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ERREAREE ARy B IR, wENEICNTSEE, FUNMIBES
THREBA RS H TR IERE MHDUAS,

i}

D) AHMALERE ZEFEL Chinese Physics Letters FUH7,
2) SRRk FEEAATME LI ASEN AR S5 TRA.
3) BANEEFRBHAMWMAL—vViasov i MHD .



10 5 ERERS: EEE MUD a3 R0 31T 5 R R 1740

=, BRI ¥ Rayleigh-Bénard |5

@i Arh Rayleigh-Bénard [A]EIAY Lorenz HMIUIR AR B & 85 BRI F
MIZE4BIT. & Rayleigh-Bénard [} e, B 6 PR B AR (A1 AO M4 2 B3R B F IR A, 3
RERDSEBZEA—EE, EONERREAR TR, XE—NRGEERLD%IE
DAL T — ek B07s 72 P8, (HURBE2Z Rayleigh OB IS SER, EA5 4 A
SER, F Navier-Stokes JTEMIRAREHUNARE, BERBIEXREIHORER ¢ F&
7R B 5 O A ) R S 0 B IR PO IRy T FR 1020 & F0 6 Fourier BH RN A
PO IS E] ¢ B0 B0 5 R (R B L BETER A RN M5 572). Lorenz JUMRL, IL
ol BAER RA A AR XN R R i R BB AR, B R B EIIRE X.(0), LR
RTFRERAEZ X, MYPTVRE FIE S %S FRSAERNRE X0, SiIB&EmT
— oy T B

X, = —oX, + oX,, €D
X, = —XX,+rX, —X,, . (2)
X5=Xle—"bX3' (3)

KRS e 4 Prandtd K, r HFIEFREHM—LH Rayleigh B, 6 4—DJUAEH T,
Lanford" i XA EUE 0T R, Y r > 24.06 i, BRYPLE AR A E(X,,X.)
eI, 51T e A R B, R AR L B R B EER”. BTLIfFR 224 Lorenz & 5
Ws5lF.

W7 Rayleigh-Bénard [n] 8 iy fh 2 AR B AR B R Ak — BA B R E SR 1°E
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X, = —3X, + X,, (4)
X, = —X.X,+ X, — X, + nX,, (5)
X = X.X, — b6X:, (6)
X, = —nX,, ()
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FEERER MHD FER5F.,

=, WG e — AR TR

RAVGAZBIEEE MHD $if Rayleigh-Bénard [, #HRIABEN K 27 BA
%16]
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t
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Z 212
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——t 225 = )BSZ [ —— 2

or | (X, 7) G2k S T AV oy

RIGA b ZH—MREE, #/e F—UKRBEL,URHA AT ZH—LRE, r H—LHE

L/h—’La ":/bz__,,; G/AT-*G, (I’/‘—)d’s Z/Boh—’z. (21)
B3l
2 (Vi) + &, V) aV'y + ar 99 4 2B 0 (v4), (8
Ot o(x, z Ox ook? Ox
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KM Lorenz™, Treve A", ¥ ¢, 60, 4 B 230 Fourier 4%, (UFH I,
R TIERES A X HEROMKEZE X, NHAREBEEHERN T RS X YR
W EIERE X, B

= \/3(1 + a)a"'X,sinwaxsin nz, (22)
6 = ar"r"‘(\/ 2 X,cosmaxsinwz — X,sin2wz), (23)
A = 4/ 2 2"'X,coswaxsin nz, (24)

HEAEENE, 5QORKHE, Treve AR 4~ ', XEYE LRREER, B¥
RN, 4 RRK, SHMESHE (O)—(7) HFH0a 4 mEh o BRReE.
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Ao, (URTEWE LA HRIKYL, ATLLUANKRAERS Rayleigh ¥ r (IELLTF AT) 25,
Jo RME—RIRIA SR, Treve FAIRE 4 WER, ESH o EHEPARHIR, fiHAT
RERUWEERLEBRK (Bo=10, Jo=0) # Lorenz G LL. LhrL, B 38
KBS MR, ERARIME ABRCOR, EHBDSE (~ L) ERIN0E
BAQ25)—Q8) P I, 5 H—RIIFHLE R,

