
“Â³ñíèê ÑóìÄÓ. Ñåð³ÿ Òåõí³÷í³ íàóêè”,  ¹3’ 2008 34 

ÓÄÊ  620.178.5:001.891.54:517.928 
 

ÏÀÐÀÌÅÒÐÈ×ÅÑÊÀß ÈÄÅÍÒÈÔÈÊÀÖÈß ÓÐÀÂÍÅÍÈÉ Â ×ÀÑÒÍÛÕ 
ÏÐÎÈÇÂÎÄÍÛÕ ÒÐÅÒÜÅÃÎ ÏÎÐßÄÊÀ ÏÐÈ ÈÑÏÎËÜÇÎÂÀÍÈÈ 

ÀÑÈÌÏÒÎÒÈ×ÅÑÊÈÕ ÐÅØÅÍÈÉ 
 

È.Ä. Ïóçüêî  
Ñóìñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. Ñóìû 

 
Â ðàáîòå ðàññìîòðåíà ìàòåìàòè÷åñêàÿ ìîäåëü â âèäå äèôôåðåíöèàëüíîãî 

óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ òðåòüåãî ïîðÿäêà. Ïîëó÷åíû íîâûå 
àíàëèòè÷åñêèå ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ ìàòåìàòè÷åñêîé 
ìîäåëè ïðè èñïîëüçîâàíèè àñèìïòîòè÷åñêîãî ìåòîäà ÊÁÌ äëÿ óðàâíåíèé 
ïåðâîãî ïðèáëèæåíèÿ àìïëèòóäû è ôàçû ðåøåíèÿ è ìåòîäà âðåìåííûõ 
èíòåðâàëîâ. 

 
ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È 

Â ïðàêòèêå òåõíè÷åñêèõ ïðèëîæåíèé íàõîäÿò ïðèìåíåíèå 
ìàòåìàòè÷åñêèå ìîäåëè ñèñòåì ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè, êîòîðûå 
îïèñûâàþòñÿ äèôôåðåíöèàëüíûìè óðàâíåíèÿìè â ÷àñòíûõ ïðîèçâîäíûõ, 
èíòåãðàëüíûìè èëè èíòåãðîäèôôåðåíöèàëüíûìè óðàâíåíèÿìè 
ãèïåðáîëè÷åñêîãî, ïàðàáîëè÷åñêîãî èëè ýëëèïòè÷åñêîãî òèïîâ [1].  

Â ÷àñòíîñòè, ïðè ðåøåíèè çàäà÷ âèáðîäèàãíîñòèêè, ïðè ïðîâåäåíèè 
âèáðîèñïûòàíèé  íà âèáðîïðî÷íîñòü, âèáðîóñòîé÷èâîñòü, 
âèáðîíàäåæíîñòü, ïðè ðàçðàáîòêå íîâûõ òåõíîëîãèé âèáðàöèîííîãî òèïà 
âîçíèêàåò íåîáõîäèìîñòü ïîñòðîåíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé è 
îïðåäåëåíèÿ ïàðàìåòðîâ òàêèõ ìîäåëåé, ò. å. èìååò ìåñòî ïðîöåññ 
ñòðóêòóðíîé ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè [1, 2]. 

Íà àêòóàëüíîñòü ðåøåíèÿ çàäà÷ èäåíòèôèêàöèè ñèñòåì ñ 
ðàñïðåäåëåííûìè ïàðàìåòðàìè, à òàêæå íà âîçíèêàþùèå â òàêèõ çàäà÷àõ 
òðóäíîñòè â ìàòåìàòè÷åñêîì ïëàíå ïðè ðåøåíèè óðàâíåíèé â ÷àñòíûõ 
ïðîèçâîäíûõ áûëî îòìå÷åíî â ðÿäå èññëåäîâàíèé [1]. 

Â ðàáîòàõ [3,4,5] ðàññìàòðèâàåòñÿ àñèìïòîòè÷åñêèé ìåòîä ðåøåíèÿ 
óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ òðåòüåãî ïîðÿäêà äëÿ ïðÿìîóãîëüíîé 
òîíêîé ïëàñòèíêè ñ ó÷åòîì ïîëçó÷åñòè åå ìàòåðèàëà. Ðàññìàòðèâàþòñÿ 
ïðîñòîé è êîìáèíàöèîííûé ðåçîíàíñû è óñòîé÷èâîñòü ðåæèìîâ. 

Îäíàêî âîïðîñû îöåíêè ïàðàìåòðîâ ïðè èñïîëüçîâàíèè óðàâíåíèé 
ïåðâîãî ïðèáëèæåíèÿ îñòàëèñü âíå ïîëÿ çðåíèÿ èññëåäîâàòåëåé. Â íàøåì 
èññëåäîâàíèè ÷àñòè÷íî ëèêâèäèðîâàí ýòîò ïðîáåë. 

 
ÎÑÍÎÂÍÛÅ ÒÅÎÐÅÒÈ×ÅÑÊÈÅ ÐÅÇÓËÜÒÀÒÛ 

Ïóñòü èìååò ìåñòî êâàçèëèíåéíàÿ êðàåâàÿ çàäà÷à äëÿ îäíîðîäíîãî 
óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ [4,5]: 
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ãäå 0β > , 0η > , ( ), ,x y tω ω= , ω , ξ  - ïîñòîÿííûå; 0ξ >  - ìàëûé 

ïàðàìåòð; t  - âðåìÿ; ,x y  - ïðîñòðàíñòâåííûå êîîðäèíàòû; ∇  - ëèíåéíûé 

îäíîðîäíûé äèôôåðåíöèàëüíûé îïåðàòîð ñ ïîñòîÿííûìè 
êîýôôèöèåíòàìè. 

