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�.�. ����������, �.�. ������

����� ������������� ������ ������

�®ª § ®, çâ® ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®¥ (¯. ¯.) ¯® �â¥¯ ®¢ã ãà ¢¥¨¥ �©«¥à {� £à ¦  ¨¬¥-
¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ bx(�) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¯¥à¢ ï ¢ à¨ æ¨ï äãªæ¨® « 
x(�) 7! MfL(t; x(t); _x(t))g, ®¯à¥¤¥«¥®£®   ¬®¦¥áâ¢¥ B ¯. ¯. ¯® �®àã äãªæ¨©, ¯à®¨§¢®¤ ï
ª®â®àëå ¯. ¯. ¯® �â¥¯ ®¢ã ¢ â®çª¥ bx(�) à ¢  ã«î. �® ¢â®à®¬ ¯ãªâ¥ à ¡®âë ¯à¨¢¥¤¥ë ¥-
®¡å®¤¨¬ë¥ ãá«®¢¨ï à¥è¥¨ï ¢ á« ¡®¬ á¬ëá«¥ ¤«ï ¢ à¨ æ¨®®© § ¤ ç¨, ®¯à¥¤¥«¥®©   B

¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©. �á®¢ë¥ ãâ¢¥à¦¤¥¨ï ¯à¨¢¥¤¥ë ¢ ¯¯. 3{5 ¨ ¯®á¢ïé¥ë ¥®¡å®¤¨-
¬ë¬ ãá«®¢¨ï¬ á¨«ì®£® ¨ á« ¡®£® à¥è¥¨ï ¯. ¯. § ¤ ç¨ �®«ìæ . � ¯¥à¢®¬ ¯ãªâ¥ ¯à¨¢¥¤¥ë
¥®¡å®¤¨¬ë¥ ãâ¢¥à¦¤¥¨ï ® ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ïå, ¨á¯®«ì§ã¥¬ë¥ ¢ ¤ «ì¥©è¥¬.

1. �ãáâì Rn | n-¬¥à®¥ ¥¢ª«¨¤®¢® ¯à®áâà áâ¢® á ®à¬®© jxj = p
x�x, x 2 Rn (� | ®¯¥-

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

(Hom(Rn) := Hom(Rn ;Rn)) á ®à¬®© jLj := max
jxj61

jLxj. �¡®§ ç¨¬, ¤ «¥¥, ç¥à¥§ B(R;Y) á®¢®ªã¯-
®áâì ¥¯à¥àë¢ëå ®â®¡à ¦¥¨© f : R ! Y (Y � Rn), ª®â®àë¥ ¯. ¯. ¯® �®àã, ¨ ç¥à¥§ S(R;Y)
| á®¢®ªã¯®áâì ®â®¡à ¦¥¨© f 2 Lloc

1 (R;Y), ª®â®àë¥ ¯. ¯. ¯® �â¥¯ ®¢ã ®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) [1], ¨ ¯ãáâì

S1(R;R
n) := ff 2 S(R;Rn) : kfk1 := ess sup

t2R
jf(t)j <1g: (1.1)

� ¯®¬¨¬ [1], çâ® ¤«ï ª ¦¤®© ¯. ¯. äãªæ¨¨ f 2 S(R;Rn) áãé¥áâ¢ã¥â áà¥¤¥¥ § ç¥¨¥

Mff(t)g := lim
T!1

1
T

TR
0

f(t)dt 2 Rn , ¨¬¥¥â ¬¥áâ® ®¤®§ ç®¥ á®®â¢¥âáâ¢¨¥ f(t) � P
�2R

c(�)ei�t

(i2 = �1), ¢ ª®â®à®¬ c(�) = c(�; f) :=Mff(t)e�i�tg ¨ áç¨â ¥âáï c(�) = 0, ¥á«¨ � ¥ ¯à¨ ¤«¥¦¨â
(¥ ¡®«¥¥ ç¥¬ áç¥â®¬ã) ¬®¦¥áâ¢ã �(f) := f� 2 R : jc(�)j > 0g ¯®ª § â¥«¥© �ãàì¥ íâ®£® ®â®¡à -
¦¥¨ï. � ä¨ªá¨à®¢ ¢ ¢ �(f) à æ¨® «ìë© ¡ §¨á fb1; b2; : : : g, ¯. ¯. äãªæ¨¨ f ¬®¦® ¯®áâ ¢¨âì
¢ á®®â¢¥âáâ¢¨¥  ¯¯à®ªá¨¬¨àãîéãî ¥¥ ¯®á«¥¤®¢ â¥«ì®áâì fpm(�)gm2Z� B(R;Rn ) âà¨£®®¬¥âà¨-
ç¥áª¨å ¯®«¨®¬®¢ �®å¥à {�¥©¥à  [1], [2]:

pm(t) = pm(t; f)
:=

X
jk1j6(m!)2
::::::::::::

jkmj6(m!)2

km;k1;k2;:::;kmc

�
k1
m!

b1 + � � �+ km
m!

bm

�
ei(

k1
m!
b1+���+ km

m!
bm)t; t 2 R;

£¤¥ km;k1;k2;:::;km
:= (1� jk1j

(m!)2
) � : : : �(1� jkmj

(m!)2
),   c( k1

m!
b1+ � � �+ km

m!
bm) | ª®íää¨æ¨¥â �ãàì¥ äãªæ¨¨

f , ®â¢¥ç îé¨© ¯®ª § â¥«î k1
m!
b1 + � � �+ km

m!
bm.

�¥®à¥¬  1.1. �á«¨ àï¤ �ãàì¥
P
�2R

c(�; f)ei�t, ®â¢¥ç îé¨© äãªæ¨¨ f 2 S1(R;Rn), á®¢¯ ¤ -

¥â á ä®à¬ «ì® ¯à®¤¨ää¥à¥æ¨à®¢ ë¬ àï¤®¬ �ãàì¥
P
�2R

c(�; g)ei�t ¤«ï äãªæ¨¨ g ¨§ S1(R;Rn),

â® g ¯à¨ ¤«¥¦¨â B(R;Rn), ¯à¨ ¯®çâ¨ ¢á¥å (¯. ¢.) t 2 R ¤¨ää¥à¥æ¨àã¥¬  ¨ g0(t) = f(t).

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®ªãàá®£® æ¥âà  �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï ¨  ãª¨
�®áá¨©áª®© �¥¤¥à æ¨¨, £à â ò�00-1.0-5.

8



�®ª § â¥«ìáâ¢®. �® ãá«®¢¨î c(�; f) = i�c(�; g). �®íâ®¬ã Mff(t)g = 0, ¨, ¥á«¨ pm(t; f) ¨
pm(t; g) áãâì ¬®£®ç«¥ë �®å¥à {�¥©¥à ,  ¯¯à®ªá¨¬¨àãîé¨¥ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ f ¨ g
á®®â¢¥âáâ¢¥®, â® (á¬. ¯à¨¢¥¤¥ë© ¢ëè¥ ¢¨¤ â ª¨å ¯®«¨®¬®¢) ¯à¨ ¢á¥åm 2 N ¨ ª ¦¤®¬ t 2 R

pm(t; f) = _pm(t; g),   § ç¨â ([1], c. 245) lim
m!1 d( _pm(�; g); f(�)) = 0. �«¥¤®¢ â¥«ì®, ¤«ï ª ¦¤®£®

t 2 R  ©¤¥âáï â ª®¥ mt 2 N, çâ® d( _pmt
(�; g); f(�)) 6 {

�1(t), £¤¥ {(t) = �[�1;1](t) + 2jtj�Rn[�1;1](t)
(�F | å à ªâ¥à¨áâ¨ç¥áª ï äãªæ¨ï ¬®¦¥áâ¢  F � R). � «¥¥, â. ª. ¯à¨ ª ¦¤®¬ m 2 Z ¨
¢á¥å t 2 R pm(t; g) = M

s
fg(s + t)Km;b1;:::;bm(s)g, £¤¥ Km;b1;:::;bm(�) | á®áâ ¢®¥ ï¤à® �®å¥à {

�¥©¥à  [1], â®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ à ¢¥áâ¢® MfKm;b1;:::;bm(t)g = 1, m 2 Z, ¯®«ãç ¥¬, çâ®
sup
t2R

jpm(t; g)j 6 kgk1, m 2 Z. �®íâ®¬ã ¢ á¨«ã â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ dl-à ááâ®ï¨©

¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:����
Z t

0

f(s)ds
���� 6

Z t

0

jf(s)� _pmt
(s; g)jds + jpmt

(0; g)j + jpmt
(t; g)j 6

6 {(t)d( _pmt
(�; g); f(�)) + 2kgk1 6 1 + 2kgk1:

�§ ¨å ¢ëâ¥ª ¥â, çâ® ®â®¡à ¦¥¨¥ t 7! F(t) :=
tR
0

f(s)ds ®£à ¨ç¥®   R,   â. ª. kfk1 < 1, â®

¨ à ¢®¬¥à® ¥¯à¥àë¢®   R. �«¥¤®¢ â¥«ì® ([1], á. 206), F 2 B(R;Rn). �âáî¤  ( ¯®¬¨¬,
çâ® Mff(t)g = 0), ¢ á¢®î ®ç¥à¥¤ì, ¯® â¥®à¥¬¥ ® àï¤¥ �ãàì¥ ¤«ï ¨â¥£à «  ®â ¯. ¯. ¯® �â¥¯ ®¢ã
äãªæ¨¨ [1] ¨ ãá«®¢¨© â¥®à¥¬ë 1.1 ¨¬¥¥¬ á«¥¤ãîé¥¥ á®®â¢¥âáâ¢¨¥:

F(t) �MfF(t)g +
X
�2R
�6=0

c(�; f)
i�

ei�t =
X
�2R

c(�; g)ei�t � C;

£¤¥ ¢¥ªâ®à C :=Mfg(t)g�MfF(t)g. �®áª®«ìªã àï¤ P
�2R

c(�; g)ei�t�C ï¢«ï¥âáï àï¤®¬ �ãàì¥ ¤«ï

¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ t 7! g(t)�C, â® ¢ á¨«ã â¥®à¥¬ë ¥¤¨áâ¢¥®áâ¨ ® à §«®¦¥¨¨ ¢ àï¤

�ãàì¥ ¯. ¯. äãªæ¨¨ ¯®«ãç ¥¬ à ¢¥áâ¢® g(t) =
tR
0

f(s)ds + C, t 2 R, ¨§ ª®â®à®£® ¢ëâ¥ª îâ ¢á¥

ãâ¢¥à¦¤¥¨ï â¥®à¥¬ë 1.1.

�ãáâì, ¤ «¥¥, (X; �) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �¥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; (1.2)

ª®â®àë¥ ¯. ¯. ¯® t 2 R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® x 2 X [3] ¨ ª ¦¤ãî äãªæ¨î ¨§
Lloc
1 (R; C(X;Y)) ¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ ®â®¡à ¦¥¨ï (1.2). �¥à¥§ S(R; C(X;Y)) ®¡®§ ç¨¬ ¯®¤-

¬®¦¥áâ¢® ¨§ Lloc
1 (R; C(X;Y)) â ª¨å äãªæ¨© ¢¨¤  (1.2), çâ® ¤«ï «î¡®£® " > 0 ¬®¦¥áâ¢®

f� 2 R : sup
t2R

t+1R
t

max
x2X

jf(s+ �; x)� f(s; x)jds < "g ®â®á¨â¥«ì® ¯«®â®.
�á«¨ f 2 S(R; C(X;Rn )), â® ¯® á«¥¤áâ¢¨î 1.3 ¨§ ([4], á. 24) ¯à¨ Y = C(X;Rn ) ¯®«ãç¨¬, çâ®

â ª®© äãªæ¨¨ ®â¢¥ç ¥â ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì1 ffmgm2Z ¨§ L1([0; a]; C(X;Rn)), á®áâ®ïéãî ¨§
®â®¡à ¦¥¨©

(t; x) 7! fm(t; x)
:= f(t+ma; x); (t; x) 2 [0; a] � X: (1.3)

�¥¬¬  1.1. �ãáâì f 2 S(R; C(X;Rn)), ffmgm2Z| ®â¢¥ç îé ï ¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì

®â®¡à ¦¥¨©, § ¤ ëå ¯à¨ ª ¦¤®¬ m 2 Z à ¢¥áâ¢®¬ (1:3). �ãáâì § ¤   â ª¦¥ ¯®á«¥¤®-

¢ â¥«ì®áâì fq0lg1l=1 � R, lim
l!1

q0l =1. �®£¤   ©¤ãâáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì fqlg1l=1 � fq0lg1l=1

1�¯à¥¤¥«¥¨¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fxmgm2Z¬¥âà¨ç¥áª®£® (®à¬¨à®¢ ®£®) ¯à®áâà áâ¢    «®-
£¨ç® ®¯à¥¤¥«¥¨î ç¨á«®¢®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ (á¬.,  ¯à., [5], [6])
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¨ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® � � [0; a], mes� = a, â ª¨¥, çâ® ¢ ª ¦¤®© â®çª¥ # 2 � ¨ «î¡®©

§ ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fxmgm2Z� X áãé¥áâ¢ã¥â lim
l!1

1
qla

ql�1P
m=0

fm(#; xm).

