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£O�±Ï ²�>!Æ´·b�´�Å��´��­���Æ¯K. 3 ²åÚ:¢�¥uy
�a0u
±Ï k Ú±Ï k + 1(k = 1, 2) !Æ�m�±Ïgu�>!Æ, Ù1�´�G�±Ï k qÚ±Ï k + 1 q��O. (
½5nØ�. Chay �.Ð«Ñ
±Ï k Ú±Ï k + 1 !Æ���1�. D(3��«puÑ
�¢�(Jaq�
�±Ï!Æ, `²Ta!Æ´D(Úå�üaq��[. ��5ý�9Ù£8N��«T!Æäk(½5Ån; ò
üaq©O=�� 0 Ú 1 �����?�S�, éTS�?1VÇ©Û¼�
üaq�[��ÅÅn. ùØ=`²
T!Æ´äk(½5(���Å!Æ
Ø´·b, ���\£Oy¢ ²XÚ�·bÚ�Å!ÆJø
;.«~
Úk��{.

'�c: ·b, �Å!Æ, ²�>, \±Ï©


PACS: 05.45.−a, 87.19.L−

1 Ú ó

âÔ[� “(½5�±Ï6” mM
·bÆï
Ä, �rN
·b´(½5XÚ�)�mq�Å�
y�, ò·b�(½5Ú�±Ï�éX. ©
´Ï
�·b��´, ·b  �©
�' [1]. ,��¡,
D(�U²~3©
:NCÏL�Å��½�Z
���ÅnÚå�
�Å1� [2]. ù
�Å1��
LyÑ�±Ï5. éu��y¢XÚ,£O©
:
NC��±Ï1�òá¢�XÛ£O·bÚ�Å
1�ù�¯Kþ.

3®k�ïÄó�¥, ²XÚ�>!Æ�£
O����X·bÚ�Å�>!Æ�£O, 3 
²XÚ¥·b®²�y¢´ÊH�3� [3−26]. @
Ï, 3	.&Ò-ye� ²XÚ�)
�±Ï
©
�·b, [±Ï�·bÚ
u·b [3−5]. �
5, 3 ²XÚ�gu�>¥, �â´Ä�3Ï�
·b�å»¿(Ü�mS�©Û�(J [6,7], (

@
·b!Æ��3, ù´���&�·b~y,
X�±Ï©
�·b [6] Ú
u·b [7]. d	, 3
¢�5 ²åÚ:uy� u\±Ï©
S��
·b!Æ [9−13], X±Ï 2 Ú±Ï 3 q�>!Æ�
m [9,10−13]!±Ï 3 Ú±Ï 4 q�>!Æ�m�
·b�>!Æ [11−13], �´�&�·b!Æ. ¢�
¥�ù
·b!ÆÑU|^êÆ�.�ý¿\±
)º [14−18], X©z [7,14] é
u·b�)º, ©
z [17,18] é�±Ï©
�)º. �´, �k¯õï
Ä��â�mS�©Û(J¥´Äk(½5Ån
5£O·b [19−26], ù��k
(J�Uk�$�
�&Ý.

,��¡, 3D(Ú	.±Ïe-e½D(ü
Õ�^e� ²�½aÉì¬ÏL�Å��½�
Z��Ån�)�±Ï��ê�!Æ [2,27], ��u
3±Ï 1 !Æ��µþ�Å¦K�
�> [28−32].
D(pu��Å��y�3õ� ²��¥�u
y, �«
D(3 ²&E?n¥u��­��
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��K.
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^ [2,27]. �
ïÄuy, D(3²ï:� Hopf ©

!Q(©
NCÏL�Z��pu
�±Ï5
��Å!Æ [30−34], ÙØ¹k(½5(�, �éN
´£O. �,éuÙ´·b�´�Å�QkØÓw
{ [31], ��C�ïÄÏLVÇ©ÛU
?�Ú�
«ÙS3��ÅÅn [32].

