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Ñìåòàíèí Ñ.À.

30.18. Øòîê ìàññîé m1 ñâîáîäíî äâèæåòñÿ â âåðòèêàëüíûõ íàïðàâ-
ëÿþùèõ. Ñòåðæåíü, æåñòêî ñêðåïëåííûé ñ öèëèíäðîì ìàññîé m2, ñêîëü-
çèò îäíèì êîíöîì ïî íèæíåé ïîâåðõíîñòè øòîêà. Ê öèëèíäðó ïðèëîæåí
ìîìåíò M . Ðàäèóñ öèëèíäðà R, äëèíà ñòåðæíÿ 2a. Öåíòð ñòåðæíÿ ñî-
åäèíåí ñ öåíòðîì öèëèíäðà. Ñîñòàâèòü óðàâíåíèå äâèæåíèÿ ñèñòåìû. Çà
îáîáùåííóþ êîîðäèíàòó ïðèíÿòü óãîë ïîâîðîòà öèëèíäðà ϕ.

Ðåøåíèå
1. Êèíåòè÷åñêàÿ ýíåðãèÿ

Äëÿ îïðåäåëåíèÿ êèíåòè÷åñêîé ýíåðãèè ñèñòåìû âûðàçèì ñêîðîñòè òåë
÷åðåç îáîáùåííóþ êîîðäèíàòó:
Èç ãðàôà π/2

K −→O
R

ïîëó÷èì: VO = VOx = ϕ̇R.

Äëÿ ãðàôà ϕ
O−→L

a
èìååì:

x : VLx = VOx − ϕ̇a sin ϕ,
ïîëó÷àåì: VLx = ϕ̇(R− a sin ϕ),
y : VLy = ϕ̇a cos ϕ,
Äëÿ øòîêà èìååì òîëüêî âåðòèêàëüíóþ ñîñòàâëÿþùóþ VLy.
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Ò.ê. öèëèíäð 2 ñîâåðøàåò êà÷åíèå, òî äëÿ íåãî êèíåòè÷åñêàÿ ýíåðãèÿ
èìååò ñëåäóþùèé âèä:

T2 =
1

2
m1V

2
O +

1

2
JOϕ̇2,

T2 =
1

2
m1(ϕ̇R)2 +

m1(ϕ̇R)2

4
,

T2 =
3m1(ϕ̇R)2

4
.

Äëÿ øòîêà, ñîâåðøàþùåãî ïëîñêîå äâèæåíèå ïîëó÷èì:

T1 =
1

2
m2V

2
Ly =

1

2
m2(ϕ̇a cos ϕ)2.

Òîãäà îáùàÿ êèíåòè÷åñêàÿ ýíåðãèÿ èìååò âèä:

T = T1 + T2 = 3
m1(ϕ̇R)2

4
+

1

2
m2(ϕ̇a cos ϕ)2.

Îáîáùåííàÿ ñèëà

Q = M −m2ga cos ϕ.

Óðàâíåíèå Ëàãðàíæà 2-ãî ðîäà

d

dt

∂T

∂ϕ̇
− ∂T

∂ϕ
= Q,

3

2
m1ϕ̈R2 + m2ϕ̈(a cos ϕ)2 −m2ϕ̇

2a2 cos ϕ sin ϕ = M −m2ga cos ϕ.
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