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ESSAY 

 

Work on the topic "Reconstruction of external power supply with. 

Kommunar ”contains 80 pages of a text document, 17 figures, 19 tables, 21 

sources used, 3 sheets of graphic material. 

ELECTRICITY SUPPLY, AIRLINE OF ELECTRIC TRANSMISSIONS, 

SUPPORT, INSULATOR, MODELING, CAPITAL INVESTMENTS. 

Object of study - external power supply system p. Communard and 

parameters of its operation modes. 

The subject of the study is the methods and methods of reconstructing 

external power supply. 

Scientific novelty is the use of the RastrWin software package in the design 

of electric network elements. 

The purpose of the work is to develop measures to improve the reliability of 

power supply s. Communard. 

Tasks of work: 

1. Design a backup overhead line of 35 kV; 

2. Modeling and analysis of possible operating modes of the external power 

supply system of the village of Kommunar in the RastrWin3 program 

3. Calculation of costs for aggregated indicators 

The main results: 

 the analysis of the source external network is performed s. Communard; 

 the location of the overhead line route, unified supports, insulators and 

linear fittings were selected; 

 an analysis of the indicators of the mode of the electric network after 

reconstruction, the voltages at the nodal points are determined. 

The practical significance of the work is due to the fact that the decisions 

made in the work can be used in the future for the implementation of the project. 
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  . 

    Microsoft Office  

Microsoft World, Microsoft Excel  Microsoft Visio. 
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2.1 В   х ия  и и х 

  

 

2.1.1     35  

 

       

  , , google  [21] ,  

,   ,      

,       

,          

 ,   ,    

 ,  -   ,  

   ,    

 ,  ,    ,  

 ,    ,   

      [18]. 

      ,  

  ,     2.1. 

   16,2 ,    ,   

  ( ).     

 ,   .    

  90 ,    720       

  .  

 



19 

 

 

 2.1 –      

 

        

    (  2.2). 

 

 

 2.2 –      

 

 

 



20 

 

2.1.2     

 

         

 –  ,   ,  , 

    ,  

 ,    , . 

        

      

        

         

       

   , ,    -

  [11]. 

       

        , 

        

    . 

       

         

      . 

   2.5.38    [11]  

     .  

    2.1. 

 

 2.1 –    

    
   III  
   IV  

   W0 650  (32 / ) 
    20 – 40 . 
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2.1.3    

 

       

     .   

  : , - , 

, - , , , -

,    ,   . 

   35        

   [16],     

3.407.1-164 (     35   

 ) [19]. 

      35-1.1,   

 35-3.1,   -  35-1. 

 ,        

   -        

 - . 

   35-3.1   -120/19 

 170 ,       35-1 

  4000 ,    2.5.136  [11] 

  35           

 5    . 

     ,   

 2.3 – 2.5. 
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 2.3 –   35-3.1 

 

 

 2.4 –   35-1 

 

 

 2.5 –   35-1.1 

 

   35-3.1    2.2. 
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 2.2 –     35-3.1 

   ,  
 209 

 261 
 350 

 

   𝐥 , ( )  : 

 𝐥 = , ∙ 𝐥г,                                                                                                (2.1) 

 

 𝐥г –   , . 

 𝐥 = , ∙  =  . 

 

      ,  

   2.3. 

 

 2.3 –  ,      

    
35-3.1 91 
35-1 3 
35-1.1 2 

 96 
 

2.2    

 

    ,    

.  P=5,03 ,  cosφ=0,99.   (S)   

(Q)     2.2, 2.3, . 

 

S =
P

cosφ,                                                                                                    (2.2) 

 

     P –  , ;  
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S –  , . 

 

Q =  S2 − P2,                       (2.3) 

 

     Q–  , . 

 

S =
P

cosφ =
5,03 МВ

0,99
= 5,08 МВА. 

 

Q =  S2 − P2 =  5,082 − 5,032 = 0,71 МВа . 

 

2.2.1    

 

    𝑈 , ( )   

 [3]. 

 𝑈 = 4,34 ∙  + 16 ∙ 𝑃 ,                                                                      (2.4)  

 

     –  , ;               𝑃  –   , . 

 𝑈 = 4,34 ∙  16,2 + 16 ∙ 5,03 = 42,67 В.  

 

     35 . 

 

2.2.2       

 

        

 .       

 . 
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       , ( )   (2.5). 

 

=
𝑆 3∙𝑈 ∙ ,                                                                                             (2.5) 

 

    𝑆  –    , ;  

n –   ;  𝑈  –  , . 

 

=
5,08 3∙35∙1 = 84 А. 

