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Abstract

Chemotaxis is known to stimulate the biased motion of cells or organisms by chemical signals pro-
duced by substances that are unevenly distributed in space, which has a crucial role in a wide range of
biological phenomena such as immune system response, embryo development, tumor growth, popu-
lation dynamics, etc. Chemotaxis equations (or chemotaxis system) are partial differential equations
describing chemotaxis phenomena. Therefore, it is of great theoretical value and practical signific-
ance to study chemotaxis system. This article studies the properties of a homogeneous Neumann ini-
tial boundary value problem for an expendable chemotaxis system with logistic source growth in an
N-dimensional bounded domain. Using semigroup theory, LP-estimation, maximal Sobolev regularity,

(N-2)
N

Moser iteration and other methods, it is proved that when a, > * ;(C , then the system pos-

1

N
~ —+1
sesses a global classical solution which is bounded, where C =C_C¢? K C,= ||v0 ||L°° @ and C ) is
—+ —+
2 2
a constant which is corresponding to the maximal Sobolev regularity.
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1. 518

AT RR 2 I, R A0 B AT MRS Sh SR e (A0 2 B A R M S 2, v
WMGRRERGRN . A E . MR, MRS 2SR s 2o mEMEML] [2]. 20 i
43 70 4EARH), Keller Fil Segel B AR T4 (IR BL R I, T 25 W20 RN AL 2240 55 F) 55 < fe e e
P T HRUER) Keller-Segel #74[3]:

{ut =AU-V-(UVv), xeQt>0,
V, =Av-Vv+u, xeQ,t>0,

M

Hu(xt) FoRAREE, v(Xt) FRUHESIRE . B oA HRER, BN, Xk
=5 o 5T 7 FE(1) ) Neumann )38 7 #5, Osaki, Nagai, Winkler [4] [5] [6]% NIFRT T 25 (A1 4E%0 N =1
B, XTAEER G IVIE, A ERARERME; N=28, ST ERNIVIE, S0RE42RT
TER: N 238, (EBREXIR, X TAEEAR S EEIVIE, HARIR R AR AEA FRET 25305 .

BT 40 v] AR 2 Fli b 5 KR B2 3, 112 %38 R 4 L Keller-Segel #8L# Fh Az f4 . F
W — 2R LR AR R B (S S T REN LI I S8 A = A AL -

U =Au—-V-(uvv), XeQ,t>0,
V, = Av—uv, xeQ,t>0,

2
a—”=ﬂ=0, xeoQ,t >0, )
on on
u(x,0)=uy(x),v(x,0)=vy(x), xeQ.
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MBS AN RER I, ASAE SME ARG, 1R e R, A ERMAE S 5 Q
N T IX 3R, Tao A1 Winkler [7] [8]5%H i A3 e M i) @l 7 K& LAk
Issa 1 Shen [9]7% J& T LA N —2KE A logistic Y5 10 (1) {b 15 44

u, :Au—;(V~(qu)+u(ao(x,t)—al(x,t)u—az(x,t)jﬂu), xeQ,t>0,

TV, = AV— AV + U, XxeQ,t>0, @
3

a—”=@=o, X € 0Q),

on on

u(x,0)=uy(x),v(x,0)=v,(x), XeQ,

H1>0,7>0,u4>0, yeRERELEURN. u(a —aiu—azj u)i%ﬂ? logistic A=K IFIT,  a, FARFIEE

fIsg, au RoRWMEIAEGES, a Ju%%/TfFMEFE’Jﬂfﬁ%ﬁ#@ﬁfiﬁi‘&ﬁ’]ﬁ‘ﬂﬂo VEE L] 1 ARt 22 S
FE—RE AT T B & RAFAEVERTG Bk

5 LR TARME A, FHEAG) R AT A &R S M A A 5 5 AT, A S5 1
JiRE R IR A AR PE SR AE R SO ). SE AR, AR S

ut:Au—;(V~(qu)+u(a0—alu—azfﬂu), XeQ,t>0,
v, = Av—uy, Xxe,t>0,
(4)
N_¥_y, Xt >0,
on on
u(-,0)=uy,v(-,0)=Vv,, XeQ,

