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ABSTRACT 

The final qualifying work on the topic "Reconstruction of the 110/35/10 kV 
sub-station No. 53 "Idrinskaya" contains an explanatory note, consisting of 61 sheets 
of text document, and graphic material on sheets of A1 format in the amount of 3 
sheets. The explanatory note contains 22 tables and 6 figures, 35 used sources. 

RECONSTRUCTION, POWER SUPPLY, EQUIPMENT, BUSES, SUB-
STATION, TRANSFORMER, VOLTAGE, EARTHING, VOLTAGE, RELIABIL-
ITY. 

The reconstruction object is substation 110/35/10 kV No. 53 "Idrinskaya". 
This work is relevant for power grid organizations striving to improve the re-

liability of power grids. 
The main goal of the final qualification work is the re-construction of the 

110/35/10 kV substation No. 53 "Idrinskaya" by putting into operation a second 
transformer line with the installation of all related equipment. 

Reconstruction tasks: 
• select high-voltage equipment for the introduction of the second transformer 

line; 
• check the equipment for permissible parameters in operating and emergency 

modes; 
• consider the safety issues of design solutions; 
• consider the issues of ensuring labor protection and safety of life of the pro-

ject; 
• calculate the local estimate for the reconstruction. 
Reconstruction in order to commission the second transformer will increase 

the reliability of power supply to consumers of categories I and II, and it will also 
become possible to carry out full-value maintenance and repair of transformers, and 
the service life of the transformers themselves and electrical equipment will increase. 
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1     

1.1     № 53 « »  

  № 53 « »  110/35/10 , 
        ,  

        -
  «   »  «  -

» – « ».      « – -
  »    1976 ,   

   « ».    , 
        – 42 ˚ , 

 .     + 40 ˚ ,  -
  – 48 ˚ .    0,7 ˚ . ё -

    ,      ё   -
   .    0,45 . 

 № 53 « »  ,    
 ,      -

      . 
        – 

10000–110/35/10.        
110  ( –383, –94, –93, –96, –367).    110/35/10  
№ 53 « »    .1.    -

     –110.  -
      -

 –4   –4.     35  
     . 

  35      ( –13, –12, –15),  -
       –35–630–10  

    – .     -
    220 .     

№ 53 « »    1.1. 
 

 1.1 –     110/35/10  № 53 « -
»   

 

 
  

110  35  10  
1 2 3 4 

 –110/1000  –35/1000   

  –110 1 800/5 –35 200/5  

 
 

–110/0,1 
–35–65 
1 

–10 
–10 

 –110 – –10 

 –110 –25/1250 –35–630 – –10 
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        -
   40–60 ,      -

    .    
       10 . 

     -
 ,      10   -

.   8  .  
 
1.2      (10  )  

  10      . -
   ,  ,     -

  ,      ,    
   6–20 .     -

  ,  ,    -
,   .      ,  
           -

        -
  .  
     № 53 « » -

      .     
     1.1.     

,   ,   ,     , 
   ,    ,     -

.       ,    
   ,    ё , 

        .    , -
 ,    ,    

      ё   [2]. 
     10     -

   .     
  ,        -

   . 
       10    
   ( ),    -

      . 
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 1.1 –   10   110/35/10   

№ 53 « » 
 
1.3    10  

       
 ,  ,    -

  . 
  10       

 – 10   – 10.        
 . 

         -
,    ,    -

 .      10  -
       –85,    -

     . 
       1.2. 

 
 1.2 –    

 

 

  
 

 

  
( )    

  
 

 
, 

 

 
 

 

 
 
 

-
,  

, 
 

1 2 3 4 5 6 7 8 

53–05  -10 100/5 120 6 1,5” –85 
53–06  -10 75/5 105 7 0,5” –85 
53–07  -10 150/5 100 10 0,5” –85 
53–08  -10 100/5 100 5 0,5” –85 
53–09  -10 150/5 150 5 1,5” –85 
53–10  -10 150/5 180 6 1” –85 
53–11  -10 100/5 140 7 0,5” –85 

53–12  -10 100/5 100 5 0,5” –85 
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1.4   

    : 
•   ; 
• –   ( :  +  – 

  –  ). 
     ,   -

 ,     –  
  (   « »).  

     10 ,   
  ( –  –      – 
),       №1 ( –1), -

  . .      . 
       105 .  ,  
      –     -

  10 ,         
     . 

  (  ,    .) -
    .     

(    . .),      ,  -
  ( ,  ) ,   – -

 . 
 

1.5    110/35/10  № 53 
« »  

 110/35/10  № 53 « »  -
  I  (  ), II ( , , -
)  III .  ,  I   -
        -

 ,    .     
         

        . 
 II        

    .   
       

    ,    
        

[1]. 
 2005      –10000–

110/35/10,             
.          

 .     ,   -
      ,  

     . 
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    ,   -
,      , -
     35   10  

  ,     . 
     ,     -

   .     110  35  -
.         

     . 
    ,   -

,   ,       
   ,     -

 110 ,     35   110 ,  
    35   10 . 

