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15 =
23 I8 BAT IR T R

ure — diAuy = uray — bty — bz — equp o % uz), (¢, ) € (0,+00) x Q,
uz, — doAuy = uz(az — ba1uy — baous — e2uzJy *uy), (t,z) € (0,+00) x €,

%%,'l = 5951:_3 =0, (ta :B) € (07 +00) x 09, (11)
ul(t,x) = nl(t,:c), (t,.’L‘) S [—-Tl,O] X Q,
uz(t, .’II) = 772(t1 x)a (t7 IL‘) € [—TZ,O] x Q2.

Het Q & RN PRF RSB, #1R 00 € C1F2, diyai, bij,e:(3,5 = 1,2) BIEHE, n BHBLSH
B, o RFERETRAERE. BN Jicw = [ Ji(t— s, )ui(s,v)ds(z € Q). T A
Bo<t<m B, Ji(tz)>0,J4(tz) € C[0,m] x Q), fi° Jilt, z)dt = 1(z € Q). WHHE ni(t, z)
WE ni(t,7) 2 0,mi(t, 7) € C([-7:,0] x Q).

[ (1.1) REFKEESREPEFHAEY R ERE S, T HEERMHx 4
KR, X8 u,ue BENHROEE, 0,0 EFENAREKE, b, b S5IEFHAF
BOHATESE, b BE_MNEXNERENHREESFE, b 285 —FES MR R
HETEE, o BEZFIRYE—MENTHERE, o BE NSRBI EER
. FFIK Neumann HFHRAFRREMFBRRHERR Q X, £ Q WAFEEED.

Mukhopadhyay £ [1] B 7Ei2H BB HHRR

w1 — ) (ay — by ~ biauz ~ e1uuz),
{ d‘%‘} = ulga; - b;ui - bzz’u.z - ezu;ulzt - 7)), (12)
Mukhopadhyay BFXT (1.2) SRMHFIERTH, ST (12) FAE0— 0 RAGE ERASMITEA S
. REFRREAE 2] P9ET THRS:

d =y (ay(t) = bua (t)ur ~ bra(t)uz — erurua(t — 72(2)))
{ %’“ = u;(a;(t) — ba1(t)ur — b2 (t)uz — equoua (t — 11(¢))) (13)
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HRBREIRE, ST (1.3) FFEERNIRE T R 1.
AXEZR (1.1) BOFELREEIT Y, 2XEHNT: % 2 VRS RMIFEE—
t; 34 FHEEMBHEITR. ATHERR, & f=(hH,f) . HF

fi(ur,uz, J1 % uy, Jo % ug) = ui(ag — brauy — bioug ~ e1ur Ja * ug),

fa(ur,uz, J1 % uy, Jo * ug) = uz(ag — barus — bogua — equaJy * uy).

2 REAHFEE—E

EX 2.1 MR 4,4 € C([~71,+00) X Q) x C([~72,4+00) x Q), MH. 4 < 4. AJLUEXXE
(a,@) = {u € C([—m1, +0) x ) x C([~72,+00) x Q); & < u < @} .

EMX 2.2 ¥ f; BYE (4,4) A Lipschitz ¥4, MREHEE K > 0, M TFEE u,u' €
(a,8), | fi(u,uz, Jy % u1, Jo % ug) — fi(ul,uh, Jy * v, Jo *uh) |< Ki(lur —ul | + | ug —uh | +|
Jyxuy —Jixuy |+ | o kug — Joxuy |) BOL. #H—2, WR fi, f2 7 (4, 4) AT Lipschitz &
%, W% f 7€ (4,4) JHEP Lipschitz #4E.

RAESEL, f7E (0, M) /¥ Lipschitz #4E, Hd M HERIERE K.

