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Àíîòàö³ÿ. Ïîáóäîâàíî ³íòåãðàëüí³ îïåðàòîðè, ùî ïåðåâîäÿòü äîâ³ëüí³
ôóíêö³¿ â ðåãóëÿðí³ ðîçâ’ÿçêè ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó äðóãîãî ³ âè-
ùèõ ïîðÿäê³â. Ðîçâ’ÿçàíî çàäà÷ó Êîø³ äëÿ ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó
÷åòâåðòîãî ïîðÿäêó. Âèêîðèñòàííÿ àïàðàòó ñïåö³àëüíèõ ôóíêö³é íàäàëî
çìîãó îäåðæàòè çîáðàæåííÿ ðîçâ’ÿçê³â ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ ó
çðó÷íîìó äëÿ äîñë³äæåííÿ âèãëÿä³. Ïîïóòíî ðîçâ’ÿçàíî ³íòåãðàëüí³ ð³âíÿííÿ
òèïó çãîðòêè ç³ ñïåö³àëüíèìè ôóíêö³ÿìè â ÿäð³.

Êëþ÷îâ³ ñëîâà: ³íòåãðàëüíèé îïåðàòîð, ³òåðîâàí³ ð³âíÿííÿ ã³ïåðáîë³÷íîãî
òèïó, ðåãóëÿðí³ ðîçâ’ÿçêè, ìàòåìàòè÷íà ³íäóêö³ÿ.

ÂÑÒÓÏ

Ï³ä ÷àñ äîñë³äæåííÿ çàäà÷, ïîâ’ÿçàíèõ ç ÿâèùàìè â³áðàö³¿ òà ³íøèìè çàäà÷àìè

ìåõàí³êè ³ ìàòåìàòè÷íî¿ ô³çèêè, øèðîêî âèêîðèñòîâóþòüñÿ äèôåðåíö³àëüí³

ð³âíÿííÿ, ùî ì³ñòÿòü îïåðàòîðè âèãëÿäó
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òà ¿õí³ ³òåðàö³¿ [1–8]. Ìåòîäàìè ðîçâ’ÿçóâàííÿ òàêèõ ð³âíÿíü º ñòâîðåííÿ

³íòåãðàëüíèõ òà äèôåðåíö³àëüíèõ îïåðàòîð³â, ùî âèçíà÷àþòü ðîçâ’ÿçîê ð³âíÿíü

òà ñèñòåì ã³ïåðáîë³÷íîãî òà åë³ïòè÷íîãî òèï³â [9–12].

Ó ö³é ðîáîò³ ïîáóäîâàíî ³íòåãðàëüí³ îïåðàòîðè, ÿê³ ïåðåâîäÿòü äîâ³ëüí³

ôóíêö³¿ ó ðåãóëÿðíèé ðîçâ’ÿçîê ð³âíÿííÿ
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òàê çâàíîãî ³òåðàö³éíîãî ð³âíÿííÿ òèïó Åéëåðà–Ïóàññîíà–Äàðáó, à òàêîæ ó ðå-

ãóëÿðíèé ðîçâ’ÿçîê ð³âíÿííÿ
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äå � — ä³éñíà çì³ííà, � �T S, — ë³í³éíèé îïåðàòîð, ùî çàëåæèòü ò³ëüêè â³ä �.

ßê ïðèêëàä çàñòîñóâàííÿ ïîáóäîâàíèõ îïåðàòîð³â ðîçâ’ÿçàíî çàäà÷ó Êîø³ òà

îñîáëèâó çàäà÷ó Êîø³ (êîëè îñîáëèâà ë³í³ÿ ó � 0 º â îáëàñò³ àáî íà ãðàíèö³).