��(J�´£O\±Ï©
S�¥�±
Ï!Æ [9,11−13,35−37]. Ø
þã®(@� u\
±Ï©
¥�·b!Æ [9−13], kïÄö3§Ý
aÉì¢�¥uy
�a u±Ï 1 Ú±Ï 2
!Æ� m � � ± Ï !Æ. d u T a !Æ¹ k (
½5Ån, �@�´·b [35]. 3CÏ�ïÄ¥,
uy
�X� u±Ï k Ú±Ï k + 1 �m�
�±Ï�>!Æ (k = 1, 2, 3, 4, 5), Ta!Æ´±
Ï k qÚ±Ï k + 1 q��O, �O�ªg�éª

� [10,12,13,36,37].  u±Ï 2 Ú±Ï 3 �m�Ta
�±Ï!ÆXã 1 ¤«, ±Ï 2 qÚ±Ï 3 qª�
�O. ��¡, 3ù
!Æ¥�±uÿ�(½5Å
n [10,36,37];,��¡, q�±ÏL©ÛëY±Ï k

q½ëY±Ï k + 1 q��mm�S�¼�T!Æ
��Å5 [10,12]. ÏLêÆ�. Chay �.ê��[
Ta!Æ, (@
Ta!Æ´D(3±Ï k !Æ�
��±Ï k + 1 !Æ�©
:NCÏL�Z��p
u��Å!Æ [36,37]. � u\±Ï©
¥�·b
!Æ?1«©, (@
Ta!Æ´äk(½5(�
�üaq��Å�[, 
Ø´·b [10,12]. I�`²
�´, 3§ÝaÉìuy� u±Ï 1 Ú±Ï 2 �
m�!ÆØ´·b
´Ta¹k(½5(���
Å!Æ. �©¡Ta!Æ�1�aäk(½5(�
��Å!Æ.

ã 1 ¢�5 ²åÚ:�)� u±Ï 2 Ú±Ï 3 �>!Æ�m�1�aäk(½5(���Å�>!Æ P-2 �L
±Ï 2 q, P-3 �L±Ï 3 q

3�©¥,·�òïÄ�a#�äk(½5Å
n��Å!Æ. �©¡Ta!Æ�1�aäk(½
5(���Å!Æ. ùa!Æ� u\±Ï©
¥,
�1�a(½5Ån��Å!ÆØÓ�´, Ù1�
´±Ï k qÚ±Ï k + 1 q¤�GÑy¿�O, Ø
Óu1�a�ü«q�ª��O. ÏL�>!Æ�
¸¸mÏ (ISI) S��£8N�!��5ý�, �
«
Ta!Æ�(½5. ©z [32] ÏLVÇ©Û�
«
�ê�!Æ��ÅÅn. �©æ^aq�{?
1VÇ©Û, �«
T!Æ�üa�>q�[��
Å5. (½5Ån5
u±Ï k qÚ±Ï k + 1 q
�qS ISI �^S, �Å55
uùüaq��Å
�[. ÏL Chay �.ê��[, (@Ta#!Æ´
D(3±Ï k q�>!Æ²L±Ï k Ú±Ï k + 1
�>!Æ���2�±Ï k + 1 !Æ�\±Ï©


:NCpu��Å!Æ. (½5�.¥���Ån
¦�y¢!Æ´±Ï k qÚ±Ï k + 1 q¤�G�
Ñy, D(��^¦�üaqGÑy�Å�[. �
©�ïÄØ=�Ñ
1�aäk(½5(���
Å!Æ�«~¿�«
ÙÄåÆA�, �?�Ú(
@
3y¢ ²XÚ¥, äk(½5(�! u©

S�¥��±Ïgu�>!Æ�7´·b, ��
U´�Å, I�c[\±�O.

