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Abstract
In this paper, the dynamic behavior of a non-autonomous single-population Chemostat system
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with the same nutrient dilution rate and removal rate is investigated. Then, under the assumption
that the nutrient dilution rate and removal rate are the same, the dimension of the differential
equation is reduced. Finally, by using the comparison principle of ordinary differential equations,
the sufficient conditions for the stability of Chemostat system are given.
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1 BEEHNTREXRRER

Chemostat 4t /& — PSR FR AL B, FIEER RN R RERKEHE RS, 7
AR AR Hp S T BB A . ST AR Chemostat B Y1 5 i fa e i, —uk
LR[1][2] [3] [41ff 7 W55. #R1M, Chemosetat Z 4t 4 fmfa e M i L KT W55 . Chemosetat R4t
0 4 e A e T AT L RIF 7 R G b B SRR AN AW A 2 TR AR L S AT Ak, 78 A 335 SR A
MFEIR R SEIG MR E 3 . JE F VA SRR Chemostat 215 B IR 4 F

S'(t) =Dy (t)=D(1)S (1) = x(t) p(t,S (1))
X'(t)=x(t)(p(t.5(t))-D(1)) @)

$(0)=S,>0, x(0)=x%,>0

tFRI R, S () FRETMARIE, x(t) IR AR, b, (1) RRRFR I E FRR A
, D(t) FRE R E IR R AR E IR, p(t,S (1)) Fom BRI R E TR AT
FER. Sy, Xo 73 HFRARHIRARS Z 5 35 L S SR IR FER B A IR B . ARG e, AL b 1 S B 1 4
t (ISR, DRI ZEEERAU AR IR M TR GG HA I SEbrE S, AT I S5 ERAT]
g —BEREAR: by (t1)>0, D(t) KT te[0,00] LA, BB p(t,-):[0,00]x (—00,+o0) — (o0, +00) HELE
Hp(t,0)=0. N7 HEBAL )M AT, BAIEHATE %A1
(H) HFAEEFHA>0, i3
liminf [ D(v)dv>0. )

(Hy) SEEAEMHE M, FFEL=L(M)>0, HEHEMEENs Ms,c[O,M]FIte[0,+0]
|p(t.s;)—p(ts,)|<L|s,—5,| -
(Hs) *EREte[0,40], p(t,s) KT s 1E (—o0,+o0) L HLIHAIL.

(Hs) wﬁ (t,5) €[0,00]x (o0, +00) LA7AE, HAFAEH Hn MiELEmHa(t),b(t) 13

o, a(s)Fib(t) T s A ELIF 2
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a(s)>0,5#0, liminf [*b(v)dv >0 @)

(H5) inftzo bo (t) >01>0, ffg !Lnallnf .[:+/1 bo (V)dv 20

AR EE MR SBERFMA, B 4o TR — 4y e, MM AESR, &
&5 Chemostat R GifaE I TE 0 461

2. FRLEeEBALREEMAREY

NP B R G(L) ) SR FT L AR e VEAT AN R RE P K TR AR I, B S P 51 B
3181 R EAGQIEAESE, HH R ={(S,x)|S>0,x>0}

UEMT: H1S'(t),_ =bo (1)>0, X(t)= x(O)exp{J‘;( p(v.S(v))- D(v))dv} » FITLAR? /& R G0 (L I IEARAE

R T B R TR M A 5 B
@'(t)=bs (t)=D(t)o(t) (5)

BB 2 R (H) (Hy) (Ha)kor, H4
1) # o(t) ZREGEBVERT WM, WAAEFEE m>0,M > 075

m < liminf w(t)< tli_)ngsupw(t) <M.

2) # oy (1), 0, (t) RAKEEEFAVEAT LM, WAL lIm (o (1) -0, (1) =0.
RSN (1)=S(1)+x(t), B (t) HRZE)HLVHE 0(0)>0 H—AFF. 5152 &
EHE 1 WES(t),x(t)=0, W

lim(1(t)-"(t))=0 (6)

UEMT: EHF 1) W2 AR 1 (t) = b, (t) - D(t)I(t), ARHETIEE 2 5B pL.

SEHL 2 WER(HL) (Ho) (Ha)BOL, A R GE(1) B 2 WI46 26 S (0) > 0,x(0) > O [Ifif (S (t), x(t)) HI
HAGEUM (M >0) H 7.

