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RAE Oregonator MIHGELRY b BORR WA &, BB AR f LMk HBERH
FITRT B-Z REMARMRER AR T FTHSRNRER: SRR R R ER
B &S ST R AS SRS RURAL, W2 BRI R R WA R R 8 k.
. MESBAVAHT B-Z2 R ARG FFE L, THET KR ER FREMENT A, 75
BT R A DT vr MR BOERE vr HWIRER, AXHLEREE—ERE T, RN B-2Z
B R eI TR A 2 BT e O B B el B A R B RS S R AR M, R IR R
AR GR AR A, ar = 29Dk, D HBrO, ¥ BAK, 7 4 [HY) 14
BRI ELRRUBEN, 7=0.1)5 up = v, v HHEE,

- 3 ¥

EEBEFHAT, RERETEARMBRAEIEBOMAERE, B Belousov-
Zhabotinsky I, Belousov &1 Zhabotinsky™? 5% f5 & BLARNE L, £ E MM EMER T, ML
T CET-Ce'" B BHREER/E T 0B FIRFER AR X F RN , 8 2 BLEER R 2 1L
ks 2B TR AR B ER. 1969 4F, Busse® EABERLAIE RN TH R /N ® &
B B-Z RN AR AP NEIER AE K. #E, Kopedl i Howard™ HiEH, X2
—MREETRERM 7() ExELESEANNE, FREXLEUBAEM  (phase
wave), JEIEBEIR/N, HEEA R R u = 1/mT'(r). 1970 £, Zakin FI Zhabotinsky™
FEARBERERIED FLL Ferroin-Ferriin (Fe**-Fe**) /L FIFIFRRFIN B-Z R R,
MIENT 55— P, MR B (urigger wave), XEEBIIJEL 2mm QUL G IEHK
d, 2R —FES RN RN IE G BEEIRE, WFRAE, GREREE. REHE
£33 0.1—0.2 mm/s, X5 BELEA L, Winfreed® BT R 5E ST HXF4T I
ML KRB MBI, Fidd f1 Noyes™ MR, MAZKAHEES [H ][ B0y 1Y Hin
TR R

#(mm/min) = —0.832 + 27.87[H*1*[ B;O5 12,
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BHMEFHERTILLE, Field, Korss f1 Noyes 25 AP M4k TR T B-Z Kb
P&l (FKN HL&)). 1974 4, Field A1 Noyes™ F—faj b AY  (Oregonator &%) |
BT B-Z RUVAURHEIREITH. RT Rk M R, 88 1520w,

B-Z Rtk AR ZIH A AR % X 2ILH SRR % (1 5h) » )RR S B Je A ik
BRRECEMERRBITAN MR ALE, EEEEOENL. A THREAER B-Z
RARIIRGIT N, BREBALEREH TR —hRORBER, XERAXNEZEIE .
Field #1 Troy®™ BB HE « (EAE=ZNSTE.WFTIRT B-Z RN&E RS EIR
HEEDRRRERE., AXSIMERL EAEZASEE, BETIRT B-Z REEKADE
128 (Rl A g i R = IR S e R4k, A S (A1 JE A 85 M I i 2= R R 45 R iR 52
EAEHORIE R, /G, AN XEH B-Z RRRBLA RBYIE TR R BOR B 486
B, THA T X P F I O 4 TR,

