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�¥à®§ çë¥ ã¯à ¢«¥¨ï ¨£à îâ ¢ ¦ãî à®«ì ¯à¨ ¨áá«¥¤®¢ ¨¨ § ¤ ç ã¯à ¢«¥¨ï ¤¢¨-
¦¥¨¥¬ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë,   â ª¦¥ § ¤ ç â¥®à¨¨ ¨£à (á¬.,  ¯à., [1]{[6] ¨ ¡¨¡«¨®£à ä¨î ª
¨¬) ¨ æ¥«¥á®®¡à §®áâì à áá¬®âà¥¨ï â ª¨å ã¯à ¢«¥¨© ®¡ãá«®¢«¥  ª ª ¢®¯à®á ¬¨ áãé¥áâ¢®-
¢ ¨ï à¥è¥¨ï, â ª ¨ â¥¬, çâ® ®¨ á«ã¦ â å®à®è¨¬ ¨áâàã¬¥â®¬ ª ç¥áâ¢¥®£® ¨áá«¥¤®¢ ¨ï
á¢®©áâ¢ á¨áâ¥¬ ã¯à ¢«¥¨ï ( ¯à., [7]{[9]). � ¤ ®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¢®¯à®á ® áãé¥áâ¢®-
¢ ¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å (¯. ¯.) ¤®¯ãáâ¨¬ëå ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë ã¯à ¢«¥¨ï ¯à¨
ãá«®¢¨¨, çâ® ã ®â¢¥ç îé¥© ¥© á¨áâ¥¬ë á ¬¥à®§ çë¬ ¯. ¯. ã¯à ¢«¥¨¥¬ ¬®¦¥áâ¢® ¤®¯ãáâ¨-
¬ëå ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ¥ ¯ãáâ®. �®ª § ë¥ ¢ à ¡®â¥ â¥®à¥¬ë ¨£à îâ ¢ ¦ãî à®«ì ¯à¨
®¡®á®¢ ¨¨ ª®àà¥ªâ®áâ¨ ®¢ë¯ãª«¥¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯.¯. ¤¢¨¦¥¨ï¬¨,  
â ª¦¥ ¯à¨ ¯®«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¢ â ª¨å § ¤ ç å.

1. �á®¢ë¥ ®¯à¥¤¥«¥¨ï ¨ ®¡®§ ç¥¨ï

�ãáâì R
n | n-¬¥à®¥ ¥¢ª«¨¤®¢® ¯à®áâà áâ¢® á ®à¬®© j � j, orb(') | § ¬ëª ¨¥ (¢ R

n)
®à¡¨âë äãªæ¨¨ ' : R ! R

n ¨ Hom(Rn) | ¯à®áâà áâ¢® «¨¥©ëå ®¯¥à â®à®¢ L : Rn ! R
n á

®à¬®© jLj := max
jxj�1

jLxj. �¡®§ ç¨¬ ç¥à¥§ B(R;Y), S(R;Y), Y � R
n , á®¢®ªã¯®áâì ®â®¡à ¦¥¨©

f : R ! Y, ª®â®àë¥ ¯. ¯. ¢ á¬ëá«¥ �®à , á®®â¢¥âáâ¢¥® ¢ á¬ëá«¥ �â¥¯ ®¢  [10]. � ¤ «ì¥©è¥¬
(
; �) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® ¨ ç¥à¥§ B(R � 
;Y) ®¡®§ ç ¥¬ á®¢®ªã¯®áâì
®â®¡à ¦¥¨©

(t; !) 7! f(t; !) 2 Y; (t; !) 2 R � 
; (1.1)

ª®â®àë¥ ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® ! 2 
 [11]. �áî¤ã ¤ «¥¥ ª ¦¤ãî äãª-
æ¨î ¨§ Lloc

1 (R; C(
;Y)) ¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ ®â®¡à ¦¥¨ï (1.1) ¨ ç¥à¥§ S(R; C(
;Y)) ®¡®§ ç¨¬
¯®¤¬®¦¥áâ¢® ¨§ Lloc

1 (R; C(
;Y)) â ª¨å äãªæ¨© ¢¨¤  (1.1), çâ® ¤«ï «î¡®£® " > 0 ¬®¦¥áâ¢®n
� 2 R : sup

t2R

t+1R
t

max
!2


jf(s+ �; !) � f(s; !)jds < "
o
®â®á¨â¥«ì® ¯«®â®. �®¢®à¨¬, çâ® äãªæ¨ï f

¨§ Lloc
1 (R; C(
;Y)) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î A), ¥á«¨ ¤«ï ¢áïª®£® & > 0 ¢ë¯®«ï¥âáï à ¢¥áâ¢®

lim
#0

(sup
t2R

(mesfs 2 [t; t+1] : w[f(s; �);
)] � &g)) = 0, £¤¥ mes | ¬¥à  �¥¡¥£    R ¨ w[f(s; �);
] |

-ª®«¥¡ ¨¥   
 ¥¯à¥àë¢®© äãªæ¨¨ ! 7! f(s; !).

�¥¬¬  1.1 ([12]). �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥¨ï :

1) ¤«ï â®£® çâ®¡ë äãªæ¨ï f ¨§ Lloc
1 (R; C(
;Y)) ¯à¨ ¤«¥¦ «  S(R; C(
;Y)), ¥®¡å®¤¨-

¬®,   ¢ á«ãç ¥, ¥á«¨ sup
(t;!)2R�


jf(t; !)j < 1, â® ¨ ¤®áâ â®ç®, çâ®¡ë ®  ã¤®¢«¥â¢®àï« 

ãá«®¢¨î A) ¨ ¯à¨ ª ¦¤®¬ ! 2 
 f(�; !) 2 S(R;Y);

2) ¥á«¨ f 2 S(R; C(
;Y)), â® lim
#0

�
sup
t2R

t+1R
t

w [f(s; �);
]ds
�
= 0.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(£à â ò99-01-00454) ¨ ª®ªãàá®£® æ¥âà  �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï �®áá¨¨ (£à â ò�00-1.0-5).
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�¯à¥¤¥«¥¨¥ 1.1. �â®¡à ¦¥¨¥ (1.1)  §ë¢ ¥âáï ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥ �â¥¯ ®¢  à ¢-
®¬¥à® ¯® ! 2 
, ¯¨è¥¬ f 2 S(R � 
;Y), ¥á«¨ ®® ã¤®¢«¥â¢®àï¥â ®¤®¢à¥¬¥® á«¥¤ãîé¨¬
ãá«®¢¨ï¬: ¯à¨ ª ¦¤®¬ ! f(�; !) 2 S(R;Y) ¨ lim

#0
d [f;
] = 0, £¤¥

d [f;
] _= supfd(f(�; !1); f(�; !2)); !1; !2 2 
; �(!1; !2) � g: (1.2)

(®¯à¥¤¥«¥¨¥ ¬¥âà¨ª¨ d á¬. ¢ [10]).

