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1. Ïðîâåðüòå ïðÿìûì âû÷èñëåíèåì, ÷òî îáîáùåííûå ôóíêöèè
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1

2c
θ(ct− |x|),

G2(x⃗, t) =
θ(ct− |x⃗|)

2πc
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c2t2 − |x⃗|2

,

G3(x⃗, t) =
θ(t)

2πc
δ
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)
óäîâëåòâîðÿþò óðàâíåíèÿì(

∂2t − c2∆d

)
Gd(x⃗, t) = δ(t)δ(x⃗), d = 1, 2, 3,

ãäå ∆d � îïåðàòîð Ëàïëàñà â Rd.

2. Ðåøèòå çàäà÷ó Êîøè íà ïîëóïðÿìîé x ≥ 0 äëÿ óðàâíåíèÿ utt =
c2uxx ñ óñëîâèÿìè u(0, t) = 0, u(x, 0) = φ(x), ut(x, 0) = ψ(x) (φ(0) =
ψ(0) = 0).

3. Ïóñòü u(x⃗, t) � ôóíêöèÿ, êîòîðàÿ ïðè t > 0 óäîâëåòâîðÿåò óðàâíå-

íèþ utt = c2∆, u(x⃗, 0) = u0(x⃗), ut(x⃗, 0) = u1(x⃗) è u(x, t) = 0 ïðè t < 0.
Äîêàæèòå, ÷òî òàê îïðåäåëåííàÿ ôóíêöèÿ óäîâëåòâîðÿåò óðàâíåíèþ

(∂2t − c2∆)u(x⃗, t) = u0(x⃗)δ
′(t) + u1(x⃗)δ(t).

4.Íàéäèòå ñôåðè÷åñêè ñèììåòðè÷íîå îáùåå ðåøåíèå óðàâíåíèÿ utt =
c2∆u â òðåõìåðíîì ïðîñòðàíñòâå.

5. à) Ïîêàæèòå, ÷òî óðàâíåíèå Ëèóâèëëÿ utt−uxx = eu èìååò ðåøåíèå

u(x, t) = log
8f ′(x+ t)g′(x− t)(
f(x+ t)− g(x− t)

)2 ,

ãäå f, g � ïðîèçâîëüíûå (òðèæäû äèôôåðåíöèðóåìûå) ôóíêöèè òàêèå,

÷òî f ′(x) > 0, g′(x) > 0.
á) Ïîêàæèòå, ÷òî óðàâíåíèå sine-Ãîðäîí utt − uxx = −g sinu (g > 0)

èìååò ðåøåíèå

u(x, t) = 4arctg exp
(√

g
x− vt√
1− v2

)
,

ãäå v � ïðîèçâîëüíûé ïàðàìåòð òàêîé, ÷òî |v| < 1.

6. Íàéäèòå ðåøåíèå óðàâíåíèÿ utt = c2uxx + f(x, t) ïðè

f(x, t) =
e−t

x2 + a2

íà ïðÿìîé òàêîå, ÷òî u(x, 0) = 0.


