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Qualitative Analysis of Predator-prey Systems

with the Holling IV Functional Response

Abstract

In this paper, predator-prey systems with Holling IV functional response is

studied. With utilizing differential equations stability and qualitative theory,

- coincidence degree theory, we prove the global stability of positive equilibrium
point, the existence and uniqueness limit cycle and existence of periodic

solutions. The main contents are as follows:

In the first part, when the density of the prey is an general function, we
respectively study Holling IV functional response’s predator-prey systems with

the density or without the density in the predators. By using of the root existence

’ theorem, we discuss the conditions for the existence of positive equilibrium. By
using of qualitative analysis, the local stability of the equilibrium point is given.
We respectively obtain sufficient conditions of no limit cycle and the global

simulation of the system is presented.

the Matlab software, the numerical simulation of the system is presented.

-1I-

stability of positive equilibrium point by using of Dulac function method and
Liapunov function method. Finally the existence and the uniqueness of limit
cycle is proved by using of Bendixson Bendixson theorem and Zhang Zhifen
uniqueness theorem under certain conditions. and the use of Matlab software for
the global stability of equilibrium point and the existence and uniqueness of limit
cycles were numerical simulation. By the Matlab software, the numerical

In the second part, taking into account the discrete system is more realistic
than the continuous system. when the density of the prey is an general function as
well as density of predator is consided, we study discrete-time systems of
predator-prey system with Holling IV functional response. By using of the
characteristic value method, we obtain sufficient conditions for local stability of
positive equilibrium point. Then constructing an appropriate Liapunov function,
we get sufficient conditions for the global stability of the equilibrium point. By



M RIREE TAFREB L FART

In the third part, taking into account of the impact of the change, which in
many acts and properties of the population along with the time, we study variable
coefficient’s discrete predator-prey systems with Holling IV functional response
and with the double-density in the predators. And then the sufficient conditions
for the existence of the positive periodic solution are obtained through the
continuation theorem of coincidence degree. By applying inequalities properties ,
the comparison principle and properly zooming to the right function of the
system, we can obtain the sufficient conditions for the persistence of the system.
Finally, the global stability of the positive solution is studied by constructing a

2 suitable Lyapunov function.

. Keywords Holling IV, the periodic constant, persistence, global stability
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TEFBESHER, FARMEEERNERE, FriERiE & mRaHb
HAR. —3 B Holling IVIIAE R R RS & RGREIE KRR
g <37 BB “BHADIS” BRMAESEFERY Y, BH Holling VL
RN RENE TR FMUERBRNEYYIRRSEN IR DFES
B, i EXHRPESRL T, FAEHE, Wl RE, BEYRPEFTEAERA
BB B IR A A

EEARGS, BEEBNELURERBAEEMEN. ZHHREEMH
REMEE, WRAESRHKEROOMHE. Bk, ATEMFEERFRHR
BAZEN T ERBR XM RN ESREER

TEFBESN 1128, R AR R R EGR EVIFP B b B K Rl fE4E T R IREE
MBERATH—H R, HEXRRBELERMR. FAHRIAREKAEN,
BREEHAREEYRE, HTRKE. BAEORAEEYES, RAHENE
SHEAEERX.

12 BERMEREHR

121 EFEEHANBREASR

(TFEHAEFEHALBEEEEEHLAN Holling VEKHEREN
W, CHGZER, AT RENENSRBEN, REFRNFEE—ER
EHREEEBEFRRNETETER. EERLEFEP, FRBEEUZEES
wEwE, MTEEDERNEREENEEFHANBEREFARBRLD.
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FEW%H%%,EEEETﬂkﬁﬂﬁ@ﬁcpu)=-;;;mx——;[4]o%J§,SokolfﬂHowell

X+ X

BRI B EALH o) = —— , FHFEFHTEERENE, TAESRX.

a+x’

1986 4E, Freedman ! Wolkowicz Z ABT5T T &18H % H14) HAH Holling
Vit RN EBMBE RS, R TAREANFT A RNEER, RET O
S =FAr B XA IF N T R EXRNFRH. Wolkowicz 1 G. S. K. FH
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BRI NZ RS, NH TSP Hopf X EW, AR T ZRRURFHE R
4> JE R S YR R S AR AT T ) il v L

122 BEEVNEEHANEHHERS

ETEEAMEREZNREZHR, ARG R ES TR REF
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1.4 BEKIR
ABERET ST B RTYE AR EELHE.
1.5 AXFERAE

15.1 BAREFANERRS

ZRAEHBEENAN—RBH(x), ST RTHAELEERD
(s =0) A HE A HIZ (s = 0) BT I HollinglV RUEI R R R A

ax(@) _ y( )
it =x(e)(g(x() - 2 t))

ay(t) £x(?)
5 YOO+ xz(t))

A x(t), y() Rt HZARE, fRENEE; d>0ﬁ1ﬁ§%miﬁt$. £>0
RYRE: g(x) ZEEMBRHEANEKE.

