
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɋɚɹɧɨ–ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ 
ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ» 

ɤɚɮɟɞɪɚ 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
________ Ⱥ.Ⱥ. Ⱥɱɢɬɚɟɜ 
       ɩɨɞɩɢɫɶ       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____» ________ 2020 ɝ. 

 
 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻɈɌȺ 
 

13.03.02 – ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 

 

ɉɊɈЕɄɌɂɊɈȼȺɇɂЕ ɈɅЁɄɆɂɇɋɄɈɃ Ƚɗɋ ɇȺ ɊЕɄЕ 
ɈɅЁɄɆȺ. ɄɂȻЕɊȻЕɁɈɉȺɋɇɈɋɌɖ ɂ 

ɉɈɆЕХɈɁȺЩɂЩЁɇɇɈɋɌɖ 
ɬɟɦɚ 

 

 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ __________  ________________    Ⱥ.ȼ.ɒɢɪɨɤɨɜ 
   ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɞɨɥɠɧɨɫɬɶ              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
ȼɵɩɭɫɤɧɢɤ  __________          Ⱥ.Ɉ.ɋɚɥɵɤɨɜ 
   ɩɨɞɩɢɫɶ, ɞɚɬɚ                  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ 2020  

ɂɧɠɟɧɟɪ ɩɨ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɟ ɢ ɚɜɬɨɦɚɬɢɤɟ 

ɫɥɭɠɛɵ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ 
ɢ ɚɜɬɨɦɚɬɢɤɢ ɋɚɹɧɨ-
ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɢɦ. 

ɉ.ɋ. ɇɟɩɨɪɨɠɧɟɝɨ 



 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɉɥёɤɦɢɧɫɤɨɣ 

Ƚɗɋ ɧɚ ɪɟɤɟ Ɉɥёɤɦɚ. Ʉɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɩɨɦɟɯɨɡɚɳɢɳёɧɧɨɫɬɶ». 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
 
Ʉɨɧɫɭɥɶɬɚɧɬ ɪɭɤɨɜɨɞɢɬɟɥɹ ȻɊ                               ________    ______________ 
                                                                                                                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ        ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ȼɨɞɧɨ–ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ 

________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

   
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

   
Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
   
Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
   
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ ________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 



3 
 
 

ɋɈȾȿɊɀȺɇɂȿ 
 
ɋOɄɊȺɓЁɇɇɕɃ ɉȺɋɉOɊɌ OɅЁɄɆɂɇɋɄɈɃ Ƚɗɋ ......................................... 7 

ȼȼȿȾȿɇɂȿ .............................................................................................................. 9 

1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ             
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ ........................................................................................ 10 

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ...................................................................................... 10 

1.1.1 Ʉɥɢɦɚɬ .................................................................................................... 10 

1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ...................................................................... 10 

1.1.3 Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ..................................................................... 12 

1.1.4 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ...................................................... 13 

1.1.5 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ .......................................................................... 13 

2. ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ......................................................................... 14 

2.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢ 
ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ......................................................................... 14 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ............................................................... 16 

2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ .................................................................................................... 19 

2.5 Ɋɟɠɢɦɵ ɪɚɛɨɬɵ Ƚɗɋ .................................................................................... 20 

2.5.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ..................................................................... 20 

2.5.2 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɢ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɚɯ........................................................................................ 23 

2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ............. 24 

2.6.1 ɉɨɤɪɵɬɢɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ................. 24 

2.6.2 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɢ ɪɚɫɱɟɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ......................... 26 

3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ...................................................... 29 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ ..................................................................... 29 

3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ................................................................. 29 

3.1.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ                           
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ............................................................................................. 31 

3.2 Ƚɢɞɪɨɬɭɪɛɢɧɵ ɢ ɢɯ ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ........................................................... 35 

3.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ................. 35 

3.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ .................. 38 

3.3 ȼɵɛɨɪ ɬɢɩɚ ɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 
ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ................................................................. 38 

4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ ................................................................................... 40 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ .................................................................. 40 

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ................................ 40 

4.2.1 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ .............................................. 40 

4.2.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ .. 41 



4 
 
 

4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ 
ɛɥɨɤɨɦ ............................................................................................................. 42 

4.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ................................................ 44 

4.4 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ......... 44 

4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ
 ............................................................................................................................. 45 

4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɝɥɚɜɧɨɣ 
ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin. ................................ 46 

4.6.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ....................................................................... 46 

4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ  ɢ ɪɚɫɱɟɬ ɬɨɤɨɜ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ «RastrWin» .................................................................................... 48 

4.6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ ..... 49 

4.7 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 
13,8 ɤȼ ................................................................................................................. 49 

4.8 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ .............................................. 50 

4.9 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ ............................................................................. 51 

5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ ........................................................................... 53 

5.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ..................................... 53 

5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ .......................................................................... 54 

5.3 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ ...................................... 54 

5.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ .......................................................... 56 

5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ............................ 56 

5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ............. 58 

5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ....................................................... 61 

5.4.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ...................................... 61 

5.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤሺ𝑰૚ሻ ........................................... 65 

5.4.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 𝒁૚ <, 𝒁૛ < ................................... 67 

5.4.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ................................................. 70 

5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ ........................ 71 

6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ................................................................ 72 

6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ...................................................... 72 

6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ....................................... 72 

6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ .............................................. 74 

6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ..................................................... 75 

6.5 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɚɜɚɪɢɣɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ...... 77 

6.6. Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ............................................... 78 

6.7 Ɋɚɫɱёɬ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ........................................................................... 79 

6.8 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ................................................ 81 

6.9 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ .......................................................... 83 

6.9.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ............................................ 83 



5 
 
 

6.9.2 Ɋɚɡɪɟɡɤɚ ɩɥɨɬɢɧɵ ɲɜɚɦɢ ....................................................................... 83 

6.9.3 Ȼɵɤɢ ........................................................................................................ 84 

6.9.4 ɍɫɬɨɢ ...................................................................................................... 84 

6.9.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ .............................................................. 84 

6.9.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. ........................................................................ 84 

6.9.8 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ – Ɉɮɢɰɟɪɨɜɚ
 ......................................................................................................................... 86 

6.10 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɢɠɧɟɝɨ ɛɴɟɮɚ. ............................................. 87 

6.10.1 ȼɨɞɨɛɨɣ. ............................................................................................... 87 

6.10.2 Ɋɢɫɛɟɪɦɚ. .............................................................................................. 88 

6.11 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ ........................................... 88 

6.11.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ. ................................................................................... 88 

6.11.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ. ........................................... 89 

6.11.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ .................................. 90 

6.11.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ........................................................ 90 

6.11.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ................................................................................... 91 

6.11.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ. ............................................................................. 91 

6.11.7 Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ .................................................................. 92 

6.11.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ............................................................ 94 

6.11.9 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ............................................................ 95 

7 Ɉɯɪɚɧɚ ɬɪɭɞɚ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ .............. 97 

7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ............................................. 97 

7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ................................................................................ 97 

7.3 Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ........................................................ 99 

7.4 Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ........................... 101 

7.5 ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ..................... 102 

8. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ............................................................... 104 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ........................................... 104 

8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ................................................................. 105 

8.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ .................................................................................... 108 

8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ..... 108 

8.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ............................................................. 110 

8.6 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ................................................................ 110 

8.7 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ................................................................... 111 

8.8 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ........................................................................ 111 

8.9 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ .......................................................................... 112 

9 Ʉɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɨɫɬɶ ................................................... 114 

9.1 ɋɬɪɭɤɬɭɪɚ ɰɢɮɪɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢ ɜɨɩɪɨɫ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ .............. 114 

9.2 Ɇɟɬɨɞ ɡɚɳɢɬɵ ɤɢɛɟɪɧɟɬɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ ............................... 116 

9.3 Ɇɟɬɨɞɵ ɚɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ...................... 117 

9.3.1 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɪёɯ ɤɨɦɩɥɟɤɬɨɜ ɫ ɦɚɠɨɪɢɪɨɜɚɧɢɟɦ ɜɵɯɨɞɧɵɯ 
ɫɢɝɧɚɥɨɜ ɩɨ ɩɪɢɧɰɢɩɭ “ɞɜɚ ɢɡ ɬɪёɯ”. .......................................................... 118 

9.3.2 Ɋɟɡɟɪɜɢɪɨɜɚɧɢɟ ɬɟɪɦɢɧɚɥɨɜ ɆɉɊɁ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɪɟɥɟ .... 119 



6 
 
 

9.3.3 Ɂɚɳɢɬɚ ɆɉɊɁ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɭɫɤɨɜɨɝɨ 
ɨɪɝɚɧɚ ɧɚ ɝɟɪɤɨɧɚɯ........................................................................................ 120 

9.3.4 Ɇɟɬɨɞɵ ɡɚɳɢɬɵ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ ɨɬ ɩɨɦɟɯ ............... 121 

ɁȺɄɅɘɑȿɇɂȿ .................................................................................................... 124 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ............................................ 126 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ ................................................................................................ 128 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ................................................................................ 128 

ɉɊɂɅɈɀȿɇɂȿ Ȼ ................................................................................................. 130 

ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ......................................................................... 130 

ɉɊɂɅɈɀȿɇɂȿ ȼ ................................................................................................ 137 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ................................................... 137 

 
 
 

 



7 
 
 

ɋOɄɊȺɓЁɇɇɕɃ ɉȺɋɉOɊɌ OɅЁɄɆɂɇɋɄɈɃ Ƚɗɋ 
 

1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ .....................................................................Ɉɥёɤɦɚ; 
2. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ ............................................... Ɋɟɫɩɭɛɥɢɤɚ ɋɚɯɚ; 
3. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ ........................................................ Ƚɗɋ; 
4. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 

ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ .......................................................................... 330 ɦ³/ɫ; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ: 1,0% .................................... 1962 ɦ3/ɫ; 
 0,1% ............................... 2425,89 ɦ3/ɫ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ ................................................................................... 100 ɦ³/ɫ; 

5. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ ................................................ ɦɧɨɝɨɥɟɬɧɢɣ; 
ɛ) ɨɬɦɟɬɤɚ: ɇɉɍ .................................................................................. 208,00 ɦ; 
 Ɏɉɍ .................................................................................. 209,00 ɦ; 
 ɍɆɈ .................................................................................. 190,76 ɦ 
ɜ) ɨɛɴɟɦɵ: 
 ɩɨɥɧɵɣ ................................................................................................10,5 ɦ3; 
 ɩɨɥɟɡɧɵɣ .............................................................................................5,29 ɦ3; 

6. ɇɚɩɨɪɵ Ƚɗɋ:  
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ ................................................................................... 48,54 ɦ; 
ɛ) ɪɚɫɱɟɬɧɵɣ .......................................................................................... 37,80 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ .................................................................................... 28,20 ɦ; 

7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ: 
 ɭɫɬɚɧɨɜɥɟɧɧɚɹ ................................................................................. 324 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ ............................... 940 ɦɥɧ.ɤȼɬ·ɱ; 

8. Ɋɚɡɦɟɪɵ ɩɥɨɬɢɧɵ (ɨɛɳɚɹ ɞɥɢɧɚ / ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ): 
ɚ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ......................................... 234,00 ɦ / 57,00ɦ; 
ɛ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ.................................................. 123,00 ɦ / 48,00 ɦ; 
ɜ) ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ............................................................ 103,00 ɦ / 57,00 ɦ; 

9. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɚ) ɬɢɩ ........................................................................ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ; 
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ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ....................................................................... 85 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ..................................................................... 136,4 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ........................................................ ɌȾɐ-125000/220; 

12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ........................................................ 0,043 ɪɭɛ/ɤȼɬ·ɱ; 
ɛ) ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ:  ɍɞɟɥɶɧɵɟ ɤɚɩ. ɜɥɨɠɟɧɢɹ ...... 73126 ɪɭɛ/ɤȼɬ.; 
 ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ......................... 11,25 ɝɨɞɚ.
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ȼȼȿȾȿɇɂȿ 
 

ɗɧɟɪɝɢɹ ɜɨɞɵ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɬɚɪɟɣɲɢɯ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɩɥɚɧɟɬɟ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ ɮɟɞɟɪɚɰɢɢ ɪɚɫɩɨɥɨɠɟɧɨ ɨɤɨɥɨ 9% ɦɢɪɨɜɵɯ 
ɡɚɩɚɫɨɜ ɝɢɞɪɨɷɧɟɪɝɢɢ. ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɝɢɞɪɨɷɧɟɪɝɨɪɟɫɭɪɫɨɜ Ɋɨɫɫɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 850 ɦɥɪɞ ɤȼɬ.ɱ, ɢɡ ɤɨɬɨɪɵɯ 120 ɦɥɪɞ ɤȼɬ.ɱ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ȿɜɪɨɩɟɣɫɤɭɸ ɱɚɫɬɶ ɫɬɪɚɧɵ ɢ 730 ɦɥɪɞ ɤȼɬ.ɱ ɧɚ ɋɢɛɢɪɶ ɢ Ⱦɚɥɶɧɢɣ ȼɨɫɬɨɤ. 

Ƚɗɋ — ɦɨɛɢɥɶɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ 
ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɜ ɨɛɥɚɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ, ɩɨɤɪɵɬɢɹ ɪɚɫɬɭɳɢɯ 
ɩɢɤɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɶɸ ɜ ɩɟɪɢɨɞ ɧɨɱɧɨɝɨ ɫɧɢɠɟɧɢɹ 
ɧɚɝɪɭɡɨɤ ɢ ɜ ɪɨɥɢ ɚɜɚɪɢɣɧɨɝɨ ɪɟɡɟɪɜɚ ɫɢɫɬɟɦɵ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ 
ɷɧɟɪɝɨɫɢɫɬɟɦ ɟɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ, ɝɞɟ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɜ ɬɟɱɟɧɢɟ 
ɫɭɬɨɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɝɭɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɥɸɛɵɯ ɜɨɞɨɬɨɤɚɯ. ȼɟɫɨɦɵɦ ɦɢɧɭɫɨɦ ȽɌɋ ɹɜɥɹɟɬɫɹ ɢɯ 
ɪɚɡɪɭɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟɫɟɬ ɜ ɫɟɛɟ ɪɚɡɪɭɲɢɬɟɥɶɧɭɸ ɫɬɢɯɢɸ, ɩɪɢɜɨɞɹɳɭɸ ɤ 
ɨɝɪɨɦɧɵɦ ɦɚɬɟɪɢɚɥɶɧɵɦ ɭɛɵɬɤɚɦ, ɧɨ ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɨ ɤ ɛɨɥɶɲɢɦ 
ɱɟɥɨɜɟɱɟɫɤɢɦ ɠɟɪɬɜɚɦ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɫɟɪɶɟɡɧɵɣ ɩɨɞɯɨɞ ɤ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɛɟɡɨɩɚɫɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɝɢɞɪɨɪɟɫɭɪɫɨɜ.  

ɐɟɥɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ 
Ɉɥёɤɦɚ ɟё ɫɨɨɪɭɠɟɧɢɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ, ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɫɢɥɨɜɨɝɨ 
ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɪɚɛɨɬɤɚ ɩɪɚɜɢɥ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɟɤɬɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɢ 
ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɡɚɳɢɬɵ ɩɨɞɫɬɚɧɰɢɢ ɨɬ ɤɢɛɟɪɭɝɪɨɡ ɢ ɜɧɟɲɧɢɯ ɩɨɦɟɯ.  
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          1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ             
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 
 
 1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 
 1.1.1 Ʉɥɢɦɚɬ 
 
 Ɋɟɤɚ Ɉɥёɤɦɚ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɸɝɨ-ɡɚɩɚɞɟ əɤɭɬɢɢ, ɜ ɪɚɜɧɢɧɧɨɣ ɱɚɫɬɢ 
ɋɢɛɢɪɫɤɨɝɨ ɩɥɚɬɨ. Ʉɥɢɦɚɬ ɧɚ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. Ɂɢɦɵ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɟ ɢ ɯɨɥɨɞɧɵɟ.  Ɂɢɦɚ ɩɪɨɬɟɤɚɟɬ ɧɚ ɮɨɧɟ ɜɵɫɨɤɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɩɪɟɨɛɥɚɞɚɸɬ ɹɫɧɵɟ ɢ ɦɚɥɨɨɛɥɚɱɧɵɟ ɞɧɢ. ɋɧɟɠɧɵɣ ɩɨɤɪɨɜ 
ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɤɨɧɰɟ ɨɤɬɹɛɪɹ ɧɚɱɚɥɟ ɧɨɹɛɪɹ ɦɟɫɹɰɚ. 
 ȼɟɫɟɧɧɢɣ ɩɟɪɢɨɞ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ, ɜ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɫɨɥɧɟɱɧɵɣ ɢ ɹɫɧɵɣ. 
Ɋɚɡɪɭɲɟɧɢɟ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɫɟɪɟɞɢɧɵ ɚɩɪɟɥɹ, ɩɨɥɧɨɫɬɶɸ ɫɧɟɝ 
ɫɯɨɞɢɬ ɤ ɤɨɧɰɭ ɦɚɹ ɦɟɫɹɰɚ. 
 Ʌɟɬɨ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɩɥɨɟ ɢ ɡɚɫɭɲɥɢɜɨɟ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɢɸɥɟ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ +18…+19 ɝɪɚɞɭɫɨɜ. 
 Ɉɫɟɧɶ ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɬɚɤ ɠɟ ɹɫɧɚɹ ɢ ɫɭɯɚɹ, ɜ ɤɨɧɰɟ ɚɜɝɭɫɬɚ ɩɪɨɢɫɯɨɞɢɬ 
ɡɚɦɟɬɧɨɟ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ. ɉɟɪɜɵɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɦɨɪɨɡɵ ɦɨɝɭɬ 
ɩɪɨɹɜɥɹɬɶɫɹ ɜ ɫɟɪɟɞɢɧɟ ɨɤɬɹɛɪɹ. Ɂɚ ɝɨɞ ɧɚ ɬɟɪɪɢɬɨɪɢɸ ɪɚɣɨɧɚ ɜɵɩɚɞɚɟɬ ɞɨ 250-
300 ɦɦ ɨɫɚɞɤɨɜ. 
                                                       
 1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
          Ⱦɥɢɧɚ  ɪɟɤɢ Ɉɥёɤɦɚ1436 ɤɦ. Ȼɟɪɟɬ ɧɚɱɚɥɨ ɫ ɫɟɜɟɪɧɵɯ ɫɤɥɨɧɨɜ Ɇɭɪɨɣɫɤɨɝɨ 
ɯɪɟɛɬɚ. ɉɢɬɚɧɢɟ ɪɟɤɢ Ɉɥёɤɦɚ ɞɨɠɞɟɜɨɟ ɢ ɫɧɟɝɨɜɨɟ, ɪɨɥɶ ɩɨɫɥɟɞɧɟɝɨ ɜɧɢɡ ɩɨ 
ɬɟɱɟɧɢɸ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ʌɟɬɨɦ ɛɭɪɧɵɟ ɩɚɜɨɞɤɢ. ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ 1950 ɤɭɛ. 
ɦ/ɫ. Ɂɚɦɟɪɡɚɟɬ ɜ ɨɤɬɹɛɪɟ, ɜ ɜɟɪɯɨɜɶɹɯ ɜ ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɩɟɪɟɦɟɪɡɚɟɬ ɫ ɮɟɜɪɚɥɹ 
ɩɨ ɦɚɪɬ; ɜɫɤɪɵɜɚɟɬɫɹ ɜ ɦɚɟ.   
 ɇɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɬɟɱɟɬ ɫɪɟɞɢ ɝɨɪɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ. ɉɪɢɧɢɦɚɟɬ 202 
ɩɪɢɬɨɤɚ ɞɥɢɧɨɣ 10 ɤɦ ɢ ɛɨɥɟɟ. ȼ ɛɚɫɫɟɣɧɟ ɨɤɨɥɨ 21000 ɜɨɞɨɬɨɤɨɜ, ɫɜɵɲɟ 9200 
ɨɡɟɪ. ȼɫɤɪɵɜɚɟɬɫɹ ɜ ɦɚɟ, ɡɚɦɟɪɡɚɟɬ ɜ ɨɤɬɹɛɪɟ.  
ɋɪɟɞɧɢɣ ɭɤɥɨɧ ɧɟ ɩɪɟɜɵɲɚɟɬ 1,5 ɦ/ɤɦ.  
ɋɤɨɪɨɫɬɶ ɪɟɤɢ: 1,2 ɦ/ɫ (ɜ ɦɟɠɟɧɶ: 0,9 ɦ/ɫ). 

Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɉɥёɤɦɚ ɡɚ ɩɟɪɢɨɞ 1930-1979 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.1 ɢ 1.2, ɧɚ ɪɢɫɭɧɤɟ 1.1 ɢ 1. 2. 

 
Ɍɚɛɥɢɰɚ 1.1 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Zɜɛ, ɦ V, ɤɦ3 Zɜɛ, ɪɚɫɱɟɬɧɵɣ 
Ɋɚɡɧɢɰɚ 
(Zɜɛ ɪ- Zɜɛ) 

157,96 0 157,96 0,00 
168,15 1,2 168,15 0,00 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 

Zɜɛ, ɦ V, ɤɦ3 Zɜɛ, ɪɚɫɱɟɬɧɵɣ Ɋɚɡɧɢɰɚ 
(Zɜɛ ɪ- Zɜɛ) 

177,78 2,6 177,78 0,00 
    

188,16 4,6 188,16 0,00 
197,94 7,15 197,94 0,00 
207,94 10,5 207,94 0,00 
211,17 11,9 211,17 0,00 
212,88 12,8 212,88 0,00 
216,01 14,8 216,01 0,00 

 
Ɍɚɛɥɢɰɚ 1.2 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɨ ɡɢɦɟ ɢ ɥɟɬɭ 
Ɉɬɦɟɬɤɚ ɇȻ  ʋɪɟɤɢ, ɦ/ɫ        ω, ɦ2  Qɥɟɬɨ, ɦ3/ɫ Ʉɨɷɮ. ɡɢɦɵ Qɡɢɦɧɢɣ, ɦ3/ɫ 

158  
 
 

1,25 

0 0  
 
 

0.8 

0 
160 198 247 198 
161 418 522 418 
162 835 1043 835 
163 1311 1638 1311 
164 1879 2348 1879 
165 2492 3115 2492 

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɵɟ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
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             Ɋɢɫɭɧɨɤ  1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
 

Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɜ 
ɪɟɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 

 
Ɍɚɛɥɢɰɚ 1.3 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɄɏ ɢ ɩɨɬɟɪɢ ɜɨɞɵ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Qɛɵɬ90% 15 10 10 9 505 620 700 526 376 273 70 15 

Qɜɯɤ 150 150 150 150 160 160 160 160 160 160 150 150 ܳˋ˔˒ , ˏଷ/˔ 1 1 1 1 3 3 4 3 2 1 1 1 ܳˎˈˇ, ˏଷ/˔ 5 5 0 -8 -13 0 0 0 0 0 5 5 ܳ˗ˋˎ˟˕˓,  ˏଷ/˔ 3 3 3 3 3 3 3 3 3 3 3 3 ܳ˛ˎˡˊ , ˏ ଷ/˔ 0 0 0 0 10 10 10 10 10 10 0 0 ∑ ܳ˒ˑ˕ˈ˓˟, ˏ ଷ/˔ 9 9 4 -4 3 16 17 16 15 14 9 9 ܳ˒ˑˎ.˄˞˕., ˏ ଷ/˔ 6 1 6 13 502 604 683 510 361 259 61 6 ܼ˅˄, ˏ 208 208 208 208 208 208 208 208 208 208 208 208 ܼː˄, ˏ 158 158 158 158 161 161 161 161 161 160 159 158 ʜ˒ˑˎ , ˏ 41 41 46 54 45 31 30 31 33 34 41 41 ˄ܰ˞˕, ʛʑ˕ 2 0,42 3 6 197 163 181 141 104 77 22 2 ˅ܰ˘ˍ, ʛʑ˕ 64 64 64 64 68 68 68 68 68 68 64 64 
 
1.1.3 Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 
 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ: ɂɡɨɥɢɪɨɜɚɧɧɚɹ 
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Ɋɟɡɟɪɜɵ: ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 1,5%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 
6%; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ kN= 8,8. 
 

 1.1.4 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 
 ɉɨ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɟ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜ ɪɚɣɨɧɟ ɫɬɜɨɪɚ Ɉɥёɤɦɢɧɫɤɨɣ 

Ƚɗɋ ɧɟɬ ɡɨɧ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ.  
ȼ ɨɫɧɨɜɚɧɢɟ ɪɟɤɢ Ɉɥёɤɦɚ ɫɨɫɬɨɢɬ ɢɡ ɝɪɚɧɢɬɚ. 
 
1.1.5 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬ ɩɨ ɭɬɨɱɧɟɧɢɸ ɢɫɯɨɞɧɨɣ ɫɟɣɫɦɢɱɧɨɫɬɢ ɩɟɪɟɫɦɨɬɪɟɧɵ 

ɩɟɪɜɢɱɧɵɟ ɨɩɢɫɚɧɢɹ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ ɨɛɲɢɪɧɨɣ ɨɛɥɚɫɬɢ ɡɚ ɩɟɪɢɨɞ ɫ 1901 ɩɨ 
1965 ɝɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɜɨɡɞɟɣɫɬɜɢɣ ɨɬ ɦɟɫɬɧɵɯ ɢ ɭɞɚɥɟɧɧɵɯ 
ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɩɟɪɢɨɞɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚ ɭɱɚɫɬɤɟ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɛɨɥɟɟ 6 ɛɚɥɥɨɜ.[1] 
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2. ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

2.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 

 
Ɋɚɡɞɟɥɢɦ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ 

ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). ɋɱɢɬɚɟɦ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ 
ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ. Ɉɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ 
ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ. Ⱦɥɹ ɜɫɟɯ ɥɟɬ ɡɚɞɚɧɧɨɝɨ ɪɹɞɚ ɩɪɢɧɢɦɚɟɦ 
ɨɞɢɧɚɤɨɜɵɟ ɦɟɫɹɰɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɹ (ɤ ɩɟɪɢɨɞɭ 
ɩɨɥɨɜɨɞɶɹ V -X ɦɟɫɹɰɵ; ɤ ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ I -  IV ɢ XI-XII ɦɟɫɹɰɵ).  

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ. 
Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ 
ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲ = ݉݊ + ͳ, 

 
(2.1) 

ɝɞɟ n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ; 
m - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ (ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 

ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɢɯ ɡɚ ɡɢɦɧɢɣ ɫɟɡɨɧ), ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ. 

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

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1. 
ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 

ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
 

Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
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ɉɨ ɪɚɫɱɟɬɧɵɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɦ ɨɩɪɟɞɟɥɹɬɫɹ ɦɚɥɨɜɨɞɧɵɣ (90%) ɢ 
ɫɪɟɞɧɟɜɨɞɧɵɣ (50%) ɝɨɞ. Ɂɚ ɦɚɥɨɜɨɞɧɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɝɨɞ ɫɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 90%, ɬ.ɟ. ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ 1940 ɝɨɞ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ 90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɢɞɟɧɢɹ ɪɚɜɟɧ 
1, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɞɥɹ 1940 ɝɨɞ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

ˏߙ             = ொ˒ˑˎ,వబ%ொˏ,భవరబ = ͳ.                  (2.2) 

  
          Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɢɞɟɧɢɹ ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. ȼ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɚ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ (1971 
ɢ 1951 ɝɨɞɵ) ɢ ɜɵɫɱɢɬɵɜɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

1971 ɝɨɞ: 
˒ߙ  = ܳ˄˃ˊ.˒ˑˎܳ˒଻ଵ = ͸ͳͺ͸ͳͺ = ͳ,ͲͲ 

ˏߙ  = ܳ˄˃ˊ.ˏˈˉܳˏ଻ଵ = ʹͺʹͷ = ͳ,ͳʹ 

 
 1951 ɝɨɞ:   
˒ߙ    = ொ˄˃ˊ.˒ˑˎொ˒ఱభ = ଺ଵଽ଺଴ଽ = ͳ,Ͳʹ  

ˏߙ  = ܳ˄˃ˊ.ˏˈˉܳ˒ହଵ = ʹͺ͵ͻ = Ͳ,͹ʹ 

 
ȼɵɛɪɚɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 

ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɝɨɞɨɜɨɣ ɫɬɨɤ ɭɦɧɨɠɢɜ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. ɇɨ ɬɚɤ ɤɚɤ ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɜɧɵ 1, ɬɨ ɞɚɧɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɦɟɫɹɰɵ 
ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ.      
Ɍɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ: ɨɛɴɟɦ ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ 
ɞɨɥɠɟɧ ɨɫɬɚɬɶɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɩɨɫɥɟ ɧɟɟ. Ɋɚɫɱɟɬɵ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɚɯ 2.1 ɢ 2.2. 
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Ɍɚɛɥɢɰɚ 2.1 -  Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ 
Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳହ଴% − ܳଽ଴% -3 -4 -4 0 -184 -88 27 380 459 113 -11 40 

ɂɡɦɟɧɟɧɢɹ Q50% 18 29 30 54 344 228 73 -251 -455 -86 31 -16 
Q50% ɫ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 30 36 36 63 665 760 800 655 380 300 90 39 

 
Ɍɚɛɥɢɰɚ 2.2 -  Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɢ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

P=90% 15 10 10 9 505 620 700 526 376 273 70 15 

P=50% 30 36 36 63 665 760 800 655 380 300 90 39 

 
Ƚɢɞɪɨɝɪɚɮ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɡɚɞɚɬɶɫɹ ɨɬɦɟɬɤɨɣ ɍɆɈ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɫɪɚɛɨɬɤɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɬɦɟɬɤɢ ɍɆɈ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 190,76 ɦ. 
Ɉɛɴɟɦɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɬɦɟɬɤɚɦ ɇɉɍ ɢ ɍɆɈ ɧɚɯɨɞɹɬɫɹ ɩɨ ɤɪɢɜɨɣ 
ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ (ɪɢɫɭɧɨɤ 1.1). 
Vɇɉɍ = 10,5 ɤɦ3; 
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VɍɆɈ = 5,21 ɤɦ3; 
Ɍɨɝɞɚ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ:  
 ܸ˒ ˑˎˈˊː = ʜܸʞʢ − ʢܸʛʝ = ͳͲ,ͷ − ͷ,ʹͳ = ͷ,ʹͻ ɤɦ3.           (2.3) 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɞɥɹ 

ɷɬɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ:  
ߚ  = ௏˒ ˑˎௐ̅ ,                  (2.4) 

 
ɝɞɟ  ܹ̅ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ ɜ ɡɚɞɚɧɧɨɦ ɫɬɜɨɪɟ. 
 
 ܹ̅ = ܳˏːˑˆˑˎˈ˕ ∙  (2.5)                 ,ݐ
 
ɝɞɟ  ܳˏːˑˆˑˎˈ˕ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɢɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1; 

t - ɱɢɫɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 
 

 ܹ̅ = ொˏːˑˆˑˎˈ˕∙௧ଵ଴−వ  = 
ଷଶଵ∙ଷ଺ହ∙ଶସ∙ଷ଺଴଴ଵ଴−వ = ͳͲ,ͳʹ ˍˏଷ,            (2.6) 

 

ߚ  = ହ,ଶଽଵ଴,ଵଶ = Ͳ,ͷʹ.               

 
Ⱦɥɹ ɝɨɞɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɜ 

ɩɪɟɞɟɥɚɯ 0,1 – 0,3, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɚɧɧɨɟ ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɦɧɨɝɨɥɟɬɧɟɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 

2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ 
 

ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɥɹ ɞɜɭɯ ɩɟɪɢɨɞɨɜ: ɜɟɫɟɧɧɟ-
ɥɟɬɧɟɝɨ ɢ ɨɫɟɧɧɟ-ɡɢɦɧɟɝɨ. Ⱦɥɹ ɤɪɚɬɤɨɫɬɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɟɪɜɵɣ ɝɪɚɮɢɤ 
ɧɚɡɵɜɚɟɬɫɹ ɥɟɬɧɢɦ, ɜɬɨɪɨɣ – ɡɢɦɧɢɦ. 

Ɋɚɫɱɟɬ ɷɬɢɯ ɝɪɚɮɢɤɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɦɟɬɨɞɢɤɟ ɢɧɫɬɢɬɭɬɚ 
“ɗɧɟɪɝɨɫɟɬɶɩɪɨɟɤɬ”, ɬɚɤ ɤɚɤ ɫɬɜɨɪ Ɉɥёɤɦɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 
ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 

Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ ɱɢɫɥɚ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɟ ɝɨɞɨɜɨɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɥɟɬɧɟɝɨ ɥɫɭɬ ɢ зɫɭɬ ɡɢɦɧɟɝɨ  
ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬ ɥɟɬɧɟɝɨ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɢɦɧɟɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ ɥ. [2]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɟ 2.3. 

ɇɚɝɪɭɡɤɢ ɜ ɥɸɛɨɣ ɱɚɫ ɫɭɬɨɤ ɡɢɦɵ ɢ ɥɟɬɚ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
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 ௧ܲ́ = ̝ܲ௠௔௫ሺܽ௧́ ∙ ˊ˕˖˔ߚ + ܾ௧́ ሻ;               (2.7) 
 ௧ܲ́ = ̝ܲ௠௔௫ ∙ ܽˎሺܽ௧ˎ ∙ ˎ˕˖˔ߚ + ܾ௧ˎ ሻ;               (2.8) 
 

ɝɞɟ л
t

л
t

з
t

з
t bb ,;,   - ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɝɪɭɡɤɢ ɬɢɩɨɜɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ, 

ɡɚɜɢɫɹɳɢɟ ɨɬ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
        
Ɍɚɛɥɢɰɚ 2.3 – Ɍɢɩɨɜɵɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 t,ɱɱ:ɦɦ Pɡ,Ɇȼɬ Pɥ,Ɇȼɬ  t,ɱɱ:ɦɦ Pɡ,Ɇȼɬ Pɥ,Ɇȼɬ 

00:00 908 548 12:00 1230 816 
01:00 747 506 13:00 1246 838 
02:00 726 475 14:00 1353 878 
03:00 697 458 15:00 1289 839 
04:00 697 458 16:00 1281 787 
05:00 726 458 17:00 1558 846 
06:00 808 479 18:00 1600 826 
07:00 1035 601 19:00 1521 797 
08:00 1302 717 20:00 1496 806 
09:00 1478 776 21:00 1438 727 
10:00 1434 928 22:00 1281 868 
11:00 1312 867 23:00 1456 735 

 

 
Ɋɢɫɭɧɨɤ 2.3 – Ɍɢɩɨɜɵɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ 
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2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɨɫɢɬ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 

ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 P୲୫a୶ = ܽ୫a୶ + ሺܾ୫a୶ ∙ cosሺ͵Ͳ° ∙ ݐ − ͳͷ°ሻ,                                                 (2.9) 

 
ɝɞɟ ݐ –ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ,        ܽ, ܾ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ: 
 ܽ୫a୶ = Pˊˋˏmax+Pˎˈ˕maxଶ ,                                                                                 (2.10) 

 ܾ୫a୶ = Pˊˋˏmax−Pˎˈ˕maxଶ .                                                      (2.11) 

 
ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

 ௧̝ܲ ˓ = ܽ˔˓ + ܾ˔˓ ∙ cosሺ͵Ͳ° ∙ ݐ − ͳͷ°ሻ,            (2.12) 
 ܽ˔˓ = Pˊˋˏ˔˓ +Pˎˈ˕˔˓ଶ ,                                                                                (2.13) 

 ܾ˔˓ = Pˊˋˏ˔˓ +Pˎˈ˕˔˓ଶ .                                                   (2.14) 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɦ ɦɚɤɫɢɦɭɦɟ ɧɚɝɪɭɡɤɢ, ɱɢɫɥɟ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɝɨɞɨɜɨɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɜɨɪɚ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 2.4. 

 
Ɍɚɛɥɢɰɚ 2.4 -  Ƚɨɞɨɜɨɣ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 

Ɇɟɫɹɰ P୲୫a୶ P̅୲ 
1 1588,56 1184,39 
2 1501,68 1121,98 
3 1351,18 1013,86 
4 1177,34 888,99 
5 1026,70 780,77 
6 939,58 718,19 
7 939,30 717,99 
8 1025,94 780,23 
9 1176,30 888,24 
10 1350,14 1013,12 
11 1500,92 1121,43 
12 1588,28 1184,19 
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Ƚɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.4. 
 

 
 

Ɋɢɫɭɧɨɤ 2.4 – Ƚɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
2.5 Ɋɟɠɢɦɵ ɪɚɛɨɬɵ Ƚɗɋ 

 
 2.5.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 
Ɋɚɫɱɟɬɧɵɟ ɫɭɬɨɱɧɵɟ ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɨɤɪɵɜɚɬɶɫɹ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɬɚɧɰɢɹɦɢ, ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɜɩɢɫɚɬɶ ɷɬɢ ɫɬɚɧɰɢɢ ɜ ɝɪɚɮɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɞɚɧɧɭɸ ɩɨ ɧɢɦ ɢɫɯɨɞɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ. 

