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Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó äëÿ òðèãàðìîí³éíîãî ð³âíÿííÿ çà íàÿâíîñò³
ïåâíèõ ãðàíè÷íèõ óìîâ. Âíàñë³äîê öüîãî áóëî ïîáóäîâàíî òðèãàðìîí³éíèé ³íòåãðàë Ïó-
àññîíà ó äåêàðòîâèõ êîîðäèíàòàõ äëÿ âåðõíüî¿ ï³âïëîùèíè. Äîñë³äæåíî àñèìïòîòè÷í³
âëàñòèâîñò³ öüîãî îïåðàòîðà íà êëàñàõ Ë³ïøèöÿ â ð³âíîì³ðí³é ìåòðèö³. Çíàéäåíî òî÷íó
ð³âí³ñòü äëÿ âåðõíüî¿ ìåæ³ â³äõèëåííÿ ôóíêö³é êëàñó Ë³ïøèöÿ â³ä òðèãàðìîí³éíîãî ³íòåã-
ðàëà Ïóàññîíà, âèçíà÷åíîãî â äåêàðòîâèõ êîîðäèíàòàõ äëÿ âåðõíüî¿ ï³âïëîùèíè â ìåò-
ðèö³ ïðîñòîðó C . Çàñâ³ä÷åíî íàÿâí³ñòü çâ’ÿçêó ì³æ ìåòîäàìè òåîð³¿ íàáëèæåíü ³ ïðèíöè-
ïàìè òåîð³¿ îïòèìàëüíèõ ð³øåíü.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éíà çàäà÷à, êëàñ ôóíêö³é Ë³ïøèöÿ, ð³âíîì³ðíà ìåòðèêà, òðè-
ãàðìîí³éíèé ³íòåãðàë Ïóàññîíà.

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×²

Äëÿ åôåêòèâíîãî ðîçâ’ÿçàííÿ çàäà÷ òåîð³¿ îïòèìàëüíèõ ð³øåíü âèíèêàº ïî-

òðåáà â ðîçøèðåíí³ êëàñ³â ôóíêö³é. Òàê, äëÿ ïîøóêó ãëîáàëüíîãî ì³í³ìóìó

äîâ³ëüíî¿ êðèâî¿ ìåòîäîì ïîáóäîâè îïòèìàëüíîãî ïîêðèòòÿ âèõ³äíîãî ³íòåð-

âàëó íåâèçíà÷åíîñò³ [1] çàñòîñîâóþòü óìîâó

| ( ) ( )| | |Q x Q x x x1 2 1 2� � � , (1)

äå Q x( ) — ôóíêö³ÿ, ÿêà ì³í³ì³çóºòüñÿ. Ìíîæèíó òàêèõ ôóíêö³é Q x( ), ùî çà-

äîâîëüíÿº óìîâà (1), íàçèâàþòü êëàñîì ôóíêö³é Ë³ïøèöÿ, ÿêèé ó ö³é ðîáîò³

ïîçíà÷àòèìåìî Lip1.

Òàê, âîäíî÷àñ ò³ëüêè êëàñ³â íåïåðåðâíèõ ôóíêö³é íå âèñòà÷àº ÿê äëÿ ðîçâ’ÿ-

çàííÿ áàãàòîâèì³ðíèõ âàð³àö³éíèõ çàäà÷, òàê ³ äëÿ âèâ÷åííÿ âëàñòèâîñòåé

õâèëüîâèõ ð³âíÿíü ³ ð³âíÿíü ã³äðîäèíàì³êè. Âíàñë³äîê öüîãî ïî÷àëè ðîçãëÿäàòè

äåÿê³ òèïè ë³í³éíèõ ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ n-ãî ïîðÿäêó ç ³íøèõ êëàñ³â

ôóíêö³é (äèâ. [2–6]).

