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Àíîòàö³ÿ. Äîñë³äæåíî äåÿê³ àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ
ð³âíÿíü åë³ïòè÷íîãî òèïó ç âèêîðèñòàííÿì ìåòîä³â òåîð³¿ íàáëèæåíü. Ðîçãëÿíóòî àïðîêñè-
ìàö³éí³ õàðàêòåðèñòèêè îïåðàòîð³â òèïó Ïóàññîíà ÿê ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ ð³âíÿíü
âèùèõ ïîðÿäê³â íà óçàãàëüíåíèõ êëàñàõ Ãåëüäåðà â ð³âíîì³ðí³é ìåòðèö³. Ðîçâ’ÿçàíî çàäà-
÷ó Êîëìîãîðîâà–Í³êîëüñüêîãî (ó òåðì³íîëîã³¿ Î.². Ñòåïàíöÿ) ïðî çíàõîäæåííÿ âåðõíüî¿
ìåæ³ â³äõèëåíü ôóíêö³é, âèçíà÷åíèõ çà äîïîìîãîþ ìîäóëÿ íåïåðåðâíîñò³, â³ä îïåðàòîð³â
Àáåëÿ–Ïóàññîíà òà Ãàóññà–Âåéºðøòðàññà â ìåòðèö³ ïðîñòîðó C . Çãàäàí³ îïåðàòîðè º
îäíèì ç åôåêòèâíèõ ³íñòðóìåíò³â äîñë³äæåííÿ ìàòåìàòè÷íèõ ìîäåëåé, ÿê³ âèíèêàþòü ï³ä
÷àñ ðîçâ’ÿçàííÿ áàãàòüîõ ïðèêëàäíèõ îïòèì³çàö³éíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éí³ âëàñòèâîñò³ ôóíêö³é, àïðîêñèìàö³éí³ õàðàêòåðèñòèêè, çàäà-
÷à Êîëìîãîðîâà–Í³êîëüñüêîãî, îïåðàòîð Àáåëÿ–Ïóàññîíà, îïåðàòîð Ãàóññà–Âåéºðøòðàññà,
êëàñè Ãåëüäåðà.

ÂÑÒÓÏ

Ç íàãîäè 100-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ Â³êòîðà Ìèõàéëîâè÷à Ãëóøêîâà — â÷å-
íîãî, ÿêîãî â 1996 ð. çã³äíî ç ð³øåííÿì êîìï’þòåðíîãî òîâàðèñòâà IEEE
áóëî îô³ö³éíî âèçíàíî ï³îíåðîì ³íôîðìàö³éíèõ òåõíîëîã³é, î÷³ëüíèêà íàóêîâî¿
øêîëè ê³áåðíåòèêè òà çàñíîâíèêà ²íñòèòóòó ê³áåðíåòèêè ÀÍ ÓÐÑÐ, íå ìîæíà
íå çãàäàòè éîãî çàñàäíè÷îãî âêëàäó â ñòâîðåííÿ òà ïîøèðåííÿ àâòîìàòèçîâà-
íèõ ñèñòåì êåðóâàííÿ òåõíîëîã³÷íèìè ïðîöåñàìè (ÀÑÊ ÒÏ). Àëå, ÿê çàçíà÷àâ
àêàäåì³ê Ãëóøêîâ, ñòâîðåííÿ ÀÑÊ íåâ³ä’ºìíå â³ä ïîñòàíîâêè òà ðîçâ’ÿçàííÿ
çàäà÷ îïòèì³çàö³¿. Íà éîãî äóìêó, ï³ä ÷àñ ðîçâ’ÿçàííÿ çàäà÷ êåðóâàííÿ íà åëåê-
òðîííèõ îá÷èñëþâàëüíèõ ìàøèíàõ îñîáëèâå ì³ñöå ïîñ³äàþòü ïðîáëåìè
îïòèì³çàö³¿. Â³í ââàæàâ, ùî â ïðîöåñ³ îïòèì³çàö³¿ ïîòð³áíî âèáèðàòè òàêèé
âàð³àíò êåðóâàííÿ, çà ÿêîãî äîñÿãàºòüñÿ ì³í³ìàëüíå àáî ìàêñèìàëüíå çíà÷åííÿ
äåÿêîãî êðèòåð³þ, ùî õàðàêòåðèçóº ÿê³ñòü êåðóâàííÿ [1]. Ó ïîäàëüøîìó ðîáîòè
â ãàëóç³ ìåòîä³â îïòèì³çàö³¿ àêòèâíî ïðîâîäèëèñÿ â ²íñòèòóò³ ê³áåðíåòèêè
ó÷íÿìè àêàäåì³êà Ãëóøêîâà (Þ.Ì. ªðìîëüºâèì, Â.Ñ. Ìèõàëåâè÷åì, Á.Ì. Ïøå-
íè÷íèì, ².Â. Ñåðã³ºíêî, À.Î. ×èêð³ºì, Â.Â. Øêóðáîþ, Í.Ç. Øîðîì òà ³í.), ùî
çóìîâèëî ñòâîðåííÿ óêðà¿íñüêî¿ øêîëè ìåòîä³â îïòèì³çàö³¿, ÿêà áóëà âèçíàíà
íå ëèøå íà â³ò÷èçíÿíèõ òåðåíàõ, à é íàóêîâöÿìè ³íøèõ êðà¿í.

