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� àï¤¥ § ¤ ç ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï (­ ¯à., [1], [2] ¨ ¯à¨¢¥¤¥­­ ï â ¬ ¡¨¡«¨®£à ä¨ï) ãç¨-
âë¢ îâáï ®¤­®¢à¥¬¥­­® £¥®¬¥âà¨ç¥áª¨¥ ®£à ­¨ç¥­¨ï ­  ã¯à ¢«¥­¨¥ ¨ á¬¥è ­­ë¥ ®£à ­¨ç¥­¨ï,
¨¬¥îé¨¥ ¡®«ìè®¥ ¯à¨ª« ¤­®¥ §­ ç¥­¨¥. � § ¤ ç å ¦¥ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯¥à¨®¤¨ç¥-
áª¨¬¨ ¤¢¨¦¥­¨ï¬¨, ª ª ®â¬¥ç¥­®, ­ ¯à¨¬¥à, ¢ [3], [4], ¤«ï ¯à¨«®¦¥­¨© ¯à¥¤áâ ¢«ïîâ ¨­â¥à¥á
ã¦¥ ã¯à ¢«¥­¨ï ¢¨¤  (q; u(�)), £¤¥ q ¯à¨­ ¤«¥¦¨â § ¤ ­­®¬ã ¬­®¦¥áâ¢ã Q � R

k ,   u : R ! U,
U 2 comp(Rm), | íâ® ¨§¬¥à¨¬ ï !-¯¥à¨®¤¨ç¥áª ï äã­ªæ¨ï. � ¤ ­­®© áâ âìe ¯à®¤®«¦¥­ë ¨á-
á«¥¤®¢ ­¨ï, ­ ç âë¥ ¢ [5]. �à¨¢®¤ïâáï ­¥®¡å®¤¨¬ë¥ ãá«®¢¨ï íªáâà¥¬ã¬  ¤«ï ¯®çâ¨ ¯¥à¨®¤¨-
ç¥áª®© (¯. ¯.) § ¤ ç¨ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï, ¢ ª®â®à®© ¢ ª ç¥áâ¢¥ ¤®¯ãáâ¨¬ëå ã¯à ¢«¥­¨©
à áá¬ âà¨¢ îâáï ¯ àë (v(�); u(�)), £¤¥ v(�) ¯à¨­ ¤«¥¦¨â § ¤ ­­®¬ã ¯®¤¬®¦¥áâ¢ãS ¯à®áâà ­áâ¢ 
B(R;Rn) ¯. ¯. ¯® �®àã äã­ªæ¨©,   u(�) | ¬­®¦¥áâ¢ã S(R;U) ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨©. �â¨
ãá«®¢¨ï ¢ë¢®¤ïâáï ¨§ á®®â¢¥âáâ¢ãîé¨å ­¥®¡å®¤¨¬ëå ãá«®¢¨© ¤«ï ®¢ë¯ãª«¥­­®© ª ¨áå®¤­®©
§ ¤ ç¨, ¢ ª®â®à®© ¬­®¦¥áâ¢® S(R;U) à áè¨à¥­® ¤® ¬¥à®§­ ç­ëå ¯. ¯. ®â®¡à ¦¥­¨©.

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

(Hom(Rn) = Hom(Rn ;Rn )) á ­®à¬®© jLj = max
jxj�1

jLxj. �¡®§­ ç¨¬ ¤ «¥¥ ç¥à¥§ B(R;Y) ¨ S(R;Y)

(Y � Rn) á®¢®ªã¯­®áâì ®â®¡à ¦¥­¨© f : R ! Y, ª®â®àë¥ ¯. ¯. ¢ á¬ëá«¥ �®à  ¨ á®®â¢¥âáâ¢¥­­®

¢ á¬ëá«¥ �â¥¯ ­®¢  ®â­®á¨â¥«ì­® ¬¥âà¨ª¨ d(f; g) = sup
t2R

t+1R
t

jf(s) � g(s)jds, f; g 2 Lloc
1 (R;Y) [6].

� ¯®¬­¨¬, çâ® ¤«ï ª ¦¤®© ¯. ¯. äã­ªæ¨¨ f (ª ª ¯® �®àã, â ª ¨ ¯® �â¥¯ ­®¢ã) áãé¥áâ¢ã¥â

áà¥¤­¥¥Mff(t)g = lim
T!1

1
T

TR
0

f(t)dt. �¥¯¥àì, ¥á«¨ (X; �) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®,

â® ç¥à¥§ B(R � X;Y) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì ­¥¯à¥àë¢­ëå ®â®¡à ¦¥­¨©

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

ª®â®àë¥ ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥ �®à  à ¢­®¬¥à­® ¯® x 2 X [7]. �áî¤ã ¤ «¥¥ ª ¦¤ãî äã­ª-
æ¨î ¨§ Lloc

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

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

t2R

t+1R
t

max
x2X

jf(s+ �; x)� f(s; x)jds < "
o
®â­®á¨â¥«ì­® ¯«®â­®.

�ã¤¥¬ £®¢®à¨âì, çâ® äã­ªæ¨ï f ¨§ Lloc
1 (R; C(X;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; �);X] � &g = 0, £¤¥ mes |

¬¥à  �¥¡¥£  ­  R ¨ w
 [f(s; �);X] | 
-ª®«¥¡ ­¨¥ ­  X ­¥¯à¥àë¢­®© äã­ªæ¨¨ x 7! f(s; x).

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®­ªãàá­®£® æ¥­âà  �¨­¨áâ¥àáâ¢  ®¡à §®¢ ­¨ï �®á-
á¨©áª®© �¥¤¥à æ¨¨, £à ­â �00-1.0-5.
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�¥¬¬  1.1 ([8]). �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï:
1) ¤«ï â®£® çâ®¡ë äã­ªæ¨ï f ¨§ Lloc

1 (R; C(X;Y)) ¯à¨­ ¤«¥¦ «  S(R; C(X;Y)), ­¥®¡å®¤¨¬®,
  ¢ á«ãç ¥, ¥á«¨ sup

(t;x)2R�X

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

¨ f(�; x) 2 S(R;Y) ¯à¨ ª ¦¤®¬ x 2 X;

2) ¥á«¨ f 2 S(R; C(X;Y)), â® lim

#0

sup
t2R

t+1R
t

w
 [f(s; �);X]ds = 0.

�¯à¥¤¥«¥­¨¥ 1.1. �â®¡à ¦¥­¨¥ (1.1) ­ §ë¢ ¥âáï ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥ �â¥¯ ­®¢  à ¢-
­®¬¥à­® ¯® x 2 X (íâ® ãá«®¢¨¥ § ¯¨è¥¬ ¢ ¢¨¤¥ f 2 S(R � X;Y)), ¥á«¨ ®­® ã¤®¢«¥â¢®àï¥â
®¤­®¢à¥¬¥­­® á«¥¤ãîé¨¬ ãá«®¢¨ï¬: f(�; x) 2 S(R;Y) ¨ lim


#0
d
 [f;X] = 0 ¯à¨ ª ¦¤®¬ x 2 X, £¤¥

d
 [f;X] = supfd(f(�; x1); f(�; x2)); x1; x2 2 X; �(x1; x2) � 
g:

�¯à¥¤¥«¨¬ ¬¥à®§­ ç­ë¥ ¯. ¯. äã­ªæ¨¨ 1. � íâ®© æ¥«ìî ®¡®§­ ç¨¬ ç¥à¥§ (frm(U); j � jw) [9] ­®à-
¬¨à®¢ ­­®¥ ¯à®áâà ­áâ¢® â ª¨å ¬¥à � ¤®­  ­  R

m , ­®á¨â¥«ì ª®â®àëå á®¤¥à¦¨âáï ¢
U 2 comp(Rm), ¨ 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®ç-
ª 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 ! Rn , ã¤®¢«¥â¢®àïîé¨å á«¥¤ãî-
é¨¬ ãá«®¢¨ï¬: '(t; �) 2 C(U;Rn) ¯à¨ ¯. ¢. t 2 R, ¤«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® max

u2U
j'(t; u)j �  '(t) ¯à¨

¯. ¢. t 2 R. � Vn ¬®¦­® ¢¢¥áâ¨ ­®à¬ã k � kVn
[14] ¨ ¯®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

M �= V�
1. �®á«¥¤­¥¥ ¯®§¢®«ï¥â [14] ¢ M ¢¢¥áâ¨ ­®à¬ã k � kw, ®â­®á¨â¥«ì­® ª®â®à®© ¬­®¦¥áâ¢ 

M1 =M(R; rpm(U)), �1 = f� 2 M : k�k � 1g ª®¬¯ ªâ­ë, ¨ ¥á«¨ f�jg1j=1 � �1, â® lim
j!1

k�jkw = 0

¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ lim
j!1

R
R

h�j(s); '(s; u)ids = 0 ¤«ï ª ¦¤®© äã­ªæ¨¨ ' 2 V1, £¤¥

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 ¨ 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; x) 7! �(t; x) 2 rpm(U) ­ §ë¢ ¥âáï ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥
�â¥¯ ­®¢  à ¢­®¬¥à­® ¯® x 2 X (íâ®â ä ªâ ¡ã¤¥¬ § ¯¨áë¢ âì ¢ ¢¨¤¥ � 2 S(R�X; rpm(U))), ¥á«¨
¤«ï «î¡®© äã­ªæ¨¨ c 2 C(U;R) ®â®¡à ¦¥­¨¥ (t; x) 7! h�(t; x); c(u)i =

R
U

c(u)�(t; x)du ¯à¨­ ¤«¥-

¦¨â ¯à®áâà ­áâ¢ã S(R �X;R).

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

1O ¢ ¦­®áâ¨ ¯à®æ¥¤ãàë à áè¨à¥­¨ï ¨«¨ ®¢ë¯ãª«¥­¨ï ¢ § ¤ ç å ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï á¬., ­ ¯à.,
[2], [9]{[11],   ¢ ¨£à®¢ëå § ¤ ç å [12], [13].
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�ãáâì ¤ «¥¥ G | ®¡« áâì ¢ Rn , ¤¨ää¥à¥­æ¨àã¥¬®¥ ¯® x ¨ v ¢ ª ¦¤®© â®çª¥ (t; x; v; u) 2
R � G � R

k � U ®â®¡à ¦¥­¨¥ (t; x; v; u) 7! f(t; x; v; u) 2 R
n ¤«ï «î¡ëå K 2 comp(Rm) ¨ V 2

comp(Rk ) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬:
1) f 2 B(R �K � V � U;Rn),
2) f 0x 2 S(R; C(K � V � U;Hom(Rn))),
3) ¨§¬¥à¨¬®¥ ®â®¡à ¦¥­¨¥ t 7! max

(x;v;u)2K�V�U
jf 0x(t; x; v; u)j, t 2 R, ®£à ­¨ç¥­®,

4) f 0v 2 S(R; C(K � V � U;Hom(Rk ;Rn))).

