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1. �®áâ ­®¢ª  § ¤ ç ¨ ®á­®¢­ë¥ à¥§ã«ìâ âë

�¢ã¬¥à­ë¥ á¯¥ªâà «ì­ë¥ § ¤ ç¨ ¤«ï á¨­£ã«ïà­ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥­¨© ¨§ãç îâáï
¢ [1]. �¤­ ª® ¨å ¬­®£®¬¥à­ë¥  ­ «®£¨, ª ª ­ ¬ ¨§¢¥áâ­®, ­¥ ¨áá«¥¤®¢ ­ë.

�ãáâì D" | ª®­¥ç­ ï ®¡« áâì ¥¢ª«¨¤®¢  ¯à®áâà ­áâ¢  Em+1 â®ç¥ª (x1; : : : ; xm; t), ®£à ­¨ç¥­-
­ ï ¯®¢¥àå­®áâï¬¨ jxj = t+", jxj = 1�t ¨ ¯«®áª®áâìî t = 0, £¤¥ jxj| ¤«¨­  ¢¥ªâ®à  (x1; : : : ; xm),
0 6 t 6 (1� ")=2,   0 6 " < 1. � áâ¨ íâ¨å ¯®¢¥àå­®áâ¥©, ®¡à §ãîé¨å £à ­¨æã @D" ®¡« áâ¨ D",
®¡®§­ ç¨¬ á®®â¢¥âáâ¢¥­­® ç¥à¥§ S", S1 ¨ S.

� ®¡« áâ¨ D" à áá¬®âà¨¬ ãà ¢­¥­¨¥ �©«¥à {� à¡ã{�ã áá®­ 

L�u � �xu� utt � �

t
ut = �u; (1)

£¤¥ �x | ®¯¥à â®à � ¯« á  ¯® ¯¥à¥¬¥­­ë¬ x1; : : : ; xm, m > 2, �, � | ¤¥©áâ¢¨â¥«ì­ë¥ ç¨á« .
�¥à¥§ u�(x; t) ®¡®§­ ç¨¬ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¯à¨ ¤ ­­®¬ �.
� áá¬®âà¨¬ á«¥¤ãîé¨¥ á¯¥ªâà «ì­ë¥ § ¤ ç¨ � à¡ã{�à®ââ¥à  ¤«ï ãà ¢­¥­¨ï (1).

� ¤ ç  1. � ©â¨ ¢ ®¡« áâ¨ D" à¥è¥­¨¥ ãà ¢­¥­¨ï (1), ã¤®¢«¥â¢®àïîé¥¥ ªà ¥¢ë¬ ãá«®¢¨ï¬

u�jS = 0; u�jS" = 0 ¯à¨ � < 1; (2)
u�
ln t

���
S
= 0; u�jS" = 0 ¯à¨ � = 1; (3)

t��1u�jS = 0; u�jS" = 0 ¯à¨ � > 1: (4)

� ¤ ç  2. � ©â¨ ¢ ®¡« áâ¨ D" à¥è¥­¨¥ ãà ¢­¥­¨ï (1), ã¤®¢«¥â¢®àïîé¥¥ ªà ¥¢ë¬ ãá«®¢¨ï¬

@u�
@t

���
t=0

= 0; u�jS" = 0 ¯à¨ � > 0; (5)

lim
t!0

t�(u� � u�;1)t = 0; u�jS" = 0 ¯à¨ � < 0; (6)

£¤¥ u�;1(x; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (1) á ¤ ­­ë¬¨

u�;1(x; 0) = �(x);
@

@t
u�;1(x; 0) = 0:

� áá¬®âà¨¬ â ª¦¥ § ¤ ç¨ 1� ¨ 2�, ª®â®àë¥ á®®â¢¥âáâ¢¥­­® ®â«¨ç îâáï ®â § ¤ ç 1 ¨ 2 «¨èì
â¥¬, çâ® ¢¬¥áâ® u�jS" = 0 § ¤ ¥âáï u�jS1 = 0.

� ¤ ç  � à¡ã ¤«ï ¬­®£®¬¥à­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï

�xu� utt = 0 (7)

¯à¥¤«®¦¥­  ¢ [2].
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�«ï ¤ «ì­¥©è¥£® ã¤®¡­® ¯¥à¥©â¨ ®â ¤¥ª àâ®¢ëå ª®®à¤¨­ â x1; : : : ; xm, t ª áä¥à¨ç¥áª¨¬
r; �1; : : : ; �m�1, t.

