%8 K5 4 #12010 412 H
1672-6553/2010/08(4)/355-5

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 8 No.4
Dec. 2010

EH TR0 R ERBEYLSIE Brusselator 1R 2R = H

o

b4

(A6T5 R A5 B S ARk g BRI 750021)

WE W7 RIS I8 Brusselator 51 BB S B, B S5R T Chebyshev 22 33 2
ARG A SF O R VR RS, SRR B T ARZAE R RO il (AR TE A9 5238 Brusselator B84 B Az
TE T R ATE R WIS b B 45 RYGIE 1 7 i A 3.

Kegin ERZOET, RS,

51 &

VB B 5T 2 — A B Pk M i LA 58
SR R I TR, B R I P . A
B 20 tH42 90 4 LSRR i 1 2 e HE
18 TV A4 SRR BRI R S e AR
ER TR, W B ek
ML AR AR b2 4N Ok Ak R
Rt ik 1 AR RS 0T 2R 55 R Ik
DAL AR N R e AT 28 A
ZRHUAR AL BRI T 407 A L P R

HETEAAMEAR R R R T 24 bR
F O ARG T 10363, 32 10 T & AR [ 1R
SRy v R G BB s AR A N3
W S EEh OGY MR 49 Al
R e T AL 5 R R 3 (4R 1E H B R
(OPF A 11 BRERY: gt i i L IE
BU S Ik i B2 e | B LA o i B R sk
Ve R R A A Y R R i
B SRR TR S M B
FGE N L Rt (A4 2 I 4 R RIL A 7
VIR S, ARLEE R G2 -1, A ey
VI T Bl L R 50, A e T Tt 2l 4R
FEZRGE , WA i S P 43 e 2 b o B
T , Ak U3 ey i i ) 4% P T 119
TR

T T R0 7 R AR E T R S
RTINS 0 AR 22 R e o A B AL S s o

2010-04-17 YL |45 1 §5,2010-07-14 Y F &R

%3 Brusselator FR 7Y |

ARSIy B

FHREPLI e —F A, RO REHL AR 4L SCRR
(21,22 ] 87 i 1E 52 22 30 X JE O B2 3o AR 2 P Rl AL
SRR GRNRIHEAT T TS, AEREHL S s b
HLBUIAR LN R GE b BEPLIRTE R G B — AR
AR E PR Mz 2l PN, BEATL 2R 5 A TR T 42 )
WK 2 X B 1 B A o R A R AT 4 1. X
o A i TR 1) 4 6 77 0, A T U TR AL
RGPS b TARLRIEREIL SR8l ) R G
TR S HE AR AR, DRI X G 14 42 o

ASCRATIEHEHL 2 #0338 Brusselator 511 [
FRLAE I B P L. B SR B A BEE 2
AiBEHLSHRY 5230 Brusselator #7154 46y 5 H A%
MR E PEY B R S8, HUCR T AR S d5t
Pl G R SR P R AR BRI R ST
AERE FMIBLE I HAE &, fiAS R A5 2145
il BB LS RIAIE 1 )5 A R

1 538 Brusselator # # f{ Chebyshev % I
%38 Brusselator F7I Ky .
% =A - (B+1)x +x’y +pcoswt,
(1)
d—jt/ =By -x’y

1EAE Z2 T i 1 B e v 22 T X 114 32 HOA
TR 8 M R 5 B BRI, 455 SRR D, AN S
AR M HETE A (1 BE AL A . OG5 2 R 4K
ZaniE 1 prs , Rk

# [/ ARG (11002001 ) | [R5 RE T 55 22 A 2o BHIT L 4 (08 XBEO8 ) J 7 & [l FI i X i AL BHIFIT H (2008 TY007 ) % 1y



356 B o 5 B ¥ iR 2010 455 8 %
&) /W1 -€ 1<l 2) FH B HL R Y 1E A8 4 il BEIE , 2280 (1) By W R
p(& _{ 1€l >1 CIAET

07

06

05

U»1 08 06 04 02 0 02 04 06 08 1
3

BT BERLAR i & iR iR 2 ek Rt 2R ]
Fig. 1  The arch - like PDF curve for random variable &

BT ML A0 i pRER, AT e 55 2 Cheby-
shev £ W TEA2 2 AL, LK £ TR 1Y — it
AN

[1/2] _
U,(¢) = z<—>z%%%§ﬁ

Up(§) =1,U,(¢§) =2¢,U,(¢) =4€ -1,

(26)"

(3)

557 Chebyshey ZIR AR5

£U,(£) =5 (U, (&) + U (6) (4)
SEUTBUE SR 77

[ 2vi-du@u@de={ """

