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OOCNIMKEHHA BINIbHUX KONMMBAHD | CTIMKOCTI ®YHKLIIOHAINbHO-
FPAOIEHTHUX TPULLAPOBUX NNACTUH 3A IONOMOIOIO TEOPII
R -©oYHKUIU | BAPIALIMHUX METOAIB

3anponorHo8aHO UUCEABHO-AHAAIMULHUL MemOO O0CAIOHEHHA BIABHUL KOAUBAHD T CMIU-
xoemi  PYHKYIOHAAPHO-I'DAOTEHMHUL NAACMUH MUNY «Cend8lu» 13 3ACMOCYBAHHAM
YMOUHeHOT meopil Naacmun nepwozo nopadky muny Tumowenxa. Pozzasnymo pisui
cremu po3mawtysarms wapie: 1) HanosHosay € PYHKYIOHAALHO-I'PAOIEHMHUM Mmame-
pianom, @ 8epPrHill i HUNCHIU WAPU 8UZ0MOBAEHO 3 130MPONHUX Mamepiaris i 2) Hasna-
KU, HAMOBHI08AY 8UZOMOBALHO 3 130MPONHO20 MAMEPIANY, & 8ePXHIU T HUNCHIT wapu — 3
PyrryionarvHo-rpadienmuux mamepianis. B ochosy po3pobaenozo nidxody moxaadero
suxopucmanns meopii R -pynxyit i eapiayiiinozo memody Pimya. 3anpononosanuii
Mmemo0 i cmeopene mpozpamHe 3abeaneuenHns 6PAXO8YIOMb HAABHICMD HeoOHOPIOHO020
doxpumuunozo cmany mnaacmunu. Odepicano aHariMUuuHI 6upas3u O0as O00UUCAEHHA
NPYICHUL CMAAUX T 2YCTMUHU MAMEPIaLY 30 NPUNYWEHHS, U0 3HAUeHH Koediylenmie
ITyaccona € odnakosumu Oasi craado8UX HYHKYIOHAALHO-I'PAOIEHMHUT MAMeEPIaLis.
BukonaHno MOPI8HAHHA 00ePHCAHUX UUCAOBUX Pe3YAbMAMIE8 04 BAACHUX HACMOM 1T
KPUMUYHOZO HABAHMANCEHHA 3 el0omumu pedyavmamamu ma odepiano ixne 0obpe
y3e00dcenns. Jas inrocmpayil modxicausocmen 3anponorosarozo nidxrody 6UKOHAHO PO3-
PAXYHOK MAACTMUH CKAAOHOL 2e0MempPUYHOL POPMU, HABAHMANCEHUX Y CcePeOUHHIU
nMowWuUHI. Bugueno enaus pizHux zeomempuyHuUr i MEXAHIYHUX napamempis Ha OUHa-
MIYHY NO0BEOTHKY NMAACMUHU, KPUMUUHE HABAHMANHCEHHS 1 30HU OUHAMIYHOL Hecmill-
KOCMI.

Kai0uo6i caoea: 8iabHI KOAUBAHHS, CMIUKICMD NAACMUH MUNY «CeH08Iw», HYHKYIOHANLHO-
rpadienmmui naacmuHu, meopii R -Ppynryii.

MUCCJIIENOBAHUE CBOBOAHbIX KONEBAHWUA U YCTOWYMBOCTU ®YHKUUOHAJIbHO-
FPAOVEHTHbBIX TPEXCINOUHbBIX MJIACTUH C NOMOLLbIO TEOPUU R -OYHKLUUU U
BAPUALIMOHHbIX METOAOB

