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ïÄ
?lfÚalfÏ�D(6Äé Hodgkin-Huxley ²�ä�>���ª�K�. uyÃØ?lfÏ�
D(�´alfÏ�D(6Ä, ��½�|§Ý!D(rÝ, �XÍÜrÝ�O�, ²�ä�>���ãoUü
zÑÚ^Å, 
��3/¤Ú^Å¤I��.ÍÜrÝ. ©Ûuy?lfÏ�D(k|u ²�äÚ^Å�/¤,


alfÏ�D(Ø|uÚ^Å/¤. (J�L²�$�§ÝU
¦ ²�äéD(�\¯a. ��, ?Ø
A½
ëêeÚ^Å�qÅ�m�=zy�.
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1 Ú ó

lfÏ�´ ²XÚ¥&ÒD��Ä���.
§U
�) ²��>&Ò, N! ²4��©
�, �Uò[�	�>e-!zÆe- (X	-y
D() 9[�S�)�zÆ&Ò (XÏ�6Ä) =
C¤>�A [1,2]. lfÏ�äkélfÏß�AÉ
5, ÏdØÓlfU
ÏLØÓÏ�¢yª�6Ä,
X Na+, K+ ÏLØÓ�lfÏ�¢yª�6Ä, l

�)Ä�> . �þ¢�y², ØÓlfk�g
Õá�Ï�, pØK�. ~X, ?>6Úa>6�±
^àKÓ� (tetrodotoxin, TTX) Úo¯X (tetraethy-
lammonium, TEA) ��Ôò§�©lÑ5, 
pØ
K� [3,4]; ?>6Úa>6k�gØÓ�ÄåÆ1
�; ^ót�xs?n ²�, é?Ï���¹z
�)K�, $��¹z�A��, 
éa>6ÃK
�. Ïd, ïÄ,�«lfÏ�é ²�äÄåÆ
1��Õá�^, �±�Ð��«&ED4L§¥
ØÓlfÏ�¤å��^, kX­��nØ��¿
Â [5,6].

20 ­V 50 c�, Hodgkin Ú Huxley �
 “?
lfél¿M�n��)�Ä�> ��^” �
¢�, �â�X�¢�(J�©Û, ¦�(@¶â
�þäkü«Ì�lfÏL�Ï�, =alfÏ�
Ú?lfÏ�. Äu��>´Úl¿Mã¶â�
¢�(J, JÑ
 ²��>¹Ä�lfÅn, ¿
ddïá
Í¶� Hodgkin-Huxley(H-H) �. [7,8].
ù��.´Äu?lfÏ�>6!alfÏ�>
6Ú¦>6���4Ü£´ïá�, �Æ[�/
Ïuù��.é�«lfÏ�é ²��ä�Ä
åÆ1�?1
2��ïÄ. ©z [9] ïÄ
l¿
Mã¶âþ�^
 Battachoxin(�Ó) � Na+ lf
Ï���ÄåÆ, ¿�Ä
>ØÚ§Ý�K�. ©
z [10] ïÄ
�Å Hodgkin-Huxley XÚ3Ï�D
(K�e>N�ÅÄ. ©z [11—14] ïÄ
?lf
ÚalfÏ�¥ÓéÍÜ�Å H-H ²�8N-
u1��K�. ©z [15] �(ØL²f-1�±U
C ²�]�	�alfÏ�A5. ©z [16] ïÄ

��L��alfÏ��)n�^. )nÆ¢�
uy [17], %9¾C�¬uÑ�Ú^Å&Ò´�~
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k³� [18], Ïdk7�ïÄ³�!��Ú�ØÚ
^Å�#å»Ú#�{ [19−21]. �©Äu H-H �
., ïÄ
?lfÚalfÏ�D(6Äé ²�
�ä���ÄåÆ1��K�, ?�Ú&?
ØÓ
lfÏ��õU. ïÄ(Jé@£)Ô ²��m
�ÍÜë�/ª!lfÏ��mÚ'4�)�Ï
�D(6Ä�^! ²XÚÚ^Å/¤9=z^
�k­�¿Â.

2  ²�ä�.

