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ȼȼȿȾȿɇɂȿ 
 
ɉɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ 

ɤɪɭɩɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚɛɨɬɚɸɳɢɯ ɫɨɜɦɟɫɬɧɨ. Ɉɞɧɚɤɨ ɰɟɧɬɪɵ ɩɨɬɪɟɛɥɟɧɢɹ 
ɭɞɚɥɟɧɵ ɨɬ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ ɧɚ ɞɚɥɶɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɧɚ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɬɟɪɪɢɬɨɪɢɢ. Ɋɚɣɨɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɟɬɶ (Ɋɗɋ) ɩɨɦɨɝɚɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɫɜɹɡɶ 
ɦɟɠɞɭ ɝɟɧɟɪɢɪɭɸɳɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɹɦɢ, ɩɨɷɬɨɦɭ ɨɧɚ ɹɜɥɹ-
ɟɬɫɹ ɜɚɠɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤ Ɋɗɋ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɨɪɦɚɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢ-
ɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɋɗɋ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɯɚɪɚɤɬɟɪɧɵɦ ɪɟɠɢɦɚɦ 
ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ 
ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɜɜɢɞɭ ɞɨɥɝɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɋɗɋ, ɱɬɨɛɵ ɩɨɞ-
ɞɟɪɠɢɜɚɬɶ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ. 

Ɋɚɫɱёɬ ɢ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɋɗɋ ɧɟɨɛɯɨ-
ɞɢɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɟё ɪɚɛɨɬɵ ɫ ɪɟɠɢɦɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ, ɤɨɬɨ-
ɪɵɟ ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ. Ɍɚɤɠɟ ɪɚɫɱёɬ 
ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɚɦɵɟ ɧɚɝɪɭɠɟɧɧɵɟ ɢ ɭɹɡɜɢɦɵɟ 
ɭɱɚɫɬɤɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɚɧɢɬɶ ɢɥɢ ɭɤɪɟɩɢɬɶ ɩɨɫɪɟɞɫɬɜɨɦ ɫɯɟɦɧɵɯ ɢɥɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 

ɉɪɢ ɩɟɪɟɞɚɱɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɬɪɟɛɢɬɟɥɸ ɜɫɬɪɟɱɚɟɬɫɹ ɜɚɠɧɵɣ ɷɥɟɦɟɧɬ ɫɢ-
ɫɬɟɦɵ – ɩɨɞɫɬɚɧɰɢɹ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɞɨɥɠɧɚ ɜɵɩɨɥɧɹɬɶ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɬɪɟɛɨɜɚ-
ɧɢɹ. ɉɨɷɬɨɦɭ ɟɳɟ ɨɞɧɨɣ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɝɪɚɦɨɬɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɞ-
ɫɬɚɧɰɢɢ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɟё ɞɚɠɟ ɩɨɫɥɟ ɫɟɪɶɟɡɧɵɯ ɚɜɚɪɢɣ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɨɛɥɟɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɟɪɢɪɨɜɚɬɶ ɧɨɪɦɚ-
ɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɢ ɫɬɚɧɞɚɪɬɚɦɢ ɈȺɈ «Ɋɨɫɫɟɬɢ», ɩɪɢɦɟɧɹɬɶ 
ɡɧɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ ɜ ɪɚɦɤɚɯ ɤɚɮɟɞɪɵ 
«ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ», ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɭɱ-
ɧɭɸ, ɬɟɯɧɢɱɟɫɤɭɸ ɥɢɬɟɪɚɬɭɪɭ ɢ ɫɩɪɚɜɨɱɧɢɤɢ, ɉɍɗ, ɪɭɤɨɜɨɞɹɳɢɟ ɭɤɚɡɚɧɢɹ ɢ ɩɪɨ-
ɱɢɟ ɢɫɬɨɱɧɢɤɢ. 
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ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 

Ɍɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɨɛ ɢɫɬɨɱɧɢɤɚɯ ɩɢɬɚɧɢɹ ɢ ɩɭɧɤɬɚɯ ɩɨɬɪɟɛɥɟɧɢɹ ɗɗ 

Ⱦɚɧɧɵɟ 
ɂɫɬɨɱɧɢɤɢ ɢ ɩɭɧɤɬɵ ɩɨɬɪɟɛɥɟɧɢɹ ɗɗ 

Ȼɚɥɚɧɫɢɪɭɸɳɢɣ 
ɭɡɟɥ 

ɋɬ.1 ɉ/ɫɬ 2 ɉ/ɫɬ 3 ɉ/ɫɬ 4 

ɆȼɬP ,max  – -25 19 16 14 

cos  – 0,79 0,83 0,79 0,80 

ɫɦ
y

x
,  

70

70
 

35

35
 

34

59
 

64

32
 

58

58
 

Ʉɚɬɟɝɨɪɢɹ 
ɗɉ 

პ პ ჟ ჟ ჟ 

 
Ɇɚɫɲɬɚɛ 1 ɫɦ – 30 ɤɦ. 
Ɇɢɧɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɗɉ ɫɨɫɬɚɜɥɹɟɬ 60% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɡɚɞɚɧɧɨɣ ɜ 

ɬɚɛɥɢɰɟ 1. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɱT 5100max  . 

 
Ɍɚɛɥɢɰɚ 2 – Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɲɢɧɚɯ ɩɨɞɫɬɚɧɰɢɢ №3, ɩɪɢɜɟɞёɧɧɵɟ ɤ 
ɫɬɨɪɨɧɟ ȼɇ 
Ɍɨɤ ɄɁ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ )3(

1KI , 

ɤȺ 

Ɍɨɤ ɄɁ ɧɚ ɫɬɨɪɨɧɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ )3(
2KI , 

ɤȺ 

2,417 7,561 
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1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɋɗɋ 110 ɤȼ 
 
1.1 ɋɨɫɬɚɜɥɟɧɢɟ ɛɚɥɚɧɫɚ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɟɣ 
 
Ɋɚɫɱёɬ ɛɚɥɚɧɫɨɜ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢɡɛɵɬɨɤ ɢɥɢ ɞɟɮɢɰɢɬ ɦɨɳɧɨɫɬɢ ɩɪɨ-

ɟɤɬɢɪɭɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ (ɗɋ), ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɫɯɟɦɵ.  

Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɪɟɠɢɦɚ ɧɚɢɛɨɥɶɲɢɯ ɚɤɬɢɜɧɵɯ ɢ 
ɪɟɚɤɬɢɜɧɵɯ ɧɚɝɪɭɡɨɤ, ɩɪɢɧɢɦɚɹ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚɢɛɨɥɶɲɢɯ ɧɚɝɪɭ-
ɡɨɤ ɭ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɨɢɫɯɨɞɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ [1; ɫ. 10]. 

ɂɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɞɨɥɠɧɵ ɩɨɤɪɵɜɚɬɶ ɫɭɦɦɚɪɧɭɸ ɧɚɝɪɭɡɤɭ ɗɋ ɧΣɊ , ɜɤɥɸ-
ɱɚɸɳɢɟ ɚɤɬɢɜɧɵɟ ɧɚɝɪɭɡɤɢ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɊ , ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ 
ɥɢɧɢɹɯ ɥΣΔɊ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɬΣΔɊ . 

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɭɸ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɗɋ  ɩɊ , Ɇȼɬ: 
 

049014016019432

4

2

,,,,ɊɊɊɊɊ
i

ɩiɩΣ 


.                                          (1.1)     

 
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ( ɬΣɥΣ ΔɊΔɊ  ) ɜ ɫɟɬɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɦɢ 6 – 8% ɨɬ ɫɭɦɦɚɪɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟ-
ɥɟɣ [1; ɫ. 14]. ɉɪɢɦɟɦ ɢɯ ɪɚɜɧɵɦɢ 0,07  ɩɊ . ɇɟɨɛɯɨɞɢɦɵɣ ɪɟɡɟɪɜ ɦɨɳɧɨɫɬɢ ɪɟɡɊ  

ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɵɦ 10% ɨɬ ɫɭɦɦɚɪɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ [1; ɫ. 14]. 

Ɉɩɪɟɞɟɥɢɦ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, Ɇȼɬ: 
 

.3357014016019171 ,),,,(,ɊΔɊΔɊɊɊɊ ɪɟɡɬΣɥΣɩΣɧΣɢɫɬ               (1.2) 

 
Ɋɚɫɫɱɢɬɚɟɦ ɧɟɛɚɥɚɧɫ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, Ɇȼɬ: 
 

.,,,ɊɊɊ ɧΣɧɛ 0333222570251                                                             (1.3) 
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɗɋ ɹɜɥɹɟɬɫɹ ɞɟɮɢɰɢɬɧɨɣ ɩɨ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɧɟɞɨɫɬɚɸɳɚɹ ɦɨɳɧɨɫɬɶ ɛɭɞɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶɫɹ ɛɚɥɚɧɫɢɪɭɸɳɟɣ ɫɬɚɧɰɢɟɣ. 
Ɉɩɪɟɞɟɥɢɦ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɩɨɬɪɟɛɥɹɟɬ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞ-

ɫɬɚɧɰɢɹ №3, Ɇɜɚɪ: 
 

.,)),(tg(,))(tg(ɊQ 42012790arccos016cosarccos 333                                (1.4) 
 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɟɞёɦ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. Ɋɟɡɭɥɶɬɚ-

ɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɪɟɚɤɬɢɜɧɵɯ ɦɨɳɧɨɫɬɟɣ ɩɨɞɫɬɚɧɰɢɣ 
№ ɩ/ɫɬ ɩiɊ , ɩicos  ɩiQ , Ɇɜɚɪ 

1 -25,0 0,79 -19,400 
2 19,0 0,83 12,770 
3 16,0 0,79 12,420 
4 14,0 0,8 10,500 

 
ɇɚɣɞɟɦ ɫɭɦɦɚɪɧɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ɇɜɚɪ: 
 

68535500104201277012432 ,,,,QQQQɩΣ  .                                        (1.5) 
 
Ɍɨɝɞɚ ɦɨɞɭɥɶ ɩɨɥɧɨɣ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ɇȼ∙Ⱥ: 
 

6176068535049 2222 ,,,QPS ɩΣɩΣɩΣ  .                                                 (1.6) 

 
ɋɭɦɦɚɪɧɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ, Ɇɜɚɪ, ɨɩɪɟɞɟɥɢɦ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ 10% ɨɬ ɩɨɥɧɨɣ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨ-
ɬɪɟɛɢɬɟɥɟɣ ɩS , ɢ ɫ ɭɱёɬɨɦ ɪɟɡɟɪɜɚ, ɪɚɜɧɨɝɨ 10% ɨɬ ɫɭɦɦɚɪɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ [1; ɫ.15]. 

 
316455683062668535 ,,,,QΔQQQ ɪɟɡɬΣɩΣɧΣ  ,                                  (1.7) 

 
ɝɞɟ ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, Ɇɜɚɪ: 
 

0626617601010 ,,,S,ΔQ ɩΣɬΣ  ;                                                                  (1.8) 
 
ɪɟɡɟɪɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, Ɇɜɚɪ: 
 

5683685351010 ,,,Q,Q ɩΣɪɟɡ  .                                                                     (1.9) 

 
Ɋɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɟ ɧɟɛɚɥɚɧɫɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, Ɇɜɚɪ: 

 
09142531645400191  ,,,QQQ ɧΣɧɛ .                                                 (1.10) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɟɬɶ ɢɦɟɟɬ ɞɟɮɢɰɢɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɨ 

ɭɫɬɚɧɨɜɢɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ (Ʉɍ).  
 
1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɪɚɫɱёɬɧɨɣ 

ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɞɫɬɚɧɰɢɢ  
 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɢ ɩɟɪɟɞɚɱɟ ɦɨɳɧɨɫɬɢ 

ɩɨ ɜɨɡɞɭɲɧɵɦ ɥɢɧɢɹɦ ɧɚɩɪɹɠɟɧɢɟɦ 110-220 ɤȼ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,93 [1; ɫ. 15]. 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

9 

ɋ ɭɱёɬɨɦ ɷɬɨɝɨ ɨɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɭɸ ɦɨɳɧɨɫɬɶ Ʉɍ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞ-
ɫɬɚɧɰɢɢ №3, Ɇɜɚɪ: 

 

.,))),(tg()),((tg(,

)))(tg())((tg(PQ эɫ
ɪɚɫɱ
Ʉɍ

6106930arccos790arccos016

cosarccoscosarccos 3max33


 

                                (1.11) 

 
ɇɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ Ʉɍ ɨɫɬɚɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɚɧɚɥɨ-

ɝɢɱɧɨɦɭ ɪɚɫɱёɬɭ. ɂɫɯɨɞɹ ɢɡ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, 
ɜɵɛɟɪɟɦ ɪɟɝɭɥɢɪɭɟɦɵɟ ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ ɍɄɊɅ(ɉ) ɩɨ ɤɚɬɚɥɨɝɭ [2].  

ɉɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɭɫɬɚɧɨɜɨɤ ɩɪɨɜɟɪɹɟɦ ɩɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɟ ɩɟɪɟ- 
ɢɥɢ ɧɟɞɨɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, %: 

 

%.10%100 


 ɪɚɫɱ
Ʉɍ

ɞɟɣɫɬɜ
Ʉɍ

ɪɚɫɱ
Ʉɍ

Ʉɍ
Q

QQ
Q                                                                 (1.12) 

 
Ɍɚɛɥɢɰɚ 1.2 – Ɍɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ Ʉɍ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɢ ɫɪɚɜɧɟɧɢɟ ɢɯ ɫ ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɵɦɢ ɦɨɳɧɨɫɬɹɦɢ  
№ ɩ/ɫɬ ,ɪɚɫɱ

ɄɍiQ Ɇɜɚɪ Ɍɢɩ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ Ʉɨɥ-ɜɨ, ɲɬ. ,ɞɟɣɫɬɜ
ɄɍiQ Ɇɜɚɪ ,ɄɍiQ % 

2 5,258 ɍɄɊɅ(ɉ)56-10,5-1350-450 ɍ3 4 5,400 2,68 
3 6,094 ɍɄɊɅ(ɉ)56-10,5-1000-200 ɍ3 6 6,000 1,54 
4 4,967 ɍɄɊɅ(ɉ)56-10,5-2250-450 ɍ3 2 4,500 9,39 

 
 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɭɸ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɞɫɬɚɧɰɢɢ №3 ɫ ɭɱёɬɨɦ ɭɫɬɚ-

ɧɨɜɤɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, Ɇȼ∙Ⱥ: 
 

.,j,),,j(,)Qj(QPS ɞɟɣɫɬɜ
Ʉɍ

ɪɚɫɱ
ɩ/ɫɬ 42060160006420120163max3max33         (1.13) 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱёɬ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɞɪɭɝɢɯ ɩɨɞɫɬɚɧɰɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɭ 1.3. 
 

Ɍɚɛɥɢɰɚ 1.3 – Ɋɚɫɱёɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɣ ɫ ɭɫɬɚɧɨɜɤɨɣ Ʉɍ 

№ ɩ/ɫɬ ,/
ɪɚɫɱ

ɫɬiɩS  ɆȼȺ ,/
ɪɚɫɱ

ɫɬiɩS  Ɇȼ∙Ⱥ 

2 19,0+j7,368 20,379 
3 16,0+j6,420 17,239 
4 14,0+j6,000 15,232 

 
1.3 ɋɨɫɬɚɜɥɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɷɫɤɢɡɨɜ ɪɚɣɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɟɬɢ ɫɥɟɞɭɟɬ ɪɭ-

ɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ: 
1) ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɩɨɞɤɥɸɱɟɧɢɟ ɭɡɥɨɜ ɫ ɦɚɤɫɢ-

ɦɚɥɶɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ; 
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2) ɨɛɳɚɹ ɞɥɢɧɚ ɫɟɬɢ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨɣ; 
3) ɭɱёɬ ɤɚɬɟɝɨɪɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ; 
4) ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɞɢɚɥɶɧɨ-ɦɚɝɢɫɬɪɚɥɶɧɭɸ ɢɥɢ ɫɦɟɲɚɧɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɫɟɬɢ; 
5) ɧɟ ɧɭɠɧɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɭɫɥɨɠɧɟɧɢɸ ɫɯɟɦɵ, ɟɫɥɢ ɜ ɷɬɨɦ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨ-

ɫɬɢ. 
ɇɚ ɨɫɧɨɜɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɩɪɚɜɢɥ ɧɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɤɨɧɮɢ-

ɝɭɪɚɰɢɣ ɫɟɬɢ. 
  

 
 

Ɋɢɫɭɧɨɤ 1.1 – ȼɚɪɢɚɧɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ №1 
 

 
 

Ɋɢɫɭɧɨɤ 1.2 – ȼɚɪɢɚɧɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ №2 
 

Ⱦɥɹ ɜɫɟɯ ɷɫɤɢɡɨɜ ɛɵɥ ɩɪɨɜɟɞёɧ ɩɪɢɛɥɢɠёɧɧɵɣ ɪɚɫɱёɬ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ, ɧɚɣɞɟɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢ ɭɞɚɥёɧɧɵɟ ɭɡɥɵ, ɪɚɫɫɱɢɬɚɧɵ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ, ɜɧɟɫɟɧɵ ɢɡɦɟɧɟɧɢɹ ɜ 
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ɤɨɧɮɢɝɭɪɚɰɢɸ ɫɟɬɢ, ɟɫɥɢ ɷɬɨ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ. 
 
1.4 Ɋɚɫɱёɬ ɷɫɤɢɡɚ №1 
 
1.4.1 Ɋɚɫɱёɬ ɩɪɢɛɥɢɠёɧɧɨɝɨ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ 
 
ɐɟɥɶɸ ɪɚɫɱёɬɚ ɩɪɢɛɥɢɠёɧɧɨɝɨ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɥɢɧɢɣ ɫɟɬɢ ɢ ɫɟɱɟɧɢɣ ɩɪɨɜɨɞɨɜ ɭɱɚɫɬɤɨɜ ɗɋ. ɉɪɢ ɷɬɨɦ 
ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ [1, ɫ.19]: 

1. ɇɚɝɪɭɡɤɢ ɜ ɭɡɥɚɯ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ Ʉɍ, ɩɪɢɧɢɦɚɸɬ ɜ ɤɚɱɟ-
ɫɬɜɟ ɪɚɫɱёɬɧɵɯ ɛɟɡ ɭɱёɬɚ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ёɦ-
ɤɨɫɬɧɵɯ ɦɨɳɧɨɫɬɟɣ ɥɢɧɢɣ, ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɭɡɥɚɦ. 

2. Ȼɚɥɚɧɫɢɪɭɸɳɚɹ ɫɬɚɧɰɢɹ ɦɨɠɟɬ ɜɵɞɚɜɚɬɶ ɥɸɛɭɸ ɦɨɳɧɨɫɬɶ. 
3. Ɋɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɫɟɯ ɭɡɥɚɯ 

ɫɟɬɢ, ɬ.ɟ. ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 
4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ 

ɩɪɢɧɢɦɚɸɬ ɨɞɢɧɚɤɨɜɵɦɢ. 
 

 
 

Ɋɢɫɭɧɨɤ 1.3 – ɉɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɫɤɢɡɚ №1 
 

ɂɫɩɨɥɶɡɭɹ ɩɟɪɜɵɣ ɡɚɤɨɧ Ʉɢɪɯɝɨɮɚ, ɨɩɪɟɞɟɥɢɦ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɩɨ ɥɢɧɢ-
ɹɦ, Ɇȼ∙Ⱥ: 

 
j19,40;25,0SS 112                                                                                    (1.14) 

j12,034;6,0j7,36819,0j19,40025,0SSS 2/1224  ɪɚɫɱ
ɫɬɩ                (1.15) 

j6,417;16,0SS 3/43  ɪɚɫɱ
ɫɬɩ                                                                             (1.16) 

j0,383.24,0

j12,0346,0j6,0014,0j6,41716,0SSSS 244/43Ȼ4


 ɪɚɫɱ

ɫɬɩ        (1.17)  
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1.4.2 ȼɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɟɝɨ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɞɚɥɶɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢ ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɞɧɭ ɰɟɩɶ. 
Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɝɥɹɞɧɨ ɨɬɨɛɪɚɠɟɧɚ ɜ ɮɨɪɦɭɥɟ ɋ.ɇ. ɇɢɤɨɝɨɫɨɜɚ [1, ɫ.22]: 

 

4 ,16
ɰ

ijijɪɚɫɱ
ij n

lP
U


                                                                                         (1.18) 

 
ɝɞɟ ijP  - ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ ɭɱɚɫɬɤɭ ij , 

ijl  - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ij , ɤɦ, 

ɰn  - ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ȼɅ, ɲɬ. 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ, ɭɱɚɫɬɤɚ 1-2 ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɩɨ 

ɮɨɪɦɭɥɟ (1.18): 
 

.65,87
2

720,25
1616 44

1212
12 







ɰ

ɪɚɫɱ

n

lP
U                                                 (1.19) 

 
ɉɨɫɥɟ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢ-

ɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.  
ɉɪɢɦɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɱɚɫɬɤɚ 1-2: 
 

11012 ɧɨɦU ɤȼ.                                                                                                  (1.20) 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 
 

Ɍɚɛɥɢɰɚ 1.4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɭɱɚɫɬɤɨɜ ɫɟɬɢ 

ɍɱɚɫɬɨɤ ɫɟɬɢ ij  ,ijP  Ɇȼɬ ,ijl  ɤɦ ,ɰn  ɲɬ ,ɪɚɫɱ
ijU  ɤȼ ,ɧɨɦ

ijU  ɤȼ 

1-2 25,0 72 2 87,65 110 
2-4 6,0 72 2 72,96 110 
4-3 16,0 80 2 91,03 110 
Ȼ-4 24,0 51 2 79,55 110 

 
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɪɢɧɢɦɚɟɦ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟ-

ɧɢɟ ɗɋ ɪɚɜɧɵɦ 110 ɤȼ. 
Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɟɬ ɨɫɧɨɜɚɧ ɧɚ ɪɚɫɱёɬɟ 

ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ. 
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1.4.3 Ɋɚɫɱёɬ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ 
 
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɥɹ ɪɟɠɢɦɚ ɧɚɢɛɨɥɶ-

ɲɢɯ ɧɚɝɪɭɡɨɤ ɤɚɤ ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ɗɋ 
ɨɞɧɨɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɛɚɥɚɧɫɢɪɭɸɳɟɣ ɫɬɚɧɰɢɢ ɞɨ ɫɚɦɨɣ ɷɥɟɤɬɪɢ-
ɱɟɫɤɢ ɭɞɚɥɟɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢɥɢ ɫɬɚɧɰɢɢ. ɗɥɟɤɬɪɨɭɞɚɥёɧɧɵɦ ɭɡɥɨɦ ɫɟɬɢ ɹɜɥɹɟɬ-
ɫɹ ɩɨɞɫɬɚɧɰɢɹ №3.  

ɉɪɢ ɷɬɨɦ ɩɪɟɞɟɥɶɧɵɟ ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ 
15% ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ 20% ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ [1; 
ɫ.24]. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ ij  ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ: 
 

ɧɨɦ

ijijijij
ij U

XQRP
U


 ,        (1.21) 

 
ɝɞɟ ,ijP  ijQ  - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟ-

ɦɵɟ ɩɨ ɭɱɚɫɬɤɭ ij , Ɇȼɬ ɢ Ɇɜɚɪ; 
,ijR  ijX  - ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ij , Ɉɦ; 

ɧɨɦU  - ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɪɚɜɧɨɟ 110 ɤȼ. 
 