 

     

 ,        . 

     ,  

,       

   .    

   2.4. 

  𝐹э , ( 2)     

    2.6 [16]: 

 𝐹э = ,                                                                                                       (2.6)  

 

    –   , ;  

–   , / 2. 𝐹э =
84 А
0,9

= 93,33 2. 
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 2.4 –    , / 2 

   
  

,  
1000-
3000 

3000-
5000 

 
5000 

   :   2,5   2,1   1,8  
  1,3 1,1 0,9 

        
 ; 

3,0    2,5    2,0  

   1,6 1,4 1,2 

       
:  

3,5    3,1    2,7  

  1,9 1,7 1,6 

 

       

   0,9 / 2. 

        

120/19 [20],       2.5. 

 

 2.5 –    120/19 

  . .  
 -  839-80 

    120/19 - 35 1151 
   0   -70  +90 
    4152,1 

   /  471 
    /  0,471 

   15,2 
     2 136,43 

  . .  
    2 117,62 
    2 18,81 

   390 
 ,    45 

     , 220   114,4 
     , 330   256,62 
   .  / 2 13,5 
   . . . / 2 9,0 

-     1/0 *10-6 19,2 
   / 2 8250 

. . 1      0,244 
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2.2.3        

 

 

         

      RastrWin3 [12].  

        

    (  , ).    

  RastrWin3     

( , , )    ( , 

).  

     ( .   .  

 .   .   . )   

   2.6.  

 

110 В

35 В
35 В

35 В

110 В 110 В

6 В

10 В

10 В

. Е е и

. К а

Э е е ы е е ции

10 В

 

 2.6 –      

 

   ,    2.7 – 2.10,   

     :  
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1)   (   .  – . );  

2)   .  – .  110    35   

 « »;  

3)   .  – . ; 

4)  . 

 

 

 2.7 –   (   .  – 

. ) 

 

 

 2.8 –   .  – .  110    

35    « » 
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 2.9 –   .  – .  

 

 

 2.10 –      («  ») 

 

    ,    

 .     

 [2]:    ( ),   

   ,      
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 ( ).    RastrWin3   

 « »,     2.11. 

 

 

 2.11 –  « » (   

 ) 

 

        

 ,    

       , 

    2.6. 

 

 2.6 –      

     
 

№   

1.   
(   

 – ) 

  4 
 9 

  5 
 10 

  2 
2.    –
  110    
35    « » 

  4 
 11 

  5 
 1 

  2 
3.    – 

 
  4 

 8 
  5 

 11 
  2 

4. «  »   4 
 9 

  5 
 10 

  2 
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   .     

      .  

     2.7. 

 

 2.7 –        

 
  

1 2 3 4 
  110  114,14 113,53 114,2 114,07 
  35  35,87 36,41 35,29 35,8 
  10  10,5 10,45 10,34 10,48 

  35  35,57 34,27 35,19 35,16 
  10/1  10,28 10,14 10,16 10,16 
  10/2  10,34 10,21 10,23 10,22 
  110  113,2 - 113,05 113,35 
  35  34,83 33,24 35,36 34,96 
  6  6,25 6,07 6,34 6,28 
  6  6,21 6,02 6,29 6,23 

  

2.2.4        

 

       ,  

    ,      

       .  

       

RastrWin3,      RastrKZ v3.0.0 [10]. 

       .   

       2.11.     

  .   .    . ,   

   (  2.13 – 2.14). 
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 2.12 –       

 

 

 2.13 –      .  
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 2.14 –      .  

 

 ,     

    2.2.3.     2.14. 

 

 

 2.14 –  « / / » (  ) 



34 

 

     RastrWin3 

   ,    .   

   2.8. 

 

 2.8 –        

  I1,   t   i ,  
   .  

6 0,921 0,052 0,009804 1,827 2,38 
11 4,419 0,038 0,009733 1,773 11,08 
51 0,709 0,012 0,00918 1,468 1,472 

   .  
6 0,57 0,01 0,008989 1,395 1,125 
11 1,384 0,014 0,009287 1,515 2,965 
51 0,709 0,012 0,00918 1,468 1,472 

 

2.3        

 

 ,        

          

     ( ),   ,   

 [5]. 

        

     10      

 1   25  (  ),   

2.5.40 -7 [11]. 

  

2.3.1        

    

 

   (  )      

,    ,    

      ℎ , ( )   

    2.7. 



35 

 

2
,

3
h h f                                                                                                                (2.7) 

 

  ℎ𝑐  –        

        

,        , ; 

f –    ( )      

, . 

 

 ℎ𝑐 , ( )      2.8. 