�®ª § â¥«ìáâ¢®. � ä¨ªá¨àã¥¬ ¯®á«¥¤®¢ â¥«ì®áâì f�0jg1j=1 � (0;1), lim
j!1

�0j = 1. �® â¥®-

à¥¬¥ 1.5 ([4], á. 30) ¯à¨ Y = C(X;Rn )  ©¤ãâáï â ª¨¥ ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1 � fq0lg1l=1,
f�jg1j=1 � f�0jg1j=1 ¨ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® � � [0; a], mes� = a, çâ® ¢ ª ¦¤®© â®çª¥ # 2 � ¡ã¤¥â
¢ë¯®«ïâìáï à ¢¥áâ¢® (á¬. (1.3))

lim
j!1

�
lim
l!1

1
qla

ql�1X
m=0

1
�j

Z �j

0

max
x2X

jfm(t+ #; x)� fm(#; x)jdt
�
= 0:

� «¥¥, â. ª. ®â¢¥ç îé¥¥ ¯à¨ ª ¦¤®¬ h > 0 äãªæ¨¨ f áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ (á¬. [4], c. 21)
¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã B(R �X;Rn), â® ®â¢¥ç îé ï ¥¬ã ¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à ¦¥¨©

(#; x) 7! fm(#; x;h)
:= 1

h

hR
0

fm(t + #; xm)dt, (#; x) 2 [0; a] � X, m 2 Z, ¯à¨ ¤«¥¦¨â C([0; a] � X;Rn)

¨ ï¢«ï¥âáï ¯. ¯. à ¢®¬¥à® ¯® x 2 X (á¬. [4], á. 79). �«¥¤®¢ â¥«ì®, ¯® «¥¬¬¥ 4.2 ([4], á. 79) ¢
ª ¦¤®© â®çª¥ # 2 [0; a] ¯à¨ «î¡®© § ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fxmgm2Z� X ¡ã¤¥â áãé¥-

áâ¢®¢ âì lim
l!1

1
qla

ql�1P
m=0

fm(#; xm;h)
:= p(#; h) 2 R

n . �®ª ¦¥¬, çâ® ¢ ª ¦¤®© â®çª¥ # 2 � ¯®á«¥¤®¢ -

â¥«ì®áâì fxmgm2Z� Rn , £¤¥ xm
:= 1

qla

ql�1P
m=1

fm(#; xm), ¡ã¤¥â äã¤ ¬¥â «ì®©. �¥©áâ¢¨â¥«ì®, ¤«ï

§ ¤ ®£® " > 0  ©¤ãâáï â ª¨¥ j" 2 N ¨ l1 2 N, çâ® ¯à¨ ¢á¥å l > l1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

1
qla

ql�1X
m=1

1
�j"

Z �j"

0

max
x2X

jfm(t+ #; x)� fm(#; x)jdt < "=3:

� «¥¥, ¨§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«  p(#; h) ¯à¨ h = �j" ¢ëâ¥ª ¥â, çâ®  ©¤¥âáï â ª®¥ l2 2 N,
çâ® ¯à¨ ¢á¥å l > l2 ¨ ª ¦¤®¬ p 2 N���� 1

ql+pa

ql+p�1X
m=0

fm(#; xm; �j")�
1
qla

ql�1X
m=0

fm(#; xm; �j")
���� < "=3:

�¥¯¥àì, ¯®áª®«ìªã ¯à¨ l > bl := max(l1; l2) ¨ ª ¦¤®¬ p 2 N

jxl+p � xlj 6 1
ql+pa

ql+p�1X
m=0

1
�j"

Z �j"

0

jfm(t+ #; xm)� fm(#; xm)jdt+

+
���� 1
ql+pa

ql+p�1X
m=0

fm(#; xm; �j")�
1
qla

ql�1X
m=1

fm(#; xm; �j")
����+

+
1
qla

ql�1X
m=0

1
�j"

Z �j"

0

jfm(t+ #; xm)� fm(#; xm)jdt
(1:6)
<

< "=3 +
1

ql+pa

ql+p�1X
m=0

1
�j"

Z �j"

0

max
x2X

jfm(t+ #; x)� fm(#; x)jdt+

+
1
qla

ql�1X
m=0

1
�j"

Z �j"

0
max
x2X

jfm(t+ #; x)� fm(#; x)jdt
(1:5)
< "=3 + "=3 + "=3 = ";

â® ¯®á«¥¤®¢ â¥«ì®áâì fxmgm2Zï¢«ï¥âáï äã¤ ¬¥â «ì®©,   § ç¨â, ã¦ë© ¯à¥¤¥« áãé¥áâ¢ã-
¥â.

�¥¬¬  1.2 ([4]). �ãáâì g 2 S(R; C(U;Rn )), £¤¥ U 2 comp(Rn). �®£¤  ¤«ï ¢áïª®© äãªæ¨¨

u(�) 2 S(R;U) ®â®¡à ¦¥¨¥ t 7! f(t; u(t)), t 2 R, ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã S(R;Rn).
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�¥¬¬  1.3 ([4]). �ãáâì K 2 comp(Rn ), U 2 comp(Rn) ¨ f 2 S(R; C(K � U;Rn )). �®£¤  ¤«ï

¢áïª®© äãªæ¨¨ u(�) 2 S(R;U) ®â®¡à ¦¥¨¥ t 7! f(t; x; u(t)) ¯à¨ ¤«¥¦¨â S(R; C(K;Rn)).

�á¯®«ì§ãï â¥®à¥¬ã 1.2 ¨§ [4] ® á¢®©áâ¢ å áâ¥ª«®¢áª¨å ãáà¥¤¥¨© ¥á«®¦® ¤®ª § âì (§¤¥áì
á¬. «¥¬¬ã 1.2) á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥.

�¥¬¬  1.4. �ãáâì f 2 S(R; C(U;Rn)). �®£¤  ®â®¡à ¦¥¨¥ F : S(R;U) ! S(R;R), ®¯à¥¤¥-
«¥®¥ à ¢¥áâ¢®¬ F [u(�)](t) := f(t; u(t)), t 2 R, à ¢®¬¥à® ¥¯à¥àë¢®.

2. �¨ªá¨àã¥¬ ®â®¡à ¦¥¨¥ (t; x; u) 7! L(t; x; u) 2 R, (t; x; u) 2 R �V � R
n , £¤¥ V | ®¡« áâì ¢

R
n , ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬

1) ¢ ª ¦¤®© â®çª¥ (t; x; u) 2 R � V � R
n áãé¥áâ¢ãîâ ¯à®¨§¢®¤ë¥ L0x(t; x; u) ¨ L

0
u(t; x; u),

2) ¤«ï «î¡ëå ä¨ªá¨à®¢ ëå V 2 comp(V), U 2 comp(Rn) ®â®¡à ¦¥¨¥ L ¯à¨ ¤«¥¦¨â
S(R; C(V � U;R)),   L0x; L

0
u 2 S(R; C(V � U;Rn� )).

�ë¤¥«¨¬, ¤ «¥¥, ¢ B(R;Rn) «¨¥©®¥ ¬®£®®¡à §¨¥

B = B(R;Rn) := fx(�) 2 B(R;Rn) : _x(�) 2 S1(R;Rn )g; (2.1)

¢ ª®â®à®¬ (á¬. (1.1)) ª ¦¤®¥ ¨§ ®â®¡à ¦¥¨©

x(�) 7! kxkB := kxkC + k _xkS; x(�) 7! jjjxjjjB := kxkC + k _xk1; x(�) 2 B; (2.2)

ï¢«ï¥âáï ®à¬®©. �â¬¥â¨¬ â ª¦¥, çâ® B á®¤¥à¦¨â «¨¥©®¥ ¬®£®®¡à §¨¥

B1 = B1(R;Rn) := fx(�) 2 B(R;Rn) : _x(�) 2 B(R;Rn )g; (2.3)

£¤¥ ®â®¡à ¦¥¨¥

x(�) 7! kxkB1

:= kxkC + k _xk�; x(�) 2 B1; (2.4)

§ ¤ ¥â ®à¬ã. �à¨ íâ®¬, â. ª. ¤«ï ¢á¥å x 2 B1 (á¬. (2.3)) kxkB1 = jjjxjjjB , â® (B1; k � kB1) |
¯®¤¯à®áâà áâ¢® ®à¬¨à®¢ ®£® ¯à®áâà áâ¢  (B; jjj � jjjB).

� ¤ «ì¥©è¥¬ ¤«ï § ¤ ®© äãªæ¨¨ ' : R ! Rn ç¥à¥§ orb(') ®¡®§ ç ¥¬ § ¬ëª ¨¥ (¢ Rn)
¬®¦¥áâ¢  orb(') := f'(t); t 2 Rg ¨

B = B(R;V) := fx(�) 2 B(R;Rn) : orb(x) � Vg; B1 := fx(�) 2 B1(R;Rn) : orb(x) � Vg: (2.5)

�¥âà¨ªã   B, ¨¤ãæ¨à®¢ ãî ®à¬ ¬¨ (á¬. (2.2)) k � kB ¨ jjj � jjjB, ®¡®§ ç¨¬ ç¥à¥§ �C;S ¨ �C;1
á®®â¢¥âáâ¢¥®,   ¬¥âà¨ªã   B1, ¨¤ãæ¨à®¢ ãî ®à¬®© k � kB1 (á¬. (2.4)) | ç¥à¥§ �B1 .

�¥¬¬  2.1 ([7]). �®¦¥áâ¢® B1 ¢áî¤ã ¯«®â® ¢ (B; �C;S).
�§ «¥¬¬ 1.2 ¨ 1.3 ¢ëâ¥ª ¥â

�¥¬¬  2.2. �ãáâì ®â®¡à ¦¥¨¥ L : R�V �R
n ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ 1), 2). �®£¤ 

¤«ï ¢áïª®© äãªæ¨¨ x(�) 2 B (x(�) 2 B1) ®â®¡à ¦¥¨ï t 7! L(t; x(t); _x(t)) ¨ t 7! Lx(t; x(t); _x(t)),
t 7! Lu(t; x(t); _x(t)) ¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ ¬ S(R;R) ¨ S(R;Rn�) á®®â¢¥âáâ¢¥®.

� á¢®î ®ç¥à¥¤ì, ¨§ «¥¬¬ë 2.2 ¢ëâ¥ª ¥â ¢®§¬®¦®áâì § ¤ ¨ï   B (  â ª¦¥   B1) äãªæ¨-
® « 

x(�) 7! T(x(�)) :=MfL(t; x(t); _x(t))g; (2.6)

  â ª¦¥ ®â®¡à ¦¥¨© x(�) 7!MfL0x(t; x(t); _x(t))g ¨ x(�) 7!MfL0u(t; x(t); _x(t))g.
� ¬¥ç ¨¥ 2.1. �ï¤ á¢®©áâ¢ äãªæ¨® «  (2.6), ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¯à¨ ¨á-

á«¥¤®¢ ¨¨ § ¤ ç ¢ à¨ æ¨®®£® ¨áç¨á«¥¨ï ¢ ª« áá¥ ¯. ¯. äãªæ¨©, ¯à¨¢¥¤¥ ¢ [7]. � ç áâ®áâ¨,
á ¨á¯®«ì§®¢ ¨¥¬ «¥¬¬ 2.1 ¨ 1.4 ¯®ª § ®, çâ® ¥á«¨ äãªæ¨ï L : R �V �Rn ! R ã¤®¢«¥â¢®àï¥â
ãá«®¢¨ï¬ 1), 2), â® ¤«ï äãªæ¨® «  T : (B; �C;S)! R, § ¤ ®£® à ¢¥áâ¢®¬ (2.6), ¨¬¥¥â ¬¥áâ®
à ¢¥áâ¢® inf

x(�)2B
T(x(�)) = inf

x(�)2B1
T(x(�)). � ¬ ¦¥ ¤®ª §  

�¥¬¬  2.3. �ãáâì ®â®¡à ¦¥¨¥ L : R�V �Rn ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ 1), 2). �®£¤ 
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 ) äãªæ¨® « (2:6) ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬   ¬®¦¥áâ¢¥ B � (B; jjj � jjjB) ¨ ¢ ª ¦¤®©

â®çª¥ x(�) 2 B ¨ ¢á¥å h(�) 2 B

T0(x(�))[h(�)] =MfL0x(t; x(t); _x(t))h(t) + L0u(t; x(t); _x(t)) _h(t)g; (2.7)

¡) ¢ ª ¦¤®© â®çª¥ x(�) 2 B � (B; k � kB) äãªæ¨® « (2:6) ¨¬¥¥â ¯¥à¢ãî ¢ à¨ æ¨î ¯®

� £à ¦ã �T(x(�); �) â ªãî, çâ® ¯à¨ ª ¦¤®¬ h(�) 2 B

�T(x(�);h(�)) =MfL0x(t; x(t); _x(t))h(t) + L0u(t; x(t); _x(t)) _h(t)g: (2.8)

�®ª ¦¥¬, ¤ «¥¥, ¯. ¯.   «®£ «¥¬¬ë �î¡ã {�¥©¬® .

