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1 Ú ó

���(BXÚé	.&Ò��AXd(¯
���<�¤'5. ����Ù°[�fú ²
XÚ�±3E,�¸¥£OÚ½ &Á9£;
U' [1]. ,
¢yù�õU�cJÚÄ:´��
fú ²XÚéuõÊV&Ò?n�p(¯Ý.

Nobuo[2] 3ïÄ���(BXÚ�)n(�uy,

��fú���õÊVª£«Ó
��fú��
� 30%«�, ÙU3E,�¸¥uÿ���£Å&
Ò�ªÇÚÌ�Cz. 
3ù�«�;�»��,

��é£ÅªÇ�©EÇ���ü$. @o���
fú��3rD(e¢yp(¯�õÊV&Ò?
n��n´�o? UÄl ²&E?n�êÆ�.
5)ºù�y�Q?

Fontaine �< [3] l����´(�Ñu,Áã
ïá��±ÈÅì�Ø%£Å&Òuÿ�., ò
õÊV&ÒÚ�µD(«©m5, ±Jp���

�&ÒuÿUå. Nicola Neretti, Simmons �< [4,5]

± Woodward �§�Ä:, é��ªã�&Ò©O
?1?n, Jp
fú ²õÊV&Ò?n�&D
'. Muller[6] ± Parsimonious �.ÑÑ�Ä�> 
�ïÄé�, éÄ�> �u�ªÇ?1ÚO©Û,

Ù�{U
�Ð�£OØÓ$ÄÔN�)�£Å.

,
ù
&Ò?n��{�)nÆ(�¢��3
�½�Ñ\, �Ñ
fú��éuõÊV&Ò?n
��zÚ ²XÚØ­½5éÿþ�K�.

�')n¢��(JL², ��fú ²XÚ
éuõÊV&Òÿþ�Ø%´fú���õÊV
ª£«� ²XÚ [2,7−9]. �©l ²��. H-H

�§Ñu, éõÊVª£«� ²XÚ?1ï�,

¿±fú ²�Ñ\&Ò��e-, é ²�u�
^�N�ÚÎÒÄåÆ?1½þ�©Û. 3ØÓ�
�¸D(e, ©Û��fú��ÿþõÊV&Ò�
ÅnÚªÇuÿ�(¯Ý. Ó�, �é)ÔXÚ�
Ø­½5, éu?uØ­½G�e�fú�� ²
XÚ�õÊV&Ò?nUå?1?Ø.
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2 ���(BXÚ9Ùï�

��ÏLúÜu��(Å, fúXÚ�Â�(
£Å|¤��ÌÄ�(BXÚ. Ù¥�âu��(
�ªÇØÓ, ���±©� CF .!FM .Ú CF-

FM .n�a 1). ��fúXÚ��EÚ¤k�
ÕZÄÔ�q [10,11], Xã 1 ¤«. �(£Å²L
�´Ä.��Å�N�, ¦�ªã�&Ò²LØ
Ó�f[�?\ØÓ���«�?n, ,
ù�
�N�ÚÈÅØv±«©·�ÔNÚ�1&Á�
õÊV£(. ±����(ªÇ�~, ���ÔN
u� 30 kHz ��(Å, (Å3�í¥�DÂ�Ý
� 340 m/s, &Á��������� 1 m/s, KõÊ
Vª£��� 88 Hz, Ä.��Å�N���°�
u 1 KHz, ¤±��éuõÊV&Ò�?n´df
ú��� ²��¤� [7−11].

ã 1 ��fú ²XÚ)n(�ã

Rose[12] 9ÙÓ¯3ïÄtàü�fú ²X
Ú�¢�(JL²: 3·�ªÇÚrÝ�(Å&Ò
e-e, (ÑrÝ½ªÇ�O\, Ly�ü�fú
 ²n�þ3 10 s�mIS ²óÀê���O
\. �Ò´`, 3·���S,(ÑÌÝÚ(ÑªÇ
�fú ²n�óÀu��êþ�3ûÐ�üN
'X. �ïÄ±d�Ñu:, ÏLõÊVª£« 
²XÚï��ý5?Ø��(BXÚ�(¯Ý.

