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& M ERRR I I, AE e IR B AT N,
I3 99 G BUR GEAE DR A A 75 2 10 fg A% e (151,
PSR & RE MR R LB : R 4G 0L B R
gr 0T gy (81 Fig e ig 19 o KR
iE.

FIXHF PR A RAEMIFIT, KA &m 5]
NHUEFR SRR Sy B2 R 4, Bl BUE B 25
AT N R Bh ) 2 AE 20), B e R BB E 5
RN, IR R F= WL S [ T 5 1) 32 .
T8 R S B AN [ I 1) R RE (4T, 30 3 4 8 b
18 R G, 40 ol 25 H PR 58 4958 P 0 . 1) 4% b AN [
H DR A AP A& B 2, 3 i 2 i 2 DR s
AR A 73 258, AT 8 7 AN [R) A% 1) = A ik
i 16,1921 SR X — 5 vk, Bl B NG T %
Fofr o 28 O IR (1 P (R [ 2 A e 3Ly 2 pLER (22
s Ny T %2 Lorenz & 48 1) Fold/Fold
J& Fold/Hopf &k 1231, #Rif, Hurk TR IE 1
TE RN H IS 3 TR YE R4, R, ik b K W5y
70T A AR NS LR TR 5, 38 D) 77 B gk AT 5
RN AR, DR B A TR S s e tig
WG ARG UL NS 24153 70 S B R IS

A SCWEFT IR AR 4 )8 CO Ak i B A7 A6 15 2%
SN, — IR A R R T CO B Y,

CO + 7 —= 7CO,

0, +27 X2, 970, 1)
ZCO + 20 X5, c0, 4 22

RN R AT R

70+ Zv 24 7,0 + Z, o
ZCO + Zy0 X2 COy + 2y + Z.

MRS IR AT LU R G ATk 08

=K (1l-z-y)— K_ 1z — K3y,
Y =2K(1 -z —y)* — Kzuy, 3)
2= Kqy(l —2) — Kszz.

z, y 7l KR TR Z B CO i O 1 & 4
WEE, 2 RAAWZ 0T & WAz, y 2 B
B, WA z,y,2 >0, 24+y <1,z < 1L.K;,(i =
1,—1,2,3,4,5) k[ W5 5, 1K L85 HOHO T

S N EE S AR P AR (K370 T, 38 0] AR

K1 = 3.6 x 10°Pco,

K_1 =10" x exp(—E, /RT),
Ky = Ky Po,,

K3 = 10" x exp(—F3/RT),

Hrh R NSRS, T NS, Po,, Poo 73RN
SRR — AR I 0 KBy, By O O
fhfig. WEALRE B3 Bl y 224, B3 7] LLR IR NG 8
%
Ezi, y<y.—9,
E3 =4 Es, |y—uyel <9, 4)
Ez3, y=>y.+9,

ye = 0.5, 6 = 0.1, F3; = 28kcal/mol, B33 =
33 kcal/mol(1 cal=4.41868 J)Es, S i K4 (24,
H Ess(yc —8) = Es1, E32(ye+0) = B33, Esa(ye) =
(Es1 + Es3)/2, ye 5 0 43 mIZ IR fe 2 58RIy
[IEERSE NS

AL, T WEE BN, AR N Z R
FRI Il SR, AE1T R E Koo WAFAERS TARFN IR
170, ATERIR G H BR K

Ksi, 2z < ze— 0.
Koy = Kgg, |Z — ZC| < 51. (5)
Koz, 2z 2> zc+ 6.

ze = 05,61 = 0.1, K91 = 0.9 x 10°s™'Torr 1,
Ky = 0.11 x 10°s 'Torr!(1 Torr= 1.33322 x
10% Pa), Koo th 4S5t 131, 0 Kog(ze — 61) =
Ko, Koo(2c+61) = Kas, Koz (2e) = (Ko1+Ka3) /2.
ze 5 01 3 MRIR Koo FEIRYkAN R TR L5 06 2

X TR 4 e A A RO TS, AR LA T
Fw IR, SR, 3K 28 T AR R AR AE T 52 56 A £ {1
FEAEL DAL 3 D) 75 B B EfRORE AN [ AT A i
RN ZREE S sk HR5 S5 = A LB, R T —
ARSI O R B [ B AT A, AR SCIE 6 S
im0 A, GEST T A (AT Bl ) 2 B AR
B, AT T AN R RGAAl S ILAF AR 45 A, 552 T HoAH
IR RASA S, 25 th T AN ) ROBERE & 5 DR 11 25
JSARE RIS, I 73 2 BRRH 7s 1 % R Ao
JESELGR I = AL,
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P 12410 T AET T AT S (B A3 BT, FRATTR FH 46
PERNE M 54, R TEGRE By 12240 v LT A
N 73 B ok sR AR Ak

