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     -70/11 [11]. 
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 , −  ы я я. 
 

      
  . 

    (Q1  Q2)  -
,    (Q3  Q4).  
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U .  ≥ U ,                                                                                              .  
 
I .  ≥ I .max.                                                                        .  
 

,  U  = 35 , I .max = ,   (Q1  Q2)  U  = 10 , 
I .max = ,  *35/10=919,975  (Q3  Q4). 

    - -35-25/1000 
(Q1  Q2)    U .  = 35 , I .  = 1000 , I .  = 25  
[12]. 

  : 
 
10 ≥ 10, 
 
1000 ≥ 282,85. 
 
  - -10-20/1000 (Q3  Q4)    U .  = 

= 10 , I .  = 1000 , I .  = 20  [15]. 
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       110 
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    - -110 (Q1  Q2) 
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110 ≥ 110, 
 
1250 ≥83,63. 

 
  - -10-20/1000 (Q3  Q4)    U .  = 

= 10 , I .  =1000 , I .  = 20  [13]. 
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10 ≥ 10, 
 
1000 ≥ 913,8. 
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    35 , . / , 
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 К Σ = , ∗ ∗ , = , .  
 

 1  35/10 ,  10000 , . 
, 

            К = А + + . =                                                            .= + , ∗ − ∗  + , ∗ = , , 
 

 А , , −    [10]. 
   , . ., 

 Кя = Ая + я = + , ∗ − ∗ = , ,                     (5.20) 
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 Ая,  я −    [10] 
 , . , 

 К = А + = + , ∗ − ∗ = , .                      (5.21) 
 

   , . , 
           = ∑= + ∑ я я= + = = , ∗ + , ∗ + , ∙ = , , 
 

(5.22) 

 k  = 170 –  ,    -
,        -

   2022 .  
    , . , 

 𝛴 = + = + , = , .                   . 3  
 

) ё     
    , . ./ , 

 
       𝛴 = + + = , ∗ , + , ∗ , +   + , ∗ , = , , 

(5.24) 

 
 , ,  –    ,  

  , . . [3]. 
        

   , 
 = · К.                                                                                               (5.25) 
    

        -
  ,    
 = . 
 

 
(5.26) 

 

  , . ./ , 
 𝛴 = + + = , ∗ , + , ∗ , + + , ∗ , = , , 

 

(5.27) 
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 , ,  –       , -
   , . . [3]. 

   .  
     , , 

 𝛥 = = ∙ ∙ ∙ − =         = , ∗ , ∗ , ∙ − = , , 
 

(5.28) 

 –   , / ;         −  , ;        –  ; 
      –  , ∙  

   , :   = ( , + ) ∙ = ( , + ) ∙= ,  
 

(5.29)  

 Tmax –       -
 ,  [10]. 
    , · , 

 𝛥 = 𝛥 ∙  = , ∗ , = , . 
 

(5.30) 

     , · /  
 𝛥 = ∙ 𝛥 ∙ + ∙ 𝛥 ∙ ( ) ∙  = = ∗ ∗ + ∗ ∗ , ∗ , = , , 

 

 (5.31) 

 n –  ; 𝛥  –   , ;  𝛥  −   , ; 
 −  , ∙ ; 
 −   , ∙ ; 

 –     , . 
    , · , 

 𝛥 𝛴 = 𝛥 + 𝛥 = , + , = , .          (5.32) 
 

      , . ./ , 
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ЭΣ = Э ∙ ∆ Σ = , ∙ , = , ,                              .  
 

  –       « » 
 35  [15]. 

    ,   
 , . , 

 𝛴 = 𝛴 + 𝛴 + э𝛴 = , + , + , =            (5.34) 
   = , . 
 

ё     , . , 
 𝛴 = ∙ К𝛴 + 𝛴 = , ∙ , + , = , , 
 

 (5.35) 

 E  –  ,    , 
   (  2020 )   12,5 %, . . E  = 

0,125. 
     

    : 
 

 
 5 –      

 
       ,  

   : 
 

 
 6 –       
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 c       [3]. 
  35 : 

Ω 35 = 0,8 / ; . 35 =10 / ; 35 = 1,142 / .  
  35 :  

ω 35 = 0,004 / ; 35 =40 / ;  35 = 4,566 / .  
   

ω  = 0,012 / ;  =70 / ;   = 7,991 / . 
  10   

ω 10 = 0,03 / ; 10 =20 / ;  10 = 2,283 / . 
    -35 : 

 = 𝜔 = ∙ , ∙ , ∙ − = , ∙ − .                    .  

 
     35 : 

 = 𝜔 = , ∙ , ∙ − = , ∙ −  .                   .  
 

     35 : = 𝜔 = , ∙ , ∙ − = , ∙ − .                 .  
 

     10 : 
 = 𝜔 = , ∙ , ∙ − = , ∙ − .                         .  
 

      -
, 

 𝜔 = 𝜔 + 𝜔 + 𝜔 + 𝜔 = , ∙ ∙ , ∙ − + , ∙ , ∙ − + , ∙ , ∙ − ++ , ∙ , ∙ − = , ∙ − . 
 

.  

    , ∙ , 
 

.э. = ∑ 𝜏 == , ∙ −∙ ∙ , + ∙∙ , + ∙ ,+ ∙ , == ,  , 
 

.  

 Z –    ;  
      Pz –     z-   , ;  
      koz –      
z-    (     koz = 0,6);  
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      τnz –       z-   
, . 

, . ,  
 = ∙ .э. ∙ . . = ∙ , ∙ , ∙ −  =             .       = , ,                                    
 

- 0 = 268 ./ ∙  [10]; 
 . .  -     [16]. 
 
5.7 -      

 .    110  
 

    110 , . / , 
 К = А + + == , + ∗ − ∗ + ∗ = , ,  (5.44) 

 
 , ,  –      

[10].  
     , . , 

 К Σ = , ∗ ∗ , = , .                                               .  
 

 1  110/10 ,  10000 , . 
, 

 К = А + + . == + , ∗ − ∗ + , ∗ = , , (5.46) 

 
 – А , , −    [10]. 

   , . , 
 Кя = Ая + я = + , ∗ − ∗ = , ,              .  

 
 Ая,  я −    [10]. 

 , . , 
 К = А + = + , ∗ − ∗ = , .           (5.48) 

 
   , . , 
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= ∑= + ∑ я я= + = = , ∗ + , ∗ + , ∙ == ,  , 
 

 
 
 
(5.49) 

 k  = 170 –  ,    -
,        -

   2022 .  
    , . ., 

) ё     
    , . ./ , 

 𝛴 = + + = , ∗ , + , ∗ , + + , ∗ , = , , 
 

 (5.51) 

 , ,  –    ,  
  , . .[3]. 

        
   , 

 = · К. 
 

  (5.52) 

        -
  ,  
 =  

 

(5.53) 

  , . ./ , 
 𝛴 = + + = , ∗ , + , ∗ , + + , ∗ , = , , 

 

(5.54) 

 , ,  –       , -
   , . .[3]. 

   .  
     , , 

 𝛥 = = ∙ ∙ ∙ − = = , ∗ , ∙ , ∙ − = , , (5.55) 
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 –   , / ;         −  , ;        –  ; 
      –  , ∙ . 

   , , 
 

 = ( , + ) ∙ = ( , + ) ∙= , , 
 

(5.56) 

 Tmax –       -
, .[10] 

    , · , 
 𝛥 = 𝛥 ∙  = , ∗ , = , . 
 

(5.57) 

     , · / , 
 𝛥 = ∙ 𝛥 ∙ + ∙ 𝛥 ∙ ( ) ∙  = = ∗ ∗ + ∗ ∗ ( , ) ∗ = , , 

 

(5.58) 

 n –  ;        𝛥  −   , ;         𝛥  −   , ;         −  , ∙ ;         −   , ∙ ;         –     , . 
  , · , 

 𝛥 𝛴 = 𝛥 + 𝛥 = + = . 
 

(5.59) 

      , . ./ , 
 Э∑ = Э ∙ ∆ Σ = , ∙ = , ,                                    (5.60) 
 

  –       « » 
 110  [15]. 

    ,   
 , . , 
  

 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

37 

Лист 
     

     

𝛴 = 𝛴 + 𝛴 + э𝛴 = + , + ,  = , . 
 

