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q p q p d
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2 2 2( ) ( ) ( ) sh ( ) 0.5 z Lj p f z L z L    (2.46) 

1( ( ))(5)
2 2( , , ) ( , ) 0.5 ( ) ( ) z d dh
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H p
H p
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2
2 2

01 1
3

1 1 1 2 2 2

ch ( , )
ch ( , )

2 ( , )
( , ) sh ( , ) ( , ) sh ( , )

q p d
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1( )z d d

2( )z d d

1 1 1 3
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1
( , ) ( ) ( ) ( , ) ( , )
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1
1 1 1
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G p
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. 

2
2 2 2 3

02
2 2 2

0

1
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hH p j p f e G p H p
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2
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2
2
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1 1 1 2 2 2

( , )
( , )

0
( , ) sh ( , ) ( , ) sh ( , )

H p
H p

q p q p d q p q p d
.          (2.51) 

1 1( , ) 1q p d , 

2 2 2 0( , ) 1,q p d 0

1 1 1

2 2 2

m

m

H d

H d

       1 1
1 1 1

1
( , ) ( ) ( )

1 ( , ) ch ( , )
hH p j p f e

G p q p d
,         (2.52) 

     2 2
2

2 2 2
0

1
( , ) ( ) ( )

1 ( , )

hH p j p f e

G p q p d
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2
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2 2 2 22
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0
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( ) ( , ) sh ( , )
1 ( , ) ch ( , )

q p q p d
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Z OY Z
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-

OY. 

( ) ( ) ( )f y y a y a

                   
0

2 sin ( )
( ) ( ) cos( ) 2

( )

a
a a

f f y y dy
a

.                    (2.55) 

( )x
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1 sin( )
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a x
x a

a x
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a ) ( ) 2 ( )f

0 1 0 1( , )q p p
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0 1 11 2 1

2 0 2 2 2 2
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2 2 20 2

2 1
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p d
j p j p

p d
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p d
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p d
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n d
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[137, 138] 
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d d
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2 (4) 2 (4)

(4)
2 22 2

, , , ,
, , 0x x

x
E p y z E p y z

p E p y z
z y

.   (2.75) 

2 2[ ( ), ( )]z d d d d h

                                
2 (5) 2 (5)

2 2

, , , ,
0x xE p y z E p y z

z y
.                      (2.76)  

OY OZ. 
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, ,xE p y z  (2.76)  

-

                               
0

, , , , cos( )x xE p y z E p z y d ,                 (2.77) 

1( , ( )]z d d       

               
2 (1)

2 (1)
1 12

, ,
, , ( , ) ( )x

x
E p z

E p z K p z L
z

.           (2.78)  

1 0 1( , ) ( ) ( )K p p j p f ; 
0

1
( ) ( ) cos ( )f f y y dy ; 

1[ ( ), ]z d d d     

                   
2 (2)

2 (2)
12

, ,
( , ) , , 0x

x
E p z

q p E p z
z

,                     (2.79) 

2
1 0 1( , )q p p ; 

[ , ]z d d

  

         (3) (3)
0 3, , , , (2 ) ( , )x xE p z d E p z d p d H p ,       (2.80) 
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(3)
3( , ) ( , , )yH p H p z -

(3) , ,xE p z d - x

z d ; 

2[ , ( )]z d d d

2 (4)
2 (4)
22

, ,
( , ) , , 0x

x
E p z

q p E p z
z

,                       (2.81) 

2
2 2 2( , )q p p ; 

2 2[ ( ), ( )]z d d d d h

                        
2 (5)

2 (5)
2

, ,
, , 0x

x
d E p z

E p z
dz

.                         (2.82) 

1( , ( )]z d d , 

z

          (1) 1
1 1 1

( , )
( , , ) ( , ) ( ) sh ( )z

x
K p

E p z A p e z L z L , (2.83) 

1( , )A p

1[ ( ), ]z d d d
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                  1 1( , ) ( , )(2)
1 2( , , ) ( , ) ( , )q p z q p z

xE p z B p e B p e ,       (2.84) 

