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1. �¢¥¤¥¨¥

� áá¬ âà¨¢ ¥âáï ®á¥á¨¬¬¥âà¨ç ï § ¤ ç  ®¡ ®¯à¥¤¥«¥¨¨ ¯®«®¦¥¨ï à ¢®¢¥á¨ï ¬ï£ª®©
®¡®«®çª¨ ¢à é¥¨ï, ®¡à §®¢ ®© ¯¥à¥¯«¥â¥¨¥¬ ¤¢ãå á¥¬¥©áâ¢ ¨â¥©, ®¤® ¨§ ª®â®àëå ¨¬¥¥â
æ¨àªã«ïà®¥  ¯à ¢«¥¨¥,   ¤àã£®¥ | ¯à®¤®«ì®¥. �à¥¤¯®« £ ¥âáï, çâ® äãªæ¨ï, ®¯à¥¤¥«ïî-
é ï ¢ ¯à®¤®«ìëå ¨âïå § ¢¨á¨¬®áâì ¬®¤ã«ï á¨«ë  âï¦¥¨ï ®â áâ¥¯¥¨ ã¤«¨¥¨ï, ¨¬¥¥â «¨-
¥©ë© à®áâ. �£à ¨ç¥¨©   à®áâ äãªæ¨¨, ®¯à¥¤¥«ïîé¥© ¢ æ¨àªã«ïàëå ¨âïå § ¢¨á¨¬®áâì
¬®¤ã«ï á¨«ë  âï¦¥¨ï ®â áâ¥¯¥¨ ã¤«¨¥¨ï, ¥  ª« ¤ë¢ ¥âáï. � ¤ ç  áä®à¬ã«¨à®¢   ¬ -
â¥¬ â¨ç¥áª¨ ¢ ¢¨¤¥ ¢ à¨ æ¨®®£® ¥à ¢¥áâ¢  á ¯á¥¢¤®¬®®â®ë¬ ®¯¥à â®à®¬   § ¬ªãâ®¬
¢ë¯ãª«®¬ ¬®¦¥áâ¢¥ ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥. �®ª §   â¥®à¥¬  áãé¥áâ¢®¢ ¨ï. �¥ ¤®ª -
§ â¥«ìáâ¢® ®á®¢ ®   ¨á¯®«ì§®¢ ¨¨ â¥®à¥¬ë ® ¥¯®¤¢¨¦®© â®çª¥ ¤«ï ¬®£®§ ç®£® ®¯¥à -
â®à , ®¯à¥¤¥«¥®£® ¯à¨ ¯®¬®é¨ ¢á¯®¬®£ â¥«ì®£® ¢ à¨ æ¨®®£® ¥à ¢¥áâ¢ .

�â¬¥â¨¬, çâ® à ¥¥  ¢â®à ¬¨ ¨§ãç «¨áì áâ æ¨® àë¥ § ¤ ç¨ â¥®à¨¨ ¬ï£ª¨å ®¡®«®ç¥ª (¡¥á-
ª®¥ç® ¤«¨ëå æ¨«¨¤à¨ç¥áª¨å [1] ¨ á¥âç âëå [2], [3]), ¢ â®¬ ç¨á«¥, ¨ ¯à¨  «¨ç¨¨ ¯à¥¯ïâ-
áâ¢¨©. �«ï íâ¨å § ¤ ç, áä®à¬ã«¨à®¢ ëå ¢ ¢¨¤¥ ®¯¥à â®àëå ãà ¢¥¨©, ¢ à¨ æ¨®ëå ¨
ª¢ §¨¢ à¨ æ¨®ëå ¥à ¢¥áâ¢, ã¤ «®áì ãáâ ®¢¨âì ª®íàæ¨â¨¢®áâì ¢ ®¡é¥¯à¨ïâ®¬ á¬ëá«¥
(á¬.,  ¯à., [4], [5]) ¢å®¤ïé¨å ¢ ãà ¢¥¨ï ¨ ¥à ¢¥áâ¢  ®¯¥à â®à®¢, çâ® á¤¥« «® ¢®§¬®¦ë¬
¯à¨¬¥¨âì ¤«ï ¨áá«¥¤®¢ ¨ï ¨å à §à¥è¨¬®áâ¨ ®¡é¨¥ à¥§ã«ìâ âë â¥®à¨¨ ¯á¥¢¤®¬®®â®ëå ®¯¥-
à â®à®¢ (á¬. [4]).

