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1. Incepranifina po60Ta IpUCBIYeHa PO3po0OLi METOY KOMIIJIEKCHOTO JOCJIiI)KEHHS! HEJIHIMHOTO Ae(OopMyBaHHH,
CTiMKOCTIi Ta BJIaCHUX KOJIMBaHb TOHKHUX IIPY>KHUX 6araTomapoBUX 000JIOHOK, IKi MaloTh CKIAgHYy GopMy Ta
reoMeTPUYHi 0COBIMBOCTI 32 TOBIIUHOIO i 3HAXOASTHCS Mifl Ai€I0 CTAaTUYHOTO TEPMOMEXAHIYHOTO HaBaHTAaKEHHS, Ta
PO3pOOLi METOAOJIOTI MOJEJII0BAaHHS TEPMOIIPYKHUX XapaKTEPUCTUK OJIHOCIIPSIMOBAHOIO KOMIIO3UTHOTO
BOJIOKHUCTOTO MaTepiayly B CKIHUEHHOEJIEMEHTHIN MOJeJli 000JIOHKUA. MeTony OOCTiI>)KEHHS CTIKOCTI Ta BIaCHUX
KOJIMBaHb 000JIOHOK HEOIHOPIIHOI CTPYKTYPU I'PYHTYIOTHCSI HA €(PEeKTUBHOMY IIiIXO[Ii, 32 SIKMM TOHKi 000JIOHKU
PO3IJIAIAI0ThCS K TPUBUMIPHI Tijla, a IXHS MMOBE/iHKa OIIMCYETHCH CIIBBIIHOIEHHIMU T€OMETPAYHO HEJIiHINHO]
TPUBUMIPHOI T€Opii TEPMOIPYXHOCTI. YTOUHEHA PO3PaXyHKOBA MOJEJIb 000JIOHOK [T0OYy10BaHA Ha 6a3i
BUKOPUCTaHHS YHIBEPCAILHOTO TPUBUMIPHOIO CKIHUEHHOTI'O €JIEMEHTA Ta 3aly4€HHI MOMEHTHOI CXeMU CKIHUEHHUX

esieMeHTiB. [IpuiiHaTuil yHidikoBaHMiI MiAXin HaJae MOXKIIUBICTD AOCIIIPKYyBaTU lepOPMYBaHHS Ta BJIACHI



KOJIMBAHHS NIPY>KHUX 0O0JIOHOK Pi3HUX KJIACIB (CTasoi, I1aIko- Ta CTyNiHYaCTO-3MiHHOI TOBIIMHY, 3 OTBOPaMHU, 3
faraTouapoBOl0 CTPYKTYPOIO MaTepiajy TOIIO) Y paMKax eJuHOI MeTonosorii. [JaHuii niaxin no3Bosisie aHamisyBaTu
IIOBEJiHKY IIPY>KHUX 000JIOHOK, 1110 3HAXOISThCS Mif, i€l CKIaAHOro (KOMGIHOBAaHOTI0) TEPMOMEXaHIYHOTO
HABaHTaXEHHS. Y paMKaxX CKiHU€HHOEJIEMEHTHOI MOJieJli 6araTomapoBoi 060JI0HKU PO3PO6JIEHO METOIVKY
MO/IEJIIOBAaHHS BJIACTUBOCTEN OJJHOCIIPSIMOBAHOTO BOJIOKHUCTOTO KOMITO3UTHOTO MaTepialy Ta po3po6IeHO HOBY
mopaudikallito yHiBepcasbHOro TpuBuMipHoro 6aratoumaposoro CE, maTepianom mapis sikoro € KM, apmoBaHuii
napasnejabHUMU O6e3repepBHUMMU BoslokHamu. Hosuil CE no6y0BaHO Ha OCHOBI IIPOCTOPOBOrO i3011apaMeTpUYHOro
8-mu By3710B0ro 6araromaposoro CE 3 nosiniHiiHuMU QyHKLiIMY GOPMU, MaTepiajlaMy MIAPIB SIKOTO € TpaguLiiiiHi
marepiany. BusHaueHHs epeKTUBHUX XapakTepucTuk KM 37iliCHIOETbCS 32 CTPYKTYPHUMU MIKpOMEXaHIYHUMU
IlapaMeTpaMy MOro KOMIIOHEHTIB Ha OCHOBI BiJJlOMVX METOJVK IIPOTHO3YBAaHHS TEPMOIPYKHUX CTAJIMX JJIs JaHOI
MogeJsli KOMNOo3uTy. Lle 1asno 3MOry NOLIMPUTH METOL aHAJIi3y OBEJiHKY IIPY>KHUX 000JIOHOK, BUTOTOBJIEHUX 3
TPaOULiNHUX MaTepiasiB, Ha 3a7a4i JOCIIIPKeHHS CTIMKOCTI Ta BJIACHUX KOJIMBAHb 6araTomapoBUX BOJIOKHUCTUX
KOMITO3UTHUX 000JIOHOK. JJOCiIKeHHSI [TPOLeCiB TeOMETPUYHO HeJsliHIMHOro AedopMyBaHHS 000JI0HKU 6a3yeThCst
Ha 3arajibHiil JarpaHXeBill IOCTaHOBL BapialliiiHoi 3a7a4i y IpUpOCTax, KoJU Mpouec Ae@opMyBaHHs OJAETHCS SIK
[IOCJIiIOBHICTb PiBHOBaKHUX CTaHIB IIPU JJOCTATHO MAJINX KPOKAaX TEPMOMEXAHIYHOTO HAaBAaHTaKEHHSI.
BuxopuctaHo MoJiesb JIiHINHO-TIPY>KHOTO CYLIJIbHOTO CEPENOBUIIA, BIACTUBOCTI SIKOTO BiJ[TOBITAIOTh
y3arajJibHEHOMY 3aKoHy [lioamesnsa-HeliMaHa, IpyU BeJMKUX NIepeMillleHHAX i Manux aedopmatiisx. MeTof,
KOMIIJIEKCHOTO aHaJli3y CTIIKOCTi Ta BJIaCHUX KOJIMBaHb 000JIOHOK [10OYI0OBAHO SIK ABOXETAIIHUI aJITOPUTM, IO
peasi3yeTbCs Ha KOKHOMY KPOLi IPUPOCTY HABAHTKEHHS | lae 3MOr'y BUKOHYBAaTH MOJAJILHUM aHasli3 KOHCTPYKLL
3 ypaxyBaHHSM I1epeIHaNpPYy>KeHOro CTaHy. 3a TaKUM IiTX040M MOMEHT BTPATH CTiMKOCTi KOHCTPYKIii MOXXe OyTU
BM3HAUYE€HMI OJJHOYACHO 3a CTAaTUYHUM i [MHaMiYHUM KpuTepisiMu. OGIpyHTOBaHO €(EKTUBHICTb i JOCTOBIPHICTb
PO3pO6IEHOr0 METOAY LJISIXOM IPOBEIeHHS YNCEIbHUX JOCiIKeHb 30DKHOCTI Ta TOYHOCTI PO3B'SI3KiB, 8 TAKOX
MOPiBHAJIBHOTO aHaJli3y pe3yJbTaTiB 3 JAaHMMU iHIIUX aBTOPIB i 3 pe3ybTaTaMU PO3PAXyHKY i3 3a/Iy4€HHIM
nporpamuux komiekcis JIIPA-CAITP, SCAD, NASTRAN. [locifgKeHO BIJIMB FEOMETPUYHMX [1aPAMETPIB
KOHCTPYKTUBHUX €JIEMEHTIB 000JIOHOK i IapamMeTpiB TEpPMOMEXaHIYHOIO HABAHTAKEHHS Ha HeJliHillHe
nedOopMyBaHHS, CTIIKICTb Ta BJIaCHI KOJIMBAHHS IIPY>KHUX 000JI0HOK. MOXJIMBOCTI METOZly IIPOJEMOHCTPOBAHO Ha
MpUKJIaZi PO3B'SI3aHHS 33/ja4i MIOI0 BJJACHUX KOJIMBaHb CKJIaJIeHOI KOMIIO3UTHOI 060JIOHKY — OOTIiYHUKA JITaJIbHOTO
arnapary. Kito4oBi cjioBa: TOHKA IIpy>kKHA 000JI0OHKA, CTYMiHYaCTO-3MiHHA TOBLIMHA, FEOMETPUYHO HEJliHilHE
Ie(pOopMyBaHHS, CTiMKiCTb, BJIaCHi KOJINBAHHS, TEPMOMEXaHiUHe HAaBAHTAKEHHSI, YHIBepCAIbHUN TPMBUMIDHUN
CKiHYEHHHUI] €JIEMEHT, MOMEHTHA CXEMa CKiHYE€HHUX €JIEMEHTIB, BOJIOKHMCTU OJHOCIPSIMOBAHUI KOMIIO3UTHUN

