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1. �¡®§­ ç¨¬ ç¥à¥§ B(R;Y) ¨ S(R;Y), Y � R
n , á®¢®ªã¯­®áâì ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å (¯. ¯.) ¯®

�®àã, á®®â¢¥âáâ¢¥­­® ¯® �â¥¯ ­®¢ã, äã­ªæ¨© f : R ! Y [1]. � ¯®¬­¨¬, çâ® ¤«ï ª ¦¤®© ¯. ¯. (ª ª

¯® �®àã, â ª ¨ ¯® �â¥¯ ­®¢ã) äã­ªæ¨¨ f áãé¥áâ¢ã¥â áà¥¤­¥¥ Mff(t)g := lim
T!1

1
T

TR
0

f(t) dt ¨, ¥á«¨

�(f) | ¬­®¦¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. äã­ªæ¨¨ f , â® Mod(f) := Mod(�(f)) | ¥¥ ¬®¤ã«ì,
â. ¥. ­ ¨¬¥­ìè ï £àã¯¯  ¯® á«®¦¥­¨î, á®¤¥à¦ é ï ¬­®¦¥áâ¢® �(f). � ¤ «ì­¥©è¥¬ (
; �) |
ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® ¨ B(R � 
;Y) | á®¢®ªã¯­®áâì ®â®¡à ¦¥­¨©

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

ª®â®àë¥ ¯. ¯. ¯® t ¢ á¬ëá«¥ �®à  à ¢­®¬¥à­® ¯® ! 2 
 [2]. � «¥¥ ¡ã¤¥¬ £®¢®à¨âì, çâ® ®â®¡à -
¦¥­¨¥ (1.1) ¯. ¯. ¯® 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¬: f(�; !) 2 S(R;Y) ¯à¨ ª ¦¤®¬ ! ¨
lim

#0

d
 [f;
] = 0, £¤¥

d
 [f;
]
:= sup

!1;!22

�(!1;!2)�


d(f(�; !1); f(�; !2)) (1.2)

(®¯à¥¤¥«¥­¨¥ ¬¥âà¨ª¨ d á¬. ¢ [1]). �á«¨ f 2 B(R � 
;Y) (¨«¨ f 2 S(R � 
;Y)), â® ¬­®¦¥áâ¢®
�(f) :=

S
!2


�(f(�; !)) ­ §®¢¥¬ ¬­®¦¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ ®â®¡à ¦¥­¨ï f .

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

m , ­®á¨â¥«ì ª®â®àëå á®¤¥à¦¨âáï ¢®
¬­®¦¥áâ¢¥ U 2 comp(Rm), ¨ ç¥à¥§ rpm(U) | ¥£® ¯®¤¬­®¦¥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 ,
¨ M = M(R; frm(U)) | ¬­®¦¥áâ¢® â ª¨å ¨§¬¥à¨¬ëå ®â®¡à ¦¥­¨© � : R ! (frm(U); j � jw), çâ®
k�k

:= ess supt2R j�(t)j(U) <1 (j�(t)j(U) | ¢ à¨ æ¨ï ¬¥àë �(t)). �ãáâì ¤ «¥¥ Bn = B(R�U;Rn)
| á®¢®ªã¯­®áâì ®â®¡à ¦¥­¨© ' : R � U ! R

n , ã¤®¢«¥â¢®àïîé¨å á«¥¤ãîé¨¬ 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 Rn , 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).

�¥á«®¦­® ¯®ª § âì, çâ® ®â®¡à ¦¥­¨¥ ' 7! k'kBn

:=
R
R

max
u2U

j'(t; u)jdt, ' 2 Bn, ï¢«ï¥âáï ­®à¬®©

¢ Bn, ¨ ­¥§­ ç¨â¥«ì­ë¬ ¨§¬¥­¥­¨¥¬ áå¥¬ë ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë � ­ä®à¤ {�¥ââ¨á  ([3],
c. 299) ¬®¦­® ¯®ª § âì, çâ®M�= B�

1. �â® ¯®§¢®«ï¥â [4]{[6] ¢¢¥áâ¨ ¢M ­®à¬ã k�kw, ®â­®á¨â¥«ì­®
ª®â®à®© ¬­®¦¥áâ¢  M1

:=M(R; rpm(U)) ¨ �1
:= f� 2M : k�k � 1g ª®¬¯ ªâ­ë.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(£à ­âë 97-01-00413 ¨ 99-01-00454) ¨ K®­ªãàá­®£® æ¥­âà  äã­¤ ¬¥­â «ì­®£® ¥áâ¥áâ¢®§­ ­¨ï (£à ­â
97-0-1.9).
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�¯à¥¤¥«¥­¨¥ 1.1 [4]. �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 :=
Z
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 � 2 APM1 â ª¨å, 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 ª ª í«¥¬¥­â
¬­®¦¥áâ¢  APM(1)

1 � APM, ®â®¦¤¥áâ¢«ïï ¥£® á ®â®¡à ¦¥­¨¥¬ t ! �u(t) 2 DIR(U). � ¦¤®¬ã
� 2 APM ¬®¦­® ®¤­®§­ ç­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¬¥à®§­ ç­ë© àï¤ �ãàì¥ [4]{[6] ¨ ®¯à¥¤¥-
«¨âì ¬­®¦¥áâ¢® �(�) ¥£® ¯®ª § â¥«¥© �ãàì¥, ¨ Mod(�) := Mod(�(�)), ¥á«¨ � 2 APM.

�¯à¥¤¥«¥­¨¥ 1.2. �â®¡à ¦¥­¨¥ (t; !)! �(t; !) 2 frm(U) ­ §ë¢ ¥âáï ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥
�â¥¯ ­®¢  à ¢­®¬¥à­® ¯® ! 2 
 (¯¨è¥¬ � 2 S(R � 
; frm(U))), ¥á«¨ ¤«ï ª ¦¤®© äã­ªæ¨¨
c 2 C(U;R) ®â®¡à ¦¥­¨¥

(t; !)! h�(t; !); c(u)i :=
Z
U

c(u)�(t; !)(du)

¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã S(R � 
;R).

�§ ®¯à¥¤¥«¥­¨© 1.1 ¨ 1.2 ¢ëâ¥ª ¥â, çâ® �(�; !) 2 APM ¯à¨ ª ¦¤®¬ ! 2 
. �®íâ®¬ã á«¥-
¤ãîé¥¥ ¬­®¦¥áâ¢® �(�) =

S
!2


�(�(�; !)) ¥áâ¥áâ¢¥­­® ­ §¢ âì ¬­®¦¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥

®â®¡à ¦¥­¨ï � 2 S(R � 
; rpm(U)),   ¬­®¦¥áâ¢® Mod(�) := Mod(�(�)) | ¥£® ¬®¤ã«¥¬.
� ¤ «ì­¥©è¥¬ ª ¦¤ãî äã­ªæ¨î g ¨§ Lloc

1 (R; C(U;R)) ¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ ®â®¡à ¦¥­¨ï
(t; u) 7! g(t; u) 2 R; (t; u) 2 R � U , ¨ ç¥à¥§ S(R; C(U;R)) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì â ª¨å äã­ªæ¨©
g ¨§ Lloc

1 (R; C(U;R)), çâ® ¤«ï «î¡®£® " > 0 ¬­®¦¥áâ¢®

ES(f; ")
:=
�
� 2 R : sup

t2R

Z t+1

t

max
u2U

jg(s+ �; u)� g(s; u)jds � "

�

®â­®á¨â¥«ì­® ¯«®â­®. �â¬¥â¨¬, çâ® S(R; C(U;R)) � S(R � U;R).