Hr Qe RY (N 21) 2—AMNAACHLAWE X, £>0, a>0(i=012). ATHIHIE Uy, v, /2

u, eC’ (g_z), U, 20, u, AMEZET0, xeQ, 5)
voewlvw(g), v, 20, xeQ.
L QR (N21) B—AAA ARG R, & >0(i=012), 7>0, ZHIUL U, v, i
N-2
G, WFEFHC>0, ffiffYa >—0>t ( N ). #C W, WIIAAH 19 RE(4) I 2 SRS R TP e LA 9, RIAT

HEHHC >0, ATt (0,0) 4

"u (- 't)||L°°(Q) +||V(' 't)"\Nl’”(Q) <C, (6)
1
N
SuhC=c.ci ] fic, = IIVOIILw(Q) . Cy_ Y9k Sobolev TEIUHE AL 05 4.
2
WAL T 5 A BAIRIGRFAEE R LA IR . 55 =54t LB
RAIEH] o

2. ZRBHEHEBFEMEN—EREXRIM R
512 1 ([10] [11) B Q< RY (N 2 1) & — M IHATIGH FIK I, W U, v, HAG)R, q>N
8,>0(i=0L2), x>0, MAFET,, e (0,00], HEAFHILLHE I BI(AYHME— L S (u,v) AL
ueC’(Ox[0,T,,))NC* (Ox(0.T,, ).
veC®(Qx[0,T,, ))NC* (Ox(0.T,,)).
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Ilmsup("u Oy VO ) = @)
BIE 2 (12) B QR (N 21) &—ANEAEHIARIOA FE, ye(L+o), gel ((0T);L (Q)),
VR T HIRITAAE ) R A
V,—AV+V =g, (xt)eQx(0,T),
ov
E=O, (X,t)e@Qx(O,T), 8)

v(x,0)=vy(x), XeQ,

s, €(0T) vl ) W (@) (> ), 0 LS

Wso) g, matete 1, >0, b

Jo e [avEs) s
<c, ( L& [ S gy 4™ (W)l g #vC) ))

53 3 ([13] [14] [15]) B Qc RY (N 21) & — M HA BT HAE R XIS, (u,v) RAYILE R 4)1H)
fit, a>0(i=012), x>0, WMEH U, v, LGN, NMFHMEEMte (0T )H

"V( 't)|||_°°(g) < ”VU |||_°°(Q) =C,. (10)

3. ZRBHNERFEMLMBERY
B4 QR (N >1) 2 MEENHAAIE K, (U,v) NI @)E (0T, ) 1 KA.

©)

N-2 -
BIE U, v R (B)I, 8 >0(i=012), y>0.%a >(T)*;(C » WIAAAE g > max{l,%}&”‘%%zc >0,
IR te(0,T W) B
[ue(.t)=<c, (11)

1

Hip€=C,C8 . TIC, MO i LRI, Cu jj(g)ﬁq:w—_ﬂam%zo

2

UERA: K77 R (4) 5 — A D7 R P i [m] i) 3fe DA w7 ™ 1, FHE Q _EXxb x B IR u RS
1d; .
;a Qu +(}/—1)J‘QU 2|VU|2
=(7-1) x] w7 Vu-Vv+ [ y(ao—aiu—az'[gu) (12)
<(7-1)z[ W Vu-Vv+ | U (a,-au)

:_MWV v+ juuf { -aiuj te(0.T,,),

Y
MAA

2

, t e(O,Tmax),

14
2

Vu

- 4
v vl =21,
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S == [ 25 (2] e A @s)e
y+10 7 7
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vu
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By NEWMI T
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+A/m_7}(7+1'[ ef(y+l)(t—s)J' |AV|7+1 ds+ﬁe*(7+l)(lfso) + G .
So Q ¥ V4 +1

DOI: 10.12677/pm.2020.1012136 1149 S H


https://doi.org/10.12677/pm.2020.1012136

MONLE, R

FHBIEE 2 AT, OHEREMIt e (So, Toge ) B

f:o e ) Jav () 1:11 (8

gcyﬂjt [v(s)-uv(-s) t:ll( ds

+g$””W“hsow +av(: wg%) (21)
Sy C el T e i
-mMMH”WWSO$94m@w§%»