2 ¢��.!êÆ�.Úêâ©Û
�{

2.1 ¢¢¢������...

|^�à¢�5 ²åÚ:�.?1 ²�
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>!Æ�)ÔÆ¢�. À^èx¤c<5 Sprague-
Dawley �à, N­� 150—300 g, Uì©z [7—13]
¤ã��¢�5 ²åÚ:�.. ^Ñn'þ
? (40 mg/kg) æ��, �³�ý�� ², ©lÑ
�ã ²Z¿�Ý(S, é�� ²/¤��«ã
5�ú5Ø½. â� 6—14 d, ò�à^¿."æ�
�, 2g�³�ú«, il�� ², ^ 33—34 ◦C
�~/6�/6�ú«, }ä�ú«	±à±lä
�	±�éX, l
�yP¹���>å
u�ú
«�åÚ:. 3å�úý¥Íà� 20 mm ?,1�
�, �³�� ², ^ 33—34 ◦C�0hEú, 3C
¥Íà©l ²[å, ¦�=��ú«�ë, �u
É7jÚ�>4þ¿*	[å�gu�>, eÑy
ü� Aδ n��>, ² Powerlab XÚ���?1P
¹, æ�ªÇ� 10.0 kHz, ¼� ²gu�>� ISI
S�. 3¢�¥, UCåÚ:Ü �/6�¥Wl
fßÝ ([Ca2+]o, eI o L«[�	), *	�«/
ª� ²gu�>�ª9!Æ�=z5Æ.

2.2 êêêÆÆÆ���... (Chay ���...)

Chay �. [16] ´ÄulfÏ�� ²�>�
., �±�ý¢�5 ²åÚ:�)�õ«�>!
Æ9©
L§ [7−13,30,33,36,37]. �©À� Chay �
., �§Xe:

dV

dt
=gIm

3
∞h∞(VI − V ) + gkv(Vk − V )n4

+ gkc
C

1 + C
(Vk − V ) + gl(Vl − V ), (1)

dn

dt
=

n∞ − n

τn
, (2)

dC

dt
=τc(m3

∞h∞(Vc − V ) − kcC). (3)

ùp V , n Ú C ©OL«[��> !K+ Ï��
�mVÇÚ�S Ca2+ ßÝ ([Ca2+]). (1)ªm>c
o�©O� Na+-Ca2+ Ï� (S�>f6)!>Ø�
6 K+ Ï�!>��6u[�S [Ca2+] � K+ Ï�
Úª�¦>6. gI, gkv, gkc, gl ©O�o^Ï���
�>�, VI, Vk Ú Vl ©O� Na+-Ca2+ Ï�!K+ Ï
�Ú¦>6�²ï> , m∞ Ú h∞ � Na+-Ca2+

Ï�¥ü«��m�VÇ, τn � K+ Ï��µþ
�m, n∞ � K+ Ï���m�VÇ�­½�, Vc

� Ca2+ �²ï> , kc �[�S Ca2+ ��Ø�
Ç. τn = 1/(λn(αn + βn)), �m�ü ´ s. �.
¥ m∞, h∞, n∞, αn Ú βn �L�ª�©z [16].

Chay � . ¥ � ë ê � � X e: gI =
1800 mS/cm2, gkv = 1700 mS/cm2, gkc =
20 mS/cm2, gl = 7 mS/cm2, VI = 100 mV, Vk =
−75 mV, Vl = −40 mV, τc = 0.27, kc = 3.3/18. �

�¢�¥UC [Ca2+]o éA, À� Vc �©
ë
ê, λn�^�ëê.

�Ä� ²XÚ¥o´�3SÜ�ÅÏ�, ^
pdxD( ξ(t) �[ù
�ÅÏ�, ���^��
> �§�mý, =/¤�Å�.. ξ(t) A�Xe:
ÚO²þ��", = 〈ξ(t)〉 = 0; ØÓ��pØ�',
= 〈ξ(t), ξ(t′)〉 = 2Dδ(t − t′), Ù¥ D �D(rÝ,
�LD(�Þá§Ý.

