
Ìåòîä èíòåãðàëüíûõ ïðåîáðàçîâàíèé

13 Ïðèìåíåíèå ïðåîáðàçîâàíèÿ Ëàïëàñà ê ðåøåíèþ

çàäà÷ ìàòåìàòè÷åñêîé ôèçèêè

13.1. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà ïî ïåðåìåííîé x, ðåøèòå çàäà÷ó

uy = uxx + a2u+ f(x), (x, y) ∈ R2
+; u(0, y) = ux(0, y) = 0.

Îòâåò: u(x, y) = − 1
a

x∫
0

f(x− s) sin as ds.

13.2. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà ïî ïåðåìåííîé x, ðåøèòå çàäà÷ó

uxx + uxt = 0, (x, t) ∈ R2
+; u(0, t) = ψ(t), ux(0, t) = 0, u(x, 0) = ϕ(x); ψ(0) = ϕ(0) = 0.

Îòâåò: u(x, y) = ψ(t) + ϕ(x− t)1(x > t).

13.3. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà ïî ïåðåìåííûì x è t, ðåøèòå çàäà÷ó

9uxx+4utt = 36e2x sin 3t, (x, t) ∈ R2
+; u(0, t) = 0, ux(0, t) = sin 3t, u(x, 0) = 0, ut(x, 0) =

3xe2x.

Îòâåò: u(x, y) = xe2x sin 3t.

13.4. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà ïî ïåðåìåííûì x è t, ðåøèòå çàäà÷ó

utt = a2uxx, (x, t) ∈ R2
+; ux(0, t)− hu(0, t) = ϕ(t), u(∞, t) = 0, u(x, 0) = ut(x, 0) = 0.

Îòâåò: u(x, y) = −aeh(x−at)
t−x/a∫

0

eahτϕ(τ)dτ 1(x < at).

Äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

13.5. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà, ðåøèòå çàäà÷ó

uy = uxx + u+B cosx, (x, y) ∈ R2
+; u(0, y) = Ae−3y, ux(0, y) = 0.

Îòâåò: u(x, y) = Ae−3y cos 2x− B
2
x sin x.

13.6. Ïîëüçóÿñü ïðåîáðàçîâàíèåì Ëàïëàñà, ðåøèòå çàäà÷ó

uxx − ut + u = f(x), (x, t) ∈ R2
+; u(0, t) = t, ux(0, t) = 0.

Îòâåò: u(x, y) = t cosx+ 1
2
x sin x+

x∫
0

f(s) sin(x− s)ds.
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