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�¥â®¤ ¯®«ã¤¨áªà¥â¨§ æ¨¨ ¤«ï  ¡áâà ªâ­ëå ª¢ §¨«¨­¥©­ëå ãà ¢­¥­¨© ¢ ¡ ­ å®¢®¬ ¯à®-
áâà ­áâ¢¥ E ¬®¦­® ®¯¨á âì á«¥¤ãîé¨¬ ®¡à §®¬. �ãáâì ¢ ãà ¢­¥­¨¨

x0 = Ax+ f(t; x) (1)

A | ¯à®¨§¢®¤ïé¨© ®¯¥à â®à á¨«ì­® ­¥¯à¥àë¢­®© ¯®«ã£àã¯¯ë expfAtg «¨­¥©­ëå ®¯¥à â®à®¢,
¤¥©áâ¢ãîé¨å ¢ ¯à®áâà ­áâ¢¥ E,   ­¥«¨­¥©­ë© ­¥¯à¥àë¢­ë© ®¯¥à â®à f ¤¥©áâ¢ã¥â ¨§ R1 �E ¢
E. � ª ç¥áâ¢¥  ¯¯à®ªá¨¬¨àãîé¥© ¯®«ã¤¨áªà¥â¨§ æ¨®­­®© áå¥¬ë à áá¬®âà¨¬ ãà ¢­¥­¨ï

x0h = Ahxh + fh(t; xh); (2)

£¤¥ h | ¯ à ¬¥âà ¯®«ã¤¨áªà¥â¨§ æ¨¨, ®¯¥à â®àë Ah | ¯à®¨§¢®¤ïé¨¥ ®¯¥à â®àë á¨«ì­® ­¥-
¯à¥àë¢­ëå ¯®«ã£àã¯¯ expfAhtg «¨­¥©­ëå ®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¢ ¡ ­ å®¢ëå ¯à®áâà ­-
áâ¢ å Eh,   ­¥¯à¥àë¢­ë¥ ®¯¥à â®àë fh ¤¥©áâ¢ãîâ ¨§ R1 � Eh ¢ Eh. �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ®
h 2 H = fhn : hn > 0; hn # 0g [ f0g, ¯à¨ íâ®¬ ®¯¥à â®àë A0, f0 ®â®¦¤¥áâ¢«ïîâáï á ®¯¥à â®-
à ¬¨ A, f ,   ¯à®áâà ­áâ¢® E0 | á ¯à®áâà ­áâ¢®¬ E á®®â¢¥âáâ¢¥­­®. � ª¨¬ ®¡à §®¬, ¯à¨ h = 0
ãà ¢­¥­¨¥ (2) ¯¥à¥å®¤¨â ¢ ãà ¢­¥­¨¥ (1). �à¥¤¯®«®¦¨¬ â ª¦¥, çâ® áãé¥áâ¢ãîâ «¨­¥©­ë¥ ®£à -
­¨ç¥­­ë¥ ®¯¥à â®àë ¢«®¦¥­¨ï Qh : Eh ! E, h 2 H n f0g, Q0 = I. �«ï ãà ¢­¥­¨ï (1) ¡ã¤¥¬
¨§ãç âì ¢®§¬®¦­®áâì ¯à¨¡«¨¦¥­­®£® ­ å®¦¤¥­¨ï à¥è¥­¨© § ¤ ç¨ �®è¨ ¨«¨ § ¤ ç¨ ® ¯¥à¨®-
¤¨ç¥áª¨å ¯® ¢à¥¬¥­¨ à¥è¥­¨© ¯à¨ ¯®¬®é¨ áå¥¬ë (2). �à¨ íâ®¬ ¡ã¤¥¬ £®¢®à¨âì, çâ® áå¥¬  (2)
 ¯¯à®ªá¨¬¨àã¥â ãà ¢­¥­¨¥ (1) ¢ ­¥ª®â®à®¬ äã­ªæ¨®­ «ì­®¬ ¯à®áâà ­áâ¢¥ L, ¥á«¨ ¨§ ®£à ­¨-
ç¥­­®áâ¨ ¢ íâ®¬ ¯à®áâà ­áâ¢¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fQhxh; h 2 H n f0gg, £¤¥ ¢ ª ç¥áâ¢¥ xh ¢§ïâë
à¥è¥­¨ï ®¤­®© ¨§ ã¯®¬ï­ãâëå ¢ëè¥ § ¤ ç ¤«ï ãà ¢­¥­¨© (2), á«¥¤ã¥â ®â­®á¨â¥«ì­ ï ª®¬¯ ªâ-
­®áâì íâ®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¢ ¯à®áâà ­áâ¢¥ L, ¨ ¥¥ ¯à¥¤¥«ì­ë¬¨ â®çª ¬¨ ¬®£ãâ ¡ëâì â®«ìª®
à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ ¤«ï ãà ¢­¥­¨ï (1). � á«ãç ¥ § ¤ ç¨ �®è¨ ¢ ª ç¥áâ¢¥ ¯à®-
áâà ­áâ¢  L ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ¯à®áâà ­áâ¢® C([0; d]; E) ­¥¯à¥àë¢­ëå ­  ­¥ª®â®à®¬ ®âà¥§ª¥
[0; d] äã­ªæ¨©, §­ ç¥­¨ï ª®â®àëå «¥¦ â ¢ E. � § ¤ ç¥ ® ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨ïå ¯®« £ ¥¬
L = CT (E), £¤¥ CT (E) | ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­ëå T -¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨© á® §­ ç¥­¨ï¬¨
¢ E. �®¤ à¥è¥­¨ï¬¨ á®®â¢¥âáâ¢ãîé¨å § ¤ ç, á«¥¤ãï ([1], £«. 6, x 23, c. 469), ¯®­¨¬ îâáï à¥è¥­¨ï
íª¢¨¢ «¥­â­ëå ®¯¥à â®à­ëå ãà ¢­¥­¨©, ¯à¨¢¥¤¥­­ëå â ¬ ¦¥.

