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�  ï à ¡®â  ¯®á¢ïé¥  ¯®áâà®¥¨î à¥è¥¨© ¥áª®«ìª¨å  ç «ì®-ªà ¥¢ëå § ¤ ç ¢ ¯®«ã-
¯à®áâà áâ¢¥ x 2 R+

2 = fx = (x1; x2) j x1 2 R, 0 < x2 < 1g (¢à¥¬ï t > 0), ®¯¨áë¢ îé¨å ¬ «ë¥
ª®«¥¡ ¨ï ¢ï§ª®© áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ ¨ ¨§ãç¥¨î £« ¤ª®áâ¨ íâ¨å à¥è¥¨©. �á®¡®¥
¢¨¬ ¨¥ ã¤¥«¥®   «¨§ã ¤¨ ¬¨ª¨ à §àë¢®¢ ¢  ç «ìëå ¨«¨ £à ¨çëå ãá«®¢¨ïå.

� áá¬®âà¨¬  ç «ì®-ªà ¥¢ãî § ¤ çã ¤«ï «¨¥ à¨§¨à®¢ ®© á¨áâ¥¬ë ãà ¢¥¨© ¯«®áª®£®
¤¢¨¦¥¨ï ¢ï§ª®© áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨
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�
U = 0; (1)

£¤¥ A = faklg, 1 � k; l � 4; a11 = a22 = @
@t
� ��, am4 = a4m = @

@xm
, m = 1; 2; a33 = @

@t
; a23 = g; a32 =

�w2

0

g
; a12 = a13 = a21 = a31 = a34 = a43 = a44 = 0, U(x; t) = fU1(x; t); U2(x; t); U3(x; t); U4(x; t)g>;

x 2 R+
2 , t > 0, £¤¥ U1, U2 | ª®¬¯®¥âë ¢¥ªâ®à  áª®à®áâ¨ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ¢¥àâ¨ª «ì®©

¯«®áª®áâ¨, U3 | ®âª«®¥¨¥ ¯«®â®áâ¨ ®â áâ æ¨® à®©, U4 | ¤ ¢«¥¨¥ ¢ â®çª¥ x ¢ ¬®¬¥â t;
� | ª®íää¨æ¨¥â ¢ï§ª®áâ¨ ¦¨¤ª®áâ¨, !0 | ç áâ®â  �¥©á¥«ï{�à¥â , g | ãáª®à¥¨¥ á¢®¡®¤®£®
¯ ¤¥¨ï.

� ¥¥ ¤«ï á¨áâ¥¬ë (1) ¨§ãç¥ë  á¨¬¯â®â¨ª  à¥è¥¨ï § ¤ ç¨ �®è¨ ¯à¨ t ! 1 ¨ ¤¨ ¬¨ª 
à §àë¢   ç «ì®£® ãá«®¢¨ï [1]. �á®¢®© § ¤ ç¥© íâ®© à ¡®âë ï¢«ï¥âáï ¨§ãç¥¨¥ ¤¨ ¬¨ª¨
à §àë¢  à¥è¥¨ï  ç «ì®-ªà ¥¢®© § ¤ ç¨ ¢ ¯®«ã¯à®áâà áâ¢¥, ¯®à®¦¤¥®£® à §àë¢ ¬¨ £à -
¨çëå «¨¡®  ç «ìëå äãªæ¨©.

�¨áâ¥¬  (1) ¨§ãç ¥âáï ¯à¨  ç «ìëå ãá«®¢¨ïå

Uk(x; t)jt=+0 = 0; k = 1; 2; U3(x; t)jt=+0 =

(
1 ¯à¨ x21 + (x2 � 2R)2 < R2;

0 ¯à¨ x21 + (x2 � 2R)2 � R2
(2)

¨ £à ¨çëå

U1jx2=+0 = 0; U4jx2=+0 = 0: (3)

�à¨ ¯®¬®é¨ \¬¥â®¤  ®âà ¦¥¨ï" § ¤ ç  (1){(3) ¬®¦¥â ¡ëâì á¢¥¤¥  ª § ¤ ç¥ ¢ S0(R) [2]

AV = F = f0; 0;V0;3(x)�(t); 0g>; (4)