�¥¬¬  1.1. �á«¨ g 2 S(R; C(U;R)), â® lim

#0

�
sup
t2R

t+1R
t

w
[g(s; �); U ]ds
�
= 0, £¤¥ w
 [g(s; �); U ] |


-ª®«¥¡ ­¨¥ äã­ªæ¨¨ u 7! g(s; u) ­  ¬­®¦¥áâ¢¥ U .

�®ª § â¥«ìáâ¢®. � ª ª ª g 2 S(R; C(U;R)), â® ¤«ï § ¤ ­­®£® " > 0 ¬­®¦¥áâ¢® ES(f; "=3)
®â­®á¨â¥«ì­® ¯«®â­® ¨, á«¥¤®¢ â¥«ì­®, ­ ©¤¥âáï â ª®¥ l > 0, çâ® ¯à¨ ª ¦¤®¬ t 2 R áãé¥áâ¢ã¥â
� 2 [�t;�t+ l] \ES(g; "=3). �®íâ®¬ã ¯à¨ ª ¦¤®¬ t 2 RZ t+1

t

w
 [g(s; �); U ]ds � 2 sup
t2R

Z t+1

t

max
u2U

jg(s+ �; u)� g(s; u)jds+ f(
) < 2"=3 + f(
) < 2;

£¤¥ f(
) :=
l+1R
0

w
 [g(s; �); U ]ds. �á¯®«ì§ãï â¥®à¥¬ã, ¯à¨¢¥¤¥­­ãî ¢ ([3], á. 158), ­¥á«®¦­® ¯®ª § âì,

çâ® lim

#0

f(
) = 0. �âáî¤  á®¢¬¥áâ­® á ¯à¨¢¥¤¥­­ë¬¨ ¢ëè¥ á®®â­®è¥­¨ï¬¨ ¯®«ãç ¥¬ ­ã¦­®¥

à ¢¥­áâ¢®.

�¥®à¥¬  1.1. �ãáâì (
; �) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®, ¬­®¦¥áâ¢® A
:=

f�(�; !); ! 2 
g � APM1 ¨ à ¢­®áâ¥¯¥­­® ¯. ¯.1. �®£¤  ¤«ï «î¡®© äã­ªæ¨¨ g 2 S(R; C(U;R))

1 â. ¥. ¤«ï ª ¦¤®© äã­ªæ¨¨ c 2 C(U;R) á®¢®ªã¯­®áâì ®â®¡à ¦¥­¨© fh�(�; !); c(u)i; ! 2 
g � S(R;R)
à ¢­®áâ¥¯¥­­® ¯. ¯.
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á®¢®ªã¯­®áâì ®â®¡à ¦¥­¨© ft 7! f(t; !) := h�(t; !); g(t; u)i; ! 2 
g, £¤¥

h�(t; !); g(t; u)i :=
Z
U

g(t; u)�(t; !)(du);

¯à¨­ ¤«¥¦¨â S(R;R) ¨ ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯. �à®¬¥ â®£®, ¥á«¨ � 2 S(R � 
; rpm(U)),
â® äã­ªæ¨ï (t; !) 7! f(t; !) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã S(R � 
;R), ¨ ¥e ¬®¤ã«ì á®¤¥à¦¨âáï

¢ Mod(�(�) [ �(g)).

�®ª § â¥«ìáâ¢®. �¥à¢®¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1.1 ¬®¦­® ¤®ª § âì, á«¥¤ãï áå¥¬¥ ¤®ª -
§ â¥«ìáâ¢  â¥®à¥¬ë 3.1 ¨§ [7] (á¬. â ª¦¥ [5]). �®ª ¦¥¬ ¢â®à®¥ ãâ¢¥à¦¤¥­¨¥. � ª ª ª g 2

S(R; C(U;R)), â® ¯® «¥¬¬¥ 1.1 ¤«ï § ¤ ­­®£® ">0 ­ ©¤¥âáï â ª®¥ 
>0, çâ® sup
t2R

t+1R
t

w
[g(s; �); U ]ds <

"=6. �ãáâì, ¤ «¥¥, U1; : : : ;Up | â ª®¥ ®âªàëâ®¥ ¯®ªàëâ¨¥ ª®¬¯ ªâ  U , çâ® max
1�j�p

(diamUj) � 
, ¨

ç¥à¥§ f�jg
p
j=1 ®¡®§­ ç¨¬ ­¥¯à¥àë¢­®¥ à §¡¨¥­¨¥ ¥¤¨­¨æë, ¯®¤ç¨­¥­­®¥ íâ®¬ã ¯®ªàëâ¨î. �¥¯¥àì

¤«ï ª ¦¤®£® j = 1; : : : ; p ä¨ªá¨àã¥¬ â®çªã uj 2 U \ Uj , ¢ ª®â®à®© �j(uj) > 0, ¨ à áá¬®âà¨¬ ®â®-
¡à ¦¥­¨¥ (t; !) 7! �j(t; !)

:= h�(t; !); �j(u)i 2 [0; 1], (t; !) 2 R � 
. � ª ª ª � 2 S(R �
; rpm(U)),

â® (á¬. ®¯à¥¤¥«¥­¨¥ 1.2) �j 2 S(R � 
;R) ¯à¨ ª ¦¤®¬ j = 1; : : : ; p ¨, ªà®¬¥ â®£®,
pP

j=1
�j(t; !) = 1,

(t; !) 2 R � 
: � «¥¥, ¤«ï ª ¦¤®© äã­ªæ¨¨ g(�; uj) 2 S(R;R), j = 1; : : : ; p, ¢®§ì¬¥¬ â ªãî äã­ª-
æ¨î fj 2 S(R;R) (á¬. [1], á. 231), çâ® ess supt2R jfj(t)j

:= kj <1 ¨ d(g(�; uj); fj(�)) < "=3p. �®áª®«ìªã
�j 2 S(R�
;R), j = 1; : : : ; p, â® ­ ©¤¥âáï â ª®¥ b
 2 (0; 
), çâ® ¯à¨ ¢á¥å � 2 (0; b
) ¡ã¤¥â ¢ë¯®«­¥­®
­¥à ¢¥­áâ¢® (á¬. (1.2)) d�[�j ;
] < "=3pk, £¤¥ k

:= max
1�j�p

kj . �®£¤  ¯à¨ íâ¨å � ¯®«ãç ¥¬

d� [f;
] � 2 sup
t2R

Z t+1

t

w
[g(s; �); U ]ds +
pX

j=1

d(g(�; uj); fj(�)) + k

pX
j=1

d�[�j ;
] < ":

�âáî¤  ¨ ¨§ ãâ¢¥à¦¤¥­¨ï ¯¥à¢®© ç áâ¨ â¥®à¥¬ë 1.1 (á¬. ®¯à¥¤¥«¥­¨¥ 1.2) ¢ëâ¥ª ¥â, çâ® f 2
S(R�
;R). �®ª § â¥«ìáâ¢®, çâ® ¬®¤ã«ì äã­ªæ¨¨ f á®¤¥à¦¨âáï ¢ Mod(�(�)[�(g)),  ­ «®£¨ç­®
¤®ª § â¥«ìáâ¢ã á®®â¢¥âáâ¢ãîé¥£® ãâ¢¥à¦¤¥­¨ï ¢ â¥®à¥¬¥ 3.1 ¨§ [7].

