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ÂÂÅÄÅÍÈÅ

Îäíîé èç ïðîáëåì ñèñòåìíîãî àíàëèçà ñëîæíûõ ñèñòåì â óñëîâèÿõ íåîïðåäå-
ëåííîñòè, êîòîðûå îïèñûâàþòñÿ ìàðêîâñêèì ïðîöåññîì, ÿâëÿåòñÿ óñòàíîâëå-
íèå ñõîäèìîñòè ïðîöåäóð ñòîõàñòè÷åñêîé îïòèìèçàöèè (ÏÑÎ) [1] â ñëó÷àå íå-
ïîñðåäñòâåííîãî âëèÿíèÿ ôóíêöèè ðåãðåññèè îò òàêîãî ïðîöåññà. Ìíîãî÷èñ-
ëåííûå ïðèìåðû ïðèìåíåíèÿ ýòèõ ïðîöåäóð è èõ ìîäèôèêàöèé [2] â òåîðèè
óïðàâëåíèÿ [3], òåîðèè ïåðåäà÷è èíôîðìàöèè, ïðè ðåøåíèè íåïàðàìåòðè÷åñ-
êèõ çàäà÷ ìàòåìàòè÷åñêîé ñòàòèñòèêè, â ÷àñòíîñòè ïðè ïîèñêå íàèëó÷øèõ çíà-
÷åíèé ïàðàìåòðîâ àñèìïòîòè÷åñêè íîðìàëüíîãî ðàñïðåäåëåíèÿ ÏÑÎ, îáóñëîâ-
ëèâàþò âàæíîñòü îïðåäåëåíèÿ íîâûõ îáîáùåíèé è ñâîéñòâ ÏÑÎ.

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È

Ðàçíîñòíàÿ ïðîöåäóðà ñòîõàñòè÷åñêîé îïòèìèçàöèè â ýðãîäè÷åñêîì ìàðêîâñêîì
ïðîñòðàíñòâå ñ èìïóëüñíûì âîçìóùåíèåì çàäàåòñÿ ýâîëþöèîííûì óðàâíåíèåì

du t a t C u t x t dt d tb t
� � �� � �( ) ( )[ ( ( ), ( / )) ( )]( )� � �2 , (1)
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ãäå � �
� � �

b t C u x
C u b t x C u b t x

b t
( ) ( ; )

( ( ( ); ) ( ( ); ))

( )2
, u R� . Ìàðêîâñêèé ïðîöåññ

x t t( ), � 0 , â ñòàíäàðòíîì ôàçîâîì ïðîñòðàíñòâå ( , )X X çàäàåòñÿ ãåíåðàòîðîì

Q B� � � �( ) ( ) ( , )[ ( ) ( )], ( )x q x P x dy y x X

X

� � �� ,

ãäå B( )X — áàíàõîâî ïðîñòðàíñòâî äåéñòâèòåëüíûõ îãðàíè÷åííûõ ôóíêöèé
ñ ñóïðåìóì-íîðìîé || || max| ( )|� ��

�x X
x [4].

Ñòîõàñòè÷åñêîå ÿäðî P x B x X B( , ), ,� � X , îïðåäåëÿåò ðàâíîìåðíî ýðãîäè-
÷åñêóþ âëîæåííóþ öåïü Ìàðêîâà x xn n� ( )� , n � 0, ñî ñòàöèîíàðíûì ðàïðåäåëå-
íèåì �( )B , B � X [5]. Ñòàöèîíàðíîå ðàñïðåäåëåíèå �( )B , B � X , ìàðêîâñêîãî
ïðîöåññà x t t( ), � 0 , îïðåäåëÿåòñÿ ñîîòíîøåíèåì

� � �( ) ( ) ( ), ( ) ( )dx q x q dx q dx q x

X

� � � .

Ïîòåíöèàëüíûé îïåðàòîð R0 ãåíåðàòîðà Q îïðåäåëÿåòñÿ ñîîòíîøåíèåì

R0
1� � � �	 	( )Q , ãäå 	� � �( ) ( ) ( )x dy y

X

� � — ïðîåêòîð íà ïîäïðîñòðàíñòâî

NQ � �{ : }� �Q 0 íóëåé îïåðàòîðà Q .

