,Ͳ͹ ∙ ସଶ଼଼,଼ଽఱబబబఱ = Ͳ,͵ ʏ.                                                      (5.36) 

  
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ I∗ଶ˒˖˔ˍ  ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ =Ͳ,ͳͶ ˑ. ˈ. − ɫɞɟɥɚɟɦ ɪɚɫɱɟɬ ɞɨɩɭɫɬɢɦɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ 
ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ: 

ʓʝʞݐ  = ଷ଴,଴଴଴,ଵସమ = ͳͷ͵Ͳ,͸ͳ.  
 

ɍɫɬɚɜɤɭ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɧɚɞёɠɧɨɝɨ ɩɭɫɤɚ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ tɆȺɄɋ: 

 I∗ଶʞʢʠʙ = ଴,ଵସଵ,ଶ = Ͳ,ͳʹ ˑ. ˈ.,   
 

ɝɞɟ ʙʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,2. 
ଶʞʢʠʙܫ  = Ͳ,ͳʹ ∙        .ʜܫ

 
ɉɪɢ ɜɵɛɪɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɭɫɬɚɜɤɢ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ ɨɫɬɚɜɥɹɟɦ ɪɚɜɧɵɦ ʡˏ˃ˍ˔ = ͳͷ͵Ͳ ˔ˈˍ. , ɩɪɢ ɷɬɨɦ 
ɪɚɫɱɟɬɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ: 

௠௔௫ݐ  = ஺ூ∗మʞʢʠʙమ ;                                                                                                     
௠௔௫ݐ  = ଷ଴଴,ଵଶమ ≈ ʹͳͻʹ ˔. 

 
ɉɨ ɭɤɚɡɚɧɢɸ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ ɆɉɁ ɇɉɉ ɗɄɊȺ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɦ:  
௠𝑖௡ݐ  = Ͳ,ͷ ܿ.  



  
 

65 
 

 

3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ʏʗʝሺூ∗మሻమ, (5.37) 

 ʏʗʝ = ͵Ͳ = ଶଶ∗ܫ ∙   .ʠʟݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.7. 
 

Ɍɚɛɥɢɰɚ 5.7 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ 
ɬɨɤɭ ɨɛɪɚɬɧɨɣ 

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 30 83,3 120,0 187,5 333 750 1530 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 

 
Ɋɢɫɭɧɨɤ 5.3 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 
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ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ. = 30 ɫ, t ɦɚɤɫ. = 2192 ɫ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨ 
ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ 
ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ 
ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɚɟɬɫɹ 
ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ). ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 
ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ:  

ʝʤʚݐ  = ஺ூ∗మʓʚʗʡ ʓʝʞమ.   
           
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɭɫɬɚɜɤɚ ɜɪɟɦɟɧɢ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɚ 1530 

ɫɟɤ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
- ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ; 
- ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 110 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ 110 ɤȼ ɪɚɫɱɟɬ ɛɭɞɟɬ 
ɩɪɨɢɡɜɟɞɟɧ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɨɷɬɨɦɭ ɩɪɢɧɹɬɵ ɛɚɡɨɜɵɟ ɜɟɥɢɱɢɧɵ ɜ 
ɬɚɛɥɢɰɟ 5.8. 

 
Ɍɚɛɥɢɰɚ 5.8 – ɉɪɢɧɹɬɵɟ ɛɚɡɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ. ࡿ˄, ɆȼȺ 100 ˄ܷଵ, ɤȼ 10,5 ܧ′, ɨ.ɟ. 1 ˄ܷଶ, ɤȼ 115 

 
Ɍɨɤ ɛɚɡɨɜɵɣ, ɩɪɢɜɟɞɟɧɧɵɣ ɫɬɨɪɨɧɟ ɇɇ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.38: 
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I˄ଵ = ୗ˄√ଷ୙˄భ,                                                                                                     (5.38) 

 
ɝɞɟ S˄ – ɛɚɡɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɛɟɪёɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 5.8; U˄ଵ – ɛɚɡɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ ɫɬɨɪɨɧɵ, ɛɟɪёɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 5.8. 

 I˄ଵ = ଵ଴଴√ଷ∙ଵ଴,ହ = ͷͶͻͺ,͸ ʏ. 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɤ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɫɬɨɪɨɧɟ ȼɇ: 
 I˄ଶ = ଵ଴଴√ଷ∙ଵଵହ = ͷͲʹ,Ͳ ʏ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 5.39:  
 ʤீ ˄ = ,,ௗݔ ௎ʜమௌː ௌ˄௎˄ భమ ,                                                                                                  (5.39) 

 
ɝɞɟ xௗ,,  − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; Uː – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɤȼ; Sː – ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ɆȼȺ. 

 ʤீ ˄ = Ͳ,ͳͻ ∙ ଵ଴଴଻଼ = Ͳ,ʹͶͶ ˑ. ˈ.  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 5.40: 
 ʤʡ ˄ = ௨ˍ,బଵ଴଴ ௎మːௌː ௌ˄௎˄ భమ ,                                                                                                    (5.40) 

 
ɝɞɟ ݑˍ,଴ – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨ.ɟ.; Uː – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ; Sː – ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɨɦɚɬɨɪɚ, ɆȼȺ. 

 ʤʡ ˄ = ଵ଴,ହଵ଴଴ ∙ ଵ଴଴଼଴ = Ͳ,ͳ͵ͳ ˑ. ˈ..  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

5.41:  
 X∗ଶ.˄˃ˊ. = Xଶ ∙ ௎ːˑˏమௌːˑˏ ∙ ௌ˄௎మ˄ = Ͳ,ʹͲ ∙ ଵ଴଴଻଼ = Ͳ,ʹͷ͸ ˑ. ˈ.. 

 
 ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ:  
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ʤ𝛴 = ʤீ ˄ + ʤଶ + ʹʤʡ ˄ = Ͳ,ʹͶͶ + Ͳ,ʹͷ͸ + ʹ ∙ Ͳ,ͳ͵ = Ͳ,͹͸ʹ ˑ. ˈ..    
 

 Ɍɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.41: 

 I ሺଶሻ∗ሺଶሻ = ୉′ ʤ𝛴,                                                                                                      (5.41)              

 
ɝɞɟ E′ − ɛɚɡɨɜɨɟ ɗȾɋ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, 
ɩɪɢɧɹɬɨɟ ɩɨ ɬɚɛɥɢɰɟ 5.8. 

 I ሺଶሻ∗ሺଶሻ = ଵ ଴,଻଺ଶ = ͳ,͵ ˑ. ˈ..  
 
ɉɟɪɟɜɟɞɟɦ ɬɨɤ ɜ ɢɦɟɧɨɜɚɧɧɵɟ ɟɞɢɧɢɰɵ: 
 I∗ሺଶሻଶ = I∗ሺଶሻଶ.ˍˊ. ∙ I˄˃ˊଵ = ͳ,͵ ∗ ͷͶͻͺ,͸ = ͹ͳͶͺ,ͳͺ ʏ. 
 
Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɦ ɬɨɤ ɜ ɫɨɨɬɜɟɫɬɜɢɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 Iଶʛʗʜሺଶሻ = ୍∗ሺమሻమk˕˕ ;     
 Iଶʛʗʜሺଶሻ = ଻ଵସ଼,ଵ଼ఱబబబఱ = ͹,ͳͷʏ;  
 
Ɍɨɝɞɚ ɭɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ: 
 Iଶ ˔.ˊ. ൑ ଻,ଵହଵ,ଶ = ͷ,ͻ͸ ʏ;  
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɟɞɢɧɢɰɚɯ: 
 I∗ଶʠ.ʖ.ˑ.ˈ. ൑ ୍మ ˔.ˊ.୍˄˃ˊ ;    
   I∗ଶʠ.ʖ.ˑ.ˈ. ൑ ହ,ଽ଺ସ,ଷ = ͳ,͵ͺͷ ˑ. ˈ.                                                                                              

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɨɬɫɟɱɤɢ ɢɡ ɞɢɚɩɚɡɨɧɚ 0,5−0,8 Iɧɨɦ.ɝɟɧ. ɉɪɢ ɷɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ Ʉɱ > 1,2. ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ 0,8 Iɧɨɦ.ɝɟɧ. 

ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
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ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ 
ɭɫɥɨɜɢɸ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢ ɋȼ, 8,5 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

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

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

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

 I୔ ଵʠʗʒʜ. = ʙʜ∙୍ˆ.˓˃˄୏ʑ = ଵ,଴ହ∙ସଶ଼଼,଼ଽ଴,ଽ଼ = Ͷͷͻͷ,ʹͶ ʏ;                                           (5.42) 

 Iଶ ˆˈː.ː. = ୍ˆ.˓˃˄୏ʡʡ = ସଶ଼଼,଼ଽఱబబబఱ = Ͷ,ʹͻ ʏ;                                                                (5.43) 

 Iଶ ʟ ଵʠʗʒʜ. = ୍P భʠʗʒʜ.୏ʡʡ = ସହଽହ,ଶସఱబబబఱ = Ͷ,͸Ͳ ʏ;                                                             (5.44) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଶ ʟ ʠʗʒʜ.  ˑ.ˈ. = ୍మ ʟ భʠʗʒʜ.୍మ ˆˈː.ː. = ସ,଺଴ସ,ଶଽ = ͳ,Ͳ͹ ˑ. ˈ.                                                        (5.45) 

 
ɝɞɟ Kʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,05; Kʑ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,98. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ t = ͻ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 I୔ ଵʞʢʠʙ. = ʙʜ∙୍ˆ.˓˃˄୏ʑ = ଵ,଴଼∙ସଶ଼଼,଼ଽ଴,ଽ଼ = Ͷ͹ʹ͸,ͷ͵ ʏ;                                            (5.46) 

 Iଶ ʟ ଵʞʢʠʙ. = ୍P భʞʢʠʙ.୏ʡʡ = ସ଻ଶ଺,ହଷఱబబబఱ = Ͷ,͹͵ ʏ;                                                              (5.47) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଶ ʟ ʠʗʒʜ.  ˑ.ˈ. = ୍మ ʟ భʞʢʠʙ.୍మ ˆˈː.ː. = ସ,଻ଷସ,ଶଽ = ͳ,ͳͲ ˑ. ˈ.                                                        (5.48) 
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3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.9: 
 

Ɍɚɛɥɢɰɚ 5.9 – ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ 𝑰 𝑰ʜ⁄  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 450 340 280 160 80 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ I1 
 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 

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

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
 Iଵ ʡʝ = ୏ʜ∙୍ሺ̂భሻ୏ʑ ;                                                                                                (5.49) 

 Iଵ ʡʝ = ଵ,ଶ∙ସଶ଼଼,଼ଽ଴,ଽ଼ = ͷʹͷͳ,͹Ͳ ʏ. 
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ: Iଵ ʡʝሺଶሻ = ୍భ ʡʝk˕˕ ;                                                                                                   (5.50) 

 Iଵ ʡʝሺଶሻ = ହଶହଵ,଻଴ହ଴଴଴ ହ⁄ = ͷ,ʹͷ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଵ ʡʝ∗ = ୍భ ʡʝሺమሻ୍ሺ̂మሻ ;                                                                                                   (5.51) 

 Iଵ ʡʝ∗ = ହ,ଶହସ,ଷଵ = ͳ,ʹʹ ˑ. ˈ.  
 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ 

ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɥɨɤɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ: 
 Iˍ.ˊ.∗ሺଷሻ = ୉∗Xˆˈː.˄˃ˊ.∗ +X˕˓−˓˃.˄˃ˊ.∗ ;                                                                                (5.52) 

 Iˍ.ˊ.∗ሺଷሻ = ଵ଴,ଶସସ+଴,ଵଷଵ = ʹ,͸͹ ˑ. ˈ; 

 ʙ˚ = ୍ˍ.ˊ.∗ሺయሻ୍భ ʡʝ∗ ൒ ͳ,ʹ;                                                                                            (5.53) 

 ʙ˚ = ଶ,଺଻ଵ,ଶଶ = ʹ,ʹ > ͳ,ʹ. 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɪɚɜɧɵɦ: 
 ܷʠʟ = ଴,଺଼∙௎ːˑˏ.ˆʙʑ∙ʙʡʜ = ଴,଺଼∙ଵ଴ହ଴଴ଵ,଴ଷ∙ଵ଴ହ = ͸͸,Ͳʹ ʑ.                                                      (5.54) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɋȼ 110 ɤȼ, 

8,5 ɫ ɧɚ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɹɯ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.4.9 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (Z1<), (Z2<) 
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ 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 1ɫ. ɍɤɚɡɚɧɧɚɹ ɜɵɞɟɪɠɤɚ 
ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ 
ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 110 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. Z1, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 110 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 110 ɤȼ Ɉɬɜɚɠɧɨɣ Ƚɗɋ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͺ,ʹ͹ + ଴,ସ଼ ∙ ͵͵,ʹʹ = ͳ͵,ʹ͸ ʝˏ, (5.55) 

 
ɝɞɟ KɌ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; 

ZɌ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
110 ɤȼ. 

 ܼʡ = ଴,଴ହ∙ଵଵହ଼଴ ଶ = ͺ,ʹ͹ ʝˏ.  

 ܼଵʚ = ଶݎ√ + ଶݔ = √ሺʹͳ,ʹͳሻଶ + ሺʹ͵,͹͸ሻଶ = ͵͵,ʹʹ ʝˏ. 
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,Ͳͷ ∙ ଻଼଼଴ + ଴,ସ଼ ∙ ଻଼ଵଵହమ ∙ ͵͵,ʹʹ = Ͳ,Ͳ͹ͺ. 

 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳ͸ͷ ∙ ͳ,ͺͻ = Ͳ,ͳʹͶ ʝˏ, (5.56) 
 

ɝɞɟ ܼ˄ = ௎మ˄ௌʜʒ = ଵ଴,ହమ଻଼ = ͳ,Ͷͳ.  
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ஼ଷ = ܼଵ ∙ ʙ˕˕ʙ˕ː = Ͳ,ͳͳ ∙ ହ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͳ,Ͳͷ ʝˏ. (5.57) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = Ͳ,ͻͶ ʝˏ. 
 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

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

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ 
ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ−ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ːˑˏ.ˆ√ଷ∙ூ̂ሺభሻ = ଵ଴ହ଴଴√ଷ∙ସଶ଼଼,଼ଽ = ͳ,Ͷͳ = ͳ,ͺͻ ʝˏ, 

 

ɝɞɟ Iሺ̂ଵሻ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ.  
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɬɨɪɢɱɧɵɯ ɨɦɚɯ: 
 ܼʜʏʒʟሺଶሻ = ܼʜʏʒʟ ∙ ʙ˕˕ʙ˕ː  = ͳ,Ͷͳ ∙ ହ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͳ͵,Ͷ͵ ʝˏ. (5.58) 

 
ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 

ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ:  
 I∗̠ = ୍˗୍˓.ːˑˏሺభሻ = ଶଷସ଴ଵଵ଼ହ = ʹ,Ͳ ˑ. ˈ, (5.59) 

 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ∗ = ଴,ଽହ∙௎ːˑˏ.ˆ∗ூ̠∗ = ଴,ଽହ∙ଵଶ,ଵ = Ͳ,Ͷͺ ˑ. ˈ.  (5.60) 

 
ȼɨ ɜɬɨɪɢɱɧɵɯ ɨɦɚɯ: 
 ܼʜʏʒʟ.ʣଶ = ܼʜʏʒʟ.ʣ∗ ∙ ܼ˄˃ˊ. ∙ ʙ˕˕ʙ˕ː = Ͳ,Ͷͺ ∙ ͳ,Ͷͳ ∙ ହ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͸,Ͷͷ ʝˏ, (5.61) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,଼଴,ଽହ∙ଶ,ଵ = Ͳ,Ͷ͹. (5.62) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸ͳ,ͻ͹°. 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʜ = ʹͷ,ͺͶ°. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼଶ∗ = ௓ʜʏʒʟ.ʣ∗ʙʜ = ଴,ସ଼ଵ,ଵ = Ͳ,ͶͲ ˑ. ˈ., (5.63) 
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ܼଶ ஼ଷ = ܼଶ∗ ∙ ܼ˄˃ˊ. = Ͳ,ͶͲ ∙ ͳ,Ͷͳ = Ͳ,ͷ͸ ʝˏ. (5.64) 
 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼଶ ஼ଷ = ܼଶ ∙ ʙ˕˕ʙ˕ː = Ͳ,ͷ͸ ∙ ହ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͷ,͵͵ ʝˏ. (5.65) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଶ = ͷ,͵͵ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 20%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ ஼ʛଵ =Ͳ,ʹͳ ʝˏ, ܼ஼ʛଶ = ͳ,Ͳ͹ 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 110 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɹ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5.  

 

 
Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
5.4.10 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: 
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I୔ ʠʗʒʜ. = ʙʜ∙୍ʜʝʛ.ʟ∙ʙ˔˘୏ʑ∙୬ʡʔ = ଵ,଴ହ∙ଵଵ଼ହ∙଴,଼ଵ଺଴,ଽ଼∙ଵ଺,଴ଷ = ͸Ͷ,͸͵ ʏ;                                                (5.66) 

 Iଶ ˓ˑ˕.ː. = ୍ʜʝʛ.ʟ∙ʙ˔˘୏ʡʡ∙୬ʡʔ = ଵଵ଼ହ∙଴,଼ଵ଺రబబఱ ∙ଵ଺,଴ଷ = Ͳ,͹ͷ ʏ;                                                       (5.67) 

 Iଶ ʟ ʠʗʒʜ. = ୍P ʠʗʒʜ.୏ʡʡ = ଺ସ,଺ଷరబబఱ = Ͳ,ͺͳ ʏ;                                                               (5.68) 

 Iଶ ʟ ʠʗʒʜ.  ˑ.ˈ. = ୍మ ʟ ʠʗʒʜ.୍మ ˓ˑ˕.ː. = ଴,଼ଵ଴,଻ହ = ͳ,Ͳ͹ ˑ. ˈ.                                                         (5.69) 

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɫɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

 I୔ ʞʢʠʙ. = ʙʜ∙୍ˇˇ ˓ˑ˕∙ʙ˔˘୏ʑ∙୬ʡʔ = ଵ,଴଼∙ଵଷ଴ଷ,ହ∙଴,଼ଵ଺଴,ଽ଼∙ଵ଺,଴ଷ = ͹͵,ͳʹ ʏ; .                                     (5.70) 

 Iଶ ʟ ʞʢʠʙ. = ୍P ʠʗʒʜ.୏ʡʡ = ଻ଷ,ଵଶరబబఱ = Ͳ,ͻͳ ʏ;                                                                 (5.71) 

 Iଶ ʟ ʞʢʠʙ.  ˑ.ˈ. = ୍మ ʟ ʞʢʠʙ.୍మ ˓ˑ˕.ː. = ଴,ଽଵ଴,଻ହ = ͳ,ʹͳ ˑ. ˈ.                                                        (5.72) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 5.6, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥɢɰɟ 5.6, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
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Ɍɚɛɥɢɰɚ 5.6 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ 𝑰 𝑰ʜ⁄  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 20 

 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

 I୔ ʝʡʠ. = ଶ,ଶ∙୍ʜʝʛ.ʟ∙ʙ˔˘୏ʑ∙୬ʡʔ = ଶ,ଶ∙ଵଵ଼ହ∙଴,଼ଵ଺଴,ଽ଼∙ଵ଺,଴ଷ = ͳ͵ͷ,Ͷͳ ʏ;                                            (5.73) 

 Iଶ ʟ ʝʡʠ. = ୍P ʝʡʠ.୏ʡʡ = ଵଷହ,ସଵరబబఱ = ͳ,͸ͻ ʏ;                                                                   (5.74) 

 Iଶ ʟ ʞʢʠʙ.  ˑ.ˈ. = ୍మ ʟ ʝʡʠ.୍మ ˓ˑ˕.ː. = ଵ,଺ଽ଴,଻ହ = ʹ,ʹ ˑ. ˈ.                                                          (5.75) 

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ−ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɩɪɨɢɡɜɟɞёɧɧɨɝɨ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ 

ɝɟɧɟɪɚɬɨɪ−ɬɪɚɧɫɮɨɪɦɚɬɨɪ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
ɪɨɫɫɢɣɫɤɨɝɨ, ɧɚɭɱɧɨ– ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ «ɗɄɊȺ». 

ɍɫɬɚɧɨɜɤɚ Ɉɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɛɟɠɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢɡɜɧɟ ɜ ɪɚɛɨɬɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɫɨɤɪɚɬɢɬ ɡɚɬɪɚɬɵ.  

Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɥɢ ɜɵɫɨɤɭɸ 
ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɟɝɨ ɪɚɛɨɬɵ. 

 
5.6 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, 

ɬɚɛɥɢɰɚ ȼ.1 ɢ ȼ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɝɢɞɪɨɭɡɥɚ 
 
6.1 ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ȽɌɋ  
 
Ʉɥɚɫɫ ȽɌɋ ɧɚɡɧɚɱɚɸɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ 

ɨɬ 02.11.2013 № 986. 
ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɤɪɢɬɟɪɢɟɜ ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɜɵɫɲɢɣ ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ. 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 6.1 ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ II  ɤɥɚɫɫ. 

