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� ª« áá¥ ®¡®¡é¥­­ëå ã¯à ¢«¥­¨©1 (¬¥à) ¯à¨¢¥¤¥­ë ¤®áâ â®ç­ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï
®¯â¨¬ «ì­®£® ¯à®æ¥áá  ¢ á¬ëá«¥ à ¡®âë ([8], á. 525) ¨ ¢ â¥à¬¨­ å ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨-
£®¢, ®¯à¥¤¥«¥­­®© ­  ¬­®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ ­¥«¨­¥©­®© á¨áâ¥¬ë ã¯à ¢«¥­¨ï, ãª § -
­ë ¤®áâ â®ç­ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®£® (¯. ¯.) ¬ £¨áâà «ì­®£® ¯à®æ¥áá ,
ï¢«ïîé¥£®áï à¥è¥­¨¥¬ § ¤ ç¨ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨¦¥­¨ï¬¨.

1. �ãáâì R
n | n-¬¥à­®¥ ¥¢ª«¨¤®¢® ¯à®áâà ­áâ¢® á® áâ ­¤ àâ­®© ­®à¬®©, Hom(Rn ) | ¯à®-

áâà ­áâ¢® «¨­¥©­ëå ®¯¥à â®à®¢ L : Rn ! R
n á ­®à¬®© jLj := max

jxj�1
jLxj. �¥à¥§ Vn;T

:= V(T�U;Rn),

£¤¥ U 2 comp(Rm ),   ¢ ª ç¥áâ¢¥ T à áá¬ âà¨¢ ¥âáï «¨¡® ®âà¥§®ª ¯àï¬®©, «¨¡® ¢áï ¯àï¬ ï, ®¡®-
§­ ç¨¬ á®¢®ªã¯­®áâì äã­ªæ¨© ' : T � U ! Rn , ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ '(t; �) 2 C(U;Rn)
¯à¨ ¯. ¢. t 2 T, ¤«ï ª ¦¤®£® u 2 U ®â®¡à ¦¥­¨¥ t 7! '(t; u) ¨§¬¥à¨¬® (¯® �¥¡¥£ã) ¨ áãé¥áâ¢ã-
¥â â ª ï äã­ªæ¨ï  ' 2 Lloc

1 (T;R+) (R+
:= [0;1)), çâ® max

u2U
j'(t; u)j �  '(t) ¯à¨ ¯. ¢. t 2 T. �

Vn;T ®¯à¥¤¥«¥­  ­®à¬  k � kVn;T
[2]. � ¤ «ì­¥©è¥¬ Vloc(R � U;Rn) | á®¢®ªã¯­®áâì â ª¨å ®â®-

¡à ¦¥­¨© ' : R � U ! R
n , çâ® ' 2 Vn;T ¤«ï ª ¦¤®£® ®âà¥§ª  T � R, ¨ (frm(U); j � jw) |

­®à¬¨à®¢ ­­®¥ ¯à®áâà ­áâ¢® ¬¥à � ¤®­  ­  Rm , ­®á¨â¥«ì ª®â®àëå á®¤¥à¦¨âáï ¢ U ([2], c. 297),
rpm(U) | ¥£® ¯®¤¬­®¦¥áâ¢®, á®áâ®ïé¥¥ ¨§ ¢¥à®ïâ­®áâ­ëå ¬¥à � ¤®­  ¨ DIR(U) | á®¢®ªã¯-
­®áâì ¬¥à �¨à ª  �u, á®áà¥¤®â®ç¥­­ëå ¢ â®çª å u 2 U; M (T; frm(U)) | á®¢®ªã¯­®áâì â ª¨å
¨§¬¥à¨¬ëå ®â®¡à ¦¥­¨© � : T ! (frm(U); j � jw), çâ® k�kT

:= ess sup
t2T

j�(t)(U)j < 1 (j�(t)j(U) |

¢ à¨ æ¨ï ¬¥àë �(t) 2 frm(U)), MT

:= M (T; rpm(U)) ¨ M(1)
T

| á®¢®ªã¯­®áâì ¨§¬¥à¨¬ëå ®â®¡à -
¦¥­¨© t 7! �u(t) 2 DIR(U) � (frm(U); j � jw), ª®â®à ï ¨§®¬®àä­  UT | ¬­®¦¥áâ¢ã ¨§¬¥à¨¬ëå
®â®¡à ¦¥­¨©2 u : T ! U ¨, á«¥¤®¢ â¥«ì­®, ª ¦¤®¥ u(�) 2 UT ¬®¦­® à áá¬ âà¨¢ âì ª ª í«¥¬¥­â
¨§ M(1)

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

1;T
�= M (T; frm(U)),

â® ¢ M (T; frm(U)) ¢®§¬®¦­® ®¯à¥¤¥«¨âì (á« ¡ãî) ­®à¬ã k � kw;T, ®â­®á¨â¥«ì­® ª®â®à®© ¬­®¦¥-
áâ¢  MT ¨ S1

:= f� 2 M (T; frm(U)) : k�kT � 1g ª®¬¯ ªâ­ë, ¯à¨ç¥¬, ¥á«¨ �j 2 S1, j 2 Z+, â®
lim
j!1

k�j � �0kw;T = 0 ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ lim
j!1

R
T

h�j(t); '(t; u)idt =
R
T

h�0(t); '(t; u)idt�
h�j(t); '(t; u)i

:=
R
U

'(t; u)�j(du), j 2 Z+

�
¤«ï ª ¦¤®© äã­ªæ¨¨ ' 2 V1;T.

�¥©ç á ä¨ªá¨àã¥¬ äã­ªæ¨î f : G�U! Rn (G| ®¡« áâì ¢ Rn), ã¤®¢«¥â¢®àïîéãî ãá«®¢¨î
1) ¢ ª ¦¤®© â®çª¥ (x; u) 2 G � U áãé¥áâ¢ã¥â ¯à®¨§¢®¤­ ï f 0x(x; u) ¨ f 2 C(G � U;Rn ), f 0x 2

C(G� U;Hom(Rn)), ¨ à áá¬®âà¨¬ á¨áâ¥¬ã ãà ¢­¥­¨©

_x = h�(t); f(x; u)idt :=
Z
U

f(x; u)�(t)(du); �(�) 2MT; (1.1)

1� ¢ ¦­®áâ¨ ¯à®æ¥¤ãàë à áè¨à¥­¨ï ¨«¨ ®¢ë¯ãª«¥­¨ï ¢ § ¤ ç å ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï á¬., ­ ¯à.,
[1]{[5],   ¢ ¨£à®¢ëå § ¤ ç å | [6], [7].

2�â®â ä ªâ ¨ ¯à¨¢¥¤¥­­ë¥ ­¨¦¥ á¢®©áâ¢  ¯à®áâà ­áâ¢  M (T; frm(U)) ¢ á«ãç ¥, ª®£¤  ¢ ª ç¥áâ¢¥ T
à áá¬ âà¨¢ ¥âáï ®âà¥§®ª ¯àï¬®©, ¯à¨¢¥¤¥­ë ¢ [2] ¨ ¡¥§ âàã¤  ¯¥à¥­®áïâáï ­  á«ãç ©, ª®£¤  T = R (­ ¯à.,
[9]).
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¤«ï ª®â®à®© ç¥à¥§ Ac(T) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì (¤®¯ãáâ¨¬ëå) ¯ à (x(�); �(�)), ¢ ª®â®àëå x(t),
t 2 T, | à¥è¥­¨¥ á¨áâ¥¬ë (1.3), ®â¢¥ç îé¥¥ (®¡®¡é¥­­®¬ã) ã¯à ¢«¥­¨î �(�) 2 MT, â ª®¥,
çâ® orb(x;T) � G, £¤¥ orb(x;T) | § ¬ëª ­¨¥ ¢ R

n ¬­®¦¥áâ¢  orb(x;T) := fx(t); t 2 Tg ¨ ¤«ï
§ ¤ ­­®£® X 2 comp(Rn) ¯®« £ ¥¬ Ac(T;X)

:= f(x(�); �(�)) 2 Ac(T) : orb(x;T) � Xg.
�§ ®¯à¥¤¥«¥­¨ï Ac(T;X), ¨á¯®«ì§ãï â¥®à¥¬ã �àæ¥«ï{�áª®«¨, ª®¬¯ ªâ­®áâì ¬­®¦¥áâ¢ 

MT � (M (T; frm(U)); k � kw;T), ãç¨âë¢ ï, çâ® à ¢¥­áâ¢® lim
j!1

k�j � �0kw;T = 0, f�jgj2Z+ � MT,

£¤¥ T := [t0; t1], ¢«¥ç¥â (­ ¯à., [3]) à ¢¥­áâ¢® lim
j!1

�
max

t2[t0;t1]

tR
t0

h�j(t) � �0(t); '(t; u)idt
�
= 0 ¤«ï ª -

¦¤®© äã­ªæ¨¨ ' 2 Vn;T, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥.

�¥¬¬  1.1. �«ï ª ¦¤®£® ®âà¥§ª  T � R ¬­®¦¥áâ¢® Ac(T;X) � C(T;Rn )�MT (á¥ª¢¥­æ¨-
 «ì­®) ª®¬¯ ªâ­®.

� «¥¥, ­  Ac[t0; t1] § ¤ ¤¨¬ äã­ªæ¨®­ «

(x(�); �(�)) 7! T(x(�); �(�); t0; t1)
:=
Z t1

t0

h�(t); g(x(t); u)idt; (1.2)

£¤¥ g 2 C(G� U;R), ª®â®àë©, ª ª ­¥á«®¦­® ¯®ª § âì, ­¥¯à¥àë¢¥­ ­  C(T;Rn ) �MT. �®íâ®¬ã
¯® «¥¬¬¥ 1.1 ¢ á¨«ã â¥®à¥¬ë �¥©¥àèâà áá  ¯®«ãç ¥âáï

�¥¬¬  1.2. �«ï ª ¦¤®£® ®âà¥§ª  [t0; t1] (£«®¡ «ì­®¥) à¥è¥­¨¥ § ¤ ç¨

T(x(�); �(�); t0; t1)! min; (x(�); �(�)) 2 Ac([t0; t1];X) (1.3)

áãé¥áâ¢ã¥â.

�®¢®ªã¯­®áâì à¥è¥­¨© § ¤ ç¨ (1.3) ®¡®§­ ç¨¬ ç¥à¥§ R[t0; t1].
�®  ­ «®£¨¨ á ®¯à¥¤¥«¥­¨¥¬ ¢ ([8], á. 24) ¤ ¤¨¬

�¯à¥¤¥«¥­¨¥ 1.1. �®¯ãáâ¨¬ë© ¯à®æ¥áá (bx(�); b�(�)) 2 Ac[t0; t1] á¨áâ¥¬ë (1.1) ­ §ë¢ ¥âáï
®¯â¨¬ «ì­ë¬ ¤«ï § ¤ ç¨ T(x(�); �(�); t0; t1)! min; (x(�); �(�)) 2 Ac[t0; t1], ¥á«¨ ¤«ï «î¡®£® ¤àã£®-
£® ¯à®æ¥áá  (x(�); �(�)) 2 Ac[t0; t1] â ª®£®, çâ® x(t0) = bx(t0), x(t1) = bx(t1), ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
T(x(�); �(�); t0; t1) � T(bx(�); b�(�); t0; t1).

�®¢®ªã¯­®áâì à¥è¥­¨© ãª § ­­®© ¢ ®¯à¥¤¥«¥­¨¨ 1.1 § ¤ ç¨ ®¡®§­ ç¨¬ ç¥à¥§ OP[t0; t1] ¨ ¯®-
«®¦¨¬

OP(R) := f(bx(�); b�(�)) 2 Ac(R) : ¤«ï ª ¦¤®£® [t0; t1] � R (bx(�); b�(�))j[t0;t1] 2 OP[t0; t1]g: (1.4)

�®¢®ªã¯­®áâì à¥è¥­¨© § ¤ ç¨ (1.3) ¢ á¬ëá«¥ ®¯à¥¤¥«¥­¨ï 1.1 ®¡®§­ ç¨¬ ç¥à¥§ OP([t0; t1];X) ¨
 ­ «®£¨ç­® OP(R) ®¯à¥¤¥«ï¥¬ ¬­®¦¥áâ¢® OP(R;X) � Ac(R;X).

� ¬¥ç ­¨¥ 1.1. �®áª®«ìªã R[t0; t1] � OP([t0; t1];X),   áã¦¥­¨¥ (x(�); �(�))j[t0
0
;t0
1
] à¥è¥­¨ï

(x(�); �(�)) 2 OP([t0; t1];X) ­  ª ¦¤ë© ¯®¤®âà¥§®ª [t00; t
0
1] � [t0; t1] ¯à¨­ ¤«¥¦¨â OP([t00; t

0
1];X)

([8], c. 24), â® ¨ áã¦¥­¨¥ ¯ àë (x(�); �(�)) 2 R[t0; t1] ­  ª ¦¤ë© ¯®¤®âà¥§®ª [t00; t
0
1] � [t0; t1] â ª¦¥

¯à¨­ ¤«¥¦¨â OP([t00; t
0
1];X).

�áî¤ã ¤ «¥¥, ­¥ ®£®¢ à¨¢ ï, ¯à¥¤¯®« £ ¥¬, çâ® X 2 comp(G) â ª®¥, çâ® ¤«ï ª ¦¤®£® ®âà¥§ª 
T � R ¬­®¦¥áâ¢® Ac(T;X) 6= ;. � ª®¥ ¬­®¦¥áâ¢® áãé¥áâ¢ã¥â, ¥á«¨, ­ ¯à¨¬¥à, á¨áâ¥¬  (1.1) ¨¬¥-
¥â ¯à®æ¥áá (x(�); �(�)) 2 Ac(R), ¢ ª®â®à®¬ orb(x) := orb(x;R) 2 comp(G). � íâ®¬ á«ãç ¥ ¢ ª ç¥áâ¢¥
¬­®¦¥áâ¢  X ¤®áâ â®ç­® à áá¬®âà¥âì «î¡ãî ª®¬¯ ªâ­ãî ®ªà¥áâ­®áâì orb(x), á®¤¥à¦ éãîáï
¢ G.

