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(dynamical system)
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(difference equation)
(differential equation)

(ordinary differential equation)
(partial differential equation)

(ordinary differential equation)
(delay differential equation)

(autonomous system)
(nonautonomous system)
(Input—Output System)

x(t + 1) = f(x(t)
X(t) = f(x(1))

X(t) = T(x(1))

X(t) = T(x(1))
X(t) = T(x(0), x(t - 7))

X(t) = T(x(1))
X(t) = T(x(1), 1)
X(t) = T(x(1), u(t))
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Asin wt

dx(t)

dt

dx(t)

dt

= Fp(x(1))

= Fpu(x(t),1)
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(attractor)
(equilibrium point)
(limit cycle)
(torus)
(strange attractor)
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(equilibrium point)

_ dx
F(X) = a
(}) =0 —= =0

d(x Jdrtf(t)) = F(X + &(1)) ~ E(X) + DE(X)&(t)
dg(t)

it DF(X)&(t)
DF(x)
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(equiribrium point)

DF(X)

DF(X)
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( dx
_t = —O0X+0Y
< —i/ = —XZ+IX-Y
V4
b _b
. dt Xy = bz
0':10,b=§,r=28

< (x(0). ¥(0). 0))
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—= = Fu(x(t), x(t) e RV, t e R

dt
X(0)
X(t)

(equiribrium point) (cf. )

(torus)

(limit cycle)

(strange attractor)
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(i=1,...,d) (i—2| ) A <0 Am< 0
—L,..., 1= |
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( dx
— = —0X+oYy
t
< —i/ = —XZ+TIX-Y
V4
\a = Xy—bZ
0':10,b=§,r=28
3
<
< (%(0), y(0), z(0))
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P(x) = ¢(X, 7(X))

P(Xo0) = Xo

(N-1)



a = 0.398,

(O. Rossler, 1971)

_t = —=Yy+X
Y _

,
e b+ z(X — C)
pn=2,c=4
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(O. Rossler, 1971)

( dX
— = —y+X
t
! Y yiay
:
e b+ z(X — C)
a=0398,ph=2,c=4

?7= 3 zZX !
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d?x . dx

~ 4+ k— + X°> = Bcos wt
az "t @
¢ dx _
o1 g
2 _kv— x3
W Ky — x° + Bcos wt
k=0.05B=75
dm 1 &S m 1
< N

< (D. Ruelle)
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| — gnaPh(V = Va) — gk (V — Vi) — gL (V — VL)
am(V)(1 —m) — Bm(V)m
an(V)(1 - h) —Ba(V)h
an(V)(1 — n) —Ba(V)n
Ona = 120.0,0« = 36,0, = 0.24,

VNa = +55,VK = —72,V|_ = —49.387
| = lg+ Asin2rft
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A\ \N : |
VICZ R vlcl ++
+ +

(. dv,
Ci d'fl = G(Ve, — Vo) — 9(Vey)
9 C2 d(\j/.'c::z — G(VC]_ — VCZ) + ||_
dp,  _
\ at C2

. 1 1
= 9(v) = MoV + (Mg — M)V + Byl + (Mo — My )|V — Byl
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VICZ R vlcl ++
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(. dv,
Ci d'fl = G(Ve, — Vo) — 9(Vey)
9 C2 d(\j/.'c::z — G(VC]_ — VCZ) + ||_
dp,  _
\ at C2

. 1 1
= 9(v) = MoV + (Mg — M)V + Byl + (Mo — My )|V — Byl
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= g(v)

. 1 1
| =g(V) = mov + §(m1 — Mp)|V + Byl + z(mo — my)|v — Byl
1. Bp<v (v-Bp=>0)
g(v) = mpv+ %(ml — mp)(V + Bp) + %(mo — my)(v - Bp)
= MV + (M — mp) By
2. -Bp <v<Bp(v-B,<0,v+B,>0)
g(v) = mpv+ %(ml — mp)(V + Bp) — %(mo — my)(v - Bp)
= mpV+ (M — M)V = myv

g(v) = mov- %(ml — Mp)(V + Bp) - %(mo — my)(v - Bp)
= mgV — (Mg — Mp) Bp
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= g(v)
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< ( ) Leon Chua (UC Berkeley)

4 Chua ( )
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Chen

<€ Guanron Chen

A

[ dx/dt
dy/dt
 dz/dt

= ay-x
= (c—a)Xx—Xxz+cy

= Xy-—Dbz

a=35b=3,c=28

[] —

V.

( dx/dt
dy/dt

| dz/dt

—oX+oy=oc(y-2
—XZ+IX—Y=IX—XZ-YV
Xy — bz

o =10,b=8/3,r =28

[]
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K

dx(t)
Tl F(X(t), X(t — 7))

dx(t)  ax(t-L)
dt T 1+ x(t-L)°

— bx(t)

a=,b=c

—S—-L<t<s
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