 

1 ,

m

i
i

h
h

m
 


                                                                                             (2.8) 

 

   h  –       -

,        , ; 

hi –     i-   , ; 

m –    , ; 𝜆 –   , . 

 

    35   𝜆=0,6 , : 

 

2 2 ( 2 3)
,

3
h h h h

h   
                                                                            (2.9) 

 

     h2, h3 –  ,    2.3; 

n –  , .  

 

14,5 14,5 (14,5 4)
0,6 15,23 .

3
h
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 ℎ , ( )       2.10. 

 

2 3 1,h h h n h                                                                                          (2.10) 

 

     h1, h2, h3 –  ,    2.3; 

n –  , .  

 

14,5 4 1 2 20,5 .h       

 

     f, ( ): 

 

2 ,f h                                                                                               (2.11) 

 

    h2 –  ,    2.3, ; 𝜆 –    , ; 

 –  , . 

 

14,5 0,6 3,5 10,4 .f      

 

     fm, ( ): 

 

3( ),f h h z                                                                                   (2.12) 

 

     –  , ; 

h3 –  ,    2.3, ; 

n –  , ;  

z –        

    , : 
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4 3,2
3,2 (170 150) 3,52 .

200 150
z


    

  

 

21 (3,5 1 4 3,52) 9,98 .f      

  

      h , ( ): 

 

2
15,23 10,4 8,3 .

3
h    

 

 

      hm , ( ): 

 

2
20,5 9,98 13,85 .

3
h    

 

 

        Cmax, 

( ): 

 

max 0 1 2,C C k k                                                                                         (2.13) 

 

    𝐶0 –    (𝐶0 = 10 ); 

k 1 –    ; 

k 2 –      ( ). 

 

 : 

  h  = 8,3 < 25 ( ),        

Cmax, ( )     4.4 [14],   

 10 . 

 : 

  hm  = 13,85 < 25 ( ),  Cmax   10 . 
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   Wmax, : 

 

max 0 ,wW W K                                                                                              (2.14) 

 

  W0 –    ,  (   

 4.2, [14]):  III      W0= 650 ; 

KW –   (    4.3, [14]). 

 

  h  = 8,3 ( ),        – 

 ,    KW    4.3, [14], 

   0,65. 

    Wmax, : 

 

max 650 0,65 423 .W     

 

 : 

  hm  = 13,85 ( ),    KW = 0,85.  

    𝑊max
m , : 

 

max 650 0,85 553 .W     

 

2.3.2      

 

       

    –  ,   

  ,        

.         : 

  (      )  

 (  ).       
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   .    

        

.       

   ,      

 .      ( ∙ 2
).  

       – 𝛾1 , 

( ∙ 2
)   2.15. 

 

1 ,
G

F
 

                                                                                                     (2.15) 

 

    G  –      , H 

F –     , 2. 

 

3
1

4,71
34,5 10 ;

136,43
   

 

 

        2 ,  

 ,        

g0 = 9·10-3, 2/ ( )Н     2.16. 

 

0 max max
2

( )
,n p f dg C d C k k k k

F




       


                                                     (2.16) 

 

    Cmax –    , ; 

F –   , 2; 

d –  , ; 

kn –    ,  

: 1,0 –    220 ; 
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kp –  ,    1  1,5 

(    1); 

kf –     ,  1,6  

   III  ; 

kd –   ,  0,5. 

 

3
3

2

9 10 3,14 20 (15,2 20) 1 1 1,6 0,5
116,7 10

136,43



        

  
 

 

         

 – 𝛾3, ( ∙ 2
)   2.17. 

 

3 1 2;                                                                                                    (2.17) 

 

    𝛾1–      , /( · 2);  𝛾2–       , /( · 2).  

 
3 3

3 (34,5 116,7) 10 151,2 10 .        

 

     ,  

     – 𝛾4, ( ∙ 2
)   

2.18. 

 

max
4 ;l Н X n p fW k k C d k k k

F


      


                                                                (2.18) 

 

  x = 1,2 –       

 20      ; 
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kH = 0,76 – ,    

 ,    4.8 [14]; 

kf –     ,  1,1; 

kl = 1,04 – ,      

 ,  1,05    150 , 1,0 –  250 

  ,    170       

: 

 

 1 1,05
1,05 170 150 1,04.

250 150lk


    
  

 
3

3
4

423 1,04 0,76 1,2 15,2 10 1 1 1,1
49,2 10

136,43



       

    . 

 

     ,  

,    – 𝛾5, ( ∙ 2
)   2.19. 

