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�« áá¨ç¥áª ï â¥®à¥¬  �¨ã¢¨««ï ãâ¢¥à¦¤ ¥â, çâ® ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï
� ¯« á 

�u = 0 (1)

¢ Rn ï¢«ï¥âáï â®¦¤¥áâ¢¥­­®© ¯®áâ®ï­­®©. � ¬¥â¨¬, çâ® ¬­®¦¥áâ¢® ¬­®£®®¡à §¨©, ­  ª®â®àëå
áãé¥áâ¢ãîâ ­¥âà¨¢¨ «ì­ë¥ ®£à ­¨ç¥­­ë¥ £ à¬®­¨ç¥áª¨¥ äã­ªæ¨¨, ¤®áâ â®ç­® ®¡è¨à­®. �à®¬¥
â®£®, ¨§¢¥áâ­®, çâ® ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï

�u� �u = 0 (2)

¢ Rn, £¤¥ � = const > 0, ¥áâì â®¦¤¥áâ¢¥­­ë© ­ã«ì.
� ¤ ­­®© áâ âì¥ à áá¬ âà¨¢ îâáï ®£à ­¨ç¥­­ë¥ à¥è¥­¨ï ãà ¢­¥­¨© (1) ¨ (2) ­  ­¥ª®â®àëå

à¨¬ ­®¢ëå ¬­®£®®¡à §¨ïå; ¢ íâ®¬ á«ãç ¥ � | ®¯¥à â®à � ¯« á -�¥«ìâà ¬¨. �.�. �à¨£®àìï­
®¡à â¨« ¢­¨¬ ­¨¥  ¢â®à  ­  á«¥¤ãîé¨© ¢®¯à®á: ­  ª ª¨å ¬­®£®®¡à §¨ïå ¢ë¯®«­¥­¨¥ â¥®à¥¬ë
�¨ã¢¨««ï ¤«ï ãà ¢­¥­¨ï (1) ¢«¥ç¥â ¢ë¯®«­¥­¨¥ â¥®à¥¬ë �¨ã¢¨««ï ¤«ï ãà ¢­¥­¨ï (2). � ¬¥â¨¬
(á¬. [1]), çâ® áãé¥áâ¢®¢ ­¨¥ ­¥­ã«¥¢®£® ®£à ­¨ç¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨ï (2) íª¢¨¢ «¥­â­®
áâ®å áâ¨ç¥áª®© ­¥¯®«­®â¥ à áá¬ âà¨¢ ¥¬®£® ¬­®£®®¡à §¨ï (¬­®£®®¡à §¨¥ áâ®å áâ¨ç¥áª¨ ¯®«­®,
¥á«¨ ¢¨­¥à®¢áª¨© ¯à®æ¥áá ­  ­¥¬ ¥¤¨­áâ¢¥­¥­, çâ® íª¢¨¢ «¥­â­® â®¬ã, çâ® à¥è¥­¨¥ § ¤ ç¨ �®è¨
¤«ï ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ @u

@t
��u = 0 ¥¤¨­áâ¢¥­­® ¢ ª« áá¥ ®£à ­¨ç¥­­ëå äã­ªæ¨©).

� ¤ ­­®© áâ âì¥ ¨§ãç ¥âáï ¢§ ¨¬®á¢ï§ì «¨ã¢¨««¥¢ëå â¥®à¥¬ ¤«ï ãà ¢­¥­¨© (1) ¨ (2) ­ 
à¨¬ ­®¢ëå ¬­®£®®¡à §¨ïå, ãáâà®¥­­ëå ­¥ª®â®àë¬ á¯¥æ¨ «ì­ë¬ ®¡à §®¬.

