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2 10 3

μ
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=
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50 10
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0
)
=
400μ
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 μ      μ  μ   

 =

A
=
400μ

0
/ 7

20 40 10 6
=
400 (4 10 7)/ 7

20 40 10 6
= 90mT   

 1-2 

 μ  μ  μ  μ    . 1-4.  μ μ   

 relay       μμ   . 1-5. 

: N = 100   μ , 
    
l
1

= 4l
2

= 40cm, A
1

= 2A
2

= 10cm
2
, l = 2mm     

 
    

= 0,01mWb .    μ   i      

μ      μ  μ    μ   

    
B = 0,6T . 

 

  μ    ,   μ     .  

  μ   μ    “ ”  μ   ,   

μ μ   μ  
  
A

1
   μ μ   μ  

  
A

2
.  μ  

μ  μ    μ    μ     μ  
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 . 1-5     -    μμ .    , μ  
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μ  1-4.  μ  μ   .1-2. 

600200 4000
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0,8

1,2
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B
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]

 

μ  1-5. K  μ  μ   relay    . 1-4. 

  ,    0,6 .    μ      

 

    

H =
0,6

μ
0

= 4,78 105
A /m  

,  μ   Ampère      “ ” 

 
    

= H l = (4,78 105) (2 10 3) = 956A /m  

    μ    μ   μ  μ   

 
    

= B A
1

= B
l
1

A
1

B = B
l
1

= 0,6T  

     μ  μ   . 1-5,    

   
B = 0,6T ,       H = 100A /m . ,    μ μ   μ  

μ  
  
l
1
  μ   Ampère  

  
   l

1

= H(2l
1
) = 100 (2 0, 4) = 80A /m  
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       μ  μ     μ μ  μ  
  
l
2
 

 

 
    

= B A
1

= 0,6 (10 10 4) = 0,6mWb  

    μ              

   μ  μ   μ   .  

 
    

= + = 0,6 + 0,01 = 0,61mWb  

 μ    μ μ    μ  
  
l
2
  

 

    
l
2

=

A
2

=
0,61 10

3

5 10
4

= 1,22T  

     μ  μ   . 1-5  ’   

,    μ    H = 410A /m . ,   μ μ  

μ  l
2
  μ   Ampère   

 
l
2

= Hl
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= 410 0,1= 41A /m  
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= +
l
1

+
l
2

= 956 + 80 + 41 = 1.077A /m  

, ,  μ   i     

 

    
i =

N
=

1.077

100
= 10,77A   

 1-3 
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. 1-2,     . 1-4.  

 

    . 1-2  ( )      

   

 

    

L =

N
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=

100 (0,61 10 3)
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= 5,66mH  

 

    

L =
N

i
=

100 (0,01 10 3)

10,77
= 0,093mH   
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 μ        μ  μ  
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1
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1
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μ  1-6.  μ  μ   . 1-5. 

( . 902 Aμ μ )  

 1-6 

   . 1-6  90 μ .   μ   . 1-5,   

( )      , ( )      

  ( )      . 
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( . ( )1,13 J, ( ) 0,995 J, ( ) 0,135 J)  

 1-7 

       . 1-6,  . 1-5, ( )   

μ       (      

 )  ( ) μ μ     . 

( . ( ) 25,45 mH, ( ) 22,45 mH)  
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M   

P μ  
2-1 μ  A  

 2-1 

 4-  μ      728     1.500 

rpm.  μ       μ   30 mWb.   μ  μ  

μ    μ  
   
i
a

= 100A ,   ( )     μ , ( )  

μ  μ      μ , ( )  μ  

μ  , ( )  μ  μ       μ . 

 μ   μ     μ     μ  

.    μ      μ  μ     

μ  .   ( )   μ  μ , ( )  

μ  , ( )  μ  .  ; 

 

( )   μ   μ    ,  :   P = a ,  

   P = 4    μ     μ . 

       

 

    
e =

ZP n

60
=

728 4 30 10
3

1.500

60 4
= 546,0V  

( )  μ  μ      μ  μ   

μ    (   μ  ) 

 

    

T =
e i

=
546 100

2 1.500 / 60
= 347,59Nm . 

