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Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à èäåíòèôèêàöèè îäíîâðåìåííî êèíåòè÷åñêîãî
êîýôôèöèåíòà ðåàêöèè è ôóíêöèè èñòî÷íèêà, çàâèñÿùèõ ëèøü îò ïðîñòðàí-
ñòâåííîé ïåðåìåííîé, â îäíîìåðíîì ëèíåéíîì óðàâíåíèè êîíâåêöèè–ðåàê-
öèè. Â êà÷åñòâå äîïîëíèòåëüíûõ óñëîâèé çàäàíû íåëîêàëüíîå èíòåãðàëüíîå
óñëîâèå íà ðåøåíèå óðàâíåíèÿ è óñëîâèå ôèíàëüíîãî ïåðåîïðåäåëåíèÿ. Äàí-
íàÿ çàäà÷à îòíîñèòñÿ ê êëàññó êîìáèíèðîâàííûõ îáðàòíûõ çàäà÷. Ïóòåì èí-
òåãðèðîâàíèÿ óðàâíåíèÿ ñ èñïîëüçîâàíèåì äîïîëíèòåëüíîãî èíòåãðàëüíîãî
óñëîâèÿ çàäà÷à ïðåîáðàçóåòñÿ ê êîýôôèöèåíòíîé îáðàòíîé çàäà÷å ñ ëîêàëü-
íûìè óñëîâèÿìè. Ïðîâîäèòñÿ äèñêðåòèçàöèÿ ïðîèçâîäíîé ïî ïðîñòðàíñòâåí-
íîé ïåðåìåííîé è ïðåäëàãàåòñÿ ñïåöèàëüíîå ïðåäñòàâëåíèå äëÿ ðåøåíèÿ ïî-
ëó÷åííîé ïîëóäèñêðåòíîé çàäà÷è. Â ðåçóëüòàòå äëÿ êàæäîãî äèñêðåòíîãî çíà-
÷åíèÿ ïðîñòðàíñòâåííîé ïåðåìåííîé ïîëóäèñêðåòíàÿ çàäà÷à ðàñïàäàåòñÿ íà
äâå: çàäà÷ó Êîøè è ëèíåéíîå óðàâíåíèå îòíîñèòåëüíî ïðèáëèæåííîãî çíà÷å-
íèÿ èñêîìîãî êèíåòè÷åñêîãî êîýôôèöèåíòà. Äëÿ îïðåäåëåíèÿ ôóíêöèè èñòî÷-
íèêà òàêæå ïîëó÷åíà ÿâíàÿ ôîðìóëà. Äëÿ ÷èñëåííîãî ðåøåíèÿ çàäà÷ Êîøè
èñïîëüçóåòñÿ íåÿâíûé ìåòîä Ýéëåðà. Íà îñíîâå ïðåäëîæåííîãî ìåòîäà ïðî-
âåäåíû ÷èñëåííûå ýêñïåðèìåíòû.

Êëþ÷åâûå ñëîâà: óðàâíåíèå êîíâåêöèè–ðåàêöèè, êîìáèíèðîâàííàÿ îáðàòíàÿ
çàäà÷à, êîýôôèöèåíòíàÿ îáðàòíàÿ çàäà÷à, íåëîêàëüíîå èíòåãðàëüíîå óñëî-
âèå, ïîëóäèñêðåòíàÿ çàäà÷à.

