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Abstract

This paper introduces a 4D hyperchaotic ODE system based on segmented disc dynamo system.
The system can have any given number of equilibrium when parameters vary. Many interesting
chaotic properties of the system are also given: (i) a hidden chaotic attractor exists with no equi-
libria; (ii) a hyperchaotic attractor exists with two non-hyperbolic equilibria; (iii) a chaotic at-
tractor exists with six unstable equilibria; (iv) chaotic attractors coexist with infinitely many un-
stable isolated equilibria; (v) a chaotic attractor exists with line equilibrium. The paper further
proves that Hopf bifurcation occurs simultaneously at two equilibria in the system under appro-
priate parameter conditions. Numerical simulation demonstrates the emergence of the Hopf bi-
furcation.

Keywords

Segmented Disc Dynamo, Hyperchaotic, Chaotic, Hopf Bifurcation

—

— I EEESEHE T EHRE

KEH

MR B TR RUE B, TR TN
Email: 1164488281 @qg.com

WehE HiA: 202047 H31H; FHHEM: 202008 H18H; &4 HiH: 202048 H26H

YRR S

R

AKX BT —METHBEEXRBENRENNLBEMODERS . SSHBUN, ZRETUFGERS
EHERPER. AXGH T ZRENFZEBRBEMRE: (1) & FE R REFERRIBHERS]
T (i) BEWRAIERH-FE S REFEBRMERST; (i) BANNMREFE K REFERT

WEFIH: k. —ANEAEES e B E P 5 A Y4BV R SE)). FREEE, 2020, 10(8): 791-809.
DOI: 10.12677/pm.2020.108092


http://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2020.108092
https://doi.org/10.12677/pm.2020.108092
http://www.hanspub.org

BEF; (iv) EFEFAZ MR EIMLTFE RN RAFELH 2 MRERT T (v) ARLPERNR
REERERS T ASCE— PN TEESHNSHZ AT, REER TR LR &4 Hopfs) X
FAERAUUEY] T Hopfor X HIFFTE -

e 4
B AR ENL, IR, VB, HopfsrX

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 58

LK, R4S I RGBT RS TIR KK E. FEAT 80 1 KGR sidae e, 4
X VRMSEVEREET TIRARIBEAL, JEREH TR RG] T BRG] 2RSS IS
[1]-[6]-

TENATFTH AL HI8) J1 R g, P AT s B AN X R B AN S A 7] 22 B Lorenz i 24t [ 7] [8] [9]
[10] [11]H1 Rossler Z2GE[12] [13145 E G BRAT45 /5. Wei BF 7L T %A P-4 s {E 77 E B s IR T 5| 7 (1 &R
4t[14]; Jafari A1 Sprott BTt 7T/ R G B A LT 20, R AT DA A TR 5] [ 15]: RAME— S,
RGBATLT Z AP, BRG] FEBEEZAIRI[16]. AT Moffatt [17]5H 5 Btk
RNl R GG T — BT IU4E RS0, & 0] VAT R4 B0 110 f e TERCA P Rl B 46 P4 s 1
& AT DAAFLE BRI 51 7 £ B G BRAPH SRS TR T o] DR E RN 5] 7 ERETLTH 24
S AT R T AETETC 95 2 MR G 7o IR TARSE S M B T B 5 R Bl s~ 1 AU 2h 0 R4
ORI AR S| 1, JF HEPH Mk 2] 7 B 55 2 MRS IR S . WA, B RGAERELES
B AT T AT LAEAS AN A A B R AE Hopf 40 X7 A AN — 8 AR VE AR BR 2R o A5 SR IX I AR RN
L) J1 Z 48 I LA — R DTk

ARICALT . 5 2 WETF B R BHEE SN T 4R RS, TR T EEARSH
ZF T AT DA AR R 40 e SR P s R, IR HAA T I S HCR A NP SRR e & A 2B 3 T
Fo TR ARGHR R, M BUE B VRS T A A B P R R G B A VR e/ VR e
JRo 2 4 VI TR RS XPER, B ERIE I T RAER LS HOEA T IA AP S, Efe
[FJ B 22 77 Hopf 73 7= AR BR IR, I F B E AR RN LA AIE o 555 — TR 50T T RS R M ZE4h H 7 — 1k
RIEPERITEIR

