
1 Ââîäíûé ñåìèíàð

1.1. Íàéäèòå ÷àñòíûå ïðîèçâîäíûå ôóíêöèè u(x, y) = xy.

Ïóñòü u = u(x1, . . . , xn). Òîãäà äèôôåðåíöèàëüíûé îïåðàòîð ∆u =
∂2u

∂x2
1

+ · · · + ∂2u

∂x2
n

íàçû-

âàåòñÿ îïåðàòîðîì Ëàïëàñà. Â ÷àñòíîñòè, åñëè u = u(x, y), òî ∆u =
∂2u

∂x2
+

∂2u

∂y2
.

1.2. Íàéäèòå ∆u, åñëè à) u = sin x ch y; á) u = ln
√

x2 + y2.

Äèôôåðåíöèðîâàíèå ñëîæíîé ôóíêöèè. Ïóñòü u(x, y) = f(ξ(x, y), η(x, y)). Òîãäà
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Èëè â ñîêðàùåííîé çàïèñè
∂u

∂x
=

∂f
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· ∂ξ

∂x
+

∂f

∂η
· ∂η

∂x
.

Çàìåòèì, ÷òî ÷èñëî ïåðåìåííûõ ôóíêöèè f íå îáÿçàíî ñîâïàäàòü ñ ÷èñëîì ïåðåìåííûõ ôóíê-

öèè u. Àíàëîãè÷íî ìîæíî çàïèñàòü ôîðìóëû äëÿ ÷àñòíûõ ïðîèçâîäíûõ ôóíêöèé u(x, y) =
f(ξ(x, y)), u(x) = f(ξ(x), η(x)) è ò.ä.

1.3. Íàéäèòå ÷àñòíûå ïðîèçâîäíûå ïî x è ïî y ôóíêöèé à) u = f(x + y, x2 + y2); á)
u = f(x − y, xy).

1.4. Íàéäèòå ÷àñòíûå ïðîèçâîäíûå ôóíêöèè u = f(x, xy, xyz) ïî x, y è z.

1.5. Ïðîâåðüòå, ÷òî ôóíêöèÿ u = f(x2 + y2), ãäå f(ξ) � ïðîèçâîëüíàÿ äèôôåðåíöèðó-

åìàÿ ôóíêöèÿ, óäîâëåòâîðÿåò óðàâíåíèþ y
∂u

∂x
− x

∂u

∂y
= 0.

1.6. Ïðîâåðüòå, ÷òî ôóíêöèÿ u =
y2

3x
+ f(xy), ãäå f(ξ) � ïðîèçâîëüíàÿ äèôôåðåíöè-

ðóåìàÿ ôóíêöèÿ, óäîâëåòâîðÿåò óðàâíåíèþ x2∂u

∂x
− xy

∂u

∂y
+ y2 = 0.

1.7. Íàéäèòå ðåøåíèå u(x, y) óðàâíåíèÿ
∂u

∂x
= cos x + xy, óäîâëåòâîðÿþùåå óñëîâèþ

u(0, y) = y2.

1.8. Ðåøèòå óðàâíåíèÿ à)
∂2z

∂x2
= 0, z = z(x, y); á)

∂3u

∂x∂y∂z
= 0, u = u(x, y, z).

1.9. Ïðîâåðüòå, ÷òî ôóíêöèÿ u = f(x − at) + g(x + at), ãäå f è g � ïðîèçâîëüíûå

äâàæäû äèôôåðåíöèðóåìûå ôóíêöèè, óäîâëåòâîðÿåò óðàâíåíèþ
∂2u

∂t2
= a2∂2u

∂x2
.

Äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

1.10. Íàéäèòå ÷àñòíûå ïðîèçâîäíûå ôóíêöèè u = f(xy)g(yz), ãäå f è g � ïðîèçâîëü-
íûå äèôôåðåíöèðóåìûå ôóíêöèè.

1.11. Íàéäèòå ðåøåíèå óðàâíåíèÿ
∂u

∂y
= x2 + y2 òàêîå, ÷òî u(x, x) = 0.

1.12. Íàéäèòå ÷àñòíûå ïðîèçâîäíûå âòîðîãî ïîðÿäêà ôóíêöèé

à) u = f(x + y, x2 + y2); á) u = f(xy,
x

y
).
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