æ^ Mannella �{ [38] é(½Ú�Å Chay �
.?1ê�È©, �È©Ú�� 0.001 s.

2.3 êêêâââ©©©ÛÛÛ���{{{

�©æ^Äg£8N�!��5ý� [39] (
ÜO�êâ [38] ±9g�'¼ê5©Û ²�
>!Æ.

æ^ Theiler � [39] JÑ��Ïêâü�gS
�O�êâ{, é¢�¼�ÚêÆ�.�ý¥��
��©�mS��ÏÙü�gS (¦Ùêâü�^
S�Åz). ù�²�Åz���êâ¡��©ê
â�O�êâ, ÙS��ü��ª9�p�m'X
�pdxD(�Ó, ��©êâØÓ. ^O�êâ
Ú�©êâ©O?1Ó�A�þ�©Û, é¤�(
J\±'�. e�©êâ�Ì(½55Æ, Kd�
©êâÚO�êâO���A�þ��Ak��
�O. e�©êâ�Ì�Å5Æ, Kd�©êâÚ
O�êâO���A�þ��A�C. Ïd, ��
'��©êâ�O�êâO�¤�A�þ���
O, =��ä�©êâ´Äk(½5(�, ´Äá
u(½5Ån.

��5ý�´uÿ�mS�(½5A��
~^�I, �©æ^±e�{ [40]: éu���
mS� ti(i = 1, 2, · · · , N), ÄkÀJ m ��i
\�m Rm, �� N − m + 1 �i\¥þ:. é
u Rm ¥ � z � � : V0 = (ti0 , · · · , ti0+m−1),
Ïé��C§� n = b(N − m + 1) �:, L«
� Uk = (tjk

, · · · , tjk+m−1)(1 6 k 6 n), K V0 �

1 h Ú�ý��´ pj0+h = 1/n
n∑

k=1

tjk+h, V0 � h

Ú±��ý¢üz�´ ti0+h, IOý�Ø� (NPE)
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�L«�

eNP(h) =
〈(pi0 − ti0+h)2〉1/2

〈(t̄ − ti)2〉1/2
. (4)

ª¥ t̄ = 1/N
N∑

i=1

ti, � eNP(h) � � �C u 1.0

�, L²TS�Ø�?1 h Úý�, ´�Å�; e
eNP(h) < 1, KL²TS� h Ú�ý�. �©¥,
� m = 4, b = 1%.

é���mS� y1, y2, · · · , yM , Ùg�'Xê
½Â�

ρ(τ) =

M−τ∑
i=1

(yi − ȳ)(yi+τ − ȳ)

M−τ∑
i=1

(yi − ȳ)2
, (5)

ª¥ ȳ = 1/M
M∑
i=1

ti, τ(τ = 0, 1, · · · ,M−1)´�m

ò´. XJ τ = 0, K ρ(τ) = 1; XJ τ 6= 0, K ρ(τ)
L«�m�� τ �ü��$Ä�p�'éÚ�q
§Ý. e ρ(τ) = 0, L«Ã'é; e ρ(τ) > 0, L«
�3��'; e ρ(τ) < 0, L«�3K�'. éuÕ
á��ÅL§, τ 6= 0, ρ(τ) = 0; éu�3,«V
Ç�6��ÅL§½(½5L§, 3,
 τ 6= 0�,
ρ(τ) 6= 0.