 
Ɍɚɛɥɢɰɚ 6.1 – Ʉɪɢɬɟɪɢɢ ɜɵɛɨɪɚ ɤɥɚɫɫɚ ȽɌɋ 

Ʉɪɢɬɟɪɢɣ ɉɚɪɚɦɟɬɪ Ʉɥɚɫɫ 
1.Ɍɢɩ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɢ ɜɵɫɨɬɚ ɫɨɨɪɭɠɟɧɢɹ ɋɤɚɥɶɧɵɣ, 50 ɦ III  

2.Ɇɨɳɧɨɫɬɶ 128 Ɇȼɬ III  
3. ɑɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɩɨɫɬɪɚɞɚɬɶ ɨɬ ɚɜɚɪɢɢ ȽɌɋ 
Ɉɬ 500 ɞɨ 3000 II  

4. ɑɢɫɥɨ ɥɸɞɟɣ, ɭɫɥɨɜɢɹ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 
ɛɵɬɶ ɧɚɪɭɲɟɧɵ ɩɪɢ ɚɜɚɪɢɢ ȽɌɋ 

Ɉɬ 2000 ɞɨ 20000 III  

 
6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐʞߘ  = ʜʞʢߘ + ℎ௦,  (6.1) 
 

ɝɞɟ ℎ௦– ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 ℎ௦ = ∆ℎ௦௘௧ + ℎଵ% + ܽ, (6.2) 
 

ɝɞɟ ∆ℎ௦௘௧– ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  ℎଵ%– ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ Ͳ,͹ ˏ. 
 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = ௐܭ ∙ ௩మ∙௅𝑔∙ௗ ∙  (6.3) ,ܽݏ݋ܿ

 
ɝɞɟ ݒ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 22 ˏ/˔; ܭௐ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɪɚɜɧɵɣ Ͳ,ͲͲͲͲͲʹʹͺ; ܮ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɪɚɜɧɚ 4100 ɦ; ߙ௪ = Ͳ°; ݀ – ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɵ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
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݀ = ఇНПɍ−ఇДНАଶ = ଵ଻ଷ−ଵଶଷଶ = ʹͷ ɦ. (6.4) 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɪɚɜɧɚ: 
 ∆ℎ௦௘௧ = ʹ,ʹͺ ∙ ͳͲ−଺ ∙ ଶଶమ∙ସଵ଴଴ଽ,଼ଵ·ଶହ = Ͳ,ͲͳͺͶ ˏ. 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ݇𝑖 ɧɚɣɞёɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ 
𝑔௅௩మ, 𝑔௧௩ : 

 𝑔௅௩మ = ଽ,଼ଵ·ସଵ଴଴ଶଶమ = ͺ͵,ͳͲ; (6.5) 

 𝑔௧௩ = ଽ,଼ଵ∗ଶଵ଺଴଴ଶଶ = ͻ͸͵ͳ,͸Ͷ, (6.6) 

 
ɝɞɟ ݐ – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ  ͸˚ = ʹͳ͸ͲͲ ˔. 

ɉɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɝɪɚɮɢɤɚ ɫɧɢɦɚɟɦ ɜɟɥɢɱɢɧɵ  
𝑔௅௩మ ɢ 𝑔௧௩   ɞɥɹ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
𝑔௅௩మ ɢ 𝑔௧௩ , ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.2. 

 
Ɍɚɛɥɢɰɚ 6.2 – Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɪɚɮɢɤɚ 

ɉɚɪɚɦɟɬɪ 
𝐠∙𝐋𝒗૛ = ૡ૜, ૚૙  

𝐠∙ܜ𝒗 = ૢ𝟔૜૚, 𝟔૝  g∙்̅௩   1,5 3,9 g∙ℎ̅௩మ   0,0162 0,08 

 

ɉɪɢɧɢɦɚɟɬɫɹ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ  
𝑔∙ℎ௏మ = Ͳ,Ͳͳ͸ʹ ɢ  

𝑔∙௏் = ͳ,ͷ ɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɵ. 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 

 ℎ̅ = ଴,଴ଵ଺ଶ∙௩మ𝑔 = ଴,଴ଵ଺ଶ∙ଶଶమଽ,଼ଵ = Ͳ,ͺ ɦ. (6.7) 

 
ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ: 
 ܶ̅ = ଵ,ହ∙௩𝑔 = ଵ,ହ·ଶଶଽ,଼ଵ = ͵,͵͸ ɫ. (6.8) 

 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
ߣ̅  = 𝑔∙்̅మଶగ = ଷ,ଷ଺మ∙ଽ,଼ଵଶ∙ଷ,ଵସ = ͳ͹,͹ ɦ. (6.9) 
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ɉɪɨɜɟɪɹɹ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ: ݀ > Ͳ,ͷ ∙ ௗ̅̅ߣ ̅;  ʹͷ >  ͺ,ͺ͵ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɹɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 

ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ: 
 ℎଵ% = ݇𝑖 ∙ ℎ̅ = ʹ,Ͳͺ ∙ Ͳ,ͺ = ͳ,͸͸ ɦ, (6.10) 
 

ɝɞɟ ݇𝑖 – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ g∙୐௩మ , 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2,08. 

ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ: 

 
ℎ௦ = Ͳ,ͲͳͺͶ + ͳ,͸͸ + ͳ = ʹ,͸ͺ ˏ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 

ʒʐʞߘ  = ͳ͹͵ + ʹ,͸ͺ = ͳ͹ͷ,͸ͺ ˏ.  
 
ɉɪɢɧɢɦɚɟɬɫɹ ߘʒʐʞ = ͳ͹ͷ,͹ ˏ. 
 
6.3 ȼɵɛɨɪ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɵɯ ɫɥɭɱɚɟɜ – Qɦɚɤɫ.ɪɚɫɱɨɫɧ; Qɦɚɤɫ.ɪɚɫɱɩɨɜ   
 
Ɋɚɫɯɨɞɵ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɬɚɛɥɢɰɵ 6.3 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 6.4. 
 

Ɍɚɛɥɢɰɚ 6.3 – Ɉɬɦɟɬɤɚ ɍɇȻ = f (QɇȻ) 
 Р =0,01% Р = 0,1% Р = 0,5% Р = 1% Р = 3% Qɫɚɧ 

QɇȻ – 1395,13 1265,32 1149,90 1015,97 30 
Ɉɬɦ. ɍɇȻ – 130,4 130,0 129,8 128,9 123,93 

 
Ɍɚɛɥɢɰɚ 6.4 – ȿɠɟɝɨɞɧɵɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ ɜɨɞɵ, % 

Ɋɚɫɱɟɬɧɵɟ ɫɥɭɱɚɢ 
Ʉɥɚɫɫɵ ɫɨɨɪɭɠɟɧɢɣ 

I II III IV 
Ɉɫɧɨɜɧɨɣ 0,1 1,0 3,0 5,0 

ɉɨɜɟɪɨɱɧɵɣ 0,01 0,1 0,5 1 
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ: Qɦɚɤɫ.ɪɚɫɱ
ɨɫɧ = 1149,9 ɦ3/ɫ; Qɦɚɤɫ.ɪɚɫɱ

ɩɨɜ = 1395,13 ɦ3/ɫ 
 
6.4 Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɭɡɥɚ, ɜɤɥɸɱɚɹ ɡɚɝɥɭɛɥɟɧɧɵɟ 

ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɫɪɚɛɨɬɤɢ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɢ ɩɪɢɬɨɤɚ ɡɚ ɩɟɪɢɨɞ ɨɬ ɇɉɍ ɞɨ ɍɆɈ 
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6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ 

 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 

ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 
ˑ˔ːܪ  = ʜʞʢߘ − ʢʜʐ(ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː ) = ͳ͹͵,ͲͲ − ͳʹͻ,ͺ =  
= 43,2 ɦ > 29,6 ɦ; 

(6.11) 

˅ˑ˒ܪ  = ʣʞʢߘ − ʢʜʐሺܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ ሻ = ͳ͹ͷ,ͲͲ − ͳ͵Ͳ,Ͷ =  
= 44,6 ɦ > 29,6 ɦ. 

(6.12) 

 
ȼɢɞɧɨ, ɱɬɨ ɩɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ. 

Ɂɧɚɱɟɧɢɟ ܪˏˋː˕˖˓˄ ɨɩɪɟɞɟɥɟɧɨ  ɩɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ (ɂȼɗ). 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ܳˑ˔ː ˆ˃  ɢ 

ɩɨɜɟɪɨɱɧɨɦ  ܳ ˒ˑ˅ ˆ˃  ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɦɨɳɧɨɫɬɢ:  
 ܳˆ˃ˑ̝ ː = ேˆ˃ [ˍʑ˕]ଽ.଼ଵ∙ሺுˑ˔ː−∆ℎሻ∙ఓ = 

଺ସ଴଴଴ଽ,଼ଵ∙ሺସଷ,ଶ  −଴,ସሻ∙଴,ଽଷଶ = ͳ͸͵,ͷͷ ˏଷ/˔; (6.13) 

 ܳˆ˃˒ˑ ˅ = ேˆ˃[ˍʑ˕]ଽ.଼ଵ∙ሺு˒ˑ˅−∆ℎሻ∙ఓ =  
଺ସ଴଴଴ଽ,଼ଵ∙ሺସସ,଺−଴,ସሻ∙଴,ଽଷଶ = ͳͷͺ,͵͹ˏଷ/˔. (6.14) 

 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ − m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: 
 
m = (n − 1),                                                                                                                                (6.15)  
 
ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ n ≤ 6. 
 
m = 2 − 1 = 1;       
 ܳʒЭʠˑ˔ː = ͳ͸͵,ͷͷ ∙ ͳ = ͳ͸͵,ͷͷ ˏଷ/˔; 
 ܳʒЭʠ˒ˑ˅ = ͳͷͺ,͵͹ ∙ ͳ = ͳͷͺ,͵͹ ˏଷ/˔. 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ: 
 ܳ˓˃˔˚ˑ˔ː = ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː − ܳʒЭʠˑ˔ː − ܳ௖ = ͳͳͶͻ,ͻͲ − ͳ͸͵,ͷͷ − −ͳͳͻ = ͺ͸͹,Ͷ ˏଷ/˔; 

  (6.16) 

 

ɝɞɟ ܳ˔ = ௏˒ ˑ+௏˒ ˓்̝ ˓ = ሺଵ,଻ଽ+଴,଺଼ሻ∙ଵ଴9ଶ଴଻଺ଷ଴଴଴ = ͳͳͻ ˏଷ/˔.                                                       (6.17) 
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Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ: 
 ܳ˓˃˔˚˒ˑ˅ = ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ − ܳʒЭʠ˒ˑ˅ − ܳ௖ = ͳ͵ͻ͹,Ͳʹ − ͳͷͺ,͵͹ − ͳͳͻ = 
= ͳͳͳͻ,͹ ˏଷ/˔. (6.18) 

 
6.4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 

ɝɢɞɪɨɭɡɥɚ 
 
Ɂɚɞɚɸɬɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ D ɨɬ 1 ɞɨ 5: D = 3,0 ɦ.  
ɉɪɢɧɢɦɚɸɬ ɨɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɜɵɲɟ 

ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ: 
 
D / 2 + 2 ɦ =1,5 + 2 = 3,5 ɦ.                                                                                (6.19) 
 
Ɉɬɦɟɬɤɚ ɐɈ = ɨɬɦɟɬɤɚ ɩɨɥɚ ɝɚɥɟɪɟɢ + ɜɵɫɨɬɚ ɝɚɥɟɪɟɢ + 3,5 = 123 + 3 + 3,5= 

= 129,50 ɦ. 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɇ – ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ 

(ɇɉɍ + ɍɆɈ)/2 ɢ ɰɟɧɬɪɚ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɐɈ: 
 
H = (173,00 + 157,32)/2 – 129,50 = 35,66 ɦ. 
 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
˅˅ݍ  = ܪ݃ʹ√𝜔ߤ = Ͳ,ͺ ∙ ͹,ͳ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͵ͷ,͸͸ = ͳͶͻ,ͷ ˏଷ/˔, (6.20) 

 
ɝɞɟ ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8;  

ω – ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ.  
 
ω = π·R2 = 3,14·1,52 = 7,1 ɦ2. (6.21) 
 
Ɉɩɪɟɞɟɥɹɸɬ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɧɟ ɦɟɧɟɟ 2−ɯ), 

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ Qɫɪ:     
 ݊ = ொ˔˓௤˅˅ = ଵଵଽ,଴ଵସଽ,ହ = Ͳ,ͺ; (6.22) 

  
ɉɪɢɧɢɦɚɟɦ 2 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ. 
 
6.4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ɉɩɪɟɞɟɥɹɸɬ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ:  
 
qɪ = [vh] hɧɛ, (6.23) 
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ɝɞɟ hɧɛ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ɍɇȻ = f (Qɧɛ);  
[vh] – ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 5,2 ɦ/ɫ.  
Ƚɥɭɛɢɧɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ = 129,8 − 123,0 = 6,8 ɦ. 
 
qɪ = 5,2 ∙ 6,8 = 35,4 ɦ2/ɫ. 
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ ɪɚɜɟɧ: 
 
qɜ = 1,25qɪ =ͳ,ʹͷ ∙ ͵ͷ,Ͷ = ͶͶ,ʹɦ2/ɫ. 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: ȼ = Σb: 
 
B = ܳ ˏ˃ˍ˔.˓˃˔˚ˑ˔ː /qɜ  = 867,4 / 44,2 = 19,64 ɦ. (6.24) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
Ɉɤɪɭɝɥɹɟɦ B ɞɨ 20 ɦɟɬɪɨɜ, ɩɪɢɧɢɦɚɟɦ n = 2 ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɩɨ 10 

ɦɟɬɪɨɜ. 
 
6.4.4 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  Н01, ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ  
Н02: ܪ଴ଵˑ˔ː =  ( ொ˓˃˔˚ˑ˔ː௠∙௕∙௡∙√ଶ𝑔)ଶ ଷ⁄ = ቀ ଼଺଻,ସ଴,ସଽ∙ଶ଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄

= 7,36 ɦ,  (6.25) 

 
ɝɞɟ m  ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ (ɜ ɩɪɨɟɤɬɟ 
ɩɪɢɧɢɦɚɟɦ 0,49). 
଴ଶˑ˔ːܪ  =  ( ொ˓˃˔˚ˑ˔ː௠∙ఌ∙𝜎∙௕∙௡∙√ଶ𝑔)ଶ ଷ⁄ = ቀ ଼଺଻,ସ଴,ସଽ∙଴,ଽଵହ∙ଵ∙ଶ଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄

= 7,81 ɦ,  (6.26) 

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

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

ߝ  = ͳ − Ͳ,ʹ [𝜉˖+ሺ௡−ଵሻ𝜉˄௡ ] ுబ௕ = ͳ − Ͳ,ʹ ∙ [଴,଻+ሺଶ−ଵሻ଴,ସହଶ ] ∙ ଻,ଷ଺ଵ଴ = Ͳ,ͻͳͷ.  (6.27) 
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6.4.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ 
 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ 
V0: ܪ = ଴ଶܪ − ఈ∙௏బమଶ∙𝑔 = ͹,ͺͳ − ଵ,ଵ·଴,଻ହమଶ·ଽ,଼ଵ = ͹,͹ͺ ˏ,  (6.28) 

 

ɝɞɟ ܸ ଴ = ொ˓ሺ∇ʜʞʢ−∇ˇː˃ሻ∙ሺ஻+ሺ௡−ଵሻ∙ఋʐሻ = ଼଺଻,ସሺଵ଻ଷ,଴଴−ଵଶଷ,଴଴ሻ∙ሺଶ଴+ሺଶ−ଵሻ∙ଷሻ = Ͳ,͹ͷ ˏ/˔;           (6.29) 

įȻ  ɬɨɥɳɢɧɚ ɛɵɤɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ ɢ ɪɚɡɦɟɪɨɜ 
ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ( ɩɪɢɧɢɦɚɟɬɫɹ ߜʐ = 3 ɦ – ɞɥɹ ɩɪɨɥɟɬɨɜ 
ɲɢɪɢɧɨɣ b < 14 ɦ). 

 
6.4.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɇɚɡɧɚɱɚɸɬ Нɫɬ – ɛɥɢɠɚɣɲɢɣ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ Н ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. 
H = 7,78 ɦ. 
Нɫɬ = 8 ɦ. 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ∇ʜʞʢ − ˕˔ܪ = ͳ͹͵,ͲͲ − ͺ = ͳ͸ͷ,ͲͲ ˏ.  (6.30) 
 
6.4.7 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:  
˅଴ଵ˒ˑܪ  =  ( ொ˓˃˔˚˒ˑ˅௠∙஻∙√ଶ𝑔)ଶ ଷ⁄ = ቀ ଵଵଵଽ,଻଴,ସଽ∙ଶ଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͺ,͹͵ ˏ.  (6.31) 

 
ȼɵɱɢɫɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
˅଴ଶ˒ˑܪ  =  ( ொ˓˃˔˚˒ˑ˅௠∙ఌ∙𝜎˒∙஻∙√ଶ𝑔)ଶ ଷ⁄ = ቀ ଵଵଵଽ,଻଴,ସଽ∙଴,ଽଵହ·ଵ∙ଶ଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͻ,ʹ͸ ˏ.  (6.32) 

 
6.4.8 ɉɪɨɜɟɪɤɚ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
Ɋɚɫɫɱɢɬɵɜɚɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 

ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
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˅ˑ˒ܪ = ˒˅ܪ ˑ˅ − ఈ∙௏మଶ𝑔 =  ͻ,ʹ͸ − ଵ,ଵ∙଴,ଽସమଶ·ଽ,଼ଵ = ͻ,ʹͳ ɦ,    (6.33) 

  

ɝɞɟ V଴˒ ˑ˅ = ୕˓˃˔˚˒ˑ˅ሺ∇ʣʞʢ−∇ˇː˃ሻሺ୆+ሺ୬−ଵሻஔʐ = ଵଵଵଽ,଻ሺଵ଻ହ,଴଴−ଵଶଷ,଴଴ሻሺଶ଴+ሺଶ−ଵሻ·ଷሻ = Ͳ,ͻͶ ˏ/˔.          (6.34) 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ, ɬɨ ɟɫɬɶ ɨɬɦɟɬɤɭ 

ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ:   
˓ʣʞʢߘ  = ʒʑߘ + ˅ˑ˒ܪ =  ͳ͸ͷ,ͲͲ + ͻ,ʹͳ = ͳ͹Ͷ,ʹͳ ɦ. (6.35) 
 
ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ Ɏɉɍ 174,21 ɦ, ɪɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ 

ɭɪɨɜɧɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɨɝɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 

 
6.4.9 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɞɚɧɧɵɦ 

ɬɚɛɥɢɰɵ 6.5. 
 

Ɍɚɛɥɢɰɚ 6.5 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɨɜ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ 
ɫ ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ 

x, ɦ 0 0,8 1,6 2,4 3,2 4,0 4,8 5,6 6,4 
y, ɦ 1,01 0,29 0,06 0,00 0,05 0,22 0,48 0,8 1,17 
x, ɦ 7,2 8,0 8,8 9,6 10,4 11,2 12,0 12,8 13,6 
y, ɦ 1,58 2,05 2,57 3,15 3,80 4,51 5,29 6,11 6,98 
x, ɦ 14,4 15,2 16,0 16,8 17,6 18,6 19,2 20,0 20,8 
y, ɦ 7,90 8,86 9,88 10,95 12,06 13,22 14,36 15,68 16,98 
x, ɦ 21,6 22,4 23,2 24,0 24,8 25,6 26,4 27,2 28,0 
y, ɦ 18,31 19,70 21,12 22,59 24,10 25,66 27,24 28,87 30,54 
x, ɦ 28,8 29,6 30,4 31,2 32     
y, ɦ 32,25 33,99 35,77 37,58 39,50     

 
ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ 

ɩɨ ɞɭɝɟ C−D ɪɚɞɢɭɫɨɦ R. ɋɯɟɦɚ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 6.1. ȼɟɥɢɱɢɧɭ ɷɬɨɝɨ ɪɚɞɢɭɫɚ ɧɚɡɧɚɱɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ 
ɩɥɨɬɢɧɵ рɜ ɢ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ Нɫɬ [38, ɬɚɛɥɢɰɚ 6−14] 

 
Н = 8 ɦ, рɧ = 42 ɦ, R = 18,46 ɦ. 
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Ɋɢɫɭɧɨɤ 6.1 – ɋɯɟɦɚ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 

 
6.4.10 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ (ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐߘ  = ʒʑߘ + ͳ,͸ ∙ ˕˔ܪ = ͳ͸ͷ,ͲͲ + ͳ,͸ ∙ ͺ = ͳ͹͹,ͺͲ ˏ,  (6.36) 
 

ɝɞɟ hɜ – ɜɵɫɨɬɚ ɜɨɥɧɵ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ; 
ɚ – ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ: ɞɥɹ 

II  ɤɥɚɫɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,7 ɦ. 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɛɨɥɶɲɟ, ɱɟɦ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ: ∇ʒʞ = ͳ͹͹,ͺͲ ˏ. 
 
