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1. TIpo cTiiikicTb 06€pTaHHS y CEpeAOBULIi 3 OIOPOM CUCTEMHU ABOX IIPYKHO 3B's1I3aHUX ripockois Jlarpanxa 3
ileasIbHOO PIIUHOIO

2. On the stability of rotation in a resistive medium of a system of two elastically connected Lagrangian gyroscopes
with an ideal fluid

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA JOCIIKEHHIO aCUMIITOTUYHOI CTIMIKOCT]I piBHOMIpHUX 06€PTaHb y
cepeJoBULi 3 OTIOPOM HEBINILHOI CUCTEMU [BOX IIPY>KHO 3B'sI3aHUX TpOCKOMiB JlarpaHska Ta CUCTEMU JIBOX IIPYKHO
3B’13aHUX ripockoriB Jlarpanka 3 oOCeCUMeTPUYHUMU MTOPOSKHIMHAMH, sIKi TOBHICTIO 3aIIOBHEHI iieaibHOIO
HECTUCJIMBOIO pignHO0. O6epTaHHS ripOCKOIIiB MiATPUMYIOTbCS IOCTIMTHMMU MOMEHTaMHU, CITPSIMOBAaHUMU B3JJ0BX

iX ocell CUMETpill Ta MOCTIHHMMU MOMEHTAaMU Y iHepLiaIbHill CUCTEMI BifijliKy. PiBHSIHHSI 30yPEHOTO PyXy



