o518 BA 1 12020 4F 2 A
1672-6553/2020/18(1)/082-06

¥ E®EEF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.18 No.1
Feb. 2020

BB EZHTH Fizhugh-Nagumo 1R EY
WMENHFEHR

R0 AT

R

(VFB2EBE Bt 5532k, 5 461000)

WE ASCEZEVIOA AT T FN( Fizhugh-Nagumo ) K8 i 1 28 5E 37 8} J1 247 2, B S St XA 4 B
FN R BERT T B IS ; SR i g WO B 3 Yy s A58 1 PN BERLA AT 1 BB o R e
GBI TR SR R GEREEE S B BRI IR A T RN R S BOBUE BT T, R 8 TR A S E A
TR TR S R s i il BB R 7 iR B 1 A S R ke T IR RGERYBEIERILE 45 Hh T B

I S PR 7 k.
REEA PN B, OPURME, B
DOI: 10.6052/1672-6553-2020-002

5l

T

FN BRI — A 20 L (4 )2 B 5 8500 B, 6 R
FATF A2 da A% 5 S 2600 80 1 247 R 9 45
J7 1, 5% HH ( Hodgkin-Huxley ) 4578 f) fa 4k B
I8 AR TR 7 T FNZ AT T N AT A .
FEFEAGEII S FH -, W58 3 3 % FN B A 3 g
2EAT AT, B R T O BRESE Y o AR 5 R e
REZAFAEMPEC R, BLAE FN AR SR
A B R A ML LR SR MR A D B v AR
By R S AMERCHE FN AR A R AR T
T WO AR SR IR R T #E gt
M RGBT 24T MR A BE b, 2 EA]
9L T FN BRI RS E M | OC T A7 78 2 R — 4k
AR LA IR R 2R 5 1590 18 Levy M 1 e 307 1 e P
YR B BME 2R 2 B bR B R 1 R S ) P
T B A HE RO A RN 2 0 4 G R 2 T
g AR S R AR R FN ARG
e R A EE ST AR T R R gE.

BE & —Fi 1 RGN ERYE Y | H & X R
WS | R G E BT LS 2 IS5, RE g vERf b
WA R G IERIfATER B e 5 2

2019-08-30 W HI% 1 #i,2019-12-13 W B NE RS,

PSR T,  BEIE, BRE

[ 2 F125 47k, W BT 3Z Mo e R W B 2 )
HAF D KA ) T AR SRR 9T sk, R Ltk 3
SRR —ANETHY 5 S R R 3 2 T PN
L A (EP PO R B S UDB- H LB
s A B HIA oY E D

TG IR B —Fp R GE R AT s S, — o R
JE Al A] DU AR — T P T B i A AT P
T2 2R G0 10 15 S8 A B 45 301 Ty RE AT A — 22 B TR
St F A A, A0 R HURITE 23 ) 38 i 8
TCBE S 5 O T B 17 R PR PR J22 1) T A% 440 i ot
2SN & P e E R e — e R b
% 3 HARY) 2 A5 0 A i X T R0 R 40 5 o
AR5 R AT IF 5. 28T LA B0 b, AR SCLL PN ALY
NFENM N RS 2 R G BN RE AT T
HSFIEUENTSE.

1 FN4&#

—RFOL T A B PN AR R AT LSRR
N

au=c(u—u3—VJ +d, V’u

ot 3

d
l=c(au—bv) +d, Vv

(1)

* [HE QAR ESEE Y EITH (11772291) (AR A 5 4R AA 02 TREAIVF B Be RIS H (2020HYTPO12,2020ZD012)

+EIRES E-mail ; xcjwshen@ gmail.com



514

FBARTHTS : A T B Fizhugh-Nagumo I BE 5] 51 712420757 33

K u 0 ARE &, a,b,c HIERSE4,,
dy NAETR Y HUREL, VPR T

AR EIRFEERGE (1)1 d =d, =0 TEOLTHY
FETE , TERGEA BN R(0,0) A FE b LA [

HETT AT A3 RRAE 7 72

A+ (be—c) A+ac’=bc* =0 (2)
HRANIE, X a>b>1 I, REEFRE 1. LN
FIHER G T FEARE 1Y BEl b AT RIFSE Y.

