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�ãáâì x = (x1; x2; x3), y = (y1; y2; y3) | â®çª¨ âà¥å¬¥à­®£® ¥¢ª«¨¤®¢  ¯à®áâà ­áâ¢  E
3 ¨

â¥à¬®ã¯àã£ ï áà¥¤  ¥áâì ®£à ­¨ç¥­­ ï ®¤­®á¢ï§­ ï ®¡« áâì D ¢ E 3 á ªãá®ç­®-£« ¤ª®© £à ­¨æ¥©,
á®áâ®ïé¥© ¨§ ªãáª  � ¯«®áª®áâ¨ y3 = 0 ¨ £« ¤ª®© ¯®¢¥àå­®áâ¨ S, «¥¦ é¥© ¢ ¯®«ã¯à®áâà ­áâ¢¥
y3 > 0, â. ¥. @D = S [ �. � áá¬®âà¨¬ ¬ âà¨ç­ë© ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à

B(@=@x; !) = kBmj(@=@x; !)k4�4;
Bmj(@=@x; !) = (1� �m4)(1� �4j)[�mj�(�(@=@x) + �!2=�) + (�+ �)@2=@xm@xj ]�

��4j(1� �m4)
@=@xm + i!��m4(1� �4j)@=@xj + �m4�4j(�(@=@x) + i!={); m; j = 1; 2; 3; 4;

£¤¥ �(@=@x) = @2=@x21 + @2=@x22 + @2=@x23 | ®¯¥à â®à � ¯« á , �, �, � | ¯®áâ®ï­­ë¥ � ¬¥ ¨
¯«®â­®áâì ã¯àã£®© áà¥¤ë á®®â¢¥âáâ¢¥­­®, ! | ç áâ®â  ª®«¥¡ ­¨ï, �mj | á¨¬¢®« �à®­¥ª¥à , 
 =
(3�+2�)�, � | ª®íää¨æ¨¥­â «¨­¥©­®£® â¥¬¯¥à âãà­®£® à áè¨à¥­¨ï áà¥¤ë, { | ª®íää¨æ¨¥­â
â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨, i | ¬­¨¬ ï ¥¤¨­¨æ , k | ª®íää¨æ¨¥­â â¥¯«®¯à®¢®¤­®áâ¨ áà¥¤ë,
� = 
�0=k, �0 | â¥¬¯¥à âãà  áà¥¤ë ¢ ­¥¤¥ä®à¬¨à®¢ ­­®¬ á®áâ®ï­¨¨. �à ¢­¥­¨¥ â¥à¬®ã¯àã£®-
ª®«¥¡ â¥«ì­®£® á®áâ®ï­¨ï áà¥¤ë D ¢ ª®¬¯®­¥­â å á¬¥é¥­¨ï ¯à¨­¨¬ ¥â ¢¨¤ [1]

B(@=@x; !)v = 0; (1)

£¤¥ v = (u1; u2; u3; u4) = (u; u4) | ª®¬¯®­¥­âë á¬¥è¥­¨ï, u4 = � | ®âª«®­¥­¨¥ â¥¬¯¥à âãàë
áà¥¤ë ®â â¥¬¯¥à âãàë �0. �¥è¥­¨¥ v á¨áâ¥¬ë (1) ¢ ®¡« áâ¨ D ­ §®¢¥¬ à¥£ã«ïà­ë¬, ¥á«¨ v 2
C1(D) \ C2(D).

� ¤ «ì­¥©è¥¬ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¬ âà¨ç­ë© ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à â¥à¬®­ ¯àï¦¥-
­¨ï

R(@=@y; n(y)) =
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;

£¤¥ T ®§­ ç ¥â ®¯¥à â®à ­ ¯àï¦¥­¨ï

T (@=@y; n(y)) = kTmjk3�3 = k�nm@=@yj + �nj@=@ym + ��mj@=@nk3�3;
n(y) = (n1; n2; n3) | ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢­¥è­¥© ­®à¬ «¨ ª ¯®¢¥àå­®áâ¨ @D ¢ â®çª¥ y. �¥à¥§eR(@=@y; n(y)) ®¡®§­ ç¨¬ ¬ âà¨æã, ª®â®à ï ¯®«ãç ¥âáï ¨§ R(@=@y; n(y)) § ¬¥­®© ¢ ¯®á«¥¤­¥¬
áâ®«¡æ¥ 
 ­  i!�.