�ãáâì fY k
n;m(�)g | á¨áâ¥¬  «¨­¥©­® ­¥§ ¢¨á¨¬ëå áä¥à¨ç¥áª¨å äã­ªæ¨© ¯®àï¤ª  n,

1 6 k 6 kn, (m� 2)!n!kn = (n+m� 3)!(2n+m� 2), � = (�1; : : : ; �m�1), W l
2(S), l = 0; 1; : : : , |

¯à®áâà ­áâ¢® �®¡®«¥¢ .
�¥à¥§ �kn(r), �

k
n(r) ®¡®§­ ç¨¬ ª®íää¨æ¨¥­âë à §«®¦¥­¨ï ¯® áä¥à¨ç¥áª¨¬ äã­ªæ¨ï¬ Y k

n;m(�)
á®®â¢¥âáâ¢¥­­® äã­ªæ¨© �(r; �), �(r; �).

�¥à¥§ H" ®¡®§­ ç¨¬ ¯à®¥ªæ¨î ®¡« áâ¨ D" ­  ¯«®áª®áâì (r; t).

�¥®à¥¬  1. � ¤ ç¨ 1 ¨ 2 ¢ ª« áá¥ C(D" n S) \ C2(D") ¤«ï ª ¦¤®£® � ¨¬¥îâ áç¥â­®¥ ¬­®-

¦¥áâ¢® á®¡áâ¢¥­­ëå äã­ªæ¨© , " = 0.

�¥®à¥¬  2. 8" > 0 ¯à¨ ª ¦¤®¬ � § ¤ ç¨ 1� ¨ 2� ¢®«ìâ¥àà®¢ë.

�à¨ � = 0 íâ¨ â¥®à¥¬ë ¤®ª § ­ë ¢ [3].

2. �à¨¢¥¤¥­¨¥ § ¤ ç 1 ¨ 2 ª ¤¢ã¬¥à­ë¬ á¯¥ªâà «ì­ë¬ § ¤ ç ¬ � à¡ã

� áä¥à¨ç¥áª¨å ª®®à¤¨­ â å ãà ¢­¥­¨¥ (1) ¨¬¥¥â ¢¨¤ [4]

urr +
m� 1
r

ur � 1
r
�u� utt � �

t
ut = �u; (8)

£¤¥ � � �
m�1P
j=1

1
gj sinm�j�1 �j

@
@�j

�
sinm�j�1 �j @

@�j

�
, g1 = 1, gj = (sin �1 : : : sin �j�1)2, j > 1. � ª ª ª ¨áª®¬®¥

à¥è¥­¨¥ u� 2 C2(D"), â® ¥£® ¬®¦­® ¨áª âì ¢ ¢¨¤¥ àï¤ 

u�(r; �; t) =
1X
n=0

knX
k=1

�k�;n(r; t)Y
k
n;m(�); (9)

£¤¥ �k�;n(r; t) | äã­ªæ¨¨, ®¯à¥¤¥«¥­­ë¥ ­¨¦¥.
�®¤áâ ¢¨¢ (9) ¢ (8), ¨á¯®«ì§ãï ®àâ®£®­ «ì­®áâì áä¥à¨ç¥áª¨å äã­ªæ¨© Y k

n;m(�) [4], ¯®«ãç¨¬
ãà ¢­¥­¨¥

L��
k
�;n � �k�;n rr +

m� 1
r

�k�;n r � �k�;n tt �
�

t
�k�;n t �

�n
r2
�k�;n = ��k�;n;

�n = n(n+m� 2); k = 1; kn; n = 0; 1; : : : ;

ª®â®à®¥ á ¯®¬®éìî § ¬¥­ë �kn(r; t) = r(1�m)=2�kn(r; t) á¢®¤¨âáï ª ãà ¢­¥­¨î

L��
k
�;n � �k�;n rr � �k�;n tt �

�

t
�k�;n t +

[(m� 1)(3 �m)� 4�n]
4r2

�k�;n = ��k�;n: (10)

� «¥¥, ¨§ ªà ¥¢ëå ãá«®¢¨© (2){(6) ¤«ï äã­ªæ¨© �k�;n(r; t) á®®â¢¥âáâ¢¥­­® ¡ã¤¥¬ ¨¬¥âì

�k�;n(r; 0) = 0; �k�;n(r; r � ") = 0; k = 1; kn; n = 0; 1; : : : ; � < 1; (11)