(5.60) 

ё     , . .: 
 𝛴 = ∙ К𝛴 + 𝛴 = , ∙ , + , =  , , 

 
 (5.61) 

 E  –  ,    , 
   (  2021 )   12,5 %, . . E  = 

0,125. 
     

    : 
 

 
 7 –      

 
       ,  

   : 
 

 
 8 –       

 
 c       [3]. 
  110 : 

ω 110 = 1 / ; . 110 =9 / ;  = 1,027 / .  
  110 :  

ω 110 = 0,003 / ; 110 =20 / ;   = 2,283 / .  
 :  

ω  = 0,017 / ; 110 =70 / ;   = 7,991 / . 
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  10   
ω 10 = 0,003 / ; 10 =20 / ;  10 = 2,283 / . 

 = 𝜔 = ∙ , ∙ , ∙ − = , ∙ − .                  (5.62) 

 
     35 , 

 = 𝜔 = , ∙ , ∙ − = , ∙ − .            (5.63) 
 

     35 , 
 = 𝜔 = , ∙ , ∙ − = , ∙ − .              (5.64) 
 

     10 , 
 = 𝜔 = , ∙ , ∙ − = , ∙ − .                 (5.65) 
 

      -
, 

 𝜔 = 𝜔 + 𝜔 + 𝜔 + 𝜔 == , ∙ − . (5.66) 

 
    , ∙ , 

 

.э. = ∑ 𝜏 == , ∙ −∙ ∙ , + ∙ , + ∙ ,+ ∙ , = , , 
 

(5.67) 

 Z –    ;  
      Pz –     z-   , ;  
      koz –      
z-    (     koz = 0,6);  
      τnz –       z-   

, . 
, . ,  

 = ∙ .э. ∙ . . = ∙ , ∙ , ∙ −  =             .       = , ,                                    
 

 0 = 268 ./ ∙  [10]; 
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 . .  -     [16]. 
   

 
 9 –      

  
 

I (35 ) II (110 ) 
  , . . ,  ,  

   ,  
 , . . ,  ,  

 , W , . ∙ /  ,   
   , , 

. . ,  ,  

   , . . ,  ,  

   , . ./  ,  ,  

 
     14 %. -

,        
   . 
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6         
   

 
      2500 ∙ , 

         
.      -

.       -
,     ё   [3]. 

      -
.       -

 .     -
   .    

     .     
     . 

   , , 
 = 𝑐 = , ∗ , ∗ − ∗ = , ,                   .  

 
 𝑐  –     , . .;  –      -

  (0,09-0,25 [4]), / 2; 
 –      , 2. 

       10. -
    cosφ = 0,95 [4]. 

 
 10 –     

Ч   
  -

   
, % 

 -
 ,  

 -
 , 

 
-  24 1,919 0,614 
-  23 1,89 0,605 
-  29 2,356 0,754 
-  24 2,013 0,644 

 100 8,177 2,617 
 

       -
        

 ,      -
  1  [3]. 

      
 ( ),    ,    : 

1)      -
; 
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2)        -
       6,10   [3]. 

    [3]. 
       

     , ∙ / , 
 𝜎 = ,                                                                                                               .  

 
   – ё   , ∙ ;  

F –  , . 
     , 

     , 
 𝑁 i = ∙ . + ∆𝑁,                                                                                  .  

 
  –     [3], . ; ∆𝑁 –     .  

     
         

 
 𝑁 = 𝑁 i + ,                                                                                              .  
 

  –    ,  
   [3]. 

  ,    
      1 , , 
 

. = √ 𝑁 ∙ ∙ . − .                                                          .  

 
      1 , , 

 = − .  .                                                                                         .  
 

   ,  < ,    -
        ( -

    ). 
       -

    6,10  , , 
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= − − γ ∙ 𝑁 ∙ .  ,                                                           .  
   

 γ –  ,       
      [3]. 

  ё  ,  < ,     -
      . 

 ё   , , 
 = +  .                                                                                           .  
 

        
№4,12,9,14,6,    ё    -

   (  1 )  ё   .  ё  -
    1  . 

  , 
 𝜎 = , = , .  
 

    0,2... 0,3 · / 2    
 3 000... 4 000 ·      

  1 600...2 500 · .    
    0,7    

2500 · , 
    , 

 𝑁 i = ,, ∙ + , = .           
 

  , 
 𝑁 = + = .         
 

  ,    
 , , 
 . = √ ∙ , ∙ − , = , . 
 

      1 , , 
 = , − , = − , .     
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 < ,       
    . 

        
     11,   -

-   12,    -   13.  
 

 11 –       

-
 

-
 
 
  

 -
 

 -
 

σ , 

/ 2 

P , 
 

Q , 
 

S .
, 

 
 

N
mi
n 

N
 

 № 
1,3,8, -  

-1, 
-1  

 № 1 0,18 
2111,6

5 
1557,6

0 
1000 0,66 4 4 

 № 
5,13,15,7, 

-  
-2  №5 0,47 

1606,7
9 

1494,0
7 

1600 0,69 2 2 

 № 
4,12,9,14,6,

-  
-3  № 4 0,35 

1950,2
6 

2765,5
7 

2500 0,71 2 2 

 № 2,7, 
-  

-4  № 2 0,37 
1023,5

0 
939,49 1000 0,75 2 2 

 №11 -5  № 11 0,81 
1424,2

7 
1627,9

6 
1600 0,69 2 2 

 № 10 -6  № 10 1,23 556,39 560,45 1000 0,79 1 1 

 
 12 –     

 -
 

-
 -

 . ,  

 
 

,  

 -
, 
 

 
 
  

, % 

  
, % 

  ∆𝑷𝒙𝒙 ∆𝑷  

 1000 10 0,4 1,7 10,5 6 1,3 
 1600 10 0,4 3,3 18 5.5 1,3 
 2500 10 0,4 4,6 25 5,5 1,0 

 
 13 –     [34] 

 
Q , 

 

Q .
, 
 

Q .
 
 

-  
, 

. 

 
 

,  
  

 № 1,3,8 1557,60 
40,71 50,4 4 ,  

-0,4-12,6-
1,8 3 

 № 5,13,15,7 1494,07 - - - - - 

 № 
4,12,9,14,6 

2765,57 
- - - - - 

 № 2,7 939,49 - - - - - 

 №11 1627,96 - - - - - 

 № 10 
560,45 

135,68 150 1 150 -0,4-150-7,5 
3 
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  10 .      10 ,   -

     ,    
     :   

 − −  К + − К − Э = ,                                      .  
 

  –  ,    6-
10 , ;  
       –      , ;  
       –   ,   

, ;  
       –   ,   

, ;  
      .  –   , ; 1 –  -

  ,   , 
. 

    -
   , , 

  э = ∙  = , ∙ = , ,                                           .  
 

  –     (   -
) [4]. 

    , , 
 =  э ∙ = ,  ∙ = , .                                              .  
 

 ,  , , 
 =  𝜑 = · , · , =2324,0412.                      .  

 
     -

  ,     ,  ,  -
    , , 

 К = − −  К + − Э =                                       = , − , − , + ,   − , =          .  = , .                                                                   
 

   4   -10,5-1350-1 450 -
2 900  3[35]  2   -2/20-10 [36]. 
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7      
 

   ,   , -
     ,   -

 ,    ,    
 [3].     [3]   2.  

  , , 
 ∆ = ∆ · + ∆ · . =                                                          .  

= , · + · ( , ) = , , 
 

 n -      -
;  

      ∆  -    , ;  
      ∆  -      ; 
        –   , , 

 = √ + ( − ) =                                                                     .  = √ , + , − =2194,08. 
 

  , , 
 ∆ = ∆ · + ∆ · .= . · 𝐼 · + . · · . =                          .  

   = · , · + · , · ( , ) = , ,                   
 

 ∆  –    , ; 
      ∆  –     , ; 
      𝐼  –   , %; 
       –   , %. 

     ,   -
   14. 
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 14 –      

№  S . ,  Δ  (   
),  

ΔQ  (   ),  

-1 1000 24,471 152,978 
-2 1600 23,524 124,340 
-3 2500 32,103 175,970 
-4 1000 13,533 83,905 
-5 1600 23,048 122,016 
-6 1000 6,719 41,682 
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8    
 

8.1    10  
 

       
 .     [3].  

      (10 )  : 
 - 2.       -

         300 . 
        -

 , , 
 

𝐼 =  √( + ∆ ) + ( + ∆ )· √ ∙ =                                                      .  