ÂÂÅÄÅÍÈÅ

Äëÿ îïèñàíèÿ øèðîêîãî êëàññà ïðîöåññîâ â ãèäðîäèíàìèêå, òåïëîïåðåäà÷å, ýêî-

ëîãèè, àêóñòèêå, õèìè÷åñêîé òåõíîëîãèè, ôèçèêå ïëàçìû è ò.ä. èñïîëüçóåòñÿ

ëèíåéíîå íåîäíîðîäíîå óðàâíåíèå êîíâåêöèè–ðåàêöèè [1–3]. Àíàëèòè÷åñêîìó

è ÷èñëåííîìó èññëåäîâàíèþ ïðÿìûõ íà÷àëüíî-êðàåâûõ çàäà÷ äëÿ óðàâíåíèÿ

êîíâåêöèè–ðåàêöèè ïîñâÿùåíû ìíîãî÷èñëåííûå ðàáîòû [1–4]. Îäíàêî âî ìíî-

ãèõ îáëàñòÿõ ðåøåíèÿ çàäà÷ èäåíòèôèêàöèè, ñâÿçàííûõ ñ âîññòàíîâëåíèåì êî-

ýôôèöèåíòîâ, âíåøíåãî èñòî÷íèêà, ãðàíè÷íîãî ðåæèìà è ò.ä. â óðàâíåíèè êîí-

âåêöèè–ðåàêöèè, ïðåäñòàâëÿþò íåñîìíåííûé ïðàêòè÷åñêèé èíòåðåñ.

Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàåòñÿ çàäà÷à èäåíòèôèêàöèè îäíîâðåìåííî

êèíåòè÷åñêîãî êîýôôèöèåíòà ðåàêöèè è íåèçâåñòíîé ÷àñòè èñòî÷íèêà â óðàâíå-

íèè êîíâåêöèè–ðåàêöèè, ïðåäñòàâëÿÿ èõ ôóíêöèÿìè ëèøü îò ïðîñòðàíñòâåííîé

ïåðåìåííîé. Îáùèì ìåòîäàì ðåøåíèÿ çàäà÷ èäåíòèôèêàöèè ìîäåëåé ìàòåìàòè-

÷åñêîé ôèçèêè ïîñâÿùåíû ðàáîòû [5–7]. Âîïðîñû ñóùåñòâîâàíèÿ è åäèíñòâåí-

íîñòè, à òàêæå ðàçðåøèìîñòè íåêîòîðûõ çàäà÷ èäåíòèôèêàöèè êîýôôèöèåíòîâ

ïàðàáîëè÷åñêèõ óðàâíåíèé èññëåäîâàíû â [8–10]. Ðÿä ðàáîò ïîñâÿùåí ÷èñëåííî-

ìó èññëåäîâàíèþ ïðîáëåìû âîññòàíîâëåíèÿ ìëàäøèõ êîýôôèöèåíòîâ, ïðàâîé

÷àñòè îäíîìåðíîãî óðàâíåíèÿ äèôôóçèè–êîíâåêöèè–ðåàêöèè [11–13].

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È È ÌÅÒÎÄ ÐÅØÅÍÈß

Ðàññìîòðèì ëèíåéíîå íåîäíîðîäíîå óðàâíåíèå êîíâåêöèè–ðåàêöèè
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ãäå �( )x � 0, ñî ñëåäóþùèìè íà÷àëüíûì è ãðàíè÷íûì óñëîâèÿìè:

u x x( , ) ( )0 � � , 0 � �x l, (2)

u t p t( , ) ( )0 � , 0 � �t T . (3)

Çäåñü u x t( , ) — ôèçè÷åñêàÿ âåëè÷èíà (ìàññà, êîíöåíòðàöèÿ, èìïóëüñ, ýíåðãèÿ

è ò.ä.), � ( )x — êîýôôèöèåíò êîíâåêòèâíîãî ïåðåíîñà (ñêîðîñòü êîíâåêöèè),

k x( ) — êèíåòè÷åñêèé êîýôôèöèåíò ðåàêöèè. Ñëàãàåìîå k x u x t( ) ( , ) îïèñûâàåò

ïîãëîùåíèÿ èëè âûäåëåíèÿ ôèçè÷åñêîé âåëè÷èíû, à ñëàãàåìîå f x q x t( ) ( , ) îïè-

ñûâàåò äåéñòâèå âíåøíåãî èñòî÷íèêà.

