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 2.1 –    

     / ,  ¾ / ½ 
 , /  120 
 , /  500 

   , /  450±50 
  , ° 0-45 

  (  ), 3 /  9 
  P ,  50 

 ,  3N~ 50  380 ± 
  , ,   35 

  , ,   2,0 
 

      

    N  =100 .  , -

        

        =0,7: 

 

P  = P  ∙ N   ∙  , (2.1) 

P  = 50∙100∙0,7=3500 . 
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3     

 
 
3.1 Э   -  -

   

 - -       

      , [2]. 

    -    

     ,  – -  . 

     ,  -  –  

,     -   . 

  . - -        

  .         -

        21 . 

     138 -

 40   141  30     51  31 -

, 54  20   .     

  17188,3 2. 

  - . - -  -     

.     .    582-    -

  . - -    977-    -   

. . 

       (  -

, , , , , ,  

,  ),   (    - ),   -

 ,   (  ,   ),  

    ( ) –  -

.  

 . - -      

 - ,  .    

    .    -
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  + 10   90-135 .   

     ,     

 .     513 . 

        6-8 . 

   .    -

       165-200 .  

    30 .,     - 60-90 -

.     25,6 ,  – -

 2,3   . 

      :  

  ;  

  ;  

;  

;  

   ;  

   .  

3.2 ё        

     -

      2016 .  -

      ,  -

 – 2,5 .       -

 3,5 . 

       P  -

 : 

 

max

max

PP =
k

.                                                            (3.1) 

3,5
3,18

1,1
  . 

 



 14 

     kmax=-  ,    -

 1,1. 

  3.1     2016    

 . 

 3.1 -    2016  

 

 
  2016  tg(φ) 

   2016  

P, 
 

Q, 
 

S, 
 

P,  Q,  

 1 8,10 1,70 8,28 0,21 7,36 1,55 

 2 5,76 0,90 5,83 0,16 5,24 0,82 

  8,04 2,20 8,34 0,27 7,31 2,00 

 1,20 0,40 1,26 0,33 1,09 0,36 

 

 ё      5    -

 . 

3.3    

 ё       -

 ё         

.          

      

. 

      -

. 

 

 1
t t

P     ,          (3.2) 

 1
t t

P     , (3.3) 

 

      -      ( CPP ); 
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  -     (   -

   =1,5 %); 

t  - ,     ; 

t  -   ё  (    ). 

 ё        

  : 

 

 5max 3,5 1 0,015 3,77P      . 

 

     -

.       

. 

      -

 ё    3.2. 

 3.2 -    

 tg(φ) 
  

  
 

  

P,  Q,  P,  Q,  

 1 0,21 8,73 1,83 7,93 1,66 

 2 0,16 6,21 0,97 5,64 0,88 

  0,27 8,66 2,37 7,87 2,15 

 0,33 1,29 0,43 1,18 0,39 

 0,40 2,69 1,08 2,45 0,98 

 0,40 3,77 1,51 3,43 1,37 

 
 ,    -

    .  

3.4    

   1    -

  :  
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max

max

Q
tg

P
  ,                                  (3.4) 

1,7
0,21

8,1
tg   , 

  

      maxP   –    ; 

maxQ  –    . 

 =       . 

      « -

        -

     (  -

 )   », ё  -

    23  2015 . 380 [7]. 

    ,   

        0,4  

[7]. 

3.5    

       -

  ё  ,    

 ё ,     ,  ё 

     .   

       . 

        

  ,     -

    ,      -

   .    

   –      -

  (  ,   . .). 
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3.6 ,       

    2  3  ё ,   

      -

,     , [4]. 

      2   

 . 

 №1     3.1.    -

         

-35    . 

 

 3.1  –  1 

 

       

 -35 .  –  ё  -

   . 



 18 

 2         

  110    -110    - -

,  3.2. 

иколае кая ТЭЦ

а о 110/10

Белая о а 110/6

о о е ши ая 110/
6

Ч ы а

О е и  

 3.2 –  2 

 

      110   , -

       .  -

     -110  -

  - . 

       

 «    »   .  

          

 3.3.  
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 3.3 –     

№        

1 5 (35 ) 18 (110 ), 16  (35 ) 

2 2 (110 ) 34  (110 ) 

 

      -

    . 

3.7      

        

        

  .      

 ,          

  .     -

     .   

    : 

 
2 2P Q

S S
N k


 


,                                                    (3.5) 

 

  N  –    ; 

çk  –  (  k  = 0,7  N = 2) 

      

, : 

k  = 0,5…0,7 (0,75) –    ; 

k  = 1…1,4 –   ,    -

          -

   , [4]. 

       , -

  : 
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2 2P Q
k

N S





.                                         (3.6) 

2 2
/

( 1)

P Q
k

N S




 
                                            (3.7) 

 

 
/k >1,4,        -

 III ,   .     

       . 

 ё       35 . -

 ё   , : 

 

2 23,4 1,4
2,6

2 0.7
S


 


. 

 

         

ё   4000/35. 

         -

 : 

 

2 23,4 1,4
0.46

2 4
k


 


. 

2 2
/ 3,4 1,4

0.92
(2 1) 4

k


 
 

. 

 

         

 ,    4000/35. 

         

         

3.4. 



 21 

 3.4 –      

 
, 
 

Q , 
 

N  

 
 

-  S , 
 

 
 

-  S , 
 

-
 
 

-   

-
 
 

-   
-

 1 
7,9 1,7 1 11,6 16 0,51 0,86 

-
 2 

5,6 0,9 1 8,2 10 0,57 0,86 

  7,9 2,2 2 5,8 6,3 0,65 1,30 

 1,2 0,4 1 1,8 16 0,08 0,08 
 110 

 
2,4 1,0 2 1,9 2,5 0,53 1,05 

 110 
 

3,4 1,4 2 2,6 6,3 0,29 0,59 

 
110/35  

5,88 2,4 2 4,5 6,3 0,50 1,00 

 35  3,4 1,4 2 2,6 4 0,46 0,92 

 

   . 

      . 43.4, 43.5, [2] 

     pI ,   , -

    ,      . 

      : 

    –    ;   

  –    , -

   ,    . 

        -

      -   .  pI  -

  : 

 

Tip II   5     (3.8) 

 

    5I  -        ; 

i  - ,      -

; 
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T  - ,     -

   T        (  -

 M). 

  
i      

 -  .   110—220   i =1,05, 

        

     . 

         

       -

.    α     . 

43.6, [2]. 

    5      -

     3.  ,   -

  .       -

      ,   

: 

 

   
cnU

QP
I
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max
5

3
,         (3.9) 

 

      maxP   -  ( )   ; 

Q  -   ( )  -

 ; 

U  -   ; 

cn  -    . 

    3   ё .  

      110    

ё       : 
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2 2

5

3,77 1,51
21

3 110 1
I


 

 
  

21 1.05 1 22pI       

 

      70    

   35  (   )    265 

.          21 ,  

    .    

–  110-1   1 110-2. 

        -

    3.5-3.6. 

 3.5 –    

 
 

, 

 

Q , 

 
U, 

 
N  maxI , 

 
αi α  

I , 

 

 
 -
,  

 
, 

2 
-

 
6,46 2,59 110 1 0,037 1,05 1 0,038 36-120 150 

-
 

3,77 1,51 35 1 0,067 1,05 1 0,070  35 70 

-
 

6,46 2,59 110 1 0,037 1,05 1 0,038 36-120 150 

-
 

3,77 1,51 110 1 0,021 1,05 1 0,022  35 70 

 

 3.6 –    

  
 

,  
 

 
 

,  

 
 

,               

 
 

             
-

 
110 1 37 450 150 

-
 

35 1 67 265 70 

-
 

110 1 37 450 150 

-
 

110 1 21 265 70 

 

        . 
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4    

 

 

      -

 . 

 

                                                                                                    (4.1) 

 

      –  ,  0,1; 

 –  ,    -

 ; 

 –       . 

,        

        : 

 

                                                                                                   (4.2) 

  

     : -

    ,  

,      -

        , -

 ,  : 

 

                                                                       (4.3) 

          

      -

  [5].  

      (1   

2017 )     2000  2000  = 4,28,  
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[6].  [5]      

=1,4  =1,3   . 

       1, . 

.: 

 

110/35 352 2    ;                             

2 4075 2 1825 11800     .     

 

       2, . 

.: 

 

110 1102 2    ;                             

2 3240 2 3400 13280     ;      

                     

       1, . .: 

 

2 110 2 35 1 35 110 352 5       ;   

15200 1200 1800 2 7300 5 600 35800        .   

 

       2, . .: 

 

2 110 1102 4    ;   

2 15200 4 7300 59600     .   

 

        1, . .: 

 

2 110/35 2 35  ;         

7250 5000 12250   .   
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        2, . .: 

 

2 1102  ;         

2 5500 11000   .   

 

      1, . .: 

 
2000 2000 2000                               

11800 4,28 1,3 35800 4,28 1,3 12250 4,28 1,3 333.           