E31a ygyc_(sa
E3 = Eso, [y — ye| <0, (6)
E33a y)yc—i_da

o By = 25y + 18 keal/mol, W& 1(a) .
[FIRE, 45 Koo SRR 1 Tk 72t FH 2 1 R Kok
LT, AT

Ko, 2z< ze— 61,
Koo = Koo, |z — 2.] <1, (7)
Ko, 22> zc+ 61,

Hrf Koy = (—39.5 x 2 +24.8) x 10*s ' Torr 1,
&l 1(b) P

A R A, 53R N AN AN 2 s
W B SN i A, R N R Ky, K
AT Kiyio= —1,1,2,3, fibh4d ¢ = K5 < 1,
a=K4/Ks.

TR 8 ) 2 R ] s Ay

¥ =K (l-z-y)—K_1x— Ksxy, (8a)
y =2Ks(1 — 2 —y)* — Ky, (8b)
2 =elay(l — 2) — z2). (8c)

WIS 4 A Ab o R 1Y) B AR (8) ] LAY
FEHRIN, AN RN AR AR A B PRE R
FEAT R IR A, S b g I 1) ] FE R 5 SN R 4 1)
FAAT A 38 4 BB H KR 4R 35 ANl 4 5 (R 20 &
FHAE, 3% H NF 2oR, Hoh N #1530 7m0t
R LGN PR R N AR AR BN
PIRE R G M8 Jy 2 M i Sk . I i K4k
i 4 32 11 /N L 9 99 15 20 Bk A BOR 2 (spiking)
MV A (quiescent state)VF 415 3% # FR7E J 10 %
K (periodic bursting) £ & — & K AT A A7 AE 28
FE AT H, —F R NTURES BB S5 2,
M 55— O S BTS00 2, W2

A LY B R GeAE DURLAS AR 75 2 )k [ AR
el iRk 16,

RN G AT B 4 a8 A A R 1K B0 ) SRR AL,
ARG N 3 70 B R T A & R (8) MR 243
AT R R e A L. e B8 T = 500K,
e = 0.00003, a« = 4.645, Po, = 9 x 10-7 Torr,
FE; = 35kcal/mol*3!.
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B m AL RE 70 3 th (8a) A1 (8b) A4 Ak
FIPR T RGE NG T RS (Be) MBI aL. DAL
A A AT LU A (8) A 40 75 5F A 2, M
FCREE PRy LUE A1 WY Jacobianii B )4 Ak
ERRE. BT RGN Es 5 Koo 70018 M0 B
LAERE, PEUEAN RGN N AL T R4,
WA D RGUHEAT SRR 73 20 B 73 #T.

34

w
[ )

E3/(kcal/mol)
8

[\
oo
T

104

KQ(J/104

(b)

0.0 0.2 0.4 0.6 0.8 1.0

K1 @Fs 5y MBBRR; (b) Koo b 2z REER R

31 Fold 9&9#Hh

M0<y<04,0<z<1BRGE5N:
0<z<04, RGN

.CL'/ :fl('ray7z)

020504-3



¥ I % R ActaPhys. Sin. Vol. 61, No. 2 (2012) 020504

=K;(1 -z —y)—0.00504z — 5.78zy, (9a)

y' =fa(z,y,2)

=0.162(1 — = — y)* — 5.78xy, (9b)
2 =f3(z,y,2)

=0.00003(4.645y(1 — z) — x2). (9¢)

0.4<2<0.6I, ZEH

v =fi(z,y, z)
=K;(1 —x —y) — 0.00504z — 5.78zy, (10a)
y' =faz,y,2)
=(—0.7112 + 0.4464) (1 — x — y)?
— 5.78xy, (10b)
2 =f3(z,y,2)
=0.00003(4.645y(1 — z) — x2). (10c)

06 <z<1I, RGH

¥ =fi(z,y,z)

=K;(1 —x —y)— 0.00504z — 5.78zy, (11a)
y' =fa(z,y,2)

=0.0198(1 — = — y)* — 5.78xy, (11b)
2 =f3(z,y,2)

=0.00003(4.645y(1 — z) — xz). (11c)

HARSL Q)5 Q) W HEHRTFRETATLE 2,
EUHAT (20, yo, K10) R T REN TSN
R (2o, yo, 20, K10) D BN RBEIFE D
RO R RGEBEAT IS 7 8 0 M 2 AR R .
T FRATRE RS LA E = AE BT RE WA T
T LT B 24T

RF R4 (9a),9b)+, & 2’ = fi(z,y,2) =0,
Y = fox,y,2) = 0 B SR 0 =R 2

y? + (6.172839503 K, — 0.9982560553)y>
+ (1.067965312K2 + 0.0053825451 72K
— 0.001743184301)y — 0.76 - 106 = 0.

