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1.    

1.1.    110     
 

      ё  
  (  ).       

        19  
   15833,8 .    (  

,  ,  -1)     «  
 »       «  

 ( -13)»,      
-2,  -3,  .   

  « »,    «  
», ё      « »,  

-2  « -2».     
 :   –  « - »,   

«  »,   «  »,   « », 
  –  «  »,   4 , 
  « » ( -1, 2  « », -1, 2  

« »). 
  110       110  -655, -656 

    « » (  110  
,  110  -1,2,  110  -3).  

      
   110    
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   110      
    110  –   110 . 
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 1.1.    
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  38,0+j15,2 

  30,8+j12,3 
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   110/35/6 . 

  –     , 
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  ,   
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1.      ( , , 

  . .); 
2.  ,     

 ; 
3.      ; 
4.   . 

 ё    ,  . 
 

2.       

 ё   110      
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 -   ё   
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 1.   -   
 

2.1.     
 

 ё      -
 .          
    220   . 

     [2, . 71, 108]. 
   110–220     2.1. 

 

         = +  

 
 
 

 
 
 

 2.1. -     110 – 220  

 
  ,  

 = + = + 𝑥 ⋅  , 
 

 , 𝑥  –      , /  
[12, . 87-88]; 

         –  , ;  

        –  , . 
Ё      ,  
 = ⋅ ⋅ , 

 

     [12, . 87-88], / . 
ё        2.1. 

   2.1.   110–220  

 
, 

 

. 
 

n,  

 
 

⋅ − , 
/  

= + 𝑥 , 
 

,  
⋅ − , 

 

1–2 173 2  600/72 2,80 0,0875+j0,469 9,48+j70,6 475 
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2-4 180 2  300/39 2,64 0,0975+j0,429 14,0+j43,7 303 
 

  2.1 
4-5 63 2  300/39 2,64 0,0975+j0,429 8,24+j25,7 177 
2–7 229 2  300/39 2,64 0,0975+j0,429 9,23+j36,7 603 

10-11 7,4 2  95/16 2,61 0,330+j0,397 2,40+j3,20 19,3 
10–16 0,51 2  120/19 2,66 0,270+j0,391 0,14+j0,22 1,4 
10–17 100 2  240/32 2,81 0,118+j0,435 3,0+j40,4 281 
17–18 48 2  240/32 2,81 0,118+j0,435 6,24+j19,4 135 
10-12 5,7 2  185/29 2,75 0,132+j0,378 4,08+j16,2 99,5 
19–13 3,5 2  300/39 2,64 0,0975+j0,429 0,38+j1,50 9,3 

 
  ё     

 2.2.  
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 

 2.2.    ё   
 

     110     
2.2 [4, . 692]. 

 2.2.    -63000/110 

 
, 

·  

  ,             ,% 
К, 

 

, 

 
𝐼 , % 

            

-
63000/110 

63 115 38,5 6,6  10,5    17     6   310   70 0,85 

YT 

 

ВU В В ВZ R jX 

В-Ck

Н Н НZ R jX 

C CZ R jX 

В-Нk
НU

CU

НU 

CU 
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  2.2. 

 
ё   

,   ,  ,  
      

-
63000/110 

536 0,52 0,52 0,52 22,6 0 13,1 

 
  : 

 = 𝐼 ∙ ∙ =  , ∙ ,∙ =  ,   ,  
 

 𝐼  –    , %. 
  : 

 𝐺 = ∙ =  ,  ∙ = ,   , 
 

  –    , . 
 

2.1.1.      
  

 
        

,  ё       
     –    

   .  
 2.3.  ё    

  
 
 

,  

 
 

   

 
 

   

 
 

 

 

 

  

 
 

 
 

38,0+j15,2 3,0+j1,2 0,2+j0,8 42,2+j18,0 9,4+j5,2 5,0+j2,6 

  
 

30,8+j12,3 2,4+j1,0 0,1+j0,2 16,0+j6,40 3,7+j1,9 2,0+j1,0 

 

(2.3) 

(2.4) 
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  2.3. 

 
  
 

,  

 
 

 
 

 
  

 

 
 

 
 

26,0+j9,40 25,2+j50,3 31,1+j12,0 102+j46,2 

  
 

10,1+j4,0 2,0+j1,8 10,7 +j4,8 70,0+j17,9 

 
   ё       

 2.3. 
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2.2.      
 

    ё     ё    
    (  , , , , , ).  
       

  ,   –   ,  
   110 . ё      2,4 2,5  

2,6. 
     

       > 15 %,  
 

  > 10 %, [9, .8]. 
 = −  ,  
 

 U  –      , ;   

         U   –      , .   
 = , ∙  , 
 

 –    , .  
     .   

   110 : = , ∙ = , ∙ = ,  В  
  35 : = , ∙ = , ∙ = ,  В 

   6 : = , ∙ = , ∙ , = ,  В 

 2.4.    (   ) 
 ,   , % 

   110   
  

113,0 43,4
 

   35   
 

35,1 46,8 

(2.5) 

(2.6) 
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   6   
 

6,3 48,2 

 2.5.  .   (   
) 

 ,   , % 

   110   
 

110,7   44,7 

   35  34,4 47,8 
   6  5,9 49,1 

 
 2.6.  .   (  
 ) 

 ,   , % 

   110   
 

111,3   44,5 

   35  32,4 50,1 
   6  5,5 60,3 

 
  ,     
      ,  

        > 15 %  
   > 10 %   . 

         2.7. 
 2.7.          

 
  

   ,   

 
 

(  
) 

 
 

(  
) 

  
  

    
(  

) 

  
1    

   
(  

) 
 113,0 114,1 110,7 111,3 

 116,4 126,4 118,1 115,7 
  113,7 126,9 118,7 116,4 

 117,7 128,1 117,7 113,6 
 117,9 128,5  117,9 112,8 

 230,0 242,0 233,7 230,4 
 233,5 241,2 235,1 233,9 

  235,0 241,9 236,6 233,0 
 235,9 242,3 237,6 232,9 

             , ,     
    . 
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3. ё     

    ё       
    .       

  .   3    
  .     220 , 

       . ё    
       TKZ 3000.  
 ё    TKZ 3000      

   .  

3.1.      
 

ё      . 
 : 

 = ∙ = , ∙ = ,   
 

  –     (   
 «       

    2019-2023 », . .; 
 –   ,    (3.2), · ;  

 –     (  
), . 

  : 

= √ + = √ , + , =  В · А 

  и и :  = + ⋅ .  

 
 3.1.     

  .  n, 
 ,  ,  . ,  ,  

1–2 2 9,48 + j70,6 115 230 2,37 + j17,6 
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  3.1. 
2–3 1 14,2 + j44,3 

  

3,55 + j11,1 
2–4 1 14,0 + j43,7 3,50 + j10,9 
3–4 1 0,065 + j0,20 0,016 + j0,05 

3–5 1 8,24 + j25,7 2,06 + j6,42 
4–5 1 8,19 + j25,5 

 

 

2,05 + j6,38 
2–6 1 15,4 + j61,3 3,85 + j15,3 
2–7 1 24,7 + j98,0 6,18 + j24,5 
6–7 1 9,23 + j36,7 2,31 + j9,18 

10–11 2 2,40 + j3,20 
115 

2,40 + j3,20 
10–12 1 4,08 + j16,2 4,08 + j16,2 
10–19 1 4,08 + j16,2 4,08 + j16,2 
10–16 2 0,14 + j0,22   0,14 + j0,22 
10–17 2 13,0 + j40,4 13,0 + j40,4 
12–14 1 0,38 + j1,50 0,38 + j1,50 
19–13 1 0,38 + j1,50   0,38 + j1,50 
17–18 2 6,24 + j19,4   6,24 + j19,4 

 
 : 

             = , ∙ − + − − − = , ∙ + − = ,  ; 
    = , ∙ − + − − − = , ∙ + − =  ; 
 = , ∙ − + − − − = , ∙ + − = ,  ; 

 

АВ = ∙ . = , ∙ = ,  ; 
 

А = ∙ . = ∙ =  ; 
 

А =  ∙ . = , ∙ = ,  ; 
  = , ∙ ( , − + , − − , − ) = , ∙ , + − , = ,  % ; 

    = , ∙ ( , − + , − − , − ) = , ∙ , + , − , ≈  % ; 
 = , ∙ ( , − + , − − , − ) = , ∙ + , − , = ,  % ; 
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  : 
 

B, = B, = , ⋅⋅ = ,   ; 
 

C, = C, = ⋅ =    ; 
 

, = , = , ⋅ = ,    ; 
 

      
: 

   35    
 

H = , ⋅  .  ; 
 

    35  
 

H = , ⋅  .  . 
 