2. �®áâ ®¢ª  § ¤ ç¨

� áá¬ âà¨¢ ¥âáï ®á¥á¨¬¬¥âà¨ç ï § ¤ ç  ® à ¢®¢¥á¨¨ ¬ï£ª®© (â. ¥. ¥ ¢®á¯à¨¨¬ îé¥©
á¦¨¬ îé¨å ãá¨«¨©) á¥âç â®© ®¡®«®çª¨ ¢à é¥¨ï,  å®¤ïé¥©áï ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¬ áá®¢®© ¨
¯®¢¥àå®áâ®©  £àã§®ª. �¡®«®çª  ®¡à §®¢   ¯¥à¥¯«¥â¥¨¥¬ ¤¢ãå á¥¬¥©áâ¢ ¨â¥©, ®¤® ¨§ ª®-
â®àëå ¨¬¥¥â à ¤¨ «ì®¥  ¯à ¢«¥¨¥,   ¤àã£®¥ | ¯à®¤®«ì®¥. �à ï ®¡®«®çª¨ áç¨â îâáï § -
ªà¥¯«¥ë¬¨. �à¥¤¯®« £ ¥âáï, çâ® ¢¥ªâ®àë ¯«®â®áâ¥© ¯®¢¥àå®áâëå ¨ ¬ áá®¢ëå á¨« «¥¦ â ¢
à ¤¨ «ì®© (¯à®å®¤ïé¥© ç¥à¥§ ®áì á¨¬¬¥âà¨¨) ¯«®áª®áâ¨, ¨ ¯¥à¥¬¥é¥¨¥ â®ç¥ª ®¡®«®çª¨ ¯à®-
¨áå®¤¨â â ª¦¥ ¢ à ¤¨ «ì®¬  ¯à ¢«¥¨¨. �®¢¥àå®áâ ï  £àã§ª  ¯à¥¤¯®« £ ¥âáï á«¥¤ïé¥©,
â. ¥.  ¯à ¢«¥  ¯® ®à¬ «¨ ª ¯®¢¥àå®áâ¨ ®¡®«®çª¨. � ¥¤¥ä®à¬¨à®¢ ®¬ á®áâ®ï¨¨ ¯®¢¥àå-
®áâì ®¡®«®çª¨ ¯à¥¤áâ ¢«ï¥â ¨§ á¥¡ï æ¨«¨¤à ¥¤¨¨ç®£® à ¤¨ãá  ¨ ¤«¨®© l. � ª ç¥áâ¢¥ í©-
«¥à®¢®© ¯à¨¬¥¬ æ¨«¨¤à¨ç¥áªãî á¨áâ¥¬ã ª®®à¤¨ â (�; '; z); ¢ á¨«ã ®á¥á¨¬¬¥âà¨ç®áâ¨ § ¤ ç¨
¯®¢¥àå®áâì ¤¥ä®à¬¨à®¢ ®© ®¡®«®çª¨ ®¯¨áë¢ ¥âáï ª®®à¤¨ â ¬¨ ¢ ¯à®¤®«ì®¬ ¨ à ¤¨ «ì-
®¬  ¯à ¢«¥¨ïå z = z(s), � = �(s), s | « £à ¦¥¢  ª®®à¤¨ â  ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨.
� ¥¤¥ä®à¬¨à®¢ ®¬ á®áâ®ï¨¨ z0(s) = s, �0(s) = 1, 0 < s < l.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(ª®¤ë ¯à®¥ªâ®¢ òò03-01-00380, 04-01-00821) ¨ �®ªãàá®£® æ¥âà  äã¤ ¬¥â «ì®£® ¥áâ¥áâ¢®§ ¨ï
�¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï ¨  ãª¨ �®áá¨©áª®© �¥¤¥à æ¨¨ (ª®¤ ¯à®¥ªâ  ò�02-1.0-189).