IIpedaoscen yucaenHo-aHarumuueckull memod uccaedo8arHus Cc80000HBLLL KOALLOAHUL U
yemotuugocmu PHYHKYUOHANLHO-2PAOUCHMHDBLL NAACMUR MUNA «CIHOBUL» C UCNOABZ0BAHUEM
YymouHenHoti meopuu mepsozo nopsdka muna Tumowenkxo. Paccmompenvl pasHbvie crembvl
pacnoaoxcenus caoes: 1) nHanosnumeav seasemcs PYHKYUOHAABHO-2PAOUEHMHBLM MATNEPU-
AA0M, @ 8ePXHUL U HUNHUY CAOU U3Z0MOBAEHbL U3 USOMPONHHLL MAMEPUAL08, U 2) HAODO-
POM, HANOAHUMEAD U320MOBAEH U3 USOMPONHOZO MAMEPUALL, @ BEPLHUL U HUNHUL CA0U —
U3 PYHKYUOHANbHO-2PAOUEHMHBLL MaMePuaLos. B ocrosy paspadomannozo memoda nonsoxce-

HO ucnoavszosanue meopuu R -Pynxyut u eapuayuonnozo memoda Pumya. ITpedaoscenmniil
memod U co30anHoe NpozpammHoe obecneuerue Yuumolearom Haruuue HeoOHopooHozo GoKPU-
MULECKO20 COCMOAHUA naacmursl. IIoayuensvl anarumuyeckue 8blpaiceHus Oasl 8bluUCAeHUS
YNPY2UX NOCMOAHHBLL U NAOMHOCTIU MAMEPUALA NPU YCAOBUU, YMO 3HAUEHUSL KOIPHUYUEH-
moe ITyaccona sgasiomes 00UHAKOBHLMU 04 COCTNABALIOWUL PYHKYUOHANLHO-2PAOUSHMHBLL
MAMEPUANL08. BbinosHeHo cpagHeHUue NOAYUEeHHBLL YUCA08bLL PE3YLbMamos 04 cOOCMEeHHbLL
yacmom u Kpumuueckol Hazpysxu C u3eecmubvluu pesysvmamamu. B xauecmee demoncm-
payuu 803moxcHocmell. Npeda0NeHH020 NOOX00a BbINOAHEHBL PACUEMDBL NAACTNUH  CAOHCHOU
ceomempuyeckoti hopmul, HazpydiceHHble 8 cPpedunHol naockocmu. V3yueno sausHue pasauy-
HBLL 2e0MeMPUULCKUL U MEXAHUYECKUX NAPamempos Ha OuHnamureckKoe nosederue naacmu-
Hbl, KPUMULECKYIO HAPY3KY U 30HbL OUHAMULECKOU Heycmoluusocmu.

Katoueswvie caosa: c80000Hble KOAEOAHUS, YCMOUUUBOCMD NAACMUH MUNA «CeHO8uUU»,
PYHKYUOHAABHO-2PAOUCHMHBLE NAACMUHDBL, Meopusi R-gdyrryui.

INVESTIGATION OF FREE VIBRATIONS AND STABILITY OF FUNCTIONALLY GRADED THREE-
LAYER PLATES BY MEANS OF THE R -FUNCTIONS AND VARIATIONAL METHODS

A numerical-analytical method for studying free vibrations and stability of functionally
graded sandwich plates using the refined first-order theory of Timoshenko type is proposed.
Different layouts of layers are considered: 1) the filler is a functionally graded material, and
the upper and lower layers are made of isotropic materials, and 2) vice versa, the filler is
made of isotropic material, and the upper and lower layers are made of functionally graded

materials. The developed method is based on the use of the theory of R -functions and the
Ritz variational method. The proposed method and the software created take into account the
presence of an inhomogeneous subcritical state of the plate. Analytical expressions are obta-
ined for calculating the elastic constants and the density of the material under the condition
that Poisson’s ratio values are the same for the constituents of functionally graded material.
The numerical results obtained for the natural frequencies and critical loads are compared
with known results. As a demonstration of the possibilities of the proposed approach, the
calculations of the plates of a complex geometric shape, loaded in the middle surface
analyzed. The influence of various geometric and mechanical parameters on the dynamic
behavior of the plate, the critical load, and the zones of dynamic instability has been studied.

Key words: free vibrations, stability of sandwich plates, functionally graded plates, theory of
R-functions.
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