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�â âìï ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨î à §à¥è¨¬®áâ¨ § ¤ ç¨ £¥®¬¥âà¨ç¥áª¨ ¨ ä¨§¨ç¥áª¨ ­¥«¨­¥©-
­®© â¥®à¨¨ ¯®«®£¨å ®¡®«®ç¥ª, § ª«îç îé¥©áï ¢ ®¯à¥¤¥«¥­¨¨ ­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®£®
á®áâ®ï­¨ï á¢®¡®¤­ëå ®¡®«®ç¥ª, ­¥ ¯®¤ç¨­¥­­ëå ­¨ª ª¨¬ £¥®¬¥âà¨ç¥áª¨¬ £à ­¨ç­ë¬ ãá«®¢¨-
ï¬. �¥®¡å®¤¨¬®áâì ¨§ãç¥­¨ï â ª¨å ®¡®«®ç¥ª ¡ë«  ®â¬¥ç¥­  �.�. �®à®¢¨ç¥¬ [1]. � à ¡®â¥ ¤«ï
¨áá«¥¤®¢ ­¨ï § ¤ ç¨ ¯à¥¤« £ ¥âáï ¬¥â®¤, ®á­®¢ ­­ë© ­  à¥è¥­¨¨ § ¤ ç¨ ¢ ¤¥ä®à¬ æ¨ïå [2].

1�. � íâ®¬ ¯ã­ªâ¥ ¢ë¢¥¤¥¬ ä®à¬ã«ë ¤«ï ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨ï ç¥à¥§ ª®¬¯®­¥­âë ¤¥ä®à¬ -
æ¨¨, ª®â®àë¥ «¥¦ â ¢ ®á­®¢¥ ¯à¥¤« £ ¥¬®£® ¬¥â®¤ .�«ï íâ®£® ¡ã¤¥¬ ¨á¯®«ì§®¢ âì á®®â­®è¥­¨ï
¤«ï ª®¬¯®­¥­â ª®­¥ç­®© ¤¥ä®à¬ æ¨¨,¯®«ãç¥­­ë¥ ­  ®á­®¢¥ £¨¯®â¥§ �¨àå£®ä {�ï¢ 

"0jj = wj�j �Bjjw �Gk
jjwk +

1
2
w2
�j ; j = 1; 2;

"012 =
1
2
(w1�2 + w2�1)�B12w �Gk

12wk +
1
2
w�1w�2 ; (1)

"1ij = �w�i�j +Gk
ijw�k ; i � j; i; j = 1; 2;

£¤¥ "0ij , "
1
ij | ª®¬¯®­¥­âë â ­£¥­æ¨ «ì­®© ¨ ¨§£¨¡­®© ¤¥ä®à¬ æ¨¨ áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ S0;

wi, w | â ­£¥­æ¨ «ì­ë¥ ¨ ­®à¬ «ì­®¥ ¯¥à¥¬¥é¥­¨ï â®ç¥ª S0; Bij | á®áâ ¢«ïîé¨¥ â¥­§®à 
ªà¨¢¨§­ë S0; Gk

ij | á¨¬¢®«ë �à¨áâ®ää¥«ï ¢â®à®£® à®¤ ; �1, �2 | ¤¥ª àâ®¢ë ª®®à¤¨­ âë ­ 
¯«®áª®áâ¨, ¨§¬¥­ïîé¨¥áï ¢ ­¥ª®â®à®© ¯«®áª®© ®£à ­¨ç¥­­®© ®¡« áâ¨ 
.

�®®â­®è¥­¨ï (1) ¡ã¤¥¬ à áá¬ âà¨¢ âì ª ª á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ®â­®á¨-
â¥«ì­® wi, w á ¨§¢¥áâ­ë¬¨ ¯à ¢ë¬¨ ç áâï¬¨ "0ij , "

1
ij . �«ï ­ å®¦¤¥­¨ï wi, w ®â (1) ¯¥à¥©¤¥¬ ª

á¨áâ¥¬¥

w1�1 � w2�2 + (B22 �B11)w + (Gk
22 �Gk

11)wk +
1
2
(w2

�1 � w2
�2) = "011 � "022;

w1�1 + w2�1 � 2B12w � 2Gk
12wk + w�1w�2 = 2"012; (2)

� w�1�1 � w�2�2 + (Gk
11 +Gk

22)w�k = "111 + "222: (3)

�à ¢­¥­¨¥ (3) á®¤¥à¦¨â â®«ìª® w ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© «¨­¥©­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥
¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢â®à®£® ¯®àï¤ª . �®íâ®¬ã à¥è¥­¨¥ á¨áâ¥¬ë (2){(3) ­ ç­¥¬ á à¥è¥­¨ï
(3). �¢¥¤¥¬ ®¡®§­ ç¥­¨ï: a = �(G1

11+G2
22), b = G2

11+G2
22, "3 = "111+ "122, u = �w�1 , v = w�2 . �®£¤ 

ãà ¢­¥­¨¥ (3) ¡ã¤¥â íª¢¨¢ «¥­â­® á¨áâ¥¬¥

u�1 � v�2 + au+ bv = "3;

u�2 + v�1 = 0;

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©,

¯à®¥ªâ ò96-01-00518, ¨ �ª ¤¥¬¨¨ ­ ãª � â àáâ ­ .
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ª®â®àãî á ¯®¬®éìî ª®¬¯«¥ªá­®© äã­ªæ¨¨ W (z) = u(�1; �2) + iv(�1; �2), z = �1 + i�2, ¬®¦­®
¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

Wz +AW +BW = F; (4)

£¤¥ A = 1
4
(a� ib), B = 1

4
(a+ ib), F = "3

2
, Wz = 1

2
(W�1 + iW�2).

�à ¢­¥­¨ï ¢¨¤  (4) ¨§ãç¥­ë �.�.�¥ªã  [3]. �à¨ ­ å®¦¤¥­¨¨ à¥è¥­¨ï (4) ¡ã¤¥¬ á«¥¤®¢ âì
[3].

�à¥¤¯®«®¦¨¬, çâ® "3 2 L2(
); äã­ªæ¨¨ Gk
ij , Bij ®£à ­¨ç¥­ë ¢ 
; ¢­¥ ®¡« áâ¨ 
 ®­¨ ¯à®¤®«-

¦¥­ë ­ã«ï¬¨. �®£¤  ®¡®¡é¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (4) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

W (z) =W0(z) + (T1"3)(z); (5)

£¤¥W0(z) 2 Lq(
) (q � 1) | ®¡®¡é¥­­ ï  ­ «¨â¨ç¥áª ï äã­ªæ¨ï [3], § ¢¨áïé ï ®â ¯à®¨§¢®«ì­®©
£®«®¬®àä­®© ¢­ãâà¨ 
 äã­ªæ¨¨; ®¯¥à â®à T1f ¤ ¥âáï ä®à¬ã«®©

T1f = � 1
�

ZZ



�1(z; �; 
)f(�)d� d�; � = � + i�: (6)

