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ÏÑÅÂÄÎÎÁÐÀÙÅÍÈÅ ÌÀÒÅÌÀÒÈ×ÅÑÊÈÕ ÌÎÄÅËÅÉ
ÐÀÑÏÐÅÄÅËÅÍÍÛÕ ÄÈÔÔÅÐÅÍÖÈÀËÜÍÛÕ ÑÈÑÒÅÌ
Ñ ÀÄÈÒÈÂÍÎ ÎÏÐÅÄÅËÅÍÍÎÉ ÍÅËÈÍÅÉÍÎÑÒÜÞ

Àííîòàöèÿ. Ðàññìîòðåíû ïðîñòðàíñòâåííî ðàñïðåäåëåííûå äèíàìè÷åñêèå
ñèñòåìû, ëèíåéíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü êîòîðûõ äîïîëíÿåòñÿ íåëèíåé-
íûì äèôôåðåíöèàëüíûì ÷ëåíîì, ïîëó÷åííûì ïðîèçâåäåíèåì ëèíåéíûõ
äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ èëè çàìåíîé òàêèìè
ïðåîáðàçîâàíèÿìè êîýôôèöèåíòîâ ëèíåéíîãî ïðèáëèæåíèÿ ìîäåëè. Ïîñòðî-
åíû ïñåâäîîáðàùåíèÿ ïðèâåäåííûõ ìàòåìàòè÷åñêèõ ìîäåëåé, êîòîðûå ïî
ñðåäíåêâàäðàòè÷åñêîìó êðèòåðèþ ñîãëàñóþòñÿ ñ èõ äèôôåðåíöèàëüíûì
ïðåäñòàâëåíèåì.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèíàìè÷åñêèå ñèñòåìû,
ñèñòåìû ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè, ïðîñòðàíñòâåííî ðàñïðåäåëåííûå
äèíàìè÷åñêèå ñèñòåìû.

ÂÂÅÄÅÍÈÅ

Â ðåçóëüòàòå èññëåäîâàíèé àâòîðà â îáëàñòè ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

äèíàìèêè íåïîëíî íàáëþäàåìûõ ïðîñòðàíñòâåííî ðàñïðåäåëåííûõ ñèñòåì, èç-

ëîæåííûõ â [1–3], ïîëó÷åíà ìåòîäèêà ðåøåíèÿ (ïî ñðåäíåêâàäðàòè÷åñêîìó

êðèòåðèþ) íà÷àëüíî-êðàåâûõ çàäà÷ è çàäà÷ óïðàâëåíèÿ äëÿ ëþáîé ëèíåéíîé

äèôôåðåíöèàëüíî îïðåäåëåííîé ëèíåéíîé äèíàìè÷åñêîé ñèñòåìû ñ äèñêðåòíî

è íåïðåðûâíî çàäàííûìè íàáëþäåíèÿìè çà åå íà÷àëüíî-êðàåâûì ñîñòîÿíèåì.

Âàæíî, ÷òî êîëè÷åñòâî òàêèõ íàáëþäåíèé ïðîèçâîëüíî è íå çàâèñèò îò ïîðÿä-

êà äèôôåðåíöèàëüíîãî óðàâíåíèÿ åå ìàòåìàòè÷åñêîé ìîäåëè. Îñíîâà äëÿ

ïðàêòè÷åñêîé ðåàëèçàöèè äàííîé ìåòîäèêè — íàëè÷èå èíòåãðàëüíîãî ýêâèâà-

ëåíòà äèôôåðåíöèàëüíîé ìîäåëè. Â [3, 4] ïðåäëîæåíà ìåòîäèêà ïîñòðîåíèÿ

ÿäåð èíòåãðàëüíûõ ìàòåìàòè÷åñêèõ ìîäåëåé èññëåäóåìûõ ñèñòåì è ïðîöåññîâ

ïðè óñëîâèè èõ ëèíåéíîñòè.