0,i #j

AR 1 -1 5]+ 1 2 FIHLIRGL, 10 2 3 4

AR A MBI S B BL A B [ A

BV IE o 60 00 5 4 15 06, B0 (2) X ) p

(&) FREL(S) SR TT LA S U, (&) U, (£) TR,

N TIPS B ST AR 56 407 0L

AT HBEHLASRE & HOIREC/CE) B LU TP RGEEOE 2

J(é) = Zx-U-(f)

Sl x, = [ p(OAUE) g SREN AT

ST PR REATLAS 8 04 AT D) o 5 BT [ AR A A A AL A
FE, X R RETTFR Ry FEAILAS 5 pR AR f(€) WIESE 50 it
1E5Z30 Brusselator BB A 0w ,p Y0550, B
B BN, Gk B =B +0é,¢ B
[ =1,1] B BEAL S . 4K, BEdLZ 38
Brusselator £8 (1) f4 Wi W2 I [] ¢ FIRENL AL & &
PRI, B
x=x(1,£)

(5)

£(1.6) = S (D U,(£)

Hdr U, (¢) A% i 1~ Chebyshev 23, N KR8
TP, 92 AT A
N =480

©(LE) = Tx (DU ()
H5(6)XH B=B +og (RA(D) R 4

in(z)Ui(g) = A + pcoswt — (§+

(6)

gf + 1) Z:‘)xi<t>Ui(§) +
( Z(,)xg(wU;(f))z Z(,)yi(t)Ui(f)

;%UNM§)=(§+@O;%UMM§>—

( Z(,)xi(t)Ui(f)>2 Z(,)yi(t>Ui(§)

(7)
i Chebyshev Z3i X G I HE A5, A

a-f(l_;oxi(t)Ui(f)) :U'(igoin)[Ui-l(f) +

Ui (£))72] (8)

H(3) 20R(S) 2R R 5C R 20
Uy = Uy, UyU, = U, , UiU, = U, +2U, + Uy -+
(9)

FUR(9) R I AR S, (0 U,(6))
ST U(6) IRIEALA T U, (6) MRECH X, (1),
AL SR Y 0 Maple™

(S0 (U() = TX(DU(8)

45(8) . (10) s A(T) 2brfif

Y #(1)Ui(¢) = A+ peoswt - (B +

(10)

1) ;xi(t>U1’(§) + Z{)xi(t)Ui(ér) -

x.(1) (U, U, (£))/2
026 () (U (€) + UL, (8)) an

;%@Q@)=E;%Uﬂﬂﬂ—

Z(,) X (U, (&) +UZ(3 2, (1) (U (§) +

Ui (£))72




54 1]

RIS A LT RO A B AZ 38 Brusselator #5278 1475 1l 42 1l 357

Fe EAPTARREL U, (&) i =0, 4 JELTHpI AL B
& HUIEE, iEASPEnI -5 AR50 (1) AE I isios ST 45
WrREE MR b EA

[ixo(t) =—(B +1)x, +X, —%O'xl +A +pcoswt

d = 1
Ex4(t) = —(B+1)x, +X, — 5o

d - 1
Eﬂ(w =Bu, +y 0% -X,

(12)
Horbrys (0 RN E.

(6) FTRBENL RGN R AR i U (Y pR4K,
HRPERENAS A SO [], %R T U BN [RIE
IFRGERIA MFEABEHIAN  (1,€) ZHAT U 1REHL
1R SXERERT LA i 2 (6) , i n] LA AR A-F-$4 0
D7, BBERIL A R AR PR L BEAIL 25032 38 Brusselator
BRI A P-4 W T LAy

ELx(t.8)] = 3, (DELU,(©)] =x,(0)

4 (13)
EL 18] = Sy (DETU@) ] =50
4 o =0 B RN EE RS
d —
Ex(t,g) =A—(B+1)x(t,&) +
& (1,8)y(1,&) +peoswt (14)

(18 =Be(1.8) +2(1E)(1.0)
4 & =0 B AR ESE R G IREAR)
x(t,0) = Zaxi(in(O) = 5o (1) =, (1) +x, (1)

y(1,0) = ;)y,-(t)U,(O) =% (1) =3 (1) +y,(1)

(15)
SCHRERIR I (B LA B BE RIS 3 ) B A ),
IAHETESEN RS (12) BRI IR A1 AU E S
FGE(14) IR SR EAATE] , R
x(0) =[0.4.0,0,0,0,0]",
y(0) =[0.4.0,0,0,0,0]",
2, =0.4,y, =0.4 (16)
738 Brusselator RIS E.B =1.2,A =0. 4,
w =0.85 7525 p =0. 06 %38 Brusselator #AI4bFIE

PEIRZS, WNIE] 2 Ff7s.