�k�;n
ln t

���
t=0

= 0; �k�;n(r; r � ") = 0; k = 1; kn; n = 0; 1; : : : ; � = 1; (12)

(t��1�k�;n)jt=0 = 0; �k�;n(r; r � ") = 0; k = 1; kn; n = 0; 1; : : : ; � > 1; (13)

@�k�;n
@t

���
t=0

= 0; �k�;n(r; r � ") = 0; k = 1; kn; n = 0; 1; : : : ; � > 0; (14)

lim
t!0

t�(�k�;n � �1;k�;n) = 0; �k�;n(r; r � ") = 0; k = 1; kn; n = 0; 1; : : : ; � < 0; (15)

£¤¥ �1;k�;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (10) á ¤ ­­ë¬¨

�1;k�;n(r; 0) = �kn(r);
@

@t
�1;k�;n(r; 0) = 0:
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� ª¨¬ ®¡à §®¬, § ¤ ç¨ 1 ¨ 2 á¢¥¤¥­ë ª ¤¢ã¬¥à­ë¬ á¯¥ªâà «ì­ë¬ § ¤ ç ¬ � à¡ã ¢ ®¡« -
áâ¨ H" ¤«ï ãà ¢­¥­¨ï (10). �­ «®£¨ç­ë¬ ®¡à §®¬ á¢®¤ïâáï § ¤ ç¨ 1� ¨ 2� ª á®®â¢¥âáâ¢ãîé¨¬
¤¢ã¬¥à­ë¬ á¯¥ªâà «ì­ë¬ § ¤ ç ¬ � à¡ã. �¥è¥­¨ï íâ¨å § ¤ ç ¡ã¤¥¬ ¨§ãç âì ¢ xx 4, 5.

� àï¤ã á ãà ¢­¥­¨¥¬ (10) à áá¬®âà¨¬ ãà ¢­¥­¨¥

L0�
k
0;n � �k0;n rr � �k0;n tt +

[(m� 1)(3�m)� 4�n]
4r2

�k0;n = ��k0;n; (16)

ª®â®à®¥ á ¯®¬®éìî § ¬¥­ë � = r+t
2
; � = r�t

2
á¢®¤¨âáï ª ãà ¢­¥­¨î

M�k0;n � �k0;n �� +
[(m� 1)(3 �m)� 4�n]

4(� + �)2
�k0;n = ��k0;n: (17)

� [5], [6] à¥è¥­¨ï § ¤ ç¨ �®è¨ ¤«ï (17) á ¤ ­­ë¬¨ �k0;n(�; �) = �kn(�),
�@�k

0;n

@�
� @�k

0;n

@�

�j�=� = �kn(�),
"
2
6 � 6 1=2, ¯à¨¢¥¤¥­ë ª ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î �®«ìâ¥àà  ¢â®à®£® à®¤ 

�k0;n(�; �) =
1
2
�kn(�)R(�; �; �; �) +

1
2
�kn(�)R(�; �; �; �) +

+
1p
2

Z �

�

�
�kn(�1)R(�1; �1; �; �)� �kn(�1)

@

@N
R(�1; �1; �; �)j�1=�1

�
d�1 +

+ �

Z �

1=2

Z �

"=2

�k0;n(�1; �1)R(�1; �1; �; �)d�1d�1; (18)

£¤¥ �kn(�) = (2�)(m�1)=2�kn(2�), �
k
n(�) =

p
2(2�)(m�1)=2�kn(2�),

R(�1; �1; �; �) = P�1

�
(�1 � �1)(� � �) + (�� + �1�1)

(�1 + �1)(� + �)

�
= P�1(z)

| äã­ªæ¨ï P¨¬ ­  ¤«ï ãà ¢­¥­¨ï M�k0n = 0, P�1(z) | äã­ªæ¨ï �¥¦ ­¤à , �1 = n + m�3
2
,

@
@N
j�1=�1 =( @�1@N 0

@
@�1

+ @
@N 0

@
@�1

)j
�1=�1

, N 0 | ­®à¬ «ì ª ¯àï¬®© � = � ¢ â®çª¥ (�1; �1), ­ ¯à ¢«¥­­ ï ¢

áâ®à®­ã ¯®«ã¯«®áª®áâ¨ � 6 �.