2. MR ERS
2.1. RGN
Moffatt [18]32&H T — 0 Be i UK AN UL In R -

x=r(y—x),
yzmx—(l+m)y+xz,

z =g(m)c2 +1—(1+m)xy).
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BT ER ARG, BAE T — A0 WA P = s B D 45 R 4t

x=F(x,y,zu)=r(y—x),

(1)

y=F(x,y,z,u)=mx—(1+m)y+xz—ku,
z—F(x v,z ,u) (mx +1—(l+m)xy)+k3x2—k52+kzcosu—k4,
u=F,(x,y,z,u)=-x+xz -k sinu.

FEAXHL pes,, Hf

r,m,g >0,k 20,k, <0,
g—ky 20,k | <1+m+r+k

WRAWSEEN p=(r.m, g,k ky kg ke ks k) o

SO :{(r:m’g9k17k25k39k4’k57k7)|

ARG R G FTEUE

F, OF, aF F,
0 a a _(r+1+m+k5+k]COSM)<0~

divF =—
X ay oz 6u
IR R G0 (1) R AFEHLH -
4 p=(0.1,100,0.1,0,—1,1,-1,0,1) , BLI RGN BA P75 I 159 (0,0,0,0) , MFHE| R 5

(A —MEEBRTEN 517, DUASZEHES T R e O
(Aust> Aupas s A ) = (0.1904,0.1877,0.0000, -17.6277),

ZERE i RYEHON D, =3.3388 0 5] 1 JRIR Tk, €[—1.5,-0.5] I FOZHEE 14 R AR £

1 =17
//
— ERT-31 A & __//
0.5 — 18 || \/ \v/ N
~ V
0 -19t
“ " I
M5t @ 20 |
=703 = ~ |
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Figure 1. Parameters (r,m,g,kl,k3,k4,k5,k7) = (0.1,100,0.1,0,1,—1,0,1) , the initial condition is

Lyapunov exponent spectrum of system (1)
1. ¥ (r m, g,k k3,k4,k5,k7) =(0.1,100,0.1,0,1,—1,0,1) , VIREHA (0,0,0,0) )

EEESEE
22. FERHHE
AN TR G () T R ECR

kze[

2

(0,0,0,0), k, [~1.5,0.5]

-1.5,-0.5] B RG()HFHE

EE1 B peS,, MAG)AIAERS EBER N T, BT UEZh0 N rvE 5

D k=0 1ItEE
(1) 2k =03Hk =0, N
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() Wk (k, +g—k,)(g—k) <0, MIRG(1)BEA T
b) Wk, +g-k, =0, MRF)H KLV
E'(0,0,2°,0),2" eR.
() W (k,+g—k,)(g—k)) >0, MRG)EFHA T 5
E, (+x,,%£x,,1,0),

X, = ,k2+g—k4'
g~k
(2) A kk,#0, k,=0JFH|g—k|<|k|, WRGEOA LT LMLV, HAEWT:

(@) MRk, (g—k)>0, MRGFTH A
E,, (ix*,ix*,l, 2kn),k e 7.

Hr

(b) WKk, (g—k)<0, WRGEDHITH N
E. (+x",2x",1,(2k +1)n), k € Z.

b
+H

x*:\/|k2|sgn(g—k3)+g—k4.
gk
(3) X kk, #0FFH k, =0, N
(@) MR (g—ky)(g—k,) <0, WRG)EA T A
(b) Wk g—k, =0, WRG)H KL
E'(0,0,2°,0),2" eR.

() WHR(g—ky)(g—ky) >0, MARG()H 2(2N +1) AP A, Hort NATEURAT S TS 45 i JF fUBE 5L
4) 2 kkk, 203 H g—k, >0, WRG)A 2N AT a, Hef N AT LURTE % e 38 A5
() ks >0 H g—k, >0 MI1EE

(1) 2k =0, kk #03H -~k +k +g—k, <0, WRZ(1)HGME—FH 5

k2+g—k4 0]

5

E, (o, 0,

Q) X kk, 20, k, =03 H -k +g-k, <0, WARG)H LT LML T4 4

ky,+g—

k
E, [0, 0, 4 ,2kn],k A

5

-k, +g -k,

Ezvk(0,0, ,(2k+1)nJ,keZ.