( )  μ      μ     

   

 
   
p

max
= e

a
i
a

= 546,0 100 = 54,6kW  

( )  μ  μ        μ   μ  

 

 

    
i
max, .

=
i

a
=

100

4
= 25A . 

 

2 
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( )      μ   μ  μ ,   

μ         a = 2 .  μ  μ , μ  μ  μ  

  25 ,  

 i = i
max, .

= 2 25= 50A  

( )        

 

    

e =
ZP n

60
=

728 4 30 10
3

1.500

60 2
= 1.092V  

( )  μ      

 
   
p

max
= e

a
i
a

= 1.092 50 = 54,6kW  

H μ  μ       μ  . μ , 

  ,       μ    μ  

μ .  μ      μ  .  

 2-2 

    ,  100 kW   230 V,  

 μ    R = 0,05    μ   

   
R

f
= 57,5 .      ( )    ( )  μ   

 ,      μ  μ  .  μ   

     . 

 

 . 2-1   μ  μ   .    

 

    

i
f

=

v

R
f

=
230

57,5
= 4A  

�

�

Lf

ea

ia

Rφ

if

Ra

vγ
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Rf

 

μ  2-1. μ   . 2-2. 

( )   ( μ )     
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v i
,o

= p
o

i
,o

=
p

o

v
=

100 10
3

230
= 434,8A

i
,o

= i
,o

+ i
f

= 4 + 434,8 = 438,8A

v = e
,o

i
,o
R e

,o
= v + i

,o
R = 230 + 438,8 0,05 = 252V

 

( ) μ    50% μ  μ   50%  μ  μ  

μ ,  50%  μ  .    

 

   
p =

p
o

2
= 50kW  

μ  

 

    

i =
p

v
=

50 10
3

230
= 217, 4A

i = i + i
f

= 4 + 217, 4 = 221, 4A

 

 e = v + i R = 230+ 221, 4 0,05= 241V   

 2-3 

   μ    μ  1.500 rpm    

μ      
    
p

,μ
= 1,8kW .  : ( )  

      ( )      μ  

    ’   , ( )  μ     

μ  . 

 

 . 2-2  i = 438,8A, i
f
= 4A .     

   

 
    
p = i

f

2R
f

+ i2R + p
,μ

= 4
2

57,5 10
3

+ 438,8
2

0,05 10
3

+1,8 = 12,35kW  

( )  μ    

 

    

=
p

p
μ

=
p

p + p

=
100

100 +12,35
= 89%  

( )  μ     μ       

 p
μ
=T

μ
=T

μ μ
=
112,35 10

3

746
= 150,6hp   

( )     μ   
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T
μ

=
112,35 103

1.500 / 30
= 715,24Nm   

 2-4 

         (   

μ    μ ), 
   
p [W ]      v  μ  μ  

 μ  μ  
  
i .    μ   
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p
in
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μ
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2
R

 

   μ   μ  ,  μ    

   μ  .  μ      

 

    

=
p

out

p
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=
v i
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2
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 μ    μ   
    
d /di = 0 .     

 

   

i =
p

R
  

 2-5 

( )          1-2  1-3   μ  

μ  ; ( )    μ  μ   μ  ; 

 

( )  . 2-4   μ  μ  μ      

 

   

i =
p

R
 

          .  

    μ     

 
    
p = (0,92 +1,8) 103

= 2.720W  
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i =
2.720

0,05
= 233,24A  

      μ  μ    

 
    
i = i i

f
= 233,24 4 = 229,24A  

( )       

 
    
p

out
= i v = 229,24 230 = 52,72kW  

  μ  μ   (μ     . 1-4)  

 
   
p

in
= 52,72 10

3
+ 2.720 + 2,72 10

3
= 58,16kW  

  μ  μ    

 

    

=
p

out

p
in

=
52,72

58,16
= 90,6%   

 2-6 

    ,  
    
p = 10kW    

    
v = 250V  

  μ    
    
R = 0,1    μ    

   
R

f
= 250 .       μ     

 800 rpm.  ,   μ  μ      

     .       ;  

μ        . 