ɉɨɫɤɨɥɶɤɭ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ɟɳɟ ɧɟ ɜɵɛɪɚɧɨ ɫɱɢɬɚɟɦ, ɱɬɨ ɫɟɬɶ ɨɞɧɨɪɨɞɧɚ, 

ɬ.ɟ. ɜɵɩɨɥɧɟɧɚ ɩɪɨɜɨɞɨɦ ɨɞɧɨɝɨ ɫɟɱɟɧɢɹ. ɋɪɟɞɧɢɟ ɩɨɝɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ 
ɧɚ ɧɚɩɪɹɠɟɧɢɟ 110 ɤȼ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ, Ɉɦ/ɤɦ, [1; ɫ.22]: 

 
40,020,00 jZ  .                                                                                           (1.22) 

 
Ɍɨɝɞɚ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɭɱɚɫɬɤɟ ij  ɛɭɞɟɬ, Ɉɦ: 
 

.
)(0

ɰ

ijijij

ɰ

ij

ij
n

ljXR

n

lZ
Z





                                                                          (1.23) 

 
1.4.3.1 Ɋɚɫɱёɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
 
ɉɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɩɨɞɫɬɚɧɰɢɢ 3 ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 

ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ 4-3 ɢ Ȼ-4, ɤȼ: 
 

...
4

..
43

.. ɦɧ
Ȼ

ɦɧɦɧ uuu                                                                               (1.24) 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ 4-3 ɢ Ȼ-4, Ɉɦ, ɩɨ ɮɨɪɦɭɥɟ (1.23): 
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0,160,8
2

80)4,02,0(
43 j

j
Z 


 ,                                                                  (1.25) 

.0,81,5
2

51)4,02,0(
4 j

j
Z Ȼ 


                                                                       (1.26) 

 
ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɷɬɢɯ ɭɱɚɫɬɤɚɯ, ɤȼ: 
 

09,2
110

0,16417,60,80,1643434343..
43 







ɧɨɦ

ɦɧ

U

XQRP
u ,                             (1.27) 

 

.14,1
110

0,8383,01,50,244444..
4 







ɧɨɦ

ȻȻȻȻɦɧ
Ȼ U

XQRP
u                               (1.28) 

 
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɭɬɢ Ȼ-4-3, ɤȼ: 
 

.23,314,109,2..
4

..
43

..  
ɦɧ

Ȼ
ɦɧɦɧ uuu                                                        (1.29) 

 
ɉɪɨɰɟɧɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ: 
 

%.93,2%100
110

23,3
%100

..
..

% 


 


ɧɨɦ

ɦɧ
ɦɧ

U

u
u                                                     (1.30) 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɟɪɶ ɫɨɫɬɚɜɥɹɟɬ 2,93%, ɱɬɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɨ ɞɨ-

ɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ 15% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ.  
 
1.4.3.2 Ɋɚɫɱёɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 
 
Ⱦɥɹ ɪɚɫɱёɬɚ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬ-

ɤɥɸɱɢɬɶ ɨɞɧɭ ɰɟɩɶ ɫ ɧɚɢɛɨɥɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢ-
ɦɚɥɶɧɨɦ ɪɟɠɢɦɟ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɭɠɧɨ ɨɬɤɥɸɱɢɬɶ ȼɅ 4-3. ɉɪɢ ɷɬɨɦ ɩɨɬɨɤɨ-
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟ ɢɡɦɟɧɢɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɨɪɦɚɥɶɧɵɦ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɟɠɢ-
ɦɨɦ, ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɢ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ ɭɜɟɥɢɱɚɬɫɹ 
ɜ 2 ɪɚɡɚ. 
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Ɋɢɫɭɧɨɤ 1.4 – ɋɯɟɦɚ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ 
 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ 4-3, Ɉɦ, ɩɨ ɮɨɪɦɭɥɟ (1.23): 
 

.0,320,16
1

80)4,02,0(
43 j

j
Z 


                                                                  (1.31) 

 
ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɢɡɦɟɧɟɧɧɨɦ ɭɱɚɫɬɤɟ 4-3, ɤȼ: 
 

19,4
110

0,32417,60,160,1643434343/
43 







ɧɨɦ

ɚɜɩ

U

XQRP
u .                          (1.32) 

 
ɇɚ ɭɱɚɫɬɤɟ 4-3 ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɨɫɬɚɸɬɫɹ ɩɪɟɠɧɢɦɢ ɩɨ ɮɨɪɦɭɥɟ (1.28):  
 

.14,1/
4  ɚɜɩ

Ȼu                                                                                                     (1.33) 
 
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɭɬɢ Ȼ-4-3, ɤȼ: 
 

.33,514,119,4/
4

/
43

/  
ɚɜɩ

Ȼ
ɚɜɩɚɜɩ uuu                                                      (1.34) 

 
ɉɪɨɰɟɧɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ: 
 

%.84,4%100
110

33,5
%100

/
/
% 


 


ɧɨɦ

ɚɜɩ
ɚɜɩ

U

u
u                                                   (1.35) 

 
Ɂɧɚɱɟɧɢɟ ɩɨɬɟɪɶ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚ-

ɱɟɧɢɟ 20%, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɢɟɦɥɟɦɵɦ ɩɨ ɬɟɯ-
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ɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
Ɋɚɫɱёɬ ɨɫɬɚɥɶɧɵɯ ɷɫɤɢɡɨɜ ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɚɧɚɥɨɝɢɱɧɨ.   
 
1.5 ɋɨɫɬɚɜɥɟɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 
Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɜɵɛɢɪɚɟɦ ɬɢɩ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣ-

ɫɬɜɚ (Ɋɍ) ɞɥɹ ɤɚɠɞɨɣ ɩɨɞɫɬɚɧɰɢɢ. ɋɨɫɬɚɜɥɟɧɢɟ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 
Ɍɢɩ Ɋɍ ȼɇ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɗɗɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢ-
ɫɨɟɞɢɧɟɧɢɣ.  

ɉɪɢ ɪɚɫɱёɬɚɯ ɩɪɢɧɹɬɨ, ɱɬɨ ɧɚ ɤɚɠɞɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɩɢɬɚɸɳɟɣ ɷɥɟɤɬɪɨɩɨɬɪɟ-
ɛɢɬɟɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɨ 2 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɯɨɞɹɳɢɯ ȼɅ ɧɚ ɤɚɠɞɨɣ 
ɩɨɞɫɬɚɧɰɢɢ ɧɟ ɦɟɧɟɟ 2.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɎɋɄ ȿɗɋ [3, 4] ɜɵɛɟɪɟɦ ɬɢɩɵ Ɋɍ ȼɇ ɧɚ 
ɩɨɞɫɬɚɧɰɢɹɯ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.5. 

 
Ɍɚɛɥɢɰɚ 1.5 – Ɍɢɩɵ Ɋɍ ȼɇ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ 
№  ɷɫ-
ɤɢɡɚ 

№ ɫɬ, 
ɩ/ɫɬ 

Ʉɨɥ-ɜɨ ɩɪɢɫɨɟɞɢ-
ɧɟɧɢɣ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɛɨɪ ɫɯɟɦɵ Ɋɍ 
Ɇɚɪɤɢɪɨɜɤɚ 

ɫɯɟɦɵ 

1 

1 2 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 110 – 13 

2 4 
Ɇɨɫɬɢɤ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɜ ɰɟɩɹɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
110 – 5Ⱥɇ  

3 4 
Ⱦɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜɬɨ-

ɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ 
110 – 4ɇ 

4 8 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 110 – 13  

Ȼ 2 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 110 – 13 

2 

1 4 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ  110 – 13  

2 6 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 110 – 13  

3 4 
Ⱦɜɚ ɛɥɨɤɚ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɧɟɚɜɬɨ-

ɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɦɵɱɤɨɣ 
110 – 4ɇ 

4 4 
Ɇɨɫɬɢɤ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɜ ɰɟɩɹɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
110 – 5Ⱥɇ 

Ȼ 2 Ⱦɜɟ ɪɚɛɨɱɢɟ ɫɢɫɬɟɦɵ ɲɢɧ 110 – 13 
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Ɋɢɫɭɧɨɤ 1.5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɷɫɤɢɡɚ №1 
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Ɋɢɫɭɧɨɤ 1.6 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɷɫɤɢɡɚ №2 
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1.6 ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɩɨ ɧɚɬɭɪɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɢ ɜɵɛɨɪ 
ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ 

 
Ⱥɧɚɥɢɡ ɧɚɬɭɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɷɫɤɢɡɨɜ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 

ɨɰɟɧɤɭ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɜɚɪɢɚɧɬɨɜ ɗɋ ɢ ɜɵɛɪɚɬɶ ɧɚɢɥɭɱɲɢɣ ɢɡ ɧɢɯ. 
ɇɚɬɭɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ. 

Ʉ ɬɟɯɧɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢ-
ɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ. ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɨɣ ɬɪɚɫɫ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɤɥɸɱɚ-
ɬɟɥɟɣ ɧɚ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ. 

Ɉɩɪɟɞɟɥɢɦ ɞɥɢɧɵ ɬɪɚɫɫ ɢ ȼɅ ɞɥɹ ɤɚɠɞɨɝɨ ɷɫɤɢɡɚ. Ⱦɥɢɧɵ ɬɪɚɫɫ ɢ ɱɢɫɥɨ ɰɟ-
ɩɟɣ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɛɟɪɟɦ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɵɲɟ ɫɯɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ 
ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2. Ⱦɥɹ ɞɜɭɯɰɟɩɧɵɯ ɥɢɧɢɣ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɨɞɧɨɣ ɨɩɨɪɟ, ɩɪɢ 
ɧɚɯɨɠɞɟɧɢɢ ɢɯ ɞɥɢɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 1,6 ɪɚɡ ɞɥɹ 
ɭɱёɬɚ ɭɦɟɧɶɲɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɞɜɭɯɰɟɩɧɨɣ ɥɢɧɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɰɟɩɧɵɦɢ: 

 
,61 ɬɪW l,l                                                                                                      (1.39) 

 
ɝɞɟ ɬɪl – ɞɥɢɧɚ ɬɪɚɫɫɵ ɭɱɚɫɬɤɚ ȼɅ, ɤɦ. 
Ⱦɥɹ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɷɫɤɢɡɨɜ ɫɟɬɢ ɡɚɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 1.6 

ɧɚɬɭɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɗɋ. 
 

Ɍɚɛɥɢɰɚ 1.6 – ɇɚɬɭɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

№ ɜɚɪɢ-
ɚɧɬɚ 

ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
Ɍɟɯɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ 

Ⱦɥɢɧɚ, ɤɦ Ʉɨɥ-ɜɨ ɜɵɤɥɸɱɚɬɟ-
ɥɟɣ, ɲɬ 

ɇɨɪɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

ɉɨɫɥɟɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ 

ɬɪl  ȼɅl  ɦɧU .
  ,% 

ɍɱɚɫɬɨɤ ɨɛ-
ɪɵɜɚ ɰɟɩɢ 

ɚɜɩU /
 , % 

1 275 440 20 2,93 4-3 4,84 
2 395 491 20 4,33 Ȼ-2 7,33 

 
ɇɟ ɫɦɨɬɪɹ ɧɚ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɷɫ-

ɤɢɡɚɯ, ɚɧɚɥɢɡɢɪɭɹ ɧɚɬɭɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɜɢɞɧɨ, ɱɬɨ ɜɚɪɢɚɧɬ №1 ɛɭɞɟɬ ɩɪɟɜɨɫ-
ɯɨɞɢɬɶ ɜɚɪɢɚɧɬ №2 ɤɚɤ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɜ ɜɢɞɟ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɧɨɪɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ, ɬɚɤ ɢ ɩɨ ɞɥɢɧɟ ɬɪɚɫɫ ɢ ɜɨɡɞɭɲɧɵɯ ɥɢ-
ɧɢɣ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɞɟɧɟɠɧɵɯ ɡɚɬɪɚɬ ɧɚ ɭɫɬɚɧɨɜɤɭ. ɋ ɭɱёɬɨɦ ɜɵɲɟ-
ɫɤɚɡɚɧɧɨɝɨ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɨɜ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ №1. 

ȼ ɜɵɛɪɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ ɩɢɬɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɪɚɡɨ-
ɦɤɧɭɬɨɣ ɪɚɞɢɚɥɶɧɨ-ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɫɯɟɦɟ. ɋɯɟɦɵ ɪɚɡɨɦɤɧɭɬɵɯ ɪɟɡɟɪɜɢɪɨɜɚɧɧɵɯ 
ɷɥɟɤɬɪɨɫɟɬɟɣ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɱɬɨ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɬɚɤɨɣ ɫɯɟɦɵ ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɨ-
ɬɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɧɚɝɥɹɞɧɨɫɬɶ ɫɯɟɦɵ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 
ɥɢɧɢɣ ɤ ɪɚɡɥɢɱɧɵɦ ɲɢɧɚɦ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢɥɢ ɞɚɠɟ ɤ ɪɚɡɧɵɦ ɢɫɬɨɱɧɢɤɚɦ, 
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ɭɞɨɛɫɬɜɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɪɚɡɜɢɬɢɢ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɟɬɟɣ [5, 
ɫ.32]. 

 
2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɣɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
 
2.1 ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ Ʌɗɉ ɦɟɬɨɞɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɬɨɤɚ 
 
 ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɥɢɧɢɢ 35-220 ɤȼ ɜɵɛɢɪɚɸɬ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɧɟ ɧɚ 

ɨɫɧɨɜɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɨɩɨɫɬɚɜɥɹɸɳɢɯ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ, ɚ 
ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ ɨɛɨɛɳɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɩɨɥɶ-
ɡɭɸɬ ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɞɥɹ ɜɨɡɞɭɲɧɵɯ 
ɥɢɧɢɣ ɜ ɨɫɧɨɜɧɵɯ ɪɚɣɨɧɚɯ ɫɬɪɚɧɵ [1, ɫ. 25].  

ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ, ɦɦ2: 
 

,
..

э

ɦɚɤɫɪɚɛ
ijэ

ij j

I
F                                                                                                      (2.1) 

 
ɝɞɟ эj ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɤɨɬɨɪɚɹ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 1,0 Ⱥ/ɦɦ2 

ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ Ɍɦɚɤɫ=5100 ɱ ɢ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɧɟɢɡɨɥɢɪɨɜɚɧɧɵɯ ɩɪɨɜɨɞɨɜ [6; ɬɚɛɥ. 1.3.36], 

..ɦɚɤɫɪɚɛ
ijI ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɧɚ ɭɱɚɫɬɤɟ, Ⱥ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ 
 

,
3

103
..

ɰɧɨɦ

ɦɚɤɫ
ijɦɚɤɫɪɚɛ

ij
nU

S
I




                                                                                     (2.2) 

 
ɝɞɟ ɦɚɤɫ

ijS  ɦɨɞɭɥɶ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɭɱɚɫɬɤɚ ɫɟɬɢ ij  ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɧɚɝɪɭɡɤɚɯ, Ɇȼ∙Ⱥ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

,)()( 22 ɦɚɤɫ
ij

ɦɚɤɫ
ij

ɦɚɤɫ
ij QPS                                                                              (2.3) 

 
ɰn  ɱɢɫɥɨ ɰɟɩɟɣ ɧɚ ɭɱɚɫɬɤɟ, ɲɬ, 
ɧɨɦU  ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɪɚɜɧɨɟ 110 ɤȼ. 

 
Ɋɚɫɫɱɢɬɚɟɦ ɦɨɞɭɥɶ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɭɱɚɫɬɤɚ Ȼ-4, Ɇȼ∙Ⱥ: 
 

.0,24)38,0()0,24()()( 222
4

2
44  

ɦɚɤɫ
Ȼ

ɦɚɤɫ
Ȼ

ɦɚɤɫ
Ȼ QPS                                 (2.4) 
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Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɭɱɚɫɬɤɚ Ȼ-4, Ⱥ: 
 

.99,62
21103

100,24

3

10 33
4..

4 








 


ɰɧɨɦ

ɦɚɤɫ
Ȼɦɚɤɫɪɚɛ

Ȼ
nU

S
I                                                   (2.5) 

 
Ɍɨɝɞɚ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɧɚ ɭɱɚɫɬɤɟ Ȼ-4, ɦɦ2: 
 

.99,62
0,1

99,62..
4

4  


э

ɦɚɤɫɪɚɛ
Ȼэ

Ȼ j

I
F                                                                        (2.6) 

 
ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2: 
 

.704 
ɫɬɚɧɞ

ȻF                                                                                                         (2.7)           
 
ȼɵɛɢɪɚɟɦ ɦɚɪɤɭ ɩɪɨɜɨɞɚ Ⱥɋ70/11, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɩɨ 

ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ ɢ ɤɨɪɨɧɢɪɨɜɚɧɢɹ. 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ ɤɚɤ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɬɚɤ ɢ ɜ ɩɨ-

ɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɩɨ 
ɧɚɝɪɟɜɭ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ. Ⱦɥɹ ɩɪɨɜɨɞɚ Ⱥɋ70/11 ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ 
ɜɧɟ ɩɨɦɟɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ, Ⱥ [7, ɬɚɛɥ. 7.35]: 

 
.26511/70 Ⱥɋ

ɞɨɩI                                                                                                      (2.8) 
 
Ɇɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɪɨɧɵ ɞɥɹ ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ, ɦɦ2 [6, 

ɬɚɛɥ. 2.5.6]: 
 

.70110
.. ɦɢɧɤɨɪF                                                                                                       (2.9) 

 
ɉɨɫɥɟɚɜɚɪɢɣɧɵɦ ɪɟɠɢɦɨɦ ɧɚ ɭɱɚɫɬɤɟ Ȼ-4 ɹɜɥɹɟɬɫɹ ɨɛɪɵɜ ɨɞɧɨɣ ɰɟɩɢ ɥɢ-

ɧɢɢ. Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɛɨɱɢɣ ɬɨɤ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɛɭɞɟɬ ɪɚɜɟɧ, Ⱥ: 
 

.98,125
)12(1103

100,24

)1(3
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4 
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Ȼ
nU

S
I                                      (2.10) 

 
ɉɪɨɜɟɪɤɚ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɚ:  
 
– ɩɨ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɨɪɨɧɵ: 
 

;7070 110
.4  ɦɢɧɤɨɪ

ɫɬɚɧɞ
Ȼ FF                                                                                (2.11) 
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– ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɚ: 
 

,26599,62 11/70..
4.. 

Ⱥɋ
ɞɨɩ

ɦɧ
Ȼɦɚɤɫɪɚɛ II                                                                  (2.12) 

 
.26598,125 11/70/

4.. 
Ⱥɋ
ɞɨɩ

ɚɜɩ
Ȼɦɚɤɫɪɚɛ II                                                                (2.13) 

 
ȼɵɛɪɚɧɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɲɥɨ ɩɪɨɜɟɪɤɭ, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ ɟɝɨ ɞɥɹ ɭɱɚɫɬɤɚ 

Ȼ-4. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɩɪɨɜɨɞɨɜ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.1. 

 
Ɍɚɛɥɢɰɚ 2.1 – ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ 

ɍɱɚɫɬɨɤ 
ɫɟɬɢ 

,ɦɚɤɫ
ijS ɆȼȺ ɰn , 

ɲɬ. 
,..

..
ɦɧ

ijɦɚɤɫɪɚɛI  

Ⱥ 
,э

ijF ɦɦ2 
,/

..
ɚɜɩ

ijɦɚɤɫɪɚɛI  

Ⱥ 
,ɫɬɚɧɞ

ijF ɦɦ2 ,ɞɨɩI  

Ⱥ 
1-2 31,64 2 83,05 83,05 166,1 95 330 
2-4 13,45 2 35,30 35,29 70,6 70 265 
4-3 17,24 2 45,25 45,24 90,5 70 265 
Ȼ-4 24,00 2 62,45 62,99 125,9 70 265 

 
Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ȼɅ. ɉɨɝɨɧɧɵɟ ɩɚ-

ɪɚɦɟɬɪɵ ɞɥɹ ɞɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɢɧɢɦɚɟɦ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ [7, ɬɚɛɥ. 7.38]. 
ɉɪɢɜɟɞёɦ ɪɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɭɱɚɫɬɤɚ 1-2: 
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
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
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lR
R Ɉɦ,                                                       (2.14) 

 

64,15
2

0,72434,021
21

0
21 





 




ɰ

э

n

lX
X Ɉɦ,                                                     (2.15) 

 
66

21
21

021 1017,37620,721061,2 



  ɰ
э nlbb ɋɦ.                              (2.16) 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɞɪɭɝɢɯ 

ɭɱɚɫɬɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
 

Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ȼɅ. 
ɍɱɚɫɬɨɤ 

ȼɅ 
,ɬɪl ɤɦ ,ɰn ɲɬ. ,ɫɬɚɧɞ

ijF ɦɦ2 ,0Z Ɉɦ/ɤɦ 
,10 6

0
cb  

ɋɦ/ɤɦ 
,эZ Ɉɦ 

,10 6c
эb  

ɋɦ 
1-2 72 2 95 0,306+j0,434 2,61 11,02+j15,64 376,17 
2-4 72 2 70 0,428+j0,444 2,55 15,42+j15,99 367,52 
4-3 80 2 70 0,428+j0,444 2,55 17,13+j17,77 408,25 
Ȼ-4 51 2 70 0,428+j0,444 2,55 10,89+j11,30 259,65 
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2.2 ȼɵɛɨɪ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ  
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɗɗɋ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɤɚɠɞɨɣ ɩɨɞɫɬɚɧɰɢɢ ɜɵɛɪɚɬɶ ɤɨ-

ɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ɑɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟ-
ɦɵɯ ɧɚ ɩɨɞɫɬɚɧɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɧɢɦɚɟɬɫɹ ɞɜɚ [8, ɩ. 3.5]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ 
ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɨɟ ɷɥɟɤ-
ɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɞɚɠɟ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɧɢɯ [9, 
ɫ.326]. ɉɨ ɬɪɟɛɨɜɚɧɢɹɦ ɉɍɗ, ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɨɩɭɫɤɚɟɬ-
ɫɹ ɟɝɨ ɩɟɪɟɝɪɭɡɤɚ ɧɚ 40% ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ ɬɪɨɟ ɫɭɬɨɤ ɩɨɞɪɹɞ [6]. Ɍɨɝɞɚ ɧɨɦɢ-
ɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, Ɇȼ∙Ⱥ: 

 
,/.

ɪɚɫɱ
ɫɬiɩɡɌɪɧɨɦ SkS                                                                                             (2.17) 

 
ɝɞɟ ɡk  ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɪɚɜɧɵɣ 0,7 

ɨ.ɟ., 
ɪɚɫɱ

ɫɬiɩS /  ɦɨɞɭɥɶ ɪɚɫɱёɬɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ i-ɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫ ɭɱёɬɨɦ 
ɭɫɬɚɧɨɜɤɢ Ʉɍ, Ɇȼ∙Ⱥ:  

 
.)()( 2

max
2

max/
ɞɟɣɫɬɜ
Ʉɍiii

ɪɚɫɱ
ɫɬiɩ QQPS                                                               (2.18)          

 
ȼɵɛɨɪ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɩɪɢɦɟɪɟ ɩ/ɫɬ 3. 
Ɇɨɞɭɥɶ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɢ, Ɇȼ∙Ⱥ, [ɫɦ. ɬɚɛɥ. 3]: 
 

.24,17)42,6()0,16( 22
3/ ɪɚɫɱ

ɫɬɩS                                                                 (2.19) 

 
Ɋɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ɇȼ∙Ⱥ: 
 

.07,1227,177,03/
. ɫɬɩ
ɌɪɧɨɦS                                                                               (2.20) 

 
ɉɪɢɧɢɦɚɟɬɫɹ ɛɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢɡ ɪɹɞɚ ɧɨɦɢɧɚɥɶɧɵɯ 

ɦɨɳɧɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 16ɧɨɦS  Ɇȼ∙Ⱥ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ 
ɡɚɞɚɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɬɚɥɨɝɨɦ [10], ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢ-
ɜɚɸɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ – 16000/110 ɍ1. 

ɉɪɨɜɟɪɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, %, ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫɨɫɬɚɜɥɹɟɬ 70 %, ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ – 140 %: 
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S
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Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɨɝɢɱɧɨɝɨ ɪɚɫɱёɬɚ ɢ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɞɪɭɝɢɯ 

ɩɨɞɫɬɚɧɰɢɹɯ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.3. ɉɚɫɩɨɪɬɧɵɟ ɢ ɪɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.4 ɢ 2.5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɛɥɢɰɚ 2.3 – ȼɵɛɨɪ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

№ 
ɩ/ɫɬ 

ɫɬiɩS / , 

Ɇȼ∙Ⱥ 
ɌɪɧɨɦS . , 

Ɇȼ∙Ⱥ 

Ɇɚɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨ-
ɪɚ 

,Ɍn ɲɬ. ,..ɦɧ
ɡk  

ɨ.ɟ. 
,/ ɚɜɩ

ɡk  

ɨ.ɟ. 
2 20,38 16,0 ɌȾɇ – 16000/110 2 0,64 1,27 
3 17,24 16,0 ɌȾɇ – 16000/110 2 0,54 1,08 
4 15,23 16,0 ɌȾɇ – 16000/110 2 0,47 0,95 

 
Ɍɚɛɥɢɰɚ 2.4 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

№ 
ɩ/ɫɬ 

ɌɪɧɨɦS . , 

Ɇȼ∙Ⱥ 

,ɌR  

Ɉɦ 

,ɌX  

Ɉɦ 

,ɤɡP  

ɤȼɬ 

,ɯɯP  

ɤȼɬ 

,ɤu  

% 
,ɯI % 

,ɯɯQ  

ɤɜɚɪ 
Ɋɉɇ, % 

2,3,4 16,0 4,38 86,2 85,0 19,0 10,5 0,7 112 ±9ɯ1,78% 
 

Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

№ ɩ/ɫɬ ,Ɍn ɲɬ. ,эɤɜR  Ɉɦ ,эɤɜX  Ɉɦ ,эɤɜG  ɦɤɋɦ ,эɤɜB  ɦɤɋɦ ,эɤɜ
ɯɯP  ɤȼɬ ,эɤɜ

ɯɯQ  ɤɜɚɪ 

2,3,4 2 2,19 43,1 2,84 16,94 38 224 
 
2.3 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩ/ɫɬ 3 
 
2.3.1 Ɋɚɫɱёɬ ɬɨɤɨɜ ɞɥɹ ɜɵɛɨɪɚ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɩɨɞɫɬɚɧɰɢɢ 
 
2.3.1.1 Ɋɚɫɱёɬ ɬɨɤɨɜ ɰɟɩɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  
 
ɇɚ ɫɬɨɪɨɧɟ ȼɇ ɢ ɇɇ ɪɚɫɱёɬɧɵɟ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɸɬ ɫ ɭɱёɬɨɦ ɭɫɬɚɧɨɜɤɢ ɜ 

ɩɟɪɫɩɟɤɬɢɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɥɟɞɭɸɳɟɣ ɩɨ ɲɤɚɥɟ ȽɈɋɌ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨ-
ɫɬɢ [8, ɩ. 4.16; 9, ɫ.171] 

Ɍɨɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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)7,065,0( ;                                                                         (2.23) 
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S
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'
)4,13,1( .                                                                            (2.24) 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɜɵɛɢɪɚɟɦ ɢɡ ɩɪɟɞɟɥɚ 0,65÷0,7 ɡɧɚɱɟɧɢɟ ɪɚɜ-

ɧɨɟ 0,65 ɢ ɢɡ ɩɪɟɞɟɥɚ 1,3÷1,4 ɡɧɚɱɟɧɢɟ 1,3. 
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Ɍɨɤɢ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ, ɤȺ, 
 

092,0
1103

0,25
65,0 


ȼɇ

ɧɨɪɦI ,                                                           (2.25) 

 

184,0
1103

0,25
3,1 


ȼɇ

ɦɚɤɫI .             (2.26) 

 
Ɍɨɤɢ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ, ɤȺ, 
 

010,1
103

0,25
65,0 


ɇɇ

ɧɨɪɦI ,        (2.27) 

 

020,2
103

0,25
3,1 


ɇɇ

ɦɚɤɫI ,        (2.28) 

  
ɝɞɟ ɧɨɦɌS '  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɥɟɞɭɸɳɚɹ ɩɨ ɲɤɚɥɟ 

ɩɨɫɥɟ ɜɵɛɪɚɧɧɨɣ, Ɇȼ∙Ⱥ, 
ɧɨɦU  – ɧɨɦɢɧɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɜɵɫɲɟɣ ɢ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɚɯ, ɤȼ. 
 
2.3.1.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɜ ɰɟɩɹɯ ɥɢɧɢɢ 
 
Ɍɨɤɢ ɜ ɰɟɩɹɯ ɞɥɹ n ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚ-

ɠɟɧɢɹɦ [9, ɫ.172], ɤȺ: 
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ɝɞɟ ɉɋS  – ɦɨɞɭɥɶ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ, Ɇȼ∙Ⱥ; 

1U , 2U  – ɧɨɦɢɧɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɚɯ ȼɇ ɢ ɇɇ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɤȼ; 

ɥɫn  – ɱɢɫɥɨ ɥɢɧɢɣ ɫɜɹɡɢ, ɲɬ; 

2n  – ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɧɚ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɩɨɞɫɬɚɧɰɢɢ, ɲɬ. 
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2.3.2 ȼɵɛɨɪ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ 
 
2.3.2.1 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ȼ Ɋɍ 35 ɤȼ ɢ ɜɵɲɟ ɢɫɩɨɥɶɡɭɸɬ ɝɢɛɤɢɟ ɲɢɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɨɜɨɞɚɦɢ Ⱥɋ 

[9, ɫ.186]. 
ɋɨɝɥɚɫɧɨ ɉɍɗ [6, ɩ.1.3.28] ɫɛɨɪɧɵɟ ɲɢɧɵ ɢ ɨɲɢɧɨɜɤɢ ɧɟ ɩɨɞɥɟɠɚɬ ɩɪɨɜɟɪ-

ɤɟ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ. ɂɯ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɧɚɝɪɟɜɭ (ɩɨ ɞɥɢ-
ɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ) ɫ ɭɱёɬɨɦ ɧɟ ɬɨɥɶɤɨ ɧɨɪɦɚɥɶɧɵɯ, ɧɨ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɵɯ 
ɪɟɠɢɦɨɜ ɢ ɪɟɠɢɦɨɜ ɜ ɩɟɪɢɨɞ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ [6, ɩ. 1.3.2], ɬ.ɟ. ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪɚɛɨɬɵ. 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ 184max I Ⱥ, ɚ ɬɚɤɠɟ ɩɨ ɭɫɥɨɜɢɸ ɉɍɗ ɨ ɦɢɧɢɦɚɥɶɧɨɦ 
ɫɟɱɟɧɢɢ ɩɪɨɜɨɞɚ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɪɨɧɵ [6, ɬɚɛɥ. 2.5.6] ɞɥɹ ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ ɩɪɢ-
ɧɢɦɚɟɦ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ 70/11.  

 
Ɍɚɛɥɢɰɚ 2.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ ɫɟɱɟɧɢɹ 70 ɦɦ2 

ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɚ, ɦɦ2 Ⱦɨɩɭɫɬɢɦɵɣ ɬɨɤ, Ⱥ 
70 265 

 
Ɍɚɛɥɢɰɚ 2.7 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɨɲɢɧɨɜɤɢ ɧɚ ȼɇ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ɋɚɫɱёɬɧɚɹ ɜɟɥɢɱɢɧɚ Ⱦɚɧɧɵɟ ɩɨ ɤɚɬɚɥɨɝɭ 

ɞɨɩII max  ȺI 184max   ȺIɞɨɩ 265  

09,007,1 EE   
ɫɦɤȼE /76,1107,1   

ɫɦɤȼE /22,319,0 0   
ɤȼU

ɫɦr

ɫɦD

ɧɨɦ

ɩɪ

110

57,0

14,1

0






 

 
ɉɪɢɦɟɱɚɧɢɟ: ɩɪɢ ɪɚɫɱёɬɟ ɧɚɩɪɹɠёɧɧɨɫɬɢ ɩɨɥɹ ɦɟɠɞɭɮɚɡɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 

ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 400 ɫɦ [11, ɬɚɛɥ. 2.2], ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɚɡ – ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ. 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɬ.ɤ. ɲɢɧɵ ɜɵ-

ɩɨɥɧɟɧɵ ɝɨɥɵɦ ɧɟɢɡɨɥɢɪɨɜɚɧɧɵɦ ɩɪɨɜɨɞɨɦ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ [6, ɩ.1.4.3]. 
ɉɨɫɤɨɥɶɤɭ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 417,2)3( ɤI ɤȺ, ɬɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɪɨɜɟɪɤɟ 

ɝɢɛɤɢɯ ɲɢɧ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɄɁ [9, ɫ.188].  
 

2.3.2.2 ȼɵɛɨɪ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɲɢɧɨɜɨɤ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼ ɡɚɤɪɵɬɵɯ Ɋɍ 6-10 ɤȼ ɫɛɨɪɧɵɟ ɲɢɧɵ ɢ ɨɲɢɧɨɜɤɭ ɜɵɩɨɥɧɹɸɬ ɠɟɫɬɤɢɦɢ 

ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ. Ɇɟɞɧɵɟ ɲɢɧɵ ɢɡ-ɡɚ ɢɯ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɧɟ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɨɜɵɯ ɧɚɝɪɭɡɤɚɯ [9, ɫ.175]. 

ɋɛɨɪɧɵɟ ɲɢɧɵ ɨɲɢɧɨɜɨɤ ɜ ɩɪɟɞɟɥɚɯ ɨɬɤɪɵɬɵɯ ɢ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜɫɟɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟ ɩɪɨɜɟɪɹɸɬɫɹ 
[6, ɩ.1.3.28]. 
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ɂɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɜ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 020,2ɇɇ

ɦɚɤɫI ɤȺ, ɜɵɛɢɪɚɸ ɚɥɸɦɢɧɢɟɜɭɸ ɨɞɧɨɩɨɥɨɫɧɭɸ ɲɢɧɭ 
120ɯ10 [9, ɫ.591], ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɧɚ ɪɟɛɪɨ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 2.8. 
 
Ɍɚɛɥɢɰɚ 2.8 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɨɤɪɚ-
ɲɟɧɧɵɯ 
Ɋɚɡɦɟɪɵ ɲɢɧɵ, ɦɦ ɋɟɱɟɧɢɟ ɨɞɧɨɣ ɩɨɥɨɫɵ, ɦɦ2 Ⱦɨɩɭɫɬɢɦɵɣ ɬɨɤ, Ⱥ 
120ɯ10 1200 2070 

 
Ɍɚɛɥɢɰɚ 2.9 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɲɢɧ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱёɬɧɚɹ ɜɟɥɢɱɢɧɚ Ⱦɚɧɧɵɟ ɩɨ ɤɚɬɚɥɨɝɭ 

ɞɨɩII max  ȺI 2020max   ȺIɞɨɩ 2070  

qq min  2
min 3,48 ɦɦq   21200ɦɦq   

ɞɨɩ max  Ɇɉɚ53,8max   Ɇɉɚɞɨɩ 45  

 
2.3.3 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɚɠɧɟɣɲɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɩɨɫɤɨɥɶɤɭ 

ɡɚɜɨɞɚɦɢ-ɢɡɝɨɬɨɜɢɬɟɥɹɦɢ ɝɚɪɚɧɬɢɪɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɫɟɯ 12 ɪɚɡ-
ɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɤɥɸɱɚɬɟɥɹ [9, ɫ.268]. 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɟɣ [9, ɫ.268-269]: 
- ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ; 
- ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ. 
ɉɨɫɥɟ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ɟɝɨ ɩɪɨɜɟɪɹɸɬ ɩɨ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 
- ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ; 
- ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɤɥɸɱɟɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ; 
- ɩɨ ɜɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ; 
- ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ; 
- ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ. 
 
2.3.3.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ȼ ɈɊɍ 110 ɤȼ ɢ ɜɵɲɟ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɷɥɟɝɚɡɨɜɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɤɨɥɨɧ-

ɤɨɜɵɟ ɢɥɢ ɛɚɤɨɜɵɟ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɵɟ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɩɪɭɠɢɧɧɵɦ ɩɪɢɜɨɞɨɦ, 
ɚ ɬɚɤɠɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ ɬɟɯ-
ɧɨɥɨɝɢɣ [12, ɩ.2.3.3.2]. 

ɉɨ ɭɫɥɨɜɢɹɦ ɜɵɛɨɪɚ ɩɨɞɯɨɞɹɳɢɦ ɹɜɥɹɟɬɫɹ ɷɥɟɝɚɡɨɜɵɣ ɤɨɥɨɧɤɨɜɵɣ ɜɵɤɥɸ-
ɱɚɬɟɥɶ 3AP1FG 126 ɤɨɦɩɚɧɢɢ «ɋɢɦɟɧɫ» [13]. Ƚɚɲɟɧɢɟ ɞɭɝɢ ɜ ɬɚɤɢɯ ɜɵɤɥɸɱɚɬɟ-
ɥɹɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɦɩɪɟɫɫɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ ɢɥɢ ɚɜɬɨɤɨɦɩɪɟɫɫɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ 
ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɛɨɥɶɲɢɯ ɬɨɤɨɜ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 2.10. 
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Ɍɚɛɥɢɰɚ 2.10 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ 3AP1FG 126 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  110 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI  1000 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, ɤȺ ɧɨɦɨɬɤɥI .  20 

Ɍɨɤ ɜɤɥɸɱɟɧɢɹ, ɤȺ ɜɤɥI  20 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ:  
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 51 

 
- 20 

ɋɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɫt  0,031 

ɉɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɩt  0,057 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɬɟɱɟɧɢɟ 3 ɫ, 
ɤȺ ɬɟɪɦI  20 

ɇɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨ-
ɫɬɚɜɥɹɸɳɟɣ ɜ ɨɬɤɥɸɱɚɟɦɨɦ ɬɨɤɟ, % ɧɨɪɦ  40 

 
ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɪɟɯɮɚɡɧɨɦɭ ɬɨɤɭ ɄɁ, ɭɤɚɡɚɧɧɨɦɭ 

ɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ȼɄɊ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɤɢ ɜ ɬɚɛɥɢɰɟ 2.11. 
 

Ɍɚɛɥɢɰɚ 2.11 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 110  ɤȼU ɧɨɦ 110  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺIɧɨɦ 1000  ȺI ɦɚɤɫɪɚɛ 184.   

ɧɨɦɨɬɤɥɩ II .  ɤȺI ɧɨɦɨɬɤɥ 20.   ɤȺIɩ 417,2  

ɧɨɦɚɚ ii .  

ɫt

ɤȺI

ɜɫ

ɧɨɦɨɬɤɥ

ɧɨɪɦ

031,0

20

%40

..

.





 

ɤȺi ɧɨɦɚ 314,11.   

ɤȺiɚ 663,0  

ɜɤɥɩ II 0
 ɤȺI ɜɤɥ 20  ɤȺIɩ 417,20   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 51.   ɤȺiɭɞ 811,5  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 20..   ɤȺIɩ 417,20   

ɨɬɤɥɬɟɪɤ tIȼ  2  

(ɬ.ɤ. ɬɟɪɦɨɬɤɥ tt  ) 

ɤȺIɬɟɪɦ 20  

ɫtɨɬɤɥ 157,0  

ɫɤȺBk  2051,1  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 8,62  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 3AP1FG 126 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 
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ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɢɝɨɞɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɡɚɞɚɧɧɨɣ ɰɟɩɢ. 
 
2.3.3.2 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼ ɤɚɱɟɫɬɜɟ Ɋɍ ɇɇ ɛɵɥɢ ɜɵɛɪɚɧɵ ɲɤɚɮɵ ɫɟɪɢɢ ɄɊɍ – ɋɗɓ – 61Ɇ, ɜ ɤɨɬɨ-

ɪɵɯ ɡɚɜɨɞ – ɢɡɝɨɬɨɜɢɬɟɥɶ ɭɤɚɡɚɥ ɜɵɤɥɸɱɚɬɟɥɢ ɜ ɤɚɬɚɥɨɝɟ [14], ɜɨɡɦɨɠɧɚ ɭɫɬɚɧɨɜ-
ɤɚ ɷɥɟɝɚɡɨɜɵɯ ɢɥɢ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɜɵ-
ɛɪɚɧ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɍ – ɋɗɓ – ɗ – 10 – 31,5/2500 [15]. Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.12.  

ɉɪɢɧɰɢɩ ɬɚɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɨɫɧɨɜɚɧ ɧɚ ɝɚɲɟɧɢɢ ɞɭɝɢ ɜ ɜɚɤɭɭɦɟ, ɬ.ɟ. ɩɪɢ 
ɧɢɡɤɨɦ ɞɚɜɥɟɧɢɢ (10-4 – 10-6 ɉɚ). ȼɫɥɟɞɫɬɜɢɟ ɝɥɭɛɨɤɨɝɨ ɜɚɤɭɭɦɚ ɩɪɨɢɫɯɨɞɢɬ 
ɛɵɫɬɪɚɹ ɞɢɮɮɭɡɢɹ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜ ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɩɪɢ ɩɟɪɜɨɦ 
ɩɟɪɟɯɨɞɟ ɬɨɤɚ ɱɟɪɟɡ ɧɨɥɶ ɞɭɝɚ ɝɚɫɧɟɬ. Ɍɚɤɠɟ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɜɚɤɭɭɦɧɨɝɨ 
ɩɪɨɦɟɠɭɬɤɚ ɜɨ ɦɧɨɝɨ ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɜɨɡɞɭɲɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ [9, ɫ.328]. 
 
Ɍɚɛɥɢɰɚ 2.12 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼȼɍ-ɋɗɓ-ɗ-10-
31,5/2500 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI  2500 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, ɤȺ ɧɨɦɨɬɤɥI .  31,5 

Ɍɨɤ ɜɤɥɸɱɟɧɢɹ, ɤȺ ɜɤɥI  31,5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 81 

- 31,5 

ɋɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɫt  0,030 

ɉɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɩt  0,050 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɬɟɱɟɧɢɟ 3 ɫ, 
ɤȺ ɬɟɪɦI  31,5 

ɇɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨ-
ɫɬɚɜɥɹɸɳɟɣ ɜ ɨɬɤɥɸɱɚɟɦɨɦ ɬɨɤɟ, % ɧɨɪɦ  40 

 
Ɍɚɛɥɢɰɚ 2.13 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 10  ɤȼUɧɨɦ 10  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 2500  ȺI ɦɚɤɫɪɚɛ 2020.   
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.13 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɨɬɤɥɩ II .  ɤȺI ɧɨɦɨɬɤɥ 5,31.   ɤȺI ɩ 561,7  

ɧɨɦɚɚ ii .  

ɫt

ɤȺI

ɜɫ

ɧɨɦɨɬɤɥ

ɧɨɪɦ

030,0

5,31

%40

..

.





 

ɤȺi ɧɨɦɚ 819,17.   

ɤȺiɚ 819,2  

ɜɤɥɩ II 0
 ɤȺIɜɤɥ 5,31  ɤȺI ɩ 561,70   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 81.   ɤȺiɭɞ 643,17  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 5,31..   ɤȺI ɩ 561,70   

ɨɬɤɥɬɟɪɤ tIȼ  2  

(ɬ.ɤ. ɬɟɪɦɨɬɤɥ tt  ) 

ɤȺIɬɟɪɦ 5,31  

ɫtɨɬɤɥ 150,0  

ɫɤȺBk  2290,10  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 76,158  

 
ȼɵɯɨɞɢɬ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɍ – ɋɗɓ – ɉ – 10 – 31,5/2500 

ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ ɢ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ ɜ ɹɱɟɣɤɭ ɄɊɍ – ɋɗɓ – 
61Ɇ. 

 
2.3.3.3 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɯɨɞɹɳɢɯ ɨɬ ɩɨɞɫɬɚɧɰɢɢ 

ɥɢɧɢɹɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ. ɉɨ ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɬɨɤɭ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ 
[ɩ.2.3.2.2], ɪɚɜɧɨɦɭ 62 Ⱥ, ɜɵɛɢɪɚɟɬɫɹ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɌɗ – Ɇ – 10 – 
12,5/630 ɍɏɅ2 [16]. 

 
Ɍɚɛɥɢɰɚ 2.14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼȼɌɗ-Ɇ-10-12,5 ɍɏɅ2 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI  630 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ, ɤȺ ɧɨɦɨɬɤɥI .  12,5 

Ɍɨɤ ɜɤɥɸɱɟɧɢɹ, ɤȺ ɜɤɥI  12,5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 32 

- 12,5 

ɋɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɫt  0,018 

ɉɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ, ɫ ..ɜɩt  0,035 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.14 
Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɬɟɱɟɧɢɟ 3 ɫ, 
ɤȺ ɬɟɪɦI  12,5 

ɇɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨ-
ɫɬɚɜɥɹɸɳɟɣ ɜ ɨɬɤɥɸɱɚɟɦɨɦ ɬɨɤɟ, % ɧɨɪɦ  50 

 
Ɍɚɛɥɢɰɚ 2.15 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 10  ɤȼUɧɨɦ 10  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 630  ȺI ɦɚɤɫɪɚɛ 62.   

ɧɨɦɨɬɤɥɩ II .  ɤȺI ɧɨɦɨɬɤɥ 5,12.   ɤȺI ɩ 561,7  

ɧɨɦɚɚ ii .  

ɫt

ɤȺI

ɜɫ

ɧɨɦɨɬɤɥ

ɧɨɪɦ

018,0

5,12

%50

..

.





 

ɤȺi ɧɨɦɚ 840,8.   

ɤȺiɚ 205,4  

ɜɤɥɩ II 0
 ɤȺIɜɤɥ 5,12  ɤȺI ɩ 561,70   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 32.   ɤȺiɭɞ 643,17  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 5,12..   ɤȺI ɩ 561,70   

ɨɬɤɥɬɟɪɤ tIȼ  2  

(ɬ.ɤ. ɬɟɪɦɨɬɤɥ tt  ) 

ɤȺIɬɟɪɦ 5,12  

ɫtɨɬɤɥ 135,0  

ɫɤȺBk  2290,10  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 438,23  

 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɪɤɢ. 
 
2.3.4 ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ [9, ɫ.233]: 
- ɩɨ ɧɚɩɪɹɠɟɧɢɸ; 
- ɩɨ ɬɨɤɭ; 
- ɤɨɧɫɬɪɭɤɰɢɢ, ɪɨɞɭ ɭɫɬɚɧɨɜɤɭ; 
- ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ; 
- ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ. 
 
2.3.4.1 ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢ-

ɪɨɜɚɧɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɬɶ ɜ ɫɟɬɹɯ 110 ɤȼ ɢ ɜɵɲɟ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɩɚɧɬɨ-
ɝɪɚɮɧɨɝɨ, ɩɨɥɭɩɚɧɬɨɝɪɚɮɧɨɝɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɩɨɜɨɪɨɬɧɨɝɨ ɬɢɩɚ, ɨɫɧɚɳёɧɧɵɟ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶɧɵɦɢ ɩɪɢɜɨɞɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ, ɜɵɫɨ-
ɤɨɩɪɨɱɧɵɦɢ ɮɚɪɮɨɪɨɜɵɦɢ ɢɥɢ ɩɨɥɢɦɟɪɧɵɦɢ ɨɩɨɪɧɵɦɢ ɢɡɨɥɹɬɨɪɚɦɢ, ɜɵɫɨɤɨɧɚ-
ɞёɠɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɯɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɛɥɨɤɢɪɨɜɤɢ [12, 
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ɩ.2.3.3.2]. 
Ⱦɥɹ ɞɚɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɯɨɞɢɬ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-

ɩɨɜɨɪɨɬɧɨɝɨ ɬɢɩɚ ɊȽɉ ɋɗɓ – 110/1250 ɍɏɅ1 [17], ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.16. 

ȼ ɷɬɢɯ ɪɚɡɴɟɞɢɧɢɬɟɥɹɯ ɝɥɚɜɧɵɣ ɧɨɠ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ, ɢ ɨɧɢ ɩɟɪɟɦɟ-
ɳɚɸɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɨɥɨɧɨɤ ɢɡɨɥɹɬɨɪɨɜ, ɧɚ ɤɨɬɨ-
ɪɵɯ ɡɚɤɪɟɩɥɟɧɵ. Ʉɨɧɬɚɤɬɧɚɹ ɱɚɫɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɫɨɫɬɨɢɬ ɢɡ ɥɚɦɟɥɟɣ, ɭɤɪɟɩɥɟɧ-
ɧɵɯ ɧɚ ɤɨɧɰɟ ɨɞɧɨɝɨ ɧɨɠɚ, ɢ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɤɨɧɰɟ ɞɪɭɝɨɝɨ ɧɨɠɚ. ȼ 
ɊȽɉ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɧɨɠ «ɥɨɦɚɟɬɫɹ» ɧɚ ɞɜɟ ɱɚɫɬɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɪɚ-
ɛɨɬɭ ɩɪɢɜɨɞɚ ɩɪɢ ɨɛɥɟɞɟɧɟɧɢɢ ɤɨɧɬɚɤɬɨɜ [9, ɫ.284]. 

