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b2 Ps3
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Qo R+ 1wy rse” YT 4 1wy

1
1+ aa* + BB* + (@a* + riB* + Gaa* + 1 + raf* e’

RS FRIE R A R T, WO R
L 2(t) = (g%, z), Ho o, TR (3.4) 24 =0 BHHIAE, ML [25]

D:

P irfDuet) + # OF.2), (3.5)
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FHE (3.5) RE N

T _ rDuat) + 912, 2),
/\I:':'
22 72 2%z
9(z, %) = 9205 +91125+902?+9217+~- . (3.7)
X
W =z,+2q-7q (3.8)
¥ (3.4), (3.5) AN (3.8) Xf7
, AW — 2Re{q*(0) fq(0)}, -1<6<0,
W= A
AW —2Re{q"(0) fq(0)} + 0 =0,
©AW + H(z,2,0), (3.9)
Hop
22 z2
H(Z,Z,e) :HQOE-FHHZE-FHOQ*-F"' (310)
HW =W,z + W,z = AW + H(z,z,6). ¥ LR MR 2808 AN, ik R
(A - QiTkwk)WQO = —H20<9), (311)
AW1(0) = —H;1(0). (3. 12)

EREE 20(0) = (210(0), 23:(0), 234(0)) = W (=, %,0)+2q(0) +5q(0) 1 q(0) = (1,0, B)Termi!
&l

ru(0) = z+Z2+ W§;>(0)%2 + W (0)22 + Wg;>(0)%2 +0(|z,2%),

r(0) = 20+ za+ WQ%)(O)Z—Q + WP (0)22 + WO(?(O)%Z +0(z 2,

xﬂm::w+w+wﬁ@2+wﬁmw+MA>§+mmm%
zi(=1) = zesn 4 zenn 4 Wéé)(—l)% T wO(—1)2z 4 Wg;)(—l)i2 +0(z 2P),
pau(—1) = zac 7 4zl +W2(§)(—1)Z—2 + WO (—1)2z + WE (- 1)22 +0(z 2,
za(=1) = zBe ) 2B L WP (-1 : + WP ()22 + W (- 1)%2 +0(z,2P).
Th

9(2,2) = 7(0)f (2, 2)
paz3(0) + psr3,(0) + per3, (0) + pra1s(0)x2:(0) + psw14(0)23:(0)
+po23,(0)22:(0) + p1023,(0)21£(0) + pr123,(0)21,(0) + h.o.t.
_ DT}Ej)<1>OZ*a6*> QSLU%;(_D + quay (1) + g1 (—1) w2 (=1) + ge,(—1)
+a723,(—1) + gsat, (= 1)z (—1) + gow1:(—1)25,(~1) + h.o.t.
r3xt(—1) + ra@d, (=1) + 521 (—1)w3(—1) + 162, (—1)
+rexs, (—1) + rsxd, (—1)xa(—1) + rox1(—1)x3,(—1) + h.o.t.
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= j * — iwk.'r(j)
= DT;EJ){ [(p4 + psa® + pe 3% + pra +psf) + o (g3 + quo® + gs)e kT

. (7)
+8*(r3 + 148% + g53) e 2T } 2%+ [(21?4 + 2ps|af® + 2ps| 8] + 2prRe{a})
+a*(2gs + 2q4|al® + 2gsRe{a}) + B*(2rs + 2r4|al? + 27’5Re{a})] 2z
_ _ . ()

+ [(m + ps@” + ps B + pra + psfB) + o (g3 + @ud® + gs@)eP

8" (1B + s B)e | 22 4 [pa (W) (0) + 2L (0) + w5 (WSF) (0) + 2w (0)
1

oo (0) + 2 (0)) + pr(WED (0) + aW(P(0) + W (0) + 56 Wiy (0))

12 1
+ps(BWI (0) + WiY(0) + 5 5W30)(0) + 5 W5 (0)) + 2poRe{a} + puo(a® + 2laf?)