Óðàâíåíèå (1) îïèñûâàåò êîëåáàíèÿ ïðÿìîóãîëüíîé òîíêîé ïëàñòèíêè, 
ëåæàùåé íà óïðóãîì îñíîâàíèè ñ ó÷åòîì ïîëçó÷åñòè ìàòåðèàëà. 

Àìïëèòóäà Xa è ψ  ôàçà ðåøåíèÿ îïðåäåëÿþòñÿ èç óðàâíåíèé ïåðâîãî 
ïðèáëèæåíèÿ [4,5]: 
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Ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé èç ñèñòåìû (3) ïîëó÷èì óðàâíåíèå 
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 Ïðèíèìàÿ âî âíèìàíèå âûðàæåíèå 2 nψ π= , ãäå n  - ÷èñëî öèêëîâ 

(÷èñëî ïåðèîäîâ) è ôèêñèðóÿ âðåìåííîé èíòåðâàë t∆  ïðè èçìåíåíèè 
àìïëèòóäû â çàäàííîì èíòåðâàëå îò çíà÷åíèÿ ( )2 1a jX −  äî çíà÷åíèÿ 2a jX  

ïîñëå ïðîâåäåíèÿ îïåðàöèè èíòåãðèðîâàíèÿ, ïîëó÷èì óðàâíåíèå  
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 Ïðåäñòàâèì óðàâíåíèå (5) ïðè óñëîâèè çàäàíèÿ 1,2,3j =  è 

ïîëó÷èì ñèñòåìó òðåõ óðàâíåíèé: 
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Ïðîâåäåì ïðåîáðàçîâàíèå óðàâíåíèé (6), (7), (8). Ðàçäåëèì (6) íà (7), 
(6) íà (8) è ïîëó÷èì: 
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Èç (9), (10) ïîëó÷èì äâà óðàâíåíèÿ îòíîñèòåëüíî 11Ω  è 1
11ξ − Ω : 
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Ñèñòåìà (11), (12) óðàâíåíèé ðåøàåòñÿ îòíîñèòåëüíî íåèçâåñòíûõ 11Ω , 

1
11ξ − Ω  ìàòðè÷íûì ìåòîäîì Êðàìåðà 
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Òàêèì îáðàçîì, èìååì ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ 11Ω , 
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Èç ñîîòíîøåíèé (18), (19) ïîëó÷èì âûðàæåíèå äëÿ îïðåäåëåíèÿ 

ïàðàìåòðà ξ : 
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Ñîîòíîøåíèÿ (18), (20) äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ 11Ω , ξ  ïîëó÷åíû 

ïðè íåó÷åòå îøèáîê èçìåðåíèÿ, ôèêñàöèè è çàïîìèíàíèÿ çíà÷åíèé 
âðåìåííûõ èíòåðâàëîâ, ÷èñåë öèêëîâ è àìïëèòóäíûõ çíà÷åíèé 
êîëåáàòåëüíûõ ïðîöåññîâ. 

Ïðè ïðîâåäåíèè äàëüíåéøèõ èññëåäîâàíèé íåîáõîäèìî ñôîðìèðîâàòü 
èíôîðìàöèîííûå ìàññèâû ìíîæåñòâà âðåìåííûõ èíòåðâàëîâ, ÷èñåë 
öèêëîâ â ýòèõ âðåìåííûõ èíòåðâàëàõ è ìíîæåñòâî àìïëèòóäíûõ 
çíà÷åíèé êîëåáàòåëüíûõ ïðîöåññîâ. Ïðè òàêîì ïîäõîäå ôîðìèðîâàíèå 
ðåãðåññèîííûõ çàâèñèìîñòåé ðåøàåò çàäà÷ó ó÷åòà ñëó÷àéíûõ 
ïîãðåøíîñòåé èçìåðåíèé.   

 
ÂÛÂÎÄÛ 

Â ðàáîòå ðàññìîòðåíà ìàòåìàòè÷åñêàÿ ìîäåëü â âèäå 
äèôôåðåíöèàëüíîãî óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ òðåòüåãî ïîðÿäêà. 
Ïîëó÷åíû íîâûå àíàëèòè÷åñêèå ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ 
ïàðàìåòðîâ ìàòåìàòè÷åñêîé ìîäåëè ïðè èñïîëüçîâàíèè àñèìïòîòè÷åñêîãî 
ìåòîäà Êðûëîâà – Áîãîëþáîâà – Ìèòðîïîëüñêîãî (ÊÁÌ) äëÿ óðàâíåíèé 
ïåðâîãî ïðèáëèæåíèÿ àìïëèòóäû è ôàçû ðåøåíèÿ è ïðèìåíåíèè ìåòîäà 
âðåìåííûõ èíòåðâàëîâ. 

 
SUMMARY 

 

PARAMETRIC IDENTIFICATION OF EQUATIONS IN PRIVATE DERIVED FUNCTIONS 
OF THE THIRD ORDER USING ASYMPTOTIC DECISIONS 

 

². Puz’ko,  
Sumy State University 

 
In the scientific paper the mathematic model in the form of differential equation  in private 

derived functions of the third order is considered. New analytic parities were received to define 
parameters of the mathematic model using asymptotic method KBM for the equations of the 
first approaching of amplitude and phase of decision and method of temporal intervals. 
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