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TR AT R S5 B A — BT I BIFSE A BT, Burgers 5 R AE 55 85 1 A AR 243z,
Yoshia ' X F Burgers J5 BEFEBRLILAR SN 12 BUEAA S5 8 - VRAR AL 1) 300 DA S il il Ay
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ou(x,t) fulx0) du(x,t) 22 *u(x,t)
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d x>0
u(x,0) = () 7
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(H2)  d(e) ~ X, e'dy.dy(e) ~ X, &dy,dy > 0,dyy < 0,dyy > 0,dy, > 0,d
d,, NG E IRIIR A HLI 4L

WX N=0, UN, UL X =1{(x,t) e RX[0,T] | x=dt},XIMN, = {(x,
t) e RX[0,T] 1 dyt <x<d,t}, X2, ={(x,t) e RX[0,T]| x<dyt}.
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2.1 SMERFERRENE R
i%ﬁn%%%ﬁa~Z[
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In >

Oskuk(x,t) SRARK(L) o, kT e EES I IF K & 11

UCRE B, WIS

W, + wlty, = 0,

dy, x >0, (2)
u0<x’0) = { .

dyy s x <0,
wy, +uguy, +uu, =0,

d,, x>0, (3)
ul(-x’()) = { "

21 x < 0,
u, + Ugl,, + ulu(n—l)x +oeee t U,y — u’(n—2)1x = 09

d,,, x>0, (4)
u,(x,0) = 1 :

d2n9 x < 0'

X (2) ~ (4) KA, AT 43

dy, x > dt,

ug(x,t) = %, dyt < x < dt, (5)
dyy, x < dyyt,
d,, x > dt,

w(x,t) =10, dyt < x < dyt, (6)
d,, , X < dyt,
d,,, x > dt,

w,(x,t) =10, dyt < x < dyt, (7)
d,, , X < dyts

2.2 NEdERENE R
FEXIH O, = {(v,t) e RX[0,T] 1 x=d g} F, %) IEXENu ~ a(x,t) +ellu(€,
O Hha=Y " etua) Ju= Y, e Tu(é,0) £ = (x - dyt) /e FIERMAR (D),
CIEG
u, + ellu, + uu, + eullu, + eu Ilu + &’ I[Mullu, - &’u, — &’Mu, =0 (8)

b
Hrva, +uu, - &*u, =o(e""), 1%
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ITu, + wllu, + u Ilu + ellullu, - &’ Iu, = 0.
PE—2BALT, TG
= dllu, + ellu, + ullu, + ellullu, — ellu,, =0,
h+a= z :;Osku,,,(x,t) JUy = dw,lﬂﬁﬁ -d,=¢ z :;lakuk(x,t) .
% & BFRARBOLURTT, il 14
I, + (d,, + Hu)u, - u, =0,
I,u(£,0)=0,
Hu(0,t)=-d,,,
Hu(+ »,t)=0,
ITu, + (d,, + u)Il u, +IIullju, = I u, =H,(&,t),
II,u(£,0) =0,
Il u(0,t)=-4d,,
I u(+ o ,t)=0,
HbH (6,0) BAET uw(1<i<N) MIu(0<j<N-1) WEHEE.
w1 K1) WER D =-2V,/V -d,, .
MERR X)) s, A Hou = d,, + Hyu, 7145

Iy, + Iu ﬁouf - Ilu, =0,

ﬁou(f,()) =d,,
IT,u(0,t) =0,
[You( +ow,t)=d,.

AFR(13) s, 4 u =- 2W,, 7175
W, - W; - W,=0,

1
W(§’0> == ?dllg,

W(0,t) =0,

W(+ oo ,t)=— o,

X2 (14) M5 Hopf-Cole Z54 , 4> V = ", 115

V, -V, =0,

V(£,0) =e 2,

V(0,t) =1,

V(+ w,t)=0.

iz HIFF AL X2 (15) #EAT SRR, & V = £+ e 702 T4

1
o = Jee = dele_d”m,

£(£,0)=0,
£(0,0) =0,
f(+,0)=0,

(9)
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(11)

(12)

(13)

(14)

(15)