 

      2, . .: 

 

13280 4,28 1,3 59600 4,28 1,3 11000 4,28 1,3 466,7.           

   

      : 

 
91

0 l                                                                                       

 

    0 –    1  , . .; 

          l –       , .   

  1   , . .: 

 
2000

95 1 35 95 1 35 150 1 110 150 1 110( ) ,l l              

(970 32 1050 36) 4,28 1,4 412,5,        

 

  2   , . .: 

 
2000

150 1 110 150 1 110( ) ,l        

(1050 68) 4,28 1,4 427,8,      
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      :  

      ( Э. ); 

    ( ); 

    ( ΔW). 

       , . 

.: 

 

. . . . .Э Э Э     ,                                                                       (4.4)     

 

   αЭ. . , αЭ. .  –        

  ,  [5] αЭ. .  = 0.008; αЭ. .  = 0.059.  

       1   

, . .: 

 

. 0,008 412,5 0,049 333 19,6Э      ,                

 

       2   

, . .: 

 

. 0,008 427,8 0,049 466,7 26,3Э      ,                

 

       (  = 20 

), . .: 

 

 .                                                                                                     (4.5)  

 

        -

 1 (  = 20 ), . .: 
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745,5
37,3

20
  .          

 

        -

 2 (  = 20 ), . .: 

 

894,5
44,7

20
  .        

          

    , . .: 

 
W WW C                                                                                                    (4.6) 

 
    W –  ;  

         WC  -    ,   

1689 / * ,  [7]. 

     ё   

  1  2, * :  

 

W P T                                                                                                     (4.7) 

 

     , –     (5500 ); 

Δ  –      ё  ,  

  1: 

 

441 1689/1000 0,745W    . . 

19,6 37,3 0,745 57,6     . . 

0,1 745,5 57,6 132,2     . . 

 

  2: 
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107,5 1689/1000 0,182W     

26,3 44,7 0,182 71,2     . . 

0,1 894,5 71,2 160,7     . . 

 

    4.1. 

 4.1 –     

 №  1 2 

.Э , .  3,3 3,4 

, .  16,3 22,9 

ΔW, *  441,0 107,5 

       110 , / *  1689 1689 

W , .  0,745 0,182 

, .  57,6 71,2 

, .  745,5 894,5 

  10,00% 10,00% 

, .  132,2 160,7 

 

  1,        5%: 

 

160,7 132,2
100% 18%

160,7W


   . 
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5 Ё        -

   

 

 

 ё     ё    -

         . 

    ё      -

 5.1. 

 

 5.1 -     ё    

    ё    

    . ё   
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      -

 .  

    110   –   35   – 

  .  ё     -

        № 1  

   5.1-5.3. 

 5.1 –       

 Z,  Qc,  
0-1 0,12+0,405i 0,017 
1--2 26,136+53,592i 2,156 
1--3 3,564+7,308i 0,294 
5--6 4,896+6,736i   
7--12 8,132+17,009i 0,686 
10--11 4,896+6,736i   

0-7 0,12+0,405i 0,017 
12--13 0,832+1,705i 0,069 
12--14 10,149+17,709i 0,672 
14--15 14,108+24,499i 0,928 
7--8 3,564+7,308i 0,294 

 

 5.2 –      

 S,  Z ,  
2 6,21+0,97*i 7,935+138,863i 
4 1,35+0,54*i 26,657+225,665i 
6 1,89+0,75*i 2,565+22,969i 
13 1,29+0,43*i 4,649+86,789i 
14 8,66+2,37*i 8,33+110,208i 
15 8,73+1,83*i 7,935+138,863i 
9 1,35+0,54*i 26,657+225,665i 
11 1,89+0,75*i 2,565+22,969i 

 

 5.3 -  ё    

 
U  , 

 
U  

,  
Δ, % 

U  

,  
U  

,  
U  , 

  Δ, % N  

 110 113,763 3,4% 10,5    
 

  
  35 37,868 8,2% 10,5 10,84 10,524 -0,2% 2 
  110 113,192 2,9% 6,6 6,496 6,61 -0,2% 1 

 110 113,02 2,7% 10,5 10,811 10,43 0,7% -2 
-

 1 
110 111,659 1,5% 6,6 6,408 6,64 -0,6% 2 

-
 2 

110 114,378 4,0% 6,6 6,564 6,56 0,6% 0 

 35 38,096 8,8% 10,5 11,973 10,54 -0,4% -8 
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    ё      

 5.2. 

 

 5.2 -     ё    

      110   –

,  ,  1  2        

 – .       35  

- .  ё     -

        № 1  -

   5.4-5.6. 
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 5.4 –       

 Z,  Qc,  
0--2 26,256+53,997i 2,173 
7--12 8,132+17,009i 0,686 
10--11 4,896+6,736i   

0-7 0,12+0,405i 0,017 
12--13 0,832+1,705i 0,069 
12--14 10,149+17,709i 0,672 
14--15 14,108+24,499i 0,928 
7--8 3,564+7,308i 0,294 

 

 5.5 -  ё    

 
U  , 

 
U  

,  
Δ, % 

U  

,  

U  
,  

U  , 
  Δ, % N  

 110 113,763 3,4% 10,5    
 

  
  35 37,868 8,2% 10,5 10,84 10,524 -0,2% 2 
  110 113,192 2,9% 6,6 6,496 6,61 -0,2% 1 

 110 113,02 2,7% 10,5 10,811 10,43 0,7% -2 

-
 1 

110 111,659 1,5% 6,6 6,408 6,64 -0,6% 2 

-
 2 

110 114,381 4,0% 6,6 6,564 6,56 0,6% 0 

 35 38,096 8,8% 10,5 11,973 10,54 -0,4% -8 

 

 5.6 –    ,  

110 35 
 

 
 

 
1 

 
2 

 

0,03 0,01 0,055 0,001 0,052 0,026 0,009 

 

 5.7 –      

 
        

 %  %  % 
 0,966 3,1% 0,183 0,6% 0,783 2,5% 

 0,944 3,0% 0,183 0,6% 0,761 2,4% 
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 5.8 –         
  

  ,  ,  ,  
0-1 9,659-1,491i 0,001+0,003i 0,001 
1--2 6,339-2,624i 0,085+0,175i 0,085 
1--3 3,319+1,163i 0,004+0,008i 0,004 
5--6 1,923+0,892i 0,018+0,024i 0,018 
7--12 19,6+6,06i 0,271+0,568i 0,271 
10--11 1,923+0,892i 0,018+0,024i 0,018 

0-7 22,925+7,209i 0,006+0,019i 0,006 
12--13 1,312+0,442i 0 0 
12--14 18,017+5,05i 0,281+0,491i 0,281 
14--15 8,895+2,069i 0,095+0,164i 0,095 
7--8 3,319+1,163i 0,004+0,008i 0,004 

 0,783 
  

0--2 6,34-2,657i 0,086+0,176i 0,086 
0-7 22,925+7,209i 0,006+0,019i 0,006 
7--8 3,319+1,163i 0,004+0,008i 0,004 

10--11 1,923+0,892i 0,018+0,024i 0,018 
7--12 19,6+6,06i 0,271+0,568i 0,271 
12--13 1,312+0,442i 0 0 
12--14 18,017+5,05i 0,281+0,491i 0,281 
14--15 8,895+2,069i 0,095+0,164i 0,095 

 0,761 
 
 5.9 –       

 I ,  I ,  S, 2 J , / 2 J , / 2 
  

0-1 51 610 240 0,21 1 
1--2 33 410 120 0,28 1 
1--3 17 450 150 0,11 1 
5--6 32 265 70 0,34 1 
7--12 103 450 150 0,69 1 
10--11 32 265 70 0,34 1 

0-7 120 610 240 0,50 1 
12--13 7 450 150 0,05 1 
12--14 95 450 150 0,63 1 
14--15 47 410 120 0,39 1 
7--8 17 450 150 0,11 1 

  
0--2 36 410 120 0,30 1 
0-7 126 610 240 0,53 1 
7--8 18 450 150 0,12 1 

10--11 11 265 70 0,12 1 
7--12 108 450 150 0,72 1 
12--13 7 450 150 0,05 1 
12--14 98 450 150 0,66 1 
14--15 48 410 120 0,40 1 
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   ё  ,    -

: 

       32144-2013 [10]  -

   ; 

          -

  ; 

        -

; 

       -

       -

,     . 
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6     

    

 
 

      -35     

- -       

.       [8]. 

  : 

 -         

   . 

-        

. 

-        . 

 : 

-          

    ,    -

.        -

      -

   ,      -

     . 

-          

      -

       

  35 . 

  

-   . 

-        

 . 

-     . 
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 10         

  [10]. 

 : 

-       -

    . 

-      -

      -

  -  . 

-          

      -

   35 .  

  

-   . 

-        

 . 

-     . 

     . 
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7     

 
 

    [6]: 

1.      ; 

2.         

   ; 

3.     . 

      6        -

 7.1. 

 

 7.1 –   

        

(  2),     : 

63S  : 

1 6.3U   . 

2 10,5U   . 

3 37U   . 

