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Ðàáîòà ïîñâÿùåíà ÷èñëåííîìó èññëåäîâàíèþ èíòåãðàëüíûõ äèíàìè÷åñêèõ ìîäåëåé, â
îñíîâå êîòîðûõ ëåæàò èíòåãðàëüíûå óðàâíåíèÿ Âîëüòåððà I ðîäà ñ ÿäðàìè, òåðïÿùèìè
ðàçðûâû íà ìíîæåñòâå ãëàäêèõ êðèâûõ. Ðå÷ü èäåò îá óðàâíåíèÿõ âèäà∫ t

0

K(t, s)x(s)ds = g(t), 0 ≤ s ≤ t ≤ T, g(0) = 0, (1)

ãäå ÿäðî K(t, s) ïðåäñòàâèìî â ôîðìå

K(t, s) =


K1(t, s), t, s ∈ m1,
. . . . . . . . . . . .
Kn(t, s), t, s ∈ mn,

(2)

Çäåñü mi = {t, s
∣∣ αi−1(t) < s < αi(t)}, α0(t) = 0, αn(t) = t, i = 1, n, αi(t), g(t) ∈ C1

[0,T ],

ôóíêöèè Ki(t, s) èìåþò íåïðåðûâíûå ïðîèçâîäíûå ïî ïåðåìåííîé t ïðè (t, s) ∈ cl(mi),
Kn(t, t) ̸= 0, αi(0) = 0, 0 < α1(t) < α2(t) < . . . < αn−1(t) < t, ôóíêöèè α1(t), . . . , αn−1(t)
ìîíîòîííî âîçðàñòàþò è 0 < α′

1(0) ≤ . . . ≤ α′
n−1(0) < 1, à cl(mi) � çàìûêàíèå ìíîæåñòâà

mi.
Òàêèå ñëàáî ðåãóëÿðíûå óðàâíåíèÿ Âîëüòåððà ïåðâîãî ðîäà ñ êóñî÷íî-íåïðåðûâíûìè

ÿäðàìè áûëè âïåðâûå êëàññèôèöèðîâàíû Ä.Í. Ñèäîðîâûì [1] è À. Ëîðåíöè [2] è àêòèâíî
èçó÷àëèñü ìíîãèìè àâòîðàìè â òå÷åíèå ïîñëåäíåãî äåñÿòèëåòèÿ. Çäåñü ÷èòàòåëè ìîãóò
îáðàòèòüñÿ ê [3] è èñòî÷íèêàì â ýòîé ìîíîãðàôèè. Îïåðàòîðíûì óðàâíåíèÿì Âîëüòåððà
ïåðâîãî ðîäà ñ ðàçðûâíàìè ÿäðàìè ïîñâÿùåíû ðàáîòû Í.À. Ñèäîðîâà è Ä.Í. Ñèäî-
ðîâà [4]. Òàêèå ìîäåëè Âîëüòåððà íàõîäÿò ïðèìåíåíèå ïðè ìîäåëèðîâàíèè ðàçëè÷íûõ
äèíàìè÷åñêèõ ïðîöåññîâ, âêëþ÷àÿ ñèñòåìû íàêîïèòåëåé ýíåðãèè [5, 6], òàêèå ìîäåëè, à
òàêæå âîïðîñû ÷èñëåííîãî ðåøåíèÿ òàêèõ èíòåãðàëüíûõ óðàâíåíèé è èõ ñèñòåì ïîäðîáíî
ðàññìîòðåíû â äèññåðòàöèè È.Ð. Ìóôòàõîâà [7].

Îáðàòíàÿ çàäà÷à.

Êëàññè÷åñêàÿ ïîñòàíîâêà çàäà÷è äëÿ ìîäåëè (1)-(2) çàêëþ÷àåòñÿ â îïðåäåëåíèè x(t) ïðè
èçâåñòíûõ îñòàëüíûõ êîìïîíåíòàõ. Îäíàêî ðÿä åñòåñòâåííûõ ïðèëîæåíèé ìîäåëè (1)-(2)
íà ïðàêòèêå ïðèâîäèò îáðàòíîé çàäà÷å, çàêëþ÷àþùåéñÿ â îïðåäåëåíèè ëèíèé ðàçðûâà
αi(t). Ïðè òàêîé ïîñòàíîâêå óðàâíåíèå (1) òðàêòóåòñÿ óæå êàê íåëèíåéíîå èíòåãðàëüíîå
óðàâíåíèå ñ íåèçâåñòíûìè ïðåäåëàìè èíòåãðèðîâàíèÿ, ÷èñëåííîå èññëåäîâàíèå êîòîðîãî
ïðåäñòàâëÿåò ìàòåìàòè÷åñêè áîëåå ñëîæíóþ çàäà÷ó. Ñëîæíîñòü äèñêðåòèçàöèè â ïåðâóþ
î÷åðåäü ñâÿçàíà ñ àïïðîêñèìàöèåé èíòåãðàëîâ ïðè íåèçâåñòíûõ äëèíàõ îòðåçêîâ èíòåãðè-
ðîâàíèÿ.