�¥«ìî ¤ ­­®© à ¡®âë ï¢«ï¥âáï ­ å®¦¤¥­¨¥ ãá«®¢¨©, ¯à¨ ª®â®àëå áå¥¬  (2) íª¢¨¢ «¥­â­ 
â ª®¬ã äã­ªæ¨®­ «ì­®¬ã ãà ¢­¥­¨î

u = F (h; u) (3)

(¢ ­¥ª®â®à®¬ ¯à®áâà ­áâ¢¥ L), ¤«ï ¨áá«¥¤®¢ ­¨ï ª®â®à®£® ¬®¦¥â ¡ëâì ¯à¨¬¥­¥­  â¥®à¨ï ¢à -
é¥­¨ï ¢¥ªâ®à­ëå ¯®«¥© ¢ ¡¥áª®­¥ç­®¬¥à­®¬ ¯à®áâà ­áâ¢¥ ([2], £«. 4, x 32, c. 245). � ª¨¬ ®¡à -
§®¬, § ¤ ç  ®¡  ¯¯à®ªá¨¬ æ¨¨ ãà ¢­¥­¨ï (1) áå¥¬®© (2) á¢®¤¨âáï ª ¨§ãç¥­¨î ®¡é¨¬¨ â®¯®-
«®£¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  à¥è¥­¨© ãà ¢­¥­¨ï (3). � ­¥¥ â ª®© ¯®¤å®¤
¨á¯®«ì§®¢ «áï ¤«ï ¨áá«¥¤®¢ ­¨ï í««¨¯â¨ç¥áª¨å [3] ¨ ¯ à ¡®«¨ç¥áª¨å [4] ãà ¢­¥­¨©. �à¨ íâ®¬

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©, £à ­â 99-01-

00333.

60



®¯¥à â®à F ®ª §ë¢ «áï ¢¯®«­¥ ­¥¯à¥àë¢­ë¬. � ¤ ­­®© à ¡®â¥ ¯®«ã£àã¯¯  expfAtg ¯à¥¤¯®« -
£ ¥âáï «¨èì á¨«ì­® ­¥¯à¥àë¢­®© (íâ® ¯®§¢®«ï¥â ¨§ãç âì áå¥¬ë ¯®«ã¤¨áªà¥â¨§ æ¨¨ ¤«ï ª¢ -
§¨«¨­¥©­ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥­¨©). �®íâ®¬ã á®®â¢¥âáâ¢ãîé¨¥ ¨­â¥£à «ì­ë¥ ®¯¥à â®àë
F ­¥ ¡ã¤ãâ ®¡« ¤ âì á¢®©áâ¢®¬ ¯®«­®© ­¥¯à¥àë¢­®áâ¨. �à¨¢¥¤¥¬ ãá«®¢¨ï, ¯à¨ ª®â®àëå á®®â-
¢¥âáâ¢ãîé¨© ®¯¥à â®à ¡ã¤¥â ã¯«®â­ïîé¨¬ ([5], £«. 1, x 1.5, c. 28), ¨ ¯®íâ®¬ã ¤«ï ¨áá«¥¤®¢ ­¨ï
ãà ¢­¥­¨ï (3) ¬®¦¥â ¡ëâì ¯à¨¬¥­¥­  â¥®à¨ï ¢à é¥­¨ï ã¯«®â­ïîé¨å ¢¥ªâ®à­ëå ¯®«¥© (â¥®à¨ï
â®¯®«®£¨ç¥áª®£® ¨­¤¥ªá  ¬­®¦¥áâ¢  ­¥¯®¤¢¨¦­ëå â®ç¥ª) ([5], £«. 3, x 3.5, c. 134).

