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4k Lorenz-Stenflo RAHY AT ML FIAZESE B 2010 48, RMEZEATHET LU R4
A A 00 2011 47, SRATEL, EFKREALS2RERRTGIEMERERITET
—ANB ) = 4R IR R G A A 1

MRIBHEAZHE RN T NA, ERERWTFRS, AMTRKIIRMER 2 ERE
RS E RN AT, ER MR 2 —H I R RS 2 —. AR
P8 12] R —RUAEEL BIG RS, ETFEREEHRREEERSAH THIEHAS
12 RTE BRI B iHRER, FFDIMIRE RS AR S%E T, LHZ RGN TR

2 RERGIHIMEIT

—MRFMHERBILRG, XAREM ¥R 12

T1 = —u1T1 + wiTe,

To = —UT2 + WaT1,
(2.1)
w; = (g1 —E1W1 — X172,

e = g2 — E2W3 — T1T2,

,H\:EP Ui, U2,€1,€2,41, 492 %%gﬁé‘]ﬁ?ﬁ}ﬁ- q1,92 %ﬁﬁ;ﬂ@u%%ﬁ@ﬁ%ﬁ, Ui, u2,€1,€2 ¥R
NG R LR GFEBE. B2E (u1,u2, 1, g2, €1, €2) = (0.001,0.0002,0.19, 0.21,
0.15,0.15), HHIMEHN (21(0), 22(0),w1(0), w2(0)) = (3.2,8.5,3.5,2.0) B, RE (2.1) B#L
ZME, WE 1 R Y (u,u2,q,q2,61,82) = (0.2,0.5,5.9,9.15,0.5,0.1), HFE N
((21(0),22(0),w1(0),w2(0)) = (2.2,2.0,10.5,20) B, FRF (2.1) WPRLHE, WE 2 fF
7N-

B 1 &% (2.1) 1 (u1,uz,q1,q2,€1,e2) = (0.001,0.0002,0.19,0.21,0.15, 0.15)
BHEH| (z1, v2, v3) FE _EPELRMHHE
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20 15

B 2 R4 (2.1) 1 (u1,u2,q1,92,£1,€2) = (0.2,0.5,5.9,9.15,0.5,0.1) Ff
BHE (21,22, 24) TH HLAHIE

X =f(X), XeRY (2.2)

WX = (21,22, w1, w2) ARG (2.2) FPRSEE, QC R AESTHEANESR, t0>0h
WIRIFZ], X (t,t0, Xo) TR X (¢, 10, Xo) = Xo BIRSE (2.2) W, FEASIRIEHIED
T, R RATREE A X (¢). FhiEE X (¢, t0, Xo) BIBE Q WEERERE LN p(X(t, to, Xo),Q) =
Jnf {|X(t,to, Xo) = V|-

EX 10 e R WHEAE—NEE Q RN T VX € Q %4 ¢t > 4 B, Hf
X (t,to, Xo) € Q, MFF Q@ HHRGE (2.2) W— PN IEFARLLE.

FEMX 20 X RG (2.2), WERAFAET EERFICAH Lyapunov B V(X (t)) I
EEHL>0,a>0, VXge RN B V(X(@®)>L, V(X(to)) > L B, FLEREA

(V(x(t)) = L) < (V(x0) — L)e 1),

HLZRG (2.2) MR RIEBRTI SR Lagrange B X TR E, IHH Q =
{X|V(X) <L} R NZRGEH — N RAEER T4

THRITEIIFRLESE w1 >0, ug >0, &1 >0, e2 >0, ¢ >0, ¢2 >0 B, RG
(2.1) MERAHRE, EMAEEMERREERTI4.

FIE1 XNTFEE u >0, us>0,e1 >0, 62>0, ¢t >0, g2 >0, RE (2.1) FFAE—
MIESEE o > 0 G

Q:{(zl,xz,wl,wg) |x§+x§+w%—|—w§§lo} (2.3)

ARG (2.1) MRAFGABMERNAZL. Hitlo=  max (27 + 25 +wi +wj).

