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Abstract

In this paper, we investigate the effects of fear effect and nonlinear predator harvest
in predator-prey interaction models with Holling-II type functional response. Fear
of the predator population increases the survival rate of the prey population and
also greatly reduces the birth rate. The capture of the predator population can not
only obtain economic benefits, but also regulate the quantitative relationship between
predator and prey. In this paper, all viable equilibrium points are studied and the
model parameters of stability of stability of viable equilibrium points are analyzed.
In analysis, we have established that the conversion rate of predator population is
the branch parameter and the model system undergoes transcritical branch, saddle-
node branch and Hopf branch. Considering the diffusion effect of predator and prey
population in space and time, we study the local stability of the positive equilibrium
point, the positive equilibrium point and the Turing of the branch periodic solution
instability, the direction of the Hopf branch and stability of the periodic solution of
the branch.
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1. 5|

H £ L) Lotka-volterra #5742 H LK, 18 FIACF 7 ik A48 R GBI 1447 AT L Ay
TARKI B 52 B WF FE RN R R T U N O3 B B 4 B, B S P A B - R A AR R 52 2 R DR 3
A A B S R A AR AT e SR B B R A 3l 1 54T D, BV AR 2R 2 8 S B R AT 40k
PRI B 1l - S A AR B 0 24T e R AR BRI AR AL

C.S.Holling 7EXHil &3 - 3 /150 S B IR 51N “Dhfe [ B0 A T8 & MM i 2 AR
AT 4 TH R S FE (A4 [1-3], 167 18 T S I A PR 2 B 4 6 5 B R e 70 2 A AL B AR
YR ARIE S

OB AE B A & HF ARSI A R E K N S H BN =]
PEFRHE () A2 28 SET- 28 DL S T S AP L Bl N 35 4 S BUW E & d /b Rt S AP AT R R
7~ [4]:

dz

T =rz —dr — ax? (1.1)

x(t) /2 ¢ W2 EEE RS, r 2 EEMBENNEERE d KREEMHERLTE, o
FATTHE TR 58 4 3 B0 BRI 6 (1.1) 205 S8 B Holling-1T A4 Ty 58 S 37 1 4l £ -6 T A
A [5-9],4%(1.2):RW T

dz 9 pTY
= rr —de — - 1.
kA dx — ax T+ qr (1.2)
dy cpry
= — 1.
dt 1+4gqzx my (1.3)

y(t) /& t I ZIH B WA B, p, o AR KA B 3 A4 BRI 8], ¢ AR BB 1 31030 6 5 1 A% Ak
ZEH T B PR B A AL 20 B TP B2 I BG4 7= A A7 52 i AT DR X Rt 2 i FR A R R il
TE (k. y) = 1o, K6 R DR T30 LAEE EHAG H A= TV Dol B £ A A3 e fe 2 £ PEDR i £ A 2
MK [10-12], b (k, y)i 2

L o(0,y) = 1; WEREHBCH Rl €479, A BHE AR HA K.

2. Y(k,0) = 1; WEREHIEENT, BAREKHERBAZEK.

3. lim (k,y) = 0; MR BCIHHY S AT AR R, A4 R A5 524 0,

4. lim Y(k,y) = 0; WORAH B HFBEHCREART K, WA b TR T8, B4R RAR

5. 8¢gZ v) < 0; BEE SO B AT ARG, S AR 1Y K2 R .
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| wgz’ Y) 0, R A B 2B R B BT

4 - TR TR A ) VT DU 2 B 8 D S 28 B 3 T I A S 7 T
NS, T A 128 5 1) o 3 T A S22 B R 0 A R B 55— B A e
I DB ) A B0 A . 38— o R AR, B e ] A M 0 A A 5
S8 7 A A5 R T L S5 — i 2 24 PSSt B £ Michaelis-Menten UK 13, 14], 12 4
H(y) = 220 Stk B 2 \REEIIN, ry Bl ry 85 04

6

dz rT pry
— _ d — 2 _ =
Tk T i Ay
dy _ cpxy __nky ol y) (14)
dt  1+qx y mE + ry ALY
XTI (1.4) {0 B 20 7% .
d E E
T =rt, u:gx, v:y, dr = —, q*:g, k*=kp, ¢ = pm*_@’ =11 e 2
r P r r r9 ror
o1, d*, g, k* cf,omE, nt BENEON, d, q, k, ¢, m, n. B (1.4)25 K
du U uY
= —du —u? — =
a1k v T Ay
dv — cuww e Y _ o, ) (1.5)
dt ~ 1+qu htov 727