25



�ª §  ï § ¤ ç  ¢ æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨ â ®¯¨áë¢ ¥âáï á«¥¤ãîé¥© á¨áâ¥¬®©
¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© [6]:

d

ds

�
T1(�1)
�1

dz

ds

�
+ q �

d�
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+ ef1 = 0; 0 < s < l; (1)

d

ds

�
T1(�1)
�1

d�
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�
� T2(�2)� q �

dz

ds
+ ef2 = 0; 0 < s < l; (2)

£¤¥ ef , q | ¨§¢¥áâë¥ äãªæ¨¨, å à ªâ¥à¨§ãîé¨¥ ¬ áá®¢ë¥ ¨ ¯®¢¥àå®áâë¥ á¨«ë, T1, T2 |
äãªæ¨¨, ®¯à¥¤¥«ïîé¨¥ § ¢¨á¨¬®áâì ¬®¤ã«ï á¨«ë  âï¦¥¨ï ¢ ¨âïå ®â ®â®á¨â¥«ìëå áâ¥¯¥-
¥© ã¤«¨¥¨ï �1, �2 ¢ ¯à®¤®«ì®¬ ¨ æ¨àªã«ïà®¬  ¯à ¢«¥¨ïå, �1 = ((�0)2 + (z0)2) 1=2, �2 = �.

�à ¢¥¨ï (1), (2) ¤®¯®«ïîâáï £à ¨çë¬¨ ãá«®¢¨ï¬¨

z(0) = 0; z(l) = l; �(0) = 1; �(l) = 1: (3)

�à®¬¥ â®£®, ¥áâ¥áâ¢¥ë¬ ¤«ï æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬ë ª®®à¤¨ â ï¢«ï¥âáï ®£à ¨ç¥¨¥ � � 0.
� à¨ æ¨®ãî § ¤ çã, á®®â¢¥âáâ¢ãîéãî ªà ¥¢®© § ¤ ç¥ (1){(3), áä®à¬ã«¨àã¥¬ ¢ ¯¥à¥¬¥é¥-

¨ïå u(s) = (u1(s); u2(s)), u1 = z(s)� s, u2(s) = �(s)� 1,Z l

0

T1(�1)
�1

�
(1 + u01; u

0
2); �

0
�
ds+

Z l

0

q(1 + u2)
�� u02�1 + (u01 + 1)�2

�
ds+

+
Z l

0

T2(�2)�2ds =
Z l

0

( ef; �)ds 8� 2 C1
0 (0; l);

£¤¥ �1 = ((1 + u01)
2 + (u02)

2)1=2, �2 = 1 + u2.
�â®á¨â¥«ì® äãªæ¨© T1 ¨ T2 áç¨â ¥¬, çâ®

Ti(�) = 0; � � 1; i = 1; 2 (®¡®«®çª  ¥ ¢®á¯à¨¨¬ ¥â á¦¨¬ îé¨å ãá¨«¨©); (4)

Ti; i = 1; 2; ¥¯à¥àë¢ëe, ¥ã¡ë¢ îé¨e; (5)

T1 ¨¬¥¥â «¨¥©ë© à®áâ   ¡¥áª®¥ç®áâ¨, â. ¥. áãé¥áâ¢ãîâ ¯®«®¦¨â¥«ìë¥ k0, k1 â ª¨¥, çâ®

k0(� � 1) � T1(�) � k1� ¯à¨ � � 1: (6)

�à¥¤¯®« £ ¥¬ â ª¦¥, çâ®

q 2 L1(0; l): (7)

�¢¥¤¥¬ ¯à®áâà áâ¢® V =
� �
W

(1)
2 (0; l)

�2
á ®à¬®©

kukV =
�Z l

0
ju0j2ds

�1=2

;

  â ª¦¥ ¬®¦¥áâ¢® K = fu 2 V : u2 + 1 � 0 8s 2 (0; l)g. �ç¥¢¨¤®, çâ® ¬®¦¥áâ¢® K ï¢«ï¥âáï
¢ë¯ãª«ë¬ ¨ § ¬ªãâë¬.

