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Abstract

In this paper, we study the asymptotic limit of the solution of the Cauchy problem
for one-dimensional quasilinear viscous equation with two non-interacting shock lay-
ers. The aim is to understand the evolution and construction of the non-interaction
viscous shock layer and the interaction between the external inviscid hyperbolic flow,
and to prove that the viscous solution converges uniformly to the piecewise smooth
inviscid solution in the region far from the shock layer. This is based on the method of
matched asymptotic expansions and energy estimates. Firstly, the approximate solu-
tion of the viscous equation is constructed by using the method of matched asymptotic
expansions, and then the error between the approximate solution and the real solution
of the viscous equation is estimated by the method of energy estimates, and the error
estimate of H' is obtained by using Sobolev embedding to obtain L>* estimate, thus

proving the asymptotic equivalence of the two kinds of equations.
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HI AT AR BEAG, BRATTRITE: — @ 510N, R VEIY) 77 REATRE L TRk X 75 72 2 18] £ 76 7
MG, BIUNET R AR IN-S J7 A% [1] [2] AUAT o4 R RRRL DT B2, BT IR AR 4 A2 /N FE IR
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BT RAIE [4-9]. A SCERUHE BAT AN BEGRRE 26 F T BT P e U AT AR R, H AR EEARG E
JZE B AL R DL K P9 TE Rt O JAE 2 T8 RO AR ELAE S, IR WS P 8 S i J = X3 — Bl 8
Tor FOGI TR, BA15 FE R 57

O (w,t) + 0, f (uf (z,1)) = d2us(w,t), w€R, t>0, £>0. (1.1)
P d:iipapss
Ou(x,t) + Op f(u(z,t)) =0, z€R, t>0, (1.2)
RIS 2. Forp f RO, WAL 0L f (. t) > 0.

AR BRI TT R LM v SRTT R u & R WS FEIT 1), IR R B NN 47
HE, HT v SRR SDIR A AR ME B A5 2, DA b A B2 0 A U JC A 30 40 B AR B R SR A 32 R 4 7
& (1.1) BEAME a,, FHABRANYEREN e BGHE KRG T B0 R A AN 2. 72 A i AL (1) i 72
HRERATT 2 R IRAE I B X380 & — 0 B w® 3800w, HFREX o AT mPMEIE. AT LS £
JRUBE FE FF A& AT RS FERY A B, 56 ot DL HC X P A IS o, 06422 T SR B 2% IR P B A e
PR AH G RE B Al TH R R OGN,

UE B B BB AN U, PR AR E — A o BT LA o, UERH R
FPRE P 0 PR A E VE BV R S O (L) RIRRIME, 5w R AT BURG 1k U7 R FRAEALURE 5 0 RE 75 2 ) L S A
PIBE AN . AT (1.1) X T A a, ZeVEsith 4544, STk [10] XFbgs 17— g
.

BT IRATH e BLA H— R R R IB. w(x, t) TR (1.2) 76 [0, T)(T > 0) L HmE— s iR,
T A R T SR A
(1) u(z,t) 7L (1.2) 7E R x [0, T] 670 v i
A)AEMNEBEZ 2 = s1(t) Mo = so(t) , HP 0 <t < T, 813 u(z, )EFET Rz # s1(t)
@ # so(t) AoHR RS,

(i) R FRAATE i = 1,2 A
Au(si(t) — 0,t) = Hli%f 05 (u(, 1)),

OFu(s;(t) +0,t) = lim 0% (u(a,t)), (1.3)

z—s;(t)+

(iv) Lax 261 2] 7€ 2 = s,(t),i = 1,2, 11

&j@@&ﬂ—&ﬂﬁ>%&u)>&waxw+Q®% (1.4)

I BRTLK TR (1.2) &™), & ul(z,t) € C2([0,T]; H¥(R)) /& THEHFE (1.1) HIfE,
XV e [0,T),i = 1,2, 2

u®(si(t) +0,t) — u’(s;(t) — 0,) < 0. (1.5)
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WX EE—A e > 0, 37718 (1.1) fFEME—— B (2, t) € CH([0,T]; H2(R)) Wi 2

sup / |uf (-, t) —u® (-, t)|?dx < Ce7, (1.6)
0<t<T JRr
sup |uE('7t) - uo('at” < C€, =12, (17)
0<t<T
lz—s;(t)|>e”

Hrhye (8,1),0>0.

