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∂u

∂x
,

∂u
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,

∂u

∂z
,

∂u

∂t

∂2u

∂x2
,

∂2u

∂x ∂t
,

∂3u

∂x2 ∂t
, ...

F (x1, · · · , xn, u, ux1 , · · · , uxn , ux1x1 , · · · ) = 0



u F

u F

u = u(ξ)

ODE ξ = k(x − vt)

Lu = 0

L =
n∑

i=1

n∑
j=1

aijDxi
Dxj

+
n∑

i=1

biDxi
+ c

u = u(x1, x2, ..., xn)

u = X1(x1) X2(x2) ... Xn(xn)

Dxi
u = Dxi

n∏
k=1

Xk(xk)

=
dXi(xi)

dxi

n∏
k=1
k �=i

Xk(xk)



Dxi
Dxj

u = Dxi
Dxj

n∏
k=1

Xk(xk)

= Dxi
(
dXj(xj)

dxj

n∏
k=1
k �=j

Xk(xk))

=
dXi(xi)

dxi

dXj(xj)

dxj

n∏
k=1
k �=i,j

Xk(xk)

Lu = (
n∑

i=1

n∑
j=1

aijDxi
Dxj

+
n∑

i=1

biDxi
+ c)

n∏
k=1

Xk(xk)

=
n∑

i=1

n∑
j=1

aijDxi
Dxj

(
n∏

k=1

Xk(xk)) +
n∑

i=1

biDxi
(

n∏
k=1

Xk(xk)) + c(
n∏

k=1

Xk(xk))

=
n∑

i=1

n∑
j=1

aijX
′
i(xi)X

′
j(xj)

n∏
k=1
k �=i,j
i �=j

Xk(xk) +
n∑

i=1

aiiX
′′
i (xi)

n∏
k=1
k �=i

Xk(xk)

+
n∑

i=1

biX
′
i(xi)

n∏
k=1
k �=i

Xk(xk) + c

n∏
k=1

Xk(xk)

= 0

F1(X
′′
1 (x1), X

′
1(x1), X1(x1)) = ... = Fn(X

′′
n(xn), X

′
n(xn), Xn(xn))

x1, x2, ..., xn

F1(X
′′
1 (x1), X

′
1(x1), X1(x1)) = ... = Fn(X

′′
n(xn), X

′
n(xn), Xn(xn)) = λ ∈ R

k = 1, 2, ..., n Xk(xk)




Xk(xk) = c1kXk1(xk) + c2kXk2(xk)

k = 1, 2, ..., n



u = X1(x1) X2(x2) ... Xn(xn)

=
n∏

k=1

Xk(xk)

=
n∏

k=1

[c1kXk1(xk) + c2kXk2(xk)].

u(x, t) = f(x− vt)

v

u(x, t) = f(x − vt)







MEW

k = 1, 2, ..., n xk = xk(t)


dx1

dt
= f1(x1, ..., xn)

dxn

dt
= fn(x1, ..., xn)

t k = 1, 2, ..., n fk




dx1

dt
= F1(t, x1, ..., xn)

dxn

dt
= Fn(t, x1, ..., xn)

t k = 1, 2, ..., n Fk

t = τ =⇒ dτ

dt
= 1




dx1

dτ
dτ
dt

= F1(t, x1, ..., xn)

dxn

dτ
dτ
dt

= Fn(t, x1, ..., xn)






dx1

dτ
= F1(t, x1, ..., xn)

dxn

dτ
= Fn(t, x1, ..., xn)

dt
dτ

= 1 = Fn+1(t, x1, ..., xn)

y′ = f(x, y)

F (x, y) = c F (x, y)

c

F (x, y)

∂F (x, y)

∂x
+
∂F (x, y)

∂y
f(x, y) = 0.

f(x, y)

x2 + y2 y′ = −x
y

ex
2+y2