1% )y REATAE AR, REEAFAE Fold 70 7

4AC = 0 I, JFFRAAAE MR, Hf A = b2 — 3ac,
B =bc—9ad, C = ¢ —3bd. a,b, c,d Ik N—I0=

OTTRET ARy H e BRI R 5. AN BB
EEGEl
A=B? - 4AC
= — 115.7615487KY 4 41.07571272 K7
— 2.632816161K7 — 0.1714081939K3
+0.01111658419K7% + 0.7463786 K, - 10~ 7
—0.4039 - 1078,

A=0I,H20<y<040<2<04l3
Ky = 0.05207535778. #AR % (9) R T RGiAT
7t Fold 437, Hoar 2 240 Ky = 0.05207535778.

T RS Q) Mk TF RS 2 =
fi(z,y,2) =0,y = folz,y,2) = 0 B 513 2
—IC=IRITFEN
y® + (50.505K — 0.9982560553 )y>
+ (8.737898 K2 + 0.044039K, — 0.001743184301)y
—0.76-107% =0,

M A = B2 —4AC = O, W2 E&MF 0 <y <
04,06 < z < 0.1 fJ Fold %38k K, =
0.01804828787.

YT RS (10) kT R 4, B 1H (10b) il
gL T 2 WA 7 7 S8 IR 5, 3R
G LR T R 4877 4E Fold 43 4 1 78 B4 A

77414.16576pK % — 111863.4696 K%

+224507.2738p K} — 113813.6262p* K}

— 1127.583773 K7 + 4511.31875p K}

— 5638.898783p* K3 + 2261.072086p° K7

— 2.84151 K7 + 5.678pK; — 2.84647Tp* K3

+0.156 - 107 5p3 K = 0,

Heh Ky, p Wy E 2%, Hp = —0.7112 + 0.4464.
R ML, 24 K, = 0.0396 I, AL 0 < y < 04,
04 < z < 0.6 M7 SN 2 = 05629784094,
0.4886676035.

3.2 Hopf #8249

204 <y<06,04<z<06mHRTFRGEN

1,/ :fl(x7y7 Z)
=Ki(1 —z —y) — 0.00504x
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— 108y e 25V 18 (12a)
y' =fa(z,y,2)
=(—0.7112 + 0.4464)(1 — z — y)?
— 103 py e 25V —18 (12b)
4 p = —0.711z + 0.4464, s = 10'3e~25v~18,

u = 63+ 12500ys, p 5 K1 WS # (z0,v0)
AP A A2
(1 — yo)u?p — 12500suyo K
—12500%syo K7 = 0. (13)

R (12) 15 (w0, yo) MHFFIEZ TR A% + a) +
b= 0. #H7E (w0, y0) HIL Hopf 7375, A 1F

12500K7 + my K + 250000 (1 — yo)pK:
+2(1 — yo)p + (0.00504 + syo)u =0, (14)

Hrp

my = 12500(0.00504 + syo)
+ 12500u(1 — yo)(1 — 25y0) + u.
(K1 + 0.00504 + sy0) (1 — yo)
x [2p(u + 12500K1y0) + 12500K75(1 — 25y0)]
— [K1(12500K + u) + 12500K5(1 — yo)
x (1 = 25y0)][2p(1 — yo)(u + 12500K71y0)
+ 505(12500K, + u)] > 0. (15)

I, FHMIG AR R 2 Ry %24, tH Hopf 4y
3L A0 R R A5 Re(dA/d2).—z # 0
A, M 04 <y < 060, [HA Re(dr/dz) =
1.422(1 — y)(u + 12500K1y)/(u + 12500K,) > 0,
WAL (12) 1E (2o, yo) HIL Hopf 737 (1) A8 EE4 AT
I (13),(14) 5 (15) X[ AT

4 B 2 ABER

TELL B4 B ST, ATE e H RN RS
SPATASEE Ky A 1) 01 AT A R [#] 2(a)
BT ARG K M 0.0118545 4L F 0.06 1
17 503 8 B, B S e oy AR 4 R, RGO
hASFEE - 5, LPy, LPy, LPs #54 Fold 43 72 A,
ISR Ky = 0.0180482915, 0.017944762,
0.052077926. LP; 5 LP3 (4 # S HUi S B 15