A CHFFRAH Holling VR BERBEEHLA— KRR g(x), 4 AR
Ts=0Ms=0NMBERS, FIAEIMEREEMTFESHTAEREY; JFHE
Hl Dulac ¥, BRRALHMARSFM: HEH HH Liapunov REGE, 4
HIEEE AL RBRENNR S %M; FIF Bendixson M B MK IF5FHE—HE
EH, FHREE—ELHTHEER—BENRMRIR. 3 EF A Matlab HK AT
IEP4 s 2 Rk E MR BRI R AF7EME— PR EAT T BUE L.

1.52 BENEEHNANBHHBRERSE

HAEARZGYP, HEENTIEEERNEENEN. Bk, AEDT
BRRERMBEN N ENAEESLHEMAR. HEHMERENHARY, BHR
GHWESERLEEEMERNMBEIN NETH. LREEHMBEESA AR E
He(x), MEEEFEHLEK Holling VR EBHERLEWT
y() 20 _,

x* ()
Wt +1) = y(@yexp—d - sy() +—2D 3

a+x(t)
B x(r), y(O) BreWZIEE, REENTE; d>0 ABBENRTE, >0

TR ;-};;g Holling VISR MES: g(x) R EEMBEMMEIHEKE,

x(2+1) = x(t) exp{g(x(1)) -

S



M RIRER T R H M L2683

AXHEHFREERBEEHLAI—RELH R, BREFEEHAM
Holling VR B AR R, BFHEEERIIEY 4 Liapunov REL WA
HREZERNBRBERESRBEN, FIA Matlab HAFRTEEESR.

153 BEEVEEFHTRABERHRRYE

EFRAELEEHZN Holling VR RBMEHH A RANTA, O
B3EARROGENE, BAYE 2REEHSETER. ZEREMEEN
PSR SR LR R EAAERNERN, HESHTERERNEBRA
Sk AAGBENGELRF. Bk, ZEBAH Holling VENEREHAER
BB EREUT
_ 3 )
x(t +1) = x(¢) exp{a(t) — b(t)x(t) —_————,6(1) e (t)}

k(@®)x(t)
y(t+1) = y(@)exp{-d()-g()y()+ B+ 5 (t)}
Hehx(t), y@)FriRIE, HRENEE; a(?),b(t), k(0),d(t), B(D),g() ¥
HIEERE.

A A Holling VEIXUZEHATREMBHAERE, FHE
&MY HEREEIE Y RA T AMROGEE: ARALRER, BARAR
AMERIFE 4 &A% R Liapunov BREMIETE, BIERERBEE.
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2.1 BEERENX

2.1.1 ZHBBRRGERHEXER

EB—R_BEHRREA
{x’(t) = P(x(t), ¥(t))
¥ ()= Q0(x(1), y())
TN 2090 5 (%, 70) B PO, 1) =05 Q(x0,%,) =05 TR (x5, 0) HFREE
QR-DIFE A
X 2240 B (x,, y,) REGKQ-DEIT-E A MBI (xy,5,) FHE—WRU
B (x,y,) I— BT U BBRU,, EREQDIF—FNECO,0), &
B (x(0), yO) eU,, WH—t>0, H (@), y(O) U, BT (x,y,) ZE
SEM; BURRARRERN.
MR (x,,y,) €, FEE

=) ()
lim =
>+ (1) Yo
BARTH 5 (x,, ) RFERE R
se Y 2.3U07475 B0~y f bR OU AR BRLER . S R AFAE LS ARPRER T IR TEHU

HEEMNU AR B ¢ - 4o BHETHTL I EOE R AT , WARIRIRAT Hia
EM; BW, T ARRER.

