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2000 ���������� ò 11 (462)

��� 517.968
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� ���������� ������������ ��������� ������� ����

� ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î ®¤®£® ¥«¨¥©®£® ¨â¥£à «ì®£® ãà ¢¥¨ï ¯¥à¢®£® à®-
¤ . �®à®è® ¨§¢¥áâ®, çâ® ª ¨â¥£à «ìë¬ ãà ¢¥¨ï¬ ¯¥à¢®£® à®¤  á¢®¤ïâáï ¬®£¨¥ ®¡à âë¥
§ ¤ ç¨ ¤«ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ( ¯à., [1], [2]). �à¨ ¨áá«¥¤®¢ ¨¨ ®¡à âëå ª®íää¨-
æ¨¥âëå § ¤ ç ¤«ï ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¢®§¨ª îâ ¨â¥£à «ìë¥ ãà ¢-
¥¨ï ¯¥à¢®£® à®¤  ®â®á¨â¥«ì® ¥¨§¢¥áâ®© äãªæ¨¨,  à£ã¬¥â®¬ ª®â®à®© ï¢«ï¥âáï § ¤  ï
äãªæ¨ï ¤¢ãå ¯¥à¥¬¥ëå [3]. �¨¥©ë¥ ¨â¥£à «ìë¥ ãà ¢¥¨ï â ª®£® â¨¯  ¡ë«¨ ¨§ãç¥ë
¢ [4]. � ¤ ®© à ¡®â¥ ¤®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì à¥è¥¨ï ¥«¨¥©®£® ¨-
â¥£à «ì®£® ãà ¢¥¨ï ¯¥à¢®£® à®¤ , ¢ ª®â®à®¬  à£ã¬¥â ¥¨§¢¥áâ®© äãªæ¨¨ ¯à¥¤áâ ¢«ï¥â
á®¡®© § ¤ ãî äãªæ¨î ¤¢ãå ¯¥à¥¬¥ëå.

� áá¬®âà¨¬ ¥«¨¥©®¥ ¨â¥£à «ì®¥ ãà ¢¥¨¥Z l

0

K(x; t; '(u(x; t))) dx = f(t); t 2 [0; T ]; (1)

£¤¥ äãªæ¨¨ K(x; t; s), u(x; t) § ¤ ë,   '(z) ¥¨§¢¥áâ .
�à¥¤¯®«®¦¨¬, çâ®

u; ux; ut; uxt; uxx 2 C([0; l]� [0; T ]); (2)

u(x; 0) = 0; uxt(x; 0) > 0; x 2 [0; l]; (3)

ux(x; t) > 0; ut(x; t) � const > 0; x 2 [0; l]; t 2 (0; T ]; (4)

¨ äãªæ¨ï uxx(x; t)[ux(x; t)]�1 ¬®¦¥â ¡ëâì ¯à®¤®«¦¥  â ª, çâ®

uxx(x; t)[ux(x; t)]�1 2 C([0; l]� [0; T ]): (5)

� «¥¥ ¯à¥¤¯®« £ ¥¬, çâ®

f 2 C1([0; T ]); (6)

  äãªæ¨ï K(x; t; s) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬ ¤«ï «î¡ëå x 2 [0; l], t 2 [0; T ], s1; s2 2
R:

K; Kx; Kt 2 C([0; l]� [0; T ]�R); (7)

jK(x; t; s1)�K(x; t; s2)j � k1(x; t)js1 � s2j; (8)

jKx(x; t; s1)�Kx(x; t; s2)j � k2(x; t)js1 � s2j; (9)

jKt(x; t; s1)�Kt(x; t; s2)j � k3(x; t)js1 � s2j; (10)

£¤¥ ki 2 C([0; l]� [0; T ]) (i = 1; 2; 3). �à®¬¥ â®£®, ãà ¢¥¨¥Z l

0

K(x; 0; s) dx = f(0) (11)

¨¬¥¥â à¥è¥¨¥ s0 2 R.

� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥ �â «ìïáª®£® ¬¨¨áâ¥àáâ¢   ãçëå ¨ â¥å®«®£¨ç¥áª¨å
¨áá«¥¤®¢ ¨© ¨ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (¯à®¥ªâ 96-15-96181).
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� ¬¥ç ¨¥. �§ ãà ¢¥¨ï (1) á«¥¤ã¥â, çâ® § ç¥¨¥ '(0) «î¡®£® ¥¯à¥àë¢®£® à¥è¥¨ï
íâ®£® ãà ¢¥¨ï ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

Z l

0

K(x; 0; '(0)) dx = f(0): (12)

�§ ãá«®¢¨ï (4) á«¥¤ã¥â, çâ® ¤«ï «î¡®£® t 2 (0; T ] áãé¥áâ¢ã¥â äãªæ¨ï y(z; t), ®¡à â ï ª
u(x; t), â. ¥. y(u(x; t); t) = x. �¤¥« ¢ § ¬¥ã ¯¥à¥¬¥®© z = u(x; t) ¢ ¨â¥£à «ì®¬ ãà ¢¥¨¨ (1),
¯®«ãç¨¬

Z u(l;t)

u(0;t)

K(y(z; t); t; '(z))[ux(y(z; t); t)]�1 dz = f(t); t 2 (0; T ]: (13)

� ¦® ®â¬¥â¨âì, çâ® äãªæ¨ï (ux(y(z; t); t))�1 ¨¬¥¥â ®á®¡¥®áâì ¯à¨ t = 0. �¨¥©ë¥ ¨â¥-
£à «ìë¥ ãà ¢¥¨ï ¯¥à¢®£® à®¤  á ¤¢ã¬ï ¯¥à¥¬¥ë¬¨ ¯à¥¤¥« ¬¨ ¨â¥£à¨à®¢ ¨ï ¨ ï¤à®¬
à¥£ã«ïàë¬ ¯à¨ t = 0 ¨§ãç «¨áì ¢ [5], [6].

�®ª ¦¥¬ â¥®à¥¬ã áãé¥áâ¢®¢ ¨ï ¨ ¥¤¨áâ¢¥®áâ¨ à¥è¥¨ï ãà ¢¥¨ï (1) ¤«ï ¤®áâ â®ç®
¬ «ëå § ç¥¨© t. �¢¥¤¥¬ äãªæ¨¨

�(x; t) = ut(x; t)ux(l; t)[ut(l; t)ux(x; t)]�1; (14)

�(x; t) =
uxt(l; t)
ut(l; t)

+
ux(l; t)
ux(x; t)

�
uxx(x; t)ut(x; t)
ut(l; t)ux(x; t)

�
uxt(x; t)
ut(l; t)

�
: (15)

�¥®à¥¬  1. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï (2){(11). �à¥¤¯®«®¦¨¬, çâ® äãªæ¨ï K(l; t; s) ¤«ï
«î¡®£® t 2 [0; T ] ¨¬¥¥â ®¡à âãî äãªæ¨î G(t; z) (â. ¥. G(t;K(l; t; s)) = s) â ªãî, çâ® G 2
C([0; T ]�R),

jG(t; z1)�G(t; z2)j � g(t)jz1 � z2j 8t 2 [0; T ]; 8z1; z2 2 R; (16)

£¤¥ g 2 C([0; T ]), ¨

q = g(0)
�
k1(0; 0)�(0; 0) +

Z l

0
(k2(x; 0)�(x; 0) + k1(x; 0)j�(x; 0)j) dx

�
< 1: (17)

�®£¤  áãé¥áâ¢ã¥â T0 2 (0; T ] â ª®¥, çâ® ãà ¢¥¨¥ (1) ¨¬¥¥â ¤«ï t 2 [0; T0] ¥¤¨áâ¢¥®¥
à¥è¥¨¥ ' 2 C([0; u(l; T0)]).

�®ª § â¥«ìáâ¢®. �ãáâì ãà ¢¥¨¥ (1) ¨¬¥¥â à¥è¥¨¥ â ª®¥, çâ® ' 2 C([0; u(l; T )]). �®£¤ 
¤«ï t 2 (0; T ] äãªæ¨ï ' ï¢«ï¥âáï à¥è¥¨¥¬ ãà ¢¥¨ï (13). �¬®¦¨¢ (13)   ux(l; t), ¯®«ãç¨¬

Z u(l;t)

u(0;t)

K(y(z; t); t; '(z))ux(l; t)[ux(y(z; t); t)]
�1 dz = f(t)ux(l; t); t 2 (0; T ]: (18)

�¨ää¥à¥æ¨àãï (18), ¯®«ãç¨¬ á«¥¤ãîé¥¥ ¨â¥£à®-äãªæ¨® «ì®¥ ãà ¢¥¨¥:

K(l; t; '(u(l; t)))ut(l; t)�K(0; t; '(u(0; t)))ux(l; t)ut(0; t)[ux(0; t)]
�1 �
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�

Z u(l;t)

u(0;t)

Kx(y(z; t); t; '(z))ux(l; t)ut(y(z; t); t)[ux(y(z; t); t)]
�2 dz +

+
Z u(l;t)

u(0;t)
Kt(y(z; t); t; '(z))ux(l; t)[ux(y(z; t); t)]

�1 dz +

+
Z u(l;t)

u(0;t)
K(y(z; t); t; '(z))uxt(l; t)[ux(y(z; t); t)]

�1 dz +

+
Z u(l;t)

u(0;t)

K(y(z; t); t; '(z))
ux(l; t)

[ux(y(z; t); t)]2
�

�

�
uxx(y(z; t); t)ut(y(z; t); t)

ux(y(z; t); t)
� uxt(y(z; t); t)

�
dz = f 0(t)ux(l; t) + f(t)uxt(l; t): (19)

�î¡®¥ à¥è¥¨¥ ãà ¢¥¨ï (19) â ª®¥, çâ® ' 2 C([0; u(l; T )]), ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (18),
¢ ª®â®à®¬ ¯à ¢ ï ç áâì § ¬¥¥    f(t)ux(l; t) + c, £¤¥ c | ¥ª®â®à ï ¯®áâ®ï ï. �¤¥« ¢ ¢
¨â¥£à «¥ ®¡à âãî § ¬¥ã ¯¥à¥¬¥ëå z = u(x; t), ¯®«ãç¨¬ ãà ¢¥¨¥

Z l

0

K(x; t; '(u(x; t))) dx � f(t) = c[ux(l; t)]�1; t 2 (0; T ]: (20)

�¥à¥å®¤ï ¢ (20) ª ¯à¥¤¥«ã ¯à¨ t ! 0+ ¨ ãç¨âë¢ ï ãá«®¢¨¥ (3), ¯®«ãç¨¬ c = 0. �«¥¤®¢ â¥«ì-
®, äãªæ¨ï ' ï¢«ï¥âáï à¥è¥¨¥¬ ãà ¢¥¨© (18) ¨ (1). � ª¨¬ ®¡à §®¬, ãà ¢¥¨ï (1) ¨ (19)
íª¢¨¢ «¥âë.

�¤¥« ¢ ¢ ¨â¥£à « å, ¢å®¤ïé¨å ¢ «¥¢ãî ç áâì (19), § ¬¥ã ¯¥à¥¬¥®© z = u(x; t), ¯®¤¥«¨¢
®¡¥ ç áâ¨ íâ®£® ãà ¢¥¨ï   ut(l; t) ¨ ¨á¯®«ì§®¢ ¢ ®¡®§ ç¥¨ï (14),(15), ¯®«ãç¨¬ ¨â¥£à®-
äãªæ¨® «ì®¥ ãà ¢¥¨¥, íª¢¨¢ «¥â®¥ (19)

K(l; t; '(u(l; t))) �K(0; t; '(u(0; t)))�(0; t) �
Z l

0

Kx(x; t; '(u(x; t)))�(x; t) dx +

+
Z l

0
Kt(x; t; '(u(x; t)))ux(l; t)[ut(l; t)]

�1 dx+

+
Z l

0
K(x; t; '(u(x; t)))�(x; t) dx = F (t); t 2 (0; T ]; (21)

£¤¥

F (t) = [f 0(t)ux(l; t) + f(t)uxt(l; t)][ut(l; t)]�1: (22)

�¢¥¤ï ®¢ãî ¯¥à¥¬¥ãî � = u(l; t), ¬®¦¥¬ ¯¥à¥¯¨á âì (21) á«¥¤ãîé¨¬ ®¡à §®¬:

K(l; (�); '(�)) = K(0; (�); '(u(0; (�))))�(0; (�)) +

+
Z l

0

Kx(x; (�); '(u(x; (�))))�(x; (�)) dx �

�

Z l

0

Kt(x; (�); '(u(x; (�))))ux(l; (�))[ut(l; (�))]�1 dx�

�

Z l

0

K(x; (�); '(u(x; (�))))�(x; (�)) dx + F ((�)); � 2 (0; u(l; T )]; (23)