5 B PR T A R o AR VHAE I 1) 2 1) B A 2 [ e ANAR (8, e AT 20 AT 523 5, (I 2y
522 P DR 2R ) R I 10 AN B A2 A DR SRS DR B3 A R 5N B - B RS R B TSR S L 5 2R3
B P 0 5 AR SO 5 RS SF K Neumann 121 74644 I & # - (T AY.

ou 0%u U UV

A WA S W € (0,7),t > 0

ot Y92 T 14 ke 4TH 1—|—qu’s (0,m),

Ov 0%v cuv no

Ly (RN B

ot *ds? 1+ qu "y h—l—v’se( )t > (1.6)

us(0,t) = ug(m,t),t >0

v5(0,t) = v(m,t),t >0

2. T EFEEMMREM
2.1. FESFEEM

T RG(L.5):
(i) RGEAHAET LT Ey = (0,0) ;
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(i) 4 1 > d B Jmfr s By = (1 — d, 0) {2 1E;
(i) POHFA 8 B, — (ur, v°) kb o7 = DA (natmhg = chu - g
u(c —mgq) —m

A1U4 + 142’[1/3 + A3U2 + A4'LL + A5 = O

(R IEAR.

% a, = c—mq, b, =n+mh, ¢, = ng+ mhq— ch. A1 = a2q + a.c.kq,
Ay = a? + a,c.k + a.bkq + a’dq + 2a.c.kdg — 2a,mq — c.kmq — a?q,

As = a,b,k + a%d + a,c.kd + m*q + a,mq — 2ma, — bkmq — a,dmq — ke.dmq — ke, — ka,b.q,

Ay = kb, + kb.c, + a.b, + aymd + keomd + m? + 2a,,, — m2q,
As = kb,m — 2m? + mb, — kb2

2.2. FEREIRE M
RYi(1.5)1E (u,v) &M Jacobian HiFFUITT:

flu flv
y -
" <f2u f2v )

1 v quu ku U

BeAt fr, = —d—2u— + . fio = — _ .
h 1+ kv “ 1+qu (14 qu)? h (1+kv)2 1+ qu
cv cu n nv
f2u_(1+qu)2’ f2v_1+qu_m_h+v+(h+v)2‘

EIR 1PN AL Ey = (0,0) 2 Mgl 2R AR E K.
MERR R 48 (1.5)7E 1T £ Ey AR Jacobian i F4

FERE I, FIRFIEE A A\ =1 —d > 0, Ao = —m — n < 0.5, PP S Ey —ATEER.

R ¢ < B AT 5, = (1-d,0) RIS, o> o B METH By = (1-4,0
g e . m(l+q—d) n(l+q(1 —d))
EI%%IEE’],IJ?[:&\C = 1—d (1—d)(h—|—1—d).

HUEBR R 40 (1.5) 754 i By A1) Jacobian FEFFE A
1-d)(k(1+q(1—=4d)+1)

—(1=d) =
( ) 14+q(1—-d)
T = 1-d
0 (0—6)71+q(1_d>
3019 I FH B3t e

DOI: 10.12677/aam.2024.137287


https://doi.org/10.12677/aam.2024.137287

<

4ot

1—-d

— Y “HF Ay <0, FITL
1_’_q(l_d),élc<c f 2 < ,Fﬁ)

FEFE Jp, WFFEEAN M = —(1—d) <0, Ay = (¢ — ¢¥)
AP S By = (1 — d,0) A BT E K.

EE3WHRCL >0, Cy > 0 B, NEFHE S B, = (u,v*) ZFEER;GN, B, = (u*,v*) &AM
SE.

HUEBA RS0 (1.5) 5Pl i B, (u*, v*) & [ Jacobian HifFA:

a1 a12
Jg, =
a21  A22
1 d— 2u* v* qurv* ku* u* u cv*
a = — —ad—2z2Uu — , a = - - ) = )
U+ ko 1+ qus (14 qu*)? 12 (1+ kv*)2 L+ qus 2 (1+ qu*)?
cu* n N nv*
Qg = ——— —m — .
271+ qur h+vs  (h+v*)?
Jp, RIRHIETT R 2
M+ OAN+C, =0 (2.1)

ik ¢, = —(ay1 + as2), Cy = aj1a22 — G12G91.

