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Äëÿ äâóìåðíîãî ãèïåðáîëè÷åñêîãî äèôôåðåíöèàëüíî-ðàçíîñòíîãî
óðàâíåíèÿ ñ n ñäâèãàìè ïî ïðîñòðàíñòâåííîé ïåðåìåííîé ïîñòðîåíî
îäíîïàðàìåòðè÷åñêîå ñåìåéñòâî ãëàäêèõ ðåøåíèé. Äîêàçàíà òåîðå-
ìà, ÷òî ïîëó÷åííûå ðåøåíèÿ ÿâëÿþòñÿ êëàññè÷åñêèìè, åñëè âåùå-
ñòâåííàÿ ÷àñòü ñèìâîëà ðàçíîñòíîãî îïåðàòîðà, âõîäÿùåãî â óðàâ-
íåíèå, ïîëîæèòåëüíà.

Êëþ÷åâûå ñëîâà: ãèïåðáîëè÷åñêîå óðàâíåíèå, äèôôåðåíöèàëüíî-ðàç-
íîñòíîå óðàâíåíèå, êëàññè÷åñêîå ðåøåíèå, ãëàäêîå ðåøåíèå.

On smooth classical solutions of hyperbolic
differential-difference equations with n translations

A one-parameter family of smooth solutions of a two-dimensional differenti-
al-difference hyperbolic equation with n translations with respect to the
spatial variable is constructed. The theorem is proved that the obtained

Çàéöåâà Íàòàëüÿ Âëàäèìèðîâíà, ñòàðøèé ïðåïîäàâàòåëü, ÌÃÓ èìåíè Ì.Â. Ëî-
ìîíîñîâà (Ìîñêâà, Ðîññèÿ); Natalya Zaitseva (Lomonosov Moscow State University,
Moscow, Russia)
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solutions are classical if the real part of the symbol of the difference op-
erator of the equation is positive.

Keywords: hyperbolic equation, differential-difference equation, classi-
cal solution, smooth solution.

Âïåðâûå äèôôåðåíöèàëüíî-ðàçíîñòíîå óðàâíåíèå áûëî èçó÷åíî J. Ber-
noulli [1] â çàäà÷å î íåâåñîìîé íàòÿíóòîé ñòðóíå êîíå÷íîé äëèíû, âäîëü
êîòîðîé ðàñïðåäåëåíû ðàâíûå è ðàâíîóäàëåííûå ìàññû. Óðàâíåíèå, ðàñ-
ñìîòðåííîå èì, âñòðåòèëîñü ïðè ðàçðàáîòêå òåîðèè çâóêà è ïðèâëåêëî
âíèìàíèå ìíîãèõ äðóãèõ ìàòåìàòèêîâ (ñì., íàïð., [2] è èìåþùóþñÿ òàì
áèáëèîãðàôèþ). Â êíèãå [3] ïðèâåäåí îáøèðíûé ìàòåðèàë ïî òåîðèè
ëèíåéíûõ äèôôåðåíöèàëüíî-ðàçíîñòíûõ óðàâíåíèé ñ ïîñòîÿííûìè êî-
ýôôèöèåíòàìè, ÷àñòî âñòðå÷àþùèìèñÿ â òåîðèè àâòîìàòè÷åñêîãî ðåãó-
ëèðîâàíèÿ.

Èçó÷åíèå çàäà÷ ìåõàíèêè ñïëîøíûõ ñðåä ïðèâåëî â äàëüíåéøåì ê
ðàññìîòðåíèþ äèôôåðåíöèàëüíî-ðàçíîñòíûõ óðàâíåíèé ñ ÷àñòíûìè ïðî-
èçâîäíûìè. Â íàñòîÿùåå âðåìÿ ïîäðîáíî èññëåäîâàíû çàäà÷è äëÿ óêà-
çàííûõ óðàâíåíèé â îãðàíè÷åííûõ îáëàñòÿõ (ñì., íàïð., [4] è èìåþùó-
þñÿ òàì áèáëèîãðàôèþ). Â íåîãðàíè÷åííûõ îáëàñòÿõ èçó÷åíû çàäà÷è
äëÿ ïàðàáîëè÷åñêèõ [5] è ýëëèïòè÷åñêèõ äèôôåðåíöèàëüíî-ðàçíîñòíûõ
óðàâíåíèé [6�8]. Ãèïåðáîëè÷åñêèå äèôôåðåíöèàëüíî-ðàçíîñòíûå óðàâ-
íåíèÿ ðàíåå áûëè èññëåäîâàíû äëÿ ñëó÷àÿ, êîãäà îïåðàòîðû ñäâèãà â
óðàâíåíèè äåéñòâóþò ïî ïåðåìåííîé âðåìåíè [9].

Ïóñòü aj è hj (j = 1, n) � çàäàííûå âåùåñòâåííûå ÷èñëà. Ðàññìîòðèì
â ïîëóïëîñêîñòè (x, t) ∈ R1 × (0,+∞) ãèïåðáîëè÷åñêîå óðàâíåíèå

∂2u(x, t)

∂t2
=

n∑
j=1

aj
∂2u(x− hj , t)

∂x2
, (1)

êîòîðîå, ñîãëàñíî òåðìèíîëîãèè [3], áóäåì íàçûâàòü äèôôåðåíöèàëüíî-
ðàçíîñòíûì óðàâíåíèåì.

Ââåäåì ïî àíàëîãèè ñ ðàáîòàìè [10, 11] îäíîïàðàìåòðè÷åñêîå ñåìåé-
ñòâî ôóíêöèé

G(x, t; ξ) := sin (ρ(ξ)ξt cos θ(ξ) + θ(ξ) + ξx)eρ(ξ)ξt sin θ(ξ)+

+ sin (ρ(ξ)ξt cos θ(ξ)− θ(ξ)− ξx)e−ρ(ξ)ξt sin θ(ξ),

ãäå

ρ(ξ) :=

 n∑
j=1

aj cos (hjξ)

2

+

 n∑
j=1

aj sin (hjξ)

21/4

è

θ(ξ) :=
1

2
arctg

n∑
j=1

aj sin (hjξ)

n∑
j=1

aj cos (hjξ)

.
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Òåîðåìà.Ïðè âûïîëíåíèè óñëîâèÿ
n∑
j=1

aj cos (hjξ) > 0 ôóíêöèÿ G(x, t; ξ)

óäîâëåòâîðÿåò óðàâíåíèþ (1) ïðè ëþáîì âåùåñòâåííîì çíà÷åíèè ïàðà-
ìåòðà ξ.
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