2. I fERYAIE

FEART R, FATH VL FC#L 2 A AR IS AR (1.1) B we (2, t). B e, BATMINET
J It

2.1. ShERRRFF
TEEEHIRE {x = s1(t)} 1 {x = so(t)} WIXIE, 2 (1.1) BIfEe] CAEQ S I

uf (z,t) ~u’(z,t) + eu' (z,t) + e2u?(w,t) + (2, ) -+ - . (2.1)

R AN (1.1) FFIRYE R KL e MPEEAT K, B o # si(t) (1= 1,2), ATLSE:

O(1) : Opu® + 0, f(u”) = 0, (2.2)
O(e) : Ot + 0, (f (u)ut) = 0%u®, (2.3)
O(£%) : 0pu® + 0, (f' (u®)u?) = O2u' — %Bz(f”(uo)(ul)%, (2.4)

O(%) : Oy’ + 0 (f'(u)u?) = O7u” — O (f" (u”) (u' - u?)) — éax(f’”(uo)(ulf) (2.5)

o SRR O, ul AR o = s(t) Ab— IR AL, (HAE T 2 YT .
2.2. BUKEE v = s,(t) MEERFF

FERIZE {z = s1(t)} M, TAVF BB

us(w,t) ~ul(€,) +eul(&,t) + e2ul (6, 1) +2ud(&t) - -, (2.10)

=

- x — s1(t)

+81(t,¢), (2.11)

DOI: 10.12677/pm.2021.112039 294 I FH# e


https://doi.org/10.12677/pm.2021.112039

1=
A:#
48

61 RBEERD, frE. BAMRE 01(¢, ) RIF XN
§i(t,e) = 00(t) + ed1(t) + 257 (t) + %65 (t) -« - . (2.12)
K AN T2 (1.1) 153
oé) 02U + 1 (1)0cu — O f(u) = 0, (2.13)
O(1) :0¢u} + $1(8)Deuy — O (f' (ud)uy) = 60l + dpul, (2.14)
O(e) :07u? + %1 (1)0u? — O (f' (uQ)u3) = 870¢u + 610cu + dyul + %aa(f”(ug)(uif% (2.15)

O(£?) :07u? + $1(t)Oeul — Be(f' (u2)ul)
= 070cul + 019guy + 870cu? + Ol + O (" (ud) (ui - u3)) + 5 e (" (ug)(uy)®),  (2.16)

Fortt () = 42,6 = B AEPUREIK SR, M T € — oo, W JZ B FE T AN R IF RIS pg oL, T

W R
ul(&,t) =u’(s1(t) £0,t) 4 o(1), (2.17)
ul(E,t) =ut(s1(t) £0,t) + (€ — 69)0,u’(s1(t) £ 0,t) 4+ o(1), (2.18)

u2(&,t) =u?(s1(t) £ 0,t) + (€ — 60)0put (51(t) £ 0,1) — 610,u’(s1(t) £0,1)
+ %(5 —69)202u°(s1(t) £ 0,t) + o(1), (2.19)
ul(,t) =uP(s1(t) £0,t) 4 (£ — 69) 00’ (s1(t) £0,1) — 61 0,u' (s1(t) £0,1)

(€ — 80)20%u! (s () & 0,8) — 820,0° (s () & 0,8) — (€ — 80)0102° (s (1) % 0, )

N \

(€ —60)202u"(s1(t) £ 0,t) + o(1). (2.20)

cb\v—'

2.3. BUKE = = so(t) MEERFF

R Z {x = so(t)} M, FATFF RN A

us(x7 t) ~ ﬂg(m t) + 61—4(777 t) + 6211?(77,25) + 8317‘2(’7’ t) T (2'21)

=

— _52(” + (L), (2.22)
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by FEWIEE IS, frE. WAURBL da(¢, ) JRITH:
Sa(t,e) = 69(t) +ed5(t) + 205 (t) + %55 () + -+ - . (2.23)

REE AN TTRE (1.1) 13.51:

O(L) 03 + 850, — 9,f (1) =0, (2.24)
O(1) :02! + 5(1)0y ! — 0, (f(@0)at) = 690,a° + 0,1, (2.25)

S

O(e) 0503 + 55(4)0yus — 0, (f'()u?) = 090, ul + 030, 1l + Dyl + %%(f”(ﬂg)(ﬁl)Z), (2.26)
O(?) 0203 + $2() 0,12 — 0, (f' (ud)ul)
= 620,00 + 020, 1! + 690,a% + 0,42 + 9, (f" (a0 (a} - a?)) + 6 L (7 (@) (@h)?),  (2.27)