�¥¬¬  1.3. �«ï «î¡®© á¨áâ¥¬ë ®âà¥§ª®¢ T1 � T2 � � � � , ¨áç¥à¯ë¢ îé¥© R, áãé¥áâ¢ã¥â
¯®á«¥¤®¢ â¥«ì­®áâì (xj(�); �j(�)) 2 OP(Tj ;X), j 2 N, áå®¤ïé ïáï ­  ª ¦¤®¬ ®âà¥§ª¥ T � R ¢
â®¯®«®£¨¨ ¯à®áâà ­áâ¢  C(T;Rn)�MT ª ­¥ª®â®à®¬ã ¯à®æ¥ááã (bx(�); b�(�)) 2 Ac(R;X).
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�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì f(bxj(�); b�j(�))g1j=1, c®áâ ¢«¥­­ãî ¨§ à¥è¥-
­¨© (á¬. «¥¬¬ã 1.2) § ¤ ç¨ (1.3) ­  Ac(Tj ;X), j 2 N. �® «¥¬¬¥ 1.1 ¨§ íâ®© ¯®á«¥¤®¢ â¥«ì­®-
áâ¨ ¬®¦­® ¨§¢«¥çì ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì f(bx(1)j (�); b�(1)j (�))g1j=1, áå®¤ïéãîáï ¯à¨ j ! 1 ¢ ¯à®-
áâà ­áâ¢¥ C(T1) � MT1

(C(T1)
:= C(T1;R

n)) ª ­¥ª®â®à®¬ã ¯à®æ¥ááã (z1(�); �1(�)) 2 Ac(T1;X)
¨, ªà®¬¥ â®£® (á¬. § ¬¥ç ­¨¥ 1.1), (bx(1)j (�); b�(1)j (�)) 2 OP(T1;X), j 2 N. �­®¢  ¯® «¥¬¬¥ 1.1

¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f(bx(1)j (�); b�(1)j (�))g1j=1 ¨§¢«¥ª ¥¬ ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì (bx(2)j (�); b�(2)j (�)) 2
OP(T2;X), j 2 N, áå®¤ïéãîáï ¯à¨ j ! 1 ¢ ¯à®áâà ­áâ¢¥ C(T2) �MT2

ª ­¥ª®â®à®¬ã ¯à®æ¥á-
áã (z2(�); �2(�)) 2 Ac(T2;X). �à®¤®«¦¨¢ ãª § ­­ãî ¯à®æ¥¤ãàã, ¯®«ãç¨¬ á®¢®ªã¯­®áâì ¯®á«¥¤®-
¢ â¥«ì­®áâ¥© f(bx(i+1)

j (�); b�(i+1)
j (�))g1j=1 � f(bx(i)j (�); b�(i)j (�))g1j=1, i 2 N, â ªãî, çâ® (bx(i)j (�); b�(i)j (�)) 2

OP(T;X), j 2 N, ¯à¨ ª ¦¤®¬ i 2 N ¨ ¢áïª®¬ T � Ti ¨ áå®¤ïéãîáï ¯à¨ j ! 1 ¢ ¯à®áâà ­-
áâ¢¥ C(Ti) � MTi

ª ­¥ª®â®à®¬ã ¯à®æ¥ááã (zi(�); �i(�)) 2 Ac(Ti;X). �®áª®«ìªã (zi(�); �i(�))jTl
=

(zl(�); �l(�)), l = 1; : : : ; i�1, â® ¯à®æ¥áá (bx(�); b�(�)) 2 Ac(R;X) â ª®©, çâ® (bx(�); b�(�))jTk
= (zk(�); �k(�)),

k 2 N, ¨ ¯®á«¥¤®¢ â¥«ì­®áâì (xj(�); �j(�))
:= (bx(j)j (�); b�(j)j (�)), j 2 N, ¨áª®¬ë¥.

2. � «¥¥ ¨á¯®«ì§ã¥¬ á«¥¤ãîé¨¥ ¤¢  ®¯à¥¤¥«¥­¨ï.

�¯à¥¤¥«¥­¨¥ 2.1. �ãáâì § ¤ ­ë ¯à®æ¥áá (bx(�); b�(�)) 2 Ac(R) ¨ ç¨á«  ", #, � > 0. �¨áâ¥¬ 
(1.1) ­ §ë¢ ¥âáï "; #; �-à ¢­®¬¥à­® «®ª «ì­® ã¯à ¢«ï¥¬®© ("; #; �-���) ­  orb(bx; [�0;1)), ¥á«¨
¯à¨ ª ¦¤®¬ � � �0 ¤«ï «î¡®£® x0 2 O"[bx(�)] := fx 2 R

n : jbx(�)� xj � "g ­ ©¤¥âáï â ª®¥ ã¯à ¢«¥-
­¨¥ � 2 M�;#

:= M[�;�+#], çâ® kb� � �kw;[�;�+#] � �jbx(�) � x0j ¨ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ x(t),
� � t � � + #, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ x(�) = x0, x(� + #) = bx(� + #). �â  á¨áâ¥¬  ­ §ë-
¢ ¥âáï ��� ­  orb(bx; [�0;1)), ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ª®­áâ ­âë ", #, � > 0, çâ® ®­  ï¢«ï¥âáï
"; #; �-��� ­  orb(bx; [�0;1)).

�¯à¥¤¥«¥­¨¥ 2.2. �ãáâì § ¤ ­ë ¯à®æ¥áá (bx(�); b�(�)) 2 Ac(R) ¨ ç¨á«  ", #, � > 0. �¨áâ¥¬ 
(1.1) ­ §ë¢ ¥âáï "; #; �-à ¢­®¬¥à­® «®ª «ì­® ¤®áâ¨¦¨¬®© ("; #; �-���) á orb(bx; [�0;1)), ¥á«¨
¯à¨ ª ¦¤®¬ � � �0 ¤«ï «î¡®£® x0 2 O"[bx(� + #)] ­ ©¤¥âáï â ª®¥ ã¯à ¢«¥­¨¥ � 2 M�;#, çâ®
kb���kw;[�;�+#] � �jbx(�+#)�x0j ¨ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ x(t), � � t � �+#, ã¤®¢«¥â¢®àïîé¥¥
ãá«®¢¨ï¬ x(�) = bx(�), x(� + #) = x0. �¨áâ¥¬  (1.1) ­ §ë¢ ¥âáï ��� á orb(bx; [�0;1)), ¥á«¨
áãé¥áâ¢ãîâ â ª¨¥ ª®­áâ ­âë ", #, � > 0, çâ® ®­  ï¢«ï¥âáï "; #; �-��� á orb(bx; [�0;1)).

� ¬¥ç ­¨¥ 2.1. �®áª®«ìªã ¯à¨ ª ¦¤®¬ s 2 R äã­ªæ¨ï t 7! bxs(t) := bx(t + s), t 2 [0; #],
ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ �®è¨

_x = hb�s(t); f(x; u)i; b�s(t) := b�(t+ s); t 2 [0; #];

x(0) = bxs(0);
â® á¨áâ¥¬  (1.1) "; #; �-��� ­  orb(bx; [�0;1)) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ª ¦¤®¬ � � �0
¤«ï «î¡®£® x0 2 O"[bx(�)] ­ ©¤¥âáï â ª®¥ � 2 M[0;#], çâ® kb�� � �kw;[0;#] � �jbx(�) � x0j ¨ á¨áâ¥¬ 
(1.1) ¨¬¥¥â à¥è¥­¨¥ y(t), 0 � t � #, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ y(0) = x0, y(#) = bx(� + #).

�­ «®£¨ç­®¥ ãâ¢¥à¦¤¥­¨¥ ¨¬¥¥â ¬¥áâ® ¨ ¤«ï ��� á¨áâ¥¬ë (1.1) á orb(bx; [�0;1)).

� ¤ «ì­¥©è¥¬ ¢ ¦­ãî à®«ì ¡ã¤¥â ¨£à âì á¢®©áâ¢® ®¤­®¢à¥¬¥­­®© ��� á¨áâ¥¬ë (1.1) ­ 
orb(bx; [�0;1)) ¨ ¥¥ ��� á orb(bx; [�0;1)). �«ï ä®à¬ã«¨à®¢ª¨ ¤®áâ â®ç­ëå ãá«®¢¨© ¢ë¯®«­¥­¨ï
íâ®£® á¢®©áâ¢  à áá¬®âà¨¬ á¨áâ¥¬ã

_x = A(t)x+ h��(t); f(bx(t); u)i; A(t) := hb�(t); f 0x(bx(t); u)i; ��(t) := b�(t)� �(t); (2.1)

ª®â®à ï ­ §ë¢ ¥âáï ��� (¢ ­ã«ì) ­  [�0;1), ¥á«¨ ­ ©¤ãâáï â ª¨¥ ª®­áâ ­âë ", # > 0, çâ® ¤«ï
ª ¦¤®£® � � �0 ¨ ¢áïª®£® x0 2 O"[0] ­ ©¤¥âáï â ª®¥ � 2 M�;#, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (2.1) ¨¬¥¥â
à¥è¥­¨¥ x(t), � � t � � + #, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ x(�) = x0, x(� + #) = 0.

�«ï ä¨ªá¨à®¢ ­­®© ¯ àë (bx(�); b�(�)) 2 Ac(R;X) ¢ë¡¨à ¥¬ â ª®¥ r > 0, çâ® ª®¬¯ ªâ­®¥
¬­®¦¥áâ¢®

K
:= orb(bx;R) +Or[0] � G: (2.2)
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�«ï ­¥¯à¥àë¢­®© ¢¬¥áâ¥ á® á¢®¥© ¯à®¨§¢®¤­®© ¯® x äã­ªæ¨¨ f : G� U! Rn ¯à¥¤¯®« £ ¥¬
¢ë¯®«­¥­­ë¬ ãá«®¢¨¥

2) áãé¥áâ¢ãîâ â ª¨¥ ª®­áâ ­âë br 2 (0; r], � > 0 ¨ ­¥¯à¥àë¢­ ï ®£à ­¨ç¥­­ ï äã­ªæ¨ï
(t; u) 7! f(t; u) 2 [�0;1), çâ® ¤«ï ¢á¥å (t; z; u) 2 [�0;1) � Or̂[0] � U ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
max
�2[0;1]

jf 0x(bx(t) + �z; u)� f 0x(bx(t); u)j � f(t; u)jzj�.

� â®ç­®áâ¨ ¯®¢â®à¨¢ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ 2.1 ¨ 4.1 à ¡®âë [10], § ¬¥­¨¢ orb+(bx) :=
orb(bx; [0;1)) ­  orb(bx; [�0;1)), á ãç¥â®¬ á¤¥« ­­®£® ¢ ­¥© § ¬¥ç ­¨ï 4.2 ¯®«ãç ¥¬ á«¥¤ãîé¥¥
ãâ¢¥à¦¤¥­¨¥.

�¥®à¥¬  2.1. �ãáâì äã­ªæ¨ï f : G � U ! R
n ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1) ¨ ­  ¯à®æ¥áá¥

(bx(�); b�(�)) 2 Ac(R;X) ¢ë¯®«­¥­® ãá«®¢¨¥ 2). �®£¤ , ¥á«¨ á¨áâ¥¬  (2:1) ��� ­  [�0;1), â® ­ ©-
¤ãâáï â ª¨¥ ª®­áâ ­âë ", #, � > 0, çâ® á¨áâ¥¬  (1:1) "; #; �-��� ­  orb(bx; [�0;1)) ¨ "; #; �-
��� á orb(bx; [�0;1)). �à¨ íâ®¬ ¤«ï ª ¦¤®£® � � �0 à¥è¥­¨¥, ä¨£ãà¨àãîé¥¥ ¢ ®¯à¥¤¥«¥­¨¨
"; #; �-��� á¨áâ¥¬ë (1:1) ­  orb(bx; [�0;1)) ¨ "; #; �-��� á orb(bx; [�0;1)), ¯à¨ ¢á¥å t 2 [�; � + #]
á®¤¥à¦¨âáï ¢ K.

� ¤ «ì­¥©è¥¬ ¨á¯®«ì§ã¥¬ á«¥¤ãîé¨© ¢ à¨ ­â «¥¬¬ë 2.2 ¨§ [10].

�¥¬¬  2.1. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 2:1 ¨ ¯®á«¥¤®¢ â¥«ì­®áâì fx(j)0 g1j=1 �

O"[bx(�)] (� � �0) â ª ï, çâ® lim
j!1

jx(j)0 � bx(�)j = 0. �ãáâì ¤ «¥¥ �j 2 M�;# | ã¯à ¢«¥­¨¥, ã¤®-

¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã kb�� �jkw;[�;�+#] � �jbx(�) � x(j)0 j, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (1:1) ¨¬¥¥â
â ª®¥ à¥è¥­¨¥ xj(t) 2 K, çâ® xj(�) = x

(j)
0 , xj(� + #) = bx(� + #). �®£¤  lim

j!1
kxj � bxkC[�;�+#] = 0.

�­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã ã¯®¬ï­ãâ®© «¥¬¬ë ¨§ [10] ¤®ª §ë¢ ¥âáï

�¥¬¬  2.2. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 2:1 ¨ ¯®á«¥¤®¢ â¥«ì­®áâì fx(j)0 g1j=1 �

O"[bx(� +#)] (� � �0) â ª ï, çâ® lim
j!1

jx(j)0 � bx(� +#)j = 0. �ãáâì ¤ «¥¥ �j 2M�;# | ã¯à ¢«¥­¨¥,

ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã kb�� �jkw;[�;�+#] � �jbx(� + #)� x
(j)
0 j, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (1:1)

¨¬¥¥â â ª®¥ à¥è¥­¨¥ xj(t) 2 K, çâ® xj(�) = bx(�), xj(�+#) = x
(j)
0 . �®£¤  lim

j!1
kxj�bxkC[�;�+#] = 0.

�¥®à¥¬  2.2. �ãáâì äã­ªæ¨ï f : G� U! Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1) ¨ ¯®á«¥¤®¢ â¥«ì-

­®áâì f(xj(�); �j(�))g1j=1, (xj(�); �j(�)) 2 OP(Tj ), Tj � Tj+1, j 2 N
� 1
[
j=1

Tj = R
�
, áå®¤¨âáï ­ 

ª ¦¤®¬ ®âà¥§ª¥ T � R ¢ ¯à®áâà ­áâ¢¥ C(T) �MT ª ¯à®æ¥ááã (bx(�); b�(�)) 2 Ac(R), ­  ª®â®à®¬
¢ë¯®«­¥­® ãá«®¢¨¥ 2). �®£¤ , ¥á«¨ á¨áâ¥¬  (2:1) ��� ­  [�0;1), â® ­ ©¤¥âáï â ª®¥ T1 > �0,
çâ® (bx(�); b�(�)) ¯à¨­ ¤«¥¦¨â OP[T1;1).

