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�ãáâì E+
2 | ¯®«ã¯«®áª®áâì y > 0 ¥¢ª«¨¤®¢®© ¯«®áª®áâ¨ E2 â®ç¥ª (x; y), Di | á¨¬¬¥âà¨ç ï

®â®á¨â¥«ì® ª®®à¤¨ â®© ®á¨ y = 0 ¢ãâà¥ïï ®¡« áâì ¢ E+
2 , ®£à ¨ç¥ ï ªà¨¢®© �, De |

¢¥èïï ®¡« áâì. �¡®§ ç¨¬ ç¥à¥§ D+
i , D

+
e ¨ �+ ç áâ¨ Di, De ¨ � á®®â¢¥âáâ¢¥®, à á¯®«®¦¥-

ë¥ ¢ E+
2 . �¡« áâì D

+
i ®£à ¨ç¥  ªà¨¢®© �+ ¨ ®âà¥§ª®¬ �(0) = [d1; d2] ª®®à¤¨ â®© ®á¨ y = 0,

®¡« áâì D+
e ®£à ¨ç¥  ªà¨¢®© �+ ¨ ç áâìî Ox n �0 ®á¨ y = 0. �à¨¢ ï �+ ¯à¨ ¤«e¦¨â ª« ááã

�2;B, ª®£¤  � 2 �2 [1].
� ®¡« áâïå D+

i ¨ D+
e à áá¬ âà¨¢ ¥âáï B-í««¨¯â¨ç¥áª®¥ ãà ¢¥¨¥

�2
Bu+ 2a

@

@x
�Bu+ b�Bu = 0; (1)

£¤¥ �B = @2

@x2
+By, By = @2

@y2
+ �

y

@

@y
, | ®¯¥à â®à �¥áá¥«ï, ç¨á«  �, a > 0 ¨ b < 0.

� à ¡®â¥ áâà®ïâáï äã¤ ¬¥â «ìë¥ à¥è¥¨ï (ä. à.) ¨ ¯®â¥æ¨ «ë â¨¯  ¯à®áâ®£® ¨ ¤¢®©®-
£® á«®¥¢ ¤«ï ãà ¢¥¨ï (1), ¢ëç¨á«ïîâáï ¯à¥¤¥«ìë¥ § ç¥¨ï ¯®â¥æ¨ «®¢ ¨ ¨å ®à¬ «ìëå
¯à®¨§¢®¤ëå   £à ¨æ¥ �+, ®á®¢ë¥ ªà ¥¢ë¥ § ¤ ç¨ ¤«ï ãà ¢¥¨ï (1) á¢®¤ïâáï ª á¨áâ¥¬¥ ¨-
â¥£à «ìëå ãà ¢¥¨© �à¥¤£®«ì¬  ¢â®à®£® à®¤  ¨ ¤®ª §ë¢ ¥âáï ¨å ®¤®§ ç ï à §à¥è¨¬®áâì.

1. �ã¤ ¬¥â «ìë¥ à¥è¥¨ï. �®¤áâa®¢ª®© �Bu = e�ax! ãà ¢¥¨¥ (1) ¬®¦® á¢¥áâ¨ ª
ãà ¢¥¨î

�B! � (a2 � b)! = 0; (2)

£¤¥ ª®íää¨æ¨¥â k2 = a2 � b > 0. �§¢¥áâ® [2], çâ® äãªæ¨ï ! = C1(k; �)e�axr�
�

2K�

2
(kr), £¤¥

Kq(t) | äãªæ¨ï � ª¤® «ì¤ , ï¢«ï¥âáï äã¤ ¬¥â «ìë¬ à¥è¥¨¥¬ (ä. à.) ãà ¢¥¨ï (2),
C1(k; �) | ®à¬¨àãîé ï ª®áâ â , § ¢¨áïé ï ®â k ¨ �, r =

p
x2 + y2. � ¬¥ïï äãªæ¨î !