1,2( , )B p

[ , ]z d d

          (2) (4)
0 3, , , , (2 ) ( , )x xE p z d E p z d p d H p ,     (2.85) 

(2) (3), , , ,x xE p z d E p z d ; 

(4) (3), , , ,x xE p z d E p z d ;   

  2[ , ( )]z d d d

                 2 2( , ) ( , )(4)
1 2( , , ) ( , ) ( , )q p z q p z

xE p z C p e C p e ,      (2.86) 

1,2( , )C p

2 2[ ( ), ( ))z d d d d h

                       (5)
1 2( , , ) ( , ) ( , )z z

xE p z D p e D p e ,                  (2.87) 

1,2( , )D p
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1[ , ( )]z d d ,                                       

(1) 1
1 1 1

0

( , )
( , , ) ( , ) ( )ch( ( ))z

y
K p

H p z A p e z L z L
p

;(2.88) 

1[ ( ), ]z d d d , 

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

0

( , )
( , , ) ( , ) ( , )q p z q p z

y
q p

H p z B p e B p e
p

; (2.89)  

2[ , ( )]z d d d , 

    2 2( , ) ( , )(4) 2
1 2

2

( , )
( , , ) ( , ) ( , )q p z q p z

y
q p

H p z C p e C p e
p

;(2.90) 

2 2[ ( ), ( )]z d d d d h ,  

(5)
1 2

0
( , , ) ( , ) ( , )z z

yH p z D p e D p e
p

.          (2.91) 

( 2 2[ ( ), ( )]z d d d d h

        (5) (5)
2 2

1
( , , ) ( , , )x y

i i
E p z d d h H p z d d h

d
.       (2.92) 
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                        22 ( )
2 1

( )
( )

d d hi i

i i

p d
D D e

p d
,                      (2.93) 

2
0i i id

id

i . 

2 2[ ( ), ( )]z d d d d h        

         2( )(5)
1( , , ) ( , ) d d h

xE p z D p e                     

                          22 ( )( ( )) ( )
( )

z d d hz d d h i i

i i

p d
e e

p d
,       (2.94) 

        2( )(5)
1

0
( , , ) ( , ) d d h

yH p z D p e
p

                                                                   

                              22 ( )( ( )) ( )
( )

z d d hz d d h i i

i i

p d
e e

p d
.   (2.95) 

-

 z =  (d+d1), z = ± d, z = (d+d2).  

z = (d+d1) 
( 1)
1 ( , )H p z = ± d

( 1)
3 ( , )H p z = (d+d2) 

( 1)
2 ( , )H p . 

: 
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1( 1) ( ( ))(1) 0
11( , , ) ( , ) ( ) ( ) ch( ) z d d

x
p

E p z H p j p f h e

                                             1 1 1( ) ( ) ( ) sh ( )j p f z L z L    (2.96) 

1( 1) ( ( ))(1)
11( , , ) ( , ) ( ) ( ) ch( ) z d d

yH p z H p j p f h e

                                               1 1 1( ) ( ) ( ) ch ( )j p f z L z L ,  (2.97) 

( 1)(2) 0
11

1 1 1
( , , ) ( , ) ch( ( , )( ))

( , ) sh( ( , ) )x
p

E p z H p q p z d
q p q p d

                                              ( 1)
1 13 ( , ) ch( ( , )( ( )))H p q p z d d    (2.98) 

(2) ( , , )yH p z ( 1)
11

1 1

1
( , ) sh( ( , )( ))

sh( ( , ) )
H p q p z d

q p d

                                               ( 1)
1 13 ( , ) sh( ( , )( ( )))H p q p z d d ,  (2.99) 

( 1)(4) 2
22

2 2 2
( , , ) ( , ) ch( ( , )( ))

( , ) sh( ( , ) )x
p

E p z H p q p z d
q p q p d

                                            ( 1)
2 23 ( , ) ch( ( , )( ( )))H p q p z d d   (2.100) 

(4) ( , , )yH p z ( 1)
22

2 2

1
( , ) sh( ( , )( ))

sh( ( , ) )
H p q p z d

q p d

                                            ( 1)
2 23 ( , ) sh( ( , )( ( )))H p q p z d d ,  (2.101) 