�¥¬¬  1.2. �ã­ªæ¨ï u 2 S(R � 
; U) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ®â®¡à ¦¥­¨¥

(t; !) 7! �u(t;!) ¯à¨­ ¤«¥¦¨â S(R �
; rpm(U)) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.

�®ª § â¥«ìáâ¢® ¢ëâ¥ª ¥â ¨§ ®¯à¥¤¥«¥­¨ï ¯à®áâà ­áâ¢  S(R�
; U) ¨ ­¥à ¢¥­áâ¢  (á¬. (1.2))

sup
!1;!22


�(!1;!2)�


�
sup
t2R

Z t+1

t

jc(u(s; !1))� c(u(s; !2))jds
�
�

2
�
kckC(U;R) � d
 [u;
] + w�[c; U ];

á¯à ¢¥¤«¨¢®£® ¤«ï ª ¦¤®© äã­ªæ¨¨ c 2 C(U;R) ¨ ä¨ªá¨à®¢ ­­ëå ª®­áâ ­â �; 
 > 0, £¤¥ w�[c; U ]
| �-ª®«¥¡ ­¨¥ äã­ªæ¨¨ c(�) ­  ¬­®¦¥áâ¢¥ U .

�§ «¥¬¬ë 1.2 ¨ â¥®à¥¬ë 1.1 ¢ëâ¥ª ¥â

�«¥¤áâ¢¨¥ 1.1. �ãáâì g 2 S(R; C(U;R)) ¨ u 2 S(R � 
; U). �®£¤  ®â®¡à ¦¥­¨¥ (t; !) 7!
g(t; u(t; !)) ¯à¨­ ¤«¥¦¨â S(R � 
;R), ¨ ¥£® ¬®¤ã«ì á®¤¥à¦¨âáï ¢ Mod(�(g) [ �(u)).

�«¥¤áâ¢¨¥ 1.2. �ãáâì ®â®¡à ¦¥­¨¥ g : R � U ! R ¯à¨­ ¤«¥¦¨â «¨¡® ¯à®áâà ­áâ¢ã
S(R; C(U;R)), «¨¡® B(R � U;R). �®£¤  ¤«ï ¢áïª®£® � 2 APM1 ¨ u 2 S(R; U) äã­ªæ¨¨
t 7! h�(t); g(t; u)i, t 7! g(t; u(t)) ¯à¨­ ¤«¥¦ â ¯à®áâà ­áâ¢ã S(R;R), ¨ ¨å ¬®¤ã«¨ á®¤¥à¦ âáï
¢ Mod(�(�) [ �(g)) ¨ Mod(�(g) [ �(u)) á®®â¢¥âáâ¢¥­­®.

�¥«ìî ¤ ­­®© à ¡®âë ï¢«ï¥âáï

�¥®à¥¬  1.2.�ãáâì (
; �)| ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®, äã­ªæ¨ï c 2 C(U;Rn )
¨ ®â®¡à ¦¥­¨¥ � 2 S(R �
; rpm(U)) â ª®¥, çâ® ¯à¨ ª ¦¤®¬ ! 2 
 ãà ¢­¥­¨¥

_x = h�(t; !); c(u)i; t 2 R; (1.3)
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¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥­¨¥ x(t; !) =
tR
0

h�(s; !); c(u)ids, t 2 R. �®£¤  áãé¥áâ¢ã¥â â ª ï ¯®á«¥-

¤®¢ â¥«ì­®áâì äã­ªæ¨© fvig
1
i=1 � S(R � 
; U), çâ® Mod(vi) � Mod(�) ¯à¨ ª ¦¤®¬ i 2 N, ¨

ãà ¢­¥­¨¥ _x = c(vi(t; !)), t 2 R, ! 2 
, ¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥­¨¥ xi(t; !) =
tR
0

c(vi(s; !))ds,

t 2 R. �à¨ íâ®¬ ¬­®¦¥áâ¢® äã­ªæ¨© fxi(�; !); i 2 N; ! 2 
g � B(R;Rn) ®£à ­¨ç¥­® ¨

lim
i!1

(sup
!2


Mfjx(t; !) � xi(t; !)jg) = 0:

�®ª § â¥«ìáâ¢ã â¥®à¥¬ë 1.2 ¯à¥¤¯®è«¥¬ àï¤ ¢á¯®¬®£ â¥«ì­ëå ãâ¢¥à¦¤¥­¨©.

2. �¬¥¥â ¬¥áâ®

�¥®à¥¬  2.1. �ãáâì (
; �) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. �®£¤  ¤«ï ª ¦¤®£®

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

áâà ­áâ¢  S(R � 
; U), ¤«ï ª®â®à®© Mod(uj) � Mod(�) ¯à¨ ¢á¥å j 2 N ¨ ª®â®à ï ®¡« ¤ ¥â

á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨: 1) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® lim
j!1

(sup
!2


k�(�; !) � �uj(�;!)kw) = 0; 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 ¯à¨ j !1;

Mfg(t; uj(t; !))g �
!2


Mfh�(t; !); g(t; u)ig ¯à¨ j !1:

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.1,   â ª¦¥ ¤®ª § â¥«ìáâ¢® ­¨¦¥¯à¨¢®¤¨¬®© «¥¬¬ë 2.1,  ­ «®-
£¨ç­ë ¤®ª § â¥«ìáâ¢ ¬ á®®â¢¥âáâ¢ãîé¨å ãâ¢¥à¦¤¥­¨©, ¯à¨¢¥¤¥­­ëå ¢ [5], ¤«ï ®â®¡à ¦¥­¨ï
(t; !) 7! �(t; !) 2 rpm(U) â ª®£®, çâ® (áà. á ®¯à¥¤¥«¥­¨¥¬ 1.2) ¤«ï ª ¦¤®© äã­ªæ¨¨ c 2 C(U;R)
®â®¡à ¦¥­¨¥ (t; !) 7! h�(t; !); c(u)i ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã S(R; C(U;R)). �®íâ®¬ã ¯à¨¢¥¤¥¬
«¨èì ªà âª® ­¥®¡å®¤¨¬ãî ¢ ¤ «ì­¥©è¥¬ ª®­áâàãªæ¨î äã­ªæ¨© uj(�) ¨§ â¥®à¥¬ë 2.1.

�«ï ª ¦¤®£® j 2 N áâà®¨¬ â ª®¥ ®âªàëâ®¥ ¯®ªàëâ¨¥ U
(j)
1 ; : : : ;U (j)

pj
ª®¬¯ ªâ  U , çâ®

max
1�k�pj

(diamU
(j)
k ) � 1=j, ¨ ç¥à¥§ f�(j)

k g
pj
k=1 ®¡®§­ ç¨¬ ­¥¯à¥àë¢­®¥ à §¡¨¥­¨¥ ¥¤¨­¨æë, ¯®¤ç¨-

­¥­­®¥ íâ®¬ã ¯®ªàëâ¨î. �¥¯¥àì ¤«ï ª ¦¤®£® k = 1; : : : ; pj ä¨ªá¨àã¥¬ â®çªã u
(j)
k 2 U \ U

(j)
k ,

¢ ª®â®à®© �
(j)
k (u(j)k ) > 0, ¨ à áá¬®âà¨¬ äã­ªæ¨î (t; !) 7! �

(j)
k (t; !) := h�(t; !); �(j)

k (u)i 2 [0; 1],
(t; !) 2 R � 
. � ª ª ª � 2 S(R �
; rpm(U)), â® (á¬. ®¯à¥¤¥«¥­¨¥ 1.2) f�(j)k g

pj
k=1 � S(R �
; [0; 1])

¨ ¯à¨ íâ®¬
pjP
k=1

�
(j)
k (t; !) = 1, (t; !) 2 R � 
. �à¨ ª ¦¤®¬ j 2 N ¢¢¥¤¥¬ ®â®¡à ¦¥­¨¥ (t; !) !