Ïðåäëîæåííàÿ â [5, 6] ìåòîäèêà ïñåâäîîáðàùåíèé íåëèíåéíûõ äèñêðåòíî

ïðåîáðàçóþùèõ ñèñòåì è åå ðàñïðîñòðàíåíèå [7, 8] íà äèíàìèêó íåëèíåéíûõ

ïðîñòðàíñòâåííî ðàñïðåäåëåííûõ ñèñòåì ïîçâîëèëè ðåøèòü çàäà÷ó ïîñòðîåíèÿ

èíòåãðàëüíûõ ýêâèâàëåíòîâ äâóõ êëàññîâ íåëèíåéíûõ äèôôåðåíöèàëüíûõ ìîäå-

ëåé, íåëèíåéíîñòü â êîòîðûõ ïîëó÷àåòñÿ ïîñëå íåîäíîêðàòíîãî óìíîæåíèÿ ëè-

íåéíûõ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ ñèñòåìû èëè ïî-

ñëå çàìåíû òàêèì ïðåîáðàçîâàíèåì êîýôôèöèåíòîâ ëèíåéíîãî ïðèáëèæåíèÿ ìî-

äåëè. Íàéäåííûå âûðàæåíèÿ äëÿ ÿäåð èíòåãðàëüíûõ ýêâèâàëåíòîâ òàêèõ

ìîäåëåé, îäíàêî, îòíîñèëèñü ê ñèñòåìàì, äèíàìèêà êîòîðûõ îïèñàíà äèôôåðåí-

öèàëüíûì óðàâíåíèåì áåç ëèíåéíîé ÷àñòè. Ïîñêîëüêó ïðàêòè÷åñêîå ïîñòðîåíèå

ìàòåìàòè÷åñêèõ ìîäåëåé íåëèíåéíûõ äèíàìè÷åñêèõ ïðîöåññîâ ÷àñòî âûïîëíÿåò-

ñÿ [9, 10] äîáàâëåíèåì íåëèíåéíîãî ÷ëåíà ê èõ ëèíåéíîìó ïðèáëèæåíèþ, âîçíè-

êàåò ïîòðåáíîñòü èññëåäîâàíèÿ êëàññè÷åñêè èçâåñòíûõ [11] ëèíåéíûõ äèíàìè-

÷åñêèõ ìîäåëåé, àääèòèâíî äîïîëíåííûõ íåëèíåéíûì ÷ëåíîì.

Â íàñòîÿùåé ñòàòüå èçëîæåíû ðåçóëüòàòû ïñåâäîîáðàùåíèÿ [3] ïðîñòðàíñòâåí-

íî ðàñïðåäåëåííûõ ñèñòåì äèôôåðåíöèàëüíûõ ìàòåìàòè÷åñêèõ ìîäåëåé, â êîòî-

ðûõ èññëåäîâàííûå â [7, 8] íåëèíåéíîñòè äîïîëíåíû ëèíåéíî ïðåîáðàçóþùèì

ñëàãàåìûì. Êàê è â [7, 8], ðàññìîòðåíû (íàñêîëüêî ýòî âîçìîæíî â ðàìêàõ ìåòî-
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äèêè ïñåâäîîáðàùåíèÿ ëèíåéíûõ èíòåãðàëüíûõ è ôóíêöèîíàëüíûõ ñèñòåì) âà-

ðèàíòû ïîñòðîåíèÿ èíòåãðàëüíûõ çàâèñèìîñòåé ôóíêöèè ñîñòîÿíèÿ (èëè âåêòîðà

åå çíà÷åíèé) ñèñòåìû êàê îò äèñêðåòíî, òàê è îò íåïðåðûâíî çàäàííîé ôóíêöèè

âíåøíåäèíàìè÷åñêèõ âîçìóùàþùèõ ôàêòîðîâ. Ïîñòðîåíû è èññëåäîâàíû íà òî÷-

íîñòü è îäíîçíà÷íîñòü ìíîæåñòâà äîïóñòèìûõ ñðåäíåêâàäðàòè÷åñêèõ ïðèáëèæåíèé

ê ðåøåíèþ ðàññìàòðèâàåìûõ çàäà÷. Ôîðìà ïîëó÷åííûõ ìàòåìàòè÷åñêèõ ðåøå-

íèé ïðèåìëåìà äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ñîñòîÿíèÿ èññëåäóåìûõ

êëàññîâ íåëèíåéíûõ ïðîñòðàíñòâåííî ðàñïðåäåëåííûõ ñèñòåì â îãðàíè÷åííûõ

ïðîñòðàíñòâåííî-âðåìåííûõ îáëàñòÿõ ìåòîäàìè, ïðèâåäåííûìè â [1–3].

