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U1
(100)

U2
  (110)

U3
(010)

U4
(011)

U5
(001)

U6
(101)

U1

(100)

U2
   (110)

U4
(011)

U5
(001)

U6
(101)

U
U

0

U1

h1

h1

h2

h2

'

U'

. 6

U3
(010)

Re

Im

U1
(100)

U2
(110)

U4
(011)

U5
(001)

U6
(101)

 2

 1

1
2

dcU U

1 3
dcUU

6
332

)2,1(1 dcm UU

0

dcUU
3
2

1

1 2
dcUU

0

 1

 2

    . 5,
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2111 TTTT , 2122 TTTT , 070 TT , (26)

1T 2T , -
 [1] . 10 h 1( 3) 3h 1T , 2T -

.
,  (26) -

TS :

1

1 1 1

1

3 2 cos 6 , 0

3 cos sin ,
33 cos sin

3 2 cos 6 , 3 3

S h

S h h

S h

mT

T T

mT

,

1

2 1 1

1

3 2 cos 3 2 , 0

2sin ,
33 cos sin

3 2 cos 3 2 , 3 3

S h

S h h

S h

mT

T T

mT

1

0 7 1 1

1

2 1 3 2 cos 5 6 , 0

0, 3

2 1 3 2 cos 5 6 , 3 3

S h

h h

S h

T m

T T

T m

. (28)

0

T7 . U' , 
, -

,  ( . 6, ):

.33,3

,3,
66

,0,0

2

22
2

2

2

h

hh
h

h

h

(29)

-
-

2

.  ,  
1 -

, -
, 2 -

. -
2 -

, 
m. m  “ ”. 

2 . -
.

. 
m, U1m M 1 ,  – 

1 2 ,  – 2 -
,  " " .

, -
.

. 7 -

m 1 2
3

2
3
4

m~ 1,0 2,0 1,1547 1,33333

U1m 1
3
23 4

3
2

3
23 4

U1m~ 1,0 1,21799 1,27324 1,1547 1,21799 1,27324

M 4
4
3

6
1

32 4
3

6
1

M~ 0,78539 0.95661 1,0 0,9069 0.95661 1,0

(27),
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, 2 . , 
, 

.
. 8 

m -
. -

-
0, 1, 2, 3,

,  ,  -

1/4, 1/5  1/6 

1/4, 1/5 1/6) [1,2].
U1m(m) . 8 

: 1 – ; 2 – 1; 3 –
0, 2; 4 – 3; 5 – , ; 6 – 1/4; 7 – 1/5; 8 – 1/6;

9 – . , 
m .

U1m 1, -
3,  -

, . 
, , m

, . -
, , -

,  4/ Udc/2 -
m, . , -

. 1.
. 9 -

. 
 (13),  –  (24), (25). . 9 -

. 8.  ( . 9) 
, 3, .

THD , -
. 1 

THD  31% , , , 
U1m = 4/ .

,

0 /3 2 /3 4 /3 5 /3 2

2/3

0

aNu

-2/3

-1/3

1/3

U1
(100)

U3
(010)

U4
(011)

U5
(001)

U6
(101)

U1
(100)

U2
(110)

. .

. 7

0.930,93

0,98

1,03

1,08

1,13

1,18

1,23

1,28

1 10 100

2

4

5
9

1

3

8

7

6

m

U1m . )1,2732
4

0,98

1,03

1,08

1,13

1,18

1,23

1,28

1,1547

1,1547
0,93

1 10 100

1

   . 8



42 ISSN 0204-3599. . 2010.  3

0

10

20

30

40

50

60

70

80

90

100

1 10 100

. 9

. 10 THD
-

. 
.10 . 8  9. . 10, -

. 10, . . 10 -
3, . -

1/6 .