i

Oregonator 1% RURY (b2 K B 24
A+Y — X+P,
X+Y — 2P,
A+X — 2X+7Z,

X+X — A+P,

7z s gy, (D

Xt A = BrO;, X = HBtO,, Y = Br~, Z = 2Fe* (& 2Ce*t %), P 4{EM . #Hx
R = ke [HT P, ks = ke[HYY, ks = kolH' ], ks = kpios kre = 2.10M™ - 574, ky, =
2.00 X 10°M™2+57%, gy = 1.00 X 10* M7257%, ko = 4.00 X 107M™1es74; ke 5 f mfgplY,
NS VAIN: SR
0X/0t = k;AX + kAY — 2k:X* — kXY + D\V'X,
0Y /0t = —kAY + thiZ — kXY + D,V*Y,
0Z /0t = kydX — kZ + D:V*Z, (2)
XhARk X, Y 524N EATOKE, D, D, & D WS BMATHT BAK, &
B A4 =0229M", LD, 2% 1.80 X103 em?/s"®, D, << 107 D,, D; = 0.05D,, MHE
BRI ERIRA
X([H*], 4, f) = kidh/ky = le[H+]Ah(]()/kR23
Yo(d5 1) = ked(1 + f — qh)/2k; = ks d(1 + { — qh(f))/2krs>
Zo([H+]7 4,1, /(6) = W/l//(zlis = /(RJ(R7AZ[H+MU)/I(R2](6> (3)
R g = 2kiks/koks = 8.40 X 107%, p={[(1 —f—q) +4(1 + e, h=Q1~—
i—a+p)/29, w=kkd.
EBSIERSRE Xoo Yo I Zo MR ICRET BT BEHE, @ X = Xo+x, Y=Y,+
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v, Z =Z,+ 2, (RN RME RN BT R

Ox/0t = (kyd — 4ksay — kia)x + (kA — kiay)y + D,Vx,

0y/0t = —kya,x — (kA + kiay)y + fhez + DV,

0z/0t == kydx — keyz + D;V?z, €Y
NP e, =Xy, a,=Y,, ay=Z,,

BRIV — BV EER, Ehr > 1R TEANTREDEST RN EER =%

FRE WY KEEE BB, vy R~ exp(—ar +ikr), X8 2 GRME, R A
WG AR I T R E TR

A+ fy fa 0
fu A+ fa fa =0, (5)
fu 0 A+ fy
R
fu = ksd — 4ksa, — kaa, — Dl’{Za
fu = —kaaz, fis = ksd,
fua = kid — kaays  fn = —kid — kaa, — Dig’»
fu2 = fke» fis = —ks — DR’
bELs

o= fu+ fu+ fus

@ = (fu + fa)fs + fufa — fufus

@ = (fufee — fub2)fs + fofufas
TR A 5 RO (BRI ST WA EN T ERGWT:

<0, <0 B elog—a<0 A (6)
R4
4ksay, + kaay — kA = [(f — kA + 6ksa,1/2>0 3 21
=[(f =1+ 39)ksd + 3kiksA(h — 1)]1/2>0
¥ 1>f>1—3g
=1 —f—=39+3pkd/4>0 X f<1—3q,
/e

fu = —(4ksa, + kya, — ksd + D\&*) < 0,
o < 0, (7)
o BORFE B [HY ], A, F R R (ORUERSE T k= 0B, 0 < 03 7E & # OB, a BORFS
EET [(H], 4, f Xk FOEUE.
T BURAREL L R f B R RERE Rk ASER, HEZRSEZN (&
ko) HHERBRATTEENER. kARG SARAMELE, AMEE LV ZDE-IHE, K
AXEEPEMUATFE. XH, B G)—) X, hREA R APERIER KGR
EFa=05aan— <0, HRERETF 6 =05¢=>0, B
ey=wl2q8 + (¢ — Dk + {1,
e, = ¢, + wf(h — 1) = wpf,



574 ] iz | 2 iR 32 %

es=kAD(h + 1) + kAD,(39h + { — 1)/2,
H =0, B30 BHERENEFER I A
R (LH*1, 4, f, k) = —(ey + esk* + D.DA)ID:E/(er + ek + DD, (8)
MAEN [HY) K A, ko= k(> k) BRERFHEROEFEE (i s), WA 1, 7edh
W EFRE.EWME FHARE.

