e Y AR [ 25 S i SR SO M S AR LR s h P AAR LA 0

Ryosuke Yoneda!, Haruma Furukawa', Daigo Fujiwara®, Toshio Aoyagi!

' Graduate School of Informatics, Kyoto University, Yoshida-Honmachi, Sakyo-ku, Kyoto, 606-8501, Japan

2 NTT Communications Corporation, 21F, Granpark Tower, Shibaura, Minato-ku 8-4-1, Tokyo, 108-8118, Japan

Abstract
AR T —Fh B I R A ) s i AR ] AE Y

AT GRS RGP LA . SRR

05 TR0 A BRI 0 B - U vl e AR i Qe R MR AR s 5 Dh 32 (B AT n P A A% R E ik PH B 8k
Ml X SE AR, A, S MR pR R I AR IR, BT R AR T HE R R A R . AT S
TET] AR EAR G IR e I T RRATRT R, R T HXHE SR R REE R KSR S5 AR RS, AE

RERSVEA TR KB RO BIF I

W2 B BRAOE T BB . 3RO, FRATRFZITIA NN T B 27 - A B 07 R QU 22 P 45 o il
IR T IRJZANEAE T s 8. X LEE RS R 1 e e A (B R A4 D v I 2% m ) AR S MR AT EL A D D T )
RIGVEMFEE . BATIMERA ST AR M 7S AT 58, BB R R T AR G A 22 1 22 R 4

Juy

e

AR R 1, 2, 3] & M b s M A o R
S G RA T, BRI R 2 e PR T S (4] 5
BB FE AN [5] o S e v B AR AE e, I
BEN iR ARG T A T PR LA .

P2 18] B 5 R KR s AR L 22 1 BRI, X B
><OE T AGHIFA R AR DL, AOULINEE Ak
M A AR R R BRI HI Y P TR . R 2
B {3 e B I SRR T 45 D YR R ok 13X — [t
(6, 7,8, 9], SR, PRERE IREHIHI LGRS 2
S ) AL GO G AR, T2 ENIE
PEATAARI BRI BEAh, Al i i B R 0] RE S R
RIGAXHE, FEEIRIE . mED . SRR A
HEHN, PYEEWRER G REHETR B ARSI T
R

N T e S R ER AT AR ) A, AT v
AR B, X ARSI ATk, Ty 22 e
B [10] VPSS A s AEA T R . FLAORE, Al
P T AEITIE, R R RO R AU
FIRnE—— AR, BIA T R oA

ASCHLNS o AR5 277, FATT ) 2 i TR A
O IR PR A E M A (226 3, AT T —

09110vio OO

arxiv:2504

MO, T AR Y 2= B R A8 P iR Uk T &
GERIR G eR A, B S e AR T o X FE A T AR A
THERERETT . FHRIERAE T 37 A T4 M AR
Gio R, FATEEM A FitzHugh-Nagumo Jfk 7
e i fay 2SCA BRI D0 R /R 1 BT R i T A0 T B
AITEAICT . AL, BT BT R T ORI A
ZICMZIRRGE, TR G R BRI 2 1k
Wbt Bm, FROTIESS 597 MEEA SOt —D iy
ik

2. HiRN

2.1. #BeA1aikH 5
ERATZ E—AH N AN EAER NS &G A
RS

N
X; = Fi(X)+ ) GpiX X)) i=12,-,N. (1)
i

XH, REF FaouR i ARSI, WG FR
MICE i BICK jSEN . JAIBEA TR HA —
MEERIRRES (R TTRAR IR G 8 ) . ARFTAA,


https://arxiv.org/pdf/arxiv:2504.09110v1

KRR R GE ] AR A S HE i s (L, 2]