BUEAT = AR R G853 RS 1L = A~ AN TR 1
IO AAETE R GENA Y (DR) \BIE SRR LRI REA IR i
(SRM) SEEHLS B AR GG HmRL (EMR ) , i T
SFEMHETERG T LUELHENLARSE, P R 2B
IBE PER G 35 A A U BBl 572
BRI BRAETESZI8 Brusselator B

38

34

32

3 S

K2 =FRGE T RRRARRUA
Fig.2 Chaos phase track chart of three kinds of systems
2 ZEMTEEMESEIE Brusselator #ERYEYIEL MR
7RI

TE3Z3H Brusselator BRI JETARZNERUT S B
il

% =A - (B +1)x +x"y +pcoswt — U
dy 2

S By -

g S Bexy

AT U =h SR, AR, 4 >0

.U UL 4 <0 B, U B IERLE: 4 =0 B,

BEJETH . WO PERIAT A 5238 Brusselator FA%# T
HENLZHZI0 Brusselator BRI RGER] LIS

N

dx

E:A_(§+U§+l)x+

xzy +pcoswt —

M (17)
E[ (B +0&)x -x"y]

Q__ .2
g = (Brof)a—xy

LA RITEIR G, 2 IRENL S %032 38 Brusse-
lator A7 (17) ZHL MU R M EME R %



358 B %5

EC I

2010 4F55 8 &

d — —
E’“O“) = —(Bk+B+1)x, + (k+1)X, -

%(k +1)ox, +A +pcoswt

d - 1
E%(l) = Bx, +?(rx1 -X,
...... (18)

d — —
E@(t) =—-(Bk+B+1)x, +(k+

1)x4-;—(k+1>¢m3

d = 1
59’4(0 =Bux, ty o - X,

BEE & BYIBEAS ], 76 2L 88 4 Y I [E] B EE
WREIER T — 5 Fad B G it 25 R
GWARETE R — AR 1) A B |

AR 7 ik AT BB, 18 3 (a) — (b) 45
T PERIEE R, YRR k= - 0. 01 I, 2/
BEHLZELZ 38 Brusselator #57Y ( AL 1 T —
SFAER M BB, DO 245 1 S5 A0 1 E 23
Brusselator fRIH A2 8 78 T B — S A FaUE 19 S5 3 5L
BB 3 (a) s BEERIBRE k= — 1 I 245
AR S i 2 11 52 38 Brusselator 151 51 4 42 1) 21 42
1) JE 3 — A |, aniEl 3 (b) .

22 \

2
8 o3 od 05 06 o7 08 08 1 ‘8@ 0%  o®m 04 o0& o4 osé
[OM ® «

K3 gl fARELA (a)k=-0.01,(b)k= -1
Fig.3 Phase track charts of controlled equivalent deterministic system

when (a)k=-0.01,(b)k= -1

LERRW], BT IO Bl S s il s BE A R 2 A
g2 38 Brusselator 511 ¥4 il 76 5L — & A FRUE
9 A I L, el 25 k R AR 52 45 R Gt e
Zeisi Ak o R U, ATy HAS e FEIRTE S TC 95 241
SR Z —.

3 e

AL ST WAL S BOIR N BETE 4 A7 (7 32 38
Brusselator B 043 S i . BT 43530 R 4802
55 R G0 Y8 05 5% 25 Al N — RO ASCE 24130 01

T AASCAE By Chebyshev 2351 G AL, {3 R BEAL 2
BRI A A MRS R 4, 38 AR AL
10 1 2R G0 1 4 o SR T 9 B AL 2 80 2R 0 1) 4 il i)
RO SR AR 2 P B ot 4 i s v T 304 R A
i, AR S (9 5540 19 8 22 1 32 38 Brusselator
R EAE T — AR 1 R b B R
FW T O 9 A6 S5 0 I 2 1 32 38 Brusselator 5
AR AT,

Z £ X W

1 Pecora L M, Carroll T L. Synchronization in chaotic sys-
tems. Physical Review Letters, 1990, 64 . 421 ~465

2 Cuomo K M, Oppenbeim A V. Circuit implementation of
synchronized chaos with applications to communications.
Physical Review Letters, 1993, 71 65 ~68

3 MRS, RIEH. A AEE KA R RS E
S AR B AE TP AL gl 2 5 F i 44, 2009,
7(3):239~244 ( Lin M L, Yuan Z G. Synchronization
between two different hyperchaotic systems with uncertain-
ties and its application to secure communications. Journal
of Dynamics and Control, 2009, 7(3) : 239 ~244 (in chi-
nese) )

4  Grabee 1. Modeling of chaos by a self-organizing neural
network. Internet Conf. on Arrificial Neural Network, 1991

5 Zak, M. Terminal Chaos for Information Processing in Neu-
rodynamics. Biological Cybernetics, 1991 ,64.343 ~351

6 Tsuda I. Chaotic itinerancy as a dynamical basis of herme-
neutics in brain and mind. World Futures, 1991, 32.167
~ 184