TE K =0 B, BEE =10, EDDRE + ek’ + e, =0, RHEIEH, e, + ek’ +
DDk >0, i k¢ =0 WIS, ERFAEEN, B L WEREE -1 LR, B8
BRI FE &S .

k2([H*1, 4, f) = (—es + /2 — 4e,D,D,)/2D.D,. (9)
HEER [HY] K& A, fiER k=ki (f) 0BT S 5571 k=0 B4, ILE 1 (4R 4FE)
5 2 (g 1.
Haoa=05a=20%
DD + 26D, Dyk* + k' + Gk + eye, = 0, (10)
ittp’
B, = e2 — e,(—D,D, + D,;Ds + DiD,) + ¢,(D.D, + D,D; + D;,D,),
8 = ex(e; + ;) + eDi(e; — €3)»

1 1 1 | . |
1000 2000 3000 4000 5000
k(em™)
Bl B-Z RuARNERMEESERE)

BT S Oy 2[R A B4 IR SR B E s BT TS AR SSE RS W R, ZElE L iBE. el
EHTHARRE. ik 4CDE HFHMEEORL(HLEL STS), A C(1.010, 2194, 21.97) Hix
BHZR ERORE AR AGC 5 SHIEAY; Bhsk 4FE NMA S S¥HE 4 =0 B4,
(4=0.229 M, [H+]=0.25N, D,=1.80 X 10~%cm?[s, D,<10~*D,, D,=0.05D,. LI F&ER)
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ey = kid + ka, + 4ksa, + ka; — kA,
X e =00GX5 kR = 0%tR),R0H
29 + (g — Dh+f=0 (11)

A f EMERE: £ = 050002513, £ = 1+ 4/ 209 FEXFEA f PR RIS
FIEEN, e, < 0. XA, HEEF e, > 0, % (10) RALKE, BRI, =0, &k FEHRE
B, & BERNTRFEE—— KR R k. RGP, B A B
TR, (10) REEE G ay=0=0) B KU IEF WL BT, 1 e, > 2D.DK
it 4
BH, 4, 1) = (=8 + V8 — 48ic1¢:)/26.. (12)
F k() R ke E KRG FROEHR &S AMRORE, WF AR (HY] R 4, i k = k()
T 2 (9HIER 2, B4R ko = ke(F) LA 3 AOHHZE 2.
t[HY], AXfRER, ki Bk BT, HEBRKE Keae. ke BUBKERH

i&ﬁ ](rcnax EH&FK\(;EE:
DfDﬁl(s + ZengDzl(s + gkt + 2:’263}(2 + ee; =0, (13)
ﬁq:' g = ei + (3fz - f1>D1D2. ¥E D; = D, =D, HE[': kfcnux = 1{2 E ey > 2D1Dz/(2 BTj"
ko [HY T, A, 1) = (—eaes + v/ eled — Beres) /8. (14)

T4 EN [HY1 5 4, HEMH k= ki (f, k) 0k (f> k)/0k = 0 B 5E i S pOH, WA
LHHIZR AGC; HIER k = kine(f) RBHTE S FUHIETTE & = 0 LA &, WHE 2194
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e
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ol
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f
B2 (nHEBhR B3 mRERERRg (D
BHER 1 9 In BB AR & = 480, Bihk s &5 BHER 1 AR ke =Rimax(F), XEHHE S KW
ST ke=0 B3 4R BRER 2 AR IR R IR k= (%8 AGC) AT k=0 LR93%R; k2 %
k() X2k STS (£ P H ks = 0 LIOBR (B4R BZR ke=kEL(f), X RHILE STS (Hi%k ACDE)

3 i S BVH (AR AGC) FE Vil he=0 LRI, EVXE k=0 LEEE.
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3; HIZR & = kimax(f) ReHHTE S B IEFTE & = 0 LAOS R, WA 3 pOHRLE 1,

—
—
—

RREENAE RN S RHEHN ,EREE 2 5, ELFE-NLOEMAET, Hi 2
WEBATE., X AROHEERNESEPERERRE RET am—a=05a04<
0, IFll oy, — s =0 H e, = 0, EX