�®ª § â¥«ìáâ¢®. �® â¥®à¥¬¥ 2.1 ­ ©¤ãâáï â ª¨¥ ª®­áâ ­â ­âë ", #, � > 0, çâ® á¨áâ¥¬ 
(1.1) ¡ã¤¥â "; #; �-��� ­  orb(bx; [�0;1)) ¨ "; #; �-��� á orb(bx; [�0;1)). �®« £ ¥¬ T1

:= �0 + # ¨
¯®ª ¦¥¬, çâ® (bx(�); b�(�)) 2 OP[T1;1). �¥©áâ¢¨â¥«ì­®, ¢ ¯à®â¨¢­®¬ á«ãç ¥ ­ ©¤¥âáï ®âà¥§®ª
[t0; t1] � [T1;1) ¨ â ª®© ¯à®æ¥áá (x(�); �(�)) 2 Ac[t0; t1], çâ®

x(t0) = bx(t0); x(t1) = bx(t1): (2.3)

�à¨ ­¥ª®â®à®¬ � > 0 ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (á¬. ®¡®§­ ç¥­¨¥ ¢ (1.2))

T(x(�); �(�); t0; t1) < T(bx(�); b�(�); t0; t1)� �: (2.4)

� á¨«ã ãá«®¢¨© â¥®à¥¬ë 2.2 ¡ã¤¥â ¢ë¯®«­ïâìáï à ¢¥­áâ¢®

lim
j!1

(kbx� xjkC(T)+ kb�� �jkw;T) = 0; T
:= [t0 � #; t1 + #]: (2.5)
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�®íâ®¬ã ¤«ï ¢á¥å j, ­ ç¨­ ï á ­¥ª®â®à®£® bj 2 N, xj(t) 2 O"[bx(t)] ¤«ï ¢á¥å t 2 T. �¨ªá¨àã¥¬
â¥¯¥àì j � bj ¨ ¤«ï â®çª¨ xj(t0 � #) 2 O"[bx(t0 � #)] (t0 � # � �0 ¢ á¨«ã ¢ë¡®à  T1) à áá¬®âà¨¬
�+j 2M[t0�#;t0], ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã

kb�� �+j kw;[t0�#;t0] � �jbx(t0 � #)� xj(t0 � #)j; (2.6)

¨ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y+j (t) 2 O"[bx(t)], t 2 [t0 � #; t0], á ãá«®¢¨ï¬¨

y+j (t0 � #) = xj(t0 � #); y+j (t0) = bx(t0): (2.7)

�«ï â®çª¨ xj(t1 + #) 2 O"[bx(t1 + #)] à áá¬®âà¨¬ ��j 2M[t1;t1+#], ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã

kb�� ��j kw;[t1;t1+#] � �jbx(t1 + #)� xj(t1 + #)j; (2.8)

¨ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y�j (t) 2 O"[bx(t)], t 2 [t0; t1 + #], á ãá«®¢¨ï¬¨

y�j (t1) = bx(t1); y�j (t1 + #) = xj(t1 + #): (2.9)

�¥¯¥àì ®¯à¥¤¥«¨¬

�j(t)
:=

8>><
>>:
�+j (t); t 2 [t0 � #; t0];

�(t); t 2 [t0; t1];

��j (t); t 2 [t1; t1 + #]; �j 2MT:

�®£¤  (á¬. (2.3), (2.7) ¨ (2.9)) ®â¢¥ç îé¥¥ ¥¬ã à¥è¥­¨¥ y+j (t), t 2 T, á¨áâ¥¬ë (1.1) ¨¬¥¥â ¢¨¤

yj(t)
:=

8>><
>>:
y+j (t); t 2 [t0 � #; t0];

y(t); t 2 [t0; t1];

y�j (t); t 2 [t1; t1 + #];

¯à¨ç¥¬

yj(t0 � #) = xj(t0 � #); yj(t1 + #) = xj(t1 + #):

� «¥¥, ¢ á¨«ã ®¯à¥¤¥«¥­¨ï ¯à®æ¥áá  (yj(�); �j(�)) ¨¬¥¥¬ á®®â­®è¥­¨ï

T(yj(�); �j(�); t0 � #; t1 + #) = T(y+j (�); �
+
j (�); t0 � #; t0) + T(x(�); �(�); t0; t1) +

+ T(y�j (�); �
�
j (�); t1; t1 + #)

(2:4)
< T(bx(�); b�(�); t0 � #; t1 + #)� � + I

(1)
j + I

(2)
j ;

¢ ª®â®àëå

I
(1)
j

:=
Z t0

t0�#

(h�+j (t); g(y
+
j (t); u)i � hb�(t); g(bx(t); u)i)dt;

I(2)j

:=
Z t1+#

t1

(h��j (t); g(y
�
j (t); u)i � hb�(t); g(bx(t); u)i)dt:

�®ª ¦¥¬, çâ®

lim
j!1

I
(k)
j = 0; k = 1; 2: (2.10)

�¥©áâ¢¨â¥«ì­®,

jI(1)j j � #!
j [g;K � U] +
����
Z t0

t0�#
h�+j (t)� b�(t); g(bx(t); u)idt����; (2.11)

£¤¥ 
j
:= ky+j � bxkC[t0�#;t0],   !
j [g;K � U] | 
j-ª®«¥¡ ­¨¥ ­¥¯à¥àë¢­®© äã­ªæ¨¨ g ­  ª®¬¯ ªâ¥

K � U. �® «¥¬¬¥ 2.1 ¢ á¨«ã (2.5) ¨ (2.7) 
j ! 0 ¯à¨ j !1. �«¥¤®¢ â¥«ì­®,

lim
j!1

!
j [g;K � U] = 0; (2.12)
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  â. ª. lim
j!1

k�+j � b�kw;[t0�#;t0] = 0 (á¬. (2.5) ¨ (2.6)), â® lim
j!1

��� t0R
t0�#

h�+j (t) � b�(t); g(bx(t); u)idt��� = 0.

�§ ¯®á«¥¤­¥£® à ¢¥­áâ¢ , ãç¨âë¢ ï (2.11) ¨ (2.12), ¯®«ãç ¥¬ (2.10) ¤«ï k = 1. �­ «®£¨ç­®,
¨á¯®«ì§ãï «¥¬¬ã 2.2, à ¢¥­áâ¢  (2.5), (2.9) ¨ ­¥à ¢¥­áâ¢® (2.8), ¤®ª §ë¢ ¥¬ (2.10) ¯à¨ k = 2.
�®íâ®¬ã ­ ©¤¥âáï â ª®¥ j1 � bj, çâ® ¯à¨ ¢á¥å j � j1 ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

T(yj(�); �j(�); t0 � #; t1 + #) < T(bx(�); b�(�); t0 � #; t1 + #)� �=2: (2.13)

� ¤àã£®© áâ®à®­ë, ¢ á¨«ã (2.5) lim
j!1

T(xj(�); �j(�); t0 � #; t1 + #) = T(bx(�); b�(�); t0 � #; t1 + #).

�«¥¤®¢ â¥«ì­®, T(bx(�); b�(�); t0 � #; t1 + #) < T(xj0(�); �j0(�); t0 � #; t1 + #) + �=4 ¯à¨ ­¥ª®â®à®¬
j0 � j1. �âáî¤ , ãç¨âë¢ ï (2.13), ¯®«ãç ¥¬

T(yj0(�); �j0 (�); t0 � #; t1 + #) < T(xj0(�); �j0(�); t0 � #; t1 + #)� �=4 < T(xj0(�); �j0(�); t0 � #; t1 + #);

çâ® ¯à®â¨¢®à¥ç¨â â®¬ã, çâ® (xj0(�); �j0(�)) 2 OP[t0 � #; t1 + #].

� ¬¥ç ­¨¥ 2.2. � ª ¯®ª § ­® ¢ «¥¬¬¥ 1.3, à áè¨à¥­¨¥ ¬­®¦¥áâ¢  UT ¤® MT ¯®§¢®«ï¥â
¯® «î¡®© á¨áâ¥¬¥ ®âà¥§ª®¢ T1 � T2 � � � � , ¨áç¥à¯ë¢ îé¥© R, ãª § âì ¯®á«¥¤®¢ â¥«ì­®áâì
(xj(�); �j(�)) 2 OP(Tj ;K), j 2 N, áå®¤ïéãîáï ­  ª ¦¤®¬ ®âà¥§ª¥ T � R ¢ â®¯®«®£¨¨ ¯à®áâà ­-
áâ¢  C(T;Rn) �MT ª ­¥ª®â®à®¬ã ¯à®æ¥ááã (bx(�); b�(�)) 2 Ac(R;K). � ª ¢¨¤­® ¨§ ¯à¨¢¥¤¥­­®£®
¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2.2, íâ®â ¯à®æ¥áá ¡ã¤¥â ¯à¨­ ¤«¥¦ âì ¬­®¦¥áâ¢ã OP([T1;1);K), ¥á«¨
ãª § ­­ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ íâ®© â¥®à¥¬ë à¥è¥­¨ï y+j ¨ y�j , ¯®¬¨¬® ¯à¨¢¥¤¥­­ëå á¢®©áâ¢, ¥é¥
­¥ ¤®«¦­ë ¯®ª¨¤ âì ¬­®¦¥áâ¢® K, á®®â¢¥âáâ¢¥­­®, ¯à¨ ¢á¥å t 2 [t0 � #; t0] ¨ t 2 [t1; t1 + #]. �à®-
¢¥àª  â ª®£® á¢®©áâ¢  ¨ ¤®áâ â®ç­ë¥ ãá«®¢¨ï ¥£® ¢ë¯®«­¥­¨ï âà¥¡ãîâ, ¢®®¡é¥ £®¢®àï, ¤®¯®«-
­¨â¥«ì­®£® ¨áá«¥¤®¢ ­¨ï. �®íâ®¬ã ¢ à ¬ª å áâ âì¨ ®£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ ®¯â¨¬ «ì­®£®
¯à®æ¥áá , ¯à¨­ ¤«¥¦ é¥£® OP[T1;1), ãª § ­­®£® ¢ â¥®à¥¬¥ 2.2.

� ¤ «ì­¥©è¥¬, ¯à¨ ®¯¨á ­¨¨ ¯®¢¥¤¥­¨ï ®¯â¨¬ «ì­ëå ¯à®æ¥áá®¢, ®¯à¥¤¥«¥­­ëå ­  [0; T ],
¯à¨ T ! 1 (çâ® ï¢«ï¥âáï ®¤­®© ¨§ ®á­®¢­ëå § ¤ ç â¥®à¨¨ ¬ £¨áâà «ì­ëå ¯à®æ¥áá®¢ [8] ¨
 á¨¬¯â®â¨ç¥áª¨ ¤®áâ¨¦¨¬ëå í«¥¬¥­â®¢ [11]) ¢ ¦­ãî à®«ì ¡ã¤¥â ¨£à âì ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬ 
á¤¢¨£®¢, ®¯à¥¤¥«¥­­ ï ­  ¬­®¦¥áâ¢¥ Ac(R;X).

3. �ãáâì (Y; �) | ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. �¥à¥§ Lloc
1 (R;Y) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì â ª¨å

¨§¬¥à¨¬ëå ®â®¡à ¦¥­¨© f : R ! Y, çâ® ¯à¨ ­¥ª®â®à®¬ (  §­ ç¨â, ¨ ¯à¨ «î¡®¬) y 2 Y äã­ªæ¨ï
t 7! �(y; f(t)) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã Lloc

1 (R;R). �  Lloc
1 (R;Y) ¢¢¥¤¥¬ à ááâ®ï­¨¥

%(f; g) := sup
t2R

�
min

�Z t+1

t

�(f(s); g(s))ds; jtj�1

��
: (3.1)

�¥á«®¦­® ¯®ª § âì, çâ® ¯à®áâà ­áâ¢®

B
:= (Lloc

1 (R;Y); %) (3.2)

ï¢«ï¥âáï ¬¥âà¨ç¥áª¨¬ ¨ ­¥à ¢¥­áâ¢® %(f; g) < " à ¢­®á¨«ì­® ¢ë¯®«­¥­¨î ­¥à ¢¥­áâ¢ 

max
jtj�"�1

t+1R
t

�(f(s); g(s))ds < ". �âáî¤  ¢ á¨«ã ­¥à ¢¥­áâ¢

max
jtj�#

Z t+1

t

�(f(s); g(s))ds � p#(f; g) (# > 0); p#(f; g) � (2#+ 1)max
jtj�#

Z t+1

t

�(f(s); g(s))ds (# 2 N);

£¤¥ §¤¥áì ¨ ¢áî¤ã ¤ «¥¥

p#(f; g)
:=
Z #+1

�#

�(f(s); g(s))ds (# > 0); (3.3)

¢ëâ¥ª ¥â
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�¥¬¬  3.1. �ãáâì (A ;�) | ­ ¯à ¢«¥­­®¥ ¬­®¦¥áâ¢®, äã­ªæ¨¨ f ¨ f�, � 2 A , ¯à¨­ ¤«¥-
¦ â Lloc

1 (R;Y). �®£¤  lim
�2A

%(f�; f) = 0 ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª ¦¤®£® # > 0

¢ë¯®«­¥­® à ¢¥­áâ¢® p#(f�; f) = 0 ¨«¨, çâ® à ¢­®á¨«ì­®, lim
�2A

�
max
jtj�#

t+1R
t

�(f�(s); f(s))ds
�
= 0.

� ¨á¯®«ì§®¢ ­¨¥¬ «¥¬¬ë 3.1, â¥®à¥¬ë �à¥è¥ [12] ®¡ ¨§®¬¥âà¨¨ á¥¯ à ¡¥«ì­®£® ¬¥âà¨ç¥áª®£®
¯à®áâà ­áâ¢  Y ç áâ¨ ­¥ª®â®à®£® á¥¯ à ¡¥«ì­®£® ¡ ­ å®¢®£® ¯à®áâà ­áâ¢  B , ª®â®à ï ï¢«ï¥âáï
§ ¬ª­ãâ®©, ¥á«¨ Y | ¯®«­®¥ á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®, ¨ á¢®©áâ¢ ­®à¬¨à®¢ ­-
­®£® ¯à®áâà ­áâ¢  (L1(T; B ); k � kL1), £¤¥ T | ç¨á«®¢®© ¯à®¬¥¦ãâ®ª, ¤®ª §ë¢ ¥âáï

�¥®à¥¬  3.1. �ãáâì ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® Y á¥¯ à ¡¥«ì­®. �®£¤  lim
�!0

%(f(�+�); f(�))=0

¤«ï ª ¦¤®© äã­ªæ¨¨ f 2 Lloc
1 (R;Y) ¨ ¥á«¨ ª â®¬ã ¦¥ ¯à®áâà ­áâ¢® Y ¯®«­®¥, â® ¬¥âà¨ç¥áª®¥

¯à®áâà ­áâ¢® B â ª¦¥ ï¢«ï¥âáï ¯®«­ë¬.

� ¬¥ç ­¨¥ 3.1. �â¬¥â¨¬, çâ® ­  Lloc
1 (R;Y) ®¯à¥¤¥«¥­® â ª¦¥ d-à ááâ®ï­¨¥ (¨«¨ ¨­ ç¥

d�-à ááâ®ï­¨¥)

d(f; g) := sup
t2R

Z t+1

t

�(f(s); g(s))ds; f; g 2 Lloc
1 (R;Y): (3.4)

�ã­ªæ¨ï f 2 Lloc
1 (R;Y) ­ §ë¢ ¥âáï d-®£à ­¨ç¥­­®©, ¥á«¨ d('; y)<1 ¯à¨ ­¥ª®â®à®¬ y 2 Y.