ɂɫɩɨɥɶɡɭɹ ɤɪɢɜɭɸ ɫɜɹɡɢ ɩɨ ɧɢɠɧɟɦɭ ɛɶɟɮɭ, ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɪɚɛɨɬɵ ɩɨ 
ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ɩɨ ȼɏɄ, ɩɨɥɭɱɟɧɵ ɜɵɪɚɛɚɬɵɜɚɟɦɵɟ ɦɨɳɧɨɫɬɢ. ɉɨɫɱɢɬɚɧɚ 
ɪɚɡɧɨɫɬɶ ɦɨɳɧɨɫɬɢ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ȼɏɄ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɪɨɫɭɦɦɢɪɨɜɚɧɵ. ɋɭɦɦɚ ɩɨɥɭɱɢɥɚɫɶ ɩɨɥɨɠɢɬɟɥɶɧɨɣ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɛɵɬɤɭ 
ɜɨɞɵ, ɬɨ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɟё ɩɨ ɦɟɫɹɰɚɦ. 

Ɋɚɫɱёɬɵ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɩɪɨɢɡɜɟɞɟɧɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ: 

 ˄ܰ˞˕.ˆˠ˔ = KN ∙ Qɦɚɥଽ଴% ∙ H˒ˑˇ˅,            (2.15) 
 

ɝɞɟ KN- ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ;  
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      Qɩɪ90% – ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/c; 
      H˒ˑˇ˅ – ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ. 
 H˒ˑˇ˅ = ܼɜɛ − ܼɧɛ ∙ (ܳː˄ሺݐሻ) − ∆ℎ,            (2.16) 

 
ɝɞɟ ܼɜɛ- ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɦɟɬɤɟ ɇɉɍ=208 ɦ); 
      ܼ ɧɛ ∙ (ܳː˄ሺݐሻ) - ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ 
ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɥɟɬɧɟɣ ɢɥɢ ɡɢɦɧɟɣ ɤɪɢɜɵɦ ɫɜɹɡɢ  ɩɨ 
ɭɫɥɨɜɢɸ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɦ; 
      ∆ℎ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, 0,53 ɦ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  
 ʑܰʤʙ = ݇ே ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅.             (2.17)ܪ
 
ɝɞɟ   ܳʑʤʙ − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5 
 

Ɍɚɛɥɢɰɚ 2.5-  Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Qɛɵɬ90% 15 10 10 9 505 620 700 526 376 273 70 15 

Qɜɯɤ 150 150 150 150 160 160 160 160 160 160 150 150 ܳˋ˔˒ , ˏଷ/˔ 1 1 1 1 3 3 4 3 2 1 1 1 ܳˎˈˇ, ˏଷ/˔ 5 5 0 -8 -13 0 0 0 0 0 5 5 ܳ˗ˋˎ˟˕˓,  ˏଷ/˔ 3 3 3 3 3 3 3 3 3 3 3 3 ܳ˛ˎˡˊ , ˏ ଷ/˔ 0 0 0 0 10 10 10 10 10 10 0 0 ∑ ܳ˒ˑ˕ˈ˓˟, ˏ ଷ/˔ 9 9 4 -4 3 16 17 16 15 14 9 9 ܳ˒ˑˎ.˄˞˕., ˏ ଷ/˔ 6 1 6 13 502 604 683 510 361 259 61 6 ܼ˅˄, ˏ 208 208 208 208 208 208 208 208 208 208 208 208 ܼː˄, ˏ 158 158 158 158 161 161 161 161 161 160 159 158 ʜ˒ˑˎ , ˏ 41 41 46 54 45 31 30 31 33 34 41 41 ˄ܰ˞˕, ʛʑ˕ 2 0,42 3 6 197 163 181 141 104 77 22 2 ˅ܰ˘ˍ, ʛʑ˕ 64 64 64 64 68 68 68 68 68 68 64 64 ˅ܰˑˇˑ˕ − ˅ܰ˘ˍ, Ɇȼɬ -62 -63 -61 -58 128 94 113 72 35 8 -42 -62 
 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.5 ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ 11 ɦɟɫɹɰ – ɷɬɨ ɦɟɫɹɰ 
ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ 
Ƚɗɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. Ɇɨɳɧɨɫɬɶ, 
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ɤɨɬɨɪɭɸ ɦɵ ɦɨɠɟɦ ɪɚɫɩɪɟɞɟɥɢɬɶ ɜ ɦɟɫɹɰɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 
Nɛɵɬ-Nɜɯɤ= 103 Ɇȼɬ.               (2.18) 
 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.6 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.5, ɧɚ ɤɨɬɨɪɨɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱёɬ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɢ, ɧɚ ɪɢɫɭɧɤɟ 2.5 ɩɪɨɜɨɞɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɩɪɹɦɭɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɱɟɪɧɚɹ ɥɢɧɢɹ). 

 
Ɍɚɛɥɢɰɚ 2.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

t, ɦɟɫ. Pɫɪ, Ɇȼɬ Nɫɭɳ. ɝɷɫ, Ɇȼɬ Nɛɵɬ, Ɇȼɬ Nɜɯɤ, Ɇȼɬ 
1 1184 372 2 64 
2 1121 365 1 64 
3 1013 355 3 64 
4 888 270 6 64 
5 780 250 197 68 
6 718 248 163 68 
7 717 248 181 68 
8 780 250 141 68 
9 888 270 104 68 
10 1013 355 77 68 
11 1121 365 22 64 
12 1184 372 2 64 
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Ɋɢɫɭɧɨɤ 2.5 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ 

 
Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ (11). ɂɡ 

ɪɢɫɭɧɤɚ 2.5 ɜɢɞɧɨ, ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɚ, 
Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. Ⱦɚɧɧɵɟ ɬɚɛɥɢɰɵ 2.7 ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ 1 ɢɬɟɪɚɰɢɢ ȼɗɊ.  

 
Ɍɚɛɥɢɰɚ 2.7 – Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ˆܰ˃˓, ʛʑ˕ 110 85 ȼɏɄ   85 110 

 
 2.5.2 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ 
ɢ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɚɯ 

 
Ɋɚɫɱɟɬ ɧɚɱɚɬ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ, ɬɨ ɟɫɬɶ ɭɪɨɜɟɧɶ 

ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ  ∇ɇɉɍ = 208 ɦ, V=10,5 ɤɦ3. 
Ɋɟɡɭɥɶɬɚɬɚɦɢ ɫɪɚɛɨɬɤɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɬɦɟɬɤɢ 

ɍɆɈ (ɦɢɧɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ), ɨɩɪɟɞɟɥɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɨɛɴɦɚ. 

ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɩɪɢ ɧɚɣɞɟɧɧɨɣ ɨɬɦɟɬɤɟ ɍɆɈ = 
190,76 ɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

ɉɨɥɟɡɧɵɣ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɚɜɟɧ Vɩɨɥɟɡɧɵɣ = 5,21 ɤɦ3. 
Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ - Nɝɚɪ = 171 Ɇȼɬ 
Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɜɟɞёɧ 

ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.2 
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Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: ɪɟɠɢɦ ɩɨ ɦɨɳɧɨɫɬɹɦ ɜ 
ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.3 

ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɗɫɪ.ɦɧɨɝ = 940 ɦɥɧ. ɤȼɬ·ɱ. 
ɉɨ ɞɚɧɧɨɦɭ ɪɚɫɱёɬɭ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɢ ɨɛɴɟɞɢɧɢɦ ɟɝɨ ɫ ɦɚɥɨɜɨɞɧɵɦ 
(ɪɢɫɭɧɨɤ 2.6). 

 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

 
2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 
 

 2.6.1 ɉɨɤɪɵɬɢɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ 
 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɧɵɯ ɪɚɧɟɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɫɬɪɨɢɦ 
ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ (ɂɄɇ), ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɪɚɫɩɨɥɚɝɚɟɦ 
ɦɨɳɧɨɫɬɶ ɜ ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ, ɞɟɥɢɦ ɧɚ ɡɨɧɵ, ɨɩɪɟɞɟɥɹɟɦ ɜɪɟɦɟɧɧɵɟ 
ɢɧɬɟɪɜɚɥɵ ɷɬɢɯ ɡɨɧ ɢ ɨɩɪɟɞɟɥɹɟɦ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɞɚɧɧɨɣ ɡɨɧɟ. 
Ɋɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɂɄɇ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɚ ɢ ɥɟɬɧɟɝɨ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, 
ɬɚɛɥɢɰɚ Ȼ.4.  
 Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɞɥɹ ɞɟɤɚɛɪɹ (ɹɧɜɚɪɹ). 
ɑɬɨɛɵ ɧɚɣɬɢ ɦɨɳɧɨɫɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɂɄɇ ɞɥɹ 12 
ɦɟɫɹɰɟɜ, ɧɨ ɬɚɤ ɤɚɤ ɂɄɇ ɞɥɹ ɫɨɫɟɞɧɢɯ ɦɟɫɹɰɟɜ ɫɯɨɠɢ, ɬɨ ɦɵ ɫ ɧɟɤɨɬɨɪɵɦ 
ɩɪɢɛɥɢɠɟɧɢɟɦ ɫɱɢɬɚɟɦ ɢɯ ɨɞɢɧɚɤɨɜɵɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɞɟɤɚɛɪɹ ɢ ɹɧɜɚɪɹ 
ɧɚɦ ɩɨɧɚɞɨɛɢɬɫɹ ɨɞɧɚ ɂɄɇ.  
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 ɉɨɫɥɟ, ɜɩɢɫɵɜɚɟɦ ɜ ɂɄɇ ɬɪɟɭɝɨɥɶɧɢɤ ɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɭɱɚɫɬɜɨɜɚɬɶ 
ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 
 ɋɭɬɨɱɧɚɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ: 
 

 Э˔˓.˔˖˕˔˖˜.ʒЭʠ = ͹,Ͷʹ ˏˎː. ˍʑ˕ ∙ ˚. 
 
 Ɉɩɪɟɞɟɥɢɦ ɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɩɨ ɹɧɜɚɪɸ ɢ ɢɸɧɸ, ɞɨɛɚɜɢɜ ɤ ɜɵɲɟ 
ɩɪɢɜɟɞёɧɧɨɣ ɜɵɪɚɛɨɬɤɟ 20%, ɜɡɹɬɵɯ ɨɬ ɧɟё ɠɟ: 
 Э˔˖˕.ˢː˅˔˖˜.ʒЭʠ = ͺ,ͻͲͶ ˏˎː. ˍʑ˕ ∙ ˚, 
 

 Э˔˖˕.ˋˡː˟˔˖˜.ʒЭʠ = ͷ,ͻ͵͸ ˏˎː. ˍʑ˕ ∙ ˚. 
 

ɋɬɪɨɢɦ ɬɪɟɭɝɨɥɶɧɢɤ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɝɞɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 
ɪɚɫɩɨɥɨɠɟɧɚ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ-ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɦɨɳɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ƚɗɋ. ȼɩɢɫɵɜɚɟɦ ɟɝɨ ɜ ɂɄɇ (ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɪɢɫɭɧɨɤ Ȼ.1), ɬɚɤ, 
ɱɬɨɛɵ ɞɜɟ ɜɟɪɲɢɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ ɤɚɫɚɥɢɫɶ ɟё.  

ɂɫɩɨɥɶɡɭɹ ɂɄɇ, ɨɩɪɟɞɟɥɹɟɦ ɡɨɧɭ ɪɚɛɨɬɵ ȼɢɥɸɣɫɤɨɣ Ƚɗɋ ɜ ɫɭɬɨɱɧɨɦ 
ɝɪɚɮɢɤɟ. 

Ⱦɚɥɟɟ ɜɩɢɫɵɜɚɟɦ ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɫɜɨɛɨɞɧɭɸ ɡɨɧɭ ɩɢɤɚ ɥɢɛɨ ɩɨɥɭ 
ɩɢɤɚ, ɚ ɬɚɤɠɟ ɜ ɛɚɡɭ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 

 
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ, Qɫɚɧ.ɩɨɩɭɫɤɚ = 100 ɦ³/c, ɜɵɱɢɫɥɢɬɶ: 
 ˄ܰ˃ˊ˞ = ௞೙∙ொ˔˃ː.˒ˑ˒˖˔ˍ˃∙ுˆˠ˔ଵ଴଴଴ = ଼,଼∙ଵ଴଴∙ଷ଼ଵ଴଴଴ = ͵Ͷ Ɇȼɬ          (2.19) 

 Э˄˃ˊ˞ = ଶସ∙ே˄˃ˊ˞ଵ଴଴଴ = Ͳ,ͺͳ ˏˎː. ˍʑ˕ ∙ ˚.            (2.20) 

 
 ȼɩɢɫɵɜɚɟɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɚɡɵ ɧɚ ɂɄɇ. 

ɑɬɨɛɵ ɜɩɢɫɚɬɶ ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɡɨɧɭ ɩɢɤɚ ɢɥɢ ɩɨɥɭɩɢɤɚ ɧɟɨɛɯɨɞɢɦɨ: 
Nɝɚɪ=171 Ɇȼɬ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 
 Эˆ˃˓ = ʹͶ ∙ ˆܰ˃˓ͳͲͲͲ = Ͷ,ͳͲͶ ˏˎː. ˍʑ˕ ∙ ˚ 

 
ɗɩɢɤ = ɗɝɚɪ - ɗɛɚɡ = 4,104 – 0,81 = 3,47 ɦɥɧ. ɤȼɬ·ɱ 
 

 ɉɪɨɜɨɞɢɦ ɗɩɢɤ ɧɚ ɂɄɇ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɟɪɲɢɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ 
ɤɨɫɧɭɥɢɫɶ ɥɢɧɢɢ ɂɄɇ. Ʉɚɬɟɬ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɚɪɚɥɥɟɥɶɧɵɣ ɨɫɢ P, ɩɪɢɦɟɬ 
ɡɧɚɱɟɧɢɟ Nɩɢɤ = 280 Ɇȼɬ.  
 ȼ ɪɟɡɭɥɶɬɚɬɟ, ɡɧɚɹ ɦɨɳɧɨɫɬɶ ɛɚɡɵ ɢ ɩɢɤɚ ɪɚɫɫɱɢɬɚɟɦ Nɪɚɛ: 
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Nɪɚɛ = Nɩɢɤ + Nɛɚɡɵ = 280 + 34 = 314 Ɇȼɬ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɹ ɪɚɫɱɟɬ ɜɵɲɟ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɪɚɛɨɱɚɹ 

ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɞɟɤɚɛɪɟ ɢ ɹɧɜɚɪɟ ɪɚɜɧɚ 314 Ɇȼɬ, ɬɚɤɠɟ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 
ɡɨɧɚ ɪɚɛɨɬɵ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ, ɜ ɞɟɤɚɛɪɟ ɢ ɹɧɜɚɪɟ, ɪɚɫɩɨɥɨɠɟɧɚ ɜ 
ɩɨɥɭɩɢɤɨɜɨɣ ɱɚɫɬɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɜ ɛɚɡɨɜɨɣ. 
 
 2.6.2 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɢ ɪɚɫɱɟɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
 

Ɉɫɧɨɜɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɟ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɫɥɭɠɢɬ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɤ ɜɵɱɢɫɥɟɧɢɹɦ ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɩɭɧɤɬɟ 2.6.1, 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɨɫɬɪɨɢɬɶ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ ɫ 
ɪɚɡɦɟɳɟɧɢɟɦ ɧɚ ɧɢɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɦɨɳɧɨɫɬɟɣ Ƚɗɋ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɢ 
ɩɪɨɢɡɜɟɫɬɢ ɧɟɤɨɬɨɪɵɟ ɪɚɫɱɟɬɵ. 

Ɋɚɫɱɟɬɵ ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.8. ɂɄɇ ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ ɫɭɬɨɤ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɪɢɫɭɧɨɤ Ȼ.2 ɢ Ȼ1. 

 
Ɍɚɛɥɢɰɚ 2.8 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

Ƚɗɋ. 
 Nɛɚɡ,Ɇȼɬ ɗɛɚɡ,ɦɥɧ 

Ʉȼɬ∙ɱ 
Nɝɚɪ, 
Ɇȼɬ 

ɗɝɚɪ, 
ɦɥɧ. 

Ʉȼɬ∙ɱ 

Nɩɢɤ,Ɇȼɬ ɗɩɢɤ,ɦɥɧ 
Ʉȼɬ∙ɱ 

Nɪɚɛ,Ɇȼɬ 

əɧɜɚɪɶ 34 0,85 171 4,104 280 3,29 314 
Ɏɟɜɪɚɥɶ 30 0,72 149 3,58 260 3,01 290 

Ɇɚɪɬ 28 0,69 41 0,96 52 0,30 79 
Ⱥɩɪɟɥɶ 28 0,66 39 0,91 49 0,30 77 

Ɇɚɣ 29 0,69 41 0,96 51 0,32 79 
ɂɸɧɶ 30 0,72 48 1,13 60 0,42 70 

 
ɂɸɥɶ 40 0,96 55 1,32 71 0,43 108 

Ⱥɜɝɭɫɬ 39 0,94 61 1,46 78 0,47 119 
ɋɟɧɬɹɛɪɶ 42 1,01 64 1,54 80 0,49 123 
Ɉɤɬɹɛɪɶ 45 1,07 66 1,58 85 0,51 130 
ɇɨɹɛɪɶ 40 0,96 149 3,58 250 2,61 290 
Ⱦɟɤɚɛɪɶ 37 0,89 171 4,104 277 3,38 314 

 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 

ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ ͵ %  ˑ˕ ௧ܲ௠௔௫, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
7% ɨɬ ௧ܲ௠௔௫.  

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ.  Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9 
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Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ.  

 
Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ: 
ܨ˓  ˈˏ˔˖˜.ʒЭʠ = ே˓˃˄೘ೌೣ଺ ∙ ͳ = ଷ଻ହ଺ = ͸͵ ʛʑ˕ ∙ ˏˈ˔ˆˑˇ           (2.21) 
 
Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ: ˓ܨ ˈˏ˒˓ˍ.ʒЭʠ = ே˓˃˄೘ೌೣ଺ ∙ ͳ = ଷଵସ଺ = ͷʹ ʛʑ˕ ∙ ˏˈ˔ˆˑˇ  

 
Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 

ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɚ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ. 
  

 F˓ˈˏʡЭʠ = N೘ೌೣʡЭʠଶ ∙ ͳˏˈ˔ = ଼଼଼ଶ = ସସସହ = ͺͻ Ɇȼɬ ∙ ɦɟɫ
ɝɨɞ

,          (2.22) 
 
Ɍɚɛɥɢɰɚ 2.9–Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ ɋɢɫɬɟɦɚ ɋɭɳɟɫɬɜɭɸɳɚɹ 
Ƚɗɋ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
Ƚɗɋ 

Ɍɗɋ 

Pmax Nɧ.ɪ Nɚ.ɪ Nɪɚɛ.max Nɧ.ɪ Nɪɟɦ Nɪɚɛ.max Nɧ.ɪ Nɪɟɦ Nɪɚɛ.max Nɚ.ɪ Nɪɟɦ 
I 1588 48 111 375 28  314 20  888 62  
II  1501 45 105 315 30  290 15  866 62  
III  1350 41 95 385 40  79 5  938 62  
IV 1176 35 82 290 31  77 4  811 57  
V 1026 31 72 275 27  79 4  673 47 89 
VI  939 28 66 248 20  70 8  621 43 89 
VII 939 28 66 248 18  108 10  583 41 89 
VIII 1026 31 72 275 20  119 11  632 44 89 
IX 1176 35 82 290 29 63 123 6  763 53 89 
X 1350 41 95 385 35  130 6 54 885 58  
XI  1501 45 105 315 30  290 15  853 62  

 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6 
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Ɋɢɫɭɧɨɤ 2.6 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕.ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ = ͵ͳͶ + ʹͲ = ͵ʹͶ ʛʑ˕.          (2.23) 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 
 
 3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

 
Ɋɟɠɢɦɧɨɟ ɩɨɥɟ – ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

Ƚɗɋ. ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɧɚɩɨɥɧɟɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɇɉɍ, ɧɢɠɧɟɣ - ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɫɪɚɛɨɬɚɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 

ʒЭʠሺܳʒЭʠሻܪ     = ∇ʑʐ − ʜʐሺܳʜʐሻݖ − ∆ℎ, (3.1) 
  

ɝɞɟ ∇ʑʐ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ; 
 ;ʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜ ɇȻݖ 
 ∆ℎ –ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

Ɉɝɪɚɧɢɱɟɧɢɟɦ ɫɥɟɜɚ ɧɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 
ɜɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɡɚɞɚɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɭɫɥɨɜɢɹɦ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ: 
 

 ܳ௠𝑖௡ = ͳͲͲ ˏଷ ˔⁄  . 
 

 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 ˖ܰ˔˕ = ݇ே ∙ ܳʒЭʠ ∙  ʒЭʠ. (3.2)ܪ
  
ɝɞɟ ˖ܰ˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɢɡ ɜɵɪɚɠɟɧɢɹ; 
 ݇ே – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ; 
 .ʒЭʠ – ɧɚɩɨɪ ɧɚ Ƚɗɋ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨܪ 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 
 ܳʒЭʠ = ܳʒЭʠ௠௔௫ ∙ ˓ܪʒЭʠܪ√ , (3.3) 

  
ɝɞɟ  ܳʒЭʠ௠௔௫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ Ƚɗɋ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ 
ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ 
ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ; 

 ɪɚɫɱёɬɧɵɣ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ – ˓ܪ     
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ 
ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 ɢ ɧɚ 
ɪɢɫɭɧɤɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɡɢɦɨɣ ɢ ɥɟɬɨɦ 

 

ɇɚɩɨɪɧɵɟ 
 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ. 

Zɧɛ Zɜɛ Qɧɛ ɇɧɩɭ ɇɭɦɨ ɇzɜɛ1 H Q H Q 

ɦ ɦ ɦ3/c ɦ ɦ ɦ ɦ ɦ3/ɫ ɦ ɦ3/ɫ 

158,00 158,00 0 49,50 32,23 42,10 55,4 665 37,80 974 

160,30 159,70 257 47,19 29,92 39,79 51,1 720 37,30 968 

161,30 160,69 523 46,19 28,92 38,79 47,5 775 36,80 961 

162,40 161,65 1044 45,06 27,79 37,66 44,4 830 36,30 954 

163,60 162,45 1639 43,89 26,62 36,49 41,6 885 35,80 948 

164,80 163,37 2349 42,71 25,44 35,31 39,2 940 35,30 941 

161,80 164,18 3115 45,66 28,39 38,26 37,8 974 34,80 935 

 

 
Ɋɢɫɭɧɨɤ 3.1– Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ 
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ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ: 
 H୫a୶ = Ͷͺ,ͷͶ ˏ,  

 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ: 
 Q୫a୶ = ͻ͹͸ ˏଷ ˔⁄ , 

 
 

– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ: 
 H˓ = ͵͹,ͺ ˏ,  

 
– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
Ƚɗɋ: 
 H୫i୬ = ʹͺ,ʹ ˏ. 

 
 

 3.1.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ                           
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 

ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ƚɍɏ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɞɥɹ 
ɤɚɠɞɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɚ ɬɭɪɛɢɧ, ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ɜɚɪɢɚɧɬɵ ɞɢɚɦɟɬɪɚ D1 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ nɫɢɧɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɨɛɥɚɫɬɢ 
ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ ɜɨɞɵ, ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɪɚɛɨɬɚɥɚ 
ɛɵ ɫ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɡɚɝɥɭɛɥɟɧɢɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢ 
ɤɨɥɢɱɟɫɬɜɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɚɝɪɟɝɚɬɨɜ.  

ɉɪɨɢɡɜɨɞɢɦ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɨɦ ɢɡ 
ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ. ȼɵɛɪɚɧ ɬɢɩ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅ50-ȼ, ɉɅȾ50-
ȼ-60⁰. ȼ ɬɚɛɥɢɰɟ 3.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ, 
ɩɨɞɯɨɞɹɳɢɯ ɩɨ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦ ɭɫɥɨɜɢɹɦ. 

 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ 

ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ ɉɅȾ50-ȼ 
ɇɩɪɟɞ, ɦ 50 50 

ɇmin/Hmax 0,5 0,5 
ɦ opt 0,886 0,861 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.2 
ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ ɉɅȾ50-ȼ 
ɦ opt 0,886 0,861 

QI max, ɥ/ɫ 1520 1700 
D'1 m, ɦ 0,46 0,35 
Hɦɨɞ, ɦ 0,46 0,46 
tɦɨɞ, 0ɋ 21 16 

νɦɨɞ·10-6, ɦ2/ɫ 10 20 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 

η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − εሻ + ε√DభˏˑˇDభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ )       (3.4) 

 
ɝɞɟ  ɦ - ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

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

ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; νɧ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɜ ɝɨɞɭ 12°ɋ ɫɨɫɬɚɜɥɹɟɬ 
1,2102·10-6 ɦ2/ɫ. ε - ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (𝜺=0,75). 

Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ: 
   ܰ′˃ = ͻ,ͺͳ ∙ ܳ′ூ ˓ ∙ ଵଶܦ ∙ ଵ˓,ହܪ ∙ 𝜂ʡ ∙ 𝜂ˆ , (3.5) 

  
ɝɞɟ 𝜂ˆ –  ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɟɧɟɪɚɬɨɪɚ, 0,97. 

 ɑɢɫɥɨ ɚɝɪɟɝɚɬɨɜ: 
˃′ݖ     = ˖ܰ˔˕ܰ′˃ , (3.6) 

  
ɝɞɟ ܰ′˃ – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ,  

Nɭɫɬ - ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ =324000 ɤȼɬ) 
Ɉɱɟɜɢɞɧɨ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɩɨɥɭɱɢɬɫɹ ɞɪɨɛɧɨɟ, ɱɬɨ 

ɩɨɬɪɟɛɭɟɬ ɨɤɪɭɝɥɟɧɢɹ ɟɝɨ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɰɟɥɨɝɨ ɱɢɫɥɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɡɚɬɟɦ ɭɬɨɱɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ, ɩɨɫɥɟ ɨɤɪɭɝɥɟɧɢɹ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɞɨ ɰɟɥɨɝɨ 
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ɱɢɫɥɚ. ɑɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɤɪɚɬɧɨɟ 2 ɢɥɢ 3 ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɝɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɚ ɫɢɦɦɟɬɪɢɱɧɨɣ. 

ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
   ݊ = ݊′ூ ˓ ∙ ˓ܪ√ ∙ ଵܦ∆ ,  (3.7) 

  
ɝɞɟ  ݊′ூ ˓ – ɩɪɢɜɟɞёɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ 
ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ (ɬɚɛɥɢɰɚ 3.2);         ∆ - ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞёɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɢ ɤ 
ɧɚɬɭɪɟ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɤ ɄɉȾ ɦɨɞɟɥɢ ɪɚɫɱɟɬɧɨɣ 
ɬɨɱɤɟ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ 
ɛɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨ 
ɢɡɜɟɫɬɧɨɦɭ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɹɞɭ [3]. 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɬɭɪɛɢɧɵ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɟɫɬɢ ɧɚ ɝɥɚɜɧɭɸ 
ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɥɢɧɢɢ ɩɪɢɜɟɞёɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɜɟɫɬɧɵɦ ɧɚɩɨɪɚɦ ɬɭɪɛɢɧɵ  ܪ௠௔௫, ܪ˓ ɢ ܪ௠𝑖௡, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɜ ɬɪɢ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ 
ɭɤɚɡɚɧɧɵɯ ɧɚɩɨɪɨɜ ɩɨ ɮɨɪɦɭɥɟ: 
   ݊′ூ = ݊˔ ∙ ܪ√ଵܦ ∙ ∆, (3.8) 

  
ɝɞɟ ݊˔ – ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ; 
 .௠𝑖௡ܪɢ ˓ܪ,௠௔௫ܪ ɧɚɩɨɪ ɧɚ ɫɬɚɧɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ – ܪ 

ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
   ܳ′ூ ∙ 𝜂ʡ = ˃ܰͻ,ͺͳ ∙ ଵଶܦ ∙ ଵ˓,ହܪ ∙ 𝜂ˆ ˔˓. (3.9) 

 
ɉɪɚɜɚɹ ɱɚɫɬɶ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɩɪɢ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɟɝɨ ɩɚɪɚɦɟɬɪɚɯ, ɚ 

ɥɟɜɚɹ ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ݊′ூ ˓, ɱɬɨɛɵ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ܳ′ூ ∙ 𝜂ʡ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ  ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɜɟɧɫɬɜɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɩɟɪɟɪɚɫɱёɬ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɧɚ ɤɨɨɪɞɢɧɚɬɵ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ȼɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɟɫɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɥɢɧɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ. 

Ʌɟɜɚɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ – ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ. ɉɪɢɜɟɞёɧɧɵɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
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   ܳ′ூ = ܳ௠𝑖௡ܦଵଶ ∙ ܪ√ ∙ ∆, (3.10) 

  
ɝɞɟ ܳ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɬɚɧɰɢɸ. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (3.5) - (3.10) ɜɟɥɢɱɢɧɵ ɞɥɹ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɨɜ 
ɧɚɬɭɪɧɵɯ ɬɭɪɛɢɧ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.4. 

ɉɪɨɢɡɜɟɞɟɧɢɹ ܳ′ூ ∙ 𝜂ʡ, ɜ ɬɚɛɥɢɰɟ 3.4, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ˑ. ˈ.∙ ˎ ˔⁄  ɞɥɹ ɭɞɨɛɫɬɜɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ. 

ȼɵɛɨɪ ɩɨɞɯɨɞɹɳɟɝɨ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɨɢɡɜɨɞɢɦ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. 
ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬɫɟɢɜɚɟɦ ɬɢɩɵ ɬɭɪɛɢɧɵ, ɥɟɜɚɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɤɨɬɨɪɵɯ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɥɢ ɧɚɯɨɞɢɬɫɹ ɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ ɨɩɬɢɦɭɦɭ ɢɥɢ ɡɚ ɧɢɦ. ɉɪɢɤɢɞɵɜɚɟɦ ɩɨɥɨɠɟɧɢɟ 
ɪɚɫɱёɬɧɨɣ ɬɨɱɤɢ, ɢ ɨɬɫɟɢɜɚɟɦ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɜ ɤɨɬɨɪɵɯ ɨɧɚ ɥɟɜɟɟ ɢɥɢ ɨɱɟɧɶ 
ɛɥɢɡɤɨ ɤ ɨɩɬɢɦɭɦɭ.  

Ⱦɚɥɟɟ ɨɬɫɟɢɜɚɟɦ ɬɭɪɛɢɧɵ, ɭ ɤɨɬɨɪɵɯ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦɢ 
ɢ ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɪɢɜɟɞёɧɧɵɦɢ ɨɛɨɪɨɬɚɦɢ ɨɩɬɢɦɭɦ ɧɚɯɨɞɢɬɫɹ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ 
ɤ ɥɢɧɢɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɨɜ (ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɬɭɪɛɢɧɚ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɜ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɨ ɪɚɫɱёɬɧɨɝɨ). 

Ɋɚɫɱɟɬɵ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɦɟɬɪɨɜ ɬɭɪɛɢɧɵ ɉɅ50-ȼ, ɉɅȾ50-ɛ-ȼ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4, 3.5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɛɥɢɰɚ 3.4 - ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ. 
D1,ɦ 4,25 5,30 5,6 6 6,30 
ηɬɭɪɛ 0,9206 0,9228 0,9233 0,9240 0,9244 

N`ɚɝɪ,Ɇȼɬ 55,9 87,13 97,33 111,81 123,33 
Za` 5,8 3,72 3,33 2,9 2,63 
Za 6 4 4 3 3 

Nɚɝɪ Ɇȼɬ 54 81 81 108 108 
m(∆1) 1,04 1,04 1,04 1,04 1,04 

nc` 171,06 137,33 130,01 121,39 115,64 
ncɢɧɯɪ 187,5 142,80 136,40 125,00 125,00 

n1`Hmin 147,21 139,65 140,90 138,30 145,18 
n1`Hp 127,15 120,62 121,70 119,45 125,39 

n1`Hmax 112,21 106,44 107,40 105,41 110,66 
Q1*ƞɪ 1,352 1,304 1,168 1,357 1,230 

ŋɪɚɫɱɟɬɧɵɣ 0,888 0,895 0,910 0,889 0,902 
Q1*ƞmax 0,929 0,896 0,817 0,932 0,846 

Q max 1002 501 448 390 354 
Q min 1315 657 588 512 464 

 
Ɍɚɛɥɢɰɚ 3.5 - ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50-ȼ 

D1,ɦ 4,25 5,30 5,6 6 6,3 
ηɬɭɪɛ 0,9127 0,9150 0,9155 0,9162 0,9167 

N`ɚɝɪ,Ɇȼɬ 61,97 96,62 107,94 124 136,78 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.5 
D1,ɦ 4,25 5,30 5,6 6 6,3 
Za` 5,2 3,35 3,00 2,61 2,4 
Za 6 4 3 3 3 

Nɚɝɪ Ɇȼɬ 54 81 108 108 108 
m(∆1) 1,06 1,06 1,06 1,06 1,06 

nc` 190,61 135,13 127,93 119,44 113,79 
ncɢɧɯɪ 200 142,80 136,40 125,00 125 

n1`Hmin 137,27 138,25 139,49 136,91 143,72 
n1`Hp 118,57 119,41 120,48 118,26 124,14 

n1`Hmax 104,63 105,38 106,32 104,36 109,55 
Q1*ƞɪ 1,352 1,304 1,557 1,357 1,23 

ŋɪɚɫɱɟɬɧɵɣ 0,888 0,885 0,820 0,878 0,895 
Q1*ƞmax 0,929 0,896 0,817 0,932 0,846 

Q max 772 496 444 387 350 
Q min 1013 650 582 507 460 

 
ɉɪɨɜɟɞёɦ ɚɧɚɥɢɡ ɜɵɛɪɚɧɧɵɯ ɞɢɚɦɟɬɪɨɜ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 

1) Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ; 
2) Ɉɩɬɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɡɨɧɚ ɬɭɪɛɢɧɵ; 
3) ɋɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɝɪɟɝɚɬɨɜ; 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɨɫɬɪɨɢɬɶ 
ɡɨɧɭ ɪɚɛɨɬɵ ɞɥɹ ɤɚɠɞɨɝɨ ɜɵɛɪɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɩɨɫɬɪɨɟɧɢɣ ɪɚɛɨɱɢɯ ɡɨɧ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-425, ɉɅȾ50-ȼ-425 ɢ ɉɅȾ50-ȼ-630 ɜɵɛɵɜɚɸɬ 
ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ, ɬɚɤ ɤɚɤ ɪɚɛɨɱɚɹ ɬɨɱɤɚ ɜɵɯɨɞɢɬ ɡɚ ɥɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ 
ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɭɪɛɢɧɚ ɉɅȾ50-ȼ-560 ɬɚɤ ɤɚɤ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɫɹ ɡɚ 
ɩɪɟɞɟɥɚɦɢ ɡɨɧɵ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɞɨɥɠɢɦ ɪɚɫɱɟɬ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɬɭɪɛɢɧ: ɉɅ50-ȼ-530, 
ɉɅ50-ȼ-560, ɉɅ50-ȼ-600, ɉɅ50-ȼ-630, ɉɅȾ50-ȼ-530, ɉɅ50Ⱦ-ȼ-560, ɉɅȾ50-ȼ-
600. 
 
 3.2 Ƚɢɞɪɨɬɭɪɛɢɧɵ ɢ ɢɯ ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ 

 
 3.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 

ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɚɤɢɯ ɪɟɠɢɦɚɯ ɞɚɟɬ ɤɚɜɢɬɚɰɢɨɧɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɦɟɳɟɧɢɟ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
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ɛɶɟɮɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ܪௌሺܳʜʐሻ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɱɢɫɥɟ ɪɚɛɨɬɚɸɳɢɯ ɚɝɪɟɝɚɬɨɜ 
Ƚɗɋ.  

Ɉɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɞɥɹ ɟё ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

 ∇ܼ˓.ˍ. = ܼː˄ሺܳː˄ሻ +  ௦,              (3.11)ܪ
 

ɝɞɟ ܼː˄ሺܳː˄ሻ - ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. 
 ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɫɥɭɱɚɟɜ, ɬɨ ɟɫɬɶ ɬɪɟɛɭɸɳɢɯ ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

1) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢ ɇɉɍ. 
2) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ Hɪ. 
3) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɦɨɳɧɨɫɬɶɸ. 
Ɏɨɪɦɭɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ: 
௦ܪ  = ͳͲ,͵͵ − ௓ː˄ሺொː˄ሻଽ଴଴ − 𝜎 ∙ ܪ − ௦ܪ∆ + ∆ܼ˘.˒ˎ,           (3.12) 

 
Ƚɞɟ ∆ܪ௦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ı ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ ɢ 
ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 

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

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

ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɨɫɟɜɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɉɅ-ɬɭɪɛɢɧ Zɯ.ɩɥ.=0. 
Ɋɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦɵ ɞɥɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-560. 
 
1) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ɨɬɦɟɬɤɟ 

ɇɉɍ 
ɇɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1)  

ɞɚɧɧɨɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɩɪɢ ݊௠𝑖௡′ = ͳͲ͹,Ͷ ˑ˄ˏˋː ɫɨɨɬɜɟɬɫɬɜɭɟɬ ܳ′ = Ͳ,ͻ ˏయ௖ . ȼ 
ɧɚɣɞɟɧɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ 𝜎 = Ͳ,ʹͲͺ. ɉɨ ɮɨɪɦɭɥɟ ɩɨɞɨɛɢɹ ɧɚɯɨɞɢɦ ɪɚɫɯɨɞ 
ɞɥɹ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 

 ܳ = ܳ′ ∙ ଵଶܦ ∙ ௠௔௫ܪ√ = Ͳ,ͻ ∙ ͷ,͸ଶ ∙ √Ͷͺ,ͷͶ = ͳͻ͹,͸͵ ˏయ̝
        (3.13) 

 
ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ ɨɩɪɟɞɟɥɹɟɦ ∇ܼʜʐሺܳ௔ሻ = ͳͷͻ,͸͹ ɦ.  
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Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 3.12: ܪௌ = ͳͲ,͵͵ − ଵହଽ,଺଻ଽ଴଴ − Ͳ,ʹͲͺ ∙ Ͷͺ,ͷͶ − ͳ,ͷ = −ͳ,ͶͶ ˏ.  
2) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ɨɬɦɟɬɤɟ 

ɪɚɫɱёɬɧɨɦ ɧɚɩɨɪɟ 
 
ɇɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1)  

ɞɚɧɧɨɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɩɪɢ ݊′˓ = ͳʹͳ,͹ ˑ˄ˏˋː ɫɨɨɬɜɟɬɫɬɜɭɟɬ ܳ′ = ͳ,ʹͺͷ ˏయ௖ . ȼ 
ɧɚɣɞɟɧɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ 𝜎 = Ͳ,͵ͻ͸. ɉɨ ɮɨɪɦɭɥɟ ɩɨɞɨɛɢɹ ɧɚɯɨɞɢɦ ɪɚɫɯɨɞ 
ɞɥɹ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 

 ܳ = ܳ′ ∙ ଵଶܦ ∙ ˓ܪ√ = ͳ,ʹͺͷ ∙ ͷ,͸ଶ ∙ √͵͹,ͺ = ʹͷͳ,ͳ ˏయ̝
         

 
ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ ɨɩɪɟɞɟɥɹɟɦ ∇ܼʜʐሺܳ௔ሻ = ͳͷͻ,ͻ͹ ɦ.  
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 3.12: 
ௌܪ  = ͳͲ,͵͵ − ଵହଽ,ଽ଻ଽ଴଴ − Ͳ,͵ͻ͸ ∙ ͵͹,ͺ − ͳ,ͷ = −͸,͵ʹ ˏ.  

 
3) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɶɸ: 
ɇɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1) 

ɞɚɧɧɨɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɩɪɢ ݊௠௔௫′ = ͳͶͲ,ͻ ˑ˄ˏˋː ɫɨɨɬɜɟɬɫɬɜɭɟɬ ܳ′ = ͳ,ͳ͵ ˏయ௖ . ȼ 
ɧɚɣɞɟɧɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ 𝜎 = Ͳ,͵ͷ. ɉɨ ɮɨɪɦɭɥɟ ɩɨɞɨɛɢɹ ɧɚɯɨɞɢɦ ɪɚɫɯɨɞ ɞɥɹ 
ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 

 ܳ = ܳ′ ∙ ଵଶܦ ∙ ௠𝑖௡ܪ√ = ͳ,ͳ͵ ∙ ͷ,͸ଶ ∙ √ʹͺ,ʹ = ͳͻͳ,͸ ˏయ̝
                

 
ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ ɨɩɪɟɞɟɥɹɟɦ ∇ܼʜʐሺܳ௔ሻ = ͳͷͻ,͸ʹ ɦ.  
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 3.12: 
ௌܪ  = ͳͲ,͵͵ − ଵହଽ,଺ଶଽ଴଴ − Ͳ,͵ͷ ∙ ʹͺ,ʹ − ͳ,ͷ = −ͳ,ʹʹ ˏ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɢ ɞɥɹ ɞɪɭɝɢɯ ɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, 
ɬɚɛɥɢɰɚ ȼ.1 
ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɞɥɹ ɉɅ50 ɢ ɉɅȾ50, ɛɵɥɚ ɜɵɛɪɚɧɚ 

ɬɭɪɛɢɧɚ ɉɅ50-ȼ-560, ɬ.ɤ ɬɭɪɛɢɧɚ ɞɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ 
ɡɧɚɱɟɧɢɟɦ ɄɉȾ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɨɩɬɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɝɪɟɝɚɬɨɜ, 
ɤɨɬɨɪɵɟ ɫɦɨɝɭɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɫɬɚɧɰɢɢ. Ɍɚɤɠɟ ɞɥɹ 
ɞɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɛɵɥɨ ɧɚɣɞɟɧɨ ɡɧɚɱɟɧɢɟ Hs ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɵɣ ɪɟɠɢɦ. 
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Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɊɄ: 153,65 ɦ  
 
 3.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ  

 
 ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɟɦ 
ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ [4]. 
 ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 ℎ = ʹ,͸͹ ∙ ଵܦ = ʹ,ʹ͸͹ ∙ ͷ,͸ = ͳʹ,͹ ˏ. (3.14) 
 
 ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
˘˅.ˍ.˔ܦ  = ͳ,͹͵ͻ ∙ ଵܦ = ͳ,͹͵ͻ ∙ ͷ,͸ = ͻ,͹Ͷ ˏ. (3.15) 
 
 ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 𝜑˔.ˍ = ʹʹͷ°.  
 
 ɒɢɪɢɧɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
˒˔ܤ  = ʹ,ͻʹͺ ∙ ଵܦ = ʹ,ͻʹͺ ∙ ͷ,͸ = ͳ͸,Ͷ ˏ. (3.16) 
 
 Ⱦɥɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
ܮ  = Ͷ,ͺʹͺ ∙ ଵܦ = Ͷ,ͺʹͺ ∙ ͷ,͸ = ʹ͹,ͲͶ ˏ. (3.17) 
 

ɒɢɪɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ: 
ଵܤ  = ʹ,ͻͳ͹ ∙ ଵܦ = ʹ,ͻͳ͹ ∙ ͷ,͸ = ͳ͸,͵͵ ˏ. (3.18) 
 

3.3 ȼɵɛɨɪ ɬɢɩɚ ɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 
ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɝɚɛɚɪɢɬɚɦ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɝɢɞɪɨɬɭɪɛɢɧ ɹɜɥɹɟɬɫɹ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ), ɪɚɡɦɟɳɟɧɢɟ ɤɨɬɨɪɨɣ 
ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ 
Ƚɗɋ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɚɱɭ ɦɚɫɥɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɬɭɪɛɢɧ (ɧɚɩɪɢɦɟɪ, ɫɟɪɜɨɦɨɬɨɪɨɜ ɇȺ). 

Ɇɇɍ ɫɨɫɬɨɢɬ ɢɡ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ ɢ ɫɥɢɜɧɨɝɨ ɛɚɤɚ.  
Ʉɨɬɟɥ ɧɚ ɨɞɧɭ ɬɪɟɬɶ ɡɚɩɨɥɧɟɧ ɦɚɫɥɨɦ ɢ ɧɚ ɞɜɟ ɬɪɟɬɢ – ɜɨɡɞɭɯɨɦ ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ. ɇɚ ɫɥɢɜɧɨɦ ɛɚɤɟ ɫɦɨɧɬɢɪɨɜɚɧɵ ɦɚɫɥɨɧɚɫɨɫɧɵɟ ɚɝɪɟɝɚɬɵ, 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɩɨɥɧɹɸɳɢɟ ɡɚɩɚɫɵ ɦɚɫɥɚ ɜ ɤɨɬɥɟ. 
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Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ Ɇɇɍ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴɟɦɨɦ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ 
ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɨɛɴɟɦɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ 
Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ [5] ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɨɪɚ 50 ɦ ɢ D1 – 5,6 ɦ: Ɇɇɍ 10/1-40-12,5-2, 

ɝɞɟ:10 - ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ 
1 - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ 
40 - ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2 
12,5 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3 
2- ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ ɗȽɊ. Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ-
ɥɨɩɚɫɬɧɚɹ, ɦɧɨɣ ɛɵɥ ɜɵɛɪɚɧ ɗɄȽɊ (ɞɥɹ ȽȺ ɫ ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ). 
Ⱦɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ - 150ɦɦ.  

ȼɵɛɪɚɧɧɵɣ ɪɟɝɭɥɹɬɨɪ: ɗȽɊɄ-2ɂ1-150-4. ɉɚɧɟɥɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 
ɬɢɩɭ ɭɫɢɥɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ.  

ɗȽɊ - ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ 
ɂ - ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ 
150- ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 
4 - ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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 4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ 
  
 4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ 
ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ 
ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ.  
ȼ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫɭɳɟɫɬɜɭɸɬ ɩɨɞɫɬɚɧɰɢɢ 220 ɤȼ, 
110 ɤȼ. ɉɨ ɤɚɪɬɟ – ɫɯɟɦɟ ɪɚɡɦɟɳɟɧɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨɞɫɬɚɧɰɢɣ ɛɵɥɨ 
ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɹɜɥɹɟɬɫɹ ɉɋ «Ɉɥёɤɦɚ» 220 ɤȼ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 100 ɤɦ. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɫɯɟɦɵ ɤɚɤ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɨɦɭ 
ɝɟɧɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɬɚɤ ɢ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ 
ɛɥɨɤɚɦɢ. ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɨɬɜɟɬɜɥɟɧɢɹ ɞɥɹ ɩɢɬɚɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɍɢɩ ɫɯɟɦɵ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ: ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɵ ɞɥɹ ɨɞɧɨɝɨ ɛɥɨɤɚ.  

ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɟё ɧɚɞɟɠɧɨɫɬɢ ɜ ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ. 

 

 
Ɋɢɫɭɧɨɤ 4.1-ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦ ɢ ɭɤɪɭɩɧёɧɧɵɦ ɛɥɨɤɨɦ 

 
 4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 
 4.2.1 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
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ɂɫɯɨɞɹ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ ɦɨɠɟɦ ɧɚɦɟɬɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɜɚɪɢɚɧɬɵ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ. Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ 
ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ. 

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ972/150-44ɏɅ4 
ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.1 
 
Ɍɚɛɥɢɰɚ 4.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-972/150-44ɍɏɅ4 

Ɍɢɩ Sɧɨɦ, 
ɆȼȺ 

cos𝜑 Uɧɨɦ, 
ɤȼ 

Iɧɨɦ, 
ɤȺ 

ɄɉȾ, 
% 

nɧɨɦ, 
ɨɛ/ɦɢɧ 

xd" xd' xd 

ɋȼ-
972/150-44 

95 85 13,8 3,95 98,2 136,4 0,21 0,26 0,91 

 
 4.2.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ 
ɛɥɨɤɨɦ 
 
 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 
ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
 

Sɪɚɫɱ = 
௉̂  ːˑˏ−௉˔ːୡ୭ୱ 𝜑 = ଼ହ−଴,଼ହ଴,ଽ = ͻ͵,ͷ ʛʑ ∙  (4.1)             .ܣ

 
Ɍɚɛɥɢɰɚ 4.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌȾɐ-125000/220-ɍ1 ɍɏɅ1. 

Sɧɨɦ Uɧ Uɤ,% dPk dPxx Ixx 
Uɜɧ Uɧɧ 

125000 242 13,8 11 380 90 0,55 
 
 ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ Tmax ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ Ĳ: 
 

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

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 

 
˄˃˓ݐ   =  ͺ͹͸Ͳ −  µ · ܶ˒ ˎ  −  𝜔 · ܶ˅ ,              (4.3) 
  
ɝɞɟ µ = 1 – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ, 1/ɝɨɞ 
Ɍɩɥ = 30 – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; 
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ω = 0,025 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ; 
Ɍɜ = 60 - ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ; 
 
 tɪɚɛ = 8760 - 1·30 – 0,025·60 = 8728 ɱ. 
 
 ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 
 𝛥ܹ̆ ˘  =  ݊˕ · ݀ܲ̆ ˘ · ˄˃˓ݐ  =  ͳ · Ͳ,Ͳͻ · ͺ͹ʹͺ =  ͹ͺͷ,ͷ ʛʑ˕ ∙ ˚.          (4.4) 
 
Ƚɞɟ nt – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆௉̱ ˊ௡ ∙ ቀௌ˓˃˔˚ௌːˑˏ ቁଶ ∙ 𝜏 =  ଴,ଷ଼଴ଵ ∙ ቀଽଷ,ହଵଶହቁଶ ∙ ʹͶͲͷ = Ͷͺʹ,͹ ʛʑ˕ ∙ ˚,          (4.5) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕  =  𝛥ܹ̆ ˘ · ßଵ  +  𝛥ܹː · ßଶ;               (4.6) 
 ʗ˒ˑ˕ = ͹ͺͷ,ͷ · Ͳ,ͲͲ͸ +  Ͷͺʹ,͹ · Ͳ,ͲͲͻ = ͻ ˕˞˔. ˓˖˄.  
 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ 4 ɛɥɨɤɨɜ: 
 

ɂɩɨɬ = 4 ·9,057 = 36 ɬɵɫ.ɪɭɛ 
 
 4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 
ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 
ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
 

Sɪɚɫɱ = 
ଶ∙ሺ௉̂  ːˑˏ−௉˔ːሻୡ୭ୱ 𝜑 = ଶሺ଼ହ−଴,଼ହሻ଴,ଽ = ͳͺ͹ ʛʑ ∙  (4.7)            .ܣ

 
Ɍɚɛɥɢɰɚ 4.3 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌȾɐ-250000/220-ɍ1 ɍɏɅ1 
Sɧɨɦ       Uɧ Uɤ,% dPk dPxx Ixx 

Uɜɧ Uɧɧ 
250000 242 13,8 11 600 150 0,55 
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ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ Tmax ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ Ĳ: 
 𝜏 = ሺͲ,ͳʹͶ +  ೘்ೌೣଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ +  ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.  
  

ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 
˄˃˓ݐ   =  ͺ͹͸Ͳ −  µ · ܶ˒ ˎ  −  𝜔 · ܶ˅ . 
  
ɝɞɟ µ = 1 – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ, 1/ɝɨɞ 
Ɍɩɥ = 30 – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; 
ω = 0,025 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ; 
Ɍɜ = 60 - ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ; 
 
 tɪɚɛ = 8760 - 1·30 – 0,025·60 = 8728 ɱ. 
 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 
 𝛥ܹ̆ ˘  =  ݊˕ · ݀ܲ̆ ˘ · ˄˃˓ݐ  =  ʹ · Ͳ,ͳͷ · ͺ͹ʹͺ =  ͳͷ͹ͳ,ͲͶ ʛʑ˕ ∙ ˚       
 
ɝɞɟ nt – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆௉̱ ˊ௡ ∙ ቀௌ˓˃˔˚ௌːˑˏ ቁଶ ∙ 𝜏 =  ଴,଺ଶ ∙ ቀଵ଼଻ଶହ଴ቁଶ ∙ ʹͶͲͷ = ͵ͺͳ,ͳʹ ʛʑ˕ ∙ ˚      

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕  =  𝛥ܹ̆ ˘ · ßଵ  +  𝛥ܹː · ßଶ;            
 ʗ˒ˑ˕ = ͳͷ͹ͳ,ͲͶ · Ͳ,ͲͲ͸ +  ͵ͺͳ,ͳʹ · Ͳ,ͲͲͻ = ͳʹ,ͺͷ͸ ˏˎː. ˓˖˄.  
 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ 4 ɛɥɨɤɨɜ: 
 

ɂɩɨɬ = 2 ·12,856 = 25,8 ɦɥɧ.ɪɭɛ 
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 4.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
 Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɱɬɨ ɨɞɢɧ Ɍɋɇ ɞɨɥɠɟɧ ɩɨɤɪɵɜɚɬɶ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɣ ɫɬɚɧɰɢɢ. 
Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɧɚ ɋɇ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 1% ɨɬ Nɭɫɬ: 
 ܵ˔.ː = Ͳ,Ͳͳ ∙ ௉̟ ˔˕௖௢௦𝜑 = Ͳ,Ͳͳ ∙ ଷଶସ଴,ଽ = ͵,͸ Ɇȼ·Ⱥ         (4.8) 

 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɋɇ: 

 ܵ˕˔ː ൒ ܵ˔.ː              (4.9) 
 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ, ɩɪɢɧɢɦɚɟɦ ɌɋɁɉ-4000/13,8, ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 4.4 
 
Ɍɚɛɥɢɰɚ 4.4– ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁɉ-4000/13,8 

Sɧɨɦ Uɧ Uɤ,% dPk,ɤȼɬ dPxx,ɤȼɬ Ixx 
Uɜɧ Uɧɧ 

1 13,8 6 6,5 19,5 4,6 0,2 
 
 4.4 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 

ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ: 
 

 ܵΣ = ݊ˆ ∙ ቀ௉̂ −௉̝ ː௖௢௦𝜑ˆ ቁ = Ͷ ∙ ቀ଼ହ−଴,଼ହ଴,ଽ ቁ = ͵͹Ͷ ʛʑ ∙ ʏ,          (4.10) 

 

 ݊ˎ = ௌΣ𝑃ː˃˕೎೚𝑠𝜑˔ + ͳ = ଷ଻ସభయఱబ,ఴఱ + ͳ = ʹ,ʹͷ + ͳ = ͵,           (4.11) 

 
ɝɞɟ Pɝ – ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ. 
Pɫɧ – ɞɨɥɹ ɋɇ 
Pɧɚɬ – ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɉɍɗ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ ɫɢɫɬɟɦɵ. 
 

˄˃˓ܫ  = ௌ˔˖ˏ௡∙௎ːˑˏ∙√ଷ = ଷ଻ସଷ∙ଶଶ଴∙√ଷ = Ͳ,͵ʹ͹ ˍ(4.12)           , ܣ 

˚˔˃˓ܫ  = ˄˃˓ܫ ∙ 𝑖ߙ ∙ ௧ߙ = Ͳ,͵ʹ͹ ∙ ͳ,Ͳͷ ∙ ͳ = Ͳ,͵Ͷ͵ ˍ(4.13)         ܣ 
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ɝɞɟ αi – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ max ɧɚɝɪɭɡɤɟ; 
αt – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 
 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ: 

ɉɨ ɦɟɬɨɞɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞɨɦ ɦɚɪɤɢ AC-
240/32. Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ Iɞɨɩ = 615 Ⱥ 

ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ:  
˅˃.˒ܫ  = ௌ˔˖ˏሺ௡ˎ−ଵሻ∙√ଷ∙௎ːˑˏ = ଷ଻ସሺଷ−ଵሻ∙√ଷ∙ଶଶ଴ = Ͳ,ͶͻͲ ˍʏ.          (4.14) 

 
Ɍɚɛɥɢɰɚ 4.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ Ⱥɋ-240/32 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ R0 Ɉɦ/ɤɦ X0 Ɉɦ/ɤɦ b0, ɋɦ/ɤɦ 
1 0,162 0,413 0,264 

 
 4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ 
  

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɹɱɟɟɤ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 4.15: 
 ʙ = n ∙ ʙʡ + m ∙ ʙʡ˔.ː. + t ∙ ʙˍ˓˖ˠ,                                                                         (4.15) 
 
ɝɞɟ     ʙʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (60 ɦɥɧ. ɪɭɛ.);  ʙʡ˔.ː.– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (8 ɦɥɧ.ɪɭɛ.); ʙˍ˓˖ˠ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɄɊɍɗ;  n – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; m – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
t – ɱɢɫɥɨ ɹɱɟɟɤ ɄɊɍɗ 

ɋɬɨɢɦɨɫɬɶ ɨɞɧɨɣ ɹɱɟɣɤɢ ɄɊɍɗ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɮɥɹɰɢɢ:  
 ʙˍ˓˖ˠ = 4 ɦɥɧ.ɪɭɛ 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ 4.15:  
 

Ʉଵ = Ͷ ∙ ͸Ͳ + ͵ ∙ ͺ + ͻ ∙ Ͷ = ͵ͲͲ ˏˎː. ˓˖˄.           
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ 4.15: 
 

Ʉଶ = ʹ ∙ ͳ͵Ͳ + ͵ ∙ ͺ + ͹ ∙ Ͷ = ͵ͳʹ ˏˎː. ˓˖˄.  
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ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɬɪɟɛɭɟɬ 
ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 ʖi = ʔː ∙ ʙi + ʗi,               (4.16) 
 
ɝɞɟ     ʔː = 0,15 – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  
 

ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɩɨ 
ɮɨɪɦɭɥɟ 4.16: 
 

Ɂଵ = Ͳ,ͳͷ ∙ ͵ͲͲͲͲͲͲͲͲ + ͵͸ʹ͵Ͳ = ͶͷͲ͵͸ʹ͵Ͳ ˓˖˄.                  
 

ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɩɨ 
ɮɨɪɦɭɥɟ 4.16: 
 

Ɂଶ = Ͳ,ͳͷ ∙ ͵ͳʹͲͲͲͲͲͲ + ʹͷ͹ʹͲ = Ͷ͸ͺʹͷ͹ʹͲ ˓˖˄. 
 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ:  
 ʟ = |ʖభ−ʖమ|ʖభ ∙ ͳͲͲ%,              (4.17) 

 ʟ = |ସହ଴ଷ଺ଶଷ଴−ସ଺଼ଶହ଻ଶ଴|଻ସଵସ଺,ଷ଴଼ ∙ ͳͲͲ% = Ͷ %.           (4.18) 

 
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɶɲɟ ɱɟɦ ɧɚ 5% ɢ 

ɹɜɥɹɸɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 

ɉɨ ɧɚɞёɠɧɨɫɬɢ ɫɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ. 
ɋɨɝɥɚɫɧɨ ɋɌɈ ɊɭɫȽɢɞɪɨ [6] – «Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɥɠɧɚ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ ɧɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɢ Ɋɍ. ɋɯɟɦɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɧɚɝɥɹɞɧɨɣ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ». 
 
 4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 
ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin. 
  
 4.6.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
  

Ɉɩɪɟɞɟɥɢɦ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 
ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ: 
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xʒ = x′ୢ′ ∙ ୙ːˑˏమୗ ːˑˏ = Ͳ,ʹʹ ∙ ଵଷ,଼మଽହ,଼ଷ  = Ͳ,Ͷ͵͹ʹ ʝˏ,          (4.19) 

 
ɝɞɟ x′ୢ′ - ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɢɬɜɥɟɧɢɟ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, ɨ.ɟ. 

Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
 Eʒ = E∗" ∙ U˄ = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻͶ ˍʑ,           (4.20) 
ɝɞɟ E∗" – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɵɯ ɗȾɋ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɥɹ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɫ ɞɟɦɩɮɟɪɧɵɦɢ ɨɛɦɨɬɤɚɦɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 
 

ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 xʡ = ୙ʙ%∙୙ːˑˏమଵ଴଴∙ୗːˑˏ = ଵଵ∙ଶସଶమଵ଴଴∙ଵଶହ = ͷͳ,ͷͶ ʝˏ.           (4.21) 

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 

 xʠ = ୙ːˑˏమୗ ˍˊ = ଶଷ଴మଵହ଴ = ͵ͷʹ,͸͹ ʝˏ.            (4.22) 

 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɣ: 

 xʚ = x଴,˖ˇ ∙ l = Ͳ,Ͷͳ͵ ∙ ͳͲͲ = Ͷͳ,͵ ʝˏ.              (4.23) 
 

ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 
 ʔʠ = ʔ∗ʠ ∙ U˄ଵ = ͳ,Ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ.           (4.24) 
 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 kʡ = ୙ʜʜ୙ʑʜ = ଵଷ,଼ଶସଶ = Ͳ,Ͳͷ͹              (4.25) 

 
Ɉɩɪɟɞɟɥɢɦ ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ 

ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
 rˆ = ୶∗ʒ୘˃,ʒ∙ω = ଴,ସଷ଻ଶ ଴,଴ସହ∙ଷଵସ = Ͳ,Ͳ͵ͳ ʝˏ;            (4.26) 

     r˔ = ୶ʠ୘˃,ʠ∙ω = ଷହଶ,଺଺଻଴,଴ଷହ∙ଷଵସ = ͵ʹ,Ͳͻ ʝˏ,            (4.27) 

        rˎ = r଴,˖ˇ ∙ l = Ͳ,ͳ͸ʹ ∙ ͳͲͲ = ͳ͸,ʹ ʝˏ,           (4.28) 
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r˕ = ΔPk∙୙మ˄ୗːˑˏమ = ଴,ଷ଼∙ଶଷ଴మଵଶହమ = ͳ,ʹͺ͹ ʝˏ.            (4.29) 

 
  4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ  ɢ ɪɚɫɱɟɬ 
ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «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. ȼɫɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ ɩɪɨɝɪɚɦɦɵ 
«RastrWin», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ. 
 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 
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Ɍɚɛɥɢɰɚ 4.6 – Ɇɟɫɬɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 
Ɍɢɩ ɄɁ ɉ1 Iɩ.଴ iɭ 

1ɮ 9 18,65 29,01 
3ɮ 9 12,45 19,37 
3ɮ 1 20,68 52,64 

 
 4.6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 
 

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

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
 
 Iˆ,˓˃˄ ୫a୶ = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ ;            (4.30) 
 Iˆ,˓˃˄ ୫a୶ = ͳ,Ͳͷ ∙ Ͷ = Ͷ,ʹ ˍʏ;          (4.31) 
 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫a୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏሺ−ହ%ሻ = ଼ହ√ଷ∙ଶଵ଼,ହ = Ͳ,ʹͷ ˍʏ.     (4.32) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ: 

 I˓˃˄.௠௔௫ = ୗ∑ሺ୬ˎሻ∙√ଷ∙୙ːˑˏ = ଷ଺ଵ,଻଼ଷ∙√ଷ∙ଶଶ଴ = Ͳ,͵ʹ ˍʏ.       (4.33) 

  
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଷ଺ଵ,଻଼ଶ∙√ଷ∙ଶଶ଴ = Ͳ,Ͷͺ ˍʏ.      (4.34) 

 
 4.7 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 13,8 ɤȼ 
  

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: 
 
 Uɧɨɦ ൒ Uɧɨɦ.ɫ.  
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 Iɧɨɦ ൒ Iɪɚɛ,୫a୶ .  
   
 Bɤ,ɧɨɪɦ ൒ Bɤ,ɪɚɫɱ.  

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ–15 ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɉɁ–20/12500 ɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7.  
 
Ɍɚɛɥɢɰɚ 4.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-15-50/6300 ɍ3 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɉɁ-20/12500 ɍ3 U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ˍʑ Uːˑˏ = ͳͷ ɤȼ Uːˑˏ = ʹͲ ɤȼ Iʒ.˓˃˄ = ͶʹͲͲ ʏ Iːˑˏ = ͸͵ͲͲ Ⱥ Iːˑˏ = ͳʹͷͲͲ Ⱥ I୬଴ = ʹͲ,͸ͺ ɤȺ Iˑ˕ˍˎ.ːˑˏ = ͷͲ ɤȺ I˕.˔˕ = ͳ͸Ͳ ɤȺ i୷ = ͷʹ,͸Ͷ ɤȺ i˒˓.˔ˍ˅ = ͳ͵Ͳ ɤȺ iˠˎ.˔˕ = ͶͳͲ ɤȺ 

ȼɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ tˑ˕ˍˎ = ͵ ˔. tˑ˕ˍˎ = ͵ ˔. ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ʹͲ,͸ͺ ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͳ͹,ͳͲ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = ͷͲଶ ∙ ͵= ͹ͷͲͲ ɤА ∙ ɫ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = ͳ͸Ͳଶ ∙ ͵= ͹͸ͺͲͲ ɤА ∙ ܿ 

 
 

ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.8 

 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 

Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ M201 RS232 0,5 4 
 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 

ɋɢɧɯɪɨɧɢɡɚɬɨɪ SYNCHROTACT 5 
RS232 

MODBUS 
0,5 25 

  ∑ = 29 ȼ·Ⱥ 
 

4.8 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 

ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ–20–I. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20-I ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɬɚɛɥɢɰɟ 4.9. 
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Ɍɚɛɥɢɰɚ 4.9 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–10 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ˍʑ I˓˃˄ ୫a୶ < Iːˑˏ Iʒ.˓˃˄ = ͵ͻͷͳ ʏ ͷͲͲͲ ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-06-15. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-06-15 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
 
Ɍɚɛɥɢɰɚ 4.10 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ͳͷ ɤȼ 
 

Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – 15 / 450 ɍɏɅ1.  

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 220 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ 
ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – 220-ɍɏɅ1 
 
 4.9 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 

ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ  ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ȺɈ ȼɈ  
«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɜɵɛɢɪɚɟɦ ɹɱɟɣɤɭ ɄɊɍɗ əȽȽ-220. Ⱦɚɧɧɚɹ ɹɱɟɣɤɚ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɧɨɜɟɣɲɢɯ ɩɨɤɨɥɟɧɢɣ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ».  

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 
 

Ɍɚɛɥɢɰɚ 4.11 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɹɱɟɣɤɢ ɄɊɍɗ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ. əȽȽ-220 Uɫɟɬɢ ɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹͷʹ ɤȼ Iɪɚɛ ୫a୶ = ͵ʹͲ Ⱥ Iɧɨɦ = ʹͷͲͲ Ⱥ I୬଴ = ͳͺ.͸ͷ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͷͲ ˍʏ i୷ = ʹͻ,Ͳͳ ˍʏ ̞ܫ = ͶͲ ˍʏ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͻଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͵,ʹͶ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͶͲଶ ∙ ͵ = ͶͺͲͲ ˍʏଶ ∙ ˔ 

 
Ɍɚɛɥɢɰɚ 4.12 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ 
ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 
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əɱɟɣɤɚ ɄɊɍɗ ɭɤɨɦɩɥɟɤɬɨɜɚɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ: 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɨɤɚ: 0,2S 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɡɚɳɢɬɵ ɬɨɤɚ: 5Ɋ 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ: 0,2  
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 5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
  
 ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ ɢ ɨɫɧɚɳɟɧɨ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 
 
 5.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 

Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1, 
ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɫɢɥɨɜɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɜ ɬɚɛɥɢɰɟ 5.2. 

 
Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
Ɍɢɩ ɋȼ-972/150-44 ɍɏɅ4 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ, ɆȼȺ 95 

ɚɤɬɢɜɧɚɹ, Ɇȼɬ 85 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ (cosφ) 0,9 

ɑɚɫɬɨɬɚ ɫɟɬɢ, Ƚɰ 50 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 136,4 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ 3951 

Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, Ⱥ 1538 
ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 

0,22 

ɂɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ xd 0,91 

ɩɟɪɟɯɨɞɧɨɟ x’d 0,26 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ x’’d 0,21 

ȿɦɤɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɦɤɎ/ɮɚɡɚ 0,9 
 

Ɍɚɛɥɢɰɚ 5.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍɢɩ ɌȾɐ-125000/220-ɍɏɅ1 

ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 125 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 242 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 11,00 

ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Yɧ/Δ 
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 5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ  
 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ 
ɬɨɤɨɜ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɢ ɧɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ. 

ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 Iːˆଵ = Pːˑˏ/ୡ୭ୱφ√ଷ୙ːˑˏ = ଼ହ∙ଵ଴య/଴,ଽ√ଷ∙ଵଷ,଼ = ͵ͻͷͳ  ʏ.             (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 Iːˆଶ = ୍ːˆభ ∙K˔˘K˕˕ = ଷଽହଵ∙ଵହ଴଴଴/ହ = ͵,ͻͷ ʏ.               (5.2) 

 
Ɇɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 Iːˆ.˅ˆ. =  ୍ːˑˏ.˓ˑ˕.ଵ,ଶଶହହ = ଵହଷ଼ଵ,ଶଶହହ = ͳʹͷͷʏ;              (5.3) 

 ܵ˅ˆ = √͵ ∙ ːܷː ∙ .ˆ˅.ːːܫ = √͵ ∙ Ͳ,Ͷ ∙ ͳʹͷͷ = ͺ͸ͻ ˍʑʏ.           (5.4) 
 
ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ ɦɨɳɧɨɫɬɶɸ 900 ɤȼȺ 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
ːˆ.˅ˆଵܫ  = ͻͲͲ√͵ ∙ Ͳ,Ͷ = ͳʹͻͻ ʏ 

 Iːˆ.˅ˆ.ଶ = ଵଶଽଽଶ଴଴଴/ହ = ͵,ʹͷ ʏ                                                                                           (5.5) 

 
 5.3 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ 
ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. 

ɇɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɟ ɋȼ972/150-44ɍɏɅ4 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ ɨɬ: 
1)      ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 
2) ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
3) ɩɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

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

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
6) ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɨɦ ɜɨɡɛɭɠɞɟɧɢɹ 
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7) ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɚɬɨɪɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ 
ɛɥɨɤɚ 

8) ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɰɟɩɢ ɜɨɡɛɭɠɞɟɧɢɹ 
9) ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɫ ɩɨɬɟɪɟɣ ɜɨɡɛɭɠɞɟɧɢɹ 
10) ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ 
11) ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
12) ɞɥɢɬɟɥɶɧɨɣ ɮɨɪɫɢɪɨɜɤɢ 
13) ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɨɥɹ ɢɫɩɪɚɜɧɨɫɬɢ ɰɟɩɟɣ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
14) ɭɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ 
15) ɩɨɧɢɠɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɝɟɧɟɪɚɬɨɪɚ 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ ɨɬ: 
1) ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
2) ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɢ ɧɚ ɜɵɜɨɞɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
3) ɡɚɦɵɤɚɧɢɣ ɦɟɠɞɭ ɜɢɬɤɚɦɢ ɜ ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
4) ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɛɚɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
5) Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

ɜ ɫɟɬɢ 220 ɤȼ; 
6) Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
7) Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
8) Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
9) Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ; 
10) Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɦɚɫɥɚ;  
11) Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ Ʉɂȼ 220; 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220 ɤȼ: 
Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
1) 3-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
2) ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
3) 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ(ɌɇɁɇɉ); 
4) ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220 ɤȼ. 
 

ɉɪɨɬɢɜɨɚɜɚɪɢɣɧɚɹ ɚɜɬɨɦɚɬɢɤɚ: 
5) ɚɜɬɨɦɚɬɢɤɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (ȺɈɉɇ); 
6) ɚɜɬɨɦɚɬɢɤɚ ɥɢɤɜɢɞɚɰɢɢ ɚɫɢɧɯɪɨɧɧɵɯ ɪɟɠɢɦɨɜ (ȺɅȺɊ). 
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5.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 
 5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 
 

ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ (ܫʠ.ʖ. <Ͳ,ʹ ∙  ːˑˏ) ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯܫ
ɄɁ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 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: ܫʜ = ͵ͻͷͳ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ʙɬɬ=5000/5 Ⱥ. 
ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫ˔˓଴ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ  = ʝʓʜܭ ∙ 𝑖݂ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͵ͻͷͳ = ͳͻ͹,͸  ʏ,                                   (5.6) 
 

ɝɞɟ  ܭʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
଴˓˔ܫ  ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ ͳͻ͹,͸ = ͵ͻͷ,ͳ ʏ,                                                (5.7) 
 

ɝɞɟ  ܭʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
଴˓˔ܫ  = Ͳ,ͳͷ ∙ ʜܫ = Ͳ,ͳͷ ∙ ͵ͻͷͳ = ͷͻʹ,͹ʏ                                                     (5.8) 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ்ܭ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

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

 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɪɚɜɟɧ: 
ʜʐሺʙʖሻܫ  = ʏʞܭ ∙ ʝʓʜܭ ∙ 𝑖݂ ∙  ʛʏʙʠ,                                                                      (5.9)ܫ
 

ɝɞɟ  ܭʏʞ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ; 𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; ܭʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
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ʛʏʙʠܫ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ: 

ʛʏʙʠܫ  = ாʒ′′௑೏′′ ∙ ʜܫ = ଵ,ଵଷ଴,ଶଵ ∙ ͵ͻͷͳ = ʹͳʹ͸ʹ ʏ                                                    (5.10) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ: 
ʜʐሺʙʖሻܫ  = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʹͳʹ͸ʹ = ʹͳʹ͸,ʹ ʏ  
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 ʙʡ > ூʜʐሺʙʖሻ∙ʙʜூʡ ,                                                                                                 (5.11) 

 
ɝɞɟ    ʙʜ = ʹ − Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܫʡ − ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

 ʙʡ > ʹͳʹ͸,ʹ ∙ ʹʹͳʹ͸ʹ = Ͳ,ʹ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ʙʡ = Ͳ,ͷ. 
ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ): 
ʜʡܫ  = ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ                                                                                   (5.12) 

 
Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ܤ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɉɪɢ ɜɵɛɨɪɟ ܤ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ                                                                                      (5.13) 

 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ܤ = ͳ,ͷ (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɌɈ ɫ ɬɨɤɨɦ ɫɪɚɛɚɬɵɜɚɧɢɹ: 
 Iʝʡʠ = ʹ ÷ ͳʹIʜ. 
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
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Iʝʡʠ = ͸Iʜ = ʹ͵͹Ͳ͹ ʏ.                                                                                       
 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 5.1– ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, 
ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 
 
 5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1-ɣ ɨɪɝɚɧ ( ଴ܷሻɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ଴ܷ ɢ ɡɚɳɢɳɚɟɬ 85-95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ 
ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; ଴ܷɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 
ɢɡɦɟɪɹɟɦɨɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɧɟɣɬɪɚɥɢ 
ɝɟɧɟɪɚɬɨɪɚ.  
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2-ɣ ɨɪɝɚɧ ( ଴ܷଷሻ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɬɶɟɣ 
ɝɚɪɦɨɧɢɤɢ ɜ ɧɟɣɬɪɚɥɢ ɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. ଴ܷଷ ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɜ ɟɝɨ ɧɟɣɬɪɚɥɢ, ɚ ɬɨɪɦɨɡɧɚɹ ɰɟɩɶ ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱёɬ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ 
ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ.  ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ଴ܷˠˎ.˔˕. ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.2 

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ଴ܷˠˎ.˔˕. 

