
 – 2006152

 681.518.3: 535.243.2

. . , ., .; . . ; . . ; . . 

.

. , 
, , 

.

. 
, 

 [1].
,

, 
, 

. ,
. 

, , 
 ( , , 

). 
. 

. 
, , 

.

.

, , 
.

, 
, , , ,

. 
, 

. , 
, 

. , , 
r , , h.

, , 
, . 

 ( ) , 
 [1-3].

, 

© . , . , . , . , 2007



 – 2006 153

. ,  ( ) , 
, . , 

, h (
), . 

. ,
, , 

 ( ) . , 
, 1r ,

2r , , 1
2 1

2

=r rε
ε

,  1 2 – 

.

, .
, 

0S ,  Q. 
, 

( , )l ϕ ψ 2=xdV x dxπθ , x
, ,  Q 

(1)
( , , )d S xϕ ψ . 

0
( )(1)

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

k
k d

pdS x F k x f x e k S dx
− ξ ξ∫

ϕ ψ = ϕ ψ (1)

( , )f x ϕ  – , ( )k ψ  – 
:

1 0 0 0
0 2 0

( ) .
0 2 2 0
0 0 0 1

 
 
 =
 −
 
 

Cos Sin
k

Sin Cos
ψ ψ

ψ
ψ ψ

(2)

dV, xdV

0

(1) ( )(2)
1 2

( ) ( , )
,

−∫′ ′ ′
=

k d
pk x f x d S

d S e

ρ

ξ ξϕ

ρ
(3)

′ = +x x Cosρ ϕ dV, .
2

′ = − +
ψ

ϕ π ϕ

, 
1

0
( )

2(2) (2)
12

0
( ) ,

−

∫

∫
⋅

=

l
k d

ï ðS e
d S k d S d

ξ ξ
π

ψ ψ
ρ

(4)

( )k ψ
(2)
1d S . , 

(2)
( )S l , 

2
=

lt
c

,  (3)  (4)  [3]. 



 – 2006154

2

2 ( ) 22(2) 0
2

( ) 0

22 (0)0
2

0 ( ) 0

( ) ( )
( ) [ ( , ) ( ) ( , ),

( , , )

( )
( ) ( , ) ( ) ( )

( )

−−

′
∫ ∫ ∫

∫ ∫ ∫

′∆
′= ⋅

′

′
′ ′ ′+ +

′

x lï ð p p

x

l p

x

S F k x e x k x Sin
d S l f x k f x

R x x

k x SinU
k S d dx d f x k k S d dx d

x

π
τ π

ϕ

π
π

ϕ

ϕ
ϕ ψ ϕ

ϕρ

ψ ψ ϕ ϕ ψ ψ ψ ϕ

2

1

2 (0)
2

0 ( ) 0

( )
( , ) ( ) ( , ) ( ) ].

( )
∫ ∫ ∫

′
′ ′ ′+ ⋅

′

x p

x

k x Sin
f x k f x k S d dx d

x

ϕ π

ϕ

ϕ
ϕ ψ ϕ ψ ψ ϕ (5)

 (5) 2( ),′x ϕ ϕ

2

2
2( ) (1 )

( )
2

= −
+

Sin
x x

Sin

ψ

ϕ
ψϕ

1
2

( )

2

∆
= −

lx x
Cos

ϕ
ϕ

. 

(1) (2)
S( ) S ( ) S ( ),= +l l l (6)

(1)
S ( )l – .

 (6) 

, :
,  ( ),

, .

. , 

, . ,
, . 

. , f (x, y, z,
t), . 

( , , , ) ( , , , ) ( , , , ),+ ∆ + ∆ + ∆ + ∆ = ∆ ∆ ∆ ∆f x x y y z z t t f x y z t R x y z t (7)

, ,∆ ∆ ∆x y z  – ; ,t t∆ – 
 [3,4].