2 Cy >0, Cy > 0 W RFALJTFE(2.1) AR ERAT S A S BE 0 0 B AN P i B (®, 0) A2 SR 5T
AR ) AR Cy < 0 URHIETTRE(2.1) HIAREA MRS BT UL B, (u*, v*) %A

3. TXXTth
3.1. BIERS %

EIR 4 c = I, RG(L5) LR AT 5 By (1 — d,0) AR A RT3

HEBA 4 ¢ = ¢*, fE 8 B (1 — d, 0) &1 Jacobian HiFFFIFFEE N —(1 — d) A1 0. BT PANRHIE
R, — A=A R 0, B TEEAS 2Ife e 5 EMEIL. 2 J(Er) A J(E)7 W RAFEE I FRHE R
RV = (0,1)" M1 G = (0,1)7. HEFIHIT 73K Sotomayor EEE [15] A 15:

(i) W™ F.(Ey) =0,

(i4) W™ |DF.(E,)G) L—d

R

(i11) W [D*F(E)(G. G)] = 3 #0.
Ex(1 — d,0) W SIS 1 R S5(L5)E By (1 - d,0) BB X,
3.2. R

o S 2 2 2 3 2
EIE 5 WIRW R 2a21a3,€12 + 412032691 + a12a3, €23 # a3se11 + a31a22e13 + 212021092692, N

¢ = SNV R GE(1.5) E N BT 5 B (u*, v™) AR AR S 53 3.
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AERR E ¢ = SN Jp, B AMEE( Y 0 B4R Sotomayor 53, # M1 R 4L F(U, ¢) =
[f1(u,¢), fo(u, o)™, Wik U = (u,v).

DF(U,C)|E* = JE =

*

a21 Q22

/?\ G= (G117G12)T7W = (W11;W12)T-
ﬁ\:qj Gi1 = —ag2, Gi2 = a1, Wi1 = —ag, Wiz = ars.
u*v*

(7;) WTFC(E*) = alquu*

# 0,
2 -9 2
a39€11 Q21022€12 + A5 €13

(it) WT[D?F.(E.)(G, Q)] = (—axz, ai2) # 0.

2 2
A55€21 — 2A21A22€22 + A5 €23

48 2 2 2 3 2
RT3 2a01a35,€12 + A12a352€21 + A12a5, €23 7 A35€11 + A31022€13 + 2012021 A22€22.

ot 2qv* 2¢%u*v* k 1 L au
el = — — , €12 = — - .
H A+qu)? Q+qu)® 27 (1+k)? 14qu  (1+qu)?
2k2u* cqu* cqu* — cq*utv* . c cqu*
€13 = o7 .3 €21 = - P = - 3
U0k T ()2 (Ttque)d TP Tqur (14 qur)?
2n 2nov*

BT o2 (o)
3.3. Hopf7' XX

W A 2 B, (u*, v*) b HopE4r 3¢, 3 FLKH 8 (63 SR 05 49 52 2 50 SR B i R
Stk

T 61 c =B L IHE O, = 0,0, > 036 H O | ¢ = Bl £ 0, RSi(1.5)2 1E &
E,(u*,v*) &K Hopf 73 32.

SERR M5B AR (2. 1) 0 T 25 ¢ B3R NI S 1E P9 30 T4 2 B (u®, o*) A0AT — Xt 4l B,
01 = O,CQ > 0.

R AE T R (2.1) T AL T4

AN+Cy,=0

fift EAARTE ¢ = B A Ny, = £/Co. BU—AEF NI D) e > 0, FR7E— 403 (P B) —
g, Bl 4 &) FF AT ¢ € (BBl — ¢, Bl 4 o) RRAE T FEMIMR T B AE A2 = wi(c) + dws(c),
A1 (c) HN(2.1) 2, 40 B S 5 R .

w?(c) — wi(c) + Ciwi(c) + Co =0

3.1
2w (c)wa(c) + Crwa(c) =0 3.1)
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XF(3.1) 2P [ SR ARl o3

2w (c)w)(c) + C1(c)wi(c) — 2wa(c)wh(c) + Cf(c)wi(c) + C4, =0

(3.2)
2wy (c)wa(c) + (2wi(c) + Ci(c))ws(c) + Ci(c)wa(c) =0

2w3(c)C1(e) + wi(e)(2C5(c) + 2wi(c)Ci(c) + C1(e)Ci(c)) + Ci(e)C5(c)
4wi(c) + (2wi(c) + Ci(c))?