(16)
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X (16) KT f i Fourier Z84 }2 Fourier 1% A8 46t | 3K fift ] 15

f= f lfm 1 &2 o~ 1 [e-(g-xﬂ/(zt(:—f)) _ e—(§+x>2/<4u—7))]dxd7_’ (17)
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V= e 2 4
’J*“ L e 1 ~(E-0) Y (4(1-1)) (1) %/ (4(1-7))
fd“ e /7[6 ! T e ) dxdr (18)
t— 7T
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2 2. /w700 4 ft — 1
2(¢ - x)e EVUET T xdr (19)
(A AT 15
vV,
3
Hou:—zv—d“. (20)

w2 | Hul <|d,|,| Hu,| <2d.
iERR WREEEAS Do A5, | Dul <| d,, | AYLs=1t-7, W[

~ 1 t [+ 1 B 1 e a B )
V=e 1§72 + 7'[‘ f ? d?le dll.v/zf[e (E-x)2/(4s) _ e (E+x)2/(4s) }dxds,
2

S

:_idnefd”g/z +Lf‘rw Ld?]efd”x/Z L[Z(f +x)e*(§+x)2/(4s) B
2 2. /w00 4 Js
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2
1 e dll _ 1 (£-x)2 _ 2
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V= ——
2 /w0 4 Jr

L

H1 T Bl B ok KR

- - 2 S - 2 S - 2 S X/S
e (§-x)2/(4s) e (£+x)2/(4s) e (£+x) /(4)(65’6/ _ 1) =0

9

v s>o,v,>00 vy >o0.
B Hyu, = 2((V: = V,V)/V?) Al4

A4 Vi

| Hyu, | =2 27 fﬁou = (d11 +Iu)? <2d’,.

:
[
| Myu, | < 2d7, .
W3 R (12) WAFAEME—,
ERE B (12) FAERAME T, u( € ,0) BT u(E,0) A h(E,0) =T u(é,t) - 1T u(€,
t), WUl A2
h, + (dy, + IIyu)h, + hllju, = h, =0,

h(£€,0)=0 (21)
h(0,t) =0
h(+ o ,t)=0

L h=eMZ W h =e"Z + )\eMZ,h§ = e'\tzg,h§§ = e“Zgg, 2 (21) AJAE N
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Z, +(dy +u)Z, + Z(X + ) - Z,, =0,
Z(£,0)=0,
Z(0,t) =0,
Z(+w,t)=0.
HF | Dy, | < 24} A =4d;, WA + g, =247, .

B Z(&,0) FE(E, ) RERBIRCRAA, Horl1 (£, ,t) € 2, M E, > 0,1, > OB A5 Z(£,,
1) = 0, W e (B A F5 07 )&, NI Z(&,,1,) < 0334 &, =081, = 0 I}, @A rFnl g
Z(&y,t,) = O FAEA A Z(&,0) = 0, BT LA Z(& 1) = O Ui A ME— PR ASHIE. B B SCik [ 16 ] vty it
R AT A ME— P B 8.2.5 R4Sty SILR A A7 e M BGER (12) A MRAT AR Ml —PEASHIE.

TEXIE O, = { (x,t) e Rx[0,T] 1 x < dy ot} b, %) B RIu ~ a(x,t) +&Qu(n,
t), Hrp

(22)

IR N x = dyyt
= 2 akuk(x,t) , Qu = Zekau(n,t) , M=
k=0 k=0 &

BIEXAAX (D), 1T13

u, + £Qu, + un, + euQu, + eu,Qu + £ QuQu, — &’u, — & Qu, =0, (23)
Horpa, +au, - &*u, =o(e"), O[5

Qu, + uQu, + u,Qu + £QuQu, — £*Qu,, =0, (24)
AL, AT

— dyQu, + &Qu, + uQu, + &Qu Qu, - &£Qu,, = 0. (25)

HTa= z fzoakuk(x,t) Juy =dy Bl w - d,yy = Z leakuk(x,t) .
% & B BOE URIT, i1

Qou, + (dy + Qou) Qou, = Qpu,, =0,

Qou(n,0) =0,

Qou(0,t) ==d,,

Qou(+ o ,1)=0,

(26)