Ó ñâî¿é îñíîâîïîëîæí³é ðîáîò³ [7] Ñîáîëºâ Ñ.Ë. çàïðîâàäèâ óçàãàëüíåí³

ðîçâ’ÿçêè îñíîâíèõ òèï³â ë³í³éíèõ ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ n-ãî ïîðÿäêó

(õâèëüîâå ð³âíÿííÿ, ð³âíÿííÿ Ëàïëàñà, ð³âíÿííÿ òåïëîïðîâ³äíîñò³ òîùî). Ó ö³é

ðîáîò³ óçàãàëüíåí³ ðîçâ’ÿçêè ðîçãëÿäàþòüñÿ ÿê ë³ì³òè êëàñè÷íèõ ð³âíÿíü, äî

òîãî æ ë³ì³òè çàïðîïîíîâàíî â êëàñàõ ³íòåãðîâíèõ ôóíêö³é [8]. Òàêå ðîçøèðåí-

íÿ ïîíÿòü äàº çìîãó ðîçâ’ÿçóâàòè çàäà÷³ ç äîñèòü çàãàëüíèìè ïðàâèìè ÷àñòèíà-

ìè ³ êîåô³ö³ºíòàìè ð³âíÿíü.

Ïîì³æ áàãàòüîõ ð³âíÿíü òàêîãî òèïó îñîáëèâà óâàãà ï³ä ÷àñ ðîçâ’ÿçàííÿ çà-

äà÷ îïòèì³çàö³¿ ïðèä³ëÿºòüñÿ äèôåðåíö³àëüíîìó ð³âíÿííþ øîñòîãî ïîðÿäêó

( )� �2 3 0U (2)

ó ÷àñòèííèõ ïîõ³äíèõ, ÿêå íàçèâàòèìåìî òðèãàðìîí³éíèì ð³âíÿííÿì.

Öÿ ñòàòòÿ ïðèñâÿ÷åíà äîñë³äæåííþ àïðîêñèìàòèâíèõ âëàñòèâîñòåé ðîç-

â’ÿçê³â òðèãàðìîí³éíèõ ð³âíÿíü (2) (çà íàÿâíîñò³ ïåâíèõ ãðàíè÷íèõ óìîâ) íà

êëàñàõ ôóíêö³é Ë³ïøèöÿ.
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Äèôåðåíö³àëüíèé îïåðàòîð � 2 ó ð³âíÿíí³ (2) íàçèâàòèìåìî îïåðàòîðîì Ëàï-

ëàñà (äèâ. [9–11]). Âî÷åâèäü, ùî ÿâíèé âèãëÿä îïåðàòîðà � 2 çàëåæèòü â³ä

òîãî, â ÿê³é ñèñòåì³ êîîðäèíàò ðîçâ’ÿçóºòüñÿ çàäà÷à. Òàê, íàïðèêëàä, ÿêùî

ïîñòàâëåíó çàäà÷ó ïðèêëàäíîãî õàðàêòåðó ìîäåëþâàòè çà äîïîìîãîþ êðàéî-

âî¿ çàäà÷³ íà ï³âïëîùèí³, òî çðó÷íî âèêîðèñòîâóâàòè îïåðàòîð Ëàïëàñà
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2x y
ñàìå â äåêàðòîâèõ êîîðäèíàòàõ, ùî áåçïîñåðåäíüî çàñòîñîâó-

þòü â òåîð³¿ äèíàì³÷íèõ ñèñòåì òà òåîð³¿ ³ãðîâèõ çàäà÷ äèíàì³êè [12–14]. Ïî-

ðÿä ç òèì ó äåÿêèõ ñó÷àñíèõ äîñë³äæåííÿõ âèêîðèñòîâóþòü îïåðàòîð Ëàïëàñà
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ó êîìïëåêñíèõ çì³ííèõ z x iy� � òà z x iy� � (íàïðèêëàä, [15]),

ùî çíà÷íî ñïðîùóº ïðîöåñ ðîçâ’ÿçóâàííÿ øèðîêîãî ñïåêòðà çàäà÷ ó òåîð³¿

îïòèìàëüíèõ ð³øåíü. Ùî æ ñòîñóºòüñÿ Ëàïëàñ³àíà � �
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� � x

â ïîëÿðí³é ñèñòåì³ êîîðäèíàò, òî â³í âèêîðèñòîâóºòüñÿ ç ìåòîþ ðîçâ’ÿçóâàí-

íÿ ö³ëîãî ñïåêòðà çàäà÷ ïðèêëàäíîãî õàðàêòåðó [16–22], ÿê³ ìîäåëþþòü çà äî-

ïîìîãîþ êðàéîâèõ çàäà÷ â îäèíè÷íîìó êðóç³ ( )0 1� �� .