( 1)(5) 0
2( , , ) ( , )×x

p
E p z H p                                                                         

            
2 2sh ch

×
ch sh

i i

i i

p z d d h d z d d h

p h d h
  (2.102) 

( 1)(5)
2( , , ) ( , )×yH p z H p

       
2 2ch sh

×
ch sh

i i

i i

p z d d h d z d d h

p h d h
.   (2.103) 
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( 1) ( 1) ( 1) ( 1)2
1 21 2 1 3

0
( , ) ( , ) ( , ) ( , ) ( , ) ( , )S p H p S p H p F p H p , 

(2.104) 

1
1 1 1

1
( , ) ;

( , ) sh ( , )
S p

q p q p d

2
2 2 2

1
( , )

( , ) sh ( , )
S p

q p q p d
;

( 1) 2
1 1 1 2 2 21

0
( , ) ( , )ch ( , ) ( , )ch ( , ) 2F p S p q p d S p q p d d

. 

1( )z d d 2( )z d d

( 1)
1 ( , )H p ( 1)

2 ( , )H p   

( 1) ( 1)
3 1 11 3( , ) ( , ) ( ) ( ) ( , ) ( , )hH p S p j p f e S p H p ,(2.105) 

3
1 1 1

1
( , )

1 ( , ) ch ( , )
S p

S p q p d
.     
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( 1) ( 1)2
2 42 3

0
( , ) ( , ) ( , ) ( , )H p S p S p H p ,                (2.106) 

4
( 1) 2

2 2 22
0

1
( , )

( , ) ( , ) ch ( , )

S p

F p S p q p d

; 

0
( 1)
2

sh( )
( ) ch( )

( , )
( ) ch( ) ( ) sh( )

i i

i
i i

h
p d h h

hF p d
p h d h

. 

                   ( 1) ( 1)
13 3( , ) ( ) ( ) ( , )hH p j p f e F p ,                (2.107)  

( 1) 1 3
3 2

( 1) 2 22
1 3 2 41

0

( , ) ( , )
( , )

( , ) ( , ) ( , ) ( , ) ( , )

S p S p
F p

F p S p S p S p S p

2( )j t

1( )z h d d . 
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1( , ( )]iz d d h d , 

1 1[ ( ), ( )]z h d d d d . 

1[ ( ), ]z d d d . 

[ , ]z d d . 

2[ , ( )]z d d d . 

2[( ), )z d d .  

( 2)(1) (2)
1 1 1( , , ( )) ( , , ( )) ( , )y yH p z d d H p z d d H p , 

( 2)(2) (4)
3 ( , , ) ( , , ) ( , )y yH p z d H p z d H p , 

( 2)(4) (5)
2 2 2( , , ) ( , , ) ( , )y yH p z d d H p z d d H p . 

 (2.97). 

( 2)(1) 0
1( , , ) ( , )×x

p
E p z H p                           

               
1 1sh ch

×
ch sh

i i

i i

p z d d h d z d d h

p h d h
(2.108) 

( 2)(1)
1( , , ) ( , )×yH p z H p

            
1 1ch sh

×
ch sh

i i

i i

p z d d h d z d d h

p h d h
,(2.109) 
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( 2)(2) 0
11

1 1 1
( , , ) ( , ) ch( ( , )( ))

( , ) sh( ( , ) )x
p

E p z H p q p z d
q p q p d

                                              ( 2)
1 13 ( , ) ch( ( , )( ( )))H p q p z d d  (2.110) 

(2) ( , , )yH p z ( 2)
11

1 1

1
( , ) sh( ( , )( ))

sh( ( , ) )
H p q p z d

q p d

                                             ( 2)
1 13 ( , ) sh( ( , )( ( )))H p q p z d d ,  (2.111) 

( 2)(4) 2
22

2 2 2
( , , ) ( , ) ch( ( , )( ))

( , ) sh( ( , ) )x
p

E p z H p q p z d
q p q p d

                                           ( 2)
2 23 ( , ) ch( ( , )( ( )))H p q p z d d   (2.112) 