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È

Ðàññìîòðèì ðàñïðåäåëåííûé äèíàìè÷åñêèé ïðîöåññ, ôóíêöèÿ y s( ) ñîñòîÿíèÿ
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� �
�

u n k uj
i

u n kj
i

( )

( , )

( , ) min | | | |
( )

�
�

arg
�

2 , ãäå

� j
i

j
i

nk
u

n k u A u y( ) ( )( , ) :| | | | min� 	 �{ }
� � �

�
2

ïðè ôèêñèðîâàííîì
�
un

k( ) è
� �
y A unk n

k
n

k� ( ) ( ) , áóäåò [11]

� � �
u n k A y A A uj

i
j
i

nk j
i

n
k

n
k( ) ( ) ( ) ( ) ( )( , ) ( ) ( )� �� � (20)

ïðè n k�{ }1 2, , ,� , k N�{ }1 2, , ,� .

Ïðè ýòîì

min
( ) ( )

( , )

( ) ( )
�

� � � � �

u n k
j
i

j
i

nk nk nk

j
i

j
i

A u y y y y
�

	 � 	
�

2
T

nk j
i

j
i

nk j
iP P y n kT ( ) ( ) ( )( ) ( ( , ))� �

�
� 2 ,

ãäå P A Aj
i

j
i

j
i( ) ( ) ( )( )� T .
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Ñ ó÷åòîì (15), (16) è (19) èç (18) ìîæíî ñäåëàòü âûâîä, ÷òî âåêòîð
�
un

k( ) ïðè

n k�1, äîëæåí óäîâëåòâîðÿòü ñîîòíîøåíèþ

�
�

�
�

�
�

�� ��( ) ( )( ) ( ) ( ) ( ) ( )A A u A A uj
i

j

i

n
k

n
k

j
k

j
j n

k

n
k

1 1

� �
n

k k

i
i k

N

u( ) ( )�
�
�

�
�

1

, (21)

â êîòîðîì
�
u u m Mk

m
k( ) ( )(~ , , )� �col 1 , �

�
� � � �

� �
�

�
x x xj

j

i

i

1

1 .

Îáîçíà÷èâ

A Bnk nki� str ( , i N�1, ),

B A Ankk

p M

j
k

n
k

pr

jk

j
�

	

�

�	

col str0 0

1
11

, , , [( ) ]

( )

( ) ( )�
���

j n

k

�

�

�




�
�
�
�

�




�
�
�
�

�




�
�
�
�

�




�
�
�
��

,

r M s k s ns

M pMk k

�

�

�

�
�
�

� �

�

�

�
�
��

�

�

�
�
�
�	 	

1 1 0 0

1

, , , , , , ,�
���

, ,p M�

�

�

�
�
�
�

1 ,

B A A r Mnki j
i

n
k

pr j

j

i

j
� �

�




�
�

�

�

�
�

�

�
�col str � [( ) ] , ,( ) ( ) 1

1

, , , , , , ( ),�
�




�
�

�

�

�
�

�
�




�
�

�

�

�
�

�
�




�
��

�

�

�
��

�r M p M i k1 1 1

�
�� nk n r

k
p

j

p

u r M p N
j

� �
�




�
�

�

�

�
�

�
�




�
�

�
�col col

,

( ) , , , ,1 1

1

�

�

�
�

, (22)

óðàâíåíèå (21) çàïèøåì â âèäå

A unk nk
k� �

� � ( ) . (23)

