
Èçâåñòèÿ Èíñòèòóòà ìàòåìàòèêèè èí�îðìàòèêè.Èæåâñê. 2006.�2(36)ÓÄÊ 517.929 Ñ.È. Ñîëîäóøêèísolodushkin_s�mail.ruÈÄÅÍÒÈÔÈÊÀÖÈß ÏÀ�ÀÌÅÒ�ÎÂ ÂÄÈÔÔÅ�ÅÍÖÈÀËÜÍÛÕ Ó�ÀÍÅÍÈßÕ ÑÇÀÏÀÇÄÛÂÀÍÈÅÌÊëþ÷åâûå ñëîâà: èäåíòè�èêàöèÿ ïàðàìåòðîâ, �óíêöèîíàëüíî�äè�-�åðåíöèàëüíûå óðàâíåíèÿ, âîññòàíîâëåíèå ïàðàìåòðîâAbstrat. We onsider linear time-delay di�erential equations with mul-tiple delays and unknown parameters. There are some no interfereneobservations. It is neessary to identify parameters, using this inominginformation� 1. Ïîñòàíîâêà çàäà÷èÇàäà÷è èäåíòè�èêàöèè ïàðàìåòðîâ âîçíèêàþò âî ìíîãèõ ïðè-ëîæåíèÿõ, â ÷àñòíîñòè ïðè ìîäåëèðîâàíèè èììóííîãî îòâåòà èëèïðîöåññîâ ãèáåëè è ðàçìíîæåíèÿ ìèêðîîðãàíèçìîâ. Êàê ïðàâèëîìàòåìàòè÷åñêèì àïïàðàòîì òàêèõ ìîäåëåé ÿâëÿþòñÿ äè��åðåí-öèàëüíûå óðàâíåíèÿ ñ çàïàçäûâàíèåì.�àññìîòðèì äè��åðåíöèàëüíîå óðàâíåíèå ñ çàïàçäûâàíèåì_x = nXi=0 ai x(t� �i)Ñ íà÷àëüíûìè óñëîâèÿìè:x(t0) = x0; x(s) = y0; t0 �maxf�ig 6 s < t0:211



�0 = 0; �i > 0; i = 1; nÏóñòü èçâåñòíû èäåàëüíûå (áåç ïîìåõ) ðåçóëüòàòû íàáëþäåíèé âóçëîâûõ òî÷êàõ. ftj ;xjgkj=0Ïóñòü òàêæå èçâåñòíû íà÷àëüíûå óñëîâèÿ x0; y0 .Òðåáóåòñÿ âîññòàíîâèòü âåêòîð ïàðàìåòðîâ (a0; :::; an); ïîðîäèâ-øèé äàííûé âûõîä.Èçáåðåì ñëåäóþùèé ïðîñòîé, íî ý��åêòèâíûé ìåòîä ðåøå-íèÿ. Ïðîèçâîäíóþ ïðèáëèæàåì ïî äâóì óçëàì._xj � x(tj+1)� x(tj)Æ =: djÂ ìàòðè÷íîé �îðìå ïîëó÷èì ñèñòåìó óðàâíåíèé0BB� x(t0 � �0) ::: x(t0 � �n)x(t1 � �0) ::: x(t1 � �n)::: ::: :::x(tk�1 � �0) ::: x(tk�1 � �n) 1CCA �0BB� a0a1:::an 1CCA = 0BB� d0d1:::dk+1 1CCA� 2. ÏðîáëåìûÏðè ðåøåíèè çàäà÷è èäåíòè�èêàöèè ìû ñòàëêèâàåìñÿ ñ åñòå-ñòâåííî âîçíèêàþùèìè ïðîáëåìàìè.2.1. Ñóùåñòâîâàíèå è åäèíñòâåííîñòüÅñëè k < n+ 1; òî ñèñòåìà ðåøàåòñÿ íåîäíîçíà÷íî. Åñëèk > n+1; òî ñèñòåìà, âîîáùå ãîâîðÿ, íåñîâìåñòíà è ïîä ðåøåíèåììû ïîíèìàåì ïñåâäîðåøåíèå. Âîçìîæíî, ÷òî rank(X) < n+ 1; èòîãäà ñèñòåìà èìååò áåñêîíå÷íî ìíîãî ðåøåíèé.2.2. Ñõîäèìîñòü ìåòîäàÑõîäèòñÿ ëè ìåòîä ïðè ñòðåìëåíèè ê íóëþ âðåìåííîãî èíòåð-âàëà ìåæäó íàáëþäåíèÿìè. 212