6.5 Ɉɛɨɫɧɨɜɚɧɧɵɣ ɜɵɛɨɪ ɫɨɫɬɚɜɚ ȽɌɋ ɢ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɭɡɥɚ 
 
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ Ƚɗɋ ɛɭɞɟɬ ɛɟɬɨɧɧɨɣ, ɚ 

ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɢ ɥɟɜɨɛɟɪɟɠɧɚɹ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɢɡ ɧɚɫɵɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤ ɤɚɤ 
ɜɛɥɢɡɢ ɫɬɜɨɪɚ ɢɦɟɸɬɫɹ ɤɚɪɶɟɪɵ ɢ ɡɚɥɟɠɢ ɧɚɫɵɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɝɨɞɧɵɯ ɞɥɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, ɬɚɤ ɠɟ ɟɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɢ 
ɨɛɨɫɧɨɜɚɧɨ ɢɡ ɬɟɯ ɭɫɥɨɜɢɣ, ɱɬɨ ɝɥɭɯɚɹ ɱɚɫɬɶ ɛɨɥɟɟ 50 ɦ.   

Ɇɟɫɬɧɨɫɬɶ ɫɨ ɫɬɨɪɨɧɵ ɇȻ ɢɦɟɟɬ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɩɪɚɜɨɝɨ ɛɟɪɟɝɚ, ɝɞɟ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɨɟɧɚ ɫɬɪɨɢɬɟɥɶɧɚɹ ɛɚɡɚ. 

 
6.6 Ɋɚɫɱɟɬ ɷɧɟɪɝɨɝɚɫɹɳɢɯ ɭɫɬɪɨɣɫɬɜ ɜ ɇȻ 
 
6.6.1 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɇȻ 
 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ʡ଴ = ∇ʜʞʢ − ∇ˇː˃ = ͳ͹͵,ͲͲ − ͳʹ͵,ͲͲ = ͷͲ ˏ.   (6.37) 
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Ɋɚɫɫɱɢɬɵɜɚɸɬ ɤɪɢɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ 
ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ: 

 ℎˍ˓ = √ ఈொ˓మሺ஻+ሺ௡−ଵሻ·ఋ˄ሻమ𝑔య = √ ଵ,ଵ·଼଺଻,ସమሺଶ଴+ሺଶ−ଵሻ·ଷሻమ·ଽ,଼ଵయ = ͷ,Ͷʹ ˏ,   (6.38) 

  
ɝɞɟ ߙ – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,1; ߜ˄ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɵɱɤɨɜ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 3. 

ȼɵɱɢɫɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ 6.39 ɢ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ [38, ɬɚɛɥɢɰɚ 
9−10]: 

 𝜉 బ் = బ்ℎˍ˓ = ͷͲͷ,Ͷʹ = ͻ,ʹʹ. (6.39) 

 
Ⱦɥɹ ɩɥɨɬɢɧɵ ɜɵɫɨɬɨɣ ɫɜɵɲɟ 40 ɦ − ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ: φ = 

0,90. 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɢɡ [36, ɪɢɫ. 9.55−1] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɢ 𝜉ܶ0 ɨɩɪɟɞɟɥɹɸɬ ȟc’ = 0,27 ɢ ȟc’’ = 2,66. ȼɵɱɢɫɥɹɸɬ 
ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ:  

 
hc’= ȟc’hɤɪ= Ͳ,ʹ͹ ∙ ͷ,Ͷʹ = ͳ,Ͷͷ ˏ; (6.40) 
 
hc’’= ȟc’’ hɤɪ = ʹ ,͸͸ ∙ ͷ,Ͷʹ = ͳͶ,Ͷʹ ˏ; 
 

(6.41) ℎ௖′′ = 14,42 ɦ > hɇȻ = 6,80 ɦ  – ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɨɬɨɝɧɚɧɧɵɣ 
ɩɪɵɠɨɤ.  

 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫɨɩɪɹɠɟɧɢɟ 

ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ 
ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ 
ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 
40 ɦ ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ 
ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ, ɬɚɤ ɤɚɤ ɷɬɨɬ ɫɩɨɫɨɛ ɝɚɲɟɧɢɹ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɜɨɞɵ 
ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɣ. 

 
6.6.2 Ɋɚɫɱɟɬ ɧɨɫɤɚ ɬɪɚɦɩɥɢɧɚ ɢ ɞɚɥɶɧɨɫɬɢ ɨɬɥɟɬɚ ɫɬɪɭɢ 
 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɜ ɤɨɧɰɟ ɜɨɞɨɫɥɢɜɚ ɭɫɬɪɚɢɜɚɸɬ ɜɵɫɨɤɢɣ 

ɭɫɬɭɩ ɫ ɧɨɫɤɨɦ−ɬɪɚɦɩɥɢɧɨɦ. ɋɬɪɭɹ, ɫɯɨɞɹɳɚɹ ɫ ɧɨɫɤɚ−ɬɪɚɦɩɥɢɧɚ, ɨɬɥɟɬɚɟɬ ɧɚ 
ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɨɞɨɫɛɪɨɫɚ. ȼ ɦɟɫɬɟ ɩɚɞɟɧɢɹ ɧɚ ɞɧɟ ɨɛɪɚɡɭɟɬɫɹ ɹɦɚ 
ɪɚɡɦɵɜɚ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɨɛɟɫɩɟɱɢɬɶ ɨɬɛɪɨɫ ɫɬɪɭɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ, ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ. 
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Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

ଵ𝜑ଶݖ௔݇ =ܮ  sin ߙʹ (ቀͳ + ቀ௭బ௓భ − ͳቁ ଵ𝜑మ ୱi୬మ ఈቁ଴.ହ + ͳ), (6.42) 

 
ɝɞɟ ݇௔  ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ;  

α  ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, ɩɪɢɧɢɦɚɟɦ α = 30ɨ; 
   ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ [4, ɬɚɛɥɢɰɚ 9−10], ɩɪɢ ɜɵɫɨɬɟ ɜɨɞɨɫɥɢɜɚ 

ɛɨɥɟɟ 40 ɦ ɩɪɢɧɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0,9; 
 
z0 = ߘ ɇɉɍ – ߘ ɍɇȻ ɨɫɧ.ɦɚɯ = ͳ͹͵,Ͳ − ͳʹͻ,ͺ = Ͷ͵,ʹ  ɦ. (6.43) 
 
ȼɵɫɨɬɚ ɭɫɬɭɩɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ−ɬɪɚɦɩɥɢɧɚ: 
 ܽ = ℎː௠˄௔௫ + ሺͳ ÷ ʹ ሻˏ = ͹,Ͷ + ͳ = ͺ,Ͷ ˏ, (6.44) 
 

ɝɞɟ ℎː௠˄௔௫= ɍɇȻɩɨɜ.ɦɚɯ – ɨɬɦ. ɞɧɚ = ͳ͵Ͳ,Ͷ − ͳʹ͵,Ͳ = ͹,Ͷ ɦ – ɦɚɤɫ. ɝɥɭɛɢɧɚ ɇȻ. 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ−ɬɪɚɦɩɥɢɧɚ: 
ʜʝʠߘ  = ʓʜʏߘ + ܽ = ͳʹ͵,Ͳ + ͺ,Ͷ = ͳ͵ͳ,Ͷ ˏ. (6.45) 
  
ɋɤɨɪɨɫɬɧɨɟ ɩɚɞɟɧɢɟ (ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ): 
 
z1 = ∇ʜʞʢ − ∇ʜʝʠ = ͳ͹͵,Ͳ − ͳ͵ͳ,Ͷ = Ͷͳ,͸ ɦ. (6.46) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ுܸ = 𝜑 ∙ √ʹ ∙ ݃ ∙ ଵݖ = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ Ͷͳ,͸ = ʹͷ,͹Ͳ ˏ/˔.  (6.47) 
 
ȼɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ℎு = ௤௏𝐻 = ସସ,ଶଶହ,଻ = ͳ,͹ʹ  ˏ, (6.48) 

 
ɝɞɟ q – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɜɨɞɨɫɥɢɜɟ. 

Ɂɧɚɹ ɱɢɫɥɨ Ɏɪɭɞɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ ܭ௔. 
ɑɢɫɥɨ Ɏɪɭɞɚ: 
ݎܨ  = ௏𝐻మ𝑔∙ℎ𝐻 = ଶହ,଻ మଵ,଻ଶ∙ଽ,଼ଵ = ͵ͻ,ʹ;  (6.49) 

 
ȿɫɥɢ Fr < 35, ɬɨ ka= 1; 
ȿɫɥɢ Fr > 35, ɬɨ ka= 0.8 ÷ 0.9; 
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ɉɪɢɧɢɦɚɟɦ ka= 0,9. 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ: 
ܮ  = Ͳ,ͻ ∙ Ͷͳ,͸Ͳ ∙ Ͳ,ͻଶ ∙ sinሺ͸Ͳሻ ∙ ቆͳ + √ͳ + ቀସଷ,ଶସଵ,଺ − ͳቁ ∙ ଵ଴,ଽమ∙௦𝑖௡మଷ଴బቇ = ͵ʹ,ʹ͸;  
 
ɉɨɥɭɱɟɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɥɟɬɚ ɫɬɪɭɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɟɡɨɩɚɫɧɵɦ, ɬ.ɤ. 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ L>0,4ܼ ଴. 
ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ ɞɥɹ ɩɪɨɱɧɨɣ ɫɤɚɥɵ, ɬɚɤ ɤɚɤ ɭ ɧɚɫ ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ: 
ܮ  > Ͳ,Ͷ ∙ ܼ଴,  
 ͵ʹ,ʹ͸ ˏ > Ͳ,Ͷ ∙ Ͷ͵,ʹ = ͳ͹,ʹͺ ˏ. 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɹɦɚ ɪɚɡɦɵɜɚ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 

ɫɨɨɪɭɠɟɧɢɹ. 
Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 ℎ௉ = ݐ − ℎʜʐ = ʹͳ,͵ͳ − ͸,ͺ = ͳͶ,ͷͳ ˏ,    
 

   (6.50) 

ɝɞɟ ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ రݎܨ√ ) ∙ ݎܨ√ ∙ √ℎʜʐௗర ∙ ℎு,    (6.51) 

ɝɞɟ d – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɦɨɠɧɨ 
ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 1 ɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
ݐ  = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √͵ͻ,ʹర ) ∙ √͵ͻ,ʹ ∙ √଺,ଵ଼ర ∙ ͳ,͹ʹ = ʹͳ,͵ͳ ˏ.  
 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
ଵܮ  = ܮ + ௧௧𝑔ఈభ; (6.52) 

ଵߙ݃ݐ  = ߙଶ݃ݐ√ + ଶ∙𝑔ሺ଴,ହ∙ℎ𝐻∙௖௢௦ఈ+௔−ℎʜʐሻ௏𝐻మ∙௖௢௦మఈ ,  (6.53) 

 
ɝɞɟ ߙଵ – ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ. 

ଵߙ݃ݐ  = ͲͲ͵ʹ݃ݐ√ + ʹ∙ͻ,ͺͳ∙ሺͲ,ͷ∙ͳ,͹ʹ∙ܿݏ݋͵ͲͲ+ͺ,Ͷ−͸,ͺʹͷ,͹ͳʹ∙ܿݏ݋ʹ͵ͲͲ = Ͳ,Ͷͺ.  
ଵܮ  = ͵ʹ,ʹ͸ + ଶଵ,ଷଵ଴,ସ଼ଵ = ͹͸,͸Ͳ ˏ.  
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Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɞɧɚ 
ɪɟɤɢ ɪɚɜɧɚ: 

 ܾ௣ = ʹ,ͷ · ℎˍ˓ + ͵,͹ · ℎ˓ = ʹ,ͷ ∙ ͷ,Ͷʹ + ͵,͹ ∙ ͳͶ,ͷͳ = ͸͹,ʹͶ ˏ.  (6.54) 

 
ɉɨ ɞɧɭ ɹɦɚ ɪɚɡɦɵɜɚ – ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ʹ,ͷ · ℎˍ˓,  

ɝɞɟ ℎˍ˓ – ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ.  
 ʹ,ͷ · ℎˍ˓ = ʹ,ͷ ∙ ͷ,Ͷʹ = ͳ͵,ͷ͸ ˏ.  
 
6.7 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, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.2. 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

- ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
- ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

 

 
Ɋɢɫɭɧɨɤ 6.2 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 

 
Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɩɨɷɬɨɦɭ ɜ ɧёɦ ɧɟɞɨɩɭɫɬɢɦɨ 

ɩɨɹɜɥɟɧɢɟ ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɜɟɞɶ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ 
ɨɩɚɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɜ ɩɥɨɬɢɧɟ ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ, ɬɚɤ ɤɚɤ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ 
ɬɚɤɨɣ ɩɥɨɬɢɧɵ – ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɜɟɪɲɢɧɨɣ ɧɚ ɨɬɦɟɬɤɟ ɇɉɍ. 

Ɂɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ m= 0,67÷0,7. 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ h ɪɚɜɧɚ: 
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ℎ = ∇ʜʞʢ − ∇˒ˑˇ = ͳ͹͵,ͲͲ − ͳʹͳ,ͲͲ = ͷʹ ˏ.                                            (6.55) 
 
Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 ∇˒ˑˇ = ∇ˇː˃ − ˅ߜ) + ሺʹ ÷ ͵ሻ),                                                                          (6.56) 
 

ɝɞɟ ߜ˅ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0; 
ɨɬɦɟɬɤɚ ɞɧɚ ɪɚɜɧɚ 123,00 ɦ. 

Ɉɩɪɟɞɟɥɢɦ ɨɬɦɟɬɤɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 ∇˒ˑˇ = ͳʹ͵,ͲͲ − ʹ = ͳʹͳ,ͲͲ ˏ,  
௡ܤ  = Ͳ,͹͹ ∙ ℎ = Ͳ,͹͹ ∙ ͷʹ = ͶͲ ˏ.                                                                    (6.57) 
 
6.7.1 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɟɞɨɩɭɫɬɢɦɨɫɬɢ ɛɨɥɶɲɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɵɯ 
ɨɫɚɞɤɚɯ ɨɫɧɨɜɚɧɢɹ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ, ɩɥɨɬɢɧɭ ɞɟɥɹɬ ɧɚ ɫɟɤɰɢɢ 
ɫɤɜɨɡɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨ−ɨɫɚɞɨɱɧɵɦɢ ɲɜɚɦɢ. Ɋɚɡɪɟɡɤɭ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɹɬ 
ɱɚɳɟ ɩɨ ɛɵɤɚɦ, ɞɚɛɵ ɢɡɛɟɠɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɨɫɚɞɨɤ ɫɦɟɠɧɵɯ ɛɵɤɨɜ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɤɥɢɧɢɜɚɧɢɸ ɡɚɬɜɨɪɨɜ. 

ɍɩɥɨɬɧɟɧɢɟ ɲɜɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɲɩɨɧɨɤ. 
ɉɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. 
ɒɢɪɢɧɚ ɫɟɤɰɢɢ: 
 ܵ = ˄ߜ + ܾ = ͵ + ͳͲ = ͳ͵ ˏ,                                                                      (6.58) 
 

ɝɞɟ ߜ˄ − ˕ˑˎ˜ˋː˃ ˄˞ˍ˃; 
b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 

 
Ɋɚɡɪɟɡ ɞɟɥɚɟɬɫɹ ɩɨ ɛɵɤɭ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɚ 
ɩɥɨɬɢɧɵ 0,3 ɫɦ. 

 
6.7.2 Ȼɵɤɢ 
 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɜ ɩɥɚɧɟ ɮɨɪɦɭ.  
ɉɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɧɢɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɛɵɤɢ 

ɜɵɞɜɢɧɭɬɵ ɜ ɜɟɪɯɧɢɣ ɛɶɟɮ. Ȼɵɤɢ ɪɚɡɛɢɜɚɸɬ ɜɟɫɶ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɜɨɞɨɫɥɢɜɧɵɟ ɨɬɜɟɪɫɬɢɹ. 

ȼ ɛɵɤɚɯ ɭɫɬɪɨɟɧɵ ɩɚɡɵ ɞɥɹ ɪɚɛɨɱɢɯ ɢ ɚɜɚɪɢɣɧɨ−ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ, ɩɨɞ 
ɡɚɳɢɬɨɣ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬɫɹ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.3. 
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Ɋɢɫɭɧɨɤ 6.3 – ɋɯɟɦɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜ ɩɥɚɧɟ 

 
Ɂɚɬɜɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɤɪɵɬɭɸ ɫ 

ɜɟɪɯɨɜɨɣ ɫɬɨɪɨɧɵ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ ɨɛɲɢɜɤɨɣ, ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɥɢɫɬɨɜɨɣ 
ɫɬɚɥɢ. ɇɟɫɭɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɥɨɱɧɭɸ ɤɥɟɬɤɭ ɢɡ ɪɢɝɟɥɟɣ ɢ 
ɫɬɪɢɧɝɟɪɨɜ.  

Ɍɨɥɳɢɧɚ ɛɵɤɚ 3 ɦ. 
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ – 0,7ɯ2,0 ɦ.  
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ – 0,5ɯ1,0 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɟɦ 0,8 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
6.7.3 ɍɫɬɨɢ 
 
ɇɚ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɜɚ ɭɫɬɨɹ. 
ɉɟɪɜɵɣ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɜɨɞɨɫɥɢɜɨɦ ɢ ɡɞɚɧɢɟɦ 

Ƚɗɋ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɞɥɢɧɚ ɭɫɬɨɹ ɩɪɢɧɢɦɚɟɬɫɹ 110 ɦ, ɲɢɪɢɧɚ 3,5 ɦ. ȼɬɨɪɨɣ 
ɫɨɩɪɹɝɚɸɳɢɣ ɭɫɬɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɚɜɧɨɝɨ ɪɚɫɬɟɤɚɧɢɹ ɩɨɬɨɤɚ 
ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ. 

 
6.7.4 Ƚɚɥɟɪɟɢ ɢ ɞɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɝɚɥɟɪɟɢ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɸɬ ɱɟɪɟɡ 15ɦ, ɨɞɧɭ ɢɡ ɩɪɨɞɨɥɶɧɵɯ 
ɝɚɥɟɪɟɣ ɫɥɟɞɭɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɧɚ ɨɬɦɟɬɤɟ 121,00 ɞɥɹ ɰɟɦɟɧɬɢɪɨɜɚɧɢɹ 
ɨɫɧɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ – 2,8 ɦ, ɜɵɫɨɬɨɣ – 3 ɦ. 

Ƚɚɥɟɪɟɢ ɧɚ ɨɬɦɟɬɤɟ 138,00, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, 
ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ 
ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ ɧɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ – 2 ɦ, ɜɵɫɨɬɨɣ – 2,5 ɦ. 
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Ⱦɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ: 
 ܽˇ˓ ൒ ுˇ˓∙ఊ೙௃೎ೝ.೘ , (6.59) 

 ܽˇ˓ ൒ ସଽ,଴଻∙ଵ,ଶ଴ଶହ = ͵, 

 
ɝɞɟ ܪˇ˓ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; ܬ௖௥.௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɵɣ ʹͷ. 

˓ˇܪ  = ∇ʜʞʢ − ∇ ʢʜʐሺ௠𝑖௡ሻ = ͳ͹͵,ͲͲ − ͳʹ͵,ͻ͵ = Ͷͻ,Ͳ͹ ˏ. (6.60) 
 
 6.7.5 Ɋɚɫɱɟɬ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 
 
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɤɚɤ ɩɪɚɜɢɥɨ ɭɫɬɪɚɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɞɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ.  
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ˊ = ሺͲ,Ͳͷ ÷ ͳሻ ∙ ˒ܤ = ሺͲ,Ͳͷ ÷ ͳሻ ∙ ͶͲ = Ͷ,Ͳ ˏ,  (6.61) 
 

ɝɞɟ ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ௗܪ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ⋅ ሺͳ͹͵,ͲͲ − ͳʹ͵,ͻ͵ሻ = Ͷͻ,Ͳ͹, ˏ (6.62) 

ௗܪ ˈˇˆ  − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ. 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɯ ɞɨɩɭɫɬɢɦɨɝɨ 

ɝɪɚɞɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɡɚɜɟɫɭ: 
ˊߜ  ൒ ∆ு∙ఊ೙௃೎ೝ.೘ , (6.63) 

 
ɝɞɟ ∆ܪ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ; ܬ௖௥.௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɵɣ 15. 

ܪ∆  = ௗܪ − ௔௦ܪ = Ͷͻ,Ͳ͹ − ͻ,ͺͳ = ͵ͻ,ʹͷ ˏ,  (6.64) 
  

ɝɞɟ ܪௗ ௔௦ܪ ˋ  − ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɢ. 
ˊߜ  ൒ ଷଽ,ଶହ∙ଵ,ଶଵହ = ͵,ͳͶ ˏ.   

 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɜɧɚ: 
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ℎˇ˓ = Ͳ,ͷ ∙ ℎˊ˃˅ = Ͳ,ͷ ⋅ ʹͶ,ͷ͵ = ͳʹ,͵ ˏ.  (6.65) 
 
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 

ɞɢɚɦɟɬɪɨɦ 200 ɦɦ ɫ ɲɚɝɨɦ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 5 ɦ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ 

ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɢɥɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɧɢɠɧɢɣ ɛɶɟɮ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɚɦɨɬɟɤɨɦ ɢɥɢ ɧɚɫɨɫɚɦɢ. 

 
6.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
Ɋɚɫɱɟɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɜɵɩɨɥɧɹɸɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. ȼ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ 
ɫɨɱɟɬɚɧɢɹ ɜɯɨɞɹɬ ɧɚɝɪɭɡɤɢ ɩɨɫɬɨɹɧɧɵɟ, ɜɪɟɦɟɧɧɵɟ, ɞɥɢɬɟɥɶɧɵɟ ɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ. ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ, ɧɨ ɜɨɡɦɨɠɧɵɯ ɫɨɱɟɬɚɧɢɹɯ. 