ª®ªà¥âë¬ § ç¥¨¥¬, ¯®«ãç ¥¬ ¥®¤®à®¤®¥ ãà ¢¥¨¥

�Bu = C1(k; �)e
�axr�

�

2K�

2
= F (x; y): (3)

�§¢¥áâ® [3], çâ® ä. à. ãà ¢¥¨ï �Bu = 0 á ®á®¡¥®áâìî ¢  ç «¥ ª®®à¤¨ â ï¢«ï¥âáï
äãªæ¨ï '�(x; y) = r��: �«ï ¯®«ãç¥¨ï ä. à. á ®á®¡¥®áâìî ¢ ¯à®¨§¢®«ì®© â®çª¥ M0(x0; y0)
¯à¨¬¥¨¬ ª äãªæ¨¨ '� ®¯¥à â®à ®¡®¡ée®£® á¤¢¨£ 

'(x; y;x0; y0) = T x0;y0
x;y '�(x; y) = C2(�)

Z �

0

((x� x0)
2 + y2 + y20 � 2yy0 cos �)

�
�

2 sin��1 � d�;

£¤¥ C2(�) = �(�+1
2

)

�( 1
2
)�(�

2
)
. �á¯®«ì§ãï áå¥¬ã, ¯à¥¤«®¦¥ãî ¢ [4], ¯®ª §ë¢ ¥¬, çâ® ä. à. ' ¬®¦®

¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

'(x; y;x0; y0) = C2(�) ln
1

rMM0

+ '��;

£¤¥ rMM0
= jMM0j =

p
(x� x0)2 + (y � y0)2, M(x; y) | ¢ãâà¥ïï â®çª  ®¡« áâ¨, '�� | à¥£ã-

«ïà ï ç áâì à¥è¥¨ï '.
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�¥è¥¨¥ ¥®¤®à®¤®£® ãà ¢¥¨ï (3) ¬®¦¥â ¡ëâì  ©¤¥® á ¯®¬®éìî á¢eàâª¨

u(x; y) = '� � F (x; y) =
ZZ

E
+

2

'(x; y; �; �)F (�; �)��d� d�:

�á¯®«ì§ãï ¯à ¢¨«® ª®¬¯®§¨æ¨¨ ï¤¥à [2], ¯®ª §ë¢ ¥¬, çâ® äãªæ¨ï u ¨¬¥¥â ¢  ç «¥ ª®®à¤¨ â
®á®¡¥®áâì ¢¨¤ 

 �(x; y) = r2�� +  ��;

£¤¥  �� | à¥£ã«ïà ï ç áâì à¥è¨ï  . �«ï ¯®«ãç¥¨ï ä. à. á ®á®¡¥®áâìî ¢ ¯à®¨§¢®«ì®©
â®çª¥ M0(x0; y0) ¯à¨¬¥¨¬ ª äãªæ¨¨  � ®¯¥à â®à ®¡®¡ée®£® á¤¢¨£ 

 (x; y;x0; y0) = T x0;y0
x;y  �(x; y) = C2(�)

Z �

0

((x� x0)2 + y2 + y20 � 2yy0 cos �)
2��

2 sin��1 � d�:

�ãªæ¨ï  ¨¬¥¥â ¢ â®çª¥ M0(x0; y0) ®á®¡¥®áâì ¢¨¤ 

 (x; y;x0; y0) = C2(�)r2MM0
ln

1
rMM0

+  ���;

£¤¥  ��� | à¥£ã«ïà ï ç áâì à¥è¥¨ï  .
2. �®â¥æ¨ «ë. �§ à¥§ã«ìâ â®¢ ¯. 1 á«¥¤ã¥â, çâ® äã¤ ¬¥â «ìë¥ à¥è¥¨ï ' ¨  ¨¬¥îâ ¢

â®çª¥ (x0; y0), y0 > 0, â ª¨¥ ¦¥ ®á®¡¥®áâ¨, çâ® ¨ ¨å ¡¨£ à¬®¨ç¥áª¨¥   «®£¨ [1]. � «®£¨ç®
ä®à¬ã« ¬, ¯à¨¢¥¤eë¬ ¢ [1], ¢¢¥¤e¬ ¯®â¥æ¨ «ë, ï¢«ïîé¨¥áï à¥è¥¨ï¬¨ ãà ¢¥¨ï (1)
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1
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+ 2 =
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2C2(�)
@'

@n
� 1
4C2(�)

@3 

@n3
;

£¤¥ � | ã£®« ¬¥¦¤ã à ¤¨ãá-¢¥ªâ®ào¬ rMP =MP ¨ ¢¥è¥© ®à¬ «ìî nP ¢ â®çª¥ P 2 �+, 1 ¨
2 | ¤®áâ â®ç® £« ¤ª¨¥ äãªæ¨¨, �(P ) ¨ �(P ) | ¯«®â®áâ¨ ¯®â¥æ¨ «®¢.