 
Ɍɚɛɥɢɰɚ 2.16 – Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɊȽɉ ɋɗɓ-110/1250 ɍɏɅ1 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  110 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI  1250 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 80 

- 31,5 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  31,5 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  3 

 
Ɍɚɛɥɢɰɚ 2.17 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 110  ɤȼU ɧɨɦ 110  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺIɧɨɦ 1250  ȺI ɦɚɤɫɪɚɛ 184.   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 80.   ɤȺiɭɞ 811,5  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 5,31..   ɤȺIɩ 417,20   

ɨɬɤɥɬɟɪɤ tIȼ  2  
ɤȺIɬɟɪɦ 5,31  

ɫtɬɟɪɦ 3  

ɫɤȺBk  2051,1  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 8,2979  

 
2.3.4.2 ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ɉɨɫɤɨɥɶɤɭ ɜ ɤɚɱɟɫɬɜɟ Ɋɍ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜɵɛɪɚɧɵ ɲɤɚɮɵ ɬɢɩɚ ɄɊɍ ɋɗɓ – 

61Ɇ, ɬɨ ɩɨ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɞɚɧɧɨɣ ɹɱɟɣɤɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɭɫɬɚɧɨɜɥɟɧɵ ɤɨɧɬɚɤɬɵ ɲɬɟɩɫɟɥɶɧɨɝɨ (ɜɬɵɱɧɨɝɨ) ɬɢɩɚ.  

ȼ ɪɚɡɴɟɞɢɧɢɬɟɥɹɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɢɞɢɦɵɣ ɪɚɡɪɵɜ ɫɨɡɞɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ 
ɲɤɚɮɚ ɄɊɍ, ɬ.ɟ. ɫ ɩɨɦɨɳɶɸ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ. 
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ɉɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɩɪɨɜɟɪɤɟ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɜ ɹɱɟɣɤɟ ɄɊɍ, ɜɵɛɪɚɧɧɵɯ ɜ ɩɭɧɤɬɟ 2.3.3, ɬɨɥɶɤɨ ɢɡ ɩɪɨɜɟɪɤɢ ɢɫɤɥɸɱɚɟɬɫɹ ɩɪɨ-
ɜɟɪɤɚ ɩɨ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

 
2.3.5 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜɵɛɢɪɚɸɬ: 
- ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ; 
- ɩɨ ɬɨɤɭ; 
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ; 
- ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ; 
- ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ; 
- ɩɨ ɧɚɝɪɭɡɤɟ. 
 
2.3.5.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ȼɛɥɢɡɢ ɫ ɜɵɛɪɚɧɧɵɦ ɪɚɧɧɟɟ ɜɵɤɥɸɱɚɬɟɥɟɦ 3AP1FG 126 ɩɪɢɧɢɦɚɸ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɨɩɨɪɧɵɣ ɝɚɡɨɧɚɩɨɥɧɟɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɫ ɮɚɪɮɨɪɨɜɨɣ ɩɨɤɪɵɲɤɨɣ 
ɌɈȽɎ – 110/0,5 – 200/5 [18], ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.18. 
 
Ɍɚɛɥɢɰɚ 2.18 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌɈȽɎ – 110/0,5 – 200/5 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  110 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  200 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI 2  5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 64 
- 25 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  31,5 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  3 

ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ cosφ2=0.8, ȼ∙Ⱥ ɧɨɦS  
3; 5; 10; 15; 20; 
25; 30; 50; 60; 

75; 100. 
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Ɍɚɛɥɢɰɚ 2.19 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 110  ɤȼU ɧɨɦ 110  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 2001   ȺI ɦɚɤɫɪɚɛ 184.   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 64.   ɤȺiɭɞ 811,5  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 25..   ɤȺIɩ 417,20   

ɬɟɪɦɬɟɪɤ tIȼ  2  
ɤȺIɬɟɪɦ 25  

ɫtɬɟɪɦ 3  

ɫɤȺBk  2051,1  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 1875  

 
ɉɨɫɤɨɥɶɤɭ ɫɨɫɬɚɜ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ, ɧɟɢɡɜɟɫɬɟɧ, ɬɨ ɩɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ. 

Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
 
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈȽɎ – 110/0,5 – 200/5 

ɩɪɢɝɨɞɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
 
Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ, ɜɫɬɪɨɟɧɧɵɣ ɜ ɜɜɨɞɵ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɇɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 184 Ⱥ ɜ ɰɟɩɹɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɬɢɩɚ ɌȼɌ – 110 – პ – 300/5 [19]. 
ɉɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.20. 
 
Ɍɚɛɥɢɰɚ 2.20 – Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɌȼɌ-110-პ-300/5 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  110 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  300 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI 2  5 

Ʉɪɚɬɧɨɫɬɶ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɬɟɪɦk  25 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  3 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ ɦ cosφ2=0.8, 
ȼ∙Ⱥ ɧɨɦS  10/20 
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Ɍɚɛɥɢɰɚ 2.21 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ 
Ʉɚɬɚɥɨɠɧɵɟ 

ɞɚɧɧɵɟ 
Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  
ɤȼU ɭɫɬ 110

 
ɤȼU ɧɨɦ 110  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 3001   ȺI ɦɚɤɫɪɚɛ 184.   

ɬɟɪɬɟɪɧɨɦɤ tkIȼ  2
1 )(

 

25ɬɟɪɦk  

ɫtɬɟɪɦ 3  

ɫɤȺBk  2051,1

ɫɤȺtkI ɬɟɪɬɟɪɧɨɦ  22
1 75,168)(  

Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
 
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɹ ɧɟ ɨɝɨɜɚɪɢɜɚɟɬɫɹ. 
 - ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɲɢɧɧɵɯ ɢ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɲɢɧ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɜɜɨɞɨɜ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨ-
ɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ ..ɫɬɞɢɧɭɞ ii   ɧɟ ɬɪɟɛɭɟɬɫɹ [20, ɫ.24]. 

- ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
ɋɨɫɬɚɜ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, 

ɧɟɢɡɜɟɫɬɟɧ, ɩɨɷɬɨɦɭ ɩɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌȼɌ – 110 – პ – 300/5 ɩɪɨɯɨɞɢɬ ɜɫɟ ɜɵɲɟ-

ɭɤɚɡɚɧɧɵɟ ɩɪɨɜɟɪɤɢ ɢ ɝɨɬɨɜ ɤ ɭɫɬɚɧɨɜɤɟ ɜ ɜɜɨɞɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ 
ɩɨɞɫɬɚɧɰɢɢ. 

 
2.3.5.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ ɜɜɨɞɧɨɣ ɹɱɟɣɤɟ ɄɊɍ 
 
ɉɪɢɧɢɦɚɸ ɤ ɭɫɬɚɧɨɜɤɟ ɜ ɜɵɛɪɚɧɧɵɣ ɲɤɚɮ ɄɊɍ – ɋɗɓ – 61Ɇ ɨɩɨɪɧɵɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɫ ɥɢɬɨɣ ɢɡɨɥɹɰɢɟɣ ɌɈɅ – ɋɗɓ – 10/0,5 – 2500/5 [21]. ɏɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɩɨ ɞɚɧɧɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.22. 
 
Ɍɚɛɥɢɰɚ 2.22 – Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɌɈɅ – ɋɗɓ – 10/0,5 – 2500/5  

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  2500 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI 2  5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 100 
- 40 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.22 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  40 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  1 

ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ cosφ2=0.8, ȼ∙Ⱥ ɧɨɦS  3; 5; 7,5; 15; 20; 
25; 30; 40; 50; 60. 

 
Ɍɚɛɥɢɰɚ 2.23 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 10  ɤȼUɧɨɦ 10  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 25001   ȺI ɦɚɤɫɪɚɛ 2020.   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 100.   ɤȺiɭɞ 643,17  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 40..   ɤȺI ɩ 561,70   

ɬɟɪɦɬɟɪɤ tIȼ  2  
ɤȺIɬɟɪɦ 40  

ɫtɬɟɪɦ 1  

ɫɤȺBk  2290,10  

ɫɤȺtI ɨɬɤɥɬɟɪ  22 1600  

ɧɨɦZZ 22   ȺȼS ɧɨɦ  52  
ɈɦZ 19,02   

ɈɦZ ɧɨɦ 2,02   

 
ɉɪɢɦɟɱɚɧɢɟ: ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ, ɜɨɡɶ-

ɦɟɦ ɫɥɟɞɭɸɳɢɟ: ɫɱёɬɱɢɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚɦɩɟɪɦɟɬɪ, ɜɤɥɸɱёɧɧɵɣ ɜ ɨɞɧɭ ɮɚɡɭ, 
ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɨɤɚ ȿ842. Ɍɢɩɵ ɩɪɢɛɨɪɨɜ ɭɤɚɡɚɧɵ ɜ ɬɟɯɧɢɱɟ-
ɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɜɵɛɪɚɧɧɨɣ ɹɱɟɣɤɢ ɄɊɍ – ɋɗɓ – 61Ɇ [14]. 

ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɩɪɢɛɨɪɨɜ ɢɡɨɛ-
ɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 
 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ 
ɩɪɢɛɨɪɨɜ 
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Ɍɢɩ ɩɪɢɛɨɪɨɜ ɢ ɢɯ ɧɚɝɪɭɡɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.24. Ⱦɚɧɧɵɟ ɨ ɩɪɢɛɨ-
ɪɚɯ ɜɡɹɬɵ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɲɤɚɮɭ ɄɊɍ [14]. 

 
Ɍɚɛɥɢɰɚ 2.24 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

ɉɪɢɛɨɪ Ɍɢɩ 
ɇɚɝɪɭɡɤɚ, ȼ∙Ⱥ, ɮɚɡɵ 

Ⱥ ȼ ɋ 
Ⱥɦɩɟɪɦɟɬɪ ɗ42703 0,5 – – 
ɋɱёɬɱɢɤ ɗɗ Ɇɟɪɤɭɪɢɣ 234 1,0 – 1,0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɬɨɤɚ 
ȿ842Ⱥ 1,0 – – 

ɂɬɨɝɨ:  2,5 – 1,0 
 
ɉɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ ɮɚɡɟ. 
 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
  
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɹɱɟɣ-
ɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈɅ – ɋɗɓ – 10/0,5 – 

2500/5 ɩɪɢɝɨɞɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɜɜɨɞɧɨɣ ɹɱɟɣɤɟ ɄɊɍ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧ-
ɰɢɢ. 

 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ ɨɬɯɨɞɹɳɢɯ ɹɱɟɣɤɚɯ ɄɊɍ 
 
ɉɪɢɧɢɦɚɸ ɤ ɭɫɬɚɧɨɜɤɟ ɜ ɜɵɛɪɚɧɧɵɣ ɲɤɚɮ ɄɊɍ – ɋɗɓ – 61Ɇ ɨɩɨɪɧɵɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɫ ɥɢɬɨɣ ɢɡɨɥɹɰɢɟɣ ɌɈɅ – ɋɗɓ – 10/0,5 – 75/5 [21]. ɏɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɩɨ ɞɚɧɧɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.25. 

 
Ɍɚɛɥɢɰɚ 2.25 – Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɌɈɅ – ɋɗɓ – 10/0,5 – 75/5 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  75 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI 2  5 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
- ɚɦɩɥɢɬɭɞɚ, ɤȺ 
- ɧɚɱɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ, ɤȺ 

 
- ɫɤɜɩɪi .  

- ..ɫɤɜɩɪI  

 
- 20 
- 8 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ɬɟɪɦI  8 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.25 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  1 

ɇɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ cosφ2=0.8, ȼ∙Ⱥ ɧɨɦS  3; 5; 7,5; 15; 20; 
25; 30; 40; 50; 60. 

 
Ɍɚɛɥɢɰɚ 2.26 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 10  ɤȼUɧɨɦ 10  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 751   ȺI ɦɚɤɫɪɚɛ 62.   

ɫɤɜɩɪɭɞ ii .  ɤȺi ɫɤɜɩɪ 20.   ɤȺiɭɞ 643,17  

..0 ɫɤɜɩɪɩ II   ɤȺI ɫɤɜɩɪ 8..   ɤȺI ɩ 561,70   

ɬɟɪɦɬɟɪɤ tIȼ  2  
ɤȺIɬɟɪɦ 8  

ɫtɬɟɪɦ 1  

ɫɤȺBk  2290,10  

ɫɤȺtI ɬɟɪɦɬɟɪ  22 64  

ɧɨɦZZ 22   ȺȼS ɧɨɦ  52  
ɈɦZ 19,02   

ɈɦZ ɧɨɦ 2,02   

 
Ɍɚɤɠɟ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 
  
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ʉɨɧɫɬɪɭɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɹɱɟɣ-
ɤɢ ɄɊɍ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈɅ – ɋɗɓ – 10/0,5 – 75/5 

ɩɪɢɝɨɞɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɜɜɨɞɧɨɣ ɹɱɟɣɤɟ ɄɊɍ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ ɜɜɨɞɚɯ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 
Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɜɜɨɞɚɯ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɛɢɪɚɸ ɜɫɬɪɨɟɧɧɵɟ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɬɢɩɚ ɌȼɌ – 10 – პ – 5000/5 [19]. ɉɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 2.27. 

 
Ɍɚɛɥɢɰɚ 2.27 – Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɌȼɌ-10-პ-5000/5 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU  10 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI1  5000 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ ɧɨɦI 2  5 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.27 

Ʉɪɚɬɧɨɫɬɶ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɬɟɪɦk  20 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ ɬɟɪɦt  3 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ ɦ cosφ2=0.8, 
ȼ∙Ⱥ ɧɨɦS  0,5/30 

 
Ɍɚɛɥɢɰɚ 2.28 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ 
Ʉɚɬɚɥɨɠɧɵɟ 

ɞɚɧɧɵɟ 
Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 10  ɤȼUɧɨɦ 10  

ɧɨɦɦɚɤɫɪɚɛ II .  ȺI ɧɨɦ 50001 
 

ȺI ɦɚɤɫɪɚɛ 2020.   

ɬɟɪɬɟɪɧɨɦɤ tkIȼ  2
1 )(

 

20ɬɟɪɦk  

ɫtɬɟɪɦ 3  

ɫɤȺBk  2051,1

ɫɤȺtkI ɬɟɪɬɟɪɧɨɦ  22
1 58800)(  

 
Ɍɚɤɠɟ ɩɪɨɜɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɜɟɪɤɢ:  
 
- ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɞɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟ ɨɝɨɜɨɪɟɧɵ, ɩɨɷɬɨɦɭ ɩɪɨɜɟɪɤɭ ɧɟ ɩɪɨɢɡ-
ɜɨɞɢɦ. 

- ɩɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɲɢɧɧɵɯ ɢ ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɲɢɧ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɜɜɨɞɨɜ ɚɩɩɚɪɚɬɨɜ, ɢ ɩɪɨ-
ɜɟɪɤɚ ɧɟ ɬɪɟɛɭɟɬɫɹ [20, ɫ.24]. 

- ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: 
ɋɨɫɬɚɜ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, 

ɧɟɢɡɜɟɫɬɟɧ, ɩɨɷɬɨɦɭ ɩɪɨɜɟɪɤɚ ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌȼɌ – 10 – პ – 5000/5 ɩɪɨɯɨɞɢɬ ɜɫɟ ɜɵɲɟ-

ɭɤɚɡɚɧɧɵɟ ɩɪɨɜɟɪɤɢ ɢ ɝɨɬɨɜ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɩɨɞɫɬɚɧɰɢɢ. 
 
2.3.6 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬ [9, ɫ.301]: 
- ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ; 
- ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
- ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ; 
- ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ. 
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2.3.6.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 
 
ɉɪɢɧɢɦɚɸ ɤ ɭɫɬɚɧɨɜɤɟ ɤɚɫɤɚɞɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɫ ɮɚɪɮɨɪɨ-

ɜɨɣ ɢɡɨɥɹɰɢɟɣ ɬɢɩɚ ɇɄɎ – 110 – 06 ɏɅ1 [22], ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 2.29. 

 
Ɍɚɛɥɢɰɚ 2.29 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɇɄɎ-110-06 ɏɅ1 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU1  110 

ȼɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɨɫɧɨɜɧɨɣ ɨɛɦɨɬɤɢ №1), ȼ ɧɨɦU 2  100/√3 

ȼɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɨɫɧɨɜɧɨɣ ɨɛɦɨɬɤɢ №2), ȼ ɧɨɦU 2  100/√3 

ȼɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɦɨɬɤɢ), ȼ ɧɨɦU 2  100 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ, ȼ∙Ⱥ ɧɨɦS  

0,2/100 
0,5/200 
1/400 
3/500 

3Ɋ/600 
 
Ɍɚɛɥɢɰɚ 2.30 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 110  ɤȼU ɧɨɦ 110  

 
ɉɨɫɤɨɥɶɤɭ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɧɟɢɡɜɟɫɬɧɚ, ɬɨ ɩɪɨɜɟɪɤɭ ɩɨ ɜɬɨɪɢɱɧɨɣ 

ɧɚɝɪɭɡɤɟ ɜɵɩɨɥɧɢɬɶ ɧɟɜɨɡɦɨɠɧɨ. ɉɨ ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ ɧɟɥɶɡɹ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ 
ɩɨ ɞɨɩɭɫɬɢɦɨɣ ɩɨɬɟɪɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
Ɍɚɤɠɟ ɩɪɨɜɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɜɟɪɤɢ: 
 
- ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɞɤɥɸɱɚɟɦɵɦɢ ɩɪɢɛɨɪɚɦɢ. 
 
ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɇɄɎ – 110 – 06 ɏɅ1 ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɤ ɭɫɬɚ-

ɧɨɜɤɟ ɧɚ ɩɨɞɫɬɚɧɰɢɸ. 
 
2.3.6.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɸ ɡɚɡɟɦɥɹɟɦɵɣ ɨɞɧɨɮɚɡɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟ-

ɧɢɹ ɫ ɥɢɬɨɣ ɢɡɨɥɹɰɢɟɣ ɬɢɩɚ ɁɇɈɅ – ɋɗɓ – 10Ɇ [23], ɤɨɬɨɪɵɣ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜ ɜɵ-
ɛɪɚɧɧɵɣ ɲɤɚɮ ɫɟɪɢɢ ɄɊɍ – ɋɗɓ – 61Ɇ. ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.31. 
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Ɍɚɛɥɢɰɚ 2.31 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɁɇɈɅ – ɋɗɓ – 10Ɇ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ɧɨɦU1  10 

ȼɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɨɫɧɨɜɧɨɣ ɨɛɦɨɬɤɢ №1), ȼ ɧɨɦU 2  100/√3 

ȼɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɦɨɬɤɢ), ȼ ɧɨɦU 2  100/3 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ/ɧɚɝɪɭɡɤɚ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ, ȼ∙Ⱥ ɧɨɦS  

0,2/ 10; 15; 25 
0,5/ 30; 50 

1/ 50; 75; 100; 150 
3/ 100; 150; 200; 300 

 
Ɍɚɛɥɢɰɚ 2.32 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɨ ɬɪɟɛɭɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɍɫɥɨɜɢɹ ɜɵɛɨɪɚ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

ɧɨɦɧɨɦɫɟɬ UU .  ɤȼU ɭɫɬ 110  ɤȼU ɧɨɦ 110  

ɧɨɦSS 22   ȺȼS ɧɨɦ  502  ȺȼS 372  

 
ɉɪɢɦɟɱɚɧɢɟ: ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ, ɩɪɢ-

ɧɢɦɚɟɦ ɩɪɢɛɨɪɵ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 2.33. 
Ⱦɚɧɧɵɟ ɩɪɢɛɨɪɵ ɢ ɢɧɮɨɪɦɚɰɢɹ ɨ ɧɢɯ ɜɡɹɬɵ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ 

ɲɤɚɮɭ ɄɊɍ [14]. 
 
Ɍɚɛɥɢɰɚ 2.33 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɪɢɛɨɪ Ɍɢɩ Ʉɨɥɢɱɟɫɬɜɨ 
Ɇɨɳɧɨɫɬɶ 

ɨɞɧɨɣ ɨɛɦɨɬ-
ɤɢ, ȼ∙Ⱥ 

ɑɢɫɥɨ 
ɨɛɦɨɬɨɤ 

Ɉɛɳɚɹ ɩɨɬɪɟɛɥɹ-
ɟɦɚɹ ɦɨɳɧɨɫɬɶ, 

ȼ∙Ⱥ 
ȼɨɥɶɬɦɟɬɪ ɗ-335 1 2,0 1 2,0 

ɋɱёɬɱɢɤ ɗɗ 
Ɇɟɪɤɭɪɢɣ 

234 
17 1,0 2 34,0 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹ-

ɠɟɧɢɹ 
ȿ842Ⱥ 1 1,0 1 1,0 

ɂɬɨɝɨ:     37,0 
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Ɋɢɫɭɧɨɤ 2.2 – ɉɨɞɤɥɸɱɟɧɢɟ ɩɪɢɛɨɪɨɜ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ 
 

Ɍɚɤɠɟ ɩɪɨɜɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɪɨɜɟɪɤɢ: 
 
- ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ: 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɞɤɥɸɱɚɟɦɵɦɢ ɩɪɢɛɨɪɚɦɢ. 
 
ȼɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɁɇɈɅ – ɋɗɓ – 10Ɇ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɤ ɭɫɬɚ-

ɧɨɜɤɟ. 
 
2.3.7 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ɇɚ ɩɨɞɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ). Ɇɨɳɧɨɫɬɶ Ɍɋɇ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɧɚɝɪɭɡɨɤ ɫ.ɧ. ɫ 
ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɝɪɭɡɤɢ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɨɬɞɟɥɶɧɨ ɭɱɢɬɵ-
ɜɚɸɬɫɹ ɥɟɬɧɹɹ ɢ ɡɢɦɧɹɹ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɧɚɝɪɭɡɤɢ ɜ ɩɟɪɢɨɞ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬ-
ɧɵɯ ɪɚɛɨɬ ɧɚ ɩɨɞɫɬɚɧɰɢɢ [9, ɫ. 386]. 

ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɨɞ-
ɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɟɪɟɱɟɧɶ ɩɨ-
ɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 2.34. 

 
Ɍɚɛɥɢɰɚ 2.34 – ɉɟɪɟɱɟɧɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ȼɢɞ ɩɨɬɪɟɛɢɬɟɥɹ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ 
Ɋɭɫɬ, ɤȼɬ 

cosφ 
Qɭɫɬ, 
ɤɜɚɪ ɧɚ ɟɞɢ-

ɧɢɰɭ 
ɜɫɟɝɨ 

Ɉɫɜɟɳɟɧɢɟ ɈɊɍ 110 ɤȼ 1 5,0 5,0 1,0 0 
ɍɫɬɪɨɣɫɬɜɨ ɨɯɥɚɠɞɟɧɢɹ ɌȾɇ–16000/110 2 1,5 3,0 0,85 1,86 

ɉɨɞɨɝɪɟɜ ɜɵɤɥɸɱɚɬɟɥɟɣ FG 126 2 5,64 11,28 1,0 0 
ɉɨɞɨɝɪɟɜ ɩɪɢɜɨɞɨɜ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ  11 0,6 6,6 1,0 0 
Ɉɫɜɟɳɟɧɢɟ, ɨɬɨɩɥɟɧɢɟ ɁɊɍ 10 ɤȼ 1 6,0 6,0 1,0 0 

Ɉɬɨɩɥɟɧɢɟ ɲɤɚɮɚ ɄɊɍ 10 ɤȼ 1 1,0 1,0 1,0 0 
ȼɫɟɝɨ   32,88  1,86 
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Ɇɨɞɭɥɶ ɪɚɫɱёɬɧɨɣ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤȼ∙Ⱥ, 
 

34,2686,188,328,0 2222  ɭɫɬɭɫɬɫɪɚɫɱ QPkS ,                                  (2.32) 

 
ɝɞɟ ɫk ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ 

ɢ ɡɚɝɪɭɡɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8; 
ɭɫɬɭɫɬ QɊ , ɪɚɫɱёɬɧɵɟ ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 2.34. 
 
Ɍɨɝɞɚ ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ Ɍɋɇ ɩɪɢ ɱɢɫɥɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 

ɪɚɜɧɨɟ 2 ɫ ɩɨɫɬɨɹɧɧɵɦ ɞɟɠɭɪɫɬɜɨɦ [9, ɫ.386], ɤȼ∙Ⱥ, 
 

82,18
4,1

34,26


ɉȽ

ɪɚɫɱ
Ɍ k

S
S ,                     (2.33) 

 
ɝɞɟ ɉȽk ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɚɜɚɪɢɣɧɨɣ ɩɟɪɟɝɪɭɡɤɢ, ɪɚɜɧɵɣ 1,4. 

 
Ȼɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 25 ɤȼ∙Ⱥ. Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ ɜɵɛɢɪɚɸ ɜ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɆ – ɋɗɓ – 25/10 
[24]. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɤɚɠɞɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 65-70%. Ɍɨɝɞɚ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 

%53%100
252

34,26
%100. 