�â Edelman 'u ²XÚ¥�3{¿y�
�©Û [13,14], ïÄ ²&E£´�½��Ä{¿
5¯K. 3ý��)n�E¥, ���fú ²X
ÚéuõÊVª£ÿþ�kéõCÉ�£´¢y,

Ù���ü� ²��¤�£´, ����õ��
E, ²�ä, ÑU¢yõÊV�A�ÿþ. �â
(r!ªÇ�f ²þü �mSóÀ�ê�m
�'X��, éu��u�ü�ªÇ� CF .��,

Ùl·�ÔN���£ÅLy�f ²þªÇ�
½�óÀS�; 
éul&Á�$Ä8I���£
Å, du&Á�$Ä9Ù¼�îÄ¦�£(Å�ª
Çu)Cz. 3�½�mãS, ��f ²þ�ó
Àu�ªÇÑ�u½�u·���ªÇ. Ùf ²
óÀu�ªÇ��m�CzXã 2 ¤«. ù���
�ªÇCz�&Ò, éJÏLÈÅì«©. ,
, Ï
LÎÒÄåÆ©Û, ²£´�Ñ\ÚÑÑUòù
üöÏLÎÒS�«©m5. 3E,�¸¥, du
ä��{Ä��¹e, CF .���Â�£ÅòØ
2´��ü�ªÇ��(Å. 3�ý¢�¥, ÏL
3ªÇ - �mã¥U\þ�� 0 ���ÅS�5
�ýD(�µe, ���fú ²XÚ?nõÊV
&Ò�L§. �`²ØÓ ²£´éuõÊVª£
�ÿþ�15, À�ü� ²�Ú ²XÚ¥ÊH
�3���ü�� ²�ä (Xã 3 ¤«) ?1õ
ÊVª£ÿþ. Ø���5, ü� ²�ä¥�1
��do� ²�|¤, 1��d�� ²�|¤.

Ù¥, 1�� ²��Ñ\�f ²�óÀe-Ñ
\, Ïz�Ñ\�DÑ´»Ø��, ��Ñ\�m
�3ØÓ�� �; 1�? ²�Ú1�? ²�
�m�ÍÜrÝ�±�âØÓ£´�±3 [0, 1] �
�S?¿UC. éuFM.��!CF-FM .��, Ó

ã 2 f ²óÀu�ªÇ – �mã (ã¥­� A �£
Ål·�ÔN���, ��f ²þ�óÀu�ªÇ��
m�m�'X; ­� B L«3 100—500 ms �m��S,
��f ²þ�óÀªÇ��5� 100.02%; ­� C L«
3 100—500 ms�m��S, ��f ²þ�óÀªÇ��
5� 99.985%)

��±ÏLþã�fú�� ²�½ö ²�ä
�.5?Ø��õÊV&Ò�?nL§. �´ FM

1) Constant-Frequency(CF) .���uÑü�ªÇ��(Å9Ùpg�Å; Frequency-Modulated (FM) .��uÑªÇ��meü��(
Å9Ùpg�Å; CF-FM .��uÑd��m�ü�ªÇÚá�m;�Ù��ªÇ��mÅìeüüÜ©|¤��(Å.
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.!CF-FM .�Ñ\e-ªÇ��m
UC.

3 ÍÜ ²�ä��N�ÚÎÒÄå
Æ©Û

3���fú ²XÚ¥, Ï~z�ff[�
�ÑÑéAA^��A^�fú ², ù
fú
 ²²LØÓ�´»�ª®o����õÊVª
£«, ¤±ù
fú ²åäk�Ó�óÀS�
ªÇÚØÓ��  [11,15−17]. ò�GªÇ�Ó�
 ØÓ��Å�� ²�ä�Ñ\, �ª¬��
�G�mm�Ø5K�Ä�> u�S�. ÏL
�A���5ÄåÆ�{ [18−21] 5©Û ²�ù
�&Ò?n�L§, �±é ²��ÑÑe-?1
ûÐ�©Û. ± H-H �§�Ä:, éã 3 � ²�
ä�.?1�ý, H-H �§�L�ª9�Aëê�
N¹ A.