�«ï ¯®áâà®¥­¨ï ®¯¥à â®à  F ¯®âà¥¡ãîâáï â ª¦¥ «¨­¥©­ë¥ ®¯¥à â®àë ¯à®¥ªâ¨à®¢ ­¨ï Ph :
E ! Eh, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

PhQh = Ih; (4)

£¤¥ Ih | â®¦¤¥áâ¢¥­­ë© ®¯¥à â®à ¢ ¯à®áâà ­áâ¢¥ Eh;

QhPhx! x ¤«ï ¢á¥å x 2 E: (5)

�áî¤ã ­¨¦¥ áç¨â ¥¬, çâ® kPhk ¨ kQhk à ¢­®¬¥à­® ®£à ­¨ç¥­ë.
�¥à¥©¤¥¬ â¥¯¥àì ª ãá«®¢¨ï¬ ­   ¯¯à®ªá¨¬¨àãîé¨¥ ®¯¥à â®àë Ah ¨ fh. �ã¤¥¬ ¯à¥¤¯®« £ âì,

çâ® ¯®«ã£àã¯¯ë expfAhtg  ¯¯à®ªá¨¬¨àãîâ ¯®«ã£àã¯¯ã expfAtg, â. ¥. ¢ë¯®«­ï¥âáï ãá«®¢¨¥
A1) ¤«ï «î¡®£® x 2 E

Qh expfAhtgPhx �! expfAtgx ¯à¨ h! 0

à ¢­®¬¥à­® ¯® t ¨§ «î¡®£® ®£à ­¨ç¥­­®£® ®âà¥§ª .

�«ï â®£® çâ®¡ë áä®à¬ã«¨à®¢ âì ãá«®¢¨ï ­  ®¯¥à â®àë fh, à áá¬®âà¨¬ ®¯¥à â®à ' : H �
R1 �E ! E, § ¤ ¢ ¥¬ë© ä®à¬ã«®©

'(h; t; x) = Qhfh(t; Phx):

� ¯®¬­¨¬, çâ® ¬¥à®© ­¥ª®¬¯ ªâ­®áâ¨ � ãá¤®àä  ([5], c. 7) ®£à ­¨ç¥­­®£® ¬­®¦¥áâ¢  
 2 E
­ §ë¢ îâ ç¨á«® �(
), ®¯à¥¤¥«ï¥¬®¥ à ¢¥­áâ¢®¬

�(
) = inff" : 
 ¨¬¥¥â ª®­¥ç­ãî "-á¥âìg:

�¨¦¥ ¯à¥¤¯®« £ ¥¬ ¢ë¯®«­¥­­ë¬¨ á«¥¤ãîé¨¥ ãá«®¢¨ï:

A2) ®¯¥à â®à ' ­¥¯à¥àë¢¥­ ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå ¨ ®£à ­¨ç¥­ ­  ®£à ­¨ç¥­­ëå ¬­®-

¦¥áâ¢ å;
A3) áãé¥áâ¢ã¥â â ª ï ª®­áâ ­â  k, çâ®

�
� [
h2H

'(h; t;
)
�
� k�(
)

¤«ï «î¡®£® ®£à ­¨ç¥­­®£® ¬­®¦¥áâ¢  
 2 E.

�«ï ãà ¢­¥­¨ï (1) à áá¬®âà¨¬ § ¤ çã �®è¨ á ­ ç «ì­ë¬ ãá«®¢¨¥¬

x(0) = x0: (6)

� ª ç¥áâ¢¥  ¯¯à®ªá¨¬ æ¨¨ (6) ¢®§ì¬¥¬ ¤«ï ãà ¢­¥­¨ï (2) ­ ç «ì­®¥ ãá«®¢¨¥

xh(0) = Phx
0: (7)

�¯¥à â®à F : H � C([0; d]; E) ! C([0; d]; E) ®¯à¥¤¥«¨¬ á ¯®¬®éìî ä®à¬ã«ë

F (h; u)(t) = Qh expfAhtgPhx
0 +

Z t

0
Qh expfAh(t� s)gPh'(h; s; Phu(s))ds: (8)

� «¥¥ ¨á¯®«ì§ã¥âáï ¬¥à  ­¥ª®¬¯ ªâ­®áâ¨  [6], ®¯à¥¤¥«ï¥¬ ï ­  ®£à ­¨ç¥­­ëå ¯®¤¬­®¦¥-
áâ¢ å 
 ¯à®áâà ­áâ¢  C([0; d]; E) ä®à¬ã«®©

