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�à¨¬¥­¥­¨¥ ª ¯à¨ª« ¤­ë¬ áâ æ¨®­ à­ë¬ § ¤ ç ¬ ¬¥å ­¨ª¨ á¯«®è­®© áà¥¤ë § ¤ ç á®¯àï-
¦¥­¨ï  ­ «¨â¨ç¥áª¨å äã­ªæ¨© ¢ § ¤ ­ëå [1], [2] ¨  ää¨­­®-¯à¥®¡à §®¢ ­­ëå ¤¢ã¬¥à­ëå ®¡« -
áâïå,   â ª¦¥ £ à¬®­¨ç¥áª¨å äã­ªæ¨© ¢ âà¥å¬¥à­ëå ®¡« câïå c ­¥£« ¤ª¨¬¨ £à ­¨æ ¬¨ [3]
¯à¨¢¥¤¥­® ¢ [4]{[9]. �«ï à¥è¥­¨ï ¤¨­ ¬¨ç¥cª¨å § ¤ ç ¬¥å ­¨ª¨ c¯«®è­®© cà¥¤ë ¢ âà¥å¬¥à-
­ëå ®¡« câïå c ­¥£« ¤ª¨¬¨ £à ­¨æ ¬¨, ï¢«ïîé¨åcï ¢ ¦­ë¬¨ ª ª c â¥®à¥â¨ç¥cª®©, â ª ¨ ¯à¨-
ª« ¤­®© â®ç¥ª §à¥­¨ï ([10], c. 12), ­¥®¡å®¤¨¬® ¯®câà®¨âì à¥è¥­¨¥ ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥
¢ ®¡« câïå ãª § ­­®£® â¨¯ . �¥è¥­¨¥ âà¥å¬¥à­ëå ¤¨­ ¬¨ç¥cª¨å § ¤ ç ¢ ®¡« câïå c £« ¤ª¨¬¨
£à ­¨æ ¬¨ câà®¨âcï ¢ [11] c ¯®¬®éìî ¨­â¥£à «ì­®£® ¯à¥®¡à §®¢ ­¨ï � ¯« c .

1. �®câ ­®¢ª  § ¤ ç¨. �ãcâì V1 ï¢«ï¥âcï ª®­¥ç­®© ®¤­®c¢ï§­®© ®¡« câìî, ®£à ­¨ç¥­­®©
¯®¢¥àå­®câìî S, ª®â®à ï c®¤¥à¦¨â £« ¤ª¨¥ § ¬ª­ãâë¥ ­¥¯¥à¥c¥ª îé¨¥cï ®c®¡ë¥ «¨­¨¨ (¬­®-
¦¥câ¢  ã£«®¢ëå â®ç¥ª) ¨ ª®­¨ç¥cª¨¥ â®çª¨ ¨ V0 = R3 n V1, R3 | âà¥å¬¥à­®¥ ¯à®câà ­câ¢®.
�®câà®¨¬ à¥è¥­¨¥ ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥ ([12], c. 551)

c21i grad divui(x; t)� c22i rot rotui(x; t)�
@2ui(x; t)

@t2
= f i(x; t) (1)

¢ c®®â¢¥âcâ¢ãîé¨å ®¡« câïå Vi (i = 0; 1) ¯à¨ ­ ç «ì­ëå ãc«®¢¨ïå

ui(x; t)jt=0 = 0;
@ui(x; t)

@t

���
t=0

= 0; (2)

¨ á«¥¤ãîé¨å £à ­¨ç­ëå ãc«®¢¨ïå ­  ¯®¢¥àå­®câ¨ S: ¢ â®çª å £« ¤ª®câ¨

u0(x; t)� u1(x; t) = 0; Nx0[u0(x; t)]�Nx1[u1(x; t)] = 0; x 2 S; (3)

¢ ®c®¡ëå â®çª å x0 ¯®¢¥àå­®câ¨ S

lim
x!x0

[u0(x; t)� u1(x; t)] = 0; lim
x!x0

fNx0[u0(x; t)]�Nx1[u1(x; t)]g = 0; (4)

£¤¥ c21i =
�i+2�i

�i
, c22i =

�i
�i
, �i; �i; �i 2 R, x = (x1; x2; x3); ­®à¬ «ì­ë© ®¯¥à â®à Nxi[ ] ¤¥©câ¢ã¥â

c®£« c­® ¯à ¢¨«ã Nxi[ui(x; t)] = 2�i
@ui(x;t)

@n
+ �i(n;divu(x; t)) + �i[n; rot ui(x; t)]; §­ ç¥­¨¥ ¨­¤¥ªc 

i = 1 c®®â¢¥âcâ¢ã¥â ¢¥«¨ç¨­ ¬ ®¡« câ¨ V1,   §­ ç¥­¨¥ i = 0 | ®¡« câ¨ V0.
�c«®¢¨ï (4) ­¥ ï¢«ïîâcï âà¨¢¨ «ì­ë¬ c«¥¤câ¢¨¥¬ ãc«®¢¨© (3), ®­¨ ®¯à¥¤¥«ïîâ ª« cc à¥è¥-

­¨ï  ­ «®£¨ç­® â®¬ã, ª ª íâ® ¨¬¥¥â ¬¥câ® ¢ ¤¢ã¬¥à­®¬ c«ãç ¥ ¢ § ¤ ç¥ �¨¬ ­  ([13], c. 444).
�¥è¥­¨¥ ãà ¢­¥­¨ï � ¬¥ ¢ ®c®¡ëå â®çª å x0 ®¯à¥¤¥«ï¥âcï ãà ¢­¥­¨¥¬ [12]

lim
�V!x0

ZZZ
�V

�
c21i grad divui(x; t)� c22i rot rotui(x; t)�

@2ui(x; t)
@t2

� f i(x; t)
�
dv = 0; (5)

çâ® ä¨§¨ç¥cª¨ ®§­ ç ¥â ¢ë¯®«­¥­¨¥ ãc«®¢¨© à ¢­®¢¥c¨ï cà¥¤ë ¢ ®c®¡ëå â®çª å, â. ¥. ¯à¨ câï-
£¨¢ ­¨¨ ®¡« câ¨ �V ¢ â®çªã x0.
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2. �¯àã£¨¥ § ¯ §¤ë¢ îé¨¥ ¯®â¥­æ¨ «ë. �«ï à¥è¥­¨ï § ¤ ç¨ ¢¢¥¤¥¬ ã¯àã£¨¥ § ¯ §¤ë-
¢ îé¨¥ ¯®â¥­æ¨ «ë ­  ®c­®¢¥ à¥è¥­¨ï § ¤ ç¨ (1), (2) ¤«ï ¬£­®¢¥­­®© c®cà¥¤®â®ç¥­­®© c¨«ë,
¤¥©câ¢ãîé¥© ¢ ¯à®câà ­câ¢¥ R3 ([12], c. 651; [14]). �â¬¥â¨¬, çâ® ¢ [14] § ¯ §¤ë¢ îé¨¥ ¯®â¥­æ¨-
 «ë ª ª â ª®¢ë¥ ­¥ à cc¬ âà¨¢ «¨cì.