�®áâ ­®¢ª  § ¤ ç¨. �à¥¡ã¥âáï ®¯à¥¤¥«¨âì à¥£ã«ïà­®¥ à¥è¥­¨¥ v á¨áâ¥¬ë (1) ¢ ®¡« áâ¨
D, ¨áå®¤ï ¨§ ¥¥ ¤ ­­ëå �®è¨, § ¤ ­­ëå ­  ¯®¢¥àå­®áâ¨ S,

v(y)jS = f(y); R(@=@y; n(y))v(y)jS = g(y); (2)

f = (f1; f2; f3; f4), g = (g1; g2; g3; g4) | § ¤ ­­ë¥ ­¥¯à¥àë¢­ë¥ ¢¥ªâ®à-äã­ªæ¨¨.
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� ­­ ï § ¤ ç  ï¢«ï¥âáï ­¥ª®àà¥ªâ­®©. � à ªâ¥à ­¥ª®àà¥ªâ­®áâ¨ â ª®© ¦¥, ª ª ã § ¤ ç¨
�®è¨ ¤«ï ãà ¢­¥­¨ï �¥«ì¬£®«ìæ . �«ï á«ãç ï ! = 0, 
 = 0 [2] (á¨áâ¥¬  ãà ¢­¥­¨© áâ â¨ª¨)
à áá¬ âà¨¢ ¥¬ ï § ¤ ç  ¨áá«¥¤®¢ ­  ¢ [3]. � è  æ¥«ì á®áâ®¨â ¢ ¯®áâà®¥­¨¨ ¯à¨¡«¨¦¥­­®£®
à¥è¥­¨ï § ¤ ç¨ (1), (2), ®á­®¢ ­­®¬ ­  ¬¥â®¤¥ äã­ªæ¨¨ � à«¥¬ ­ .

�ã­ªæ¨î � à«¥¬ ­  § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï � ¯« á  ¢ á«ãç ¥, ª®£¤  � | ç áâì ¯®-
¢¥àå­®áâ¨ ª®­ãá , ¯®áâà®¨« �.�.�à¬ãå ¬¥¤®¢ [4], [2]. � âà¨æ  � à«¥¬ ­  § ¤ ç¨ �®è¨ ¤«ï
ãà ¢­¥­¨© �®è¨{�¨¬ ­  ¢ á«ãç ¥, ª®£¤  S | ¯à®¨§¢®«ì­®¥ ¬­®¦¥áâ¢® ¯®«®¦¨â¥«ì­®© ¬¥àë,
¯®áâà®¥­  ¢ [5]. � §¢¨¢ ï ¨¤¥î �.�.�¥à£¥«ï­  [6] ¯®áâà®¥­¨ï äã­ªæ¨¨ � à«¥¬ ­  ¢ á«ãç ¥
§ ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï � ¯« á , ª®£¤  S | ªãá®ª á £« ¤ª¨¬ ªà ¥¬ £à ­¨æë ®¤­®á¢ï§-
­®© ®¡« áâ¨, ®á­®¢ ­­®£® ­  â¥®à¥¬ å ®¡  ¯¯à®ªá¨¬ æ¨¨, �.�.� àå ­®¢ [7] ¯®áâà®¨« ¬ âà¨æã
� à«¥¬ ­  ¤«ï í««¨¯â¨ç¥áª¨å á¨áâ¥¬ (á¬. â ª¦¥ [8]{[15]).