Hodt 8y(t) = €26, = D2 FEPURCIX IR, T 0 — Loo, Wik 2 I FE FF R0 50 I A2 [ i Bl o
F, Ui 2 an T 5 R

u’(n,t) =u’(so(t) £0,t) + o(1), (2.28)
al(n,t) =u'(s2(t) £ 0,t) + (n — 69)0,u’(s2(t) £ 0,t) + o(1), (2.29)
ﬁi(’)’], t) :u2(32(t) +0, t) + (77 - 5g)azu1(32(t) +0, t) - 65896@50(52(0 +0, t)+

%(n 02023 (55 (t) £ 0, ) + o(1), (2.30)
3 (n,t) =u®(sa(t) £ 0,1) + (1 — 03)0,u” (s2(t) £ 0, 1) — 630,u' (s2(t) £ 0, 1)+

%(n — 69)20%u* (so(t) £ 0,t) — 630,0° (52(t) £ 0,1) — (9 — 69)0502a° (52(t) £ 0,1)

+ é(n — 69)202u"(so(t) £ 0,t) + o(1). (2.31)

£ 2 = s1(t), AR TTRE, ST AE

e f(ud)—$10eu) = Dul, (2.32)
u(6,t) — up = u’(s; —0,t), & — —o0, (2.33)
u(€,t) = u, = u’(s; +0,t), & — +oo. (2.34)

£ 2 = so(t), AR ITRE, LT AF

O f(u2)—$90,u° = 85 a?, (2.35)
a(s)(nvt> — ul =u (SQ - 07 t)? n — —00Q, (236)
ul(n,t) = i, = u’(sy +0,t), 1 — +oo. (2.37)

SI3E2.1: 7R (2.32), (2.33), (2.34) X UAE 0] FEAFAEME—HEI R wQ(&,t). FAF,
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30[0 > O, iﬂ%/@
|0l (€, 1) < Cemlel, (2.38)

FAehdh, AR (2.35), (2.36), (2.37) XFUAE W BAELEME— SR w0 (¢,t). F4ob,
35&0 > 0, ‘iﬁi/@
|0, a(n, t)] < Ceml, (2.39)
IERR: FRATE deH A (2.32), (2.33), (2.34), W& W = 9.ul, ¥ J7fE (2.32) BN
W = W (D, f(ug) — 51).

XEEIAE [0, €] XIE]_EAR A5 2

13
et = [ @ufud.0) - s

13
W(E) = W (0)exp / (Ouf((y,1)) — &1)dy},
13
a§u2(§7t) = 8§U2(0, t)eXp{‘/O (auf(u(s)(yv t)) - 31>dy}
FAEXE (—o0, +00) 133

+oo £
W (s1(£) + 0,8) — u(s1 () — 0,8) = D (0, 1) / exp{ / (0 (u0(y,1)) — &1)dy}de.

[ (51(£) +0.) = (51 () = 0. )lexp{ f5 (9uf (ul(y. 1)) — 1)dy}
S exp{ [ (0uf (W0(y, 1)) — 51)dy}de

XFERATRG T 0cul BB, FIFEAT15:

85u2 =

5 g0 _ [W(s2+0,8) —u(sy — 0, 0)]exp{ [ (9uf (@(y: 1)) — 32)dy}
e J72 exp{ [y (0uf (@0(y, 1)) — $2)dy}dn

BAVAE ol L [3]
ul =€ 0,u’(s1(t) £0,t) + O(1), & — Fo0.
JiT A%
ul(§,t) = Vi€, t) + Di(é,1), (2.40)

Hrb Dy (¢,t) ROETEREL, 2

i) - {5 9,0 (s, (1) — 0,1), €< —1, o

g' aﬂcuo(sl(t) + Oat)7 5 > ]-»

%uo(sl(t) +0,t) = (61(t) — f/(u®(51(t) £0,1)))0pu’ (51(¢) £ 0,1).
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¥ (2.40) AN (2.14) K, HEAE:

OFVA(E,t) + 51(1)0eVA (&, 1) — O (f/ (ud(&, 1))VA (&, 1)) = 000cul(&,t) + g(£, 1),
g(&t) = (f/ (W&, ) — $1(£)))0pu (s1(t) £0,8) + f(ud(&,£))Deul (€, )€, u’ (51(t) £ 0,8) + Dul(, )

d 3 13
— 5 [ Gyt + £ )D€ DO 51 (0 £ 0.0) + 01 [ 0l )y,
0 0
T IRATIZE A
l9(&,1)] < Cem ks,
XL GE ) = [ g(y,t)dy, BATE

