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ABSTRACT 

Final qualifying work on the topic " Reconstruction of the power supply scheme of the 

residential area zavidnoye S.Kaibaly in the border of Arbatskaya-Taimyrskaya streets " 

contains 65 pages of a text document, 9 figures, 30 tables, 25 sources used, 3 sheets of 

graphic material. 

RECONSTRUCTION, POWER SUPPLY, COTTAGE, VOLTAGE, LINE, 

ELECTRICAL EQUIPMENT. 

The object of calculation is the power supply system of the Zavidnoye settlement of the 

Municipal formation "Altai District of the Beloyarsky Village Council of the Republic of 

Tatarstan" The subject of the study is methods for determining the parameters of the power 

supply system. 

The main issues of reconstruction of the design of the dacha array include: 

construction zoning, architectural and planning organization, choice of building types, high 

aesthetic qualities, provided that the territory is economically developed, taking into account 

the peculiarities of the specifics of everyday life and the amenities of the population [1]. The 

population's interest in suburban, individual housing construction is growing, so the 

relevance of the development of settlements has increased. 

The purpose of this final qualification work is the reconstruction of the power supply 

scheme of the electric network of the residential area in order to provide the population with 

high-quality electricity. To achieve this goal, the existing power supply scheme was 

analyzed for loading the elements of the power supply system; a new version of the power 

supply scheme of the electric network was developed, the design of lines and transformer 

substations was selected. 

During the work, the loads on the cottages being introduced into the explantation were 

calculated and a new power supply scheme was designed. For these objects, calculations of 

the electrical load were carried out and all elements of the power supply system were 

selected. At the same time, the design decisions made must correspond to the modern 

technological level. 
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 2.1 –      

 
 

 

-  
 

.  
, 
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, 

 

 
, 

 

 
, 

 

      
 

. P.  
P . 

 
Kc cosφ tg φ =P ∙  

,  

Q = ∙tgφ, 
 

S =√(Pp²+ 
Qp²),  

1 2 3 4 5 6 7 8 9 10 11 

 
1 

  
(  

) 

1,00 3,00 3,00 0,40 1,00 0,00 1,1 0,00 1,20 

2 
 

 
1,00 1,20 1,20 0,30 0,80 0,75 0,36 0,27 0,45 

3  3,00 0,30 0,7 0,50 0,70 1,02 0,35 0,46 0,64 

4 
  

( ) 3,00 2,40 7,20 0,30 0,80 0,75 1,76 1,62 2,70 

5 
 

( ) 3,00 0,40 1,10 0,70 1,00 0,00 0,64 0,00 0,84 

6  1,00 0,60 0,60 0,50 0,70 1,02 0,30 0,31 0,43 
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, 
, 

 
 

 

3,00 

 

0,50 

 

1,50 

 

0,80 

 

1,00 

 

0,00 

 

1,1 

 

0,00 

 

1,20 

8 
 

 
1,00 2,00 2,00 0,10 0,80 0,75 0,20 0,15 0,25 

   
 

  15,60    6,71 2,81 7,71 

   

1 
 

  
1,00 0,15 0,15 1,00 0,80 0,75 0,15 0,11 0,19 



  

 

     2.1 
 

 
 

-   

 

.  
  

  

 

. 
 

. 
 

 
 

 
 

 
 

  . P.  P .  Kc cosφ tg φ =P *  

,  
Q = *tgφ, 

 
S =√(Pp²+ 
Qp²),  

1 2 3 4 5 6 7 8 9 10 11 

2 
 

 
1,00 1,20 1,20 0,80 0,80 0,75 0,76 0,72 1,20 

3  1,00 0,20 0,20 0,10 1,00 0,00 0,02 0,00 0,02 

4 
 

 
1,00 6,00 6,00 0,40 0,80 0,75 2,1 1,80 3,00 

5 
 

 
1,00 0,15 0,15 0,30 1,00 0,00 0,05 0,00 0,05 

     7,70    3,58 2,63 4,45 

   / 
   

 22,30    8,8 5,44 12,16 
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2.2 ё       

    4  

.   ё     ,   

 . 

ё        [10]  . = K ∙ Pi                                                 (2.1) 

  –  ,     

      4.1–4.3 [10]. 

i –      i-    i-   

. 

           

 ,         

,    4.4–4.5 [10]. 

ё            

          =  𝑃 +   ,     (2.2) 

  – ё   , ; 

 𝑃   –    , ; 

   –     , . 

ё  ё     Microsoft Excel.  ё  

ё    32-21-108,  1  1- . ё     

  2.1.  ё     (2.3).  
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 2.1–   0,4 ,     №32-16-108 



15  

 17–10  = 8,8 ; 

 10–9  = 8,8 ∙2∙0,73 = 12,84 ; 

 9–8  = 8,8 ∙4∙0,55 = 19,36 ;  

 8–7  = 8,8 ∙5∙0,48 = 21,12 ; 

 7–6  = 8,8∙7∙0,43 = 26,48 ; 

 6–5  = 8,8∙7∙0,43 = 26,48 ; 

 5–4  = 8,8∙7∙0,43 = 26,48 ; 

 4–3  = 8,8∙7∙0,43 = 26,48 ; 

 3–2  = 8,8 ∙12∙0,36 = 38,01 ; 

 2–1  = 8,8∙13∙0,35 = 40,04 ; 

 1–   = 8,8 ∙33∙0,24 = 69,69 . 

   ё         

,      . 

   S,      [9]. S = Posφ (2.3) 

 

 cos      -  , 

cos=0,92[10]. 

17–10 S = ,, = ,  ; 
 10–9 S = ,, = ,  ; 
 9–8 S = ,, = ,  ; 
 8–7 S = ,, = ,  ; 
 7–3 S = ,, = ,  ; 
 3–2 S = ,, = ,  ; 
 2–1 S = ,, = ,  ; 
 1–  S = ,, = ,  . 
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   Q,     [9]  

. Q = √S − P ;                      (2.4) 

 17–10 Q = √ , − , = ,  ; 
 10–9 Q = √ , − , = ,  ; 
 9–8 Q = √ , − , = ,  ; 
 8–7 Q = √ , − , = ,  ; 
 7–3 Q = √ , − , = ,  ; 
 3–2 Q = √ , − , = , ; 
 2–1 Q = √ , − , = , ; 
 31–  Q = √ , − , = , . 

