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    : 
 ≥     =  

  : …,  = … ; η = …%; cosφ = …; 
max/M  = …;  

In/I  = …; 
 j = … · ²;  
Mmin/M  = …;  

/  =….  
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    : 
n  = n1 – P (n1-n )/                   (2.2.1) 

: n1 –     
n  –      

    
 = 9,55· /n                             (2.2.2) 

      

λ  = /                                                (2.2.3) 

  –   

 = 9,55 · /n  

λ  = /  ≤ λ  

     …  .  

 = …  

η = …%  

cosφ = … 

I = …  

U  = …  

f = … /  

max/M  = … 

In/I  = … 

j = … · ² 
Mmin/M  = … 

/  =….  
 

(         
  ) 

 

    . 

 

                                                         2.1 
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      .              

=  p2
1t1+p2

2t2+p2
3t3+p2

4t4+p2
5t5+p2

6 t6           (2.2.1) 

                                 t1+t2+t3+t4+t5+t6 

: 1, 2,…,  –    , ; 

  t1,t2,…,tn –      

. 

 : 

 …, 

   = … ; 

   n  = …   ; 

  … ; 

 . . .   = … %; 

   cos =…, 

  =…. 

    . 

     

 = 9,55·   n ,                                (2.2.2) 

:  -   , ; 

       n  -     ,  .  

n = n1 - P (n1 – n )   ,                 (2.2.3) 

:  1 –   , / ; 

         –   , / ; 

                   –   , . 

 (2.2.2.) :  = 

   

= 9,55  / n ,                         (2.2.4) 
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 /  =  ≤  λ               (2.2.5) 

,      .    

(      -  -

) 

       
   .      

 , ,   ,     . 
     . 

 
            t1       t0                t2          t0             t3            t0          t4           t       

 2.2 

 

      

= 1²t1+ 2²t2+P3²t3+ 4²t4\t1+t2+t3+t4+0,5·4t0 (2.2.1.) 

: 1, 2, 3, 4-   ,  

       t1,t2,t3,t4-          . 
       t0-  . 

   
=(t1+t2+t3+t4/t1+t2+t3+t4+4t0)·100% 

     .  
    (  – 

15;25;40; 60%). 

       

 . =  √   /                 (2.2.2) 

   ,   : 
  =… ; 
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   =… /          
  …  

 . . . =… %; 

   cos=…   

  max/  = …. 
 

     

     
n = n1 –  ·(n1-n )/      (2.2.3.) 

       :  -   ,  

              n  –     , \ . 
 = 9,55· / n                          (2.2.4) 

    
/  < / , 

,    (  )  

.                                         
  

2.3      

 

    , 

 : 

S = S  ( + ² -1)               (2.3.1.) 

: S  –   

      -   . 

     

n  = n1(1-S )                                          (2.3.2) 

 n1 –     /   

      S  –   

     

* = 2λ / (S \S + S\S )                    ( 2.3.3.) 

   ·  

 = *·                                           (2.3.4.) 
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:  –   ·  

    

n2 = n1(1-S)                                            (2.3.5) 

    

ω2 = n2/9,55                                             (2.3.6) 

 2.1 

    

S 

 

S\S  S \S S \S+S\S  * ,   n2 

 

ω2 

 

 
 -

 

        

 
 

        

 . .         

.         

 . 
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       -

 ,    ,  

  -    ,  , 

:      -

  . 

      -

,     , ,  

 ,       

          . 

        

   . 

 : 

:  

= … , 

n = … \  , 

U = … , 

  …, 

=…, 

/ =…, 

    S=…. 

    : 

1.   :  

S = S ( + ² -1  )                           (2.3.1.) 

: -   . 
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2.     ,   -

 :  

 = 2   / (S /S + S/S )                    ( 2.3.2.) 

     2.2. 

3.   : 

 =9,55 /n                (2.3.3.) 

4.    :  

=                              (2.3.4.) 

5.        : 

n 2=( 1-S )  n1                               (2.3.5.) 

w= n2/9,55                                   (2.3.6.) 

: 9,55-  . 

 2.2 

    

S 

 

S\S  S \S S \S+S\S  * ,   n2 

 

ω2 

 

 
 -

 

        

 
 

        

 . .         

.         

 . 
 

        

 

   (  ).  

       -

,    ,   -
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:       

 . 

     , 

    , ,  -

 ,       -

       . 

      -

. 

 : 

101 

=100 , 

n =1500 \  , 

U =440  

   

I =P /U  η                        (2.3.1) 

    I   I /I =0,05 

I   = I  (1- I /I )                        (2.3.2) 

   R  

R  = U /I                                    (2.3.3) 

  R : 

R  = 0,5R  (1-)                                       (2.3.4) 

  Э. .  

E  = U - I  R                             (2.3.5) 

     : 

  =  /9,55                                        (2.3.6) 

     : 

  =  U /E                    (2.3.7) 
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 = /                     (2.3.8) 

      : 

1) =0  = =166 /     

2) = =637    = =157 /  -   

 

               

            166                                                                      

           157        

 

 

 

 

                                     637                                                           

 

 

 2.2 

 

 

2.4        

 

   : 

1.  

