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 âT  —   , -

     -
 .   

 
1 2 1 2

1 2 1 2
ˆ ˆˆ ˆ ( , ).aT N A x A x i D x xj j j  



   3, 2010 
 
14 

  ( , ) 0rj t   
 

1 2

1 2 1 21 2

1 2 1 2

1 2

1 2

2 1

( , 0)

2

.

i ikc t t

i ikc t t

D x x
c e e t t e

ikV

t t e

k r r
k k

k

k r r

 

 

 ( , ) 0rj t   1 2D    -
.    j   , 

 

1 1
1 1 1 1 1 1

ˆ ˆ( , ) ( , 0)
1 , , , ( , ) ,r

A t A t

t t j t d dt
c

r j r

r r r r
          (6) 

 

1 1
1 1 1 1 1

1 ˆ ˆ, , , ( , 0); ( , 0) ( ),r t t A t A t t t
i

r r r r  

 
ˆ ( , 0)

ˆ ˆ .
2

i ikct i ikct

A t

c e e e
kV

kr kr
k k k

k

r
      (7) 

 
 ,     -

      -
  

 

(2)
0 0

ˆ ˆ( , ) ( , ) .A t A t Sr r j           (8) 
 

 (6)  (7)  (5) ,   
 (8)    

 : 
 

1 2 1
1 2

2 3 3

2

1

( )
0 1 1 2

1 0 2 3 3 1 2 3

1( , )

ˆ ˆˆ ˆ ˆ( ) ( , ) ( 0)

( 0) , ( ) ;

r

r

eA t
ic mc

x p G x x p A x A

x x x j x dx dx dx

r r

r

   (9) 

 

1 2 2

1 2

1 3 3

2

2

( )
0 1 1 2

2 0 1 3 3 1 2 3

1( , )

ˆ ˆˆ ˆ ˆ( ) ( , ) ( 0)

( 0) , ( ) ;

r

r

eA t
ic mc

x p G x x p A x A

x x x j x dx dx dx

r r

r

  (10) 

 

1

1

2 1 2

2

2

3 0 1 1 2

0 1 2 1 2

ˆ ˆ( , ) ( ) ( , )

ˆˆ ( ) , 0 ,

r

r

eA t x p G x x
mc

p A x D x x dx dx

r

r

r

j
 (11) 

 

 ( )ˆ ( 0)A x  —    
 (7).  

 (11)   -
  ( )j x     

   " " -
    -

     . 
     .   -

,        
    -

. 
 

    
(    ) 

 

   (9),  

1 ( , ),rA t        
 .       ,   

2 3
2 3 2 3( , ) ~ ( ),r x x t t     (9)  

     t. 
    -

  ,     -
  1( ).t t    -

  
 

2 2 31 1

2

1 2 3

( )( )

1 2
1 2

1( ) ( )
2

,
0 0

i t ti t t

t t t t
i

e e d d
i i

 

 
      

r1, r2, t1, t2  2. 
 

31 2 1 2 2
1 10 2 0 2 1 1 2 2 2 2

2

0 3 1 2 3

3 1 1

2

1 2

1 2

( ) ( )
1 1 3 3

( )( )

1 3 3
1 1 2 1

1 1( , )
8

1

( , )

.
0 0

j
rj j j j

j

j i i

i t t k c

eA t
c m V

p p e e e e G
k k

k c j t e

e d d dt
k c k c i i

k k k k

k r R k r R

r

r

r

 

 
   , 

 j0    -
,   

 

1 2 1 2
ˆ( ) ( ) .j j j jp p d  

 
   

 

1 2
2

2 2
2

1 1 2 2

( )

1 2

, , ,

( ) ( ) ,
2

r

E t t j
j j r

j

G t t

E dEe G

r r

r R r R
 



   3, 2010 
 

15 

,  (4), 
 

1 .
0

j
r

j

EG
E i

 

 
   f(k)   V    -

    1  2  
  k1  k2   

 : 
 

( )

2 2
0

2
0

( )

sin
( )

2

sin
( ) .

2

k r R
k k

k

r R
r R

r R
r R

ie e e f k

kV k kk f k dk
k

kV k n n f k dk

 

 
  ,  -

      -
 ( , )rj t   ( ) / .r R r Rn  

     
 k     

 

0 2

0 20

sin
exp .

0
r R

r Rj j

j j

k
dk i

kc i c c
 

 
 ,      

   ,  ,  
    . -

      -
 : 

 

1 2 3 31 2
1 2 30 2 0 2

2

2

1 2 3

3 3 3 3

( , 1)
16

( , )

r

rj j j j
j

i eA t
mc

p p n n n n j t
 

2 0

2 0

3
3 3

3

3
3 3 3

( )
( )

exp ,

j j

j j

t t
t t

i t t d dt
c c

r R r R
r R r R

r Rr R
r

   

3
3

3

( ) .r R
r R

n                           (12) 

 
 

2 0
0,j j    (12) -

     
.   3 /r Rt t  

3/ /r Rc c    ,    -
    -

   -
   .     

      
    

 

1 1
ˆ ( ) ( , ) ( , ).A A t A tr r r  

 
 —  .   -

,   , 
 

1

1
1

1
1

1
1

,
1ˆ ( , ) .

4

j t
c

A t n n d

r r
r

r r
r r

 

 
    

(    ) 
 

,    -
 , ,   (10)  

 

1 2 32 1
2 1 30 2 0 2

2

3
0 2

2

2 2 3

3 3

3
3 3

3

( , )
16

( )( , ) ( )

j j j j
j

j j

i eA t
mc

p p n n n n

t tj t

r

r
r R r R

0 2

3 3 3 3

3 3 3 3

( ) ( )

exp ( ) .

r R r R r R

r R r R rj j

c t t c t t

i t t d dt
c

(13) 

 

  3 3( )r R r R c t t  -
  ,     

   . 
 

   
 

     -
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