Èçâåñòíî, ÷òî ïðÿìàÿ çàäà÷à äëÿ óðàâíåíèÿ (1) ñîñòîèò â îïðåäåëåíèè

ôóíêöèè u x t( , ) èç óðàâíåíèÿ (1) ñ çàäàííûìè êîýôôèöèåíòàìè �( )x , k x( ), ïðà-

âîé ÷àñòüþ f x q x t( ) ( , ) è äîïîëíèòåëüíûìè óñëîâèÿìè (2), (3).

Ïðåäïîëîæèì, ÷òî ïîìèìî ôóíêöèè u x t( , ) íåèçâåñòíûìè ÿâëÿþòñÿ ôóíêöèè

k x( ) è f x( ). Î÷åâèäíî, ÷òî äëÿ êîððåêòíîé ïîñòàíîâêè çàäà÷è ïîìèìî óñëî-

âèé (2), (3) íåîáõîäèìî çàäàâàòü äîïîëíèòåëüíûå óñëîâèÿ. Ïóñòü äîïîëíèòåëü-

íûå óñëîâèÿ çàäàíû â âèäå

u x T c x( , ) ( )� , 0 � �x l, (4)

u x t dt w x

T

( , ) ( )�	
0

, 0 � �x l, (5)

ãäå c x( ) è w x( ) — çàäàííûå ôóíêöèè. Ïðè ýòîì âûïîëíÿþòñÿ óñëîâèÿ ñîãëà-

ñîâàíèÿ

p( ) ( )0 0� � , p T c( ) ( )� 0 , p t dt w

T

( ) ( )�	
0

0 .

Òàêèì îáðàçîì, çàäà÷à çàêëþ÷àåòñÿ â îïðåäåëåíèè ôóíêöèé u x t( , ), k x( ) è f x( ),

óäîâëåòâîðÿþùèõ óðàâíåíèþ (1) è óñëîâèÿì (2)–(5). Ââèäó òîãî, ÷òî â çàäà-

÷å (1)–(5) òðåáóåòñÿ èäåíòèôèêàöèÿ îäíîâðåìåííî ìëàäøåãî êîýôôèöèåíòà è ôóíê-

öèè èñòî÷íèêà äëÿ óðàâíåíèÿ (1), ïîñòàâëåííàÿ çàäà÷à ñ÷èòàåòñÿ êîìáèíèðîâàííîé

îáðàòíîé çàäà÷åé [5, 14]. Îäíàêî â äàííîé çàäà÷å äîïîëíèòåëüíîå óñëîâèå (5) íå ÿâ-

ëÿåòñÿ ëîêàëüíûì óñëîâèåì äëÿ óðàâíåíèÿ (1). Îòìåòèì, ÷òî âîïðîñû ñóùåñòâîâà-

íèÿ è åäèíñòâåííîñòè ðåøåíèÿ êîìáèíèðîâàííûõ îáðàòíûõ çàäà÷ äëÿ óðàâíåíèÿ

êîíâåêöèè–ðåàêöèè äëÿ îáùåãî ñëó÷àÿ èññëåäîâàíû â [15, 16]. Îäíàêî ÷èñëåííûå

ìåòîäû ðåøåíèÿ êîìáèíèðîâàííûõ îáðàòíûõ çàäà÷ äëÿ óðàâíåíèÿ êîíâåêöèè–ðåàê-

öèè â íàñòîÿùåå âðåìÿ ðàçðàáîòàíû íåäîñòàòî÷íî.

Ïðåäïîëîæèì, ÷òî ðåøåíèå îáðàòíîé çàäà÷è (1)–(5) ñóùåñòâóåò è îíî

åäèíñòâåííî. Âíà÷àëå çàäà÷ó (1)–(5) ñâåäåì ê çàäà÷å ñ ëîêàëüíûìè óñëîâèÿìè.