HArC ., > 0951 H 2 Frxt Bigh e M H. 4i4(18), (0)FQ1)A, MWEEMte(S) T ) A

;J’Quy < (m +&+AC,  ,m7 7 CI - ai) . e’(“l)("s)jgu”lds

4 e rH(ts%) [5
y

C7+1 Cy+1 y+1

y+1 14 +1
7+l y+1 t —(y+1)(t-s) y+1
<(m+e+AC, M7y "Cl"—a,)[ e [ utds+C,.
So

FAC, M7 K AC, M7 g MC;HJ (22)

+

C,.
g\:;:'q C2 = 5+ A/C7+1m_7)(7+1K7+1 + A/C7+1m_7)(7+1Ci+1 +L1C£+117+1Aym_7 + Cll , Coo ?y%[fi 3 EF'F)T?%%
4 v+ v+

s 4
H(m)=AC, . ,m7 " "CI" +m,

|

H'(m)=-yAC, ,m7 " y"C" +1,
B ik

H'(m)=0<m =(mcm)ﬁ 7C...
JXHERZ) m> 0 A

H"(m)=y(y+1)AC,,m7 " "CI" >0,

JITEA

minH (m)=H(m,),

m>0
1
Hodrmy = (yAC,.. ) 4C,» T4
1

H(my)=(AC,.r 7 )L 4C, (1+7), (23)

-y 7+1

1 (y+1 y-=1

Hoft A = [ )[ j i
A y+10 y Ve

S ) o)

DOI: 10.12677/pm.2020.1012136 1150 S H



https://doi.org/10.12677/pm.2020.1012136

MANLE, R

i1 (23)A1(24) T3

y+l

H(m,) = 7y1cy+l C..

e, B2 15

%QU7<[$+ p c;:fc aij L‘Oe*’“)“*) [Juids+C,, te(0T,,). (25)
N, B
-2 it T N,
T g, > | . L y6-2 46 (C=c.ci™), ML, tteq >N e
_ 2
2
q>ﬂi£gd

0

1

ey, M Bt : czl C.z-a,<0, fE@E5)RA, By=q,, M2

0 0

$5<%—q

i o <C
qOIQu -T2
BT Rt € (0, T, ) » (A1) Z AL
5135 WQcRY (N 21) & —ANHG BTG XL, (u,v) AW REE)E (0, T ) PR,
N-2) .
BIME uy, v WREG)R, a>0(i=012), x>0, qu>max{1,%}, a1>%gco DU AT R

qe{l,(Nl\i—q(;)J, TAERHC >0, EARHEENte(0,T ) H

(Ol < @)
ot C R 51 HE 4 T BT 5 18 KL
TEBH: 7 RRAL () 55 AN 7 R E H0 5 vk A,
v(,t) =€y, —I; e *uv(,s)ds, te(0,T,y) (27)
HI[[16]5] B 1.3]LL & Holder A% %01, WHEEMte (0T, ) A

[
< Cy Vo oo +C ., [1+ t- s)';_g(qlo_:lJe‘(“) Jluv (-8 e, G

(28)
. _l_ﬁ[i_l)
=€ "vo”Wlw +C ||V°||W1'°°(9) 1e(§),Lip )"u("t)"mo(ﬂ) J-o {1*’5 2 2% A, JeASdS.

HE%c,C,>0. K Nqg<

Nd, 1 1 -
(N- q0)+ F)Ufz[q q]+<1° H1(5) (1) 20T #5(26) L.

DOI: 10.12677/pm.2020.1012136 1151 S H


https://doi.org/10.12677/pm.2020.1012136

MONLE, R

5l3 6 WQcRY (N 21) & —ANHGMBARNAE TR, (u,v) AHILE ] A)E (0, T ) PR,
BIME ug, v, 2 (B)Z, a >0(i=012), x>0, a1>¥;(é, MSHERM p>1, FFEFEHC>0,
FEEEMNte (0,T,,) A