Èìïóëüñíûé ïðîöåññ âîçìóùåíèé � � ( ),t t � 0 , çàäàåòñÿ ñîîòíîøåíèåì

� � �� �( ) ( ; ( / ))t ds x s

t

� �
0

2 , (2)

ãäå ñåìåéñòâî ïðîöåññîâ ñ ëîêàëüíî íåçàâèñèìûìè ïðèðàùåíèÿìè � � ( , )t x ,

t � 0 , x X� , [6] çàäàåòñÿ ãåíåðàòîðàìè

Ãw

R

x u w x u w x u w x d x� � � � �� � �( ) ( , , ) [ ( , , ) ( , , )] ( ; ),� � ��
�

2 
 x X� . (3)

Çäåñü 
( ; ),d x x X� � , — ÿäðî [7]. Äëÿ ïåðâûõ ìîìåíòîâ b x d x

R

1 ( ): ( ; )� � � �
 çà-

äàíî óñëîâèå áàëàíñà
�

X

dx b x� �( ) ( )1 0 . (4)

Ðàññìîòðèì ãåíåðàòîð Ãu x� ( ) , êîòîðûé äåéñòâóåò ïî ïåðâîé ïåðåìåííîé

ôóíêöèè �( , , )u w x , ò.å.

Ãu

R

x u w x u w x u w x d x� � � � �� � �( ) ( , , ) [ ( , , ) ( , , )] ( ; )� � ��
�

2 
 , x X� . (5)

Äëÿ ïðîöåäóðû (1) ðàññìîòðèì óñðåäíåííóþ ïî ðàñïðåäåëåíèþ �( )B ,
B � X , ñèñòåìó

du

dt
C u C u dx C u x

X

� � � �( ), ( ) ( ) ( ; )� . (6)

ÎÑÍÎÂÍOÉ ÐÅÇÓËÜÒÀÒ

Òåîðåìà 1. Ïóñòü ñóùåñòâóåò ôóíêöèÿ Ëÿïóíîâà V u C R( ) ( )� 3 òàêàÿ, ÷òî

îáåñïå÷èâàåò ýêñïîíåíöèîííóþ óñòîé÷èâîñòü óñðåäíåííîé ñèñòåìû (6):

C1: � � � �C u V u cV u( ) ( ) ( ) , c  0 ,

à òàêæå äîïîëíèòåëüíûå óñëîâèÿ
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C2: | ( ( ) ( )) ( )| ( )( ( ))( )� � � � � �b t C u C u V u c b t V u1
2 1 , c1 0 ,

C3: | ( )
~

( ) ( )| ( ( ))Ã L1 0 2 1x R x V u c V ut � � , c2 0 ,

C4: | ( )
~

( ) ( )| ( ( ))C Lt tx R x V u c V u� � �0 3 1 , c3 0 ,

ãäå
~

( ) ( ) ( )L C Ã Lt t tx x x� � ��
1 .

Êðîìå òîãî, ïóñòü ôóíêöèÿ C u x( , ) èìååò ïåðâûå äâå ïðîèçâîäíûå ïî u R� è
âìåñòå ñ ôóíêöèÿìè b x1 ( ) è b x2 ( ) ðàâíîìåðíî îãðàíè÷åía ïî x X� . Òàêæå ïóñòü
âûïîëíÿåòñÿ óñëîâèå áàëàíñà (4), a óïðàâëÿþùèå ôóíêöèè a t( )  0 è b t( )  0 âû-
áðàíû òàê, ÷òî âûïîëíÿþòñÿ óñëîâèÿ

C5

0

2

0

2

0

: ( ) , ( ) , ( ) ( )a t dt a t dt a t b t dt

� � �

� � �� � � � � � .

