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( )   ( )       : 1 – ; 2 

–  ; 3 –  ; 4 –  ; 5 –  ; 6 – 

ё ; 7 –   

 

 4 –    

        ,    

    .     

     ,    

       . 

 

1.2  я  я 

 

    ,  ё    

 .      ,   

  ё  ё  : 

 

                                                .                                                                              (1) 
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A, B, C –    ; X, Y, Z –     

 

 5 –       

 

  ,       

  .       .  

     ,    

  .         

    . 

  5       

.   ,       

      ,   

     .     
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.     

          ,                                                                                                         (2) 

 

 f1 –      (   ); 

       p –   . 

        

          

       6. 

 

 

 6 –        

      

 

        

    = 2;       

  f1 = 50 ; 1500 / .    

          = 1; n1= 3000 

/ . 

        , . . 

        , 

       . 

         

  ,      

  .        
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       : 

                   ,                                                                               (3) 

                   ,                                                                              (4) 

 

 w1  w2 –        ;  

      k1  k2 –     ,                   

   Ф     . 

    ,        Е2 

  I2.        

      

               ,                                                                                     (5) 

 

 C –  ,    ; 

            –    ; 

               –    .  

     ,     . 

    ,    

,       ,   

         , 

  . 

     2    

  n1   

           .                                                                                                        (6) 

 

   (n2 = 0) S = 1. 
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 ,     S=1. 

       ,    

  (n2= n1),  S=0.      

 . 

     2 ,  

  ,    ,  

–    . 

      SH = 0,02 – 0,08. 

         

        ,                                                                                                         (7) 

 

   Е2,      ,  

         ,                                                                                                     (8) 

 

 Е2  –     (   ). 

 , ,      

 ,    . 

 

   1.      

 .     

       

    .   

,    .   

,       .  ё   

        

.   ,    

  .       
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2.1  я  я 
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       ,  .  

       ,   
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   7: 

 

 

 7 –  –    

 

  :     S –    ;   S –    . 

      :   m –    ;   S –    . 

        

   . 

  : 

RS –        

      ; 
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    –        

,            

;    –      ,  

          .  

       

  . 

      

 .     –        

,            
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,        

  

     , (9) 

 

    –       (   

). 

 S    

           , (10) 

 

 n1 –   ; 
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2.2 я   я 

 

     

:     S –   ;   S –   ;   R –   ;   m –   ;     S –   ;     R –   ;      –      (  

). 

  8   ,   

    . 

 ,        

          

. 

   (      -

) ,        

 . 

        

      . 
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 8 –      

      : 

 ь  : 

         : 

   m =   S +   R. (11) 
 

 ь  ц я : 

       

    : 

     S =     m +     σS. (12) 

 

        

   (LσS): 

     σS = LσS  S. (13) 

 

 ь  ц я : 
       

    : 
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    R =    m +    σR. (14) 

 

        
   (LσR): 

     σR = LσRIR. (15) 

 

 я ь  ь    ь  : 
       

   (Lm): 

     m = Lm  m. (16) 

 

     
       : 

 

                                                                       , (17) 

           , (18) 

           , (19) 

     –  ;  
    –  . 
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2.3 я я    

 

      ,    

. ,       

   : 

                        , (20) 

 

 ,   (20)     

 .      ,   

       

    .  ,     

   . ,    

         , 

     . 

    α ,   ,   

   : 

 

                                     , (21) 

 

     ,   

   0        

 δ,   ,   : 

 

                                , (22) 
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   dq,  d     

. 

    : 

          

      q   ( Rq = 0). 

   ( )    ( R)   

: 

 

Δω = ω  – ZpωR, (23) 

 

: Δ  –   (   ) 

Zp –    . 

  ,      

    dq: 

 

                                                  ,                                                                    (24) 

                                .                                                                                  (25) 
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2.4   я 

 

    . 

    ,   

     ,  c ,  

     

                          .                                                                    (26) 

 

2.5 я    

 

  (  ё  )     dq, 

   . 

    (17)   : 

                                                  ,                                          (27) 

 

   (27)     dq: 

 

                               ,                                                                                    (28) 

 

      (27)     

(17), :  

                                                                                                    ,                             (29) 
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         .                                                                                                             (30) 

 

     dq    : 

                                           .                                                                (31) 

 

     (24)    

   (31),   (32): 

 

                                                                                                       . (32) 

 

  –  (33): 

 

                                                                                 .                                (33) 

 

 (33)         

    .     . 

   . 

     (25)    

 (28): 

 

                                .                                                                                    (34) 
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 p        ISd    , : 

                    .                                                                                (35) 

 

 ,      

   ,    . 

,   (33)       –  

. 

  ,     

 (25)     (28): 

                                                                    .               (36) 

 

      ,    

   (37): 

                              .                                                      (37) 

 

        

        dq. 