�¯à¥¤¥«¥­¨¥ 1. �¯àã£¨¬ § ¯ §¤ë¢ îé¨¬ ¯®â¥­æ¨ «®¬ ¯à®câ®£® c«®ï ­ §ë¢ ¥âcï ¨­â¥-
£à «

V (x; t) =

tZ
0

d�

ZZ
S

�1(x; y; t� �)'1(y; �)dsy; (6)

£¤¥

�1(x; y; t� �) = k�1kj(x; y; t� �)k; �1kj(x; y; t) = �

�
t�

r

c2

�
U
(1)
kj (y; x) + �

�
t�

r

c2

�
U
(2)
kj (y; x) +

+t
�
H

�
t�

r

c1

�
�H

�
t�

r

c2

��
1
r2
U
(3)
kj (y; x); U

(1)
kj (y; x) =

1
4��c21

@r

@yk

@r

@yj

1
r
;

U (2)
kj (y; x) =

1
4��c22

�
�kj
r
�

@r

@yk

@r

@yj

�
1
r
; U (3)

kj (y; x) = �
1
4��

�
�kj
r
� 3

@r

@yk

@r

@yj

�
1
r

(j; k = 1; 3);

£¤¥ �(t) | ¤¥«ìâ -äã­ªæ¨ï �¨à ª , H(t) | ¥¤¨­¨ç­ ï äã­ªæ¨ï �¥¢¨c ©¤ , �kj | c¨¬¢®« �à®-
­¥ª¥à , '1(y; � ) = f'11(y; �); '12(y; � ); '13(y; � )g | ¯«®â­®câì, r = jx� yj, y = (y1; y2; y3).

�¯à¥¤¥«¥­¨¥ 2. �¯àã£¨¬ § ¯ §¤ë¢ îé¨¬ ¯®â¥­æ¨ «®¬ ¤¢®©­®£® c«®ï ­ §ë¢ ¥âcï ¨­â¥-
£à «

W (x; y; t) =

tZ
0

d�

ZZ
S

�2(x; y; t� �)'2(y; t)dsy; (7)

£¤¥

�2(x; y; t� �) = k�2jk(x; y; t� �)k; �2kj(x; y; t) = �0
�
t�

r

c1

�
T
(4)
kj (y; x) + �0

�
t�

r

c2

�
T
(5)
kj (y; x) +

+�
�
t�

r

c1

�
T
(1)
kj (y; x) + �

�
t�

r

c2

�
T
(2)
kj (y; x) + t

�
H

�
t�

r

c1

�
�H

�
t�

r

c2

��
1
r2
T
(3)
kj (y; x);

T
(4)
kj (y; x) = �

1
4��c21

�
�nj + 2�

@r

@yj

@r

@n(y)

�
@r

@yk

1
r
;

T
(5)
kj (y; x) = �

�

4��c32

�
�kj

@r

@n(y)
+

@r

@yj
nk � 2

@r

@yk

@r

@yj

@r

@n(y)

�
1
r
;

T (1)
kj (y; x) = �

1
4��c21

�
(�� 2�)

@r

@yk
nj(y)� 2�

@r

@yj
nk(y)� 2�

�kj
r2

@r

@n(y)
+ 12�

@r

@yk

@r

@yj

@r

@n(y)

�
1
r2
;

T
(2)
kj (y; x) = �

�

4��c22

�
3�kj

@r

@n(y)
+ 2

@r

@yk
nj(y) + 3

@r

@yj
nk(y)� 12

@r

@yk

@r

@yj

@r

@n(y)

�
1
r2
;

T
(3)
kj (y; x) =

6�
4��

�
�kj

@r

@n(y)
+

@r

@yk
nj(y) +

@r

@yj
nk(y)� 5

@r

@yk

@r

@yj

@r

@n(y)

�
1
r2
;

�0(t) = d
dt
�(t), '2(y; � ) = f'21(y; �); '22(y; �); '23(y; � )g | ¯«®â­®câì.

�¯à¥¤¥«¥­¨¥ 3. �¯àã£¨¬ § ¯ §¤ë¢ îé¨¬ ¯®â¥­æ¨ «®¬ ®¡ê¥¬  ­ §ë¢ ¥âcï ¨­â¥£à «

U(x; t) =

tZ
0

d�

ZZZ
V

�1(y; x; t� �)'3(y; � )dv; (8)
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£¤¥ '3(y; �) = f'31(y; � ); '32(y; � ); '33(y; �)g | ¯«®â­®câì.

�câ ­®¢¨¬ ãc«®¢¨ï cãé¥câ¢®¢ ­¨ï ¢¢¥¤¥­­ëå ¯®â¥­æ¨ «®¢ ¨ ¨§ãç¨¬ ¨å c¢®©câ¢  ¢ c«ãç ¥
®¡« câ¨, ®£à ­¨ç¥­­®© ªãc®ç­®-£« ¤ª®© ¯®¢¥àå­®câìî S.

�¥®à¥¬  1. �c«¨ ¢¥ªâ®à ¯«®â­®câ¨ '2(x; t) ã¯àã£®£® § ¯ §¤ë¢ îé¥£® ¯®â¥­æ¨ «  ¤¢®©-

­®£® c«®ï (7) ¢ â®çª å £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S ã¤®¢«¥â¢®àï¥â ãc«®¢¨î �¨¯è¨æ {��¥«ì¤¥à ,

¨¬¥¥â ­¥¯à¥àë¢­ë¥ ®£à ­¨ç¥­­ë¥ ¯à®¨§¢®¤­ë¥ @'2(x; t)=@t ¨ @2'2(x; t)=@t
2,   ¢ ®c®¡ëå â®çª å

x0 2 S ¨¬¥¥â ¬¥câ® ¯à¥¤câ ¢«¥­¨¥

'2(x; t) = O(jx� x0j
�); � 2 (0; 1); (9)

â® ã¯àã£¨© § ¯ §¤ë¢ îé¨© ¯®â¥­æ¨ « ¤¢®©­®£® c«®ï (7) cãé¥câ¢ã¥â, ã¤®¢«¥â¢®àï¥â ®¤­®à®¤-

­®¬ã ¢®«­®¢®¬ã ãà ¢­¥­¨î � ¬¥, c®®â¢¥âcâ¢ãîé¥¬ã (1) c ­ ç «ì­ë¬¨ ãc«®¢¨ï¬¨ (2), ¨ ¢

â®çª å £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ £à ­¨ç­ë¥ §­ ç¥­¨ï ¯®â¥­æ¨ «  ®¯à¥¤¥«ïîâcï à ¢¥­câ¢®¬

W
�
(x; t) = �'2(x; t) +W (x; t); (10)

£¤¥ W (x; t) | ¯àï¬®¥ §­ ç¥­¨¥ ¯®â¥­æ¨ «  ¢ â®çª¥ x, W
�
(x; t) | £à ­¨ç­ë¥ §­ ç¥­¨ï ¯®â¥­-

æ¨ «  ¯à¨ ¯®¤å®¤¥ ª â®çª¥ x 2 S c® câ®à®­ë ®¡« câ¨ V1 (§­ ª \+") ¨«¨ câ®à®­ë ®¡« câ¨ V0
(§­ ª \�\).

�®ª § â¥«ìáâ¢®. �®¯ãcâ¨¬, çâ® ¯®¢¥àå­®câì S c®¤¥à¦¨â ®¤­ã ®c®¡ãî £« ¤ªãî «¨­¨î L ¨
â®çª  x1 (x1 2 S, x1 =2 L) ï¢«ï¥âcï â®çª®© £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S. �ªàã¦¨¬ ®c®¡ãî «¨­¨î
âàã¡ç â®© ¯®¢¥àå­®câìî à ¤¨ãc  R0 < R1, £¤¥ R1 | à ccâ®ï­¨¥ ®â x1 ¤® ®c®¡®© «¨­¨¨.