�ãáâì ¢¬¥áâ® f(y) ¨ g(y) § ¤ ­ë ¨å ¯à¨¡«¨¦¥­¨ï f�(y) ¨ g�(y) á â®ç­®áâìî �, 0 < � < 1 (¢
¬¥âà¨ª¥ C ), ª®â®àë¥ ¬®£ãâ ­¥ ¯à¨­ ¤«¥¦ âì ª« ááã áãé¥áâ¢®¢ ­¨ï à¥è¥­¨©. � à ¡®â¥ áâà®¨âáï
á¥¬¥©áâ¢® äã­ªæ¨© U(x; f�; g�) = U��(x), § ¢¨áïé¥¥ ®â ¯ à ¬¥âà  �, ¨ ¤®ª §ë¢ ¥âáï, çâ® ¯à¨ ­¥-
ª®â®àëå ãá«®¢¨ïå ¨ á¯¥æ¨ «ì­®¬ ¢ë¡®à¥ ¯ à ¬¥âà  �(�) ¯à¨ � ! 0 á¥¬¥©áâ¢® U��(x) áå®¤¨âáï ¢
®¡ëç­®¬ á¬ëá«¥ ª à¥è¥­¨î U(x) § ¤ ç¨ (1), (2). �«¥¤ãï [8], U��(x) ­ §®¢¥¬ à¥£ã«ïà¨§®¢ ­­ë¬
à¥è¥­¨¥¬ § ¤ ç¨. �¥£ã«ïà¨§®¢ ­­®¥ à¥è¥­¨¥ ®¯à¥¤¥«ï¥â ãáâ®©ç¨¢ë© ¬¥â®¤ ¯à¨¡«¨¦¥­­®£® à¥-
è¥­¨ï § ¤ ç¨ (1), (2).

�á¯®«ì§ãï à¥§ã«ìâ âë [9], [10], [4] ¯® § ¤ ç¥ �®è¨ ¤«ï ãà ¢­¥­¨ï� ¯« á , ¯®áâà®¨¬ ¬ âà¨æã
� à«¥¬ ­  ¢ ï¢­®¬ ¢¨¤¥ ¨ ­  ¥¥ ®á­®¢¥ | à¥£ã«ïà¨§®¢ ­­®¥ à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï á¨áâ¥¬ë
ãà ¢­¥­¨© â¥à¬®ã¯àã£®áâ¨.

� ­¥¥ ¢ à ¡®â å [5], [7] ¡ë«® ¤®ª § ­®, çâ® ¬ âà¨æ  � à«¥¬ ­  áãé¥áâ¢ã¥â ¢® ¢áïª®© § ¤ ç¥
�®è¨ ¤«ï à¥è¥­¨© í««¨¯â¨ç¥áª¨å á¨áâ¥¬, ¥á«¨ â®«ìª® ¤ ­­ë¥ �®è¨ § ¤ îâáï ­  £à ­¨ç­®¬
¬­®¦¥áâ¢¥ á ¯®«®¦¨â¥«ì­®© ¬¥à®©. �®áª®«ìªã §¤¥áì ¨¤¥â à¥çì ® ï¢­ëå ä®à¬ã« å, â® ¯®áâà®¥-
­¨¥ ¬ âà¨æë � à«¥¬ ­  ¢ í«¥¬¥­â à­ëå ¨ á¯¥æ¨ «ì­ëå äã­ªæ¨ïå ¯à¥¤áâ ¢«ï¥â §­ ç¨â¥«ì­ë©
¨­â¥à¥á.

�«¥¤ãï [9], ¯à¨¢¥¤¥¬

�¯à¥¤¥«¥­¨¥. � âà¨æ¥© � à«¥¬ ­  § ¤ ç¨ (1), (2) ­ §ë¢ ¥âáï 4�4-¬ âà¨æ  �(y; x; !; 
; �),
ã¤®¢«¥â¢®àïîé ï á«¥¤ãîé¨¬ ¤¢ã¬ ãá«®¢¨ï¬:

�(y; x; !; 
; �) = �(y; x; !; 
) +G(y; x; !; 
; �);