 

-   μ    ,  

 

i
f
=
v

R
f

=
250
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= 1A

i =
p

v
=
10
4

250
= 40A

i = i + i
f
= 41A

 

  

 
    
e = v i R = 250 41 0,1 = 245,9V  

-  : 
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R
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=
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= 1A

i =

p

v
=
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4
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= 40A

 

 

    

i = i i
f

= 39A
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n

  μ    ,    ,   

        ,   

 
n

n

=
e

e

n =
e

e

n =
246,1

254,1
800 = 774,8rpm   

 2-7 
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   1.200 rpm.     K  = 40    8 

μ   .   μ    μ    
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= 25m   R = 50m .    μ      ( )  
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  μ      ; 
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e

K
=
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40 2 1.200 / 60
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  . 2-2    μ μ     1.800. μ ,  

μ     

 

   
i
f

=
1.800

8
= 225A  

( )   μμ     2.500 μ μ   ,    

  
    
e 260V .   μ       

 

   
=

260

200
39,8 = 51,74mW  

  μ     

 

   
i
f

=
2.500

8
= 312,5A   

 2-8 

      
    
v = 230V ,   

 μ  i = 40A .  μ    R = 0,25     

   
R

f
= 230 .          

    
v = 2V    

μ    
    
p

,μ
= 380W .    μ    

 μ          μ     

μ  1/100    . 

 

 μ      μ     

 

   

=
p

out

p
in

 

 p
out

   μ  μ      p
in

   

μ     .        

   . 

 

p
in
= i v = 40 230 = 9.200W

p =
v 2

R
f

+ (i
v

R
f

)2R + p
,
+ v (i

v

R
f

)+ (1/100)p
μ

=
2302

230
+ (40 1)2 0,25+ 380+ 2 39+

746 10

100
= 1.143W

p
out
= p

in
p = 8.057W

 

  μ      

 

   
=

8.057

9.200
= 87,6%   
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2-2  A  

 2-9 

      μ  1.045 rpm  μ   μ  

.  μ    μ  
    
i = 50A     

    
v = 120V .  

  μ   R = 0,1 .         

    
i = 95A     (

    
v = 120V ),         

  . 

( . 1.004 rpm)  

 2-10 

      μ   
    
p = 50kW    

    
v = 230V .  μ    R = 0,03     

   
R

f
= 46 .   

       
    
v = 2V .     

μ   .      μ . 

( . 3,72 %)  

 2-11 

        :   

   
R

f
= 110 ,  μ  R = 0,04 , μ     

 p = 960W    μ   
   
v

f
= 230V .    

 μ   
    
v = 230V .  : ( )  μ  μ  μ   

( )  μ  μ    . 

( . ( ) 189,8 , ( ) 93,8 %)  

 2-12 

  , 2- , μ  360 ,  ,  μ  

   
   

= 25mWb .   μ        

       μ   
    
v = 115V  μ  μ  

    
i = 60A . ( )    μ         

 μ   μ   μ ,    μ  μ   μ  

    μ     . ( )   

     400 rpm,  μ      

 50 %.    μ  μ  ’   ; ( )    

        μ . ’  

   μ  μ   μ      .  

     . 

( . ( )
  
0,838 , ( ) 102 , ( ) 718,6 rpm)  
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 2-13 

 μ         μμ  , 

   
= 0,001i

f
[Wb] ,  

 
i
f
   μ  .      μ  

  μ  
    
R = 0,05    

    
K = 100 .   μ   

 
   
i
f

= 10A     μ  
    
v = 400V ,    μ  3.000 rpm. 

   μ  μ  i ,   e      

μ    T .      μ . 

( . ( ) 1.720 , ( ) 314 V, ( ) 1.720 Nm)  

 2-14 

     p
μ
= 10hp    v = 250V   

 μ  μ  
    
R = 0,5    

   
R

f
= 250 .    

    
  
5A    μ  μ     

37,1A .    μ      μ  . 

( . 79,7 %)  
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 M   
 

3-1 μ  A  

 3-1 

    μ ,  μ   ,  
  
50Hz ,   

   μ   μ      . 

 

          

 

   
f =

nP

120
[Hz ] , 

    

    nP = 120f nP = 120 50 n = 6.000 /P[rpm] . 

       μ  

 3-1.  μ   –    . 2-1. 

