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G  = 6,9 ; L = 16,5 .
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v = 0,33 .= 20 .
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F - .
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F , ,

f d
F Q G

D
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D - , D = 400 ;
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0,08 80

100 69
400

F 2,7 .

0,5k .

2 k
F Q G

D
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2 0,5
100 69

400
F  = 0,42 .
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W , ,

2f d k
W Q G k F

D
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( )W F F k F ;

2k .

F ,

sinF Q G Q G

W
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0 . F  = 0.
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1,3W W m m m a ,
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 Siemens MICROMASTER 440

 MICROMASTER 440 [17] 

,
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 Siemens:

- ;
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- .
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- .
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;

- .

 Micromaster 440 
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 MICROMASTER 440 

 3.1.

 3.1 –  MICROMASTER 440

i
1 AC 200-240  ± 10 % 0,12- 3 
3 AC 200- 240  ± 10% 0,12- 45 , 5,5- 45 
3 AC 380-480  ± 10 % 0,37- 200  7,5-250 
3 AC 500-600  ± 10 % 0,75- 75  1,5-90 

47  ... 63 
 7,5-90  - 0-650 
 110-250  0-267 

>0.95
 96%-97% 

;
;  U/f;

 U/f ;
U/f;  (FCC)
0,12-75  1,5 x 

 60  (  300 .) 2 x 
 3 , (  300 .)

90 - 200  1,36 x 
 57  (  300 .)

1,6 x  3 ,
 300 .)

-VT-( ) 5,5-90  1,4 x 
 3  (  300 .)

1,1 x  60 ,
 300 .)

110 - 250  1,5 x 
 1  (  300 .)

1,1 x  59 ,
 300 .)

 7,5 - 90  4  (
)

2  ... 16  (  2 )
 110-250  2  (

)
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 3.1

15,

4,

0,01 Hz 
0,01 Hz 
10
6 , ;

 PNP / NPN
2 ;
• 0 - 10 , 0 - 20 A  -10. +10  1 (AIN1)
• 0 - 10  0 - 20 A  2 (AIN2)
•  7  8 
3, , DC 30  / 5 A (

), AC 250  / 2 A ( )

 RS-485,  RS-232

 7,5 - 90  max. 50  ( . )
max. 100  ( )

 110-250  max. 100  ( . )
max. 150  ( )

 EN 55011, .
 (  7,5

 90 ),
 110  ... 250 .

,

:

; ; ;
; ;

; ;
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4.1.1 -

  Siemens Micromaster 440 [17] 

, .

,

. ,

,

.

.

,

:

 - 

;

- ;

 - 

120 .;

- .

,  ( )

, , , ,

.

 – , 0  [15]:
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;

; (4.1)

;

,

U1, I1, 1  – , ;

2  – , ;

Lo – ;

,  – 

),

;

 –  ( );

0  – ;

zp – .

,

.                       (4.2)

:

.                                                   (4.3)

, ,

, U1, I1, 2 .

 (4.1):

1
1 1 1 0 1

d
U I r j

dt

' 2
2 2 2 20 ( )o p

d
I r j z

dt
'

1 1 1 0 2L I L I

2 2 2 0 1L I L I

2I

2L 1L

'
1 2,r r

* *0
1 1 2 1'

2

3 3
( ) ( )

2 2p m p m

L
M z I I z I I

L

C

d
M M I

dt
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,

; .

 (4.1) :

(4.4)

(4.5)

 (4.5) ,

I1, , I  = I1:

;

;

; (4.6)

.

;

;

; (4.7)

.