£¤¥ � | ¯®«®¦¨â¥«ì­ë© ç¨á«®¢®© ¯ à ¬¥âà, ¬ âà¨æ  G(y; x; !; 
; �) ¯® ¯¥à¥¬¥­­®© y ã¤®¢«¥-
â¢®àï¥â á¨áâ¥¬¥ (1) ¢áî¤ã ¢ ®¡« áâ¨ D, �(y; x; !; 
) | ¬ âà¨æ  äã­¤ ¬¥­â «ì­ëå à¥è¥­¨©
ãà ¢­¥­¨© (1); Z

�

(j�j + j( eR��)�j)dsy � "(�);

£¤¥ "(�)! 0 ¯à¨ � !1; §¤¥áì ¨ ¤ «¥¥ �� ®§­ ç ¥â ¬ âà¨æã, á®¯àï¦¥­­ãî ¬ âà¨æ¥ �,   j�j |
¥¢ª«¨¤®¢  ­®à¬  ¬ âà¨æë � = k�mjk, â. ¥. j�j =

� 4P
m;j=1

�2
mj

�1=2
(¢ ç áâ­®áâ¨, jU j =

� 4P
m=1

u2m

�1=2
¤«ï ¢¥ªâ®à  U = (u; u4)).

� æ¥«ìî ¯®áâà®¥­¨ï ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï § ¤ ç¨ (1), (2) à áá¬®âà¨¬ ¬ âà¨æã

�(y; x; !; 
; �) = k�mj(y; x; !; 
; �)k4�4; (3)

�mj(y; x; !; 
; �) =
(1� �m4)(1� �j4)

2�

�
�mj

�
��(y; x; i�3)�

3X
k=1

�k
@2

@xm@xj
��(y; x; i�k)

�
+

+
i!�

2�
�m4(1� �j4)

3X
k=1

�k
@

@xj
��(y; x; i�k)�
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� 


2�
�j4(1� �m4)

3X
k=1

�k
@

@xm
��(y; x; i�k) +

�j4�m4

2�

3X
k=1


k��(y; x; i�k);

£¤¥ ¯®áâ®ï­­ë¥ �k, �k, 
k, �k ï¢­® ¢ëà ¦ îâáï ç¥à¥§ ¯®áâ®ï­­ë¥ â¥à¬®ã¯àã£®áâ¨ | ª®íää¨-
æ¨¥­âë á¨áâ¥¬ë (1) [1],

��(y; x;�) =
1
2�

Z
1

0
Im

exp[�(w � x3) + (w � x3)2]
w � x3

cos �u dup
u2 + �2

; (4)

w = i
p
u2 + �2 + y3, �2 = (y1 � x1)2 + (y2 � x2)2, � > 0.

�§ à¥§ã«ìâ â®¢ à ¡®âë [4] ¢ëâ¥ª ¥â

�¥¬¬  1. �ã­ªæ¨ï ��(y; x;�) ï¢«ï¥âáï äã­ªæ¨¥© � à«¥¬ ­  ¤«ï ãà ¢­¥­¨ï �¥«ì¬£®«ìæ ,

â. ¥. ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ ¤¢ã¬ï á¢®©áâ¢ ¬¨:

��(y; x;�) =
exp(�r)
4�r

+ v(y; x;�; �); r = jx� yj; (5)

£¤¥ v(y; x;�; �) | ­¥ª®â®à ï äã­ªæ¨ï, ®¯à¥¤¥«¥­­ ï ¤«ï ¢á¥å §­ ç¥­¨© y, x ¨ ã¤®¢«¥â¢®àïîé ï
ãà ¢­¥­¨î �¥«ì¬£®«ìæ 

�(@=@y)v � �2v = 0; y 2 D;Z
�
(j��j+ j@��=@nj)dsy � C(�;D)� exp(��x3); (6)

£¤¥ C(�; D) | ¯®áâ®ï­­ ï.

�®ª ¦¥¬  ­ «®£¨ç­ãî «¥¬¬ã ¤«ï á¨áâ¥¬ë (1).

