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Abstract: The method of computation of descrete Fourier transform for polynomials of many variables over
the ring Zp[x1, x2, . . . , xn] is considered. Theoretical complexity of the stated approach is provided.
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Êëþ÷åâûå ñëîâà: ôóíêöèîíàëüíî-äèôôåðåíöèàëüíîå óðàâíåíèå; ôóíêöèÿ Êîøè; ñèñòåìà àâòîìàòè-
÷åñêîãî ðåãóëèðîâàíèÿ; óñòîé÷èâîñòü.

Àííîòàöèÿ: Ïðåäëàãàþòñÿ äîñòàòî÷íûå óñëîâèÿ ïîëîæèòåëüíîñòè ôóíêöèè Êîøè è ôóíäàìåíòàëüíî-
ãî ðåøåíèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ ïåðâîãî ïîðÿäêà ñ çàïàçäûâàþùèì àðãóìåíòîì; ýòè óñëîâèÿ
èñïîëüçóþòñÿ äëÿ ïîëó÷åíèÿ ïðèçíàêîâ óñòîé÷èâîñòè ðåøåíèé óðàâíåíèÿ, îïèñûâàþùåãî äèíàìèêó ñè-
ñòåìû àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ.

Ìíîãèå ïðîöåññû, ïðîòåêàþùèå â ðåàëüíûõ ñèñòåìàõ, íå ìîãóò áûòü àäåêâàòíî îïèñàíû îáûê-
íîâåííûìè äèôôåðåíöèàëüíûìè óðàâíåíèÿìè. Âñå áîëåå àêòóàëüíûìè â ïîñëåäíåå âðåìÿ ñòà-
íîâÿòñÿ òàêèå ïðèêëàäíûå çàäà÷è, â êîòîðûõ òðåáóåòñÿ ó÷èòûâàòü îäíî èç ôóíäàìåíòàëüíûõ
ñâîéñòâ ëþáûõ ðåàëüíûõ ñèñòåì è îáúåêòîâ � çàïàçäûâàíèå. Çàïàçäûâàíèå îáóñëîâëåíî êàê íåîá-
õîäèìîñòüþ ïåðåäà÷è ñèãíàëà, ýíåðãèè èëè âåùåñòâà âî âðåìåíè, òàê è òåì îáñòîÿòåëüñòâîì, ÷òî
íà ñáîð è îáðàáîòêó èíôîðìàöèè, à òàêæå íà ïðèíÿòèå ðåøåíèé, íàïðèìåð â ñèñòåìàõ àâòîìàòè-
÷åñêîãî ðåãóëèðîâàíèÿ, òðåáóåòñÿ îïðåäåëåííîå âðåìÿ [1, 2]. Äëÿ ìàòåìàòè÷åñêîãî îïèñàíèÿ òà-
êîãî ðîäà ñèñòåì è îáúåêòîâ âñå áîëüøåå ïðèìåíåíèå íàõîäÿò äèôôåðåíöèàëüíûå óðàâíåíèÿ ñ çà-
ïàçäûâàþùèì àðãóìåíòîì, ÿâëÿþùèåñÿ àêòóàëüíûìè ïðåäñòàâèòåëÿìè êëàññà ôóíêöèîíàëüíî-
äèôôåðåíöèàëüíûõ óðàâíåíèé (ÔÄÓ), êîòîðûå â ëèíåéíîì ñëó÷àå ìîæíî çàïèñàòü â âèäå

(Lx)(t) = f(t), t ∈ [a,∞), (1)

ãäå L : ACn → Ln� ëèíåéíûé îãðàíè÷åííûé îïåðàòîð (çäåñü ACn� áàíàõîâî ïðîñòðàíñòâî
àáñîëþòíî íåïðåðûâíûõ ôóíêöèé x : [a,∞) → Rn, Ln� áàíàõîâî ïðîñòðàíñòâî ñóììèðóåìûõ
íà êàæäîì êîíå÷íîì îòðåçêå [a, b] ⊂ [a,∞) ôóíêöèé z : [a,∞) → Rn).
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Òåîðèÿ ÔÄÓ â íàñòîÿùåå âðåìÿ èíòåíñèâíî ðàçâèâàåòñÿ, îñíîâíûå ðåçóëüòàòû ýòîé òåîðèè
ïðèâåäåíû â ìîíîãðàôèÿõ [3, 4] (ñì. òàêæå îáçîðû [1, 5]). Ïðè åñòåñòâåííûõ ïðåäïîëîæåíèÿõ
îòíîñèòåëüíî óðàâíåíèÿ (1) åãî îáùåå ðåøåíèå çàäàåòñÿ ôîðìóëîé Êîøè [3, 4]

x(t) = X(t)x(a) +
∫ t

a
C(t, s)f(s) ds, (2)

ãäå C(t, s) � ìàòðèöà Êîøè, X(t) � ôóíäàìåíòàëüíàÿ ìàòðèöà óðàâíåíèÿ (1). Èç ôîðìóëû (2)
ñëåäóåò, ÷òî àñèìïòîòè÷åñêèå ñâîéñòâà óðàâíåíèÿ (1) ïîëíîñòüþ îïðåäåëÿþòñÿ àñèìïòîòè÷åñêèì
ïîâåäåíèåì ìàòðèö C(t, s) è X(t).