Îòêóäà
�
� nk ( , , , , , )n k k N� �{ } { }1 1� � òàêîå, ÷òî A unk nk

k

nk

� �
��
�

	 �( ) min
2

ïðè min ( ) ( )( ) ( ) ( ) ( )
�

� � � � �

�
�

nk

A u u u u P Pnk nk
k k k k

nk nk
	 � 	

2
T T � �

�
u k

n
k( ) ( )( )� 2 ,

P A Ank nk nk
� T ,

îïðåäåëèì ñîîòíîøåíèåì [11]

� � � �
� � �nk nk nk

k
nk nk nk nk nkA P u A P A� � 	� �T T( ) . (24)

Çäåñü âåêòîð
�
� �

nk
l N

R� ( )
óäîâëåòâîðÿåò óñëîâèÿì

[ ] [ ]
( ) ( ) ( )

(

� ��
� ��

nk

p

nk i

i M
p

ip M ip l p

q

1 1
1

1 1

1

	 	 � � 	 	 � �
�

	 ) ( ) ( )M i M i l p
q

p

p
q q

	 � � 	 � �
�
� 1

1
1

� �
,

[ ] [ ]
( ) ( )

� �
� �

� �
nk l p

p
nk l p

p

�
	

	 �
�

1

1

1 1
(25)

ïðè p N� 2, è l p
M M

M

p

� ( )
( )

�
	

	

	1 1

1
.
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Ñ ó÷åòîì îïðåäåëåíèÿ (22) âåêòîðà
�
� nk èç (24) ñîîòíîøåíèåì

u A P u A P An m
k

nk m nk
k

nk m nk m nk nk nk,
( ) ( )

,[ ] [ ]� � 	� �T T� �
	 	 , (26)

â êîòîðîì [ ]� m — m-ÿ ñòðîêà ìàòðèöû [ ]� , íàõîäèì çíà÷åíèÿ êîìïîíåíò un m
k
,

( )

( , )m M�1 âåêòîðà
�
um

k( ) , à ñîãëàñíî (20) — è âåêòîðà
�
u j

i( ) ( , ; , )j i i N� �1 1 .

Ñ ó÷åòîì (13) è (14) âåêòîð
�
y, êîòîðûé ðåøàåò çàäà÷ó (5), îïðåäåëèì ñîîòíî-

øåíèåì
� �
y A u

j

k

j

k

k

N

k k

�
�
� ( ) ( )

1

, èíäåêñû jk ( , )k N�1 â êîòîðîì áóäåì âûáèðàòü èç

óñëîâèÿ

jk
n k

nk n
k� �

�
arg min ( ( ) )

,

( )

1

2 2� � , (27)

ãäå

� �
nk j

i

j

i

i

N

n k2 2

11

�
��
�� ( ( , ))( ) .

Ñ ó÷åòîì îïðåäåëåíèÿ âåêòîðà
�
y, à òàêæå òîãî, ÷òî u s u sj

i
m j m

i
m

i( )
,( )
 � 
� ,

ñîîòíîøåíèåì

y s G s s u s s
j

k
m j

k
m m

m

M

k

N

k k

( ) ( ) ( )( ) ( )� 	 
 
 

��
�� �

11

íàéäåì ôóíêöèþ y s( ), êîòîðàÿ åìó ñîîòâåòñòâóåò. Ýòà ôóíêöèÿ áóäåò ðåøåíè-

åì çàäà÷è (1), (5), ïðè êîòîðîì

min ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )
�

� � � �

y

k k k

j

k

j

k ku u u A A u
k k

�1 � 	 �T T .

ÑÐÅÄÍÅÊÂÀÄÐÀÒÈ×ÅÑÊÎÅ ÏÐÈÁËÈÆÅÍÈÅ ÍÅÏÐÅÐÛÂÍÎ ÎÏÐÅÄÅËÅÍÍÎÉ
ÔÓÍÊÖÈÈ ÑÎÑÒÎßÍÈß ÐÀÑÏÐÅÄÅËÅÍÍÎÉ ÏÐÎÑÒÐÀÍÑÒÂÅÍÍÎ-ÂÐÅÌÅÍÍÎÉ
ÑÈÑÒÅÌÛ ÏÐÈ ÄÈÑÊÐÅÒÍÎ ÇÀÄÀÍÍÛÕ ÂÍÅØÍÅÄÈÍÀÌÈ×ÅÑÊÈÕ ÂÎÇÌÓÙÅÍÈßÕ

