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( pt + (pw)z = 0,
(pw)t + (pw? + p)z = (Lwz)z,

P

L (ple + L))+ ((ple + %) + p)w)e = (kK02 + pwwe)a.

p: BEEFTE, w: fE 0: #d&EE,
o FEERE (EEH), ~: BMzEEHE (EEH),
p: EH, e: ABBIRILF—.

KEFEX :

p = Rp0, e = ——=80.

R: [UIAKRER, ~v: LB (> 1, BR).



FAF7— FBEAR (757)

Pt + (pw}ﬂ: = 0,
(Pw)t + (ﬂwz + p):{: — []1

(ple + )i + ((p(e + %) + p)w), = 0.

Leonhard Euler
(1707 — 1783)

Swiss mathematician and physicist




RF v R=ILD/XT K T R (1752)

Jean-Baptiste le Rond d'Alembert
(1717 —1783)

¥tk  Navier (1827), Stokes (1845)
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\ J Claude-Louis Sir George Gabriel

Navier Stokes
(1785 — 1836 ) (1819 — 1903)
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BB Fourier (1807)

PR b
Jean Baptiste Joseph

=3
Fourier

Rtk & 25 2 R D B UA D T REACR (1768 — 1830)

( Pt + (PT.U);I: — U,

(pw)t + (pw? + p)a = (Hwz) e,

k (p(e + WT))t + ((p(e ué ) +p)w)z = (K0 + pwwe)sz.
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§ (pw)t + (pw? + p)z = (Pwe) e,
p=p(p) =ap” (a: EEH.




ut + f(u)z = (B(uw)uz)z (z €R, t>0).

w0 w(0,x) = ug(x) (x € R),
gz o lim w(t,x) =ugr (2> 0).
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Ar(u) < Az(u) < -+ < Am(u), (u€ Q).
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B(u)ri(u) #0  (u € Q,i=1,,,m).
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[u,-_ + df (u)u, = D]
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u_, r <0,
u(0,x) = { e, 7> 0
+1 .
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Riemannfi#



Riemann (1860)

( Pt + (Pw):r = 0,
(pw)s + (pw* + p)z = 0,
 p=p(p) =ap’.

Ueber die Fortpflanzung ebener Luftwellen von endlicher
Schwingungsweite.

e

(Aus dem achten Bande der Abhandlungen der Kiriglichen Gesellschaft der

Wissenschaften zu Gottingen. 1860.) Georg Friedrich
Bernhard
Riemann

Lax (1957) (1826 — 1866)

ut + f(u)z = 0.

B MR A7 RISR DB 8 D L
Commun. Pure Appl. Math., 10 (1957)

Peter David Lax (1926--)
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2 7% (Shock wave) : ’uf(:ﬂ — sty u_, u+)

xr = st
U | u— Ty
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| _— \ Lo = Ai(uy)
|
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Rankine-Hugoniot & : f(u_) — su_ = f(uy) — su,

%@(ﬁ (Rarefaction wave) : uz‘(:::ft; u_, u+)
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PEMIAEREI (Contact discontinuity) : uf(ﬂ: — At;u_,uy)
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* #i % (rarefaction wave) — 7o 780 (rarefaction wave)
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(contact discontinuity) (viscous contact wave)
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wl(t, ) = wi(x — styu_,u,,) +uf(e — Aty t,,, up) — Uy,
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Olga Arsemevna
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(1925 -2001)
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(1932--)
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1, PRy - EiCJEE ———> RiemannfD /XX —2 : 9 flEH

Riemann fi# kit R T DM & ek
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Mascia-Zumbum (2004)
Liu-Zen (2009)
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Liu-Zen (2009)

B+ RN — Huang-M (2009)
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HEY . BeiREg v € C([0,00); H) Ok

=
N

SR DAETE |

EFEOM >0 ZxtL, tg =to(M) > 0 BEFEEL T,
|luo|| < M %6IE, 8 uw € C([0,1]; H) BFEL,

sup [lu(t)]| < 2M.
tel



T 7V A Y 1)

FEEDuy € H 1T L, C(ug) > 0DFE L TRARKIL :
HBHT >0l L,u € C([0,T]; H) HfE7E 513,

sup [[u(t)|| < C(uo).
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Hdey>0&Cy > 0NFEL TRHRKIL :
HAHT >0, v e C([0,T]; H) BETHY M D

sup [[u(t)]| < eo
te[0,7]

sup |[[u(t)| < Colluol|-
te[0.77
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TZVF Ve 1T Tk AR ERBEOER

