
Ðåøåíèå ìåõàíè÷åñêîé çàäà÷è ñ îäíîé
ñòåïåíüþ ñâîáîäû ñ ïîìîùüþ óðàâíåíèé

Ëàãðàíæà 2-ãî ðîäà

2 àâãóñòà 2009 ã.

30.17. Îñü íåâåñîìîãî äèñêà À, áåç ïðîñêàëüçû-
âàíèÿ êàòÿùåãîñÿ ïî âåðòèêàëüíîé ñòåíêå, ñîåäè-
íåíà ñòåðæíåì ÀÂ äëèííîé L ñ äèñêîì Â ðàäè-
óñîì R, ìàññîé m1. Ãðóç ñ ìàññîé m2 âèñèò íà
âåðòèêàëüíîé íèòè, íàâèòîé íà äèñê À. Ãîðèçîí-
òàëüíàÿ ñèëà F ïðèëîæåíà ê îñè äèñêà Â. Ñîñòà-
âèòü óðàâíåíèå äâèæåíèÿ ñèñòåìû. Çà îáîáùåí-
íóþ êîîðäèíàòó ïðèíÿòü óãîë ïîâîðîòà öèëèíäðà
ϕ.

1 Êèíåòè÷åñêàÿ ýíåðãèÿ
Êèíåòè÷åñêàÿ ýíåðãèÿ áóäåò èìåòü âèä:

T =
m1(VB)2

2
+

m1(Rω1)
2

4
+

m2(VE)2

2

1



Ðàññìîòðèì ãðàôû:

O
0,r−→ A

ϕ,L−→ B
3π
2

,R−→ D,
{

VDx = vOx − rω4z sin 0− Lϕ̇ sin ϕ−Rω1z sin 3π
2

= 0
VDy = vOy + rω4z cos 0 + Lϕ̇ cos ϕ + Rω1z cos 3π

2
= 0

(1)

ω1z = ϕ̇L
R

sin(ϕ)
ω4z = −ϕ̇L

r
cos(ϕ)

(2)

D
π
2
,R−→ B

vBx = −ω1zR sin(π
2
)

vBy = ω1zR cos(π
2
)

(3)

vBx = −ϕ̇L sin(ϕ) (4)

O
0,2r−→ C{

VCx = −2ω4zr sin(0)
VCy = −2ω4zr cos(0)

(5)

vCy = −2ϕ̇L cos(ϕ) (6)

vE = vCy

vE = −2ϕ̇L cos(ϕ) (7)

2 Ìîùíîñòü ñèë

N = (~F , ~VB) + (m1~g, ~VB) + (m2~g, ~VE)

3 Îáîáù¼ííàÿ ñèëà

Q = FL sin(ϕ) + 2L cos(ϕ)m2g (8)
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4 Óðàâíåíèå Ëàãðàíæà 2-îãî ðîäà

d

dt

∂T

∂ϕ̇
− ∂T

∂ϕ
= Q (9)

Äëÿ äàííîé çàäà÷è óðàâíåíèå Ëàãðàíæà èìååò âèä:

3

2
m1ϕ̈L2 sin2(ϕ) +

3

2
m1ϕ̇

2L2 sin(ϕ) cos(ϕ) + 4m2ϕ̈L2 cos2(ϕ)−

−4m2ϕ̇
2L2 cos(ϕ) sin(ϕ) = FL sin(ϕ)− 2m2gL cos(ϕ) (10)
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