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ON THE STABILITY OF THE SYSTEM WITH GENERALIZED
POTENTIAL

V.A. Vwicic
(Received September 15, 1981)

The paper [1] deals with the motion of mechanical systems subjected to the
forces with generalized potential V' = V(q, ¢, f). On the assumption of time-in-
dependence of the Lagrangian the stability of equilibrium and of steady motions
of a system is investigated. In the paper [2] the following theorem was established.

If there exists a positive-definite function W of the generalized coordinates
q', ¢% ...,q" and time ¢ with the property that
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is negative-valued or identically equal to zero, where the Q, are the component

of the generalized force, then the equilibrium of the holonomic system is stable
Knowing that the generalized forces obtained from a function

V="V, (q,v t) dm + H(Q: t) (2)
by the prescription
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where is ¢ = { ¢.,...,¢"} and ¢ = {¢%,..., ¢"}, and using the expression (1),
next stability conditions can be obtained:

1. If the natural potential IT = [l(g, ) is a positive-definite function and
V(g,q,t) < V(g,¢,t0), the equilibrium of a system with the forces (3) is stable.

Proof: Let W =T1I(q%, ..., q"; r). Then from the expression (1) one can get
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and under the condition 1.,
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had is the assertion of the theorem.
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It generalized potential V = V(g,4) does not depend explicitly on time r,

relation (4) become
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If Lagrangian of the mechanical system does not contain time ¢ explicitely

and if the potential II(g) is a positive — definite function of the coordinates ¢!, . . . ,
q", the equilibrium of a system with generalized potential V(g,q) is stable.
2. If the are n — m (m > n) cyclic coordinates ¢g” ‘1, . . ., ¢g" then expression
(1) (see ret. [3]), can be written as
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where ¢* (s,r = 1,...,m) are the position (non cyclic) coordinates, or
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when potential 7 does not contain time ¢ explicitely.

In fact, the function W will be again the natural potential IT = Il(g%,. . ., ¢,
t) = 0. The generalized forces Qu (« = 1, ..., n) for a cyclic coordinates, reduce to

i oV oV,
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and for positon coordinates, to
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If the expressions for the coordinates Q, and Q, of the generalized force
mentioned above, and for W = Il are substituted in expression (1), one can obtain
(5) and (6) when function V' = V(g,q) does not explicitly depend on time 7.

Under these conditions the steady motion of a mechanical system is stable.
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Ob VCTOMYHUBOCTHU CHCTEM C OBOBIIEHHBIM ITOTEHIIMAJIOM
Peszmwome

PaccMaTpuBeTCS  YCTOMUMBOCTG PABHOBECHST M CTAIMOHAPHBIX JIBMYKCHHI
MEXAHMUECKHX CHCTEM HAXOJSIIIMXCA TI0/] JeHCTBHEM Ciul, 00.1a/jalonmM 0001eH-
HbIM noteHupanom V = V, (g,t) ¢* + I1(g,0)

Hcxoast ua kputepust (1) moxasnisaercst uro ecim noreriman Il ompene-
JIEHHO-TI0J10yKuTe IbHAst GyHKuust u V(g,q,t) < (g,q,t0) TO IIOJIOJKEHHE pPABHO-
BECHA YCTOMUYMBO.

ITokaspiBaercst Taroke uro ecmm GyHxkuus Jlarpamwka L = T — V(g,q)
HEe 3aBHCHOT SIBHO OT BpemeHH H roteHuuan Il onpesenenno — 1moJiorKuTe/1bHAs
(DYHKIMSI, TO TMOJIOYKEHHE PABHOBECHS M, IIPH HAJIMYMI IHKIMYECKUX KOOD/IMHAT
CTAL[MOHAPHBIEC JBIDKEHUS, PACCMATPHBAEMOH CHCTEMBI YCTOHUYMBO.

O STABILNOSTI SISTEMA SA UOPSTENIM POTENCIJALOM
Izvod

Razmatra se stabilnost ravnoteznog stanja i stacionarnih kretanja mehanickih
sistema koji se nalaze pod dejstvom sila koje imaju uopSteni potencijal V =
= a:(qﬂ:) da S H(QJ[)'

Polazeéi od kriterijuma (1), pokazuje se kada je potencijal IT pozitivno defi-
finitna funkcija i kada V(q,q,t) < V(q,q,t0), da je poloZaj ravnoteze stabilan.

Takode se pokazuje da kada funkcija Lagrange-a L = T — V(qg,q) ekspli-
citno ne zavisi od vremena i kada je potencijal pozitivno definitna funkcija, polozaj
ravnoteze, a takode i stacionarno kretanje za koje postoje ciklicne koordinate su
stabilni.
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