�¯à¥¤¥«¨¬ ¯® äãªæ¨¨ T1 ¢¥ªâ®à-äãªæ¨î g : R2 ! R2:

g(y1; y2) = g(y) =

(
T1(jyj)jyj�1y; y 6= 0;

0; y = 0:

� ¤ ¤¨¬ ®¯¥à â®àë A;B;D : V ! V ,   â ª¦¥ í«¥¬¥â f 2 V ä®à¬ ¬¨

(Au; �) =
Z l

0

�
g(1 + u01; u

0
2); �

0
�
ds; (Du; �) =

Z l

0
T2(1 + u2)�2ds;

(Bu; �) =
Z l

0
q(1 + u2)

�� u02�1 + (u01 + 1)�2
�
ds; (f; �) =

Z l

0
( ef; �)ds:
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�®àà¥ªâ®áâì ®¯à¥¤¥«¥¨ï íâ¨å ®¯¥à â®à®¢ á«¥¤ã¥â ¨§ ¥¯à¥àë¢®áâ¨ T2, ¢«®¦¥¨ï
�

W
(1)
2 (0; l) ¢

C(0; l) ¨ ãá«®¢¨© (6), (7).
�®¤ ®¡®¡é¥ë¬ à¥è¥¨¥¬ ®á¥á¨¬¬¥âà¨ç®© § ¤ ç¨ ®¡ ®¯à¥¤¥«¥¨¨ ¯®«®¦¥¨ï à ¢®¢¥á¨ï

¬ï£ª®© ®¡®«®çª¨ ¢à é¥¨ï, § ªà¥¯«¥®© ¯® ªà ï¬,  å®¤ïé¥©áï ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¬ áá®¢®©
¨ ¯®¢¥àå®áâ®©  £àã§®ª, ¡ã¤¥¬ ¯®¨¬ âì äãªæ¨î u 2 K, ã¤®¢«¥â¢®àïîéãî ¢ à¨ æ¨®®¬ã
¥à ¢¥áâ¢ã

((A+D)u+Bu; � � u) � (f; � � u) 8 � 2 K: (8)

3. �¢®©áâ¢  ®¯¥à â®à®¢ ¨ áãé¥áâ¢®¢ ¨¥ à¥è¥¨ï

�«ï ¨áá«¥¤®¢ ¨ï à §à¥è¨¬®áâ¨ § ¤ ç¨ (8) ãáâ ®¢¨¬ ¥ª®â®àë¥ á¢®©áâ¢  ®¯¥à â®à®¢
A, B, D.

�¥¬¬  1. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (4){(6). �®£¤  ®¯¥à â®à A ï¢«ï¥âáï ¬®®â®ë¬ ¨

®£à ¨ç¥ë¬ ¨, ªà®¬¥ â®£®,

(Au; u) � k0kuk2V � (3k0 + k1)
p
l kukV � k0l 8u 2 V: (9)

�®ª § â¥«ìáâ¢®. �§ ®¯à¥¤¥«¥¨ïäãªæ¨¨ g ¢ á¨«ã ¬®®â®®£® ¢®§à áâ ¨ï T1 ¤«ï «î¡ëå
¢¥ªâ®à®¢ y; z 2 R 2 ¨¬¥¥¬

(g(y) � g(z); y � z) =
�
T1(jyj)
jyj y � T1(jzj)

jzj z; y � z

�
=

= T1(jyj)jyj �
�
T1(jyj)
jyj +

T1(jzj)
jzj

�
(y; z) + T1(jzj)jzj �

�
T1(jyj)� T1(jzj)

�
(jyj � jzj) � 0:

�âáî¤  ¯®«ãç ¥¬

(Au�Av; u� v) =
Z l

0

�
g(1 + u01; u

0
2)� g(1 + v01; v

0
2); u

0 � v0
�
ds =

=
Z l

0

�
g(1 + u01; u

0
2)� g(1 + v01; v

0
2); ((1 + u01)� (1 + v01); u

0
2 � u02)

�
ds � 0 8u; v 2 V;

â. ¥. A | ¬®®â®ë© ®¯¥à â®à.
� «¥¥, ¨§ (4), (6) ¢ëâ¥ª ¥â k0(� � 1) � T1(�) � k1� 8� � 0, á«¥¤®¢ â¥«ì®,

(g(y); z) = (g(y); y) + (g(y); z � y) � T1(jyj)jyj � T1(jyj)jz � yj �
� k0(jyj � 1)jyj � k1jyjjz � yj = k0jyj2 � (k0 + k1jz � yj)jyj: (10)