N
b = wi + Z Lij(A¢ij),  Adij:=¢;— ¢ (2)
Jj=1
J#i

PRE AT, R G R, R MRz as j Bl as i 19
fEHT

RAMCHR PR IHAIET BE R T RE. &
RIFEZAGE (1) WH 2R, MOHRT (2) (O MR
BRI — A ¢ BRI, FERRT PASE RS ITETI 22
A5 L

2.2. 3B& BT

TEA S, AT B AL A R £ ;) AAH
R EFES) D = ((ej iy 5 x; € TV Flly; € R YT
J= 102, ngee X, T FR—1 3. BT
R E T IRZas ) PR PRI AL B[] 1 31
H X S R B TR

SR, ARAT- 4 1T 25 1= AR PR A 25 1) R e ) e 91 e
WL A PR . BIVERAS T X Fem s, SdiEtis
FEFE K, TEREMITRE PRI T Tl
IX—MEAL, FRATT L TR A eR AT AR A A
YERZ A g, X AaRATmT ARE A% . TR LA
3.17%5.

3. Jitkik: mWd AR

FATR i 0 R [ U SR A T Ay e . AEAS T
ARG T R AR AR -
BB FATA — AW F I EHE D = (e, vl ©

TV IXR, H AL ngaa DEARE A AR — 8% S TV -

R, 2
yi=[fx)+&, (3)

..... Naaa s Fer & JR AU PR R AL AR
N, 0%), FATHIESS 2 S rd B A D
TARFIEREL S -

FATE S BBOR I m T R KL f R G E
R Ses I

HUFSE pus

[~ GP(m, k), (4

Hoftm: TV - RYEFRAIGMEEEL, b TV xTV' > R
BRI W T7 22 eR B My 2 BRI e A S R AT T[]

~—

BB f O J MRS, I AR T — 4
PHEEA P, EFZHRLT, h TR, S
B m SRR B

R A IRBOMBT S, FRIORTS
WEAR. AN A R PSR

[ 1D~ GPGm. k). (5)
Ho JFIG (A R B m RSB P 25 R AL & 2

m(x) = m(x) + kex(kxx + 02L,,) " (y — my),  (6)
k(x, x7) = k(x,x') = kex (kxx + 02 Ly,) ke (7)

Hor

[kXX]ij = k(xi,xj),
kyr = ki = (k(x1,%),.. ., k(X X)),

myx = (m(xl) aaaa m(xndam)) >

3.1. oy £ FA ey itdF

PN 22 PR AR k2 v B AR [ A A S A A B e,
e Rt T IRAD A I R AR (FEDL (11] Y
IR ) . R E R E T, BTG R0 E
SUECAERE TV, X ME LR AR 2n REIYER, B
WAl B Iz AE R o ZE R B G R . A, BT
AREE b (RIS NPRA EAE AR, FTAE
AZ R AR PRy [12]. Bz, AT AR AT
I A SR A T A R

N-1

k(x,x") = Z Qf)j) exp (9(1” cos(x; — x})). (8)

J=1

BCHL, {0V OV RIERBSH. 6F v T H

FERBIRNE . 60 TTDA AN K E R, B
FE TV 2R J T TR B SRR

3.2. At

TEIE A ] IR R R e U R A v ST PR
TER% G0 MIMERSSIESE o e T fRARATS, AT L
ZHEN 0,

NI 6, FATHER KM AT, ER AR
AEA U O M BRI TR, 2800 1Y (1ks) M4



TUSRPEA
L) :=logp(y | X,0)

Ndata

> log 2n,

1 1
= —EyTKgy ) log det Ky —

Hop Ko = kxx + 02 Ly, 5SRO D 17 2250 -
T REMI S AL 0 S L 4R B ALBLAR s K L(0) 1 fe K
{EARATTIY o

T IRAE AL S RO S KA GAUL IR P A A Y 17
AR — A ASCr, FA AR
RN A G RIRNER IR BB AT I
A T AT R -

- 0 9L g
6" er“+a55w“x (10)
Hor a FoReg] %,

WEBLIREE T W (SGD) Jr ik e Bh 3 T e fk s
TR —FRREALIT L, 255 — R ik sCe 72 SGD J5ik
e, B IR AN R MIEERARUE , TR R
BTSSR o FcRIY AL HU R P 20 1Y
BT NS R AT SR TR B o i TR A/ MR Y
BRBETT AFAERERLBEZN , NATIA E R A R4 ] fiE
PEREAR. R, FRATHT CARBHT T R 22 R BT
HAB SR A XA AT AT A i 2E 4T Rk
fe. LI M GPflow [13] SERUEY .