EX 2.3 B fi BIE (4,a) B OR) 09, WERERE wi, fi MHKMH AR u;i(G # 1) BR
BRI () 0. HE—2, MEERZE wi, fi MHAW AT RS DIBA S AR, W £
BRI, mE £, f BREBELE, ¥ F BEURS.

mltE XTLAE S, f 7 (0, M) RREMAS, Hb M HEEERRE R

EX 2.4 B 4= (G1,82),8 = (@1,82).8, G € C%([~T, +00) x ) NC12((—T3, +00) x ),
mE a4 Ff. Fa,aR (11) BRELETE, MR >4 BEEFHI%HE:

1 — d1Ady > Gy (ay — bty — biady — exiiy J2 *42),  (¢,z) € (0,400) x £,
d1e — d1Ady < dg(ar — bty — biglie — ey J2 x %2), (¢, z) € (0, +00) x Q,
e — dpAdp 2> tiz(ag — barfly — bty — extinJy *41), (¢, z) € (0,+00) x Q,

figy — doAdip < diz(az — byydly — bazlly — extiaJy * ), (t,7) € (0,400) x Q, (2.1)
%Et<0<—-11,—-12 (t,z) € (0,+00) x 89,
i(t,z) < n,(t z) < 4;(t,x),i =1,2. (t,z) € [-7:,0] x Q,

EHE 2.1 REHFEAH (L) BRETERME, Lt z) € C*([0,7]xQ), mi(t, z) € C([-7,0]x
Q), WA 4,4 2 (1.1) WEELTR, B4 (1.1) FEE—1% o, 2), i v*e @, 8).

FRARIERL R (3] MER 2.2.

#it 2.1 HE (1.1) FEE—BF u(t,z), TH v € (0, M). H

a a
= (Mla M2) = (ma'x{ sup nl(ta IL'), '_l}’max{ sup 772(t1 17), _2})’
(t,x)€[-T1,0]xQ b1y (t,2)€[~72,0]x2 ba2

B 0 <uy < M;,0<ug <My, (tz) € (0,400) x Q.

RASFURE (0,0,), (M, Mo) W (21), AR (L.1) (MRE L TR TSR 2., 7]
% (1.1) AHE—2 B8 u(t,z), TH u(t,z) € (0, M).
3 FRIVANEITHRYFIEANR

HTHH (11) REWFERER, WERH ARSI (™) = {(E™, ™)}, (<™} =
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(™, ™} m=0,1,2---. BREFELE

——(m) _—(m 1)+ 1—('" 1)(a1 bucgm_l)—bmggm 1) elc(m l)J *cgm 1))
cg m) _ (m 1)_,_1%1_("1 1)(01 ucg —1)——b126(2m 1)_e C(m l)J *égm—l)),
&m _-<m D 4 LD, g, D pggmt) (m D x ™), (3.1)
(m) = cé’" Rt ché’" V(az - b21€ bzzggm_l) ~ ezgé'"'”Jl * 5§m_1)),

He¥ K1, Ky & fi, f2 7 (c9,89) HiE R BT Lipschitz LRI HE, HEFIY ¢ HEH
B, Jixc= f:_ﬁ Ji(t — s,z)eds = ¢ [* Ji(s,z)ds = c. TICHF (3.1) FHY J; xc B ¢ X
#.

S 3.1 XF 0<é<Eé=(61,8),6 = (6,62). MR Gé R (1.1) WHEESLTH,
B 61,8,6,6 HWHEE. Pad c@ = 0 = ¢ fENWHEE, WE (3.1) Bt FEsl
{e™1Y, {c™} B THI PR

¢ < M < olmtD) < gmtD) < olm) < & m =0,1,2---. (3.2)

PAEGTERA R (4] 09313 2.1
h (3.2) BRIBERTUES (™), ("™} FERRK, iE

lim &™ =¢ lim ™= (3.3)
m—+oo m—»+oc
BRWRE ¢,c THIXFR:
E<c™ <M <ec<e<d™ <™ <Em=0,1,2-- (3.4)

B m — +oo, Wi (3.1) ATLABEITHIXRRML

&i1(a1 — bnér — bieg; — e1&1cy) =0,

¢ (a1 — brgy — b1282 — €1¢,82) =0, (3.5)
E2(az — baic; — ba2C2 — e282c;) =0, '
Ca(a2 — b21€ — bagey — €36581) = 0.

RAB, MR c=c B4 (o) B (6,0 PHE—HESE ETENEED, HRE ccHX
B SREHETA.

