
2 Çàìåíà ïåðåìåííûõ

2.1. Ðåøèòå óðàâíåíèå zy−zx = 0, ïåðåéäÿ ê íîâûì íåçàâèñèìûì ïåðåìåííûì u = x+y,
v = x− y.

2.2. Ââåäÿ íîâûå íåçàâèñèìûå ïåðåìåííûå u è v, ðåøèòå äèôôåðåíöèàëüíîå óðàâíå-

íèå: xzx + yzy = z, åñëè u = x, v =
y

x
.

2.3. Ðåøèòå óðàâíåíèå ñ ÷àñòíûìè ïðîèçâîäíûìè, ââåäÿ íîâûå íåçàâèñèìûå ïåðåìåí-

íûå u è v: yzx − xzy = 0, åñëè u = x, v = x2 + y2.

2.4. Â óðàâíåíèè
∂u

∂x
+

∂u

∂y
+

∂u

∂z
= 0 ñäåëàéòå çàìåíó t = x, s = y − x, p = z − x.

2.5. Ââåäÿ íîâûå íåçàâèñèìûå ïåðåìåííûå, ïðåîáðàçóéòå âûðàæåíèå B = (zx)
2 +(zy)

2,

åñëè x = r cos ϕ, y = r sin ϕ.

2.6. Ðåøèòå äèôôåðåíöèàëüíîå óðàâíåíèå, ââåäÿ íîâûå ïåðåìåííûå u, v è w, ãäå w =

w(u, v): xzx + (y + 1)zy = 0, åñëè x = u + v, y =
v

u
, z =

w

u
.

2.7. Äîêàæèòå, ÷òî ëþáîå óðàâíåíèå zxy + azx + bzy + cz = 0, a, b, c ∈ R, ïóòåì çàìåíû

z = ueαx+βy, α, β ∈ R, u = u(x, y), ìîæíî ïðèâåñòè ê âèäó uxy + qu = 0, q ∈ R.

Ïóñòü óðàâíåíèå F (x, y, z) = 0 íåÿâíî çàäà¼ò ïîâåðõíîñòü, íà êîòîðîé ëåæèò òî÷êà M◦ =
(x◦, y◦, z◦). Òîãäà Fx(M◦)(x◦−x)+Fy(M◦)(y◦−y)+Fz(M◦)(z◦−z) = 0 � óðàâíåíèå êàñàòåëüíîé

ïëîñêîñòè â òî÷êå M◦, à
x◦ − x

Fx(M◦)
=

y◦ − y

Fy(M◦)
=

z◦ − z

Fz(M◦)
� óðàâíåíèå íîðìàëè ê ïîâåðõíîñòè â

òî÷êå M◦.

2.8. Íàïèøèòå óðàâíåíèÿ êàñàòåëüíîé ïëîñêîñòè è íîðìàëè ê ïîâåðõíîñòè x2+y2+z2 =
169 â òî÷êå M(3, 4, 12).

Äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ

2.9. Ââåäÿ íîâûå íåçàâèñèìûå ïåðåìåííûå u è v, ïðåîáðàçóéòå äèôôåðåíöèàëüíîå

óðàâíåíèå: yzx − xzy = yex2+y2
, åñëè u = x2 + y2, v = y.

Îòâåò: zv = ± v√
u− v2

eu.

2.10. Ðåøèòå óðàâíåíèå ñ ÷àñòíûìè ïðîèçâîäíûìè, ââåäÿ íîâûå íåçàâèñèìûå ïåðå-

ìåííûå u è v: azx + bzy = 0, åñëè u = ax + by, v = bx− ay.
Îòâåò: zu = 0, z = f(bx− ay), ãäå f(v) � ïðîèçâîëüíàÿ äèôôåðåíöèðóåìàÿ ôóíêöèÿ.

2.11. Ââåäÿ íîâûå íåçàâèñèìûå ïåðåìåííûå, ïðåîáðàçóéòå âûðàæåíèå: B = zxx + zyy,

åñëè x = r cos ϕ, y = r sin ϕ.

Îòâåò: B = zrr +
1

r
zr +

1

r2
zϕϕ.
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