�¥¬¬  2. � âà¨æ  �(y; x; !; 
; �), ®¯à¥¤¥«¥­­ ï à ¢¥­áâ¢ ¬¨ (3) ¨ (4), ï¢«ï¥âáï ¬ âà¨-

æ¥© � à«¥¬ ­  ¤«ï § ¤ ç¨ (1), (2).

�®ª § â¥«ìáâ¢®. � á¨«ã à ¢¥­áâ¢ (3) ¨ (5) ¨¬¥¥¬

�(y; x; !; 
; �)��(y; x; !; 
)=




(1��m4)(1��j4)

2�

�
�mj

�
v(y; x; i�3; �)�

3X
k=1

�k
@2

@xm@xj
v(y; x; i�k; �)

�
�

� 


2�
�j4(1� �m4)

3X
k=1

�k
@

@xm
v(y; x; i�k; �) � �j4�m4

2�

3X
k=1


kv(y; x; i�k ; �)




 =

= kGmj(y; x; !; 
; �)k = G(y; x; !; 
; �):

�¥¯®áà¥¤áâ¢¥­­ë¬ ¢ëç¨á«¥­¨¥¬ ¬®¦­® ã¡¥¤¨âìáï, çâ® ¬ âà¨æ  G(y; x; !; 
; �) ¯® ¯¥à¥¬¥­-
­®¬ã y ã¤®¢«¥â¢®àï¥â á¨áâ¥¬¥ (1) ¢áî¤ã ¢ ®¡« áâ¨ D. �á¯®«ì§ãï ä®à¬ã«ë (3), (4) ¨ (6), ­ 
ª ¦¤®¬ ª®¬¯ ªâ¥ D0 � D ¯®«ãç¨¬Z

�

(j�j+ j( eR��)�j)dsy � C(�; �; !; 
;D)�3 exp(��x3); (7)

£¤¥ C(�; �; !; 
;D) | ­¥ª®â®à ï ¯®áâ®ï­­ ï. �¤¥áì ¨ ¤ «¥¥ ¤«ï ªà âª®áâ¨ ®¡®§­ ç¥­¨© ®¯ãáª ¥¬
 à£ã¬¥­âë äã­ªæ¨¨ �.

�®«®¦¨¬

2U�(x) =
Z
S
(�RU(y)� � eR��)�U(y)�dsy; x 2 D: (8)
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�¬¥¥â ¬¥áâ®

�¥®à¥¬  1. �ãáâì U(x)| à¥£ã«ïà­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (1) ¢ ®¡« áâ¨ D, ã¤®¢«¥â¢®àïîé¥¥
ãá«®¢¨î

jU(x)j+ jR(@=@y; n)U(x)j � 1; y 2 �:

�®£¤  ¯à¨ � � 1 á¯à ¢¥¤«¨¢  ®æ¥­ª 

jU(x) � U�(x)j � C1(�; �; !; 
;D)�
3 exp(��x3); x 2 D: (9)

�®ª § â¥«ìáâ¢®. �§ «¥¬¬ë 2 ¤«ï à¥£ã«ïà­®£® à¥è¥­¨ï ¢ ®¡« áâ¨ D á¨áâ¥¬ë (1) ¢ëâ¥ª ¥â
á¯à ¢¥¤«¨¢®áâì ¨­â¥£à «ì­®© ä®à¬ã«ë �à¨­ {�ã¯à ¤§¥ [1]

2U(x) =
Z
@D

(�R(@=@y; n)U(y) � ( eR(@=@y; n)��)�U(y))dsy; x 2 D:

�¥à¥¯¨è¥¬ íâ® à ¢¥­áâ¢® ¢ ¢¨¤¥

2U(x) =
Z
S

(�RU(y)� ( eR��)�U(y))dsy +
Z
�

(�RU(y)� ( eR��)�U(y))dsy: (10)

�¥à ¢¥­áâ¢® (9) á«¥¤ã¥â ¨§ (7) ¨ (10).