�®  ­ «®£¨¨ á® á«ãç ¥¬ Y = R [13] á®¢®ªã¯­®áâì S(R;Y) d-®£à ­¨ç¥­­ëå äã­ªæ¨© ¨§ Lloc
1 (R;Y)

­ §ë¢ ¥¬ ¯à®áâà ­áâ¢®¬ �â¥¯ ­®¢ . �®áª®«ìªã %(f; g) � d(f; g) ¤«ï «î¡ëå f; g 2 Lloc
1 (R;Y), â®

â®¯®«®£¨ï Td ­  S(R;Y), ¨­¤ãæ¨à®¢ ­­ ï ¬¥âà¨ª®© d, á®¤¥à¦¨âáï ¢ â®¯®«®£¨¨ T%, ¨­¤ãæ¨à®¢ ­-
­®© ¬¥âà¨ª®© %. �â¬¥â¨¬ â ª¦¥, ¥á«¨ (Y; �) | ¯®«­®¥ á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®,
â® ¯à®áâà ­áâ¢® (S(R;Y); d) ï¢«ï¥âáï ¯®«­ë¬.

� «¥¥, ­  ¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥ B (á¬. (3.2)) ¢¢¥¤¥¬ ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®
®â®¡à ¦¥­¨© gt : B ! B, ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢®¬ gt(f) = ft, f 2 B, £¤¥ ft(�)

:= f(� + t) |
á¤¢¨£ ­  t 2 R äã­ªæ¨¨ f(�), ¨ ¢ ¤ «ì­¥©è¥¬ ç¥à¥§ orbg(f) ¨ orb

+
g (f) ®¡®§­ ç ¥¬ á®®â¢¥âáâ¢¥­­®

âà ¥ªâ®à¨î ¨ ¯®«®¦¨â¥«ì­ãî ¯®«ãâà ¥ªâ®à¨î § ¤ ­­®£® ¤¢¨¦¥­¨ï t 7! gt(f).
�§ «¥¬¬ë 3.1 ¨ â¥®à¥¬ë 3.1 ¢ëâ¥ª ¥â

�¥®à¥¬  3.2. (B; gt) | ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬  (¢ á¬ëá«¥ � àª®¢ ).

� ¬¥ç ­¨¥ 3.2. �¢¥¤¥­­ ï ­  Lloc
1 (R;B) ¬¥âà¨ª  % (á¬. (3.1)) ï¢«ï¥âáï ¥áâ¥áâ¢¥­­ë¬ à á-

¯à®áâà ­¥­¨¥¬ ¬¥âà¨ª¨ �¥¡ãâ®¢  %c [14], § ¤ ­­®© ­  ¯à®áâà ­áâ¢¥ ­¥¯à¥àë¢­ëå äã­ªæ¨©
C(R;Y) à ¢¥­áâ¢®¬ %c(f; g)

:= sup
t2R

[minf�(f(t); g(t)); 1
jtj
g], f; g 2 C(R;Y), ¢ ª®â®à®© ­¥à ¢¥­áâ¢®

%c(f; g) < " à ¢­®á¨«ì­® â®¬ã, çâ® max
jtj�"�1

�(f(t); g(t)) < " ¨, á«¥¤®¢ â¥«ì­®, lim
j!1

%c(f; fj) = 0

¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï «î¡ëå ", # > 0 ­ ©¤¥âáï â ª®¥ j0 = j0("; #) 2 N, çâ®
max
jtj�#

�(fj(t); f(t)) < " ¯à¨ j � j0. �¥®à¥¬  3.2 ãâ¢¥à¦¤ ¥â, çâ® â ª ¦¥, ª ª ¨ ¢ ­¥¯à¥àë¢­®¬ á«ã-

ç ¥, ¯ à  (B; gt) ï¢«ï¥âáï ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬®© (¤¨­ ¬¨ç¥áª®© á¨áâ¥¬®© á¤¢¨£®¢). �â¬¥â¨¬
¤ «¥¥, çâ® ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢ ­  ¯à®áâà ­áâ¢¥ ­¥¯à¥àë¢­ëå äã­ªæ¨©, ®¯¨á ­­ ï,
­ ¯à¨¬¥à, ¢ [14]{[16], ¨£à ¥â ¢ ¦­ãî à®«ì ¢ â¥®à¨¨ ¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬ ¨ ¥¥ ¯à¨«®¦¥­¨ïå
(á¬., ­ ¯à., [14]{[19] ¨ ¯à¨¢¥¤¥­­ãî â ¬ ¡¨¡«¨®£à ä¨î). � â¥®à¨¨ ã¯à ¢«ï¥¬ëå á¨áâ¥¬ ®­  ¯®-
¢¨¤¨¬®¬ã ¢¯¥à¢ë¥ áâ «  ¨á¯®«ì§®¢ âìáï ¢ [20] ¢ á¢ï§¨ á ¢¢¥¤¥­­ë¬¨ �.�.�®­ª®¢ë¬ ¯®­ïâ¨ï¬¨
à ¢­®¬¥à­®© «®ª «ì­®© ¨ £«®¡ «ì­®© ã¯à ¢«ï¥¬®áâ¨, à ¢­®¬¥à­®© ­ ¡«î¤ ¥¬®áâ¨ ¨ áâ ¡¨«¨-
§ æ¨¨ «¨­¥©­ëå á¨áâ¥¬ ã¯à ¢«¥­¨ï. �¨­ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢ ­  ¬­®¦¥áâ¢¥ äã­ªæ¨© á
¢¢¥¤¥­­®© ­  ­¥¬ â®¯®«®£¨¥© ¯®áà¥¤áâ¢®¬ ®¯¥à â®à  § ¬ëª ­¨ï ¨á¯®«ì§®¢ « áì ¢ [8], [21] ¯à¨
¨§ãç¥­¨¨ ¬ £¨áâà «ì­ëå ¯à®æ¥áá®¢.

� á«¥¤ãîé¥© â¥®à¥¬¥ ¨ ¤ «¥¥, ¥á«¨ ­¥ ®£®¢®à¥­® á¯¥æ¨ «ì­®, à áá¬ âà¨¢ ¥¬ ¬¥âà¨ç¥áª®¥
¯à®áâà ­áâ¢® B, ®¯à¥¤¥«¥­®¥ à ¢¥­áâ¢®¬ (3.2), ¨ clA | § ¬ëª ­¨¥ ¬­®¦¥áâ¢  A � B.
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�¥®à¥¬  3.3. �ãáâì (Y; �) | ¯®«­®¥ á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® ¨ K�B.
�®£¤  clK 2 comp(B) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¬­®¦¥áâ¢® K à ¢­®áâ¥¯¥­­® ­¥¯à¥-
àë¢­®1 ¨ áãé¥áâ¢ã¥â â ª®¥ y 2 Y, çâ® sup

f2K
p#(f; y)ds <1 ¤«ï «î¡®£® # > 0.

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© â¥®à¥¬ë 3.3 ï¢«ï¥âáï ®ç¥¢¨¤­ë¬ á«¥¤áâ¢¨¥¬ â¥-
®à¥¬ë � ãá¤®àä  ® ¯à¥¤ª®¬¯ ªâ­®áâ¨ ¯®¤¬­®¦¥áâ¢  ¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  [12] ¨ â¥®à¥-
¬ë 3.1.

�«ï ¤®ª § â¥«ìáâ¢  ¤®áâ â®ç­®áâ¨ ­ ¤® ¨á¯®«ì§®¢ âì â¥®à¥¬ã �à¥è¥ [12] ®¡ ¨§®¬¥âà¨¨ ¯®«-
­®£® á¥¯ à ¡¥«ì­®£® ¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  (Y; �) ¨ § ¬ª­ãâ®£® ¬­®¦¥áâ¢  ­¥ª®â®à®£® á¥¯ -
à ¡¥«ì­®£® ¡ ­ å®¢  ¯à®áâà ­áâ¢  B ,   § â¥¬ ¤«ï à áè¨àïîé¥©áï á¨áâ¥¬ë ®âà¥§ª®¢ [�#; #+1],
# 2 N, ¯®á«¥¤®¢ â¥«ì­® ¯à¨¬¥­¨âì â¥®à¥¬ã �¨áá  ([12], á. 40) ® ¯à¥¤ª®¬¯ ªâ­®áâ¨ ¬­®¦¥áâ¢  ¢
(L1([�#; #+ 1]; B ); k � kL1).

�â¬¥â¨¬ ¤ «¥¥ (á¬. § ¬¥ç ­¨¥ 3.1), çâ® ¨§ ­¥à ¢¥­áâ¢  p#(f; y) � 2([#] + 1)d(f; y) (# > 0,
y 2 Y) ¢ëâ¥ª ¥â, çâ® ¤«ï ¢áïª®£® d-®£à ­¨ç¥­­®£® ¬­®¦¥áâ¢  äã­ªæ¨© F � Lloc

1 (R;Y), â. ¥. â -
ª®£®, çâ® sup

'2F
d('; y) := d <1 ¯à¨ ­¥ª®â®à®¬ y 2 Y, ¤«ï ª ¦¤®£® # > 0 ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®

sup
'2F

p#('; y) � 2([#] + 1)d. �®íâ®¬ã ¨§ â¥®à¥¬ë 3.3 ¯®«ãç ¥¬

�«¥¤áâ¢¨¥ 3.1. �á«¨ à ¢­®áâ¥¯¥­­® ­¥¯à¥àë¢­®¥ ¬­®¦¥áâ¢® K � B ï¢«ï¥âáï d-®£à ­¨ç¥­-
­ë¬, â® clK 2 comp(B).

� ¯®¬­¨¬ (á¬. § ¬¥ç ­¨¥ 3.1), çâ® S(R;Y) � B.

�¥®à¥¬  3.4. �ãáâì f 2 S(R;Y). �®£¤  ¬­®¦¥áâ¢® cl(orbg(f)) � B ï¢«ï¥âáï d-®£à ­¨ç¥­-
­ë¬ ¨ ¯à¨­ ¤«¥¦¨â comp(B) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ f d-­¥¯à¥àë¢­ .

�®ª § â¥«ìáâ¢®. �ãáâì K :=cl(orbg(f)) (­ ¯®¬­¨¬, çâ® orbg(f)
:=fgt(f), t 2 Rg ¨ gt(f) :=ft).

�® ®¯à¥¤¥«¥­¨î ¤«ï ª ¦¤®© äã­ªæ¨¨ bf 2 K ­ ©¤¥âáï â ª ï ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì­®áâì
ftjg

1
j=1, çâ®

lim
j!1

%(gtj (f); bf) = 0: (3.5)

�®íâ®¬ã ¤«ï ª ¦¤®£® t 2 R áãé¥áâ¢ã¥â â ª®¥ j = j(t) 2 N, çâ® (á¬. ®¡®§­ ç¥­¨¥ (3.3))

pjtj(ftj ; bf) � 1 ¨, á«¥¤®¢ â¥«ì­®, ¨§ ­¥à ¢¥­áâ¢ 
t+1R
t

�( bf(s); y)ds � pjtj(ftj ; bf) + d(f; y) (y 2 Y),

¢ëâ¥ª ¥â, çâ® d( bf; y) � 1 + d(f; y), â. ¥. ¬­®¦¥áâ¢® K d-®£à ­¨ç¥­®.
�®¯ãáâ¨¬ â¥¯¥àì, çâ® f d-­¥¯à¥àë¢­ . �® ®¯à¥¤¥«¥­¨î ¤«ï «î¡®£® " > 0 ­ ©¤¥âáï â ª®¥

� 2 (0; 1], çâ® d(f� ; f) � "=2 ¯à¨ ¢á¥å � 2 (��; �). �¨ªá¨àã¥¬ ¤ «¥¥ ¯à®¨§¢®«ì­ãî äã­ªæ¨î bf 2 K.
� á¨«ã (3.5) ¯® «¥¬¬¥ 3.1 ¤«ï ª ¦¤®£® # = jtj+1, t 2 R, ­ ©¤¥âáï â ª®¥ tj , çâ® p#(gtj (f); bf) < "=4.

�®íâ®¬ã ¨§ á®®â­®è¥­¨©
t+1R
t

�( bf�(s); bf(s))ds � p#(gtj (f); bf)+d(f� ; f) < " ¯®«ãç ¥¬, çâ® d( bf� ; bf)�",
â. ¥. ¬­®¦¥áâ¢® K d-à ¢­®áâ¥¯¥­­® ­¥¯à¥àë¢­®,   §­ ç¨â (á¬. § ¬¥ç ­¨¥ 3.1), ¨ à ¢­®áâ¥¯¥­­®
­¥¯à¥àë¢­® ¢ ¬¥âà¨ª¥ %. �® á«¥¤áâ¢¨î 3.1 K 2 comp(B).

�¡à â­®, ¥á«¨ K 2 comp(B), â® ¯® â¥®à¥¬¥ 3.3 K à ¢­®áâ¥¯¥­­® ­¥¯à¥àë¢­®. �®íâ®¬ã (á¬.
á­®áªã ­  íâ®© ¦¥ áâà ­¨æ¥ ¨ «¥¬¬ã 3.1) ¤«ï «î¡®£® " > 0 ­ ©¤¥âáï â ª®¥ � > 0, çâ® ¯à¨ ¢á¥å
� 2 (��; �) ¨ ª ¦¤®© äã­ªæ¨¨ bf 2 K p1( bf� ; bf) < ". �ç¨âë¢ ï, çâ® gt(f) 2 K ¯à¨ ¢á¥å t 2 R,
¯®«ãç ¥¬ (á¬. (3.3) ¯à¨ # = 1), çâ® d(f� ; f) � " ¯à¨ j� j < �, â. ¥. f ï¢«ï¥âáï d-­¥¯à¥àë¢­®©.

� ¤ «ì­¥©è¥¬ ¯®­ ¤®¡ïâáï à¥ªãàà¥­â­ë¥ ¨ ¯. ¯. ¤¢¨¦¥­¨ï ®¯à¥¤¥«¥­­®© ¤¨­ ¬¨ç¥áª®© á¨-
áâ¥¬ë (B; gt). �ç¨â ¥¬ ¤ «¥¥, çâ® ¢ ®¯à¥¤¥«¥­¨¨ ¯à®áâà ­áâ¢  B (á¬. (3.2)) (Y; �) | ¯®«­®¥
á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®.

1�® ¥áâì ¯à¨ ª ¦¤®¬ # > 0 (á¬. ®¡®§­ ç¥­¨¥ (3.3)) lim
�!0

(sup
f2K

p#(f(�+ �); f(�))ds) = 0.
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�¯à¥¤¥«¥­¨¥ 3.1. �ã­ªæ¨ï f 2 B ­ §ë¢ ¥âáï à¥ªãàà¥­â­®©, ¥á«¨ ¤«ï «î¡®£® " > 0 ¬­®-
¦¥áâ¢® f� 2 R : %(f� ; f) < "g ®â­®á¨â¥«ì­® ¯«®â­® (­  R).

�®¢®ªã¯­®áâì à¥ªãàà¥­â­ëå äã­ªæ¨© ¢ B ®¡®§­ ç¨¬ ç¥à¥§ R(R;Y).
�§ ®¯à¥¤¥«¥­¨ï ¬¥âà¨ª¨ % ¨ «¥¬¬ë 3.1 ¢ëâ¥ª ¥â, çâ® f 2 R(R;Y) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥,

¥á«¨ ¤«ï «î¡ëå "; # > 0 (á¬. (3.3)) ¬­®¦¥áâ¢® ER(f; "; #)
:= f� 2 R : p#(f� ; f) < "g ¥¥ "; #-¯®çâ¨

¯¥à¨®¤®¢ ("; #-¯. ¯.) ®â­®á¨â¥«ì­® ¯«®â­®.
�à¨¢¥¤¥¬ ­¥®¡å®¤¨¬ë¥ ¢ ¤ «ì­¥©è¥¬ ãâ¢¥à¦¤¥­¨ï ® áâàãªâãà¥ ¬­®¦¥áâ¢  R(R;Y).