2.1.2 ENHREHHEXES
EER_HRENRGE

@1

x,(t+1) = G,(x,(1), x,(1)) (2-2)
Heh, i=1,2, G(x(t) WELERE x()=(x(),x,(), teZ.
FX 249 EFEESA (@) =00, 50) , EHANHENteZ
G(x' @) =x ()
) x* () = (x) (), (1)) TR A RGEQ-2)HIFH .
s Y 2 51 i 42 ) H —ANEFHE A Y =(x),x,), RH RIFRRA
M—AFFR, e H EREV () AE FHHER: '
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(1) MFiExeH, Bx#x", HV(x)>0, BV(x)=0

() EHAR, HFHF—AK>0, BEV(x) =K & Hil, LRV (x)
fEx=x"EME—IRAME:

) B

AV (x) =V (G(x)) -V (x)
ST x e H RIERE, WFREEV (x) R RF(Q-2)EEX B H A/ Liapunov B
%
X 2.6V HEHEEER M, m, EHREK(2-2) FAERER (x0),x,0) 152

m <liminf x,(f) <limsupx () <M (=1,2)» W F 4t (2-2) R RFEEAEAFHT

2.1.3 HipphtEx#t=

WZ.Z° R R HWBRLHBE, 2EEEY, SRLENSEELEH
HARRHES: R RAnERL 0,

B X,Y 2% Banach Z/H]. &M : X > Y £2—/ B4t, Fl DomM &7~ M H
ENIR, ImMRRMBMER, KeeM R M K, KerM ={x|xeX,
M(x)=0}.

BN N cXBXWFERE, $ANON =X. FdmN ZRN K4,
codim N E7R N KL %S, Bl codimN =dim X —~dimN =dim N’ . REEQc X,
ORTESQHAE, QRTESQNIALR.

EX 279 R 12 cl heto BRFS T ARNFER, NEECHER

rEmsEk)|, W

|| = max|x(@)|, x@®)el®, I,={012,....0-1}
tel,

Bl ={x(t)|x(t)eR",te Z}, o AEEREEE.

SEX 2.8% XY RBRVEFESE, L:DomLc X > Y ALVEBUT. IR
dim KerL = codimImL <+o B ImL R Y FATE, WHKBH L ATBIFAZTN
Fredholm B & .

SN 2,948 4B I K ¥eky g Z M Fredholm MRS P EEELERE P X >
X&Q:Y—-)Y,‘fi?%lmL=KerQ=lm(1—Q),ﬂ'JLlDommKe,,,:(I—P)X —>ImL 7]
@, BHK,. BRQAX PHHRITE, N:Xo>Y NELBRS, WX
ImP=KerL ONQ)HREK (I-Q)N:Q—~> X REH, WHRNEQERL-F
. .

EX309 B Q>R QRRFMERFE, peR'. HERUMTIE
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f(x)=p 2-3)
BEHBQE3)EQNILRQ XM, Bl pe f(0Q). EXFHEERI)KRTE
E&QHEHER
deg(f,Q,p)= _ngn J(x9) 24
J, (xR f R x” ) Jacobi SELbY
os_ DUf-of) | O
J ( ())— ({) (l)) ||ax(t)||
xO(i=1,2,...,m) RARFTEQ-3)E Q AKI#E.

22 BEKEE

S 2,140 IR U R RKQ-DIGFHEE (x,y,) B8E, Ucw, HEH
V:U->R, fEU LS, EU-(x,y,) LA, #E:

1 V(xo,yo) 0, V(xy)>0, A(xy)=(%,%);

@V '—V(X(t) YN0, Hxy)=(xn,5), HHF (x(t),y(t)) RRL(2-1)

IR, )JJ(xo,yo) RIRER;

(3) EREVEHLV <0, H(xy)# (%))
W (x,,,) REEFRER, XFRA Liapunov Rt e,

278 2247 (Bendixson I EH) WML L 5 L (L, o L,) Frid st
5% D A RN R EARES T A ETEBBRLEQ-1)AE D FiA R oD HZZHIEF
HUEA (1) BRI D, WEDAELEERREQ-DI—MARE (MRED
PRI —AMaE (RRaE) MRRE, AR_EESHN—.

B 23078 (PR —YEEE) WHEAREL

& —40)-F0

(2-5)

dy _
il = g(x)

Heh F(x)= f fu)du . &
(1) f(x),g(x) e C(—o0,+0), g(x) i# /& Lipschitz %&1t;
Q) %xz00, xg(x)>0, G(#o)=two, G(x)= L‘ g(u)du ;



WRIEHE T KFHEZM L EA R

3) %ﬁ%ﬂ&&@(—wﬁ)'ﬁ(@m) MR TR, 3 E%0<[<1H,
/)

—é—(;;;&Const;

@) yp(»)>0, y#0; pEw)=w; @(y)e C(—o,+o) BiFiHL Lipschitz
£ () Ey=0L. ESBAFE, He (00 (0)#0,

MR ZQ-5EBFAE— MR, HHFE, LRE.