UEEA: )T A, XMERe>0, FAET >0, Ht>TH, S(t)+x(t)<w (t)+e. XH5IH 2 A%
S()<w (t)+¢- HﬂgE‘JE%ﬁ%H%‘I@1ﬂf%!LrpcsupS(t)sM o IﬁJfﬂﬂiElli_)rgsupx(t)sM .

B, (o (1),0) —RGLE AT UM

NI BA TR T MU SR B A e AIANERE BRI o

SEF 3 W (H) L, T4

1) g
limsup, .[:M(p(s,a)*(s)—D(s)))ds<O 7)
M4 (@ (t),0) & RGE(L) ML AL E HIfE -
2) ik
limsup, ., LM(p(s,a)*(s)—D(s)))ds>0 (8)
M2 (o (t),0) & RLGL) AFE -
UEW]: B RG(INKT TR (o (1),0) AR TTTE, FEASSIRIRIE MO0 T BAT TSR Bk (1)
i,
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s'(1)) _
X))
LR TR MR AE R T DL R

exp{j -D(s ds} *

0 exp{f;(p(s,a)*(s))—D(s)>ds} :

-D(t)  -p(to(1) [S(t)J
0 p(tw (1)-D(r) \x(1)

O(t)=

Horbow 00 2 sy T AR
uxqz_oaymg_wpUxp@ﬂf@»_ocﬁmﬂp@ﬂ;a»_oa»
[, FEREE U (t)<-D(t)u(t), P TR R4
u(t)<u exp{j -D(s ds}

BB (H) TR, BHRIB A PRI, P AU RGN R RE 0. B4R, M@, %A
fRRAFEN . I
3. EFE N ERBEHRRALREM

AL (Ho)~(Hs) I H @) BSL IS B T, R A 2 RHNERE RIEM, TRA15I BT 72

2(t)=2(t)(p(t.@ (t)-2(1))-D(1)) 9)

LAR[0,M] RGO — AL,

2K 8 A L, TR AN Z RIS SY KT, 667, 24t =Ty I, 4 [ (p(s,00"(5)) - D(s))ds > &
FRL

] J‘tw(p(s,a)*(s)—ﬁ)— p(s,co*(s)—5)+ p(s,a)*(s)— D(s)))ds >E o

B BE(Ha) LAB B 73 i e BEAE T W] 45 LM[ p(s.0"(s)-5)-D(s)+ o (as;cf) des >E, MM
f”(p(s,a)*(s)—é)—D(s))ds>§—577/1
L e=5-06nA, Rgiﬁﬁié<i, H
na
LM(p(s,a)*(s)—cS)—D(s))ds>g. (10)

FIE 3 % z(t) RRGOQ)IME, MAET, 2T M5 2(T,)> 6
EM]: BB AT oL, AR Tt T A z(1) <5 . MToélJtiﬁﬁ%%\ﬂf%

z(t):z(To)exp{jTto(p(u,a)*(u)—z(u))—D(u))du}
2z(TO)exp{.[Tto(p(u,a)*(u)—é)—D(u))du}
F1(10) = AT 0 tli_)rgz(t)zoo , X5 z(t) <5 F/E. IEHE

DOI: 10.12677/aam.2021.104128 1187 IR Esid


https://doi.org/10.12677/aam.2021.104128

T

48

BIBE 4 % 2(t) S RGO MM LI 2(0) > 0 IR, WBAGET, >0, 1, MHAIL=T,,
fz(t)=>Sexp{-AD, ) -

W BB WA, T, M ()5 . BEMEARY, BAGET>T,,
2(T)25exp{AD,} » M T2=sup{t|z(t)=§,T1<t<T}, W2 z2(T,)=6, THMFHKte(T,T)H
2(t) <8 o FIS, AHERI, T-T, <A FL L, MRT-T, 24, WARFTHEN (T, T,+4), B z(t)<s
TREAE

[\
N
—~
o
~
Il
S

>7(T,)exp

=5exp{-Dy, (T-T,)}
> 5 exp{—Dy A}

=0
FTH A WIRMH)~(Hs)FEE1E @)L, IA RS L RHiLiaE .
WEMT: Bz(t) 127 (t) 2 RGO BN 2 VIME 2(0),2(0) > 0 HIfE, iV (t |Inz (t)-Inz" ()|o ¥