Ïðîèíòåãðèðóåì óðàâíåíèå (1) ïî ïåðåìåííîé t íà îòðåçêå [ , ]0 T . Âûïîëíèâ èí-

òåãðèðîâàíèÿ ïî ÷àñòÿì, ñ ó÷åòîì óñëîâèé (2), (4), (5) ïîëó÷èì

c x x v x
dw x

dx
k x w x f x g x( ) ( ) ( )

( )
( ) ( ) ( ) ( )
 � � �� ,

ãäå g x q x t dt

T

( ) ( , )� 	
0

.

Ðàçðåøèâ ïîñëåäíåå óðàâíåíèå îòíîñèòåëüíî f x( ), èìååì

f x

c x x v x
dw x

dx
k x w x

g x
( )

( ) ( ) ( )
( )

( ) ( )

( )
�


 � ��

. (6)
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Òîãäà óðàâíåíèå (1) ñ ó÷åòîì (6) çàïèøåì â âèäå
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Òåïåðü îáðàòíàÿ çàäà÷à ñîñòîèò â âîññòàíîâëåíèè êîýôôèöèåíòà k x( ) â óðàâ-

íåíèè (7) ïðè âûïîëíåíèè óñëîâèé (2)–(4). Î÷åâèäíî, ÷òî ðåøèâ çàäà÷è (7),

(2)–(4), ìîæíî íàéòè íåèçâåñòíóþ ôóíêöèþ èñòî÷íèêà f x( ) ïî ôîðìóëå (6). Ïî-

ëó÷åííóþ çàäà÷ó ïðåîáðàçóåì ê ïîëóäèñêðåòíîé çàäà÷å. Äëÿ ýòîãî ââåäåì ðàâíî-

ìåðíóþ ðàçíîñòíóþ ñåòêó â îáëàñòè [ ]0 � �x l ïî ïåðåìåííîé x

� x ix i x i n� � �{ }� , ,0

ñ øàãîì � x
l

n
� . Ïðîèçâîäíóþ

�

�

u x t

x

( , )
â óðàâíåíèè (7) ïðè xi , i n�1, , àïïðîê-

ñèìèðóåì ðàçíîñòüþ «íàçàä»:

�

�
�


 
u x t

x

u x t u x t

xx t

i i

i

( , ) ( , ) ( , )

( , )

1

�
,

à îïåðàòîð ðåàêöèè k x u x t( ) ( , ) ïðè xi , i n�1, , àïïðîêñèìèðóåì âûðàæåíèåì

k x u x ti i( ) ( , )
1 . Îáîçíà÷èâ u t u x ti i( ) ( , )� , k k xi i� ( ), óðàâíåíèå (7) è óñëîâèÿ

(2)–(4) çàïèøåì â ñëåäóþùåì âèäå:

du t

dt

u t u t

x
k u t r t k s ti

i
i i

i i i i i
( ) ( ) ( )

( ) ( ) ( )�



� � �


�

1
1

�
, 0� �t T , (8)

ui i( )0 � � , (9)

u T ci i( ) � , i n�1, ,� , (10)

u t p t0 ( ) ( )� , 0 � �t T , (11)

ãäå � � � �i i i i i i i i ix x r t r x t s t s x t c c� � � � �( ), ( ), ( ) ( , ), ( ) ( , ), ( )xi .

Ïðåäïîëîæèì, ÷òî ðåøåíèå ïîëó÷åííîé ïîëóäèñêðåòíîé çàäà÷è (8)–(11) ïðè

êàæäîì çíà÷åíèè i n�1 2 3, , , ,� ïðåäñòàâëÿåòñÿ â âèäå [11–14]:

u t y t k z ti i i i( ) ( ) ( )� � , (12)

ãäå y t z ti i( ), ( ), i n�1, , — íåèçâåñòíûå ôóíêöèè. Ïîäñòàâèâ ñîîòíîøåíèå (12)

â óðàâíåíèå (8), ïîëó÷èì

dy t

dt
k

dz t

dt

y t k z t u t

x
k ui

i
i

i
i i i i

i i
( ) ( ) ( ) ( ) ( )

� �
� 


�

�

1

�

 � �1 ( ) ( ) ( )t r t k s ti i i

èëè

dy t

dt

y t u t

x
s t k

dz t

dt

i
i

i i
i i

i( ) ( ) ( )
( )

( )
�
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� � �


�
1

�
� i

i
i i

z t

x
u t r t

( )
( ) ( )

�
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�

�
�

�

�
� �
1 0.