ò��¹D(� ²��Ù�C� ²�?
1*ÑÍÜ, ?
�¤ N × N �!:� ²��
ä, ù«ë��±�[ ²��m>â>ÍÜ, �
§/ªXe:

Cm
dVij

dt
= −gNam

3
ijhij(Vij − VNa)

−gL(Vij − VL) − gKn4
ij(Vij − VK)

+Iext + D(Vi−1j + Vi+1j

+Vij−1 + Vij+1 − 4Vij),
dmij

dt
= αm(Vij)(1 − mij)

−βm(Vij)mij + Sξ(t),
dhij

dt
= αh(Vij)(1 − hij) − βh(Vij)hij ,

dnij

dt
= αn(Vij)(1 − nij) − βn(Vij)nij ; (1)

Cm
dVij

dt
= −gNam

3
ijhij(Vij − VNa)

−gL(Vij − VL) − gKn4
ij(Vij − VK)

+Iext + D(Vi−1j + Vi+1j + Vij−1

+Vij+1 − 4Vij),
dmij

dt
= αm(Vij)(1 − mij) − βm(Vij)mij ,

dhij

dt
= αh(Vij)(1 − hij) − βh(Vij)hij ,

dnij

dt
= αn(Vij)(1 − nij)

−βn(Vij)nij + Sξ(t). (2)

Ù¥,α �lfÏ�l'4G��méG���Ç
~ê, β L«lméG��'4G���Ç~ê.
αk � βk(k = m,h,n) L�ª�

αm(Vij) = 0.1(Vij + 40)ϕ(T )/(1

− exp(−(Vij + 40)/10)),

αh(Vij) = 0.07ϕ(T ) exp
((−Vij + 65)

20

)
,

αn(Vij) = 0.01(Vij + 55)ϕ(T )/(1

− exp(−(Vij + 55)/10)),

βm(Vij) = 4ϕ(T ) exp
(
− (Vij + 65)

18

)
,

βh(Vij) =
ϕ(T )

(1 + exp(−(Vij + 35))/10)
,

βn(Vij) = 0.125ϕ(T ) exp
(
− (Vij + 65)

80

)
. (3)

�§¥ Vij(i = 1 : N, j = 1 : N)´ u (i, j)
 � ²��> , D �ÍÜrÝ, S �D(rÝ.
VNa VK, VL ©O�?lf_> !alf_> 
Ú·E�> ; Cm ��>N; gNa, gK, gL ©O�
?lf>����!alf>����Ú¦>�;
¢�y¢, ?lf>� gNa 3�·EG��Cq
�u", �´Ä�> Ïm, ?Ï�k��¯�-
¹Úú��¹zL§, ¿�´ü�Õá�L§, Ï
d^
ü�ëê m Ú h ©O£ã?>��O\Ú
~�L§. (Ü�Ï��(�Úlf$Ñ�Ån,
Hodgkin Ú Huxley é�Cþ�
Xe)º: m,h �
L3A½^�e�m½'4�AlfÏ��VÇ,
Ù¥ m �?lfÏ�¹zL§ëê, L«-¹L§
¥,�A5âf?u?Ï�¥�( ��VÇ, I
� 3 �âfÓ�?uÏ��( �âU�m?l
fÏ�; h �?Ï��¹zL§ëê, L«,�A5
âf½8ì£Ä�(J'4?lfÏ��VÇ, ¤
±��?lfÏ��mÚ'4�VÇ� m3h; al
f>������ gK, �â¢�(J, �±[ÜÑ
�ëê n �og�¼êL«�m��alfÏ�
�VÇ: n �L
,«lf½L§?u�( ��
âU�malfÏ��VÇ, 4 �Ä�âf3�>
|�^e£Ä�,� �� (XÏ� �), âU�
m��alfÏ�, Ïd�m��alfÏ��V
Ç�±L«� n4.

du m �L?lf�¹zL§ëê, n �
N a l f Ï � � m VÇ� ëê, Ï d � § (1)
Ú (2) ©O�N
D(é?lfÚalfÏ�
� K �. � § ¥ Iext = I0 + sinωt � 	 e - >
6, �©¥� I0 = 1.5, ω = 0.0013 × 2π. Ù¦
ëê©O�� C = 1µ F/cm2, gNa = 120 mS/cm2,
gK = 36 mS/cm2, gL = 0.3 mS/cm2, VNa = 50 mV,
VK = −77 mV, VL = −54.4 mV. �§¥� ϕ(T ) =
3(T−6.3 ◦C)/10 �N§Ýé ²��K�.
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3 ê�O��?Ø