�¥®à¥¬  1.1 ([14]). �ãáâì ®£à ­¨ç¥­­ ï äã­ªæ¨ï g 2 S(R; C(K � U;Rn )), K 2 comp(G).
�®£¤  ¤«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 � �1\APM à ¢­®áâ¥¯¥­­® ¯. ¯. 2, â® á®¢®-

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

�¨ªá¨àã¥¬ â¥¯¥àì ¬­®¦¥áâ¢® S � B(R;Rk ) ¨ ¯à¨ v(�) 2 S à áá¬®âà¨¬ (á¬. â¥®à¥¬ã 1.1 ¨
[15]) ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

_x = h�(t); f(t; x; v(t); u)i =
Z
U

f(t; x; v(t); u)�(t)du; (t; x) 2 R �G; � 2 APM1; (1.2)

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

�®¢®ªã¯­®áâì ¢á¥å ¤®¯ãáâ¨¬ëå ­ ¡®à®¢ á¨áâ¥¬ë (1.2) ®¡®§­ ç¨¬ ç¥à¥§ Dc ¨ ç¥à¥§ D |
á®¢®ªã¯­®áâì ­ ¡®à®¢ ¢¨¤  (x(�); v(�); u(�)) 2 B(R; G)�S�S(R ;U) â ª¨å, çâ® (x(�); v(�); �u(�)) 2 Dc.

�ãáâì ¤ «¥¥ äã­ªæ¨ï f0 : R�G�Rk�U! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬,  ­ «®£¨ç­ë¬ ãá«®¢¨ï¬
1), 2) ¨ 4) ¤«ï äã­ªæ¨¨ f . � á¨«ã â¥®à¥¬ë 1.1 ­  Dc ª®àà¥ªâ­® ®¯à¥¤¥«¥­ äã­ªæ¨®­ «

(x(�); v(�); �(�)) 7! T(x(�); v(�); �(�)) =Mfh�(t); f0(t; x(t); v(t); u)ig:

�¥¯¥àì à áá¬®âà¨¬ § ¤ çã

T(x(�); v(�); �(�)) ! inf; (x(�); v(�); �(�)) 2 Dc; (1.3)

¤«ï ª®â®à®© ­ ¡®à (bx(�); bv(�); b�(�)) 2 Dc ­ §ë¢ ¥âáï à¥è¥­¨¥¬, ¥á«¨ T(bx(�); bv(�); b�(�)) � T(x(�),
v(�); �(�)) ¤«ï ¢á¥å (x(�); v(�); �(�)) 2 Dc ¨ ®â®¡à ¦¥­¨¥

(t; x; v; �; p) 7! H (t; x; v; �; p) =
Z
U

H(t; x; v; u; p)�du; (t; x; v; �; p) 2 R �G� R
k � rpm(U)� R

n� ;

£¤¥ H(t; x; v; u; p) = pf(t; x; v; u) � f0(t; x; v; u), ï¢«ï¥âáï äã­ªæ¨¥© �®­âàï£¨­ .

� ¬¥ç ­¨¥ 1.1. �®áª®«ìªã ¤«ï ª ¦¤®£® ­ ¡®à  (x(�); v(�); u(�)) 2 D

T(x(�); v(�); �u(�)) =Mff0(t; x(t); v(t); u(t))g
def= I(x(�); v(�); u(�)); (1.4)

â® § ¤ ç  (1.3) ï¢«ï¥âáï à áè¨à¥­¨¥¬ (®¢ë¯ãª«¥­¨¥¬) á«¥¤ãîé¥© § ¤ ç¨:

I(x(�); v(�); u(�)) ! inf; (x(�); v(�); u(�)) 2 D: (1.5)

�®àà¥ªâ­®áâì â ª®£® à áè¨à¥­¨ï ¢ëâ¥ª ¥â ¨§ â¥®à¥¬ë 1.3 [16] (á¬. â ª¦¥ [17]), ¨ ¤«ï ¯®«ãç¥­¨ï
­¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  § ¤ ç¨ (1.5) ¯à¨¢¥¤¥¬

�¯à¥¤¥«¥­¨¥ 1.4. � ¡®à (bx(�); bv(�); b�(�)) 2 Dc ­ §ë¢ ¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.3) ¢ ®á« -
¡«¥­­®¬ á¬ëá«¥, ¥á«¨ ­¥ áãé¥áâ¢ã¥â â ª®£® ­ ¡®à  (x(�); v(�); u(�)) 2 D, çâ® (á¬. (1.4))

I(x(�); v(�); u(�)) < T(bx(�); bv(�); b�(�)):
2 â. ¥. ¤«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¥¯¥­­® ¯. ¯. [6].
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�â¬¥â¨¬, çâ® ¢áïª®¥ à¥è¥­¨¥ § ¤ ç¨ (1.3) ï¢«ï¥âáï à¥è¥­¨¥¬ ¢ ®á« ¡«¥­­®¬ á¬ëá«¥ ¨ ¤«ï
§ ¤ ç¨ (1.5) ®¡  íâ¨å ¯®­ïâ¨ï á®¢¯ ¤ îâ.

�«ï ä®à¬ã«¨à®¢ª¨ ®á­®¢­®£® ãâ¢¥à¦¤¥­¨ï áâ âì¨ ­ ¯®¬­¨¬ [18], [19], çâ® á¨áâ¥¬ 

_x = A(t)x; A 2 Lloc
1 (R;Hom(Rn)); d(A; 0) <1; (1.6)

¤®¯ãáª ¥â íªá¯®­¥­æ¨ «ì­ãî ¤¨å®â®¬¨î (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 � r2e
��2(s�t); ¥á«¨ �1 < t � s <1;

(1.7)

£¤¥ �(t) | äã­¤ ¬¥­â «ì­ ï ¬ âà¨æ  á¨áâ¥¬ë (1.6). � 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 (1.6). �«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, [18], [19]. �à¨ íâ®¬, ¥á«¨

A 2 S(R;Hom(Rn)), b 2 S(R;Rn), â® x 2 B(R;Rn).
� ¤ «ì­¥©è¥¬ Tv(�)S | ª á â¥«ì­ë© ª®­ãá ¤«ï v(�) 2 S.

�¥®à¥¬  1.2. �ãáâì ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (bx(�); bv(�); b�(�)) 2 Dc ï¢«ï¥âáï à¥è¥­¨¥¬ ¢ ®á« -

¡«¥­­®¬ á¬ëá«¥ § ¤ ç¨ (1:3) ¨ ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ 

_y = hb�(t); f 0x(t; bx(t); bv(t); u)iy; (t; y) 2 R � R
n ; (1.8)

¤®¯ãáª ¥â í. ¤. �®£¤ 

sup
�(�)2APM1

MfH (t; bx(t); bv(t); �(t); bp(t))g =MfH (t; bx(t); bv(t); b�(t); bp(t))g; (1.9)

£¤¥ bp(t) 2 Rn� , t 2 R, | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë

_p = �phb�(t); f 0x(t; bx(t); bv(t); u)i + hb�(t); f 00x(t; bx(t); bv(t); u)i; (1.10)

¨ ¯à¨ ª ¦¤®¬ h(�) 2 Tbv(�)S
Mfhb�(t);H 0

v(t; bx(t); bv(t); u; bp(t))ih(t)g � 0: (1.11)

� ¬¥ç ­¨¥ 1.2. �®áª®«ìªã ®â®¡à ¦¥­¨¥ (t; u) 7! H(t; bx(t); bv(t); u; bp(t)) ¯à¨­ ¤«¥¦¨â ¯à®-
áâà ­áâ¢ã B(R � U;R), â® [20] à ¢¥­áâ¢® (1.9) à ¢­®á¨«ì­® â®¬ã, çâ® ¯à¨ ¯. ¢. t 2 R

max
u2U

H(t; bx(t); bv(t); u; bp(t)) = H (t; bx(t); bv(t); b�(t); bp(t)) = hb�(t);H(t; bx(t); bv(t); u; bp(t))i:
� ¬¥ç ­¨¥ 1.3. � á«ãç ¥, ¥á«¨ Tbv(�)S ï¢«ï¥âáï «¨­¥©­ë¬ ¬­®£®®¡à §¨¥¬ ¢ B(R;Rk ), â®

ãá«®¢¨¥ (1.11) ¢ â¥®à¥¬¥ 1.2 ¢«¥ç¥â ¤«ï ¢á¥å h(�) 2 Tbv(�)S à ¢¥­áâ¢®

Mfhb�(t);H 0
v(t; bx(t); bv(t); u; bp(t))ih(t)g = 0: (1.12)

� «¥¥, ¥á«¨ intS 6= ; ¨ bv(�) 2 intS, â® Tbv(�)S = B(R;Rk ) ¨ ¯®íâ®¬ã ¯à¨ ¢á¥å h(�) 2 B(R;Rk ) ¨¬¥-
¥â ¬¥áâ® à ¢¥­áâ¢® (1.12). �âáî¤  á«¥¤ã¥â, çâ® ¢á¥ ª®íää¨æ¨¥­âë �ãàì¥ Mfhb�(t);H 0

v(t; bx(t),bv(t); u; bp(t))ie�i�tg, � 2 R, ®£à ­¨ç¥­­®© (¢ áãé¥áâ¢¥­­®¬) ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨¨ t 7!
hb�(t);H 0

v(t; bx(t); bv(t); u; bp(t))i à ¢­ë ­ã«î. �­ ç¨â, ¯® â¥®à¥¬¥ ® ¥¤¨­áâ¢¥­­®áâ¨ à §«®¦¥­¨ï ¯. ¯.
äã­ªæ¨¨ ¢ àï¤ �ãàì¥ [6] ¯®«ãç ¥¬, çâ® ¢ ãá«®¢¨ïå â¥®à¥¬ë 1.2 hb�(t);H 0

v(t; bx(t); bv(t); u; bp(t))i = 0
¯à¨ bv(�) 2 intS ¤«ï ¯. ¢. t 2 R. �â¬¥â¨¬ â ª¦¥, çâ® ¢ á«ãç ¥, ¥á«¨ ¢ â¥®à¥¬¥ 1.2 ¢ ª ç¥áâ¢¥ S
à áá¬ âà¨¢ ¥âáï ­¥ª®â®à®¥ ¯®¤¬­®¦¥áâ¢® ¢¥ªâ®à®¢ ¨§ Rk ¨ ®ª ¦¥âáï, çâ® bv � bv(t) ¯à¨­ ¤«¥-
¦¨â intS, â®, ¢®-¯¥à¢ëå, TbvS = Rk ,   ¢®-¢â®àëå, à ¢¥­áâ¢® (1.12) ¡ã¤¥â ¢ë¯®«­¥­® ¤«ï ¢á¥å h �
h(t) 2 Rk . �®á«¥¤­¥¥ ®§­ ç ¥â, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥Mfhb�(t);H 0

v(t; bx(t); bv; u; bp(t))ig = 0.
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�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.2 ¯à¨¢¥¤¥¬ ¢ x 4.