3. �ã­ªæ¨®­ «ì­ ï á¢ï§ì ¬¥¦¤ã à¥è¥­¨ï¬¨ § ¤ ç¨ �®è¨
¤«ï ãà ¢­¥­¨© (10) ¨ (16)

�à¨¢¥¤¥¬ á­ ç «  ­¥ª®â®àë¥ á¢®©áâ¢  ®¯¥à â®à  L�, ª®â®àë¥ ­¥®¡å®¤¨¬ë ¤«ï ¤ «ì­¥©è¨å
¨áá«¥¤®¢ ­¨©:

1. ¥á«¨ �� | à¥è¥­¨¥ ãà ¢­¥­¨ï L�� = ��, â® äã­ªæ¨ï

�2�� = t��1�� (19)

ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï L2��� = ��;
2. ¥á«¨ �� | à¥è¥­¨¥ ãà ¢­¥­¨ï L�� = ��, â® äã­ªæ¨ï

1
t

@��
@t

= ��+2 (20)

¡ã¤¥â à¥è¥­¨¥¬ ãà ¢­¥­¨ï L2+�� = ��;
3. o¯¥à â®à L� ®¡« ¤ ¥â á¢®©áâ¢®¬

L��� = t1��L2��(t
��1��): (21)

�ª § ­­ë¥ á¢®©áâ¢  ãáâ ­ ¢«¨¢ îâáï  ­ «®£¨ç­® â®¬ã, ª ª ®­¨ ¡ë«¨ ¤®ª § ­ë ¤«ï ãà ¢-
­¥­¨ï L�u = 0 ¢ [7].

�§ à ¢¥­áâ¢  (19) ¨¬¥¥¬

�2���2p = t�+2p�1��+2p: (22)
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�à¨¬¥­¨¢ ª (22) p à § ä®à¬ã«ã (20),   § â¥¬ (19), § ª«îç ¥¬

�2�� =
�
1
t

@

@t

�p

(t�+2p�1��+2p): (23)

�â® á®®â­®è¥­¨¥ ï¢«ï¥âáï äã­¤ ¬¥­â «ì­®© ä®à¬ã«®© [7] ¤«ï à¥è¥­¨ï § ¤ ç¨ �®è¨.
�ãáâì p > 0, q > 0 | ­ ¨¬¥­ìè¨¥ æ¥«ë¥ ç¨á« , ã¤®¢«¥â¢®àïîé¨¥ ­¥à ¢¥­áâ¢ ¬ k+2p > m�1,

2� k + 2q > m� 1.

�â¢¥à¦¤¥­¨¥ 1. �á«¨ �2;k0;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (16), ã¤®¢«¥â¢®àï-
îé¥¥ ãá«®¢¨î

�2;k0;n(r; 0) = 0;
@

@t
�2;k0;n(r; 0) = �kn(r);

â® äã­ªæ¨ï

�2;k2;n(r; t) = 
��t
��

Z 1

0

�2;k0;n(r; �t)�(1 � �2)�
�
2
�1d� � 
���

�
��

2

�
D

�=2
0t2 �

2;k
0;n(r; t) (24)

¯à¨ � < 0 ¡ã¤¥â à¥è¥­¨¥¬ ãà ¢­¥­¨ï (10), ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î

�2;k�;n(r; 0) = 0; lim
t!0

t�
@

@t
�2;k�;n = �kn(r): (25)

�á«¨ ¦¥ 0 < � < 1, â® äã­ªæ¨ï

�2;k�;n(r; t) = 
2�k+2q

�
1
t

@

@t

�q�
t1�k+2q

Z 1

0
�1;k0;n(r; �t)(1 � �2)q�

�
2 d�

�
�

� 
2��+2q2
q�1�

�
q � �

2
+ 1

�
D

�
2
�1

0t2

�
�1;k0;n(r; t)

t

�
(26)

ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï (10) á ­ ç «ì­ë¬¨ ¤ ­­ë¬¨ (25), £¤¥
p
��(�

2
)
� = 2�(�+1

2
), �(z)

| £ ¬¬ -äã­ªæ¨ï, D�
0t | ®¯¥à â®à �¨¬ ­ {�¨ã¢¨««ï [7],   �1;k0;n(r; t) | à¥è¥­¨¥ ãà ¢­¥­¨ï (16)

á ­ ç «ì­ë¬ ãá«®¢¨¥¬ �1;k0;n(r; 0) =
�kn(r)

(1��)(3��):::(2q+1��)
, @

@t
�1;k0;n(r; 0) = 0.