2.  

   .     

       -

.       . 

       -

     . 

     ...,  -

 ( )  8 ;  5 ;  3 . 
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   , ё   

 : 

 = 200 ; z = 1,1;  = 1,5 

    :  

1)       

       

 : …, 

 : …  

  …, 

  – …, 

     : 

F  =  · · S·Z/                                  (2.4.1.) 

 : F -      ,  . 

        -  , .   

         -   .   

        S -   , ² .  

        Z -     ,  

              η -    . 

  :  

j= S/ h (  +  )                                           (2.4.2) 

 : S –   , ² . 

       h -    , . 

       -  , .  

        –  , .    

       -

  : 

η = 49% 
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:  

  :  

N =  F  / F                         (2.4.3.) 

 : F  –     ,  .  

 

     

: … 

 ….  

2.    

  – …, 

  – …,   

  – ….   

  –…. 

    

 =16,5 / ² . 

      

 =  S                  (2.4.4.) 

 : S -   , ².  

         -   ,  \ ² . 

       . 

N= P  /                     (2.4.5) 

  :  -   ,  .  

   …  ( );   -

,   – … . 
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Э  ё  

        

 …  . 

     …, 

      …,  

   …,                                                                                             

   – ….       

       .  

    ,   … .  

       :       

I = N /√3 U  

 :  U -   ,   

          N -     ,  . 

           -   ,  .         

       

I .  I  

 : I  -     . 

       … ² 

   :                  

I =N /U                                   (2.4.7.) 

 : N-      ,  . 

    …( … ) ². 

       

    …% 

    : 

U =U 1+  U2                      (2.4.8) 

 : U1-      % 
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       U 2 –      % 

      

U1 = 1/S1 1                      (2.4.9.) 

: 1-     , . . 

        S1-  , . 

         1- ,      -

. 

                                              

1= 1   L1 10-3                        (2.4.10.) 

: 1-    , . 

        L1-    , . 

U1= …% 

    

U2 =  … % 

   : 

U = % 

,       . 

 

ё    

 Э    0,05 . 

=  

       

: 

F = S                             (2.4.11.) 

: S-  , ²                

        -

 40 ,    215-225-40 
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  : 

N= F \ F                                (2.4.12.) 

: F -   . 

      -

 ,       . 

   :      

I =N  /U                          (2.4.13) 

     

 2 2,5 ² 

I  =19  

I >I      

19 >0,2  

     

          U =  L 10-3\S                                   (2.4.14) 

: -    ,  . 

        L -   , . 

        S –  , . 

       -        

       U  =  %. 

       0,06<1,5% 

    ,      -

.    
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2.5    

 

(     ) 

  ё       -
    ё     -

     : 
max =  = · ·n                         (2.5.1) 

:  –    
         –     

        n –  ,   
         =  

max =  =   

 

     : 
Qmax = Pmax·tgφ                                   (2.5.2) 

: tgφ –   

        Qmax =  

 

      -
,   : 

Smax = √ max²+Qmax²                           (2.5.3) 

Smax =   ·  

 

    : 
Imax = Smax/√3·U                             (2.5.4) 

Imax =  A 

 

(       5  
) 

 

          

     ,   

  ,   ,  -

    . 

        

    ,  -
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        -

 ё . 

      ,    

     . 

 ,  :                     

I  =  / 1,73U s  ,                              (2.5.1.) 

:  -  , . 

       U -  , . 

        -   . 

       I 1 =   

       I 2 =   

       I 5=  I 3 =   

       I 4 =   

   : 

I =I1+I2+I3+I4+I5,                              (2.5.2) 

,  . 

 

= 1+ 2+ 3+ 4+ 5            (2.5.6.) 

 

Q =P1tqf1+P2tqf2+P3tqf3+P4tqf4+P5tqf5         (2.5.7.) 

   

tqf=Q \P                            (2.5.8) 

(     ,  -

) 

         
        

  ,   ,  -
    .    
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,       

    . 
      ,    

     . 
 ё        -

   .      -
    . 

Ia= ·I ·cosφ                                          (2.5.1) 

:  I  –    ,  

        cosφ –    

         –   ,    
  

        I  –    

   

I = ·I ·sinφ                                          (2.5.2.) 

