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1 Ú ó

õ�xz�A�3XÃXõ«�)!Üµ

���E,Ä�1� [1], &?õ�xzXÚ�A

�Ø=éu(½���&��AÅn, �éu

�\n)�AL§¥�Ôn9zÆL§äk�

�nØ¿Â. ��;.�õ�xz�A���Éx

7áL¡�zL§, duÙ2��A^�µ9´L

���1�, ��É�IS	Æö�2�'5, ~

X3À/��!-�>³�E!ð��í�?n

9~5��í)�L§¥, ÑI�/Ï Pt, Pd, Rh

�7áé CO ?1xz=¬ [2−4], Ïd�\ïÄ

Éx7á��zL§äk��nØ¿Â9ó§

A^cµ.

@ 3 þ  V 70 c �, Ä u Langmuir-

HinshelwoodÅn, Chumakovïá
¹kn�Ä�

�AL§� CO xz�AUþ�. [5]. �� Turner

�ÄgJÑ
xzL¡��z~�Ån [6,7], TÅ

nÜn)º
ÉjL¡u)���y�. �â�z

~�Ån, Sales�<ïá
 CO �z�A�nCþ

(½5�©�§| [8]. 3ù
�.�Ä:þ, <�

uy�Xëê�Cz, XÚ�3XØÓ���y�,

'X�xzL¡p�áNu)Cz [9] 97áS�

�3�'\� [10], Ñ�3��1�. Cc5, Latkin

�<�é CO+O2/Pt(100)�A, ïá
 Monte Carlo

�., ¿uyÉx7áL¡��AÇ�3g-�

� [11]. SantraïÄ
�§ÝÚØåCz�, ü¬N

�7áxzJL¡ CO �áN��zUþ�Cz

�¹ [12]. �
�«�A0�é7áL¡5��K

�, Lashina�<b�3Éx7á7áL¡��ß

Ý�3,�.�, 3T�.�?xz�AUåâ,

\r, �Ò´�A¹zUu)âC, ¿uy
XÚ

�qu�·by� [13].

Éx7á�z�A�9üa�AL§, �=É

x7áL�� CO �z�A97áS��xz�

A. �L��AØÓ, S��A�9xz�A�¥

mÔ, Ù�A�Ç���uL¡�A [13]. üa�

A�ÍÜ�¤
¯úü�mºÝXÚ. éuØÓ�

mºÝÍÜXÚ, Ï~kn«G�, =�N�!-

u�Úqu. �N�éAu²ï:Ú�Ì��, -

u�KéAu�Ì��, �XÚ3�N�Ú-

u��m5£Cz�, d�ÍÜXÚ?uquG
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� [14]. 3qu���, �3ü«��©
1�,

©O��XÚ3�N�Ú-u��m�C� [15].

¯úÍÜXÚ�quy�3zÆXÚ [16]
!)zX

Ú [17]
!ÔnXÚ [18]

!Ú ²�XÚ [19] ®k�þ

��.

@Ïéu¯úÍÜXÚ�ïÄ, �Ñ´ÏLÚ

\O·�)5©l¯úXÚ, ½öÏLê��[�

ÑÙ�A�ÄåÆA� [20]. �Xquy�ïÄ�

�\, qu��)ÅnÚå
Æö�2�'5. d

uqu�9�ØÓ�mºÝ�1�, ÏL©l¯

úfXÚ, ©O�Ñ¯úXÚ¤éA��«ØÓ

��N�Ú-u��/ª, ?©Ûë��N�

Ú-u��©
�ª, l�«ØÓqu��)L

§ [16,19,21]. æ^ù��{, ºé��<�Ñ
�

« ²��.�¥�ØÓqu9Ù©
Ån [22],

¸?·�<�Ñ
É� Lorenz XÚ� Fold/Fold

9 Fold/Hopfqu [23]. ,, 8c'uquy��

/ª�Ñ´Äu$�XÚ, Ó�, qu¥�9�©


/ª��é'�{ü, ½�I�3T+�?1�

\�\�ó�, ±&?�äkó§�µ�p�¯ú

ÍÜXÚ±9d�\E,�©
���quy�.

�©ïÄ�Éx7á CO �zL§�3üa

�A, �a´Éx7áL¡� CO ��z�A

CO + Z
K1−−−→
←−−−−

K
−1

ZCO,

O2 + 2Z
K2−−→ 2ZO,

ZCO + ZO
K3−−→ CO2 + 2Z.