 
2     110/35/10  №53  
« »  

2.1       
110   

       -
        -

   ,        -
  . 

    ,   -
     .    -

         , 
       .  

ё       110/35/10 
 № 53 « »      . 

 
2.1.1     110  

 –    ,  
       , , 

 ,      . 
        -

         [6]. 
      -

      – 110 II – 20/2500  1    
 : 

1)  : 𝑈 𝑈  (2.1) 
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     U  –  ,    ;  
U  –    (  ). 

110  = 110  

2)   : 

. ,  (2.2) 

     I .  –   , ; 
I  –    (    2500), ; 

, = , ⋅ . ,  (2.3) 

    I .  –   , ; 

. = .√ ⋅𝑈  ,  (2.4) 

     S .  –   , · ; 
U  –   , ; 

. = √ ⋅ = ,   

. = , ⋅ , = ,    

73,48  < 2500  

3)   : 

.  ,  (2.5) 

     I (3) –    , ; 
I .  –     (    20), 

; 

4,4  < 20  

4)       : 
)    : 

. ,  (2.6) 

     I .  –      (  ), 
; 

4,4  < 20  

)    : 



 

14 

𝑖 𝑖 . ,  (2.7) 

     i  –    , ; 
I .  –      (  ), 

; 

10,68  < 40  

5)          : 

𝑡 ⋅ 𝑡𝑡,  (2.8) 

     –    , 2· ; 
It –      (  ), 

; 
tt –        It (  

 40), . 
         

   : = 𝑡 ⋅ 𝜏𝑡,  (2.9) 

    t –         -
 , ; 

 τt = t .  + t . , (2.10) 

     t .  –     (  ), ; 
t .  –    , ; 

202·(0,06 + 0,1) < 202·3 

  ,     -
    – 110 II – 20/2500  1   -

. 
 
2.1.2     110  

     -
     ,     -
,      ,   -
 ,      .  

   ,    -
         

   [6]. 
      – 2 – 110/630 1  

      : 
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1)  : 𝑈 𝑈   

110  = 110  

2)   : 

. ,  

183,7  < 630  

3)       : 

 𝑖 𝑖 .  

10,68  < 63  

4)         : 

 𝑡 ⋅ 𝑡𝑡 

100 2·  < 2500 2·  

  ,     
 – 2 – 110/1000 1    – 1. 
 
2.1.3      110 

 

      -
      – 110 1  -

   : 
1)  : 𝑈 𝑈   

110  = 110  

2)      : 𝑈 . 𝑈 . , 

    𝑈 .  –        ; 𝑈 . = , ∙𝑈 .√ = , ∙√ =   

77  ≥ 73  
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      – 110 
1    2.1. 
 

 2.1 –       – 
110 1 
 

 

-
 
-

,  

 
 

, 
 

  -
 (  

), , -
   

 
 -

 
-

,  

 
, 

,   
20 

 
1 

 
10  1  

1 2 3 4 5 6 7 8 9 

 
– 110 

1 
110 77 88 95 100 105 280 180 

 
  ,     -

   – 110 1     – 1. 
 
2.1.4       

 110  

        
,       ,    
         . 

ё        
       110 .    

   «     110 ». 
      4 – 9 [6]. 

       -
   110       

 – 110  – 1,  200/5.  
    ё    . 

 
 2.2 –       110   

   
 

  ё      – 110 

1 2 3 

U  ≤ U  110  110  

I .max ≤ I  183,7  200  

I  ≤  · I  4,4  62  

 ≤ (  · I  ) 100 2·  17280 2·  
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,   ,  4 – 98 [6]   -

 ,       -
    2.3.  

 
 2.3 –     

 

  
 , ·  

   

1 2 3 4 5 

  – 351 0,5 0,5 0,5 

 – 0,5 0,5 0,5 

 
  2.3 ,       -

 . 
   : 𝑟 = ,  (2.11) 

    S  – ,  , · ; 
I2 –    , ; 𝑟 = , = ,   

        
0,5  1,2 . 

    0,05 ,  -
 : 

r  = Z2  – r  – r  ,  (2.12) 

    Z2  –       -
  , ; 

r  = 1,2 – 0,02 – 0,05 = 1,13  

  ,     
  : 𝐹 = 𝜌⋅ ч ,  (2.13) 

    ρ –    .    -
 (ρ = 0,0175)       -
       220   .  
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 (ρ = 0,0283); 

L ч –  ,      
. 

  110/35/10  № 53 « »    -
     90 ,   -

   ,  l  = l ,    : 𝐹 = , ⋅, = ,  2 

       2,5 2. 
 
2.1.5      

 110  

     -
    100    √      
         . 

      : 
1)  : 𝑈 𝑈   

110  = 110  

2)      ;   ;  
 : 

𝛴  ,  (2.14) 

    S  –      , ∙ ; 
S2Σ –      ,   

 , . 
       

110 ,       4 – 9 6. 
    110   -

    – 110 – 83 1,    -
     . 