� (6) �1(z; �; 
) | ¨§¢¥áâ­ ï äã­ªæ¨ï, ­ §ë¢ ¥¬ ï £« ¢­®© äã­ªæ¨¥© [3]. �­ ï W (z), à¥è¥­¨¥
w ãà ¢­¥­¨ï (3) ¬®¦­® ­ ©â¨ ¯® ä®à¬ã«¥

w(�1; �2) = c0 �Re
Z z

z0

W (�)d�; c0 = const; (7)

z0 | ¯à®¨§¢®«ì­® ä¨ªá¨à®¢ ­­ ï â®çª  
.
�á«¨ 
 | ®¤­®á¢ï§­ ï ®¡« áâì, â® ¯à ¢ ï ç áâì (7) ï¢«ï¥âáï ®¤­®§­ ç­®© äã­ªæ¨¥© ¯à¨

ä¨ªá¨à®¢ ­­ëå c0, z0. �á«¨ ¦¥ 
 | ¬­®£®á¢ï§­ ï ®¡« áâì, â® ¯à ¢ ï ç áâì (7) ¡ã¤¥â, ¢®®¡-
é¥ £®¢®àï, ¬­®£®§­ ç­®© äã­ªæ¨¥©. �®£¤  ¤«ï ®¤­®§­ ç­®áâ¨ ¯à ¢®© ç áâ¨ (7) ­¥®¡å®¤¨¬® ¨
¤®áâ â®ç­®, çâ®¡ë ¢ë¯®«­ï«®áì

Re
Z
�j

W (�)d� = 0; j = 1;m;

£¤¥ ç¥à¥§ �j (j = 1;m) ®¡®§­ ç¥­ë § ¬ª­ãâë¥ ªà¨¢ë¥, ®£à ­¨ç¨¢ îé¨¥ ®¡« áâì 
 ¨ à á¯®«®-
¦¥­­ë¥ ¢­ãâà¨ ªà¨¢®© �0.

�¥à¥©¤¥¬ ª á¨áâ¥¬¥ (2). �à¨ ¯®¬®é¨ ª®¬¯«¥ªá­®© äã­ªæ¨¨ W1 = w1 + iw2 á¨áâ¥¬ã (2), ª ª
¨ ¢ëè¥, § ¯¨è¥¬ ¢ ¢¨¤¥

W1z +A1W1 +B1W 1 = F1 �K"3; (8)

£¤¥ F1 = 1
2
("1 + i"2), "1 = "011 � "022, "2 = 2"012; K"3 = 1

2
(K1"3 + iK2"3) | ¨§¢¥áâ­ë© ®¯¥à â®à,

ª®â®àë© ®¯à¥¤¥«ï¥âáï à¥è¥­¨¥¬ w ãà ¢­¥­¨ï (3); ª®íää¨æ¨¥­âë A1, B1 § ¢¨áïâ â®«ìª® ®â Gk
ij

¨ A1 = B1 � 0, ¥á«¨ Gk
ij � 0. �à¥¤¯®« £ ï, çâ® "j 2 L2(
) ¨ ¢­¥ 
 "j � 0, ®¡®¡é¥­­®¥ à¥è¥­¨¥

ãà ¢­¥­¨ï (8) ¯®«ãç ¥¬ ¢ ¢¨¤¥

W1(z) =W1;0(z) + T2("1 �K1"3)� T3("2 �K2"3); (9)

£¤¥ W1;0 2 Lq(
) (q � 1) | ®¡®¡é¥­­ ï  ­ «¨â¨ç¥áª ï äã­ªæ¨ï, § ¢¨áïé ï ®â ¯à®¨§¢®«ì­®©
£®«®¬®àä­®© ¢­ãâà¨ 
 äã­ªæ¨¨; ®¯¥à â®àë Tjf (j = 2; 3) ¨¬¥îâ âã ¦¥ áâàãªâãàã (6), çâ® ¨
T1f .

�¥¬¬  1. �¯¥à â®àë Tjf (j = 1; 3) áãâì ¢¯®«­¥ ­¥¯à¥àë¢­ë¥ «¨­¥©­ë¥ ®¯¥à â®àë ¢ Lp(
),
p � 1, ®â®¡à ¦ îé¨¥ íâ® ¯à®áâà ­áâ¢® ¢ Lq(
), p � q � 2p=(2�p), ¥á«¨ 1 � p � 2 ¨ ­  C�(
),
� = p�2

p
, ¥á«¨ p > 2, ¯à¨ç¥¬

kTjfkLq � ckfkLp (1 � p � 2); kTjfkC�
� ckfkLp (p > 2):
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�¯à ¢¥¤«¨¢®áâì «¥¬¬ë 1 á«¥¤ã¥â ¨§ á¢®©áâ¢ £« ¢­ëå äã­ªæ¨© ¨ â¥®à¥¬ 1.19, 1.27 ([3],
cc. 39, 46).

�á¯®«ì§ãï à¥è¥­¨ï (5), (7), (9), ¨å ¯à®¨§¢®¤­ë¥ ¯® z, z, ­ å®¤¨¬ w�j , w�2�2 , w�1�2 , w2�2 , á
¯®¬®éìî ª®â®àëå § â¥¬ ¨§ (1) ¯®«ãç ¥¬

"122 � "4 = H1"3 +
1
2
"3 + f1; "112 � "5 = H2"3 + f2;

"022 � "6 = H"3 + 1KH2+K"K
��
K=1;3

� 1
2
"1 + f3;

(10)

£¤¥ fj 2 Lq(
) (q � 1) | ¨§¢¥áâ­ë¥ äã­ªæ¨¨, § ¢¨áïé¨¥ ®â W0, W1;0; Hjf | ¨§¢¥áâ­ë¥ ®¯¥à -
â®àë, ®â­®á¨â¥«ì­® ª®â®àëå á¯à ¢¥¤«¨¢ 

�¥®à¥¬  1. 1) �¯¥à â®àë Hjf (j = 1; 4) áãâì «¨­¥©­ë¥ ®£à ­¨ç¥­­ë¥ ®¯¥à â®àë ¢ Lp(
),
®â®¡à ¦ îé¨¥ íâ® ¯à®áâà ­áâ¢® ¢ á¥¡ï, ¯à¨ç¥¬

kHjfkLp � ckfkLp ; p > 1;

2) �¯¥à â®à H5f | «¨­¥©­ë©, Hf | ­¥«¨­¥©­ë© ¢¯®«­¥ ­¥¯à¥àë¢­ë¥ ®¯¥à â®àë ¢ L2(
),
®â®¡à ¦ îé¨¥ íâ® ¯à®áâà ­áâ¢® ¢ Lq(
), q � 1, ¯à¨ç¥¬

kH5fkLq � ckfkL2
; kHfkLq � ckfk2L2

; q � 1:

�¥®à¥¬  1 ¤®ª §ë¢ ¥âáï á ¯®¬®éìî «¥¬¬ë 1.
� ª¨¬ ®¡à §®¬, ¯®«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï ª®®à¤¨­ â ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨ï â®ç¥ª áà¥¤¨­­®©

¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ç¥à¥§ "1, "2, "3 ¢ ¢¨¤¥ (7), (9), ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ ­ë ¢ ¤ «ì­¥©-
è¥¬. �¥áâì ª®¬¯®­¥­â ¤¥ä®à¬ æ¨¨ á¢ï§ ­ë ¬¥¦¤ã á®¡®© âà¥¬ï á®®â­®è¥­¨ï¬¨ (10), ª®â®àë¥
¯à¥¤áâ ¢«ïîâ á®¡®© ãá«®¢¨ï á®¢¬¥áâ­®áâ¨ ¤¥ä®à¬ æ¨¨. �à¨ ¨å ¢ë¯®«­¥­¨¨ à¥è¥­¨¥ á¨áâ¥¬ë
(2){(3) ã¤®¢«¥â¢®àï¥â á¨áâ¥¬¥ (1).