(1)

,�a´S��xz1�L«�

ZO + ZV
K4−−→ ZV O + Z,

ZCO + ZV O
K5−−→ CO2 + ZV + Z.

(2)

�N�zL§�±^XeÃþj�.£ã [13]:

x′ = K1(1− x− y)−K−1x−K3xy,

y′ = 2K2(1− x− y)2 −K3xy,

z′ = K4y(1− z)−K5xz.

(3)

x, y ©OL«áNuL�� CO Ú O �Ãþj

ßÝ, z L«S� O �¹þ. Ï� x, y, z ´ß

Ý, �k x, y, z > 0, x + y 6 1, z 6 1.Ki,(i =

1,−1, 2, 3, 4, 5)��A�Ç~ê, ù
~ê�6u

�A§Ý9í�¥�A�©Ø, Ï~�±L«�

K1 = 3.6× 105PCO,

K−1 = 1013 × exp(−E1/RT ),

K2 = K20PO2
,

K3 = 1013 × exp(−E3/RT ),

Ù¥, R�íN~ê, T �§Ý, PO2
, PCO ©OL«

í�¥�Ú��z%�©Ø.E1 , E3 ��A¥�¹

zU. ¹zU E3 � y Cz, E3 �±L«�1w¼

ê

E3 =



















E31, y 6 yc − δ,

Ẽ32, |y − yc| < δ,

E33, y > yc + δ,

(4)

yc = 0.5, δ = 0.1, E31 = 28 kcal/mol, E33 =

33 kcal/mol(1 cal=4.41868 J),̃E32 �¢�êâ [24],

� Ẽ32(yc−δ) = E31, Ẽ32(yc +δ) = E33, Ẽ32(yc) =

(E31 + E33)/2, yc � δ ©OL«Uþâ,O\�¥

m��°Ý.

d	, duS���'\, ��3S��ßÝ

��.�,¦�XêK20 ��3Xâ,~��-C

1�, �L«�1w¼ê

K20 =



















K21, z 6 zc − δ1.

K̃22, |z − zc| < δ1.

K23, z > zc + δ1.

(5)

zc = 0.5, δ1 = 0.1, K21 = 0.9 × 105 s−1Torr−1,

K23 = 0.11 × 105 s−1Torr−1(1 Torr= 1.33322 ×

102 Pa),K̃22 ��¢�êâ [13], � K̃22(zc − δ1) =

K21, K̃22(zc+δ1) = K23, K̃22(zc) = (K21+K23)/2.

zc � δ1 ©OL« K20 â,~��¥m��°Ý.

éuÉx7á�z�A�ïÄ, �,®��


´L�¤J, ,, ù
ó��ÑÄu¢�Úê�

�[. Ïd½�I�lnØþ)ºÙØÓ1�ÃX

�A�õ�5!Üµ�����)Ån. �
?�

Ú)º¢�¥*	��E,1�, �©ÏLé¢ÿ

êâ�£8©Û, ïá
�A�)ÛÄåÆnØ�

., ©Û
ØÓ�)9Ù�3^�, �	
Ù�

A���ª, �Ñ
dØÓºÝÍÜÚå��«

±Ïquy�. |^©
nØ�«
±Ïqu9\

±Ïy���)Ån.
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2 ÄåÆ�.9Ù{z

Ivanova�<é Ir 7áL¡ CO �zL§?1


�'�¢�©Û, uy¹zU E3 �3� O ßÝ

Czâ,Cz�a�y�, ¿�Ñ�A�¢ÿê

â [24]. �
BumÐ�'�nØ©Û,·�|^�

5£8��{, uyò¹zU E3 �Cz�±Cq

^eã©ã�5¼ê5£ã:

E3 =



















E31, y 6 yc − δ,

E32, |y − yc| < δ,

E33, y > yc + δ,

(6)

Ù¥ E32 = 25y + 18 kcal/mol,Xã 1(a)¤«.

Ó�, ò K20 â,~��L§�^�5¼ê5

%C, KÙ)ÛªXe:

K20 =



















K21, z 6 zc − δ1,

K22, |z − zc| < δ1,

K23, z > zc + δ1,

(7)

Ù¥ K22 = (−39.5× z + 24.8)× 104 s−1Torr−1, X

ã 1(b)¤«.