3.8, & A iz e)ang & L

e b AR mE A — A S R B R N EH S
b€y N el [ W 4 2 €7 L P S T ORI R e o]
RESRA H o B AVFE O TR 5 [E e s BOE 2 17 10
TIXEE I SR BGIA T, ARV B DL i X R E
TR R MER . HhAh, A BRI DAY & TRk
S (AP R B ) A, X AT DARR
Al R R

o T A R [ U5 B e A T A T R AT DA i
B A IR Se i SR, BEEBIREE now 09
I, TR ngaa X Naae FEFESEF TR RV, T PIAF
AR ERERN . CERE THFEMsE U ok
R T AR I TR S (14, 15, 16, 17, 18],

4. BfEk

4.1. #8512k % 5
R T HRINFRAT R AR, FATE e &
AR AR AL TR R 3 R R G
¢1 = 1.0 + 0.01 sin(¢h, — ¢1) — 0.02 sin(¢p3 — ¢),
¢y = 1.1 +0.04sin(¢p; — ¢,) + 0.01sin(p3 — ¢r),  (11)
$3 = 0.95 + 0.01 sin(¢; — ¢3) — 0.03 sin(¢, — ¢3),

Hor @1, do, @3 ARG AL o S8 1 (8 Y 15 1] BR 5 ¥4
Mo =0.0 2] 1, = 15.0 SRAFF G IR (11), FRITEE
PLIEI IR, FATMES TIPS ER . DARAER
0.2 X EARIEAT RAE . FA TR AT EE AT 50 1K
TSR 1R

4.2. 3B TABE RIS B
BNk, FRATRIE 0 R TR A 0 TE R IR
IRGits:
X1 =y + K(x — x1) + &, (D),
y1=&1(1 = xDy — x1 + Kby, + &, (D), 12
Xo =yr — KX%)’l + &y, (D),

V2 = &2(1 = 3)y2 — x2 + Kxyyt + €,,(0),

HHBHON (&) = 076,,56(s—1) XFTF @, B € {x1,y1, X2, ¥2}
ZHHIMERE €1 = 03,5 =0.7,K = 0.01,0 = 0.03,

FATEE DA T3 35 A RAS 1 B 1) ) 3) 5t vh S A
ORI TS 5E, FATH IR oy X5 LT £ B2
(1)

Bi(1) = arg {=%:(1) + i9:(n)}, (13)

Forr, & A0 3:0) 235052 xi(0) A yi(e) B AR5
JEMT IR ¢ 504 9:(1) € [0,20), FF 9:(0) IAIRG
i 1 IR (R P SR A B . X2 Bl (RS
HAFMFIERE LT, 0 IFAS B, 4T ek
X —HEL, 9 B 6 DA AR B 288 T [19, 20]:

(1)
0:(r) = Zﬂf oi(p)de, (14)
0

Ko FR 0 AR FATR 6.0 WIRG s i
AIRIGL, FHAERIE A EAT

TR I 2878 . 5 5R 5 f FERE T A5 H Y
FULH O R 8 O T THR, AT R T
WA TTIE (9] FE AR R AL



== = theory

—— P regression

“§1.01- "0 1.02-
s <
2 1.00 S
< 1.00- %
; ; 1.00 -
t 0.99- t
3 3 0.98-
0 057 7w 157 27 ACPB
AYpS
= "o 1.11
S'1.125 N
2 2
= 1.100- g 110
— —
+ 1.075 + 1.09
o o
3 | 3 |
Ay A3
"5 0.9- "o 0.98-
) 5
= 0.95 =
n ~ 0.04-
J; 0.94- 1:
3 | ‘ - 3092- . i
A3z A3

