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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɋɚɹɧɨ–ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ 
ɢɧɫɬɢɬɭɬ 

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

ɤɚɮɟɞɪɚ 

 
 

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

 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.02 – ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
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ɬɟɦɚ 

 

 
 
 

 
Ʉ.ɋ.Ⱦɟɦɲɢɧ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
 

 
 
Ⱥ.Ɇ.Ƚɪɟɤ                            
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

 
 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ 2022 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ 
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ɩɨɞɩɢɫɶ, ɞɚɬɚ             
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ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɉɨɤɪɨɜɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ⱥɦɝɚ. Ɉɪɝɚɧɢɡɚɰɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ». 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 
 
Ʉɨɧɫɭɥɶɬɚɧɬ ɪɭɤɨɜɨɞɢɬɟɥɹ ȻɊ                               ________    ______________ 
                                                                                                                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ        ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ 

________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

   
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ...................................................................................184 ˏଷ/˔; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 3%...........................................ͳʹͺ͵,ͷ͸ ˏଷ/˔; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,5%........................................ͳͷͷͶ,͸ͷ ˏଷ/˔; 
ɝ) ɦɢɧɢɦɚɥɶɧɵɣ.............................................................................................. 40 ˏଷ/˔; 

6. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ................................................................ɝɨɞɢɱɧɵɣ; 
ɛ) ɨɬɦɟɬɤɚ ɇɉɍ..............................................................................................200,00 ɦ; 
ɜ) ɨɬɦɟɬɤɚ Ɏɉɍ..............................................................................................201,00 ɦ; 
ɝ) ɨɬɦɟɬɤɚ ɍɆɈ..............................................................................................187,38 ɦ; 
ɞ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɧɵɣ.................................................................1,70 ˍˏଷ; 
ɟ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɟɡɧɵɣ.............................................................1,09 ˍˏଷ; 

7. ɇɚɩɨɪɵ Ƚɗɋ: 
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ................................................................................................38,9 ɦ; 
ɛ) ɪɚɫɱɟɬɧɵɣ.......................................................................................................29,1 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ.................................................................................................22,0 ɦ; 

8. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɚɹ..........................................................................120 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ...........................411 ɦɥɧ. ɤȼɬ∙ɱ; 

9. ɉɥɨɬɢɧɚ (ɨɛɳɚɹ ɞɥɢɧɚ/ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ): 
ɚ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ.................................................250,1 ɦ/45,0 ɦ; 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ...................................................265,7 ɦ/45,0 ɦ; 
ɜ) ɪɭɫɥɨɜɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ................................................................243,5 ɦ/45,0 ɦ; 

10. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: 
10.1. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ: 

ɚ) ɱɢɫɥɨ ɢ ɲɢɪɢɧɚ ɩɪɨɥɟɬɨɜ.............................................................................4ɯ14 ɦ; 
ɛ) ɨɛɳɚɹ ɞɥɢɧɚ......................................................................................................68 ɦ; 

10.2. Ƚɥɭɛɢɧɧɵɣ ɜɨɞɨɫɥɢɜ: 
ɚ) ɱɢɫɥɨ ɢ ɮɨɪɦɚ ɫɟɱɟɧɢɹ.........................................................................3 ɢ ɤɪɭɝɥɨɟ; 
ɛ) ɞɢɚɦɟɬɪ ɫɟɱɟɧɢɹ...............................................................................................1,8 ɦ; 

11. Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ..................................................................................................ɪɭɫɥɨɜɨɟ; 
ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ.......................................................................................................3; 
ɜ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ......................................................................................ɝɪɚɧɢɬ; 
ɝ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ............................................................................ɛɟɬɨɧɧɚɹ; 
ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ.......................................................................ɢɡɨɝɧɭɬɚɹ; 

12. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɚ) ɬɢɩ ɬɭɪɛɢɧ..........................................................................................ɉɅ40ɚ-ȼ-450; 
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ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ.................................................................................ɋȼ-733/130-36; 
ɜ) ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ...........................................40 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ................................................................................166,7 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ..............................................................ɌȾɇ-63000/220-ɍ1; 

13. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ................................17 ɥɟɬ, 10 ɦɟɫɹɰɟɜ; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.......................................................0,19 ɪɭɛ/ɤȼɬ∙ɱ; 
ɜ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ…………………………………...78166,7 ɪɭɛ/ɤȼɬ; 
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ȼȼȿȾȿɇɂȿ 
 
ɋɟɝɨɞɧɹ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 

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

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

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

ɉɨɤɪɨɜɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ (əɤɭɬɢɹ) ɧɚ ɪɟɤɟ 
Ⱥɦɝɚ. Ɋɟɤɚ ɛɟɪёɬ ɧɚɱɚɥɨ ɧɚ ɫɤɥɨɧɚɯ Ⱥɦɝɢɧɫɤɨɝɨ ɯɪɟɛɬɚ, ɩɪɨɬɟɤɚɟɬ ɩɨ 
ɉɪɢɥɟɧɫɤɨɦɭ ɩɥɚɬɨ. Ⱦɥɢɧɚ ɪɟɤɢ 1462 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ 69,3 ɬɵɫ. ɤɦ2. 
ɉɪɢɧɢɦɚɟɬ 195 ɩɪɢɬɨɤɨɜ ɞɥɢɧɨɣ ɛɨɥɟɟ 10 ɤɦ ɢ 322 ɩɪɢɬɨɤɚ ɞɥɢɧɨɣ ɦɟɧɟɟ 10 
ɤɦ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɪɭɩɧɵɯ ɩɪɢɬɨɤɨɜ ɥɟɜɵɟ. ȼ ɛɚɫɫɟɣɧɟ ɛɨɥɟɟ 5700 ɨɡёɪ, ɨɛɳɟɣ 
ɩɥɨɳɚɞɶɸ 101 ɤɦ2. 

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 

1.1.1 Ʉɥɢɦɚɬ 

Ʉɥɢɦɚɬ ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɢɦɨɣ -36,17°, 
ɥɟɬɨɦ +15,8°. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ -10,9°. ɋɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ 
26 ɦɦ. 

1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

Ɋɟɤɚ ɛɟɪёɬ ɧɚɱɚɥɨ ɧɚ ɫɤɥɨɧɚɯ Ⱥɦɝɢɧɫɤɨɝɨ ɯɪɟɛɬɚ, ɩɪɨɬɟɤɚɟɬ ɩɨ 
ɉɪɢɥɟɧɫɤɨɦɭ ɩɥɚɬɨ. Ⱦɥɢɧɚ ɪɟɤɢ 1462 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ 69,3 ɬɵɫ. ɤɦ2. 
ɉɪɢɧɢɦɚɟɬ 195 ɩɪɢɬɨɤɨɜ ɞɥɢɧɨɣ ɛɨɥɟɟ 10 ɤɦ ɢ 322 ɩɪɢɬɨɤɚ ɞɥɢɧɨɣ ɦɟɧɟɟ 10 
ɤɦ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɪɭɩɧɵɯ ɩɪɢɬɨɤɨɜ ɥɟɜɵɟ. ȼ ɛɚɫɫɟɣɧɟ ɛɨɥɟɟ 5700 ɨɡёɪ, ɨɛɳɟɣ 
ɩɥɨɳɚɞɶɸ 101 ɤɦ2. ȼ ɫɪɟɞɧɟɦ ɢ ɧɢɠɧɟɦ ɬɟɱɟɧɢɢ ɩɨɥɨɜɨɞɶɟ – ɧɚɢɛɨɥɟɟ 
ɦɧɨɝɨɜɨɞɧɚɹ ɮɚɡɚ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ. ɉɨɥɨɜɨɞɶɟ ɩɪɨɞɨɥɠɚɟɬɫɹ ɫ ɦɚɹ ɩɨ ɢɸɧɶ. Ɂɚ 
ɷɬɨɬ ɩɟɪɢɨɞ ɩɪɨɯɨɞɢɬ ɞɨ 63% ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ. ɇɚɢɛɨɥɟɟ ɦɧɨɝɨɜɨɞɧɵɣ ɦɟɫɹɰ – 
ɦɚɣ, ɪɟɠɟ ɢɸɧɶ. ȼɨɡɦɨɠɧɵ ɧɚɜɨɞɧɟɧɢɹ. Ⱦɨɠɞɟɜɵɟ ɩɚɜɨɞɤɢ ɮɨɪɦɢɪɭɸɬɫɹ ɜ 
ɩɟɪɢɨɞ ɫ ɢɸɥɹ ɩɨ ɨɤɬɹɛɪɶ. ɇɚɱɚɥɨ ɨɫɟɧɧɢɯ ɥɟɞɨɜɵɯ ɹɜɥɟɧɢɣ – ɩɟɪɜɚɹ ɞɟɤɚɞɚ 
ɨɤɬɹɛɪɹ, ɥɟɞɨɫɬɚɜ – ɜ ɤɨɧɰɟ ɨɤɬɹɛɪɹ, ɩɪɟɞɜɚɪɹɟɬɫɹ ɨɫɟɧɧɢɦ ɥɟɞɨɯɨɞɨɦ, 
ɤɨɬɨɪɵɣ ɞɥɢɬɫɹ ɜ ɫɪɟɞɧɟɦ 5 ɫɭɬɨɤ. Ɇɟɫɬɚɦɢ ɪɟɤɚ ɩɟɪɟɦɟɪɡɚɟɬ. Ɂɢɦɨɣ 
ɨɛɪɚɡɭɸɬɫɹ ɧɚɥɟɞɢ. ȼɫɤɪɵɬɢɟ ɪɟɤɢ ɧɚɱɢɧɚɟɬɫɹ ɜ ɧɚɱɚɥɟ ɦɚɹ. ȼɟɫɟɧɧɢɣ ɥɟɞɨɯɨɞ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɨɤɨɥɨ 5 ɫɭɬɨɤ. ɉɨɥɧɨɟ ɨɱɢɳɟɧɢɟ ɨɬɨ ɥɶɞɚ ɩɪɨɢɫɯɨɞɢɬ ɤ ɫɟɪɟɞɢɧɟ 
ɦɚɹ. ɋɭɞɨɯɨɞɫɬɜɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɵɫɨɤɭɸ ɜɨɞɭ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 450 ɤɦ ɨɬ 
ɭɫɬɶɹ. ȼ ɧɢɠɧɟɦ ɬɟɱɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɛɨɪ ɜɨɞɵ ɧɚ ɨɪɨɲɟɧɢɟ. ɉɢɬɚɧɢɟ 
ɪɟɤɢ ɫɦɟɲɚɧɧɨɟ: ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. ȼɨɫɬɨɱɧɨɫɢɛɢɪɫɤɢɣ ɬɢɩ ɜɨɞɧɨɝɨ 
ɪɟɠɢɦɚ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ ɜɟɫɟɧɧɢɦ ɩɨɥɨɜɨɞɶɟɦ ɢ ɩɪɟɪɵɜɢɫɬɨɣ ɦɟɠɟɧɶɸ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɞɨɠɞɟɜɵɯ ɩɚɜɨɞɤɨɜ. ɋɪɟɞɧɹɹ ɦɭɬɧɨɫɬɶ ɪɟɱɧɵɯ ɜɨɞ 10 ɝ/ɦ3. 
Ɉɫɧɨɜɧɵɦɢ ɩɪɢɬɨɤɚɦɢ ɹɜɥɹɸɬɫɹ Ȼɢɟɥɢɦɟ, Ɇɭɧɞɭɪɭɱɱɭ, ɍɥɭ, ɇёɝɭɱɟɣ ɢ Ɍɭɨɪɚ. 

Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ⱥɦɝɚ ɡɚ ɩɟɪɢɨɞ 1939-1999 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. ɋɪɟɞɧɢɣ ɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɪɚɜɟɧ 
184 ɦ3/ɫ. 

1.1.3 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

ɋɟɣɫɦɢɱɟɫɤɨɣ ɫɬɚɧɰɢɟɣ ɝ. əɤɭɬɫɤɚ, ɤɨɬɨɪɚɹ ɧɚɱɚɥɚ ɞɟɣɫɬɜɨɜɚɬɶ ɫ 1957 ɝ, 
ɜ ɪɚɞɢɭɫɟ 100–150 ɤɦ ɨɬ əɤɭɬɫɤɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɫɜɵɲɟ 80 ɫɟɣɫɦɢɱɟɫɤɢɯ 
ɫɨɛɵɬɢɣ, ɜ ɨɫɧɨɜɧɨɦ ɧɟɛɨɥɶɲɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ɏɨɬɶ ɪɚɣɨɧ ɜɨɤɪɭɝ ɝɢɞɪɨɭɡɥɚ 
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ɞɨɜɨɥɶɧɨ ɫɟɣɫɦɨɚɤɬɢɜɧɵɣ, ɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɦɟɫɬɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɵ. 

1.2 ɗɧɟɪɝɨɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 

ɉɨɤɪɨɜɫɤɚɹ Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɨɩɟɪɚɬɢɜɧɭɸ ɡɨɧɭ Ɏɢɥɢɚɥɚ ȺɈ «ɋɈ ȿɗɋ» «Ɉɛɴɟɞɢɧɟɧɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ȼɨɫɬɨɤɚ». ȼ ɫɨɫɬɚɜ ɈȾɍ ȼɨɫɬɨɤɚ 
ɜɯɨɞɹɬ: Ⱥɦɭɪɫɤɨɟ, ɉɪɢɦɨɪɫɤɨɟ, ɏɚɛɚɪɨɜɫɤɨɟ, əɤɭɬɫɤɨɟ ɊȾɍ. 

ȼ ɪɚɞɢɭɫɟ 200 ɤɦ ɧɚɯɨɞɢɬɫɹ ɥɢɲɶ ɨɞɢɧ ɤɪɭɩɧɵɣ ɝɨɪɨɞ – əɤɭɬɫɤ, ɜ 
ɤɨɬɨɪɨɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɪɭɩɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ, ɧɚɩɪɢɦɟɪ, ɈȺɈ 
«əɤɭɬɝɚɡɩɪɨɦ» ɢ ɈȺɈ «Ɂɨɥɨɬɨ əɤɭɬɢɢ». 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 

1. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ = 8,6; 
2. Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ = 0,8; 
3. ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ = 0,5 ɦ; 
4. Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ) ɢ 

ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

Ɍɚɛɥɢɰɚ 2.1 — Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ 
Ɇɟɫɹɰ Ɏɢɥɶɪɚɰɢɹ ɂɫɩɚɪɟɧɢɟ Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ ȼɏɄ ɋɚɧ. ɩɨɩɭɫɤ 

1 1 1 0 80 40 

2 1 0 0 80 40 

3 1 0 0 80 40 

4 1 0 2 80 40 

5 1 0 4 80 40 

6 1 0 3 80 40 

7 1 0 2 80 40 

8 1 0 2 80 40 

9 1 0 -8 80 40 

10 1 7 -4 80 40 

11 1 3 0 80 40 

12 1 2 0 80 40 

 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 

ɉɨ ɞɚɧɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɟ Ⱥ.1 ɜɵɱɢɫɥɹɟɦ 
ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ (ɦ3/ɫ) ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ, ɡɚ ɩɟɪɢɨɞ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɹ ɢ 
ɪɚɫɩɨɥɚɝɚɟɦ ɢɯ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɨɤɚɡɚɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1. 

Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ Pሺmሻ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 Pሺmሻ = ୫୬+ଵ ∙ ͳͲͲ%,                                                                                     (2.1) 

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

 n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ 90% ɢ 50% 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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2.2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=50%) 

Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ Ɋ=50% ɧɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1977 ɝɨɞ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ 
ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ: 

 ʙˏ = ୕ʛ˄˃ˊˑ˅ˑˈ ఱబ%୕ʛ = ସ଺,ଽସଶ = ͳ,ͳʹ.                                                                   (2.2) 

 

 ʙ˒ = ୕ɉɛɚɡɨɜɨɟ ఱబ%୕ɉ
= ହଵ଼ହ଼ଵ,଻ = Ͳ,ͺͻ.                                                                   (2.3) 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɦɟɠɟɧɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɚɸɳɢɦ, ɚ ɩɨɥɨɜɨɞɶɹ ɩɨɧɢɠɚɸɳɢɦ. 
ɇɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɩɪɢɜɟɞɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɬɚɤ, ɱɬɨɛɵ ɫɪɟɞɧɟɝɨɞɨɜɨɟ 
ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɧɟ ɢɡɦɟɧɹɥɨɫɶ. 
 ɉɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɦɟɧɶɲɢɥɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɧɭɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɨɧɢɠɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ: 
 
 Ʉˏ = ͳ,ͳʹ.                                                                                                     (2.4) 
 
 ʙ˒ = Ͳ,ͻ͸.                                                                                                     (2.5) 

 
Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2.  

Ɍɚɛɥɢɰɚ 2.2  Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
№ɩ/ɩ Ƚɨɞ I II III IV V VI VII VIII IX X XI XII Qɫɪ. ɝɨɞ 

31 1977 22,2 22,6 19,9 28,4 1100 426 199 79,4 74 68,9 36,9 25,4 175 

ɫ ɉɊɂȼȿȾ 25 25 22 25 980 379 222 89 83 77 41 28 166 
ɫ ɄɈɊɊȿɄɌ 25 25 22 27 1051 407 223 89 83 77 41 28 175 

 
2.2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=90%) 

Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90% ɧɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1973 ɝɨɞ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ 
ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ: 

 

 ʙˏ = 𝑄ʛ˄˃ˊˑ˅ˑˈ వబ%𝑄ʛ = ଶ଺,ଵଶ଺,ଽ = Ͳ,ͻ͹.                                                                    (2.6) 

 

 ʙ˒ = 𝑄ʞ˄˃ˊˑ˅ˑˈ వబ%𝑄ʞ = ଷହ଴,ଷଷହ଴,ଷ = ͳ.                                                                        (2.7) 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɦɟɠɟɧɢ ɹɜɥɹɟɬɫɹ ɩɨɧɢɠɚɸɳɢɦ, ɚ ɩɨɥɨɜɨɞɶɹ ɪɚɜɟɧ 1. 
Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɨɞ ɩɪɢɜɟɞɟɧɢɸ ɧɟ ɩɨɞɥɟɠɢɬ. Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3.  



14 

Ɍɚɛɥɢɰɚ 2.3  Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
№ɩ/ɩ Ƚɨɞ I II III IV V VI VII VIII IX X XI XII Qɫɪ. ɝɨɞ 

56 1973 13,7 11,3 9,3 11,8 639 316 257 70 38,9 49,6 21,7 15,9 121 
ɫ ɄɈɊɊȿɄɌ 13,7 11,3 9,3 11,8 676 316 220 70 38,9 49,6 21,7 15,9 121 

 
ɍɬɨɱɧɢɜ ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɜ ɪɚɫɯɨɞɵ, ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɫɹ, ɱɬɨ ɪɚɫɯɨɞ ɜ 

ɤɚɠɞɵɣ ɦɟɫɹɰ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɛɨɥɶɲɟ ɪɚɫɯɨɞɚ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. Ɋɚɡɧɨɫɬɶ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.4. 

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

Q 50% - Q 90% 11 14 13 15 375 91 3 19 44 28 20 13 
  

Ɍɚɤɠɟ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.2 ɢ ɬɚɛɥɢɰɵ 2.3 ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 
ɝɢɞɪɨɝɪɚɮɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1  Ƚɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɥɟɬ 

 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɗɋ 

Ɇɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 72 Ɇȼɬ, ɱɬɨ ɦɟɧɶɲɟ 0,1 ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɊȾɍ, ɪɚɜɧɨɣ 1425 Ɇȼɬ. Ɂɧɚɱɢɬ, ɩɪɨɟɤɬɢɪɭɟɦ ɧɚ 
ɦɟɫɬɧɭɸ ɧɚɝɪɭɡɤɭ. Ɇɨɳɧɨɫɬɶ ɦɟɫɬɧɨɣ ɧɚɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 576 Ɇȼɬ. 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɥɟɬɧɟɝɨ Ⱦ˔˖˕ˎ  ɢ ɡɢɦɧɟɝɨ Ⱦ˔˖˕ˊ  ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬ ɥɟɬɧɟɝɨ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɢɦɧɟɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ Ƚˎ. Ɉɩɪɟɞɟɥɢɦ ɫ ɩɨɦɨɳɶɸ 
ɤɚɪɬɵ, ɱɬɨ ɦɟɫɬɨ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɋɟɜɟɪɟ ɫ 
ɤɨɨɪɞɢɧɚɬɨɣ 60°16'9.88" ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ.  

Ɉɩɪɟɞɟɥɹɟɦ ɩɨ ɝɪɚɮɢɤɭ, ɱɬɨ  Ⱦ˔˖˕ˎ = Ͳ,ͺͷ; Ⱦ˔˖˕ˊ = Ͳ,ͺ͵, Ƚˎ = Ͳ,ͷͺ. 
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ɉɨ ɮɨɪɦɭɥɚɦ (2.8) ɢ (2.9) ɫɞɟɥɚɟɦ ɪɚɫɱёɬɵ ɢ ɩɪɟɞɫɬɚɜɢɦ ɜɫё ɜ ɬɚɛɥɢɰɭ 
2.5: 
 P୲́ = Pୡ୫ୟ୶(Ƚ୲́ ∙ Ⱦ˔˖˕ˊ + b୲́).                                                                            (2.8) 

 P୲ˎ = Pୡ୫ୟ୶ ∙ Ƚˎ(Ƚ୲ˎ ∙ Ⱦ˔˖˕ˎ + b୲ˎ ).                                                                    (2.9) 
 
ɝɞɟ Ƚ୲ଷ, b୲́ , Ƚ୲ˎ , Ⱦ˔˖˕ˎ   ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɝɪɭɡɤɢ ɬɢɩɨɜɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ, 
ɡɚɜɢɫɹɳɢɟ ɨɬ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
 
Ɍɚɛɥɢɰɚ 2.5 – Ɇɨɳɧɨɫɬɢ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɤɚɠɞɵɣ ɱɚɫ ܜ, ɱ 𝐏́ܜ , Ɇȼɬ 𝐏ˎܜ , Ɇȼɬ 

0 477,50 309,44 

1 448,13 296,91 

2 438,48 287,10 

3 416,88 276,66 

4 438,48 275,20 

5 447,98 276,24 

6 474,34 284,39 

7 530,28 321,55 

8 617,18 364,36 

9 696,10 408,64 

10 685,33 417,60 

11 664,10 402,15 

12 631,91 386,07 

13 647,06 393,59 

14 675,14 402,15 

15 658,73 416,56 

16 652,91 378,76 

17 701,19 391,50 

18 720,00 386,07 

19 701,61 378,76 

20 677,66 364,98 

21 682,34 382,94 

22 624,53 374,80 

23 553,54 352,45 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.5 ɩɨɫɬɪɨɢɦ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ 

2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

Ⱦɚɧɧɵɟ ɝɪɚɮɢɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ). 
 ɋɬɪɨɹɬɫɹ ɷɬɢ ɝɪɚɮɢɤɢ ɩɨ ɡɚɤɨɧɭ ɤɨɫɢɧɭɫɚ. Ⱦɥɹ ɧɟɪɚɡɜɢɜɚɸɳɢɣɫɹ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɦɚɤɫɢɦɭɦɨɦ ɧɚɝɪɭɡɤɢ ɮɨɪɦɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɜɢɞɟ: 
 P୲୫ୟ୶ = a + b ∙ cosȽ,                                                                                   (2.10) 

 
ɝɞɟ t – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ; a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ: 

 Ƚ =  |͵Ͳ°t −  ͳͷ°|  ∙  Ɏ/ͳͺͲ°,                                                                    (2.11) 
 a = ୔ౣ౗౮ˊ +୔ౣ౗౮ˎଶ ,                                                                                             (2.12) 

 b = ୔ౣ౗౮ˊ −୔ౣ౗౮ˎଶ .                                                                                             (2.13) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ, ɱɬɨ P୫ୟ୶ˊˋˏ˃ = 576 Ɇȼɬ, ɚ P୫ୟ୶ˎˈ˕ˑ = 334 Ɇȼɬ.  

 ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ, ɨɩɪɟɞɟɥɢɜ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɞɟɤɚɛɪɶɫɤɢɯ ɢ ɢɸɧɶɫɤɢɯ ɢɫɯɨɞɧɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ, ɤɨɬɨɪɵɟ ɪɚɜɧɵ Pୡ୮́̀ ˏ˃ = 
475 Ɇȼɬ ɢ Pୡ୮ˎ̍ ˕ˑ  = 284 Ɇȼɬ. 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.6. 
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Ɍɚɛɥɢɰɚ 2.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ 

t α cos(α) 𝑷𝒕𝒎ࢇ𝒙, Ɇȼɬ 𝑷𝒄𝒑𝒕 , Ɇȼɬ 

1 0,262 0,966 572 472 
2 0,785 0,707 541 447 
3 1,308 0,259 486 405 
4 1,832 -0,258 424 355 
5 2,355 -0,706 370 312 
6 2,878 -0,966 338 288 
7 3,402 -0,966 338 288 
8 3,925 -0,709 369 312 
9 4,448 -0,261 423 355 
10 4,972 0,256 486 404 
11 5,495 0,705 540 447 
12 6,018 0,965 572 472 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.6 ɩɨɫɬɪɨɢɦ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
 

 
Ɋɢɫɭɧɨɤ 2.3  Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ 

 
2.5 Ɋɚɫɱɟɬ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 

ɢ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

 N˄ы˕.ʒЭʠ = k୑ ∙ Q˒ˑˎ ∙ HʒЭʠ˒ˑˇ˅,                                                                      (2.14) 
 

ɝɞɟ k୑  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ 
g = 9,81 ɢ ɄɉȾ ɝɢɞɪɨɚɝɪɟɝɚɬɚ η, k୑  =  ͺ,Ͷ ÷ ͺ,ͺ; 
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 Q˒ˑˎ  ɩɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; 
 HʒЭʠ˒ˑˇ˅  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.15. 

 HʒЭʠ˒ˑˇ˅ = Zʑʐ − Zʜʐ(Qʜʐሺtሻ) − ∆h,                                                             (2.15) 
 

ɝɞɟ Zʑʐ  ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; Zʜʐ(Qʜʐሺtሻ) – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɦɭ ɢ ɡɢɦɧɟɦɭ 
ɩɨɥɢɧɨɦɚɦ 6 ɫɬɟɩɟɧɢ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɟɡɧɵɟ ɪɚɫɯɨɞɵ ɦ; ∆h –  ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆h = Ͳ,ͷ ɦ. 

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

 Nʑʤʙ = k୑ ∙ Qʑʤʙ ∙ HʒЭʠ˒ˑˇ˅,                                                                           (2.16) 
 

ɝɞɟ Qʑʤʙ – ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

ɉɪɢ ɪɚɫɱёɬɟ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ Zʜʐ(Qʑʤʙሺtሻ) ɛɶɟɮɚ ɢɫɩɨɥɶɡɭɟɦ ɡɧɚɱɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.2, Ȼ.3 ɢ Ȼ.4. 
Ɉɩɪɟɞɟɥɹɟɦ ɢɡɛɵɬɨɤ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ 2.17: 

 Nˋˊ˄ = ∑ሺN˄ы˕ − N˅˘ˍሻ = ͳ͵͵ Ɇȼɬ.                                                         (2.17) 
 

Ɋɚɫɩɪɟɞɟɥɢɦ ɢɡɛɵɬɨɤ ɧɚ ɡɢɦɧɢɟ ɦɟɫɹɰɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɥɭɱɢɥɚɫɶ ɩɪɹɦɚɹ ɥɢɧɢɹ. ɗɬɚ ɥɢɧɢɹ ɢ ɟɫɬɶ ɥɢɧɢɹ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ 
ɩɨɥɨɜɨɞɶɹ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɚɜɝɭɫɬ.  
 
Ɍɚɛɥɢɰɚ 2.7 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰɵ P(t ɫɪ), Ɇȼɬ Nɛɵɬ, Ɇȼɬ Nɜɯɤ, Ɇȼɬ Nɫɭɳ.Ƚɗɋ, Ɇȼɬ 

I 472 4,6 26,3 112 

II 447 3,9 26,3 107 

III 405 3,2 26,3 103 

IV 355 4,0 26,5 84 

V 312 200,7 26,5 79 

VI 288 98,1 26,5 75 

VII 288 69,7 26,5 75 

VIII 312 23,3 26,5 79 

IX 355 13,1 26,5 84 

X 404 16,6 26,3 103 

XI 447 7,4 26,3 107 

XII 472 5,4 26,3 112 
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ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.7 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 2.3. 

 

 
Ɋɢɫɭɧɨɤ 2.3  Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ 

 
2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ 

ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ȼɗɊ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ 
ɦɨɳɧɨɫɬɟɣ, ɍɆɈ, ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɨɛɴёɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
 ɉɪɟɠɞɟ ɱɟɦ ɧɚɱɚɬɶ ɫɪɚɛɚɬɵɜɚɬɶ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɫɬɨɢɬ ɩɨɧɹɬɶ, ɤ ɤɚɤɨɦɭ 
ɪɟɠɢɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɧɨ ɨɬɧɨɫɢɬɫɹ. 
 Ⱦɥɹ ɷɬɨɝɨ ɪɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ, ɩɨ 
ɮɨɪɦɭɥɟ 2.18. 
 

 Ⱦ = ୚˒ˑˎˈˊːˑˈ୛˔˓ˈˇːˈˏːˑˆˑˎˈ˕ˈːˈ = ଵ,଻−଴,଺ଵభఴర∙యలఱ∙మర∙లబ∙లబభబవ = ଵ,଴ଽହ,଼ = Ͳ,ͳͻ.                                     (2.18) 

 
 ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 
ɦɧɨɝɨɥɟɬɧɟɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɋɚɫɱɟɬɵ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɞɥɹ ɝɨɞɢɱɧɨɝɨ, ɤɚɤ 
ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɦɧɨɝɨɥɟɬɧɟɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 Ɋɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ. Ɋɚɫɱёɬ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.5, ɚ ɪɚɫɱёɬ 

ɗ, ɦɥɧ. Ʉɜɬ·ɱ 
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ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, 
ɬɚɛɥɢɰɚ Ȼ.6. 
 ɉɪɢ ɫɪɚɛɨɬɤɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɚɠɧɨ ɩɨɥɭɱɢɬɶ ɪɚɜɟɧɫɬɜɨ ɨɛɴɟɦɨɜ ɢ 
ɪɚɜɟɧɫɬɜɨ ɧɚɱɚɥɶɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɨɬɦɟɬɨɤ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɜ 7 ɢ 8 ɦɟɫɹɰɚɯ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
 ɏɨɥɨɫɬɵɟ ɫɛɪɨɫɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 0, ɬɚɤ ɤɚɤ 
ɪɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ), ɜ ɤɨɬɨɪɨɦ 
ɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ ɧɟ ɬɪɟɛɭɸɬɫɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
 ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ – ɍɆɈ = 187,38 ɦ; 
 ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – 𝑉 ˑˎˈˊː = 1,09 ɤɦ³. 

2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ Ƚɗɋ 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ – ɷɬɨ ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɪɚɛɨɬɚɸɳɢɦɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ Ƚɗɋ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɜɩɢɫɚɬɶ ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɧɟ ɡɚɧɹɬɭɸ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ 
ɩɢɤɨɜɭɸ ɢ ɩɨɥɭɩɢɤɨɜɭɸ ɡɨɧɭ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 
 Ɉɞɧɚɤɨ ɟɫɬɶ ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ: ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɧɢɬɚɪɧɵɣ 
ɩɨɩɭɫɤ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɱɚɫɬɶ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ 
ɨɛɹɡɚɧɚ ɨɬɞɚɜɚɬɶ ɜ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ. 
 Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɞɥɹ ɡɢɦɧɢɯ ɫɭɬɨɤ. 
 
 N˓˃˄ = N˄˃ˊ + N˒ˋˍ.                                                                                    (2.19) 
 
 ɂɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ ɜɵɬɟɤɚɟɬ ɪɚɫɱёɬ 
ɱɚɫɬɢ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
 

 N˄˃ˊ˔˃ː.˒. = k୒ ∙ Q˔.˒. ∙ H = ͺ,͸ ∙ ͶͲ ∙ ଷଵଵ଴଴଴ ∙ ͵,͹ = ͵ͻ ʛʑ˕.                            (2.20) 

 
ɝɞɟ Q˔.˒.  ɪɚɫɯɨɞ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ, ɪɚɜɧɵɣ 40 ɦ³/ɫ; 

 H  ɧɚɩɨɪ ɜ ɞɚɧɧɨɦ ɦɟɫɹɰɟ; 
 k୒  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 

 ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 Э˄˃ˊ˔˃ː.˒. = N˄˃ˊ˔˃ː.˒. ∙ ʹͶ = ͵ͻ ∙ ଶସଵ଴଴଴ = Ͳ,ͻ͵͸ ɦɥɧ. ɤȼɬ ∙ ɱ.                             (2.21) 

  
ɉɨɥɭɱɟɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ ɤɚɬɟɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɬɨɱɧɨɣ ɛɚɡɨɜɨɣ ɜɵɪɚɛɨɬɤɟ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɜɟɪɬɢɤɚɥɶɧɵɣ – ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ.  
 ȼ ɰɟɥɨɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɨɬɞɚɱɚ ɡɚ ɫɭɬɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨ ɝɪɚɮɢɤɭ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
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 Эˆ˃˓ = Nˆ˃˓ ∙ ଶସଵ଴଴଴ = ͸Ͷ ∙ ଶସଵ଴଴଴ = ͳ,ͷͶ͵ ɦɥɧ. ɤȼɬ ∙ ɱ.                                 (2.22) 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɛɨɬɤɚ ɜ ɩɢɤɨɜɨɣ ɡɨɧɟ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɪɚɜɧɚ: 
 
 Э˒ˋˍ′ = Эˆ˃˓ − Э˄˃ˊ˔˃ː.˒. = ͳ,ͷͶ͵ − Ͳ,ͻ͵͸ = Ͳ,͸Ͳ͹ ɦɥɧ. ɤȼɬ ∙ ɱ.                 (2.23) 
 
 ȼ ɩɢɤɨɜɭɸ ɡɨɧɭ ɝɪɚɮɢɤɚ, ɧɟ ɡɚɧɹɬɭɸ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ, ɪɚɡɦɟɳɚɟɦ 
ɤɚɬɟɬ ɩɢɤɨɜɨɣ ɜɵɪɚɛɨɬɤɢ ɢ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ ɦɨɳɧɨɫɬɟɣ ɨɩɭɫɤɚɟɦ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɂɄɇ. ɉɢɤɨɜɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɪɚɛɨɱɟɣ 
ɦɨɳɧɨɫɬɢ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɤɚɤ 
ɩɪɨɟɤɰɢɹ ɧɚ ɨɫɶ ɦɨɳɧɨɫɬɢ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɱɚɫɬɶ ɩɢɤɨɜɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ 
ɨɤɚɡɚɥɚɫɶ ɜ ɛɚɡɟ, ɫɥɟɞɭɟɬ ɡɧɚɱɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɞɚɧɧɨɣ ɱɚɫɬɢ 
ɜɵɱɟɫɬɶ ɢɡ ɩɢɤɚ ɢ ɞɨɛɚɜɢɬɶ ɤ ɛɚɡɨɜɨɣ ɱɚɫɬɢ. 
 N˒ˋˍ = ͺͳ Ɇȼɬ; Э˒ˋˍ =  Ͳ,͸Ͳ͹ ɦɥɧ. ɤȼɬ ∙ ɱ; N˄˃ˊ = ͵ͻ Ɇȼɬ; Э˄˃ˊ = Ͳ,ͻ͵͸  ɦɥɧ. ɤȼɬ ∙ ɱ. Ɍɨɝɞɚ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɥɹ 
ɞɟɤɚɛɪɹ ɪɚɜɧɚ: 
 
 N˓˃˄ = N˄˃ˊ + N˒ˋˍ = ͵ͻ + ͺͳ = ͳʹͲ Ɇȼɬ. 
 

ɂɦɟɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɤɚɬɟɬ, ɜɩɢɫɵɜɚɟɦɨɝɨ ɜ ɩɢɤ-ɩɨɥɭɩɢɤ ɝɪɚɮɢɤɚ 
ɧɚɝɪɭɡɤɢ, ɬɪɟɭɝɨɥɶɧɢɤɚ (ɜɵɪɚɛɨɬɤɭ), ɨɩɪɟɞɟɥёɧ ɜɟɪɬɢɤɚɥɶɧɵɣ ɤɚɬɟɬ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ ɩɢɤɨɜɨɣ ɡɨɧɵ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɧɟ ɞɨɥɠɧɚ 
ɩɪɟɜɵɲɚɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8, ɪɚɡɦɟɳɟɧɢɟ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɧɚ ɂɄɇ ɩɨɤɚɡɚɧɨ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɪɢɫɭɧɤɢ Ȼ.1 – Ȼ.12, ɝɞɟ 
ɤɪɚɫɧɵɦ ɩɨɦɟɱɟɧɚ ɩɢɤɨɜɚɹ ɡɨɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɡɟɥɟɧɵɦ – 
ɫɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, ɚ ɮɢɨɥɟɬɨɜɵɦ – ɛɚɡɨɜɚɹ ɡɨɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

Ɍɚɛɥɢɰɚ 2.8 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰɵ Nɛɚɡ, 
Ɇȼɬ 

ɗɛɚɡ, 
ɦɥɧɄɜɬ∙ɱ 

Nɝɚɪ, 
Ɇȼɬ 

ɗɝɚɪ, 
ɦɥɧɄɜɬ∙ɱ 

ɗɩɢɤ, 
ɦɥɧɄɜɬ∙ɱ 

Nɩɢɤ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇɜɬ 

Nɪɚɛ 
ɫɭɳ, 
Ɇȼɬ 

1 39 0,94 64 1,54 0,61 81 120 157 

2 10 0,24 44 1,06 0,82 93 103 143 

3 9 0,22 18 0,44 0,23 46 55 151 

4 9 0,22 18 0,43 0,21 41 50 126 

5 10 0,24 21 0,50 0,26 40 50 104 

6 12 0,29 24 0,59 0,30 42 54 95 

7 13 0,31 26 0,61 0,30 42 55 95 

8 13 0,31 26 0,62 0,31 45 58 101 

9 13 0,31 26 0,62 0,31 47 60 112 

10 13 0,31 25 0,61 0,30 50 63 136 

11 12 0,29 44 1,06 0,77 91 103 142 

12 41 0,98 64 1,55 0,56 79 120 157 
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2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ. Ɋɚɫɱёɬ ɪɟɡɟɪɜɨɜ ɢ 
ɩɥɚɧɢɪɨɜɚɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 

Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚ 
ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ. 
 ɇɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɫ ɩɢɤɚ ɨɬɤɥɚɞɵɜɚɸɬɫɹ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ. ɇɢɠɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ 
ɜɩɢɫɵɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɪɢɬɟɪɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɜɨɞɢɬɫɹ ɥɢɧɢɹ, 
ɜɵɪɚɜɧɢɜɚɸɳɚɹ ɧɢɠɧɸɸ ɨɝɢɛɚɸɳɭɸ ɦɨɳɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɡɢɦɧɢɟ ɦɟɫɹɰɵ, ɩɨɩɚɜɲɢɟ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɗɬɚ ɥɢɧɢɹ ɞɨɥɠɧɚ ɩɪɨɯɨɞɢɬɶ 
ɱɟɪɟɡ ɬɟ ɠɟ ɦɟɫɹɰɵ, ɱɬɨ ɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ.  

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɡɟɪɜɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɫɥɟɞɭɸɳɟɟ:  

 ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɱɚɫɬɨɬɵ ɢ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. ɗɬɨɬ ɪɟɡɟɪɜ ɞɥɹ ɞɚɧɧɨɣ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ 3% ɨɬ ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. Ɋɚɡɦɟɳɚɟɬɫɹ 
ɷɬɨɬ ɪɟɡɟɪɜ ɧɚ Ƚɗɋ. 

 Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ 10% ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ 
ɧɚɝɪɭɡɤɢ. Ɋɚɡɦɟɳɚɟɬɫɹ ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɬɨɥɶɤɨ ɧɚ Ɍɗɋ. 

 Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ. Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ 
ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ. ɟ. ɤɨɝɞɚ ɧɚ 
Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɨɥɨɜɨɞɶɹ, ɧɨ ɞɨ ɧɚɱɚɥɚ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɛɭɞɟɬ ɜ 
ɫɟɧɬɹɛɪɟ. ɇɚ Ɍɗɋ – ɜ ɢɸɧɟ, ɢɸɥɟ. Ɋɚɫɱɟɬɵ ɦɨɳɧɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9. 

 
Ɍɚɛɥɢɰɚ 2.9  Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɟɣ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ, ɪɟɡɟɪɜɨɜ ɢ ɪɟɦɨɧɬɨɜ 

Ɇɟɫɹɰɵ 

ɗɧɟɪɝɨɫɢɫɬɟɦɚ, 
Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ 
Ƚɗɋ, Ɇȼɬ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
Ƚɗɋ, Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, 
Ɇȼɬ 

P 
max 

P 
ɚɜɚɪ 

P 
ɧɚɝɪ 

N 
ɪɚɛ 

N 
ɧɚɝɪ 

N 
ɪɟɦ 

N 
ɪɚɛ 

N 
ɧɚɝɪ 

N 
ɪɟɦ 

N 
ɪɚɛ 

N 
ɧɚɝɪ 

N 
ɪɟɦ 

N 
ɚɜɚɪ 

1 572 57 17 157 10 0 120 7 0 295 0 0 57 

2 541 54 16 143 9 0 103 7 0 295 0 0 54 

3 486 49 15 151 11 0 55 4 0 280 0 0 49 

4 424 42 13 126 9 0 50 4 0 248 0 0 42 

5 370 37 11 78 7 0 50 4 0 242 0 0 37 

6 338 34 10 95 6 0 54 4 0 189 0 25 34 

7 338 34 10 95 6 0 55 4 0 188 0 25 34 

8 369 37 11 101 7 0 58 4 0 210 0 0 37 

9 423 42 13 112 8 26 60 5 20 251 0 0 42 

10 486 49 15 136 10 0 63 5 0 287 0 0 49 

11 540 54 16 144 9 0 102 7 0 294 0 0 54 

12 572 57 17 158 10 0 119 7 0 295 0 0 57 
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ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɫɭɦɦɵ: 
 
 N˖˔˕ = N˓˃˄ + Nː˃ˆ˓ = ͳʹͲ + ͹ = ͳʹ͹ Ɇȼɬ.                                           (2.24) 
 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.9 ɫɬɪɨɢɬɫɹ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ, ɤɨɬɨɪɵɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 

 
Ɋɢɫɭɧɨɤ 2.4  Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 

 
2.9 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɦ ɩɨ 

ɜɨɞɧɨɫɬɢ ɝɨɞɭ 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɹɬ ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ Ƚɗɋ. Ʉɪɢɬɟɪɢɟɦ 
ɨɰɟɧɤɢ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɝɨɞɭ ɫɪɟɞɧɟɣ ɜɨɞɧɨɫɬɢ ɞɥɹ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ 
ɭɫɥɨɜɢɢ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ, ɧɟ ɦɟɧɶɲɢɯ ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɛɨɬɟ 
Ƚɗɋ ɜ ɪɚɫɱёɬɧɵɯ ɦɚɥɨɜɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɭɫɥɨɜɢɹ, ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɥɟɞɭɟɬ ɡɚɤɨɧɱɢɬɶ 
ɤɚɤ ɦɨɠɧɨ ɪɚɧɶɲɟ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɧɚɩɨɪɨɜ Ƚɗɋ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 



24 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɪɨɜɨɞɢɦ ɚɧɚɥɨɝɢɱɧɨ 
ɪɚɫɱёɬɚɦ, ɨɩɢɫɚɧɧɵɦ ɜ ɩɭɧɤɬɟ 2.6, ɜɫɟ ɪɚɫɱёɬɵ ɫɜɟɞɟɦ ɜ ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɬɚɛɥɢɰɚ 
Ȼ.7. 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɫɱɢɬɚɟɦ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ: 
 

 ∑ Э = ∑ N୧ ∙ ୲˚˃˔ˑ˅ ˅ ˏˈ˔.ଵ଴଴଴ଵଶ୧=ଵ = Ͷͳͳ ˏˎː. ˍʑ˕ ∙  ˚.                                          (2.25) 

 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɢ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɚɯ, ɤɨɬɨɪɵɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.5. 

 

 
Ɋɢɫɭɧɨɤ 2.5  Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɢ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɚɯ 
 

2.10 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 2.6, ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ. Ɍɚɤɠɟ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɧɟɡɚɦɟɧɢɦɨ ɩɪɢ ɜɵɛɨɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ Ƚɍɏ. 