¥ (22)—2H)RRA (87)—(107) K, KM (6], T pogehaAT KEFH—
B, 34 o = geh/c,, ARBHERT (1 + ) RKFIRRIERTE, ﬁﬂh%ﬁl-—

AT RE:

X, = —oX, + oX, — (42207 5) X, (25)
Xz = —XX,+ rX, — X, + 4a2Pm7§X¢, (26)
X, = XX, — bX,, D (27)

X, = X, — puX,, (28)
KRPJUAET & =4/(1 +a%), ' ' ;

W, 5 R EM

O hmA (25)—(28) BRIVEEBINFERD, REBH, URHER X, R
AT RSB AR Lorens HREA(1)—(). T, BT R 32 X HBALER 44

SR E —EH AR,

L E BRI AT, o
R R(25) R R P8 — vk, B EUR L AR 1 RN |
X+ oX, —or(1 — 4x8[6)X, = f(8), (2
C R pXi+ (4xiorPB)X, = (), : (305
K
. 1.(8) = —oX, + 4orp,é(a’ + 2*/6)X, — X, X,, (31)
f8) = o¥(X, — X)) (32)

AAEERZI, B30)R (32) XAFH, X, f1 X, BEHERa) X, i X, FHEER0%
M 1) X, FSAEWPTURMEZ, BRXOBERESBE KT, EmRIFTH
B, BPUIRKMET X, 5HEBZHRNEE, XAUEYE FABRE., ER
Rayleigh #§ r RRIETE HJ7 FIRE B (W SH, #BIVISH ¢ IRETHI BN
YURIREEE , FTARAIAYIRRE XA B Rayleigh ", 7E)7#2(26)hth @] &£, Rayleigh %
7 F“%k Rayleigh (" ¢ AR EHAL. B 7 MK, BEGH AR EZREEE, i
L § R I & R IR AR AR S BOMR , (BRI (29) R dE ¢ 4860 3 54
EE PRSI R T A RE R R MEIER, X—ARITEE—$1E. 22, R
TN X 7 B9 YD FE 1AL s 28 R R E AL, BT LU R R 9T 3 AL R G017 20, [
IHEER S SEARE,
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FERUE 53 M7 137 PR 7 PO Runge-Kutta 2 4% 75 F2
H(25)—(28), BB LR T=A (X, X))
ST b, B R - IR B SRS AT 4, DL
K JARE Fourier 45ift (FFT)-ZhRE 4T M0
Poincaré B k3T R G000 A8 . A R BAE
1B, FXREE AR M FNRE S e R AR AT T R
U, FN AT RIS W7, SEUE S R B, £
TEd, (5 Lorenz™?, WMATEE o= 10,
r=28,b=28/3, FBINATIEGE,H p.=1
(B 10)R14 o = =/ bp,,,

D e

Lod=0Rt, HRQ)SHRE (25)—(27) ZAHEHA. XHRT Treve FAN“H
MHD Lorenz J7R24: X.(o) BYNMIITHRIEBFRM —X() = X(0)exp{ —pnt},
ERNEEHSHT, (UM ZER] Lorenz WE|F, BHB A “EH"EBFEH X, = 0 (D

FEE (X, X, X)) LA 2),

2.9 S TR MEN AR S ECHT X, NABR AN, REHREERRE
Rayleigh Bénard RFUEHE, X, X, 70 X, #SRFBEHSHRE, EHREHGRE (30),
AILIASG X, B— 2B ER T , AR T 0 BOR TR o4(X, — X.), Hit,
X EEEE XM X, URE), EEERES|FRAES#EXN MHD IR,

FHRE—EFRL,

A
$=10.035

B 3

R
(b)

B RE 3) BoRHBE TR EM X =0 28K, HEDIT, W7
BRLFAH T X R, #ihsh X, WREES), EEESENTRE": BRI
W S I, R S AL AE BRI . I 4 DGR — IS R BRI L .

