58 9 2009 9 Vol.58 No.9 September 2009

1000-3290/2009/58 09 /6006-10 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
Lorenz
¥
212013
2008 10 17 2008 11 26
Lorenz Hopf Hopf
Lorenz Hopf fold/subHopf
PACC 0545
w = ll X + l2y 1
1. a>08>07>0k>0[ERILER.
ky =11, =0 11
1979 Rossler 1
8
| a = 10 ﬁ = 3 Y =
2 28 ky =1 14
1 1
Lyapunov w
0

<|lll<«10< |L]l<1

€ l, =
8 ek, I, = €k, 1
X=a y-—x
910 y=x Y-z —y+ kw
z=xy - %= ?
. w=¢ kix+ ky
Lorena «>0B>07>0k >0kER khER
kow w= Lix + Ly e Ocexl
Lorenz
x=ay-x 2. Hopf
y=x Y-z —y+ kw
z=xy - [z 0 2 ki + k,
* 10872080 10602020

T . E-mail ghi@ujs.edu.cn



9 Lorenz 6007
=<0 ki +k =0 fed =0 —eaky k, + k,
— l+a c+c¢a-ckky—ay-¢ 1=0
O x’ O Py = a - ekoky, —ay = ¢ > 0.
> 5 —- rY-1x«
B R 0 0
%x * % k, % < P2 = als— ekoky, —ay >0
Hopf
2 ky + k, =0 P
2 l+a a-ckok, — ay + eakyk,
kl:km:_ EQkO
. Al ==-fB <04, =- 1+
1 ky+k, <0 €ky ak, =k, +a 1+ a < 0 A = Va—ekyhk, —ayl A, =-
a -7 >0 0 Va = ekyky — avl. Py = a - choky — ay >
2 0 0 Hopf
F 2
-a «a 0 00 Ak g

FAX =2x+8 X+ l+a X+ a-ckk, —ay

x A — eaky ky + k, 3
Ay =-8<0.
A =X+ 1+a A’ + a-—ckok, —ay A
—eaky ki + k, . 4
Routh-Hurwitz fa =0
pi >0 p; >

0 pips—ps >0 pl =1+a p; = a-cekyk,

—ay ps =—caky ki +k, . pi >0 pip>

-ps=¢cky aky -k, +al+a 1-7 € >
0a >0k >0 ki +ky <0 eky ak) -k, +
al+a 1-7 >0 fAr =0
Fax =0
0 .
2 Hopf
Hopf
2 ky 2
0 Hopf 2

=a - €kyk, —ay >0

1+(Z a—€k0k2—0(}’ +€ak0k2

bo = - eak,

2 Hopf
A=cl ¢c>01=v -1

eaky B + ¢
2 l+a+PB 42 B+ -7
I{ eaky, 1+a = 1l+a+2B8 ¢ }
* 2 l+a+B7+2c B+raB-c7
¢ =+va-¢ekoh, —ar .
Re A kv 1aoa

eaky B + ¢

T T2 l+a+B°+2B+aB-¢" <0
Hopf
0 Hopf
l+a a-ckyk, — ay + eakyk,
Fo = - eak )
0
3 2 Py = a
—¢ekok, —ay >0 ky
1+a a-ckik, —ar + eakyk,
Fo = - eak
0
2 0
Hopf
p> =a—¢kyk, —ay >0
Hopf
b - l+a a-ckyk, —ay + eakyk,
0= eak, ’
0 = Va-cekk, -ar.
Maple9.5 N oa — ekyky, —ayl = QI
- l+a -p
O 1 O O -« O
B a+ QI E 0O ; O
0 a 0 O O
=0 0 o »=0 0 O
Dekoky + 2 1+ a 17 2 r =1 .
O koa O 0



