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1. MATEMATUYHE MOJIEJTFOBAHHSI TA PO3POBKA UMCEJIBHO-AHAJIITUYHUX METO/IIB JOCJIPKEHHS
®YHKLIOHAJIBHO-TPAZIIEHTHUX [TOJIOI'MX OBOJIOHOK TA IIJIACTVH 3 BUKOPUCTAHHSM TEOPII R-
OYHKIIN

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 pucepraliiiHiil po60Ti pO3B's13aHa HAYKOBO-TEXHIYHA MTPO6JIEMA, SIKA T10JISITa€ B CTBOPEHHI €(peKTUBHOTO
YMCEJIBHO-aHAJIITUYHOIO METOY IOCJIIKEHHSI CTATUYHOI Ta AUHAMIYHOI ITIOBEiHKU €JIEMEHTIB KOHCTPYKLIiH,
BUTOTOBJIEHUX i3 cyyacHUX (PyHKLIOHAIBHO-TPafieHTHUX MarepiasniB (PI'M), Ha OCHOBI MaTeMaTUYHUX MOJIEJIeH,
SKi BpaXOBYIOTb TaKi BOKJIMB] XapaKTEPUCTMKHU 3a11a4i, IK HasIBHICTb T€OMETPUYHOI HEJIIHITHOCTI, TIOPUCTOCTI,
IIPY>KHOi OCHOBH, Pi3Hi 3aKOHY PO3MOAiIEHHS 00’eMHUX YacTOK cK1afnoBux OI'M. Po3pobieHo HOBUH Mifxiz, Ajis
IOCJIiIPKEeHHS JiHiHMX KourBaHb OI'M niacTUH Ta 10J0rux 060JI0HOK 3i CKIaHOK (POPMOIO IJIaHy Ta Pi3HUMU

yMOBaMH ix 3aKpilyIeHHs] B paMKaxX TPbOX TEOPill [10s10rux 060y10HOK: kiacuyHoi (CLT), yrouHeHoi 3cyBHO]



nedopmariitnoi treopii nepmoro (FSDT) Ta TpeTtboro nopsaxis (HSDT). 3anponoHoBaHuii miaxiz, 6as3yeTbCst Ha
BHMKOpHCTaHHi Teopii R-QyHK1il Ta Bapianiiinoro metony Pitua, mo 10380110 o6y yBaTy PO3B'sI3KH 33724 B
AQHaJIITUYHOMY BUIJISIZ] Ta BUKOPUCTATH L1 PO3B'SI3KU IIPU PO3B’s13aHHI HeJIiHIMHUX 337a4. 3allpOIIOHOBAHO METO],
PO3B’sI3aHHS 33/1a4 PO TEOMETPUYHO HeJiHilHI KonuBaHHS OI'M ogHOIIApOBUX Ta CEHJIBIY MOJIOTMX 060JIOHOK i
IJIACTHH AOBiNbHOI popmu mnany. OfepskaHo BapialliliHi 1OCTaHOBKU C(OPMYJIbOBAHUX ITPOOJIEM Ta TOOYOBaHi
BiANoBinHI QpyHKIioHanU B pamkax Tpbox Teopiit: CLT, FSDT, HSDT. 3anponoHOBaHO MeTOJ, 3B€[I€HHSI HeJliHifIHOTro
Iv(epeHLiaTbHOTO PiBHSIHHS PYXY 3 YACTUHHUMU NOXiIHUMMU [10 HEJIiHIHOTrO 3BUYaifHOro AudepeH1iaaTbHOro
PIBHSIHHS T OZIEP>KAHO B SIBHOMY BUIJISli AHAIITUYHI BUPa3y [J11 00YUCIEHHS KOedillieHTiB LIbOrO PiBHSIHHSI.
Po3pob6sieHo miaxim mo po3r’ss3aHHS 337124 CTIHKOCTI Ta KosimBaHb GI'M 060JI0HOK Ta TIJIACTHH, SIKi 3HAXOIATHCS ITif,
Ili€l0 CTUCKAlO4YMX SIK PIBHOMIPHUX, Tak i HEPiBHOMIDHMX HaBaHTakeHb. KOMIT'I0TepHy peasizallito 3aliporoHOBaHUX
METO/IiB BUKOHAHO B paMKax cuctemMu POLE-RL. 3a 1ornomMorow po3po6yieHOro KOMILJIEKCY IIPOrpaM BUBUYEHO
BIIJIUB Pi3HMX FEOMETPUYHUX Ta MEXaHIYHUX NTapaMETPiB Ha BJIACHI YaCTOTH, KPUTUYHE HAaBAHTAXXEHHS Ta
[IOBEJiHKY aMILJIITyAHO-4aCTOTHUX XapaKTE€PUCTHK OJHOUIApOBUX Ta ceH B4 ®I'M 1osiorux 06010HOK 3 Pi3HOIO
reoOMEeTPUYHOI0 GOPMOIO IIJIaHy, 3 BUPi3aMU Ta OTBOpPaMU CKJIagHOI popmu. J1OCIiIpKEHO JUHAMIYHY [IOBEAiHKY
®I'M 060710HOK 3MiHHOI TOBIMHU. Ha OCHOBI NpoBeieHUX JOCiIPKeHb HaJlaHO IIPAKTUYHI PEKOMEeH1alii o0
[IPOEKTYBaHHS €JIeMEHTiB TOHKOCTIHHUX KOHCTPYKIiH, sIKi MogemntoioTbcss GI'M nacTuHaMu Ta MOJIOTUMU
000J10HKaMHu. BiporinHicTb po3po61eHOro METOAy MifTBEPAKEHO IPAKTUYHUM €KCIIEPUMEHTOM Ta 3aCTOCYBaHHIM
iHImKx MeToxiB, sIKi 6asytoTbcst Ha MCE. Kito4osi cioBa: meton, R-yHKuii, BapiauiiiHi meTony, GyHKIiOHaIBHO-
rpazieHTHi Matepianu, MaTemMaTuyHe moaenoBaHHs PI'M 06’eKTiB, ceHBiY 110JI0Ti 0O0JIOHKM Ta IIJIACTUHY, JIiHIHHI

Ta FeEOMETPUYHO HEJIiHiHI KOJIMBaHHS, CTIMKICTh, TIOPUCTICTB, IPY’KHA OCHOBA, 3MiHa TOBIIMHA.

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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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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