   : 
  

H = H,  . 
 

 3.2.     

 
 

 
,  

 
, 

 

 
 

, 
 

 
 H,  

 
 H,  

3 – 24 230  31,1 + j12,0 33,3 71,4 178,5 
5 – 23 230 102 – j41,6 110,2 21,6 54,0 
6 – 25 230 15,5 + 7,9 17,4 137 342 
11 – 28 115 42,2 + j18,0 45,9 51,9 130 
16 – 27 115 9,4 + j5,2 10,7 222 554 
17 – 29 115 5,0 + j2,6 5,6 422 1056 
18 – 30 115 26,4 – j9,4 28,0 85,0 212 
13 – 33 115 85,0 + j6,6 85,3 27,9 69,8 
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  3.2. 
9 – 26 10,5 0,20 + j2,0 2,01 921 2303 
19-32 110 17,5-j3,6 17.9 133 333 
12-31 110 17,5-j3,6 17.9 133 333 

 
–        

 = ,  ; 
 

–        
 

 = ,  ;  
 
–   GS 
 

Х = ,  ;  
 = ∙ = , ∙ = ,  ;   
 

Х = Х ⋅  ;     
 

3.1.1.      

       
  ,    GS   

 .  
      

  ,  
 = + , ⋅ ⋅ . ; 

 
 
 

(3.1) 
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     ё    3.3. 
 3.3.     

 
 

, 
 

. 
 n, 
 

. ,  , /  Х ,  = + Х ,  

1–2 172,4 2 

230 

0,055 17,6 8,84 + j82,7 
2–3 109,3 1 0,130 11,1 7,65 + j52,2 
2–4 108 1 0,130 10,9 7,56 + j51,2 
3–4 0,5 1 0,130 0,051 0,040 + j0,24 
3–5 63,4 1 0,130 6,42 4,44 + j30,2 
4–5 63 1 

 

0,130 6,38 4,41 + j30,0 
2–6 143 1 0,108 15,3 9,22 + j71,9 
2–7 228,5 1 0,108 24,5 14,7 + j115 
6–7 85,5 1 0,108 9,18 5,51 + j43,2 

10–11 7,4 2 

115 

0,330 3,20 3,55 + j15,0 
10–12 37,7 1 0,108 16,2 9,73 + j76,1 
10–19 37,7 1 0,108 16,2 9,73 + j76,1 
10–16 0,51 2 0,270 0,22 0,21 + j1,03 
10–17 100 2 0,130 40,4 28,0 + j190 
19–13 3,5 1 

 
0,108 1,50 0,90 + j7,05 

12–14 3.5 1 0,108 1.50 0.90 + j7.0538 
17–18 48 2  0,130 19,4 13,4 + j91,2 

 

        
   0. 

      
.     35    2,0 ,  

  6  – 0,25 .  35   6    
  -3×95  -3×25 ,  
    3.3 [4, . 674]. 
 3.4.     -3×95  -3×25 

 
,  

, 2 , /  𝑥 , /  

35 95 0,326 0,126 
6 25 1,24 0,096 

 
   : 

       

− = - = ⋅ ⋅ . = , ⋅ , ⋅ ( ) = ,   ; 
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− = - = ⋅ ⋅ . = , ⋅ , ⋅ ( , ) =   . 
 
    : 
 

− = - = 𝑥 ⋅ ⋅ . = , ⋅ , ⋅ ( ) = ,   ; 
 

− = - = 𝑥 ⋅ ⋅ . = , ⋅ , ⋅ ( , ) = ,   . 
               

3. 3.  ё    
 

  3.5 ё     ё   . 

 3.5.     

  
 

 
 

,  

 
, ⋅  

 
 

, ⋅  

 

 H, 
 

 

 H, 
 

   3–24 230 31,1 + j12,0 33,3 71,4 178,5 
  5–23 230 102 – j41,6 110,2 21,6 54,0 

  6–25 230 15,5 + 7,9 17,4 137 342 
  11–28 115 42,2 + j18,0 45,9 51,9 130 

  16–27 115 9,4 + j5,2 10,7 222 554 
  17–29 115 5,0 + j2,6 5,6 422 1056 

  18–30 115 26,4 – j9,4 28,0 85,0 212 
  10  9–26 10,5 0,20 + j2,0 2,01 921 2303 

  12–31 6,3 17,5 + j7,5 19,0 97,2 243 

  

33-37 37 13,5 + j0,1 13,5 84,2 215 
33-35 6,3 3,5 + j2,8 4,48 375 978 
34-41 37 13,5 + j0,2 13,5 84,2 215 
34-39 6,3 5,0 + j2,6 4,48 375 978 

 
   ,   

 ,    ё  
   ё  ,     110, 35, 6 

.         
   ё   .  
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     ё    
    .  

 ,   ,    ё  
 ,      115 .  
      110, 35  6     ё  

    .   
 ё  ,    TKZ 3000.                

 3.6.  ё  ,    TKZ 3000 𝐼  𝐼  𝐼  𝐼  

    
2,41 5,29 19,5 1,14 

 
  𝐼 ,       , 
        𝐼 ,       , 
        𝐼 ,       , 
        𝐼 ,        
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4.   
 
4.1.        

 
   I  II     

   .   ё  
   ,   

  110      (  ), 
 53,3 ,     

  – 2 63 .  
      63000/110. 

      
    З = 0,6–0,7   

 = ⋅  , 
 

 –   , 
 

З = ,⋅ = ,  , 
 

    , ,    [6, . 91],  
   1,3–1,4 

 = − ⋅ , − ,  ; 
 = ,− ⋅  = ,   ; 

 
    . 

4.2.     

       
     «  » [7]: 

  ё      
         

; 
 

(4.1) 

(4.2) 

(4.3) 
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 ё    ; 
 ё   ; 
 ё    ; 
       

        ; 
    ,    

,   . 
      .     
  , 

 = + +  , 
 

 лn –   , 
n –   , 

лn –   . 
    110 , 
 = + =  . 

 
       

ё    .    
     [7],    

           
 ё . 

   .   
110     ,  4,    

     –  4  -    
      , 
   6. 
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 6.      110  
    35-220   4 . 

     ,  
      ,    

  [8].  
     : 

 –        
; 

–  (     ); 
–   ; 
–  ; 
–        

    ,      
 

4.3. ё         
  

 
4.3.1.    

 
     ё     ,  

 𝐼 = , ⋅  √ ⋅  ; 
 𝐼 =  √ ⋅ 𝑚𝑎𝑥  , 
 

 𝐼  –   ; 
      𝐼 𝑎𝑥–      ; 
      З = ,  –      ; 
      = ,  –   . 

   ё   : 
 𝐼 = , ⋅  √ ⋅ = ,  А ; 

 𝐼 𝑎𝑥 = , ⋅  √ ⋅ = ,  А . 
 

(4.4) 

(4.5) 
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   ё   : 

 𝐼 = .⋅ √ ⋅ = ,⋅ √ ⋅ = ,  А ; 
 𝐼 𝑎𝑥 = .√ ⋅ = ,√ ⋅ = ,  А . 
 

   ё   : 
 𝐼 = .⋅ √ ⋅ = ,⋅ √ ⋅ , = ,  А ; 
 

   
 𝐼 𝑎𝑥 = .√ ⋅ = ,√ ⋅ , = ,  А . 