 (
) = max
D�


(sup
t

e�Lt�(D(t)); lim
�!0

sup
u2D

max
0����

ku(t)� u(t+ �)kE);
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¯à¨ íâ®¬ ¬ ªá¨¬ã¬ ¢ ee ¯à ¢®© ç áâ¨ ¡¥à¥âáï ¯® ¢á¥¬ áç¥â­ë¬ ¯®¤¬­®¦¥áâ¢ ¬D ¬­®¦¥áâ¢  
,  
­¥®âà¨æ â¥«ì­ ï ª®­áâ ­â  L ­®á¨â â¥å­¨ç¥áª¨© å à ªâ¥à ¨ ¢ë¡¨à ¥âáï ¢ å®¤¥ ¤®ª § â¥«ìáâ¢ .
�­ ç¥­¨ï ¬¥àë ­¥ª®¬¯ ªâ­®áâ¨  «¥¦ â ¢ ª®­ãá¥R2

+. � á¬ëá«¥ ¯®àï¤ª , ¨­¤ãæ¨à®¢ ­­®£® íâ¨¬
ª®­ãá®¬, ¨ ¯®­¨¬ îâáï ­¨¦¥ ­¥à ¢¥­áâ¢ , á¢ï§ ­­ë¥ á ¬¥à®© ­¥ª®¬¯ ªâ­®áâ¨.

� ª ¯®ª § ­® ¢ [6], ¬¥à  ­¥ª®¬¯ ªâ­®áâ¨  ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨:

1) ¬®­®â®­­®áâì, â. ¥. ¨§ ¢ª«îç¥­¨ï 
1 � 
2 á«¥¤ã¥â ­¥à ¢¥­áâ¢®  (
1) �  (
2);
2) ¨­¢ à¨ ­â­®áâì ®â­®á¨â¥«ì­® ¯à¨á®¥¤¨­¥­¨ï ª®¬¯ ªâ­®£® ¬­®¦¥áâ¢ , â. ¥. ¤«ï «î¡®£®

ª®¬¯ ªâ­®£® K � C([0; d]; E) ¨ ®£à ­¨ç¥­­®£® 
 � C([0; d]; E) ¢ë¯®«­¥­® à ¢¥­áâ¢®

 (
 [K) =  (
);

3) ¯à ¢¨«ì­®áâì, â. ¥. à ¢¥­áâ¢®  (
) = 0 íª¢¨¢ «¥­â­® ®â­®á¨â¥«ì­®© ª®¬¯ ªâ­®áâ¨ ¬­®-
¦¥áâ¢  
.

�®íâ®¬ã ([5], c. 134) ¤«ï ®¯¥à â®à®¢, ã¯«®â­ïîé¨å ®â­®á¨â¥«ì­® ¬¥àë ­¥ª®¬¯ ªâ­®áâ¨  ,
á¯à ¢¥¤«¨¢  â¥®à¨ï â®¯®«®£¨ç¥áª®£® ¨­¤¥ªá  ¬­®¦¥áâ¢  ­¥¯®¤¢¨¦­ëå â®ç¥ª, ¯®áâà®¥­­ ï â ¬
¦¥. � ¯®¬­¨¬, çâ® ®¯¥à â®à G ­ §ë¢ ¥âáï ã¯«®â­ïîé¨¬ ®â­®á¨â¥«ì­® ¬¥àë ­¥ª®¬¯ ªâ­®áâ¨
 , ¥á«¨ ®­ ­¥¯à¥àë¢¥­, ¨ ¨§ ­¥à ¢¥­áâ¢   (G
) �  (
) ¢ëâ¥ª ¥â ®â­®á¨â¥«ì­ ï ª®¬¯ ªâ­®áâì
¬­®¦¥áâ¢  
. �®¢®àïâ, çâ® F ã¯«®â­ï¥â ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå ®â­®á¨â¥«ì­® ¬¥àë ­¥ª®¬-
¯ ªâ­®áâ¨  , ¥á«¨ ®­ ­¥¯à¥àë¢¥­, ¨ ¨§ ­¥à ¢¥­áâ¢   (F (H�
)) �  (
) ¢ëâ¥ª ¥â ®â­®á¨â¥«ì­ ï
ª®¬¯ ªâ­®áâì ¬­®¦¥áâ¢  
.