 R 0x y z t∆ = ∆ = ∆ = ∆ = . ,
 R , ( , , , ) ( , , , )∆ ∆ ∆ ∆ = −∆ −∆ −∆ −∆R x y z t R x y z t , 

, f . 
. , 

:



 – 2006 155

11 12 13 14

21 22 23 242

31 32 33 34

41 42 43 44

( , , , )

∆   
   ∆   − = ∆ ∆ ∆ ∆ = ×
   ∆
   

∆  

a a a a x
a a a a y

R x y z t
a a a a z
a a a a t

σ , (8)

ai, j – .
a11,  a22,  a33,  a12, a13, a23 – a41, a42, a43 – -
, a44 – f.

R=const, ai, j, ,
 ( ), 

,  ( ).

, ∆ ∆x ³ y
t∆ . 2σ  (8) , 

{ }2 2 2( *, *, ) ( * * 2 * * ) ,∆ ∆ ∆ = ∆ + ∆ + ∆ ⋅∆ + ∆R x y t g A x B y H x y K t (9)

 g – ; , B, H, K – , 
,  (K) . ( *, *, )∆ ∆ ∆ =R x y t const

. , 
.

* *
.

* *
= − ∆ = ∆ − ∆  

 = − ∆ = ∆ − ∆  

x x

y y

x x V t x x V t
÷è

y y V t y y V t
(10)

 (9) 

{ }2 2( , , ) ( ) ( ) 2 ( ) ( ) ) .∆ ∆ ∆ = ∆ − ∆ + ∆ − ∆ + ∆ − ∆ ⋅ ∆ − ∆ + ∆x y x yR x y t g A x V t B y V t H x V t y V t K t   (11)

2 2= +x yV V V

0x∆ . 
,  – .

0ξ , 

0* ( , 0, )R ξ τ . 
* 0∂ =∂

R
τ

2
0( ) ( 2 ) 0.− − + + − + =x x y y xA V V BV HV V Kξ τ τ ξ τ τ (12)

0*( ,0, )R ξ τ

0
2 2

( )
.

( 2

+
′∆ =

+ + +
x y

x y x y

AV HV
t

AV BV HV V K

ξ
 (13)

 R* , 
, .

,
, =0 =0  (13) 

0
2 2 .′∆ =

+
x

y x

Vt
V V

ξ  (14)



 – 2006156

0
′∆t

ξ ′xV , 

,′ =x
VV Cosγ  (15)

ϕ  – .
 (13), 

′ = +
v

KV V
A

.  (16)

 (16) K/Av  Vc
2,  V

.  (16), 
. Vc, R*(0,0, )

, 2 2′ = +c cV V V
, 

0 / ,′ =c sV ξ τ  (17)
s R*

0,0,0) = R (0,0, s). .1 
 (13)  (17).

,  =  i s
, R*  ( . .).

2 2
1 2= + ⋅sτ τ τ τ , 1 20.5( )′ = +τ τ τ .  (18)

1, 2 s

R*(0,0, s) = R*
0,0, 1) = R*

0,0, 2) = .  (19)
l

, . 
. 

, , 
, . 

.
, V1  V

3 / .′ ′= cV V V  (20)

.  R* = 0,5. 
0,5,  R* = 0,5, 

. 



 – 2006 157

1/ 2
0.5 0.52 2 ( ) .′ ′= ⋅ =cl V VVτ τ  (21)

 Vc

1/ 2
0.5 0.52 / 2 ( ) / .′ ′= ⋅ = ⋅c c c cV V V V Vτ τ τ  (22)

, 
 [3-5].

, 

:
– , 

;
– ,  ( )

, , 
, , ;

– ,
.

, 
, , , 

.

1. . . . – .: , 1969. – 618 .
2. Hulst H. C. van de. Multiple Light Scattering. Vol.1 and 2. – New York: Academic Press, 1980. – 739 p.
3. . ., . . .  II. .

, , 1983, – 185 .
4. . .  (

)  ( . II).– : , 2000. – 207 .
5. . ., . ., . . 

 / . –
: , 2002,  2. – .98-103.

 – ,  – 
,  – ,

 – .
, 

., . ., . .


