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��������� � ���������������� ����������

� áá¬®âà¨¬   ¯®«®á¥ � = f(x; y) 2 R2 : jxj <1; jyj � 1g ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥

�
@4u

@x4
+ 2�

@4u

@x2@y2
+
@4u

@y4
= 0 (�� �2 > 0) (1)

á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

u(x; y)jy=�1 =
@u

@y

����
y=�1

= 0: (2)

�¡®§ ç¨¬ ç¥à¥§ U ª« áá äãªæ¨© u(x; y) 2 C4(�), ï¢«ïîé¨åáï à¥è¥¨ï¬¨ ãà ¢¥¨ï (1) ¨
ã¤®¢«¥â¢®àïîé¨å ªà ¥¢ë¬ ãá«®¢¨ï¬ (2).

�ãáâì r 2 N ¨ äãªæ¨ï gr(x) 2 C4(�1;1) â ª ï, çâ®

gr(x) =

(
1; jxj � r + 1;

0; jxj � r + 2:

�®£¤  ¤«ï «î¡®© äãªæ¨¨ u(x; y) 2 U äãªæ¨ï ur(x; y) = u(x; y)gr(x) 2 C4(�) ã¤®¢«¥â¢®àï¥â
ãà ¢¥¨î

�
@4ur

@x4
+ 2�

@4ur

@x2@y2
+
@4ur

@y4
= 'r(x; y) (3)

á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

ur(x; y)jy=�1 =
@ur

@y

����
y=�1

= 0; (4)

£¤¥ äãªæ¨ï

'r(x; y) = 4
�
�
@3ur

@x3
+ �

@3ur

@x@y2

�
g0r + 2

�
3�
@2ur

@x2
+ �

@2ur

@y2

�
g00r + 4

@ur

@x
g000r + �urg

IV
r

à ¢  ã«î ¢¥ ¨â¥à¢ «®¢ r + 1 < jxj < r + 2.
� ¯®¬®éìî ¯à¥®¡à §®¢ ¨© �ãàì¥

u�r(y; �) =
Z 1

�1
ur(x; y)e

�i�xdx; '�r(y; �) =
Z 1

�1
'r(x; y)e

�i�xdx

¢ á¨«ã (3){(4) ¯®«ãç ¥¬ ªà ¥¢ãî § ¤ çã

d4u�r
dy4

� 2��2
d2u�r
dy2

+ ��4u�r = '�r ; (5)

u�r(y; �)jy=�1 =
du�r(y; �)

dy

����
y=�1

= 0: (6)

�¬¥¥â ¬¥áâ® ®ç¥¢¨¤ ï
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�¥¬¬  1. � = 0 ¥ ï¢«ï¥âáï á®¡áâ¢¥ë¬ § ç¥¨¥¬ ªà ¥¢®© § ¤ ç¨ (5){(6).

�¡®§ ç¨¬ ç¥à¥§ ( r
2
+im

2
) (r;m < 0) ®¤® ¨§ ª®¬¯«¥ªáëå ç¨á¥«�

q
� � i

p
�� �2. �ëç¨á«¥¨ï

¯®ª §ë¢ îâ, çâ® á®¡áâ¢¥ë¥ § ç¥¨ï ªà ¥¢®© § ¤ ç¨ (5){(6) § ¤ îâáï ãà ¢¥¨¥¬

m2 sh2 r�� r2 sin2m� = 0: (7)

�¥£ª® ã¡¥¤¨âìáï, çâ® á¨áâ¥¬  ¨§ ãà ¢¥¨ï (7) ¨ ãà ¢¥¨ï

d

d�
(m2 sh2 r�� r2 sin2m�) = 0

¥ ¨¬¥¥â à¥è¥¨©, â. ¥. á¯à ¢¥¤«¨¢ 

�¥¬¬  2. �à¥¤¨ á®¡áâ¢¥ëå § ç¥¨© ªà ¥¢®© § ¤ ç¨ (5){(6) ¥â ªà âëå.

�¥¬¬  3. �á«¨ � | á®¡áâ¢¥®¥ § ç¥¨¥ ªà ¥¢®© § ¤ ç¨ (5){(6), â® ç¨á«  �, ��, �� â ª-
¦¥ ï¢«ïîâáï á®¡áâ¢¥ë¬¨ § ç¥¨ï¬¨ íâ®© ªà ¥¢®© § ¤ ç¨.

