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1. MATEMATUYHE MOJEJIFOBAHHS TA PO3POBKA YK CEJIbHO-AHAJIITUYHUX METOIIB JOCJIIIPKEHHS
OYHKIIOHAJIbBHO-TPANIIEHTHHX TTOJIOTUX OBOJIOHOK TA IIJIACTUH 3 BUKOPVMICTAHHSIM TEOPII R-
OYHKUIN

2. Mathematical modelling and development of numerical-analytical methods for studying functionally graded
shallow shells and plates using the R-functions theory

Pedepar:

1. Y nuceprauiiiziii po60Ti pO3B's3aHa HAYKOBO-TEXHIYHA MTpo6JIeMa, sIKa MOoJISITa€ B CTBOPEHHI e(peKTUBHOTO
YMCEJIbHO-aHAJITUYHOTO METOY NOCIIIPKEHHS CTATUYHOI Ta JUHAMIYHOI IOBEIiHKYU €JIEMEHTIB KOHCTPYKLIii,
BUT'OTOBJIEHUX i3 Cy4yacHUX (PYHKLiOHAIbHO-TPalieHTHUX MarepiaiiB (PI'M), Ha OCHOBI MaTeMaTUYHUX MOJeJIel,

Ki BpaXOBYIOTb TaKi B)KJIMBi XapaKTEPUCTMKHU 3a1ayi, K HasBHICTb T€OMETPUYHOI HEJIHIIHOCTI, TIOPUCTOCTI,



IIPY>KHOI OCHOBH, Pi3Hi 3aKOHU PO3MOiNIeHHSI 06’€MHUX YAaCTOK CK1anoBux OI'M. Po3po6sieHo HOBUI MifXif, OJ1st
IOCJiIKeHHs JiHiHuX KonuBaHb ®I'M m1acTuH Ta 10JI0rux 060JI0HOK 3i CkIafHO0 GOPMOIO IJIaHy Ta Pi3HUMU
YMOBaMH ix 3aKpillyIEeHHSI B paMKaxX TPbOX TE€OPill [10710rux 060y10HOK: kacuyHoi (CLT), yrouHeHoi 3CyBHO]
nedopmauirHoi Teopii nepmoro (FSDT) ta Tpetsoro nopsigkis (HSDT). 3anponoHoBaHuil miaxin 6asyeTbes Ha
BUKOPUCTaHHI Teopii R-QyHKuil Ta BapialiiiHoro metony Pitna, 10 403BOJINIO OOYAYyBaTH PO3B'I3KM 3aa4 B
aHaJIITUYHOMY BUIJISIZ] Ta BUKOPUCTATH 11 PO3B'sI3KY IIPU PO3B’s13aHHI HeJsIiHIMHUX 337a4. 3allpOIIOHOBAHO METO],
PO3B’s13aHHS 33724 [IPO T€OMETPUYHO HeJliHilHI KonuBaHHSI OI'M ofHOIIApOBUX Ta CEHJBIY I1OJIOTUX OOOJOHOK i
IIJIACTUH JOBiIbHOI (popmu myaHy. OfepKaHo BapialiliHi TOCTaHOBKU CPOPMYIbOBAHUX IIPOOJIEM Ta NTOOYIOBaHI
BiAnoBinHiI pyHKIioHanU B pamkax Tpbox Teopii: CLT, FSDT, HSDT. 3anpornioHOBaHO MeTOJ, 3Be[leHHS HEeJIiHiiTHOTro
IvdepeHLiaTbHOTO PiBHSIHHS PYXY 3 YACTUHHUMU NOXiIHUMMU [10 HeJIiHiIHOTro 3BUYaiiHOro AudepeH1iaabHOro
PIBHSIHHSI T OZIEP>KAHO B SIBHOMY BUTJISIi aHAJIITUYHI BUPa3u 111 00YUCIE€HHS KOeQillieHTiB LIbOrO PiBHSIHHSI.
Po3pobseHo mifxizn 10 po3B’s3aHHS 3374 CTiMKOCTI Ta KonuBaHb GI'M 060JI0HOK Ta MJIACTHUH, SKi 3HAXOASATHCS IIif
Ili€el0 CTUCKalO4YMX SIK PIBHOMIPHUX, Tak i HEPiBHOMIDHMX HaBaHTaXeHb. KOMIT'IOTepHY pearizallito 3aporoHOBaHUX
METO/IiB BUKOHAHO B paMKax cucteMu POLE-RL. 3a 1or1oMoroo po3po6yieHOro KOMILJIEKCY IIPOrpaM BUBUYEHO
BIIJIUB Pi3HUX FEOMETPUYHUX Ta MEXaHIYHUX NTapaMeTPiB Ha BJIACHI YaCTOTH, KPUTUYHE HaBAHTAXXEHHS Ta
[IOBEJiHKY aMILIITyAHO-4aCTOTHUX XapaKTE€PUCTHK OJHOUIAPOBUX Ta ceH B4 ®I'M 1osiorux 06010HOK 3 Pi3HOIO
reoMeTpUYHOI GOPMOIO I1JIaHy, 3 BUPi3aMy Ta OTBOpPaMU CKJafgHoOiI popmu. JloCaimpKeHo JUHaMIYHY [I0BEiHKY
®I'M 060/10HOK 3MiHHOi TOBIIMHU. Ha OCHOBI IpoBeeHNX OOCTiI)KEHb HaJJaHO ITPAKTUYHI peKoMeHallii oo
IIPOEKTYBaHHS €JIEMEHTiB TOHKOCTIHHUX KOHCTPYKIiH, IKi MogemntoioTbcss GI'M nacTuHaMu Ta MOJIOTUMU
000J10HKaMu. BiporinHicTb po3po61eHOro MeTOAy MifTBEPAKEHO IPAKTUYHUM €KCIIEPUMEHTOM Ta 3aCTOCYBaHHIM
iHmMx MeToxB, sKi 6asytoTbcst HAa MCE. Kitodosi cioBa: meton, R-yHKuii, BapianiiiHi meTony, QyHKIiOHaIbHO-
rpazieHTHi MaTrepianu, MaTeMaTudHe MoaenoBaHHs PI'M 06’eKTiB, CeHIBiY 110JI0Ti 060JIOHKM Ta MJIACTUHY, JIiHIHHI