HEEARFTA. LRy 5 LRy 8% 45 [A) 1 BUIE 50 4% 15,
ZHAE 0 K = 0.0180482915, 0.052077926.
K 2(b) A FE 11 LPy 5 LRy ARFITOR B

1.0

A
0.8
* LP,
LP,|
0.6 b——
LR, B ]
N LRo
0.4
0.2
ol (&) LP3 o=
0.01 0.02 0.03 0.04 0.05
Ky
0.605 X
!
i
0.603 :
1
]
1
0.601 !
N LPQ‘I ___________________
0.599 LR,
0.597
0.595} (b)
0.0178 0.018 0.0182
K,

K2 (ENRGEHX K1 S5 80T, (b) LP2 ALKIHCKIE

M 2 Pl LR B Ky = 0.01185 R4 A4
RGN TRE N PEE, HE K = 0.0180482915
RE AN - FEIE S 7, PSR
F e, OF BB Ky 035G, J 4R % 1 4
W T, X e BLAY Ky = 0.018048292
B, T = 309398, 14 K; = 0.01805 HY,
JAW T = 13551 X — B A LUIESE. R4S
7E 0.0180482915 < K; < 0.052077926 Yol N —H
FEAERGE AWM. I 3(@) on T4 K, = 0.0278
I} R G0 P07 2B 1) L SR AE oz P Il IR,

MBS EAT LR B Y K = 0.0298 I,
T RGO 7L Hopf 40 &, Hor BHHR 2, =
0.121482943 Hz, MM 5 B m) & 3 Hh B A I 4.
WCIN, RGEME B 5 AN A, — 2 B 4 R e
MBS 3B IS S K EE 0, AR K,
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Ak 5y — B2 T RGN Hopf 70 25 AR 0.
MBI 3(b) iTLAUABLY K, = 0.033 I’ RGERI
FAIAIR R I, B NP 235, 4 2 G0 e ORI JH
WP I R, AR & o by [T R G111l
FUABCRUR A 7, T G e PR i 4 3 AR 77 AR A
254 0.12117797 HZ5 2, 754 RUT.

0.59

0.58F

© 0.57F

0.56

0.55}

Fo—

0.58 F (b)

0.56 |

0.54
Ay

0.52 { B,

0.00 0.15 0.30 0.45 0.60
Yy

3 yoz THAME (a) K1 = 0.0278; (b) K1 = 0.033

5 fmJE a4 B EALE

B Ky B4k 2238, & 98K 28 2 B
HR I, K 4@ 5 b) 2alaih T K =
0.038, 0.052077 I yoz V- 1Hi A . 4140 43 47 7] LA
RIS AN TR I IRE K IR SR I A
AN, SIS B AR A 3(b)
Kl 4 (a)5 (b) nTLURIL, BEA Ky mI3gn, thy R4
(1] Hopf 43 72 xR Fold 43 7% s 22 [ 19 BE 25 1 ok ik
K, i 5 fror, BIBEE K, (880, Fold 73 72 m5i 4%
U, 11 Hopf 73 7% sidiff J, 13N RG Ak Tk
AR ()R A, T 80T I R 4 2 %

AL T DU IR, 5 4 5 PRI H e A2 A AN X
W, Ky = 0.052077 i, REEAR R y L RARKCKS
] — B IR IR 3, AR5 PR 1202 ek /N, o5 i gk N

DURAS. MeAh, ARG5S K i3 n
B N, A K, = 0.052077926 I R4 L~
A B gk R G BB 2 7, Ky > 0.052077926 I, 34
RGN T — A8 T

0.58

0.56
0.541
I

0.52F Asy

0.50F

0.48

0.6

0.5F

N0.4r

0.3r

0.2

4 yoz VA (2) K1 = 0.038; (b) K1 = 0.052077

6 Fold/Fold/Hopf #% % # % XK *
RN

T RE 0 R R A R B R B BIL B, [ g
ZH Ky = 0.0396, F 480 JE g an &l 6(a) P,
Kl 6(b) N HAE yoz V-1 B, Kl 6(c) 5 (d)
AN RIS TR P R L AT 2 A B 2 A A PR
ARG (x,y) W72 5, P PS5 ik 24T 7
r 1290, & 6(e) A U i AS T F IR oy 55T 2
() V-1l 2oy 30 00 M. ih 28 A—Ly BN BR 8 &5 A1,
Li—Lo BOW#E L, AE Lo—Hy B b, P s ASE