Ñîîòíîøåíèå (12) òàêæå ïîäñòàâèì â íà÷àëüíîå óñëîâèå (9):

y k zi i i i( ) ( )0 0� � � .
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Â ñèëó ïðîèçâîëüíîñòè ôóíêöèé y t z ti i( ), ( ) èç ïîñëåäíèõ ñîîòíîøåíèé ìîæ-

íî ïîëó÷èòü ñëåäóþùèå çàäà÷è Êîøè îòíîñèòåëüíî ôóíêöèé y t z ti i( ), ( ):

dy t

dt

y t u t

x
s ti

i
i i

i
( ) ( ) ( )

( )�




 �

�

1 0
�

, 0� �t T , (13)

yi i( )0 � � , (14)

dz t

dt

z t

x
u t r ti

i
i

i i
( ) ( )

( ) ( )� � 
 �
�
�

1 0 , 0� �t T , (15)

zi ( )0 0� , i n� �1 2, , , , (16)

a ïîäñòàíîâêà ñîîòíîøåíèÿ (12) â äîïîëíèòåëüíîå óñëîâèå (10) îïðåäåëÿåò

ñîîòíîøåíèå

y T k z T ci i i i( ) ( )� � . (17)

Òàêèì îáðàçîì, àëãîðèòì ÷èñëåííîãî ðåøåíèÿ çàäà÷è (8)–(11) ïî îïðåäåëåíèþ

u ti ( ) è k i , i n� �1 2, , , , ñîñòîèò èç òàêèõ ïîñëåäîâàòåëüíûõ ýòàïîâ.

1. Ïðèíèìàåòñÿ i �1.

2. Îïðåäåëÿþòñÿ ðåøåíèÿ çàäà÷ (13), (14) è (15), (16), ò.å. ôóíêöèè y ti ( ) è

z ti ( ) íà îòðåçêå [ , ]0 l .

3. Èç ñîîòíîøåíèÿ (17) îïðåäåëÿåòñÿ ïðèáëèæåííîå çíà÷åíèå èñêîìîé

ôóíêöèè k x( ) ïðè x xi� , ò.å. k i :

k
c y T

z T
i

i i

i

�

 ( )

( )
.

4. Ïî ôîðìóëå (6) îïðåäåëÿåòñÿ ïðèáëèæåííîå çíà÷åíèå èñêîìîé ôóíêöèè

f x( ) ïðè x xi� .

5. Ïî ôîðìóëå u t y t k z ti i i i( ) ( ) ( )� � îïðåäåëÿåòñÿ ïðèáëèæåíèå ê èñêîìîé

ôóíêöèè u x t( , ) ïðè x xi� .

6. Ïðèíèìàåòñÿ i i� �1 è âû÷èñëèòåëüíûé ïðîöåññ ïîâòîðÿåòñÿ, íà÷èíàÿ ñî

âòîðîãî ýòàïà.

Ïðîöåññ âû÷èñëåíèÿ ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà íè áóäåò âûïîëíåíî

óñëîâèå i n� .