�¥®à¥¬  2.1. �ãáâì ®â®¡à ¦¥¨¥ L : R � V � R
n ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ 1) ¨ 2) ¨

äãªæ¨ï x(�)2(B; �C;S) (x(�)2(B; �C;1)) â ª ï, çâ® �T(x(�); �) � 0 (á®®â¢¥âáâ¢¥® T0(x(�)) = 0).
�®£¤ , ¥á«¨ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨

t 7! l1(t)
:= L0x(t; x(t); _x(t)); t 7! l2(t)

:= L0u(t; x(t); _x(t)) (2.9)

®£à ¨ç¥ë   R ¢ áãé¥áâ¢¥®¬, â® l2(�) 2 B ¨ ¯à¨ ¯. ¢. t 2 R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

� d

dt
L0u(t; x(t); _x(t)) + L0x(t; x(t); _x(t)) = 0: (2.10)

�®ª § â¥«ìáâ¢®. � á¨«ã (2.8) (á®®â¢¥âáâ¢¥® (2.7)) ¨§ «¥¬¬ë 2.3 ¯®«ãç¨¬, çâ® ¤«ï ¢á¥å
h(�) 2 B ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢® Mfl1(t)h(t) + l2(t) _h(t)g = 0. �§ ¥£® ¯à¨ h(t) = ej exp(�i�t)
(i2 = �1), j = 1; : : : ; n, £¤¥ ej | j-¢¥ªâ®à áâ ¤ àâ®£® ¡ §¨á  ¢ Rn , ¯®«ãç¨¬, çâ® ä®à¬ «ì-
® ¯à®¤¨ää¥à¥æ¨à®¢ ë© àï¤ �ãàì¥ äãªæ¨¨ l1, ¯à¨ ¤«¥¦ é¥© ¯® ãá«®¢¨î â¥®à¥¬ë 2.1
S1(R;Rn�), á®¢¯ ¤ ¥â á àï¤®¬ �ãàì¥ äãªæ¨¨ l2 2 S1(R;Rn�). �¥¯¥àì ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 2.1
(§¤¥áì á¬. (2.1) ¨ (2.9)) ¥¯®áà¥¤áâ¢¥® á«¥¤ã¥â ¨§ â¥®à¥¬ë 1.1.

� ¬¥ç ¨¥ 2.2. �á«¨ ®â®¡à ¦¥¨¥ L : R �V �Rn ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1),   ¢¬¥áâ®
ãá«®¢¨ï 2) | ãá«®¢¨î 20) L 2 B(R�V �U;R) ¨ L0x; L0u 2 B(R�V �U;Rn�) ¤«ï «î¡ëå V 2 comp(V)
¨ U 2 comp(Rn), â® ¯à¨ ª ¦¤®© äãªæ¨¨ x(�) 2 B ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ l1, l2 ®£à ¨ç¥-
ë   R ¢ áãé¥áâ¢¥®¬,   ¯à¨ x(�) 2 B1 íâ¨ äãªæ¨¨ ¯. ¯. ¯® �®àã,   § ç¨â, ®£à ¨ç¥ë  
R. �®íâ®¬ã ¨§ â¥®à¥¬ë 2.1 ¤«ï á«ãç ï, ª®£¤  L 2 C1(Rn � Rn ;R), ¯®«ãç ¥¬ ®¤¨ ¨§ ®á®¢-
ëå à¥§ã«ìâ â®¢ à ¡®âë [8]: ¥á«¨ ¤«ï x(�) 2 (B1; k � kB1) ¨ ¢áïª®© äãªæ¨¨ h(�) 2 (B1; k � kB1)
MfL0x(x(t); _x(t))h(t) + L0u(x(t); _x(t)) _h(t)g = 0, â® ®â®¡à ¦¥¨¥ t 7! L0u(x(t); _x(t)) ¯à¨ ¤«¥¦¨â
¯à®áâà áâ¢ã B1(R;Rn), ¨ ¯à¨ t 2 R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® d

dt
L0u(x(t); _x(t)) = L0x(x(t); _x(t)), ª®-

â®àë© ¤®ª §  á ¨á¯®«ì§®¢ ¨¥¬ ®¡®¡é¥ëå ¯à®¨§¢®¤ëå. �â® ãâ¢¥à¦¤¥¨¥ ¨á¯®«ì§®¢ ® ¤«ï
ãª § ¨ï ¥®¡å®¤¨¬ëå ãá«®¢¨© à¥è¥¨ï ¢ á« ¡®¬ á¬ëá«¥ § ¤ ç¨

I(x(�)) =MfL(x(t); _x(t))g ! inf; x(�) 2 (B1; k � kB1): (2.11)

�§ «¥¬¬ë 2.3 ¨ â¥®à¥¬ë 2.1 ¢ëâ¥ª îâ [7] ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ¤«ï à¥è¥¨ï bx(�) 2 (B; �C;S)
¢ á« ¡®¬ (  § ç¨â, ¨ á¨«ì®¬) á¬ëá«¥ ¡®«¥¥ ®¡é¥© § ¤ ç¨ (á¬. (2.6), (2.5))

T(x(�))! inf; x(�) 2 B; (2.12)

ª®â®àë¥ ¢ á¨«ã ¥à ¢¥áâ¢  kxkB 6 jjjxjjjB, x 2 B, ¡ã¤ãâ ¥®¡å®¤¨¬ë¬¨ ãá«®¢¨ï¬¨ ¤«ï bx(�),
¥á«¨ B ¢ (2.12) à áá¬ âà¨¢ âì ª ª ¯®¤¯à®áâà áâ¢® ®à¬¨à®¢ ®£® ¯à®áâà áâ¢  (B; jjj � jjjB).
�à®¬¥ â®£®, ª ª ®â¬¥ç «®áì, (B1; k � kB1) (á¬. (2.3), (2.4)) | ¯®¤¯à®áâà áâ¢® ®à¬¨à®¢ ®£®
¯à®áâà áâ¢  (B; jjj � jjjB). �«¥¤®¢ â¥«ì®, § ¤ ç 

T(x(�))! inf; x(�) 2 B1 � (B1; k � kB1); (2.13)

ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ § ¤ ç¨ T(x(�)) ! inf, x(�) 2 B � (B; jjj � jjjB). �®íâ®¬ã ¥®¡å®¤¨¬ë¥
ãá«®¢¨ï á« ¡®£® à¥è¥¨ï ¯®á«¥¤¥© § ¤ ç¨,   § ç¨â, ¨ á« ¡®£® à¥è¥¨ï § ¤ ç¨ (2.12), ¡ã¤ãâ
¥®¡å®¤¨¬ë¬¨ ãá«®¢¨ï¬¨ á« ¡®£® à¥è¥¨ï § ¤ ç¨ (2.13). �à¨ íâ®¬ ¯® à ¢¥áâ¢ã, ãª § ®¬ã ¢
§ ¬¥ç ¨¨ 2.1, á« ¡®¥ à¥è¥¨¥ bx(�) 2 B1 § ¤ ç¨ (2.13) ¡ã¤¥â á« ¡ë¬ à¥è¥¨¥¬ § ¤ ç¨ (2.12).
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�«¥¤ãîé¨© ¯à¨¬¥à ¨««îáâà¨àã¥â æ¥«¥á®®¡à §®áâì ®¡®¡é¥¨ï § ¤ ç¨ (2.11) ¨ (2.13) ¤®
§ ¤ ç¨ (2.12).

�à¨¬¥à 2.1. �ãáâì L(t; x; _x) = 1
2
_x2+ f(t)x, £¤¥ f(t) := sign(sin!1t) + sign(sin!2t) ¨ § ¤ ë¥

¯®«®¦¨â¥«ìë¥ ç¨á«  !1, !2 ¥á®¨§¬¥à¨¬ë. �á®, çâ® L ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ ¢¨¤  1), 2),
¨ ãà ¢¥¨¥ (2.10), ®â¢¥ç îé¥¥ íâ®© äãªæ¨¨ � £à ¦ , ¨¬¥¥â ¢¨¤ �x = f(t) ¨ ¬®¦¥â ¡ëâì
¨â¥à¯à¥â¨à®¢ ® ª ª ãà ¢¥¨¥ ¤¢¨¦¥¨ï â¥«  ¥¤¨¨ç®© ¬ ááë ¢¤®«ì ®á¨ Ox á ¯à¨«®¦¥®©
ª ¥¬ã á¨«®© f(t). �¥¬¥©áâ¢® ¯. ¯. ¯® �®àã äãªæ¨© t 7! x(t; C) = bx1(t) + bx2(t) + C, C 2 R, £¤¥
2�
!j
-¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨ bxj : R ! R, j = 1; 2, ®¯à¥¤¥«¥ë   [0; 2�

!j
] à ¢¥áâ¢®¬

bxj(t) =
8<
:

t2

2
� �

2!j
t; 0 6 t < �

!j
;

� t2

2
+ 3�

2!j
t� �2

!2
j

; �

!j
6 t < 2�

!j
;

(2.14)

ï¢«ï¥âáï à¥è¥¨ï¬¨ íâ®£® ãà ¢¥¨ï. �®áª®«ìªã ¢ â®çª å �

!j
+ 2k�

!j
, k 2 Z, äãªæ¨¨ bxj , j = 1; 2,

¥¤¨ää¥à¥æ¨àã¥¬ë, â® x(�; C) 2 B(R;R) nB1(R;R). �¥¯¥àì à áá¬®âà¨¬ § ¤ çã

J(x(�)) :=Mf1
2
_x2(t) + f(t)x(t)g ! inf; x(�) 2 B(R;R): (2.15)

� ª ª ª ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ®¬ C 2 R ¨ «î¡®¬ h(�) 2 B(R;R) J(x(�; C) + h(�))� J(x(�)) >
Mf _x(t; C) _h(t)+f(t)h(t)g =Mf(�x(t; C)�f(t))h(t)g = 0, â® ª ¦¤ ï ¨§ ãª § ëåäãªæ¨© x(�; C) 2
B(R;R) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (2.15).

�â®â ¦¥ ¯à¨¬¥à, ¢ ç áâ®áâ¨, ãª §ë¢ ¥â, çâ® ¯à¨ ¨á¯®«ì§®¢ ¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ¤«ï
 å®¦¤¥¨ï ¥¤¨áâ¢¥®£® à¥è¥¨ï § ¤ ç¨ (2.12) âà¥¡®¢ ¨ï â®£®, çâ®¡ë x(�) 2 B(R;Rn) (  ¢
§ ¤ ç å ¢¨¤  (2.11), (2.14) âà¥¡®¢ ¨ï x(�) 2 B1(R;Rn)), ¢®®¡é¥ £®¢®àï, ¥¤®áâ â®ç®.

�®íâ®¬ã á¥©ç á à áá¬®âà¨¬ íªáâà¥¬ «ìãî § ¤ çã   B(R;Rn) ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©
  áà¥¤¨¥ ¢ ¢¨¤¥ à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢, ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï à¥è¥¨ï ¢ ª®â®à®© ¯®§¢®«ïîâ
¢ë¤¥«¨âì ¥¤¨áâ¢¥ãî ¤®¯ãáâ¨¬ãî äãªæ¨î, ¯®¤®§à¨â¥«ìãî   à¥è¥¨¥.

�ãáâì äãªæ¨¨ Lj : R � V � Rn ! R, j = 0; : : : ; k + m, â ª¨¥, çâ® ¤«ï «î¡ëå V 2 comp(V) ¨
U 2 comp(Rn) Lj 2 S(R; C(V � U;R)). � íâ®¬ á«ãç ¥ ¯® «¥¬¬¥ 2.2   ¬®¦¥áâ¢¥ B (á¬. (2.5))
ª®àà¥ªâ® ®¯à¥¤¥«¥ë äãªæ¨® «ë

x(�) 7! Tj(x(�)) :=MfLj(t; x(t); _x(t))g; j = 0; : : : ; k+m: (2.16)

� ¤ ¤¨¬, ¤ «¥¥, ¬®¦¥áâ¢®

D
:= fx(�) 2 B : Tj(x(�)) 6 0; j = 1; : : : ; k; Tj(x(�)) = 0; j = k+ 1; : : : ; k+mg

¨ à áá¬®âà¨¬ ¯. ¯. § ¤ çã á ®£à ¨ç¥¨ï¬¨   áà¥¤¨¥ ¢ ¢¨¤¥ à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢

T0(x(�))! inf; x(�) 2 D; (2.17)

¢ ª®â®à®© äãªæ¨ï bx(�) 2 D  §ë¢ ¥âáï («®ª «ìë¬) à¥è¥¨¥¬ ¢ á« ¡®¬ (á¨«ì®¬) á¬ëá«¥, ¥á«¨
 ©¤¥âáï â ª®¥  > 0, çâ® T0(bx(�)) 6 T0(x(�)) ¤«ï ¢áïª®© äãªæ¨¨ x(�) 2 D, ã¤®¢«¥â¢®àïîé¥©
¥à ¢¥áâ¢ã kbx� xkB 6  (á®®â¢¥âáâ¢¥® ¥à ¢¥áâ¢ã kbx� xkC 6 ).