2�. �§¢¥áâ­® [4], çâ® ¤«ï ­¥«¨­¥©­® ã¯àã£¨å  ­¨§®âà®¯­ëå áà¥¤ ­ ¯àï¦¥­¨ï ¬®£ãâ ¡ëâì
¯à¥¤áâ ¢«¥­ë ä®à¬ã« ¬¨ �à¨­ 

�ij =
@F

@"ij
; (11)

£¤¥ F | ¯®â¥­æ¨ «. �á¯®«ì§ãï £¨¯®â¥§ë �¨àå£®ä {�ï¢ , á®®â­®è¥­¨ï (11) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥

��� = B��qs
qs � ���� ; � � �; q � s; �; �; q; s = 1; 2; (12)

£¤¥ B��qs = @2F

@
��@
qs

��

ij=0

, 
jj = "jj , 
12 = 2"12.
�«ï ¢ à¨ æ¨¨ ®¡ê¥¬­®© ¯«®â­®áâ¨ í­¥à£¨¨ ¤¥ä®à¬ æ¨¨ � ¨¬¥¥¬

�� = �11�
11 + �12�
12 + �22�
22;

ª®â®àãî ¢ á¨«ã (12) ¬®¦¥¬ § ¯¨á âì ¢ ¢¨¤¥

�� = B��qs
���
qs � ���� �
��; � � �; q � s: (13)

�«ï ¢ à¨ æ¨¨ í­¥à£¨¨ ¤¥ä®à¬ æ¨¨ U , ­ ª®¯«¥­­®© ¢® ¢á¥¬ ®¡ê¥¬¥ ®¡®«®çª¨ V , ¡ã¤¥¬ ¨¬¥âì

�U =
ZZZ
V

��D�d�1d�2d�3; (14)

£¤¥ D� = D�(�1; �2; �3) | í«¥¬¥­â ®¡ê¥¬  V . �á«¨ ãç¥áâì â®­ª®áâ¥­­®áâì ®¡®«®çª¨, â® ¬®¦­®
¯à¨­ïâì D� � D(�1; �2), £¤¥ D(�1; �2) | í«¥¬¥­â ¯«®é ¤¨ áà¥¤¨­­®© ¯®¢¥àå­®áâ¨. �à¨ íâ®¬
áç¨â ¥¬

D(�1; �2) � c2 > 0 (15)
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¢ ®¡« áâ¨ 
. � á¨«ã â®£®, çâ® 
ij = 
0ij + �3
1ij ¨ ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (13), ä®à¬ã«ã (14)
¯à¥®¡à §ã¥¬ ª ¢¨¤ã

�U =
ZZ



�QDd�1d�2 �
ZZ



(���1 �
0�� + ���2 �
1��)Dd�
1d�2; (16)

£¤¥

�Q = D��qs
p 
0���


0
qs +D��qs

� (
0���

1
qs + 
1���


0
qs) +D��qs

u 
1���

1
qs; (17)

D��qs
p =

Z h

�h
B��qsd�3; D��qs

� =
Z h

�h
B��qs�3d�3; D��qs

u =
Z h

�h
B��qs(�3)2d�3;

���1 =
Z h

�h
���� d�3; ���2 =

Z h

�h
���� �3d�3:

�ç¨â ¥¬, çâ® ¢ë¯®«­ï¥âáï

�á«®¢¨¥ A. D��qs
p;�;u ®£à ­¨ç¥­ë ¢ 
.

�à¥¤¯®«®¦¨¬, çâ® ª¢ ¤à â¨ç­ ï ä®à¬  2�� = B��qs
��
qs ¯®«®¦¨â¥«ì­® ®¯à¥¤¥«¥­  ¢® ¢á¥¬
®¡ê¥¬¥ V . �®£¤ , ª ª «¥£ª® ¢¨¤¥âì, ¨§ ¯®«®¦¨â¥«ì­®© ®¯à¥¤¥«¥­­®áâ¨ 2�� á«¥¤ã¥â ¯®«®¦¨â¥«ì-
­ ï ®¯à¥¤¥«¥­­®áâì ª¢ ¤à â¨ç­®© ä®à¬ë 2Q. �âáî¤  ¢ á¢®î ®ç¥à¥¤ì ¢ëâ¥ª ¥â ¯®«®¦¨â¥«ì­ ï
®¯à¥¤¥«¥­­®áâì â¥­§®à®¢ D��qs

p;u .
�à¥®¡à §ã¥¬ ä®à¬ã«ã (17). �«ï íâ®£® ¨á¯®«ì§ã¥¬ á®®â­®è¥­¨ï


011 = "1 + "6; 
012 = "2; 
022 = "6; 
111 = "3 � "4; 
112 = 2"5; 
122 = "4: (18)

�à¨ ¯®¬®é¨ (18), (10) ª®¬¯®­¥­âë ¤¥ä®à¬ æ¨¨ 
kij ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥


0jj = t0jj +H"3 + f3; 
1jj = t1jj + (�1)jf1; j = 1; 2;


012 = t012; 
112 = t112 + 2f2;
(19)

£¤¥ ç¥à¥§ t0ij , t
1
ij ®¡®§­ ç¥­ë «¨­¥©­ë¥ ç áâ¨ 
0ij , 


1
ij :

t011 =
1
2
"1 + 1KH2+K"K

��
K=1;3

; t012 = "2; t022 = 1KH2+K"K
��
K=1;3

� 1
2
"1;

t111 =
1
2
"3 �H1"3; t112 = 2H2"3; t122 = H1"3 +

1
2
"3:

(20)

�á¯®«ì§ãï ä®à¬ã«ë (19), �Q ¯à¥®¡à §ã¥¬ ª ¢¨¤ã

�Q = D��qs
p t0���t

0
qs +D��qs

� (t0���t
1
qs + t1���t

0
qs) +D��qs

u t1���t
1
qs +Qp("; �") +Q�("; �") + �(�"); (21)

£¤¥

Qp("; �") = [d(H"3 + f3) + d��p t0��(")]H�("3; �"3) +H"3d
��
p t0��(�"); (22)

Q�("; �") = d��� [t1��(") + ���]H�("3; �"3) +H"3d
��
� t1��(�"); (23)

�H"3 � H�("3; �"3); " = ("1; "2; "3); �" = (�"1; �"2; �"3);

d��p;�, d ¨ �ij | ¨§¢¥áâ­ë¥ äã­ªæ¨¨, § ¢¨áïé¨¥ ®â D��qs
p;� ¨ fk á®®â¢¥âáâ¢¥­­®; ç¥à¥§ �(�") ®¡®§­ -