�à¥¤câ ¢¨¬ ¨­â¥£à « (7) cã¬¬®©

W (x; t) =W 1(x; t) +W 2(x; t); (11)

W 1(x; t) =

tZ
0

d�

ZZ
S1

�2(x; y; t� �)'2(y; �)dsy; W 2(x; t) =

tZ
0

d�

ZZ
S2

�2(x; y; t� �)'2(y; � )dsy;

£¤¥ S1 | ç câì ¯®¢¥àå­®câ¨ S, «¥¦ é ï ¢­¥ âàã¡ç â®© ¯®¢¥àå­®câ¨,   S2 | ¢­ãâà¨ ­¥¥.
�¥à¢ë© ¨­â¥£à « ä®à¬ã«ë (11), ï¢«ïîé¨©cï ¢¥ªâ®à®¬, ¨¬¥¥â ª®¬¯®­¥­âë (k = 1; 3), ª®â®-

àë¥ ¢ à¥§ã«ìâ â¥ ¨­â¥£à¨à®¢ ­¨ï ¯® ¯¥à¥¬¥­­®© � c®£« c­® ([15], c. 38) ¯à¨­¨¬ îâ ¢¨¤

ZZ
S

3X
j=1

�
�T

(4)
kj (y; x)

@

@t
'2j

�
y; t�

r

c1

�
� T

(5)
kj (y; x)

@

@t
'2j

�
y; t�

r

c2

�
+ T

(1)
kj (y; x)'2j

�
y; t�

r

c1

�
+

+ T
(2)
kj (y; x)'2j

�
y; t�

r

c2

�
+ T

(3)
kj (y; x)

1=c2Z
1=c1

�'2j(y; t� r�)d�
�
dsy; (12)

  ¢â®à®© ¨­â¥£à « ¨¬¥¥â ª®¬¯®­¥­âë â ª®£® ¦¥ ¢¨¤  á § ¬¥­®© ¯®¢¥àå­®câ¨ ¨­â¥£à¨à®¢ ­¨ï S1
­  S2.

�®£« c­® ä®à¬ã«¥ � £à ­¦  ([16], c. 226) ¨¬¥¥¬ '2j

�
y; t� r

c1

�
= '2j(y; t)+'02j

�
y; t+ ("1j � 1) r

c1

�
r
c1
,

£¤¥ 0 < "1j < 1.
� ¯¨cë¢ ï  ­ «®£¨ç­ë¥ ¯à¥¤câ ¢«¥­¨ï ¤«ï ¤àã£¨å äã­ªæ¨© ¨ ¨å ¯à®¨§¢®¤­ëå ¨ ãç¨âë¢ ï

â®¦¤¥câ¢®

�T
(4)
kj (y; x)� T

(5)
kj (y; x) + T

(1)
kj (y; x)

r

c1
+ T

(2)
kj (y; x)

r

c2
+ T

(3)
kj (y; x)

r

3

�
1
c32
�

1
c31

�
� 0;
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¯®«ãç¨¬

W 1(x; t) =
ZZ
S1





T (1)
kj (y; x) + T

(2)
kj (y; x) + T

(3)
kj (y; x)

1
2

�
1
c22
�

1
c21

�



'2(y; t)dsy �

�

ZZ
S1

��
kT

(4)
kj (y; x)k

@

@t
'2

�
y; t+ ("21 � 1)

r

c1

�
1
c1

+ kT
(5)
kj (y; x)k

@

@t
'2

�
y; t+ ("22 � 1)

r

c2

�
1
c2

�
r +

+ kT (1)
kj (y; x)k

1
c21
(1� "21)

@2

@t2
'2

�
y; t+ ("221 � 1)(1� "1)

r

c1

�
+

+ kT
(2)
kj (y; x)k

1
c22
(1� "22)

@2

@t2
'2

�
y; t+ ("222 � 1)(1 � "22)

r

c2

�
+

+ kT
(3)
kj (y; x)k(1� "25)

1=c2Z
1=c1

�3
@2

@t2
'2[y; t+ (1� "25)("225 � 1)r�]

�
r2dsy; (13)

£¤¥ "2g =

8>><
>>:
"2g1; j = 1;

"2g2; j = 2;

"2g3; j = 3;

g = 1; 2; 5; "22g =

8>><
>>:
"22g1; j = 1;

"22g2; j = 2;

"22g3; j = 3;

0 < "gj < 1, 0 < "22g < 1.

�¥à¢ë© ¨­â¥£à « ¢ (13) ï¢«ï¥âcï ¨§¢¥câ­ë¬ ®¡®¡é¥­­ë¬ ã¯àã£¨¬ ¯®â¥­æ¨ «®¬ ¤¢®©­®£®
c«®ï ([17], c. 549) W 0(x; t) =

RR
S1

�20(x; y)'2(y; t)dsy ¨ ¨¬¥¥â £à ­¨ç­ë¥ §­ ç¥­¨ï ¯à¨ ¯¥à¥å®¤¥

â®çª¨ x ç¥à¥§ ¯®¢¥àå­®câì S1

W
�

0 (x; t) = �'2(x; t) +W 0(x; t): (14)

�â®à®© ¨­â¥£à « ¯à¥¤câ ¢«¥­¨ï (13) ¨¬¥¥â ­¥¯à¥àë¢­ãî ¯®¤¨­â¥£à «ì­ãî äã­ªæ¨î ¨ ï¢«ï-
¥âcï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨ ¯¥à¥å®¤¥ x â®çª¨ £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S ([17], c. 547).

�­â¥£à « W 2(x; t) ä®à¬ã«ë (11) ¢ëç¨c«ï¥âcï ª ª ­¥á®¡áâ¢¥­­ë© ¤«ï x 2 S1 ¯ãâ¥¬ ¯¥à¥å®-
¤  ª ¯¥à¥¬¥­­ë¬ �; s, ª®â®àë¥ ï¢«ïîâáï ªà¨¢®«¨­¥©­ë¬¨ ª®®à¤¨­ â ¬¨ «®ª «ì­®© ®¡« câ¨
ªà¨¢®© L ¨§ [3], ¯à¨ ãç¥â¥ ãc«®¢¨ï (9).

� ª¨¬ ®¡à §®¬, ¨­â¥£à « (7) cãé¥câ¢ã¥â,   ãç¨âë¢ ï ¯à¥¤câ ¢«¥­¨ï (11), (13), (14) ¨ £àã¯-
¯¨àãï c« £ ¥¬ë¥, ¯®«ãç ¥¬ ä®à¬ã«ã (10).

�ãcâì ¯®¢¥àå­®câì S c®¤¥à¦¨â ¢¥àè¨­ã ª®­¨ç¥cª®© ¯®¢¥àå­®câ¨ c ¯àï¬®«¨­¥©­ë¬¨ ®¡à §ã-
îé¨¬¨ ¨ £« ¤ª®© ªà¨¢®«¨­¥©­®© ­ ¯à ¢«ïîé¥©. �®£¤  ¢¬¥câ® âàã¡ç â®© ¯®¢¥àå­®câ¨ c«¥¤ã¥â
¡à âì cä¥à¨ç¥cªãî c æ¥­âà®¬ ¢ ®c®¡®© â®çª¥ ¯à¨ ãª § ­­®© ¢ëè¥ cå¥¬¥ ¤®ª § â¥«ìcâ¢  c ¨c-
¯®«ì§®¢ ­¨¥¬ «®ª «ì­ëå ª®®à¤¨­ â, c¢ï§ ­­ëå c ª®­¨ç¥cª®© â®çª®© [3].