      -
   2.4. 
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 2.4 –    

 

  
S 
. ·
 

 
 Cos  Sin  

 
 

  
 

,  Q,  

1 2 3 4 5 6 7 8 9 

 335 2,0 1 1 0 1 2,0 – 

ё   
 

680 2,0  2 0,38 0,92 1 4,0 9,7 

  
 

829 10 – 1 0 1 10,0 – 

  
 

830 10 – 1 0 1 10,0 – 

 335 1,5 2 1 0 1 3,0 – 
 335 1,5 2 1 0 1 3,0 – 

 305 2,0 2 1 0 1 4,0 – 

 371 3,0 1 1 0 1 3,0 – 

       39,0 9,7 

 
 : 

𝛴 = √ +  ,  (2.15) 

     P –  , ; 
Q –  , ;  

𝛴 = √ + , = ,  ·  

   – 110 – 83 1   -
    0,5,     400 

· . 

S2Σ = 40,1 < S  = 400 · , 

 ,       -
. 

 
2.2       
35  

2.2.1     35  

      -
   – 35 – 25/630 1     : 
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1)  : 𝑈 𝑈   

35  = 35  

2)   : 

. ,  

     I .  –   , ; 
I  –    (  ), ; 

. = , ⋅ . ,  

     I .  –   , . 
    ,     

   66,7%    ,   
  35        40 

%: 

. = . ⋅ ,√ ⋅𝑈  ,  

     S .  –   , · ; 
U  –   , ; 

. = ⋅ ,√ ⋅ =   

. = , ⋅ =    

154  < 630  

3)   : 

.  ,  

     I (3) –    , ; 
I .  –     (  ), ; 

4,4  < 25  

4)      : 

)    : 

. ,  



 

21 

    I .  –      (  ), 
; 

4,4  < 63  

)    : 𝑖 𝑖 . ,  

     i  –    , ; 
I .  –      (  ), 

; 

10,68  < 25  

5)          : 

𝑡 ⋅ 𝑡𝑡,  

      –    , 2· ; 
It –      (  ), 

; 
tt –        It (  

), . 
         

   : = 𝑡 ⋅ 𝜏𝑡,  

   t –         -
 , ; 

τt = t .  + t . ,  

     t .  –     (  ), ; 
t .  –    , ; 

102·(0,06 + 0,1) < 102·3 

16 2·  < 300 2·  

  ,     
 – 35 – 25/630 1    – 12. 
 
2.2.2     35  

    – 2 – 35/1000 1   -
     : 
1)  : 
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𝑈 𝑈   

35  = 35  

2)   : 

. ,  

385  < 630  

3)      : 

 𝑖 𝑖 .  

10,68  < 63  

4)          : 

 𝑡 ⋅ 𝑡𝑡 

18 2·  < 2500 2·  

  ,      
– 2 – 35/1000 1    – 1. 

 
2.2.3      35  

     – 35 1  -
   : 
1)  : 𝑈 𝑈   

35  = 35  

2)      : 𝑈 . 𝑈 . , 

    𝑈 .  –         (   
 35  𝑈 . = 40,5  (  1516.3-96) [15]); 

40,5  ≥ 40,5  

      – 35 1 
   2.5. 
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 2.5 –      
 – 35 1 
 

 
-

 -
,  

 
 

, 
 

  -
 (  

), , -
   

 
 -

 -
-

,  

 
, 

,   
20 

 
1 

 
10  1  

1 2 3 4 5 6 7 8 9 

 
– 35 

1 
35 40,5 48,6 51,4 55,1 58,7 125 105 

 
  ,     -

   – 35 1     – 1. 
 
2.2.4      
  35  

       
    35     ,    «  

   35 ». 
      4 – 9 [6]. 

        35  -
      – 35  – 1,  

600/5.  
       . 

 
 2.6 –       35   

    
 

  ё      – 35 

1 2 3 

U  ≤ U  35  35  

I .max ≤ I  385  600  

I  ≤  · I  4,4  127  

 ≤ (  · I ) 18 2·  38880 2·  

 
       

,     4 – 98 [6]   -
 ,       -

    2.7.  
 



 

24 

 
 2.7 –     

 

  
 , ·  

   
1 2 3 4 5 

  – 351 0,5 – 0,5 

  – 335 0,5 – 0,5 

    – 680 2,5 – 2,5 

    – 673 2,5 – 2,5 

 – 6,0 – 6,0 

 
  2.7 ,      

    . 
   : 𝑟 = ,  

     S  – ,  , · ; 
I2 –    , ; 𝑟 = , = ,   

        
0,5  2,0 . 

    0,1 ,   
: 

r  = Z2  – r  – r  ,  

     Z2  –       -
  , ; 

r  = 2,0 – 0,24 – 0,1 = 1,66  

  ,     
  : 𝐹 = 𝜌⋅ ч ,  

    ρ –    .    -
 (ρ = 0,0175)       -
       220   .  
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 (ρ = 0,0283); 

l ч –  ,      
. 

  110/35/10  № 53 « »    -
     60 ,   -

   ,  l  = √3∙l ,    : 𝐹 = , ⋅√ ⋅, = ,  2 

       2,5 2. 
 
2.3       
10  

2.3.1     10  

    10     . 
 