2. �¥¯à¥àë¢­ ï § ¢¨á¨¬®áâì ¯. ¯. à¥è¥­¨ï ®â ¯ à ¬¥âà 

� ä¨ªá¨à®¢ ­­ë¬ b�(�) 2 APM1 ¨ "0 > 0 á¢ï¦¥¬ ¬­®¦¥áâ¢® M = f�(�; ")g"2[0;"0 ] � APM1

(�(�; 0) � b�(�)) ¨ ¯à¨ ª ¦¤®¬ m 2 Z ¯®« £ ¥¬

Im(") = ft 2 [ma; (m+ 1)a] : �(t; ") 6= b�(t)g (a > 0): (2.1)

�ª ¦¥¬, çâ® ¬­®¦¥áâ¢® M à ¢­®¬¥à­® «¨¯è¨æ¥¢®, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ L > 0, çâ®

sup
m2Z

(mes Im(")) � L": (2.2)

�¥¬¬  2.1. �á«¨ M à ¢­®¬¥à­® «¨¯è¨æ¥¢®, â® lim
"#0

k�(�; ") � b�(�)kw = 0.

�®ª § â¥«ìáâ¢®. �ãáâì ' 2 V1. �®áª®«ìªã max
u2U

j'(t; u)j �  '(t) ¯à¨ ¯. ¢. t 2 R,    '(�) 2

L1(R;R), â® ¤«ï § ¤ ­­®£® 
 > 0 ­ ©¤¥âáï â ª®¥ N 2 N, çâ®

J(") =
���� Z
R

h�(t; ")� b�(t); '(t; u)idt���� � JN(") + 
=2; JN(") =
���� Z N

�N

h�(t; ") � b�(t); '(t; u)idt����:
(2.3)

� á¨«ã (2.1) JN(") �
P

jmj�N

R
Im(")

 '(t)dt. �âáî¤  ¯® â¥®à¥¬¥ �¥¡¥£  ®¡  ¡á®«îâ­®© ­¥¯à¥àë¢­®áâ¨

¨­â¥£à «  [9] ­ ©¤¥âáï â ª®¥ b" > 0, çâ® JN(") � 
=2 ¯à¨ ¢á¥å " 2 (0; b"],   §­ ç¨â (á¬. (2.3)),
J(") � 
.

� «¥¥, ¤«ï bv(�) 2 S à áá¬®âà¨¬ ª á â¥«ì­ë© ª®­ãá Tbv(�)S. � á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥­¨¥¬
(á¬., ­ ¯à., [21]) ¢ ­ è¥¬ á«ãç ¥ h(�) 2 Tbv(�)S, ¥á«¨ ­ ©¤¥âáï ª®­áâ ­â  % > 0 ¨ â ª®¥ ®â®¡à ¦¥­¨¥
" 7! �(�; ") 2 B(R;Rn), " 2 (0; %], �(�; 0) � 0, çâ®

lim
"#0

k�(�; ")kC(R;Rk) = 0 (2.4)

¨ ¯à¨ ¢á¥å " 2 [0; %]

v"(�) = bv(�) + "(h(�) + �(�; ")) 2 S: (2.5)

�¥®à¥¬  2.1. �ãáâì à ¢­®¬¥à­® «¨¯è¨æ¥¢® ¬­®¦¥áâ¢® M à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ ¤®¯ãáâ¨-

¬ë© ­ ¡®à (bx(�); bv(�); b�(�)) 2 Dc á¨áâ¥¬ë (1:2) â ª®©, çâ® á¨áâ¥¬  (1:8) ï¢«ï¥âáï í. ¤. �®£¤ 

­ ©¤¥âáï â ª®¥ b" 2 (0; "0] ¨ ª®¬¯ ªâ­®¥ ¬­®¦¥áâ¢® Kr = orb(bx(�)) + Or[0] � G, çâ® ¯à¨

ª ¦¤®¬ " 2 (0; b" ] á¨áâ¥¬ 
_x = h�(t; "); f(t; x; v"(t); u)i =

Z
U

f(t; x; v"(t); u)�(t; ")du; (2.6)

£¤¥ v"(�) 2 S ®¯à¥¤¥«¥­® à ¢¥­áâ¢®¬ (2:5), ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥ x(�; ")
â ª®¥, çâ® orb(x(�; ")) � Kr ¨

lim
"#0

kx(�; ") � bx(�)kC(R;Rn) = 0: (2.7)

�à®¬¥ â®£®, ¬­®¦¥áâ¢® f 1
"
kx(�; ") � bx(�)kC(R;Rn), " 2 (0; b" ]g ®£à ­¨ç¥­®.

�®ª § â¥«ìáâ¢®. �®áª®«ìªã ­ ¡®à (bx(�); bv(�); b�(�)) ï¢«ï¥âáï ¤®¯ãáâ¨¬ë¬ ¤«ï á¨áâ¥¬ë (1.2),
â® orb(bx) � G ¨, á«¥¤®¢ â¥«ì­®, ­ ©¤¥âáï â ª®¥ r > 0, çâ® Kr = orb(bx) + Or[0] � G (Or[0] =
fx 2 Rn : jxj � rg). � «¥¥, ¤«ï h(�) 2 Tbv(�)S ¯à¨ ª ¦¤®¬ " 2 [0; %] (áç¨â ¥¬ % � "0) à áá¬®âà¨¬
äã­ªæ¨î v"(�) 2 S, ®¯à¥¤¥«¥­­ãî à ¢¥­áâ¢®¬ (2.5). � á¨«ã (2.4) ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨
¬®¦­® áç¨â âì, çâ® k�(�; ")kC(R;Rk) � 1 ¯à¨ ¢á¥å " 2 [0; %]. �®íâ®¬ã fv"(�)g"2[0;%] � B (R ; V )\S, £¤¥

V = orb(bv) +O%1 [0]; %1 = %(khkC(R;Rk) + 1): (2.8)
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� ¤ «ì­¥©è¥¬, çâ®¡ë ­¥ § £à®¬®¦¤ âì ®¡®§­ ç¥­¨©, áç¨â ¥¬

d = d(V;Kr) = sup
(t;x;v;u)2R�Kr�V�U

(jf0(t; x; v; u)j + jf(t; x; v; u)j + jf 0x(t; x; v; u)j); (2.9)

f(t; x; u) = f(t; x; bv(t); u); f0x(t; x; u) = f 0x(t; x; bv(t); u);
f"(t; x; u) = f(t; x; v"(t); u); f0"x(t; x; u) = f 0x(t; x; v"(t); u);

f0(t; x; u) = f0(t; x; bv(t); u); f00x(t; x; u) = f 00x(t; x; bv(t); u);
�(t; ") = b�(t)� �(t; ");

(2.10)

¨, ªà®¬¥ â®£®, ¤«ï í. ¤. á¨áâ¥¬ë (1.8) á®åà ­ï¥¬ ®¡®§­ ç¥­¨ï, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥­¨¥ í. ¤. á¨-
áâ¥¬ë (1.6) á ¬ âà¨æ¥© A(t) = hb�(t); f 0x(t; bx(t); bv(t); u)i. �â¬¥â¨¬ (á¬. â¥®à¥¬ã 1.1 ¨ [15]), çâ®

f; f" 2 B(R �Kr � U;Rn); f0x; f
0
"x 2 S(R; C(Kr � U;Hom(Rn))) (2.11)

¨, á«¥¤®¢ â¥«ì­®, á­®¢  ¯® â¥®à¥¬¥ 1.1 äã­ªæ¨¨ (t; u) 7! f(t; bx(t); u) ¨ (t; u) 7! f0x(t; bx(t); u) ¯à¨-
­ ¤«¥¦aâ ¯à®áâà ­áâ¢ ¬ B(R � U;Rn) ¨ S(R; C(U;Hom(Rn))) á®®â¢¥âáâ¢¥­­®.

� «¥¥, ¢ á¨áâ¥¬¥ (2.5) á¤¥« ¥¬ § ¬¥­ã z = bx(t)�x, ª®â®à ï ®â­®á¨â¥«ì­® z § ¯¨è¥âáï ¢ ¢¨¤¥
_z = A(t)z + h1(t; z) + h2(t; "; z) + h3(t; "; z); (t; z) 2 R � R

n ; " 2 [0; %]; (2.110)

£¤¥ (á¬. ®¡®§­ ç¥­¨ï (2.10))

h1(t; z) = hb�(t); f(t; bx(t); u)� f(t; bx(t)� z; u)i �A(t)z;

h2(t; "; z) = h�(t; "); f(t; bx(t)� z; u)i;

h3(t; "; z) = h�(t; "); f(t; bx(t)� z; u)� f"(t; bx(t)� z; u)i:

�«ï " 2 [0; %] à áá¬®âà¨¬ ®¯¥à â®à F [�; "] : B(R; Or [0]) ! B(R;Rn), ®¯à¥¤¥«¥­­ë© ¤«ï ª ¦¤®©
äã­ªæ¨¨ z 2 B(R; Or [0]) à ¢¥­áâ¢®¬ F [z(�); "](t) = P[z(�); "](t) + P[z(�); "](t), £¤¥

P[z(�); "](t) =
Z
R

G(t; s)[h1(s; z(s)) + h2(s; "; z(s))]ds; P[z(�); "](t) =
Z
R

G(t; s)h3(s; "; z(s))ds:

�®« £ ¥¬ ¤ «¥¥ ¤«ï 
 > 0 ¨ t 2 R

w(1)

 (t) = sup

(xk;v;u)2Kr�V�U
k=1;2; jx1�x2j�


jf 0x(t; x1; v; u) � f 0x(t; x2; v; u)j; (2.12)

w(2)

 (t) = sup

(x;vk;u)2Kr�V�U
k=1;2; jv1�v2j�


jf(t; x; v1; u)� f(t; x; v2; u)j: (2.13)

�§ ®£à ­¨ç¥­¨©, ­ «®¦¥­­ëå ­  f (á¬. (2.11) ¨ [7],   â ª¦¥ «¥¬¬ã 1.1), ¢ëâ¥ª ¥â

lim

#0

sup
t2R

w(2)

 (t) + sup

t2R

Z t+1

t

w(1)

 (s)ds = 0; (2.14)

¨ â. ª. d(bv(�); v"(�)) � kbv(�)�v"(�)kC(R;Rk), â® lim
"#0

d(bv(�); v"(�)) (2:4)
= 0. � ª ª ª ¬­®¦¥áâ¢®M à ¢­®áâ¥-

¯¥­­® ¯. ¯., â® ¬­®¦¥áâ¢® f�(�; ")g"2[0;%] ¨§ APM\�2 â ª¦¥ à ¢­®áâ¥¯¥­­® ¯. ¯. �à¨ ¢ë¯®«­¥­¨¨
íâ®£® ãá«®¢¨ï ¢ [22] ¤®ª § ­®, çâ®

lim
"#0

sup
t2R

I"(t) = 0; I"(t) =
���� Z
R

G(t; s)h�(s; "); f(s; bx(s); u)ids����; (2.15)

¨ â ¬ ¦¥ ¯®ª § ­®, çâ® ¤«ï «î¡ëå ä¨ªá¨à®¢ ­­ëå i 2 Z+ ¨ k 2 (0;1) ¨¬¥îâ ¬¥áâ® à ¢¥­áâ¢ 

lim
"#0

sup
&2(0;k]

sup
t2R

���� Z
sk(t;i)

Pk(t; s)h�(s; "); f0x(s; bx(s); u)ids���� = 0; k = 1; 2; (2.16)
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£¤¥ s1(t; i) = [t � i& � &; t � i&], s2(t; i) = [t + i&; t + i& + &]. B¢¥¤¥¬ ®¯¥à â®à I[�; "] : B(R; Or [0]) !
B(R;Rn), ®¯à¥¤¥«¥­­ë© ¤«ï ª ¦¤®© äã­ªæ¨¨ z 2 B(R;Or[0]) ¨ ¢áïª®£® " 2 [0; %] à ¢¥­áâ¢®¬

I[z(�); "](t) =
Z
R

G(t; s)h�(s; "); f0x(s; bx(s); u)iz(s) ds; t 2 R:

� ¯®¬®éìî à ¢¥­áâ¢ (2.16) ¢ [22] ¤®ª § ­  (á¬. (1.7), (2.8) ¨ (2.9))

�¥¬¬  2.2. �«ï «î¡®£® 
 > 0 ­ ©¤¥âáï â ª®¥ "0 > 0, çâ® ¤«ï ¢á¥å " 2 [0; "0] ¨ ª ¦¤®©

äã­ªæ¨¨ z 2 B(R; Or [0]) ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® sup
t2R

jJ[z(�); "](t)j � 
(2d( r1
�1
+ r2

�2
) + kzkC(R;Rk)).