ɧɨɦɌT

ɪɚɫɱɪɧ
ɡ Sn

S
k .                                                (2.34) 

 
Ⱦɥɹ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚɩɚɡɨ-

ɧɨɦ 130-140%. Ⱦɥɹ ɞɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

%4,105%100
25)12(

34,26
%100

)1(
./ 







ɧɨɦɌT

ɪɚɫɱɪɚɜɩ
ɡ Sn

S
k .                        (2.35) 

 
ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɱɢɬɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 

ɪɚɛɨɬɵ ɧɟ ɜɯɨɞɢɬ ɜ ɩɪɟɞɟɥɵ 130-140% [9, ɫ.327], ɬɨ ɩɪɨɜɟɪɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɞɪɭ-
ɝɨɣ ɦɨɳɧɨɫɬɢ, ɛɥɢɡɤɨɣ ɤ ɪɚɫɱёɬɧɨɣ. ȼɵɛɟɪɟɦ ɩɪɟɞɲɟɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɢɡ ɫɬɚɧ-
ɞɚɪɬɧɨɝɨ ɪɹɞɚ ɦɨɳɧɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 0,16ɧɨɦɌS ɤȼ∙Ⱥ. ȼɵɛɪɚɧɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɢ ɞɚɧɧɨɦɭ ɤɥɚɫɫɭ ɧɚɩɪɹɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɢɩɚ ɌɆ – 16/10 
[25]. ɉɪɨɜɟɪɢɦ ɞɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɡɚɝɪɭɡɤɢ: 
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ɂɡ ɮɨɪɦɭɥɵ (2.37) ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɛɭɞɟɬ ɫɢɥɶɧɨ ɩɟɪɟ-

ɝɪɭɠɟɧ, ɩɨɫɤɨɥɶɤɭ ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɩɟɪɟɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ 130-140%, ɢ ɟɝɨ ɪɚɛɨɬɚ ɜ 
ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɧɟɞɨɩɭɫɬɢɦɚ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ 
ɩɨɞɫɬɚɧɰɢɢ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɢɩɚ ɌɆ – ɋɗɓ – 25/10. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.35. 
 
Ɍɚɛɥɢɰɚ 2.35 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆ – ɋɗɓ – 100/10 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ, 

ɤȼ∙Ⱥ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 
ɨɛɦɨɬɨɤ, ɤȼ 

ɋɯɟɦɚ ɢ 
ɝɪɭɩɩɚ ɫɨ-
ɟɞɢɧɟɧɢɣ 

ɉɨɬɟɪɢ 
ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ, ȼɬ 

ɉɨɬɟɪɢ ɤɨ-
ɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ, 
ȼɬ 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ, 
% 

Ɍɨɤ ɯɨɥɨ-
ɫɬɨɝɨ ɯɨ-

ɞɚ, % ȼɇ ɇɇ 

25 10 0,4 Y/YH – 0 110 600 4,5 2,7 
 
ɇɚ ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ ɫ ɞɜɭɦɹ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ȼɇ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɩɪɹɦ-

ɥɟɧɧɵɣ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɨɫɤɨɥɶɤɭ ɧɟɨɛɯɨɞɢɦɨ ɩɢɬɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɢ-
ɜɨɞɨɜ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ, ɧɨ ɩɪɢ ɷɬɨɦ ɩɨɞɫɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ 
ɬɭɩɢɤɨɜɨɣ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɫɬɨɹɧɧɵɣ ɨɩɟɪɚɬɢɜɧɵɣ ɬɨɤ ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ [8, 
ɩ.6.3.1.1]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ Ɍɋɇ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɨɬɩɚɣɤɨɣ ɤ ɜɜɨɞɭ ɝɥɚɜɧɵɯ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ [9, ɫ.387]. ɐɟɩɢ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɨɜ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɢɫɨɟɞɢ-
ɧɹɸɬɫɹ ɤ ɫɢɥɨɜɨɦɭ ɜɵɩɪɹɦɢɬɟɥɸ VS [9, ɫ.586]. ɇɚ ɪɢɫɭɧɤɟ 2.3 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ 
 
3 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ 
 
Ɉɩɪɟɞɟɥɢɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɨɰɟ-

ɧɢɬɶ ɪɚɫɯɨɞɵ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɟɬɢ, ɚ ɬɚɤɠɟ 
ɨɰɟɧɢɬɶ ɟё ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ.  

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɟɬɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ, [25, ɫ.197]: 
 

,ЭɋЭɋɧɩɪ ɂɄЕɁ                                                                                          (3.1) 

 
ɝɞɟ ЭɋɄ  ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɗɋ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɤɚɩɢɬɚ-

ɥɨɜɥɨɠɟɧɢɹ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɢ ɩɨɞɫɬɚɧɰɢɢ, ɬɵɫ.ɪɭɛ.: 
 

./ɫɬɩWЭɋ ɄɄɄ                                                                                              (3.2) 
 

Эɋɂ  ɝɨɞɨɜɵɟ ɢɡɞɟɪɠɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɧɚ Ʌɗɉ 
ɢ ɩɨɞɫɬɚɧɰɢɣ, ɚ ɬɚɤɠɟ ɫ ɢɡɞɟɪɠɤɚɦɢ ɧɚ ɜɨɡɦɟɳɟɧɢɟ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɬɵɫ.ɪɭɛ./ɝɨɞ: 

 

ЭɫɬɩWЭɋ ɂɂɂɂ  / .                                                                                 (3.3) 
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ɧЕ ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, 1/ɝɨɞ, 
ɩɪɢ ɪɚɫɱёɬɚɯ ɜ ɷɧɟɪɝɟɬɢɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,125 1/ɝɨɞ.  

 
3.1 Ɋɚɫɱёɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ 
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ȼɅ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɡɧɚɹ ɞɥɢɧɭ ɬɪɚɫ-

ɫɵ ɢ ɭɞɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ. ɍɞɟɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɡɚɜɢɫɢɬ 
ɨɬ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ, ɦɚɬɟɪɢɚɥɚ ɨɩɨɪ, ɤɨɥɢɱɟɫɬɜɚ ɰɟɩɟɣ ɧɚ ɨɩɨɪɟ, ɤɚɬɟɝɨɪɢɢ 
ɦɟɫɬɧɨɫɬɢ ɩɨ ɝɨɥɨɥёɞɭ, ɦɚɪɤɢ ɩɪɨɜɨɞɚ, ɩɨɞɜɟɲɟɧɧɨɝɨ ɧɚ ɨɩɨɪɭ. 

ɉɪɢɦɟɦ ɭɞɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɞɜɭɯɰɟɩɧɵɯ 
ɨɩɨɪ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ, ɨɫɧɚɳёɧɧɵɯ ɩɪɨɜɨɞɨɦ ɦɚɪɤɢ Ⱥɋ95/16 ɢ რ ɪɚɣɨ-
ɧɭ ɩɨ ɝɨɥɨɥɟɞɭ, ɪɚɜɧɨɣ 8,170 k  ɬɵɫ.ɪɭɛ./ɤɦ [7, ɬɚɛɥ 10.15]. 

Ɍɨɝɞɚ ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɞɜɭɯɰɟɩɧɵɯ ɨɩɨɪ ɫ ɩɨɞɜɟɲɟɧɧɵɦɢ ɩɪɨɜɨɞɚɦɢ, 
ɬɵɫ.ɪɭɛ.: 

 
,71,1282728,1712012  ɬɪlkK                                                                    (3.4) 

 
ɝɞɟ 12ɬɪl  ɞɥɢɧɚ ɬɪɚɫɫɵ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ 1-2. 

 
Ɍɨɝɞɚ ɫɭɦɦɚɪɧɨɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ ɛɭɞɟɬ ɨɩɪɟɞɟ-

ɥɹɬɶɫɹ, ɬɵɫ.ɪɭɛ.: 
 

.4432412 ȻW KKKKK                                                                              (3.5) 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɟ (3.4) ɩɪɨɜɟɞɟɦ ɪɚɫɱёɬɵ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞёɦ ɜ ɬɚɛɥɢɰɭ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɨɨɪɭɠɟɧɢɟ ɭɱɚɫɬɤɨɜ Ʌɗɉ 

ɍɱɚɫɬɨɤ 
ȼɅ 

Ɇɚɬɟɪɢɚɥ 
ɨɩɨɪɵ 

Ɇɚɪɤɚ ɩɪɨ-
ɜɨɞɚ 

Ʉɨɥ-ɜɨ 
ɰɟɩɟɣ, 

ɲɬ 

ɍɞɟɥɶɧɚɹ 
ɫɬɨɢɦɨɫɬɶ 

,0k  

ɬɵɫ.ɪɭɛ/ɤɦ 

Ⱦɥɢɧɚ ɬɪɚɫ-
ɫɵ, ɤɦ 

ɋɬɨɢɦɨɫɬɶ ɫɨ-
ɨɪɭɠɟɧɢɹ, 
ɬɵɫ.ɪɭɛ. 

1-2 ɠ/ɛ Ⱥɋ95/16 2 

17,8 

72,0 1282,71 
2-4 ɠ/ɛ Ⱥɋ70/11 2 72,0 1282,71 
4-3 ɠ/ɛ Ⱥɋ70/11 2 80,0 1424,89 
4-Ȼ ɠ/ɛ Ⱥɋ70/11 2 51,0 906,23 

ȼɫɟɝɨ      4896,54 
 
ɐɟɧɵ ɭɤɚɡɚɧɵ ɡɚ ɩɟɪɢɨɞ 1985 ɝɨɞɚ ɛɟɡ ɭɱёɬɚ ɪɚɣɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ.  
 
3.2 Ɋɚɫɱёɬ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɩɨɞɫɬɚɧɰɢɸ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢ-
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ɦɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɄ , ɫɬɨɢɦɨɫɬɶ ɈɊɍ ɈɊɍɄ , ɫɬɨɢ-
ɦɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɄɍɄ  ɢ ɩɨɫɬɨɹɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɩɨɞɫɬɚɧɰɢɢ ɩɨɫɬɄ . 

 
./ ɩɨɫɬɄɍi

ȼɇ
ɈɊɍiɌiɫɬiɩ ɄɄɄɄɄ                                                                    (3.6) 

 
Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɫɬɚɧɰɢɸ 2. 
 
ɋɯɟɦɚ ɈɊɍ ɧɚ ɫɬɨɪɨɧɟ ȼɇ – №110 – 5Ⱥɇ «Ɇɨɫɬɢɤ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɜ ɰɟ-

ɩɹɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɪɟɦɨɧɬɧɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ». 
Ɂɚɬɪɚɬɵ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɞɚɧɧɨɣ ɈɊɍ, ɬɵɫ.ɪɭɛ. [25, ɬɚɛɥ. 9.14]:  

 
0,1202 

ȼɇ
ɈɊɍɄ .                                                                                                    (3.7) 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɬɵɫ.ɪɭɛ.: 
 

0,960,4822  ɌɌɌ ɄnɄ ,                                                                          (3.8) 
 
ɝɞɟ Ɍn  ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɢ, ɌɄ  ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪ-

ɦɚɬɨɪɚ ɌȾɇ – 16000/110, ɬɵɫ.ɪɭɛ. [7, ɬɚɛɥ. 3.6]. 
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ Ʉɍ, ɬɵɫ.ɪɭɛ.: 
 

72,20418,522  ɄɍɄɍɄɍ nɄɄ ,                                                                 (3.9) 
 
ɝɞɟ ɄɍɄ ɭɞɟɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ Ʉɍ, ɬɵɫ.ɪɭɛ. [7,ɬɚɛɥ. 10.22]; 

2Ʉɍn ɱɢɫɥɨ Ʉɍ ɧɚ ɩɨɞɫɬɚɧɰɢɢ №2 [ɬɚɛɥ. 1.2]. 
 

ɉɨɫɬɨɹɧɧɚɹ ɱɚɫɬɶ ɡɚɬɪɚɬ ɞɥɹ ɫɯɟɦɵ №110 – 5Ⱥɇ «Ɇɨɫɬɢɤ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ 
ɜ ɰɟɩɹɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɪɟɦɨɧɬɧɨɣ ɩɟɪɟɦɵɱɤɨɣ ɫɨ ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ» 
ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ 110/10 ɤȼ, ɬɵɫ.ɪɭɛ. [7, ɬɚɛɥ. 10.37]: 

 
.0,2102 ɩɨɫɬɄ                                                                                                  (3.10) 

 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɫɬɚɧɰɢɢ 2, ɬɵɫ.ɪɭɛ.: 
 

446,72.21020,7212096ɄɄɄɄɄ ɩɨɫɬ2Ʉɍ2
ȼɇ
ɈɊɍ2Ɍ2ɩ/ɫɬ2          (3.11) 

 
Ɋɚɫɱёɬ ɫɬɨɢɦɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨ-

ɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ. ȼɫɟ ɰɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 1985 ɝɨɞɭ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɪɚɣɨɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ. Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.2. 
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Ɍɚɛɥɢɰɚ 3.2. – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ 

№ ɩ/ɫɬ 
Ɂɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ. 

ɂɬɨɝɨ, ɬɵɫ.ɪɭɛ. 
ɌɄ  ȼɇ

ɈɊɍɄ  ɄɍɄ  ɩɨɫɬɄ  

1 - 126 - 290 416 
2 96 120 20,72 210 446,72 
3 96 36,3 25,68 130 287,98 
4 96 378 19,44 290 783,44 
Ȼ - 126 - 290 416 

ȼɫɟɝɨ 288 786,3 65,84 1210 2350,14 
 
Ɍɟɪɪɢɬɨɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɫɨɫɬɚɜɥɹɸɬ: 
 

4,1ɅЭɉk ,                                                                                                        (3.12) 
 

3,1/ ɫɬɩk ,                                                                                                        (3.13) 
 
Ⱦɥɹ ɩɟɪɟɪɚɫɱёɬɚ ɰɟɧ ɫ 1985 ɝɨɞɚ ɧɚ 2018 ɝɨɞ ɢɫɩɨɥɶɡɭɟɦ ɤɨɷɮɮɢɰɢɟɧɬ: 
 

6,196 .                                                                                                         (3.14) 
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ, ɦɥɧ.ɪɭɛ., 
 

724,13471054,48966,1964,1 32018  
WɅЭɉW ɄkK  .                         (3.15) 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɫɬɚɧɰɢɣ, ɦɥɧ.ɪɭɛ, 
  

648,6001014,23506,1963,1 3
//

2018
/  

ɫɬɩɫɬɩɫɬɩ ɄkK  .                        (3.16) 
 
Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɟɬɢ, ɦɥɧ.ɪɭɛ., 
 

372,1948648,600724,13472018
/

2018  ɫɬɩWЭɋ ɄɄɄ .                                 (3.17) 
                                                                        

3.3 Ɋɚɫɱёɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ 
 
ɂɡɞɟɪɠɤɢ ɭɱɢɬɵɜɚɸɬ ɡɚɬɪɚɬɵ, ɜɧɨɫɢɦɵɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ʌɗɉ, ɩɨɞɫɬɚɧ-

ɰɢɣ, ɚ ɬɚɤɠɟ ɢɡɞɟɪɠɤɢ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ.ɪɭɛ./ɝɨɞ: 
 

./ ЭɫɬɩWЭɋ ɂɂɂɂ                                                                                 (3.18) 
 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 

ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɨɪɢɟɧɬɢɪɨ-
ɜɨɱɧɨ ɫɨɫɬɚɜɥɹɸɬ 2,8% ɨɬ ɫɭɦɦɚɪɧɵɯ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʌɗɉ. 
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ɂɡɞɟɪɠɤɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɫɬɚɜɥɹɸɬ 9,4% ɨɬ ɤɚɩɢ-
ɬɚɥɨɜɥɨɠɟɧɢɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɫɬɚɧɰɢɣ [7, ɬɚɛɥ.10.2], ɦɥɧ.ɪɭɛ/ɝɨɞ: 

 

;736,37724,1347028,0
%100

%8,2 2018  WW Ʉɂ                                              (3.19) 

 

.460,56648,600094,0
%100

%4,9 2018
//  ɫɬɩɫɬɩ Ʉɂ                                             (3.20) 

 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢɡɞɟɪɠɟɤ ɨɬ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɫɚɦɢ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɨɫɬɨɹɬ ɢɡ ɩɨɬɟɪɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨ-

ɪɚɯ, ɤɨɬɨɪɵɟ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɧɚɝɪɭɡɤɢ, ɢ ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚɯ, Ɇȼɬ∙ɱ: 

 
.ɧɚɝɪɯɯ ЭЭЭ                                                                                           (3.21) 

 
ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ  , ɤɨɬɨɪɵɣ ɩɨɡɜɨ-

ɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɷɥɟɦɟɧɬɚɯ ɫɟɬɢ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɣɞɟɧ-
ɧɨɦɭ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ [1, ɫ.29], 
ɱ: 

 

3521,138760)
10

5100
(0,1248760)

10

Ɍ
(0,124τ 2

4
2

4
Ɇ  ,                         (3.22)  

 
ɝɞɟ ɆɌ  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ, ɱ. 
 
Ɍɨɝɞɚ ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ, 

Ɇȼɬ∙ɱ: 
 

,4,855613,3521)17,026,2()(  ɬɪ
ɧɚɝɪ

ȼɅ
ɧɚɝɪɧɚɝɪ ɊɊЭ                       (3.23) 

 
ɝɞɟ  ȼɅ

ɧɚɝɪɊ  ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, Ɇȼɬ [ɩɪɢ-
ɥɨɠɟɧɢɟ Ȼ],  ɬɪ

ɧɚɝɪɊ  ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, 
Ɇȼɬ [ɩɪɢɥɨɠɟɧɢɟ Ȼ]. 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ, Ɇȼɬ∙ɱ: 
 

,6,963876011,0  ɝɨɞɯɯɯɯ ɌɊЭ                                                            (3.24) 
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ɝɞɟ  ɯɯɊ  ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, Ɇȼɬ [ɩɪɢ-
ɥɨɠɟɧɢɟ Ȼ], ɝɨɞɌ  ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, ɪɚɜɧɨɟ 8760 ɱ. 

 
Ɍɨɝɞɚ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɟɪɹɦɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟ-

ɥɹɸɬɫɹ ɫ ɭɱёɬɨɦ ɞɟɮɥɹɬɨɪɚ, ɦɥɧ.ɪɭɛ./ɝɨɞ: 
 

230,116,196)64,855666,963()"'(   ɧɚɝɪɯɯЭ ЭЭɂ ,     (3.25) 

 
ɝɞɟ ' ɫɬɨɢɦɨɫɬɶ 1 Ɇȼɬ∙ɱ ɩɨɬɟɪɶ, ɤɨɬɨɪɵɟ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ 8760ɆɌ  ɱ. ɫɨɫɬɚɜɥɹɟɬ 6 
ɱɆȼɬ

ɪɭɛ

.

 [1, ɪɢɫ. 

4.6], 
"  ɫɬɨɢɦɨɫɬɶ 1 Ɇȼɬ∙ɱ ɩɨɬɟɪɶ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ 5100ɆɌ  ɱ. ɫɨɫɬɚɜɥɹɟɬ 6 
ɱɆȼɬ

ɪɭɛ

.

 [1, ɪɢɫ. 4.6]. 

 
ɋɭɦɦɚɪɧɵɟ ɢɡɞɟɪɠɤɢ, ɦɥɧ.ɪɭɛ./ɝɨɞ: 
 

.427,105230,11461,56736,37/  ЭɫɬɩWЭɋ ɂɂɂɂ                    (3.26) 
 
3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɜɟɞёɧɧɵɯ ɡɚɬɪɚɬ 
 
ɇɚɣɞёɦ ɩɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɟɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭ-

ɥɨɣ (3.1), ɦɥɧ.ɪɭɛ./ɝɨɞ: 
 

.974,348427,105372,1948125,0  ЭɋЭɋɧɩɪ ɂɄЕɁ                        (3.27) 

 
Ɍɚɛɥɢɰɚ 3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ 

Ʉ , ɦɥɧ. ɪɭɛ. ɂ , ɦɥɧ. ɪɭɛ./ɝɨɞ 
ɩɪɁ , ɦɥɧ. ɪɭɛ./ɝɨɞ 

WɄ  ɫɬɩɄ /  ЭɋɄ  Wɂ  ɫɬɩɂ /  Эɂ   Эɋɂ  

1347,724 600,648 1948,372 37,736 56,461 11,230 105,427 348,974 
 
3.5 Ɋɚɫɱёɬ ɭɞɟɥɶɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɫɩɪɨ-

ɟɤɬɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɚɣɨɧɚ ɨɩɪɟɞɟɥɹɸɬ ɭɞɟɥɶɧɵɟ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ [1, ɫ.51]: 

 
1) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɨɬɧɟɫёɧɧɵɟ ɤ 1 ɤȼɬ 

ɪɚɫɱёɬɧɨɣ ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɥɢɧɢɢ, ɬɵɫ.ɪɭɛ./ɤȼɬ, 
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,'
Wij

Wij
ɭɞij P

K
k                                                                                                       (3.28) 

 
ɝɞɟ WijK ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɨɨɪɭɠɟɧɢɟ ȼɅ ɧɚ ɭɱɚɫɬɤɟ ɫɟɬɢ ij , ɬɵɫ.ɪɭɛ; 

WijP ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ Ʌɗɉ ɧɚ ɭɱɚɫɬɤɟ ij , Ɇȼɬ [ɉɪɢɥɨ-
ɠɟɧɢɟ Ȼ]. 

Ɋɚɫɫɱɢɬɚɟɦ ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɥɢɧɢɸ 1-2, ɬɵɫ.ɪɭɛ./ɤȼɬ,  
 

122,14
1008,25

1005,353
'

3

3

21 



ɭɞk .        (3.30) 

 
2) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɨɬɧɟɫёɧɧɵɟ ɤ 1 ɤȼɬ 

ɪɚɫɱёɬɧɨɣ ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɤ 1 ɤɦ ɥɢɧɢɢ, 
ɬɵɫ.ɪɭɛ./ɤȼɬ∙ɤɦ, 
 

,"
WijWij

Wij
ɭɞij lP

K
k


                    (3.29) 

 
ɝɞɟ Wijl ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɥɢɧɢɢ ij , ɤɦ. 

 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɥɢɧɢɸ 1-2, ɬɵɫ.ɪɭɛ./ɤȼɬ∙ɤɦ, 
 

196,0
721008,25

1005,353
"

3

3

21 



ɭɞk .       (3.31) 

 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɥɢɧɢɢ ɪɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨ-

ɛɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.4. 
 

Ɍɚɛɥɢɰɚ 3.4 – ɋɪɚɜɧɟɧɢɟ ɭɞɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ȼɅ 
ɍɱɚɫɬɨɤ ȼɅ 1-2 2-4 4-3 Ȼ-4 

ɤȼɬ
ɪɭɛɬыɫ

k ɭɞij
..

,'  14,122 69,636 23,769 9,416 

ɤɦɤȼɬ
ɪɭɛɬыɫ

k ɭɞij 
..

,"  0,196 0,966 0,297 0,185 

 
3) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɩɨɞɫɬɚɧɰɢɢ, ɨɬɧɟɫёɧɧɵɟ ɤ 1 ɤȼ∙Ⱥ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɢ, ɬɵɫ.ɪɭɛ./ɤȼ∙Ⱥ, 
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,
103

/
/




ɭɫɬi

ɫɬɩ
iɫɬɩ

ɭɞi S

K
k                    (3.32) 

 
ɝɞɟ ɫɬɩ

iK / ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɫɨɨɪɭɠɟɧɢɟ i-ɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɬɵɫ.ɪɭɛ.; 
ɭɫɬiS ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ i-ɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɤȼ∙Ⱥ [ɬɚɛɥ.1.3]. 

 
Ɉɩɪɟɞɟɥɢɦ ɞɥɹ ɩ/ɫɬ №3: 
 

269,4
10239,17

10601,73

10 3

3

3
3

/
3/

3 







ɭɫɬ

ɫɬɩ
ɫɬɩ

ɭɞ S

K
k .                         (3.33) 

 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱёɬ. Ɋɟɡɭɥɶɬɚɬɵ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.5 – ɋɪɚɜɧɟɧɢɟ ɭɞɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɩɨɞɫɬɚɧɰɢɢ 
№ ɩ/ɫɬ 2 3 4 

Ⱥɤȼ
ɪɭɛɬыɫ

k ɫɬɩ
ɭɞi 

..
,/  5,602 4,269 13,145 

 
4) ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɟɪɟɞɚɱɢ 1 ɤȼɬ∙ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɪɭɛ./ɤȼɬ∙ɱ, 
 

,
maxmax 

 

ii ɌɊ
ɂɋ                   (3.34) 

 
ɝɞɟ ɂ ɫɭɦɦɚɪɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ, ɬɵɫ.ɪɭɛ./ɝɨɞ; 

ii ɌɊ maxmax , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɢ 
ɦɚɤɫɢɦɭɦɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ [ɉɪɢɥɨɠɟɧɢɟ Ȼ], ɤȼɬ, ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ, ɱ. 