6008 58
aldn 2
LhU X z w, "= P «x z w, T
v, = 0.0 1 N1 1 1 2 )2 2 2
il
Eb Xo== Oy, + Fy 2y, 2, w,
o= x, + Fy %y, 2w,
P= Rev, -Ilmv, v, v, .
zZo=— 1l +a z,+ Fy % y, 2, w,
0l 0 - a 00 .
0 Io) 0 Wy =— P2+ Fy %y, 2, w,
Ol - = 1 00
_0 ¢ 0
ao 0 0 10
O O
DEkz _.Ql+a a v -1 oQ
Ua kya k, O
|
F B 1420 —ay mi +a 1 +a my —akgms + 2y, + Qy, 1+ a’
1 X2 Y2 2 Wy = Q4 1l+a?
P _my ekok, +a’ -y —amQ —a l+a kymy - Q% O+ 1l +a’
2 Xp Y2 2 Wy =-— 0+ 1l+a?
m, ekok, + > —a’Y +a l+a my—-akgmy+a l+a Q°+ l+a’ z
Fy % v, zp wy, =- 2 2
a X+ 1+a
F Oy,
4 X3 Y2 B Wy = Xy — A2 Xy — + 2z .
3 3 3 3
m, m, ms oF, oF, o F, o F,
+1 3 + 2 - 2 - 3 ZO.
( 0 ox; Ox,0y;  0x0), 9y,
my=al-—" + 2z, + az,
Qy, . 1 [F, OF,
My, = X, —Qzy Y — W, —x2+a—zz+ko hll:zaxg-'_ay% =0
X(ekzxz_()l-;ta y2+a Vk—lzz) 2_1(82F4+82F4)_1
a Qar 0 1= 4 axg ayg =
0
my= e ky xy—azy, + ky %y — ayz+z2 1 1(82F3_82F3_21 ast)_O
27 4\ ox; oy 0x,0y,] ~
1(FF, OF OF 1 Q
_ i[azFI oF, (82F2 . aZFQ)] o h3 = Z( v ay;‘ - axza;z =5t
174l Tl Tlew T il S
1[F IF JF, oW .
8o =7y o B ayg ~ T ox,0y, ne T
](a% FF, | FF )] . D2eol W == oo
* ox3 dys * 0x,0%,) | ~
1 [3F,  &F, QF, —1l+a O 000
§0= 4] ax2 T 9yl T “omoy b= 0 b= H1G
2 Y2 2 2 —,8 DZD
dF, OF OF
+1(ax22—af— axa;)]zo O 0 O
g ¥2 2o hy = HI1 QIH w, =
oo L 83F1+ JF, N JF, +83F2 02 * 2,0
7 81 2x;  Ox0y;  Ox30y, Oy



9 Lorenz 6009

00 O
W"_&HWN_H a + QI H
(b0 Ra B +201 U
|

o L F, F, ( F, JF, )] ~
0= 2| 91,02, T 97,0z, T '\ 0x,02z, ~ 9y,0z,) ) T
e L OF, N OF, N ( OF,  JF, )]__ al+a . aQl
M= 2] 9x,0w, © dy,0w, dx,0w,  Oy,0w, 20°+ 1+a? 21+ l+a?
. 1] 2'F JF, ( F, JF, )] 0
0= 2| 8x,02, ~ 97,0z, T '\ 0x,02, T 97,0z,
¢ L[ 9F  IF (82F2 N aze)]__ al+a . ol
0= 2| ox,0w, ~ dy,ow, Ox, 0w, Oy, 0w/l T 202+ 1l+a’ 20°+ l+a’

gn= Gy + 26110 W}I + G}m Wéo + 2Guo W?l + 0%01 W%O
_2a1+a ,82+4.Q2 +a,81+a +ﬂ(222+,8
43 B +40° 2+ l+a’

{Q[Za,@ +40° + o +28°1 - 0B 1 +a B—Za}
46 F +40° 2+ l+a’ ’