 ଴ܷˠˎ.˔˕. = ܭ ∙ ଴ܷ ஼𝑇∙ሺఓబሻ஼𝑇∙ሺఓబሻ+஼∑,                                                                             (5.14)  

 
ɝɞɟ ଴ܷ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 

 ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ଴ܷ ɨɛɦɨɬɤɟ – ܭ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥёɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ 0,5; 

்ܥ  ∙ ሺߤ଴ሻ – ёɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɨɞɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,010 ɦɤɎ/ɮɚɡɭ; 

 .ʒ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸܥ 
ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,48 ɦɤɎ/ɮɚɡɭ (ɩɨ ɞɚɧɧɵɦ ɡɚɜɨɞɚ); 

 .ʡ- ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸܥ 
ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,00733ɦɤɎ/ɮɚɡɭ; 



60 
 
 

 ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ – ˛ܥ 
0,008 ɦɤɎ/ɮɚɡɭ; 

 ʑʒ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ 10,5 ɤȼ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0,25ܥ 
ɦɤɎ/ɮɚɡɭ.  

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɪɚɜɧɨ: 

 ଴ܷ = ଵଷ ∙ ௎ːˑˏ ˅ː√ଷ = ଵଷ ∙ ଶସଶ√ଷ = Ͷ͸,͸ ˍʑ                                                           (5.15) 

 
ɋɭɦɦɚɪɧɚɹ ёɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
∑ܥ   = ்ܥ + ʒܥ + ʠ˛ +  ʑʒ==0,0073+0,9+0,008+0,35=1,265 ɦɤɎ/ɮɚɡ     (5.16)ܥ
 
ɋɭɦɦɚɪɧɵɣ ёɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
௖ܫ  = ͳ,͹͵ ∙ ˎܷ ∙ 𝜔 ∙ ʠ∑                (5.17) 
௖ܫ  = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͳͲଷ ∙ ͵ͳͶ ∙ ͳ,ʹ͸ͷ ∙ ͳͲ−଺ = ͻ,Ͷͺ ʏ    
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɫɬɨɪɨɧɟ 220:  
 ଴ܷˠˎ.˔˕. = Ͳ,ͷ ∙ Ͷ͸͸ͲͲ ∙ ଴,଴ଵଶ଴,଴ଵଶ+ଵ,ଶ଺ହ = ʹͳͺ,ͺʑ.           

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ʠܷʟ ൒ ௄ʜ௄ʑ ∙ ଵ௡ʡʜ ∙ ଴ܷˠˎ.˔˕. = ଵ,ହ଴,ଽହ ∙ ଵ∙ଶଵ଼,଼భయ,ఴ√య∙బ,భయ = ͳ,ͶͶ ȼ,                                      (5.18) 

 
ɝɞɟ  ܭʜ = ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊ʡʜ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; ܭʑ = Ͳ,ͻͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. ଴ܷ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. Ɂɚɳɢɬɚ 
ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɬɪɟɦɹ ɨɪɝɚɧɚɦɢ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ଴ܷଵீɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ, ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ଴ܷீ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 15 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

Ⱦɥɹ ɨɪɝɚɧɚ ܷ ଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 ɞɨ 
3. 
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ɉɪɢ ܭʡ = ͳ,ͳ ɨɪɝɚɧ ଴ܷଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 32,3% ɨɛɦɨɬɤɢ 
ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ: 
 ܺ = ଵ௄ʡ+ଶ = ଵଵ,ଵ+ଶ = Ͳ,͵ʹ͵ ɨ.ɟ.                                                                      (5.19) 

 
ɍɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ଴ܷଷ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,2 ȼ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

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

 
 5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 

 
ɍɫɬɚɜɤɚ ɤɨɦɩɥɟɤɬɚ ଶܷ > ɜɵɛɢɪɚɟɬɫɹ: 
 ʠܷʟଶ = ଵ,ସ∙௎ʜ௡ʡʜ = ଵ,ସ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳͶͲ ȼ                                                                (5.20) 

 
ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

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

 ʠܷʟଵ = ଵ,ଶ∙௎ʜ௡ʡʜ = ଵ,ଶ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳʹͲ ȼ                                                                (5.21) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

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

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
  
 5.4.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 

 
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 ܫ∗ଶ: 
ଶ∗ܫ  =  ʜ,                                                                                                     (5.22)ܫ/ଶܫ
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ɝɞɟ    ܫଶ − ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; ܫʜ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = ଶଶ∗ܫ/ܣ ,                                                                                                  (5.23) 
 

ɝɞɟ    ܣ = ʹͲ − ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ܫଶʠʗʒʜ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ 

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: ܫ∗ଶ˔ˋˆː = Ͳ,Ͳ͹. 
ଶ˔ˋˆːܫ  = Ͳ,Ͳ͹ ∙ ʜܫ = Ͳ,Ͳ͹ ∙ ͵ͻͷͳ = ʹ͹͸,͸ ʏ                                                  (5.24) 
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ܫ∗ଶ˒˖˔ˍ, ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐˏ˃ˍ˔ = ͸ͲͲ ɫ. 

ଶ∗ܫ  = √ ஺௧ˏ˃ˍ˔ = √ ଶ଴଺଴଴ = Ͳ,ͳͺ                                                                     (5.25) 

 
ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ˍ˔˖˒ଶ∗ܫ  = ூ∗మ௄ʜ = ଴,ଵ଼ଵ,ଶ = Ͳ,ͳͷ                                                                             (5.26) 

ˍ˔˖˒ଶܫ  = Ͳ,ͳͷ ⋅ ʜܫ = Ͳ,ͳͷ ∙ ͵ͻͷͳ = ͷͻʹ,͸ ʏ                                               (5.27) 
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͷ. 
ʓʝʞݐ  = ଶ଴଴,ଵହమ ≈ ͺͺͻ ˔  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ଶ଴ሺூ∗మሻమ                                                                                                      (5.28) 
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ʏʗʝ = ʹͲ = ሺܫ∗ଶሻଶ ∙  ʠʟ                                                                                 (5.29)ݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 5.3. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.3. 
 
Ɍɚɛɥɢɰɚ 5.3 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 

1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 20 55 80 125 220 500 

 

 
Ɋɢɫɭɧɨɤ 5.3 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 
 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: ݐʛʗʜ = ʹͲ ɫ, ݐʛʏʙʠ = ͸ͲͲ ɫ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɂɧɬɟɝɪɚɥɶɧɵɣ 
ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ 
ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ 
ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ 
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ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ 
ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ܫଶʝʡʠ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɄɁ. 

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 ɄɁ ɧɚ 

ɨɬɯɨɞɹɳɢɯ ȼɅ; 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

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

ɞɨɩɭɫɬɢɦɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɚ 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: 

ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ 220 ɤȼ: 
∗ˊ.˔ଶܫ   = ଵ ଵ,ଷ∙ଶሺ௑∗̞+௑೏ʑʜ∗ +௑∗ˎሻ = ଵଵ,ଷ∙ଶ∙ሺ଴,଴଼ସ+଺ସ,ହ଼+ଶ,ଶଷሻ = Ͳ,ͲͲͷ͹.        (5.30) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
.ଶʠ.ʖܫ  ൑ ʹ ∙ ∗ˊ˔ଶܫ ∙ ௎ʑʜ௎ʜʜ = ʹ ∙ Ͳ,ͲͲͷ͹ ∙ ଶସଶଵଷ,଼ = Ͳ,ʹͲͳ ∙  ːˑˏ          (5.31)ܫ

 
ɝɞɟ ݔௗʑʜ∗ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɝɟɧɟɪɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ;  
 ˕ܺ∗ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ; 
Чܭ  = ͳ,͵ − ˍˑˠ˗˗ˋ˙ˋˈː˕ ˚˖˅˔˕˅ˋ˕ˈˎ˟ːˑ˔˕ˋ ܺ∗ˎ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ Ʌɗɉ; 

 ˕ܺ∗ = ௎ೖଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵଵଵ଴଴ ∙ ଽହଵଶହ = Ͳ,ͲͺͶ ˑ. ˈ.            (5.32) 

 ܺௗʑʜ∗ = ܺௗ′′ ∙ ௌ˄ௌːˑˏ ∙ ቀ௎ʑʜ௎ʜʜቁଶ = Ͳ,ʹͳ ∙ ଽହଽହ ∙ ቀଶସଶଵଷ,଼ቁଶ = ͸Ͷ,ͷͺ ˑ. ˈ.        (5.33) 

 ܺ∗ˎ = ˇ˖ݔ ∙ ݈ ∙ ௌ˄௎ʑʜమ = Ͳ,Ͷʹ ∙ ͵ ∙ ଶ଴଴଺∙ଶସଶమ = ʹ,ʹ͵ ˑ. ˈ.          (5.34) 
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ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ 
ɭɫɥɨɜɢɸ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢ Ɇɒȼ, 8,5 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
 5.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤሺ𝑰૚ሻ 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

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

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  = ௄ʜ∙ூʜ௄ʑ ;               (5.35) 

ʠʗʒʜܫ  = ଵ,଴ହ∙ூʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙  .ʜܫ

 
ɝɞɟ ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = Ͳ,ͻ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ଵ,଴଼∙ூʜ଴,ଽ଼ = ͳ,ͳ ∙  ʜ.             (5.36)ܫ

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

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.4: 
 
Ɍɚɛɥɢɰɚ 5.4 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ 

ɢɧɬɟɝɪɚɥɶɧɨɣ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 
Ʉɪɚɬɫɧɨɫɬɶ 

ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

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



66 
 
 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

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

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

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
ଵʝʡʠܫ  = ଵ,ହ∙ூʜʝʛ଴,ଽ଼ = ͳ,ͷ͵ ∙  ʜʝʛ.             (5.37)ܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ʒܷ <. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 ʠܷʟ = ଴,଺଼∙௎ʜʝʛ௄ʑ∙௡ʡ = ଴,଺଼∙ଵଷ଼଴଴ଵ,଴ଷ∙ଵଷ଼଴଴/ଵ଴଴ = ͸͸,Ͳʹ ʑ.           (5.38) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢ Ɇɒȼ, 8,5 ɫ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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 5.4.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

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

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

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

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

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ɜɥ 220 ɤȼ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͷͳ,ͷͶ + ଴,ଷ଼ ∙ ʹʹ,ʹ = Ͷ͹,ͳͶ ʝˏ,       (5.39) 

 
ɝɞɟ ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ; 
 ܼଵʚ′ − ˔ˑ˒˓ˑ˕ˋ˅ˎˈˋˈ ʚЭʞ. 

 ܼʡ = Ͳ,ͳͶ ∙ ଶସଶమଵଶହ = ͸ͷ,͸ ʝˏ.             (5.40) 

 ܼଵʚ′ = √ሺ ˖ܺˇሻଶ + ሺܴ˖ˇሻଶ 4             (5.41) 

 ܼଵʚ′ = √ሺͲ,Ͷʹ ∙ ͳͲͲሻଶ + ሺͲ,ͳ͸ʹ ∙ ͳͲͲሻଶ = ͶͶ,͵͸ ʝˏ.  
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͲͷ ∙ ଽହଵଶହ + ଴,ଷ଼ ∙ ଽହଶସଶమ ∙ ͳ,ʹ = Ͳ,Ͳ͸Ͷ ˑ. ˈ.         (5.42) 

 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳ͸ ∙ ʹ = Ͳ,ͳ͵ ʝˏ,           (5.43) 
 

ɝɞɟ ܼ˄ = ௎మ˄ௌʜʒ = ଵଷ,଼మଽହ = ʹ. 
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ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ஼ଷ = ܼଵ ∙ ௡ʡ௡ʜ = Ͳ,ͳ͵ ∙ ఱబబబఱభయఴబబవఱ = Ͳ,ͺͻ ʝˏ.           (5.44) 

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

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

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

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ʜʝʛ√ଷ∙ூʜʏʒʟ = ଵଷ,଼∙ଵ଴య√ଷ∙ଷଽହଵ = ʹ,Ͳͳ͸ ʝˏ,           (5.45) 

 
ɝɞɟ ܫʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

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

ʣܫ  = మ∙𝐼ʑ.ʜʝʛ𝐼ʑ.ʤ.ʤ. −଴,ଽହ௫೏ = ଶ∙ଶ,଴ଵ−଴,ଽହ଴,ଽଵ = ͵,͵͹ ˑ. ˈ           (5.46) 

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

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

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = ଴,ଽହ∙௎ʜூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ ˑ. ˈ.            (5.47) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,ଽ଴,ଽହ∙ଶ,ହ = Ͳ,͵͹ͻ.           (5.48) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸ͺ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼ஼ ʖூூ = ௓ʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵Ͷͷ ˑ. ˈ.,            (5.49) 
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 ܼ஼ ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,͵Ͷͷ ∙ ଵଷ,଼మଽହ = Ͳ,͸ͻ ʝˏ          (5.50) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ ɫɨɫɬɚɜɢɬ: 
 ܼ஼ ʖூூ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,଺ଽ∙ହ଴଴଴/ହଵଷ଼଴଴/ଵ଴଴ = ͷ ʝˏ,            (5.51) 

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

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ =Ͳ,Ͳͳͻͷ ʝˏ, ܼ஼ʛଶ = Ͳ,͹ͷ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢ Ɇɒȼ, 

8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5 
 

Z1

Z2

0,1

0,1

jX,Ɉɦ

R,Ɉɦ

Zɇагɪ.ɮ

Zɧагɪ

0,2 0,3 0,4 0,5 0,6 0,7

0,2

0,3

0,4

0,5

0,6

0,7

II  ɫɬɭɩеɧɶ 
ɡащɢɬɵ

I Сɬɭɩеɧɶ 
ɡащɢɬɵ

 
Ɋɢɫɭɧɨɤ 5.5- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɜ 

ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ 
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 5.4.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

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

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

.௉ ʠʗʒʜܫ  = ʙʜ∙ூʜʝʛ.ʟ௄ʑ = ଵ,଴ହ∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ.           (5.52)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: ܫ௉ ʞʢʠʙ. = ଵ,଴଼∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙  ʜʝʛ.ʟ.            (5.53)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ. 

 
Ɍɚɛɥɢɰɚ 5.5 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
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4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

.௉ ʞʢʠʙܫ  = ଶ,ଵ∙ூʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͶ ∙  ʜʝʛ.ʟ.            (5.54)ܫ

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

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

 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

ɛɵɥ ɜɵɛɪɚɧ ɲɤɚɮ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɛɨɪɧɵɟ ɲɢɧɵ ɮɢɪɦɵ 
«ɗɄɊȺ» - ɒɗ1111-993BS. 

ɒɤɚɮ ɒɗ1111-993BS ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɞɜɭɯ ɜɡɚɢɦɨɪɟɡɟɪɜɢɪɭɟɦɵɯ 
ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ ɡɚɳɢɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɞɧɨɦ ɲɤɚɮɭ ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɨɦɩɥɟɤɬɚ ɡɚɳɢɬ ɞɨɥɠɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɨɬɞɟɥɶɧɵɟ ɰɟɩɢ ɩɨ 
ɩɨɫɬɨɹɧɧɨɦɭ ɨɩɟɪɚɬɢɜɧɨɦɭ ɬɨɤɭ ɢ ɨɬɞɟɥɶɧɵɟ ɰɟɩɢ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨ ɜɧɟɲɧɢɟ 
ɫɯɟɦɵ. 

Ʉɨɦɩɥɟɤɬ ɫɨɞɟɪɠɢɬ ɡɚɳɢɬɵ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɚɪɭɲɟɧɢɣ 
ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɛɨɪɧɵɟ ɲɢɧɵ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ, ɞɟɣɫɬɜɭɸɳɢɦɢ ɪɭɤɨɜɨɞɹɳɢɦɢ ɭɤɚɡɚɧɢɹɦɢ. 
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 6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ  
 
 6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
 ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ, ɨɩɪɟɞɟɥɹɟɦ ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ (ȽɌɋ).ȼɵɫɨɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 60-100 ɦ ɧɚ ɫɤɚɥɶɧɨɦ 
ɨɫɧɨɜɚɧɢɢ. Ɇɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ = 324 Ɇȼɬ) ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɦɟɠɭɬɤɟ 300-1000 
Ɇȼɬ. ɑɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɨɬ 
ɚɜɚɪɢɢ ȽɌɋ 0 ɱɟɥɨɜɟɤ. 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɋɉ 58.13330.2012 ɞɟɥɚɟɦ 
ɜɵɜɨɞ ɨɬ ɬɨɦ, ɱɬɨ ȽɌɋ ɢɦɟɟɬ II  ɤɥɚɫɫ. 
  
 6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
 Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɥɭɯɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ∇ȽȻɉ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ, 
ɜɵɱɢɫɥɟɧɧɭɸ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ∇ʒʐʞ = ∇ʜʞʢ + ℎ௦                (6.1) 
 
ɝɞɟ hs – ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ. 
 
 ℎ௦ = ℎ௥௨௡ଵ% + ∆ℎ௦௘௧ + ܽ               (6.2) 
 
ɝɞɟ h1% - ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
Δhset – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; ܽ − Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ: 
ɞɥɹ I ɤɥɚɫɫ – 0,8 ɦ, II  – 0,6 ɦ, III -IV  – 0,4 ɦ. 
 ȼɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = ௪ܭ ∙  ௏ೢ మ∙௅𝑔∙ௗ ∙ ߙݏ݋ܿ = ͳ,ͺ ∙ ͳͲ−଺ ∙ ଵ଻మ∙ଵ଻଴଴ଽ,଼∙ଶହ ∙ ͳ = Ͳ,ͲͲ͵͸͹ˏ,         (6.3) 

 
ɝɞɟ Kw - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ; 
௪ܭ  = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ܸሻ ∙ ͳͲ−଻ = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ͳ͹ሻ ∙ ͳͲ−଻ = ͳ,ͺ ∙ ͳͲ−଺       (6.4) 
 
Vw= 17 ɦ/ɫ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; 
L – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ,ɦ; 
α – ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ (α=0); 
d – ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
 ݀ = ∇ʜʞʢ−∇ʓʜʏଶ = ଶ଴଼−ଵହ଼ଶ = ʹͷˏ.              (6.5) 
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Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɞɥɹ 
ɷɬɨɝɨ: 

1. ȼɵɱɢɫɥɹɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ 𝑔௅௏ೢమ = ͷͺ ɢ 𝑔௧௏ೢ = ͳʹͶ͸Ͷ,  

ɝɞɟ t – ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ (t = 6ɱ = 21600 ɫ). 
2. ɂɡ ɝɪɚɮɢɤɚ [7,ɉɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ. 1] ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ  

ɩɨ ɡɧɚɱɟɧɢɹɦ 𝑔௅௏ೢమ ɢ 𝑔௧௏ೢ  ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ 𝑔ℎ̅௏ೢమ ɢ 𝑔்̅௏ೢ . 

 Ⱦɥɹ 𝑔௅௏ೢమ = 58 : ɩɚɪɚɦɟɬɪɵ 𝑔ℎ̅௏ೢమ = Ͳ,Ͳͳͷ ɢ 𝑔்̅௏ೢ = ͳ,Ͷ. 
 Ⱦɥɹ 𝑔௧௏ೢ  = 12464 : ɩɚɪɚɦɟɬɪɵ 𝑔ℎ̅௏ೢమ = Ͳ,Ͳͺͷ ɢ 𝑔்̅௏ೢ = Ͷ,ʹ. 
 ɉɪɢɧɢɦɚɟɦ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɢ ɢɫɩɨɥɶɡɭɟɦ ɢɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɫɪɟɞɧɟɝɨ ɩɟɪɢɨɞɚ ɜɨɥɧɵ ܶ (ɫ) ɢ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ ɜɨɥɧɵ ℎ (ɦ). 
 ܶ = ଵ,ସ∙௏𝑔 = ଵ,ସ∙ଵ଻ଽ,଼ଵ = ʹ,Ͷ͵ ˔;               (6.6) 

 ℎ = ଴,଴ଵହ∙௏మ𝑔 = ଴,଴ଵହ∙ଵ଻మଽ,଼ଵ = Ͳ,ͶͶ ˏ.              (6.7) 

 
3. ȼɵɱɢɫɥɹɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 

ௗߣ  = 𝑔்మଶ𝜋 = ଽ,଼ଵ∙ଶ,ସଷమଶ∙ଷ,ଵସ = ͻ,ʹʹ ˏ.               (6.8) 

 
4. ɍɫɥɨɜɢɟ ݀ > Ͳ,ͷ ∙   ௗ ɜɵɩɨɥɧɹɟɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɨɧɚߣ

ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
  
 25 > 4,61 
  

5. Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ ∙ 𝑖ܭ = ʹ,Ͳͻ ∙ Ͳ,ͶͶ = Ͳ,ͻͳͻ ˏ,             (6.9) 
 
ɝɞɟ iK =2,09 − ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [7, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ.2] 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ 𝑔௅௏ೢమ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ). 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨ ɮɨɪɦɭɥɟ 6.1: 
 
 ∇ʒʐʞ = ∇ʜʞʢ + ℎ௦ = ʹͲͺ + Ͳ,ͻʹ + Ͳ,ͲͲ͵͸͹ + Ͳ,͸ = ʹͲͻ,ͷ ˏ. 
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 6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
  
 Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɪQ , 

ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɩɪɨɩɭɫɤɚɬɶɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɇɉɍ ɱɟɪɟɡ ɜɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ɩɪɢ ɩɨɥɧɨɦ ɢɯ 
ɨɬɤɪɵɬɢɢ ɢ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ – ГЭСQ . Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: )1( n ɩɪɢ 
ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ 6n . 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɧɚ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɨ 4 ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɜɵɛɢɪɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ 
n – 1 = 3. 

 ܳ˓ = ܳ௠௔௫.ˑ˔ː − ܳˆˠ˔ − ܳ˃˅˓ = ܳଵ,଴% − ሺ݊ − ͳሻ ∙ ܳଵʒʏ − ௏˒ ˑˎˈˊ௧˔˓˃˄ .       (6.10) 

 
ɝɞɟ ɨɫɧQ .max = 1962 ɦ3/ɫ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ 
1,0% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ II ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ. 

ˑ˔ːܪ  = ʜʞʢ − ʢʜʐሺܳଵ%ሻ = ʹͲͺ,ͲͲ − ͳ͸͵,ͷ = ͶͶ,ͷͳ ˏ,        (6.11) 
 ܳʒЭʠ = ሺ݊ − ͳሻܳଵʒʏ = ሺͶ − ͳሻ ∙ ʹͷͳ,ͳͷ = ͹ͷ͵,Ͷͷ ˏయ̝,         (6.12) 

 ܳ˃˅˃˓ = ௏˒ ˑˎˈˊ௧˔˓˃˄ = ହ,ଷ∙ଵ଴వଵ଴ଷ଺଼଴଴଴ =  ͷͳͳ,ͳͺͺ ˏయ̝,           (6.13) 

 
ɝɞɟ Vɩɨɥɟɡ = 5,3∙109, ɦ³ ɩɨɥɟɡɧɵɣ ɨɛɴёɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ;  
   tɫɪɚɛ = 10368000, ɫ – ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
 ܳʟ = ͳͻ͸ʹ − ͹ͷ͵,Ͷͷ − ͷͳͳ,ͳͺͺ = ͸ͻ͹,͵͸ʹ ˏయ̝

. 

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 

ܤ  = ொ˓௤˅,                (6.14) 

 
ɝɞɟ ɜq  − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ, ɪɚɜɧɵɣ 

˅ݍ  = ͳ,ʹͷ ∙  (6.15)               ,˓ݍ
 
ɝɞɟ ɪq  − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 
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˓ݍ = [ℎߥ] ∙ ℎː˄,               (6.16) 
 

ɝɞɟ НБh = 5,5 ɦ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ 
)( НБQfНБ  ɩɪɢ max.ɨɫɧQ ;  

][ h  = 5 ɦ/ɫ − ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ; ݍ˓ = [𝑣]ℎ ∙ ℎʜʐ = ͷ ∙ ͷ,ͷ = ʹ͹,ͷ ˏଷ̝, 
஻ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ʹ͹,ͷ = ͵Ͷ,͵͹ͷ ˏଷ̝, 
ܤ  = ொʟ௤𝐵 = ଺ଽ଻,ଷ଺ଶଷସ,ଷ଻ହ = ʹͲ,ʹͻ ˏ,  

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɸɬ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɢ, ɤɪɨɦɟ ɬɨɝɨ 
ܤ  = ܾ ∙ ݊,  

 
ɝɞɟ n  − ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ (ɧɟ ɦɟɧɟɟ 2÷3),  
b  − ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ 
ɪɟɝɥɚɦɟɧɬɨɦ ɡɚɜɨɞɨɜ-ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɜɧɨɣ 
8, 9, 10, 12, 14, 16, 18, 20, 24, 30 ɦ. 

ɉɪɢɧɢɦɚɟɦ 2 ɩɪɨɥɟɬɨɜ ɩɨ 12 ɦɟɬɪɨɜ. 
ܤ  = ܾ ∙ ݊ = ͳʹ ∙ ʹ = ʹͶ ˏ. 
 
 6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɛɟɡ ɜɚɤɭɭɦɧɵɣ ɜɨɞɨɫɥɢɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ. 

ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, ɫɧɚɱɚɥɚ 
ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ − 01H , ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ − 

02H . 
଴ଵܪ  = ሺ ொ˓௠∙஻∙√ଶ𝑔ሻଶ/ଷ,              (6.17) 

 
ɝɞɟ m =0,49 − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ 

ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 
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଴ଵܪ = ሺ ொ˓௠∙஻∙√ଶ∙𝑔ሻଶ/ଷ = ሺ ଺ଽ଻,ଷ଺ଶ଴,ସଽ∙ଶସ∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͷ,͸͵ͺ ˏ,         (6.18) 

଴ଶܪ  = ሺ ொ˓௠ఌ𝜎೙஻√ଶ𝑔ሻଶ/ଷ,              (6.19) 

 
ɝɞɟ ɩ =1 − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ;  

 
 − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ: 

ߝ  = ͳ − Ͳ,ʹ ∙ ఌ˖+ሺ௡−ଵሻఌబ௡ ∙ ுబభ௕ ,             (6.20) 

 
ɝɞɟ b  ɢ n – ɭɤɚɡɚɧɵ ɜɵɲɟ; ߝ˖ = Ͳ,͹− ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; ߝ଴ = Ͳ,Ͷͷ− ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ, ɬ. ɟ. 

ɜɟɥɢɱɢɧɵ a  ɢ ɨɬ ɮɨɪɦɵ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ. 
ߝ  = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଶ−ଵሻ∙଴,ସହଶ ∙ ହ,଺ଷ଼ଵଶ = Ͳ,ͻͶ͸, 

଴ଶܪ  = ቀ ଺ଽ଻,ଷ଺ଶ଴,ସଽ∙଴,ଽସ଺∙ଶସ∙√ଶ∙ଽ,଼ଵቁమయ = ͷ,ͺͷ ˏ,  

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ 

0V : 
 H = ଴ଶܪ − ఈ∙௏బమଶ𝑔 ,               (6.21) 

 
Ƚɞɟ 
 ଴ܸ = ொ˓ሺ∇ʜʞʢ−∇ʓʜʏሻሺ஻+ሺ௡−ଵሻఋ˄ሻ,             (6.22) 

 
ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ, ɞɥɹ b=12 ɦ, ɬɨɥɳɢɧɚ ɛɵɤɚ (ɩɨ Ȼɟɪɟɡɢɧɫɤɨɦɭ) 

ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,2∙b ɞɨ 0,25∙b, ɥɢɛɨ ɛɨɥɶɲɟ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɛɵɤ 
ɪɚɡɪɟɡɧɨɣ ɩɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɛɵɤɚ ɛ = ͵ ˏ .   

 

଴ܸ = ͸ͻ͹,͵͸ʹሺʹͲͺ − ͳͷͺሻ ∙ ሺʹͶ + ሺʹ − ͳሻ ∙ ͵ሻ = Ͳ,ͷͳ͹ ˏ̝, 
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ܪ = ଴ଶܪ − ߙ ∙ ଴ܸଶʹ ∙ ݃ = ͷ,ͺͷͳ − ͳ,ͳ ∙ Ͳ,͸Ͳ͸ଶʹ ∙ ͻ,ͺͳ = ͷ,ͺͶ ˏ, 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ∇ʜʞʢ −  (6.23)              ,˕˔ܪ
 
ɝɞɟ ɫɬH  − ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɩɨɪ, ɦ, ɛɥɢɠɚɣɲɢɣ ɤ H ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ, ɩɪɢɧɢɦɚɟɦ ɫɬH = 6 ɦ. ∇ʒʑ = ∇ʜʞʢ − ʜ˔˕ = ʹͲͺ − ͸ = ʹͲʹ ˏ 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ: ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ ʜ˔˕ = ʹͲʹ + ͳ,͸ ∙ ͸ = ʹͳͳ,͸ ˏ 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɚ 209,5 ɦ, ɚ ɪɚɫɫɱɢɬɚɧɧɚɹ ɨɬɦɟɬɤɚ 

ɝɪɟɛɧɹ ɛɵɤɚ ɪɚɜɧɚ 211,6 ɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɡɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ∇ʒʞ = ʹͳͳ,͸ ɦ. Ɍɨɝɞɚ ɞɥɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ 460 ɦɟɬɪɨɜ. 
 

 6.5 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɚɜɚɪɢɣɧɨɝɨ 
ɜɨɞɨɫɛɪɨɫɚ 
 

Ɉɩɪɟɞɟɥɢɦ ɨɛɳɭɸ ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ ωɜɨ, ɡɚɬɟɦ ɧɚɡɧɚɱɢɦ 
ɪɚɡɦɟɪɵ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ: 
  
 Q =  ˑ,              (6.24)˅ܪ݃ʹ√𝜔˅ˑߤ
  

 𝜔˅ˑ = ொఓ√ଶ𝑔ு˅ˑ = ହଵଵ,ଵ଼଼଴,଼ଵ√ଶ∙ଽ,଼ଵ∙ସ଺,ହ = ʹͲ,ͻ ˏଶ           (6.25) 

  

ɝɞɟ  Q – ɪɚɫɯɨɞ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɨɞɧɨ ɨɬɜɟɪɫɬɢɟ 
ˏయ̝ ; ฀во – ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ, ˏଶ; ฀ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,8÷0,82. ฀во – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: 

ʑʝܪ  = − ʜʞʢߘ  = ʑʝߘ   ʹͲͺ –  ͳ͸ͳ,ͷ =  Ͷ͸,ͷ ˏ,          (6.26) 
 
ɝɞɟ ߘȼɈ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
= ʑʝߘ  + ʞʝߘ   ℎ˅ˑଶ  =  ͳ͸Ͳ +  ଷଶ  =  ͳ͸ͳ,ͷ ˏ,          (6.27) 

ɝɞɟ hɜɨ = 3 ɦ – ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɧɹɬɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɦ; ߘɉɈ – ɨɬɦɟɬɤɚ ɩɨɪɨɝɚ ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɚɹ: 
= ʞʝߘ  + ʓʜʏߘ   ℎ˒ =  ͳͷͺ +  ʹ =  ͳ͸Ͳ ˏ,          (6.28) 
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ɝɞɟ hɩ = 2 ɦ – ɜɵɫɨɬɚ ɩɨɪɨɝɚ, ɦ. 
 

ɒɢɪɢɧɚ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: 
 ܾ˅ˑ′ = 𝜔˅ˑℎ˅ˑ = ʹͲ,ͻ͵ = ͸,ͻ͹ ˏ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɞɨɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ n = 2. ɋɥɟɞɨɜɚɬɟɥɶɧɨ 

ɲɢɪɢɧɚ ɨɞɧɨɝɨ ɞɨɧɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ: 
 ܾ˅ˑ = ܾ˅ˑ′ʹ = ͸,ͻ͹ʹ = ͵,Ͷͻ ˏ 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ bɜɨ = 4 ɦ  
ȼ ɢɬɨɝɟ ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɬɜɟɪɫɬɢɣ ɪɚɡɦɟɪɨɦ 4ɯ3 ɦ 

ɤɚɠɞɵɣ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɨɬɨɤɚ ɧɚ ɜɨɞɨɛɨɟ ɪɚɜɧɚ ɲɢɪɢɧɟ 5 ɫɟɤɰɢɣ ( 2-

ɨɫɧɨɜɧɨɣ ɜɨɞɨɫɛɪɨɫ, 2-ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ, 1-ɝɥɭɯɚɹ ɫɟɤɰɢɹ) ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɬɨɥɳɢɧɵ ɤɪɚɟɜɵɯ ɭɫɬɨɟɜ: 
௕ܤ  = ͷ ∙ ͳͷ − ʹ ∙ ͳ,ͷ = ͹ʹ ˏ 
 

6.6. Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 

Ɉɩɪɟɞɟɥɹɟɦ ɬɢɩ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ ɡɚ ɜɨɞɨɫɥɢɜɨɦ. 
ȼɵɱɢɫɥɹɟɦ ɤɪɢɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ 

ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = √ఈሺொ˓+ொ˃˅ሻమ஻మ˅∙𝑔య ,                 (6.29) 

 
ɝɞɟ   − ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 1,1. 
  

 ℎˍ˓ = √ఈሺொ˓+ொ˃˅ሻమ஻మ˅∙𝑔య = √ଵ,ଵሺ଺ଽ଻+ହଵଵሻమ଻ଶమ∙ଽ,଼ଵయ = ͵,ͳ͸, ˏ       

  
ȼɵɱɢɫɥɹɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 

 ଴ܶ = ∇ʜʞʢ − ∇ʓʜʏ = ʹͲͺ − ͳͷͺ = ͷͲˏ.  
 
ɉɟɪɜɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɪɢɛɥɢɠɟɧɢɣ: 
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ℎ௖ଵ′ = ௤೎𝜑∙√ଶ∙𝑔∙ሺ∇ʜʞʢ−∇ʓʜʝ−ℎ೎భ′ ሻ,               (6.30) 

 ℎ௖ଵ′ = ଵ଺,଼଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଶ଴଼−ଵହ଼−଴ሻ = Ͳ,ͷͻͷ ˏ,  

 

ɝɞɟ ݍ௖ = ொʑ˅ = ଵଶ଴଼଻ଶ = ͳ͸,ͺ ˏమ̝
 

 
ɍɬɨɱɧɹɟɦ ɜɟɥɢɱɢɧɭ ℎ௖ଵ′ : 

 ℎ௖ଵ′ = ͳ͸,ͺͲ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺʹͲͺ − ͳͷͺ − Ͳ,͸ሻ = Ͳ,͸ ˏ 

ȼɬɨɪɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ: 
 ℎ௖,ଶ" = ℎ೎,భ′ଶ ቌ√ͳ + ͺ ∙ (ℎˍ˓ℎ೎,భ′ )ଷ − ͳቍ,            (6.31) 

 ℎ௖,ଶ" = ଴,଺ଶ ቆ√ͳ + ͺ ∙ ቀଷ,ଵ଺଴,଺ ቁଷ − ͳቇ = ͳͲ,Ͳ, ˏ        

 
Ɍɚɤ ɤɚɤ hɧɛ=5,5ɦ, ɚ ɜɬɨɪɚɹ ɫɨɩɪɹɠёɧɧɚɹ ɝɥɭɛɢɧɚ ɪɚɜɧɚ 10, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ, ɢ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɝɚɫɢɬɟɥɶ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ, 
ɩɪɢɧɢɦɚɟɦ ɜɨɞɨɛɨɣɧɭɸ ɫɬɟɧɤɭ. 
 