�j(t; !)
:=

pjP
k=1

�
(j)
k (t; !)�

u
(j)

k

2 rpm(U), (t; !) 2 R � 
. �®¦­® ¯®ª § âì, çâ® ¯à¨ ª ¦¤®¬ j 2 N

�j 2 S(R � 
; rpm(U)) ¨ Mod(�j) � Mod(�). �ë¡¨à ¥¬ ¤ «¥¥ ç¨á«® a > 0 â ª¨¬, çâ®¡ë
4�=a 2 Mod(�) ¨ ®âà¥§®ª [0; a] à §¡¨¢ ¥¬ ­  j à ¢­ëå ®âà¥§ª®¢ I(j)l =

�
l�1
j
a; l

j
a
�
, l = 1; : : : ; j. �

á¢®î ®ç¥à¥¤ì, ª ¦¤ë© ®âà¥§®ª I(j)l à §®¡ì¥¬ ­  pj ç áâ¨ç­ëå ¯®¤®âà¥§ª®¢ I
(j)
lk
(�; !), k = 1; : : : ; pj ,

§ ¢¨áïé¨å ®â (�; !) 2 R � 
, ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢ ¬¨

I
(j)
l1
(�; !) :=

l � 1
j

a+
�
0;
Z
I
(j)

l

�
(j)
1 (t+ �; !)dt

�
;

I
(j)
lk
(�; !) :=

l � 1
j

a+
� k�1X
p=1

Z
I
(j)

l

�(j)p (t+ �; !)dt;
kX

p=1

Z
I
(j)

l

�(j)p (t+ �; !)dt
�
; k = 2; : : : ; pj :

(2.1)
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�§ (2.1) á«¥¤ã¥â, çâ® ®âà¥§ª¨ I
(j)
l1
(�; !); : : : ; I(j)lpj

(�; !) ¯à¨¬ëª îâ ¤àã£ ª ¤àã£ã ¨ ¯à¨ ª ¦¤®¬

l = 1; : : : ; j ®âà¥§®ª I
(j)
l á®¢¯ ¤ ¥â á ¨å ®¡ê¥¤¨­¥­¨¥¬. �¥¯¥àì à áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì

fw(j)
m gm2Z, á®áâ®ïéãî ¨§ ®â®¡à ¦¥­¨© w(j)

m : [0; a]� 
! U , m 2 Z, ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢®¬

w(j)
m (t; !) :=

jX
l=1

�
I
(j)

l

(t)
pjX
k=1

�
I
(j)

lk
(ma;!)

(t)u(j)k ; (t; !) 2 [0; a]� 
; (2.2)

£¤¥ I(j)lk
(ma;!), k = 1; : : : ; pj , § ¤ îâáï à ¢¥­áâ¢ ¬¨ (2.1) ¯à¨ � = ma,   �A(�) | å à ªâ¥à¨áâ¨-

ç¥áª ï äã­ªæ¨ï ¬­®¦¥áâ¢  A � R.

�¯à¥¤¥«¥­¨¥ 2.1. �®á«¥¤®¢ â¥«ì­®áâì ffmgm2Z ®â®¡à ¦¥­¨©

(t; !)! fm(t; !) 2 Y; (t; !) 2 [0; a] � 
; (2.3)

­ §ë¢ ¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® ! 2 
, ¥á«¨ ¯à¨ ª ¦¤®¬ ! 2 
 ¯®á«¥¤®¢ â¥«ì­®áâì ffm(�; !)gm2Z
á®¤¥à¦¨âáï ¢ L1([0; a];Y), ï¢«ï¥âáï ¯. ¯. (â. ¥. ¤«ï «î¡®£® " > 0 ¬­®¦¥áâ¢® E(ffm(�; !)gm2Z; ")

:=n
n 2 Z : sup

m2Z

aR
0

jfm+n(t; !)�fm(t; !)jdt < "
o
®â­®á¨â¥«ì­® ¯«®â­®), ¨, ªà®¬¥ â®£®, lim


#0
d
 [ffmgm2Z;
] =

0, £¤¥

d
 [ffmgm2Z;
]
:= sup

!1;!22

�(!1;!2)�


�
sup
m2Z

Z a

0
jfm(t; !1)� fm(t; !2)jdt

�
:

�á«¨ ¯®á«¥¤®¢ â¥«ì­®áâì ffmgm2Z ®â®¡à ¦¥­¨© (2.3) ¯. ¯. à ¢­®¬¥à­® ¯® ! 2 
, â® á®£« á­®
®¯à¥¤¥«¥­¨î 2.1 ¯à¨ ª ¦¤®¬ ! 2 
 ¯®á«¥¤®¢ â¥«ì­®áâì ffm(�; !)gm2Z ¨§ L1([0; a];Y) ¯. ¯., ¨,
á«¥¤®¢ â¥«ì­®, ¤«ï ­¥¥ ¬®¦­® ®¯à¥¤¥«¨âì ¬­®¦¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨
�(ffm(�; !)gm2Z). �®£¤  ¬­®¦¥áâ¢® �(ffmgm2Z)

:=
S
!2


�(ffm(�; !)gm2Z) ­ §ë¢ ¥âáï ¬­®¦¥áâ¢®¬

¯®ª § â¥«¥© �ãàì¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ ffmgm2Z,   Mod(ffmgm2Z)
:= Mod(�(ffmgm2Z)) | ¥¥ ¬®-

¤ã«¥¬.
� ª ¦¥, ª ª ¨ ¢ [5], ¯®ª §ë¢ ¥¬, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì fw(j)

m gm2Z ®â®¡à ¦¥­¨© (2.2) ï¢«ï-
¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® ! 2 
 ¨

Mod(fw(j)
m gm2Z) � aMod(�) + 2�Z: (2.4)

�âáî¤  (á¬. ®¯à¥¤¥«¥­¨ï 1.2 ¨ 2.1) ­¥á«®¦­® § ª«îç¨âì, çâ® ¯à¨ ª ¦¤®¬ j 2 N äã­ªæ¨ï uj :
R � 
 ! U , ®¯à¥¤¥«¥­­ ï ­  ª ¦¤®¬ ¬­®¦¥áâ¢¥ [ma; (m + 1)a] � 
, m 2 Z, à ¢¥­áâ¢®¬ uj(t +
ma;!) := w(j)

m (t; !), (t; !) 2 [0; a] � 
, ¯à¨­ ¤«¥¦¨â S(R � 
; U), ¨, ªà®¬¥ â®£®, ¢ á¨«ã ¢ë¡®à 
ç¨á«  a > 0 ¨ ¢ª«îç¥­¨ï (2.4) Mod(uj) � Mod(�).