P L AGTHITE A G R (AL6) RIESERM AR CRE, Bk . HER, Mgt e s i S b iR &, R LG maER

1.02- 0.99-
N
N —
| 1.01- & 0.98-
2 =
21.00 ~0.97-
—
_|_
— 099 - = theory o~ 096 N == 1 theory
3 —— GP regression (¢ = 0.0220) 3 S7 —— GP regression (¢ = 0.0381)
——— Fourier estimate (M = 1) ——— Fourier estimate (M = 3)
0.98- ‘ ‘ | . 0.95- ‘ ‘ ‘ ‘
0 0.57 T 1.57 271 0 0.5 T 1.57 27
Adrz Ao

B 20 7R 12 AR A TTE R . Bt (RO . BUAESASRAR (BEO5L) AR RIS (LLE58) . HHEMSOR PRI 5T
Yo e R 2 ) i 8 2 P AR AL (DL R Y



4.3. #8484 FitzHugh-Nagumo &% %%

% e RN e A R o — ARl &
DA AR FitzHugh-Nagumo $E 1+ [21, 22]:

1
. 3 3
V=V — §V1 —wyi + Iexe + Kvivy + &,,(0),

T\Wi =V +a—-bw; + &, (1),
(15)

1
. 3
w=w—§w—w+&ﬁ§ﬁl

ToWs =Vy +a — bWz + fwz(t)’

HH (£,(9)Ep(D)) = 0260,50(s — 1) KT T @, B € (vi, w1, va, W)
AL, B, a=1,b=0.8,I, = 0.8,K = 0.0087, 7, =
0.17", 7, =0.097",

AT TR BRSO g (B 3). A
okl A1 T TRl e nErEcE (H
Ninie 2678 ) PRI N WIIR(E A T8 v i Ik 7 08 3R 5L
(H Neyele 7278 ) o FRATTIFRAEZRE R 0.2, AL [E]
JEHE 556 4.2 Frid Al [F 0 5 yE s T

ME 3RTAE Y, SEHRFEARRUN, A5
P EAEA TR A R B e S B 4 L — 2,
BIERIETT R X F I A 5 i 0 HLAR A
B, AT LT HoAd 7 ¥

44 RIEFPZ LR B

&, TATEE A H 2 A1) Hodgkin-Huxley
ETZH ) I 2 (23], AT A i LA A £ pR 5K
ALAMain, Hp A XatEry, WA
). KT Hodgkin-Huxley FAL AT 450 Fffsk A

FATRAFE 8) EXMZRHE N=T. ZILK 4
FE ST HMEE, PAEAE S 5 8 A A
EHARM ISR AR AN MR8 Z [
B R BCFE A b 5 e B A ] 0 g 8 2R S R 4 AR
—3

5. SR HbHE

FERX e 30, FATRER T Z IR T kL
P, FFN B IEA T DA L3R 7 a4 2 G0 BB 1 4 £ bR
Beo AR T — AP A AR R A TR R R
o I RGBT R KL, T ATERE R T B M
A BRI T T FRATUESE 13X AP iR T i B
DR ERIVE | RS07E N 3 & R IR | B S T R ]

THOLRCR R . BATRHINZITIAREN A Z k£
A E ke 202 R R G E PR T A A R AL

i, BATVE 1B R T AR el U B T
AR S0 Y5 P b €I T oS e WS o (VAT G R 277
AT A R, W] RE 2t BT GE ) B4 [l U s 5
RAGMERIERI AT RENE , R ik 38 B 2] e A3 RIS ) 11T DA
ZMEE AR TR R S T IR A, i
T FOBTRARE, RIAH REREDT R R S Rt i
EIIRIFAY IS TR PR SR TR AR RERE T R
TEA & eR BT AP i I B PR AR AR

B

X TAERR A5 3] TATR BB : MEXT Bhegfifs
b5 JP23H04467; JSPS Blegbib st g4 &
JP24H00723, JP22KJ1902, JP20K20520; JST BOOST
PB4 JPMIBS2407.

References

[1] Yoshiki Kuramoto. Chemical oscillations, waves,
and turbulence. In Springer Series in Synergetics,
pages 22—34, 1984.