 
.105124991049,1005100 33

maxmaxmaxmax   iii ɊɌɌɊ   (3.35) 
 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɜɧɚ, ɪɭɛ./ɤȼɬ∙ɱ, 
 

206,0
10512499

10427,105
3

6





ɩɟɪɟɞɋ         (3.36) 

 
4 Ɋɚɫɱёɬ ɢ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ 
 
ɐɟɥɹɦɢ ɢ ɡɚɞɚɱɚɦɢ ɪɚɫɱёɬɚ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
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ɹɜɥɹɸɬɫɹ: 
 ɩɪɨɜɟɪɤɚ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ. ȼ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ ɷɬɨ ɤɚɫɚɟɬɫɹ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɚ ɬɚɤɠɟ ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɨɜɟɪɤɚ ɞɨɩɭɫɬɢɦɨɫɬɢ ɜɟɥɢɱɢɧ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɭɫɥɨ-
ɜɢɹɦ ɪɚɛɨɬɵ ɢɡɨɥɹɰɢɢ, ɜɟɥɢɱɢɧ ɬɨɤɨɜ – ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ ɩɪɨɜɨɞ, ɜɟɥɢ-
ɱɢɧ ɦɨɳɧɨɫɬɢ – ɩɨ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ ɢɫɬɨɱɧɢɤɨɜ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ; 

 ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɫɟɬɢ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɧɨɦɢɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɪɟɠɢɦɚ ɩɨ ɜɟɥɢɱɢɧɚɦ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. [26, ɫ.43] 
 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɚɫɱёɬɚ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɫɟɬɢ ɹɜɥɹɸɬɫɹ: ɪɚɫɱёɬɧɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɫɨ-
ɫɬɨɹɳɚɹ ɢɡ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɟё ɷɥɟɦɟɧɬɨɜ; ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɵɯ ɢ ɪɟɚɤ-
ɬɢɜɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɭɡɥɚɯ ɧɚɝɪɭɡɤɢ; ɡɧɚɱɟɧɢɟ ɚɤɬɢɜɧɵɯ ɢ ɪɟɚɤɬɢɜɧɵɯ ɦɨɳɧɨɫɬɟɣ 
ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ, ɤɪɨɦɟ ɛɚɥɚɧɫɢɪɭɸɳɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɩɨɤɪɵɜɚɟɬ 
ɧɟɛɚɥɚɧɫ ɦɟɠɞɭ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɗɗɋ ɦɨɳɧɨɫɬɢ; ɡɧɚɱɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɞɧɨɦ ɢɡ ɭɡɥɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɛɚɡɢɫɧɵɦ ɭɡ-
ɥɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ. 

Ɋɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɬɪёɯ ɪɟɠɢɦɨɜ: ɧɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɟɠɢɦ, 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤ ɤɨɬɨɪɨɦɭ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫɟɬɶ, ɪɟɠɢɦ ɦɢɧɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ (ɫɨ-
ɫɬɚɜɥɹɟɬ 60% ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ) ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ (ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 
ɥɢɧɢɢ 1-2). 

Ɋɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɦ ɧɚ ɗȼɆ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «Regim». Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱёɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ Ȼ, Ƚ, ȿ. ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɮɚɣɥɨɜ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ [ɩɪɢɥɨɠɟɧɢɟ Ⱥ, ȼ, Ⱦ] ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɨɜ ɷɤ-
ɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɫɟɬɢ [ɪɢɫɭɧɨɤ 4.1]. 
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Ɋɢɫɭɧɨɤ 4.1 – ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɪɟɠɢɦɚ 
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4.1 Ⱥɧɚɥɢɡ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɊɍɊ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ Ȼ, Ƚ, ȿ.  
ɉɪɟɠɞɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɱɬɨ, ɧɚɢɛɨɥɶɲɟɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɬɨɱɤɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟ ɩɢɬɚɸɳɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɨɝɪɚ-
ɧɢɱɟɧɨ ɭɫɥɨɜɢɹɦɢ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɫɟ-
ɬɟɣ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɥɹɟɬ 115% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ, ɬ.ɟ. 126 ɤȼ [27].  

ȼ ɫɟɬɹɯ 6 - 220 ɤȼ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɭɫɬɪɨɣɫɬɜɚ Ɋɉɇ. Ⱦɥɹ ɜɵɛɪɚɧɧɵɯ ɪɚɧɧɟɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɷɬɨɬ ɞɢɚɩɚɡɨɧ ɫɨ-
ɫɬɚɜɥɹɟɬ ±9ɯ1,78% (±16%) ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɬ.ɟ. ɧɚɩɪɹɠɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɢɠɟ ɡɧɚɱɟɧɢɹ 96,6 ɤȼ. 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱёɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɩɨ ɤɚɠɞɨɦɭ ɢɡ 

ɪɟɠɢɦɨɜ: 
 

1. Ɂɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɫɟɯ ɭɡɥɚɯ ɜɯɨɞɹɬ ɜ ɞɨɩɭɫɬɢɦɵɣ ɞɢɚɩɚɡɨɧ, 
ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 96,6 ɤȼ ɞɨ 126 ɤȼ. Ɍɚɤ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɢɡ ɜɫɟɯ ɪɟɠɢɦɨɜ ɫɨɫɬɚɜɥɹɟɬ 106,7 ɤȼ ɜ 30 ɭɡɥɟ ɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɚ ɧɚɢɛɨɥɶɲɟɟ – 125,2 ɤȼ ɜ ɭɡɥɟ 1 
ɢ ɬɚɤɠɟ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ. ɋɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɪɟɠɢɦɚɦ: 
ɧɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ – 113,496 ɤȼ; ɧɨɪɦɚɥɶɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ 
– 116,621 ɤȼ; ɩɨɫɥɟɚɜɚɪɢɣɧɵɣ – 113,494 ɤȼ. 

2. Ɍɨɤɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɨ ɜɟɬɜɹɦ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ 
ɩɨ ɭɫɥɨɜɢɹɦ ɧɚɝɪɟɜɚ ɩɪɨɜɨɞɨɜ. Ɍɚɤ ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɩɪɨɬɟɤɚɟɬ ɩɨ ɜɟɬ-
ɜɢ 1-2 ɢ ɫɨɫɬɚɜɥɹɟɬ 159 Ⱥ. Ⱦɚɧɧɵɣ ɭɱɚɫɬɨɤ ɜɵɩɨɥɧɟɧ ɩɪɨɜɨɞɨɦ ɦɚɪɤɢ 
Ⱥɋ95, ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɫɨɫɬɚɜɥɹɟɬ 330 Ⱥ [ɬɚɛɥ. 2.1]. 

3. ɍɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 

4.2 Ɉɰɟɧɤɚ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɩɨɞɫɬɚɧɰɢɢ №3  
 
ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɨɪɚɣɨɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨ-

ɫɬɶɸ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. ɉɨɞ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨɧɢɦɚ-
ɟɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪёɯ ɮɚɡ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɤɨɬɨɪɭɸ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɚɬɶ ɫ ɭɱёɬɨɦ ɪɟɠɢɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ. ɉɪɢɦɟɧɢɬɟɥɶ-
ɧɨ ɤ ɫɢɫɬɟɦɚɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 6-150 (220) ɤȼ ɜ ɤɚɱɟ-
ɫɬɜɟ ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨ-
ɫɬɢ ɩɨ ɧɚɝɪɟɜɚɧɢɸ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɭɫɥɨɜɢɹ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɧɚɩɪɹɠɟɧɢɹ [28, ɫ.35]. 

 
4.2.1 Ɋɚɫɱёɬ ɞɨɩɭɫɬɢɦɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɢ 
 
ɉɪɢɦɟɦ ɧɚɢɛɨɥɶɲɭɸ ɧɚɝɪɭɡɤɭ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ № 3, 
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Ɇȼ∙Ⱥ, ɫ ɭɱёɬɨɦ 40%-ɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 
ɞɪɭɝɨɝɨ 

 
4,220,16270,070,0 33/  Ɍ

ɧɨɦɌ
ɫɬɩ

ɞɨɩ SnS .                (4.1) 
 
Ɍɨɝɞɚ ɧɚɢɛɨɥɶɲɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢ ɷɬɨɦ, Ɇȼɬ, 
 

.83,2093,04,22cos3/3/  Эɋ
ɫɬɩ

ɞɨɩ
ɫɬɩ

ɩɪ SP                  (4.2) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨɪɵɣ ɡɚɩɚɫ ɩɨ ɦɨɳɧɨɫɬɢ, ɬ.ɟ. ɧɚ ɩɨɞɫɬɚɧɰɢɢ 

№3 ɜɨɡɦɨɠɧɨ ɩɨɞɤɥɸɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɦɨɳɧɨɫɬɶɸ, Ɇȼɬ, 
 

83,41683,203/3/3/  ɫɬɩɫɬɩ
ɩɪ

ɫɬɩ
ɡɚɩ PPP ,                                                      (4.3) 

 
ɝɞɟ 3/ ɫɬɩɊ  ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɩ/ɫɬ №3 [ɬɚɛɥ. 

1.3] 
 
ɉɟɪɟɞɚɜɚɟɦɚɹ ɩɨ ɞɜɭɯɰɟɩɧɨɣ ɥɢɧɢɢ ɦɨɳɧɨɫɬɶ, ɮɨɪɦɢɪɭɟɦɚɹ ɪɚɫɬɭɳɟɣ 

ɧɚɝɪɭɡɤɨɣ ɩ/ɫɬ №3, ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ 
ɧɚɝɪɟɜɨɦ ɩɪɨɜɨɞɨɜ. 

 
4.2.2 Ⱦɨɩɭɫɬɢɦɚɹ ɦɨɳɧɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 
ɇɚɢɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨ ɭɫɥɨɜɢɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɞɨɩɭɫɬɢɦɨɣ ɩɨɬɟɪɟɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɟɣ: 
 

3UUUUU ȻTɞɨɩW   ,         (4.4) 
 
ɝɞɟ  ɌU ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɤȼ; 

ȻU ɧɚɩɪɹɠɟɧɢɟ ɜ ɛɚɥɚɧɫɢɪɭɸɳɟɦ ɭɡɥɟ, ɪɚɜɧɨɟ 115 ɤȼ; 
3U ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩ/ɫɬ №3, ɪɚɜɧɨɟ 110,2 ɤȼ [ɉɪɢɥɨɠɟɧɢɟ Ȼ]; 

 ɞɨɩU ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɞɚɧɧɨɣ ɫɟɬɢ, ɩɨɥɭɱɟɧɧɨɣ ɫ 
ɭɱёɬɨɦ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɭɫɥɨɜɢɹɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤȼ, 

 

4,17)115
1002

78,1
6,96(115)( min 


  ȼɇɊɉɇȻɞɨɩ UUUU  ,    (4.5) 

 
ɝɞɟ  ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Ɋɉɇ (ɡɨɧɚ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ), ɪɚɜɧɚɹ 

ɩɨɥɨɜɢɧɟ ɫɬɟɩɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Ɋɉɇ, ɨ.ɟ.; 
ȼɇU ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ, ɤȼ; 
min

ɊɉɇU ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟ-
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ɱɢɬɶ ɠɟɥɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɪɨɣɫɬɜɨɦ Ɋɉɇ, ɤȼ, 
 

6,96)
100

78,19
1(115)

100
1( %

min 





 T
ȼɇ

Ɋɉɇ kn
UU ,      (4.6) 

 
ɝɞɟ  %, Ɍkn ɩɪɟɞɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɲɚɝ ɪɟɝɭɥɹɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
ɋ ɭɱёɬɨɦ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ, 
 

25,80139
3

1
10

1153

16
10

3
33 







ȼɇ

ɧɨɦɌ
ɧɨɦ

U

S
I ,                (4.7) 

 
ɢ ɢɡɜɟɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɟ, ɤȼ, 
 

,999,410)37,02,8693,038,4(

25,80310)sincos(3'
3

3







ЭɋTЭɋTɧɨɦT XRIU 

    (4.8) 

 

,917,1010)37,038,493,02,86(

25,80310)sincos(3"
3

3







ЭɋTЭɋTɧɨɦT RXIU 

    (4.9) 

 
ɝɞɟ TT XR , ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ [ɬɚɛɥ. 2.4].  
 
ɋ ɭɱёɬɨɦ ɜɥɢɹɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɭɬɨɱɧɢɦ 

ɩɨɬɟɪɸ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤȼ, 
 

457,4
1102

)917,10(
999,4

2

)"(
'

22








ɧɨɦ

T
TT U

U
UU


.             (4.10) 

 
Ɍɨɝɞɚ ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚ ɭɱɚɫɬɤɟ ɩɟɪɟɞɚɱɢ, ɤȼ, 
 

94,12457,44,17   TɞɨɩɞɨɩW UUU .     (4.10) 
 
ɇɚɢɛɨɥɶɲɚɹ (ɩɪɟɞɟɥɶɧɚɹ) ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ ɥɢɧɢɢ 4-3, Ɇȼɬ, 
 

03,36
07,293952,002,28

94,12110
33

34 








 


Ȼ
WЭɋ

Ȼ
W

ɞɨɩWɧɨɦ
ɩɪ XtgR

UU
P


,   (4.12) 
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ɝɞɟ  33, Ȼ
W

Ȼ
W XR  ɫɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɢ ɨɬ 

ɛɚɥɚɧɫɢɪɭɸɳɟɝɨ ɭɡɥɚ ɞɨ ɭɡɥɚ 3 [ɬɚɛɥ. 2.2]. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɥɢɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɝɪɭɠɟɧɚ ɧɚ ɜɟɥɢɱɢɧɭ, Ɇȼɬ, 
 

53,1950,1603,36343434  
ɩɟɪɩɪ ɊɊɊ ,                                                    (4.13) 

 
ɝɞɟ 34

ɩɟɪɊ ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɩɨ 
ɥɢɧɢɢ 4-3 [ɉɪɢɥɨɠɟɧɢɟ Ȼ]. 
 

4.2.3 Ⱦɨɩɭɫɬɢɦɚɹ ɦɨɳɧɨɫɬɶ Ʌɗɉ ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɨɜ 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɦɨɳɧɨɫɬɶ Ʌɗɉ ɩɨ ɧɚɝɪɟɜɚɧɢɸ ɩɪɨɜɨɞɨɜ ɞɥɹ ɥɢɧɢɢ W 4-3, ɜɵ-

ɩɨɥɧɟɧɧɨɣ ɩɪɨɜɨɞɨɦ Ⱥɋ70/11 ɫ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ 265 Ⱥ [ɬɚɛɥ. 2.1], Ɇȼɬ, 
 

.910,93

1093,02265110310cos3 333434



 
Эɋɰɞɨɩɧɨɦɞɨɩ nIUP 

  (4.14) 

 
Ⱦɥɹ ɥɢɧɢɢ Ȼ-4, ɜɵɩɨɥɧɟɧɧɨɣ ɬɚɤɢɦ ɠɟ ɩɪɨɜɨɞɨɦ, ɱɬɨ ɢ 4-3, ɞɨɩɭɫɬɢɦɚɹ 

ɦɨɳɧɨɫɬɶ ɛɭɞɟɬ, Ɇȼɬ, 
 

.910,93344  
ɞɨɩ

Ȼ
ɞɨɩ PP          (4.15) 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɩɟɪɟɞɚɬɶ ɩɨ Ʌɗɉ ɬɨɥɶɤɨ ɩɪɢ ɞɨɩɭ-

ɫɬɢɦɵɯ ɩɨɬɟɪɹɯ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɢɯ, ɤȼ, 
 

,62,20
110

)77,173952,013,17(910,93

)( 3434
34

34
34

34
34

34












 









ɧɨɦ

Эɋɞɨɩ

ɧɨɦ

ɞɨɩɞɨɩ

U

XtgRP

U

XQRP
U



  (4.16) 

 

.11,13
110

)30,113952,089,10(910,93

)( 44
4

4
4

4
4

4












 









ɧɨɦ

ȻЭɋȻ
Ȼ

ɞɨɩ

ɧɨɦ

Ȼ
Ȼ
ɞɨɩȻ

Ȼ
ɞɨɩ

Ȼ U

XtgRP

U

XQRP
U



  (4.17) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɭɬɢ Ȼ-4-3 ɫɨɫɬɚɜɥɹɸɬ, ɤȼ, 
 

73,3311,1362,2034434   UUU ȻȻ ,     (4.18) 
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ɚ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
 

%66,30%100
110

73,33
%10034

%34 


 


ɧɨɦ

Ȼ
Ȼ U

U
U ,    (4.19) 

 
ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɭɫɥɨɜɢɹɦ ɢɡɨɥɹɰɢɢ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ 15%. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞɚɱɚ ɧɚɢɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧɚ ɞɨɩɭɫɬɢɦɵɦ 

ɧɚɝɪɟɜɚɧɢɟɦ ɩɪɨɜɨɞɨɜ ɥɢɧɢɣ W4-3 ɢ WȻ-4. 
 
Ɋɚɫɱёɬ ɡɚɩɚɫɚ ɩɨ ɦɨɳɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ, Ɇȼɬ, 
 

,),,min( Эɉɩɪ
ɬɟɪɦ
ɞɨɩ

Ɍ
ɞɨɩɡɚɩ ɊɊɊɊɊ         (4.20) 

 
ɝɞɟ Ɍ

ɞɨɩɊ ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩ/ɫɬ №3, 
Ɇȼɬ; 

ɬɟɪɦ
ɞɨɩɊ ɩɪɟɞɟɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɦɨɳɧɨɫɬɶ ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɨɜ, Ɇȼɬ; 
ɩɪɊ ɩɪɟɞɟɥɶɧɚɹ ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ, Ɇȼɬ; 
ЭɉɊ ɦɨɳɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɧɵɯ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ ɤ ɩ/ɫɬ №3, Ɇȼɬ. 

 
Ɍɚɛɥɢɰɚ 4.1 – Ɂɚɩɚɫɵ ɩɨ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɩ/ɫɬ №3 

№ 
ɩ/ɫɬ 

Ⱦɨɩɭɫɬɢɦɚɹ ɦɨɳɧɨɫɬɶ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɡɚ 
ɞɚɧɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ 

ɦɨɳɧɨɫɬɢ, Ɇȼɬ 

Ⱦɨɩɭɫɬɢɦɚɹ ɦɨɳ-
ɧɨɫɬɶ ɩɨ ɭɫɥɨɜɢɸ 

ɧɚɝɪɟɜɚɧɢɹ ɩɪɨɜɨɞɨɜ 
ɩɢɬɚɸɳɟɝɨ ɭɱɚɫɬɤɚ, 

Ɇȼɬ 

ɉɪɟɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 
ɩɨ ɭɫɥɨɜɢɸ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, 
Ɇȼɬ 

Ɂɚɩɚɫ ɩɨ 
ɦɨɳɧɨɫɬɢ, 

Ɇȼɬ 

3 20,83 93,910 36,03 4,33 
 
5 Ɋɚɫɱёɬ ɢ ɚɧɚɥɢɡ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
 
Ɋɟɦɨɧɬɧɵɣ ɪɟɠɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɠɢɦ ɩɥɚɧɨɜɵɯ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 

ɢ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ. ȼ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ ɱɚɫɬɶ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
ɨɬɤɥɸɱɟɧɚ, ɩɨɷɬɨɦɭ ɧɚ ɨɫɬɚɜɲɢɟɫɹ ɜ ɪɚɛɨɬɟ ɷɥɟɦɟɧɬɵ ɥɨɠɢɬɫɹ ɩɨɜɵɲɟɧɧɚɹ 
ɧɚɝɪɭɡɤɚ [9]. 

ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚ-
ɧɢɣ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɤɪɢɬɟɪɢɹ ɧɚɞёɠɧɨɫɬɢ, ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɢ. 

ȼ ɫɥɭɱɚɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɟɞɩɪɢɧɢɦɚ-
ɸɬɫɹ ɦɟɪɵ ɩɨ ɭɥɭɱɲɟɧɢɸ ɪɟɠɢɦɚ, ɧɚɩɪɢɦɟɪ, ɩɭɬёɦ ɜɜɨɞɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɭɫɬɪɨɣɫɬɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɦɨɧɬɧɵɟ ɪɟɠɢɦɵ: 
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ɚ) ɩɨɞɤɥɸɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 10 Ɇȼ∙Ⱥ ɩɨɞɫɬɚɧɰɢɢ №3; 
ɛ) ɜɵɜɨɞ ɜ ɪɟɦɨɧɬ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨɞɫɬɚɧɰɢɢ №3; 
ɜ) ɨɬɤɥɸɱɟɧɢɟ ɨɞɧɨɣ ɰɟɩɢ Ʌɗɉ 4-Ȼ. 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ ɛɵɥ 

ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ REGIM. Ɏɚɣɥɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ɀ, ɂ, Ʌ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɜ ɩɪɢɥɨɠɟɧɢɹɯ Ɂ, Ʉ, 
Ɇ. 

ȼ ɬɚɛɥɢɰɟ 5.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɟɣ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɨɪɦɚɥɶɧɨɦ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ [ɉɪɢɥɨɠɟɧɢɟ Ȼ] ɢ ɜɨ ɜɫɟɯ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɚɯ ɜ ɤɚɠɞɨɦ 
ɭɡɥɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɯɟɦɵ, ɚ ɧɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɯ ɝɢɫɬɨɝɪɚɦɦɵ. 

 
Ɍɚɛɥɢɰɚ 5.1 – Ɇɨɞɭɥɢ ɧɚɩɪɹɠɟɧɢɣ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɊɍɊ 

Ɋɟɠɢɦ 
V1, 
ɤȼ 

V2, 
ɤȼ 

V3, 
ɤȼ 

V4, 
ɤȼ 

V20, 
ɤȼ 

V30, 
ɤȼ 

V40, 
ɤȼ 

ɇɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ 121,7 116,5 110,2 113,5 113,2 107,1 110,8 
Ɋɟɦɨɧɬɧɵɣ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 10 Ɇȼ∙Ⱥ ɧɚ ɩ/ɫɬ 3 

119,7 114,5 104,9 111,5 111,0 96,6 108,7 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɬɪ-
ɪɚ ɧɚ ɩ/ɫɬ 3 

121,5 116,4 109,8 113,4 113,0 103,1 110,7 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ ɰɟɩɢ 
ɥɢɧɢɢ 4-Ȼ 

119,8 114,6 108,2 111,6 111,2 105,0 108,8 

 

90

93

96

99

102

105

108

111

114

117
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123

126

1 2 3 4 20 30 40

V
i, 

ɤȼ

ɇɨɦɟɪ ɭɡɥɚ

ɇɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɟɠɢɦ Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ 10 Ɇȼ∙Ⱥ ɧɚ ɩ/ɫɬ 3

Ɉɬɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɬɪ-ɪɚ ɧɚ ɩ/ɫɬ 3 Ɉɬɤɥɸɱɟɧɢɟ ɨɞɧɨɣ ɰɟɩɢ ɥɢɧɢɢ 4-5

Ɇɢɧɢɦɚɥɶɧɵɣ ɩɪɟɞɟɥ 96,6 ɤȼ Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɪɟɞɟɥ 126 ɤȼ
 

Ɋɢɫɭɧɨɤ 5.1 – Ƚɢɫɬɨɝɪɚɦɦɚ ɦɨɞɭɥɟɣ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɫɟɯ ɭɡɥɚɯ ɫɯɟɦɵ 
 

ɂɡ ɬɚɛɥɢɰɵ 5.1 ɢ ɪɢɫɭɧɤɚ 5.1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɢɡ ɚɧɚɥɢ-
ɡɢɪɭɟɦɨɦ ɪɟɠɢɦɟ ɮɚɤɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɭɤɥɚɞɵɜɚɸɬɫɹ ɜ ɞɨɩɭɫɬɢ-
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ɦɵɣ ɞɢɚɩɚɡɨɧ, ɤɨɬɨɪɵɣ ɭɤɚɡɚɧ ɜ ɩɭɧɤɬɟ 4.1 – ɨɬ 96,6 ɤȼ ɞɨ 126 ɤȼ. Ɉɞɧɚɤɨ ɫɬɨɢɬ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚ 10 Ɇȼ∙Ⱥ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 3 ɬɪɚɧɫɮɨɪɦɢ-
ɪɭɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɷɬɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢɦɟɟɬ ɜɟɥɢɱɢɧɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɢ-
ɧɢɦɚɥɶɧɨɦɭ ɞɨɩɭɫɬɢɦɨɦɭ ɡɧɚɱɟɧɢɸ ɩɨ ɭɫɥɨɜɢɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Ɋɉɇ – 96,6 ɤȼ. 
ɉɨɷɬɨɦɭ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɜ ɫɥɭɱɚɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɚɜɚ-
ɪɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɩɪɢɧɹɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ, ɧɚɩɪɢɦɟɪ, ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ 
ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ. 