�â¢¥à¦¤¥­¨¥ 2. �á«¨ �1;k0;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (16), ã¤®¢«¥â¢®àï-
îé¥¥ ãá«®¢¨î

�1;k0;n(r; 0) = �kn(r);
@

@t
�1;k0;n(r; 0) = 0; (27)

â® äã­ªæ¨ï

�1;k�;n(r; t) = 
�

Z 1

0

�1;k0;n(r; �t)(1 � �2)
�
2
�1d� � 2�1
��

�
�

2

�
t1��D

��=2
0t2

�
�1;k0;n(r; t)

t

�
(28)

¯à¨ � > 0 ¥áâì à¥è¥­¨¥ ãà ¢­¥­¨ï (10), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î (27).

�â¢¥à¦¤¥­¨¥ 3. �á«¨ �1;k0;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (16), ã¤®¢«¥â¢®àï-
îé¥¥ ãá«®¢¨î (27), â® äã­ªæ¨ï

�1;k1;n(r; t) =
Z 1

0

�1;k0;n(r; �t)(1 � �2)
1

2 ln [t(1� �2)]d� (29)

ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï L1� = �� á ­ ç «ì­ë¬¨ ¤ ­­ë¬¨
�1;k
1;n

ln t
jt=0 = �kn(r).
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�¯à ¢¥¤«¨¢®áâì ¯à¨¢¥¤¥­­ëå ãâ¢¥à¦¤¥­¨© ãáâ ­ ¢«¨¢ ¥âáï  ­ «®£¨ç­® ¨å ¤®ª § â¥«ìáâ¢ã
¤«ï ãà ¢­¥­¨ï L�u = 0 ¨ ¢®«­®¢®£® ãà ¢­¥­¨ï (7) ([8], [9], [10]).

�à¨¢¥¤¥¬ ­¥ª®â®àë¥ á«¥¤áâ¢¨ï ¨§ ãâ¢¥à¦¤¥­¨© 2, 3. �­ ç «  à áá¬®âà¨¬ á«ãç © � < 0,
� 6= �(2r + 1), r = 0; 1; : : : �á«¨ �1;k0;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (16) á ¤ ­­ë¬¨

�1;k0;n(r; 0) =
�kn(r)

(1� �) : : : (�+ 2p� 1)
;

@

@t
v1;k0;n(r; 0) = 0; (30)

â® ¨§ ãâ¢¥à¦¤¥­¨ï 2 á«¥¤ã¥â, çâ® äã­ªæ¨ï

�1;k�+2p;n(r; t) = 
�+2p

Z 1

0
�1;k0;n(r; �t)(1 � �2)

�
2
+2p�1d�

ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï L�+2p� = ��, ã¤®¢«¥â¢®àïîé¨¬ ­ ç «ì­®¬ã ãá«®¢¨î (30).
�®£¤  ¨§ á®®â­®è¥­¨© (23) ¨ (19) ¢ëâ¥ª ¥â, çâ® äã­ªæ¨ï

�1;k�;n(r; t) = t1��
�
1
t

@

@t

�p

(t�+2p�1�1;k�+2p;n) � 
k+2p2p�1�
�
�

2
+ p

�
t1��D

�
�
2

0t2

�
�1;k0;n(r; t)

t

�
(31)

¥áâì à¥è¥­¨¥ ãà ¢­¥­¨ï (10) ¨ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (27).
�ãáâì â¥¯¥àì � = �(2r + 1). �á«¨ �1;k0;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï (16) á ¤ ­­ë¬¨ (27),

â® ¨§ (19), (23) ¨ ãâ¢¥à¦¤¥­¨ï 3 ­¥âàã¤­® ¯®«ãç¨âì, çâ® äã­ªæ¨ï

�1;k
�(2r+1);n(r; t) = t2(r+1)

�
1
t

@

@t

�r+1�Z 1

0

�1;k0;n(r; �t)(1� �2)�
1

2 ln(t(1� �2))d�
�

(32)

ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ �®è¨ ¤«ï L�(2r+1)� = ��, ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î (27).
�á¯®«ì§ãï ([11], «¥¬¬  1.14.2), § ¯¨è¥¬ á®®â­®è¥­¨¥ (32), ¢ ¢¨¤¥