IIPEICTaBJIEHO Y BUIJIST JIIYMIJIBHOI CUCTEMU 3BMYANHMX AU epeHLiaNbHUX PiBHSAHb, @ XaPAKTEPUCTUYHE PiBHSIHHS
3BEJIEHO [10 TPAHCLIEHIIEHTHOTO PiBHSIHHS. 3 ypaxyBaHHSIM OCHOBHOTO TOHY KOJIMBAaHHS il€aJIbHOI PiIMHN OTPUMAHO
XapaKTEePUCTUYHE PiBHSIHHA LIOCTOTO CTYIEHS i Ha nificrasi kputepid JIbenapa-Illinapa B iHHOPHOMY BUTJISA]
OTPUMAaHO YMOBHU CTiMIKOCTi piBHOMiIPHUX 00€pTaHb Y BUTJISJi CUCTEMU ITSITU HEPIBHOCTEN Ta IPOBELEHO iX
aHaJiTUYHE NOCJIIPKEHHS y BUIAIKaxX BiICYTHOCTI pilvHNU B [1epIIOMY TBEPJOMY TiJli, y APyroMy abo y IBOX
TBepuUX Tisl. [TokazaHa MOXKJIMBICTb cTabisizalii HeCTiHKOro piBHOMipHOTO O6EPTaHHS Y CEPEJOBUILi 3 OIIOPOM
ripockorna Jlarpansa i ripockona Jlarpanika 3 ifieasbHOIO0 PiIMHOIO 32 AOIIOMOTIOI0 APYroro ripocKora, SKum
obepraeTtbcs. Ha nmpukiazi cTucHyTOI eJ1incoinanbHoi IOPOSKHUHY [T0Ka3aHO, 1O NPU JOCUTb BEJIMKIl KyTOBii
IIBUJIKOCTI OGEPTaHHS APYroro ripockorna crabinizanis 3aBxkau 6yZe MOKIIMBa 32 JOTIOMOT0OI0 361/IbIIeHHS
koedilieHTiB IpyKHOCTI wapHipiB. Ha nifcTaBi oTpuMaHux yMOB CTiIIKOCTi piBHOMIpHUX O6€PTaHb y CEpeIOBUIL 3
OIIOPOM CHCTEMMU [IBOX ITPY)KHO 3B'SI3aHUX IiPOCKOIIB Jlarpanxa 3 iieajbHO0 PiAMHOI0 PO3IJISHYTA 337a4a O
cTiliKoCTi piBHOMiIpHUX 06epTaHb ripockomnis Jlarpansa i ripockomnis Jlarpanska 3 ifjea7bHOI0 PiJMHOI0 Ha MiABiCi.
OTpumaHi y pob0Ti yMOBH CTilIKOCTIi [1OPiBHSIHI 3 aHAJIOT{YHMMY YMOBaMU 3a BiJICYyTHOCTI Aucunanii. ¥ cyyacHiit
aBialliliHil i paKeTHO-KOCMIYHI} TEXHilli Ta B IHIINX rajy3gax HapOJHOI'O rOCMOLAPCTBa LIMPOKO BUKOPUCTOBYIOTLCS
KOHCTPYKLi 3 eJIeMeHTaMU y BUTJISZi CUCTEM IIPYKHO 3B'SI3aHMX TBEPIUX Tijl Ta TBEPAUX Tifl 3 piAnHOI0. Y LIbOMY
3B'sI3Ky BUHMKA€ [TMTAaHHS [IPO BIUIMB PiIVHY Ta MPYXHUX WAPHIPiB Ha CTIMKICTh KOJIMBaHb TAKUX MEXaHIUHUX
cucteM. 3a7iaua CyTTEBO YCKIIANHIOETHCS, KOJIU Tpeba BpaxoByBaTu oIip cepenosuiia. OnHUM 3 HANOiIbII
e(eKTUBHUX NiIXOLiB CIPOILIEHHS AJ1s 337a4 AaHOTO KJIAacy ¥ OTPUMAaHHS aHAJIITUYHUX PO3B'SI3KiB € Mifxi,
3aCHOBAHUI Ha PO3IJISiIaHHI CUCTEMHU ABOX IIPYKHO 3B'3aHUX ripockomniB JlarpaHska 3 ifieasabHO0 PilMHOIO.
HaBepneHnil orsisiy cy4acHOTo CTaHy JOCIiIKyBaHOI y pobOTi Mpo6aeMy CBiTYUTD IIPO Te, 110 IHUPOKi MOXKIUBOCTI
IIPaKTUYHOTO 3aCTOCYBaHHS Pe3yJbTaTiB AOCIII)KEHD IOTPEOYIOTh aHAIITUYHOIO BU3HAUYEHHSI OCHOBHUX
BJIACTUBOCTE OOEPTAHHS Y CEPELOBUIII 3 OTOPOM CUCTEMHU JIBOX NPYXKHO 3B’13aHUX ripockoriB JlarpaHxka Ta
CHCTEMHU JIBOX IIPY’KHO 3B'sI3aHUX ripoCKoIIiB Jlarpanxa 3 ifieajibHOIO piiuHOI0, OCKIIbKY 1151 MOJIeJb Jo6pe
BiloOpa’kae BJIACTUBOCTI 6araTbOX peajbHUX MeXaHiYHUX 00’eKTiB. JIOCTOBIPHICTh OTPUMAHUX Pe3yJbTaTiB
MiATBEPIKYEThCA ITOPIBHAHHAM 3 BilOMMMM Y JIiT€paTypi pe3yabTaTaMi. BUKOHaHi aHaIiTU4HI DOCTiIKEHHS
II0Ka3aJI1 JOCUTb BUCOKY €(PEKTUBHICTb OTPUMAHUX YMOB CTilIKOCTi. PO60Ta B L1iIOMy HOCUTb TEOPETUYHUI
XapakTep, ajle HayKoBe 3HaYeHHsI pe3yJIbTaTiB Ta IPAKTUYHA L[iHHICTb pOOOTH MOJIAra€e B MOXKJIMBOCTI iX
3aCTOCYBaHHS y POOOTi KOHCTPYKTOPChKUX 0I0PO, HAYKOBO-IOCJIiJHUX iIHCTUTYTIB Ta MiANIPUEMCTB, 110 3aiMalOThCsI
IIPOEKTYBAHHSM i pO3PaXyHKOM MeXaHiYHMX 00€KTIB, IOB’I3aHUX 3 0O€PTAHHSIM Y CepelOBUILi 3 OTIOPOM CUCTEM
TBEPUX TiJI Ta CUCTEM TBEPIVX T/ 3 pinvHOI0 B MamIMHOOYAyBaHHi, aBianiiiHii Ta KocMiuHiN TexHini. Kmovyosi
CJI0BA: HeJIiHilHI 3BMYaiiHi JudepeHLianbHi piBHIHHS PyXy CUCTEMHU [IBOX TBEPAUX TiJl, IPYXXHICTb, MiBIC,
CepeioBHUlIE 3 ONIOPOM, ripockonu Jlarpanxa, HesiHilHI gudepeHLianbHi piBHSHHS PyXY ifleaJbHOI HECTUCINBOL
pinnHu, NOBiNbHA OCECUMETPUYHA MOPOXKHUHA, PIBHOMIPHI 06€pTaHHs, JliHeapu3allisl, BiZibHi KOJIMBAaHHS, KpailoBa
3a/1a4a, ByacHi QyHKUl i BlacHi yncia, criekTpasibHa 3a/a4a, JiunjbHa CucTeMa 3BUYaiiHuX AudepeHiiialbHUX