 2.8 –   10       
 

 
 2.9 –   10       

 

 

  ё   
  

 – –10–20/1600 2 

1 2 3 

U  ≤ U  10  10  

I .  ≤ I  1348  1600  

I  ≤ I   6,75  20  

i  ≤ i .  15,27  52  

 ≤ (  · I  ) 60 2·  1200 2·  

   ё      
  – –10–20/1600 2 

1 2 3 

 U  ≤ U  10  10  

 I .  ≤ I  139  630  

 I  ≤ I   6,75  20  

i  ≤ i .  15, 27  52  

 ≤ (  · I )  60 2·  1200 2·  
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    10     -
 . 

 
 2.10 –       

10  
 

  ё   
  

 – 10 
1 2 3 

U  ≤ U  10  10  

I .max ≤ I  139  150  

I  ≤  · I  1  10  

 ≤ (  · I ) 0,38 2·  12,69 2·  

 
 2.11 –     

 

  

 , ·  

 

   
1 2 3 4 5 

   351 0,5 0,5 – 

ё     680 2,5 2,5 – 

ё     680 2,5 2,5 – 

 – 5,5 5,5 – 

 
ё    ,   -

     5,5 ·  < 10 · . 
  10      – 10. 

 – 10 –   , ё , 
,    ,    , 

   10000 ,     
,     15150–69 [16]   15543–70 [17]. 

 
 2.12 –    10  

 

  ё   
  

 – 10 

1 2 3 

U  ≤ U  10  10  

S2Σ ≤ S  18 ·  75 ·  
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 2.13 –     
 

  
S  

∙  
 
 Cos  Sin  

 
-

 

  
 

 
S,  

1 2 3 4 5 6 7 8 

 350 1 1 1 0 1 9 

ё  -
 

 

–
0,1–08( ) 1 – – – 5 5 

 365 1,5 2 1 0 1 2 

 365 1,5 2 1 0 1 2 

   6 1 0 8 18 

 
 2.14 –    

 

  ё   
    

–10 

1 2 3 

U   U  10  10  

I .   I .  1348  20  

I   I .  6,75  20  

 
2.3.2      

   35      
,   . 

        -
      .     

 :  35  – 1,5 ;  110  – 3 . 
1)    110  

         , 
         , 

    ,      – 
: = , ⋅ . .√ ⋅𝑈  , (2.16) 

     S  –    ,  
U  –  , ; = = √ ⋅ = ,   
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  7.35 10     – 150/24, F = 150 2 , 
d = 17,1 , I  = 450 .   8,55  = 0,855 .   

 D = 300 ,   . 
    . 

,      ,  -
   . 

          -
,  ,  ,      

110  –  – 70 . 
,    – 110     ,  

  ,   . 
  ё : = , ⋅ ⋅ ( + .√ 𝑜 ), (2.17) 

    m – ,    ; 
ro –  ; = , ⋅ , ⋅ + ,√ , = , , /  

ё   : = . ⋅𝑈𝑜⋅ 𝑔⋅ 𝑟𝑜 , (2.18) 

    U  –     110 ; 
 –      , ; 

 = 1,26   ,  (2.19) 

     –    , ; 

 = 1,26  300 = 378  = , ⋅, ⋅ 𝑔 , = ,  /  

 : 

1,07   0,9  

1,07  17,2  0,9  32,8 

18,4 /   29,5 / . 

 ,   – 150/24    -
.     110    . 
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        – 110  
  . 

       j  = 1 
/ 2,   4 – 1 6: 𝐹ЭК =

Э
 ,  (2.20) 𝐹ЭК = , = ,  2 

      – 150/24,   17,1 , 
  450 . 

    : 

Imax = 52,48 A  I  = 450  

   ,   . 
2)      35 ,   

   110 . 
3)    10 . 

         – 
10000   110/35/10  № 53 « »   10 . 

  :  

I (3) = 6,75 ; 

I  = 15,75 ; 

 = 60 2 ; 

to = 25 ˚C; 

  10   ё  .    
 :  = . = , ⋅ .√ ⋅𝑈 ,  (2.21) = . = , ⋅√ ⋅ =   = , ⋅ = , ∙ =   

       : 𝐹 =  

𝐹 = , =  2 
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     505 2  -
   I  = 665    7.3 10. 

       : 

Imax = 539 A  I  = 665  

    : 𝑡 = 𝑡 + 𝑡 . − 𝑡 . ⋅ 𝑎𝑥 , (2.22) 

     t0 –   , ˚ ; 
t .  –    , ˚ ; 
t0.  –    , ˚ ; 
Imax –   , ; 
I  –    , ; 𝑡 = + − ⋅ = ,  ˚  

    3 – 46 6  ,  
       f  = 60 ˚ . 𝑓К = 𝑓 + ⋅ 𝐵К𝐹 ,  (2.23) 

     k – ,      
  ( . . 3 – 12 6); 

 –  , 2· ; 
F –  , 2; 𝑓К = + , ⋅ − ⋅ = ,  ˚  

    3 – 46 6   f  = 75 ˚ . 

f  = 75 ˚  < f ,  = 200 ˚  

 f ,     3 – 11 [6]. 
   l  : 𝑓 = . ⋅ √ ,  (2.24) 

     q –   , 2; 
J –       , -

   , 2; 
l –    , . 