£¤¥ (�) | äãªæ¨ï, ®¡à â ï ª äãªæ¨¨ u(l; t).
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�¯à¥¤¥«¨¬ ¢ ¯à®áâà áâ¢¥ C([0; u(l; T )]) ¥«¨¥©ë© ®¯¥à â®à A á«¥¤ãîé¨¬ ®¡à §®¬:

A' = G
�
(�);K(0; (�); '(u(0; (�))))�(0; (�)) +

+
Z l

0

Kx(x; (�); '(u(x; (�))))�(x; (�)) dx �

�

Z l

0

Kt(x; (�); '(u(x; (�))))ux(l; (�))[ut(l; (�))]�1 dx�

�

Z l

0

K(x; (�); '(u(x; (�))))�(x; (� )) dx + F ((�))
�
; � 2 [0; u(l; T )]: (24)

�ãáâì ¯®áâ®ï ï T0 2 (0; T ].� áá¬®âà¨¬ ¢ ¯à®áâà áâ¢¥ C([0; u(l; T0)]) ¥«¨¥©®¥ ®¯¥à â®à®¥
ãà ¢¥¨¥

' = A': (25)

�§ ãá«®¢¨© (2){(7) ¨ ¥¯à¥àë¢®áâ¨ äãªæ¨¨G á«¥¤ã¥â, çâ® ®¯¥à â®à A ®â®¡à ¦ ¥â C([0; u(l; T0)])
¢ á¥¡ï. �®ª ¦¥¬ â¥¯¥àì, çâ® ®¯¥à â®à A ï¢«ï¥âáï á¦¨¬ îé¨¬ ¯à¨ ¤®áâ â®ç® ¬ «®¬ T0. �«ï
«î¡®© ¯ àë äãªæ¨© '1; '2 2 C([0; u(l; T0)]), ¨á¯®«ì§ãï (8){(10), (16), (24), ¨¬¥¥¬ ®æ¥ªã

kA'1 �A'2kC([0;u(l;T0)]) � k'1 � '2kC([0;u(l;T0)]) max
t2[0;T0]

�
g(t)

�
k1(0; t)�(0; t) +

+
Z l

0

fk2(x; t)�(x; t) + k3(x; t)ux(l; t)(ut(l; t))�1 + k1(x; t)j�(x; t)jgdx
��
: (26)

�ç¨âë¢ ï ¥¯à¥àë¢®áâì äãªæ¨© g, ki (i = 1; 2; 3), �, �, ãá«®¢¨¥ (17) ¨ ®æ¥ªã (26), ¯®«ãç¨¬,
çâ® áãé¥áâ¢ã¥â T0 2 (0; T ] â ª®¥, çâ® ®¯¥à â®à A ï¢«ï¥âáï á¦¨¬ îé¨¬ ¢ C([0; u(l; T0)]). �«¥¤®-
¢ â¥«ì®, ãà ¢¥¨¥ (25) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ ¢ íâ®¬ ¯à®áâà áâ¢¥. � ª ª ª ãà ¢¥¨ï
(25) ¨ (23) íª¢¨¢ «¥âë, â® ãà ¢¥¨¥ (23) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ ¢ C([0; u(l; T0)]). � ª¨¬
®¡à §®¬, ãà ¢¥¨¥ (1) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ ' 2 C([0; u(l; T0)]) ¤«ï t 2 [0; T0].

�¥à¥©¤¥¬ ª ¤®ª § â¥«ìáâ¢ã áãé¥áâ¢®¢ ¨ï ¨ ¥¤¨áâ¢¥®áâ¨ à¥è¥¨ï ãà ¢¥¨ï (1)   ¢á¥¬
®âà¥§ª¥ [0; T ].

�¥®à¥¬  2. �á«¨ ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 1, â® áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ ï äãªæ¨ï

' 2 C([0; u(l; T )]), ï¢«ïîé ïáï à¥è¥¨¥¬ ãà ¢¥¨ï (1) ¯à¨ t 2 [0; T ].

�®ª § â¥«ìáâ¢®. �§ â¥®à¥¬ë 1 á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì äãªæ¨¨ '0 2
C([0; u(l; T0)]), ï¢«ïîé¥©áï à¥è¥¨¥¬ ãà ¢¥¨ï (1) ¯à¨ t 2 [0; T0].