æ^ Euler {é�§ (1) Ú (2) ?1ê�O
�, È©Ú�� 0.02 s. Ð�^�� Vij = −40.2,
mij = 0.1203, hij = 0.9, nij = 0.9(i = 41 :
43, j = 1 : 50); Vij = 0, mij = 0.5203, hij = 0.7,
ni.j = 0.7(i = 44 : 46, j = 1 : 50); Vij = 40.0,
mij = 0.98203, hij = 0.5, nij = 0.5(i = 47 :
49, j = 1 : 50); Vij = −61.19389, mij = 0.08203,
hij = 0.46012, nij = 0.37726 (Ù¦ �).ê�(J
uy, ÃØD(é?lfÏ��´alfÏ?16
Ä, ��½�|§Ý!D(rÝ, �XÍÜrÝ�
O�, ²�ä�>ðã/¤����ãoUlÙ
¦/ª (�)�GÅ!qÅ!þ!�) üz�Ú^
Å. ã 1 �Ñ
D(é?lfÏ�?16Ä�, D
(rÝ� 0.02, §Ý©O� 1 ◦C, 6 ◦C, 12 ◦C,�m

� 200 s � ²��ä�>���ã�ÍÜrÝ�
üzL§. �§Ý� 1 ◦C�, �XÍÜrÝ�O�,
 ²�ä�>���ãm©¥y��GÅ, ���
��ãu)
lÚ^�qÅ2�Ú^Å�üzL
§; �§Ý� 6 ◦C�, ���ÍÜrÝ¦XÚ¥y
�GÅ, O�ÍÜrÝ, XÚ���ãüz�Ú^
Å; �§Ý� 12 ◦C�, ���ÍÜrÝ¦XÚ��
�ã¥yþ!�, O�ÍÜrÝ, XÚ���ãü
z�Ú^Å.

D(éalfÏ�?16Ä�, ã 2 �Ñ
D
(rÝ� 0.02, §Ý©O� 1 ◦C, 6 ◦C, 12 ◦C,�m
� 200 s�� ²��ä�>���ã�ÍÜrÝ
�üzL§. �§Ý� 1 ◦C�, �XÍÜrÝ�O
�, XÚ���ãl�GÅüz�Ú^Å; �§Ý
� 6 ◦C Ú 12 ◦C�, ���ÍÜrÝ¦XÚ¥yþ
!�, O�ÍÜrÝ, XÚ���ãüz�Ú^Å.

ã 1 D(6Ä?lfÏ�, D(rÝ S = 0.02,�m t = 200 s� ²��ä�>����ã�ÍÜrÝ�üzã

ã 2 D(6ÄalfÏ�, D(rÝ S = 0.02,�m t = 200 s� ²��ä�>����ã�ÍÜrÝ�üzã

ÏLc¡�©Ûuy, ÃØD(6Ä?lfÏ
��´alfÏ�, �½�|ëê�, O�ÍÜr
Ý, oUp�XÚ/¤5K�Ú^Å. �
&Ä?
lfÚalfÏ�D(3Ú^Å/¤L§¥¤å
��^, ©O�§Ý� 1 ◦C, 6 ◦C, 12 ◦C, D(rÝ
� 0, 0.01, 0.02, 0.03, 0.04, 0.05, O�Ñz�|ëê

e/¤Ú^Å¤I�.ÍÜrÝ, �L 1.
òL 1 ¥�êâ£±¤­�. ã 3 �Ñ
 T =

1 ◦C, 6 ◦C, 12 ◦C n|§Ýe, �.ÍÜrÝ�D
(rÝCz­�ã. ã¥¢��?lfÏ�D(K
�, ²�ä�>���ãlÙ¦/ª�Ú^Åü
z¤I�.ÍÜrÝ�D(rÝ�Cz­�. O�
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D(rÝ, ­�¥yÑeüª³, `²?lfÏ�
D(ü$
Ú^Å/¤¤I��$ÍÜrÝ, k|
uÚ^Å�/¤. J��alfÏ�D(K��,
�.ÍÜrÝ�D(rÝ�Cz­�. �XD(
rÝ�O�, ­�¥yÑþ,ª³, `²alfÏ
�D(¦Ú^Å/¤¤I��$ÍÜrÝ�O�,

¤±alfÏ�D(Ø|uÚ^Å�/¤. XJ
Ú^Å�/¤´�«��Z�� (firing coherence)
y�, @oþã(J�©z [19] �(J��, =?
lfÏ�D(ü$
 ²�ä-u1���Z�
�, 
alfÏ�D(\r
 ²�ä-u1��
�Z��.