Ɇɟɬɨɞɢɤɚ ɫɨɫɬɚɜɥɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɢɜɟɞɟɧɚ ɜ ɦɟɬɨɞɢɱɟɫɤɨɦ 
ɩɨɫɨɛɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10. 
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Ɍɚɛɥɢɰɚ 2.10 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ 

Qɧɛ, 
ɦ3/ɫ 

Zɧɛ 
(ɥɟɬɨ), 

ɦ 

Zɧɛ 
(ɡɢɦɚ), 

ɦ 

H 
ɇɉɍ, ɦ 

ɇ 
ɍɆɈ, ɦ 

۶۷
 

ZȼȻ,ɦ 
ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

0 160,00 160,00 39,70 27,08 34,49 35 422 29,10 507 

40 160,77 160,95 38,93 26,13 33,54 34 434 29 506 

80 161,44 161,74 38,26 25,34 32,75 33 447 28 497 

120 162,02 162,40 37,68 24,68 32,09 32 461 27 488 

160 162,52 162,95 37,18 24,13 31,54 31 476 26 479 

200 162,95 163,41 36,75 23,67 31,08 30 492 25 470 

240 163,32 163,80 36,38 23,28 30,69 29,10 507 24 460 

280 163,65 164,12 36,05 22,96 30,37 - - 23 451 

320 163,93 164,40 35,77 22,68 30,09 - - 22 441 

360 164,18 164,64 35,52 22,44 29,85 - - - - 

400 164,40 164,86 35,30 22,22 29,63 - - - - 

440 164,60 165,05 35,10 22,03 29,44 - - - - 

480 164,78 165,23 34,92 21,85 29,26 - - - - 

520 164,94 165,39 34,76 21,69 29,10 - - - - 

560 165,09 165,55 34,61 21,53 28,95 - - - - 

600 165,23 165,69 34,47 21,39 28,80 - - - - 

640 165,36 165,84 34,34 21,24 28,65 - - - - 

680 165,48 165,98 34,22 21,10 28,51 - - - - 

720 165,61 166,11 34,09 20,97 28,38 - - - - 

760 165,72 166,25 33,98 20,83 28,24 - - - - 

800 165,84 166,38 33,86 20,70 28,11 - - - - 
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Ɋɢɫɭɧɨɤ 2.6 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 

ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: H୫ୟ୶ = ͵ͺ,ͻ ɦ, H˓˃˔˚ =ʹͻ,ͳˏ, H୫୧୬ = ʹʹ,Ͳ ˏ. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 

3.1 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

3.1.1 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

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

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɨɫɧɨɜɵɜɚɹɫɶ 
ɧɚ ɩɨɥɭɱɟɧɧɨɦ ɢɡ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ. Ɇɨɞɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɩɨɞɯɨɞɹɳɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪɵ ɉɅ40ɚ-ȼ ɉɅ40ɛ-ȼ H˒˓ˈˇ, ˏ 40 40 H୫୧୬/H୫ୟ୶ 0,50 0,50 n୍ ˑ˒˕′ , ˑ˄/ˏ 125 123 Q୍ ˑ˒˕, ˎ/˔ 1020 1150 ηˏ ˑ˒˕ 0,913 0,904 Q୍ ୫ୟ୶′ , ˎ/˔ 1800 1700 σሺQ୍ ୫ୟ୶′ ሻ 0,65 0,65 D୍ ୫, ˏ 0,460 0,460 Hˏˑˇ, ˏ 4 4 tˏˑˇ, ℃ 10 20 

 
3.1.2 ȼɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

Ɂɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ 𝐷ଵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ 
ɪɚɫɱёɬɵ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: 

– ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 

η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − ɂሻ + ɂ√ୈభˏˑˇୈభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ ஝ː஝ˏˑˇఱ ), (3.1)  

 
ɝɞɟ ηˏ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; ɂ – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ. ɉɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɉɅ: ɂ = Ͳ,͹ͷ;  Dଵˏˑˇ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Hˏˑˇ – ɧaɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢaɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪaɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
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ɋː – ɤoɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦaɬɢɱɟɫɤɨɣ ɜɹɡɤoɫɬɢ ɜoɞɵ ɧɚɬɭɪɧoɣ ɬɭɪɛɢɧɵ. ȼ  
ɞaɧɧoɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦaɸɬ ɋː = Ͳ,͵ͺ · ͳͲ଺ ˏଶ/˔; ɋˏˑˇ – ɤoɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦaɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜoɞɵ ɦoɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 
ȼɵɛɢɪaɟɬɫɹ ɩo ɬaɛɥɢɰɟ 3.2 ɫ ɭɱɟɬoɦ ɬɟɦɩɟɪaɬɭɪɵ ɞɥɹ ɦoɞɟɥɢ (tˏˑˇ). 
 
Ɍɚɛɥɢɰɚ 3.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ  ܜ, ℃ 0 5 10 15 20 25 30 35 v · ͳͲ଺, ˏଶ/˔ 1,79 1,51 1,30 1,14 1,01 0,90 0,81 0,74 

 
– Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ: 
 N˃ˆ˓ = ͻ,ͺͳ · Q୍˓′ · Dଵଶ · H˓ · √H˓ · η˕ ∙ ηˆ, (3.2)  
 

ɝɞɟ Q୍˓′  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ; 
 η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
 ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. ɉɪɢɧɢɦɚɸɬ ηˆ = Ͳ,ͻ͹. 
– Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ: 
 Zɚɝɪ = ୒ɭɫɬ୒ɚɝɪ

, (3.3)  

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɭɡɥɚ ɜ ɤȼɬ; Nɚɝɪ – ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɤɪɭɝɥɟɧɢɟ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɰɟɥɨɝɨ 
ɱɢɫɥɚ (Z˃ˆ˓′ ), ɚ ɬɚɤɠɟ ɭɬɨɱɧɟɧɢɟ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ (N˃ˆ˓′ ), ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 3.4: 

 N˃ˆ˓′ = ୒˖˔˕Z˃ˆ˓′ , (3.4)  

 
– ɉɨɩɪɚɜɤɚ ɄɉȾ: 
 ∆ଵ= η˕ηɦ

, (3.5)  

 
ɝɞɟ η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηɦ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

– ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 n′ = ୬I ౦′ √∆భ·ୌ˓ୈభ , (3.6)  

 
ɝɞɟ n୍ ୮′  – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɪɚɫɱёɬɧɨɣ 
ɬɨɱɤɟ;  
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∆ଵ – ɩɨɩɪɚɜɤɚ ɧɚ ɄɉȾ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ. 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ. 
– ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ: 
 n୍ ୫ୟ୶′ = ୬˔ˋː˘′ ୈభ√∆భ·ୌౣi౤; (3.7)   

 n୍ ˓˃˔˚′ = ୬˔ˋː˘′ ୈభ√∆భ·ୌ˓˃˔˚; (3.8)  

 n୍ ୫୧୶′ = ୬˔ˋː˘′ ୈభ√∆భ·ୌౣ౗౮. (3.9)  

 
– ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
 Q′˓ · η˕ = ୒˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌభ˓,ఱ·ηˆ, (3.10)  

 
ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 

– ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ: 
 Q୫ୟ୶′ · η˕ = ୒˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌౣ౗౮భ,ఱ ·ηˆ, (3.11)  

 
ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ୫ୟ୶ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 

Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ 3.10 ɢ 3.11, ɨɩɪɟɞɟɥɟɧɚ ɩɨɞɛɨɪɨɦ ɩɨɥɨɠɟɧɢɹ 
ɬɨɱɟɤ ɧɚ ɥɢɧɢɹɯ n୍ ˓˃˔˚′  ɢ n୍ ୫୧୬′  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɹɬ ɞɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɜɟɧɫɬɜɚ ɦɟɠɞɭ ɥɟɜɨɣ ɢ 
ɩɪɚɜɨɣ ɱɚɫɬɶɸ ɭɪɚɜɧɟɧɢɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 
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Ɍɚɛɥɢɰɚ 3.3 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧ 
ɉɚɪɚɦɟɬɪ ɉɅ40ɚ-ȼ ɉɅ40ɛ-ȼ Dଵ, ɦ 4 4,5 5,6 4 4,5 5,3 η˕, ɨ.ɟ 0,933 0,934 0,936 0,938 0,938 0,939 N˃ˆ˓, ɤȼɬ 38108 48275 74886 36713 46506 64587 Z˃ˆ˓′ , ɲɬ 3,33 2,63 1,7 3,46 2,73 1,97 Z˃ˆ˓, ɲɬ 3 3 2 3 3 2 N˃ˆ˓′ , ɤȼɬ 42333 42333 63500 42333 42333 63500 ∆ଵ 1,06 1,06 1,06 1,05 1,05 1,05 n′, ɨɛ/ɦɢɧ 173,49 154,29 124,08 170,06 151,23 128,48 n˔ˋː˘′ , ɨɛ/ɦɢɧ 187,5 166,7 125 187,5 166,7 136,4 n୍ ୫ୟ୶′ , ɨɛ/ɦɢɧ 155 155 145 156 156 150 n୍ ˓˃˔˚′ , ɨɛ/ɦɢɧ 135 135 126 136 136 131 n୍ ୫୧୬′ , ɨɛ/ɦɢɧ 117 117 109 117 117 113 Q′˓ · η˕ 1,617 1,276 1,232 1,635 1,290 1,393 Q୫ୟ୶′ · η˕ 1,046 0,825 0,797 1,058 0,835 0,901 

 
Ⱦɚɧɧɵɟ ɬɭɪɛɢɧɵ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
– Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ; 
– Ɉɩɬɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɡɨɧɚ ɬɭɪɛɢɧɵ; 
– ɉɪɢɟɦɥɟɦɨɟ ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 
ɂɡ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɭɛɪɚɧɵ ȽɌ: ɉɅ40ɚ-ȼ ɫ Dଵ = Ͷ,Ͳ ˏ,  ɉɅ40ɛ-

ȼ ɫ Dଵ = Ͷ,Ͳ ˏ ɢ ɉɅ40ɛ-ȼ ɫ Dଵ = Ͷ,ͷ ˏ, ɬɚɤ ɤɚɤ ɥɢɧɢɢ  Q′˓ · η˕ ɢɥɢ Q୫ୟ୶′ · η˕ ɧɚɯɨɞɹɬɫɹ ɜɧɟ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.2 – ȼ.4. 
 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɟё ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ∇Z˓.ˍ. = Zː˄ሺQː˄ሻ + Hୗ, (3.12)  
 
ɝɞɟ Zː˄ሺQː˄ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. 

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ Hୗ ɨɩɪɟɞɟɥɟɧɨ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬɨ ɟɫɬɶ ɬɪɟɛɭɸɳɢɦɢ 
ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

– Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ H௠𝑎௫ 
ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 

– Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ H˓˃˔˚ ɢ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ; 
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– Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ H௠𝑖௡ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧɢɹ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 
 Hୱ = ͳͲ,͵͵ − Zː˄ሺ୕ː˄ሻଽ଴଴ − σH − ∆Hୱ + ∆Z˘.˒ˎ,   (3.13)  

 
ɝɞɟ ∆Hୱ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ σ ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ ɢ 
ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); σ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱёɬɧɵɯ ɬɨɱɟɤ; H – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zː˄ሺQː˄ሻ; ∆Z˘ ˒ˎ – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ 
ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ. Ⱦɥɹ ɉɅ ɬɭɪɛɢɧ ∆Z˘ ˒ˎ = Ͳ. 

Ɋɚɫɯɨɞ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ, ɩɨɥɭɱɚɸɬ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ ɩɨɞɨɛɢɹ, 
ɩɨɞɫɬɚɜɥɹɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ: 

 Q = Q′୍ ∙ Zୟ ∙ Dଵଶ ∙ √∆ଵ ∙ ʜ,   (3.14)  
 
ɝɞɟ Q′୍  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; Zୟ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. ɉɪɢɧɹɬɨ Zୟ = ͳ; H – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɩɨɪ. 

ɉɨ ɩɨɥɢɧɨɦɭ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ ɩɨɥɭɱɚɸɬ ɨɬɦɟɬɤɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. ȼɫɟ ɪɚɫɫɱɢɬɚɧɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4. 
 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Hୱ 

ȽɌ ɉɅ40ɚ-ȼ ɉɅ40ɛ-ȼ 𝐷ଵ, ɦ 4,5 5,6 5,3 𝑄ሺʜ௠𝑎௫ሻ′ , ɦ3/ɫ 0,91 0,88 1,00 𝑄ሺ𝐻˓˃˔˚ሻ′ , ɦ3/ɫ 1,4 1,36 1,55 𝑄ሺ𝐻௠𝑖௡ሻ′ , ɦ3/ɫ 1,29 1,22 1,46 𝑄ሺʜ௠𝑎௫ሻ, ɦ3/ɫ 118 177 180 𝑄ሺʜ˓˃˔˚ሻ, ɦ3/ɫ 158 237 241 𝑄ሺʜ௠𝑖௡ሻ, ɦ3/ɫ 126 185 197 ܼ௠𝑎௫ 162,00 162,71 162,74 ܼ˓˃˔˚ 162,49 163,30 163,33 ܼ௠𝑖௡ 162,10 162,79 162,92 𝐻௦ ௠𝑎௫, ɦ -0,63 0,54 -0,63 𝐻௦ ˓˃˔˚, ɦ -5,65 -4,78 -6,52 𝐻௦ ௠𝑖௡, ɦ -1,36 -0,70 -2,90 

 
Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɞɥɹ ɤɚɠɞɨɣ 

ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɜ ɬɚɛɥɢɰɟ 3.5. 
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Ɍɚɛɥɢɰɚ 3.5 – Ɉɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ 
ɨɬɫɚɫɵɜɚɧɢɹ 

ȽɌ ɉɅ40ɚ-ȼ ɉɅ40ɛ-ȼ 𝐷ଵ 4,5 5,6 5,3 ∇ܼʟʙሺʜ୫ୟ୶ሻ 161,37 163,25 162,11 ∇ܼʟʙሺʜ୮ሻ 156,84 158,52 156,81 ∇ܼʟʙሺʜ୫୧୬ሻ 160,74 162,09 160,02 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟ ɩɪɨɜɟɞёɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɵɛɪɚɧɧɵɯ ɞɢɚɦɟɬɪɨɜ 

ɪɚɛɨɱɢɯ ɤɨɥёɫ, ɨɩɪɟɞɟɥɟɧ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ – ɬɭɪɛɢɧɚ ɉɅ40ɚ-ȼ-
450. Ⱦɚɧɧɚɹ ɬɭɪɛɢɧɚ ɜɵɛɪɚɧɚ ɩɨɬɨɦɭ, ɱɬɨ ɜ ɨɬɥɢɱɢɢ ɨɬ ɞɪɭɝɢɯ, ɧɚ ɧɟё ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɣ ȽȽ, ɨɧɚ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɢɟ 
ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɛɨɥɶɲɭɸ ɫɢɧɯɪɨɧɧɭɸ ɱɚɫɬɨɬɭ, ɚ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɟ 
ɱɢɫɥɨ ɩɨɥɸɫɨɜ, ɚ ɬɚɤɠɟ 3 ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɱɬɨ ɥɭɱɲɟ ɜ ɩɥɚɧɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ 2 ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ. Ⱦɚɧɧɨɣ ɬɭɪɛɢɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɦɟɬɤɚ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ∇ܼʟʙ = 156,84 ɦ. 

Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ-450 ɩɪɢɜɟɞɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, 
ɪɢɫɭɧɨɤ ȼ.1. 

 
3.3 Ɋɚɫɱёɬ ɢ ɩɨɫɬɪɨɟɧɢɟ ɩɥɚɧɚ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɫ 

ɩɥɨɫɤɢɦ ɩɨɬɨɥɤɨɦ ɢ ɧɟɩɨɥɧɵɦ ɭɝɥɨɦ ɨɯɜɚɬɚ 

ɐɟɥɶɸ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɟё ɪɚɞɢɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɢ ɮɨɪɦɵ ɫɩɢɪɚɥɢ ɜ ɩɥɚɧɟ. Ɏɨɪɦɚ 
ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ – ɫ ɩɥɨɫɤɢɦ ɩɨɬɨɥɤɨɦ ɢ ɫ ɭɝɥɨɦ ɀ = ͳͷ°.  

ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.5, ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ: 

ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ  φ˔˒ = ʹͳͲ°. 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 r˅˘ = ͳ,͹ͺͻ ∙ Dଵ = ͳ,͹ͺͻ ∙ Ͷ,ͷ = ͺ,Ͳͷ ˏ. (3.15) 

 
Ɉɩɪɟɞɟɥɟɧɵ: ɞɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ Dː˃˓ =Dୟ = ͹,ͲͲ ˏ ɢ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ D˅ː = Dୠ = ͸,ͳͲ ɦ.  
Ɋɚɞɢɭɫɵ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ: 
 rୟ = ୈ౗ଶ = ଻,଴଴ଶ = ͵,ͷͲ ˏ, (3.16)  

 rୠ = ୈౘଶ = ଺,ଵ଴ଶ = ͵,Ͳͷ ˏ. (3.17)  

 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
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B˔˕ = b଴ + Ͳ,ͲͲ͵͵ ∙ Dଵ = ͳ,ͺͲ + Ͳ,ͲͲ͵͵ ∙ Ͷ,ͷ = ͳ,ͺͳ ˏ, (3.18) 
 
ɝɞɟ b଴ – ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 3.19. 
 

 b଴ = Ͳ,Ͷ ∙ Dଵ = Ͳ,Ͷ ∙ Ͷ,ͷ = ͳ,ͺͲ ˏ. (3.19)  
 

Ⱦɨɩɭɫɬɢɦɚɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɪɢɫɭɧɤɭ 3.1 ɢ ɪɚɜɧɚ v˅˘ = Ͷ,ͷͷ ˏ/˔. 
 

 
Ɋɢɫɭɧɨɤ 3.1 – Ⱦɨɩɭɫɬɢɦɵɟ ɫɤɨɪɨɫɬɢ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɞɥɹ ɛɟɬɨɧɧɵɯ 

ɫɩɢɪɚɥɶɧɵɯ ɤɚɦɟɪ 
 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɨɪɚ ɢ 
ɦɨɳɧɨɫɬɢ: 

 Q଴ = ୒ଽ,଼ଵ∙ୌ˓∙η˕ = ସଶଷଷଷଽ,଼ଵ∙ଶଽ,ଵ∙଴,ଽଵଷ = ͳ͸ʹ ɦ3/ɫ.                                                (3.20) 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 Q୧ = ୕బ∙φଷ଺଴ = ଵ଺ଶ∙ଶଵ଴ଷ଺଴ = ͻͷ ɦ3/ɫ.                                                                   (3.21) 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
 F˅˘ = ୕i୴˅˘ = ଽହସ,ହହ = ʹͲ,ͺʹ ˏଶ. (3.22) 

 
ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ: 
 F˅˘ = b଴ሺrୟ − rୠሻ + ሺr˅˘ − rୟሻb˅˘ − ሺୠ˅˘−ୠ౥ሻమଶ ∙ tanͳͷ°, (3.23) 

 
ɝɞɟ b˅˘ଵ = −Ͷʹ,͸ͳ ˏ;  b˅˘ଶ = Ͷ,͸͵.  

ɂɡ 2 ɤɨɪɧɟɣ ɩɨɞɯɨɞɹɳɢɣ: b˅˘ଶ = Ͷ,͸͵. 
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 a˅˘ = r˅˘ − rୟ = ͺ,Ͳͷ − ͵,ͷ = Ͷ,ͷͷ ˏ. (3.24) 
 

Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ. a୧ = r୧ − rୟ = ͺ,Ͳͷ − ͵,ͷͲ = Ͷ,ͷͷ. (3.25) 
 m୧ = kଶ ∙ a୧ = Ͳ,͸ʹ ∙ Ͷ,ͷͷ = ʹ,ͺʹ. (3.26) 
 kଶ = ሺb˅˘ − B˔˕ሻ/a˅˘ =  ሺͶ,͸͵ − ͳ,ͺͳሻ/Ͷ,ͷͷ = Ͳ,͸ʹ. (3.27) 
 b୧ = m୧ + b଴ = ͵,ͺʹ + ͳ,ͺͲ = Ͷ,͸ʹ. (3.28) 
 

ɂɧɬɟɝɪɚɥ ɞɥɹ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 J୧ = b଴ ∙ ln ୰౗୰ౘ + b୧ ∙ ln ୰i୰౗ − r୩ ∙ ctg ɀ ∙ ln ୰ౡ୰౗ + m୧.  (3.29) 

 J୧ = ͳ,ͺͲ ∙ ln ଷ,ହଷ,଴ହ + Ͷ,͸ʹ ∙ ln ଼,଴ହଷ,ହ − Ͷ,ʹͷ ∙ ctg ͳͷ ∙ ln ସ,ଶହଷ,ହ + ʹ,ͺʹ = ͵,ͺͳ. 

 
ȼɟɥɢɱɢɧɚ ɭɝɥɚ ɫɩɢɪɚɥɢ ɢ ɪɚɫɯɨɞɚ ɞɥɹ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɜɧɵ: 
 φ୧ = ଶଵ଴୎˅˘ ∙ J୧ = ଶଵ଴ଷ,଼ଵ ∙ ͵,ͺͳ = ʹͳͲ°.         (3.30) 

 
Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ φ୧ ɨɬ r୧ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 

 
Ɋɢɫɭɧɨɤ 3.2 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ φ୧ ɨɬ r୧ 
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Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɨɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, 
ɬɚɛɥɢɰɚ ȼ.1. 

ɉɥɚɧ ɫɩɢɪɚɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.3, ɩɨɫɬɪɨɟɧ ɩɨ ɬɚɛɥɢɰɟ 3.6. 
Ɂɧɚɱɟɧɢɹ ɞɥɹ ɬɚɛɥɢɰɵ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɪɚɡɛɢɟɧɢɹ ɭɝɥɚ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ 
ɱɚɫɬɢ ɤɚɦɟɪɵ ɧɚ ɢɧɬɟɪɜɚɥɵ ɫ ∆φ˔˒ = ͳͷ°. 

Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɡɛɢɟɧɢɟ ɭɝɥɚ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 𝛗˔˒ 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 

r 4 4,2 4,4 4,6 4,9 5,2 5,5 5,9 6,2 6,6 6,9 7,2 7,5 7,8 8 

 

 
Ɋɢɫɭɧɨɤ 3.3 – ɉɥɚɧ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

 
3.4 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

ɉɨɞɛɨɪ ɝɟɧɟɪɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ 
ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɍɚɤ ɤɚɤ ɞɨɩɭɫɤɚɟɬɫɹ ɨɬɥɢɱɢɟ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɨɳɧɨɫɬɢ 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɚ ±10%, ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-733/130-36, ɞɚɧɧɵɟ 
ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7. Ⱦɚɧɧɵɣ ȽȽ ɦɨɠɟɬ ɜɵɞɚɜɚɬɶ ʟːˑˏ = ͶͲ ʛʑ˕, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ: 

 N˖˔˕ = zୟ′ ∙ Pː ˑˏ = ͵ ∙ ͶͲ = ͳʹͲ ʛʑ˕, (3.31)  
 
ɝɞɟ zୟ′  – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɬɚɧɰɢɢ; Pː ˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 
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Ɍɚɛɥɢɰɚ 3.7 – Ⱦɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
Ɍɢɩ ɋȼ-733/130-36 Sːˑˏ, ʛʑʏ 45,6 Pː ˑˏ, ʛʑ˕ 40 cos φ 0,9 Uːˑˏ, ˍʑ 10,5 nːˑˏ, ˑ˄/ˏˋː 166,7 ʙʞʓ, % 97,4 

Ɇɚɫɫɚ ɨɛɳɚɹ, ɬ 450 
Ⱦɢɚɦɟɬɪ ɫɬɚɬɨɪɚ, ɦɦ 8600 

ȼɵɫɨɬɚ, ɦɦ 9400 
ɂɫɩɨɥɧɟɧɢɟ ɉɨɞɜɟɫɧɨɟ 

 
3.5 Ɋɚɫɱɟɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

3.5.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 

ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɟɧ ɫ 
ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
 D∗˅ ൒ (ͷ,ͳ ∙ ୑ˍ˓[τˇˑ˒])଴,ଷଷ = ቀͷ,ͳ ∙ ଶ,ସ଻ଷ଴ ቁ଴,ଷଷ = Ͳ,͹ͷͳ ɦ.                                   (3.32)  

 
ɝɞɟ [τˇˑ˒] = ͵Ͳ ÷ ͵ͷ ʛ˒˃. ɉɪɢɧɹɬɨ τˇˑ˒ = ͵Ͳ ʛ˒˃; 

 Mˍ˓ – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 3.33. 
 Mˍ˓ = ଴,଴଴ଽ଻ସ·୒˃ˆ˓′୬ౙ = ଴,଴଴ଽ଻ସ·ସଶଷଷଷଵ଺଺,଻ = ʹ,Ͷ͹ ʛʞ˃. (3.33)  

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɟɧɨ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ D˅ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ D ൒ ͳͲͲͲ ɦɦ), D˅ = ͹ͷͲ ˏˏ. 
 

3.5.2 Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 

ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 
ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. ȼ Ʉɉ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɞɲɢɩɧɢɤ ɧɚ ɜɨɞɹɧɨɣ ɫɦɚɡɤɟ. 

Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 R˓˃ˇ = Ͳ,ͺ ∙ ቀ ୒˃ˆ˓′୬ౙ∙ୈభቁ = Ͳ,ͺ ∙ ସଶଷଷଷଵ଺଺,଻∙ସ,ହ = Ͷͷ,ͳͷ ˍʜ. (3.34)  
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Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ d୬ ɩɪɢɧɹɬ 0,765 ɦ 
(ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ D˅). 

ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɞɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
 p˖ˇ = ୖ˓˃ˇୢ˒୦˒ = ସହ,ଵହ଴,଻଺ହ∙଴,ଷ = ͳͻ͹ ˍʞ˃ ൑ [p˖ˇ] = ʹͻU = ͵ͺ͹ ˍʞ˃. (3.35)  

 
ɝɞɟ h˒ – ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ. ɉɪɢɧɹɬɨ 300 ɦɦ ɩɪɢ D˅ = ͷͲͲ ÷ ͺͲͲ ˏˏ.  
 U = Ɏ ∙ n˔ˋː˘ ∙ ୢ˒ଷ଴ = ͵,ͳͶ ∙ ͳ͸͸,͹ ∙ ଴,଻଺ହଷ଴ = ͳ͵,͵ͷ ˏ/˔ˈˍ.  (3.37)  

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱёɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ hɩ = ͵ͲͲ ɦɦ ɢ ɱɢɫɥɨ ɫɟɝɦɟɧɬɨɜ Zɫɟɝɦ = ͺ. 
ɍɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 Rଵ = ୖ˓˃ˇଵ+ଶ∙ୡ୭ୱ α+ଶ∙ୡ୭ୱሺଶαሻ = ସହ,ଵହଵ+ଶ∙ୡ୭ୱ ସହ°+ଶ·ୡ୭ୱ ଽ଴° = ͳͻ ˍʜ. (3.38)  

 

ɝɞɟ  Ƚ = ଷ଺଴°Zɫɟɝɦ
= ଷ଺଴°଼ = Ͷͷ°.                                                                               (3.39)  

 
ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
 p˖ˇ = ୖభ୪˔ˈˆˏ∙୦౤ = ͳͻͲ,ʹ͹∙Ͳ,͵ = ʹ͵ͳ ɤɉɚ ൑ [p˖ˇ] = ͷͲ ∙ U = ͸͸ͺ ɤɉɚ, (3.40)  

 
ɝɞɟ l˔ˈˆˏ – ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 
3.41. 

 

 l˔ˈˆˏ = ሺͲ,ͺͷ − Ͳ,ͻͲሻɎ ∙ ୢ˒Z˔ˈˆˏ = Ͳ,ͻ ∙ ͵,ͳͶ ∙ Ͳ,͹͸ͷͺ = Ͳ,ʹ͹ ˏ, (3.41)  

 
Ⱦɥɹ ɩɪɨɟɤɬɚ ɩɪɢɧɹɬ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ, ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɣ ɫɟɛɹ ɧɚ 

ɩɪɚɤɬɢɤɟ ɤɚɤ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ. 
 

3.5.3 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 

Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ ɜ 
ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ . 

ɉɨ ɦɨɧɨɝɪɚɦɦɟ ɩɨɞɨɛɪɚɧ ɫɥɟɞɭɸɳɢɣ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ H୫ୟ୶ = ͵ͺ,ͻ ɢ Dଵ = Ͷ,ͷ ɦ: Ɇɇɍ 63/1-40-8-2. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
– Ɇɇɍ – ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ; 
– 63 – ɨɛɴёɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ; 
– 1 – ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɭɞɨɜ; 
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– 40 – ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ˍˆ˔/˔ˏଶ; 
– 8 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ˏଷ; 
– 2 – ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 

 
3.5.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

Ⱦɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɜɵɛɪɚɧ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 
ɪɟɝɭɥɹɬɨɪ ɫ ɤɨɦɛɢɧɚɬɨɪɨɦ: ɗȽɊɄ-2ɂ1-100-4. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
– ɗȽɊɄ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɫ ɤɨɦɛɢɧɚɬɨɪɨɦ; 
– 2ɂ1 – ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ; 
– 100 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ; 
– 4 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ƚɗɋ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ, ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɷɬɚɩɨɜ ɹɜɥɹɟɬɫɹ 
ɜɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɬ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ ɡɚɜɢɫɢɬ 
ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ ɝɢɛɤɨɫɬɶ 
(ɬ.ɟ. ɩɪɢɫɩɨɫɨɛɥɹɟɦɨɫɬɶ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ) ɢ ɭɞɨɛɫɬɜɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ. 
Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ 2 ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ: ɫ ɨɞɢɧɨɱɧɵɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɚɦɢ. ɋɯɟɦɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱёɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ 
ɧɚɞɟɠɧɨɫɬɢ ɜ ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ. 
 

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 

4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 

ȼɵɛɨɪ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ (ȽȽ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ 

Ȼɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-733/130-36, ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ȽȽ ɋȼ-733/130-36 

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

45,6 40 10,5 0,9 37 33 115 

 
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, ɬɨ ɟɫɬɶ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 S˓˃˔˚ = ୔ˆ−୔˔ːୡ୭ୱφ = ସ଴−ଵ,ଶ଴,ଽ = Ͷ͵,ͳ ʛʑ ∙ ʏ. (4.1) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɇ-63000/220-ɍ1, 

ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 
 

Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ-63000/220-ɍ1 ܁ːˑˏ, ɆȼȺ 
 ːː, ɤȼ܃ ː, ɤȼ˅܃ ɤȼɬ 𝚫𝐏ˍ, ɤȼɬ ,ܠ𝚫𝐏 % ,ܠܠ۷ % ,ˊˍ܃ ɤȼ ,܃

63 230 10,5 11,5 0,4 62 260 
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ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫ୟ୶ =ͶͲͲͲ ɢ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 τ = ቀͲ,ͳʹͶ + ʡౣ౗౮ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚. (4.2) 

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

 
ɝɞɟ Ɋ = ͳ − ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ɜ ɝɨɞ, 1/ɝɨɞ;  T˒ ˎ = ͵Ͳ − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ, ɱɚɫ.; ω – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ (0,025 ɢ 0,05 ɞɥɹ 
ɨɞɢɧɨɱɧɨɝɨ ɢ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ);  T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = n˕ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ͳ ⋅ Ͳ,Ͳ͸ʹ ⋅ ͺ͹ʹͻ = ͷͶͳ,ʹ ʛʑ˕ ∙ ˚. (4.4) 

 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˒ = ∆୔ˍ୬˕ ∙ ቀୗ˓˃˔˚ୗːˑˏቁଶ ∙ τ = ଴,ଶ଺ଵ ∙ ቀସଷ,ଵ଺ଷ ቁଶ ∙ ʹͶͲͷ = ʹͻʹ,͸͸ ʛʑ˕ ∙ ˚. (4.5) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ = ɀଵ ∙ ∆W୶୶ + ɀଶ ∙ ∆Wː = Ͳ,ͺͺ ∙ ͳͲ−ଶ ∙ ͷͶͳ,ʹ + ͳ,͵͵ ∙ ͳͲ−ଶ ∙ ʹͻʹ,͸͸ =  = ͺ,͸͸ ˕ы˔. ˓˖˄.   (4.6) 

 
ɝɞɟ ɀଵ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ  ȿɗɋ Ɋɨɫɫɢɢ, ɪɚɜɧɵɣ Ͳ,ͺͺ ∙ͳͲ−ଶ  ˕ы˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ; ɀଶ = ͳ,͵͵ ∙ ͳͲ−ଶ ˕ы˔. ˓˖˄./ሺʛʑ˕ ∙ ˚˃˔ሻ.  

Ⱦɥɹ 3 ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ʗଵ = ʗ ∙ ͵ = ͺ,͸͸ ∙ ͵ = ʹͷ,ͻͺ ˕ы˔. ˓˖˄./ˆˑˇ. (4.7) 

 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɭɤɪɭɩɧɟɧɧɵɦ 

ɛɥɨɤɨɦ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɜ 
ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɹ, ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɟ ɨɬ ɝɟɧɟɪɚɬɨɪɚ, ɬɨ ɟɫɬɶ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
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S˓˃˔˚ = ʹ ∙ ୔ˆ−୔˔ːୡ୭ୱφ = ʹ ∙ ସ଴−ଵ,ଶ଴,ଽ = ͺ͸,ʹ ʛʑ ∙ ʏ. (4.8) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɊȾɐ-125000/220-ɍ1, 

ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
 

Ɍɚɛɥɢɰɚ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ܁ːˑˏ, ɆȼȺ 
 ːː, ɤȼ܃ ː, ɤȼ˅܃ ɤȼɬ 𝚫𝐏ˍ, ɤȼɬ ,ܠ𝚫𝐏 % ,ܠܠ۷ % ,ˊˍ܃ ɤȼ ,܃

125 242 10,5 11 0,55 90 380 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ⋅ T˒ ˎ − ω ∙ T˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳͷ ∙ ͸Ͳ = ͺ͹ʹ͹ ˚.    (4.9) 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = n˕ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ʹ ⋅ Ͳ,Ͳͻ ⋅ ͺ͹ʹ͹ = ͳͷ͹Ͳ,ͺ͸ ʛʑ˕ ∙ ˚.                 (4.10) 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wː = ∆୔ˍ୬˕ ∙ ቀୗ˓˃˔˚ୗːˑˏ ቁଶ ∙ τ = ଴,ଷ଼ଶ ∙ ቀ଼଺,ଶ ଵଶହ ቁଶ ∙ ʹͶͲͷ = ʹͳ͹,͵ ʛʑ˕ ∙ ˚.              (4.11) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ = ɀଵ ∙ ∆W୶୶ + ɀଶ ∙ ∆Wː = Ͳ,ͺͺ ∙ ͳͲ−ଶ ∙ ͳͷ͹Ͳ,ͺ͸ + ͳ,͵͵ ∙ ͳͲ−ଶ ∙ ʹͳ͹,͵ === ͳ͸,͹  ˕ы˔. ˓˖˄./ˆˑˇ.                                                                                           (4.12) 
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (1 ɨɞɢɧɨɱɧɵɣ ɢ 1 ɭɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤ): 
 ʗଶ = ͳ͸,͹ + ͺ,͸͸ = ʹͷ,͵͸ ˕ы˔. ˓˖˄./ˆˑˇ.                                                (4.13) 
 
4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜ ɤɨɥɢɱɟɫɬɜɟ 3 ɲɬɭɤ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɨɞɢɧ Ɍɋɇ 
ɞɨɥɠɟɧ ɩɨɤɪɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɣ ɫɬɚɧɰɢɢ. 

 S˓˃˔˚ = ୔˔ːୡ୭ୱφ = ଵ,ଶ଴,ଽ = ͳ,͵͵ ʛʑ ∙ ʏ. (4.14) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɌɊɈ, ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ Ɍɋ-2500/10,5, ɢɫɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
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Ɍɚɛɥɢɰɚ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ܁ːˑˏ, ɆȼȺ 
 ɤȼɬ 𝚫𝐏ˍ, ɤȼɬ ,ܠ𝚫𝐏 % ,ˊˍ܃ ɤȼ ,܃

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

2,5 10,5 6,3 2,5 70 235 24,3 

 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 SΣ = nˆ ∙ ቀ୔ʒ−୔˔ːୡ୭ୱφˆ ቁ = ͵ ∙ ቀସ଴−ଵ,ଶ଴,ଽ ቁ = ͳʹͻ,͵ ʛʑ ∙ ʏ.                                     (4.15) 

 
ɇɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ 1 ɰɟɩɢ 220 ɤȼ, Pː ˃˕ = ͳ͵ͷ Ɇȼɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosφୡ = Ͳ,ͻ. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 n = ୗΣሺ୩∙୔ː˃˕ሻ/ୡ୭ୱφౙ + ͳ = ଵଶଽ,ଷሺଵ,ଶ∙ଵଷହሻ/଴,ଽ + ͳ = ͳ,͹ʹ = ʹ, (4.16) 

 
ɝɞɟ k − ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ, k = 1. 

ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ nˎ = ʹ. 
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 

 I˓˃˄ = ୗΣ୬ˎ∙√ଷ∙୙ːˑˏ = ଵଶଽ,ଷ∙ଵ଴యଶ∙√ଷ∙ଶଶ଴ = ͳ͹Ͳ ʏ. (4.17) 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
 I˓˃˔˚ = Ƚʡ ∙ Ƚ୧ ∙ I˓˃˄ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ ͳ͹Ͳ = ͳ͹ͻ ʏ, (4.18) 

 
ɝɞɟ Ƚ୧ = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ; 
       Ƚ୲ = ͳ,ͲͲ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ-240/48. Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ 
ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ Iˇˑ˒ =  ͸ͳͲ ʏ. 

ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɚ: 
 I˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵଶଽ,ଷሺଶ−ଵሻ∙√ଷ∙ଶଶ଴ = ͵͵ͻ ʏ. (4.19) 

 I˒.˃˅ < Iˇˑ˒, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ Ⱥɋ-240/48 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
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Ɍɚɛɥɢɰɚ 4.4 – Ⱦɚɧɧɵɟ ɩɪɨɜɨɞɚ Ⱥɋ-240/48 
ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ ܀૙ 𝐗૙ 𝐁૙ 

ɲɬ. Ɉɦ/ɤɦ Ɉɦ/ɤɦ 10-6 ɋɦ/ɤɦ 
1 0,118 0,435 2,604 

 
4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɪɚɫɱɟɬɚ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 K = n ∙ Kʡ + m ∙ Kʡʠʜ + t ∙ KʙʟʢЭ = ͸ ∙ ͵ͲͲ + ͸ ∙ ͳͲ + ͻ ∙ ͳͲ =  = ͳͻͷͲ ˏˎː. ˓˖˄., (4.20) 

 
ɝɞɟ Kʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (105,3 ɦɥɧ. ɪɭɛ. – ɩɨ ɫɯɟɦɟ ɫ 
ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ; 180,6 ɦɥɧ. ɪɭɛ. – ɩɨ ɫɯɟɦɟ ɫ ɭɤɪɭɩɧёɧɧɵɦ ɛɥɨɤɨɦ.);  

 Kʡʠʜ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (7,4 ɦɥɧ ɪɭɛ); 
 KʙʟʢЭ – ɫɬɨɢɦɨɫɬɶ ɄɊɍɗ (103,2 ɦɥɧ ɪɭɛ);  
 n – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
 m – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
 t − ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɨɪɨɦ Ɋɍ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ:  
 Kଵ = ͵ ∙ ͳͲͷ,͵ + ͵ ∙ ͹,Ͷ + ͷ ∙ ͳͲ͵,ʹ = ͺͷͶ,ͳ ˏˎː. ˓˖˄.  (4.21) 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙଶ = ͳͲͷ,͵ + ͳͺͲ,͸ + ͵ · ͹,Ͷ + Ͷ ∙ ͳͲ͵,ʹ = ͹ʹͲ,ͻ ˏˎː. ˓˖˄.  (4.22) 

 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɢɰɚ ɩɨɥɧɵɯ 

ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 ʖ୧ = ʔː ∙ ʙ୧ + ʗ୧,   (4.23) 

 
ɝɞɟ ʔː =  Ͳ,ͳͷ − ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; 

 ʙ୧ − ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ; 
 ʗ୧ − ɢɡɞɟɪɠɤɢ. 

ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
 ʖଵ = ʔː ∙ ʙ୧ + ʗ୧ = Ͳ,ͳͷ ∙ Ͳ,ͺͷ + ʹͷ,ͻͺ · ͳͲ−଺ ≈ Ͳ,ͳʹͺ ˏˎ˓ˇ. ˓˖˄. (4.24) 

  
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ: 
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ʖଶ = ʔː ∙ ʙ୧ + ʗ୧ = Ͳ,ͳͷ ∙ Ͳ,͹ʹ + ʹͷ,͵͸ · ͳͲ−଺ ≈ Ͳ,ͳͲͺ ˏˎ˓ˇ. ˓˖˄.      (4.25) 
  

Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ:  
 ʟ = ʖభ−ʖమʖభ ∙ ͳͲͲ% = ଴,ଵଶ଼−଴,ଵ଴଼଴,ଵଶ଼ ∙ ͳͲͲ% = ͳͷ,͸͵%,                                  (4.26) 

    
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɧɚ ɭɫɬɚɧɨɜɤɭ ɨɞɢɧɨɱɧɨɝɨ ɢ ɭɤɪɭɩɧɟɧɧɨɝɨ 

ɛɥɨɤɨɜ ɫɨɫɬɚɜɥɹɟɬ 200 ɦɥɧ. ɪɭɛ. ɇɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɭɸ ɞɨɪɨɝɨɜɢɡɧɭ 
ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɤɪɭɩɧɟɧɧɵɦ, ɤ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɭɞɟɬ ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ, ɬɚɤ ɤɚɤ ɨɧɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɫɬɚɧɰɢɢ, ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ, ɚ ɪɚɡɧɨɫɬɶ ɜ 
ɡɚɬɪɚɬɚɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɚɤɢɯ ɦɚɫɲɬɚɛɨɜ ɧɟ ɬɚɤ ɜɟɥɢɤɚ ɢ 
ɨɩɪɚɜɞɚɧɚ ɧɚɞɟɠɧɨɫɬɶɸ. 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ-220 ɤȼ:  
– 3 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ;  
– 2 ȼɅɗɉ. 
ɂɬɨɝɨɜɨɟ ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɜɧɨ 5. ɉɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ Ɋɍ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ ɞɜɭɦɹ 
ɪɚɛɨɱɢɦɢ ɫɢɫɬɟɦɚɦɢ ɫɛɨɪɧɵɯ ɲɢɧ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1 

 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ȼɇ 
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4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ 
ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɉȼɄ RastrWin 

4.6.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ 
ɟɞɢɧɢɰɚɯ.  

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
 xˆ = x ′ୢ′ ∙ ୙ːˑˏమୗːˑˏ = Ͳ,͵͵ ∙ ଵ଴,ହమସହ,଺  = Ͳ,͹ͻͺ ʝˏ, (4.27) 

 
ɝɞɟ x ′ୢ′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; Sːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; Uːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

 rˆ = ˘ˆω∙ʡ˃,ˆ = ଴,଻ଽ଼ଷଵସ∙଴,଴ସହ = Ͳ,Ͳͷ͹ ʝˏ,                                                             (4.28) 

 
ɝɞɟ ω – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; T˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 
0,045 ɫ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 x˕ = ୳ˍˊ%ଵ଴଴ ∙ ୙ʑʜమୗːˑˏ = ଵଵ,ହଵ଴଴ ∙ ଶଷ଴మ଺ଷ = ͻ͸,ͷ͸ ʝˏ,                                                   (4.29) 

 
ɝɞɟ uˍˊ% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; Uʑʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 r˕ = ∆P̱ ∙ ୙ʑʜమୗːˑˏమ = Ͳ,ʹ͸ ∙ ଶଷ଴మ଺ଷమ = ͵,Ͷ͹ ʝˏ,                                                     (4.30) 

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

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 220 ɤȼ: 
 x˅ˎ = xˑ,˖ˇ ∙ l = Ͳ,Ͷ͵ͷ ∙ ͳͲͲ = Ͷ͵,ͷ ʝˏ,                                                   (4.31) 
 

ɝɞɟ xˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; 
 l – ɞɥɢɧɚ ȼɅ; 
 n  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. 

 r˅ˎ = rˑ,˖ˇ ∙ l = Ͳ,ͳͳͺ ∙ ͳͲͲ = ͳͳ,ͺ ʝˏ,                                                    (4.32) 
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ɝɞɟ rˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
 x˔ = ୙˄భమୗˍ.ˊ = ଶଷ଴మଶହ଴ = ʹͳͳ,͸Ͳ ʝˏ,                                                                    (4.33) 

 
ɝɞɟ U˄ଵ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; Sˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ; 
 r˔ = ୶ʠ୘˃,ʠ∙ω = ଶଵଵ,଺଴଴,଴ଷହ∙ଷଵସ = ͳͻ,ʹͷ ʝˏ;                                                             (4.34) 

 
ɝɞɟ T˃ ,ʠ = Ͳ,Ͳ͵ͷ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 0,035 ɫ. 

ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: Eˆ = E∗′′ ∙ U˄ଶ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ˍʑ,                                                  (4.35) 

ɝɞɟ U˄ଶ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; E∗′′– ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ. 
ɗȾɋ ɫɢɫɬɟɦɵ: 
 E˔ = E∗˔′′ ∙ U˄ଵ = ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ,                                                           (4.36) 
   

ɝɞɟ E∗˔′′  – ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ʙଵ = ୙ʜʜ୙ʑʜ = ଵ଴,ହଶଷ଴ = Ͳ,ͲͶ͸.                                                                            (4.37) 

 
4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 

ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ ɉȼɄ 
RastrWin  

ɇɚ ɪɢɫɭɧɤɟ 4.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ. ɇɚ ɪɢɫɭɧɤɟ 4.3 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ. ɇɚ ɪɢɫɭɧɤɟ 4.4 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ.  
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Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.5, 4.6, 4.7 ɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.5. 
 

 
Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 

 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 
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Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ 
ɄɁ Ɍɢɩ ɌɄɁ ۷˒.ˑ, ˍʏ ʙ˖ˇ ܑ˖ 

1ɮ ɄɊɍɗ 220 ɤȼ 7,7 1,72 18,73 

3ɮ ɄɊɍɗ 220 ɤȼ 5,15 1,72 12,53 

3ɮ ȼɵɜɨɞɚ ɝɟɧɟɪɚɬɨɪɨɜ 10,5 ɤȼ 8,62 1,94 23,65 

 IʙʟʢЭሺଵሻ = ͳͺ,͹͵ ˍʏ > IʙʟʢЭሺଷሻ = ͳʹ,ͷ͵ ˍʏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ ɹɜɥɹɟɬɫɹ ɪɚɫɱёɬɧɨɣ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ.  

4.6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 

ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ – 
ɜɚɠɧɟɣɲɢɣ ɷɬɚɩ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɨɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɨɬ ɤɨɬɨɪɨɝɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɧɚɞёɠɧɨɫɬɶ ɟё ɪɚɛɨɬɵ. 