= √ , + , + , + ,· √ · = , , 
 

  -       0,4 , ; 
ΔP  -    (  14), ; 

 -    ;  
 -       0,4   -

   , , 
 = −  = , − = , .                                    .  
 

    , , 
 

𝐼 =  √( + ∆ ) + ( + ∆ )− · √ ∙ =                                                    .  

= √ , + , + , + ,· √ · = , . 
 

ё    , 
 = 𝐼э = ,, = ,  .                                                              .  

 
   - 50 2.   -

         -
  𝐼 =   [11]. 
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      (  ),  
ё   :     

( ),   ,     ( ),   -
   ( ) [3].  

     ,  
 𝐼′ = ∙ ∙ ∙ 𝐼 𝐼 .  ,                                                               .  
  

 𝐼  –      [11], , 
  𝐼′ = ∙ , ∙ , ∙ = , , .  

 
              , 
 ∆ % = ∆ ∙ %,                                                                                   .  

 ∆ = √ ∙ ∙ 𝐼 ∙ ∙ ( ∙ 𝜑 + ∙ 𝜑),                                                  (8.7) 
 

 I  –      , ; 
      l -  , ; 
      𝜑  -      (  ), . ; 
        -     , / ;  
       -    , / . 

 𝜑 = + = , + ,, = , ,                                          .  

 sin arccos 𝜑 = , .                                                                                   .  
 
          ∆ = √ ∙ ∙ , ∙ , ∙ , ∙ , + , ∙ , = , , 
 ∆ = , ∙ % = , .

              
    ,     
.      10    -

 15.  
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 15 –    10  

 
S , 

·  I ,  
I .

,  
F , 

2 
I , 

 I' ,  
n , 

  -
 

L,  ∆ , % 

- 1 2705,65 78,11 156,21 50 156 147,42 4  0,0315 0,0092 
1- 1  705,65 20,37 40,74 50 156 147,42 2  0,207 0,0316 

- 2 2297,21 66,31 132,63 50 156 147,42 2  0,15 0,0728 
3- 3 3547,17 51,20 68,27 50 156 147,42 4  0,327 0,1113 
4- 4 1456,97 42,06 84,12 50 156 147,42 2  0,075 0,0226 
4- 5 2270,94 65,56 131,11 50 156 147,42 2  0,0795 0,0366 
5- 6 722,16 20,85 41,69 50 156 147,42 2  0,094 0,0142 

- 1 4411,76 63,68 84,90 50 156 147,42 4  0,187 0,0900 
- 2 2835,00 40,92 54,56 50 156 147,42 4  0,103 0,0315 

 
8.2    0,4  
 

ё    (0,4 )  : 1– 2.  
 𝐼 = ,√ ∙ ∙ , = ,  А 

        -
, , 

 𝐼 . = ,√ ∙ − ∙ , = ,  А 

 
        -

  ( )         -
   .   -4×95 -

       I =199 . [11]. 
      (  ),  

ё   :     
( ),        ( ),   -

   ( ), [3]. 
     ,  

 𝐼′ = ∙ ∙ ∙ 𝐼 𝐼 . ,                                                          .  
  

 𝐼  –      [11], , 
 𝐼′ = ∙ , ∙ , ∙ = , , .  

 
    , 
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∆ % = ∆ ∙ %,                                                                                .  

 ∆ = √ ∙ ∙ 𝐼 ∙ ∙ ( ∙ 𝜑 + ∙ 𝜑),                                    (8.12) 
 

 I  –      , ; 
      l -  , ; 
      𝜑  -      (  ), . ; 
        -     , / ;  
       -    , / . 

 cos 𝜑 = = ,, = , ,                                                                      .  

 sin arccos 𝜑 = , .                                                                        (8.14) 
 
          ∆ = √ ∙ ∙ , ∙ , ∙ , ∙ , + , ∙ , = , , 
 ∆ = ,, ∙ ∙ % = , .

 
 

    ,     
.      0,4    -

 16. 
 

 16 –    0,4  

 S , 
·  

I ,  I .
,  

F , 
2 

I , 
 

I' , 
 

n , 
 

 
 

L ,  
∆U,
% 

1- 2 343,61 130,52 164,02 70 187 176,71 4  0,025 0,40 

2- 3 237,79 90,32 120,43 70 187 176,71 4  0,038 0,59 

4- 5 389,52 147,95 197,27 95 224 211,68 4  0,081 1,61 

5- 6 60,22 45,75 91,49 50 150 141,75 2  0,063 0,61 

7- 8 376,09 142,85 190,47 95 224 211,68 4  0,020 0,33 

8- 9 121,67 46,22 61,62 50 150 141,75 4  0,049 0,54 

7- 10 306,81 116,54 155,38 70 187 176,71 4  0,027 0,50 

10- 11 105,82 80,39 160,78 70 187 176,71 2  0,024 0,29 

12- 13 290,47 110,33 147,11 70 187 176,71 4  0,04 0,78 

4- 14 290,47 110,33 147,11 70 187 176,71 4  0,064 1,21 

 
        

 5% 
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9     
  

      
( )     (    

, ,    .),     : 
 ,      ё ,  

     . .     
     -

  ,  . 
       

         -
      -

  .  
     ё   -

      ,      
       -
 .      3. -

     ,  ё -
    . 

        
   ( - 2),     

     №1  5.      
    MathCAD 15. ё    -

 .  ё     17. 
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 9 –      
)-  ; )-  . 

 
  17 –     

  U ,  I ,  i ,  

1 37 9,373 14,449 
2 10,5 5,493 13,983 
3 10,5 5,387 13,714 
4 10,5 5,335 13,58 
5 0,4 14,04 20,253 
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10   
 

10.1     
 

 –   ,   
        ,  

   , ,  , -
 ,  . 

     [18]: 
1)   ; 
2)    𝐼 . 𝐼 ; 
3)    𝐼 𝜏 𝐼 . ; 
4)       . ; 
5)          𝐼 · . 

     ,   
     [18]. 

 
10.1.1         

  -10000/35 
 

      -
     ,   -

. 
  , , 

 𝐼 = ∙ .√ ∙ = , ∙  √ ∙ = , ,                             .  

 𝐼 . = ∙ .√ ∙ = , ∙ √ ∙ = ,  ,                      .  

 

 ,  –      -
, . .; 

      .  –   , ; 
       –    , . 

     - - -35-
25/1000 1 [12].  

: 
  

 ,                                                                                                   .  
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= , 
 

  –  ,    , ;         –    (  ), . 
  , , 

 𝐼 . 𝐼 ,                                                                                              .  
 ,  <  , 
 

 𝐼 .  -   ; 
      𝐼  -    (  ). 

  , , 
 𝐼 𝜏 𝐼 .  ,                                                                                               .  
 , < , 

 
 𝐼 𝜏 –        -

 τ    , ; 
       𝐼 .  –     (  ), . 

     , , 
 . ,                                                                                                      .  
 , <  , 
 

  –   , ;        .  –      , . 
        -

, А ∙ , 
 BK 𝐼 · ,                                                                                                   .  

 = 𝐼 ∙ + = , · , + , = = ,  · =  , (10.8) 

 
  –     , 2· ; 

       𝐼  –      (  
), ; 

        –        I, 
; 

        –   , [18]; 
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        –    , [18]. 
    .  

    - -1-35/630 1 [19].  
: 

 , , 
 ,                                                                                                   .  
  =  , 
 

  , , 
 𝐼 . 𝐼 ,                                                                                            .  

 , <  . 
 

     , , 
 .  ,                                                                                                  .  
 , < ,  . 
  

        , А ∙ , 
 BK 𝐼 ·  ,                                                                                                .  

 ,  , · = ,  . 
 

    .  
 

10.1.2         
  -10000/35 
 

      -
,    , , 

 𝐼 = ∙ .√ ∙ = , ∙ √ ∙ = , ,                      .  

 𝐼 . = ∙ .√ ∙ = , ∙ √ ∙ = ,  .                 .  
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        -
   - -63 [20].    -

     – - 3-10–
20/1000 2 [13].       ь  
( ) .       -

   , . .    . -
    ё     

( ) .         
   18. 