�ãáâì u | ¯à®¨§¢®«ìë© í«¥¬¥â ¨§ V . �®«®¦¨¬ y = (1+u01; u
0
2), z = u0 = (u01; u

0
2). �à¨ íâ®¬

jz � yj = 1,   jyj � ju0j+ 1. �®¤áâ ¢«ïï ãª § ë¥ ¢¥ªâ®àë y, z ¢ ¥à ¢¥áâ¢® (10), ¯®«ãç ¥¬�
g(1 + u01; u

0
2); u

0
� � k0

�
(1 + u01)

2 + (u02)
2
�� (k0 + k1)ju0j2 � k0ju0j2 � (3k0 + k1)ju0j � k0;

®âªã¤  ¢ëâ¥ª ¥â

(Au; u) =
Z l

0

�
g(1 + u01; u

0
2); u

0
�
ds � k0kuk2V � (3k0 + k1)

p
lkukV � k0l 8u 2 V:

�£à ¨ç¥®áâì ®¯¥à â®à  A ¥¯®áà¥¤áâ¢¥® á«¥¤ã¥â ¨§ ãá«®¢¨ï (6).

�¥¬¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (4), (5). �®£¤  ®¯¥à â®à D ï¢«ï¥âáï ¬®®â®ë¬,

®£à ¨ç¥ë¬, ¨, ªà®¬¥ â®£®,

(Du; u) � 0 8u 2 V: (11)
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�®ª § â¥«ìáâ¢®. B á¨«ã ¬®®â®®£® ¢®§à áâ ¨ï T2 ¯®«ãç ¥¬ ¬®®â®®áâì ®¯¥à â®à  D:

(Du�Dv; u� v) =
Z l

0

�
T2(1 + u2)� T2(1 + v2)

�
(u2 � v2)ds =

=
Z l

0

�
T2(1 + u2)� T2(1 + v2)

�
((1 + u2)� (1 + v2))ds � 0 8u; v 2 V:

�£à ¨ç¥®áâì ®¯¥à â®à  D á«¥¤ã¥â ¥¯®áà¥¤áâ¢¥® ¨§ ¥¯à¥àë¢®áâ¨ T2 ¨ ¢«®¦¥¨ï
�

W
(1)
2 (0; l) ¢ C(0; l).
�áâ ®¢¨¬ á¯à ¢¥¤«¨¢®áâì (11). �ãáâì u| ¯à®¨§¢®«ìë© í«¥¬¥â ¨§ V . �®«®¦¨¬ 
+ = fs 2

(0; l) : u2(s) � 0g. �¥ ¬®¦¥áâ¢  
+ ¢ë¯®«¥® ¥à ¢¥áâ¢® 1 + u2 � 1 ¨ ¢ á¨«ã ãá«®¢¨ï (4) ¢¥

+ ¨¬¥¥¬ T2(1 + u2) = 0, á«¥¤®¢ â¥«ì®,

(Du; u) =
Z l

0

T2(1 + u2)u2ds =
Z

+

T2(1 + u2)u2ds � 0 8u 2 V: �

�¥¬¬  3. �ãáâì ¢ë¯®«¥® ãá«®¢¨¥ (6). �®£¤ , ¥á«¨ un * u, �n * � ¢ V ¯à¨ n! +1, â®

lim
n!+1

(Bun; �n) = (Bu; �); (12)

®¯¥à â®à B ®£à ¨ç¥ ¨ ï¢«ï¥âáï ¯á¥¢¤®¬®®â®ë¬.

�®ª § â¥«ìáâ¢®. �ãáâì un * u, �n * � ¢ V ¯à¨ n! +1. �®£¤ 

��(Bun; �n)� (Bu; �)
�� = ����Z l

0

(1 + u2n)q
�� u02n�1n + (u01n + 1)�2n

�
ds�

�
Z l

0

(1 + u2)q[�u02�1 + (u01 + 1)�2]ds
���� � ����Z l

0

qu02n[(1 + u2n)�1n � (1 + u2)�1]ds
����+

+
����Z l

0

q(u01n + 1)[(1 + u2n)�2n � (1 + u2)�2]ds
����+

+
����Z l

0

q(1 + u2)�1[u02n � u02]ds
����+ ����Z l

0

q(1 + u2)�2[(u01n + 1)� (u01 + 1)]ds
���� = 4X

j=1

Ijn:

� á¨«ã ª®¬¯ ªâ®£® ¢«®¦¥¨ï
�

W
(1)
2 (0; l) ¢ C(0; l) ¨ L2(0; l) ¯®á«¥¤®¢ â¥«ì®áâ¨ fuing1n=1 ¨

f�ing1n=1, i = 1; 2, áå®¤ïâáï á¨«ì® ¢ C(0; l) ¨ L2(0; l) ª ui ¨ �i, i = 1; 2, á®®â¢¥âáâ¢¥® ¯à¨
n! +1.