�¥¬¬  4. �¥é¥áâ¢¥ëå á®¡áâ¢¥ëå § ç¥¨© ªà ¥¢ ï § ¤ ç  (5){(6) ¥ ¨¬¥¥â.

�®ª § â¥«ìáâ¢®. �®áâ â®ç® ¯®ª § âì, çâ® ¥â á®¡áâ¢¥ëå § ç¥¨© � > 0. �ãáâì '(�) =
= m sh r� � r sinm�. �¬¥¥¬ '0(�) = (m sh r� � r sinm�)0 = mr(ch r� � cosm�) > 0 ¯à¨ � > 0 ¨
'(0) = 0, á«¥¤®¢ â¥«ì®, m2 sh2 r�� r2 sin2m� > 0 ¯à¨ ¢á¥å � > 0.

�«¥¤áâ¢¨¥. �¨áâ® ¬¨¬ëå á®¡áâ¢¥ëå § ç¥¨© ªà ¥¢ ï § ¤ ç  (5){(6) ¥ ¨¬¥¥â.

�¥¬¬  5. �«ï «î¡®£® " > 0  ©¤¥âáï k(") 2 N â ª®¥, çâ® ¯à¨ ¢á¥å k > k(") ¢

"-®ªà¥áâ®áâ¨ â®çª¨

�k =
1

2(r + im)

�
ln

r2

m2
+ i(2k + 1)�

�
(8)

áãé¥áâ¢ã¥â à®¢® ®¤® á®¡áâ¢¥®¥ § ç¥¨¥ ªà ¥¢®© § ¤ ç¨ (5){(6), ¯à¨ç¥¬ ¢ ¯¥à¢®© ç¥â¢¥àâ¨

ª®¬¯«¥ªá®© ¯«®áª®áâ¨ ¯à¨ j�j > j�k(")j ¤àã£¨å á®¡áâ¢¥ëå § ç¥¨© ¥â.

�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ ç¥à¥§  (�) = (m2e2r�+r2e�2im�)+(m2e�2r�+r2e2im��2(r2+m2))

«¥¢ãî ç áâì à ¢¥áâ¢  (7). �ãáâì h(�) = m2e2r�+r2e�2im� = r2e�2im�
�
m2

r2
e2(r+im)�+1

�
. �á®, çâ®

h(�k) = 0. �  ®ªàã¦®áâ¨ � = �k + "eit, 0 � t � 2�,

h(�) = r2e�2im(�k+"e
it)(1� e2(r+im)"eit) = r2e�2im(�k+"e

it)(1� e"1e
i(t+t0));

£¤¥ "1 = 2jr+imj", t0 = arg(r+im). �® 1�e"1ei(t+t0) 6= 0 ¯à¨ 0 � t � 2�, â.¥. áãé¥áâ¢ã¥â � = �(") > 0

â ª®¥, çâ®
���m2

r2
e2(r+im)� + 1

��� � �   ®ªàã¦®áâïå j�� �kj = " ¤«ï ¢á¥å k 2 N . �¬¥¥¬

jr2e�2im(�k+"e
it)j � cje�2im�k j; c > 0:

�ç¥¢¨¤®, ¤«ï «î¡®£®  > 0  ©¤¥âáï k() â ª®¥, çâ® jm2e�2r�+r2e2im�j <    ¢á¥å ®ªàã¦®áâïå
j� � �kj = " ¨§ ¯¥à¢®© ç¥â¢¥àâ¨ ¯à¨ k > k(), â. ¥. j (�) � h(�)j < jh(�)j   ¢á¥å ®ªàã¦®áâïå
j� � �kj = ",  ç¨ ï á ¥ª®â®à®£® k("). �®ª § â¥«ìáâ¢® § ¢¥àè ¥â ¯à¨¬¥¥¨¥ â¥®à¥¬ë �ãè¥
([1], â. 1, á. 425).

� á¨«ã ¯à¨¢¥¤¥ëå «¥¬¬ ¬ë ¬®¦¥¬ ®¡®§ ç¨âì á®¡áâ¢¥ë¥ § ç¥¨ï ªà ¥¢®© § ¤ ç¨ (5){
(6) ç¥à¥§ �jn, £¤¥ j | ®¬¥à ç¥â¢¥àâ¨, ¢ ª®â®à®©  å®¤¨âáï á®¡áâ¢¥®¥ § ç¥¨¥,   n | ®¬¥à
á®¡áâ¢¥®£® § ç¥¨ï ¨§ j-© ç¥â¢¥àâ¨.