* —iwg P iwp T
+pn(ﬁ2+2|m2)+a (gs(2W D (=D)e x4+ Wi (- 1)e s J)
( ) . (7)
+q4<2anf>< Ve 4 W (—1)ae ) + g5 (W (~1)e s
[€))]

W(Z)( )eiwlei W(l)( ]_)e*i""le(c )+QQ66 lwkTIi +2q752ﬂ671wk7k

( )

+2que{04}efiwkT’(“J + go(a® + |Oé|2)e*i”“1§j> + ﬁ*(qg(2W1(11)(—1)e*1wkﬁ§”
W(l)( De W“’iﬁ) + Q4(204W1(f)(—1)e_1°“kﬂi’) W(Q)( )7621%719))

@ 1 ) o
+Q5(W11)(—1> —iwTy’ +§W2(§)(_1>elwk7k3 —|—O¢W11 (—1)@71‘*”«%3)

+2g5e” 4 + 2075287 + 2geRefate T+ go(a? + [af?)e )] +}

5 (3.7) AT

920 = QDT;Ej) [(p4 + psa® + pe3® + pra+ psfB) + (g3 + qua’ + q5a)e_21“’”k(<j)
+8*(rs + 148 + qsﬂ)e’m‘””’y)} )

gu = D7 [(2ps+ 2ps|af® + 2ps| B + 2prRe{a}) + a” (205 + 2qal0f® + 2g5Re{a})
8% (2r5 + 2ry4]al* + 27’5Re{a})] ,

Jo2z = QDTIEj) [(p4 + ps@® + pef3° + pra + psfB) + (¢ + @ud”® + Q554)€2w”’ij)
+B" (s + 4B + rsB)e |

g1 = 2D [pa(WI(0) + 200 (0)) + ps(WE (0) +2W,3(0)) + o (WH (0)

1 1
+2W17(0)) + pr (WP (0) + Wi (0) + 5 Wi (0) + 564 (0))

1- 1
+ps(BWH (0) + Wi (0) + 5 5W30 (0) + 5 W55 (0)) + 2poRefa}
(€]
+p10(a? +2[al?) + p (82 + 216)%) + a* (g (2W)) (~1)e

w7y i) @
+W2%)<_1>61wk7'k )+q4(2awl(f)(_1)e—1wm'k + W20 (—1)@621‘*’ka )
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: U4 aw B (—1)emienny

. ) 1 .
a5 (WA (D)7 S (— e
; (€] = (€] : €)] ; (€]
+2gse 7 4 2g 5250 + 2gRe{ae T 4 go(a? + Jaf?)e

; [€)] : [€)] ; (€]
+07 (s (2WY) (= 1)e ™7 4 Wi (—1)e ™) 4 qu (W} (~1)e

(

WD (~Dae? ) 4 gy (W (~1)e

o1 .
J + §W2(g)(_1)€lw”k
(1) —iwp D) —iwp D) 27 —iw,r? —iwpr)
+aW (=1)e k) + 2gge ¥+ 2q78° Be » + 2gsRe{ate 2
)
+q9(a2 4 |a|2)eﬂwk7—kﬂ ) )

MR E Wit (0), Wag(6).
i (3.9) =X, Xt 6 € [-1,0),

H(z,2,0) = —¢*(0)fq(8) — ¢"(0) fa(8) = —g(z,2)a(0) — §(=, 2)d(9). (3.13)
FLEL (3.10) 1 (3.13) R R4, 15

Hyy = —g20q(0) — Go2q(0), (3.14)
Hiy = —g119(0) — g114(9). (3.15)

H (3.10), (3.14) Ak A E X, 15
Wao(6) = 2iwkT;£j)W20(9) + 920q(0) + go2q(0). (3.16)

if:%iiu q(e) = (1,a’ﬂ)T€iwkT£j)0 ?%l:

Wan() = 20 g(0)eers’? 4 192 Sqiq)emientt g gz, (3an)
Wi Ty 3wy Ty,

o By = (B, E® EPNYT ¢ R® Sy, FEL, i (3.10), (3.15) Rk A HIE X, 13

1 L) 1g L&)
Wi (0) = — gl(lj)q(O)e“”’“Tkj o 4+ gl(lj)(j(O)e_“"“k] o 4 B, (3.18)
WETy WETy,

Hf By, = (BSY, B BT € R N, BUERTR (3.17) Rl By, (3.18) R H
E,. H1(3.11) F1(3.12) R K& A & XA

/ 0 dn(0)Wag(0) = 2iw, 7 W (0) — Ha(0), (3.19)