8= e, + (D, + D, + 2D)k* — wi(h — 1)/l e, + (D, + D)#1,
8, = e, + (es+ e.D)k* + (DD, + D.D; + DiD, + DD,)k,
H oo — o =0, AR R HSERANERERER L
R(LH'], 4, £, k) = (—6 + v/ 8 — 48)/2. (15)
NFHEER (HY R 4, ke = ki (f, k) AN S FAPGHROERE (M 7s), WE L,
wHE LS RE, EHTE T 5 ARE.

£ k = 0 I}, k¢ BUROKMH,

%zmax([H*’]‘s A, f)=[—'f§ + Wf(l’ - 1) + \/[ef - wf(" - 1)]2 —'45133]/264. (16)
NTAEN [H'] K 4, R k= kna(H) HHE TS 5F@E k=0 XL, LE 1
1K

TS RHER, BB EOLR (FRY -t =0), BIKRERZ RET ¢ —
6=050,=0,BlRET e =, =0, HM & = kL.
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f MHem™)
4 RRERH R D BS IR
A ke = Kinac(), KEHE TS 5FH BigE A =A.(k). &g 1, f = 1.00; Bi%% 2,

k=0m%L f=1.01, ZEAC, k=%, &k A=0
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BN F I E R R —Hh 4R STS (WA 1 fyih4k 4CDE) din F 5 RAHE:
ke = ki(fs B)s ke =R (f5 B). (17)
BR HITBEAS oo = o, = 0 5H. EHit, 7EHL STS &, WRBEL =0, B L=
ke= ki ZFEWTREN [HYY R 4, itk k= ki (f) X% STS ERE k=0 £
o HHER ke = R (F) DyhgR STS 7E5F1H £ = 0 EAORES.

TEASH T E~BET, B-Z RNAKREE—MERAE R dhm (HihmE s Sib
B TSHE). £ [HT] M 0.01 NZE%] 1.00 N i, HEMRKEAL; A% [HT], ¥
4, HBOERE. RCAHihsk sTs EESA (ME 1/ 3), & [H 1 BYEX 0.16 N f1
0.49 N ft, /5 C By AsRR4 5124 (1.007, 2422, 21.68) %1 (1.017, 1842, 21.23), f£ [H*] =
025 N I, B CHIFRA (1.01, 2194, 21.97), IR WAL om ™, BEE £ 10HE
froa s~

ETHE I FUREMGERITAZ AT, A BITEOERFERE 1., KALENZE BT
i FORAN FHEE R

(2 — 200 — i1 )(A +4d) = 0. (18)

5 (5) ALk, 718

A([HY], 4, f,k) =

Ve + ek + [es+ (D, + DB + eDi1k* + (DD, + D,D; + D:DDK . (19)
MTHEN [(HY), A% f, gitkr=2.(k) WE5 (L 1, f=1.00; k2, 1=
1.01), R L Q.05 2, BE 0, 7 k= 0 N(HRELE 4ka+ka, — kA > DR,
kid + ka, > Dk R ke > Dsk? 0§ BIER @i/ TR I ER , AT 28 ) . B

lg([H+]7 A,f)='\/81+ e4z;max- (20)

ERFRETAROEEE » =2./k. NTHENAS (H'], ELACHIERZTE
HCRH v SRIERILE 6. HCHIL STS ENREA, XB X 5K, % &/, #
B (6k/0f)srs RA, WfiEE—MRRIEBIERE N, BN HLERFREHHER 4
B, HE 6 WML EAERETER ¢ ML, » Bk WEMASER, SaER, 8/, A
A CHE.MERASWEANBRRERE L K, H, HiXE L BEREERREEEE
HEWE., EEREACHHY, BT EBK, RAMNBEEENE L RIRRRE AR
SEBEE. W ERREARFRRE « = 01/0k. hE S AUEN, EAERET, £RCH
VL BEREE, BNk 2 = 2. (k) A ES, Bk, TRURME 1 = 2.(k) R CL
RO 6, FUR D B