ßêùî éäåòüñÿ ïðî ðîçâ’ÿçîê òðèãàðìîí³éíîãî ð³âíÿííÿ (2) â îäèíè÷íîìó

êðóç³, òî òàêå äèôåðåíö³àëüíå ð³âíÿííÿ øîñòîãî ïîðÿäêó â ÷àñòèííèõ ïîõ³äíèõ

îáîâ’ÿçêîâî ïîòð³áíî äîïîâíèòè òðüîìà ãðàíè÷íèìè óìîâàìè:
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Ðîçâ’ÿçêîì òðèãàðìîí³éíîãî ð³âíÿííÿ (2) â îäèíè÷íîìó êðóç³ çà íàÿâíîñò³

ãðàíè÷íèõ óìîâ (3) áóäå òðèãàðìîí³éíèé ³íòåãðàë Ïóàññîíà
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â îäèíè÷íîìó êðóç³. Âèçíà÷åííÿ ð³çíîãî ðîäó âëàñòèâîñòåé, ÿê³ º àêòóàëüíè-

ìè äëÿ ïîäàëüøèõ ïðèêëàäíèõ çàñòîñóâàíü òðèãàðìîí³éíèõ ³íòåãðàë³â Ïóàñ-

ñîíà ñàìå â îäèíè÷íîìó êðóç³, â³äîáðàæåí³ â öèêë³ ðîá³ò [23–26].

ßêùî ïðîàíàë³çóâàòè ÿäðî òðèãàðìîí³éíîãî ³íòåãðàëà Ïóàññîíà (4)
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òî ëåãêî ïåðåêîíàòèñÿ â òîìó, ùî âîíî º çíàêîçì³ííèì íà â³äì³íó â³ä ÿäåð