Quu, + (dy + Qou)Qu, + QuQu, = Qu,, =1,(n,t),

Q,u(n,0)=0,

Qu(0,t) == d,,,

Qu(+ oo ,1)=0,

Heb [ (n,0) BRFu(1<isN),Hu(0<j<N-1) HCHREL.
X (26) MR 52 (11) MR, AT A

(27)

=-2 i d (28)
Qou = IN/ 21
B Quul <I dy |, | Quu, | < 2d5, AR, Q,u MfHA7EAE ALME—,
3 4% AL It

EE1 w=u+ellu+eQu+e"'R, I RISM,
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WERR W u=u+ellu+eQu+ & 'R, BHACARK (1), 15
R + (u+ellu+eQu)R, +R(u, +ellu, + eQu) —&’R,, = G(x,1),
R(x,0) =0,
R(d,t,t) =0,
R(d,t,t) =0,
Hr G(x,t) BRT u, Mu,Qu W FIREL.
S R=e"J MR, =e"] +Be"], R =€), R, =e"] PP =5d], +5d,°.7(29)

(29)

Jo+(u+ellu+eQu)], +J(B +u, +ellu, +eQu) -&'], =g(xa,1),
J(x,0)=0,
J(dyt,t) =0,
J(dyt,t) =0,
Horr g(x,t)=eG(x,1) .
T R A
1) FEXIF O, = {(x,t) e Rx[0,T] | x=d,g} L, H
Jo+ (a+ellu+eQu)l, +J,(B+u, +ellu) -], =glx,t) |,
J,(%,0)=0, (31)
J,(dyt,t) =0,
MTa =0, Hu, | <2d;, Bl a, + ellu, | <2d;.%1 g(x,1) l g S m, AEXIQ, b T («x,
t) FEFER/IMAE T J, TE (% ,1,) B EIE/ME, Hp vy = d 1,0 <1, <T.
M1, = 0,5, =d,ot B, HEMRKTTE J,(x,0) = 0;
M0 <t,<T,x, >dyt I, H

(30)

2

8]1 8.]| 6Jl - 2 2
a(xo,to) =0, g(xo’to) =0, y(%,to) =0, 6 +u, +ellu, =3d,, +5d,

oet!
Ju(B +u, +ellu) =1 g(x,t) 14,
BCIEE
m,
J, (x4 ,8,) B—W.

[l 3R, TR R RAELAL T, (x0,20) , HL T (30 ,80) < my/(3d}, + 5d5,) BOL.
R HE AT A5 XEFAEREN (v, 1) € Q, A1 J, (%, t) | < m/(3d;, +5d5,) oL, B
| R,(x,t) | < 050 /(342 + 5d2) .
2) FEXIE D, = {(x,t) e RX[0,T] | dyt <Sx <d,t} I, A
J + (a+ellu+eQu), +1,(B+u, +ellu, +Qu) —&* ], =
g(x,t) 1 g,
J,(dt,0) =0,
J,(dyt,t) =0,
MFa =1/t=1/Tel Hu | <24 ,e| Qu, | <242 B ellu, +£0 u, | <24’ +2d3,,%

(32)
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| g(o,0) 1o < my, WL TE(xg,t0) IBENER/ME, HH dyyt < xp < d 1,0 <1y, < T.
M xy = dyot x = dot B HUERRSAFATAE 1,(x,0) = 05
M0 <ty < Tydyt < xy < dyt BF,HH

9./ aJ, 9/,
7<x07t0):07 7(x05t0):07 z(x[)’t()) 205
ot ox

0x

B +u, +ellu, +eQu = 3d;, + 3d5,
i

LB +u, +ellu, +eQu) =-1 g(x,t) 1,1,
VEIEES

Jy(xg,t) =—-my/(3d}, +3d3,) .
A ATEAS R KAE AT T, (%0, 10) 5 HL T, (% ,t0) < m,/(3d}, + 3d3,) WAL,
HIRAE IR A5 XEFAEREN (x, 1) € Q,, A1 J(x, t) | < m,/(3d5, +3d5,) Hor, BP
| Ry(x,t) | < OS50 /(3d%, + 3d2,) .
3) FEXRI L, = {(x,1) e Rx[0,T] | x<dt} A
Jy + (u+ellu+&Qu)Jy, + (B +u, +eQu) —&’ I, =g(x,1) | ,,
Ji(x,0)=0, (33)
Ji(dyt,t) =0.
[ BEAT A% TAR R (x,0) e 2y, 81 Jy(x,0) | < my/(5d2, + 3d%,) W, H