Òîãäà äëÿ âñåõ � �� 0 , �0 — äîñòàòî÷íî ìàëîe, ðåøåíèå ýâîëþöèîííîãî óðàâ-

íåíèÿ (1) ïðè âñåõ íà÷àëüíûõ çíà÷åíèÿõ u u� ( )0 � ñ âåðîÿòíîñòüþ 1 ñõîäèòñÿ

ê òî÷êå ìèíèìóìà u0 0� óñðåäíåííîé ñèñòåìû (6):

P u t
t

{ lim ( ) }
��

� �� 0 1 .

ÂÑÏÎÌÎÃÀÒÅËÜÍÛÅ ÐÅÇÓËÜÒÀÒÛ

Ëåììà 1. Ãåíåðàòîðû ñåìåéñòâà ïðîöåññîâ ñ íåçàâèñèìûìè ïðèðàùåíèÿìè

� � ( , )t x , t � 0 , x X� , íà òåñò-ôóíêöèÿõ �( ) ( )w C R� 3 äîïóñêàþò àñèìïòîòè-

÷åñêîå ïðåäñòàâëåíèå

Ã Ã Ãw x w x w x w x w� �� � � � 	 �( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )� � ��1
1 2 , (7)

ãäå

Ã1 1( ) ( ) ( ) ( )x w b x w� �� � ;

Ã2 2 2
21

2
( ) ( ) ( ) ( ); ( ) ( ; )x w b x w b x d x

R

� � � �� �� � � 
 ,

à îñòàòî÷íûé ÷ëåí òàêîé, ÷òî || ( ) ( )||	 �� x w � 0 ïðè � � 0 ; �( ) ( )w C R� 3 .

Äîêàçàòåëüñòâî. Èñïîëüçóÿ ðàçëîæåíèå ôóíêöèè �( )w â ðÿä Òåéëîðà, ïðî-

âåäåì ïðåîáðàçîâàíèå ãåíåðàòîðà (3):

Ãw

R

x w w w d x� � � � �� � �( ) ( ) [ ( ) ( )] ( ; )� � � ��
�

2 


� � � � � � ���

��
�

��
�

�� � �� � ��� � � � �2 2 21

2
( ) ( ) ( ) ( ) ( ;w w w w d

R


 x) �

� � � �� ��� � �1
1 2

1

2
b x w b x w( ) ( ) ( ) ( )

� � � �� ��� � � 	 ��1
1 2

1

2
b x w b x w x w( ) ( ) ( ) ( ) ( ) ( ) .

Ïîñêîëüêó 	 � �� ( ) ( ) ( )x w o� , �( ) ( )w C R� 3 , ïîëó÷àåì ïðåäñòàâëåíèå (7).

Ëåììà 2. Ãåíåðàòîð äâóõêîìïîíåíòíîãî ìàðêîâñêîãî ïðîöåññà � � ( )t ,

x t( / )�2 , t � 0 , èìååò âèä
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Ã Q Ã� � � � � �( ) ( , ) ( , ) ( ) ( , )x w x w x x w x� � �� �2 1
1

� �Ã2 ( ) ( , ) ( ) ( , )x w x x w x� 	 �� (8)

â îáîçíà÷åíèÿõ ëåììû 1, à îñòàòî÷íûé ÷ëåí òàêîé, ÷òî || ( ) ( , ) ||	 �� x w x � 0

ïðè � � 0 , �( , ) ( )w C R� � 3 .

Äîêàçàòåëüñòâî. Ïðåäñòàâëåíèå (8) ïîëó÷àåì èç îïðåäåëåíèÿ ãåíåðàòîðà

ìàðêîâñêîãî ïðîöåññà x t t( / ),�2 0� , è âèäà ãåíåðàòîðà ïðîöåññîâ � � ( )t (2) èç [5].