�ãáâì G(y; �; �) | äãªæ¨ï �à¨  ªà ¥¢®© § ¤ ç¨ (5){(6). �§ ®¯à¥¤¥«¥¨ï á«¥¤ã¥â, çâ®
G(y; �; �) | ¬¥à®¬®àä ï äãªæ¨ï ¯ à ¬¥âà  � á ¯à®áâë¬¨ ¯®«îá ¬¨ ¢ â®çª å �jn, j = 1; 4;
n 2 N ,   â ª¦¥ çâ® á¯à ¢¥¤«¨¢  á«¥¤ãîé ï
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�¥¬¬  6. �«ï ª ¦¤®£® " > 0  ©¤¥âáï ç¨á«® c(") > 0 â ª®¥, çâ® ¢ë¯®«¥® ¥à ¢¥áâ¢®

jG(y; �; �)j � c(")j�j�3 (9)

¤«ï ¢á¥å �1 � y; � � 1 ¨ f� : j�� �0jnj � "g.
�¥¬¬  7. �¬¥¥â ¬¥áâ® à §«®¦¥¨¥

G(y; �; �) =
1X
n=1

4X
j=1

Gjn(y; �)
�� �jn

; (10)

¨ àï¤ á¯à ¢  áå®¤¨âáï à ¢®¬¥à® ¢ ®¡« áâ¨


 = f(y; �; �) 2 R3 : �1 � y; � � 1; �1 < � <1g;
¯à¨ç¥¬

Gjn(y; �) = Res
�=�jn

G(y; �; �) = bjn(y)bjn(�); (11)

£¤¥ bjn(�) | á®¡áâ¢¥ ï äãªæ¨ï ªà ¥¢®© § ¤ ç¨ (5){(6), á®®â¢¥âáâ¢ãîé ï á®¡áâ¢¥®¬ã § -
ç¥¨î �jn ¨ â ª ï, çâ® Z 1

�1

jbjn(�)j2d� = 1:

�®ª § â¥«ìáâ¢® (áà. [3]). � ª ª ª ¯® «¥¬¬¥ 1 ¨ «¥¬¬¥ 4 áà¥¤¨ á®¡áâ¢¥ëå § ç¥¨© �jn,
j = 1; 4, n 2 N , ¥â ¢¥é¥áâ¢¥ëå, â® ¯® â¥®à¥¬¥ �¨ââ £-�¥ää«¥à  ([1], â. 2, á. 296) ¨¬¥¥â ¬¥áâ®
à §«®¦¥¨¥ (10), áå®¤ïé¥¥áï ¢ ª ¦¤®© â®çª¥ ®¡« áâ¨ 
. �§ ®æ¥ª¨ ¢ëç¥â  äãªæ¨¨ G(y; �; �)
®â®á¨â¥«ì® ¯®«îá  �jn ¨ «¥¬¬ë 5 ¨¬¥¥¬ ¥à ¢¥áâ¢®

jGjn(y; �)j � c1j�jnj�3 � c2n
�3; (12)

¨ ¯à¨ ¢¥é¥áâ¢¥®¬ � ¢ á¨«ã «¥¬¬ë 5 ¯®«ãç ¥¬, çâ®

j�� �jnj � c03j�jnj � c3n; (13)

£¤¥ c2; c3 > 0 ¥ § ¢¨áïâ ®â n 2 N . �¥à ¢¥áâ¢  (12){(13) ®¡¥á¯¥ç¨¢ îâ à ¢®¬¥àãî áå®¤¨¬®áâì
àï¤  á¯à ¢  ¢ (10).

�â®à ï ç áâì «¥¬¬ë á«¥¤ã¥â ¨§ á¢®©áâ¢ ([2], á.47) G(y; �; �).