� áá¬®âà¨¬ ãà ¢¥¨¥ (1) ¯à¨ t 2 [T0; T ]. �  íâ®¬ ®âà¥§ª¥ ãà ¢¥¨¥ (1) íª¢¨¢ «¥â® ãà ¢-
¥¨î (19). �á¯®«ì§ãï ®¡®§ ç¥¨ï (14), (15) ¨ (22), ¬®¦® ¯¥à¥¯¨á âì (19) ¢ ¢¨¤¥

K(l; t; '(u(l; t))) �K(0; t; '(u(0; t)))�(0; t) �

�

Z u(l;t)

u(0;t)

Kx(y(z; t); t; '(z))�(y(z; t); t)[ux(y(z; t); t)]�1 dz +

+
Z u(l;t)

u(0;t)

Kt(y(z; t); t; '(z))ux(l; t)[ux(y(z; t); t)ut(l; t)]�1 dz +

+
Z u(l;t)

u(0;t)

K(y(z; t); t; '(z))�(y(z; t); t)[ux(y(z; t); t)]�1 dz = F (t); t 2 [T0; T ]: (27)
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�¢¥¤¥¬ äãªæ¨î

B(t; z; s) = Kx(y(z; t); t; s)
�(y(z; t); t)
ux(y(x; t); t)

�

�Kt(y(z; t); t; s)
ux(l; t)

ux(y(z; t); t)ut(l; t)
�K(y(z; t); t; s)

�(y(z; t); t)
ux(y(z; t); t)

: (28)

�á¯®«ì§ãï (28) ¨ äãªæ¨î (�), ®¡à âãî ª äãªæ¨¨ u(l; t), § ¯¨è¥¬ (27) á«¥¤ãîé¨¬ ®¡à §®¬:

K(l; (�); '(�)) = K(0; (�); '(u(0; (�))))�(0; (�)) +

+

�Z
u(0;(�))

B((�); z; '(z)) dz + F ((�)); � 2 [u(l; T0); u(l; T )]: (29)

� áá¬®âà¨¬ ãà ¢¥¨¥ (29) ¤«ï � 2 [u(l; T0); �1], £¤¥ �1 | ª®à¥ì ãà ¢¥¨ï u(0; (�)) = u(l; T0),
¥á«¨ u(0; (u(l; T ))) > u(l; T0) ¨ �1 = u(l; T ), ¥á«¨ u(0; (u(l; T ))) � u(l; T0). � ª ª ª äãªæ¨ï '
¨§¢¥áâ    ®âà¥§ª¥ [0; u(l; T0)], â® ¨§ (29) ¯®«ãç¨¬ ãà ¢¥¨¥

K(l; (�); '(�)) =

�Z
u(l;T0)

B((�); z; '(z)) dz + F1(�); � 2 [u(l; T0); �1]; (30)

£¤¥ ¨§¢¥áâ ï äãªæ¨ï F1 ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

F1(�) = F ((�)) +K(0; (�); '0(u(0; (�))))�(0; (�)) +

u(l;T0)Z
u(0;(�))

B((�); z; '0(z)) dz: (31)

�á¯®«ì§ãï äãªæ¨î G(t; z), ®¡à âãî ª äãªæ¨¨K(l; t; s), ¬®¦¥¬ ¯à¥®¡à §®¢ âì ãà ¢¥¨¥ (30)
á«¥¤ãîé¨¬ ®¡à §®¬:

'(�) = G

�
(�);

�Z
u(l;T0)

B((�); z; '(z)) dz + F1(�)
�
; � 2 [u(l; T0); �1]: (32)

�ç¨âë¢ ï ãá«®¢¨¥ (16) ¨ ¯à¨¬¥ïï ¯à¨æ¨¯ á¦¨¬ îé¨å ®â®¡à ¦¥¨©, ã¡¥¤¨¬áï, çâ® ãà ¢¥¨¥
(32) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ '1 2 C([u(l; T0); �1]).

�¯à¥¤¥«¨¬ äãªæ¨î

'2(�) =

(
'0(�); � 2 [0; u(l; T0)];

'1(�); � 2 [u(l; T0); �1]:
(33)

�§ (29){(33) á«¥¤ã¥â, çâ® íâ  äãªæ¨ï ¯à¨ ¤«¥¦¨â C([0; �1]) ¨ ï¢«ï¥âáï à¥è¥¨¥¬ ãà ¢¥¨ï
(29) ¤«ï � 2 (0; �1].