DeVA(E,1) = (F/(u(€,1) = 51(D))VAE, 1) + S{ul(€, 1) + G(E, 1) + (1), (2.42)
OeVA (1) + (31(8) — f/(u(& )))VA(E.t) = 8{ul(€,t) + G(E, 1) + (). (2.43)

Horbro(t) 22— HINFG, frE.
SIEE2.2: J5HE (2.43) AEAEME—DGIEME Vi(E, 1), WiAE:

ey = {0 = ) ) i+ G+ Ol enfel), € = —o o
(62(t) — £ ()~ [elt) + w9 + G4] + O(Lexpl—ne]}, € = +oo,
Hp Gy = 521:?00 G(&,t), a; > 0.
WERR: it EA1E.
§ . 13
Vi€ 1) = / 82602, 8) + Gz 1) + e(t)]exp{— / (51(t) — ' (u(y,1)))dy}d= (2.45)
£
+ V0, t)exp{— / (51(t) — F'(u(=. 1))z}
B Lax §i&1F (1.4) nI45.30:
EEI:?OO O:Vi(€,t) ~ O(1)exp{—au ||}, a1 > 0.
N (2.18), 5451
[e8) 40,80 + G = [u' (1 (1) + 0,1) — 820, (s1(6) + 0,0]5u () — f(w)),  (2.46)

[e(t)+ud? + G_] = [u'(s1() — 0,8) — 8%0,u’(s1(£) — 0,8)]($1 () — f'(w)).- (2.47)
07 (wr = w) = (81(t) = f'(w))u* (s1.(8) = 0,8) = ($1(t) — f'(u,))u! (s1(¢) + 0, 1)

+07[(81(t) = f'(ur))Duu’ (51 (t) + 0,8) — (31(t) — f'(w))Dau’ (s1(t) — 0,1)]

+GL -G (2.48)

)
)
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(2.46) 5 (2.47) I AHIRAF 2] (2.18) 2, FIrLA &9 W & — B 2Rtk o S o) 75 72
07 + Er(t)8) = Ex(t) + Gi(t), (2.49)

Eq(t) =[(51(t) — f'(ur))0pu®(s1() +0,8) — ($1(£) — f'(wr)) D (s1(t) — 0, )] (g — up) ™,
Ey(t) =[(51(t) — f"(w))u' (s1(t) — 0,8) — (31(t) = f'(up))u' (s1(2) + 0, )] (uy — up) ™,
Gi(t) =(Gy = G_)(w —up) ™",

f
f

KB (t). Ex(t)MG ()& 2 CAGTE BB FrLLrr LIRS 60 =BT s 4% 67 AR (2.46)
((2.47) TS o(t). TR 6 AT e(t) AN (2.44), W2 21 Vi(€,¢).
WRN2.3: ul F 60 BRI, HAFE an > 0 FI— N E R O(1) 15

ul = ul(s1(t) £0,t) + (€ — 69)0,u’(s1(t) £0,t) + O(1) exp {—a1 ||}, & — +oo0. (2.50)
al 69 I RE, HARE ap > 0 HI— 1 E % 0(1) 1115
al =u'(so(t) £0,t) + (n— 09)9,u’(s2(t) £0,t) + O(1) exp {—au|n|},n — Foo. (2.51)

Ffehtth, FATATLASE L w2, @b, 61, 63, u?, u, 6%, 63, X BATAMIEA LA
SI38:2.4 ST t € [0,T), B4 02 f (x,t) BRAL, W

0euf(u3(€,1)) <0, (2.52)
80, f (ud(n, 1)) <0, (2.53)

JERR: R N
[W®(s1(£) + 0,2) — u®(s1(t) — 0,8)] exp{ fif (D f (u0(y, 1)) — $1)dy}

65”2 = Foo )
ffoo exp{fo auf u(s)(y7 )) - Sl)dy}dé

5.a0 — [ (s2() +0,8) —u(s5(t) — 0,1)] exp{ Jy (0uf (@l (y, 1)) — $2)dy}

e f_oo exp{fo 8 f ug(y, )) - 32>dy}d77 ’

FIH (1.5) A7#3 9zul < 0 A1 9,ul < 0. {E=EE
Oe O f (u(&,1)) = O f(ul(€,1))Deul (€, 1)
OnOuf(@(n,t)) = 05 f(ul(n, 1)) Onud(n, t).