ɉɪɢ ɜɵɛɨɪɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

1. Ⱦɥɢɬɟɥɶɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ; 

2. ɉɪɨɬɢɜɨɫɬɨɹɧɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɢ ɬɟɩɥɨɜɵɦ 
ɞɟɣɫɬɜɢɹɦ ɬɨɤɨɜ ɄɁ; 

3. ȼɵɞɟɪɠɢɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɬɪɟɛɨɜɚɧɢɹɦ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɩɪɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5 % 
ɧɚɩɪɹɠɟɧɢɢ: 

 Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ ୔ˆ,ːˑˏ√ଷ∙ୡ୭ୱφ∙୙ː,ˆ = ͳ,Ͳͷ ∙ ସ଴√ଷ∙଴,ଽ∙ଵ଴,ହ = ʹ,ͷ͸ ˍʏ. (4.38) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫ୟ୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏ = ସହ,଺√ଷ∙ଶଷ଴ = Ͳ,ͳͳͷ ˍʏ. (4.39) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ: 
 I˓˃˄.୫ୟ୶ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଵଶଽ,ଷ ଶ∙√ଷ∙ଶଶ଴ = Ͳ,ͳ͹ ˍʏ. (4.40) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˖.ˎэ˒ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = I˓˖.ˎэ˒ = ଵଶଽ,ଷଵ∙√ଷ∙ଶଶ଴ = Ͳ,͵͵ͻ ˍʏ. (4.41) 
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4.7 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 10,5 ɤȼ 

4.7.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 
ɢ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨ ɬɟɦ ɠɟ 
ɡɧɚɱɟɧɢɹɦ, ɱɬɨ ɢ ɜɵɤɥɸɱɚɬɟɥɢ. 

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 Uːˑˏ ൒ U˔ˈ˕ˋ ːˑˏ; (4.42) 
 Iːˑˏ ൒ I˓˃˄,୫ୟ୶; (4.43) 
 Bˍ.ːˑˏ ൒ Bˍ.˓˃˔˚. (4.44) 
 

ȼɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-15-50/6300, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ–20/8000 Ɇɍ3. Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.6.  

 
Ɍɚɛɥɢɰɚ 4.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-15-50/6300 
Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 

ɊȼɊɁ-20/8000 Ɇɍ3 U˔ˈ˕ˋ ːˑˏ = ͳͲ,ͷ ˍʑ Uːˑˏ = 15 ɤȼ Uːˑˏ = 20 ɤȼ I˓˃˄,max = ʹͷ͸Ͳ ʏ Iːˑˏ = ͸͵ͲͲ Ⱥ Iːˑˏ = ͺͲͲͲ Ⱥ I୬଴ = ͺ,͸ʹ ɤȺ  I˔ˍ˅ ˍˊ = 50 ɤȺ iэˎ.˔˕ = ͳͲͲ ɤȺ i୷ = ʹ͵,͸ͷ ɤȺ i˒ˋˍ ˔ˍ˅ = ͳ͵Ͳ ɤȺ I˕.˔˕ = ʹͷͲ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͺ,͸ʹ ଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = = ͷ,ͻͶ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͳͲͲଶ ∙ ͵ = ͵ͲͲͲ ˍʏଶ ∙ ˔ 

 
4.7.2 ȼɵɛɨɪ ɫɢɧɯɪɨɧɢɡɚɬɨɪɨɜ ɢ ɚɧɚɥɢɡɚɬɨɪɨɜ  

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

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

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7. 
 

Ɍɚɛɥɢɰɚ 4.7 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

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

 ∑ = 26 ȼ·Ⱥ 

 
4.7.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ  

ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈɅ-10-Ɇ-2, ɩɪɨɜɟɪɤɚ ɢ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ 
ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.8. 

 
Ɍɚɛɥɢɰɚ 4.8 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɈɅ-10-Ɇ-2 

 
Ɋɚɫɱёɬɧɵɟ 

ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ɉɚɪɚɦɟɬɪ 

ɉɚɪɚɦɟɬɪ ɌɈɅ-10-Ɇ-2 U˔ˈ˕ˋ ːˑˏ, ɤȼ ͳͲ,ͷ Uːˑˏ, ɤȼ ͳͲ,ͷ I˓˃˄,୫ୟ୶, Ⱥ 2560 Iːˑˏ,  Ⱥ 4000 I୬଴, ɤȺ 8,62 I୘, ɤȺ 61 Z, ʝˏ 0,6 Zːˑˏ, Ɉɦ 1,2 ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ), ˍʏଶ ∙ ˔ 
5,94 ʑˍ = I୘ଶ ∙ t୘, ˍʏଶ ∙ ˔ ͸ͳଶ ∙ ͵ = ͳͳͳ͸͵ 

 
4.7.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ  

ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10, ɩɪɨɜɟɪɤɚ ɢ ɩɚɫɩɨɪɬɧɵɟ 
ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10 

 
Ɋɚɫɱёɬɧɵɟ 

ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ɉɚɪɚɦɟɬɪ 

ɉɚɪɚɦɟɬɪ ɁɇɈɅ-10 U˔ˈ˕ˋ ːˑˏ, ɤȼ ͳͲ,ͷ Uːˑˏ, ɤȼ 10,5 Sଶ, ʑ ∙ ʏ 26 Sଶːˑˏ, ʑ ∙ ʏ 75 
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4.8 ȼɵɛɨɪ ɄɊɍɗ 

ɉɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɞɥɹ ɄɊɍɗ 220 ɤȼ ɩɪɢɧɢɦɚɸɬɫɹ ɹɱɟɣɤɢ ELK-14 
ɮɢɪɦɵ ABB. 

ɄɊɍɗ ɫɟɪɢɢ ELK-14 ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ, ɫɨɜɦɟɳёɧɧɵɟ ɜ ɡɚɡɟɦɥёɧɧɨɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ, ɨɛɥɚɞɚɸɳɢɦ ɥɭɱɲɢɦɢ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɄɊɍɗ 
ɹɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫ ɦɧɨɠɟɫɬɜɨɦ 
ɩɪɟɜɨɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɤɥɸɱɚɹ ɤɨɦɩɚɤɬɧɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ, ɜɵɫɨɤɭɸ 
ɧɚɞёɠɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɬɨɣɤɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ɄɊɍɗ 220ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ELK-14 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ELK-14 U˔ˈ˕ˋ ːˑˏ = ʹʹͲ ˍʑ Uːˑˏ = 253 ɤȼ I˓˃˄,max = ͳͳͷ ʏ Iːˑˏ = ͵ͳͷͲ Ⱥ I୬଴ = ͹,͹ ɤȺ  I˔ˍ˅ ˍˊ = 50 ɤȺ i୷ = ͳͺ,͹͵ɤȺ i˒ˋˍ ˔ˍ˅ = ͳ͵ͷ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͹,͹ଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = Ͷ,͹ʹ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 

 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 
 

Ɍɚɛɥɢɰɚ 4.11 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ 

Ɏɭɧɤɰɢɹ 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ Ɍɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
Ⱦɥɹ ɭɱɟɬɚ 0,25s 0,2s 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5s 0,5s 
Ⱦɥɹ ɡɚɳɢɬɵ 10ɪ 3ɪ 

 
ȼɫɟ ɄɊɍɗ ɮɢɪɦɵ Ⱥȼȼ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɥɢ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨɫɥɟɞɧɢɟ 

ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɫɬɚɧɞɚɪɬɵ (IEC/ANSI) ɢ ɩɪɨɲɥɢ ɬɢɩɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɜ 
ɧɟɡɚɜɢɫɢɦɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ. ɍɫɬɪɨɣɫɬɜɚ ELK-14 ɩɨɥɧɨɫɬɶɸ ɫɨɛɢɪɚɸɬɫɹ ɢ 
ɢɫɩɵɬɵɜɚɸɬɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɵɯ, 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɢ ɧɚɞɟɠɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ʉɨɦɩɚɤɬɧɵɟ ɪɚɡɦɟɪɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɫɬɚɜɥɹɬɶ ɩɨɥɧɨɫɬɶɸ ɫɨɛɪɚɧɧɵɟ ɹɱɟɣɤɢ ɜ 
ɫɬɚɧɞɚɪɬɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɫɩɵɬɚɧɧɵɟ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɟ ɢ 
ɡɚɩɨɥɧɟɧɧɵɟ ɷɥɟɝɚɡɨɦ ɹɱɟɣɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɸɬ ɨɛɴɟɦ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ. 
əɱɟɣɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɚ ɨɩɟɪɚɰɢɢ ɫ 
ɝɚɡɨɦ ɫɜɟɞɟɧɵ ɤ ɦɢɧɢɦɭɦɭ. 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 

5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ, ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɹɬɵ ɤ 
ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ: 

ɇɚ ɝɥɚɜɧɨɦ ɝɟɧɟɪɚɬɨɪɟ ɋȼ-733/130-36: 
– ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

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

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

– Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
– Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
– Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
– Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ;  
– Ɂɚɳɢɬɚ ɨɬ ɞɥɢɬɟɥɶɧɨɣ ɮɨɪɫɢɪɨɜɤɢ; 
– ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
– Ʉɨɧɬɪɨɥɶ ɢɫɩɪɚɜɧɨɫɬɢ ɰɟɩɟɣ ɧɚɩɪɹɠɟɧɢɹ Ʉɂɇ; 
– Ʉɨɧɬɪɨɥɶ ɧɚɥɢɱɢɹ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɇ-63000/220-ɍ1: 
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
– Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ; 
– Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 

ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ ʹʹͲ ˍʑ; 
– Ʉɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɜɨɞɨɜ ሺʙʗʑ − ʹʹͲሻ; 
– Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ͳͲ,ͷ ˍʑ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
– Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ: 
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
– Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
ɇɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɌɋɁɉɍ-2000/10-ȽɌ-ɍ3: 
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– Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
– Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ. 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220 ɤȼ: 
Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
– ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
– 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
– ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

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

(ɌɇɁɇɉ); 
– ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ʹʹͲ ˍʑ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ ʹʹͲ ˍʑ. 
5.2 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

ɋɯɟɦɚ ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1. 

 
Ɋɢɫɭɧɨɤ 5.1 – ɋɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɫ ɫɢɫɬɟɦɨɣ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɜɵɛɪɚɧɧɵɦɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
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Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɛɚɡɨɜɵɟ ɧɨɦɢɧɚɥɶɧɵɟ 

ɬɨɤɢ ɡɚɳɢɬ ɝɟɧɟɪɚɬɨɪɚ. 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ:  
 Iːˆሺଵሻ = Iሺ̂ଵሻ = ୗːˑˏ√ଷ∙୙ːˑˏ = ସହ଺଴଴√ଷ∙ଵ଴,ହ = ʹͷͲ͹ ʏ.                                                      (5.1)  

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  
 Iːˆሺଶሻ = Iሺ̂ଶሻ = ୍ːˆሺభሻ∙୏˔˘୏˕˕ = ଶହ଴଻∙ଵଷ଴଴଴/ହ = Ͷ,ͳͺ ʏ.                                                        (5.2)  

 
Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ (ɨɫɧɨɜɧɵɯ): 
 Iʑʜ ʟʝʡሺଶሻ = ୍ʜʝʛ ʟʝʡሺభሻ ∙୙ʜʜ∙୏ʠʤ୏ʠʤ ˒˓.∙୙ʑʜ∗୏ʡʡ ʑʜ = ଽଷ଴∙଴,ସ଻ହ∙ଵଵ,ଶଶହହ∙ଵ଴,ହ∙ଶ଴଴/ହ = Ͳ,ͺ͸ ʏ,                                 (5.3)  

 
ɝɞɟ Iʜʝʛ ʟʝʡ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, Ⱥ; Uʑʜ, Uʜʜ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɨɤɨɣ ɢ ɧɢɡɤɨɣ ɫɬɨɪɨɧɵ, ȼ; Kʠʤ ˒˓., Kʠʤ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɯɟɦɵ; Kʡʡ ʑʜ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɨɤɨɝɨ 
ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Iʑʜሺଵሻ = ୗʜʝʛ√ଷ∙୙ʜʝʛ = ଺ଷ∙ଵ଴య√ଷ∙ଶଷ଴ = ͳͷͺ ʏ                                                                    (5.4)  

Iʜʜሺଵሻ = ୗʜʝʛ√ଷ∙୙ʜʝʛ = ଺ଷ∙ଵ଴య√ଷ∙ଵ଴,ହ = ͵Ͷ͸Ͷ.                                                                   (5.5)  

 Iʜʜሺଶሻ = ୍ʜʜሺభሻ୏ʡʡ = ଷସ଺ସଷ଴଴଴/ହ = ͷ,͹͹ ʏ.                                                                        (5.6)  

 Iʑʜ ʡʔሺଶሻ = ୍˕.ːˑˏ୏ʡʡ = ସ଺,ଵଷ ଶ଴଴/ହ = ͳ,ͳͷ ʏ.                                                                    (5.7)  

 
Ȼɚɡɨɜɵɣ ɬɨɤ ɞɥɹ ɰɟɩɢ ɪɨɬɨɪɚ: 
 I˄˃ˊ.  ʑʜ ʡʔ ˓ ሺଶሻ = ୍ːˑˏ ˓∙୩˔˘୩˕˕∙୩˕˒ = ଽଷ଴∙଴,଼ଵ଺మబబఱ ∙ భబ,ఱబ,రళఱ = Ͳ,ͺ͸ ʏ ,                                            (5.8) 

 
ɝɞɟ k˔˘ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ ɜ 
ɩɟɪɟɦɟɧɧɵɣ; Iːˑˏ ˓ −  ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, ɩɚɫɩɨɪɬɧɨɟ ɡɧɚɱɟɧɢɟ, ͻ͵Ͳ ʏ; k˕˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ʹͲͲ/ͷ; 
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k˕˒ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ͳͲ,ͷ/Ͳ,Ͷ͹ͷ. 

5.3 ȼɵɛɨɪ ɬɢɩɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ, ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɬɢɩɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɬɨ 
ɟɫɬɶ ɷɬɨ: 

– ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɨɬɨɪɚ Uːˑˏ,˓ˑ˕, ʑ; 
– ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ Iːˑˏ,˓ˑ˕, ʏ; 
– ɍɱɬɟɦ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɹɬɚ ɫɢɫɬɟɦɚ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɹ, ɬɚɤ ɤɚɤ 

ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɦɟɧɶɲɟ 100 ɆȼȺ; 
– Ɍɚɤɠɟ ɞɥɹ ɜɵɛɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɹɫɧɢɬɶ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɪɟɠɢɦ 

ɪɚɛɨɬɵ ɪɨɬɨɪɚ (ɬɨɤ, ɤɨɬɨɪɵɣ ɞɥɢɬɟɥɶɧɨ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ ɪɨɬɨɪɭ). 
 Iˇˎˋ˕.ˇˑ˒. = ͳ,ͳ ∙ Iːˑˏ.˓ˑ˕ = ͳ,ͳ ∙ ͻ͵Ͳ = ͳͲʹ͵ ʏ.                                          (5.9) 
 
ȼ ɬɚɛɥɢɰɟ 5.1 ɩɪɢɜɟɞɟɧɵ ɬɢɩ ɢ ɩɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɜɨɡɛɭɠɞɟɧɢɹ. 
 
Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɋɌɋ-Ɇ-210-1090-3 ɍɏɅ4 

Ɍɢɩ ɫɢɫɬɟɦɵ 
ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɨɤ 
(ɞɥɢɬɟɥɶɧɵɣ) ۷ˇˎˋ˕., ʏ 

Ɍɨɤ, Ⱥ 
(ɮɨɪɫɢɪɨɜɚɧɧɵɣ) ۷˗ˑ˓˔., Ⱥ 

ɇɚɩɪɹɠɟɧɢɟ, ȼ 
(ɞɥɢɬɟɥɶɧɨɟ)  ܃ˇˎˋ˕., ȼ 

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

ɋɌɋ-Ɇ-210-
1090-3 ɍɏɅ4 ͳͲͻͲ ͳͺͺͲ ʹͳͲ Ͷ͸ͷ 

 
 Ⱦɚɥɟɟ ɩɨ ɞɚɧɧɵɦ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. 
 ɂɡ ɤɚɬɚɥɨɝɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ 
ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɜɟɧɬɢɥɶɧɨɣ ɨɛɦɨɬɤɢ ɛɨɥɶɲɢɦ ɢɥɢ ɪɚɜɧɵɦ 
ɧɚɩɪɹɠɟɧɢɸ ɮɨɪɫɢɪɨɜɤɢ ɋɌɋ, ɢ ɫ ɬɨɤɨɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɛɨɥɶɲɢɦ ɢɥɢ ɪɚɜɧɵɦ 
ɬɨɤɭ ɞɥɢɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ ɋɌɋ. 

ɉɪɢɧɹɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ S˅ˑˊ˄ = ͺ͵ͻ ˍʑʏ. 
ɉɚɪɚɦɟɬɪɵ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɢɜɟɞɟɧɵ 
ɧɢɠɟ ɬɚɛɥɢɰɟ 5.2. 
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Ɍɚɛɥɢɰɚ 5.2 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 
ɌɋɁɉ-1000/10-ȽɌ-ɍ3 
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 ˍʑʏ ɇɨɦɢɧɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 
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, ʑ 

,˄ˊˑ˅܁ − ˍʑʏ ܃˔ˈ˕, ˍʑ ܃˅ˈː˕, ʑ ܃˒˓ˈˑ˄˓, ʑ ۷˒˓ˈˑ˄, ʏ − − ʡʠʖʞ− ͳͲͲͲ/ͳͲ− ʒʡ− ʢ͵ 

ͺ͵ͻ ͳͲ,ͷͲ Ͷ͹ͷ ͸ͲͲ ͳʹͷͲ 
ʞʐʑ ± ʹ∙ ʹ,ͷ% 

ʢ/ʓ− ͳͳ 

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍȿ ɧɚ 

ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ. 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍȿ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɱɟɪɟɡ ɧɟɝɨ ɬɨɤɚ ɮɨɪɫɢɪɨɜɤɢ (5.11), ɚ ɬɚɤɠɟ ɩɟɪɟɞ ɷɬɢɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɬɨɤ Iː˕ˈ (5.10): Iː˕ˈ = I˒˓ˈˑ˄ ∙ K˔˘ = ୗ˅ˑˊ˄√ଷ∙୙˅ˈː˕ = ଼ଷଽ√ଷ∙଴,ସ଻ହ = ͳͲʹͲ ʏ.       (5.10)  

 
Ɍɨɝɞɚ: K˒ˈ˓ = ୍˗∙୏˔˘୍ː˕ˈ = ଵ଼଼଴∙଴,଼ଵ଺ଵ଴ଶ଴ = ͳ,ͷ.      (5.11)  

 
ȼ ȽɈɋɌ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁɉ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɞɨɩɭɫɬɢɦɭɸ 

ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ.  
ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ 5.3 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɫɭɯɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

Ɍɚɛɥɢɰɚ 5.3 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɋɭɯɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɉɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ, % 20 30 40 50 60 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ, ɦɢɧ. 60 45 32 18 5 

ɂɫɯɨɞɹ ɢɡ ɬɚɛɥɢɰɵ ɜɵɲɟ, ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɩɟɪɟɝɪɭɡɤɚ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɫɨɫɬɚɜɢɬ 18 ɦɢɧ. 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɞɨɩɭɫɬɢɦɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
ɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɪɚɜɧɟɧɢɹ ɜ ȽɈɋɌ 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɞɨɩɭɫɬɢɦɭɸ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ ɝɟɧɟɪɚɬɨɪɵ. 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ 5.4 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɩɭɫɬɢɦɨɣ ɤɪɚɬɧɨɫɬɢ 
ɩɟɪɟɝɪɭɡɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɩɨ ɬɨɤɭ ɪɨɬɨɪɚ (ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ), – 
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ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɪɚɡɧɢɰɵ ɩɪɢɦɟɧɹɟɦ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢ 
ɞɥɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ. 

Ɍɚɛɥɢɰɚ 5.4 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɬɨɤɭ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɦɢɧ., ɧɟ ɛɨɥɟɟ 

Ɍɭɪɛɨɝɟɧɟɪɚɬɨɪɵ 

ɌȼɎ, ɤɪɨɦɟ ɌȼɎ-120-2 ɌȽȼ, Ɍȼȼ (ɞɨ 500 Ɇȼɬ 
ɜɤɥɸɱɢɬɟɥɶɧɨ, ɌȼɎ-120-2 

60 1,06 1,06 
4 1,2 1,2 
1 1,7 1,5 

0,5 2,0 - 
0,33 - 2,0 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞёɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: 
ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ (18 ɦɢɧɭɬ) ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɞɥɢɬɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɭɸ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ (ɩɪɢɦɟɪɧɨ 1 ɦɢɧɭɬɚ).  
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɞɨɛɪɚɧɧɵɣ ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɩɨɫɨɛɟɧ 
ɜɵɞɟɪɠɚɬɶ ɩɟɪɟɝɪɭɡɤɭ ɞɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬ ɝɟɧɟɪɚɬɨɪɚ. 

5.4 Ɂɚɳɢɬɵ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

5.4.1 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ (ɆɌɁ) ɜ ɰɟɩɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤɢ ɄɁ ɜ ɬɨɱɤɟ Kଵ. 
Ɍɨɤ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Kଵ: 

 I୏భሺଷሻ = ୉′′∙୍ːˑˏ.˔˕˃˕୶ୢ′′ = ଵ,଴଼∙ଶହ଴଻଴,ଷଷ = ͺʹͲͷ ʏ.     (5.12)  

  
Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Kଵ: 
 I୏భሺଶሻ = √ଷଶ ∙ I୏భሺଷሻ = √ଷଶ ∙ ͺʹͲͷ = ͹ͳͲ͸ ʏ.      (5.13)  

  
Ɋɚɫɫɱɢɬɚɟɦ ɬɨɤɢ ɄɁ ɜ ɬɨɱɤɟ Kଶ. 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ:  
 I˕.ːˑˏ = ୗ˅ˑˊ˄√ଷ∙୙ːˑˏ = ଼ଷଽ√ଷ∙ଵ଴,ହ = Ͷ͸,ͳ͵ ʏ.       (5.14)  

  
 Ɍɨɤ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Kଶ: 
 I୏మሺଷሻ = ଵ଴଴∙୍˕.ːˑˏ୙ʙʖ = ଵ଴଴∙ସ଺,ଵଷହ,ହ଴ = ͺ͵ͺ,ͺ  ʏ.      (5.15)  

 
Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Kଶ: 
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I୏మሺଶሻ = √ଷଶ ∙ I୏మሺଷሻ = √ଷଶ ∙ ͺ͵ͺ,ͺ = ͹ʹ͸,Ͷͳ ʏ.     (5.16)  

   
ȼɵɩɨɥɧɢɦ ɪɚɫɱёɬ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ: 
 

 I˔˓.ʛʡʖ = ୏ː∙୏˗ˑ˓˔∙୍ːˑˏ.˓ˑ˕∙୏˔˘∙୏˔˘ ˕˕୏˅ˑˊ˅∙୬˕.˕.∙୬˕.ˈ. ,      (5.17)  

  
ɝɞɟ Kː = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ; K˗ˑ˓˔ = ʹ,ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɫɢɪɨɜɤɢ; Iːˑˏ.˓ˑ˕ = ͻ͵Ͳ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, Ⱥ; K˔˘ = Ͳ,ͺͳ͸ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ ɜ 
ɩɟɪɟɦɟɧɧɵɣ; K˔˘ ˕˕ = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɌɌ; K˅ˑˊ˅ = Ͳ,ͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ; n˕.˕. = ͶͲ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; n˕.ˈ. = ʹʹ,ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. 
 

 I˔˓.ʛʡʖ = ଵ,ଶ∙ଶ,ଵ∙ଽଷ଴∙଴,଼ଵ଺∙ଵ଴,଼∙ସ଴∙ଶଶ,ଵ = ʹ,͹ ʏ. 

 
Ɋɚɫɫɱɢɬɚɟɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɰɟɩɢ ɪɨɬɨɪɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 

ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (2.18): 
 Iːˑˏ.ʡʔ ሺଶሻ = ୍˕.ːˑˏ୬˕.˕. = ସ଺,ଵଷସ଴ = ͳ,ͳͷ ʏ.        (5.18)  

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ (2.19): 
 I˔˓.ʛʡʖ ሺˑ.ˈ.ሻ = ୍˔˓.ʛʡʖ୍ːˑˏ.ʡʔ ሺమሻ = ଶ,଻ଵ,ଵହ = ʹ,͵ͷ ˑ. ˈ.       (5.19)  

  
ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: K˚ = ୍Kమሺమሻ୍˔˓.ʛʡʖ∙୬˕.˕. = ଻ଶ଺,ସଵଶ,଻∙ସ଴ = ͸,͹͵       (5.20)  

 
ȼɵɜɨɞ: K˚ = ͸,͹͵ ൒ ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɆɌɁ 

ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 

5.4.2 Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɌɈ) ɜ ɰɟɩɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɌɈ: I˔˓.ʡʝ = ୏ː∙୍Kమሺయሻ∙୏˔˘ ˕˕୬˕.˕. = ଵ,ସ∙଼ଷ଼,଼∙ଵସ଴ = ʹͻ,͵͸ ʏ,       (2.21)  
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ɝɞɟ Kː = ͳ,Ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ; K˔˘ ˕˕ = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɌɌ; n˕.˕. = ͶͲ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɌɈ ɛɨɥɶɲɟ ɛɪɨɫɤɚ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, 

ɜɡɹɬɨɝɨ ɤɚɤ ɩɹɬɢɤɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɌɌ, ɪɚɜɧɨɟ 5,77 Ⱥ. 

ɍɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 I˔˓.ʡʝ = ୍˔˓.ʡʝ୍ːˑˏ.ʡʔ ሺమሻ = ଶଽ,ଷ଺ଵ,ଵହ = ʹͷ,Ͷͷ ˑ. ˈ.             (2.22)  

  
Ⱦɚɥɟɟ ɩɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 
 K˚ = ୍Kభሺమሻ୍˔˓.ʡʝ∙୬˕.˕. = ଻ଵ଴଺ଶଽ,ଷ଺∙ସ଴ = ͸,Ͳͷ.        (2.23)  

 
Ⱦɟɥɚɟɦ ɜɵɜɨɞ: K˚ = ͸,Ͳͷ ൒ ʹ,Ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɌɈ 

ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ. 

5.5 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɛɥɨɤɚ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ  

5.5.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ I∆G 

ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ (ɫɬɚɬɨɪɚ): Iʜʝʛ = ʹͷͲ͹ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηʡʡ = ͵ͲͲͲ/ͷ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ Iʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

 Iʜʐሺʜሻ = ʙʝʓʜ ∙ f୧ ∙ Iʜ, = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʹͷͲ͹ = ͳʹͷ,Ͷ ʏ.  (5.24)  
 
ɝɞɟ ʙʝʓʜ = 0,5 − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  f୧ = 0,1 − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Iʠʟ.଴ ൒ Kʜ ∙ Iʜʐሺʜሻ = ʹ ∙ ͳʹͷ,Ͷ = ʹͷͲ,ͺ ʏ,  (5.25)  

 
ɝɞɟ Kʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ: 
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Iʠʟ.ʝ = Ͳ,ͳͷ ∙ Iʜ = Ͳ,ͳͷ ∙ ʹͷͲ͹ = ͵͹͸,ͳ ʏ.                                                (5.26) 
 
ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɭɸ ɭɫɬɚɜɤɭ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ɫ 

ɬɨɤɨɦ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Kଶ: 
 Iʠʟ.ʝ = ͵͹͸,ͳ ʏ ൒ I୏మሺଷሻ = ͺ͵ͺ,ͺ ʏ                                                               (5.27) 
 
Ɋɚɛɨɬɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɫ ɞɚɧɧɨɣ ɭɫɬɚɜɤɨɣ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ 

ɧɟɫɟɥɟɤɬɢɜɧɨɟ ɨɬɤɥɸɱɟɧɢɟ. ȼɵɛɢɪɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɩɨ ɭɫɥɨɜɢɸ ʹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɩɨɥɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɌɌ  − ͳͲ%:  

 I୏మሺଷሻ ∙ ͳ,ͳ = ͺ͵ͺ,ͺ ∙ ͳ,ͳ = ͻʹʹ,͹ ʏ.                                                             (5.28) 
 

Ɉɩɪɟɞɟɥɢɦ ɭɫɬɚɜɤɭ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ:  
 I∗ʠʟ = I୏మሺଷሻ ˑ.ˈ. = ୍Kమሺయሻ୍ʜʝʛ = ଽଶଶ,଻ଶହ଴଻ = Ͳ,͵͹ ˑ. ˈ.                                                    (5.29) 

 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ Kʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

 Iʜʐሺʙʖሻ = ʙʏʞ ∙ f୧ ∙ ʙʝʓʜ ∙ Iʛʏʙʠ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͺͻ͸Ͷ = ͺͻ͸,Ͷ ʏ,  (5.30)  
 
ɝɞɟ ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  f୧ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (Ͳ,ͷ − ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ; ͳ,Ͳ − ɞɥɹ ɪɚɡɧɵɯ ɌɌ); Iʛʏʙʠ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 5.31. 

 Iʛʏʙʠ = ୉′̂′୶ౚ′′ ∙ Iʜ = ଵ,ଵ଼଴,ଷଷ ∙ ʹͷͲ͹ = ͺͻ͸Ͷ ʏ,  (5.31)  

 

ɝɞɟ E′̂′ = √cos φˆଶ + (sin φˆ + x ′ୢ′)ଶ = √cos ʹͷ,ͺͶଶ + ሺsin ʹͷ,ͺͶ + Ͳ,͵͵ሻଶ = = ͳ,ͳͺ ʑ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
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Kʡ >  ୍ʜʐሺʙʖሻ∙୏ʜ୍ʡ ,  (5.32)  

 
ɝɞɟ Kʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  

 Iʡ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
ȼɵɩɨɥɧɢɦ ɪɚɫɱёɬ ɫ ɭɱёɬɨɦ ɬɨɤɚ ɬɨɪɦɨɠɟɧɢɹ. 
Ɍɨɤ ɬɨɪɦɨɠɟɧɢɹ ɜ ɪɟɠɢɦɟ ɩɪɨɬɟɤɚɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɫɤɜɨɡɧɵɯ ɬɨɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
 Iʡ = √I˔ˍ˅ሺ୫ୟ୶ሻ ∙ (I˔ˍ˅ሺ୫ୟ୶ሻ − Iʜʐሺʙʖሻ) ∙ cos Ƚ,   (5.33)  

 
ɝɞɟ Ƚ − ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɬɨɤɨɜ ɩɥɟɱ ɡɚɳɢɬɵ; ɜ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱёɬɚɯ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɨɬ ͳͲ° ɞɨ ʹͲ°; 
 

 I˔ˍ˅ሺ୫ୟ୶ሻ = I୏భሺଷሻ = ͺͻ͸Ͷ ʏ. 
 Iʡ = √ͺͻ͸Ͷ ∙ ሺͺͻ͸Ͷ − ͺͻ͸,Ͷሻ ∙ cos ͳͲ° = ͺͶ͵ͻ ʏ. 

 
Ɍɨɝɞɚ Kʡ: 
 Kʡ > ଼ଽ଺,ସ∙ଶ଼ସଷଽ = Ͳ,ʹͳ ≈ Ͳ,ʹ  

 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ Kʡ = Ͳ,ͷ. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ: 
 Iʜʡ = ୍∗ʠʟ୏ʡ   (5.34)  

 Iʜʡ = ଴,ଷ଻଴,ହ = Ͳ,͹Ͷ ˑ. ˈ.   
 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ B ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ B ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
 B ൒ ୍∗ʠʟ୏ʡ = ଴,ଷ଻଴,ହ = Ͳ,͹Ͷ.    (5.35)  

 
ɉɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ B = ͳ,ͷ. 
ɇɚ ɪɢɫɭɧɤɟ 5.2 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ Iʝʡʠ = ͸ ˑ. ˈ. 
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Ɋɢɫɭɧɨɤ 5.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
 
5.5.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

 ((૙܃)𝐍܃)

Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ͳͲͲ % ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

1) ɉɟɪɜɵɣ ɨɪɝɚɧ ሺU଴ሻ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U଴ ɢ ɡɚɳɢɳɚɟɬ ͺͷ − ͻͷ % ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 
ɫɨ ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U଴ ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ͵U଴ Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

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

Ɋɚɫɱɟɬ Uʝ Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 
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Ɋɢɫɭɧɨɤ 5.3 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 ʠʒ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠʡ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠʧ – ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; ʠʑʒ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 CΣ = Cʡ + ʠʒ + ʠʧ + ʠʑʒ.                                                                          (5.36) 

  CΣ = Ͳ,ͲͲ͸ + Ͳ,͹ + Ͳ,ͲͲ͹ + Ͳ,ʹͷ = Ͳ,ͻ͸͵ ˏˍʣ˗˃ˊ˖. 
 Uʝ Эʚ.ʠʡ = K ∙ U଴ ∙ ʠʡሺஜబሻʠʡሺஜబሻ+ʠΣ,  (5.37)  

 
ɝɞɟ K – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; ʠʡሺɊ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ሺʠʡሺɊ଴ሻ = Ͳ,Ͳͳ͵ ˇˎя U = ʹʹͲˍʑሻ; U଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 

 U଴ = ଵଷ ∙ ୙ʜʝʛ ʑʜ√ଷ = ଵଷ ∙ ଶଷ଴√ଷ = ͶͶ,ʹ͸ ˍʑ.   (5.38)  
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ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 Iେ = √͵ ∙ Uːˑˏ ∙ ω ∙ ʠΣ  (5.39)  
 Iେ = √͵ ∙ ͳͲ,ͷ ∙ ͳͲͲͲ ∙ ʹ ∙ ͵,ͳͶ ∙ ͷͲ ∙ Ͳ,ͻ͸͵ ∙ ͳͲ−଺ = ͷ,ͷͲ ʏ 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ʹʹͲ ˍʑ: 
 Uʝ Эʚ.ʠʡ. = Ͳ,ͷ ∙ ͶͶ,ʹ͸ ∙ ͳͲͲͲ ∙ ଴,଴ଵଷ଴,଴ଵଷ+଴,ଽ଺ଷ = ʹͻͶ,͹͸ ʑ  

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 Uʠʟ ൒ ୏ʜ୏ʑ ∙ ଷ୬ʡʜ ∙ U଴ Эʚ.ʠʡ,  (5.40)  

 
ɝɞɟ Kʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; nʡʜ = ଵ଴଴ଷ  ; Kʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. Uʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଷ∙ଶଽସ,଻଺భబ,ఱ√య∙బ,భయ = ͹,͸ͺ.  

U଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ ͷ ˇˑ ʹͲ ʑ. 

ɉɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: U଴ଵୋ ɫ ɭɫɬɚɜɤɨɣ ͷ ʑ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͷ,Ͳ ˔ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; U଴ୋ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ ͳͲ ʑ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ Ͳ,ͷ ˔ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

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

Ⱦɥɹ ɨɪɝɚɧɚ U଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ˑ˕ ͳ ˇˑ ͵. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 

ɡɚɜɢɫɢɬ ɨɬ Kʡ: 
 ʤ = ଵʙʡ+ଶ = ଵଵ,ଷ+ଶ = Ͳ,͵Ͳ.  (5.41)  

 
ɉɪɢ Kʡ = ͳ,͵ ɨɪɝɚɧ U଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ ͵Ͳ % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
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Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ Ͳ,ͷ ˔ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ 
ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

5.5.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (܃૚ ૛܃) ,(< >) 

1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ Uଶ > ɜɵɛɢɪɚɟɬɫɹ: 
 Uʠʟଶ = ଵ,ସ∙୙ʜ୬ʡʜ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ.   (5.42)  

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

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

ɍɫɬɚɜɤɚ Uଵ > ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 Uʠʟଵ = ଵ,ଶ∙୙ʜ୬ʡʜ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ.    (5.43)  

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 

ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ ʹʹͲ ˍʑ, ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙ Iʜ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ Ͳ,ͷ ˔ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

5.5.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (۷૛) 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I∗ଶ: 
 I∗ଶ = ୍మ୍ʜ,  (5.44)  

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

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ Iଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 tʓʝʞ = ୅୍∗మమ ,  (5.45)  
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ɝɞɟ A = ͵Ͳ – ɩɚɪɚɦɟɬɪ (ɩɨɫɬɨɹɧɧɚɹ ɝɟɧɟɪɚɬɨɪɚ, ɡɚɞɚɧɧɚɹ ɡɚɜɨɞɨɦ-
ɢɡɝɨɬɨɜɢɬɟɥɟɦ). 

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

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

ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:  
 I∗ଶʠʗʒʜ = Ͳ,Ͳ͹ ˑ. ˈ.  
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺIଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɦɨɬɤɚɯ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɬɪɟɛɨɜɚɧɢɹ 
ɉɌɗ ɤ ɞɨɩɭɫɬɢɦɨɦɭ ɭɪɨɜɧɸ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɤɨɫɜɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɨɛɦɨɬɨɤ ɬɨɤ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ͳͶ%. 

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ I∗ଶ = Ͳ,ͳͶ ˑ. ˈ. − ɫɞɟɥɚɟɦ ɨɛɪɚɬɧɵɣ ɩɟɪɟɫɱёɬ ɩɨ 
ɞɨɩɭɫɬɢɦɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ 
ɬɨɤɚ Iଶ: 

 tʓʝʞ = ୅୍∗మమ = ଷ଴଴,ଵସమ = ͳͷ͵Ͳ,͸ͳ ˔.   (5.46)  

 
ɍɫɬɚɜɤɭ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɧɚɞёɠɧɨɝɨ ɩɭɫɤɚ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ tʛʏʙʠ: 
 I∗ଶʞʢʠʙ = ୍∗మ୏ʜ = ଴,ଵସଵ,ଶ = Ͳ,ͳʹ,  (5.47)  

 
ɝɞɟ Kʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 Iଶʞʢʠʙ = Ͳ,ͳʹ ∙ Iʜ = Ͳ,ͳʹ ∙ ʹͷͲ͹ = ͵ͲͲ,ͺͶ ʏ.    (5.48)  
 

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ. 

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

 tʠʟ = ଷ଴୍∗మమ ;  (5.49)  

 ʏʗʝ = ͵Ͳ = I∗ଶଶ ∙ tʠʟ.  (5.50)  
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Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.5. 

 
Ɍɚɛɥɢɰɚ 5.5 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 1,00 0,60 0,50 0,40 0,30 0,20 0,12 

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

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ሺIଶሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4: 

 

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ሺIଶሻ 

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɧɹɬɨ: tʛʗʜ = Ͳ,ͷ ˔, t tʛʏʙʠ = ͳͷ͵Ͳ ˔. ɍɫɬɚɜɤɭ tʛʗʜ ɡɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 

ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɢɡ ɢɦɟɸɳɟɝɨɫɹ ɞɢɚɩɚɡɨɧɚ ɭɫɬɚɜɨɤ ሺͲ,ͷ ˔ˈˍሻ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨ 

ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɢ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ 
ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ 
ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ 
ɞɨ Ͳ,ͳ͵ͷ ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ» ሺIˑ˘ˎሻ. 

0

500

1000

1500

2000

2500

3000

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

t,
 ɫ

I*2, ɨ.ɟ.

Tmax

Tmin

I2ɩɭɫɤ I2ɈɌɋ



68 

Ɂɧɚɱɟɧɢɟ ɩɨɥɧɨɝɨ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɡɚɞɚёɬɫɹ ɡɚɜɨɞɨɦ ɢɡɝɨɬɨɜɢɬɟɥɟɦ 
ɝɟɧɟɪɚɬɨɪɚ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɚɧɧɵɯ ɭɫɬɚɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ:  
 tˑ˘ˎ = ʏ୍మ ˇˎ.  ˇˑ˒.∗మ ;                                                                                          (5.51) 

 
ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɭɬɨɱɧɟɧɨ ɩɪɢ ɧɚɥɚɞɤɟ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺIଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

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

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

ɡɚɦɵɤɚɧɢɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
3. 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 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɭɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ. 

ɍɫɥɨɜɢɟ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 
220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ 
ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. I∗ଶʠ.ʖ. ൑ ୍మʛʗʜሺమሻʙʦ ;                                                                                             (5.52)     

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

 I˄˃ˊଵ = ୗ˄˃ˊ√ଷ∙୙˄˃ˊభ = ଵ଴଴∙ଵ଴య√ଷ∙ଵ଴,ହ = ͷͶͻͻ ʏ.                                                           (5.53) 

 I˄˃ˊଶ = ୗ˄˃ˊ√ଷ∙୙˄˃ˊమ = ଵ଴଴∙ଵ଴య√ଷ∙ଶଷ଴ = ʹͷͳ ʏ.                                                             (5.54) 

 X∗ˆˈː.˄˃ˊ. = Xୢ ′′ ∙ ୙ːˑˏమୗːˑˏ ∙ ୗ˄˃ˊ୙˄˃ˊమమ = Ͳ,͵͵ ∙ ଶଷ଴మସହ,଺ ∙ ଵ଴଴ଶଷ଴మ = Ͳ,͹ʹ ˑ. ˈ.                       (5.55) 
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X∗˕˓−˓˃.˄˃ˊ. = ୙ˍ%ଵ଴଴ ∙ ୙ːˑˏమୗːˑˏ ∙ ୗ˄˃ˊ୙˄˃ˊమమ = ଵ଴,ହଵ଴଴ ∙ ଶଷ଴మସହ,଺ ∙ ଵ଴଴ଶଷ଴మ = Ͳ,ʹ͵ ˑ. ˈ.                     (5.56) 

 X∗ʚЭʞ.˄˃ˊ. = X଴,ʢʓ ∙ l ∙ ୗ˄˃ˊ୙˄˃ˊమ = Ͳ,Ͷ͵ͷ ∙ ͳͲͲ ∙ ଵ଴଴ଶଷ଴మ = Ͳ,Ͳͺ ˑ. ˈ.                      (5.57) 

 I∗ሺଷሻʙʖ = ୉∗ଡ଼∗ˆˈː.˄˃ˊ.+ଡ଼∗˕˓−˓˃.˄˃ˊ.+ଡ଼∗ʚЭʞ.˄˃ˊ. = ଵ଴,଻ଶ+଴,ଶଷ+଴,଴଼ = Ͳ,ͻ͹ ˑ. ˈ.             (5.58) 

 I∗ሺଶሻଶ.ʙʖ = √ଷଶ∙√ଷ ∙ I∗ሺଷሻˍˊ. = √ଷଶ∙√ଷ ∙ Ͳ,ͻ͹ = Ͳ,Ͷͻ ˑ. ˈ.                                      (5.59) 

 
ɉɟɪɟɜɟɞɟɦ ɜ ɢɦɟɧɨɜɚɧɧɵɟ ɟɞɢɧɢɰɵ: 

 I∗ሺଶሻːːଶ = I∗ሺଶሻଶ.ˍˊ. ∙ I˄˃ˊଵ = Ͳ,Ͷͻ ∙ ͷͶͻͻ = ʹ͸ͻͷ ʏ.                                 (5.60) 
 
Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɦ ɬɨɤ ɜ ɫɨɨɬɜɟɫɬɜɢɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 Iଶʛʗʜሺଶሻ = ୍∗ሺమሻːːమ୩˕˕ = ଶ଺ଽହଷ଴଴଴/ହ = Ͷ,Ͷͻ ʏ.                                    (5.61) 

 Iଶ ˔.ˊ. ൑ ୍మʛʗʜሺమሻ୏˚ = ସ,ସଽ ଵ,ଷ = ͵,Ͷͷ  ʏ,                                                           (5.62) 

 
ɝɞɟ K˚ = ͳ,͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ 
ɨɬɫɟɱɤɢ ɢɡ ɞɢɚɩɚɡɨɧɚ Ͳ,ͷ − Ͳ,ͺ Iːˑˏ.ˆˈː.. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ K˚ > ͳ,͵. ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Ͳ,ͺ ∙ Iːˑˏ.ˆˈː..  

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɟɞɢɧɢɰɚɯ: 
 I∗ଶ ˔.ˊ. = Ͳ,ͺ ∙ Iːˆሺଶሻ = Ͳ,ͺ ∙ Ͷ,ͳͺ = ͵,͵Ͷ ʏ.                                                  (5.63) 
 

 Ɍɨɝɞɚ:  
 K˚ = ୍మʛʗʜሺమሻ୍మ ˔.ˊ. = ସ,ସଽଷ,ଷସ = ͳ,͵Ͷ.                                                                            (5.64) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ Iଶʠ.ʖ. = Ͳ,ͺ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͹,Ͳ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɒɋȼ ʹʹͲ ˍʑ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͹,ͷ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ʹʹͲ ˍʑ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͺ,Ͳ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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5.5.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺ𝑰૚ሻ 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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

ɍɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଵʠʗʒʜ = ୏ː∙୍ːˑˏ.˔˕˃˕୏˅ˑˊ˅  = ଵ,଴ହ∙ଶହ଴଻଴,ଽ଼ = ʹ͸ͺ͸ ʏ.   (5.65)  

 
ɝɞɟ Kː = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; K˅ˑˊ˅ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ɍɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 

 Iଵʠʗʒʜ ʡʡ = ୍భʠʗʒʜ୬˕.˕. = ଶ଺଼଺଺଴଴ = Ͷ,Ͷͺ ʏ.  (5.66)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 

 Iଵ ʠʗʒʜˑ.ˈ. = ୍భʠʗʒʜ ʡʡ୍ːˆሺమሻ  = ସ,ସ଼ସ,ଵ଼ = ͳ,Ͳ͹ ˑ. ˈ.  (5.67)  

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t = ͸ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଵʞʢʠʙ = ୏ː∙୍ːˑˏ.˔˕˃˕୏˅ˑˊ˅ = ଵ,଴଼∙ଶହ଴଻଴,ଽ଼ = ʹ͹͸ʹ,ͺʹ ʏ.   (5.68)   

 
ɝɞɟ Kː = ͳ,Ͳͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; K˅ˑˊ˅ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 
 Iଵʞʢʠʙ ʡʡ = ୍భʞʢʠʙ୬˕.˕. = ଶ଻଺ଶ,଼ଶ଺଴଴ = Ͷ,͸ͳ ʏ.   (5.69)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 



71 

Iଵ ʞʢʠʙˑ.ˈ. = ୍భʞʢʠʙ ʡʡ୍ːˆሺమሻ = ସ,଺ଵସ,ଵ଼ = ͳ,ͳͲ ˑ. ˈ.      (5.70)  

 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 

ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.6. 
 