Re C, 0
1 1 1 fo=—-""""""
C, 0 = 2_0)0 g8 —2\g11|2—§\g02\2 + 75 8 a 0
1 B,=2Re C, O
=§g21
|
] . eaky, B + 2°
aO—ReA klO A=l _292]+a+ﬂz+2ﬁ+aﬁ_(222<0w0_9>0
_ 2al+ae B +40° +af 1+a +pP 2+ P
Re ¢, 0 =- 83 B +40° P+ l+a’ <0
st <06, <0 16 l+a a-—ckok, — ay + eakyk,

eak,

0.4 -0.2 0.0 0.2 0.4 "S0.4 -0.2 0.0 0.2 0.4



6010

58
Hopf
a=4B=¢c=k =k 0 pips
=17 =0.5 ps = a —c¢ckyk, —ay =1>0 - ps = ¢€ky aky, -k, +al +a 1 -7y =
0 Hopf 0.2 -4a-1 -27a 1+a <0 pi p; p3
- l+a a-—ckohk, —ay + eakyk, 1 Routh-Hurwitz
0 ==
cako FA =X 4pA apiAitpl =0
=-2.25. k1=—2.2 k1+k2 =-12<0
Ekoakl—kz +al+a 1-y =02>0 fA -0 f/\ -0
1 Ia al a>01=+v -1
3 by ko fx =0 py-pla’+a py—-a I=0.
:—2.25 O 2 o o o 2 o o_o0 o_o0
b a=p;, ps-pia =ps-pip; =0 PiD2
-p3 =02 -4a-1 -27a 1+a <0
3. fold/subHopf fa =0
0
2a b ¢ a
2 2 a =3 2 a
) a =15 2 b a = 10
s sS 2 ¢ Lyapunov
3 LE, =1.2393 LE, =0.0431 LE, =0.0000 LE,
=3 7=8 k=" _ 2090 2d4d e f x
10 k, =-8 k, =2 e =0.01 a >0
10 /;"I\ A3 1
(a} /1 ,.ﬂ] ) | {b}
/(@ i
B0 ( SRS Y
N b | ) o
ST N/ {
<, W
e ) e 0l
3 _16.,_-50 X ¥
20 20
(d) (e)
10 \ oo g 0
3 | ]
= 4] = 0
A ’.J y
-10 ' - -10
S TR S (S S s S S ) S S -0
9040 G080 9120 9160 9200 9340
t f f
2 2 a a=3 xX—w-y b a=5 xX—w-—y
¢ a =10 xX—w-y d a=3 x e a=35 x f a=10 x
3 a =3 2 a 11 12
3b 3¢

symmetric bursting



9 Lorenz 6011

@ ;\ 6o |® 60 <c>\
20 :
/ / \\/lj
: 40 40
e 0 ; N N
icy / (
-20 k l\\%j . o 20 20
—40 N~ : 0 0
-20 -10 0 10 20 -40 -20 -10 0 10 20
X X
Y@ T 1 'e ®
60
10 |- /r_r__,ﬂ_.ww 20 l
& : 1 e 40
2 0 ; ~ 0 N P
. ERNN - —
-10 WM T 20 20 ~
P
-20 R -40 0
-10 -6 -2 2 6 10 -10 -6 -2 2 6 10 -10 -6 -2 2 6 10
w w w
3 a=3 2 a x-y b yz C X-z d w-x e w-y f w-z
Rinzel  Ermmentrout slow-fast LP, LP, Fold
analysis 7 bursting wyp =— 8.8182 w, = 8.8182 .
a =3 B = % Y = w=7.0
LP, SH, x
28 k0:10 k1:—8 k2:2€:0.01 d
4 b w
w Xy z 4 b w Fold Wiy =
w - 4 8.8182 Fold
X—y—-w x
Yy z w Z
slow passage effect
.SH, SH, Hopf

Wey = — 6.0483 Wep = 6.0483 HOpf Wey = — 6.0483




6012

58

5b

. w SubHopf
wip = — 8.8182 Fold fold/subHopf .
5 a =3 w-x
. Xy z w
wegp = 6.0483 Hopf a w-%
7.0
2b e
fold/subHopf
fold/subHopf Bursting " 2 f
Fold
20 20