2.4. L f#

3o A X e A A A A A B Ve 23 A, BRATT AT AR AT BR Bk i 5 RE (1.3) RIIE AR, AR
UCRE S Z W AN R
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O(z,t) = u’(z,t) + eu'(z,t) + 2u?(x,t) + *u’(z,t), 7 # si(t),i = 1,2, (2.54)

x — s1(t) x — s1(t)

Ii(z,t) = u)( + 0% + 61 + %63, 1)

x — s1(t)
£

+ 87 + 8y + %61, t) +eul(

—si(t
+62u§(%81() + 0% + 61 + %67, 1) + 3ud( + 0% + 61 +%67,t),  (2.55)

x — $o(t) x — $o(t)

+ 69 + ey + €285, 1)
x — $o(t)

+ 69 + €6y + €265, 1) + el (

— Sa(t
e 52( Do el 4 €203, + <Pl

+ 69 + b5 + 263, 1), (2.56)
WM R m(z) € C(R) 2 0 < m(z) < 1

17 | z |S 17
m(z) =40, |z |>2, (2.57)
h(z), 1<]z|<2,

ZH h(x) B— MW REOHEL 0 < h(z) < 1. BRR, Bfilw 7R (1.1) Al fi:
u(x,t) = mily + moly +msls + (1 — mq —m2)O + d(z,t), (2.58)

Hef, my = m(Z28) my = m(E22) d(x,t) HEBHMEIET, Hd ¢ <y < 1. RIAEEEN

g7

HME IR E JE B, SRR w2, t) TR

a a) __ 2,0 — 5 ;
{atu F0L7(u) — et = S a0 259

u(x,0) = ug
(R,

a(@,t) = (1—my—m){(f(O) — f(u®) —ef (u)u' —2f (u)u? — *f (u)u

O - 2 O ) -~ ), - o),

’

er,t) = mi{(f(1) = fd) —ef (uul - f (W)ul — & f (ud)u - 6;f (ug) (u;)*

2 . . .
e (), u?) + 20uR} — = f (WD) (d)?), + 20l + £ (1 + Shul + edtu), ),

e t) = ma{(F(I) — F() — f (W)l - <t @ — &F (i)l - 5 F (i) i)

2 . . .
e @) @], 1) + 20,aR) — = f @)@, + 0 + £ (B3 + 3l + eia). ),
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Q4(Cl?,t) = atm1(I1 — O) — 8tm2(12 — O) — 8857711([1 — O)
—258$m1(.[1 — O)z — Eﬁimg(b — O) — 2£&,3m2(.72 — O)z
+0:m1(f(I) = f(O)) + 0ema(f(12) — f(O))

+f(mili + mols + (1 = my — m2)0), — (ma f(I1) + maf(I2) + (1 — ma — m2) f(O0))s,
gs(z,t) = dip —edyy + (f(u®) — f(u® —d))a,
suppmy € {x : [z — s1(¢)] < 27},
suppmz C {x : [z — s3(t)] < 27},
RAERATHI M IE TR, K IRAF3):
suppq: C {(z,t) : |z — ()| > 7,0 <t < T,i = 1,2},
oLqi(z,t) et / 10Lqr (-, 1)]12dt)? < O(1)e*~=2)y,1=0,1,2, (2.60)
suppgz € {(z,1) : |[v — s1(t)| < 27,0 <t < T},
oz, t) = 0(1)eBD7 1 =0,1,2, (2.61)
suppgs C{(w,1) @ [z — s2(t)] < 27,0 <t < T},
dlgs(x,t) = 0(1)eB D7 1=0,1,2, (2.62)
suppqs C{(z,t) 1 €7 < |z — s;(t)| < 27,0 < t < T,
Al qu(z,t) = 0(1)eBD71=0,1,2, (2.63)
RV EIRATHB T iR 450
(I, — 0) = O(1)e™ D7 on{(z,t) : &7 < |z — s1()| < 2e7,¢ € [0,T], (2.64)
OL(I, — 0) = O(1)e“=D7 onf{(z,t) : &7 < |z — so(t)| < 27, ¢ € [0, 7], (2.65)
A Re =" qila,t), W R = O(1)e®, BUEA d(x,t) F F I8l 4 i it
{dt = edyy — YL, i 1), 260
d(z,t) =0
PRI e 3 2
Opu” + 0, f(u®) — edpu® = (f(u®) — f(u" — d))a, (2.67)
X R TFEG d(2, t), FIFFRAEREEANTH RIS T 51 5] 2
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SIEE: 2.5 % d(z,t) =TT (2.66) WIfE, WVt € [0,T) A FoHET:

T
sup /Id(x,t)IdeJre/ /|8wd(x,t)|2dxdt < Ce™, (2.68)
0<t<T JRr 0o JR
T 2
sup / |0pd(z, 1) *dz + € / / |02d(x,1)|” dzdt < C<™, (2.69)
0<t<T JR 0 R
2 T 2
sup /laid($7t)| drr:+s/ /|8§d(m,t)| dadt < Ce™, (2.70)
0<t<T JR 0 R
sup || d(z,t) || oo r) < O™ (2.71)
0<t<T
sup | Opd(z,t) || 1oy < CE™, (2.72)
o<t<
MERRAETTHE (2.66) WYILFLL d, FRAE R EARGY, FRRIH 20 3R 50 T 45
1d 2 2 e
% ddm+€ |8d| dx + d Redz = 0. (2.73)
;jt d*dz + 8/ |5‘ d*dz < Ce™ + C/ d*dz. (2.74)
HHIH Gronwall A& AT 15!
T
sup /ld(x,t)Ide+e/ /|0$d(:v,t)|2dmdt§057"’,
0<t<T JR 0 R
% D = 0,d, W D J# /2
D, =¢eD,, — 9, R°,
tee (2.75)
D(z,0) =0
[l Bk T T 5 .
sup /Iazd(x,t)IdeJre/ /’82d(m,t)’2dxdt < O™, (2.76)
0<t<T JR 0 R
B (2.68), (2.69) Fl Sobolev A%5xX, 15
sup || d(,t) [|p=m< V2 || d(@,t) |7 ]| Qud(a,t) [|7,< Ce™.
0<t<T R R
4 D = 0,D, M D i &
Dt = EDmm — 3§R‘5,
_ 2.77
D(z,0) =0 (2.77)
[FIFEAG ] 15 .
sup /|3§d(x,t)|2d:c+s/ /|a§d(;c,t)|2dzdt < Ce, (2.78)
0<t<T JR 0 R
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 (2.69), (2.70) fil Sobolev A&, 15:
sup || Opd(, 1) ||L(®)
0<t<T
< V2| dud(a.) [ 2. 1) 1}, < O
S1382.6: 15 us(xt) & (2.58) & LI, N
u(z,t) + O(l)e, |z —s;(t)| >e7,i=1,2
ut(x,t) = qud(&,t) + 0(1)e?, |x — s1(t)] < 2¢7 (2.79)

uwl(n,t) + O(1)e?, |z — s5(t)] < 227,

MERR: HIAL G A 15

I + d, |z —s1(t)] < €7,

O+ my(I; — O) +d, e? < — s1(t)] < 2¢7,
u(z,t) = ¢ O +d, |z —s;(t)] >2e7,i=1,2

O—‘r’ﬂlg([g - O) +d, " S |$ - Sg(t)| S 257,

Ig+d, ‘JI—SQ(tH SE’Y.
HAE |z — si(t)] > €7, = 1,2 I, Oz, t) = w2z, t) + O(1)e, 1E |z — s1(t)] < &7k, Ii(z,t) =

u(6,1) + O(1)e7, 7F o — so(t)| < &7 L&, Ly(z,t) = ul(n,t) + O(1)e” . [k, 454 (2.57), (2.58) Al
51#E 2.5, (2.79) i

3. REMIH
BB us (o, 1) RTTFE (1.2) MOELSEME, &
uf (z,t) = u®(z,t) + e/*u(x,t), 6 € (0, %), x€R, tel0,T]. (3.1)
IR u®(x, t) W2 (2.67), THHE A1
O — 0?0 + e 29 (f(u® + €Y/ ov) — f(u® — d)) =0, (3.2)

v(z,0) = 0. (3.3)
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2 p(a,t) = [T v(zt)dz, Vo eR, A (3.2) I IR R Z 12
Orp — e + e~ WD (f(u 4 /2H0y) — f(u® —d)) = 0. (3.4)
o(x,0) =0. (3.5)

DAL [/ (3.4), (3.5) I o(z,t) AU NE5R.
WRE3.1: Ve > 0, M (3.4), (3.5) AME—E p(x,t) € CH([0,T]; H2(R)), HHi2:

sup ||0x¢| Lo (r) < Ce™/2=0-2, (3.6)
0<t<T

DUl AeT 75 [ (1.2) A ME—fE us € CL([0,T]; H*(R)) W 2

sup [Jus(-,t) — u (-, t) || Loy < CM/P732, (3.7)
0<t<T

Hrh C RIEWH, <<l
XTiE) R (3.4), (3.5) HIfEAESRR Al TH 51 NLUT JLAS 51 3.
51383.2: % ¢ € C([0,T]; HA(R)) £ (3.4), (3.5) HIfi#, WIAFEF L C H13:

T
sup /¢2das +8/ /|314p|2dardt < Q™21 (3.8)
R o Jr

0<t<T

X B ik
sup ||0z¢| peem) < C (3.9)
0<t<T

WERR: CREJIRRE (3.4) BIPAERUL o, JFAE R BBy, JFEAI 20 SR 20 7 45

%dﬂ oidr + 6/ |0, 0| 2da + e~ (1/2H9) /(f(u“ + /2 0y) — f(u® — d))pdz = 0.
t Jr R R
AT =T AR
g (/2+0) / (Ouf (u) (" **0pr + d) + O()(e"* 0 + d)*) pila
R

=g~ (1/249) / Ouf(u)d - pdx + / Ouf(u®)py - pdx + O(1)e =1/ /(51/2%%j +d)? - pdx
R R R

ESERIAT (2.68) 314 A1t

|A1| SCg_l_Qé/de.%‘—l-C/gpzdxSC/<p2dx+C€7'y—26—17
R R R
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@zfmﬂu> Oyl = /8f wwmz—;émmmwﬁm

1 Sl(t)—28‘y 1 Sl(t) ey 1 Sl(t)-‘rz’;"y
= — 2/ azauf(ua)%deiE - 2/ 8xauf(ua)§02dx - 2/ axauf(ua)tpzdx

Sl(t)—QE'Y 1(15)—"’5'Y
1 Sl(t)~F2€’Y 1 SQ(t)72€’Y 1 Sz(t)*{f’y
- 2/ 8I6uf(ua)@2d$ - 2/ awauf(ua)¢2dm - 2/ 8zauf(ua><p2dm
Sl(t)JrE'Y Sl(t)+257 Sg(t)*QE'V

1 Sz(t)+€’y 1 Sz(t)+2€’y 1 +oo
- / 8wauf(ua)902dw - 2/ awauf(ua)QOde - / 8w8uf(ua)902dx

2 Jsytty—em 53 (£) e 2 Jestt)42e7

9

i=1

R J,,i=1,2,3,...,9, 1F:

1 s1(t)—2e” s1(t)—2e”
Ji = —2/ 02 f(u")(9,0 + 0,d)p*dzx = O(l)/ pAdr,
ZHEEMHMHT (2.69).
1 Sl(t)—E—y
h=—j / O F(u™) (9,0 + Durna (I — O) + m1du(I1 — O) + ud)gda
Sl(t)—287

s1(t)—e? s1(t)—
= 0(1)/ o*dx + 0(1)527/ ©?dx

1(t)72t’;"Y Sl(t)f2€7

s1(t)—e”
—ow [ g

1(15)725'Y
X EFAFAH TR XA A OL (L — 0) = O(1)e =1
1 (t)+€’y 1 1 (t)+€’y Sl(t)JrE:"Y
Sy = —/ ~0:0uf (I + d)p*dw = 1060, f (u)®|da + 0(1)/ pdz,
2 s1(t)—eY € 2e s1(t)—eY s1(t)—e”
SR BATRIN T 9, f(u0) < 0. 300l
s1(t)+2e” s2(t)—2e”
S, :0(1)/ 902dﬂc+0(1)/ Sda,

1(t)+eY s1(t)+2e7

s2(t)—e” so2(t)+e” so(t)+e”
+0(1)/ Pd, +/ 10,0, f (i )<p2|dx+0(1)/ Pz,
52(

t)—2eY (t)—e> s2(t)—eY

s2(t)+2e” +oo
+O(1)/ g02da?,+0(1)/ pidx.

s2(t)+ev s2(t)+2e7
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a4 T

Aal < O [ | glda €249 (g Vool
R

< 0547_1_25/d2dl’ + C/ <P2dl' + Qglt?o-t '5/(9‘71)2dx
R R

R

S 0511772571 +B€/

R

(gpx)de—FC/ Odx
R

KEFHEA >0, HRITXEFA T (2.71) 1 (3.9). 24 L LA B4

1 d ) 1 Sl(t)+57 o )
YA [ eiet - p)e / Ouplda + — 1060, (u(, 1)) | dx
2dt R R 2e s1(t)—e