 ,       200 : 
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, ⋅ √  

: 

 
, ⋅ √  

    « »,      -
,    4 – 2 [6]     : = , ⋅ 𝑏 ⋅ ℎ,  (2.25) 

     b –  , ; 
h –  , ; = , ⋅ , ⋅ = ,  2 , ⋅ √ , = ,  2 √ , = ,   

     « »: 

= ⋅ ℎ
 

= , ⋅ = ,  2 

, ⋅ √ , = ,  2 

√ , = ,   

        
   1,12 ,     . 

    « »,  1,12 ; -
  ,  = 1 . 

   : , ⋅ √𝑖У
⋅ √ ⋅

,  (2.26) 

      –    ,  ( . . 7.2 [10]); 
k  –   ( . . 4 – 5 [6]); 
J  = h·b3/12 –   , 4; 
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 –     ( . . 4 – 3 [6]). , ⋅ √ , ⋅ √ ⋅ ⋅ ,, = ,   

, ⋅ √ ⋅ ⋅ − ,  (2.27) 

     m  –     , /  ( . . 7.2 [10]); , ⋅ √ ⋅ ⋅ ,, ⋅ − = ,   

   l  = 0,46 ,      
  : =  ,  (2.28) 

     l  –    , . 
    ,    : = = , = ,  . 

      : 𝑓 = ⋅ 𝑖У𝑏 ⋅ −  ;  𝑓 = , ⋅ , ⋅ − = ,  / . 

   : 𝜎 = 𝑓 ⋅⋅𝑊 ,  (2.29) 

    W  = b2·h/6 –    , 3; 
l  –   , ; 𝜎 = , ⋅ ,⋅ , = ,  . 

      : 𝜎 = √ ⋅ − ⋅ ⋅𝑊 ⋅ 𝑖У,  (2.30) 

    W  = b·h2/3 –     ( . . 4 – 2 [6]); 
l  –    , ; 
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𝜎 = √ ⋅ − ⋅ ,⋅ , ⋅ = ,   𝜎 А Ч = 𝜎 + 𝜎  (2.31) 𝜎 А Ч = , + , = ,   𝜎 А Ч 𝜎 , (2.32) 

     –       ( . . 4 – 
3 [6]); 

0,93  < 82,3  

 ,    . 
 
2.4     

        
  ,       -

   .  
  110/35/10  № 53 « »  -

 ,       , 
  ,    

  : 
•  – 110 :  № 110–13  «      

»; 
•  – 35 :  «      -

  »; 
•  – 10 :  № 10(6)–1 «   -

  . 
     .  -

   № 53 « »     
  160  ,   – 160/10/0,4. 

    ,   -
   220 .  ,   -

     – 10 ,     
  ( ).      

 ,    
. 

      
– 300 – 1 ,    110    . -

    – 10     220 . -
     36    

 220/36 . 
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3   

       
 –110 II – 20/2500  1,  ,  -

     3.1 
 

 3.1 –    –110 II 
 

   
1 2 

 ,  110 
  ,  126 

 ,  2500 
  ,  20 
   ( ) 40 

 ,    10000 
  ,  ( ) 40 (3) 

  ,  30 
  ,  50 

  ,  60 
,  

(       (   –  -
– ) 

1500 
(1300) 

  ,    ,  31,5 
    ,  0,3 

     %     ,   1 
   ,  4,3 

  ,   +20° C 
–  , a 

 
0,3 

–  , a 0,24 
–  , a 0,22 

  , °C – 50 
  ,  40 

  ,  3 
 

    :  
1.         . 
2.       , ,  

  . 
3. : 

•   ; 
•         

(   ). 
     3–     

« » : 
•  ; 
•   . 
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 3.1     –110 II – 20/2500 
1  . 

 
3.1    

   , .  
           , 

 ,   ,    . 
       

,        . -
          -

  ,       
 ,     . 

 ,     -
 ,     ,    

        .  
        

   [26]. 
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3.2    

  ,     
 ,    ,   
    ,   -

. 
 . 
        -

  ,      ё  
 .      -

  ,   ,   
 .         

    ,    –   1 – 
2 . 

         , 
      .  

 (  )       
     [26]. 

    . 
     20 ˚ : 

−  – 0.5  (5 / 2); 
−  – 0.4  (4 / 2). 

    6      °  
   3.2, : 

)   ; 
)   ,     -

; 
) ,     . 

 
 3.2 –     6    -

  °  
 

 –40° –30° –20° –10° 0° +10° +20° +30° +40° 

1 2 3 4 5 6 7 8 9 10 

) 0.35 0.40 0.42 0.44 0.46 0.48 0.50 0.52 0.54 

) 0.34 0.36 0.375 0.39 0.41 0.43 0.45 0.47 0.49 

) 0.33 0.36 0.365 0.38 0.40 0.415 0.43 0.45 0.47 

 
      ,  

        0,1 . 
       -

      .    
,        [26]. 
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       35 ,   

  10000. 
     : 

−    ; 
−     ,  -

    ,   ; 
−    ,    -
  ; 
−       . 