ãàðìîí³éíîãî [27] òà á³ãàðìîí³éíîãî [28] ³íòåãðàë³â Ïóàññîíà (ÿê³ º äîäàòíè-

ìè). Òàêèé ôàêò ñòàº íà çàâàä³ ïðèêëàäíîìó çàñòîñóâàííþ òðèãàðìîí³éíîãî

îïåðàòîðà (4) â òåîð³¿ îïòèìàëüíèõ ð³øåíü, ÿêà ìîæå áàçóâàòèñÿ ëèøå íà

íàéá³ëüø îïòèìàëüíèõ ðîçâ’ÿçêàõ êðàéîâèõ çàäà÷. Îñê³ëüêè äîäàòí³ îïåðàòî-

ðè º á³ëüø îïòèìàëüíèìè ðîçâ’ÿçêàìè ó ïîð³âíÿíí³ ç³ çíàêîçì³ííèìè îïåðà-

òîðàìè, òî â ö³é ðîáîò³ áóäóâàòèìåìî òðèãàðìîí³éíèé ³íòåãðàë Ïóàññîíà

â äåêàðòîâèõ êîîðäèíàòàõ ó âåðõí³é ï³âïëîùèí³. Ðîçãëÿäàòèìåìî âèïàäîê

ãðàíè÷íèõ óìîâ [29], ÿê³ äàþòü çìîãó îòðèìàòè òðèãàðìîí³éíèé ³íòåãðàë Ïó-

àññîíà ó âåðõí³é ï³âïëîùèí³ ñàìå ç äîäàòíèì ³íòåãðàëüíèì ÿäðîì, ùî çíà÷íî

ðîçøèðèòü ñïåêòð ïðèêëàäíèõ çàñòîñóâàíü öüîãî îïåðàòîðà. Îñíîâíà ìåòà

ðîçãëÿäóâàíîãî äîñë³äæåííÿ — âèâ÷åííÿ àïðîêñèìàòèâíèõ âëàñòèâîñòåé ðîç-

ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2024, òîì 60, ¹ 3 153



â’ÿçê³â òðèãàðìîí³éíèõ ð³âíÿíü (2) â äåêàðòîâèõ êîîðäèíàòàõ çà íàÿâíîñò³

ïåâíèõ ãðàíè÷íèõ óìîâ íà ìåæ³ âåðõíüî¿ ï³âïëîùèíè íà êëàñàõ ôóíêö³é

Ë³ïøèöÿ â ð³âíîì³ðí³é ìåòðèö³.

ÍÀÁËÈÆÅÍÍß ÔÓÍÊÖ²É ÒÐÈÃÀÐÌÎÍ²ÉÍÈÌÈ
²ÍÒÅÃÐÀËÀÌÈ ÏÓÀÑÑÎÍÀ Ó ÂÅÐÕÍ²É Ï²ÂÏËÎÙÈÍ²

Íåõàé C — ïðîñò³ð íåïåðåðâíèõ ³ ñóìîâíèõ ôóíêö³é, â ÿêîìó íîðìà ôóíêö³¿

âèçíà÷àºòüñÿ çà äîïîìîãîþ ñï³ââ³äíîøåííÿ | | | | | ( ) |f f x
x

� max . Òîä³ ó âñòàíîâ-

ëåíèõ âèùå ïîçíà÷åííÿõ ìàº ì³ñöå òâåðäæåííÿ.

Òåîðåìà 1. Äëÿ ôóíêö³é êëàñó Ë³ïøèöÿ Lip1 ìàº ì³ñöå òî÷íà ð³âí³ñòü
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êîîðäèíàòàõ.
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ßêùî ï³äñòàâèòè ãðàíè÷íó óìîâó (11) â ³íòåãðàëüíå ïðåäñòàâëåííÿ (10), òî

ç óðàõóâàííÿì ³íòåãðàëà Ôóð’º (8) ìîæíà ä³éòè âèñíîâêó, ùî
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ßêùî çàä³ÿòè ãðàíè÷íó óìîâó (15), òî ³íòåãðàëüíå ïðåäñòàâëåííÿ (14) ïåðå-

òâîðèòüñÿ íà ãðàíè÷íó óìîâó
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q

	

�

�
� �

0

2

2

2

3

( , )
. (19)

ßêùî ï³äñòàâèòè ãðàíè÷íó óìîâó (19) â ³íòåãðàëüíå ïðåäñòàâëåííÿ (18) , òî

ç óðàõóâàííÿì ïîõ³äíî¿ äðóãîãî ïîðÿäêó ³íòåãðàëà Ôóð’º (8) ìîæíà ä³éòè

ãðàíè÷íî¿ óìîâè

lim
y

P x y

y

f x

	

�

�
�

��

0

2
3

2 3

( , ) ( )
. (20)

ßêùî ðîçãëÿíóòè ñóìó ÷àñòèííî¿ ïîõ³äíî¿ äðóãîãî ïîðÿäêó (17) òà ÷àñòèí-

íî¿ ïîõ³äíî¿ äðóãîãî ïîðÿäêó

�

�
�

��

��



2

3

2

21

2

P x y

x
iq A q y f q e dqiqx( , )

( ) ( , )
~

( )
�

, (21)

òî ìîæíà ä³éòè òîòîæíîñò³

� �

��

��



2

3
1

2
P x y B q y f q e dqiqx( , ) ( , )

~
( )

�
, (22)

äå

B q y
A q y

y
q A q y( , )

( , )
( , )�

�

�
�

2

2

2 . (23)

ßêùî âïëèâàòè îïåðàòîðîì ( )� 2 2 íà ³íòåãðàëüíå ïðåäñòàâëåííÿ (22) , òî

ìîæíà ä³éòè ðåçóëüòàòó

( ) ( , )
( , )