�ãáâì M | ¯®«­®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥ ¡¥§ ªà ï, ¯à¥¤áâ ¢¨¬®¥ ¢ ¢¨¤¥ ®¡ê¥¤¨­¥­¨ïM =
B
S
D, £¤¥ B | ­¥ª®â®àë© ª®¬¯ ªâ,   D ¨§®¬¥âà¨ç­® ¯àï¬®¬ã ¯à®¨§¢¥¤¥­¨î R+�S (£¤¥ R+ =

(0;1),   S | ª®¬¯ ªâ­®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥) á ¬¥âà¨ª®©

ds2 = h2(r)dr2 + g2(r)d�2:

�¤¥áì h(r) ¨ g(r) | ¯®«®¦¨â¥«ì­ë¥, £« ¤ª¨¥ ­  R+ äã­ªæ¨¨,   d�2 | ¬¥âà¨ª  ­  S. �à¨-
¬¥à ¬¨ â ª¨å ¬­®£®®¡à §¨© ¬®£ãâ á«ã¦¨âì ¥¢ª«¨¤®¢® ¯à®áâà ­áâ¢® (h(r) = 1, g(r) = r), ¯à®-
áâà ­áâ¢® �®¡ ç¥¢áª®£® (h(r) = 1, g(r) = sh(r)), ¯®¢¥àå­®áâì, ¯®«ãç¥­­ ï ¢à é¥­¨¥¬ £à ä¨ª 
äã­ªæ¨¨ f(r) ¢®ªàã£ «ãç  Or ¢ Rn (h(r) =

p
1 + jf 0(r)j2, g(r) = f(r)).

� ¬¥ç ­¨¥ 1. � à ¡®â¥ [2] ¯®ª § ­®, çâ® á«¥¤ãîé¨¥ ãá«®¢¨ï íª¢¨¢ «¥­â­ë:

 ) ­  M áãé¥áâ¢ã¥â ®£à ­¨ç¥­­®¥ ­¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2), £¤¥ � � 0;
¡) ­  M nB áãé¥áâ¢ã¥â ®£à ­¨ç¥­­®¥ ­¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨

�u� �u = 0 ¢ M n B (� � 0);
@u

@�

����
@B

= 0: (3)

� ©¤¥¬ ¢­ ç «¥ ãá«®¢¨ï ¢ë¯®«­¥­¨ï â¥®à¥¬ë �¨ã¢¨««ï ¤«ï ãà ¢­¥­¨ï (2) ­  M .
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�¥¬¬  1. �«ï â®£® çâ®¡ë ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2) ­  M ï¢«ï«®áì â®-

¦¤¥áâ¢¥­­ë¬ ­ã«¥¬, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë

I =
Z
1

r0

h(t)
gn�1(t)

�Z t

r0

h(z)gn�1(z)dz
�
dt =1:

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬ ¢­ ç «¥, çâ® ­  M áãé¥áâ¢ã¥â ­¥âà¨¢¨ «ì­®¥ ®£à ­¨ç¥­-
­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2). �®£¤ , ãç¨âë¢ ï § ¬¥ç ­¨¥ 1, ¯®«ãç ¥¬, çâ® ­  D áãé¥áâ¢ã¥â ­¥-
âà¨¢¨ «ì­®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ u(r; �) ãà ¢­¥­¨ï (2), ¤«ï ª®â®à®£® ¢ë¯®«­¥­® ãá«®¢¨¥ (3).

� ¬¥â¨¬ (á¬., ­ ¯à., [3]), çâ® ¢ ª®®à¤¨­ â å (r; �) ®¯¥à â®à � ¯« á -�¥«ìâà ¬¨ ­  D ¨¬¥¥â
¢¨¤

� =
1

h2(r)
@2

@r2
+

1
h2(r)

�
(n� 1)

g0(r)
g(r)

�
h0(r)
h(r)

�
@

@r
+

1
g2(r)

��; (4)

£¤¥ �� | ¢­ãâà¥­­¨© « ¯« á¨ ­ ­  S.
�ãáâì fwig| ®àâ®­®à¬¨à®¢ ­­ë© ¡ §¨á ¢ L2(S), á®áâ®ïé¨© ¨§ á®¡áâ¢¥­­ëå äã­ªæ¨© ®¯¥à -

â®à  � ¯« á  ��,   �i | á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥­­ë¥ ç¨á« . �®£¤  ¤«ï «î¡®£® r ¨¬¥¥â ¬¥áâ®
à §«®¦¥­¨¥ ¢ àï¤ �ãàì¥

u(r; �) =
1X
i=0

vi(r)wi(�); (5)

£¤¥
��wi(�) + �iwi(�) = 0

¨

vi(r) =
Z
S

u(r; �)wi(�)d�: (6)