[2] Arthur T. Winfree.
time. Springer New York, NY, 1980.

The geometry of biological

[3] Hiroya Nakao.
to synchronisation
Contemporary Physics, 57(2):188-214, 2016.

Phase reduction approach

of nonlinear oscillators.

[4] Atthaphon

Memmesheimer, and Stan Gielen.

Raoul-Martin
Analyzing

Viriyopase,

the competition of gamma rhythms with delayed
pulse-coupled oscillators in phase representation.
Phys. Rev. E, 98:022217, Aug 2018.

[5] B. Ermentrout. An adaptive model for synchrony
in the firefly pteroptyx malaccae.
Mathematical Biology, 29(6):571-585, 1991.

Journal of

[6] Roberto F. Galdn, G. Bard Ermentrout, and
Nathaniel N. Urban. Efficient estimation of phase-
resetting curves in real neurons and its significance

for neural-network modeling. Phys. Rev. Lett.,
94:158101, Apr 2005.




(@ = 00433)
imate (M = 10) o

ate (M = 6)

0.14
0 1.57 27 0 0.57

1200
1000 3000
800

2000

600

400
1000

- |.I._L l H
0 o=
157 27 0
2

0 0.5 0.57

n
Agro

n
Ay

0.22- = Fou

0.20

1+ Ta(Ap12)

0.18

«

0.16

0.14
0

12000

10000

8000

6000

4000

2000

0 - 1y 0 =
0 057 3 1.57 27 0 057
Apr12

/\‘;Plz

B 3 fli iR &R Do WA FitzHugh-Nagumo £%4 (16). #it (BHEL). HAHERENER (LK) AIRENTESER (5544L). (a)Niie =
10, Neyeto =50 (D) Ninit = 30, Neyete =50 (¢)Ninis = 100, Neyeto = 5. (d) 025 H 0.57 8LPA I H. 7 8LA R IEER85 EFFHHY Ninss = 100, Neyele = 5.

[7] Isao T. Tokuda, Swati Jain, Istvin Z. Kiss,
and John L. Hudson.
from multivariate time series.

99:064101, Aug 2007.

Inferring phase equations
Phys. Rev. Lett.,

[8] Tomislav Stankovski, Andrea Duggento, Peter
V. E. McClintock, and Aneta Stefanovska.

ference of time-evolving coupled dynamical sys-

In-

tems in the presence of noise. Phys. Rev. Lett.,
109:024101, Jul 2012.

[9] Kaiichiro Ota and Toshio Aoyagi. Direct extraction
of phase dynamics from fluctuating rhythmic data

based on a bayesian approach, 2014.

[10] Carl Edward Rasmussen and Christopher K. I
Williams.

Learning. The MIT Press, 2006.

Gaussian Processes for Machine

[11] Motonobu Kanagawa, Philipp Hennig, Dino Se-

jdinovic, and Bharath K Sriperumbudur. Gaus-
sian processes and kernel methods: A review
on connections and equivalences. arXiv preprint

arXiv:1807.02582, 2018.

David K Duvenaud, Hannes Nickisch, and Carl
Rasmussen.  Additive gaussian processes. In
J. Shawe-Taylor, R. Zemel, P. Bartlett, F. Pereira,

and K.Q. Weinberger, editors, Advances in Neural

Information Processing Systems, volume 24. Cur-

ran Associates, Inc., 2011.

[13] Alexander G. de G. Matthews, Mark van der
Wilk, Tom Nickson, Keisuke. Fujii, Alexis Boukou-
valas, Pablo Ledén-Villagrda, Zoubin Ghahramani,
and James Hensman. GPflow: A Gaussian pro-
cess library using TensorFlow. Journal of Machine

Learning Research, 18(40):1-6, apr 2017.

Edward Snelson and Zoubin Ghahramani. Sparse
gaussian processes using pseudo-inputs. In

Proceedings of the 18th International Conference

on Neural Information Processing Systems, page
1257 — 1264, Cambridge, MA, USA, 2005. MIT

Press.