�¥®à¥¬  2.2. �ãáâì ®â®¡à ¦¥¨ï Lj : R � V � Rn ! R, j = 0; : : : ; k + m, ã¤®¢«¥â¢®àïîâ

ãá«®¢¨ï¬   «®£¨çë¬ ãá«®¢¨ï¬ 1), 2) ¤«ï äãªæ¨¨ L ¢ â¥®à¥¬¥ 2:1 ¨ äãªæ¨ï bx(�) 2 D ï¢«ï-

¥âáï à¥è¥¨¥¬ ¢ á« ¡®¬ á¬ëá«¥ § ¤ ç¨ (2:17). �®£¤   ©¤ãâáï â ª¨¥ ç¨á«  b�0 > 0; b�1; : : : ; b�k+m,
¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥®, çâ® ¢ë¯®«¥ë á®®â®è¥¨ï

b�j > 0 ¨ b�jTj(bx(�)) = 0; j = 1; : : : ; k: (2.18)
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�à®¬¥ â®£®, ¥á«¨ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ t 7! bL0jx(t) := @

@x
L0j(t; bx(t); _bx(t)), t 7! bL0ju(t) :=

@

@u
L0j(t; bx(t); _bx(t)) ®£à ¨ç¥ë   R ¢ áãé¥áâ¢¥®¬, â® äãªæ¨ï t 7!

k+mP
j=0

b�j bL0ju(t) ¯à¨ ¤«¥¦¨â

¯à®áâà áâ¢ã B(R;Rn�) ¨ ¯à¨ ¯. ¢. t 2 R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

� d

dt

� k+mX
j=0

b�j bL0ju(t)
�
+

k+mX
j=0

b�j bL0jx(t) = 0: (2.19)

�®ª § â¥«ìáâ¢®. �® ãá«®¢¨î â¥®à¥¬ë  ©¤¥âáï â ª®¥  > 0, çâ® T0(bx(�)) 6 T0(x(�)) ¤«ï
¢áïª®© äãªæ¨¨ x(�) 2 D, ã¤®¢«¥â¢®àïîé¥© ¥à ¢¥áâ¢ã kbx � xkB 6 ,   â. ª. (á¬. (2.2))
k � kB 6 jjj � jjjB, â® ¢áïª ï äãªæ¨ï x(�), ¯à¨ ¤«¥¦ é ï ®âªàëâ®¬ã ¢ ¡  å®¢®¬ ¯à®áâà -
áâ¢¥ (B; jjj � jjjB) ¬®¦¥áâ¢ã U(bx(�)) := fx(�) 2 B : jjjbx � xjjjB 6 g, ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã
kbx � xkB 6 , â® T0(bx(�)) 6 T0(x(�)) ¤«ï ¢á¥å x(�) 2 D \ U(bx(�)). � ª¨¬ ®¡à §®¬, äãªæ¨ïbx(�) ¡ã¤¥â à¥è¥¨¥¬ ¢ á« ¡®¬ á¬ëá«¥ § ¤ ç¨ (2.17), ¥á«¨ ¢ ¥© ¬®¦¥áâ¢® B à áá¬ âà¨¢ âì
ª ª ¯®¤¬®¦¥áâ¢® ®à¬¨à®¢ ®£® ¯à®áâà áâ¢  (B; jjj � jjjB). � á¨«ã ®£à ¨ç¥¨©,  «®¦¥-
ëå   äãªæ¨¨ Lj , ¯® «¥¬¬¥ 2.3 ª ¦¤ë© ¨§ äãªæ¨® «®¢ (2.16) ¥¯à¥àë¢® ¤¨ää¥à¥-
æ¨àã¥¬ ¯® �à¥è¥   U(bx(�)) � (B; jjj � jjjB). �®íâ®¬ã ¯® â¥®à¥¬¥ ([9], á. 252)  ©¤ãâáï â ª¨¥
ç¨á«  b�0 > 0; b�1; : : : ; b�k+m, ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥®, çâ® ¡ã¤ãâ ¢ë¯®«ïâìáï á®®â®è¥-

¨ï (2.18) ¨ à ¢¥áâ¢®
k+mP
j=0

b�jT0j(bx(�)) = 0, ª®â®à®¥ (c¬. (2.7) ¨ (2.16)) à ¢®á¨«ì® â®¬ã, çâ®

M
n� k+mP

j=0

b�j bL0ju(t)�h(t) + � k+mP
j=0

b�j bL0ju(t)� _h(t)o = 0 ¤«ï ¢á¥å h(�) 2 B(R;Rn). �âáî¤ , ¯à¨¨¬ ï ¢®

¢¨¬ ¨¥ ãá«®¢¨ï â¥®à¥¬ë 2.2, ¯® â¥®à¥¬¥ 2.1 ¯à¨ L(t; x; u) :=
k+mP
j=0

b�jLj(t; x; u) | « £à ¦¨ ã

§ ¤ ç¨ (2.17), ¯®«ãç ¥¬, çâ® ¯à¨ ¯. ¢. t 2 R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® (2.19).

�à¨¬¥à 2.2. �ãáâì D
:= fx(�) 2 B(R;R) : Mfx(t) sin2 !tg = 1g (! 6= 0). � áá¬®âà¨¬ § ¤ çã

J(x(�)) ! inf, x(�) 2 D , á â¥¬ ¦¥ äãªæ¨® «®¬ (2.15), çâ® ¨ ¢ ¯à¨¬¥à¥ 2.1. � ª â ¬ ¯®ª § -
®, á¥¬¥©áâ¢® äãªæ¨© t 7! x(t; C) = bx1(t) + bx2(t) + C, C 2 R, £¤¥ 2�

!j
-¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨bxj : R ! R, j = 1; 2, ®¯à¥¤¥«¥ë¥   [0; 2�

!j
] à ¢¥áâ¢®¬ (2.14) ¨ ¯à¨ ¤«¥¦ é¥¥B(R;R), ï¢«ï¥â-

áï à¥è¥¨¥¬ ãà ¢¥¨ï �x(t) = f(t), ®â¢¥ç îé¨¬ äãªæ¨¨ � £à ¦  ¤ ®© § ¤ ç¨ ¯à¨ �0 = 1,
�1 = 0. �á«®¢¨¥ x(�) 2 D ¯®§¢®«ï¥â ¨§ ãª § ®£® á¥¬¥©áâ¢  äãªæ¨© ¢ë¤¥«¨âì ¥¤¨áâ¢¥ãî
¤®¯ãáâ¨¬ãî äãªæ¨î bx(�), ®â¢¥ç îéãî bC = 2(1�Mf(bx1(t)+ bx2(t)) sin2 !tg), ¯®¤®§à¨â¥«ìãî  
à¥è¥¨¥. � ª ¦¥, ª ª ¨ ¢ ¯à¨¬¥à¥ 2.1, ¯®ª §ë¢ ¥¬, çâ® ¤«ï ª ¦¤®© äãªæ¨¨ h(�) 2 D ¢ë¯®«¥®
¥à ¢¥áâ¢® I(bx(�) + h(�)) > I(bx(�)).

� á«¥¤ãîé¨å ¯ãªâ å à áá¬®âà¨¬ ¯.¯. § ¤ çã �®«ìæ .

3. �¨ªá¨àã¥¬ ª®áâ âã a > 0, ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì ftmgm2Z � R ¨ ®â®¡à ¦¥¨¥
(t; x) 7! g(t; x) 2 R, (t; x) 2 R � V, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬

I) ¢ ª ¦¤®© â®çª¥ (t; x) 2 R � V áãé¥áâ¢ã¥â g0x(t; x),
II) ¤«ï ¢áïª®£® V 2 comp(V) äãªæ¨¨ (t; x) 7! g(t; x) ¨ (t; x) 7! g0x(t; x) ¯à¨ ¤«¥¦ â ¯à®-

áâà áâ¢ ¬ B(R � V;R) ¨ B(R � V;Rn�) á®®â¢¥âáâ¢¥®.

�¥¬¬  3.1. �ãáâì V 2 comp(V) ¨ ftmgm2Z � R, fvmgm2Z � V | § ¤ ë¥ ¯. ¯. ¯®á«¥¤®-

¢ â¥«ì®áâ¨. �®£¤  ¤«ï «î¡ëå äãªæ¨© x 2 B(R; V ) ¨ g 2 B(R � V;R) ¯®á«¥¤®¢ â¥«ì®áâ¨

fx(tm)gm2Z� R, fg(tm; vm)gm2Z� R ï¢«ïîâáï ¯. ¯.

�â¢¥à¦¤¥¨¥ «¥¬¬ë 3.1 ¥áâì á«¥¤áâ¢¨¥ í«¥¬¥â àëå á¢®©áâ¢ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¥© ¨
¯. ¯. ¯® �®àã äãªæ¨©, ¨ ¬ë ¥£® ®¯ãáª ¥¬.
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�§ «¥¬¬ë 3.1, ãç¨âë¢ ï, çâ® ª ¦¤ ï äãªæ¨ï x(�) 2 B(R;Rn) ®£à ¨ç¥    R, ¯®«ãç ¥¬,
çâ®   B(R;Rn),   § ç¨â, ¨   ¬®¦¥áâ¢¥ B (á¬. (2.5)) ª®àà¥ªâ® ®¯à¥¤¥«¥ äãªæ¨® «

x(�) 7! G(x(�)) := lim
q!1

1
q

q�1X
m=0

g(tm; x(ma)): (3.1)

�¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨© ¢ëâ¥ª ¥â

�¥¬¬  3.2. �ãáâì äãªæ¨ï g : R � V ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ I), II). �®£¤  ®â®-

¡à ¦¥¨¥ G : B ! R, § ¤ ®¥ à ¢¥áâ¢®¬ (3:1), ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬® ¯® �à¥è¥  

B � (B; k � kB) ¨ ¢ ª ¦¤®© â®çª¥ x(�) 2 B ¯à¨ ¢á¥å h(�) 2 B

G0(x(�))[h(�)] = lim
q!1

1
q

q�1X
m=0

g0x(tm; x(ma))h(ma): (3.2)

�¯à¥¤¥«¥¨¥ 3.1. � ¤ ç  (á¬. (2.6), (3.1))

I(x(�)) = T(x(�)) +G(x(�))! inf; x(�) 2 B � (B; k � kB); (3.3)

 §ë¢ ¥âáï ¯. ¯. § ¤ ç¥© �®«ìæ  ¨ äãªæ¨ï bx(�) 2 B  §ë¢ ¥âáï («®ª «ìë¬) à¥è¥¨¥¬ ¢ á« ¡®¬
(á¨«ì®¬) á¬ëá«¥, ¥á«¨  ©¤¥âáï â ª®¥  > 0, çâ® I(bx(�)) 6 I(x(�)) ¤«ï ¢áïª®© äãªæ¨¨ x(�) 2 B,
ã¤®¢«¥â¢®àïîé¥© ¥à ¢¥áâ¢ã kbx� xkB 6  (á®®â¢¥âáâ¢¥® kbx� xkC 6 ).

� á«¥¤ãîé¥© â¥®à¥¬¥ ¨ ¤ «¥¥ bL0x(t) := L0x(t; bx(t); _bx(t)), bL0u(t) := L0u(t; bx(t); _bx(t)).
�¥®à¥¬  3.1. �ãáâì äãªæ¨¨ L : R�V �Rn ! R ¨ G : R�V ! R ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

1), 2) ¨ I), II) á®®â¢¥âáâ¢¥® ¨ äãªæ¨ï bx(�) 2 B ï¢«ï¥âáï à¥è¥¨¥¬ ¢ á« ¡®¬ á¬ëá«¥ § ¤ ç¨

(3:3). �®£¤ , ¥á«¨ äãªæ¨ï

t 7! bp(t) := Z t

0

bL0x(s)ds 2 R
n� ; t 2 R; (3.4)

¯. ¯. ¯® �®àã, â®

 ) ®â®¡à ¦¥¨¥ bL0u(�) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã B(R;Rn�),
¡) bx(t) ¯à¨ ¯. ¢. t 2 R ã¤®¢«¥â¢®àï¥â á¨áâ¥¬¥ ãà ¢¥¨© (2:10),
¢) ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

lim
q!1

1
q

q�1X
m=0

g0x(tm; bx(ma)) = 0: (3.5)

�¥¯®áà¥¤áâ¢¥®¬ã ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 3.1 ¯à¥¤¯®è«¥¬ àï¤ ãâ¢¥à¦¤¥¨©, á¢ï§ ëå á
¢ à¨ æ¨¥© äãªæ¨© ¨§ ¬®¦¥áâ¢  B.

