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S(t)= (So- S(t))D- ’”—%lp(sm)), 1
¥(t)= (P(S(t))- D)x(t),
S(t)  x(t) l ;So ()
) ;Y ; P(S)
, : ( [1]) :
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874 P JeJ
. Pilyugin ~ Walman'*!
S . 2005 ,Huang Zhu'®!
(CAP) . — CAP.
Hoeftken s /
, 24 h
2 2 /
400 mg.
[10],
[57,1P13]_
[s7.11]
( ) ,
1
[7] . :
o= _ _ L P(S)
S(t) = (So= §)D =27 g) t Z(n+ - T, t ZnT,n €N;
¥(t)= x(P(S)- D),
AS(t) = 0, L= (n+ - 1T: 2
Mo(t) =~ px(t),
AS(t) = TS
(V) b t= nT;
M(t) = 0,
x(0) 20,S(0) 20;
S(t)  x(t) , 0< 1< 1, A®(1)= ®(t")
— o), 9€{a.5).
(A1) , g(S)= (So-S)D ; So
D (1)
(A2) T, TS.
T. ,
p
(A3) P(S) Mnod . L P(S)= BuS/(Ku+ S).
Y(S)= a+ bS, a, b, 1> 0.
1 2 R?
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(S(*).x(*)) € R}

2(S (t))> DT+ In

1
(1-p)

2 (2)
2
2.1
(2),
S(t)= (So- S)D, t Z(n+1- )T, t Znal,
AS(t) = 0, t= (n+ - 1T,
AS(t) = TS, t= nf,
5(0) 20.
3 (3) S (1),
: IS,
JZS (t)dt = n t TSo.
: (3) .t o, 1 S(t)= S" (1)1~ 0.
1 (S (1).0) .
L(S (t))= JZP(S (t))dt < DT+ ln(l— )
1
* WK (Ku+ So)(e” = 1)+ TS,
2(S (t)) = Hul - D(Kn+ So)]n[(Km"' So) (1= ¢ )+ TS],
(4
l’l'vam (Km+ S())(el”— 1)+ TS] 1
Il < KT So) [(K,“Jr So)(1— ¢ 74 1s,|* DT+ T
uT l'lme (Km+ SO)(CDT_ 1)+ TS] DT ! 1
"2 DKt So) | (Ku+ So)(1- e )4 15, 7 70 IS
(8" (1), 0
2 (2) v(S)
P(S).
3 1 [7] 3. 1.
[14] . ,
2006 ,Zhang "
, 40 7d~ 14d 400 mg, q.i. d.,
93.7% . (3)
2.2
2
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. (7) . (2)

4 1 2 ., T> [2(S (t))+ In(1- p)]/D, (S°,0)
< [2(S (t))+ In(1- p)]/D, (S .,0)

5 2 [7] 3.3.

g £0S" (1)) + (1= p)
= 5 .

2.3
[12] ( [16]), Qi; Xo0) = (D(e,Xo), Pot, Xo0))
Xo= (x0,x0) (2)
1, 1: R~ R,
Ii(x1,x2) = (x1, (1= p)x2), I2(x1,x2) = (x1+ TS1,x2)
Fi, F2: R R

Fi(x1,x2) = (So- x1)D - xz%

Fa(x1,x2) = x2(P(x1) - D),
, F:R* T R?,
F(xi,x2) = (Fi(x1, x2), Fo(x1,%x2)) -
(2) . W0 o) x R

W(T,Xo) = I2((1- 1) T; Ii(IT, X0)),

2—}

RZ

W(T,Xo) = (Wi(T,X0), Yo(T, X0) )
X (2) T Xo (T, ) , X(0) = Xo.

DyW(T,X )= Dx ®(1- 1)T; 1,( YIT, X))){(l) I_O]JDX QIT: X).

Xo= (x0,0) (S (1),0) , xo= S (0).
din dnp

Dy W(T, Xo) = 0 dn|’

or
din= e

Y P(S (s)) [arees™ 8-y s
o= {(1 Pk V(S (s)° ds+

JW P(S>k (szge,[:{P(S* (9)- D]déwsdS
o Y(S"(s)) :

Z(P(S*(s))—l))ds
dn= (1-p)e :

T=T+ T X= Xo+ X.
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Xo+ X = WT+ T, Xo+ X).
O(TX)= Xo+ X- WW(T+ T Xo+ X) (9)

OTX)= (O(TX), &(TX)).

{1- dn - dlz} {a'o bﬂ
Dy ©(0, (0,0)) = Ea— Dy (T, Xo) = - M (10)
2 0

0 1-ds 0 d
(S (t).0)
det/ Dx ©(0, (0,0))] = 0.
do 20, do= 0,
[oepcs” cs-myas

(1= p)e L er(S (1)) = DT+ln[1_1pJ. (11)
dim(Kerf Dy ©(0, (0,0))]) = 1,
Ker/ Dx ©(0, (0,0))] (- b/ao, ).  OTX)= 0
®1( T, aYo+ ZE()) = 0,
92( T, aYo+ on) = 0,

Eo= (1,0), Yo= (- bo/ao 1)
X = C(Yo+ on— (G(— bo/ao)+ Z, (l).

ST a,z)= OT aYo+ zFKo), (12)
foAT, a,z) = 6T, a¥o+ zEy) . (13)
Si(taz)=0,
ST, a,z)=0.

