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Large Time Behavior to a Chemotaxis-Haptotaxis
Model with Nonlinear Diffusion
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Abstract : This paper deals with the following chemotaxis-haptotaxis model

u,=Au"-XV (( 1+uu)a ij £V (( lfu)B ij +u(a—pu—-Aw), xed2,t>0,

v, =Av-v+tu, xed2,t>0,
w,=-1w, xe,1>0

under homogenous Neumann boundary condition in a bounded domain £ C R’. It is shown that when O<m <1, for
a a

appropriately large u, the corresponding solution (u, v, w ) goes to the steady state (*,*,O) by constructing an
wp

appropriate energy functional.

Key words : chemotaxis-haptotaxis , nonlinear diffusion, large time behavior,energy functional

ASCWFFEUN T A AR L5 B 1 — i s 2

u,=Au"-V - (H(u) Vo)=V - (S(w) Vw)+u(a-pu-Aw), xe£2,i>0,
v, =Av-v+u, xef2,1>0,
w,=-1w, x€d2,1>0, (1)
mu'"*lafu—H(u)@—S(u)afw=0, x € df2,1>0,
v v v
u(x,0)=uy(x),v(x,0)=0v,(x) ,w(x,0)=w,(x), x e {2

W #s B #7:2023-04-02.

EeWB. . HRHAABFILETH (12301251, 12271232) (IR A H AR 23 4100 H (ZR2021QA038) | i YT K 2= B I 3h 3 4 101 H
(LYDX2020BS014).

EIES ST W YR WF5 5 ) sl o0 R L HER . E-mail : jiazhe@ lyu.edu.cn



PSR 4R (AR R 55 46 5 4 W1(2023 4F)

ff A RIS )47 A, Herh QCR® i el 1 B A S8, v, w 73 Sl AR 88 200 0 285 T e o o i il 9k 2
AN RO, H () , S (w) 20 5 USSR IR A BEURRTT, FE A SO st H, S Bl AR Z64F -

H(s) <Xs(s+1)™, Hfrs=0 H H(0)=0, (2)
S(s) <é&s(s+1)7*,HrArs=0 H S(0)=0, (3)

K, X,&,a,8>0. JiFh MRPIE 2
uy,v,€ W= () ,w, € C**(0) , H ae (0,1),u,,v,,w,=0. (4)

2016 4F-, Chaplain %5 42 i 58 40 A (0932 ST BEALY™ 150 8 ki 20 R8T 4 fige e 0 B 10B6 2, OF:
SIAT b -GmiER. 251207 B 2 R (S I CHk[2-10]). B m=1,H(u)=S(u)=u I}, Zheng
LRV SE T i B AR AEAEPE AR )4 T . B 40, 24 0<m <1, a=A = I}, Xu ZP IS RRR (1) O fi 2 fix
LB B AS(1,1,0).

AL FERGERRL (1) 59FF R ITEAT R, EZEERAT .

FE1 I QCR ZEANGHLFNA R BREAMA(2)-(4) 7, H 0<m<1,0<w,<1,u>

achl—m ﬁ o .

( - ] St ¢ R ERE WX AER p=2, 4
. a a
hm( u(+,0)—— +Ho( 1) — +w(-,t) | Lw(n)jzo-
o Mol Moll= 0