Ðàññìîòðèì ðåøåíèå çàäà÷è (1), (6). Èñêîìóþ ñîãëàñíî (6) ôóíêöèþ y s( ) ïî

àíàëîãèè ñ (13), (14) ïðåäñòàâèì ñîîòíîøåíèåì

y s G s u
j

k

j

k

k

N

k k

( ) [ ] ( )( ) ( )�
�
�

� �T

1

, (28)

âåêòîðû
�
u j

i( ) êîòîðîãî îïðåäåëÿþòñÿ â (19) ïðè

�
G s G s s s m Mj

i
j
i

m m
ii( ) ( )( ) ( ( ) ( ) , , )� 	 
 
 �	col � 1 1 ,

� 	 �
��
��

� �
u uj

i

j

i

i

N

y s

( )

( )
min

11

2

.

Ïîëàãàÿ ïî àíàëîãèè ñ (20)

� �
u n k P P uj

i
j
i

jn
ik

n
k( ) ( ) ( ) ( )( , ) ( )� � (29)

ïðè

P G s G s dsjn
in

j
i

n
k

S

( ) ( ) ( )( )[ ( )]� �
� �

T ( , , , , , )n k k N� �{ } { }1 1� � ,
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âåêòîðû
�
u uj

i

u
j
i

j
i

j
i

( ) ( )min
( ) ( )

�
�

arg
�

( , ; , )j i i N� �1 1 ,

ãäå

� j
i

j
i

j
i

j
i

nk
u

u G s u y s ds

j

( ) ( ) ( ) ( ): ([ ( )] ( )) min� 	 �
� � �

�
T 2

( )i

S

�
�
�
�

��

�
�
�

 �
,

y s G s unk n
k

n
k( ) [ ( )]( ) ( )�

� �T ,

ñ òî÷íîñòüþ

( ( , )) min ([ ( )] (( ) ( ) ( )

( )
� j

i

u R
j
i

j
i

nkn k G s u y

j
i n

2 � 	
�

�

� �T s ds

S

))2
� �

� 	 �
� y s ds G P G

nk yj
i

j
i

yj
i

S

2 ( ) ( ) ( )( ) ( ) ( )
� �

T (30)

îïðåäåëèì ñîîòíîøåíèåì [11]
� �
u P Gj

i
j
i

yj
i( ) ( ) ( )( )� � , â êîòîðîì

P G s G s dsj
i

j
i

j
i

S

( ) ( ) ( )( )( ( ))� �
� �

T ,
� �

G G s y s dsyj
i

j
i

nk

S

( ) ( ) ( ) ( )� � .

Íåñëîæíî çàìåòèòü, ÷òî ðåøåíèå çàäà÷è (1), (6) ïðè ýòîì ýêâèâàëåíòíî ñðåä-

íåêâàäðàòè÷åñêîìó îáðàùåíèþ óðàâíåíèÿ (18), âåêòîðû
�
u j

i( ) ( , ; , )j i i N� �1 1

â êîòîðîì îïðåäåëÿþòñÿ ñîãëàñíî (29).
Ýòî óðàâíåíèå ïî àíàëîãèè ñ (21) çàïèøåì â âèäå

�
�

�

�
�

�
�
�

�� �( ) (( ) ( ) ( ) ( )P P u Pj
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j

i
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ik

n
k

i
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N

n
k

j
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k

11 1

�
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n

k k� �
,

ãäå
�
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m
k( ) ( )(~ , , )� �col 1 . Îòêóäà ïðè

�
� nk , îïðåäåëåííîì â (22), è

A B i Nnk nki
* ( , , )� �str 1 ,

B P Pnkk

p M

j
k
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ik
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j
�
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�
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�
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�
� 1

j n
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,

r M s k s n p Ms

M pMk k
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�

�

�
�
�

�

�

�
�
��

�

	 	

1 1 0 0 1

1

, , , , , , , , ,�
���

�

�

�
�
�
�

,

B P P rnki j
k
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ik

pr

j

i

ij
�

�




�
�

�

�

�
�

��

�
�col str � [( ) ] ,( ) ( )

1

1, , ,M
�




�
�

�

�

�
�

�




�
�

�

�

�
�

�




�
��

� ,

r M p M i ks � �
�

�

�
�

�1 1, , , ( )

ïîëó÷àåì óðàâíåíèå (23), â êîòîðîì A Ank nk� * .