3 ¢�(J

�/6�¥� [Ca2+]o l�~� 1.2 mmol/L Å
ìü$� 0 mmol/L �, 3�
åÚ:¬�)�k
�±Ï!Æ�\±Ï©
. 3±Ï k �±Ï k + 1
!Æ�m�3�a�±Ï!Æ (k = 1, 2). l±Ï 1
q�>!Æ²�±Ï!Æ�±Ï 2 q�>!Æ�

\±Ï©
Xã 2(a) ¤«; l±Ï 2 q²�±Ï�
±Ï 3 q�>!Æ�\±Ï©
Xã 2(b) ¤«.
 u±Ï 1 qÚ±Ï 2 q�>!Æ�m��

±Ï!Æ�1��±Ï 1 qÚ±Ï 2 q¤�GÑ
y¿�O.  u±Ï 2 qÚ±Ï 3 q�>!Æ�
m��±Ï!Æ�1��±Ï 2 qÚ±Ï 3 q
¤�GÑy¿�O, Xã 3 ¤«, é�kü�q
�Ñy.

ã 2 ¢� 5 ² å Ú : � \ ± Ï © 
 (a) ± Ï 1 q ²
�±Ï�±Ï 2 q�>!Æ; (b) ±Ï 2 q²�±Ï�±Ï 3 q
�>!Æ

ã 3 ¢�5 ²åÚ:�)� u±Ï 2 qÚ±Ï 3 q�m�±Ï�>!Æ
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 u±Ï 2 qÚ±Ï 3 q�>!Æ�m�
�±Ï!Æ� ISI S��ÚO��ãw«kl
Ñ©Ù� 3 �¸, Xã 4(a) ¤«. 3 ISI S��
£8N�ãþ, ¥y 4 �:ì, ©OIP� PN1,
PN2, PN3 Ú PN4, Xã 4(b) ¤«. 3£8N�ã
¥, n �z� ISI 3ÙS�S�SÒ. O�êâ�
£8N�¥y 9 �:ì, Xã 4(c) ¤«. é'�
©êâÚO�êâ�£8N���, ü�S��
êâ^S½�m^S²wØÓ, O�êâ´�Å
©Ù�, `²�© ISI S��3X(½5��m
(�. ?�Ú©Û�©êâ�£8N�uy, PN2

Ú PN4 :ì�¤
éAu±Ï 2 q�N�(�,

 PN1, PN3 Ú PN4 :ì�¤
éAu±Ï 3 q
�N�(�, ùü�(�´�© ISI S��(½
5 ( �. �´ù 
 ( ½ 5 ( � � � 3, ¦� �
© ISI S���5ý��ý�Ø�3ý�Ú�
�á���, 3ý�Ú�����Cu 1, ¥áÏ
�ý�
�ÏØ�ý��A:. éuO�êâ, d
u(½5(��Ô�¦�Ù¥yØ�ý�5, X
ã 4(d) ¤«. ù`²�©�>S�k²(�(½5
(�, T(�´±Ï 2 qÚ±Ï 3 q�qS ISI
^S.

ã 4 ¢�5 ²åÚ:�)� u±Ï 2 qÚ±Ï 3 q�m�±Ï!Æ�A� (a) ISI S�ÚO��ã; (b) ISI S��£8
N�ã; (c) ISI S��O�êâ�£8N�ã; (d) �©S�9ÙO�êâ���5ý�

éu u±Ï 2 qÚ±Ï 3 q�>!Æ�m
��±Ï!Æ, ò±Ï 2 q=�� 0, ±Ï 3 q=
�� 1, �©�>�=�����?�S�, Xã 3
¤«. T�?�S�¥ 1 Ú 0 �õ�´±ëYG�
/ªÑy. T�?�S�9ÙO�êâ���5ý
�Xã 5(a) ¤«, üö�OØ�¿�¥yÑØU?
1��5ý��A�, `²�?�S�SÃ(½5