�­ «®£¨ç­® ¯à®¢®¤¨âáï ¤®ª § â¥«ìcâ¢® ¯à¨ ­ «¨ç¨¨ ª®­¥ç­®£® ç¨c«  ­¥¯¥à¥c¥ª îé¨åcï
®c®¡ëå «¨­¨© Lj (j = 1; N ) ¨ ª®­¥ç­®£® ç¨c«  ª®­¨ç¥cª¨å â®ç¥ª Ok (k = 1;m), Ok =2 Lj .

�¥¯®cà¥¤câ¢¥­­ ï ¯®¤câ ­®¢ª  (7) ¢ ®¤­®à®¤­®¥ ¢®«­®¢®¥ ãà ¢­¥­¨¥ � ¬¥ ¨ ãc«®¢¨ï (2)
¯®ª §ë¢ ¥â, çâ® ®­¨ ã¤®¢«¥â¢®àïîâcï.

�¥®à¥¬  2. �c«¨ ¢ â®çª å £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S ¯«®â­®câì '1(x; t) ã¯àã£®£® § ¯ §-

¤ë¢ îé¥£® ¯®â¥­æ¨ «  ¯à®câ®£® c«®ï V (x; t) (6) ã¤®¢«¥â¢®àï¥â ãc«®¢¨î �¨¯è¨æ {��¥«ì¤¥à ,

¨¬¥¥â ­¥¯à¥àë¢­ë¥ ®£à ­¨ç¥­­ë¥ ¯à®¨§¢®¤­ë¥ @'1(x; t)=@t ¨ @2'1(x; t)=@t
2,   ¢ ®c®¡ëå â®çª å

x0 ¨¬¥¥â ¬¥câ®  c¨¬¯â®â¨ç¥cª®¥ ¯à¥¤câ ¢«¥­¨¥

'1(x; t) = O

�
1

jx� x0j�

�
; � 2 (0; 1); (15)

â® ¯®â¥­æ¨ « cãé¥câ¢ã¥â, ï¢«ï¥âcï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨ ¯¥à¥å®¤¥ â®çª¨ x ç¥à¥§ â®çªã
£« ¤ª®câ¨ ¯®¢¥àå­®câ¨, ã¤®¢«¥â¢®àï¥â ®¤­®à®¤­®¬ã ¢®«­®¢®¬ã ãà ¢­¥­¨î � ¬¥ (1) ¨ ãc«®¢¨-

ï¬ (2), ¨ ¢ â®çª å £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S £à ­¨ç­ë¥ §­ ç¥­¨ï ­®à¬ «ì­®£® ®¯¥à â®à  ®â
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ã¯àã£®£® § ¯ §¤ë¢ îé¥£® ¯®â¥­æ¨ «  ¯à®câ®£® c«®ï ¨¬¥îâ ¢¨¤

N�
x [V (x; t)] = �'1(x; t) +Nx[V (x; t)]; (16)

£¤¥ Nx[V (x; t)] | ¯àï¬®¥ §­ ç¥­¨¥ ­®à¬ «ì­®£® ®¯¥à â®à  ®â ¯®â¥­æ¨ «  ­  ¯®¢¥àå­®câ¨.

�®ª § â¥«ìáâ¢®. �ãcâì ¯®¢¥àå­®câì S c®¤¥à¦¨â ®¤­ã ®c®¡ãî £« ¤ªãî «¨­¨î. �­ «®£¨ç­®
¯à¥¤ë¤ãé¥¬ã ¤®ª § â¥«ìcâ¢ã ¢¢®¤¨¬ âàã¡ç âãî ¯®¢¥àå­®câì, ®å¢ âë¢ îéãî ®c®¡ãî «¨­¨î.
�®£¤  ¨¬¥¥¬

V (x; t) = V 1(x; t) + V 2(x; t); (17)

V 1(x; t) =

tZ
0

d�

ZZ
S1

�1(x; y; t� �)'1(y; �)dsy; V 2(x; t) =

tZ
0

d�

ZZ
S2

�2(x; y; t� �)'1(y; � )dsy:

�¥ªâ®à V 1(x; t) ¯®c«¥ ¨­â¥£à¨à®¢ ­¨ï ¯® � c®£« c­® ([15], c. 38) ¨ ¯à¨¬¥­¥­¨ï ä®à¬ã«ë � -
£à ­¦  â ª ¦¥, ª ª ¨ ¢ â¥®à¥¬¥ 1, ¯à¥¤câ ¢«ï¥âcï ¢ ¢¨¤¥

V 1(x; t) =
ZZ
S1





U (i)
kj (y; x) + U

(2)
kj (y; x) + U

(3)
kj (y; x)

1
2

�
1
c22
�

1
c21

�



'1(y; �)dsy +

+
ZZ
S1

�
kU

(1)
kj (y; x)k

@

@t
'1

�
y; t+ ("11 � 1)

r

c1

�
1
c1

+ kU
(2)
kj (y; x)k

@

@t
'1

�
y; t+ ("12 � 1)

r

c2

�
1
c2

+

+ kU
(3)
kj (y; x)k

1=c2Z
1=c1

@

@t
'1[y; t+ ("15 � 1)r�]

�
r dsy; (18)

£¤¥ "1h =

8>><
>>:
"1h1; j = 1;

"1h2; j = 2;

"1h3; j = 3;

h = 1; 2; 5, 0 < "1hj < 1.

�¥à¢®¥ c« £ ¥¬®¥ ¯à ¢®© ç câ¨ (18) ï¢«ï¥âcï ¨§¢¥câ­ë¬ ®¡®¡é¥­­ë¬ ã¯àã£¨¬ ¯®â¥­æ¨ «®¬
¯à®câ®£® c«®ï ([17], c. 547), c®åà ­ïîé¨¬ ­¥¯à¥àë¢­®câì ¯à¨ ¯¥à¥å®¤¥ â®çª¨ ¯®¢¥àå­®câ¨ S1.
�â®à®© ¨­â¥£à « (18), ¨¬¥îé¨© ­¥¯à¥àë¢­ãî ¯®¤¨­â¥£à «ì­ãî äã­ªæ¨î, ï¢«ï¥âcï ­¥¯à¥àë¢-
­®© äã­ªæ¨¥© ¯à¨ x 2 S1.

�­â¥£à « V 2(x; t) ¢ëç¨c«ï¥âcï ª ª ­¥c®¡câ¢¥­­ë© c ¯®¬®éìî c¢ï§ ­­ëå c ªà¨¢®© ªà¨¢®«¨-
­¥©­ëå ª®®à¤¨­ â �; �; s [3] ¯à¨ ãç¥â¥ ãc«®¢¨ï (15).

�¥©câ¢ãï ®¯¥à â®à®¬ Nx[ ] ­  à ¢¥­câ¢  (17), (18), ãç¨âë¢ ï ¨§¢¥câ­ë¥ £à ­¨ç­ë¥ §­ ç¥­¨ï
­®à¬ «ì­®£® ®¯¥à â®à  ®â ®¡®¡é¥­­®£® ¯®â¥­æ¨ «  ¯à®câ®£® c«®ï ([17], c. 554) ¨ ­¥¯à¥àë¢­®câì
­®à¬ «ì­®£® ®¯¥à â®à  ®â ¢â®à®£® ¨­â¥£à «  ¯à¥¤câ ¢«¥­¨ï (17), ¢¨¤¨¬, çâ® c®®â­®è¥­¨¥ (16)
¨¬¥¥â ¬¥câ®.

