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Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó Êîø³ äëÿ ñòîõàñòè÷íîãî íåë³í³éíîãî ð³âíÿííÿ ïàðàáîë³÷íîãî
òèïó ³ç çàï³çíåííÿì. Çà äîïîìîãîþ ôóíêö³¿ Ãð³íà îòðèìàíî ôîðìóëó äëÿ çíàõîäæåííÿ
ðîçâ’ÿçêó çàäà÷³ ìåòîäîì êðîê³â. ²ñíóâàííÿ ðîçâ’ÿçêó âñòàíîâëþºòüñÿ ç ³ìîâ³ðí³ñòþ 1
³ îö³íþºòüñÿ çà ñïåö³àëüíî ââåäåíîþ íîðìîþ.

Êëþ÷îâ³ ñëîâà: çàäà÷à Êîø³, ñòîõàñòè÷íå ïàðàáîë³÷íå ð³âíÿííÿ, ìåòîä êðîê³â,
ïåðåòâîðåííÿ Ôóð’º, ôóíêö³ÿ Ãð³íà.

Ïîñòàíîâêà çàäà÷³. Ó âñòóï³ äî ìîíîãðàô³¿ [1] íàãîëîøóºòüñÿ íà òîìó, ùî
äèôåðåíö³àëüí³ ð³âíÿííÿ ç â³äõèëåííÿì àðãóìåíòó ìîæíà çàñòîñóâàòè â òåîð³ÿõ
àâòîìàòè÷íîãî êåðóâàííÿ òà àâòîêîëèâíèõ ñèñòåì, ï³ä ÷àñ âèâ÷åííÿ ïðîöåñ³â,
ïîâ’ÿçàíèõ ç ãîð³ííÿì ó ðàêåòíèõ äâèãóíàõ, á³îô³çè÷íèõ ïðîáëåì, ïðîáëåì
äîâãîòåðì³íîâîãî ïðîãíîçóâàííÿ â åêîíîì³ö³ òà ³íøèõ ãàëóçÿõ íàóêè ³ òåõí³êè.

Íàÿâí³ñòü â³äõèëåííÿ-çàï³çíåííÿ â ñèñòåì³, ÿêà âèâ÷àºòüñÿ, º çàçâè÷àé
ïðè÷èíîþ ÿâèù, ÿê³ ñóòòºâî âïëèâàþòü íà ïðîöåñ. Çîêðåìà, â ñèñòåìàõ
ç àâòîìàòè÷íèì ðåãóëþâàííÿì çàï³çíåííÿ º ïðîì³æîê ÷àñó, ïîòð³áíèé ñèñòåì³
äëÿ ðåàãóâàííÿ íà âõ³äíèé ³ìïóëüñ. Íàÿâí³ñòü çàï³çíåííÿ ìîæå âïëèíóòè íà
âèíèêíåííÿ ñàìîâ³ëüíèõ êîëèâàíü, çá³ëüøåííÿ ¿¿ íåðåãóëüîâàíîñò³.

Ó êíèç³ [1] âèâ÷àþòüñÿ ÿê çâè÷àéí³ äåòåðì³íîâàí³, òàê ³ ñòîõàñòè÷í³
äèôåðåíö³àëüí³ ð³âíÿííÿ ç â³äõèëåííÿì àðãóìåíòó. Â³äîìî òàêîæ, ùî
êëàñè÷íèìè ðåçóëüòàòàìè ó ãàëóç³ äèôåðåíö³àëüíèõ ð³âíÿíü º ïðàö³ ìàòåìàòèê³â
À.Ä. Ìèøê³ñà, Ì.Â. Àçáåëåâà, Þ.Î. Ìèòðîïîëüñüêîãî, À.Ì. Ñàìîéëåíêà,
Ì.Ì. Ïåðåñòþêà, Â.Ï. Ðóáàíèêà, Â.². Ôîä÷óêà, Ä.². Ìàðòèíþêà, Äæ. Õåéëà,
Å.Ì. Ðàéòà, Ð. Áåëëìàíà òà áàãàòüîõ ³íøèõ.

Òàê, ó ñòàòò³ [2] âñòàíîâëþºòüñÿ ìåòîäîì êðîê³â êîðåêòíà ðîçâ’ÿçí³ñòü
çàäà÷³ Êîø³ äëÿ êâàç³ë³í³éíîãî B-ïàðàáîë³÷íîãî ð³âíÿííÿ ³ç çàï³çíåííÿì [1].

Ó ìîíîãðàô³¿ [3, ñ. 102–110] äîâîäèòüñÿ òåîðåìà ïðî ðîçâ’ÿçí³ñòü çàäà÷³ Êîø³
äëÿ ë³í³éíîãî ïàðàáîë³÷íîãî ñòîõàñòè÷íîãî ð³âíÿííÿ ç íåïåðåðâíèìè çáóðåííÿìè,
ðîçâ’ÿçàííÿ ÿêîãî â ô³êñîâàí³ ìîìåíòè ÷àñó çàçíàº ³ìïóëüñíîãî âïëèâó [4].

