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Cp(λ) λ

Cp(λ) = (
c1

λ
− c2) ∗ exp (

−c3

λ
) + c4

nуст

λ

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 64 

λ

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 65 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 66 

λ

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 67 

²

²

Ра(n)

• 

• 

• 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 68 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 69 

− 

− 

− 

− 

− 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 70 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 71 

 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00
Time [ms]

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

Y
1

 [
A

]

Maxwell3DDesign1Currents
Curve Info

Current(Phase_A)
Setup1 : Transient

Current(Phase_B)
Setup1 : Transient

Current(Phase_C)
Setup1 : Transient

 0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00
Time [ms]

-10.00

-7.50

-5.00

-2.50

0.00

2.50

5.00

7.50

10.00

Y
3

 [
V

]

Maxwell3DDesign1Voltages
Curve Info

InducedVoltage(Phase_A)
Setup1 : Transient

InducedVoltage(Phase_B)
Setup1 : Transient

InducedVoltage(Phase_C)
Setup1 : Transient

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Time [ms]

-100.00

-75.00

-50.00

-25.00

 0.00

25.00

50.00

75.00

100.00

Y
3

 [
V

]

Maxwell3DDesign1Voltages

Curve Info

InducedVoltage(Phase_A)
Setup1 : Transient

InducedVoltage(Phase_C)
Setup1 : Transient

InducedVoltage(Phase_B)
Setup1 : Transient

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 72 

kоб = 0,27 kоб Kσ = 44Kσ

− 

− 

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Time [ms]

-4.00

-3.00

-2.00

-1.00

0.00

1.00

Y
1

 [
A

]

Maxwell3DDesign1Currents
Curve Info

Current(Phase_A)
Setup1 : Transient

Current(Phase_C)
Setup1 : Transient

Current(Phase_B)
Setup1 : Transient

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 73 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 74 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 75 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 76 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 77 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 78 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 79 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 80 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 81 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 82 

( )
2D  

H T -A    2
  N




=

( )( )
42

E
IN

D  

n H T -A  A  L     16
  R



 +
=

( )
   

D

L T T -A  H B   2
 n F  U

2

CC02

XX


=

( )
   

D

L T T -A  H B   2
 n F  E

2

CC02 
=

 
 4

j D  
  I

2




=

 
R  R

R E
  R I - E  U

INH

H
IN

+
==

( )  
R  R

R  UI
  R I - U I  I  U P

INH

HXX
NXX

+
===

2

n F
  f =

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 83 

  
F   2

R I  P
  M IN

2



+
=

  
R I  P

P 100
   

IN

2+
=

∙ ∙

( )
 витков 15  

0.003   

0.025  0.016 - 0.03  0.6  2
  N

2





=



( )( )
 Ом 0.308  

0.003   

36  0.025  0.016 - 0.03 0.03  0.092  10  1.67  0.6  16
  R

42

-8

IN 


+
=



( )
   В 196  

0.003

0.09  0.013  0.016 - 0.03  0.025  0.941  0.6  2
 36  4.167  U

2

2

XX 


=

( )
   В 193  

0.003

0.09  0.013  0.016 - 0.03  0.025  0.924  0.6  2
 36  4.167  E

2

2 


=

А  35.3  
0.6  4

3000000  0.003   
  I

2





=


  В 182  0.308  35.3 - 193  U =

  Вт 6425  35.3  182  P =

 Гц 75  
2

36  4.167
  f 


=

   м  Н 260  
4.167    2

0.308  35.3  6425
  M

2




+
=



   % 94  
0.308  35.3  6425

6425  100
   

2


+


=

  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 84 

∙

∙

∙

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 85 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 86 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 87 

∙ ∙

( )
 витков 15  

0.003   

0.025  0.016 - 0.03  0.6  2
  N

2





=



( )( )
 Ом 0.308  

0.003   

36  0.025  0.016 - 0.03 0.03  0.092  10  1.67  0.6  16
  R

42

-8

IN 


+
=



( )
   В 214  

0.003

0.09  0.013  0.016 - 0.03  0.025  1.027  0.6  2
 36  4.167  U

2

2

XX 


=

( )
   В 211  

0.003

0.09  0.013  0.016 - 0.03  0.025  1.010  0.6  2
 36  4.167  E

2

2 


=

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 88 

А  35.3  
0.6  4

3000000  0.003   
  I

2





=


  В 200  0.308  35.3 - 211  U =

  Вт 7060  35.3  200  P =

 Гц 75  
2

36  4.167
  f 


=

   м  Н 284  
4.167    2

0.308  35.3  7060
  M

2




+
=



   % 95  
0.308  35.3  7060

7060  100
   

2


+


=

∙

∙

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 89 

∙

∙

( )
  

