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R5<=9H>B 419C] 3π/2+ϕ
B −→ C

b

x : VCx = VBx − bϕ̇ sin (3π/2 + ϕ) ^_`

y : VCy = VBy + bϕ̇ cos (3π/2 + ϕ) ^a`bJ2
VCy = 0 ^c`
VBx = 0 ^d`e563M>B

VBy = −bϕ̇ cos (3π/2 + ϕ) = −bϕ̇ sin ϕ ^f`
VCx = −bϕ̇ sin (3π/2 + ϕ) = bϕ̇ cos ϕ ^g`

R5<=9H>B 419C] ϕ
B −→A

a

x : VAx = VBx − aϕ̇ sin ϕ ^h`

y : VAy = VBy + aϕ̇ cos ϕ ^i`bJ2
VBx = 0 ^j`

VBy = −bϕ̇ sin ϕ ^_k`e563M>B
VAx = aϕ̇ sin ϕ ^__`

VAy = −bϕ̇ sin ϕ − aϕ̇ cos ϕ ^_a`
_



e5<62 H5EH2J28>: H AH9J19= > <65S28>: ;563M>B]
V 2

A = a2ϕ̇2 + b2ϕ̇2 sin ϕ2 + abϕ̇2 sin 2ϕ ^_c`

V 2

C = b2ϕ̇2 cos ϕ2 ^_d`
V 2

B = a2ϕ̇2 sin ϕ2 ^_f`l9GJ2B 3465H3I <A515<=7 H19F28>: J><A9 2 Km6: n=545 <5<=9H>B 419C] π/2

D−→C
R

x : VCx = VDx − Rω2 ^_g`
bJ2

VDx = 0 ^_h`e563M>B
ω2 = −

bϕ̇ cos ϕ

R
^_i`

L5B28= >821o>> J><A9]

I =
1

2
m2R

2 ^_j`

R5<=9H>B A>82=>M2<A3I n8214>I <><=2BT]
R 3M2=5B =545D ;21HTG <=21S287 <5H21?92= ;65<A52 JH>S28>2D 9 H=515G
<=21S287 JH>S2=<: ;5<=3;9=26785 ;563M>B]
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C ^ak`
e5J<=9H>B
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D
(19) −→ (20)

e563M>B

T =
1

2
m1(a

2ϕ̇2 + b2ϕ̇2 sin ϕ2 + abϕ̇2 sin 2ϕ) +
3b2

4
m2ϕ̇

2 cos ϕ2 ^a_`
\TM><6>B 5V5VF2883I <>63]

Q =
∂(−m1gVAy + Mϕ̇)

∂ϕ̇
^aa`

a



e5J<=9H>B]

(12) −→ (22)

e563M>B
Q = m1gb sin ϕ + m1ga cosϕ + M ^ac`p19H828>2 q94198S9 a@45 15J9 ]

d

dt

∂T

∂ϕ̇
−

∂T

∂ϕ
= Q ^ad`

e5J<=9H>B
(21)

D
(23) −→ 24

e563M>B

b2m1ϕ̈ − b2m1ϕ̈ cos ϕ2 + b2m1ϕ̇
2 sin ϕ cosϕ + bam1ϕ̈ sin 2ϕ +

bam1ϕ̇
2 cos 2ϕ + 3b2

2
m2ϕ̈ cos ϕ2

−
3b2

2
m2ϕ̇

2 sin ϕ cos ϕ =

= m1gb sin ϕ + m1ga cosϕ + M ^af`

c