 
4.3.2.    

 
    n      
  [6, C. 215],  

 𝐼 = ⋅ √ ⋅  ; 
 𝐼 = −  𝑚𝑎𝑥  . 

 
    : 

 𝐼 = ,⋅ √ ⋅ = ,  А ; 
 𝐼 = − ⋅ , = ,  А . 
 

 
 

(4.6) 

(4.7) 

(4.8) 

(4.9) 

(4.10) 

(4.11) 
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ё      : 

 𝐼  = ,⋅ √ ⋅ = ,  А . 
 

ё      : 
 𝐼  = ,⋅ √ ⋅ , = ,  А . 

 

4.4.      

       ,  
 ,    . 

         20 ,    
 . 

     
  ,  

LR  ; 𝐼 LR 𝐼  max ; 
 𝐼  max =   

 

    : 𝑥 𝑥 ,  𝑥 = 𝑥 − 𝑥 , 𝑥 = √ 𝐼 , 
𝑥 = √ 𝐼 , 

     𝐼  –        
 , .       

  𝐼   –     ,  

(4.12) 

(4.13) 

(4.14) 

(4.15) 

(4.16) 

(4.17) 
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  12,1 .          

 𝑥 –       
 . 𝐼  = ,  А ; 

 𝑥 =  ,√ ⋅ , = ,   ;  
 𝑥 =  ,√ ⋅ , = ,   ; 

          
 𝑥 = , − , = ,   . 

 
    0,20 . 

 
0,18  ≥ 0,17 . 

 
     -10-4000/35. 

 
         

 4.1. 
 4.1.         

U  UC  U  𝐼  𝐼  𝐼  𝐼  𝐼 .
 

        

110 35 6,0 2,41 5,29 12,1 1,14 26,5 

 
4.5.     

 
4.5.1.        

110  
 

 [11]        
       

  . 
   110     

-1(  -120/19) [6, . 624].    
    4.2. 
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 4.2.     
 , 2  ,  

7,60 390 
 

        
,         
 [6, . 238]. 

      
 ,    ё     

     20  ( .  4.1) [6, . 238].  
ё     : 

–    , 𝐼 𝑎𝑥 
 

280 < 390 ; 
 

–       ,   [6, . 
237],      

  , /  
 = ,  ⋅  ⋅ ( + ,√ ) , 

  

 m – ,     (  
  m = 0,82);  = ,  ⋅ ,  ⋅ ( + ,√ , ) = ,  В/  . 

 
ё      , /  

 = , ⋅⋅  , 
 

 U –  , ;  
       Dcp –     , . 

   ,  
  

Dcp = 1,26⋅D, 

(4.18) 

(4.19) 

(4.20) 
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 D = 300  –       110 . 
 = , ⋅ =  ; 
 = , ⋅, ⋅ , = , . 

 
  : 

 , ,  ; 
 , ⋅ , , ⋅ ,  ; 
 , < ,  . 
 

     .  

4.5.2.                 
 35  

  ,      35  
  10/1,8 [6, . 624] (  4.3). 
 4.3.      10/1,8 

 ,  
  𝐼 , 

 

2,5 84 

 
ё     : 

–    , 𝐼 𝑎𝑥 

37 < 84; 

–       , ё   [6, . 
237],      

  : 
 = ,  ⋅ ,  ⋅ + ,√ , = ,  В/  . 

 

(4.21) 
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ё      , 
   (4.20) / . 

   ,  
  

Dcp = 1,26⋅D , 

 D = 150  –       35 ; 
 = , ⋅ =  ; 
  = , ⋅, ⋅ , = ,  . 
 

     (4.21): 
 , ⋅ , , ⋅ ,  ; 
 , < ,  . 

 
     .  

 
4.6.        6  

  6    -80 3  «  
» [10].          

     (  ),  
   ( )   - . 

 4.4.    
 ,  6,0 

  ,  7,2 
    ,  4000 

   ,   , 
 

40 

  ,  40 
    ,  3,0 

  ,  102 
 ,  

-   
-  
-  

 
1000 
1650 
2715 
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   [6, . 30]: 
–   , , 
 ;

  , = ,  , 
 

 U  –  , ; 
U  –    , . 

–    
 𝐼 p 𝐼 , 

 < , 
 𝐼 𝑎𝑥 
   < . 

 
–  ,  
  ;                                                                       

 = √ ⋅ 𝐼 ⋅ ; 
 = √ ⋅ , ⋅ , = ,  , 
 

 k =1,96,   
 , < . 
 

–  :  
 

К 𝐼 ⋅ ; 

 

К = 𝐼K + 𝑎 ⋅ − − ⋅𝑡𝑇𝑎 ; 
 

(4.22) 

(4.23) 

(4.24) 

(4.25) 

(4.26) 

(4.27) 

(4.28) 
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К = , , + , ⋅ − − ⋅ , 8, = ,  
2∙ ; 

  𝐼 ⋅ = , ⋅ , =  2∙ . 
 

   
 , <  . 

 
    6     

  ё   .   -  
          

[6, . 218].  
      31  120×10 

[6, . 624].       
 4.5. 
 4.5.    

  h×b,   , 2  ,  

120×10 1197 4000 
 

      : 
–    𝐼 𝑎𝑥, 
–   min, 

 min      , 2; 

           . 
–   𝜎 𝜎 ,  

       , . 
  6    : 

–    ,  
 𝐼 𝑎𝑥 , 

 <  ; 
 

–   ,  
 min . 
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     , 2 
 √ К 𝑖 , 

 

 =   ,     [6, . 624] 
А⋅ ,5

;  

       В  –     , А ⋅ ,  
 

К = 𝐼K . + 𝑎 ⋅ − − ⋅𝑡𝑇𝑎 , 

 

   – ё   , 
 = . . + .  ; 

 

   . .–       0,1   . –          
 0,08  

 = , + , = , ; 
 

К = , , + , ⋅ ( − − ⋅ , 8, ) = ,  2∙  ; 

 √ , ⋅   . 
 

   
 > ,  ; 
 

   ,  
 𝜎 𝜎  . 
 
 
 

(4.29) 
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, /  = √ ⋅ − , 

 

  = 0,1  ,   , ; 
          ё   ,   (4.26) 

 31,4  
 = √ ⋅ − , ⋅, =  / . 

 
 , /  

 

М = ⋅ , 
 

      = ,  [10]. 
    
 

М = ⋅ , = ,  /  . 
 

        
    ,  

 𝜎 = М  , 
 

        ,  
 , 3. 
      

 [6, C. 224] 
 = ⋅ ℎ , 

 

 b  h        ,   
 ,  

 

(4.30) 

(4.31) 

(4.32) 

(4.33) 
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= , ⋅ , = , ⋅ − ,  . 
 

        
 

 𝜎 = М = ,, ⋅ − = ,   . 
 

 [6, . 224]   = 75,0 ,   
 , < ,  .  

 
     . 
 

4.7.    
  

      
,           : 
 , ,  ,  , 

 .       
        [6, C. 295]. 
    [6, C. 338].   

   12  , ,   
-     

, : 
 𝐼 , 𝐼 ,  , 

 , , ⋅ √ ⋅ 𝐼 ,  , 
 

        
: 

–  :  
   ; 
 
–  : 𝐼 p 𝐼  ; 

(4.34) 

(4.35) 

(4.36) 

(4.37) 
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 𝐼 𝑎𝑥  ; 
 
–  : 
1)     

 𝐼 . 𝐼  ; 
 

 2)        
  

,𝜏 , = √ ⋅ 𝛽 ⋅ 𝐼 .  , 
 

 ,  –      
     ; 

       𝛽  –      
      [6, C. 296], %. 

       ,𝜏 –        
   

,𝜏 = √ ⋅ 𝐼 ⋅ −𝜏 , 
 

 –       , 
,   [6, . 150]                                                                                   

         –         
 , : 

 𝜏 = , , 𝑖  , 
 

 . 𝑖  = 0,01  –     ; 
        . . –    . 