� c«ãç ¥ ª®­¨ç¥cª®© â®çª¨ â ª¦¥ ¢¬¥câ® âàã¡ç â®© ¯®¢¥àå­®câ¨ ¡¥à¥¬ cä¥àã ¯à¨ ãª § ­-
­®© cå¥¬¥ ¤®ª § â¥«ìcâ¢ . �­ «®£¨ç­® câà®¨âcï ¤®ª § â¥«ìcâ¢® ¤«ï ª®­¥ç­®£® ç¨c«  ®c®¡ëå
­¥¯¥à¥c¥ª îé¨åcï «¨­¨© ¨ ª®­¨ç¥cª¨å â®ç¥ª.

�¥¯®cà¥¤câ¢¥­­ ï ¯®¤câ ­®¢ª  (6) ¢ (1) ¨ (2) ¯®ª §ë¢ ¥â, çâ® ®­¨ ã¤®¢«¥â¢®àïîâcï.

�¥®à¥¬  3. �¡ê¥¬­ë© ã¯àã£¨© § ¯ §¤ë¢ îé¨© ¯®â¥­æ¨ « (8) c ¯«®â­®câìî '3(x; t) =
� 1

2
f(x; t) ï¢«ï¥âcï à¥è¥­¨¥¬ ­¥®¤­®à®¤­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥ (1) c ãc«®¢¨ï¬¨ (2).
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�®ª § â¥«ìáâ¢®. �ë¯®«­¨¬ ¢ (8) ¨­â¥£à¨à®¢ ­¨¥ ¯® � c®£« c­® ([15], c. 38) ¨ ¯à¥¤câ ¢¨¬
¯®â¥­æ¨ «  ­ «®£¨ç­® ([18], c. 300) ¢ ¢¨¤¥

U(x; t) = �
1
2

ZZZ
V nE

�
kU

(1)
kj (y; x)kf

�
y; t�

r

c1

�
+ kU

(2)
kj (y; x)kf

�
y; t�

r

c2

�
+

+ kU
(3)
kj (y; x)k

1=c2Z
1=c1

�f(y; t� r�)
�
dvy �

1
2

ZZZ
E

�
kU

(1)
kj (y; x)k

�
f

�
y; t�

r

c1

�
� f(y; t)

�
+

+ kU
(2)
kj (y; x)k

�
f

�
y; t�

r

c2

�
� f(y; t)

�
+ kU

(3)
kj (y; x)k

1=c2Z
1=c1

�[f(y; t� r�)� f(y; t)]d�
�
dvy �

�
1
2

ZZZ
E





U (1)
kj (y; x) + U (2)

kj (y; x) + U (3)
kj (y; x)

1
2

�
1
c22
�

1
c21

�



f(y; t)dvy; (19)

£¤¥ E = E(x; ") | è à c æ¥­âà®¬ ¢ â®çª¥ x à ¤¨ãc  ".
�¥à¢®¥ c« £ ¥¬®¥ ¨¬¥¥â ­¥¯à¥àë¢­ë¥ ç câ­ë¥ ¯à®¨§¢®¤­ë¥ ¢â®à®£® ¯®àï¤ª  ¨ ã¤®¢«¥â¢®-

àï¥â ®¤­®à®¤­®¬ã ¢®«­®¢®¬ã ãà ¢­¥­¨î � ¬¥, ¢â®à®© ¨­â¥£à « ï¢«ï¥âcï ¤¢ ¦¤ë ¤¨ää¥à¥­-
æ¨àã¥¬®© äã­ªæ¨¥©,   âà¥â¨© ã¤®¢«¥â¢®àï¥â ­¥®¤­®à®¤­®¬ã ãà ¢­¥­¨î � ¬¥ c ¯à ¢®© ç câìî
f(x; t) ([17], c. 554).

�®¤câ ¢«ïï ¯®â¥­æ¨ « (8) ¢ ä®à¬¥ (19) ¢ ãà ¢­¥­¨¥ (1) ¨ £à ­¨ç­ë¥ ãc«®¢¨ï (2) ¨ ãcâà¥¬«ïï
à ¤¨ãc " ª ­ã«î, ¯®«ãç ¥¬ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë.

�¥®à¥¬  4 (�ï¯ã­®¢ {� ã¡¥à ). �c«¨ ¯«®â­®câì '2(x; t) ã¯àã£®£® § ¯ §¤ë¢ îé¥£® ¯®â¥­-
æ¨ «  ¤¢®©­®£® c«®ï ã¤®¢«¥â¢®àï¥â ãc«®¢¨ï¬ â¥®à¥¬ë 1 ¨ cãé¥câ¢ãîâ ¯à¥¤¥«ì­ë¥ §­ ç¥­¨ï

­®à¬ «ì­®£® ®¯¥à â®à  ®â ã¯àã£®£® § ¯ §¤ë¢ îé¥£® ¯®â¥­æ¨ «  ¤¢®©­®£® c«®ï c ®¤­®© câ®à®-

­ë ¯®¢¥àå­®câ¨ S ¢ ¥¥ â®çª¥ £« ¤ª®câ¨, â® ®­¨ cãé¥câ¢ãîâ c ¤àã£®© câ®à®­ë; ¯à¨ íâ®¬

N�
x0[W (x; t)] = N+

x1[W (x; t)]: (20)

�®ª § â¥«ìáâ¢®. � cc¬®âà¨¬, ª ª ¨ ¯à¨ ¤®ª § â¥«ìcâ¢¥ â¥®à¥¬ë 1, c­ ç «  c«ãç © ­ -
«¨ç¨ï ­  ¯®¢¥àå­®câ¨ S ®c®¡®© «¨­¨¨. �®£¤  ­®à¬ «ì­ë© ®¯¥à â®à ®â ã¯àã£®£® § ¯ §¤ë¢ -
îé¥£® ¯®â¥­æ¨ «  ¤¢®©­®£® c«®ï ¯à¥¤câ ¢«ï¥âcï c®£« c­® ä®à¬ã«¥ (11) ª ª cã¬¬  ¢¥«¨ç¨­
Nx[W 1(x; t)] ¨ Nx[W 2(x; t)].

�¥à¢®¥ c« £ ¥¬®¥ ­  ®c­®¢¥ ä®à¬ã«ë (13) ï¢«ï¥âáï cã¬¬®© ­®à¬ «ì­®£® ®¯¥à â®à  ®â ®¡®¡-
é¥­­®£® ã¯àã£®£® ¯®â¥­æ¨ «  ¤¢®©­®£® c«®ï Nx[W 0(x; t)] ([17], c. 554) ¨ ­®à¬ «ì­®£® ®¯¥à â®à 
®â ¨­â¥£à «  c ­¥¯à¥àë¢­®© ¯®¤¨­â¥£à «ì­®© äã­ªæ¨¥©. �®£« c­® ([17], c. 554), ¥c«¨ cãé¥câ¢ã-
¥â ¯à¥¤¥«ì­®¥ §­ ç¥­¨ï ¢¥«¨ç¨­ë Nx[W 0(x; t)] ­  ®¤­®© câ®à®­¥ ¯®¢¥àå­®câ¨ S1, â® cãé¥câ¢ã¥â
¯à¥¤¥«ì­®¥ §­ ç¥­¨¥ ­  ¤àã£®© câ®à®­¥, c®¢¯ ¤ îé¥¥ c ¯¥à¢ë¬,

N�
x0[W 0(x; t)] = N+

x1[W 0(x; t)]; (21)

  ­®à¬ «ì­ë© ®¯¥à â®à ®â ¢â®à®£® ¨­â¥£à «  ¯à¨ x 2 S1 ï¢«ï¥âcï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨
¯¥à¥å®¤¥ â®çª¨ â ª®© ¯®¢¥àå­®câ¨.