Ó øèðîêîìó êîë³ ïðèêëàäíèõ îïòèì³çàö³éíèõ çàäà÷ ÿê ìàòåìàòè÷í³ ìîäåë³ âè-

íèêàþòü ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü âèùèõ ïîðÿäê³â [2–4]. Ó çàïðîïîíî-

âàí³é ðîáîò³ ðîçãëÿíóòî ïðîáëåìó âèêîðèñòàííÿ ãëàäê³ñíèõ õàðàêòåðèñòèê

ôóíêö³é äëÿ ðîçâ’ÿçàííÿ òàêèõ çàäà÷. Îñîáëèâî öå ñòîñóºòüñÿ âèïàäêó, êîëè

ïîòð³áíî äîñë³äæóâàòè àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ

ð³âíÿíü âèùèõ ïîðÿäê³â [5–8]. Òàê, ï³ä ÷àñ çíàõîäæåííÿ ïîõèáêè â³äõèëåííÿ ïîáó-

äîâàíî¿ ìàòåìàòè÷íî¿ ìîäåë³ â³ä ðåàëüíîãî äîñë³äæóâàíîãî ïðîöåñó äîâîäèòüñÿ

îïåðóâàòè àñèìïòîòè÷íèìè îö³íêàìè, ÿê³ íå çàâæäè äàþòü áàæàíèé ðåçóëüòàò.

ßê îäèí ³ç ìîæëèâèõ âàð³àíò³â äëÿ óñóíåííÿ òàêèõ íåòî÷íîñòåé ï³ä ÷àñ çíàõîäæåí-

íÿ ïîõèáîê ïðîïîíóºòüñÿ âèêîðèñòîâóâàòè ãëàäê³ñí³ õàðàêòåðèñòèêè ôóíêö³é.
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Îòæå, ÿêùî ôóíêö³ÿ � ìàº á³ëüøó ê³ëüê³ñòü ïîõ³äíèõ, í³æ ôóíêö³ÿ h, òî