(z1,72,w1,w2)€ET
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it ST IEERF TS H Lyapunov BR%K

V(X) =27 + a3 + wi + w3 (2.4)
ERR (2.1) PRSI ¢ KRG

Vv =2x121 + 2922 + 2wy + 2wats
:2I1(—U1{E1 + wlxz) + 2:E2(—’U,QIE2 + ’LUQ(El) + 2w (q1 — 1wy — J?lftg)
+ 2wa (g2 — e2wo — x172)

=— 2u1x§ — 2U2x§ — 251wf — 252111% + 21wy 4 2qows.
ik V =0, FA1EE) T 50U 4EHHBRTE T

2 2 2 2
) 249 2.9 ( _ ﬂ) ) ( _ q_z) -4 q_2' 2.5
U1y + U2Xo + 2e1(wq 251 + 2e9| we 282 251 + 282 ( )

it (2.5) B UAEAIHERRTE . £ T SN, B

4 . %
281 282

2u1 75 + 2uzxs + 251(101 _ ;_511)2 n 252(102 B 2q_;2)2 .
ik, FA 1 V < 0, R VLIS I V = c REPHERE, TifE D j, RITE V>0,
B, V(X) = of + a3 +wf +ud HAGAEDNAMRE T ERURRAM.  maxV

z1,T2,w1,w2)El

J& T R B AT (0,0,0,0) MBER PR BAME. HAT BR—AFHRAE, VX) £
I B#EgE, mESREER RS LT ERRER/MIER, V(X) £ T EfRIRERK
fH. 2 UHERKREIEA b, B

lg = max V' .
(z1,2,w1,w2)€ET

X (2.3) FREEG Q HATA T C Q. WATHETREIE

Jimp(X (1), 2) =0, (26)
X(8) = (1(0), 22(0), w1 (), wa (1)) AT RIEKERS (2.6) R AL
ERA, MRS (2.1) BRRIBEHE 0 250, HH VX) £ O ZS AT
. R
lim V(X(t)=V" > L.

t——+o0
4

s= inf (<V(X(1),

Hef, D={X(t)|V* <V(X(1) < V(X(t))}, to MG, XEV*>0,s>0, bk
f
dV (X (t))
dt

< —s, (2.7)
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AT t — +oo BF, ATH 0 < V(X () < V(X(to)) — s(t —tg) — —o0, X BIRE—F
J&. LA (2.6) AL, BTRATE Q RS (2.1) MmAHRE.

RIFENU Q BRARL (2.1) MIERAZESE, FHEAT:

R V(X (1) £ T EBE Po(Zo, b0, 20, wWo) BRIEMEHEKRME. EATCQ XNFT E
AR5 (X (1) # By), #ATAH V(X (1) <0, HHARS (2.1) MAEMELL X (1)(X(t) £ P)
BN Q. 4 X(1) =P B, HIEZEM X)) BN Q. 8450 EJLMER, &
e Q RRSE (2.1) MIERIAZE, TRl Q BRSE (2.1) (R4 R EMIE R A
. T EFE 1 FiE.

EHE 2 4

Vi(ar, w2, wi, we) = Vi(X) = a7 + 23 + wi + w3,
qles  g3e
e1e90 €120’

9 = 8 = min{u, us, 1,2},

MRS (2.1) ALREBRGEAMTTR:
Vi(X(t) — Ly < (Vi(X (to)) — La)e P10, (2.8)
A, B

Q1 ={(z1, 22, w1, w2) | V(X () < Ly}

={(@1, 22, w1, ws) | 27 + 25 + wi + wi < Ly} (2.9)

HEG (2.1) BEREERTI4E.

it 4
Vi(z1, T2, w1, ws) = o7 + 23 + wi + w3, fi(z) = —up2?, fa(z) = —ugw3,
f3(w) = —e1wi + 2q w1, fa(w) = —e2w3 + 2qows
il
d d
fl(x) = —2u1331 = O, f2($) = —2UQ$2 = O,
dx dx
d d
fa(w) = —251w1 +2q1 =0, fa(w) = —2e0w2 + 2¢2 = 0.
dw dw

HAVEE LR TR 21 =0, 22 =0, wy = Low =2 BHRu >0, up >0, 1 >
07 €2 > 07 q1 > 07‘]2 >07 U\ﬁzﬁﬁ
@i, @

sup f1(x) + sup fa(z) + sup fs(w) + sup fa(w) = = +
zER zER wER wER €1 £2
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2 VA(X (1) = Ly B, WPERGE (2.1) (REX R TFEL RATH

avi
dt l2.1)