 
 18 –         -

     

  
 

  

  

 
– Щ- 3–

10–20/1000 2 
 – Щ–63 .  =    =   =   𝐼 . 𝐼 .  𝐼 . = ,   А 𝐼 =  А 𝐼 =  А 

𝐼 𝜏 𝐼 .  .  𝐼 𝜏 = .  А 𝐼 . =  А - 

. .  = . А . =  А . =  А BK 𝐼 ·  .  
К = ,  ∙ , + , == ,  А ∙  

𝐼 ∙ = ∙ ,=       А ∙  
𝐼 ∙ = ∙ ,=        А ∙  

 
 ,   ,        

- -63   . 
 
10.1.3      10   

  10  
 

ё        ,  
    10      .  

 ,       -
       , -

   . 
   - - 3-10-20/1000 2 

[13]      ,   
,     ,    

   ( . 18),       -
   –  2,     -

       .  
,         

19 
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 19 –       
 
 

  
  

 
– Щ- 3-10–20/1000 2 .  =    =   𝐼 . 𝐼 .  𝐼 . = ,   А 𝐼 =  А 𝐼 𝜏 𝐼 .  .  𝐼 𝜏 = .  А 𝐼 . =  А 

. .  = . А . =  А BK 𝐼 ·  .  
К = ,  ∙ , + ,= ,  А ∙  

𝐼 ∙ = ∙ , =  А ∙  

 
     . 

 
10.1.4         

   
 

        
  -63 [20].      
   - - 3-10-20/630 2 [13].    

    ( ) .  
  20  21    . 

 
 20 -       

   10      

 n ,  𝑰 . ,  𝑰 ,  

  
  

  𝑰 .𝑰 . 𝟒  
- 1 4 52,07018 630 52,07018 630 
- 2 2 132,63 630 132,63 630 
- 3 4 68,27 630 68,27 630 
- 4 2 84,12 630 84,12  

 

 21 –         
  

  
 

  
  

 
– Щ- 3–10–20/1000 2 .  =    =   𝐼 𝜏 𝐼 .  .  𝐼 𝜏 = ,  А 𝐼 . =  А 

. .  = , А . =  А BK 𝐼 ·  .  
К = ,  ∙ , + ,= , А ∙  

𝐼 ∙ = ∙ ,=       А ∙  
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 ,     - -63 -
  . 

 
10.1.5     10  

 
        10    

  10       
        

 10  . 
      – – 3-10–
20/630 2 [13].     22, 23. 
 

 22 –       
   10  . 

 n ,  𝑰 . ,  𝑰 ,  

  
  

  𝑰 .𝑰 . 𝟒  
1-  1 2 127,36 630 ,  
1-  2 2 127,36 630 ,  
2- 1 2 40,98 630 ,  
2- 2 2 40,98 630 ,  
2- 3 2 40,98 630 40,98  630 
2 – 4 2 40,98 630 40,98  630 

 
 23 –        

  
 

  

  
 

– Щ– 3-10–20/630 
2 .  =    =   𝐼 𝜏 𝐼 .  .  𝐼 𝜏 = .  А 𝐼 . =  А . .  = . А . =  А BK 𝐼 ·  .  

К = ,  ∙ , + ,= ,  А ∙  
𝐼 ∙ = ∙ ,=       А ∙  

 
     . 

 
10.2      (10 )  
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.   10     
  . 

    [2]: 
1.  ; 
2.   ; 
3.   ; 

       
 1000 . 

       -
, , 

 𝐼  =  √ ·  = √ · = , ,                                            .  

 𝐼  = , ·  √ ·  = , ·√ · = ,  .                                    .  

 
   1000      

  10       -
,   100  [20]. 

  -103-10-100-12,5- 3. 
 , , 

 ,                                                                                                 .  
 = . 
 

  , , 
 𝐼 . 𝐼 ,                                                                                          .  
  ,  <  . 
 

   ( )   -
, , 

 𝐼 𝜏 𝐼 . ,                                                                                             .  
 , < , . 
 

   . 
     -

 1600  2500,      24. 
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 24 –     

 
 

 
  

-
 -

 1000 
 

 
  

-
 -

 1600 
 

 
  

-
 -
 2500 
 

  

-103-
10-100-12,5-

3 

-103-10-
160-12,5- 3 

-104-10-
200-12,5- 3 

 =   =   =   =   
=   =   𝐼 .𝐼  

 

𝐼= ,  А 
𝐼= ,  А 

𝐼= ,  А 
𝐼 =  А 𝐼 =  А 𝐼 =  А 𝐼 𝜏𝐼 .  

𝐼 𝜏= ,   А 
𝐼 𝜏= ,  А 

𝐼 𝜏= ,  А 
𝐼 .= ,  А 

𝐼 .= ,  А 
𝐼 .= , А 

 
10.3       1000 . -

    
 

      -
  [18]: 

1.    
2.     , , 

  .                                                                                                  .   
 
3.    , ,  
 𝐼 . 𝐼 .                                                                                                    .  
 
4.    , , 
 𝐼 𝜏 𝐼 . .                                                                                               .  

 
5.        

, , 
 . .                                                                                           (10.22) 

 
6.        -

, А ∙ ,  
 BK 𝐼 · τ .                                                                                        (10.23) 
 

         -
  :  

 BK = 𝐼 · + a ,                                                                                .  
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 I 0 –      
 ,    ; 

   a –       
 [3]. 

  , , 
 t = . . + . .,                                                         (10.25) 
 

 . . –      (   -
        ); 

 . . –     (    
     0,1 ). [3] 

       -
, , 

 𝐼  =  √ ·  = √ · , = , ,                                   .  

 𝐼  = , ·  √ ·  = , ·√ · , = , .                             .  

 
        -

   50-47-2500 [22]  -
     2500 .   

      -
   25.  
 

 25 –      

 
 

   
 -

 1000  
   

50-47-2500 ( -1, -1 , -4, -6) 

 = ,   = ,   , = ,  𝐼 .𝐼  
𝐼 . = ,  А 𝐼 =  А 

2020,720 2500 𝐼 𝜏𝐼 .  
𝐼 𝜏 = ,  А 𝐼 . =  А 

,   

.  = ,  А . =  А ,   

К 𝐼 ∙  

К= ,∙ , + , = 
  = ,  А ∙  

𝐼 ∙ = ∙ =  А ∙  

,   

50-47-4000 ( -2, -5) 

 
= ,   = ,   

, = ,  
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  25 
 
 

   
 -

 1000  
   𝐼 .𝐼  

𝐼 . = ,  А 𝐼 =  А 
3233,16 4000 

𝐼 𝜏𝐼 .  
𝐼 𝜏 = ,  А 𝐼 . =  А 

,   

.  
= ,  А . =  А 

,   

К 𝐼 ∙  

К= ,∙ , + , = 
  = ,  А ∙  

𝐼 ∙ = ∙ =  А ∙  

,   

50-47-6300 ( -3) 

 
= ,   = ,   

, = ,  

𝐼 .𝐼  

𝐼 . = ,  А 𝐼 =  А 
, 6300 

𝐼 𝜏𝐼 .  
𝐼 𝜏 = ,  А 𝐼 . =  А 

,   

.  
= ,  А . =  А 

,   

К 𝐼 ∙  

К= ,∙ , + , = 
  = ,  А ∙  

𝐼 ∙ = ∙ ==  А ∙  

,   

 

       
. 

 
10.4     
 

        -
         -

      -
 .       -
    .     

        -
   . 

    [18]: 
1)   ,                                                     (10.28) 
2)    𝐼 . 𝐼 ,          (10.29) 
3)     𝐼 . ,       (10.30) 
4)    BK 𝐼 · ,         (10.31) 
5)   .           (10.32) 
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10.4.1       (35 ) 
 

  35       -
-35-250/5 [22].        

 : 
  (10.28), , 

 = . 
 

   (10.29), , 
 ,  < .  

 
      (10.30), , 

 , < ,  . 
 

         
(10.31), А ∙ , 
 ,  < · = . 

 
    . 
 = + + ,                                                                         .  
 

  -  ; 
       -   ;          -   . 
 
  26 –     

   , ∙  

  351 0,5 
 365 0,5 

 365 0,5 
   680 2,5 
   673 2,5 

:  6,5 
 

  , , 
 = 𝐼 = , = , ,                                                                    .  
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  - ,   , ; 𝐼  –      (1  5 ), . 
       

 ,   , 
 = − − = , − , − , = ,  .        .  
 