ââàæàþòü, ùî ôóíêö³ÿ � º á³ëüø ãëàäêîþ, í³æ ôóíêö³ÿ h. Ó âèïàäêó, êîëè äâ³

íåïåðåðâí³ ôóíêö³¿: � ³ h, àáî âçàãàë³ íå ìàþòü ïîõ³äíèõ, àáî ìàþòü îäíàêîâó

¿õíþ ê³ëüê³ñòü, òî äëÿ ïîð³âíÿííÿ ñòóïåíÿ ¿õíüî¿ ãëàäêîñò³ êîðèñòóþòüñÿ

ñïåö³àëüíèìè õàðàêòåðèñòèêàìè öèõ ôóíêö³é, ÿê³ íàçèâàþòü «ìîäóëÿìè íå-

ïåðåðâíîñò³» [9, ñ. 147]. ² â³äïîâ³äíî ââàæàþòü, ùî ç äâîõ ôóíêö³é á³ëüø

ãëàäêîþ º òà, ìîäóëü íåïåðåðâíîñò³ ÿêî¿ øâèäøå ïðÿìóº äî íóëÿ. Çàçíà÷èìî,

ùî ïîíÿòòÿ ìîäóëÿ íåïåðåðâíîñò³ ââ³â À. Ëåáåã ùå íà ïî÷àòêó XX ñò. ², íå-

çâàæàþ÷è íà á³ëüø í³æ ñòîë³òíþ ³ñòîð³þ ³ñíóâàííÿ, öå ïîíÿòòÿ íå ëèøå íå

âòðàòèëî ñâîº¿ ïåðâ³ñíî¿ âàãîìîñò³, àëå é ñòàëî ùå á³ëüø çíà÷óùèì äëÿ ðîç-

â’ÿçàííÿ çàäà÷ âàð³àö³éíîãî ÷èñëåííÿ òà ìåòîä³â îïòèì³çàö³¿, çàäà÷ òåîð³¿ êå-

ðóâàííÿ, ³ãðîâèõ çàäà÷ äèíàì³êè [10–12] òîùî. Ìàáóòü, öå çóìîâëåíî òèì,

ùî êëàñè ôóíêö³é, ÿê³ âèçíà÷àþòü çà äîïîìîãîþ ìîäóë³â íåïåðåðâíîñò³, º

ñïåöèô³÷íèì ìàòåìàòè÷íèì àïàðàòîì, ïîòð³áíèì äëÿ ðîçâ’ÿçàííÿ áàãàòüîõ

íàãàëüíèõ ïðîáëåì ñüîãîäåííÿ. Çîêðåìà, àêòóàëüíèìè â íèí³øí³õ óìîâàõ º

äîñë³äæåííÿ àïðîêñèìàòèâíèõ âëàñòèâîñòåé ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ

ð³âíÿíü âèùèõ ïîðÿäê³â íà êëàñàõ ôóíêö³é, ùî âèçíà÷àþòüñÿ çà äîïîìîãîþ

ìîäóëÿ íåïåðåðâíîñò³. Òàê, îïåðàòîðè, ÿê³ º ðîçâ’ÿçêàìè äèôåðåíö³àëüíèõ

ð³âíÿíü âèùèõ ïîðÿäê³â åë³ïòè÷íîãî òèïó [13–16], ìàþòü âàæëèâå çíà÷åííÿ

äëÿ ðîçâ’ÿçàííÿ áàãàòüîõ çàäà÷ ìàòåìàòè÷íîãî ìîäåëþâàííÿ [17–20].
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Òàêèì ÷èíîì, îñíîâíèì çàâäàííÿì çàïðîïîíîâàíî¿ ðîáîòè º çíàõîäæåííÿ

àñèìïòîòè÷íèõ îö³íîê [25–27] äëÿ âåëè÷èí (6) ó ìåòðèö³ ïðîñòîðó C. ²íàêøå êà-

æó÷è, øóêàòèìåìî àñèìïòîòè÷í³ îö³íêè âåðõí³õ ãðàíåé â³äõèëåíü ôóíêö³é óçà-

ãàëüíåíîãî êëàñó Ãåëüäåðà H �â³ä îïåðàòîðà, çàäàíîãî çà äîïîìîãîþ ñï³ââ³äíî-

øåíü (3), (4), ³ ÿêèé ñâîºþ ÷åðãîþ º ðîçâ’ÿçêîì äèôåðåíö³àëüíîãî ð³âíÿííÿ (1),

(2) ó ð³âíîì³ðí³é ìåòðèö³.

ÍÀÁËÈÆÅÍÍß ÔÓÍÊÖ²É ÊËÀÑÓ H
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ÄÈÔÅÐÅÍÖ²ÀËÜÍÈÕ Ð²ÂÍßÍÜ ÂÈÙÈÕ ÏÎÐßÄÊ²Â
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º ìîäóëåì íåïåðåðâíîñò³ â äåÿêîìó ïðîñòîð³ X . À òîìó ìàòèìåìî, ùî ðîç-

ãëÿíóò³ ôóíêö³¿ � �1 ( ) ³ � �( ) îäíî÷àñíî íàëåæàòèìóòü êëàñó H � . Îòæå, íà
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� ( ( ), ) sup | | ( ; ; ) ( )| |V H VC
H

C�
�

�
�� � � �

�

� �
�

0 0 . (13)

Äàë³, ÿêùî ðîçãëÿíóòè ôóíêö³þ � � � � �2 0( ) ( ) ( )� � äëÿ âñ³õ ôóíêö³é �( )


ç êëàñó H � , òî î÷åâèäíî, ùî ôóíêö³ÿ � �2 ( ) òàêîæ íàëåæàòèìå êëàñó H � , ïðè-

÷îìó îáîâ’ÿçêîâî �2 0 0( ) � . Çâ³äñè çðîáèìî âèñíîâîê, ùî

V V� �� � � � �( ; ; ) ( ; ; ) ( )0 0 0� � .

