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2 > "!"�,* -,�38-- /- (+ !*,! -*�':,! 8�,*3+6O. 234"!%&!':,!&! *3�%&!':,-(+ O1AO2
 &-2!*�,%.!$ b - ! *3#"%&'!" ϕ ,+0!/-") L*! O1A = b sin(ϕ) = l1

- O2A = b cos(ϕ) = l2
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−π/2 0
O1 −→A−→O2

l1 l2

x1 : VO2x1
= VO1x1

− ϕ̇l1 sin(−
π

2
) − ϕ̇l2 sin(0)

fhg
y1 : VO2y1

= VO1y1
− ϕ̇l1 cos(−

π

2
) − ϕ̇l2 cos(0)

fig
j+( (+( VO1x1

= 0 ) cos(−π
2
) = 0 ) sin(−π

2
) = −1 - VO2y1

= 0 ) *! 2!'%L-"N
VO2x1

= ϕ̇l1 = ϕ̇b sin(ϕ) - VO1y1
= −ϕ̇l2 = −ϕ̇b cos(ϕ)6
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x : VO2x = ϕ̇b sin(ϕ) cos(ϕ)
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y : VO2x = ϕ̇b sin2(ϕ).
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O2 −→ B
a−b cos(ϕ)

x : VBx
= ϕ̇b sin(ϕ) cos(ϕ) − ϕ̇a sin(ϕ) + ϕ̇b sin(ϕ) cos(ϕ)
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y : VBy

= ϕ̇b sin2(ϕ) + ϕ̇a cos(ϕ) − ϕ̇b cos2(ϕ)
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VBx
= ϕ̇b sin(2ϕ) − ϕ̇a sin(ϕ)
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VBy

= ϕ̇a cos(ϕ) − ϕ̇b cos(2ϕ)
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x : VCx
= ϕ̇b sin(2ϕ) − ϕ̇a sin(ϕ) − ω1r sin(0)
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y : VCy

= ϕ̇a cos(ϕ) − ϕ̇b cos(2ϕ) + ω1r cos(0)
fhsgj+( (+( VCy

= 0 ) sin(0) = 0 - cos(0) = 1) *! 2!'%L-"N
VCx

= ϕ̇b sin(2ϕ) − ϕ̇a sin(ϕ)
fhhg

ω1 = ϕ̇(b cos(2ϕ) − a cos(ϕ))/r
fhig
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ϕ̇2

2
(A1 sin2(2ϕ) + A2 cos2(2ϕ) + A3 sin2(ϕ))+

+
ϕ̇2

2
(A4 cos2(ϕ) − A5 sin2(ϕ) cos2(ϕ) − A6 sin2(2ϕ) cos2(2ϕ))&/�N

A1 = b2(m1 + m2)
fhlg

A2 = a2(m1 + m2)
fhmg

A3 = 2ab(m1 + m2)
fhng
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2
m1b

2 fhpg
A6 = 3m1ab
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Q = 1

ϕ̇
(Mϕ̇ − m1g(ϕ̇a cos(ϕ) − ϕ̇b cos(2ϕ)))
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Q = M − m1g(a cos(ϕ) − b cos(2ϕ))
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ϕ̈(A1 sin2(2ϕ) + A2 cos2(2ϕ) + A3 sin2(ϕ) + A4 cos2(ϕ) −

−A5 sin2(ϕ) cos2(ϕ) − A6 sin2(2ϕ) cos2(2ϕ))

+ ϕ̇2

2
((2(A1 + A2) sin(4ϕ) + (A3 + A4) sin(2ϕ) +

fihg
+(A6 − 2A5) cos(2ϕ) sin(ϕ) + (2A6 − A5) sin(2ϕ) cos(ϕ)) =

= M − m1g(a cos(ϕ) − b cos(2ϕ))
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