�â®à®¥ c« £ ¥¬®¥ Nx[W 2(x; t)] ¢ëç¨c«ï¥âcï ¯à¨ x 2 S1 ª ª c¨­£ã«ïà­ë© ¨­â¥£à « ¯ãâ¥¬
¯¥à¥å®¤  ª ¯¥à¥¬¥­­ë¬ �; s, ª®â®àë¥ c¢ï§ ­ë c ®c®¡®© «¨­¨¥© [3]. � ª¨¬ ®¡à §®¬, ãç¨âë¢ ï (21),
¯®«ãç ¥¬ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë. �­ «®£¨ç­®© ¡ã¤¥â cå¥¬  ¤®ª § â¥«ìcâ¢  ¢ c«ãç ¥ ­ «¨ç¨ï ­ 
¯®¢¥àå­®câ¨ à §¤¥«  ª®­¨ç¥cª®© â®çª¨,   â ª¦¥ ¤«ï ª®­¥ç­®£® ç¨c«  ­¥¯¥à¥c¥ª îé¨åcï ®c®¡ëå
«¨­¨© ¨ ª®­¨ç¥cª¨å â®ç¥ª.

3. � §à¥è¨¬®câì ãà ¢­¥­¨ï. �câ ­®¢¨¬  c¨¬¯â®â¨ªã à¥è¥­¨© ¢®«­®¢®£® ãà ¢­¥­¨ï� ¬¥
¢¡«¨§¨ ®c®¡ëå â®ç¥ª ¯®¢¥àå­®câ¨ S.
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�¥¬¬  1. �c¨¬¯â®â¨ç¥cª¨¥ ¯à¥¤câ ¢«¥­¨ï à¥è¥­¨ï ®¤­®à®¤­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï � -

¬¥ (1), ­®à¬ «ì­®£® ®¯¥à â®à  ®â ­¥£® ¨ à¥è¥­¨ï câ æ¨®­ à­®£® ãà ¢­¥­¨ï � ¬¥, ­®à¬ «ì­®£®

®¯¥à â®à  ®â ­¥£® ¢¡«¨§¨ ®c®¡®© «¨­¨¨ ¯®¢¥àå­®câ¨ S c®¢¯ ¤ îâ ¨ ¨¬¥îâ ¢¨¤

u(x; t) = fu�; u�; usg;

u� =
4X

q=1

(�mqAq) + o(�m0); u� =
4X

q=1

(�mqBq) + o(�m0); us = �m5C + o(�m5);

Nx[u(x; t)] = f���; ��; ��sg; ��� = �
4X

q=1

�
�mq�1

�
(mq � 1)Bq +

@Aq

@�

��
+O(1);

�� = 2�
4X

q=1

�
�mq�1

�
[�(1 +mq) + 1]Aq + (� + 1)

@Bq

@�

��
+O(1); ��s = ��m5�1

@C

@�
+O(1); (22)

£¤¥ Aq = (mq � {)a1q(s) sin(mq � 1)� + ({ �mq)b1q(s) cos(mq � 1)� + c1q(s) sin(mq + 1)� � d1q(s) �
� cos(mq + 1)�, Bq = (mq + {)a1q(s) cos(mq � 1)�+(mq + {)b1q(s) sin(mq � 1)�+c1q(s) cos(mq + 1)�+
d1q(s) sin(mq + 1)�, C = g1(s) cosm5�+h1(s) sinm5�, � = �

1�2�
, m5 = �

2��!
, �� = {1
�{0

1�

, {i = 3�4�i

(i = 0; 1), !(s) = �1(s) � �2(s) | ã£®« à câ¢®à  ¯®¢¥àå­®câ¨ S ¢ â®çª¥ c ¤ã£®¢®© ª®®à¤¨­ â®©

s ®c®¡®© «¨­¨¨ L; mq 2 (0; 1), q = 1; 4, ¨ ï¢«ïîâcï ª®à­ï¬¨ å à ªâ¥à¨câ¨ç¥cª¨å ãà ¢­¥­¨©

sinmq! = �mq sin!; �� sinmq! = �mq sin!; q = 1; 4; (23)

m0 = maxfm1;m2;m3;m4g, ¨¤¥­â¨ä¨æ¨àãîé¨© ¨­¤¥ªc i = 0; 1 ¢ ä®à¬ã« å (22), (23) ®¯ãé¥­.

�®ª § â¥«ìáâ¢®. �¤­®à®¤­®¥ ¢®«­®¢®¥ ãà ¢­¥­¨¥ � ¬¥ (1) ¨­¢ à¨ ­â­® ®â­®c¨â¥«ì­® ¯à¥-
®¡à §®¢ ­¨ï

x01 = B�x1; x02 = B�x2; x03 = B�x3; t0 = B�t:

�ç¨âë¢ ï £à ­¨ç­ë¥ ãc«®¢¨ï (3), ¡ã¤¥¬ ¨¬¥âì

uj(x1; x2; x3; t) = A�uj(B�x1; B
�x2; B

�x3; B
�t); A� = A�(B�); j = 1; 3: (24)

�¨ää¥à¥­æ¨àãï (24) ¯® B�, ¯®«ãç ¥¬ c¨câ¥¬ã ãà ¢­¥­¨©

(graduj ; r) +
@uj
@t

= �
B�

A�
@A�

@B�
uj ;

à¥è¥­¨¥ ª®â®à®©

uj = x
mj

1 'j

�
x1
x2
;
x1
x3
;
x1
t

�
; (25)

£¤¥ 'j | ®¤­®à®¤­ ï äã­ªæ¨ï mj-£® ¨§¬¥à¥­¨ï.
�®¤câ ¢«ïï ¯à¥¤câ ¢«¥­¨ï ¤¥ª àâ®¢ëå ª®®à¤¨­ â ¢ «®ª «ì­®© ®¡« câ¨ ®c®¡®© «¨­¨¨ ¯®cà¥¤câ¢®¬

ªà¨¢®«¨­¥©­ëå ª®®à¤¨­ â �; �; s ¨§ [3] ¢ (25), ¯®«ãç ¥¬ ä®à¬ã«ë ¤«ï ª®¬¯®­¥­â ¢¥ªâ®à  u à¥-
è¥­¨ï ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥

u� = �m1A

�
�; s;

�

t

�
; u� = �m2B

�
�; s;

�

t

�
; us = �m3C

�
�; s;

�

t

�
; mj = mj(s; t): (26)

�§ ãà ¢­¥­¨ï (5) c®£« c­® (26) ­ å®¤¨¬ c¨câ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, ®¯à¥¤¥«ïî-
é¨¥ ­¥¨§¢¥câ­ë¥ ¢¥«¨ç¨­ë ¨ c®¢¯ ¤ îé¨¥ c ¯à¨¢¥¤¥­­ë¬¨ ¢ [6], [19]. �®à­¨ å à ªâ¥à¨câ¨ç¥cª¨å
ãà ¢­¥­¨© (23) ¤¥â «ì­® ¨cc«¥¤®¢ ­ë ¢ [20].
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�¥¬¬  2. �c¨¬¯â®â¨ª  à¥è¥­¨© ®¤­®à®¤­ëå ¢®«­®¢®£® ¨ câ æ¨®­ à­®£® ãà ¢­¥­¨© � ¬¥,