: I  –    ,  

 

    

I = /√3·U·cosφ·η                                 (2.5.3) 

:  –   ,  

       U –   ,  

       osφ –    

       η –   

       I 1(1 ) =  

      I 1(2 ) =  

      I 1(3 ) =  

 

    

I 2 =  

    

I 3 =  

    

I 3 =  

 

    

I 3 =   

I 1 =  

I 2 =  

I 3 =  

I 4 =  
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I 5 =  

 

I 1 =  

I 2 =  

I 3 =  

I 4 =  

I 5 =  

 

      

∑I =I 1+I 2+... I ,                                     (2.5.4) 

∑I =I 1+I 2+… I                                      (2.5.5) 

       : 

I = √(∑Ia)²+(∑Ip)²,                                    (2.5.6) 

:  –  (0,9) 

   φ 

tgφ=Ip/Ia                                           (2.5.7) 

       -

: 

max =√3·U·I·cosφ,                            (2.5.8) 

Qmax =√3·U·I·sinφ,                          (2.5.9) 

      -

,   : 

Smax=√ max²+Qmax²,                 (2.5.10) 

 

(      ) 

         

        

  ,   ,  -

    .    
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,       

    . 

 ё        

   .      

      ,   

,   =1. 

    M: 

M =Pmax/Pmin,          (2.5.1.) 

: Pmax -    , . 

        Pmin -    , . 

        M =    >3.                

         ё   

  ,  ,  

.    ё    , 

     . 

 = ×P ,          (2.5.2.) 

: -  .  

        P -   ё , . 

         =  . 

Q  =P ×tgφ,          (2.5.3.) 

: tgφ-  . 

        P -   , . 

        Q  =    . 

 ,     

  : 

.  =Σ . ,          (2.5.4.)  

Q .  = Σ Q . ,        (2.5.5.)                   
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    : 

 = . / Σ . ,          (2.5.6.) 

   tgφ: 

tgφ = Q . / . ,          (2.5.7.) 

  tgφ    cosφ: 0,78. 

Э   ё    :                        

n .= (Σ )²/ Σ ²,          (2.5.8.) 

: Σ -    - ё , . 

         

      ё   
      

: 
        max.= 1,57. 

    : 

max.  = max.×P . ,        (2.5.9.) 

   : 
Qmax.  = max×Q . ,          (2.5.10.) 

   : 
Smax.  =√ max. ²+ Qmax. ²,          (2.5.11.) 

   Imax, A: 

Imax =Smax. /√3U,          (2.5.12.) 

ё     ,     
№ 2.3 

 

 

 

 

 

 

 

 

 

 

 

 

 



     

08.02.09 ,       
  

 

 

 2.3 

 
  

 -

ё  
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ё -

 

 

 
  

=100% 

 

 
 

 

 

-

 

-
-
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-

-

 
 

/tg 

 

 -
  -

 -

  

 

-

 
 

-

-

ё  
 

 

-

 
-

 m  

 

 ё  
 

 

 
-

 
ё  

  
Imax,A 

 

 

 

 

 

.  

 
 

 

 

 

 

 

 

 

 

, 
 

 

QCM, 

 

 

 

 

 

 

m , 
 

 

Qmax, 

 

 

Smax, 
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2.6       -
   

 

 ё         

  (  ).   ё   -

     .    -

ё         -

   ,    ,   -

  .  

  ё   ё     

  ,    .    -

  .    ,    

  1 . .          

 ,      . 

        

   ,  ё -

     ё .     

,        , 

     ё  . 

       

      . 

   6(10)    , 

   0,38(0,66)     . 

Э       

 6(10) ,         

   . 

        

 1000         
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   ,    -

      . 

       

1000 .   ,     

 .       

 ё  . 

         -

    .  

     : 

Q  = max(tgφ1-tgφ2),                        (2.6.1) 

: max –        -

 

       tgφ1 –     

       tgφ2 –      

 ё      …. 

     -

       . 

  …. 

Q = Qmax – Q ,                              (2.6.2) 

 Qmax –     

       Q  –   ,  

 , ….  

S = √( max²+Q²), ·                                   (2.6.3) 

: max –    ,  

 

      

 : 
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cosφ = Pmax/S                                       (2.6.4) 

cosφ = 109/639 = 0,2 

 

2.7          
 

 

 ,          

 .      -

,  ,   , -

    ,   -

.         , 

     . 

     -

  .      

,     .  

       

  ,     . 

-        -

   . 

  2  – 1000 

  : ….   -

:…  

     : …   

   : …  

  = …  

 

    :  
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 = 64    = 60  

      = 25 ·  

 = 25 ·  

    :  – 

400 ;630 ;1000  

  .   6-10/0,4   -

      

, .       . -

     ,   

        ё 

    .  

     6-10/0,4   -

  2500 · .    ,  

,   ,    -

        -

     .    -

        

,        -

       ё   

:  ,    -

 .  

     -1  -

  , ё     ; 

   -2  ,     -

   -10     .  -

       -

         .  
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    .  

       -2  ё   

.     . 

       

     .  -

  ё    . 

    -

    .  ,  

    ,   

. 

      -

   ,   . -

      -

  -4; -10  ,  -

   ,    , -

   .        

    .     

     ,  

        -

. 

 

2.8  ,   

 

      -

  ё     -

.           -

  . 
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         , 

ё   Э.    ё  ,  

    , ё     -

  . 

    : 

Ip<I  

: Ip –   ,  

       I  –        -

. 

 ё  : 

I .=P/√3×U .×cosφ×η,                               (2.8.1) 
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