PiBHSIHB, eJliNlcoiganbHa NOPO>XKHUHA, IepIInii MeTo, JISSMYyHOBA, aCUMIITOTAYHA CTiMKiCTb, cTabinizanis.

2. The dissertation is dedicated to the study of the asymptotic stability of uniform rotations in the environment
with the support of a non-free system of two elastically connected Lagrange gyroscopes and a system of two
elastically connected Lagrange gyroscopes with axisymmetric cavities that are completely filled with an ideal
incompressible fluid. The rotation of the gyroscopes is supported by constant moments directed along their axes
of symmetry and constant moments in the inertial reference system. The equation of disturbed motion is
presented in the form of a counting system of ordinary differential equations, and the characteristic equation is
reduced to a transcendental equation. Taking into account the main tone of the oscillation of the ideal fluid, a
characteristic equation of the sixth degree is obtained, and on the basis of the Lyapunov-Shipar criterion,
conditions for the stability of uniform rotations are obtained in the form of a system of five inequalities and their
analytical study is carried out in cases of absence of fluid in the first solid body, in the second or in two solid
bodies. The possibility of stabilizing unstable uniform rotation in the environment with the support of the
Lagrange gyroscope and the Lagrange gyroscope with an ideal fluid is shown by means of a second rotating
gyroscope. For example, it is shown that with a sufficiently large angular velocity of rotation of the second



gyroscope, stabilization will always be possible by increasing the hinge stiffness coefficients. Based on the obtained
conditions of stability of uniform rotations in the environment with the support of two elastically connected
Lagrange gyroscopes with an ideal fluid, the problem of stability of uniform rotations of Lagrange gyroscopes and
Lagrange gyroscopes with an ideal fluid on a suspension is considered. The stability conditions obtained in the
work are compared with similar conditions in the absence of dissipation. In modern aviation and rocket-space
technology, as well as in other sectors of the national economy, structures with elements in the form of elastically
connected solid bodies and solid bodies with fluid are widely used. In this regard, the question arises about the
influence of the fluid and elastic joints on the stability of oscillations of such mechanical systems. The problem is
significantly complicated when it is necessary to take into account the resistance of the environment. One of the
most effective approaches to simplifying problems of this class and obtaining analytical solutions is the approach
based on the consideration of a system of two elastically connected Lagrange gyroscopes with an ideal fluid. The
overview of the current state of the problem under study indicates that the wide possibilities of practical
application of research results require analytical determination of the main properties of rotation in the
environment with the support of a system of two elastically connected Lagrange gyroscopes and a system of two
elastically connected Lagrange gyroscopes with an ideal fluid, since this model well reflects the properties of many
real mechanical objects. The reliability of the obtained results is confirmed by comparison with known results in
the literature. The analytical studies carried out have shown a sufficiently high efficiency of the obtained stability
conditions. The work is mainly theoretical, but the scientific significance of the results and the practical value of
the work lie in the possibility of their application in the work of design bureaus, research institutes, and
enterprises engaged in the design and calculation of mechanical objects related to rotation in an environment with
the support of systems of solid bodies and solid bodies with fluid in mechanical engineering, aviation, and space
technology. Keywords: nonlinear ordinary differential equations of motion of a system of two solid bodies,
elasticity, suspension, environment with support, Lagrange gyroscopes, nonlinear differential equations of motion
of an ideal incompressible fluid, arbitrary axisymmetric cavity, uniform rotations, linearization, free oscillations,
boundary value problem, eigenfunctions and eigenvalues, spectral problem, counting system of ordinary
differential equations, ellipsoidal cavity, first Lyapunov method, asymptotic stability, stabilization.
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