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FENEHEAT B4,

TERESS IR 2 FHFI LT Banach 2510 L (1) (p = 1) & Lebesque 25 [], Hyu%kn]

E V)

11 = ([ 1 1ae )

X FHABREL w(E) L2 (1) AU Lebesque Z5 (0], HIuEH
11 e = ([ 1 170 )

WAP(]) SN Sobolev 25 [H] E{Eﬁj‘?
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FHHY p =2 i}, W%D—MU)AT>04mEmmm SIE).C([0, T]; B) FnEXAE[O,
T] FREZ RS, LP([0, T]; 8) Fn@EXAE[0, T] MY L REEsE].,
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N THIFEIR 2, B e e w ="~ wo= 0, ETEFRGE (D) A E SN E
TERSE:

B =d, 5= [ 60 —uli =7 =) dy +

n(u” —u)+pdu - u)v, (2)
Tl =d e[ GG =T =)y =t e =0,
Wi AR 55 F
Zo(s,%) = (uy(s,x) ,v,(s,x)), (s,x) e (-7,0] xR, 7=max{7,,7,} . (3)
FREGE(2) H— Mt z(t,x0) = (u(t,x) ,o(t,x)) RATH0, %5
z2(t,x) =@(x +ct) =(P(x +ct) ,P(x +ct))=(P(E) P (£)),
V(t,) e (—17,0) xR, (4)
XH e > 0 BWH, & =x +a M)A (), AR B RSN

' (6)=dd"(§) ~a,[ G0 Tu" ~ (¢ —y—er)ldy+
n(u” =) +p(u” =~ ), (s)
W(E) = "(§) + x| CUNWE =y = er)dy = ma? = p(u” = ),
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I T A AR
(d(— o), h(-2))=(0,0)=0, (¢(»),fy(x))=(u" v )=0. (6)
FRPESCHR[ 91 A5 3 3.4 DU Liang SR Guo 252 HABTIE, AR/ NI
_ . fAm)
Sl 7

JOPX () SRR TR
mA - nldl"]“z - az'r]lfRGz(y)eM*Tz/\dy +a,p,=0
BIRLGCT RGE(2) M 0 1 B YR FUCHR HOTF LD, Li AN Zhang!” BL 282t FLR TR 036 E
PR, SRR,
EEA BB (H) KoL,
()W e = ¢, , WRG(1) A5 E, R E, (50T 7.
() W0 < ¢ <., MARL(1) NELEES E, 1 E, WATIH#.
FiliE LT o (REL
gl(0'> = %[ - 2(110-2 _ zale471710272m71 _ 47]1LLA _

2]’1“* _ZPZU* +P|U'* +2P1”*},

1 ;
g, (o) = ?[ - 2d,0” - 20‘2’347272J272(W2 - 3pu” -
2pu” = 2pw” +pu’ +4npt].
H4F(H2) , Y o = 0 i,
g,(0) =?[— 20, —4nu” —pu” = 2pw" +2pw"] >0,

1 . . . .
g2,(0) = ?[ -2a, = 3p,u” —pu’ = 2pw° +4nw*] >0,
R, MRYERE AL, WA oy > 013 g,(a,) > 0(i=1,2) Jk—2E X

1
Fl(f) ::7 [ - Zdlo-é - 20‘1f;W]T]U%iMTOT1 - 4771U* -

2piu” = 2p0” +pd(€) +2p ()],

1
Fz(é:) ::? [ _ 2d20_3 _ 2aze472720'(2)72w'072 _ 3p2u* _

2pju” = 2pv” +pid(€E) + A (E) ],
Hrp (¢(&) ¢ (&)) 2 (2) AT AMERT F]
§E£F1(§> =g,(ay) >0, leEI:OFz(f> =g,(ay) > 0.
H AT, e — D RIEL €, > 0 ffifs
Fi(&)) >0, F)(&,) > 0.
PR IR ER o, F1E,, & XPAREL
e‘Z‘To(f—fo) , lf < ‘50,
w(¢) = L £ ¢, (8)
TN (2) MAT IR RS M, R TS R TR R A () AR R LR S B A 2 1
511 MMEEN P=(d,¢) € [0,8], REG(2) .(3) FFATEME—RDEH Mz (¢,0) = (u(t,
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wb ) (L)), (10) & Ry xR (uy(s,0) (5,20 = (6,0) -
iERl EX/f:RxR—-R, i=1,2,
A (1) = = 6.0 (u" = (=70 = 3))dy + (w0 = (0,))" +
p(u” = (0,2))(0,x),
A& () = @] G0 (= 700 = 1) dy = (0,) -
pau” = 6(0,0))9(0,2) .