�¥¬¬  3.2. �ãáâì f 2 R(R;Y). �®£¤  lim
h!0

d(fh; f) = 0 ¨ ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ­­®¬ y 2 Y

(á¬. (3:4)) d(f; y) <1.

�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­®¥ t 2 R ¨ ¯ãáâì l > 0 | ª®­áâ ­â , ¢å®¤ïé ï ¢
®¯à¥¤¥«¥­¨¥ ®â­®á¨â¥«ì­®© ¯«®â­®áâ¨ ¬­®¦¥áâ¢  ER(f; 1; jtj). �®£¤  ¯à¨ ª ¦¤®¬
� 2 ER(f; 1; jtj) \ [�t;�t+ l] ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:Z t+1

t

�(f(s); y)ds � pjtj(f� ; f) +
Z t+1

t

�(f�(s); y)ds < 1 +
Z l+1

0

�(f(s); y)ds := k

¨, á«¥¤®¢ â¥«ì­®, d(f; y) � k.
� «¥¥, ¤«ï § ¤ ­­®£® " > 0 ¢®§ì¬¥¬ â®çªã � 2 ER(f; "2 ;�jtj�1)\[�t;�t+l], £¤¥ l > 0 | ç¨á«®,

¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥­¨¥ ®â­®á¨â¥«ì­®© ¯«®â­®áâ¨ ¬­®¦¥áâ¢  ER(f; "2 ;�jtj � 1), ¨ ¢ë¡¥à¥¬ (á¬.
â¥®à¥¬ã 3.1) � 2 (0; 1] â ª¨¬, çâ® pl+1(fh; f) < "=4 ¯à¨ jhj � �. �®£¤  ¯à¨ jhj � � ¨§ ­¥à ¢¥­áâ¢
t+1R
t

�(fh(s); f(s))ds � 2pjtj+1(f� ; f) + pl+1(fh; f) < 2 "
4
+ "

2
= " ¯®«ãç ¥¬, çâ® d(fh; f) � " ¯à¨

jhj � �.

�§ ¤®ª § ­­®© «¥¬¬ë 3.2 ¨ â¥®à¥¬ë 3.4 (á¬. â ª¦¥ ¥¥ ¤®ª § â¥«ìáâ¢®) ¯®«ãç ¥¬

�«¥¤áâ¢¨¥ 3.2. �­®¦¥áâ¢® R(R;Y) � S(R;Y) ¨ ¤«ï ª ¦¤®© äã­ªæ¨¨ f 2 R(R;Y) ¬­®¦¥-
áâ¢®1 cl(orbg(f)) 2 comp(B) ¨ d-à ¢­®áâ¥¯¥­­® ­¥¯à¥àë¢­®.

�à®¬¥ â®£®, ¢ á¨«ã íâ®© ¦¥ «¥¬¬ë 3.2 ¯®«ãç ¥âáï

�¥¬¬  3.3. �¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® (R(R;Y); d) ï¢«ï¥âáï ¯®«­ë¬.

�®ª § â¥«ìáâ¢®. � ª ª ª ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® (á¬. § ¬¥ç ­¨¥ 3.1) (S(R;Y); d) ï¢«ï-
¥âáï ¯®«­ë¬, â® ¤«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 3.3 ¤®áâ â®ç­® ¯®ª § âì, çâ® ¥á«¨ ¯®á«¥¤®¢ â¥«ì-
­®áâì ffjg1j=1 � R(R;Y) â ª®¢ , çâ® lim

j!1
d(fj ; f) = 0, â® f 2 R(R;Y). �¥©áâ¢¨â¥«ì­®, ¥á«¨

lim
j!1

d(fj ; f) = 0, â®, ¨á¯®«ì§ãï ­¥à ¢¥­áâ¢® p#(g� (f); f) � 2d(fj ; f) + p#(g� (fj); fj), ¢ë¯®«­¥­­®¥

¤«ï ¢á¥å j 2 N, � 2 R ¨ # > 0, ¯®«ãç¨¬, çâ® ¤«ï «î¡ëå "; # > 0 ¨ ª ¦¤®¬ ¤®áâ â®ç­® ¡®«ìè®¬
j ®â­®á¨â¥«ì­® ¯«®â­®¥ ¬­®¦¥áâ¢® ER(fj ; "2 ; #) á®¤¥à¦¨âáï ¢ ER(f; "; #).

�® â¥®à¥¬¥ 3.2 (B; gt) | ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬ , ¯®íâ®¬ã ¬®¦­® ®¯à¥¤¥«¨âì à¥ªãàà¥­â­ë¥
¨ ¯. ¯. ¤¢¨¦¥­¨ï [15]. �«¥¤ãï [15], £®¢®à¨¬, çâ® ¤¢¨¦¥­¨¥ t 7! gt(f), ®â¢¥ç îé¥¥ f 2 B, à¥ªãà-
à¥­â­®, ¥á«¨ ¤«ï «î¡®£® " > 0 ­ ©¤¥âáï â ª®¥ l > 0, çâ® ¤«ï ª ¦¤®£® t 2 R ¯à¨ «î¡®¬ t0 2 R

f� 2 R : %(gt+� (f); gt(f)) < "g \ [t0; t0 + l] 6= ;.
� á¨«ã á«¥¤áâ¢¨ï 3.2 ¨ â¥®à¥¬ë 2.9 ¨§ ([15], á. 405) ¢ëâ¥ª ¥â

�¥¬¬  3.4. �ã­ªæ¨ï f 2 R(R;Y) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤¢¨¦¥­¨¥ t 7! gt(f)
à¥ªãàà¥­â­®.

1� ¯®¬­¨¬, çâ® ¬­®¦¥áâ¢® S(R;Y) � Lloc
1 (R;Y) ®¯à¥¤¥«¥­® ¢ § ¬¥ç ­¨¨ 3.1 ¨ ¤ «¥¥ à áá¬ âà¨¢ ¥¬

¥£® ª ª ¯®¤¯à®áâà ­áâ¢® ¯à®áâà ­áâ¢  B.
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� ¯®¬­¨¬ [15], çâ® ¤¢¨¦¥­¨¥ t 7! gt(f) ­ §ë¢ ¥âáï ¯. ¯., ¥á«¨ ¤«ï «î¡®£® " > 0 ¬­®¦¥áâ¢®
f� 2 R : sup

t2R
%(gt+� (f); gt(f)) < "g ®â­®á¨â¥«ì­® ¯«®â­® ¨ äã­ªæ¨ï f 2 Lloc

1 (R;Y) ­ §ë¢ ¥âáï ¯. ¯.

¯® �â¥¯ ­®¢ã [13], ¥á«¨ ¤«ï ª ¦¤®£® " > 0 ¬­®¦¥áâ¢® ES(f; ")
:= f� 2 R : d(f� ; f) < "g ¥¥ "-¯. ¯.

®â­®á¨â¥«ì­® ¯«®â­®.
�®¢®ªã¯­®áâì ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© ¨§ Lloc

1 (R;Y) ®¡®§­ ç¨¬ S(R;Y). � ª ¦¥, ª ª ¢ áª -
«ïà­®¬ á«ãç ¥ [13], ¬®¦­® ¯®ª § âì, çâ® ¢áïª ï äã­ªæ¨ï ¨§ S(R;Y) ï¢«ï¥âáï d-®£à ­¨ç¥­­®©.
�®íâ®¬ã (á¬. § ¬¥ç ­¨¥ 3.1) S(R;Y) � S(R;Y).

�¥¬¬  3.5. �¢¨¦¥­¨¥ t 7! gt(f) 2 B ¯. ¯. ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ f 2 S(R;Y).

�®ª § â¥«ìáâ¢®. �ãáâì ¤¢¨¦¥­¨¥ t 7! gt(f) ¯. ¯. ¨ � â ª®¥, çâ® sup
t2R

%(gt+� (f); gt(f)) < ".

�®íâ®¬ã (á¬. (3.1))
t+1R
t

�(f� (s); f(s))ds � max
j�j�"�1

�+1R
�

�(gt+� (f)(s); gt(f)(s))ds < " ¯à¨ ª ¦¤®¬ t 2 R.

�«¥¤®¢ â¥«ì­®, ª ¦¤ë© "-¯. ¯. ¤¢¨¦¥­¨ï t 7! gt(f) ¯à¨­ ¤«¥¦¨â ¬­®¦¥áâ¢ã ES(f; "),   §­ ç¨â,
f 2 S(R;Y).

�¡à â­®, ¥á«¨ f 2 S(R;Y), â® ¨§ ­¥à ¢¥­áâ¢  sup
t2R

%(gt+� (f); gt(f)) � d(f� ; f), ¢ë¯®«­¥­­®£®

¤«ï «î¡®£® ä¨ªá¨à®¢ ­­®£® � 2 R ¢ëâ¥ª ¥â, çâ® ¤¢¨¦¥­¨¥ t 7! gt(f) ¯. ¯.

�¥¬¬  3.6. �ãáâì äã­ªæ¨ï f 2 S(R;Y). �®£¤  § ¬ëª ­¨¥ H(f) ¬­®¦¥áâ¢  orbg(f) ¢ ¬¥-
âà¨ª¥ d á®¢¯ ¤ ¥â á cl(orbg(f)).

�®ª § â¥«ìáâ¢®. �®áª®«ìªã (á¬. § ¬¥ç ­¨¥ 3.1) Td � T%, â® H(f) � cl(orbg(f)). �®ª ¦¥¬,
çâ® ¢¥à­® ¨ ®¡à â­®¥ ¢ª«îç¥­¨¥. �¥©áâ¢¨â¥«ì­®, ¯® «¥¬¬¥ 3.4 ¤¢¨¦¥­¨¥ t 7! gt(f) ¯. ¯. �«¥¤®¢ -
â¥«ì­® [15], ¤¢¨¦¥­¨¥ t 7! gt( bf), ®â¢¥ç îé¥¥ äã­ªæ¨¨ bf 2 cl(orbg(f)), ï¢«ï¥âáï ¯. ¯. ¨ ¯®íâ®¬ãbf 2 S(R;Y). � ª ª ª f; bf 2 S(R;Y), â® ¤«ï «î¡®£® " > 0 áãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¯à¨
ª ¦¤®¬ t 2 R ­ ©¤¥âáï � 2 ES(f; "=3) \ ES( bf; "=3) \ [�t;�t + 1]. � «¥¥, â. ª. bf 2 cl(orbg(f)), â®
­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì ftjg1j=1 � R, çâ® lim

j!1
%(gtj (f); bf) = 0. �®íâ®¬ã ¯® «¥¬¬¥ 3.1

­ ©¤¥âáï â ª®¥ j0 2 N (á¬. ®¡®§­ ç¥­¨¥ (3.3)), çâ® ¤«ï ¢á¥å j � j0 ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
pl(gtj (f); bf) < "=3. �® â®£¤  ¯à¨ ª ¦¤®¬ t 2 R, ãç¨âë¢ ï ¢ë¡®à � , ¤«ï ¢á¥å j � j0 ¯®«ãç -

¥¬, çâ®
t+1R
t

�(gtj (f)(s); bf(s))ds � d(g� ( bf); bf) + d(g� (f); f) + pl(gtj (f); bf) < ". �âáî¤  á«¥¤ã¥â, çâ®

d(gtj (f); bf) � " ¯à¨ ¢á¥å j � j0, â. ¥. bf 2 H(f). � ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ® cl(orbg(f)) � H(f)
¨ çâ® á®¢¬¥áâ­® á ®¡à â­ë¬ ¢ª«îç¥­¨¥¬ H(f) � cl(orbg(f)) § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® «¥¬-
¬ë 3.6.

�à¨¢¥¤¥¬ ¤¢  ¯à¨¬¥à  ¯à¨ ª®­ªà¥â­®¬ ¢ë¡®à¥ ¯à®áâà ­áâ¢  Y.

�à¨¬¥à 3.1. �  ¬­®¦¥áâ¢¥ � := f(A; V ) 2 Hom(Rn) � conv(Rn) : 0 2 V g ®¯à¥¤¥«¨¬ à á-
áâ®ï­¨¥ ��('1; '2)

:= jA1 � A2j + dist(V1; V2), 'k = (Ak; Vk) 2 �, k = 1; 2, £¤¥ dist | ¬¥âà¨ª 
� ãá¤®àä  ­  conv(Rn). �®£¤  (�; ��) | ¯®«­®¥ á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. � á-
á¬®âà¨¬ ¬­®¦¥áâ¢® S(R;�) � Lloc

1 (R;�) (á¬. § ¬¥ç ­¨¥ 3.1). � ª ¨ ¢ [22], [23], ª ¦¤ãî äã­ª-
æ¨î t 7! '(t) = (A(t); V (t)) ¨§ S(R;�) ®â®¦¤¥áâ¢¨¬ á á¨áâ¥¬®© ã¯à ¢«¥­¨ï _x = A(t)x + v,
(x; v) 2 Rn �V (t), ¢ ª®â®à®© ¤®¯ãáâ¨¬ë¬¨ ã¯à ¢«¥­¨ï¬¨ á«ã¦ â ¨§¬¥à¨¬ë¥ á¥ç¥­¨ï ®â®¡à ¦¥-
­¨ï t 7! V (t), á®¤¥à¦ é¥£® ¯à¨ ¯. ¢. t 2 R ­ã«ì ¨ ¯à¨ íâ®¬ (á¬. ®¯à¥¤¥«¥­¨¥ ¬­®¦¥áâ¢  �) ­¥
¨áª«îç ¥âáï ¢®§¬®¦­®áâì â®£®, çâ® ­ã«ì ¯à¨ ­¥ª®â®àëå ¨«¨ ¯. ¢. t ¯à¨­ ¤«¥¦¨â £à ­¨æ¥ V (t).
(� æ¥«¥á®®¡à §­®áâ¨ ¨§ãç¥­¨ï â ª®£® ª« áá  á¨áâ¥¬ á¬., ­ ¯à., [10], [22], [24] ¨ ¯à¨¢¥¤¥­­ãî
â ¬ ¡¨¡«¨®£à ä¨î.) � áâì à¥§ã«ìâ â®¢ ¤ ­­®£® à §¤¥«  ¡ë«   ­®­á¨à®¢ ­  ¢ [23], ¤®ª § ­  ¢
[25], ª®£¤  ¢ ª ç¥áâ¢¥ B à áá¬ âà¨¢ «®áì ¯à®áâà ­áâ¢® (S(R;�); %), ¨ á¢®©áâ¢  ¤¨­ ¬¨ç¥áª®©
á¨áâ¥¬ë á¤¢¨£®¢, ¨á¯®«ì§ã¥¬ë¥ ¢ ãª § ­­ëå à ¡®â å, ¤®ª §ë¢ «¨áì á ¨á¯®«ì§®¢ ­¨¥¬ áâàãª-
âãàë ¯à®áâà ­áâ¢  S(R;�). �â¬¥â¨¬, çâ® ¢ á¨«ã â¥®à¥¬ë 3.1 âà¥¡®¢ ­¨¥ lim