20 1 L L L L =20 L 1 1 1
-15 -10 -5 0 ] 10 15 -15 -10 -5 0 ] 10 15
w
5 a Xy z w b Xy z w
g
4. ko =§y=28k1=_8k2=25=0.01
ko
quiescent state "* 6 o
spiking " 2 wwy
w
point-cycle SH, SH, LP, LP, ko =
cycle-cycle '8 6a b
fold/subHopf point-cycle
b ko 1 ky =20
c d 6d
ky = 10
ko 2 ko = 30 6ef 6 f
memory effect ramp
effect 7 ko 3 ky = 40 6 g

19—22

6 h

18 22

10


Absent Image
File: 0


Lorenz 6013

a ¢ e g w u-y b d f h xwy

a b k=10 ¢ d k=20 e f k=30 g h k =40

Hopf

Lorenz



6014 58
kq
fold/subHopf

1 Rossler O E 1979 Phys. Lett. A 71 155 Chinese 2008 57 1493

2 Chen G Dong X 1998 From Chaos to Order — Methodologies 13 Wang X Y Wang M J 2007 Acta Phys. Sin. 56 5136 in Chinese
Perspectives and Applications  Singapore World Scientific pl2. 2007 56 5136

3 Kuang J Y Deng K Huang R H 2001 Acta Phys . Sin .50 1856 in 14 Yang Q G Zhang K M Chen G R 2008 Nonlinear Analysis Real
Chinese 2001 50 1856 Word Applications

4 Hua C C  Guan X P 2004 Chin. Phys. 13 1441 15  Gukenheimer J Holmes P 1983 Nonlinear oscillations ~dynamical

5 LiX]J PengJ H Xu N et al 2003 Journal of Image and Graphics systems and bifurcation of vector field New York Springer
8 A 1192 in Chinese 2003 16  Hassard B Kazarinoff N Wan Y 1981 Theory and application of Hopf

8 A 1192 bifurcation ~ Cambridge Cambridge University Press

6 Stenflo L. 1996 Phys. Scr. 53 83. 17 Rinzel J Ermentrout 1989 Method in Neuronal Modeling ed Koch C

7 Cafagna D Grassi G 2003 Int. J. Bifurcat . Chaos 13 2889 and Segev I ~ Cambridge THE MIT Press Analysis of neural

8 Barbara C  Silvano C 2002 Int. J. Circ. Theory Appl. 30 625 excitability and oscillations

9 LiY Tang W KS Chen G2005 Int. J. Circ. Theor . Appl . 33 235 18  Izhikevich E M 2000 In:. J. Bifurcat . Chaos 10 1171

10 Gao TG ChenZ Q YuanZ Z Chen G R 2006 Int. J. Modern 19 Baer SM Emeux T Rinzel J 1989 J. Appl. Math . 49 55
Physies C 17 471 20  Nejshtadt A 1985 Usp. Mat. Nauk 40 190

11 Wang G Y Zheng Y Liu J B 2007 Acta Phys. Sin. 56 3113 in 21 Holden L Emeux T 1993 J. Math. Biol. 31 353
Chinese 2007 56 3113 22 Hoppensteadt F' C Izhikevich E M 1997 Weakly Connected Neural

12 Cang SJ Chen Z Q Yuan Z 7 2008 Acta Phys. Sin. 57 1493 in Networks ~ Springer-Verlag NY



9 Lorenz 6015

Analysis of the fast-slow hyperchaotic Lorenz system™
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Abstract
The stability of the origin of the hyperchaotic Lorenz system with two time scales is investigated. The characteristics of Hopf
bifurcation from the origin including the existence condition the direction as well as the stability of bifurcating periodic solutions
are discussed in detail which can be demonstrated by the numerical simulations. With certain parameter the fast-slow system
can exhibit symmetric bursting and further lead to hyperchaotic movement. Based on the method of slow-fast analysis different
bifurcation forms between quiescent state and spiking has been revealed and the influence of coupling strength on slow passage

effect is disscussed.
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