FEIG FHE ¢ = HBI AL Oy (HP)) = 0, wy (cHB) = 0, ws (HB) = /T
#(3.2) 0
duw (1)
dc

1
|e=clum= _501(6) |e=ctrrm# 0.

Zi &b Hopf 43 SCWIREE M 2 F 15 DLIGALE.
3.4. Hopf T X WITREM

AR ALY E BER AR Hopf 20 325 1], B Je R R G (L5) M u = v/ + uy, v =0 + v B

HRETF.
du 2 2 3 2 2 3
T a11% + @12V + G13U° + A14UV + A150° + A16U° + A17U°V + a18UVT + a19V” + - - -
dv 2 2 3 2 2 3
a = Q21U + G220V + A23U° + A24UV + A25V° + A26U° + Q27U V + A28UV” + A29V” + - - -,
du
U U, v
A AN (3.3)
dv v g2(u,v)
dt
Hrp
g1(u,v) = a13u® + a1auv + a150? + a16u® + a17u?v + aguv? + argv® + - - -,
g2(u, V) = assu?® + asuv + assv* + aseu® + axruv + asguv? 4 agv® + - - -,
2
qu q uv k 1 qu
a3 =—1+ — =, A1y = — - + .
N (g’ (g’ " (ke?) (g (14 qu)?
v = K - q*v uv v = q . du
o (1+ ko)’ 1 (IT4qu)? ' T4+qu)? " T+qu)?  (1+qu)?
k? Eu cqu__ cq?uv c cqu
a = a2 a = —7701 = — =3 Qa = —_ y
S C AT (1+ ko)t ™ I+qu? " I+qud ™ I+qu)  (1+qu)?
n nv cq?v uv cq cq*u

2 = (h+v)? - (?QH—U)S. QQZU (14 qu)3 B (14—qu)4'aQ7 - _(1+qu)2 + (1+ qu)?’

agg = 0, agy =

it T ot
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R GL(3.3) N F S8 4R A LA L i Rl L5 0

U=JpU+AU) (3.4)
Wbt gp = [ M2 Ay = [ 9w
: a21  G22 ’ ga(u,v)
1E ¢ = B b jocabian H FFE LA AR, FARFHEAE iw X RRFIER SN 2 = (@12, iws — a11)”
P = (Re(X) + Im(X)) = < o0 ) .
—a11  —Ws2

AW U = PX,U = (u,0)", X = (z,y)", R5(3.4) % N:

X = (P'J(E.)P)X + P'A(PX)

r 0 —W2

T z 91(z,y)

. = | enazz — aznan + . (3.5)
Y T o ai1 + a2 Y g2(x,y)

1 1
g1(z,y) = —Gi(2,y), g2(2,y) = —
1(7,y) . 1(7,y), ga(,y) i

Kt EE N

(a11G1(2,y) + a12G2(x,y)).

2 2 2 2
Gi(z,y) = (a12a13 — a11a12a14 + a71015)2° + (2a11015We — A12014W2)TY + A15W3Y
3 2 2 3 3 2
+ (aj2a16 — A11075017 + aT1A12018 — A71A19)T° + (2a11Q12018W2 — AT5A17W2

2 2 2 2 2\, 2 3.3
— 3afwa — 3aj;a10w2) Ty + (a12a18w° — 3a11a19w3)TY” — arowiy”.

_ 2 2 2 2
Ga(z,y) = (11023 — G11a12024 + a71025)T° + (2011 G25W2 — A12024W2)TY + A25W3Y
3 2 3 3 2 2 2 2
+ (a75026 — 011075027 — G31020)T° — (a]5G07wa + 307 Wa + 3a7,G19W2)T Y
2 .2 3.3
— 3a11Q20W5 Y — A29wW5Y”.