�ãáâì ç¨á«® �2 ï¢«ï¥âáï ª®à¥¬ ãà ¢¥¨ï u(0; (�)) = �1, ¥á«¨ u(0; (u(l; T ))) > �1, ¨
�2 = u(l; T ), ¥á«¨ u(0; (u(l; T ))) � �1. �®¢â®àïï ¯à¥¤ë¤ãéãî ¯à®æ¥¤ãàã, ¬®¦¥¬ ¤®ª § âì, çâ®
ãà ¢¥¨¥ (29) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥, ¥¯à¥àë¢®¥   ®âà¥§ª¥ [0; �2]. �«¥¤®¢ â¥«ì®, ¯®-
¢â®à¨¢ ¯®¤®¡ãî ¯à®æ¥¤ãàã ª®¥ç®¥ ç¨á«® à §, ¤®ª ¦¥¬, çâ® áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ ï äãª-
æ¨ï ' 2 C([0; u(l; T )]), ï¢«ïîé ïáï à¥è¥¨¥¬ ãà ¢¥¨ï (1) ¯à¨ [0; T ].

�ãáâì ãá«®¢¨¥ (17) â¥®à¥¬ë 1 ¥ ¢ë¯®«¥®. � áá¬®âà¨¬ ¤àã£®¥ ãá«®¢¨¥ à §à¥è¨¬®áâ¨ ãà ¢-
¥¨ï (1). �¢¥¤¥¬ äãªæ¨¨

�1(x; t) = �(x; t)
ut(x; t)
ut(l; t)

; �1(x; t) = �(x; t)
ut(x; t)
ut(l; t)

:
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�¥®à¥¬  3. �ãáâì ¢á¥ ãá«®¢¨ï â¥®à¥¬ë 1, §  ¨áª«îç¥¨¥¬ (17), ¢ë¯®«¥ë. �ãáâì, ªà®¬¥
â®£®,

K(x; t; s) = Q(x; t; s)s; G(t; z) = G1(t; z)z; f(t) = f1(t)t; (34)

£¤¥ äãªæ¨¨ Q, G1, f1 â ª®¢ë, çâ®

Q; Qx; Qt 2 C([0; l]� [0; T ]�R); G1 2 C([0; T ]�R); f1 2 C
1[0; T ]:

�á«¨

q1 = g(0)
�
k1(0; 0)�1(0; 0) +

Z l

0

[k2(x; 0)�1(x; 0) + k1(x; 0)j�1(x; 0)j] dx
�
< 1; (35)

â® ãà ¢¥¨¥ (1) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥, ¯à¥¤áâ ¢¨¬®¥ ¢ ¢¨¤¥ '(z) =  (z)z, £¤¥  2
C([0; u(l; T )]).

�®ª § â¥«ìáâ¢®. �¯à¥¤¥«¨¬ ¢ ¯à®áâà áâ¢¥ C([0; u(l; T )]) ¥«¨¥©ë© ®¯¥à â®à D ¯® á«¥-
¤ãîé¥© ä®à¬ã«¥:

D (�) = ��1G

�
(�);K(0; (�);  (u(0; (�)))u(0; (�)))�(0; (�)) +

+
Z l

0

Kx

�
x; (�);  (u(x; (�)))u(x; (�))

�
�(x; (�)) dx �

�

Z l

0

Kt

�
x; (�);  (u(x; (�)))u(x; (�))

�
ux(l; (�))[ut(l; (�))]�1 dx�

�

Z l

0

K
�
x; (�);  (u(x; (�)))u(x; (�))

�
�(x; (�)) dx + F ((�))

�
; � 2 [0; u(l; T )]: (36)

�ãªæ¨ï D ¯à¨ ¤«¥¦¨â C((0; u(l; T )]) ¤«ï «î¡®©  2 C([0; u(l; T )]). �á¯®«ì§ãï ãá«®¢¨ï (34),
¨¬¥¥¬