ç¥­® ¢ëà ¦¥­¨¥, á®¤¥à¦ é¥¥ â®«ìª® ¢ à¨ æ¨î ".
�ëç¨á«¨¬ à ¡®âã ¢­¥è­¨å ¯à¨«®¦¥­­ëå ª ®¡®«®çª¥ á¨« ­  ¢®§¬®¦­ëå ¯¥à¥¬¥é¥­¨ïå ¢

ãá«®¢¨ïå £¨¯®â¥§ �¨àå£®ä {�ï¢ . �ãáâì ¯® £à ­ï¬ S�0 ®¡®«®çª¨ ¯à¨«®¦¥­ë ãá¨«¨ï F�(�1; �2),
¤¥©áâ¢ãîâ ¬ áá®¢ë¥ á¨«ë F (�1; �2; �3) ¨ ­  £à ­¨æ¥ S0

0 ¤¥©áâ¢ãîâ ¯®¢¥àå­®áâ­ë¥ á¨«ë F (s; �3).
�à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«­ï¥âáï

�á«®¢¨¥ B. F 2 L2(
)�L1[�h; h], F� 2 L2(
) ¨ ¢­¥è­¨¥ á¨«ë â ª®¢ë, çâ® ¤¢¨¦¥­¨¥ ®¡®«®çª¨
ª ª â¢¥à¤®£® â¥«  ®âáãâáâ¢ã¥â.
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� á¢ï§¨ á íâ¨¬ ¢ ¤ «ì­¥©è¥¬ ¡ã¤¥¬ áç¨â âì W0;W1;0 � 0.
�«ï í«¥¬¥­â à­®© à ¡®âë �A1 ¬ áá®¢ëå á¨« ¨ á¨«, ¯à¨«®¦¥­­ëå ª S�0 , ¨¬¥¥¬

�A1 =
ZZ



Rj�wj

��
j=1;3

Dd�1d�2 �
ZZ



Li�w�i

��
i=1;2

Dd�1d�2:

�«¥¬¥­â à­ ï à ¡®â  �A2 ãá¨«¨©, ¯à¨«®¦¥­­ëå ª S0
0 , ¤ ¥âáï ä®à¬ã«®©

�A2 =
Z
�
(Qj�wj

��
j=1;3

�M i�w�i

��
i=1;2

)ds:

�¤¥áì Rj , Li, Qj ,M i | ¨§¢¥áâ­ë¥ äã­ªæ¨¨. �â¬¥â¨¬, çâ® ¥á«¨ ¢ë¯®«­¥­® ãá«®¢¨¥ �, â® Rj ; Li 2
L2(
), Qj ;M i 2 L2(�).

�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ á®®â­®è¥­¨ï (5), (7), (9), (10), ¢ëà ¦¥­¨ï ¤«ï �Aj ¬®¦­® ¯à¥®¡à -
§®¢ âì ª ¢¨¤ã

�A1 =
ZZ



[R1Re T4("3; �"3) +R2 ImT4("3; �"3)]Dd�1d�2 + I1(�"); (24)

�A2 =
ZZ

!

[ eQ2K0
2 ("3; �"3)� eQ1K0

1 ("3; �"3)]d�
1d�2 + I2(�"); (25)

£¤¥ T4("3; �"3) = T3K
0
2 ("3; �"3)� T2K

0
1 ("3; �"3),

K0
1 ("3; �"3) = Re T1"3ReT1�"3 � ImT1"3 ImT1�"3;

K0
2 ("3; �"3) = (� 1

2
)[Re T1"3 ImT1�"3 + ImT1"3Re T1�"3];

(26)

ç¥à¥§ Ij(�") ®¡®§­ ç¥­ë «¨­¥©­ë¥ ®£à ­¨ç¥­­ë¥ ®â­®á¨â¥«ì­® �" äã­ªæ¨®­ «ë ¢ L2(
), eQj |
¨§¢¥áâ­ë¥ äã­ªæ¨¨. �â¬¥â¨¬, çâ® eQj 2 L2(
), ¥á«¨ Qi;M i 2 L2(�).

�¢¥¤¥¬ «¨­¥©­®¥ ¯à®áâà ­áâ¢® eL2(
), «î¡®© ¯ à¥ í«¥¬¥­â®¢ "j = ("j1; "
j
2; "

j
3) ª®â®à®£® ¯®áâ -

¢«¥­® ¢ á®®â¢¥âáâ¢¨¥ ç¨á«®

("1; "2)eL2

=
ZZ



fD��qs
p t0��("

1)t0qs("
2) +D��qs

� [t0��("
1)t1qs("

2) +

+ t1��("
1)t0qs("

2)] +D��qs
u t1��("

1)t1qs("
2)gD d�1d�2: (27)

�®à¬ã«  (27) ®¯à¥¤¥«ï¥â ¢ eL2(
) áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥. �à®¢¥à¨¬ «¨èì, çâ® ¨§ ("; ")eL2

= 0
á«¥¤ã¥â " = 0 (á¯à ¢¥¤«¨¢®áâì ®áâ «ì­ëå ãá«®¢¨© ®ç¥¢¨¤­ ). �¥©áâ¢¨â¥«ì­®, ¢ á¨«ã ¯®«®¦¨-
â¥«ì­®© ®¯à¥¤¥«¥­­®áâ¨ ª¢ ¤à â¨ç­®© ä®à¬ë 2Q ¨ (15) ¨§ ("; ")eL2

= 0 á«¥¤ã¥â t0��(") = t1��(") =
0. �®£¤  ¨§ ä®à¬ã« (20) áà §ã ¯®«ãç ¥¬ " = 0.

�ª «ïà­®¬ã ¯à®¨§¢¥¤¥­¨î (27) á®®â¢¥âáâ¢ã¥â ­®à¬ 

k"k2eL2

=
ZZ



fD��qs
p t0��(")t

0
qs(") +D��qs

� [t0��(")t
1
qs(") +

+ t1��(")t
0
qs(")] +D��qs

u t1��(")t
1
qs(")gD d�1d�2: (28)

�¥¬¬  2. �ãáâì ¢ë¯®«­¥­® ãá«®¢¨¥ A. �®£¤  ¨¬¥¥â ¬¥áâ®

m0k"k2L2
� k"k2eL2

�M0k"k2L2
; m0;M0 > 0;

â. ¥. ­®à¬ë k � kL2
, k � keL2

íª¢¨¢ «¥­â­ë.