Ñàìå òîìó ³ç ôîðìóë (10), (12), (13) âèïëèâàº ð³âí³ñòü

� ( ( ), ) sup ( ) cos )/V H z e kzC
H

k

k

�
�

�

��
�

�
�

�

� �
�

�

�
�

�

�

�




�
1 1

2 1

�

�

�
�	 dz

0

2�

. (14)

Óíàñë³äîê ïàðíîñò³ ÿäðà Q z� �( ; ), çàäàíîãî çà äîïîìîãîþ ñï³ââ³äíîøåííÿ

(9), ó ñâî¿õ ì³ðêóâàííÿõ îáìåæèìîñü ëèøå âèïàäêîì ïàðíèõ ôóíêö³é �( )
 . Òà-

êèì ÷èíîì, ³ç (14) ³ 2�-ïåð³îäè÷íîñò³ ôóíêö³¿ �( )
 îòðèìàºìî

� ( ( ), ) sup ( ) cos/V H z e kzC
H

k

k

�
�

�

��
�

�
�

� �
�

�

�
�

�

��

�

�




�
2 1

2 1

�
�	

0

�

dz , (15)

äå H — öå ìíîæèíà ïàðíèõ 2�-ïåð³îäè÷íèõ ôóíêö³é � ��H òàêèõ, ùî

�( )0 0� . Âîäíî÷àñ ìàºìî, ùî ÿêîþ á íå áóëà ôóíêö³ÿ � �H, çã³äíî ç (5) áóäå

ñïðàâåäëèâà íåð³âí³ñòü

� � �
�

�
�

�

( ) cos ( )/

0 1 0

1

2

1

2	 � 	�
�

�

�
�

�

�

�
�

� ��

�



�e kz dz z ek

k

k
� �/ cos

k

kz dz

�




�
�

�

�
�

�

�

�
�

1

. (16)

Îñê³ëüêè Q z e kzk

k

�
��

�

( , ) cos/� � ��

�




�
1

2
0

1

³ äëÿ ôóíêö³¿ � �0 ( ) ç êëàñó H

� �0 ( ) (| | )z z� äëÿ âñ³õ | |z � �, î÷åâèäíî

2 1

2

2 1

2
0

10
�

�
�

�
� �

�

( ) cos ( )/z e kz dz z ek

k

�
�

�

�
�

�

�

�
�

� ��

�




�	
�

�




�	
�

�

�
�

�

�

�
�

k

k

kz dz
� �

�
/ cos

10

. (17)

Îòæå, îá’ºäíàâøè ñï³ââ³äíîøåííÿ (15)–(17), îòðèìàºìî ð³âí³ñòü

� ( ( ), ) ( ) cos/V H z e kz dÑ
k

k

�
� �

�

�
�

�
�

� �
�

�

�
�

�

�

�
�

�

�




�	
2 1

2 10

z. (18)

² íàñàìê³íåöü, äëÿ çàâåðøåííÿ äîâåäåííÿ òåîðåìè çàïèøåìî ÿäðî (9) îïåðà-

òîðà (8) (ÿêèé º ðîçâ’ÿçêîì äèôåðåíö³àëüíîãî ð³âíÿííÿ (1), (2)) ó âèãëÿä³

Q z e kz f f kk

k k

�
�

� � � ��
�

( , ) cos ( ) ( )/
, ,� � � ��

�




�




� �
1

2

1

2
0

1 1

, (19)

äå â³äïîâ³äíî f k e kzk
� �

��

,
/( ): cos� � . Çàñòîñóâàâøè äî ïðàâî¿ ÷àñòèíè (19)

ôîðìóëó ï³äñóìîâóâàííÿ Ïóàññîíà [29], îòðèìàºìî, ùî

Q z F F k

k

� � � � ��
�

�( , ) ( ) ( ), ,� �
�

�

�
�

�

�

�
�

�




�
2

0 2 2

1

, (20)
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äå F v� �, ( ) — êîñèíóñ ïåðåòâîðåííÿ Ôóð’º ôóíêö³¿ f v� �, ( ), òîáòî

F v f u uvdu e uz uvd� � � �
� �

� �

�

, ,
/( ) ( )cos cos cos� �


 

�

	 	
2 2

0 0

u. (21)

²ç (20) ³ (21) âèïëèâàº, ùî

Q z e uzdu e uz kudu

k

�
� � � �� �

� �

( , ) cos cos cos/ /� ��



�



	 	
0 0

2 2

�




�
1

. (22)

Òîæ, ï³äñòàâëÿþ÷è (22) ó (18), îòðèìóºìî ð³âí³ñòü (11).