� ¤àã£®© áâ®à®­ë, ¯®¤áâ ¢«ïï ¢ (4) äã­ªæ¨î ui(r; �) = vi(r)wi(�), ¯®«ãç ¥¬, çâ® ¤«ï «î¡®£®
­®¬¥à  i äã­ªæ¨ï vi(r) ï¢«ï¥âáï à¥è¥­¨¥¬ ®¡ëª­®¢¥­­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

v00(r) +
�
(n� 1)

g0(r)
g(r)

�
h0(r)
h(r)

�
v0(r)�

�
�
h2(r)
g2(r)

+ �h2(r)
�
v(r) = 0; (7)

£¤¥ � = �i.
�®ª ¦¥¬ á­ ç « , çâ® ¢ ãá«®¢¨ïå «¥¬¬ë vi(r) � 0 ¤«ï «î¡®£® ­®¬¥à  i � 1. �§ ®£à ­¨-

ç¥­­®áâ¨ u(r; �) ¨ (6) á«¥¤ã¥â ®£à ­¨ç¥­­®áâì vi(r) ¤«ï «î¡®£® ­®¬¥à  i. �¢ ¦¤ë ¨­â¥£à¨àãï
ãà ¢­¥­¨¥ (7), ¯®«ãç ¥¬ à ¢¥­áâ¢®

vi(r) =
Z r

r0

h(t)
gn�1(t)

�Z t

r0

[�i + �g2(z)]gn�3(z)h(z)vi(z)dz
�
dt+

+
v0i(r0)g

n�1(r0)
h(r0)

Z r

r0

h(t)
gn�1(t)

dt+ vi(r0) (8)

¤«ï «î¡ëå r > r0.
�ãáâì D \ B | á¥ç¥­¨¥ D £¨¯¥à¯«®áª®áâìî r = r0. �®£¤ , ãç¨âë¢ ï à ¢¥­áâ¢® (5) ¨ £¥®¬¥-

âà¨ç¥áª®¥ áâà®¥­¨¥ M , § ª«îç ¥¬, çâ® ãá«®¢¨¥ (3) íª¢¨¢ «¥­â­® ãá«®¢¨î v0i(r0) = 0 ¤«ï ¢á¥å i,
a ãà ¢­¥­¨¥ (8) ¯à¨¬¥â ¢¨¤

vi(r) =
Z r

r0

h(t)
gn�1(t)

�Z t

r0

[�i + �g2(z)]gn�3(z)h(z)vi(z)dz
�
dt+ vi(r0): (9)

� ¬¥â¨¬, çâ® ¨§ à áå®¤¨¬®áâ¨ ¨­â¥£à «  I «¥£ª® á«¥¤ã¥â
Z
1

r0

h(t)
gn�1(t)

�Z t

r0

[�i + �g2(z)]gn�3(z)h(z)dz
�
dt =1: (10)
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�ç¨âë¢ ï ãá«®¢¨¥ (10), «¥£ª® ¯®ª § âì, çâ® jvi(r)j ! 1 ¯à¨ r ! 1, ¥á«¨ vi(r0) 6= 0 ( ­ «®-
£¨ç­ë¥ à ááã¦¤¥­¨ï á¬. ¢ [3]), çâ® ¯à®â¨¢®à¥ç¨â ®£à ­¨ç¥­­®áâ¨ vi(r). � ª¨¬ ®¡à §®¬, ¯®«ãç ¥¬
vi(r0) = 0, v0i(r0) = 0. �®£¤  ¯® â¥®à¥¬¥ ¥¤¨­áâ¢¥­­®áâ¨ vi(r) � 0. �ç¨âë¢ ï à ¢¥­áâ¢® (5), ¯®«ã-
ç ¥¬ u(r; �) � 0, çâ® ¯à®â¨¢®à¥ç¨â ­ ç «ì­®¬ã ¯à¥¤¯®«®¦¥­¨î ® áãé¥áâ¢®¢ ­¨¨ ­¥âà¨¢¨ «ì­®£®
à¥è¥­¨ï.

