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Cpn = 1[uF/em? Tx.ca = 0.02[mS/cm?]
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gooobog

424 0O000O0O0OO0OOOOOOOODO

OOb02000000000000000000000000O000DO000ORinzel
O00o0o0oooobooooboooobgbodbdBertramd 0000 oooooOon
gboboboooobobuoooobbosboooobbboooon

e U0:p0000IDODOLOOODOODOUDODOLOODOODODODODLO
o OO OODLOOUODLOODLOUOODLDODDOLODDOODLUOUObLODbLOn

e :DUO0OODODOOOODLDLDDUOODDLDDOO

4.2.5 U0O0OO0OOOOOOOOO

O000O0o0bOOo0o0ooobo10b0b00 poobboboo0oOooDoOobboOooobooo
gboodbugbogbogbogboobooboobbooboboboboboon
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Atwater[4] 0 00 0000000000000000000000000000000
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0000000000000000000000000000000000 VO [Ca?]
D00K-Ce0OOOOOOOOOOOOOO0000010000000000000
00000000000000000000000000000000000000
00000000000 00000000000000VO00000000000
00000000000000000000000000000000000000
00000 K-Ce00000000000000000000000000000
D00000000000000000 K-CeODOOODOO0O0O00O0O0O00000
000000000000000000000000000 K—-Ce0DODOOO0OO
000000000000000000000000000000000000
Sherman[22] 0 Chay and Kang[23] 0000 000000000000000000
000000 (000000000)0000000000000000000000
000000000000000000000

4.2.6 DO0O0ODOOOOOOOOO:-HROOO

Hindmarsh and Rose(1984)[24],[25] O Pernarowski(1994)[26) 0000000000
gobbobbbuooogobbbbbuoooobobobbouoooooobbon
goboboooobbbooobboboooobboboon

O000000000000Q0 Hindmarsh and Rose 000 (HROOODOOOOODOO
0)[24],[25] 0 00 0 O O Fitzhugh-Nagumo D0 D000 0000000000000
Ooboooobooobooboob0 HRODOOOOObD0wOOOUODODwdO D OODO
goboboooobobooboood

dv
dt
dw
dt

= a(fw—f(v)+1I)

= (g(v) = 0w)
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O0000/000000a,B,v,60000000Fitzhugh-NagumoO OO OO OO f(v)
0300000000Fitzhugh-Nagumo OO OO OO Og(v)DODOOOOOOOOOO
w0000 oouooouoo
doddodoooooooooobooobooooooooobooboooboood
doooooooooodooooodooty,wddooooooooooooon
gooooogo

0000 Fitzhugh-Nagumo O OO D OO OD0OO0DO0D0O0O0ODOOODOOODODOOOO
doddodooooooodogoooboooooooooooooooooood
00000 w00 000002000000030000000000000000
Jod200000 200000000000 0000DLODDOUO0OOO0DLODOUOOOO0O
doooooooooooooo

D~ o 1)+ 1)
= o) +h(v) - 5w)

O000OA(v) 00000000 300000000000000000
gbooboobo

T = ~ot
r = v
 afw
O0000O000O0o0ooooooboooooo
dz ~
T = y— f(o)

@—”’()_
o = (@) -y

Odopoogooooogooog
- af(r)
L)

af(g(z) + h(z))
70?

fDgDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gboboboogogn

d
% = y—a2"+32°+1
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dy

= 1-52°—
AT v

Dmmmsmmmmmmxf:%u+v®ﬂbz—Lm=§@4+¢®DDDDDDD
0002, 0000000 (0000)02,0000002;00000000000 02,
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000 (triggered firing) 00 O
O0000000000000RInzel 0000000000000 DO0ODOODOOO
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000300000 :00000000000000000000000000

d

d—f = y—a*+32°+ 1~z
dy 2

27— 1 —bHr2—

dt v

dz

il r(s(z —x) — 2)

42,7 HROUOUOOOOOOOOODOOOOOOOOOOO

HRODOODDODODDODOHodgkin-HuxleyO O OO OOOOOOoDOooooooon
OO0oO0bOooooboobDBelykhOOOOOooooooboOoooooooooogoo
Ooooooob0o0 HROoOooooobobooboboobooooooboboboo
obooboooobooboobobobobooboobobooboobboOoDb kRO
gboboboogoobbobuoooobbbooooboo