�á¯®«ì§ãï ï¢ë© ¢¨¤ äãªæ¨¨ �à¨ , ¯®«ãç ¥¬ ®æ¥ªã ¤«ï ¯à®¨§¢®¤ëå�����@kGjn(y; �)
@yk�m@�m

����� � c4j�jnjk�3 � c5n
k�3; c5 > 0:

�¥¬¬  8. �¥è¥¨¥ ªà ¥¢®© § ¤ ç¨ (3){(4) ¯à¥¤áâ ¢¨¬®   ¯àï¬®ã£®«ì¨ª¥ �r = f(x; y) 2
R2 : jxj � r; jyj � 1g ¢ ¢¨¤¥ à ¢®¬¥à® áå®¤ïé¥£®áï ¢¬¥áâ¥ á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤ë¬¨ àï¤ 

ur(x; y) =
1X
n=1

4X
j=1

cjn(r)e
i�jnxbjn(y);

£¤¥

cjn(r) =

8>><>>:
i
R 1
�1 bjn(�)d�

R �r�1
�r�2 'r(�; �)e

�i�jn�d�; j = 1; 2;

�i R 1�1 bjn(�)d� R r+2r+1 'r(�; �)e
�i�jn�d�; j = 3; 4:
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�®ª § â¥«ìáâ¢®. � ª ª ª G(y; �; �) | äãªæ¨ï �à¨  ªà ¥¢®© § ¤ ç¨ (5){(6), â® ¯à¨
� 6= �jn, ¢ ç áâ®áâ¨, ¯à¨ ¢¥é¥áâ¢¥®¬ � ¨¬¥¥¬

u�r(y; �) =
Z 1

�1
G(y; �; �)'�r(�; �)d�:

�à¨¬¥¨¬ ª u�r(y; �) ®¡à â®¥ ¯à¥®¡à §®¢ ¨¥ �ãàì¥ ¨ ¢®á¯®«ì§ã¥¬áï «¥¬¬®© 7. �®«ãç¨¬

ur(x; y) =
1
2�

Z 1

�1

Z 1

�1

Z r+2

�r�2

1X
n=1

4X
j=1

Gjn(y; �)'r(�; �)
ei�(x��)
�� �jn

d� d� d� =
1
2�

Z 1

�1

1X
n=1

4X
j=1

Mjn(x; y; �)d�;

£¤¥

Mjn(x; y; �) =
Z 1

�1

Z r+2

�r�2
Gjn(y; �)'r(�; �)

ei�(x��)

�� �jn
d� d�:

�®ª ¦¥¬, çâ®

RN(x; y) =
�Z

j�j�A
+
Z
j�j>A

� 1X
n=N

4X
j=1

Mjn(x; y; �)d� = R
(1)
N (x; y) +R

(2)
N (x; y)� 0

  �r ¯à¨ N !1. � á¨«ã «¥¬¬ë 7 R(1)
N (x; y)! 0, N !1, à ¢®¬¥à®   �r. �æ¥¨¬ R

(2)
N (x; y).

�â¥£à¨àãï
R r+2
�r�2 'r(�; �)e

i�(x��)d� ¯® ç áâï¬, á ãç¥â®¬ (12) ¨ (13) ¯®«ãç¨¬

Mjn(x; y; �) =
1
i�

Z 1

�1

Z r+2

�r�2

Gjn(y; �)
@'r

@�

ei�(x��)

�� �jn
d� d�;

jMjn(x; y; �)j � c1j�jnj�3j�� �jnj�1j�j�1
Z 1

�1

Z r+2

�r�2

����@'r@�

����d� d� � cn�3j�j�2; c > 0:

�®íâ®¬ã

jR(2)
N (x; y)j � c

1X
n=N

n�3
Z
j�j>A

j�j�2d�! 0; N !1:

�â ª,

ur(x; y) =
1
2�

1X
n=1

4X
j=1

Z 1

�1

Z 1

�1

Z r+2

�r�2
Gjn(y; �)'r(�; �)

ei�(x��)

�� �jn
d� d� d�: (14)

�ï¤ á¯à ¢  áå®¤¨âáï à ¢®¬¥à®   �r. �¥ïï ¯®àï¤®ª ¨â¥£à¨à®¢ ¨ï ¢ (14), á¤¥« ¢ ¨â¥£à «
¯® � ¢ãâà¥¨¬, ¨ ãç¨âë¢ ï, çâ®Z 1

�1

ei�(x��)

�� �jn
d� = 2�i

(
sign(x� �)ei�jn(x��); (x� �) Im�jn > 0;

0; (x� �) Im�jn < 0;

¯®«ãç¨¬

ur(x; y) = i
1X
n=1

� 2X
j=1

Z 1

�1

Z �r�1

�r�2
Gjn(y; �)'r(�; �)e

i�jn (x��)d� d� �

�
4X

j=3

Z 1

�1

Z r+2

r+1

Gjn(y; �)'r(�; �)ei�jn(x��)d� d�
�
: (15)