Äëÿ ãåíåðàòîðà Ã� ( )x ðàññìîòðèì óðåçàííûé îïåðàòîð, èìåþùèé âèä

Ã Q Ã Ã
0

2 1
1 2

� � � � � � �( ) ( , ) ( , ) ( ) ( , ) ( ) ( , )x w x w x x w x x w x� � �� � . (9)

Ëåììà 3. Ðåøåíèå ïðîáëåìû ñèíãóëÿðíîãî âîçìóùåíèÿ äëÿ óðåçàííîãî îïå-
ðàòîðà (9) íà òåñò-ôóíêöèÿõ

� � �� � � �� ( , ) ( ) ( , ) ( , ), ( ) ( )w x w w x w x w C R� � � �1
2

2
4

ïðè óñëîâèè áàëàíñà (4) ðåàëèçóåòñÿ ñîîòíîøåíèåì

Ã Ã
0
� �

�
�� � �
 �( ) ( , ) ( ) ( ) ( )x w x w x w� � , (10)

ãäå ïðåäåëüíûé îïåðàòîð Ã îïðåäåëÿåòñÿ

Ã Ã Ã Ã	 	 	 	 	� � �( ) ( ) ( ) ( ) ( ) ( )w x w x R x w� �2 1 0 1 , (11)

à îñòàòî÷íûé ÷ëåí 
 ��
� ( ) ( )x w ðàâíîìåðíî îãðàíè÷åí ïî x .

Äîêàçàòåëüñòâî. Ðàâåíñòâî (10) âûïîëíÿåòñÿ ïðè ñîâïàäåíèè êîýôôèöèåí-
òîâ ñ îäèíàêîâûìè ñòåïåíÿìè � ñëåâà è ñïðàâà. Ðàññìîòðèì ëåâóþ ÷àñòü (10):

Ã Q Q Ã
0

2 1
1 1

� �� � � � � �( ) ( , ) ( ) [ ( , ) ( ) ( )]x w x w w x x w� � � �� �

� � � �[ ( , ) ( ) ( , ) ( ) ( )]Q Ã Ã� � �2 1 1 2w x x w x x w

�� � � � �[ ( ) ( , ) ( ) ( , ) ( ) ( , )]Ã Ã Ã1 2 2 1 2 2x w x x w x x w x� � .

Ïîñêîëüêó �( )w íå çàâèñèò îò x , òî Q � �( ) , ( )w w NQ� � �0 .

Óñëîâèå áàëàíñà (4) åñòü óñëîâèåì ðàçðåøèìîñòè óðàâíåíèÿ
Q Ã� �1 1 0( , ) ( ) ( )w x x w� � . Òàêèì îáðàçîì, èç ïîñëåäíåãî èìååì

� �1 0 1( , ) ( ) ( )w x R x w� Ã . (12)

Óðàâíåíèå Q Ã Ã Ã� � � �2 1 1 2( , ) ( ) ( , ) ( ) ( ) ( )w x x w x x w w� � � ñ ïðåäñòàâëåíè-
åì (12) ñâîäèòñÿ ê âèäó

Q Ã Ã Ã Ã� � � �2 1 0 1 2( , ) ( ) ( ) ( ) ( ) ( ) ( )w x x R x w x w w� � � .

Óñëîâèå ðàçðåøèìîñòè ïîñëåäíåãî óðàâíåíèÿ äàåò ïðåäåëüíûé îïåðàòîð Ã
â âèäå (11). Òàêèì îáðàçîì, äëÿ âîçìóùåíèÿ �2 ( , )w x èìååì

� �2 0 1 0 1 2( , ) [ ( ) ( ) ( ) ] ( )w x R x R x x w� � �Ã Ã Ã Ã . (13)

Îñòàòî÷íûé ÷ëåí 
 ��
� ( ) ( )x w âìåñòå ñ (12) è (13) ïðèìåò âèä


 � � ��
� ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) (x w x R x R x w x R x w� �Ã Ã Ã Ã Ã1 0 1 0 1 1 0 2 ) ( ) ( )� �Ã Ã1 0x R w�

� �Ã Ã2 0 1( ) ( ) ( )x R x w�

� � �� � �[ ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )Ã Ã Ã Ã Ã Ã2 0 1 0 1 2 0 2 2x R x R x w x R x w x R0Ã�( )w .
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Ó÷èòûâàÿ ñâîéñòâà ãåíåðàòîðîâ Ã1 ( )x , Ã2 ( )x è R0 , ïîëó÷àåì îãðàíè÷åí-

íîñòü 
 ��
� ( )w .