–  : 
 𝐼 𝐼  ; 

  , 
 

 𝐼  –      ; 

(4.38) 

(4.39) 

(4.40) 

(4.41) 

(4.42) 

(4.43) 

(4.44) 
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        –     .  = √ 𝐼 . ⋅  , 
 

  –  ,   [6, C. 150]; 

      𝐼 .  –         
; 

–  :  
 

К 𝐼 ⋅  , 
 

 𝐼  –    , ; 
        –     , ; 
       К –  ,   ; 
 

К = 𝐼 . + , 
 

  –   , ,   [6]   
:  = . + , , 

 
 .  –     , ;  

       ,  –    , . 
 

4.7.1.       110  
 

     110      
-110-25,0/1250 1 [7].      4.6. 

 4.6.    -110-31,5/1250 1 

 
 

 
 

 

  

 

  
 

 

 
 

 
 

 

 

 
 

,  𝐼 ,  𝐼 . ,  . ,  ,  𝐼 ,  ,  

110 1250 25,0 0,035 25,0 25,0 3,0 
 

    ,  : 
–  ,  

(4.45) 

(4.46) 

(4.47) 

(4.48) 
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=  ; 
–   𝐼 p 𝐼 , 𝐼 𝑎𝑥 

    , < ; 
 , < ; 

 
–  : 
1)    , 𝐼 . 𝐼 𝜏 
 , < ,  ; 

 
2)       , ,𝜏 ,  𝜏 = , + , = ,  ; 

 

, = √ ⋅ , ⋅ , = ,  ; 
 

,𝜏 = √ ⋅ , ⋅ − ,, = ,  ; 
 

   
 , < , ; 

 

–   ,  

 = √ ⋅ , ⋅ , = ,  , 
 

 = , ,                   , < ,  ; 
 

–    К 𝐼 ⋅  : 

 

К = , , + , ⋅ ( − − ⋅ ,, ) = ,  А  ; 
 

 = 0,18 ,  = 0,03 . 
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 𝐼 ⋅ = , ⋅ , =  А  
 

   
 , <  . 
 

    . 
 
4.7.2.       35  

 
     35      

-35-12,5/630 1 [7].      4.7. 
 4.7.    -35-12,5/630 1 

 
 

 
 

 

  

 

  
 

 

 
 

 
 

 

 

 
 

,  𝐼 ,  𝐼 . ,  . ,  ,  𝐼 ,  ,  

35 630 12,5 0,04 31,5 12,5 3,0 
 

      : 
–   ,  

 =  ; 
 

–    𝐼 p 𝐼 , 𝐼 𝑎𝑥 

 , <  ; 
 , <  ; 

 
–   : 
1)    , 𝐼 . 𝐼 𝜏 

 , > ,  ; 
 

2)       , ,𝜏 ,  



 

 

м
№ д к м. д

ь
Да

а

В  . . . 5  
45 
     

  

 

 

𝜏 = , + , = ,   ; 
, = √ ⋅ , ⋅ , = ,  А ; 

 

,𝜏 = √ ⋅ , ⋅ − ,, = ,  А ; 
 

 : , < ,  ; 
 
–   ,  

 = √ ⋅ , ⋅ , = ,   , 
 

 = , ,                   , < ,  ; 
 

–    К 𝐼 ⋅  : 

 

К = , , + , ⋅ ( − − ⋅ ,, ) = ,  А  ; 
 

 = 0,18 ,  = 0,1 . 
 𝐼 ⋅ = , ⋅ , =  А  ; 
 

   , <  
 

    . 
 
4.7.3.       6  

 
     6     

-6-40/4000 2 [9].      4.8. 
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 4.8.    -6-40/4000 2 

 
    

,  

 
 

   𝐼 ,  

  𝐼 . ,  

 
 

 . ,  

 

 
 

,  

 

              𝐼 ,  

 
 

,  

6,0 4000 40 0,12 102 40 3 

 
    ,  : 

–  ,  
 , = ,  ; 

 
–  𝐼 p 𝐼 , 𝐼 𝑎𝑥       

 <  ; 
 <  ; 
 

–  : 
1)    , 𝐼 . 𝐼  

 , > ,  ; 
 

2)       , ,𝜏 ,   

 𝜏 = , + , = ,  ; 
 

, = √ ⋅ ⋅ = ,  А; 
 

,𝜏 = √ ⋅ , ⋅ − ,, = ,  А; 
 

   
 , < ,  ; 
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–  ,  

 = √ ⋅ , ⋅ , = ,  А; 
 

 k =1,96,   
 , < ,  ; 
 
 

–   К 𝐼 ⋅ : 

 

К = , , + , ⋅ ( − − ⋅ ,, ) = ,  А ∙ ;  
  𝐼 ⋅ = , ⋅ , =  А ∙ ; 

 
     

 , <  .  
 

    . 
 
4.8.   

 
    , 

       
      ; ё    
 .  

       
, [6, . 290]: 

–     
  ; 

 
–     
 𝐼 𝐼 , 
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 𝐼 𝐼 𝑎𝑥; 
 

–     
 .  , 
                                                          

 .        , ;    
 –     
 

К 𝐼  , 
                                                                         

 В       , ⋅ ;  

    𝐼      , ;  
           , . 
 

4.8.1.       110  
 

 ё       
-110/1000 1 [7].  

      
.     
       :  

( )   ( ).       
   . 

      4.9 
 4.9.     

,  𝐼 ,  . , 

 
  ,  

110 1000 80 31,5 
 

      : 
–   , : 

 =   ; 
 

–   , 𝐼 𝐼 , 𝐼 𝐼 𝑎𝑥 
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> ,  ; > ,  . 
 

–   , .  

 = ,   –    4.5.1 

 , > ,  ;  
–    К 𝐼 , 

 = ,  2   –    4.5.1 
 𝐼 ⋅ = , ⋅ , =  А ∙ ;  

 
   
 , <  . 

 
           -110/1000-40 1  

 . 
 

4.8.2.       35  
 

 ё       
-35/630 1 [7].  

      .         
      

     :  ( )   
( ).         

 . 
      4.10. 

 4.10.     

,  𝐼 ,  . , 

 
  ,  

35 630 31,5 12,5 
     : 

–   , : 

 =  ; 
 



 

 

м
№ д к м. д

ь
Да

а

В  . . . 5  
50 
     

  

 

 

 
–   , 𝐼 𝐼 , 𝐼 𝐼 𝑎𝑥 

 > ,  ;  
 > ,  . 

 
 

–   , .  

 = ,   –    4.5.2 

 , > ,  ;   
 

–    К 𝐼 , 
 = ,  2  –    4.5.2 

 𝐼 ⋅ = , ⋅ , =  ⋅ ; 
 

   
 , <  . 

 
           -35/630 1   

. 
 

4.8.3.       6  
 
    6     C  80-6,   

 .       
 ,      [10]. 

 
4.9.  -     

 
 

       
      -

 . 
         

  -     
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.       4.11 [6, 
. 366]. 

 4.11.  -     

 
 

 
 

   

ё  
 

 
 
 
 

   –   
 110 

  . 
   
  
   

,  
 

  
     

 
   

  
. 

 

, , 
ё    

  
 

 
 

 
 

, , 
ё    

  
 
 

 
 
 

  10, 35 
 

 
 
 
 
 

  
  
  

  
 

 
  
 

   
 ё   

 

  
   

35  
 
 

,  
  

 
 

  
  

 

 
  

 
–  – 

 10   – 

, ё  
ё    

  
 , 

 
 

  ё   
  

,  ё  
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 35  – 

, ё  
ё    

   
 

 
 

   

 
 

  4.11 

 110  – 

, , 
, 

 , 
  

  , 
ё  ё  

   
   

 
 

   
 

 
  

. 
   

 
 

    
 

,  ё  
   

 

 
4.10.    

 
  ( )     

         
    .    

        
      4.11.  
 -      

   4.1. 
 