   .  ё    

 2.3. 

  ё        

 [8]     . I =  S√ ∙ U ; (2.5) 

 

 17–10 I =  ,, ∙ , = ,  А; 
 10–9 I =  ,, ∙ , = ,  А; 
 9–8 I =  ,, ∙ , = ,  А; 
 8–7 I =  ,, ∙ , = ,  А; 
 7–3 I =  ,, ∙ , = ,  А; 
 3–2 I =  ,, ∙ , = ,  А; 



17  

 2–1 I =  ,, ∙ , = ,  А; 
 1–  I =  ,, ∙ , = ,  А. 

    .  ё  

   2.3. 

2.2.1       0,4  

ё         

         

[13]. 

         (     

    ,     

),    [11]. 

ΔU = ⋅ + ⋅X
      (2.6) 

 P  Q –    ,   ; 

R    –     . 

U  –  . 

      [10]. R = r ⋅ l      (2.7) 

 l –   ( ) ; 

r0 –     200C, / .  

 ( )   ( )   

 [6]. X = x ∙ l     (2.8) 

 l –   ( ) ; 

0 –        

( ),          

 .  

     -    

 ,      , 
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  , ё   ,     

  [13]   [10]. 

ΔU% = ∑ Δ − ⋅     (2.9) 

    ,    

         5 %,   

   8 %.     

    ,     

         

ё .  

          

[10]. 𝛥 = ⋅𝑟 + ⋅𝑥𝑈 ⋅ 𝑙    (2.10) 

ё  ё     1,  №32-16-108.     

   , ё  ё   . 

  -2 3×70+1×70.     

r0–     20 0C, 

r0 = 0,44 /  [15]. 

0 –        

( ).  

0 =0,078 /  [15]. 

 17-10 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 10-9 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 9-8 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 8-7 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 7-3 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 3-2 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 

 2-1 =U , ⋅ , + , ⋅ ,, ⋅ , = ,  ; 
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 1-  =U , ⋅ , + , ⋅ ,, ⋅ , = ,  . 

      . 

 ё     (2.3). 

  ,      

   . 

           

U10/20-  = 49,08 . 

 ,      , 

   𝛥 % = , ⋅ = , % 

         

(2.3) 

2.2.2       0,4   

       -

      . 

        

,     .    ё  

 .  ё     

,          

    . 

   ё    [12]     

ΔP ax = ⋅ I ax⋅ R      (2.11) 

 R  –    ,     Imax 

[12]. = 𝑟 ∙ l     (2.12) 

   ё     [12]  . 

W =  max∙      (2.13) 

  –   ,   ,    

,    ,    ,   
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     . 

       [12]    

 . 

 = , + Т х  −  Т  

     (2.14) 

 Т ax –     . Т ax = 4000 . 

= (0,124+4000∙ − ∙ =2107 . 

      0.38      

    ё  . 

W =  𝑚 𝑥 ∙  =  ∙I2
max∙r0∙ l ∙     (2.15) 

    = 2107 .   

   0,44 /  [16]. 

 17–10 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 10–9 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 9–8 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 8–7 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 7–3 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 3–2 W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 2–1 W = ⋅ , ⋅ ⋅ , ⋅ = ,  ∙ ; 

 1–  W = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ . 

      .  

ё     (2.3).  

      250  [13]. 

ΔW = ΔPxx + Δ з ⋅ ax𝑆  ⋅                                          (2.16) 

 S  –   . 

      S =250 ∙ ; 

Pxx  P  –         

. 

Smax –        
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, Smax= 96,8 . 

Pxx =0,82 .,P = 4,2  [16]. 

  

 = , + , ∙ , ∙  =  ,  . 

      

  =    +   +      (2.17)   

W  = 8509,2+7990,84+859,33 = 17358,53 ∙ . 

       W = T ax ∙ P ax,      (2.18) 

 max–      . 

       W = T ax ∙ P ax, = 4000∙89,056 = 356224 ∙ . 

     [16]  . 

ΔW% = ΔWW ∙  (2.19) 

  ΔW% = , ∙ = ,  % 

     . 
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 2.2 – ё    №32–16–108 

1  
№  
-  

P,  
 

Q,  
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU, 
  

ΔU, 
% 

S,  
 

I, 
  

ΔW ,  
∙  

𝛥 ,  
% 

              17–10 8,8 3,75 210 

0,38 

0,44 0,078 2,30 

  

9,57 2,30 12,647  

10–9 12,84 5,47 30 

 

0,48 13,96 0,48 38,466 
9–8 19,36 8,25 30 0,72 21,04 0,72 87,451 
8–7 21,12 9,00 30 0,79 22,96 0,79 10,407 
7–3 26,48 11,28 120 3,96 28,78 3,96 65,441 
3–2 38,01 16,19 30  1,42   41,32 1,42 33,709 
2–1 40,04 17,06 30  1,5   43,52 1,5 37,406 

3/3–3/2 12,84 5,47 30  0,48   13,96 0,48 38,466 
3/2–3/1 16,632 7,09 30  0,62   18,08 0,62 64,542 
3/1–3 19,36 8,25 30  0,72   21,04 0,72 87,451 

10/20–10/9 12,84 5,47 330  5,28   13,97 5,28 42,366 
10/9–10/8 16,89 7,20 30  5,05 49,08 12,9% 18,37 5,05 53,286 
10/1a–10 8,8 3,75 30   -2 0,33   9,57 0,33 18,068 

10–7 21,12 9,00 90 3×70+1×70 2,37   22,96 2,37 31,222 
7/3–7 8,8 3,75 90  0,99   9,57 0,99 54,205 
7/1a–7 8,8 3,75 30  0,33   9,57 0,33 18,068 

7–4 26,48 11,28 90  2,97   28,79 2,97 49,110 
4–2 28,86 12,30 60  2,16   31,37 2,16 38,877 