J00D0D00  HROODODDOOOOOOO
OO0 HROODOOOOODODOOOODODOOOOOO
i o= ar®—2*—y—=z
gy = (at+a)®—y—y (4.9)
2 = plbr+c—2)
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O0000200000y,:000000000000 (fast current) D00 O O (slow
current) 00000000000 DO0OOOCOOOOOOOOO

a=28 a=16, c=5, b=9, p=0.001

Ubdn000000O00D0O0 HRODOODOOODO

T, = ax? — xf —Yi — gs(l"i - V;) Z%’F(Cj)
j=1

i = (a+a)a?—y;

4 o= plbri+c—z), i=1,---,n

guoobbbbooooobobbgoooobbbbooooobbbuooooon
0000000 ¢, 000000000000000000D000 (reveesal potential)
00000 2, 0000¢t00000V,>2,(1)000000000O0O0O0O0OOOO
(excitatory) 0000000000000 OOOOOOOO (sigmoidal function)

1
F L) =
(;) 1+ exp—A(x; — Oy)

0000000000000000O0I(x;)D0000000000O00 (Heaviside func-
tion) 0000000000000 OODOOOSommers and Kopell O O O Ofast threshold
modulation 0000000000 6, 000000000O0DOO0O0O0OOOODOOO
oo0oo0oO0OooooooooooO0OoooooooboooOoOoooo

O, =-0.25 V=2
O00C=(¢;)0nx mODOOOOOOOO0O0O0O0O0O0O0O0OOO

0 1=y
c;j = ¢ 1 if neuron 7 is connected to neuron j
0 otherwize

O00000000000000000¢;=c; 00000000 cOOO0000O0O
0000000000 (row-sum) 00000000000

n
k:ZCZ‘j, ’L:]_,TL
=1
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D = &) =&(@) = =&t
gi = (xiayhzi)a Zzlan

oboboooboobobooobuoooob poboboboOoboobUobobobOon
gobooo

i = ar’ — 2 —y—2—kg(x — V)I'(z)
vy = (a+a)2®—y (4.10)
2 = plbr+c—2)

000000000 (neural oscillator) 000 0000000000000

§j = wj—ay
nij = y]_y’t Zajzlv"'an
Gji = %z —%

O0000000000000,00000 DOOOOOOO (transverse perturbation)
coboobdoboboooooboobdood
& = (2a—32%)&; — myj — Gj — kgsT(2)&; + g5 (Vs — 2)0 (@) (k&ij + D (cjnéjn — cinin))

j=1
= 2(a+ a)x&; —ny (4.11)
éij = p(&i; — Gj)

oooodo0éE=0np=0,(=00 411)D00DOODOO0OODOOOOOODODOO
0O z(t),y(t),2() 0000000000000 S = —kg,['(z)&; 00000 kOO0
00000000000 20000008, =g,(V, —2)l.(x)0) 000000000
000 ejpén—cn€n 00000000000000D000000000000000
;0000000000000 G=C—-kI00000000000000O000O00O00O0

O Laplacian 00 0O GO 10000000 ODOODODOODODOODDODOODOO
DDDDDDDDDDDDDDDDDDDD(mutual)DDDDDDDGDDDDDD
0oo0doooooooooooooooonodoonoooonD wOoooooooo
00000000GO0000000000 4.11)0000oooooooooooo
goooooooooooooooooboboboooboono

§ = (2ax—32")5 —n—(— Q)¢
n = 2(a+a)r—n (4.12)
¢ = pud¢—mn)
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Qx) = kg,L(2) — g, (Vi = 2)Lo () (k +72)
(4.12) 0000000000 (master stability function) 0000000000000
2wOOUoOooDOooooGO JordanOOOOOOOO0OO0OOOOOODOOODOODO

00 (412)00000000000000000000000O0OODODOOOOOOO0
goboboooobobobuoooobbboooobbboooooboon

Globally coupled networks

00000000y =-nk=n—-1000 (k=n—-1000000000000
O00000ooo)oo

Q(z) = kg,T(z) + g5(Vs — 2)La(2)