4 115U   . 
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 1 –   -63,  : 

1 63  , cos 0.8  ,  1" 0.139dX  , [4]. 

    : 

 
* cos

"d
S

X X


                                                                                      (7.1) 

*
1

63 0.8
0.139 0,111 . .

63
X


    

 
       S  -  . 

   ё     -

     : 
 

* 2 2(1 sin " ) ( " cos )d dE X X                                                               (7.2) 

* 2 2
1 (1 0.6 0.139) (0.139 0.8) 1.056 . .E        

 

 2 –   -2-12-2,  : 

2 12  , cos 0.8  ,  2" 0.183dX  , [4]. 

    : 

 

*
2

63 0.8
0.183 0,769 . .

12
X


   .                                                     

 

    : 
 

* 2 2
2 (1 0.6 0.183) (0.183 0.8) 1.076 . .E                                 

 

    : 

 

*
2

1

'
P

X S
X

U


                                                                                                 (7.3) 



 40 

*
2

0.25 63
0.397 . .

6,3PX


   

 

  'X  -     [4], 0,25 ; 

1U  -   1 ,     6,3 . 

   -    -  

  : 

 

*
2

S
X X L

U
                                                                                                          (7.4) 

 

       L  -  , ; 

X  -      -95, 
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*
3

7,5 63
0,59

100 2 4
X   


 

 

  2,        : 

 

1 2 3
1 2 3

1 2 3

1 1 1 1

1 1 1 1

n
n

Э

n

      


  
                                                                      (7.6) 
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     3 : 
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2 1* * * * * *

2 2 1 2
1

* * * * * *
2 2 1 2

1 1
( ) ( )

1 1
( ) ( )

P P

P P

E E
X X X X X X

X X X X X X

  
   




   

 

1

1 1
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2 2 1 2

1
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ё   ё     1: 
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2 1 1 1 1 2,X X X X      
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3

,
3

S
I
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1

2

,I I                                                                                  (7.9) 
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0,98 1,14

0,912
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0.01

02 ,Ti I e
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0.01

1 ,Tk e


                                                           (7.12) 
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0.021 1,6k e


   ,   
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I
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4,1
67

3 35
I  


     

I   I ;  
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  : 

 

I   I  ;  
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 8.1 –  -35-63 1 

  35       -

  -35-630 1    -1. -
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1.    : 

 
2
. . 1 ( )I t t   ,  

21,1 (0,103 0,03 1,5) 2,1      2 ,  
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      t –    ,  t =0.103 

; 

t  -   ,   0,5    -

     10 ,  1,5 . 

 
2
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2 212,5 3 469K    ,       
          

      I -    (  ); 

t  -    (  ). 

2.      -

        

        t: 
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        –      

   ,     =40%; 

  I –   . 

3.    : 

)     ё   : 

 

. .I I .   

                                                                                                  
)    ё   : 

(3)
. 1 12 2 I 1

100atkI i
       

 
;                                                               
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2 1,1 1,5 2 13,8 (1 )

100
      ;  

3,2 ≤ 27 . 
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4.   : 

 

i i .  

1,4 ≤ 35 . 
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 2.     ,    -

    ,   . 

    8.1-8.2. 

 8.1 –      35  
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I   I ;   
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2,4   20 ;  
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  10     .  

   / el-10–20/630 2   /TEL-220-

10 2.  

     : 

 
(3) 2

2 ( )aI t   ,  
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    t -    ,  t  =0.045 , 

 ё    1 . 

 
2
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        –      

   ,      = 50%; 
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100atI i



       
 

;                                                             
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      ;  
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462/10=46  
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,        

/ el-10–12,5-20/630 -2. 
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    ,  ,   

   , . .              

 ,   .  

       35  -

3.1-35/1600 ( -3.2-35/1600)   -2  1. 

      : 

 
2
. . 1 ( )I t t   ,  

21,1 (0,103 0,03 1,5) 2,1      2 ,  
2I t  , 
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2 225 3 1875   . 

 
    8.5. 

 8.5 –           

 35  

  ё    /  

U  = 35  
I  = 1600  
i = 63 A 

.  =12,15 2   

U  = 35  
I max = 67  
i   = 2,6  

. =2,1 2  

U  ≥ U  
I  ≥ I max 
i ≥ i    

.  ≥  
 

8.3      

    : 
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 I  (I ) I1  .        
 

           

 ,         

. 

    ; 

  : 

 
i  = 2  I1 ,          

 
        –   ,  ; 

I1  –     . 

  :    

 
  (  I1 )2 t ,                           

 
    –   ,  , 
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t  –   ,  . 

  : 

 
Z2   Z2  ,                                    (8.1) 
 

      Z2 –    ; 

Z2  – ,      -

  . 

    ,   Z2  r2.          

  R2     r ,   -

  r      r : 

 
r2  = r  + r   + r .                                             (8.2) 
 

      ,  

     ,    

        .   -

          , 

,       . -

  ,            4 2    

      3,8 2      .   

  35      

 -3.     35    

 8.6. 

 8.6 –     35  

  
, * ,  

   
 -350   0.5  

    -4 .03  0.12  0.12 
   

        

   35  . 

 



 55 

2
. . 1 ( )I t t   ,  

21,1 (0,103 0,03 1,5) 2,1      2 ,  
2I t  , 
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2
2 2

2

,
S

Z
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2 2
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1 .

5
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2
2

,
S

r
I

                                                                               

0.5
0.02 ,

25
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      S  – ,  ;  

I2 –    ,  5 . 

   q=4 2      

  =0,0283.    l=60 . 

 
l

r
q

 
  ,                                                             

0.0283 60
0.424

4
r


   ,                                                             

 
      r  -   ( r  = 0.05  ). 

 
2 ,z r r r    

2 0,05 0,424 0,02 0,494z     . 
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 8.7 –    35    

      
U   = 35  U   = 35  U  ≥ U  
I   = 100  
 

I   = 67  
 

I  ≥ I max 

 
Z2   = 1  

(    0.5) Z   =0.49  Z2  ≥ Z  

  = 4800 2   = 2,1 2   ≥  

I   = 40  I   = 2,6  I ≥ I  
 

     10    -

 10  . 

 8.8 –     10  

  
, * ,  

   
 -350   0.5  

    -4 .05 0.12  0.12 
  8002 0.5  0.5 
  3095 0.5  0.5 

  1.12 0.5 1.12 

 

  8.8        

  .   10         

-10-1.   ё   [5]. 

        

   10  : 

 
(3) 2

2 ( )aI t   ,  

22,4 (0,045 1,0 0,01) 6,3     2 ,                              
2I t  ,                                                                             

216 3 768   2 .                                                                             
 

   S2 =12.5 . 
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2
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2

S
Z
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2 2

12,5
0,5

5
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2
2

S
r

I
 , 

2

1,12
0.0448 ,

5
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      S  – ,  ;  

I2 –    ,  5 . 
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,
l

r
q

 
                                                               

0,0283 5
0,035

4
r


  , 

2z r r r   , 

2 0,1 0,035 0,0448 0,23z     . 
 

        

8.9. 

 8.9 –      10   

      
U   = 10  U   = 10  U  ≥ U  

I    = 300  
I    = 100  

I   = 231  
I    = 46  

I  ≥ I max 

 
Z2   = 0.4  

(    0.5) Z   =0.23  Z2  ≥ Z  

  = 768 2   = 6,3 2   ≥  

I   = 40  I   = 4,8  I ≥ I  
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  : 

  : U   U ; 

    ; 

  ; 

  : 

 
S2   S  ,                           (8.3)  
 

      S  –       ; 

S2   -      ,   

 . 

         -

  ,      

  ,    (  

13). 

  35      - 35 

1.  

      8.10. 

 8.10 –     35  

  
S , 
* /  

 
 

cos( )  sin ( )  
   

 

,  Q,  

 -350  2 2 1 0 4 - 

  8002 1,5 2 1 0 3 - 

  
-

4 .03  

5 6 0,38 0,2325 30 73,0 

5 6 0,38 0,2325 30 73,0 

 - - - - - 67 146 

 

   : 

2 = 67 ,  

Q2 = 146 ,  
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S2 = 161 . 

  8.11    -35 .   

 8.11 –    35  

      

U  = 35  
S  = 161  

 

U  = 35  
S  =360  

(    0,5) 

U   U  
S   S  

 

  10      - 10 

1.  

      8.12. 

 8.12 –     10  

  
S , 
* /  

 
 

cos( )  sin ( )  
   

 

,  Q,  

 -350  2 2 1 0 4 - 

  8002 1,5 2 1 0 3 - 

  
-

4 .05 

2 13 0,38 0,2325 26 63,3 

2 13 0,38 0,2325 26 63,3 

 - - - - - 59 127 

 

   : 

 

2 = 59 ,  

Q2 = 127 ,  

S2 = 140 . 

 

  8.13    -10 .   

 8.13 –    10  
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U  = 10  
S  = 140  

 

U  = 10  
S  =200  

(    0,5) 

U   U  
S   S  

 
8.5      

  35-220    ,   . 

       . 