15–14 8,8 3,75 30  0,33   9,57 0,33 18,068 
14–13 12,84 5,47 30  0,48   13,96 0,48 38,466 
13–11 19,36 8,25 60  1,45   21,04 1,45 17,490 
11–10 21,12 9,00 30  0,79   22,96 0,79 10,407 
10–8 23,76 10,12 60  1,78   25,83 1,78 26,343 
8–7 26,49 11,28 30   0,99   28,79 0,99 16,370 
7–6 28,86 12,30 30   1,08   31,37 1,08 19,438 
6–5 31,68 13,50 30   1,18   34,43 1,18 23,416 
5–4 34,32 14,62 30   1,28   37,30 1,28 27,482 
4–3 36,78 15,67 30   1,37   39,98 1,37 31,570 
3–2 38,02 16,19 30   1,42   41,32 1,42 33,720 
2–1 50,16 21,37 30   1,87   54,52 1,87 58,704 

1–  69,70 75,76 30   2,6   75,56 2,6 11,333 
2  

№  
-  

P,  
 

Q,  
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU, 
  

ΔU, 
% 

S,  
 

I, 
  

ΔW ,  
∙  

ΔW ,  
% 

11–10 8,8 3,75 30 0,38 0,44 0,078 0,33 

8,79 2,3% 

9,57 14,72 18,068  

10–9 12,84 5,47 30  
-2 

3×70+1×70 

0,59 13,96 21,47 40,215 2,26% 

9–8 16,896 7,20 30  0,77 18,37 28,25 69,635  

8–  19,36 8,25 240  7,10 21,04 32,37 731,414  
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 2.2–   0,4 ,     №32–16–110 
 

 2.3 – ё    №32–16–110 

1  
№  
-  

P, 
  

Q, 
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU,  
 

ΔU, 
% 

S, 
 

I,  
 

ΔW ,  
∙  

𝛥 ,  
% 

              9/1_8/1 8,8 3,75 30 

0,38 

0,44 0,078 0,33 

6,6 1,73% 

9,57 14,72 18,06  
1,12% 

 
 

8/1_6/1 12,84 5,47 60 
-2  

3×70+1×70 

1,18 13,97 21,47 80,43 
6/1_4/1 16,896 7,20 60 1,55 16,89 28,25 139,27 
4/1_  19,36 8,25 120 3,55 16,36 32,37 1365,7 

2  
№  
-  

P, 
  

Q, 
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU,  
 

ΔU, 
% 

S, 
 

I,  
 

ΔW ,  
∙  

ΔW ,  
% 

14_13 8,80 3,75 30 

0,38 

0,44 0,78 0,33 

 
 

12,03 
 
  

3,96% 

9,57 14,72 18,06 

 
 
  2,62% 
 
 
 

13_12 16,37 5,47 30 

-1  
3×70+1×70 

0,48 13,97 21,48 35,51 
12_11 19,36 7,20 30 0,63 18,37 28,25 66,6 
11_10 22,00 8,25 30 0,72 21,04 32,37 87,45 
10_9 24,29 9,00 30 0,79 22,96 35,32 104,07 
9_6 28,86 10,12 90 2,66 25,83 39,73 1317,38 
6_3 8,80 11,28 90 2,97 28,78 44,28 490,81 
3_2 33,44 12,30 30 1,08 31,37 28,27 194,38 

2_  8,80 13,50 60 2,37 34,43 52,98 468,33 
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 2.3–   0,4 ,     №32–16–113 
 

 2.4 – ё    №32–16–113 

1  
№  
-  

P,  
 

Q,  
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU, 
  

ΔU, 
% 

S,  
 

I, 
  

ΔW ,  
∙  

ΔW ,  
% 

              19–14 12,848 5,47 150 
0,38 

0,44 0,078 2,4 
12,46 3,26% 

13,97 21,45 192,57  
  2,34% 

14–  16,896 7,20 
420 

-2 
3×70+1×70 

10,07 18,37 28,25 905,2 
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 2.4 –   0,4 ,     №32–16–118 
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 2.5 – ё    №32–16–118 

2  
№  
-  

P,  
 

Q,  
 

L,  
 

U,  
 

R,  
 

X,  
 

ΔU, 
  

ΣΔU, 
  

ΔU, 
% 

S,  
 

I, 
  

ΔW ,  
∙  

ΔW ,  
% 

              4/3_4/2 8,8 3,75 30 

0,38 

0,44 0,078 0,33 

5,12 1,3% 

9,57 14,72 18,068  
 
 
   2,24% 

4/2_4/1 12,848 5,47 30 
-2 

3×70+1×70 

0,48 13,96 21,48 38,51 
4/1_4 16,896 7,20 30 0,63 18,37 28,25 66,6 
6_4 8,8 3,75 60 0,66 9,57 14,72 36,13 
4_2 19,36 8,25 60   1,45 21,04 32,37 174,9 

2_  21,12 9,00 60   1,58 22,96 35,32 208,14 
 

     [16]  . SТ = S +. . . +S    (2.20) 

 №32–16–108SТ = , + , = ,   

 №32–16–110 SТ = , + , = ,   

 №32–16–113 SТ = ,   

 №32–16–118 SТ = ,   

    Kз= ∗ ∙     (2.21) 

 №32–16–108 Kз = , ∙ % = , % 

 №32–16–110 Kз = , ∙ % = , % 

 №32–16–113 Kз = , ∙ % = , % 

 №32–16–118 Kз = , ∙ % = , % 

    ,  , 

            

 . 

 

3         
 

       . 
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      .  

    №32–16–108   36 ,  

     = 38,64%.        

  32    .  ,    68 

    , , . 

 №32–16–110   14       

 = 80,6%.          

44 ,    58     , , 

.  

 №32–16–118   15 ,      

 = 36,44%.          

59,     64      

 №32–16–113   2 ,      

 = 29,15%.          

46    48     .  

    10       . 

 №1  82     , , 

. 

 №2  51       

. 

 №3  51     . 

 №4  60     , . 

 №5  60     , 

. 

 №6  55     , 

. 

 №7  65     , , 

. 

 №8  72      , 

  . 



28  

 №9  60     , 

. 

 №10  68     , , 

.  