 

 max
5

' 2
;l H X n p fW k k C d C k k k

F


        


                                                   (2.19) 

 

    max' 0,25 0,25 423 105,75W W      .    220    

  W`     200 .  

' 200W  ;  

k  = 1–    4.8 [14]  200W    . 

 

  3 3
5

200 1,04 1 1,2 15,2 2 20 1 1 1,1
10 111,1 10 ,

136,43
          

   
 

 

          

 – 𝛾6, ( ∙ 2
)   2.20. 
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2 2
6 1 4 ;                                                                                                 (2.20) 

 

  𝛾1 –      , /( · 2); 𝛾4 –     ,  

    , /( · 2). 

 

2 2 3 3
6 34,5 49,2 10 60,09 10 .        

 

        , 

  – 𝛾7, ( ∙ 2
)   2.21. 

 

2 2
7 3 5 ;                                                                                                 (2.21) 

 

    𝛾3 –         , 

/( · 2); 𝛾5 –     ,  

,   , /( · 2). 

 

2 2 3 3
7 151,2 111,1 10 187,63 10 .        

 

2.3.3      

 

      . 

       – 𝛾1 , ( ∙ 2
): 

 

3
1

3,3
85,5 10 ;

38,6
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        – 𝛾2 , ( ∙ 2
): 

 
3

3
2

9 10 3,14 20 (8 20) 1 1 1,6 0,5
327,99 10

38,6



        

  
 

 

        – 𝛾3 , ( ∙ 2
) 

  2.22. 

 

3 1 2 ,                                                                                                  (2.22) 

 
3 3

3 (85,5 327,99) 10 413,5 10 .m        

 

     ,  

     – 𝛾4 , ( ∙ 2
): 

 

max
4 ;

m
l x n p fW k k C d k k k

F


      


                                                              (2.23) 

 

   =1,2 –       

 20      ; 

1,04lk  – ,      

 ; 

0,7Нk  – ,    

 ,    4.8 [14],  max 553mW    

     : 

 

 0,7 0,71
0,71 553 500 0,702;

580 500Нk
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3 3
4

553 1,04 0,7 1,2 8 1 1 1,1
10 110,13 10

38,6
        

    . 

 

         

– 𝛾5 , ( ∙ 2
)   2.24. 

 

 max
5

' 2
;l H X n p fm W k k C d C k k k

F


        


                                                   (2.24) 

 

  3 3
5

200 1,04 1 1,2 8 2 20 1 1 1,1
10 341,42 10 ,

38,6
          

   
 

 

 max' 0,25 553 0,25 138,25W W      .    200    

35 ; 

 kH=1    4.8 [14]  200W    . 

 

          – 𝛾6 , ( ∙ 2
)   2.25. 

 

2 2
6 1 4 ;m m m                                                                                             (2.25) 

 

2 2 3 3
6 85,5 110,13 10 139,4 10 .        

 

       ,  

 – 𝛾7 , ( ∙ 2
)   2.26. 

 

2 2
7 3 5 ;m m m                                                                                             (2.26) 
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2 2 3 3
7 413,5 341,42 10 536,2 10 .        

 

2.4      

 

2.4.1    

 

        

     .  

   ,     : 

     ,    

.          

     ,   

     .   

     . 

   ,    

         

[5]. 

         

      . 

   (l 1) –  ,    

         

 ,      –  

    [5]. 

   (l 2)  –  ,    

         

 ,      –  

    [5]. 

   (l 3)  –  ,    
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 ,      –  

    [5]. 

        

   ,    [5]: 

 

 
2 2 2 2

2 2
,

24 24
И

И И
И

l Е l Е Е t t   
 

   
      

                                                (2.27) 

 

 , ,И И Иt   –    ,    

   ; 

, ,t   –    ,    

   ; 

,Е   –       

  ; 

l  –   . 

 

        

   : 

 
3 2 0,D                                                                                           (2.28) 

 

   B  D –  ,     

     . 

 

        

       min ,t 1, mint ,   

 – ,t   1, t    , : 
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min min

1 2
1

min

1
62

;

1

t t
t

k

tcp

t

t t
Е

l
  

 


                
    
 
 

                                      (2.29) 

 

   -6
3

1 23

1
6 72 121 19,2 10 5 ( 40)

2 72 82,5 10
452,62.

34,5 10 72
1

121

l 

              
    

   

 

       

      max ,    max, t    min ,t

1, mint , : 

 

  max  min
2 2

1  max

1

2 6
;

1

t t
l




 
 



     
 

 
                                                                  (2.30) 

 

6

2 23 3

3

2 121 6 19,2 10 ( 10 ( 40))
177,14.