�¥®à¥¬  1. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (4), (5) ¨ ¯à¥¤¯®«®¦¥­¨ï A1){A3). �®£¤  ®¯¥à -

â®à F , § ¤ ¢ ¥¬ë© ä®à¬ã«®© (8), ã¯«®â­ï¥â ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå ®â­®á¨â¥«ì­® ¬¥àë

­¥ª®¬¯ ªâ­®áâ¨  . �®®â­®è¥­¨¥ ¬¥¦¤ã ­¥¯®¤¢¨¦­ë¬¨ â®çª ¬¨ uh ®¯¥à â®à  F (h; �) ¨ à¥-

è¥­¨ï¬¨ xh § ¤ ç¨ (2), (7) § ¤ ¥âáï à ¢¥­áâ¢ ¬¨

Phu
h = xh; Qhxh = uh: (9)

�§ ¯®«ãç¥­­®£® à¥§ã«ìâ â  á«¥¤ã¥â, çâ® ¤«ï § ¤ ç¨ �®è¨ áå¥¬  (2)  ¯¯à®ªá¨¬¨àã¥â ãà ¢-
­¥­¨¥ (1).

�¥à¥©¤¥¬ â¥¯¥àì ª ãá«®¢¨ï¬, ®¡¥á¯¥ç¨¢ îé¨¬ ­¥¯ãáâ®âã ¬­®¦¥áâ¢  à¥è¥­¨© ãà ¢­¥­¨©
(2). �¡®§­ ç¨¬ ç¥à¥§ �h[0; � ] ¬­®¦¥áâ¢® à¥è¥­¨© § ¤ ç¨ (2), (7), ®¯à¥¤¥«¥­­ëå ­  ®âà¥§ª¥ [0; � ].
�¨¦¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¤«ï «î¡®£® � < d ¢á¥ à¥è¥­¨ï § ¤ ç¨ (1), (6), ®¯à¥¤¥«¥­­ë¥ ­ 
®âà¥§ª¥ [0; � ]; ¬®£ãâ ¡ëâì ¯à®¤®«¦¥­ë ­  ®âà¥§®ª [0; d]. �â® ¯à¥¤¯®«®¦¥­¨¥ § ¯¨è¥¬ ¢ ¢¨¤¥

A4) �0[0; d]
��
[0;� ]

= �0[0; � ]:
� ª ¯®ª § ­® ¢ [6], ¥á«¨ ¢ë¯®«­¥­® ¯à¥¤¯®«®¦¥­¨¥ A4) ¨ ¬­®¦¥áâ¢® �0[0; d] ®£à ­¨ç¥­®, â®

ind(�0[0; d]; F (0; �)) = 1:

�à¨¬¥­ïï â¥¯¥àì â¥®à¥¬ã 1 ¨  ­ «®£ â¥®à¥¬ë 54.1 ([2], c. 458) ¤«ï ã¯«®â­ïîé¨å ®¯¥à â®à®¢,
¯®«ãç¨¬ á«¥¤ãîé¨© à¥§ã«ìâ â.

�¥®à¥¬  2. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (4), (5), ¯à¥¤¯®«®¦¥­¨ï A1){A4) ¨ ¬­®¦¥áâ¢® �0[0; d]
®£à ­¨ç¥­®. �®£¤  ¯à¨ ¤®áâ â®ç­® ¬ «ëå h ¢á¥ à¥è¥­¨ï § ¤ ç (2), (7) ®¯à¥¤¥«¥­ë ­  ®âà¥§ª¥

[0; d] ¨ ®â®¡à ¦¥­¨¥ h 7! Qh�h[0; d] ¯®«ã­¥¯à¥àë¢­® á¢¥àåã.

�§ ¯®á«¥¤­¥© â¥®à¥¬ë, ¢ ç áâ­®áâ¨, á«¥¤ã¥â: ¥á«¨ § ¤ ç  (1), (6) ¨¬¥¥â ­  ®âà¥§ª¥ [0; d]
¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ x0, â® ¯à¨ ¤®áâ â®ç­® ¬ «ëå h ¢á¥ à¥è¥­¨ï § ¤ ç (2), (7) ®¯à¥¤¥«¥­ë ­ 
®âà¥§ª¥ [0; d] ¨

Qhxh ! x0 ¯à¨ h! 0; (10)

£¤¥ xh 2 �h[0; d].
�¥à¥©¤¥¬ â¥¯¥àì ª § ¤ ç¥ ® ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨ïå ãà ¢­¥­¨ï (1). �à¨ ¨§ãç¥­¨¨ íâ®©

§ ¤ ç¨ f ¨ fh ¯à¥¤¯®« £ îâáï T -¯¥à¨®¤¨ç­ë¬¨ ¯® ¯¥à¢®© ¯¥à¥¬¥­­®©. �à®¬¥ â®£®, áç¨â ¥¬
¯à®áâà ­áâ¢® E á¥¯ à ¡¥«ì­ë¬.
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�¯à¥¤¥«¨¬ ®¯¥à â®à F : H � CT (E)! CT (E) ä®à¬ã«®©