. (€0 €
|wo|| < ¢ := min ( ;, 25{}) EThIERL.
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H =R, u=1"%Yz,v)

d [ = v T Ty
(1) = (o) (2) 0= (2)

Kk>0ae R, u>0

=
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a>00EE, ||u||? =z + |v]? IZEELT,

sup ||w(®)]]? < C(uy).

te 0,77 ‘
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rpt-|—?*(pw):(],
plwy+w - Vw) +Vp = pAw + (p + A)V(V - w),

ple; +w - Ve)+ pV -w=rAO + T,
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p= Rpl, e= 6,




EHAREE (p,w,0) = (p,0,0) OIAEETOWHAERE

LLP S (Pﬂ' uw, H)(U) — (PD& wp, HD)
D HIT, WK 28T
(p—pyw,0 — g) € C([0,00); H)

JRIFTROREN E T 7Y AV Gl 1T

H: Sobolev 2 H*(R") (HIZIL, ZR3RTTIEH = H?)

H = {f € LX(R") | )" f € LA(RY), |a < k)
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ke 0] TER de = 0dS — pdv

e  S:IbOE—Cov:HEE(=1/p) OBHEEZ D EMAK

€y, = —p, eg=0,
[TFELT, TRXLXF—ELE=EH8KRE U = (p,0,0) DAY T
B(t) = [ pbu(u)de,
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E(t) ~/|(v — 5w, 8 — 5)(t)|* da
~ ||(u — U)(t)]|3..

-

k F&% TD 42T OREEIE DA

-

SobolevZEfl] H* TO 7 77 ") Fl II ORI



P das fie 5 oD i T % e
Ktk o BB B SUEET N D Lagrange/éfs TODRHE .

v — we = 0, o= 1/p: WM |
wy + Pz = (=) 2,
(€ + %0); + (pw)y = (k%2 4 p¥¥e),.

IR RO R
v v —1

IS - (‘U,wje)(‘m? 0) — ('U[]gw[h 9[])(33)

¥t I 5
lim (v,w,0)(,x) = (vg, w4,604)

r—too
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BEMAHE (contact discontinuity) : p— = p4 = P, w— = w4 = W
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. DL : O, ~ Ef% 0= |04 — 6]
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V{g + =0,
Wt+(R )m—ﬂ(w"”) + Ry,

[(5+50), + 0w, = (u5p+ w55) 4 1

.

2
Ry = 0(8)(1 4 t)~3/2e 147,
2

Ry = O(8)(1 + t)~2e 111,
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DIFEL, ZOEBu~DihEt2r7.
TZVZFVEE XA 7 11

sup ||[(u —U)@)||lg1 <e K1, |up—u_|<6pK1

te[0,T7]
—>
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E{f) — / {ﬁr;(u) d.‘]‘?t E(t] ~ "(H — U)(t)”iz
ZDLE,
GEO+ [ (1w = WhLP + 5510 - ©).F) da

+/ PW, (Tti’(%) + @(%)) dx = Good Terms,

[@(s}zs—l—lngs ] (~|s—1]%)
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[5:w+—94]

Wye ~ 6:1::1: ~ (ﬂ*z)r]

[l () + #()) do [

'l'.'fl:iI!2

<cs [ £ VIZ+ 10 —0%)d
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o T o

e 1+
—VI|?+160 —0O|*)d D
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BLLHHE (2010)

T
o = G, W = ['2‘”” e~V dy

[

d(l/ 2% d )+1/' e,
— | = | w T - p” dx
dt \ 2 8 1+t

< 1/|¢ |2dm+/w2¢>de
= 7 T

RNz
f wW2pd dx = f wW2pG dx
RICER LTI EDS
2
_ o 1
W va 204+, W = —wap, 0< w < V7

“Veirn 0 YT =S



= 2(1+t) = —

w \/2(1 n t)e Wi 2aﬂ-’mma 0<w< V7
2 d (1 2 42 2
qubc,?.‘igda::d— E/wqbda: —/wwtqb dzx

2 1 2
— | wwp“dr = | ——ww, P dx
2c

1 2 1 2 .2 1
/——ww;mqb dr = —/|wm| o dx +—/wwm¢¢m dx

2cx 2cx

‘ 1

8

| [ WWp PP dx

< —/|wm|2q52 de + — /|¢;ﬂg|2 dz
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