Ïðè êàæäîì ôèêñèðîâàííîì çíà÷åíèè i n� �1 2, , , ðåøåíèÿ çàäà÷ (13), (14)

è (15), (16) ìîæíî íàéòè ìåòîäîì êîíå÷íûõ ðàçíîñòåé. Ââåäåì ðàâíîìåðíóþ ðàç-

íîñòíóþ ñåòêó â îáëàñòè [ ]0 � �t T ïî ïåðåìåííîé t

� t jt j t j m� � �{ }� , ,0

ñ øàãîì �t
T

m
� . Ðàçíîñòíûå àíàëîãè çàäà÷ (13), (14) è (15), (16) íà ðàçíîñòíîé

ñåòêå � t ïðåäñòàâèì â âèäå íåÿâíîé ñõåìû Ýéëåðà:
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ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2018, òîì 54, ¹ 6 137



Ðåøåíèÿ ðàçíîñòíûõ çàäà÷ (18), (19) è (20), (21) îïðåäåëÿþòñÿ ïî ôîðìóëàì
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j i
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�






1
1

1

� �

� �� /
, j m�1, , zi

0 0� .

ÐÅÇÓËÜÒÀÒÛ ×ÈÑËÅÍÍÛÕ ÐÀÑ×ÅÒÎÂ

Íà îñíîâàíèè ïðåäëîæåííîãî âû÷èñëèòåëüíîãî àëãîðèòìà ïðîâåäåíû ÷èñëåííûå

ýêñïåðèìåíòû äëÿ ìîäåëüíûõ çàäà÷. Ðåçóëüòàòû ÷èñëåííîãî ýêñïåðèìåíòà, ïðî-

âåäåííîãî äëÿ ñëó÷àÿ (âñå ïåðåìåííûå áåçðàçìåðíûå) l � 3, T �1, v x( ) .� 3 2 ,

q x t t x( , ) . /� �1 4 4 , �( )x � 0, p t( ) � 0, c x x( ) .� 2 5 , w x x( ) .�1 25 ïðåäñòàâëåíû

â òàáë. 1. Ïðè ýòîì òî÷íûì ðåøåíèåì çàäà÷è (1)–(5) ÿâëÿþòñÿ ôóíêöèè

u x t xt( , ) .� 2 5 , k x
x

( )
.

�
1 2

, f x x( ) .� 2 5 .

×èñëåííûå ðàñ÷åòû ïðîâîäèëèñü íà ïðîñòðàíñòâåííî-âðåìåííîé ðàçíîñòíîé

ñåòêå ñ øàãàìè h � �0 0001 0 02. , .� . Ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ ïîêà-

çûâàþò, ÷òî ïðè èñïîëüçîâàíèè íåâîçìóùåííûõ âõîäíûõ äàííûõ èñêîìûå ôóíê-

öèè k x( ) è f x( ) âîññòàíàâëèâàþòñÿ ñ äîñòàòî÷íî âûñîêîé òî÷íîñòüþ ïðè âñåõ

ðàñ÷åòíûõ ñåòêàõ ïî âðåìåíè. Ïðè ýòîì ìàêñèìàëüíàÿ îòíîñèòåëüíàÿ ïîãðåø-

íîñòü âîññòàíîâëåíèÿ èñêîìûõ ôóíêöèé íå ïðåâûøàåò 0.32 %. Ïðè èñïîëüçîâà-

íèè âîçìóùåííûõ âõîäíûõ äàííûõ, ïîãðåøíîñòü êîòîðûõ èìååò ôëóêòóàöèîí-

íûé õàðàêòåð, ïðîÿâëÿåòñÿ ñëàáàÿ ÷óâñòâèòåëüíîñòü âîññòàíîâëåíèÿ ýòèõ ôóíê-

öèé îò ïîãðåøíîñòè âî âõîäíûõ äàííûõ. Ïðè ýòîì ýôôåêò ðåãóëÿðèçàöèè

îáåñïå÷èâàåòñÿ çà ñ÷åò âûáîðà ðàçíîñòíîé ñåòêè. Àíàëèç ðåçóëüòàòîâ ÷èñëåííîãî

ýêñïåðèìåíòèðîâàíèÿ ñâèäåòåëüñòâóåò, ÷òî çà ñ÷åò âûáîðà ðàçíîñòíîé ñåòêè

ìîæíî óìåíüøèòü âëèÿíèå ïîãðåøíîñòè âî âõîäíûõ äàííûõ íà òî÷íîñòü âîññòà-

íîâëåíèÿ çíà÷åíèé ôóíêöèé k x( ) è f x( ).
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xi

Ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ äëÿ çàäà÷

Çíà÷åíèå ôóíêöèè k x( ) Çíà÷åíèå ôóíêöèè f x( )

òî÷íîå âû÷èñëåííîå òî÷íîå âû÷èñëåííîå

0.2 6.000 6.024 0.500 0.502

0.4 3.000 3.013 1.000 1.001

0.6 2.000 2.005 1.500 1.501

0.8 1.500 1.503 2.000 2.001

1.0 1.200 1.202 2.500 2.501

1.2 1.000 1.001 3.000 3.001

1.4 0.857 0.858 3.500 3.501

1.6 0.750 0.751 4.000 4.001

1.8 0.667 0.667 4.500 4.501

2.0 0.600 0.601 5.000 5.001

2.2 0.545 0.546 5.500 5.501

2.4 0.500 0.501 6.000 6.001

2.6 0.462 0.462 6.500 6.501

2.8 0.429 0.429 7.000 7.001

3.0 0.400 0.400 7.500 7.501

Ò à á ë è ö à 1



ÇÀÊËÞ×ÅÍÈÅ

Ðàññìîòðåíà çàäà÷à èäåíòèôèêàöèè êèíåòè÷åñêîãî êîýôôèöèåíòà ðåàêöèè è

èñòî÷íèêà äëÿ óðàâíåíèÿ êîíâåêöèè–ðåàêöèè. Çàäà÷à ïóòåì äèñêðåòèçàöèè ïî

ïðîñòðàíñòâåííîé ïåðåìåííîé ïðåîáðàçóåòñÿ ê ïîëóäèñêðåòíîé çàäà÷å, äëÿ ðå-

øåíèÿ êîòîðîé ïðåäëàãàåòñÿ ñïåöèàëüíîå ïðåäñòàâëåíèå. Â îòëè÷èå îò ìåòî-

äîâ ðåãóëÿðèçàöèè â ïðåäëîæåííîì ïîäõîäå çíà÷åíèÿ èñêîìûõ ôóíêöèé îïðå-

äåëÿþòñÿ ïîñëåäîâàòåëüíî ïî ÿâíûì ôîðìóëàì. Òàêîé ïîäõîä ìîæåò áûòü

ïðèìåíåí äëÿ âîññòàíîâëåíèÿ êîýôôèöèåíòà è èñòî÷íèêà îäíîâðåìåííî äëÿ

øèðîêîãî êëàññà íåîäíîðîäíûõ óðàâíåíèé êîíâåêöèè–ðåàêöèè.
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Õ.Ì. Ãàìçàºâ, Ñ.Î. Ãóñåéíçàäå, Ã.Ã. Ãàñ³ìîâ
×ÈÑËÎÂÈÉ ÌÅÒÎÄ ÐÎÇÂ’ßÇÀÍÍß ÇÀÄÀ×² ²ÄÅÍÒÈÔ²ÊÀÖ²¯ ÌÎËÎÄØÎÃÎ
ÊÎÅÔ²Ö²ªÍÒÀ ÒÀ ÄÆÅÐÅËÀ Â Ð²ÂÍßÍÍ² ÊÎÍÂÅÊÖ²¯–ÐÅÀÊÖ²¯