  â ª¦¥ ­®à¬ «ì­®£® ®¯¥à â®à  ®â ­¨å ®¤­  ¨ â  ¦¥ ¢¡«¨§¨ ª®­¨ç¥cª®© â®çª¨ ¯®¢¥àå­®câ¨

S ¨ ¨¬¥¥â ¢¨¤ ¢ «®ª «ì­ëå ª®®à¤¨­ â å �1, �1, s1 [3]

u(x; t) = fu�1 ; u�1 ; us1g;

u�1 =
lX

g=1

(�mkg

1 Akg) + o(�mk0

1 ); u�1 =
lX

g=1

(�mkg

1 Bkg) + o(mk0

1 ); us1 =
lX

g=1

(�mkg

1 Ckg) + o(�mk0

1 );

Nx[u(x; t)] = f��1�1 ; ��1 ; ��1s1g��1�1 = �
lX

g=1

�
�mkg�1
k

�
(mkg � 1)Bkg +

@Akg

@�1

��
+O(1);

��1 = 2�
lX

g=1

�
�
mkg�1
1 f[�(mkg + 2) + 1]Akg + (� + 1)(@Bkg=@�1) +

+�H�1
0 (@Ckg=@s1) + �BkgH

�1
0 (@H0=@�1)g

�
+O(1); � = �=(1� 2�);

��1s1 = �
lX

g=1

[�mkg�1
1 (�H�1

0 (@H0=@�1)Ckg + @Ckg=@�1 +H�1
0 (@Bkg=@s1))] +O(1); (27)

£¤¥ l | ç¨c«® ª®à­¥© mkg 2 (0; 1) c®®â¢¥âcâ¢ãîé¨å å à ªâ¥à¨câ¨ç¥cª¨å ãà ¢­¥­¨© [7], mk0 =
max
g=1;l

mkg, H0, Akg, Bkg, Ckg ¯à¨¢¥¤¥­ë ¢ [7].

�®ª § â¥«ìcâ¢® câà®¨âcï c ¯®¬®éìî ä®à¬ã« (25) ¨ ¯à¥¤câ ¢«¥­¨ï ¤¥ª àâ®¢ëå ª®®à¤¨­ â
¯®cà¥¤câ¢®¬ �1, �1, s1 [3], çâ® ¯®¤à®¡­® ¨§«®¦¥­® ¢ [7] ¨ ¯à¨¬¥­¥­® ¢ [19], [21].

�«ï ¤ «ì­¥©è¥£® ­¥®¡å®¤¨¬ë ¢¥«¨ç¨­ë

A1 = 0;5
ZZ
S

3X
j=1

� 2X
p=1

jU
(p)
0jk(y; x)� U

(p)
1jk(y; x)j+ �1jU

(3)
0jk(y; x)� U

(3)
1jk(y; x)j

�
dsy;

A2 = 0;5
ZZ
S

3X
j=1

� X
p=1;2;4;5

jT
(p)
0kj(y; x)� T

(p)
1kj(y; x)j+ r2�1jT

(3)
0jk(y; x)� T

(3)
1kj(y; x)j

�
dsy;

�1 = 0;5
ZZ
S

3X
j=1

� 2X
s=1

[jT (s)
1kj(y; x)j�s+1]r + jU

(3)
1kj(y; x)j(�4 + �5)r2

�
dsy;

�2 = 0;5
ZZ
S

3X
j=1

� 2X
g=1

[jT (g)
1kj(y; x)j�g+1]r +

5X
g=4

[jT (g)
1kj(y; x)j�g+1] + jT

(3)
1kj(y; x)j(�4 + �5)r

2

�
dsy;

B1 = 0;5
ZZ
S

� X
g=1;2;4;5

jP (g)
0kj(y; x)� P (g)

1kj(y; x)j+ jP (3)
0kj(y; x)� P (3)

1kj(y; x)j�1r
2

�
dsy;

B2 = 0;5
ZZ
S

3X
j=1

� 6X
g=1

jG
(g)
0kj(y; x)�G

(g)
1kj(y; x)j+ jG

(7)
0kj(y; x)�G

(3)
1kj(y; x)j�1r

2

�
dsy;

�3 = 0;5
ZZ
S

3X
j=1

� 2X
s=1

[jP (s)
1kj(y; x)j�s+1] +

5X
s=4

[jP (s)
1kj(y; x)j�7�s] + jP (3)

1kj(y; x)j(�4 + �5)r2
�
dsy;

�4 = 0;5
ZZ
S

3X
j=1

� 2X
p=1

[jG(p)
1kj(y; x)j�p+1]r +

X
g=4;6

[jG(g)
1kj(y; x)j�2]r +

+
X
g=3;5

[jG(g)
1kj(y; x)j�3]r + jG

(7)
1kj(y; x)j(�4 + �5)r

2

�
dsy; (28)
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£¤¥ G(g)
1kj(y; x), g = 1; 7, | ¢ëà ¦¥­¨ï, ®¯à¥¤¥«ïîé¨¥ í«¥¬¥­âë ¬ âà¨æë

Nxi[�2i(x; y; t)] =




�00

�
t�

r

c1i

�
G
(6)
ikj(y; x) + �00

�
t�

r

c2i

�
G
(5)
ikj(y; x) + �0

�
t�

r

c1i

�
G
(4)
ikj(y; x) +

+ �0
�
t�

r

c2i

�
G
(3)
ikj(y; x) + �

�
t�

t

c1i

�
G
(1)
ikj(y; x) + �

�
t�

r

c2i

�
G
(2)
lkj(y; x) +

+ t

�
H

�
t�

r

c1i

�
�H

�
t�

r

c2i

��
G
(7)
1kj(y; x)





; i = 0; 1;

P
(h)
ikj (y; x), h = 1; 5, ¯®«ãç ¥âáï ¨§ c®®â¢¥âcâ¢ãîé¨å ¢ëà ¦¥­¨© T (h)

ikj (y; x) ¯à¨ § ¬¥­¥ n(y) ­  n(x);
�1 = 0;5jc�220 � c�210 j, �2 = jc�110 � c�111 j, �3 = jc�120 � c�121 j, �4 = 0;5jc�220 � c�221 j, �5 = 0;5jc�210 � c�211 j.

�¥®à¥¬  5. �c«¨ cãé¥câ¢ãîâ ª®à­¨ å à ªâ¥à¨câ¨ç¥cª¨å ãà ¢­¥­¨© «¥¬¬ 1 ¨ 2, ¯à¨­ ¤-
«¥¦ é¨¥ ¨­â¥à¢ «ã (0; 1), ç câ­ë¥ ¯à®¨§¢®¤­ë¥ ¯® t ¢c¥å ¯®àï¤ª®¢ ¯à ¢®© ç câ¨ f i(x; t) ¢®«-
­®¢®£® ãà ¢­¥­¨ï � ¬¥ (1) ¯® ¬®¤ã«î ®£à ­¨ç¥­ë ®¤­¨¬ ¨ â¥¬ ¦¥ ç¨c«®¬

����@
nf i(x; t)
@tn

���� < L (29)

¯à¨ x 2 S ¨ ¨¬¥îâ ¬¥câ® ­¥à ¢¥­câ¢ 

q1 = A1 +A2 + �1 + �2 < 1; q2 = B1 +B2 + �3 + �4 < 1; (30)

£¤¥ A1, A2, �1, �2, B1, B2, �3, �4 ¤ ­ë ä®à¬ã« ¬¨ (28), â® cãé¥câ¢ã¥â à¥è¥­¨¥ ¢®«­®¢®£®

ãà ¢­¥­¨ï � ¬¥ (1) c ­ ç «ì­ë¬¨ ãc«®¢¨ï¬¨ (2) ¨ £à ­¨ç­ë¬¨ ãc«®¢¨ï¬¨ (3).