 

 3.1 –   №32–16–108  . 
 

      . 
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 3.1 –    №32–16–108 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

          
49,1 20,92 83 100 

-2  
3×50+1×50 

11,12 2,92% 53,37 2535 2,26% 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

97,9 41,72  146,94   180 
-2  

3×95+1×95 16,4 4,3% 106,46 6918 3,64 

 S = , + , = ,   

   250 . 

  250/10/0,4  

 №32–16–108 Kз = , ∙ % = , % 

 

 3.2 –   №32–16–110   
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 3.2 –    №32–16–110 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
42,7 18,19 71,46 100 

-2  
3×50+1×50 10,88 2,92% 46,41 2156 2,06% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

82,3 35,06  127,72  140 
-2 

3×70+1×70 16,1 4,22% 89,46 6127 3,37% 

 S = , + , = ,  

    160 . 

  160/10/0,4  

 №32–16–110 з = , ∙ % = , % 

 

 3.3 –   №32–16–118   
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 3.3 –    №32–16–118 

1  
P, 
  

Q, 
 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

-2  
3×50+1×50 

11,12 2,92% 53,37 2535 2,26% 

2  
P, 
  

Q, 
 

I , A  I , A  
ΣΔU,  

 
ΔU, 
% 

S, 
 

ΔW ,  
∙  

ΔW ,  
% 

97,9 41,72  132,94   140 
-2  

3×70+1×70 16,4 4,3% 106,46 6918 3,64 

S = , + , = ,   

   250 . 
  160/10/0,4  

 

 №32–16–118 з = , ∙ % = , % 

 

 3.4 –   №32–16–113   
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 3.4 –    №32–16–113 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
112,3 47,84  150,45  180 

-2  
3×95+1×95 17,25 4,54% 122,3 28529,96 3,53% 

S = ,   

    160 . 
  160/10/0,4  
 №32–16–113 з = , ∙ % = , % 

 

 3.5 –     №1 
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 3.5 –    №1 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
109,72 46,74  167,76  180 

-1  
3×95+1×95 16,85 4,6% 119,26 30346 4,73% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

102,3 43,58  164,27  180 
-1  

3×95+1×95 16,13 4,2% 111,2 29867 4,54% 

S = , + , = ,   

   250 . 
  160/10/0,4  

 
 №1 Kз = , ∙ % = , % 

 

 3.6 –     №2 
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 3.6 –    №2 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
36,6 15,59 70,35 100 

-2  
3×50+1×50 9,23 2,42% 39,78 2058 1,96% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

76,7 32,67  123,47  140 
-2 

3×70+1×70 15,8 4,15% 83,37 6149 3,16% 

S = , + , = ,   

   160 . 
  160/10/0,4  

 №2 з = , ∙ % = , % 

 

 3.7 –     №3 
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 3.7 –    №3 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
36,6 15,59 70,35 100 

-2  
3×50+1×50 9,23 2,42% 39,78 2058 1,96% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

76,7 32,67  123,47  140 
-2 

3×70+1×70 15,8 4,15% 83,37 6149 3,16% 

 S = , + , = ,   

   160 . 

  160/10/0,4  

 №3 з = , ∙ % = , % 

 

 3.8 –     №4 
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 3.8 –    №4 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
50,7 21,6 94,78 100 

-2  
3×50+1×50 10,11 2,26% 55,11 2734 2,29% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

80,9 34,46  95,36   100 
-2 

3×50+1×50 10,21 2,29% 87,93 2786 2,35% 

 SТ = , + , = ,  ВА 

   160 . 

  160/10/0,4  

 №4 з = , ∙ % = , % 

 

 3.9 –     №5 
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 3.9 –    №5 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
50,7 21,6 94,78 100 

-2  
3×50+1×50 10,11 2,26% 55,11 2734 2,29% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

80,9 34,46  95,36   100 
-2 

3×50+1×50 10,21 2,29% 87,93 2786 2,35% 

 S = , + , = ,   

   160 . 

  160/10/0,4  

 №5 = , ∙ % = , % 

 

 3.10 –     №6 
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 3.10–    №6 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
26,8 11,42 50,35 70 

-2  
3×35+1×35 8,11 2,22% 29,13 1567 1,56% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

83,4 35,53  128,47  140 
-2 

3×70+1×70 15,6 4,1% 90,65 6654 3,5% 

 S = , + , = ,   

   160 . 

  160/10/0,4  

 №7 з = , ∙ % = , % 

 

 3.12 –     №7 
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 3.11 –    №7 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 87,36 100 

-2  
3×50+1×50 11,37 2,94% 53,37 2597 2,29% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

87,9 37,45  138,94  140 
-2  

3×70+1×70 16,21 4,2% 95,54 6918 3,98% 

 S = , + , = ,   

   250 . 

  160/10/0,4  

 №7 з = , ∙ % = , % 

 

 3.13 –     №8 
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 3.12 –    №8 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
90,3 38,47  157,76  180 

-2  
3×95+1×95 14,39 3,7% 98,5 30346 4,73% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

74,36 31,68  134,27  140 
-2  

3×70+1×70 16,78 4,6% 80,83 19798 2,37% 

 S = , + , = ,   

   250 . 

  160/10/0,4  

 №8 з = , ∙ % = , % 

 

 3.14 –     №9 
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 3.13 –    №9 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

-2  
3×40+1×40 11,12 2,92% 53,37 2535 2,26% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

97,9 41,72  132,94  140 
-1  

3×70+1×70 16,4 4,3% 106,46 6918 3,64 

 SТ = , + , = ,  ВА 

   160 . 