Ɍɚɛɥɢɰɚ 5.6 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ۷۷ʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 500 350 270 150 75 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5: 
 

 
Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ 
 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͳ ˔. 
3) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɨɪɝɚɧɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଵʝʡʠ = ଵ,ଶ∙୍ːˑˏ.˔˕˃˕଴,ଽ଼ = ଵ,ଶ∙ଶହ଴଻଴,ଽ଼ = ͵Ͳ͸ͻ,ͺ ʏ.  (5.71)  
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ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 

 Iଵʝʡʠ ʡʡ = ୍భ ʝʡʠ୬˕.˕. = ଷ଴଺ଽ,଼଺଴଴ = ͷ,ͳʹ ʏ.  (5.72)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɨɪɝɚɧɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 Iଵ ʝʡʠˑ.ˈ. = ୍భʝʡʠ ʡʡ୍ːˆሺభሻ = ହ,ଵଶସ,ଵ଼ = ͳ,ʹ͵ ˑ. ˈ.   (5.73)  

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ Uʒ <. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 Uʠʟ = ଴,଺଼∙୙ʜʝʛ୏˅ˑˊ˅∙୬ʡ = ଴,଺଼∙ଵ଴ହ଴଴ଵ,଴ଷ∙ଵ଴ହ = ͸͸,Ͳʹ ʑ.  (5.74)  

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͹,Ͳ ˔ ɧɚ ɒɋȼ, ͹,ͷ ˔ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ʹʹͲ ˍʑ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ͺ,Ͳ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

5.5.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺࢆ૚ <ሻ, ሺࢆ૛ <ሻ 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 
ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

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

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

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

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ ʹʹͲ ˍʑ ɉɨɤɪɨɜɫɤɚɹ Ƚɗɋ 
– ɉɋ: 

 Zଵ ൑ Kʜ ∙ ቀZʡ + Zభʚ′୏ʡ ቁ,                                                                                   
(2.75)   

 
ɝɞɟ Kʜ = Ͳ,ͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ; Kʡ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; Zଵʚ′ = Ͷͷ,Ͳ͹ ʝˏ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; 
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Zʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ ʹʹͲ ˍʑ: Zʡ = ୙ʙʖ∙୙ʑʜୗːˑˏ ଶ = భబ,ఱభబబ ∙ଶଷ଴଺ଷ ଶ = ͺͺ,ʹ ʝˏ   (5.76)   

 
Ɍɨɝɞɚ: 
 Zଵ ൑ Ͳ,ͺ ∙ ቀͺͺ,ʹ + ସହ,଴଻ଶ ቁ = ͺͺ,ͷͻ ʝˏ.  

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 Zଵ ˑ.ˈ. ൑ Kʜ ∙ (Uʙʖ ∙ ୗːˑˏሺˆˈːሻୗːˑˏሺʡʜሻ + Zభʚ′୏ʡ ∙ ୗːˑˏሺˆˈːሻ୙ʑʜమ )                                                (5.77)   

 Zଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ ቀଵ଴,ହଵ଴଴ ∙ ସହ,଺଺ଷ + ସହ,଴଻ଶ ∙ ସହ,଺ଶଷ଴మቁ = Ͳ,Ͳ͹͸ ˑ. ˈ.   
 Zଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 Zଵ = Zଵ ˑ.ˈ. ∙ Z˄ = Ͳ,Ͳ͹͸ ∙ ʹ,Ͷʹ = Ͳ,ͳͺ ʝˏ ,   (5.78)  
 

ɝɞɟ Z˄ = ୙మ˄ୗʜʒ = ଵ଴,ହమସହ,଺ = ʹ,Ͷʹ ʝˏ                                                                            (5.79) 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 Zଵ ʠʖ = Zଵ ∙ ୬ʡ୬ʜ = Ͳ,ͳͺ ∙ యబబబఱభబ,ఱబ,భ = ͳ,Ͳ͵ ʝˏ.    (5.80)  

 
2) Ɏɭɧɤɰɢɹ ∆Z ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

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

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ Ͳ,ͷ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ʹʹͲ ˍʑ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ʡʠʜ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͳ,Ͳ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 
ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ʏʟʖ. 

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

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
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Zʜʏʒʟ = ୙ʜʝʛ√ଷ∙୍ʜʏʒʟ = ଵ଴,ହ∙ଵ଴య√ଷ∙ଶହ଴଻ = ʹ,Ͷʹ ʝˏ,   (5.81)  

 
ɝɞɟ Iʜʏʒʟ = ʹͷͲ͹ ʏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ Iʑ.ʜ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷ ∙ Uʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ). 

 Iʣ = మ∙Iʑ.ʜʝʛIʑ.ʤ.ʤ. −଴,ଽହ୶ౚ = మ∙వయబ,బబఱఱమ,ఴ −଴,ଽହଵ,ଵହ = ʹ,ͳ ˑ. ˈ.   (5.82)  

 
ɝɞɟ Iʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; xୢ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. 

Ʉɪɚɬɧɨɫɬɶ ɮɨɪɫɢɪɨɜɤɢ ɬɚɤ ɠɟ ɭɤɚɡɚɧɚ ɜ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɞɚɥɟɟ ɮɨɪɫɢɪɨɜɚɧɧɵɣ ɬɨɤ ɛɭɞɟɬ ɩɪɢɧɢɦɚɬɶɫɹ ɫɨɝɥɚɫɧɨ 
ɩɚɫɩɨɪɬɧɵɦ ɞɚɧɧɵɦ, ɬɨ ɟɫɬɶ Iʣ = ʹ,ͳ ˑ. ˈ.   

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͳ ∙ Iʜʝʛ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 Zʜʏʒʟ.ʣ = ଴,ଽହ∙୙ʜ୍ʣ = ଴,ଽହ∙ଵଶ,ଵ = Ͳ,Ͷͷ ˑ. ˈ.   (5.83) 

 cos φʜʏʒʟ.ʣ = ୡ୭ୱ φʜ଴,ଽହ∙୍ʣ = ଴,ଽ଴,ଽହ∙ଶ,ଵ = Ͳ,Ͷͷ.    (5.84)  

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ φʜʏʒʟ.ʣ = ͸͵,ͳͺ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 Zʠʖ ୍୍ ˑ.ˈ. = Zʜʏʒʟ.ʣ୏ʜ = ଴,ସହଵ,ଵ = Ͳ,Ͷͳ ˑ. ˈ.   (5.85) 

 
ȼ Ɉɦɚɯ: 
 Zʠʖ ୍୍ = Zʠʖ ୍୍ ˑ.ˈ. ∙ Zʐ = Ͳ,Ͷͳ ∙ ଵ଴,ହమସହ,଺ = Ͳ,ͻͻ ʝˏ.   (5.86) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 Z୍୍ = Zʠʖ II∙୬ʡ୬ʜ = ଴,ଽଽ∙ଷ଴଴଴/ହଵ଴ହ଴଴/ଵ଴଴ = ͷ,͸͸ ʝˏ.   (5.87) 

 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ͳͷ%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ Zʠʛଵ = Ͳ,ͳͷͷ ʝˏ, Zʠʛଶ = Ͳ,ͺͶͻ ʝˏ. 
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ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ 
ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 

ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ͹,Ͳ ˔ ɧɚ ɒɋȼ, ͹,ͷ ˔ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ʹʹͲ ˍʑ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ʡʠʜ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ͺ,Ͳ ˔ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.6. 

 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
5.5.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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 ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
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I୔ ʠʗʒʜ = ୏ː∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ = ଵ,଴ହ∙ଽଷ଴∙଴,଼ଵ଺଴,ଽ଼∙ భబ,ఱబ,రళఱ = ͵͸,͹ͺ ʏ.  (5.88)  

 

ɍɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 

 I୔ ʠʗʒʜ ʡʡ = ୍P ʠʗʒʜ.୬˕.˕. = ଷ଺,଻଼ସ଴,଴଴ = Ͳ,ͻʹ ʏ  (5.89)  

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ ɜɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ: 
 I˓ˑ˕.ːˑˏ.ሺଶሻ = ୍ːˑˏ.˓ˑ˕.∙୏ʠʤ୬˕.˕.∙୏ʡʔ = ଽଷ଴∙଴,଼ଵ଺ସ଴∙భబ,ఱబబ,రళఱ = Ͳ,ͺ͸ ʏ.  (5.90)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 

 I˓ ʠʗʒʜˑ.ˈ. = ୍P ʠʗʒʜ ʡʡ୍˓ˑ˕. ːˑˏ.ሺమሻ = ଴,ଽଶ ଴,଼଺ = ͳ,Ͳ͹ ˑ. ˈ.  (5.91)  

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ.  

ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 I୔ ʞʢʠʙ = ୏ː∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ = ଵ,଴଼∙ଽଷ଴∙଴,଼ଵ଺଴,ଽ଼∙భబ,ఱబబ,రళఱ = ͵͹,ͺͶ ʏ.   (5.92)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 
 I୔ ʞʢʠʙ ʡʡ = ୍P ʞʢʠʙ.୬˕.˕. = ଷ଻,଼ଷସ଴ = Ͳ,ͻͷ ʏ.  (5.93)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 I˓ ʞʢʠʙˑ.ˈ. = ୍P ʞʢʠʙ  ʡʡ୍˓ˑ˕. ːˑˏ.ሺమሻ = ଴,ଽହ଴,଼଺ = ͳ,ͳͳ ˑ. ˈ.  (5.94)  

 
3) ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɪɨɬɨɪɚ ɨɬ ɩɟɪɟɝɪɭɡɨɤ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.7 
 

Ɍɚɛɥɢɰɚ 5.7 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ۷۷ʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 210 140 110 90 70 55 20 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 
ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.7. 

 

 
Ɋɢɫɭɧɨɤ 5.7 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ.  
ɍɫɬɚɜɤɚ ɬɨɤɚ ɨɪɝɚɧɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 I୔ ʡʝ = ଶ,ଶ∙୍ːˑˏ.˓ˑ˕∙୏ʠʤ୏˅ˑˊ˅∙୏ʡʔ = ଶ,ଶ∙ଽଷ଴∙଴,଼ଵ଺଴,ଽ଼∙ భబ,ఱబ,రళఱ = ͹͹,Ͳ͹ ʏ.   (5.95)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɨɪɝɚɧɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ ɱɟɪɟɡ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 
 I୔ ʡʝ ʡʡ = ୍P ʡʝ.୬˕.˕. = ଻଻,଴଻ସ଴,଴଴ = ͳ,ͻ͵ ʏ.   (5.96)  

 
ɍɫɬɚɜɤɚ ɬɨɤɚ ɨɪɝɚɧɚ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ: 
 I˓ ʡʝˑ.ˈ. = ୍P ʡʝ ʡʡ୍˓ˑ˕. ːˑˏ.ሺమሻ = ଵ,ଽଷ ଴,଼଺ = ʹ,ʹͶ ˑ. ˈ.  (5.97)  

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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5.6 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

Ⱦɥɹ ɡɚɳɢɬ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɢ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ 
ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ ɇɉɉ «ɗɄɊȺ». 
 Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴёɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 
 ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞёɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞёɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 

6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

6.1.1 ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ȽɌɋ 

Ʉɥɚɫɫ ɨɫɧɨɜɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɜɵɫɨɬɵ (40 ɦ) ɢ ɬɢɩɚ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ (ɫɤɚɥɶɧɨɟ) ‒ ɩɪɢɫɜɨɟɧ III ɤɥɚɫɫ. 

Ʉɥɚɫɫ ɨɫɧɨɜɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 120 Ɇȼɬ ‒ ɩɪɢɫɜɨɟɧ III ɤɥɚɫɫ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɦɨɠɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɚɜɚɪɢɣ ‒ 
ɩɪɢɫɜɨɟɧ III ɤɥɚɫɫ. 

ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɧɚɢɜɵɫɲɢɣ ɤɥɚɫɫ ɜɫɟɦɭ ɫɨɨɪɭɠɟɧɢɸ, ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ III ɤɥɚɫɫ. 

 
6.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 

Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɫɬɜɨɪɚ 657 ɦ, ɜɵɩɨɥɧɢɦ ɝɥɭɯɢɟ ɩɥɨɬɢɧɵ ɢɡ ɝɪɭɧɬɚ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɪɚɣɨɧɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɭɡɥɚ 

ɫɨɫɬɚɜɥɹɟɬ V୵ = ͳͷ ɦ/ɫ. Ⱦɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ L = 2200 ɦ. 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ∇ȽȻɉ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, 

ɜɵɫɱɢɬɚɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ: 
  ∇ʒʒʞ = ∇ʜʞʢ + h୰୳୬ଵ% + Δhset + a,               (6.1) 

 ∇ʒʐʞ = ∇ʜʞʢ + hଵ% + Δhset + a.              (6.2) 
 

ɝɞɟ a ‒ ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, a = 0,56 ɦ. 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1%: 
 hଵ% = h · K୧,                  (6.3) 
 

ɝɞɟ h – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ, ɦ; K୧ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ 
2

wV

gL
 

(ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ); g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; L – ɞɥɢɧɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ; V୵ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ. Δh௦௘௧ = 𝑘௪ ∙ 𝑉𝑤మ∙𝐿௚∙ௗ ∙ cos  (6.4)                 ,ߙ

        
ɝɞɟ kw  ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɉ; 
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Vw  ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ, ɦ/ɫ; 
L   ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ; 
 ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ, 

 = 0. 
 k୵ = ͵ሺͳ + Ͳ,͵V୵ሻ ∙ ͳͲ−଻ = ͵ሺͳ + Ͳ,͵ ∙ ͳͷሻ ∙ ͳͲ−଻ = Ͳ,ͲͲͲͲͲͳ͸ͷ.       (6.5) 
 Δh௦௘௧ = Ͳ,ͲͲͲͲͲͳ͸ͷ ∙ ଵହమ∙ଶଶ଴଴ଽ,଼ଵ∙ଶ଴ ∙ cosሺͲሻ = Ͳ,ͲͲͶʹ ɦ. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɨɩɪɟɞɟɥɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ: 
 ୥∙୐୚౭మ = ଽ,଼ଵ∙ଶଶ଴଴ଵହమ = ͻͷ,ͻʹ.                                                                                 (6.6) 

  ୥∙୲୚౭ = ଽ,଼ଵ∙ଶଵ଺଴଴ଵହ = ͳͶͳʹ͸,                                                                              (6.7) 

ɝɞɟ t – ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɪɚɜɧɨɟ 6 ɱɚɫɚɦ. 
ɋ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɢɨɞ ɜɨɥɧɵ, ɜɪɟɦɹ ɡɚ 

ɤɨɬɨɪɨɟ ɪɚɡɜɢɜɚɟɬɫɹ ɨɞɧɚ ɞɥɢɧɚ ɜɨɥɧɵ, ɞɥɹ ɷɬɨɝɨ ɧɚɣɞёɦ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ 
ɩɨ ɪɢɫɭɧɤɭ 6.1 ɢ ɫɜɟɞёɧɧɵɟ ɜ ɬɚɛɥɢɰɭ 6.1. 

Ɍɚɛɥɢɰɚ 6.1 – ɗɥɟɦɟɧɬɵ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɜ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɢ ɦɟɥɤɨɜɨɞɧɨɣ ɡɨɧɚɯ ܏ ∙ ܟ܄ɫɪ܂  
܏ ∙ ૛ܟ܄ܐ̅  

1,55 0,018 
4,8 0,11 

 

 
Ɋɢɫɭɧɨɤ 6.1 – Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ ௚∙𝑇𝑉𝑤  ɢ ௚∙ℎ̅𝑉𝑤మ 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɩɟɪɢɨɞɚ ɜɨɥɧɵ Tɫɪ ɢ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ ɜɨɥɧɵ h̅ 
ɢɫɩɨɥɶɡɭɟɦ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɢɡ ɬɚɛɥɢɰɵ 6.1: 
 ୥∙୘ɫɪ୚౭ = ͳ,ͷͷ => Tɫɪ = ଵ,ହହ∙୚౭୥ = ଵ,ହହ∙ଵହଽ,଼ଵ = ʹ,͵͹ ɫ ,                                       (6.8) 

 ୥∙୦̅୚౭మ = Ͳ,Ͳͳͻ => h̅ = ଴,଴ଵ଼∙୚౭మ୥ = ଴,଴ଵ଼∙ଵହమଽ,଼ଵ = Ͳ,Ͷͳ ɦ.                                     (6.9) 

 
Ⱦɥɢɧɚ ɜɨɥɧɵ: 
 ƛ̅ = ୥∙୘ɫɪ

మଶ∙஠ = ଽ,଼ଵ∙ଶ,ଷ଻మଶ∙ଷ,ଵସ = ͺ,͹͹ ɦ.                (6.10) 

 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 

 d = ∇ɇɉɍ−∇ȾɇȺଶ = ଶ଴଴−ଵ଺଴ଶ = ʹͲ ɦ.                 (6.11) 

 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɫɥɟɞɭɸɳɟɦɭ 

ɭɫɥɨɜɢɸ: 
 d = ʹͲ > Ͳ,ͷƛ = Ͳ,ͷ · ͺ,͹͹ = Ͷ,͵ͺ.                  (6.12) 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 hଵ% = h · K୧ = Ͳ,Ͷͳ · ʹ,Ͳͻ = Ͳ,ͺ͸ ɦ,                                                        (6.13) 
 

ɝɞɟ 09,2iK  − ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɧɚ ɪɢɫɭɧɨɤɟ 6.2. 
 

 
Ɋɢɫɭɧɨɤ 4.2 – Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ܭ𝑖 
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Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
ɞɥɹ ɮɪɨɧɬɚɥɶɧɨ ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ: 

 h୰୳୬ଵ% = k୰k୮kୱ୮k୰୳୬hଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ,ʹͷ ∙ ʹ,͵ͷ ∙ Ͳ,ͺ͸ = ʹ,ʹ͹ ˏ,       (6.14)
          
ɝɞɟ k୰ ɢ k୮  ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, 
ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɋɉ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 1 ɢ 0,9;  kୱ୮  ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɧɵɣ 1,25; k୰୳୬  ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɧɚ ɪɢɫɭɧɤɟ 6.3 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ ɉ̅ୢ/hଵ% ɧɚ ɝɥɭɛɨɤɨɣ ɜɨɞɟ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɧ 
ɪɚɜɟɧ 2,35. 

 
Ɋɢɫɭɧɨɤ 6.3 ‒ Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ runk  

ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ: ∇ʒʒʞ = ʹͲͲ + ʹ,ʹ͹ + Ͳ,ͲͲͶʹ + Ͳ,ͷ͸ = ʹͲʹ,ͺ͵ ˏ; ߘʒʐʞ = ʹͲͲ + Ͳ,ͺ͸ + Ͳ,ͲͲͶʹ + Ͳ,Ͷ = ʹͲͳ,ʹ͸ ˏ.  
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

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: 

 𝐻ˑ˔ː = ∇ʜʞʢ − ʢʜʐ(𝑄ˏ˃ˍ˔.˓˃˔˚ˑ˔ː ) = ʹͲͲ − ͳ͸͹,ͺ͹ = ͵ʹ,ͳ͵ ˏ.        (6.15) 
 𝐻˒ˑ˅ = ∇ʣʞʢ − ʢʜʐ(𝑄ˏ˃ˍ˔.˓˃˔˚˒ˑ˅ ) = ʹͲͳ − ͳ͸ͺ,͵Ͳ = ͵ʹ,͹Ͳ ˏ.        (6.16) 
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Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ. Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱёɬɧɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɦɨɳɧɨɫɬɢ: 

 Qˆ˃ˑ˔ːሺ˒ˑ˅ሻ = ୒ˆ˃ଽ,଼ଵ∙(ୌˑ˔ːሺ˒ˑ˅ሻ−∆୦)∙η,            (6.17) 

 
ɝɞɟ  Nˆ˃ = Ͷʹ͵͵͵ ˍʑ˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Hˑ˔ː = ͵ʹ,ͳ͵  – ɧɚɩɨɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɜɵɦɢ ɫɜɹɡɢ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɪɚɫɯɨɞɟ; H˒ˑ˅ = ͵ʹ,͹Ͳ  – ɧɚɩɨɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɜɵɦɢ ɫɜɹɡɢ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɪɚɫɯɨɞɟ; η = Ͳ,ͻ͵Ͷ – ɄɉȾ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

 Qˆ˃ˑ˔ː = ସଶଷଷଷଽ,଼ଵ∙ሺଷଶ,ଵଷ−଴,ଷሻ∙଴,ଽଷସ = ͳͶͷ,ͳ͵ ˏయ̝,   
 Qˆ˃˒ˑ˅ = ସଶଷଷଷଽ,଼ଵ∙ሺଷଶ,଻଴−଴,ଷሻ∙଴,ଽଷସ = ͳͶʹ,ͷͻ ˏయ̝.   
 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ – m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 2. 
Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɨɣ ɢ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ Ƚɗɋ: 
 QʒЭʠˑ˔ː = Qˆ˃ˑ˔ː ∙ m = ͳͶͷ,ͳ͵ ∙ ʹ = ʹͻͲ,ʹ͹ ˏయ̝

.                    (6.18) 

 QʒЭʠ˒ˑ˅ = Qˆ˃˒ˑ˅ ∙ m = ͳͶʹ,ͷͻ ∙ ʹ = ʹͺͷ,ͳͺ ˏయ̝.           (6.19) 

 
Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɢɣ ɪɚɫɯɨɞ ɫɪɚɛɨɬɤɢ: Qୡ = ୚˒ˑ+୚˒˓୘˔˓ = ଶ,ହ∙ଵ଴వ+଴,଺ଷ∙ଵ଴వଶଷଷଶ଼଴଴଴ = ͳ͵Ͷ,ͳ͹ ˏయ̝

,              (6.20) 

ɝɞɟ V˒ˑ = ʹ,ͷ ˍˏଷ – ɩɨɥɟɡɧɵɣ ɨɛɴёɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ;  V˒˓ = Ͳ,͸͵ ˍˏଷ ‒ ɨɛɴёɦ ɩɨɬɨɤɚ ɡɚ ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ (ɩɨ ɝɢɞɪɨɝɪɚɮɭ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ);  ʡ˔˓ = ʹ͵͵ʹͺͲͲͲ ˔ ‒ ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ. 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ:  Qɦɚɤɫ.ɪɚɫɱ

ɨɫɧ = Qɦɚɤɫ.ɪɚɫɱ
ɨɫɧ − QȽɗɋ

ɨɫɧ − Qୡ = ͳ͹Ͳͺ,ͲͲ − ʹͻͲ,ʹ͹ − ͳ͵Ͷ,ͳ͹ =  = ͳʹͺ͵,ͷ͸ ˏయ̝
                                          (6.21) Qɦɚɤɫ.ɪɚɫɱ

ɩɨɜ = Qɦɚɤɫ.ɪɚɫɱ
ɩɨɜ − QȽɗɋ

ɩɨɜ − Qୡ = ͳͻ͹Ͷ,ͲͲ − ʹͺͷ,ʹͲ − ͳ͵Ͷ,ͳ͹ =     
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= ͳͷͷͶ,͸ͷ ˏయ̝
               (6.22) 

 
ɝɞɟ Qɦɚɤɫ.ɪɚɫɱ

ɨɫɧ  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ, ɫ ɭɱёɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 3% ɞɥɹ III ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ;  Qɦɚɤɫ.ɪɚɫɱ

ɩɨɜ  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ, ɫ ɭɱёɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,5% ɞɥɹ III ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɝɢɞɪɨɭɡɥɚ (ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ). Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ 
ɦɨɝɭɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ ɢɥɢ ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. 
Ⱦɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɨɩɨɪɨɠɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, 
ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɜɨɞɨɫɩɭɫɤɨɦ (ɜɨɞɨɜɵɩɭɫɤɨɦ). ɉɨɥɧɨɟ ɨɩɨɪɨɠɧɟɧɢɟ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɩɪɢ ɥɢɤɜɢɞɚɰɢɢ ȽɌɋ. 

Ɂɚɞɚɞɢɦɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ D = 1,8 ɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɨɬɦɟɬɤɭ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ: 
 ∇ʥʝ = ∇˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋ + hˆ˃ˎˈ˓ˈˋ + ͵ = ͳ͸Ͳ,ͷͲ + ͵,ͷ + ͵ = ͳ͸͹,ͲͲ ˏ.    (6.23) 
 

ɝɞɟ ∇˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋ= ͳ͸Ͳ,ͷͲ ˏ ‒ ɨɬɦɟɬɤɚ ɩɨɥɚ ɝɚɥɟɪɟɢ;  
 hˆ˃ˎˈ˓ˈˋ = ͵,ͷ ˏ ‒ ɜɵɫɨɬɚ ɝɚɥɟɪɟɢ. 

ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ H: 
 ʜ = ∇ʜʞʢ+∇ʢʛʝଶ − ∇ʥʝ = ଶ଴଴,଴଴+ଵ଼଻,ଷ଼ଶ − ͳ͸͹,ͲͲ = ʹ͸,͸ͻ ˏ.                  (6.24) 

 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
 Q = Ɋ ∙ ω ∙ √ʹ ∙ ͻ,ͺͳ ∙ H = Ͳ,ͺ ∙ ʹ,ͷͶ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ʹ͸,͸ͻ = Ͷ͸,͸ ˏయ̝.        (6.25) 

 
ɝɞɟ Ɋ = Ͳ,ͺ ‒ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; ω = ʹ,ͷͶ ˏଶ ‒ ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 

Ⱦɚɥɟɟ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɧɟ ɦɟɧɟɟ 
2), ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ Qɫɪ: 

 n =  Q˔/Q = ͳ͵Ͷ,ͳ͹/Ͷͺ = ʹ,ͺ.                                                                (6.26) 
 
ɉɪɢɧɢɦɚɟɦ 3 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 1,8 ɦ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 B = ୕˓୯˅ = ଵଶ଼ଷ,ହ଺ହସ,ଵ = ʹ͵,͹͵ ˏ.              (6.27) 

 
ɝɞɟ q˅ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ. 
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q˅ = ͳ,ʹͷ ∙ q୮ = ͳ,ʹͷ ∙ Ͷ͵,ʹ͸ = ͷͶ,ͳ ˏଷ/˔.               (6.28) 
 

ɝɞɟ q୮ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 
 q୮ = Vː˓ ∙ hː˄ = ͷ,ͷ ∙ ͹,ͺ͹ = Ͷ͵,ʹ͸ ˏଷ/˔.                (6.29) 
 

ɝɞɟ Vː˓ –  ɧɟ ɪɚɡɦɵɜɚɸɳɚɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɝɪɚɧɢɬɚ 5,5 ɦ/ɫ; 
 hː˄ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ ɩɪɢ Qˑ˔ː.୫ୟ୶ ହ% ɪɚɜɧɚ ͹,ͺ͹ ɦ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 
ɨɤɪɭɝɥɹɟɦ B ɞɨ 24 ɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɜɵɧɭɠɞɟɧɵ ɭɜɟɥɢɱɢɬɶ 
ȼ ɞɨ 56 ɦ. ɋɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ b ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. ɉɪɢɧɢɦɚɟɦ b = 14. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 4 ɩɪɨɥɟɬɚ ɩɨ 
14 ɦ.  

Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ: 
Ȼɟɪɟɡɢɧɫɤɢɣ Ⱥ.Ɋ. ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɬɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɥɟɬɚ. ɉɪɢɦɟɦ ɬɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ 
ɛɵɤɚ ɪɚɜɧɨɣ: Ɂ˄ = ͵ ˏ. Ɍɨɝɞɚ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɛɵɤɨɜ: 

 B˅ = b ∙ n + ሺn − ͳሻ ∙ Ɂ˄ = ͳͶ ∙ Ͷ + ሺͶ − ͳሻ ∙ ͵ = ͸ͷˏ.         (6.30) 
 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɨɫɧɨɜɧɨɣ 
ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬɨ ɟɫɬɶ ɛɟɡ ɭɱёɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ 
ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ: 

 H଴ଵɨɫɧ = ( ୕ɪɚɫɱ
ɨɫɧ୫·୆·√ଶ୥)ଶ/ଷ = ቀ ଵଶ଼ଷ,ହ଺଴,ସଽ∙ଵସ∙ସ∙√ଶ∙ଽ.଼ଵቁଶ ଷ⁄ = Ͷ,ͺͳ ɦ,          (6.31) 

 
ɝɞɟ m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ, ɩɪɢɧɢɦɚɟɦ 
ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ ɬɢɩɚ Ⱥ: m = Ͳ,Ͷͻ; 

 B – ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɛɟɡ ɛɵɤɨɜ. 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 

ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
 H଴ଶɨɫɧ = ( ୕ɪɚɫɱ

ɨɫɧ୫·ϵ·σ˒·୆·√ଶ୥)ଶ/ଷ = ቀ ଵଶ଼ଷ,ହ଺଴,ସଽ∙଴,ଽ଺ହ∙ଵ∙ଵସ∙ସ∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = Ͷ,ͻ͵ ˏ,         (6.32) 

 
ɝɞɟ ϵ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ; σ˒ ‒ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ: ϵ = ͳ − Ͳ,ʹ · ቀஞ+ሺ୬−ଵሻ·ஞబ୬ ቁ · ୌబభୠ = ͳ − Ͳ,ʹ · ቀ଴,଻+ሺସ−ଵሻ·଴,ସହସ ቁ · ସ,଼ଵ଼ =       = Ͳ,ͻ͸ͷ.                 (6.33) 
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ɝɞɟ b – ɲɢɪɢɧɚ ɨɞɧɨɝɨ ɩɪɨɥёɬɚ; n – ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; Ɍ଴ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ (ɩɪɢɧɢɦɚɟɦ 0,45); Ɍ˖ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɟɪɟɝɨɜɵɯ ɭɫɬɨɟɜ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɟɪɟɝɨɜ 
ɜɨɞɨɫɥɢɜɚ 0,7.  

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ: 
 H = H଴ଶɨɫɧ − α୚బమଶ୥ = Ͷ,ͻ͵ − ଵ,ଵ∙଴,ସଽସమଶ∙ଽ,଼ଵ = Ͷ,ͻʹ ˏ,                (6.34) 

 
ɝɞɟ V଴ – ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ; 

 Ƚ = ͳ,ͳ ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ. 
 V଴ = ୕ɪɚɫɱ

ɨɫɧሺ∇ʜʞʢ−∇ˇː˃ሻ·ሺ୆+ሺ୬−ଵሻ·ஔ˄ሻ = ͳʹͺ͵,ͷ͸ሺʹͲͲ,ͲͲ−ͳ͸Ͳ,ͲͲሻ∙ሺͷ͸+ሺͶ−ͳሻ∙͵ሻ = Ͳ,ͶͻͶ ˏ/˔,        (6.35) 

 
ɝɞɟ ∇ʜʞʢ ɢ ∇ˇː˃ – ɨɬɦɟɬɤɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɨɞɩɨɪɧɨɦ ɭɪɨɜɧɟ ɢ ɫɭɯɨɝɨ ɞɧɚ; B – ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɛɟɡ ɛɵɤɨɜ. 

Ⱦɚɥɟɟ ɧɚɡɧɚɱɚɸɬ Hcɬ (ɛɥɢɠɚɣɲɟɟ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ 
ɡɧɚɱɟɧɢɸ), ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ ɇɫɬ = 5 ɦ. 

Ɋɚɫɫɱɢɬɚɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 ∇ʒʑ = ∇ʜʞʢ − ʜ˔˕ = ʹͲͲ,ͲͲ − ͷ,ͲͲ = ͳͻͷ,ͲͲ ˏ.             (6.36) 

 
6.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ Ɏɉɍ ɢ ɜɟɪɯɚ ɛɵɤɚ 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ 
ɩɨɜɟɪɨɱɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬɨ ɟɫɬɶ ɛɟɡ ɭɱёɬɚ 
ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ: 

 H଴ଵɩɨɜ = ( ୕ɪɚɫɱ
ɩɨɜ୫·୆·√ଶ୥)ଶ/ଷ = ቀ ଵହହସ,଺ହ ଴,ସଽ∙ହ଺∙√ଶ∙ଽ.଼ଵቁଶ/ଷ = ͷ,Ͷ͹ ɦ,          (6.37) 

 
ɝɞɟ m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ, ɩɪɢɧɢɦɚɟɦ 
ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ ɬɢɩɚ Ⱥ: m = Ͳ,Ͷͻ;  

 B – ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɛɟɡ ɛɵɤɨɜ. 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 

ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
 H଴ଶɩɨɜ = ( ୕ɪɚɫɱ

ɩɨɜ୫·ϵ·σ˒·୆·√ଶ୥)ଶ/ଷ = ቀ ଵହହସ,଺ହ଴,ସଽ∙଴,ଽ଺ହ∙ଵ∙ହ଺∙√ଶ∙ଽ.଼ଵቁଶ/ଷ = ͷ,͸ ɦ,           (6.38) 

 
ɝɞɟ ϵ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ; σ˒ ‒ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ: 
 ϵ = ͳ − Ͳ,ʹ · ቀஞ˖+ሺ୬−ଵሻ·ஞబ୬ ቁ · ୌబభୠ = ͳ − Ͳ,ʹ · ቀ଴,଻+ሺସ−ଵሻ·଴,ସହସ ቁ · ହ,ସ଻ ଼ =               = Ͳ,ͻ͸ͷ,                  (6.39) 
 

ɝɞɟ b – ɲɢɪɢɧɚ ɨɞɧɨɝɨ ɩɪɨɥёɬɚ; n – ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; Ɍ଴ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ, ɩɪɢɧɢɦɚɟɦ 0,45; Ɍ˖ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɟɪɟɝɨɜɵɯ ɭɫɬɨɟɜ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɟɪɟɝɨɜ 
ɜɨɞɨɫɥɢɜɚ 0,7;  

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ: 
 H˒ˑ˅ = H଴ଶɩɨɜ − α୚బమଶ୥ = ͷ,͸ − ଵ,ଵ∙଴,ହ଼మଶ∙ଽ,଼ଵ = ͷ,ͷͺ ɦ,           (6.40) 

 
ɝɞɟ V଴ – ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ; 

 Ƚ = ͳ,ͳ ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ. 
 V଴ = ୕ɪɚɫɱ

ɩɨɜሺ∇ʣʞʢ−∇ˇː˃ሻ·ሺ୆+ሺ୬−ଵሻ·ஔ˄ሻ = ଵହହସ,଺ହሺଶ଴ଵ−ଵ଺଴ሻ∙ሺହ଺+ሺସ−ଵሻ·ଷሻ = Ͳ,ͷͺ ˏ/˔,        (6.41) 

 
ɝɞɟ ∇ʜʞʢ ɢ ∇ˇː˃ – ɨɬɦɟɬɤɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɨɞɩɨɪɧɨɦ ɭɪɨɜɧɟ ɢ ɫɭɯɨɝɨ ɞɧɚ; 

 B – ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɛɟɡ ɛɵɤɨɜ. 
Ɋɚɫɫɱɢɬɚɟɦ ɨɬɦɭɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ: 
 ∇ʣʞʢ˓ = ∇ʒʑ + ʜ˒ˑ˅ = ͳͻͷ + ͷ,ͷͺ = ʹͲͲ,ͷͺ ˏ.                  (6.42) 
 
Ɍɚɤ ɤɚɤ ɪɚɫɫɱɢɬɚɧɧɚɹ ɨɬɦɟɬɤɚ ∇ʣʞʢ˓ = 200,58 ɦ ɩɨɥɭɱɢɥɚɫɶ ɦɟɧɶɲɟ, ɱɟɦ 

ɡɚɞɚɧɧɚɹ ɨɬɦɟɬɤɚ ∇Ɏɉɍ = 201 ɦ, ɬɨ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 
ɪɚɫɱёɬɨɜ ɨɬɦɟɬɤɭ ∇Ɏɉɍ = 201 ɦ. 

Ɋɚɫɫɱɢɬɚɟɦ ɨɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ: 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ ʜ˔˕ = ͳͻͷ + ͳ,͸ ∙ ͷ = ʹͲ͵,ͲͲ ˏ.                (6.43) 

 
6.2.4 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 

ɩɪɨɟɤɬɧɨɣ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 

ɉɨɫɬɪɨɢɦ ɩɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ, ɤɨɬɨɪɵɣ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 
6.4, ɩɨ ɬɚɛɥɢɰɟ 6.2. 
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Ɍɚɛɥɢɰɚ 6.2 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
ɯ ɭ ɯ ɭ ɯ ɭ 

0 0,63 7 2,82 14 12,31 

0,5 0,18 7,5 3,305 14,5 13,2 

1 0,035 8 3,82 15 14,12 

1,5 0 8,5 4,365 15,5 15,065 

2 0,03 9 4,935 16 16,035 

2,5 0,135 9,5 5,54 16,5 17,025 

3 0,3 10 6,175 17 18,045 

3,5 0,5 10,5 6,845 17,5 19,09 

4 0,73 11 7,54 18 20,155 

4,5 0,99 11,5 8,265 18,5 21,245 

5 1,28 12 9 19 22,355 

5,5 1,605 12,5 9,8 19,5 23,49 

6 1,97 13 10,61 20 24,69 

6,5 2,375 13,5 11,445   

 

 
Ɋɢɫɭɧɨɤ 6.4 – ɉɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
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ɉɪɨɟɤɬɧɚɹ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɧɚɢɛɨɥɶɲɟɣ ɢɡ ∇ʒʒʞ = ʹͲʹ,ͺ͵ ˏ,  ∇ʒʐʞ = ʹͲͳ,ʹ͸ ˏ ˋ ∇ʒʐ = ʹͲ͵,ͲͲ ˏ.   
 ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ∇ʒʐ ɢ ɪɚɜɧɭɸ 203,00 ɦ. 

 
6.3 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 

ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɜɫɥɟɞɫɬɜɢɟ ɩɚɞɟɧɢɹ ɫɬɪɭɢ ɫɤɨɪɨɫɬɶ 
ɩɨɬɨɤɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ 
ɜɨɞɨɫɥɢɜɨɦ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ C-C, ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.5. Ƚɥɭɛɢɧɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜɥɢɹɟɬ ɧɚ ɭɫɬɚɧɨɜɥɟɧɢɟ ɮɨɪɦɵ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɢ ɩɨɷɬɨɦɭ ɢɦɟɟɬ ɜɚɠɧɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ. 

 

 
Ɋɢɫɭɧɨɤ 6.5 – Ɉɝɨɥɨɜɨɤ ɢ ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ 

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
 hɤɪ = √ α∙୕ɨɫɧ.˓మ୥∙ሺ୆+∑ஔɛሻమయ = √ ଵ,ଵ∙ଵଶ଼ସమଽ,଼ଵ∙ሺହ଺+ଷ·ଷሻమయ = ͵,ͷʹ.           (6.44) 

 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 T଴ = ∇ʜʞʢ − ∇ʓʜʏ = ʹͲͲ,ͲͲ − ͳ͸Ͳ,ͲͲ = ͶͲ ɦ.               (6.45) 

 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 

ξ୘బ = ୘బ୦ɤɪ
= ସ଴ଷ,ହଶ = ͳͳ,͵ͷ ɦ.             (6.46) 

 
ɉɨ ɝɪɚɮɢɤɭ ɧɚ ɪɢɫɭɧɤɟ 6.6 ɨɩɪɟɞɟɥɹɟɦ ɝɥɭɛɢɧɭ hୡ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɩɪɢ φ = 0,95 (ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɨɱɟɪɬɚɧɢɟɦ 
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ɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ) ɢ ɝɥɭɛɢɧɭ hୡ"  – ɜɬɨɪɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɫɨ 
ɫɠɚɬɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ξ୘బ. ɉɨɥɭɱɚɟɦ ξ′ɫ = Ͳ,ʹʹͷ ɢ Ɍୡ" = ʹ,ͻ. 

 

 
Ɋɢɫɭɧɨɤ 6.6 ‒ Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɭɛɢɧɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɢ 

ɝɥɭɛɢɧɵ ɫɨɩɪɹɠɟɧɧɨɣ ɫ ɧɟɣ 
 
Ɉɬɫɸɞɚ, ɫɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hୡ′ = ξɫ · hˍ˓ = Ͳ,ʹʹͷ · ͵,ͷʹ = Ͳ,͹ͻ ˏ.             (6.47) 
 hୡ" = Ɍୡ" · hˍ˓ = ʹ,ͻ · ͵,ͷʹ = ͳͲ,ʹʹ.             (6.48) 

 
Ƚɥɭɛɢɧɚ ɜ ɇȻ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɯɨɞɟ Qଷ%, hʜʐ = ͹,ͺ͹ ˏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ, ɬɚɤ ɤɚɤ hୡ" > hʜʐ. 
Ɍɚɤ ɤɚɤ ɜ ɫɬɜɨɪɟ ɧɚɯɨɞɢɬɫɹ ɬɜёɪɞɵɣ ɝɪɚɧɢɬ, ɩɥɨɬɢɧɚ ɢɦɟɟɬ ɛɨɥɶɲɭɸ 

ɜɵɫɨɬɭ (ɛɨɥɟɟ 40 ɦ), ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ୐˒ˎୌ˒ˎ = ଺ହ଻ସହ = ͳͶ,͸ > ͵ ɬɨ ɜ 
ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ ɜɵɛɢɪɚɟɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɭɸ ɫɬɪɭɸ. ɋɬɪɭɹ, 
ɫɯɨɞɹɳɚɹ ɫ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ, ɨɬɥɟɬɚɟɬ ɧɚ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɨɞɨɫɛɪɨɫɚ. 
ȼ ɦɟɫɬɟ ɩɚɞɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɹɦɚ ɪɚɡɦɵɜɚ. ɗɧɟɪɝɢɹ ɝɚɫɢɬɫɹ ɡɚ ɫɱёɬ ɩɪɟɨɞɨɥɟɧɢɹ 
ɫɬɪɭɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɜ ɩɟɪɢɨɞ ɩɪɵɠɤɚ. 
 

6.4 Ɋɚɫɱёɬ ɨɬɛɪɨɫɚ ɫɬɪɭɢ 

Ⱦɥɹ ɜɨɞɨɫɛɪɨɫɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 40 ɦ 
ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɱɚɫɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ 
ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ ɩɪɨɱɧɵɯ ɫɤɚɥɶɧɵɯ 
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ɝɪɭɧɬɨɜ ɜ ɨɫɧɨɜɚɧɢɢ, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɵɟ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɝɪɭɧɬɵ ɛɟɪɟɝɨɜɵɯ 
ɩɪɢɦɵɤɚɧɢɣ.  

ȿɫɥɢ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɬɨ ɜ ɤɨɧɰɟ 
ɜɨɞɨɫɥɢɜɚ ɭɫɬɪɚɢɜɚɸɬ ɜɵɫɨɤɢɣ ɭɫɬɭɩ ɫ ɧɨɫɤɨɦ-ɬɪɚɦɩɥɢɧɨɦ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɨɛɟɫɩɟɱɟɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ȽɌɋ. 

Ⱦɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 L = kୟ · zଵ · φଶ · sin ʹȽ ቀͳ + ቀ୸బ୸భ − ͳቁ ଵφమ ୱ୧୬మ αቁ,                                       (6.49) 

 
ɝɞɟ Ƚ – ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ: Ƚ = ͵Ͳ°; φ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ: φ = Ͳ,ͻͷ; kୟ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɡɧɚɹ ɱɢɫɥɨ Ɏɪɭɞɚ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 6.54. 

 z଴ = ∇ʜʞʢ − ∇ʜʐ = ʹͲͲ,ͲͲ − ͳ͸͹,ͺ͹ = ͵ʹ,ͳ͵ ˏ;          (6.50) 
 zଵ = ∇ʜʞʢ − ∇ːˑ˔ˍ˃ = ʹͲͲ,ͲͲ − ͶͲ͵,ͺͶ = ʹͻ,͹ ˏ.                 (6.51) 
 ∇ːˑ˔ˍ˃ = ∇ˇː˃ + ˃ = ͳ͸Ͳ + ͳͲ,͵ = ͳ͹Ͳ,͵ ˏ,                (6.52) 
 

ɝɞɟ ˃ = hʜʐ + ሺͳ. .ʹሻ = ͺ,͵ + ʹ = ͳͲ,͵ ˏ.                (6.53) 
 Fr = ୴ʜమ୥୦ʜ = ଶଶ,ଽଷమଽ,଼ଵ·ଶ,ଷହ = ʹʹ,͹͹,                                                               (6.54) 

 
ɝɞɟ vʜ – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 6.55; 

 hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 6.56. 
 vʜ = φ√ʹgzଵ = Ͳ,ͻͷ · √ʹ · ͻ,ͺͳ · ʹͻ,͹ = ʹʹ,ͻ͵ ˏ/˔.            (6.55) 
 hʜ = ୯˅୴ʜ = ହସଶଶ,ଽଷ = ʹ,͵ͷ ˏ.                         (6.56)  

 
ɉɪɢ ɱɢɫɥɚɯ Ɏɪɭɞɚ Fr ɦɟɧɶɲɟ 35 ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ kୟ = ͳ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ: 
 L = ͳ · ʹͻ,͹ · Ͳ,ͻͷଶ · sin ʹ · ͵Ͳ° ቀͳ + ቀଷଶ,ଵଷଶଽ,଻ − ͳቁ ଵ଴,ଽହమ ୱ୧୬మ ଷ଴°ቁ = ͷͲ,͵ͳ ˏ.  