5

(3) X kk, 20, k,=03FH g—k, <k, MRS LUATEL EFFEA-FHT A
EH K E, (x0. ¥9s 2oty ) R RGU(DI—ATH 5. B F(E,) =00 AR E] x, =y, , Bk E, 77 Ed
N (%9, %y, Zgsy ) o JEAF, FATH
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F,(Ey)=x,(zy —1)—kyu, =0,
Fy(Ey)=—(g—k; )xs +(—kszy +k, cosuy + g —k, ) =0, )
E‘(Eo)zxo(zo—l)—klsinuo=0.
D k=0 1ItEE
(1) Zk =03Hk =00, HF(E)=F(E)=0/1u=0. Tk
F3(E0)=—(g—k3)x§+(k2+g—k4).
P it
(@) Wk (k,+g-k,)(g—k) <0, WRG()EA TS
(b) Rk, +g—k, =0, HF(E)=0n1tx, =0, XEELUHES F,(E,)=0. Ktz eR;
(c) Wk (k,+g-k,)(g—k)>0, HF(E)=0n13

X, =% —k2+g—k4.
g~k

M T xy #0 LR F, (E)) =x,(z,-1) =0, z, WAL 1,
Q) Zkk, #0, k =0FH|g—k|<|k,|W. thF(E)=F,(E)=0%u =k, Hkcosu, =+,
RER,

sgn (k, cosu, + g —k, ) =sgn(k, cosu, ) #0.
HIER F (E,)=—(g—k)x; +(k, cosuy +g—k,)=0, A
sgn(g —k; ) =sgn(k, cosu, + g —k, ) =sgn(k, cosu, ).
AR L, cosu, =sgn(k,(g—k,)) BIL, cosu, = |ky|sgn(g—k ). THEx, =+x", Hrhn

K =\v/|k2|sgn(g—k3)+g—k4'
g~k

T x, 20 LK F (Ey) = x,(2-1)=0, 244009 1. HEi,
(@) Rk, (g—k)>0, MRG(DIFIPHE A
E., (ix*,ix*,l, 2kn),k e .
(b) Wk, (g—k)<0, MRGEN)HFH AN
Ei’k(ix*,ix*,l,(2k+l)n),kEZ.
(3) Hkk, #0JEHk, =00, &
F;(EO)Z—(g—k3)x§+(g—k4).
W (g—ky)(g—ky) <0, MAG)RA TR #g—k, =0, WHx, =0, HLEF(E)=F,(E,)
=0 W AR uy =0 L z) e R ©
BAEHE (g -k )(g—k, ) > OIS . HIF, (E,)=F,(E,)=0"F%

kyu, =k, sinu,

BHFERT uy A 2N + 1R 0, tuy, tuy, -,y HP 0 <y, <uy <o <uy o TRRG(DATLLA 2(2N +1) A
ST R
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E, (£x",+x7,1,0),

EE‘]’

4) Hkkyk, =03 H g =k > 00, V38R T uy T2 kjuy = ky sinug 7 2N + 1 0, 2uy, 2y, 2uy,
HHLO <ty <ty <eo <ty 82 SR T2 05 0(< 0) W My = sinu B K140y = 2 15 w—v PIEE ()
1 1
LI

1.2

1

0.8

0.6

0.4

0.2

. . . S k
Figure 2. The intersection of curve v=sinu and straight line v= iu
1

2. B v =sinu %ﬂEiﬂ%vz%u 2z

1

WELEH, cosuy, >0, cosuy,,, <0 H |cosu, , Ep

cosu, <cosuy <---<cosu 1 <0<cosu, , <--<cosu, <cosO=I.
A5 | A5 ]
2

> |cosu

n+l

2

XX e A E A

[”p”sa”"”zwj lﬂuleJr”'»uzao :(WI’WZ"”’WNHWNH)‘
+
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UES)
COSW, <COSW, << COSWy <COSW,,, =1.
HE

F(Ey))= key)xg +(k, cosuy + g —k, ).