£¤¥ > | § ª âà á¯®¨à®¢ ¨ï, V0;3 | ç¥â®¥ ¯à®¤®«¦¥¨¥   x2 < 0 äãªæ¨¨ ¨§  ç «ì®£®
ãá«®¢¨ï (2) ¤«ï U3(x; t).
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�¥è¥¨¥ § ¤ ç¨ (4) ¬®¦® § ¯¨á âì ¢ ¢¨¤¥

V (x; t) =
1

(2�)2

Z
R2

e�i(x;s)
�
gs1s2
jsj2 ;

�gs21
jsj2 ; 2 + �jsj2; 2 + �jsj2

�>
e1t � e2t

1 � 2
f0(s)ds+

+
1

(2�)2

Z
R2

e�i(x;s)e1t
�
0; 0; 1;

gis2
jsj2

�>
f0(s)ds:

�¥®à¥¬  1. �®¬¯®¥âë V1(x; t), V2(x; t), V4(x; t) à¥è¥¨ï § ¤ ç¨ (4) ï¢«ïîâáï ¥¯à¥àë¢-

ë¬¨ ®£à ¨ç¥ë¬¨ äãªæ¨ï¬¨ á¢®¨å  à£ã¬¥â®¢. �®¬¯®¥â  V3(x; t) à¥è¥¨ï ¯à¥¤áâ ¢¨¬ 
¢ ¢¨¤¥ V3(x; t) = V0;3(x) + V �(x; t), £¤¥ V �(x; t) | ¥¯à¥àë¢ ï ®£à ¨ç¥ ï äãªæ¨ï,   V0;3(x)
| ¥ç¥â®¥ ¯à®¤®«¦¥¨¥   x2 < 0  ç «ì®© äãªæ¨¨ ¨§ (2) ¤«ï ª®¬¯®¥âë U3(x; t).

� ¬¥ç ¨¥. �â®¡ë ¯¥à¥©â¨ ®â äãªæ¨© Vi(x; t) ª ª®¬¯®¥â ¬ à¥è¥¨ï ¨áå®¤®© § ¤ ç¨
Ui, ã¦® Vi á ¯à®áâà áâ¢  L2(R3) áã§¨âì   ¯à®áâà áâ¢® L2(R�(0;1)�(0;1)). �á¥ á¢®©áâ¢ ,
¤®ª § ë¥ ¤«ï Vi(x; t), ®ç¥¢¨¤®, á¯à ¢¥¤«¨¢ë ¨ ¤«ï Ui(x; t).

� «¥¥ ¨§ãç¨¬ á¨áâ¥¬ã (1) ¯à¨  ç «ìëå ãá«®¢¨ïå

Ukjt=+0 = 0; k = 1; 2; 3; U1jx2=+0 = v0(x1; t); U4jx2=+0 = p0(x1; t): (5)

� ¯®¬®éìî ç¥â®£®/¥ç¥â®£® ¯à®¤®«¦¥¨ï   x2 < 0 § ¤ ç  (1), (5) á¢®¤¨âáï ª ®¡®¡é¥®©
§ ¤ ç¥ �®è¨

AV = F �
�
� 2�v0(x1; t)

@

@x2
�(x2);�2�w0(x1; t)�(x2); 0; 0

�>
: (6)

�¢¥¤¥¬ ®¡®§ ç¥¨ï

u1(s; t) =
is32
jsj2

@h

@t
�
(t)
bv0 � s1s2

jsj2 �
(t)
bw0; u2(s; t) = � is1s

2
2

jsj2
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@t
�
(t)
bv0 + s1s2

jsj2
@h

@t
�
(t)
bw0;

u3(s; t) =
w2

0

g

�
� is1s

2
2

jsj2 h �
(t)
bv0 + s21

jsj2h �
(t)
bw0

�
;

u4(s; t) = w2
0

�
� s31s2

jsj4 h �
(t)
bv0 � s1s2

jsj2 h �
(t)
bv0 + is21

jsj4h �
(t)
bw0

�
;

£¤¥ h(x; t) = e1t�e2t

1�2
, bg(s1; t) = F�1x1!s1

[g(x1; t)],

Vk(x; t) = �2�F�1s!x[uk(s; t)]; k = 1; 2; 3; 4: (7)