�à¨¢¥¤¥¬ à¥§ã«ìâ â, ª®â®àë© ¯®§¢®«ï¥â ¢ëç¨á«¨âì U(x) ¯à¨¡«¨¦¥­­®, ª®£¤  ­  ¯®¢¥àå­®áâ¨
S ¢¬¥áâ® U(x) ¨ R(@=@y; n(y))U(x) § ¤ ­ë ¨å ­¥¯à¥àë¢­ë¥ ¯à¨¡«¨¦¥­¨ï f�(y) ¨ g�(y), ¤«ï
ª®â®àëå

max
S
jf(y)� f�(y)j+max

S
jg(y) � g�(y)j � �; 0 < � < 1: (11)

�à¥¤¯®« £ ¥¬, çâ® S ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ �ï¯ã­®¢ . �¯à¥¤¥«¨¬ äã­ªæ¨î

2U��(x) =
Z
S

(�g�(y)� ( eR(@=@y; n)��)�f�(y))dsy; x 2 D; (12)

£¤¥ � = 1
x0
3

ln(1=�), x03 = max
D

x3.

�¥®à¥¬  2. �ãáâì U(x)| à¥£ã«ïà­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (1) ¢ ®¡« áâ¨ D, ã¤®¢«¥â¢®àïîé¥¥
ãá«®¢¨î

jU(x)j+ jR(@=@y; n)U(x)j � 1; y 2 �:

�®£¤  á¯à ¢¥¤«¨¢  ®æ¥­ª 

jU(x)� U��(x)j � C2(�; �; !; 
;D)�x3=x
0

3(ln(1=�))3; x 2 D0 � D:

�®ª § â¥«ìáâ¢®. �§ ä®à¬ã« (8), (10), (12) ¤«ï «î¡®£® x 2 D ¢ëâ¥ª ¥â

jU(x)� U��(x)j = 1
2

Z
S

�
�(R(@=@y; n)U(y) � g�(y))� ( eR(@=@y; n)��)�(U(y)� f�(y))

�
dsy +

+
Z
�

�
�R(@=@y; n)U(y) � ( eR(@=@y; n)��)�U(y)�dsy; x 2 D:
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�§ ãá«®¢¨ï â¥®à¥¬ë ¨ ­¥à ¢¥­áâ¢ (7), (9), (11) ¨¬¥¥¬

jU(x)� U��(x)j � C1(�; �; !; 
;D)�
3 exp(�x03 � �x3) + C(�; �; !; 
;D)�3 exp(��x3) �

� C2(�; �; !; 
;D)�
3(1 + � exp(�x03)) exp(��x3); x 2 D0: (13)

� ª ª ª � = 1
x0
3

ln(1=�), â® ¨§ (13) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë.

�§ ¤®ª § ­­ëå â¥®à¥¬ ¯®«ãç ¥¬

�«¥¤áâ¢¨¥. �à¥¤¥«ì­ë¥ à ¢¥­áâ¢ 

lim
�!1

U�(x) = U(x); lim
�!0

U��(x) = U(x)

¢ë¯®«­ïîâáï à ¢­®¬¥à­® ­  ª ¦¤®¬ ª®¬¯ ªâ¥ ¨§ D.

�®à¬ã«  (8) ¤ ¥â ¢ ï¢­®¬ ¢¨¤¥ ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (1), (2),   ä®à¬ã«  (12) ¨§®-
¡à ¦ ¥â ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥, ª®£¤  ¤ ­­ë¥ �®è¨ ­  S § ¤ ­ë ¯à¨¡«¨¦¥­­®.