000000 N(z)00000 F(x)00000000000(V, —2) 0000000
(0000D00000000)000D0000N(x)000000000000 —Q®@)&;
0 (412)000000 (000000)0000000000 (aim at stabilizing)O O
0 Q0000 2(#)0006,00000000000000000000kg,00
0 z(t)>6,0000 Q) 000 (lower bound) 1000000000000 O00
00,x(#)06,00000000Q(x)0010000000000020000000
+=0,0000000000000000000000000000000A000
0000000000 (@412)00000000000000000000000 ¢,0
00000000000000000000000000000000000000
0000000000000 0000000000000000QE 0000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000 2(t)>0,0000000000Q(z)=ke,0000000k00000000
D0z(t)<©,0000000000000000000000(z)0 Heaviside 0 0 O
00 (ADO0O0O000O00)00000000g000000000000000
00000000000000000000000000000000000000
000000000000000000000

i = 9" [k (4.13)
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0000k=n—-100¢"2 0000000 100HROOOOD (k=1)00000
00000000000000000¢2000000000000000000
0000000000000000 (overestimate) 00 00000000000000
00000200 HROOOOOO0O0O000000000000000A=100000
294:1.2850000000000000000000¢"2000000000 k00
00000 g 000000000000

4.2.8 HRUOUOUOOOOOOOO

Hindmarsh-Rose(HR) 00 0000000000000 O0OODOOOOOOOOO
gboboboooobobbboooobbboooooobooo

4.29 HRUOUOOOOOOOOOOOOOOOOOOOO

gobooo

HROOOOOODOOOOODOOOOODOOOOOOO [19],[24],[25]

t=ar?—ad—y—2+1
y=(a+a)®—y
Z=pu(br +c—z)
000020000 (membrane potential),y, 20000000 (fast current) 00 0O O
O (slow current)0 7 0 0 0 00O (applied current)d a, o, ub,c 000000000000

000000 /0000000000000 HROODDODOODOOOOO [?JO0ODOOO
gobobooogogn

v = Cw
ooo,
0 -1 -1
T
w:[xyz],A:O—l(),
0 0 —p
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¢ =[100]h@e)=[-*0 0],
0

&
o O =

0
2 0
i 0 =z
902:& 0, 05 0, %}

o O

:[a I a+a pdb uc}.

00,,0000,.,:0000000000,J0000000,a,a,p,pb,uc00000
000000000 0000000,

0000000 ZhangDOOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000000.

w = Aw+ h(z)+ Z(z)8 (4.14)
+[K + 06T (H)CTS(1)][v — Cw) (4.15)
0, = DU (H)CTS(t)[v — Cw) (4.16)

00,0000000000000000HROOOOOO0O0O0O0O0O0O0OOOOOO
ooooooooo ).

w = Aw+ h(x)+Z(x)01 + bl (4.17)
v = Cw (4.18)
noo,
0 -1 -1
T
fw:[:vyz],A:O—lo,
0 0 —p|
T
C =[100]h@)=-2*00],
(22 0 0 0
= =10 22 0 0
0 0 = 1

00 ::91 63 94 95}
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Oo00boobd ZhangUOOOODOODOODODO, 0000000000 O0OO0OOO0O
gbbboooobbboogbboboooobn.

w = Aw+ h(z)+ 2 (2)0; + bl
. +[K + ¥ (I () CTS(t)] v — Cw]
6, = TV (H)CTS(t)[v — Cw)

goboo

000000000200 HROOOOO [?]000000000000000O0O0O
O00000000000000.423)00000000000000OODOODODOOO

oao.
v; = Cw;
ood
[0 -1 -1
T
w; :[x, Yi Zi},A: 0 -1 0
00—
T
C =[100]h(z)=[-2}00],
22 0 0 0
Ei =] 0 22 0 0
61 =0 Os O O |
Z[a a; +a;  pb; Mci}
b =[100],
I; = _QS(xl VS@'>G(SCJ)>
1

T+ exp (—A (e~ 00)

g, 00bo0oogoooooobbbob,dgobbbbboudug pbD

gobobooogon
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4.2.10 0O0OUO
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O10000000000000, 000000000000 oo00oooboobooooon
0000000000000 0oOoOoooooo [3g
o0, 000000000000, 000000000O0DOOO0O0DOOOODOOOD,
Oo0obOoobOoobo,0o0o00booooboooobooo,coboooooooooon
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041400000000,000001000000(@O0)0(@OOOO0DOOOO)
010000000 ,vander-Waals 00000000000, 0000 (sterichindrance)
000000000000 ([38. 6 DOODOOOOOOOOD1000D00OO0OOOO
000 ,Joahning(1977,1979) 00000, 00000000 [38].