3.7E3> 032 < 0.1 (BB EN, BB ESTRTTELHENFTIAR. K

IEX BEAEHETF U EBIOER.
1) kiR KR FEMEZES)

BT RS, JLPHARERS kX % BE X, 2 X X, R



BLREHR T . MR X, 8 X, (BUEH. B — G EABCRESE X, FEFRE (o=[42"0r#/
b —pn/41Y), HEBE, UBEAE X, (3R, B4 X, EPrX4 RS RIRE X,
& X, ZFENSR—INERMERE. BE, AORTEERERIESBEY LR,
ENRGUAREEAMED., DARZAGPEHRBARERN, EREZR P, R
B MR EX IR (&1 H 2= 0.08498—0.08500 PFEAE 5), IRE—IMRER
BayLs R,

2) —FRBH R A I AT B 2

Z5, NI —BEEE, FRERAE B RENERAZFERNS2Z A
PEOREAME AR, HemANEETHOREESSET A AR ER TR
By, BRBBEEAN ASRRRREEEXNRE, WELREEMG 22 EAAN
RRFOERAT LB LRIERE N, BRIDBTXHY. ESRRHE, EX
B4 HE TR R IF T —E 8,

TE & =0.06 E| §=0.09 WIXEN, RATBBLZITRUT RPESERRHNI
R, BEAHHBHORZRRITUEZHREAF A (fixed point) FLFRIF (limit-cycle) FiEH
BRI RRSTREHR (W& D, BIAIEESRRZAMSEEAL (TR RN 5
W BHREWT. ZRES DM ZENE RNTBETEHE: & KAE
B MRERMEX A MM 23hE 0 (RIOIARZ A HPED, BEARPERSAEF
FE) 1%, BATHER EI T B A B2 AP R B IS, XX B B — AN S BER B
7 55 I (B R R AR TR — B —— B SR, B E R E S R R B R R
ABIER, WAVIGXAA . MWE ERY, XMBRMIPLERE LRET A REART
X. 5HeERAZ A HRREARENSEN, HTRRARERTREEERE —BE
S I LI R0, T DL AR AE A SRR R AL e R Z Rl 35 &, TERF AT 2 b, TR B
—2JLER(BIR), —2)J LRI ZRIE IR, MESKEH, N 685
AIMEPTER”, M Al EHRIRAD B R R R RE 4B, LB AmEB IR
IR 55— RIEMSER, XS HIHARA R, KRB " SEER BN HHEN, ERH T
IR AR ELEEAMEMIE, FURER—MREN MW EHED. EI1ER LS
RREXHN—55, AR ERTAEIZINEY. IREEMRATRRSTT00
ARMANIIREE, THRNAREIELT X—x.
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#1 “BERERREHR
0=10, r=28, b=8/3, p,=10.

$=0—— § = 0,08875 AR p
HRRIF
0.08495 0.08880 WBRIR
0.08496 £ 4k :
0.08881—0.08887 FR|SF
0.08497 RBRIR
0.08498 RehE P
0.08900—0.08915 RIRER
0.08499 R fp
0.08500 BB 0.08925 ReA v
0.08501---0,08785 FHRBSIF 0.08950 —0.08970 HHRRIF
0.08975 KRR P
0.08786—0.08795 PR
0.08985 HFHERSIF
0.08800 REphp 0.08990 AR v
0.08805 N =84
0.09100—0.09150 HRESTF
0.08810 R BR IR
0.09200 Rehd v
0.08811-—0,08872 HRERIF
0.10000 RhR p
0.08873 B BRER
i>0.11100 )-8
0.08874 Reh& e

3) PRSI TR RITH

FEXT AR I R, — D RN AR, ERENANBHEAN, FERS]
TRRBRABE, U EE—TRBUNIZE N, MHEZRE—-XESRARA
AFRZ—H R, «BREAZ MR (B 5 FE 6)1 MRMBELRPULE
H, AX I B ERENFRRITE Lorenz W5 FH—MUZL, REEHPL SR
RKM—FBEEIS— L&, E W ERN, YHRES| TR &BEREE 1P
W5\ F— AR L2, XM BRE T TR B35l SBRNEAN R
RMN—AR B AR RBE B 55— A SR TR, X —F L E R LA A FI AR,