�¯à ¢¥¤«¨¢®áâì «¥¬¬ë 2 á«¥¤ã¥â ¨§ ¯®«®¦¨â¥«ì­®© ®¯à¥¤¥«¥­­®áâ¨ 2Q ¨ ®£à ­¨ç¥­­®áâ¨
D��qs

p;�;u ¢ 
.
�§ «¥¬¬ë 2 á«¥¤ã¥â, çâ® ¯à®áâà ­áâ¢® eL2(
) á ­®à¬®© (28) ï¢«ï¥âáï £¨«ì¡¥àâ®¢ë¬ ¯à®áâà ­-

áâ¢®¬.
�¢¥¤¥¬ ¯®­ïâ¨¥ ®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ ¢ ¤¥ä®à¬ æ¨ïå.
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�¯à¥¤¥«¥­¨¥. �¡®¡é¥­­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ ¢ ¤¥ä®à¬ æ¨ïå ­ §®¢¥¬ ¢¥ªâ®à-äã­ªæ¨î " =
("1; "2; "3) 2 eL2(
), ã¤®¢«¥â¢®àïîéãî ¨­â¥£à «ì­®¬ã á®®â­®è¥­¨î

("; ')eL2

=
ZZ



fD[R1ReT4("3;'3) +R2 ImT4("3;'3)] + eQ2K0
2 ("3;'3)� eQ1K0

1 ("3;'3)gd�1d�2 �

�
ZZ



[Qp(";') +Q�(";')]D d�1d�2 +

+
ZZ



f���1 (")t0��(') + ���2 (")t1��(') + [�111 (") + �221 (")]H�("3;'3)gD d�1d�2 � I(') (29)

¤«ï «î¡®© ¢¥ªâ®à-äã­ªæ¨¨ ' = ('1; '2; '3) 2 eL2(
), £¤¥ I(') | «¨­¥©­ë© äã­ªæ¨®­ « ¢ eL2(
);
Qp;�(";'), T4(";'), K0

j (";'), �
��
j (") ¤ îâáï ä®à¬ã« ¬¨ (22), (23), (26), (17) á®®â¢¥âáâ¢¥­­®.

�â¬¥â¨¬, çâ® ¯à¨ ¢¢¥¤¥­¨¨ ®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ ¢ ¢¨¤¥ (29) ¬ë á«¥¤®¢ «¨ [1]. �á«¨
¯à¨­ïâì ¢® ¢­¨¬ ­¨¥ á®®â­®è¥­¨ï (16), (19), (21), (24), (25), â® «¥£ª® ¢¨¤¥âì, çâ® (29) ¢ëà -
¦ ¥â ¯à¨­æ¨¯ � £à ­¦  ¤«ï á¨áâ¥¬ë ®¡®«®çª {¢­¥è­¨¥ á¨«ë. �à¨ íâ®¬ ' = ('1; '2; '3) áãâì
¢®§¬®¦­ë¥ ¤¥ä®à¬ æ¨¨ ¤«ï íâ®© á¨áâ¥¬ë.

�¥¬¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï A ¨ B. �®£¤  ¯à¨ "; ' 2 eL2(
) ¨­â¥£à «ë ¨ I(') ¢
(29) ¨¬¥îâ á¬ëá« ¨ ¯à¥¤áâ ¢«ïîâ á®¡®© «¨­¥©­ë¥ ®£à ­¨ç¥­­ë¥ äã­ªæ¨®­ «ë ¢ eL2(
) ®â­®-
á¨â¥«ì­® ' ¯à¨ ä¨ªá¨à®¢ ­­®© ¢¥ªâ®à-äã­ªæ¨¨ ".

�à¥¦¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® "; ' 2 L2(
) ¢ á¨«ã «¥¬¬ë 2. � «¥¥ ¤®ª § â¥«ìáâ¢® «¥¬¬ë 3
¯à®¢®¤¨âáï á ¨á¯®«ì§®¢ ­¨¥¬ ä®à¬ã« (26), «¥¬¬ë 1, â¥®à¥¬ë 1.

�® â¥®à¥¬¥ �¨áá  áãé¥áâ¢ã¥â í«¥¬¥­â G 2 eL2(
) â ª®©, çâ® ¯à ¢ ï ç áâì (29) ¯à¥¤áâ ¢«ï-
¥âáï ¢ ¢¨¤¥ áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï (G;')eL2

. �ç¥¢¨¤­®, çâ® G = G("). �®£¤  (29) ¯à¨¬¥â ¢¨¤
("; ')eL2

= (G;')eL2

. �âáî¤  ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ ' ¯®«ãç¨¬

"�G(") = 0: (30)

� ª¨¬ ®¡à §®¬, ­ å®¦¤¥­¨¥ ®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ á¢¥«®áì ª ­ å®¦¤¥­¨î à¥è¥­¨ï
®¯¥à â®à­®£® ãà ¢­¥­¨ï (30). � ©¬¥¬áï ¨áá«¥¤®¢ ­¨¥¬ à §à¥è¨¬®áâ¨ ãà ¢­¥­¨ï (30).

�¥¬¬  4. �¯¥à â®à G(") ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥

G(") = G1("; t) +G2("; t) + t";

£¤¥

(G1; ')eL2

=
ZZ



fD[R1ReT4("3;'3) +R2 ImT4("3;'3)] + eQ2K0
2 ("3;'3)�

� eQ1K0
1 ("3;'3)� (1� t)D[Qp(";') +Q�(";')]gd�1d�2 � I(') + tI0('); (31)

(G2; ')eL2

=
ZZ



f���1 (")t0��(') + ���2 (")t1��(') +

+ [�111 (") + �221 (")]H�("3;'3)� tQ�(";')gD d�1d�2; (32)

I0(') =
ZZ



�(')D d�1d�2; �Q(") � Q�("; �");

t | ¯à®¨§¢®«ì­® ä¨ªá¨à®¢ ­­ë© ¯ à ¬¥âà ¨§ ¯à®¬¥¦ãâª  [0; 1).
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�«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 4 ª ¯à ¢®© ç áâ¨ (29) ­ã¦­® ¯à¨¡ ¢¨âì ¨ ¢ëç¥áâì ¢¥«¨ç¨­ã
t
RR



Q�(";')D d�1d�2, § â¥¬ ¨á¯®«ì§®¢ âì (21), (27).

� á¨«ã «¥¬¬ë 4 ãà ¢­¥­¨¥ (30) ¯à¨¬¥â ¢¨¤

(1� t)"�G1("; t)�G2("; t) = 0: (33)

�¥®à¥¬  2. �¯¥à â®à G1("; t) ¯à¨ ä¨ªá¨à®¢ ­­®¬ t ¤¥©áâ¢ã¥â ¨§ eL2(
) ¢ eL2(
) ãá¨«¥­­®
­¥¯à¥àë¢­®.

�®ª § â¥«ìáâ¢®.�ãáâì "n ! "0 (á« ¡®) ¢ eL2(
). � á¨«ã «¥¬¬ë 2 ¬®¦¥¬ áç¨â âì, çâ® "n ! "0

(á« ¡®) ¢ L2(
). � ª ª ª Tjf (j = 1; 3), H5f | ¢¯®«­¥ ­¥¯à¥àë¢­ë¥ «¨­¥©­ë¥ ®¯¥à â®àë ¢ L2(
),
®â®¡à ¦ îé¨¥ íâ® ¯à®áâà ­áâ¢® ¢ Lq(
), q � 1, â® ®­¨ ãá¨«¥­­® ­¥¯à¥àë¢­ë ([1], á. 65). � «¥¥,
¨§ ãá¨«¥­­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  T1f ¨ ®£à ­¨ç¥­­®áâ¨ ®¯¥à â®à®¢ H3f , H4f ¢ L2(
)
á«¥¤ã¥â ãá¨«¥­­ ï ­¥¯à¥àë¢­®áâì Hf , H�("3;'3). �®£¤ , ¨á¯®«ì§ãï á®®â­®è¥­¨¥ (31), ¯à¨­¨¬ ï
¯à¨ íâ®¬ ¢® ¢­¨¬ ­¨¥ ä®à¬ã«ë (22), (23), (20), (26), ¯®á«¥ £à®¬®§¤ª¨å ¢ëª« ¤®ª ¯®«ãç¨¬ ®æ¥­ªã

j(G1("
n; t)�G1("

0; t); ')eL2

j � �nk'keL2

;

£¤¥ �n ! 0 ¯à¨ n!1. �âáî¤  á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 2.