 
Ɋɚɫɫɦɨɬɪɢɦ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ, ɬɚɤɢɟ ɤɚɤ ɩɟɪɟɬɨɤɢ ɦɨɳɧɨɫɬɢ ɢ ɩɨɬɟɪɢ 

ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ ɤɚɠɞɨɦ ɢɡ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ. ȼ ɬɚɛɥɢɰɟ 
5.2 ɨɬɨɛɪɚɠɟɧɵ ɩɟɪɟɬɨɤɢ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɢɥɢɫɶ ɩɪɢ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢ-
ɦɚɯ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɟɪɟɬɨɤɚɦɢ ɧɨɪɦɚɥɶɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ. Ⱥ ɜ ɬɚɛɥɢɰɟ 
5.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɟɣ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ. 

 
Ɍɚɛɥɢɰɚ 5.2 – ɋɪɚɜɧɟɧɢɟ ɩɟɪɟɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɧɨɪɦɚɥɶɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢ-
ɦɚ ɢ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ 

Ɋɟɠɢɦ 
ɇɨɪɦɚɥɶɧɵɣ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɇɨɪɦɚɥɶɧɵɣ 
ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɩɪɢ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɣ ɧɚɝɪɭɡ-
ɤɟ 10 Ɇȼ∙Ⱥ ɧɚ 

ɩ/ɫɬ 3 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɞ-

ɧɨɝɨ ɬɪ-ɪɚ ɧɚ 
ɩ/ɫɬ 3 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɞ-
ɧɨɣ ɰɟɩɢ ɥɢɧɢɢ 

4-Ȼ 

S1-2, Ɇȼ∙Ⱥ -25,06-j19,4 -25,06-j19,42 -25,07-j19,43 -25,08-j19,43 

S2-4, Ɇȼ∙Ⱥ 5,07+j14,65 5,04+j9,03 5,07+j14,64 5,04+j14,43 

S4-3, Ɇȼ∙Ⱥ 16,5+j3,03 22,94+j16,6 16,57+j4,21 16,52+j3,24 

SȻ-4, Ɇȼ∙Ⱥ 26,49-j11,78 33,20+j2,59 26,54-j10,58 27,17-j8,78 

S2-20, Ɇȼ∙Ⱥ 19,15+j8,99 19,15+j9,03 19,16+j8,99 19,16+j9,03 

S3-30, Ɇȼ∙Ⱥ 16,08+j7,73 21,55+j20,16 16,11+j8,89 16,06+j7,76 

S4-40, Ɇȼ∙Ⱥ 14,01+j6,0 14,08+j7,05 14,09+j7,03 14,08+j7,05 

 
Ɍɚɛɥɢɰɚ 5.3 – ɋɪɚɜɧɟɧɢɟ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɧɨɪɦɚɥɶɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ 

Ɋɟɠɢɦ 
ɇɨɪɦɚɥɶɧɵɣ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɇɨɪɦɚɥɶɧɵɣ 
ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɩɪɢ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɣ ɧɚɝɪɭɡ-
ɤɟ 10 Ɇȼ∙Ⱥ ɧɚ 

ɩ/ɫɬ 3 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɞ-

ɧɨɝɨ ɬɪ-ɪɚ ɧɚ 
ɩ/ɫɬ 3 

Ɋɟɦɨɧɬɧɵɣ ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɨɞ-
ɧɨɣ ɰɟɩɢ ɥɢɧɢɢ 

4-Ȼ 

ΔSW, Ɇȼ∙Ⱥ 2,26+j2,67 3,37+j3,83 2,27+j2,68 2,96+j3,40 

ΔST, Ɇȼ∙Ⱥ 0,17+j3,38 0,29+j5,74 0,24+j4,67 0,18+j3,50 

 
ɂɡ ɬɚɛɥɢɰɵ 5.2 ɢ 5.3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɪɟ-

ɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ: 
1) ɇɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɢɜɨɞɢɬ ɤ 
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ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɩɨ ɜɟɬɜɹɦ 4-3, Ȼ-4, 3-30. ɇɚ ɭɱɚɫɬɤɟ 
ɥɢɧɢɢ Ȼ-4 ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟ-
ɦɨɣ, ɜ ɨɬɥɢɱɢɢ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ, ɜ ɤɨɬɨɪɨɦ ɪɟ-
ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɬɞɚɜɚɥɚɫɶ ɜɨ ɜɧɟɲɧɸɸ ɫɢɫɬɟɦɭ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɪɨɬɟɤɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɭɜɟɥɢɱɢɥɢɫɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɬɟɪɢ ɦɨɳɧɨ-
ɫɬɢ ɜ ɥɢɧɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ. 

2) Ɉɬɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɩ/ɫɬ №3 ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɤɚɡɵ-
ɜɚɟɬɫɹ ɧɚ ɩɟɪɟɬɨɤɚɯ ɦɨɳɧɨɫɬɢ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ɜ ɰɟɥɨɦ, ɢ ɥɢɲɶ ɧɟ-
ɦɧɨɝɨ ɩɨɜɵɲɚɟɬ ɩɟɪɟɞɚɜɚɟɦɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɭɱɚɫɬɤɟ 4-3. 
ɉɨɬɟɪɢ ɜ ɥɢɧɢɹɯ ɬɚɤɠɟ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ, ɚ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚɯ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ 1,7 ɪɚɡ. 

3) Ɉɬɤɥɸɱɟɧɢɟ ɨɞɧɨɣ ɰɟɩɢ ɥɢɧɢɢ 4-Ȼ ɧɟ ɢɡɦɟɧɹɟɬ ɜ ɨɫɨɛɨɣ ɫɬɟɩɟɧɢ ɡɧɚ-
ɱɟɧɢɹ ɩɪɨɬɟɤɚɸɳɢɯ ɦɨɳɧɨɫɬɟɣ. ɇɚ ɭɱɚɫɬɤɟ Ȼ-4 ɭɦɟɧɶɲɚɟɬɫɹ ɝɟɧɟɪɚ-
ɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɡɚɪɹɞɧɨɣ ɦɨɳɧɨɫɬɢ ɥɢ-
ɧɢɢ ɜ ɫɜɹɡɢ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɩɪɨɜɨɞɢɦɨɫɬɢ ɥɢɧɢɢ ɜ 2 ɪɚɡɚ. ɉɨɬɟɪɢ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɨɫɬɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵ, ɭɜɟɥɢɱɢɜɚɸɬɫɹ 
ɩɨɬɟɪɢ ɜ ɥɢɧɢɹɯ, ɜ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɢ ɜ 2 ɪɚɡɚ. 

 
6 ȼɵɛɨɪ ɭɫɬɪɨɣɫɬɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 
Ɋɟɠɢɦ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɹɦɢ ɪɚɛɨ-

ɬɵ ɟё ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ. 
Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɟɣ 35-220 ɤȼ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɢɹ 

ɪɚɛɨɬɵ ɢɡɨɥɹɰɢɢ ɥɢɧɢɢ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɣ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 
126 ɤȼ [ɩ. 4.1]. 

Ɋɟɠɢɦ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɧɭɬɪɢ ɞɨɩɭɫɬɢɦɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɭɫɬɪɨɣɫɬɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 
ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɟɦ ɩɨɞ ɧɚɝɪɭɡɤɨɣ (Ɋɉɇ), ɫɢɧɯɪɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ ɢ ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ 
ɭɫɬɚɧɨɜɤɢ, ɜɤɥɸɱɟɧɧɵɟ ɧɚ ɲɢɧɵ ɰɟɧɬɪɚ ɩɢɬɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɪɟɠɢɦɨɦ ɫ ɩɨɦɨɳɶɸ ɭɫɬɪɨɣ-
ɫɬɜɚ Ɋɉɇ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɭɠɟ ɜɫɬɪɨɟɧɵ ɜ ɜɵɛɪɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ [ɩ.2.2]. ȿɫ-
ɥɢ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɠɟɥɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɷɬɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

ɂɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ [ɉɪɢɥɨɠɟɧɢɟ Ȼ], 
ɨɩɪɟɞɟɥɢɦ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɇɇ, ɪɚɫɫɱɢɬɚɜ ɧɟɨɛɯɨɞɢɦɵɟ ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɫɥɟ ɜɵɛɨɪɚ ɧɭɠɧɨɝɨ ɨɬɜɟɬɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ Ɋɉɇ. 
ɇɟɨɛɯɨɞɢɦɨɟ ɨɬɜɟɬɜɥɟɧɢɟ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɠɟɥɚɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ȼɵɛɪɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ [ɩ.2.2] ɢɦɟɸɬ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
±9ɯ1,78%. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɟɥɚɯ: 

 
Ɋɉɇ

i
Ɋɉɇ UVU maxmin  ,                                                                                             (6.1) 
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ɝɞɟ iV  – ɦɨɞɭɥɶ ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ i-ɨɦ ɭɡɥɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɊɍɊ, ɤȼ; 

ɊɉɇɊɉɇ UU maxmin , – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɢɧɢɦɚɥɶɧɨɟ, ɪɚɜɧɨɟ 96,6 ɤȼ [ɩ. 4.2.1], ɢ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɜɨɡɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɭɫɬɪɨɣɫɬɜɨɦ 
Ɋɉɇ, ɤȼ, 

 

4,133)
100

78,19
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UU ,                                    (6.2) 

 
ɝɞɟ ɧɨɦU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɤɚɬɚ-

ɥɨɝɭ [10], ɤȼ. 
 
Ɋɚɫɫɦɨɬɪɢɦ ɪɚɫɱёɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩ/ɫɬ 2. ɂɡ ɊɍɊ 

ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ [ɉɪɢɥɨɠɟɧɢɟ Ȼ] 2,11320 V  ɤȼ, ɧɚɩɪɹɠɟɧɢɟ 
ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɡ ɤɚɬɚɥɨɝɚ [10] 0,11ɇɇU  ɤȼ, ɚ ɠɟɥɚɟɦɨɟ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɤȼ, ɧɚ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 1,05-1,10 ɨɬ ɧɚɩɪɹɠɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, ɩɨɞɤɥɸɱёɧɧɵɯ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ  

 
 0,110,101,11,1200  Эɉ

ɠ UU .                                                                      (6.3) 
 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɨɟ ɨɬɜɟɬɜɥɟɧɢɟ Ɋɉɇ, ɤȼ, 
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U                                                             (6.4) 

 
ɇɚɩɪɹɠɟɧɢɟ ɨɞɧɨɣ ɨɬɩɚɣɤɢ Ɋɉɇ, ɤȼ, 
 

05,2115
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V .                                                               (6.5) 

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɬɜɥɟɧɢɣ, ɲɬ.,  
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n .                                                       (6.6) 

 
ɉɪɢɦɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɜɟɬɜɥɟɧɢɹ, ɲɬ, 
 

1ɫɬ
ɨɬɜn .                                                                                                           (6.7) 

 
Ɍɨɝɞɚ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ, ɤȼ, 
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.95,11205,210,115  ɨɬɩ
ɫɬ
ɨɬɜȼɇ

ɫɬ
ɨɬɜ VnUU                                            (6.8) 

 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
 

268,10
0,11

95,112


ɇɇ

ɫɬ
ɨɬɜɞ

Ɍ U

U
k .                                                                            (6.9) 

 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɇɇ, ɤȼ, 
 

.02,11
2668,10

2,11320
200  ɞ

Ɍ

ɞ

k

V
U                                                                           (6.10) 

 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ, ɜɵɪɚɠɟɧɧɨɟ ɜ 

ɩɪɨɰɟɧɬɚɯ ɨɬ ɠɟɥɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ, ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ Ɋɉɇ, %, 
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%.890,0%219,0'20  U                                                                          (6.13) 

 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱёɬ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɢ 

ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɵ 6.1 ɢ 6.2. 

 
Ɍɚɛɥɢɰɚ 6.1 – ȼɵɛɨɪ ɨɬɜɟɬɜɥɟɧɢɣ Ɋɉɇ ɜ ɧɨɪɦɚɥɶɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 

№ ɩ/ɫɬ iV  , ɤȼ ɠU , ɤȼ ɨɬɩU , 

ɤȼ 
ɫɬ
ɨɬɜn , ɲɬ 

ɫɬ
ɨɬɜU , 

ɤȼ 
ɫɬ
Tk  ɞU , ɤȼ U , % 

2 113,2 
11,0 2,05 

-1 112,95 10,268 11,02 0,219 
3 107,1 -4 106,81 9,710 11,03 0,270 
4 110,8 -2 110,91 10,989 10,99 0,096 

 
Ɍɚɛɥɢɰɚ 6.2 – ȼɵɛɨɪ ɨɬɜɟɬɜɥɟɧɢɣ Ɋɉɇ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 

№ ɩ/ɫɬ iV  , ɤȼ ɠU , ɤȼ ɨɬɩU , 

ɤȼ 
ɫɬ
ɨɬɜn , ɲɬ 

ɫɬ
ɨɬɜU , 

ɤȼ 
ɫɬ
Tk  ɞU , ɤȼ U , % 

2 112,2 
11,0 2,05 

-1 112,95 10,268 10,93 0,667 
3 106,7 -4 106,81 9,710 10,99 0,105 
4 110,4 -2 110,91 10,989 10,95 0,456 
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Ⱥɧɚɥɢɡɢɪɭɹ ɬɚɛɥɢɰɵ 6.1 ɢ 6.2, ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɧɚ ɲɢɧɚɯ ɇɇ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɚɜɧɨɟ ɠɟɥɚɟɦɨɦɭ ɫ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

ȼ ɞɚɧɧɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɌȾɇ–16000/110 ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ Ɋɉɇ 
ɬɢɩɚ RS-9.3რ-200 ɮɢɪɦɵ HYUNDAI  [29]. ȼ ɬɚɛɥɢɰɟ 6.3 ɫɪɚɜɧɢɦ ɟɝɨ ɫ ɫɨɜɪɟɦɟɧ-
ɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ Ɋɉɇ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ VACUTAP VV ɮɢɪɦɵ Rein-
hausen [30]. 

 
Ɍɚɛɥɢɰɚ 6.3 – ɋɪɚɜɧɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɪɨɣɫɬɜ Ɋɉɇ 

ɉɚɪɚɦɟɬɪ Reinhausen HYUNDAI 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱёɬɧɵɣ ɪɚ-

ɛɨɱɢɣ ɬɨɤ, Ⱥ 
250 200 

Ɋɚɫɱёɬɧɵɣ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ 
ɬɨɤ, ɤȺ 

4 4 

Ɋɚɫɱёɬɧɵɣ ɭɞɚɪɧɵɣ ɬɨɤ, ɤȺ 10 10 
Ɋɚɫɱёɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɭɩɟ-

ɧɢ, ȼ 
2000 4000 

Ɇɨɳɧɨɫɬɶ ɫɬɭɩɟɧɢ, ɤȼȺ 500 800 
ɑɢɫɥɨ ɩɟɪɟɤɥɸɱɟɧɢɣ ɞɨ ɪɟɜɢ-

ɡɢɢ 
300 000 100 000 

 
ɇɚ ɪɢɫɭɧɤɟ 6.1 ɩɪɢɜɟɞɟɧɚ ɮɨɬɨɝɪɚɮɢɹ ɭɫɬɪɨɣɫɬɜɚ Ɋɉɇ ɬɢɩɚ RS-9.3რ-200, ɚ 

ɧɚ ɪɢɫɭɧɤɟ 6.2 – ɬɢɩɚ VACUTAP VV. 
 

 
 

Ɋɢɫɭɧɨɤ 6.1 – ɍɫɬɪɨɣɫɬɜɨ Ɋɉɇ ɬɢɩɚ RS-9.3რ-200 
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Ɋɢɫɭɧɨɤ 6.2 – ɍɫɬɪɨɣɫɬɜɨ Ɋɉɇ ɬɢɩɚ VACUTAP VV 
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ɁȺɄɅɘЧȿɇɂȿ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɨ-

ɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱёɬɚ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ ɪɚɛɨ-
ɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ.  

ɉɨ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ, ɢɯ ɜɡɚɢɦɧɨɦɭ 
ɪɚɫɩɨɥɨɠɟɧɢɸ ɢ ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ 2 ɜɚɪɢɚɧɬɚ ɫɯɟɦ ɫɟɬɢ, ɤɨɬɨɪɵɟ 
ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɬɪɟɛɨɜɚɧɢɹ ɧɚɞёɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨ ɉɍɗ. ɂɡ ɧɢɯ ɛɵɥ 
ɜɵɛɪɚɧ ɧɚɢɥɭɱɲɢɣ ɜɚɪɢɚɧɬ ɩɨ ɧɚɬɭɪɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. Ɂɚɬɟɦ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ 
ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ, ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɫɬɨɪɨɧɟ 
ȼɇ ɢ ɇɇ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɢ ɨɩɪɟɞɟɥɟɧɵ ɟɝɨ ɩɨɤɚɡɚɬɟɥɢ. Ʉɪɨɦɟ ɬɨ-
ɝɨ, ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɬɭɩɢɤɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ, ɞɥɹ ɤɨɬɨɪɨɣ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɨɤɨ-
ɜɟɞɭɳɢɟ ɱɚɫɬɢ ɢ ɫɨɜɪɟɦɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɬɚɤɨɟ ɤɚɤ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢ-
ɬɟɥɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɋɟɲɟɧɢɹ, ɩɪɢɧɹɬɵɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɣ, ɭɬɜɟɪɠɞɟɧɧɵɟ ɈȺɈ «ɎɋɄ ȿɗɋ». 

Ȼɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 3 ɯɚɪɚɤɬɟɪɧɵɯ ɪɟɠɢɦɚ ɪɚɛɨɬɵ: ɧɨɪɦɚɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶ-
ɧɵɣ, ɧɨɪɦɚɥɶɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɩɨɫɥɟɚɜɚɪɢɣɧɵɣ. Ⱦɥɹ ɬɨɱɧɨɝɨ ɪɚɫɱёɬɚ ɪɟɠɢɦɨɜ 
ɪɚɛɨɬɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ «REGIM» ɧɚ 
ɗȼɆ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɲɢɧɚɯ ɇɇ ɩɨɞɫɬɚɧɰɢɣ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɨɬɜɟɬɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜ Ɋɉɇ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ, ɤɨɬɨɪɵɯ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɢɟɦɥɟɦɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɪɟɠɢɦɨɜ. 

ɉɨɦɢɦɨ ɯɚɪɚɤɬɟɪɧɵɯ ɪɟɠɢɦɨɜ ɛɵɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɚɧɵ ɪɟɦɨɧɬɧɵɟ 
ɪɟɠɢɦɵ: ɨɬɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɩɨɞɫɬɚɧɰɢɢ №3, ɞɨɛɚɜɥɟɧɢɟ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 10 Ɇȼ∙Ⱥ ɧɚ ɩɨɞɫɬɚɧɰɢɢ №3, ɨɬɤɥɸɱɟɧɢɟ ɨɞɧɨɣ ɰɟɩɢ ɥɢ-
ɧɢɢ ɧɚ ɭɱɚɫɬɤɟ 4-Ȼ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɫɟɯ ɪɟɠɢɦɨɜ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ, ɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɭɥɭɱɲɟɧɢɸ ɪɟɠɢɦɚ ɧɚɩɪɹɠɟɧɢɣ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɫɨ ɜɫɟɦɢ ɫɨɨɬɜɟɬɫɬɜɢɹɦɢ ɧɨɪɦɚɬɢɜɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ ɈȺɈ «Ɋɨɫɫɟɬɢ». 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 
 
ȼɅ – ɜɨɡɞɭɲɧɚɹ ɥɢɧɢɹ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ; 
ȼɇ – ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ; 
ɁɊɍ – ɡɚɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɄɊɍ – ɤɨɦɩɥɟɤɬɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
Ʉɍ – ɤɨɦɩɟɧɫɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɇɇ – ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ; 
ɈɊɍ – ɨɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɉɋ (ɩ/ɫɬ) – ɩɨɞɫɬɚɧɰɢɹ; 
Ɋɉɇ – ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɞ ɧɚɝɪɭɡɤɨɣ; 
Ɋɗɋ – ɪɚɣɨɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɟɬɶ; 
Ɋɍ – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɊɍɊ – ɪɚɫɱёɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ; 
ɋɇ – ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ; 
Ɍ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 
Ɍɇ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ; 
Ɍɋɇ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
ɌɌ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ; 
ɗȼɆ – ɷɥɟɤɬɪɨɧɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ; 
ɗɗ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ; 
ɗɗɋ – ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 
 

1. Ƚɟɪɚɫɢɦɟɧɤɨ, Ⱥ.Ⱥ. ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ. ȼɟɪɫɢɹ 1.0.  
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɦɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɤɭɪɫɨɜɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɸ/ Ⱥ.Ⱥ. Ƚɟɪɚɫɢɦɟɧɤɨ, Ʉɢɧɟɜ ȿ.ɋ., ɉɢɥɸɲɟɧɤɨ Ʌ.ɂ.,  – ɗɥɟɤɬɪɨɧ.ɞɚɧ. (2 
Ɇɛ). – Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 2008. 

2. Ʉɚɬɚɥɨɝ «Ʉɨɧɞɟɧɫɚɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɵɟ»: 
ɈɈɈ «ɗɥɟɤɬɪɨɩɨɫɬɚɜɤɚ» [ɫɚɣɬ]. – ɝ.ɉɟɪɦɶ, 2016. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://elektropostavka.ru/. 