SEH 24108 ¥ W RZEQDBESBUFARER, WEYSAIN, &
Ge(2-2)0 TF P46 2 R ERAAE ;24| A 18, RY0(2-2)MIEF4 A AT E B
|Al=1 R G F1E .

SEHE 25 % f:Zo>RAo AYWRE, B fe+ro)=f0)teZ, NEBER
B, el, RIERMIteZ, B

fOS B+ fE+D)-f(@O)]

o-1
f@2f6)=2 | fe+D-fO)]

sl 26112 ¥ L RIekR N EM Fredholm B4, NEQERL-EH. B
4

(1) SMEERI Ae(0,1), FHF2 Lx=ANx KA E x ¢ 0QN DomlL ;

(2) SERM xe KerLNdQ, ONx#0;

(3) deg{JON,QNKerL,0}#0,
W) 752 Lx = Nx 7E DomL"Q R E D FFE—MiE.

SEH 2.7 (Arzela-Ascoli ) # f c C(M) R—AMFIRE, LABNAR f
R—BH R HEEEE N REK. *

SEFE 2.8 FERG(2-2)HRE:

() MEFiExeH Bx=x", BV(x)>0, HV(")=0;

Q) FEHW, S FE—AK >0, Bl V(x)=K & i, 7 HR Y (x)
7E x = x" Kb ME— FI MR /IMEL

GV EBEAV(x)=V(G(x)-V(x) <05t xel (GERMR) #mL;

@AV (x) NBEBEF M x=x IEFMREZT 0,
MR RLFEQ-2)RERIEEN.
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MARIRE T KF B EM 224718

iz AETEFANERERS
3.1 3§

B, XTFamERHLAYAARSM Holling VENBRRA, BB
EP@EamLRaTt, RRRNEEE—RERESLR. Wolkowicz /Ml
G S.K, Wik T RYHERIFMFEFEYE RO SLRIE 54 S HIF= A A 1998
£, TRWABEC, BHARKRRBAEFER—E, TEHKERTEZRAE
HIEEFAREARRAENT, 2001 4, HitHNALE, HTRTRENE
BRaEt, BEENE, Hopf 3%, ABERSX, RAFXRRAZDIFEHR
AMRERERUOMS T 0007 4E, ZE U, HAMFBIITT RYURPRIFME— PR EF 6
HARREEI, R, KEFIREHNEEERNSN BB ()
Holling VE A& R, WL RKETHE AN RRE, BRI
FaEE—.

32 Rl

RS N2 H AEBERANIREERNERREA

ﬂdg‘l = x()g(x(t)) — Y(OP(x(1))

%(Tt) = Y()~d - sy(t)+ £ (X))

e x(t), yO) HRRFHREE, BEENEE: d>0 A BEEWRLTE,
£>0NBALE, ¢(x) HREENRRNEAL: g() REEMFMIGRKE,

HE, %g(x) bAAkEKet, He(x) h Holling [, II, I IV IhEE &
FHE, SRKG-DNEREEE, RBRFRFEE—tE, THE, ERNR
ﬁE 'Ktl_ &ﬁ 7\ ﬁt Bﬁ‘_ ?\ y,J H/‘J m%%%[51’52'53’54'55’56'57’58’59'60] o

WIEL RS R EASE X, THUE FHXEARRLKE-1)

R? ={(x,y)| x20,y20}

REEG-Dim LR &N

(H): HEK>0, FHg(K)=0, g0)>0; Ho<x<KH, g'(x)<0;
g"(x) FF1E.

G-1



MRIEE T RS B2 2R

33 HRAEREEFANBERRAL

WA T EEREEEHAN R (), REEXEEHA(s=0), X
(3-1)% ¢(x) A Holling VI EER BB HIH B RA
X
a+x (-2)
X

y=y(d+e¢ =)
at+x

Hrhd e,a0, WHEESR. HE/FSEAG-DHER.
33.1 FEmEESh
St RG(-2)EE B

X =xg(x)-y

3c'——x— y=y, dr= dt
Ja

1+x2

RE&MH,), MERKGE-2)FHLA

{x'=x[(1+x2)g(x)—y]éP(x,y) (3-3)
Y = y(=d’ +£x-d)=Q(x,y)
F5(3-3) P AR R TR

A{(1+2")g(x)-y]=0

{ y(—dx* +ex—d)=0 -4

FHEAR%G-3)EME N Rt ANEEE. BXGHITRER
G (3-3) ML T

BEEML

y=(1+x)g(x)

MBEANH,) S, Sx=01, y=g0)>0; Hy=08, x=K. Bt
#1251, NTF y i _E 550, £(0)) EELEB BN BIIE x H1 E— 4 (K,0) «