Ðàññìîòðèì äâóõêîìïîíåíòíûé ìàðêîâñêèé ïðîöåññ

u t� ( ) , x x tt
� �: ( / )� 2 , t � 0 . (14)

Ïîñêîëüêó ÏÑÎ (1) çàâèñèò îò óïðàâëÿþùåé ôóíêöèè a t( ) , ïðîöåññ (14) íå-
îäíîðîäíûé âî âðåìåíè.

Ëåììà 4. Ãåíåðàòîð äâóõêîìïîíåíòíîãî ìàðêîâñêîãî ïðîöåññà u t� ( ) ,

x t( / )�2 , t � 0 , èìååò âèä

L Q Ã Ct u tx u x u x a t x u x a t� �� � � � �( ) ( , ) ( , ) ( ) ( ) ( , ) ( ) (� � �� �2 x u x) ( , )� , (15)

ãäå C t b t ux u x C u x u x� � � �( ) ( , ) ( , ) ( , )( )� � .

Äîêàçàòåëüñòâî. Ââåäåì îáîçíà÷åíèÿ: u t ut
� ( ) � , x t xt( / )�2 � . Òîãäà, ñëå-

äóÿ îïðåäåëåíèþ ãåíåðàòîðà ìàðêîâñêîãî ïðîöåññà, ïîëó÷àåì

Lt x u x E u t x t� �� � �( ) ( , ) lim [ ( ( ), (( ) / ))� � � �
�� �

� �
0

21

� � � �� � �� �( ( ), ( / )| ( ) , ( / ) ]u t x t u t u x t x2 2

� � �
�

� �lim [ ( , ) ( , )]
�

� �
�0

1
E u x u xt t� �

� � �
�

� � �lim [ ( , ) ( , )]
�

� � �
�0

1
E u x u xt t t� � lim [ ( , ) ( , )]

�
�

��
� �

0

1
E u x u xt� � . (16)

Ïîñêîëüêó èìååò ìåñòî ïðåäñòàâëåíèå

u t u a t C u x a t t ob t( ) ( ) ( , ) ( ) ( ) ( )( )� � � � � �� � � �� � � ,

äëÿ ïåðâîãî ñëàãàåìîãî èç (16) èìååì

lim [ ( , ) ( , )]
�

� � �
��

� � �� �
0

1
E u x u xt t t� �

� � � �
�

lim [ ( ( ) ( , )( )
� �

�
0

1
E u a t C u xb t�

� � �� �� � ��a t t o x u xt t( ) ( ) ( ), ) ( , )]� � � � .

Èñïîëüçóÿ ñëàãàåìîå � � � � ��( ( ) ( , ) ( ), )( )u a t C u x o xb t t� � � , èç ïîñëåäíåãî
ïîëó÷àåì

lim [ ( , ) ( , )]
�

� � �
��

� � �� �
0

1
E u x u xt t t� �

� � � � �
�

lim [ ( ( ) ( , ) ( ) ( ) ( ),( )
� �

� � �
0

1
E u a t C u x a t t o xb t� � � �

t� �� )

� � � � ���( ( ) ( , ) ( ), )]( )u a t C u x o xb t t� � �

� � � � �
�

� �lim [ ( ( ) ( , ) ( ), ) ( ,( )
�

�
�

� �
0

1
E u a t C u x o x u xb t t t� � � )] .

Ïîñêîëüêó, ñëåäóÿ îïðåäåëåíèþ ãåíåðàòîðà Ãu x� ( ) (5) :

Ãu x u E u t u� �� � � �( ) ( ) lim [ ( ( )) ( )]� � �
�� �

�
0

1
,
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è ïðîâåäÿ çàìåíó � � � � �u a t C u x ob t( ) ( , ) ( )( ) � � (çàìåòèì, ÷òî � � u ïðè
� � 0), ïîëó÷àåì ñëåäóþùèé âèä äëÿ ïåðâîãî ïðåäåëà:

lim [ ( ( ) ( ), )
�

�
�

�
�

�� �
0

1
E a t t xt� � � � � � � � ��( , )] ( ) ( ) ( , )x a t x u xt u� �� Ã .

Ïîñëå ïðåîáðàçîâàíèé âòîðîé ïðåäåë ïðèìåò âèä

lim [ ( ( ) ( , ) , ) ( , )]( )
�

� �
�

�
�

� �� � � �
0

1
E u a t C u x x u xb t t t� �

� � � � �
�

�lim [ ( , )( ( ) ( , ) ( ))]( )
�

�
�

� �
0

1
E u x a t C u x ou t b t�

� �a t C u x u xu( ) ( , ) ( , )� .