TH 58— Lyapunov 530, MR 48 2 B AF 5 ok 4 W 8 H U8 R A2 0E V5 AR E £, 55 — Lyapunov
BRI T

1
@ = TG{glxxx + glxyy + gchy + 92yyy}
1
+ m{glmy(glxm + glyy) - gwa(Qsz + 92yy) — J1zx92zx + glyy92yy}'
WER © < 0 W FRS(1.5)BA F20E (IR R 8135 3 H Hopf 4 SR8 IR SR © > 0 &

G5(1.5) A HL A Fa s IO H 196 9 B Hopf 2 SO R I ALK, 24 © = 0 RSE(1.5) 18 A 3 - s A7 45
I~ X Hopf 43 3%.
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4. RN 8RS

AT —4E (0, 7) 1) Neumann I F %44 1) PDE B8

ou 0%u 1

Ou w1, w .
dt 192 T 14 ke 4T 1—|—qu’86(0’ﬂ)’ >0
Ov 9%v cuv nv
P p, 2l M Y e (0,1),t> 0
7 292 = T+ qu muv h+v,s€(,7r), >
(4.1)
0 _ 0 ) sed0,m),t>0
— =—=0,s s
ds Os ’ T
25(0,t) = z4(m,t), ys(0,t) = ys(m,t),t >0

4.1. FFE SR Turing FRREM

B0=p1 < po < pz<- <y, — oo eMAET —A £ Q FAHRN T 55X Neumann 2 57 54
(AR, T () RAHRE p, £ HY(Q) FHIRHET R & Y 2 (CY(Q))? 7£ (H'(2))? TR,
{bns :5=1,2,- -, dimT ()} #& () FIFRAEIEASEE. FFEE X T = {cns : € € R2}, U

o0 dimD(u,,)
T=Pr. T.= P T
n=1 s=1

Eﬂ7@&%ﬂ%ﬁ;Edﬁ&%i@Mﬁ@@n%ﬁ?%ﬁﬁummﬂ%%%—ﬁ%ﬁ%
22
SEH.

JEER 4 D, = diag(dy,dy), F = (u,v)", L = D,A + Jg,, W(4.1){E s B, A2l 25
N
E,=LE. (4.2)

WFF—ANn>1, B L ORHEEREMN —u,D. + Jp, FIRHEE, —p, Dy + Je, FIHRHIETFEN:
gn(N) 2 M+ D, — Jg(E)| = A? + M, A+ N,

Hr
M, = (dy +do)pn, + C1, N, = d1d2//472L — (a11da + asedy) pin, + Co.

iﬁ%&j%%%an<uﬁédﬁyéﬂﬁﬁﬂﬁ>QN@>0H%4MM:O%%4W
22
At F Ao B9 119238,

N B AR R A 5 (e

Re{\.1}, Re{\, 2} < =6, Vn>1. (4.3)
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L N= Hn 0, |

BT n— oo B p, — oo, ATLA

lim ngm = Q2 + (dy + d2)o + dida £ g(0).

n—oo un

HEEETRE g.(0) = 0 PRI E ASLH: —di, —do. HIELEVE, F1E no EHXTHTH M
n > ng, jj%% gn(@) =0 EQW*E On,15 On,2 %/@

d - |
Re{on1}, Re{on2} < —5 d = min{dy, ds}.

A Re{An1}, Re{Ana} < =2, ¥n > np.

By
max {Re{)\n 1}, Re{A\ 2} =

.
M o > 0. WA 6 — min{eo, ) M. 5 B, (u*, 0%) FMi— SN R

BT ¢ — ¢ 1F (m,t) WA L2 ¢/0) = <z>( ) =0, HEFARIMEME wo = 0, up =
B k= 1,23, SREACRE T R o(s) = 1/ %, énls) \/Zcosucs). R T
15 B (u, 0*) A TR

D)
0 v Av v
Jp, ETENEFH S E, (v, v*) A1 Jacobian

(v 5)

D=
0 D,

L Z—N"KTD, =Xe=XPiX = {x1 + izg, z1,22 € X} WEMHEHE T, AX = {(zv,y) €
H?[(0,7)] x H?[(0,7)] : 2/(0) = 2/ (7) = ¢'(0) = 2'(m)}. /&2 —>5H Sobolev Z*[H].