3O�Å�ýL§¥, æ^CÚ�� Runge-

Kutta {¦) H-H �§�ê�. � ²�3ð½ª
Ç� ²óÀS�e-e, ÙÑÑ��GØ5K�

Ä�> u�S�. �âXÚ±Ï�Ñ\e-��
�m�Ý, éXÚ�ÑÑ��N�, äN�{Xã 4

¤«, ã¥� ri L«1 i �Ñ\e-, δi L« ²�
�1 i �ÑÑóÀ, �â±ÏÑ\ ri �z�ÑÑó
À�� , ���A�� S� θ1, θ2, θ3, · · · , θn.

ù � ö � Ò ´ �  ² � � � N �
L§ [22−24].

ã 3 ü� ²�ä�.. Ù¥ wi L«1��Ú1�� 
²�ä�m�ÍÜrÝXê

ã 4  ²���N�. Ù¥ ri L« ²���±ÏÑ\e-, γ �e-±Ï, δi L« ²��ÑÑóÀS�, θi �1 i �óÀ
u�éAu1 j �Ñ\±Ï�� 

��N�L§¥� S�, L«�

{θi} = θ1, θ2, θ3, · · · , θn, (1)

¿ò (1)ª?1�����m­�, ÙL�ª�

θn+1 = Φ(θn). (2)

· � é J Ï L H-H � § í � Ñ Φ(θn) �
ä N L �ª. �´, � â (1) ª� ± N ´ � x

Ñ (θn, θn+1) � � � m ã (ã 5). d ã 5 � �,

θn � θn+1 � m � 3 û Ð � N�' X. d � N
�nØ©Û, ã 5 ¤«���î��üN4O
N�.

�â�N�nØ�©Û, (2) ª���üN4
ON�, d�N��ÎÒÄåÆnØ, ��Ñ ²
óÀS��ÎÒz5Æ:
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ã 5 Ñ\óÀ±Ï� 2.5 ms,  ²��ÑÑ��N�ã,
ã¥��I®�8�z?n

�k�GóÀS�

η = δ1δ2δ3 · · · δi · · · ; (3)

ÎÒ½Â5K�

Si =



p0, eδi31 0 ±Ï,

p1, eδi31 1 ±Ï,

p2, eδi31 2 ±Ï,

· · ·

pr, eδi31 r ±Ï,

(4)

ª¥ ²�Ä�> u��� δi Ñy3e-&Ò
�1 j ±Ï, KéA�ÎÒ� pj , Ù¥ò δi−1 ¤3
�±Ï½�1 0 ±Ï. UìÎÒ½Â�5K, ò 
²�Ä�> u�S� η = δ1δ2δ3 · · · δi · · · =�¤
���éA�ÎÒS�

{Si} = S1, S2, · · · , Si, (5)

dd, �?�Ú©ÛÎÒS��üS5K. b�k
üGÎÒS�

A = {ai} = a1a2a3 · · · an, (6)

B = {bi} = b1b2b3 · · · bn, (7)

ai Ú bi ©O�u p0, p1, · · · ½ pr, �âÎÒÄåÆ
íÑ�5Æ��, 3ÎÒS�¥,

p0 < p1 < p2 < · · · < pr. (8)

ù�Ò�±«©ÎÒS� {ai} Ú {bi} ���, A
k'�üGÎÒS��1 0 �ÎÒ. �k��½ö
õ�ÎÒ�Ó�, S�ÏL±e5Æ'���:

Σp0 < Σp1 < Σp2 < · · · < Σpi, (9)

(9)ª¥, Σ = a1a2 · · · ai = b1b2 · · · bi L«c i  ë
Y�Ó�ÎÒ. �âÎÒÄåÆnØ, �½ÂüG
ÎÒS��m�ål d(A,B), Ù¥- pi = i.

d(A,B) = |
n∑

i=1

(ai − bi)
(r + 1)i

|. (10)

éu FM .��, Ùu(ªÇ¬��mCz

ü$, d�ÒØÎÜÄ��N��^�. � ²�
�Ñ\e-�Ø�±Ï�óÀÑ\�, Xã 6 ¤«,

�±ÏL2Â�N���{5©ÛXÚ�ÄåÆ
A5. 2Â�N�Ú�N��éu�� ��{´
���, ÎÒÄåÆ©ÛÚålúª�����.