HEESEWMEI,

Le>2d i, LA

x=x=

S5x, >0, (i=12).
%E-':Zd B.‘j.) 12%]

2d 777 2d

-12-



RRIRE T KEEFMLEART

x=1
BEA T, I HERRRCHE, R%EG-3)EFATER00,0), E(X.0),
T E P s iE T .
EE31(1) HBe>24 B,
1) Ex <K<x,, REGHEE—MIEFHRE, (x) -
2) HK>x, ?\%(3'3)ﬁ:/|\mi‘zﬁﬁ E, (xl’yl) ’ Ez(xz,}’z) °
Hep Yi= (l+xf)g(x,.), i=12).
(i) ¥e=2d, Hi<KH, REQG-3)HME—KIETERE®1220) -
sEE 32 (i) 0(0,0) BRLKB-3)EA.
(ii) %x <K <x, B, SEKO)NREG-HNEM. BK>x,RK <x kY,
B EK,0) HRAGI)NRENSE REER.
(i) E,(x,,y,) AREG-3)HIE R
(V) H[A+x)g)] <00 B, E (x,) HEREGIHHIBERRB)NG
AR, 41 +x))g()] =08, E(x,y) BREG-3HHHLE.
(V). E,(1,2g) HRZEB-3)FRT R

W M REGIETH A (x, y) B IERER

)= [(1+ #)g(x)+2x7g(x) +x(1+ x")g'(x)~ y (3-5)

-X

y(&—2dx) —dx* +£x—d}

HRE-58

det(J(0,0)) = —dg (0) <0
det(J(K,0)) = K(1+K*)g'(K)(~-dK* + K —d)

%y <K <x, i, det( J(K,0) <0, 550(0,0), E(K,0)HFRHEG-3)HIE

K> xBK <x B, det(J(K,0)) >0, tr(J(K,0) = K(1+K*)g'(K) +
(~dK* +eK —d) <0, FLL E(K,0) K RY(3-3) M€ 4 B AL

BHRE-5%

det(J(x,,7,)) = x,y;(~2dx, + £) = 2dx, yi(%—- x) i=12 (3-6)

B = YR R B A AT A

. x, <5‘3<x2
B G-6)M, det(J(x,,) >0, det(J(x,,5,)) <0, WE,(x,,y,) HF

-13-



R RIRHE T K ¥ B AR

F(3-3)MBE R
BHAGE-5)M
. tr(J (x,, 1)) = % [A+x7)g ()]
B[A+22)g(x)] <0 0) B, E,(x, 5, ) WREG-3)MIE (P E)HI S R
S+ x2)g(x)] =08, WE, (x, ) A REG-HHF LB R
HRG-5)5 8 det(J(1,2g(1))) =0, W E,(1,2g(1) HRKG-3)HI B KA K.
““.—EEFG
332 BB R

B 33 REQG)N—YIEMHRE&GRERE FH.

EH %4 x(0),5(0) HIE, %20, x(t),y() BEIEM.

(1) WRO<x(0)<K, MEx()<K. BEMHFEEL>0, EBx)=KE
g >0, EEI(H,)%HE =-x(t)y(t)<OFE, Blx()<K.
dt |1, dt |,

() MEx0)2K, XH(H,), MK HE x() BOBIFE—NEHKTK, &
L >0, x(t,)=K, WHEXHt2t, B, x(?)<K<x(0).

BHxk, %(—l-x[(l+x )g(x)-y1>0, WH:>08f, x(®)>K.
BIA[+x")g(x)-y]> 0o

N x()>K W5, (+x)g(x)-y<0. F&.

B x(¢) < max{K,x(0)} » BilAx(t)EF-

3) Hx(@) B, g(x)EL, BELZCONBE—- N TEAESE-ATE

i

d(ex+y)
dt

e £x(t)+ y(t) < Aexp{-dt} +%

=gxg(x)—dy<n-d(sx+y)

EEPA=£x(0)+y(O)—g—, 7= max{exg(x) +dexy, W y@) BHFM. EE.