sa(t)+e”
/ 10,0, f (00)p?*|da < Ce™~ 2“+0/

(t)—ev

EREY B, 15 1 — 8 >0, HFH Gronwall A%, H

T
sup /go%lx—l—s/ /|8$90|2d1'dt§0577251'
0<t<T JR 0 &

SI3E3.3: 551 3.2 FFER BB A, MAFAEIEH L C, 115

T
sup /|3180|2da?—|—5/ /|a§90|2dxdt§0577—26—3.
0 JR

0<t<T JR

WERR: H% (3.2) PIILFISRUL v, IFHE R BRI, JFAIH 2 #AR 2wl 45

1d

Ti RN = IR AN

S0 [ (0, ()00 + d))ovds
R

gO(l)e_l_‘S_l/dex+Bs/ |8xv|2d:r+0(1)5_1/v%x—kﬁe/|6mv|2dx
R R R R

<Ce™~—20-2 4 2ﬁ5/ |8xv|2dm + Ce™=20-3,
R
KERENMFHT (2.68) M52 3.2. FrLL

th / |0s02dz + (1 — 2B)e / |02 p|2de < Ce™ 72073,

2t Ve / [0r0[Pd — e~ (/240 / (F(u +e/*0) — f(u® = d)d,vdz = 0.

(3.10)

(3.11)

(3.12)
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W EPEE Y B, 15 1 — 28 > 0 HFIH Gronwall ANZE3, A[15:

T
sup Haﬂp”%%ﬂg) + E/ ||a§<p||2L2(R)dt < 0677_26_3,
0

0<t<T
B, AT o B S 8T AT
S1383.4: 551 3.2 ARG, WAAIEIER L C, 1H15:

T
sup / |0, v|*dx —1—5/ /|8§v|2dxdt < =25, (3.13)
R o Jr

0<t<T

WERR: 2 0(x,t) = O,v(x,t) = O%p(w,t), M 6 i &2

D40 — €020 4 e~ W22 (f(u® + e/*0) — f(u® — d)) = 0. (3.14)
6(x,0) = 0. (3.15)
W72 (3.14) KIPTILTELL 0, SRIGTE R LR FF R 23 B AR 73 T 45
%% : 0 dx + s/R 0.6 dx = = (/240 /Ram(f(u“ +e2H00) — f(u® — d))0.da.

TR AR A, A
g (/240 / Ou(f(u" +7700) — f(u® — d))badxl
R
e (1/240)] / 0, (D f (u) (€20 + d))D,6da]
R
<O(1)e~(1/2+9) / |(e¥/*F0 + d)D,0|dx + e~ 1/2+) / 10 f (u™) (e~ 299,04+ 0,d)0,.0dx
R R
<O(1)e™! / vidz + 55/ 10,0dx + O(1)e=27% / d*dx + 55/ |0,0|*dx
R R R R
+ 0(1)5“5/ 10, d2dz + 55/ 10,62 + o<1)51/ 10, 0[2dz + 55/ 10,602dx
R R R R
<CeM ™74 1 4pe / |0,0/7dx + Ce™ 72072 - Ce™1 72072 4 O™ 2075,
R

XEFHT (2.68), (2.69)f15]# 3.3. Kt

1d

—— / 0%dx + (1 — 4&)5/ 10,0)%dx < Ce™~2073, (3.16)

PG B, 115 1 — 48 > 0 IFHIH Gronwall A& A5

T
sup /92d:r+a/ /|3w9|2dmdt§0577255'
0<t<T JR 0 =
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el 3.1 AUNERR:  IEEH A (3.4), (3.5) BIfE o € C([0,T); HA(R)) BIAEAEME, FATTE ZIE B
¥ (3.9) AOL, H (3.11), (3.13) 1 Sobolev %53k, 15

1/2 1/2
sup [|0u0(z, )| 1) < V2 sup [10sp(w, 1) fargy - sup 0%, )] ot (3.17)
0<t<T 0<t<T 0<t<T
< 0877/2_6_2.

(3.17) W& (1.2) fAAEME—fE w € C1([0,T]; H*(R)), A

1/2+6a

sup (1) — ()l imi = sup_ [l 00,0(a. )l

0<t<T

< 0577/2—3/2.

FHUE (3.7) BROZ, W/ 3.1 f5HIE. FIERA 23 1. f5I#E 3.3, n15:

1/2+58

sup (1) (1) 2wy = sup |/ Dusp(a, 1) 1o

0<t<T

S 0677/271‘

XPEASE] (1.6). £ FRAEW (1.7), R (3.7) f5HE 2.5, %t

T — Si(t)| >eli=1,2,v¢ (271)7

sup  [ut(,t) —u’( )| < sup [ut(t) —ut ()| + sup o ut(t) —ul(, )]

0<t<T 0<t<T 0<t<T
|—s5i (D) > |z —s:(B)] >
< CeM/?732 4 Ce
< Ce.
DA L o] 45 HE 45 18
SE Wk
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