0
1 1 2' '

2 2

* L
I

L L

' 2
1 2 0* L L L ' 0

2 2 1' '
2 2

1 L
I I

L L

0 0 21
1 1 1 0 2' ' '

2 2 2

* x
x y

L L ddI
U R I

L dt L L dt

'
2 2 2

0 1 2 0 2 2' '
2 2

0 ( )p

R R d
L I j z

L L dt

1 0 0 2
1 1 1 0 1 0 2' ' ' '

2 2 2 2

* * x x
x x y y

dI L L d
U R I I

L L dt L L dt

1 20 0
1 1 1 0 1 0 2' ' ' '

2 2 2 2

* * y y
y y x x

dI dL L
U R I I

L L dt L L dt

' '
22 2

0 1 2 0 2 2' '
2 2

0 ( )x
x x p y

dR R
L I z

L L dt

'
22 2

0 1 2 0 2 2' '
2 2

0 ( )y
y y p x

dR R
L I z

L L dt

0 0 21
1 1 1 0 2' ' '

2 2 2

* x
x y

L L ddI
U R I

L dt L L dt

20 0
1 0 1 0 2' ' '

2 2 2

* y
y x

dL L
U I

L L L dt

' '
22 2

0 1 2 0 2 2' '
2 2

0 ( )x
x p y

dR R
L I z

L L dt

'
22

2 0 2 2'
2

0 ( )y
y p x

dR
z

L dt
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 (4.3):

, (4.8)

;

.

*
2 I1  (4.8) :

.

, , :

.  (4.9)

 (4.7)  (4.9) :

;

;         (4.10)

;

;         (4.11)

.

*0
2 1'

2

3

2 p m

L
M z I I

L

*
2 2 2x yj

1 1 1x yI I jI

0
2 1 2 1'

2

3
( )

2 p x y y x

L
M z I I

L

1 1xI I 1 0yI

0
2 1'

2

3

2 p y

L
M z I

L

0 0
1 1 1 0 2 2' ' '

2 2 2

*
( ) ( ) ( ) ( ) ( ) ( )x y x

L L
U p R p I p p p p p

L L L

0 0
1 0 1 0 2 2' ' '

2 2 2

*
( ) ( ) ( ) ( ) ( ) ( )y x x

L L
U p p I p p p p p

L L L

' '
2 2

0 1 2 2 0 2 2' '
2 2

0 ( ) ( ) ( ) ( ( ) ( )) ( )x x p y

R R
L I p p p p p z p p

L L

'
2

2 2 0 2 2'
2

0 ( ) ( ) ( ( ) ( )) ( )y y p x

R
p p p p z p p

L

0
2 1'

2

3
( ) ( )

2 p y

L
M z p I p

L
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,

U1x (p), ,

 (4.10) .

;

;

;                            (4.12)

.

 (4.12)  (4.3) 

,  4.2.

 4.2 – 

0 0
1 1 1 0 2 2' ' '

2 1 2 2

*
( ) (1 ) ( ) ( ) ( ) ( )x y x

L L
U p R p I p p p p p

L R L L

' '
0 2 2

2 1 0 2 2' ' '
2 2 2
'
2

( ) ( ) / (1 ) ( ( ) ( )) ( )
(1 )

x p y

L L L
p I p p p z p p

L R R
p

R

' '
2 2

2 0 2 2' '
2 2

( ) / (1 ) ( ( ) ( )) ( )y p x

L L
p p p z p p

R R

0
2 1'

2

3
( ) ( )

2 p y

L
M z p I p

L
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, ..

,

: ; ; U1  ; ,

,

– , -1.

; ; ; .

, (4.14)

 – ;

  – ,  = 0,8.

.  (4.15)

 (4.14) 

1 0

1
0

ip

0

0

1
1

1 . . . .

o
o

1
1

1

a
a

u
u

U

2

2
2

2 21

( )

( 1) ( 2)
1 ( )

( )

( ) ( ) ( 1) ( )

kp

kp

kp

S

S
T p T p

S
SM p

Sp p T p
S

1

1

a

aH

U

U

1

1

2

1

( ) 1

1( ) ( )

M p

T pp p
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,  (4.16)

 – , .

 :

,

,

,

 (  0  0 

);

, ,

.

-

 (4.15), (4.16),

 4.3.

,

,

.

 4.3 – -

2

1

( ) 1

( ) ( ) M

M p

T pp p

0

. . .
M

J
T

M
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 4.4 

.