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ³äåíòèô³êàö³¿ îäíî÷àñíî ê³íåòè÷íîãî êîåô³ö³ºí-
òà ðåàêö³¿ òà ôóíêö³¿ äæåðåëà, çàëåæíèõ ò³ëüêè â³ä ïðîñòîðîâî¿ çì³ííî¿, â îä-
íîâèì³ðíîìó ë³í³éíîìó ð³âíÿíí³ êîíâåêö³¿–ðåàêö³¿. ßê äîäàòêîâ³ óìîâè çàäà-
íî íåëîêàëüíó ³íòåãðàëüíó óìîâó äëÿ ðîçâ’ÿçàííÿ ð³âíÿííÿ ³ óìîâó ô³íàëüíî-
ãî ïåðåâèçíà÷åííÿ. Öÿ çàäà÷à íàëåæèòü äî êëàñó êîìá³íîâàíèõ îáåðíåíèõ
çàäà÷. Øëÿõîì ³íòåãðóâàííÿ ð³âíÿííÿ ç âèêîðèñòàííÿì äîäàòêîâî¿ ³íòåãðàëü-
íî¿ óìîâè çàäà÷ó ïåðåòâîðþþòü ó êîåô³ö³ºíòíó îáåðíåíó çàäà÷ó ç ëîêàëüíè-
ìè óìîâàìè. Ïðîâåäåíî äèñêðåòèçàö³þ ïîõ³äíî¿ çà ïðîñòîðîâîþ çì³ííîþ òà
çàïðîïîíîâàíî ñïåö³àëüíèé âèãëÿä äëÿ ðîçâ’ÿçêó îòðèìàíî¿ íàï³âäèñêðåòíî¿
çàäà÷³. Ó ðåçóëüòàò³ äëÿ êîæíîãî äèñêðåòíîãî çíà÷åííÿ ïðîñòîðîâî¿ çì³ííî¿
íàï³âäèñêðåòíà çàäà÷à ðîçêëàäàºòüñÿ íà äâ³: çàäà÷ó Êîø³ òà ë³í³éíå ð³âíÿííÿ
â³äíîñíî íàáëèæåíîãî çíà÷åííÿ øóêàíîãî ê³íåòè÷íîãî êîåô³ö³ºíòà. Äëÿ âèç-
íà÷åíèÿ ôóíêö³¿ äæåðåëà òàêîæ îòðèìàíî ÿâíó ôîðìóëó. Äëÿ ÷èñëîâîãî ðîç-
â’ÿçàííÿ çàäà÷ Êîø³ âèêîðèñòàíî íåÿâíèé ìåòîä Åéëåðà. Íà îñíîâ³ çàïðîïî-
íîâàíîãî ìåòîäó ïðîâåäåíî ÷èñëîâ³ åêñïåðèìåíòè.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ êîíâåêö³¿–ðåàêö³¿, êîìá³íîâàíà îáåðíåíà çàäà÷à,
êîåô³ö³ºíòíà îáåðíåíà çàäà÷à, íåëîêàëüíà ³íòåãðàëüíà óìîâà, íàï³âäèñêðåò-
íà çàäà÷à.

Kh.M. Gamzaev, S.O. Huseynzade, G.G. Gasimov
A NUMERICAL METHOD TO SOLVE IDENTIFICATION PROBLEM FOR THE LOWER
ÑOEFFICIENT AND THE SOURCE IN THE CONVECTION–REACTION EQUATION

Abstract. We consider the problem of identifying simultaneously the kinetic
reaction coefficient and source function depending only on a spatial variable in
one-dimensional linear convection–reaction equation. As additional conditions,
a non-local integral condition for the solution of the equation and the condition
of the final overdetermination are given. This problem belongs to the class of
combined inverse problems. By integrating the equation using the additional
integral condition, the problem is transformed to a coefficient inverse problem
with local conditions. The derivative with respect to the spatial variable is
discretized and a special representation is proposed for solving the resultant
semi-discrete problem. As a result, for each discrete value of the spatial
variable, the semidiscrete problem splits into two parts: the Cauchy problem
and a linear equation with respect to the approximate value of the unknown
kinetic coefficient. To determine the source function, an explicit formula is also
obtained. The numerical solution of the Cauchy problem uses the implicit Euler
method. Numerical experiments were carried out on the basis of the proposed
method.

Keywords: convection–reaction equation, combined inverse problem, coefficient
inverse problem, nonlocal integral condition, semi-discrete problem.
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