�¯à¥¤¥«¨¬ ¬¥à®§ çë¥ ¯. ¯. äãªæ¨¨. � íâ®© æ¥«ìî ®¡®§ ç¨¬ ç¥à¥§ (frm(U); j � jw) [1]
®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® â ª¨å ¬¥à � ¤®    R

n , ®á¨â¥«ì ª®â®àëå á®¤¥à¦¨âáï ¢ U, ¨
ç¥à¥§ rpm(U) ®¡®§ ç¨¬ ¥£® ¯®¤¬®¦¥áâ¢®, á®áâ®ïé¥¥ ¨§ ¢¥à®ïâ®áâëå ¬¥à � ¤® . � ¤ «ì-
¥©è¥¬ DIR(U) | á®¢®ªã¯®áâì ¬¥à �¨à ª  �u, á®áà¥¤®â®ç¥ëå ¢ â®çª å u 2 U, ¨ ç¥-
à¥§ M = M(R; frm(U)) ®¡®§ ç¨¬ á®¢®ªã¯®áâì â ª¨å ¨§¬¥à¨¬ëå ®â®¡à ¦¥¨© � : R !
(frm(U); j � jw), çâ® k�k

:= ess sup
t2R

j�(t)j(U) < 1 (j�(t)j(U) | ¢ à¨ æ¨ï ¬¥àë �(t)). �ãáâì ¤ «¥¥

Vn = Vn(R � U;Rn) | á®¢®ªã¯®áâì ®â®¡à ¦¥¨© ' : R � U ! R
n , ã¤®¢«¥â¢®àïîé¨å á«¥¤ãî-

é¨¬ ãá«®¢¨ï¬: ¯à¨ ¯®çâ¨ ¢á¥å (¯. ¢.) t 2 R '(t; �) 2 C(U;Rn ), ¤«ï ª ¦¤®£® u 2 U ®â®¡à ¦¥¨¥
t 7! '(t; u) 2 R

n , t 2 R, ¨§¬¥à¨¬® ¨ áãé¥áâ¢ã¥â â ª ï äãªæ¨ï  ' 2 L1(R;R), çâ® ¯à¨ ¯. ¢.
t 2 R max

u2U
j'(t; u)j �  '(t). � Vn ¬®¦® ¢¢¥áâ¨ ®à¬ã k � kVn

[13] ¨ ¯®ª § âì, çâ® ®à¬¨à®¢ -

®¥ ¯à®áâà áâ¢® (Vn; k � kVn
) á¥¯ à ¡¥«ì® ¨ ¨§®¬¥âà¨ç¥áª¨ ¨§®¬®àä® L1(R; C(U;Rn )). �à®¬¥

â®£®, ®ª §ë¢ ¥âáï, çâ® M �= V�
1. �®á«¥¤¥¥ ¯®§¢®«ï¥â [13] ¢ M ¢¢¥áâ¨ ®à¬ã k � kw, ®â®á¨-

â¥«ì® ª®â®à®© ¬®¦¥áâ¢  M1
:= M(R; rpm(U)), S1

:= f� 2 M : k�k � 1g ª®¬¯ ªâë ¨, ¥á«¨
f�jg

1
j=1 � S1, â® lim

j!1
k�jkw = 0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª ¦¤®© äãªæ¨¨ ' 2 V1

lim
j!1

R
R

h�j(s); '(s; u)ids = 0, £¤¥ h�j(s); '(s; u)i
:=
R
U

'(s; u)�j(s)(du).

�¯à¥¤¥«¥¨¥ 1.2. �â®¡à ¦¥¨¥ � 2 M  §ë¢ ¥âáï ¯. ¯. ¯® �â¥¯ ®¢ã, ¥á«¨ ¤«ï «î¡®©
äãªæ¨¨ c 2 C(U;R) ®â®¡à ¦¥¨¥ t 7! h�(t); c(u)i :=

R
U

c(u)�(t)(du) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã

S(R;R).

�®¢®ªã¯®áâì ¢á¥å ¯. ¯. ¯® �â¥¯ ®¢ã ®â®¡à ¦¥¨© ¨§M ®¡®§ ç¨¬ APM ¨ APM1
:= APM\

M1. � «¥¥, ç¥à¥§ APM
(1)
1 ®¡®§ ç¨¬ á®¢®ªã¯®áâì â ª¨å � 2 APM1, çâ® �(t) = �u(t) ¯à¨ ¯. ¢.

t 2 R ¨ ¥ª®â®à®¬ ¨§¬¥à¨¬®¬ ®â®¡à ¦¥¨¨ u : R ! U. �®¦® ¯®ª § âì, çâ® S(R;U) �= APM
(1)
1

¨, á«¥¤®¢ â¥«ì®, ª ¦¤®¥ u(�) 2 S(R;U) ¬®¦® à áá¬ âà¨¢ âì â ª¦¥ ª ª í«¥¬¥â ¬®¦¥áâ¢ 
APM

(1)
1 � APM1, ®â®¦¤¥áâ¢«ïï ¥£® á ®â®¡à ¦¥¨¥¬ t 7! �u(t) 2 DIR(U).

�¯à¥¤¥«¥¨¥ 1.3. �â®¡à ¦¥¨¥ (t; !) 7! �(t; !) 2 frm(U)  §ë¢ ¥âáï ¯. ¯. ¯® t 2 R ¢ á¬ë-
á«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯® ! 2 
, ¯¨è¥¬ � 2 S(R � 
; rpm(U)), ¥á«¨ ¤«ï «î¡®© äãªæ¨¨
c(u) 2 C(U;R) ®â®¡à ¦¥¨¥ (t; !) 7! h�(t; !); c(u)i :=

R
U

c(u)�(t; !)(du) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã

S(R � 
;R).

� [14] ¯®ª § ®, çâ® u 2 S(R �
;U) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®â®¡à ¦¥¨¥ (t; !) 7!
�u(t;!) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã S(R � 
; rpm(U)).

� ¤ «ì¥©è¥¬ ¢ ¦ãî à®«ì ¡ã¤¥â ¨£à âì (á¬. [14],   â ª¦¥ [15])

�¥®à¥¬  1.1. �ãáâì (
; �) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �®£¤  ¤«ï ª ¦¤®£®

®â®¡à ¦¥¨ï � 2 S(R � 
; rpm(U)) áãé¥áâ¢ã¥â â ª ï ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© fujg
1
j=1

¨§ ¯à®áâà áâ¢  S(R � 
;U), çâ® Mod(uj) � Mod(�) ¤«ï ¢á¥å j 2 N ¨ á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥

á¢®©áâ¢ :
1) ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® lim

j!1
(sup
!2


k�(�; !) � �uj(�;!)kw) = 0;
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2) ¯à¨ ª ¦¤®¬ j 2 N

lim
#0

�
sup

!1;!22

�(!1;!2)�

�
sup
t2R

Z t+1

t

j�uj (s;!1) � �uj (s;!2)j(U)ds
��

= 0;

3) ¤«ï ¢áïª®© äãªæ¨¨ g 2 S(R; C(U;R))

sup
t2R

����
Z t+1

t

h�(s; !)��uj (s;!); g(s; u)ids
���� �
!2


0 ¨ Mfg(t; uj(t; !))g �
!2


Mfh�(t; !); g(t; u)ig ¯à¨ j !1:

� § ª«îç¥¨¥ íâ®£® à §¤¥«  ¯à¨¢¥¤¥¬ àï¤ ¥®¡å®¤¨¬ëå ¤«ï ¤ «ì¥©è¥£® ãâ¢¥à¦¤¥¨©, á¢ï-
§ ëå á ¯®ïâ¨¥¬ íªá¯®¥æ¨ «ì®© ¤¨å®â®¬¨ç®áâ¨ (í. ¤.) ®¤®à®¤®© á¨áâ¥¬ë

_x = A(t)x; A 2 Lloc
1 (R;Hom(Rn)); d(A; 0) <1: (1.3)

� ¯®¬¨¬ [16], [17], çâ® á¨áâ¥¬  (1.3)  §ë¢ ¥âáï í. ¤.   R, ¥á«¨ áãé¥áâ¢ã¥â ¯ à  ¢§ ¨¬®
¤®¯®«¨â¥«ìëå ¯à®¥ªâ®à®¢ P1;P2 2 Hom(Rn) ¨ ¯®«®¦¨â¥«ìë¥ ª®áâ âë rj , �j , j = 1; 2,
â ª¨¥, çâ®

jP1(t; s)j
:= j�(t)P1��1(s)j � r1e

��1(t�s); ¥á«¨ �1 < s � t <1;

jP2(t; s)j
:= j�(t)P2�

�1(s)j � r1e
��2(s�t); ¥á«¨ �1 < t � s <1;