—1

/0 dn(0)Wh1(0) = —H11(0), (3.20)

—1

Hrn(0) =n(0,0). i (3.9) A1 (3.10) 15

H30(0) = —g20q(0) — g02q(0) + QT,Ej)(Hh H,, H3)", (3.21)
Hi1(0) = —g119(0) — ¢11(0)q(0) + 2T,£j)(P1, Py, P3)T, (3.22)
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Hy = (r3+mB*+gB)e 27,
P = p +p5|04|2+p6|5|2+p7Re{a},P2 = q3—|—q4|a|2+q5Re{a},
Py = r3+r4al® +rsRe{al.
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0 )
<iwk7,5])l - / eiewé”"dn(a)> q(0) = 0, (3.23)
—1
i 0 : 7)
<—iwk7,§j)l —/ eIRT 9d17(9)) q(0) = 0. (3.24)
—1

1 (3.17) 1 (3.21) AR (3.19) A3

0 _ '
<21Wk7'lgj)1 _/ eziw”’ij)gdn(e)> E, = QTé])(Hth,H:S)T- (3.25)
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—qre~ 2o 2400 — qre~2enty” 0 E® | =2| H,
—rye e 0 2wy — rpe 2T B Hy
(3.27)
FrEY =40 BP =42 pY =S @
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i
—rpe 2Ry 0 Hj



No. 3 Bk HLAT I I LR T = A A 1 3 SO AT 543
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</ d77(9)> Ey =2(P, Py)". (3.28)
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Re{c1(0)}
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wkT,ij)

T2 —

EIE 3.1 R (HL) F1 (H2) BOz, W op =0 & RS (1.2) 1 Hopf /33X fH. 733X
I g B, WH >0 (n < 0), MRS (1.2) FEBIKA D3 (RIGF ), 538 Wifdfa e
PR By Wi, W By > 0 (B < 0), 2 R HAM R Fa e i (RFRE 19); 202 8 JAMAR B & 1A
Ty W5, AR Ty > 0 (Ty < 0), 5338 WIfR I BRI ().

4 HUEEN

FERX 7, BUNRI RIS — % R 4E (1.2) BATHUERIN, FIE T oI RS

dei(t) 3x2(t) 0.3z3(t)

di = 21(t) {05 = 0.221() = ;@) vy — 10w3(t)i-w1(t)] ;
dxo(t 0.82z1 (t—71

xdt() = zo(t) [-0.2+ 12x2(t—f1)(—&-:c1(1€)—7'1) )

dzs(t) _ 133<t) —02+ 0.5z (t—T2)

dt 10I3(t—7’2)+11(t—7'2) .

(4.1)
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BIFURCATION ANALYSIS FOR A THREE-SPECIES
RATIO-DEPENDENT PREDATOR-PREY MODEL WITH DELAY

XU Chang-jin', LIAO Mao-xin?

(I.Guizhou Key Laboratory of Economics System Simulation,

Guizhou University of Finance and Economics, Guiyang 550004, Chma)

(Q.School of Mathematics and Physics, University of South China, Hengyang 421001, C’hina)

Abstract: In this paper, a class of three-species ratio-dependent predator-prey model is

investigated. By analyzing the characteristic equation of the model, the stability at the positive

equilibrium is proved. By choosing the delay 7 as a bifurcation parameter, we show that Hopf

bifurcation can occur when the delay 7 passes a sequence of critical values. Meanwhile, using the

center manifold theory and normal form approach, we derive the formulae for determining the

properties of Hopf bifurcating periodic orbit, such as the direction of Hopf bifurcation, the stability

of Hopf bifurcating periodic solution and the periodic of Hopf bifurcating periodic solution. Finally,

numerical simulations are carried out to illustrate the analytical results. Our results complement

some previously known ones.
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