�®« £ ¥¬

�
(1)
j (t; !) := �(t; !)��j(t; !); �

(2)
j (t; !) := �j(t; !)� �uj(t;!); (t; !) 2 R � 
; j 2 N:

�á­®, çâ® ¤«ï ¢á¥å j 2 N �
(q)
j 2 S(R�
; frm(U)); k�(q)j k � 2, q = 1; 2. � ª ª ª � 2 S(R � 
; rpm(U))

¨ diamU
(j)
k � 1=j, â® ¨§ á®®â­®è¥­¨©

sup
t2R

Z t+l

t

jh�(1)j (s; !); c(u)ijds � sup
t2R

Z t+l

t

� pjX
k=1

Z
U

�(j)
k (u)jc(u(j)k )� c(u)j�(s; !)(du)

�
ds � lw 1

j
[c; U ]

¢ëâ¥ª ¥â, çâ® ¯à¨ ª ¦¤®¬ l > 0

sup
t2R

Z t+l

t

jh�
(1)
j (s; !); c(u)ijds �

!2

0 ¯à¨ j !1: (2.5)

�¥¬¬  2.1. �«ï ª ¦¤®© äã­ªæ¨¨ g 2 S(R; C(U;R)) ¨ «î¡®£® ä¨ªá¨à®¢ ­­®£® l > 0

sup
t2R

����
Z t+l

t

h�
(2)
j (s; !); g(s; u)ids

���� �
!2


0 ¯à¨ j !1: (2.6)
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�«¥¤áâ¢¨¥ 2.1. �ãáâì c 2 C(U;R). �®£¤  ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ­­®¬ l > 0

sup
m2Z

�
sup

t2[ml;(m+1)l]

����
Z t

ml

h�(2)j (s; !); c(u)ids
����
�
�
!2


0 ¯à¨ j !1: (2.7)

�®ª § â¥«ìáâ¢®. �®¯ãáâ¨¬ ¯à®â¨¢­®¥. �®£¤  ­ ©¤ãâáï ª®­áâ ­â  
 > 0, áâà®£® ¢®§à áâ î-
é ï ¯®á«¥¤®¢ â¥«ì­®áâì fj(N)g1N=1 � N,   â ª¦¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f!Ng1N=1 � 
; fmNg

1
N=1 �

Z ¨ ftNg1N=1, £¤¥ tN
:= mN l + �N l, �N 2 [0; 1), â ª¨¥, çâ® ¤«ï ª ¦¤®£® N 2 N ¡ã¤¥â ¢ë¯®«­¥­®

­¥à ¢¥­áâ¢® ����
Z tN

mN l

h�
(2)
j(N)(s; !N); c(u)ids

���� � 
:

�®áª®«ìªã f�Ng
1
N=1 � [0; 1), â® ¬®¦­® áç¨â âì, çâ® lim

N!1
�N = � 2 [0; 1]. �®íâ®¬ã, ãç¨âë¢ ï

jh�
(2)
j (t; !); c(u)ij � 2kckC(U;R), (t; !) 2 R � 
, j 2 N, ¨§ ãª § ­­®£® ¢ëè¥ ­¥à ¢¥­áâ¢  ¯®«ãç¨¬

áãé¥áâ¢®¢ ­¨¥ bN 2 N, ­ ç¨­ ï á ª®â®à®£® ¡ã¤ãâ ¢ë¯®«­ïâìáï ­¥à ¢¥­áâ¢ 

sup
!2


�
sup
m2Z

����
Z ml+l

ml

h�(2)j(N)(s; !); g(s; u)ids
����
�
� 
=2;

£¤¥ g(t; u) := f(t)c(u), (t; u) 2 R � U ,   f : R ! R | l-¯¥à¨®¤¨ç¥áª ï äã­ªæ¨ï, ª®â®à ï ­ 
[0; l] ®¯à¥¤¥«ï¥âáï à ¢¥­áâ¢®¬ f(t) := �[0;�l](t), t 2 [0; l]. �ç¥¢¨¤­®, â ª § ¤ ­­ ï äã­ªæ¨ï g ¯à¨-
­ ¤«¥¦¨â S(R; C(U;R)) ¨, á«¥¤®¢ â¥«ì­®, ¯®«ãç¥­­®¥ ­¥à ¢¥­áâ¢® ­¥á®¢¬¥áâ­® á ¯à¥¤¥«ì­ë¬
á®®â­®è¥­¨¥¬ (2.6).

� «¥¥, ¯à¨ ª ¦¤®¬ ! 2 
 ¨ «î¡ëå m 2 Z, j 2 N (á¬. ®¯à¥¤¥«¥­¨¥ ¬¥à �j ¨ (2.2)) ¨¬¥¥¬Z (m+1)a

ma

h�
(2)
j (s; !); c(u)ids =

jX
l=1

�Z
I
(j)

l

pjX
k=1

�
(j)
k (t+ma;!)c(u(j)k )dt�

pjX
k=1

Z
I
(j)

lk
(ma;!)

c(u(j)k )dt
�
=

=
jX

l=1

pjX
k=1

�Z
I
(j)

l

�
(j)
k (t+ma;!)dt�mes I(j)lk

(ma;!)
�
c(u(j)k )

(2:1)
= 0;

¯®íâ®¬ã ¯à¨ ª ¦¤®¬ ! 2 
, j 2 N, q 2 ZZ qa

0

h�j(s; !); c(u)ids =
Z qa

0

c(uj(s; !))ds: (2.8)

3. � íâ®¬ ¯ã­ªâ¥ ¯à¨¢¥¤¥¬ ¥é¥ àï¤ á¢®©áâ¢ ¢¢¥¤¥­­ëå ®â®¡à ¦¥­¨© �j 2 S(R � 
; rpm(U))
¨ uj 2 S(R � 
; U), j 2 N, ®â¢¥ç îé¨å � 2 S(R � 
; rpm(U)) ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ® ¤«ï íâ®£® �
ãà ¢­¥­¨¥ (1.3) ¯à¨ ª ¦¤®¬ ! 2 
 ¨¬¥¥â ¯. ¯. ¯® �®àã (¨«¨, çâ® à ¢­®á¨«ì­®, ®£à ­¨ç¥­­®¥ ­ 

R) à¥è¥­¨¥ x(t; !) =
tR
0

h�(s; !); c(u)ids.

�¥¬¬  3.1. �®¯ãáâ¨¬, çâ® ¯à¨ ª ¦¤®¬ ! 2 
 ffj(�; !)g1j=1 � Lloc
1 (R;Rn), ¨ áãé¥áâ¢ãîâ

â ª¨¥ áâà®£® ¢®§à áâ îé¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fj(l)g1l=1, fq(l)g
1
l=1 � N, çâ® ¯à¨ ª ¦¤®¬

l 2 N ����
Z q(l)

0

fj(l)(s; !l)ds
���� � l: (3.1)

�®£¤  ­ ©¤ãâáï áâà®£® ¢®§à áâ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì fhkg
1
k=1 � (0;1) ¨ ª®­áâ ­â  
 > 0

â ª¨¥, çâ®

inf
N2N

�
sup
k;l�N
p2N

�
sup
!2


�
sup
t2R

����
Z t+hk+p

t+hk

fj(l)(s; !)ds
����
���

� 
: (3.2)
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�®ª § â¥«ìáâ¢®. �®¯ãáâ¨¢ ¯à®â¨¢­®¥, ¯®«ãç¨¬, çâ® ¤«ï ¯®á«¥¤®¢ â¥«ì­®áâ¨ hk
:= k, k 2 N,