3.3.3 WRFHAFFENM
EHIA Fx, <K <x,, BREGI)FHL (H) K ((1+x")g(x) <0, WRHG-3)
it aae AL P

-14-



D aanaS

A RIRE TR B 2248 3

EB H Dulac R¥B=x7'y", HEBLMHATH
D=—-+F=y"((l+x2)g(x))'<0

MALGIHEE—ZRA TR, iEE.
3.34 RRIFHFEME—E

EHE3S5 Fx, <K<x,, [1+x)gx)]>0, REQG-3)HL(H,) K xg(x)-
(2ex+4d)+ g'(x)(3dx* —4ex’ +4dx* +d) + xg"(x)(1+ x* )(dx* —ex+d) >0
W R ZG-3)7E E,(x,, ) RSB EDFEME— BT E IR .
R Exy = K(g(x)(1+K*)+eK),(x, <x < K)F—B; C(x, yc)%lﬁiiﬁa'—%
B%&x=x X A: BKy,) RHACBE5HZx=K XA, W
¥, =g(x)1+K?)+eK; ECB LHy, > ;> y,-

25

Yo -5 =8x)1+K*)+eK - g(x)(1+x7) =
gx)K*-xl)+eK >0, (x,<x<K)

wk
D{0,y,) C(x,y.)

B(K’)’B)

E(K0) x
B 3-1 Bendixson J IR AME R &
Fig.3-1 The outer boundary lines of Bendixson’s annular region
TEERRSKG-3)ES HE LNREY
dx
dt|
dy

dt

x=K

=y (dx* +ex—-d)<0,(x<x)

Y=Ye

-15-



R RIE I T K T 00 22 67 18

d(x) dc _dy
—= =y—+x—= 1+x° —y—dx’ ~-d)<
& lo ydt+xdt xy((1+x")g(x)-y +ex—d)

1+ x)g(x)-y+ex) <xp((1+ K*)g(x) -y +eK) =
xy(ys=y)<0, (¥ <x<K)

HREE 3.2 &10(0,0) ¥R, MR B OD, OF HRFFK3-3)HIM, MHRL(3-3)
BER S T R ARE, BERBAME T KA, T E (v, ) A REBIEET
. WEEE 228, REGIEE,(x,y ) EESFE—NRERRE.

TiE R ZEG-3)RR I B ME— .

B, BARLKEG-3)A Lienard 72,

¥ x=u+x, y=ye, dt= L dr MARZKG-3)A
x +u

' =—F(u)-¢(v)
V' = (u)

G-7

e
Fla)=—(+( +u)g(n+u) s $0) =y’ s pluy=—2 *");’flf"l tu)-d
BT T, EPEAE(x,y)ER w,y) FHEHAESLO0,0).
FHEAEQ={wmv)| —x <u<two,~o<v<+o | HERRLG-NHHME—E.
(1) #v£0K, vp(v)>0; @(+0) =+0,#(—0) =03 @(v) € (—o0,+0) BLE
H# 2 Lipschitz &fF, #'(0)=y#0.
(i) () ML BLZEQ P EMERIK (f]_Li% 2 Lipschitz 4M: Hu =0,
— RRHHE R &

() = ——[~d (x, + u)* + &(x, +u)—d]>0
X tu

G = [pwdu, G-x)=+0,G(K-%)>0, G(K-x)>0
A O () = G(u) ~x <u<K-x
&G (u)_{G(K——xl)+(u-K+xl)2 K-x<u
A1 G (+00) = +0 o
(iii) f@)EF ()

f@Y _ —x((l+x2)g(x))' B 1
( ) x=x+u [ S = e ren_dy [xg(x}(2ex+4d)+

-16-



M RIREE T K% W4 24 3

g (0)(3dx* —4ex’ +4dx* +d)+xg"(x)(1+ x*)(dx’ —£x+d)] >0

Efu{;%&(—x,ﬁ)u(o,m) ERMERR. BEE 23 M, REGHEQRFE

ME— AR E R R . B
3.3.5 BEREHL

T Matlab # 3R (3-2) B TEF45 A & RaE AT B LR
Ble=036, d=0.11, a=1,g(x)=04-04x, BRL
X

1+

x =x(0.4-0.4x)-y

3-8
0.36x 3-8)

1+x2)

Bk, RAG-)MEEE 3.3 AEE 3.4 WEARE, THTERE (x,.»)
EAaRBEl. B9 x =025, ,=09. EQABRHEx, =09, y,=12; x, =
0.5, y,=2. BHRE-S)MMHML, M Matlab KK ERIUEIIE 3-2. AE
32 ATLLE W, XEHER o BB A AT A E (x5, 9,), BE (x, ) EE—ZR
RAeRBEN.

22

y' =y(-0.11+

2k i
181 .
16} ]
1.4 4
1.2

1K

08 i
04F -

0.2 .
0 .