�®ª § â¥«ìáâ¢®. �«¥¤ãï «¥¬¬ ¬ 1 ¨ 2, ¯à¥¤câ ¢¨¬ à¥è¥­¨¥ ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥ ¢
¢¨¤¥

ui(x; t) = ui1(x; t) + ui2(x; t); i = 0; 1; (31)

£¤¥ ui1(x; t) à¥ «¨§ãîâ  c¨¬¯â®â¨ªã à¥è¥­¨©, ãcâ ­®¢«¥­­ãî «¥¬¬ ¬¨ 1 ¨ 2,   ui2(x; t) ï¢«ï-
îâcï ­¥¯à¥àë¢­ë¬¨ äã­ªæ¨ï¬¨ ¢ c¢®¨å ®¡« câïå ®¯à¥¤¥«¥­¨ï. �à¥¤câ ¢¨¬ ¯¥à¢ë¥ c« £ ¥¬ë¥,
c«¥¤ãï â¥®à¥¬ ¬ 1 ¨ 2, ã¯àã£¨¬¨ § ¯ §¤ë¢ îé¨¬¨ ¯®â¥­æ¨ « ¬¨ ¯à®câ®£® ¨ ¤¢®©­®£® c«®ï c
¯«®â­®câï¬¨, à¥ «¨§ãîé¨¬¨ c®®â¢¥âcâ¢ãîéãî  c¨¬¯â®â¨ªã [3].

�ã­ªæ¨¨ ui2(x; t) ¡¥à¥¬, c«¥¤ãï â¥®à¥¬ ¬ 1{3, ¢ ¢¨¤¥ cã¬¬ ¢c¥å âà¥å ã¯àã£¨å § ¯ §¤ë¢ îé¨å
¯®â¥­æ¨ «®¢

ui2(x; t) = Vi(x; t) +W i(x; t) + U i(x; t); (32)

£¤¥

V i(x; t) =

tZ
0

d�

ZZ
S

�1i(x; y; t� �)'1i(y; �)dsy;

W i(x; t) =

tZ
0

d�

ZZ
S

�2i(x; y; t� �)'2i(y; �)dsy;

U i(x; t) = �0;5

tZ
0

d�

ZZZ
Vi

�1i(x; y; t� �)fi(y; � )dvy;

'1i(y; � ), '2i(y; � ) | ­¥¨§¢¥câ­ë¥ ¯«®â­®câ¨.
�®¤câ ¢¨¬ (31), (32) ¢ ãc«®¢¨ï (3) ¨ ¢ë¯®«­¨¬ ¤¥©câ¢¨ï c ®¡®¡é¥­­ë¬¨ äã­ªæ¨ï¬¨ c®£« c­®

[15]. �®«®¦¨¬ ¢¢¨¤ã ¯à®¨§¢®«ì­®câ¨ ¯«®â­®câ¥©

'10(x; t) = '11(x; t); '20(x; t) = '21(x; t) (33)

23



� à¥§ã«ìâ â¥ ¯®«ãç¨¬ c¨câ¥¬ã äã­ªæ¨®­ «ì­ëå ãà ¢­¥­¨©

'20(x; t) + P ['10(x; t); '20(x; t)] = 0;5g(x; t);

'10(x; t) +Q['10(x; t); '20(x; t)] = �0;5h(x; t);
(34)

£¤¥

P ['10(x; t); '20(x; t)] = 0;5
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S
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ikj (y; x)k
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��

dsy;

Q['10(x; t); '20(x; t)] = �0;5
ZZ
S
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(3)
ikj (y; x)k

Z 1=c2i
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�'10(y; t� r�)d�
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+
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1X

i=0

(�1)i
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q=1

kG
(q)
ikj(y; x)k'20

�
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r

cqi
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4X
q=3

kG
(q)
ikj(y; x)k
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@t
'20

�
y; t�

r

c5�q;i

�
+

+kG(7)
ikj(y; x)k

Z 1=c2i

1=c1i

�'20(y; t� r�)d�
��
dsy;

g(x; t) = �[u�01(x; t) + U
�

0 (x; t)] + [u+11(x; t) + U
+

1 (x; t)];

h(x; t) = N+
x1[u11(x; t) + U 1(x; t)]�N�

xo[u01(x; t) + U 0(x; t)]:

�à ¢ë¥ ç câ¨ ãà ¢­¥­¨© (34) ï¢«ïîâcï ­¥¯à¥àë¢­ë¬¨ äã­ªæ¨ï¬¨ ­  S ¢¢¨¤ã ¢ë¯®«­¥­¨ï
ãc«®¢¨© (3). �à ¢­¥­¨ï ¨¬¥îâ å à ªâ¥à ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¯® ¯¥à¥¬¥­­®©
t ([22], c. 105) ¨ c¨­£ã«ïà­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨© ¯® ¯¥à¥¬¥­­®© x = (x1; x2; x3) [23].

�«ï à¥è¥­¨ï ¯à¨¬¥­¨¬ ¬¥â®¤ ¯®c«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© [11], [22]

'20(x; t) = 0;5g(x; t); '10(x; t) = �0;5h(x; t); (35)

'
(n)
20 (x; t) = �P ['(n�1)

10 (x; t); '(n�1)
20 (x; t)] + 0;5g(x; t);

'
(n)
10 (x; t) = �Q['(n�1)

10 (x; t); '(n�1)
20 (x; t)]� 0;5h(x; t); (36)

'20(x; t) = lim
n!1

'
(n)
20 (x; t); '10(x; t) = lim

n!1
'
(n�1)
10 (x; t): (37)

�å®¤¨¬®câì ¯à¥¤¥«®¢ (37) íª¢¨¢ «¥­â­  cå®¤¨¬®câ¨ àï¤®¢

'
(0)
10 (x; t) +

1X
n=1

['(n)
10 (x; t)� '

(n�1)
10 (x; t)]; '

(0)
20 +

1X
n=1

['(n)
20 (x; t)� '

(n�1)
20 (x; t)]: (38)

�¥à¥å®¤ï ª cª «ïà­ë¬ ª®¬¯®­¥­â ¬ àï¤®¢ (38) ¯à¨ ãç¥â¥ ãc«®¢¨© (29), (30), ãáâ ­ ¢«¨¢ ¥¬,

çâ® ®­¨ ¬ ¦®à¨àãîâcï àï¤ ¬¨
1P
n=1

Lqn1 ,
1P
n=1

Lqn2 , â. ¥. àï¤ë (38) cå®¤ïâcï  ¡c®«îâ­® ¨ à ¢­®¬¥à­®

¢ â®çª å £« ¤ª®câ¨ ¯®¢¥àå­®câ¨ S. �ë¯®«­ïï ¯à¥¤¥«ì­ë© ¯¥à¥å®¤ ¢ (36) ¯à¨ n!1, ã¡¥¦¤ ¥¬cï
¢ â®¬, çâ® (35){(37) ï¢«ï¥âcï à¥è¥­¨¥¬ c¨câ¥¬ë ãà ¢­¥­¨© (34).
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