marepiai.

2. The dissertation is devoted to the development of the method for complex studying geometrically nonlinear
deformation, buckling and natural vibrations of shells with a complex shape of the middle surface, geometric
features throughout the thickness, and a multilayer material structure under the action of static
thermomechanical loading. The research methods are based on an the effective approach in which thin shells are
considered as three-dimensional bodies. Their behavior is described by the relations of three-dimensional
geometrically nonlinear theory of thermoelasticity and the moment finite element scheme. Within a single
methodology the adopted unified approach allows us for the investigation of the deformation and natural
vibrations of elastic shells of various classes such as constant, linear and stepwise-varying thickness, with holes,
and multilayer material structures, etc. This approach enables the analysis of the behavior of elastic shells under
complex (combined) hermomechanical load. Within the framework of the finite element model of the multilayer
shell, a method of modeling the properties of unidirectional fibrous composite material has been developed. A new
modification of the universal isoparametric eight-node multilayer 3D finite element with multilinear shape
functions has been developed, intended for studying thin elastic shells made of both traditional and composite
materials. Determination of the effective characteristics of the composite material is implemented by the
structural micromechanical parameters of its components based on known methods for predicting thermoelastic
constants for a given model of the composite. To determine the effect of the prestressed state of the shell on the
frequencies and forms of natural vibrations, a two-stage algorithm was developed, which is implemented at each



step of increasing the thermomechanical load. The substantiation of the effectiveness and reliability of the
proposed method was confirmed by conducting numerical studies of convergence of solutions and accuracy of
solutions on tests. The effect of various geometrical parameters of structural elements of shells and parameters of
thermomechanical load on nonlinear deformation, stability and natural vibrations of elastic shells has been
investigated. Key words: thin elastic shell, stepped-variable thickness, geometrically nonlinear deformation,
buckling, natural vibration, thermomechanical loading, universal 3D finite element, moment finite element scheme,

fibrous unidirectional composite material.
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Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJIl04Hi BiZoMOCTi

ByacHe IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBH pagu

BiiacHe IIpi3Buine Im'sa Ilo-6aThKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mo €

BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

[BaHuenko ['puropiit MuxainoBuy

IBanyeHnko I'puropiit Muxainnosuy

Conopetii IBaH IBaHOBUY

VKpIHTEI

[Opuenko TersiHa AHaTosiiBHA