      35/10  -
      , -
   60 ,     , -

 = . 
  , 2, 

 = · = , ·,  = , ,                                                      .  

 
 ρ –    ;   -

 = ,  · ; 

   ,    
    4 2.    -

   . 
   , , 

 = · = , · = , .                                          .  

  
     (13.32) , 

 = , + , + , = , .                    
 , < , . 
 
      . 

       
- -35-300/5 [24].       -
  : 

  (10.28), , 
 = . 

 
   (10.29), , 

 ,  < . 
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      (10.30), , 
 ,  < . 
 

         
(10.31), А ∙ , 
 ,  < · =  . 

 
    . 
 
  27 –     

   , ∙  

  351 0,5 
 365 0,5 

 365 0,5 
:  1,5 

 
   (10.33), , 

 = , = , ,                                                              
 

  - ,  , ; 𝐼  -      (1  5 ), . 
        

 ,    (10.34), 
 = , − , − , = ,   .             

 
   (10.35), 2, 

 = , ·,  = , ,                                                    
 

 ρ -    ;   -
 = ,  · ; 

       4 2. 
   (10.36), , 

 = , · = , .                                           
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     (10.32), , = , + , + , = , .                    
 , < , . 
 
      . 
 

10.4.2       
  

 
      10000/35  
      –

–10-1000/5 [25].        
 : 

  (10.28) , , 
 = . 

 
   (10.29), , 

 ,   . 
 

      (10.30), А, 
  < .  

 
         

(10.31) , А ∙ , 
 ,  · = .  

 
    

 
  28 –     

   , ∙  

  351 0,5 
 365 0,5 

 365 0,5 
:  1,5 

 
   (10.33), , 
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= , = , .  
 

       
 ,    (10.34): 

 = , − , − , = ,  .               
 

   (10.35), 2, 
 = , ·,  = , .                                               
 

       4 2.  
     . 

   (10.36), , 
 = , · = , .                                            
 

     (10.32), , 
 = , + , + , = , .                  
 , < , . 
 

     . 
 
10.4.3      -

     10  
 

    –63      -
       

– –10-150/5 2 [26].     -
          -

       .   -
 29, 30   ,  -
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 29 –         
 10  

 
      

I . , 
 

I ,  B , 2  I 1, 
 

i , 
 

I ,  𝑰 𝒕 , 2  

- 1 78,16 5,387 1,66 150 40 16 256 
- 2 66,37 5,387 1,66 150 40 16 256 
- 4 42,13 5,387 1,66 150 40 16 256 
- 1 127,36 5,335 0,21 150 40 16 256 
- 2 81,84 5,335 0,21 150 40 16 256 

 
 30 –       -

   10 
   

  (10.33),  = , = ,
       

  (10.34),  = = ,
     (10.35),  =0,8-0,06-0,1=0,64

     
(10.36),  = , ∙ ,, = , , 

  , 2 4 
    

(10.37),  = = , ∙ , = ,  

   (10.32),  =0,06+0,04+0,1=0,2 
  (10.31) 0,2 < 0,8 

 
10.4.4       -

  
 
        

    [3].     
. 10.4.2.       -

     31. 
        -

     32, 33. 
 

 31 –       
   

  
 

- Щ-
10 1000/5 

- Щ-
10 150/5 

- Щ-
10 100/5 

  U ,  10 
   

U . ,  
12 
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  31 

   
-

 -
 

 

 
    

I1 ,  
1000 150 100 

    
I2 ,  

5 5 5 

   -
  cosφ = 0,8S2 ,  

15 

   I ,  40 16 10 
   

(  ) i ,  
100 40 25 

    
 t ,  

1 

  (    -
) 

0,2S 
0,2S 
10P 

 
 32 –        -
  

     

 (10.28),  
  10 = 10 
 -1 10 = 10 
 -2 10 = 10 𝐼 . 𝐼 .  ,  
  ,    < 500 
 -1 127,35 < 150 
 -2 81,84 < 100 𝐼 ∙  (10.30) , 2∙  
  3,01 < 1600 
 -1 2,84 < 256 
 -2 2,84 < 100 𝐼  (10.31),  
  13,983 < 100 
 -1 13,58 < 40 
 -2 13,58 <25 

 
 33 –       -

  
   

  (10.33),  = , = ,  

      
  (10.34),  = = ,  

    (10.35),  = , − , − , = ,  
    

(10.36),  = , · ,, = ,  

  , 2 4 
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  33 
   

    
(10.37),  = , · , = ,  

   (10.32),  = 0,1 + 0,02 + 0,1 = 0,202 
  (10.31) 0,202 < 0,6 

 
     . 

 
10.5     
 

     -
      100 100/√3  

           
. 

     -
, 

1)  , , 
   .                                                                                                .  
 
2) ё      ; 
3)    
4)   , 
  ,                                                                                                  .  
 

 S  –      ,  
(       -

,    )        -    ,   , -
, , 

 = √∑ + ∑ ,                                                              .  

 
 P , Q -     ,  ( ). 

 
10.5.1        

 
        -
.       -

 34. 
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 34 –     

  
 
-

 

  

   

 3021-100-3  0,2 7,5 - 7,5 
  3021-5  0,5 7,5 - 7,5 
  3021-5  0,5 7,5 - 7,5 

  
 -
 

- 4-5-S-   0,2S 2 9,8 10 

:    24,5 9,8 26,39 
 

      -
   - -35[27].  -

      35. 
 

 35 -     
- -35 

  – Щ–35 
     U1 , 

 
35 

     U1  , 
 35/√  

     U2 , 
 

100 

     U2  ,  100/√  
    0,2; 0,5; 1,0; 3,0 

     -
     S2 ,  

0,2 30 
0,5 75 
1,0 150 
3,0 450 

 
      (10.37), , 
 

35 = 35. 
 

       -
  – 0,2. 

    (10.39), , 
 = √ , + , = , , 
 

 24,5  9,8 –         
34,    . 

      (10.38), , 
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30> 26,39. 
 

       -
. 

 
10.5.2        
 

       -
,    . 10.5.1,   ,     

      ,      
.  ,       

 . 
  - -70     

 - -10[28]      -
 37. 
 

 36 –     

 
-

, 
 

 
 
-

 

 , 
 

A B C 
 1 3021-100-3 0,2 7,5 - 7,5 

  5 3021-5 0,5 37,5 - 37,5 
  5 3021-5 0,5 37,5 - 37,5 

  
 -
 

4 
- 4-5-S-

 
0,2S 8 39,2 40 

:    90,5 39,2 98,62 
  

 37 –     
- -10 

   
     U1 ,  10/√  
     U1  ,  10 
     U2 ,  100 
     U2  ,  100/3 

    0,2; 0,5; 1,0; 3,0 

       
   S2 ,  

0,2 30 
0,5 100 
1,0 150 
3,0 450 

 
      (10.37), ,  

 
10 = 10. 
 

    – 0,5.  
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    (10.39), , 
 = √ , + , = , . 
 

      (10.38), , 
 
100 > 98,62. 
 

       - 
- . 
 

10.6    
 

10.6.1         
 

  35      ,  -
 .         -

,          
 [18]. 

        -
  -70/11     𝐼 =  А. 

   , , 
 𝐼 . 𝐼 ,                                                                                              .  

 , < . 
 

        
 U=35   . [18, .191] 

    [18, .191-192]: 
     -

 , / , 
            = , ∙ ∙ + ,√ ,                                                                  .  

 
    – ,    -

 (    m=0,82), [18];  
ro –  , , [18, .428]. 

  = , ∙ , ∙ + ,√ , = , . 
 

m
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     -
 , / ,  

 

                                                                                  (10.65) 

 
    U –  , ;  

         –      , ,   
, (    )  -  

 .  35   D=44  [2]. 
 E = , ∙ , ∙, ∙ lg , ∙, = , .    
  
     E     
7% ,    .    ,  

 E       0,9∙E.  , 
  ,  

 

                                                                                      (10.66)  
 , ∙ , = , , ∙ , = , . 

 
   -70/11    . 

   : 
  𝐼 К ˂  А,       

    [18, .306]. 
       ,    

      [18]. 
    . 

 
10.6.2         

 

      10 ,    -
 ,    .    3000  -

     [18]. 
        

.          ,  
      ,    -

     . 

0
0

0,354 1,05
,

lg( )

U
E

D
r

r

 




D

DD 26,1 D

01,07 0,9 ,E E  
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𝐼 . 𝐼 ,                                                                                            .  
 ,  А . 

