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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha JOCiIKEHHIO aCUMIITOTUYHOI CTIMKOCT] piBHOMIpHUX 06epTaHb y
CepeloBHUIIli 3 OTIOPOM HEBIJIBHOI CUCTEMHU ABOX IIPYKHO 3B'SI3aHUX ripockoris JlarpaHxka Ta CUCTEMU [IBOX IIPY>KHO
3B'3aHUX ripockomnis JlarpaHxa 3 0ceCUMEeTPUYHUMU [TIOPOKHUHAMM, SIKi [IOBHICTIO 3aMIOBHEH] iieanbHOI0
HECTUCJIMBOIO pigrHO0. O6epTaHHS TiPOCKOIIIB MiATPUMYIOTHCS IIOCTIMHUMY MOMEHTaMH, CITPSIMOBAaHVMU B3T0BX
ix ocell cuMeTpiil Ta IOCTIHHUMU MOMEHTAaMU Y iHepLiaybHill cucTeMi Biijliky. PiBHSIHHS 30ypEHOT0 pyxy
IIPEJCTaBJIEHO Y BUIJIS JIiYMIIBHOI CUCTEMU 3BMYANHMX AU(epeHLiaNbHUX PiBHSHb, @ XapaKTEPUCTUYHE PiBHSIHHS
3BEJIEHO [10 TPAHCLIEHIIEHTHOTO PiBHAHHA. 3 ypaxyBaHHSAM OCHOBHOT'O TOHY KOJIMBAaHHA ileasibHOI PIIMHN OTPUMAHO

XapaKTEePUCTUYHE PiBHSIHHA LIOCTOTO CTYIEHS i Ha nificTaBi kputepid JIbenapa-Illinapa B iHHOpHOMY BUTJISANI