5% }15% j L El"]% ?E 7‘5 %I
'w w

2 (p(s),(s))" e SHF L X RRFEAE, N 1 BIRFIE T FE N
“+o00
( Z > =7;< Z: )cos(k:s)
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_ k2D _
Jo= Jp — k2D = ( a 1 a2 ) '

2
—Qa21 azo — k“Dy

B L WRHER T g, BRRFEEAS N, J, BRHETT T N
Zr(N) = N = TuA + Dy = 0. (4.5)

LAk
T, = a1 + ag — kz(Dl +Ds), Dy = (a1 — k2D1)(a22 — k2D2) — 12021
HHOEBE3%N, 2 Cp > 0,0y > 0 B, N E-F 5 B, (u*, v*) B fase.
T3 o M (4.5) AR B9 73 A5 7T 45, B, (u*,v*) & R G(1.5) 1 R 30T fa e P AT s i ) T, <
0, Dy > 0B B, (u*,v*) & FRG(4.1) B R 8 € i

|511371k<()7 Dk>0?%‘l‘l

a
H,:Dy < —-2D,
agy

Hy : Dy > ag

MERR HIE, Tk = an + ase — k*(D1 + Dy) = —Cy — k*(Dy 4 Dy) < 0, 22 &I
TR Dy = (a11 — k*D1)(ase — k*Ds) — arsas; = D1Dok* — k*(age Dy + a11Ds) + Cy > 0, NI
22Dy + a1, Dy < 0 744 Dy > —?DQ. [FIE, Ty = (a11 — k2D1)(azs — k2Dy) — a1pas) > 0 B EE3
7 azs — K2Dy < OHBLRE azs < KD, it 254% 0z < Dy,

TS UWE C, > 0,0, > 0. MAFE— N AFa g X 5.

U={(D1,Ds):as > Dy > —?Dl; Dy, Dy > 0}
11

YT (Dy, Do) € U, #AH E.(u*,v*) & Turing A 5E 1.

4.2. FEEX ERAEOREM

TE ¢ = P B i 0 2% 18] R B A e P, AR G (1.5) S IR TSR 4t (4.1) 7R A — s AR 8
PEAT AT REAH [FAB AT BEAS [F). A0 2R o (¢) £ T 3R Gt Hh A2 ARG E e, U Al okt 28 ¢ = AR E 1. ()
FEHEMAGHRE, MR R ST EA—ERE.

L* #& L 351

L*(s)(Z)—D(iZ)—f—J*(E*)(Z). (4.6)

seat Jy = Jg, D = Xe.
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s

1 * .

a aQ 1 Wy — A921
0= C = iw—an |, 0= S — 9 R
bo —_— b} TWa 120

a12

R IMEREM v € Di-, B € Dy H(L*™,B) = (B,Ln). 3
L2[(0,7)] IR, LO = iwy0, L*0* = —iw,0%, (0*,0) =
BX = XC @ X% XC = {20 + 20 :

2z € CHXY i={we X : {0 ,w) =0}, XMEEM
(u,v) € X, iz € O, w = (wy,wy) € X7 fif5:

Hri(y, 8) = [ 776 dr FFLME L2[(0,7)] x
7 <9*79_> = 0.

(u,v)" = 20 4+ 20 + (w1, wy)”, z = (0%, (z,y)7).

uU=2z+z+w;
v:z(in_a11)+2(_iw2+a22)+w2 (47)
12 a2
1E (2, w) Abr R
— + 9*,"
w e < g> (4.8)
e =Lw+ H(z,z,w)
H g = (g1,92)7, H(z,2,w) = g — (0%,3)0 — (6, §)0. RHE LA A H:

(07,9) = 2w2 — w21 + (2291 — a1292)1 |

~ 1 .
(0%,9) = 2w2[W291 (2291 — @1292)1 |

wog1 + (a2eg1 — ai292)i
0",5)0 = -
9 2 Z(d —a
W2 [w2g1 + (a2291 - a1292) ]M)
a1z
1 Wag1 — (a2291 - (11292)i
6*7 P é e
< g> 2(4.)2

., —lwe — a1y
[wag1 — (agegr — a1292)i | ———
Q12
e
w220z2 + w122 + —2 zZ2 4+ o(]z)?).

w =

RGO XHT A4S (2iwe — L)wag = 0, —Lwyy = 0, LK wog = wao. EWUIH] wag = woz = wiy =0
d 1 1 1
£ = wez + 592022 + 9112z + 590252 + 5921225 +o(|z[Y). (4.9)

920 = <9*, (Coado)T% g1 = <9*7 (607f0)T>7 g21 = <9*7 (907h0)7>-
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o = fruuag + 2f1uv@obo + frovbg = 2a13 + 2a14by + 2a15b;.

do = fouuad + 2 f2uv@obo + fovuby = 2a23 + 2a4by + 2a25b;.