 
  38 –    [3] 

  ,   ,   , 2 

870 60×6 360 
 

      , 
 𝜗 𝜗 .   ,                                                                       .  
 

 ‒   , 2, 
 = √ = √ ,· − = , ,                                                        .  

 , < . 
 

      , 
 𝜎 𝜎 ,                                                                                                .  
 

 𝜎  –    ,     
     ; 𝜎  –      . 

 ,        
   , / , 

 = √ ∙ − ∙ = √ ∙ − ∙ , ∙, = , , .  

 
 = , ∙ –   , ;  

     -    (1/3   ), ; 
      , 3, 

 = ∙ ℎ = · , = ,  ,                                                                  .  

 
 = ,  ; ℎ =  , 

   ,     -
 , , 

0,25a 
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𝜎 = ∙∙ = ,  ∙ ,∙ , = ,  ,                                        .  

 
 = , ,  ,    , . 

     (41 - 48)  [18, 
.181], 

 , . 
 

  . 
 

10.7   
 

10.7.1       
 

       
       

     , -
     .  

  35    3-35 1 [29]. 
    : 

 , , 
 ,                                                                                                .  
  =  . 
 

 , ,  
  ,                                                                                                .  
 

  – ,   ;  
       –     : F  = 0,6F ; 
       –    . 

 ,   , , 
 = √ ∙ ∙ ∙ − = √ ∙ , ∙ , ∙ − = , ,   .  

 ,  < , · =  . 
 

    . 
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10.7.2       
 

     .   
  2-10-2 1 [30]      

       -
    F =2 .     -
 : 

  , , 
 

                                                                                                    (10.77) 

 
10<10. 
 

  , , 
 

                                                                                                    (10.78) 

 
 F  – ,   ; F  –    -

 . 
 

 
 

 F  –    . 
 

 = , ∙ = , 
 

                                                                                  (10.79) = √ ∙ − ∙ , ∙ ∙ ,, = , , 
 , <  –  ы я я. 
 

   . 
 
10.7.3     10  

 
  -10/1600-7,5 1 (   

   7,5 ) [31].      -
     , -
       

. 

,U U

,F F

0,6 ;F F 

2
2 73 10 ,

i l
F

a
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       -
: 

 , : 
 

                                                                                                    (10.80) 

 
10<10. 
 

  , : 
 

                                                                                                 (10.81) 

 
808,29 <1600. 

 
  , : 

 
                                                                                                    (10.82) 

 = , ∙ =  . 
 

 ,    : 
 

                                                                                            (10.83) 

                                                                                  (10.84) = √ ∙ , ∙ ∙ ,, ∙ − = , . 
 , < –  ы я я. 
 

   . 
 
10.8    ( ) 

 

10.8.1    ( )   
 35  

 
 : 

-        , I =9,373 
  

-    II . 
  : 

,U U

. ,I I

,F F

0,5 ,F f l  
2

2 73 10 ,
i l

F
a
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1)       
[31], 
 

 / KtU U ,                                                                                              .  

 
 U  -    , ; tK  -  -

         t, 
  ,    [31]. 

 1,4tK  . 
       -

, [31] , 
 = , ∙ , = , . 

 
 -  35/38,5/10/550 1   “  -

”, 
 , > ,,  

 , > , . 
 

2)     [31]: 
        -
 ,     -

 I  15-20%     ,  
  .     20I А  [31], 

 
(1,15 1,2) КI I   ,                                                                                      .  

 , ∙ , , 
 , . 

 
1)        -

    . 
2)       

, , 
 

. / (1,15 1,2)U U  ,                                                                                .  
 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

80 

Лист 
     

     

 U  -      
 , ; .U  -   
     , . 

    . 95U В  [31]. 
 

502К СПU K K U    ,                                                                             .  
 

 K  -  ,    
   ,     -

 ; КK  -  ,  
      -

; 50СПU  -    ,  
[32]. 
 

1,35K  ; 0,9КK  , 
 

1,35 0,9 2 85 146,05U      , 
 

95 146,05/1,2 , 
 
95 121,71 . 
 

        -
.  

        -
 II ,          2,00 

/    2 / 40,5 81В В  .  -  35/38,5/10/550 1 -
    86,6L  . 

 
81 86,6  –  . 
 

  ,   1. 
  -  35/38,5/10/550 1  

  . 
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10.8.2    ( )   
 10  

 
- -10/12,0/10/550- 1  [31] –    

      10   -
   .    

   (  1  2  15150).    
-63. 

  : 
 

)       
[31], 
 

 / KtU U ,                                                                                              .  

 
 U  -    , ; tK  -  -

         t, 
  ,    [31]. 

 1,4tK  . 
       -

, [32] , 
 = , ∙ , = , , 

 > ,,  

 > , . 
 

1)     [31]: 
        -
 ,     -

 I  15-20%     ,  
  .     I  =10 [31]. 

 
(1,15 1,2) КI I   ,                                                                                      .  

 , ∙ , , 
 , . 
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2)        -
    . 

3)       
: 

 

. / (1,15 1,2)U U  ,                                                                                .  
 

 U  -      -
 , ; .U  -   -

     , . 
    U .  =30,9   [31]. 

 

502К СПU K K U    ,                                                                             .  
 

 K  -  ,     
  ,     -

 ; КK  -  ,  -
      ; 

50СПU  -    ,  [31]. 
 

1,35K  ; 0,9КK  , 
 = , ∙ , ∙ √ ∙ =60,14, 
            , ,,  

 , , . 
 
4)         -

.  
        -

 II ,          2 /  
 ,  .  - -10/12,0/10/550- 1     

 L =29 . 
 ,  –  . 
 

  ,   1. 
  - -10/12,0/10/550- 1  
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10.9     
 

  . .     -
  35-750 . [18].      

        -
. 

     -
   ,  , , -

 ,  . 
    ,   
   380/220 ,     -

 . 
        

,  ,  . [18] 
   35  (    )   

      (  , 
)  220 .  0,4  .  

   ,   0,4 
,          -

       ,   
 .    -

    0,4 ,     630 . [ ] 
        

( )       -10000/35 
     [18],    -

  . 
 

 39 –      

  P,  cosφ, . . -  
 

P,  Q,  

 – 10000/35 1,5 1 2 3 - 
,   -

   
4 1 6 24 – 

, , -
  10  

6 1 1 6 - 

  35  2 1 1 2 -  
-   

 
20,8 1 2 40,16 - 

  -
 -35 

1 1 8 8 - 

     6 1 1 6 - 
:    86,16 - 
 

       cos 𝜑 = , . [18]. 
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 ё  , ∙ А [18], 
 S = kc ∙ √P . . + Q . . = kc ∙ P . .cos φ,                                                 .  

 
 𝑐 –  ,   -
  .   ё    𝑐 =,  [18]. 

 S = , ∙ ,, = ,   ∙ А. 
 

        -
   : 

 

. = ,, = ,  ∙ А,                                             .  

 
   –       ,  

[18]. 
      63 ∙ . 

    – 63/10 [32]. 
 

 40 –   – 63/10 
S , ∙  ВНU ,  ННU ,  

ku ,% P ,  kP ,  I % 

63 10 0,4 4 0,3 1,28 2 
 

      -
: 

 k = Sn ∙ S . ,                                                                                    .  

 
 n  –  . 

 k = ,  ∙ = , . 
 

   (0,6 - 0,7).  -
    . 

     : 
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k = Sn − ∙ S . = ,  − ∙ = , .                          .  

 
     1,4, 

 , < , . 
 

    . 
       -

        
   6-35 ,          

. [18] 
 

 
 10 –       -

   
 

     35-110    
,    .      -

  ,      .  -
   ,      -
 ,    = 220   5%    

  .  ,  , , 

 𝑁 = , = .                                                                                         .  
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 11 −       

  
 

    −  ,     
 ,  −        

  .    
     ,     

  . 
  ё     , 

 = ∑ − − ∙ − − ,                                                            .  
 

 −   ,    11;      
       A −   , . 

 

 
 12 −    

 
   n    n-1,    n 

      n-1  .   
      

.     
       
 ,       
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 ,  1,25    
 ,  1,15 [33].     

41. 
 , , 

 = 𝐼 + 𝐼 = + = ,                                                           .  
 = 𝐼 + 𝐼 = + = ,                                                           .  