� ª¨¬ ®¡à §®¬, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® ¢ à áá¬ âà¨¢ ¥¬®© á¨âã æ¨¨ à ¢¥­áâ¢® (2.15)
¨ «¥¬¬  2.2  ­ «®£¨ç­ë á®®â¢¥âáâ¢¥­­® à ¢¥­áâ¢ã (3.1) ¨ «¥¬¬¥ 3.2 à ¡®âë [16],   â ª¦¥ á¯®-
á®¡ § ¤ ­¨ï ®¯¥à â®à  F [�; "] : B(R; Or [0]) ! B(R;Rn), ¢®á¯®«ì§®¢ ¢è¨áì áå¥¬ ¬¨ ¤®ª § â¥«ì-
áâ¢  â¥®à¥¬ 2.1 ¨ 6.1 à ¡®âë [16], ¬®¦­® ¯®ª § âì áãé¥áâ¢®¢ ­¨¥ â ª®£® e" 2 (0; %] ¨ ª®­áâ ­âë
� 2 (0; r], çâ® ¯à¨ ª ¦¤®¬ " 2 (0; e" ] ­  B(R; O� [0]) ®¯¥à â®à F [�; "] ¨¬¥¥â ­¥¯®¤¢¨¦­ãî â®çªã,
â. ¥. áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï z(�; ") 2 B(R; O� [0]), çâ®

z(t; ") =
Z
R

G(t; s)[h1(s; z(s; ")) + h2(s; "; z(s; ")) + h3(s; "; z(s; "))]ds; t 2 R: (2.17)

�à¨ íâ®¬ orb(z(�; ")) � O�[0] ¨

lim
"#0

kz(�; ")kC(R;Rn) = 0: (2.18)

�§ (2.17) ¨ (2:110) ¯®«ãç ¥¬, çâ® ¯à¨ ª ¦¤®¬ " 2 (0; e" ] ¯. ¯. ¯® �®àã äã­ªæ¨ï x(�; ") = bx(�)�z(�; ")
ï¢«ï¥âáï à¥è¥­¨¥¬ á¨áâ¥¬ë (2.6). �à¨ íâ®¬ orb(x(�; ")) � Kr ¨ (á¬. (2.18)) ¢ë¯®«­¥­® à ¢¥­áâ¢®
(2.7).

�®ª ¦¥¬ ¯®á«¥¤­¥¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 2.1. �§ (2.17), ãç¨âë¢ ï ®¯à¥¤¥«¥­¨¥ äã­ªæ¨© h1,
h2, h3, ¯à¨ ª ¦¤®¬ t 2 R ¨ ¢á¥å " 2 (0; e" ] ¨¬¥¥¬ à ¢¥­áâ¢®

z(t; ")
"

=
2X

i=1

J
(1)
i (t; ") + J (2)(t; ") + V (t; "); (2.19)

£¤¥ (á¬. (2.5) ¨ ®¡®§­ ç¥­¨ï (2.10))

J
(1)
i (t; ") =

1
"

Z
si(t)

Pi(t; s)h�(s; "); f(s; x(s; "); u)ids; i = 1; 2;

J (2)(t; ") =
Z
R

G(t; s)

b�(s; "); Z 1

0
(f0x(s; bx(s)� �z(s; "); u) � f0x(s; bx(s); u))d��z(s; ")"

ds;

V (t; ") =
Z
R

G(t; s)


�(s; ");

Z 1

0

f 0v(s; x(s; "); v"(s; �); u)d�
�
(h(s) + �(s; ")) ds (2.20)

¨ s1(t) = (�1; t], s2(t) = [t;1), v"(t; �) = bv(t) + "�(h(t) + �(t; ")), 0 � � � 1. �¥¯¥àì, ¯à¥¤áâ ¢¨¢
ª ¦¤®¥ t 2 R ¢ ¢¨¤¥ t = mta+�ta, mt 2 Z, �t 2 [0; 1), ¨á¯®«ì§ãï (1.7), ¢ á¨«ã (2.1) ¨ (2.9) ¯®«ãç¨¬

jJ (1)
2 (t; ")j �

2r2d
"(1 � e�a�2)

sup
m2Z

mes Im(")
(2:2)

�
2r2dL

1� e�a�2
= {

(1)
2 8t 2 R: (2.21)

�­ «®£¨ç­® ã¡¥¦¤ ¥¬áï, çâ®

jJ (1)
1 (t; ")j �

2r1dL
1� e�a�1

= {
(1)
1 : (2.22)

� ª ª ª (á¬. (2.12))

jJ (2)(t; ")j
(1:8)

�
k

"
kz(�; ")kC(R;Rn) sup

t2R

Z t+a

t

w
(1)
kz(�;")kC(R;Rn)

(s) ds;
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£¤¥

k =
r1

1� e�a�1
+

r2

1� e�a�2
; (2.23)

â® ¨§ (2.14) ¨ (2.18) ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ â ª®£® e"1 2 (0; e" ], çâ® ¯à¨ ¢á¥å " 2 (0; e"1]
jJ (2)(t; ")j �

1
2"
kz(�; ")kC(R;Rn): (2.24)

�®ª ¦¥¬, çâ®

V (t; ")�
t2R

y(t) ¯à¨ " # 0; y(t) = y(t; h(�)) =
Z
R

G(t; s)hb�(s); f 0v(s; bx(s); bv(s); u)ih(s) ds: (2.25)
� á ¬®¬ ¤¥«¥, ¯®« £ ï y(t; ") = h(t) + �(t; ") ¨ ãç¨âë¢ ï (2.20), ¯®«ãç¨¬ V (t; ") =

4P
i=1

Vi(t; "), £¤¥

V1(t; ") =
Z
R

G(t; s)


�(t; s);

Z 1

0

f 0v(s; x(s; "); v"(s; �)u)d�
�
y(s; ")ds;

V2(t; ") =
Z
R

G(t; s)

b�(s); Z 1

0

(f 0v(s; bx(s)� z(s; "); v"(s; �); u)�

� f 0v(s; bx(s); v"(s; �); u)) d��y(s; ")ds;
V3(t; ") =

Z
R

G(t; s)

b�(s); Z 1

0
(f 0v(s; bx(s); v"(s; �); u)� f 0v(s; bx(s); bv(s); u))d��y(s; ")ds;

V4(t; ") =
Z
R

G(t; s)hb�(s); f 0v(s; bx(s); bv(s); u)iy(s; ")ds:
�ãáâì ¤ «¥¥ F (t) = max

(x;v;u)2Kr�V�U
jf 0v(t; x; v; u)j, t 2 R. �®áª®«ìªã F 2 S(R;R+), â® [22] ¤«ï «î¡®£®

" > 0 ­ ©¤¥âáï â ª®¥ � > 0, çâ® sup
t2R

R
E

F (s+ t)ds � ", ¥á«¨ ¨§¬¥à¨¬®¥ ¬­®¦¥áâ¢® E � [0; a] â ª®¥,

çâ® mesE � �. �®íâ®¬ã ¨§ ­¥à ¢¥­áâ¢  (á¬. (2.1) ¨ (2.23))

jV1(t; ")j � 2k sup
m2Z

Z
I0(")

F (s+ma)dskhkC(R;Rk) + d(F (�); 0)k�(�; ")kC(R;Rk)

¨ ¨§ à ¢¥­áâ¢  (2.4) ¯®«ãç¨¬ V1(t; ")�
t2R

0 ¯à¨ " # 0. �¯à¥¤¥«¨¢ ¤ «¥¥ w(3)

 (t), w(4)


 (t), t 2 R,

 ­ «®£¨ç­® w(1)

 (t) ¨ w(2)


 (t) (á¬. (2.12), (2.13)), ¯à¨ f 0x = f 0v á®®â¢¥âáâ¢¥­­® f = f 0v ¨¬¥¥¬

jV2(t; ")j � k(1 + khkC(R;Rk)) sup
t2R

Z t+a

t

w
(3)
�(")(s)ds; �(") = kz(�; ")kC(R;Rn);

jV3(t; ")j � k(1 + khkC(R;Rk)) sup
t2R

Z t+a

t

w
(4)
�(")(s)ds; �(") = "(1 + khkC(R;Rk)):

�§ ¯®á«¥¤­¨å ¤¢ãå ­¥à ¢¥­áâ¢ ¢ á¨«ã (2.18) ¨ «¥¬¬ë 1.1 (á¬. (2.10)) ¯®«ãç¨¬, çâ® Vl(t; ")�
t2R

0

¯à¨ " # 0, l = 2; 3. � ª ª ª jV4(t; ") � y(t)j � kd(F (�); 0)k�(�; ")kC(R;Rk), â® (á¬. (2.4)) V4(t; ")�
t2R

y(t)

¯à¨ " # 0. �®á«¥¤­¥¥ á®®â­®è¥­¨¥ á®¢¬¥áâ­® á ¤®ª § ­­ë¬¨ á®®â­®è¥­¨ï¬¨ ¢«¥ç¥â (2.25). �â «®
¡ëâì, ­ ©¤¥âáï b" 2 (0; e"1] â ª®¥, çâ® jV (t; ")j � {3 = (1 + kykC(R;Rn)) ¤«ï ¢á¥å " 2 (0; b" ] ¨ t 2 R.
�âáî¤  ¢ á¨«ã (2.19), (2.21), (2.22) ¨ (2.24) ¯®«ãç¨¬, çâ® k z(�;")

"
kC(R;Rn) � 2({(1)

1 + {
(1)
2 + {3) ¤«ï

¢á¥å " 2 (0; b" ], ¨ â¥®à¥¬  2.1 ¤®ª § ­ .
� ¬¥ç ­¨¥ 2.1. �¥®à¥¬  2.1 ¤®ª § ­  ¤«ï ­¥¯®áà¥¤áâ¢¥­­®£® ¥¥ ¨á¯®«ì§®¢ ­¨ï ¯à¨ ¤®ª § -

â¥«ìáâ¢¥ â¥®à¥¬ë 1.2. �¬¥áâ¥ á â¥¬, ¢ á¨«ã à¥§ã«ìâ â®¢ à ¡®âë [22] ãâ¢¥à¦¤¥­¨¥ ® áãé¥áâ¢®¢ ­¨¨
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à¥è¥­¨ï x(�; ") á¨áâ¥¬ë (2.6), ã¤®¢«¥â¢®àïîé¥£® à ¢¥­áâ¢ã (2.7), ¨¬¥¥â ¬¥áâ®, ¥á«¨ f ã¤®¢«¥-
â¢®àï¥â ãá«®¢¨ï¬ 4) ¨ 2),  ­ «®£¨ç­®¬ã ¤«ï f 0x,   ¤«ï ¤®ª § â¥«ìáâ¢  ¯®á«¥¤­¥£® ãâ¢¥à¦¤¥­¨ï
| ãá«®¢¨î 3),  ­ «®£¨ç­®¬ã ¤«ï f 0x.