Ù���«O�2Â�N��Ñ\�Ø�±Ï�
óÀ.

ã 6  ²��2Â�N�. Ù¥ ri L« ²��Ø�±ÏÑ\e-, γi �e-±Ï, δi L« ²��ÑÑóÀS�, θi �1 i

�óÀu�éAu1 j �Ñ\e-�� 
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éuÍÜ ²�ä�ÎÒÄåÆ©Û, ÙÄ�
�nÚü� ²��ÎÒÄåÆ��. �´ò��
 ²�ä����ÄåXÚ5©Û. Ù��N�5
KC�, ^?¿��1�? ²��Ñ\��XÚ
Ñ\, ���? ²��ÑÑ��XÚÑÑ, ��
¦�üN��N�, Xã 7 ¤«. 3fú ²XÚ
¥ÿþõÊV�A���£´¥, �,ÙÑÑ�Î
ÒS�Ø¦�Ó, �´ÙÑ\!ÑÑ�m�N�'
X´�Ó�, Ñ÷v��ûÐ�üNN�'X.

4 ¢�(J©Û

��3Ó L§¥Ïé&Á�, �Â���(
£Å�&ÒY,X�«D(�)±>·��¸�
£Å!{Ää��£Å��. éu�� CF .�
�, �Ùu��½ªÇ��(�, du&Á��1
Ú¼�Ø½(Å�$Ä, Ù3�½�mS, �Â�
�£Å&Ò�ªÇÑ�u½�u·�ÔN���
£Å [1]. 3�ýO�¥, b½��fú ²þ±Ï
� 3 ms, óÀ°Ý� 1 ms, ÌÝ� 20 µA �óÀ�
L���Â�£Å&Òþ5g·��ÔN, ±Y
�m� 1 s. �£Å&Ò5g��½ö���&Á

�, 3 100—500 ms �mS, fú ²þ�óÀ±Ï
� 2.9995 ms ½ 3.0005 ms. ÙªÇ��mCz�«
¿ãXã 2 ¤«. Uìþã ²�äÎÒÄåÆ5
K�ØÓªÇ­�e-e� ²�ÑÑóÀ�Î
ÒS�, �L 1. �
L��B, e©¥þ- Pi = i

òÎÒ?1êiz=�.

ã 7 �âã 3 � ²�äÿÀ(�, Ù¥1�? ²�
�Ñ\þ�±Ï 2.5 ms, ó° 1 ms, Ì� 20 uA �Ñ\, 1�
?z�ÍÜ ²��m�� ��©O� 2.08 ms, 3.12 ms,
2.52 ms, wi ©O� 0.5, 0.8, 1, 0.6. ã¥� θn þ�8�z�
��é�

L 1 ü ²�ÃD(^�eÿþ CF .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 9995(A) 6 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5

3. 0000(B) 6 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5

3. 0005(C) 6 4 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5

�âÎÒÄåÆ�ålúª, A, B ü�;�
�m�ål� 8/718, B, C ü�;��m�ål
� 8/714. ��, �ÎÒS���Ý�u 18  �, 
²�éuõÊV&Òÿþ�(¯Ý�� 0.017%.

���3äm�mÓ �, duä��{Ä�, ¦
����Â�£Å�ªÇØ@oXÀ, ù¬��
��fú ²þ�óÀu�Ø3´���½�ª
Ç. 3�ýL§¥, Ñ\e-�ªÇ - �m­�þ
U\��þ�� 0, ��� 0.005 ms2 �xD(, X
ã 8(a) ¤«. ÏLÓ���{�� ²�ÑÑó
À�ÎÒS�, �L 2. �âÎÒÄåÆ�ålú

ª, A, B ü�;��m�ål� 8/739, B, C ü�;
��m�ål� 8/730. ��, �ÎÒS���Ý�
u 39  �,  ²�éuõÊV&Òÿþ�(¯Ý
�� 0.017%. ùL², ^ÎÒÄåÆ©Û ²XÚ
�õÊV&Ò?näkûÐ�°�5. du ²X
Úuÿ�Ä���é°, éuf ²þØÓªÇ�
Ñ\e-, Ó�äkûÐ�(¯Ý.