(4) ( , , )yH p z ( 2)
22

2 2

1
( , ) sh( ( , )( ))

sh( ( , ) )
H p q p z d

q p d

                                           ( 2)
2 23 ( , ) sh( ( , )( ( )))H p q p z d d ,  (2.113)  

2( 2) ( ( ))(5) 0
22( , , ) ( , ) 0.5 ( ) ( ) z d dh

x
p

E p z H p j p f e e

             2( )
2 2 2( ) ( ) ( ) sh ( ) 0.5 z Lj p f z L z L    (2.114) 

2( 2) ( ( ))(5)
22( , , ) ( , ) 0.5 ( ) ( ) z d dh

yH p z H p j p f e e

              2( )
2 2 2( ) ( ) ( ) z Lj p f z L z L ,  (2.115) 

0

1
( ) ( ) cos ( )f f y y dy
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                   ( 2) ( 2)
1 51 3( , ) ( , ) ( , ) ( , )H p S p S p H p ,                (2.116) 

1
1 1 1

1
( , ) ;

( , ) sh ( , )
S p

q p q p d

5 ( 2)
1 1 12

1
( , )

( , ) ( , ) ch ( , )
S p

F p S p q p d
; 

0
( 2) ( 1)
2 2

sh( )
( ) ch( )

( , ) ( , )
( ) ch( ) ( ) sh( )

i i

i
i i

h
p d h h

hF p F p d
p h d h

. 

( 2) ( 2)2
6 2 22 3

0
( , ) ( , ) ( ) ( ) ( , ) ( , )hH p S p j p f e S p H p , 

(2.117) 

6
2

2 2 2
0

1
( , )

1 ( , ) ch ( , )

S p

S p q p d

.     

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

0
( , ) ( , ) ( , ) ( , ) ( , ) ( , )S p H p S p H p F p H p , 

(2.118) 

1
1 1 1

1
( , ) ;

( , ) sh ( , )
S p

q p q p d
  

2
2 2 2

1
( , ) ;

( , ) sh ( , )
S p

q p q p d
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( 2) ( 1)
1 1 11 1( , ) ( , ) ( , )ch ( , )F p F p S p q p d

                                               2
2 2 2

0
( , )ch ( , ) 2S p q p d d . 

                     ( 2) ( 2)
23 3( , ) ( ) ( ) ( , )hH p j p f e F p ,              (2.119) 

2
2 6

( 2) 0
3 2

( 2) 2 22
1 5 2 61

0

( , ) ( , )

( , )

( , ) ( , ) ( , ) ( , ) ( , )

S p S p

F p

F p S p S p S p S p

. 

              

2
1 1 2 2

0
3

1

( , ) ( , ) ( , ) ( , )

( , )
( , )

S p H p S p H p

H p
F p

,      (2.120) 
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( 1) ( 2)
1 1 1( , ) ( , ) ( , )H p H p H p

( 1) ( 2)
2 2 2( , ) ( , ) ( , )H p H p H p

( 1) ( 2)
3 3 3( , ) ( , ) ( , )H p H p H p

( 2) ( 1)
1 1 1 11 1( , ) ( , ) ( , ) ( , )ch ( , )F p F p F p S p q p d

2
2 2 2

0
( , )ch ( , ) 2S p q p d d . 

                              1 2 2

2 0 1

( , ) ( , )
( , ) ( , )

H p S p

H p S p
.                                   (2.121) 

1 1( , ) 1q p d , 2 2 2 0( , ) 1,q p d 0

1 1 1

2 2 2

m

m

H d

H d

1). 

Z

OY.  
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Z

1,2( , )q p

OY   .  

. 

( )f , 

-

OY. 

( ) ( ) ( )f y y a y a

                       
0

2 sin ( )
( ) ( ) cos( ) 2

( )

a
a a

f f y y dy
a

.              (2.122) 

( )x

[137] 

                                    
1 sin( )

( ) lim
( )a

a x
x a

a x
.                                (2.123) 

a ) ( ) 2 ( )f

0

1 0 1( , )q p p 2 2 2( , )q p p .   
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0 1 11 2 1

2 0 2 2 2 2

sh( )
( ) sh

p dH p

H p p d
.                       (2.124) 

0 1 1 2 2 21, 1p d p d . 