&%@U }(x = ka[H+]2> 1{2 == ’{Rz[H+] ) ks = /(R-;[ H"'], #HSI d, = Dz/st dy = Ds/'/Dn
r=(d,+ d;)(1 + 4,)/4, 7§

ey = kriker 295" — (1 — @b + f14* [H*} = [ 4’[H" ],

€ == /(Rxl{mPhAz [HYP = 1,47 [H*P,

es = [dikr(3qh + f — 1) + 2kg,(h+1) [H*]] 4D, [H*]/2 = mAD, {H"],

o= Lhio(3gh + f — 1) + 2ka(h + 1) [H]] 4 [H"]/2 = mod [H"].
TRA
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ke =V (—my + i — 4libms [H71)/2my /4 (1D,

=y +/4 [H*]/D,, (21)
s

my = 2d,l; + ((/z + 45 + dzd‘s)(lz - 11) + mi//[H+]a

my = (12 + 11)"11 =+ ds(lz - ll)mz.

B EEEE wr 4
up = —lligloal/alt ‘
= anIEc’ (22>

o

n=+~4m + (L + d)n + (d, + d, + d.4,),
m=—[m, + (1 + )7 W (nm: — mnms + nl)/nl

+ (n, — ”3)(1 -+ dz>2(lz - 11) [H+]/8{m2 + (1 + dz)YZP + f'}//na)

n=(mnr, — 2ns)/ns — n,,
ny = m, + (1 + dz "+‘ 2d3>72 - (12 - 11) [H+]/[77lz + (1 + dz)?’z],
ny=10 [H*] + (m, + dym,)v? + 4r7*,

0.16 7 T
;
0.8 iy
o o
6 . §
- 3
3 ¥
g
E
=
0.4 -
0.2 -
0 ! ~ ) 1L L
1000 3000 5000 0.4 05 0.6 07
A(cm™) [(H*}11 (N12)
Bl 6 EERhE B7 BhREhs

%% 1, f=1.00; fhsk 2, /= 1.01

B4k 1, f=1.007; ghsk 2, f=1.017:
HiZE 3 (E4R) —BMIRER R ur 5
[H+]'? Z[RMIx &
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"y = «/;f — 4n,,
ny = dy + (1 + dz){l + (lz _ 11) [H+]/[mz + (1 -+ dz)yz]z}/lza
ns = (m1 + dsm, + 81‘7’2)/2 s
(22) RIRFIE R
uy =20/ AD, [H*] . (23)

Kth L =rn. (HATE, Wl ur ~/ 4. {EB D, = 1.80 X 10 %cm?/s, D, < 107D,
D, = 0.05D, I}, ay B [HY1Y2 A 0 FHFHEIN, ur 2ETFHART BRI, Ti/BIL TR FI2%
Tt AE BRI MRS AR TR T DA AR SR B8 T, — ELME B, 7B 7 s i
41151 = 1.007 SRLBIE 25 f = 1.017 MR, fi48 3 (H4R) THRERGEE w5
[HY 12 (fl% R, 2608 7, DBV SO0 S s B L E i 22 > RATEE 5
=LA,

ot}

REIREREEEOER T, BERNEENIESS B-2 KNAKRRFEHEZ), BT
WA, XEA LU IRER S FIREE UM, BUE RS TR R A R B
ANERRE, TR EE RUNERE S, WRIETR, B-Z RNIR RAIE SR 20 Biln
JEH TS RIEIREERE FIRE R R E R AN (S5, E5%mW f WREEX).
RAMREW R NBARBEE %, R |4 /dr*| < (da./dr)’ /2, R |&T./dr’| « (dT./
dr )}/ T, CXBPRTE, 8T 22 (9 EAERC07). B, ERE BN AR E LB
2B, TTLLNA £]04./02] < A, £|0(01,/0r) /02| < |04./0r . EFEBLATLIELE "I
EART. TE.BRIMNET EREERERRIZEM,, JUFEEESKE. XASEMERD
B,

fie SEILARAL DR X — 25 PR (E R R B R P, ORL A BBk i K T4 B A 51
mk, IRfax i (2) 464