�¥¬¬  5. �ãáâì � 2 C1
� (0 < � < 1) ¨ ¢ë¯®«­¥­® ãá«®¢¨¥

q � q0k��(z) + 2(Re T �
2 
 � iRe T �

3 
)kC < 1; (34)

£¤¥ 
 = A1 + B1 � ��A1 � ��B1, ��(z) = 1
2�i

R
�

d�

z�� ; q0 (� 1) | ¨§¢¥áâ­ ï ¯®«®¦¨â¥«ì­ ï

¯®áâ®ï­­ ï; T �
j f | ®¯¥à â®à, á®¯àï¦¥­­ë© ®¯¥à â®àã Tjf . �®£¤  ãà ¢­¥­¨¥

(H"3)(z) = 0; z 2 
; (35)

¨¬¥¥â â®«ìª® âà¨¢¨ «ì­®¥ à¥è¥­¨¥ ¢ L2(
).

�®ª § â¥«ìáâ¢®. �ãáâì "3 2 L2(
) ¥áâì ­¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (35). �¡¥ ç áâ¨
(35) ¨­â¥£à¨àã¥¬ ¯® ®¡« áâ¨ 
. �à¨¬¥­ïï ä®à¬ã«ã �à¨­  ([3], á. 28), ¯®á«¥ ­¥á«®¦­ëå ¯à¥®¡à -
§®¢ ­¨© ¯à¨å®¤¨¬ ª ­¥à ¢¥­áâ¢ãZZ




jT1"3j2d�1d�2 � q

ZZ



jT1"3j2d�1d�2;

®âªã¤  ¢ á¨«ã (34) á«¥¤ã¥â T1"3 � 0 ¢ 
. � ª ª ª (T1"3)(z) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (4), â®
"3 � 0 ¢ 
.

�â¬¥â¨¬, ¥á«¨ 
 | ªàã£, â® ��(z) = 0, z 2 
. �à®¬¥ íâ®£®, ¥á«¨ áà¥¤¨­­ ï ¯®¢¥àå­®áâì S0
ï¢«ï¥âáï ¯®¢¥àå­®áâìî ­ã«¥¢®© £ ãáá®¢®© ªà¨¢¨§­ë, â®, ª ª ¨§¢¥áâ­® ([1], á. 18), ­  S0 áãé¥-
áâ¢ã¥â ¥¤¨­ ï ¥¢ª«¨¤®¢  ¯ à ¬¥âà¨§ æ¨ï. �®£¤  Gk

ij � 0, á«¥¤®¢ â¥«ì­®, A1 = B1 = 0. �âáî¤ 
q = 0, â. ¥. ãá«®¢¨¥ (34) ¢ íâ®¬ ç áâ­®¬ á«ãç ¥ ¢ë¯®«­ï¥âáï.

� ¤ «ì­¥©è¥¬ ­ ¬, ª ª ¨ ¢ [1], ¯®âà¥¡ã¥âáï ­¥ª®â®à®¥ à §¡¨¥­¨¥ áä¥àë SeL2

(R; 0) £¨«ì¡¥à-

â®¢  ¯à®áâà ­áâ¢  eL2(
) à ¤¨ãá  R á æ¥­âà®¬ ¢ ­ã«¥. �«ï ¥£® ¯®áâà®¥­¨ï à áá¬®âà¨¬ áä¥àã
k"3kL2

= 1 (®¡®§­ ç¨¬ ¥¥ SL2
(1; 0) ) ¯à®áâà ­áâ¢  L2(
). �¥à¥§ S0L2

(1; 0) ®¡®§­ ç¨¬ ¯®¤¬­®¦¥áâ¢®
SL2

(1; 0), í«¥¬¥­âë ª®â®à®£® ã¤®¢«¥â¢®àïîâ ­¥à ¢¥­áâ¢ã

I("3)� c1
�
kH5"3k2L2

+c2k�1Re T4("3; "3)+�2 ImT4("3; "3)+�3K
0
2 ("3; "3)��4K0

1 ("3; "3)kL2
> 1

2
; (36)

£¤¥ cj , � > 0 | ­¥ª®â®àë¥ ä¨ªá¨à®¢ ­­ë¥ ¯®áâ®ï­­ë¥; �j | ä¨ªá¨à®¢ ­­ë¥ äã­ªæ¨¨, ­¥ § -
¢¨áïé¨¥ ®â "3. �­®¦¥áâ¢® S0L2

(r3; 0) ¢ á¨«ã ®¤­®à®¤­®áâ¨ äã­ªæ¨®­ «  I("3) ¥áâì æ¥­âà «ì­ ï
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¯à®¥ªæ¨ï S0L2
(1; 0) á ¥¤¨­¨ç­®© áä¥àë SL2

(1; 0) ­  áä¥àã SL2
(r3; 0). �ãáâì S00L2

(1; 0) ¥áâì ¯®¤¬­®-
¦¥áâ¢® SL2

(1; 0), í«¥¬¥­âë ª®â®à®£® ã¤®¢«¥â¢®àïîâ ãá«®¢¨î

I("3) � 1
2
: (37)

S00L2
(r3; 0) ¥áâì æ¥­âà «ì­ ï ¯à®¥ªæ¨ï S00L2

(1; 0) á SL2
(1; 0) ­  SL2

(r3; 0). �ç¥¢¨¤­®, S0L2
(r3; 0) [

S00L2
(r3; 0) = SL2

(r3; 0). �á«¨ ®¤­® ¨§ íâ¨å ¯®¤¬­®¦¥áâ¢ ®ª ¦¥âáï ¯ãáâë¬, íâ® «¨èì ã¯à®áâ¨â
­ è¨ à ááã¦¤¥­¨ï. �¥à¥§ S0L2

(1; 0) ®¡®§­ ç¨¬ á« ¡®¥ § ¬ëª ­¨¥ S0L2
(1; 0).

�¥¬¬  6. �­®¦¥áâ¢® S0L2
(1; 0) ­¥ á®¤¥à¦¨â ­ã«ï.

�®ª § â¥«ìáâ¢®. � ª ª ª H50 = T4(0; 0) = K0
j (0; 0) = 0, ¬­®¦¥áâ¢® S0L2

(1; 0) ­¥ á®¤¥à-
¦¨â ­ã«ï. �ãáâì "3;n 2 S0L2

(1; 0) ¨ "3;n ! 0 (á« ¡®) ¢ L2(
), n ! 1. �§ ãá¨«¥­­®© ­¥-
¯à¥àë¢­®áâ¨ ®¯¥à â®à®¢ H5"3, T4("3; "3), K0

j ("3; "3) ¢ L2(
) á«¥¤ã¥â kH5"3;nkL2
; kT4("3;n; "3;n)kL2

;
kK0

j ("3;n; "3;n)kL2
! 0 ¨ (36) áâ ­®¢¨âáï ­¥¢®§¬®¦­ë¬. �®«ãç¥­­®¥ ¯à®â¨¢®à¥ç¨¥ ¤®ª §ë¢ ¥â

«¥¬¬ã 6.