Jur(-t)<c, (29)
Horr C Jy5I 3 4 s T4 E R H K
T m%%>mw%5} Mg, (——Mh—J,mﬁ@4ﬁ%@5ﬂﬂ

2(N_q0)+
p Jo® ()< @)
2qp
Al < &
() MR p<gy, WLP(Q)oL"(Q), MAFFIEHEC, >0, i1
Ju Ol @ < Cuu O
1 (30) A 13(29) 0.
(i) WHR p>q,, KHTBRAGWE AN TTREWAFE T P, FEQ Xt x B4
_ »[?
lij uf +4(p—21).[ vu?
<z(p-1)[ uP*Vu-Vv+a | uP-af uP*, te(0T,,).
tH Young A& 15
1d a(p-1), | 2
Skt v
s;((p—l)jQup‘1Vuon—%fQup*HCZ
20 (33)
< p2 Iup2|Vu| —(5 1).[Qup|Vv|2—%J'Qup*ﬂc2
_ P 2(p_
( 5 )IQVUZ L2 AP (s 1)IQUP|VV|2—%IQUP*1+C2, te(0, T ),
p
HApHHC, >0, i Holder A& A(3L)XA
Go-1 L
2 — Y =
e N
(34)
o|P
<Cofuz] L . te(0Thm),

L0 (@)

H## C, >0, H Gagliardo-Nirenberg N2 051, fAfE—MIEHEC,, H15

DOI: 10.12677/pm.2020.1012136 1152 S H


https://doi.org/10.12677/pm.2020.1012136

MANLE, R

p 2 20 P 2(1-0) » 2
2 2 2
C,|u <C, u +C,|u

290

LP(Q)

260
L9 (q)

20
LP (@)

()
Np _ N(g 1)
29, 20, N st o
Hpg=" _ ~%0 | Ela??<q0<p, 0<f<1l. HAHA Young A& AT 15

1+N(p—q
2\ q,

2 _ — EZ
MJ‘QUD |VV|2 S%J‘Q vu? +C5! te (O’Tmax)' (35)
P (35) 2 A (33) R,
2 2
1d 200 ¢ |yyz| _2P=D ¢ Igyz| _a e
P M B A Bt A
) (36)
I T PpTl C 0,T
= ZIQU +0lg = I(IQU) e te( ’ maX)l
2|

HewHCc, >0, #H(Q29): T,
SEF 1 IER M5B 6 WAL AMEE p>1, ||u(~,t)||Lp(Q)%ﬁ§?E‘J, 1 Neumann #EFREIPE R [17]
[18]FT &1, fFAEHH(C >0, {13

[V 0] <C (37)

53—7J71H, 1 Moser-Alikakos ARG [12] AT 41, fFAE—NHEHC, >0, 15

WVUG@SQ (38)
H1(37)1(38) 30 A 51 B L AT AN T, =0, FEHL 1 FHIES
S
R E e AR B D) St S ) e LR L
S 3k

[1] Lauffenburger, D.A. (1991) Quantitative Studies of Bacterial Chemotaxis and Microbial Population Dynamics. Micro-
bial Ecology, 22, 175-185. https://doi.org/10.1007/BF02540222

[2] Keller, E.F. and Segel, L.A. (1971) Model for Chemotaxis. Journal of Theoretical Biology, 30, 225-234.
https://doi.org/10.1016/0022-5193(71)90050-6

[3] Keller, E.F. and Segel, L.A. (1970) Initiation of Slime Mold Aggregation Viewed as an Instability. Journal of Theoret-
ical Biology, 26, 399-415. https://doi.org/10.1016/0022-5193(70)90092-5

[4] Nagai, T., Senba, T. and Yoshida, K. (1997) Application of the Trudinger-Moser Inequality to a Parabolic System of
Chemotaxis. Funkcialaj Ekvacioj, 40, 411-433.

[5] Osaki, K. and Yagi, A. (2001) Finite Dimensional Attractor for One-Dimensional Keller-Segel Equations. Funkcialaj
Ekvacioj, 44, 441-469.