3. �¢®©áâ¢  ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å ¢ à¨ æ¨©

�¯à¥¤¥«¥­¨¥ 3.1. �®á«¥¤®¢ â¥«ì­®áâì f�(m)gm2Z� rpm(U) ­ §ë¢ ¥âáï ¯. ¯., ¥á«¨ ¤«ï ª -
¦¤®© äã­ªæ¨¨ c 2 C(U;R) ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì­®áâì fh�(m); c(u)igm2Z ï¢«ï¥âáï ¯. ¯. [23].

�®¢®ªã¯­®áâì ¢á¥å ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¥© ¨§ rpm(U) ®¡®§­ ç¨¬ A PS.
� «¥¥, ä¨ªá¨à®¢ ­­®© â®çª¥ # 2 [0; a], ª®­áâ ­â¥ " 2 (0; "0], "0 = a�# (a > 0), ¯. ¯. ¯®á«¥¤®¢ -

â¥«ì­®áâ¨ � = f�(m)gm2Z2 A PS ¨ § ¤ ­­®¬ã b�(�) 2 APM1 ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ®â®¡à ¦¥­¨¥
t 7! �(t; ") = �(t; "; #; �) 2 rpm(U) (�(t; 0) � b�(t)), ®¯à¥¤¥«¥­­®¥ ¯à¨ ¢á¥å t 2 R à ¢¥­áâ¢®¬

�(t; ") =

8<:b�(t); t 2
S

m2Z
([ma; (m+ 1)a)=Tm("; #));

�(m); t 2 Tm("; #) = [ma+ #;ma+ #+ "); m 2 Z:
(3.1)

�¢¥¤¥­­®¥ ®â®¡à ¦¥­¨¥ t 7! �(t; ") ­ §ë¢ ¥âáï ¨£®«ìç â®© ¢ à¨ æ¨¥©, ®â¢¥ç îé¥© § ¤ ­­®¬ãb�(�) 2 APM1.
�§ â¥®à¥¬ë 4.1 [14] ¢ëâ¥ª ¥â

�¥¬¬  3.1. �â®¡à ¦¥­¨¥ (t; ") 7! �(t; "), § ¤ ­­®¥ à ¢¥­áâ¢®¬ (3:1), ¯à¨­ ¤«¥¦¨â ¯à®-

áâà ­áâ¢ã S(R � [0; "0]; rpm(U)) ¨ ¤«ï ª ¦¤®© äã­ªæ¨¨ g 2 S(R; C(U;R))

lim

#0

sup
"1;"22[0;"0]
j"1�"2j�


sup
t2R

Z t+1

t

jh�(s; "1)� �(s; "2); g(s; u)ijds = 0:

�¥¯¥àì ¤«ï ¯à®¨§¢®«ì­® ä¨ªá¨à®¢ ­­®£® h(�) 2 Tbv(�)S (bv(�) 2 S) à áá¬®âà¨¬ ®â¢¥ç îéãî
¥¬ã á®¢®ªã¯­®áâì äã­ªæ¨© fv"(�)g"2(0;%] � S, § ¤ ­­ãî à ¢¥­áâ¢®¬ (2.5), ¢ ª®â®à®¬ ¡¥§ ®£à ­¨-
ç¥­¨ï ®¡é­®áâ¨ ¬®¦­® áç¨â âì % � "0. � ª¨¬ ®¡à §®¬, § ¤ ­­®© ¯ à¥ (bv(�); b�(�)) 2 S � APM1

¬®¦­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¬­®¦¥áâ¢® f(v"(�); �"(�))g"2(0;%] � S�APM1 ¯. ¯. ¢ à¨ æ¨©. �®-
áª®«ìªã (á¬. (2.1)) ¤«ï ®â®¡à ¦¥­¨© �(�; "), ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢®¬ (3.1), sup

m2Z
(mes Im(")) = ",

â® lim
"#0

k��(�; ")kw = 0 ¯® «¥¬¬¥ 2.1; §¤¥áì ¨ ¢ ¤ «ì­¥©è¥¬ ��(�; ") = b�(�) � �(�; "). � «¥¥, â. ª.

®â®¡à ¦¥­¨¥ (t; ") 7! �(t; ") ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã S(R � [0; "0]; rpm(U)), â® [14] ¬­®¦¥áâ¢®
f�(�; ")g"2(0;"0 ] � APM1 ¨ à ¢­®áâ¥¯¥­­® ¯. ¯. �®íâ®¬ã ¯® â¥®à¥¬¥ 2.1 ­ ©¤ãâáï â ª¨¥ b" 2 (0; %] ¨
Kr 2 comp(G), çâ® á¨áâ¥¬  (2.6) ¯à¨ �(�; "), § ¤ ­­®¬ à ¢¥­áâ¢®¬ (3.1), ¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã
à¥è¥­¨¥ x(�; ") = x(�; "; #; �), çâ® orb(x(�; ")) � Kr ¨ ã¤®¢«¥â¢®àï¥âáï à ¢¥­áâ¢® (2.7). �à®¬¥ â®£®,

sup
�
1
"
k�x(�; ")kC(R;Rn); " 2 (0; b" ]� = { <1; �x(�; ") = bx(�)� x(�; "): (3.2)

� ¤ «ì­¥©è¥¬ (á¬. ®¡®§­ ç¥­¨ï (2.10))

�f(t; �) = hb�(t)� �; f(t; bx(t); u)i; fm(t; �) = f(t+ma; �); m 2 Z; � 2 rpm(U);

�f0(t; �) = hb�(t)� �; f0(t; bx(t); u)i; �f0;m(t; �) = f0(t+ma; �); (3.3)

 (t) = hb�(t); f00x(t; bx(t); u)i;  m(t) =  (t+ma):

�¥¬¬  3.2. �¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

lim
"#0





�x(�; ")"
�
1
"

Z
R

G(�; s)h��(s; "); f(s; bx(s); u)ids � y(�)





C(R;Rn)

= 0;

£¤¥ ¯. ¯. ¯® �®àã äã­ªæ¨ï y(�) ®¯à¥¤¥«¥­  ¢ (2:25).
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�®ª § â¥«ìáâ¢®. � ª ª ª ¯à¨ " 2 (0; b" ] äã­ªæ¨ï �x(�; ") ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï
(2.17), â®, ¨á¯®«ì§ãï (3.1) (á¬. ®¡®§­ ç¥­¨ï (2.20), (2.12) ¨ (2.13)), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥-
­¨ï:�����x(t; ")"

�
1
"

Z
R

G(t; s)h��(s; "); f(s; bx(s); u)ids � y(t)
���� �

�

���� Z
R

G(t; s)

b�(s); Z 1

0

(f0x(s; bx(s)� ��x(s; "); u)� f0x(s; bx(s); u))d���x(s; ")"
ds

����+
+
1
"

���� Z
R

G(t; s)h��(s; "); f(s; bx(s)��x(s; "); u) � f(s; bx(s); u)ids����+ jy(t)� V (t; �)j
(1:8); (3:2)

�

� {k sup
t2R

Z t+a

t

w
(1)
�(")(s)ds+ k sup

t2R
w
(2)
�(")(t) + sup

t2R
jy(t)� V (t; �)j;

£¤¥ �(") = k�x(�; ")kC(R;Rn). �¥¯¥àì ­ã¦­®¥ ­ ¬ à ¢¥­áâ¢® ¢ëâ¥ª ¥â ¨§ (2.14) ¨ (2.25).
� «¥¥, ¯® â¥®à¥¬¥ 1.1 (á¬. â ª¦¥ (2.11)) ®â®¡à ¦¥­¨ï t 7! hb�(t); f(t; bx(t); u)i 2 Rn ,

t 7! hb�(t); f0(t; bx(t); u)i 2 R ¯. ¯. ¯® �â¥¯ ­®¢ã. �®íâ®¬ã ¨§ â¥®à¥¬ë 1.4 ¨ «¥¬¬ë 4.2 à ¡®âë
[14] ¢ëâ¥ª ¥â

�¥¬¬  3.3. �ãé¥áâ¢ãîâ â ª¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fqlg
1
l=1�N, lim

l!1
ql=1, f�pg

1
p=1�(0; a],

lim
p!1

�p = 0,   â ª¦¥ ¨§¬¥à¨¬®¥ ¬­®¦¥áâ¢® � � [0; a] ¯®«­®© ¬¥àë, çâ® ¯à¨ ª ¦¤®¬ # 2 �

lim
p!1

lim
l!1

1
qla

ql�1X
m=0

1
�p

Z �p

0

sup
�2rpm(U)

j�fm(t+ #; �)��fm(#; �)jdt = 0; (3.4)

lim
p!1

lim
l!1

1
qla

ql�1X
m=0

1X
k=0

e�ka�

�p

Z �p

0
sup

�2rpm(U)

j�fm+k(t+ #; �)��fm+k(#; �)jdt = 0: (3.5)

�à®¬¥ â®£®, ¤«ï «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ � = f�(m)gm2Z2 A PS áãé¥áâ¢ãîâ ¯à¥¤¥«ë

lim
l!1

1
qla

ql�1X
m=0

�fm(#; �(m)); (3.6)

c(#; �) = lim
l!1

1
qla

ql�1X
m=0

�f0;m(#; �(m)) (3.7)

¨ ¤«ï äã­ªæ¨¨ �f0 á¯à ¢¥¤«¨¢ë ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï,  ­ «®£¨ç­ë¥ (3:4) ¨ (3:5).