B 3-2 EP#EAMEREEENE
Fig.3-2 The global stability of positive equilibrium point

-17 -



MRIRE T K FEER 2R 3

T A Matlab %4 R (3-2) BIAR BRI A7 E ME— P BEAT B (E LA

Ble=05, d=01, a=1, g(x)=01-0.5x, BRLA
X

x =x(0.1-0.5x)—y——
X ) S
0.5x

2)
1+x

JER, R4(G-9)HEEE 3.5 WHABBIIRLWEE, (v, y,) ABEFLER
R, Hdix =04, y=12. ZQHAHRYMEx, =05, »,=09: x,=03,
Yy =170 BEESELE—MERAFHHENE, F Matlab HKEHBUELAE 2

33, MWE 3-3 7740, LREFRHRME—H.

(39

¥y =y(-0.1+

2.4 T T

22} . ]

2

181

16

14}

12F

1t

08

06F

0.4

& 3-3 BRRIRRIfFEAEME—E

Fig.3-3 The existence and uniqueness of the limit cycle

34 BREEEENANERRS
HRTaEMBEEHAN—RER g(x), BEEAEEHLA(s=20), K
(3-1)F ¢(x) # Holling VR HIHERA

-18-
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&) _ y(t)

— OG- (t)) (3-10)
@O _ ex(t)

2 - A -0+ )

A x(2) y(t)i%mlﬂ‘%ﬂﬁ’ﬁ, WAENEE: >0 BRENRTE, £>0
KRR g(x) REEFBMANEKE.

34.1 EF#ABNEFEEMYE
F55(3-10) 9 46 AR 2
x(g(®)- yx2)=o

3-11)
X

+x

FHEET SRR RFZAGC- 10 FE .
BRG-11)I KB EHFREN],
y=(a+x")g(x) (3-12)
H(H)5, Ux=08, y=ag(0)>0; XHy=08, x=K. B R 2k 1 A
iE y i b £5.(0,ag(0)) ELB N F IE x i E— 1 R(K,0) -
ﬁmit(z.-u)ﬁr?%d@(z%w;%l

y-—(—d+

y-d-sy+——73)=0

2) (3-13)

%x=wm.wr%;ﬁy=mﬂ,55xE¥%ﬁﬁ¢ﬁﬁEﬁ%ﬁ%
e—\e? —4ad? g+\/s —4ad2

X = 2d r X =
ik, LEWRERERGIDER, REG- 10)%?&%2@1;‘5 0(0,0),
E(K,0), TiiE ¥ SfEBns =Mk, FIE T4 A, AME—RIEFES,
HEANMEBENULIFFE R
S 3.6 HRLKG-100 2 (H,) K (H,) 2Kg(0)+(a+x2)g'(x)+4—zs-<o,

(b ENE A o EINE A gy, iS00

}'g‘(xo’yo)"
W HEWEL, L, R

-19-



T3 M R o 0A79'

M(x)=%(—d+ £x )—(a+x2)g(x) (3-14)

a+x
&M H,), (H)F

M(0) =—ag(0)—-‘:—<0 , M(K) =-S(a—_ll_K—2)(—dK2 +eK—ad)>0

U BB EEREA, M) EPFE—ITFR.
B o E B &M (H,) TR

M'(x)= :((:;:2 ))2 -2xg(x)—(a+ )g'(x)=-

ng ’
m—ZKg(O)—(a+xz)g (x) 2
f KO-+ W2~

2
s a
—+x*+2a

X
%-2Kg(0)—(a+ 2)g'(x)>0
as
Bl M (x) iR, B M(x) FFER—FiRlx,, FEHRG-12TAE-13)7]

BBy, . 8.
EE 37 ERAEG-10WE (H)-(H,), WE
(i) 45 0(0,0) M E(K,0) HRZ(-10) KB R
i) (s 2d+sp)gn)+ eg'(xy) <min{CRNLED) 0 gy,
sexy X

(%> ¥0) BRRZEG-10RE M RBRAER-

(@=2)d+990) 1o 5 |

(i) B (H): 220 <2(d+sy,)8(x) +£8' (%) < .
X, SEX,
(%> ¥o) RBRGG-10FFE M 5 R B R
W R4G-10N&EEURENREIERA
B P S .. A S
a+x (a+x°) a+x
iy = ) (3-15)
£y(a-x) ~d-2sy+ £x
(a+x*) a+x*

HRG- 1)K H), (H) TR
Voo|=-d2©) <0

-20-



M RIEE T K3 T2 A 22 AT iR 3T

V| =Ke (K)(—d+ )<o

1 0(0,0) 1 E(K,0) B RF(3-10)HI i m o
A hRG-15) BRI, , TAREEH
2X,Y, gxoyo(a—x:) -
(a+x) @ey O (a+x)