E(cos) = —NTcos—NA < S > ~(3cos’f — 1) (4.24)

1
2
000, 0000000000000 000000 (polarangle) OO, 0000
gbobbooaoboo.

N Effective chain length(4)

r Strengh of steric hindrance

A Strength if van-der-Waals force(2800Jmol ')
< S > Mean orientational order of all chains
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membrane surface
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U 414: 0000000000 10000

000,&=cosf000000,<A)>0,000 Boltzman0 OO0 0000000
ooooooo.

<A@ >= [ A©p(e)de

-1

gobo,0b0bogao,gobboogogoobn.

—

el
ne) Jhexp (-2 de

gbobo,0bboooobbboodan.

E

=

T Temperature (K)
k  Boltzman constant (1.381x 10723JK 1)

<S>0O,000000000bD0bobobo,booboobooobooo.

89



1
< S>= 5(3 < cos? > —1) (4.25)

< § >0 ,probe modecules 0 0 O O ,Electron Power Resonance(EPR),Nuclear Mag-
gnetic Resonance(NMR),Fluorescence Anisotropy(FA) D OO0, 000000000
O00BlasiusOOOODODO,00 <S>000000,:000000000.000
O00o0o0oo0O,00 TOOOOoOooooOoOoOoO 00000 TO,NADDOODODO
000000 T(reduced temperature 1 00 )0 000 .

kT

 NA

k=1.381x 1072[JK'],T = 299[K],A = 2800[Jmol~'|,N = 4000 ,A D 1[mol]
000000,0000006x 1020000000000,00000000.

T

1.381x 107%x 299
T 4x 2800

T x 6x 10% = 0.2212

00 1000000000000000000¢0,<¢>0000000000,0
0DOooo0oo0oooo [38).

1
<&>

NP¢: b

goo,0b0bogooboboogn.

p Number of chains per volume
b Effective length of one C-C bond

O0000000,000¢ 0000000000000 [38].

B 1
S b<E>
DDD(rigidchain)DDDDD,DDDDDDD,DDD pOO0O0O0O00O0O0O0O0O

ADOODODO0OOO elastic chain O 0 0O O O elastic bending constant M 0 00 0O .
0000 jreduced temperature U0 OO OO OOO.

¢' = Np¢
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kT

T, =
" V/MA

O0000,0000000000 [38]

i,
_N\/Kel

0000 DO rigid chain O elastic chain O O O O ,reduced temperature J 0 0O 0O O O
O0000OO00ob. 00b000obo0ob0o,00b0 40020000000000
00O . rigid chain O alastic chain 0 reduced temperature 00,000 0000 [38].

T

T = 05T,

O00000,0000 rigid chain 0000000 DO effective chain length O Neys
OO00O0,00000000.

M
Nepr =24/ —
Ir A

gobobooogo,gobboobooogon.

E(¢)=—-NI¢—-NA< S > ;(352 —1) (4.26)

St €2 exp (—E8) de _ 1 (4.27)
Frow ()i 5

1 2 __E(©)
PR (3]_15 oxp (5 dé 1) (4.28)

< 8 >,¢' 0 reduced temperature 70000000, 00000000000000O
O000O. Neff[[38)]0 1D 000000000 OOO0OOOO,0000000O.
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(3)7000,0000000 TOOOOO.

T TNA
 kx 6x 1023

400000000, 0000000DOO0O.
GpooO0O000,000000000000,00,<S>0000000.

FI,<S>)=0 (4.29)

R(,<S>)=0 (4.30)

000.E@¢),R(,<S>),”RI,<S>00000000.

E()=—-NT¢-NA< S > ;(352 —1)

F(l,<S>) = /_11(b¢'§ ~1)exp (—i@) dé

BI,<8>)=(2<8>+1) /11 exp (-i@) de — 3/11 €2 exp (—%@) de

(6)(¢' <S>)0000000,10000000.
(7)Neff[[38]] 00000 ,p00000. 0OOD0OOO,NefO00DODOO0O0O00OO <
S>=n(¢,T)000,00000000.