lim
�!0

(D )(�) = G1

�
0;K(0; 0; 0)�(0; 0) +

Z l

0

Kx(x; 0; 0)�(x; 0) dx �
Z l

0

K(x; 0; 0)�(x; 0) dx
�
�

� lim
�!0

��1

�
Q(0; (�);  (u(0; (�)))u(0; (�))) (u(0; (�)))u(0; (� ))�(0; (�)) +

+
Z l

0
Qx(x; (�);  (u(x; (�)))u(x; (�))) (u(x; (�)))u(x; (�))�(x; (�)) dx �

�

Z l

0
Q(x; (�);  (u(x; (�)))u(x; (�))) (u(x; (�)))u(x; (�))�(x; (�)) dx + F ((�))

�
=

= G1

�
0;K(0; 0; 0)�(0; 0) +

Z l

0
Kx(x; 0; 0)�(x; 0) dx �

�

Z l

0

K(x; 0; 0)�(x; 0) dx
��
Q(0; 0; 0) (0)�1(0; 0) +

Z l

0

Qx(x; 0; 0) (0)�1(x; 0) dx�

�

Z l

0

Q(x; 0; 0) (0)�1(x; 0) dx+ 2f1(0)uxt(l; 0)(ut(l; 0))�2

�
:

�«¥¤®¢ â¥«ì®, D 2 C([0; u(l; T )]) ¤«ï «î¡®©  2 C([0; u(l; T )]).
� áá¬®âà¨¬ ¢ ¯à®áâà áâ¢¥ C([0; u(l; T0)]) ¥«¨¥©®¥ ®¯¥à â®à®¥ ãà ¢¥¨¥

 = D ; (37)
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£¤¥ T0 2 (0; T ]. �§ (8){(10), (16), (36) á«¥¤ã¥â, çâ®

kD 1 �D 2kC([0;u(l;T0)]) � k 1 �  2kC([0;u(l;T0)]) max
t2[0;T0]

�
g(t)

�
k1(0; t)�(0; t)

u(0; t)
u(l; t)

+

+
Z l

0

(k2(x; t)�(x; t) + k3(x; t)ux(l; t)(ut(l; t))
�1 + k1(x; t)j�(x; t)j)

u(x; t)
u(l; t)

dx
��
: (38)

�ç¨âë¢ ï ¥¯à¥àë¢®áâì äãªæ¨© g, ki (i = 1; 2; 3), �1, �1 ¨ ¥à ¢¥áâ¢  (35), (38), ã¡¥¦¤ -
¥¬áï, çâ® áãé¥áâ¢ã¥â T0 2 (0; T ] â ª®¥, çâ® ®¯¥à â®à D ï¢«ï¥âáï á¦¨¬ îé¨¬ ¢ ¯à®áâà áâ¢¥
C([0; u(l; T0)]). �á¯®«ì§ãï ¯à¨æ¨¯ á¦¨¬ îé¨å ®â®¡à ¦¥¨©, ¯®«ãç¨¬, çâ® ãà ¢¥¨¥ (37) ¨¬¥-
¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥  2 C([0; u(l; T0)]). �§ (36), (37) á«¥¤ã¥â, çâ® '(�) = � (�) ï¢«ï¥âáï
à¥è¥¨¥¬ ãà ¢¥¨ï (1)   ®âà¥§ª¥ [0; u(l; T0)]. �à¨¬¥ïï â¥®à¥¬ã 2, ãáâ ®¢¨¬, çâ® áãé¥áâ¢ã¥â
¥¤¨áâ¢¥ ï äãªæ¨ï '(�) = � (�), ï¢«ïîé ïáï à¥è¥¨¥¬ ãà ¢¥¨ï (1)   ®âà¥§ª¥ [0; T ].

� áá¬®âà¨¬ ¢ § ª«îç¥¨¨ ¥ª®â®àë¥ ¯à¨¬¥àë.

�à¨¬¥àë. �ãáâì äãªæ¨ï f ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (6),  

K(x; t; s) = (ax+ bt+ a)
�
s+

s

1 + (t+ d)jsj

�
; a > 0; b > 0; d > 0; (39)

u(x; t) = �(x)�(t); (40)

£¤¥ äãªæ¨¨ �(x) ¨ �(t) ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

� 2 C2([0; l]); �(x) > 0; �0(x) > 0 8x 2 [0; l]; (41)

� 2 C1([0; l]); �(0) = 0; �0(t) > 0 8t 2 [0; T ]: (42)

�ãªæ¨ïK(x; t; s), ®¯à¥¤¥«ï¥¬ ï ä®à¬ã«®© (39), ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (7){(11) á äãªæ¨ï¬¨

k1(x; t) = 2(ax+ bt+ a); (43)

k2(x; t) = 2a: (44)