 4.4 – 

4.2

 4.4 [3,15].

 (  4.4.) :

( )W  – ;

( )W  – ;

 – ;

 – ;

 – ;

 – ,

 (2...50 )  0,001 .

.
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:

1
( )W p ;

1
( )W p .

 4.5.

 4.5 - 

,  4.5.

 4.1.

 4.1 -  [1]

100L4 3

, 4

, zp 4

, n0, . 1500

f , 50

U , 380

S  , % 4,6

S  , % 31,5

 % 84

cos , 0,84
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 380 , I , 8,8

.

, , -1,

30

n
;

3,14 1500

30
= 157 -1.

, , ,

;
4000

157
 = 25,5 .

, , ,

3 ; 3 25,5 = 76,5 .

,

 ( ), 1 , c-1,

1 2 f ; 1 2 50 314,15 c-1.

, , 1 ,

0

2

S
,

S  = 0,315 - , (  4.1).

2 76,5

157 0,315
 = 0,307 1 .

, , ,

1

1

S
;

1

314,15 0,315
 = 0,01 .

, , ,

501f
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4 ; 4 0,01 = 0,4 .

,

 5 .

, ,

1

2 f
,

 f –  ( ), .

: f = 50 ,
1

2 3,14 50
 = 0,0033 .

 = 10.

,

,

 – .

 = 10, = 10.

,

. .k . .k ..

 10.

U3 = 10 . ,

 0, 

. .k ,

. .

U
k ; . .

10

157
k  = 0,063 .

. .k ,
·

·
,

. . /

U
k

I
; . .

10

25,5 / 8,8
k  = 3,45

·

·
.
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4.3

.

 4.2.

 4.2 - 

1
 = 0,307

 = 0,4

 = 0,0033

 = 0,0033

-  = 10

. .k  = 0,063

·

·
. .k = 3,45

= 0,01

 = 0,4

-  = 10

-  = 10
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:

–

0,307 1
( )

0,01 1 0,123
W ;

0,307 1
( )

0,01 1 0,123
W ;

–

1
cfW

T
;

50
( )

0,005 1
W ;

–

1
( )W p ;

1
10

0,0033
W ;

–

1
( )W p ;

1
10

0,4
W ;

–

. .W k  = 3,45;

–

. .W k  = 0,063

:

– , ,  t=1,5 c

30% ; 0,3 25,5 = 7,65 .

,  (

4.5),

 (  4.6).
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.4.6 - 

 Simulink 

MathLab [9].

:

«Step» -  10 ;

«Gain1»  «Gain2» - 

;

«Transfer Fcn1»  «Transfer Fcn2» - –

.

«Transfer Fcn3» - ;

«Transfer Fcn4»  «Transfer Fcn5» – 

;

«Gain4»  «Gain5» - ;

«Scope1»  «Scope2» - 

.

 (  4.4) 

 "MATLAB" 

.

 4.7 

.

 4.8 .
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 4.7 – 

 4.8 – 



58
 (  4.7) ,

:

-  0,2  ( max = 0,18 );

-  = 5,15 %;

-  =0%;

-  N = 1.

 (  4.8) ,

,

, .

.

, ,

.
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 5

5.1 

, ,

.

 2293-99 “ .

”

.

 – , , -

, ,

,

.

 – , -

.

 – ,

,

.

 ( )  – ,

,

.

 ( )  – ,

,

.

 – , .
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 – ,

.

,

, ,

, .

,

 [2].

: 1) , ; 2) 

.

5.1.1 

, .

.

 - 

 ( , . .).

: , , ,

, .

, ,

,

.

, , ,

, , . ,

,

, .

,

, .
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, , ,  70 % 

, . .), ,

.

, . .

,

.

, , ;  (

, ); .

,

; , .

, .

 - ,  ( );

 ( );  (

);

 ( , , . .,

).

.  4 :

1  — ;

2  — ,

;

3  - ; ;

4  - .

.

,  50 ,

.

 300 . ,

 300 

50 .
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 0  50 
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