£¤¥ �(t) | äã¤ ¬¥â «ì ï ¬ âà¨æ  á¨áâ¥¬ë (1.2). � íâ®¬ á«ãç ¥ äãªæ¨ï (t; s) 7! G(t; s) 2
Hom(Rn ), ®¯à¥¤¥«¥ ï à ¢¥áâ¢®¬ G(t; s) := �(�1;t)(s)P1(t; s) � �(t;1)(s)P2(t; s), t; s 2 R (�F
| å à ªâ¥à¨áâ¨ç¥áª ï äãªæ¨ï ¬®¦¥áâ¢  F � R),  §ë¢ ¥âáï (£« ¢®©) äãªæ¨¥© �à¨ 
á¨áâ¥¬ë (1.3) ¨ á®£« á® [16], [17] ¤«ï ¢áïª®© äãªæ¨¨ b 2 Lloc

1 (R;Rn), d(b; 0) < 1, á¨áâ¥¬ 
_x = A(t)x+ b(t) ¨¬¥¥â ¥¤¨áâ¢¥®¥ ®£à ¨ç¥®¥   R à¥è¥¨¥ x(t) =

R
R

G(t; s)b(s)ds, t 2 R, ¯à¨

íâ®¬, ¥á«¨ A 2 S(R;Hom(Rn)), b 2 S(R;Rn), â® x 2 B(R;Rn).

2. �á®¢ë¥ ãâ¢¥à¦¤¥¨ï à ¡®âë

�ãáâì G | ®¡« áâì ¢ Rn , ®â®¡à ¦¥¨¥ (t; x; u) 7! f(t; x; u) 2 R
n ¢ ª ¦¤®© â®çª¥ (t; x; u) 2

R � G � U ¨¬¥¥â ¯à®¨§¢®¤ãî ¯® x ¨ ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ®£® ¬®¦¥áâ¢  K 2 comp(G)
f 2 S(R; C(K � U;Rn)), f 0x 2 S(R; C(K � U;Hom(Rn))) ¨

d(K) := supfjf(t; x; u)j+ jf
0

x(t; x; u)j; (t; x; u) 2 R �K � Ug <1: (2.1)

�® ¤®¡¨âáï

�¥¬¬  2.1. �ãáâì äãªæ¨ï g 2 S(R; C(K � U;Rn )), K 2 comp(G), ¨ ®£à ¨ç¥ . �®£¤  ¤«ï

«î¡®© äãªæ¨¨ x(�) 2 S(R;K) ®â®¡à ¦¥¨¥ (t; u) 7! g(t; x(t); u) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã

S(R; C(K � U;Rn )) ¨, ¥á«¨ ¬®¦¥áâ¢® M � S1 \APM à ¢®áâ¥¯¥® ¯. ¯.1, â® á®¢®ªã¯®áâì

®â®¡à ¦¥¨© t 7! h�(t); g(t; x(t); u)i, � 2M, ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã S(R;Rn) ¨ ï¢«ï¥âáï

à ¢®áâ¥¯¥® ¯. ¯.

�®ª § â¥«ìáâ¢® ¯¥à¢®£® ãâ¢¥à¦¤¥¨ï «¥¬¬ë 2.1 ¬®¦® ¯®«ãç¨âì, ¥á«¨ ¢®á¯®«ì§®¢ âìáï «¥¬-
¬®© 1.1. �â®à®¥ ãâ¢¥à¦¤¥¨¥ ¥áâì á«¥¤áâ¢¨¥ ¯¥à¢®£® ¨ â¥®à¥¬ë 1.4 à ¡®âë [15].

� áá¬®âà¨¬ ¯. ¯. ¯® �â¥¯ ®¢ã (á¬. «¥¬¬ã 2.1) á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©

_x = h�(t; !); f(t; x; u)i =
Z
U

f(t; x; u)�(t; !)(du); (t; x) 2 R �G; � 2 S(R � 
; rpm(U)); (2.2)

¤«ï ª®â®à®© ¯ àã (x(�; !); �(�; !)) 2 B(R; G) �APM1 (! 2 
)  §ë¢ ¥¬ ¤®¯ãáâ¨¬®©, ¥á«¨ x(�; !)
| à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©, ®â¢¥ç îé¥¥ �(�; !) ¨ â ª®¥, çâ® orb(x(�; !)) � G.

1â. ¥. ¤«ï «î¡®© äãªæ¨¨ c 2 C(U;R) á®¢®ªã¯®áâì ®â®¡à ¦¥¨© t ! h�(t); c(u)i, � 2M, ¯à¨ ¤«¥¦ -
é¨å (á¬. ®¯à¥¤¥«¥¨¥ 1.1) S(R;R), ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯.¯. [11]
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� ¤ «ì¥©è¥¬ ¤«ï § ¤ ®£® � 2 S(R�
; rpm(U)) ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«¥ë¬¨ ãá«®-
¢¨ï

a) ¤«ï «î¡®£® ! 2 
 ¯ à  (x(�; !); �(�; !)) 2 B(R; G) � APM1 ï¢«ï¥âáï ¤®¯ãáâ¨¬®© ¤«ï
á¨áâ¥¬ë (2.2), ¯à¨ íâ®¬ ®â®¡à ¦¥¨¥ (t; !) 7! x(t; !) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã B(R � 
; G), ¨
áãé¥áâ¢ã¥â â ª®¥ ¬®¦¥áâ¢® K 2 comp(G), çâ® orb(x(�; !)) � K , ! 2 
;

¡) ¯à¨ ª ¦¤®¬ ! 2 
 á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå

_y = h�(t; !); f 0x(t; x(t; !); u)iy; (t; y) 2 R � R
n ;

¤®¯ãáª ¥â í. ¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®¦¨â¥«ìë¥ ª®áâ âë rj , �j , j = 1; 2, ¥ § ¢¨áï-
é¨¥ ®â ! 2 
, çâ® ¤«ï äãªæ¨¨ �à¨  G(t; s;!) = �(�1;t)(s)P1(t; s;!)��(t;1)(s)P2(t; s;!), t; s 2 R,
íâ®© á¨áâ¥¬ë ¨¬¥îâ ¬¥áâ® ®æ¥ª¨

jP1(t; s;!)j � r1e
��1(t�s); �1 < s � t <1;

jP2(t; s;!)j � r2e
��2(s�t); �1 < t � s <1:

(2.3)

�¥®à¥¬  2.1. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï  ), ¡) ¨ fujg1j=1 | ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨©

¨§ S(R � 
;U),  ¯¯à®ªá¨¬¨àãîé ï ®â®¡à ¦¥¨¥ � 2 S(R � 
; rpm(U)). �®£¤   ©¤¥âáï â ª®¥

j0 2 N,  ç¨ ï á ª®â®à®£® ¯à¨ ª ¦¤®¬ ! 2 
 á¨áâ¥¬  ãà ¢¥¨©

_x = f(t; x; uj(t; !)) (2.4)

¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ xj(�; !), çâ® orb(xj(�; !)) � G ¨

lim
j!1

(sup
!2


kx(�; !) � xj(�; !)kC(R;Rn)) = 0: (2.5)

�¥®à¥¬  2.2. �ãáâì ¢ â¥®à¥¬¥ 2:1 ®â®¡à ¦¥¨¥ � 2 S(R � 
; rpm(U)) â ª®¥, çâ®

lim
#0

m[�;
] = 0; m[�;
]
:= sup

(!1;!2)2
; k=1;2
�(!1;!2)�

�
sup
t2R

Z t+1

t

j�(s; !1)� �(s; !2)j(U)ds
�
= 0: (2.6)

�®£¤  ¯à¨ ª ¦¤®¬ j � j0, £¤¥ j0 2 N ¢§ïâ® ¨§ â¥®à¥¬ë 2:1, à¥è¥¨¥ xj(�; !) á¨áâ¥¬ë (2:4)
¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã B(R � 
;Rn).