=]
e

EKE O T z(t) Mz (t) Z I8, f5IFATTHAFET, >0 Lt 2T 0, M > E(t) > Sexp{-D A} -
p() N T o (t)-2(t) Mo (t)-2 (t) 2H, BHEIH 2 A8, e(t)e[m-M,M], 4a=infa(p), T
V'(t)< -V (t)sexp{-D,,Aab(t)} -

H FLS BB T 45 2

V(1) SV (T,) [} Sexp{-Dy,Aab(v)av} .

FIRMB AT S, tim, V() =0, TRBATH, lim_, (z(t)-2"(t))=0. MITIEY T RGE(O)HI4)
U GIRE
DRI, AT 27 (1) NRGEQ) M — M LRI A 2 (0)> 0 HIRFE. T2, BATHWT5IH.
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SIS R (B)AL, ALK T I KEIT, FHIAZE KL
(<o (1) (t>T,).
WY AT SEEIIRER 2 (1) > 0 (1) (t > Ty) Rz, Wb, WMEHRARERRL, B4,
2" (t)=2 (t)(p(t.e ()2 (1))-D (1)) <2 (t)(-D(1))
AR A XAMB B (H), BATAT LR 2]
()= (T,)exp{ [, -D(t)dt]

TR, lim_, 7 (t)=0, &, H—7H, m<liminf_ o (t), XMz (t)<o (t)(t>
TREERD KT AR 2 (T,) <o (T,) AL, FATH, WTHE tHLt>T, #AE 2 (t) <o (t) KL,
AR, AFET, >T A4 2°(T,) > 0" (Ty) o TRAFET [T, T,], fifd 2 (T7) =0 (T7) H2"(T7) = 0" (T7)
SRIfT, —J7i, BATE

. .
FEHES (0 (t)-2(1),2 (1)) Z ARG RHTEFE I
lim.,,S(t)=aw (t)-z (t), lim_, x(t)=z*(t).
WY R (o (t)-2 (1), 2 (1)) RALDMIER.
HUEFE 1 WAL lim, (S(1)+x(t) =" (), BIAFEER lim_, x(t)=2 (t) WA, FsLtk, 4
L(t)=1(t)=S(t)+x(t), RZQ) TEHEHTUH RS
(1) =ty (1) -D(V)1 (1
X'(t)=x(t)(p(t 1 (1)-x(1))-D(1)) (11)
1(0)=1,>0,x(0)=%,>0
B, o (1) R ERRGE AN AR, Lo () RN AT,
X' (t)=x(t)(p(t.@ (t)-x(1))-D(1)) (12)
e 3 Al A lim,, x(t)=2"(t) . UEHE.
4. R 5T
Chemosetat % 4t ff) 42 Ja € P AT ORI L R Ge p B R M AN A= 0 Al 2B ) (A EL S ok AL
XA B SR (K AR RS0 L8 R IR o ASCR ST L 1 —RAR B i AP Chemostat R 43
THATN, HREEEIRMBER SR BRFAMIA, TR —4E 550 T2 AR — 4Ep R8s R i
ARG T R E T Chemostat R 484 R 5| 7843 46 AF

FESEPRE TAER B I A, B TR R M B AR R B AT I AT AL . WERIE A, REGEH
e PEAAT BE— 2B WE SR, RO BR AN 5238 AT DARIE U0 R R e (13) i & Rl R e 1k
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() by (t) - ()U
x(t)(p(t ~d(t)) (13)
s(o) S, >0, x(O):XOZO.
Et% PRI SRS+ Chemostat R4t 11180 /54T Nt — MEAFE— P 7T i) @
AR, IR 2% E[5]-[1410F U675 FEBENL 7 R v . AR ST T 7 VE RN SS 10 A2 75 ml DAE
BUBEHLIR,  BEAUBII A s BT S0 ) — SO 25 o R AR - B T o T AR STROBIE AR 3R LA
v B B AR 2R 2

e HE

SAAET K A K AR B3 A HE 605 H (2017QO87), ST 3 X e RV Pl 2 48
2FI0 H (XJEDU2021Y048).
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