~(g-
%)‘(*/I\I%lﬁf() kycosu, +g—k, . Gt k, <0n[HI
(Wl)>f( ) '>f(WN)>f(WN+1):k2+g_k4-
A,

@ R f(w)= /() <0, WRGQ)BA T A
(b) WERAFEie (1,2, N}, 13 £ (w)>0> f(w,,), WRGA)VE 4i AP

+x, +k,w, .
P =] dx x| =12,
B tx,

b
=

. - szcoswn+g—k4'
! gk ,

(©) W f(wy.)=1(0)=k, +g—k, >0, WRG()H 4N +2 4T85 P, 00 (n=1,2,--,N) &

E, = (ixN+1’ixN+l’17O)’

X1 =1,k2 +g_k4-
gk
() ks >0 H g—k, >0 MI1ER

() Bk =0, kk,#0IFH -kj+k,+g—k, <0, WRIFH u, =0 LA x,(z,-1)=0. fRiXx, #0,
Mz, =134HA

Hr

F(Ey))=-(g—k;)x; +(~kszy +k, +g—k,) <0
BRIk, x, AN 0. FTLARG0(1) R A ME— P4 51

E{0,0,%ﬂ,oj.

5

(2) Hkk,#0, k, =03 H -k, +g—k, <O, ATLIAFE| u, =kn , TJ2 cosu, =%1. H -k, +g—k, <0
Mk, <O R4 —ky +k, cosuy +g—k, <0 [FFEHL, HRE x, #0MFH 2z, =1, HA
F(Ey)=—(g—k)x; +(—kszy + ky cosuy + g —k, ) <0

R x, [FEIREL 20N 0. BB R G0(1) A T0 55 2 AN INALP47 15

E, (0, O,kZJr];Lk“,an],k cZ,

5
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E,, (0,0,w,(% +1)nj,k €Z

5

(3) HMkk, 20, k,=03H g—k, <k B, V4% ku, =k sinu, FIEN 0, 2u, tuy, -, tuy, « X T u, =0
A LA 3P4 R
EO[O,O,g_k“,OJ.
ks

X T uy 20, B (E))=x,(20—1)—kyuy =0 A 13 2y #1 LU S x, =kouy [(z,-1) o BB ZARN
F(E,) =014

(g—ky) (ko )’ +kszy (20 =1) = (g =k ) (2 ~1)".
VAR 2, = z, -1 A[ 43

(k) (kg ) + ks (2, +1) 22 = (g —k, ) 2. 3)
R
aalllemk)] D) 4)
kS kS

MYk >0, g-k, >0 g—k, <k, KTz H— L =RITFEGRIHHI X

o (8= k) (k) [([k g- k)]] (g- k)(kuo)}&
k 4

] 3k,

5

TR TFH—NAENu, 20, FTREGEEME—E, HMXT 2, WTR@GIVEME . Fik, R4G0fE
2N + 1T 5

EO :[0,03g_k4 50]7

P+(n):( (k7u,, ’ kqu, 1,z(un),un],n=1,2,"',Na
z(u,)- u,)-

)-1z(u,)
(,,) _ —k7un —k7un _ -1 2 o N

Hort, z(u,) RFIIET 2, (77200 — A7

(g—k)(ksu, )2 +hsz, (2, —1)2 =(g—k,)(z, —1)2.

2.3. REM
AN AT RGUDAET 7> B HAT T T AR Tk
ARG HIHERT LLAERE
-r r 0 0
m+z —(1+m) x —k,
/= g(2mx—(1+m)y)+2k3x —g(l+m)x —ky —k,sinu |
-1+z 0 x —k cosu

DOI: 10.12677/pm.2020.108092 798 S H


https://doi.org/10.12677/pm.2020.108092

I B = AN SO R E L
C=gx;(m+1), D=2r(g—ky)x;, M =m+1. (5)
Horp x, 2 IR RRE VE I R — A B

D k=0 1ItEE
(1) 29k =0, k, 20 H (k,+g-k)(g—k)>08, E [FIFAELIE N

det(J(E,)-AI)=2* +(1+m+r) A’ +CA* +(D-k,C) A—k,D.