 6.7 Ɋɚɫɱёɬ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
 
 ȼɵɫɨɬɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 
 ℎ˔˕ = 𝜎 ∙ ℎ௖′′ − ˕˔ܪ = ͳ,ͳ ∙ ͳͲ − Ͷ,͹͸ =  ͸,ʹͶ ˏ,          (6.32) 
 
 ɒɢɪɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 
 bɫɬ = 4 ɦ 
 
ɝɞɟ Hɫɬ – ɧɚɩɨɪ ɧɚɞ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ, ɪɚɜɧɵɣ: 
˕˔ܪ  = ሺ ௤௠√ଶ𝑔ሻଶ/ଷ − 𝜎∙௤మଶ𝑔(𝜎ℎ೎" )మ,             (6.33) 
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˕˔ܪ = ቀ ଵ଺,଼଴,ଷହ√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵ∙ଵ଺,଼మଶ∙ଽ,଼ଵሺଵ,ଵ∙ଵ଴ሻమ = Ͷ,͹͸ ˏ  

  

ɝɞɟ q = 
ொ˓஻್ = ଵଶ଴଼,ହହ଻ଶ = ͳ͸,ͺ ˏమ̝

 – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ. 
 𝜎- ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɪɚɜɧɵɣ 1,1 
m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ, ɩɪɢɧɢɦɚɟɬɫɹ m 
= 0,35. 

ȼɵɩɨɥɧɹɟɦ ɩɪɨɜɟɪɤɭ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɡɚ ɫɬɟɧɤɨɣ ɩɪɢ: 
 
 ଴ܶ  = ˕˔ܪ  +  ℎ˔˕ =  Ͷ,͹͸ +  ͸,ʹͶ =  ͳͳ ˏ,          (6.34) 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ௖ଵ′ = ௤೎𝜑∙√ଶ∙𝑔∙ሺ బ்−ℎ೎భ′ ሻ = ଵ଺,଼଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଵଵ−଴ሻ = ͳ,ʹ͹ ˏ,          (6.35) 

ℎ௖ଵ′ = ௖𝜑ݍ ∙ √ʹ ∙ ݃ ∙ ሺ ଴ܶ − ℎ௖ଵ′ ሻ = ͳ͸,ͺͲ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺͳͳ − ͳ,ʹ͹ሻ = ͳ,͵ͷ ˏ, 
 
 ɉɨ ɮɨɪɦɭɥɟ 6.31: 
 ℎ௖,ଶ" = ℎ೎,భ′ଶ ቌ√ͳ + ͺ ∙ (ℎˍ˓ℎ೎,భ′ )ଷ − ͳቍ = ଵ,ଷହଶ ቆ√ͳ + ͺ ∙ ቀଷ,ଵ଺ଵ,ଷହቁଷ − ͳቇ = ͸,ʹ ˏ  

 
Ɍɚɤ ɤɚɤ hɧɛ=5,5 ɦ, ɚ ɜɬɨɪɚɹ ɫɨɩɪɹɠёɧɧɚɹ ɝɥɭɛɢɧɚ ɪɚɜɧɚ 6,2 ɦ. Ɂɚ ɫɬɟɧɤɨɣ 

ɨɛɪɚɡɭɟɬɫɹ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ, ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬɵ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ. 
ɇɚɩɨɪ ɧɚɞɨ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ: 
 ʜ˔˕ଶ = ( ௤௠∙√ଶ∙𝑔)మయ − 𝜎∙௤మଶ∙𝑔∙(𝜎∙ℎ೎" )మ,             (6.36) 

 ʜ˔˕ଶ = ( ͳ͸,ͺͲ,͵ͷ ∙ √ʹ ∙ ͻ,ͺͳ)ଶଷ − ͳ,ͳ ∙ ͳ͸,ͺଶʹ ∙ ͻ,ͺͳ ∙ ሺͳ,ͳ ∙ ͸,ʹሻଶ = Ͷ,ͷͷ ˏ 

  
ȼɵɫɨɬɚ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 h˔˕ଶ = 𝜎 ∙ ℎ௖̀̀ −  ɫɬଶ,              (6.37)ܪ
 h˔˕ଶ = ͳ,ͳ · ͸,ʹ − Ͷ,ͷͷ = ʹ,ʹ͹ ˏ 
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ɉɪɢɧɢɦɚɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɟɪɟɞ ɫɬɟɧɤɨɣ ɪɚɜɧɨɣ: 
 ʡ଴ = h˔˕ଶ + ʜ˔˕ଶ,               (6.38) 

  ʡ଴ = ʹ,ʹ͹ + Ͷ,ͷͷ = ͸,ͺʹ ˏ. 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ɩɨ ɮɨɪɦɭɥɟ 6.35 ɢ 6.31: 

 ℎ௖ଵ′ = ௖𝜑ݍ ∙ √ʹ ∙ ݃ ∙ ሺ ଴ܶ − ℎ௖ଵ′ ሻ = ͳ͸,ͺͲ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺ͸,ͺʹ − Ͳሻ = ͳ,͸ͳ ˏ 

 ℎ௖ଵ′ = ௖𝜑ݍ ∙ √ʹ ∙ ݃ ∙ ሺ ଴ܶ − ℎ௖ଵ′ ሻ = ͳ͸,ͺͲ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺ͸,ͺʹ − ͳ,͸ͳሻ = ͳ,ͺͶ ˏ 

 ℎ௖,ଶ" = ℎ௖,ଵ′ʹ ቌ√ͳ + ͺ ∙ ቆℎˍ˓ℎ௖,ଵ′ ቇଷ − ͳቍ = ͳ,ͺͶʹ ቌ√ͳ + ͺ ∙ (͵,ͳ͸ͳ,ͺͶ)ଷ − ͳቍ = ͷ ˏ 

 
Ɉɩɪɟɞɟɥɢɦ ɬɢɩ ɩɪɵɠɤɚ: 
Ɍɚɤ ɤɚɤ ℎ௖,ଶ" = ͷ ˏ < ℎː˄ = ͷ,ͷ ˏ.ɢɦɟɟɦ ɡɚɬɨɩɥɟɧɧɵɣ ɩɪɵɠɨɤ. 
 

 6.8 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ 
  

ɉɪɨɜɟɪɢɦ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ 
ɩɥɨɬɢɧɵ ɩɪɢ ɫɛɪɨɫɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ Ɏɉɍ. 

 ܳ˓ = ܳ௠௔௫.˒ˑ˅ − ܳˆˠ˔ − ܳ˃˅˓ = ܳ଴,ଵ% − Ͷ ∙ ܳଵʒʏ − ௏˒ ˑˎˈˊ௧˔˓˃˄ ,        (6.39) 

 
ɝɞɟ n –ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ȽȺ;   ܳ୫a୶ ˒ˑ˅ = ʹͶʹͷ,ͺͻ ˏଷ/˔   - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɩɪɢ 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,1% ɞɥɹ II  ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ. 
ˑ˔ːܪ  = ʜʞʢ − ʢʜʐ(ܳ଴,ଵ%) = ʹͲͺ,ͲͲ − ͳ͸Ͷ,ͳ = Ͷ͵,ͻ ˏ,         (6.40) 

  ܳʒЭʠ = ݊ ∙ ܳଵʒʏ = Ͷ ∙ ʹͷͳ,ͳͷ = ͳͲͲͶ,͸ ˏయ̝,           (6.41) 

 ܳ˃˅˃˓ = ௏˒ ˑˎˈˊ௧˔˓˃˄ = ହ,ଷ∙ଵ଴వଵ଴ଷ଺଼଴଴଴ =  ͷͳͳ,ͳͺͺ ˏయ̝,           (6.42) 
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ܳʟ.˒ˑ˅ = ʹͶʹͷ,ͺͻ − ͳͲͲͶ,͸ − ͷͳͳ,ͳͺͺ = ͻͳͲ,ͳͲʹ ˏଷ̝
 

 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɯɨɞɚ: ܪ଴ଵ˒ˑ˅ = ( ொ˓.˒ˑ˅௠஻√ଶ𝑔)మయ,              (6.43) 

˅଴ଵ˒ˑܪ  = ( ͻͳͲ,ͳͲʹͲ,Ͷͻ ∙ ʹͶ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ/ଷ = ͸,͹͵͵ ˏ, 
 
ɉɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅଴ଶ˒ˑܪ  = ( ொ˓ ˒ˑ˅௠∙ఌ∙஻∙√ଶ∙𝑔)మయ ;              (6.44) 

 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ߝ  = ͳ − Ͳ,ʹ ∙ ఌ˖+ሺ௡−ଵሻ∙ఌబ௡ ∙ ுబభ௕ ,             (6.45) 

ߝ  = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଶ−ଵሻ∙଴,ସହଶ ∙ ଺,଻ଷଷଵଶ = Ͳ,ͻ͵͸, 

 
ɉɨ ɮɨɪɦɭɥɟ 6.44: 
˅଴ଶ˒ˑܪ  = ቀ ଽଵ଴,ଵ଴ଶ଴,ସଽ∙଴,ଽଷ଺∙ଶସ∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͹,ͲͶ ˏ;  
 
ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ: 
 ଴ܸ˒ˑ˅ = ொ˓.˒ˑ˅ሺఇʣʞʢ−ఇʓʜʏሻ∙ሺ஻+ሺ௡−ଵሻఋʐሻ,            (6.46) 

 

଴ܸ˒ˑ˅ = ͻͳͲ,ͳͲʹሺʹͲͻ − ͳͷͺሻ ∙ ሺʹͶ + ሺʹ − ͳሻ ∙ ͵ሻ = Ͳ,͸͸ ˏ/˔ , 
 
ɝɞɟ  ∇ʣʞʢ −ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ, 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɦɟɬɤɭ Ɏɉɍ – ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 209 ɦ, ɤɨɬɨɪɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɭɬɨɱɧɢɬɫɹ. 
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ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 

˅ˑ˒ܪ  = ˅଴ଶ ˒ˑܪ − ఈ∙ బ ˒ˑ˅మଶ𝑔 = ͹,ͲͶ − ଵ,ଵ∙଴,଺଺మଶ∙ଽ,଼ଵ = ͹,Ͳʹ ˏ.         (6.47) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
 ∇ʣʞʢ˓ = ∇ʒʑ + ˅ˑ˒ܪ = ʹͲʹ + ͹,Ͳʹ = ʹͲͻ,Ͳʹ ɦ.         (6.48) 
 
ȼɵɛɢɪɚɟɦ ɨɬɦɟɬɤɭ Ɏɉɍ = 209,02 ɦ, ɬɚɤ ɤɚɤ ɩɪɢ ɪɚɫɫɱɢɬɚɧɧɨɣ ɨɬɦɟɬɤɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ.  
 
 6.9 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
  
 6.9.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 

Ɍɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ. ɗɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: ɨɬɫɭɬɫɬɜɢɸ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɩɥɨɬɢɧɟ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɟɟ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ 
ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɨɩɬɢɦɚɥɶɧɵɦ 
ɩɪɨɮɢɥɟɦ ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɡɚɥɨɠɟɧɢɟ ɫ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ݉ː = Ͳ,͹. 

Ɍɨɝɞɚ: 
 ℎ = ∇ʜʞʢ − ∇ʞʝʓ = ʹͲͺ − ͳͷͷ = ͷ͵ ˏ,           (6.49) 
ܤ  = ݉ː ∙ h = Ͳ,͹ ∙ ͷ͵ = ͵͹,ͳ ˏ,            (6.50) 

  ∇ɉɈȾ = ∇ȾɇȺ − ɛɜ = ͳͷͺ − ͵ = ͳͷͷ ɦ,           (6.51) 
  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɜɟɪɤɚ ɧɚ ɫɞɜɢɝ ɩɪɨɢɡɨɲɥɚ ɫ 
ɦɚɥɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ ȼ = 38. 

  
 6.9.2 Ɋɚɡɪɟɡɤɚ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
  

ɒɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɧɨɥɢɬɧɨɫɬɢ ɛɟɬɨɧɚ ɫɟɤɰɢɣ ɩɥɨɬɢɧɵ 
ɦɟɠɞɭ ɲɜɚɦɢ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɲɜɚɦɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 S = ˄ߜ  + ܾ = ͵ + ͳʹ = ͳͷ ˏ,             (6.52) 
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ɝɞɟ ߜ˄ – ɬɨɥɳɢɧɚ ɛɵɤɚ; ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɬ ɲɢɪɢɧɭ 1 

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

  
ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 

ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ.  
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɜ ɩɭɧɤɬɟ 6.4, ɬɨɥɳɢɧɚ ɛɵɤɚ ɪɚɜɧɚ 3 ɦ.   
ɒɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ 0,8 ɦ ɝɥɭɛɢɧɚ 0.5 ɦ. ɒɢɪɢɧɚ ɩɚɡɚ 

ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɦ 1 ɦ. Ƚɥɭɛɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɦ 
ɪɚɜɧɨɣ 0,5 ɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɚɡɚɦɢ 2 ɦ. 
 
6.9.4 ɍɫɬɨɢ 

  
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɭɫɬɨɣ ɛɭɞɭɬ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɦɟɠɞɭ ɜɨɞɨɫɥɢɜɨɦ ɡɞɚɧɢɟɦ 

Ƚɗɋ ɢ ɫɨɩɪɹɝɚɸɳɢɣ ɫ ɛɟɪɟɝɨɦ. 
 
 
6.9.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 

  
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɩɪɟɞɭɫɦɨɬɪɟɧ ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɫɤɜɚɠɢɧ, ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ.  
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2 ɦ 

ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ:  
 ܽˇ˓ ൒ ு ∙ ఊ೙୍ˍ˓,௠ = ହଽ,଴ସ∙ଵ,ଶ଴ଶହ = ʹ,͵ͷ ˏ,            (6.53) 

 
ɝɞɟ ܪd = ߘʜʞʢ −  ;ɤɪ,݉= 25 – ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵܫ ;ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ –  1,2 =݊ߛ ;ʓʜʝ  =208–158 = 50 ɦ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦߘ

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 
ɩɪɢɧɢɦɚɟɦ 2,5 ɦ, ɞɢɚɦɟɬɪ ɫɤɜɚɠɢɧɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,2 ɦ. 

 
 6.9.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 

 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. ɉɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ 

ɪɚɫɩɨɥɨɠɟɧɵ ɫ ɲɚɝɨɦ ɩɨ ɜɵɫɨɬɟ 15 ɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ.  
Ƚɚɥɟɪɟɹ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɵɫɨɬɟ 3 ɦ ɨɬ ɩɨɞɨɲɜɵ 

ɩɥɨɬɢɧɵ. ɒɢɪɢɧɚ ɝɚɥɟɪɟɢ 3 ɦ, ɜɵɫɨɬɚ 3,5 ɦ. 
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Ƚɚɥɟɪɟɹ ɞɥɹ ɞɪɟɧɚɠɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚɞ ɞɧɨɦ. ȿё ɲɢɪɢɧɚ 3 ɦ, ɜɵɫɨɬɚ 3,5 ɦ.  
ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ 

ɛɶɟɮɚ. Ɉɧɢ ɫɥɭɠɚɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɵɲɟɥɟɠɚɳɟɣ 
ɱɚɫɬɢ ɩɥɨɬɢɧɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɣ ɲɜɨɜ, 
ɪɚɡɦɟɳɟɧɢɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɞɪ. ɂɯ ɲɢɪɢɧɚ 2 ɦ, ɜɵɫɨɬɚ 
2,5 ɦ. 
 
 6.9.7 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɩɥɨɬɢɧɵ 
 

ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɫɬɨɹɳɟɣ ɧɚ ɫɤɚɥɟ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɯɨɞɚ ɭɫɬɪɚɢɜɚɟɦ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ. 

Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɞɨɥɠɧɚ ɛɵɬɶ: 
˅˃ˊߜ  > ∆ுˊఊ೙௃ˍ˓,೘                                                                                                                              (6.54) 

 
ɝɞɟ ∆ܪˊ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɪɚɜɧɵɣ 

1,2 (ɞɥɹ ɩɥɨɬɢɧ II  ɤɥɚɫɫɚ); ܬˍ˓,௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɪɚɜɧɵɣ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 15. 

 
ɇɚɩɨɪ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ɨɬɧɟɫёɧɧɵɣ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ, 

ɪɚɜɟɧ: 
 ுˊு೏ = Ͳ,Ͷ,  
 
Ɉɬɫɸɞɚ: 
ˊܪ  = Ͳ,Ͷܪௗ = Ͳ,Ͷ ∙ Ͷͻ,ͲͶ = ͳͻ,͸ ˏ,                                                                          (6.55) 
ௗܪ  = ∇ʜʞʢ − ∇ʢʜʐˏˋː = ʹͲͺ − ͳͷͺ,ͻ͸ = Ͷͻ,ͲͶ ˏ,                                  (6.56) 
 

ɝɞɟ ∇ʢʜʐˏˋː = ݂ ቀܳ˅˘ˍ = ͳͲͲ ˏଷ ˔⁄ ቁ = ͳͷͺ,ͻ͸ ˏ. 

 
Ɍɨɝɞɚ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ ɪɚɜɧɵ: 
ˊܪ∆  = ௗܪ − ˊܪ = Ͷͻ,ͲͶ − ͳͻ,͸ = ʹͻ,ͶͶ ˏ.                                                       (6.57) 
 
Ɍɨɝɞɚ ɬɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
˅˃ˊߜ  ൒ ଶଽ,ସସ∙ଵ,ଶଵହ > ʹ,͵ͷ ˏ; 
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Ɋɢɫɭɧɨɤ 6.1- ɋɯɟɦɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ 

 
ɉɪɢɧɢɦɚɟɦ ݈ଵ = Ͷ ˏ, ݈ଶ = ͷ ˏ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ (ɪɢɫɭɧɨɤ 6.1): 

 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ Hௗ,              (6.58) 
  ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ Ͷͻ,ͲͶ = ሺʹͶ,ͷ ÷ ͵ͻ,ʹሻ ˏ. 
 

ɉɪɢɧɢɦɚɸ ℎˊ˃˅ = ͵Ͳ ˏ. 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 

 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ℎˊ˃˅,              (6.59) 
 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ͵Ͳ = ሺͳͷ ÷ ʹͳሻ ˏ. 
 

ɉɪɢɧɢɦɚɟɦ ℎˇ˓ = ͳͺ ˏ. 
 

 6.9.8 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ – 
Ɉɮɢɰɟɪɨɜɚ 

 
ɉɨ ɩɪɨɟɤɬɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ = ˕˔ܪ = ͸ ˏ ɨɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. Ɍɚɛɥɢɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 
ɭɦɧɨɠɚɸɬɫɹ ɬɚɛɥɢɰɵ 6.1 ɧɚ ܪ˔˕. Ɉɝɨɥɨɜɨɤ ɩɥɨɬɢɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.2. 
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Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ 
ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ 

X, ɦ Y, ɦ X, ɦ Y, ɦ X, ɦ Y, ɦ 

0 0,756 4,8 0,876 9,6 4,584 
0,6 0,216 5,4 1,188 10,2 5,238 
1,2 0,042 6 1,536 10,8 5,922 
1,8 0 6,6 1,926 11,4 6,648 
2,4 0,036 7,2 2,364 12 7,41 
3 0,162 7,8 2,85 12,6 8,214 

3,6 0,36 8,4 3,384 13,2 9,048 
4,2 0,6 9 3,966 13,8 9,918 

 

 
Ɋɢɫɭɧɨɤ 6.2 - Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ 

 
6.10 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɢɠɧɟɝɨ ɛɴɟɮɚ. 

 
6.10.1 ȼɨɞɨɛɨɣ. 

 
ȼɨɞɨɛɨɣ ɭɫɬɪɚɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɩɥɢɬɵ ɢ ɫɥɭɠɢɬ ɞɥɹ ɝɚɲɟɧɢɹ 

ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɨɦ ɢɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɢɬɵ 

ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢ ɫɞɜɢɝɚ ɩɨ ɮɨɪɦɭɥɟ Ⱦɨɦɛɪɨɜɫɤɨɝɨ: 
˅ߜ  = Ͳ,ͳͷ ∙ 𝜗˔ ∙ √ℎ′௖ = Ͳ,ͳͷ ∙ ʹͺ,ͳ ∙ √Ͳ,͸ = ͵,ʹ͹ ˏ,         (6.60) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɞɨ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 𝑣௖ = ௤˅ℎ೎′ = ଵ଺,଼ ଴,଺ = ʹͺ,ͳ ˏ̝.             (6.61) 

  
ɉɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ 3 ɦ, ɢ ɭɤɪɟɩɥɹɟɦ ɚɧɤɟɪɚɦɢ. 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɧɟɣ ɝɚɫɢɬɟɥɟɣ: 
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݈˅ = Ͳ,ͺ ∙ ݈˒˓,               (6.62) 
 

ɝɞɟ ݈˒˓ −ɞɥɢɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ. 
 ݈˒˓ = ʹ,ͷ ∙ ሺͳ,ͻ ∙ ℎ௖′′ − ℎ௖′ ሻ,             (6.63) 
 
Ɍɨɝɞɚ ɞɥɢɧɚ ɜɨɞɨɛɨɹ ɞɨ ɩɟɪɜɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 

          ݈˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳͲ − Ͳ,͸ሻ = ͵͸,ͺ ˏ  
 
 ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɪɚɜɧɭɸ 37 ɦ.  
 Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɹ ɡɚ ɩɟɪɜɨɣ ɫɬɟɧɤɨɣ: 
 

˅ߜ  = Ͳ,ͳͷ ∙ 𝜗˔ ∙ √ℎ′௖ = Ͳ,ͳͷ ∙ ͳʹ,Ͷ ∙ √ͳ,͵ͷ = ʹ,ͳ͸ ˏ,         (6.64) 
 

 𝑣௖ = ௤˅ℎ೎′ = ଵ଺,଼ ଵ,ଷହ = ͳʹ,Ͷ ˏ̝.              (6.65) 

 
ɉɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɡɚ ɩɟɪɜɨɣ ɫɬɟɧɤɨɣ 2,5 ɦ. 

 Ɍɨɝɞɚ ɞɥɢɧɚ ɜɨɞɨɛɨɹ ɪɚɜɧɚ: 
 

          ݈˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͸,ʹ − ͳ,͵ͷሻ = ʹͲ,ͺ͹ ˏ 
  
 ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɪɚɜɧɭɸ 21 ɦ.  
 

6.10.2 Ɋɢɫɛɟɪɦɚ. 
 

Ɋɢɫɛɟɪɦɚ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɪɟɩɥɟɧɧɭɸ ɜ 
ɨɫɧɨɜɚɧɢɢ ɛɟɬɨɧɧɭɸ ɩɥɢɬɭ. Ɉɫɧɨɜɧɵɦ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɭɫɩɨɤɨɟɧɢɟ 
ɱɚɫɬɢ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɧɟ ɩɨɝɚɫɢɥɚɫɶ ɧɚ ɜɨɞɨɛɨɟ ɢ ɫɬɟɧɤɟ 

Ⱦɥɢɧɚ ɪɢɫɛɟɪɦɵ lɪ=10 ɦ. ɉɥɢɬɚ ɢɦɟɟɬ ɞɪɟɧɚɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 
0,25 ɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

Ɍɨɥɳɢɧɭ ɪɢɫɛɟɪɦɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 1,5 ɦ, ɡɚɤɪɟɩɥɹɟɦ ɩɥɢɬɵ ɪɢɫɛɟɪɦɵ 
ɜ ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ ɚɧɤɟɪɚɦɢ. 
 
 6.11 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 

 Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɹɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ: ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ 
ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɇɉУ = 208 ɦ, ɧɢɠɧɟɝɨ ɛɶɟɮɚ - minУɇБ = 158,96 ɦ, ɩɪɢ 
ɩɪɨɩɭɫɤɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ Qmin= 100 ˏଷ/˔. 

 
 6.11.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ. 
 



89 
 
 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ 
ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ ܩɩɥ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD. ܵɩɥ = ͻ͸ͷ ɦଶ . 
 

ȼɟɫ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ:  
ɩɥܩ  = ܵɩɥ ∙ ܾ ∙ ɛܾߛ + ɛߜ

= ͻ͸ͷ ∙ ͳʹ ∙ ʹͶͳʹ + ͵ = ͳͺͷʹͷ ɤН/ɦ (6.66) 

 
ɝɞɟ ߛɛ  − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ; 
 ܵɩɥ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; 
 ܾ − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; 
ɛߜ  − ɬɨɥɳɢɧɚ ɛɵɤɚ. 
ȼɟɫ ɛɵɤɚ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ: 
ɛܩ  = ܵɛ ∙ ɛߜ ∙ ɛܾߛ + ɛߜ

= ͳͳͻͳ ∙ ͵ ∙ ʹͶͳʹ + ͵ = ͷ͹ͳ͸,ͺ ɤН/ɦ 
(6.67) 

 
ɝɞɟ  ܵɛ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɤɚ, ܵɛ = ͳͳͻͳ ɦଶ. 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ.Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 ܳз ≈ Ͳ.Ͳͷͷ ∙ ݂√݂ ∙ ݃ = Ͳ,Ͳͷͷ ∙ ͻͲ ∙ √ͻͲ ∙ ͻ,ͺͳ = Ͷ͸ͻ,͸ ɤН,  (6.68) 
 
ɝɞɟ ݂ − ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: 
 ݂ = ሺߘɎПɍ − Ƚȼߘ + Ͳ.ͷሻ ∙ ܾ = ሺʹͲͻ,Ͳʹ − ʹͲʹ + Ͳ,ͷሻ ∙ ͳʹ= ͻͲ ɦଶ,  (6.69) 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩɨɝɨɧɧɨɦɭ ɦɟɬɪɭ: 
зݍ  = ܳзܾ + ɛߜ

= Ͷ͸ͻ,͸ͳʹ + ͵ = ͵ͳ,͵ͳ ɤН/ɦ,  (6.70) 

 
 6.11.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ. 
 

ɋɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 
ɝɢɞɪɚɜɥɢɤɢ. ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ ɝɪɚɧɢ 
ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɦɟɸɬ ɮɨɪɦɭ ɪɚɜɧɨɛɟɞɪɟɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 
ɬɪɟɭɝɨɥɶɧɢɤɚ. 

ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
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ɜܶ = ௪ ∙ ℎଵଶʹ = ͳͲ ∙ ͷ͵ଶʹ = ͳͶͲͶͷ ˍʜ/ɦ (6.71) 

 
ɝɞɟ  ℎଵ =  ∇НПɍ − ∇ɩɨɞɨɲɜы = ʹͲͺ − ͳͷͷ = ͷ͵ ɦ,  ߛ௪ = ͳͲ ɤН/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, 
 

- ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ܶː = ௪ ∙ ℎଶଶʹ = ͳͲ ∙ ͵,ͻ͸ଶʹ = ͹ͺ,Ͷͳ ˍʜ/ˏ. (6.72) 

 
ɝɞɟ  ℎଶ = ʢʜʐ௠𝑖௡ߘ  − ∇˒ˑˇˑ˛˅˞ = ͳͷͺ,ͻ͸ − ͳͷͷ = ͵,ͻ͸ ˏ, 
 
 ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ 
ɇȻ: 
 

ɩܹɪ = ܵэɩ
ɧ ∙ ௪ = ʹ,ͻ ∙ ͳͲ = ʹͻ ɤН/ɦ, (6.73) 

 
ɝɞɟ ܵˠ˒ː = ͵,ͳ͹ ˏଶ–ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɟɥɚ ɞɚɜɥɟɧɢɹ. 
 

6.11.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
 Cɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ܹ˅ ˊ˅ = ʑ˒ ∙ ℎʜʐ ∙ ௪ = ͵ͺ ∙ ͵,ͻ͸ ∙ ͳͲ = ͳͷͲͷ ˍʜ/ˏ, (6.74) 
 
ɝɞɟ  ʑ˒ = ͵ͺ ˏ − ˛ˋ˓ˋː˃ ˒ˑˇˑ˛˅˞ ˅ˑˇˑ˔ˎˋ˅ːˑˌ ˒ˎˑ˕ˋː˞; 
 ℎʜʐ = ͵,ͻ͸ ˏ −  ˆˎ˖˄ˋː˃ ˅ˑˇ˞ ˅ ʜʐ, ˒˓ˋ ܳʑʤʙ. 
 

6.11.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 

ɉɪɨɜɟɞɟɦ ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɪɚɫɱɟɬ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɋɇɢɉ 2.06.06-85 ɫɬɪ 13. Ⱦɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɰɟɦ. ɡɚɜɟɫɨɣ 
ɜ ɨɫɧɨɜɚɧɢɢ (II  ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ):  
݀ܪ௔௦ܪ  = Ͳ,ͶͲ,   (6.75) 

݀ܪௗ௥ܪ  = Ͳ,ͳͷ.   (6.76) 

 
ɝɞɟ ܪ௔௦ − ɧɚɩɨɪ ɧɚ ɰɟɦ. ɡɚɜɟɫɟ; 
 .ௗ௥ – ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟܪ 
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 Ɂɧɚɹ ɜɟɥɢɱɢɧɭ ܪௗ =  ∇ʜʞʢ − ∇ʜʐொʑʤʙ = ʹͲͺ − ͳͷͺ,ͻ͸ = Ͷͻ,ͲͶ ˏ,     
ɜɵɱɢɫɥɹɟɦ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ ܪ௔௦ ɢ ܪௗ௥.  
௔௦ܪ  = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ Ͷͻ,ͲͶ = ʹ͵,ͷ͹ ˏ. (6.77) 
ௗ௥ܪ  = Ͳ,ͳͷ ∙ ௗܪ = Ͳ,ͳͷ ∙ ͷͺ,ͻ͵ = ͺ,ͺͶ ˏ. (6.78) 
 
 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɫɨɨɪɭɠɟɧɢɹ: 
 ˗ܹ = ௪ ∙ ܵ˗ = ͳͲ ∙ ͵ͳͻ,Ͳʹ = ͵ͳͻͲ,ʹ ˍʜ/ˏ, (6.79) 
 

ɝɞɟ  фS - ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 
ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɪɚɜɧɚ 319,02 ˏଶ. 
 

6.11.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 

Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ: 
 

′˓ˆ݌  = ሺ̝ߛ ˍ.ˆ˓˅ˊ˅ℎ˔ˍ.ˆ˓ሻ݃ݐଶ ቀͶͷ − 𝜑˔ˍ.ˆ˓ଶ ቁ − ʹ˔ ∙ ݃ݐ ቀͶͷ − 𝜑˔ˍ.ˆ˓ଶ ቁ       (6.80) 

 

′˓ˆ݌  = ሺʹͷ ∙ ͵ሻ ∙ ଶ݃ݐ ቀͶͷ − ଷଷଶ ቁ − ʹ ∙ ͹ʹ ∙ ݃ݐ ቀͶͷ − ଷଷଶ ቁ = −͹ͳ,͸ ˍʞ˃. 
 

˅˃ܧ  = ௣ˆ˓∙ℎˆ˓ଶ = −଻ଵ,଺∙ଷଶ = −ʹͳͶ,ͺ ˍʜ,            (6.81) 

 
 Ɍɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɬɨ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɧɚ ɜɟɪɯɨɜɭɸ ɝɪɚɧɶ ɧɟ 
ɭɱɢɬɵɜɚɟɬɫɹ. 
 
 6.11.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ. 
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ A.JI. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 ܹ˅ ˑˎː = ͳʹ ∙ ௪ ∙ ℎଵ% ቆ̅ߣ𝜋 + ℎ଴ʹቇ = ͳʹ ∙ ͳͲ ∙ Ͳ,ͻͳ͸ ∙ (ͻ,ʹʹ͵,ͳͶ + Ͳ,ʹͺʹ ) = = ͳͶ,1 

(6.82) 

 

ɝɞɟ  %h1 - ɜɵɫɨɬɚ ɜɨɥɧɵ 1%-ɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ;  
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   - ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ; 
 ℎ଴ = 𝜋∙ℎభ%మఒ̅ = ଷ,ଵସ∙଴,ଽଵଽమଽ,ଶଶ = Ͳ,ʹͻ ˏ. (6.83) 

 
ɉɚɪɚɦɟɬɪɵ ɜɨɥɧ ɨɩɪɟɞɟɥɟɧɵ ɜ ɩ.1. 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
௖ݕ  = 𝜋ߣʹ̅ − ͵ͅ ℎଵ% = ͻ,ʹʹ ͸,ʹͺ − ͵ͅ ∙ Ͳ,ͻͳͻ = ͳ,ͳʹ ˏ, (6.84) 

 
ɉɥɟɱɨ ɫɢɥɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɦɨɦɟɧɬɨɜ: 

 
 y˅ˑˎː = ∆ʜʞʢ − ∆ʞʝʓ − y˔ = ʹͲͺ − ͳͷͷ − ͳ,ͳʹ = ͷͳ,ͺͺ ˏ.   (6.85) 
 

6.11.7 Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 

ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɨɲɜɵ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ 

ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «–», ɪɚɫɬɹɝɢɜɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «+»  
Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɜɫɟɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ AutoCAD.  
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ ɧɚɝɪɭɡɤɢ, 

ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
 
Ɍɚɛɥɢɰɚ 6.2 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ 

ɇɚɝɪɭɡɤɚ 
k 

ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ 
Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇɦ 

Ɍɜ 1  14045 17,6 247192 
Ɍɧ 1  78 1,32 -103 
Gɛ 0,95  5431 9,84 -53452 
Gɩɥ 0,95  17602 8,32 -146525 

Wɜɡɜ 1  -1584 0 0 
Wɮ 1  -3190 11,053 35261 
qɡ 0,9  28 16,6 -468 

Wɩɪ 1  29 16,3 473 
Wɜɨɥɧ 1  14,1 51,88 732 

ΣN  18315 
ΣM 83110 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ: 
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Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௬௨ = − ˒ܤܰ + ͸ ∙ ∑ ˒ଶܤܯ = − ͳͺ͵ͳͷ͵ͺ + ͸ ∙ ͺ͵ͳͳͲ͵ͺଶ = = −ͳ͵͸,͸ͷͷ ˍʜ/ˏଶ , (6.86) 

 
ɝɞɟ  ܰ  – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
 ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ – ܯ 
 .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ – ˒ܤ 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
  

 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ,             (6.87) 
  
 𝜎௫௨ = −ͳ͵͸,͸ ∙ Ͳ − ͳͲ ∙ ͷ͵ ∙ ሺͳ − Ͳሻ = −ͷ͵Ͳ ʙʞ˃ ,      

 
ɝɞɟ  ߛ௪ = ͳͲ ɤН/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; ܪௗ௨ = ∇ʜʞʢ − ∇ʞʝʓ = ʹͲͺ − ͳͷͷ = ͷ͵ ˏ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 
ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; 

 ݉௨ = ctan  ଵ – ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. Ɍɚɤߙ ଵ, ɝɞɟߙ
ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚ, ɬɨ ctan ଵߙ = Ͳ. 