�1;k
�(2r+1);n(r; t) =

a

2
t2(r+1)D

1

2
+r

0t2

�
�1;k0;n(r; t)

t

�
d�; (33)

a =
1
2
�0(1)� �0( 1

2
)p

�
� ln t:

4. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1 ¤«ï § ¤ ç 1 ¨ 2

�ãáâì " = 0. � áá¬®âà¨¬ § ¤ çã 1 ¢ á«ãç ¥ � < 1. �ç¨âë¢ ï ä®à¬ã«ë (24), (26),   â ª¦¥
®¡à â¨¬®áâì D�

0t ([7], [11]), á¢¥¤¥¬ § ¤ çã (10), (11) ª á¯¥ªâà «ì­®© § ¤ ç¥ � à¡ã ¤«ï ãà ¢­¥­¨ï
(16) á ¤ ­­ë¬¨

�k0;n(r; 0) = 0; �k0;n(r; r) = 0; k = 1; kn; n = 0; 1; : : : ; 0 6 r 6 1: (34)

� [6] ¤®ª § ­®, çâ® § ¤ ç  (16), (34) ¯à¨¢®¤¨âáï ª ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î �®«ìâ¥àà  ¢â®à®£®
à®¤  ¢¨¤ 

�k0;n(�; �) = �

Z 1

2

�

Z �

0

�k0;n(�1; �1)P�1(z)d�1d�1 + fkn(�; �); (35)

fkn(�; �) =
1p
2

Z �

�
��1P�1

�
�21 + ��

�1(� + �)

�
d�1d�1; � = �1 � 2(s+ 1) >

m� 1
2

; s = 0; 1; : : :

�«¥¤®¢ â¥«ì­®, ãç¨âë¢ ï ãâ¢¥à¦¤¥­¨e 1, ­ ©¤¥¬ ­¥âà¨¢¨ «ì­ë¥ à¥è¥­¨ï § ¤ ç¨ (10), (11)
¢ ª« áá¥ C(H0) \ C2(H0), ¯à¨ íâ®¬ �k�;n(r; t) � 0, k = 1; kn, n = 0; 1, ¨ �k�;n(r; t) 6= 0, k = 1; kn,
n = 2; 3; : : :
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� á«ãç ¥ � = 1 à¥è¥­¨¥ § ¤ ç¨ (10), (12) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ �k1;n = �1;k1;n + �2;k1;n, £¤¥ �
2;k
1;n(r; t)

| à¥è¥­¨¥ á¯¥ªâà «ì­®© § ¤ ç¨ � à¡ã ¤«ï (10) á ãá«®¢¨¥¬

@

@t
�1;k1;n(r; 0) = 0; �2;k1;n(r; r) = ��2;k1;n(r; r): (36)

�®£¤  ¢ á¨«ã (18), (29) ¯®«ãç¨¬ �2;k1;n(r; t) � 0. �­ «®£¨ç­®, ª ª ¢ á«ãç ¥ � < 1, § ¤ ç  (10), (36)
á¢®¤¨âáï ª § ¤ ç¥ ¤«ï (16) á ¤ ­­ë¬¨

@

@t
�1;k0;n(r; 0) = 0; �2;k0;n(r; r) = 0; k = 1; kn; n = 0; 1; : : : ; (37)

à¥è¥­¨¥ ª®â®à®© ®¯à¥¤¥«ï¥âáï ¨§ ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï (35) ([6]), £¤¥ ¢ íâ®¬ á«ãç ¥

fkn(�; �) =
1
2
(�� + ��)� � � �

2(� + �)

Z �

�

��1P
0

�1

�
�21 + ��

�1(� + �)

�
d�; (38)

� = �1 � 2s >
(m+ 3)

2
; s = 0; 1; : : :

�«¥¤®¢ â¥«ì­®, § ¤ ç  (10), (12) â ª¦¥ ¨¬¥¥â ­¥­ã«¥¢ë¥ à¥è¥­¨ï.
� á¨«ã á¢®©áâ¢  (21) ®¯¥à â®à  L�,   â ª¦¥ á ãç¥â®¬ ä®à¬ã«ë (19) § ¤ ç  (10), (13) á¢®¤¨âáï

ª ¨áá«¥¤®¢ ­­®¬ã á«ãç î � < 1.
� ª¨¬ ®¡à §®¬, ¨§ (35), (38) ¢ëâ¥ª ¥â, çâ® ¥á«¨ " = 0, â® § ¤ ç  1 ¤«ï ª ¦¤®£® � ¨¬¥¥â