�ãáâì § ¤ ë ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì fvmgm2Z � Rn ¨ äãªæ¨ï bx(�) 2 B,   â ª¦¥ â®çª¨
� 2 [0; a) ¨ � 2 [0; a) n f�g. � «¥¥

�
:= sup
m2Z

jvmj; A (�; �) := f� : 0 < � 6 minfr=2�; j� � �j; a�max(�; �)gg; (3.6)

£¤¥ r > 0 ¢ë¡à ® â ª, çâ® ª®¬¯ ªâ®¥ ¬®¦¥áâ¢®

V
:= orb(bx) +Or[0] � V: (3.7)

� áá¬®âà¨¬ ®â®¡à ¦¥¨¥ t 7! u�(t) = u�(t; �; �) 2 Rn , t 2 R, ®¯à¥¤¥«¥®¥   ª ¦¤®¬ ¯®«ã-
¨â¥à¢ «¥ [ma; (m+ 1)a), m 2 Z, ¨ ¢áïª®¬ � 2 A (�; �) à ¢¥áâ¢®¬

u�(t)
:=

8>><
>>:
_bx(t); t 2 [ma; (m+ 1)a) n (Tm(�; �) [ Tm(�; �));
_bx(t) + vm; t 2 Tm(�; �) := [ma+ �;ma+ � + �);
_bx(t)� vm; t 2 Tm(�; �) := [ma+ �;ma+ � + �):

(3.8)
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�¥¯®áà¥¤áâ¢¥® ¨§ (3.8) ¢ëâ¥ª ¥â

�¥¬¬  3.3. �®¦¥áâ¢® fu�(�); � 2 A (�; �)g ®£à ¨ç¥® ¯® ®à¬¥ k � k1, á®¤¥à¦¨âáï ¢

¯à®áâà áâ¢¥ S(R;Rn), à ¢®áâ¥¯¥® ¯. ¯. ¨ lim
�#0

d( _bx(�); u�(�)) = 0.

� «¥¥, ¯à¨ ª ¦¤®¬ � 2 A (�; �) ¢¢¥¤¥¬ äãªæ¨î

t 7! x�(t) = x�(t; �; �)
:= bx(0) + Z t

0

u�(s)ds; t 2 R; (3.9)

¨ ¡ã¤¥¬ áç¨â âì ¤«ï ®¯à¥¤¥«¥®áâ¨, çâ® � 2 (�; a). �á®, çâ® äãªæ¨ï x�(�) «®ª «ì®  ¡á®-
«îâ® ¥¯à¥àë¢  ¨ ¯à¨ ¯. ¢. t 2 R _x�(t) = u�(t). �à®¬¥ â®£®, ¯®áª®«ìªã ¯à¨ ¢áïª®¬ q 2 Z

(q+1)aR
qa

u�(t)dt
(3:8)
=

(q+1)aR
qa

_bx(t)dt, â® x�(ma) = _bx(ma), m 2 Z. �®íâ®¬ã ¨§ (3.8) ¨ (3.9) ¯®«ãç ¥¬, çâ®

¤«ï «î¡®£® m 2 Z ¨ ¢áïª®£® � 2 A (�; �)

x�(t) =

8>>>>>>><
>>>>>>>:

bx(t); t 2 [ma;ma+ �);bx(t) + (t�ma� �)vm; t 2 Tm(�; �);bx(t) + �vm; t 2 [ma+ � + �;ma+ �);bx(t) + �vm � (t�ma� �); t 2 Tm(�; �);bx(t); t 2 [ma+ � + �; (m+ 1)a):

(3.10)

� ¤ ãî à ¢¥áâ¢®¬ (3.10) (¨«¨ à ¢®á¨«ì® (3.9)) äãªæ¨î t 7! x�(t), t 2 R, ¡ã¤¥¬  §ë-
¢ âì ¯. ¯. ¢ à¨ æ¨¥© § ¤ ®© äãªæ¨¨ bx(�) 2 B.

�¥¬¬  3.4. �®¦¥áâ¢® fx�(�); � 2 A (�; �)g á®¤¥à¦¨âáï ¢ B, ®£à ¨ç¥® ¯® ®à¬¥ k � kC ¨

lim
�#0

kbx(�)� x�(�)kB = 0: (3.11)

�®ª § â¥«ìáâ¢®. �®áª®«ìªã (á¬. (3.10)) ¯à¨ t 2 [ma+�+�; (m+1)a], m 2 Z jbx(t)�x�(t)j 6
2�vm

(3:6)

6 r, â® orb(x�) � V
(3:7)� V ¨ kx�kC 6 kbxkC + r. �âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¯®«ãç ¥¬,

çâ® sup
t2R

��� tR
0

u�(s)ds
��� 6 2kbxkC + r, â. ¥. (á¬. [1], á. 215) x�(�) 2 B(R;Rn) ¯à¨ «î¡®¬ � 2 A (�; �).

�ç¨âë¢ ï à ¢¥áâ¢® _x�(t) = u�(t), «¥¬¬ã 3.3 ¨ ¢ª«îç¥¨¥ orb(x�) � V, ¢ á¨«ã (2.5) ¯®«ãç ¥¬
fx�(�); � 2 A (�; �)g � B. � ª®¥æ, ¯®áª®«ìªã ¯à¨ ª ¦¤®¬ � 2 A (�; �) ¨ ¢áïª®¬ m 2 Z (á¬.

(3.10)) jbx(t) � x�(t)j 6
(m+1)aR
ma

ju�(s) � _bx(s)jds (3:8)

6 2��, â® lim
�#0

kbx(�) � x�(�)kC = 0, ¨ â. ª. (á¬.

(3.9)) _x�(t) = u�(t) ¯à¨ ¯. ¢. t 2 R ¨ lim
�#0

d( _bx(�); u�(�)) = 0; â® (§¤¥áì á¬. (2.2)) à ¢¥áâ¢® (3.11)

¤®ª § ®.

�¥¬¬  3.5 ([10]). �ãáâì (Y; k�k) | ¡  å®¢® ¯à®áâà áâ¢® ¨ f 2 S(R;Y). �®£¤  ¤«ï «î¡®£®
" > 0  ©¤¥âáï â ª®¥ � > 0, çâ® ¤«ï ª ¦¤®£® ¨§¬¥à¨¬®£® ¬®¦¥áâ¢  E � [0; 1], mesE 6 �
¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® sup

t2R

R
E

kf(s+ t)kds 6 ".

�®« £ ¥¬ ¯à¨ � 2 A (�; �)

I1(�)
:=M

�bL0x(t)�x�(t)�

�
; I2(�)

:=M

�bL0u(t)� _x�(t)
�

�
; (3.12)

£¤¥

�x�(t)
:= x�(t)� bx(t); �_x�(t)

:= _x�(t)� _bx(t): (3.13)
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�§ (3.10), ¨á¯®«ì§ãï «¥¬¬ã 3.5, ¯®«ãç ¥¬

lim
�#0

I1(�) = lim
q!1

1
q

q�1X
m=0

Z ma+�

ma+�

bL0x(t)vmdt: (3.14)

� «¥¥, ¨§ â¥®à¥¬ë 1.5 ([4], á. 30) ¢ëâ¥ª ¥â

�¥¬¬  3.6. �ãé¥áâ¢ãîâ â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1 � N, lim
l!1

ql = 1, f�jg1j=1 �
(0;1), lim

j!1
�j = 0, ¨ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® � � [0; a], mes� = a, çâ® ¤«ï ª ¦¤®© â®çª¨ # 2 �

¢ë¯®«¥® à ¢¥áâ¢®

lim
j!1

�
lim
l!1

1
qla

ql�1X
m=0

1
�j

Z �j

0

jbL0u(t+ #+ma)� bL0u(#+ma)jdt
�
= 0: (3.15)

�¥¬¬  3.7. �ãáâì â®çª¨ # 2 � ¨ � 2 � n f#g, £¤¥ � | ¬®¦¥áâ¢®, ãª § ®¥ ¢ «¥¬¬¥ 3:6.
�®£¤  ¤«ï ¯®á«¥¤®¢ â¥«ì®áâ¥© fqlg1l=1 ¨ f�jg1j=1 ¨§ íâ®© ¦¥ «¥¬¬ë

lim
j!1

I2(�j) = lim
l!1

1
qla

ql�1X
m=0

(bL0u(#+ma)� bL0u(� +ma))vm: (3.16)

� ¢¥áâ¢® (3.16) ¥áâì á«¥¤áâ¢¨¥ à ¢¥áâ¢ (3.15), (3.8) ¨, ª ª ã¦¥ ®â¬¥ç «®áì, â®£®, çâ® ¯à¨
¯. ¢. t 2 R _x�(t) = u�(t).

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 3.1. �§ ãá«®¢¨© â¥®à¥¬ë 3.1 ¯® ãâ¢¥à¦¤¥¨î ¡) «¥¬¬ë 2.2 ¯®-

«ãç ¥¬ �I(bx(�);h(�)) (3:3)
= �T(bx(�);h(�)) +G0(bx(�))[h(�)] = 0 ¤«ï ¢á¥å h(�) 2 B ¨«¨ (á¬. (3.2), (2.8))

MfbL0u(t) _h(t) + bL0x(t)h(t)g + lim
q!1

1
q

q�1X
m=0

g0x(tm; bx(ma))h(ma) = 0: (3.17)

� «¥¥, ¤«ï äãªæ¨¨ bx(�) 2 B à áá¬®âà¨¬ ®â¢¥ç îé¥¥ ¥© á¥¬¥©áâ¢® (á¬. (3.10)) ¯. ¯. ¢ -
à¨ æ¨© fx�(�;#; �), � 2 A (#; �)g, £¤¥ â®çª¨ # ¨ � ¯à¨ ¤«¥¦ â ¬®¦¥áâ¢ã �, ãª § ®¬ã ¢
«¥¬¬¥ 3.6. �§ (3.17) ¯à¨ h(�) = �x�(�), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ à ¢¥áâ¢® x�(ma) = bx�(ma) ¨
®¡®§ ç¥¨ï (3.12) ¨ (3.13), ¯®«ãç¨¬ I1(�) + I2(�) = 0 ¯à¨ � 2 A (#; �). �âáî¤ , à áá¬®âà¥¢
¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1 ¨ f�jg1j=1, ãª § ë¥ ¢ «¥¬¬¥ 3.6, ¢ á¨«ã (3.14) ¨ (3.16) ¯®«ãç ¥¬

à ¢¥áâ¢® lim
l!1

1
qla

ql�1P
m=0

(bp(#+ma)� bL0u(#+ma))vm = lim
l!1

1
qla

ql�1P
m=0

(bp(� +ma)� bL0u(� +ma))vm, á¯à -

¢¥¤«¨¢®¥ ¤«ï ¢á¥å â®ç¥ª #; � 2 � (# 6= �) ¨ «î¡®© ä¨ªá¨à®¢ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨
fvmgm2Z � Rn ,   íâ® ®§ ç ¥â, çâ® ¤«ï ¢á¥å â®ç¥ª # 2 � ¨ ª ¦¤®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨

fvmgm2Z � Rn lim
l!1

1
qla

ql�1P
m=0

(bp(# + ma) � bL0u(# + ma))vm = 0. �®íâ®¬ã, ¥á«¨ ¤«ï ¯à®¨§¢®«ì®

ä¨ªá¨à®¢ ®© äãªæ¨¨ x(�) 2 B(R;Rn) à áá¬®âà¥âì ®â¢¥ç îéãî ¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì
fx(# +ma)gm2Z, # 2 [0; a], â® ¨§ ¯®á«¥¤¥£® à ¢¥áâ¢  ¯à¨ vm = x(# +ma) ¢ëâ¥ª ¥â à ¢¥áâ¢®

lim
l!1

1
qla

ql�1P
m=0

(bp(# +ma) � bL0u(# +ma))x(# +ma) = 0. �à®¨â¥£à¨à®¢ ¢ ¥£® ¯® # ®â 0 ¤® a, ¯®«ã-

ç¨¬ Mf(bp(t) � bL0u(t))x(t)g = 0. �®áª®«ìªã íâ® à ¢¥áâ¢® ¢ë¯®«¥® ¤«ï ¢á¥å x(�) 2 B(R;Rn),
â® (á¬. ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.1) ¯à¨ ¢á¥å t 2 R bp(t) = bL0u(t) ¨ â¥¬ á ¬ë¬ ãâ¢¥à¦¤¥¨ï  )
¨ ¡) â¥®à¥¬ë 3.1 ¤®ª § ë. � «¥¥, ¨§ (3.17), ¯®« £ ï ¯®á«¥¤®¢ â¥«ì® h(t) � ej , j = 1; : : : ; n,

¯®«ãç¨¬ MfbL0x(t)g = � lim
l!1

1
qla

q�1P
m=0

g0x(tm; bx(ma)),   â. ª. MfbL0x(t)g = Mf _bp(t)g = 0, â® à ¢¥áâ¢®

(3.5) ¤®ª § ®.
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�«ï ¯®«ãç¥¨ï ¥®¡å®¤¨¬ëå ãá«®¢¨© à¥è¥¨ï ¢ á¨«ì®¬ á¬ëá«¥ § ¤ ç¨ (3.3) ¯® ¤®¡ïâáï
¯. ¯. ¨£®«ª¨ �¥©¥àèâà áá , ª®â®àë¬ ¯®á¢ïé¥ á«¥¤ãîé¨© ¯ãªâ.