WG (2) Al RN

Ju 9’u

E:dl y +fi(u,,v,) (x),

" 0, ) ()
- = - u,,v X
Gt Zaxz 2 t2Y1 ’

t>0,xeR, (9)

5

u,v, e (=7,0) xR, u(0,x)=u(t+0,x),v(0, x)=v(t+6,x),
0el[-7,0],x€eR.
B T(1) = (T(v),T,(¢)), Kb T,(e) FT,(2) 535052
u *u 9’y
a o a o
E R BAERBIENTERE L, =X(9) T L F R E R,

w(tx) = 1, (0u(0, ) () + | Tt = 5)fiu ) (1) ds,

2

t >0,x e R. (10)
v(t,x)=T,(t)v(0, «)(x) + fRTz(t -s)f>(u,,v,) (x)ds,
AR, RO RG(10) Wi (9) — 15500 — 7 H, B 8IE, f, ff, 6 R FIEER
FLIXBE Lipschitz 2281 o = 8, (R,R*) 2N R B R F—BoH REL R, o =
{ (b, )| (d,) € X, =0,y =0}, BUC(bounded uniform continuous ) &7~ —EH FLiELE
RS 1L FAFHED £, B fy 76— 7,00 ) x R L RBLRIHED, HIXHEREI (b ) » (dosih)
e [0.8], (b,.4,) = (¢4, Wi

lim - dist(9,(0) = 6,(0) + AL/, (62,02) = () T32) =0, (1)
1
,}iﬁfdiSt((/fz(O) —.(0) +h[fi(dyh,) —fi(d ) ]5x7) =0, (12)

M h > 0585/,
$,(0) = ,(0) +h[fi(dy,thy) = fi(d )] =

ha [ 6,(0) (do(= 7y =) =, (=7 =)y +

hp,(,(0,x) =4, (0,2)) (u” - ¢,(0,x)) +
(¢,(0,x) =, (0,2)) {1 =h[n,(2u” -¢,(0,x) -
$,(0,%)) +ph,(0,x) ]} =0,
P&
#,(0) —¢,(0) +h[f2(¢2’¢2) _fZ(d)l’lp])} =
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ha [ G0 (o= 72 = 9) = (= 7x = ) )y +
ha(5(0,)05(0.2) = by (0,2),(0,)) +
(,(0,2) —¢,(0,x)) {1- h[n2(¢1(0,x) +
Pa(0.2)) +pu’ ]} =0,
FIrLL £, 0, R AL R R AR AR SR 26 ] e B 1 B9 REEEIE, T (w(t,x50,48) 0(t,x;
b)) ELE C(R, ,C(R,R?)) LAFAEME— LI AR5,
EX A ﬁﬁf:’tﬁl—lﬂz(t x) = (u(t,x),w(t,x)) € C(R,,C(R,R*)), e

L) 2 d, 25— GO =t =70 =) Jdy +

771(” _u) +P1(u —u)v,

2

Jov J°v N
E(t,x) deﬁ*'aszGz(y)U(t_Tz’x_y)dy_nzvz_Pz(u - u)v,
x

FHHIMEREM (s,x) e[ -7,0] XR, z(s,x) =z,(s,x) W z(1,x) FRHRG(2) .(3) 1 LfE.
el BIA]SE L z(t,x) HRGE(2) ((3) BT i,

SIE2 XFXQ2)WIEE—X LT z(e,x) =(a(t,x),0(t,x)), %(t,x) =(u(t,x),
v(t,x)) AR 0 < z(s,x) <z(s,x) <P, (s,x) e [-7,0] xR, 20 <z(t,x) < z(t,%)
<8, (t,x) € R, xR.

EE2 (RBARIF(HL)  (H2) BEE T (S) BRI 0 1 B TR @(x + ar) =
(p(x +ct) ,p(x +et)), Hrh

1
2
o= (2 + 2T L Sy 4 2+ 2
WRVME 0 < z,(s,x) < B, VHEPE uy(s,x) —d(x +cs), vy(s,x) —¢p(x +es) e C([ -7,
0];L,(R) N H,(R)) ARLG(2) .(3) W0 <z(1,x) <B, (1,x) € R, xR, WL
(1) wu(t,w) —p(x+et), v(t,x) —¢p(x+ct) € C(R,;L2(R) NH,'(R));
(i1) sup lz(t,x) —D(x +ct) | < Ce ™.,

2 faE M

AT, fEc > max{c, ,c} BFRMAT, %'JFEWW“EE%IEE@?&(Z)E"Jiﬂiﬁﬁﬁ’i%?’éﬁﬁ
FEPER AR Z T, & el R ) R A A AR 4