34,5 10 187,63 10
1

34,5 10

l


 



      
  

  
    

 

       

      ,t    1, t    max ,t max,

t , : 

 

   max  
max

3 22
1

maxmax

1  

1
6 - -

2 [ ]
;

-

t

t

t t
E

l







  
 

 

            
                                 (2.31)
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   6
3

3 23 23

3

1
6 121 72 19,2 10 10 ( 5)

2 121 82,5 10
174,13.

34,5 10 187,63 10 121
34,5 10 72

l



 



              
            

 

 , ,  1 2 3l l l    2pl l .   

3.10 [14], ,        

: 

 
010 ;t t    

3
7 max 187,63 10    

2/( );Н   

max 121   
2/( ).Н  

 

2.4.2        

 

         

[5].           

 .     . 

    2.9. 

       

 « ».        

 (2.27): 

 

 
2 2 2 2
1 7

min max min22
min max

;
24 24

t
t

l E l E
E t t



   
 

               
                            (2.32) 

 

 

   

23 2 4

min 2
min

23 2 4

6 4
2

34,50 10 170 8,25 10

24

187,63 10 170 8,25 10
121 19,2 10 8,25 10 40 ( 10) .

24 121

t
t
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    ,  : 

 
3 2
min min92,96 118243,9 0.t t      

 

      

.       

0 100  2/ .Н  

    : 

 
3 2

1 2

100 92,96 100 118243,9
4,19.

3 100 2 92,96 100
  

   
     

 

   : 

 

1 100 (4,19) 104,19.     

 

    .   

   0,1  2/( ) :Н  4,19 0,1  , 

,   ,    

  1 104,19  . 

    : 

 
3 2

2 2

104,19 92,96 104,19 118243,9
0,28.

3 104,19 2 92,96 104,19
  

  
     

 

   : 

 

2 104,19 0,28 103,91.     
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 : 0,28> 0,1, 

,   ,    

  2 103,91  . 

    : 

 

3 2
3

3 2

103,91 92,96 103,91 118243,9
1,04 10 .

3 103,91 2 92,96 103,91
  

    
     

 

 : 3| 1,04 10 |  < 0,1, ,   

 mint  2, 2/ :Н  

min 103,91.t   

      : 

 

 
2 2 2 2
7 7

max max 22
max max

;
24 24

c

l E l E
E t t 

 

   
 

                                             (2.33) 

 

 

   

23 2 4

max 2
max

23 2 4

6 4
2

187,63 10 170 8,25 10

24

187,63 10 170 8,25 10
121 19,2 10 8,25 10 5 ( 10) .

24 121












   
 



   
         

  

 

3 2
max max94,12 3497398,3 0        max 121  2/ .Н  

 

         – 

 ,   – maxt ,   –  ,  

 – t    . 2.9. 

       ,  

       2.34, f i, ( ): 
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i

i
i

l
f







8

2

.             

(2.34) 

 

1)     , ( ): 

 
2

3 ;
8

l
f






                                                                                               (2.35) 

 
3 2151,2 10 170

5,34.
8 102,33

f
 

 
  

 

2)    , ( ): 

 
2

1
max

max

;
8t

t

l
f






                                                                                           (2.36) 

 
3 2

.max

34,5 10 170
2,38.

8 52,27tf
 

 


 

 

3)   , ( ): 

 
2

1 ;
8

l
f






                                                                                                (2.37) 

 

3 234,5 10 170
2,03.

8 61,32
f
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 2.9 –    

  
, 

3 210 /( )Н 
 

, 
0  

  
, 

2/Н  

 
,  

 
 

34,5 30 58,96 2,11 

 
 

34,5 -40 103,91 1,2 

 
 

34,5 -5 70,72 1,76 

 151,2 -10 102,33 5,34 
 

 
187,63 -10 121 5,6 

 34,5 15 61,32 2,03 
 

  ,        

,  ,  ,  

,  ,      

    : 

 

 min mint t  ; t t     ; max max      . 

 

103,91 121 ; 70,72 72 ; 121 121     

          

       : 

 

[ ];f f  max [ ].tf f  

 

5,34 6,9 ; 5,6 6,9 , 
  – ,   

      . 
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2.4.3    

 

     .   

        [5] (   

), : 

 

1 ,f f h z                                                                                        (2.38)  

 

 3,52z   –       . 

 

2,03 2 0,6 3,52 1,11f      . 

 

        

   , 2/H : 

 

2
1

15

;
8

l

f

 


                                                                                                (2.39) 

 

3 285,5 10 170
278,26.