4. � ä¨ªá¨à®¢ ®© â®çª®© # 2 [0; a) (a > 0) á¢ï¦¥¬ ¬®¦¥áâ¢® � := f� > 0 : #+ " < ag, £¤¥
" = "(�) := �+

p
�, ¨ ¯® § ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z� R

n à áá¬®âà¨¬ äãªæ¨î
x(�; �) 2 C(R;Rn) (� 2 �), ®¯à¥¤¥«¥ãî   ª ¦¤®¬ ¯®«ã¨â¥à¢ «¥ [ma; (m + 1)a), m 2 Z,
à ¢¥áâ¢®¬1

x(t; �) :=

8>><
>>:
0; t 2 [ma; (m+ 1)a) n [ma+ #;ma+ #+ ");

(t�ma� #) vm; t 2 [ma+ #;ma+ #+ �);

�vm �
p
�(t�ma� #� �) vm; t 2 [ma+ #+ �;ma+ #+ "); m 2 Z;

(4.1)

ª®â®à ï ¯. ¢. ¤¨ää¥à¥æ¨àã¥¬    R ¨ ¯à¨ ª ¦¤®¬ m 2 Z

_x(t; �) =

8>><
>>:
0; t 2 [ma; (m+ 1)a) n [ma+ #;ma+ #+ ");

vm; t 2 [ma+ #;ma+ #+ �);

�p� vm; t 2 [ma+ #+ �;ma+ #+ "):

(4.2)

�®áª®«ìªã (á¬. ®¡®§ ç¥¨¥ ¢ (3.6))

kx(�; �)kC 6 2�v; k _x(�; �)k1 6 (1 +
p
�)v (4.3)

¨ ¯à¨ ª ¦¤®¬ n 2 Z ¢ë¯®«ïîâáï ¥à ¢¥áâ¢  kx(� + na; �) � x(�; �)kC
(4:1)

6 � sup
m2Z

jvm+n � vmj,

d( _x(� + na; �); _x(�; �))
(4:2)

6 4a� sup
m2Z

jvm+n � vmj, â® ¬®¦¥áâ¢® äãªæ¨© fx(�; �); � 2 �g | ¯. ¯.

¨£®«®ª �¥©¥àèâà áá  | á®¤¥à¦¨âáï (á¬. (2.1)) ¢ B(R;Rn ), ï¢«ï¥âáï ®£à ¨ç¥ë¬ ¯® ®à¬¥
jjj � jjjB ¨ à ¢®áâ¥¯¥® ¯. ¯.

� «¥¥ (á¬.,  ¯à., [9], [11]) E(t; x; �; �) | äãªæ¨ï �¥©¥àèâà áá , ®â¢¥ç îé ï § ¤ ®¬ã ®â®-
¡à ¦¥¨î u 7! L(t; x; u), u 2 Rn , ¨ äãªæ¨® « x(�) 7! T(x(�)) ®¯à¥¤¥«¥ ¢ (2.6) .

�¥¬¬  4.1. �ãáâì ®â®¡à ¦¥¨¥ L : R�V �Rn ! R ¯®¬¨¬® ãá«®¢¨© 1), 2) ã¤®¢«¥â¢®àï¥â
ãá«®¢¨î

3) ¤«ï «î¡ëå V 2 comp(V) ¨ U 2 comp(Rn)

lim
#0

(ess sup
t2R

![L0u(t; �; �); V � U]) = 0; (4.4)

£¤¥ ![L0u(t; �; �); V � U] | -ª®«¥¡ ¨¥   V � U ¥¯à¥àë¢®© äãªæ¨¨ (x; u) 7! L0u(t; x; u).
�®£¤ , ¥á«¨ äãªæ¨ï bx(�) 2 B ¯à¨ ¯. ¢. t 2 R ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (2:10), â® ¤«ï ª ¦¤®£®

ª®¬¯ ªâ  U
:= orb( _bx)+ON [0], N2N,  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1 � N, lim

l!1
ql=1,

f�jg1j=1 � (0; a), lim
j!1

�j = 0, ¨ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® � � [0; a], mes� = a, çâ® ¢ ª ¦¤®© â®çª¥

# 2 � ¨ «î¡®© ä¨ªá¨à®¢ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z� ON [0]

lim
j!1

1
�j
(T(bx(�) + x(�; �j))� T(bx(�))) = lim

l!1
1
qla

ql�1X
m=0

E(ma+ #; bxma(#); _bxma(#); _bxma(#) + vm): (4.5)

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ª®¬¯ ªâ®¥ ¬®¦¥áâ¢® V , ®¯à¥¤¥«¥®¥ ¢ (3.7), ¨ ®â®¡à ¦¥-
¨¥ (t; u) 7! L(t; u) := L(t; bx(t); _bx(t) + u), (t; u) 2 R � ON [0]. � ª ª ª L 2 S(R; C(V � U;R)),  bx(�) 2 B(R; V ), â® ¯® «¥¬¬¥ 1.3 ®â®¡à ¦¥¨¥ (t; u) 7! L(t; bx(t); u) ¯à¨ ¤«¥¦¨â S(R; C(U;R)),  
¯®áª®«ìªã äãªæ¨ï (t; u) 7! x(t; u) := _bx(t)+u ¯à¨ ¤«¥¦¨â S(R; C(ON [0];U)), â® ¯® á«¥¤áâ¢¨î 5.1
([4], á. 80) ¢¢¥¤¥®¥ ®â®¡à ¦¥¨¥ (t; u) 7! L(t; u) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã S(R; C(ON [0];R)).

1�à. á ®¯à¥¤¥«¥¨¥¬ x(�; �) 2 C([t0; t1];R
n ), ¯à¨¢¥¤¥®¥,  ¯à., ¢ [9], [11].
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�®íâ®¬ã, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® äãªæ¨¨ t 7! bL(t) := L(t; bx(t); _bx(t)) ¨ t 7! bL0u(t) ¯. ¯. ¯® �â¥-
¯ ®¢ã, ¯® «¥¬¬¥ 1.5,   â ª¦¥ «¥¬¬¥ 1.9 ¨ â¥®à¥¬¥ 1.5 ¨§ [4],  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨
fqlg1l=1 � N, lim

l!1
ql = 1, f�jg1j=1 � �, lim

j!1
�j = 0, ¨ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® � � [0; a], mes� = a,

çâ® ¢ ª ¦¤®© â®çª¥ # 2 � ¨ «î¡®© ä¨ªá¨à®¢ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z � ON [0]
áãé¥áâ¢ãîâ ¯à¥¤¥«ë

lim
l!1

1
qla

ql�1X
m=0

bLm(#); lim
l!1

1
qla

ql�1X
m=0

bL0u;m(#); lim
l!1

1
qla

ql�1X
m=0

Lm(#; vm); (4.6)

£¤¥ bLm(#)
:= bL(#+ma), bL0u;m(#) := bL0u(#+ma), Lm(#; vm)

:= L(#+ma; vm) ¨ ¯à¨ íâ®¬

lim
j!1

�
lim
l!1

1
qla

ql�1X
m=0

1
�j

Z �j

0

max
u2ON [0]

jLm(t+ #; u)�Lm(#; u)jdt
�
= 0; (4.7)

lim
j!1

�
lim
l!1

1
qla

ql�1X
m=0

1
�j

Z �j

0

jbLm(t+ #)� bLm(�)jdt
�
= 0: (4.8)

�¥ ®£®¢ à¨¢ ï, áç¨â ¥¬, çâ® â®çª  # ¢ (4.1) ¨ (4.2) ¯à¨ ¤«¥¦¨â ãª § ®¬ã ¬®¦¥áâ¢ã �,
ç¨á«® b� 2 � â ª®¥, çâ® ¯à¨ ª ¦¤®¬ � 2 (0; b�] ¤«ï ¢á¥å t 2 R bx(t)+x(t; �) 2 V ¨ _bx(t)+ _x(t; �) 2 U.
� «¥¥, ¤«ï ª ¦¤®© ¯ àë (�; #) 2 (0; b�]� � (á¬. (4.1), (4.2)) á¯à ¢¥¤«¨¢® à ¢¥áâ¢®

1
�
(T(bx(�) + x(�; �)) � T(bx(�))) = lim

q!1
1
qa

q�1X
m=0

(T(1)
m (#; �) + T(2)

m (#; �)); (4.9)

¢ ª®â®à®¬

T(1)
m (#; �) := r(1)m (#; �) +

1
�

Z �

0

(Lm(t+ #; vm)� bLm(t))dt; (4.10)

T(2)
m (#; �) := r(2)m (#; �) + r(3)m (#; �) +

1
�

Z ma+#+"

ma+#+�
(bL0u(t) _x(t; �) + bL0x(t)x(t; �))dt; (4.11)

¨ £¤¥

r(1)m (#; �) :=
1
�

Z ma+#+�

ma+#

�Z 1

0

L0x(t; bx(t) + #x(t; �); _bx(t) + vm)d#
�
x(t; �)dt;

r(2)m (#; �) =
1
�

Z ma+#+"

ma+#+�

�Z 1

0
L0x(t; bx(t) + #x(t; �); _bx(t))d#� bL0x(t)

�
x(t; �)dt;

r(3)m (#; �) = � 1p
�

Z ma+#+"

ma+#+�

�Z 1

0
L0u(t; bx(t) + x(t; �); _bx(t)� #

p
�vm) d#

�
� bL0u(t)) dt � vm:

�®ª ¦¥¬, çâ®

lim
�#0

( sup
(#;m)2[0;a]�Z

jr(k)m (#; �)j) = 0; k = 1; 2; 3: (4.12)

�¥©áâ¢¨â¥«ì®, ¨§ (4.3) ¯®«ãç ¥¬ ¥à ¢¥áâ¢ 

jr(1)m (#; �)j 6 2v sup
t2R

Z t+
p
�

t

l(s)ds; jr(2)m (#; �)j 6 2v sup
t2R

Z t+
p
�

t

l(s)ds;

£¤¥ l(t) := max
(x;u)2V�U

jL0x(t; x; u)j. �®áª®«ìªã l 2 S(R;R+), â® ¨§ ãª § ëå ¥à ¢¥áâ¢ ¢ á¨«ã «¥¬¬ë

3.5 ¯®«ãç ¥¬ à ¢¥áâ¢  (4.12) ¯à¨ k = 1; 2. �§ á®®â®è¥¨©

jr(3)m (#; �)j 6 vp
�
sup
t2R

Z t+
p
�

t

!(�)[L0u(s; �; �); V � U]ds 6 v ess sup
t2R

!(�)[L0u(t; �; �); V � U]; (�) := v�;
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¢ á¨«ã ãá«®¢¨ï (4.4) ¯®«ãç ¥¬ à ¢¥áâ¢® (4.12) ¯à¨ k = 3.
� «¥¥, â. ª. bx(t) ¯à¨ ¯. ¢. t 2 R ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (2.10) ¨ x(#+ma+ "; �) = 0, â® ¯à¨

¢á¥å (�; #) 2 (0; b�]� � ¨¬¥¥¬ (§¤¥áì á¬. (4.1), (4.2)) á«¥¤ãîé¨¥ á®®â®è¥¨ï:

1
�

ma+#+"Z
ma+#+�

(bL0u(t) _x(t; �) + bL0x(t)x(t; �))dt = �bL0u;m(#+ �)vm = �
�bL0u;m(#) +

ma+#+�Z
ma+#

bL0x(t)dt
�
vm:

�§ ¨å, ãç¨âë¢ ï, çâ® (á¬. «¥¬¬ã 3.5) lim
�#0

�
sup
t2R

t+�R
t

jbL0x(s)jds� = 0, à ¢¥áâ¢  (4.10) ¨ (4.11) ¯à¨

� = �j , ¢ á¨«ã (4.12) ¨ (4.7){(4.9) ¯®«ãç ¥¬ ã¦®¥ à ¢¥áâ¢® (4.5) ¯à¨ # 2 � ¨ ¢áïª®© ¯. ¯.
¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z� ON [0].

5. �à¨¢¥¤¥¬ ¥®¡å®¤¨¬®¥ ãá«®¢¨¥ à¥è¥¨ï ¢ á¨«ì®¬ á¬ëá«¥ ¤«ï § ¤ ç¨ (3.3).

�¥®à¥¬  5.1. �ãáâì äãªæ¨¨ L : R�V �Rn ! R ¨ G : R�V ! R ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

1){3) ¨ I), II) á®®â¢¥âáâ¢¥® ¨ bx(�) 2 B ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (3:3) ¢ á¨«ì®¬ á¬ëá«¥.