’ 2xy ¥, 3(“"‘;)
_ - + = 3-16
Sxoyo[ g (x()) (a+x§)2 s(a+x§)3 ( )

lJ(xo,y.,)l =x,(g' (%) +

—x3\(d
Gl 1 +5%) —g'(xo)—z(dwyo)g(xo)]

' 2x,Ys )— o= (3-17)

2{d
xlg (5)+ ( “ﬁ’)g(""))——sy—"]

Xo

e E AL (H,), (H)HBERMIL. k¥,

342 EFESHEBREN

S 3.8 EERKG-10E H,)-(H) & g(x)a+x")—y+a—x5,1/(x=x)
<0, MREZG-10)HME—EF4H S (x,y,) EQREREE.
IFBH ¥ Liapunov B %L

X=X, Y=Y
P00 = [ =5
BV (x(0), () W RGE-10) X F KT
dv. _ov dx oV dy _
dt ox dt oy dt
E_ITh (g L+ I yd -sy - 2)=
(a+xy) x a+x y
£(x—x,) __Jy _ — To_y1=
+x2 (&) a+x2)+(y Yo )y y)+g(a+x2 a+x§)]

0

-21-




e JRIRE T KF ML E LR

e(x—xy)
(a+x})a+x%)

i T AT, %so , ISR 2.3 51, RA(3- 10— EFH 5 (%, 70)

EQREZRBEN. .
3.43 RGRIRINFEMRE—1E

SEER 3.9 & RLKG-100 2 (H),(H,),(H,),(Hy) B H'(x)M (x)- H(x)-M'(x)
>0, MARLKG-100E Q WHFEME—IRE KR RAE.

8 HEERRA .
' fEEZ

oy Y g &
' Li:x-K=0, L:y-—( d+2J;) 0

[g(x)a+x*)-y+a-xx]-s(y-7,)

B IEE 40 2 (%, y,) TEFEERT A1, 67 —4ad’ >0, ﬁfu—d+ﬁ_->0°
a

¥ REG-10 L, L, KIS R A

|
\
’ dL,| S AT
' dtlLl=0 a+x?

dn|  _1_,

E—,ﬁ, s 2Ja

Lca+y-d+a-
)

2Ja

£ 1 £ EX
+——)(—'d —S'—(—d +-7——)+ a+x2)s

NN AL

A |
1Y L,

ag(0) !

d g >
T
& 3-4 Bendixson PRI AHEE S 4k
Fig.3-4 The outer boundary lines of Bendixson’s annular region

L =0,L =0 A RAKG- 10N ENER, BEFBTRWIE 3-4 FrR. B
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W RIEE T KEEE WA FAIR X

S 39 &, x(0)=0, y(1) =0 RRZKG-10NE, HREG-10NNLEN
L,LKx 8, yHprEXEA. NEHEK (x,,3,) B BREFE R, BHER 2.2
ﬂ,E(XO’yo)%@E/PﬁE'—‘/I\&m%o

F T AE AR RR R Ay i —

St B (3-10)fE T (A 2B (a + x*)dr =dt »
MR G-104L K4

d;(’) x(tXa+ 2 () gD - xOy(E)
P (3-18)
—f}r’l=(ex(t)—d(a+x’m»y(r)—s(a+x’(t»y2(t)
HRG-18EFBAE B
1) = x(0) - %0, FE =B~
w18 |
"”j‘:’  E(0) + %)@+ FO+5))Z(EO)+5)-
3 FO+5)FO+ ) 19
d“) — G0+ yE(EW)+ x0) —d(a+FD) + %)) -
L s(@+ED+2))FO+ %)

M Z 5 (3-19) A (0,0) 74 2. 0 THRE-18)A Liénard REE, ¥3X(3-19)
fig Az 4
X(u)=x,(e" =1, Y =y,(e" =]

MR 3-19)7 T4 K

B _ (a+ (e ))E ") = 7o
T (3-20)

g‘i = Exoeu -d(a+ (xoeu )2 )— s(a+ (xoeu)2 )yoev
T

R R (3-20) A e
W Voowye
=u,Z=V—S(au+-;-(xoe“)2),d2.r=e( W5 )dr

Al #RE-2001 K
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RRRIEE T K¥FEEE L EMRT

%':7 ——p(Z)-F )
pd (3-21)
- gw)
o |
P(Z) =y, (% ~1) (3-22)
FOP) = y,—(a+ (5" P)glrgdye 7" (3-23)
1, wa
GO =[exe” —d(a+ (")) —s(a+(xe” YV gl e 1
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