À ýòî çíà÷èò, ÷òî
� � �

�
� �

� �
nk

R
nk

k
nk n

l N
A u A P� 	 �

� �
arg Tmin | | | | ( ) (

( )

* ( ) *
1

2
k

k
nku* ( ))� � 	

� �
�

	 �( ) ( )* * *A P Ank nk nk nk
T �

� , (31)
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min | | | | ( ) (
( )

* ( ) ( ) ( ) (
�

� � � � �

� �
�

� �
	 � 	

R
nk

k k k

l N
A u u u u

1

2 T k
nk nk

k
n
kP P u) * * ( )) ( ) ( )T � �

�
� 2 ,

ãäå
�
� �

nk
l N

R� �( )1
óäîâëåòâîðÿåò ñîîòíîøåíèþ (25), à P A Ank nk nk

* * *( )� T .

Îòêóäà, êàê è â (26), íàõîäèì [11] êîìïîíåíòû

u A P u A Pn m
k

nk m nk
k

nk m nk m n,
( ) * * ( )

,
*[( ) ] ( ) [( ) ] (� � 	�T T�

� k nk nkA* *)�
�
� (32)

âåêòîðà
�
u k( ) , ÷åðåç êîòîðûé ñîãëàñíî (29) îïðåäåëèì

�
u j i i Nj

i( ) ( , ; , )� �1 1 .

Êàê è ðàíåå, äëÿ ïîñòðîåíèÿ ôóíêöèè y s( ) âèáåðåì âåêòîðû
�
u

j

k

k

( ) , äëÿ êîòîðûõ

ïðè îïðåäåëåííûõ ñîãëàñíî (30), (31) âåëè÷èíàõ � j
i n k( ) ( , ) è � j

k( ) âûïîëíÿåòñÿ (27).

Ñ ó÷åòîì
� �
u u m M

j

k

j m

k

k k

( )

,

( )( , , )� �col 1 ýòó ôóíêöèþ îïðåäåëèì ñîîòíîøåíèåì (28).

Ïðè ýòîì

min ( ) ( ) ( )
( )

( ) ( ) ( ) * * ( )

y x

k k k
j k j k

ku u u A A u
k k

�2 � 	 �� � � �T T ,

à
�
� nk — âåêòîð â ðåøåíèè (32) òîæäåñòâåííî ðàâåí íóëþ ïðè det T(( ) )* *A Aj k j kk k

� 0.

ÑÐÅÄÍÅÊÂÀÄÐÀÒÈ×ÅÑÊÎÅ ÏÐÈÁËÈÆÅÍÈÅ ÄÈÑÊÐÅÒÍÎ ÎÏÐÅÄÅËÅÍÍÎÉ ÔÓÍÊÖÈÈ
ÑÎÑÒÎßÍÈß ÐÀÑÏÐÅÄÅËÅÍÍÎÉ ÏÐÎÑÒÐÀÍÑÒÂÅÍÍÎ-ÂÐÅÌÅÍÍÎÉ ÑÈÑÒÅÌÛ
ÏÐÈ ÍÅÏÐÅÐÛÂÍÎ ÇÀÄÀÍÍÛÕ ÂÍÅØÍÅÄÈÍÀÌÈ×ÅÑÊÈÕ ÂÎÇÌÓÙÅÍÈßÕ