�!0
�('� ; ') = 0 ¤«ï

¯®«ãç¥­¨ï à¥§ã«ìâ â®¢, ãª § ­­ëå ¢ ([23], c. 467), ¨§«¨è­¥.
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�à¨¬¥à 3.2. � áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢ ª ç¥áâ¢¥ ¯®«­®£® á¥¯ à ¡¥«ì­®£® ¬¥âà¨ç¥áª®£®
¯à®áâà ­áâ¢  (Y; �) ¡¥à¥âáï (á¬. à §¤¥« 1) (frm(U); �w), £¤¥ �w | ¬¥âà¨ª , ¨­¤ãæ¨à®¢ ­­ ï
­®à¬®© j � jw ­  frm(U). �â¬¥â¨¬, çâ® M (R ; frm(U)) � S(R; frm(U)) ¨ (á¬. (3.1) ¯à¨ Y = frm(U)) ­ 
M (R ; frm(U)) ®¯à¥¤¥«¥­® à ááâ®ï­¨¥

%w(�; �)
:= sup

t2R

�
min

�Z t+1

t

�w(�(s); �(s))ds; jtj�1

��
; �; � 2 M (R ; frm(U));

¢ ª®â®à®¬ (á¬. «¥¬¬ã 3.1) à ¢¥­áâ¢® lim
j!1

%w(�; �j) = 0 à ¢­®á¨«ì­® â®¬ã, çâ®

lim
j!1

Z #+1

�#

�w(�(s); �j(s))ds = 0 ¯à¨ ª ¦¤®¬ # > 0:

�®íâ®¬ã á ¨á¯®«ì§®¢ ­¨¥¬ ®¯à¥¤¥«¥­¨ï ­®à¬ë k � kw;T ­  M (T; frm(U)) ­¥á«®¦­® ¤®ª §ë¢ ¥âáï

�¥¬¬  3.7. �ãáâì �; �j 2MR, j 2 N, ¨ lim
j!1

%w(�; �j) = 0. �®£¤  ¯à¨ ª ¦¤®¬ # > 0

lim
j!1

k�� �jkw;[�#;#+1] = 0:

�â¬¥â¨¬ (á¬. § ¬¥ç ­¨¥ 3.1), çâ® ­  M (R ; frm(U)) ®¯à¥¤¥«¥­® â ª¦¥ dw-à ááâ®ï­¨¥

dw(�; �)
:= sup

t2R

Z t+1

t

�w(�(s); �(s))ds; �; � 2 M (R ; frm(U)): (3.6)

4. � íâ®¬ à §¤¥«¥ ¨ ¤ «¥¥ à áá¬ âà¨¢ ¥¬ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®

P
:= (Cb(R;R

n)�MR; %á;w); (4.1)

£¤¥ Cb(R;Rn) | á®¢®ªã¯­®áâì ®£à ­¨ç¥­­ëå äã­ªæ¨© ¨§ C(R;Rn) á ¬¥âà¨ª®© %á;w, ¨­¤ãæ¨à®-
¢ ­­®© (á¬. § ¬¥ç ­¨¥ 3.1 ¨ ¯à¨¬¥à 3.2) ¬¥âà¨ª ¬¨ %á ¨ %w, ®¯à¥¤¥«¥­­ë¬¨ ­  Cb(R;Rn) ¨
¯®¤¬­®¦¥áâ¢¥ MR � M (R ; frm(U)) á®®â¢¥âáâ¢¥­­®. � ª ª ª Rn ¨ MR | ¯®«­ë¥ á¥¯ à ¡¥«ì­ë¥
¬¥âà¨ç¥áª¨¥ ¯à®áâà ­áâ¢ , â® (á¬. [16] ¨ â¥®à¥¬ã 3.1 ¯à¨ Y := rpm(U)) ¯à®áâà ­áâ¢® P, ®¯à¥¤¥-
«¥­­®¥ ¢ (4.1), â ª¦¥ ï¢«ï¥âáï ¯®«­ë¬ á¥¯ à ¡¥«ì­ë¬ ¬¥âà¨ç¥áª¨¬ ¯à®áâà ­áâ¢®¬, ¨ ¯ à  (á¬.
[16] ¨ â¥®à¥¬ã 3.2 ¯à¨ Y := rpm(U)) (P; gt), £¤¥ gt(x(�); �(�)) := (xt(�); �t(�)), (x(�); �(�)) 2 P, ï¢«ï-
¥âáï ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬®©. �â¬¥â¨¬, çâ® ¬­®¦¥áâ¢® Ac(R;X) � Cb(R;Rn )�MR ¨­¢ à¨ ­â­®
(®â­®á¨â¥«ì­® ¯®â®ª  gt).

�áî¤ã ¤ «¥¥ clP | § ¬ëª ­¨¥ ¬­®¦¥áâ¢  P � P ¨ ¢ á«¥¤ãîé¨å ¤¢ãå «¥¬¬ å "; #; �-��� ¢
¬ «®¬ ­  orb(bx; [�0;1)) ¨ "; #; �-��� ¢ ¬ «®¬ á orb(bx; [�0;1)) ®§­ ç îâ, çâ® ¢ë¯®«­¥­® á¢®©áâ¢®
à¥è¥­¨©, ãª § ­­®¥ ¢® ¢â®à®© ç áâ¨ â¥®à¥¬ë 2.1.

�¥¬¬  4.1. �ãáâì q(�) := (bx(�); b�(�)) 2 Ac(R; X) ¨ á¨áâ¥¬  (1:1) "; #; �-��� ¢ ¬ «®¬ ­ 
¯®«ãâà ¥ªâ®à¨î orb(bx; [�0;1)). �®£¤  ¤«ï ª ¦¤®© ¯ àë (x(�);m(�)) 2 cl(orbg(q(�); [�0;1))) ¯à¨
«î¡®¬ ä¨ªá¨à®¢ ­­®¬ "1 2 (0; ") á¨áâ¥¬  (1:1) "1; #; �-��� ­  orb(x; [�0;1)).

�®ª § â¥«ìáâ¢®. � ª ª ª p(�) 2 cl(orbg(bq(�); [�0;1))), â® ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì-
­®áâì f�jg1j=1 � [�0;1), çâ® lim

j!1
%c;w((p(�); q�j (�)))=0. �¨ªá¨àã¥¬ "1 2 (0; "), � � �0 ¨ x0 2 O"1 [x(�)].

�§ ¯à¥¤ë¤ãé¥£® ¯à¥¤¥«ì­®£® à ¢¥­áâ¢  ¨ «¥¬¬ë 3.7 (á¬. â ª¦¥ § ¬¥ç ­¨¥ 3.2) ¯®«ãç ¥¬

lim
j!1

( max
t2[�;�+#]

jx(t)� bx�j (t)j+ km� b��jkw;[�;�+#]) = 0: (4.2)

�«¥¤®¢ â¥«ì­®, áãé¥áâ¢ã¥â bj 2 N, ­ ç¨­ ï á ª®â®à®£® x0 2 O"[bx�j (�)]. � «¥¥, â. ª. á¨áâ¥¬  (1.1)
"; �; #-��� ­  orb(bx; [�0;1)), â® ¤«ï ª ¦¤®£® j � bj ­ ©¤¥âáï ã¯à ¢«¥­¨¥ �j 2 M�;#, ã¤®¢«¥â¢®-
àïîé¥¥ ­¥à ¢¥­áâ¢ã

kb��j � �jkw;[�;�+#] � �jbx�j (�)� x0j; (4.3)
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¯à¨ ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ (á¬. (2.2)) yj(t) = x0 +
tR
�

h�j(s); f(yj(s); u)ids 2 K,

t 2 [�; � + #], â ª®¥, çâ®

yj(�) = x0; yj(� + #) = x�j(� + #): (4.4)

� áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì fyj(�); �j(�)g1j=1 � Ac([�; � + #];K). �® «¥¬¬¥ 1.1 ¨§ ­¥¥ ¬®¦-
­® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fyji(�); �ji (�)g

1
i=1, áå®¤ïéãîáï ¯à¨ i ! 1 ¢ ¯à®áâà ­áâ¢¥

C[�; � + #] �M�;# ª ­¥ª®â®à®¬ã ¯à®æ¥ááã (y(�); �(�)) � Ac([�; � + #];K). �à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥
(4.2){(4.4), ¯®«ãç ¥¬, çâ® ¤«ï ª ¦¤®© â®çª¨ x0 2 O"1 [x(�)] áãé¥áâ¢ã¥â � 2M�;#, ã¤®¢«¥â¢®àïî-
é¥¥ ­¥à ¢¥­áâ¢ã km��kw;[�;�+#] � �jx(�)�x0j, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y(t) 2 K,
t 2 [�; � + #], ¨ â ª®¥, çâ® y(�) = x0, y(� + #) = x(� + #).

�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï

�¥¬¬  4.2. �ãáâì q(�) := (bx(�); b�(�)) 2 Ac(R; X) ¨ á¨áâ¥¬  (1:1) "; #; �-��� ¢ ¬ «®¬ á
¯®«ãâà ¥ªâ®à¨¨ orb(bx; [�0;1)). �®£¤  ¤«ï ª ¦¤®© ¯ àë (x(�);m(�)) 2 cl(orbg(q(�); [�0;1))) ¯à¨
«î¡®¬ ä¨ªá¨à®¢ ­­®¬ "1 2 (0; ") á¨áâ¥¬  (1.1) "1; #; �-��� á orb(x; [�0;1)).

�¥¬¬  4.3. �ãáâì (bx(�); b�(�)) 2 OP(R). �®£¤  (bx� (�); b�� (�)) 2 OP(R) ¯à¨ ª ¦¤®¬ � 2 R.

�®ª § â¥«ìáâ¢®. �®¯ãáâ¨¬, çâ® ­ ©¤ãâáï â®çª¨ t0 < t1 ¨ ¯à®æ¥áá (y(�); �(�)) 2 A[t0; t1]
â ª¨¥, çâ® y(t0) = x�(t0), y(t1) = x� (t1) ¨ T(y(�); �(�); t0; t1) < T(bx�(�); b��(�); t0; t1). �¥¯¥àì, ¥á«¨
à áá¬®âà¥âì ey(t) := y(t � �), e�(t) := �(t � �), t 2 [t0 + �; t1 + � ], â® ¯®«ãç¨¬ T(ey(�); e�(�); t0 + � ,
t1 + �) = T(y(�); �(�); t0; t1) < T(bx(�); b�(�); t0 + �; t1 + �),   íâ® ¯à®â¨¢®à¥ç¨â (á¬. (1.4)) â®¬ã, çâ®
(bx(�); b�(�)) 2 OP(R).

5. �à¨¢¥¤¥¬ ®á­®¢­ë¥ ãâ¢¥à¦¤¥­¨ï à ¡®âë.

�¥®à¥¬  5.1. �ãáâì äã­ªæ¨ï f : G � U ! Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1) ¨ ­  ¯à®æ¥áá¥
q(�) := (bx(�); b�(�)) 2 Ac(R;X) ¢ë¯®«­¥­® ãá«®¢¨¥ 2). �®£¤ , ¥á«¨ á¨áâ¥¬  (2:1) ��� ­  [�0;1) ¨
q(�) 2 OP[T1;1) (T1 � �0), â® ­ ©¤¥âáï â ª®¥ T0 > T1, çâ® ¢áïª¨© ¯à®æ¥áá p(�) := (x(�);m(�)) ¨§
cl(orbg(q(�); [T1;1))) ¯à¨­ ¤«¥¦¨â OP[T0;1).

�®ª § â¥«ìáâ¢®. �® â¥®à¥¬¥ 2.1 ­ ©¤ãâáï â ª¨¥ "; #; � > 0, çâ® á¨áâ¥¬  (1.1) ¡ã¤¥â "; #; �-
��� ¢ ¬ «®¬ ­  orb(bx; [�0;1)), "; #; �-��� ¢ ¬ «®¬ á orb(bx; [�0;1)) ¨ ¡ã¤¥â, ª®­¥ç­®, ®¡« ¤ âì
íâ¨¬¨ ¦¥ á¢®©áâ¢ ¬¨ ®â­®á¨â¥«ì­® orb+(bx; [T1;1)). �®íâ®¬ã ¯® «¥¬¬ ¬ 4.1 ¨ 4.2 ¤«ï ª ¦¤®£®
¯à®æ¥áá  p(�) 2 cl(orbg(q(�); [T1;1))) á¨áâ¥¬  (1.1) â ª¦¥ ¡ã¤¥â "1; #; �-��� ­  orb(x; [T1;1)) ¨
"1; #; �-��� á orb(x; [T1;1)) ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ­­®¬ "1 2 (0; "). �à®¬¥ â®£®, ­ ©¤¥âáï â ª ï
¯®á«¥¤®¢ â¥«ì­®áâì f�jg1j=1 � [T1;1), çâ®

lim
j!1

%c;w(q�j(�); p(�)) = 0: (5.1)

�à¨ íâ®¬, ¯®áª®«ìªã q(�) 2 OP[T1;1), â® q�j(�) 2 OP[T1;1) ¯® «¥¬¬¥ 4.3 ¯à¨ ª ¦¤®¬ j2N, á«¥-
¤®¢ â¥«ì­®, q�j(�)jT 2 OP(T) ¤«ï ª ¦¤®£® ®âà¥§ª  T � [T1;1). �®íâ®¬ã, § ä¨ªá¨à®¢ ¢ «î¡ãî
á¨áâ¥¬ã ®âà¥§ª®¢ T1 � T2 � � � � , ¨áç¥à¯ë¢ îé¨å [T1;1), ¢ á¨«ã (5.1) ¨ «¥¬¬ë 3.7 ¯®«ãç ¥¬, çâ®
­  ª ¦¤®¬ ®âà¥§ª¥ Ti, i 2 N, ¯à®æ¥áá p(�) ï¢«ï¥âáï ¯à¥¤¥«®¬ ¢ ¯à®áâà ­áâ¢¥ C(Ti) �MTi

¯®-
á«¥¤®¢ â¥«ì­®áâ¨ fq�j(�)jTi

g1j=1 � OP(Ti). �âáî¤ , ãç¨âë¢ ï, çâ® á¨áâ¥¬  (1.1) ï¢«ï¥âáï "1; #; �-
��� ­  orb(x; [T1;1)) ¨ "1; #; �-��� á orb(x; [T1;1)), â ª ¦¥, ª ª ¢ â¥®à¥¬¥ 2.2, ¯®«ãç ¥¬, çâ®
p(�) 2 OP[T0;1) ¯à¨ T0

:= T1 + #.
� «¥¥, ¢ á¨«ã á¢®©áâ¢ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢, ®¯à¥¤¥«¥­­®© ­  (Cb(R;Rn ); %c) (á¬.