�ãáâì â¥¯¥àì ¢ë¯®«­¥­® ãá«®¢¨¥ I <1. �®£¤ , ¨­â¥£à¨àãï ãà ¢­¥­¨¥ (8) á ªà ¥¢ë¬¨ ãá«®-
¢¨ï¬¨ vi(r0) = 1, v0i(r0) = 0, ¯®«ãç ¥¬

v0i(r) =
h(r)

gn�1(r)

Z r

r0

[�i + �g2(z)]gn�3(z)h(z)vi(z)dz:

�ãáâì i = 0. �ç¨âë¢ ï, çâ® ¯à¨ § ¤ ­­ëå £à ­¨ç­ëå ãá«®¢¨ïå äã­ªæ¨ï v0(r) ¬®­®â®­­®
¢®§à áâ ¥â, ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢®

v00(r) � �
h(r)v0(r)
gn�1(r)

Z r

r0

gn�1(z)h(z)dz:

�­â¥£à¨àãï ¯®á«¥¤­¥¥ ­¥à ¢¥­áâ¢®, ¨¬¥¥¬

v0(r) � exp
�
�

Z r

r0

h(t)
gn�1(t)

�Z t

r0

gn�1(z)h(z)dz
�
dt

�
:

�á«¨ I <1, â® ¯®«ãç ¥¬ ®£à ­¨ç¥­­®¥ ­  D ­¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2) u(r; �) =
v0(r) á ãá«®¢¨¥¬ (3). �ç¨âë¢ ï § ¬¥ç ­¨¥ 1, § ª«îç ¥¬, çâ® ­  M áãé¥áâ¢ã¥â ­¥âà¨¢¨ «ì­®¥
®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2).

�«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥ ãáâ ­ ¢«¨¢ ¥â á¢ï§ì ¬¥¦¤ã «¨ã¢¨««¥¢ë¬¨ â¥®à¥¬ ¬¨ ¤«ï ãà ¢­¥-
­¨© (1) ¨ (2) ­  ¬­®£®®¡à §¨¨ M .

�¥®à¥¬  1. �ãáâì ­  ¬­®£®®¡à §¨¨ M «î¡ ï ®£à ­¨ç¥­­ ï £ à¬®­¨ç¥áª ï äã­ªæ¨ï ï¢«ï-

¥âáï â®¦¤¥áâ¢¥­­®© ¯®áâ®ï­­®©. �®£¤  ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2) ­  M à ¢-

­® ­ã«î.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë. �§¢¥áâ­® (á¬. [2]), çâ® ¢áïª ï ®£à ­¨ç¥­­ ï £ à¬®­¨ç¥áª ï
äã­ªæ¨ï ­  M ï¢«ï¥âáï â®¦¤¥áâ¢¥­­®© ¯®áâ®ï­­®© â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 

Z
1

r0

h(t)
gn�1(t)

�Z t

r0

h(z)gn�3(z)dz
�
dt =1: (11)

�ç¨âë¢ ï íâ®, ¤®ª ¦¥¬, çâ® ¨§ (11) á«¥¤ãîâ ãá«®¢¨ï «¥¬¬ë 1.
�«ãç ©, ª®£¤  Z

1

r0

h(t)
gn�1(t)

dt =1;

®ç¥¢¨¤¥­.
�ãáâì ­  M ¢ë¯®«­¥­® ãá«®¢¨¥

Z
1

r0

h(t)
gn�1(t)

dt <1: (12)

�ãáâì ¢­ ç «¥ n � 3. �à¥¤¯®«®¦¨¬ ¯à®â¨¢­®¥, â. ¥. ¢ë¯®«­¥­ë ãá«®¢¨ï (11) ¨ (12), ­®
Z
1

r0

h(t)
gn�1(t)

�Z t

r0

h(z)gn�1(z)dz
�
dt <1: (13)

�ãáâì R+(t) = fr 2 (r0; t) : g(r) � 1g ¨ R�(t) = fr 2 (r0; t) : 0 < g(r) < 1g. �á­®, çâ®
Z
1

r0

h(t)
gn�1(t)

�Z
R+(t)

h(z)gn�3(z)dz
�
dt <

Z
1

r0

h(t)
gn�1(t)

�Z
R+(t)

h(z)gn�1(z)dz
�
dt <1;
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£¤¥ ¯®á«¥¤­¥¥ ­¥à ¢¥­áâ¢® á«¥¤ã¥â ¨§ (13). �®£¤  ¨§ ãá«®¢¨ï (11) ¯®«ãç ¥¬
Z
1

r0

h(t)
gn�1(t)

�Z
R�(t)

h(z)gn�3(z)dz
�
dt =1: (14)

