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I. ON THE SOLUTION 
OF A COMPLICATED BIHARMONIC EQUATION 

IN A HYDROELASTICITY PROBLEM
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II. STABILIZATION OF A SPINNING LAGRANGE 
GYROSCOPE FILLED WITH IDEAL FLUID IN A 

RESISTING MEDIUM 



This work continues the research that was started in the article

(Kononov Y.N., Khomyak T.V. On the rotation stabilization of

the unstable gyroscope containing fluid by rotating the rigid body

// Facta Universitatis. Series Mechanics, Automatic Control and

Robotics. – 2005. – 4, № 17. – P. 195 – 201) in case of no

dissipation.

Based on the known equations of motion of the gyroscope

system, P.V. Kharlamov and state functions for a rotating ideal

fluid S.L. Sobolev, the problem of rotation in a medium with

resistance of two Lagrangian gyroscopes, one of which has an

ideal fluid, is considered.



The possibility of stabilizing unstable uniform rotation in a

medium with resistance of a “sleeping” Lagrangian gyroscope

with an ideal fluid using a second rotating gyroscope and elastic

spherical joints is shown. The “sleeping” gyroscope has an

arbitrary axisymmetric cavity completely filled with an ideal

incompressible fluid and rotates around a fixed point, and a

second gyroscope is located above it. Gyroscopes are connected

by an elastic spherical joint, and their rotation is supported by

constant moments directed along their axes of symmetry. The

conditions for the elasticity coefficients of the hinges and the first

tone of oscillation of an ideal fluid under which stabilization will

be possible have been found. Using the example of a compressed

ellipsoidal cavity, it is shown that at a sufficiently high angular

velocity of rotation of the second gyroscope, stabilization will

always be possible if the conditions for the elasticity coefficients

are met.



The resulting stabilization conditions are compared with similar 

conditions in the absence of dissipation

1. Problem Statement

The equations of rotation in a resisting medium of 

two elastically coupled 

Lagrange gyroscopes, one having a cavity with an

ideal fluid, has the following form:
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2. Stabilization Conditions for the Unstable Uniform Rotation 

of a Lagrange Gyroscope Filled with an Ideal Fluid
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From Eq. (4) it follows that if the center of mass of the second body

coincides with the point, then this equation splits into two equations,

with no influence of one body on another. Stabilization is impossible

in this case.



For all the zeros of Eq. (5) to be on the open left half-plane,

according to the Lienard–Chipart criterion in inner form, it is

necessary and sufficient that the ninth-order matrix composed of the

coefficients of polynomial (5) be inner-hositive, that is, the matrices

be positive definite:
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Since , he asymptotic stability of uniform rotations in a resisting

medium of two Lagrange gyroscopes, one filled with a fluid, is

determined by four inequalities. The stabilization conditions for the

kinetic momentum has the form:
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On the basis of the Ljenar-Schipar criterion written in innor form,

stabilization conditions are obtained in the form of a system of four

inequalities, corresponding to the kinetic moment of the second

gyroscope. Conditions were found for the coefficients of elasticity of

hinges and the first tone of oscillation of an ideal fluid under which

the older coefficients of these inequalities are positive.

Using the example of a compressed ellipsoidal cavity, it is shown that

stabilization will always be possible with a sufficiently large angular

velocity of rotation of the second gyroscope. A comparison of cases

of presence and absence of dissipation was made. It is shown that in

the absence of dissipation, the ellipsoidal cavity can be not only

compressed, but also stretched. This is the fundamental difference in

these two cases.
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III. ON THE STABILITY OF ROTATION IN AN 
ENVIRONMENT WITH RESISTANCE OF A 

SUSPENDED LAGRANGE GYROSCOPE 



The problem of the rotation of a rigid body on a suspension is a

further generalization of the very important and classical problem of

the rotation of a rigid body around a fixed point. The string

suspension was used to experimentally determine the direction of the

main axes of inertia of complex mechanical structures, to balance

turbines and heavy centrifuges, and in many other related tasks.

The considered problem is the stability of uniform rotation in a

medium with resistance of a Lagrangian gyroscope on a suspension.
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