 
 

 4.1.      
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 , [6, . 373]:  

–    
   ; 
 
–      
 𝐼 𝐼 𝑎𝑥 ; 
                                                                             
–     
  , 

 

    ; 
–     
 

К 𝐼  ; 
                                                                      
–     
  , 
                                                                                        

     ;  
              . 

     , 
     :  

 = + +  . 
 
4.10.1.       

 110  

   110     -110 [7]. 
     -110-600/5 1,  

    4.12. 

(4.49) 

(4.50) 

(4.51) 

(4.52) 

(4.53) 

(4.54) 
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 4.12.   -110-600/5 1 

 
 

    : 
–   ,  

 =  ; 
 

–   , 𝐼 𝐼 , 𝐼 𝐼 𝑎𝑥 

 >  ; 
 >  ; 

 
–  , .  

 = ,   –    4.5.1 

 , > ,  ; 
 

–   К 𝐼 ,  

 К = , 2  –    4.5.1 
 𝐼 ⋅ = , ⋅ , =  А ∙  , 
 

 : 
 , <  ; 
 

         
 -   ( ),   . 

 

 

 
 

 

 
 

 

 

. 

 

 

 
 

 

 
 

 
 

 

,  𝐼 ,  𝐼 ,  𝐼э . .,  𝐼 ,  ,  , ·  

110 600 5 80 31,5 1 30 



 

 

м
№ д к м. д

ь
Да

а

В  . . . 5  
55 
     

  

 

 

          
4.13. 

 4.13.      

  
 , ·  

      
  3020 2,8 – – 

 2132 2,0 – – 
  

 
-824 1,0 1,0 1,0 

   - 681 2,5 – 2,5 
   4-689 2,5 2,5 2,5 

: 10,8 3,5 6,0 
 

   4.13       
    . ,    

     .  
 ,      , 

     ,  
–    : 

 = 𝐼 = ,, = ,   , 
 

   ,  , ∙ ;  
      𝐼       , . 

  [6, . 374]    
 = , .    : 

 = − − = , − , − , = ,  ; 
 = 𝐼 = , = ,  . 

 
 ё     ,  

 = 𝜌 ⋅  , 
 

 𝜌 = ,  –   , ⋅
;  

        ё    , . 

(4.55) 
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ё    ,    [6, . 374] 
 = , ⋅ = , × = ,   . 
 

    
 = 𝜌 ⋅ = , ⋅ ,, = ,  . 

 
       4 2,  

  ,  
  = 𝜌 ⋅ = , ⋅ ,, = ,   . 

 
    ,  

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

 
4.10.2.        

35  

   35     -35-1000/5 
 1 [12] ,      4.14. 

 4.14.   -35-40/5  1 

    : 
–   ,  

 

 

 

 
 

 

 
 

 

 

. 

 

 

 
 

 

 
 

 
 

 

,  𝐼 ,  𝐼 ,  𝐼э . .,  𝐼 ,  ,  , ·  

35 40 5 8 2,1 3 30 
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= ; 
 

–   , 𝐼 𝐼 , 𝐼 𝐼 𝑎𝑥 

 > ,  ; 
 > ,  ; 

 
 
 

–  , .  

 = ,   –    4.5.2 

 , > ,  ; 
 

–   К 𝐼 ,  

 К = , 2  –    4.5.2 
 𝐼 ⋅ = , ⋅ , =  А ∙  , 

 
  

 , <  . 
 

         
 -   ( ),   . 

          
4.15. 

 4.15.      

  
 , ·  

      
  3020 2,8 – – 

 2132 2,0 – – 
  

 
-824 1,0 1,0 1,0 

   - 681 2,5 – 2,5 
   4-689 2,5 2,5 2,5 

: 10,8 3,5 6,0 
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   4.15       
    . ,    

     .  
 ,      , 

      [6, . 374],  
–     

 = 𝐼 = ,, = ,   , 
  

   ,  , ∙ ;  
      𝐼       , . 

  [6, . 374]     = ,  .    : 
  = − − = , − , − , = ,   ; 

 = 𝐼 = , = ,  . 
 

ё    ,    [6, . 374] 
 = , ⋅ = , × = ,   , 

 
   : 

 = 𝜌 ⋅ = , ⋅ ,, = ,  . 
 

       4 2,  
  : 

  = 𝜌 ⋅ = , ⋅ ,, = ,  , 
 

    : 
 = + + = , + , + , = ,   . 
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      𝑧 𝑧 ,   
 , < ,  . 
 
 
 
 
 
 

4.10.3.         
  35  

 -35-600/5  1 [12]: 
 

– = = =   ; 
 

– 𝐼  = 600 > 𝐼 , =18,5 . 
 

4.10.4.       6  

      6    
       70-6.    

-10-4000/5  1[12]: 
 

– = = ,  ; 
 

– 𝐼  = 4000 > 𝐼HH max =  . 
 
4.10.5.         

  6  
 

        
    80-6.    -10-2000/5  

1[12]: 
 -10-2000/5  1[12]: 

 

– = = ,  ; 
 

– 𝐼  = 2000 > 𝐼 , =  . 
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4.10.6.      
 

      (110 )  (35 
)   (10 )    

 .   -    
  63000/110     

-110-І-600/5    (110 ) -35-I-1000/5    (35 
)  -10-I-5000/5    (10 ). 

 
 

 4.16.       

 
 

,  

  
(  

),  

 
 

,  

 
 

, 𝐼 ,  

-110-І-
600/5 

110 600 5 40 

-35-I-
1000/5 

35 1000 5 40 

-10-I-
5000/5 

10 5000 5 40 

 
       

 [1]. 
  

 , : 
     .  ,  

 =   –    110-І-600/5 
 =  –    35-I-1000/5 
 =  –    10-I-1500/5 

 
 , : 

      𝐼 𝐼max ,  

(4.56) 

(4.57) 
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 >  –    110-І-600/5 
 >  –    -35-I-1000/5 
 >  –    -10-I-5000/5 
 

       , 
          . 

     . 
 

4.11.    
 
             ,   4.4 

       
     4.11. 

ё     : 
–    
  ; 

 
–  ; 
–     
 𝛴  , 
 

 𝛴     ,   
 , ∙ ;  

             , ⋅ ; 
    –        ё  

 𝛥 𝛥 ,  𝛥 = , % [6]., 

 

 

(4.58) 

(4.59) 
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 4.2.   -   
   

 
4.11.1.       

 110  
 

       
     [6, . 374].    

  -110 1 [13]. 
 
4.11.2.       

 35  
 

   ё     
  4.11,   [6, . 378]   

     4.17. 
 4.17.      

  

  
 
, 

·  

 
 

cosφ sinφ 
 

 

  
 

 
,  Q,  

 
 

 
-825 5,0 1 1 0 1 5,0 0 

 
 

  
-829 10,0 1 1 0 1 10,0 0 

 
 

  
-830 10,0 1 1 0 1 10,0 0 

ё   
 

4- 674 3,0 2 0,38 0,925 3 18,0 43,82 

ё   
 

4- 689 3,0 2 0,38 0,925 3 18 43,82 

  61 87,64 
 

   3× -35-III [12]. 
  : 

–   ,   
 =  ; 
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–    0,5.      
 S  = 150 ∙ ;  

–     
 𝛴 = √ + = √ + , =  ⋅  . 

 
                
 𝛴 = <  =   ⋅ ; 

 
 
–    А  ,  ё   

     
 𝛥 = √ ⋅ 𝐼 ⋅ ⋅  , 
 𝐼 = 𝛴  , 

 
  –     , . 

 𝐼 = = ,  . 
 

ё    ,    [6, . 374] 
 = , ⋅ = , × = ,  . 
  

      
 = 𝜌 ⋅ = , ⋅ ,, = ,  . 
 

       4 2,  
   

  = 𝜌 ⋅ = , ⋅ ,, = ,  . 

(4.60) 

(4.61) 
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    ,     

      .  = ,  . 
 𝛥 = √ ⋅ , ⋅ , ⋅ = ,  , 

 
    𝛥 = , %.  