�®áª®«ìªã q 2 L1(0; l),   ¯®á«¥¤®¢ â¥«ì®áâ¨ fuing1n=1, i = 1; 2, ®£à ¨ç¥ë ¢
�

W
(1)
2 (0; l) (¢

á¨«ã ¨å á« ¡®© áå®¤¨¬®áâ¨), â®

Iin � ci

Z l

0

j(1 + u2n)�in � (1 + u2)�ijds! 0 ¯à¨ n! +1; i = 1; 2:

� ª ª ª q(1 + u2)�i, i = 1; 2, ¯®à®¦¤ îâ «¨¥©ë¥ ¥¯à¥àë¢ë¥ äãªæ¨® «ë  
�

W
(1)
2 (0; l),

â® I3n ! 0, I4n ! 0 ¯à¨ n! +1, â¥¬ á ¬ë¬ á¯à ¢¥¤«¨¢®áâì (12) ãáâ ®¢«¥ .

�®ª § â¥«ìáâ¢® ®£à ¨ç¥®áâ¨ B ãáâ  ¢«¨¢ ¥âáï   ®á®¢ ¨¨ ¢«®¦¥¨©
�

W
(1)
2 (0; l) ¢

C(0; l) ¨ L2(0; l) ¨ ãá«®¢¨ï (7).
� ª®¥æ, ¢ á¨«ã (12) ¨§ â®£®, çâ® un * u ¢ V ¯à¨ n! +1 ¨ lim sup

n!+1
(Bun; un�u) � 0, á«¥¤ã¥â

¥à ¢¥áâ¢® lim inf
n!+1

(Bun; un � �) � (Bu; u� �), â. ¥ B | ¯á¥¢¤®¬®®â®ë© ®¯¥à â®à.
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�¯à¥¤¥«¨¬ â¥¯¥àì ¬®£®§ çë© ®¯¥à â®à G : V ! 2V , £¤¥ 2V | ¬®¦¥áâ¢® ¢á¥å ¯®¤¬®-
¦¥áâ¢ ¯à®áâà áâ¢  V , á®¯®áâ ¢«ïï ª ¦¤®¬ã w 2 V ¬®¦¥áâ¢® G(w) ¢á¥å à¥è¥¨© ¢ à¨ æ¨®-
®© § ¤ ç¨

u 2 K : ((A+D)u; � � u) � (f �Bw; � � u) 8� 2 K: (13)

�¥¬¬  4. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (4){(7). �®£¤  ¯à¨ ª ¦¤®¬ w 2 V ¬®¦¥áâ¢® G(w)
¥ ¯ãáâ®, ®£à ¨ç¥®, ¢ë¯ãª«®, § ¬ªãâ® ¨, á«¥¤®¢ â¥«ì®, ®â®¡à ¦¥¨¥ G ï¢«ï¥âáï áâà®£®

¬®£®§ çë¬ á ¢ë¯ãª«ë¬¨, ª®¬¯ ªâë¬¨ ¢ á« ¡®© â®¯®«®£¨¨ ¯à®áâà áâ¢  V , § ç¥¨ï¬¨.

�®ª § â¥«ìáâ¢®. � ª ã¦¥ ®â¬¥ç «®áì ¢ëè¥, ¬®¦¥áâ¢® K ï¢«ï¥âáï ¢ë¯ãª«ë¬ ¨ § ¬ªã-
âë¬. �§ «¥¬¬ 1, 2 á«¥¤ã¥â, çâ® ®¯¥à â®à A+D ï¢«ï¥âáï ¯á¥¢¤®¬®®â®ë¬, ¨§ ¥à ¢¥áâ¢ (9),
(11) ¢ëâ¥ª ¥â

((A+D)u; u) � c3kuk2 � c4kuk � c5 8u 2 V; (14)

â. ¥. ®¯¥à â®à A +D ï¢«ï¥âáï ª®íàæ¨â¨¢ë¬, ¯®íâ®¬ã § ¤ ç  (13) ¨¬¥¥â ¯® ªà ©¥© ¬¥à¥ ®¤®
à¥è¥¨¥ (á¬.,  ¯à., [4], á. 261) ¤«ï «î¡®£® w 2 V ,   § ç¨â, ¯à¨ ª ¦¤®¬ w 2 V ¬®¦¥áâ¢® G(w)
¥ ¯ãáâ®.