Íàñàìïåðåä ðîçãëÿíåìî äèôåðåíö³àëüíå ð³âíÿííÿ
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Òåîðåìà 1. Íåõàé f t( ) — äîâ³ëüíà ôóíêö³ÿ, âèçíà÷åíà äëÿ t R� òà äâ³÷³ íå-

ïåðåðâíî äèôåðåíö³éîâíà íà äîâ³ëüíîìó ñê³í÷åííîìó ïðîì³æêó îñ³ t. Òîä³

ôóíêö³ÿ
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Äîâåäåííÿ. Áåçïîñåðåäíüîþ ïåðåâ³ðêîþ âñòàíîâëþºìî, ùî êîëè �( , )x y
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Áåðó÷è çà �( , )x y ôóíêö³þ [10]
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çà äîïîìîãîþ (5) îäåðæèìî ôîðìóëó (2), ùî é äîâîäèòü òåîðåìó.

Ôîðìóëà îáåðíåííÿ ³íòåãðàëüíîãî çîáðàæåííÿ (2) ìàº âèãëÿä [13]
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Çàñòîñóºìî òâåðäæåííÿ òåîðåìè äî ðîçâ’ÿçàííÿ çàäà÷.

Çàäà÷à 1. Íåõàé D — ïðàâà âåðõíÿ ÷âåðòü ïëîùèíè x y� �0 0, . Çíàéòè äâ³÷³

íåïåðåðâíî äèôåðåíö³éîâíèé ðîçâ’ÿçîê U x y( , ) ð³âíÿííÿ (1), íåïåðåðâíèé íà ãðà-

íèö³ D, äëÿ ÿêîãî ñïðàâäæóþòüñÿ òàê³ êðàéîâ³ óìîâè:

U y( , )0 0� , (8)
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äå b y( ) — çàäàíà äîñòàòíº ÷èñëî ðàç³â íåïåðåðâíî äèôåðåíö³éîâíà ôóíêö³ÿ

â³ä ó äëÿ 0 � � �y .

Ðîçâ’ÿçîê çàäà÷³ øóêàºìî ó âèãëÿä³ ôîðìóëè (2). Çàäîâîëüíÿþ÷è óìî-
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Çâ³äñè, âðàõîâóþ÷è (11), îäåðæèìî f y( ) .

Ï³äñòàâèâøè çíàéäåíå çíà÷åííÿ ôóíêö³¿ f y( ) ó ïðàâó ÷àñòèíó ôîðìóëè (2),

îäåðæèìî øóêàíèé ðîçâ’ÿçîê çàäà÷³ ó âèãëÿä³
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äå a y( ) — çàäàíà äîñòàòíº ÷èñëî ðàç³â íåïåðåðâíî äèôåðåíö³éîâíà ôóíêö³ÿ

â³ä ó äëÿ 0 � � �y .

Çàäà÷ó 2 ìîæíà çâåñòè äî çàäà÷³ 1 øëÿõîì óâåäåííÿ íîâî¿ íåâ³äîìî¿ ôóíêö³¿
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ÏÎÁÓÄÎÂÀ ²ÍÒÅÃÐÀËÜÍÎÃÎ ÎÏÅÐÀÒÎÐÀ,
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Îòæå, ìàº ì³ñöå íàñòóïíà òåîðåìà.

Òåîðåìà 2. Äëÿ âñÿêèõ ôóíêö³é, âèçíà÷åíèõ äëÿ t R� ³ òàêèõ, ùî ðÿä ó (17) º
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Ëåìà 1. ßêùî ôóíêö³¿ U x yr ( , ) ( , , , ... )r n� �0 1 2 1 º 2 1( )r � ðàç³â íåïåðåðâíî
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Ëåìó äîâåäåíî.
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Ðîçâ’ÿçêîì êîæíî¿ çàäà÷³ (23), (24) çã³äíî ç ðîçâ’ÿçàíîþ çàäà÷åþ 1 òà çàäà-

÷åþ 2 áóäå
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ÈÒÅÐÈÐÎÂÀÍÍÎÃÎ ÓÐÀÂÍÅÍÈß ÃÈÏÅÐÁÎËÈ×ÅÑÊÎÃÎ ÒÈÏÀ