 
Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 

 𝜏௫௬௨ = ௪ߛ) ∙ ௗ௨ܪ + 𝜎௬௨) ∙ ݉௨ = ሺͳͲ ∙ ͷ͵ − ͳ͵͸,͸ ሻ ∙ Ͳ = Ͳ,        (6.88) 
 
Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ௪ߛ ∙ ௗ௨ܪ ∙ ݉௨ଶ ,            (6.89) 
  
 𝜎ଵ௨ = −ͳ͵͸,͸ͷ ∙ ሺͳ + Ͳሻ + ͳͲ ∙ ͷ͵ ∙ Ͳ = −ͳ͵͸,͸ͷ  ʙ˒˃,   

 
Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

 𝜎ଷ௨ = ௪ߛ− ∙ ௗ௨ܪ = −ͳͲ ∙ ͷ͵ = −ͷ͵Ͳ ˍʜˏమ .           (6.90) 

  
–ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 

 𝜎௧௬ = − ே஻ − ଺∙∑ ெ஻మ = − ଵ଼ଷଵହଷ଼ − ଺∙଼ଷଵଵ଴ଷ଼మ = −ͺʹ͹,͵ʹ ʙʞ˃,         (6.91) 
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ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 

 𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ,            (6.92) 𝜎௫௧ = −ͺʹ͹,͵ʹ ∙ ሺͲ,͸ሻଶ − ͳͲ ∙ ͵,ͻ͸ ∙ ሺͳ − ሺͲ,͸ሻଶሻ = −͵ʹͶ ˍʜˏଶ  

 
ɝɞɟ  ݉௧ = tg ଶߙ ଶ, ɝɞɟߙ = ͵ͳº – ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ;  ܪௗ௧ = ∇ʢʜʐ௠𝑖௡ − ∇˒ˑˇˑ˛˅˞ = ͳͷͺ,ͻ͸ − ͳͷͷ = ͵,ͻ͸ ˏ – ɧɚɩɨɪ ɧɚɞ 
ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 

 
Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 

 𝜏௫௬௧ = ௪ߛ)− ∙ ௧ௗܪ + 𝜎௧௬) ∙ ݉௧,             (6.93) 
 𝜏௫௬௧ = −ሺͳͲ ∙ ͵,ͻ͸ − ͺʹ͹,͵ʹሻ ∙ ሺͲ,͸ሻ = Ͷ͹͵ ˍʜˏଶ 

 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

 𝜎ଷ௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௧ௗܪ ∙ ݉௧ଶ,            (6.94) 
 

 𝜎ଷ௧ = −ͺʹ͹,͵ʹ ∙ ሺͳ + ሺͲ,͸ሻଶሻ + ͳͲ ∙ ͵,ͻ͸ ∙ ሺͲ,͸ሻଶ = −ͳͳͳʹ ˍʜˏమ, 

 

 𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͳͲ ∙ ͵,ͻ͸ = −͵ͻ,͸ ˍʜˏమ,           (6.95) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.3: 
 

Ɍɚɛɥɢɰɚ 6.3 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 
ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௨௬ -136,55 𝜎௬௧ -827,32 𝜎௫௨ -530 𝜎௫௧ -324 𝜏௫௬௨  0 𝜏௫௬௧  473 𝜎ଵ௨ -136,55 𝜎ଷ௧ -1112 𝜎ଷ௨ -530 𝜎ଵ௧ -39,6 

 
 
 
6.11.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
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1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: ߛ௡ ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ௗߛ ∙ ܴ௕ , 
 

(6.96) 

ɝɞɟ  ߛ௡ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  
௟௖ߛ ௟௖ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹߛ  = ͳ; 
௖ௗߛ ௖ௗ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹߛ  = Ͳ,ͻ; 
 ܴ௕ ൒ ௡ߛ ∙ ௟௖ߛ ∙ |𝜎ଷ|ߛ௖ௗ                                          

 
(6.97) 

ܴ௕ ൒ ͳ,ʹ ∙ ͳ ∙ ͳͳͳʹͲ,ͻͷ = ͳͶͲͶ ˍʜ/ˏଶ.  

 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ B5 

ɫ ɪɚɫɱёɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ  ܴ௕ = ʹͺͲͲ ˍʜ/ˏଶ, 
 ʹͺͲͲ ˍʜˏଶ ൒ ͳͶͲͶˍʜ/ˏଶ. 

 
2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ: 𝜎′௬ < Ͳ,  
 − ͳ͵͸,ͷͷ ˍʜ/ˏଶ < Ͳ 

ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙  ,ௗ௨ܪ

 ͳ͵͸,ͷͷ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͷ͵. ͳ͵͸,ͷͷ ˍʜ/ˏଶ ൒ ͳ͵ʹ,ͷ ˍʜ/ˏଶ. 
  

ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦɢ 
ɩɪɨɱɧɨɫɬɢ. 

 
 
6.11.9 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɵ 
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ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 ோ∙ఊ೎೏ி∙ఊ೗೎ ൒  ௡. (6.98)ߛ

 
ɝɞɟ ߛ௖ௗ = Ͳ,ͻͷ − ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɞɜɢɝɚ, ɩɪɨɯɨɞɹɳɢɯ ɩɨ ɤɨɧɬɚɤɬɭ ɛɟɬɨɧ-
ɫɤɚɥɚ 
 ܴ = ܰ ∙ t݃ 𝜑 + ܿ ∙ 𝜔 = ͳͺ͵ͳͷ ∙ Ͳ,͸ͷ + ͵ͺ ∙ ͹ʹ = ͳͻͳͲͷ ˍʜ/ˏ (6.99) 
 
ɝɞɟ  ݃ݐ𝜑 = Ͳ,͸ͷ – ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; 
 ܿ = ͹ʹ ˍʜ/ˏଶ– ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɫɤɚɥɵ; 
 𝜔 = ˒ܤ ∙ ͳ = ͵ͺ ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ 
ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 
ܨ  = ܶ˅ − ܶː + ܹ˅ ˑˎː = ͳͶͲͶͷ − ͹ͺ,Ͷͳ + ͳͶ,ͳ = = ͳ͵ͻͺͲ,͹ ˍʜ/ˏ 

(6.100) 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
 ͳͻͳͲͷ ∙ Ͳ,ͻͷͳ͵ͻͺͲ ∙ ͳ ൒ ͳ,ʹ ,  

  ͳ,͵Ͳ ൒ ͳ,ʹ .  
 ɉɨ ɩɪɨɜɟɞёɧɧɵɦ ɩɪɨɜɟɪɤɚɦ ɦɨɠɟɦ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ 
ɩɥɨɬɢɧɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ.  
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7 Ɉɯɪɚɧɚ ɬɪɭɞɚ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɫɥɭɠɛɵ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ, ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 
ɉɨɫɥɟɞɫɬɜɢɹ ɚɜɚɪɢɣ ɧɚ Ƚɗɋ (ɩɪɨɪɵɜ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ) ɦɨɝɭɬ ɛɵɬɶ 
ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦɢ ɞɥɹ ɜɫɟɝɨ ɪɟɝɢɨɧɚ. Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɫɥɭɠɛɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌɋ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɥɨɠɟɧɢɹɦɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɪɟɝɥɚɦɟɧɬɨɜ, ɡɚɤɨɧɨɜ, ɫɬɚɧɞɚɪɬɨɜ, ɦɟɫɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɞɨɥɠɧɨɫɬɧɵɯ 
ɢɧɫɬɪɭɤɰɢɣ. Ɉɫɧɨɜɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». Ɍɪɟɛɨɜɚɧɢɟɦ ɡɚɤɨɧɚ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ» 
ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɥɟɧɢɟ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɥɨɠɟɧɢɟɦ, ɭɬɜɟɪɠɞɟɧɧɵɦ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ. Ⱦɚɧɧɨɟ ɉɨɥɨɠɟɧɢɟ 
ɨɩɪɟɞɟɥɹɟɬ ɫɨɞɟɪɠɚɧɢɟ, ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. 
Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɷɤɫɩɟɪɬɢɡɵ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ȽɌɋ 
ɩɪɢ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɯ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜɜɨɞɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɜɵɜɨɞɟ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɥɢ ɤɨɧɫɟɪɜɚɰɢɢ.  
 Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ Ɉɥёɤɦɢɧɫɤɨɣ 
Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ). ȼ ɫɨɫɬɚɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ ɫɩɟɰɢɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɡɚɞɚɱɚ 
ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ.  
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɢ Ⱥɤɬɚ ɨɛɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ȽɌɋ 
ɫɨɫɬɚɜɥɹɟɬɫɹ Ⱦɟɤɥɚɪɚɰɢɹ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ, ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɨɟɤɬɭ, 
ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɢ ɩɪɚɜɢɥɚɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɢ ɦɚɫɲɬɚɛɵ 
ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɯ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɢ 
ɥɢɤɜɢɞɚɰɢɢ. 
 

7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ Ƚɗɋ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ ɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɟɚɤɬɨɪɨɜ, ɜ ɩɨɦɟɳɟɧɢɹɯ Ƚɗɋ: ɤɚɛɟɥɶɧɵɯ ɲɚɯɬɚɯ, 
ɤɚɛɟɥɶɧɵɯ ɝɚɥɟɪɟɹɯ, ɜ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɟ, ɤɚɛɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɄɊɍ, Ⱥɋɍ, 
ɩɨɦɟɳɟɧɢɹɯ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ ɢ ɚɩɩɚɪɚɬɧɨɣ ɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɟ, ɚ ɬɚɤɠɟ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɜɵɞɚɱɢ ɫɢɝɧɚɥɚ ɨ ɩɨɠɚɪɟ ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ Ƚɗɋ. Ⱦɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɢɧɬɟɝɪɢɪɭɟɬɫɹ ɜ ɫɨɫɬɚɜ ɫɬɚɧɰɢɨɧɧɨɝɨ ɭɪɨɜɧɹ ɭɩɪɚɜɥɟɧɢɹ (ɜɟɪɯɧɟɝɨ) ɤɚɤ 
ɨɬɞɟɥɶɧɚɹ ɩɨɞɫɢɫɬɟɦɚ, ɜɵɩɨɥɧɹɸɳɚɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɤɨɧɬɪɨɥɹ ɢ 
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ɭɩɪɚɜɥɟɧɢɹ, ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɦɩɥɟɤɫɵ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɨɛɟɫɩɟɱɢɬɶ ɥɨɤɚɥɶɧɵɣ ɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɨɠɚɪɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɧɚ 
ɨɛɴɟɤɬɟ, ɫɨɫɬɨɹɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɡɚɩɭɫɤ ɫɢɫɬɟɦ ɜɨɞɹɧɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɜ ɪɚɦɤɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ, ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ ɪɭɱɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɫɢɫɬɟɦɵ:  
− ɨɩɟɪɚɬɢɜɧɵɣ ɩɪɢɟɦ, ɨɛɪɚɛɨɬɤɚ ɢ ɚɪɯɢɜɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɩɨɠɚɪɧɵɯ 
ɢɡɜɟɳɚɬɟɥɟɣ ɢ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬ; 
− ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɤɨɦɚɧɞ ɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ɜɤɥɸɱɟɧɢɟ ɧɚɫɨɫɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɨɬɤɪɵɬɢɟ ɡɚɞɜɢɠɟɤ, 
ɫɪɚɛɚɬɵɜɚɧɢɟ ɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ) ɢ ɭɫɬɪɨɣɫɬɜ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: 
ɜɟɧɬɢɥɹɰɢɢ, ɨɩɨɜɟɳɟɧɢɹ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ ɚɜɬɨɦɚɬɢɤɢ; 
− ɜɵɞɚɱɚ ɤɨɦɚɧɞ ɢ ɫɢɝɧɚɥɨɜ ɜ ɫɢɫɬɟɦɭ ɫɢɝɧɚɥɢɡɚɰɢɢ (ɫɜɟɬɨɜɨɣ ɢ ɡɜɭɤɨɜɨɣ), ɚ 
ɬɚɤɠɟ ɜ ɤɨɧɬɪɨɥɥɟɪɵ ɥɨɤɚɥɶɧɨɝɨ ɭɪɨɜɧɹ; 
− ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɩɟɪɚɬɨɪɭ, ɜ ɫɟɪɜɟɪ ɛɚɡɵ ɞɚɧɧɵɯ Ⱥɋɍ Ɍɉ, ɧɚ ɳɢɬ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ; 
− ɤɨɧɬɪɨɥɶ ɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɫɬɟɦɵ. 

ɋɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾ-125000/220/13,8 ɤȼ, ɧɚ 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 ɨɪɨɫɢɬɟɥɢ.  
 Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ ɡɚɩɨɪɧɨ-
ɩɭɫɤɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. 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. 

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫɤɨɜ ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɛɭɞɭɬ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ. ɉɪɨɜɟɞɟɧɢɟ 
ɢɧɫɬɪɭɤɬɚɠɟɣ ɩɟɪɫɨɧɚɥɚ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɫ 
ɩɪɨɜɟɪɤɨɣ ɡɧɚɧɢɣ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥ ɪɚɛɨɬɧɢɤɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

ȼɫɟ ɪɚɛɨɬɧɢɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɬɧɢɤɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
ȼɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
Ɋɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɜɧɟɩɥɚɧɨɜɵɟ ɢ ɰɟɥɟɜɵɟ), 
ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
ɉɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ;  
ɉɨɜɵɲɟɧɢɟ ɡɧɚɧɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ;  
ɂɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 
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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. 
  ɋɩɟɰɢɚɥɶɧɵɟ ɦɟɫɬɚ ɞɥɹ ɤɭɪɟɧɢɹ ɛɭɞɭɬ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɧɚɢɛɨɥɟɟ 
ɛɟɡɨɩɚɫɧɵɯ ɩɨɡɢɰɢɹɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɨ ɜɫɟɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɤɥɚɞɚɯ, ɡɞɚɧɢɹɯ ɛɭɞɭɬ ɪɚɡɦɟɳɟɧɵ ɪɚɡɥɢɱɧɵɟ ɩɨɠɚɪɧɵɟ ɞɚɬɱɢɤɢ. ȼɨ ɜɫɟɯ 
ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɥɟɧɵ ɨɝɧɟɬɭɲɢɬɟɥɢ.  
Ⱦɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɧɚ ɝɟɧɟɪɚɬɨɪɚɯ ɬɢɩɚ ɋȼ-633/100-40ɍɏɅ ɦɨɳɧɨɫɬɶɸ 26,5 
Ɇȼɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ȺɉɌ). 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ, ɬɭɲɟɧɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɩɨɠɚɪɚ ɜɧɭɬɪɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɶɸ ɧɚ 
Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɟɧɧɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ȺɉɉɌ). 

Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

 
7.3 Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 
Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɬɪɭɞɚ - ɞɨɫɬɢɠɟɧɢɟ ɫɨɰɢɚɥɶɧɨɝɨ 

ɷɮɮɟɤɬɚ, ɬ.ɟ. ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɫɨɯɪɚɧɟɧɢɟ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ 
ɪɚɛɨɬɚɸɳɢɯ, ɫɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɢ ɡɚɛɨɥɟɜɚɧɢɣ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɍɥɭɱɲɟɧɢɟ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɛɭɞɟɬ ɞɚɜɚɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɪɨɫɬ 
ɩɪɢɛɵɥɢ; ɫɨɤɪɚɳɟɧɢɟ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɦɩɟɧɫɚɰɢɹɦɢ ɡɚ ɪɚɛɨɬɭ 
ɫ ɜɪɟɞɧɵɦɢ ɢ ɬɹɠɟɥɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɭɞɚ; ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɟɪɶ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɬɪɚɜɦɚɬɢɡɦɨɦ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɡɚɛɨɥɟɜɚɟɦɨɫɬɶɸ; ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɤɭɱɟɫɬɢ 
ɤɚɞɪɨɜ ɢ ɬ.ɞ. Ɉɫɧɨɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ ɜ ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɬɢɜɧɵɣ ɚɤɬ «ɋɢɫɬɟɦɚ ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ». 

ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫ ɱɢɫɥɟɧɧɨɫɬɶɸ ɪɚɛɨɬɧɢɤɨɜ ɛɨɥɟɟ 50 
ɱɟɥɨɜɟɤ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɫɨɡɞɚɟɬɫɹ ɋɈɌɢɉɄ.  

Ɉɫɧɨɜɧɵɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ ɬɪɭɞɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɦɟɪɨɩɪɢɹɬɢɹ: 
– ɫɨɡɞɚɧɢɟ ɫɥɭɠɛɵ ɨɯɪɚɧɵ ɬɪɭɞɚ; 
– ɩɪɨɜɟɞɟɧɢɟ ɚɬɬɟɫɬɚɰɢɢ ɪɚɛɨɱɢɯ ɦɟɫɬ; 
– ɩɪɨɜɟɞɟɧɢɟ ɢɧɫɬɪɭɤɬɚɠɚ ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ; 
– ɪɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ 
ɨɪɝɚɧɢɡɚɰɢɢ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, ɪɟɦɨɧɬ ɢ ɨɪɝɚɧɢɡɚɰɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɟɪɪɢɬɨɪɢɹ ɢ ɚɤɜɚɬɨɪɢɹ, ɝɞɟ ɨɧɢ 
ɪɚɡɦɟɳɚɸɬɫɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɪɟɞɫɬɜɚ 
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ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɦ 
ɋɬɪɨɢɬɟɥɶɧɵɦ ɧɨɪɦɚɦ ɢ ɩɪɚɜɢɥɚɦ (ɋɇɢɉ), ɇɨɪɦɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɬɪɟɛɨɜɚɧɢɹɦ Ɋɟɱɧɨɝɨ ɪɟɝɢɫɬɪɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, Ɋɨɫɫɢɣɫɤɨɝɨ ɪɟɝɢɫɬɪɚ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɚɦ «Ɉɛ ɨɫɧɨɜɚɯ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɢ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ», ɋɚɧɢɬɚɪɧɵɦ ɩɪɚɜɢɥɚɦ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ 
ɨɛɨɪɭɞɨɜɚɧɢɸ, ɧɨɪɦɚɬɢɜɧɵɦ ɚɤɬɚɦ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ Ɋɨɫɬɟɯɧɚɞɡɨɪɚ Ɋɨɫɫɢɢ, 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɉɪɚɜɢɥɚɦ ɬɟɯɧɢɱɟɫɤɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ, Ɇɟɠɨɬɪɚɫɥɟɜɵɦ ɩɪɚɜɢɥɚɦ ɩɨ 
ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ) ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, 
ɉɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɉɪɚɜɢɥɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɢɧɵɦ ɞɟɣɫɬɜɭɸɳɢɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢ ɨɬɪɚɫɥɟɜɵɦ 
ɧɨɪɦɚɬɢɜɧɵɦ ɢ ɩɪɚɜɨɜɵɦ ɚɤɬɚɦ.  
 ɇɚ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɬɟɯɧɢɤɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɹɜɥɹɸɳɢɣɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-
ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ Ƚɗɋ ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, ɡɚɧɹɬɵɟ 
ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɯ ɜ ɧɢɯ ɨɩɟɪɚɬɢɜɧɵɟ 
ɩɟɪɟɤɥɸɱɟɧɢɹ, ɨɪɝɚɧɢɡɭɸɳɢɯ ɢ ɜɵɩɨɥɧɹɸɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɟ, ɦɨɧɬɚɠɧɵɟ, 
ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ ɜɵɩɨɥɧɹɬɶ 
ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɞɟɣɫɬɜɭɸɳɢɯ ɜɜɟɞɟɧɧɵɯ ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥ 
ɛɟɡɨɩɚɫɧɨɫɬɢ), ɋɬɚɧɞɚɪɬɚ, ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) Ƚɗɋ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɬɪɭɞɚ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨ ɷɥɟɤɬɪɨ, ɩɨɠɚɪɨ, 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɩɪɨɣɞɟɬ ɩɪɨɜɟɪɤɭ 
ɡɧɚɧɢɣ ɢ ɞɨɥɠɟɧ ɛɭɞɟɬ ɢɦɟɬɶ ɞɨɤɭɦɟɧɬ ɨ ɩɪɚɜɟ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ. 

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ Ɉɥёɤɦɢɧɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, 
ɢ ɛɭɞɭɬ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 
Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬ ɜ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ: 
– ɨɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬ ɧɚɪɹɞɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ ɩɟɪɟɱɧɟɦ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ 
ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 
– ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
– ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 
– ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ, ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ. 
 ɇɚ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɛɭɞɭɬ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ ɜɫɟɝɨ 
ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɤ ɦɟɫɬɭ ɪɚɛɨɬɵ, 
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ɨɩɟɪɚɬɢɜɧɵɟ ɩɥɚɧɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɧɚ ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢɥɢ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

Ɋɚɛɨɱɢɟ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɛɭɞɭɬ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɜɫɟɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 

 
7.4 Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

 
Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɩɟɪɟɞɨɜɵɯ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ, ɛɟɡɨɬɯɨɞɧɵɯ ɢ 
ɦɚɥɨɨɬɯɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨ ɫɨɤɪɚɬɢɬɶ 
ɢɥɢ ɢɡɛɟɠɚɬɶ ɩɨɫɬɭɩɥɟɧɢɣ  ɜɪɟɞɧɵɯ  ɯɢɦɢɱɟɫɤɢɯ  ɢɥɢ  ɛɢɨɥɨɝɢɱɟɫɤɢɯ  
ɤɨɦɩɨɧɟɧɬɨɜ  ɜɵɛɪɨɫɨɜ  ɜ ɚɬɦɨɫɮɟɪɭ, ɩɨɱɜɭ ɢ ɜɨɞɨɟɦɵ, ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɢɥɢ 
ɫɧɢɡɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɞɨ ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɧɨɪɦɚɬɢɜɨɜ ɢ ɧɢɠɟ. 
Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ ɜɤɥɸɱɚɸɬ ɫɚɧɢɬɚɪɧɭɸ 
ɩɨɞɝɨɬɨɜɤɭ ɬɟɪɪɢɬɨɪɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɤ ɡɚɬɨɩɥɟɧɢɸ ɢ ɩɨɥɧɭɸ ɨɱɢɫɬɤɭ ɡɨɧɵ 
ɡɚɬɨɩɥɟɧɢɹ ɨɬ ɞɪɟɜɟɫɧɨ-ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ 
ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ ɋɚɧɢɬɚɪɧɵɦɢ ɩɪɚɜɢɥɚɦɢ 
ɋɉ ɨɬ 01.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ». 

ȼ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɬɟɪɪɢɬɨɪɢɢ ɜɯɨɞɹɬ: 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ; 
 ɜɵɧɨɫ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ; 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɢ ɞɪɭɝɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɜ ɦɟɫɬɚɯ ɡɚɯɨɪɨɧɟɧɢɣ ɢ 

ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɨɜ; 
 ɦɨɧɢɬɨɪɢɧɝ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ; 
ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 

ȼ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɟ ɬɟɪɪɢɬɨɪɢɢ  ɜɯɨɞɹɬ: 
 ɨɱɢɫɬɤɚ ɨɬ ɦɭɫɨɪɚ ɢ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ; 
 ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ ɢ ɜɵɜɨɡ ɛɵɬɨɜɵɯ ɨɬɛɪɨɫɨɜ; 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ; 
 ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɫɥɟ ɩɟɪɟɧɨɫɚ ɩɪɨɦɵɲɥɟɧɧɵɯ  ɩɪɟɞɩɪɢɹɬɢɣ. 
Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɚɧɞɲɚɮɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɟɤɭɥɶɬɢɜɚɰɢɹ 

ɤɚɪɶɟɪɨɜ ɢ ɡɟɦɟɥɶ, ɨɬɜɨɞɢɦɵɯ ɩɨɞ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɥɨɳɚɞɤɢ ɢ ɚɜɬɨɞɨɪɨɝɢ, 
ɨɬɜɚɥɵ ɢ ɪɟɡɟɪɜɵ ɝɪɭɧɬɚ. ɉɪɢ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɫɪɟɡɤɚ ɢ ɜɵɪɚɜɧɢɜɚɧɢɟ 
ɨɬɤɨɫɨɜ ɜɵɪɚɛɨɬɨɤ, ɩɥɚɧɢɪɨɜɤɚ, ɭɤɥɚɞɤɚ ɩɨɱɜɟɧɧɨ-ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɢ ɩɨɫɚɞɤɚ 
ɫɚɠɟɧɰɟɜ ɞɟɪɟɜɶɟɜ. 

ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɦɟɥɤɨɜɨɞɢɣ ɢ ɜɨɡɦɨɠɧɨɦ ɡɚɛɨɥɚɱɢɜɚɧɢɢ ɬɟɪɪɢɬɨɪɢɣ 
ɜɛɥɢɡɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɜɵɡɵɜɚɸɳɢɯ ɭɯɭɞɲɟɧɢɟ ɫɚɧɢɬɚɪɧɵɯ ɭɫɥɨɜɢɣ 
ɩɪɨɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ, ɛɭɞɭɬ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɢɯ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ. 

ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɚ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɝɢɞɪɨɭɡɥɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ Ƚɗɋ ɜɨɡɦɨɠɧɨ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬɧɵɯ 
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ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɢɡɚɰɢɸ ɜɨɡɦɨɠɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɫɜɹɡɚɧɧɨɝɨ ɫ ɪɟɡɤɢɦ ɤɨɥɟɛɚɧɢɟɦ ɭɪɨɜɧɹ ɜɨɞɵ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
Ƚɗɋ. ȼ ɫɨɫɬɚɜɟ ɦɟɪɨɩɪɢɹɬɢɣ ɦɨɝɭɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɛɟɪɟɝɨɡɚɳɢɬɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ, ɜɵɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɡɚ ɩɪɟɞɟɥɵ ɜɨɡɦɨɠɧɨɣ 
ɛɟɪɟɝɨɩɟɪɟɪɚɛɨɬɤɢ, ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ, ɤɨɦɩɥɟɤɫ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɬɨɩɥɟɧɢɹ ɫɟɥɶɯɨɡɭɝɨɞɢɣ, ɯɨɡɹɣɫɬɜɚ ɩɨɥɧɨɫɬɶɸ ɬɟɪɹɸɬ 
ɩɨɥɭɱɚɟɦɭɸ ɫ ɧɢɯ ɩɪɨɞɭɤɰɢɸ. ȼ ɰɟɥɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɬɟɪɶ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɜɯɨɡɨɜ, ɡɚɬɪɚɝɢɜɚɟɦɵɯ 
ɝɢɞɪɨɫɬɪɨɢɬɟɥɶɫɬɜɨɦ, ɩɪɨɟɤɬɨɦ ɧɚɦɟɱɚɟɬɫɹ ɨɫɜɨɟɧɢɟ ɪɚɜɧɨɜɟɥɢɤɨɣ ɩɥɨɳɚɞɢ 
ɩɨɫɟɜɧɵɯ ɡɟɦɟɥɶ ɢ ɩɪɨɜɟɞɟɧɢɟ ɧɚ ɜɧɨɜɶ ɨɫɜɚɢɜɚɟɦɵɯ ɡɟɦɥɹɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɯ 
ɨɤɭɥɶɬɭɪɢɜɚɧɢɸ ɢ ɩɨɜɵɲɟɧɢɸ ɩɥɨɞɨɪɨɞɢɹ. 

Ɂɜɟɪɢ ɢ ɩɬɢɰɵ, ɚ ɬɚɤɠɟ ɩɪɟɫɦɵɤɚɸɳɢɟɫɹ ɢ ɡɟɦɧɨɜɨɞɧɵɟ, ɤɨɬɨɪɵɟ 
ɢɫɱɟɡɧɭɬ ɜ ɫɜɹɡɢ ɫ ɡɚɬɨɩɥɟɧɢɟɦ ɫɜɨɣɫɬɜɟɧɧɵɯ ɞɥɹ ɢɯ ɨɛɢɬɚɧɢɹ ɭɝɨɞɢɣ ɢ 
ɛɢɨɬɨɩɨɜ, ɫɨɯɪɚɧɹɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɚ ɩɪɢɥɟɝɚɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ, 
ɤɨɬɨɪɚɹ ɧɟ ɩɨɞɜɟɪɝɧɟɬɫɹ ɢɡɦɟɧɟɧɢɸ.  

ɋ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɯɪɚɧɟɧɢɹ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ, 
ɩɨɛɟɪɟɠɶɟ Ɉɥёɤɦɢɧɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɩɹɬɢɤɢɥɨɦɟɬɪɨɜɭɸ 
ɨɯɪɚɧɧɭɸ ɡɟɥɟɧɭɸ ɡɨɧɭ. 

ȼ ɫɜɹɡɢ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɰɟɧɧɵɯ ɩɪɨɦɵɫɥɨɜɵɯ ɪɵɛ, ɨɫɧɨɜɧɨɟ 
ɩɨɩɨɥɧɟɧɢɟ ɢɯ ɧɚɦɟɱɚɟɬɫɹ ɡɚ ɫɱɟɬ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ 
ɪɵɛɨɪɚɡɜɟɞɟɧɢɸ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɫɭɬɫɬɜɭɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɞɵ: 
ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɩɪɢɪɨɞɧɵɦ ɫɜɨɣɫɬɜɚɦ ɢ ɨɧɚ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ. 

ɋɨɡɞɚɧɢɟ Ɉɥёɤɦɢɧɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟ ɩɪɢɜɟɞɟɬ ɤ ɤɨɪɟɧɧɨɣ 
ɩɟɪɟɫɬɪɨɣɤɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
 

7.5 ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 
 
ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɪɟɞɭ, ɨɤɚɡɵɜɚɟɦɵɟ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɞɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 1) ɜɵɹɜɥɹɟɦɵɟ ɢ ɩɥɚɧɢɪɭɟɦɵɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 2) ɩɥɨɯɨ ɨɩɪɟɞɟɥɹɟɦɵɟ ɢ ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɟɪɜɭɸ ɝɪɭɩɩɭ ɫɨɫɬɚɜɥɹɸɬ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢ ɨɬɧɟɫɟɧɧɵɟ ɭɫɥɨɜɧɨ ɤ ɩɟɪɜɨɦɭ 
ɭɪɨɜɧɸ. ȼɫɟ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɩɪɨɝɧɨɡɢɪɭɟɦɵ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ȼ ɩɪɨɟɤɬɟ Ƚɗɋ ɨɛɵɱɧɨ 
ɭɞɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɚɛɢɨɬɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ (ɡɚɬɨɩɥɟɧɢɟ ɡɟɦɟɥɶ, ɢɡɦɟɧɟɧɢɟ ɜɥɚɠɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɢ ɞɪ.) 
ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɪɚɣɨɧɚ.  

Ɇɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɜ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɢ ɧɟ ɩɨɞɞɚɸɳɢɟɫɹ ɨɰɟɧɤɟ ɢɥɢ ɩɪɨɝɧɨɡɭ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ 
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ɚɤɭɫɬɢɱɟɫɤɢɟ, ɩɵɥɟɜɵɟ ɢ ɩɪɨɱɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ; ɜɪɟɦɟɧɧɵɟ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞ ɫɬɨɤɚɦɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ, ɜɨɡɦɨɠɧɵɟ ɞɨ ɫɞɚɱɢ ɨɱɢɫɬɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ. Ɉɞɧɢɦ ɢɡ ɜɢɞɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɜɨɟ 
ɡɚɝɪɹɡɧɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɯɚɪɚɤɬɟɪɨɦ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ, ɦɟɯɚɧɢɡɦɚɦɢ, 
ɫɛɪɨɫɚɦɢ ɬɟɩɥɵɯ ɜɨɞ ɨɬ ɜɫɟɯ ɫɥɭɠɛ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɚɡɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ⱦɥɹ 
ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɫɬɪɨɢɬɟɥɶɧɨ-
ɦɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ ɜɟɥɢɫɶ ɧɚɢɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɭɫɬɪɚɧɹɸɳɢɦɢ 
ɩɨɩɚɞɚɧɢɟ ɢɥɢ ɭɬɟɱɤɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. ɇɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɜɚɬɶ ɨɬɫɬɨɣɧɵɟ 
ɩɪɭɞɵ ɢ ɞɪɭɝɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɱɬɨɛɵ ɩɨɦɟɲɚɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɜɨɞɨɬɨɤɢ 
ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ, ɨɫɨɛɟɧɧɨ ɨɬ ɛɟɬɨɧɧɵɯ ɡɚɜɨɞɨɜ. 

ɇɨɪɦɚɬɢɜɵ, ɤɚɫɚɸɳɢɟɫɹ ɭɫɬɪɚɧɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɬɪɟɛɭɸɬ, ɱɬɨɛɵ 
ɫɬɪɨɢɬɟɥɢ ɧɟ ɩɪɢɦɟɧɹɥɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɲɢɧɵ, ɜɵɞɟɥɹɸɳɢɟ ɱɪɟɡɦɟɪɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɯɪɚɧɟɧɢɢ ɢ ɭɤɥɚɞɤɟ 
ɡɚɩɨɥɧɢɬɟɥɹ ɞɥɹ ɛɟɬɨɧɚ, ɜɵɝɪɭɡɤɟ ɢ ɯɪɚɧɟɧɢɢ ɰɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɵ ɦɟɪɵ ɩɨ 
ɫɧɢɠɟɧɢɸ ɩɨɩɚɞɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɩɵɥɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɣ ɞɨɥɠɧɨ 
ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɩɪɟɞɟɥɶɧɨ ɧɢɡɤɨɦ ɭɪɨɜɧɟ. ɋɠɢɝɚɧɢɟ ɭɞɚɥɟɧɧɨɣ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɝɨɪɸɱɢɯ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɬɨɥɶɤɨ 
ɫ ɪɚɡɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɪɝɚɧɨɜ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɜɨɡɧɢɤɚɸɬ 
ɧɟɩɪɟɞɜɢɞɟɧɧɵɟ ɩɢɤɨɜɵɟ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢ ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɵɟ ɯɨɬɹ ɢ ɧɨɫɹɬ 
ɜɪɟɦɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɧɨ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ.  
ɇɟɩɪɟɞɜɢɞɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɪɚɧɟɧɵ ɜ ɧɚɢɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ, 
ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɫɢɫɬɟɦɟ ɜɨɞɨɬɨɤɚ ɢ ɩɨɛɟɪɟɠɶɹ. 

ɂɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɚɬɦɨɫɮɟɪɵ, ɩɨɱɜɵ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡ-ɡɚ 
ɧɟɞɨɱɟɬɚ ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ, ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɚ, ɢɥɢ 
ɨɬɤɥɨɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɨɬ ɩɪɨɟɤɬɚ. 

ȼ ɩɪɨɟɤɬɚɯ Ƚɗɋ ɞɨɥɠɧɨ ɧɚɦɟɱɚɬɶɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɟɦɟɥɶɧɨ-ɫɤɚɥɶɧɵɯ 
ɪɚɛɨɬ ɫɧɹɬɢɟ, ɫɤɥɚɞɢɪɨɜɚɧɢɟ, ɢ ɯɪɚɧɟɧɢɟ ɩɚɯɚɧɨɝɨ ɫɥɨɹ ɡɟɦɥɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɨɡɜɪɚɬɨɦ ɟɝɨ ɧɚ ɪɟɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɛɨɪɤɭ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɭɫɨɪɚ ɜɫɟɯ ɜɢɞɨɜ. Ⱦɚɧɧɵɟ ɪɚɛɨɬɵ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɯɪɚɧɟɧɢɟ ɥɚɧɞɲɚɮɬɚ, ɢ ɭɫɬɪɚɧɹɸɬ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɩɨɱɜɵ ɢ ɜɨɡɞɭɯɚ. 

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɦ ɢ 
ɞɨɥɝɨɜɪɟɦɟɧɧɵɦ ɩɨ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ, ɩɨɷɬɨɦɭ ɧɭɠɧɨ 
ɫɨɛɥɸɞɚɬɶ ɜɫɟ ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ, ɱɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɩɪɢɪɨɞɭ. 
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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, ɷɬɢ ɷɬɚɩɵ 
ɭɤɪɭɩɧёɧɧɨ ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɤɚɥɟɧɞɚɪɧɨɦ ɝɪɚɮɢɤɟ 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 2026 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 324 324 324 324 324 

ɑɢɫɥɨ ɱɚɫɨɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ɇȼɬ*ɱ 1296000 1296000 1296000 1296000 1296000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
Ɇȼɬ*ɱ 12960 12960 12960 12960 12960 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ɇȼɬ*ɱ 1283040 1283040 1283040 1283040 1283040 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 
ɪɭɛ/ 

Ɇȼɬ*ɱ 
1042 1077 1110 1143 1175 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ. 1336,93 1381,83 1424,17 1466,51 1507,57 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 222,82 230,31 237,36 244,42 251,26 

 
ȼɵɜɨɞ: ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 8.1 ɪɨɫɬ ɜɵɪɭɱɤɢ ɡɚ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ 

ɩɪɨɢɡɨɲёɥ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɩɪɢ ɷɬɨɦ ɨɛɴɟɦɵ 
ɪɟɚɥɢɡɚɰɢɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ. 
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8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ «Ɋɭɫ 
Ƚɢɞɪɨ» 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 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 

Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɨɛɴɟɤɬɨɜ 
ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, ɫ ɭɱɟɬɨɦ 
ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
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Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ  ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 82,68 

ɉɪɨɱɢɟ 274 88,77 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  171,15 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ %, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
 
Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ, % 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ 

Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,06 

Ɉɬ 6 ɞɨ 15 ɥɟɬ 0,09 

Ɉɬ 16 ɞɨ 25 ɥɟɬ 0,14 

ɋɜɵɲɟ 25 0,2 

 
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» 135,38ɬɵɫ.ɪɭɛ/Ɇɜɬ 43,86 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ 

ɫɢɫɬɟɦɵ) 0.001097ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 3,07 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0.000318ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 0,89 

ɂɬɨɝɨ  47,82 

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 

2021  2022 2023 2024 2025 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 44,81 172,45 294,56 300,48 420,68 



107 
 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 8.5 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021  2022 2023 2024 2025 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 5,33 15,46 24,72 21,83 47,12 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 28,58 171,46 171,46 171,46 171,46 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

6,66 19,33 30,90 27,29 58,90 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 

7,97 47,82 47,82 47,82 47,82 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 24,52 74,53 74,53 74,53 74,53 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 117,86 501,06 643,99 643,41 820,52 

 
ȼɵɜɨɞ: Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬɭ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ 

ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɨɜ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. Ɍɚɤɠɟ 
ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɢ ɫɬɪɚɯɨɜɚɧɢɟ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 8.1). 
 