   : 

 

I  ≥ I  

 

    . 

35  -   –95, . . 330I    maxI  67,   . 

      , . .  -

     . 

     , . .  

,         

35   70 2. 

       ,   

   ё     35     

20  [7]. 

         

   , [7]. 

                  

( ) 6 –10        

    . ,         

    ,    

. 

  6-10   ё  ,  8.3. 
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 8.3 –    10  

     .  -

     608 2 ,  1  -  

 ,    ; 1025I  . 

       : 

maxI  462    1025I . 

   : 

     : 
 

min ,
B
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3
2
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6,3 10
0,9
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q


         

 
 ё  l   ,     

  200 : 

 

q

J
l 

200
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        l  -  ё     ,   

 1,2    ,     -63 
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3
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J


 -   ; 

3
40.8 6

14.4
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J


   

q  -   ,  2480 . 

   : 

       : 

 
2 2

83 10
i l
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 ,                                                    (8.6) 

2 2
8 4800 0.9

3 10
0.64 0.45

  
   


 1,1 ,  

 

      
20 .8 6

0 .64
6

W


  -     , -

  , 3, 

  -   ,     0,45  ; 

 l -     , . 

  ,   <  , . . 1,1<75 ,   

 0.7 , . . 1,1 0.7 130 91  .                          

. 

 8.14 –  ё   10  

ё       
Imax = 462  

  = 1,1  
qmin = 0,9 2 

I.  = 1025  
 =75  
q=480 2 

I.  ≥ Imax 
  ≥  

q ≥ qmin 
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    F     -

       .  

      60%    

F ,      ,     

    : 
 

óñò í î ìU U , (8.7) 

0,6F F F  .                                                (8.8) 

 

   10 : 

    -10-20 1  F  =3000 

. 

      : 

    : 

 
2

73 10yi l
F
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  ,                                                                                        (8.9) 

2
7 4800 0.9

3 10
0.8

F  
     4,5 .     

                                            
        

 
0.6F F   , 
0.6 3000 1800F     . 

 
 8.15 –    10  

ё       

U  = 10  U  = 10  U  ≥ U  
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   35 : 

    -35-3,75   F  =3750 . 

      : 



 64 

    : 
2

73 10yi l
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2
7 2600 0.9

3 10
0.8

F  
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0.6F F   ,  

0.6 3750 2250F     .  
 

 8.16 –    35  
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       -63.   
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  .     -
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  : 
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     : 

 
(3) 2

2 ( )aI t   ,  

22,4 (0,045 1,0 0,01) 6,3     2 ,                              

 

    t -    ,  t  =0.045 , 

 ё    1 . 

 
2
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220 4 1600K     2 ;   
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       –      
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100atI i
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 8.17 –              

 10  

  ё    /  

U   = 12,5  
I   =1000  
i =40 A 

.  =1600 2  
i .  =11,31  
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8.9     

   ,   ,    

        

.         -

      ( ) 

  .  

      110-220  

    ,   35-220    

         

,        

     - .   

       -

     ,  , 220   -

 ,     . 

   . 

8.10       

        

 ,   8.18. 
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   3 0,33 1 
 10  20 0,33 7 
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  .      2,5×I /I . -
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       -
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(    ,    ,  

 ).    I 2/I  = 1,5-2.  

 I 2/I  = 1,5. 

        -

   : 

 

 1
1

/ 100 0,3 100
/ 0,526 1,5

57

I I
I I

 
    .   (9.6) 

 

   (I 1/I )  ,     -

  . 
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     I 2/I 1    

,    ,    12-15 %, 

  I 2/I 1 = 0,15. 

9.4       

( -3) 

    ,    -

  -2 (I 1/I ),       -

,        -

 . 

  :  

I /I  = 0,1;  

T = 10 . 

      

       .     

        ,    -

  .  

       -

   . 

    , : 

 

.
. . .

I
I   , (9.7) 

 

    K  –  ,    1,05;  

          –  ,     0,95. 

 

.
. . .

62
1,05 69

0,95

I
I      , 
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. . . 
. . . 

62

100/5
3,5

I

I
I   . (9.8) 

 

      , : 

 

. . .0,98I I  , (9.9) 

. . . .0,98 0,98 62 61I I     , 

. . . 
. . . 

62

100/5
3,1

I

II   . (9.10) 

 

9.5      

,      , 

  ,     , 

      .   

  ,       ,  -

 .         

   .      

    .  

    ,    -

        -

,   ,      .  

        ,  -

          

   ,  -

   .  

 –      ,  

  ,   ,      -

     .     

(  )        . 
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     ,  .   -

         

  ,      -

: 

 

. -1 .I I 1,2 62 75k     , (9.11) 

                         

  k =1,2 –  . 

   : 

 

. -1
. . -1

I

75

100/5
II 3,7   .   (9.12) 

 

 :  

 

. .

. . -1

0,895 I 0,895 2400

75
28,6 1,5

I
 

   , (9.13) 

. .I I 1,2 210 252k     , 

. -1
. . -1

I

252

300/5
II 4,2  , 

. .

. . -1

0,895 I 0,895 2400

252
8,5 1,5

I
 

   . 

 

    9.2. 

 9.2 –        

  
 

-1    

   I  75 252 

   I  3,5 3,7 

   28,6 8,5 
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  ,      -
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 ,     « »   

        . 

    BF 80/Q  ,   
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        -
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     URF-25/10  , 
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    .   

      

    .       ,  

       

  . 

      -

  ( , , )    

         0,5 – 0,7 .   

     -   

    . 

        

      , 

      ,   

 ,   . 

         

        .   

     ,   

      . 

         

     .   

    2 – 5 ,     

 2,5 – 3 .       

     ,    

. 

       

      0,5 – 0,7 ,    

  .      

  ,    

    .  
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        -

        

.        

       

      S1,   L  

      t,  n   l  

 . 

10.1 ё     

       -

        

   1,5     : 

 

2 1 5 2 1 5, ,S ( ) ( )     ,                                                                    (10.1) 

 

     -    (36 ); 

 -    (45 ). 

 

(36 2 1,5) (45 2 1,5) 1870S        2. 

 

      -

 : 

 

2
.F R  ,                                                                                             (10.2) 

    R -  ,   6 2. 

 

2
. 3,14 6 113F     2. 

 

      : 
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.

(1) 2
.( )

400
F

I t




,                                                                                  (10.3) 

 
       (1)I  -     ( ); 

.t  -     ,    -

  ,      ( ); 

  -    (   =21). 

 

2

.
4396 0,2 21,5

400 21
F  


  2. 

 

      : 

 

( )F S d S    ,                                                                  (10.4) 

 

    S  -    ( ). 

      : 

 
3 2ln ln ln KK K KCS a T b T c T d       ,                                                  (10.5) 

 
      T  -     (240 .); 

, , ,K K K Ka b c d  - ,   . 

3,14 7,11 (12 7,11) 427F       2. 

 

   : 

 

.F F F  .                                                                                       (10.6) 

427 21,5 448,5F     2. 

 



 85 

  ,      -

   .     : 

 

F
R


 ,                                                                                                 (10.7) 

448,5 11,9
3,14

R    . 

 
    12 . 

         

 ( ): 

 

( 2 1,5) ( 2 1,5)( 2 1,5) ( 2 1,5)L
l l 

           .                               (10.8) 

 

      l   -   ,   6 . 

(36 2 1,5) (45 2 1,5)(45 2 1,5) (36 2 1,5) 624
6 6

L              . 

      : 

( 2 1,5) (36 2 1,5) 7
6l 

     . (10.9) 

      : 

 

( 2 1,5) (45 2 1,5) 8.
6l 

    
                                                                   

(10.10) 

    ( ),   -

      S .   -

 : 

 

1
2

L
m

S
 


.                                                                                         (10.11) 
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624 1 6
2 1870

m  


 . 

 

    ( ): 

 

SL
m

 .                                                                                                  (10.12) 

1870 6,97
6

L    . 

 

     : 

 

2 ( 1)L S m    .                                                                                     (10.13) 

2 1870 (6 1) 624L       . 

 

   : 

 

4 Sn  ,                                                                                              (10.14) 

 

      -     ( ); 

4 1870 28,83
12

n   . 

     29. 

      -

   . 

   ,    : -

  - . 
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 10.1 –    

     ( * ): 
 

1
1

1

Э
Э h

i

i

h
h








,                                                                                             (10.15) 

 
      1Эh l h   -      ( ); 

h  -     (0,5…0,7 ); 

1
5 0,7 214,12

1,3 2,7
80 270

Э  


 * . 

 

      ( ) -

  : 

 
(1,3 1,4) l   ,                                                                              (10.16) 

1,4 5 7    . 
 

    ( * ): 

 

1
2

1

Э
Э h

i

i

H h
h








,                                                                                  (10.17) 

 
        

: 
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2
7 5,7 48,8

1,3 2,7
80 270

Э  


 * . 

 

     -

    : 

 

1 5,7 0,7 1
5

Эh h
l
   ;                                                                            (10.18) 

1

2

214,12 4,38
48,8

Э

Э




  .                                                                               (10.19) 

      
2

3Э

Э




  [14], -

 146,4Э   * . 