N GBS X S RS S 1

N +(d k +d,k* +bc—c) A+ac’ —bc’ +d  d k' +

bed k> —cd,k* =0 (3)

BT a>b>1, W15 d,E*+d,k* +be—c>0, I 4 %
48(3) RERRFE o 5: R

R=ac’—bc* +d,d,k* +bed k> —cd, k* <0

PEM T R GE (1) WA IR A L F A

'r%wzzm%mm% = f(1x) e S A

yH RETN d
W y=£, 73— L 55 MF cpy+e, £=g).

TR AN R G AT R RO P . B A
B

i)
£=Ap+DV2p (4)

X u d, 0
Iqj,p—(U],D—[o dJ'

N T ETAE A SCR I nxn B AR AT S H
W, e i B O (BIFEZE A i Ak y=0) B
A AR

Uy Uy Uy Uy,
Uy Uy o Ugy Uy,
unxn =
Uy Um0 Uy Uy
Uy Uy, o Uy U,
Ui Vpp IR P V1
Uy U o Uy U
vll)(ll =
L s B
Ui Vo o U Vnn
HET AR R 28 54K

Wi = (g gy, Uy Uy T o0, )

Vi = (01150015 0,0 301500y D50 91‘)nn>T

—FRAGOLT , s (B AP RL A  A] LR
i8]

1 -2 1 0
0 .,
Dn:
0 1 -2 1 0
0 1 -2 1
0 0 0o 1 =2
1 0 -0
0 1 0
0 ) :
CYl:
0 0 1 0 0
0 0 0 1 0

00 0 0 0 1
SO RaRC R AP DAL E U8 R R NP

Uy

n+2

2 —
v nz><nzul><n2 - h2 1xn2

u

n+1

Hrp = (g, g ) st = (U, Uyyy) 14 H
B I RS YeE. 3 Ak

0n><n 071><n 0 ot 0 0
Cn><n nxn Cnxn 0 b 0
o L
Bn+2 = .
0 ‘. Can nxn Cnxn 0
0 E * 0 Cn,><n, nxn nxn
0 0 0 0

nxn nxn

BER RS (4) AT AKS
d (ulx(n+2)2J B
O\ W s(r22
[dl v ?x(u+2)2 0 J (ulxmu)zJ N
0 d, V %x<n+2)2 Vix(n+2)2
[Cl<n+z)2x(n+2)2 _CI(n+2)2><(n+2)2 J £u1x(n+2>2j
aCI<n+2>2x<,,+z)2 _bCI(”+2)2x<,L+2)2 Vix(n+2)2
(5)

1K)

a(ulx(mz)ZJ [Bll BIZJ(ulx(nJrZ)ZJ (6)
ot Vix(n+2)2 B, B, Vix(n+2)?

Hrp,



84 g % 5 o 6 ¥ W

2020 4F55 18 %

_ 2
B“ —CI(,1+2>2X("+2)2+d1 v (n+2) 2x(n+2)2
B,= _CI(n+2)2><(n+2)2
Bz] :GCI(n+2)2><(11+2)2

_ 2
B,,= _bCI(/L+2)2><(n+2)Z+d2 v (n+2)2x(n+2)2

DA B R B R S (1) e Ak B A I
A7 R (6) |, I ELAR G 10 A 2% A B AN TR, R
W B 2l MAE S PRl v B, 2
B (BIRHEIEDL I 0 47 n 81) SR 5 5 130 A
FEIMAZERE B, .