 

Ɋɢɫɭɧɨɤ 8.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 
 ȼɵɜɨɞ: Ⱥɧɚɥɢɡɢɪɭɹ ɞɢɚɝɪɚɦɦɭ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ 
ɫɨɫɬɚɜɥɹɸɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɬɚɤ ɤɚɤ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɗɋ – ɷɬɨ 
ɤɚɩɢɬɚɥɨɟɦɤɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
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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 

2033  2034 2035 2036 2037 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 496,57 513,82 550,99 585,79 615,34 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 602,60 689,52 704,22 718,97 734,16 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 25,34 25,34 25,34 25,34 25,34 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 313,03 303,99 295,51 289,33 285,42 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 1437,54 1532,66 1576,06 1619,43 1660,26 

 
ȼɵɜɨɞ: Ɉɫɧɨɜɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɧɚɥɨɝ ɧɚ 

ɩɪɢɛɵɥɶ ɬɚɤ ɤɚɤ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɬɚɧɰɢɢ ɪɚɫɬёɬ. Ɍɚɤɠɟ ɪɨɫɬ ɪɚɫɯɨɞɨɜ 
ɫɜɹɡɚɧ ɫ ɧɚɥɨɝɨɦ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ. 
 

8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ 
 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
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Ɍɚɛɥɢɰɚ 8.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021  2022 2023 2024 2025 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 417,78 2591,18 2669,97 2754,25 2830,64 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 117,86 501,06 643,99 643,41 820,52 

EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 417,78 2591,18 2669,97 2754,25 2830,64 

EBIT(ɩɪɢɛɵɥɶ ɨɬ 

ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 303,34 2208,74 2144,22 2229,20 2127,43 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 

ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 55,00 441,75 428,84 445,84 425,49 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 248,34 1767,00 1715,38 1783,36 1701,94 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,00 20,00 20,00 20,00 20,00 

 

ɂɡ ɬɚɛɥɢɰɵ 8.7 ɜɢɞɧɨ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɟɪɢɨɞ ɱɚɫɬɶ ɩɪɢɛɵɥɢ ɢɞёɬ 
ɧɚ ɭɩɥɚɬɭ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɩɪɢɛɵɥɢ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɪɚɫɯɨɞɨɜ. 
 

 

Ɋɢɫɭɧɨɤ 8.2 – ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 
 

ȼɵɜɨɞ: ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ (ɪɢɫɭɧɨɤ 8.2) ɫɞɟɥɚɧ 
ɜɵɜɨɞ, ɱɬɨ ɩɪɨɟɤɬ ɜ 4 ɤɜɚɪɬɚɥɟ 2021 ɝɨɞɚ ɜɵɯɨɞɢɬ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɢɛɵɥɶ ɢ 
ɭɜɟɥɢɱɢɜɚɟɬ ɫɜɨɸ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
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Ɋɢɫɭɧɨɤ 8.3 – Ƚɪɚɮɢɤ ɫ ɭɤɚɡɚɧɢɟɦ ɝɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ  

 

ȼɵɜɨɞ: ȼ ɩɟɪɢɨɞ ɫ 2020 ɩɨ 4 ɤɜɚɪɬɚɥ 2021 ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɤɭɩɤɚ ɢ 
ɭɫɬɚɧɨɜɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ. ɂɡ ɪɢɫɭɧɤɚ 8.3 
ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɡɚɩɭɫɤɚ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚɱɢɧɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɬɚɧɰɢɹ ɩɨɥɭɱɚɟɬ ɩɪɢɛɵɥɶ. ɋ ɩɭɫɤɚɦɢ ɩɨɫɥɟɞɭɸɳɢɯ ɚɝɪɟɝɚɬɨɜ 
ɩɨɜɵɲɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ, ɪɚɫɬɭɬ ɬɚɪɢɮɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɦɨɳɧɨɫɬɶ, ɜ 2031 
ɝɨɞɭ ɫɬɚɧɰɢɹ ɧɚɱɢɧɚɟɬ ɨɤɭɩɚɬɶɫɹ. 
 

8.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ (ɉɪɢɥɨɠɟɧɢɟ 
ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №92 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ 
ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.») 
 

8.6 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
4. ɂ ɬ.ɞ. 
Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  
Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 
1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 50 ɥɟɬ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2020 ɝɨɞɚ. 

3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ 
ɢ ɡɚɤɨɧɨɜ. 
 
8.7 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

  
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1. 
 

Ɍɚɛɥɢɰɚ 8.8-ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «Ɉɥёɤɦɢɧɫɤɚɹ Ƚɗɋ 
ɧɚ ɪɟɤɟ Ɉɥёɤɦɚ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2020 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 135 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 4072,92 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,57 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 15,36 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ*ɱ 0,043 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 73126,1 

 
8.8 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 2021 2022 2023 2024 2025 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 43,62 665,83 855,57 1068,30 565,20 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 4,58 31,84 54,33 51,68 87,76 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.Ɋɭɛɥɟɣ 48,20 697,67 909,90 1119,98 652,96 

 
ȼɵɜɨɞ: ȼ ɰɟɥɨɦ ɩɪɨɟɤɬ ɩɪɢɧɨɫɢɬ ɧɟ ɬɨɥɶɤɨ ɤɨɦɦɟɪɱɟɫɤɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɛɸɞɠɟɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ȼ ɬɚɛɥɢɰɟ 3.2 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɫɬɭɩɥɟɧɢɹ ɛɭɞɭɬ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. 
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8.9 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ:  

1) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ 
2) ɐɟɧɚ ɫɛɵɬɚ 
3) ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 

 

Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
 
ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI, 

ɧɨ ɩɪɢ ɞɚɧɧɨɦ ɚɧɚɥɢɡɟ ɩɨɤɚɡɚɬɟɥɶ PI ɧɟ ɨɩɭɫɤɚɟɬɫɹ ɧɢɠɟ 1,0 ɢ ɢɡɦɟɧɹɟɬɫɹ ɜ 
ɧɟɛɨɥɶɲɢɯ ɩɪɟɞɟɥɚɯ ɨɬ 1,7 ɞɨ 1,45 

 
Ɋɢɫɭɧɨɤ 8.5 – ɂɧɞɟɤɫ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 
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ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ PI ɜ ɩɪɟɞɟɥɚɯ ɨɬ 

1,28 ɞɨ 1,88. 

 
Ɋɢɫɭɧɨɤ 8.6 – ɂɧɞɟɤɫ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
ȼɵɜɨɞ: ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ 

ɜɟɥɢɱɢɧɵ PI, ɩɪɢɱɟɦ ɢɧɞɟɤɫ PI ɨɩɭɫɤɚɟɬɫɹ ɧɢɠɟ 1,0 
ɇɚɢɛɨɥɶɲɢɣ ɪɢɫɤ ɞɥɹ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ:  
1) ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
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 9 Ʉɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɨɫɬɶ 
 
 9.1 ɋɬɪɭɤɬɭɪɚ ɰɢɮɪɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢ ɜɨɩɪɨɫ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡ-ɡɚ ɰɢɮɪɨɜɢɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ, ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɨɜɵɫɢɥɢɫɶ ɪɢɫɤɢ ɜ ɨɛɥɚɫɬɢ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɜ 
ɢɯ ɱɢɫɥɟ ɢ ɰɢɮɪɨɜɵɟ ɩɨɞɫɬɚɧɰɢɢ. ɋɪɟɞɢ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɣ ɰɢɮɪɨɜɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɜɚɠɧɨɟ ɦɟɫɬɨ ɨɬɜɨɞɢɬɫɹ ɪɚɡɜɢɬɢɸ ɰɢɮɪɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɢ ɢ ɩɨɬɪɟɛɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ. ɐɢɮɪɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ (ɐɉɋ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɢɥɨɬɧɵɯ 
ɩɪɨɟɤɬɨɜ ɩɨ ɪɚɡɜɢɬɢɸ ɰɢɮɪɨɜɨɣ ɷɥɟɬɤɪɨɷɧɟɪɝɟɬɢɤɢ. 

Ɏɨɪɦɭɥɢɪɨɜɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɤɨɣ ɫɬɚɧɰɢɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɐɉɋ – ɷɬɨ ɩɨɞɫɬɚɧɰɢɹ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɨɰɟɫɫɵ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɢ ɦɟɠɞɭ ɟɟ 
ɷɥɟɦɟɧɬɚɦɢ, ɨɛɦɟɧɚ ɫ ɜɧɟɲɧɟɣ ɫɢɫɬɟɦɨɣ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ ɧɚ 
ɨɫɧɨɜɟ ɩɪɨɬɨɤɨɥɨɜ ɆɗɄ61850. 

ȼ ɫɮɟɪɟ ɟё ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ 
ɚɜɬɨɦɚɬɢɤɨɣ (ɉȺ), ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ 
(ɆɉɊɁ), Ⱥɋɍ Ɍɉ, ȺɂɂɋɄɍɗ, ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɚɹ ɫɟɬɶ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɐɉɋ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ.9.1, ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɬɪɢ ɭɪɨɜɧɹ 
(ɫɧɢɡɭ ɜɜɟɪɯ) [9]: 

 
Ɋɢɫɭɧɨɤ 9.1 – ɋɬɪɭɤɬɭɪɚ ɐɉɋ 

 
1) ɍɪɨɜɟɧɶ ɩɪɨɰɟɫɫɚ: ɧɚ ɞɚɧɧɨɦ ɭɪɨɜɧɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɟɪɜɢɱɧɵɟ  
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ɭɫɬɪɨɣɫɬɜɚ ɢ ɨɩɬɢɱɟɫɤɢɟ ɤɚɛɟɥɢ, ɩɨ ɤɨɬɨɪɵɦ ɢɞёɬ ɩɟɪɟɞɚɱɚ ɡɧɚɱɟɧɢɣ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɱɟɪɟɡ ɲɢɧɭ ɩɪɨɰɟɫɫɚ ɭɫɬɪɨɣɫɬɜɚɦɢ ɜɵɩɨɥɧɹɸɳɢɦ ɫɜɨɢ 
ɮɭɧɤɰɢɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɢ. 

ɒɢɧɚ ɩɪɨɰɟɫɫɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɫɜɹɡɶɸ, ɩɨ ɤɨɬɨɪɨɣ ɢɧɮɨɪɦɚɰɢɹ ɨɬ 
ɩɟɪɜɢɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɫɬɭɩɚɟɬ ɜ ɨɩɟɪɚɬɨɪɫɤɢɣ ɩɭɧɤɬ ɭɩɪɚɜɥɟɧɢɹ. 
 
2) ɍɪɨɜɟɧɶ ɹɱɟɣɤɢ: ɬɟɪɦɢɧɚɥɵ ɆɉɊɁ, ɤɨɧɬɪɨɥɥɟɪɵ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɢ 

ɞɪɭɝɨɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɜɬɨɪɢɱɧɵɦ, ɜ ɐɉɋ ɷɬɨ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ɂɗɍ). 

ȼ ɐɉɋ, ɂɗɍ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫ 
ɨɛɟɫɩɟɱɟɧɢɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɪɟɲɟɧɢɣ, ɪɚɛɨɬɭ 
ɩɪɢɥɨɠɟɧɢɣ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ ɫɬɚɛɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ. 

 
3) ɂ ɩɨɫɥɟɞɧɢɣ ɭɪɨɜɟɧɶ, ɫɬɚɧɰɢɨɧɧɵɣ: ɡɞɟɫɶ ɪɚɫɩɨɥɨɠɟɧɵ 

ɤɨɦɦɭɧɢɤɚɰɢɢ ɜɧɭɬɪɢ ɩɨɞɫɬɚɧɰɢɢ ɢ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɤɥɸɱɚɹ 
ɨɩɟɪɚɬɢɜɧɵɟ ɛɥɨɤɢɪɨɜɤɢ ɢ ɮɭɧɤɰɢɢ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ. 
 
 Ⱥɧɚɥɢɡɢɪɭɹ ɤɨɦɩɨɧɟɧɬɵ ɐɉɋ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 9.1, ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɐɉɋ ɧɚ ɩɨɞɫɢɫɬɟɦɵ: ɮɢɡɢɱɟɫɤɭɸ ɢ ɤɢɛɟɪɧɟɬɢɱɟɫɤɭɸ. 
 Ʉ ɮɢɡɢɱɟɫɤɢɦ ɩɨɞɫɢɫɬɟɦɟ ɨɬɧɨɫɢɬɫɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ 
(ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɢ ɞɪ.) ɢ ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɧɚ ɧɢɯ 
ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɌɌ ɢ Ɍɇ) 
 Ʉ ɤɢɛɟɪɧɟɬɢɱɟɫɤɨɣ: ɲɢɧɚ ɩɪɨɰɟɫɫɚ, ɫɬɚɧɰɢɨɧɧɚɹ ɲɢɧɚ, ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɤɨɦɦɭɬɚɬɨɪɵ, ɂɗɍ, ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ, ɬɟɪɦɢɧɚɥɵ, ɫɟɪɜɟɪɵ, 
ɫɢɫɬɟɦɵ Ⱥɋɍ Ɍɉ ɢ ȺɋɄɍɗ ɢ ɞɪ. 
 Ɇɧɨɝɢɟ ɮɢɡɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚɯɨɞɹɬɫɹ ɩɨ ɦɨɧɢɬɨɪɢɧɝɨɦ ɢ 
ɭɩɪɚɜɥɟɧɢɟɦ ɤɢɛɟɪ-ɤɨɦɩɨɧɟɧɬɚɦɢ. Ʌɢɧɢɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɜ ɷɥɟɤɬɪɨɫɟɬɢ, ɬɟɦ ɫɚɦɵɦ ɨɧɚ ɹɜɥɹɟɬɫɹ ɮɢɡɢɱɟɫɤɨɣ, ɞɚɠɟ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 
 Ʉɢɛɟɪ-ɤɨɦɩɨɧɟɧɬɵ ɨɬɞɟɥɟɧɵ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɧɢ ɨɡɧɚɱɚɸɬ 
ɱɢɬɚɟɦɵɣ ɤɨɦɩɶɸɬɟɪɨɦ ɤɨɞ ɢ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɧɚ ɤɚɤɨɦ-ɥɢɛɨ 
ɮɢɡɢɱɟɫɤɨɦ ɤɨɦɩɨɧɟɧɬɟ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɫɬɪɭɤɬɭɪɭ ɐɉɋ ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɟɟ ɨɬɥɢɱɢɬɟɥɶɧɭɸ 
ɨɫɨɛɟɧɧɨɫɬɶ, ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɫɟɬɶ ɫ ɤɨɦɦɭɬɚɰɢɟɣ 
ɩɚɤɟɬɨɜ Ethernet, ɧɚɫɬɪɨɟɧɧɭɸ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɡɚɤɪɵɬɨɫɬɶ ɨɛɴɟɤɬɚ ɛɨɥɶɲɟ ɧɟ ɹɜɥɹɟɬɫɹ ɛɚɪɶɟɪɨɦ ɞɥɹ ɤɢɛɟɪɩɪɟɫɬɭɩɧɢɤɨɜ, ɢ, 
ɟɫɥɢ ɧɟ ɩɪɢɧɢɦɚɬɶ ɡɚɳɢɬɧɵɟ ɦɟɪɵ, ɜɫɟ ɞɚɧɧɵɟ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɨɞɫɬɚɧɰɢɢ ɦɨɝɭɬ ɫɬɚɬɶ ɞɨɫɬɭɩɧɵɟ ɞɥɹ ɤɢɛɟɪɚɬɚɤ. 
 ȼ [10] ɛɵɥ ɩɪɨɜɟɞɟɧ ɨɩɵɬ ɬɨɝɨ, ɤɚɤ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɐɉɋ ɜ ɭɫɥɨɜɢɹɯ 
ɜɨɡɦɨɠɧɨɣ ɤɢɛɟɪɚɬɚɤɢ: ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ ɫɨɫɬɨɹɧɢɟ; ɩɨɬɟɪɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ; ɩɨɩɵɬɤɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. ȼ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ ɩɨɞɫɬɚɧɰɢɹ 
ɜɵɩɨɥɧɹɟɬ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜɫɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɩɪɨɰɟɫɫɵ, ɩɪɢ ɷɬɨɦ ɩɨɞɫɬɚɧɰɢɹ ɨɫɧɚɳɟɧɚ ɧɟɨɛɯɨɞɢɦɵɦɢ ɫɬɚɧɞɚɪɬɧɵɦɢ 
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ɫɪɟɞɫɬɜɚɦɢ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɚ ɫɬɚɞɢɢ ɩɨɬɟɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɛɵɥ 
ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɬɨɝɨ, ɤɚɤɢɟ ɤɢɛɟɪɭɝɪɨɡɵ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɭɯɭɞɲɟɧɢɸ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɐɉɋ. ɇɚ ɷɬɨɣ ɨɫɧɨɜɟ ɜ [10] ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɫɧɢɠɟɧɢɸ ɩɨɫɥɟɞɫɬɜɢɣ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɤɢɛɟɪɭɝɪɨɡɵ. ȼ ɤɚɱɟɫɬɜɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɦɟɪ ɨɛɟɫɩɟɱɟɧɢɹ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɫɪɟɞɫɬɜɚ: 

1) ɫɟɬɟɜɨɣ ɷɤɪɚɧ – ɤɨɦɩɥɟɤɫ ɚɩɩɚɪɚɬɧɵɯ ɢɥɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɤɨɧɬɪɨɥɶ ɢ ɮɢɥɶɬɪɚɰɢɸ ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɧɟɝɨ ɫɟɬɟɜɵɯ 
ɩɚɤɟɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ; 

2) ɚɧɬɢɜɢɪɭɫɧɵɟ ɩɪɨɝɪɚɦɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ  
ɤɨɦɩɶɸɬɟɪɧɵɯ ɜɢɪɭɫɨɜ, ɚ ɬɚɤɠɟ ɜɪɟɞɨɧɨɫɧɵɯ ɩɪɨɝɪɚɦɦ ɜɨɨɛɳɟ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɚɪɚɠɟɧɧɵɯ ɬɚɤɢɦɢ ɩɪɨɝɪɚɦɦɚɦɢ ɮɚɣɥɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɩɪɨɮɢɥɚɤɬɢɤɢ; 

3) ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ (ɤɨɞɢɪɨɜɚɧɢɟ ɢ 
ɲɢɮɪɨɜɚɧɢɟ). 
 ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɩɥɚɧɟ ɩɨɜɵɲɟɧɢɹ 
ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ. 
 
 9.2 Ɇɟɬɨɞ ɡɚɳɢɬɵ ɤɢɛɟɪɧɟɬɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ 
  

Ʉɥɸɱɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ (ɊɁ) ɢ 
ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ (ɉȺ), ɧɚ ɨɫɧɨɜɧɵɯ ɨɛɴɟɤɬɚɯ – ɰɢɮɪɨɜɵɯ 
ɩɨɞɫɬɚɧɰɢɹɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɠɟɧɵ ɤɢɛɟɪɚɬɚɤɚɦ ɫ ɬɹɠɟɥɵɦɢ 
ɩɨɫɥɟɞɫɬɜɢɹɦɢ, ɹɜɥɹɸɬɫɹ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɫɟɬɢ, ɲɢɧɵ ɩɪɨɰɟɫɫɨɜ ɢ ɲɢɧɵ 
ɨɛɴɟɤɬɨɜ, ɰɢɮɪɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɊɁ, ɉȺ, ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɜɧɟɲɧɢɟ 
ɰɢɮɪɨɜɵɟ ɤɚɧɚɥɵ.  

Ⱦɥɹ ɢɯ ɡɚɳɢɬɵ ɭɠɟ ɩɪɢɜɨɞɢɥɢɫɶ ɫɩɨɫɨɛɵ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬɫɹ 
ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ. ɇɨ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɦɟɪɵ ɉɪɟɞɥɚɝɚɸ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɩɨɫɨɛɵ ɡɚɳɢɬɵ ɨɬ ɤɢɛɟɪɚɬɚɤ:  

 ɋɨɡɞɚɬɶ ɧɟɡɚɜɢɫɢɦɵɟ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɲɢɧɵ ɩɪɨɰɟɫɫɨɜ ɢ ɲɢɧɵ ɨɛɴɟɤɬɨɜ 
ɞɥɹ ɤɚɠɞɨɣ ɮɭɧɤɰɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɥɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 
ɬɪɟɛɭɸɳɟɣ ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ; 

 ɨɬɤɚɡ ɨɬ ɦɨɧɨɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɜ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ ɜɧɭɬɪɢ ɩɨɞɫɬɚɧɰɢɢ (ɱɬɨɛɵ Ethernet ɢ TCP/IP ɧɟ ɛɵɥɢ ɟɞɢɧɫɬɜɟɧɧɵɦɢ 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɰɢɮɪɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ); 

 ɩɪɢɦɟɧɟɧɢɟ ɫɢɦɩɥɟɤɫɧɵɯ ɤɚɧɚɥɨɜ ɫ ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɩɟɪɟɞɚɱɟɣ 
ɢɧɮɨɪɦɚɰɢɢ ɬɚɦ, ɝɞɟ ɷɬɨ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɢɤɥɚɞɧɨɣ ɮɭɧɤɰɢɢ, 
ɧɚɩɪɢɦɟɪ, ɨɞɧɨɫɬɨɪɨɧɧɹɹ ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɰɢɮɪɨɜɨɝɨ ɌɌ (Ɍɇ) ɤ 
ɭɫɬɪɨɣɫɬɜɚɦ ɊɁȺ, ɢɫɤɥɸɱɚɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɢɛɟɪɚɬɚɤɢ ɧɚ ɫɚɦ ɌɌ (Ɍɇ) ɨɬ 
ɧɟɢɫɩɪɚɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɊɁȺ; 

 ɫɨɡɞɚɧɢɟ ɜɵɞɟɥɟɧɧɵɯ ɫɟɝɦɟɧɬɨɜ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ, 
ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɢ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ 
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ɭɫɬɪɨɣɫɬɜ, ɩɪɢɱɟɦ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɚɧɧɵɟ ɫɟɝɦɟɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ 
ɧɨɪɦɚɥɶɧɨ ɨɬɤɥɸɱɟɧɵ (ɫɧɹɬɨ ɩɢɬɚɧɢɟ ɫ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢɥɢ 
ɪɚɡɨɛɪɚɧɵ ɪɚɡɴɟɦɵ); 

 ɩɪɢɦɟɧɟɧɢɟ ɦɟɠɫɟɬɟɜɵɯ ɷɤɪɚɧɨɜ, ɪɚɡɞɟɥɹɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɫɟɝɦɟɧɬɵ 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ ɧɚ ɮɢɡɢɱɟɫɤɨɦ (ɚɧɚɥɨɝɨɜɨɦ) ɭɪɨɜɧɟ, ɤɨɬɨɪɵɟ ɧɟ 
ɞɨɥɠɧɵ ɞɨɩɭɫɤɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɯ ɮɭɧɤɰɢɣ (ɫɟɝɨɞɧɹ 
ɦɟɠɫɟɬɟɜɵɟ ɷɤɪɚɧɵ ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ ɭɪɨɜɧɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ); 

 ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɭɩɪɨɳɟɧɧɵɯ 
ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ ɧɟ 
ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɞɚɜɚɬɶ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ (ɜ ɨɬɥɢɱɢɟ ɨɬ 
Ethernet ɢ TCP/IP, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɩɟɪɟɞɚɱɭ ɥɸɛɨɣ ɢɧɮɨɪɦɚɰɢɢ). 

 ȼɜɟɫɬɢ ɬɪёɯɭɪɨɜɧɟɜɭɸ ɫɢɫɬɟɦɭ ɨɬɫɥɟɠɢɜɚɧɢɹ, ɤɨɧɬɪɨɥɹ ɢ 
ɮɢɥɶɬɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ – Firewall. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɚɪɯɢɬɟɤɬɭɪɚ ɜɫɟɯ ɐɉɋ 
ɢɦɟɟɬ ɜ ɧɚɥɢɱɢɢ ɨɞɢɧ ɮɚɣɪɜɨɥ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ ɩɨɞɫɬɚɧɰɢɢ, ɧɨ ɷɬɨɝɨ 
ɧɟɞɨɫɬɚɬɨɱɧɨ. Ɍɚɤ ɤɚɤ ɧɢɠɧɢɟ ɭɪɨɜɧɢ ɫɥɚɛɨ ɡɚɳɢɳɟɧɵ, ɱɬɨ ɞɚɟɬ ɩɪɟɫɬɭɩɧɢɤɭ 
ɩɪɟɢɦɭɳɟɫɬɜɨ. 

 
Ɋɢɫɭɧɨɤ 9.2 – ɋɯɟɦɚ ɐɉɋ ɫ ɨɞɧɨɭɪɨɜɧɟɜɨɣ (ɫɥɟɜɚ) ɫɢɫɬɟɦɨɣ Firewall ɢ ɫ 

ɬɪёɯɭɪɨɜɧɟɜɨɣ (ɫɩɪɚɜɚ) 

 
 9.3 Ɇɟɬɨɞɵ ɚɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ 
 

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, ɦɟɪɵ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ 
ɨɬɧɨɫɹɬɫɹ ɤ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨ ɞɪɭɝɨɦɭ ɤ ɤɨɦɩɨɧɟɧɬɚɦ 
ɤɢɛɟɪɧɟɬɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ. ɗɬɢ ɦɟɪɵ ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɶ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ, 
ɩɪɢɧɹɬɵɦɢ ɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɊɁ, ɧɚɩɪɢɦɟɪ ɨɬɤɚɡ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɳɢɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɲɢɧ. ɂ ɧɚɡɪɟɜɚɟɬ ɜɨɩɪɨɫ: ɹɜɥɹɸɬɫɹ ɥɢ ɷɬɢ ɦɟɪɵ ɞɨɫɬɚɬɨɱɧɵɦɢ 
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ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɊɁ ? Ɉɬɜɟɬ ɨɱɟɜɢɞɟɧ – ɧɟɬ. ɂ 
ɧɟ ɩɨɬɨɦɭ ɱɬɨ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɡɚɳɢɬɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵ, ɚ ɨ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɬɚɤɨɣ ɡɚɳɢɬɵ, ɬɚɤ ɤɚɤ ɆɉɊɁ, ɩɨɦɢɦɨ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɫɜɹɡɢ, ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɤɪɟɬɧɵɯ 
ɜɯɨɞɨɜ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɩɪɢɫɭɬɫɬɜɢɸ ɢɥɢ ɨɬɫɭɬɫɬɜɢɸ ɧɚɩɪɹɠɟɧɢɹ.  

ɇɚɥɢɱɢɟ ɬɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɞɢɫɤɪɟɬɧɵɯ ɜɵɜɨɞɚɯ ɡɚɲɢɮɪɨɜɚɬɶ ɢɥɢ 
ɡɚɤɨɞɢɪɨɜɚɬɶ ɧɟɜɨɡɦɨɠɧɨ, ɞɚ ɢ ɤɨɧɫɬɪɭɤɰɢɹ ɞɢɫɤɪɟɬɧɵɯ ɜɵɜɨɞɨɜ ɧɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɢɟɦɚ ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɞɨɫɬɚɬɨɱɧɨ ɡɚɪɚɧɟɟ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɥɨɝɢɤɭ ɆɉɊɁ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɨɞɚɱɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɤɨɝɨ-ɬɨ ɜɧɟɲɧɟɝɨ ɪɟɥɟ ɧɚ 
ɨɞɢɧ ɡɚɪɚɧɟɟ ɜɵɛɪɚɧɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɜɵɜɨɞ ɩɪɨɢɫɯɨɞɢɥɨ ɫɪɚɛɚɬɵɜɚɧɢɟ 
ɜɵɯɨɞɧɵɯ ɪɟɥɟ ɆɉɊɁ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɜɵɤɥɸɱɚɬɟɥɶ ɢ 
ɬɟɦ ɫɚɦɵɦ, ɟɝɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɞɢɜɟɪɫɢɢ. ɂ ɧɢɤɚɤɢɟ ɢɡ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɦɟɪ ɡɚɳɢɬɵ ɨɬ ɤɢɛɟɪɚɬɚɤ ɡɞɟɫɶ ɧɟ ɩɨɦɨɝɭɬ, ɩɨɬɨɦɭ ɱɬɨ 
ɧɢɤɚɤɨɣ ɤɢɛɟɪɚɬɚɤɢ ɩɪɢ ɬɚɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɆɉɊɁ ɧɟ ɛɵɥɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɥɧɨɣ ɡɚɳɢɬɵ ɨɬ ɤɢɛɟɪɭɝɪɨɡ, ɚ ɬɚɤɠɟ ɨɬ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɫɩɨɫɨɛɵ ɡɚɳɢɬɵ ɮɢɡɢɱɟɫɤɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. 
  
 9.3.1 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɪёɯ ɤɨɦɩɥɟɤɬɨɜ ɫ ɦɚɠɨɪɢɪɨɜɚɧɢɟɦ ɜɵɯɨɞɧɵɯ 
ɫɢɝɧɚɥɨɜ ɩɨ ɩɪɢɧɰɢɩɭ “ɞɜɚ ɢɡ ɬɪёɯ”. 
 
 Ɏɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɥɨɠɧɨɦɭ ɫɪɚɛɚɬɵɜɚɧɢɸ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ, ɦɧɨɠɟɫɬɜɨ. ȼɫё ɷɬɨ ɩɨɞɤɪɟɩɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ «ɧɟ ɨɬɤɥɸɱɟɧɢɹ» ɭɱɚɫɬɤɨɜ ɫ ɚɜɚɪɢɣɧɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ, ɬɟɦ 
ɫɚɦɵɦ ɞɥɹ ɆɉɊɁ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɧɟɩɪɚɜɢɥɶɧɵɯ ɫɨɫɬɨɹɧɢɹ: ɢ ɧɟɫɪɚɛɚɬɵɜɚɧɢɟ ɢ 
ɥɨɠɧɨɟ ɫɪɚɛɚɬɵɜɚɧɢɟ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɢɞɟɧɬɢɱɧɵɯ 
ɤɨɦɩɥɟɤɬɨɜ: ɨɫɧɨɜɧɨɝɨ ɢ ɪɟɡɟɪɜɧɨɝɨ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɩɪɚɤɬɢɱɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɧɟ 
ɹɫɧɨ, ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɜɵɯɨɞɧɵɟ 
ɤɨɧɬɚɤɬɵ ɆɉɊɁ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ: ɩɨ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ «ɂ» 
ɢɥɢ ɩɨ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ «ɂɅɂ»?  
 Ʌɸɛɨɣ ɜɚɪɢɚɧɬ ɫɨɟɞɢɧɟɧɢɹ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɨɞɧɨɝɨ ɢɡ ɧɟɩɪɚɜɢɥɶɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɆɉɊɁ, ɧɨ ɩɪɢ ɷɬɨɦ ɧɚɫɬɨɥɶɤɨ ɠɟ ɭɜɟɥɢɱɢɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɞɪɭɝɨɝɨ. 
Ɍɨ ɟɫɬɶ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɢɞɟɧɬɢɱɧɵɯ ɤɨɦɩɥɟɤɬɨɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɱɢɬɚɸ ɩɪɢɦɟɧɟɧɢɟ ɬɪёɯ ɤɨɦɩɥɟɤɬɨɜ ɫ 
ɦɚɠɨɪɢɪɨɜɚɧɢɟɦ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨ ɩɪɢɧɰɢɩɭ «ɞɜɚ ɢɡ ɬɪɟɯ» ɧɚɢɛɨɥɟɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ. 
 ɉɪɢɦɟɧɟɧɢɟ ɦɚɠɨɪɢɬɚɪɧɨɝɨ ɩɪɢɧɰɢɩɚ ɩɨɫɬɪɨɟɧɢɹ ɡɚɳɢɬ ɩɨɡɜɨɥɢɬ 
ɢɫɤɥɸɱɢɬɶ ɤ ɦɢɧɢɦɭɦɭ ɫɥɭɱɚɢ ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬ, ɤɚɤ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ 
ɤɢɛɟɪɭɝɪɨɡɵ, ɬɚɤ ɢ ɨɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 

ɉɨɫɬɪɨɟɧɢɟ ɡɚɳɢɬɵ ɩɨ ɬɚɤɨɦɭ ɩɪɢɧɰɢɩɭ, ɩɪɢɦɟɧɢɦɨ ɞɥɹ ɤɪɭɩɧɵɯ 
ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɥɨɠɧɨɟ ɫɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ ɩɪɢɜɨɞɢɬ 
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ɧɟ ɬɨɥɶɤɨ ɤ ɩɪɨɛɥɟɦɚɦ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ (ɫɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ), ɧɨ 
ɢ ɤ ɛɨɥɶɲɢɦ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɡɚɬɪɚɬɚɦ, ɜɟɞɶ ɩɪɨɰɟɫɫ ɩɭɫɤɚ ɚɝɪɟɝɚɬɚ ɧɚ ɬɟɩɥɨɜɵɯ 
ɢ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɹɯ ɨɱɟɧɶ ɡɚɬɹɠɧɨɣ ɩɪɨɰɟɫɫ. ȼɨ ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɥɨɠɧɨ 
ɨɬɤɥɸɱɟɧɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɩɪɟɞɩɪɢɹɬɢɟ ɧɟɫёɬ ɛɨɥɶɲɢɟ ɭɛɵɬɤɢ, ɢ ɛɭɞɟɬ 
ɲɬɪɚɮɨɜɚɬɶɫɹ ɩɨ ɩɪɚɜɢɥɚɦ ɨɩɬɨɜɨɝɨ ɪɵɧɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ. 
 ɉɪɢɦɟɧɟɧɢɟ ɦɚɠɨɪɢɬɚɪɧɨɝɨ ɩɪɢɧɰɢɩɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɚɜɞɚɧɨ ɜ ɱɚɫɬɧɵɯ 
ɫɥɭɱɚɹɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɥɢɛɨ ɧɚ Ƚɗɋ ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɧɚɝɪɭɡɤɭ. ɇɚ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɞɚɧɧɵɣ ɩɪɢɧɰɢɩ ɫɨɟɞɢɧɟɧɢɹ 
ɜɵɯɨɞɧɵɯ ɤɨɧɬɚɤɬɨɜ ɪɟɥɟ ɛɭɞɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧ ɢ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ 
ɫɩɨɫɨɛɚ ɡɚɳɢɬɵ ɞɨɩɭɫɬɢɦɨ. 
 