�¥®à¥¬  3. �ãáâì ¢ë¯®«­¥­® ãá«®¢¨¥ (34). �®£¤  ­  S0L2
(r3; 0) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

kH"3k2L2
� cr43; c > 0:

�®ª § â¥«ìáâ¢®. �­ ç «¥ ãáâ ­®¢¨¬, çâ® ­  S0L2
(1; 0) ¨¬¥¥â ¬¥áâ®

kH"3k2L2
� c > 0: (38)

�ãáâì áãé¥áâ¢ã¥â ¯®á«¥¤®¢ â¥«ì­®áâì "3;n 2 S0L2
(1; 0) â ª ï, çâ® kH"3;nkL2

! 0 (n!1). �à¥¤-
¯®«®¦¨¬, çâ® "3;n ! "3;0 (á« ¡®), "3;0 2 S0L2

(1; 0). � á¨«ã ãá¨«¥­­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à 
H"3 ¨¬¥¥¬: H"3;n ! H"3;0 (á¨«ì­®) ¢ L2(
). �«¥¤®¢ â¥«ì­®, H"3;0 = 0. �®£¤  ¢ á¨«ã «¥¬¬ë 5
"3;0 � 0, çâ® ¯à®â¨¢®à¥ç¨â «¥¬¬¥ 6. �â ª, ­  S0L2

(1; 0) ¨¬¥¥â ¬¥áâ® (38). �âáî¤  ¢ á¨«ã ®¤­®à®¤-
­®áâ¨ ®¯¥à â®à  H"3 áà §ã ¯®«ãç ¥¬ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 3.

�¢¥¤¥¬ äã­ªæ¨®­ « N("; �) = ((1 � t)" � �G1("; t); ")eL2

, ®¯à¥¤¥«¥­­ë© ­  eL2(
) � [0; 1]. �«ï
¨áá«¥¤®¢ ­¨ï íâ®£® äã­ªæ¨®­ «  Qp("; ") ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥

Qp("; ") = 2Q0
p("; ") �H"3(d

12
p t

0
12 � 3d11p t

0
11 � 3d22p t

0
22 � 2f3d)� 2D1212

p (t012)
2; (39)

£¤¥ Q0
p = D��qs

p a��aqs, a11 = a22 = H"3, a12 = t012. � á¨«ã ¯®«®¦¨â¥«ì­®© ®¯à¥¤¥«¥­­®áâ¨ Qo
p

¨¬¥¥â ¬¥áâ® ®æ¥­ª 

Q0
p("; ") � c[2(H"3)

2 + (t012)
2]; c > 0: (40)

�à¥¤¯®«®¦¨¬, çâ® ZZ



[Q0
p("; ") +Q�("; ")]D d�1d�2 � 0; (41)

£¤¥ Q�("; ") ¤ ¥âáï ä®à¬ã«®© (23).

�¥®à¥¬  4. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï �, �, (34), (41). �®£¤  ­  áä¥à å SeL2

(R; 0) ¤®áâ -
â®ç­® ¡®«ìè®£® à ¤¨ãá  R á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

N("; �) � cR2; c > 0; 0 � � � 1:
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�®ª § â¥«ìáâ¢®. �¥à¥§ S0eL2

(R; 0), S00eL2

(R; 0) ®¡®§­ ç¨¬ ¬­®¦¥áâ¢  ¢¥ªâ®à-äã­ªæ¨© " =

("1; "2; "3) 2 SeL2

(R; 0), ã ª®â®àëå "3 ¯à¨­ ¤«¥¦¨â S0L2
(r3; 0), S00L2

(r3; 0) á®®â¢¥âáâ¢¥­­®. �ç¥¢¨¤­®,
SeL2

(R; 0) = S0eL2

(R; 0) [ S00eL2

(R; 0).

�æ¥­¨¬ ¢­ ç «¥ N("; �) ­  S0eL2

(R; 0). � ãç¥â®¬ (31), (39), (41) ¯®«ãç ¥¬

N("; �) � (1� t)k"k2eL2

+ �(1� t)
ZZ



Q0
p("; ")D d�1d�2 �

� �(1� t)
ZZ



[jH"3(d
12
p t

0
12 � 3d11p t

0
11 � 3d22p t

0
22)j+D1212

p (t012)
2]Dd�1d�2 �

� �(1� t)
����
ZZ



fD[2df3H"3 �R1ReT4("3; "3)�R2 ImT4("3; "3)]�

� eQ2K0
2 ("3; "3) + eQ1K0

1 ("3; "3)gd�1d�2

����� � jI(")j � �tjI0(")j: (42)

� ª ª ª I("), I0(") | «¨­¥©­ë¥ ®£à ­¨ç¥­­ë¥ äã­ªæ¨®­ «ë ¢ eL2(
), â® áãé¥áâ¢ãîâ "1; "2 2eL2(
) â ª¨¥, çâ® I(") = ("1; ")eL2

, I0(") = ("2; ")eL2

. � «¥¥, ¨á¯®«ì§ãï (15), (40), â¥®à¥¬ë 1, 3, ¨§
(42) ¡ã¤¥¬ ¨¬¥âì

N("; �) � (1� t)R2 + �c[(1 � t)ck"3k4L2
� k"3k3L2

�
� (1 + k"1kL2

+ k"2kL2
)k"3k2L2

� (k"1keL2

+ k"2keL2

)k"keL2

� k"2k2L2
]; c > 0: (43)

�ëà ¦¥­¨¥ ¢ ª¢ ¤à â­ëå áª®¡ª å ¯à¥¤áâ ¢«ï¥â á®¡®© ¯®«¨­®¬ ç¥â¢¥àâ®© áâ¥¯¥­¨ ®â­®á¨â¥«ì­®
k"3kL2

á ¯®«®¦¨â¥«ì­ë¬ áâ àè¨¬ ª®íää¨æ¨¥­â®¬. �®íâ®¬ã ¯à¨ ¯à®¨§¢®«ì­® ä¨ªá¨à®¢ ­­ëå
k"jkL2

= rj (j = 1; 2) à ¤¨ãá áä¥àë k"3kL2
= r3 ¬®¦¥¬ ¢§ïâì ­ áâ®«ìª® ¡®«ìè¨¬, çâ® ¢ëà ¦¥­¨¥

¢ ª¢ ¤à â­ëå áª®¡ª å ¢ (43) áâ ­¥â ¡®«ìè¥ ­ã«ï. �â ª, ¯à¨ R 2 [m0r
2;M0r

2], r2 = r21 + r22 + r23
­  S0eL2

(R; 0) ¨¬¥¥â ¬¥áâ® ®æ¥­ª 

N("; �) � (1� t)R2; 0 � � � 1: (44)

�¥¯¥àì ®æ¥­¨¬ N("; �) ­  S00eL2

(R; 0). �§ (42) ¨¬¥¥¬

N("; �) � (1� t)R2 + �(1� t)
� ZZ




Q0
p("; ")D d�1d�2 � �kH"3k2L2

�
�

� �(1� t)
�
1
2�
kD(d12p t012 � 3d11p t

0
11 � 3d22p t

0
22)k2L2

+ 2kDD1212
p kckt012k2L2

+
1
�
kf3dDk2L2

�
�

�
p
mes
 kD[R1ReT4("3; "3) +R2 ImT4("3; "3)] +

+ eQ2K0
2 ("3; "3)� eQ1K0

1 ("3; "3)kL2
� (k"1keL2

+ k"2keL2

)k"keL2

: (45)