8 1,11


 
 

  

 

         

      : 

 

 
2 2 2 2

7 1
max max2 2

max

;
24 24m

l E l E Е t t 


   
 
   

      
                                      (2.40) 

 



54 

 

 

   

23 2 4

max 2
max

23 2 4

6 4
2

536,2 10 170 18,5 10

24

85,5 10 170 18,5 10
217,33 12 10 18,5 10 10 15 .

24 217,33












   
 



   
        



 

 

 : 

 
3 2

max max238,35 64048940 0       

 

    : 

 
3 2

1 2

380 238,35 380 64048940
172,96

3 380 2 238,35 380
  

   
   

. 

 

   : 

 

1 380 172,96 552,93.     

 

    .   

   0,1  2/( ) :Н  

 

172,96 0,1  , 

 

,   ,    

  1 552,93  . 

    : 

 
3 2

2 2

552,93 238,35 552,93 64048940
49,15.

3 552,93 2 238,35 552,93
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   : 

 

2 552,93 49,15 503,78.     

 

 : 

 

49,15> 0,1, 

 

,   ,    

  2 503,78  . 

    : 

 

3 2

3 2

503,78 238,35 503,78 64048940
6,36

3 503,78 2 238,35 503,78
  

  
     

 

   : 

 

3 503,78 6,36 497,42.     

 

 : 

 

6,36> 0,1, 

 

,   ,    

  3 497,42  . 

    : 

 
3 2

4 2

497,42 238,35 497,42 64048940
0,09

3 497,42 2 238,35 497,42
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 : 

 

0,09< 0,1, ,    max
m
  3,

2/ :Н  

 

max 497,42.m
   

 

         

,     2.10. 

 

 2.10 –     

  , 
3 210 /( )Н   

 
, 

/ 2 

  
, / 2 

 
 

85,5 420 257,16 

  85,5 600 319,45 
  536,2 600 497,42 

 

   ,       

. 
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3   

 

3.1      

 

3.1.1   

 

    35     

   ,   

     .    

 .  ,     

       2,5,    

  –   5,0 [11]. 

      

  ,     G ,  G  

  G .    . 

         

 : 

 

 
 

2,5 ,

5,0 ,

э

э

G G G

G G G

   


                                                                                       (3.1) 

 

     G  –      ,  ; 

G  –      ; 

G   –      ; 

эG  –   . 

 

        , Н : 
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1 ;еG F l                                                                                                 (3.2) 

 
334,5 10 136,43 261 1228,5.G       

 

    ,    

, Н : 

 

7 ;еG F l                                                                                                (3.3) 

 
3187,63 10 136,43 261 6681,2.G       

 

     , Н : 

 

2,5 (6681,2 400) 17703,

5,0 (1228,5 400) 8142,5,

  
   

 

 

     -70   

,    3.1,   

  70000 :Н  

 

17703 < 70000, 

8142,5 < 70000, 

 

. .  . 

 

 3.1 –    -70  

 
  

 ,  
,  

 

 , 
D,  

  , 
 

 
 

,  

 
 50  

(  ),  

, 
,  

 

70 255 127 303 40 3,4 
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 [7]: 

 

,э

э

U
n

l

 


                                                                                              (3.4) 

 

    1,15 ;U U                                                                                             (3.5) 

э –     ,   . 

5.2 [14],   II : 2,35 / 23,5 / ;э    

эl  –        3.6.  

 

,э

l
l

k


                                                                                                     (3.6) 

 

 k –  (   ). 

 

1 0,5 1
l

k
D

 
   

  ,                                                                                       (3.7) 

 

     l  –   ; 
D  –   . 

 

303
1 0,5 1 1,09;

255
k      

   

 

303
276,98;

1,09эl  
 

 

23,5 40,25
3,4.

276,97
n
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    .  ,  

      . 

        

 , Н : 

 

2
2

max

2
2

2,5 ( ) ;
2

6,0 ( ) ,
2

э

t э

G
F G G

G
F G G





          

        

 

                                                            (3.8) 

 

2
2

2
2

6681,2
2,5 (121 136,43) 400 42316,3;

2

1228,5
6,0 (70,72 136,43) 400 58208,95.

2

          

        

 

 

 

  ,      

  -70   ,    

3.1,     70000 :Н  

 

42316,3 < 70000, 

58208,95 < 70000, 

 

. .  . 

     : 

 

303
1 0,5 1 1,09;

255
k      

   

 

303
276,98;

1,09эl  
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23,5 40,25
3,4.

276,97
n


 

 

 

    .  ,  

      . 
 

3.1.2    

 

       

        . 

    : 

• ,     ; 

•   –       

     ; 

•   –      

   ; 

•  –      

   . 