� ¤àã£®© áâ®à®­ë, ¤«ï «î¡®£® A > r0 ¢ë¯®«­¥­®Z A

r0

h(t)
gn�1(t)

�Z
R�(t)

h(z)gn�3(z)dz
�
dt =

=
Z A

r0

h(t)
gn�1(t)

�Z
R�(t)

h
1
2 (z)g

1�n

2 (z)h
1
2
(z)g

3n�7

2 (z)dz
�
dt �

�
1
2

�Z A

r0

h(t)
gn�1(t)

�Z
R�(t)

h(z)
gn�1(z)

dz

�
dt+

Z A

r0

h(t)
gn�1(t)

�Z
R�(t)

h(z)g3n�7(z)dz
�
dt

�
:

�ç¨âë¢ ï, çâ® ¯à¨ z 2 R�(t) g3n�7(z) � gn�1(z) (n � 3), ¨ ¯¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ A ! 1,
¯®«ãç ¥¬

Z
1

r0

h(t)
gn�1(t)

�Z
R�(t)

h(z)gn�3(z)dz
�
dt �

1
2

�Z
1

r0

h(t)
gn�1(t)

�Z t

r0

h(z)
gn�1(z)

dz

�
dt+

+
Z
1

r0

h(t)
gn�1(t)

�Z t

r0

h(z)gn�1(z)dz
�
dt

�
<1;

çâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î (14). � á«ãç ¥ n = 2 ãá«®¢¨ï (12) ¨ (13) ­  M ­¨ª®£¤  ®¤­®¢à¥¬¥­­®
­¥ ¢ë¯®«­ïîâáï.

� ¬¥ç ­¨¥ 2. �§ ¢ë¯®«­¥­¨ï â¥®à¥¬ë �¨ã¢¨««ï ¤«ï ãà ¢­¥­¨ï (2) ­¥ á«¥¤ã¥â á¯à ¢¥¤-
«¨¢®áâì  ­ «®£¨ç­®£® ãâ¢¥à¦¤¥­¨ï ¤«ï ãà ¢­¥­¨ï (1). �à¨¬¥à®¬ â ª®£® ¬­®£®®¡à §¨ï ¬®¦¥â
á«ã¦¨âì ¯à®áâà ­áâ¢® �®¡ ç¥¢áª®£®, çâ® «¥£ª® ¤®ª § âì ¯à¨¢¥¤¥­­ë¬ ¢ëè¥ á¯®á®¡®¬.

� ¬¥ç ­¨¥ 3. �ãé¥áâ¢ãîâ ¬­®£®®¡à §¨ï, ­  ª®â®àëå ­¥ ¢ë¯®«­ï¥âáï â¥®à¥¬  �¨ã¢¨««ï
­¨ ¤«ï ãà ¢­¥­¨ï (1), ­¨ ¤«ï ãà ¢­¥­¨ï (2), ­ ¯à¨¬¥à, ®¯¨á ­­®¥ ¢ëè¥ ¬­®£®®¡à §¨¥ M á
h(r) = 1, g(r) = r2er

3

(íâ® «¥£ª® ¯®ª §ë¢ ¥âáï ¯à¨¢¥¤¥­­ë¬ ¢ëè¥ á¯®á®¡®¬).

� áá¬®âà¨¬ â¥¯¥àì ­¥áª®«ìª® ¨­ë¥ ¬­®£®®¡à §¨ï. � ¨¬¥­­®, ¯ãáâì à¨¬ ­®¢® ¬­®£®®¡à -
§¨¥ R ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ¯àï¬®£® ¯à®¨§¢¥¤¥­¨ï R = M �K, £¤¥ K | ª®¬¯ ªâ­®¥ à¨¬ ­®¢®
¬­®£®®¡à §¨¥,   M ®¯¨á ­® ¢ëè¥. �ëïá­¨¬ ãá«®¢¨ï á¯à ¢¥¤«¨¢®áâ¨ â¥®à¥¬ë �¨ã¢¨««ï ¤«ï
ãà ¢­¥­¨© (1) ¨ (2) ­  R. �®ª ¦¥¬ ¢­ ç «¥ ¡®«¥¥ ®¡é¥¥ ãâ¢¥à¦¤¥­¨¥.