P R I 7 Hopf 2%, 70 80K zm, = 0.505.
Ly, Ly 7R Fold 73 75 i, 73 70 1H 21, = 0.488668,
21, = 0.562987, % 1j LS Hl Hg 5 vH 5 45 R Ak
NGRS
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K5 InEWIHEE A; (i = 1,2,3) b Hopf 2245 2, B; (i = 1, 2,3) 2 Fold 2322 £

056 N () 1 -t

0.60 |
0.45

= 0.30}

0.00} (c)
20000 40000 60000

(e)
0.56f |~

0.52

]
¢ L iB\y
0.0 0.2 0.4 0.6

0.48

0.56

©0.52

0.48 |

0.0 0.2 0.4 0.6

0.56

v 0.52F

0.48} . S @
20000 40000 60000
t

0.56

©0.521

0.48

0.0 0.2 0.4 0.6
Y

K6 K =0.0396 (a) R A (b) yoz VAL, () y HIIFE JIRE; (d) 2 OIS [ JIRER; () y KT IRARSHL 2 (14 5

D (F) yoz VT 523 7 S AR

e RGN yoz ~F AT I L5 - i 50 &
BIAE yoz 110 & 00 )5 75 2 & 6(F). i a) g A%
SICIF S W7 2 RA U K3 Wl b= B ]
Mz = 0.53(Ly 55 Hy Z18)) &bk, stk T

RGN E L, VB SHL 2 ST mfgerisis
), U HIEINE) 21, = 0.562987 I, tRF R K
4 Fold 43 7, RGEBEE] A—L, 32 b, REGi4)
SRAETUURAS, ELE 21, = 0.488668 I, th1 R4
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TR 4 Fold 4348, 8] I 52 30 47 ~F 37 i % B FR
P51, Bk Bh®) Hi—B 4337 b, JE A%E b ez
KRR, B, REENEARES. HIES
B2 ARG N, PRAR IR RE S S R B 1 &R
¢ J5 Wz s PR M AN N T, B3 zg, = 0.505
i, PR RGe = A Hopf 7378, REUZ BN R 18 AUT
RS, PRIz 3, —H B 2 = 0.53 B, RE5E
B AN WE 8, itk R T Fold/Fold/Hopf
RIS

EEN: A S M 0 - = = R S = W O R
B ) SR B I AR AL AT B AR R R &,
28 5 R B 9 7R OR35S 22 () R (R
R T R MR G . FF SRR
T, R AR I G U] Y 2 SR B AN TR, 3 B
RZ RIS F AR AR, 70 B ks el
B TG . VR R A HE R R AR A AR
3 THI 1) 52 B B A% v m DL 3R FH Bl A 20 ke T iX L

RIS A

7w

B < I AR 10 CO 484 S N 5 P9 J2= AL J B
IR A, T EOL R IERE TP B AR IR TR) RURE (R
o, P 7 A AN TR AR S ot B 5. LA I AR S5 A
SRR - 5 R PE > 2 AR AR K 4R
A7 0, IS I BE 2 B0 AR A SR . T 2 P &
i Hopf 73 &I, %8 45 30t — b e
JE 1% K 935, Fold 73 25 A1 Hopf 73 25 A8 15 3 e 4
TEAE OB MR & 2Z IR BT e, I eyl 5391 23
W AEAF R GUANAE WO I TR OO, HLE ) —
B - 25 [FAE BB B R R, RGRGE B 5y
A& BEANK R T RGUHAT T )R AR R A 2> &5 A Hopf
BAR M, I R HE 7 AT LUIRAIE, A RS 5R
WEFTERAE T2 I BB K.
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Bursting oscillations and the bifurcation mechanism
In oxidation on platinum group metals*
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Abstract
Applying the regression analysis to the measured data in &aton on platinum group metals, a analytical theory ntode

with different time scales is established in this paper. Stabilities of equilibria are discussed in detail, andeliit types of the
solutions may bifurcate from the equilibria with the chaingéhe parameters. With a certain parameter, the systemxtainitsperiodic
oscillations via the saddle-node homoclinic orbit bifuraa, which can evolve into periodic bursting, owing to Hdyifurcation of the
fast subsystem. The bifurcation connecting the quiesdate and the repetitive spikes is presented to account éoot¢hurrence of
the N* oscillations. Furthermore, the mechanism of sequenceegi¢hiod-adding bifurcations is explored to reveal why greth of
the sequences become longer with the variation of the paeasne
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