2.3. Íåîäíîçíà÷íîñòü âîññòàíîâëåíèÿ�àçíûé íàáîð âõîäíûõ ïàðàìåòðîâ ai ìîæåò ïîðîäèòü îäèíà-êîâûé âûõîä. Òàêîãî ðîäà ïðèìåðû ìû ïðèâåäåì â äàëüíåéøåì.� 3. Îñíîâíàÿ òåîðåìàÅñëèrank0BB� x(t0 � �0) ::: x(t0 � �n)_x(t0 � �0) ::: _x(t0 � �n)::: ::: :::x(n)(t0 � �0) ::: x(n)(t0 � �n) 1CCA = n+ 1;òî ñèñòåìà óðàâíåíèé0BB� x(t0 � �0) ::: x(t0 � �n)x(t0 � �0 + Æ) ::: x(t0 � �n + Æ)::: ::: :::x(t0 � �0 + nÆ) ::: x(t0 � �n + nÆ) 1CCA �0BB� a0a1:::an 1CCA = 0BB� d0d1:::dn 1CCAèìååò åäèíñòâåííîå ðåøåíèå, ïðè÷åì ïðè ñòðåìëåíèè ê íóëþ âðå-ìåííîãî èíòåðâàëà ìåæäó íàáëþäåíèÿìè âåêòîð ïàðàìåòðîâ ñòðå-ìèòñÿ ê âåêòîðó âõîäíûõ ïàðàìåòðîâ, òî åñòüÆ ! 0; kea� ak ! 0:� 4. Èëëþñòðàöèÿ ê òåîðåìåÏðîèëëþñòðèðóåì èäåþ, ëåæàùóþ â îñíîâå òåîðåìû íà ïðè-ìåðå çàäà÷è èäåíòè�èêàöèè äâóõ ïàðàìåòðîâ� x(t0 � �0) x(t0 � �n)x(t0 � �0 + Æ) x(t0 � �n + Æ) � �� a0a1 � = � d0d1 �� x(t0 � �0) x(t0 � �n)x(t1 � �0 + Æ) x(t1 � �n + Æ) � =213



� x(t0 � �0) x(t0 � �1)x(t0 � �0) + �x(t� �0) x(t0 � �1 +�x(t� �1) �x(t0 � �0) + �x(t0 � �0)x(t0 � �0) = x(t0 � �1) + �x(t0 � �1)x(t0 � �1) ,_x(t0 � �0) � Æ + o(Æ)x(t0 � �0) = _x(t0 � �1) � Æ + o(Æ)x(t0 � �1)Æ ! 0 _x(t0 � �0)x(t0 � �0) = _x(t0 � �1)x(t0 � �1)rank� x(t0 � �0) x(t0 � �n)x(t1 � �0 + Æ) x(t1 � �n + Æ) � =rank� x(t0 � �0) x(t0 � �1)_x(t1 � �0) _x(t1 � �1) �� _x = a0 x+ a1 x(t� 1);x(s) = 1;�1 6 s 6 0Ïðè a0 = 1; a1 = 1 íà [0; 1℄ ìåòîäîì øàãîâ íàõîäèì àíàëèòè÷å-ñêîå ðåøåíèå x(t) = 2et � 1:fÆj; 2eÆj � 1gkj=0 [0; 1℄rank� x(t0 � �) x(t0 � �)_x(t0 � �) _x(t0 � �) � = rank� 2et � 1 12et 0 � = 2� x(t0 � �0) x(t0 � �n)x(t0 � �0 + Æ) x(t0 � �n + Æ) � �� a0a1 � = � d0d1 �� 2eÆ � 1 12e2Æ � 1 1 � �� a0a1 � =  2eÆ(eÆ�1)Æ2e2Æ(eÆ�1)Æ !� a0 = 1;a1 = 1Àâòîð âûðàæàåò áëàãîäàðíîñòü À.Â. Êèìó è Â.�. Ïèìåíîâó çàïîìîùü è ïîääåðæêó ïðè ïîäãîòîâêå ñòàòüè.214