Èñïîëüçóÿ îïðåäåëåíèå ãåíåðàòîðà ìàðêîâñêîãî ïðîöåññà x t( / )�2 :

lim [ ( , ) ( , )] ( , )
�

�
��

�
�� �

0

21
E u x u x u xt� � � �Q ,

è ñóìèðóÿ ïîëó÷åíûå ïðåäåëû, ïîëó÷àåì (15).

Ëåììà 5. Ãåíåðàòîð Lt x� ( ) äâóõêîìïîíåíòíîãî ìàðêîâñêîãî ïðîöåññà u t� ( ) ,

x t( / )�2 , t � 0 , äîïóñêàåò àñèìïòîòè÷åñêîå ïðåäñòàâëåíèå

L Q Ãt x u x u x a t x u x� � � � �( ) ( , ) ( , ) ( ) ( ) ( , )� � ��2
1

� ��a t x u x x u xt( ) ( ) ( , ) ( ) ( , )C � 
 �� , (17)

ãäå 
 � 	 � �� �
t x a t x a t x u x( ) ( ) ( ) ( ) ( ) ( , )� �2

2Ã .

Îñòàòî÷íûé ÷ëåí òàêîé, ÷òî || ( ) ( , ) ||
 ��
t x u x � 0 ïðè � � 0 .

Äîêàçàòåëüñòâî. Èñïîëüçóåì ïðåäñòàâëåíèå îïåðàòîðà Ã� ( )x (8) è ðåçóëü-

òàòû ëåììû 4.

Ëåììà 6. Ðåøåíèå ïðîáëåìû ñèíãóëÿðíîãî âîçìóùåíèÿ äëÿ óðåçàííîãî îïå-
ðàòîðà

L Q Ã C
t tx a t x a t x
0

2
1

� �( ) ( ) ( ) ( ) ( )� � �� �

ê îïåðàòîðó (17) íà âîçìóùåííîé ôóíêöèè Ëÿïóíîâà

V u x V u a t V u x� �( , ) ( ) ( ) ( , )� � 2
0

èìååò ïðåäñòàâëåíèå

L L
t t tx V u x a t V u x V u
0

� � ��
( ) ( , ) ( ) ( ) ( ) ( )� � , (18)

ãäå ïðåäåëüíûé ãåíåðàòîð Lt èìååò âèä

Lt b b t

X

b tV u t C u V u C u dx C u x( ) ( ) ( ) ( ), ( ) ( ) ( , )( ) ( )� � � � � �� � , (19)

à îñòàòî÷íûé ÷ëåí 
�
t x V u( ) ( ) èìååò ïðåäñòàâëåíèå


 ��
t t t tx V u a t x R x V u x R x( ) ( ) ( )[ ( )

~
( ) ( ) ( )

~
(� � �2 2

1 0 0Ã L C L ) ( )]V u . (20)

Äîêàçàòåëüñòâî. Ðàçëîæåíèå ãåíåðàòîðà (17) íà âîçìóùåííîé ôóíêöèè Ëÿ-
ïóíîâà ïðèìåò âèä

L Q Ã Ct t tx V u x a t x a t x V u� � � �( ) ( , ) [ ( ) ( ) ( ) ( )][ ( )� � � �� �2
1

2a t V u x( ) ( , )]0 �
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� � � � �� �� 2
0 1Q Q C ÃV u a t V u x x V u x V ut( ) ( )[ ( , ) ( ) ( ) ( ) ( )]

� � ��2 2
1 0 0a t x V u x x V u xt( )[ ( ) ( , ) ( ) ( , )]Ã C . (21)

Ïîñêîëüêó V u( ) íå çàâèñèò îò x , òî QV u V u NQ( ) , ( )� � �0 .