3. �á¯®¬®£ â¥«ìë¥ ãâ¢¥à¦¤¥¨ï

�ç¨â ¥¬ r > 0 â ª¨¬, çâ® ª®¬¯ ªâ®¥ ¬®¦¥áâ¢® Kr
:= K + Or[0] � G (Or[0]

:= fx 2 R
n :

jxj � rg). � ¤ «ì¥©è¥¬ áç¨â ¥¬ d
:= d(Kr) (á¬. (2.1) ¯à¨ K = Kr) ¨ �j(t; !)

:= �(t; !)� �uj (t; !).
�® ¤®¡ïâáï á«¥¤ãîé¨¥ ¤¢¥ £à®¬®§¤ª® ¤®ª §ë¢ ¥¬ëe «¥¬¬ë.

�¥¬¬  3.1 ([18]). �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨©  ) ¨ ¡) ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

lim
j!1

( sup
(t;!)2R�


Ij(t; !)) = 0; Ij(t; !)
:=
����
Z
R

G(t; s;!)h�j(s; !); f(t; x(s; !); u)ids
����: (3.1)

�¥¬¬  3.2 ([18]). �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï  ) ¨ ¡). �®£¤  ¤«ï «î¡ëå ä¨ªá¨à®¢ ëå & > 0,
i 2 Z+ ¨ k 2 (0;1) ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥áâ¢ :

lim
j!1

�
sup
&2(0;k]

�
sup

(t;!)2R�


����
Z
sk(t;i)

Pk(t; s;!)h�j(s; !); f
0
x(s; x(s; !); u)ids

����
��

= 0; k = 1; 2; (3.2)

£¤¥ s1(t; i)
:= [t� i& � &; t� i&]; s2(t; i)

:= [t+ i&; t+ i& + &].

�«ï (j; !) 2 N � 
 ¢¢¥¤¥¬ ®¯¥à â®à Jj [�; !] : B(R; Or [0]) ! B(R;Rn ), ®¯à¥¤¥«¥ë© ¤«ï
ª ¦¤®© äãªæ¨¨ z 2 B(R; Or [0]) à ¢¥áâ¢®¬

Jj [z(�); !](t)
:=
Z
R

G(t; s;!)h�j(s; !); f 0x(s; x(s; !); u)iz(s)ds; t 2 R: (3.3)
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�¥¬¬  3.3. �«ï «î¡®£® " > 0  ©¤¥âáï â ª®¥ j0 2 N, çâ® ¤«ï ¢á¥å j � j0 ¨ ª ¦¤®©

äãªæ¨¨ z 2 B(R; Or [0]) ¢ë¯®«¥® ¥à ¢¥áâ¢®

sup
(t;!)2R�


jJj [z(�); !](t)j � "

�
2d
�
r1

�1
+
r2

�2

�
+ kzkC

�
(k � kC

:= k � kC(R;Rn)): (3.4)

�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãªæ¨î z 2 B(R;Rn). � ª ª ª ¯. ¯. ¯® �®àã
äãªæ¨ï à ¢®¬¥à® ¥¯à¥àë¢    R, â® ¤«ï § ¤ ®£® " > 0  ©¤¥âáï â ª®¥ & = &(z(�)) 2 (0; k],
£¤¥ k := "=2d, çâ®

!& [z;R]
:= sup

t;s2R;
jt�sj<&

jz(t)� z(s)j < ": (3.5)

�¥¯¥àì, ¯®« £ ï g(t; !; u) = f 0x(t; x(t; !); u), ¨¬¥¥¬ (á¬. ®¯à¥¤¥«¥¨¥ G(t; s;!)) á®®â®è¥¨ï

sup
(t;!)2R�


jJj [z(�); �; !](t)j =

= sup
(t;!)2R�


����
Z t

�1

P1(t; s;!)h�j(s; !); g(s; !; u)iz(s)ds �
Z 1

t

P2(t; s;!)h�j(s; !); g(s; !; u)iz(s)ds
���� �

� sup
(t;!)2R�


1X
i=0

�����
Z t�i&

t�i&�&

P1(t; s;!)h�j(s; !); g(s; !; u)i(z(s) � z(t� i& � &))ds+

+
Z t�i&

t�i&�&
P1(t; s;!)h�j(s; !); g(s; !; u)ids � z(t� i& � &)�

�

Z t+i&+&

t+i&
P2(t; s;!)h�j(s; !); g(s; !; u)i(z(s) � z(t+ i&))ds �

�

Z t+i&+&

t+i&

P2(t; s;!)h�j(s; !); g(s; !; u)ids � z(t+ i&)
����
�

(2:3)

�

� 2d
�
r1

�1
+
r2

�2

�
!& [z;R] +

2X
k=1

1X
i=0

	(k)
j (i&; &) � kzkC ;

£¤¥ (á¬. ®¡®§ ç¥¨ï, ¯à¨ïâë¥ ¢ (3.2))

	(k)
j (i&; &) := sup

(t;!)2R�


����
Z
sk(t;i)

Pk(t; s;!)h�j(s; !); g(s; !; u)ids
����; k = 1; 2:

� ª¨¬ ®¡à §®¬, ¢ á¨«ã (3.5) ¤«ï ¢á¥å j 2 N ¨ z 2 B(R;Rn)

sup
(t;!)2R�


jJj [z(�); !](t)j � 2"d
�
r1

�1
+
r2

�2

�
+

2X
k=1

1X
i=0

	(k)
j (i&; &) � kzkC :

� «¥¥, â. ª. ¤«ï «î¡®£® N 2 N ¨ k = 1; 2

NX
i=0

sup
(j;&)2N�(0;k]

	(k)
j (i&; &)

(1:3)

� 2d
rk

�k
sup
&2(0;k]

�
(1� e��k&)

1X
i=0

e�i�k&
�
= 2d

rk

�k
; (3.6)

â® àï¤ë
1P
i=0

	(k)
j (i&; &) ï¢«ïîâáï à ¢®¬¥à® áå®¤ïé¨¬¨áï   ¬®¦¥áâ¢¥ N � (0; k]. �®íâ®¬ã  ©-

¤¥âáï â ª®¥ i0 = i0(") 2 N, çâ® ¤«ï ¢á¥å (j; &) 2 N � (0; k] ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

1X
i=0

	(k)
j (i&; &) �

i0X
i=0

	(k)
j (i&; &) +

"

4
; k = 1; 2: (3.7)
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� á¢®î ®ç¥à¥¤ì, ¨á¯®«ì§ãï à ¢¥áâ¢® (3.4), ¯à¨ k := "=2d ¯®«ãç ¥¬, çâ® lim
j!1

( sup
&2(0;k]

	(k)
j (i&; &)) = 0,

k = 1; 2, i = 0; : : : ; i0, ¨, á«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ j0 = j0("=4) 2 N, çâ® ¤«ï ¢á¥å j � j0 ¡ã¤¥â

¨¬¥âì ¬¥áâ® ¥à ¢¥áâ¢®
i0P
i=0

sup
&2(0;k]

	(k)
j (i&; &) < "

4
, k = 1; 2. �âáî¤  á®¢¬¥áâ® á ¥à ¢¥áâ¢ ¬¨ (3.6)

¨ (3.7) ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å j � j0 ¨ «î¡®© äãªæ¨¨ z 2 B(R; Or [0]) á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
(3.4).

4. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.1

�®áª®«ìªã uj 2 S(R �
;U), â®, ª ª ®â¬¥ç «®áì ¢ ¯. 1, ®â®¡à ¦¥¨¥ (t; !) 7! �uj(t;!)
:= �j(t; !)