® ,
aaé(o, 0,0) = %71'(0, (0,0)) = ao 20,

z=2z2(T,a) z2(0,0) = 0
fi(Ta,z2(T,a)) = O(T, aYo+ z(T,a)Eg) = 0.

00 8x1 Oz 0©, Ox2
S0 (0, 0))[—(0 0+ 52 E0, 0)] 5(0.(0.0)) 32(0.0) = 0.
(10)

g_za(O, 0) = 0. (14)

Z0.0)= 1= DS (1)« DSy(1- 1)+
ao
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e VT ST (IT) + DSo)* 1] =
_ ;D;(s* (T) - So)-

fAT, a,z2(T,a)) = (T, a¥o+ z(T, a)Eo) = 0.
(2) .

S(La)= /2T az(T a).
£(0,0) = ©,(0,(0,0)) = 0.

0D

imW-l——ﬂm—UTAHMwaﬂum)a(ﬁxw—

do= 0.
i(o 0)= 0.

2 il
%(O’O) =- a_[(?((l D)T:1i( Y(IT:X0)))(1- 1)*= 0,

2
aic’:—z(o, 0)> 0

1 &

f(T a)= @%-’[—T(o 0) T+ 5 =50 0o+ of T, a)(T+ o).

>0

a= kT’k: k(T)

F(T= T gf—a (0,0)k + %gz—o’%{o, 0) K+ ofT KT)(1+ kz)].
<0 /T\

/zgw 380, 08 o T K14 ) = 0

k= k(T T

3 (11) (22 . €> 0 0< T< €

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(2)

(2)
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Xo+ af(T) Yo+ z(T,a(T)) Eo , T+ T.
II
62
a_LaaT(O’ 0) > 0, (3)
3 .
4 (11) (23 : €> 0 0< T< € (2)
Xo— o(T) Yo+ z(T, — a(T) )Eo ,
T.
6 T=ka (T=- ka);k= k(a) a(T).
7 (11) :
~ UKoy (Kun+ So)(e” - 1)+ TS, 1
Bl = DK+ So)ln[(l{m+ So)(1- ¢ ) + Tsl] * DT+ I (24)
P 5
. UK, (Ku+ So)(e” - 1)+ TS,
po= 1= 1\{6"1’[“”‘ D(Kut so)]“[(Km+ Sol(1- ¢ 7)1 TS]_ DT]}' (29
T .

/ 5

S(1)= (1-5)- » BLOBESL 1
tiZ[n— _],t #2n,n € N,

, [ 28 ] 2

x(t) =« -1,

0.58+ S
AS(t) = 0, PP (20)
Ax(t) == 0.5792x(t), 2
AS(t) = SiT,
t= 2n,
Ax(t) = 0,

Lx(0) = 10, S(0) = 5.8.

80 1
60

M 40

(a)0<85, <25 (b) L2 <8, <2( )
1 x (S(0)= 5.8 x(0)= 10)
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701 ] ]
70 70;
M50 M M 3
1 N 50; N\ 507 \
] — : S, ]
01 % I N ]
g . 30 \ fass 304 \\J S
0 B 3 0 1 2 3 0 1 2 3 4
N N N
(a) Si= 1.41 (b) S1= 1.55 (¢) Si= 1.628
3 (26)
4
90
3 ]
N3l M7o‘ }
1 | 50
O3 bbb 30E
900 940 980 900 940 P 980
t
(a) (b) () (26)
4 (26) (Si= 1.626)
Si< 0.5 (8 (1),0) , Si> 0.5, (26)
(1 Si 0 2.5 , . N
Si= 0.2(< 0.5 ,(S",0) ( 2(a)) - Sy
Si= 0.5, (0%(0,0)/(000T) = — 0.293 792 <

0).
2Ab) (S1= L2, (26) ) : Si
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) (26) ( 2(0)) - .
T ( 3(a))- 6T 3(h) . 4(c)
(S1= 1.626). S «x ( 4( a)
4(b)) . Si(S1= 1.628) “ 7,
5T ( 3(c))-
1) - ,
2) ’ ,
3) . (2 : ,
400 mg
; (
) :
(08JDGO47) ;
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On the Impulsive Perturbation and Bifurcation of
Solutions for a Model of Chemostat
With Variable Yield

ZHANG Hongl’z, Paul Gea"gesaf, Juan J. Niet04, CHEN Lan sun’
(1. Department of Mathematics, Jiangsu University,
Zhenjing, Jiangsu 212013, P. R. China;
2. Department of Mathem atics and Mathem atical Statistics, Um ca University ,
Umea SE-901 87, Sweden ;
3. Department of Mathematics,“Gh. Asachi” Technical
University of la i, Bd. Copou 11, lai 700506, Rom ania ;
4. Departamento de An{lisis Matem {tico, Facultad de Matem {ticas,
Universidad de Santiago de Compostela, Santiago de Com postela 15782, Spain ;
5. Institute of Mathematics, Academia Sinica, Beijing 100080, P. R. China)

Abstract: A new model of a chemostat with variable yield and nor synchronous impulsive effect was
proposed and investigated. It is observed that a set of threshold-like conditions guaranteeing the globa
stability of semi-trivial periodic solution, the permanence of the system and then a bifurcation of a
nontrivial solution arises. Finally, the dynamics of the model was also illustrated by means of a few
numerical experiments and computational simulations.

Key words: chemostat; impulsive differential equation; permanence; extindion, fixed point ap-
proach; bifurcaion