F (h; u)(t) = Qh expfAhtg(I � expfAhTg)�1
Z T

0

expfAh(T � s)gPh'(h; s; Phu(s))ds+

+
Z t

0
Qh expfAh(t� s)gPh'(h; s; Phu(s))ds: (11)

�â¬¥â¨¬, çâ® ãá«®¢¨¥ 1 =2 �(expfAhtg), ­¥®¡å®¤¨¬®¥ ¤«ï ª®àà¥ªâ­®áâ¨ ¯®á«¥¤­¥© ä®à¬ã«ë, ­®-
á¨â ä®à¬ «ì­ë© å à ªâ¥à. �£® ¢á¥£¤  ¬®¦­® ¯à¥¤¯®« £ âì ¢ë¯®«­¥­­ë¬. � ¯à®â¨¢­®¬ á«ãç ¥
­ã¦­® ¢ ¯à ¢®© ç áâ¨ ãà ¢­¥­¨ï (2) ¢ëç¥áâì ¨ ¯à¨¡ ¢¨âì ç«¥­ Lxh, £¤¥ L | ¤®áâ â®ç­® ¡®«ì-
è ï ¯®«®¦¨â¥«ì­ ï ª®­áâ ­â , ¨ § â¥¬ à áá¬®âà¥âì ®¯¥à â®àë Ahxh � Lxh ¨ fh(t; xh) + Lxh ¢
ª ç¥áâ¢¥ ­®¢ëå ®¯¥à â®à®¢ Ah ¨ fh. �¥âàã¤­® ¯®ª § âì, çâ® ¥á«¨ ¤«ï ¯¥à¢®­ ç «ì­ëå ®¯¥à â®-
à®¢ Ah ¨ fh ¡ë«¨ ¢ë¯®«­¥­ë ¯à¥¤¯®«®¦¥­¨ï A1){A3) ¨ ­ ª« ¤ë¢ ¥¬®¥ ­¨¦¥ âà¥¡®¢ ­¨¥ A5),
â® ¯à¥¤¯®«®¦¥­¨ï A1){A5) ¢ë¯®«­¥­ë ¨ ¤«ï ¯¥à¥®¯à¥¤¥«¥­­ëå ®¯¥à â®à®¢.

� ¯à®áâà ­áâ¢¥ CT (E) ¡ã¤¥¬ à áá¬ âà¨¢ âì ¬¥àã ­¥ª®¬¯ ªâ­®áâ¨ � [7], § ¤ ¢ ¥¬ãî ä®à¬ã-
«®©

�(
) =
�
�(
)(�); lim

�!0
sup
u2D

max
0����

ku(t)� u(t+ �)kE
�
:

�­ ç¥­¨ï ¬¥àë ­¥ª®¬¯ ªâ­®áâ¨ � «¥¦ â ¢ ª®­ãá¥ K = KT �R1
+, £¤¥ KT | ª®­ãá ¨§¬¥à¨¬ëå,

®£à ­¨ç¥­­ëå ¯®çâ¨ ¢áî¤ã T -¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨©. �¥à  ­¥ª®¬¯ ªâ­®áâ¨ � â ª ¦¥, ª ª ¨
¬¥à  ­¥ª®¬¯ ªâ­®áâ¨  , ®¡« ¤ ¥â á¢®©áâ¢ ¬¨ 1){3). �®íâ®¬ã ¤«ï ã¯«®â­ïîé¨å ®â­®á¨â¥«ì­® �
®¯¥à â®à®¢ â®¦¥ á¯à ¢¥¤«¨¢  â¥®à¨ï â®¯®«®£¨ç¥áª®£® ¨­¤¥ªá  ­¥¯®¤¢¨¦­ëå â®ç¥ª.

�à®¬¥ A1){A3), ¯à¨ ¨§ãç¥­¨¨ § ¤ ç¨ ® ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨ïå ¯®âà¥¡ã¥âáï ¥é¥ ¯à¥¤¯®«®-
¦¥­¨¥

A5) áãé¥áâ¢ã¥â ª®­áâ ­â  
 > k â ª ï, çâ®

�
� [
h2H

Qh expfAhtgPhBE(0; 1)
�
� e�
t:

� ª®­¥æ, ¯à¥¤¯®«®¦¨¬, çâ® ¤«ï ®¯¥à â®à®¢ Qh, Ph ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

�
� [
h2H

QhPhB(0; 1)
�
� 1: (12)

�¥®à¥¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (4), (5), (12) ¨ ¯à¥¤¯®«®¦¥­¨ï A1){A3), A5). �®-
£¤  ®¯¥à â®à F , § ¤ ¢ ¥¬ë© ä®à¬ã«®© (11), ã¯«®â­ï¥â ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå ®â­®á¨-

â¥«ì­® ¬¥àë ­¥ª®¬¯ ªâ­®áâ¨ �. �®®â­®è¥­¨¥ ¬¥¦¤ã ­¥¯®¤¢¨¦­ë¬¨ â®çª ¬¨ uh ®¯¥à â®à 

F (h; �) ¨ T -¯¥à¨®¤¨ç¥áª¨¬¨ à¥è¥­¨ï¬¨ xh ãà ¢­¥­¨ï (2) § ¤ ¥âáï à ¢¥­áâ¢ ¬¨ (9).