(�, ?�Ú`²�© ISI S��(½5(�´±
Ï 2 qÚ±Ï 3 q�qS ISI ^S. ù´Ï���
>S�¥qS ISI �^SÏ±Ï 2 qÚ±Ï 3 q�
vk?ÛSÜ^S(�� 0 Ú 1 O�
���, #
��?�S��ÒØ2äk(½5�^S(�, ¤
±�S��SÜ(�7,´±Ï 2 qÚ±Ï 3 q
�qS ISI ^S.
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ã 5 ¢�5 ²åÚ:�)� u±Ï 2 qÚ±Ï 3 q�>
!Æ�m�!ÆéA� 01 S��A� (a) �©S��O�S
����5ý�; (b) g�'¼ê

æ ^ �©z [32] � a q � � {, é � ? �
S��VÇ©Û�±?�Ú�«±Ï 2 qÚ±
Ï 3 q��)´ÄÕá. ÚO�?�S�¥i
Î 1 �VÇP� R1, iÎ 0 �VÇP� R0; Ú
O � ? � S�¥ ë Y i Î 01, 10, 00 Ú 11 �
VÇ©OP� R01, R10, R00 Ú R11. �VÇ�
X e: R1 = 0.606, R0 = 0.394; R01 = 0.077,
R10 = 0.077, R00 = 0.318, R11 = 0.528. 0 � 1
��)e´Õá�, Kd R1 Ú R0 O��éÜV
ÇA� R1R0 = 0.239, R2

1 = 0.279, R2
0 = 0.155.

�±uy, R1R0 � R01 3êþ?þk�É, 
 R2
1

� R11, R2
0 � R00 �k���É. ù`²Ta�>

�±Ï 2 q�±Ï 3 q�ÑyØ´Õá�, 
´k
VÇ�6�. ��±Ï 2 q�)��, �´�)±
Ï 2 q (R2

0 < R00), 
��±Ï 3 q�)±�, �
´�)±Ï 3 q (R2

1 < R11), ù�`² 01 S��
3��'. T�?�S��VÇ�6Ú��'�±
ÏLS��g�'Xê ρ �NÑ5, Xã 5(b) ¤«,
g�'¼ê3 τ = 1 � τ = 4 ��u 0. ��'5

u 0 ��N´Ñy 0, Ó�, ��'5
u 1 ��

�N´Ñy 1.

4 �ý(J

é u ( ½ 5 Chay � ., λn = 227.5, Vc  
u 315 � 307 mV �m�, ¬�)Xe�\±Ï
©
L§: l±Ï 1 q�>!Æ�±Ï 1 qÚ±
Ï 2 q�>!Æ��� (Vc = 309.57—311.22 mV),
2�±Ï 2 q�>!Æ�\±Ï©
, Xã 6(a)
¤«. λn = 230, Vc  u 226 � 220 mV �m�,
¬�)l±Ï 2 q�±Ï 2 qÚ±Ï 3 q��
� (Vc = 222.37—223.21 mV), 2�±Ï 3 q�>
!Æ�\±Ï©
, Xã 6(b) ¤«.

ã 6 (½5 Chay �.�ý�\±Ï©
 ã¥�Þ�LCz
��. (a) ±Ï 1 ²±Ï 1 qÚ±Ï 2 q���±Ï 2 q�>!
Æ (λn = 227.5); (b) ±Ï 2 ²±Ï 2 qÚ±Ï 3 q���±
Ï 3 q�>!Æ (λn = 230)

éu�Å Chay �., 3é��D(rÝ��
S (�©À�D(rÝ D = 0.0001�~), 3ü�\
±Ï©
:NC¬k(½5�.¥¤vk��±
Ï�>!Æ�). Ù©
L§Xe: ±Ï 1 q�>
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!Æ��±Ïq�>!Æ, 2�±Ï 2 q�>!Æ,
Xã 7(a) ¤«; ±Ï 2 q�>!Æ��±Ï, 2�
±Ï 3 q�>!Æ, Xã 7(b) ¤«. d©
L§�
¢��aq.
 u±Ï 2 qÚ±Ïq 3 �>!Æ�m�

�±Ï!Æ (Vc = 222.77 mV) ��>;,Xã 8
¤«, Ù1�´±Ï 2 qÚ±Ï 3 q�¤�G
Ñy¿�O, é�kü�q�Ñy, ù�¢�(
Jaq.
 u±Ï 2 qÚ±Ï 3 q�>!Æ�m��

±Ï�>!Æ� ISI S��ÚO��ãÚ£8N
�±9O�êâ�£8N�Ú��5ý�Xã 9
¤«. ã 9 ¤«��±Ï!Æ�¢�(J (ã 4)
aq. ù`² Chay �.�ý��±Ï!Æ�äk
(½5(�, (���±Ï 2 qÚ±Ï 3 q�q
S ISI^S.

�¢�¥��{�Ó, òþã�±Ï�>!
Æ ISI S�=�� 01 S�. T 01 S�9ÙO�ê
â���5ý�Xã 10(a) ¤«. dã 10(a) ��,
d�±Ï�>!Æäk 01 S�Ø�ý�5, �¢
�(Jaq. ù¿©`²Ta�>�(½5(�´
±Ï 2 qÚ±Ï 3 q�qS ISI ^S.

01 S��VÇXe: R0 = 0.708, R1 = 0.292;
R00 = 0.637, R01 = 0.071, R10 = 0.071, R11 =
0.221. O � ¼ � R2

0 = 0.501, R1R0 = 0.207,
R2

1 = 0.085. R10 � R1R0 kêþ?þ��É, 
 R2
1

� R11, R2
0 � R00 �k���É. ù
VÇm��

É��¢�(Jaq. `²Ta�>¥±Ï 2 qÚ
±Ï 3 q�Ñy´�ÕáL§, äkVÇ�65.
VÇ�65��±�N3T 01 S��g�'Xê
þ, Xã 10(b) ¤«, � τ = 1—5�, ρ þ�u 0, L
²�3��', �¢�(Jaq.

ã 7 �Å Chay �.¥�ý�\±Ï©
 (a) ±Ï 1 q²�±Ï�±Ï 2 q�>!Æ (λn = 227.5); (b) ±Ï 2 q²�±Ï�
±Ï 3 q�>!Æ (λn = 230)

ã 8 �Å Chay �.�[� u±Ï 2 Ú±Ï 3 �m�±Ïq�>!Æ
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ã 9 �Å Chay �.�ý� u±Ï 2 qÚ±Ï 3 q�>!Æ�m��±Ï!Æ (a) ISI S��ÚO��ã; (b) ISI S��£
8N�; (c) ISI S��O�êâ£8N�; (d) ISI S�9ÙO�êâ���5ý�

ã 10 �Å Chay �.�[��� u±Ï 2 qÚ±Ï 3 q�
>!Æ�m��±Ï!ÆéA� 01 S�A� (a) �©S�Ú
O�êâS����5ý�; (b) g�'¼ê

5 ( Ø

ÏL¢�(J�ê��[(J�'�, ±9
�±c®(@�1�aäk(½5(���Å!
Æ [10,12,13,36,37] �'�, �©ïÄ¿(@
1�a
äk(½5A���±Ï��Å!Æ, §LyÑ

�õ�aq·b�A�. Ta!Æ´D(3±
Ï k ²L±Ï k qÚ±Ï k + 1 q�>!Æ��
�2�±Ï k + 1 q�>!Æ�©
:NCpu
��±Ï!Æ (k = 1, 2), Ù1��;.A�´±
Ï k qÚ±Ï k + 1 q¤�GÑy¿�O. ù�Ò
?�Ú«©
n«\±Ï©
, =�k·b�\
±Ï©
 [9−13]!�k1�a�Å!Æ�\±Ï©

 [10,12,13,35−37] Ú�©ïÄ��k1�a�Å!
Æ�\±Ï©
. �©�ïÄó�Ø=?�Ú´L

�>!Æa., �*¿
\±Ï©
�a..