, ,     -
      , « -

     (  )   
,  – 016 – 2001» [5],    -

 ,        12.2.007.3–75 [27]. 
,       -

,   : ,    , -
           0.125 

.  
  ,    ,    

     . ,  -
         , 

      .       
,      ,      

,      –     
    [26]. 

     .      -
       .   

     ,    
. 

 
4    

4.1      

        -
  .  ,     

       -
   ,  ,    

,    ,  -
  . (  211) [28]. 

 ,   ,  -
   100,    ,  

         (  
217) [28]. 
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,           

  . 
  «   »,      

  « »,     
       –  / /,  

   –  (  
 ) ,       

   . 
      , -

       ,  
  ,    -

,      .  
 
4.2      -

  

  110/35/10  № 53 « »   
  . 

     ,  
      , -

      ,  
 ,   : 

−       
[28]; 

−       -
    ; 
−        

[24]. 
      

,  ,  . 
     -

      .  -
,  ,     -

  ,     , -
        

 –    .  
     ,   -

,    . 
    ,   

    ,      
          -

,         
[24]. 
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       -
      -

.         -
     ,  [28]: 

−  ,     
; 

−  ; 
−    ; 
−          

 36 ; 
−  . 

    -
 : 

−           -
    [1]; 

−         -
,         -

,         -
 ; 

−     D = 200 ; 
− ,    , -

    .    -
     [20]. 

   :    -
,   ,  ,   -
,  ,     .  -

        -
        -

.  
    110/35/10  № 53 « -

»    4.1. 
 

 – 4.1     
 

 
 

 
 

 
 
 

 
-

 
  

  
  

 . -
   

 
 

  
 

1 2 3 4 5 6 

 
110/35/10  
« » 

 -
 -

  
(23.3 / 3  

) 

 
 -

-
 

I–   
 

 
–II 



 

40 

4.3       -
  

  35–110      50 .  -
 110/35/10  № 53 « »    

.        -
.      110    , 

     –     .  -
 35/10     .  

   35    .   10  -
         , -

      ,   -
 ,      [24]. 

      ,  -
   ,   ,   -

    . ё   -
   110/35/10  № 53 « »    

  . 
        

     ,     , -
     .    

    ,      -
     . 

       -
      .    -
  .2.3.9.        

   .        -
  35 ,      20    -

       .   0,38 – 20    
   [7]. 

    ё –   
     II.    

  , ,      
 .        -

    ,       ,  
      , -

  ,      
    .       –  

,        
,       [7]. 

    , , -
     .  

       
         . 
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    ё    –   -
         IV. -

        . -
        ,   

     ё      
110 .         -

         -
  [7]. 

     35–110   ё  -
 ё       ё  

.       35–110 ,   -
  , –     

     [7]. 
     

:   , ё    0,5 3 , , 
 ,    –5; –8. 

 
4.4 ё     110/35/10 

 № 53 « »  

  [1] ё      110   
      R  = 0,5 . -

         -
 ,    ,   -

       
     110/35/10  № 53 

« »  60×88 ²; 1 = 25 · ; 2 = 14 · ; h1 = 1 ; h2 = 4 ; t 
= 0,7 ; l  = 5 ; t .  = 0,12 ; t .  = 0,06 ; I  = 6,6 .  

    ,    -
 :  –   110 . 

  : 𝜏в = 𝑡 . + 𝑡 .в (4.1) 

     t .  –    , ; 
t .  –     (  ), ; 𝜏в = ,  +  ,  =  ,   

 [6]  U .  = 420 . 
    : = ⋅𝛽𝐵⋅𝐿⋅√𝑆 .   (4.2) 

    lB –   , ;  
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 – ,   1 / 2 ,   1 / 2 = 25/14 = 1,8 
 = 0,59  [6]; 

 – ,     R   -
       R ; 

S –   , 2;  
L  –   , ;  

 –    , . 

 = ч

ч+  (4.3) 

     Rч = 1000 ;  
R  = 1,5  . ; 
 .  –    , ∙ ; 

 = + , ⋅ = ,   

k  = 
, ⋅ ,⋅⋅√ ⋅ . = ,   

   : 

U  = 
𝑈 .  (4.4)  

U  = , =  , 

  U   10 ,    . 
     : 

R ,  = 
𝑈

 (4.5) 

     I  – ё     

R ,  = = ,  

       
( )   : √ = √ ⋅ = ,   

    :  

m = √ −  (4.6) 

m = ⋅ , − = ,  
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 m = 7 
    :  

L  = √ ⋅ +   (4.7) 

L  = ⋅ , ⋅ + =    

  : 

b = √   (4.8) 

b = 
, = ,    

     : 

n  = √ ⋅⋅   (4.9) 

n  = 
, ⋅⋅ = ,   

 n  = 58 
   : 

L  = ⋅  (4.10)  

L  = ⋅ =   

 : +𝑡√ ,  (4.11) + ,, = , ,  

: 

 = , − , ⋅ В+𝑡√ ,  +𝑡√ ,   (4.12) 

 = , − , ⋅ + ,, = , . 