     ,  , 

          I.  

           

 [5].        

          2,5 [7]. 

       

, Н : 

 

2,5 ( ) ;G G G                                                                                          (3.9) 

 

2,5 (6681,2 400) 17703.    
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   –  [14]  

    ,  

    3.2– 3.5. 

 :       -

7-1,  -7-16,    -3-5,  1-7-16. 

 

 3.2 –   -3-5 

L,  H,  H1,  d,  A,  ,   , Н  
220 67 111 16 20 1,1 29,4 

 

 3.3 –       -7-1 

D,  D1,  d,  L,  H1,  H,  , 
 

 ,  

16 17 16 80 135 82 0,8 70 
 

 3.4 –  -7-16 

b,  D,  D1, 
 

d,  H1  H  , 
 

 ,  

16 42 17 17 65 99,4 0,3 70 
 

 3.5 –  1-7-16 

B1,  B2, 
 

b, 
 

D, 
 

D1, 
 

H, 
 

H1, 
 

,   , 
  

52 58 16 17 19,2 96,5 123 0,67 70 
 

    , H: 

 

2
2

max2,5 ( ) ;
2

G
F G G

      
                                                               (3.10) 

 

2
2 6681,2

2,5 (121 136,43) 400 42316,3.
2
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        , 

   .     -

3-5   . 

-3-6        

3.6. 

 

 3.6–     -3-6  

,    
, ,   

, 
 

 
 ,  B B1 B2 L L1 

23 51 81 186 247 47 4,14 88,2 
 

     : 

 

. ,G n G G                                                                                      (3.11) 

 

    G
 –   ; 

G  –    . 

 

. ,n H H                                                                                      (3.12)  

 

    H
 –   ; 

H  –    . 

 

 . 4 34 11 8 3 6,7 164,7G        ; 

 

. 4 127 67 82 99,4 96,5 852,9 0,853 .          

 

   .     ,   

      f : . , . .0,853 0,6.е    
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,    f   (2.11),   

   : 

 

  2 ;f h     

 

  14,5 0,853 7 6,65f     . 

 

    f     

   : 

 

 max

5,6 6,65;
tf f


      

5,34 6,65.

f f


 

 

         

     – . 

          

         ,   

,   . 

       . 

       , 

    .    -1,6-

11-400/20,      . 

        

, : 

 

1,3 ;t
n

F
l d

G
   

                                                                                    (3.13) 
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136,43
1,3 17,1 7,072 622,99.

1,2285
l     

 

 

    .   

   : 

 

2,5 ( ) ;m m mG G G    

 

7 ,m m m
еG F l    

 
3536,2 10 38,6 261 5402 ,G Н      

 

0 ,m
uG H  

 

2,5 (5402 0) 13505 .H    

 

    ,      

  .      

   -2-10,    

  3.7. 

 

 3.7 –            

-2-10 

,     , 
 

,    
,  L H 

240 17 8,0-13,0 1,94 30 
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3.2    

 

  ,      

.         

 . 

  : 

1.     : 

)    ; 

)  . 

2.   : 

)   ; 

)   ; 

)   . 

3.   : 

)   ; 

)   . 

4.   : 

)  ; 

)    . 

5.   : 

) ; 

) . 

      ,   

    , 

   , ,  

      35    

   . ,    . . 

,    №49 110/35/10 " "    

  230 5(7,5) . ,  , 
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, . .  . .  

     

 234 ART-01POR      RS485 (A –  

   ; R –    

   ; T –   ; P 

–  ,   ,   

,     ,   

  (  );  –   

\  ;  R – RS485)    

     ,    

       

         

 [6]. 

      1000    

   (  3.1)     

     ,    

   . 

 

 

 3.1 –     
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       3.2. 

 

 

 3.2 –     

 

      

: 

1.        

; 

2.        

  « »,   ; 

3.       ; 

4.     . 

 

3.3       

 

 

        



69 

 

35        

  -120/19,      

      . 

     ,   

     -  

    . 

     

  35      

      

      , 

     ,   

       

   ( )     

,         [15]. 

     , 

     (    1  2000 )  

 .  

     35    

[15]: 

1.   -  : 

.      ; 

.    ; 

.    ; 

.     ; 

.    . 

2.      . 

 

        

,    , -  

   ,    .   
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       [15]: 

1,5% – ;  

2,5-3,3% –     (    

   0,8); 

7,5-9,0% – -     ; 

2,6-3,18% –   - ,  

; 

5,0-8,0% –     (     

,        

    ,    

,       , 

    ); 

3% –   (      

10%).  

