
389

 621.313.3

. , .,
.

, . , )

. 
.

.

. -
, ,

-
. 

. -

.
.

-
 [1,2,3,4,5]. -

 – , . ,
-

 [6,7], 
-

.
. -

1 22 2p p - -
, , 

, 
.

.
,

, 
. ,

- , , .



390

 1 – 
.

 1 -
 U1 1 -

. 2  2, 
1 , 

1, 
1  n , 

, . 
2

2 1f f s ,                                                  (1)

1

1

n ns
n

                                                   (2)

 3 3, -
2  2. 3  3

2, 

2 2 2 1 2n f p f s p                                                (3)



391

 n2>n 2 -
 4 , .1. 4

 4, 2,  
, ., 

2 .
  

2, 
1 .  n -

,  n2, -
 n .  n2= n

1

11 1 1 1
2

12 2 1 2
1

f n
n nf s f f pn nfp p n p

p

1

1 2

fn
p p

        (4)

2

3 2n n n         (5)

n n  n3 , 
2 , 2

. . 
n>n 2 , 1

. 
0n n n

. 
. 

=4,  -
=2. .2 , 

.  – ,
=4  ( .  2 ),  - , =2  ( .  2 ), 

,  2, 
.



392

 2- .

. -
.  2  240° .

 2p1 - ,  3  120° . 
2p2 - , 2 3, -

, , -
.

4,  4,

1 1
4 2 3 2 2 2

2 1

1 1 2

1f s ff p n p n n p s
p p

f n p p
        (6)

1

1 2

fn
p p 4 0f ,  4

2, , -
.

, -
 ( . 3), -

 [7,8], -
, .



393

r1 x1 k12r2

I2

-ke12E2U1

k12x2 k12r3 k12x3

ki12
-

I?1

k12k34 r4

I?1-U2

-ki12ki34

I4I1

-ke12E3
x12 k12x34

k12k34 x4

I 3

ki12
-

ki12

 3- 

, 
1 3=0, 2 3, 

1 2, :

1
2 3

1 21 2 3 12 4 14 34 1 21 2 3 12 4 14 34i e e i i e e i

UI I
r k r r k r k k j x k x x k x k k

,   (7)

2 .2
21

1 .1
i

w kk
w k

, 3 .3
34

4 .4
i

w kk
w k

, 1 1 .1
12

2 2 .2
e

f w kk
f w k

, 1 1 .1 .3
14

4 4 .4 .2
e

f w k kk
f w k k

;

w  k . – 

 10%.
 2  3, .  2 , 

. ,
. -

. 

,  – . , -
, , 

. 
,  .  -

,  . 2 ,  ,  ,  -
 2  3, 2

1 2. 
 ( ),  

. ,
. , , -



394

.  2 2 1 -
 2, -

, 2, -
, . , 

 Z2+Z3 ,  -
, -

 s 2 -
.

-
,  ,  

.
 1   4  

, , 
: 1) 

, ;
2) 

.

, , -

,  2 2- . . 4 -

1 –  (2 1=4) -
. ,  2 2 –  (2 2 =2) 

.  4 ), . .4 -
 2 2 -  ,  

2 - . . 4 ; , 
 2 2 - , -

, .

1/2 2=2  2 1/2 2=0,5 , -
, , 2 2 - -

. , 
, 

.



395

 4 –  4-

 2 1=4  2 2=6. .5  2 1 – -
 (2 1=4) , . 5  - 2 2 - , 2 2=6.

, ,  2 2-
. .  5 , 

 2 2- . 
, 

.

 5 –  4/6 – 

-
.

 2 1/2 2 – -
 2 1 – -



396

. : 1) -
, ; 2) -

; 3) 
, 

.

.
-

.

The principle of operation of cascade asynchronic production engines
and engines with adjusted windings is described. This avenue shows promise
for electric machine engineering.
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