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In the article the features of the transformer operation with a special connection scheme for windings "star-
double zigzag with zero conductor" are considered with nonlinear load, including the principle of compensation of 
multiple three higher harmonics. 

Keywords: transformer, higher harmonics of current and voltage, magnetomotive force, magnetic flux. 
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sin[(3 3)

mA n n

mA n n

mB n n

mB n n

mC n n

mC n

U n t

E n t

U n t

E n t

U n t

E n t 3 3) ] 0.n

 (24) 

-
-

.  (1)  (10) 
 « » :

(3 1) 1 (3 1)

(3 2) 1 (3 2)]

(3 1) 1 (3 1)

(3 2) 1 (3 2)

(3 1) 1 (3 1) 1(3 1)

(3 2)

sin[(3 1) ]
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sin[(3 3) ]

sin[(3 3) ] ;
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sin[(3 1) ] ;

mc n n

ma n n n

E n t

I n t Z

1(3 2) 1 (3 2)

1(3 2) 1 (3 2)

(3 2) 1 (3 2) 2(3 2)

2(3 2) 1 (3 2)

2(3 2) 1 (3 2)

(3 2)

sin[(3 2) ]

sin[(3 2) ]

sin[(3 2) ] ;

2sin[(3 2) ]
3

2sin[(3 2) ]
3

si

ma n n

ma n n

ma n n n

mb n n

mb n n

ma n

U n t
E n t
I n t Z

U n t

E n t

I 1 (3 2) 3(3 2)

3(3 2) 1 (3 2)

3(3 2) 1 (3 2)

(3 2) 1 (3 2) 4(3 2)

n[(3 2) ] ;

2sin[(3 2) ]
3

2sin[(3 2) ]
3

sin[(3 2) ] ;

n n

mc n n

mc n n

ma n n n

n t Z

U n t

E n t

I n t Z

 (32) 

1(3 3) 1 (3 3)

(3 3) 1 (3 3) 2(3 3)

2(3 3) 1 (3 3)

(3 3) 1 (3 3) 3(3 3)

3(3 3) 1 (3 3)

(3 3)

sin[(3 3) ]

sin[(3 3) ] ;

sin[(3 3) ]

sin[(3 3) ] ;

sin[(3 3) ]

ma n n

ma n n n

mb n n

ma n n n

mc n n

ma n

U n t
I n t r

U n t
I n t r

U n t
I 1 (3 3) 4(3 3)sin[(3 3) ] .n nn t r

,
,  (32) 

:

1(3 1) 1(3 1) (3 1) 2(3 1)

2(3 1) 2(3 1) (3 1) 3(3 1)

3(3 1) 3(3 1) (3 1) 4(3 1)

;

;

;

a n a n a n n

b n b n a n n

c n c n a n n

U E I Z
U E I Z
U E I Z

1(3 2) 1(3 2) (3 2) 2(3 2)

2(3 2) 2(3 2) (3 2) 3(3 2)

3(3 2) 3(3 2) (3 2) 4(3 2)

;

;

;

a n a n a n n

b n b n a n n

c n c n a n n

U E I Z
U E I Z
U E I Z

   (33) 

1(3 3) (3 3) 2(3 3)

2(3 3) (3 3) 3(3 3)

3(3 3) (3 3) 4(3 3)

;

;

.

a n a n n

b n a n n

c n a n n

U I r
U I r
U I r

 «b»  « ».
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:

(3 1) (3 1) (3 1) 1(3 1)

(3 1) (3 1) (3 1) 1(3 1)

(3 1) (3 1) (3 1) 1(3 1)

;

;

;

A n A n A n n

B n B n B n n

C n C n C n n

U E I Z
U E I Z
U E I Z

(3 2) (3 2) (3 2) 1(3 2)

(3 2) (3 2) (3 2) 1(3 2)

(3 2) (3 2) (3 2) 1(3 2)

;

;

;

A n A n A n n

B n B n B n n

C n C n C n n

U E I Z
U E I Z
U E I Z

   (34) 

(3 3)

(3 3)

(3 3)

0;

0;

0.