[15] Joaquin Quinionero Candela and Carl Edward Ras-

mussen. A unifying view of sparse approximate
gaussian process regression. J. Mach. Learn. Res.,

6:1939 — 1959, 2005.

Michalis Titsias.
ducing variables in sparse gaussian processes.
of the

Conference on Artificial Intelligence and Statistics,

[16]

Variational learning of in-

In Proceedings Twelth International

volume 5 of Proceedings of Machine Learning
Research, pages 567-574. PMLR, 16-18 Apr 2009.

[17] James Hensman, Nicolo Fusi, and Neil D.



PN NN NN
NN NN
NN NN

inhibitory neuron
excitatory neuron
inhibitory synapse J,J\///\_/J\*J\_///\/
excitatory synapse /J\/J\/J\/’//\/J\

0.05- : : : : :
0.00 ==—=== R e -J«— === =
005 - : : : :
0 m 21

AL A e e e N L

= - -V B . & R R
S . s e === -V -A—. e Em——=
= = = = L Y e -

Bl 4: (a) HIA AT HERRZTTRIBA M M 28 SRR & U Bk b w2 [ 4, (b) BRI BIERL AL ETTRNF S, (o) BUEHE S R Z T2 A &
B (BEfofEsk) DASAE A2 [l S MBS PP A T H (R A R (LD (e sisk: Measbhidds; Efascst: MilikmEs:: KEOLg: k). W, 808
CreRE Ty BT NAE Agyy = 0 20T O ABEATLLAR .



0.05 - - - - - - - . : N i . . } . . . B .
go0 - EEEN EEiEes heenew E¥itesl SRS Seies S S Bevien B Semeen SSntes SSe S _Emm .
0.05 - - -

R - - 7—-——*-—-—*—-—:—-——~/\— -rm-——az‘-;—m‘—-——i-éﬁ-———a—-—av——-—a—.__’-—-—a
HEDUEEHEE BEEEEENENE
R

== s be b S ks SR E= SR S S5 =N S5 == 5 55 Be 5= e
SEEE N EE AN EESEEEEE RS EEEE R B BE b BEEEBE

m\’ﬁ\.w.m_mm_mw,_—‘_ﬁ,__,_.__ - Bl By R SN B -
4
"__’—’\'/-\m"“_*'\_f/, vm@wwvv 74 ——— e e E——— e —— —_—-

P 5 BEIS BT R ICZ RO AR CRERLR) AT e A MR AR il th R Ay e (L fasisk: Deavibied; Wi@scsl: JbitiE
Hes RStk ToiE:) . WER, BOMGRET, LRI 0 I Ay = 0 AT ILEL.



[18]

[19]

[20]

[21]

[22]

23]

Lawrence. Gaussian processes for big data. In

Proceedings of the Twenty-Ninth Conference on

Uncertainty in Artificial Intelligence, UAI'13, page

282 — 290, Arlington, Virginia, USA, 2013. AUAI

Press.

James Hensman, Alexander Matthews, and Zoubin
Scalable
Classification.

S. V. N. Vishwanathan,

of the Eighteenth International Conference on

Ghahramani. Variational Gaussian

Process In Guy Lebanon and

editors, Proceedings

Artificial Intelligence and Statistics, volume 38 of

Proceedings of Machine Learning Research, pages

351-360, San Diego, California, USA, 09-12 May
2015. PMLR.

Bjorn Kralemann, Laura Cimponeriu, Michael
Rosenblum, Arkady Pikovsky, and Ralf Mrowka.
Uncovering interaction of coupled oscillators from
data. Phys. Rev. E, 76:055201, 2007.

Bjorn Kralemann, Laura Cimponeriu, Michael
Rosenblum, Arkady Pikovsky, and Ralf Mrowka.
Phase dynamics of coupled oscillators recon-
structed from data. Phys. Rev. E, 77:066205, Jun
2008.

Richard FitzHugh.
states in theoretical models of nerve membrane.
Biophysical Journal, 1(6):445-466, 1961.