 
6.8.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD: ܵ˒ˎ = ͳͲ͵ʹ,͸͵ ˏଶ, ܵ˄ = ͳʹ͸ʹ,͵͸ ˏଶ. ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ 

ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙𝑔∙ఘ˄௕+ఋ˄ = ଵ଴ଷଶ,଺ଷ∙ଵ଴∙ଽ,଼ଵ∙ଶସ଴଴ଵ଴+ଷ = ͳͺ͹Ͳͳ,͹ʹ ˍʜ/ˏ,                               ሺ͸.͸͸ሻ  

 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ߛ˄ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ; ߜ˄ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 

ȼɟɫ ɛɵɤɚ ɢ ɬɨɱɤɭ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ ɠɟ ɫɩɨɫɨɛɨɦ: 
˄ܩ  = ௌ˄∙ఋ˄∙𝑔∙ఘ˄௕+ఋ˄ = ଵଶ଺ଶ,ଷ଺∙ଷ∙ଽ,଼ଵ∙ଶସ଴଴ଵ଴+ଷ = ͸ͺͷͺ,͸ͻ ˍʜ/ˏ.                                     ሺ͸.͸͹ሻ  

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ଵ,ହ ∙ ݃ =  Ͳ,Ͳͷͷ ∙ ͻ͹,ͳଵ,ହ ∙ ͻ,ͺͳ = ͷͳ͸ ˍʜ,                            ሺ͸.͸ͺሻ  
 

ɝɞɟ ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺͳ͹Ͷ,ʹͳ − ͳ͸ͷ + Ͳ,ͷሻ ∙ ͳͲ = ͻ͹,ͳ ˏଶ. ሺ͸.͸ͻሻ  
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ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩɨɝɨɧɧɨɦɭ ɦɟɬɪɭ: 
ˊݍ  = ொˊ௕+ఋ˄ = ହଵ଺,ଶଽଵ଴+ଷ = ͵ͻ,͹ͳ ˍʜ.                                                                           ሺ͸.͹Ͳሻ  

 
6.8.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

 ܶ˅ = 𝑔∙ℎభమ∙ఘ˅ଶ = ଽ,଼ଵ∙ହଶమ∙ଵ଴଴଴ଶ = ͳ͵ʹ͸͵,ͳʹ ˍʜ,                                                     ሺ͸.͹ͳሻ  

 
ɝɞɟ ℎଵ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͳ͹͵,ͲͲ − ͳʹͳ,ͲͲ = ͷʹ ˏ.                                 ሺ͸.͹ʹሻ 

 
ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ܶː = 𝑔∙ℎమమ∙ఘ˅ଶ = ଽ,଼ଵ∙ଶ,ଽଷమ∙ଵ଴଴଴ଶ = Ͷʹ,ʹ͵ ˍʜ,                                                          ሺ͸.͹͵ሻ  

 
ɝɞɟ ℎଶ = ∇ʢʜʐ௠𝑖௡  − ∇˒ˑˇˑ˛˅˞ = ͳʹ͵,ͻ͵ − ͳʹͳ,ͲͲ = ʹ,ͻ͵ ˏ.                      ሺ͸.͹Ͷሻ 

 
6.8.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ܹ˅ ˊ˅ = 𝜌௪ ∙ ݃ ∙ ܵˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳͳ͹,ʹ = ͳͶʹͳ,Ͷ͹ ˍʜ/ˏ,                      (6.75) 
   

ɝɞɟ ܵˠ˒ – ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. 
 
6.8.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɫɬɪɨɢɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɋɇɢɉ [2]. 
ௗܪ  = ∇ʜʞʢ − ∇ʢʜʐ௠𝑖௡ = ͳ͹͵,ͲͲ − ͳʹ͵,ͻ͵ = Ͷͻ,Ͳ͹ ˏ;                               (6.76)  
௔௦ܪ                      = Ͳ,ʹ ∙ ௗܪ = Ͳ,Ͷ ∙ Ͷͻ,Ͳ͹ = ͻ,ͺͳ ˏ;                                                           (6.77) 
ௗ௥ܪ                       = Ͳ,ͳͷ ∙ ௗܪ = Ͳ,ʹ ∙ Ͷͻ,Ͳ͹ = ͹,͵͸ ˏ.                                                        (6.78)  
 
ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɫɨɨɪɭɠɟɧɢɹ: 
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˗ܹ = 𝜌௪ ∙ ݃ ∙ ܵˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ʹʹʹ,ͳͶ = ʹͳ͹ͻ,ͳͻ ˍʜ,                            (6.79) 
 

ɝɞɟ   ܵ ˠ˒ – ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɨɞɨɲɜɭ 
ɩɥɨɬɢɧɵ. 

ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.4. 

 

 
Ɋɢɫɭɧɨɤ 6.4 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
6.8.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲː = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ଶː ቁ = ͳͳ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ − ଶଵଶ ቁ = ͳͲ,Ͷ ˍʞ˃,              (6.80) 

 
ɝɞɟ ːߛ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɚɜɟɧ ͳͳ ˍʜ/ˏଷ;  ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɪɚɜɧɚ ʹ ˏ; 𝜑ː − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, ɪɚɜɟɧ ʹͳ଴. 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
ːܧ  = ௉ː ℎːଶ = ଵ଴,ସ∙ଶଶ = ͳͲ,Ͷ ˍʜ.                                                                        (6.81) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
ȼ ɬɨɱɤɟ, ɧɚ ɝɪɚɧɢɰɟ ɫɥɨɹ ɧɚɧɨɫɨɜ ɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɝɪɭɧɬɚ, ɛɨɤɨɜɨɟ ɝɪɭɧɬɚ 

ɨɩɪɟɞɟɥɹɸɬ ɞɜɚɠɞɵ: ɫɱɢɬɚɹ ɷɬɭ ɬɨɱɤɭ ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɜɟɪɯɧɟɦɭ ɫɥɨɸ, ɚ ɡɚɬɟɦ 
ɧɢɠɧɟɦɭ. Ƚɪɭɧɬ ɨɛɥɚɞɚɟɬ ɫɰɟɩɥɟɧɢɟɦ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ௖ܲ. 
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௖ܲ = ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ = ʹ ∙ ͳͷͲ ∙ ݃ݐ ቀͶͷ − ଷ଺ଶ ቁ = ͳͷʹ,ͻ ˍʞ˃;              (6.82) 

 ܲˆ˓′ = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ʹ ቁ − ௖ܲ = ͳͳ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ − ͵͸ʹ) − ͳͷʹ,ͻ = = −ͳͶ͹,ͳͷ ˍʞ˃;                                                                                                           (6.83) 
 ܲ̂ ˓′′ = (ːߛ ∙ ℎː + ߛ̂ ˓˅́ ∙ ℎˆ˓) ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ௖ܲ = ሺͳͳ ∙ ʹ + ͳ͹,ͳͺ ∙ ʹሻ ∙                    ∙ ଶ݃ݐ ቀͶͷ − ଷ଺ଶ ቁ − ͳͷʹ,ͻ = −ͳ͵ͺ,ʹ͵ ˍʞ˃,                                                    (6.84) 

 

ɝɞɟ ̂ߛ ˓˅́ = ߛ̂ ˓ − ሺͳ − ݊଴ሻ ∙ ݃ = ʹ͸,ͷ − ሺͳ − Ͳ,Ͳͷሻ ∙ ͻ,ͺͳ = ͳ͹,ͳͺ ˍʜˏయ,                (6.85) 

ɝɞɟ ܿ − ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 150 ɤɉɚ; ̂ߛ ˓ −ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ 26,5 ̱ ʜ/ˏଷ; ݊଴ − ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ Ͳ,Ͳͷ; ℎˆ˓ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2 ɦ. 
 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 

ɩ.ɦ. ɞɥɢɧɵ ɩɥɨɬɢɧɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɨɳɚɞɢ ɷɩɸɪɵ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 
˅˃ܧ  = ܵˠ˒ = ቀ௉ˆ˓′+௉ˆ˓′′ଶ ቁ ℎˆ˓ = ቀ−ଵସ଻,ଵହ −ଵଷ଼,ଶଷଶ ቁ ʹ = −ʹͺͷ,͵͹ ˍʜˏ

.               (6.86) 

 
Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɟɝɨ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɚɯ. 
 
6.8.6 ȼɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 ܹ˅ ˑˎː = Ͳ,ͷ ∙ 𝜌˅ ∙ ݃ ∙ ℎଵ% ቀఒ೏̅̅̅̅గ + ℎబଶ ቁ = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ,͸͸ ∙ ቀଵ଻,଻ଷ,ଵସ + ଴,ସଽଶ ቁ == Ͷ͹,ͻͳ ˍʜ,                                                                                                                   (6.87)   

 
ɝɞɟ ℎ଴ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ଴ = గ∙ℎభ%మఒ೏ = ଷ,ଵସ∙ଵ,଺଺మଵ଻,଻ = Ͳ,Ͷͻ ˏ.                                                                     (6.88) 

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
௖ݕ  = ఒ̅ଶగ − ଷ଼ ℎଵ% = ଵ଻,଻ଶ∙ଷ,ଵସ − ଷ଼ ∙ ͳ,͸͸ = ʹ,ͳͻ ˏ.                                                  (6.89) 
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6.9 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
6.9.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 
 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

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

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.6, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
Ɍɚɛɥɢɰɚ 6.6 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

№ɩ/ɩ Ɉɛɨɡɧɚɱɟɧɢɟ 
ɫɢɥɵ 

γ f ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

ɋɢɥɚ, 
ɤɇ 

ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, 
ɤɇɦ 

1 Ɍɜ 1  13263,12 17,27 229054,08 

2 Ɍɧ 1  42,23 0,98 −41,38 

3 Gɛ 0,95  6515,76 7,9 −51474,49 

4 Gɩɥ 0,95  17766,64 5,9 −104823,16 
5 Wɜɡɜ 1  1149,73 0 0 
6 Wɮ 1  2693,73 10,3 27745,40 
7 ȿɧ 1,2  12,47 2,66 33 
8 Wɜɨɥɧ 1  47,91 48,48 2322,53 

9 qɡ 0,9  35,74 17,55 −627,29 
 ∑ N = G˒ˎ + G˄ + qˊ − W˅ˊ˅ − W˗,                                                                    (6.90)  
 ∑ N = ͳ͹͹͸͸,͸Ͷ + ͸ͷͳͷ,͹͸ + ͵ͷ,͹Ͷ − ͳͳͶͻ,͹͵ − ʹ͸ͻ͵,͹͵ = ʹͲͶ͹Ͷ,͹ ˍʜ.  
 
ɋɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɡɧɚɤɨɜ: 
 ∑ ʛ = ͳͲʹͳͺͺ,ͻ ˍʜ ∙ ˏ. 
 
Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɭ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩ.ɦ.): 
Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୳ = − ∑ N୆˒ˑˇ + ଺ ∑ ʛ୆˒ˑˇమ = − ଶ଴ସ଻ସ,଻ ସ଴ + ଺·ଵ଴ଶଵ଼଼,ଽସ଴మ = −ͳʹͺ,͸͸ ˍʞ˃,                      (6.91)  
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ɝɞɟ ∑ N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; ∑ ʛ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; B˒ˑˇ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɪɚɜɧɚɹ 40 ɦ. 

 σ୶୳ = σ୷୳ ∙ m୳ଶ − γ˅ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ,                                                                     (6.92) 
 σ୶୳ = −ͳʹͺ,͸͸ ∙ Ͳ − ͻ,ͺͳ ∙ ͷʹ = −ͷͳͲ,ͳʹ ˍʜˏమ, 

 
ɝɞɟ H୳ୢ – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɪɚɜɟɧ 52 ɦ; m୳ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ, ɪɚɜɟɧ 0. 

 τ୶୷୳ = (γ˅ ∙ H୳ୢ + σ୷୳) ∙ m୳ = Ͳ ˍʞ˃.                                                             (6.93)  
 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + γ˅ ∙ H୳ୢ ∙ m୳ଶ = −ͳʹͺ,͸͸ · ሺͳ + Ͳሻ + ͻ,ͺͳ ∙ ͷʹ ∙ Ͳଶ = = −ͳʹͺ,͸͸ ˍʞ˃.                                                                                                            (6.94)  

 σଷ୳ = −γ˅ ∙ H୳ୢ = ͻ,ͺͳ ∙ ͷʹ = −ͷͳͲ,ͳʹ ˍʞ˃.                                                     (6.95)  
 

Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୲ = − ∑ N୆˒ˑˇ − ଺ ∑ ʛ୆˒ˑˇమ = − ଶ଴ସ଻ସ,଻ ସ଴ − ଺·ଵ଴ଶଵ଼଼,ଽସ଴మ = −ͺͻͷ,Ͳͺ ˍʞ˃.                         (6.96) 

   σ୶୲ = σ୷୲ ∙ m୲ଶ − γ˅ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ,                                                                   (6.97) 
  σ୶୲ = −ͺͻͷ,Ͳͺ ∙ ͳ,ͳͻ − ͻ,ͺͳ ∙ ʹ,ͻ͵ ∙ ሺͳ − Ͳ,͹ͺଶሻ = −ͷͷ͹,ͷ͹ ˍʞ˃, 
 

ɝɞɟ H୲ୢ  – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɪɚɜɧɵɣ 2,93 ɦ; m୲  – ɤɨɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɥɢɧɢɟɣ ɩɨɞɨɲɜɵ, ɪɚɜɧɵɣ 0,78. 
 τ୶୷୲ = −(γ˅ ∙ H୲ୢ + σ୷୲ ) ∙ m୲,                                                                                 (6.98)  

 τ୶୷୲ = −ሺͻ,ͺͳ ∙ ʹ,ͻ͵ − ͺͻͷ,Ͳͺ ሻ ∙ Ͳ,͹ͺ = ͸͹͸,ͺʹ ˍʞɚ. 
 σଷ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + γ˅ ∙ H୲ୢ ∙ m୲ଶ,                                                                 (6.99)  
 σଷ୲ = −ͺͻͷ,Ͳͺ ሺͳ + Ͳ,͹ͺሻ + ͻ,ͺͳ ∙ ʹ,ͻ͵ ∙ Ͳ,͹ͺ = −ͳͶʹ͵,ͺ͹ ˍʞ˃.  
 σଵ୲ = −γ˅ ∙ H୲ୢ = ͻ,ͺͳ ∙ ʹ,ͻ͵ = −ʹͺ,͹ͺ ˍʞ˃.                                                   (6.100)  

 
ɉɨɥɭɱɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 6.7. 
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Ɍɚɛɥɢɰɚ 6.7 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɩɪɹɠɟɧɢɟ ોܡ  ોܠ  ૌܡܠ  ો૚  ો૜  
ȼɟɪɯɨɜɚɹ ɝɪɚɧɶ −128,66 −510,12 0,00 −128,66 −510,12 
ɇɢɡɨɜɚɹ ɝɪɚɧɶ −895,08 −557,57 −676,82 −28,78 −1423,87 

 
6.9.2 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ 
 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ߛ ∙ ܴ௕ ,                                                                                      ሺ͸.ͳͲͳሻ  
 

ɝɞɟ ߛ௡ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,20;  ߛ௟௖ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1; ߛ௖ௗ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,9. 

 ܴ௕ ൒ ఊ೙ ∙ఊ೗೎∙|𝜎య|ఊ೎೏ = ଵ,ଶ଴∙ଵ∙|−ଵସଶଷ,଼଻|଴,ଽହ = ͳ͹ͻͺ,ͷ͹ ˍʜ/ˏଶ.                                  ሺ͸.ͳͲʹሻ  
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬ.ɤ.: 
 ʹ͸͸Ͳ  ˍʜ/ˏଶ ൒  ͳ͹ͻͺ,ͷ͹ ˍʜ/ˏଶ.                                                                   ሺ͸.ͳͲ͵ሻ 
 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ5 

ɫ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴ௕ = ʹͺͲͲ ˍʜ/ˏଶ, ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɭɥɨɠɢɬɶ ɜ ɡɨɧɟ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɫɠɢɦɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ.  

2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
 σ୳୷ < Ͳ,                                                                                                                (6.104) 
  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 𝜎௬௨ = −ͳʹͺ,͸͸ ˍʞ˃, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙   ௗ௨,                                                                                         ሺ͸.ͳͲͷሻܪ
 |−ͳʹͺ,͸͸| ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ ͷʹ = ͳʹ͹,ͷ͵,                                                       ሺ͸.ͳͲ͸ሻ  
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ɬ.ɟ. ͳʹͺ,͸͸ ˍʜ/ˏଶ ൒ ͳʹ͹,ͷ͵ ˍʜ/ˏଶ.                                                             ሺ͸.ͳͲ͹ሻ 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
6.10 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.  

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ, ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɭɫɥɨɜɢɟ: 

 ୖ∙ஓౙౚ୊∙ஓౢౙ ൒ γ୬.                                                                                                         (6.108)  

 ܴ = (G˒ˎ + G˄ + qˊ − W˅ˊ − W˗) ∙ 𝜑݃ݐ + ܿ ∙   (6.109)                                          ,˒ܤ
 ܴ = ሺͳ͹͹͸͸,͸Ͷ + ͸ͷͳͷ,͹͸ + ͵ͷ,͹Ͷ − ͳͳͶͻ,͹͵ − ʹ͸ͻ͵,͹͵ ሻ ∙ ͸͵݃ݐ + ͳͷͲ ∙ ∙ ͶͲ = ʹͲͺ͹ͷ,͹͵ ˍʜ/ˏ, 
 

ɝɞɟ φ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; c  – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 150 ˍʜ/ˏଶ; ω = B˒ˑˇ ∙ ͳ = ͶͲ ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, 
ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 

 F = ʡʑ − ʡː + W˅ˑˎː + ʔː + ʔ˃˅,                                                                   (6.110)  
 F = ͳ͵ʹ͸͵,ͳʹ − Ͷʹ,ʹ͵ + Ͷ͹,ͻͳ + ͳͲ,͵ͻ − ʹͺͷ,͵͹ = ͳʹͻͻ͵,ͺʹ ˍʜˏ

.  

 
Ɍɨɝɞɚ ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ଶ଴଼଻ହ,଻ଷ∙଴,ଽହଵଶଽଽଷ,଼ଶ ∙ଵ ൒ ͳ,ʹͲ,  
 ͳ,ͷ͵ ൒ ͳ,ʹͲ.  
 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ. 
 
 
 
 

  



  
 

101 
 

 

7 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
Ɉɬɜɚɠɧɨɝɨ Ƚɍ. ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɨɯɪɚɧɚ ɬɪɭɞɚ 

 
7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɉɬɜɚɠɧɚɹ Ƚɗɋ, ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ, ɨɬɧɨɫɢɬɫɹ ɤɨ ɜɬɨɪɨɦɭ ɤɥɚɫɫɭ ɩɨ 

ɤɚɩɢɬɚɥɶɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɥɭɠɛɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ.  

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɨɧɢ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɤɨɧɬɪɨɥɶɧɨ−ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ) ɞɥɹ 
ɨɬɫɥɟɠɢɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ−ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɟɠɢɦɚ, ɫɟɣɫɦɨɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ 
ɜ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɨ ɛɵɬɶ ɜɜɟɞɟɧɨ ɫɩɟɰɢɚɥɶɧɨɟ 
ɩɨɞɪɚɡɞɟɥɟɧɢɟ (ɫɥɭɠɛɚ ɦɨɧɢɬɨɪɢɧɝɚ), ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɫ 
ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɨɛɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

- ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɪɢɫɤɚ ɚɜɚɪɢɣ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ; 

- ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɟɤɥɚɪɚɰɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ; 

- ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɮɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ ɜ ɨɛɥɚɫɬɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 

- ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 
- ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɦɟɪ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 

ɫɨɨɪɭɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɫɧɚɳɟɧɢɟ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɜ ɰɟɥɹɯ ɩɨɫɬɨɹɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɡɚ ɢɯ ɫɨɫɬɨɹɧɢɟɦ, ɨɛɟɫɩɟɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ 
ɪɚɛɨɬɧɢɤɨɜ, ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ; 

- ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɞɟɣɫɬɜɢɹ (ɛɟɡɞɟɣɫɬɜɢɟ), ɤɨɬɨɪɵɟ ɩɨɜɥɟɤɥɢ ɡɚ ɫɨɛɨɣ 
ɫɧɢɠɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ 
ɭɪɨɜɧɹ. 

 
7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
ɉɪɚɜɢɥɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 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 (ɦɨɞɟɪɧɢɡɚɰɢɸ, ɪɟɤɨɧɫɬɪɭɤɰɢɸ), ɧɚɥɚɞɤɭ 
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ɢ ɢɫɩɵɬɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ.  

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɰɟɯɨɜ, 
ɥɚɛɨɪɚɬɨɪɢɣ, ɦɚɫɬɟɪɫɤɢɯ ɫɤɥɚɞɨɜ ɢ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɬɢɯ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ, ɢɫɩɨɥɧɹɸɳɢɯ ɢɯ 
ɨɛɹɡɚɧɧɨɫɬɢ. 

ɉɟɪɫɨɧɚɥ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ ɧɟɫɟɬ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɢ 
ɫɬɪɨɹɳɢɯɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫɨɝɥɚɫɧɨ «ɉɨɥɨɠɟɧɢɸ ɨɛ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɪɚɛɨɬɧɢɤɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ». 

Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɞɟɣɫɬɜɢɹ ɢɥɢ ɛɟɡɞɟɣɫɬɜɢɹ ɢ ɢɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ. 

ɋɢɫɬɟɦɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɬɢ Ƚɗɋ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
- ɨɯɪɚɧɧɨ−ɩɨɠɚɪɧɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ (ɫɨɤɪɚɳɟɧɧɨ Ɉɉɋ); 
- ɫɢɫɬɟɦɵ ɞɥɹ ɨɩɨɜɟɳɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɷɜɚɤɭɚɰɢɢ ɧɚ ɫɥɭɱɚɣ 

ɩɨɠɚɪɚ; 
- ɫɪɟɞɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
- ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
- ɫɪɟɞɫɬɜɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 
- ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
- ɫɢɫɬɟɦɵ ɢ ɫɪɟɞɫɬɜɚ ɭɞɚɥɟɧɢɹ ɞɵɦɚ; 
- ɡɚɜɟɫɵ, ɡɚɧɚɜɟɫɵ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ; 
- ɫɪɟɞɫɬɜɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɟɦɨɜ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 
ɋɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɵɩɨɥɧɹɸɬ ɨɞɧɭ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
- ɢɫɤɥɸɱɟɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɞɟɣ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɞɟɣ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ȼɫɟ ɩɨɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɦɟɳɟɧɢɹ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ ɞɨɥɠɧɵ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ. 
 
7.3 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
Ɉɯɪɚɧɚ ɬɪɭɞɚ – ɷɬɨ ɫɢɫɬɟɦɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, 

ɬɟɯɧɢɱɟɫɤɢɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ, ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɢ ɥɟɱɟɛɧɨ−ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 
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ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɡɞɨɪɨɜɶɹ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɰɟɫɫɟ ɬɪɭɞɚ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: 

- ɜɨɩɪɨɫɵ ɩɫɢɯɨɮɢɡɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɫɥɨɜɢɹɦ ɬɪɭɞɚ; 
- ɜɨɩɪɨɫɵ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ 

ɪɚɛɨɬ ɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɡɚɳɢɬɧɵɟ ɦɟɪɵ ɢ ɡɚɳɢɬɧɵɟ 
ɫɪɟɞɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ; 

- ɜɨɩɪɨɫɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
- ɜɨɩɪɨɫɵ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɚɧɢɬɚɪɢɢ. 
ɉɪɚɜɢɥɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ. Ɋɚɛɨɬɨɞɚɬɟɥɶ ɨɛɹɡɚɧ ɫɨɡɞɚɬɶ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ 
ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫ 
ɬɪɟɛɨɜɚɧɢɣ: 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ ɢ ɞɪɭɝɨɣ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ; 

- ɫɨɛɥɸɞɟɧɢɟ ɫɪɨɤɨɜ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɟɦɨɧɬɨɜ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɢ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɨɫɧɚɳɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɨɮɢɫɧɵɯ ɩɨɦɟɳɟɧɢɣ; 

- ɭɫɬɚɧɨɜɤɚ ɧɟɨɛɯɨɞɢɦɵɯ ɡɚɳɢɬɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ, ɜɟɧɬɢɥɹɰɢɢ, ɩɨɞɞɟɪɠɚɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ; 
- ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɭɫɬɪɚɧɟɧɢɟ ɩɵɥɢ ɢ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
- ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɫɩɟɰɨɞɟɠɞɨɣ ɢ ɫɩɟɰɨɛɭɜɶɸ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɦɢ 

ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɩɟɰɢɮɢɤɨɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; 

- ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɚɤɬɭɚɥɶɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ ɩɨ ɌȻ, ɧɚɝɥɹɞɧɵɦɢ 
ɦɚɬɟɪɢɚɥɚɦɢ; 

- ɫɨɡɞɚɧɢɟ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɜɫɟɯ 
ɧɟɨɛɯɨɞɢɦɵɯ ɫɢɫɬɟɦ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɪɚɡɦɟɳɟɧɢɟ ɡɧɚɤɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 

Ɏɢɡɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ 
ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ: 

- ɞɜɢɠɭɳɢɟɫɹ ɦɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ; 
- ɩɨɜɵɲɟɧɧɚɹ ɢɥɢ ɩɨɧɢɠɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ; 
- ɩɨɜɵɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ; 
- ɨɬɫɭɬɫɬɜɢɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɤ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ; 
- ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɪɚɛɨɱɟɣ ɡɨɧɵ; 
- ɩɨɜɵɲɟɧɧɚɹ ɹɪɤɨɫɬɶ ɫɜɟɬɚ; 
- ɩɨɧɢɠɟɧɧɚɹ ɤɨɧɬɪɚɫɬɧɨɫɬɶ; 
- ɩɨɜɵɲɟɧɧɚɹ ɩɭɥɶɫɚɰɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ; 
- ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɵɫɨɬɟ; 
- ɩɨɜɵɲɟɧɧɚɹ ɢɥɢ ɩɨɧɢɠɟɧɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɜɨɡɞɭɯɚ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ; 
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- ɩɨɜɵɲɟɧɧɚɹ   ɡɚɩɵɥɟɧɧɨɫɬɶ ɢ ɡɚɝɚɡɨɜɚɧɧɨɫɬɶ ɜɨɡɞɭɯɚ ɪɚɛɨɱɟɣ ɡɨɧɵ; 
- ɩɨɜɵɲɟɧɧɨɟ ɢɥɢ ɩɨɧɢɠɟɧɧɨɟ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ; 
- ɩɨɜɵɲɟɧɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ; 
- ɩɨɜɵɲɟɧɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ; 
- ɩɪɹɦɚɹ ɢ ɨɬɪɚɠɟɧɧɚɹ ɛɥёɫɤɨɫɬɶ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɪɚɞɢɚɰɢɢ; 
- ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɢɧɮɪɚɤɪɚɫɧɨɣ ɪɚɞɢɚɰɢɢ. 
Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɜɤɥɸɱɚɸɬ 

ɫɥɟɞɭɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ: 
- ɩɚɬɨɝɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ (ɛɚɤɬɟɪɢɢ, ɜɢɪɭɫɵ, ɝɪɢɛɵ, ɩɪɨɫɬɟɣɲɢɟ) ɢ 

ɩɪɨɞɭɤɬɵ ɢɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ; 
- ɨɩɚɫɧɵɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨ ɢ ɦɚɤɪɨɨɪɝɚɧɢɡɦɨɜ. 
ɉɫɢɯɨɮɢɡɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɩɨ 

ɯɚɪɚɤɬɟɪɭ ɞɟɣɫɬɜɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ: 
- ɮɢɡɢɱɟɫɤɢɟ ɩɟɪɟɝɪɭɡɤɢ (ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ); 
- ɧɟɪɜɧɨ−ɩɫɢɯɢɱɟɫɤɢɟ ɩɟɪɟɝɪɭɡɤɢ (ɭɦɫɬɜɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ, ɦɨɧɨɬɨɧɧɨɫɬɶ ɬɪɭɞɚ, ɷɦɨɰɢɨɧɚɥɶɧɵɟ ɩɟɪɟɝɪɭɡɤɢ, ɭɬɨɦɥɟɧɢɟ, 
ɷɦɨɰɢɨɧɚɥɶɧɵɣ ɫɬɪɟɫɫ, ɷɦɨɰɢɨɧɚɥɶɧɚɹ ɩɟɪɟɝɪɭɡɤɚ). 

Ɉɞɢɧ ɢ ɬɨɬ ɠɟ ɨɩɚɫɧɵɣ ɢ ɜɪɟɞɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ ɩɨ ɩɪɢɪɨɞɟ 
ɫɜɨɟɝɨ ɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɨɬɧɨɫɢɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤ ɪɚɡɥɢɱɧɵɦ ɝɪɭɩɩɚɦ, 
ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɵɲɟ. 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɞɟɧɢɹ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ ɢɥɢ ɥɸɛɨɝɨ 
ɞɪɭɝɨɝɨ ɫɩɨɫɨɛɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɥɢɱɧɨɫɬɶ ɪɚɛɨɬɧɢɤɚ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 

 
7.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 

Ɉɬɜɚɠɧɨɝɨ Ƚɍ 
 
7.4.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
Ɉɬɜɚɠɧɚɹ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɭ ɩɨɫɟɥɤɚ Ⱥɪɯɚɪɚ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ. Ɍɟɱёɬ ɩɨ 

Ⱥɪɯɚɪɢɧɫɤɨɣ ɧɢɡɦɟɧɧɨɫɬɢ ɢ ɜɩɚɞɚɟɬ ɜ ɩɪɨɬɨɤɭ Ɇɢɯɚɣɥɨɜɫɤɭɸ ɪɟɤɢ Ⱥɦɭɪ. 
 Ɋɟɤɚ Ⱥɪɯɚɪɚ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɸɝɨ−ɡɚɩɚɞɧɵɯ ɫɤɥɨɧɚɯ Ȼɭɪɟɢɧɫɤɨɝɨ ɯɪɟɛɬɚ 

ɞɜɭɦɹ ɢɫɬɨɤɚɦɢ: Ƚɨɧɝɨɪɨɦ (155 ɤɦ ɨɬ ɭɫɬɶɹ) ɢ ɏɚɪɨɣ (155 ɤɦ ɨɬ ɭɫɬɶɹ). Ⱦɥɢɧɚ ɫ 
Ƚɨɧɝɨɪɨɦ – 277 ɤɦ, ɛɟɡ ɧɟɝɨ 155 ɤɦ. ȼɨɞɨɫɛɨɪɧɚɹ ɩɥɨɳɚɞɶ 8750 ɤɦ². ȼɟɪɯɧɟɟ ɢ 
ɫɪɟɞɧɟɟ ɬɟɱɟɧɢɹ ɜ ɡɨɧɟ ɯɜɨɣɧɨ−ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɯ ɥɟɫɨɜ, ɧɢɠɧɟɟ – 
ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɯ. ȼ ɜɟɪɯɧɟɦ ɬɟɱɟɧɢɢ ɝɨɪɧɚɹ, ɜ ɫɪɟɞɧɟɦ ɞɨɥɢɧɚ ɪɚɫɲɢɪɹɟɬɫɹ 
ɞɨ 10 ɤɦ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɡɚɮɢɤɫɢɪɨɜɚɧ ɜ ɚɩɪɟɥɟ 1944 ɝɨɞɚ :2 ɦ3/ɫ. 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɡɚɮɢɤɫɢɪɨɜɚɧ ɜ ɢɸɧɟ 1956 ɝɨɞɚ :1160 ɦ3/ɫ. 
ɉɢɬɚɧɢɟ ɪɟɤɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɨɠɞɟɜɨɟ (ɛɨɥɟɟ 60%).  ȼɟɫɟɧɧɟɟ 

ɩɨɥɨɜɨɞɶɟ ɩɨ ɜɟɥɢɱɢɧɟ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩɚɟɬ ɥɟɬɧɢɦ ɞɨɠɞɟɜɵɦ ɩɚɜɨɞɤɚɦ (ɞɨ 13 
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ɡɚ ɥɟɬɨ) ɫ ɩɨɞɴёɦɨɦ ɭɪɨɜɧɟɣ ɜɨɞɵ 1–4 ɦ, ɡɚ ɷɬɨɬ ɩɟɪɢɨɞ ɩɪɨɯɨɞɢɬ ɫɜɵɲɟ 60% 
ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ. ȼ ɩɟɪɢɨɞ ɞɨɠɞɟɜɵɯ ɩɚɜɨɞɤɨɜ ɜɨɡɦɨɠɧɵ ɧɚɜɨɞɧɟɧɢɹ ɫ 
ɡɚɬɨɩɥɟɧɢɟɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɪɟɤɟ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ. Ʌɟɞɨɫɬɚɜ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɫ ɧɚɱɚɥɚ ɧɨɹɛɪɹ ɩɨ ɤɨɧɟɰ ɚɩɪɟɥɹ. Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɜ 
ɨɛɥɚɫɬɢ ɜɟɥɢɤɨ ɜ ɪɚɣɨɧɟ Ⱥɪɯɚɪɵ — ɞɨ 600 ɦɦ. 

ȼɟɪɯɧɟɟ ɢ ɫɪɟɞɧɟɟ ɬɟɱɟɧɢɹ ɜ ɡɨɧɟ ɯɜɨɣɧɨ−ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɯ ɥɟɫɨɜ, 
ɧɢɠɧɟɟ – ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɯ. ȼ ɜɟɪɯɧɟɦ ɬɟɱɟɧɢɢ Ⱥɪɯɚɪɚ – ɝɨɪɧɚɹ ɪɟɤɚ, ɬɟɤɭɳɚɹ 
ɜ ɭɡɤɨɣ ɞɨɥɢɧɟ. Ɂɞɟɫɶ ɪɭɫɥɨ ɪɟɤɢ ɩɨɪɨɠɢɫɬɨɟ, ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɜɨɞɨɩɚɞɚɦɢ. ȼ 
ɫɪɟɞɧɟɦ ɬɟɱɟɧɢɢ ɞɨɥɢɧɚ ɪɚɫɲɢɪɹɟɬɫɹ ɞɨ 10 ɤɦ, ɬɟɱɟɧɢɟ ɪɟɤɢ ɡɚɦɟɞɥɹɟɬɫɹ, 
ɲɢɪɢɧɚ ɪɭɫɥɚ ɞɨ 40 ɦ. Ɋɭɫɥɨ ɡɞɟɫɶ ɢɡɜɢɥɢɫɬɨɟ, ɲɢɪɢɧɨɣ ɜ ɫɪɟɞɧɟɦ 100 ɦ, ɚ ɜ 
ɨɬɞɟɥɶɧɵɯ ɦɟɫɬɚɯ ɞɨ 200 ɦ, ɜ ɩɨɣɦɟ ɦɧɨɠɟɫɬɜɨ ɫɬɚɪɢɰ ɢ ɩɪɨɬɨɤɨɜ. 

ȼ Ⱥɪɯɚɪɟ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɭɦɟɪɟɧɧɨɝɨ ɦɭɫɫɨɧɧɨɝɨ ɤɥɢɦɚɬɚ. 
Ʌɟɬɨ ɬёɩɥɨɟ ɢ ɜɥɚɠɧɨɟ Ʌɟɬɨɦ ɡɞɟɫɶ ɟɫɬɶ ɦɧɨɝɨ ɨɫɚɞɤɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɡɢɦɚ 
ɦɨɪɨɡɧɚɹ ɢ ɦɚɥɨɫɧɟɠɧɚɹ. ȼ ɝɨɞ ɜɵɩɚɞɚɟɬ ɨɤɨɥɨ 639 ɦɦ ɨɫɚɞɤɨɜ. Ɍɟɦɩɟɪɚɬɭɪɵ 
ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɜɵɫɨɤɢɦɢ ɜ ɫɪɟɞɧɟɦ ɜ ɂɸɥɶ, ɧɚ ɨɬɦɟɬɤɟ 20.6 ° C. əɧɜɚɪɶ 
ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɯɨɥɨɞɧɵɦ ɦɟɫɹɰɟɦ, ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜ ɫɪɟɞɧɟɦ −27.0 ° C. 

Ɋɟɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɩɥɚɜɨɜ ɢ ɪɵɛɨɥɨɜɫɬɜɚ. Ɂɞɟɫɶ ɜɨɞɢɬɫɹ ɝɨɥɚɜɥɶ, 
ɝɭɫɬɟɪɚ, ɟɥɟɰ, ɤɚɪɚɫɶ, ɤɚɪɩ, ɧɚɥɢɦ, ɨɤɭɧɶ, ɩɥɨɬɜɚ, ɫɭɞɚɤ, ɳɭɤɚ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɪɵɛ. 

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ⱥɪɯɚɪɢɧɫɤɨɝɨ ɪɚɣɨɧɚ ɫɜɨɟɝɨ ɪɨɞɚ 
ɭɧɢɤɚɥɶɧɚ, ɜ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɢ ɭɱɚɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɮɥɨɪ. ɉɨ 
ɝɟɨɛɨɬɚɧɢɱɟɫɤɨɦɭ ɪɚɣɨɧɢɪɨɜɚɧɢɸ ɬɟɪɪɢɬɨɪɢɸ ɪɚɣɨɧɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 
ɱɟɬɵɪɟ ɨɛɥɚɫɬɢ: 

- ȼɨɫɬɨɱɧɨ−ɚɡɢɚɬɫɤɢɟ ɯɜɨɣɧɨ−ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɟ ɥɟɫɚ. 
- ɘɠɧɨ−ɚɡɢɚɬɫɤɚɹ ɬɚɟɠɧɚɹ ɬɟɦɧɨɯɜɨɣɧɚɹ ɨɛɥɚɫɬɶ. 
- ȼɨɫɬɨɱɧɨ−ɫɢɛɢɪɫɤɚɹ ɬɚɟɠɧɚɹ ɨɛɥɚɫɬɶ ɫɜɟɬɥɨɯɜɨɣɧɨɣ ɥɟɫɨɜ. 
- Ⱦɚɭɪɫɤɨ−ɦɚɧɱɠɭɪɫɤɚɹ ɥɟɫɨɫɬɟɩɧɚɹ ɨɛɥɚɫɬɶ. 
Ɍɟɪɪɢɬɨɪɢɹ Ⱥɪɯɚɪɢɧɫɤɨɝɨ ɪɚɣɨɧɚ − ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɫɜɨɟɨɛɪɚɡɧɵɯ 

ɮɚɭɧɢɫɬɢɱɟɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ. ɉɚɪɚɥɥɟɥɶɧɨ ɨɛɪɚɡɨɜɚɧɢɸ 
ɫɥɨɠɧɵɯ ɮɚɭɧɢɫɬɢɱɟɫɤɢɯ ɝɪɭɩɩɢɪɨɜɨɤ ɢɡ ɷɥɟɦɟɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɢɬɟɥɶɧɵɯ 
ɡɨɧ ɢɫɬɨɪɢɱɟɫɤɢ ɨɛɪɚɡɨɜɚɥɫɹ ɫɥɨɠɧɵɣ ɮɚɭɧɢɫɬɢɱɟɫɤɢɣ ɭɡɟɥ, ɨɛɴɟɞɢɧɹɸɳɢɣ ɜ 
ɟɞɢɧɵɯ ɰɟɥɵɯ ɨɛɢɬɚɬɟɥɟɣ ɫɜɟɬɥɨɯɜɨɣɧɨɣ ɬɚɣɝɢ ɢ ɠɢɜɨɬɧɵɯ, ɧɚɫɟɥɹɸɳɢɯ 
ɤɟɞɪɨɜɨ−ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɟ ɥɟɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɸɞɚ ɩɪɨɧɢɤɚɸɬ ɩɪɟɞɫɬɚɜɢɬɟɥɢ 
ɨɯɨɬɫɤɨɣ ɮɚɭɧɵ ɬɟɦɧɨ−ɯɜɨɣɧɨɣ ɬɚɣɝɢ (ɤɚɛɚɪɝɚ, ɞɢɤɭɲɚ), ɚ ɬɚɤɠɟ ɜɵɯɨɞɰɵ ɢɡ 
ɫɬɟɩɟɣ Ɇɨɧɝɨɥɢɢ ɢ Ɂɚɛɚɣɤɚɥɶɹ (ɫɬɟɩɟɧɧɨɣ ɯɨɪɶ, ɮɚɡɚɧ ɢ ɬ.ɞ.). 

ȼɨɡɞɟɣɫɬɜɢɟ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

 
7.4.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ  
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɉɬɜɚɠɧɨɝɨ ɝɢɞɪɨɭɡɥɚ (Ƚɍ) ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɢɞɵ ɪɚɛɨɬ: 
- ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
- ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
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- 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.  
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

- ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
- ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 

ɢɡɦɟɧɟɧɢɹ;  
- 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. 
ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ: 
- Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɟɠɢɦɨɜ; 
- ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɧɚɧɨɫɨɜ;  
- Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɜɨɞɵ Ⱥɪɯɚɪɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ Ɉɬɜɚɠɧɨɝɨ Ƚɍ; 
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; 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜ ɫɚɧɢɬɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜɯɨɞɢɬ ɨɱɢɫɬɤɚ ɥɨɠɚ ɨɬ 

ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
 
7.4.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳ: 
1) Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɪɟɞɩɪɨɟɤɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɨɟɤɬɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɩɨɞɥɟɠɚɬ ɨɛɹɡɚɬɟɥɶɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɧɚɞɡɨɪɚ. 
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2) Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɚɧɢɬɚɪɧɵɟ 
ɩɨɩɭɫɤɢ ɫɨɫɬɚɜɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɵɯ ɢɧɠɟɧɟɪɧɵɯ ɢɡɵɫɤɚɧɢɣ ɪɚɫɱɟɬɨɜ, 
ɜɚɪɢɚɧɬɧɵɯ ɩɪɨɪɚɛɨɬɨɤ ɜ ɌɗɈ (ɌɗɊ), ɜ ɩɪɨɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɨɞɨɯɪɚɧɢɥɢɳ.  