�áî¤ã ¤ «¥¥, ­¥ ®£®¢ à¨¢ ï, ¯à¥¤¯®« £ ¥¬, çâ® ¢ ®¯à¥¤¥«¥­¨¨ 3.1 â®çª  # ¯à¨­ ¤«¥¦¨â
¬­®¦¥áâ¢ã �, ®¯à¥¤¥«¥­­®¬ã ¢ «¥¬¬¥ 3.3. �â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ ¨§ (3.1) ¨ áãé¥áâ¢®¢ ­¨ï
¯à¥¤¥«  (3.7) ¢ëâ¥ª ¥â

c(#; �) = lim
p!1

1
�p
Mfh��(t; �p); f0(t; bx(t); u)ig:

�à®¬¥ â®£®, ¨§ á¢®©áâ¢ äã­ªæ¨¨ �à¨­  G(t; s) ¨ áãé¥áâ¢®¢ ­¨ï ¯à¥¤¥«  (3.6) ¢ëâ¥ª ¥â

b(#; �) = lim
l!1

1
qla

ql�1X
m=0

L(m)(#; �) (� = f�(m)gm2Z2 A PS); (3.8)

£¤¥

L(m)(#; �) =
Z a

0
 m(t)

1X
k=0

fGm(t; #� (k + 1)a)�fm(#� (k + 1)a; �(m � (k + 1))) +

+ Gm(t; #+ ka)�fm(#+ ka; �(m+ k))gdt; m 2 Z; Gm(�; �) = G(�+ma; �+ma): (3.9)
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�¥¬¬  3.4. �«ï ª ¦¤®© â®çª¨ # 2 � ¨ ¢áïª®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ � 2 A PS ¨¬¥¥â ¬¥áâ®

à ¢¥­áâ¢®

lim
p!1

lim
l!1

1
qla

ql�1X
m=0

Z (m+1)a

ma

 (t)
�
1
�p

Z
R

G(t; s)h��(s; �p); f(s; bx(s); u)ids�dt = b(#; �):

�à®¬®§¤ª®¥ ¤®ª § â¥«ìáâ¢® «¥¬¬ë 3.4 ®¯ãáª ¥¬. �â¬¥â¨¬ «¨èì, çâ® ¤«ï ¥¥ ¤®ª § â¥«ìáâ¢ 
­ ¤® ¢®á¯®«ì§®¢ âìáï ®¯à¥¤¥«¥­¨¥¬ �(�; "), à ¢¥­áâ¢ ¬¨ (3.4), (3.5), ®æ¥­ª ¬¨ (1.7) ¨ áå¥¬®©
¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 6.7 à ¡®âë [24].

�§ «¥¬¬ 3.2 ¨ 3.4 ¢ëâ¥ª ¥â (á¬. (2.22))

�¥¬¬  3.5. �«ï ª ¦¤®© â®çª¨ # 2 � ¨ ¢áïª®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ � 2 A PS

lim
p!1

M

�
 (t)

�x(t; �p)
�p

�
= b(#; �) +Mf (t)y(t)g:

�ãáâì ¤ «¥¥ y0(t) = y0(t; h(�))
def= hb�(t); f 00v(t; bx(t); bv(t); u)i, t 2 R. �¥¯¥àì ¤«ï ¢á¥å ¯ à (�; h(�)) 2

A PS� Tbv(�)S ¯®« £ ¥¬ (á¬. (3.7), (3.8) ¨ ®¡®§­ ç¥­¨ï ¢ (3.3))

a(#; �; h(�)) = �b(#; �)� c(#; �) +Mfy0(t; h(�))g +Mf (t)y(t; h(�))g: (3.10)

� ¯®¬­¨¬ ¤ «¥¥, çâ® á¯à ¢¥¤«¨¢® ¢ª«îç¥­¨¥ f(x(�; "); v"(�); �(�; "))g"2(0;b" ] � Dc, £¤¥ v"(�) =
v"(�; h(�)) | íâ® äã­ªæ¨ï (á¬. (2.5)) ¨§ S, ®â¢¥ç îé ï h(�) 2 Tbv(�)S. �â «® ¡ëâì, ®¯à¥¤¥«¥­®
®â®¡à ¦¥­¨¥ ("; �; h(�)) 7! T(x(�; "); v"(�); �(�; ")).

�¥¬¬  3.6. �«ï ª ¦¤®© # 2 � ¨ ¢á¥å (�; h(�)) 2 A PS� Tbv(�)S
lim
p!1

1
�p
(T(x(�; �p); v�p(�); �(�; �p))� T(bx(�); bv(�); b�(�))) = a(#; �; h(�)):

�®ª § â¥«ìáâ¢®. �à¨ ª ¦¤®¬ " 2 (0; b" ] ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

1
"
(T(x(�; "); v"(�); �(�; ")) � T(bx(�); bv(�); b�(�))) =MfV0(t; ")g +

+
1
"
(T(x(�; "); bv(�); �(�; ")) � T(bx(�); bv(�); b�(�))) =MfV0(t; ")g � I(") �

�M

�
 (t)

�x(t; ")
"

�
�
1
"
Mfh��(t; "); f0(t; bx(t); u)ig;

¢ ª®â®àëå

V0(")
def= M

�

�(t; #);

Z 1

0

f 00v(t; x(t; "); v"(t; #); u)d#
�
(h(t) + �(t; "))

�
;

I(") =M
�

�(t; ");

Z 1

0

(f00x(t; bx(t)� #�x(t; "); u)� f00x(t; bx(t); u))d#��x(t; ")"

�
:

�­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï ¢ (2.25) ¯®ª §ë¢ ¥¬, çâ® lim
"#0

V0(") =

Mfy0(t)g. � «¥¥, ®¯à¥¤¥«¨¢ w(4)

 (t)  ­ «®£¨ç­® w(1)


 (t) (á¬. (2.12)) ¯à¨ f 0x = f 00x, ¯®«ãç¨¬

jI(")j
(3:2)

� { sup
t2R

t+1R
t

w
(4)
�(")(s)ds, £¤¥ �(") = k�x(�; ")kC(R;Rn). �ç¨âë¢ ï «¥¬¬ã 1.1 ¨ à ¢¥­áâ¢® (2.6),

¯®«ãç ¥¬ lim
"#0

jI(")j = 0. �á¯®«ì§ãï ¤®ª § ­­ë¥ ¯à¥¤¥«ì­ë¥ à ¢¥­áâ¢ , «¥¬¬ã 3.5 ¨ à ¢¥­áâ¢®

(3.7), ¨§ ¯à¨¢¥¤¥­­ëå ¢ ­ ç «¥ ¤®ª § â¥«ìáâ¢  á®®â­®è¥­¨© ¯®«ãç ¥¬ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë 3.6.
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4. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.2

�®ª § â¥«ìáâ¢ã â¥®à¥¬ë 2.1 ¯à¥¤¯®è«¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥ (á¬. (3.10) ¨ § ¬¥ç ­¨¥
1.1).

�¥¬¬  4.1. �á«¨ a(#; �; h(�)) < 0 ¯à¨ ­¥ª®â®àëå # 2 � ¨ (�; h(�)) 2 A PS�Tbv(�)S, â® ­ ©¤¥âáï
â ª®© ¤®¯ãáâ¨¬ë© ­ ¡®à (x(�); v(�); u(�)) 2 D, çâ® I(x(�); v(�); u(�)) < T(bx(�); bv(�); b�(�)).

�®ª § â¥«ìáâ¢®. �® â®çª¥ # 2 � ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ � = f�(m)gm2Z 2 A PS ¯®áâà®¨¬
®â®¡à ¦¥­¨¥ �(�; ") 2 APM1, ®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬ (3.1). �ãáâì v"(�) 2 S | äã­ªæ¨¨ (á¬.
(2.5)), ®â¢¥ç îé¨¥ ãá«®¢¨î h(�) 2 Tbv(�)S. � ¤ «ì­¥©è¥¬ (x(�; "); v"(�); �(�; ")) | ¤®¯ãáâ¨¬ë© ­ -
¡®à, ãª § ­­ë© ¢ ¯à¥¤ë¤ãé¥¬ ¯ã­ªâ¥, ¤«ï ª®â®à®£®, ­¥ ®£®¢ à¨¢ ï, á®åà ­ï¥¬ á¢ï§ ­­ë¥ á ­¨¬
ª®­áâ ­âë b" 2 (0; %] ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fqlg1l=1, f�pg

1
p=1. �§ «¥¬¬ë 3.1, à ¢¥­áâ¢ (2.14) ¨ (2.4),

  â ª¦¥ ¢ª«îç¥­¨© (2.11) ¯®«ãç ¥¬

lim
"#0

sup
t2R

Z t+1

t

jh�(s; "); f 0x(s; x(s; "); v"(s); u)i � hb�(s); f0x(s; bx(s); u)ijds = 0:

�âáî¤  ¢ á¨«ã í. ¤. á¨áâ¥¬ë (1.8) ¨ á¢®©áâ¢  ãáâ®©ç¨¢®áâ¨ í. ¤. ª ¬ «ë¬ ¢®§¬ãé¥­¨ï¬ [18] ¢ë-
â¥ª ¥â áãé¥áâ¢®¢ ­¨¥ â ª®£® e" 2 (0; b" ], çâ® ¯à¨ " 2 [0; b" ] ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬  ãà ¢­¥­¨©
_y = h�(t; "); f 0x(t; x(t; "); v"(t); u)iy, (t; y) 2 R � R

n , ¤®¯ãáª ¥â í. ¤. �à¨ íâ®¬ áãé¥áâ¢ãîâ ¯®«®-
¦¨â¥«ì­ë¥ ª®­áâ ­âë er, e� â ª¨¥, çâ® ¤«ï äã­ªæ¨¨ �à¨­  G(t; s; ") íâ®© á¨áâ¥¬ë ¢ë¯®«­¥­®
­¥à ¢¥­áâ¢® jG(t; s; ")j � ere�e�jt�sj, t; s 2 R. � «¥¥, ¢ á¨«ã «¥¬¬ë 3.6 ­ ©¤¥âáï â ª®¥ p 2 N, çâ®
¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

I(x(�; �p); v�p(�); �(�; �p))� I(bx(�); bv(�); �(�)) < �p
2
a(#; �; h(�)); (4.1)

¨ â. ª. lim
p!1

�p = 0, â® ¬®¦­® áç¨â âì, çâ® �p 2 (0; e" ]. � íâ¨¬ p ¤«ï ®â®¡à ¦¥­¨ï �(�; �p) 2 APM1

à áá¬®âà¨¬  ¯¯à®ªá¨¬¨àãîéãî ¥£® ¯®á«¥¤®¢ â¥«ì­®áâì fujg
1
j=1 � S(R;U) [14], [25]. � ª ª ª

äã­ªæ¨ï (t; u) 7! f(t; x(t; �p); v�p(t); u) ¯à¨­ ¤«¥¦¨â B(R�U;Rn) (á¬. â¥®à¥¬ã 1.1 ¨ [15]), â® [14],
[25]

lim

!0

sup
t2R

����
t+1Z
t

h�(s; �p)� �uj (s); f(s; x(s; �p); v�p(s); u)ids
���� = 0: (4.2)

�à®¬¥ â®£®, ¯®áª®«ìªã ¤«ï á¨áâ¥¬ë _x = h�(t; �p); f(t; x; v�p(t); u)i ¢á¥ ãá«®¢¨ï â¥®à¥¬ë 2.1 ¢ë-
¯®«­¥­ë, â® ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ 