      

( ): 

 

4 (2 )
ln( )

2 (4 )
Э

Э
l h l

R
l d h l




    
    

,                                                          (10.20) 

146,4 4 5 (2 0,7 5)ln( ) 35,2
2 3,14 5 0,024 (4 0,7 5)ЭR      
    

 . 

 

    : 

 

1,5
ln( )

2
Э

Э
l

R
l b h

  
 

,                                                                           (10.21) 

 

      2b d      ( ). 

 

146,4 1,5 43,5ln( ) 9,8
2 43,5 2 0,024 0,7ЭR   
  

. 
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    ( ): 

 

( )
Э Э

Э Э

R R
R

n R n R


   
,                                                                   (10.22) 

 
      -       

    -    (0,75). 

 
35,2 9,8 0,566

0,75 (29 9,8 15 35,2)
R  

   
 . 

 

    : 

 

ЭR R  ,                                                                                         (10.23) 

 

         -   (     1). 

 ,   n   ( ): 

 

0R
R

n 



,                                                                                                (10.24) 

 

      0R  -    (   -

); 

 

35,2 1 1,618
29 0,75

R  


. 

 

    : 

 

01
3 Э

L l
R



 

 
,                                                                                  (10.25) 
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        -     ( 60I    2   ); 

0L  -      ( / ): 

0 0,2 (ln 0,31)
l

L
r

                                                                                 (10.26) 

0
43,50,2 (ln 0,31) 1,61
0,01

L      / ; 

1,61 43,51 2,19
3 2 9,8

   
 

; 

9,8 2,19 1,908
15 0,75

R  


 . 

 

    ( ): 

 

( )
R R

R
n R n R


   

,                                                                    (10.27) 

1,908 1,618 0,0517
0,75 (29 1,908 15 1,618)

R  
   

. 

 

  R      -

 4    35  [6],      -

   . 

10.2     

         , -

     ,  

          

      .   

        

: , , ,  ( , -

).     ,  

        .  
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    ,    -

,    . 

      , 

       . 

   ,      

  ,     ,  

,         .  

      , 

          

  .      

     ;   

     .   

     99,5%  ,    — 95%  . 

  ,   I ,  

 .      

 99,5%   (  ).  

   ,     -

        

.       

 ,      

        

 . 

   « »    17   

        

 -    24 . 

                -

     ( ) [16]: 

 

0,85Эh h  ,                                                                                           (10.28) 
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 0 1,1 0,002r h h    ,                                                                               (10.29) 

 

    h  -   ( ). 

1 2 0,85 24 20,4Э Эh h     ; 

3 0,85 17 14,45Эh     ; 

 01 02 1,1 0,002 24 24 25,25r r       . 

 03 1,1 0,002 17 17 18,12r       . 

       -

    ( ): 

 

0 1 i
i

Э

h
r r

h

 
  
 

   ,                                                                                       (10.30) 

 

    ih  -    (   7 ). 

 

1 2
725,25 1 16,584

20,4i ir r
 
 
 

      . 

3
718,12 1 9,343

14,45ir
 
 
 

     . 

 

    : 

    ( )   : 

 

0
i

i
i

h h
r r

h
 
  
 

  ,                                                                                 (10.31) 

 

    0,h r  -                 

                

  .      : 
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   40,17 3 10Эh h h L h
       .                                                (10.32) 

0 0cr r .                                                                                                     (10.33) 

 

    : 

         -

   : 

 

1 2

2
h h

h
 .                                                                                     (10.34) 

 

         

    : 

 

01 02
0 2

r r
r

 .                                                                                           (10.35) 

 

    1  2,   -

  15,6 . 

 

   420,4 0,17 3 10 24 15,6 24 21,8h          . 

21,8 725,248 17,174
21,8ir

 
 
 

   . 

 

    1  3,   -

  51,8 . 

 

   4
1 20,4 0,17 3 10 24 51,8 24 15,414h          . 

   4
2 14,45 0,17 3 10 17 51,8 17 8,357h          . 
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15,368 8,357 11,915
2

h    . 

0
25,248 18,122 21,685

2
r    . 

11,915 721,685 8,945
11,915ir

 
 
 

   . 

 

    2  3,   -

  52,4 . 

 

   4
1 20,4 0,17 3 10 24 52,4 24 15,368h          . 

   4
2 14,45 0,17 3 10 17 51,8 17 8,251h          . 

15,368 8,251 11,809
2

h    . 

0
25,248 18,122 21,685

2
r    . 

11,809 721,685 8,831
11,809ir

 
 
 

   . 

 

. .           

 ,  10.2. 
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 10.2 –    « » 
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11     

  

 
 

       

  .     

   , [19]. 

        11.1. 

 11.1 –    

  ω, 1/  ,  

 35 , ( ) 11; 21  0,001 20 

 35 , (  L=16 ) 1 0,007 11 

 35 , (  L=16 ) 2 0,007 11 

-  4000/35, 1; 2  0,014 70 

 10 , ( ) 12; 22 0,002 30 

  11.1     . 

-2
4

-1
4

3~35 kV, 50 Hz

3~10 kV, 50 Hz

-35 

-1 -2

-11 -12

-12 -22

-35 

 

 11.1 –     
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       35  

 11.2. 

11 1 21

12 2 22

1

2

 =22,2 

 

 11.2 –   

     ,  

     .    

  ё  ,   .  

   1, 11, 1  12,  2, 21, 2  22  

.        ( 1  

11  1  12)=qI  ( 2  21  2  22)=qII. 

      

   11.2. 

 11.2 –    

 ω, 1/  ,  q 

11; 21  0,001 20 30,0023 10  

1 (L=16 )  0,007 11 0,14·10-3 

2 (L=16 ) 0,007 11 0,14·10-3 

1; 2  0,014 70 30,112 10  

12; 22 0,002 30 30,007 10  

 

    ё   1, 

11, 1, 12  2, 21, 2, 22: 

 

qI =qII =(0,0023+0,112+0,007+0,14)·10-3=0,26·10-3 

 

     : 
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q  =qI · qII ; (11.1) 

q  =qI · qII =0,26·10-3 · 0,26·10-3 = 0,069·10-6. 

 

    : 

 

W q   ,           (11.2) 

W =3,77·0,069·10-6 ·8760=2,2 . 

 

    : 

 

0 W  ,                                                                                         (11.3) 

 

   0 –      (   

 0=2,2 . / · ) 

 

=2,2·2,2=5 . . 

 

  ,     

 ё . 
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12    

 
 

    ,   

     35/10 . 

12.1     

  ,  ,    

  «     

    », «      

 ».      

       

   ,     

, [22]. 

    -   

        

   ё  ,  ,  

          

  . 

     -  , 

   ,   , 

       

    .   , 

  ,     

       , 

  ,     ,  

        

. 

   ,    

        - , 

        . 
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ё       

  ,    , 

   .    

 «     ,  

  ё  ». 

      -

     ,   

 . 

  [22]: 

)     ё   ,  

      ; 

)   ё  ,  ; 

)      , 

      ; 

)  ,       ,  

   ё  ; 

)     ; 

)    ,    

,   - . 

        

       ,   

   ( )    ,   

   . 

      

 : 

        

, ,   . ; 

    ,   

   ; 
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   2       

  ,     4  –      

 ,    ; 

   ,    

,     ,   

 ; 

          

; 

        

       . 

12.2       

       

   ,         

    50     

110 , [22]. 

        

 ,   II*:  110  –   280 

. 

       

  ,       

  ( SF6 ). 

     ,      

       . 

         

-2000 . 

        

 ,      , 

   ,    . 

      ,  
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 –       
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  ,     ,  

  ,     

    ; 
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   ,   ,    

 ; 

       

  -    
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      ; 

         

      

; 

      ,   

           

0,03…0,05  (0,3…0,5 / . )       

0,4  (4,0 / . ) 

          

     ,    

      ; 

       

,    ,   

        ; 
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  SF «   »; 

      ,   

     « »  , 
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      ,   

    . 

 –  ,      

  .          
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      .   

     ,   

     ,  

,   . 
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   -  ,    ,  ,  5  

 ,   ,  ,  ; 

     : 0, 08 % (0, 005 / ) - 

     , 1% -   
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     20 %; 

         

     , 

     .  

        

       ; 

     ,    
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 ); 
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( ). 
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   ). 

    ,     

       . 

       , 

 .       

 ,        

.      

,       

  :  

        

     : 
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-    , ,   . . 

        -  

 ; 

      ,   

  ,      
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-   
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-       

-    

-       

-  /   . 

        ,  

  ; 

       : 

-   ,    8 ,     

 ,       

       

,       ; 

-  ,        

,    ; 

-       ; 

-         

,        

       . 

         

 50      0, 8  (    

   NaoH (KOH  NaCO)   0,2   10 
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 ); 
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    ,  , 

      (  

  ,  ,  ,   

     ;     

   ,     

  ). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 107 

 

 
 

       

     35   ,    

  . 