� á¨«ã â®£®, çâ® Q0
p("; ") ï¢«ï¥âáï ¯®«®¦¨â¥«ì­® ®¯à¥¤¥«¥­­®© ª¢ ¤à â¨ç­®© ä®à¬®© ¯¥à¥¬¥­-

­ëå H"3, t012, ¯®áâ®ï­­ãî � > 0 ¬®¦­® ¢ë¡à âì â ª, çâ®¡ë

ZZ



Q0
p("; ")D d�1d�2 � �kH"3k2L2

� 0: (46)
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�¥¯¥àì ¢ á¨«ã (46) ¨§ (45) ¯®«ãç ¥¬

N("; �) � (1� t)R2� 3
2�
kDdkckH5"3k2L2

� c

2�
(k"1k2L2

+ k"2k2L2
)� 2kDD1212

p kck"2k2L2
� 1
�
kf3dDk2L2

�
�
p
mes
 kD[R1ReT4("3; "3) +R2 ImT4("3; "3)] + eQ2K0

2 ("3; "3)� eQ1K0
1 ("3; "3)kL2

�
� (k"1keL2

+ k"2keL2

)k"keL2

: (47)

�®«®¦¨¬ c1 = 3
2(1�t)m0

kDdkc, c2 =
p
mes


(1�t)m0

, �j = DRj (j = 1; 2), �3 = eQ2, �4 = eQ1. �®£¤ , ¯à¨­¨¬ ï
¢® ¢­¨¬ ­¨¥ ­¥à ¢¥­áâ¢® (37), «¥¬¬ã 2, ¨§ (47) ¡ã¤¥¬ ¨¬¥âì

N("; �) � (1� t)m0

2
k"k2L2

� c

�
k"kL2

� 1
�
(k"1k2L2

+ k"2k2L2
+ 1)

�
:

�âáî¤  á«¥¤ã¥â, çâ® ¯à¨ ä¨ªá¨à®¢ ­­ëå rj (j = 1; 2) à ¤¨ãá áä¥àë k"3kL2
= r3 ¬®¦¥¬ ¢§ïâì

­ áâ®«ìª® ¡®«ìè¨¬, çâ® á¯à ¢¥¤«¨¢®

N("; �) � 1� t

3
m0

M0

R2; 8� 2 [0; 1]: (48)

�§ (44), (48) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 4.

�¥®à¥¬  5. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 4. �®£¤  ¢¯®«­¥ ­¥¯à¥àë¢­®¥ ¯®«¥ (1� t)"�
G1("; t) £®¬®â®¯­® ¯®«î (1� t)" ­  áä¥à å ¤®áâ â®ç­® ¡®«ìè®£® à ¤¨ãá  ¯à®áâà ­áâ¢  eL2(
),
á«¥¤®¢ â¥«ì­®, ¥£® ¢à é¥­¨¥ ­  íâ¨å áä¥à å à ¢­® +1.

�¯à ¢¥¤«¨¢®áâì â¥®à¥¬ë 5 «¥£ª® á«¥¤ã¥â ¨§ â¥®à¥¬ë 4.
�¥à­¥¬áï ª ãà ¢­¥­¨î (33) ¨ à áá¬®âà¨¬ ®¯¥à â®à G2("; t), ®¯à¥¤¥«¥­­ë© ä®à¬ã«®© (32).

�à¥¤¯®«®¦¨¬, çâ® ¤«ï «î¡ëå "j , k"jkL2
� r, j = 1; 2, ¨¬¥¥â ¬¥áâ®

k���j ("1)� ���j ("2)kL2
� ck"1 � "2kL2

; �; �; j = 1; 2: (49)

�®£¤  ¢ á¨«ã (49), â¥®à¥¬ë 1 ¨§ (32) ¡ã¤¥¬ ¨¬¥âì

kG2("
1; t)�G2("

2; t)keL2

� c0k"1 � "2keL2

(50)

¤«ï «î¡ëå "j , ¯à¨­ ¤«¥¦ é¨å è àã k"jkeL2

� R, £¤¥ R ®¯à¥¤¥«ï¥âáï â¥®à¥¬®© 4. � «¥¥, ¯à¥¤-
¯®«®¦¨¬, çâ® áãé¥áâ¢ã¥â â ª®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  t 2 [0; 1), çâ® ¯®áâ®ï­­ ï c0 ¢ (50) ã¤®¢«¥-
â¢®àï¥â ­¥à ¢¥­áâ¢ã

c0 <
(1� t)m0

3M0

; (51)

£¤¥ m0, M0 | ¯®áâ®ï­­ë¥, ®¯à¥¤¥«¥­­ë¥ ¢ «¥¬¬¥ 2.
�§ (50) «¥£ª® á«¥¤ã¥â

kG2("; t)keL2

� c0k"keL2

: (52)

�¨ªá¨àãï ­¥ª®â®à®¥ t 2 [0; 1) ¯à¨ ¯®¬®é¨ ãá«®¢¨ï (51), ¢¢¥¤¥¬ ®¯¥à â®à eG2("; t) =
G2(";t)

1�t , ª®â®-
àë© ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (50) á ¯®áâ®ï­­®© ec0 < m0

3M0

< 1. �®£¤ , ¯à¨¬¥­ïï ¯à¨­æ¨¯ á¦ âëå
®â®¡à ¦¥­¨© ([5], á. 148) ª (33), ¯à¨å®¤¨¬ ª ãà ¢­¥­¨î

(1� t)"� eRG1("; t) = 0; (53)

ª®â®à®¥ íª¢¨¢ «¥­â­® (33). � (53) ç¥à¥§ eR ®¡®§­ ç¥­  à¥§®«ì¢¥­â  ®¯¥à â®à  eG2("; t). � «¥¥,
¨§ ãá«®¢¨ï (52) ¨ â¥®à¥¬ë 4 á«¥¤ã¥â, çâ® ¢¥ªâ®à­®¥ ¯®«¥ (1 � t)" � G1("; t) � G2("; t) ­  áä¥à¥
SeL2

(R; 0) ­¥ ¨¬¥¥â ­ã«¥¢ëå ¢¥ªâ®à®¢. �®£¤ , ª ª ¨§¢¥áâ­® ([5], á. 163), ¢¯®«­¥ ­¥¯à¥àë¢­ë¥ ¯®«ï

(1�t)"�G1("; t) ¨ (1�t)"� eRG1("; t) £®¬®â®¯­ë. �«¥¤®¢ â¥«ì­®, ¢à é¥­¨¥ ¯®«ï (1�t)"� eRG1("; t)
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­  áä¥à¥ SeL2

(R; 0) à ¢­® +1. �®£¤  ãà ¢­¥­¨¥ (53) ¢­ãâà¨ áä¥àë SeL2

(R; 0) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥

®¤­® à¥è¥­¨¥ " = ("1; "2; "3) 2 eL2(
).
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