_x = f(t; x; v�p(t); uj(t));

­ ç¨­ ï á ­¥ª®â®à®£® j0, ¡ã¤¥â ¨¬¥âì â ª®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥ xj(�), çâ® orb(xj) � comp(G) ¨

lim
j!1

k�xj(�; �p)kC(R;Rn) = 0; �xj(�; �p) = x(�; �p)� xj(�): (4.3)

�¥¯¥àì ¨§ á®®â­®è¥­¨©

jI(xj(�); v�p(�); uj(�))� T(x(�; �p); v�p(�); �(�; �p))j �

� sup
t2R

Z t+1

t

w
(3)
�j
(s)ds+ sup

t2R

���� Z t+1

t

h�(s; �p)� �uj (s); f0(s; x(s; �p); v�p(s); �)ids
����;

£¤¥ �j = k�xj(�; �p)kC(R;Rn), ãç¨âë¢ ï (4.2) ¨ (4.3), ¯®«ãç ¥¬

lim
j!1

I(xj(�); v�p(�); uj(�)) = T(x(�; �p); v�p(�); �(�; �p)):

�®íâ®¬ã ¢ á¨«ã (4.1) ¯à¨ ¢á¥å ¤®áâ â®ç­® ¡®«ìè¨å j ¡ã¤ãâ ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢ 

I(xj(�); v�p(�); uj(�)) < T(bx(�); bv(�); b�(�)) + �p
4
a(#; �; h(�)) < T(bx(�); bv(�); b�(�)): �
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�§ «¥¬¬ë 4.1 ¨ ®¯à¥¤¥«¥­¨ï 1.4 ¢ëâ¥ª ¥â

�«¥¤áâ¢¨¥ 4.1. �á«¨ ­ ¡®à (bx(�); bv(�); b�(�)) 2 Dc ï¢«ï¥âáï à¥è¥­¨¥¬ ¢ ®á« ¡«¥­­®¬ á¬ëá«¥
¤«ï § ¤ ç¨ (1.3), â® a(#; �; h(�)) � 0 ¯à¨ ª ¦¤®¬ # 2 � ¨ ¢á¥å (�; h(�)) 2 A PS� Tbv(�)S.

� «¥¥ ¯®­ ¤®¡¨âáï ¯®­ïâ¨¥ áâ¥ª«®¢áª®£® ãáà¥¤­¥­¨ï ¤«ï �(�) 2 APM1. �«ï ¥£® ®¯à¥¤¥«¥­¨ï
¯à¨ ä¨ªá¨à®¢ ­­®¬ � > 0 ¨ ª ¦¤®¬ t 2 R à áá¬®âà¨¬ äã­ªæ¨®­ «

c(�) 7!
1
�

Z t+�

t

h�(s); c(u)ids; c(�) 2 C(U;R);

ª®â®àë©, ª ª «¥£ª® ¢¨¤¥âì, ¯à¨­ ¤«¥¦¨â (C(U;R))� . �®íâ®¬ã ¯® â¥®à¥¬¥ �¨áá  [9] á ãç¥â®¬
�(�) 2 APM1 � M(R; rpm(U)) ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ â ª®© ¬¥àë �(t; �) 2 rpm(U), çâ® ¤«ï
ª ¦¤®© äã­ªæ¨¨ c(�) 2 C(U;R) ¡ã¤¥â ¢ë¯®«­¥­® à ¢¥­áâ¢®

h�(t; �); c(u)i =
1
�

Z t+�

t

h�(s); c(u)ids; t 2 R: (4.4)

�§ (4.4) á«¥¤ã¥â, çâ® ¤«ï ª ¦¤®© äã­ªæ¨¨ c(�) 2 C(U;R) ®â®¡à ¦¥­¨¥ t 7! h�(t; �); c(u)i
­¥¯à¥àë¢­® ­  R. �®íâ®¬ã �(�; �) 2 C(R; (rpm(U); �w)), £¤¥ �w | ¬¥âà¨ª  ­  rpm(U), ¨­¤ãæ¨à®-
¢ ­­ ï ­®à¬®© j � jw.

�¯à¥¤¥«¥­¨¥ 4.1. �ãáâì �(�) 2 APM1. �®£¤  ®â®¡à ¦¥­¨¥ �(�; �) 2 C(R; (rpm(U); �w)), ã¤®-
¢«¥â¢®àïîé¥¥ ¯à¨ ª ¦¤®¬ t 2 R ¨ ¢áïª®© äã­ªæ¨¨ c(�) 2 C(U;R) à ¢¥­áâ¢ã (4.4), ­ §ë¢ ¥âáï
áâ¥ª«®¢áª¨¬ ãáà¥¤­¥­¨¥¬ ¤«ï �(�).

� [14] ¤®ª § ­®, çâ® ¥á«¨ �(�) 2 APM1, â® �(�; �) ¯à¨­ ¤«¥¦¨â ¬­®¦¥áâ¢ã B(R; rpm(U)) �
C(R; (rpm(U); �w)), á®áâ®ïé¥¬ã ¨§ ¬¥à®§­ ç­ëå ¯. ¯. ¯® �®àã äã­ªæ¨©. � ¬ ¦¥ ¤®ª § ­ 

�¥®à¥¬  4.1. �ãáâì ®â®¡à ¦¥­¨¥ �(�) 2 APM1 ¨ �(�; �) 2 B(R; rpm(U)) | ¥£® áâ¥ª«®¢áª®¥

ãáà¥¤­¥­¨¥. �®£¤  ¤«ï ª ¦¤®© äã­ªæ¨¨ g 2 S(R; C(U;R))

lim
�#0

sup
t2R

���� Z t+1

t

h�(s; �)� �(s); g(s; u)ids
���� = 0

¨, á«¥¤®¢ â¥«ì­®, lim
�#0

Mfh�(t; �); g(t; u)ig =Mfh�(t); g(t; u)ig.

�®ª ¦¥¬, ­ ª®­¥æ, â¥®à¥¬ã 1.2. �«ï ¯à®¨§¢®«ì­®£® ä¨ªá¨à®¢ ­­®£® � 2 APM1 à áá¬®âà¨¬
¥£® áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥ �(�; �). � ª ª ª �(�; �) 2 B(R; rpm(U)), â® [14] ¯®á«¥¤®¢ â¥«ì­®áâì
�(#) = f�(# +ma; �)gm2Z � rpm(U) ¯à¨ ª ¦¤®¬ # 2 [0; a] ï¢«ï¥âáï ¯. ¯. ¨, á«¥¤®¢ â¥«ì­® (á¬.
«¥¬¬ã 3.3), ¯à¨ ª ¦¤®¬ # 2 � áãé¥áâ¢ãîâ ¯à¥¤¥«ë c(#; �(#)) ¨ b(#; �(#)) (á¬. (3.7) ¨ (3.8)). � ª
ª ª (bx(�); bv(�); b�(�)) | à¥è¥­¨¥ § ¤ ç¨ (1.3) ¢ ®á« ¡«¥­­®¬ á¬ëá«¥, â® ¯® á«¥¤áâ¢¨î 4.1 ¯à¨ ¢á¥å
# 2 � ¨ h(�) 2 Tbv(�)S ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® a(#; �(#); h(�)) � 0 ¨«¨ (á¬.(3.7), (3.8){(3.10) ¨
(2.22))

lim
l!1

1
qla

ql�1X
m=0

�
�f0(#+ma; �(#+ma; �)) +

+
Z a

0
 (t+ma)

1X
k=0

fGm(t; #� (k + 1)a)�f(#+ma� (k + 1)a; �(#+ma; �)) +

+Gm(t; #+ ka)�f(#+ma+ ka; �(#+ma; �))gdt
�
�Mfhb�(t);H 0

v(t; bx(t); bv(t); u; bp(t))ih(t)g � 0:

�à®¨­â¥£à¨à®¢ ¢ ¯®á«¥¤­¥¥ ­¥à ¢¥­áâ¢® ¯® # ®â 0 ¤® a, ¤«ï ¢á¥å h(�) 2 Tbv(�)S ¯®«ãç ¥¬

Mf�f(t; �(t; �)) + hb�(t); f0x(t; bx(t); u)iz(t; h)g � aMfhb�(t);H 0
v(t; bx(t); bv(t); u; bp(t))ih(t)g � 0;
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£¤¥ z(t; �) =
R
R

G(t; #)�f(#; �(#; �))d#. �âáî¤  ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ h(�) 2 Tbv(�)S ¢ëâ¥ª ¥â

­¥à ¢¥­áâ¢® (1.9). � «¥¥, â. ª. z(�; �) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë

_y = hb�(t); f0x(t; bx(t); u)iy +�f(t; �(t; �));

â® ¤«ï ¯. ¯. ¯® �®àã à¥è¥­¨ï bp(�) á¨áâ¥¬ë (1.10) ¢ë¯®«­¥­® à ¢¥­áâ¢®

d

dt
(bp(t); z(t; �)) = hb�(t); f0x(t; bx(t); u)iz(t; �) + �f(t; �(t; �)):

�®íâ®¬ã, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® sup
t2R

jbp(t)j; sup
t2R

jz(t; �)j <1, ¯®«ãç ¥¬ à ¢¥­áâ¢®

Mfhb�(t); f0x(t; bx(t); u)iz(t; �)g = �Mfbp(t)�f(t; �(t; �))g;
¨§ ª®â®à®£® á®¢¬¥áâ­® á ¤®ª § ­­ë¬ ¢ëè¥ ­¥à ¢¥­áâ¢®¬ ¢ëâ¥ª ¥â ­¥à ¢¥­áâ¢®

MfH (t; bx(t); bv(t); �(t; �); bp(t))g �MfH (t; bx(t); bv(t); �(t); bp(t))g:
� «¥¥, â.ª. ®â®¡à ¦¥­¨¥ (t; u) 7! H(t; bx(t); bv(t); u; bp(t)) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã B(R � U;R),
â® ¯® â¥®à¥¬¥ 4.1

MfH (t; bx(t); bv(t); �(t); bp(t))g =Mfh�(t);H(t; bx(t); bv(t); u; bp(t))ig =
= lim

�#0
Mfh�(t; �);H(t; bx(t); bv(t); u; bp(t))ig (4:6)

� MfH (t; bx(t); bv(t); b�(t); bp(t))g;
¨ â¥¬ á ¬ë¬ â¥®à¥¬  1.2 ¤®ª § ­ .