 = 𝐼 + 𝐼 + 𝐼 + 𝐼 = + + + = ,                  .  

 = 𝐼 + 𝐼 + 𝐼 = + + = ,                                     .  

 = 𝐼 = ,                                                                                            .  

 = 𝐼 + 𝐼 = + = .                                                           .  
 

 41 –  ё   

 
,   , 

 
 

,  

  
 
, 

 

𝑲  Q, ∙  

 1−    

1 =  − =  1 1 0,77 ∙ , == ,  
 2−   .   > ,     3. 

 3−    
1 
2 
3 
 

=  =  =  

− =  − = −  − =  

1 
29 
30 
 

1+29+30=60 
29+30=59 

30 

2 
2 

1,44 

∙ =  
-440 
259,2 

: 459,2 
 4−  4  

1 
2 
3 
4 
 

=  =  =  =  
 

− =  − = −  − =  − = −  
 

1 
29 
30 
60 
 

120 
119 
90 
60 
 

2,91 
2,91 
2,46 

2 
 

931,2 
-640,2 
442,8 
-160 

:573,8 

 5−   .   > ,     6. 
 6−  6  

1 
2 
3 
4 
5 
6 
 

=  =  =  =  =  =  
 

− =  − = −  − =  − = −  − = −  − =  
 

1 
29 
30 
60 
59 
1 
 

1-6:180 
2-6:179 
3-6:150 
4-6:120 
5-6:69 

1 
 

3,72 
3,72 
3,33 
2,91 

2 
0,77 

 

1190,4 
-818,4 
599,4 
-232,8 
-320 
61,6 

:480,2 
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     ,   
573,8 ∙ . ,     18 -

, ,    1,08 [33].  ё  
     , 

∙ , 
 = , ∙ ∙ , ∙ , = , .                                              .  
 

 [33]    -   
( ) .  ,    8 , 

  -864   ё  864 ∙ .  
  ( )       

  ,     , 
         

 . 
       -

   ,  90% ,    
 8       [33]. 

      
  -380/260-40/80   380-260    40-

80 . 
  , , 

 = , 𝑁 + 𝐼 ∙ , ∙ 𝑁𝐴 = , ∙ + ∙ , ∙= , , (10.106) 

 
 N —   ,  24;  

       I  —    , . 
  35-110     , -

,       
- 380/260-40/80,    -

   42. 
 

 42 —    
 1  2  3  

 -
  ,  

380 

  
 ,  

50; 60 

 -
 ,  

40 80 40 

  
,  

380 260 380 

  
,  

15,2 20,8 0,32 
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11       
  

 

11.1      -
  

 
    , , 

 = , К . = , · · , = ,                                                 .  
 

  –   ; 
      К .  –  ,    -

 : К . = , . 
   , , 

 𝐼 = , = , ,                                                                .  

 
  ( )    , , 

 𝐼 = ∙ = · , = , .                                                             .  

 
   =  ,    >  · ,   -

  . = · , = · , · =  . 
   

-    ( ), 
 𝑁′ . = = = , ,                                                                           .  

 𝑁′ .    6. 
-   , 
 𝑁 . = 𝑁′ .𝜂 = , = , ,                                                                            .  

 
 𝜂  –    . 

 𝑁 . = . 
       ,  

 . 
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 12 –    

 
      -

 , , 
 = 𝑁 𝜂 = · , = , ,                                                                 .  

 = ,𝜂 · · . · lg ·· =                                                               .  = ,· , · · · lg ·, · − · , = , , 
 

  –  , ; 
      𝜂  –    ; 
       –  , ; 
       –  , :      =, . 

   , , 
 

. = + = , · ,, + , = , .                                     .  

  . > ,    ,   -
.  

  -35/10   8   = , =  ; =  . 
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11.2     
 

       -
       -

   ,       -
. 

    ,    
,     .  

       -
   3-500      ( )   
,    ,    

,    :  
    ( ),    -

    ,        ;  
       ;  
  .  

         -
      -
       . 

      
 h = 11    ,   -

    .  
     153-34.21.122-2003  -

         
 153-34.3-35.125-99,       

   0,995. 
     -

  :     hx  
5,5  (  ),  b = 30 ,  a = 38,4 .  

  l1=20 , l2=27,9 
   , : 

 = √ + = √ + , = , .    (11.9) 
 

   ha    
, , 

         ℎ = , = , .                                                                           .  

 
  , , 

 ℎ = ℎ + ℎ = , + , = .                                                  (11.11)
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     .  

    h0      
 r0      rx    

, , 
 ℎ = , ∙ ℎ = , ∙ = , ,                                                    (11.12) 
 = , ∙ ℎ − ℎ𝑥, = , ∙ − ,, = , ,                              (11.13) 

 = , ∙ ℎ = , ∙ = ,  .                                                         (11.14) 
 

     , , 
 ℎ = ℎ𝑐 = ℎ − , − ℎ ,                                                         (11.15) 

 ℎ = , − , ∙ , − = , , 
 ℎ = , − , ∙ − = , . 
 

        
 , , 

 𝑐 = = , ∙ = , .              (11.16) 
 

     , , 
 𝑐 = ∙ ℎ𝑐 −ℎ𝑥ℎ𝑐 = , ∙ , − ,, = ,                                             (11.17) 

 𝑐 = ∙ ℎ𝑐 −ℎ𝑥ℎ𝑐 = , ∙ , − ,, = , .                                               (11.18) 

 
      -

.   14  15 ,       
,      11   

     . 
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 14 –    1  2  

 

 
 15 –      
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12     –10000/35 
 

 ,      -
        -

 [8]: 
1)       ; 
2)         , -

     ; 
3)    ; 
4)   ,   ; 
5)   ,  ; 
6)   ; 
7)  . 

    C 10000/35   
   6-35  2607 150[37].  

  2607   .   
  (  1)     

    : 
-     ( )  

    ; 
-         -
 (  ); 

-        
-    ( ); 
-      ; 
-       ; 
-     ,   -

     ; 
-         

  ( ),     
(  ),    ,   -

  ,   ; 
C    1      

    16. 
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 16 – C    1 

 
12.1      -

    
 

1.    , , 
 𝐼 = √ · = √ · = , ,                                                           .  

 
  –  , · ; 

       –  , . 
  , , 

 𝐼TA = 𝐼 · = , · √ = , ,                                               .  
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  –  ,      -
 « », = √ . 

   – –35-300/5: 
–   𝐼 =  А; 

–   𝐴 = . 

2.    TV1 –     
TV2 –   : 

 = = ,                                                                               .  

 
 TV1 – –35 

 = = ,                                                                                .  

 
 TV2 – –10 

 
12.2      

 
       -

 . 
 . 

  , , 
 𝐼 = · 𝐼 = · , = , ,                                                         .  
 

 𝐼  –    ,    , 
  , , 

 𝐼 = 𝐼 · = , √ = , ,                                                   .  

 

= √ · 𝐼𝐼 = √ · · √· , = , > .                                    .  

 
   . 
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12.3      
 

        -
  ( ).  :  2607 151. 

  , , 
 𝐼 = · · 𝐼  = , ·, · , · , = , ,                 .  

 
  –  ,  1,1 – 1,3; 

       –  ,   1  3; 
       –     0,85. 

  , , 
 𝐼 = 𝐼 · = , · = , .                                               .  

 
   , 

 

= √ · 𝐼𝐼 = √ · · √· , = , > , .                                .  

 
   . 

  , , 
 = .э + ∆ = + , = , .                                                         .  
 
12.4     

 
      -

   .  :  2607 151. 
  , , 

 𝐼 = · 𝐼 . = ,, · , · , = , ,                           .  

 
  –  ,  1,05; 

       –  ,  0,85. 
  , , 
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𝐼 = 𝐼 · = , · = , .                                               .  

 
        -

. 
      : 𝐼 = −   –    ; 𝐼 =   – . 

 
12.5     

 
  , , 

 = , ∙ = , · = ,  .                                                      .  
 

  , , 
 = 𝑇𝑉 = 5 =  .                                                                  (12.15)  

 
12.6         
 
 

     ,  
 ,         

   6,3 MB   . 
        -

         -
     . 

       BF-80/Q. 
      : 

 ; 
-  ;  . 