  160/10/0,4  

 №9 з = , ∙ % = , % 

 

 3.15 –    №10 
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 3.14 –    №10 

1  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

-2  
3×40+1×40 11,12 2,92% 53,37 2535 2,26% 

2  
P, 

  
Q, 

 
I , A  I , A   

ΣΔU,  
 

ΔU, 
% 

S, 
 

ΣΔW ,  
∙  

ΔW ,  
% 

97,9 41,72  132,94   140 
-2  

3×70+1×70 16,4 4,3% 106,46 6918 3,64 

S = , + , = ,   

   250 . 
  160/10/0,4  

 №10 з = , ∙ % = , % 

 3.15 –     
 

№  S , 
    

1 2 3 4 32–16–108 159,8 0,64 1 -250/10/0,4 
32–16–113 122,3 0,76 1 -160/10/0,4 
32–16–118 159,8 0,64 1 -250/10/0,4 
32–16–110 135,87 0,84 1 -160/10/0,4 

1 230,46 0,92 1 -250/10/0,4 
2 123,15 0,76 1 -160/10/0,4 
3 123,15 0,76 1 -160/10/0,4 
4 143,04 0,83 1 -250/10/0,4 
5 143,04 0,83 1 -250/10/0,4 
6 119,68 0,74 1 -160/10/0,4 
7 148,91 0,93 1 -250/10/0,4 

8 176,33 0,7 1 -250/10/0,4 

9 143,04 0,83 1 -250/10/0,4 

10 159,8 0,64 1 -250/10/0,4 
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4     10    

       10 ,    

        .       

  4.1     10 .   

 
 4.1 – ё    10  

     10/0,4  

 [23]   P = S ∙ kз ∙ osφ    (4.1) 

 

   : 

 250  P = ∙ , ∙ , =  В ; 

 160  P = ∙ , ∙ , = ,  В ; 

     10     0,4  

    2.1. 
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   : 

 1–2 P  = 102,4 ; 

 2–3 P   = 102,4+ 0,73∙102,4=102,4+75=177,4 ;  

 3–4 P   = 177,4 + 0,73∙102,4 = 177,4+75 =252,4 ; 

 4–5 P   = 252,4+ 0,73∙102,4=252,4+75=327,4 ; 

 5–6 P   = 327,4+0,73∙102,4 = 327,4+75 = 407,4 ; 

 6–7 P   = 407,4+0,73∙102,4 = 407,4+75 = 482,4 ; 

 7–8 P   = 482,4+ 0,73∙160=482,4+123=605,4 ; 

 8–9 P   = 605,4+0,73∙102,4 = 605,4+75 = 780,4 ; 

 9–  P   = 780,4+0,73∙160 = 780,4+123 = 903,4 ; 

 10–11 P   = 102,4 ; 

 11–12 P  = 102,4+0,73∙160 = 102,4+123 = 225, ; 

 12–13 P   = 225,4+0,73∙102,4 = 225,4+75 = 300,4 ; 

 13–14 P   = 300,4+0,73∙102,4 = 300,4+75 = 375,4 ; 

 14–  P   = 375,4+0,73∙160 = 375,4+123 = 498,4 ; 

   S,     [1].   (2.4). 

 1–2 S = ,, = ,  ; 
 2–3 S = ,, = ,  ; 
 3–4 S = ,, = ,  ; 
 4–5 S = ,, = ,  ; 
 5–6 S = ,, = ,  ; 
 6–7 S = ,, =  ; 
 7–8 S = ,, = ,  ; 
 8–9 S = ,, = ,  ; 
 9–  S = ,, = ,  ; 
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 10–11 S = ,, =  ; 
 11–12 S = ,, = ,  ; 
 12–13 S = ,, = ,  ; 
 13–14 S = ,, = ,  ; 
 14–  S = ,, =  ; 

   Q,      (2.5). 

 1–2 Q = √ , − , = ,  ; 
 2–3 Q = √ , − , = ,  ; 
 3–5 Q = √ , − , = ,  ; 
 4–5 Q = √ , − , = ,  ; 
 5–6 Q = √ , − , = ,  ; 
 6–7 Q = √ − , = ,  ; 
 7–8 Q = √ , − , = ,  ; 
 8–9 Q = √ , − , = ,  ; 
 9–  Q = √ , − , = ,  ; 
 10–11 Q = √ − , = ,  ; 
 11–12 Q = √ , − , = ,  ; 
 12–13 Q = √ , − , = ,  ; 
 13–14 Q = √ , − , = ,  ; 
 14–  Q = √ − , = ,   

 ё     (4.2). 

4.1        

  ё        

       (2.10) 
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 1–2 I =  ,, ∙ = ,  ; 
 2–3 I =  ,, ∙ = ,  ; 
 3–4 I =  ,, ∙ = ,  ; 
 4–5 I =  ,, ∙ = ,  ; 
 5–6 I =  ,, ∙ = ,  ; 
 6–7 I =  , ∙ = ,  ; 
 7–8 I =  ,, ∙ = ,  ; 
 8–9 I =  ,, ∙ = ,  ; 
 9–  I =  ,, ∙ = ,  ; 
 10–11 I =  , ∙ = ,  ; 
 11–12 I =  ,, ∙ = ,  . 
 12–13 I =  ,, ∙ = ,  ; 
 13–14 I =  ,, ∙ = ,  ; 
 14–  I =  , ∙ = ,  ; 

4.2      10  

        (2.15). 
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 4.1 –    

 
 

 
, 

 

S  , 

 
 
I ,  

 
I ,  

 
 

R, 
/  

X, 
/  

1–2 0,15 128,05 7,40 140 –3(3×70) 0,369 0,278 

2–3 0,39 221,75 12,82 140 –3(3×70) 0,369 0,278 

3–4 0,3 315,50 18,24 140 –3(3×70) 0,369 0,278 

4–5 0,343 409,25 23,66 140 –3(3×70) 0,369 0,278 

5–6 0,275 509,25 29,44 140 –3(3×70) 0,369 0,278 

6–7 0,39 603,00 34,86 140 –3(3×70) 0,369 0,278 

7–8 0,43 756,75 43,74 140 –3(3×70) 0,369 0,278 

8–9 0,375 975,50 56,39 140 –3(3×70) 0,369 0,278 

9–  3,407 1129,25 65,27 180  –3(3×120) 0,335 0,078 

10–11 0,15 128,00 7,40 140 –3(3×70) 0,369 0,278 

11–12 0,3 281,75 16,29 140 –3(3×70) 0,369 0,278 

12–13 0,32 375,50 21,71 140 –3(3×70) 0,369 0,278 

13–14 0,24 469,25 27,12 140 –3(3×70) 0,369 0,278 

14–  3,407 623,00 36,01 180 –3(3×120) 0,335 0,078 
   

 1–2 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 2–3 ΔU =
, ⋅ , + , ⋅ , ⋅ , =  ; 

 3–4 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 4–5 ΔU =
, ⋅ , + , ⋅ , ⋅ , =6,49 ; 

 5–6 ΔU =
⋅ , + , ⋅ , ⋅ , = ,  ; 

 6–7 ΔU =
, ⋅ , + ⋅ , ⋅ , = ,  ; 

 7–8 ΔU =
, ⋅ , + ⋅ , ⋅ , = ,  ; 

 8–9 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 9–  ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ;  

 10–11 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 
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 11–12 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 12–13 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 13–14 ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

 14–  ΔU =
, ⋅ , + , ⋅ , ⋅ , = ,  ; 

      . 