Òåîðåìó äîâåäåíî.

Çàóâàæåííÿ 1. Ïðîàíàë³çóºìî äåòàëüí³øå îïåðàòîð V� � � �( , , ), çàäàíèé

çà äîïîìîãîþ ñï³ââ³äíîøåíü (8) ³ (9), ÿêèé â³äïîâ³äíî º ðîçâ’ÿçêîì äèôå-

ðåíö³àëüíîãî ð³âíÿííÿ âèùîãî ïîðÿäêó (1), (2). Òàê, â îêðåìèõ âèïàäêàõ öåé

îïåðàòîð ïåðåòâîðþºòüñÿ â îïåðàòîð òèïó Ïóàññîíà [30]. À ñàìå äëÿ � �1 ìàòè-

ìåìî îïåðàòîð Àáåëÿ–Ïóàññîíà [31]

V A1 ( , , ): ( , , )� � � � � �� (23)

³ äëÿ � � 2 â³äïîâ³äíî ìàòèìåìî îïåðàòîð Ãàóññà–Âåéºðøòðàññà [32]

V W2 ( , , ): ( , , )� � � � � �� . (24)

Çàóâàæåííÿ 2. Ìíîæèíà êëàñ³â H � º óçàãàëüíåííÿì äîáðå â³äîìèõ êëàñ³â

Ãåëüäåðà (àáî Ë³ïøèöÿ) ïîðÿäêó � �( )0 1� � , ÿê³ ïîçíà÷àþòü H � . Òîáòî êëàñîì

ôóíêö³é Ãåëüäåðà H � �( )0 1� � íàçèâàþòü ìíîæèíó âñ³õ íåïåðåðâíèõ ôóíêö³é

� òàêèõ, ùî çà êîæíîãî ô³êñîâàíîãî � �( , ]0 1 ìîäóëü íåïåðåðâíîñò³ çàäîâîëüíÿº

óìîâó � � �( ; )t t� .

Çàóâàæåííÿ 3. Íàñë³äóþ÷è Î. ². Ñòåïàíöÿ [33, ñ.198], êàçàòèìåìî, ùî ÿêùî

â ÿâíîìó âèãëÿä³ çíàéäåíî òàêó ôóíêö³þ g( )� , äëÿ ÿêî¿ äëÿ âñ³õ � � 
 ìàº ì³ñöå

àñèìïòîòè÷íà ð³âí³ñòü � ( ( ), ) ( ) ( ( ))V H g o gC�
�� � �� � , òî º ðîçâ’ÿçàíà çàäà÷à

Êîëìîãîðîâà–Í³êîëüñüêîãî â ð³âíîì³ðí³é ìàòðèö³ äëÿ êëàñó ôóíêö³é Ãåëüäåðà

H � �( )0 1� � ³ îïåðàòîðà V� � � �( , , ), ÿêèé º ðîçâ’ÿçêîì äèôåðåíö³àëüíîãî

ð³âíÿííÿ (1), (2).

²ç çàóâàæåíü 1–3 òà òåîðåìè 1 âèïëèâàþòü íàñòóïí³ òâåðäæåííÿ.

Òåîðåìà 2. Äëÿ îïåðàòîðà Àáåëÿ–Ïóàññîíà

A V z e kzk

k

( , , ) ( ; , ) ( ) cos/� � � � � �
�

� � �� � � �
�
�
�

�

�




�1

1

1 1

2

�
�
�

	 dz

0

2�

³ ôóíêö³é êëàñó Ãåëüäåðà H � �( )0 1� � ìàþòü ì³ñöå àñèìïòîòè÷í³ ð³âíîñò³

� �( ( ), ) ( ( ), ) sup | | ( , , ) ( )| |A H V H AC C
H

C� � � � � � �
�

1
1

1

1

� � �
�

� � �
2

1 0
�

�

�
� �

ln
O( / ), ,

� �( ( ), ) ( ( ), )A H V HC C� �� �� �1

� � � �
�

sup | | ( , , ) ( )| | ( / ),
�

��

� � � � �
��

�
�

H
CA Osec

2

1
1 �� 0.
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Òåîðåìà 3. Äëÿ îïåðàòîðà Ãàóññà–Âåéºðøòðàññà