A n

B n

C n

U
U
U

-
, , -

-
,  (33) – (34) 

, .
 3-5 

,

. 3. « -
»

. 4. « -
»
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 « ».
, .

 « » -
-

:

(3 1) 1 (3 1)

(3 2) 1 (3 2)

(3 1) 1 (3 1) 1(3 1)

(3 2) 1 (3 2) 1(3 2)

1
(3 1) 1 (3 1)

2

1

2

sin[(3 1) ]

sin[(3 2) ]

sin[(3 1) ]

sin[(3 2) ]

sin[(3 1) ]

mA n n

mA n n

mA n n n

mA n n n

ma n n

ma

U n t

U n t

I n t Z

I n t Z
W U n t
W

W U
W (3 2) 1 (3 2)

22 1
(3 1) 1 (3 1) 2 4(3 1)

1 2

22 1
(3 2) 1 (3 2) 2 4(3 2)

1 2

sin[(3 2) ]

sin[(3 1) ] ( )

sin[(3 2) ] ( ) .

n n

ma n n n

ma n n n

n t

W WI n t Z
W W
W WI n t Z
W W

-

, .
-

:

21
(3 ) 1(3 ) 2 4(3 )

2

( ) ,n e n e n e
WZ Z Z
W

   (36) 

,

2
(3 1) (3 1)

1

2
(3 2) (3 2)

1

;

,

ma n mA n

ma n mA n

W I I
W
W I I
W

    (37) 

(3 1) 1 (3 1)

(3 2) 1 (3 2)

(3 1) 1 (3 1) (3 1)

(3 2) 1 (3 2) (3 2)

1
(3 1) 1 (3 1)

2

1

2

sin[(3 1) ]

sin[(3 2) ]

sin[(3 1) ]

sin[(3 2) ]

sin[(3 1) ]

mA n n

mA n n

mA n n n

mA n n n

ma n n

ma

U n t

U n t

I n t Z

I n t Z
W U n t
W

W U
W (3 2) 1 (3 2)sin[(3 2) ].n nn t

 (38) 

-
:

(3 3) 1 (3 3)

1
(3 3) 1 (3 3)

2

2
(3 3) 1 (3 3)

1

21
2 4(3 3)

2

sin[(3 3) ]

sin[(3 3) ]

sin[(3 3) ]

( ) 0,

mA n n

ma n n

ma n n

n

U n t
W U n t
W

W I n t
W

W r
W

 (39) 

. 5. « -
»

(35) 
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1
(3 3) 1 (3 3)

2

2
(3 3) 1 (3 3)

1

21
2 4(3 3)

2

sin[(3 3) ]

sin[(3 3) ]

( ) .

ma n n

ma n n

n

W U n t
W
W I n t
W

W r
W

  (40) 

 (38)  (40), :

2
(3 1) 1 (3 1)

1

2
(3 2) 1 (3 2)

1

2
(3 1) 1 (3 1) (3 1)

1

2
(3 2) 1 (3 2) (3 2)

1

(3 3) 1 (3

sin[(3 1) ]

sin[(3 2) ]

sin[(3 1) ]

sin[(3 2) ]

sin[(3 3)

a mA n n

mA n n

mA n n n

mA n n n

ma n

Wu U n t
W

W U n t
W
W I n t Z
W
W I n t Z
W
I n t 3) 2 4(3 3)] .n nr

 « »  « » .

1.

,
-

, ,

-
.

2. -

, -

.
-

, -
, .

3. -
-

, -
,

.

.

1.
: . 16008 

.  / . . , . . ;
. . . . - . – 

20100121; . 2010.02.01; . 30.06.2012.  
2. , . .

 « - -
 / . . , . . ,

. .  // . – 2017. –  5. –  

. 16-25. 

 10.01.2018  

(41) 
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