  7–7 [6]  1 / 2 = 25/14 = 1,8; =⁄ ; 

ℎ −𝑡 = − , = ,   
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    : 

 /2 = 1,4 ,    =1,4·2  

  = 1,4·14 =19,6 ∙   

  : = А ⋅ 𝜌Э√ + 𝜌Э+  (4.13)  = , ⋅ ,, + ,+ = , , 

    R ,  = 0,42 . 
  : 𝑈 = ⋅ З ⋅ З (4.14)  𝑈 = , ⋅ ⋅ , =  , 

  𝑈   U .  = 420 . 
  4.1  4.2  ё    ё   -
  110/35/10  № 53 « ». 

 
  

  

 

  

 t = 0,7   

 h1 = 1   

  
  
  
 
  

 1  
 lB = 5   
 2  
  = 5   

  
  

 4.1 –      
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60  
 
     •        •         •         •         •         •        •        •        •  
 
 
     •                                                                                 • 
 
     •                                                                                 • 
 S 
 
     •                                                                                 • 
 
     •                                                                                 • 
 
 
     •                                                                                 • 
 
     •                                                                                 • 
 
     •                                                                                 • √  88  
 
     •                                                                                 • 

 
 
     •                                                                                 • 
 
 

 •                                                                                 • 
 
 
     •                                                                                 • 
 
 
     •                                                                                 • 
 
 
     •                                                                                 • 
 b 
 
     •        •         •         •         •         •        •        •        • 
 

 4.2 –      
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4.5   

        -
 ,   ,  -

,    .   -
        -
 .        110   35  

  ,    -
      [30]. 

     2   -
 .    40–60   . 

       -
  110 , 35 ,     -

  . 
    ,  

    ,   ,    
  [1],       . 

   10     ,  
          

    – 10 1. 
  № 53 « »     -

   ,      -
 :  – 110 1;  – 35 1; 

 – 10 1. 
–110   –35       -

 ,    .  
 –110       40 . 

  : 𝑟 = , ⋅ ℎ ⋅ ℎ−ℎ𝑥
ℎ+ℎ𝑥 ⋅ 𝑝,  (4.15) 

      – , = ,√ℎ
  h ≥ 30 ; 

h –  , ; 
h  –   , ; 𝑟 = , ⋅ ⋅ −+ ⋅ , = ,   

  : 

ℎ = ℎ − ℎ𝑥,  (4.16) 

ℎ = − =   

  : 
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= ⋅ 𝑟𝑥 ⋅ ⋅ℎ −⋅ℎ − ,  (4.17) 

      –   , ; = ⋅ , ⋅ ⋅ −⋅ − =   

 –35   4 ,  16 . 
   hx = 8 . 
  : 𝑟 = , ⋅ ⋅ −+ ⋅ = ,   

   h =16 – 8 = 8 . 
  : = ⋅ , ⋅ ⋅ −⋅ − = ,   

    ,    
  ,     -
 ,     .   -

    ,   -
        -

  [30]: 
1.    ,    -

 ,      -
,       ; 

2.      -
       , -

  ; 
3.         -

         -
  . 

      -
    ,    -

    . 
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4.6  

       , 
        

       
   : 

−        
     1 ; 

−        (  
    ); 
−       100 

% ,   ,    19 3. 
       . 

  0,25 .     
  ( )     ,    

      . 
         

       ; 50 %  
      0,25 . 

 

 

 4.3 –    

 
     . 

     ,   -
    . 
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4.7     
 

   ,    -
,      ,   

     .  
         -

  .    
     ,  

        , -
    ,    , 

    .   -
         -

     [1] . 
     – -

    .     -
   ( ),      

     – -
 ,        ( )  -
   ,   – -
 ,  ,     -

     [25]. 
 

 4.2 –       
 

 
 

 
 

 
 

1 2 3 4 

    

 ,   
 , 

.  
 12.004-90 

 

   
 

 
 , 

.  
-98  

( )-2001 

Mepo     

  
 

   
  
 

   № 
90 1996 . 

 .    
 

 
  
 

 2000 . 

    

       
  

 

-98  
-2001 

 ( )-2001 
  

 -5  -8 
  

    
  

  
  

 
 2000 . 
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5 –   

    ,  -
 , ,    . 

     .  
         , 
 ,    ,   -

   ,    . 
 
5.1     110/35/10  № 53  
« » 

 – ,      -
 .       : 

1.      ( ); 
2.   ; 
3.   . 

  –      . 
       , -
  ,    . 

  –    ,   
  . 

         -
  [31]: 

1.    ,     -
   ,    01.01.2001 .; 

2.   ,    ,   -
 . 

        -
   , –     : = + + , . (5.1) 

     –   –     , 
  , ; 

  –    , ; 
 –    ,   : – -

 ,  ,    , 
. 

    –     
  ,     : = + + , .                                                                 (5.2) 

     –  ,     , , 
     , ; 
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 –  ,    –  -
, ; 

 –  ,   ,    -
, . 