[6] Winkler, M. (2013) Finite-Time Blow-Up in the Higher-Dimensional Parabolic-Parabolic Keller-Segel System. Jour-
nal de Mathématiques Pures et Appliquées, 100, 748-767. https://doi.org/10.1016/j.matpur.2013.01.020

[7] Tao, Y. (2011) Boundedness in a Chemotaxis Model with Oxygen Consumption by Bacteria. Journal of Mathematical
Analysis and Applications, 381, 521-529. https://doi.org/10.1016/j.jmaa.2011.02.041

DOI: 10.12677/pm.2020.1012136 1153 Eiile e


https://doi.org/10.12677/pm.2020.1012136
https://doi.org/10.1007/BF02540222
https://doi.org/10.1016/0022-5193(71)90050-6
https://doi.org/10.1016/0022-5193(70)90092-5
https://doi.org/10.1016/j.matpur.2013.01.020
https://doi.org/10.1016/j.jmaa.2011.02.041

MONLE, R

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

(18]

Tao, Y. and Winkler, M. (2012) Eventual Smoothness and Stabilization of Large-Data Solutions in a Three-Dimensional
Chemotaxis System with Consumption of Chemoattractant. Journal of Differential Equations, 252, 2520-2543.
https://doi.org/10.1016/j.jde.2011.07.010

Issa, T.B. and Shen, W. (2020) Pointwise Persistence in Full Chemotaxis Models with Logistic Source on Bounded
Heterogeneous Environments. Journal of Mathematical Analysis and Applications, 490, 124204.
https://doi.org/10.1016/j.jmaa.2020.124204

Winkler, M. (2010) Boundedness in the Higher-Dimensional Parabolic-Parabolic Chemotaxis System with Logistic
Source. Communications in Partial Differential Equations, 35, 1516-1537.
https://doi.org/10.1080/03605300903473426

MREEAK, (B, BRI, 38N logistic VREIRHALL 7 LM A AR AFAE AT A (B SO []. U1 K224k (B
SREBIERR), 2018, 55(5): 897-904.

Cao, X. (2014) Boundedness in a Quasilinear Parabolic-Parabolic Keller-Segel System with Logistic Source. Journal
of Mathematical Analysis and Applications, 412, 181-188. https://doi.org/10.1016/j.jmaa.2013.10.061

Lankeit, J. and Wang, Y.L. (2017) Global Existence, Boundedness and Stabilization in a High-Dimensional Chemo-
taxis System with Consumption. Discrete and Continuous Dynamical Systems, 37, 6099-6121.
https://doi.org/10.3934/dcds.2017262

Peng, Y.P. and Xiang, Z.Y. (2019) Global Existence and Convergence Rates to a Chemotaxis-Fluids System with
Mixed Boundary Conditions. Journal of Differential Equations, 267, 1277-1321.
https://doi.org/10.1016/j.jde.2019.02.007

Wang, Y.L., Winkler, M. and Xiang, Z.Y. (2018) The Small-Convection Limit in a Two-Dimensional Chemotax-
is-Navier-Stokes system. Mathematische Zeitschrift, 289, 71-108. https://doi.org/10.1007/s00209-017-1944-6

Winkler, M. (2010) Aggregation vs. Global Diffusive Behavior in the Higher-Dimensional Keller-Segel Model. Jour-
nal of Differential Equations, 248, 2889-2905. https://doi.org/10.1016/j.jde.2010.02.008

Winkler, M. (2014) Global Asymptotic Stability of Constant Equilibria in a Fully Parabolic Chemotaxis System with
Strong Logistic Dampening. Journal of Differential Equations, 257, 1056-1077.
https://doi.org/10.1016/j.jde.2014.04.023

A, B Rl - AR S T AR AL RIS AEAEVEI]. DU BRI A B R (B SRR AAR), 2019, 32(4): 94-100.

DOI: 10.12677/pm.2020.1012136 1154 gL

T


https://doi.org/10.12677/pm.2020.1012136
https://doi.org/10.1016/j.jde.2011.07.010
https://doi.org/10.1016/j.jmaa.2020.124204
https://doi.org/10.1080/03605300903473426
https://doi.org/10.1016/j.jmaa.2013.10.061
https://doi.org/10.3934/dcds.2017262
https://doi.org/10.1016/j.jde.2019.02.007
https://doi.org/10.1007/s00209-017-1944-6
https://doi.org/10.1016/j.jde.2010.02.008
https://doi.org/10.1016/j.jde.2014.04.023

	一类具有logistic增长的消耗型趋化方程组的性质
	摘  要
	关键词
	Property of a Dissipative Chemotaxis System with Logistic Growth
	Abstract
	Keywords
	1. 引言
	2. 经典解的局部存在性和一些基本的性质
	3. 经典解的全局存在性和有界性
	致  谢
	参考文献