R4 Routh-Hurwitz FIHE, E, F3E 24 HALE

A =l4+m+r>0,
I+m+r D-k,C
A, = >0,
1 C
l+m+r D-k,C 0
A, = 1 C —k,D |>0.
0 l+m+r D-k,C
—k,D > 0.

(D-k,C)[(M +r)C~(D-k,C) | +k,D(M +7) >0,
ke, <0< g—k,.

() Hkk,#0, k =0JFHIk, —g|<|k|, E., FRETREN

det(J(Eivk)—M) :(/1+k1 sgn(kz(g—k3)))(/13 +(1+m+r) A’ +CA+D).

R4 Routh-Hurwitz ¥4, E, , #85€ 2 HAY
kk, (g—kS) >0,

A =l+m+r>0,
l+m+r D

>0,
1 C

2

D>0.

kk, >0,
(M+r)gM—2r(g—k3)>0,
g-k,>0.
(D) k; >0 H g—k, >0 M1EIE
(1) Mk =0, kk, #0F3FH -k -k, +g—k, <OW, E,FIFHIEZ IR
det(J(EO)—/U):(/1+k5)(/13+(1+m+r)/12—r(zo—l)/1+k7r(zo—1)).

¥ Routh-Hurwitz 4, E,faE 24 HAXY
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A =l+m+r>0,

l+m+r kyr(z,-1)
1 —r(zO—l)

kyr(z,—1)>0.

>0,

5 =

BT zy =(k, +g—k, ) /ks <O, SN AR LARIML N

l+m+r+k, >0,
k, <0.

(2) Hkk,#0, k,=0FH -k, +g-k, <0, E 6 HE,, MEEZHRFRN
det(J ()= A1) = (A+k cosuy)(A+ks ) (A +(1+m+r)A=r(z,-1)).
itk HRAEAR N A, ==k, cosu, » A, =—ks <O LKL

Ay :—1+r;+ri%\/(l+m+r)2+4r(zo—l).

_k2+g_k4<z

|E11k k5 |E21k

_Tkteg-k

5
A3 (1em+r) +4r(zy 1) <(1+m+r), :J:xEIL:Re(ZM)<Oo X

(cos u)|E =1, (cosu)
1,k

= —1’

A, MRk >0, W E,, BOET E,, AR S E,, NEET E,, Bt
3. RFEMR
3.1. REFERIRHERS

p=(0.01,0.1,10,0,-100,9,-10,0,~1) , BEI RGE()EA T mi. LA 0N (L1L,1L1) AT R S5(1)
R, DI R AR EON

(Ausrs Aupas Aiss Aupa ) = (1.0730,0.0011,-0.5052,~1.6793),

ML A R AEHON D, =3.3388 . BUAMANESE T RGE()HSEAH A BOBIRIER S 7, WilE 3 fiw.
3.2. RAARNTERRNERARERS

3.2.1. RARNMFESNERAERS
=(0.1,1,0.01,-1,-0.1,-1,-10,0,—1) , JEIF R GE(1)A P FE0 -6 st

= (£3.1324,43.1324,1,0).

HEHUAIUG 159 (3.1334,3.1334,1.0010,0.0010) AT {5 R G0(1) @RI, DU ZFHEE R I8 808
(A Augas Arpss Ares ) = (0.6009,0.6005,-0.0002,-2.3013),

B RAERCA D, =3.5220 o HUARRRIESE | RGE(DISEH —MEIRIEMR ST, W& 4 fios.
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200
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100 1

sz -4 50y =2 -15 -1 —05 0 05 1 15 2

Figure 3. The parameter group is p = (0.01,0.1,10,0,—100,9,—10,0,—1) , when the initial condition is selected as (1,1,1,1) s

the system (1 ) x-y-z space phase diagram (left picture) and Poincaré mapping on xz plane (right picture)
3. SAA p=(0.01,0.1,10,0,-100,9,-10,0,-1) , FEEAIEEHER (LLL1)E, RGEE xy-2z ZEAAEEE)
x-z T E LRI RN SERR ST (G E)