3) Ɋɚɛɨɬɵ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɡɚɤɨɧɱɟɧɵ ɧɟ ɩɨɡɞɧɟɟ, ɱɟɦ ɡɚ ɨɞɢɧ ɜɟɫɟɧɧɟ−ɥɟɬɧɢɣ ɫɟɡɨɧ ɞɨ ɧɚɱɚɥɚ ɡɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

4) Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɟɧɨɫɭ ɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ: 
ɚ) Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ: 

1) Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ 
ɩɪɟɞɟɥɶɧɨ−ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ);  

2) Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ 
ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ);    

3) Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 

4) ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ; 

5) ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ; 

6) Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ; 

7) Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

8) Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ; 

ɛ) ɋɚɧɢɬɚɪɧɨ−ɬɟɯɧɢɱɟɫɤɢɟ: 
1) Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ 

ɨɩɚɫɧɨɫɬɢ;  
2) Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ; 
3) ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɬɯɨɞɨɜ 

ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ; 
4) ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ; 
5) ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɜ 

ɠɭɪɧɚɥɚɯ; 
6) Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɬɢɜɨɜ 

ɉȾȼ; 
7) Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ, 

ɞɪɟɧɚɠɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ; 
8) ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ; 
9) ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ; 
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10) Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ−ɨɛɨɪɭɞɨɜɚɧɧɵɯ 
ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ. 

 
7.4.4 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: 

- Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ; 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 2014 8 22 201 01 21 5. 
 M = N∙୯ଵ଴଴% ∙ ρ,  (7.1) 

 
ɝɞɟ N – ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (224186 ɦ3); q – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q =1,8%); ρ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (ρ =2,5 ɬ/ɦ3). 

 M = N∙୯ଵ଴଴% = ଶଶସଵ଼଺∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͳͲͲͺͺ,Ͷ  ˕.  
 
- Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ; 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 4 61 010 01 20 5. 
ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɉɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɞɨɩɨɥɧɟɧɢɟ ɤ ɊȾɋ 82−202−96) Ɇɨɫɤɜɚ, Ƚɨɫɫɬɪɨɣ Ɋɨɫɫɢɢ, 1988ɝ., 
ɬɚɛɥɢɰɚ 4, ɧɨɪɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɪɦɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 10 %. 

 M = N∙୯ଵ଴଴% ∙ ρ, 

 
(7.2) 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (1132 ɬ); q – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q =1,0%); ρ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (ρ =2,0 ɬ/ɦ3). 
 M = N∙୯ଵ଴଴% = ଵଵଷଶ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ʹʹ,͸Ͷ ˕.  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 11088,4 ɬ 

ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 22,64 ɬ ɨɬɯɨɞɨɜ 
ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ 
ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ ɥɢɰɟɧɡɢɸ 
ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 
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7.4.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
 ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɉɬɜɚɠɧɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
- ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
- ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ− 

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

- Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɬɟɤɭɳɢɯ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

- Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
- Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
- Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
- ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
Ɍɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ 

Ⱥɪɯɚɪɚ ɨɬ ɫɛɪɨɫɨɜ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  
Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) ɩɢɬɶɟɜɨɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ Ɉɬɜɚɠɧɨɣ Ƚɗɋ 
ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦ: 

- ȼ ɩɟɪɜɨɦ ɩɨɹɫɟ ɁɋɈ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɫɩɭɫɤ ɥɸɛɵɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɫɬɨɱɧɵɯ ɜɨɞ ɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ; 

- ȼɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɤɪɟɬɧɵɯ ɜɨɞɨɨɯɪɚɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɦ 
ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ ɰɟɧɬɪɨɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨ−ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ. 
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8 Ɍɟɯɧɢɤɨ−ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
 
8.1 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
8.1.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɷɬɚɩɨɜ, ɧɚɱɢɧɚɹ ɫ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɫɧɨɜɧɨɝɨ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 
8.1. ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɭɱɟɧɧɚɹ 
ɜɵɪɭɱɤɚ ɜɨɡɪɚɫɬɚɟɬ. ɗɬɨ ɫɜɹɡɚɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2030 2031 2032 2033 2034 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 128 128 128 128 128 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ·ɱ 332400 332400 332400 332400 332400 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ Ɇȼɬ·ɱ 3324 3324 3324 3324 3324 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ·ɱ 325882 325882 325882 325882 325882 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ·ɱ 1891,07 1930,82 1970,25 2011,48 2053,40 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ. 144,83 147,87 150,89 154,05 157,26 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 22,1 22,6 23,0 23,5 24,0 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɨɛɴёɦ 

ɜɵɪɭɱɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɧɨ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

 
8.1.2 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.) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
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ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 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 ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɨɛɴɟɤɬɨɜ 
ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, ɫ ɭɱɟɬɨɦ 
ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
  

Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 32,67 
ɉɪɨɱɢɟ 274,0 35,08 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  67,76 
 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 
ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɪɟɡɭɥɶɬɚɬ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8.4. 

 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ – ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ/Ɇɜɬ 17,34 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 ɬɵɫ.ɪɭɛ/Ɇɜɬ·ɱ 1,21 
ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇɜɬ·ɱ 0,35 

ɂɬɨɝɨ  18,9 
 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱёɬɟ ɧɚ 1 ɬɵɫ. ˍʑ˕ ∙ ˚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ (ȿɋɍ ɉȺɈ «ɊɭɫȽɢɞɪɨ») ɞɥɹ ɪɟɤɢ Ⱥɪɯɚɪɚ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.5. 
 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2030 2031 2032 2033 2034 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 80,82 89,98 117,80 143,55 144,39 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 31,07 32,62 53,42 62,64 61,44 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 67,76 67,76 67,76 67,76 67,76 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

2,94 3,16 5,10 6,05 6,07 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
18,90 18,90 18,90 18,90 18,90 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 4,87 5,31 5,31 5,31 5,31 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 206,35 217,72 268,30 304,20 303,86 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ 

ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚɧɢɦɚɸ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 8.1. 

 
 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ (Ɇȼɬ) 

ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ (ɥɟɬ) 
ɨɬ 1 ɞɨ 5 ɨɬ 6 ɞɨ 15 ɨɬ 16 ɞɨ 25 ɫɜɵɲɟ 25 

Ɉɬ 100 ɞɨ 399  0,06% 0,09% 0,14% 0,20% 
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Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 
ɂɡ ɪɢɫɭɧɤɚ 8.1 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ ɞɨɥɸ ɨɬ ɨɛɳɢɯ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ 

ɝɢɞɪɨɭɡɥɭ ɫɨɫɬɚɜɥɹɸɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɨɦ ɮɨɧɞɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɤɨɩɥɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɫɪɟɞɫɬɜɚ ɞɥɹ 
ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɡɚɦɟɧɵ ɭɫɬɚɪɟɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪɭɝɢɯ ɮɨɧɞɨɜ ɛɟɡ ɭɳɟɪɛɚ 
ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ. ɋɥɟɞɨɦ ɢɞɭɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɫɱɢɬɚɟɬɫɹ ɤɚɩɢɬɚɥɨёɦɤɢɦ. 

 
8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ 
ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
- ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɪɚɜɟɧ 20%; 
- ɇȾɋ ɪɚɜɟɧ 20%; 
- ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ ɪɚɜɧɵ 34%; 
- ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ ɪɚɜɟɧ 2,2%; 
- ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɪɚɜɟɧ 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.6. 
 

Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

 

39%

15%

33%

2%

9%

2%

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ
ɇɚɥɨɝ ɧɚ ɜɨɞɭ

ɇɚɢɦɟɧɨɜɚɧɢɟ  Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2032 2033 2034 2035 2036 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 317,46 307,10 317,32 325,40 333,07 
ɇȾɋ, ɦɥɧ.ɪɭɛ. 38,75 8,12 380,98 379,07 400,84 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 
ɦɥɧ.ɪɭɛ. 14,20 14,27 14,34 14,42 14,47 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 87,34 147,71 134,92 132,36 131,21 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 457,75 477,20 847,57 851,25 879,58 
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ɇɚɢɛɨɥɶɲɭɸ ɞɨɥɸ ɨɬ ɨɛɳɢɯ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɢɦɟɸɬ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ 
ɢ ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ). Ɉɛɴёɦɵ ɞɚɧɧɵɯ ɧɚɥɨɝɨɜ ɨɛɭɫɥɨɜɥɟɧɵ 
ɱɢɫɥɨɦ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɟɦ 
ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɉɬɜɚɠɧɨɣ Ƚɗɋ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɨɩɪɟɞɟɥёɧɧɭɸ 
ɫɬɨɢɦɨɫɬɶ. 

 
8.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7.  
 

Ɍɚɛɥɢɰɚ 8.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 
8.3 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 
 
ɉɨ ɞɚɧɧɵɦ ɢɡ ɩɪɨɝɪɚɦɦɵ ProjectExpert ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 

(Cash−Flow), ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ ɫ ɭɤɚɡɚɧɢɟɦ ɷɬɚɩɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɨɟɤɬɚ. ȼ 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 
ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɛɵɥɢ. ɋ ɫɟɪɟɞɢɧɵ 2034 ɝɨɞɚ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɟɪɟɯɨɞɢɬ ɜ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɧɚɤ, ɞɨɯɨɞɵ ɧɚɱɢɧɚɸɬ ɩɨɤɪɵɜɚɬɶ ɪɚɫɯɨɞɵ ɢ ɩɪɢɧɨɫɢɬɶ 
ɩɪɢɛɵɥɶ. 

 
 

 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2030 2031 2032 2033 2034 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 1787,5 1825,2 1862,6 1901,8 1941,6 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 206,4 217,7 268,3 304,2 303,9 
EBITDA (ɜɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 1569,0 1593,8 1560,5 1549,6 1590,5 

EBIT (ɩɪɢɛɵɥɶ ɨɬ 
ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 313,8 318,8 312,1 309,9 318,1 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 1255,2 1275,0 1248,4 1239,7 1272,4 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), 
ɦɥɧ.ɪɭɛ. 1787,5 1825,2 1862,6 1901,8 1941,6 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20,00 20,00 20,00 20,00 20,00 
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8.4 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
  
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱёɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ (ɉɪɢɥɨɠɟɧɢɟ 
ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 № 9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ 
ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017−2042 ɝɝ.»). 

  
8.4.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ; 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ; 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɢ ɬ.ɞ. 

 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
ɚ) «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; 

ɛ) «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. 

ɜ) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 08.02.2017 №9 − «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017−2042 ɝɝ.» 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ Ɉɬɜɚɠɧɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 27 ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜɚɪɬɚɥ 2022 ɝɨɞɚ; 

3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
8.4.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
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Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «Ɉɬɜɚɠɧɨɣ Ƚɗɋ 
ɧɚ ɪɟɤɟ Ⱥɪɯɚɪɚ» 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɜɵɝɨɞɧɵɦ, ɬɚɤ ɤɚɤ 

ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɢ ɛɨɥɶɲɟ 1. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 13 ɥɟɬ 6 ɦɟɫɹɰɟɜ. Ⱦɨɯɨɞ ɧɚ ɤɨɧɟɰ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ ɫɨɫɬɚɜɢɬ ɨɤɨɥɨ 
524 ɦɥɧ. ɪɭɛ. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,34 
ɪɭɛ./ɤȼɬ·ɱ. 

 
8.4.3 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  

 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ  

 
ɇɚɥɨɝɨɜɵɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 

ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ, ɤɨɬɨɪɵɟ ɩɨɞɥɟɠɚɬ ɩɟɪɟɱɢɫɥɟɧɢɸ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ. ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɢɛɵɥɢ Ɉɬɜɚɠɧɨɣ Ƚɗɋ, 
ɤɨɬɨɪɚɹ ɪɚɫɬёɬ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɧɚɥɨɝɨɜɵɟ 
ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 
8.9. 

 
8.5 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 
Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɨɰɟɧɤɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɢɫɤɨɜ ɥɸɛɨɝɨ ɩɪɨɟɤɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɤɥɸɱɟɜɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ:  

ɇɚɢɦɟɧɨɜɚɧɢɟ  Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 11,60 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – PB, ɦɟɫ. 162 
ɑɢɫɬɵɣ ɩɪɢɜɟɞёɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ. 524,09 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,12 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ – IRR, % 12,8 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ˍʑ˕ ∙ ˚ 0,34 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ./ˍʑ˕ 81493 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2025 2026 2027 2028 2029 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ. 4,37 4,40 4,44 4,48 4,51 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ. 0,20 2,40 19,74 47,19 52,39 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ. 4,57 6,80 24,19 51,67 56,91 
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- ɰɟɧɵ ɫɛɵɬɚ;  
- ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ;  
- ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞёɧɧɨɝɨ ɞɨɯɨɞɚ (NPV)ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɰɟɧɵ ɫɛɵɬɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɟɤɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.2.  
 

 
Ɋɢɫɭɧɨɤ 8.2 – ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
ɉɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 8.2, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɬɚɤ ɤɚɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ − ɱɢɫɬɵɣ 
ɩɪɢɜɟɞёɧɧɵɣ ɞɨɯɨɞ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

 

 
Ɋɢɫɭɧɨɤ 8.3 – ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
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ɉɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 8.3, ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ NPV 
ɢɦɟɟɬ ɨɛɪɚɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. ɑɟɦ ɜɵɲɟ ɫɬɚɜɤɚ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɬɟɦ ɦɟɧɶɲɟ ɱɢɫɬɵɣ ɩɪɢɜɟɞёɧɧɵɣ ɞɨɯɨɞ. 

ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞёɧɧɨɝɨ ɞɨɯɨɞɚ (NPV)ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɨɟɤɬɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.4.  

 

 
Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɉɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 8.4, ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 

ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ NPV. 
 
9 Ɉɩɟɪɚɬɢɜɧɨɟ ɢ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
 
9.1 Ɉɩɟɪɚɬɢɜɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 
 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 

ɡɚɞɚɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɩɪɢ ɧɚɞɟɠɧɨɣ ɢ ɷɤɨɧɨɦɢɱɧɨɣ ɪɚɛɨɬɟ ɨɬɞɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɰɟɥɨɦ. ɉɪɢ ɷɬɨɦ ɪɟɠɢɦ ɪɚɛɨɬɵ ɞɨɥɠɟɧ ɩɨɞɛɢɪɚɬɶɫɹ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɭɪɛɢɧɚ ɪɚɛɨɬɚɥɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɄɉȾ. 

Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɞɟɣɫɬɜɭɸɳɟɝɨ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɤɨɦɩɥɟɤɫɚ 
ɨɩɟɪɚɰɢɣ ɩɨ ɨɫɦɨɬɪɭ, ɤɨɧɬɪɨɥɸ, ɫɦɚɡɤɟ, ɪɟɝɭɥɢɪɨɜɤɟ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɜɵɜɨɞɚ ɟɝɨ 
ɜ ɪɟɦɨɧɬ 

 
9.1.1 ɉɪɚɜɢɥɚ ɭɯɨɞɚ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 

 
Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɨɛɫɥɭɠɢɜɚɟɬ 

ɨɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ, ɢ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɦɚɲɢɧɢɫɬ 
ɨɛɹɡɚɧ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ ɭɯɨɞɚ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ: 
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- ɧɟ ɩɪɨɢɡɜɨɞɢɬɶ ɩɭɫɤ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ ɜɚɧɧɟ 
ɩɹɬɵ ɧɢɠɟ + 5 ɝɪɚɞɭɫɨɜ. 

-  ɫɬɪɨɝɨ ɫɨɛɥɸɞɚɬɶ ɝɪɚɮɢɤ ɩɪɨɜɟɪɤɢ ɢ ɨɩɪɨɛɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɭɬɜɟɪɠɞɟɧɧɵɣ ɝɥɚɜɧɵɦ ɢɧɠɟɧɟɪɨɦ ɫɬɚɧɰɢɢ. 

-  ɧɟɦɟɞɥɟɧɧɨ ɭɛɢɪɚɬɶ ɩɪɨɬɟɱɤɢ ɦɚɫɥɚ, ɨɫɨɛɟɧɧɨ ɧɚ ɦɚɫɥɨɩɪɢɟɦɧɢɤɟ, ɧɟ 
ɞɨɩɭɫɤɚɹ ɟɝɨ ɩɨɩɚɞɚɧɢɹ ɧɚ ɛɟɬɨɧ ɢ ɳɟɬɨɱɧɵɣ−ɤɨɧɬɚɤɬɧɵɣ ɚɩɩɚɪɚɬ ɝɟɧɟɪɚɬɨɪɚ. 

-  ɞɜɟɪɢ ɲɚɯɬ ɬɭɪɛɢɧ, ɤɚɦɟɪ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɤɨɥɨɧɨɤ ɪɟɝɭɥɹɬɨɪɨɜ 
ɫɤɨɪɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɫɬɨɹɧɧɨ ɡɚɤɪɵɬɵ ɫ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɞɨɫɬɭɩɚ 
ɩɨɫɬɨɪɨɧɧɢɯ ɥɸɞɟɣ ɤ ɦɟɯɚɧɢɡɦɚɦ. 

-  ɫɥɟɞɢɬɶ, ɱɬɨɛɵ ɡɚɞɜɢɠɤɢ ɨɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɢ ɜɨɞɨɩɪɨɜɨɞɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɫɦɚɡɤɢ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɛɵɥɢ 
ɨɬɤɪɵɬɵ. 

- ɫɥɟɞɢɬɶ ɡɚ ɩɟɪɟɩɚɞɚɦɢ ɧɚ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɢɯ ɪɟɲɟɬɤɚɯ ɩɨ 
ɩɟɪɟɩɚɞɨɦɟɪɚɦ, ɩɪɢ ɩɟɪɟɩɚɞɚɯ ɜɵɲɟ 1,5 ɦ ɬɪɟɛɭɟɬɫɹ ɨɱɢɫɬɤɢ ɪɟɲɟɬɨɤ. ȼɟɥɢɱɢɧɭ 
ɩɟɪɟɩɚɞɨɜ ɡɚɩɢɫɵɜɚɬɶ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɠɭɪɧɚɥɟ ɢ ɜ ɫɭɬɨɱɧɨɣ ɜɟɞɨɦɨɫɬɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɤɨɦ ɤɨɧɬɪɨɥɹ. 

-  ɫɥɟɞɢɬɶ ɡɚ ɪɚɛɨɬɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɦɚɫɥɨɜɢɧɬɨɜɵɯ ɧɚɫɨɫɨɜ Ɇɇɍ − 
Ɇȼɇ−25.  

 
9.1.2 Ɉɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ 
 
ɇɚɱɚɥɶɧɢɤ ɫɦɟɧɵ ɰɟɯɚ ɢ ɦɚɲɢɧɢɫɬɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɟɟ: 
Ɋɟɝɭɥɹɪɧɨ ɨɫɦɚɬɪɢɜɚɬɶ ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɛɪɚɳɚɹ ɜɧɢɦɚɧɢɟ ɧɚ: 
- ɫɨɫɬɨɹɧɢɟ ɦɚɫɥɨɮɢɥɶɬɪɨɜ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɜɨɞɹɧɵɯ ɮɢɥɶɬɪɨɜ 

ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ  
- ɩɥɨɬɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɜɨɞɨɦɚɫɥɨɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ. 
- ɫɨɫɬɨɹɧɢɟ ɜɫɟɯ ɛɨɥɬɨɜɵɯ ɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
- ɫɥɟɞɢɬɶ ɡɚ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɚɝɪɟɝɚɬɨɜ, ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɜɢɛɪɚɰɢɢ ɢ 

ɛɢɟɧɢɟɦ ɜɚɥɚ. 
- ɫɥɟɞɢɬɶ ɡɚ ɪɚɛɨɬɨɣ ɡɚɳɢɬ ɧɚ ɫɢɝɧɚɥ. 
- ɫɥɟɞɢɬɶ ɡɚ ɪɚɛɨɬɨɣ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ, ɨɬɫɭɬɫɬɜɢɟɦ ɤɚɱɚɧɢɣ, ɬɨɥɱɤɨɜ 

ɢ ɡɚɟɞɚɧɢɣ ɜ ɦɟɯɚɧɢɡɦɚɯ. 
- ɧɚ ɨɫɬɚɧɨɜɥɟɧɧɨɦ ɝ/ɚ ɪɟɝɭɥɹɪɧɨ ɨɛɬɢɪɚɬɶ ɩɥɨɬɧɨɣ ɛɟɡ ɜɨɪɫɢɧɨɤ ɬɤɚɧɶɸ 

ɦɟɯɚɧɢɡɦɵ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. 
- ɫɥɟɞɢɬɶ ɡɚ ɞɚɜɥɟɧɢɟɦ ɢ ɭɪɨɜɧɟɦ ɦɚɫɥɚ ɜ ɤɨɬɥɟ Ɇɇɍ, ɩɨ ɦɟɪɟ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɤɚɱɢɜɚɬɶ ɜɨɡɞɭɯ ɜ ɤɨɬɥɵ Ɇɇɍ ɤɨɦɩɪɟɫɫɨɪɚɦɢ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɪɢ ɪɭɱɧɨɦ ɜɤɥɸɱɟɧɢɢ ɢɯ ɜ ɪɚɛɨɬɭ, ɚ ɬɚɤɠɟ ɫɥɟɞɢɬɶ ɡɚ ɭɪɨɜɧɟɦ ɦɚɫɥɚ 
ɜ ɫɥɢɜɧɨɦ ɛɚɤɟ Ɇɇɍ. 