     35   

 22,1 %. 

  4 [15]      

 – 1,003. 

 

 3.8 –      35    

  

№ 
/    

, 
. . 

 
. .   

 
, 

. . 

1 
  35   
  

16200  
576 
. /  

576·16,2·1,003 9359,19 

2 
   

 
16200  

105 
. /  

105·16,2 1701 

 : - - - 
11060,19 

3 

 
  (  

  
 

 22,1 %) 

22,1 % - 11060,19·1,221 13504,49 
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  3.8 –      35   

   

№ 
/  

 
 

, 
. . 

 
. .   

 
, 

. . 

4 

 
   2020 

  - 
  

5,63 - - 

- 

5 
 

   2020 
    

8,35 - - - 

6 

  
-

  (  
  

 ) 

80 % - 
13504,49·0,8·5,

63 
60 824,22 

7 
  (  

  
 ) 

20 % - 
13504,49·0,2·8,

35 
22 552,5 

8 
  
  

 35  
1 

940 
.  

940·1 940 

 
 (   

  2020 )    84 316,72 

 

   1  2020 .    35  

:  

- -     

 

13504,49·0,8·5,63= 60 824,22 . ., 

 

 5,63–     -

     ,   

     1  2020  

(  № 1      19.02.2020 № 5414-

/09 -        

 ) [9]; 

 



72 

 

-   

 

13504,49·0,2·8,35=22 552,5 . ., 

 

 8,35–        , 

       1 

 2020  (  № 1      

19.02.2020 № 5414- /09 -     

    ) [9]. 

 

       

 940 . . 

    : 

-  (60%); 

-  , ,    (22%); 

- , ,     (18%). 

     35 :   

 

60 824,22 + 22 552,5+940= 84 316,72 . . 

 

    .  – . ,  

   ,  : 

 

84 316,72 + 107 521= 191 837,72 . . 

 

3.4 -     

  .  

 

     . .  

 –    35 ,    
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. ,    –     

  110    ,    . . 

   ,       

 3.3,  84 316,72 . . 

      

  110        , 

  150 2. 

 

 3.9 –      110    

  

№ 
/    

, 
. . 

 
. .   

 
, 

. . 
   110   /      

1 
  110   
  

45000  
971,5 
. /  

971,5·45·1,003 43848,63 

2 

  
 (    

 
 22,1 %) 

22,1 % - 43848,63·1,221 53539,2 

3 

  
  2020   

-  
 

5,63 - - - 

4 
  

  2020   
  

8,35 - - - 

5 

  -
  (  

  
 ) 

80 % - 53539,2·0,8·5,63 241140,56 

6 
  (  

  
 ) 

20 % - 53539,2·0,2·8,35 89410,46 

 
 (    

 2020 )   - - - 330551,02 

     

1 
  

  45000  
6,3 
. /  

6,3·45 283,5 

2 
  110 

 
45000  

6,9 
. /  

6,9·45 310,5 

3 
 

  
110  

45000  
1,3 
. /  

1,3·45 58,5 
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  3.9 –      110   

   

№ 
/  

  , 
. . 

 
. .   

 
, 

. . 

 
 (   

) - - - 652,5 

4 

  
  2020   

-  
 

5,63 - - - 

5 

   
 (   
  

) 

100 % - 652,5·5,63 3677,58 

 
 (    

 2020 ) - - - 3677,58 

  

 

  
    
  (   
  2020 ) 

- - - 334 228,6 

 

  3.9 ,     , . . 

   110       

(     35 )   2 . 

 

3.5      110/35/6 

.  

 

   35      

   110/35/6 . .    

   ,  ,   , 

      35     .  

     . 

        

. 
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,    .     

 . ,    

    -35    

    -35 -630 [4]. 

   3.3    35 .  

  ,  ,  –  

. 

 

35 кВ 35 кВ

110 кВ 110 кВ6 кВ 6 кВ

ВЛ
 3

5
 к

В 
от

 
с.Е

фр
ем

ки
но

 

 3.3 –    35   .    

.  
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Ч  

 

      

   . .   

    35 ,    

    . ,      . . 

   ,   -7,  

  ,     . 

    :   , 

     (   -120/19)  

   .     , 

    – 35-3.1,  – 35-1.1  

 – 35-1.       

 ,  .   -70   

   . 

   RastrWin3    

      .   

  ,      

      . 

        

    ,     

. 

       

 .       

   234 ART-01POR     

 . 

      

  ,     

      -  

   .  – .    
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 .  – . ,   84316,72 . .  334228,6 

. ., . 

 ,     ,  

        

,  .    .     

110   35 , .  
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