Èç óñëîâèÿ ðàçðåøèìîñòè óðàâíåíèÿ

Q C Ã LV u x x V u x V u V ut t0 1( , ) ( ) ( ) ( ) ( ) ( )� � �� (22)

ïîëó÷àåì ïðåäåëüíûé îïåðàòîð L L C Ãt t t x x� � ��	 	[ ( ) ( )]1 . Èç óñëîâèÿ áà-

ëàíñà (4) 	Ã1 0( )x � ïðåäåëüíûé îïåðàòîð ïðèìåò âèä L Ct t x� �	 ( ) . Òàêèì îá-

ðàçîì, äëÿ âîçìóùåíèÿ V u x0 ( , ) èç (22) èìååì Q L LV u x x V u V ut t0 ( , ) ( ) ( ) ( )� � .

Îòêóäà ïîëó÷àåì V u x R x V ut0 0( , )
~

( ) ( )� L .

Âìåñòå ñ (22) ïîñëåäíåå ïðåäñòàâëåíèå äàåò (20). Ó÷èòûâàÿ âèä ïðåäåëüíîãî
ãåíåðàòîðà (19) è âèä îñòàòî÷íîãî ÷ëåíà (20), ïîëó÷åííûõ èç ðàçëîæåíèÿ (21),
èìååì (18).

Çàâåðøåíèå äîêàçàòåëüñòâà òåîðåìû 1. Ïîñêîëüêó äëÿ ïðåäåëüíîãî îïåðà-
òîðà Lt èìååò ìåñòî îöåíêà

Lt bV u C u V u t C u V u C u V u cV( ) ( ) ( ) ( ( ) ( ) ( ) ( ) ( )) (� � � � � � � � � � � u c b t V u) ( )( ( ))� �1
2 1 ,

ñëåäóÿ óñëîâèÿì Ñ1 è Ñ2 òåîðåìû, à äëÿ îñòàòî÷íîãî ÷ëåíà èç óñëîâèé Ñ3 è

Ñ4, ïîëó÷àåì îöåíêó 
�
t x V u c a t V u( ) ( ) ( )( ( ))*� �2 1 è âìåñòå èìååì

L
t

x V u x ca t V u c a t b t V u c a
0 1

2 21� �( ) ( , ) ( ) ( ) ( ) ( )( ( )) *� � � � � ( )( ( ))t V u1� .

Èç ïîñëåäíåé îöåíêè, óñëîâèÿ Ñ5 è òåîðåìû Íåâåëüñîíà–Õàñüìèíñêîãî
[1, c. 100] ïîëó÷àåì óòâåðæäåíèå òåîðåìû.

ÇÀÊËÞ×ÅÍÈÅ

Äëÿ ðàçíîñòíîé ïðîöåäóðû ñòîõàñòè÷åñêîé îïòèìèçàöèè ñ èìïóëüñíûì âîçìó-
ùåíèåì äîêàçàíû äîñòàòî÷íûå óñëîâèÿ ñõîäèìîñòè ìåòîäàìè ðåøåíèÿ ïðî-
áëåìû ñèíãóëÿðíîãî âîçìóùåíèÿ è ìàëîãî ïàðàìåòðà äëÿ ïðîöåäóðû ñòîõàñ-
òè÷åñêîé îïòèìèçàöèè. Ñ ïîìîùüþ ìàðòèíãàëüíîé ïðåäåëüíîé òåîðåìû Êîðî-
ëþêà è îãðàíè÷åííîñòè îñòàòî÷íîãî ÷ëåíà â òåðìèíàõ ñóùåñòâîâàíèÿ ôóíêöèè
Ëÿïóíîâà èññëåäîâàíî ïîâåäåíèå ñòîõàñòè÷åñêîé ñèñòåìû íà ïðåäåëüíûõ
ïðîìåæóòêàõ âðåìåíè.
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