=221 (—u121 + w122) + 2wa(—usZs + woky)
+ 2w1(q1 — 1wy — x122) + 2wa(ge — e2wy — T122)
= — 2up2? — 2upd
— 261wf + 2wy — 26210% + 2qowo
=— ule — uzxg — slwf — szwg — ule — uzxg — slwf — ngg + 2q1wy + 2gaws
<= 6Vi+ fi(z) + fa(z) + fa(w) + fa(w)

< — Vi +sup fi(x) + sup fa(z) + sup f3(w) + sup fa(w)
zER zER wER wER

§—6%+§+g§—ﬁ%+ﬁngo,
A ER R PR T
VX (0) S WK+ [ Lot ar
=V1(X (to))e Pt10) 4 [o(1 — e~ Pli—t0)),
TS VA(X(8) > Lo, Vi(X (t)) > Lo B, A4 RHAs R
VA(X(8) = Lz < (Vi(X (to)) — La)e 010,
HRAERE X, % E R AP b A R AT

lim V(X (1) < Lo,

t——+o0

8y,

Qy ={ (21,22, w1,w2) | [Vi(X(t)) < La}
={(21, x2, w1, w2) | 27 + 25 + wi + w3 < Ly},

NERG (21) WEFRWEBRTISE. H,

qies + g3e

525 ) €1 S €2, €1 S uy, €1 S Uz,

1¢2

2 2

qi€2 + q3¢€1

T2 g9 < e1, 2 Su, €2 < ug,
1c9

Ly

2 2
qi€2 + q3¢€1
€1€2U1
2 2
qie2 + q3e1
€1€2U1

uy < e1, up <2, up < ug,

ug < €1, Uz < €9, uz < Uy,
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3 FAMEERSPHIEA

EX 3 X PR ERM RS

i = f(x), (3.1)
v =g(z,y). (3.2)

KH e R yeR, fig: R — R HMESEN. B (1) 5 (3.2) B8N HY
£(t,20) B y(t, o). FENMBRAL T [|a(t,20) - y(t.p0) | = 0, RAVEBRRL (3.1)
5 (3.2) I,

BRL (21) R ARG, & RS

Y1 = —u1y1 + Y221,
Y2 = —U2Y2 + Y122 + V2,
21 =q1 — €121 — Y1Y2 + U3,

Z9 = Q2 — €222 — Y1Y2 + V4.

X B V2, V3, V4 %%%ﬂrﬂi, ﬁ:':{:' Vg = k(yz - 332), V3 = yl(yz - 332), Vg = y1(y2 - 332), k
HHSHES U1, u2,€1,€2,41,4q2 PSS

I3 M k< up - Wlet2lnl iy < p < e BESH, WHRL (21)
REAINA BL R A (3.3) KB SE 2 [F 4.

i R 2, MR |21 < VL2 =1, |22] < VL2 =1, w1 < VL2 =1, |wa| <
VL =1.

L el =y —x1, e2=1yo— T2, €3 =21 — w1, €4 = 2 — wy, WHRG (2.1) ARG (3.3)
(iR ZE RGN

él = —uiex + Z1€2 + ZIa€3,

€2 = —ugeg + 22€1 + T1€4 + V2,

) (3.4)
€3 = —€1€3 — Y13 — T2e1 + Vs,

é4 = —&2€4 — Y162 — X2€7 + V4.

BUE % Lyapunov BRE V(e1, ez, e3,e4) = e + €3 + €3 + ped, iXH p R 0 < p < 134
MIESERL. WPE (3.4) BIERBLEN IS ¢ 5K 3] 15
V(e) =2e1€1 + 2e2é9 + 2e3€3 + 2peqéy
=2e1(—uier + z1e3 + x2e3) + 2ea(—ugea + 221 + T14 + v2)
+ 2e3(—e1e3 — y1e2 — wae1 + v3) + 2pes(—caes — y1ea — T2e1 + v4)
=2e1(—uier + z162 + x2e3) + 2ea(—uses + z2e1 + x1e4 + kea)

+2e3(—e1e3 — yre2 — x2e1 + y1ea) + 2pes(—c2es — Y102 — T2e1 + Y1€2)
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=— 2ule% —2(u2 — k)e% — 251e§ — 2[)8262 + 2(21 + 22)e1e2 — 2praereq + 2x1e0ey

< — 2ule% —2(ug — k)e% - 2sle§ - 2psgei + 4lleq| |ea| + 2pl|er| lea| + 21|ez] |e4]