( , )� �
�

�
�

�
�
�

��

�
�
�

����

��
2 3

3

2

2

21

2
P x y

D q y

y
q D q y

� 

~

( )f q e dqiqx , (24)

äå

D q y
B q y

y
q B q y( , )

( , )
( , )�

�

�
�

2

2

2 . (25)

ßêùî äâîâèì³ðíà ôóíêö³ÿ D q y( , ) º ðîçâ’ÿçêîì äèôåðåíö³àëüíîãî ð³âíÿííÿ

äðóãîãî ïîðÿäêó

�

�
� �

2

2

2 0
D q y

y
q D q y

( , )
( , ) , (26)
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òî ³íòåãðàëüíå ïðåäñòàâëåííÿ (24) ïåðåòâîðþºòüñÿ íà òðèãàðìîí³éíå ð³âíÿííÿ

( ) ( , )� �2 3
3 0P x y (27)

ç ãðàíè÷íèìè óìîâàìè (12), (16) òà (20).

Ç óðàõóâàííÿì ïîçíà÷åííÿ (25) äèôåðåíö³àëüíå ð³âíÿííÿ äðóãîãî ïîðÿä-

êó (26) ïåðåòâîðèòüñÿ íà äèôåðåíö³àëüíå ð³âíÿííÿ ÷åòâåðòîãî ïîðÿäêó

�

�
�

�

�
� �

4

4

2
2

2

42 0
B q y

y
q

B q y

y
q B q y

( , ) ( , )
( , ) . (28)

ßêùî âðàõóâàòè ïîçíà÷åííÿ (23), òî äèôåðåíö³àëüíå ð³âíÿííÿ ÷åòâåðòîãî

ïîðÿäêó (28) ïåðåòâîðèòüñÿ íà äèôåðåíö³àëüíå ð³âíÿííÿ øîñòîãî ïîðÿäêó

�

�
�

�

�
�

�

�
�

6

6

2
4

4

4
2

2

63 3
A q y

y
q

A q y

y
q

A q y

y
q A q y

( , ) ( , ) ( , )
( , ) � 0. (29)

Äèôåðåíö³àëüíå ð³âíÿííÿ øîñòîãî ïîðÿäêó (29) ðàçîì ç ãðàíè÷íèìè óìîâà-

ìè (11), (15) òà (19) óòâîðþþòü çàäà÷ó Êîø³, ðîçâ’ÿçîê ÿêî¿ ìàº òàêèé âèãëÿä:

A q y y q
y q

e y q( , ) | | | |� � �
�

�

�
�

�

�

�
�

�1
3

2 2

. (30)

ßêùî ³íòåãðàë Ôóð’º äëÿ ôóíêö³¿ f x( ) îá÷èñëþâàòè çà ôîðìóëîþ (8), òî

Ôóð’º-îáðàç
~

( )f q âèçíà÷àºìî òàê:

~
( ) ( )f q f x e dxiqx� � �� �

��

��


 . (31)

Ï³äñòàâëÿþ÷è Ôóð’º-îáðàç (31) â ³íòåãðàëüíå ïðåäñòàâëåííÿ (9), îòðèìóºìî

ïîäâ³éíèé ³íòåãðàë

P x y A q y e dq f x diq x x
3

1

2
( , ) ( , ) ( )( )�

�
�
�

��

�
�
�

��
�

��

��
� �

�

�

�

��


 �x . (32)

Îñê³ëüêè

A q y e dq y q
y q

eiq x x( , ) | |( )� �

��

��

��

��
�


 
� � �
�

�

�
�

�

�

�
�

1
3

2 2
y q iq x xe dq| | ( )� � �

�
� � �

16

3

5

2 2 3

y

x x y{( ) }
, (33)

òî ïîäâ³éíèé ³íòåãðàë (32) íàáóäå òàêîãî âèãëÿäó:

P x y
y f x dx

x x y
3

5

2 2 3

8

3
( , )

( )

{( ) }
�

� �

� � ���

��


�
. (34)