¯à¨ ¤«¥¦¨â S(R � 
; rpm(U)) ¨ á¨áâ¥¬ã (2.4) ¬®¦® § ¯¨á âì ¢ íª¢¨¢ «¥â®© ä®à¬¥

_x = h�j(t; !); f(t; x; u)i: (4.1)

�â  á¨áâ¥¬  ®â®á¨â¥«ì® ¯¥à¥¬¥®© z = x(t; !)� x § ¯¨è¥âáï ¢ ¢¨¤¥

_z = A(t; !)z + a(t; !; z) + bj(t; !; z); (t; z) 2 R � R
n ; (j; !) 2 N � 
; (4.2)

£¤¥

A(t; !) := h�(t; !); f 0x(t; x(t; !); u)i; bj(t; !; z)
:= h�j(t; !); f(t; x(t; !) � z; u)i;

a(t; !; z) := h�(t; !); f(t; x(t; !); u) � f(t; x(t; !)� z; u)i �A(t; !)z:
(4.3)

�«ï ª ¦¤®© ¯ àë (j; !) 2 N � 
 à áá¬®âà¨¬ ®¯¥à â®à Fj [�; !] : B(R; Or [0]) ! B(R;Rn),
®¯à¥¤¥«¥ë© ¤«ï «î¡®© äãªæ¨¨ z 2 B(R; Or [0]),

Fj[z(�); !](t)
:=
Z
R

G(t; s;!)[bj(s; !; z(s)) + a(s; !; z(s))]ds; t 2 R: (4.4)

�®« £ ¥¬ ¤ «¥¥ ¯à¨  > 0 ¨ ¢á¥å t 2 R

w(t)
:= supfjf 0x(t; x1; u)� f 0x(t; x2; u)j; (xk; u) 2 Kr � U; k = 1; 2; jx1 � x2j � g: (4.5)

�§ ®£à ¨ç¥¨©,  «®¦¥ëå   f , ¢ á¨«ã «¥¬¬ë 1.1 lim
#0

�
sup
t2R

t+1R
t

w(s)ds
�
= 0. �«¥¤®¢ â¥«ì®,

¤«ï § ¤ ®£® q 2 (0; 1) (ª®ªà¥âë© ¥£® ¢ë¡®à ¡ã¤¥â ãª §  ¯®§¤¥¥)  ©¤¥âáï â ª®¥ � 2 (0; r],
çâ®

sup
t2R

Z t+1

t

w�(s)ds � q=k; k
:=

r1

1� e��1
+

r2

1� e��2
: (4.6)

�¥¯¥àì, ®¡®§ ç¨¢ m1(t; i)
:= [t� i� 1; t� i], m2(t; i)

:= [t+ i; t+ i+1], ¨§ (4.3), (4.4) ¯®«ãç ¥¬, çâ®
¤«ï ¢á¥å (j; !) 2 N � 
 ¨ «î¡®© äãªæ¨¨ z(�) 2 B(R; O� [0]) (á¬. ®¡®§ ç¥¨ï ¢ (3.1) ¨ (3.3))

jFj [z(�); !](t)j � Ij [z(�); !](t) + jJj [z(�); !](t)j +

+
2X

k=1

� 1X
i=0

Z
mk(t;i)

jPk(t; s;!)j
���D�j(s; !);

Z 1

0

(f 0x(s; x(s; !)� #z(s; !); u) � f 0x(s; x(s; !); u))d#
E���ds+

+
Z
mk(t;i)

jPk(t; s;!)j
���D�(s; !); Z 1

0
(f 0x(s; x(s; !) � #z(s; !); u) � f 0x(s; x(s; !); u))d#

E���ds�kzkC �
� Ij [z(�); !](t) + jJj [z(�); !](t)j + 3

2X
k=1

�
rk

Z
mk(t;i)

e��k js�tjw�(s)ds
�
kzkC :

�âáî¤  ¢ á¨«ã (4.6) ¢ëâ¥ª ¥â, çâ® ¤«ï ¢á¥å (j; !) 2 N � 
 ¨ «î¡®© äãªæ¨¨ z(�) 2 B(R; O� [0])

sup
(t;!)2R�


jFj [z(�); !](t)j � 3qkzkC + sup
(t;!)2R�


jJj [z(�); !](t)j + sup
(t;!)2R�


jIj(t; !)j: (4.7)
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�¨ªá¨àã¥¬ ª®áâ âã � 2 (0; �=2]. �ç¨âë¢ ï, çâ® ¤«ï «î¡ëå z1; z2 2 B(R; O� [0]) ¯à¨ ¢á¥å # 2
[0; 1] kz2 + #(z1 � z2)kC � �, kz1 + #(z2 � z1)kC � �, ¯®«ãç ¥¬ (á¬. (4.3) ¨ (4.4)), çâ® ¤«ï ¢á¥å
(j; !) 2 N � 


jFj [z1(�); !](t) � Fj[z2(�); !](t)j � 3k sup
t2R

Z t+1

t

w
(1)
� (s)dskz1 � z2kC +

+ sup
(t;!)2R�


jJ[z1(�)� z2(�); !](t)j
(4:5)

� 3qkz1 � z2kC + sup
(t;!)2R�


jJ[z1(�)� z2(�); �; !](t)j:

�®£¤  ¯® «¥¬¬¥ 3.3 ¤«ï ª®áâ âë " > 0, ã¤®¢«¥â¢®àïîé¥© ¥à ¢¥áâ¢ã

" <
q�

2d(r1=�1 + r2=�2) + �
; (4.8)

 ©¤¥âáï j1 2 N â ª®¥, çâ® ¤«ï ¢á¥å z(�) 2 B(R; O� [0]) ¯à¨ j � j1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
(3.4). �«¥¤®¢ â¥«ì®, ¯à¨ íâ¨å j ¤«ï «î¡ëå z1; z2 2 B(R; O� [0]) (z1(�) 6� z2(�)), ãç¨âë¢ ï, çâ®
äãªæ¨ï t 7! �(z1(t)� z2(t))=kz1 � z2kC ¯à¨ ¤«¥¦¨â B(R; O� [0]) ¨ � 2 (0; �=2], ¯®«ãç¨¬

jJj [z1(�)� z2(�); !](t)j �
1
�
kz1 � z2kC sup

(t;!)2R�


����Jj
�
z1(�) � z2(�)
kz1 � z2kC

; !

�
(t)
���� (3:4)�

� "(2d(r1=�1 + r2=�2) + �)
1
�
kz1 � z2kC

(4:8)
< qkz1 � z2kC :

�«¥¤®¢ â¥«ì®, ¤«ï «î¡ëå z1; z2 2 B(R; O� [0]) ¨ ¢á¥å j � j1

sup
(t;!)2R�


jFj [z1(�); !](t) � Fj[z2(�); !](t)j � 4qkz1 � z2kC ; (4.9)

â. ¥., ¥á«¨ 4q < 1, â® ¯à¨ j � j1 ®¯¥à â®àë Fj [(�); !] : B(R; O� [0]) ! B(R;Rn) ï¢«ïîâáï ®¯¥-
à â®à ¬¨ á¦ â¨ï á ®¡é¥© ª®áâ â®© 4q < 1. �®ª ¦¥¬ â¥¯¥àì, çâ®,  ç¨ ï á ¥ª®â®à®£® j0,
¯à¨ ¢á¥å ! 2 
 Fj[B(R; O� [0]); !] � B(R; O� [0]). � á ¬®¬ ¤¥«¥, ¢ë¡¥à¥¬ j0 2 N, j0 � j1 â -
ª¨¬, çâ®¡ë ¯à¨ ¢á¥å j � j0 ¢ë¯®«ï«®áì ¥à ¢¥áâ¢® (á¬. (3.1)) sup

