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d2θ

dt2
= −

g + η′′(t)

l0
sin θ (1)

Í�Í � 0 g /�å<�:æ]ç]â ª g = 9.8 m/s2
S 9G; ° , l0 /

AjBkDLF�èiF�éÀ½ �6º ;�e]2�4<5�Þi� ^ ß _�ê$ë F�ìGíÔ v y = η(t) F ` Ö _ 7�8@9�; SÄî�ï c�du;�e
ϕ(t) = π − θ(t)

S>ð M ð<ñ 9¦; S 0 d2θ

dt2
= −

d2ϕ

dt2
,

sin θ = sin(π − θ) = sin ϕ
` Bò0 (1) /

d2ϕ

dt2
=

g + η′′(t)

l0
sin ϕ (2)

SYó à �<½3x�;�e<½uv _ 0 sin ϕ ≈ ϕ
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d2ϕ

dt2
=

g + η′′(t)

l0
ϕ (3)

5�twvyxG;�e x(t) = ϕ(t), y(t) = ϕ′(t), q(t) =
g + η′′(t)

l0S µÐô S 0 (3) /
dx

dt
= y,

dy

dt
= q(t)x (4)
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dx

dt
= f(t, x) (t0 <= t <= tF ), x(t0) = x0 (5)

_�� 9<;�� äGP@Õ M�U$V Ru�]º ;����3��� �6��� R [2]
_

	 d$c�
ubG;�e
�
� ð M x(t) / Rd
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t0 < t1 < ... < tn < tn+1 < ... < tN = tF
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K î6ï ;�e��3�]U ��� F�V x(t)
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4 _ µ76];�U x(tn) F «]­ U¦K xn

S 9G; S à «]­ U xnª
n=1,2, 8 ° K'9|v Ô F�:
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¸2= _ �,� ð M R ª discrete variable method
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xn+1 = xn + hf(tn, xn) (6)
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Ô v xn+1 K>�i�6;�e
k1 = f(tn, xn)

k2 = f(tn +
h

2
, xn +

h

2
k1)

k3 = f(tn +
h

2
, xn +

h

2
k2)

k4 = f(tn + h, xn + hk3)

(7)

xn+1 = xn +
h(k1 + 2k2 + 2k3 + k4)

6
(8)
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S 9�;�e5hi�jiò� [ξ, η]T ∈ R2_�k q�c$0��3��l3m x(0) = ξ, y(0) = η K�n \ 9 (4)

F�V�K x(t), y(t)
S q>0 [ξ, η]T

_
[x(τ), y(τ)]T K k5o

½ [ ; R2
Ô v R2 � F �7� K F

S 9L;�e F /�n6o �� S�Õ ;�e�Qi¨$0 v1 = [ξ1, η1]
T , v2 = [ξ2, η2]

T
_�k q

c�0 x(0) = ξ1, y(0) = η1 K
n \ 9 (4) F�VÀK x1(t),

y1(t)
S q30 x(0) = ξ2, y(0) = η2 K
n \ 9 (4) F�V

K x2(t), y2(t)
S 9�; S 0$I$M c1, c2

_�k q3c:0 x(0) =

c1 ξ1 + c2 ξ2, y(0) = c1 η1 + c2 η2 K!n \ 9@V�/ x(t) =

c1 x1(t) + c2 x2(t), y(t) = c1 y1(t) + c2 y2(t)
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q \ 5G²1c:0
F (c1 v1 + c2 v2) = c1 F (v1) + c2 F (v2) (9)
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[b, d]T

S 9�; S 0
F

(

[ξ, η]T
)

= A

[

ξ

η

]

, A =

[

a b

c d

]

(10)
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nτ (n = 0, 1, ... )
S µTô S 0 (4) F�V x(t), y(t)
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[

x(τn+1)

y(τn+1)

]

= A

[

x(τn)

y(τn)

]

(n = 0, 1, ...) (11)
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[

x(τn)

y(τn)

]

= An

[

x(0)

y(0)

]

(n = 1, 2, ...) (12)
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An = T

[

λn
1 0

0 λn
2

]

T−1 (13)
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η(t) = sin(ωt)
ª
ω /�sLF�I$M ° (14)� G ï vÉxi; S à 0 η′′(t) F2g��§/ τ = 2π/ω
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A =

[

0.354011 0.461437

−0.902241 1.648744

]

, (15)

����U 0.948879, 1.053875 0 ω = 13.9 F S à ,

A =

[

0.352619 0.457890

−0.915507 1.647101

]

, (16)
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y(0) = 0
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(4) F «�­ V (ω = 13.8)
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