I 3.1 @G e R (1)) WEREA LT®R (e}, {™) BERE 3.1) B, i
R {2}, {™) BRRR, FB4 (1.1) B9 u(t,z) R ¢ < ult,z) < &t — +oo,z € ). it
—3, MR c=c(=c*), W4 * & (1.1) £ (&8 PHE—EER, MEA lineoult,z) =
c*z e ).

AEEMIEHR 3] HEHE 3.2.

4 FREYIRREITA
EX—Y, PR (L1) BOEHET I TN EERSRNXER, MR THIRM:

c1(ay — bier — biaco — eyc162) =0, 4.1)
ca2(az — barey — baaco — eacacy) = 0. ’
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YT (4.0) FEAEAESUR (0,0), (0, £2), (2, 0). THEE (4.1) FELEME—IERE (cf, c3), FEMRIILL

THRIF

b11?

b1z _ar b b2 e b
bos 5;<E’EZ<E§<E{' 4.2)

SIFE 4.1 MERGF (4.2) BOL, R4 (4.1) FEME—IER (¢, c5).

HE I EAE AR RS AREOTH, AR 1)

B 2.1 M, MMEEMIERVERS (1.1) FEE—2RENR. BohhgFEE, mi
7:(0,2) MEH 0(z € Q) , B4 wi(t, z) > 0((t, z) € (0, +00) x Q). FHARERE 7:(0,z) =0(z €
Q) WAL =FEE .

W (1). m(0,z) = 0(z € Q). HME—ER ui(t, ) = 0((t, z) € [0, +00) x Q). HA ua(t, z)
W TFFEH

%z -0, (t,z) € (0, 400) x 89, (4.3)

Upt — daAus = uz(ag — baous), (¢,z) € (0,+00) x Q,
u3(0, %) = m(0, 2), zeQ.

FHTIE (4.3) BHENEIRREHE. X4 72(0,7) = 0(z € Q) B ug(t,z) = 0((¢, z) € [0, +00) x Q).
4 m2(0,z) NMEH O(z € Q) B, HISRIRAMEES, ua(t,z) > 0((t ) € (0,+00) x ). MAEEK
to > 0 H ua(to,z) > 0(z € Q) BIL. 4 m = mingeq uz(to, z), M = max,eq uz(to, z). T
(5 9k

9 _ gy —b
dw _ —_
{ “ w%;lzz mbzzw)’ (4.5)
MO EREEEIR A
a
tlxgloov(t) = 522;, hgloow(t) 5232 (4.6)
BEETH R
Ugt — doAus = UQ(az - bgzUz), (t 17) c (to, +OO) x €2, _
qu (t,z) € (to, +00) x IR, (4.7)
uz(t $)|t=to = uz(to,x) zefl

HER (4.4)(4.5)(4.7) H, o(t),w(t) SHRE (4.7) T (to,+o0) x Q@ W LB TR, fHEEE
3 w(t) < ua(t,z) < 0(t)((t,2) € [to,+00) x Q). FRA limemsioow(t) < limypoouz(t,z) <
limg 400 v(t)(z € Q). FERR (4.6) TB:  us(t,z) — 2 (t — +oo)(z € Q).
A (I1). n2(0,7) = 0(z € Q). SHE (1) HALHNETAEH: 4 7,(0,2) = 0(z € Q)
B, wi(t,z) = 0((t,z) € [0,+00) x Q). % n,(0,z) NEH O(z € Q) B, u(t,z) — pa(t —
+o0)(z € Q).
WA (1) m(0,x) 55 n2(0,z) BAIES 0(z € Q). h5IHE 4.1, INF (4.2) ML, (4.1) &
ME—IER. EZRBTIIHE
Use — AUy = Uy(ay — bul), (t,2) € (0, +00) x 0,
{ gh —, (t,z) € (0,+00) x 09, (4.8)
U1(0 z) =m(0,x), z €.
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mEE 1) it IRBH Uit z) — 3L (t — +oo)(z € Q). MEHFE (1.1),(4.1), A rEHY
HARFIEE w(ta) < Uit z). BUIER 61 > 0, FE1E 41 >0, %t >t B, w(t,7) < & +er
HefRl, EB ez >0, FAE 12> 0, % t > t2 B, wua(t,z) < %22' +e9. FrLAFIER t3 = max{ty, 2},
Bt t B, (w,u2) < (B +e, 52 +e2) - REIE (L1) BAENITREES T REMY
Wik e RS,
uye — d1Auy = uy (a1 ~ briyug — biouz — equpJa v uz), (t,z) € (ta + 11 + 72, +00) x Q,
ugy — doAus = uz(ag ~ boyuy — bogus — eguaJo * uy), (8,x) € (t3 + 11 + T2, +00) X ,
%‘;}—an~0 (t,z) € (ts + 711 + 72, +00) X 99,
u1(t, %) leeftatrastatritra)= 1(t: T), (t,z) € [tz + 7otz + 71 + T2 X Q,
u2(t, T) leeftgtri tatritra) = w2(t, T), (t,z) € [tz + 1, ta + 71 + 7o) X Q.

