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��¼ê´��¼ê

�¹��¼ê9Ù,
�ê��§.

dy
dx

= f (x , y).

)y = y(x)�¿Â.
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�¹��¼ê9Ù,
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∂2u
∂x2 +

∂2u
∂y2 = 0 (Laplace���§§§)

)u = u(x , y)�¿Â.
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Ï)�A).

�3��5½nµ{
dy
dx = f (x , y),

x = x0 : y = y0.
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Laplace�§ 4u = 0

(4 =
∂2

∂x1
2 + +

∂2

∂xn
2),
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utt = 4u,
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9D��§ ut = 4u,
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∂x2 +

(
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∂y2

)3
= 0.
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E,5

ØÓ�Ôn5
��µ=⇒ØÓa.
��§=⇒ØÓ�A5=⇒ØÓ�J{
9){

©�Oa�ïÄâUÐ«´L�Sº,
�«¯K���.
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²;êÆÔn�§��Øä*�:

Navier-Stokes���§§§|||


∂u
∂t − µ4 u +

3∑
k=1

uk
∂u
∂xk

+ gradρ = F,

divu = 0.
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nnn���666NNNåååÆÆÆ���§§§|||


∂ρ
∂t + div(ρu) = 0
∂
∂t (ρu) + +div(ρu⊗ u + pI) = ρF
∂
∂t (ρe + 1

2ρu2) + div((ρe + 1
2ρu2 + p)u) = ρF · u

Ù¥

p = f (ρ, T ), e = e(ρ, T ).
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ρ0
∂2ui

∂t2 =
3∑

j,k ,l=1

aijkl
∂2uk

∂xj∂xl
+ ρ0bi (i = 1,2,3)

Schrödinger���§§§

i~
∂ψ

∂t
= − ~2

2m
4 ψ

KdV���§§§

ut + 6uux + uxxx = 0

· · · · ··
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ÄÄÄ���)))

±ü óÀ�
¤��)

n� 4 u = 0 :
1

4πr
(r = r(x0, x))

�� ∂u
∂t

=
∂2u
∂x2 :

1
2
√

πt
e−

(x−x0)2

4t

n� ∂2u
∂t2 = 4u :

δ(r − t)
4πar

(r = r(x0, x))

· · · · ··
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∂2u
∂x2 :

1
2
√

πt
e−

(x−x0)2

4t

n� ∂2u
∂t2 = 4u :

δ(r − t)
4πar

(r = r(x0, x))

· · · · ··
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�5PDEs�)þ�ÏLÄ�)�S\
�
�.

��
Ä�),ÒÝº
ùa�§)���7
��&E.

Jacques Hadamard (1865–1963)

Ç#*

Eâþ�(J
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DÚ�n)µÛÜz��ª"

UÄ=���Nz��ªº
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¼¼¼êêêµµµ

3«m(0, 1)þ�¼êy = f (x) :

x ∈ (0, 1) −→ y = f (x) (ÛÜz�½Â).

∀ϕ ∈ C∞
0 (0, 1) (Á�¼ê),

(f , ϕ) =

∫ 1

0
f (x)ϕ(x)dx (�Nz�½Â).

efëY,�½Â�d.
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�Òü>¿Ø����:

a2 − b2 = (a + b)(a− b)

���p�d�½Â¿Ø�Ó:

f ∈ L1(0, 1), A�??½Â.

δ¼ê:
δ(x) = 0, x 6= 0,


 ∫
δ(x)dx = 1.
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¼êVg���:

J. Leray,

Sobolev

L. Schwartz,

©©©ÙÙÙØØØ
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{
4u = f (x) in Ω,

u = 0 on Γ.

)u = u(x)

ÛÜz�n).

�Nz�n):∫
Ω

5u·5ϕdx+

∫
Ω

fϕdx = 0, ∀ϕ·�1w, ϕ|Γ = 0.
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éu ∈ C2(Ω)
⋂

C0(Ω̄),�ö�d.
��ö�ÿÐ�u ∈ H1

0(Ω) =

{u|u, Du ∈ L2(Ω), u|Γ = 0).

�¼©Û�{!Sobolev�mnØ?
\
 �©�§.

|^©ÙØ,Ä�)�±éÐ�£ã
�?n.

ooo���ddd EEE������ÆÆÆêêêÆÆÆ���ÆÆÆÆÆÆ���



logo

cccóóó ���. ���­­­ÀÀÀÔÔÔnnn���...���°°°ÄÄÄ ���. ���­­­ÀÀÀ~~~���©©©���§§§���°°°ÄÄÄ nnn. ���­­­ÀÀÀ���ÆÆÆOOO������°°°ÄÄÄ

Schwartz�c�ýó.

���555−→������555µµµ

�r��5,���¹Ä�m,�õ�
Å��]Ô.

��PDEs�c÷ÚÌ6.
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n�6NåÆ�§|:

�Ñ�6Ä=⇒V­.

æÑ�6Ä=⇒ý�.

76Ô¡þk>.^�.

-Å¡�gd>..