(t;!)2R�


jIj(t; !)j < q�. �®-

£¤  ¯à¨ íâ¨å j ¨§ (4.7) ¢ëâ¥ª ¥â, çâ® ¯à¨ ª ¦¤®¬ z(�) 2 B(R; O� [0]) sup
(t;!)2R�


jFj[z(�); !](t)j �

4q�+ sup
(t;!)2R�


jJ[z(�); �; !](t)j, ¨ â. ª. sup
(t;!)2R�


jJj [z(�); !](t)j � "(2d(r1=�1+ r2=�2)+�)
(4:8)
< q�, â® ¯à¨

ª ¦¤®¬ j � j0 ¨ ¢áïª®© äãªæ¨¨ z(�) 2 B(R; O� [0]) sup
(t;!)2R�


jFj[z(�); !](t)j � 5q�. � ª¨¬ ®¡à §®¬,

¥á«¨ á á ¬®£®  ç «  ¢§ïâì q 2 (0; 1=5), â® ¯à¨ ª ¦¤®¬ j � j0 ¨ ¢áïª®¬ ! 2 
 ¢ë¯®«¥® ã¦®¥
¢ª«îç¥¨¥. �®á«¥¤¥¥ á®¢¬¥áâ® á (4.9) ¢«¥ç¥â ¯® â¥®à¥¬¥ ® á¦¨¬ îé¥¬ ®â®¡à ¦¥¨¨, çâ® ®¯¥-
à â®à Fj [�; �; !] ¨¬¥¥â   § ¬ªãâ®¬ ¯®¤¬®¦¥áâ¢¥ B(R; O� [0]) ¡  å®¢  ¯à®áâà áâ¢  B(R;Rn)
¥¯®¤¢¨¦ãî â®çªã, â. ¥. ¤«ï ª ¦¤®£® j � j0 ¨ «î¡®£® ! 2 
 áãé¥áâ¢ã¥â (¥¤¨áâ¢¥ ï) äãª-
æ¨ï zj(�; �; !) 2 B(R; O� [0]) â ª ï, çâ® ¯à¨ ¢á¥å t 2 R

zj(t; �; !) =
Z
R

G(t; s;!)[a(s; !; zj(s; !)) + bj(s; !; zj(s; !))]ds: (4.10)

�®«ãç¥®¥ à ¢¥áâ¢® ®§ ç ¥â, çâ® zj(�; !) | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë ãà ¢¥¨© (4.2),
® â®£¤  äãªæ¨ï xj(�; !) = x(�; !)� zj(�; �; !) ¡ã¤¥â ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (4.1), ¨«¨,
çâ® â®¦¥ á ¬®¥, á¨áâ¥¬ë (2.4), ¨ â.ª. kzj(�; �; !)kC � � < r ¯à¨ ª ¦¤®¬ j 2 N, j0 � j ¨ «î¡®¬
! 2 
, â® orb(xj(�; !)) � Kr � G. �¥¬ á ¬ë¬ ¯¥à¢®¥ ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 2.1 ¤®ª § ®.

�«ï ¤®ª § â¥«ìáâ¢  ¢â®à®£® ãâ¢¥à¦¤¥¨ï â¥®à¥¬ë 2.1 (¢ á¨«ã ¤®ª § ®£®) ¤®áâ â®ç® ¯®-
ª § âì, çâ® lim

j!1
(sup
!2


kzj(�; !)kC) = 0. �«ï ¤®ª § â¥«ìáâ¢  íâ®£® à ¢¥áâ¢  § ¬¥â¨¬ á ç « , çâ®
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¥á«¨ zj(�; !) 2 B(R; O� [0]), â® ¢ á¨«ã ¢ë¡®à  j0 ¨¬¥¥¬ á®®â®è¥¨ï

jJj [zj(�; !); !](t)j =
1
�

����Jj
�

zj(�; !)
kzj(�; !)kC

; !

�
(t)
����kzj(�; !)kC (3:4)

�

�
"

�
(2d(r1=�1 + r2=�2) + �)kzj(�; !)kC

(4:8)

� qkzj(�; !)kC :

�á¯®«ì§ãï ¨å, ¢ á¨«ã (4.7) ¨ (4.10) ¯®«ãç ¥¬ ¥à ¢¥áâ¢®

sup
!2


kzj(�; !)kC � (1� 4q)( sup
(t;!)2R�


Ij(t; !)):

�¥¯¥àì ã¦®¥ ¯à¥¤¥«ì®¥ à ¢¥áâ¢® (2.5) ¢ëâ¥ª ¥â ¨§ (3.1).

5. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.2

� á¨«ã ¢ëè¥¤®ª § ®£® ¤«ï ª ¦¤®£® j � j0 ¨ ¢á¥å ! 2 
 xj(�; !) = x(�; !) � zj(�; !), £¤¥
äãªæ¨ï zj(�; !) 2 B(R; O� [0]) ¨ ï¢«ï¥âáï à¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨© (4.2),   â. ª. à¥è¥¨¥
x(�; !) á¨áâ¥¬ë (2.2) ¯à¨ ¤«¥¦¨â B(R �
;Rn), â® ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2.2 ¤®áâ â®ç®
¯®ª § âì, çâ® zj 2 B(R �
;Rn). � íâ®© æ¥«ìî ¯®« £ ¥¬ �(!1; !1)

:= kx(�; !1)� x(�; !2)kC ¨

q
:= sup

�Z
R

jG(t; s;!1)� G(t; s;!2)jds; (t; !l) 2 R � 
; l = 1; 2; �(!1; !2) � 

�
:

�¥¯¥àì ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìë¥ j � j0 ¨ !1; !2 2 
, �(!1; !2) � . �®£¤  ¨§ à ¢¥áâ¢

zj(t; !l) =
Z
R

G(t; s;!l)[bj(s; !l; zj(s; !l)) + a(s; !l; zj(s; !l))]ds; t 2 R; l = 1; 2;

¯®«ãç ¥¬ (á¬. ®¡®§ ç¥¨ï (4.3) ¨ (4.4)), çâ®

jzj(t; !1)� zj(t; !2)j � jFj [zj(�; !1); !1](t)� Fj[zj(�; !2); !1](t)j+

+ jFj [zj(�; !2); !1](t)� Fj [zj(�; !2); !2](t)j
(4:9)

� 4qkzj(�; !1)� zj(�; !2)kC + d(2 + 4�)q +

+ I
(1)
j (t; !1; !2) + I

(2)
j (t; !1; !2); (5.1)

£¤¥

I
(1)
j (t; !1; !2)

:=
Z
R

jG(t; s;!2)j jbj(s; !1; zj(s; !2))� bj(s; !2; zj(s; !2))jds;

I
(2)
j (t; !1; !2)

:=
Z
R

jG(t; s;!2)j ja(s; !1; zj(s; !2))� a(s; !2; zj(s; !2))jds:

� «¥¥, ®¯à¥¤¥«¨¬ v(t), t 2 R,   «®£¨ç® w(t) (á¬. (4.5)) ¯à¨ f 0x = f . �®£¤  ¯à¨ ¢á¥å t 2 R

jbj(t; !1; zj(t; !2))� bj(t; !2; zj(t; !2))j
(4:3)

� dj�j(t; !1)� �j(t; !2)j(U) + 2v�(!1;!1)(t);

ja(t; !1; zj(s; !2))� a(t; !2; zj(s; !2))j
(4:3)

� jh�(t; !1); f(t; x(t; !1); u)� f(t; x(t; !2); u)ij +

+jh�(t; !1); f(t; x(t; !2)� zj(t; !2); u) � f(t; x(t; !1)� zj(t; !2); u)ij +

+jA(t; !2)�A(t; !1)j jzj(t; !2)j+ jh�(t; !1)� �(t; !2); f(t; x(t; !2); u)ij +

+jh�(t; !1)� �(t; !2); f(t; x(t; !2)� zj(t; !2); u)ij �

� 2v�(!1;!1)(t) + 2d(� + 1)j�(t; !1)� �(t; !2)j(U) + �w�(!1;!1)(t):
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�®íâ®¬ã (á¬. ®¡®§ ç¥¨¥ ¢ (4.6))