Ìîäåëè, îïèñûâàåìûå èíòåãðàëüíûìè óðàâíåíèÿìè ñ íåèçâåñòíûìè ïðåäåëàìè èíòå-
ãðèðîâàíèÿ, áåðóò ñâîå íà÷àëî â ðàáîòàõ Â.Ì. Ãëóøêîâà [8], èõ ýêîíîìè÷åñêèå ïðèëîæåíèÿ
èññëåäóþòñÿ â ðàáîòàõ N. Hritonenko è Yu. Yatsenko (ñì, íàïð., [9]), ðÿä ïðÿìûõ è èòåðà-
öèîííûõ ÷èñëåííûõ ìåòîäîâ À.Í. Òûíäîé ïðåäëîæåí â [10,11].

Â íàñòîÿùåé ðàáîòå äëÿ îáðàòíîé çàäà÷è (1)-(2) ïðè ðàçëè÷íûõ çíà÷åíèÿõ n ïðåäëàãà-
þòñÿ ïðÿìûå ÷èñëåííûå ìåòîäû äèñêðåòèçàöèè ïåðâîãî ïîðÿäêà òî÷íîñòè ñ àïîñòåðèîðíîé
âåðèôèêàöèåé âû÷èñëåíèé.

[1] Sidorov D.N. On parametric families of solutions of Volterra integral equations of the �rst kind
with piecewise smooth kernel. Di�. Equat. 2013. 49, 210�216. DOI: 10.1134/S0012266113020079

[2] Lorenzi A. Operator equations of the �rst kind and integro-di�erential equations of degenerate type
in Banach spaces and applications of integro-di�erential PDE's. Eurasian Journal of Mathematical
and Computer Applications. 2013. Volume 1, Issue 2, 50�75.

[3] Sidorov D. Integral Dynamical Models: Singularities, Signals And Control, In:L. O. Chua, ed.
World Scienti�c Series on Nonlinear Sciences Series A: Vol. 87, Singapore: World Scienti�c Press,
2015 .

[4] Sidorov N.A., Sidorov D.N. On the solvability of a class of Volterra operator equations of
the �rst kind with piecewise continuous kernels. Math. Notes. 2014. 96, 811�826. DOI:
10.1134/S0001434614110170

[5] Sidorov D.; Panasetsky D.; Tomin N.; Karamov D.; Zhukov A.; Muftahov I.; Dreglea A.;
Liu F.; Li Y. Toward Zero-Emission Hybrid AC/DC Power Systems with Renewable Energy
Sources and Storages: A Case Study from Lake Baikal Region. Energies. 2020. 13, 1226. DOI:
10.3390/en13051226

[6] Sidorov D.; Tynda A.; Muftahov I.; Dreglea A.; Liu F. Nonlinear Systems of Volterra Equations
with Piecewise Smooth Kernels: Numerical Solution and Application for Power Systems Operation.
Mathematics. 2020. 8, 1257 DOI: 10.3390/math8081257

[7] Ìóôòàõîâ È.Ð. Ìîäåëè Âîëüòåððà íàêîïèòåëåé ýíåðãèè â ñèñòåìàõ ñ âîçîáíîâëÿåìîé ãåíå-
ðàöèåé: ÷èñëåííûå ìåòîäû è ïðèëîæåíèÿ: àâòîðåô. äèñ. . . . êàíä. òåõ. íàóê. Èðêóòñê, 2022.
19 ñ.

[8] Ãëóøêîâ Â.Ì., Èâàíîâ Â.Â., ßíåíêî Â.Ì. Ìîäåëèðîâàíèå ðàçâèâàþùèõñÿ ñèñòåì, Ìîñêâà,
Íàóêà. 1983. 352ñ.

[9] Yatsenko Yu. Volterra integral equations with unknown delay time. Methods and Applications of
Analysis. 1995. 2 (4), pp. 408-419.

[10] Tynda A.N., Iterative numerical method for integral models of a nonlinear dynamical system with
unknown delay. PAMM. 2009. Volume 9 Issue 1, p.591�592.

[11] Tynda A.N., On the direct numerical methods for systems of integral equations with nonlinear
delays. PAMM. 2008. Volume 8, Issue 1 , p. 10857�10858.