0008408 | X4 . X
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f=oan X A TE , A I 5 R TE B AR B ORI (R U B 5
BRb, RATEE, %4> 0.1 (p, = 10) K, RLENERSIT
== BIEN TR RERARE A (B 7). X3t &REHTR
T EMBERE, EROBSEAEEL, X—ERBN, K
LR AR S B TR RREE, X—A
- O EESERDEEE LS RS RE—B.
|7 : 5. AR IR R I A A0
R AN R B O 2 —, EM Landau-Hopf FATiRHHIFIM
HERHREEEZE, MIRE TR SRS SRR ER AR BT &5
BEBRREE. BATE AR Ruelle-Takens B (MM MEIREE), Feigenbaum 3
B (A B4y 4 )F1 Pomeau-Manneville B (5K BH)™, ERERTERR, HE—
NEELBET R, EEMMETR TR M. i Ruelle-Takens HEBARHEKER,
AR EIN RS, R RS R A LB S R E R 8 LR, HRT 20 £
4E{ Lorenz 512, B4 R I T 1 I3 2RI R BT 4™,
AVMBEBEEERE, ERMIE (25)—(28) PR THELET Lorenz RPN
BSEBI, BRATESK— B RBIE S EIRENREE (B s8). EHshi

- S=o0a2 $=0.10

(a) . (b) (]
B 8

T HREER X, X R, ROTEE, % ¢ = 0.12 1, AGMERLES, % 2
W/, WS IR AR, ¢ = 0.09 B, R IH)N A RaE R S M — 5 R
5, B FTC AR SRR, B RS WR A, R G BRI A,

4T ¥ R R R I AR, AT T = 2w/ 00y K SRR RIS, 43 B it
TIEE 8 BOBET X, 1 X, iy Poincaré g (B 9 R 10), oo £ph (30) A HH X,
MR AR, WL, Y &= 0.12 i, Poincaré g RN BIHH HI %,
BARFELT R, /B 0.10 B, 4047 2 , B BRbE SR, o 8 50
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iX,(t+T)
..o -,"" X (t+T
3 o
K F T . Xnw e . ‘~ ‘ »
A e e X4(')
Y ...,
. "‘}
S2easasnssnonsestt? ."’
(a) i=10.12 (3) §=0.12
(Poincare HEATHAR) -
R X ¢+T
) X+
N B0 X0
Ty * T,
'''''''' "'”::’
(b) ¢ =0.10 (b) ¢=0.10
(€p3:3:329)
Xt +7T)
. X+
‘, L T
(¢) §=10.09 (c) §=10.09, X, ] Poincare j#&R
(Poincare’ HEZEMIF HHEEEK)
B/ 9 B/ 10

i (@ =0.09) W, EMEETLBN, BuEKE. X (B 9) F X, (F 10) #y Poincaré
BRBERBHABSTRBRA RN, XS5R e ARG aERRR RS E
R,

BIHATY L, RO, BELR P ENE S &SR EERI FRORRE
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B RFVE, EIRNRHADE R RT O, BRI ENAENNEEILER"E
KB EERE RIVANX —ERERNIGTRE, NUSEETFRAGEP, M B
AR R PR AR R RIT, B B R AREZr R,
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STRANGE ATTRACTOR AND CHAOTIC PHENOMENA
IN NON-IDEAL MHD FLOW

Wane Xi1ao-cane Liv Yus Qu Xiao-miNG

(Deparsmens of Physics, Dalian Institute of Technology)(Southwestern Instituse of Physics, Leshan, Sichuan, China).

ABSTRACT

A model on the Rayleigh-Benard problem of a non-ideal MHD flow in a sheared magne-
tic field is proposed and studied. A new set f nonlinear differential equations for the model
bas been derived. Theoretical and numerical analysis shows that the set of equations implies
a strange attractor with several novel features differing from Lorenz attractor and, in par-
ticular, the coexistence of all three routes to chaos in that model. Among the well-known
models with these routes, so far, our system of equations is the unique one without any ex-
trinsic periodic driving term. It exhibits more immediately the intrinsic stochasticity of de-
terministic nonlinear system. The stochastic motion and reconnection of magnetic field-lines,.
and the creation of magnetic islands are observed in numerical simulating of this set of equ-
ations.