¨ ª®­áâ ­âë 

:= 1=4 ­ ©¤¥âáï â ª®¥ bN 2 N, çâ® ¯à¨ ¢á¥å k; l � bN ¨ p = k ¡ã¤¥â ¢ë¯®«­¥­®

­¥à ¢¥­áâ¢®

sup
t2R

����
Z t+2k

t+k

fj(l)(s; !l)ds
���� < 1

2
:

�¥¯¥àì, ¢§ï¢ l0 � bN â ª¨¬, çâ®¡ë q(l0) � bN , ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (3.1), ¯®«ãç¨¬ ¯à®â¨¢®à¥-
ç¨¢ë¥ ­¥à ¢¥­áâ¢ 

l0 �

����
Z q(l0)

0

fj(l0)(s; !l0)ds
���� < 1

2
: �

�¥¬¬  3.2. �®¯ãáâ¨¬, çâ® ffj(�; !)g1j=1 � Lloc
1 (R;Rn) ¯à¨ ª ¦¤®¬ ! 2 
, ¨ áãé¥áâ¢ãîâ

ª®­áâ ­â  � > 0 ¨ áâà®£® ¢®§à áâ îé¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fj(l)g1l=1, fq(l)g
1
l=1 � N â ª¨¥,

çâ® ¯à¨ ª ¦¤®¬ l 2 N ����
Z q(l)

0

fj(l)(s; !l)ds
���� � �: (3.3)

�®£¤  ­ ©¤ãâáï áâà®£® ¢®§à áâ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì fhkg
1
k=1 � (0;1) ¨ ª®­áâ ­â  
,

¯à¨­ ¤«¥¦ é ï (0; �), ¤«ï ª®â®àëå ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.2).

�«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë, ¯à¥¤¯®«®¦¨¢ ¯à®â¨¢­®¥, ¢®§ì¬¥¬ ¯®á«¥¤®¢ â¥«ì­®áâì hk
:= k,

k 2 N, ª®­áâ ­âã 

:= �=8 ¨ â ª ¦¥, ª ª ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¯à¥¤ë¤ãé¥© «¥¬¬ë, ¯à¨¤¥¬ ª

­¥à ¢¥­áâ¢ã, ¯à®â¨¢®à¥ç é¥¬ã (3.3).
A­ «®£¨ç­® ¤®ª §ë¢ îâáï á«¥¤ãîé¨¥ ¤¢  ãâ¢¥à¦¤¥­¨ï.

�¥¬¬  3.3. �®¯ãáâ¨¬, çâ® ffj(�; !)g1j=1 � Lloc
1 (R;Rn) ¯à¨ ª ¦¤®¬ ! 2 
, ¨ áãé¥áâ¢ãîâ

â ª¨¥ áâà®£® ¢®§à áâ îé ï fj(l)g1l=1 � N ¨ áâà®£® ã¡ë¢ îé ï fq(l)g1l=1 � Z� ¯®á«¥¤®¢ â¥«ì-

­®áâ¨, çâ® ¯à¨ ª ¦¤®¬ l 2 N ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3:1). �®£¤  ­ ©¤ãâáï áâà®£® ã¡ë¢ îé ï
¯®á«¥¤®¢ â¥«ì­®áâì fhkg

1
k=1 � (�1; 0) ¨ ª®­áâ ­â  
 > 0, ¤«ï ª®â®àëå ¡ã¤¥â ¢ë¯®«­ïâìáï

­¥à ¢¥­áâ¢® (3.2).

�¥¬¬  3.4. �®¯ãáâ¨¬, çâ® ffj(�; !)g1j=1 � Lloc
1 (R;Rn) ¯à¨ ª ¦¤®¬ ! 2 
, ¨ áãé¥áâ¢ãîâ

ª®­áâ ­â  � > 0,   â ª¦¥ áâà®£® ¢®§à áâ îé ï fj(l)g1l=1 � N ¨ áâà®£® ã¡ë¢ îé ï fq(l)g1l=1 �
Z� ¯®á«¥¤®¢ â¥«ì­®áâ¨ â ª¨¥, çâ® ¯à¨ ª ¦¤®¬ l 2 N ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3:3). �®£¤ 
­ ©¤ãâáï áâà®£® ã¡ë¢ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì fhkg

1
k=1 � (�1; 0) ¨ ª®­áâ ­â  
 2 (0; �),

¤«ï ª®â®àëå ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.2).

�¥¯¥àì ¯à¨ ª ¦¤®¬ j 2 N à áá¬®âà¨¬ ®â®¡à ¦¥­¨¥

(t; !) 7! fj(t; !)
:= h�j(t; !); c(u)i 2 R

n ; (t; !) 2 R � 
; (3.4)

¯à¨­ ¤«¥¦ é¥¥ (á¬. ®¯à¥¤¥«¥­¨¥ 1.2) S(R � 
;Rn ).

�¥¬¬  3.5. �ãáâì sup
t2R

jx(t; !)j <1 ¯à¨ ª ¦¤®¬ ! 2 
. �®£¤ 

lim
j!1

�
sup
!2


�
sup
t2R

����
Z t

0

fj(s; !)ds
����
��

<1:

�®ª § â¥«ìáâ¢®. � ª ª ª (á¬. ®¯à¥¤¥«¥­¨¥ ¬¥à �j ¨ (3.4)) sup
(t;!)2R�


jfj(t; !)j � c, j 2 N, £¤¥

(¢áî¤ã ¤ «¥¥) c := max
u2U

jc(u)j, â® ¤«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 3.5 ¤®áâ â®ç­® ¯®ª § âì, çâ®

lim
j!1

�
sup
!2


�
sup
q2Z

����
Z q

0

fj(s; !)ds
����
��

<1:
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�á«¨ ¤®¯ãáâ¨âì ¯à®â¨¢­®¥, â® ­ ©¤ãâáï ¯®á«¥¤®¢ â¥«ì­®áâ¨ f!lg1l=1 � 
, fq(l)g1l=1 � Z,   â ª¦¥
áâà®£® ¢®§à áâ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì fj(l)g1l=1 â ª¨¥, çâ® ¯à¨ ª ¦¤®¬ l 2 N ¤«ï äã­ª-
æ¨© fj(l), ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢®¬ (3.4), ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.1), ª®â®à®¥ ¢ á¨«ã
ãá«®¢¨ï «¥¬¬ë 3.5 ¨ ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï (2.5) ­¥¢®§¬®¦­®, ¥á«¨ sup

l2N

jq(l)j < 1, â. ¥. ¯à¨

á¤¥« ­­®¬ ¯à¥¤¯®«®¦¥­¨¨ ­¥®¡å®¤¨¬® lim
l!1

jq(l)j =1. �®íâ®¬ã ¢®§¬®¦­ë á«ãç ¨, ª®£¤  ¨§ ¯®-

á«¥¤®¢ â¥«ì­®áâ¨ fq(l)g1l=1 ¬®¦­® ¢ë¤¥«¨âì áâà®£® ¢®§à áâ îéãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì, ¯à¨-
­ ¤«¥¦ éãî N, «¨¡® áâà®£® ã¡ë¢ îéãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì ¨§ Z�. � áá¬®âà¨¬ ¯¥à¢ë©
¢®§¬®¦­ë© á«ãç ©, ¨ ¤«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â âì, çâ® á ¬  ¯®á«¥¤®¢ â¥«ì­®áâì fq(l)g1l=1 � N

ï¢«ï¥âáï áâà®£® ¢®§à áâ îé¥©. �®£¤  ¯® «¥¬¬¥ 3.1 ­ ©¤ãâáï áâà®£® ¢®§à áâ îé ï ¯®á«¥¤®¢ -
â¥«ì­®áâì fhkg1n=1 � (0;1) ¨ ª®­áâ ­â  
 > 0 â ª¨¥, çâ® ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.2). �§
­¥£® ¢ëâ¥ª ¥â, çâ® ¤«ï ª ¦¤®£® N 2 N ­ ©¤ãâáï â ª¨¥ k(N); l(N) � N ¨ p(N) 2 N, ¯à¨ ª®â®àëå

sup
!2


FN(!) �



2
; FN(!)