OTPMMAaHO YMOBH CTiIKOCTi piBHOMIpHUX 00€epTaHb y BUIJISi CUCTEMU IT'SITU HEPIBHOCTE Ta IPOBEAEHO ixX
aHaJIiTUYHEe JIOCTIIPKEHHS Y BUINAIKaX BiICYTHOCTI PiflHY B IIEPIIOMY TBEPAOMY Tifi, y Ipyromy abo y IBOX
TBepuUX Tijl. [TokazaHa MOXJIMBICTb cTabisizallii HeCTiKOro piBHOMipHOTO O6EPTaHHS Y CEPEJOBUILi 3 OIIOPOM
ripockona Jlarpansa i ripockomna Jlarpanxa 3 ifieasbHOI0 PiIMHOIO 32 AOIIOMOTIOI0 APYroro ripocKormna, SKum
obepraeTbcs. Ha mpukiazi ctucHyToi esincoinanbHol IOPOSKHUHY [T0Ka3aHo, 10 IPY JOCUTh BEJIUKIN KyTOBIi
IIBUJIKOCTI OGEPTaHHS APYroro ripockona crabinisanis 3aBkau 6yzie MOXKIIMBa 32 JOIIOMOT0OI0 301/IbIIeHHS
KoedilieHTiB IpyKHOCTI mapHipiB. Ha nifcraBi oTpuMaHux yMOB CTiIKOCTi piBHOMIpHUX O6€PTaHb y CEPENOBUIL 3
OIIOPOM CHUCTEMH ABOX IIPY>KHO 3B'I3aHUX ripocKomiB JlarpaHika 3 ifiea7bHOI0 PiIMHOI0 PO3IJISHYTA 337ja4a O
CTifKOCTi piBHOMiIpHUX 06epTaHb ripocKoriB Jlarpanxka i ripockormiB JlarpaHxka 3 izeaspHOI0 piguHOI0 Ha MiABiCi.
OTtpumaHi y pob0Ti yMOBH CTilIKOCTI [1OPiBHSIHI 3 aHAJIOTIYHUMU YMOBaMMU 32 BiICYyTHOCTI Aucunatii. ¥ cydacHii
aBialliliHil i paKeTHO-KOCMIYHI} TEXHilli Ta B iHIINX rajy3gax HapOJHOI'O rOCMOLAPCTBA MUPOKO BUKOPUCTOBYIOTLCS
KOHCTPYKLi 3 e7IeMeHTaMU y BUTJISZi CUCTEM IIPY>KHO 3B'3aHMX TBEPIUX Tijl Ta TBEPAUX Tijl 3 piAnHOI0. Y LIbOMY
3B'sI3Ky BUHMKA€ [TMTAaHHS [IPO BIUIMB PiIMHY Ta NPYXHUX IAPHIPiB Ha CTIMKICTbh KOJIMBaHb TaKUX MEXaHIUHUX
cucreM. 3a7iaua CyTTEBO YCKIIANHIOETHCS, KOJIU Tpeba BpaxoByBaTu oImip cepenosuiia. OnHUM 3 HalOiIbII
ePeKTUBHUX MiIXOiB CIPOIIEHHs AJ1 33724 AAaHOTO KJlacy I OTPUMAaHHS aHAJIITUYHUX PO3B'SI3KiB € MifXif,
3aCHOBAHUI Ha PO3TJISIAHHI CUCTEMU JIBOX IIPY>KHO 3B’13aHUX ripocKoIiB JlarpaHska 3 ineanbHOI0 pinuHOIO.
HasepneHnil orsisiy, cy4acHOTo CTaHy JOCiIKYBaHOI y pobOTi Mpo6aeMHy CBiTYUTD IIPO Te, 110 IHUPOKi MOXKIUBOCTI
[IPaKTUYHOTO 3aCTOCYBaHHS Pe3yJbTaTiB AOCHIIPKEHDb IOTPEOYIOTh AHAIITUYHOIO BU3HAUYEHHSI OCHOBHUX
BJIACTUBOCTEN OOEPTAHHS y CEPELOBNUIII 3 OIOPOM CUCTEMHU [IBOX IPYXKHO 3B’13aHUX ripockornis JlarpaHxka Ta
CHCTEMHU JIBOX IIPYKHO 3B’sI3aHUX ripocKoIIiB Jlarpanka 3 ifieajlbHOIO0 PiZluHOI0, OCKIJIbKY 1151 MOJIeJb JoOpe
BiloOpa’kae BJIACTUBOCTI 6araTbOX peajbHUX MEXaHiYHUX 00’eKTiB. JIOCTOBIPHICTh OTPUMAHUX Pe3yJbTaTiB
MiATBEPIKY€EThCA ITOPIBHAHHAM 3 BiJOMVMMU Y JliTepaTypi pe3dynbTaTaMi. BUKOHaHi aHamiTU4HI HOCTiIKEHHS
[IOKa3aJIu JOCUTh BUCOKY €(DeKTHBHICTh OTPUMAaHUX YMOB CTilIKOCTi. PO60TA B L[iTOMy HOCUTb TEOPETUIHUI
XapakTep, ajle HayKoBe 3HaY€HHsI pe3yJIbTaTiB Ta IPAKTUYHA L[iHHICTb pOOOTH MOJIAra€ B MOXKJIMBOCTI iX
3aCTOCYBaHHS y POOOTi KOHCTPYKTOPCHKUX 0I0PO, HAYKOBO-HOCJIiJHUAX iIHCTUTYTIB Ta MiANIPUEMCTB, 110 3aIMalOThCsI
IIPOEKTYBAHHSM i pO3PaXyHKOM MeXaHiYHMX 00€KTiB, TIOB’13aHUX 3 0OEPTaHHSIM Y CepelOBUILi 3 OTIOPOM CUCTEM
TBEPIUX TiJl Ta CUCTEM TBEPIYX TiJl 3 piiMHOI0 B MAIIMHOOYIyBaHHi, aBialliliHil Ta KocMiuHi TexHini. Knovyosi
CJIOBA: HEJIiHilHI 3BMYaliHi JudepeHLianbHi piBHIHHS PyXy CUCTEMHU [IBOX TBEPAMX TiJl, IPYXXHICTb, MiJIBIC,
CepelloBHUIIE 3 ONIOPOM, ripockonu Jlarpanxa, HesliHiliHI gudepeHLianbHi piBHSHHS PyXY ileaJbHOI HECTUCIMBOL
pimyHY, DOBibHA OCECMMETPUYHA MOPOKHUHA, PIBHOMIPHI 06epTaHHs, JTiHeapu3allis, BibHi KOJMBaHHS, KpalioBa
3a/1a4a, ByacHi QyHKI{I i BlacHi yncia, crekTpasbHa 3a/a4a, JiunjbHa CUCTeMa 3BUYaliHUX AudepeHialbHUX

PiBHSIHB, €JliNcoiganbHa NOPOXKHUHA, IepIIN MeTo, JISIIYHOBa, aCUMIITOTAYHA CTIKIiCTb, cTabimi3anis.

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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