. 10

0

5

10

15

20

25

30

1,117 1,137 1,157 1,177 1,197 1,217 1,237 1,257

THD %

4 5

6

9

1,7,8
3

2

1,2732
4

U1m ( )
0

5

10

15

20

25

30
31%

1,117 1,137 1,157 1,177 1,197 1,217 1,237 1,257

1
9

2

1

1,5

2

2,5

3

3,5

4

4,5

1,177 1,182 1,187 1,192 1,197 1,202 1,207 1,212

U1m ( )

THD %

2

54

9

6

3

1
8 7

1

1,5

2

2,5

3

3,5

4

4,5

1,177 1,182 1,187 1,192 1,197 1,202 1,207 1,212

THD %

m

2

4

5

91
3

8
7

6

0

10
20
30

40
50
60
70

80
90

100

1 10 100

31%1
9

2



ISSN 0204-3599. . 2010.  3 43

. 11 , -
, .

0,9070,785

0,785
0,907

1,15

1,15
1,0

1,0
mU1M

m
*M

1/4

)

)

1,0
1,0

, 0, 1,
2, 1/6

1,27

. 11

m *,  
, 

 – U1m , .
, . 11 

.  ,  0,  1,  2  
1/6 ,

3, . 11 , 
, . 

m=1, 1/4 m 1,12, 
.

.

, . 
.

, , ,
, , , -

, 
 ( ) -

 (  10 ), -
 ( 320 m ) , ,

, .

1. ., ., ., . -
-

 // . – 2010. –  1. – . 49–59.
2. ., ., ., . -

-
 // . – 2010. –  2. – . 41–51.

3. . -
. – : , 2000. –  654 .
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USA: IEEE Series on Power Engineering, IEEE Press/Wiley InterScience, 2003. – 744 p.
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, -
 ( ), , 

. -

 – " ", , -
. , -

 DTC,  [7,17].
-

, , -
. 

.
-

 ( d-q) : dsqsqssqs dt
diRV ; qsdsdssds dt

diRV ;

drrqrqrrqr dt
diRV ; qrrdrdrrdr dt

diRV ; dsqsdsdse ii5,1T ,

qrmqssqs iLiL ; drmqssds iLiL ; qsmqrrqr iLiL ; dsmdrrdr iLiL ;

mlss LLL ; mlrr LLL .

e md dt T F T J , d dt .
: sR , lsL rR , lrL  – 
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; qsV , qsi qrV , qri  – 

q; dsV , dsi drV , dri  – d; ds ,
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Condition Monitor  (GCM)  [1].  -
. . -

. 
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. , 
 [1].

-
. -

. -
, -

. 

-
.

-
. 

-
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. 
 ( ) 

, . 
. 1.
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, , 
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,
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2 2 2
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 ( ). . 2.

, -
-
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, -

 ( , , -
) -

,  ,  

. -
, .

, 
-

-1000-2 ,
 – 

,  – .
-
-

 (  5) . -
-

 2003 . -
: -

=950.0 , cos =0.994, U=24.2 ,
I =22.5 , I =22.5 , I =

=21.8  ,   – I =22.3 , 
f=50.0 , : 

 – k V =2.255, k N =1.1373
[18], , 

,  [3,5,13,14], -
 – 38.0 , -

 – 52.5 , -
 ( ) – 25.5 , 

 ( ) – 41.9 ,   – =5 , 
 –  99.40  %.  

-
 ( ) – 15640 /( 2 ).

.
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.  ,  
 50.3 , -

 50.8 50.9 . 3. 
, ,  34.0 48.0 .

 42.9 . -
, , 
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, , 
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-
. -

qi , 
.

, -
-

, ,  75 , 
 ( -

), ,  120 .
 1

-
-

=950 . -
-

-
-

. 1
kp1 – 

, 1 /p ik q q , q  – -

; , , , Fe  – 
; 1 ,

2  –  ,  ).  
 ( =950 ): 66.8 ; 60.9 ;

56.5 ; 56.4 ; 66.2Fe ; 1 47.3 ; 2 55.8 .
 2.

. 1. , -
, 

2 -
. 1 5.0pk ,

124.7Fe -

2 69.4 , 

1 6.0pk , 139.7Fe –

2 73.1 . , -

 ( 130Fe ) -
-

 ( 120 ).

        , .kp1,
.