1 -n  2

  
 cosec n  F    E 00


 =

( )
  

m 2
 cosec  U 

1 -n  2

  
 cosec n  F   

2

2
  U C0XX


 ==

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 90 

  n  F   
2

2
  U 0C = 

( )
  

m 2
cosec 

D

L T T -A  H B   2
n  F  U

2

CC0
XX


=

( )
  

m 2
cosec 

D

L T T -A  H B   2
n  F  E

2

CC0 
=

∙ ∙

( )
 витков 15  

0.003   

0.025  0.016 - 0.03  0.6  2
  N

2





=



( )( )
 Ом 0.308  

0.003   

36  0.025  0.016 - 0.03 0.03  0.092  10  1.67  0.6  16
  R

42

-8

IN 


+
=



( )
   В 121  

35  2
cosec 

0.003

0.09  0.013  0.016 - 0.03  0.025  0.941  0.6  2
  36  4.167  U

2XX 



=



( )
   В 119  

35  2
cosec 

0.003

0.09  0.013  0.016 - 0.03  0.025  0.924  0.6  2
  36  4.167  E

2





=



А  35.3  
0.6  4

3000000  0.003   
  I

2





=


  В 108  0.308  35.3 - 119  U =

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 91 

  Вт 3812  35.3  108  P =

 Гц 75  
2

36  4.167
  f 


=

   м  Н 160  
4.167    2

0.308  35.3  3812
  M

2




+
=



∙ ∙

   % 91  
0.308  35.3  3812

3812  100
   

2


+


=

∙

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 92 

∙

∙

∙

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 93 

∙ ∙ ∙ ∙

∙

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 94 

∙ ∙ ∙

∙

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 95 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 96 

8

9

2

=

~

6

7

5

3

4

1

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 97 

4

2

3

1

5

6

7

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 98 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 99 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 100 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 101 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 102 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 103 

S
T

D S DC CR R

T

4

2
3

1

1
0

1
2

1
1

1
3

56 98

V
D

1

V
D

2

R
1 R

2

R
3

R
4

R
5

R
1

1

C
1

C
2

C
3

C
4

C
5

D
D

1

T
V

X
SG

220V 50Hz

«
Ш

»

V
D

3

R
1

3

V
D

4

V
T

3

V
T

2

D
D

3

C
6

R
7

R
8

1 2
3

V
T

1
G

B
 1

2
V

Р
Р

5
9
.3

7
0

2

6
7

1
5

к
 в

ы
в
о

д
у

 1
4

 
D

D
1

,D
D

3
к
 в

ы
в
о

д
у

 7
 

D
D

1
,D

D
2

,D
D

3

R
1

2

&

&&&&

V
D

6

V
D

7

V
D

8

1 2
34

5 689
1

0

1
1

1
2

1
3

D
D

2

D
А

1

8
1

7

2к
 в

ы
в
о
д

у
 1

4
 

D
D

2

V
D

5

V
D

9
K

V

K
V

R
6

R
9

R
1

0

R
1

4

R
1

5

R
1

6

23

6

9 8

М
D

А
2

к
 в

ы
в
о

д
у

 7
D

A
2

C
7

C
8 C

9

C
1

0
R

1
7

R
1

8

R
2

0
R

2
1R
2

2

R
2

3

Q
F

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 104 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 105 

H

Q

cos

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 106 

7

2

1

3

5

6 4

W

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 107 

..сэн

..сэн

P

HQ
сэн 3600

81,9
..
=

H Q

P

Q Q

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 108 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 109 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 110 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 111 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 112 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 113 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 114 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 115 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 116 

 

 

  ‐ ‐ ‐ ‐

 

 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 117 

 

 

 

 

 

 

 

  

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 118 

 

 

 

 

 

 

 

 

 

  

 

 

  

   

  

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 119 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 120 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 121 

 

 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 122 

 

 

  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|