m
| Ry(ac,0) | < st 2
‘ 543, + 3d3,
Zi Laig
| R(x,t) | < M,
m m m

M :e(Sd%l+5d§l)T . 1 . " e(5dfl+5r1§l)T - 2 - " e(Sdf1+5d§l>T - 3 -,

3d;, + 5d;, 3d;, + 3d;, 5dy, + 3d;,

B R A5 5 WIS R — SO
N

ASCHEEST T B FHIERIET ) Burgers Jy BRAAY 2B ALK IR T 7E il | = R AR TR 1R
I 221 (LT TR0 G IR A5 5 4T 1 4 J A AR R TR I 55 15 7~ IR I8 175 082 7 P 2 5% 2l i Jre I
771 A5 30 TR A, T8 2T i 15 S MR DN A R 53, TSR i N it R v 38 H 3
AR 320 5 R 300 RN A 300 B e T ] W AL 88 | AR S B ATTRE DX il =80 T ek B
PEATHR IE 5 TR ) B K, DR e A 2 i 7 SRR TR R R b RIOR 3Py BURRAE 30 575 JL D A
ST TR, SEFR SR — A H R 2L Burgers 772, F|H Hopf-Cole 284 55 K AL JELHE | Fourier
ARfe K Fourier 39078 J 5 3 ft 1) 26 a8 20, R 1 SR At v v Je T X T R Burgers TN RS
A5 1 E AR MEA BT, A 75 245 31— B R I 2 B0 A S AR S i %o — B e TR Ui 36
IR CHEA TR G 0 AR AR BRI T — i S 500 A S | DT Ry SR Ak DA i i B P B 1
fill foe S5 AT RIS, 73 DCRAEAT AT, i T R R AR AR IR I S B P R Al ok T
— 7 [ PRI , AT AR 0 0 AR A B A T A5 380 18 X i i — B Rk,

O RS TE PR 2 TR0 T 1055 125 MR 4 P I8, T 7™ A 1Y R % 328 30 75 B 1 fn T iy 31
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AR, AT SE B PR P HEA TN T, BIBTIS A4 PRI T 05 3 30 I T T3 i AE A LR

I8 2 B B T OGBS A B ke

AR L OV 6] I EL, DRI e R ]

{ELAY Burgers 75 Far £ gl (0] AR A AR WO 7 A8 (1)l P 80z Bl iy &7 S B8 3 ik v LAAS 3 g A
UTACLRE , T 75 i 143 Zh A 3 T TEAN RS B AR A, Sio's NI 7 450 B8 1 B Al A
TR 30 Tl Az 7 1 5 948 SCH 5 Bt AT T Ik e AR B0 R -4 HE 32 WM R R
1] S N R £ A I FRAT TR 4k 22 F 57 EL A 1] T 400 1 1) A8 22 40 Burgers J7 R A B 200 Hodfe T
) 735 A k.
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Singularly Perturbed Solutions of Burgers
Equations With Initial Value Discontinuities

BAO Liping', HU Yubo', WU Liqun®
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Hangzhou 310018, P.R.China;
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Abstract: The wave model generated for laser plasma was discussed, which can be expressed
as the Riemann problem of Burgers equations with initial value discontinuity. The singularly per-
turbed asymptotic solution of the Burgers equations with discontinuous initial values was ob-
tained with the singularly perturbed expansion method. The solution was divided into 2 parts:
an outer solution and an inner layer correction term. Since the initial condition is constant, the
wave will generate the characteristic boundary in the process of propagation, and the correction
term will make the parabolic characteristic boundary. The external solution was corrected at the
internal layer along the characteristic lines. The existence and uniqueness of the asymptotic so-
lution was proved through the Hopf-Cole transform, Fourier transform and the extremum prin-

ciple. Then the asymptotic expansion is obtained with the uniform validity proved.

Key words: Burgers equation; discontinuous initial value; characteristic line; singular pertur-
bation; uniform validity estimation
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