           

U1-  = 263,74 . 

 ,   ,    (2.16). 

= %U
, ⋅ = , %. 

      . 

4.3      10  

ё      ё    (2.15) 

    = 2107 . [21]. 

 1–2 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 2–3 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 3–4 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 4–5 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 5–6 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 6–7 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 7–8 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 8–9 ΔW = ⋅ , ⋅ , ⋅ , ⋅ =  ∙ ; 

 9–  ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 10–11 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 11–12 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 12–13 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 13–14 ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 14–  ΔW = ⋅ , ⋅ , ⋅ , ⋅ = ,  ∙ ; 

 ё     4.2. 



49  

ΣW  = 409474,71 ∙ . 

 4.2 – ё    №29 110/10 

№  P,  Q,  S,  
U Δ,  

 
ΔW ,  

∙  
1 2 3 6 7 8 1–2 102,44 76,83 128,05 0,89 1902 

2–3 177,4 133,05 221,75 4,00 149,5 
3–4 252,4 189,30 315,50 4,37 232,7 
4–5 327,4 245,55 409,25 6,49 447,7 
5–6 407,4 305,55 509,25 6,47 555,8 
6–7 482,4 361,80 603,00 10,86 1105,1 
7–8 605,4 454,05 756,75 18,53 2365,4 
8–9 780,40 585,30 975,50 16,90 2781,0 

9–  903,4 677,55 1129,25 24,52 30739,07 
10–11 102,4 76,80 128,00 0,89 19,2 
11–12 225,4 169,05 281,75 3,91 185,6 
12–13 300,4 225,30 375,50 5,55 351,6 
13–14 375,4 281,55 469,25 5,20 411,9 
14–  498,4 373,80 623,00 8,63 9355,93 

 

5     

5.1     10  

     I I ,  

 U  U , ,    . 

        1-2  -1. 

U =10 , I . =7,4 .   – –10–20/630  

U =10  , I =630 . 

     ,    

 5.1. 
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 5.1 –    10  
 

 U
,  I ч,   

 I . ,  -  

1 2 3 4 5 6 1–2 10 7,40 - -10-20/630 630 1 
2–3 10 12,82 - -10-20/630 630 1 

3–4 10 18,24 - -10-20/630 630 1 

4–5 10 23,66 - -10-20/630 630 1 

5–6 10 29,44 - -10-20/630 630 1 

6–7 10 34,86 - -10-20/630 630 1 

7–8 10 43,74 - -10-20/630 630 1 

8–9 10 56,39 - -10-20/630 630 1 

9–  10 65,27 - -10-20/630 630 1 

10–11 10 7,40 - -10-20/630 630 1 

11–12 10 16,29 - -10-20/630 630 1 

12–13 10 21,71 - -10-20/630 630 1 

13–14 10 27,12 - -10-20/630 630 1 

14–  10 36,01 - -10-20/630 630 1 

   

- -10-20/630   : U =10 ; I =630 ;  

I . . =20 ;     I . . .=20 ; 

   t =0,1 , t =0,18 . 

5.2      1  

   0,4      88. 

   : I ,  ≥ I ;I , ,  ≥ I ;I , ,  ≥ I . 

 5.2 –    0,4  

 
№  

I ,  
I ,   

 

 

 

I ,  , 

 

I ,
,  

,  

I  

,  

        1 2 3 4 5 6 7 8 

108 
 1 83 103,75 88-32 160 125 12,5 

 2 146,94 183,67 88-37 250 200 25 

110 
 1 42,7 53,37 88-31 100 80 12,5 

 2 82,3 102,8 88-32 160 125 12,5 

 

 

 



51  

  5.2 

 
№  I   

I ,   

,  

 

 

I ,  , 

 

I ,
,  

,  

I  

,  

        1 2 3 4 5 6 7 9 

118 
 1 49,1 61,3 88-32 100 80 12,5 

 2 97,9 122,3 88-32 160 125 12,5 

113 
 1 150,45 187,5 

 
88-37 
 

250 
 

200 
 

25 
 

1  1 167,76 209,7 88-32 320 250 12,5 

 2 164,27 205,3 88-32 320 250 12,5 

2  1 70,35 87,9 88-32 160 125 12,5 

 2 123,47 154,3 88-33 200 160 17,5 

3  1 70,35 87,9 88-32 160 125 12,5 

 2 123,47 154,3 88-33 200 160 17,5 

4  1 94,78 118,4 88-32 160 125 12,5 

 2 95,36 119,2 88-32 160 125 12,5 

5  1 94,78 118,4 88-32 160 125 12,5 

 2 95,36 119,2 88-32 160 125 12,5 

6  1 50,35 62,9 88-32 100 80 12,5 

 2 128,47 160,5 88-37 250 200 12,5 

7  1 87,36 109,2 88-32 160 125 12,5 

 2 138,94 173,67 88-37 250 200 12,5 

8  1 157,76 197,2 88-37 250 200 12,5 

 2 134,27 167,8 88-37 250 200 12,5 

9  1 83 110 88-32 160 125 12,5 

 2 132,94 183,67 88-37 250 200 12,5 

10  1 83 110 88-32 160 125 12,5 

 2 132,94 183,67 88-37 250 200 12,5 

 
6     
6.1       10  

      10     

. 
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1

2

3

4

5

6

7

8

9

10

15

14

13

12

11

R1-2

X1-2

R2-3

X2-3

X3-4

R3-4

R4-5

X4-5

X5-6

X6-7

X7-8

X8-9

X9-15

X10-11

X11-12

X12-13

X13-14

X14-15

Xc

R5-6

R6-7

R7-8

R8-9

R9-15

R10-11

R11-12

R12-13

R13-14

R14-15

 

 6.1 –    

      ,  

        , 

    ,    ,   

    . 