�¥®à¥¬  2. �¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ®æ¥ª¨ ª®¬¯®¥â (7) à¥è¥¨ï § ¤ ç¨ (6):

kVm(�; t)kL2(R�(0;1)) � ct
1X

k=0

�@kv0@tk


L2(R�(0;1))

+
@kw0

@t


L2(R�(0;1))

�
;

kV3(�; t)kL2(R�(0;1))+
2X

k=1

 @v4@xk
(�; t)


L2(R�(0;1))

� c
q
t(1 + t)[kv0kL2(R�(0;1))+ kw0kL2(R�(0;1))]:

�¬¥îâ ¬¥áâ® ¨ ®æ¥ª¨ ®à¬ ª®¬¯®¥â à¥è¥¨ï ¯® á®¢®ªã¯®áâ¨ ¯¥à¥¬¥ëå (x; t). �à¨¢¥-
¤¥¬,  ¯à¨¬¥à, ®æ¥ªã
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@pVm@xpn


L2(R2�(0;1))
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�DD@v0
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DD@w0

@t

EE
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�
; m; p; n = 1; 2:

�¤¥áì ¨á¯®«ì§®¢   ®à¬  ¢ ¯à®áâà áâ¢¥ W �
2 (R) �®¡®«¥¢ {�«®¡®¤¥æª®£® á ¨¤¥ªá®¬ � 2 R

hhfii� =
�Z

1

0

Z
1

�1

(1 + t)2jFx1!s1 [f(x; t)]j2(1 + s21)
�ds1dt

�1=2

:
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� áá¬®âà¨¬ ¥é¥  ç «ì®-ªà ¥¢ãî § ¤ çã ¤«ï á¨áâ¥¬ë ãà ¢¥¨© (1) ¯à¨  ç «ìëå ãá«®-
¢¨ïå

U1(x; t)jt=+0 = 0; U2(x; t)jt = +0; U3(x; t)jt=+0 = 0; (8)

¨ ãá«®¢¨ïå   £à ¨æ¥

U4jx2=+0 = g(t)1[�1;1](x1); U1jx2=+0 = 0; §¤¥áì 1[�1;1](x1) =

(
1; x1 2 [�1; 1];
0; x1 =2 [�1; 1]: (9)

� ¯®¬®éìî \¬¥â®¤  ®âà ¦¥¨ï" ¯à®¤®«¦ ¥¬ à¥è¥¨¥ § ¤ ç¨ (1), (8), (9)   x2 < 0 ¨ ¯¥à¥-
å®¤¨¬ ª ®¡®¡é¥®© § ¤ ç¥ �®è¨

AV = Ff0;�2�g(t)1[�1;1](x1)�(x2); 0; 0g>: (10)

�¥è¥¨¥ § ¤ ç¨ (10) ¬®¦¥â ¡ëâì ¯®áâà®¥® ¢ ï¢®¬ ¢¨¤¥ á ¯®¬®éìî ¯à¥®¡à §®¢ ¨ï �ãàì¥.

�¥®à¥¬  3. �á«¨ g(t); @g
@t
2 L2(0;1), â® à¥è¥¨¥ § ¤ ç¨ (10) fV1(x; t); V2(x; t); V3(x; t), V4(x; t))g>

áãé¥áâ¢ã¥â, ¨ á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ®æ¥ª¨:

kV1(�; t)kL2(R�(0;1))+ kV2(�; t)kL2(R�(0;1)) � c
p
t

�
kgkL2(R�(0;1))+

@g@t

L2(R�(0;1))

�
;

kV (�; t)kL2(R�(0;1))+ kV4(�; t)kL2(R�(0;1)) � c
p
tkgkL2(R�(0;1)):

�®¬¯®¥âë Vk(x; t) à¥è¥¨ï ï¢«ïîâáï ¥¯à¥àë¢ë¬¨, ®£à ¨ç¥ë¬¨ äãªæ¨ï¬¨ á¢®¨å

 à£ã¬¥â®¢.

� ª¨¬ ®¡à §®¬, ¢ ®â«¨ç¨¥ ®â à §àë¢  ¢  ç «ìëå ãá«®¢¨ïå (2), à §àë¢   £à ¨æ¥ x2 = 0
¢ ãá«®¢¨ïå (9) á£« ¦¨¢ ¥âáï ¯à¨ x2 > 0.
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