   (26)    -

    (31), : 

                  .                                                                                     (38) 

 

     (39)  (33) – (38)   
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2.6    SimInTech 

 

   SimInTech (  10)  ,  

  3,   : 

  ,     

    dq     

 ABC  

       , 

     «  – ». 

      -
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  . 

   ,  ,     ,  

        

 ,     « ». 

 ,      ,    

    ,     
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 10 –    SimInTech 
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3   я  я SimInTech 

 

3.1   я  я SimInTech 
 

       

    – SimInTech (Simulation In Technic). 

 SimInTech     ,  

  –  ,     

,       ,    

   . 

    SimInTech    

    : 

  ,      

 ; 

        

 ;  

 –     

; 

        

. 

        

 ,    11. 
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 11 –       SimInTech 

 

         

        

    ,    ,    

   ,      . 

    ,     

       

        

. 

  SimInTech,    ,  

    : 

   ; 

   ; 

   ; 

           

; 

   ; 

  ; 
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  ; 

  ; 

  ; 

   ; 

   ; 

    [36].  

       SimInTech  

      , 

   ,     ,  

      . 

   3.      

        

      SimInTech.   

     ,  MATLAB, 

Simulink     .   

   SimInTech   

        ,   

     ,   

       .  

    SimInTech     

     .   

   ,   , 

   . 
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  ,      

         

  . 

 ,        

          

,      . 

,       , 

   . 

  ,    , 

      .  

  ,        

,       

 ,        

 .   ё    ё  . 

  ,       

   . 

  ,   

    .      

         

.  

 

M = kMi ,                                                                                                         (40) 

 

 i  – ; 

      М –  . 

        

                     ,                                                                             (41) 
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 u  – ; 

       T  –    ; 

       R  – ; 

       e  –  –  . 

 

e  = kEω,                                                                                                          (42) 

 

  –  ; 

      kЕ, kM –    

        ,                                                                                                           (43) 

 

 L  – ; 

   ё    

           ,                                                                                              (44) 

 

 М  –    ; 

       J –   . 

        

 

  ,     

 ,      , 

  : 

        ,                                                                                                         (45) 

                  ,                                                                                             (46) 
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 n –   , 

               ,                                                                                              (47) 

 

  –   , 

               ,                                                                                                    (48) 

 

 cx –  .  

 

        

 ё    ,      

    ё  .  

       . 

 ,  ,    

    .  

       

       . 

          

     ,   

  ,        

 . 

  ё        

: 

                      .                                                                          (49) 
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   : 

                     .                                                                           (50) 

 

              – ё   

                     ,                                                                          (51) 

 

       , 

 .        

 [4]. 

      

 ,   ,   . 

    ,     

 : 

 

М  = k . ·sign ,         

(52) 

 

                                              ,                                               (53) 

               .                                                                                       (54) 

 

   ё       

         ,   

  : 
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r(t) = I 1 – I 2.                                                                                                   (55) 

 

,       , 

          . 

   ,    

   –  . 

 –     .    

 –         

. 

         

       

. 

       ,                                                                                                          (56) 

       ,                                                                                                          (57) 

                 ,                                                                                             (58) 

                 ,                                                                                             (59) 

                 ,                                                                                               (60) 

 

 11 = –R /L ; 12 = –ke/L ; 21 = k /J; 22 = –k . /J; 

       b11 = 1/L ; b12 = 0; b21 = 0; b22 = –1/J; 

       c11 = 1; c12 =0; c21 = 0; 22 = 1; 
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       . 

      

 ,   ё   .   

        .     

      ,   
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  .       

       .  

ё             

   . 

,      

          

 12.        ,  
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 12 –      SimInTech  
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 я     

  я      

SimInTech 

 

initialization 

var Zp_value: double,  

Rs_value: double,  

 Rr_value: double,  

 Lm_value: double,  

dLr_value: double, 

 dLs_value: double, 

 F_value: double, 

 Mnorm_value: double, 

 nmax_value: double, 

 iqmax_value: double, 

 idmax_value: double, 

 Udc_value: double;   

Zp_value = 1; //    

Rs_value = 0.258; //   [ ] 

Rr_value = 0.145; //   [ ] 

Lm_value = 0.086; //   [ ] 

dLr_value = 0.0025; //    [ ] 

dLs_value = 0.0016; //    [ ] 

F_value = 0.7; //   [ ] 

Mnorm_value = 100; //   [ * ] 

nmax_value = 2900; //   [ / ] 



59 
 

iqmax_value = 

(2*Mnorm_value*(dLr_value*F_value/Lm_value+F_value))/(3*Zp_value*F_value*

F_value); //     q [ ] 

idmax_value = 10 + F_value/Lm_value; //     d [ ] 

Udc_value = 540; //     [ ] 

end; 
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