Ñ�¡�´gd>..
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uuuÐÐÐªªª³³³:

�§−→�§|
�5−→��5([�5)
�½>.−→gd>.
ÛÜ−→�N
$�−→p�
½.−→C.
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777666

üØ
p�!�N!C.,�E�3
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Cauchy¯̄̄KKK:

A. Douglis (1952).
P. Hartman & A. Wintner (1952)
P. D. Lax (1954)
R. Courant & P. D. Lax (1955)
R. Courant (1961)

R. Courant & K. O. Friedrichs
“Supersonic flow and shock wave”

(1948).
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|^�ÝãC�,
A��ëê�{,

¢yògd>.z��½>.,
�Ø¥%Å�õ�5Û:.

^{ü�S�{��ÛÜ)(1960–1961)

D. G. Schaeffer (1976): Nash-MoserS�
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|^�ÝãC�,
A��ëê�{,

¢yògd>.z��½>.,
�Ø¥%Å�õ�5Û:.

^{ü�S�{��ÛÜ)(1960–1961)

D. G. Schaeffer (1976): Nash-MoserS�
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LI Ta-tsien & YU Wen-ci:
“Boundary Value Problems for

Quasilinear Hyperbolic Systems” (1985)

ÛÜ)���nØ:

>�¯K,gd>.¯K.

-Å,�>mä,¥%Å.
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ÛÛÛÜÜÜ−→���NNN:

Cauchy¯K,·Ü¯K,>�¯K,g
d>.¯K, · · · · · · .

-Å,�>mä· · · · · · .

f�5òz,IOz�I.
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���¯̄̄KKK−→���¯̄̄KKK

®�Ô¡/G,¦-Å

®�-Å,¦Ô¡/G
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½½½...−→CCC... ö[,

$$$���−→ppp��� �L1

�cm

· · · · · ·

o�d,�cm, “ÔÔÔnnnÆÆÆ���   ���©©©���
§§§”(þ!eþ)
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�cm
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""")))���ìììCCC­­­½½½555,

°°°(((UUU���555

°°°(((UUU***555
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°°°(((UUU���555
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")�ìC­½5

dX
dt

= f (X ), X = (x1, · · · , xN)

f (0) = 0 : X = 0´��²ï�

�6Ä t = 0 : X = ε.

e) X = X (t ; ε)3t ≥ 0þ�N�3,�
�t → +∞�, (�ê)P~�0,K¡�äk"""
)))���ìììCCC­­­½½½555.
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dX
dt

= f (X ), X = (x1, · · · , xN)

f (0) = 0 : X = 0´��²ï�

�6Ä t = 0 : X = ε.

e) X = X (t ; ε)3t ≥ 0þ�N�3,�
�t → +∞�, (�ê)P~�0,K¡�äk"""
)))���ìììCCC­­­½½½555.
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½½½nnn: e�5z�§|
dX
dt

= AX (A = 5f (0))

äk“ÑÑ5”(A���A���¢Üþ�
K⇐⇒?Û�²�)3t → +∞�þ�ê
P~�"),K��§|äk")�ìC
­½5
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∂2u
∂t2 −4u = F (u,Du,DxDu),

Ù¥ 4 = ∂2

∂x1
2 + · · ·+ ∂2

∂xn2 ,

D =
( ∂
∂t
,
∂

∂x1
, · · · , ∂

∂xn

)
, Dx =

( ∂

∂x1
, · · · , ∂

∂xn

)
.

F (λ̂) = O(|λ̂|p), ∀ |λ̂|�, p ≥ 2�ê.

u ≡ 0−−−²²²ïïï���.

t = 0 : u = εϕ(x), ut = εψ(x),

Ù¥ϕ, ψ ∈ C∞0 (Rn), ε > 0��ëê.
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∂2u
∂t2 −4u = F (u,Du,DxDu),

Ù¥ 4 = ∂2

∂x1
2 + · · ·+ ∂2

∂xn2 ,

D =
( ∂
∂t
,
∂

∂x1
, · · · , ∂

∂xn

)
, Dx =

( ∂

∂x1
, · · · , ∂

∂xn

)
.

F (λ̂) = O(|λ̂|p), ∀ |λ̂|�, p ≥ 2�ê.

u ≡ 0−−−²²²ïïï���.

t = 0 : u = εϕ(x), ut = εψ(x),

Ù¥ϕ, ψ ∈ C∞0 (Rn), ε > 0��ëê.
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�5z�§
utt −4u = 0

Ø¹ÑÑ�,�)E�k�½P~5:

|u(t , x)| ≤ C(1 + t)−
n−1

2 , ∀t ≥ 0,∀x ∈ Rn.

�m�ên ≥ 2�,��)þP~. �Ø´�êP~,

�´õ�ªP~; n��,P~�¯.

“J�gXY¥���,

(§)[ØÊE/*�,

���Ð�z�¿k.”
—Þ¬'æ5í|o­6
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é�)
ó§p��§��5�F�K���.

�n9p v
��,�"k")�ìC­½5.

�én9p=�ê�m���'''XXX:

÷vù�'X, Cauchy¯K�²;)3t ≥ 0þ�N�3,=
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