(4.9)
2b11—a1b21 1bo2—agbyz x 2b11—ay b2y ajboo—azby
Iﬁ( g1 = & 2b11:21 €2 = = zbnlf;z ,C= (5_111- + 4 2b111‘7121 ’b_zzz- + 2b121;122 ) é= (51,62), ﬁ‘fp
. biz(a1bze — azby2)
§; = min inf u1(t, z), )
! ((t,z)e[t3+rz,t3+n+rz]xf'2 1(t:2) 2b11b12baa + e1(arba + azbm))
ba1(azbiy — arba)
d> = min inf ua(t .
2= m ((t T)E[ta+71,ta+T14+72] X0 2(t,2), 2b11bo1baz + e2(arbar + azbir)
R R AREOT SR 6, ¢ TR
é1(ar — b1181 — bi2éa — e16162) <0,
é1(a1 — b11é1 — b12é2 — €1é162) > 0, (4.10)
Ea(az — ba1éy — bagla — €2826;) < 0,
&2(az — b21¢1 — baaéa — e26261) > 0.

REIR & 6 2 (4.9) WS LT, SRR (3.1) BEfUFEF {ci™), {c™},2,c 451K &™), om)
BARFR. BT é>0, 8 c>0. E g c HER (3.5) A[AN

— b1 — biocy ~ €112 = 0,

—brigy — bi282 — e16,22 =0, (4.11)
a — ba1cy — baalz — e2Cacy) =0,
a2 — b2181 — baocy ~ eagC1 = 0.

0 (4.11) THESETIIRER
(b2161 — bueg)(él — _C_l) + (b1262 — bzzel)(ég — gz) =0. (4.12)

A (4.12)(3.2) HI1B, & =¢,8 = ¢ BHEE 3.1 8 limejou(t,z) = c*(z € Q). R
E#gitie, HFTHEHSL.

I8 4.1 MNTFHEEARIEFADGHES (1.1), U

(1) ME 0, (0,z) = 0(z € N),72(0,z) FEHX 0(z € Q) , WAL t — +oo B, (w1(t,2),u2(t, 7)) —
(0, &) £ @ —BUKAL.

(2) W 72(0,2) = 0(z € Q),m(0,z) REH 0(z € Q), AL ¢ — +oo B, (u1(t,7), u2(t, 7)) —
(£x,0) & & —HUHL.

3) W m(0,2),m(0,2) HAIEH O € Q) , TH (42) RIL, L% t > +oo B,
(w1 (¢, 7), u2(t, 7)) — (¢, ¢3) 76 @ —BOURSL. b ¢ & (4.1) WE—IERE.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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& 41 MERFETAMGERS, (11) MERSHELRILEEN, B (1.1) BFH
EHERER, WRAFNENIEREH.
BRM (4.2) RRIE, BIOSIHRTIINE (1.1) BEOEHEITH.

ay e b2 a1 € b1

%< tma e b 413)

b o by _a @

b e az’by ex ag
(). &G (4.13) RIA, (L1) MEHETAIE (49) BEAGEFT RSN, B e =

%152 = 1’é= (bl;'; +El1£fz' +€2))é= (015) ﬁq:

(4.14)

. . ba1(agbi1 — a1b9y)
6 = min inf ua(t, ), ,
((t.z)€[t3+n,ta+n+rz]xﬂ 2(t,) 2b21(b11b22 + a1e2) + e2(azbiy — a1bay)

BRC,EWME (410). B, &¢R (49) RS LETH. XdT Q1)+

- 1 - - - - -
ng) = ng D + —K—lé”‘ 1)(01 - bug§'" n_ b12a(2m n_ elg§” 1)J2 * 5(2m 1)),

H™=0. M, =0 A, &>c,>é=06>0 F& (3.5) THSH

&i(a; — b€y — bizgy — e101c,) =0,
az — ba2éz =0, (4.15)
a3 — b1 € — baacy — €20561 = 0.

BRi% &1 #0, (4.15) (S H

a1 — bné — biag; ~ €181, =0,
{ az — b2181 — baze, — e2¢,8 = 0. (4.16)

W (4.16) 19,
(b21e1 — brie2)er = (bizez — bazer)c; + (azer — aye2). (4.17)

417) 5 A3) F&, th e =0. H (415) B o =¢ =08 =¢ = &. HTHE 318
lie oo u(t,2) = (0, &) (s € ).

(I1). E&M4 (4.14) BIEY, (11) BOFETHNE (4.9) BEEHETRESN. W e =
1’62 = %Zyé'—‘ (ﬁl; +611 ﬁzz' +€2)’é = (5’0)1 ﬁq:

. bi2(a1b22 — azb2)

((t,z)e[ta+rzlf:£+'rx+rz)xﬁul (t,), 2b12(b11b2z + aze;) + ey(a1bon — azbr2)”’

BREEWME (4.10). Hilt, ¢éR49IMB/ELTHR T 3.1) +

- 1 - - _ — -
ng)-':ng 1)+E_ng 1)(a2—b216(1"' D—bzz_C_gm 1)"‘82§gm l)Jl*é(lm 1))’

™ =0. Mg, =0 AR, &>¢ >é =06>0. T (3.5) TS

a; — b;16 =0,
a1 — by — b1a2 — €18 =0, (4.18)
C2(az — barc; — b2aC2 — €282¢,) = 0.
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fRi% 2 # 0, (4.18) AHESH
a1 ~bueg; — b2tz — 1,82 =0,
{ a2 — ba1gy ~ b2alz — e2l2¢; = 0. (4.19)
ST (4.19) 18,
(barer — brie2)e; = (bizes — bazer)@2 + (azer — ar€2). (4.20)

(420) 5 (414) /&, M & =0. 1 (418) B o =¢ = S5 =¢ =0 HEE31 B
lime—, 400 u(t, ) = (£,0)(z € Q). BHABRITHEHLER.

T 4.2 XTFRGIETAIAE L1), 1)

(1) JR n2(0,2) FEH 0(z € Q), WHEKM: (4.13) BL, WA (wa(t, z),uz(t,z)) — (0, &
% PI—BRL

(2) R m(0,2) AMEA O(z € Q), MHAKM (4.14) BRIL, W4 (w1t z),u2(t, z)) — (£,0)
1 O R—BUR L.

42 KM (413) RIB, MTEGEFEAMMERTS, (0, 2) RERWEREN; &
f (4.14) BRI, SEFIESIETEAMMGRES, (2,0) RERFEREN.
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Stable Solution of a Delay Parabolic Equation of Plankton Allelopathy
TIAN Can-rong?, XU Fef?, LIU Yong®

(1. Basic Sci. Dept. Yancheng Institute of Technology, Jiangsu 224003, China;
2. School of Math. & Sci., Yangzhou University, Jiangsu 225002, China )

Abstract: A Volterra competing model arising in plankton allelopathy is considered. The asymptotical
behavior of the solution is discussed using upper and lower solutions. A sufficient condition for the
system to have a positive globally asymptotically stable solution is obtained.

Key words: time delay; upper and lower solution; globally stable.