€0 = fruul@ol” + fruv(aobo + dobo) + fiuw|bol® = 2a13 + a14(bo + bo) + 2a15|bo|*.

fo = fauul@o]® + fauo(aobo + dobo) + fau|bol® = 223 + az4(bo + bo) + 2aas]bo .

90 = fruwul@0]?a0 + fruwe (2]ao*bo + adbo) + fruwe(2a0]bo|® 4+ dob3) + Fivww|bol*bo-
= 6a1s + 2a17(2bg + bo) + 2a15(2|bo|* + b3) + 6a1g|bo|*bo.

ho = fauuul@o|* a0 + fruun(2lao|*bo + agbo) + fauws(2a0|bol? + dobh) + favew|bol*bo.
= 6ags + 2a27(2bo + bo) + 6aze|bo| *bo-

AT PSR

2a11(a15a22 - a12a25)
920 = {(113 - 2 }
a7
a14(w3 — arazs) N (a3, — w3)(a15a02 — a12a25) — 2aua15w§}

2
a12 ais

)
+ —{a13a22 — aj2a03 +
W2

2 2
11014 n (a1 + w3)ars

g = {a13 - 5 }
a2 ars
. 2 2
? a11a14022 . (a7, + w3)(a15a22 — ar2a25)
+ —{a13a22 — a12a23 + aj1a24 + + 5 }
Wo ais ais

a17(3a11 + az2) n a1s(3a?; + wi + 2a11a2)
a2 al,
B 3(ai; 4+ w3)arg(arr + an) — arzam

3 }

Q7o

go1 = {3a16 + asr —

a17(w§ — 3a11a22) + als(a22(3a%1 —I—w%) — 2041160%)

2
a12 aio

1
+ o {3(a16a22 — arnass + arnasr) +
2

n (a}, + w3)(3arows — ai1(argass — a12a29)}
3 )
a1

4 Hassard et al. [16] (1981)

7 1 1
Re(eq) = Re{%(gwgu — 291117 - §|902|2) + 5921}

1 1
= 9 *{Regzafmgzz + ImggoRegu} + —Regs; .
wWa 2

e B 3 AL, MRS (4.1)7E Cr = 0 B &4 Hopf 43 X.
(i) 43R Re(cl) < 0, A84 Hopf 733273 5 & WA A& PUIE LA A€ 1 H. 70 305 1052 L 5 1.
(ii) @R Re(cl) > 0, A2 Hopf 73 370 3 SRR ARG E (19 B2y 37 1 F& il 5 .

5. &5t

FEASCIIRIE T A Z006 3 8 2 il R R AR DR IR EL BRI, B PRI F) 2B S AR I, P
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G AL 00 4 B PR R BCRAR [ 1 (B BRI, R GE R I A R SR T ) B Bl g 2 2 A R A
re I, AR GER DL XOURGE P, — SR T & T 5 50— SR TT L

TSI S B S A ¢ HSHL, 2 e BB FHE B, RE(1.5) EIEFH A B
B A Hopf 7032, HIZR =9 (A5 R RM]: RHOE AR KRS HUER, RE(1.5) 2 EMIRIE.

B, FIEHRE S AR Y BN, A RN BUR G NPT L B RS — 20
EARENES Turing ANFEE PEAS BB AIE. o A 0ot 3 B 18 308 BUE =4 (0 2 50UfEL, 75 2 B AT I 18] i 3914 2
(RS2 B 2R e R Hopf 73 SCHIAEAENE, 5 TR DA K 70 SR8 S O AR 8 . AR 48 (4.1) = 7P AE AR BR A BT
B B S R AR I R IR R R, P IR RO R & A7

2% 30k
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