L 1 D(6ÄØÓlfÏ�� ²�ä/¤Ú^Å¤I��.ÍÜrÝ

T/◦C
D(rÝ S

0 0.01 0.02 0.03 0.04 0.05

Na+ Ï�
1 0.2503 0.0596 0.0452 0.0352 0.0364 0.0217

6 0.1919 0.1850 0.1692 0.1581 0.1474 0.1368

12 0.2684 0.2595 0.2508 0.2422 0.2337 0.2253

K+ Ï�
1 0.2503 0.2997 0.3531 0.3512 0.3605 0.3439

6 0.1919 0.2185 0.2453 0.2739 0.3049 0.3514

12 0.2684 0.2886 0.3089 0.3309 0.3589 0.3898

ã 3 /¤Ú^Å¤I�.ÍÜrÝ�D(rÝCz­
�ã, Ù¥¢��L?lfÏ�D(K�e/¤Ú^Å
¤I�.ÍÜrÝCz­�, J��LalfÏ�D(
K�e�.ÍÜrÝCz­�

Äuù�ïÄ(J, ·��±é©z [20] �ï
Ä(J, Q�'é�Ï�D(�^e, �XD(r
Ý�O\Ú^Å/¤, UYO�D(rÝÚ^Åq
���üzL§�Ñ)º. �½·��§Ý!Í
ÜrÝ, �D(rÝ���, ?lfÚalfÏ�
D(�^e� ²�äÑvk��/¤Ú^Å¤
I�ÍÜrÝ�, ÏdÚ^ÅØU/¤; UYO�
D(rÝ�,�Ü·�, ?lfÏ�D(K�e,
 ²�ä�ÍÜrÝ�®²��
¦XÚ/¤Ú
^Å¤I��$ÍÜrÝ, 
alfÏ�K�e 
²�ä�ÍÜrÝ��vk��/¤Ú^Å¤I
��$ÍÜrÝ, =?lfÏ�D(ÚalfÏ�

D(3éXÚ�K�L§/¤
¿�, Äk?l
fÏ�D(3¿�¥Ó`³, Ú^Å/¤; UYO
�D(rÝ, dualfÏ�D(K�e/¤Ú^
Å¤I���.ÍÜrÝ�D(rÝCz¥yþ
,ª³, 
?lfÏ�D(K�e/¤Ú^Å¤
I���.ÍÜrÝ�D(rÝCz�eüþ%
´k��, �3¿�L§¥, �D(rÝ��,�
����, alfÏ�D(ÓÌ�/ , ¦Ú^Å
ØU/¤.

©Ûuy, §ÝK�X ²�äXÚéD(�
¯a5. ã 3 ¥, Ó�§ÝéA��|¢��J�
�Y��§Ý�O�
~�, =3�$�§Ýe,
���D(rÝUCÒUÚu�.ÍÜrÝ��
�UC. `²ü$§ÝU
¦ ²�äXÚéD(
K��\¯a. d	, lã 3 ¥��±uy, �D(
rÝ S = 0, =��XÚvkD(K�, §Ý©O
� 1 ◦C, 6 ◦C, 12 ◦C�, XÚ/¤Ú^Å¤I��
.ÍÜrÝ©O� 0.2503, 0.1919, 0.2684, �§Ý
�Cz5Æ´dp�$2�p�L§, `²�$Ú
�p�§ÝÑØ|uÚ^Å�/¤, 
´�3��
·�§Ý«��k|uÚ^Å�/¤. XJ�½Ü
·�ÍÜrÝÚD(rÝ, UC§Ý, �±*	�
 ²�ä���ãl�Ú^Å�Ú^Å2��Ú
^Å�üzL§, =�3·�§Ý«�, �±p�
Ú^Å/¤, L�½L��§ÝÑò¦Ú^Å»�.
ù�(Ø3©z [22—25] ¥���y.

Ï�D(6ÄØ=K�/¤Ú^Å¤I��
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.ÍÜrÝ, 
�3A½ëê^�e�K�Ú^Å
�DÂ�Ý. ã 4 �Ñ
alfÏ�D(�^e,
ÍÜrÝ D = 0.4�, ²�äXÚ�>���ã.
�$�§Ý (1 ◦C, 6 ◦C) �, �XD(rÝO�Ú
^ÅC�DÕ, `²D(ü$
Ú^Å�DÂ�Ý;


�p§Ý (12 ◦C)�, Ú^Å�DÂ�ÝÉD(
�K�é�. �?�Ú`²
�$§Ý¦XÚéD
(�K��\¯a. �´, ïÄuy?lfÏ�D
(éÚ^ÅDÂ�ÝA�vkK�. ?�ÚNy

ØÓÏ�D(6Äé ²XÚK�ØÓ.