�¥¬¬  2. �ãáâì à¨¬ ­®¢® ¬­®£®®¡à §¨¥ R1 ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ¯àï¬®£® ¯à®¨§¢¥¤¥­¨ï

R1 = H �K, £¤¥ K | ª®¬¯ ªâ­®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥, ¨ ¯ãáâì H â ª®¢®, çâ® ¯à¨ � � 0
¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï

�v � �v = 0 (15)

à ¢­® ª®­áâ ­â¥. �®£¤  ­  ¬­®£®®¡à §¨¨ R1 ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï

�u� �u = 0; (16)

£¤¥ � � 0, à ¢­® ª®­áâ ­â¥.

�®ª § â¥«ìáâ¢®. �ãáâì z 2 R1. �®£¤  z = (x; y), £¤¥ x 2 H, y 2 K. �ãáâì wi(y) | á®¡áâ¢¥­-
­ ï äã­ªæ¨ï ¢­ãâà¥­­¥£® ®¯¥à â®à  � ¯« á  �y ­  K, á®®â¢¥âáâ¢ãîé ï i-¬ã á®¡áâ¢¥­­®¬ã
ç¨á«ã ª®¬¯ ªâ  K á ãá«®¢¨¥¬ ­®à¬¨à®¢ª¨Z

K

w2
i (y)dy = 1:
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�®£¤  ¤«ï «î¡®£® x 2 H ¨¬¥¥â ¬¥áâ® à §«®¦¥­¨¥ ¢ àï¤ �ãàì¥ (¢ á¬ëá«¥ L2(K))

u(x; y) =
1X
i=0

ci(x)wi(y);

£¤¥ ci(x) =
R
K

u(x; y)wi(y)dy ¨ �ywi(y) + �iwi(y) = 0:

�ãáâì u(x; y) | à¥è¥­¨¥ ãà ¢­¥­¨ï (16) ­  R1. �®£¤ , ãç¨âë¢ ï �u = �xu+�yu (£¤¥ �x |
¢­ãâà¥­­¨© « ¯« á¨ ­ ­  H), ¯®«ãç ¥¬ �xu = �u��yu, ¨«¨ �xu = �u��yu. � â ª®¬ á«ãç ¥
á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

�xci(x) =
Z
K

�xu(x; y)wi(y)dy =
Z
K

(�u��yu)wi(y)dy =

= �

Z
K

u(x; y)wi(y)dy �
Z
K

�yu(x; y)wi(y)dy = �ci(x)�
Z
K

u(x; y)�ywi(y)dy =

= �ci(x) + �i

Z
K

u(x; y)wi(y)dy = (�+ �i)ci(x):

� ª¨¬ ®¡à §®¬, ­  H ¢ë¯®«­¥­® �xci(x) � (� + �i)ci(x) = 0. � ª ª ª ¨§ ®£à ­¨ç¥­­®áâ¨
u(x; y) á«¥¤ã¥â ®£à ­¨ç¥­­®áâì ci(x), â® c1 = c2 = � � � = 0. �á«¨ � > 0, â® c0 = 0,   ¥á«¨ � = 0, â®
c0 � const.

� ¬¥â¨¬, çâ® ¨¤¥ï ¤ ­­®£® ¤®ª § â¥«ìáâ¢  á®¤¥à¦¨âáï ¢ à ¡®â¥ [2].
�¯à ¢¥¤«¨¢ 

�¥®à¥¬  2. �ãáâì ¤«ï M ¢ë¯®«­ï¥âáï ãá«®¢¨¥ (11). �®£¤  ­  R = M �K ¢áïª®¥ ®£à ­¨-

ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) à ¢­® ª®­áâ ­â¥,   ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2)
à ¢­® ­ã«î.

�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ ãâ¢¥à¦¤¥­¨ï ¢ ­ ç «¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1 ¨ «¥¬¬ë 2.

� ¬¥ç ­¨¥ 4. �®ç­® â ª ¦¥ ¬®¦­® ¯®ª § âì, çâ® ¥á«¨ ­  M ¢ë¯®«­¥­ë ãá«®¢¨ï «¥¬¬ë 1,
â® ­  R ¢áïª®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) à ¢­® ª®­áâ ­â¥,   ¢áïª®¥ ®£à ­¨ç¥­­®¥
à¥è¥­¨¥ ãà ¢­¥­¨ï (2) à ¢­® ­ã«î.
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