        , 

  ,    -

 35-110    .     

         . 

       35  

   35 .     , 

     35 . 

 

 

 

 

 

 



 108 

  
 
 
1   :    -

 // .: . . . – : -  , 2014.- 

134 . 

2      I  2017 .   

   19.02.2016 N 4688- /05 «    -

  -    ,  

         -

  I  2017 »  

3      -

  153-34.20.118-2003.      

30.06.03 № 281. 

4   RastrWin [  ]. –  : 

http: // www.rastrwin.ru – 13.11.2016 . 

5    « » [  ]. –  -

:  http: // www.drsk.ru/ – 30.11.2016 . 

6    ( ). 7-  . – .: « -

  », 2002. – 488 .  

7        -

      (  -

 )   .  

    23  2015 . № 380. 

8  . .,  . .,  . .    

  ё :  . ,  , 

1999, 238 . 

9      /  . . . 

. – 4-  ., .  . – . : , 2012. – 376 . : . 

10         

 35-750 .  56947007- 29.240.30.010-2008. 



 109 

11  :  4 . .3. ,   

   /  . .   . . 

  . ( . . . . ). – 8-  ., .  . – .: -

 , 2002. – 964 . 

12  153-34.0-20.527-98    ё   

    /  . . . . 

– .: -   , 2001. 

13  :  4 . . 3. ,  

    /  . .   . 

.   . .:  , 2002. 

14  . .,  . .    

. – .: , 2007. – 648 . 

15  . .,  . . «   

 », -  , - .:  , 

, , 2012. – 144 . 

16  153–34.3–35.125–99 «      

6–1150      »/   . . . 

 – .- :   , 1999. – 353 .  

17  . .,  . .,  . .    

  :  . :  

. - , 2004. 

18 ё  . .    : -  

    /  . -  – , 

2000.  

19 . . . ё   :  

. : -   . - , 2011.-268 . 

20    « » [  ]. –  

:  http: // www.dvec.ru/  – 14.01.2017 . 

21       . 

         24 



 110 

 2013 . N 328  

22      [  ]. – 

 :  http://dv.land/news/8003– 14.01.2017 . 

23    [  ]. –  :  

http://tass.ru/info/2215388– 14.01.2017 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 111 

  ё   

 

  
 

ё   
  

А 120  А 150  А 240  А 95  

r1200 0.249  r1500 0.198  r2400 0.12  r700 0.306  
к

 

x1200 0.427  x1500 0.406  x2400 0.405  x700 0.421  
к

 

b1200 2.6610
6

  b1500 2.710
6

  b2400 2.8110
6

  
к

 

Ui 115  кВ i 1  

   

z01 r2400 x2400 i  1  z01 0.12 0.405i   Qc01
1

2
110

2
 b2400 1  Qc01 0.017  к а

z12 r1500 x1500 i  132  z12 26.136 53.592i   
Qc12

1

2
110

2
 b1500 132  Qc12 2.156  к а

z07 z01  Qc07 Qc01  

z13 r1500 x1500 i  18  z13 3.564 7.308i   Qc13
1

2
110

2
 b1500 18  Qc13 0.294  к а

z78 z13  Qc78 Qc13  

z56 r700 x700 i  16  z56 4.896 6.736i   

z1011 z56  

z712 r2400 x2400 i  2.1 r1500 x1500 i  39.8  z712 8.132 17.009i   

Qc712
1

2
110

2
 b2400 2.1

1

2
110

2
 b1500 39.8  Qc712 0.686  к а  

z1213 r1500 x1500 i  4.2  z1213 0.832 1.705i   Qc1213
1

2
110

2
 b1500 4.2  Qc1213 0.069 к а

z1214 r1200 x1200 i  37.1 r1500 x1500 i  4.6  z1214 10.149 17.709i   

Qc1214
1

2
110

2
 b1200 37.1

1

2
110

2
 b1500 4.6  Qc1214 0.672  к а  

z1415 r1200 x1200 i  53 r1500 x1500 i  4.6  z1415 14.108 24.499i   

Qc1415
1

2
110

2
 b1200 53

1

2
110

2
 b1500 4.6  Qc1415 0.928  к а  

а к  
S2 6.21 0.97i  ВА 
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S4 1.35 0.54i  ВА 

S6 1.89 0.75 i  ВА 

S13 1.29 0.43 i  ВА 

S14 8.66 2.37 i  ВА 

S15 8.73 1.83 i  ВА 

S9 1.35 0.54 i  ВА 

S11 1.89 0.75 i  ВА 

а а ы  

 -4000/35 

U 6 35  кВ 

Px6 6.7  Pk6 33.5  кВ  

Uk6 7.5  Ix6 1  

S 6 4000  ВА 

R 6
Pk6U 62 10

3


S 62
  R 6 2.565   

X 6
Uk6U 62 10

3


100S 6
  X 6 22.969   

Qx6
Ix6

100
S 6  Qx6 40  к а  

z 6 R 6 X 6 i  z 6 2.565 22.969i   

Sx6 Px6 Qx6 i  10
3

  Sx6 0.007 0.04i  ВА 

 -10000/110 

U 2 115  кВ 

Px2 18  Pk2 60  кВ  

Uk2 10.5  Ix2 0.9  

S 2 10000  ВА 

R 2
Pk2U 22 10

3


S 22
  R 2 7.935   

X 2
Uk2U 22 10

3


100S 2
  X 2 138.863   

Qx2
Ix2

100
S 2  Qx2 90  к а  
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z 2 R 2 X 2 i  z 2 7.935 138.863i   

Sx2 Px2 Qx2 i  10
3

  Sx2 0.018 0.09i  ВА 

 -16000/110 

U 13 115  кВ 

Px13 21  Pk13 90  кВ  

Uk13 10.5  Ix13 0.85  

S 13 16000  ВА 

R 13
Pk13U 132 10

3


S 132
  R 13 4.649   

X 13
Uk13U 132 10

3


100S 13
  X 13 86.789   

Qx13
Ix13

100
S 13  Qx13 136  к а  

z 13 R 13 X 13 i  z 13 4.649 86.789i   

Sx13 Px13 Qx13i  10
3

  Sx13 0.021 0.136i  ВА 

  -6300/110 

U 14 115  кВ 

Px14 17.5  Pk14 50  кВ  

Uk14 10.5  Ix14 1  

S 14 6300  ВА 

R 14
Pk14U 142 10

3


S 142
  R 14 16.66   

X 14
Uk14U 142 10

3


100S 14
  X 14 220.417   

Qx14
Ix14

100
S 14  Qx14 63  к а  

z 14
R 14

2
X 14

i

2
  z 14 8.33 110.208i   

Sx14 Px14 Qx14i 2 10
3

  Sx14 0.035 0.126i  ВА 

    

S2
Re S2 2 Im S2 2

110
2

z 2  
S2 0.026 0.453i  ВА 
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S15
Re S15 2 Im S15 2

110
2

z 2  
S15 0.052 0.913i  ВА 

S14
Re S14 2 Im S14 2

110
2

z 14  
S14 0.055 0.734i  ВА 

S13
Re S13 2 Im S13 2

110
2

z 13  
S13 0.001 0.013i  ВА 

S6
Re S6 2 Im S6 2

35
2

z 6  
S6 0.009 0.078i  ВА 

  

 ё   

S6 S6 S6 Sx6   S6 1.905 0.868i  ВА 

S14 S14 2 S14 Sx14   S14 8.841 4.09i  ВА 

S13 S13 S13 Sx13   S13 1.312 0.579i  ВА 

S15 S15 S15 Sx2  S15 8.8 2.833i  ВА 

S2 S2 S2 Sx2   S2 6.254 1.513i  ВА 

  -6300/110/35  

U 115  кВ 

Px3 17  Pk3 80  кВ  Ix3 1.2  

S 3 6300  ВА 

R 3
Pk3U 2

 10
3



S 32
  R 3 26.657   

X 3
0.5 10.5 17 6( ) U 2

 10
3



100S 3
  X 3 225.665   

X 3 0  

X 3
0.517 6 10.5( ) U 2

 10
3



100S 3
  X 3 131.2   

Z R 3 i X 3  Z 26.657 225.665i  
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Sx3 Px3
1

1000
 i

Ix3S 3

100 1000
  

Z R 3  

Sx3 0.017 0.076i  ВА 
Z R 3 i X 3  Z 26.657 131.2i  

       

S56
Re S6 2 Im S6 2





35
2

z56  
S56 0.018 0.024i  ВА 

S56n S6 S56  S56n 1.923 0.892i  ВА 

          

S
Re S56n 2 Im S56n 2





110
2

Z  
S 0.01  ВА 

S
Re S4 2 Im S4 2





110
2

Z  
S 0.005 0.023i  ВА 

  ,       

S S6 S  S 1.915 0.868i  ВА 

S S4 S  S 1.355 0.563i  ВА 

 ,      

S S S  S 3.27 1.43i  ВА 

    

S
Re S( )