¢/ = G0(< S >7T)

BlasiusO [39]00000000000000000000000O0O000O00O,000
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gbooboooob,gbbboooobobbooodabn.

6 =G(2T) (4.31)
O000.000000 BlasiusO [39]0 000000000,

e J0UIDUO0ODLOyOUDDOODUODOUODUODOOUODODUOD puonO
gbobobooogbbobooooboboooon

o(y) = ¢o + Ay (4.32)
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gooooobobbbb 00l ooooboooon
goooouooobobobbibbbibobbioddog z00noobooobbn
(2, T)OOOOODODDODOOOOOO0O0ODODODOO0OO0O0OOODO0ODODODOOOQ
gooo

t2=9(z,T)—y (4.33)
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OCG(Z, T) - (b()
A

gbbbuoodgd-ogobobbooodgbbboooobbbao

g(Z,T) = (434)

000w 00000000 0bOOoO0oDooocAMODODOOOODODOODDOODOO
gbobboooobbbuooobbbooobbboood

uy = c1x — o P(2)x
Uy = 3% — ¢4 (4.35)

Uz = 65% o C6L(t)w + Cr L(tg—i}-{LK w:gm

O0000w,u,us 000000000 [37]0

93



o yyUOUUOOODOOOODLODOO0ODLOOOOObLDbUOO0ObLbOooboboOn
0000000000000 0OP(:)0000D0O0O000ODOOOO0ODOOOO
DDDp:%DDDDDDDDDDDDDDDDDDDDDDD 00aooo
O00000000P(;)00000000DOODOO

P(z) =2 (4.36)
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gbboboogobboood
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co P c
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=20, =80c=9 (4.37)
Ca C4 C3

94



gobboogobobuoooobobbooooboo

€ew = —U2 + U3

€T = —uy + U (4.38)

Y=

T2=yg(z,T) -y

up =cr— 2

Uy = % _ (4.39)
_ . (Ceat(t)—w) L _wi

uz = CJW — L(t)w + CRL(t)fKLKwﬁm
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w=0, (i=1,2,3) (4.40)

00000000000 ¢=00000000
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o el = 0) o L B (4.41)

exp(aw) L(t) + Lk w + wy
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0y0z000000000000
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0.45
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4.3.4 CAMO0OODOOOQO Critical manifold

ce000000 (00000 e=0.00)00000000000CwDO 2000000
gbdoddoodoodootdooooooooouoouooooooooogo
w,x0 0000000000 O0O00O0O0O0O00

eﬁ::—u2+u3, e(Z:—ul+u2. (4.47)
I=4 L(t)=1,Cou(t)=1,000000 ,:000000000000000000
ooooon

dw dx
E = —U2 + us, a = —U + U2. (448>

gboboboooobbboogbbobuoooobboood

d(—uz+tuz) I(—uz+tus)

Joz = | ocoiun)  O(—nrus)
ow ox
8(—u2 —f- Ug) 1
R
O(—us + ug) w
A7) T
ox 22 +
8(—u1 + u2) . 1
ow oz
O(—uy + usg)
o~ m D
oond
1+ (1 —wa K wy
PRI S | .
ar(w) = ¢y oxp(aw) + +CR1+LK (w+wn)?

gboboboooobboooobbbouooon

1 w
traceJy, = —— — —— —(c+1
race . ar(w) . (c+1)

detJy, = ai(w) (1 + ;) +c (al(w) + 1) :

T

a(w)Jw>00000000000000000000000000000O0O0O
000000000000 O0000O00de00OoOoOogooOgg slow manifold O O
O000O0critical manifold 000 00OO0O0O0O0O

0= —Uo + us, 0= —U1 + Us. (449)
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00i=¢(w)00000000. 000000000 slow manifold 0 00000
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O0000000O0O0OMATLAOODDODOOODODOODDOODODOOOOOO 2000
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T~ —0.43146w* + 2.2032w — 0.17466 =: ¢ (w0). (4.50)
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exp aw

Con = T glu(t) = 50)} (4.51)
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OO000D00D0 critical manifold 00000000 OO0OO
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9(2,T) = 0"¢(,T) (4.54)
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(4.56)
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