� ª ª ª ï¤à  ¯®â¥æ¨ «®¢ W1 ¨ W2 ¨¬¥îâ â ª¨¥ ¦¥ ®á®¡¥®áâ¨, çâ® ¨ ¨å ¡¨£ à¬®¨ç¥áª¨¥
  «®£¨ [1], ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  1. �á«¨ ¯«®â®áâ¨ � ¨ � | ¥¯à¥àë¢ë¥ äãªæ¨¨   �+ ¨ �+ 2 �2;B, â® ¤«ï

¯®â¥æ¨ «®¢ W1, W2 ¨ ¨å ®à¬ «ìëå ¯à®¨§¢®¤ëå ¨¬¥îâ ¬¥áâ® ¯à¥¤¥«ìë¥ c®®â®è¥¨ï

W�

1 =W1; (4)

@W�

1

@n
= �C3(�)�+

@W1

@n
; (5)
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2 = �C3(�)� +W2; (6)
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§ ª¨ \+" ¨ `�" ®¡®§ ç îâ á®®â¢¥âáâ¢¥® ¯à¥¤¥«ìë¥ § ç¥¨ï ¨§ãâà¨ ¨ ¨§¢¥ ®¡« áâ¨

D+, § ª ¢¥àå¥£® ¯®¤çeàª¨¢ ¨ï ®¡®§ ç ¥â ¯àï¬®¥ § ç¥¨¥   £à ¨æ¥ �, � | ªà¨¢¨§ 

ª®âãà  �+ ¢ â®çª¥ P0.

3. �á®¢ë¥ ªà ¥¢ë¥ § ¤ ç¨. �ãâà¥ïï ªà ¥¢ ï § ¤ ç :  ©â¨ çeâ®¥ ¯® y à¥è¥¨¥ ãà ¢-
¥¨ï (1) ¢ ®¡« áâ¨ D+

i , ®¤¨ à § ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬®¥ ¢ D
+
i = D+

i

S
�+ ¨ ã¤®¢«¥â¢®-

àïîé¥¥ £à ¨çë¬ ãá«®¢¨ï¬

u
��
�+

= f0;
@u

@n

����
�+

= f1: (8)

�¥®à¥¬  2. � ¤ ç  (1), (8) ¢ ª« áá¥ C4(D+
i )
S
C1(D+

i ) ¥ ¬®¦¥â ¨¬¥âì ¡®«¥¥ ®¤®£® à¥èe¨ï.

�¥èïï ªà ¥¢ ï § ¤ ç :  ©â¨ çeâ®¥ ¯® y à¥è¥¨¥ ãà ¢¥¨ï (1) ¢ ®¡« áâ¨ D+
e , ®¤¨ à §

¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬®¥ ¢ D+
e = D+

e

S
�+, ã¤®¢«¥â¢®àïîé¥¥ £à ¨çë¬ ãá«®¢¨ï¬ (8) ¨

¨¬¥îé¥¥ ®æ¥ª¨

u = O(r2��); �Bu = O(r��) (9)

¯à¨ r !1.

�¥®à¥¬  3. � ¤ ç  (1), (8), (9) ¢ ª« áá¥ C4(D+
i )
S
C1(D+

i ) ¥ ¬®¦¥â ¨¬¥âì ¡®«¥¥ ®¤®£®

à¥èe¨ï.

�®ª § â¥«ìáâ¢  ¯à®¢®¤ïâáï á ¯®¬®éìî ä®à¬ã« �à¨ .
�¥è¥¨¥ § ¤ ç (1), (8) ¨ (1), (8), (9) ¨é¥âáï ¢ ¢¨¤¥

u(M) =W1(M;�) +W2(M;�): (10)

�«®â®áâ¨ � ¨ � | ¥®¯à¥¤¥«eë¥ äãªæ¨¨. �¨  å®¤ïâáï ¨§ âà¥¡®¢ ¨ï, çâ®¡ë äãªæ¨ï
(10) ã¤®¢«¥â¢®àï«  £à ¨çë¬ ãá«®¢¨ï¬ (8). �®¤áâ ¢«ïï (10) ¢ (8) ¨ ãç¨âë¢ ï (4){(7), ¯®«ãç ¥¬
á¨áâ¥¬ã ¨â¥£à «ìëå ãà ¢¥¨© �à¥¤£®«ì¬  ¢â®à®£® à®¤ 

�(M0) = f0(M0)�W1(M0; �)�W2(M0; �);

�(M0) = �f1(M0)� C4(�)�(P0)�(M0) +
@W1(M0; �)

@n
+
@W2(M0; �)

@n
:

�®  «ìâ¥à â¨¢¥ �à¥¤£®«ì¬  íâ  á¨áâ¥¬  ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥.
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