- ɫɥɟɞɢɬɶ ɡɚ ɪɚɛɨɬɨɣ ɦɚɫɥɨɧɨɫɨɜ Ɇɇɍ ɢ ɤɥɚɩɚɧɨɜ ɧɚ ɧɢɯ. ɉɟɪɢɨɞɢɱɟɫɤɢ 
ɩɪɨɜɟɪɹɬɶ ɧɚ ɨɳɭɩɶ ɧɚɝɪɟɜ ɩɨɞɲɢɩɧɢɤɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɧɚɫɨɫɨɜ Ɇɇɍ. 

- ɩɨ ɝɪɚɮɢɤɭ ɩɟɪɟɜɨɞɢɬɶ ɧɚɫɨɫɵ Ɇɇɍ ɢɡ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɧɚ ɚɜɬɨɦɚɬɟ ɜ 
ɪɟɡɟɪɜ ɢ ɨɛɪɚɬɧɨ. 
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- ɫɥɟɞɢɬɶ ɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɚɝɪɟɝɚɬɚ ɩɨ ɩɪɢɛɨɪɚɦ 
ɬɟɪɦɨɤɨɧɬɪɨɥɹ. Ɉɛ ɨɬɤɥɨɧɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɩɨɞɩɹɬɧɢɤɚ ɧɚ 
2−3 ɝɪɚɞɭɫɚ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ ɞɨɥɠɧɨ ɛɵɬɶ 
ɞɨɥɨɠɟɧɨ ɪɭɤɨɜɨɞɫɬɜɭ ɫɬɚɧɰɢɢ. 

- ɫɥɟɞɢɬɶ ɡɚ ɭɪɨɜɧɟɦ ɦɚɫɥɚ ɜ ɜɚɧɧɚɯ ɩɨɞɩɹɬɧɢɤɚ ɩɨ ɭɤɚɡɚɬɟɥɸ ɧɚ 
ɦɚɫɥɨɦɟɪɧɨɦ ɫɬɟɤɥɟ. ɇɨɪɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɦɚɫɥɚ ɫɨɫɬɚɜɥɹɟɬ 110 − 150 ɦɦ. ȼ 
ɫɥɭɱɚɟ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜɡɹɬɶ ɩɪɨɛɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɫɭɬɫɬɜɢɹ ɜɨɞɵ ɜ ɦɚɫɥɟ. 
ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɥɢɜɤɭ ɦɚɫɥɚ ɞɨ ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ. 

- ɩɨ ɬɪɟɛɨɜɚɧɢɸ ɧɚɱɚɥɶɧɢɤɚ ɯɢɦɥɚɛɨɪɚɬɨɪɢɢ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɨɬɛɨɪ ɦɚɫɥɚ 
ɢɡ ɜɚɧɧɵ ɩɹɬɵ ɩɨɞɩɹɬɧɢɤɨɜ ɢ ɫɥɢɜɧɵɯ ɛɚɤɨɜ Ɇɇɍ. 

- ɫɥɟɞɢɬɶ, ɱɬɨɛɵ ɩɪɨɬɟɱɤɢ ɦɚɫɥɚ ɢɡ ɦɚɫɥɨɩɪɢɟɦɧɢɤɚ ɧɟ ɩɨɩɚɞɚɥɢ ɧɚ 
ɳɟɬɨɱɧɵɣ−ɤɨɧɬɚɤɬɧɵɣ ɚɩɩɚɪɚɬ ɝɟɧɟɪɚɬɨɪɚ. 

- ɫɥɟɞɢɬɶ ɡɚ ɩɨɫɬɭɩɥɟɧɢɟɦ ɜɨɞɵ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɨɜɚɧɧɵ ɩɨɞɩɹɬɧɢɤɚ 
ɢ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɣ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ. 

- ɫɥɟɞɢɬɶ ɡɚ ɞɚɜɥɟɧɢɟɦ ɜɨɞɵ ɩɟɪɟɞ ɬɭɪɛɢɧɧɵɦ ɩɨɞɲɢɩɧɢɤɨɦ ɩɨ 
ɦɚɧɨɦɟɬɪɭ ɜ ɲɚɯɬɟ ɬɭɪɛɢɧɵ ɢ ɪɚɫɯɨɞɨɦ ɜɨɞɵ ɧɚ ɫɦɚɡɤɭ ɩɨ ɪɚɫɯɨɞɨɦɟɪɭ.  

- ɩɪɨɜɟɪɹɬɶ ɪɚɛɨɬɭ ɬɨɪɰɟɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɜɚɥɚ ɬɭɪɛɢɧɵ ɩɨ ɜɟɥɢɱɢɧɟ 
ɩɪɨɬɟɱɟɤ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɬɟɱɟɤ ɜɨɞɵ ɱɟɪɟɡ ɭɩɥɨɬɧɟɧɢɹ ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɩɨ 
ɭɫɬɚɧɨɜɤɟ ɢ ɜɤɥɸɱɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɢɥɢ ɫɢɮɨɧɚ. 

- ɫɥɟɞɢɬɶ ɡɚ ɞɚɜɥɟɧɢɟɦ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ ɢ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɟ ɩɨ 
ɩɪɢɛɨɪɚɦ ɭ ɜɯɨɞɚ ɜ ɲɚɯɬɭ ɬɭɪɛɢɧɵ. 

- ɩɪɨɜɟɪɹɬɶ ɪɚɛɨɬɭ ɞɪɟɧɚɠɧɵɯ ɧɚɫɨɫɨɜ ɧɚ ɤɪɵɲɤɚɯ ɬɭɪɛɢɧ ɩɭɬɟɦ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɢɯ ɜɤɥɸɱɟɧɢɹ. ɋɥɟɞɢɬɶ ɱɬɨɛɵ ɜɫɚɫ ɧɚɫɨɫɨɜ ɛɵɥ ɩɨɫɬɨɹɧɧɨ 
ɡɚɩɨɥɧɟɧ ɜɨɞɨɣ.  

ɉɪɢ ɨɫɦɨɬɪɟ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɨɛɪɚɳɚɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɚ: 
- ɫɨɫɬɨɹɧɢɟ ɫɪɟɡɧɵɯ ɩɚɥɶɰɟɜ, ɤɪɟɩɥɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɤɨɧɬɪɨɥɹ ɫɪɟɡɧɵɯ 

ɩɚɥɶɰɟɜ, ɨɩɨɪɧɵɯ ɭɝɨɥɶɧɢɤɨɜ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ ɤ ɜɵɤɥɸɱɚɬɟɥɹɦ ɤɨɧɬɪɨɥɹ 
ɫɪɟɡɧɵɯ ɩɚɥɶɰɟɜ. 

- ɧɚɥɢɱɢɟ ɤɨɧɬɪɨɜɤɢ ɧɚ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɝɚɣɤɚɯ ɫɟɪɶɝɢ ɅɇȺ. 
- ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɫɦɚɡɤɢ ɬɪɭɳɢɯɫɹ ɱɚɫɬɟɣ 
- ɩɪɨɬɟɱɤɢ ɜɨɞɵ ɱɟɪɟɡ ɭɩɥɨɬɧɟɧɢɹ ɜɟɪɯɧɢɯ ɰɚɩɮ ɥɨɩɚɬɨɤ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ. 
- ɧɚ ɩɪɨɩɭɫɤ ɦɚɫɥɚ ɱɟɪɟɡ ɭɩɥɨɬɧɟɧɢɹ ɝɢɥɶɡ ɲɬɨɤɨɜ ɫɟɪɜɨɦɨɬɨɪɨɜ 
- ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ ɦɟɠɞɭ ɪɵɱɚɝɚɦɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ 
ɉɨ ɨɛɨɪɭɞɨɜɚɧɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜɟɫɬɢ ɤɨɧɬɪɨɥɶ: 
- ɡɚ ɞɚɜɥɟɧɢɟɦ ɜ ɧɚɩɨɪɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɞɨ ɢ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜ. ɉɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɧɢɰɵ ɩɨɤɚɡɚɧɢɣ ɦɚɧɨɦɟɬɪɨɜ ɞɨ ɢ ɩɨɫɥɟ ɮɢɥɶɬɪɚ ɧɚ 0,4 ɤɝɫ/ɤɜ.ɫɦ 
ɢ ɛɨɥɟɟ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɟɜɨɞ ɬɟɯɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚ ɪɟɡɟɪɜɧɵɟ ɮɢɥɶɬɪɵ. Ⱦɚɜɥɟɧɢɟ 
ɜ ɧɚɩɨɪɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ 1,6 ɤɝɫ/ɤɜ.ɫɦ. 

- ɡɚ ɜɟɥɢɱɢɧɨɣ ɩɪɨɬɟɱɟɤ ɱɟɪɟɡ ɫɚɥɶɧɢɤɢ ɧɚɫɨɫɨɜ. 
- ɞɟɪɠɚɬɶ ɜ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɫɢɫɬɟɦɭ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 

ɉɪɨɜɟɪɹɬɶ ɩɨɥɨɠɟɧɢɟ ɡɚɞɜɢɠɟɤ ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 
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- ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɝɟɧɟɪɚɬɨɪɚ. 
Ⱦɟɪɠɚɬɶ ɜ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɫɢɫɬɟɦɭ ɜɨɡɞɭɯɨɫɧɚɛɠɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɞɥɹ 
ɩɟɪɟɜɨɞɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ. ɉɪɨɜɟɪɹɬɶ ɩɨɥɨɠɟɧɢɟ 
ɡɚɞɜɢɠɟɤ ɢ ɜɟɧɬɢɥɟɣ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɫɨɫɬɨɹɧɢɟ ɢ ɪɚɛɨɬɭ ɷɥɟɤɬɪɨɤɨɧɬɚɤɬɧɨɝɨ 
ɦɚɧɨɦɟɬɪɚ ɢ ɫɨɥɟɧɨɢɞɧɨɝɨ ɤɥɚɩɚɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɧɵɦ 
ɤɥɚɩɚɧɨɦ. 

 
9.2 Ɋɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 
 
9.2.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 
 
ɌɈɢɊ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɪɚɛɨɬ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɨɛɟɫɩɟɱɟɧɢɟ ɢɫɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɞɟɠɧɨɣ, ɛɟɡɨɩɚɫɧɨɣ ɢ 
ɷɤɨɧɨɦɢɱɧɨɣ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɨɜɨɞɢɦɵɯ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɬɪɭɞɨɜɵɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ. 

Ʉɨɦɩɥɟɤɫ ɩɪɨɜɨɞɢɦɵɯ ɪɚɛɨɬ ɜɤɥɸɱɚɟɬ: 
- ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɧɚɤɨɩɥɟɧɢɟ ɢ ɢɡɭɱɟɧɢɟ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɪɟɦɨɧɬɚ, ɭɫɬɚɧɨɜɥɟɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɄɊ, ɋɊ ɢ ɌɊ; 
- ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɦɨɧɬɚ; 

- ɜɧɟɞɪɟɧɢɟ ɩɟɪɟɞɨɜɵɯ ɦɟɬɨɞɨɜ ɪɟɦɨɧɬɚ, ɩɪɨɝɪɟɫɫɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ; 
- ɲɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ; 
- ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɜ ɩɪɨɰɟɫɫɟ ɪɟɦɨɧɬɚ ɢ ɤɨɧɬɪɨɥɶ 

ɤɚɱɟɫɬɜɚ ɨɬɪɟɦɨɧɬɢɪɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨ ɢ ɩɨɫɥɟ 

ɪɟɦɨɧɬɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ. 
 
9.2.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɪɟɦɨɧɬɨɜ 
 
Ɋɟɦɨɧɬɵ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɫɥɟɞɭɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶ ɧɚ 

ɩɥɚɧɨɜɵɟ, ɧɟɩɥɚɧɨɜɵɟ ɢ ɚɜɚɪɢɣɧɵɟ. 
ɉɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶ ɧɚ: 
- ɩɥɚɧɨɜɨ−ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɣ ɪɟɦɨɧɬ, ɤɨɬɨɪɵɣ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɫ 

ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɪɟɦɨɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɚ ɨɛɴɟɦ ɪɟɦɨɧɬɚ 
ɞɨɥɠɟɧ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɬɢɩɨɜɨɦɭ ɩɟɪɟɱɧɸ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɫ ɭɱɟɬɨɦ 
ɮɚɤɬɢɱɟɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɜɤɥɸɱɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɫɜɟɪɯɬɢɩɨɜɵɯ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɟɮɟɤɬɨɜ, ɜɵɹɜɥɟɧɧɵɯ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɩɪɢ ɧɚɥɢɱɢɢ), ɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɟɞɵɞɭɳɢɯ ɪɟɦɨɧɬɨɜ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɟɞɩɢɫɚɧɢɹɦɢ ɨɪɝɚɧɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ (ɩɪɢ 
ɧɚɥɢɱɢɢ); 
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- ɪɟɦɨɧɬ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɪɟɦɨɧɬ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɬɪɨɥɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ 
ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɢ ɜ ɨɛɴɟɦɟ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɪɟɦɨɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɚ 
ɨɛɴɟɦ ɢ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɪɟɦɨɧɬɚ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɧɬɪɨɥɹ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɟɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɝɨɞɨɜɵɦ (ɦɟɫɹɱɧɵɦ) ɝɪɚɮɢɤɨɦ 
ɪɟɦɨɧɬɚ. ɇɟɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɞɨɥɠɟɧ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ 
ɩɨɫɥɟɞɫɬɜɢɣ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢɥɢ ɞɟɮɟɤɬɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɧɨɪɦɚɥɶɧɭɸ ɢ 
ɛɟɡɨɩɚɫɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɚ ɬɚɤɠɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɧɬɪɨɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ. ȿɫɥɢ ɞɥɹ ɧɟɩɥɚɧɨɜɨɝɨ ɪɟɦɨɧɬɚ ɬɪɟɛɭɟɬɫɹ ɜɵɜɨɞ ɢɡ ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ 
ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɢ, ɬɨ ɞɚɧɧɵɣ ɪɟɦɨɧɬ ɞɨɥɠɟɧ ɛɵɬɶ ɫɨɝɥɚɫɨɜɚɧ ɫ ɫɭɛɴɟɤɬɨɦ 
ɨɩɟɪɚɬɢɜɧɨ−ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱥɜɚɪɢɣɧɵɟ ɪɟɦɨɧɬɵ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɫɥɭɱɚɹɯ ɭɫɬɪɚɧɟɧɢɹ 
ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɢ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɟɝɨ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɥɚɧɨɜɨ−ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɚ ɜɵɩɨɥɧɹɟɦɵɯ ɪɟɦɨɧɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɪɟɦɨɧɬɵ ɫɥɟɞɭɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶ ɧɚ 
ɬɟɤɭɳɢɟ, ɫɪɟɞɧɢɟ ɢɥɢ ɤɚɩɢɬɚɥɶɧɵɟ. Ⱦɥɹ Ƚɗɋ ɫɪɟɞɧɢɣ ɪɟɦɨɧɬ ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ. 

ɉɪɢ ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɩɪɚɜɧɨɫɬɢ ɢ ɩɨɥɧɨɝɨ ɢɥɢ ɛɥɢɡɤɨɝɨ ɤ ɩɨɥɧɨɦɭ ɪɟɫɭɪɫɭ ɨɛɴɟɤɬɚ 
ɫ ɡɚɦɟɧɨɣ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɥɸɛɵɯ ɟɝɨ ɱɚɫɬɟɣ, ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨɥɧɚɹ 
ɪɚɡɛɨɪɤɚ ɚɝɪɟɝɚɬɚ, ɪɟɦɨɧɬ ɛɚɡɨɜɵɯ ɢ ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ, ɡɚɦɟɧɚ ɢɥɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɫɟɯ ɢɡɧɨɲɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɧɚ ɧɨɜɵɟ ɢ ɛɨɥɟɟ 
ɫɨɜɪɟɦɟɧɧɵɟ, ɫɛɨɪɤɚ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɢɫɩɵɬɚɧɢɟ ɚɝɪɟɝɚɬɚ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɞɨɥɠɧɨ ɢɡɦɟɧɹɬɶɫɹ ɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ 
ɧɚɡɧɚɱɟɧɢɟ. ɐɟɥɶɸ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɟɝɨ ɬɟɯɧɢɤɨ−ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɨ ɡɧɚɱɟɧɢɣ, 
ɛɥɢɡɤɢɯ ɤ ɩɪɨɟɤɬɧɵɦ. 

ɉɪɢ ɫɪɟɞɧɟɦ ɪɟɦɨɧɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɢɫɩɪɚɜɧɨɫɬɢ ɢ ɱɚɫɬɢɱɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɟɫɭɪɫɚ ɨɛɴɟɤɬɚ ɫ ɡɚɦɟɧɨɣ ɢɥɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɨɝɪɚɧɢɱɟɧɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢ ɤɨɧɬɪɨɥɟɦ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ ɜ ɨɛɴɟɦɟ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɦ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ. 

Ɍɟɤɭɳɢɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɢɫɩɪɚɜɧɨɫɬɢ ɢ ɱɚɫɬɢɱɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɟɫɭɪɫɚ ɨɛɴɟɤɬɚ ɫ ɡɚɦɟɧɨɣ ɢɥɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɨɝɪɚɧɢɱɟɧɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢ ɤɨɧɬɪɨɥɟɦ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ ɜ ɨɛɴɟɦɟ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɦ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ. 

 
9.3 Ɋɟɦɨɧɬɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ 
 
Ɋɟɦɨɧɬɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ: 
- ɧɨɪɦɚɬɢɜɧɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ, ɜɤɥɸɱɚɸɳɭɸ ɧɨɪɦɚɬɢɜɧɵɟ ɩɪɚɜɨɜɵɟ 

ɚɤɬɵ, ɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɨɛɴɟɤɬɵ, ɜ ɨɬɧɨɲɟɧɢɢ ɤɨɬɨɪɵɯ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɪɟɦɨɧɬɵ (ɞɚɥɟɟ − ɧɨɪɦɚɬɢɜɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ); 

- ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ, ɤ ɤɨɬɨɪɨɣ ɨɬɧɨɫɹɬɫɹ ɩɪɨɟɤɬɧɚɹ 
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ɞɨɤɭɦɟɧɬɚɰɢɹ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ 
(ɱɟɪɬɟɠɢ, ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɡɚɜɨɞɫɤɢɟ ɪɟɦɨɧɬɧɵɟ ɞɨɤɭɦɟɧɬɵ, 
ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɫɩɨɪɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɣ ɨɛɴɟɤɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ), ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɢ ɩɢɫɶɦɚ ɢɡɝɨɬɨɜɢɬɟɥɟɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɞɚɥɟɟ − ɬɟɯɧɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ); 

- ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ, ɤ ɤɨɬɨɪɨɣ ɨɬɧɨɫɹɬɫɹ ɞɨɤɭɦɟɧɬɵ ɩɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ ɪɟɦɨɧɬɚ (ɦɚɪɲɪɭɬɧɵɟ, ɨɩɟɪɚɰɢɨɧɧɵɟ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɤɚɪɬɵ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢɧɫɬɪɭɤɰɢɢ, ɪɚɛɨɱɢɟ ɩɪɨɝɪɚɦɦɵ), ɚ 
ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢɧɫɬɪɭɤɰɢɢ ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɞɚɥɟɟ − 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ); 

- ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ−ɪɚɫɩɨɪɹɞɢɬɟɥɶɧɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ, ɤ ɤɨɬɨɪɨɣ 
ɨɬɧɨɫɹɬɫɹ ɞɨɤɭɦɟɧɬɵ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ, ɩɨɞɝɨɬɨɜɤɟ ɢ ɜɵɩɨɥɧɟɧɢɸ ɌɈɢɊ, ɚ 
ɬɚɤɠɟ ɭɱɟɬɚ ɢ ɨɬɱɟɬɧɨɫɬɢ (ɩɥɚɧɵ, ɝɪɚɮɢɤɢ, ɩɪɨɝɪɚɦɦɵ ɪɟɦɨɧɬɚ, ɜɟɞɨɦɨɫɬɢ, 
ɩɪɨɬɨɤɨɥɵ, ɚɤɬɵ, ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɪɟɦɨɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɫɨɛɫɬɜɟɧɧɢɤɨɦ ɢ 
ɢɧɵɦ ɡɚɤɨɧɧɵɦ ɜɥɚɞɟɥɶɰɟɦ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ, ɭɬɜɟɪɠɞɚɟɦɵɟ 
ɫɭɛɴɟɤɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɢ (ɢɥɢ) ɨɪɝɚɧɢɡɚɰɢɟɣ − ɢɫɩɨɥɧɢɬɟɥɟɦ ɪɟɦɨɧɬɚ ɢ 
ɩɟɪɟɫɦɚɬɪɢɜɚɟɦɵɟ ɫ ɭɱɟɬɨɦ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɞɚɥɟɟ − ɝɨɞɨɜɵɟ 
ɩɥɚɧɵ−ɝɪɚɮɢɤɢ); − 

- ɩɪɨɟɤɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ (ɞɚɥɟɟ − ɉɉɊ), ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ 
ɨɪɝɚɧɢɡɚɰɢɟɣ − ɢɫɩɨɥɧɢɬɟɥɟɦ ɪɟɦɨɧɬɚ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɟɦɨɧɬɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɫɬɨɹɳɢɣ ɢɡ ɤɨɦɩɥɟɤɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ−ɪɚɫɩɨɪɹɞɢɬɟɥɶɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ ɜɤɥɸɱɟɧɢɟɦ ɜ 
ɧɟɝɨ ɝɥɚɜɵ "Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ"; 

- ɞɨɤɭɦɟɧɬɵ, ɮɢɤɫɢɪɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɢɹ ɪɟɦɨɧɬɚ ɫɨɫɬɚɜɧɵɯ 
ɱɚɫɬɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɯ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɞɨ ɢ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 
ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɢ ɫɬɟɩɟɧɶ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɨɫɬɨɹɧɢɹ ɨɬɪɟɦɨɧɬɢɪɨɜɚɧɧɨɣ 
ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɢ ɬɪɟɛɨɜɚɧɢɹɦ ɧɨɪɦɚɬɢɜɧɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
(ɮɨɪɦɭɥɹɪɵ, ɤɚɪɬɵ ɤɨɧɬɪɨɥɹ, ɤɚɪɬɵ ɢɡɦɟɪɟɧɢɣ, ɩɪɨɬɨɤɨɥɵ, ɬɟɯɧɢɱɟɫɤɢɟ ɚɤɬɵ ɧɚ 
ɫɤɪɵɬɵɟ ɪɚɛɨɬɵ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɬɱɟɬɧɵɦɢ ɢ ɩɨɞɥɟɠɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɜ 
ɤɨɦɢɫɫɢɸ ɩɨ ɩɪɢɟɦɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɡ ɪɟɦɨɧɬɚ. 

Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɛɴɟɤɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɫɨɫɬɨɢɬ ɜ ɜɵɩɨɥɧɟɧɢɢ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɞɟɣɫɬɜɢɣ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢɥɢ 
ɢɫɩɪɚɜɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ, ɨɠɢɞɚɧɢɢ, ɯɪɚɧɟɧɢɢ ɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ. Ɉɪɝɚɧɢɡɚɰɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɦɨɧɬɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɟɣ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

m P, % Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ, ɦ3/ɫ Ƚɨɞɵ 

1 2 165 1971 48 1982 450 1971 
2 4 148 1958 42 1989 374 1974 
3 6 143 1974 41 1951 373 1958 
4 8 139 1982 40 1949 359 1985 
5 10 137 1986 39 1945 348 1986 
6 12 137 1985 38 1948 337 1956 
7 13 125 1989 38 1955 328 1964 
8 15 124 1956 38 1988 322 1982 
9 17 124 1955 37 1960 311 1977 
10 19 123 1988 36 1967 302 1943 
11 21 123 1964 36 1987 301 1990 
12 23 121 1990 35 1958 300 1975 
13 25 120 1949 35 1961 297 1963 
14 27 120 1951 33 1952 295 1955 
15 29 119 1960 32 1941 295 1973 
16 31 116 1975 31 1962 293 1988 
17 33 115 1945 31 1986 293 1989 
18 35 115 1987 31 1990 291 1970 
19 37 114 1967 29 1979 286 1959 
20 38 114 1963 29 1950 284 1960 
21 40 113 1970 28 1974 281 1949 
22 42 113 1943 26 1946 278 1951 
23 44 112 1948 26 1944 277 1979 
24 46 112 1959 26 1976 274 1968 
25 48 112 1979 26 1984 272 1987 
26 50 111 1977 25 1985 270 1967 
27 52 109 1973 25 1953 268 1945 
28 54 107 1961 25 1959 267 1942 
29 56 105 1942 24 1970 267 1991 
30 58 102 1968 24 1975 260 1948 
31 60 101 1962 24 1957 251 1976 
32 62 101 1976 23 1942 250 1961 
33 63 100 1991 23 1966 249 1954 
34 65 100 1952 22 1971 246 1984 
35 67 99 1984 22 1969 244 1944 
36 69 99 1944 22 1963 242 1962 
37 71 97 1954 21 1981 239 1947 
38 73 97 1946 21 1954 238 1946 
39 75 94 1953 20 1965 236 1969 
40 77 93 1969 20 1964 234 1978 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

m P, % Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ, ɦ3/ɫ Ƚɨɞɵ 

41 79 91 1941 19 1980 234 1952 
42 81 91 1947 19 1943 233 1983 
43 83 91 1981 18 1983 231 1953 
44 85 90 1983 18 1956 230 1981 
45 87 90 1965 17 1978 229 1965 
46 88 89 1978 17 1947 220 1972 
47 90 89 1950 17 1991 210 1941 
48 92 84 1966 17 1968 208 1950 
49 94 79 1972 16 1973 206 1966 
50 96 78 1980 11 1977 195 1980 
51 98 68 1957 9 1972 156 1957 

 
 
 
 
 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.2 – Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 ܳ˒ˑˎ, ɦ3/ɫ 6 7 8 10 130 517 190 95 46 38 12 6 
Zɜɛ (ɇɉɍ), ɦ 173 173 173 173 173 173 173 173 173 173 173 173 ܼʜʐ(ܳʜʐሺݐሻ), ɦ 123,24 123,28 123,33 123,41 125,65 127,66 126,15 125,23 124,52 124,31 123,46 123,24 ܪʒЭʠ˒ˑˇ˅, ɦ 49,36 49,32 49,27 49,19 46,95 44,94 46,45 47,37 48,08 48,29 49,14 49,36  𝑁˄˞˕.ʒЭʠ, Ɇȼɬ 2 3 3 4 52 200 76 39 19 16 5 2 

 
Ɍɚɛɥɢɰɚ Ⱥ.3 – Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 ܳʑʤʙ, ɦ3/ɫ 60 60 60 60 60 60 60 60 60 60 60 60 
Zɜɛ (ɇɉɍ), ɦ 173 173 173 173 173 173 173 173 173 173 173 173 ܼʜʐ(ܳʑʤʙሺݐሻ), ɦ 124,83 124,83 124,83 124,83 124,63 124,63 124,63 124,63 124,83 124,83 124,83 124,83 ܪʒЭʠ˒ˑˇ˅, ɦ 47,77 47,77 47,77 47,77 47,97 47,97 47,97 47,97 47,77 47,77 47,77 47,77 𝑁ʑʤʙ, Ɇȼɬ 25 25 25 25 25 25 25 25 25 25 25 25  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.4 – ɋɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ (ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ) 
№ɦɟɫ 

Qɛɵɬ, 
ɦ3/ɫ 

Qɮ, 
ɦ3/ɫ 

Qɢɫɩ, 
ɦ3/ɫ 

Qɥ, 
ɦ3/ɫ 

Qɩɨɥ, 
ɦ3/ɫ 

Qɜɞɯɪ, 
ɦ3/ɫ 

QȼɏɄ, 
ɦ3/ɫ 

Qɝɷɫ, 
ɦ3/ɫ 

QɇȻ, 
ɦ3/ɫ 

Vɜ-ɳɚ, ɤɦ3 ZȼȻ, ɦ ZɇȻ, 
ɦ 

HȽɗɋ, 
ɦ 

NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ Vɧɚɱ ΔV Vɤɨɧ Zɧɚɱ Zɤɨɧ Zɫɪ 

IX 46 1 0 0 45 14 60 59 60 2,79 0,04 2,75 173,00 172,78 172,89 124,63 47,86 24 ȼɏɄ 
X 38 1 0 0 37 22 60 59 60 2,75 0,06 2,69 172,78 172,43 172,60 124,63 47,57 24 ȼɏɄ 
XI  12 1 0 0 11 78 60 89 90 2,69 0,20 2,49 172,43 171,23 171,83 125,15 46,28 35 35 
XII 6 1 0 1 4 172 60 176 177 2,49 0,45 2,05 171,23 168,34 169,78 126,27 43,11 65 65 
I 6 1 0 1,8 3 191 60 194 195 2,05 0,49 1,55 168,34 163,56 165,95 126,39 39,16 65 65 
II  7 1 0 2,5 4 112 60 115 116 1,55 0,29 1,26 163,56 160,23 161,89 125,72 35,78 35 35 
III  8 1 0 3,2 4 55 60 59 60 1,26 0,14 1,12 160,23 158,61 159,42 124,83 34,19 17 ȼɏɄ 
IV  10 1 0 –5 15 45 60 59 60 1,12 0,12 1,00 158,61 157,32 157,97 124,83 32,93 17 ȼɏɄ 

V 130 1 1 –3,5 132 –73 60 59 60 1,00 –0,19 1,19 157,32 159,43 158,37 124,83 33,34 17 ȼɏɄ 

VI  517 1 5 0 511 –452 60 59 60 1,19 –1,17 2,36 159,43 170,48 164,95 124,63 39,93 20 ȼɏɄ 

VII 190 1 2 0 187 –129 60 59 60 2,36 –0,33 2,70 170,48 172,45 171,46 124,62 46,44 23 ȼɏɄ 

VIII 95 1 1 0 93 –34 60 59 60 2,70 –0,09 2,79 172,45 173,00 172,73 124,63 47,69 24 ȼɏɄ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 

 
Ɋɢɫɭɧɨɤ Ⱥ.1 – ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɧɚ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ 

ɂɄɇ (ɹɧɜɚɪɶ, ɞɟɤɚɛɪɶ) 
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ɗ, ɦɥɧ. ɤȼɬ∙ɱ 
 

ɉɪɨɟɤɬ. Ƚɗɋ–ɩɢɤ 

Ɋ, Ɇȼɬ 

ɋɭɳ. Ƚɗɋ–ɩɢɤ 

ɉɪɨɟɤɬ. Ƚɗɋ–ɩɨɥɭɩɢɤ 

ɉɪɨɟɤɬ. Ƚɗɋ–ɛɚɡɚ 

t, ɱɚɫ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.5 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 

Ɇɟɫɹɰɵ 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ, Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, 
Ɇȼɬ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, 
Ɇȼɬ ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, Ɇȼɬ 

Pmax, 
Ɇȼɬ 

Pɚɜɚɪ, 
Ɇȼɬ 

Ɋɧɚɝɪ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇȼɬ 

Nɧɚɝɪ, 
Ɇȼɬ 

Nɪɟɦ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇȼɬ 

Nɧɚɝɪ, 
Ɇȼɬ 

Nɪɟɦ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇȼɬ 

Nɧɚɝɪ, 
Ɇȼɬ 

Nɚɜɚɪ, 
Ɇȼɬ 

Nɪɟɦ, 
Ɇȼɬ 

1 557 56 22 40 6 0 112 16 0 406 0 56 0 
2 527 53 21 40 7 0 81 14 0 406 0 53 0 
3 475 48 19 40 8 0 53 11 0 382 0 48 0 
4 415 42 17 40 8 0 44 9 0 331 0 42 0 
5 363 36 15 40 7 0 37 7 0 286 0 36 0 
6 333 33 13 40 7 0 37 6 0 256 0 33 34 
7 333 33 13 40 7 0 41 7 0 252 0 33 34 
8 363 36 15 40 7 0 47 8 0 276 0 36 0 
9 415 42 17 40 7 7 53 10 19 322 0 42 0 
10 475 48 19 40 7 0 62 12 0 373 0 48 0 
11 527 53 21 40 7 0 81 14 0 406 0 53 0 
12 557 56 22 40 6 0 112 16 0 406 0 56 0 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.6 – Ɋɚɫɱёɬ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɝɨɞɭ (ɪɚɛɨɬɚ Ƚɗɋ ɩɨ ɦɨɳɧɨɫɬɹɦ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ) 
№ɦɟɫ 

Qɛɵɬ, 
ɦ3/ɫ 

Qɮ, 
ɦ3/ɫ 

Qɢɫɩ, 
ɦ3/ɫ 

Qɥ, 
ɦ3/ɫ 

Qɩɨɥ, 
ɦ3/ɫ 

Qɜɞɯɪ, 
ɦ3/ɫ 

QȼɏɄ, 
ɦ3/ɫ 

Qɝɷɫ, 
ɦ3/ɫ 

QɇȻ, 
ɦ3/ɫ 

Vɜ-ɳɚ, ɤɦ3 ZȼȻ, ɦ ZɇȻ, 
ɦ 

HȽɗɋ, 
ɦ 

NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ Vɧɚɱ ΔV Vɤɨɧ Zɧɚɱ Zɤɨɧ Zɫɪ 

IX 82 1 0 0 80 10 60 90 91 2,79 0,03 2,76 173,00 172,84 172,92 125,17 47,35 37 ȼɏɄ 
X 59 1 0 0 56 20 60 76 77 2,76 0,05 2,71 172,84 172,52 172,68 124,95 47,33 31 ȼɏɄ 
XI  29 1 0 0 28 60 60 88 89 2,71 0,16 2,55 172,52 171,58 172,05 125,14 46,51 35 35 
XII 23 1 0 1 21 151 60 172 174 2,55 0,39 2,16 171,58 169,18 170,38 126,24 43,74 65 65 
I 25 1 0 1,8 22 164 60 186 188 2,16 0,43 1,74 169,18 165,55 167,36 126,34 40,62 65 65 
II  27 1 0 2,5 24 83 60 107 108 1,74 0,22 1,52 165,55 163,21 164,38 125,62 38,36 35 35 
III  29 1 0 3,2 25 83 60 108 109 1,52 0,22 1,31 163,21 160,74 161,97 125,64 35,94 33 ȼɏɄ 
IV  37 1 0 –5 41 116 60 157 158 1,31 0,30 1,00 160,74 157,32 159,03 126,13 32,50 44 ȼɏɄ 

V 153 1 2 –3,5 154 –95 60 59 60 1,00 –0,25 1,25 157,32 160,09 158,71 124,83 33,47 17 ȼɏɄ 

VI  543 1 5 0 537 –478 60 59 60 1,25 –1,24 2,49 160,09 171,21 165,65 124,63 40,62 21 ȼɏɄ 

VII 210 1 2 0 207 –114 60 92 93 2,49 –0,30 2,79 171,21 173,00 172,11 125,20 46,50 37 ȼɏɄ 
VIII 115 1 1 0 113 0 60 113 114 2,79 0,00 2,79 173,00 173,00 173,00 125,47 47,13 46 ȼɏɄ 

ɗɝɨɞ = 341 ɦɥɧ.ɤȼɬ·ɱ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
Ɍɚɛɥɢɰɚ Ȼ.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50–ȼ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
D1, ɦ 3,75 4 4,25 4,75 5,0 5,3 5,6 6 6,3 
ɬ, ɨ.ɟ. 0,928 0,929 0,930 0,932 0,932 0,933 0,934 0,935 0,936 

N'ɚ, Ɇȼɬ 44642 50843 57449 71880 79705 89632 100144 115073 126954 
Z', ɲɬ 2,87 2,52 2,23 1,78 1,61 1,43 1,28 1,11 1,01 
Za, ɲɬ 3 3 3 2 2 2 2 2 2 

Nɚ, Ɇȼɬ 42667 42667 42667 64000 64000 64000 64000 64000 64000 
Δ', ɨ.ɟ. 1,05 1,048 1,05 1,05 1,05 1,05 1,05 1,05 1,05 

n'c, ɨɛ/ɦɢɧ 195,35 183,23 172,53 154,50 146,83 138,58 131,20 122,52 116,72 
nɫ, ɨɛ/ɦɢɧ 187,5 187,5 166,7 166,7 150,0 136,4 130,4 125,0 115,4 

n'max, ɨɛ/ɦɢɧ 98,58 105,10 99,22 110,80 104,93 101,07 102,11 104,79 101,53 
n'min, ɨɛ/ɦɢɧ 126,32 134,67 127,13 141,97 134,45 129,51 130,84 134,27 130,10 
n'ɪɚɫɱ, ɨɛ/ɦɢɧ 111,34 118,70 112,06 125,14 118,51 114,15 115,32 118,35 114,67 

Q·m ɩɪɢ n'ɪɚɫɱ 1,259 1,105 0,978 1,171 1,056 0,939 0,840 0,730 0,662 
Q·m ɩɪɢ n'min 0,874 0,767 0,679 0,813 0,733 0,651 0,583 0,507 0,459 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50–ȼ60° 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
D1, ɦ 3,35 3,55 3,75 4 4,25 4,75 5,0 5,3 5,6 
ɬ, ɨ.ɟ. 0,929 0,930 0,930 0,931 0,932 0,934 0,934 0,935 0,936 

N'ɚ, Ɇȼɬ 41030 46116 51501 58653 66273 82917 91941 103389 115513 
Z', ɲɬ 3,12 2,78 2,49 2,18 1,93 1,54 1,39 1,24 1,11 
Za, ɲɬ 4 3 3 3 2 2 2 2 2 

Nɚ, Ɇȼɬ 32000 42667 42667 42667 64000 64000 64000 64000 64000 
Δ', ɨ.ɟ. 1,08 1,08 1,08 1,08 1,08 1,08 1,08 1,08 1,09 

n'c, ɨɛ/ɦɢɧ 221,86 209,45 198,36 186,06 175,19 156,87 149,08 140,70 133,22 
nɫ, ɨɛ/ɦɢɧ 214,3 214,3 200,0 187,5 166,7 166,7 150,0 142,9 130,4 

n'max, ɨɛ/ɦɢɧ 99,20 105,08 103,55 103,50 97,71 109,12 103,34 104,28 100,56 
n'min, ɨɛ/ɦɢɧ 127,11 134,64 132,69 132,63 125,20 139,82 132,41 133,62 128,86 
n'ɪɚɫɱ, ɨɛ/ɦɢɧ 112,04 118,68 116,96 116,90 110,36 123,24 116,71 117,78 113,58 

Q·m ɩɪɢ n'ɪɚɫɱ 1,133 1,344 1,203 1,056 1,401 1,119 1,009 0,897 0,802 
Q·m ɩɪɢ n'min 0,787 0,933 0,835 0,733 0,972 0,777 0,700 0,622 0,557 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50–500 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɵ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 

Ɍɚɛɥɢɰɚ ȼ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶ 

ɧɵɟ 
ɟɞɢɧɢɰɵ 

ɂɦɟɧɨɜɚɧɧɵɟ 
ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ Ͳ,Ͷͷ ∙ ሺ̂ʹሻܫ

 1,93 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 

0,5 – 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
Ͳ,ͻ ∙ ሺ̂ʹሻܫ

 3,86 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ ሺ̂ʹሻܫ
 6,44 Ⱥ ܫʝʡʠ ͸,Ͳ ∙ ሺ̂ʹሻܫ
 25,73 Ⱥ 

ɁɁȽ 
ܷ଴ 

 ଶ ܷ଴ீ – 10 ȼ ܷ଴ଷݐ ଵ ܷ଴ଵீ – 5 ȼݐ
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ, ܭʡ 
1,2 – 

Ɂɉɇ ܷ > 

2 
ɫɬɭɩ. ܷ஼ʟଶ 1,4 140 ȼ 

1 
ɫɬɭɩ. ܷ஼ʟଵ 1,2 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ 0,07 0,30 Ⱥ 

ɉɈ ܫଶʞʢʠʙ 0,12 0,51 Ⱥ 

ɌɈ I ܫଶʠ.ʖ. 0,8 3,43 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ ܫʠʗʒʜ 1,07 4,60 Ⱥ 
ɉɈ ܫଵʞʢʠʙ 1,1 4,72 Ⱥ 
ɌɈ ܫଵʝʡʠ 1,22 5,25 Ⱥ 

ȾɁ ܼ < 

1 
ɫɬɭɩ. 

ܼଵ 0,078 1,05 Ɉɦ ܼ˔ˏଵ Ͳ,ʹͲ ∙ ܼூ 0,21 Ɉɦ 
2 

ɫɬɭɩ. 
ܼଶ 0,40 5,33 Ɉɦ ܼ˔ˏଶ Ͳ,ʹͲ ∙ ܼଶ 1,07 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ ܫʟ.ʠʗʒʜ 1,07 0,81 Ⱥ 
ɉɈ ܫʟ.ʞʢʠʙ 1,21 0,98 Ⱥ 
ɌɈ ܫʟ.ʝʡʠ 2,20 1,69 Ⱥ 

Ɂɚɳɢɬɚ TE 
I>>TE ɌɈ ܫʡʝ  28,0 28,52 
I>TE ɆɌɁ ܫʛʡʖ  2,78 2,83 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 
Ɍɚɛɥɢɰɚ ȼ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ⱦɟɣɫɬɜɢɟ 
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ɝɧ

ɚɥ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɒ
ɋ

ȼ 

Ɂɚɳɢɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +   

 

ɁɁȽ 
ܷ଴ 

     + + + ݐ ଶ + + +     ܷ଴ଷݐ  +      ଵݐ

Ɂɉɇ ܷ > 

1 ɫɬɭɩɟɧɶݐଵ + +     
 

2 ɫɬɭɩɟɧɶݐଶ + +     
 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ      +  

ɂɈ + +      

ɈɌɋ I 
      + + ଷݐ   +     ଶݐ +       ଵݐ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ      +  
ɂɈ + +      

ɈɌɋ 
      + + ଷݐ   +     ଶݐ +       ଵݐ

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ 

     + + + ଶݐ   +     ଵݐ

2 
ɫɬɭɩɟɧɶ 

      + + ଷݐ   +     ଶݐ +       ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

 рܫ
ɋɈ      +  
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      

Ɂɚɳɢɬɚ TE I>>TE 
ɌɈ + +      

ɆɌɁ + +      
 

 
 



  
 

140 
 

 

ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
 

 
Ɋɢɫɭɧɨɤ Ƚ.1 – Ƚɪɚɮɢɤ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɷɬɚɩɚɦɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
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