[16], c. 61), ¨ â¥®à¥¬ë 3.4 ¯à¨ Y
:= frm(U), ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ®¯à¥¤¥«¥­¨¥ ¬¥âà¨ª¨ %c;w

­  Cb(R;Rn) � MR (á¬. (4.1)), ¯®«ãç ¥¬, çâ® ¤«ï ª ¦¤®£® ¯à®æ¥áá  q(�) 2 Ac(R;X), ¢ ª®â®-
à®¬ �(�) ï¢«ï¥âáï dw-­¥¯à¥àë¢­ë¬, ¬­®¦¥áâ¢® cl(orb+g (q(�)) 2 comp(P)). �®íâ®¬ã ¯® â¥®à¥¬¥
áãé¥áâ¢®¢ ­¨ï ¬¨­¨¬ «ì­ëå ¬­®¦¥áâ¢ ([15], á. 307) ¬­®¦¥áâ¢® ®¬¥£ -¯à¥¤¥«ì­ëå â®ç¥ª ¤¢¨-
¦¥­¨ï t 7! gt(q(�)), ­ §¢ ­­ëå ¢ [8], [21] ¬ £¨áâà «ì­ë¬¨ ¯à®æ¥áá ¬¨ á¨áâ¥¬ë (1.1),   ¢ [11] |
 á¨¬¯â®â¨ç¥áª¨¬¨ ¤®áâ¨¦¨¬ë¬¨ ¯à®æ¥áá ¬¨ íâ®© á¨áâ¥¬ë, á®¤¥à¦¨â ¬¨­¨¬ «ì­®¥ ª®¬¯ ªâ­®¥
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¬­®¦¥áâ¢® P(q(�)). �®áª®«ìªã ¯® â¥®à¥¬¥ �¨àª£®ä  ¢áïª®¥ ¤¢¨¦¥­¨¥ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë,
­ ç¨­ îé¥¥áï ¢ ¬¨­¨¬ «ì­®¬ ª®¬¯ ªâ­®¬ ¬­®¦¥áâ¢¥, à¥ªãàà¥­â­®, â® ¨§ â¥®à¥¬ë 5.1 ¨ «¥¬¬ë
3.4, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® ¤«ï ª ¦¤®£® p(�) 2 P(q(�)) ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ­­®¬ T > 0
cl(orbg(p(�))) = cl(orbg(p(�); [T;1))), ¯®«ãç ¥¬

�«¥¤áâ¢¨¥ 5.1. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 5.1 b�(�) dw-­¥¯à¥àë¢­®. �®£¤  ¢áïª¨© ¯à®æ¥áá
p(�) 2 P(q(�)) ï¢«ï¥âáï à¥ªãàà¥­â­ë¬ ¨ ¯à¨­ ¤«¥¦¨â OP(R).

� MR ¢ë¤¥«¨¬ ¯®¤¬­®¦¥áâ¢® APM1 [9], á®áâ®ïé¥¥ ¨§ â ª¨å ¨§¬¥à¨¬ëå ®â®¡à ¦¥­¨© � :
R ! rpm(U), çâ® ¤«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) � Lloc
1 (R;R) ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© [13],   ¢ Ac(R) (á¬.

à §¤¥« 1) ¢ë¤¥«¨¬ ¯®¤¬­®¦¥áâ¢® Ac, á®áâ®ïé¥¥ ¨§ â ª¨å ¯ à (x(�); �(�)), ¢ ª®â®àëå x(t), t 2 R,
| ¯. ¯. ¯® �®àã [13] à¥è¥­¨¥ á¨áâ¥¬ë (1.1), ®â¢¥ç îé¥¥ ã¯à ¢«¥­¨î �(�) 2 APM1.

� ¤ «ì­¥©è¥¬ £®¢®à¨¬, çâ® ¯à®æ¥áá p(�) = (x(�);m(�)) 2 P ãáâ®©ç¨¢ (¯® �ï¯ã­®¢ã) ®â-
­®á¨â¥«ì­® ®âà¨æ â¥«ì­ëå á¤¢¨£®¢ ¢ ¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨, ¥á«¨ ¤«ï «î¡®£® " < 0

­ ©¤ãâáï â ª¨¥ � > 0 ¨ T > 0, çâ® ¤«ï ª ¦¤®£® # < 0, ¯à¨ ª®â®à®¬ max
t2[0;T ]

n
jx#(t) � x(t)j +

t+1R
t

�w(m#(s);m(s))ds
o
< �, ¯à¨ ¢á¥å t � T ¡ã¤¥â ¢ë¯®«­ïâìáï ­¥à ¢¥­áâ¢®

jx#(t)� x(t)j+
Z t+1

t

�w(m#(s);m(s))ds < ":

�¥®à¥¬  5.2. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 5:1 ã¯à ¢«¥­¨¥ b�(�) ¢ ¯à®æ¥áá¥ q(�) := (bx(�); b�(�))
ï¢«ï¥âáï dw-­¥¯à¥àë¢­ë¬. �®£¤  ¢áïª¨© ¯à®æ¥áá p(�) := (x(�);m(�)), ¯à¨­ ¤«¥¦ é¨© ¬¨­¨-
¬ «ì­®¬ã ¯®¤¬­®¦¥áâ¢ã P(q(�)) ¬­®¦¥áâ¢  ®¬¥£ -¯à¥¤¥«ì­ëå â®ç¥ª ¤¢¨¦¥­¨ï t 7! gt(q(�)),
ãáâ®©ç¨¢ë© ®â­®á¨â¥«ì­® ®âà¨æ â¥«ì­ëå á¤¢¨£®¢ ¢ ¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨, ¯à¨­ ¤«¥-
¦¨â Ac.

�®ª § â¥«ìáâ¢®. �® á«¥¤áâ¢¨î 5.1 ®â®¡à ¦¥­¨¥ t 7! p(t) = (x(t);m(t)) à¥ªãàà¥­â­®. �«¥-
¤ãï à ááã¦¤¥­¨ï¬ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë � àª®¢  ([15], c. 416), ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ®¯à¥-
¤¥«¥­¨¥ ¬¥âà¨ª¨ %c;w ¨ ãáâ®©ç¨¢®áâ¨ p(�) ®â­®á¨â¥«ì­® ®âà¨æ â¥«ì­ëå á¤¢¨£®¢ ¢ ¯®«®¦¨â¥«ì-
­®¬ ­ ¯à ¢«¥­¨¨, ª ª ¨ ¢ [26], ¬®¦­® ¯®ª § âì, çâ® ¤«ï ª ¦¤®£® " > 0 ¬­®¦¥áâ¢® (á¬. (3.6))
f� 2 R : sup

t2R
jx� (t)� x(t)j+dw(m� ;m) � "g ®â­®á¨â¥«ì­® ¯«®â­®. �«¥¤®¢ â¥«ì­®, äã­ªæ¨ï t 7! x(t)

¯. ¯. ¯® �®àã,   ®â®¡à ¦¥­¨¥ m(�) 2 S(R; rpm(U)). �®á«¥¤­¥¥ à ¢­®á¨«ì­® [9] â®¬ã, çâ® m(�) ¯à¨-
­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã APM1 ¬¥à®§­ ç­ëå ¯. ¯. ®â®¡à ¦¥­¨©. � ª¨¬ ®¡à §®¬, p(�) 2 Ac.

� ¬¥ç ­¨¥ 5.1. � â¥®à¥¬¥ 5.2 ¯à¨¢¥¤¥­® ¤®áâ â®ç­®¥ ãá«®¢¨¥ ¯®çâ¨ ¯¥à¨®¤¨ç­®áâ¨ à¥ªãà-
à¥­â­®£® ¤¢¨¦¥­¨ï ¢ â¥à¬¨­ å ãáâ®©ç¨¢®áâ¨ p(�) ®â­®á¨â¥«ì­® ®âà¨æ â¥«ì­ëå á¤¢¨£®¢ ¢ ¯®-
«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨. �¥©áâ¢¨â¥«ì­®, á ãç¥â®¬ á¢®©áâ¢ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢,
®¯à¥¤¥«¥­­®© ­  (Cb(R;Rn); %c) [15], [16], ¨ ¯à¨¢¥¤¥­­ëå ¢ à §¤¥«¥ 3 ãâ¢¥à¦¤¥­¨© ® ¥¥ á¢®©-
áâ¢ å ¤«ï á«ãç ï Y := rpm(U) ¬®¦­® ãª § âì ¤«ï ®¯à¥¤¥«¥­­®© ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (P; gt)
(á¬. (5.1)) ¨ ¤àã£¨¥ ¤®áâ â®ç­ë¥ ãá«®¢¨ï, ¨á¯®«ì§ãï ¤®áâ â®ç­ë¥ ãá«®¢¨ï ¯®çâ¨ ¯¥à¨®¤¨ç­®áâ¨
¤¢¨¦¥­¨© § ¤ ­­®© ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (X; f t) (­ ¯à., [15], [16], [27]).

�®áª®«ìªã ¢ (1.2) g 2 C(G � U;R), â® [9] ¤«ï ª ¦¤®© ¯ àë (x(�); �(�)) 2 Ac ®â®¡à ¦¥­¨¥
t 7! h�(t); g(x(t); u)i ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã S(R;R) ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© ¨, á«¥¤®¢ -
â¥«ì­®, ª®àà¥ªâ­® ®¯à¥¤¥«¥­  § ¤ ç  ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨¦¥­¨ï¬¨ (á¬., ­ ¯à.,
[28])

I(x(�); �(�)) =Mfh�(t); g(x(t); u)ig := lim
T!1

1
T

Z T

0

h�(t); g(x(t); u)idt ! inf; (x(�); �(�)) 2 Ac;
(5.2)
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¤«ï ª®â®à®© (bx(�); b�(�)) 2 Ac ­ §ë¢ ¥âáï à¥è¥­¨¥¬, ¥á«¨ ­ ©¤¥âáï â ª®¥ 
 > 0, çâ® ¤«ï ¢áïª®£®
¯à®æ¥áá  (x(�); �(�)) 2 Ac á ãá«®¢¨¥¬ kbx�xkC(R) � 
 ¡ã¤¥â ¢ë¯®«­ïâìáï ­¥à ¢¥­áâ¢® I(bx(�); b�(�)) �
I(x(�); �(�)).

�¥®à¥¬  5.3. �ª § ­­ë© ¢ â¥®à¥¬¥ 5:2 ¯. ¯. ¯à®æ¥áá (x(�);m(�)), ¯à¨­ ¤«¥¦ é¨© â ª¦¥
OP(R), ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (5:2).

�®ª § âe«ìáâ¢®. �® á«¥¤áâ¢¨î 4.1 á¨áâ¥¬  (1.1) ï¢«ï¥âáï ��� ­  orb+(x). �ãáâì ¤ «¥¥


:= ", £¤¥ " 2 (0; r] | ª®­áâ ­â , ¢å®¤ïé ï ¢ ®¯à¥¤¥«¥­¨¥ ��� á¨áâ¥¬ë (1.1) ­  orb+(x). �¥¯¥àì

à áá¬®âà¨¬ «î¡®© ¯à®æ¥áá (x(�); �(�)) 2 Ac, ¢ ª®â®à®¬ kx � xkC(R) � ". �âà®ï á ¯®¬®éìî íâ®£®
¯à®æ¥áá  ¡®«ìèãî ¢ à¨ æ¨î [21] ¤«ï (x(�);m(�)), ¯®«ãç¨¬, çâ® ¯à¨ ª ¦¤®¬ T > 2# ¡ã¤¥â ¢ë¯®«-
­¥­® ­¥à ¢¥­áâ¢® (á¬. (1.2)) 1

T
T(x(�);m(�); 0; T ) � 4g#

T
+ 1

T
T(x(�); �(�); 0; T ), £¤¥ (á¬. ®¡®§­ ç¥­¨¥

(2.2)), §¤¥áì ¨ ¤ «¥¥, g := max
(x;u)2K�U

jg(x; u)j. �âáî¤ , ãáâà¥¬«ïï T ª ¡¥áª®­¥ç­®áâ¨, ¯®«ãç ¥¬

I(x(�);m(�)) � I(x(�); �(�)).

�¥®à¥¬  5.4. �ãáâì (x(�);m(�)) 2 Ac | ãª § ­­ë© ¢ â¥®à¥¬¥ 5:2 ¯à®æ¥áá ¨ OP([0; T ];X) |
á®¢®ªã¯­®áâì à¥è¥­¨©1 § ¤ ç¨ (1:3) ¯à¨ X := orb+(x) +O"[0], £¤¥ " > 0 | ª®­áâ ­â , ¢å®¤ïé ï
¢ ®¯à¥¤¥«¥­¨¥ ��� á¨áâ¥¬ë (1:1) ­  orb+(x). �®£¤  à ¢­®¬¥à­® ¯® (xT (�); �T (�)) 2 OP([0; T ];X)

áãé¥áâ¢ã¥â lim
T!1

1
T

TR
0

h�T (t); g(xT (t); u)idt
:= c0 ¨ c0 = I(x(�);m(�)).

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬, çâ® à ¢­®¬¥à­® ¯® (xT (�); �T (�)) 2 OP([0; T ];X)

I(x(�);m(�)) � lim
T!1

1
T

TZ
0

h�T (t); g(xT (t); u)idt
:= c1: (5.3)

�®¯ãáâ¨¢ ¯à®â¨¢­®¥, ¯®«ãç¨¬ áãé¥áâ¢®¢ ­¨¥ â ª¨å ¯®á«¥¤®¢ â¥«ì­®áâ¥© f�jg
1
j=1 � R+ ,

lim
j!1

�j =1, ¨ f(xj(�); �j(�))g1j=1, (xj(�); �j(�)) 2 OP([0; �j ];X), çâ®

c1 = lim
j!1

1
�j

Z �j

0

h�j(t); g(xj(t); u)idt < I(x(�);m(�)): (5.4)

� «¥¥, ¤«ï ª ¦¤®£® T � 2# ¯® «¥¬¬¥ 1 ([21], á. 85) ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì
f�j(T )g1j=1, çâ® 0 � �j(T ) < �j(T ) + T � �j , j 2 N, ¨

lim
j!1

���� 1�j
Z �j

0

h�j(t); g(xj(t); u)idt �
1
T

Z �j(T )+T

�j(T )

h�j(t); g(xj(t); u)idt
���� = 0: (5.5)

�®áª®«ìªã xj(t) 2 X,   á¨áâ¥¬  (1.1) "; #; �-��� ­  orb+(x) ¨ "; #; �-��� á orb+(x), â® (á¬.
®¯à¥¤¥«¥­¨ï 2.1 ¨ 2.2) ­ ©¤¥âáï ã¯à ¢«¥­¨¥ ��j 2 M[�j ;�j+#] (�j

:= �j(T )), ã¤®¢«¥â¢®àïîé¥¥
­¥à ¢¥­áâ¢ã km� ��j k[�j ;�j+#] � � jx(�j +#)�xj(�j +#)j, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥
y�j (t) â ª®¥, çâ®

y�j (�j) = x(�j); y�j (�j + #) = xj(�j + #); (5.6)

  â ª¦¥ ã¯à ¢«¥­¨¥ �+j 2M[�j+T�#;�j+T ], km� �
+
j k[�j+T�#;�j+T ] � �jx(�j + T � #)� xj(�j + T � #)j,

¯à¨ ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y+j (t) â ª®¥, çâ®

y+j (�j + T � #) = xj(�j + T � #); y�j (�j + T ) = x(�j + T ): (5.7)

�¥¯¥àì à áá¬®âà¨¬ ã¯à ¢«¥­¨¥

mj(t)
:=

8>><
>>:
��j (t); t 2 [�j ; �j + #];

�j(t); t 2 [�j + #; �j + T � #];

�+j (t); t 2 [�j + T � #; �j + T ]:

1�¬. «¥¬¬ã 1.2 ¨ § ¬¥ç ­¨¥ 1.1.