W V z e kzk

k

( , , ) ( ; , ) ( ) cos/� � � � � �
�

� � �� � � �
�
�
�

�

�




�2

1

1 1

2

2 �
�
�

	
0

2�

dz

³ ôóíêö³é êëàñó Ãåëüäåðà H � �( )0 1� � ìàþòü ì³ñöå àñèìïòîòè÷í³ ð³âíîñò³

� �( ( ), ) ( ( ), ) sup | | ( , , ) ( )| |W H V H WC C
H

C� � � � � � �
�

1
2

1

1

� � �
�

� �
�

�
�
�

�

�
�
�

2 1

�� � �
O

es
,

�
�

� � �0 0
4

2

, s ,

� �( ( ), ) ( ( ), ) sup | | ( , , ) ( )| |W H V H WC C
H

C� � � � � � �� �

� �

� � �
�

2 �

� �
��

�
�

�

�
� � �2 1

2

1�

�

�

�

�

�
� O e s( ),

�
�

� � �0 0
4

2

, s .

ÂÈÑÍÎÂÊÈ

Ó çàïðîïîíîâàí³é ðîáîò³ ðîçãëÿíóòî îïåðàòîðè ç òàê çâàíèìè äåëüòà-ïîä³áíè-
ìè ÿäðàìè [34] ÿê ðîçâ’ÿçêè â³äïîâ³äíèõ äèôåðåíö³àëüíèõ ð³âíÿíü åë³ïòè÷íîãî
òèïó (â ïîëÿðíèõ êîîðäèíàòàõ âñåðåäèí³ îäèíè÷íîãî êðóãà). Ð³çíîìàí³òí³ çà-
ñòîñóâàííÿ äèôåðåíö³àëüíèõ ð³âíÿíü âèùèõ ïîðÿäê³â òà ¿õí³õ ñèñòåì ó ìàòåìà-
òè÷íîìó ìîäåëþâàíí³, òåîð³¿ êåðóâàííÿ, òåîð³¿ ³ãðîâèõ çàäà÷ äèíàì³êè [35–37]
òîùî âñå á³ëüøå ñòèìóëþº ïîäàëüøèé ðîçâèòîê ñâ³òîâîãî íàðîäíîãî ãîñïîäàð-
ñòâà. Ó ðîáîò³ äîñë³äæåíî ïîâåä³íêó âåðõíüî¿ ìåæ³ â³äõèëåííÿ ôóíêö³é êëàñó

H �â³ä îïåðàòîð³â, ÿê³ º ðîçâ’ÿçêàìè äèôåðåíö³àëüíèõ ð³âíÿíü âèùèõ ïîðÿäê³â.
Ðîçâ’ÿçàíà çàäà÷à Êîëìîãîðîâà–Í³êîëüñüêîãî äëÿ îïåðàòîð³â Àáåëÿ–Ïóàññîíà

òà Ãàóññà–Âåéºðøòðàññà íà êëàñàõ ôóíêö³é H � �, 0 1� � , ó ð³âíîì³ðí³é ìåò-

ðèö³. Çîêðåìà, çíàéäåíî àñèìïòîòè÷í³ ð³âíîñò³ äëÿ âåðõí³õ ìåæ â³äõèëåíü
ôóíêö³é óçàãàëüíåíèõ êëàñ³â Ãåëüäåðà ÿê â³ä îïåðàòîð³â Àáåëÿ–Ïóàññîíà, òàê ³
â³ä îïåðàòîð³â Ãàóññà–Âåéºðøòðàññà â ìåòðèö³ ïðîñòîðó C.
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Yu.I. Kharkevych, O.G. Khanin

ASYMPTOTIC PROPERTIES OF THE SOLUTIONS OF HIGHER-ORDER
DIFFERENTIAL EQUATIONS ON GENERALIZED H ��OLDER CLASSES

Abstract. Some asymptotic properties of the solutions of elliptic-type differential equations are
investigated using the methods of approximation theory. The approximation characteristics of
Poisson-type operators as solutions of higher-order differential equations on generalized H��older
classes in a uniform metric have been investigated. In particular, the Kolmogorov–Nikol’skii
problem (in O.I. Stepanets terminology) of finding the upper bounds for the deviations of functions
defined by the modulus of continuity from the Abel–Poisson and Gauss–Weierstrass operators in
the space metric is solved. The above-mentioned operators are one of the efficient tools for the
analysis of the mathematical models that arise when solving many applied optimization problems.

Keywords: optimization properties of functions, approximative characteristics, Kolmogorov–
Nikol’skii problem, Abel–Poisson operator, Gauss–Weierstrass operator, H��older classes.
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