                                         1 1 1

2 2 2

( )
( )

H t d

H t d
.                                        (2.125) 

2 0

1 1( ) sin ( )mH t H t , 1mH
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2 2 20 2

2 1
2 1 0 1 1

sh
( ) ( )

sh

p d
H p H p

p d
                 (2.126) 

1( )H p

                           
2 2 2

1 1
0 1 1

sh
( ) ( )* ( )

sh

p d
H p H t F t

p d
,                      (2.127) 

( )F t
2 2 2

0 1 1

sh
( )

sh

p d
F t

p d
. 

( )F t

                   
1

2 2 2

1 0 1 11

2
( ) ( 1) sin n

n
t

n

n d
F t n e

d
,          (2.128) 

2

1
n

n
, 2

1 0 1 1d . 

1( )H t ( )F t

         
2 2

sin ( )* sin ( ) cos( )n nt tn

nn

t e t t e   (2.129) 
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1
n

               
1

sin ( )* sin ( )n t

n
t e t                                   (2.130) 

2 2( ) sin ( )mH t H t , 

2mH

2 2 2
1

0 1 10 2
2 1

2 1 1

sin
2

( ) sin ( ) ( 1)
n

m
n

d
n

d
H t H t

n
  (2.131) 

[137, 138] 

                   

2 2 2
1

0 1 1 2 2 2

0 1 11

sin
2

( 1)
n

n

d
n

d d

n d
           (2.132) 
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                                             2 2 2

1 1 1

m

m

H d

H d
                                          (2.133) 

                                      21 1
2

2 1

m

m

Hd

d H
                                     (2.134) 

1,2mH

( 1) ( 2)
3 1 23 3( , ) ( ) ( ) ( , ) ( ) ( , )hH p f e j p F p j p F p .    (2.135) 

3( , ) 0H p
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                                            1

2

( 2)
3
( 1)

3

( )
( )

( , )

( , )

j p
j

F p

F pp .                             (2.136) 

0

1 0 1 2 2 2( , ) , ( , )q p p q p p

1,2 1,2 0,2 1,2 1,2( , ) 1q p d p d

[137].  

2 0h d . 

. 

( 1)
1 2 3 2

0 1 1 2 2 2 0

1 1 1
( ) , ( ) , ( ) 1, ( )

i i
S p S p S p F p

p d p d p d
, 
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( 1)0 2 2 1 1
4 1

0 1 1 2 22 2

1
( ) , ( ) 1

1
i i

p d d
S p F p

p d dd
d

, 

( 1) 2 2
3

1 1 2 2
( ) i i

i i

d d
F p

d d d
. 

                                             ( 1)
11 ( ) ( )H p j p ,                                     (2.137) 

                        ( 1) 2 2
13

1 1 2 2
( ) ( ) i i

i i

d d
H p j p

d d d
,                       (2.138) 

                             ( 1)
12

1 1 2 2
( ) ( ) i i

i i

d
H p j p

d d d
.               (2.139) 

. 

( 2)
1 2 2

0 1 1 2 2 2 0

1 1 1
( ) , ( ) , ( ) ,

i i
S p S p F p

p d p d p d
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( 1)0 1 1 1 1
5 6 1

0 1 1 2 21 1

1
( ) , ( ) 1, ( ) 1

1
i i

p d d
S p S p F p

p d dd
d

, 

( 2) 1 1
3

1 1 2 2
( ) i i

i i

d d
F p

d d d
. 