42



�®£¤  ®â¢¥ç îé¥¥ ¥¬ã à¥è¥­¨¥ á¨áâ¥¬ë (1.1) (á¬. (5.6) ¨ (5.7)) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥

yj(t)
:=

8>><
>>:
y�j (t); t 2 [�j ; �j + #];

xj(t); t 2 [�j + #; �j + T � #];

y+j (t); t 2 [�j + T � #; �j + T ]:

�®áª®«ìªã (x(�);m(�)) 2 OP[�j ; �j+T ],   ¯à®æ¥áá (yj(�);mj(�)) á«ã¦¨â ¡®«ìè®© ¢ à¨ æ¨¥© ¤«ï
(xj(�); �j(�)), â® (á¬. (5.6), (5.7))

1
T

Z �j+T

�j

hm(t); g(x(t); u)idt �
1
T

Z �j+T

�j

hmj(t); g(yj(t); u)idt �
4g#
T

+
1
T

Z �j+T

�j

h�j(t); g(xj(t); u)idt:

�ãáâì ¤ «¥¥ Ti � 2#, i 2 N, ¨ lim
i!1

Ti = 1. � á¨«ã (5.5) ¤«ï ª ¦¤®£® i 2 N ­ ©¤¥âáï â ª®¥

ji 2 N, çâ® ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

���� 1�ji
Z �ji

0
h�ji(t); g(xji(t); u)idt �

1
Ti

Z �ji+Ti

�ji

h�ji(t); g(xji (t); u)idt
���� < 1

Ti
(�ji

:= �j(Ti)): (5.8)

�®íâ®¬ã 1
Ti

�ji+TiR
�ji

hm(t); g(x(t); u)idt � 4g#
Ti

+ 1
Ti
+ 1

�ji

�jiR
0

h�ji(t); g(xji (t); u)idt,   â. ª. (á¬. á¢®©áâ¢ 

áà¥¤­¥£® §­ ç¥­¨ï ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© [13], c. 231)

lim
i!1

1
Ti

Z �ji+Ti

�ji

hm(t); g(x(t); u)idt =Mfhm(t); g(x(t); u)ig := I(x(�);m(�)); (5.9)

â® I(x(�);m(�)) � lim
i!1

1
�ji

�jiR
0

h�ji(t); g(xji(t); u)idt = c1. �®á«¥¤­¥¥ ¯à®â¨¢®à¥ç¨â (5.4) ¨ â¥¬ á ¬ë¬

­¥à ¢¥­áâ¢® (5.3) ¤®ª § ­®.
�­ «®£¨ç­® ¬¥â®¤®¬ ®â ¯à®â¨¢­®£® ¤®ª §ë¢ ¥âáï, çâ® à ¢­®¬¥à­® ¯® (xT (�); �T (�)), ¯à¨­ ¤-

«¥¦ é¨å OP([0; T ];X),

I(x(�);m(�)) � lim
T!1

1
T

Z T

0

h�T (t); g(xT (t); u)idt
:= c1: (5.10)

�¥©áâ¢¨â¥«ì­®, ¥á«¨ íâ® ­¥ â ª, â® ­ ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f�jg
1
j=1 � R+ ,

lim
j!1

�j =1, ¨ f(xj(�); �j(�))g1j=1, (xj(�); �j(�)) 2 OP([0; �j ];X), çâ®

c2 = lim
j!1

1
�j

Z �j

0

h�j(t); g(xj(t); u)idt > I(x(�);m(�)): (5.11)

�«ï ª ¦¤®£® T � 2# à áá¬ âà¨¢ ¥¬ ãª § ­­ãî ¢ëè¥ ¯®á«¥¤®¢ â¥«ì­®áâì f�j(T )g1j=1 ¨ ¤«ï
ª ¦¤®£® j 2 N ä¨ªá¨àã¥¬ ã¯à ¢«¥­¨¥ �+j 2 M[�j ;�j+T ] (�j

:= �j(T )), ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­-
áâ¢ã km � ��j k[�j ;�j+#] � �jx(�j) � xj(�j)j, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y+j (t) â ª®¥,
çâ®

y+j (�j) = x(�j); y+j (�j + #) = x(�j + #); (5.12)

  â ª¦¥ ã¯à ¢«¥­¨¥ ��j 2 M[�j+T�#;�j+T ], km � ��j k[�j+T�#;�j+T ] � �jx(�j + T ) � xj(�j + T )j, ¯à¨
ª®â®à®¬ á¨áâ¥¬  (1.1) ¨¬¥¥â à¥è¥­¨¥ y�j (t) â ª®¥, çâ®

y�j (�j + T � #) = xj(�j + T � #); y�j (�j + T ) = x(�j + T ): (5.13)
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� áá¬®âà¨¬ ã¯à ¢«¥­¨¥

mj(t)
:=

8>><
>>:
�+j (t); t 2 [�j ; �j + #];

m(t); t 2 [�j + #; �j + T � #];

��j (t); t 2 [�j + T � #; �j + T ]:

�®£¤  ®â¢¥ç îé¥¥ ¥¬ã à¥è¥­¨¥ á¨áâ¥¬ë (1.1) (á¬. (5.12) ¨ (5.13)) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥

yj(t)
:=

8>><
>>:
y�j (t); t 2 [�j ; �j + #];

x(t); t 2 [�j + #; �j + T � #];

y+j (t); t 2 [�j + T � #; �j + T ]:

�®áª®«ìªã (xj(�); �j(�)) 2 OP[�j ; �j + T ],   ¯à®æ¥áá (yj(�);mj(�)) á«ã¦¨â ¡®«ìè®© ¢ à¨ æ¨¥©
¤«ï (x(�);m(�)), â® ¯à¨ ª ¦¤®¬ T � 2# (á¬. (5.12), (5.13)) ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

1
T

Z �j+T

�j

h�j(t); g(xj(t); u)idt �
1
T

Z �j+T

�j

hmj(t); g(yj(t); u)idt �
4g#
T

+
1
T

Z �j+T

�j

hm(t); g(x(t); u)idt:

�®íâ®¬ã ¢ á¨«ã (5.8) 1
�ji

�jiR
0

h�ji(t); g(xji(t); u)idt <
4g#
Ti

+ 1
Ti
+ 1

Ti

�ji+TiR
�ji

hm(t); g(x(t); u)idt. �âáî¤ 

(á¬. (5.9)) ¯®«ãç ¥¬, çâ® I(x(�);m(�)) � lim
i!1

1
�ji

�jiR
0

h�ji(t); g(xji (t); u)idt = c2, çâ® ¢ á¨«ã ­¥à ¢¥­áâ¢ 

(5.11) ­¥¢®§¬®¦­®.
�®ª § ­­ë¥ ­¥à ¢¥­áâ¢  (5.3) ¨ (5.10), ¢ë¯®«­ï¥¬ë¥ à ¢­®¬¥à­® ¯® (xT (�); �T (�)) 2 OP([0; T ];X)

§ ¢¥àè îâ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 5.4.

� ¬¥ç ­¨¥ 5.2. �ãé¥áâ¢®¢ ­¨¥ ¯à¥¤¥«  c0,  ­ «®£¨ç­®£® ¢ â¥®à¥¬¥ 5.4, ¤®ª § ­® ¢ [8], [21]
¢ ¯à¥¤¯®«®¦¥­¨ïå, çâ® ¬­®¦¥áâ¢® à¥è¥­¨© § ¤ ç¨

T(x(�); u(�); 0; T ) :=
Z T

0
g(x(t); u(t))dt ! min; (x(�); �(�)) 2 A([0; T ];X);

£¤¥ A([0; T ];X) := f(x(�); u(�)) : (x(�); �u(�)) 2 Ac([0; T ];X)g, ­¥¯ãáâ®,   á¨áâ¥¬  _x = f(x; u) ®¡« ¤ ¥â
á¢®©áâ¢®¬ à ¢­®¬¥à­®© ã¯à ¢«ï¥¬®áâ¨ ­  X, ®§­ ç îé¥¥, çâ® ­ ©¤¥âáï â ª®¥ � > 0, çâ® ¤«ï
«î¡ëå x0; x1 2 X áãé¥áâ¢ã¥â ã¯à ¢«¥­¨¥ u : [0; �]! U, ¯à¨ ª®â®à®¬ á¨áâ¥¬  _x = f(x; u(t)) ¨¬¥¥â
à¥è¥­¨¥ x(t) 2 X, t 2 [0; �], ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ x(0) = x0, x(�) = x1, ¨ ¯®ª § ­®, çâ®
¯à¨ íâ¨å ãá«®¢¨ïå c0 á®¢¯ ¤ ¥â á â®ç­®© ­¨¦­¥© £à ­ìî áà¥¤­¨å §­ ç¥­¨© I(x(�); u(�)) ¢á¥¢®§-
¬®¦­ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ (x(�); �(�)) 2 A([0; T ];X), ç¥¬ ¨ ¬®â¨¢¨à®¢ «®áì ¨áá«¥¤®¢ ­¨¥
§ ¤ ç ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨. �à¨ íâ®¬ ®¡à é «®áì ¢­¨¬ ­¨¥ ­  æ¥«¥á®®¡à §­®áâì à á-
è¨à¥­¨ï ¢ ¯®á«¥¤­¥© § ¤ ç¥ ¬­®¦¥áâ¢  ¥¥ Pc ¤®¯ãáâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¤® ¯. ¯.
¯à®æ¥áá®¢ ¨ áâ ¢¨«¨áì á«¥¤ãîé¨¥ § ¤ ç¨ ([8], c. 531; [21], c. 84): ®¯à¥¤¥«¨âì ¯. ¯. ¬ £¨áâà «ì ¨
¬¨­¨¬¨§¨à®¢ âì ãáà¥¤­¥­­ë© ¯® T äã­ªæ¨®­ « 1

T
T(x(�); u(�); 0; T ) ­  ¬­®¦¥áâ¢¥ ¯. ¯. ¯à®æ¥áá®¢,

¤«ï ª®â®àëå ¯à¥¤¥« lim
T!1

1
T
T(x(�); u(�); 0; T ) áãé¥áâ¢ã¥â. �®ª § ­­ ï §¤¥áì â¥®à¥¬  5.4 (á¬. â ª-

¦¥ â¥®à¥¬ã 5.1 ¢ [10]) ¤ îâ ®â¢¥âë ­  ¯®áâ ¢«¥­­ë¥ ¢®¯à®áë. �â¬¥â¨¬ â ª¦¥, çâ® ®¯à¥¤¥«¥­¨¥
¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢ ­  ¬­®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ íâ®© á¨áâ¥¬ë ¯®§¢®«ï¥â
¯à¨¢¥áâ¨ ¤®áâ â®ç­ë¥ ãá«®¢¨ï, ¢ë¤¥«ïîé¨¥ ¢ OP(R) ¯. ¯. ¯à®æ¥ááë, ï¢«ïîé¨¥áï à¥è¥­¨ï¬¨
§ ¤ ç¨ (5.2) ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨¦¥­¨ï¬¨. �à¨ íâ®¬ ¢ ®â«¨ç¨¥ ®â ¤®áâ â®ç­ëå
ãá«®¢¨© ¢ [8], [21] áãé¥áâ¢®¢ ­¨¥ ¯à¥¤¥«  c0 ¤®ª § ­® «¨èì ¢ ¯à¥¤¯®«®¦¥­¨¨ à ¢­®¬¥à­®© «®-
ª «ì­®© ã¯à ¢«ï¥¬®áâ¨ «¨­¥©­®© á¨áâ¥¬ë (2.1).

� ¬¥â¨¬, ­ ª®­¥æ, çâ® ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 5.3 ¯. ¯. ¯à®æ¥áá  (x(�);m(�)) ¨á¯®«ì§®-
¢ ­  «¨èì ¢ ¢®¯à®á¥ áãé¥áâ¢®¢ ­¨ï áà¥¤­¥£®. �®íâ®¬ã, ¢ â®ç­®áâ¨ ¯®¢â®à¨¢ ¤®ª § â¥«ìáâ¢®
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íâ®© â¥®à¥¬ë, ¯®«ãç¨¬, çâ® ãª § ­­ë© ¢ á«¥¤áâ¢¨¨ 5.1 à¥ªãàà¥­â­ë© ¯à®æ¥áá (x(�);m(�)) ¡ã-

¤¥â à¥è¥­¨¥¬ á«¥¤ãîé¥© § ¤ ç¨: lim
T!1

1
T

TR
0

h�(t); g(x(t); u)idt ! inf, (x(�); �(�)) 2 Ac(R;X). �¤­ ª®

áâàãªâãà  ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ¯à®é¥ à¥ªãàà¥­â­ëå ¯à®æ¥áá®¢, ¯®íâ®¬ã ¢ à ¡®â¥ ¨ ãª -
§ ­ë ¤®áâ â®ç­ë¥ ãá«®¢¨ï, ¯®§¢®«ïîé¨¥ ¨á¯®«ì§®¢ âì ¯.¯. ¯à®æ¥ááë ¤«ï ®¯¨á ­¨ï å à ªâ¥à 
¯®¢¥¤¥­¨ï ¬ £¨áâà «ì­ëå ¯à®æ¥áá®¢.

�ëà ¦ î ¨áªà¥­­îî ¯à¨§­ â¥«ì­®áâì �.�.�®­ª®¢ã, ¨­¨æ¨¨à®¢ ¢è¥¬ã ¨áá«¥¤®¢ ­¨ï à ¢-
­®¬¥à­®© «®ª «ì­®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà ­áâ¢  S(R;�) (á¬. ¯à¨¬¥à 3.1) á ¯®¬®éìî
§ ¤ ­¨ï ­  ­¥¬ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢ á â®¯®«®£¨¥© áå®¤¨¬®áâ¨ ¢ áà¥¤­¥¬ ­  ®âà¥§ª å
¨ ¯à¨­ï¢è¥¬ã § ¨­â¥à¥á®¢ ­­®¥ ãç áâ¨¥ ¢ ®¡áã¦¤¥­¨¨ à¥§ã«ìâ â®¢ ¤ ­­®© áâ âì¨.
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