7 Parisi G. Asymmetric neural network and the process of
learning. Journal of Physical A: Mathematical and Gener-
al, 1986,19: 675 ~680

8 PRFGA, T, BRLLLG, HENK. Wik it L i e I 2% 4 il
IRMEESNIETE. 3l Jr22 5450 24, 2009, 7(1) . 24
~28 (Chen L L, Tan L, Li H G, Liang O. Study of chaos
control with one improved genetic neural network. Journal
of Dynamics and Control, 2009, 7(1): 24 ~28 (in chi-
nese) )

9 Chen G R, Dong X N. Control of chaos-a. Survey, Pro-
ceedings of the 32nd Conference on Decesion and Control,
1993

10 Jackson E A. On the control of complex dynamic systems.

Physica D, 1999, 50 341 ~366



54 1 RIS A LT RO A B AZ 38 Brusselator #5278 1475 1l 42 1l 359

11 Jackson E A, Hubler A W. Periodic entrainment of chaot- (Shan L, Li J, Wang Z Q. Adaptive synchronization of Liu
ic logistic map dynamics. Physica D, 1990, 44 (3) ; 407 chaotic system with uncertain parameters. Journal of Dy-
~420 namics and Control, 2006, 4 (4): 338 ~ 343 (in chi-

12 Jackson E A, Kodogeorgiou A. Entrainment and migration nese) )
controls of two-dimensional maps. Physica D, 1991, 54 19 Maciej, Ogorzalek J. Taming chaos: part-control. Fun-
(3):253~265 dermental Theory and Application, 1993, 40. 700 ~706

13 Hunt E R. Stabilizing high-period orbits in a chaotic sys- 20 Leone F, Michele G. Experimental evidence of suppers-
tem: the diode resonator. Phy. Rev. Lett. , 1991, 67: sion of chaos by resonant parametric pPerturbations. Phys.
1953 ~ 1955 Rev. A., 1992, 43 (12) . 6483 ~ 6487

14 Pyragas K. Continuous control of chaos by self-controlling 21  Zhy/IME #2544, #7746 K. LT Chebyshev £ i3 18
feedback. Phys. Lett. A, 1992, 170 421 ~428 FEHIBEHL van der Pol S5 HUf R 143 44047,y i~

15 Fowler T B. Application of stochastic control techniques to %, 2005, 54 3508 ~3513 (MaSJ, Xu W, Li W, Jin Y
chaotic nonlinear systems. [EEE Trans. on Auto. Contr, F. Period-doubling bifurcation analysis of stochastic van der
1989, 34 201 ~205 Pol system via Chebyshev polynomial approximation. Acta

16 Hubrman B A, Lumer E. Dynamics of adaptive systems. Phys. Sin. , 2005, 54 3508 ~3513( in Chinese) )

IEEE Trans: Circuits and Systems, 1990, 37 . 547 ~549 22 RIEH, B0, fhvpZs, JrlE. BEHLZS %L Duffing 248

17 Jete, BB, MiBELl. WL TE RS HOPF 4375 HH R BEATL TR il e HG B R S 4R . ) B2 4, 2006,
B5E R B RE ST, 3h e Sk 223, 2006, 4(1) . 55 6253 ~6260 (Wu C L, Ma S J, Sun Z K, Fang T.
54 ~58 (Yu L H, Liu G D, Shi X H. Adaptive control of Stochastic chaos in stochastic Duffing systems and its con-
maglev system according to Hopf bifurcation. Jowrnal of trol by delayed feedback. Acta Phys. Sin. ,2006, 55: 6253
Dynamics and Control, 2006, 4 (1): 54 ~ 58 (in chi- ~6260 ( in Chinese))
nese) ) 23 Kamerich E. A Guide to Maple. New York: Springer,

18 B, B R ZRORHE Lin IRIERSH A& 1999

REfAE. ) Ty S 2e 4z, 2006, 4. (4) . 338 ~ 343

DIFFERENTIAL FEEDBACK CONTROL IN RANDOM PARAMETER
MODEL OF FORCED BRUSSELATOR*

Zhao Tingting Ma Shaojuan

(School of Information and Computation Sciences ,Northern University for Nationalities ,Yinchuan 750021, China)

Abstract Differential feedback control in random parameter model of forced Brusselator was considered. First,
this model was transformed into its equivalent deterministic non-linear systems by the Chebyshev polynomial ap-
proximation. Then, a non-linear differential feedback controller was designed in order to make the chaotic model
of forced Brusselator stable in a certain unstable periodic orbit. Numerical results show the effectiveness of the

method.

Key words orthogonal polynomial approximation, random parameter, model of forced Brusselator, non-

linear differential feedback control
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