ã 4 alfÏ�D(K�, ÍÜrÝ D = 0.4�, ØÓëêe ²�äXÚ�>���ã

ã 5 ?lfÏ�D(K�, §Ý T = 1 ◦C�, ØÓëêe ²�äXÚ�>���ã

�é¡Ð©^�e, XÚò±"�:�ÅÞü
z�Ú^Å. �´, ·��ÍÜrÝÚ§Ý, ?l
fÏ�D(U
�Ø ²�äXÚ¥�"�:Ú
�é¡5, l
�ØÚ^Å, �qÅ�
��, X
ã 5 ¤«. ã 5 �Ñ
D(6Ä?lfÏ�, §
Ý� 1 ◦C �,  ²�äXÚ�>���ã. UC
D(rÝ�, qÅ�3�ÍÜrÝ��u)
C
z, ~X, D(rÝ� 0.01 �, qÅÑy3ÍÜr
Ý� 0.15—0.25 «�; D(rÝ� 0.02�, qÅÑ
y3ÍÜrÝ� 0.15—0.35 «�; D(rÝ� 0.03
�, qÅÑy3ÍÜrÝ� 0.15—0.40 «�; D(

rÝ� 0.04�, qÅÑy3ÍÜrÝ� 0.10—0.35
«�; D(rÝ� 0.05 �, qÅÑy3ÍÜrÝ
� 0.15—0.30 «�.ê�(JL²�3�ZD(r
Ý, ¦�qÅ�3�ÍÜrÝ����. ïÄ(J
�uy, �§Ý� 6 ◦C, 12 ◦C �, ?lfÏ�D
(6ÄØ¬¦XÚÑyÚ^Å=z�qÅ�y�,
ã 1 ¥ S = 0.02 �(J�`²ù��y�. ©Û
alfÏ�D(6Ä, XÚ�vkÑyqÅ�y
�. dd��Ú^Å=z�qÅI�4����^
�. 
Ú^Å�qÅ�m�=z´���~k��
y�. ~X, %�Ú%ÄL�Ò´du%9¥�q
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Å (�~) �­=z�Ú^Å¤� [26—33]. Ïd,
ïÄÚ^ÅÚqÅ�m�=�é��Ú�Ø%9
¥�Ú^ÅknØ��¿Â.

4 ( Ø

©OïÄ
 H-H ²��ä3?lfÚal
fÏ�D(6Äe, ²�ä�>���ã�üz
5Æ. uyÃØD(6Ä?lfÏ��´alfÏ
�, ��½�|§Ý!D(rÝ, �XÍÜrÝO
��,��.�, ²�ä�>���ãoUlÙ
§/ª (�)�GÅ!qÅ!þ!�) üz�Ú^
Å. �´, D(©OÏLalfÏ�Ú?lfÏ�
é ²XÚ¢1K�, (JkwÍ�«O. ©O�
Ñ?lfÚalfÏ�D(6Äe�.ÍÜrÝ

�D(rÝ�Cz­�, ©Ûuy?lfÏ�D(
k|u ²�äXÚÚ^Å�/¤, 
alfÏ�
D(Ø|uÚ^Å�/¤. Äuù�ïÄ(J, ·
�é�'éÏ�D(�^e ²�ä���ã�
üz5Æ�Ñ
Ün�)º. d	, �uy§ÝK
�X ²�äéD(�^�¯a5, �$�§Ý¦
� ²XÚéD(�K��\¯a; �©(J��
y
ÃD(�¹e ²�ä���ãÉ§Ý�K
�5Æ, =�$Ú�p�§ÝÑØ|uÚ^Å�/
¤, 
´�3��·�§Ý«��k|uÚ^Å�
/¤. ��,ê�(JL², 3Ü·�§Ýe?lf
Ï�D(�K��±�ØXÚ�k��é¡5Ú
"�:, l
�ØXÚ¥�k�Ú^Å, /¤qÅ.

��3·�D(rÝ,¦�U
/¤qÅ�ÍÜ
rÝ����.
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Abstract

Taking into account sodium and potassium ion channel noises, the evolution of the patterns of neuronal networks is investigated.

No matter what kind of ion channel noise is working, with coupling coefficient increasing, the spatiotemporal patterns of the neuronal

network can be evolved into spiral waves when temperature and noise strength are given, and there is a coupling coefficient threshold

for forming a spiral wave. The analysis shows that sodium ion channel noise contributes to the formation of spiral waves in neurons

network, while the potassium ion channel noise is not conducive to the formation of spiral waves. In addition, it is found that lower

temperature can make the neurons network more sensitive to noise. Finally, the transformation of spiral waves into target waves, in the

case of specific parameters is discussed.
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