2
Im S( )

2
 

110
2

Z  
S 0.028 0.238i  ВА 

S ' S S  S ' 3.298 1.668i  ВА 

ё     

S3 S S Sx3 Qc13  i  S3 3.315 1.45i  ВА 

S2 S2 Qc12  i  S2 6.254 0.643i  ВА 

S13 S13 Qc1213  i  S13 1.312 0.511i  ВА 

S14 S14 Qc1214 Qc1415  i  S14 8.841 2.49i  ВА 

S15 S15 Qc1415  i  S15 8.8 1.905i  ВА 
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   0-1-2-3 

S13
Re S3 2 Im S3 2





110
2

z13  
S13 0.004 0.008i  ВА 

S13n S3 S13 Qc13  i  S13n 3.319 1.163i  ВА 
S13n

3 110
0.017 0.006i  

S12
Re S2 2 Im S2 2





110
2

z12  
S12 0.085 0.175i  ВА 

S12n S2 S12 Qc12  i  S12n 6.339 2.624i  ВА 
S12n

3 110
0.033 0.014i  

S01k S13n S12n Qc01  i  S01k 9.658 1.478i  ВА 

S01
Re S01k 2 Im S01k 2





110
2

z01  S01 0.001 0.003i  ВА 

S01n S01k S01 Qc01  i  S01n 9.659 1.491i  ВА 
S01n

3 110
0.051 0.008i  

   7-12-13-14-15 

S78
Re S3 2 Im S3 2





110
2

z78  
S78 0.004 0.008i  ВА 

S78n S3 S78 Qc78  i  S78n 3.319 1.163i  ВА S78n

3 110
0.017 0.006i  

S1213
Re S13 2 Im S13 2





110
2

z1213  
S1213 0 0i  ВА 

S1213n S13 S1213 Qc1213  i  S1213n 1.312 0.442i  ВА S1213n

3 110
0.007 0.002i  

S1415
Re S15 2 Im S15 2





110
2

z1415  
S1415 0.095 0.164i  ВА 

S1415n S15 S1415  S1415n 8.895 2.069i  ВА S1415n

3 110
0.047 0.011i

S1214k S1415n S14  S1214k 17.736 4.559i  ВА 

S1214
Re S1214k 2 Im S1214k 2





110
2

z1214  S1214 0.281 0.491i  ВА 

S1214n S1214k S1214  S1214n 18.017 5.05i  ВА S1214n

3 110
0.095 0.027

S712k S1213n S1214n  S712k 19.329 5.492i  ВА 

S712
Re S712k 2 Im S712k 2





110
2

z712  S712 0.271 0.568i  ВА 
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S712n S712k S712  S712n 19.6 6.06i  ВА S712n

3 110
0.103 0.032i

S07k S78n S712n Qc07  i  S07k 22.919 7.207i  ВА 

S07
Re S07k 2 Im S07k 2





110
2

z07  S07 0.006 0.019i  ВА 

S07n S07k S07 Qc07  i  S07n 22.925 7.209i  ВА S07n

3 110
0.12 0.038i  

    110    

U1 Ui
S01n


z01

Ui
  

U1 114.995  кВ 

U2 U1
S12n


z12

U1
  

U2 114.832  кВ 

U3 U1
S13n


z13

U1
  

U3 114.819  кВ 

U7 Ui
S07n


z07

Ui
  

U7 114.951  кВ 

U12 U7
S712n


z712

U7
  

U14 U12
S1214n


z1214

U12
  

U12 112.694  кВ 

U14 110.304  кВ 
U13 U12

S1213n


z1213

U12
  

U15 U14
S1415n


z1415

U14
  

U13 112.678  кВ 

U15 108.72  кВ 
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Вы  ек Н  Ч ы  

     8*1,5% 

U 115  кВ U 38.5  кВ U 11  кВ 

   

k
U

U
  k 10.455  k

U

U
  k 2.987  

    4 

S '
Re S '( )

2
Im S '( )

2
 

110
2

Z  
S ' 0.03 0.255i  ВА 

S n S ' S '  S n 3.328 1.923i  ВА 

U ' U3
Re S n  Re Z( ) Im S n  Re Z( )

U3


Re S n  Im Z( ) Im S n  Re Z( )

U3
 i









  

U ' 113.763  кВ 

  , ё    

U U '
Re S( ) Re Z( ) Im S( ) Re Z( )

U '


Re S( ) Im Z( ) Im S( ) Re Z( )

U '
 i








  

U 113.111  кВ 

    

U5
U
k

  U5 37.868  кВ 

    

U U '
Re S( ) Re Z( ) Im S( ) Re Z( )

U '


Re S( ) Im Z( ) Im S( ) Re Z( )

U '
 i








  

U 113.323  кВ 

U6
U
k

  U6 10.84  кВ 

   

k
U
10.5

  k 10.793  

n
k
k

1





1

0.015
  n 2.156  

n 2  

       

U
U

k 1 n 0.015( )
  U 10.502 0.677i  кВ 
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U 10.524  кВ 

       2*2.5 

k
U

38
  k 2.977  

    

n
k
k

1





1

0.025
  n 0.14  

n 0  tn 0.025  

nn
k 1 n( ) 0.01[ ][ ]

k
1





1

tn
  nn 0.14  

nn 0  

     . 

U
U 1 nn tn( )

k 1 n 0.025( )
  U 37.82 1.891i  кВ 

U 37.868  кВ 

   

U6 U
S56n


z56

U
  

U6 37.461  кВ 

        
     9*1,78% 

U'13
Re S13 Sx13  Re z 13  Im S13 Sx13  Im z 13 

U13
  

U'13 0.342 0.008i  кВ 

U U13 U'13  U 113.02  кВ 

U 115  U 11  кВ 
U
k

10.811  
k

U
U

  k 10.455  

k
U
10.5

  k 10.764  

n
k
k

1





1

0.0178
  n 1.614  

n 2  

U'13
U 1 n 0.0178( )

k
  

U'13 10.43  кВ 
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     9*1,78% 

U'14
Re S14 2Sx14  Re z 14  Im S14 2Sx14  Im z 14 

U14
  

U'14 2.896 0.128i  кВ 

U U14 U'14  U 113.192  кВ 

U 115  U 6.6  кВ 

k
U
U

  k 17.424  U
k

6.496  

k
U

6.6
  k 17.15  

n
k
k

1





1

0.0178
  n 0.898  

n 1  

U'14
U 1 n 0.0178( )

k
  

U'14 6.61  кВ 

        1 

     9*1,78% 

U'15
Re S15 Sx2  Re z 2  Im S15 Sx2  Im z 2 

U15
  

U'15 2.954 0.177i  кВ 

U U15 U'15  U 111.659  кВ 

U 115  U 6.6  кВ 

k
U
U

  k 17.424  

U
k

6.408  
k

U
6.6

  k 16.918  

n
k
k

1





1

0.0178
  n 1.681  

n 2  

U'15
U 1 n 0.0178( )

k
  

U'15 6.64  кВ 

        2 
     9*1,78% 

U'2
Re S2 Sx2  Re z 2  Im S2 Sx2  Im z 2 

U2
  

U'2 0.455 0.014i  кВ 

U U2 U'2  U 114.378  кВ 
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U 115  U 6.6  кВ 

k
U
U

  k 17.424  

k
U

6.6
  k 17.33  U

k
6.564  

n
k
k

1





1

0.0178
  n 0.306  

n 0  

U'2
U 1 n 0.0178( )

k
  

U'2 6.56  кВ 

        

     8*1,5% 

U'6
Re S6 Sx6  Re z 6  Im S6 Sx6  Im z 6 

U6
  

U'6 0.637 0.028i  кВ 

U U6 U'6  U 38.096  кВ 

U 35  U 11  кВ 

k
U
U

  k 3.182  
кВ

k
U
10.5

  k 3.628  U
k

11.973  

n
k
k

1





1

0.015
  n 8.202  

n 8  

U'6
U 1 n 0.015( )

k
  

U'6 10.54  кВ 

  

z02 r2400 x2400 i  1 r1500 x1500 i  132  z02 26.256 53.997i   

Qc02
1

2
110

2
 b2400 1

1

2
110

2
 b1500 132  Qc02 2.173  к а  

 ё   
S2 6.21 0.97 i  ВА 

S2 S2 S2 Sx2   S2 6.254 1.513i  ВА 

ё     
S2 S2 Qc02  i  S2 6.254 0.66i  ВА 
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   0-1-2-3 

S02
Re S2 2 Im S2 2





110
2

z02  
S02 0.086 0.176i  ВА 

S02n S2 S02 Qc02  i  S02n 6.34 2.657i  ВА 

    110    

U2 Ui
S02n


z02

Ui
  

U2 114.856  кВ 

        2 

     9*1,78% 

U'2
Re S2 Sx2  Re z 2  Im S2 Sx2  Im z 2 

U2
  

U'2 0.476 0.015i  кВ 

U U2 U'2  U 114.381  кВ 

U 115  U 6.6  кВ 

k
U
U

  k 17.424  

k
U

6.6
  k 17.33  

U
k

6.564  

n
k
k

1





1

0.0178
  n 0.304  

n 0  

U'2
U 1 n 0.0178( )

k
  

U'2 6.56  кВ 
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-   

 110 

 6-10

 

2

6,3

1

6,3

3 ~ 110 V, 50 Hz

-150/4,2

1

16

3 ~ 10 V, 50 Hz

3 ~ 35 V, 50 Hz

 

3 ~ 6 V, 50 Hz

2

10

1

10

3 ~ 110 V, 50 Hz

3 ~ 6 V, 50 Hz

1

12

G G

2

12

G

3

63

1

63

G

4

63

2

63

3 ~ 110 V, 50 Hz

 

3 ~ 6 V, 50 Hz

 290

-2
4

0
/3

,1
-1

5
0
/3

9
,8

-1
2
0
/1

3
3

-120/37,1

-150/4,6-150/4,6-120/53

            
.        №          

.

