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[2.7, 10~ 14, 17) R
A . A
B} P} A A,A A
A e A
A A
Ao
, A R
n>1 R . N(n)*
T:
e~ N(n)/N(0), (1)
T= lim lim /N (0)/N(n)]/n®
C CR
Y . N(éz n, C)
B(C) = lim lim Nin) (2)
0< &< 1, N(m,n, C) R n , m< n ,
c - 0< &< 1 uc) g .
M U S Liapunov (U+ S= M),
Ky 2huy 2o 2h > 0>— hi 2 ... 2 hs.y > hs* (3)
U
H = BE— Tl (4)
i=1
s, Hye
) o . N(O. n, C)
B(C)= lim Mm "y o= (3)
. . N C
Hi(C) = Jiny fjm,, PR (6
, n R N(n) , C
Us( C), n C Uy(C)e (2) (5 (6)
Dy= U+ I+ H- (hit oot h[), (7)
i
I
hi+ -t hi+ hict 2H 2 hi+ -+ hi,
H— + + +
Ds= S4 jo T Chir hot ot hj) (8)
hje1
J

Ri+ ot B+ his1 2H Z2h5+ -t hJe
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D= Du+ Ds— M- (9)
. Ds= M,Dx= Dy* , T= oo
(7) _ (Kaplan_Yorke)
Doz Us I+ (h1+ ...+ hU)j (h1+ .-+ h/)’ (10)
hi+i
1 (hi+ -+ hy)— (hi+ -+ h7) .
Liapunov hi Liapunov hi, ki - hy -
17T <0 \ (7) (98) :
D= 1 th—l/TD_1 - 1/T 1
U= +—h_l , Ds= +—hT (11)
. S=0U=1
1 ,Du=1I° .
, . Ds= Da
(8) (9) :Ds= Dx= H/hT, H= hi- 1T
2
(12) [15.16]
D= 24 (y—- a)x, = 1- by— 2%, 2= x— «* (12)
(12) c— b- abec< 0, c+ a- 1/b< 0O P=(0,1/b,0)

1(a) a=45b=02c= 04¢t= 005 1(b) a= 4.5b=0.2¢= 04 t= 005
x0= 2, y0= Lzo= 2 xo= 0.18 025, yo= 4.88 3B,
4 096 zo= - 0.210 642 4096
1 a=4.50b=02c=041t= 005
8192 [1.2.7] 4006 ( x0= 2, y0=
1, z20= 2) 1(a), 409 ( xo= 0. 188 025, yo= 4. 838 378,z
=-0.210642) 1(b); (7)~ (10) (409

) . D= 207323
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2(a) a=45b=02c=01:= 005 2Ab) a=4.5b=0.2¢= 01 1= 005

x0= 2, y0= Lzo= 2 xo= 0.08 211, yo= 4.5% 765,
4 096 zo= 0. 414 781 4096
2 a= 4.5 b= 0.2c¢c=0.1,¢t= 0.05
12288 409 ( x0= 2 yo= lzo= 2) 2(a),
4096 ( x0= 0. @8 211, yo= 4.55 765, z0= 0.414 781) 2(b) ;
(409 ) : D= 2.01523
3
xi(i= 1,2,3, -4 N) : [
* Xp = G[xnf I, Xn—2, =+ Xn— m]+ k gn, 1{1(0)
'[R(I Yw)l /1 wl)dw< oo,
<1>={JZW(aEx—bk):akE&,bkER,kEz} :
A> 0 B< o f €ELYR),
A||f||2<§j| (w12 <B Il (13)
we o
® L’(R) , @
L
g(x)= Dwi¥dx- b) ~ WE O (14)
=1
L’(R) . a b .
R Sigmoid s
. N . (14) f(x) € L*(R)
Wix) , , (14)
g, :
L
g(x)= 2ui¥D(t- t)] + g (15)
ti . D . Di= diag(di), g g(x) ; L
, 'l_IJ (43 2
w(s)= (1= s2e /2 (16)
xi(i= 1,23 -..N) d, (15) L=[2d+ 1] = m,

a= min{x(i),1<i <N},b= mig x(i), 1 <i <N}, g = [_Zx(i)] /N
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v
Wix)= w(x)w(x2) --w(xm)* (17)
M (Xm, ym).‘ym: f(xm), m = 1, 2, e M}, 0 w; a;
bi(i= 1,2 .., N) . 80(x) (15) ,
E(0) = 3 DYgo(xn) = yu)® (18)
0, :
O(k+ 1)= 0(k)— MTE(O(k)), (19)
A> 0 , E(0) E(0) 0 ,
FE0) = Setan) - vu) * Sl (1)
, (21 -
(15) L=5

2 3 2 3 2
Xn = alXn-14+ a2xn-1+ a3xn-1+ a4xn-2+ as5xn-2+ a6xn-2+ aixn-3+ a8xn-3+
3 2 2
A9X n-3+ @10Xn-4+ AUXn-4+ A12Xn-5+ Q13X p-5+ Q14X n-2%Xn-1+

A15% n-3%n- 1+ @16Xn-3Xn-2+ Q17X p-4%Xn- 1+ Q18Xn-4Xn-2+ @A19Xn- 4Xn-3 +

AKX - 5%Xn- 1+ A2Xn-5%n- 2+ ARX - 5%0-3+ A2B3X- 5K 4° (21)
4
s 1 80~ 120
: 5, 100 . (21)
1.
2, 2 s 26
15%, 3
1 1
a 0. 230 600 az 0. 861 432 an 0.046 033 ap 0.051 342
as - 0.195 165 ag 0. 034 558 au 0.303 201 ax ~ 0,064 003
a3 0.5 078 as - 0.001 230 as - 0.055 237 an 0.078 285
as 0. 141 002 an - 0. 190 644 aw - 0.031 625 an 0.087 191
as 0. 080 344 an 0. 137 474 an - 0.071 739 an - 0183674
as - 0.028 93 an - 0.454720 an - 0.03 096
2 1
( 7 , 3) ( 100 )
x ¥ [(yi= x)/x]/ (%)
4.859 663 4.860 852 0.02
4,846 753 - 0.041 486 - 0.042 878 3.36
0. 238 843 0. 238 968 0.235 433 - 1.48
- 0.052 9% 4.858 263 4.861 700 1 0.07
4. 848 082 - 0.052 4% - 0.060 24 14.72
0. 237 257 0. 240 624 0.224 290 - 6.79
4.856 824 4.864 747 0.16
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Analysis and Applied Study of Dynamic Characteristics
of Chaotic Repeller in Complicated System

MA Jun hai?, REN Biao', CHEN Yu shu’
(1. Managem ent School, Tianjin University , Tianjin 300072,P .R. China;
(2.Tianjin University of Finance and Economics, Tianjin 300222, P. R. China;
(3. Mechanical Engineering School, Tianjin University, Tianjin 300072, P.R. China)

Abstract: Fradal characters and fractal dimension of time series aeated by repeller in one complicat-
ed system were studied and the time series were reconstructed by applying theory of phase space re-
construction for chaotic times series, for purpose of modeling and prediction of time series areated by
chaotic repdlers. The influence of zero mean treatment, Fourier filter on prediction for time series
were studied. The choice of prediction sample affects the relative error and the prediction length which
were also under good concern. Result shows the modeling and prediction model provided here is prac-
tical for time series created by chaotic repellers. Zero_mean treatment has changed prediction result
quantitively for chaotic repeller sample data. But using Fourier filter may decrease the prediction pre-
cision. This is theoretical and practical for study on chaotic repeller of complicated system.

Key words: complicated system; saddle point; chaotic; repeler; reconstruction technique