:= sup
t2R

����
Z t+b(N)

t+a(N)

fj(N)(s; !)ds
����; (3.5)

£¤¥ a(N) := hk(N), b(N) := hk(N)+p(N), j(N) := j(l(N)), N 2 N. �§ (3.5) ¯®«ãç ¥¬, çâ® ¤«ï ¢áïª®£®
N 2 N b(N) � a(N) � l

:= 


2c
¨, ªà®¬¥ â®£®, ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì f!(N)g1N=1 �


, çâ® ¯à¨ ª ¦¤®¬ N 2 N FN (!(N)) > 
=4. � «¥¥, â. ª. (
; �) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥
¯à®áâà ­áâ¢®, â® ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ ¬®¦­® áç¨â âì, çâ® !(N) ! b! 2 
 ¯à¨ N ! 1.
�¥¯¥àì ¨§ ­¥à ¢¥­áâ¢  FN(!(N)) > 
=4 (á¬. (3.4), (3.5)), N 2 N, ¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å N 2 N




4
� sup

!2


�
sup
t2R

Z t+l

t

jh�
(1)
j(N)(s; !); c(u)ijds

�
+ Il(N) + sup

t2R

����
Z t+b(N)

t+a(N)
h�(s; b!); c(u)ids����; (3.6)

£¤¥

Il(N) := sup
t2R

Z t+l

t

jh�(s; !(N)) � �(s; b!); c(u)ijds:
�®ª ¦¥¬, çâ® lim

N!1
I1(N) = 0. � á ¬®¬ ¤¥«¥, â. ª. � 2 S(R � 
; rpm(U)), â® ®â®¡à ¦¥­¨¥ (á¬.

®¯à¥¤¥«¥­¨¥ 1.2) (t; !) ! f(t; !) := h�(t; !); c(u)i ¯à¨­ ¤«¥¦¨â S(R � 
;Rn) ¨, á«¥¤®¢ â¥«ì­®
(á¬. ®¯à¥¤¥«¥­¨¥ 1.1 ¨ (1.2)), ¤«ï § ¤ ­­®£® " > 0 ­ ©¤¥âáï â ª®¥ 
0 > 0, çâ® d
0 [f;
] < ". � ª
ª ª �(!(N); b!) ! 0 ¯à¨ N ! 1, â® ­ ©¤¥âáï â ª®¥ N0, çâ® ¯à¨ ¢á¥å N � N0 �(!(N); b!) �

0, ¨ ¯®íâ®¬ã I1(N) � d
0 [f;
] < ", â. ¥. lim

N!1
I1(N) = 0. �âáî¤ , ¨á¯®«ì§ãï â®¯®«®£¨ç¥áªãî

íª¢¨¢ «¥­â­®áâì dl-à ááâ®ï­¨© ([1], á. 198), ¯®«ãç ¥¬ lim
N!1

Il(N) = 0. �®£¤  ¢ á¨«ã (2.5) ¨§ (3.6)

¢ëâ¥ª ¥â, çâ® ­ ©¤¥âáï â ª®¥ bN 2 N, çâ® ¯à¨ ¢á¥åN � bN sup
t2R

jx(t+b(N); b!)�x(t+a(N); b!)j � 
=8.

�®á«¥¤­¥¥ ®§­ ç ¥â, çâ® ¬­®¦¥áâ¢® ¯. ¯. ¯® �®àã äã­ªæ¨© fx(�+ hn; b!)g1n=1, £¤¥ h1
:= a( bN ), h2

:=
b( bN), h3

:= a( bN +1), h4
:= b( bN +1); : : : , ­¥ ¨¬¥¥â ª®­¥ç­®© 
=8-á¥â¨, çâ® ¢ á¨«ã â¥®à¥¬ë �®å­¥à 

[1] ­¥¢®§¬®¦­®. �®ç­® â ª ¦¥, ¨á¯®«ì§ãï «¥¬¬ã 3.3, ¯à¨¤¥¬ ª ¯à®â¨¢®à¥ç¨î ¢ á«ãç ¥, ª®£¤ 
¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(l)g1l=1 ¬®¦­® ¢ë¤¥«¨âì áâà®£® ã¡ë¢ îéãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì,
á®¤¥à¦ éãîáï ¢ Z�.

�§ «¥¬¬ë 3.5 ¨ â¥®à¥¬ë ®¡ ¨­â¥£à «¥ ®â ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© ([1], á .206) á ãç¥â®¬
­¥à ¢¥­áâ¢  (á¬. (3.4)) jfj(t; !)j � c, j 2 N, ¢ëâ¥ª ¥â

�«¥¤áâ¢¨¥ 3.1. �ãáâì ¯à¨ ª ¦¤®¬ ! 2 
 sup
t2R

jx(t; !)j < 1. �®£¤  áãé¥áâ¢ã¥â áâà®£® ¢®§-

à áâ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì fj(l)g1l=1 � N â ª ï, çâ® ¯à¨ «î¡ëå l 2 N ¨ ! 2 
 ãà ¢­¥­¨¥
_x = h�j(l)(t; !); c(u)i ¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥­¨¥

xj(l)(t; !) =
Z t

0

h�j(l)(s; !); c(u)ids; t 2 R; (3.7)

¯à¨ç¥¬ ¬­®¦¥áâ¢® fxj(l)(�; !); l 2 N; ! 2 
g � B(R;Rn) ®£à ­¨ç¥­®.

�§ á«¥¤áâ¢¨ï 3.1 ¨ à ¢¥­áâ¢  (2.8) ¯®«ãç ¥¬
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�«¥¤áâ¢¨¥ 3.2. �ãáâì ¯à¨ ª ¦¤®¬ ! 2 
 sup
t2R

jx(t; !)j <1 ¨ fj(l)g1l=1 | ¯®á«¥¤®¢ â¥«ì­®áâì

¨§ á«¥¤áâ¢¨ï 3.1. �®£¤  ¯à¨ «î¡ëå l 2 N ¨ ! 2 
 ãà ¢­¥­¨¥ _x = c(uj(l)(t; !)) ¨¬¥¥â ¯. ¯. ¯® �®àã
à¥è¥­¨¥

xj(l)(t; !) =
Z t

0
c(uj(l)(s; !))ds; (3.8)

¨ ¯à¨ íâ®¬ ¬­®¦¥áâ¢® fxj(l)(�; !); l 2 N; ! 2 
g � B(R;Rn) ®£à ­¨ç¥­®.

4. �à¨ ª ¦¤®¬ l 2 N à áá¬®âà¨¬ (á¬. á«¥¤áâ¢¨ï 3.1, 3.2) ¯. ¯. ¯® �®àã äã­ªæ¨¨ �xj(l)(�; !)
:=

x(�; !)� xj(l)(�; !), �xj(l)(�; !)
:= xj(l)(�; !) � xj(l)(�; !), ! 2 
.