1�ak(½5(���Å!Æ´D(3±
Ï k q���±Ï k + 1 q�>!Æ�©
:N
Cpu��Å!Æ [10,12,13,36,37], Ta©
Ã��
y�; Ù1�´±Ï k qÚ±Ï k + 1 q�éª�
/�OÑy. 
1�a�Å!Æ¥±Ï k q�±

080504-8
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Ï k + 1 q´¤GÑy�, ù´Ï�Ù(½51�
�±Ï k qÚ±Ï k + 1 q�>!Æ���. 1�
a�Å!Æ¥±Ï k q�±Ï k + 1 q��)´
�Å�, �Ø´Õá�,´kVÇ�6�. üa�Å
!Æ�(½5ÅnÑ5
u±Ï k q½±Ï k + 1
q�qS ISI ^S, 
�Å55
u±Ï k q�±
Ï k + 1 q��O.

� u±Ï k q�±Ï k + 1 q�>!Æm
�·b [10,12,13] �', �Å!Æ�k±Ï k qÚ±
Ï k + 1 qü«, Ù ISI ´lÑ©Ù�. 
·b!
ÆØ
±Ï k qÚ±Ï k + 1 q, �kÙ¦¯õØ
Ó±Ï�q, ù�Ò¦�Ù ISI ´ëY©Ù� [10].
ISI ©Ù�ØÓ±9´lÑ©Ù�´ëY©Ù, ´
·bÚùüa�Å!Æ�m�����E£�Ø
ÓA�.

�©�ïÄ?�Ú`², éu¹k(½5(�

��±Ï� ²gu�>!Æ, =¦ u©
S�
¥, �Ø�½´·b. §k�U´·b [9−13], �k
�U´±cïÄ�1�a�Å!Æ [10−13,36,37], �
k�U´�©ïÄ�1�a�Å!Æ. ==��©

Ú(½5Ån5�O�±Ï!Æ´·b!Æ�
´�Å!Æ, ù«�O�{éu�©¥�1�aÚ
1�a¹k(½5Ån��Å!Æ®²��, 7L
�ÏL±c�±Ï k q��mm�S��©Û [10]

½æ^VÇ©Û [33] éÙS3��ÅÅn?1�
O, âU�(£OÙÄåÆÅn. ùÒ��\£O
·bÚ�Å!Æù�Ä�¯KJÑ
���g�
�¦, �éüX���mS�©Û(J5�O·
b��Å��&5JÑ
�p��¦. ���Ñ
�´, �©�ïÄ�,�´�é ²�>!Æ�ï
Ä, �´éuÙ¦XÚ¥·b�ïÄ�k�½�ë
�¿Â.
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Abstract

To identify non-periodic neural rhythm to be chaos or stochasticity has been an important scientific thesis. A kind of non-

periodic spontaneous firing pattern, whose behavior is transition between period-k burst in a string and period-k + 1 burst in a string

(k = 1, 2), lying between period-k bursting pattern and period-k + 1 bursting pattern, is found in the experimental neural pacemaker.

The deterministic structures of the firing are identified by nonlinear prediction and first return map of the interspike intervals (ISIs)

series. The co-existence of the period-k bursting and period-k + 1 bursting is manifested in the deterministic theoretical neuronal

model, Chay model. Non-periodic firing patterns similar to the experimental observation are simulated in the co-existing parameter

region, implying that the firing pattern is transition between two kinds of bursts induced by noise. A binary series can be acquired by

transforming two kinds of bursts to symbols 0 and 1, respectively. The stochastic dynamics within the transitions between two kinds of

bursts are detected by probability analysis on the binary series. It not only shows that the rhythm is stochastic firing with deterministic

structures instead of chaos, but also provides the typical examples and effective methods to intensively identify the chaotic and stochastic

firing patterns in a real nervous system.

Keywords: chaos, stochastic rhythm, neural firing pattern, period-adding bifurcation
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