                                        ( 2)
22 ( ) ( )H p j p ,                                        (2.140) 

                            ( 2) 1 1
23

1 1 2 2
( ) ( ) i i

i i

d d
H p j p

d d d
,                  (2.141) 

                             ( 2)
21

1 1 2 2
( ) ( ) i i

i i

d
H p j p

d d d
.             (2.142) 
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( 1) ( 2)
1 1 21 1

1 1 2 2
( ) ( ) ( ) ( ) ( ) i i

i i

d
H t H t H t j t j t

d d d
(2.143) 

41)) 

( 1) ( 2)
3 3 3( ) ( ) ( )H t H t H t   

1 1 2 2
1 2

1 1 2 2 1 1 2 2
( ) ( )i i i i

i i i i

d d d d
j t j t

d d d d d d
(2.144) 

( 1) ( 2)
1 2 12 2

1 1 2 2
( ) ( ) ( ) ( ) ( ) i i

i i

d
H t H t H t j t j t

d d d
. (2.145) 

-

0i id
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1,2 1,2i id d

1,2 1,2i id d

( 1, 2)
3 ( )F p .  

                                           1

2

1 1

2 2

( )
( )

i i

i i

j t
j t

d d

d d
.                                      (2.146) 

1,2mI

                         2

1

1 1
2

2 1 1 1 1
1m

m

I i i i i
I

d dd

d d d
.                       (2.147) 
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2.5.  

10w 40,0a

,(2 ) 1h d

1000N

510S 2).

1 50d 7
1

1
6 10 .  

2 1,0d

2 ?

1000cf
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(2.147) 

                            2

1

1 1
2

2 1 1 1 1
1m

m

I i i i i
I

d dd

d d d
,                 

1,2mI

50mH

02 4,0c mw S f H

7
2 0,4 10 2 2 4000d

1 1 3000d 6000i id . 

1 1

2 2 1 12

1

1 1

2

3
1

i i

m

m i i

dd
d dI

I d

d

. 
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2.4

7
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1( )I t 2( )I t

1
c

c

0

(

22 R 3d 3

1,2
1

d

R
. 

7

-- 1,2

1,2
1

d

R 1,2 1

1,2



99 

2
1 0 1 1d , 2

2 0 2 2d , 0

,( 0, 0)r zE H

                   
, , , ,

( , , ),r zH p r z H p r z
j p r z

z r
                          (2.148) 

    0
1

, , , , ,zr E p r z p H p r z
r r

                       (2.149) 

       0
, ,

, , ,r
E p r z

p H p r z
z

                                          (2.150) 

p             

, ,, , , , ,r z r zH p r z L H t r z ( , ) ( , , ) ,j p r z L j t r z

, , , , ;E p r z L E t r z

                0 1,2( , ) ( ) ( , , ) ( , , )j p r z p E p r z j p r z ,                 (2.151) 

1,2 ( , , )j t r z 2, 

1 1( , , ) ( ) ( ) ( )j p r z j p f r z h , 1
1

2 1

( )
( )

I p
j p

R R
; 

2 2( , , ) ( ) ( ) ( )j p r z j p f r z h , 2
2

2 1

( )
( )

I p
j p

R R
; 

( )f r
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( )x

( , 0]z ; 

[0, ]z d ; 

3

1 1 3[ , ( )]z d d d ; 

1 3 1 3 2[( ), ( )]z d d d d d ; 

1 3 2[ ( ), )z d d d . 

 (2.148)÷(2.15 151) 

, ,E p r z

, ( ,0]z

2 (1)
(1)

0 12

, , 1
, , ( , , )

E p r z
r E p r z p j p r z

r r rz
.  (2.152) 

[0, ]z d : 

2 (2)
(2) (2)

02

, , 1
, , ( ) , , 0

E p r z
r E p r z p E p r z

r r rz
.(2.153) 

1 1 3[ , ( )]z d d d :   

                        
2 (3)

(3)
2

, , 1
, , 0

E p r z
r E p r z

r r rz
         (2.154) 
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1 3 1 3 2[( ), ( )]z d d d d d : 

2 (4)
(4) (4)

02

, , 1
, , ( ) , , 0

E p r z
r E p r z p E p r z

r r rz
. (2.155) 

1 3 2[ ( ), )z d d d

2 (5)
(5)

0 22

, , 1
, , ( , , )

E p r z
r E p r z p j p r z

r r rz
.  (2.156) 

  

, ,E p r z

2.152)  (2.156 r r

-

                      1
0

, , , , ,E p r z E p z J r d                     (2.157) 

1J r  - 

2.157 2.152)  (2.156
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d d
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