�§ (39) â ª¦¥ á«¥¤ã¥â, çâ® äãªæ¨ï K(l; t; s) ¤«ï ¥®âà¨æ â¥«ìëå s, ¨¬¥¥â ®¡à âãî äãªæ¨î

G(t; z) =
(t+ d)� � 2 +

p
(t+ d)2�2 + 4

2(t+ d)
; (45)

£¤¥

� =
z

al + bt+ a
: (46)

�§ (45), (46) á«¥¤ã¥â, çâ® ¢ íâ®¬ á«ãç ¥

g(t) =
1

al + bt+ a
: (47)

�ëç¨á«¨¬ ¯®áâ®ïãî q, ¢å®¤ïéãî ¢ ãá«®¢¨¥ (17). �§ (40){(44), (47) á«¥¤ã¥â, çâ®

q =
2�0(l)

(l + 1)�(l)

�
�(0)
�0(0)

+
Z l

0

�(x)
�0(x)

�
1 + (1 + x)

j�00(x)j
�0(x)

�
dx
�
: (48)

� áá¬®âà¨¬ ¤¢  ç áâëå á«ãç ï äãªæ¨¨ �(x). �ãáâì

�(x) = 10x+ exp(cx) (c > 0); (49)

�(x) = (x+ 1) ( > 0): (50)
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�á«¨ äãªæ¨ï �(x) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (49), â® ¨§ (48), (49) á«¥¤ã¥â, çâ®

q =
2(10 + c exp(cl))

(l + 1)(10l + exp(cl))

�
1

10 + c
+
Z l

0

�
10x+ exp(cx)
10 + c exp(cx)

+

+ (x+ 1)
(10x + exp(cx))c2 exp(cx)

(10 + c exp(cx))2

�
dx

�
: (51)

�à ¢ ï ç áâì ¢ ä®à¬ã«¥ (51) áâà¥¬¨âáï ª 1� (9l� 1)=(10l2 +11l+1) ¯à¨ c! 0. �«¥¤®¢ â¥«ì®,
q < 1 ¯à¨ 9l > 1 ¨ ¤®áâ â®ç® ¬ «ëå c. � ª¨¬ ®¡à §®¬, ¤«ï â ª¨å l, c ¨ «î¡®© äãªæ¨¨ f ,
ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î (6), ãà ¢¥¨¥ (1) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ ' 2 C([0; �(T )(10l +
exp(cl))]).

� áá¬®âà¨¬ â¥¯¥àì á«ãç © (50). �§ (48), (50) á«¥¤ã¥â, çâ®

q =
2

(l + 1)2

�
1 + (1 + j � 1j)

Z l

0

(x+ 1) dx
�
=

= 1 + (l + 1)�2 + j � 1j[1 � (l + 1)�2] > 1 8; l 2 R+:

� ª¨¬ ®¡à §®¬, ®á®¢®¥ ãá«®¢¨¥ â¥®à¥¬ë 1 ¥ ¢ë¯®«¥®. �à¨¬¥¨¬ ¢ íâ®¬ á«ãç ¥ â¥®à¥¬ã 3.
�§ (40){(44), (47) á«¥¤ã¥â, çâ®

q1 =
2�0(l)

(l + 1)�(l)2

�
�(0)2

�0(0)
+
Z l

0

�(x)2

�0(x)2

�
�0(x) + (1 + x)j�00(x)j

�
dx
�
:

�ëç¨á«¨¬ íâã ¯®áâ®ïãî ¤«ï á«ãç ï (50)

q1 =
2

(l + 1)+2

�
1 + (1 + j � 1j)

Z l

0

(x+ 1)+1 dx
�
=

=
2(1 + j � 1j)

 + 2
+
2( + 1� j � 1j)

 + 2
(l + 1)��2:

�¥à ¢¥áâ¢® q1 < 1 ¢ë¯®«¥® ¤«ï , ¡«¨§ª¨å ª 1, ¨ ¤®áâ â®ç® ¡®«ìè¨å l. �«¥¤®¢ â¥«ì®,
¤«ï â ª®© ¯ àë ç¨á¥« (; l) ¨ äãªæ¨¨ f , ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î (35), ãà ¢¥¨¥ (1) ¨¬¥¥â
¥¤¨áâ¢¥®¥ à¥è¥¨¥, ¯à¥¤áâ ¢¨¬®¥ ¢ ¢¨¤¥ '(z) = z (z), £¤¥  2 C([0; (l + 1)�(T )]).
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