1 HgEHNA
5 ORS00 (1) 553 By A AT A P AT S 2
B 177 0 QCR REDGHEL R A R, i a>0,B>—%,JF1'J [T (1) 47 7E— A>T 5755 i 1

le%{?ﬁ)( [wCet) | eyt NoCest) I pmy+ lwCest) | =) <A, HHARYE uy, 00, wem, X, €,a,B,a,
A, QG SRR R, > w>1 B A
ZE(S(BPW) w(Ce,e) |l L= (0) s(u,
K, €25 p TR
T AT E B 1 AR iR ) E AR A R A B
5138 277 Bi% 0<m <1 ,a>0,0<w, <1, 024 p T KIF  FFAEF B KS0 TR v e Q Fl =1,
A v(x,t) =K, HF—1583] w(x,t) < | w, | Lm(me_’((’_]).
SIZ 3 B (1) e (T, 0 ), Hth T>0,h=0. QSAFAEREL C>0 fifH
h(t)=h(s) <C(t=s) ,HH 1>s>T B h (1) ~h(s) =-C(1=s) ,HH t>5>T,
Ul']llilllh(t)= 0.
2 ER IR
TAHRI2-3,7 R 5, 5 X F ARG RZ 6
F(t):= j (u—l—aln ujdx+0’f”(v—a]2dx+n2f”| Vw(-,t) |2dx+pj w( ,t)zdx+5f wdx,
0 7 7 0 0
W] F (o)W 2 T | B

axZ Cl—m
2m

2|32 4 1@&%{&#(2)—(4)5&1,&«%1,0<w0s1,ﬂ>[ ]””’,,ﬁ\q:c%#rzﬁﬁﬁ,mmﬁ

BIEREE o ,m,p,6>0 L

+o I'L +o0 a 2 +oo a 2
f lewVM&%—f j@rjdﬁﬁa[ J@rj%&$Fﬂ)
) 27 Jao M ) n

iERR  &itHAfS

d X 1 1
7J (u—l—iln u)dxﬁ—@j 1"V w2t aVu-VvdaH@f BVu-dex—
dt o 7 m Yo mlou(l+u) Mmlou(l+uw)



pUE MRS S5 el ) S ey S L S U PN | CI K]

2

a)? Aa Xa 1-m 2 'fza 1-m 2 a)’
7! L (u—ﬂj dx—-A fn uwdx+; L wdezlum jg w "l Vol dx+2,u7m fn w "I Vwl dx—p fn (u—,uj dx+
I-m 2 A
f | lezdx—,uf (u—aj dx+£f wdx,
" p o

o M;=su33 [uCe,t) | e 18 *%ﬁ'J(l)E/Jkk—AJC¥ E A EE

i (U—Mj dx+2j 2 dx+2f(v—uj dv= 2J(u—“j[ —Zjdxsi(u-ijzdﬁﬂv—zydx’
E&%E
i (u—M) dx+2j | Vol dx+J(U—] dx < f[u—j

A BEA() E’JM*/\T? @"F%ﬁglﬁ 1 A3 2 A4 3

2
7J’ [ lezdxz—val lezdx—ZJwVw- Vvdx$—KJ | lezdx+fJ’w2| Volde<
dtn 0 0 0 K

Aa X’a
fj wdx <
JT)

—Kf | Vwl?dx+C, fwzdx
) )

IR
ifwzdyc$—2wazdx ifwdx$—[<jwdx.
de 0 0 Kt 0 0
R, FRA 145 3]
X2 Ml*m 2 Ml*m 2
F'(t)$( ¢ —20') f I Vvlzdx+E§a —nKj j | Vawl*dx—(u-0) J’(u—aj dx—
2uM . 2um 5 0 M
’ A
a'f(v—a) dx+( C,m-2Kp) fwzdx+(a—[<8] [ wd, (5)
0 w © 0
achl—m m/ (JX Ml m 2M|—m
i &F 0<m<1,M<Cu u&p»( 5 j S u’> . IAFAER B 0>0 m}i <20'</.L. 2
m

Z;Lm
A 2y M u—i Zx_ v—i zx_ widi— | wdx
EENEIN U= jgwmdx zfg( M]d ajﬂ( M)d fg d fgd'
XHZAOCTF I ¢ 72 (1, +00 ) EBUN 135

ff |V 0 2dude+ ™ jj” (u—] dedi+or jfg [1}-] dxdi<F(1).