�§ ®æ¥®ª ¤«ï äãªæ¨¨ �à¨  á«¥¤ã¥â, çâ® ¯à¨ ¥ª®â®à®¬ � > 0   ¯àï¬®ã£®«ì¨ª¥ �r ¢ë¯®«-
¥® ¥à ¢¥áâ¢®���� @k

@xm@yk�m

Z 1

�1

Z �r�1

�r�2

Gjn(y; �)'r(�; �)e
i�jn(x��)d� d�

���� � ce��n

n3�k
; c > 0:
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�á®, çâ® â ª¨¥ ¥à ¢¥áâ¢  á¯à ¢¥¤«¨¢ë ¨ ¤«ï ¢â®à®© £àã¯¯ë á« £ ¥¬ëå àï¤  (15), ¯®íâ®¬ã
íâ®â àï¤   ¯àï¬®ã£®«ì¨ª¥ �r áå®¤¨âáï à ¢®¬¥à® ¢¬¥áâ¥ á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤ë¬¨.
�«ï § ¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë ¤®áâ â®ç® ¢ (15) ãç¥áâì à ¢¥áâ¢® (11).

�ãáâì M | ª« áá äãªæ¨© u(x; y) 2 U â ª¨å, çâ® áãé¥áâ¢ãîâ à ¢®¬¥àë¥   [�1; 1] ¯à¥-
¤¥«ë v�mk(y) ¨ v

+
mk(y) äãªæ¨© e

�i�jnx
@ku(x; y)
@xm@yk�m

¯à¨ x ! �1, j = 1; 2, ¨ e�i�jnx
@ku(x; y)
@xm@yk�m

¯à¨

x ! 1, j = 3; 4 (0 � m � k � 3, n 2 N) á®®â¢¥âáâ¢¥®. �®¯®«®£¨î   M § ¤ ¤¨¬ á¨áâ¥¬®©
¯à¥¤®à¬

ku(x; y)kr = max
4X

i+j=0

����� @i+ju@xi@yj

���� : jxj � r; jyj � 1
�
; r = 1; 2; : : : (16)

�ç¥¢¨¤®, ¯à®áâà áâ¢® M 6= ?,  ¯à¨¬¥à, u(x; y) = y2 � 1 2M .

�¥®à¥¬  1. �«ï «î¡®© äãªæ¨¨ u(x; y) 2M á¯à ¢¥¤«¨¢® ¯à¥¤áâ ¢«¥¨¥

u(x; y) =
1X
n=1

4X
j=1

cjne
i�jnxbjn(y);

¨ àï¤ á¯à ¢  áå®¤¨âáï  ¡á®«îâ® ¢ â®¯®«®£¨¨, § ¤ ¢ ¥¬®© á¨áâ¥¬®© ¯à¥¤®à¬ (16). �¤¥áì

cjn =

8>><>>:
R 1
�1  

�(�; �jn)bjn(�)d�; j = 1; 2;

R 1
�1  

+(�; �jn)bjn(�)d�; j = 3; 4;

£¤¥ bjn(�) | á®¡áâ¢¥ ï äãªæ¨ï ªà ¥¢®© § ¤ ç¨ (5){(6),    �(�; �jn) | «¨¥© ï ª®¬¡¨ æ¨ï

äãªæ¨© v�m3(�), �jnv
�
m2(�), �

2
jnv

�
m1(�), �

3
jnv

�
m0(�) á®®â¢¥âáâ¢¥®.

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ¨â¥£à «Z �r�1

�r�2

'r(�; �)e
i�jn(x��)d� = ei�jnx

Z �r�1

�r�2

'r(�; �)e
�i�jn�d�; j = 1; 2:

�®á«¥¤®¢ â¥«ì® ¨â¥£à¨àãï ¯® ç áâï¬ ¨ ãç¨âë¢ ï, çâ® ¯à¨

� = �r � 2; � = �r � 1; g0r(�) = g00r (�) = g000r (�) = 0;

á ¯®¬®éìî ¨â¥£à «ì®© â¥®à¥¬ë ® áà¥¤¥¬ ¯®«ãç ¥¬Z �r�1

�r�2

'r(�; �)ei�jn(x��)d� =
Z �r�1

�r�2

 (�; �; �jn)ei�jn(x��)g0r(�)d� =

=  (�; �; �jn)ei�jn(x��)
Z �r�1

�r�2

g0r(�)d� = ei�jn(x��) (�; �; �jn); (17)