��5¿�´, �L��AØÓ�S��A

�9�xz�A�¥mÔ, Ù�A�Ç K4, K5 �

��u Ki, i = −1, 1, 2, 3, ¤±- ε = K5 ≪ 1,

α = K4/K5.

K)ÛÄåÆ�.�L«�

x′ = K1(1− x− y)−K−1x−K3xy, (8a)

y′ = 2K2(1− x− y)2 −K3xy, (8b)

z′ = ε(αy(1− z)− xz). (8c)

lÉx7á�zL§�êÆ�. (8) �±�

Ù/uy, S	��A¥�3X²w�¯úüº

Ý1��ÍÜ, ù«ü�mºÝÍÜ�AXÚ�±

Ï1�Ï~¬¥yÑ�Ì��Ú�Ì���|Ü

A�, Ï~^ Nk L«, Ù¥ N Ú k ©OL«éA

uz�±ÏS�Ì��Ú�Ì���gê [15]. l

üºÝXÚ�ÄåÆ5��¡5w. Ù¥���

Ì��Ú�Ì����©O¡�-u� (spiking)

Ú�N� (quiescent state),Nk ���¡�±Ïq

u (periodic bursting).3z�qu1�¥�3üa

��©
1�, �a´l�N��-u��©
,

,�aK´d-u���N��©
, üa©


�OÑy/¤XÚ3�N�Ú-u��m5£C

��qu [16].

��\©ÛÉx7á�zL§�ÄåÆA�,

�©òA^©
nØ&?ÍÜXÚ (8) �E,Ä

åÆ1�9Ù�)Ån. �½ëê T = 500 K,

ε = 0.00003, α = 4.645, PO2
= 9 × 10−7 Torr,

E1 = 35 kcal/mol[13].

3 ©
©Û

Éx7á�zL§©Od (8a)Ú (8b)ª|¤

�¯fXÚ9úfXÚ (8c) ÍÜ¤. ��XÚ�

²ï��±ÏL- (8)ªmà©O�u"��, 

Ù½5K�±ÏL�A� JacobianÝ
�A�

�5û½. duXÚ¥� E3 � K20 ©O�9©ã

�5¼ê, ����XÚ©�Ê���5�§|,

�·�éXÚ?1ÛÜ©
nØ©Û.
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ã 1 (a)E3 � y �¼ê'X; (b) K20 � z �¼ê'X

3.1 Fold ©©©


©©©ÛÛÛ

� 0 < y < 0.4, 0 < x < 1�XÚ�©�:

0 < z < 0.4�, XÚ�

x′ =f1(x, y, z)
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=K1(1− x− y)− 0.00504x− 5.78xy, (9a)

y′ =f2(x, y, z)

=0.162(1− x− y)2 − 5.78xy, (9b)

z′ =f3(x, y, z)

=0.00003(4.645y(1− z)− xz). (9c)

0.4 < z < 0.6�, XÚ�

x′ =f1(x, y, z)

=K1(1− x− y)− 0.00504x− 5.78xy, (10a)

y′ =f2(x, y, z)

=(−0.711z + 0.4464)(1− x− y)2

− 5.78xy, (10b)

z′ =f3(x, y, z)

=0.00003(4.645y(1− z)− xz). (10c)

0.6 < z < 1�, XÚ�

x′ =f1(x, y, z)

=K1(1− x− y)− 0.00504x− 5.78xy, (11a)

y′ =f2(x, y, z)

=0.0198(1− x− y)2 − 5.78xy, (11b)

z′ =f3(x, y, z)

=0.00003(4.645y(1− z)− xz). (11c)

dXÚ (9) � (11) �wÑ¯fXÚ¥Ø¹Cþ z,

ù`²e (x0, y0, K10) ´Ù¯fXÚ�·�©


:, K (x0, y0, z0, K10) 7´��XÚ�·�©


:. �é¯fXÚ?1·�©
©Û´�~7��.

e¡·�òé±þn«�¹¯fXÚ�·�©


�¹?1nØ©Û.

¯fXÚ (9a),(9b)¥, - x′ = f1(x, y, z) = 0,

y′ = f2(x, y, z) = 0 �n�����ng�§

y3 + (6.172839503K1− 0.9982560553)y2

+ (1.067965312K2
1 + 0.005382545172K1

− 0.001743184301)y− 0.76 · 10−6 = 0.