3. ɋɌɈ 56947007-29.240.30.010-2008 ɋɯɟɦɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɞɫɬɚɧɰɢɣ 35-750 ɤȼ. Ɍɢɩɨɜɵɟ ɪɟɲɟɧɢɹ. - 
Ɇɨɫɤɜɚ: ɎɋɄ ȿɗɋ, 2008. - 132 ɫ. 
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ɩɚ: https://www.reinhausen.com/ru/desktopdefault.aspx/tabid-54/19_read-13/ . 
 

http://www.hhi-co.bg/ru/p-ustrojstva/perekluchaushtie-ustrojstva/dugogashenie-v-masle/rs-9-i-rs-9-3-serii
http://www.hhi-co.bg/ru/p-ustrojstva/perekluchaushtie-ustrojstva/dugogashenie-v-masle/rs-9-i-rs-9-3-serii
https://www.reinhausen.com/ru/desktopdefault.aspx/tabid-54/19_read-13/
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Лист 

72 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ 
 

Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɜ ɦɚɤɫɢ-
ɦɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɚɜɧɵɦ 1,00 
 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  19  7.368  0  0/ ɭɡɟɥ 20 
201  40  1  110  14  6      0  0/ ɭɡɟɥ 40 
201  30  1  110  16  6.417  0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ (5) 
 
301  1  1  2  11.02  15.64  0  376.17/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  10.89  11.30  0  259.65/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  2.19  43.1  2.84  16.94  1/ Ɍ3 
   



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

73 

ɉɪɢɥɨɠɟɧɢɟ Ȼ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɚɜɧɵɦ 1,00 
                                                       

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.06   -19.43      .83     1.18   .159   2.78  

  ɍɡɟɥ    1  121.7   -1.99    25.00    19.40      .00      .00   -.06   -.03  
 --------------------------------------------------------------------------- 

                2      4      -5.07   -14.65      .36      .38   .089   2.50  

                2     20     -19.15    -8.99      .07     1.42   .105    .00  

                2      1      24.23    23.58      .83     1.18   .159   2.55  

  ɍɡɟɥ    2  116.5   -2.59      .00      .00      .00      .00    .00   -.05  
 --------------------------------------------------------------------------- 

                3     30     -16.08    -7.73      .06     1.13   .094    .00  

                3      4      16.10     7.72      .40      .42   .089   2.48  

  ɍɡɟɥ    3  110.2   -2.70      .00      .00      .00      .00    .01   -.01  
 --------------------------------------------------------------------------- 

                4      3     -16.50    -3.03      .40      .42   .089   2.63  

                4      5      25.83    -9.07      .66      .69   .142   1.67  

                4     40     -14.09    -7.03      .04      .83   .080    .00  

                4      2       4.71    19.13      .36      .38   .089   2.37  

  ɍɡɟɥ    4  113.5   -1.80      .00      .00      .00      .00   -.04    .00  
 --------------------------------------------------------------------------- 

                5      4     -26.49    11.78      .66      .69   .142   1.72  

  ɍɡɟɥ    5  115.0     .00    26.49   -11.78      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      19.05     7.35      .07     1.40   .104    .00  

  ɍɡɟɥ   20  113.2   -6.09      .00      .00    19.00     7.37    .05   -.01  
 --------------------------------------------------------------------------- 

               30      3      15.99     6.41      .06     1.12   .093    .00  

  ɍɡɟɥ   30  107.1   -5.98      .00      .00    16.00     6.42   -.01   -.01  
 --------------------------------------------------------------------------- 

               40      4      14.01     6.00      .04      .82   .079    .00  

  ɍɡɟɥ   40  110.8   -4.49      .00      .00    14.00     6.00    .01    .00  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       2.44 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       6.04 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.26 Ɇȼɬ       2.67 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .17 Ɇȼɬ       3.38 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      18.70 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     51.49 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      49.00 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.26 Ɇȼɬ       2.67 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .17 Ɇȼɬ       3.38 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .11 MBɬ        .65 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  113.496 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
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Лист 
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ɉɪɢɥɨɠɟɧɢɟ ȼ 
 
Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɜ ɦɢɧɢɦɚɥɶ-

ɧɵɯ ɧɚɝɪɭɡɤɚɯ  
 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  12.227  6.82  0  0/ ɭɡɟɥ 20 
201  40  1  110  7.31    5.485 0  0/ ɭɡɟɥ 40 
201  30  1  110  8.171   6.341 0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ 
 
301  1  1  2  11.02  15.64  0  376.17/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  10.89  11.30  0  259.65/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  2.19  43.1  2.84  16.94  1/ Ɍ3 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

75 

ɉɪɢɥɨɠɟɧɢɟ Ƚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɜ ɦɢɧɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ 
                                                                           

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.08   -19.43      .80     1.13   .155   2.94  

  ɍɡɟɥ    1  125.1    -.77    25.00    19.40      .00      .00   -.08   -.03  
 --------------------------------------------------------------------------- 

                2      4     -11.94   -16.33      .54      .56   .108   2.65  

                2     20     -12.34    -7.67      .03      .63   .070    .00  

                2      1      24.29    23.96      .80     1.13   .155   2.71  

  ɍɡɟɥ    2  120.1   -1.33      .00      .00      .00      .00    .01   -.05  
 --------------------------------------------------------------------------- 

                3     30      -8.23    -6.93      .02      .38   .054    .00  

                3      4       8.23     6.93      .11      .12   .047   2.66  

  ɍɡɟɥ    3  114.1   -1.23      .00      .00      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

                4      3      -8.34    -1.64      .11      .12   .047   2.75  

                4      5       4.29   -13.27      .20      .20   .078   1.75  

                4     40      -7.37    -5.99      .01      .29   .047    .00  

                4      2      11.40    20.90      .54      .56   .108   2.47  

  ɍɡɟɥ    4  116.0    -.91      .00      .00      .00      .00   -.02    .00  
 --------------------------------------------------------------------------- 

                5      4      -4.49    16.53      .20      .20   .078   1.72  

  ɍɡɟɥ    5  115.0     .00     4.49   -16.53      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      12.27     6.81      .03      .62   .069    .00  

  ɍɡɟɥ   20  117.3   -3.42      .00      .00    12.23     6.82    .04   -.01  
 --------------------------------------------------------------------------- 

               30      3       8.17     6.34      .02      .37   .054    .00  

  ɍɡɟɥ   30  111.5   -2.75      .00      .00     8.17     6.34    .00    .00  
 --------------------------------------------------------------------------- 

               40      4       7.32     5.48      .01      .28   .046    .00  

  ɍɡɟɥ   40  113.8   -2.23      .00      .00     7.31     5.49    .01    .00  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       1.71 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       3.31 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              1.64 Ɇȼɬ       2.01 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .07 Ɇȼɬ       1.30 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      19.66 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     29.49 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      27.71 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              1.64 Ɇȼɬ       2.01 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .07 Ɇȼɬ       1.30 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .12 MBɬ        .69 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  116.621 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
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Лист 

76 

ɉɪɢɥɨɠɟɧɢɟ Ⱦ 
 
Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ (ɩɪɢ ɨɬ-

ɤɥɸɱɟɧɢɢ/ɨɛɪɵɜɟ ɨɞɧɨɣ ɢɡ ɰɟɩɢ ɥɢɧɢɢ 1-2) 
 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  19  7.368  0  0/ ɭɡɟɥ 20 
201  40  1  110  14  6      0  0/ ɭɡɟɥ 40 
201  30  1  110  16  6.417  0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ 
 
301  1  1  2  22.04  31.28  0  187.92/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  10.89  11.30  0  259.65/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  2.19  43.1  2.84  16.94  1/ Ɍ3 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

77 

ɉɪɢɥɨɠɟɧɢɟ ȿ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ (ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ/ɨɛɪɵɜɟ 
ɨɞɧɨɣ ɢɡ ɰɟɩɢ ɥɢɧɢɢ 1-2) 

                                                                               

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.12   -19.45     1.50     2.13   .151   1.47  

  ɍɡɟɥ    1  125.2    -.98    25.00    19.40      .00      .00   -.12   -.05  
 --------------------------------------------------------------------------- 

                2      4      -4.44   -11.11      .24      .24   .071   2.46  

                2     20     -19.16    -9.01      .07     1.44   .106    .00  

                2      1      23.62    20.05     1.50     2.13   .151   1.26  

  ɍɡɟɥ    2  115.6   -2.26      .00      .00      .00      .00    .02   -.07  
 --------------------------------------------------------------------------- 

                3     30     -16.08    -7.74      .06     1.14   .094    .00  

                3      4      16.10     7.72      .41      .42   .089   2.46  

  ɍɡɟɥ    3  109.8   -2.56      .00      .00      .00      .00    .02   -.01  
 --------------------------------------------------------------------------- 

                4      3     -16.50    -3.08      .41      .42   .089   2.61  

                4      5      26.34    -5.57      .63      .66   .140   1.66  

                4     40     -14.09    -7.03      .04      .83   .080    .00  

                4      2       4.20    15.68      .24      .24   .071   2.35  

  ɍɡɟɥ    4  113.1   -1.66      .00      .00      .00      .00   -.05    .00  
 --------------------------------------------------------------------------- 

                5      4     -26.98     8.29      .63      .66   .140   1.72  

  ɍɡɟɥ    5  115.0     .00    26.98    -8.29      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      19.04     7.35      .07     1.43   .105    .00  

  ɍɡɟɥ   20  112.2   -5.82      .00      .00    19.00     7.37    .04   -.01  
 --------------------------------------------------------------------------- 

               30      3      15.99     6.41      .06     1.12   .093    .00  

  ɍɡɟɥ   30  106.7   -5.87      .00      .00    16.00     6.42   -.01   -.01  
 --------------------------------------------------------------------------- 

               40      4      14.01     6.00      .04      .82   .080    .00  

  ɍɡɟɥ   40  110.4   -4.37      .00      .00    14.00     6.00    .01    .00  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       2.95 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       6.87 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.78 Ɇȼɬ       3.46 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .17 Ɇȼɬ       3.42 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      15.99 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     51.98 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      49.00 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.78 Ɇȼɬ       3.46 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .17 Ɇȼɬ       3.42 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .11 MBɬ        .65 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  113.494 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

78 

ɉɪɢɥɨɠɟɧɢɟ ɀ 
 

Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɞɤɥɸ-
ɱɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 10 Ɇȼ∙Ⱥ ɩ/ɫɬ №3  

 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  19  7.368  0  0/ ɭɡɟɥ 20 
201  40  1  110  14  6      0  0/ ɭɡɟɥ 40 
201  30  1  110  21.52  16.7  0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ 
 
301  1  1  2  11.02  15.64  0  376.17/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  10.89  11.30  0  259.65/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  2.19  43.1  2.84  16.94  1/ Ɍ3 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

79 

ɉɪɢɥɨɠɟɧɢɟ Ɂ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 10 Ɇȼ∙Ⱥ ɩ/ɫɬ №3 

                                                       

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.06   -19.42      .86     1.22   .161   2.69  

  ɍɡɟɥ    1  119.7   -1.65    25.00    19.40      .00      .00   -.06   -.02  
 --------------------------------------------------------------------------- 

                2      4      -5.04   -14.39      .36      .38   .089   2.41  

                2     20     -19.15    -9.03      .07     1.47   .107    .00  

                2      1      24.20    23.36      .86     1.22   .161   2.47  

  ɍɡɟɥ    2  114.5   -2.27      .00      .00      .00      .00    .01   -.05  
 --------------------------------------------------------------------------- 

                3     30     -21.55   -20.16      .17     3.41   .163    .00  

                3      4      21.71    20.11     1.23     1.28   .155   2.25  

  ɍɡɟɥ    3  104.9   -1.86      .00      .00      .00      .00    .16   -.05  
 --------------------------------------------------------------------------- 

                4      3     -22.94   -16.60     1.23     1.28   .155   2.54  

                4      5      32.27     4.97      .92      .96   .168   1.61  

                4     40     -14.08    -7.05      .04      .86   .082    .00  

                4      2       4.68    18.70      .36      .38   .089   2.28  

  ɍɡɟɥ    4  111.5   -1.47      .00      .00      .00      .00   -.07    .01  
 --------------------------------------------------------------------------- 

                5      4     -33.20    -2.59      .92      .96   .168   1.72  

  ɍɡɟɥ    5  115.0     .00    33.20     2.59      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      19.04     7.35      .07     1.46   .106    .00  

  ɍɡɟɥ   20  111.0   -5.90      .00      .00    19.00     7.37    .04   -.01  
 --------------------------------------------------------------------------- 

               30      3      21.35    16.60      .17     3.38   .162    .00  

  ɍɡɟɥ   30   96.6   -6.87      .00      .00    21.52    16.70   -.17   -.10  
 --------------------------------------------------------------------------- 

               40      4      14.00     5.99      .04      .85   .081    .00  

  ɍɡɟɥ   40  108.7   -4.26      .00      .00    14.00     6.00    .00   -.01  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       3.67 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       9.57 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              3.37 Ɇȼɬ       3.83 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .29 Ɇȼɬ       5.74 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      17.96 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     58.20 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      54.52 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              3.37 Ɇȼɬ       3.83 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .29 Ɇȼɬ       5.74 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .10 MBɬ        .62 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  110.229 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

80 

ɉɪɢɥɨɠɟɧɢɟ ɂ 
 
Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɜɵɜɨɞɟ ɜ 

ɪɟɦɨɧɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩ/ɫɬ №3 
 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  19  7.368  0  0/ ɭɡɟɥ 20 
201  40  1  110  14  6      0  0/ ɭɡɟɥ 40 
201  30  1  110  16  6.417  0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ 
 
301  1  1  2  11.02  15.64  0  376.17/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  10.89  11.30  0  259.65/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  4.38  86.1  1.42  8.47  1/ Ɍ3 
 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

81 

ɉɪɢɥɨɠɟɧɢɟ Ʉ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɜɵɜɨɞɟ ɜ ɪɟɦɨɧɬ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɚ ɩ/ɫɬ №3 

                                                       

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.07   -19.43      .84     1.19   .159   2.78  

  ɍɡɟɥ    1  121.5   -1.94    25.00    19.40      .00      .00   -.07   -.03  
 --------------------------------------------------------------------------- 

                2      4      -5.07   -14.64      .36      .38   .089   2.49  

                2     20     -19.16    -8.99      .07     1.42   .105    .00  

                2      1      24.23    23.57      .84     1.19   .159   2.55  

  ɍɡɟɥ    2  116.4   -2.54      .00      .00      .00      .00    .00   -.06  
 --------------------------------------------------------------------------- 

                3     30     -16.11    -8.89      .12     2.41   .097    .00  

                3      4      16.15     8.86      .43      .44   .091   2.46  

  ɍɡɟɥ    3  109.8   -2.56      .00      .00      .00      .00    .04   -.03  
 --------------------------------------------------------------------------- 

                4      3     -16.57    -4.21      .43      .44   .091   2.63  

                4      5      25.89    -7.87      .64      .67   .141   1.67  

                4     40     -14.09    -7.03      .04      .83   .080    .00  

                4      2       4.71    19.11      .36      .38   .089   2.36  

  ɍɡɟɥ    4  113.4   -1.74      .00      .00      .00      .00   -.06    .00  
 --------------------------------------------------------------------------- 

                5      4     -26.54    10.58      .64      .67   .141   1.72  

  ɍɡɟɥ    5  115.0     .00    26.54   -10.58      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      19.05     7.35      .07     1.41   .104    .00  

  ɍɡɟɥ   20  113.0   -6.05      .00      .00    19.00     7.37    .05   -.01  
 --------------------------------------------------------------------------- 

               30      3      15.97     6.39      .12     2.40   .096    .00  

  ɍɡɟɥ   30  103.1   -9.39      .00      .00    16.00     6.42   -.03   -.03  
 --------------------------------------------------------------------------- 

               40      4      14.01     6.00      .04      .82   .080    .00  

  ɍɡɟɥ   40  110.7   -4.44      .00      .00    14.00     6.00    .01    .00  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       2.51 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       7.34 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.27 Ɇȼɬ       2.68 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .24 Ɇȼɬ       4.67 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      18.66 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     51.54 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      49.00 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.27 Ɇȼɬ       2.68 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .24 Ɇȼɬ       4.67 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .09 MBɬ        .55 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  112.873 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

82 

ɉɪɢɥɨɠɟɧɢɟ Ʌ 
 
Ɏɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɨɬɤɥɸɱɟ-

ɧɢɢ ɨɞɧɨɣ ɰɟɩɢ Ʌɗɉ 4-Ȼɍ  
 
1  5  0.5  20/ ɩɨɫɬɨɹɧɧɵɟ 
 
201  1   1  110  0  0  25  19.4/ ɭɡɟɥ 1 
201  2   1  110/ ɭɡɟɥ 2 
201  4   1  110/ ɭɡɟɥ 4 
201  3   1  110/ ɭɡɟɥ 3 
201  20  1  110  19  7.368  0  0/ ɭɡɟɥ 20 
201  40  1  110  14  6      0  0/ ɭɡɟɥ 40 
201  30  1  110  16  6.417  0  0/ ɭɡɟɥ 30 
 
201  5   1  110  0  0  0  0  115  -500  500/ Ȼɍ 
 
301  1  1  2  11.02  15.64  0  376.17/ ɥɢɧɢɹ 1-2 
301  1  2  4  15.42  15.99  0  367.52/ ɥɢɧɢɹ 2-4 
301  1  4  3  17.13  17.77  0  408.25/ ɥɢɧɢɹ 4-3 
301  1  4  5  21.78  22.6  0  129.8/ ɥɢɧɢɹ 4-5 
 
301  1  2  20  2.19  43.1  2.84  16.94  1/ Ɍ2 
301  1  4  40  2.19  43.1  2.84  16.94  1/ Ɍ4 
301  1  3  30  2.19  43.1  2.84  16.94  1/ Ɍ3 
 



Изм. Лист № Документа Подпись Дата 
ВКР-13.03.02.05 ПЗ 

Лист 

83 

ɉɪɢɥɨɠɟɧɢɟ Ɇ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɦɨɧɬɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ ɰɟɩɢ 
Ʌɗɉ 4-Ȼɍ 

                                                        

 ╔őőőőőőőőő╤őőőőőőőőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőőőő╤őőőőőő╤őőőőőő╗ 
 Œ         │Ƚpɚɧɢɱɧɵɟ ɭɡɥɵ│ ɉoɬɨɤ P│ ɉoɬɨɤ Q│ɉɨɬɟpɢ P│ɉɨɬɟpɢ Q│ Ɍɨɤ  │  Qc  Œ 
 Œ         │ɧɚɱɚɥɨ│ ɤɨɧɟɰ │  Ɇȼɬ   │  Mɜɚp  │  Ɇȼɬ   │   Ɇɜɚp │  ɤА  │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────Œ 
 Œ   ɇɨɦɟp │   U  │ Ɏɚɡɚ  │ P ɝɟɧ. │  Q ɝɟɧ.│ P ɧɚɝ. │ Q ɧɚɝ. │ P ɧɛ.│ Q ɧɛ.Œ 
 Œ   ɭɡɥɚ  │  ɤȼ  │ ɝpɚɞ  │  Ɇȼɬ   │   Ɇɜɚp │  Ɇȼɬ   │ Ɇɜɚp   │  Ɇȼɬ │ Ɇɜɚp Œ 
 ╟─────────┼──────┼───────┼────────┼────────┼────────┼────────┼──────┼──────╢ 
 Œ                                                                          Œ 
 Œ                               Ɋɚɣɨɧ N=  0                                Œ 
 Œ                                                                          Œ 
                1      2     -25.08   -19.43      .86     1.22   .161   2.70  

  ɍɡɟɥ    1  119.8   -3.70    25.00    19.40      .00      .00   -.08   -.03  
 --------------------------------------------------------------------------- 

                2      4      -5.04   -14.43      .36      .38   .089   2.41  

                2     20     -19.16    -9.03      .07     1.47   .107    .00  

                2      1      24.22    23.38      .86     1.22   .161   2.47  

  ɍɡɟɥ    2  114.6   -4.32      .00      .00      .00      .00    .02   -.07  
 --------------------------------------------------------------------------- 

                3     30     -16.06    -7.76      .06     1.17   .095    .00  

                3      4      16.10     7.73      .42      .44   .091   2.39  

  ɍɡɟɥ    3  108.2   -4.44      .00      .00      .00      .00    .04   -.02  
 --------------------------------------------------------------------------- 

                4      3     -16.52    -3.24      .42      .44   .091   2.54  

                4      5      25.85    -8.48     1.32     1.37   .142    .81  

                4     40     -14.08    -7.05      .04      .86   .082    .00  

                4      2       4.68    18.76      .36      .38   .089   2.29  

  ɍɡɟɥ    4  111.6   -3.52      .00      .00      .00      .00   -.07   -.01  
 --------------------------------------------------------------------------- 

                5      4     -27.17     8.78     1.32     1.37   .142    .86  

  ɍɡɟɥ    5  115.0     .00    27.17    -8.78      .00      .00    .00    .00  
 --------------------------------------------------------------------------- 

               20      2      19.05     7.35      .07     1.45   .106    .00  

  ɍɡɟɥ   20  111.2   -7.94      .00      .00    19.00     7.37    .05   -.02  
 --------------------------------------------------------------------------- 

               30      3      15.97     6.40      .06     1.16   .095    .00  

  ɍɡɟɥ   30  105.0   -7.84      .00      .00    16.00     6.42   -.03   -.02  
 --------------------------------------------------------------------------- 

               40      4      14.00     5.99      .04      .84   .081    .00  

  ɍɡɟɥ   40  108.8   -6.30      .00      .00    14.00     6.00    .00   -.01  
 --------------------------------------------------------------------------- 

 Œ ɇɨɦɟɪ ɛɚɥ.ɭɡ. -   5   Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ -   .50   Ɍɟɦɩɟɪɚɬɭɪɚ- 20.00      Œ 
 Œ Чɢɫɥɨ ɭɡɥɨɜ-  8  Чɢɫɥɨ ɜɟɬɜɟɣ-  7  Чɢɫɥɨ ɬɪ-ɨɜ-  3 Чɢɫɥɨ ɢɬɟɪɚɰɢɣ- 3     Œ 
 Œ ɉɨɬɟpɢ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ:  ɚɤɬɢɜɧɨɣ -       3.14 Ɇȼɬ                       Œ 
 Œ                        ɪɟɚɤɬɢɜɧɨɣ -       6.90 Ɇɜɚɪ                      Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.96 Ɇȼɬ       3.40 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .18 Ɇȼɬ       3.50 Ɇɜɚp  Œ 
 Œ Ƚɟɧɟpɚɰɢя pɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢяɯ -      16.48 Ɇɜɚɪ                 Œ 
 Œ ɋɭɦɦɚpɧɚя ɝɟɧɟpaɰɢя -     52.17 Ɇȼɬ,  ɩɨɬpɟɛɥɟɧɢɟ -      49.00 MBɬ       Œ 
 Œ ------------ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɩɪяɠɟɧɢɢ 110 ɤȼ ---------------------- Œ 
 Œ ɉɨɬɟpɢ ɜ ɥɢɧɢяɯ -                              2.96 Ɇȼɬ       3.40 Ɇɜɚp  Œ 
 Œ ɉɨɬɟpɢ ɜ ɬpɚɧɫɮɨpɦɚɬɨpɚɯ -                      .18 Ɇȼɬ       3.50 Ɇɜɚp  Œ 
 Œ ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ         .11 MBɬ        .63 Mɜap  Œ 
 Œ ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɲɭɧɬɚɯ                        .00 MBɬ        .00 MBap  Œ 
 Œ ɋɪɟɞɧɟɟ ɧɚɩɪяɠɟɧɢɟ ɜ ɭɡɥɚɯ  -  111.789 ɤB                                Œ 
 ╚őőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőőő╝ 
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Варианты выполнения 
РЭС 110 кВ

Расчёт и анализ ремонтных 
режимов работы РЭС 110 кВ 

Кафедра «ЭСиЭЭС»

Разраб.

Копировал Формат         А1
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ВКР-13.03.02.05

Электрическая 
принципиальная схема РЭС 

110 кВ
Расчёт и анализ ремонтных 
режимов работы РЭС 110 кВ 

Кафедра «ЭСиЭЭС»

Разраб.

Копировал Формат         А1

Изм. Лист   докум.

ВКР-13.03.02.05



Изм. Лист   докум.

Подп. Дата

Пров.
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Н.контр
Утв.

А.В. Зукол
О.П. Халезина

О.П. Халезина
И.В. Коваленко

МасштабМассаЛит.

У

Лист      3 Листов     4

ВКР-13.03.02.05

Главная схема электрических 
соединений подстанции  3 

110/10 кВ

Расчёт и анализ ремонтных 
режимов работы РЭС 110 кВ 

Кафедра «ЭСиЭЭС»

Разраб.

Копировал Формат         А1

Изм. Лист   докум.
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Конденсаторы связи

Высокочастотные заградители

Разъединители 
РГП СЭЩ-110/1250 УХЛ1

Трансформаторы напряжения
НКФ-110-06 ХЛ1

Разъединители
РГП СЭЩ-110/1250 УХЛ1

Трансформатор тока
ТОГФ-110/0,5-200/5

Выключатели FG 126

Разъединители 
РГП СЭЩ-110/1250 УХЛ1

Ограничители перенапряжения

Трансформатор тока
ТВТ-110-Ⅰ-300/5

Силовые трансформаторы
ТДН-16000/110
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Одиночная секционированная
Система шин

Выключатели
ВВТЭ-М-10-12,5/630

Предохранители

Трансформаторы напряжения
ЗНОЛ-СЭЩ-10М

Наименование ячейки ВЛ 110 кВ
1 цепь

Разъединители 
РГП СЭЩ-

-110/1250 УХЛ1

Перемычка
Разъединители 

РГП СЭЩ-
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26,49+j1,78  
26,98+j8,29

40 400

110,8 -4,49°  
110,4 -4,37°

0,04+j0,83  
0,04+j0,83

14,09+j7,03  
14,09+j7,03

14,0+j6,0

10,5  
10,5

0,05+j0,32  
0,05+j0,31

3

110,2 -2,70°  
109,8 -2,56°

0,40+j0,42  
0,41+j0,42

j2,53  
j2,61

j2,48  
j2,46

16,50+j3,03  
16,50+j3,08

16,10+j7,72  
16,10+j7,72

30030

107,1 -5,98°  
106,7 -5,87°

0,06+j1,13  
0,06+j1,14

16,50+j7,73  
16,08+j7,74

16,0+j6,420

10,5  
10,5

0,05+j0,3  
0,05+j0,3

11,02+j15,64

j376,17  
2

j376,17  
2

15,42+j15,99

j367,52  
2

j367,52  
2

j259,65  
2

j259,65  
2

j408,25  
2

j408,25  
2

17,13+j17,77
10,89+j11,30

2,19+j43,12,19+j43,1

2,19+j43,1

2,84-j16,942,84-j16,94

2,84-j16,94

Примечание:
нормальный максимальный режим

послеаварийный режим (обрыв цепи на 
участке 1-2)

9,71  
9,71

10,989  
10,989

10,268  
10,268
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Эквивалентная схема замещения ЭС с 
расчётом нормального максимального и 

послеаварийного режимов

Расчёт и анализ ремонтных 
режимов работы РЭС 110 кВ 
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