Ta FEOMETPUYHO HeJIiHiHI KOJIMBaHHS, CTiMKICTh, TOPUCTICTh, IPY’KHA OCHOBA, 3MiHa TOBIMHA.

2. The dissertation solves a scientific and technical problem consisting in the creation of an effective numerical-
analytical method for studying the static and dynamic behavior of structural elements made of modern
functionally graded materials (FGM) based on mathematical models that take into account such important
characteristics of the problem as geometric nonlinearity, porosity, elastic foundation, different distribution laws of
volume fraction ceramics of FGM. A new approach has been developed for studying linear vibrations of FGM plates
and shallow shells with a complex plan shape and different boundary conditions within the framework of three
shallow shell theories: classical (CLT), refined deformation shear theory of the first (FSDT) and third orders (HSDT).
The proposed approach is based on the use of the R-functions theory and the Ritz variational method, which made
it possible to construct solutions to problems in an analytical form and use these solutions when solving nonlinear
problems. A method for solving problems of geometrically nonlinear vibrations of the FGM single-layer and
sandwich shallow shells and plates of arbitrary plan shape is proposed. Variational statements of the formulated
problems are obtained and the corresponding functionals are constructed within the framework of three theories:
CLT, FSDT, HSDT. A method is proposed for reducing a nonlinear differential equation of motion with partial
derivatives to a nonlinear ordinary differential equation and analytical expressions are obtained in explicit form for
calculating the coefficients of this equation. An approach is developed to solve the problems of stability and
vibrations of the FGM shells and plates under the action of compressive uniform and non-uniform loads. The
computer implementation of the proposed methods is performed within the POLE-RL system. Using the
developed software package, the influence of various geometric and mechanical parameters on natural
frequencies, critical load and behavior of amplitude-frequency characteristics of single-layer and sandwich FGM
shallow shells with different geometric plan shapes, cutouts and complex-shaped holes is studied. The dynamic
behavior of FGM shells of variable thickness is investigated. Based on the conducted research, practical
recommendations are given for designing elements of thin-walled structures modeled by FGM plates and shallow
shells. The reliability of the developed method is confirmed by a practical experiment and the use of other
methods based on the FEM. Key words: R-functions theory, variational methods, functionally graded materials,
mathematical modelling of FGM objects, sandwich shallow shells and plates, linear and geometrically nonlinear



vibrations, stability, porosity, elastic foundation, variable thickness.
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