 
 
 
 

   =  2,   
 = 𝜌 ⋅ = , ⋅ ,, = ,  ; 

  𝛥 = √ ⋅ , ⋅ , ⋅ = ,  , 
 

   ,   
 , < , . 

 
4.11.3.       

 6   
 

 ё       4.11,   
[6, . 378]       

 4.18. 
 4.18.      

  

  
 
, 

·  

 

 
cosφ sinφ 

 

 

  
 

 

,  Q,  

 
 

 
-825 5,0 1 1 0 1 5,0 0 
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-829 10,0 1 1 0 1 10,0 0 

 
 

  
-830 10,0 1 1 0 1 10,0 0 

ё   
 

4- 674 3,0 2 0,38 0,925 3 18,0 43,82 

ё   
 

4- 689 3,0 2 0,38 0,925 3 18 43,82 

  61 87,64 

 
   3× -10 [12]. 

 
  : 

–     
 > ,  ; 
 
–    0,5.      

 S  = 150 ∙ ;  
–     
 𝛴 = √ + = √ + , =  ⋅  . 

 
             
 <  ; 

 
–    А  ,    

     
 𝛥 = √ ⋅ 𝐼 ⋅ ⋅ % , 

 𝐼 = 𝛴  , 
 

  –     , . 
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𝐼 = = ,  . 
 

         ,     
      .  = ,  . 

 𝛥 = √ ⋅ , ⋅ , ⋅ = ,  , 
 

    𝛥 = , %.  
 
 
 

   =  2,   
 = 𝜌 ⋅ = , ⋅, = ,   ; 

 𝛥 = √ ⋅ , ⋅ , ⋅ = ,  , 
 
   

 , < , . 
 
4.12.     

 
    35–750 ,    

      
 ё     ,  

    .  
  ,  , ,    

      
  220–380 ,    630 ∙  (   

   1000 ∙ ,     
   ( К = %).  

      
 [6, . 475]      

 

(4.62) 
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 , 
 

  –   , ,    [6, . 91], 
     (1,3–1,4),   1,4; 

 – ё     , ∙ . 
                 

,  ,   [6, . 639]. 
      4.19.   

  cosφ = 0,85,     : 

 = √ +  , 
 

 = ,     [6, . 477]. 

 4.19.       

  

 
 

cosφ tgφ 

 

 . ×   , 
 

Q , 
 

  – 
63000/110 

2 × 4,5 0,85 0,62 9,0 6,43 

 -110 2 × 1,8 1 0 3,6 – 

, 
, 
 

  1 × 80,0 

 
1 

 
     0 

80,0 – 
 6  1 × 5,0 5,0 – 

 
 110  

1 × 2,0 2,0 – 

 
 35  

1 × 7,0 7,0 – 

   13 ×1,0 1 0 13,0 – 
   

 
6 × 0,6 1 0 6,0 – 

-   2 × 23,0 1 0 46,0 – 
 1 × 78,0 1 0 78,0 0 

 249,6 6,43 

 
ё      

 = , ⋅ √ , + , = ,   В ∙ А. 
 

(4.63) 



 

 

м
№ д к м. д

ь
Да

а

В  . . . 5  
68 
     

  

 

 

,       
 = ,, = ,   В ∙ А, 
 

  –      
    ,  40 %. 

      -160/6,   
 [16]    4.20. 

 
 

 4.20.    – 160/6 

 
 . , 
·  

 
 

  

 В ,   ,  

160 ±2 × 1,5% 6,0 0,4 
 

      , 
  ⋅ = ,∙ = , < , − ,  . 

 
    , 

 = − ⋅ = ,⋅ = , < ,  . 
 

    . 
        35–220   

        110      
 ,          

     ,     
 330–750 ,   110–220        

,   35–220       [6, . 
475]. 
      Vb 2308 VARTA[14]. 

  -     
    20   30 . Ё    ( ) 

,        
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    ( )      
        

 6     . 
     : 

–    0,8U      ; 
–    6   12-   
 ; 
–    0,85U     

   6       
. 
       -  

      100/220,  
: 

–    -     
 ; 

–     ; 
–      . 

 

4.13.    ,     
 

       
        

 . ,      
  ,     

   ,    [15].  , 
   ,     

   ,   
       

.  
 
4.13.1.                     

  
 

      
  ,  

  , 
 

  –      , ; 

(4.64) 
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       –    ,  
 , > ,  . 

 
      4.21 

 4.21.        
   

,  . ,  ,  

6,0 6,9 6,9 
10,0 11,5    11,5 
35,0 40,5 40,5 
110,0 126,0 72,8 
220,0 252,0 145,7 

 
   - 1-110/77/20/4 1 (  

4.21) [7]. 
 4.22.  - 1-110/77/20/4 1  

,  𝐼 ,  . ,  . ,  W, /  𝐼 ,  

77 10 187 244 12,7 20 

  
        

.   ,  
 𝐼 > 𝐼К , 

 , > ,  , 
 

 𝐼 −   , . 
      𝐼 −    , .  

      . 
       .  

   ,      
,      

,        
   [1].  ,    

 .         
        (5  10 ): 

 . < .  , 

(4.65) 

(4.66) 



 

 

м
№ д к м. д

ь
Да

а

В  . . . 5  
71 
     

  

 

 

 
 .  −      

, ; .  −      
, . 

     [15,  . 9],   
 . =  . 

 
 

 <  . 
 

     , 
 

 

. , − ,  , 
 

 .  −      
  , ; 

 −  , . 
 ,  

 = ⋅ ⋅ √ ⋅  = , ⋅ , ⋅ √ ⋅ =  , 
 

 −  ,     
  ; 

 −  ,   
     ;   −     

, . 
   

 < , =  . 
 

     ,  
 

(4.67) 
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 , 
 , ,  , 

 
 − ,      

 ,  [15, . 31]; 
       −    ,  [15, . 17]. 

     . 
 
 
 

4.13.2.                     
  

 
      

  ,   
   , = ,  , 

 
   - 1-35/40,5/10/2 1 [7]. 

 4.21.   - 1-35/40,5/10/2 1 
,  𝐼 ,  . ,  . ,  W, /  𝐼 ,  

40,5 10 100 118 2,8 20 
 

        
.   ,  

   
 , > ,  , 
 

   ,  
 𝛴  , 
 𝑖 ⋅  , 

 
  𝑖 − ,        ,  

   , ; 
 −   . 

(4.69) 

(4.68) 
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 = − , ⋅ 𝐼 = − , ⋅ , ≈  , 
 

 𝐼  −     , . 
   

 , ⋅ ,  ; 
 , < ,  . 

 
  < = ,  . 

 
     ,  

   
 , ,  , 

 
     . 

 

4.13.3                     
 

 
      

  ,  
   

 , > ,  . 
 

   - 1-6/7,2/10/2 (  4.22) [7]. 
 4.22. - 1-6/7,2/10/2 

,  𝐼 ,  . ,  . ,  W, /  𝐼 ,  

7,2 9,0 17,5 21,2 2,8 20 

 
  ,  
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, > , ⋅ ,  ; 
 , > ,  . 

 
   ,  

      
 = − , ⋅ 𝐼 = − , ⋅ , ≈ , 

 
 𝐼 −     , . 

 
   

 , ⋅ ,  ; 
 , < , . 

 
      
. 

 : 
 = ⋅ ⋅ √ ⋅  = , ⋅ , ⋅ √ ⋅ = ,  В. 

 
    

 , < ,, = ,  . 
 

      . 
      6      

- 1-6/7,2/10/2 
    ,    

 .     -110/56/10/400  
[15]. 

 
5   
 

  ,      
 ,    
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      .  
,          

        
      . 

       
    ,      

,       , 
 ,     . 

 :  , 
 , -  .  

 
        

: 
–    ; 
–    ; 

       
,      
,       ё  

      
  ,     ,  

  . 
 