1 Fe 2

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

2.0 1.0082 1.0727 1.0789 1.0137 1.0595 1.2217 1.0613

3.0 1.0164 1.1439 1.1579 1.0275 1.1175 1.4421 1.1212

4.0 1.0229 1.2167 1.2385 1.0412 1.1770 1.6638 1.1826

5.0 1.0311 1.2895 1.3175 1.0657 1.2366 1.8842 1.2440

6.0 1.0377 1.3702 1.3965 1.1024 1.3005 2.1059 1.3068

7.0 1.0509 1.4509 1.4770 1.1391 1.3645 2.3263 1.3712

       , .kp1,
.

1 Fe 2

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1.5 1.0049 1.0363 1.0395 1.0076 1.0759 1.1116 1.0838

2.0 1.0082 1.0728 1.0790 1.0138 1.1518 1.2218 1.1677

2.5 1.0115 1.1076 1.1185 1.0214 1.2277 1.3319 1.2515

3.0 1.0164 1.1439 1.1580 1.0275 1.3036 1.4421 1.3353

3.5 1.0197 1.1803 1.1990 1.0351 1.3795 1.5537 1.4192

4.0 1.0229 1.2167 1.2385 1.0413 1.4554 1.6639 1.5045

4.8 1.0296 1.2753 1.3017 1.0581 1.5759 1.8410 1.6377

5.0 1.0312 1.2896 1.3175 1.0657 1.6071 1.8842 1.6722

5.5 1.0345 1.3291 1.3570 1.0841 1.6860 1.9958 1.7575
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. 2.

, 
1 1.0 5.5pk 2

. 1 5.0pk 124.7Fe 2 93.2 ,   1 5.5pk
132.4Fe 2 98.2 .

. 3. 
( ) .

            3.

, .kp1,
.

1 Fe 2

1.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1.2 1.232 1.184 1.120 1.168 1.121 1.045 1.061

1.5 1.235 1.188 1.145 1.173 1.132 1.112 1.112

2.0 1.240 1.199 1.185 1.182 1.198 1.222 1.198

2.5 1.243 1.225 1.224 1.196 1.275 1.332 1.281

2.5 1.604 1.541 1.389 1.431 1.391 1.332 1.322

2.0 2.209 2.108 1.630 1.826 1.757 1.222 1.304

2.5 2.225 2.123 1.676 1.862 1.795 1.332 1.392

3.0 2.263 2.161 1.730 1.901 1.833 1.442 1.482

4.0 2.338 2.236 1.840 1.976 1.908 1.663 1.657

4.7 1.670 1.644 1.599 1.537 1.688 1.819 1.701

5.0 1.713 1.665 1.627 1.551 1.729 1.884 1.753

. 3, 2

, . 2.
1 5.0pk 124.7Fe 2 97.8 , 114.4 , 1 77.0 .

. 1. , 
 1000 -1000-2 -

 ( -
, , 

, 
).

2. 
, -

 5%.
3. -1000-2 , 
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 [ (110,0 120)0 ]   ( Fe 1300 ).

 (20 25)0  (20 30)0 .
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.  1994. 4. . 42  45.

2. ., .  –  // . « -
».  2004.   43. . 18   24.
3. ., ., ., .  -

 300  // .
  2004. 10. – 11 (255). – . 43  48.

4. ., . -
 / .  2002. 

2(2). . 76  79.
5. . 

 100   // .  2003.   1.   . 76  82.
6. . :  –

. – .: , 2005. – 92 .
7. ., . . .: -

, 1983.  128 .
8. ., ., . -

 800  1000 , -
 // . . .  « -

». – .: 2005. – .40 – 46.
9. , -1000-2 3 -

 EUR: /
) / ,  0209U001218,  – 2008.

10. . -
 // . – 2001. 

10. . 34 – 39.
11. ., ., ., . -

.: . , 1971.  360 .
12. ., ., ., . 
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.  2002.  5. . 43  46.

13. ., ., ., . 
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. . , , . . , . . , . . ,
. .   ( , ), . . 

 « », )
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 « » .

-
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,  « » -
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. -
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. , -

 ( ) -
 ( ). 

, 
 ( ) , ,

,  [4], 
. , 

, 
). 

-
. , , . -

 « »  [6,13]. -

. -
, .

.
, , « » 

. -
 « » 

» [1,3]. , -
: « »  « »

[10,12,16,17]. , 
. , -

. 
, ,

-
.
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Summarized history and achievements of the Science and Technology Center of Magnetism of
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