Ó�, ^ã 3 ¤L«�ü�� ²�ä�ÿþ
Ó��&Ò. 3�ý¥,  ²�ä¥1���� 
²��Ñ\þÚü ²�£´�Ñ\�Ó, ü? 
²��m�ÍÜë��3 3 ms, 4 ms, 2 ms �� 

150505-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150505

�, 1�? ²��Ñ\�1�? ²��ÑÑ¦
þ�AÍÜXê�\Ú, wi �g� 0.5, 0.8, 0.7, 0.9.

kÎÒÄåÆ��ØÓÑ\�ÎÒS�, �L 3,

L 4. ^ü� ²�äÿþõÊV&Ò, Ó�äkp
(¯Ý, ùÓ�`²
 Edelman ²XÚ{¿nØ
�Ün5.

éu FM .��, Ùu���(ÅªÇ�X
�m�eü
eü, ^2Â�N���néóÀ
S�?1ÎÒz©Û. FM ��f ²þ�óÀª
Ç, du���Â��(ªÇ�X�m�í£


ü$, ¤±Ùf ²þ�óÀªÇ���meü,

Á�¥�z�óÀ±ÏO\ 0.0017 ms, å©±Ï
� 2.6 ms, e-�±Y�m� 1 s. ¿U\þ�� 0,

��� 0.005 ms2 �xD(�, Xã 8(b) ¤«. ©O
^ü� ²�£´Úü� ²�ä�.éÃD(
^�eÚxD(^�e�õÊV&Ò?1ÿþ.

Ó�, 3?¿UC ²�ä¥�� ²��m
�ë�rÝÚÿÀ(��, ���fú ²XÚé
uõÊV&Ò�ÿþ3ÎÒ�m¥�´U
�±
ûÐ�üN5.

ã 8 ���Â£ÅU\þ�� 0, ��� 0.005 ms2 ª�D(�ªÇ -�m«¿ã (a) CF .��; (b) FM .��

L 2 ü ²�xD(^�eÿþ CF .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2.9995(A) 6 4 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 4

3. 0000(B) 6 4 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5

3. 0005(C) 6 4 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 4 5 5

L 3 ü� ²�äÃD(^�eÿþ CF .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 9995(A) 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

3. 0000(B) 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5

3. 0005(C) 7 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 4 5
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L 4 ü� ²�äxD(^�eÿþ CF .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 9995(A) 7 5 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 5 4 4

3. 0000(B) 7 5 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 5 4

3. 0005(C) 7 5 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4

L 5 ü ²�ÃD(^�eÿþ FM .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 5995(A) 6 6 5 6 5 6 5 5 6 5 6 5 5 6 5 5 5 5 5

2. 6000(B) 6 6 5 6 5 6 5 5 6 5 6 5 5 5 6 5 5 5 5

2. 6005(C) 6 6 5 6 5 6 5 5 6 5 5 6 5 5 5 6 5 5 5

L 6 ü ²�xD(^�eÿþ FM .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 5995(A) 6 6 4 5 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 4

2. 6000(B) 6 6 4 5 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4

2. 6005(C) 6 6 4 5 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4

L 7 ü� ²�äÃD(^�eÿþ FM .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 5995(A) 2 6 6 5 6 5 6 5 5 6 5 6 5 5 6 5 5 5 6 5 5 5