—-50 —40 -30 20 —-10 0 10 20 30 40 50

Figure 4. When the parameter group is p = (0.1,1,0.01,—1,—0.1,—1,—10,0,—1) , when the initial conditions are selected as

(3.1334,3.1334,1.0010,0‘0010) , the system (1) the x-y-z space phase diagram (left picture) and the Poincaré map on the yz
plane (right picture)

4. BREA p=(0.1,1,0.01,-1,-0.1,-1,-10,0,~1) , FEER¥IHE &4 9 (3.1334,3.1334,1.0010,0.0010) B, BRGE(1)HI x-y-2
ZEEE (ZE)F y-z T L8P In3RaR S ()

322. AN ISR AERS
4 p=(10,0.1,1,-1,0,0,-1,0,-0.8) , BLI RGE(1)A ANAAFEE BT 5

E, =(+1.4142,%1.4142,1,0),
P =(1.4142,1.4142,0.3602,1.1311),
P = (~1.4142,-1.4142,1.6398,1.1311),

0" =(1.4142,1.4142,1.6398,~1.1311),

0" = (~1.4142,-1.4142,0.3602,~1.1311),
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ISR 50 (1.4152,1.4152,1.0010,0.0010) RIS R GE(1) /&R R, PUASZEHEE T R IEECH
(Aisis Arpas Aupss Aupa ) = (0.1475,0.0009,-0.6082,-10.4245)

B R AR D, =2.2440 o BUEMBESE T RE0(D)EA — MRS T, Wk 5 Fros.

6 -
° at
4 5l ¢
5 |
O,
NO_‘ N
2 27 A .
g Y,
4 ~4r
—6 6l
6

-15 -1 05 0 0.5 1 1.5 2 2.5
X

Figure 5. When the parameter group is ]3=(10,0.1,1,—1,0,0,—1,0,—0.8), when the initial conditions are selected as

(1.4152,1.4152,1.0010,0.0010) the system (1) x-y-z space phase diagram (left picture) and Poincaré mapping on x-z plane
(right picture)

5. 2¥4HA p=(10,0.11,-1,0,0,-1,0,-0.8) , EERHIIESFMH (1.4152,1.4152,1.0010,0.0010) B, FRGe(1)EY x-y-z ==
E]AE E (ZZE)H x-z T _E A9 FE SRR (G )
33. RAXRG ST FEIRNEERE

33.1. BAEXBENMAFH=ARBERS
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Figure 6. When the parameter group is ]3=(10,0.1,1,—1,—1,0,0,0.1,0) and the initial condition is selected as

(0.001,0.001,0.001,0.001) , the system (1) the x-y-u space phase diagram (left picture) and the Poincaré map on the z-u
plane (right picture)

B 6. SHAH p=(10,0.1,1,-1,-1,0,0,0.1,0) , EHHIHAFKEEH (0.001,0.001,0.001,0.001) Bf, FGE(1)I x-y-u a4
(ZE)FN z-u T LAY HE h0 SRR S (H )

2507
200 o vhh,

1501

750_
—100}
“150
200} Y -
250 R —
"1 08 06 0402 0 02 04 06 08 I

X

Figure 7. The parameter group is p= (0.01,0. 1,90, O,—100,9,—10,0,—1) , when the initial condition is selected as
(0.00 1,0.00 1,0.001,0.001) , the system (1) x-y-z space phase diagram (left picture) and Poincaré mapping on x-z plane (right

picture)
7. B8R p=(0.01,0.1,90,0,-100,9,-10,0,~1) , EER#I4AZ M7 (0.001,0.001,0.001,0.001) Bf, FGE(1E) x-y-z ==
E] 48 E (2 B)F x-z T _E B9 FE SRR (G )