�T�§�3���, XÚ�3 Fold ©


:. d��ng�§¦�úª, ��Oª ∆ = B2 −

4AC = 0�, �§�3��, Ù¥ A = b2 − 3ac,

B = bc− 9ad, C = c2− 3bd. a, b, c, d �g���n

g�§¥Cþ y dp�$g���Xê. �\�n

���

∆ =B2 − 4AC

=− 115.7615487K6
1 + 41.07571272K5

1

− 2.632816161K4
1 − 0.1714081939K3

1

+ 0.01111658419K2
1 + 0.7463786K1 · 10−7

− 0.4039 · 10−8.

∆ = 0 �, ÷v 0 < y < 0.4, 0 < z < 0.4 �ë

ê K1 = 0.05207535778. �XÚ (9) �¯fXÚ�

3 Fold ©
, Ù©
ëê� K1 = 0.05207535778.

é u X Ú (11) � ¯ f X Ú, - x′ =

f1(x, y, z) = 0, y′ = f2(x, y, z) = 0 �n���

��ng�§�

y3 + (50.505K1 − 0.9982560553)y2

+ (8.737898K2
1 + 0.044039K1− 0.001743184301)y

− 0.76 · 10−6 = 0,

� ∆ = B2 − 4AC = 0 �, ÷v^� 0 < y <

0.4, 0.6 < z < 0.1 � Fold © 
 ëê� K1 =

0.01804828787.

éuXÚ (10) �¯fXÚ,·�ò (10b)¥Ñ

y�úCþ z À�©
ëê, Uì�Ó��{, ·

��ÑÙ¯fXÚ�) Fold ©
�¿�^�´

77414.16576pK6
1 − 111863.4696K6

1

+ 224507.2738pK5
1 − 113813.6262p2K4

1

− 1127.583773K5
1 + 4511.31875pK4

1

− 5638.898783p2K3
1 + 2261.072086p3K2

1

− 2.84151K4
1 + 5.678pK3

1 − 2.84647p2K2
1

+ 0.156 · 10−5p3K1 = 0,

Ù¥ K1, p�©
ëê, � p = −0.711z + 0.4464.

AO/, � K1 = 0.0396 �, ÷v 0 < y < 0.4,

0.4 < z < 0.6 �©
ëê� z = 0.5629784094,

0.4886676035.

3.2 Hopf ©©©


©©©ÛÛÛ

� 0.4 < y < 0.6, 0.4 < z < 0.6�¯fXÚ�

x′ =f1(x, y, z)

=K1(1− x− y)− 0.00504x
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− 1013xy e−25y−18, (12a)

y′ =f2(x, y, z)

=(−0.711z + 0.4464)(1− x− y)2

− 1013xy e−25y−18, (12b)

- p = −0.711z + 0.4464, s = 1013 e−25y−18,

u = 63 + 12500ys, p � K1 �ëê. e (x0, y0)

�²ï:K7÷v

(1− y0)u
2p− 12500suy0K1

− 125002sy0K
2
1 = 0. (13)

XÚ (12) 3 (x0, y0) �A�õ��§� λ2 + aλ +

b = 0. e3 (x0, y0) Ñy Hopf ©
, 7k

12500K2
1 + m1K1 + 25000y0(1− y0)pK1

+2(1− y0)p + (0.00504 + sy0)u = 0, (14)

Ù¥

m1 = 12500(0.00504 + sy0)

+ 12500u(1− y0)(1− 25y0) + u.

(K1 + 0.00504 + sy0)(1− y0)

× [2p(u + 12500K1y0) + 12500K1s(1− 25y0)]

− [K1(12500K1 + u) + 12500K1s(1− y0)

× (1− 25y0)][2p(1− y0)(u + 12500K1y0)

+ y0s(12500K1 + u)] > 0. (15)

d	, eÀúCþ z �©
ëê, d Hopf ©


�7L÷v�î�5^� Re(dλ/dz)z=z0
6= 0

��, � 0.4 < y < 0.6 �, ðk Re(dλ/dz) =

1.422(1 − y)(u + 12500K1y)/(u + 12500K1) > 0,

�XÚ (12) 3 (x0, y0) Ñy Hopf ©
�¿�^�

´ (13),(14)� (15)ªÓ�¤á.