 9.3.2 Ɋɟɡɟɪɜɢɪɨɜɚɧɢɟ ɬɟɪɦɢɧɚɥɨɜ ɆɉɊɁ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɪɟɥɟ 
  
 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬ ɧɚ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚɯ ɧɟ ɩɨɜɥɟɤɥɨ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ ɢɥɢ ɤɚɤɢɯ-ɥɢɛɨ ɟё 
ɩɚɪɚɦɟɬɪɨɜ. ɍ ɆɉɊɁ ɟɫɬɶ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ, ɤ ɬɚɤɨɜɵɦ ɨɬɧɨɫɢɬɫɹ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ, ɤɨɦɩɚɤɬɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɜ ɮɢɤɫɚɰɢɢ ɜɨɡɧɢɤɲɢɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ. Ⱥ ɬɚɤɠɟ ɨɧɢ ɨɛɥɚɞɚɸɬ ɢ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 
ɜɨɡɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɩɪɨɫɬɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ ɆɉɊɁ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɡɚɳɢɬɚɦɢ. 
 ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɡɚɳɢɬ ɨɛɵɱɧɨ ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ 
ɢɞɟɧɬɢɱɧɵɯ ɬɟɪɦɢɧɚɥɚ, ɤɨɬɨɪɵɟ ɩɢɬɚɸɬɫɹ ɨɬ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ, 
ɜɵɯɨɞɧɵɟ ɤɨɧɬɚɤɬɵ ɪɟɥɟ ɤɨɬɨɪɵɯ, ɫɨɟɞɢɧɟɧɵ ɩɨ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ «ɢ». 
 Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɆɉɊɁ ɧɟ ɨɛɥɚɞɚɸɬ ɬɨɣ ɫɬɟɩɟɧɶɸ ɧɚɞёɠɧɨɫɬɢ, 
ɤɚɤɨɣ ɤɚɠɟɬɫɹ ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ. ɂ ɩɨ ɧɟɤɨɬɨɪɵɦ ɩɚɪɚɦɟɬɪɚɦ ɞɚɠɟ ɭɫɬɭɩɚɸɬ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɡɚɳɢɬɚɦ. ɋɚɦɵɦ ɝɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɟɥɟ ɧɚɞ ɆɉɊɁ ɹɜɥɹɟɬɫɹ ɢɯ ɧɟɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɤ 
ɤɢɛɟɪɚɬɚɤɚɦ ɢ ɜɧɟɲɧɢɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɹɦ. 
 ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɥɚɝɚɸ ɩɪɢɦɟɧɹɬɶ ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ ɤ ɩɨɫɬɪɨɟɧɢɸ 
ɡɚɳɢɬ ɫɬɚɧɰɢɢ:  ⎯ ɨɞɢɧ ɬɟɪɦɢɧɚɥ ɆɉɊɁ ɢ ɩɚɧɟɥɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɡɚɳɢɬ, ɜɵɯɨɞɧɵɟ 
ɤɨɧɬɚɤɬɵ ɪɟɥɟ ɤɨɬɨɪɵɯ, ɫɨɟɞɢɧɟɧɵ ɩɨ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ «ɢ»; ⎯ ɭɫɬɚɧɨɜɤɚ ɞɚɬɱɢɤɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɵɣ 
ɛɭɞɟɬ ɜɵɜɨɞɢɬɶ ɬɟɪɦɢɧɚɥ ɆɉɊɁ ɢɡ ɪɚɛɨɬɵ, ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɞɨɩɭɫɬɢɦɵɯ 
ɡɧɚɱɟɧɢɣ; ⎯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɬɟɪɦɢɧɚɥɚ ɬɚɤ, ɱɬɨ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ 
ɧɚ ɜɵɯɨɞɧɵɟ ɪɟɥɟ, ɪɚɛɨɬɚ ɬɟɪɦɢɧɚɥɚ ɆɉɊɁ ɛɥɨɤɢɪɭɟɬɫɹ. 
 ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɤ ɦɢɧɢɦɭɦɭ ɫɥɭɱɚɢ 
ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɧɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬ, ɩɨɜɵɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɤɨɦɩɥɟɤɫɚ 
ɡɚɳɢɬ ɜ ɰɟɥɨɦ ɢ ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ.  
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 9.3.3 Ɂɚɳɢɬɚ ɆɉɊɁ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɧɚ ɝɟɪɤɨɧɚɯ  
  
 ɂɞɟɹ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɜɦɟɫɬɧɨ ɫ ɆɉɊɁ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɧɚ ɝɟɪɤɨɧɚɯ, ɮɭɧɤɰɢɨɧɚɥɶɧɨ 
ɜɤɥɸɱɟɧɧɨɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɆɉɊɁ. Ȼɟɡ ɚɤɬɢɜɚɰɢɢ ɬɨɤɨɦ ɢɥɢ ɧɚɩɪɹɠɟɧɢɟɦ 
ɞɚɧɧɨɝɨ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɆɉɊɁ ɧɟ ɫɦɨɠɟɬ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɞɚɠɟ ɩɪɢ ɤɢɛɟɪɚɬɚɤɟ ɢɥɢ ɤɚɤɨɦ ɥɢɛɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɜɨɡɦɭɳɟɧɢɢ. 

Ɉɫɧɨɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɨɪɝɚɧɭ: ɫɪɚɛɚɬɵɜɚɧɢɟ ɞɨ ɆɉɊɁ, ɬ.ɟ ɢɦɟɥ ɧɟɫɤɨɥɶɤɨ 
ɦɟɧɶɲɢɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ȿɫɥɢ ɫɪɚɛɚɬɵɜɚɧɢɟ ɆɉɊɁ ɧɟ ɩɪɨɢɡɨɲɥɨ, ɩɨɫɥɟ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ, ɩɭɫɤɨɜɨɣ ɨɪɝɚɧ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ 
ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ.  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɭɫɬɪɨɣɫɬɜɚ:  
ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ: 
1) ȼɫɟ ɜɯɨɞɧɵɟ ɝɟɪɤɨɧɨɜɵɟ ɪɟɥɟ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɧɚɯɨɞɹɬɫɹ ɜ  

ɨɬɩɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɚɬɭɲɤɢ ɪɟɥɟ RR4-RR7 ɨɛɟɫɬɨɱɟɧɵ.  
2) ɇɨɪɦɚɥɶɧɨ ɡɚɦɤɧɭɬɵɟ ɤɨɧɬɚɤɬɵ RR5 ɢ RR6 ɡɚɤɨɪɚɱɢɜɚɸɬ 

ɞɢɫɤɪɟɬɧɵɟ ɜɯɨɞɵ ɆɉɊɁ, ɤɨɧɬɚɤɬɵ RR4- ɤɚɧɚɥ ɫɜɹɡɢ, RR7 – ɪɚɡɪɵɜɚɸɬ 
ɜɵɯɨɞɧɭɸ ɰɟɩɶ ɆɉɊɁ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɆɉɊɁ ɩɨɥɧɨɫɬɶɸ ɛɥɨɤɢɪɭɟɬɫɹ ɢ ɩɨ ɜɯɨɞɭ, ɢ ɩɨ ɜɵɯɨɞɭ, ɢ 
ɧɢɤɚɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢɡ ɜɧɟ ɧɟ ɫɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɟɝɨ ɥɨɠɧɨɦɭ ɫɪɚɛɚɬɵɜɚɧɢɸ. 

ɉɪɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ: 
1) Ɋɟɡɤɨ ɢɡɦɟɧɹɟɬɫɹ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ (ɬɨɤ ɢɥɢ ɧɚɩɪɹɠɟɧɢɟ). 
2) ɋɪɚɛɚɬɵɜɚɟɬ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɝɟɪɤɨɧɨɜɵɯ ɪɟɥɟ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ (ɉɈ) 

ɡɚ ɜɪɟɦɹ ɧɟ ɛɨɥɟɟ 1ɦɫ ɢ ɤ ɩɨɫɥɟɞɭɸɳɟɦɭ ɫɪɚɛɚɬɵɜɚɧɢɸ ɪɟɥɟ RR4-RR6, ɱɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɛɨɥɟɟ ɱɟɦ ɡɚ 2-4 ɦɫ, ɚ ɡɚɦɵɤɚɧɢɟ ɪɟɥɟ RR7- ɧɟ ɛɨɥɟɟ 5ɦɫ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɳɟɟ ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɜɫɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɚɜɚɪɢɣɧɵɣ 
ɪɟɠɢɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 6 ɦɫ. 
 ȼ ɬɚɤɨɦ ɪɟɠɢɦɟ ɭɫɬɪɨɣɫɬɜɨ ɡɚɳɢɬɵ ɆɉɊɁ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ 
ɪɚɡɛɥɨɤɢɪɨɜɚɧɨ ɢ ɜɨɡɜɪɚɳɟɧɨ ɜ ɧɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. 
 ɉɪɢ ɜɵɛɨɪɟ ɝɟɪɤɨɧɨɜ ɨɛɪɚɳɚɸɬ ɧɚ ɬɚɤɢɟ ɤɚɱɟɫɬɜɚ ɤɚɤ: ɝɟɪɦɟɬɢɱɧɨɫɬɶ, 
ɞɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ , ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. 
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С̬̍о̭

RR5

RR6

RR4

RR7

 
Ɋɢɫɭɧɨɤ 9.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɡɚɳɢɬɵ ɆɉɊɁ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɝɟɪɤɨɧɨɜɵɯ ɪɟɥɟ 
  
 
 9.3.4 Ɇɟɬɨɞɵ ɡɚɳɢɬɵ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɐɉɋ ɨɬ ɩɨɦɟɯ 
  
 Ʉ ɞɚɧɧɵɦ ɦɟɬɨɞɚɦ ɡɚɳɢɬɵ ɨɬɧɨɫɹɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɲɢɪɨɤɨɩɨɥɨɫɧɵɟ 
ɮɢɥɶɬɪɵ, ɫɩɟɰɢɚɥɶɧɵɟ ɦɨɧɬɚɠɧɵɟ ɲɤɚɮɵ, ɤɚɛɟɥɢ, ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɤɪɵɬɢɹ ɢ 
ɤɪɚɫɤɢ, ɨɬɪɚɠɚɸɳɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ, ɲɬɨɪɵ ɢ ɤɨɜɪɵ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɧɢɬɟɣ, ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɫɥɚɛɥɹɸɳɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ 
ɢɡɥɭɱɟɧɢɟ.  
 Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ. 

1. Ʉɨɧɬɪɨɥɶɧɵɟ ɤɚɛɟɥɢ. 
Ʉɨɧɬɪɨɥɶɧɵɟ ɤɚɛɟɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɷɤɪɚɧɢɪɨɜɚɧɧɵɦɢ ɢ ɫ ɜɢɬɵɦɢ ɩɚɪɚɦɢ. 

ɉɪɨɫɬɟɣɲɢɦ ɷɤɪɚɧɨɦ ɞɥɹ ɤɚɛɟɥɹ ɹɜɥɹɟɬɫɹ ɩɥɟɬёɧɚɹ ɨɩɥёɬɤɚ (ɪɢɫɭɧɨɤ 9.4). Ɉɧɚ 
ɩɪɢɦɟɧɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɷɤɪɚɧɨɦ ɢɡ ɮɨɥɶɝɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɧɚ 
ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ (ɪɢɫɭɧɨɤ 9.5). ɇɚ ɪɢɫɭɧɤɟ 9.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬ ɱɚɫɬɨɬɵ ɩɨɥɹ ɞɥɹ ɮɨɥɶɝɢ ɢ ɨɩɥёɬɤɢ [11]. 

 
Ɋɢɫɭɧɨɤ 9.4 – Ʉɨɧɬɪɨɥɶɧɵɣ ɤɚɛɟɥɶ ɫ ɞɜɨɣɧɨɣ ɩɥɟɬёɧɨɣ ɨɩɥёɬɤɨɣ 
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Ɋɢɫɭɧɨɤ 9.5 – Ʉɚɛɟɥɶ re-2x(st)2y(z)y-pimf, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɣ ɤɚɤ 

ɫɜɟɪɯɭɫɬɨɣɱɢɜɵɣ ɤ ɩɨɦɟɯɚɦ 
 

 
Ɋɢɫɭɧɨɤ 9.6 - Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬ ɱɚɫɬɨɬɵ ɞɥɹ 

ɷɤɪɚɧɨɜ ɜ ɜɢɞɟ ɨɩɥёɬɤɢ ɢ ɮɨɥɶɝɚ 
 

Ʉɨɦɩɚɧɢɹ Belden ɪɚɡɪɚɛɨɬɚɥɚ ɢ ɡɚɩɚɬɟɧɬɨɜɚɥɚ ɩɪɨɫɬɨɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ 
ɫɩɨɫɨɛ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɤɚɛɟɥɹ - «ɩɨɥɢɷɮɢɪɧɵɣ ɫɷɧɞɜɢɱ» (ɫɥɨɣ ɮɨɥɶɝɢ, 
ɧɚɧɟɫёɧɧɵɣ ɧɚ ɩɥёɧɤɭ ɢɡ ɩɨɥɢɷɫɬɟɪɚ). ɗɬɨɬ ɫɩɨɫɨɛ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɥ 
ɧɚɡɜɚɧɢɟ Beldfoil (ɪɢɫɭɧɨɤ 9.7). 
 

 
Ɋɢɫɭɧɨɤ 9.7 – Ʉɨɧɫɬɪɭɤɰɢɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɷɤɪɚɧɚ ɬɢɩɚ «ɩɨɥɢɷɮɢɪɧɵɣ 

ɫɷɧɞɜɢɱ» 
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 Ɍɚɤ ɠɟ ɷɮɮɟɤɬɢɜɧɨɣ ɦɟɪɨɣ ɨɫɥɚɛɥɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɩɪɨɤɥɚɞɤɚ ɤɚɛɟɥɟɣ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɨɬɤɚɯ ɢ 
ɬɪɭɛɚɯ. 
 

2. Ɏɢɥɶɬɪɵ 
 Ɏɢɥɶɬɪɵ ɡɚɳɢɳɚɸɬ ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ 
ɚɩɩɚɪɚɬɭɪɭ ɱɟɪɟɡ ɪɚɡɥɢɱɧɵɟ ɤɚɛɟɥɶɧɵɟ ɜɜɨɞɵ ɢ ɫɨɟɞɢɧɢɬɟɥɢ. ɋɟɝɨɞɧɹ ɧɚ ɪɵɧɤɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɟɞɢɧɢɬɟɥɢ, ɫɧɚɛɠёɧɧɵɟ ɜɫɬɪɨɟɧɧɵɦɢ ɮɢɥɶɬɪɚɦɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɍɚɤɢɟ ɫɨɟɞɢɧɢɬɟɥɢ ɜɵɩɭɫɤɚɸɬ: Amphenol; 
Spectrum Control Inc.; Spectrum Advanced Specialty Products; EMP Connectors; 
ERNI Electronics; Sabritec; MPE; Glenair Inc.; Captor Corp.; Lindgren-Rayproof ɢ 
ɞɪɭɝɢɟ. 
 Ɉɛɵɱɧɨ ɬɚɤɢɟ ɮɢɥɶɬɪɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɮɟɪɪɢɬɨɜɵɯ ɤɨɥɟɰ ɢɥɢ 
ɤɨɦɛɢɧɚɰɢɢ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ ɢ ёɦɤɨɫɬɟɣ (ɪɢɫɭɧɨɤ 9.8), ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɧɭɬɪɢ ɫɨɟɞɢɧɢɬɟɥɹ. 

ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɚɤɢɯ ɮɢɥɶɬɪɚɯ ɞɥɹ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɫɨɫɬɚɜɥɹɟɬ 
ɦɟɧɟɟ 1% ɧɚ ɮɚɡɭ. 

 

 
Ɋɢɫɭɧɨɤ 9.8 – Ʉɨɧɫɬɪɭɤɰɢɹ ɨɞɧɨɝɨ ɢɡ ɫɨɟɞɢɧɢɬɟɥɟɣ ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ ɮɢɥɶɬɪɚɦɢ 

ɤɨɦɩɚɧɢɢ Glenair Inc. 
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ɁȺɄɅɘɑȿɇɂȿ 
 
 ȼ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ 
Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɜɵɫɨɬɨɣ 53 ɦ ɧɚ ɪɟɤɟ Ɉɥёɤɦɚ, ɹɜɥɹɸɳɢɦɫɹ ɫɨɨɪɭɠɟɧɢɟɦ II 
ɤɥɚɫɫɚ. 
 ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 
1,0% ɢ ɩɨɜɟɪɨɱɧɨɝɨ 0,1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɥɭɱɚɟɜ: Q1,0%=1962 ɦ3/ɫ, 
Q0,1%=2425,89 ɦ3/ɫ. 
 ȼ ɯɨɞɟ ɜɨɞɧɨ–ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɢ ɝɢɞɪɨɥɨɝɢɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɚ ɡɨɧɚ ɟɟ ɪɚɛɨɬɵ ɜ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɚɯ 
ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɵ ɢ ɥɟɬɚ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ NɍɋɌ=324 Ɇȼɬ. 
Ɉɩɪɟɞɟɥɟɧ ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ, ɨɬɦɟɬɤɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ 190,76 ɦ. 
ɉɨɥɟɡɧɵɣ ɨɛɴɟɦ ɩɪɢ ɞɚɧɧɵɯ ɨɬɦɟɬɤɚɯ ɇɉɍ 208 ɦ ɢ ɍɆɈ ɫɨɫɬɚɜɥɹɟɬ 5,29 ɤɦ3. 
ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ 
ɫɨɫɬɚɜɢɥɚ 940 ɦɥɧ.ɤȼɬ·ɱ. 
 ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ:  

- ɦɚɤɫɢɦɚɥɶɧɵɣ –Hmax= 48,54 ɦ; 
- ɪɚɫɱɟɬɧɵɣ  –Hɪɚɫɱ=37,80 ɦ; 
- ɦɢɧɢɦɚɥɶɧɵɣ  –Hmin= 28,20 ɦ. 

 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɵɛɨɪɚ ɬɭɪɛɢɧ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ 
ɜɚɪɢɚɧɬ ɫ ɲɟɫɬɶɸ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ, ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 5,6 ɦ (ɉɅ50–ȼ–
560). 
 ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɩɨɜɨɪɨɬɧɨ–ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 136,4 ɨɛ/ɦɢɧ ɛɵɥ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ 
ɋȼ – 972/150 – 44ɍɏɅ4.  
 Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɈɊɍ–220ɤȼ – "ɞɜɟ ɫɢɫɬɟɦɵ 
ɫɛɨɪɧɵɯ ɲɢɧ". ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ 
ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ–125000/220, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɋɁɉ – 4000/13,8/6. 
 ȼ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɩɪɢɧɹɬ ɝɟɧɟɪɚɬɨɪɧɵɣ ɤɨɦɩɥɟɤɫ ɧɚ 
ɨɫɧɨɜɟ ɷɥɟɝɚɡɚ, ȼȽȽ – 15 (ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ), ɫ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɌɒɅ-20-I ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-06-15. 
 ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɉɍɗ.  
 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɛɵɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɨɣ. ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ 
ɩɪɢɧɹɬɚ ɛɟɬɨɧɧɨɣ. ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɜɯɨɞɹɬ: 
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 ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɞɨɫɥɢɜɨɦ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ; 

 ɡɞɚɧɢɟ Ƚɗɋ ɩɪɢɩɥɨɬɢɧɧɨɝɨ ɬɢɩɚ; 
 ɩɪɚɜɨ ɢ ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ. 

 ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ  ɢ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ: 

 ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ – 38 ɦ; 
 ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ – 155 ɦ;  
 ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ –2; 
 ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɜɟɬɭ – 12 ɦ; 
 ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ – 211,6 ɦ; 
 ɲɢɪɢɧɚ ɝɪɟɛɧɹ – 17 ɦ. 

 Ⱦɥɹ ɝɚɲɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ 
ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ, ɩɪɢɦɟɧɹɸɬɫɹ ɞɜɟ ɜɨɞɨɛɨɣɧɵɟ ɫɬɟɧɤɢ.  
 Ɋɚɡɪɟɡɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ 
ɩɪɨɢɡɜɟɞɟɧɚ ɩɨ ɛɵɤɚɦ, ɪɚɡɪɟɡɚɟɬɫɹ ɤɚɠɞɵɣ ɛɵɤ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɵɯ 
ɨɫɚɞɨɤ ɫɦɟɠɧɵɯ ɛɵɤɨɜ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɤɥɢɧɢɜɚɧɢɸ ɡɚɬɜɨɪɨɜ.  ɇɚ 
ɤɚɠɞɨɦ ɜɨɞɨɫɥɢɜɧɨɦ ɨɬɜɟɪɫɬɢɢ ɭɫɬɪɚɢɜɚɟɦ ɲɜɵ ɧɚɞɪɟɡɵ ɞɨ ɮɭɧɞɚɦɟɧɬɧɨɣ 
ɩɥɢɬɵ.   

Ɍɚɤɠɟ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɩɥɨɬɢɧɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 1,30 ɞɥɹ (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ II ɤɥɚɫɫɚ – 1,2). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɬɢɧɚ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ.  ɉɥɨɬɢɧɚ 
ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɦɢ ɋɇɢɉ.  
 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ.  
 ɉɨ ɬɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
 – ɭɞɟɥɶɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,043 ɪɭɛ/ɤȼɬɱ. 

– ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 11 ɥɟɬ ɢ 3 ɦɟɫɹɰɚ 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ɉɥёɤɦɢɧɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
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07.02.2000 – Ɇɨɫɤɜɚ : ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ», 2010 – 58 ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

    Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɉɥёɤɦɚ ɡɚ ɩɟɪɢɨɞ 
1930-1979 ɝɝ 
            Ɋɚɫɯɨɞɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ 

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

1930 4 5 5 6 393 462 1202 1010 966 409 80 16 380 

1931 5 10 11 33 536 685 650 564 501 382 159 26 297 

1932 21 2 2 19 444 364 1123 700 376 295 86 71 292 

1933 51 10 10 6 684 724 714 322 319 272 136 19 272 

1934 7 7 7 4 615 2030 1080 540 610 659 91 40 474 

1935 13 13 11 12 554 646 760 680 789 420 82 23 334 

1936 12 10 10 6 557 691 724 545 483 318 93 11 288 

1937 16 17 12 96 400 868 1005 1045 591 440 182 23 391 

1938 3 3 2 18 807 931 819 626 348 346 125 15 337 

1939 14 15 13 46 352 606 950 960 841 661 148 10 385 

1940 15 10 10 9 505 620 700 526 376 273 70 15 261 

1941 16 18 16 10 528 811 889 845 751 370 91 77 369 

1942 7 8 7 5 331 626 677 721 624 380 114 8 292 

1943 11 5 4 37 522 735 836 709 469 338 84 64 318 

1944 5 6 4 15 515 860 1028 1036 895 795 114 16 441 

1945 11 10 9 67 429 700 817 749 657 578 155 105 357 

1946 14 15 14 32 300 525 630 575 383 232 34 13 230 

1947 3 3 2 23 582 703 762 770 762 604 109 3 361 

1948 6 6 5 7 475 979 1150 998 901 781 98 86 458 

1949 6 3 1 10 261 470 482 315 227 187 105 63 178 

1950 14 15 11 23 383 701 773 808 680 607 86 61 347 

1951 33 32 26 25 300 745 865 835 575 334 102 15 324 

1952 8 8 4 8 286 610 700 560 341 241 95 32 241 

1953 38 21 17 7 455 744 881 868 728 601 75 59 374 

1954 6 4 4 5 640 529 705 465 413 375 143 18 275 

1955 20 21 20 53 820 1018 1100 959 823 686 232 28 482 

1956 8 8 7 12 387 670 714 680 537 337 50 34 287 

1957 27 25 22 14 340 670 773 712 546 289 30 10 288 

1958 11 11 10 16 487 791 838 798 670 391 100 11 345 

1959 9 9 8 46 688 587 296 591 639 477 86 7 287 

1960 11 10 9 11 286 541 860 850 455 287 77 41 286 

1961 41 23 19 30 449 776 942 833 618 397 61 52 353 

1962 5 4 2 9 493 716 864 859 792 674 182 15 385 

1963 17 15 15 10 526 755 906 897 726 534 98 9 376 

1964 7 7 5 8 489 1000 1145 1044 670 429 159 8 414 

1965 10 10 8 20 341 631 760 637 494 357 20 17 275 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2 
Ƚɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ. ɝɨɞ 

1966 15 15 11 9 490 717 871 820 707 518 111 96 365 

1967 23 9 8 15 451 649 668 664 633 500 105 21 312 

1968 18 17 16 18 294 501 774 876 679 294 41 5 294 

1969 6 7 5 11 287 561 668 659 599 520 59 57 287 

1970 45 10 9 28 414 696 949 1101 967 573 100 75 414 

1971 12 7 6 9 321 532 727 906 835 386 59 55 321 

1972 35 24 23 30 884 743 577 447 601 636 102 12 343 

1973 15 16 14 13 271 641 767 670 471 271 57 51 271 

1974 4 4 3 12 304 451 695 796 654 366 95 91 290 

1975 5 5 5 59 452 715 914 862 682 462 52 48 355 

1976 32 10 10 13 352 613 886 911 575 376 41 23 320 

1977 19 14 11 11 247 566 678 700 418 251 45 6 247 

1978 6 6 6 40 394 657 916 962 712 523 43 19 357 

1979 15 10 9 10 284 594 823 796 465 322 68 7 284 

Qɫɪ.ɦɟɫ 15 11 10 21 452 703 821 756 611 435 95 34 330 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 –Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

m P,% Q ɝɨɞ
ˏయ̝

 Ƚɨɞɵ Qɩɨɥɨɜ
ˏయ̝

 Ƚɨɞɵ Q ɦɟɠɟɧ
ˏయ̝

 Ƚɨɞɵ 

1 2 482 1955 922 1934 62 1955 
2 4 474 1934 901 1955 59 1945 

3 6 458 1948 881 1948 58 1937 
4 8 441 1944 855 1944 44 1970 
5 10 414 1964 796 1964 43 1966 

6 12 414 1970 783 1970 41 1939 
7 14 391 1937 740 1930 41 1931 

8 16 385 1939 733 1962 39 1951 
9 18 385 1962 728 1939 39 1933 
10 20 380 1930 725 1937 38 1941 

11 22 376 1963 724 1963 38 1961 
12 24 374 1953 713 1953 38 1972 
13 25 369 1941 699 1941 36 1953 

14 27 365 1966 697 1947 36 1962 
15 29 361 1947 694 1978 35 1950 

16 31 357 1945 687 1966 35 1948 
17 33 357 1978 681 1975 35 1974 
18 35 355 1975 669 1961 34 1943 

19 37 353 1961 663 1958 33 1932 
20 39 347 1950 659 1950 32 1964 
21 41 345 1958 655 1945 31 1949 

22 43 343 1972 648 1972 30 1967 
23 45 337 1938 646 1938 30 1954 

24 47 334 1935 642 1935 29 1975 
25 49 324 1951 619 1976 28 1938 
26 51 321 1971 618 1971 28 1973 

27 53 320 1976 609 1951 27 1959 
28 55 318 1943 602 1943 27 1963 
29 57 312 1967 594 1967 27 1944 

30 59 297 1931 570 1968 27 1958 
31 61 294 1968 560 1942 26 1960 

32 63 292 1942 555 1957 26 1934 
33 65 292 1932 554 1956 26 1935 
34 67 290 1974 553 1931 26 1952 

35 69 288 1936 553 1936 25 1942 
36 71 288 1957 550 1932 25 1971 
37 73 287 1956 549 1969 24 1969 



131 
 
 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

m P,% Q ɝɨɞ
ˏయ̝

 Ƚɨɞɵ Qɩɨɥɨɜ
ˏయ̝

 Ƚɨɞɵ Q ɦɟɠɟɧ
ˏయ̝

 Ƚɨɞɵ 

38 75 287 1959 547 1979 24 1947 
39 76 287 1969 547 1960 23 1936 
40 78 286 1960 546 1959 22 1976 

41 80 284 1979 544 1974 21 1940 
42 82 275 1954 537 1965 21 1957 
43 84 275 1965 521 1954 20 1946 

44 86 272 1933 515 1973 20 1978 
45 88 271 1973 506 1933 20 1956 

46 90 261 1940 500 1940 20 1979 
47 92 247 1977 477 1977 19 1930 
48 94 241 1952 456 1952 19 1968 

49 96 230 1946 441 1946 18 1977 
50 98 178 1949 324 1949 14 1965 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 - Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
Ɇɟɫɹɰ Qɩɨɥ, 

ɦ³/c 
Qɧ.ɛ, 
ɦ³/c 

Qɜɯɤ, 
ɦ³/c 

Qɜɞɯɪ, 
ɦ³/c 

Qɯ.ɫɛ, 
ɦ³/c 

Qɝɷɫ, 
ɦ³/c 

Vɧɚɱ, 
ɤɦ³ 

dV, 
ɤɦ³ 

Vɤɨɧ, 
ɤɦ³ 

Zɧɚɱ, 
ɦ 

Zɫɪ, 
ɦ 

Zɤɨɧ 

ɦ 
Zɧɛ, 
ɦ 

Hɝɷɫ, 
ɦ 

Nɝɷɫ, 
Ɇȼɬ 

Nɝɚɪ 
Ɇȼɬ 

11 61 366 150 303 0 372 10,500 0,81 9,69 208,00 206,90 205,79 160,85 45,52 149 149 
12 6 454 150 445 0 459 9,69 1,21 8,48 205,79 204,02 202,24 161,14 42,35 171 171 
1 6 509 150 500 0 508 8,48 1,34 7,14 202,24 200,07 197,90 161,27 38,26 171 171 
2 1 519 150 515 0 498 7,14 1,20 5,93 197,90 195,75 193,60 161,25 33,97 149 149 
3 6 150 150 141 0 147 5,93 0,38 5,56 193,60 192,87 192,15 159,60 32,74 42 ȼɏɄ 
4 14 150 150 133 0 147 5,56 0,34 5,21 192,15 191,45 190,76 159,34 31,59 41 ȼɏɄ 
5 502 160 160 -355 0 147 5,21 -0,92 6,13 190,76 192,55 194,34 159,41 32,61 42 ȼɏɄ 
6 605 160 160 -457 0 148 6,13 -1,19 7,32 194,34 196,43 198,53 159,41 36,49 47 ȼɏɄ 
7 683 160 160 -536 0 147 7,32 -1,39 8,71 198,53 200,74 202,95 159,41 40,80 53 ȼɏɄ 
8 510 160 160 -363 0 147 8,71 -0,94 9,65 202,95 204,32 205,69 159,41 44,38 58 ȼɏɄ 
9 361 160 160 -214 0 147 9,65 -0,55 10,21 205,69 206,44 207,19 159,41 46,50 60 ȼɏɄ 
10 259 160 160 -112 0 147 10,21 -0,29 10,500 207,19 207,60 208,00 159,41 47,66 62 ȼɏɄ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
Ɇɟɫɹɰ Qɩɨɥ, 

ɦ³/c 
Qɧ.ɛ, 
ɦ³/c 

Qɜɯɤ, 
ɦ³/c 

Qɜɞɯɪ, 
ɦ³/c 

Qɯ.ɫɛ, 
ɦ³/c 

Qɝɷɫ, 
ɦ³/c 

Vɧɚɱ, 
ɤɦ³ 

dV, 
ɤɦ³ 

Vɤɨɧ, 
ɤɦ³ 

Zɧɚɱ, 
ɦ 

Zɫɪ, 
ɦ 

Zɤɨɧ 

ɦ 
Zɧɛ, 
ɦ 

Hɝɷɫ, 
ɦ 

Nɝɷɫ, 
Ɇȼɬ 

ɗɦɥɧ. 
ɤȼɬ·ɱ 

11 81 374 150 291 0 371 10,500 0,75 9,75 208,00 206,97 205,94 160,85 45,59 149 107 

12 30 452 150 420 0 450 9,75 1,12 8,62 205,94 204,31 202,67 161,10 43,20 171 123 
1 21 494 150 471 0 492 8,62 1,22 7,40 202,67 200,73 198,79 161,22 39,51 171 123 

2 27 484 150 454 0 482 7,40 1,10 6,30 198,79 196,88 194,97 161,19 35,16 149 107 

3 32 236 150 201 0 233 6,30 0,52 5,78 194,97 194,00 193,03 160,23 33,24 68 49 

4 68 292 150 221 0 289 5,78 0,57 5,21 193,03 191,89 190,76 160,52 30,84 79 57 
5 662 315 160 -360 0 302 5,21 -0,93 6,14 190,76 192,57 194,38 160,62 31,42 84 60 

6 745 197 160 -560 0 185 6,14 -1,45 7,60 194,38 196,90 199,42 159,63 36,74 60 43 

7 783 160 160 -636 0 147 7,60 -1,61 9,20 199,42 201,91 204,40 159,37 42,00 54 39 

8 639 310 160 -342 0 297 9,20 -0,89 10,09 204,40 205,63 206,87 160,24 44,86 117 85 

9 365 259 160 -119 0 246 10,09 -0,31 10,397 206,87 207,27 207,68 159,99 46,75 101 73 

10 286 259 160 -40 0 246 10,40 -0,10 10,500 207,68 207,84 208,00 159,99 47,32 103 74 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.4– Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɡɢɦɧɢɯ ɢ ɥɟɬɧɢɯ ɫɭɬɨɤ 

Ɂɢɦɧɢɟ ɫɭɬɤɢ Ʌɟɬɧɢɟ ɫɭɬɤɢ 

Ɋɪɚɧɠ, Ɇȼɬ ΔP,Ɇȼɬ t,ɱ Δɗ, ɦɥɧ ɤȼɬ·ɱ ɗɤɨ, ɦɥɧ ɤȼɬ·ɱ Ɋɤɨ, Ɇȼɬ 
Ɋɪɚɧɠ, 
Ɇȼɬ 

ΔP,Ɇȼɬ t,ɱ 
Δɗ, ɦɥɧ 

ɤȼɬ·ɱ 
ɗɤɨ, ɦɥɧ 

ɤȼɬ·ɱ 
Ɋɤɨ, 

Ɇȼɬ 
1600 41,6 1 0,042 0,002 0,042 928 49 1 0,050 0,049 49 
1558 37,1 2 0,074 0,009 0,116 878 10 2 0,020 0,070 59 
1521 25,3 3 0,076 0,018 0,192 868 1 3 0,003 0,073 60 
1496 17,6 4 0,070 0,027 0,262 867 20 4 0,084 0,156 81 
1478 22,4 5 0,112 0,038 0,374 846 6 5 0,034 0,191 88 
1456 17,9 6 0,108 0,064 0,482 839 1 6 0,011 0,202 90 
1438 4,5 7 0,031 0,072 0,513 837 11 7 0,082 0,284 102 
1433 80,8 8 0,646 0,078 1,159 825 10 8 0,082 0,366 112 
1352 41,1 9 0,370 0,088 1,529 815 9 9 0,088 0,453 122 
1311 9,3 10 0,093 0,098 1,622 806 9 10 0,092 0,545 131 
1302 13,1 11 0,144 0,104 1,767 796 9 11 0,108 0,653 141 
1289 7,8 12 0,094 0,121 1,860 787 10 12 0,129 0,781 151 
1281 0,2 13 0,002 0,346 1,863 776 40 13 0,530 1,311 192 
1281 35,4 14 0,495 0,394 2,358 735 8 14 0,124 1,436 201 
1245 15,6 15 0,233 0,772 2,591 726 9 15 0,145 1,581 211 
1230 195,2 16 3,123 0,932 5,714 716 115 16 1,849 3,431 326 
1035 127,7 17 2,171 1,128 7,884 601 52 17 0,899 4,330 379 
907 99,2 18 1,786 1,487 9,670 548 42 18 0,758 5,088 421 
808 61,1 19 1,161 1,547 10,831 506 27 19 0,522 5,610 449 
747 20,8 20 0,416 1,779 11,247 478 4 20 0,082 5,691 453 
726 0,0 21 0,000 1,804 11,247 474 16 21 0,343 6,034 469 
726 29,1 22 0,641 1,877 11,888 458 0 22 0,000 6,034 469 
697 0,0 23 0,000 1,900 11,888 458 0 23 0,000 6,034 469 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.1- ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ ɫ ɜɩɢɫɚɧɧɵɦɢ ɫɬɚɧɰɢɹɦ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɂɄɇ ɞɥɹ ɥɟɬɧɢɯ ɫɭɬɨɤ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

Ɍɚɛɥɢɰɚ ȼ.1- Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪ Ɍɢɩ ɬɭɪɛɢɧɵ 

D1 
ɉɅ50-ȼ-

530 
ɉɅ50-ȼ-

560 
ɉɅ50-ȼ-

600 
ɉɅ50-ȼ-

630 

ɉɅȾ5
0-ȼ-
530 

ɉɅȾ5
0-ȼ-
600 

ɉɅȾ5
0-ȼ-
630 

Q`(Hmin) 
1,34 1,13 1,34 1,18 1,36 

1,42 1,18 
 

Q`(Hɪɚɫɱ) 
1,453 1,285 1,52 1,36 1,473 

1,54 1,36 

Q`(Hmax) 
1 0,9 1,04 0,95 0,998 

1,04 0,95 

Q (Hmin) 
203,5 191,6 260,9 253,3 206,6 

276,4 253,3 

Q (Hɪɚɫɱ) 
254,4 251,1 341,0 336,4 257,9 

345,5 336,4 

Q (Hmin) 
197,8 198,7 263,6 265,5 197,4 

263,6 265,5 
Zɧɛ (Q 
(Hmin)) 

159,70 159,62 160,02 159,98 159,71 
160,10 159,98 

Zɧɛ (Q 
(Hɪɚɫɱ)) 

159,99 159,97 160,40 160,38 160,00 
160,41 160,38 

Zɧɛ (Q 
(Hmax)) 

159,66 159,67 160,03 160,04 159,66 
160,03 160,04 

 (Hmin)ࢼ
0,46 0,35 0,457 0,37 0,36 

0,43 0,37 

 (Hɪɚɫɱ)ࢽ
0,52 0,396 0,6 0,45 0,45 

0,49 0,45 

 (Hmax)ࢽ
0,25 0,208 0,27 0,23 0,2 

0,23 0,23 

Hs(Hmin) 
-4,32 -1,22 -4,24 -1,78 -1,50 

-3,47 -1,78 

Hs(Hɪɚɫɱ) 
-11,00 -6,32 -14,03 -8,36 -8,36 

-9,87 -8,36 

Hs(Hmax) 
-3,48 -1,44 -4,45 -2,51 -1,06 

-2,51 -2,51 

Z ɪɤ(Hmin) 
155,38 158,40 155,79 158,20 158,21 

156,63 158,20 

Z ɪɤ(Hɪɚɫɱ) 
148,98 153,65 146,37 152,02 151,65 

150,54 152,02 
Z ɪɤ(Hmax) 156,18 158,22 155,58 157,53 158,60 157,52 157,53 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ. 

 
Ɋɢɫɭɧɨɤ ȼ.1 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-560 
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