       
  ,  ,    -

 ,   ,  -
     ,        

. 
      -

   . 
    -50  -25. 
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 ,     -

      ,    
.         -

        250 - 300 3   
    .  
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13   
 
B         -

. 
  [8]: 

1.7 «     .» -
    1000    -

      .    -
   .      

  IP2X.   . PEN-     -
    . 

       
       30 

. 
       

 ,    1000   -
    .   -

  .     -
       -

,  . 
    .    1000   -
      . 

         
   220     

  30 .        -
 .        -

   20    . 
  ,     , 

 , ,    . 
         -

.       
        .   

    .    -
     . -

       -
  . 

        
:  , , ,    . .  -

        
        -

,    , ,    ,  -
    . 

      ,   
   .  
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      -
 ,    , , -

   ,      -
     : 

a)        -  
       , 

  ,  ,    -
 .      -

      , -
 , ,   . . -

      , -
  ,    . 

)   (  )    
(        ), -

   (     ), -
,   ,   (  ), 

      ( -
   ). 

)   .  
)      -  . 

 (  ). 
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14      -
   

 
14.1     -

     
 

       
        

    . , -
  ,     

 ( ),  ,   , – -
   ( ).    

   . 
    ,  -

       :  
  – 40 % (   , -

     -
  ); 

  – 8 %;  
  – 10 %, 

    (   ) – 35 %,  
  (   ) – 7 %.  

      = ∙𝜔  . -         
  , 

 = 𝐼 ∙ sin 𝜔 − 𝜑 .                   (14.2) 
 

      ,   
 : 

 = ∙ 𝐼 ∙ 𝜑,                                                                                           .   
 = ∙ 𝐼 ∙ 𝜑 = ∙ ,       .     

 
      : 

 𝜑 = = √ +  ,                                                                             .  

 
 P, Q, S –  ,     

   t ( , , ). 
        

     ( , ),     
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  .    
      ,  

 𝜑 = ,                                                                                                       .  

 
   𝜑   𝜑   
, 

 𝜑 = √ + 𝜑 ,                                                                                   .  

 
 ,  ,  -

       : , 
, , ,       . . 

      . 
       -

        -
, , . 

      Q  . 
       ,   

      ,     
   . 

         -
    .    

       -
     ,    -

         , 
  .  100 %  -

,   , 22 %    -
      -

   110–750  , 6,5 %    
  , 13,5 %     -

   58 %      -
   6–10  . 

       -
       -

     .    
       

    . 
        -

       -
.       -
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        -
, . .     .     

 ,   ,    -
    . 

       
        

 .     
      -

   . ,  ,   
       -

  [39]. 
       

     , , -
 ,  ,   -

    ,   -
   .    

       ,  
       

    ,       
   .    -
     ,  

    [40]. 
       

    : 
1.       -

        -
  ,     

. ,       Q   
     R   

 , 
 ∆ = + ∙ = ∙ + ∙ = ∆ + ∆ .                             .  

 
  (13.8) ,     

 ∆ ,      Q, -
  . 

2.       -
  ,      -

 .    P  Q    
    R     

 : 
 



 
 

      

 

Изм Лист № докум. Подп. Дата 
БР-13.03.02.07 

105 

Лист 
     

     

∆ = ∙ + ∙ = ∙ + ∙ = ∆ + ∆ ,                              .  

 
 ∆ -  ,   -

; ∆ -  ,   . 
     -

         
   .    , -
,     . 

3.      -
        

       , -
        

. . 
       

 ,      . -
   ,    

    . 
 -       

   .    ,    
     , -

       -
     .  -

     , -
     .  

 ,  ,    -
,    ,    -

  .     -
   60%   , 20% -

      110 , 20%  -
 ,      

 .       -
         [41]. 

   ,     -
 ,     -

          
 .        

     . 
 
14.2     
 

  , ,   , -
      90°,     , -
   ,      
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90°.  ,       
 ,     , -

    ,    -
 .        

        -
 ,   . 

 ,       
  " " (QC – QL = 0)    

     . 
       -

    17. 
 

 
 17 –     -

 [38]:  –   ;  –    
 

  ,   , -
 R  L,  ,   IC,   -

,         -
  IL,   L.   -
 ,       -

           j1 
  j2      

.  ,    -
  ,  𝜑 = 0 [38]. 

  ,     
,      . - -

,        
 . - ,    

       . , -
, - ,     -
 .       
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  : 

1)      ; 
2)       ; 
3)  ; 
4)    . 

        -
       

  .        
 ,      -

  . 
 ,     

         
    –      

[39]. 
      -

       -
 (         -

      ),     -
   (  )  -
   . 

,      
    , -

      : 
1)     ; 
2)     ; 
3)    . 

       
       , -

   ,  ,    -
 .    : 

-   ,    
  ,  ,    

 ; 
-      -

  1000     ,     -
 40%; 

-        
(  )     ,  -

    10 ; 
- ,    ,  

     30%    ; 
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  ; ∆  –        -
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     , 
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 1-            

,   cos tg ,  Q ,  F,  ^2
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/ ^2  ,    0 tg  ,  Q  
 +  , Q +Q , 

S , ∙  

1
 

2850 0,6 0,8 0,75 1710 1282,5 9261 0,017 157,437 0,95 0,329 149,56515 49,20693435 1859,565151331,706934 2287,231057

2
 

 
2100 0,35 0,7 1,020204061 735 749,849985 3360 0,017 57,12 0,95 0,329 54,264 17,852856 789,264 767,7028411101,047371

3
 

 70 0,35 0,7 1,020204061 24,5 24,9949995 4900 0,015 73,5 0,95 0,329 69,825 22,972425 94,325 47,9674245 105,8209783

4   3200 0,4 0,5 1,732050808 1280 2217,025034 1800 0,013 23,4 0,95 0,329 22,23 7,31367 1302,23 2224,338704 2577,496002

5
 

2000 0,5 0,7 1,020204061 1000 1020,204061 1411 0,015 21,165 0,95 0,329 20,10675 6,61512075 1020,10675 1026,819182 1447,402989

6
-

300 0,7 0,8 0,75 210 157,5 1053 0,015 15,795 0,95 0,329 15,00525 4,93672725 225,00525 162,4367273 277,5122572

7 250 0,9 0,8 0,75 225 168,75 648 0,015 9,72 0,95 0,329 9,234 3,037986 234,234 171,787986 290,4766409

8  250 0,6 0,65 1,16912955 150 175,3694325 544,5 0,015 8,1675 0,95 0,329 7,759125 2,552752125 157,759125 177,9221847 237,790339

9 , 150 0,5 0,76 0,855161937 75 64,1371453 1823 0,015 27,345 0,85 0,329 23,24325 7,64702925 98,24325 71,78417455 121,6745819

10
 

 1560 0,35 0,7 1,020204061 546 557,0314174 643,5 0,017 10,9395 0,95 0,329 10,392525 3,419140725 556,392525 560,4505582 789,7325307

11
 

 
2300 0,6 0,65 1,16912955 1380 1613,398779 2741 0,017 46,597 0,95 0,329 44,26715 14,56389235 1424,26715 1627,962672 2163,053253

12
 

 
500 0,35 0,75 0,881917104 175 154,3354931 4455 0,017 75,735 0,95 0,329 71,94825 23,67097425 246,94825 178,0064674 304,4170505

13 320 0,7 0,75 0,881917104 224 197,5494312 1944 0,017 33,048 0,95 0,329 31,3956 10,3291524 255,3956 207,8785836 329,3029275

14
 

 
40 0,3 0,5 1,732050808 12 20,78460969 810 0,013 10,53 0,6 0,329 6,318 2,078622 18,318 22,86323169 29,29635621

15   140 0,3 0,76 0,855161937 42 35,91680137 648 0,013 8,424 0,6 0,329 5,0544 1,6628976 47,0544 37,5796989760,21918576

 0,38 16030 7788,5 8439,347189 578,923 540,60845 177,8601801 8535,79045 8617,20737 12129,1377
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,  3
4500 0,75 0,9 0,484322105 3750 2324,041 - - - - - - - 3750 2324,041 4411,764564

8
   10  

2520 0,9 0,8 0,75 2268 1701 - - - - - - - 2268 1701 2835

 10 7020 - - - 6018 4025,041 - - - - - - - 6018 4025,04127 7239,977835

 0,38  
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23050 13806,5 12464,38819 578,923 540,60845 177,8601801 14553,79045 12642,24864 19369,11554
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