 
ɉɪɨɜɟɪɤɨɣ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ ɜ ɨɬɧɨɲɟɧɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 

ɫɨɨɪɭɠɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɭɫɥɨɜɢɟ: 
 L = ͷͲ,͵ͳ > Ͳ,Ͷz଴ = Ͳ,Ͷ · ͵ʹ,ͳ͵ = ͳʹ,ͺͷ.                             (6.57) 
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ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 h˓˃ˊ = t − hʜʐ = ʹͲ,͵ͺ − ͹,ͺ͹ = ͳʹ,ͷͳ ˏ,                                            (6.58) 
 

ɝɞɟ hʜʐ – ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɯɨɞɟ Qଷ%, hʜʐ =͹,ͺ͹ ˏ; t – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 6.59. 
 t = (Ͳ,ͳ + Ͳ,Ͷͷ − √Frర ) · √Fr · √୦ʜʐ ୢర · hʜ,                                               (6.59) 

 
ɝɞɟ Fr – ɪɚɫɱёɬɧɨɟ ɱɢɫɥɨ Ɏɪɭɞɨ, Fr = ʹʹ,͹͹; 

 d – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɫɤɚɥɵ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ d = ͳ; hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, hʜ = ʹ,͵ͷ ˏ. 
 t = (Ͳ,ͳ + Ͳ,Ͷͷ − √ʹʹ,͹͹ర ) · √ʹʹ,͹͹ · √଻,଼଻ ଵర · ʹ,͵ͷ = ʹͲ,͵ͺ. 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 Lଵ = L + ୲୲୥ αభ = ͷͲ,͵ͳ + ଶ଴,ଷ଼଴,଻ଵ = ͹ͺ,ͻͻ ˏ.                                                (6.60) 

 
ɝɞɟ aଵ – ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ. 

 tg Ƚଵ = √tgଶȽ ଶ୥ሺ଴,ହ୦ʜ·ୡ୭ୱ α+ୟ−୦ʜʐሻ୴ʜమ ·ୡ୭ୱమ α ,                                                         (6.61) 

 
ɝɞɟ a – ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɚɫɱёɬɚɦ ɪɚɜɧɚ 10,3 ɦ; vʜ – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ, vʜ = ʹʹ,ͻ͵ ˏ/˔ ; hʜ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, hʜ = ʹ,͵ͷ ˏ; Ƚ – ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, Ƚ = ͵Ͳ°. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɢɦ:  
 tg Ƚଵ = √tgଶ͵Ͳ° ଶ·ଽ,଼ଵ·ሺ଴,ହ·ଶ,ଷହ  ·ୡ୭ୱ ଷ଴°+ଵ଴,ଷ−଻,଼଻ሻଶଶ,ଽଷ మ·ୡ୭ୱమ ଷ଴° = Ͳ,͹ͳ.  

 
Ⱦɥɢɧɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ: 
 b˓ = ʹ,ͷhˍ˓ + ͵,͹h˓˃ˊ = ʹ,ͷ · ͵,ͷʹ + ͵,͹ · ͳʹ,ͷͳ = ͷͷ,Ͳͻ ˏ.         (6.62) 
 
Ⱦɥɢɧɧɚ ɹɦɵ ɪɚɡɦɵɜɚ ɩɨ ɞɧɭ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ: 
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b˓ ˇːˑ = ʹ,ͷhˍ˓ = ʹ,ͷ · ͵,ͷʹ = ͺ,ͺ ˏ.                        (6.63) 

ɍɤɥɨɧ ɜɟɪɯɨɜɨɝɨ ɨɬɤɨɫɚ ɹɦɵ ɪɚɡɦɵɜɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ 1:2,2, ɭɤɥɨɧ 
ɧɢɡɨɜɨɝɨ ɨɬɤɨɫɚ 1:1,5. 

6.5 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 

6.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

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

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

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

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

Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ:  
 ∇ʞʝʓ = ∇ʓʜʏ − ሺd + Ɂ˅ + ሺʹ ÷ ͵ሻሻ,                                                   (6.64) 
 

ɝɞɟ d – ɝɥɭɛɢɧɚ ɤɨɥɨɞɰɚ;  Ɂ˅ – ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ. 
Ɍɚɤ ɤɚɤ ɫɩɨɫɨɛɨɦ ɝɚɲɟɧɢɹ ɜɨɞɵ ɜɵɛɪɚɧ ɨɬɛɪɨɫ ɫɬɪɭɢ. Ɍɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɛɨɹ ɨɬɫɭɬɫɬɜɭɟɬ. ɇɨ ɫɥɟɞɭɟɬ ɡɚɝɥɭɛɢɬɶ ɩɥɨɬɢɧɭ, ɩɨɷɬɨɦɭ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɡɚɝɥɭɛɢɬɶ ɩɥɨɬɢɧɭ ɧɚ 2 ɦɟɬɪɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 

 ∇ʞʝʓ = ∇ʓʜʏ − ʹ = ͳ͸Ͳ,ͲͲ − ʹ = ͳͷͺ,ͲͲ ɦ.           (6.65) 
 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 hɩɥ = ∇ɇɉɍ − ∇ɉɈȾ = ʹͲͲ,ͲͲ − ͳͷͺ,ͲͲ = Ͷʹ,Ͳ ɦ.          (6.66) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: B˒ˑˇ = Ͳ,͹ ∙ hɩɥ = Ͳ,͹ · Ͷʹ = ʹͻ,Ͷ ˏ.            (6.67) 
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6.5.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 

ɒɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɧɨɥɢɬɧɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢ 
ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɟɟ ɨɫɚɞɤɟ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɫɟɱɟɧɢɸ ɛɟɬɨɧɧɵɯ ɦɚɫɫɢɜɨɜ. 

ȼ ɩɥɨɬɢɧɟ, ɜɨɡɜɨɞɢɦɨɣ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɪɚɡɪɟɡɤɚ ɲɜɚɦɢ ɧɚ 
ɫɟɤɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɨɫɹɦ ɛɵɤɨɜ. ɒɢɪɢɧɚ ɫɟɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ: 

 Bɫɟɤ = b + Ɂɛ = ͳͶ + ͵ = ͳ͹ ɦ.                          (6.68) 
 

ɝɞɟ b − ɩɪɨɥɟɬ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ; Ɂ˄ − ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ. 
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. 

 
6.5.3 Ȼɵɤɢ 

ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 
ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ.  

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

ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ 0,5 ɦ, ɲɢɪɢɧɚ ɢ ɝɥɭɛɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ 
ɩɪɢɧɢɦɚɟɬɫɹ 0,7 ɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɸɬ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 
ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 

 
6.5.4 ɍɫɬɨɢ 

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

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɨɣɫɬɜɨ ɞɜɭɯ ɬɢɩɨɜ ɭɫɬɨɟɜ: 
– ɋɨɩɪɹɝɚɸɳɢɟ ɭɫɬɨɢ: ɨɞɢɧ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ 

ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɨɣ ɢ ɜɬɨɪɨɣ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɨɣ. 

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

 
6.5.5 Ⱦɪɟɧɚɠ ɜ ɬɟɥɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 

ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, ɞɢɚɦɟɬɪɨɦ 20 ɫɦ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɨɫɹɦɢ 2 ɦ. 
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Ɍɚɤɠɟ ɩɪɟɞɭɫɦɨɬɪɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɤɜɚɠɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 
ɩɥɨɳɚɞɶɸ ͸ͲͲ˔ˏଶ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɱɟɪɟɡ 2 ɦɟɬɪɚ. 

 
6.5.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ.  
ɇɚ ɨɬɦɟɬɤɟ 160,50 ɦ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɪɟɧɚɠɧɚɹ ɢ ɫɦɨɬɪɨɜɚɹ ɝɚɥɟɪɟɹ 

ɪɚɡɦɟɪɨɦ 3 ɯ 3 ɦ. 
ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɧɚ ɨɬɦɟɬɤɟ ∇ = 171,00 ɦ ɢ ɧɚ ɨɬɦɟɬɤɟ ∇ = 181,00 ɦ, 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ 
ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ ɢɦɟɟɬ 
ɪɚɡɦɟɪ 2 ɯ 2,5 ɦ. 

 
6.5.7 Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɥɨɬɢɧɵ 

Ȼɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: 
– ɛɵɤɢ ɢ ɭɫɬɨɢ; 
– ɜɨɞɨɫɛɪɨɫɧɵɟ ɩɪɨɥɟɬɵ; 
– ɨɬɛɪɨɫ ɫɬɪɭɢ; 
– ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ; 
– ɞɪɟɧɚɠɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ ɢ ɨɫɧɨɜɚɧɢɹ. 
 
6.5.8 ɉɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ 

Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 Ɂˊ˃˅ = ∆ୌˊ∙ஓ౤୎ˍ˓ = ଶ଻,ସ଺∙ଵ,ଶହଵହ = ʹ,ʹͻ ˏ, (6.69)  

 
ɝɞɟ Jˍ˓ – ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɜ ɡɚɜɟɫɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɬɫɹ Jˍ˓ = ͳͷ; ɀ୬ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ; ∆Hˊ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 6.70. 

 ∆Hˊ = Hୢ − Hୟୱ = ͵ͻ,ʹ͵ − ͳͳ,͹͹ = ʹ͹,Ͷ͸ ˏ, (6.70)  
 
ɝɞɟ Hୟୱ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ. ɉɪɢɧɢɦɚɸɬ ɩɨ ɮɨɪɦɭɥɟ 
6.71. 

 Hୟୱ = Ͳ,͵ ∙ Hୢ = Ͳ,͵ · ͵ͻ,ʹ͵ = ͳͳ,͹͹ ˏ. (6.71)  
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 
 lˊ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻB˒ = ሺͳ,Ͷ͹ ÷ ʹ,ͻͶሻ. (6.72)  
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ɉɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ɢɡ ɢɧɬɟɪɜɚɥɚ lଷ = ʹ,ͻͶ ˏ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 hˊ˃˅ = Ͳ,ͷ ∙ Hୢ = Ͳ,ͷ ∙ ͵ͻ,ʹ͵ = ͳͻ,͸ʹ ˏ. (6.73)  

 
6.5.9 Ⱦɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 

Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ. 

Ⱦɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ ɞɢɚɦɟɬɪɨɦ 200 ɦɦ. 
Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧ: 
 hˇ˓ = Ͳ,ͷ ∙ hˊ˃˅ = Ͳ,ͷ ∙ ͳͻ,͸ʹ = ͻ,ͺͳ ˏ. (6.74)  

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɹɬɨ 5 ɦ.  
 
6.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

6.6.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

ȼɟɫ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 
 G˒ˎ = ୗ˒ˎ∙ୠ∙୥∙஡ʐୠ+ஔʐ = ଺଼ହ,ଷ∙ଵସ∙ଽ,଼ଵ∙ଶ,ସଵସ+ଷ = ͳ͵ʹͺ͹ ˍʜ/ˏ,   (6.75)  

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

Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɥɨɬɢɧɵ. 
Ⱦɚɥɟɟ ɩɨɜɬɨɪɹɟɦ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɞɥɹ ɛɵɤɚ:  
 G˄ = ୗ˄∙ஔʐ∙஡˄∙୥ୠ+ஔʐ = ଵଵଶଶ,଺∙ଷ∙ଶ,ସ∙ଽ,଼ଵଵସ+ଷ = Ͷ͸͸Ͷ ˍʜ/ˏ.           (6.76)  

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

ɝɞɟ f – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 6.78. 
 f = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ b = ሺʹͲͳ − ͳͻͷ + Ͳ,ͷሻ ∙ ͳͶ = ͻͳ ˏଶ.        (6.78)  

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɧɚ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
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qˊ = ୕ˊୠ+ஔʐ = ସ଺଼,ଷ଼ଵସ+ଷ = ʹ͹,ͳͶ ˍʜ/ˏ.            (6.79) 

 
6.6.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
ɋ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ:  
 W˅˄ = ஡౭୥୦భ మଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ହ଴,ଵସమଶ = ͺ͸ͷʹ,Ͷʹ ˍʜ/ˏ.          (6.80)  

 hଵ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅ы = ʹͲͲ − ͳͷͺ = Ͷʹ ˏ.          (6.81)
             

ɋ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 Wː˄ = ஡౭୥୦మ మଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ଶ,଻଻మଶ = ͵͹,͸ ˍʜ/ˏ.            (6.82) 

  hଶ = ∇ʜʐ˔. ˒. −∇˒ˑˇˑ˛˅ы = ͳ͸Ͳ,͹͹ − ͳͷͺ = ʹ,͹͹ ˏ.          (6.83)
            

6.6.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 

ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ: 

 W˅ˊ˅ = Sэ˒ɏ୵g = ͺͳ,ͶͶ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͹ͻͺ,ͻ͵ ˍʜˏ, (6.84)  

 
ɝɞɟ Sэ˒ = ͵ͻͺ ˏଶ – ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. 

 
6.6.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ:  
 W˗ = Sэ˒ · ɏ୵ · g = ͳ͵Ͳ,͵͵ ∙ ͳͲͲͲ · ͻ,ͺͳ = ͳʹ͹ͺ,ͷͶ ˍʜˏ,        (6.85)  

 ˆˇˈ Sэ˒ = ͳ͵Ͳ,͵͵ ˏଶ ‒ ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ. 

 
6.6.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 
 ˓ː = ɀː˅ˊ˅ ∙ hː ∙ tgଶ ቀͶͷ − φଶː ቁ = ͳͲ ∙ ͵ ∙ tgଶ ቀͶͷ − ଶ଴ଶ ቁ = ͳͶ,͹ ˍʜˏయ, (6.86)  
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ɝɞɟ hː – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 3 ɦ; φː – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, φː = ʹͲ°; ɀː˅ˊ˅ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ ɀː˅ˊ˅ = ͳͲ ˍʜˏయ. 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ.: 
 Eː = ʟː∙୦ːଶ = ଵସ,଻·ଷଶ = ʹʹ,Ͳ͸ ˍʜ. (6.87)  

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ: 
 ʟ′ˆ˓ = ɀː˅ˊ˅ ∙ hː ∙ tgଶ ቀͶͷ − φˆ˓ଶ ቁ − ʹ · c ∙ tg ቀͶͷ − φˆ˓ଶ ቁ=ͳͲ ∙ ͵ ∙ tgଶ ቀͶͷ −− ଷ଺,ହଶ ቁ − ʹ · Ͷʹ,ͷ ∙ tg ቀͶͷ − ଷ଺,ହଶ ቁ = −͵ͷ,ʹʹ ˍʜˏమ, (6.88)  

 
ɝɞɟ φˆ˓ = ͵͸,ͷ°; c = Ͷʹ,ͷ ˍʞ˃. 

ȼ ɬɨɱɤɟ ɧɚ ɤɚɠɞɨɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ hˆ˓ ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɜɟɫ 
ɧɚɧɨɫɨɜ ɢ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ: 

  ʟ′′ˆ˓ = (ɀː˅ˊ˅ ∙ hː + ɀˆ˓˅ˊ˅ ∙ hˆ˓) ∙ tgଶ ቀͶͷ − φˆ˓ଶ ቁ − ʹ · c ∙ tg ቀͶͷ − φˆ˓ଶ ቁ=ሺͳͲ ∙ ͵ ++ʹʹ,ͳ͵ ∙ ʹሻ ∙ tgଶ ቀͶͷ − ଷ଺,ହଶ ቁ − ʹ · Ͷʹ,ͷ ∙ tg ቀͶͷ − ଷ଺,ହଶ ቁ = −ʹ͵,ͻͺ ˍʜˏమ. (6.89)  

 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ 
 ɀˆ˓˅ˊ˅ = ɀˆ˓ − ሺͳ − n଴ሻɀ୵ = ʹͻ − ሺͳ − Ͳ,͵ሻ ∙ ͻ,ͺͳ = ʹʹ,ͳ͵ ˍʜˏయ, (6.90)  

 

ɝɞɟ ɀˆ˓ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɀˆ˓ = ʹͻ ˍʜˏయ ; n଴ – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, n଴ = Ͳ,͵; hˆ˓ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, hˆ˓ = ʹ ˏ; φˆ˓ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ, φˆ˓ = ͵͸,ͷ° ; ɀ୵ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
 E˃ = ʟ′ˆ˓+ ʟ′′ˆ˓ଶ hˆ˓ = −ଷହ,ଶଶ−ଶଷ,ଽ଼ଶ ∙  ʹ = −ͷͻ,ʹ ˍʜ, (6.91)  

 
Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɟɝɨ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɚɯ. 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɧɚ ɩɥɨɬɢɧɭ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ 

ɛɶɟɮɚ: 
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 ʟ′′˒ː = (ɀˆ˓˅ˊ˅ ∙ hˆ˓) ∙ tgଶ ቀͶͷ + φˆ˓ଶ ቁ + ʹ · c ∙ tg ቀͶͷ + φˆ˓ଶ ቁ = ሺʹʹ,ͳ͵ ∙ ʹሻ ∙∙ tgଶ ቀͶͷ + ଷ଺,ହଶ ቁ + ʹ · Ͷʹ,ͷ ∙ tg ቀͶͷ + ଷ଺,ହଶ ቁ = ͵Ͷʹ,ͺͷ ˍʜˏమ. (6.92)  

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
 E˒˃˔ =  ʟ′′˒ːଶ hˆ˓ = ͵Ͷʹ,ͺͷଶ ∙  ʹ = ͵Ͷʹ,ͺͷ ˍʜ. (6.93)  

 
6.6.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. 
Ɇɨɠɟɜɢɬɢɧɨɜɚ. 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. 
Ɇɨɠɟɜɢɬɢɧɨɜɚ. 

 W˅ˑˎː = Ͳ,ͷ ∙ ɏ୵g ∙ hଵ% ∙ ቀ஛̅ౚ஠ + ୦బଶ ቁ = Ͳ,ͷ · ͻ,ͺͳ · Ͳ,ͺ͸ ∙ ቀͺ,͹͹Ɏ + Ͳ,ʹ͹ ʹ ቁ =  

= 12,35 ɤɇ.                    (6.94)  
 
ɝɞɟ ɉ̅ୢ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, ɉ̅ୢ = ͺ,͹͹ ɦ; hଵ% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ hଵ% = Ͳ,ͺ͸ ˏ; h଴ – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ, ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 6.95. 

 h଴ = ஠∙୦భ%మ஛̅ౚ = ஠∙଴,଼଺మ   ଼,଻଻ = Ͳ,ʹ͹ ˏ.  (6.95)  

 
ɉɥɟɱɨ ɫɢɥɵ W˅ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 yୡ = ஛̅ౚଶ∙஠ − ଷ଼ ∙ hଵ% = ͺ,͹͹ଶ∙஠ − ଷ଼ · Ͳ,ͺ͸ = ͳ,Ͳ͹ ɦ.                                             (6.96) 
 
6.7 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ 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 6.3, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ. 
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Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
Ɍɚɛɥɢɰɚ 6.3 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

№ ɩ/ɩ Ɉɛɨɡɧɚɱɟɧɢɟ 
ɫɢɥɵ γf ɇɚɩɪɚɜɥɟɧɢɟ 

ɫɢɥɵ 

Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɋɢɥɚ γf, 
ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ 

ɤɇ∙ɦ 

1 2 3 4 5 6 7 

1 Wɜɛ 1 ĺ 8652,42 14 121133,88 

2 Wɧɛ 1 ĸ 37,60 0,9681 -36,40 

3 Gɛ 0,95 Ļ 4430,80 5,7245 -25364,11 

4 Gɩɥ 0,95 Ļ 12622,65 3,8658 -48796,64 

5 Wɜɡɜ 1 Ĺ 798,93 0 0 

6 Wɮ 1 Ĺ 1278,54 10,295 -13162,06 

7 Eɧ 1,2 ĺ 26,47 3 79,42 

8 ȿɩɚɫ 0,8 ĸ 274,28 0,667 182,84 

9 Wɜɨɥɧ 1 ĺ 12,35 40,022 494,27 

10 qɡ 0,9 Ļ 24,43 10,261 -250,64 

 
  

∑N, ɤɇ 15000,41 ∑Ɇ, ɤɇ∙ɦ 33914,88 

 
ɇɚɣɞёɦ ɫɭɦɦɭ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ ɫ ɭɱёɬɨɦ ɡɧɚɤɨɜ: 
 ∑ N = G˄ + G˒ˎ − W˅ˊ˅−W˗ + gˊ = ͶͶ͵Ͳ,ͺͲ + ͳʹ͸ʹʹ,͸ͷ − ͹ͻͺ,ͻ͵ −−ͳʹ͹ͺ,ͷͶ + ʹͶ,Ͷ͵ = ͳͷͲͲͲ,Ͷͳ ˍʜ. (6.97)  

 
ɋɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɡɧɚɤɨɜ: 
 ∑ ʛ = W˅˄ + Wː˄ + G˄ + G˒ˎ + W˅ˊ˅ + W˗ + Eː + ʔ˒˃˔ + W˅ˑˎː =  = ͵͵ͻͳͶ,ͺͺ ˍʜ ∙ ˏ. (6.98)  

 
Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɭ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩ.ɦ.): 
Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୳ = − ∑ ୒୆˒ˑˇ + ଺ ∑ ʛ୆˒ˑˇమ = − ଵହ଴଴଴,ସଵ ଶଽ,ସ + ଺·ଷଷଽଵସ,଼଼ଶଽ,ସమ = −ʹ͹Ͷ,ͺ ˍʞ˃, (6.99)  

 
ɝɞɟ B˒ˑˇ = ʹͻ,Ͷ ˏ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ.  

 σ୶୳ = σ୷୳ ∙ m୳ଶ − ɀ˅ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ = −ʹ͹Ͷ,ͺ ∙ Ͳଶ − ͻ,ͺͳ ∙ Ͷʹ ∙ ሺͳ − Ͳଶሻ =  = −Ͷͳʹ,Ͳʹ ˍʜ/ˏଶ, (6.100)  
 
ɝɞɟ H୳ୢ – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; 



101 

 m୳ = tgȽ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 
 τ୶୷୳ = (ɀ˅ ∙ H୳ୢ + σ୷୳) ∙ m୳ = Ͳ ˍʞ˃. (6.101)  

 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + ɀ˅ ∙ H୳ୢ ∙ m୳ଶ = −ʹ͹Ͷ,ͺ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ Ͷʹ ∙ Ͳଶ =  = −ʹ͹Ͷ,ͺ ˍʞ˃. (6.102)  
 σଷ୳ = −ɀ˅ ∙ H୳ୢ = −ͻ,ͺͳ ∙ Ͷʹ = −Ͷͳʹ,Ͳʹ ˍʞ˃. (6.103)  
 

Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୲ = − ∑ ୒୆˒ˑˇ − ଺ ∑ ʛ୆˒ˑˇమ = − ଵହ଴଴଴,ସଵ ଶଽ,ସ − ଺·ଷଷଽଵସ,଼଼ଶଽ,ସమ = −͹Ͷͷ,͸Ͷ ˍʞ˃.      (6.104) 

 σ୶୲ = σ୷୲ ∙ m୲ଶ − ɀ˅ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ = −͹Ͷͷ,͸Ͷ ∙ Ͳ,͹ଶ − ͻ,ͺͳ ∙ ʹ,͹͹ ∙  ∙ ሺͳ − Ͳ,͹ଶሻ = −͵͹ͻ,ʹʹ ˍʞ˃,                            (6.105)  
  
ɝɞɟ H୲ୢ  – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ; m୲ = Ͳ,͹ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 
 τ୶୷୲ = −(ɀ˅ ∙ H୲ୢ + σ୷୲ ) ∙ m୲ = −(ͻ,ͺͳ ∙ ʹ,͹͹ + ሺ−͹Ͷͷ,͸Ͷሻ) ∙ Ͳ,͹ =  = ͷͲʹ,ͻ͵ ˍʞ˃. (6.106)  
 σଷ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + ɀ˅ ∙ H୲ୢ ∙ m୲ଶ = −͹Ͷͷ,͸Ͷ ∙ ሺͳ + Ͳ,͹ଶሻ + ͻ,ͺͳ ∙ ʹ,͹͹ ∙  ∙ Ͳ,͹ଶ = −ͳͲͻ͹,͸ͻ ˍʞ˃, (6.107)  
 σଵ୲ = −ɀ˅ ∙ H୲ୢ = −ͻ,ͺͳ ∙ ʹ,͹͹ = −ʹ͹,ͳ͹ ˍʞ˃.                  (6.108) 

 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. ɋɛɨɪ ɧɚɝɪɭɡɨɤ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ, ɪɢɫɭɧɨɤ Ⱦ.1. 
 

Ɍɚɛɥɢɰɚ 6.4 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɇɚɩɪɹɠɟɧɢɟ ોܡ  ોܠ  ૌܡܠ  ો૚  ો૜  

ȼɟɪɯɨɜɚɹ ɝɪɚɧɶ -274,8 -412,02 0 -274,8 -412,02 
ɇɢɡɨɜɚɹ ɝɪɚɧɶ -745,64 -379,22 502,93 -27,17 -1097,69 

 
6.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟɟ ɨɫɧɨɜɚɧɢɹ 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 
ɫɨɨɪɭɠɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɩɪɨɱɧɨɫɬɶ. ɍɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ: 

1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 ɀ୬ ∙ ɀ୪ୡ ∙ |σଷ୲ | ൑ ɀୡୢ ∙ Rୠ (6.109)  
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ɝɞɟ ɀ୬ = ͳ,ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ɀ୪ୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɀ୪ୡ = ͳ; ɀୡୢ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɀୡୢ = Ͳ,ͻͷ; Rୠ – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ. 

 Rୠ ൒ ஓ౤ ∙ஓౢౙ∙|σయ|ஓౙౚ = ଵ,ଵହ∙ଵ∙|−ଵ଴ଽ଻,଺ଽ|଴,ଽହ = ͳ͵ʹͺ,͹ͺ ˍʜˏమ. (6.110) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ5 ɫ 

ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ Rୠ = ʹͺͲͲ  ˍʜ/ˏଶ. 
 ͳ͵ʹͺ,͹ͺ ˍʜˏమ ൑  ʹͺͲͲ ˍʜˏమ.             

 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ: 
 σ୳୷ = −ʹ͹Ͷ,ͺ ˍʜ/ˏଶ < Ͳ. (6.112) 

 
3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |σ୷୳| = ʹ͹Ͷ,ͺ ˍʜˏమ  ൒ Ͳ,ʹͷ ∙ ɀ˅ ∙ H୳ୢ = Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ Ͷʹ = ͳͲ͵ ˍʜˏమ. (6.113)  

 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 

ɩɪɨɱɧɨɫɬɢ. 
 
6.9 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: 

 ୖ∙ஓౙ୊∙ஓౢౙ ൒ ɀ୬. (6.114)  

 R = (G˄ + G˒ˎ − W˅ˊ˅−W˗ + gˊ) ∙ tgφ + ʔ˒˃˔ ∙ ɀୡ′ + c ∙ B˒ =  = ሺͶͳͶͶ,ͺͷ + ͳʹ͸ʹʹ,͸ͷ − ͹ͻͺ,ͻ͵ − ͳʹ͹ͺ,ͷͶ + ʹͶ,Ͷ͵ሻ ∙ tg͵͸,ͷ° + ʹ͹Ͷ,ʹͺ ∙∙ Ͳ,͹ + Ͷʹ,ͷ ∙ ʹͻ,Ͷ = ͳʹ͵ʹͻ,͸ʹ ˍʜˏ
, (6.115)  
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ɝɞɟ φ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ φ = ͵͸,ͷ°; 
 c = Ͷʹ,ͷ ˍʜ/ˏଶ – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; B˒ = ʹͻ,Ͷ ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ 

ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 
 F = W˅˄ − Wː˄ + W˅ˑˎː + ȿɧ = ͺ͸ͷʹ,Ͷʹ − ͵͹,͸ + ͳʹ,͵ͷ + ʹ͸,Ͷ͹ =  = ͺ͸ͷ͵,͸Ͷ ˍʜˏ, (6.116)  

 
Ɍɨɝɞɚ ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ଵଶଷଶଽ,଺ଶ∙଴,ଽହ଼଺ହଷ,଺ସ ∙ଵ = ͳ,͵ͷ ൒ ͳ,ͳͷ,  
 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ. 
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7 Ɉɯɪɚɧɚ ɬɪɭɞɚ, ɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɋɨɝɥɚɫɧɨ ɮɟɞɟɪɚɥɶɧɨɦɭ ɡɚɤɨɧɭ "Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ" ɨɬ 21.07.1997 N 117-ɎɁ (ɩɨɫɥɟɞɧɹɹ ɪɟɞɚɤɰɢɹ) ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ, 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɧɫɟɪɜɚɰɢɢ ɢ ɥɢɤɜɢɞɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ. 

ɋɜɟɞɟɧɢɹ ɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɩɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɢɯ ɜɨɡɜɟɞɟɧɢɹ ɜɧɨɫɹɬɫɹ ɜ Ɋɨɫɫɢɣɫɤɢɣ ɪɟɝɢɫɬɪ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ ɩɨɫɥɟ ɭɬɜɟɪɠɞɟɧɢɹ ɞɟɤɥɚɪɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ. ɉɪɢ ɜɧɟɫɟɧɢɢ ɜ Ɋɟɝɢɫɬɪ ɫɜɟɞɟɧɢɣ ɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɹɯ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɟɦɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ III ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ — 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɫɪɟɞɧɟɣ ɨɩɚɫɧɨɫɬɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɮɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ "Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ" ɨɬ 21.07.1997 N 117-ɎɁ (ɩɨɫɥɟɞɧɹɹ ɪɟɞɚɤɰɢɹ) 
ɨɛɟɫɩɟɱɟɧɢɟ 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; 

– ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɦɟɪɨɩɪɢɹɬɢɣ 
ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɵɯ 
ɫɢɬɭɚɰɢɣ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ; 

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

ȼ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

– ɨɛɟɫɩɟɱɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɢ 
ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ (ɦɨɧɢɬɨɪɢɧɝ) ɡɚ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɫɬɨɹɧɢɹ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɧɚ 
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ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɟɝɭɥɹɪɧɭɸ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɜɪɟɞɧɵɯ ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɪɟɡɭɥɶɬɚɬɨɜ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɢ ɢɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɨɛɴɟɤɬɨɜ ɧɢɠɟ ɢ 
ɜɵɲɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɭɬɨɱɧɟɧɢɟ ɤɪɢɬɟɪɢɟɜ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥ ɟɝɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɨɞɟɪɠɚɧɢɸ ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɮɟɞɟɪɚɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ 
ɤɨɦɩɟɬɟɧɰɢɟɣ; 

– ɪɚɡɜɢɜɚɬɶ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ; 

– ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɢɱɢɧɵ ɫɧɢɠɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ 
ɪɟɚɥɢɡɚɰɢɸ ɦɟɪ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɟɝɨ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɨ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɚɜɚɪɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɜɟɞɟɧɢɟ ɪɟɝɭɥɹɪɧɵɯ ɨɛɫɥɟɞɨɜɚɧɢɣ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ; 

– ɫɨɡɞɚɜɚɬɶ ɮɢɧɚɧɫɨɜɵɟ ɢ ɦɚɬɟɪɢɚɥɶɧɵɟ ɪɟɡɟɪɜɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɩɨɪɹɞɤɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɦ 
ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɟɡɟɪɜɨɜ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ 
ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ; 

– ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɷɤɫɩɥɭɚɬɚɰɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɦɢ ɫ ɮɟɞɟɪɚɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ 
ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ, ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɮɟɞɟɪɚɥɶɧɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ ɜ ɨɛɥɚɫɬɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ, ɩɪɚɜɢɥɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɛɹɡɚɬɟɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤɜɚɥɢɮɢɤɚɰɢɸ 
ɪɚɛɨɬɧɢɤɨɜ; 

– ɫɨɡɞɚɜɚɬɶ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜ ɫɨɫɬɨɹɧɢɢ ɝɨɬɨɜɧɨɫɬɢ ɥɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɨɩɨɜɟɳɟɧɢɹ; 

– ɫɨɞɟɣɫɬɜɨɜɚɬɶ ɮɟɞɟɪɚɥɶɧɵɦ ɨɪɝɚɧɚɦ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ, 
ɭɩɨɥɧɨɦɨɱɟɧɧɵɦ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɮɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ ɜ 
ɨɛɥɚɫɬɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɜ ɪɟɚɥɢɡɚɰɢɢ ɢɯ 
ɮɭɧɤɰɢɣ; 

– ɫɨɜɦɟɫɬɧɨ ɫ ɨɪɝɚɧɚɦɢ ɦɟɫɬɧɨɝɨ ɫɚɦɨɭɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɢɪɨɜɚɬɶ 
ɧɚɫɟɥɟɧɢɟ ɨ ɜɨɩɪɨɫɚɯ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 

– ɮɢɧɚɧɫɢɪɨɜɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ, ɨɛɟɫɩɟɱɟɧɢɸ ɟɝɨ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɵ ɩɨ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ; 
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– ɡɚɤɥɸɱɚɬɶ ɞɨɝɨɜɨɪ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ ɝɪɚɠɞɚɧɫɤɨɣ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɛ 
ɨɛɹɡɚɬɟɥɶɧɨɦ ɫɬɪɚɯɨɜɚɧɢɢ ɝɪɚɠɞɚɧɫɤɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɜɥɚɞɟɥɶɰɚ ɨɩɚɫɧɨɝɨ 
ɨɛɴɟɤɬɚ ɡɚ ɩɪɢɱɢɧɟɧɢɟ ɜɪɟɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɜɚɪɢɢ ɧɚ ɨɩɚɫɧɨɦ ɨɛɴɟɤɬɟ; 

– ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ, ɪɟɤɨɧɫɬɪɭɤɰɢɸ, ɤɨɧɫɟɪɜɚɰɢɸ ɢ 
ɥɢɤɜɢɞɚɰɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɫɥɭɱɚɟ ɟɝɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɧɟɫɟɧɢɟ ɜ Ɋɟɝɢɫɬɪ ɫɜɟɞɟɧɢɣ ɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɦ 
ɫɨɨɪɭɠɟɧɢɢ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɜɟɞɟɧɢɟ ɚɬɬɟɫɬɚɰɢɢ ɪɚɛɨɬɧɢɤɨɜ ɩɨ ɜɨɩɪɨɫɚɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɫɥɭɱɚɹɯ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ 
ɧɚɫɬɨɹɳɢɦ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ. 

Ɋɚɛɨɬɧɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɭɤɨɜɨɞɢɬɟɥɢ, ɜ ɰɟɥɹɯ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɡɧɚɧɢɹ 
ɨɛɹɡɚɬɟɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ ɨɛɹɡɚɧɵ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɩɹɬɶ ɥɟɬ ɩɪɨɯɨɞɢɬɶ ɚɬɬɟɫɬɚɰɢɸ ɩɨ 
ɜɨɩɪɨɫɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. Ⱥɬɬɟɫɬɚɰɢɹ ɪɚɛɨɬɧɢɤɨɜ 
ɩɨ ɜɨɩɪɨɫɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɨɜɨɞɢɬɫɹ ɜ ɨɛɴɟɦɟ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɫɩɨɥɧɟɧɢɹ ɢɦɢ ɬɪɭɞɨɜɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ. 
 

7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 

7.2.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 

ɋɨɝɥɚɫɧɨ ɋɌɈ 70238424.27.140.012-2011 «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɉɯɪɚɧɚ 
ɬɪɭɞɚ (ɩɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ) ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ 
ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ» ɜɫɟ ɪɚɛɨɬɧɢɤɢ Ƚɗɋ, ɚ 
ɬɚɤɠɟ ɪɚɛɨɬɧɢɤɢ ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɩɪɢɜɥɟɤɚɟɦɵɯ ɞɥɹ ɪɚɛɨɬ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ Ƚɗɋ, ɞɨɥɠɧɵ ɡɧɚɬɶ ɢ ɜɵɩɨɥɧɹɬɶ ɬɪɟɛɨɜɚɧɢɹ ɋɌɈ 
70238424.27.140.012-2011, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɨɯɪɚɧɵ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ). 

ɋɨɨɪɭɠɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. 
ɉɪɢ ɷɬɨɦ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɳɢɬɚ ɪɚɛɨɬɧɢɤɨɜ ɢ ɜ ɡɨɧɚɯ 
ɜɨɡɦɨɠɧɨɝɨ ɡɚɬɨɩɥɟɧɢɹ Ƚɗɋ. ɇɚ ɫɥɭɱɚɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɪɚɫɱɟɬɧɵɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɢɬɭɚɰɢɣ ɞɨɥɠɧɵ ɛɵɬɶ ɜ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɪɚɡɧɵɯ ɫɬɟɩɟɧɟɣ ɭɝɪɨɡɵ 
ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɩɟɪɫɨɧɚɥɚ Ƚɗɋ. Ⱦɥɹ ɬɚɤɢɯ ɫɥɭɱɚɟɜ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɛɭɫɬɪɨɣɫɬɜɨ 
ɫɩɟɰɢɚɥɶɧɵɯ ɛɟɡɨɩɚɫɧɵɯ (ɚɜɚɪɢɣɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɯ) ɩɨɦɟɳɟɧɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ 
ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɲɬɚɬɧɵɣ ɫɨɫɬɚɜ ɩɟɪɫɨɧɚɥɚ. 

Ⱦɥɹ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɫɯɟɦɵ ɢ ɩɭɬɢ ɷɜɚɤɭɚɰɢɢ 
ɪɚɛɨɬɧɢɤɨɜ ɢɡ ɡɨɧ ɪɚɫɱɟɬɧɨ-ɜɨɡɦɨɠɧɨɝɨ ɡɚɬɨɩɥɟɧɢɹ ɢɥɢ ɨɛɪɭɲɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 
ɨɬɦɟɬɤɢ ɜɵɲɟ ɪɚɫɱɟɬɧɨɝɨ ɭɪɨɜɧɹ ɬɚɤɨɝɨ ɡɚɬɨɩɥɟɧɢɹ, ɨɩɨɥɡɧɹ, ɨɛɪɭɲɟɧɢɹ ɢɥɢ ɜ 
ɫɩɟɰɢɚɥɶɧɵɟ ɛɟɡɨɩɚɫɧɵɟ ɩɨɦɟɳɟɧɢɹ. ɗɤɫɩɥɢɤɚɰɢɢ ɩɥɚɧɵ ɷɜɚɤɭɚɰɢɢ ɞɨɥɠɧɵ 



107 

ɛɵɬɶ ɜɵɜɟɲɟɧɵ ɧɚ ɜɢɞɧɵɯ ɦɟɫɬɚɯ. ɗɤɫɩɥɢɤɚɰɢɢ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɫɧɨɜɧɨɝɨ 
ɨɫɜɟɳɟɧɢɹ ɞɨɥɠɧɵ ɩɨɞɫɜɟɱɢɜɚɬɶɫɹ ɨɬ ɪɟɡɟɪɜɧɵɯ ɚɜɬɨɧɨɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɩɢɬɚɧɢɹ. ɗɜɚɤɭɚɰɢɨɧɧɵɟ ɜɵɯɨɞɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɜɢɞɢɦɵɦɢ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɫɧɨɜɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɭɤɚɡɚɬɟɥɹɦɢ ɫ 
ɚɜɬɨɧɨɦɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɩɢɬɚɧɢɹ. 

Ȼɟɡɨɩɚɫɧɵɟ ɩɨɦɟɳɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, 
ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɧɨɦɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ; ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ 
ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 
ɉɪɢ ɷɬɨɦ ɜ ɩɨɦɟɳɟɧɢɹɯ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɚɫɱɟɬɧɨ-ɧɟɨɛɯɨɞɢɦɵɟ 
ɡɚɩɚɫɵ ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɋɂɁ ɢ ɞɵɯɚɬɟɥɶɧɵɯ ɫɦɟɫɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɨɛɭɫɬɪɨɣɫɬɜɨ ɫɚɧɢɬɚɪɧɨ-ɛɵɬɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɞɢɫɬɚɧɰɢɨɧɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɫɜɹɡɢ. 

ɇɚ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ: 
– ɤɨɧɬɪɨɥɶ ɫɨɛɥɸɞɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɋɌɈ 70238424.27.140.012-2011, 

ɬɪɟɛɨɜɚɧɢɣ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 
– ɩɪɨɜɟɞɟɧɢɟ ɢɧɫɬɪɭɤɬɚɠɟɣ ɢ ɬɪɟɧɢɪɨɜɨɤ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɚɜɵɤɨɜ ɩɨ 

ɷɜɚɤɭɚɰɢɢ ɪɚɛɨɬɧɢɤɨɜ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ ɭɝɪɨɡɵ ɡɚɬɨɩɥɟɧɢɹ ɢɥɢ ɨɛɪɭɲɟɧɢɹ 
ɝɪɭɧɬɚ, ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɢ ɩɨɥɶɡɨɜɚɧɢɸ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɫɩɨɫɨɛɧɵɯ ɡɚɳɢɬɢɬɶ ɪɚɛɨɬɧɢɤɨɜ ɜ 
ɫɥɭɱɚɟ ɡɚɬɨɩɥɟɧɢɹ ɩɨɦɟɳɟɧɢɣ ɡɞɚɧɢɹ Ƚɗɋ, ɚ ɬɚɤɠɟ ɧɚɜɵɤɨɜ ɩɨ ɡɚɤɪɵɬɢɸ 
ɜɪɭɱɧɭɸ ɡɚɬɜɨɪɨɜ ɧɚ ɝɪɟɛɧɟ ɩɥɨɬɢɧɵ ɢ ɞɜɟɪɟɣ ɜ ɛɟɡɨɩɚɫɧɵɯ (ɚɜɚɪɢɣɧɨ- 
ɫɩɚɫɚɬɟɥɶɧɵɯ) ɩɨɦɟɳɟɧɢɹɯ. 

ɇɚ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɤɨɧɬɪɨɥɶ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ 
ɩɪɨɜɟɪɤɢ: 

– ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɚɤ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɟɦɨɧɬɟ 
ɢɥɢ ɜ ɪɟɡɟɪɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

– ɡɧɚɧɢɣ ɪɚɛɨɬɧɢɤɚɦɢ ɫɯɟɦ ɩɭɬɟɣ ɷɜɚɤɭɚɰɢɢ, ɫɯɟɦ ɪɚɡɦɟɳɟɧɢɹ 
ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɧɚɜɵɤɨɜ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ; 

– ɡɧɚɧɢɣ ɪɚɛɨɬɧɢɤɚɦɢ ɋɂɁ, ɫɪɟɞɫɬɜ ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɢ ɫɢɫɬɟɦ 
ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, ɧɚɜɵɤɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɩɨ 
ɧɚɡɧɚɱɟɧɢɸ; 

– ɫɨɛɥɸɞɟɧɢɹ ɪɚɛɨɬɧɢɤɚɦɢ ɧɨɪɦ ɨɯɪɚɧɵ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ; 
– ɩɪɚɜɢɥɶɧɵɦ, ɩɨ ɧɚɡɧɚɱɟɧɢɸ, ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɬɧɢɤɚɦɢ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɫɩɟɰɨɞɟɠɞɵ ɢ ɞɪɭɝɢɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɯɚɪɚɤɬɟɪɚ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ. 

ɇɚ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧ ɤɚɛɢɧɟɬ ɢɥɢ ɭɝɨɥɨɤ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɢɥɥɸɫɬɪɚɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɩɨ ɬɟɦɚɬɢɤɟ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. 

ɇɚ ɤɚɠɞɨɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 
ɞɨɥɠɧɨɫɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ ɢ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ ɨɛɴɟɦɟ, 
ɨɛɹɡɚɬɟɥɶɧɨɦ ɞɥɹ ɞɚɧɧɨɣ ɞɨɥɠɧɨɫɬɢ ɢɥɢ ɩɪɨɮɟɫɫɢɢ. 
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7.2.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɭ 

ȼɟɫɶ ɩɟɪɫɨɧɚɥ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ ɫɩɟɰɨɞɟɠɞɨɣ, 
ɫɩɟɰɨɛɭɜɶɸ ɢ ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɢ ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 12.4.011 ɢ ɨɛɹɡɚɧ 
ɩɨɥɶɡɨɜɚɬɶɫɹ ɢɦɢ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ (ɫɩɟɰɢɚɥɶɧɨɣ ɨɞɟɠɞɨɣ, 
ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɭɜɶɸ, ɫɪɟɞɫɬɜɚɦɢ ɡɚɳɢɬɵ ɝɨɥɨɜɵ, ɥɢɰɚ, ɪɭɤ, ɝɥɚɡ, ɨɪɝɚɧɨɜ 
ɞɵɯɚɧɢɹ ɢ ɫɥɭɯɚ) ɪɚɛɨɬɧɢɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɮɟɫɫɢɣ ɢ ɞɨɥɠɧɨɫɬɟɣ ɫ 
ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɹɟɦɵɯ ɢɦɢ ɪɚɛɨɬ, ɞɨɥɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɨɝɥɚɫɧɨ ɤɨɥɥɟɤɬɢɜɧɨɦɭ ɞɨɝɨɜɨɪɭ, ɧɨ ɜ ɧɟ ɦɟɧɶɲɢɯ 
ɧɨɦɟɧɤɥɚɬɭɪɟ, ɨɛɴɟɦɚɯ ɢ ɫɪɨɤɚɯ ɩɨɥɶɡɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɧɢɤɨɜ ɷɬɢɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ. 

ɋɪɟɞɫɬɜɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ ɞɨɥɠɧɵ ɩɪɢɦɟɧɹɬɶɫɹ ɪɚɛɨɬɧɢɤɨɦ ɜ 
ɱɟɬɤɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɢ ɢɧɫɬɪɭɤɰɢɹɦɢ ɢɯ ɢɡɝɨɬɨɜɢɬɟɥɟɣ. ɉɪɢ 
ɧɟɢɫɩɨɥɶɡɨɜɚɧɢɢ ɋɂɁ ɩɨ ɧɚɡɧɚɱɟɧɢɸ, ɪɚɛɨɬɧɢɤ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɤ ɪɚɛɨɬɟ. 

ɉɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɨ ɨɤɚɡɚɧɢɸ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɨɥɠɧɚ ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɪɨɜɟɪɤɟ ɡɧɚɧɢɣ ɩɪɚɜɢɥ 
ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȿɠɟɝɨɞɧɨ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɧɚɠɟɪɨɜ, ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ 
ɨɛɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢɟɦɚɦ ɪɟɚɧɢɦɚɰɢɢ, ɨɬɪɚɛɨɬɤɚ 
ɧɚɜɵɤɨɜ ɩɨ ɷɜɚɤɭɚɰɢɢ ɪɚɛɨɬɧɢɤɨɜ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ ɭɝɪɨɡɵ ɡɚɬɨɩɥɟɧɢɹ ɢɥɢ 
ɨɛɪɭɲɟɧɢɹ ɝɪɭɧɬɚ, ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɢ ɩɨɥɶɡɨɜɚɧɢɸ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɫɩɨɫɨɛɧɵɯ ɡɚɳɢɬɢɬɶ ɪɚɛɨɬɧɢɤɨɜ ɜ 
ɫɥɭɱɚɟ ɡɚɬɨɩɥɟɧɢɹ ɩɨɦɟɳɟɧɢɣ ɡɞɚɧɢɹ Ƚɗɋ, ɩɨ ɡɚɤɪɵɬɢɹ ɜɪɭɱɧɭɸ ɡɚɬɜɨɪɨɜ ɧɚ 
ɝɪɟɛɧɟ ɩɥɨɬɢɧɵ ɢ ɞɜɟɪɟɣ ɜ ɛɟɡɨɩɚɫɧɵɯ (ɚɜɚɪɢɣɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɯ) ɩɨɦɟɳɟɧɢɹɯ. 

7.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

7.3.1 Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

Ɉɫɧɨɜɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨ 
ɡɚɤɪɟɩɥɟɧɵ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɡɚɤɨɧɟ ɨɬ 21.12.1994 № 69-ɎɁ. Ɍɪɟɛɨɜɚɧɢɹ ɤ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɡɥɨɠɟɧɵ ɜ ɩɪɚɜɢɥɚɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɭɬɜɟɪɠɞɟɧɧɵɯ Ɇɑɋ Ɋɨɫɫɢɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɉɨɤɪɨɜɫɤɨɣ 
Ƚɗɋ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɹ ɫɬɚɧɰɢɢ. 

ɉɨɤɪɨɜɫɤɚɹ Ƚɗɋ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɚ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɥɸɞɟɣ ɨɩɚɫɧɵɯ 
ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɨɛɹɡɚɧ: 
– ɨɪɝɚɧɢɡɨɜɚɬɶ ɢɡɭɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

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

ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
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– ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɟɠɢɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ; 

– ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ; 

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

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

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

Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ: 

– ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɫɨɛɥɸɞɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɨɜɵɲɚɸɳɢɯ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ; 

– ɨɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɩɨɠɚɪɭ; 

– ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

– ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ 
ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ; 

– ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ: 
– ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɩɪɢɧɹɬɶ ɦɟɪɵ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ ɜɵɡɨɜɭ 

ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ; 
– ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ; 
– ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ; 
– ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ; 
– ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɬɭɲɟɧɢɟ ɢ ɷɜɚɤɭɚɰɢɸ ɩɟɪɫɨɧɚɥɚ (ɩɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ 
ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ 
ɫɨɨɛɳɢɬɶ ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ 
ɩɨɠɚɪɚ, ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ 
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ɤ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȼɫɟ ɪɚɛɨɬɧɢɤɢ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɩɨɞɝɨɬɨɜɤɭ ɩɨ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɬɧɢɤɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

– ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
– ɪɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɜɧɟɩɥɚɧɨɜɵɟ ɢ 

ɰɟɥɟɜɵɟ), ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
– ɫɩɟɰɢɚɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ; 
– ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ; 
– ɩɨɜɵɲɟɧɢɟ ɡɧɚɧɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ; 
– ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 
ɉɟɪɫɨɧɚɥ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

7.3.2 Ɉɛɴɟɤɬɵ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

Ɉɛɴɟɤɬɚɦɢ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ: 
– ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ; 
– ɤɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ; 
– ɫɬɚɧɰɢɨɧɧɨɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɨ; 
– ɩɨɞɩɭɥɶɬɨɜɵɟ, ɩɨɞɳɢɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ. 
ɉɨɜɪɟɠɞɟɧɢɟ ɜ ɝɟɧɟɪɚɬɨɪɚɯ, ɜɵɡɜɚɧɧɨɟ ɩɪɨɛɨɟɦ ɢɡɨɥɹɰɢɢ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɨɠɚɪ ɫ ɬɹɠɟɥɵɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. ɇɚ 
ɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɞɟɣɫɬɜɢɟɦ ɨɬ ɡɚɳɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ 
ɫɢɝɧɚɥɢɡɢɪɭɸɬ ɨ ɧɚɥɢɱɢɢ ɜɨɡɝɨɪɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɫɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɝɧɟɝɚɫɹɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ 
ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. ȼɛɥɢɡɢ ɥɨɛɨɜɵɯ ɱɚɫɬɟɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɪɚɡɦɟɳɚɸɬ 
ɞɪɟɧɱɟɪɧɵɟ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɵ ɨɬɜɟɪɫɬɢɹ ɫɨ 
ɫɩɟɰɢɚɥɶɧɵɦɢ ɧɚɫɚɞɤɚɦɢ (ɞɪɟɧɱɟɪɚɦɢ), ɨɫɶ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ 
ɨɛɦɨɬɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɥɨɠɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɳɢɬɵ ɢɥɢ ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɣ ɩɨɞɚɱɟ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɥɢɲɧɟɟ ɭɜɥɚɠɧɟɧɢɟ ɢɡɨɥɹɰɢɢ, ɩɨɷɬɨɦɭ 
ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɨ ɩɟɪɢɦɟɬɪɭ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɨɧɬɢɪɭɸɬɫɹ ɤɨɥɶɰɟɜɵɟ 
ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ 
ɨɪɨɫɢɬɟɥɢ. 

Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ 
ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ 
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ɡɚɩɨɪɧɨ-ɩɭɫɤɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɝɨ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɩɨɜɟɳɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ 
ɩɨɠɚɪɚ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɞɚɱɟɣ 
ɜɨɞɵ ɧɚ ɨɱɚɝ ɩɨɠɚɪɚ. 

7.3.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ 

ɇɚ ɞɜɟɪɢ ɩɨɦɟɳɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɧɟɫɟɧɵ ɧɚɞɩɢɫɢ: 
"Ⱥɤɤɭɦɭɥɹɬɨɪɧɚɹ", "Ɉɝɧɟɨɩɚɫɧɨ", "Ɂɚɩɪɟɳɚɟɬɫɹ ɤɭɪɢɬɶ" ɢɥɢ ɜɵɜɟɲɟɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɤɢ. ɇɚ ɞɜɟɪɹɯ ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɣ 
ɡɧɚɤ: «Ɉɫɬɨɪɨɠɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ». 

ɉɪɢ ɡɚɦɟɧɟ ɢɥɢ ɪɟɦɨɧɬɟ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɜɟɬɢɥɶɧɢɤɨɜ, 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜɟɧɬɢɥɹɰɢɢ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ ɜ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ 
ɬɪɟɛɨɜɚɧɢɹ ɢɯ ɦɨɧɬɚɠɚ, ɭɫɬɚɧɨɜɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɡɨɧɚɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. 

ȼ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɨɥɠɧɨ ɪɟɝɭɥɹɪɧɨ ɩɪɨɜɟɪɹɬɶɫɹ 
ɫɨɫɬɨɹɧɢɟ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɨɣ ɜɟɧɬɢɥɹɰɢɢ, ɤɨɬɨɪɚɹ ɛɥɨɤɢɪɭɟɬɫɹ ɫ ɡɚɪɹɞɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɨɦɢɧɚɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. 

ɉɨɥɵ ɢ ɫɬɟɥɥɚɠɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɨɥɠɧɵ 
ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɍɗ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 

ɉɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɩɨɦɟɳɟɧɢɟ ɦɨɠɟɬ 
ɨɬɚɩɥɢɜɚɬɶɫɹ ɤɚɥɨɪɢɮɟɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɪɚɫɩɨɥɚɝɚɟɦɵɦ ɜɧɟ ɷɬɨɝɨ 
ɩɨɦɟɳɟɧɢɹ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɫɬɪɨɣɫɬɜ ɩɪɨɬɢɜ ɡɚɧɨɫɚ ɢɫɤɪ ɱɟɪɟɡ 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɤɚɧɚɥɵ. Ɍɪɭɛɨɩɪɨɜɨɞɵ ɩɚɪɨɜɨɝɨ ɢɥɢ ɜɨɞɹɧɨɝɨ ɨɬɨɩɥɟɧɢɹ 
ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɩɨɦɟɳɟɧɢɣ ɞɨɥɠɧɵ ɫɨɟɞɢɧɹɬɶɫɹ ɧɚ ɫɜɚɪɤɟ. Ɂɚɩɪɟɳɚɸɬɫɹ 
ɮɥɚɧɰɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɭɫɬɚɧɨɜɤɚ ɜɟɧɬɢɥɟɣ. 

Ɋɟɦɨɧɬ ɢ ɯɪɚɧɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɢ ɳɟɥɨɱɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɨɥɠɧɵ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɪɚɡɧɵɯ ɩɨɦɟɳɟɧɢɹɯ. 

ȼ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ ɩɨɦɟɳɟɧɢɢ ɡɚɛɨɪ ɜɨɡɞɭɲɧɨ-ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ 
ɜɟɧɬɢɥɹɰɢɢ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɤɚɤ ɢɡ ɜɟɪɯɧɟɣ, ɬɚɤ ɢ ɢɡ ɧɢɠɧɟɣ ɟɝɨ ɱɚɫɬɢ. 

ȿɫɥɢ ɩɨɬɨɥɨɤ ɢɦɟɟɬ ɜɵɫɬɭɩɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɧɚɤɥɨɧ, ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɵɬɹɠɤɚ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ ɤɚɠɞɨɝɨ ɨɬɫɟɤɚ ɢɥɢ ɢɡ 
ɫɚɦɨɣ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɨɬɨɥɤɚ. 

ɉɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɩɨɦɟɳɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɫɬɟɤɥɚ 
ɨɤɨɧ ɞɨɥɠɧɵ ɛɵɬɶ ɦɚɬɨɜɵɦɢ ɢɥɢ ɩɨɤɪɵɜɚɬɶɫɹ ɛɟɥɨɣ ɤɥɟɟɜɨɣ ɤɪɚɫɤɨɣ, ɫɬɨɣɤɨɣ 
ɤ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ. 

Ɋɚɛɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɹɥɶɧɵɯ ɥɚɦɩ ɜ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɫɥɟ ɩɪɟɤɪɚɳɟɧɢɹ ɡɚɪɹɞɤɢ ɛɚɬɚɪɟɢ ɩɪɢ ɭɫɥɨɜɢɢ 
ɬɳɚɬɟɥɶɧɨɝɨ ɩɪɨɜɟɬɪɢɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ. 

Ɂɚɩɪɟɳɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
ɤɭɪɢɬɶ, ɯɪɚɧɢɬɶ ɤɢɫɥɨɬɵ ɢ ɳɟɥɨɱɢ ɜ ɤɨɥɢɱɟɫɬɜɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɨɞɧɨɫɦɟɧɧɭɸ 
ɩɨɬɪɟɛɧɨɫɬɶ, ɨɫɬɚɜɥɹɬɶ ɫɩɟɰɨɞɟɠɞɭ, ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɟɞɦɟɬɵ ɢ ɫɝɨɪɚɟɦɵɟ 
ɦɚɬɟɪɢɚɥɵ. 
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7.4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

7.4.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɉɨɤɪɨɜɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ (əɤɭɬɢɹ) ɧɚ ɪɟɤɟ 
Ⱥɦɝɚ. Ɋɟɤɚ ɛɟɪёɬ ɧɚɱɚɥɨ ɧɚ ɫɤɥɨɧɚɯ Ⱥɦɝɢɧɫɤɨɝɨ ɯɪɟɛɬɚ, ɩɪɨɬɟɤɚɟɬ ɩɨ 
ɉɪɢɥɟɧɫɤɨɦɭ ɩɥɚɬɨ. Ⱦɥɢɧɚ ɪɟɤɢ 1462 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ 69,3 ɬɵɫ. ɤɦ2. 
ɉɪɢɧɢɦɚɟɬ 195 ɩɪɢɬɨɤɨɜ ɞɥɢɧɨɣ ɛɨɥɟɟ 10 ɤɦ ɢ 322 ɩɪɢɬɨɤɚ ɞɥɢɧɨɣ ɦɟɧɟɟ 10 
ɤɦ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɪɭɩɧɵɯ ɩɪɢɬɨɤɨɜ ɥɟɜɵɟ. ȼ ɛɚɫɫɟɣɧɟ ɛɨɥɟɟ 5700 ɨɡёɪ, ɨɛɳɟɣ 
ɩɥɨɳɚɞɶɸ 101 ɤɦ2. ȼ ɫɪɟɞɧɟɦ ɢ ɧɢɠɧɟɦ ɬɟɱɟɧɢɢ ɩɨɥɨɜɨɞɶɟ – ɧɚɢɛɨɥɟɟ 
ɦɧɨɝɨɜɨɞɧɚɹ ɮɚɡɚ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ. ɉɨɥɨɜɨɞɶɟ ɩɪɨɞɨɥɠɚɟɬɫɹ ɫ ɦɚɹ ɩɨ ɢɸɧɶ. Ɂɚ 
ɷɬɨɬ ɩɟɪɢɨɞ ɩɪɨɯɨɞɢɬ ɞɨ 63% ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ. ɇɚɢɛɨɥɟɟ ɦɧɨɝɨɜɨɞɧɵɣ ɦɟɫɹɰ – 
ɦɚɣ, ɪɟɠɟ ɢɸɧɶ. ȼɨɡɦɨɠɧɵ ɧɚɜɨɞɧɟɧɢɹ. Ⱦɨɠɞɟɜɵɟ ɩɚɜɨɞɤɢ ɮɨɪɦɢɪɭɸɬɫɹ ɜ 
ɩɟɪɢɨɞ ɫ ɢɸɥɹ ɩɨ ɨɤɬɹɛɪɶ. ɇɚɱɚɥɨ ɨɫɟɧɧɢɯ ɥɟɞɨɜɵɯ ɹɜɥɟɧɢɣ – ɩɟɪɜɚɹ ɞɟɤɚɞɚ 
ɨɤɬɹɛɪɹ, ɥɟɞɨɫɬɚɜ – ɜ ɤɨɧɰɟ ɨɤɬɹɛɪɹ, ɩɪɟɞɜɚɪɹɟɬɫɹ ɨɫɟɧɧɢɦ ɥɟɞɨɯɨɞɨɦ, 
ɤɨɬɨɪɵɣ ɞɥɢɬɫɹ ɜ ɫɪɟɞɧɟɦ 5 ɫɭɬɨɤ. Ɇɟɫɬɚɦɢ ɪɟɤɚ ɩɟɪɟɦɟɪɡɚɟɬ. Ɂɢɦɨɣ 
ɨɛɪɚɡɭɸɬɫɹ ɧɚɥɟɞɢ. ȼɫɤɪɵɬɢɟ ɪɟɤɢ ɧɚɱɢɧɚɟɬɫɹ ɜ ɧɚɱɚɥɟ ɦɚɹ. ȼɟɫɟɧɧɢɣ ɥɟɞɨɯɨɞ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɨɤɨɥɨ 5 ɫɭɬɨɤ. ɉɨɥɧɨɟ ɨɱɢɳɟɧɢɟ ɨɬɨ ɥɶɞɚ ɩɪɨɢɫɯɨɞɢɬ ɤ ɫɟɪɟɞɢɧɟ 
ɦɚɹ. ɋɭɞɨɯɨɞɫɬɜɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɵɫɨɤɭɸ ɜɨɞɭ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 450 ɤɦ ɨɬ 
ɭɫɬɶɹ. ȼ ɧɢɠɧɟɦ ɬɟɱɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɛɨɪ ɜɨɞɵ ɧɚ ɨɪɨɲɟɧɢɟ. ɉɢɬɚɧɢɟ 
ɪɟɤɢ ɫɦɟɲɚɧɧɨɟ: ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. ȼɨɫɬɨɱɧɨɫɢɛɢɪɫɤɢɣ ɬɢɩ ɜɨɞɧɨɝɨ 
ɪɟɠɢɦɚ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ ɜɟɫɟɧɧɢɦ ɩɨɥɨɜɨɞɶɟɦ ɢ ɩɪɟɪɵɜɢɫɬɨɣ ɦɟɠɟɧɶɸ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɞɨɠɞɟɜɵɯ ɩɚɜɨɞɤɨɜ. ɋɪɟɞɧɹɹ ɦɭɬɧɨɫɬɶ ɪɟɱɧɵɯ ɜɨɞ 10 ɝ/ɦ3. 
Ʉɥɢɦɚɬ ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɢɦɨɣ -36,17°, ɥɟɬɨɦ 
+15,8°. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ -10,9°. ɋɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ 26 ɦɦ. 

ɉɪɢɪɨɞɚ ɪɚɣɨɧɚ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɭɧɢɤɚɥɶɧɚ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɥɢɲɚɣɧɢɤɢ ɨɝɪɨɦɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɞɨɜ: ɚɦɚɬɨɪɢɢ, ɤɥɚɞɨɧɢɢ, 
ɰɟɬɪɚɪɢɢ, ɢɡ ɤɭɫɬɪɚɧɢɤɨɜɵɯ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɚɪɤɬɢɱɟɫɤɭɸ ɬɨɥɨɤɧɹɧɤɭ ɢ 
ɜɨɪɨɧɢɤɭ. Ɇɯɢ ɬɚɤɠɟ ɩɪɨɢɡɪɚɫɬɚɸɬ ɨɛɢɥɶɧɨ. ȿɳɟ ɸɠɧɟɟ ɪɚɫɩɨɥɨɠɟɧɨ ɰɚɪɫɬɜɨ 
ɤɚɪɥɢɤɨɜɵɯ ɢɜ, ɤɚɪɚɧɤɨɜɵɯ ɛɟɪɟɡɨɤ, ɜɟɪɟɫɤɨɜ. ȼ ɭɡɤɨɣ ɩɨɥɨɫɟ ɥɟɫɨɬɭɧɞɪɵ, 
ɛɥɢɠɟ ɤ ɬɚɣɝɟ ɩɪɨɢɡɪɚɫɬɚɸɬ ɟɜɪɨɩɟɣɫɤɢɟ ɢ ɫɢɛɢɪɫɤɢɟ ɟɥɢ, ɥɢɫɬɜɟɧɧɢɰɵ, ɨɫɨɤɢ. 
ɂɡ ɹɝɨɞ ɦɧɨɝɨ ɦɨɪɨɲɤɢ, ɝɨɥɭɛɢɤɢ, ɤɥɸɤɜɵ, ɦɚɥɚɭɪɵ, ɦɚɥɢɧɵ. ȼ ɬɚɣɝɟ 
ɩɪɟɨɛɥɚɞɚɟɬ ɞɚɭɪɫɤɚɹ ɥɢɫɬɜɟɧɧɢɰɚ, ɦɧɨɝɨ ɤɟɞɪɨɜ, ɟɥɟɣ, ɛɟɪɟɡ, ɩɢɯɬ, 
ɜɫɬɪɟɱɚɸɬɫɹ ɫɨɫɧɹɤɢ. 19 ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ Ɋɟɫɩɭɛɥɢɤɢ ɋɚɯɚ ɡɚɧɟɫɟɧɵ ɜ Ʉɪɚɫɧɭɸ 
ɤɧɢɝɭ. 

Ɏɚɭɧɚ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɜ ɩɚɥɟɨɝɟɧɟ. ɉɪɟɞɫɬɚɜɢɬɟɥɟɣ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ 
ɨɬɥɢɱɚɟɬ ɫɤɥɨɧɧɨɫɬɶ ɤ ɫɟɡɨɧɧɨɣ ɦɢɝɪɚɰɢɢ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ 
ɩɨɞɤɨɠɧɨɝɨ ɠɢɪɚ, ɩɭɲɢɫɬɵɣ ɢ ɝɭɫɬɨɣ ɦɟɯ ɢɥɢ ɩɭɯ, ɭɦɟɧɢɟ ɪɵɬɶ ɧɨɪɵ ɜ ɫɧɟɝɭ ɢ 
ɝɨɬɨɜɢɬɶ ɡɚɩɚɫɵ ɧɚ ɡɢɦɭ. Ȼɨɥɶɲɢɧɫɬɜɨ ɠɢɜɨɬɧɵɯ ɜɩɚɞɚɟɬ ɜ ɡɢɦɧɸɸ ɫɩɹɱɤɭ. ȼ 
ɡɨɧɟ ɬɭɧɞɪɵ ɨɛɢɬɚɸɬ ɛɟɥɵɟ ɦɟɞɜɟɞɢ, ɩɟɫɰɵ, ɩɨɥɹɪɧɵɟ ɜɨɥɤɢ, ɥɟɦɦɢɧɝɢ, 
ɩɨɥɹɪɧɵɟ ɫɨɜɵ ɢ ɤɭɪɨɩɚɬɤɢ. ɂɡ ɤɨɩɵɬɧɵɯ ɜɫɬɪɟɱɚɸɬɫɹ ɢɡɸɛɪɢ, ɤɨɫɭɥɢ, ɥɨɫɢ, 
ɤɚɛɚɪɝɢ. ɂɡ ɩɬɢɰ ɜɫɬɪɟɱɚɸɬɫɹ ɤɭɪɨɩɚɬɤɢ, ɬɟɬɟɪɟɜɚ, ɝɥɭɯɚɪɢ ɢ ɪɹɛɱɢɤɢ. 

ȼɨɞɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɟɤɢ Ⱥɦɝɚ ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ ɜɢɞɚɦɢ: ɬɚɣɦɟɧɶ, ɩɨɞɤɚɦɟɧɳɢɤ, 
ɟɪɲ, ɨɤɭɧɶ, ɳɭɤɚ, ɯɚɪɢɭɫ, ɤɪɚɫɧɨɩɟɪɤɚ, ɩɥɨɬɜɚ, ɬɭɝɭɧ, ɧɚɥɢɦ, ɫɢɝ, ɥɟɧɨɤ. ȼ 
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ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɢɤɚɡɨɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɩɨ ɪɵɛɨɥɨɜɫɬɜɭ ɨɬ 
17.09.2009 № 818 «Ɉɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɤɚɬɟɝɨɪɢɢ  ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 
ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɛɵɱɢ (ɜɵɥɨɜɚ) ɜɨɞɧɵɯ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɨɛɢɬɚɸɳɢɯ ɜ ɧɢɯ ɢ ɨɬɧɟɫɟɧɧɵɯ ɤ ɨɛɴɟɤɬɚɦ 
ɪɵɛɨɥɨɜɫɬɜɚ» ɪɟɤɚ Ⱥɦɝɚ  ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɞɧɨɦɭ 
ɨɛɴɟɤɬɭ I ɤɚɬɟɝɨɪɢɢ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɢ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ ɫɛɪɨɫ ɫɬɨɱɧɵɯ  
ɜɨɞ ɜ ɪɟɤɟ Ⱥɦɝɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ  
ɜɟɳɟɫɬɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɉɨɤɪɨɜɫɤɨɣ 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 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨɬ 10.01.2002 № 7-ɎɁ (ɪɟɞ. Ɉɬ 
27.12.2019) "Ɉɛ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ" ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɛɴɟɤɬɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɫɨɯɪɚɧɟɧɢɸ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ, ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɪɢɪɨɞɧɵɯ 
ɪɟɫɭɪɫɨɜ, ɨɛɟɫɩɟɱɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ 
ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɧɨɪɦɚɬɢɜɚɦɢ ɞɨɩɭɫɬɢɦɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɭɱɟɬɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɢɥɭɱɲɢɯ ɞɨɫɬɭɩɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɩɪɢɟɦɥɟɦɨɝɨ 
ɪɢɫɤɚ ɞɥɹ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɡɞɚɧɢɹ 
ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢ (ɢɥɢ) 
ɫɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɋɌɈ ɊɭɫȽɢɞɪɨ 06.02.76-2011 ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ ɢ 
ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɫ ɰɟɥɶɸ: 

– ɫɨɯɪɚɧɟɧɢɹ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ; 

– ɩɨɞɞɟɪɠɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɤɨɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɜɨɞɧɵɯ, ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ; 

– ɷɤɨɥɨɝɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɢɞɵ ɪɚɛɨɬ: 
– ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
– ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
– ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
– ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
– ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ; 
– ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
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– 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. 

 
7.4.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɌɈ 70238424.27.140.036-2009 
«Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ. Ɉɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ», ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɤɨɬɨɪɵɦɢ: 

1. Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɪɟɞɩɪɨɟɤɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɨɟɤɬɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɩɨɞɥɟɠɚɬ ɨɛɹɡɚɬɟɥɶɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɧɚɞɡɨɪɚ. 

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. 

 
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 ɝ. 82220101215. 
 M = ୒∙୯ଵ଴଴% ∙ ɏ = ଵ଺଻଼ସ଼∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͹ͷͷ͵ ˕,                (7.1) 

 
ɝɞɟ N – ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (167848 ɦ3); q – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q = 1,8%); ɏ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (ɏ = 2,5 ɬ/ɦ3). 

Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 
ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ 

Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 ɝ. 46101001205 
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 1,0 %. 



115 

 M = ୒∙୯ଵ଴଴% ∙ ɏ = ଼ସ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ͳ,͸ͺ ˕,                                                            (7.2) 

 
ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (84 ɬ); q – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q = 1,0%); ɏ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (ɏ = 2,0 ɬ/ɦ3). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ ͹ͷͷ͵ ɬ ɥɨɦɚ 
ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 1,68 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. 

 
7.4.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 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; 

– ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

– Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
– Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
– Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɭ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ. 
ɋɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ⱥɦɝɚ ɨɬ ɫɛɪɨɫɨɜ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ ɪɟɤɢ. 
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8 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 
ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɰɟɧɤɚ 
ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɬɚɛɥɢɰɟ 8.1. 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2028 2029 2030 2031 2032 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 120 120 120 120 120 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 40000 40000 40000 40000 40000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ*ɱ 400 400 400 400 400 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ*ɱ 39600 39 600 39600 39600 39600 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 
ɪɭɛ/ 

Ɇȼɬ*ɱ 
1262 1289 1318 1346 1375 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 49,98 51,04 52,19 53,30 54,45 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 7,62 7,79 7,96 8,13 8,31 

 
Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɭɱɟɧɧɚɹ ɜɵɪɭɱɤɚ ɜɨɡɪɚɫɬɚɟɬ. 
ɗɬɨ ɫɜɹɡɚɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) 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 
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 
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ɫɪɟɞɧɟ-ɫɪɨɱɧɭɸ 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 ɢ 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 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 30,6 

ɉɪɨɱɢɟ 274,0 32,9 

ɂɬɨɝɨ ɩɨ Ƚɗɋ – 63,5 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ 
ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
 
Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 

Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,06 

6-15 ɥɟɬ 0,09 

ɋɜɵɲɟ 16 ɥɟɬ 0,14 
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Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ 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 16,25 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 1,14 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 0,33 
ɂɬɨɝɨ  17,71 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 
ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ 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 

2028 2029 2030 2031 2032 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 80,3 80,3 80,3 80,3 80,3 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, 
ɦɥɧ.ɪɭɛ. 28,5 27,7 26,9 26,2 25,4 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 63,5 63,5 63,5 63,5 63,5 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

2,7 2,6 2,5 2,5 2,4 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, 

ɦɥɧ.ɪɭɛ. 
17,7 17,7 17,7 17,7 17,7 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 5 5 5 5 5 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 197,6 196,7 195,9 195 194,2 

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. 

 
Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

41%

14%

32%

1%
9%

3%
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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8.3 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 – 20%; 
– ɇȾɋ – 20%; 
– ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
– ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
– ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.6. 
 

Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2028 2029 2030 2031 2032 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 194,87 200,03 205,47 210,77 216,21 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 0,19 229,87 234,96 239,9 245 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɪɭɛ. 4080 4080 4080 4080 4080 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 65,74 63,97 62.21 60,44 58,68 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 260,81 493,87 502,63 511,11 519,89 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɟ ɧɚɥɨɝɨɜɵɟ ɨɬɱɢɫɥɟɧɢɹ 
ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɢ ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ). 
ȼɢɞɧɨ, ɱɬɨ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɫɯɨɞɨɜ Ƚɗɋ. 

8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ 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 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2028 2029 2030 2031 2032 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 1127,5 1151,34 1176,9 1201,57 1227,11 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 197,57 196,73 195,89 195,04 194,2 

EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 1122,53 1146,36 1171,93 1196,59 1222,13 
EBIT(ɩɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), 

ɦɥɧ.ɪɭɛ. 976,96 1002,56 1029,9 1056,32 1083,63 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, 
ɦɥɧ.ɪɭɛ. 195,39 200,51 205,98 211,27 216,73 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 781,57 802,05 823,92 845,06 866,9 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20 20 20 20 20 
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Ⱦɨ 2025 ɝɨɞɚ ɭ ɧɚɫ ɧɟɬ ɩɪɢɛɵɥɢ, ɬɚɤ ɤɚɤ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
Ƚɗɋ ɩɪɨɢɫɯɨɞɢɬ ɨɝɪɨɦɧɵɣ ɜɤɥɚɞ ɛɸɞɠɟɬɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɧɚɟɦ ɪɚɛɨɬɧɢɤɨɜ ɢ ɩɪɢɨɛɪɟɬɟɧɢɟ ɪɚɛɨɱɢɯ ɦɚɲɢɧ. ɇɚɱɢɧɚɹ ɫ 2025 
ɝɨɞɚ ɧɚɱɢɧɚɟɬɫɹ ɪɟɡɤɢɣ ɫɤɚɱɨɤ ɩɪɢɛɵɥɢ ɫ ɧɚɲɟɝɨ ɩɪɨɟɤɬɚ, ɬɚɤ ɤɚɤ ɦɵ 
ɭɫɬɚɧɨɜɢɥɢ ɝɢɞɪɨɚɝɪɟɝɚɬɵ ɢ ɧɚɱɚɥɢ ɩɪɨɢɡɜɨɞɢɬɶ ɢ ɩɪɨɞɚɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɷɧɟɪɝɢɸ. ȼ 2026 ɝɨɞɭ ɧɚɛɥɸɞɚɟɬɫɹ «ɩɨɥɤɚ», ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɧɚɱɚɥɨɦ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. Ⱥ ɧɚɱɢɧɚɹ ɫ 2027 ɝɨɞɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ƚɗɋ ɭɠɟ ɧɟ 
ɜɤɥɚɞɵɜɚɟɬɫɹ ɨɝɪɨɦɧɵɯ ɞɟɧɟɝ, ɱɬɨ ɦɨɝɥɨ ɛɵ ɩɨɜɥɢɹɬɶ ɧɚ ɟɟ ɩɪɢɛɵɥɶ.  

8.5 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 

ɉɨ ɞɚɧɧɵɦ ɢɡ ɩɪɨɝɪɚɦɦɵ ProjectExpert ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɞɟɧɟɠɧɵɯ 
ɩɨɬɨɤɨɜ (Cash-Flow), ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 8.2. 

 
Ɋɢɫɭɧɨɤ 8.2 – Ƚɪɚɮɢɤ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɷɬɚɩɚɦɢ 

ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

ɂɡ ɝɪɚɮɢɤɚ ɞɟɧɟɠɧɨɝɨ ɩɨɬɨɤɚ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɣ 
ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɬɨ ɟɫɬɶ ɧɟɯɜɚɬɤɭ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɩɟɪɢɨɞ ɫ 2022 ɝɨɞɚ 
(ɧɚɱɚɥɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ) ɞɨ 2039 ɝɨɞɚ (ɩɟɪɢɨɞ, ɤɨɝɞɚ ɩɪɨɟɤɬ ɫɪɚɜɧɹɥɫɹ ɩɨ 
ɪɚɫɯɨɞɚɦ ɢ ɩɪɢɛɵɥɢ). ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɩɨɞɪɨɛɧɟɟ, ɬɨ ɦɵ 
ɧɚɛɥɸɞɚɟɦ ɩɨɫɬɟɩɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɫ 2022 ɞɨ 2023 ɝɨɞɚ, ɬɚɤ 
ɤɚɤ ɜ ɷɬɨɬ ɩɟɪɢɨɞ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɦɟɫɬɧɨɫɬɶ ɩɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɗɋ ɢ 
ɛɨɥɶɲɢɯ ɪɚɫɯɨɞɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. Ⱥ ɧɚɱɢɧɚɹ ɫ 2023 ɝɨɞɚ ɩɨ 2025 ɝɨɞ ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɡɤɢɣ ɫɩɚɞ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ, ɱɬɨ ɫɜɹɡɚɧɧɨ ɫ ɨɫɧɨɜɧɵɦɢ ɬɪɚɬɚɦɢ ɞɥɹ ɡɚɤɭɩɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɨɧɬɚɠɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
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ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨ ɩɪɨɟɤɬɭ ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɬɚɤ ɤɚɤ Ƚɗɋ 
ɧɚɱɢɧɚɟɬ ɩɪɨɞɚɜɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. ɗɬɨɬ ɩɟɪɢɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɞɨ 2038 ɝɨɞɚ. 
ɉɨɫɥɟ ɷɬɨɝɨ ɞɨɯɨɞɵ ɧɚɱɢɧɚɸɬ ɩɨɤɪɵɜɚɬɶ ɪɚɫɯɨɞɵ ɢ Ƚɗɋ ɧɚɱɢɧɚɟɬ ɩɪɢɧɨɫɢɬɶ 
ɩɪɢɛɵɥɶ. 

8.6 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ  

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ, ɫɨɝɥɚɫɧɨ 
ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɉȺɈ ɊɭɫȽɢɞɪɨ. 

8.6.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 
ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 

– ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
– ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
– 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 16.01.2017 №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 ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 20 ɥɟɬ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɫɱɟɬɵ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 1 ɤɜɚɪɬɚɥ 2022 ɝɨɞɚ ɛɟɡ ɭɱɟɬɚ ɝɟɨɩɨɥɢɬɢɱɟɫɤɢɯ 
ɢɡɦɟɧɟɧɢɣ ɩɨɫɥɟ 24 ɮɟɜɪɚɥɹ 2022 ɝɨɞɚ. 

2) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɩɪɨɝɧɨɡɢɪɭɟɦɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 
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8.6.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 

Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ  
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 214 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 372,18 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,11 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 13,34 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ*ɱ 0,19 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 78166,7 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɞɨɯɨɞ ɧɚ ɤɨɧɟɰ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ 
ɫɨɫɬɚɜɢɬ 372,18 ɦɥɧ. ɪɭɛ. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
– 0,19 ɪɭɛ./ɤȼɬ·ɱ.  

ɉɨɤɚɡɚɬɟɥɶ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɱɬɨ 
ɝɨɜɨɪɢɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɜɥɨɠɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɫɦɨɝɭɬ ɨɤɭɩɢɬɶɫɹ ɢ ɭɜɟɥɢɱɢɬɶɫɹ ɧɚ 11%. 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ 214 ɦɟɫɹɰɟɜ, ɬɚɤɨɣ ɫɪɨɤ ɨɛɭɫɥɨɜɥɟɧ 
ɜɵɫɨɤɢɦɢ ɧɚɱɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɧɨ ɩɪɨɟɤɬ ɛɭɞɟɬ ɜɫё ɪɚɜɧɨ 
ɩɪɢɛɵɥɶɧɵɣ ɜ ɫɜɹɡɢ ɫ ɷɥɟɤɬɪɨɞɢɮɢɰɢɬɨɦ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɋɟɛɟɫɬɨɢɦɨɫɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɧɚ 
ɩɪɢɟɦɥɟɦɨɦ ɭɪɨɜɧɟ. 

8.6.3 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 ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  

Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2028 2029 2030 2031 2032 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 200,04 434,88 445,40 455,65 466,19 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 65,74 63,97 62,21 60,44 58,68 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ 265,78 498,85 507,61 516,09 524,87 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɉɨɤɪɨɜɫɤɨɣ Ƚɗɋ ɨɛɟɫɩɟɱɢɬ ɪɟɝɭɥɹɪɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ 
ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ. Ȼɨɥɶɲɨɣ ɨɛɴɟɦ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɦɨɠɧɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɜɢɬɢɹ 
ɪɟɝɢɨɧɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɛɸɞɠɟɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɫɹ. 



123 

8.7 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ – ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

– ɋɬɚɜɤɚ ɧɚɥɨɝɨɜ; 
– Ɉɛɴɟɦ ɢɧɜɟɫɬɢɰɢɣ;  
– Ɉɛɴɟɦ ɫɛɵɬɚ; 
– ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 

 
Ɋɢɫɭɧɨɤ 8.3 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8.3 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 

 
Ɋɢɫɭɧɨɤ 8.4 – ɋɭɦɦɚ PI ɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɢɧɜɟɫɬɢɰɢɣ 
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ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8.4 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 
ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 

 
Ɋɢɫɭɧɨɤ 8.5 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8.5 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɫɛɵɬɚ ɩɪɢɜɨɞɢɬ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 

 
Ɋɢɫɭɧɨɤ 8.6 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8.6 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 
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9 Ɉɪɝɚɧɢɡɚɰɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ƚɗɋ 

9.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɤɚɡɨɦ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɗɧɟɪɝɟɬɢɤɢ ɨɬ 25 ɨɤɬɹɛɪɹ 2017 
ɝɨɞɚ №1013 "Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɢ ɷɧɟɪɝɨɩɪɢɧɢɦɚɸɳɢɯ ɭɫɬɚɧɨɜɨɤ "ɉɪɚɜɢɥɚ ɨɪɝɚɧɢɡɚɰɢɢ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ"" ɪɟɦɨɧɬɵ, 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɫɥɟɞɭɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶ ɧɚ ɩɥɚɧɨɜɵɟ, 
ɧɟɩɥɚɧɨɜɵɟ ɢ ɚɜɚɪɢɣɧɵɟ. ɉɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶ ɧɚ 
ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɣ ɪɟɦɨɧɬ ɢ ɪɟɦɨɧɬ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ. 

Ɋɟɦɨɧɬ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ‒ ɷɬɨ ɪɟɦɨɧɬ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɬɪɨɥɶ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɢ ɜ ɨɛɴɟɦɟ, ɤɨɬɨɪɵɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɚ ɨɛɴɟɦ ɢ ɦɨɦɟɧɬ 
ɧɚɱɚɥɚ ɪɟɦɨɧɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ ɞaɧɧɵɣ ɦoɦɟɧɬ ɧa ɋaɹɧɨ-ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɩɥaɧɨɜɵɣ ɪɟɦɨɧɬ oɫɧɨɜɧɨɝɨ 
ɢ ɜɫɩoɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛoɪɭɞɨɜɚɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɜɢɞɟ ɩɥaɧɨɜɨ-
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧoɝɨ ɪɟɦoɧɬa, ɧo ɩɪɢ ɷɬoɦ ɩɥaɧɢɪɭɟɬɫɹ ɩɟɪɟɯoɞ ɧa ɜɢɞ 
oɪɝɚɧɢɡɚɰɢɢ ɪɟɦɨɧɬa ɩo ɬɟɯɧɢɱɟɫɤɨɦɭ ɫoɫɬɨɹɧɢɸ, ɞɥɹ ɱɟɝɨ ɬɪɟɛɭɟɬɫɹ ɤoɧɬɪɨɥɶ 
ɬɟɯɧɢɱɟɫɤoɝɨ ɫoɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɚ ɪɟɦɨɧɬɚ 
(ɬɟɤɭɳɢɣ, ɫɪɟɞɧɢɣ, ɤɚɩɢɬɚɥɶɧɵɣ), ɩɟɪɟɱɧɹ, ɨɛɴɟɦɨɜ ɢ ɫɪɨɤɨɜ ɩɪɨɜɟɞɟɧɢɹ 
ɌɈɢɊ. Ʉɨɧɬɪɨɥɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɚɧɚɥɢɡɚ 
ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. 

9.2 ɉɪɢɱɢɧɵ ɜoɡɧɢɤɧɨɜɟɧɢɹ ɤoɥɟɛaɬɟɥɶɧɵɯ ɩɪoɰɟɫɫoɜ ɜ ɭɡɥaɯ 
ɝɢɞɪoaɝɪɟɝɚɬɚ 

ɇɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ 
ɧɚɥɢɱɢɹ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɬ ɢɯ ɜɟɥɢɱɢɧɵ ɢ ɯɚɪɚɤɬɟɪɚ. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɪɚɫɬɭɬ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ 
ɧɚ ɭɡɥɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɷɬɢɯ ɭɡɥɨɜ. 
ɇɚɥɢɱɢɟ ɚɧɨɦɚɥɶɧɵɯ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢɜɨɞɢɬ ɤ ɧɟɢɫɩɪɚɜɧɨɫɬɹɦ, 
ɭɫɤɨɪɟɧɧɨɦɭ ɢɡɧɨɫɭ ɢ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɚɤɠɟ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜɢɛɪɚɰɢɹ ɧɟɤɨɬɨɪɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɝɢɞɪɨɚɝɪɟɝɚɬɟ ɧɟɝɚɬɢɜɧɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɤɚɤ ɧɚ ɫɚɦ ɝɢɞɪɨɚɝɪɟɝɚɬ, ɬɚɤ ɢ ɧɚ 
ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɪɹɞɨɦ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɨɬɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɡɞɚɧɢɹ Ƚɗɋ. 

ȼɢɛɪɚɰɢɹ ɜ ɝɢɞɪɨɚɝɪɟɝɚɬɟ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ:  
– ɩɪɢɪɨɞɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ; 
– ɭɪɨɜɧɹ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ; 
– ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɸɳɢɯ 

ɠёɫɬɤɨɫɬɶ ɨɩɨɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ;  
– ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ⱦɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ ɩɨ ɩɪɢɪɨɞɟ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ.  
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Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɢɥɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ ɜɨɞɵ ɜ ɩɪɨɬɨɱɧɨɦ ɬɪɚɤɬɟ, ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɢɯɪɟɜɨɝɨ ɠɝɭɬɚ ɩɨɞ 
ɪɚɛɨɱɢɦ ɤɨɥɟɫɨɦ, ɤɚɜɢɬɚɰɢɨɧɧɵɦɢ ɹɜɥɟɧɢɹɦɢ ɜ ɬɭɪɛɢɧɟ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 
ɧɟɛɚɥɚɧɫɨɦ ɪɨɬɨɪɚ ɬɭɪɛɢɧɵ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɢɥɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ (ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢ/ɢɥɢ ɪɨɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ), 
ɭɩɪɭɝɨɫɬɶɸ ɜɚɥɚ (ɬɨ ɟɫɬɶ ɢɫɤɪɢɜɥɟɧɢɟ ɥɢɧɢɢ ɜɚɥɚ, ɧɚɪɭɲɟɧɢɟ ɰɟɧɬɪɨɜɤɢ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚ), ɬɪɟɧɢɟɦ ɩɪɢ ɡɚɞɟɜɚɧɢɢ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ, ɬɪɟɧɢɟɦ ɜ 
ɩɨɞɲɢɩɧɢɤɚɯ, ɜɧɭɬɪɟɧɧɢɦ ɬɪɟɧɢɟɦ ɦɟɬɚɥɥɚ ɜ ɦɚɬɟɪɢɚɥɟ ɜɚɥɚ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɥɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɦɚɝɧɢɬɧɨɝɨ ɬɹɠɟɧɢɹ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɪɨɬɨɪɨɦ ɢ 
ɫɬɚɬɨɪɨɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɡɚɦɵɤɚɧɢɹɦɢ ɨɛɦɨɬɨɤ 
ɪɨɬɨɪɚ ɢ ɤɨɪɨɬɤɢɦɢ ɡɚɦɵɤɚɧɢɹɦɢ ɲɢɧ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬ.ɞ.  

Ɍɚɤɠɟ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɫɢɥɵ ɦɨɝɭɬ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ 
ɝɢɞɪɨɚɝɪɟɝɚɬ ɤɚɤ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɬɚɤ ɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ. 

Ɋɟɠɢɦɵ ɪɚɛɨɬɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɬɚɤɠɟ ɤɪɚɣɧɟ ɪɚɡɧɨɨɛɪɚɡɧɵ ɩɨ ɩɪɢɪɨɞɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɥ. ɇɚ ɨɞɧɢɯ ɪɟɠɢɦɚɯ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ 
ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɢɥɵ, ɬɨɝɞɚ ɤɚɤ ɧɚ ɞɪɭɝɢɯ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. ȼ ɬɚɛɥɢɰɟ 9.1 
ɩɪɢɜɨɞɢɬɫɹ ɨɛɴɹɫɧɟɧɢɟ ɩɪɢɪɨɞɵ ɬɟɯ ɢɥɢ ɢɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɥ. Ⱦɥɹ 
ɤɚɠɞɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫɩɨɫɨɛ ɜɵɹɜɥɟɧɢɹ, ɩɪɢɜɨɞɹɬɫɹ 
ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɟ ɪɟɠɢɦɵ ɬɭɪɛɢɧɵ ɢ ɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɢɯ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ. 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɋɟɠɢɦɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
№ 
ɩ/ɩ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɚɝɪɭɡɤɚ ɜ 

ɬɭɪɛɢɧɟ 
ɋɩɨɫɨɛ ɜɵɹɜɥɟɧɢɹ 

ɏɚɪɚɤɬɟɪɧɵɣ ɪɟɠɢɦ 
ɬɭɪɛɢɧɵ 

Ɋɟɡɭɥɶɬɚɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 

1 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ 

ɤɨɥɟɫɟ ɢɡ-ɡɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɨɬɤɥɨɧɟɧɢɣ ɜ 
ɪɟɲɟɬɤɟ ɥɨɩɚɫɬɧɨɣ 

ɫɢɫɬɟɦɵ. 