�§ ®¯à¥¤¥«¥­¨ï 1.4 ¨ â¥®à¥¬ë 1.2 ¢ëâ¥ª ¥â

�¥®à¥¬  4.2. �ãáâì ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (bx(�); bv(�); bu(�)) 2 D ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨

(1:5) ¨ ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬  _y = f 0x(t; bx(t); bv(t); bu(t))y ¤®¯ãáª ¥â í. ¤. �®£¤  max
u2U

H(t; bx(t),bv(t); u; bp(t)) = H(t; bx(t); bv(t); bu(t); bp(t)) ¯à¨ ¯. ¢. t 2 R, £¤¥ bp(t) 2 Rn� | ¯.¯. ¯® �®àã à¥è¥­¨¥

á¨áâ¥¬ë _p = �pf 0x(t; bx(t); bv(t); bu(t)) + f 00x(t; bx(t); bv(t); bu(t)) ¨ MfH 0
v(t; bx(t); bv(t); bu(t))h(t)g � 0 ¯à¨

ª ¦¤®¬ h(�) 2 Tbv(�)S.
�à¨¬¥à 4.1. �ãáâì � = fM 2 Hom(Rn) : Re�j(M ) < 0, j = 1; : : : ; ng ¨ A 2 Hom(Rn ), b 2 Rn

â ª¨¥, çâ® ¬ âà¨æ  K = [b;Ab; : : : ; An�1b] ­¥¢ëà®¦¤¥­ . � ä¨ªá¨àã¥¬ â ª¦¥ â ªãî äã­ªæ¨î
f 2 S(R;Rn ), çâ® Mff(t)g 6= 0 ¨ ¯à¨ v 2 S = fs 2 Rn : A+ bs� 2 �g à áá¬®âà¨¬ á¨áâ¥¬ã

_x = (A+ bv�)x+ f(t); (t; x) 2 R � R
n : (4.5)

�§ ®¯à¥¤¥«¥­¨ï S ¢ëâ¥ª ¥â, çâ® ª ¦¤®¬ã v 2 S ®â¢¥ç ¥â ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥
x(�) = x(�; v) á¨áâ¥¬ë (4.5). �¥¯¥àì à áá¬®âà¨¬ § ¤ çã

J(v) =Mfq�x(t; v)g ! inf; v 2 S; q 2 R
n : (4.6)

�â¬¥â¨¬, çâ®  ­ «®£¨ç­ ï § ¤ ç  ¤«ï á«ãç ï, ª®£¤  f | ­¥¯à¥àë¢­ ï !-¯¥à¨®¤¨ç¥áª ï

äã­ªæ¨ï á ãá«®¢¨¥¬ Mff(t)g = 1
!

!R
0

f(t)dt 6= 0, à¥è¥­  ¢ [3].

�®áª®«ìªã ¬­®¦¥áâ¢® S ®âªàëâ® ¢ Rn , â® ¨§ â¥®à¥¬ë 4.2 (á¬. § ¬¥ç ­¨¥ 1.3 ¨ ®¯à¥¤¥-
«¥­¨¥ 1.4) ¯®«ãç ¥¬, çâ® à¥è¥­¨¥ bv 2 S § ¤ ç¨ (4.6) ­¥®¡å®¤¨¬® ã¤®¢«¥â¢®àï¥â à ¢¥­áâ¢ã
Mfbp(t)bbx(t)g = 0, £¤¥ bx(t) = x(t; bv), bp(t) 2 Rn� , t 2 R, | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë
_p = �p(A+ bbv�) + q�,   â. ª. bp(t) � q�(A+ bbv�)�1 ¨ (A+ bbv�)Mfbx(t)g+Mff(t)g = 0, â®

q�(A+ bbv�)�1b = 0: (4.7)

� ¤àã£®© áâ®à®­ë, ¯®áª®«ìªã (á¬. (4.6) ¨ ¯à¨¥¬, ¨á¯®«ì§®¢ ­­ë© ¢ ª®­æ¥ ¤®ª § â¥«ìáâ¢  â¥-
®à¥¬ë 1.2) J(bv) = �q�(A + bbv�)�1Mff(t)g, â® ¤«ï ­ å®¦¤¥­¨ï bv ¤®áâ â®ç­® ­ ©â¨ à¥è¥­¨¥
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ãà ¢­¥­¨ï (4.7). � íâ®© æ¥«ìî ¯à¨¢¥¤¥¬ ªà âª®¥ ®¯¨á ­¨¥ ¬­®¦¥áâ¢  S. � áá¬®âà¨¬ ¬­®¦¥-

áâ¢® �, á®áâ®ïé¥¥ ¨§ â ª¨å � = (�j)nj=1 2 R
n , çâ® ¯®«¨­®¬ P (�; z) = zn �

nP
j=1

�jz
j�1 £ãà¢¨æ¥¢,

¨ ¯ãáâì � = [0; : : : ; 0; 1]K �1 . �®£¤  (á¬. [3],   â ª¦¥ [26]) S = f�(�P (�;A))�, � 2 �g. � á¨«ã
¢ëè¥áª § ­­®£® ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥ �.�.�®­ª®¢  ¢ ¯. ¯. á«ãç ¥.

�¥®à¥¬  4.3. �ãáâì b� 2 � | à¥è¥­¨¥ ãà ¢­¥­¨ï q�(A � b�P (�;A))�1b = 0, � 2 �. �®£¤ bv = �P (b�;A) | à¥è¥­¨¥ § ¤ ç¨ (4:6) ¨ J(bv) = �q�(A� b�P (b�;A))�1Mff(t)g.

�à¨¬¥à 4.2. �ãáâì

S = fv(�) 2 B(R;Rk ) :Mfjv(t)j2g � 1g: (4.8)

�®ª ¦¥¬, çâ® ¥á«¨ bv(�) 2 S ¨ Mfjbv(t)j2g = 1, â®

Tbv(�)S = fh(�) 2 B(R;Rk ) :Mfbv�(t)h(t)g � 0g: (4.9)

� á ¬®¬ ¤¥«¥, ­  B(R;Rk ) ®¯à¥¤¥«¥­® [6] áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ (v; w) = Mfv�(t)w(t)g,
v; w 2 B(R;Rk ). �®«ãç¥­­®¥ £¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢® ®¡®§­ ç¨¬ ç¥à¥§ APC. �«¥¤®¢ â¥«ì-
­®, S | ¥¤¨­¨ç­ë© è à ¢ APC ¨ bv(�) ®¯à¥¤¥«ï¥â ­  APC «¨­¥©­ë© ­¥¯à¥àë¢­ë© äã­ªæ¨®­ «
v(�) 7! (bv(�); v(�)), v(�) 2 APC. �®íâ®¬ã, ¨á¯®«ì§ãï ¢¨¤ [27] ­®à¬ «ì­®£® ª®­ãá  NxK ¤«ï è à 
K ¥¤¨­¨ç­®£® à ¤¨ãá  ¢ ­®à¬¨à®¢ ­­®¬ ¯à®áâà ­áâ¢¥ (X; k � k) ¢ â®çª¥ x 2 K, kxk = 1, ¯®«ã-
ç ¥¬, çâ® ¢ ­ è¥¬ á«ãç ¥ Nbv(�)S = f�bv(�)g�>0 ¨, áâ «® ¡ëâì, ª á â¥«ì­ë© ª®­ãá Tbv(�)S § ¤ ¥âáï
à ¢¥­áâ¢®¬ (4.9).

� ¬¥â¨¬ §¤¥áì, çâ® ¬­®¦¥áâ¢® S, ®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬ (4.8), ¢ § ¤ ç å ã¯à ¢«¥­¨ï ª®-
«¥¡ ­¨ï¬¨ ¢ â¥®à¨¨ í«¥ªâà¨ç¥áª¨å æ¥¯¥© ¬®¦¥â ¡ëâì ¨­â¥à¯à¥â¨à®¢ ­® ª ª ®£à ­¨ç¥­¨¥ ¬®é-
­®áâ¨ ¢å®¤ .

�á¯®«ì§ãï ¯à¨¬¥à 4.2, ¯à¨¢¥¤¥¬ ¥é¥ ®¤¨­ ¯à¨¬¥à, ¨««îáâà¨àãîé¨© â¥®à¥¬ã 4.2.

�à¨¬¥à 4.3. � áá¬®âà¨¬ § ¤ çã

J(v(�)) =Mf 1
2
v�(t)v(t) � x�(t)x(t)g ! inf; v(�) 2 S; (4.10)

¢ ª®â®à®© S ®¯à¥¤¥«¥­® à ¢¥­áâ¢®¬ (4.8) ¯à¨ k = 2,   x(�) = x(�; v(�)) | ¯. ¯. ¯® �®àã à¥è¥­¨¥
á¨áâ¥¬ë

_x = Ax� v(t); x 2 R
2 ; A 2 Hom(R2); (4.11)

®â¢¥ç îé¥¥ v(�) 2 S, ¢ ª®â®à®© á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¬ âà¨æë A à ¢­ë 1 � i� (� > 0). �®
â¥®à¥¬¥ 4.2 ¤«ï à¥è¥­¨ï bv(�) § ¤ ç¨ (4.10) ¯à¨ ¢á¥å h(�) 2 Tbv(�)S ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
Mf�(bp(t) + bv�(t))h(t)g � 0, £¤¥ bp(�) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë

_p = �pA� 2bx�(t); p 2 R
2� ; bx(�) = x(�; bv(�)): (4.12)

�§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  ¯®«ãç ¥¬ �(bp�(�) + bv�(�)) 2 Nbv(�)S = f�bv(�)g�>0, â. ¥. ¯à¨ ­¥ª®â®à®¬b� > 0

�bp�(�) = (1 + b�)bv(�): (4.13)

� ª¨¬ ®¡à §®¬ (á¬. (4.11){(4.13)), ¯ à  (bx(�); bp�(�)) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë�
_x
_y

�
=

"
A 1

1+b�E
�2E �A�

# �
x
y

�
; x; y 2 R

2 :

�¥á«®¦­® ¯®ª § âì, çâ® íâ  á¨áâ¥¬  ¨¬¥¥â ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥­¨ï, ®â¢¥ç îé¨¥ «¨èì b� 2 (0; 1],
¨ b� = 1 ®â¢¥ç ¥â ¯ à  (bx(�); bp�(�)), ¢ ª®â®à®© bx(�) = �bp�(�)=2, bp(t) = [�2 cos �t; 2 sin�t]. � ª®­¥æ,
¯®áª®«ìªã (á¬. (4.11), (4.12)) Mf 1

2
bp�(t)bv(t)g = �Mfbx�(t)bx(t)g, â® (á¬. (4.10) ¨ (4.13)) J(bv(�)) =
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�b�
2
Mfbv�(t)bv(t)g � �b�

2
. �«¥¤®¢ â¥«ì­®, à¥è¥­¨¥¬ § ¤ ç¨ (4.10) ¡ã¤¥â 2�=�-¯¥à¨®¤¨ç¥áª ï äã­ª-

æ¨ï bv(t) = [cos �t;� sin�t]�, t 2 R, ¨ J(bv(�)) = � 1
2
.

� ¬¥ç ­¨¥ 4.1. �â¬¥â¨¬, çâ® áå¥¬ã à¥è¥­¨ï § ¤ ç¨ (4.10) ¬®¦­® ¨á¯®«ì§®¢ âì ¯à¨ ¤®ª -
§ â¥«ìáâ¢¥ áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï ¨ ¤«ï ¡®«¥¥ ®¡é¥© § ¤ ç¨, à áá¬®âà¥­­®© ¢ [28].
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