�¥¬¬  4.1. �ãáâì ¯à¨ ª ¦¤®¬ ! 2 
 sup
t2R

jx(t; !)j <1. �®£¤ 

lim
l!1

(sup
!2


(sup
q2Z

j�xj(l)(q; !)j)) = 0:

�®ª § â¥«ìáâ¢®. �®¯ãáâ¨¬ ¯à®â¨¢­®¥. �®£¤  ­ ©¤ãâáï â ª¨¥ ª®­áâ ­â  � > 0, ¯®á«¥¤®¢ -
â¥«ì­®áâ¨ f!lg

1
l=1 � 
, fq(l)g1l=1 � Z, áâà®£® ¢®§à áâ îé ï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fj(l)g1l=1 �

fj(l)g1l=1, çâ® ¯à¨ ª ¦¤®¬ l 2 N ¤«ï äã­ªæ¨¨ (á¬. (3.7))

(t; !)! fj(l)(t; !)
:= h�

(1)
j(l)(t; !); c(u)i 2 R

n ; (t; !) 2 R � 
; (4.1)

¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.3) ¯à¨ j(l) := j(l), ª®â®à®¥ ¢ á¨«ã ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï (2.5)
­¥¢®§¬®¦­®, ¥á«¨ sup

l2N

jq(l)j <1, â. ¥. ¯à¨ á¤¥« ­­®¬ ¯à¥¤¯®«®¦¥­¨¨ ­¥®¡å®¤¨¬® lim
l!1

jq(l)j =1.

�®íâ®¬ã ¢®§¬®¦­ë á«ãç ¨, ª®£¤  ¨§ íâ®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¬®¦­® ¢ë¤¥«¨âì áâà®£® ¢®§à -
áâ îéãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì, ¯à¨­ ¤¥¦ éãî N, «¨¡® áâà®£® ã¡ë¢ îéãî ¯®¤¯®á«¥¤®¢ -
â¥«ì­®áâì ¨§ Z�. � ¯¥à¢®¬ á«ãç ¥ áç¨â ¥¬, çâ® á ¬  ¯®á«¥¤®¢ â¥«ì­®áâì fq(l)g1l=1 � N ï¢«ï-
¥âáï áâà®£® ¢®§à áâ îé¥©. �® «¥¬¬¥ 3.2 ­ ©¤ãâáï áâà®£® ¢®§à áâ îé ï ¯®á«¥¤®¢ â¥«ì­®áâì
fhkg

1
k=1 � (0;1) ¨ ª®­áâ ­â  
 2 (0; �) â ª¨¥, çâ® ¤«ï äã­ªæ¨¨ fj(l), ®¯à¥¤¥«¥­­®© à ¢¥­áâ¢®¬

(4.1), ¯à¨ j(l) = j(l) ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.2). �§ ­¥£® ¢ëâ¥ª ¥â, çâ® ¤«ï íâ®© äã­ª-
æ¨¨ ¨ ¤«ï ª ¦¤®£® N 2 N ­ ©¤ãâáï â ª¨¥ k(N); l(N) � N ¨ p(N) 2 N, çâ® ¡ã¤¥â ¨¬¥âì ¬¥áâ®
­¥à ¢¥­áâ¢® (3.5) ¯à¨ j(N) = i(N) _=j(l(N)). �âáî¤  ¤«ï ¢áïª®£® N 2 N b(N) � a(N) � 


4c
¨

áãé¥áâ¢ã¥â â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì â®ç¥ª f!Ng1N=1 � 
, çâ® FN (!N) � 
=4. �«¥¤®¢ â¥«ì­®,
¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®




4
� sup

!2


�
sup
t2R

Z t+l

t

jh�
(1)
i(N)(s; !N); c(u)ijds

�
;

ª®â®à®¥ ­¥ á®¢¬¥áâ­® á (2.5) ¯à¨ l
:= 


4c
. �®ç­® â ª ¦¥, ¨á¯®«ì§ãï «¥¬¬ã 3.4, ¯à¨¤¥¬ ª ¯à®â¨-

¢®à¥ç¨î ¢ á«ãç ¥, ª®£¤  ¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(l)g1l=1 ¬®¦­® ¢ë¤¥«¨âì áâà®£® ã¡ë¢ îéãî
¯®¤¯®á«¥¤®¢ â¥«ì­®áâì, á®¤¥à¦ éãîáï ¢ Z�.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.2. � á¨«ã «¥¬¬ë 4.1 ¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fj(l)g1l=1 ¬®¦­®
¢ë¤¥«¨âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fj(i)g1i=1, çâ® (á¬. á«¥¤áâ¢¨¥ 3.2) ¯à¨ ª ¦¤®¬ i 2 N ¨
¢áïª®¬ ! 2 
 äã­ªæ¨ï xi(�; !)

:= xj(i)(�; !) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ ãà ¢­¥­¨ï _x = c(vi(t; !)), £¤¥
vi(t; !)

:= uj(i)(t; !), (t; !) 2 R�
. �à¨ íâ®¬ ¬­®¦¥áâ¢® äã­ªæ¨© fxi(�; !); i 2 N; ! 2 
g � B(R;Rn)
®£à ­¨ç¥­® ¨

lim
i!1

(sup
!2


(sup
m2Z

j�xj(i)(m;!)j)) = 0: (4.2)
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�à¨ «î¡ëå q 2 N, i 2 N ¨ ¢áïª®¬ ! 2 
 (á¬. (2.8), (3.7) ¨ (3.8)) ¨¬¥¥¬ á®®â­®è¥­¨ï

1
qa

Z qa

0

jx(t; !)� xj(i)(t; !)jdt �
1
qa

q�1X
m=0

Z (m+1)a

ma

(j�xj(i)(t; !)j+ j�xj(i)(t; !)j)dt �

� sup
!2


(sup
m2Z

j�xj(l)(m;!)j) + sup
!2


�
sup
t2R

Z t+a

t

jh�
(1)
j(i)(s; !); c(u)ijds

�
+

+ sup
!2


�
sup
m+Z

�
sup

t2[ma;(m+1)a]

����
Z t

ma

h�
(2)
j(i)(s; !); c(u)ids

����
��

;

¨§ ª®â®àëå ¢ á¨«ã ¯à¥¤¥«ì­ëå à ¢¥­áâ¢ (2.5) ¨ (2.7) ¯à¨ l
:= a ¨ (4.2) ¯®«ãç ¥¬

lim
i!1

sup
!2


Mfjx(t; !) � xi(t; !)jg
:= lim

i!1
sup
!2


Mfjx(t; !) � xj(i)(t; !)jg = 0: �

�â¬¥â¨¬, çâ® ¤®ª § ­­ ï â¥®à¥¬  1.2 ¨£à ¥â ¢ ¦­ãî à®«ì, ¢®-¯¥à¢ëå, ¯à¨ ®¡®á­®¢ ­¨¨ ª®à-
à¥ªâ­®áâ¨ à áè¨à¥­¨ï § ¤ ç ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨¦¥­¨ï¬¨ (­ ¯à., [8]) á ãà ¢­¥­¨-
ï¬¨ á¢ï§¨ ¢¨¤  _x = c(u(t)), t 2 R, u(�) 2 S(R; U),   ¢®-¢â®àëå, ¯à¨ ¤®ª § â¥«ìáâ¢¥ ­¥®¡å®¤¨¬ëå
ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ ¢ â ª¨å § ¤ ç å.
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