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W E AWM Lorenz BEM AL, A DI RLE NS 2 E Lyapunov # R EFIR S FHEBSHES
WSRUET 2% Lorenz IBM REEE 3 34T 0. et L TRIU B B B8 80 8580, Wi+ TElRps,
LA THEH Lorenz BRMRLE. B B ARSI NEIA LB ELERSRENELERAEF B A ATERT
SEH BB RA T RIE, d R T 2B IR N R A TE A .
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EAMMUEUMN, REELIRF K Lorenz {HB —MEMBEB LK. BH, BERENRI L THEEHEA
T?EM%QE&L‘Z%BW?% KIBEILTE . HEBMREFTERRFM. FEHHBMERL A Chen
4, L0 R4, Liv RES  MRANN AR REZH LR Q#TTHRRIHH, XM4NEAT Chen RE
5 Lo RERARER SN B =4, ES BN MBS N AR LRETRGC T, K RBE K
TAEEIRE DG RHRAETERHLUM. 2002 FXNREBREERKBALT KBEHHREREFL
AH B TRAHEBRFHIE XRE. ROEERE T BRI BN R R EMNE THIBBERSE
M4 BYr Chen BRESIABM Lu RE" BB Lorenz RE S, S RN RAENERBEANSSHHEXE
S5HBHER, SREHM RAMLERIITENE .

BOEJLE M T AR BERENHRAREEF FHELALEH, Wﬁ%?&?@ﬁlﬁ&ﬁiﬂ%) XF
SBYR I RERES TR A B BB R 5| F A8 Sk B BE A AT B4 A7 0. T4 25 B Lya-
punov G H R B L M BB FIRM S ) RE R4 % F B0 8%, 1B BLA SURA A LR T iR BT 5T 4 BB 1R
MRLWED. FEE Y Lyapunov BETLIA H RERES A GHELKL, HHREMEREHHERFE,
MTF A R R B R GBI RS] 70 R 51 T 00 e b D\ oy 28 S sk — 2 134 FA IR P Y AT S B4 O
S B IR T AR G0 R B R SR AR e B AR Y.

UR N FZRRE, —BERFECHT THRMHR, ML AET 3 — R =453 B Lorenz &
WMARGM T 42 E 5 Lyapunov SEEMBFFR. fEE %4053 2 BB Lo RES2HH Chen REHITT
BEHNEST  ETHESBEHBREREZRSE. M2, IRSYHES - BLERETRERARLE
R ROESBHBREREM S NERE M TARSEES BN BEREERIE, URTENH
RAERHEZREN.
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EAa1 REFRALSEE S Lyapunov HE5A MBS, EXERERS BEGEFRTERRENEFRZ N ¥
% BUE, BTREENEMEBKORITTEDT, FAEMNEELRT EA B Lorenz BIRM RS, & 5T 8 BE
LREREBEGERE BN TSI Lorenz BIBM RE W W LB BN T8 F
UERERPRGETSE, o ‘
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EXNTERM T Lorenz BB M RYE, XM AR BRI T 2 8B Lorenz B MR LM 30 12
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dr® =X Ty T
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7dq32=xy bz v
dess ’
diw
dtq4 =TTV T Wy

Ho x5z, w HEGER a,0,c RRGESE  Ba=15=3, 4
c=28,q1 =q; =¢q;s =q = 0.9 WNRBRKE Q) FE-PTHREHIE 40
MR F T GE 1 PR, B E 8 R 4 4 Lyapunov #% 3]
M A =0.84,4 =0.17,4; =— 1. 26,4, =— 2. 4. H T RHEF 24
Lyapunoy $§¥AF 0, MB o = =¢ =q =0.9 B3 6 iR 20}
() AAREEHHRBRERL. iz %
1.2 A5 7 i
AREQD FRAEAETF O MAEHBRBARLEDS M EEHR
E, = (0,0,0,0), ,
E, = (0. 4038,10. 7240,1. 444, — 15. 4803),
E, = (—0.4038, — 10. 7240, 1. 444,15, 4803) , Bl REBIT
E, = (38.6026, — 2. 1804, 28.0564,61.1745),
E, = (—38.6026, 2.1804, 28.0564, — 61. 1745),
P A 1L, B B H Jacobian %6 FF
—a a 0 1
c —1 0 0
J= . (2)
0 0 —b5 0
o o0 o -1
BAI—J | =0,8BM RN P85 E RIBEM A, =—7.736,4, = 5.236,4; =— 3,4, =— 1. LM A
ELE, RARBEMIE, TRH EE; REHRNHENAKER A, =— 2.4830,1, = 0.068 00,4, =
— 2. 04251 + 38.6118i,A, =— 2.04251 — 38.6118i, H B4 & E..E; EEHEI MR YIEER A, =
—1.994,A, = 6.3730,4; =— 5. 4394 + 2. 3637i,A, =— 5. 4394 — 2. 3637i.
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EESHb=3,c=28q =g =0 =q =0. 90 FSRakii . Ea € (0,12] REFZE WA 2(a)
B, RGFERRMAMNAR . ZRBRIIF.
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Dynamics Analysis and Circuit Implementation for the
Fractional-order Lorenz Hyperchaotié System

CHEN Heng,LEI Tengfei, WANG Zhen, LIU Wengiang
(School of Control Engineering, Xijing University, Xi’an 710123, China)

Abstract: This paper, for a fractional order Lorenz hyperchaotic system, is to analyze and verify the fractional order
Lorenz hyperchaotic system dynamics behavior based on such numerical simulations as the bifurcation diagram, the Lyapunov
index figure and attractor phase diagram. The analog circuit was designed and the fractional order Lorenz chaotic system is real-
ized on the basis of integer order chaotic circuit design strategy. Finally, the consistence of numerical simulation results and cir-
cuit simulation results observed through the oscilloscope reveals the realizability of hyperchaotic system of fractional order, and
the validity of the fractional order chaotic circuit.
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