Â äîêëàäå ðàññìàòðèâàåòñÿ ñêàëÿðíîå äèôôåðåíöèàëüíîå óðàâíåíèå ñ çàïàçäûâàþùèì àðãó-
ìåíòîì

(Lx)(t) ≡ ẋ(t) +
m∑

k=1

Hk(t)x[τk(t)] = f(t), t ∈ [a,∞), (3)

x(ξ) = 0, åñëè ξ < a,

ãäå Hk, f ∈ L; ôóíêöèè τk : [a,∞) → R èçìåðèìû, τk(t) 6 t ïðè ïî÷òè âñåõ t ∈ [a,∞), k =
= 1, . . . , m.

Åñëè ïàðàìåòðû óðàâíåíèÿ (3) ïîñòîÿííû, òî óñëîâèÿ óñòîé÷èâîñòè ðåøåíèé ìîæíî ïîëó-
÷àòü [5], èññëåäóÿ êîðíè õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ (êâàçèïîëèíîìà) èëè ïðèìåíÿÿ ÷àñòîò-
íûå êðèòåðèè. Â äîêëàäå ïðèâîäÿòñÿ äîñòàòî÷íûå óñëîâèÿ ïîëîæèòåëüíîñòè ôóíêöèè Êîøè è
ôóíäàìåíòàëüíîãî ðåøåíèÿ óðàâíåíèÿ (3) è îñíîâàííûå íà ýòèõ óñëîâèÿõ óòâåðæäåíèÿ î ñðàâ-
íåíèè ðåøåíèé, ÷òî ïîçâîëÿåò ïîëó÷àòü ïðèçíàêè óñòîé÷èâîñòè ýòîãî óðàâíåíèÿ. Ýòè ïðèçíàêè
ïðèìåíÿþòñÿ äëÿ èññëåäîâàíèÿ äèíàìèêè ñèñòåì àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ, êîòîðûå îïè-
ñûâàþòñÿ óðàâíåíèåì (3).
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Abstract: some su�cient conditions of positiveness of Cauchy`s function and a fundamental solution of delay
di�erential equation of the �rst order are proposed; these conditions for receiving of stability signs solutions an
equation are used; this equation describes the dynamics properties of system of automatic regulation.

Keywords: functional di�erential equation; Cauchy`s function; system of automatic regulation; stability.
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Êëþ÷åâûå ñëîâà: ìèíèìàêñíîå ðåøåíèå óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ ïåðâîãî ïîðÿäêà; çàäà÷à
Äèðèõëå; çàäà÷à áûñòðîäåéñòâèÿ; ìíîæåñòâî ñèììåòðèè; ýéêîíàë.

Àííîòàöèÿ: Ïðèâîäèòñÿ ìåòîä ïîñòðîåíèÿ ôóíêöèè îïòèìàëüíîãî ðåçóëüòàòà â çàäà÷å áûñòðîäåé-
ñòâèÿ, îñíîâàííûé íà âûäåëåíèè ìíîæåñòâà ñèììåòðèè êðàåâîãî óñëîâèÿ. Ðàçâèâàåòñÿ ÷èñëåííî-àíàëèòè-
÷åñêèé ïîäõîä ê àïïðîêñèìàöèè ìíîæåñòâà óïðàâëÿåìîñòè. Óñòàíàâëèâàåòñÿ ñâÿçü ðåøåíèÿ çàäà÷è áûñò-
ðîäåéñòâèÿ ñ ðåøåíèåì çàäà÷è î ïîñòðîåíèè ýâîëþöèè âîëíîâûõ ôðîíòîâ ïðè êîíñòðóèðîâàíèè ýéêîíàëà.
Ïðèâîäÿòñÿ ðåçóëüòàòû ìîäåëèðîâàíèÿ ðåøåíèé äèíàìè÷åñêèõ çàäà÷ áûñòðîäåéñòâèÿ è çàäà÷ ãåîìåòðè-
÷åñêîé îïòèêè.

Èçó÷àåòñÿ çàäà÷à Äèðèõëå äëÿ óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ ïåðâîãî ïîðÿäêà òèïà
Ãàìèëüòîíà�ßêîáè

min
ν:‖ν‖61

〈ν, Du(x)〉+ 1 = 0, (1)

u|Γ = 0. (2)

Çäåñü x = (x, y) ∈ R2, ‖ν‖ =
√

ν2
1 + ν2

2 � åâêëèäîâà íîðìà âåêòîðà ν = (ν1, ν2), Γ � ãðàíèöà
çàìêíóòîãî ìíîæåñòâà M ⊂ R2, Du(x) =

(
∂u
∂x

, ∂u
∂y

)
� ãðàäèåò ôóíêöèè u = u(x).

Ìèíèìàêñíîå ðåøåíèå [1] çàäà÷è Äèðèõëå (1)�(2) ñîâïàäàåò ñ ôóíêöèåé îïòèìàëüíîãî ðåçóëü-
òàòà ñîîòâåòñòâóþùåé çàäà÷è äèíàìè÷åñêîãî áûñòðîäåéñòâèÿ ñ êðóãîâîé èíäèêàòðèñîé ñêîðî-
ñòåé. Èññëåäóåòñÿ äîñòàòî÷íî îáùèé ñëó÷àé êðàåâîãî (öåëåâîãî) ìíîæåñòâà M . Ïðåäïîëàãàåòñÿ,
÷òî M ÿâëÿåòñÿ, âîîáùå ãîâîðÿ, íåâûïóêëûì ìíîæåñòâîì ñ íåãëàäêîé ãðàíèöåé. Ïðåäëàãàåòñÿ
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