£¤¥ �r � 2 � � � �r � 1 ¨

 (�; �; �jn) = �1(u(�; �))000�3 + �2(u(�; �))000�2� + �3(u(�; �))000��2 + �4(u(�; �))000�3 +

+�jn
�
�5(u(�; �))

00
�2 + �6(u(�; �))

00
�� + �7(u(�; �))

00
�2

�
+ �2jn

�
�8(u(�; �))

0
� + �9(u(�; �))

0
�

�
+ �10�

3
jnu(�; �)

(�1; �2; : : : ; �10 | ¥ª®â®àë¥ ç¨á« ).
�® ¦¥ á ¬®¥ á¯à ¢¥¤«¨¢® ¨ ¤«ï ¨â¥£à « Z r+2

r+1
'r(�; �)e

i�jn(x��)d�; j = 3; 4:
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� á¨«ã ®£à ¨ç¥¨©   äãªæ¨¨ ¨§ M

lim
�!�1

 (�; �; �jn)e�i�jn� =  �(�; �jn); j = 1; 2;

lim
�!1

 (�; �; �jn)e
�i�jn� =  +(�; �jn); j = 3; 4;

(18)

¯à¨ç¥¬ äãªæ¨¨  �(�; �jn) ¥¯à¥àë¢ë   [�1; 1].
�«ï äãªæ¨¨

ujn(x; y; r) =
Z 1

�1

Z �r�1

�r�2

Gjn(y; �)'r(�; �)e
i�jn (x��)d� d�

¯à¨ jxj � r á ãç¥â®¬ (17) ¯®«ãç¨¬ ¥à ¢¥áâ¢®

jujn(x; y; r)j � c1j�jnj�3j�jnj3e� Im�jn = c1e
� Im�jn ; j = 1; 2:

� «®£¨ç®

jujn(x; y; r)j =
���� Z 1

�1

Z r+2

r+1
Gjn(y; �)'r(�; �)e

i�jn (x��)d� d�

���� � c2e
Im�jn ; j = 3; 4:

� ª ª ª j Im�jnj � c3n, â® ¨§ íâ¨å ®æ¥®ª á«¥¤ã¥â, çâ® àï¤ (15) à ¢®¬¥à® áå®¤¨âáï ¯à¨ jxj � r

¨ jyj � 1. �âáî¤ , ¯¥à¥å®¤ï ª ¯à¥¤¥«ã, á ãç¥â®¬ (17) ¨ (18) ¯®«ãç ¥¬

lim
r!1

ujn(x; y; r) = lim
r!1

Z 1

�1

Z �r�1

�r�2

Gjn(y; �)'r(�; �)ei�jn(x��)d� d� =

= ei�jnx
Z 1

�1

Gjn(y; �) �(�; �jn)d� =

= ei�jnx
Z 1

�1

bjn(y)bjn(�) �(�; �jn)d� =

= ei�jnxbjn(y)
Z 1

�1

bjn(�) �(�; �jn)d� =

= cjne
i�jnxbjn(y); j = 1; 2:

� «®£¨ç®

lim
r!1

ujn(x; y; r) = lim
r!1

Z 1

�1

Z r+2

r+1

Gjn(y; �)'r(�; �)ei�jn (x��)d� d� =

= ei�jnxbjn(y)
Z 1

�1

bjn(�) +(�; �jn)d� = cjne
i�jnxbjn(y); j = 3; 4:

�â ª,

u(x; y) = lim
r!1

ur(x; y) = lim
r!1

1X
n=1

4X
j=1

ujn(x; y; r) =
1X
n=1

4X
j=1

cjne
i�jnxbjn(y);

¯à¨ç¥¬ àï¤ íâ®â áå®¤¨âáï à ¢®¬¥à® ¨  ¡á®«îâ® á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤ë¬¨   ª ¦¤®¬
¯àï¬®ã£®«ì¨ª¥ �r, r = 1; 2; : : : , á«¥¤®¢ â¥«ì®, áå®¤¨âáï  ¡á®«îâ® ¢ â®¯®«®£¨¨ ¯à®áâà áâ¢ 
M .