4. Hopf 7 X

4.1. Hopf 7 X HFFE MM E TR E M
Bkl +k +k+ki=0, k=03 H g—k, >08, REG)AHBEATH A O, (£x,,£x,,1,0) , Hrh

Xo =\/(g—k4)/g °

EH2 4

4k 4K k2 =0,rm, g > 0,k, <0,
S:{(r,m,g,kl,kz,k3,k4,k5,k7)1 2T T SRLILE 2S5 S0

(14 m+r+4k,)(1+m)—4r>0,k, =k;

DOI: 10.12677/pm.2020.108092 803 P2k


https://doi.org/10.12677/pm.2020.108092

B 2rk, (1+m+r)2
Al A=(1+m)(1+m+r)]

k=g

A=2r—k,(1+m).
HpeSNS, B, REWBEWAPHESE, , HHENHTE L, =k 44777 Hopt 7 X
W & peSNS,. HAEH
A-(+m)(1+m+r)=2r—(1+m+r+k, ) (1+m)<dr—(1+m+r+4k, ) (1+m) <0
PAK
A=2r—k,(14+m)>0.

TR

ko 2rk7(l+m+r)2
&7 A[A=(1+m)(1+m+7)]

AT EARGE () A AT 1 O, (£, 1x,,1,0) , Hix, = /(g-k,)/g -
O, MHRHE T FE R
f(A)=2"+(1+m+r)2° +CA* +(D-k,C)A—k,D, (6)
HD-k,C=A4(g-k,)>0.
ATUEM £(2) =04 WIS, K A =tio RN £(A)=0 n LAS 37 Bl 2 141 h

_D-kC

= 0 )
l+m+r

(0]
LA
(D-k,C) =C(D-k,C)(1+m+r)~k,D(1+m+r) =0.

Forp 88— AAGE XK RIREOL, 28 AN FATFE N
A(g—k4)[A—(l+m)(l+m+r)]:2rk7 (1+m+r)2,

_ 2rk, (1+m+r)2
A[A—(1+m)(1+m+r)}’

g—k4

MY peS, XMFMFWMART.
FAERATRIEY] £ (2) =0 B9 3 FARAR & f1 Sl AR f£(2) =0 HHEILBUER A =tio, (A1)
DA N~ 43 fif
f(A)=(F+0*) (A +EA+F)=2"+EX +(F+ 0’ )2’ + 0’ EA+ 0'F, (8)
it B (6) FIE(8) K R BT 43,
E=l+m+r>0, ©))

IFH

DOI: 10.12677/pm.2020.108092 804 S H


https://doi.org/10.12677/pm.2020.108092

D—k7C= g-k, _—2rk7(1+m+r)>0

— — 2= _ — =
F=C-0o"=C e 1+WHF[(1+m)(1+m+r) A:I y
T2f
) (1+m+r) 2r(1+m+r)
A=E —4F =>—— [A(1+m+r)+8rk, |2 y (1+m+r+4k,) > 0. (10)

[, f(ﬂ)zOE‘J*E?'EMu=iia)U\&ﬂ3,4=%(—Eix/X)<Oo
B, RATBERIE R % £(2)=0%T k, TR /8
da  (em) A7 +[2r—k; (1+m)]2

dk, 423 +3(1+m+r)A> +2CA+(D—k,C)’

L A=io FFHUERN(T), T2

|l ~(1+m)e’ +[ 2r—k, (1+m) i _(+m)o-[2r -k, (1+m)]i

dky|, o4&’ =3(I+m+r)e’ +2Cio+(I4m+r)e’ 4o’ +2(1+m+r)o-2Ci
i,

sgn{Re[E J]:sgn[(l+m)(l+m+r)w —[2r—k7(l+m)](2w —C)}
4 lky=ky
=sgn{[(1+m+r+2k )(1+m)—4r]o +[ 2r =k, (1+m) ] C} =1,
el
Re| 4% > 0. (11)
dky, o

REHE3 MBHULpe SNS, M, A O, (£x,,2x,,1,0) HIF— R RHLH th T et
g0’ 20" [ 2M ” + Sk, (Mk, +2r) |+ rk;b)

(g—k, )[(Ma)z vark, ) + Azaf}[(sm raMa?) + Aza)z} ’
Horpr
A=2r—Mk,,
b=(64Mk; +5rMk, —4r> ) @ + 351k} (3Mk, —2r),
M=m+1.