� «¥¥, ¢ á¨«ã ª®íàæ¨â¨¢®áâ¨ A + D ¨§ (13) ¯à¨ � = 0 ¯®«ãç ¥¬, çâ® ¯à¨ ª ¦¤®¬ w 2 V

¬®¦¥áâ¢® G(w) ®£à ¨ç¥®.
�«¥¤ãï [7], ¥âàã¤® ¯à®¢¥à¨âì, çâ® ®¯¥à â®à A + D ï¢«ï¥âáï ¥¯à¥àë¢ë¬. �à®¬¥ â®£®,

¢ á¨«ã «¥¬¬ 1 ¨ 2 ®¯¥à â®à A + D ¬®®â®¥. �®íâ®¬ã ¬®¦¥áâ¢® à¥è¥¨© § ¤ ç¨ (13) ¯à¨
ª ¦¤®¬ w 2 V ¢ë¯ãª«® ¨ § ¬ªãâ® (á¬.,  ¯à., [4], á. 263).

�§ à¥ä«¥ªá¨¢®áâ¨ ¯à®áâà áâ¢  V á«¥¤ã¥â ¢â®à ï ç áâì ãâ¢¥à¦¤¥¨ï «¥¬¬ë.

�¥¬¬  5. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (4){(7). �®£¤  £à ä¨ª graph (G) = f(w; u) 2 V � V :
w 2 V , u 2 G(w)g ®â®¡à ¦¥¨ï G á¥ª¢¥æ¨ «ì® á« ¡® § ¬ªãâ.

�®ª § â¥«ìáâ¢®. �ãáâì wn * w ¢ V ¯à¨ n! +1, un 2 Gwn, un * u ¢ V ¯à¨ n! +1, â. ¥.

un 2 K : ((A+D)un; � � un) � (f �Bwn; � � un) 8� 2 K: (15)

�®ª ¦¥¬, çâ® u 2 Gw. �®áª®«ìªã un 2 K, ª ª à¥è¥¨¥ § ¤ ç¨ (15),   ¬®¦¥áâ¢® K ï¢«ï¥âáï
¢ë¯ãª«ë¬, § ¬ªãâë¬, ¨, á«¥¤®¢ â¥«ì®, á« ¡® § ¬ªãâë¬, â® u 2 K. � á¨«ã «¥¬¬ë 3 lim

n!+1
(f�

Bwn; un � �) = (f � Bw; u � �) ¤«ï «î¡®£® � 2 K. � ãç¥â®¬ íâ®£® á®®â®è¥¨ï ¨§ (15) á � = u

¨¬¥¥¬
lim sup
n!+1

((A+D)un; un � u) � lim
n!+1

(f �Bwn; un � u) = 0;

¯®íâ®¬ã ¢ á¨«ã ¯á¥¢¤®¬®®â®®áâ¨ ®¯¥à â®à  A+D ¨§ (15) ¯®«ãç ¥¬

(f �Bw; u� �) = lim
n!+1

(f �Bwn; un � �) � lim inf
n!+1

((A+D)un; un � �) � ((A +D)u; u� �);

®âªã¤  ¢ëâ¥ª ¥â, çâ® u | à¥è¥¨¥ ¢ à¨ æ¨®®£® ¥à ¢¥áâ¢  (13), â. ¥. u 2 Gw.

�¥®à¥¬ . �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (4){(7). �®£¤  ¤«ï «î¡®£® c>0 áãé¥áâ¢ã¥â â ª®¥ �c>0,
çâ® § ¤ ç  (8) ¨¬¥¥â ¯® ªà ©¥© ¬¥à¥ ®¤® à¥è¥¨¥ ¯à¨ ãá«®¢¨ïå kfk � c, q� = kqkL1(0;l) � �c.