áç¥â­®¥ ¬­®¦¥áâ¢® á®¡áâ¢¥­­ëå äã­ªæ¨© ¢¨¤ 

u(r; �; t) =
1X
n=3

knX
k=1

n�lr
1�m
2 �k�;n(r; t)Y

k
n;m(�): (39)

�­ «®£¨ç­®, ª ª ¢ [12], [13], ¬®¦­® ¯®ª § âì, çâ® ¯®«ãç¥­­®¥ à¥è¥­¨¥ (38) ¯à¨­ ¤«¥¦¨â
ª« ááã C(D0 n S) \ C2(D0), ¥á«¨ l > 3m

2
.

�¥¯¥àì à áá¬®âà¨¬ § ¤ çã 2, ª®â®à ï á¢¥¤¥­  ª § ¤ ç ¬ (10), (14) ¨ (10), (15). �á«¨ � > 0,
â® ¨§ (28) á«¥¤ã¥â, çâ® § ¤ ç  (10), (14) á¢®¤¨âáï ª § ¤ ç¥ � à¡ã ¤«ï ãà ¢­¥­¨ï L0�

k
0;n = ��k0;n

á ¤ ­­ë¬¨ (37), à¥è¥­¨¥ ª®â®à®© â ª¦¥ ­¥âà¨¢¨ «ì­®¥ [6]. �à¨ � < 0, � 6= �(2r + 1), à¥è¥­¨¥
§ ¤ ç¨ (10), (15) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ �k�;n = �1;k�;n + �2;k�;n, £¤¥ �

2;k
�;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ �®è¨

¤«ï ãà ¢­¥­¨ï (10) á ¤ ­­ë¬¨

�2;k�;n(r; 0) = 0; lim
t!0

t�
@

@t
�2;k�;n = 0; (40)

  �1;k�;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ � à¡ã ¤«ï (10) á ãá«®¢¨¥¬ (36). � ¤ ç  (10), (40) ¨§ãç¥­  ¢ x 3 ¨
â. ª. �kn(r) � 0, â® ¨§ (18), (24) á«¥¤ã¥â �2;k�;n(r; t) � 0. � ¤ ç  (10), (36) ¢ á¨«ã (31) ¯à¨¢®¤¨âáï
ª § ¤ ç¥ � à¡ã ¤«ï L0�

1;k
0;n = ��1;k0;n á ¤ ­­ë¬¨ (37), ¨¬¥îé¥© â ª¦¥ ­¥­ã«¥¢ë¥ à¥è¥­¨ï [6].

�«¥¤®¢ â¥«ì­®, ãç¨âë¢ ï ãâ¢¥à¦¤¥­¨¥ 2, ¯®«ãç¨¬ ­¥âà¨¢¨ «ì­ë¥ à¥è¥­¨ï § ¤ ç (10), (14) ¨
(10), (15) ¯à¨ � < 0; � 6= �(2r + 1).

�á«¨ � = �(2r + 1), â® à¥è¥­¨¥ § ¤ ç¨ (10), (15) ¨é¥¬ ¢ ¢¨¤¥ �k�;n = �1;k�;n + �2;k�;n, £¤¥ �
2;k
�;n(r; t)

| à¥è¥­¨¥ § ¤ ç¨ �®è¨ (10), (40),   �1;k�;n(r; t) | à¥è¥­¨¥ § ¤ ç¨ � à¡ã ¤«ï (10) á ãá«®¢¨¥¬ (36).
� ª ª ª �2;k�;n(r; t) � 0, â® ¢ á¨«ã (33) § ¤ ç  (10), (36) á¢®¤¨âáï ª § ¤ ç¥ � à¡ã ¤«ï L0�

1;k
0;n = ��1;k0;n á

¤ ­­ë¬¨ (37), à¥è¥­¨¥ ª®â®à®© ­¥âà¨¢¨ «ì­®¥ [6]. �­ ç¨â, ¢ íâ®¬ á«ãç ¥ § ¤ ç  (10), (15) â ª¦¥
¨¬¥¥â ­¥­ã«¥¢ë¥ à¥è¥­¨ï.