4 ±Ï���±Ïqu

3±þ�½�ëêe, ·�Äk�	��XÚ

²ï�� K1 Cz�ÄåÆ1�üzL§. ã 2(a)

¥y
��XÚ� K1 l 0.01185Cz� 0.06�²

ï:©
ã, ã¥¢�Ü©�½(:, J�Ü©

�Ø½²ï:, LP1, LP2, LP3 Ñ� Fold ©
:,

©
ëê©O� K1 = 0.0180482915, 0.017944762,

0.052077926. LP1 � LP3 �©
ëê��nØO�

�Ä�ÎÜ. LR1 � LR2 �Q(Ó�;�©
:,

ëê�©O� K1 = 0.0180482915, 0.052077926.

ã 2(b)�ã 1 ¥ LP2 � LR1 ?���ã.

0.01 0.02 0.03 0.04 0.05

0

0.2

0.4

0.6
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1.0
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LR1
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LP3
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LR2

(a)

0.0178 0.018 0.0182

0.595

0.597

0.599
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0.603

0.605

Z

Z

LR1

LP2

(b)

K1

K1

ã 2 (a)��XÚ�é K1 üëê©
©Û; (b) LP2 ?���ã

lã 2 ¥�±uyl K1 = 0.01185 m©��

XÚ?u½�²ï�, �� K1 = 0.0180482915

XÚ�)Q - Ó�;�©
, ²ï����

±Ï��, ¿��X K1 �O\, ±Ï���±

Ï × � ~ �, ù � � ± l � K1 = 0.018048292

�, ± Ï T = 309398,  � K1 = 0.01805 �,

± Ï T = 13551 ù � y � ¥ � ± y¢. X Ú

3 0.0180482915 < K1 < 0.052077926 ��S��

�3½�±Ï). ã 3(a)w«
� K1 = 0.0278

�XÚ��)�±Ï;�3 yoz ²¡þ�ÝK.

l n Ø þ � ± u y � K1 = 0.0298 �, ¯

f X Ú ò �) Hopf © 
, Ù © 
 ª Ç Ω2 =

0.121482943 Hz, l���þ|Ñyquy�.

d�, XÚ�$Ä�¹ü�ªÇ, �´dQ(Ó�

;�©
���±Ï$Ä�ªÇ Ω1, TªÇ� K1

020504-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 020504

Cz; ,�=´¯fXÚ� Hopf ©
�ªÇ Ω2.

lã 3(b) �±uy� K1 = 0.033���XÚLy

±Ïqu��, = Nk ��, ��XÚ3��Ì±

Ï���Ó�, ¯Cþ x � y �7¯fXÚ�²ï

:��Ì��, Ù¥��Ì���é�)�ªÇ

�� 0.12117797 Hz� Ω2 ÎÜûÐ.

0.0 0.1 0.2 0.3

(a)
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A1

B1

y

y

z
z

ã 3 yoz ²¡�ã (a)K1 = 0.0278; (b) K1 = 0.033

5 \±Ï©
9Ù�)Ån

� X K1 � U Y O \, X Ú � , L y ± Ï

q u � �, ã 4(a) � (b) © O � Ñ 
 K1 =

0.038, 0.052077 � yoz ²¡�ã. c[©Û�±

uy, d���qu�±Ï� K1 �ëYCz¿Ø

ëYO\, ¥yÑ\±Ï©
A�. '�ã 3(b)!

ã 4 (a)� (b) �±uy, �X K1 �O\, ¯fXÚ

� Hopf ©
:Ú Fold ©
:�m�ål�5�

�, Xã 5 ¤«, =�X K1 �O\, Fold ©
:J

c,  Hopf ©
:¢�,¦���XÚ�?u-u

���m�5��, l��
\±Ï©
y�.

·���±uy, qu����ÌCzØ�²

w, � K1 = 0.052077�, XÚ�Cþ y s¤é��

m����Ì��, ,��Ìúú~�, ��?\

�N�. d	, ��XÚ���±Ï�X K1 �O\

×�O\, ��� K1 = 0.052077926�XÚq�

)Q(Ó�;�©
, K1 > 0.052077926�, ��

XÚq?\,�a½�²ï�.
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6 Fold/Fold/Hopf q u y � 9 Ù

puÅn

�
?�Ú)º±Ïqu��ÄÅn, �½

ëê K1 = 0.0396, XÚ�±Ï)Xã 6(a) ¤«,

ã 6(b)�Ù3 yoz ²¡þ�ÝK, ã 6(c) � (d)

��A��m{§ã. ·�òúCþ z À�¯f

XÚ (x, y) �©
ëê, |^¯ú©Û{?1©

Û [25]. ã 6(e)�Ñ�´T�/e¯Cþ y 'u z

�²ï:©
©Û. � A—L1 ã�½(:,

L1—L2 ã�Q:, 3 L2—H1 ãþ, ²ï:d½

(:C�½�:, H1—B ã�Ø½�:. H1 �

²ï:���. Hopf ©
, ©
�� zH1
= 0.505.