    : Xc =                                                (6.1) 

 S  –    , ; 

S  –   ,  100 . S = √ · I  · U                             (6.2) 

 I . ., U . –    . 
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 =  √ · ·  =  ,     (6.3) 

     : I = ∗√                                                (6.4) 

 U  –   ,  10,5 . I = √ ∗ =5,499                                  (6.5) 

       

.     : = 𝑟 · · 𝑈𝑈                                                  (6.6) = 𝑥 · · 𝑆𝑈                                                    (6.7) 

 r   x  –      , / ; L – 

 , . 

     6.1. 

      : 𝐼 з = ∑ · 𝐼                                                    (6.8) 

 Z∑ –       . 

  1  : 
 𝑍∑=

𝑆𝑆 = , = 0,23 .                                         (6.9) 

 𝐼 з = , ·5,499=23,9                                     (6.10) 

    : 𝑖  =  √ · · 𝐼                                     (6.11) 

  –  ,      

X∑/ R∑, =1 [4]. 

       10    

 6.1 

 6.1 –   
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L,  
 

F, 2 
 

r , 
/  

 
, 

/  

 
R, 
. . 

 
,  

 . . 
1–2 0,15 35 0,369 0,278 0,527 0,397 
2–3 0,39 35 0,369 0,278 1,370 1,032 
3–4 0,3 35 0,369 0,278 1,054 0,794 
4–5 0,343 35 0,369 0,278 1,205 0,908 

5–6 0,275 35 0,369 0,278 0,966 0,728 
6–7 0,39 35 0,369 0,278 1,370 1,032 

7–8 0,53 35 0,369 0,278 1,862 1,403 
8–9 0,375 35 0,369 0,278 1,317 0,992 

9–  3,407 35 0,365 0,078 1,651 1,244 
10–11 0,15 35 0,369 0,278 0,527 0,397 

11–12 0,3 35 0,369 0,278 1,054 0,794 
12–13 0,32 35 0,369 0,278 1,124 0,847 

13–14 0,24 35 0,369 0,278 0,843 0,635 
14–  3,407 35 0,365 0,078 1,054 0,794 

 
 6.2 –    

 

 
 

Z∑, . . ∑/ R ∑  I(3)  
,  

I ,  

1 0,289 0 1 19,03 26,9 
2 0,32 0,245 1 17,2 24,3 
3 0,730 0,245 1 7,53 10,65 
4 0,514 0,245 1 10,7 15,13 
5 0,714 0,245 1 7,7 10,89 
6 0,890 0,245 1 6,18 8,74 
7 0,345 0,245 1 15,94 22,54 
8 0,545 0,245 1 10,09 14,27 
9 0,779 0,245 1 7,06 9,98 
10 0,432 0,245 1 12,73 18 
11 0,214 0,245 1 15,62 22,09 
12 0,667 0,245 1 8,24 11,66 
13 0,563 0,245 1 9,77 13,81 
14 0,783 0,245 1 7,02 9,93 
15 0,543 0,245 1 10,13 14,32 
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6.2 ё        1   

   1       ,  

          

   . 

    .    

        

: 

𝐻 = · 𝑈 ,В𝑈 ,Н                                              (6.12) 

𝐻 = · 𝑈 ,В𝑈 ,Н                                                (6.13) 

 

 R ,  –      

; 

R ,  –      

   . 

    №1 (   №1). 

   : 
10 кВ 

 
 

 6.1 –   

       (6.12), (6.13): 
 
R ∑ = 0,32 ; (6.14) 

X ∑ = 0,08 ; (6.15) 

К1 0,4кВ 
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R ∑ = , · , 2 = 0,00051 ; (6.16) 

X ∑ = , · , 2 = 0,00087 . (6.17) 

  -250 10/0,4 

Rтр = 0,0016 ; (6.18) 

X  = 0,0029 . (6.19) 

  ,    

    ,  

    R .   

R =(15÷20)  

 

R=R + R =0,0016+0,015=0,0166 . (6.20) 

    №1 L=0,25 . 

    №1: 

R0,4 = , · ,  = 0,1 О ; X0,4 

= , · ,  = 0,019 О . 

 : 
 Z∑  = √ RН∑ +  R +  R ,  +  XН∑  +  X ,                           (6.21) 
 

Z∑ = √(0,00051 + 0,0166 + 0,1)2 + (0,00086 + 0,019)2 = 0,12 О . 

      1   : 𝐼 з =
𝑈√ ∗ ∑  

𝐼 з = √ ∗ , =6,58  

  X∑/R∑, =1,1 

    1: 𝑖 = √ · · 𝐼 з = √ · · , =9,3  (6.22) 
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       0,4     

6.1. 

 6.3 –       0,4  
 

№ 

 
RH∑, −  

 
XH∑, −  

R0.4 , −  

X0.4 , −  

R  , 
 −  

X , 
 −  

Z∑, 
 −  

R0.4 , 
 

I(3) , 
 

𝐼 ,  

1 2 3 4 5 6 7 8 9 10 11 

108 0,51 0,87 0,1 12 5,5 1,71 35 6,58 1 9,31 

110 0,53 0,87 7 1,3 5,5 1,71 24 9,68 1 13,69 

118 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 

113 0,22 0,79 9 17 5,5 1,71 26 8,74 1 12,36 

1 0,13 0,7 23 21 5,5 1,71 42 5,77 1 8,24 

2 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

3 0,53 0,87 7 13 5,5 1,71 24 9,68 1 13,69 

4 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 

5 0,22 0,79 9 17 5,5 1,71 26 8,74 1 12,36 

6 0,13 0,7 23 21 5,5 1,71 42 5,77 1 8,24 

7 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

2 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

3 0,53 0,87 7 13 5,5 1,71 24 9,68 1 13,69 

4 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 
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7.          