Ïåðåéäåì ê ðåøåíèþ çàäà÷è (1), (7), îãðàíè÷èâøèñü äëÿ óïðîùåíèÿ âûêëàäîê

ñëó÷àåì N � 2. Â îòëè÷èå îò (28) ôóíêöèþ y s( ), êîòîðàÿ óäîâëåòâîðÿåò (1),

(7), îïðåäåëèì ñîîòíîøåíèÿìè

y s y s y s( ) ( ) ( )( ) ( )� �1 2 ,

y s G s s u s ds

S

( ) ( ) ( )( ) ( ) ( )1
1

1
1
1� 	 
 
 
� ,

y s G s s u s dsj j

S

( ) ( ) ( )( ) ( ) ( )2 2 2� 	 
 
 
�

ïðè u s u s
1
1( ) ( ) ( )� è j�{ }1 2, , âûáîð êîòîðîãî ðàññìîòðèì äàëåå. Ïðè ýòîì áó-

äåì èñõîäèòü èç òîãî, ÷òî ñîãëàñíî (17) ôóíêöèè u s
1
1( ) ( ), u s

2
2( ) ( ) äîëæíû óäîâ-

ëåòâîðÿòü óñëîâèþ

( ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )L y s L y s L y ss s s1
1 2

1
2 2

2
2 2� � � �

S
y s

u s ds� 	 �~( )) min
( )

( )

2

2

ïðè
~( ) ( ) ( ) ( ) ( ) ( ) (( ) ( ) ( ) ( ) ( )u s u s L y s L y s Ls s� 	 � 	 �

1
1 1

1
2 1

2
2 � s y s) ( )( )1 .

Ïîñëåäíåå ýêâèâàëåíòíî çàäà÷å ïîñòðîåíèÿ ôóíêöèè

u s u s u s un
k u sk

( )

, ( )

( ) ( )( ) min min ( ( ) ( )
( )

2

1 2
1
1

1
2

2
� �

�
arg

2
2 2( ) ( ) ~ ( ))s u s ds

S

	� . (33)

Çäåñü è äàëüøå n�{ }1 2, .

Ïðè ðåøåíèè çàäà÷è (33) áóäåì èñõîäèòü èç ðåçóëüòàòîâ ïîñòðîåíèÿ ôóíê-

öèè y s( ) ïðè u s( ), êîòîðàÿ äëÿ ëèíåéíîãî äèíàìè÷åñêîãî ïðîöåññà îïðåäåëåíà

âåêòîðîì ñâîèõ çíà÷åíèé. Âåêòîðû
�
u

1
2( ) è

�
u

2
2( ) çíà÷åíèé ôóíêöèé u s

1
2( ) ( ) è
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u s
2
2( ) ( ) àíàëîãè÷íî (21) îïðåäåëèì ñîîòíîøåíèåì

( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) ( )A A u A A u A An n n n n1
1 2 2
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2 2 2
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2� � �� �
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Ïðè ýòîì îïðåäåëåííûé ñîãëàñíî (22) âåêòîð
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�
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ïîñòðîèì ñðåäíåêâàäðàòè÷åñêèì îáðàùåíèåì óðàâíåíèÿ (23), êîòîðîå

â ðàññìàòðèâàåìîì ñëó÷àå çàïèøåì â âèäå A un n2 2
2� �

� � ( ) . Çäåñü An2 —
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ÄÈÔÔÅÐÅÍÖÈÀËÜÍÛÕ ÌÎÄÅËÅÉ

Ñëó÷àé äèñêðåòíî îïðåäåëåííûõ âíåøíåäèíàìè÷åñêèõ âîçìóùàþùèõ ôàêòî-
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~
( )~ ( )G s y s ds u�

	�

��

�
�

,

ñðåäíåêâàäðàòè÷åñêè îáðàùàÿ êîòîðûå, íàõîäèì [11]
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îòêóäà (êàê ÷àñòíûé ñëó÷àé) ïîëó÷àåì ðåøåíèå çàäà÷è ïñåâäîîáðàùåíèÿ óðàâ-

íåíèÿ (4), êîòîðàÿ ðåøåíà â [7].