SIE 3 REAM(HL) . (H2) 7. z(1,x) = (u(t x)o(t,x)) REE(2) . (3) KLH
it AR A0 < (uy(s,x) ,v,(s,x)) <B, (s,x) € (-7,0] xR, M0 < (u(t,x),v(r,x))
<p, (t,x) € R, xR,

A uy(s,x) —d(x +es), vy(s,x) —p(x+es) e C([-7,0],L2(R) N H.(R)), FlH
Sobolev #x AZEHE H'(R) = C(R) (Hh— £IRigA) A

ug(s,x) —p(x +es), vy(s,x) —y(x+es) e C([-7,0],C(R)). (13)

[2d,00 + 206" wh-2o0 g dn,u” +2pu” +2p,w° ],

cy =
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ug(s,x) = max{u,(s,x),p(x +es) ),

ug(s,0) = min{uy(s,x),p(x +ecs)},

vy (s,x) == max {v,(s,x) ,f(x +cs)},

vy (s,x) == min{v,(s,x) ,¥(x +cs) },
WU LA A5 O

uy = =(ug =) +(uy —d), v~ =(vg ) + (v; —¢).
AR (13) LIK (dp(x +es) ,p(x+es)) € C(R,R?), AlHI(u;(s,x), vi(s,x)) € C([ -7,
0], C(R,R*)) JHBH5IH 115, PA(ui(s,x), vo(s,x)) NUMEB RS (2) B (u™ (1,x),
v (1,x)) BAAEME—RY, JFH 2

aait(t,x) -d, %(t,x) +a1fRGl(y)[u* —u*(t—-7,,0—y)]dy =

mnt =) p =), (15)

(14)

821}1 . .
dz axz (t,x) - aszGz(y)v’ (t - T,,X —y)dy + 7]21;*2 =

-p,(u’ —u*)v*, (16)
o B2 fa(14) , XHMERR (1,0) € R, X R,
{0 < (u (t,x),v (t,x)) < (u(t,x),v(t,x)) < (u(t,x),v" (t,x)) <B,
0< (u (t,x), v (t,x)) < (P(x+ct),p(x+ct)) < (u(t,x), v (t,x)) <B.

(17)
Ry TR, 25
(u* (l,f),Vi(l,f)) =(u” (t,0) —d(E) 07 (t,x) —¢(§)), (18)
(Us(s0) ViCs)) = (ug(s0) = blx +es) ug(s0) = (x +es)).

HreR,,se[-7,0], & e RT3 MBI HEM 2 fUEH.
F—  (u(t,%),0 (t,x)) WEENI(P(x +ct) P (x +ct))
M7 FA8) FEHEH 0 < (U (s,x),Vi(s,x)) <B,0< (U (1,6),V(1,€)) <
B AREX(5) ((15) F1(16) H

G;Jt+ aalé dag +afG(y)U(t—T§ y —cr,)dy +
U(_an ’ +2771¢_P1V -pr) +m, +2+p](u )V, (19)

v’ v’ *v*
Py +c¥=d2 Py +afG(y)V(t—7'2§—y—cTz)dy+
Vi(=pu” =20 +p,U" +p,d) =,V Ve +pp U™ (20)

I3 4 ERAME(HL) | (H2) BT, WIXHERER ¢ > max{c,,c},t e [0,T],(U;(s,
) Vi(s)) € C([ - 7.01:L2(R) A HL(R)) R fiH st

LU 1+ V@) 1)+ Cf [ e 00 5,8) + V72(6,6) Ju(€) dgds <

0
Ce { U0 15+ 1V (0) 13, +aemietrmrieoms [ s s () | s +

-7

0
azemrze“zfz”%’zwonj e V() |l iﬁ‘ds} ’

-7
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Hc>o057 flr, Ax.
ERR B e w(E)U(1,E) Ml e*w(E)V (1,&) /l50(19) F(20) HF, H

1 1
{? ez’“wU”} + em[{?CwU” - dle+U;} +de*wU* + de*w' U U} +
' 3

cw' * + ' +
{_?;-anlu - 20,0 +p, V' +pp _:U“}eZ‘LWUz -

aleMWUJrchl(y)UJf(t -7,§ -y —er)dy =
n,e*wlU +p,(u” = P)we™ U V", (21)
DY)
1 1
{feQ'”wV”} + eQ‘”{f cwV*? - dsz+V;} + dye™wV;? + dye®w' VIV +
2 , 2 P