5.1    ,   
    

 
      [1],   

      ,   
        

  ,    
 ,      ,  

   . 
      : 

–        
ё  ,   ; 

–        
       ; 

–   ; 
–   ; 
–  ё     ; 
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–       
,      

  ,     ; 
–        

,       
 ; 

–  ; 
–   ; 
–  ,    

; 
–   , , . 

      
     .  

        . 
      

      
   (  )  
 .      

 : 
)   ( , ,   

),   (    )  
,  ,    

; 
)         

1000    -     ; 
)  , , , ,  

,  ; 
)   ; 
)  ; 
)  ,  ; 
)  , , ,  

   ,  ,  . 
        

   (  , -
   ,  ,  

,  ),    (  
,  ,     .). 
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5.2 ё    

5.2.1 ё       

   ,    
 ,       -  

 ,     .  
  ,       

     . 
,       

  ,    [6, . 588].  
   ,  :  

      .  
       

 .  
    [1]: 

           −      1   
         

    ,    ,  
         

    ; 
           −          

    ,  ,  10 .  
 10     ,    
        

; 
          −  ,     

   ,       
   1,2       
 . 

       
      

,  ,     
 ,      

. 
      .   

       [6, . 
595]. 

      
  ,  
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 𝜏 = + ,  , 
 

  З = ,      ,  [6, . 600]; 
       , = ,      , . 

 ё    
 𝜏 = , + , = ,   . 
 

 [6, . 596],    ,  
   , =  . 

    ,  
    – .  

        
    ,  . 

  ё     :  
 h    ρ1,    

 ρ2.  [6, . 600]  ρ1 = 800 / , ρ2 = 1000 
/ , h = 2 . 

,   54 × 36 2.                                     
      5.1.  

  ,  
 

З = , , 
 

      [6, . 600], 
 

(5.1) 

(5.2) 
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 5.1.    110  

 = М ⋅ 𝛽( 𝐿√ ) ,  , 
 

 M – ,    ρ1/ρ2,  [6, . 600], М = 0,8  
ρ1/ρ2 = 800/1000 =0,8;  
      𝛽 – ,     ;  
      = ,  –   , ;  
      = ,  –    , ;  
       –   , 2;  
      𝐿  –     , ,  

     
 𝐿 = ⋅ 𝐿 + ⋅ 𝐿  , 

 
 Д,  –       , .;  

      𝐿Ш,𝐿      , . 
 = 𝐿 + = ,, + = , ≈  ; 

 = 𝐿 + = ,, + , ≈   . 
                                                              

          

(5.3) 

(5.4) 
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 𝐿 = ⋅ , + ⋅ , =  .                                             
 

  𝛽    
 𝛽 = + = + , ⋅ = ,  , 
 

 =     , ;  
      = , ⋅ 𝜌  –   [6, . 600], . 

 
   

 = , ⋅ ,⋅⋅ √ , ⋅ , , = , .
 

 
  ,   

   
 = , =   , 
 

    З = ,   [6, . 601]. 
 

 
    

 

З З𝐼З

 , 
 

 𝐼З  ,      
    ,  

 𝐼 = , − ,  𝐼 ; 

 𝐼 = , ∙ =  А , 
 

(5.5) 

(5.6) 
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 𝐼          
, . 
   

 

 = ,  . 
       
                

      .  
       

    [6, . 601].  
  ,  

 √ = √𝐿 𝐿  , 

 √ = √ ⋅ = ,  . 
 

    
 = 𝐿√ −  , 
 
 = ⋅ , − = ,   
 

 m = 17. 
   ё  ,  

 𝐿′ = √ + , 
 𝐿′ = ⋅ , + =  . 

 
  ,  

 = √
 

 

(5.7) 

(5.8) 

(5.9) 

(5.10) 
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= , = ,  . 
 

        𝑎𝐵 =  =  ,  = √⋅  , 
 = ⋅ ,⋅ , = ,  , 

 =36. 
   ,  

 𝐿 = ⋅  , 
 𝐿 = , ⋅ =  . 
 

 ,  
 +√  , 

 
 , + ,, = ,   . 

  
               0,1,   [6, . 601] 
 = , − , +√  , 

 = , − , ⋅ , = ,  . 
 

 [6, . 600]  ρ1/ρ2 = 0,8, 
𝑎𝐵 = = , 

 
ℎ −  , 

 

(5.11) 

(5.12) 

(5.13) 

(5.14) 

(5.15) 
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− , = ,  . 
  

 ρ /ρ2 = 1,4,  ρ2 = 1,4 , ρ  = 1,4·60 = 84 · . 
   ,  

 = 𝜌Э√ + 𝜌Э𝐿" + 𝐿  , 
 = , , + + = ,  , 

  
    = , . 

   ,  
 

 

 = , ⋅ ⋅ , = ,  В 

 
      =  . 

 

5.2.2 ё      
 35  

 
        

(  6, 10, 35 )     ( ), . . 
    .   

,         
  ,       [6, . 598].  

     6–35   [1]: 
−         

 
 𝐼  , 
 

 𝐼       ,  
    [6, . 30], 

 

33П RIkU 

(5.16) 

(5.17) 

(5.18) 
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𝐼З = ⋅ = , ⋅ = ,   , 
 

 U –  , ; 
l –       , . 

(     35      
 50 .) 

−      6–35  
   10 . 

  ,  ,  
 , = ,  . 

 
        

10 . 
,   54×20 2.                                     

        40×4 2, 
   1,0     

   2     .   
 148 . 

    [6, . 593],  
 = , ⋅ 𝜌 ч  , 
 

    , ;  
       –  , ; 
       –  , ; 
      𝜌

 
–      , 

/ . 
 = , ⋅ ⋅⋅ − ⋅ ,   = ,  , 

 
    8  , 

 [6, . 594]     𝜂 =0,74,  
       ,  

 

(5.19) 

(5.20) 
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= 𝜂  , 
 = ,, = ,  . 

 
   ,  

 = ⋅−  , 
 = , ⋅, − = ,  . 

 
   

 = ⋅ 𝜂  , 
 

       (   5 
  12 );  𝜂   ,   [6, . 594]. 

 = , ⋅ 𝜌 ч + +−  , 
 = , ⋅ ( ∙, + ∙ , +∙ , −  ) = ,  , 
 = ,, ∙ , = ,   . 

 

   8  . 
 
5.2.3 ё   
 

   ,  
  ё      , 

      . 

(5.21) 

(5.22) 
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     , 
     .  
     35 .    

54 × 90 . 
ё  ё     (  5.2). 
   b  ,   

 = ℎ −
ℎ −  , 

 
 r   –     , ; 

       –   , ; 
      h –   , . 
 = ℎ𝑎 ,+ ℎ

ℎ

 , 
 

 ha –    (    -

 ), ; 
      h   –   , ; 
       – ,  h  40,  = 1. 
 = ℎ𝑎 ,+ ℎ𝑥ℎ = , ∙ ,+ = ,  , 
 = ∙ , ∙ ( ∙ −∙ − ) = ,  . 

 
   ,      bХ  

      rХ     
     5 . 

 

(5.23) 

(5.24) 
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 5.2.      hХ    

  
 

        
   ,  ,   

 ,    .  
  . 
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        110 .  
       

 .    110/35/6  
 ,     ,  : 

, ,  ,  
,   .  

              
  .    . 