ßêùî çàïðîâàäèòè íîâó çì³ííó ³íòåãðóâàííÿ t x x� � � , òî çàì³ñòü ³íòåãðàëà

(34) ìàòèìåìî âæå ³íòåãðàë (7). Âèêîðèñòîâóþ÷è ìåòîäè ðîá³ò [31, 32],

íà îñíîâ³ ñï³ââ³äíîøåííÿ (7) îòðèìóºìî ³íòåãðàëüíå ïðåäñòàâëåííÿ

P x y f x
y f x t f x dt

t y
3

5

2 2 3

8

3
( , ) ( )

{ ( ) ( )}

( )
� �

� �

���

��


�
(35)

äëÿ âåëè÷èíè P x y f x3 ( , ) ( )� . Îñê³ëüêè äëÿ ôóíêö³é êëàñó Ë³ïøèöÿ Lip1 âèêî-

íóºòüñÿ óìîâà

| ( ) ( ) | | |f x t f x t� � � , (36)
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òî àíàëîã³÷íî äî [33, 34] ç ³íòåãðàëüíîãî ïðåäñòàâëåííÿ (35) âèïëèâàº îö³íêà

� ( ; ( )) | | ( ) ( , ) | |Lip P y f x P x y
y td

C
f Lip

C1
16

3
3

1
3

5

� � �
�
sup

�

t

t y( )2 2 3
0 �

��


 . (37)

Îñê³ëüêè â êëàñ³ Lip1 ³ñíóº ôóíêö³ÿ f t t( ) | |� , äëÿ ÿêî¿ íåð³âí³ñòü (37) ïåðå-

òâîðþºòüñÿ â ð³âí³ñòü, òî

� ( ; ( ))
( )

Lip P y
y tdt

t y
C1

16

3
3

5

2 2 3
0

�
�

��


�
. (38)

ßêùî âçÿòè äî óâàãè ³íòåãðàë

4
1 1

2 2 3
0

2 2 2
0

4

tdt

t y t y y( ) ( )�
� �

�
�

�� ��


 ,

òî òîòîæí³ñòü (38) ïåðåòâîðèòüñÿ íà ðåçóëüòàò (6). Òåîðåìó äîâåäåíî.

Îòæå, ó ïðîöåñ³ äîñë³äæåííÿ ö³º¿ ðîáîòè ðîçâ’ÿçàíî îïòèì³çàö³éíó çàäà-

÷ó òðèãàðìîí³éíîãî ð³âíÿííÿ â äåêàðòîâèõ êîîðäèíàòàõ ó âåðõí³é ï³âïëî-

ùèí³ ç ãðàíè÷íèìè óìîâàìè (12), (16) òà (20) íà êëàñàõ ôóíêö³é Ë³ïøèöÿ

â ð³âíîì³ðí³é ìåòðèö³. Îòðèìàíî òî÷íó ð³âí³ñòü äëÿ âåðõíüî¿ ìåæ³ â³äõèëåí-

íÿ ôóíêö³é êëàñó Ë³ïøèöÿ â³ä òðèãàðìîí³éíîãî ³íòåãðàëà Ïóàññîíà, âèçíà÷å-

íîãî ó âåðõí³é ï³âïëîùèí³. Âèçíà÷åí³ àïðîêñèìàòèâí³ âëàñòèâîñò³ òðèãàð-

ìîí³éíîãî îïåðàòîðà Ïóàññîíà ó âåðõí³é ï³âïëîùèí³ íà êëàñàõ Ë³ïøèöÿ

â ð³âíîì³ðí³é ìåòðèö³ ï³äòâåðäæóþòü àêòóàëüí³ñòü øèðîêîãî ñïåêòðà âæå

ðîçâ’ÿçàíèõ çàäà÷ ïðèêëàäíîãî õàðàêòåðó [35–37], ùî ìîæóòü ñïðèÿòè

íà ïîäàëüø³ äîñë³äæåííÿ.