�®ª § â¥«ìáâ¢®. �«ï ¯à®¨§¢®«ì®£® R > 0 ¢¢¥¤¥¬ ¢ë¯ãª«®¥, § ¬ªãâ®¥, ®£à ¨ç¥®¥
¬®¦¥áâ¢® KR = K

T
SR, £¤¥ SR = fu 2 V : kuk � Rg. �®ª ¦¥¬, çâ® ¤«ï ¯à®¨§¢®«ì®£® c > 0

áãé¥áâ¢ãîâ â ª¨¥ R > 0 ¨ �c > 0, ¯à¨ ª®â®àëå ®¯¥à â®à G ®â®¡à ¦ ¥â ¬®¦¥áâ¢® KR ¢ á¥¡ï.
�ãáâì w | ¯à®¨§¢®«ìë© í«¥¬¥â ¨§ KR. �ç¥¢¨¤®, çâ® 0 2 KR. �®£¤ , ¯®¤áâ ¢«ïï ¢ (13)

� = 0, ¯®«ãç¨¬ (Au+Du;�u) � (f;�u)� (Bw;�u), ®âªã¤ 
(Au+Du; u) � (f; u)� (Bw; u) � kfk kuk + q�c6kwk2kuk+ q�c7kwk kuk:

�âáî¤  ¢ á¨«ã (14)

c3kuk2 � bkuk � c5 � 0; b = c4 + q�c6kwk2 + q�c7kwk+ kfk;
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á«¥¤®¢ â¥«ì®, kuk � �(q�; kfk; kwk), £¤¥

�(q�; kfk; kwk) = b+
p
b2 + 4c3c5
2c3

:

� «¥¥, ¤«ï w 2 KR ¯à¨ kfk � c ¨¬¥¥¬

kuk � ��(q�) = max
kfk�c; kwk�R

�(q�; kfk; kwk) =

=
c4 + q�c6R

2 + q�c7R+ c+
p
(c4 + q�c6R2 + q�c7R+ c)2 + 4c3c5
2c3

:

�®«®¦¨¬

R =
c4 + c+

p
(c4 + c)2 + 4c3c5
c3

:

�®£¤  ¯à¨

0 � q� � c4 + c

c6R2 + c7R
= �c

¨¬¥¥¬ q�c6R
2 + q�c7R � c4 + c, á«¥¤®¢ â¥«ì®,

kuk � ��(q�) � 2(c4 + c) +
p
4(c4 + c)2 + 4c3c5
2c3

� R;

  § ç¨â, u 2 KR.
� ª¨¬ ®¡à §®¬, ®¯¥à â®à G ¯à¨ ¥ª®â®à®¬ R ¨ ¤®áâ â®ç® ¬ «®¬ q� ¯¥à¥¢®¤¨â ¬®¦¥áâ¢®

KR ¢ á¥¡ï. �®áª®«ìªã V à¥ä«¥ªá¨¢® ¨ á¥¯ à ¡¥«ì®, â® ¬®¦¥áâ¢® KR, à áá¬ âà¨¢ ¥¬®¥ á
¨¤ãæ¨à®¢ ®© ¢ ¥¬ á« ¡®© â®¯®«®£¨¥© ¯à®áâà áâ¢  V , ï¢«ï¥âáï ¬¥âà¨ç¥áª¨¬ ª®¬¯ ªâ®¬. �§
«¥¬¬ë 5 á«¥¤ã¥â, çâ® ¬®£®§ ç®¥ ®â®¡à ¦¥¨¥ G : KR ! KR ®¡« ¤ ¥â § ¬ªãâë¬ £à ä¨ª®¬,
¨, á«¥¤®¢ â¥«ì®, ¯®«ã¥¯à¥àë¢® á¢¥àåã (á¬. [8], á. 117). �®íâ®¬ã, ¢ á¨«ã â¥®à¥¬ë � ªãâ ¨
([8], á. 336) G ¨¬¥¥â ¯® ªà ©¥© ¬¥à¥ ®¤ã ¥¯®¤¢¨¦ãî â®çªã u� ¨§ KR: Gu� = u�. �®¤áâ ¢«ïï
¢ (13) u = w = u�, ¯®«ãç¨¬, çâ® u� | à¥è¥¨¥ ¢ à¨ æ¨®®£® ¥à ¢¥áâ¢  (8).
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