,   ,   
  ,   «  

». 
    :    

   ,    , 
.  ё    : -
  «REGIM»  RastrWin3.  
 ,        

  .  
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                     Е      А      А  Ч Е  А : 
я  :  ZDK 

Ч   : 3 
Ч  я : 1 
Ч  :     0 
Ч   :     0 
 

                                  В    1 
                                        

 

 Е       13                              U  115.21  1 
                         

 Z1  (5.707 26.950)         Z2  (5.707 26.950)         Z0  (14.722 119.901) 

 I1     379  -81            I2     379  -81            3I0    1136  -81  

 

                             А Е Е Е ВЕ Ч  

     13-19                  I1     -378  -81           I2     -379  -81  

                           3I0    -1136  -80  

     13-33                  I1        0    0           I2        0    0  

                           3I0        0    0  

     13-33                  I1       -3    0           I2        0    0  

                           3I0       -9 -180  

 

                                  В    3 

                                        

 

 Е       13                              U  115.21  1 
                         

                            Z1  (5.707 26.950) 

                            I1    2414  -77  

 

                             А Е Е Е ВЕ Ч  

     13-19                  I1    -2414  -77  

     13-33                  I1        0    0  

     13-33                  I1        0    0  

 

                                  В    1 
                                        

 

 Е       37                              U  36.70  1 
                         

 Z1  (0.631 3.804)          Z2  (0.631 3.804)          Z0  (1.472 13.397) 

 I1    1000  -82            I2    1000  -82            3I0    2999  -82  

 

                             А Е Е Е ВЕ Ч  

     37-33                  I1    -1000  -82           I2     -999  -82  
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 Z1  (0.573 3.968)          Z2  (0.573 3.968)          Z0  (-1661.731 

0.000) 

 I1     -13    0            I2     -13    0            3I0     -39    0  
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                             А Е Е Е ВЕ Ч  
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                         я я . 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬─────────┬─────────┬──────┐ 
│ T │  │  -1 │  -2 │   R      │     X    │E;K;B(c);│   F     │ N .│ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼─────────┼─────────┼──────┤ 
│  4 │  0 │ 0       │ 1       │     0.001│     0.910│  230.000│    0.000│   0  │ 
│  0 │  0 │ 1       │ 2       │     2.370│    17.600│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 4       │     3.500│    10.900│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 3       │     3.550│    11.100│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 4       │     0.016│     0.051│    0.000│    0.000│   0  │ 
│  0 │  0 │ 4       │ 5       │     2.050│     6.380│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 5       │     2.060│     6.420│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 7       │     6.180│    24.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 2       │ 6       │     3.850│    15.300│    0.000│    0.000│   0  │ 
│  0 │  0 │ 6       │ 7       │     2.310│     9.180│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │     2.400│     3.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │     2.400│     3.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 12      │     4.080│    16.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 19      │     4.080│    16.200│    0.000│    0.000│   0  │ 
│  0 │  0 │ 19      │ 13      │     0.380│     1.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 16      │     0.140│     0.220│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 16      │     0.140│     0.220│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 17      │    13.000│    44.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 10      │ 17      │   130.000│    44.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 18      │     6.240│    19.400│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 18      │     6.240│    19.400│    0.000│    0.000│   0  │ 
│  0 │  0 │ 3       │ 24      │    71.400│   178.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 5       │ 23      │    21.600│    54.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 6       │ 25      │   137.000│   342.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 11      │ 28      │    51.900│   130.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 16      │ 27      │   222.000│   554.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 17      │ 23      │   422.000│  1056.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 18      │ 30      │    85.000│   212.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 13      │ 33      │    27.900│    69.800│    0.000│    0.000│   0  │ 
│  0 │  0 │ 9       │ 26      │   921.000│  2303.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 12      │ 14      │     0.380│     1.500│    0.000│    0.000│   0  │ 
│  0 │  0 │ 19      │ 32      │   133.000│   333.000│    0.000│    0.000│   0  │ 
│  0 │  0 │ 12      │ 31      │   133.000│   333.000│    0.000│    0.000│   0  │ 
│  3 │  0 │ 7       │ 8       │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 7       │ 22      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 8       │ 10      │     0.001│     0.000│    2.000│    0.000│   0  │ 
│  3 │  0 │ 22      │ 10      │     0.001│     0.000│    2.000│    0.000│   0  │ 
│  3 │  0 │ 8       │ 9       │     0.001│    20.600│   21.900│    0.000│   0  │ 
│  3 │  0 │ 22      │ 9       │     0.001│    20.600│   21.900│    0.000│   0  │ 
│  3 │  0 │ 13      │ 33      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 14      │ 34      │     0.001│    12.160│    1.000│    0.000│   0  │ 
│  3 │  0 │ 33      │ 37      │     0.001│     0.000│    3.140│    0.000│   0  │ 
│  3 │  0 │ 34      │ 41      │     0.001│     0.000│    3.140│    0.000│   0  │ 
│  3 │  0 │ 33      │ 35      │     0.001│    20.600│   18.250│    0.000│   0  │ 
│  3 │  0 │ 34      │ 39      │     0.001│    20.600│   18.250│    0.000│   0  │ 
│    │    │         │         │          │          │         │         │      │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴─────────┴─────────┴──────┘ 
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┌────┬────┬─────────┬─────────┬──────────┬──────────┬──────────┐ 
│ T │  │  -1 │  -2 │   R      │     X    │ K; B(c); │ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼──────────┤ 
│  0 │  0 │ 0       │ 1       │     0.001│     0.730│     0.000│ 
│  0 │  0 │ 1       │ 2       │     8.840│    82.700│     0.000│ 
│  0 │  0 │ 2       │ 4       │     7.560│    51.200│     0.000│ 
│  0 │  0 │ 2       │ 3       │     7.650│    52.200│     0.000│ 
│  0 │  0 │ 3       │ 4       │     0.040│     0.240│     0.000│ 
│  0 │  0 │ 4       │ 5       │     4.410│    30.000│     0.000│ 
│  0 │  0 │ 3       │ 5       │     4.440│    30.200│     0.000│ 
│  0 │  0 │ 2       │ 7       │    14.700│   115.000│     0.000│ 
│  0 │  0 │ 2       │ 6       │     9.220│    71.900│     0.000│ 
│  0 │  0 │ 6       │ 7       │     5.510│    43.200│     0.000│ 
│  0 │  0 │ 10      │ 11      │     3.550│    15.000│     0.000│ 
│  0 │  0 │ 10      │ 11      │     3.550│    15.000│     0.000│ 
│  0 │  0 │ 10      │ 12      │     9.730│    76.100│     0.000│ 
│  0 │  0 │ 10      │ 19      │     9.730│    76.100│     0.000│ 
│  0 │  0 │ 19      │ 13      │     0.900│     7.050│     0.000│ 
│  0 │  0 │ 10      │ 16      │     0.210│     1.030│     0.000│ 
│  0 │  0 │ 10      │ 16      │     0.210│     1.030│     0.000│ 
│  0 │  0 │ 10      │ 17      │    28.000│   190.000│     0.000│ 
│  0 │  0 │ 10      │ 17      │    28.000│   190.000│     0.000│ 
│  0 │  0 │ 17      │ 18      │    13.400│    91.200│     0.000│ 
│  0 │  0 │ 17      │ 18      │    13.400│    91.200│     0.000│ 
│  0 │  0 │ 3       │ 24      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 5       │ 23      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 6       │ 25      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 11      │ 28      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 16      │ 27      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 17      │ 23      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 18      │ 30      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 13      │ 33      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 9       │ 26      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 12      │ 14      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 19      │ 32      │     0.000│     0.000│     0.000│ 
│  0 │  0 │ 12      │ 31      │     0.000│     0.000│     0.000│ 
│  3 │  0 │ 7       │ 8       │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 7       │ 22      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 8       │ 10      │     0.001│     0.000│     2.000│ 
│  3 │  0 │ 22      │ 10      │     0.001│     0.000│     2.000│ 
│  3 │  0 │ 8       │ 9       │     0.001│    20.600│    21.900│ 
│  3 │  0 │ 22      │ 9       │     0.001│    20.600│    21.900│ 
│  3 │  0 │ 13      │ 33      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 14      │ 34      │     0.001│    12.160│     1.000│ 
│  3 │  0 │ 33      │ 37      │     0.001│     0.000│     3.140│ 
│  3 │  0 │ 34      │ 41      │     0.001│     0.000│     3.140│ 
│  3 │  0 │ 33      │ 35      │     0.001│    20.600│    18.250│ 
│  3 │  0 │ 34      │ 39      │     0.001│    20.600│    18.250│ 
│    │    │         │         │          │          │          │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴──────────┘ 
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