Òðèãàðìîí³éíèé ³íòåãðàë Ïóàññîíà â îäèíè÷íîìó êðóç³ (4) º îïåðàòîðîì

ç³ çíàêîçì³ííèì ÿäðîì, òîä³ ÿê ïîáóäîâàíèé ó öüîìó äîñë³äæåíí³ òðèãàð-

ìîí³éíèé îïåðàòîð Ïóàññîíà (7) íà âåðõí³é ï³âïëîùèí³ º âæå äîäàòíèì îïåðà-

òîðîì. Îòðèìàíèé ðåçóëüòàò áåçïîñåðåäíüî ïîâ’ÿçàíèé ç³ ñïåöèô³êîþ ãðàíè÷-

íèõ óìîâ (12), (16) òà (20) íà ìåæ³ âåðõíüî¿ ï³âïëîùèíè, ÿê³ çàñòîñîâóâàëè äëÿ

ðîçâ’ÿçàííÿ òðèãàðìîí³éíîãî ð³âíÿííÿ (2) â äåêàðòîâèõ êîîðäèíàòàõ.

Îñê³ëüêè ââåäåíèé ó ö³é ðîáîò³ òðèãàðìîí³éíèé ³íòåãðàë Ïóàññîíà

ó âåðõí³é ï³âïëîùèí³ º ë³í³éíèì äîäàòíèì îïåðàòîðîì ³ç äåëüòà-ïîä³áíèì ÿä-

ðîì [38, 39], òî â³í º îäíèì ³ç íàéêðàùèõ ìàòåìàòè÷íèõ ³íñòðóìåíò³â äëÿ ðîç-

â’ÿçóâàííÿ çàäà÷ îïòèì³çàö³éíîãî õàðàêòåðó. Ç ïðàêòèêè ñó÷àñíèõ ïðèêëàäíèõ

äîñë³äæåíü [40–43] âèïëèâàº, ùî îïåðàòîðè ç äåëüòà-ïîä³áíèìè ÿäðàìè ìàþòü

çíà÷íî øèðøèé ñïåêòð çàñòîñóâàííÿ ó ïîð³âíÿíí³ ç îïåðàòîðàìè ³íøèõ òèï³â.

Ïðîàíàë³çîâàíèé ï³äõ³ä ó ïîáóäîâ³ äîäàòíîãî òðèãàðìîí³éíîãî îïåðàòîðà ìîæå

ñòàòè ïîøòîâõîì äëÿ ïîáóäîâè áàãàòüîõ ³íøèõ ïîë³ãàðìîí³éíèõ ³íòåãðàë³â Ïó-

àññîíà ç äîäàòíèìè ³íòåãðàëüíèìè ÿäðàìè. À öå çìîæå çíà÷íî ðîçøèðèòè ñïè-

ñîê ìàòåìàòè÷íèõ îá’ºêò³â, ïðèäàòíèõ äëÿ çàñòîñóâàííÿ ó òåîð³¿ îïòèìàëüíèõ

ð³øåíü ³ äëÿ ðîçâ’ÿçóâàííÿ áàãàòüîõ îïòèì³çàö³éíèõ çàäà÷ ó òåîð³¿ äèíàì³÷íèõ

ñèñòåì, òåîð³¿ ³ãðîâèõ çàäà÷ äèíàì³êè òîùî.
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A.M. Shutovskyi
ON SOME ASYMPTOTIC PROPERTIES OF SOLUTIONS
OF TRIHARMONIC EQUATIONS

Abstract. The author considers the optimization problem for the triharmonic equation in the
presence of specific boundary conditions. As a result, the triharmonic Poisson integral was
constructed in Cartesian coordinates for the upper half-plane. The asymptotic properties of this
operator on Lipschitz classes in a uniform metric were studied. An exact equality was found
for the upper bound of the deviation of the Lipschitz class functions from the triharmonic
Poisson integral defined in Cartesian coordinates for the upper half-plane in the metric space.
The results obtained in the article demonstrate the connection between the methods of
approximation theory and the principles of optimal decision theory.

Keywords: optimization problem, class of Lipschitz functions, uniform metric, triharmonic
Poisson integral.
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