�à¨¬¥­ïï, ª ª ¨ ¢ëè¥,  ­ «®£ â¥®à¥¬ë 54.1 ([2], c. 458), ¯®«ãç¨¬ á«¥¤ãîé¨© à¥§ã«ìâ â.

�¥®à¥¬  4. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (4), (5) ¨ ¯à¥¤¯®«®¦¥­¨ï A1){A4). �à¥¤¯®«®¦¨¬,

çâ® x0 | T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1), ¤«ï ª®â®à®£®

ind(x0; F (0; �)) 6= 0: (13)

�®£¤  ¤«ï ¤®áâ â®ç­® ¬ «ëå h ãà ¢­¥­¨ï (2) ¨¬¥îâ T -¯¥à¨®¤¨ç¥áª¨¥ à¥è¥­¨ï xh, ¤«ï ª®â®àëå
¢ë¯®«­¥­® á®®â­®è¥­¨¥ (10).

�¥à ¢¥­áâ¢® (13) ¢ë¯®«­¥­®, ­ ¯à¨¬¥à, ¥á«¨ ®¯¥à â®à F (0; �) ¤¨ää¥à¥­æ¨àã¥¬ ¢ â®çª¥ x0 ¨

1 =2 �(F 0x(0; x
0)): (14)

�â¬¥â¨¬, çâ® ¢ á«ãç ¥ § ¤ ç¨ �®è¨ ¯®á«¥¤­¥¥ á®®â­®è¥­¨¥ ¢á¥£¤  ¢ë¯®«­¥­®, â. ª. ¢ á¨«ã â¥-
®à¥¬ë ¥¤¨­áâ¢¥­­®áâ¨ «¨­¥ à¨§®¢ ­­®¥ ãà ¢­¥­¨¥ á ­ã«¥¢ë¬ ­ ç «ì­ë¬ ãá«®¢¨¥¬ ­¥ ¬®¦¥â
¨¬¥âì ­¥­ã«¥¢ëå à¥è¥­¨©.

63



�æ¥­¨¬ â¥¯¥àì áª®à®áâì áå®¤¨¬®áâ¨ Qhxh ª x0 ¨«¨ ¢ á¨«ã á®®â­®è¥­¨© (9) uh ª x0. �à¨ íâ®¬
¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®¯¥à â®àë F (h; �) ¤¨ää¥à¥­æ¨àã¥¬ë ¯® ¢â®à®© ¯¥à¥¬¥­­®© ¢ â®çª¥ x0

à ¢­®¬¥à­® ®â­®á¨â¥«ì­® ¯¥à¢®©, â. ¥.

F (h; x0 + y)� F (h; x0) = F 0x(h; x
0)y + !(h; y); (15)

£¤¥ k!(h; y)k=kyk ! 0 ¯à¨ kyk ! 0 à ¢­®¬¥à­® ®â­®á¨â¥«ì­® h. �«ï ¢ë¯®«­¥­¨ï ¯®á«¥¤­¥£®
¤®áâ â®ç­® ¯®âà¥¡®¢ âì, çâ®¡ë ®¯¥à â®àë  (h; t; x) ¡ë«¨ ¤¨ää¥à¥­æ¨àã¥¬ë ¯® âà¥âì¥© ¯¥à¥-
¬¥­­®© ¢ â®çª å x0(t) à ¢­®¬¥à­® ®â­®á¨â¥«ì­® h, t. �à®¬¥ íâ®£®, ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢ë-
¯®«­¥­® á®®â­®è¥­¨¥ (14). � ª ª ª ®¯¥à â®à F 0x(h; x

0)y ã¯«®â­ï¥â ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå
h, y, â® ¢ á¨«ã «¥¬¬ë 2.7.7 ([5], c. 98) 1 =2 �(F 0x(h; x

0)) ¯à¨ ¤®áâ â®ç­® ¬ «ëå h ¨ k(I�F 0x(h; x
0))�1k

à ¢­®¬¥à­® ®£à ­¨ç¥­ë. �®íâ®¬ã ¨§ á®®â­®è¥­¨ï (15) ¢ëâ¥ª ¥â íª¢¨¢ «¥­â­®áâì kuh � x0k ¨
kF (h; x0)�F (0; x0)k. � ª¨¬ ®¡à §®¬, áå®¤¨¬®áâì Qhxh ª x0 íª¢¨¢ «¥­â­  áå®¤¨¬®áâ¨  ¯¯à®ªá¨-
¬ æ¨© ­  ®âëáª¨¢ ¥¬®¬ à¥è¥­¨¨.