2. 6000(B) 2 6 6 5 6 5 6 5 5 6 5 6 5 5 5 6 5 5 5 5 6 5

2. 6005(C) 2 6 6 5 6 5 6 5 5 6 5 5 6 5 5 5 6 5 5 5 5 5

L 8 ü� ²�äxD(^�eÿþ FM .��£ÅÎÒS�

e-±Ï /ms ÎÒS�

2. 5995(A) 2 6 6 5 6 5 6 5 5 6 5 6 5 5 6 5 5

2. 6000(B) 2 6 6 5 6 5 6 5 5 6 5 6 5 5 5 6 5

2. 6005(C) 2 6 6 5 6 5 6 5 5 6 5 5 6 5 5 5 6
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)Ô ²XÚ)��õ�5ÚõC5Ul
¤k�gþ�NÑ5, õÊVÿþXÚ�Ø~
	. ùÒ´ Edelman �Ñ� ²�ääk{¿
5 [13,25−28]. ¢��,��Ñ
dü� ²�½
ü? ²�ÍÜ�ä|¤�£´�õÊV�Aÿ
þ(J. ��ã 3 �õÊV�Aÿþ£´��±
xÑéõ, �Ó�äküN��N�, �±^ÎÒ
ÄåÆ�©Û���Ó�ÿþ(J. 
�, ã 3 �
 ²�ä(��ÎÜ{¿5A:, ���C)Ô
XÚ.

5 Ø­½5�?Ø

 ²XÚ´��Ø­½�XÚ [29,30], 3 ²
[��)·±Ï¥, Ù�	�¸3�½���S
Øä�Cz,  ²�ä�m�ë�rÝ�XÆS
�L§Øä�Cz. ,
, )Ô� ²XÚ%U3
XdØ­½��¹e��p°Ý�&Òÿþ. Ï
L ²��ÎÒÄåÆ©Û, ù��wqgñ�
¯K�±éÐ��`². Ù¢, þãL¥�Ñ�Î
ÒS�, Ñ´�é�, vkýé¿Â, �GÎÒS
��ÄåÆ$Ä;��3X�éõ�'X. �â

�N��ÎÒÄåÆnØ, ÎÒ�mpÏL�5
�Iº5�ä�GÎÒ�m���'X. � ²
[�	��alfßÝÑyCz�, �âUdA
�§:

EK =
RT

zF
ln

[K]out

[K]in
, (11)

?lf�²ï> ¬�ACz. b�N¹L¥
� H-H � § ëê EK C z 10%, © O 3 EK =
−74.488 mV Ú EK = −69.685 mV �, ^ Ì �
� 20 µA, óÀ°Ý� 1 ms, Ð©ªÇ� 500 Hz,

� � � ó À � ± Ï � c � � ó À � ± Ï O
\ 0.0017 ms, ^ã 3 �ü� ²�ä?1�ý
O�. �âÎÒÄåÆ��z� EK éA�ØÓª
Çÿþ�ÎÒS�L.

'��L�êâ��, 3Ó�e-e, ØÓ
� EK éAØÓ�ÎÒS�, �´zÜL¥�üN
5�´���, ÎÒS��XªÇ�O�
O�,


�zÜLÑk�q�ªÇ(¯Ý. Ó�, éu�
	Ù¦�¸ëê�Cz, ~X?lfßÝ!Ålf
ßÝÚ§Ý9ÍÜ ²�ä¥�ë�rÝ�, 3Î
Ò�m��3XÓ��5Æ. ��, |^�N��
ÎÒÄåÆ�©Û ²���&ÒÿþäkéÐ
�°�5.