�®£¤  ¥á«¨ äãªæ¨ï (3:4) ¯. ¯. ¯® �®àã, â® ¨¬¥îâ ¬¥áâ® ãâ¢¥à¦¤¥¨ï  ){¢) ¨§ â¥®à¥¬ë 3:1,
¨ ¤«ï ª ¦¤®© äãªæ¨¨ u(�) 2 S1(R;Rn) ¢ë¯®«¥® ¥à ¢¥áâ¢®

MfE(t; bx(t); _bx(t); _bx(t) + u(t))g > 0: (5.1)

�®ª § â¥«ìáâ¢®. �® ®¯à¥¤¥«¥¨î 3.1  ©¤¥âáï â ª®¥  > 0, çâ® T(x(�)) > T(bx(�)) ¯à¨
¢á¥å x(�) 2 B, ã¤®¢«¥â¢®àïîé¨å ¥à ¢¥áâ¢ã kbx(�) � x(�)kC 6 . �«¥¤®¢ â¥«ì® (á¬. (3.2)), bx(�)
¡ã¤¥â à¥è¥¨¥¬ § ¤ ç¨ (3.3) ¨ ¢ á« ¡®¬ á¬ëá«¥. �®íâ®¬ã ¡ã¤ãâ á¯à ¢¥¤«¨¢ë ãâ¢¥à¦¤¥¨ï  ), ¡)
â¥®à¥¬ë 3.1.

�¨ªá¨àã¥¬ äãªæ¨î u(�) 2 S1(R;Rn) ¨ ¤«ï ¥¥ ¯à¨ h > 0 à áá¬®âà¨¬ áâ¥ª«®¢áª®¥ ãáà¥¤¥-
¨¥ u(�; h), ¯à¨ ¤«¥¦ é¥¥ ¯à®áâà áâ¢ã B(R;Rn), ¤«ï ª®â®à®£® ¯à¨ ª ¦¤®¬ t 2 [0; a] à áá¬®-
âà¨¬ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì fum(t; h)gm2Z, um(t; h) := u(t +ma; h), á®¤¥à¦ éãîáï ¢ Okuk1 [0].
�«ï ª®¬¯ ªâ®£® ¬®¦¥áâ¢  U := orb( _bx)+ON [0], N

:= kuk1, ¢®§ì¬¥¬ ¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1,
f�jg1j=1 ¨ ¬®¦¥áâ¢® � � [0; a] ¨§ «¥¬¬ë 4.1. �®£« á® íâ®© «¥¬¬¥ ¢ ª ¦¤®© â®çª¥ # 2 �
¤«ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z, vm := um(#; h) ¡ã¤¥â ¢ë¯®«¥® ¯à¥¤¥«ì®¥ à ¢¥áâ¢®
(4.5). � ¤àã£®© áâ®à®ë, â. ª. ¯à¨ vm

:= um(#; h) (á¬. (4.1), (4.3)) kx(�; �j)kC 6 2�jkuk1, â®
¯à¨ ¢á¥å j 2 N,  ç¨ ï á ¥ª®â®à®£® j0, ¡ã¤¥â á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® I(bx(�) + x(�; �j)) >
I(bx(�)), ¨«¨, â. ª. x(ma; �j) = 0, â® 1

�j
(T(bx(�) + x(�; �j)) � T(bx(�))) > 0. �âáî¤  ¢ëâ¥ª ¥â, çâ®

lim
l!1

1
qla

ql�1P
m=0

E(ma + #; bxma(#); _bxma(#); _bx(#) + um(#; h)) > 0. �à®¨â¥£à¨à®¢ ¢ ¯®á«¥¤¥¥ ¥à ¢¥-

áâ¢® ¯® # ®â 0 ¤® a, ¯®«ãç ¥¬

MfE(t; bx(t); _bx(t); _bx(t) + u(t; h))g > 0: (5.2)

� «¥¥, â. ª. ®â®¡à ¦¥¨¥ (t; u) 7! L(t; bx(t); _bx(t); _bx(t) + u) (á¬. ¤®ª § â¥«ìáâ¢® «¥¬¬ë 4.1) ¯à¨ ¤-
«¥¦¨â ¯à®áâà áâ¢ã S(R; C(ON [0];R)), â® äãªæ¨ï

(t; u) 7! E(t; bx(t); _bx(t); _bx(t) + u) := L(t; bx(t); _bx(t); _bx(t) + u)� bL(t)� bL0u(t)u
â ª¦¥ ¯à¨ ¤«¥¦¨â S(R; C(ON [0];R)). �®íâ®¬ã ¢ á¨«ã à ¢¥áâ¢  lim

h#0
d(u(�; h); u(�)) = 0 ¨ «¥¬-

¬ë 1.4, ¯¥à¥å®¤ï ¢ ¥à ¢¥áâ¢¥ (5.2) ª ¯à¥¤¥«ã ¯à¨ h # 0, ¯®«ãç ¥¬ ¥à ¢¥áâ¢® (5.1).

�¥¬¬  5.1. �ãáâì bx(�) 2 B ¨ äãªæ¨ï L : R �V � Rn ! R ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ 1){3),
  â ª¦¥ ãá«®¢¨î

4) ¤«ï «î¡®© ®£à ¨ç¥®© ®¡« áâ¨ U � Rn , á®¤¥à¦ é¥© orb( _bx),
ess sup

t2R
l(t) <1; l(t) := max

u2U
jL0u(t; bx(t); u)j; U

:= U: (5.3)
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�®£¤  ¥à ¢¥áâ¢® (5:1) ¢ë¯®«¥® ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ¯. ¢. t 2 R ¨

ª ¦¤®¬ v 2 R
n

E(t; bx(t); _bx(t); _bx(t) + v) > 0: (5.4)

�®ª § â¥«ìáâ¢®. �®áâ â®ç®áâì ãá«®¢¨© ®ç¥¢¨¤ .

�¥®¡å®¤¨¬®áâì. � íâ®© æ¥«ìî ¤«ï ¯à®¨§¢®«ì®£® ä¨ªá¨à®¢ ®£® v 2 R
n à áá¬®âà¨¬

ª®¬¯ ªâë¥ ¬®¦¥áâ¢  V := orb( _bx), U := orb( _bx) +ON [0] (N
:= jvj),   â ª¦¥ äãªæ¨î

(t; u) 7! g(t; u) := E(t; bx(t); _bx(t); _bx(t) + u);

¯à¨ ¤«¥¦ éãî, ª ª ¯®ª § ® ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 5.1, ¯à®áâà áâ¢ã S(R; C(ON ;R)).
�®ª ¦¥¬, çâ®

lim
#0

(ess sup
t2R

![g(t; �); ON [0]]) = 0: (5.5)

�¥©áâ¢¨â¥«ì®, ¥á«¨ u1; u2 2 ON [0] ¨ ju1 � u2j 6 , â® ¯à¨ ª ¦¤®¬ t 2 R ¨¬¥¥¬ á«¥¤ãîé¨¥
á®®â®è¥¨ï:

jg(t; u1)� g(t; u2)j 6 ju1 � u2j � jbL0u(t)j+
+
����
Z 1

0

L0u(t; bx(t); _bx(t); _bx(t) + #u1)d# � u1 �
Z 1

0

L0u(t; bx(t); _bx(t); _bx(t) + #u2)d# � u2
���� (5:3)6

6 2kl(�)k1 +N ess sup
t2R

![L0u(t; �; �); V � U];

¨§ ª®â®àëå ¢ á¨«ã (4.4) ¢ëâ¥ª ¥â (5.5).
�¥¯¥àì à áá¬®âà¨¬ § ¤ çã Mfg(t; u(t))g ! inf, u(�) 2 S(R; ON [0]), ¤«ï ª®â®à®© äãªæ¨ïbu(t) � 0 ï¢«ï¥âáï à¥è¥¨¥¬. �®áª®«ìªã äãªæ¨ï g 2 S(R; C(ON [0];R)) ¨ ã¤®¢«¥â¢®àï¥â ãá«®-

¢¨î (5.5), â® ¯® â¥®à¥¬¥ 1.4 [4] (á¬. ¥¥ ¤®ª § â¥«ìáâ¢® ¨ § ¬¥ç ¨¥ 4.1 ¢ [12]) ¯à¨ ¯. ¢. t 2 R

min
u2ON [0]

g(t; u) = g(t; 0),   ¯®áª®«ìªã g(t; 0) = E(t; bx(t); _bx(t); _bx(t)) � 0 ¨ v 2 ON [0], â® ¥à ¢¥áâ¢®

(5.4) ¤®ª § ®.

�á¯®«ì§ãï «¥¬¬ã 5.1, â¥®à¥¬ã 5.1 ¬®¦® áä®à¬ã«¨à®¢ âì ¢ ¢¨¤¥ á«¥¤ãîé¥£® ãâ¢¥à¦¤¥¨ï.

�¥®à¥¬  5.2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 5:1 ¨ äãªæ¨ï L : R � V � Rn ! R ã¤®-

¢«¥â¢®àï¥â â ª¦¥ ãá«®¢¨î 4). �®£¤ , ¥á«¨ äãªæ¨ï (3:4) ¯. ¯. ¯® �®àã, â® á¯à ¢¥¤«¨¢ë ãâ¢¥à-

¦¤¥¨ï  ), ¡) â¥®à¥¬ë 4:1 ¨  ©¤¥âáï â ª®¥ ¨§¬¥à¨¬®¥ ¬®¦¥áâ¢® T � R, mes(R n T) = 0,
çâ® ¤«ï ª ¦¤®£® t 2 T ¨ ¢á¥å v 2 Rn ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® (5:4).

� ¬¥ç ¨¥ 5.1. �á«¨ ¢¢¥áâ¨ ®â®¡à ¦¥¨¥

(t; x; u;  ) 7! H(t; x; u;  ) :=  u� L(t; x; u); (t; x; u;  ) 2 R � R
n � R

n � R
n� ; (5.6)

¨ ®¡®§ ç¨âì b (t) = bL0u(t), â® ¥à ¢¥áâ¢® (5.4) à ¢®á¨«ì® â®¬ã, çâ®
H(t; bx(t); _bx(t); b (t)) > H(t; bx(t); _bx(t) + v; b (t)): (5.7)

�¥®à¥¬  5.3 (ãá«®¢¨ï �¥©¥àèâà áá {�à¤¬  ). �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 5:2.
�®£¤  ¤«ï «î¡®© ®£à ¨ç¥®© ®¡« áâ¨ U � Rn , á®¤¥à¦ é¥© orb( _bx), ¢ â®çª å bt 2 T, ï¢«ï-

îé¨åáï â®çª ¬¨ ¥¯à¥àë¢®áâ¨ à ¢®¬¥à® ¯® (x; u) 2 orb(x) � U, U
:= orb(bx), ®â®¡à ¦¥¨ï

(t; x; u) 7! L(t; x; u), äãªæ¨ï t 7! H(t; bx(t); _bx(t); b (t)) ï¢«ï¥âáï ¥¯à¥àë¢®©.
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�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ äãªæ¨î

(t; u) 7! g(t; u) := H(t; bx(t); u; b (t)) (5:6)
= b (t)u� L(t; bx(t); u); (t; u) 2 R � U:

�® â¥®à¥¬¥ 5.2 ¯à¨ bt 2 T ¢ë¯®«¥® à ¢¥áâ¢® H(bt; bx(bt ); _bx(bt ); b (bt )) = max
u2U

g(bt; u): �®íâ®¬ã ¤«ï

¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 5.3 ¤®áâ â®ç® ¯®ª § âì ¥¯à¥àë¢®áâì ¢ ãª § ®© ¢ â¥®à¥¬¥ â®çª¥ bt
äãªæ¨¨ t 7! max

u2U
g(t; u). �«ï íâ®£® ®â¬¥â¨¬, çâ® ¯® ãâ¢¥à¦¤¥¨î  ) â¥®à¥¬ë 5.2 äãªæ¨ï b (�)

¯. ¯. ¯® �®àã,   § ç¨â, à ¢®¬¥à® ¥¯à¥àë¢    R, ¨ â. ª. ®â®¡à ¦¥¨¥ (t; u) 7! L(t; bx(t); u) (á¬.
®£à ¨ç¥¨ï   L ¨ «¥¬¬ã 1.2) ¯à¨ ¤«¥¦¨â S(R; C(U;R)) � Vloc

1 (R � U;R), â® ¨§ á®®â®è¥¨©

jmax
u2U

g(bt+ �; u)�max
u2U

g(bt; u)j 6 max
u2U

jg(bt+ �; u)� g(bt; u)j 6 k b (�+ �)� b (�)kC �max
u2U

juj+
+ max

(x;u)2 V�U
jL(bt+ �; x; u) � L(bt; x; u)j+ !(�)[L(bt; �; �); V � U]; (�) := kbx(�+ �)� bx(�)kC ;

¯®«ãç ¥¬ ¥¯à¥àë¢®áâì ®â®¡à ¦¥¨ï t 7! max
u2U

g(t; u) ¢ â®çª¥ bt 2 T.