Àííîòàöèÿ. Ïîñòðîåíû èíòåãðàëüíûå îïåðàòîðû, ïåðåâîäÿùèå ïðîèçâîëü-
íûå ôóíêöèè â ðåãóëÿðíûå ðåøåíèÿ óðàâíåíèÿ ãèïåðáîëè÷åñêîãî òèïà âòî-
ðîãî è âûñøèõ ïîðÿäêîâ. Ðåøåíà çàäà÷à Êîøè äëÿ óðàâíåíèÿ ãèïåðáîëè-
÷åñêîãî òèïà ÷åòâåðòîãî ïîðÿäêà. Èñïîëüçîâàíèå àïïàðàòà ñïåöèàëüíûõ
ôóíêöèé ïîçâîëèëî ïîëó÷èòü ïðåäñòàâëåíèå ðåøåíèé óðàâíåíèé â ÷àñòíûõ
ïðîèçâîäíûõ â óäîáíîì äëÿ èññëåäîâàíèé âèäå. Ïîïóòíî ðåøåíû èíòåã-
ðàëüíûå óðàâíåíèÿ òèïà ñâåðòêè ñî ñïåöèàëüíûìè ôóíêöèÿìè â ÿäðå.

Êëþ÷åâûå ñëîâà: èíòåãðàëüíûé îïåðàòîð, èòåðèðîâàííûå óðàâíåíèÿ ãèïåð-
áîëè÷åñêîãî òèïà, ðåãóëÿðíûå ðåøåíèÿ, ìàòåìàòè÷åñêàÿ èíäóêöèÿ.

I.M. Alexandrovich, O.S. Bondar, S.I. Lyashko, N.I. Lyashko, M.V.-S. Sydorov
INTEGRAL OPERATORS THAT DETERMINE THE SOLUTION

OF AN ITERATED HYPERBOLIC-TYPE EQUATION

Abstract. Integral operators that translate arbitrary functions into regular solutions
of the hyperbolic equation of the second and higher orders are constructed. The
Cauchy problem for the fourth-order hyperbolic equation is solved. The use of the
theory of special functions helped us to obtain the image of solutions of partial
derivative equations in a form convenient for the analysis. Along the way,
solvable integral equations with special functions in the kernel are solved.

Keywords: integral operator, hyperbolic type iterated equations, regular solutions,
mathematical induction.

Àëåêñàíäðîâè÷ ²ðèíà Ìèêîëà¿âíà,
êàíäèäàò ô³ç.-ìàò. íàóê, äîöåíò, äîöåíò êàôåäðè Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Òàðàñà
Øåâ÷åíêà, e-mail: ialexandrovich@ukr.net.

Áîíäàð Îëåíà Ñåðã³¿âíà,
àñï³ðàíòêà Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà,
e-mail: alenkajob@gmail.com.

Ëÿøêî Ñåðã³é ²âàíîâè÷,
÷ë.-êîð. ÍÀÍ Óêðà¿íè, äîêòîð ô³ç.-ìàò. íàóê, çàâ³äóâà÷ êàôåäðè Êè¿âñüêîãî íàö³îíàëüíîãî
óí³âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà, e-mail: lyashko.serg@gmail.com.

Ëÿøêî Íàòàë³ÿ ²âàí³âíà,
êàíäèäàò òåõí. íàóê, íàóêîâèé ñï³âðîá³òíèê ²íñòèòóòó ê³áåðíåòèêè ³ì. Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¿íè,
Êè¿â, e-mail: lyashko.natali@gmail.com.

Ñèäîðîâ Ìèêîëà Âîëîäèìèð-Ñòàí³ñëàâîâè÷,
êàíäèäàò ô³ç.-ìàò. íàóê, äîöåíò, çàâ³äóâà÷ êàôåäðè Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó
³ìåí³ Òàðàñà Øåâ÷åíêà, email: myksyd@knu.ua.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2020, òîì 56, ¹ 3 79