Impulses and physiological

J. Nagumo, S. Arimoto, and S. Yoshizawa. An ac-
tive pulse transmission line simulating nerve axon.
Proceedings of the IRE, 50(10):2061-2070, 1962.

A. L. Hodgkin and A. F. Huxley. A quantitative
description of membrane current and its applica-
tion to conduction and excitation in nerve. The
Journal of Physiology, 117(4):500-544, 1952.

A. Destexhe, Z. F. Mainen, and T. J. Sejnowski.
An Efficient Method for Computing Synaptic Con-
ductances Based on a Kinetic Model of Recep-
tor Binding. Neural Computation, 6(1):14-18, 01
1994.

PR A. RIGERIZEIC
A TR 15 1 Hodgkin-Huxley BUHATT [23).
CV =Gna®*h(Ena — V) + Gxni*(Ex = V)
+ GL(EL - V) + Iinput + é‘:Vy
m :a'm(v)(l - m) —,Bm(V)m + ‘fm’
h =a,(VY(1 = h) = B (VIm + &,
n :an(v)(l - I’l) _ﬁn(v)n + ‘fn»

(A.1)

SHE N C = 1,Gna = 120,Gx = 36,GL = 03,En, =
50, EK = _77, EL =-544, %Hb@%& am,h,nsﬁm,h,n 7\%

W) = 0.1(V + 40)
G T Zexpl(-V — 40)/10]"
~-V-65
ap(V) =0.07exp 0
B 0.01(V + 55)
(V) = 1 —exp[(-V - 55)/10]
-V -65
Bn(V) =4exp T
1
AV)= 17 exp[(=V - 35)/10]’
-V -65

(V) =0.125 )

BSUYIGERHEZPIMi by il
CV =G’ h(Exa — V) + Gxn*(Ex — V)
+ GL(EL = V) + Linpu + &v,s
i =, (V)(1 = m) = Bu(VIm + &,
h=a,(V)(1 = h) = Bu(V)m + &,
i =a,(V)(1 —n) = B,(V)n + &,

(A.2)

%ﬁﬁﬂﬂ C = laGNa = 112,GK = 224,GL = O.l,ENa =
55» EK = _977 EL = _70~0° %thl—\?’—‘]%& am,h,naﬁm,h,n ZEEI

40(V = 175)

(V) = pl(75 = V) 135]°

a,(V) =0.0035 exp 21186

V-95
—exp[(95 - V)/11.8]’

aAV)=1

-V
ﬁm(V) =1.2262 exXp m,

0.017(-51.25 - V)
expl(-5125-V)/52] - 1"

B.(V) =0.025 exp

Bu(V) =

22.222°




XF TR £, A TR i R L AR S A
ZH,

Linputi = Toiasi + Z Loyn i;. (A.3)
jepre;
XHL, pre; Fon AR | AN Ak S il A B 4R 5 |
AR TR i B FRL I LA oiass = 30, 32,6,6.5,34,36, 38
ST i=1,2,...,7,
IR, Loyni, BIHBN 258 AlAR AL [24)
HEATIEAE, TR RIR R

Ioynij = Gijrij(O[Vi(®) — Ej]. (A.4)

SR EAW LI H rj o, KB AT
TR IA -

dr;;

dr
Hp, Ty G ik B, e 2 il 4 g %t Sl
FEE N 1, I 1 ZREEE RN 0. FE a; Al B 15
il ri; WS 122, T E; @ e AL H Gy @ il S,
LT PR RN P g fk (5 FH BB 5 3K (o Bijs Eijy Gij) =
(1.1,0.67,0,0.5) #1 (9.8,0.2,-75,0.4), 4, — 5509,
TS M R RN £ BRUSINE LA V3 R AE AR & m,
hi Fln; v, MRS SRR S I M R A, o (i) = 0
FAE(DE, () = 026,,0;;0(1 — 5), HH x,y = Vm, h,n,
PABZ i F1 j IRy | . (R MRS oy = 0.5 Fll

Om=0p=0,=5x%x107°,

= a'ijTij(l - rij) —,Bijrij, (A'5)

10