Ðåøåíèå çàäà÷è ïðè íåïðåðûâíî îïðåäåëåííîì âíåøíåäèíàìè÷åñêîì
âîçìóùåíèè. Ðàññìîòðèì ðåøåíèå çàäà÷è (10) ïî ïñåâäîîáðàùåíèþ äèôôåðåí-

öèàëüíîãî óðàâíåíèÿ (2), ñ÷èòàÿ ôóíêöèþ u s( ) èçâåñòíîé.
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Êàê è ðàíåå, áóäåì èñõîäèòü èç ïðåäñòàâëåíèÿ (38) óðàâíåíèÿ (2). Â îòëè÷èå
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Íåñëîæíî âèäåòü, ÷òî ñîâîêóïíîñòü óðàâíåíèé (54) ëåãêî ïðèâîäèòñÿ ê ñèñ-
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ÇÀÊËÞ×ÅÍÈÅ

Â ðàáîòå â ïðîäîëæåíèå [7, 8] çàâåðøåíî èññëåäîâàíèå ïðîáëåìû ïåðåõîäà îò

äâóõ êëàññîâ íåëèíåéíûõ äèôôåðåíöèàëüíî îïðåäåëåííûõ ìàòåìàòè÷åñêèõ

ìîäåëåé ê èõ èíòåãðàëüíîìó ýêâèâàëåíòó.

Ðàññìîòðåíû ñëó÷àè, êîãäà ëèíåéíîå ïðèáëèæåíèå ìîäåëè äîïîëíåíî èññëå-

äàâàííîé â [7, 8] íåëèíåéíîé ñîñòàâëÿþùåé, ïîëó÷åííîé ïîñëå íåñêîëüêî êðàòíîãî

óìíîæåíèÿ ëèíåéíûõ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ

èëè ïîñëå çàìåíû òàêèìè ïðåîáðàçîâàíèÿìè êîýôôèöèåíòîâ ëèíåéíîãî ìàòåìà-

òè÷åñêîãî ïðèáëèæåíèÿ ê äèôôåðåíöèàëüíîé ìîäåëè ñèñòåìû. Ïñåâäîîáðàùåíè-

åì èññëåäóåìûõ äèôôåðåíöèàëüíûõ ñèñòåì ïðè äèñêðåòíî è íåïðåðûâíî çàäàí-

íîé ôóíêöèè âíåøíåäèíàìè÷åñêèõ âîçìóùàþùèõ ôàêòîðîâ ïîñòðîåíû àíàëèòè-

÷åñêèå çàâèñèìîñòè ñðåäíåêâàäðàòè÷åñêèõ ïðèáëèæåíèé ê ðåøåíèÿì óêàçàííûõ

äèôôåðåíöèàëüíûõ óðàâíåíèé. Âûïîëíåíà îöåíêà ñðåäíåêâàäðàòè÷åñêîé òî÷-

íîñòè ïîëó÷åííûõ ðåøåíèé ïî îòíîøåíèþ ê èññëåäóåìîìó äèôôåðåíöèàëüíîìó

óðàâíåíèþ. Çàïèñàíû óñëîâèÿ îäíîçíà÷íîñòè ìíîæåñòâ ïîñòðîåííûõ ðåøåíèé.

Ïîëó÷åííûå ìàòåìàòè÷åñêèå ðåçóëüòàòû ìîãóò ÿâèòüñÿ îñíîâîé äëÿ ðàñ-

ïðîñòðàíåíèÿ èäåé è ìåòîäîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ëèíåéíûõ äèíà-

ìè÷åñêèõ ñèñòåì â îãðàíè÷åííûõ ïðîñòðàíñòâåííî-âðåìåííûõ îáëàñòÿõ ïðè íå-

ïîëíîòå èíôîðìàöèè îá èõ íà÷àëüíî-êðàåâîì ñîñòîÿíèè íà íåëèíåéíûå äèíàìè-

÷åñêèå ñèñòåìû.
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çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì óçãîäæóþòüñÿ ç ¿õí³ì äèôåðåíö³àëüíèì
ïðåäñòàâëåííÿì.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè
ç ðîçïîä³ëåíèìè ïàðàìåòðàìè, ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè.

V.À. Stoyan
PSEUDO-INVERSION OF THE MATHEMATICAL MODELS OF DISTRIBUTED DIFFERENTIAL
SYSTEMS WITH ADDITIVELY DEFINITE NONLINEARITY
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