  

         

 .         

  ,   (-10 ÷ +10) %  U   

        (7.1). 

                                                V = И −∆ ч − ∙ %                                   (7.1) 

  –      (%);  

 –   ( );  

 –     ( );  

∆  –     ( ) 

          

    :  

−    1,05 ;  

−    ;  

−    (1,05÷1,1) . 

  : 

1.      №10; 
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–9: 

L=3,407 ; 

r0=0,335; x0=0,078 

cosφ=0,088, sinᵠ=0,44; 

Imax=65,27 A; 

∆U -9 =  √ · , · , · , · ,  +  , · ,  =  ,  ; 

U1 =  –  ,  =  ,  ; 

9–8: 

L=0,37 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=56,39 A; 

∆ 9−8 = √ · , · , · , · ,  +  , · ,  =  ,  ; 

3 = ,  –  ,  =  ,  ; 

8–7: 

L=0,42 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=43,74 A; 

∆ 8–7 = √ · , · , · , · ,  +  , · ,  =  ,  ; 

4 = ,   –  ,  =  ,  ; 

7–6: 

L=0,39 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=34,86 A; 

∆ 7–6 = √ · , · , · , · ,  +  , · ,  =  ,  ; 

5 = ,   –  ,  =  ,  ; 

6–5: 

L=0,275 ; 
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r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=29,44 A; 

∆ 6–5 =  √ · , · , · , · ,  +  , · ,  =  ,  ; 

6 =  ,  –  ,  =   ; 

5–4: 

L=0,34 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=23,66 A; 

∆ 5–4 =  √ · , · , · , · ,  +  , · ,  =  ,  ; 

7 =  –  ,  =  ,  ; 

4–3: 

L=0,3 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=18,24 A; 

∆ 4–3 =  √ , · , · , · ,  +  , · ,  =  ,  ; 

8 = ,  –  ,  =  ,  ; 

3–2: 

L=0,39 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=12,82 A; 

∆ 3–2 = √ · , · , · , · ,  +  , · ,  = 4,6 ; 

9 = ,  –  ,  =  ,  ; 

2–1: 

L=0,15 ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 
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Imax=7,4 A; 

∆ 2–1 = √ · , · , · , · ,  +  , · ,  =   ; 

10 = ,  –   =  ,  ; 

   :∆U =  В 

5 = ,   −   =  ,  . 

ё     : 

9= ,   ·0,038=386,62 ; 

 1–  №10: 

L=0,005 ; 

r0=1,11; x0=0,0802 

cosφ=0,088, sinᵠ=0,44; 

Imax=22,96 A; 

∆ 1–№47 = √ · , · , · , · ,  +  , · ,  =  ,  ; 

10 = ,  –  ,  =  ,  ; 

 :              V = ,  − ∙ = ,  %. 
            V = , − ∙ = ,  %. 
            V = , − ∙ = ,  %. 
            V = , − ∙ = ,  %. 
            V =  − ∙ = ,  %. 
            V = , − ∙ = ,  %. 
            V = ,  − ∙ = ,  %. 
            V = , − ∙ = ,  %. 
            V = , − ∙ =  %. 



62  

            V = ,  − ∙ = ,  %. 
            V = ,  − ∙ = , %. 

 7.1 –   

 
 

 I
 , 

 

 
L,

 
 

co
s 

si
n 

r
,

/ 
 

,
/ 

 

 
U

, 
 

∆U
, 

 

V
, 

%
 

1 3 4 5 6 7 8 9 10 11 
–9 94,02 3,4 0,88 0,44 0,335 0,078 180,03  3,75 

9–8 56,39 0,375 0,88 0,44 0,568 0,0785 19,09  3,56 
8–7 43,74 0,43 0,88 0,44 0,568 0,0785 17,13  3,39 
7–6 34,86 0,39 0,88 0,44 0,568 0,0785 12,68  3,26 
6–5 29,44 0,275 0,88 0,44 0,568 0,0785 7,55  3,19 
5–4 23,66 0,34 0,88 0,44 0,568 0,0785 7,5  3,11 
4–3 18,24 0,3 0,88 0,44 0,568 0,568 5,1  3,05 
3–2 12,82 0,39 0,88 0,44 0,568 0,568 4,6  3,01 
2–1 7,4 0,15 0,88 0,44 0,568 0,568 1  3 

-    0,88 0,44 0,568 0,568  126 1,74 
 

№31 - 
 

№10 

 

22,67 

 

0,005 

 

0,88 

 

0,44 

 

1,11 

 

0,0802 

 

0,18 

  

1,74 
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 7.2 –   

 
 

 I
 , 

 
 

L,
 

 

co
s 

si
n 

r
, /  
, /  

 
U

, 
 

∆U , 
 

V
, 

%
 

1 3 4 5 6 7 8 9 10 11 
–9 37,61 3,4 0,88 0,44 0,335 0,078 180,03  -0,26 

 9–8 22,56 0,375 0,88 0,44 0,568 0,0785 19,09  -0,46 
8–7 17,50 0,43 0,88 0,44 0,568 0,0785 17,13  -0,57 
7–6 13,94 0,39 0,88 0,44 0,568 0,0785 12,68  -0,6 
6–5 11,78 0,275 0,88 0,44 0,568 0,0785 7,55  -0,72 
5–4 9,46 0,34 0,88 0,44 0,568 0,0785 7,5  -0,79 
4–3 7,30 0,3 0,88 0,44 0,568 0,568 5,1  -0,86 
3–2 5,13 0,39 0,88 0,44 0,568 0,568 4,6  -0,91 
2–1 2,96 0,15 0,88 0,44 0,568 0,568 1  -0,93 

-    0,88 0,44 0,568 0,568  126 -1,37 
 

№31 - 
 

№10 

 
9,07 

 

0,005 

 

0,88 

 

0,44 

 

1,11 

 

0,0802 

 

0,18 
 

 

-1,37 

 
 

 
 

 7.1       . 

-2,5

0

2,5

5

7,5

10

0 1 2 3 4

Макс ал

М ал
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