2 mREH
RAENFM—BRIBA =/ —& ok
T euyte, =g, (SAh AT RH RS

1%%%@2&%#:,%2@% u, SRR

Ju
a@%ur@aﬁ: Cuy+Du, +Cu, , FRAE I F AT w,

TR NRT u, BIPREL, ILITT7RE (6) Rl fRIfE A

a ulxn2 ulxn2
N =A1
at v]X"Z vl><nz

Hrp
D C+bdy, 0 0
C D 0 0
A= L :
o 0 - D C
0 0 C+bdy, D

J A RS, bdy,, bdy, BYEUE 5
u,,u, Xou,,u, ,JXRWE,HD=D,,C=C,.EH
R G AR R

coh,y(0,0) +c,y(0,i)=y(2,i) +g,h,
(0,7
2P G R N BT

y(0,1)=y(2,i) +g,h
ARG RN

y(0,i)=gy(2,1) +cons (7)
[FIH] 1S y(n,i)= gy(n-2,i) +cons

3 EEEM
AT BB Y AE MATLAB rh #0481 i Ja] 25

KAZS AR 500 0.01,0.5, WILRIE N u(i,j) =
1,v(i,j)=2,3F Ha SRS LR EECh 25 [E
BRI

A(A)=max{ A, |,i=1,--,n}
A=) R GRS U A

a=2,b=1.5,c=1,d,=0.1,d,=1

HIREAER N 2 (7) 2tk R I H. cons =
0. NTHE(2) (3) ATHIRGE (1) 1B 4 B A%
TRRER(E ) A B R AR (E 2).

TIETXTHERE A, HOR R BB T 5T
Bl 3 BN T A A BUE S A 35EIECZ )
R RFF A IER 0, 53CHR[ 18] th a3 [\ {7 B3
PR —E T H R St &b 2 & A48 1k, 10
4 (BRI B SR OB i 4 R 5
TorEMU TR E AL B g (75 9 e ) 1Y
B K A AR BE IR AS & AR AR AR, I FLIE SR 1
BRI (ES), H 2 I WA B AR Ef B X . 24
g=-1150F, RGN T B AREIES (K 6) ,(H
F T P R BE A B T A AN BETE B A 28 2 (37 M —
(9 F R, T 2415 SR A Ik B Fo Rt S8 i
— B (B 7)) I e — e R R 4
R G0 EN R AR SO A s S, (1
SEDE S 2B o (B P AkSLIG KM 2 (1 8
-9)  JFmAR L HIRY(E 10).

12

—
p—

K1 REfRsEik
Fig.1 The system is stable

B2 RAYIBEN S
Fig.2 The value of R



FBARTHTS : A T B Fizhugh-Nagumo I BE 5] 51 712420757

85

0 400 300 200  -100 0 100 200 300 400

B3 FEFERIE ¢ R

Fig.3 The relationship of matrix spectrum and g
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Fig.4 The pattern formation when g=-116
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Fig.5 The pattern formation when g=-115.5
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Fig.6 The pattern formation when g=-115
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Fig.7 The pattern formation when g=0
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Fig.8 The pattern formation when g=4
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Fig.9 The pattern formation when g=4.5
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STUDIES ON PATTERN DYNAMICS OF FIZHUGH-NAGUMO
MODEL UNDER BOUNDARY CONDITIONS

Zheng Qiangian  Shen Jianwei'
(School of Mathematics and Statistics , Xuchang University , Xuchang 461000, China)

Abstract In this paper,the neural localization dynamics behavior of FN (fizhugh-nagumo) model under bound-
ary conditions is studied.The theoretical study is carried out on the FN model with diffusion,and the normal differ-
ential equation with boundary is obtained by the method of discrete Laplace operator,then the specific effect of
boundary conditions on the system is analyzed.Also,the different parameter of the mixed boundary is studied and
the relationship between a mixed boundary value and matrix spectral is obtained.Finally ,the results are verified by
numerical simulation,the new pattern mechanism of FN model about grid cell is proposed, and the regulation

method of pattern formation is present.

Key words FN model, pattern formation, Laplace operator, FEuler method, discrete
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