Ôîðìóëþâàííÿ îñíîâíîãî ðåçóëüòàòó. Íåõàé íà éìîâ³ðíîñíîìó áàçèñ³
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�-àëãåáðè Ft ³ ç ³ìîâ³ðí³ñòþ 1 º ðîçâ’ÿçêîì ð³âíÿííÿ ç â³äõèëåííÿì àðãóìåíòó
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Çàäà÷à Êîø³ ïîëÿãàº ó çíàõîäæåíí³ ç ³ìîâ³ðí³ñòþ 1 íåïåðåðâíîãî ðîçâ’ÿçêó
ð³âíÿííÿ (1) çà äåòåðì³íîâàíîþ ïî÷àòêîâîþ óìîâîþ

U t x t x t h x R n( , , ) ( , ), ,� �� � � �0 . (2)

Òóò f f1 2, , � — â³äîì³ ôóíêö³¿ âëàñíèõ àðãóìåíò³â. Çàäà÷ó ðîçâ’ÿçóâàòèìåìî
ìåòîäîì êðîê³â [1, ñ. 17].

Êîðåêòí³ñòü çàäà÷³ âñòàíîâëþº òàêà òåîðåìà.
Òåîðåìà 1. Íåõàé êîåô³ö³ºíòè ð³âíÿííÿ (1) âèçíà÷åí³ òà íåïåðåðâí³ íà
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m
m �

�
� sup . Òóò E — îïåðàö³ÿ ìàòåìàòè÷íîãî ñïî-

ä³âàííÿ.

Çíàõîäèòèìåìî ðîçâ’ÿçîê çàäà÷³ (1), (2) ìåòîäîì ³íòåãðàëüíîãî
ïåðåòâîðåííÿ Ôóð’º â³ä äåÿêî¿ ôóíêö³¿ � � �( , , )t

U t x e t d F tn i x
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Íåõàé h t h� � 2 , òîä³ íà öüîìó ³íòåðâàë³ ìàºìî U t h x t h x( , ) ( , )� � �� . Òîìó
ï³ñëÿ ä³¿ ïåðåòâîðåííÿ Ôóð’º îòðèìàºìî çàäà÷ó Êîø³ áåç çàï³çíåííÿ [1, ñ. 18]:
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Ð³âíÿííÿ (7) º çâè÷àéíèì ñòîõàñòè÷íèì íåîäíîð³äíèì ð³âíÿííÿì. Éîãî
íåçáóðåíà Â³íåðîâèì ïðîöåñîì ÷àñòèíà — ãðóïà ñòàðøèõ ÷ëåí³â ð³âíÿííÿ
º àíàëîãîì ð³âíÿííÿ (4) [5, ñ. 45] çà çì³ííèìè t òà �. Âîíî îäåðæàíå âíàñë³äîê
ïåðåòâîðåííÿ Ôóð’º ïàðàáîë³÷íîãî ð³âíÿííÿ âèùîãî ïîðÿäêó ³ç çàëåæíèìè â³ä t

êîåô³ö³ºíòàìè [5, ñ. 44]. Ñêîðèñòàºìîñü â³äîìèì ðåçóëüòàòîì, ÿêèé äàñòü çìîãó
ïðîâîäèòè ïîäàëüø³ îö³íêè.

Ëåìà 1. Äëÿ íîðìàëüíî¿ ôóíäàìåíòàëüíî¿ ìàòðèö³ Q t( , , )� � [5, ñ. 45]
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ßêùî äëÿ ðîçêðèòòÿ äóæîê ó ôîðìóë³ (9) äðóãîãî äîäàíêó ñêîðèñòàºìîñü
î÷åâèäíîþ âëàñòèâ³ñòþ
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òî ðîçâ’ÿçîê çàäà÷³ (7), (8) íàáóâàòèìå âèãëÿäó
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Ç óðàõóâàííÿì òîãî, ùî |exp{ }|i� �1, i2 1� � , çíàéäåìî
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Çàóâàæåííÿ 1. Ìåòîäîì êðîê³â ìîæíà ïîáóäóâàòè ðîçâ’ÿçîê çàäà÷³ Êîø³
³ ó âèïàäêó âåêòîðíîçíà÷íîãî Â³íåðîâîãî ïðîöåñó.

Îòæå, çà äîïîìîãîþ ôóíêö³¿ Ãð³íà âèêîíàíî ïîáóäîâó ðîçâ’ÿçêó çàäà÷³
Êîø³ äëÿ ñòîõàñòè÷íîãî ïàðàáîë³÷íîãî ð³âíÿííÿ ç³ ñòàëèì çàï³çíåííÿì òà
îö³íåíî éîãî ïîõ³äí³ äî ïîðÿäêó 2b âêëþ÷íî.
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G. Perun, V. Yasynskyy
THE CAUCHY PROBLEM FOR A STOCHASTIC PARABOLIC EQUATION
WITH A DEVIATION OF THE ARGUMENT

Abstract. The Cauchy problem for a stochastic nonlinear equation of parabolic type with delay
is considered. Using Green’s function, a formula is derived for finding the solution of the
problem by the method of steps. The existence of a solution is established with probability 1
and the solution is estimated according to a specially introduced norm.

Keywords: Cauchy problem, stochastic parabolic equation, method of steps, Fourier transform,
Green’s function.
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