I
(1)
j (t; !1; !2) + I

(2)
j (t; !1; !2)

(2:3)

�

� kdm [�j ;
] + 3k sup
t2R

Z t+1

t

v�(!1;!1)(s)ds+ 2dk(� + 1)m [�;
] + �k sup
t2R

Z t+1

t

w�(!1;!1)(s)ds:

�¥¯¥àì, ®¡®§ ç¨¢ ç¥à¥§ ek ¬ ªá¨¬ «ìë© ¨§ ¯®áâ®ïëå ¬®¦¨â¥«¥© ¢ ª ¦¤®¬ á« £ ¥¬®¬ ¯à -
¢®© ç áâ¨ ¯®«ãç¥®£® ¥à ¢¥áâ¢ , ¨§ (5.1) ¨¬¥¥¬

(1� 4q)kzj(�; !1)� zj(�; !2)kC � d(2 + 4�)q + ek�m [�j ;
] +m [�;
] +

+ sup
t2R

Z t+1

t

(v�(!1;!1)(s) +w�(!1;!1)(s))ds
�
: (5.2)

� ª ª ª f 2 S(R; C(Kr �U;R
n )), f 0x 2 S(R; C(Kr �U;Hom(Rn))),   x 2 B(R�
;Rn), â® ¯® «¥¬¬¥

1.1

lim
#0

�
sup

!1;!12

�
(!1;!1)�

�Z t+1

t

(v�(!1;!1)(s) +w�(!1;!1)(s))ds
��

= 0:

� «¥¥, ¯®áª®«ìªã �j(�; !)
:= �(�; !) � �uj(�;!), â® ¯à¨ ª ¦¤®¬ j (á¬. ¢â®à®¥ ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë

1.1 ¨ à ¢¥áâ¢® (2.6)) lim
#0

m[�j ;
] = 0. � ª®¥æ, ¢ [12] ¯®ª § ®, çâ® lim
#0

q = 0. �®íâ®¬ã ¢ á¨«ã

(5.2) ¯®«ãç¨¬

lim
#0

( sup
!1;!12


�
(!1;!1)�

kzj(�; !1)� zj(�; !2)kC) = 0;

  íâ® ¨ ®§ ç ¥â [11], çâ® ®â®¡à ¦¥¨¥ (t; !) 7! zj(t; !1) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã B(R�
;Rn).

6. �®¯®«¥¨¥ â¥®à¥¬ë 2.1

� áá¬®âà¨¬ ®â®¡à ¦¥¨¥ (t; x; v; u) 7! f(t; x; v; u) 2 R
n , ¨¬¥îé¥¥ ¢ ª ¦¤®© â®çª¥ (t; x; v; u) 2

R �G� V � U, V 2 comp(Rk ) ¯à®¨§¢®¤ãî ¯® x ¨ ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ®£® ¬®¦¥áâ¢  K 2
comp(G) f 2 S(R; C(K �V�U;Rn)), f0x 2 S(R; C(K �V�U;Hom(Rn ))) ¨ d(K) := supfjf(t; x; v; u)j+
jf

0

x(t; x; v; u)j; (t; x; v; u) 2 R �G�V �Ug <1. �ã¤¥¬ â ª¦¥ ¯à¥¤¯®« £ âì, çâ® ¯à¨ v(�) 2 S(R;V)
¤«ï ¯. ¯. ¯® �â¥¯ ®¢ã (á¬. «¥¬¬ã 2.1) á¨áâ¥¬ë

_x = h�(t; !); f(t; x; v(t); u)i =
Z
U

f(t; x; v(t); u)�(t; !)(du) (6.1)

¢ë¯®«¥ë ãá«®¢¨ï A) ¨ �),   «®£¨çë¥ ãá«®¢¨ï¬ a) ¨ ¡) ¯à¨ f(t; x; u) = f(t; x; v(t); u), ¨ ¡ã¤¥¬
à áá¬ âà¨¢ âì â ªãî ¯®á«¥¤®¢ â¥«ì®áâì fvj(�)g1j=1 � S(R;V), çâ®

lim
j!1

d(v(�); vj(�)) = 0: (6.2)

� ¬¥ç ¨¥ 6.1. � ª ç¥áâ¢¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ fvj(�)g1j=1, ã¤®¢«¥â¢®àïîé¥© (6.2) ¯à¨ ¨á-
á«¥¤®¢ ¨¨ ¯. ¯. á¨áâ¥¬ ã¯à ¢«¥¨ï, á®¤¥à¦ é¨å ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà  äãªæ¨¨ ¨§ ¬®¦¥áâ¢ 
S(R;V), ¢ëáâã¯ ¥â ¯®á«¥¤®¢ â¥«ì®áâì, ®â¢¥ç îé ï ¢¥ªâ®àã, ª®â®àë© ¯à¨ ¤«¥¦¨â ª ª®¬ã-
«¨¡® ª®ãáã (¢ § ¢¨á¨¬®áâ¨ ®â ¢¨¤  à áá¬ âà¨¢ ¥¬®© § ¤ ç¨), ¯®à®¦¤¥®¬ã ¬®¦¥áâ¢®¬
S(R;V) á ¢¥àè¨®© ¢ â®çª¥ v(�) 2 S(R;V),  ¯à¨¬¥à, ª á â¥«ì®¬ã ¨«¨ ª®â¨£¥â®¬ã [19].

�«¥¤ãîé ï â¥®à¥¬  ¨£à ¥â ¢ ¦ãî à®«ì ¯à¨ ¨§ãç¥¨¨ § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯.
¤¢¨¦¥¨ï¬¨, á®¤¥à¦ é¨å ¯ à ¬¥âà.
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�¥®à¥¬  6.1. �ãáâì ¤«ï á¨áâ¥¬ë (6:1) ¢ë¯®«¥ë ãá«®¢¨ï A), �) ¨ fujg1j=1 | ¯®á«¥¤®¢ -

â¥«ì®áâì äãªæ¨© ¨§ S(R�
;U), ®¯à¥¤¥«¥ ï ¢ â¥®à¥¬¥ 1:1,  ¯¯à®ªá¨¬¨àãîé ï ®â®¡à ¦¥-

¨¥ � 2 S(R � 
; rpm(U)). �®£¤  ¥á«¨ ¤«ï ¯®á«¥¤®¢ â¥«ì®áâ¨ fvj(�)g1j=1 � S(R;V) ¢ë¯®«¥®
à ¢¥áâ¢® (6:2), â®  ©¤¥âáï â ª®¥ j0 2 N,  ç¨ ï á ª®â®à®£® ¯à¨ ª ¦¤®¬ ! 2 
 á¨áâ¥¬ 

ãà ¢¥¨©

_x = f(t; x; vj(t); uj(t; !)) (6.3)

¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ xj(�; !) â ª®¥, çâ® orb(xj(�; !)) � G, ! 2 
, ¨ ã¤®¢«¥â¢®àï¥âáï

à ¢¥áâ¢® (2:6).

