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1. YucenbHUM Ta eKCHepI/IMeHTa]IbHI/Iﬁ aHaJli3 BiJIbHUX KOJIMBaHb 63FaTOKy'THI/IX MJIaCTUH i LII/IJ'IiHI[pI/I‘{HI/IX 000JIOHOK

3 KOHCTPYKTHBHOIO HeOILHOpi,[[HiCTIO

2. Numerical and experimental analysis of free vibrations of polygonal plates and cylindrical shells with structural

heterogeneity

Pedepar:
1. ILI/IcepTauiH IIPpUCBAY€HA PO3BUHEHIO I'[iII,XO,HiB A0 9YMCEJIbHOTO Ta €EKCIIEPUMEHTAJIBHOTO aHa]IiSy BiJIbHUX

KOJIMBaHb IIPY)KHUX 6araTOKyTHUX IIJIACTHH Ta UWJIiHIPUIHUX 0O0JIOHOK Pi3HOTO MONEePEYHOTO Iepepisy 3

KOHCTPYKTUBHOIO HEOJITHOPiZHICTIO. PO3BMHEHO YMCENbHUN NiAXid Ha OCHOBI METOAY CKiHUEHHUX €JIEMEHTIB [1714

PO3PaxyHKY YacTOT Ta (POPM BiJIbHMX KOJIMBaHb 6araTOKYTHUX IIJIACTHH 3 OTBOPOM i 6€3 Ta 3aMKHYTUX i

HE3aMKHYTUX LUJIiHOPUYHUX 000JIOHOK €JIITUYHOTrO Ta TOPPOBAHOrO MOMEPEYHOTO Nepepidy. PozpobdiieHo



KOMOIHOBaHMI MifXif, 7151 pO3PaXyHKy 4aCTOT BiJIbHUX KOJIMBAHb 6AraTOKYTHUX IJIACTUH Pi3HOI TOBIIMHM HA OCHOBI
mopudixoBaHoi GopmMyn IJ1s1 pO3PAXyHKY 4aCTOT BiIbHUX KOJIMBAHb [IPSIMOKYTHOI IIJIaCTUHU. PO3BUHEHO
€KCIIEPMMEHTaJIbHU MiJXif, HA OCHOBI pe30HAHCHOI'O METO/Y Ta CTBOPEHO BiOPOKOMILIEKC /111 BU3HAYEHHS 4aCTOT
i GOpM BiJIBHUX KOJIMBAaHb 6AraTOKyTHUX IJIACTUH. PO3BMHEHO €KCIIepMMEHTaIbHUH MifXifl HA OCHOBI
crpoborosiorpadivyHoi inTepdpepomeTpii Ta CTBOPEHO CTPOOOKOMILIIEKC 1711 BUBHAYEHHS YacTOT i GOpPM BiTbHUX
KOJIMBaHb 6araTOKYTHMX IIJIACTMH Ta TOBCTOCTIHHMX LWJIiIHAPAYHUX 000JI0HOK. Ha OCHOBI OTpUMaHUX pe3yJbTaTiB
IIPOBEJEHO aHaJli3 BIUIMBY KOHCTPYKTUBHOI HEOJHOPIIHOCTI, FEOMETPUYHUX NTAPaMETPIiB, Pi3UKO-MeXaHIUHUX
XapaKTePUCTUK MaTepiajly Ta F[PAaHUYHMX YMOB Ha CIIEKTP YacTOT Ta (POPM BiJIbBHUX KOJIMBAHb NIPYKHUX MEXaHIUHMAX

06’€KTIB, O PO3TJISIAATUCS.

2. The dissertation is devoted to the development of approaches to the numerical and experimental study of free
vibrations of elastic polygonal plates and cylindrical shells of various cross-sections with structural heterogeneity
and establishing the dependence of frequencies and forms of free vibrations of plates and shells on various
structural parameters. A numerical approach based on the finite element method has been developed to calculate
the frequencies and forms of free vibrations of isotropic polygonal plates with and without holes, as well as closed
and open cylindrical shells of different cross-sections, different thicknesses, and with different boundary
conditions. A new combined approach has been developed to determine the frequencies of free vibrations of
isotropic polygonal plates of different thicknesses based on a modified formula for calculating the frequencies of
free vibrations of an isotropic rectangular plate, and the coefficients of the vibration forms and boundary
conditions have been established for the considered polygonal plates with various boundary conditions depending
on the ratio of the thickness to the side of the plate. An experimental approach based on the resonance method
was developed, and a vibration complex was created to demonstrate real-time vibrations and determine with a
sufficient degree of reliability the frequencies and forms of free vibrations of n-angle plates. An experimental
approach based on stroboholographic interferometry was developed, and a strobocomplex was created to
determine the frequencies and forms of free vibrations of polygonal plates and thick-walled cylindrical shells,
which demonstrates real time vibrations of the surface of an elastic body in the form of interference patterns,
allows changing the vibration excitation mode and the amplitude of vibrations, and with a high degree of reliability
to study the spectrum of frequencies and forms of free vibrations. The free vibrations of a wide class of plates and
shells with different structural heterogeneity were investigated, and new results were obtained in the form of
numerical values of frequencies and illustrations of the forms of free vibrations, and the results obtained using
various developed approaches were compared. Based on the results obtained by various numerical and
experimental approaches, an analysis of the peculiarities of the dynamic characteristics of a wide class of
heterogeneous plates and shells was carried out, the regularities of the influence of geometric parameters,
physical and mechanical characteristics of the material and boundary conditions on the frequency spectrum and
forms of free vibrations of each of the considered elastic bodies were revealed. The obtained results and developed
approaches can be used in solving a wide class of practical problems of determining the dynamic characteristics of
free vibrations of plate and shell elements with different structural heterogeneity. The developed numerical
approaches allow obtaining reliable information about the frequency spectrum and forms of free vibrations of
structural elements in conditions as close as possible to real operating conditions without significant costs and
time, changing various parameters to choose optimal geometric dimensions, economically advantageous materials
and fastening methods to ensure the strength, stability and reliability of the structure. The developed experimental
approaches make it possible to demonstrate real time free vibrations of elastic bodies, and to use the obtained
results to assess the reliability of the results obtained by various theoretical and experimental methods. The
results obtained by the combined approach were transferred for implementation in the calculation practice of the
state enterprise "Design Bureau "Pivdenne" named after M.K. Yangel". The results of the dissertation research were
used within the framework of the implementation of the target program on defence topics in the direction of
applied research and development.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:



IIpiopuTeTHHH HanpsIM PO3BUTKY HayKH i TeXHIKHU: OyHnamMeHTasbHI HAyKOBI HOCIIIPKEHHS 3 HANGIIbII
BRXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCHiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 115 3a0e31e4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY

CyCIIiZIbCTBA i Jep>kaBu
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