6. �ª ¦¥¬ ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ¢â®à®£® ¯®àï¤ª  á¨«ì®£® (á« ¡®£®) ¬¨¨¬ã¬  § ¤ ç¨ (3.3)
¢ ¯à¥¤¯®«®¦¥¨¨, çâ® (t; x; u) ! L(t; x; u) 2 R, (t; x; u) 2 R � V � Rn (V | ®¡« áâì ¢ Rn),
ã¤®¢«¥â¢®àïîé¥£® ¯®¬¨¬® ãá«®¢¨© 1) ¨ 2) á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

3) ¢ ª ¦¤®© â®çª¥ (t; x; u) 2 R � V � R
n áãé¥áâ¢ãîâ L00xx(t; x; u), L

00
xu(t; x; u), L

00
ux(t; x; u),

L00uu(t; x; u);
4) ¤«ï «î¡ëå ä¨ªá¨à®¢ ëå V 2 comp(V) ¨ U 2 comp(Rn) ®â®¡à ¦¥¨ï L00xx; L

00
ux; L

00
xu ¨ L

00
uu

¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ã S(R; C(V � U;Hom(Rn))).

�à¨ ¢ë¯®«¥¨¨ íâ¨å ãá«®¢¨© ¢ á¨«ã â¥®à¥¬ë 2.5 ¨§ [7] ãâ¢¥à¦¤¥¨¥ ¡) «¥¬¬ë 2.3 ¤®¯®«ï-
¥âáï á«¥¤ãîé¨¬: ¢ ª ¦¤®© â®çª¥ x(�) 2 B � (B; k�kB) äãªæ¨® « (2.6) ¨¬¥¥â ¢â®àãî ¢ à¨ æ¨î
¯® � £à ¦ã �2T(x(�); �) : B! R, ®¯à¥¤¥«¥ãî ¯à¨ ¢áïª®¬ h(�) 2 B à ¢¥áâ¢®¬

�2T(x(�);h(�)) =Mf _h�(t)A(t) _h(t) + 2_h�(t)C(t)h(t) + h�(t)B(t)h(t)g; (6.1)

£¤¥ 8>><
>>:
A(t) = A(t;x(�)) := L00uu(t; bx(t); _bx(t));
B(t) = B(t;x(�)) := L00uu(t; bx(t); _bx(t));
C(t) = C(t;x(�)) := L00xu(t; bx(t); _bx(t)) = L00ux(t; bx(t); _bx(t)):

(6.2)

�â®á¨â¥«ì® äãªæ¨¨ g : R � V ! R ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ®

I0) ¢ ª ¦¤®© â®çª¥ (t; x) 2 R � V áãé¥áâ¢ãîâ g00xx(t; x);
II0) ¤«ï ¢áïª®£® V 2 comp(V) ¢ë¯®«ï¥âáï ãá«®¢¨¥ II),   â ª¦¥ ãá«®¢¨¥, çâ® ®â®¡à ¦¥¨¥

(t; x) 7! g00xx(t; x) ¯à¨ ¤«¥¦¨â B(R � V;Hom(Rn)).

�à¨ ¢ë¯®«¥¨¨ íâ¨å ãá«®¢¨© ãâ¢¥à¦¤¥¨¥ «¥¬¬ë 3.2 ¤®¯®«ï¥âáï á«¥¤ãîé¨¬: ¢ ª ¦¤®©
â®çª¥ x(�) 2 B � (B; k � kB) ®â®¡à ¦¥¨¥ (3.1) ¤¢ ¦¤ë ¤¨ää¥à¥æ¨àã¥¬® ¯® �à¥è¥ ¨ ¤«ï ¢á¥å
h(�) 2B

G00(x(�))[h(�)] = lim
q!1

1
q

q�1X
m=0

h�(ma)g00xx(tm; x(ma))h(ma): (6.3)

�¥®à¥¬  6.1 (ãá«®¢¨¥ �¥¦ ¤à ). �ãáâì ®â®¡à ¦¥¨ï L : R � V � Rn ! R ¨ g : R �
V ! R ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ 1){4) ¨ I0), II0) á®®â¢¥âáâ¢¥®. �®£¤  ¥á«¨ äãªæ¨ï bx(�) 2 B
ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (3:3) ¢ á¨«ì®¬ á¬ëá«¥ ¨ ess sup

t2R
jL0xx(t; bx(t); _bx(t))j <1, â® ¯à¨ ¯. ¢.

t 2 R ¨ ¢áïª®¬ v 2 Rn ¢ë¯®«¥® ¥à ¢¥áâ¢®

v�L00uu(t; bx(t); _bx(t)) v > 0: (6.4)
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�®ª § â¥«ìáâ¢®. �® ãá«®¢¨î â¥®à¥¬ë 6.1  ©¤¥âáï â ª®¥  > 0, çâ® (á¬. (3.3))
I(bx(�)) 6 I(x(�)) ¤«ï ¢á¥å x(�) 2 B, ã¤®¢«¥â¢®àïîé¨å ¥à ¢¥áâ¢ã kbx(�)� x(�)kC 6 , ¢ â®¬ ç¨á«¥
¨ ¤«ï ¢á¥å x(�) 2 B â ª¨å, çâ® kbx(�)�x(�)kB 6 . �âáî¤  ¢ á¨«ã ®£à ¨ç¥¨©,  «®¦¥ëå   L
¨ g, ¨ á¤¥« ëå ¢ëè¥ ¤®¯®«¥¨© ª ãâ¢¥à¦¤¥¨ï¬ «¥¬¬ 2.3 ¨ 3.2, ¯® â¥®à¥¬¥ ® ¥®¡å®¤¨¬®¬
ãá«®¢¨¨ «®ª «ì®£® ¬¨¨¬ã¬  ¢ ®à¬¨à®¢ ®¬ ¯à®áâà áâ¢¥ ([9], á. 240) ¯®«ãç ¥¬, çâ® ¤«ï
¢á¥å x(�) 2 (B; k � kB) ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® K(x(�)) := �2T(bx(�);x(�)) > 0, ¨«¨ (á¬. (6.3))

K(x(�)) =MfL(t; x(t); _x(t))g+ lim
q!1

1
q

q�1X
m=0

x�(ma)g00xx(tm; bx(ma))x(ma) > 0; (6.5)

£¤¥ (§¤¥áì á¬. (6.1) ¨ ®¡®§ ç¥¨ï (6.2) ¯à¨ x(�) = bx(�))
L(t; x(t); _x(t)) := _x�(t)A(t) _x(t) + 2 _x�(t)C(t)x(t) + x�(t)B(t)x(t): (6.6)

� á¨«ã ãá«®¢¨ï 3) ¯® «¥¬¬¥ 1.2 ¨ 1.3 ®â®¡à ¦¥¨ï A(�); B(�) ¨ C(�) ¯à¨ ¤«¥¦ â ¯à®áâà -
áâ¢ã S(R;Hom(Rn)) ¨ ¤«ï «î¡ëå V 2 comp(V) ¨ U 2 comp(Rn) äãªæ¨¨ (t; u) 7! u�A(t)u,
(t; x; u) 7! u�B(t)x, (t; x) 7! x�C(t)x ¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ ¬ S(R; C(U;R)), S(R; C(V �U;R))
¨ S(R; C(V;R)) á®®â¢¥âáâ¢¥®. � «¥¥, ¨á¯®«ì§ãï â¥®à¥¬ã 1.5 ([4], á. 30) ¯à¨ f(t) = A(t) ¨ «¥¬¬ã
1.5 ¤«ï ®â®¡à ¦¥¨ï (t; u) 7! u�A(t)u, (t; u) 2 R � ON [0] (N 2 N), ¯®«ãç¨¬, çâ®  ©¤ãâáï â ª¨¥
¯®á«¥¤®¢ â¥«ì®áâ¨ fqlg1l=1, lim

l!1
ql =1, f�jg1j=1 � (0; a] (a > 0), lim

j!1
�j = 0, ¨ ¨§¬¥à¨¬®¥ ¬®¦¥-

áâ¢® � � [0; a], mes� = a, â ª¨¥, çâ® ¤«ï ª ¦¤®© â®çª¨ # 2 � ¨ «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨
fvmgm2Z� ON [0] ¡ã¤¥â áãé¥áâ¢®¢ âì

lim
l!1

1
ql

ql�1X
m=0

v�mA(#+ma)vm (6.7)

¨ ¢ë¯®«ïâìáï à ¢¥áâ¢®

lim
j!1

�
lim
l!1

1
ql

ql�1X
m=0

1
�j

Z �j

0

jA(t+ #+ma)�A(#+ma)jdt
�
= 0: (6.8)

� «¥¥, ¯® ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ fvmgm2Z� ON [0], ¢ ä¨ªá¨à®¢ ®© â®çª¥ # 2 � à áá¬®-
âà¨¬ á®¢®ªã¯®áâì (á¬. (4.1)) ¯. ¯. ¨£®«®ª �¥©¥àèâà áá  fx(�; �); �2�g. � ª ª ª x(�; �) 2 (B; k�kB)
¨ x(ma; �) = 0 ¯à¨ ¢á¥å m 2 Z ¨ ª ¦¤®¬ � 2 �, â® ¨§ (6.5) ¯®«ãç ¥¬, çâ® K(x(�; �)) =
MfL(t; x(t; �); _x(t; �))g > 0 ¯à¨ ¢á¥å � 2 �. � ¤àã£®© áâ®à®ë, ¨§ (6.6) ¯à¨ x(�) = x(�; �) ¨
(4.1), (4.2) ¯®«ãç¨¬ à ¢¥áâ¢®

MfL(t; x(t; �); _x(t; �))g = lim
l!1

1
qla

ql�1X
m=0

�Z �

0

v�mA(t+ #+ma)vmdt+ fm(#; �)
�
; (6.9)

¢ ª®â®à®¬ ffm(�; �)gm2Z| â ª ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì, çâ®

lim
�#0

�
sup

(#;m)2[0;a]�Z

jfm(#; �)j
�

�
= 0: (6.10)

�®íâ®¬ã ¨§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«  (6.7), à ¢¥áâ¢  (6.8) ¨§ (6.10) ¨ (6.9) ¯à¨ � = �j ¯®«ãç¨¬

lim
j!1

1
�j
K(x(�; �j)) = lim

l!1
1
qla

ql�1P
m=0

v�mA(#+ma)vm > 0. � ááã¦¤ ï, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥-

¬ë 5.1, ¨á¯®«ì§ãï ¯®á«¥¤¥¥ ¥à ¢¥áâ¢®, ¯®«ãç¨¬, çâ® ¤«ï ¢áïª®© äãªæ¨¨ u(�) 2 S(R; ON [0])
¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® Mfu�(t)A(t)u(t)g > 0, â. ¥. äãªæ¨ï bu(t) � 0 ï¢«ï¥âáï à¥è¥¨¥¬
§ ¤ ç¨ Mfu�(t)A(t)u(t)g ! inf, u(�) 2 S(R; ON [0]).

�®áª®«ìªã ¤«ï äãªæ¨¨ (t; u) 7! u�A(t)u ¢ë¯®«¥® ãá«®¢¨¥ â¨¯  4), â® ¯® â¥®à¥¬¥ 1.4 [4] ¯à¨
¯. ¢. t 2 R ¨ ¢á¥å v 2 ON [0] ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (6.4). �âáî¤  ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨
¢ë¡®à  N 2 N ¯®«ãç ¥¬ ã¦®¥ ¥à ¢¥áâ¢® ¯à¨ ¢á¥å v 2 R

n .
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� ¬¥ç ¨¥ 6.1. �á«¨ ¢ § ¤ ç¥ (3.3) ®â®¡à ¦¥¨¥ L : R�V�Rn ! R ã¤®¢«¥â¢®àï¥â ãá«®¢¨î
1) ¨ 20) (á¬. § ¬¥ç ¨¥ 2.1), â® ¤«ï ¥£® ãá«®¢¨ï (4.4) ¨ (5.3) ¢ë¯®«ïîâáï.

� ¬¥ç ¨¥ 6.2. �®« £ ï ¢ (3.3) g � 0, ¯®«ãç¨¬ § ¤ çã (2.12). �®íâ®¬ã ¨§ ¥®¡å®¤¨¬ëå
ãá«®¢¨© à¥è¥¨ï bx(�) 2 B § ¤ ç¨ (3.3) ¢ á¨«ì®¬ á¬ëá«¥ ¢ëâ¥ª îâ á®®â¢¥âáâ¢ãîé¨¥ ãá«®¢¨ï
¤«ï à¥è¥¨ï bx(�) 2 B § ¤ ç¨ (2.12) ¢ á¨«ì®¬ á¬ëá«¥. �à¨ íâ®¬  ¤® ¨¬¥âì ¢ ¢¨¤ã, çâ® ¤«ï
à¥è¥¨ï bx(�) 2 B § ¤ ç¨ (2.12) ¢ á« ¡®¬ á¬ëá«¥ (  § ç¨â, ¨ á¨«ì®¬ á¬ëá«¥) ¤«ï ¢ë¯®«¥-
¨ï ãá«®¢¨©  ), ¡) ¥®¡å®¤¨¬®, çâ®¡ë ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ t 7! bL0x(t), t 7! bL0u(t) ¡ë«¨
®£à ¨ç¥ë   R ¢ áãé¥áâ¢¥®¬.
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