�¥¯¥àì ¯à¨¢¥¤¥¬  ­ «®£¨ç­ë¥ à¥§ã«ìâ âë ¤«ï ®¡« áâ¥© â¨¯  ª®­ãá . �¡®§­ ç¨¬ ç¥à¥§ S0

£« ¤ªãî ¯®¢¥àå­®áâì ¢ E 3 , ª®â®à ï ¢¨¤­  ¨§ ­ ç «  ª®®à¤¨­ â ¯®¤ â¥«¥á­ë¬ ã£«®¬ ­¥­ã«¥¢®£®
à áâ¢®à . �à¥¤¯®«®¦¨¬, çâ® ª®­ãá

y21 + y22 = �y23 ; � = tg
�

2q
; q > 1;

®âá¥ª ¥â £« ¤ª¨© ªãá®ª S � S0 ¨ S ¢¬¥áâ¥ á ç áâìî � íâ®£® ª®­ãá  ®¡à §ã¥â £à ­¨æã ®¤­®á¢ï§-
­®© ®¡« áâ¨ Dq. �ã¤¥¬ áç¨â âì, çâ® áãé¥áâ¢ã¥â à¥£ã«ïà­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¢ ®¡« áâ¨
Dq, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î �®è¨ ­  ¯®¢¥àå­®áâ¨ S. � æ¥«ìî ¯®áâà®¥­¨ï ¯à¨¡«¨¦¥­­®£®
à¥è¥­¨ï § ¤ ç¨ �®è¨ ¢ â®çª¥ x0 = (0; 0; x3) 2 Dq äã­ªæ¨î ��(y; x;�) ¢ à ¢¥­áâ¢¥ (7) § ¯¨è¥¬
¢ ¢¨¤¥

��(y; x;�) =
q

2�Eq(�1=q�x3)

p
�2�y2

1
�y2

2Z
0

Im
�
'�(w)
w � x3

�
cos �up

u2 + y21 + y22
du;

'�(w) = exp[�wq� q + (w � x3)2], � = �y3, w = i
p
u2 + y21 + y22 + y3, Eq(z) | æ¥« ï äã­ªæ¨ï

�¨ââ £-�¥ää«¥à  [11].
�¢¥¤¥¬ ®¡®§­ ç¥­¨ï

2U�(x) =
Z
S
(�(y; x0; !; 
; �)g(y) � ( eR��(y; x0; !; 
; �))�f(y))dsy;

2U��(x) =
Z
S

(�(y; x0; !; 
; �)g�(y)� ( eR��(y; x0; !; 
; �))�f�(y))dsy;
� = R0 ln(1=�); Rq

0 = Re (i
q
y21 + y22 + y3)q:

�¥®à¥¬  3. �ãáâì U(x) | à¥£ã«ïà­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (1) ¢ ®¡« áâ¨ Dq, ã¤®¢«¥â¢®àïî-

é¥¥ ãá«®¢¨î

jU(x)j+ jR(@=@y; n)U(x)j � 1; y 2 �:

�®£¤  á¯à ¢¥¤«¨¢  ®æ¥­ª 

jU(x0)� U�(x0)j � C3(�; �; !; 
;D)�5 exp(��� qxq3); � � 1;

jU(x0)� U��(x0)j � C4(�; �; !; 
)�
(�x3=R0)

q

(ln(1=�))5:

�¥®à¥¬  4. �¬¥îâ ¬¥áâ® ¯à¥¤¥«ì­ë¥ à ¢¥­áâ¢ 

lim
�!1

U�(x0) = U(x0); lim
�!0

U��(x0) = U(x0):
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�®ª § â¥«ìáâ¢  â¥®à¥¬ 3, 4  ­ «®£¨ç­ë ¤®ª § â¥«ìáâ¢ ¬ â¥®à¥¬ 1, 2.
� § ª«îç¥­¨¥  ¢â®àë ¢ëà ¦ îâ ¯à¨§­ â¥«ì­®áâì  ª ¤¥¬¨ªã �.�.� ¢à¥­âì¥¢ã ¨ ¯à®ä¥á-

á®àã �.�.�à¬ãå ¬¥¤®¢ã §  ¯®áâ ­®¢ªã § ¤ ç¨ ¨ ®¡áã¦¤¥­¨ï ¢ ¯à®æ¥áá¥ ¥¥ à¥è¥­¨ï.
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