C w' % + t +
{_ 2w tpus + 20 —p, U~ pyd —,LL} ey -
azewwarjRGZ(y) Vit =7y, —y —ery)dy =
- e wV + ph we™ U V' < pp we™ U™V, (22)

FIFH Cauchy-Schwarz A5 | ab | < 7(12 + 7[) (p >0), BEH15E]

2
d ez‘”w( )U U
w

d ez‘”w( )V V

MK U (1,€),V(1,€) e H(R), FFUAETST i ib

1 * 1 *
{? cwlU™ - dle+U§+} =0, {? cwV*? - d2wV+Vg} = 0. (25)

] —®

X (21) F(22) KT o FIETEL0,1] x R BRI R (23) ~ (25), A
| UT(n) |2 - 2a1f; Re%w@U*(s,g)fkcl(y)zﬁ(s — 1~y —or,)dydéds +

!

1 w' o dy(wh)? .
JofReQ’“{—cw—zl(wJ +4nu” —4n,d +

2p, V" + 2pp = 29, U7 - Z,LL}wU”dfds <

N\ 2
< d,e*wl]” + 4d1e2‘”w(w) U, (23)
w

N\ 2
< dye™wV? + Zd ez’“w[w j Ve, (24)
w

1070 1 + 20, (u” = @) [ [we™ 0" (s,6)v" (5.6)des, (26)

SNV 1 = 2] [ 0V (5,6 [ 60V (s =706 =y = er) ddéds +

" ’1/0, d wr 2 i . .
IOJ-ReZ'“ { me T 22(1,0] + 2p,u” + A0, - 2p, U = 2p, — 2u }wV *déds <
1V0) 1 + 20| [ we™ U7 (5,60 V" (5.8 dtds. (27)
MK
f Gl(y) w(f + y + CTI) dy — e4y17'10'(2)*2('0'0T1 ,
R w(§)
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FIIH Cauchy-Schwarz NEXFLM B s -7, >s, E -y —cr, > &, y oy A
20 [ @)U (0 [ 60 =78 =y - er ) dviéds | <

o [ [ e u(@)025,6)6,() dvdas +
OL]J:JR Rez"-‘w(f)Uﬂ(S -7,,6 -y —cr,)G,(y)dydéds =

o[ [ o) v, [ 6.00ar] agds +

w(‘f +y+CT1)

BRI REE) 2
“lf,ﬂfke w(é)U (sf)fRGl(y) (&) dydéds <
al[l + 62}"71647171‘76_20"071JJ"‘[ eﬁst(§>U+2(s’§)d§ds n
0'R
2Ty 47]7']0(2)—200'07] 0 Qus + )
a6 e [ e Ui ) 11 3,ds. (28)

-7

Kol
20, [ @V 5,6 [ GV (s = =y = eny)dydeds | <

@[+ et [ [ n(6) V(s 6) deds +
0”"R

et [ e | i) | s, (29)
‘2j;fke%w<§)zf*<s,§>v*<s,§)d§d5 <
j;fke%w(§>u*2<s,g>d§ds + j;fke%mg)v*2<s,§)d§ds. (30)

20 (28) ~ (30) 1R A (26) F(27) Hh, £

¢ ’ d n 2
) 13+ [ [ e wm —a,[1+ Mmetrt o] gy g -
v 0’R w 2 \w

dmb +2p, V' + 2p = 20U = p(u” = &) = o — 2wl dEds <
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Stability of Traveling Wave Fronts for Delayed
Lotka-Volterra Competition Systems
With Stage Structures

GUO Zhihua, CAO Huarong
(School of Mathematics and Statistics, Xidian University,
Xi’ an 710071, P.R.China)

Abstract: The stability of traveling wave solutions to a class of Lotka-Volterra competitive sys-
tems with age structures was studied. In the case of quasi-monotonicity, the existence and com-
parison theorems for the solutions to the initial value problems of the systems were first estab-
lished on R with the analytic semigroup theory and the abstract functional differential equations.
Then based on the weighted energy method, the comparison theorem as well as the embedding
theorem, the global exponential stability of the monostable large-speed traveling wave solutions
under the so-called large initial perturbation (i.e. the initial perturbation around the traveling
wave decaying exponentially as x —— o , but being arbitrarily large at other locations) was ob-
tained for the systems in the weighted Sobolev space. The results show that, as the steady state
solution of the system, the traveling wave solution usually determines the long-term asymptotic
behavior of the solution to the initial value problem. Its stability reveals that the phenomena and
results of inter-species competition systems can be clearly observed without interference by ex-
ternal factors.

Key words: Lotka-Volterra competition model; stage structure; traveling wave solution; stabil-
ity
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