(D) WRL =0, WRG()K FET 5 O, 4K A4 Hopf 43 X, JF HAE k, =k, B A 5453 X
JEARTEAE [ <O B2 ARER), 121 >0 M RAFER .

TR AL (X, X,1L0) MRS —APH (X fTH £x) ). T2
_8-k
-

X? =2 (12)

DOI: 10.12677/pm.2020.108092 805 S H


https://doi.org/10.12677/pm.2020.108092

TR e
x =x-2X,
Y zy_Xs
zy=z—1,
u =u,

FHL M =m+1, WARG)ZEHAN T U RGBT X, y,z,u):
Jk:r(y—x),
y:M(x—y)+(x+X)z—k7u,
z=g[(M—1)x" +1-Mxy+(M =2) X - MXy - X* |~ ki,
u =(x+X)Z.

BRI 25 (X, X,1,0) B PR 3 T R 4 0(0,0,0,0) -

W1, B SRR 10 o BUFE SR S50 — 2R R AR, BT LR TP 15 A0 Hh 0L
IR 4 BHL p e SN, I, FHI TR IR A, = $io I A4y, =(~EVA) 2, Skt E A AT
PLE O (10) 1 F AR H . K[ 18],

-r r 0 0

g M -M X -k
g(M-2)X -gMx 0 0 [

0 0 X 0

—M(ng7 +a)2)+(a)2 —gXM)a)i

1 —re’
P —rX(a)i+k7)

k,roi

roi

roi— o’
q= —gX (2r+Mwi)
[(M+r)a)2 —2rgX2]+(a)2 -gX’M)wi
k7

0

XY X550
g[Z(M—l)xly1 —M()cly2 +x2yl)} ’

XYt X))

B(x,y)=

C(x,y,2)=

>

S O O O

DOI: 10.12677/pm.2020.108092 806 S H


https://doi.org/10.12677/pm.2020.108092

Hr

P=2rgX*| (Mo +4rk, ) +(2r kM ) 0|

B LATHEH R AU

r(2wi—k;)
1 (20i—k, ) (20i +r)
2wiE—-A) B = 2reX wiR
(201 ) B(g.9) rEL o %[—4(02(M+2a)i+r)_%} ’

20i(M +2wi+r)

b
+

H:2r+(m+l)a)i,

5roi —3M @*

= 62X” [ (5rk, +2M @)~ (2r —k;M ) 0i |

NI
o’ (2M°0* [ 2M @ + 5k, (Mk, +2r) |+ kb

L= ,
Loy [(sz +4rk, )2 + aza)z}[(Sﬂg +2M o’ )2 + aza)z}

Hrp
a=2r—-Mk,,
b=(64Mk; +5rMk, —4r> ) @ + 351k} (3Mk, —2r),

M=m+1.

EERA12), WRT1 3R L4483
g0’ 2M* ' [ 2M@” + 5k, (Mk, +2r) |+ rk,b)

(g—k4)[(Ma)2 +4rk, )2 +a2w2}[(5rk7 +2M &’ )2 +aza)2]

4.2. B{EER

A/NTIRE 4.1 /N FTIEWI ) Hopf 70 SCHEAT BUE AL .
Wz

(r,m, g,k ks ks kg, ks ) = (0.1,1,0.01,0,0,0,0,0.1),

HAEEH 2, [ =2.9654x10° 0 2k, =-0.0480 i, JEIUYIMAS I (£2.4099,+2.4099,1.0010,0.0010) , 33

DOI: 10.12677/pm.2020.108092 807 S H


https://doi.org/10.12677/pm.2020.108092

TN ATERE BIRRPRIA, Wnle] 8 Fiow

1.0015
0.03+
0.02-] 1.001
0.01+ 1.0005
s 04 N i
-0.014
0.9995
-0.02
~0.03. 0.999 0,999}
3 ) 1
Lo 5 0.9985
< 2 3 1.001 4 25 -2 -15 -1 05 0 05 1 15 2 25

X
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