0X/0t = kAX + kAY — 2ksX? — kXY,
BY |0t = —k,AY + thiZ — kXY,
820t = ksAX — keZ , (24)

KPR IR B T IR BE A4 SRR M B ko> kas kos ks B ke SRALE ERGBRE.  H (24)
L, AU EIRBESK, ZFERE ) RE. EX—EERMIE,E 24 K& HEE
Ox/0t = (ksA — 4ksa, — kia)x + (kid — koar)y

Oy/0t = —kax — (kud + ka)y + fke2,
Oz/0t = ksAx — kez. (25)
L xyy B~ exp(—A2), AIRREIS (5) KA RGRAEIE 77 72 » M 19 2 s 5 3
2.(), ARG (20) NEE. XHEL7E ¢ BYERN, BEIMEE « %
v(rs 1) ~ —2(r)/1(dA(r)/dr)
= —2(e, + ekl )/t(de/dr + Fide,Jdr + edki/dr), (26)
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KPBANVERT THK “max”. 85K, —dd(r)/dr = b* AR, EXBH, X
S 25 5 5 — B ) A (ROWEBUES S R AN R A BB RL) » 7 X B TRl , B #5Fb
K* B MR — N R, BREEES
up = —di./dk*

= (di,/dr)/{d2,/dr?* — (dA./dr }*/2.]

~ v, (27)
BITEM BB NEG T . EARNSERNIFS S B-Z RINAK RSP, BT B/ERTT 28, U
BRBELERE & TR, X, do/dk* =0, TEE BHEEREN.

ARIXBRASREBAEAE=ZN2FEE, TRT B-Z RNARNREYE, XTHED)

NERR, E—EHRET, REAENB-Z RNEREERFRENEIZIAER. €55
RS, R B2 EWE, ur = 29Dk, DAWRBRNT AR, & HERER, 7
B [HY] R AR WM E N, g ~ 0.1; A EREEMUIEERIENSKRER
REIB A, vy = v, v AHHEE.

FEARS B TS, chE B E B R K2R A R 40 T AL I - B
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WAVES AND STABILITY IN THE BELOUSOV-ZHABOTINSKY
REACTION SYSTEM

ZHENG JIU-REN

(University of Science and Technology of China, Hefet)

Hvuo Yu-ring

(Institute of Plasma Physics, Academia Sinica)

ABSTRACT

On the basis of the Oregonator model, we took the rate constant ks, the stoichio-
metric coefficient f and the wave number & as the parameters to study the stability of
the BZ reaction system. The expressions of the following physical quantities were
obtained, they included: the critical rate constant k% of the space periodic structure, its
short-wavelength critical wave number k§ and long-wavelength critical wave number % ;
the eritical rate constant k ¢ of time-space periodic structure and its critical wave
namber [k, (%, =% ). Then we worked out the critical frequency A, of BZ reaction
system and analyzed the near-by critical state behavior of the system, whereby we
obtained the trigger wave velocity ur and phave wave velocity #». We came to the con-
clusion that, under certain conditions, the near-by critical state of unstirred BZ reac-
tion system may exhibit a stable wave group, or, a wave packet.. The trigger wave is
a wave packet in the homogeneous system and the phase wave is a wave packet in the
inhomogeneous one with a slight gradient. We have got that (u;=24Dk,, where D
ijs the diffusion coefficient of HBrO,, n changes slowly with [H*] (to the extent of
experimental observation, 1 .= 0.1), and u» = v, where v is the phase velocity,



