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a

Hit, % n>n B, F

ay(ty, —7)
bx(tn - T) + y(tn - T)

x(tn) =

ay(tn — 7)
= [bx(tn T +ylta—1) 1}96(%)

> [a(1 —¢) — ax(t,) >0,
R #(t) <O FJE. EHEIEE.
THE 52 Fa>1 MMEZHMEE >0, &% (4) B—BHAL.
i FRE, EEEIE 20 MR A E X, REIE RS (4) WG AM (5) B

it ((t), y(1) W2
liminf z(t) > v (22)

t——+oo



238 2 & OB ¥ 5 ¥ ¥ 29 %

BUWT, oot v BRI T W06 K% E’JIE#’E&

SHE AR 16 B BUTF] 0 = {(p(" 7@2 Ny c @, & (™), y™ ) RS (4) BRI
KM on WM. B wnlen) & (), ™ () B 2 BFR&. H 5335 36] TREME T
%,ﬂﬂﬁ&%&%%ﬁ&%wﬂzGﬁﬁ%ne+wﬁ,&Mw@mw%H&E$
dist(wp (pn), w*) & Hausdorff B 5.

W (22) RRSL, B4 AP EEFI 00 = {0, 057)} € G R 1" (0) > 0B,
FEFREAD 7= (1,8) € w* Ml by € [-7,0], 1% 7,(60) = 0. & (T(t),7(t)) ZRGE (4) W2
MM o Mg Mo, B o E‘M@E'@, M3 EFE# ¢ € R, (T, 7,) € w0 BT $1(00) =0,
HIE 1 RIXET A/ ¢ < 0, T(t) = 0, BT XHERN ©,(0) = 0(—7 < 6 < 0) #1 Z(t) = 0(t € R).
TR, MEE# te R, T(t) =0,5(t) =9(t), HH g(t) =1 - (1 -5,(0)e "

MR 5,0 < 1L, ARG (4) WHEAL @T,7,)( <0) BEFH, XEMHIAEFET
J&. MR ,(0) =1, MAPrAH t € R, T(t) =0,7(t) = 1. W 7= (0,1) = Ep € w*

THEIEH Eo ZIRSLEY B30 BIFE G RIFTE Eo (AN U #1% Eo 2 U s KR
. FL b, ER

U={p|o=(p1,92) €G, [lo—Eg|<e},

Here BFM/MIEFE, HR ¢ < 5ity BROITHIEVIX TS /DE ¢, By & U BBARAR
AL MR Eo ARIRSLH, WX TN e, FREFEDAEE W(W CU) G W\Eo 23

2. W= (p1,02) € W\Ey, B (20, y:) RRG (4) W RWIR KM ¢ BB T, XTHER
t e R, (xt,yt) eWw.

2R 01(0) = 0, U HTE 1 A0 W iy A4k, BATAT A ¢ = Eo BAFEHL (20, y:)(t < 0)
THHITIE. WR ¢i1(0) >0, Wi LA, MEEH ¢ >0, 2(t) > 0. T % 8% %R

P(t) :x(t)—i—p/t_ (6)de,
Hep>1 BHEEHE. XH (z,y) eUCeR), MH 1-e<yt)<1,0<2(t) <e(t€R).
BT, %4 t>0m, Pt) W (=), y(t) BFEH 2
P(t) = &(t) + pla(t) — x(t — 7))

R

> (p— Da(t) + (bx(tci(i-)_f)l — —P)x(t—T)
> (p— Da(t) + (bz(izi - p)x(t — 7).

P e < pol 200 S 1 BT p > 1

a(l —¢)
be+1—¢

1<p<

ET, MERH >0, 4
P(t) > (p— Da(t) > 0. (23)
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HEH 5.1, FAERADHE 0 (TRESME (2(t),y(t) BHR) MAFKE 6, EHEHEL>4H >0
i, B a(t) >n>0 M. TR, H(23) THXTEN >0, F

P(t)> (p—1)n>0.

gem, W\ EXSR, Mt — +oo B, P(t) — +oo, XEEM 2.1 HRGEMIAFETIE. B
I,  Eo ZARSLHT.
WA, HRY (4) B ST REI R OC (36] I HE 4.3 Bk . IR, H3C [36] B9 5
B A3, FAERA § = (6, &), R £ € w™ N (W(Eo)\Eo), it W(Ey) R Eo lEER.
MR & (0) =0, MBE 1MW AL, FATATUREH ¢ = Eo SRR @5 <
0) BFHFE. WHR &O0) >0, MbE 1 FMIFHH t > 0, 2(t) > 0, §t) > 0. H
€W N (W*(Eo)\Fo) f# lim (t) =0, lim §(t) =1, X 52 5.1 FJ&F. EHILHE.

6 & &

FRI|—BAEYEE N, AXEBERT BAR AL HFER L RHER Chemostat
REHIRL (4) (B (3)). XK H RGE A R wHE AN Z, B RS R & A i B Ak o
ARG (B (2)) B, HRy 2 R UL R R R R APRTESC [12] 2 T AERBFE. A3
XtFEHE RGBIRL (4) UBFSE (BFE 3.1, wHE 4.1) AR 7 (BIA T RE 0 F V4580
RS e REnE R S BA AR LR, B2 T ER (Harmless). SR, WA~ 15
AR RGP K R R R S AE SR TOF R, BITE— U8 00 2 T i AT LR R SE Y
Tmtk, SR AE— RIS X AR (B 3.2). M T RS (4) WA (BH5.2) &
HERG (4) FEIETH A, W24, B - X TREWFRAENAREEN. MRS 3) W
YRR, RS L) BFFER2REEE (BHE 4.1) LEARSE (4) A (B3
5.2) RS R o WBETEE S 2 E THAEYESEFRNRNEE, BE e < 1, WHEDH
BN, HEEREGHER, SEFHROMAENEEREFEETE. Ha> 1,
WA SIS I R I, BIREE I RIS, RABA —EHENHMAEN RELEAR
Wt I k. X TR A — mUEX T RE (4) P4 5 89 2 RWE B S B8
S MERR GBI M, X — K JCREE B LR, HEAE NIRZM 9% 5
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STABILITY ANALYSIS OF

A RATIO-DEPENDENT CHEMOSTAT MODEL
WITH VARIABLE YIELD AND TIME DELAY

DONG Qinglai

(Department of Mathematics and Mechanics, School of Applied Science University of Science and
Technology Beijing, Beijing 100083;
School of Mathematics and Computer Science, Yan’an University, Yan’an 716000)

MA Wanbiao

(Department of Mathematics and Mechanics, School of Applied Science University of Science and
Technology Beijing, Beijing 100083)

Abstract In this paper, based on some biological meanings, a class of ratio-dependent
Chemostat model with variable yield and time delay is considered. In the Chemostat model,
time delay is introduced into growth response of microbial population. Firstly, a detailed
theoretical analysis about existence and boundedness of the solutions and local asymptotic
stability of the equilibria are carried out, and the Hopf bifurcation is also studied. Then by
using classical Lyapunov-LaSalle invariance principle, it is shown that the washout equilibrium
(i.e., boundary equilibrium) is globally asymptotically stable for any time delay. Finally, it is
shown that the Chemostat model is uniformly persistent for any time delay.

Key words Chemostat, time delay, stability, Hopf bifurcation, Lyapunov-LaSalle invari-
ance principle, permanence.