L 9 EK = −74.488 mV ü� ²�äÎÒS�

e-±Ï /ms ÎÒS�

1. 995 8 7 7 7 7 7 7 6 7 7 6 7 7 6 7 6 7 6 7 6 6 7 6 6

2. 000 8 7 7 7 7 7 7 6 7 7 6 7 7 6 7 6 7 6 6 7 6 7 6 6

2. 005 8 7 7 7 7 7 7 6 7 7 6 7 6 7 6 7 6 7 6 7 6 6 7 6

L 10 EK = −71.967 mV ü� ²�äÎÒS�

e-±Ï /ms ÎÒS�

1. 995 8 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 7 6 7 6 7 6 6

2. 000 8 7 7 7 7 7 7 7 6 7 7 7 6 7 6 7 6 7 6 7 6 7 6

2. 005 8 7 7 7 7 7 7 7 6 7 7 6 7 7 6 7 6 7 6 7 7 6 7

150505-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150505

L 11 EK = −69.685 mV ü� ²�äÎÒS�

e-±Ï /ms ÎÒS�

1. 995 9 7 7 7 6 7 7 7 7 7 6 7 7 7 6 7 6 7 6 7 6 7

2. 000 8 8 7 6 7 7 7 7 7 7 7 6 7 7 6 7 7 6 7 6 7 6

2. 005 8 7 7 7 7 7 7 7 7 6 7 7 7 6 7 6 7 6 7 6 7 6

6 ( Ø

©z [14,24,29] 3ïÄ ²&E?nL§¥
JÑ
^�N�ÚÎÒÄåÆ��{ïÄ ²
��&E?è. �Ù ²��ÎÒÄåÆ©Û
Û�uü� ²��©Û, �ïÄ3dÄ:þò
Ù*Ð�ÍÜ ²�ä�., ò���ä�.
����ÄåXÚ?1��5ÄåÆ�©Û. ©
¥©Û�ã 3 � ²£´�´)Ô ²XÚ¥
�3��ÊH���~f, 3UCÙ ²��
m�ë�rÝ!ÿÀ(���¹e, Ó��±�
�üN��N�. ù¦�^ÎÒÄåÆ½þ�
©Û ²XÚ�&E?n�{�A^��?�
Ú*�.

�©æ^ ²��N�ÚÎÒÄåÆ5?Ø
��fú ²XÚ�E,�¸¥õÊV&Ò?n
�{, ¿ÏLO�Å�ý�y
Ù�15. ÏL
ÎÒÄåÆÚålúª5ÿþ ²&Ò, ÙÄ�
���. éud&Á��1E¤���(£Å�
ª£3Azâ[�m, ���´�Å�ÈÅì´
Ã{©l£Å¥�õÊVª£&Ò. �©ïÄl
fú ²��� ²�Ñu©Û��õÊV&Ò
?n, ^�N�ÚÎÒÄåÆ��{©Û ²X
ÚõÊV&Ò�½þ?nL§, �\�C)nÆ
¢S.

)Ô� ²XÚ´��Ø­½�XÚ, äk
éÐ�¯a�A:, ���Ð�CÄ, ¦XÚ;�
�)é��Cz,  ²XÚÒ´|^ù�A:5
¢yp(¯ÿþ. lålúª��, ÎÒS��
�Ý��, L«XÚ;���, Kÿþ�(¯Ý
Ò�p.

N¹ A

Hodgkin-Huxley �§:

CV̇ =I − ḡKn4(V − EK) − ḡNam
3h(V − ENa)

− gL(V − EL),

ṅ =αn(V )(1 − n) − βn(V )n,

ṁ =αm(V )(1 − m) − βm(V )m,

ḣ =αh(V )(1 − h) − βh(V )h,

Ù¥

αn(V ) = 0.01
10 − V

exp
(10 − V

10

)
− 1

,

βn(V ) = 0.125 exp
(
− V

80

)
,

αm(V ) = 0.1
25 − V

exp
(25 − V

10
) − 1

,

βm(V ) = 4 exp
(
− V

18

)
,

αh(V ) = 0.07 exp
(
− V

20

)
,

βh(V ) =
1

exp
(30 − V

10

)
+ 1

.

Hodgkin-Huxley �ýëê��

C/(µF/cm2) 1

ḡK/(ms/cm2) 36

ḡNa/(ms/cm2) 120

gL/(ms/cm2) 0.3

EK/mV −71.967

ENa/mV 54.98

EL/mV −49

T/◦C 6.3

Vrest/mV −59.805
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Abstract

The high sensitivity and reliability of the biosonar have attracted many bionic scientists’ attention. However, there is no convincing

physical model to explain the reasons of the superior performance of biosonar. The main reason is that the neuron coding of the nervous

system is still uncertain. Based on the physiological structure of the bat’s auditory nervous system, a probable explanation is proposed

to discuss the Doppler signal process with the principle of circle maps and symbolic dynamics. Through the computer simulation, the

rationality of this method is proved. For the instability of the nervous system, using symbolic dynamics to analye the mechanism of the

neural information processing has high sensitivity and robustness. It is expected that the research of this new explanation will be able

to promote the understanding of the biosonar signal processing and its applications.
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