L1, L2 L« Fold ©
:, ©
� zL1
= 0.488668,

zL2
= 0.562987, T�ýëê�nØ�O�(JÄ

�ÎÜ.
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©
ã; (f) yoz ²¡²ï:©
ã��ã�U\

òXÚ;�� yoz ²¡�ã�²ï:©


ã3 yoz ²¡U\���ã 6(f). d�m{§

ã���XÚ�;�÷_����$Ä. Ø�

l z = 0.53(L2 � H1 �m) ?Ñu, T:�¯f

XÚ�½(:, ;�÷ëê z O\���²$

Ä, �ëêO\� zL2
= 0.562987�, ¯fXÚu

) Fold ©
, XÚ;�a� A—L1 ©|þ, XÚE

,?u�N�, �� zL1
= 0.488668�, ¯fXÚ
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2gu) Fold ©
, Ó�É�m�|½4��

�áÚ, ;�a� H1—B ©|þ, ±Ï;�¥¯C

þÑy�Ì��, d�, XÚ?\-u�. ��Xë

ê z ��O\, ¯Cþ��Ì�ÄÌ��X¯fX

Ú±Ï$Ä�ÌØä~�~�, �� zH1
= 0.505

�, ¯fXÚ�) Hopf ©
, XÚ$Ä�ú?\�

N�, UY�²$Ä, ��� z = 0.53�, XÚ�

¤��±Ï$Ä, Xd E/¤
 Fold/Fold/Hopf

quy�.

d d � �, 7áL � � � z % � � � ß Ý

� X S � � ß Ý � C z � ± �)q u y �,

T±Ïqu��3-u���N��m5£�

=´d¯fXÚ�ü«©
�ªÚå. I��Ñ�

´, qu��y�`²S��ßÝ�ØÓ, ��Ù

L��AÑyØÓ��), 3äNÀ/��!-

�>³�E!ð��í?n9~5��í)��

�¡�¢Sö�¥�±Ün|^½k�;mù


AÏ���/.

7 ( Ø

Éx7áL¡ CO �z�A�S�xz�A

�ÍÜ, ��Ù�zL§¥�9ØÓ�mºÝ�Í

Ü, Ï¬�)ØÓ�Üµy�. Ù�A�½)

¬ÏLQ - (Ó�;�©
�)±Ïé����

1�, Ù±Ï�ëê�Cz×�~�. �¯fX

Ú�) Hopf ©
�, T±Ï��?�Ú¬üz�

±Ïqu��, Fold ©
Ú Hopf ©
¦�XÚ;

�3�N�Ú-u��m5£=�, ¿d\±Ï©


¦�XÚ?3-u���m�5��, ��,�

Q - (Ó�;�©
�)�, XÚ½�,�²ï

�. d	é¯fXÚ?1
ÛÜ·�©
Ú Hopf

nØ©Û, ¿ÏLê��ý�±�y,��'¢�

ïÄJø
�½�nØ�â.
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Bursting oscillations and the bifurcation mechanism
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Abstract

Applying the regression analysis to the measured data in CO oxidation on platinum group metals, a analytical theory model

with different time scales is established in this paper. Thestabilities of equilibria are discussed in detail, and different types of the

solutions may bifurcate from the equilibria with the changeof the parameters. With a certain parameter, the system can exhibit periodic

oscillations via the saddle-node homoclinic orbit bifurcation, which can evolve into periodic bursting, owing to Hopfbifurcation of the

fast subsystem. The bifurcation connecting the quiescent state and the repetitive spikes is presented to account for the occurrence of

theN
k oscillations. Furthermore, the mechanism of sequence of the period-adding bifurcations is explored to reveal why the length of

the sequences become longer with the variation of the parameters.
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