R LER L o(2)= [ S(o)do, W) HIXHE Y 220, 4

2
W A B>2

o(z) Szfﬁ( 1+z)27ﬁ,ﬁﬁﬁﬁ'= o(z) <9 éIn(1+u) ,% B=2

FREBE T KA H L n,6,p>0 i HIH L £ nK- =1,2Kp-C,p=1 LI J% Ks—;“>1. G4

& 25 g
2B(1+) G B<2

SR (1) B — AT AR T L u—%,#ﬁ Q R A

1 d ?
— — (u—aj dx$—mju'"_1| Vulzdx+Xf L Yy Vpde- jgo(u) Awdx+2aju dx—,uju dx—
2 de 0 M 0 o (1+u)® 0

2
A
A fuzwdx—ifudx+afjuwdx\—ﬂfu"ﬂ| Vulzdx+fju37'”| Vol dx+ || w, || me)J’qo(u)vdaﬁ
0 Mo L) 2, 2m 0



PSR 4R (AR R 55 46 5 4 W1(2023 4F)

D Jgo(u)dx+2afu2dx—,u,fu3dx—/\ fuzwdx—afzfudx+@fuwdx.
0 0 0 0 Ll oo

FARHIFIE S -Aw (e, 1) < [ 1wy | ey v (e, ) +D, (x,1) € 2x(0, T, ) , Forlt D 2 0F % 50 (L Scik

[8]). &hiaslH 1153

d a)’
— u—-77| dx=C,,
dt Yo M

HEM A 513 3 F 4 152 —o0 B,

w( 1) - —0,
Moll2c0)
FEHH Holder ANSFAXAFXEREM p=2,47
w(-, - >0
Mol

FON A1) A AT G B 1A

d ( “jzd +2j | Vol?d +2j ( “jzd <C
I — 1} I -~ .
a s v P x , x . v ,U« x=C,

FIHGIHE 3 A1 4, RS20 1— o0 BT,

o(- ) —| 0.
RTRIe)
Tl 1T Gagliardo-Nirenberg N5 152 1— o0 A,
v(-,t) . —0.
Ko=)
HERE.
TS

R RO R 4B RO R Z 56 B (1) mﬁ%ﬂ%éﬂﬁmumﬂ%ﬁa[ﬂﬂoj

[ &% 30k ]

CHAPLAIN M, LOLAS G. Mathematical modelling of cancer invasion of tissue: dynamic heterogeneity [ J ]. Networks and
heterogen media,2016( 1) :399-439.

ZHENG J,KE Y. Large time behavior of solutions to a fully parabolic chemotaxis-haptotaxis model in N dimensions[ J].
Journal of differential equations,2019,266:1969-2018.

XU H,ZHANG L,JIN C. Global solvability and large time behavior to a chemotaxis-haptotaxis model with nonlinear diffusion[ J].
Nonlinear analysis:real world applications,2019,46:238-256.

JIA Z,YANG Z D. Global boundedness to a chemotaxis-haptotaxis model with nonlinear diffusion[ J]. Applied mathematics
letters,2020,103:106192.

JTIA Z,YANG Z D. Global boundedness in a chemotaxis-haptotaxis model with nonlinear diffusion and signal production[ J].
Acta mathematic scientia,2021,41A(5) :1382—-1395.

JIN C. Large time behavior of solutions to a chemotaxis model with porous medium diffusion[ J]. Journal of mathematical
analysis and applications,2019,478.195-211.

TAO Y,WINKLER M. Large time behavior in a multidimensional chemotaxis-hapotaxis model with slow signal diffusion[ J].
SIAM journal on mathematical analysis,2015,47.4229-4250.

TAO Y. Boundedness in a two-dimensional chemotaxis-haptotaxis system[ J]. arXiv:1407.7382,2014.

JIN C. Boundedness and global solvability to a chemotaxis-haptotaxis model with slow and fast diffusion[ J].Discrete and
continuous dynamical systems,2018,23(4) :1675-1688.

LI Y, LANKEIT J. Boundedness in a chemotaxis-haptotaxis model with nonlinear diffusion[ J]. Nonlinearity,2016,29;1564—
1595.

[ RELREE : B IAHT |
20 —