�®ª § â¥«ìáâ¢®. � ª ¨ ¢ â¥®à¥¬¥ 2.1, ª®áâ â  r > 0 â ª ï, çâ® Kr
:= K +Or[0] � G, ª®-

áâ âã d > 0 ®¯à¥¤¥«ï¥¬ ¤«ï äãªæ¨¨ f à ¢¥áâ¢®¬ (2.1) ¯à¨ K = Kr �V ¨ ¢¢¥¤¥¬ ®¡®§ ç¥¨ï

fj(t; x; u)
:= f(t; x; vj(t); u); f 0jx(t; x; u) = f0x(t; x; vj(t); u): (6.4)

�¤¥« ¢ ¢ á¨áâ¥¬¥ (6.3) § ¬¥ã z = x(t; !)� x, ¯®«ãç¨¬

_z = A(t; !)z + a(t; !; z) + bj(t; !; z) + cj(t; !; z); (t; z) 2 R � R
n ; (j; !) 2 N �
; (6.5)

£¤¥ ( ¯®¬¨¬, çâ® �uj (t;!)
:= �j(t; !))

cj(t; !; z)
:= h�j(t; !); f(t; x(t; !) � z; u)� fj(t; x(t; !)� z; u)i; (6.6)

  A(t; !), a(t; !; z) ¨ bj(t; !; z) ®¯à¥¤¥«ïîâáï à ¢¥áâ¢ ¬¨ ¢ (4.3) ¯à¨ f(t; x; u) = f(t; x; v(t); u).
�«ï ª ¦¤®© ¯ àë (j; !) 2 N�
 à áá¬®âà¨¬ ®¯¥à â®à Pj [�; !] : B(R; Or [0])! B(R;Rn), ®¯à¥¤¥-

«¥ë© ¤«ï «î¡®© äãªæ¨¨ z 2 B(R; Or [0]) à ¢¥áâ¢®¬ Pj [z(�); !](t)
:= Fj [z(�); !](t)+Pj [z(�); !](t),

£¤¥ ®¯¥à â®à Fj [z(�); !] § ¤ ¥âáï à ¢¥áâ¢®¬ (4.4) ¯à¨ ãª § ëå a(t; !; z) ¨ bj(t; !; z),  

Pj [z(�); !](t)
:=
Z
R

G(t; s;!)cj(s; !; z(s))ds; t 2 R:

�¥¬¬  6.1. �¬¥¥â ¬¥áâ® à ¢¥áâ¢®

lim
j!1

(supf sup
(t;!)2R�


jPj [z(�); �; !](t)j; z(�) 2 B(R; Or [0])g) = 0:

�®ª § â¥«ìáâ¢®. �®« £ ¥¬ ¯à¨  > 0 ¨ ¢á¥å t 2 R

w(1)
 (t) := supfjf(t; x; v1; u)� f(t; x; v2; u)j; (x; vk; u) 2 Kr �V � U; k = 1; 2; jv1 � v2j � g;

¨   «®£¨ç® § ¤ ¥¬ w(2)
 (t) ¯à¨ f = f0x. �§ ®£à ¨ç¥¨©,  «®¦¥ëå   f ¨ f

0
x, ¢ á¨«ã «¥¬¬ë 1.1

¢ëâ¥ª ¥â

lim
#0

�
sup
t2R

Z t+1

t

w(l)
 (s)ds

�
= 0; l = 1; 2: (6.7)

�«¥¤®¢ â¥«ì®, ¤«ï ¯à®¨§¢®«ì®£® " > 0  ©¤¥âáï â ª®¥  = (") > 0, çâ® sup
t2R

t+1R
t

w(1)
 (s)ds � "

2k
,

£¤¥ k > 0 § ¤ ¥âáï à ¢¥áâ¢®¬ (4.6). �¥¯¥àì, ¥á«¨ Tj(t)
:= fs 2 [t; t + 1] : jv(s) � vj(s)j � g,

(t; j) 2 R � N, â® (á¬. ®¯à¥¤¥«¥¨¥ äãªæ¨¨ w(1)
 (t),   â ª¦¥ (6.4) ¨ (6.6)) ¤«ï ª ¦¤®© äãªæ¨¨

z(�) 2 B(R; Or [0])

jPj [z(�); !](t)j �
1X
i=0

�
r1e

��1i

�Z
Tj(t�i)

jcj(s; !; z(s))jds + 2dmes Tj(t� i)
�
+

+ r2e
��2i

�Z
Tj(t+i)

jcj(s; !; z(s))jds + 2dmes Tj(t+ i)
��

�

�
1X
i=0

2X
k=1

rke
��ki

�
sup
t2R

Z t+1

t

w(1)
 (s)ds+

2d

d(v(�); vj (�))

�
< "=2 +

2kd

d(v(�); vj(�)):

23



�âáî¤  ¢ á¨«ã (6.2) ¢ëâ¥ª ¥â ã¦®¥ à ¢¥áâ¢®.
�¥¯¥àì ¤«ï § ¤ ®£® q 2 (0; 1) ¢ë¡¨à ¥¬ � > 0, ¯à¨ ª®â®à®¬ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® (4.6),

¨ ¯ãáâì � 2 (0; �=2].

�¥¬¬  6.2. � ©¤¥âáï â ª®¥ � 2 N, çâ® ¯à¨ j � � ¨ ¢á¥å z1; z2 2 B(R; O� [0])

sup
(t;!)2R�


jPj [z1(�); !](t) � Pj [z2(�); !](t)j < 3qkz1 � z2kC :

�®ª § â¥«ìáâ¢®. �«ï «î¡ëå z1; z2 2 B(R; O� [0]) ¨ f 0x(t; x; u) = f0x(t; x; v(t); u) ¨¬¥¥¬ (á¬.
(6.4)) á®®â®è¥¨ï

jPj [z1(�); !](t) � Pj [z2(�); !](t)j �

�

�Z
R

jG(t; s)j
���D�(s; �; !); Z 1

0
(f 0x(s; bx(s)� z2(s) + �(z2(s)� z1(s)); u)� f 0x(s; bx(s); u))d�E���ds+

+
Z
R

jG(t; s)j
���D�(s; �; !); Z 1

0
(f 0jx(s; bx(s)� z2(s) + �(z2(s)� z1(s)); u)� f 0jx(s; bx(s); u))d�E���ds+

+Jj(t; !)
�
kz1 � z2kC �

�
2k sup

t2R

Z t+1

t

w
(1)
� (s)ds+ Jj(t; !)

�
kz1 � z2kC

(4:6)

� (2q + Jj(t; !))kz1 � z2kC ;

£¤¥ Jj(t; !)
:=
R
R

jG(t; s)j jh�j(s; !); f 0x(s; bx(s); u) � f 0jx(s; bx(s); u)ijds. �®áª®«ìªã ¯à¨ ¢á¥å j 2 N ¨

 > 0 (á¬. ¤®ª § â¥«ìáâ¢® «¥¬¬ë 6.1) Jj(t; !) � k
�
sup
t2R

t+1R
t

w(2)
 (s)ds+ 2d


d(v(�); vj(�))

�
, â® (á¬. (6.7)

¯à¨ l = 2), ¢ë¡à ¢  > 0 ¨ � 2 N â ª, çâ®¡ë sup
t2R

t+1R
t

w(2)
 (s)ds < q=(2k) ¨ (á¬. (6.2)) ¯à¨ ¢á¥å j � �

d(v�(�); v�(�)) < 1q=(4dk), ¯®«ãç¨¬ ã¦®¥ ¥à ¢¥áâ¢®.
�¥¯¥àì, ¨á¯®«ì§ãï «¥¬¬ë 6.1 ¨ 6.2, á¢®©áâ¢  ®¯¥à â®à  Fj [�; !] ¯à¨ f(t; x; u) = f(t; x; v(t); u),

¯à¨¢¥¤¥ë¥ ¢ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 2.1, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  íâ®© â¥®à¥¬ë ¤«ï
®¯¥à â®à  Pj [�; !](t)

:= Fj[�; !](t) + Pj [�; !](t), ¯®«ãç¨¬ áãé¥áâ¢®¢ ¨¥ â ª®£® j0, çâ® ¯à¨ ¢á¥å
j � j0 ¨ ª ¦¤®¬ ! 2 
 á¨áâ¥¬  (6.5) ¡ã¤¥â ¨¬¥âì â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ zj(�; !), çâ®
kzj(�; !)kC < � < r ¨ lim

j!1
(sup
!2


kzj(�; !)kC) = 0,   § ç¨â, äãªæ¨ï xj(�; !) = x(�; !) � zj(�; !) ¡ã¤¥â

¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (6.3) á ãª § ë¬¨ ¢ â¥®à¥¬¥ 6.1 á¢®©áâ¢ ¬¨.
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