 P  (rpm) 

2 3000 

4 1500 

6 1000 

8 750 

10 600 

12 500 

  

 3-2 

  3  , μ     , μ   

   
S

3 ,o
= 10kVA    

    
V = 230V ,  μ ,   

  μ  μ     
    
X = 1,2 .  

   μ      ,     

   
   
cos = 0,8 . 

 

3 
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 μ  μμ        . 3-1. 

δ

φ Va

Ea

Ia

EX φ

EX

IaXa cosφ

IaXa sinφ

 

μ  3-1.  μ  μμ    . 3-2. 

μ  μ    

 
    
E = (E

x
cos )2

+ (V + E
x
sin )2

  (1) 

μ   

 
   
E

x
= I X  

         μ    

 

    

V =

V

3
=

230

3
= 132,8V, I =

S
3 ,o

/ 3

V
=

104 / 3

132,8
= 25,1A  

,   (1)  

 
    
E = (25,1 1,2 0,8)2

+ (132,8 + 25,1 1,2 0,6)2
= 152,78V  

,   μ        

 

    

E V

V
100% =

152,78 132,8

132,8
100% = 15,05%   

 3-3 

   . 3-2 μ          μ   

   μ ,   μ
    
R = 0,5 . 

 

 μ  μμ        . 3-2. 

μ  μ   . 3-2  

 

    

E = (V cos + I R )2 + (V sin( ( + E
x
)2 =

= (V + I R cos + E
x
sin( ()2 + (E

x
cos I R sin( ()2

  (1) 
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         μ    

δ

φ Va

Ea

Ia

EX φ

EX

IaXa cosφ

IaXa sinφ
φ

Ia Ra

 

μ  3-2.  μ  μμ    . 3-3. 

 

    

V =

v

3
=

230

3
= 132,8V, I =

P
3 ,o

/ 3

V
=

104 / 3

132,8
= 25,1A  

  

 E
x
= I X  

,   (1)  

 
    
E = (106,24 +12,55)2

+ (79,68 + 30,12)2
= 161,76V  

,   μ        

 
E V

V
100%=

161,76 132,8

132,8
100%= 21,8%   

A    μ    μ   μ    (60%)  μ   

μ  30%.  

 3-4 

  3  , μ     ,  S
3
= 20kVA   

 
    
V = 220V , μ  μ      

cos = 0,707 .      
    
X = 2 .   ( )   

  ( )   μ   .      μ  

μ . 

 

( )        

 

    

tan =
I X cos

V + I X sin
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V =

V

3
=

220

3
= 127V, I =

S
3

/ 3

V
=

20 103 / 3

127
= 52,5A, = arccos(0,707) = 45

 

,     

 

    

tan =
52,5 2 0,707

127 + 52,5 2 0,707
= 20,25  

( ) ,  

 

E = V + I X sin( (( )
2

+ I X cos( )
2

E = 127+ 52,5 2 0,707( )
2

+ 52,5 2 0,707( )
2

= 214, 49V

 

,   μ     

 

    

E V

V
100% =

214, 49 127

127
100% = 68,89%   

 3-5 

 3   , μ     ,  
    
V = 2.300V , 

      μ  μ     

    
X = 3 .    μ          

= 15
o

    μ     μ   μ     

 μ   90%   .   ( )  μ  μ   ( )  

   . 

 

Va

Ea

Ia

EX

EX

Ea sin = EX cos

 

μ  3-3.  μ  μμ    . 3-5. 

( ) H      

 V =
V

3

=
2.300

3

= 1.328V  

 μ  μμ        . 3-3. 

μ  μ     . (6-13)  μ       
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I
a
=
V
a

2
+E

a

2 2V
a
E
a
cos

X
a

I
a
=
1.3282 + (0.9 1.328)2 2 1.328 0.9 1.328 cos15°

3
= 118,23A

  

( )          

 P
1
=
E V

X
sin( ( =V I cos  

μ ,       

 

     

cos =
E

X I
sin =

0,9 1.328

3 118,23
sin15 = 0,87   

 3-6 

 3   , μ     , μ   

P
μ ,
= 15hp    V = 400V ,  μ      

= 90% .        μ  μ    

  
    
X = 3 .          