ɉɪɢ ɧɚɩɨɪɟ ɇ = const 
ɫ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɢ 

ɧɚɛɥɸɞɚɟɬɫɹ 
ɭɜɟɥɢɱɟɧɢɟ 

ɪɚɞɢɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ 
ɤɨɪɩɭɫɚ ɬɭɪɛɢɧɧɨɝɨ 

ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ ɧɚ ɨɛɨɪɨɬɧɨɣ 

ɱɚɫɬɨɬɟ fɨɛ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɢɥɚ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɩɪɢ ɛɨɥɶɲɢɯ 
ɨɬɤɪɵɬɢɹɯ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɨɪɝɚɧɨɜ. 

1. Ⱦɢɧɚɦɢɱɟɫɤɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɨɩɚɫɬɧɨɣ 
ɫɢɫɬɟɦɟ ɨɬ ɷɬɨɣ ɫɢɥɵ ɧɟ 

ɜɨɡɧɢɤɚɸɬ.  
2. Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 

ɫɬɚɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɧɚ 
ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 
ɧɟɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ 
ɥɨɩɚɫɬɹɦɢ. 

2 ɇɢɡɤɨɱɚɫɬɨɬɧɚɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 

ɧɚɝɪɭɡɤɚ, ɜɵɡɜɚɧɧɚɹ 
ɡɚɤɪɭɬɤɨɣ ɩɨɬɨɤɚ ɧɚ 
ɜɵɯɨɞɟ ɫ ɥɨɩɚɫɬɟɣ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
(ɧɚɝɪɭɡɤɚ ɨɬ 

ɜɪɚɳɚɸɳɟɝɨɫɹ 
ɜɢɯɪɟɜɨɝɨ «ɠɝɭɬɚ» 

ɩɨɞ ɪɚɛɨɱɢɦ 
ɤɨɥɟɫɨɦ). 

ɉɨ ɜɢɛɪɚɰɢɹɦ 
ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɢ 

ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɡɨɧɟ 
ɧɚɩɪɚɜɥɹɸɳɢɯ 

ɩɨɞɲɢɩɧɢɤɨɜ ɧɚ 
ɱɚɫɬɨɬɚɯ fɧ.ɱ. = ௙ˑ˄.ଷ÷଼ 

ɉɪɢ ɧɚɩɨɪɟ ɇ = const 
ɱɚɫɬɢɱɧɵɟ ɦɨɳɧɨɫɬɢ N = 

(0,45÷0,75) ⋅ Nɨɩɬ. 
(ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ 

«ɠɝɭɬɚ» ɢ ɬɭɪɛɢɧɵ 
ɫɨɜɩɚɞɚɸɬ) ɢ ɪɟɠɢɦɵ 

ɩɟɪɟɝɪɭɡɤɢ N = (1,1÷1,3) ⋅ 
Nɨɩɬ.(«ɠɝɭɬ» ɜɪɚɳɚɟɬɫɹ 

ɩɪɨɬɢɜ ɧɚɩɪɚɜɥɟɧɢɹ 
ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ). 

Ɇɨɳɧɨɫɬɢ Nɨɩɬ. 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ 
ɄɉȾ ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɨɣ 

ɬɭɪɛɢɧɵ. 

1. ɉɪɢɜɨɞɢɬ ɤ 
ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɩɟɪɟɦɟɳɟɧɢɹɦ ɤɨɥɟɫɚ, ɱɬɨ 
ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɟɝɨ 

ɡɚɞɟɜɚɧɢɟ ɡɚ ɧɟɩɨɞɜɢɠɧɵɟ 
ɷɥɟɦɟɧɬɵ ɬɭɪɛɢɧɵ.  

2. ȼ ɥɨɩɚɫɬɧɨɣ ɫɢɫɬɟɦɟ 
ɧɚɜɨɞɢɬ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɛɨɥɶɲɨɣ 

ɚɦɩɥɢɬɭɞɵ ɫ ɱɚɫɬɨɬɨɣ (fɨɛ. 
– fɧ.ɱ.) ɧɚ ɱɚɫɬɢɱɧɵɯ 

ɦɨɳɧɨɫɬɹɯ ɢ ɱɚɫɬɨɬɨɣ (fɨɛ. 
+ fɧ.ɱ.) ɧɚ ɪɟɠɢɦɚɯ 

ɩɟɪɟɝɪɭɡɤɢ. 
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№ 
ɩ/ɩ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɚɝɪɭɡɤɚ ɜ ɬɭɪɛɢɧɟ 

ɋɩɨɫɨɛ ɜɵɹɜɥɟɧɢɹ 
ɏɚɪɚɤɬɟɪɧɵɣ ɪɟɠɢɦ 

ɬɭɪɛɢɧɵ 
Ɋɟɡɭɥɶɬɚɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 

3 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɫɢɥɚ ɫɨ ɫɬɨɪɨɧɵ 

ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, 
ɜɵɡɜɚɧɧɚɹ 

ɧɟɪɚɜɧɨɦɟɪɧɵɦ 
ɯɚɪɚɤɬɟɪɨɦ ɩɨɬɨɤɚ 

ɩɨ ɫɟɱɟɧɢɹɦ 
ɫɩɢɪɚɥɢ. 

1. ȼ ɫɩɟɤɬɪɟ 
ɜɢɛɪɚɰɢɣ ɨɩɨɪɧɵɯ 
ɭɡɥɨɜ ɧɚɛɥɸɞɚɸɬɫɹ 

ɤɨɥɟɛɚɧɢɹ ɥɨɩɚɫɬɧɨɣ 
ɱɚɫɬɨɬɵ. 

2. ȼ ɛɢɟɧɢɹɯ 
ɨɬɦɟɱɚɟɬɫɹ 

ɨɞɧɨɫɬɨɪɨɧɧɟɟ 
ɩɪɢɠɚɬɢɟ ɜɚɥɚ 

1. ɇɚɢɛɨɥɶɲɚɹ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɞɜɨɞɚ 

ɜɨɞɵ ɫɩɢɪɚɥɶɸ ɢɦɟɟɬ 
ɦɟɫɬɨ ɧɚ ɦɚɥɵɯ 

ɦɨɳɧɨɫɬɹɯ.  
2. ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɭɝɥɟ 
ɨɯɜɚɬɚ ɫɩɢɪɚɥɢ ɧɚɝɪɭɡɤɢ 
ɧɚ ɥɨɩɚɫɬɶ ɬɟɦ ɜɵɲɟ, ɱɟɦ 
ɦɟɧɶɲɟ ɱɢɫɥɨ ɥɨɩɚɫɬɟɣ. 

1. ȼɵɡɵɜɚɟɬ ɜ ɥɨɩɚɫɬɹɯ 
ɤɨɥɟɫɚ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɨɛɨɪɨɬɧɨɣ 
ɱɚɫɬɨɬɵ.  

2. ȼɵɡɵɜɚɟɬ ɨɞɧɨɫɬɨɪɨɧɧɟɟ 
ɫɦɟɳɟɧɢɟ ɤɨɥɟɫɚ ɜ ɤɚɦɟɪɟ. 

4 ɍɞɚɪɧɚɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 

ɧɚɝɪɭɡɤɚ ɧɚ ɪɚɛɨɱɟɟ 
ɤɨɥɟɫɨ ɜɫɥɟɞɫɬɜɢɟ 
ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ 
ɭɝɥɚ ɜɵɯɨɞɚ ɩɨɬɨɤɚ 
ɢɡ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ ɫ ɭɝɥɨɦ 
ɜɯɨɞɚ ɧɚ ɥɨɩɚɫɬɢ 

ɤɨɥɟɫɚ 

ȼ ɫɩɟɤɬɪɟ ɜɢɛɪɚɰɢɣ 
ɨɩɨɪɧɵɯ ɭɡɥɨɜ 
ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ 
ɤɨɥɟɛɚɧɢɣ ɚɝɪɟɝɚɬɚ ɜ 

ɩɨɩɟɪɟɱɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ 

(fɫɨɛ.ɩɨɩ. = 3÷6 Ƚɰ ) 
ɢ ɫɨɛɫɬɜɟɧɧɵɟ 

ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɜ 
ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
(fɫɨɛ.ɨɫ. = 8÷15 Ƚɰ). 

ɉɪɨɹɜɥɹɟɬɫɹ ɧɚ ɦɚɥɵɯ 
ɦɨɳɧɨɫɬɧɵɯ ɪɟɠɢɦɚɯ ɢ 

ɯɨɥɨɫɬɨɦ ɯɨɞɭ. 

ȼɵɡɵɜɚɟɬ ɜ ɥɨɩɚɫɬɹɯ 
ɬɭɪɛɢɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɨɛɫɬɜɟɧɧɨɣ 
ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɥɨɩɚɫɬɢ. 

5 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɚɝɪɭɡɤɚ, 

ɮɨɪɦɢɪɭɟɦɚɹ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ 

ɩɨɬɨɤɚ ɡɚ 
ɥɨɩɚɬɤɚɦɢ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ. 

ȼ ɫɩɟɤɬɪɟ ɜɢɛɪɚɰɢɣ 
ɨɩɨɪɧɵɯ ɭɡɥɨɜ 
ɧɚɛɥɸɞɚɸɬɫɹ 

ɤɨɥɟɛɚɧɢɹ 
ɥɨɩɚɬɨɱɧɨɣ ɱɚɫɬɨɬɵ  

Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɪɟɠɢɦɚ 
ɢɦɟɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 
ɯɚɪɚɤɬɟɪ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɢɩɨɦ ɬɭɪɛɢɧɵ ɢ 
ɤɚɜɢɬɚɰɢɨɧɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɧɚ Ƚɗɋ. 

ȼɵɡɵɜɚɟɬ ɜ ɥɨɩɚɫɬɹɯ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɥɨɩɚɬɨɱɧɨɣ ɱɚɫɬɨɬɵ. ȼ 

ɨɫɟɜɵɯ ɬɭɪɛɢɧɚɯ ɢɝɪɚɸɬ 
ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɜ 

ɭɫɬɚɥɨɫɬɧɨɦ ɪɚɡɪɭɲɟɧɢɢ 
ɥɨɩɚɫɬɟɣ. Ɋɚɡɜɢɬɵɟ 

ɤɚɜɢɬɚɰɢɨɧɧɵɟ ɹɜɥɟɧɢɹ ɢ 
ɜɩɭɫɤ ɜɨɡɞɭɯɚ ɜ ɧɚɩɨɪɧɭɸ 
ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɫɧɢɠɚɸɬ 
ɤɨɥɟɛɚɧɢɹ ɷɬɨɣ ɱɚɫɬɨɬɵ. 

6 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ, ɫɜɹɡɚɧɧɵɟ 

ɫ ɩɭɥɶɫɚɰɢɹɦɢ 
ɨɫɟɜɨɝɨ ɜɢɯɪɹ. 

ȼ ɫɩɟɤɬɪɟ 
ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɜɢɛɪɚɰɢɣ ɨɩɨɪɧɨɝɨ 
ɭɡɥɚ (ɧɟɫɭɳɟɣ 

ɤɪɟɫɬɨɜɢɧɵ, ɨɩɨɪɵ 
ɩɨɞɩɹɬɧɢɤɚ) 

ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɨɬɨɣ 

3,5÷5,0 Ƚɰ. ȼ 
ɪɚɞɢɚɥɶɧɵɯ 
ɜɢɛɪɚɰɢɹɯ 

ɩɨɞɲɢɩɧɢɤɨɜ ɷɬɢ 
ɤɨɥɟɛɚɧɢɹ 

ɨɬɫɭɬɫɬɜɭɸɬ. 

ɇɚɛɥɸɞɚɟɬɫɹ ɧɚ 
ɱɚɫɬɢɱɧɵɯ ɦɨɳɧɨɫɬɹɯ N = 

(0,75÷0,8)Nɨɩɬ. 

ȼɵɡɵɜɚɟɬ ɜ ɥɨɩɚɫɬɹɯ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɫ ɱɚɫɬɨɬɨɣ 3,5÷5,0 Ƚɰ. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9.1 

№ 
ɩ/ɩ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɚɝɪɭɡɤɚ ɜ ɬɭɪɛɢɧɟ 

ɋɩɨɫɨɛ ɜɵɹɜɥɟɧɢɹ 
ɏɚɪɚɤɬɟɪɧɵɣ ɪɟɠɢɦ 

ɬɭɪɛɢɧɵ 
Ɋɟɡɭɥɶɬɚɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 

7 ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɟ 
ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɧɚɝɪɭɡɤɢ ɨɬ 
ɤɪɨɦɨɱɧɵɯ ɜɢɯɪɟɣ, 

ɫɯɨɞɹɳɢɯ ɫ 
ɥɨɩɚɫɬɟɣ ɤɨɥɟɫɚ, 

ɥɨɩɚɬɨɤ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ, 
ɫɬɚɬɨɪɧɵɯ ɤɨɥɨɧɧ. 

ȼ ɫɩɟɤɬɪɟ ɜɢɛɪɚɰɢɣ 
ɬɭɪɛɢɧɧɨɝɨ 

ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɧɟɫɭɳɟɣ ɤɪɟɫɬɨɜɢɧɵ 
(ɨɩɨɪɵ ɩɨɞɩɹɬɧɢɤɚ) 

ɧɚɛɥɸɞɚɸɬɫɹ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ 
ɤɨɥɟɛɚɧɢɹ (fɜ.ɱ. > 

fɥɨɩɚɬ. ). Ʉɨɥɟɛɚɧɢɹ 
ɦɨɝɭɬ ɢɦɟɬɶ ɜɢɞ 
ɛɢɟɧɢɹ. ɇɚɞɟɠɧɨ 

ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɩɨ 
ɜɢɛɪɨɫɤɨɪɨɫɬɹɦ. 

ɉɪɢ ɇ = const ɧɚɝɪɭɡɤɢ 
ɜɨɡɪɚɫɬɚɸɬ ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ (ɟɫɥɢ 

ɨɬɫɭɬɫɬɜɭɸɬ ɪɚɡɜɢɬɵɟ 
ɤɚɜɢɬɚɰɢɨɧɧɵɟ ɹɜɥɟɧɢɹ). 

ɋ ɪɨɫɬɨɦ ɧɚɩɨɪɚ 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɧɚɝɪɭɡɤɢ ɷɬɨɣ ɱɚɫɬɨɬɵ. 

Ɉɩɪɟɞɟɥɹɸɬ ɭɫɬɚɥɨɫɬɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. 
ɂɯ ɱɚɫɬɨɬɚ (ɩɪɟɠɞɟ ɜɫɟɝɨ 
ɜɢɯɪɟɣ ɫ ɥɨɩɚɫɬɟɣ ɤɨɥɟɫɚ) 
ɨɤɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨ ɛɥɢɡɤɨɣ 
(ɢɥɢ ɪɚɜɧɨɣ) ɤ ɫɨɛɫɬɜɟɧɧɨɣ 
ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɥɨɩɚɫɬɢ. 

8 Ʉɚɜɢɬɚɰɢɨɧɧɵɟ 
ɧɚɝɪɭɡɤɢ ɜ 

ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 
ɬɭɪɛɢɧɵ. 

Ɉɰɟɧɢɜɚɸɬɫɹ ɩɨ 
ɚɤɭɫɬɢɱɟɫɤɨɦɭ ɲɭɦɭ 

ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ 
ɫɩɟɤɬɪɟ ɱɚɫɬɨɬ fɤɚɜ. = 

30÷600 ɤȽɰ. 

ɂɦɟɸɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 
ɯɚɪɚɤɬɟɪ. Ɂɚɜɢɫɹɬ ɨɬ 
ɫɨɱɟɬɚɧɢɹ ɪɟɠɢɦɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ: ɧɚɩɨɪɚ ɇ, 
ɦɨɳɧɨɫɬɢ N ɢ ɜɵɫɨɬɵ 

ɨɬɫɚɫɵɜɚɧɢɹ ɇS 

ȼɵɡɵɜɚɸɬ ɤɚɜɢɬɚɰɢɨɧɧɭɸ 
ɷɪɨɡɢɸ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

 
ȼ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜ ɫɭɦɦɚɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɝɢɞɪɨɚɝɪɟɝɚɬ 

ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 
ɝɢɞɪɨɚɝɪɟɝɚɬ ɧɟ ɢɦɟɟɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɡɚɦɵɤɚɧɢɣ ɢ ɄɁ. ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ ɛɵɥɨ ɫɞɟɥɚɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ: 

– ɉɪɟɨɛɥɚɞɚɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɫɜɹɳɟɧɵ ɢɦɟɧɧɨ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ, ɬɚɤɢɦ ɤɚɤ: ɜɢɯɪɟɜɨɣ ɠɝɭɬ, 
ɚɜɬɨɤɨɥɟɛɚɧɢɹ ɜ ɩɪɨɬɨɱɧɨɦ ɬɪɚɤɬɟ, ɝɢɞɪɨɚɤɭɫɬɢɱɟɫɤɢɣ ɪɟɡɨɧɚɧɫ ɢ ɩɪɨɱɟɟ; 

– ȼɟɥɢɱɢɧɚ ɜɢɛɪɚɰɢɢ ɧɨɫɢɬ ɫɟɡɨɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɬɚɤ ɤɚɤ ɫ ɪɨɫɬɨɦ ɧɚɩɨɪɚ 
ɪɚɫɬɭɬ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ȽȺ. Ɉɛ ɷɬɨɦ ɦɨɝɭɬ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ; 

– ɑɟɦ ɛɥɢɠɟ ɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɤ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɬɟɦ ɜɵɲɟ ɭɪɨɜɟɧɶ 
ɜɢɛɪɚɰɢɢ, ɬɨ ɟɫɬɶ ɛɨɥɶɲɟ ɚɦɩɥɢɬɭɞɚ ɢ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ. 

Ⱥɧɨɦɚɥɶɧɵɟ ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɥɟɞɫɬɜɢɟɦ 
ɤɚɤɨɣ-ɥɢɛɨ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢɥɢ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɚ, ɧɨ ɢ ɬɚɤɠɟ ɦɨɝɭɬ ɫɬɚɬɶ 
ɩɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢ ɩɨɜɪɟɠɞɟɧɢɣ. ȼ ɨɛɳɟɦ ɢ ɰɟɥɨɦ, ɢɯ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɥɟɞɭɸɳɢɦ ɨɫɧɨɜɧɵɦ ɩɪɢɱɢɧɚɦ: 

– ɉɪɢɛɥɢɠɟɧɢɟ ɢɥɢ ɫɨɜɩɚɞɟɧɢɟ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɭɡɥɨɜ 
ɚɝɪɟɝɚɬɚ ɫ ɱɚɫɬɨɬɚɦɢ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ; 

– ȼɫɟ ɜɢɞɵ ɧɟɛɚɥɚɧɫɚ ɪɨɬɨɪɚ, ɬɨ ɟɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ, ɦɟɯɚɧɢɱɟɫɤɢɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ; 

– ɍɦɟɧɶɲɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɚɩɪɢɦɟɪ, 
ɨɫɥɚɛɥɟɧɢɟ ɤɪɟɩɥɟɧɢɹ ɭɡɥɨɜ ɚɝɪɟɝɚɬɚ, ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɭɜɟɥɢɱɟɧɢɟ ɡɚɡɨɪɚ 
ɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɩɨɞɲɢɩɧɢɤɚɯ ɢ ɬ.ɞ.; 

– ɗɤɫɩɥɭɚɬɚɰɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚ ɧɟɪɟɤɨɦɟɧɞɭɟɦɵɯ ɢ ɧɟɞɨɩɭɫɬɢɦɵɯ 
ɪɟɠɢɦɚɯ. 
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9.2 Ɇɨɧɢɬɨɪɢɧɝ ɜɢɛɪɚɰɢɢ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ, ɤɨɥɟɛɚɧɢɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ ɚɝɪɟɝɚɬɚ ɩɪɨɢɫɯɨɞɹɬ ɧɚ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ. ɍɫɬɚɧɨɜɥɟɧɨ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɱɚɫɬɨɬ ɜɨɡɦɭɳɟɧɢɣ ɜɨɡɦɨɠɧɵɦ ɧɟɢɫɩɪɚɜɧɨɫɬɹɦ. ɋɨɨɬɜɟɬɫɬɜɢɟ 
ɱɚɫɬɨɬ ɢ ɩɪɢɱɢɧ ɤɨɥɟɛɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 9.2. 

 
Ɍɚɛɥɢɰɚ 9.2 – ɑɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ ɚɝɪɟɝɚɬɚ 

ɇɚɡɜɚɧɢɟ ɱɚɫɬɨɬɵ Ɏɨɪɦɭɥɚ 
ȼ ɩɟɪɟɫɱɟɬɟ ɞɥɹ 

ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɣ 
Ƚɗɋ, Ƚɰ 

Ɉɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ 
ɜɢɛɪɚɰɢɢ 

Ɉɛɨɪɨɬɧɚɹ ɱɚɫɬɨɬɚ fˑ˄ =  nːˑˏ/͸Ͳ 2,38 ȼɫɟ ɜɢɞɵ ɧɟɛɚɥɚɧɫɚ ɪɨɬɨɪɚ 

Ⱦɜɨɣɧɚɹ ɨɛɨɪɨɬɧɚɹ 
ɱɚɫɬɨɬɚ fଶˑ˄ =  ʹ ∙ fˑ˄ 4,76 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɡɨɪɚ ɜ 
ɩɨɞɲɢɩɧɢɤɚɯ, ɧɟɫɨɨɫɧɨɫɬɶ 

ɜɚɥɨɜ ȽɌ ɢ ȽȽ, ɮɨɪɦɚ 
ɫɬɚɬɨɪɚ ȽȽ ɢ ɬ.ɞ. 

ɑɚɫɬɨɬɚ ɪɚɜɧɚɹ 
ɩɨɥɨɜɢɧɟ ɨɛɨɪɨɬɧɨɣ 

fˑ˄/ଶ = Ͳ,ͷ ∙ fˑ˄ 1,19 
Ɉɫɥɚɛɥɟɧɢɟ ɤɪɟɩɟɠɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɡɥɚ 

ɀɝɭɬɨɜɚɹ ɱɚɫɬɨɬɚ fˉ =  fˑ˄/ሺ͵ ÷ ͷሻ 0,48-0,79 

ȼɢɯɪɟɜɨɣ ɠɝɭɬ, 
ɨɛɪɚɡɭɸɳɢɣɫɹ ɧɚ 

ɧɟɤɨɬɨɪɵɯ ɪɟɠɢɦɚɯ ɜ 
ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɟ 

Ʌɨɩɚɫɬɧɚɹ ɱɚɫɬɨɬɚ fˎˑ˒ =  zଵ ∙ fˑ˄ 35,7 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɠɞɨɣ 
ɥɨɩɚɫɬɢ ɨɞɢɧ ɪɚɡ ɡɚ ɨɛɨɪɨɬ 

ɜɚɥɚ. ɉɨɜɵɲɟɧɧɚɹ 
ɜɢɛɪɚɰɢɹ ɞɥɹ ɊɈ ɬɭɪɛɢɧ 
ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɩɪɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɡɚɡɨɪɟ ɜ 
ɥɚɛɢɪɢɧɬɧɵɯ ɭɩɥɨɬɧɟɧɢɹɯ 

ɤɨɥɟɫɚ 

ɋɟɝɦɟɧɬɧɚɹ ɱɚɫɬɨɬɚ f˔ˈˆˏ =  z˔ˈˆˏ ∙ fˑ˄ 

 
Ⱦɜɭɯɪɹɞɧɵɣ, 

ɤɨɥɢɱɟɫɬɜɨ ɫɟɝɦɟɧɬɨɜ 
ɜ ɨɞɧɨɦ ɪɹɞɭ ɩɨ 20. 

Ʉɨɥɢɱɟɫɬɜɨ ɫɟɝɦɟɧɬɨɜ 
Ƚɉ ɢ Ɍɉ ɩɨ 12. 

 

ɇɚɥɢɱɢɟ ɜ ɫɩɟɤɬɪɟ 
ɫɟɝɦɟɧɬɧɨɣ ɱɚɫɬɨɬɵ ɫɥɭɠɢɬ 

ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦ 
ɩɪɢɡɧɚɤɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɫɟɝɦɟɧɬɨɜ 

Ʌɨɩɚɬɨɱɧɚɹ ɱɚɫɬɨɬɚ fˎˑ˒˃˕ =  z଴ ∙ fˑ˄ 47,6 

– ɋɯɨɞ ɜɢɯɪɟɣ ɫ ɤɪɨɦɨɤ 
ɥɨɩɚɬɨɤ ɇȺ; 
– ɒɚɝɨɜɚɹ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɤɨɪɨɫɬɟɣ 
ɢ ɞɚɜɥɟɧɢɣ ɡɚ ɥɨɩɚɬɤɚɦɢ 
ɇȺ. 

ȼ ɊɈ ɬɭɪɛɢɧɚɯ ɫɢɥɵ 
ɥɨɩɚɬɨɱɧɨɣ ɱɚɫɬɨɬɵ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɧɚɛɥɸɞɚɸɬɫɹ. 
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Ⱥɧɚɥɢɡɢɪɭɹ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɵɟ ɫɩɟɤɬɪɵ 
ɜɢɛɪɨɤɨɧɬɪɨɥɹ, ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɢɫɬɨɱɧɢɤ ɢ ɩɚɪɚɦɟɬɪɵ ɜɢɛɪɚɰɢɢ, ɜɤɥɸɱɚɸɳɢɟ 
ɜ ɫɟɛɹ: ɱɚɫɬɨɬɭ, ɚɦɩɥɢɬɭɞɭ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɧɚɩɪɚɜɥɟɧɢɟ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɬ.ɞ.  

ȼ ɬɚɛɥɢɰɟ 9.3 ɩɪɢɜɟɞɟɧɵ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɟ ɧɟɩɨɥɚɞɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɢ ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɞɟɮɟɤɬɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɢ 
ɜɵɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤ ɜɢɛɪɚɰɢɢ. 

 
Ɍɚɛɥɢɰɚ 9.3 – Ⱦɢɚɝɧɨɫɬɢɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ 
№ ɍɡɟɥ Ⱦɟɮɟɤɬ Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɣ 

ɩɚɪɚɦɟɬɪ 
Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɞɟɮɟɤɬɚ 

1 Ɋɚɛɨɱɟɟ 
ɤɨɥɟɫɨ 

Ɇɟɯɚɧɢɱɟɫɤɚɹ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫ
ɬɶ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɬɭɪɛɢɧɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ 

ȼɵɹɜɥɹɟɬɫɹ ɥɭɱɲɟ ɜɫɟɝɨ ɧɚ ɪɟɠɢɦɟ ɜɵɛɟɝɚ 
(ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɚɝɪɟɝɚɬɚ ɨɬ ɫɟɬɢ) ɢ ɧɚ 
ɪɟɠɢɦɚɯ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɫ ɪɚɡɧɨɣ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ. Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɨɛɨɪɨɬɧɨɣ 
ɱɚɫɬɨɬɵ ɜɨɡɪɚɫɬɚɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɤɜɚɞɪɚɬɭ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ɋ ɢɡɦɟɧɟɧɢɟɦ 
ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɜɟɥɢɱɢɧɵ ɜɢɛɪɚɰɢɣ ɢ 
ɛɢɟɧɢɣ ɜɚɥɚ ɨɛɨɪɨɬɧɨɣ ɱɚɫɬɨɬ ɧɟ ɦɟɧɹɸɬɫɹ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫ
ɬɶ 
 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɬɭɪɛɢɧɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ 

Ⱥɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɣ ɢ ɛɢɟɧɢɹ ɜɚɥɚ 
ɨɛɨɪɨɬɧɨɣ ɱɚɫɬɨɬɵ ɜɨɡɪɚɫɬɚɸɬ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɞɵ (ɦɨɳɧɨɫɬɢ 
ɚɝɪɟɝɚɬɚ). 

Ɂɚɞɟɜɚɧɢɟ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɡɚ 
ɤɚɦɟɪɭ ɜ ɨɫɟɜɵɯ 
ɬɭɪɛɢɧɚɯ (ɢɥɢ ɜ 
ɧɢɠɧɟɦ 
ɥɚɛɢɪɢɧɬɧɨɦ 
ɭɩɥɨɬɧɟɧɢɢ ɜ 
ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɵɯ 
ɬɭɪɛɢɧɚɯ) 

ɉɨ ɜɢɛɪɚɰɢɹɦ 
ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ 

ɉɨɹɜɥɟɧɢɟ ɜ ɫɩɟɤɬɪɟ ɪɚɞɢɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ 
ɤɨɪɩɭɫɨɜ ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɛɢɟɧɢɹɯ ɜɚɥɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɪɨɬɨɪɚ 
ɚɝɪɟɝɚɬɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ 
ɫɩɟɤɬɪɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ ɚɝɪɟɝɚɬɚ 
ɧɚɛɥɸɞɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ 
ɤɨɥɟɛɚɧɢɣ ɪɨɬɨɪɚ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ 
ɬɚɤɠɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɹ 
ɪɨɬɨɪɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɂɡɧɨɫ ɤɢɧɟɦɚɬɢɤɢ 
ɦɟɯɚɧɢɡɦɚ 
ɩɨɜɨɪɨɬɚ ɥɨɩɚɫɬɟɣ 
(ɩɨɜɵɲɟɧɧɵɟ 
ɡɚɡɨɪɵ ɜ 
ɷɥɟɦɟɧɬɚɯ 
ɤɢɧɟɦɚɬɢɤɢ 
ɦɟɯɚɧɢɡɦɚ) ɉɅ ɢ 
ȾɉɅ ɬɭɪɛɢɧ. 

ɉɨ ɜɢɛɪɚɰɢɹɦ 
ɦɚɫɥɨɩɪɢɟɦɧɢɤɚ ɧɚ 
ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ 
ɦɟɯɚɧɢɡɦɚ ɪɚɡɜɨɪɨɬɚ 
ɥɨɩɚɫɬɟɣ 

ȼɢɛɪɚɰɢɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɢ ɯɨɞɟ ɥɨɩɚɫɬɟɣ ɜ 
ɨɞɧɭ ɫɬɨɪɨɧɭ (ɧɚɩɪɢɦɟɪ, ɧɚ ɨɬɤɪɵɬɢɟ) ɢ 
ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɯɨɞɟ ɥɨɩɚɫɬɟɣ ɜ ɞɪɭɝɭɸ 
ɫɬɨɪɨɧɭ (ɧɚ ɡɚɤɪɵɬɢɟ). 

ɉɨɥɨɦɤɚ ɥɨɩɚɫɬɟɣ 
ɨɫɟɜɵɯ ɬɭɪɛɢɧ ɜ 
ɤɨɪɧɟɜɨɦ ɫɟɱɟɧɢɢ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɬɭɪɛɢɧɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ 

ɉɪɨɢɫɯɨɞɢɬ ɜɧɟɡɚɩɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɛɢɟɧɢɹ 
ɜɚɥɚ ɢ ɜɢɛɪɚɰɢɣ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɧɚ 
ɨɛɨɪɨɬɧɨɣ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ 

Ɉɬɪɵɜ 
ɩɟɪɢɮɟɪɢɣɧɨ-
ɜɵɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ 
ɥɨɩɚɫɬɢ ɨɫɟɜɨɣ 
ɬɭɪɛɢɧɵ 

ɉɨ ɤɚɜɢɬɚɰɢɨɧɧɨɦɭ 
ɲɭɦɭ ɜ ɩɪɨɬɨɱɧɨɣ 
ɱɚɫɬɢ 

ɇɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ 
ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɲɭɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ. Ɋɨɫɬɚ ɜɢɛɪɚɰɢɣ ɢ 
ɛɢɟɧɢɹ ɜɚɥɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɟɫɥɢ ɨɛ- ɪɵɜ 
ɢɦɟɟɬ ɦɟɫɬɨ ɧɚ ɨɞɧɨɣ ɥɨɩɚɫɬɢ ɢɥɢ ɞɜɭɯ 
ɩɪɨɬɢɜɨɥɟɠɚɳɢɯ ɥɨɩɚɫɬɹɯ. 

ɇɚɪɭɲɟɧɢɟ 
ɤɨɦɛɢɧɚɬɨɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɉɅ 
ɬɭɪɛɢɧ 

ɉɨ ɞɚɬɱɢɤɚɦ ɨɬɤɪɵɬɢɹ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ ɢ ɭɝɥɚ 
ɪɚɡɜɨɪɨɬɚ ɥɨɩɚɫɬɟɣ 

Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɢ 
ɮɚɤɬɢɱɟɫɤɢɦ ɭɝɥɨɦ ɛɨɥɟɟ φ = 2° ɩɪɢ 
ɨɬɤɪɵɬɢɢ ɇȺ ɚɨ = const. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 9.3 
№ ɍɡɟɥ Ⱦɟɮɟɤɬ Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɣ 

ɩɚɪɚɦɟɬɪ 
Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɞɟɮɟɤɬɚ 

2 Ʉɚɦɟɪɚ 
ɊɄ 
ɨɫɟɜɨɣ 
ɬɭɪɛɢɧ
ɵ 

Ɋɚɡɪɭɲɟɧɢɟ 
ɤɚɦɟɪɵ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ (ɜɵɪɵɜɵ 
ɨɛɟɱɚɣɤɢ, 
ɫɦɟɳɟɧɢɟ 
ɫɟɤɬɨɪɨɜ ɤɚɦɟɪɵ) 

ɉɨ ɤɚɜɢɬɚɰɢɨɧɧɨɦɭ 
ɲɭɦɭ ɜ ɩɪɨ- ɬɨɱɧɨɣ 
ɱɚɫɬɢ ɪɚɛɨɬɚɸɳɟɝɨ 
ɚɝɪɟɝɚɬɚ 

Ɋɟɡɤɨɟ ɭɫɢɥɟɧɢɟ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɲɭɦɨɜ ɜ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɪɚɛɨɬɚɸɳɟɝɨ ɚɝɪɟɝɚɬɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɱɚɥɶɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɨɜ. 

ɂɫɤɚɠɟɧɧɚɹ 
ɮɨɪɦɚ ɤɚɦɟɪɵ 
ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ 

ɉɨ ɜɢɛɪɚɰɢɹɦ 
ɤɨɪɩɭɫɚ 
ɬɭɪɛɢɧɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 

ɇɚ ɚɝɪɟɝɚɬɟ ɫ ɢɫɤɚɠɟɧɧɨɣ ɮɨɪɦɨɣ ɤɚɦɟɪɵ 
ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɫɩɟɤɬɪɟ ɪɚɞɢ- ɚɥɶɧɵɯ 
ɜɢɛɪɚɰɢɣ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 
ɤɨɥɟɛɚɧɢɹ ɥɨɩɚɫɬɧɨɣ ɱɚɫɬɨɬɵ ɢ ɤɪɚɬɧɵɟ ɟɣ 
ɝɚɪɦɨɧɢɤɢ. 

3 Ʌɚɛɢɪɢ
ɧɬɧɨɟ 
ɭɩɥɨɬɧɟ
ɧɢɟ 
ɪɚɞɢɚɥɶ
ɧɨ- 
ɨɫɟɜɨɝɨ 
ɤɨɥɟɫɚ 

Ɋɚɡɪɭɲɟɧɢɟ 
ɭɩɥɨɬɧɟɧɢɹ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɬɭɪɛɢɧɧɨɝɨ 
ɩɨɥɲɢɩɧɢɤɚ 

ɇɚ ɚɝɪɟɝɚɬɟ ɫ ɢɫɤɚɠɟɧɧɨɣ ɮɨɪɦɨɣ ɤɚɦɟɪɵ 
ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɫɩɟɤɬɪɟ ɪɚɞɢ- ɚɥɶɧɵɯ 
ɜɢɛɪɚɰɢɣ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 
ɤɨɥɟɛɚɧɢɹ ɥɨɩɚɫɬɧɨɣ ɱɚɫɬɨɬɵ ɢ ɤɪɚɬɧɵɟ ɟɣ 
ɝɚɪɦɨɧɢɤɢ. 

4 Ɍɉ Ɉɫɥɚɛɥɟɧɢɟ 
ɤɪɟɩɟɠɚ ɤɨɪɩɭɫɚ 
ɩɨɞɲɢɩɧɢɤɚ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɩɨɞɲɢɩɧɢɤɚ 

Ʉɨɥɟɛɚɧɢɹ ɱɚɫɬɨɬ 0,5fɨɛ. ɨɬɦɟɱɚɸɬɫɹ ɧɚ ɜɫɟɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ, ɩɪɢɱɟɦ ɚɦɩɥɢɬɭɞɚ 
ɜɢɛɪɚɰɢɣ ɨɛɵɱɧɨ ɧɚɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ. 
ȼ ɛɢɟɧɢɹɯ ɜɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɩɭɫɚ 
ɩɨɞɲɢɩɧɢɤɚ ɷɬɢ ɤɨɥɟɛɚɧɢɹ ɧɟ ɩɪɨ- 
ɫɥɟɠɢɜɚɸɬɫɹ. 

ɉɨɜɵɲɟɧɧɵɣ 
ɡɚɡɨɪ ɜɚɥ- 
ɜɤɥɚɞɵɲ 

ɉɨ ɛɢɟɧɢɸ ɜɚɥɚ Ɋɨɫɬ ɛɢɟɧɢɹ ɜɚɥɚ ɧɚ ɨɛɨɪɨɬɧɨɣ ɱɚɫɬɨɬɟ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɭɪɨɜɧɹ ɜɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ 
ɩɨɞɲɢɩɧɢɤɚ 

ɉɨɜɪɟɠɞɟɧɢɟ 
ɨɩɨɪɧɨɝɨ ɭɡɥɚ 
ɫɟɝɦɟɧɬɧɨɝɨ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 

ɉɨ ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ 
ɡɨɧɟ ɩɨɞɲɢɩɧɢɤɚ 

Ʉɨɥɟɛɚɧɢɹ ɱɚɫɬɨɬɨɣ 2fɨɛ. ɢɦɟɸɬ ɦɟɫɬɨ ɧɚ 
ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ, ɜɤɥɸɱɚɹ 
ɪɟɠɢɦ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ. ɉɪɢ 
ɛɨɥɶɲɨɣ ɠɟɫɬɤɨɫɬɢ ɤɨɪɩɭɫɚ ɩɨɞɲɢɩɧɢɤɚ 
ɧɚɛɥɸɞɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɛɢɟɧɢɹɯ ɜɚɥɚ. 

ɇɟɪɚɜɧɨɦɟɪɧɚɹ 
ɠɟɫɬɤɨɫɬɶ ɤɨɪɩɭɫɚ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɩɨ 
ɩɟɪɢɦɟɬɪɭ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɩɨɞɲɢɩɧɢɤɚ 

ȼɵɹɜɥɹɟɬɫɹ ɢɡ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɰɟɧɬɪɚ ɜɚɥɚ (ɝɨɞɨɝɪɚɮɚ) ɩɨ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ ɡɚ ɨɛɨɪɨɬ ɬɭɪɛɢɧɵ. 
Ƚɨɞɨɝɪɚɮɵ ɫɬɪɨɹɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ 
ɬɭɪɛɢɧɵ. 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɠɟɫɬɤɨɫɬɢ 
«ɜɚɥ-ɜɤɥɚɞɵɲ» 
ɩɨɞɲɢɩɧɢɤɚ ɩɨ 
ɩɟɪɢɦɟɬɪɭ 

ɉɨ ɛɢɟɧɢɹɦ ɜɚɥɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɚɝɪɟɝɚɬɚ 

ȼɵɹɜɥɹɟɬɫɹ ɢɡ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɰɟɧɬɪɚ ɜɚɥɚ (ɝɨɞɨɝɪɚɮɚ) ɩɨ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɡɚ ɨɛɨɪɨɬ ɬɭɪɛɢɧɵ. Ƚɨɞɨɝɪɚɮɵ 
ɫɬɪɨɹɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɭɪɛɢɧɵ. 

5 Ɋɨɬɨɪ 
ɝɟɧɟɪɚɬ
ɨɪɚ 

Ɇɟɯɚɧɢɱɟɫɤɚɹ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫ
ɬɶ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ 

Ⱦɢɫɛɚɥɚɧɫ ɪɨɬɨɪɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɧɚ 
ɪɟɠɢɦɟ ɜɵɛɟɝɚ ɢ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɛɟɡ 
ɜɨɡɛɭɠɞɟɧɢɹ (ɩɪɢ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ 
ɦɚɲɢɧɵ) ɩɨ ɜɢɛɪɚɰɢɹɦ ɢ ɛɢɟɧɢɹɦ ɜɚɥɚ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. 
Ɋɚɞɢɚɥɶɧɵɟ ɜɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ ɛɢɟɧɢɹ ɜɚɥɚ ɨɫɬɚɸɬɫɹ 
ɧɟɢɡɦɟɧɧɵɦɢ ɧɚ ɦɨɳɧɨɫɬɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨ
ɫɬɶ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ ɟɝɨ 
ɡɨɧɟ 

Ɉɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɨ ɪɟɡɤɨɦɭ ɢɡɦɟɧɟɧɢɸ 
ɜɢɛɪɚɰɢɣ ɤɨɪɩɭɫɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ ɛɢɟɧɢɣ ɜɚɥɚ ɜ ɟɝɨ ɡɨɧɟ ɧɚ 
ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɪɢ ɩɨɞɚɱɟ 
ɜɨɡɛɭɠɞɟɧɢɹ. 
ȼɟɥɢɱɢɧɚ ɜɢɛɪɚɰɢɣ ɢ ɛɢɟɧɢɣ ɜɚɥɚ ɨɬ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ ɪɨɬɨɪɚ 
ɝɟɧɟɪɚɬɨɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɚɝɪɟɝɚɬɚ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 9.3 
№ ɍɡɟɥ Ⱦɟɮɟɤɬ Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɣ 

ɩɚɪɚɦɟɬɪ 
Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɞɟɮɟɤɬɚ 

5 Ɋɨɬɨɪ 
ɝɟɧɟɪɚɬ
ɨɪɚ 

Ɉɫɥɚɛɥɟɧɢɟ 
ɩɨɫɚɞɤɢ ɨɛɨɞɚ ɧɚ 
ɫɩɢɰɵ ɪɨɬɨɪɚ 
ɝɟɧɟɪɚɬɨɪɚ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 

ɉɨɫɥɟ ɫɛɪɨɫɚ ɧɚɝɪɭɡɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɧɚɛɨɪɚ ɦɨɳɧɨɫɬɢ (ɛɟɡ ɨɫɬɚɧɨɜɚ ɚɝɪɟɝɚɬɚ) 
ɧɚɛɥɸɞɚɸɬɫɹ ɭɜɟɥɢɱɟɧɧɵɟ ɜɢɛɪɚɰɢɢ 
ɨɛɨɪɨɬɧɨɣ ɱɚɫɬɨɬɵ ɤɨɪɩɭɫɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɢɛɪɚɰɢɹɦɢ ɞɨ 
ɫɛɪɨɫɚ. 
ɉɪɢ ɨɫɬɚɧɨɜɟ ɚɝɪɟɝɚɬɚ ɢ ɩɨɫɥɟɞɭɸɳɟɦ 
ɧɚɛɨɪɟ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ ɜɢɛɪɚɰɢɢ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɜɟɥɢɱɢɧɵ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ ɫɛɪɨɫɭ 
ɧɚɝɪɭɡɤɢ. 

ɇɟɬɨɱɧɚɹ 
ɭɫɬɚɧɨɜɤɚ ɪɨɬɨɪɚ ɜ 
ɪɚɫɬɨɱɤɟ ɫɬɚɬɨɪɚ 
ɝɟɧɟɪɚɬɨɪɚ 

ɉɨ ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ 
ɡɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɩɨɞɜɢɠɧɨɣ 
ɱɚɫɬɢ ɚɝɪɟɝɚɬɚ 
(ɩɟɪɟɦɟɳɟɧɢɹɦ) 
ɂ ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ. 

ȼɵɹɜɥɹɟɬɫɹ ɢɡ ɝɨɞɨɝɪɚɮɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ 
ɜɢɛɪɚɰɢɹɦ ɤɨɪɩɭɫɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ ɛɢɟɧɢɹɦ ɜɚɥɚ. 

Ɉɫɥɚɛɥɟɧɢɟ 
ɩɨɫɚɞɤɢ ɜɬɭɥɤɢ 
ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
(ɫɜɨɣɫɬɜɟɧɧɨ 
ɩɨɞɜɟɫɧɵɦ 
ɝɟɧɟɪɚɬɨɪɚɦ, 
ɬɪɟɯɨɩɨɪɧɚɹ 
ɫɯɟɦɚ). 

ɉɨ ɛɢɟɧɢɹɦ ɜɚɥɚ ɜ 
ɡɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ. 

Ɋɨɫɬ ɛɢɟɧɢɹ ɜɚɥɚ ɜ ɡɨɧɟ ɜɟɪɯɧɟɝɨ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ (ɡɚɡɨɪɚ «ɜɚɥ- 
ɜɤɥɚɞɵɲ» ɩɨɞɲɢɩɧɢɤɚ) ɜɨ ɜɪɟɦɟɧɢ. 
ȼɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɜɟɪɯɧɟɝɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɨɫɬɚɸɬɫɹ ɩɪɢ ɷɬɨɦ 
ɧɟɢɡɦɟɧɧɵɦɢ. 
Ɋɨɫɬ ɜɢɛɪɚɰɢɣ ɧɢɠɧɟɝɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ ɢ ɛɢɟɧɢɣ ɜɚɥɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɜɨ ɜɪɟɦɟɧɢ. 

6 ɋɬɚɬɨɪ 
ɝɟɧɟɪɚɬ
ɨɪɚ 

Ɉɫɥɚɛɥɟɧɨ 
ɤɪɟɩɥɟɧɢɟ ɫɬɵɤɨɜ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɫɬɵɤɨɜ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ 

ɍɪɨɜɟɧɶ ɜɢɛɪɚɰɢɣ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɜ ɫɬɵɤɚɯ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚɬɢɜɧɵɣ 

Ɋɚɫɩɭɲɟɧɧɨɫɬɶ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ 

ɉɨ ɜɢɛɪɚɰɢɹɦ ɫɬɵɤɨɜ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ 

ɍɪɨɜɟɧɶ ɜɢɛɪɚɰɢɣ ɱɚɫɬɨɬɨɣ 100 Ƚɰ ɜ ɫɬɵɤɚɯ 
ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚɬɢɜɧɵɣ. 

ɇɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥ
ɶɧɚɹ ɮɨɪɦɚ 
ɫɬɚɬɨɪɚ 

ɉɨ ɩɟɪɟɦɟɳɟɧɢɹɦ 
ɜɚɥɚ ɜ ɡɨɧɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 

Ɂɧɚɱɢɬɟɥɶɧɵɟ ɫɬɚɬɢɱɟɫɤɢɟ ɫɦɟɳɟɧɢɹ ɜɚɥɚ ɜ 
ɡɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. 

7 Ƚɟɧɟɪɚɬ
ɨɪɧɵɣ 
ɩɨɞɲɢɩ
ɧɢɤ 

Ɋɚɡɛɢɬ ɧɢɠɧɢɣ 
ɝɟɧɟɪɚɬɨɪɧɵɣ 
ɩɨɞɲɢɩɧɢɤ ɜ 
ɬɪɟɯɨɩɨɪɧɨɣ ɫɯɟɦɟ 
ɚɝɪɟɝɚɬɚ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ 
ɩɨɞɲɢɩɧɢɤɨɜ 

Ɉɬɫɭɬɫɬɜɭɸɬ ɜɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɧɢɠɧɟɝɨ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. ȼɢɛɪɚɰɢɢ 
ɤɨɪɩɭɫɨɜ ɜɟɪɯɧɟɝɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɢ 
ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɨɜ ɢɦɟɸɬ 
ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɛɵɱɧɨɣ ɫɯɟɦɨɣ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ. 

Ɋɚɡɛɢɬ ɜɟɪɯɧɢɣ 
ɝɟɧɟɪɚɬɨɪɧɵɣ 
ɩɨɞɲɢɩɧɢɤ ɜ 
ɬɪɟɯɨɩɨɪɧɨɣ ɫɯɟɦɟ 
ɚɝɪɟɝɚɬɚ 

ɉɨ ɪɚɞɢɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ 
ɩɨɞɲɢɩɧɢɤɨɜ 

Ɉɬɫɭɬɫɬɜɭɸɬ ɜɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɜɟɪɯɧɟɝɨ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. ȼɢɛɪɚɰɢɢ 
ɧɢɠɧɟɝɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɢɦɟɸɬ 
ɦɟɫɬɨ. 

8 ɉɨɞɩɹɬ
ɧɢɤ 

ɇɟɪɨɜɧɨɫɬɶ 
ɡɟɪɤɚɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɫɤɚ 
ɩɨɞɩɹɬɧɢɤɚ 
 
 

ɉɨ ɨɫɟɜɵɦ ɜɢɛɪɚɰɢɹɦ 
ɨɩɨɪɵ ɩɨɞɩɹɬɧɢɤɚ 

Ɉɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɨ ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ 
ɤɨɥɟɛɚɧɢɣ ɫɟɝɦɟɧɬɧɨɣ ɱɚɫɬɨɬɵ fɫɟɝɦ. ɜ 
ɫɩɟɤɬɪɟ ɨɫɟɜɵɯ ɜɢɛɪɚɰɢɣ ɚɝɪɟɝɚɬɚ. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9.3 
№ ɍɡɟɥ Ⱦɟɮɟɤɬ Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɣ 

ɩɚɪɚɦɟɬɪ 
Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɞɟɮɟɤɬɚ 

8 ɉɨɞɩɹɬ
ɧɢɤ 

ɇɟɪɚɜɧɨɦɟɪɧɚɹ 
ɧɚɝɪɭɡɤɚ ɧɚ 
ɫɟɝɦɟɧɬɵ 
ɩɨɞɩɹɬɧɢɤɚ 

ɉɨ ɞɚɬɱɢɤɚɦ ɛɢɟɧɢɹ 
ɜɚɥɚ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ 
ɡɨɧɟ ɩɨɞɲɢɩɧɢɤɨɜ 

ɇɚ ɨɫɬɚɧɨɜɥɟɧɧɨɦ ɚɝɪɟɝɚɬɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ 
ɡɚɡɨɪɵ «ɜɚɥ-ɜɤɥɚɞɵɲ ɩɨɞɲɢɩɧɢɤɚ» ɞɥɹ ɞɜɭɯ 
ɫɥɭɱɚɟɜ: 
ɪɨɬɨɪ ɚɝɪɟɝɚɬɚ ɨɩɢɪɚɟɬɫɹ ɧɚ ɩɨɞɩɹɬɧɢɤ; 
ɪɨɬɨɪ ɚɝɪɟɝɚɬɚ ɩɨɞɩɹɬɧɢɤɚ ɧɚ ɬɨɪɦɨɡɚɯ. 
ɉɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɫɟɝɦɟɧɬɵ 
ɨɛɧɚɪɭɠɢɬɫɹ ɪɚɡɧɢɰɚ ɜ ɡɚɡɨɪɚɯ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɞɚɬɱɢɤɚɦ. 

Ɋɚɡɧɚɹ ɩɨ 
ɩɟɪɢɦɟɬɪɭ 
ɠɟɫɬɤɨɫɬɶ ɤɪɵɲɤɢ 

ɉɨ ɜɟɪɬɢɤɚɥɶɧɵɦ 
ɜɢɛɪɚɰɢɹɦ ɨɩɨɪɵ 
ɩɹɬɵ ɢ ɤɪɵɲɤɢ 
ɬɭɪɛɢɧɵ, 

ɉɨ ɩɟɪɢɦɟɬɪɭ ɤɪɵɲɤɢ ɬɭɪɛɢɧɵ ɢɦɟɟɬ ɦɟɫɬɨ 
ɪɚɡɧɵɣ ɭɪɨɜɟɧɶ ɜɟɪɬɢɤɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ ɧɚ 
ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ ɨɫɟɜɵɯ 

 
Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɚɧɚɥɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦ ɢ ɚɦɩɥɢɬɭɞɧɨ-

ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɢɫɩɨɥɶɡɭɟɬɫɹ 
WinɉɈɋ – ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɢɣ ɜɢɛɪɚɰɢɢ. 

ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.1. ȼ ɩɪɨɝɪɚɦɦɟ 
WinɉɈɋ: 

– ȼ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɧɚɯɨɞɢɬɫɹ ɨɤɧɨ ɫ ɜɵɛɨɪɨɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, 
ɤɨɬɨɪɵɦɢ ɫɥɭɠɚɬ ɢɡɦɟɪɟɧɢɹ ɜɢɛɪɚɰɢɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 

– ȼ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɧɚɯɨɞɢɬɫɹ ɫɩɢɫɨɤ ɫɨɡɞɚɧɧɵɯ ɝɪɚɮɢɤɨɜ; 
– ȼɟɪɯɧɸɸ ɩɨɥɨɜɢɧɭ ɡɚɧɢɦɚɟɬ ɨɤɧɨ ɫ ɨɫɰɢɥɥɨɝɪɚɦɦɚɦɢ; 
– ɇɢɠɧɸɸ ɩɨɥɨɜɢɧɭ ɡɚɧɢɦɚɟɬ ɨɤɧɨ ɫ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɵɦ ɫɩɟɤɬɪɨɦ. 
 

 
Ɋɢɫɭɧɨɤ 9.1 – ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ WinɉɈɋ 
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ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɝɨ 
ɫɩɟɤɬɪɚ ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɹɜɥɹɸɬɫɹ ɢɡɦɟɪɟɧɢɹ ɜɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ, ɤɪɟɫɬɨɜɢɧɵ, ɤɨɪɩɭɫɚ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɤɪɵɲɤɢ ɬɭɪɛɢɧɵ 
ɢ ɨɩɨɪɵ ɩɨɞɩɹɬɧɢɤɚ. 

Ⱦɥɹ ɧɚɱɚɥɚ ɤ ɨɫɰɢɥɥɨɝɪɚɦɦɟ ɩɪɢɦɟɧɹɸɬ ɮɢɥɶɬɪɚɰɢɸ, ɱɬɨɛɵ ɢɡɛɚɜɢɬɶɫɹ 
ɨɬ ɧɢɡɤɢɯ ɱɚɫɬɨɬ. ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɜ 
ɫɩɟɤɬɪɟ ɜɵɞɟɥɹɸɬ ɩɪɨɦɟɠɭɬɨɤ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 5 ɫɟɤɭɧɞ, ɜ ɤɨɬɨɪɵɣ ɞɨɥɠɧɨ 
ɩɨɩɚɫɬɶ ɫɚɦɨɟ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɜɨɣɧɨɣ ɚɦɩɥɢɬɭɞɵ 2Ⱥmax. ȼ ɩɪɟɞɟɥɚɯ ɷɬɨɝɨ 
ɩɪɨɦɟɠɭɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ:  

– Ɇɚɤɫɢɦɚɥɶɧɵɣ, 2Ⱥɦɚɤɫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɚɯ ɜɢɛɪɨɩɟɪɟɦɟɳɟɧɢɹ ɜ 
ɩɨɥɨɫɟ ɱɚɫɬɨɬ 0,7 – 200 Ƚɰ;  

– ɋɪɟɞɧɢɣ, 2Ⱥɫɪ – ɨɫɪɟɞɧɟɧɧɵɣ ɪɚɡɦɚɯ ɜɢɛɪɨɩɟɪɟɦɟɳɟɧɢɹ ɜ ɩɨɥɨɫɟ 
ɱɚɫɬɨɬ 0,7 – 200 Ƚɰ; 

– ɋɄɁ, 2ȺɋɄɁ – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɜɢɛɪɨɩɟɪɟɦɟɳɟɧɢɹ ɜ 
ɩɨɥɨɫɟ ɱɚɫɬɨɬ 0,7 – 200 Ƚɰ. 

ɉɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɨɰɟɧɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɤɨɦ 
ɧɚ ɪɢɫɭɧɤɟ 9.2. 

Ⱦɚɥɟɟ ɩɨ ɜɫɟɣ ɨɫɰɢɥɥɨɝɪɚɦɦɟ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ 20 ɫɟɤɭɧɞ, 
ɩɪɨɢɡɜɨɞɹɬ ɩɨɫɬɪɨɟɧɢɟ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. ɇɚ ɷɬɨɦ ɫɩɟɤɬɪɟ 
ɜɵɞɟɥɹɸɬ 7 ɫɚɦɵɯ ɛɨɥɶɲɢɯ ɩɢɤɨɜ ɜ ɩɪɟɞɟɥɚɯ 0 Ƚɰ – 50 Ƚɰ ɢ ɞɚɸɬ ɢɦ ɨɰɟɧɤɭ ɩɨ 
ɝɪɚɮɢɤɭ ɧɚ ɪɢɫɭɧɤɟ 9.2. ɇɚ ɷɬɨɦ ɫɩɟɤɬɪɟ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɨɬɱɟɬɥɢɜɵɟ ɩɢɤɢ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɧɚ ɱɚɫɬɨɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 9.1.  

ɉɨɫɥɟ ɷɬɨɝɨ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɢɛɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɬɨɝɨɜɚɹ 
ɨɰɟɧɤɚ – ɧɚɢɯɭɞɲɚɹ ɨɰɟɧɤɚ ɢɡ ɫɩɢɫɤɚ ɜɵɫɬɚɜɥɟɧɧɵɯ ɪɚɧɟɟ ɨɰɟɧɨɤ. 

 

 
Ɋɢɫɭɧɨɤ 9.2 – Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɰɟɧɤɢ ɜɢɛɪɚɰɢɢ 

Ɉɩɢɫɚɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ ɞɟɣɫɬɜɢɣ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɚɧɚɥɢɡɚ 
ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɧɨ ɜ ɨɬɧɨɲɟɧɢɢ ɛɢɟɧɢɹ ɜɚɥɚ 
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ɜ ɪɚɣɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɢ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. Ɋɚɡɧɢɰɚ ɜ ɬɨɦ, 
ɱɬɨ ɨɰɟɧɤɭ ɨɩɪɟɞɟɥɹɸɬ ɬɨɥɶɤɨ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɢɛɪɚɰɢɢ 
2Ⱥɦɚɤɫ. 

Ⱥɧɚɥɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɚɛɫɨɥɸɬɧɨɣ ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɢɛɪɚɰɢɢ ɩɪɨɜɨɞɹɬ ɞɥɹ ɤɚɠɞɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɟɠɢɦaɯ ɪɚɛɨɬɵ: xoɥocɬɨɦ xoɞy ɬɭɪɛɢɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɱɚɫɬɨɬɚɦɢ ɜɪɚɳɟɧɢɹ, ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɝɟɧɟɪɚɬɨɪɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɫ ɪɚɡɥɢɱɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ. 

ɉɨɦɢɦɨ ɚɧɚɥɢɡɚ ɨɫɰɢɥɥɨɝɪɚɦɦ ɢ ɫɩɟɤɬɪɨɜ ɫɥɟɞɭɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɜɢɛɪɚɰɢɸ ɢ ɩɨ ɬɪɟɧɞɚɦ, ɩɨɫɤɨɥɶɤɭ ɨɪɝɚɧɢɡɚɰɢɹ ɪɟɦɨɧɬɚ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ 
ɫɨɫɬɨɹɧɢɸ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ ɫɨɛɨɣ ɧɟ ɬɨɥɶɤɨ ɦɨɧɢɬɨɪɢɧɝ, ɧɨ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɱɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ 
ɦɧɨɝɨɥɟɬɧɢɯ ɧɚɛɥɸɞɟɧɢɣ. ɇɨ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɧɟɬ 
ɩɨɥɧɨɰɟɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ 
ɨɬɫɭɬɫɬɜɭɸɬ ɫɪɟɞɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɞɟɥɚɬɶ ɷɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢ 
ɩɪɢ ɷɬɨɦ ɞɨɫɬɨɜɟɪɧɨ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɧɨɪɦɚɬɢɜɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ, ɤɨɬɨɪɚɹ 
ɛɵ ɪɟɝɭɥɢɪɨɜɚɥɚ ɷɬɨɬ ɩɪɨɰɟɫɫ.  

ɉɨɷɬɨɦɭ ɦɧɨɸ ɛɵɥɚ ɧɚɱɚɬɚ ɪɚɡɪɚɛɨɬɤɚ Excel ɮɚɣɥɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɫɬɪɨɢɬɶ ɬɪɟɧɞɵ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. Ⱦɨɩɭɳɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ ɜɢɞɚ y = ax+b, ɧɨ ɬɚɤ ɤɚɤ ɧɟɤɨɬɨɪɵɟ 
ɩɚɪɚɦɟɬɪɵ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɬɨ ɢ ɩɪɢɦɟɧɟɧɢɟ 
ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɤ ɧɢɦ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɧɟ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɞɨɫɬɚɬɨɱɧɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ.  

Ɏɚɣɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ:  
– ɥɢɫɬ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.3; 
 

 
Ɋɢɫɭɧɨɤ 9.3 – Ʌɢɫɬ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

 
– ɥɢɫɬ ɫ ɜɵɛɨɪɨɦ ɞɚɬ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɧɭɠɧɨ ɩɨɫɬɪɨɢɬɶ ɬɪɟɧɞ. 

Ⱦɚɧɧɵɣ ɥɢɫɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.4; 
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Ɋɢɫɭɧɨɤ 9.4 – Ʌɢɫɬ ɫ ɞɚɬɚɦɢ 

 
– ɧɚɛɨɪ ɬɢɩɨɜɵɯ ɥɢɫɬɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ ɬɪɟɧɞɨɜ ɢ 

ɢɯ ɚɧɚɥɢɡ. ɉɪɢɦɟɪ ɬɚɤɨɝɨ ɥɢɫɬɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.5. 
 

 
Ɋɢɫɭɧɨɤ 9.5 – ɉɪɢɦɟɪ ɥɢɫɬɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɚ 

 
Ɍɚɤɠɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɛɨɬɵ ɢ ɷɤɨɧɨɦɢɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɧɢɤɚ, ɤɨɬɨɪɵɣ 

ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɮɭɧɤɰɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɝɨɬɨɜɨɝɨ ɨɬɱɟɬɚ ɩɨ ɦɨɧɢɬɨɪɢɧɝɭ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ 
ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ Word ɮɚɣɥ, ɜ ɤɨɬɨɪɨɦ ɡɚɪɚɧɟɟ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ 
ɫɬɪɭɤɬɭɪɚ ɨɬɱɟɬɚ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɜɟɫɬɢ ɨɬɱɟɬ ɧɚ ɩɟɱɚɬɶ ɬɪɟɛɭɟɬɫɹ ɥɢɲɶ 
ɨɛɧɨɜɢɬɶ ɫɜɹɡɢ ɫ Excel ɮɚɣɥɨɦ, ɱɬɨ ɞɟɥɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɚɠɚɬɢɹ ɨɞɧɨɣ 
ɤɧɨɩɤɢ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ 
(əɤɭɬɢɹ) ɧɚ ɪɟɤɟ Ⱥɦɝɚ. 

ȼ ɯɨɞɟ ȼɗɊ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ 120 Ɇȼɬ ɢ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ 411 ɦɥɧ. ɤȼɬ·ɱ. 

Ⱦɚɥɟɟ ɛɵɥ ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɯɨɞɟ 
ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɱɢɫɥɨ ɢ ɬɢɩ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ 
ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ 
ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ: 

 ɦɚɤɫɢɦɚɥɶɧɵɣ Hmax = 38,9 ɦ; 
 ɪɚɫɱɟɬɧɵɣ Hɪɚɫɱ = 29,1 ɦ; 
 ɦɢɧɢɦɚɥɶɧɵɣ Hmin = 22,0 ɦ. 
ɉɪɢ ɜɵɛɨɪɟ ɬɭɪɛɢɧ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ: ɉɅ40ɚ-ȼ ɢ ɉɅ40ɛ-ȼ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥ ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ ɫ ɬɪɟɦɹ ɬɭɪɛɢɧɚɦɢ ɉɅ40ɚ-ȼ-450. Ⱦɥɹ ɞɚɧɧɨɣ 
ɬɭɪɛɢɧɵ ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-733/130-36 ɫ 
ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 40 Ɇȼɬ. 

Ɂɚɬɟɦ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ 5 ɩɪɢɫɨɟɞɢɧɟɧɢɣ – 3 
ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ ɢ 2 ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɢ, ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɫɢɫɬɟɦɚɦɢ ɲɢɧ. 
Ȼɵɥɢ ɜɵɛɪɚɧɵ ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɇ-63000/220-ɍ1, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ɍɋ-2500/10,5, ɚ ɞɥɹ ȼɅɗɉ – ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ 240/48. 

Ⱦɚɥɟɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɩɪɢɧɹɬɚ ɪɭɫɥɨɜɨɣ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ 
ɛɵɥɨ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɧɰɢɩ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ.  ȼ ɫɨɫɬɚɜ 
ɫɨɨɪɭɠɟɧɢɹ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɯɨɞɹɬ:  

 ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ; 
 ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ; 
 ɫɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
 ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ. 
Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ȽɌɋ, ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɨ ɜɪɟɦɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ. 
 ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɛɵɥɨ ɩɨɥɭɱɟɧɨ: 
 – ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – 17 ɥɟɬ, 10 ɦɟɫɹɰɟɜ; 
 – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,19 ɪɭɛ/ɤȼɬ∙ɱ; 

– ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 78166,7 ɪɭɛ/ɤȼɬ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɉɨɤɪɨɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɹɜɥɹɟɬɫɹ 

ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

Ɉɛɳɚɹ ɱɚɫɬɶ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ⱥɦɝɚ ɡɚ ɩɟɪɢɨɞ 1939-
1999 ɝɝ. 

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

1939 30,2 23,5 20,2 20,9 596 422 212 77,6 89,4 48,2 26 25,1 133 

1940 21,7 18 15,6 14,4 514 437 192 55,5 59,1 50,6 42,2 33,8 121 

1941 25,3 24,5 20,9 22,9 422 337 193 29,3 28,6 20,1 13,1 16,6 96 

1942 17,7 16,9 15,4 14,7 398 212 193 57,7 91 58,1 25,6 22,3 94 

1943 15,6 13,4 11,2 60,3 815 347 228 170 170 174 59,3 44,4 176 

1944 31,6 26,5 20,3 18,3 1220 411 350 233 224 208 50,1 41,5 236 

1945 31 25,6 21,4 19,4 837 575 465 90,3 83,1 41,9 30,8 26,3 187 

1946 20,4 18,9 17,4 17,1 471 702 394 123 115 46,6 32,1 31,3 166 

1947 24,4 21,6 17,9 17,6 870 198 245 34,3 63,9 47,5 18,6 24 132 

1948 22,6 22,1 18,3 18,4 884 252 277 165 164 123 34,6 32,4 168 

1949 21,6 17,9 15,1 13,2 1080 613 222 153 219 178 60,1 49,1 220 

1950 38 30,9 25,8 24,2 767 351 193 82,4 57,7 50,7 42,4 41,2 142 

1951 25,9 24,1 22,2 12,1 773 480 263 182 188 184 67,8 56,1 190 

1952 22,4 17,8 15 19,5 1410 720 246 73,4 129 89,4 47,4 33,7 235 

1953 25,2 21,7 18,2 17,4 870 210 217 43,4 54,2 62,5 25,9 31,5 133 

1954 25,2 21,6 18,1 15,3 573 743 261 33,7 29,8 13,9 10,4 10,6 146 

1955 13,5 13,2 12,4 13,4 762 272 245 53,5 43,9 15,4 12,8 15 123 

1956 13,5 11,6 10,7 10,8 360 860 262 58,4 89,8 94,2 42,3 30,8 154 

1957 23,4 18,4 16 15,9 1290 424 389 147 206 119 35,7 27,3 226 

1958 20,6 19,5 19,3 18,9 886 770 1060 139 151 95,3 53,5 48,6 273 

1959 32,5 29,1 27,7 25,9 1010 607 336 197 221 149 45 38,4 227 

1960 29,8 26,1 23,2 23,7 738 430 237 105 106 93,6 31,2 26,7 156 

1961 22,1 21 20,3 20,5 1140 863 337 97,8 101 79,5 36,9 30,1 231 

1962 15,5 14,3 13,4 18,1 1690 442 230 62,6 93,8 65 43,2 38,6 227 

1963 23,4 13,9 14,4 16,5 634 708 212 50,4 51,9 37,6 25 23,5 151 

1964 12,7 7,67 8,4 11 769 492 212 70,9 56 34,6 18,5 15,3 142 

1965 17,1 15,2 15,2 14,9 666 451 240 100 149 84,4 23,6 21,2 150 

1966 17,3 14 12,4 14,6 938 383 212 67,9 82 106 38,3 28,6 160 

1967 21,5 17,3 17,8 71,9 1290 733 252 49,4 47,5 35,3 17,8 20,5 215 

1968 16,4 13,7 11,5 168 1000 228 281 56,7 98,7 70,2 25,6 18,4 166 

1969 12,8 9,9 9,1 11,5 684 672 265 53,2 46,7 24,2 19,9 18,6 152 

1970 14,7 12 9,8 13,9 1160 767 239 83,4 158 106 50,4 31,1 220 

1971 22,9 17,2 13,4 11,8 1500 388 273 67,2 136 72,8 39,4 41,5 215 

1972 29,1 22 22,7 27,2 738 447 274 167 165 115 40,7 34,2 173 

1973 13,7 11,3 9,3 11,8 639 316 257 70 38,9 49,6 21,7 15,9 121 

1974 17,6 15,8 14,7 15,5 816 501 226 72,7 86,5 67,2 25,6 26,5 157 

1975 21,4 16,5 35 35,3 814 431 329 186 184 188 53,5 32,7 194 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII Qɫɪ.ɝ 
1976 23,4 21,2 17,1 24,9 1100 689 355 116,2 214 116 40,1 27,3 229 

1977 22,2 22,6 19,9 28,4 1100 426 199 79,4 74 68,9 36,9 25,4 175 

1978 18,5 17,8 17 15,6 716 675 450 107 138 61,6 35,9 30,2 190 

1979 24,8 18,1 16,9 16,7 1440 454 281 186 152 141 59,8 56 237 

1980 45 34,7 32,3 32,7 1310 634 263 41,2 47,9 34,6 24 25,3 210 

1981 22,2 18,7 17,5 18,2 638 209 136 221 550 214 62 44,3 179 

1982 34,4 28,9 24,1 42,4 1210 865 634 127 192 88,2 49,2 27,7 277 

1983 24 23,4 21,4 20,1 1640 443 402 367 606 394 107 63,4 343 

1984 45,6 38,5 30,4 25,2 1310 854 133 74,6 62,2 39,1 28,6 25 222 

1985 23,5 18,7 16,9 25,1 674 274 61,5 45,2 43,7 38,7 21 17,8 105 

1986 13,4 10,4 11 12,7 264 203 42,7 39,3 39,7 25,8 12,1 11,4 69 

1987 10,6 9,53 9,58 11,1 320 991 232 115 77 47,6 24 15,8 155 

1988 12,1 10,7 11,6 16,4 671 370 254 283 240 124 46,7 41 173 

1989 24 21 17,8 19 1350 841 440 270 250 135 58,5 45,9 289 

1990 37,4 33,6 35,6 40,3 1060 259 148 70,1 58,6 44,4 22,4 15,6 152 

1991 12,1 11,1 10,5 16 560 264 181 109 147 69,6 35,5 31,9 121 

1992 31,6 24,6 20,9 29,8 577 278 188 118 71,5 74,5 37 24,1 123 

1993 22,1 18,5 18,3 22,8 976 766 174 102 163 95 37 30,5 202 

1994 23,5 20,2 21,9 22,6 659 553 342 137 228 139 52,6 38,2 186 

1995 28,2 26,5 26,4 25,2 621 700 93,2 85,6 66,3 47,5 29,3 29,3 148 

1996 22,5 21,3 20,1 19,9 1010 327 146 70,5 361 180 54,3 43,2 190 

1997 30,4 25,6 22,3 24,1 989 833 398 307 584 304 97,6 57,7 306 

1998 37,5 32,9 32,7 28,7 1620 829 99,9 57,6 157 76,9 49,3 32,3 254 

1999 22 20,6 21,1 20,1 1320 752 287 178 379 137 69,4 41,8 271 

Qɫɪ 
ɦɧ.ɥ 

23 20 18 24 899 532 290 110 122 96 39 31 
184 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

№ P, % Qɫɪ ɝɨɞ , ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ, ɦ3/ɫ Ƚɨɞɵ 

1 2 343 1983 140,7 1983 948,3 1983 

2 3 306 1997 129,7 1997 905,3 1958 

3 5 289 1989 98,8 1999 903 1982 

4 6 277 1982 94,8 1944 877 1989 

5 8 273 1958 93,5 1989 849,7 1998 

6 10 271 1999 85,1 1959 835 1997 

7 11 254 1998 84,7 1951 792 1952 

8 13 237 1979 83,6 1975 787,3 1962 

9 15 236 1944 80,8 1949 786,3 1999 

10 16 235 1952 79,8 1943 780 1961 

11 18 231 1961 77 1996 765,7 1984 

12 19 229 1976 75,9 1994 758,3 1967 

13 21 227 1959 74,6 1979 735,7 1980 

14 23 227 1962 69,2 1972 725 1979 

15 24 226 1957 68,7 1981 722 1970 

16 26 222 1984 68,2 1982 720,3 1971 

17 27 220 1949 67,6 1957 714,7 1976 

18 29 220 1970 66,7 1948 701 1957 

19 31 215 1967 66,7 1976 660,3 1944 

20 32 215 1971 65,1 1988 658,7 1993 

21 34 210 1980 62,9 1958 651 1959 

22 35 202 1993 56,1 1998 638,3 1949 

23 37 194 1975 53,3 1970 625,7 1945 

24 39 190 1951 53,2 1968 613,7 1978 

25 40 190 1978 51,7 1960 581,7 1977 

26 42 190 1996 49,9 1993 540,3 1969 

27 44 187 1945 49,7 1952 527,7 1996 

28 45 186 1994 49,1 1978 525,7 1954 

29 47 179 1981 49 1965 524,7 1975 

30 48 176 1943 47,7 1961 522,3 1946 

31 50 175 1977 46,9 1946 518 1963 

32 52 173 1972 46,9 1971 518 1994 

33 53 173 1988 46,9 1992 514,3 1974 

34 55 168 1948 44,7 1991 514,3 1987 

35 56 166 1946 43,7 1950 511 1966 

36 58 166 1968 42,3 1966 511 1981 

37 60 160 1966 42 1977 505,3 1951 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 
№ P, % Qɫɪ ɝɨɞ , ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ, ɦ3/ɫ Ƚɨɞɵ 

38 61 157 1974 41,1 1945 503 1968 

39 63 156 1960 41 1984 498,3 1988 

40 65 155 1987 40,5 1962 494 1956 

41 66 154 1956 40,5 1995 491 1964 

42 68 152 1969 40,2 1956 489 1990 

43 69 152 1990 40,1 1939 486,3 1972 

44 71 151 1963 39,8 1990 471,3 1995 

45 73 150 1965 38 1974 471 1948 

46 74 148 1995 35,6 1987 468,3 1960 

47 76 146 1954 35,5 1942 463,3 1943 

48 77 142 1950 35,3 1980 452,3 1965 

49 79 142 1964 34,5 1940 437,7 1947 

50 81 133 1939 33,3 1953 437 1950 

51 82 133 1953 33,2 1967 432,3 1953 

52 84 132 1947 30 1947 426,3 1955 

53 85 123 1955 28,5 1963 410 1939 

54 87 123 1992 27,8 1985 381 1940 

55 89 121 1940 26,9 1973 351 1992 

56 90 121 1973 26,1 1964 350,3 1973 

57 92 121 1991 23,4 1986 348,3 1991 

58 94 105 1985 22,9 1969 336,7 1985 

59 95 96 1941 22,4 1941 317,3 1941 

60 97 94 1942 21,5 1955 267,7 1942 

61 98 69 1986 19,8 1954 203,7 1986 

Ɍɚɛɥɢɰɚ Ȼ.2 – Ɋɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ 
ɇɉɍ 

Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII 

Q ɛɵɬ 13,7 11,3 9,3 11,8 676 316 220 70 38,9 49,6 21,7 15,9 

Zɜɛ 200 200 200 200 200 200 200 200 200 200 200 200 
zɧɛ 160,3 160,3 160,2 160,2 165,5 163,9 163,1 161,3 160,8 161,2 160,5 160,4 

Hɝɷɫ 39,4 39,7 39,8 39,8 34,5 36,1 36,9 38,7 39,2 38,8 39,5 39,6 

Nɛɵɬ 4,6 3,9 3,2 4,0 200,7 98,1 69,7 23,3 13,1 16,6 7,4 5,4 

 
 
 
 
 
 
 
 



145 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ 
ɇɉɍ 
Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII 

Q ɜɯɤ 80 80 80 80 80 80 80 80 80 80 80 80 

Zɜɛ 200 200 200 200 200 200 200 200 200 200 200 200 

zɧɛ 161,7 161,7 161,7 161,4 161,4 161,4 161,4 161,4 161,4 161,7 161,7 161,7 

Hɝɷɫ 38,3 38,3 38,3 38,6 38,6 38,6 38,6 38,6 38,6 38,3 38,3 38,3 

Nɜɯɤ 26,3 26,3 26,3 26,5 26,5 26,5 26,5 26,5 26,5 26,3 26,3 26,3 

Ɍɚɛɥɢɰɚ Ȼ.4 – Ɋɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ 
ɇɉɍ 

Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII 

Nɛɵɬ 4,6 3,9 3,2 4,0 200,7 98,1 69,7 23,3 13,1 16,6 7,4 5,4 

Nɜɯɤ 26,3 26,3 26,3 26,5 26,5 26,5 26,5 26,5 26,5 26,3 26,3 26,3 

Nɛɵɬ-Nɜɯɤ -21,7 -22,5 -23,1 -22,5 174,2 71,6 43,2 -3,2 -13,4 -9,8 -19,0 -20,9 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.5 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

Ɇɟɫɹɰɵ 
Q, ɦ3/ɫ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ɤɦ3 Z, ɦ HȽɗɋ, 

ɦ 
NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ 

Qɛɵɬ Qɩɨɥ Qɜɞɯ QȼɏɄ QȽɗɋ QɇȻ Vɧɚɱ ΔV Vɤɨɧ Zɧɚɱ.ȼȻ Zɤɨɧ.ȼȻ Zɫɪ.ȼȻ ZɇȻ 

8 70,0 67,8 11 80 78,8 80 3,50 0,03 3,47 200,00 199,89 199,94 161,44 38,20 26 ɉɨ ȼɏɄ 
9 38,9 37,7 41 80 78,8 80 3,47 0,11 3,36 199,89 199,48 199,68 161,44 37,94 26 ɉɨ ȼɏɄ 
10 49,6 48,4 30 80 78,8 80 3,36 0,08 3,28 199,48 199,21 199,34 161,44 37,60 25 ɉɨ ȼɏɄ 
11 21,7 18,6 147 80 165,6 166,8 3,28 0,38 2,90 199,21 198,11 198,66 163,04 35,32 50 50 
12 15,9 11,2 235 80 246,2 247,4 2,90 0,61 2,29 198,11 196,01 197,06 163,86 32,90 70 70 
1 13,7 9,8 265 80 274,8 276 2,29 0,69 1,61 196,01 191,69 193,85 164,09 29,46 70 70 
2 11,3 8,0 220 80 228,0 229,2 1,61 0,57 1,04 191,69 187,66 189,67 163,70 25,67 50 50 
3 9,3 6,3 73 80 78,8 80 1,04 0,19 0,85 187,66 186,12 186,89 161,74 24,85 17 ɉɨ ȼɏɄ 
4 11,8 18,6 60 80 78,8 80 0,85 0,16 0,69 186,12 184,44 185,28 161,44 23,54 16 ɉɨ ȼɏɄ 
5 676,0 671,8 -593 80 78,8 80 0,69 -1,54 2,23 184,44 195,69 190,07 161,44 28,33 19 ɉɨ ȼɏɄ 
6 316,0 311,8 -233 80 78,8 80 2,23 -0,60 2,83 195,69 197,93 196,81 161,44 35,07 24 ɉɨ ȼɏɄ 
7 220,0 216,8 -138 80 78,8 80 2,83 -0,36 3,19 197,93 198,91 198,42 161,44 36,68 25 ɉɨ ȼɏɄ 

 
Ɍɚɛɥɢɰɚ Ȼ.6 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

Ɇɟɫɹɰɵ 
Q, ɦ3/ɫ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ɤɦ3 Z, ɦ HȽɗɋ, 

ɦ 
NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ 

Qɛɵɬ Qɩɨɥ Qɜɞɯ QȼɏɄ QȽɗɋ QɇȻ Vɧɚɱ ΔV Vɤɨɧ Zɧɚɱ.ȼȻ Zɤɨɧ.ȼȻ Zɫɪ.ȼȻ ZɇȻ 

8 70,0 68 11 80 79 80 3,50 0,03 3,47 200,00 199,89 199,94 161,44 38,20 26 ɉɨ ȼɏɄ 
9 38,9 38 41 80 79 80 3,47 0,11 3,36 199,89 199,48 199,68 161,44 37,94 26 ɉɨ ȼɏɄ 
10 49,6 48 30 80 79 80 3,36 0,08 3,28 199,48 199,21 199,34 161,44 37,60 25 ɉɨ ȼɏɄ 
11 21,7 19 125 80 144 145 3,28 0,32 2,96 199,21 198,26 198,73 162,75 35,68 44 44 
12 15,9 11 213 80 224 225 2,96 0,55 2,41 198,26 196,52 197,39 163,66 33,43 64 64 
1 13,7 10 234 80 244 245 2,41 0,61 1,80 196,52 193,06 194,79 163,84 30,65 64 64 
2 11,3 8 176 80 184 185 1,80 0,46 1,34 193,06 189,83 191,44 163,25 27,89 44 44 
3 9,3 6 73 80 79 80 1,34 0,19 1,16 189,83 188,51 189,17 161,74 27,13 18 ɉɨ ȼɏɄ 
4 11,8 19 60 80 79 80 1,16 0,16 1,00 188,51 187,38 187,95 161,44 26,21 18 ɉɨ ȼɏɄ 
5 676,0 672 -593 80 79 80 1,00 -1,54 2,54 187,38 197,02 192,2 161,44 30,46 21 ɉɨ ȼɏɄ 
6 316,0 312 -233 80 79 80 2,54 -0,60 3,14 197,02 198,76 197,89 161,44 36,15 24 ɉɨ ȼɏɄ 
7 220,0 217 -138 80 79 80 3,14 -0,36 3,50 198,76 200,00 199,38 161,44 37,64 26 ɉɨ ȼɏɄ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

Ɍɚɛɥɢɰɚ Ȼ.7 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

Ɇɟɫɹɰɵ 
Q, ɦ3/ɫ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ɤɦ3 Z, ɦ HȽɗɋ, 

ɦ 
NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ 

Qɛɵɬ Qɩɨɥ Qɜɞɯ QȼɏɄ QȽɗɋ QɇȻ Vɧɚɱ ΔV Vɤɨɧ Zɧɚɱ.ȼȻ Zɤɨɧ.ȼȻ Zɫɪ.ȼȻ ZɇȻ 

8 70 68 11 80 79 80 3,498 0,029 3,469 200,00 199,89 199,94 161,44 38,20 26 ɉɨ ȼɏɄ 
9 38,9 38 41 80 79 80 3,469 0,107 3,362 199,89 199,48 199,68 161,44 37,94 26 ɉɨ ȼɏɄ 
10 49,6 48 30 80 78 79 3,362 0,079 3,283 199,48 199,21 199,34 161,43 37,61 25 ɉɨ ȼɏɄ 
11 21,7 19 125 80 144 145 3,283 0,324 2,959 199,21 198,26 198,73 162,76 35,68 44 44 
12 15,9 11 213 80 224 225 2,959 0,552 2,407 198,26 196,52 197,39 163,66 33,43 64 64 
1 13,7 10 234 80 244 245 2,407 0,607 1,800 196,52 193,06 194,79 163,84 30,65 64 64 
2 11,3 8 176 80 184 185 1,800 0,457 1,343 193,06 189,83 191,44 163,25 27,89 44 44 
3 9,3 6 73 80 79 80 1,343 0,188 1,155 189,83 188,51 189,17 161,73 27,14 18 ɉɨ ȼɏɄ 
4 11,8 19 60 80 79 80 1,155 0,156 0,999 188,51 187,38 187,95 161,45 26,20 18 ɉɨ ȼɏɄ 
5 676 672 -593 80 79 80 0,999 -1,537 2,536 187,38 197,02 192,20 161,44 30,46 21 ɉɨ ȼɏɄ 
6 316 312 -233 80 79 80 2,536 -0,604 3,140 197,02 198,76 197,89 161,44 36,15 24 ɉɨ ȼɏɄ 
7 220 217 -138 80 79 80 3,140 -0,358 3,498 198,76 200,00 199,38 161,44 37,64 26 ɉɨ ȼɏɄ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɹɧɜɚɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɮɟɜɪɚɥɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.3 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɦɚɪɬɚ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.4 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɚɩɪɟɥɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.5 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɦɚɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.6 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢɸɧɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 



154 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.7 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢɸɥɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.8 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɚɜɝɭɫɬɚ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.9 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɫɟɧɬɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.10 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɨɤɬɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.11 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɧɨɹɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.12 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɞɟɤɚɛɪɹ, ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɂɄɇ 



160 
 

ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ-450 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.2 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɛ-ȼ-400 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.3 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɛ-ȼ-450
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.4 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ-400 



164 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

Ɍɚɛɥɢɰɚ ȼ.1 – Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ ܽ𝑖 4,551 4,190 3,829 3,468 3,107 2,746 2,385 2,024 1,663 1,302 0,941 0,580 𝑟𝑖 8,051 7,690 7,329 6,968 6,607 6,246 5,885 5,524 5,163 4,802 4,441 4,080 ܾ𝑖 4,615 4,392 4,169 3,945 3,722 3,499 3,275 3,052 2,829 2,605 2,382 2,159 𝑟𝑘 4,254 4,194 4,135 4,075 4,015 3,955 3,895 3,835 3,776 3,716 3,656 3,596 𝑟𝑘𝑟𝑎  1,216 1,198 1,181 1,164 1,147 1,130 1,113 1,096 1,079 1,062 1,045 1,027 

ln 𝑟𝑘𝑟𝑎 0,195 0,181 0,167 0,152 0,137 0,122 0,107 0,092 0,076 0,060 0,044 0,027 𝑟𝑖𝑟𝑎 2,300 2,197 2,094 1,991 1,888 1,784 1,681 1,578 1,475 1,372 1,269 1,166 ln 𝑟𝑖𝑟𝑎 0,833 0,787 0,739 0,689 0,635 0,579 0,520 0,456 0,389 0,316 0,238 0,153 ܾ𝑖 ln 𝑟𝑖𝑟𝑎 3,844 3,457 3,081 2,716 2,365 2,026 1,702 1,393 1,100 0,824 0,567 0,331 𝑟𝑘 ∙ ܿ𝑡𝑔𝛾 15,877 15,654 15,431 15,207 14,984 14,761 14,538 14,314 14,091 13,868 13,644 13,421 𝑟𝑘 ∙ ܿ𝑡𝑔𝛾 ∙ ln 𝑟𝑘𝑟𝑎  3,099 2,833 2,571 2,312 2,057 1,805 1,556 1,310 1,068 0,830 0,595 0,364 𝑚𝑖 2,815 2,592 2,369 2,145 1,922 1,699 1,475 1,252 1,029 0,805 0,582 0,359 ܬ𝑖 3,808 3,463 3,126 2,797 2,477 2,168 1,869 1,582 1,308 1,047 0,802 0,574 𝜑𝑖 210,00 190,95 172,35 154,22 136,61 119,54 103,07 87,25 72,12 57,75 44,23 0,00 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.5 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ 50ȼ-60°-750 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
 
Ɍɚɛɥɢɰɚ Ƚ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 
ɟɞɢɧɢɰɵ 

ɂɦɟɧɨɜɚɧɧɵɟ 
ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,Iʠʟ.ʝ Ͳ,͵͹ ∙ Iʜ 1,55 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,Kʡ Ͳ,ͷͲ – 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, Iʜʡ 
Ͳ,͹Ͷ ∙ Iʜ 3,09 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷͲ ∙ Iʜ 6,27 Ⱥ 

Ɍɨɤ ɨɬɫɟɱɤɢ, Iʝʡʠ ʹ,ͲͲ ∙ Iʜ 8,36 Ⱥ 

ɁɁȽ 
U଴ 

tଵ U଴ଵୋ – 5 ȼ tଶ U଴ୋ – 10 ȼ U଴ଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,Kʡ 
3 – 

Ɂɉɇ U > 
2 ɫɬɭɩɟɧɶ Uେʟଶ ͳ,Ͷ ∙ Uʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ Uେʟଵ ͳ,ʹ ∙ Uʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ  

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ Iଶʠʗʒʜ Ͳ,Ͳ͹ ∙ Iʜ 0,29 Ⱥ 

ɉɈ Iଶʞʢʠʙ Ͳ,ͳʹ ∙ Iʜ 0,50 Ⱥ 

ɈɌɋ I Iଶʠ.ʖ. Ͳ,ͺͲ ∙ Iʜ 3,34 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ Iʠʗʒʜ ͳ,Ͳ͹ ∙ Iʜ 4,47 Ⱥ 

ɉɈ Iଵʞʢʠʙ ͳ,ͳͲ ∙ Iʜ 4,60 Ⱥ 

ɈɌɋ Iଵʝʡʠ ͳ,ʹ͵ ∙ Iʜʝʛ 5,14 Ⱥ 

ȾɁ Z < 
1 ɫɬɭɩɟɧɶ Z୍ 0,08 ͳ,Ͳ͵ ʝˏ 

2 ɫɬɭɩɟɧɶ Z୍୍ 0,41 ͷ,͸͸ ʝˏ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 

ɋɈ I୔ ʠʗʒʜ. ͳ,Ͳ͹ ∙ Iʜʝʛ.ʟ 0,92 Ⱥ 

ɉɈ I୔ ʞʢʠʙ. ͳ,ͳͳ ∙ Iʜʝʛ.ʟ 0,96 Ⱥ 

Ɉɬɫɟɱɤɚ I୔ ʞʢʠʙ. ʹ,ʹͶ ∙ Iʜʝʛ.ʟ 1,93 Ⱥ 

Ɂɚɳɢɬɚ Ɍȿ 

I≫ TE 
ɌɈ I˔˓.ʡʝ  ʹͷ,Ͷͷ ∙ Iːˑˏ.ʡʔሺଶሻ 29,27 Ⱥ 

I > TE ɆɌɁ I˔˓.ʛʡʖ  ʹ,͵ͷ ∙ Iːˑˏ.ʡʔሺଶሻ 2,70 Ⱥ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ƚ 
 
Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ⱦɟɣɫɬɜɢɟ 
Ɂɚɳɢɬɵ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
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ȼ/
Ƚ 
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ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G + + + +    

ɁɁȽ 
U଴ 

tଵ       + tଶ + + +     U଴ଷ t + + +     

Ɂɉɇ U > 

1 ɫɬɭɩɟɧɶ tଵ + +      

2 ɫɬɭɩɟɧɶ tଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ       + 

ɂɈ + +      

ɈɌɋ I 

tଵ      +  tଶ     +   tଷ + +      

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ       + 
ɂɈ + +      

ɈɌɋ 

tଵ      +  tଶ     +   tଷ + +      

ȾɁ Z < 

1 ɫɬɭɩɟɧɶ 
tଵ     +   tଶ + + +     

2 ɫɬɭɩɟɧɶ 

tଵ      +  tଶ     +   tଷ + +      

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 

ɋɈ       + 
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      

Ɂɚɳɢɬɚ Ɍȿ 
I ≫ TE ɌɈ + +      I > TE ɆɌɁ + +      
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

 
Ɋɢɫɭɧɨɤ Ⱦ.1 – ɋɛɨɪ ɧɚɝɪɭɡɨɤ 