=—ETPE.
X H,
2ul, —21, 0; _pl
. =20, 2(uz—k), 0, -l
E = €1l,|€2],|€ , € ) P =
[lel leal s lesl . leal] 0. 0, 25, 0
—pl, —1, 0, 2pe2

AFRIRIERG (3.4) MR ILER, MNARFERE P B IEE M, W2
P 750 /R T 8 5% A

(i) 2up >0,

(i) 4uq(ug — k) — 412 > 0,

(iii) 2e1[dur(ug — k) —41%] >0

(iv) (16peiequy — de1p?1?)(ug — k) > 16pl2e162 + de1pl® + 4leq (url + pl?),
SRR, %
dequy 4pl2ey + 2p13 + uql? 1?

2 k < usg s k<ug— —

O0<p<
P 4peguy — p212 Uy

i, & ()-(iv) XFERSEL. 5

482U1
12

iF, Vie) <0, BB ERXE RS (3.4) MR Milnictas, BN RS (3.3) MIIKEI R (2.1)
LB e A fF 2

0<p<

. 1? 4plPeq + 2p1% + uql? 4pl2eq + 2p1% + uq 12
, k<mln{u2——,u2— }zuz—

U1 dpequy — p?l? 4dpesuy — p2l?

4 HKERM

KT RIEIR LR, BATA AV TEERDL. A IREh RS (2.1) FINN RS
(3.3) HIBIGG A& A2 A IA (21(0), 22(0),w1(0), w2(0)) = (0.1,0.1,0.1,0.1) FI (y1(0), y2(0),
21(0), 22(0)) = (0.2,0.2,0.2,0.2), %4 uy = 0.2, up = 0.5, &1 = 0.5, 2 = 0.1, ¢ = 5.9, go =
9.15 (W [12)) B, MEEE 2 RHMERM | = VL2 = 95.2, BB t — +oo BF, REE (2.1) 1Y
ML STET I ELEER O A,

1 :{(I1;$2,’LU1,’LU2) | Vi(X (1) < L2}
—{(@1,@20w1,w2) | % + 23 + w? +wd < Ly = (95.2)%),

WTE 3. REEE 3 1] DL S 2 i 11 R k= —500, 3K 3 RS [F 251 1m Y
REFHBE, WTE 4R Y (u1,u2,q1,q,e1,62) = (0.001,0.0002,0.19,0.21,0.15,
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0.15) (0 [12]) B, M4EREEE 2, XA L, = G2FGe _ 53467 — B2 BR O, (4R

R = Tz — 231, MEHH ¢ — +oo B, R (2.1) BHLE S TR NEER 05 —
{(xl,xg,wl,wz)H/l(X(t)) < Lz} = {(J,'l,l'g,u}l,’wz) | !E% +!E% +w% +w§ < L2 = 53467}
W, WFE 5 BiR. R 12, B 35, IR (o1, 000s 00) REBKE

(901,962,11}1,102)-

5 &g

i P T R U R R, TS T AR LR GEAE wa, vz, €1, 82, 01,02 I
EZHT ARG BRAATE. 2RBERGIE, ERAZEIFFET MAERRM TR
X RERIEEHE 2 18 21, 22, w1, wo WHZHFRMARM ZRFALZ PR, RIFHHE
B R T F22 07 BB AT, RSO F RS (2.1) AR IESR R T 8AR G35
BB oL, X [13-14] P ZEWA 2R T IAEOL, 2R I ki i 2 I 5 A 1
1 BT A 2R A 4 R oK R U IR A, PR X 5K (13- 14] iR 2B i 22 W 5 380 HU 8K
W XER) —(F 245, XEF [13-14] PZEU M 2R T B8R R R A AR TN ES.
if, XF [2] f' Chen RGEA [3] o LU RGN A F AR THR R — 0 OB R MR &
SCHTHHE .

Bt A SOV K AR T AR 10 E S DO A B R TR A B R B 45 TR TCAL T
By, (eI 00 R |

2 £ X MW
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The Dynamical Analysis of a Disk Dynamo System

and Its Application in Chaos Synchronization
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Abstract The ultimate bound, positively invariant set and globally exponentially attrac-

tive set of a disk dynamo system are investigated via constructing a Lyapunov function.

Firstly, we derive a four-dimensional ellipsoidal bound for this system. Secondly, the bound-

edness of the system is applied to the complete chaos synchronization. Finally, the corre-

sponding numerical simulations are performed.
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