   
   
cos = 0,8 .  : ( )     ( )  μ  

.  μ  μ       . 3-4. 

0
0

2 4 6 8 10

50

100

150

200

300

· ‰ [ ]

350

276,59

 

μ  3-4. H μ  μ     . 3-6. 
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( )         μ      

 

    

V =
400

3
= 231V, I =

P
3

/ 3

V cos
 

      

 

    

P
3

=

P
μ ,

=
15 746

0,9
= 12, 433kW  

 

 

    

I =
12.433/ 3

231 0,8
= 22, 4A  

Va

Ea

I a

EX

 

μ  3-5.  μ  μμ    . 3-6. 

H    

 
    
cos = 0,8 = 36,87  

 μ   μ   

 

    

E
2 =V

2 + (I X )2 2V (I X )cos + 90°( )
= 2312 + (22, 4 3)2 2 231 (22, 4 3) cos 36,87° + 90°( )

E = 276,59V

 

   , μ     μ   μ ,  

 

    

sin =
I X

E
sin( + 90°) =

22, 4 3

276,59
sin126,87° = 0,19 = 11,21°  

( )   μμ   μ  μ        

    
E = 276,59V ,  μ    

   
i
f

= 9,36A .  
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3-2  A  

 3-7 

 3   , 6- ,  
  
500kVA , μ      

 μ   
    
V

,
= 500V ,       

Z = 0,1+ j1,5 .      
  
1.000rpm ,    

    . ,       

      ,        

   
cos = 0.8 . ( μ .    0,1  ,  μ    

,     μ    ). 

( . 
  
50Hz, 1.075V, 37,6

o
)  

 3-8 

 3     
   
S

3 ,o
= 100kVA , μ       

μ   
    
V

,
= 100V ,    ,   

 cos = 0,8 .      X = 0,55 .  : ( )  

 μ   , ( )     ( )  μ  .  

   μ  R .  

 3-9 

 3   ,  
   
S

3 ,o
= 30kVA , μ       

μ   V
,
= 230V ,      X = 0,8 .  

 μ  R  .     μ    ( )  

 , μ    
   
cos = 0,8  μ   , ( )  

 
50%   

 , μ    
   
cos = 1   ( )  25%    

, μ   . 

( .   ( ) 18,7%, ( )2,5%, ( )7,2% )  

 3-10 

  3  ,  
    
V = 400V   μ   = 92%  

       
    
P
μ

= 18hp .     

    
    
X = 1,5 .     μ     

   
   
cos = 0,9 ,  : ( )     ( )  

μ  .   μ  μ   ,     . 3-

5. 
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0
0

2 4 6 8 10

50

100

150

200

300

· ‰ [ ]

350

250

11 12

 

μ  3-6. H μ  μ     . 3-9. 

( .  μ :     ( ) 7, 4 , ( )4,5A )  

 3-11 

     μ    μ    

   
cos = 1 .   μ     

 
20% ,   μ    

   μ   μμ  .  
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3   

K  
4-1 μ  A  

 4-1 

 4- , 3   ,  
   f = 50Hz ,   

        
   
s = 0,03 .  : ( )  

  , ( )   μ   , ( )    

μ  μ     μ       ( )   

 μ  μ     μ   μ    . 

 

         

 

   
n

s
=

120f

P
=

120 50

4
= 1.500rpm  

( )      

 
    
n
μ

= (1 s)n
s

= (1 0,03) 1.500 = 1.455rpm  

( )   μ     

 f
2
= sf

1
= sf = 0,03 50 = 1,5Hz  

( ) T  μ       μ    μ .  

μ    μ  μ   μ     

μ   .     μ    μ ,  

 μ   μ ,  

 

   
n

2
=

120f
2

P
=

120sf

P
= sn

s
, 

     μ ,   μ   ,  

 
    
n
μ

= (1 s)n
s

 

   μ  μ    μ    μ    

    

 
    
n

s
= n

μ
+n

2
= n

s
= 1.500rpm  

 

4 
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( )    μ  μ    μ    μ   

μ      μ ,      μ    

.  

 4-2 

 2-   ,  
   f = 50Hz ,   

  
2.900rpm .  : ( )     ( )  % . 
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