.

. .

. .

.

.

 . .

 . .

    6          6
   

  
   , 

 

 
. .

.134144.13.03.02. .

 

.134144.13.03.02. .

 . .

 . .
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 110/10

  110/6

 
110/6

 110 

 35 

 6-10

 

1

4
2

4

3 ~ 110 V, 50 Hz

3 ~ 10 V, 50 Hz

1

6,3

2

6,3

3 ~ 10 V, 50 Hz

3 ~ 35 V, 50 Hz

3 ~ 35 V, 50 Hz

2

6,3

1

6,3

3 ~ 110 V, 50 Hz

-150/4,2

1

16

3 ~ 10 V, 50 Hz

3 ~ 110 V, 50 Hz

 

3 ~ 6 V, 50 Hz

1

10

2

10

3 ~ 110 V, 50 Hz

3 ~ 6 V, 50 Hz

3 ~ 110 V, 50 Hz

 

 290

-2
4

0
/3

,1

-1
5

0
/3

9
,8

-1
2

0
/1

3
3

-120/37,1

-150/4,6-150/4,6-120/53

 

 №1

 

 110/10

  110/6

 
110/6

1

6,3
2

6,3

3 ~ 110 V, 50 Hz

3 ~ 10 V, 50 Hz

1

2,5

2

2,5

3 ~ 10 V, 50 Hz

3 ~ 110 V, 50 Hz

2

6,3

1

6,3

3 ~ 110 V, 50 Hz

-150/4,2

1

16

3 ~ 10 V, 50 Hz

3 ~ 110 V, 50 Hz

 

3 ~ 6 V, 50 Hz

1

10

2

10

3 ~ 110 V, 50 Hz

3 ~ 6 V, 50 Hz

3 ~ 110 V, 50 Hz

 

 290

-2
4

0
/3

,1

-1
5

0
/3

9
,8

-1
2

0
/1

3
3

-120/37,1

-150/4,6-150/4,6-120/53

 №1

-150/18

-70/16

-150/18 -70/16

-2
4

0
/1

-2
4

0
/1

            
.        №          

.

.

. .

. .

.

.

 . .

 . .

    2          6
   

  
   , 

 

 
. .

.134144.13.03.02. .

 

.134144.13.03.02. .

 . .

 . .
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 щ   ё    

QC  

Z0-1

QC  

 

2 0Z1-2 1

ΔS  

Z  

U

S

U

6

QC  QC  

Z1-3

ΔS  

Z  

U

U

4

ΔS  

Z  

U

U

Z  Z  5Z5-6

Z0-7

QC  QC  

7

Z7-8

ΔS  

Z  

U

S

U

119

Z  

U

U

Z  Z  10 Z10-11

QC  

QC  

QC  

QC  

ΔS  

QC  

ΔS  

Z  

U

S

U

Z7-12 12

QC  

QC  

Z12-13

13

QC  QC  

Z12-14

QC  QC  

 

14

2ΔS  

Z  /2

U

U

15Z14-15

QC  

ΔS  

Z  

U

U

3 8

 щ   ё      -110  Э -  -1

QC  

Z0-2

QC  

 

2 0

ΔS  

Z  

U

U

Z0-7

QC  QC  

7

Z7-8

2ΔS  

Z  /2

U

S

U

119

Z  /2

U

U

Z  /2 Z  /2 10 Z10-11/2

QC  

QC  

2ΔS  

QC  

ΔS  

Z  

U

S

U

Z7-12 12

QC  

QC  

Z12-13

13

QC  QC  

Z12-14

QC  QC  

 

14

2ΔS  

Z  /2

U

U

15Z14-15

QC  

ΔS  

Z  

U

U

8

  

.124214.13.03.02. 

.

а U  , U  , - , 
%

U  

, 
U  , - , 

%
N

Ч а 110,0 113,8 3,4% 10,5

35,0 37,9 8,2% 10,5 10,5 0% 2

ая а 110 113,2 2,9% 6,6 6,6 0% 1

Ма 110 113,0 2,7% 10,5 10,4 1% -2

М щ ая 
1 110 111,7 1,5% 6,6 6,6 -1% 2

М щ ая 
2 110 114,4 4,0% 6,6 6,6 1% 0

35 38,1 8,8% 10,5 10,5 0% -8

Ч а 110 113,8 3,4% 10,5 1

35 37,9 8,2% 10,5 10,5 0% 2

ая а 110 113,2 2,9% 6,6 6,6 0% 1

Ма 110 113,0 2,7% 10,5 10,4 1% -2

М щ ая 
1 110 111,7 1,5% 6,6 6,6 -1% 2

М щ ая 
2 110 114,4 4,0% 6,6 6,6 1% 0

35 38,1 8,8% 10,5 10,5 0% -8

а  а а а  а

а  а а а а  а

  

            
.        №          

.

.

. .

. .

.

.

 . .

 . .

    3          6
   

  
   , 

 

 
. .

.134144.13.03.02. .

 

.134144.13.03.02. .

 . .

 . .
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а а З а , . .

X 1 ( - ) 0,036

X 2 ( - ) 0,147

X  ( ) 0,540

X  ( ) 0,000

X  ( ) 0,105

X  ( ) 0,590

X  ( ) 0,397

X 1 ( ) 0,111

X 2 ( ) 0,769

1 ( ) 1,056

2 ( ) 1,076

  

    

*
2

*
2

*
1

*

*
1

G

12 

1

63

G

63 

2

63

3 ~ 110 V, 50 Hz

3 ~ 6 V, 50 Hz

 

-150/19

-70/16
1

6,3

2

6,3

2

4

1

4

K-1

K-2

3 ~ 110 V, 50 Hz

3 ~ 35 V, 50 Hz

3 ~ 10 V, 50 Hz

3
 ~

 3
5

 
V

, 
5

0
 H

z

*

*
1

*
1

*
2

*
2

*
1

*
1

*
1

*
1

*
1

*
2

*
2

*
3

*
3

K-1

K-2

2 1

   

*
1 /2

*
1

*
1 /2 *

2/2

*
3/2

K-1

K-2

*
1

*
1

*
3/2

K-1

K-2

*
1

*
2

 Ё   
 

а КЗ I ,  I а0,  К i ,  

К-1   35 0,9 1,2 1,6 1,9

К-2   10 2,0 2,9 1,4 4

    

            
.        №          

.

.

. .

. .

.

.

 . .

 . .

    4          6
   

  
   , 

 

 
. .
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 . .
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.-35

-4000/35

 
   
  

№ 

1 2 3~10 kV, 50 Hz

 10   
 1

1 3 13 15 17 2 4 6 8 10 12 1411

3~35 kV, 50 Hz

 
 1

QS

,

QS

.-1-35

1
2

 10   
 2

 2
 

-10

-1-10

-10, 300/5 -10, 100/5 -10, 300/5 -10, 100/5 -10, 100/5 -63/10

-1-10

-10

-1-10, 

-KP/TEL-10

 2-

35

 2-

35

V

V
Wh

var

h

V

V

W

var

Wh

var

h

BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/

630 2

BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/

630 2

BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/630 2

-1-10, 

-KP/TEL-10

PV

PV

PA

PI

PK

Q

TA

QSG

Wh

var

h

PA

PI

PK

Q

QSG

Wh

var

h

PA

PI

PK

Q

TA

QSG

Wh

var

h

PA

PI

PK

Q

TA

QSG

Wh

var

h

PA

PI

PK

Q

TA

QSG

Q

TA

PA

PW

PVA

PI

PK

QSG

QSG

W

var

Wh

var

h

PA

PW

PVA

PI

PK
QSG

PA

Q Q

TA

QSG

QSG

PV

PV

TVTV

QSG

FV

FU

FU FU

FU
FV

FV

-3 100/5

-35-630, 

-1

-

35

-4

 10  
-VI-10

FV

-35  

-100

-66√3-4,4 1 

 

TA TA

-35  

7

Wh

var

h

BB/TEL-10-12.5/630 2

PA

PI

PK

Q

TA

QSG

-2

9

Wh

var

h

BB/TEL-10-12.5/630 2

PA

PI

PK

Q

TA

QSG

-3

.124214.13.03.02. 

.

16 18

BB/TEL-10-12.5/630 2 BB/TEL-10-12.5/630 2

Wh

var
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