    : = + + , . (5.3) 

     –       , ; 
 –      , ; 

 –   ,    –
 , . 
 ё    ,   -

: = ∙ ⋅ , . (5.4) 

     –     , ; 
  –          

2001 .; 
 –   ,    – 0,95. 

      ,   
    . ё  -

        
 : = ∙ ⋅ , . (5.5) 

      –         -
   2001 .; 

 –      , ; 
 –   ,    – 0,65. 

        
:    ,   .  

      . .   τ: 𝜏 =  ∙ 𝜏 , . (5.6) 

     –      2001 ., ; 𝜏   –        τ. 
          -

   : 𝜏 =  ∙ 𝜏 , . (5.7) 

     –       2001 ., ; 𝜏   –         τ. 
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ё      ,  
  (5.6)  (5.7). 

      , -
       , 

 ,  , –  : = ч + + + + , . (5.8) 

    ч –   , ; 
 –  , ; 
  –     , ; 
 – –  , ; 

 –   , . 
  ,    

,        
     [31]: 
•   : 

ч = ч ∙ , .                                                                                (5.9) 

     ч = 0,02 – ,    ; 
 –     . 

•     :  = ∙ , .                                                                              (5.10) 

      = 0,015 – ,      . 
•  : = ∙ , .                                                                              (5.11) 

      = 0,03 – ,   . 
•    : = ∙ , .                                                                               (5.12) 

      = 0,05 – –  . 
•   : = ∙ , .                                                                            (5.13) 

      = 0,005 – ,    . 

• –  : = ∙ , .                                                                                (5.14) 
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      = 0,012 – ,  –  -
. 

  ,     -
 : = + + + , . (5.15) 

     –   , ; 
  –     , ; 
 –  , ; 
 – –  , . 

        -
   : 𝜏 =  ∙ 𝜏 , . (5.16) 

      –   ,    
       . 

    : 𝜏 =  ∙ 𝜏 , . (5.17) 

     = 0,15 – ,     -
,     . 

      -
  ,    ,    -

    . 
 
5.2   

       -
      5.1. 
 

 5.1 –     
 

№ 
/  

  
 
 

- , 
.  

1 2 3 4 5 

1   110  . 1 
 – 110 II – 20/2500 

 1 

2  110  . 1  – 2 – 110 – 630 

3   110  . 2  – 110 1 

4  35  . 1  – 35 – 25/630 1 
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  5.1 
 

1 2 3 4 5 

5  35  . 2  – 2 – 35 – 630 

6   35  . 4  – 35 1 

7   35  . 1  – 35  1 

8   35  . 1  – 35 – 65 1 

9  10  . 2 - -10-100-1600 

10   10  . 2  – 10 1 

11   10  . 1  – 10 

12   10  . 1  – 10 

 
        
 110/35/10  № 53 « »    5.2. 

 
 5.2 –     110/35/10  № 53 « » 

 

№ 
/  

 
 

,  
– , 

. 

  
 

   
, 

. . 

  
–
, 

. . 
 

1 2 3 4 5 6 

    

1 
  

110  
 – 110 

II – 20/2500  1 
1 2100 2100 

2  110  
 – 2 – 110 – 
630 

1 230 230 

3 
 

 110  
 – 110 1 2 29 58 

4  35  
 – 35 – 25/63

0 1 
1 950 950 

5  35  
 – 2 – 35 – 
630 

2 55 110 

6 
 

 35  
 – 35 1 4 10,7 42,8 

7   35   – 35  1 1 150 150 
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  5.2 
 

1 2 3 4 5 6 

8 
 

 35  
 – 35 – 65 1 1 68,7 68,7 

9  10  
- -10-100-
1600 

2 139,5 279 

10 
 

 10  
 – 10 1 2 1,905 3,81 

11   10   – 10 1 13,7 13,7 

12 
 

 10  
 – 10 1 35 35 

     4041,01 

      0,557 

    505,1 

 –   0,468 

  

1 
  

110  
 – 110 

II – 20/2500  1 
1 70 70 

2  110  
 – 2 – 110 – 
630 

1 7 7 

3 
 

 110  
 – 110 1 2 50 100 

4  35  
 – 35 – 25/630 

1 
1 54 54 

5  35   – 2 – 35 – 630 2 5,6 11,2 

6 
 

 35  
 – 35 1 4 1,45 5,8 

7   35   – 35  1 1 13 13 

8 
 

 35  
 – 35 – 65 1 1 6 6 

9  10  
- -10-100-
1600 

2 38 76 

10 
 

 10  
 – 10 1 2 0,9 1,8 

11   10   – 10 1 12 12 

12 
 

 10  
 – 10 1 2,3 2,3 

   359,1 

    107,49 

   89,13 

   5101,9 

  408,1 

   5510 
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    110/35/10  №53 « » 

         
   . 

      -
  ,     -

     I  II . 
       -

      10000 .  -
         -
 110, 35  10 . 

       
 110 . 

    ,   -
         -

  № 53 « ».    
   .   -

       -
  . 

     – -
 ,       -

 110/35/10  № 53 « ». 
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