� § ª«îç¥­¨¥ ®áâ ­®¢¨¬áï ­  ­¥ª®â®àëå ¯à¨¬¥à å ¢ë¯®«­¥­¨ï ãá«®¢¨© A1){A5).
�ãáâì Ah = bAh + Ch, ¯à¨ç¥¬ ®¯¥à â®àë bAh ¯®à®¦¤ îâ ¢ ¯à®áâà ­áâ¢ å Eh ¯®«ã£àã¯¯ë

expf bAhtg; ã¤®¢«¥â¢®àïîé¨¥ ¯à¨ ­¥ª®â®à®¬ 
 > 0 ®æ¥­ª¥

k expf bAhtgkEh � e�
t; (16)

  ®¯¥à â®àë Ch â ª®¢ë, çâ® QhChPhx ¢¯®«­¥ ­¥¯à¥àë¢¥­ ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå h 2 H,
x 2 E. �ãáâì â ª¦¥ kQhk; kPhk � 1 ¨ áãé¥áâ¢ã¥â ¬­®¦¥áâ¢® D, ¯«®â­®¥ ¢ E, á®¤¥à¦ é¥¥áï ¯à¨
­¥ª®â®à®¬ � 2 C ¢ (��A)�1E ¨ â ª®¥, çâ®

kPhAx�AhPhxkEh ! 0 ¯à¨ h! 0; x 2 D:

�®£¤  ¤«ï ®¯¥à â®à®¢ Ah ¢ë¯®«­ïîâáï âà¥¡®¢ ­¨ï A1) ¨ A5). �«ï ¢ë¯®«­¥­¨ï ®æ¥­ª¨ (16)
¤®áâ â®ç­® ¢ á¨«ã â¥®à¥¬ë �¨««¥{�®á¨¤ë ([8], c. 343), çâ®¡ë ¤«ï ¢¥é¥áâ¢¥­­ëå � � �
 ¢ë¯®«-
­ï«®áì ­¥à ¢¥­áâ¢®

k(�� bAh)
�1kEh �

1
�+ 


:

�â¬¥â¨¬, çâ® ¯¥à¥ç¨á«¥­­ë¥ ãá«®¢¨ï à¥ «¨§ãîâáï ¤«ï  ¯¯à®ªá¨¬ æ¨© ®¯¥à â®à , ¢®§­¨ª -
îé¥£® ¯à¨ ®¯¨á ­¨¨ ¯¥à¥¤ â®ç­ëå «¨­¨©, ®¯¨áë¢ ¥¬ëå ª¢ §¨«¨­¥©­ë¬¨ â¥«¥£à ä­ë¬¨ ãà ¢-
­¥­¨ï¬¨ [9], ¥á«¨ ¢ ¯¥à¢®¬ ãà ¢­¥­¨¨ ¯à®¨§¢®¤­ ï ¯® ¯à®áâà ­áâ¢¥­­®© ¯¥à¥¬¥­­®©  ¯¯à®ªá¨-
¬¨àã¥âáï à §­®áâìî ¢¯¥à¥¤,   ¢® ¢â®à®¬ | à §­®áâìî ­ § ¤. � ª ç¥áâ¢¥ Ph ­ã¦­® ¢§ïâì ¯à®-
¥ªâ®àë �â¥ª«®¢  ¯® ®âà¥§ª ¬, ®¡à §ã¥¬ë¬ á¥âª®©,   ¢ ª ç¥áâ¢¥ Qh | ®¯¥à â®à, ¥áâ¥áâ¢¥­­ë¬
®¡à §®¬ á®¯®áâ ¢«ïîé¨© á¥â®ç­®© äã­ªæ¨¨ áâã¯¥­ç âãî.

�á«¨ ­¥«¨­¥©­®áâì f ¢ ãà ¢­¥­¨¨ (1) ­¥¯à¥àë¢­ , ®£à ­¨ç¥­  ­  ®£à ­¨ç¥­­ëå ¬­®¦¥áâ¢ å,
ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

�(f(t;
)) � k�(
)

¨, ªà®¬¥ â®£®, kQhPhk � 1, â® ®¯¥à â®à ', ¯®à®¦¤¥­­ë© ®¯¥à â®à®¬

fh(t; xh) = Phf(t;Qhxh);

ã¤®¢«¥â¢®àï¥â âà¥¡®¢ ­¨ï¬ A2), A3). �á«¨ ¤®¯®«­¨â¥«ì­® ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

kf(t; x)k � a(1 + kxk);

â® âà¥¡®¢ ­¨¥ A4) ¢ë¯®«­¥­® ¤«ï «î¡®£® d > 0.
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