� ¯®¬¨¬, ¥á«¨ ¬ âà¨æ  [ar(n)]n;r2N â ª ï, çâ® 0 � ar(n) � ar+1(n) ¤«ï ¢á¥å r; n 2 N ¨
sup
r
ar(n) > 0 ¤«ï ¢á¥å n 2 N , â® ¯à®áâà áâ¢® �à¥è¥ ¯®á«¥¤®¢ â¥«ì®áâ¥©

l1[ar(n)] =
�
� = (�n)n2N : j�jr =

1X
n=1

j�njar(n) <1 8r 2 N
�

 §ë¢ îâ ¯à®áâà áâ¢®¬ ��¥â¥.
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�®á«¥¤®¢ â¥«ì®áâì í«¥¬¥â®¢ (en)n2N áç¥â®-®à¬¨à®¢ ®£® ¯à®áâà áâ¢  (E; (k � kr))  -
§ë¢ îâ  ¡á®«îâë¬ ¡ §¨á®¬ ¢ E, ¥á«¨ ª ¦¤ë© í«¥¬¥â ¯à®áâà áâ¢  E ¬®¦¥â ¡ëâì ¥¤¨áâ¢¥-
ë¬ ®¡à §®¬ à §«®¦¥ ¯® í«¥¬¥â ¬ (en)n2N ¢  ¡á®«îâ® áå®¤ïé¨©áï ¢ â®¯®«®£¨¨ E àï¤. �à®-
áâà áâ¢® �à¥è¥ E á  ¡á®«îâë¬ ¡ §¨á®¬ (en)n2N ([4]) ¨§®¬®àä® ¯à®áâà áâ¢ã ��¥â¥ l1[kenkr].

�¯®àï¤®ç¨¬ á¨áâ¥¬ã äãªæ¨© (ei�jnxbjn(y))n2N ;j=1;4 ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ (Bm(x; y))m2N
á B4(n�1)+j(x; y) = ei�jnxbjn(y).

�¥®à¥¬  2. �¨áâ¥¬  äãªæ¨© (Bm(x; y))m2N ®¡à §ã¥â  ¡á®«îâë© ¡ §¨á ¢ ¯à®áâà áâ¢¥

M .

�®ª § â¥«ìáâ¢®. �® â¥®à¥¬¥ 1 ª ¦¤ãî äãªæ¨î u(x; y) 2 N ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

u(x; y) =
1X

m=1

cmBm(x; y); (19)

£¤¥ àï¤ á¯à ¢  áå®¤¨âáï  ¡á®«îâ® ¢ â®¯®«®£¨¨ ¯à®áâà áâ¢  M . �®¡áâ¢¥ë¥ äãªæ¨¨
(bjn(�))n2N; j=1;4 ªà ¥¢®© § ¤ ç¨ (5){(6) ®¡« ¤ îâ ([3]) á¢®©áâ¢®¬ ®àâ®£® «ì®áâ¨Z 1

�1

[2�b0jnb
0
km + �[�

2

jn + �2km]bjnbkm]d� = 0; (j; n) 6= (k;m);

®âªã¤  á«¥¤ã¥â ¥¤¨áâ¢¥®áâì ¯à¥¤áâ ¢«¥¨ï (19).

�¢¥¤¥¬ ®¢ãî á¨áâ¥¬ã ¯à¥¤®à¬ (jjj � jjjr)   M , ¯®« £ ï ¤«ï u(x; y) =
1P

m=1
cmBm(x; y) ¨§ M

jjju(x; y)jjjr =
1X

m=1

jcmj kBm(x; y)kr:

�¥®à¥¬  3. �ç¥â®-®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® fM = (M; (jjj�jjjr)) ¬®¦® ¨§®¬¥âà¨ç¥áª¨

®â®¡à §¨âì ¢ ¯à®áâà áâ¢® ��¥â¥ l1[kBm(x; y)kr].
�®ª § â¥«ìáâ¢®. �®áâà®¨¬ ®â®¡à ¦¥¨¥ T : fM ! l1[kBm(x; y)kr] â ª, çâ®¡ë

T (u(x; y)) = T

� 1X
m=1

cmBm(x; y)
�
= (cm)m2N :

�â® ¬®¦® á¤¥« âì ¢ á¨«ã â¥®à¥¬ë 2. �§ à ¢¥áâ¢

kT (u(x; y))kr = k(cm)m2Nkr =
1X

m=1

jcmj kBm(x; y)kr = jjju(x; y)jjjr

á«¥¤ã¥â ¨§®¬¥âà¨ç®áâì ®â®¡à ¦¥¨ï T .
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