� ª¨¬ ®¡à §®¬, ¥á«¨ " = 0, ãáâ ­®¢«¥­®, çâ® § ¤ ç  2 ¯à¨ «î¡®¬ � ¨¬¥¥â áç¥â­®¥ ¬­®¦¥áâ¢®
á®¡áâ¢¥­­ëå äã­ªæ¨© ¢¨¤  (39), £¤¥ �k�;n(r; t) ®¯à¥¤¥«ïîâáï ¨§ ¤¢ã¬¥à­ëå á¯¥ªâà «ì­ëå § ¤ ç
� à¡ã. �¥à¢ ï ç áâì â¥®à¥¬ë ¤®ª § ­ .

�¥¯¥àì ¯¥à¥å®¤¨¬ ª® ¢â®à®© ç áâ¨ â¥®à¥¬ë. �ãáâì § ¤ ç  1 ¨ 2 ¤«ï ª ¦¤®£® � ¨¬¥¥â áç¥â­®¥
¬­®¦¥áâ¢® á®¡áâ¢¥­­ëå äã­ªæ¨©. �®ª ¦¥¬, çâ® " = 0. �à¥¤¯®«®¦¨¬ ¯à®â¨¢­®¥, â. ¥. " > 0.
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� áá¬®âà¨¬ § ¤ çã 1 ¨ á«ãç © � < 1. �®£¤  § ¤ ç  (10), (11) ¯à¨¢®¤¨âáï ª § ¤ ç¥ � à¡ã ¤«ï
(16) á ¤ ­­ë¬¨ �k0;n(r; 0) = 0, �k0;n(r; r � ") = 0, ª®â®à ï ¨¬¥¥â ­ã«¥¢®¥ à¥è¥­¨¥ [5].

� á«ãç ¥ � = 1 § ¤ ç  (10), (12) á¢®¤¨âáï ª § ¤ ç¥ � à¡ã ¤«ï (16) á ãá«®¢¨¥¬ @
@t
�1;k0;n(r; 0) = 0,

�1;k0;n(r; r � ") = 0, ¨¬¥îé¥© âà¨¢¨ «ì­®¥ à¥è¥­¨¥ [5].
�«ãç © � > 1 ¯à¨¢®¤¨âáï ª � < 1.
� ª¨¬ ®¡à §®¬, ¯®ª § ­®, çâ® ¥á«¨ " > 0, â® u(x; t) � 0 ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ 1 ¢ ª« áá¥

C(D" n S) \ C2(D").
�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï, çâ® ¯à¨ " > 0 § ¤ ç  2 â ª¦¥ ¨¬¥¥â ­ã«¥¢®¥ à¥è¥­¨¥. �â® ¯à¨¢®-

¤¨â ª ¯à®â¨¢®à¥ç¨î. �

5. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 2

� áá¬®âà¨¬ § ¤ çã 1� ¨ ¯ãáâì � < 1. � íâ®¬ á«ãç ¥ § ¤ ç  1� ¯à¨¢®¤¨âáï ª á¯¥ªâà «ì-
­®© § ¤ ç¥ � à¡ã ¤«ï ãà ¢­¥­¨ï (10) á ¤ ­­ë¬¨ �k�;n(r; 0) = 0, �k�;n(r; 1 � r) = 0, k = 1; kn,
n = 0; 1; : : : , ª®â®à ï á¢®¤¨âáï ª ªà ¥¢®© § ¤ ç¥ ¤«ï (16) á ãá«®¢¨ï¬¨

�k0;n(r; 0) = 0; �k0;n(r; 1 � r) = 0; " 6 r 6 1: (41)

�à¨ � = 1 § ¤ ç  1�  ­ «®£¨ç­® ¯à¨¢®¤¨âáï ª § ¤ ç¥ � à¡ã ¤«ï (16) á ¤ ­­ë¬¨

@

@t
�k0;n(r; 0) = 0; �k0;n(r; 1 � r) = 0; " 6 r 6 1: (42)

�á«¨ " = 0 ¨«¨ " > 0, â®, ª ª ¯®ª § ­® ¢ [6] ¨ [5], § ¤ ç¨ (16), (41) ¨ (16), (42) ¨¬¥îâ ­ã«¥¢ë¥
à¥è¥­¨ï.

�«ãç © � > 1 á¢®¤¨âáï ª � < 1.
� ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ® u(r; �; t) � 0 ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ 1�.
�¥®à¥¬  2 ¤«ï § ¤ ç¨ 1� ¤®ª § ­ . �¥ á¯à ¢¥¤«¨¢®áâì ¤«ï § ¤ ç¨ 2� ãáâ ­ ¢«¨¢ ¥âáï
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