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Pedepar:

1. Inceprariiina po60Ta IpucBsIYeHa po3poobiii METOLy KOMIIJIEKCHOTO OCTIiIPKEHHS HesliHiiiHOoro AedopMyBaHHH,
CTiMIKOCTI Ta BJIaCHUX KOJIMBaHb TOHKUX IIPY>KHUX 6araTolmapoBUX 000JIOHOK, sIKi MaloTh CKJIagHY GopMy Ta
reoMeTPpUYHi 0COBIMBOCTI 32 TOBIIMHOIO i 3HAXOASATHCS Mifl Ai€l0 CTAaTUYHOTO TEPMOMEXAHIYHOTO HaBaHTa)KEeHHS, Ta
PO3poOLi METOAOJIOTII MOZeJII0BaHHS TEPMOIIPYKHUX XapaKTePUCTHUK OJIHOCIIPSIMOBAHOTO KOMIIO3UTHOT'O
BOJIOKHMCTOTO MaTepiasny B CKIHUeHHOeJIeMEHTHil Mofiesli 060JI0HKU. MeToy HOCiIpKeHHS CTilKOCTi Ta BJaCHUX
KOJIMBaHb 000JIOHOK HEOJJHOPIIHOI CTPYKTYPU I'PYHTYIOThCS Ha €(DEKTUBHOMY IIi/IXOZi, 3a SIKMM TOHKi 000JIOHK!

PO3IJISIIAIOTHCS SIK TPUBUMIPHI Tisla, a ixHS [MOBEiHKA ONKUCYETHCS CIiBBiIHOUIEHHSIMY FEOMETPUYHO HEJIIHINHOI



TPUBUMIPHOI TE€OPii TEPMOIPYKHOCTI. YTOYHEHA PO3PaXyHKOBAa MOZEJIb 060JI0HOK MO6YA0BaHa Ha 6a3i
BUKOPHMCTAHHS YHIBEPCAJILHOTO TPUBUMIPHOTO CKIHUEHHOTO €JIEMEHTA Ta 3aJy4€HHI MOMEHTHOI CX€MU CKIHUEHHUX
esieMeHTiB. [IpuiiHsaTuil yHiQikoBaHMI NiAXin HaJae MOXKIIUBICTD AOCIIIKYyBaTU NlepOPMYBaHHS Ta BJIACHi
KOJIMBAHHS NIPY>KHUX 0O0JIOHOK Pi3HUX KJIACIB (CTasoi, I1aIko- Ta CTyNiHYaCTO-3MiHHOI TOBIIMHY, 3 OTBOPaMHU, 3
faraTomapoBOIO CTPYKTYPOIO MaTepiajly TOIIO) Y paMKax eguHOI MeTonoorii. [JaHuii niaxin 1o3Bosisie aHamizyBaTu
[IOBEJiHKY IIPY>KHUX 000JIOHOK, 1110 3HAXOIAThCS Mif i€l CKIIagHOro (KOMGIHOBAaHOI0) TEPMOMEXaHIYHOTO
HaBaHTaXEHHS. Y paMKax CKiHU€HHOEJIEMEHTHOI MOoJieJli 6araTomapoBoi 060JI0HKH PO3pO0JIEHO METOIVKY
MOJIEJIIOBAHHS BJIACTUBOCTEN OJHOCIPSIMOBAHOIO BOJIOKHUCTOTO KOMIIO3UTHOTO MaTepiaiy Ta po3p006JIeHO HOBY
mopudikariio yHiBepcasbHOrO TpUBUMIpHOTO 6araToumaposoro CE, maTepianom mapis sikoro € KM, apmoBaHuii
napasnejpbHUMU O6e3riepepBHUMMU BoslokHamu. Hosuil CE no6y0BaHO Ha OCHOBI IIPOCTOPOBOrO i3011apaMeTpUyHOro
8-mu By3s10Boro 6araromaposoro CE 3 nosiniHilHUMU QyHKUiIMU GOPMU, MaTepialaMy MIAPiB SIKOTO € TPaguLiiliHi
mMarepianu. BusHaueHHs epeKTUBHUX xapakTepucTuk KM 37iiiCHI0eTbCS 32 CTPYKTYPHUMU MiKPOMEXaHIYHUMU
rapameTpaMu 10ro KOMIIOHEHTIB Ha OCHOBI BiIOMUX METOJIVK I[IPOTHO3YBAaHHS TEPMOIIPY>KHUX CTaJIUX [JI4 JAaHOi
MogeJsli KoMNno3ury. Lle 1ano 3Mory NOLIMPUTH METO, aHAJIi3y OBEJiHKY IIPY>KHUX 000JIOHOK, BUTOTOBJIEHUX 3
TpaguLiiHUX MaTepiasiB, Ha 3a7a4i JOCIIIPKeHHS CTIMKOCTI Ta BJIaCHUX KOJIMBAHb 6araTomapoBUX BOJIOKHUCTUX
KOMITO3UTHUX 000JIOHOK. JIOCTiIKEeHHSI [TPOLeCiB TeOMETPUYHO HeJsliHIMHOro AedOopMyBaHHS 000JI0HKU 6a3y€eThCsI
Ha 3arajibHiil JarpaHXXeBill IOCTaHOBL BapialliiiHoi 3afa4i y IpupocTax, Koy rpouec geopMyBaHHs IOJAETHCS SIK
IIOCJIiIOBHICTb PiBHOBaKHMX CTaHIB IIPU JJOCTaTHO MAJINX KPOKAaX TEPMOMEXaHIYHOTO HAaBAaHTAKEHHSI.
BukopucraHno MoJesb JIiHIMHO-TIPY>KHOTO CYLIJIbHOTO CEPENOBUILA, BIACTUBOCTI IKOTO BiZIOBIZAIOTh
y3araJibHeHOMy 3aKoHy [lioamesns-HeliMaHa, Ipu BeJUKYX NepeMillleHHX i Manux pedopmatiisx. MeTof,
KOMIIJIEKCHOTO aHaJli3y CTiIKOCTi Ta BJIaCHUX KOJIUBaHb 000JIOHOK [100Y10BAHO SIK ABOXETAIIHUI aJTOPUTM, IO
peasi3yeThbCsl Ha KOKHOMY KPOLi IPUPOCTY HaBaHTAXXEHHS i Jae 3MOry BUKOHYBAaTH MOJAJILHUM aHaJli3 KOHCTPYKLi
3 ypaxyBaHHSM I1epeHaIpy>KeHOro CTaHy. 3a TaKUM IiTX04OM MOMEHT BTPATH CTiMKOCTI KOHCTPYKLii MOXKe 6yTU
BM3HAUYE€HMI OJHOYACHO 3a CTAaTUYHUM i [MHaMiYHUM KpuTepisiMu. O6IpyHTOBaHO e(EeKTUBHICTD i JOCTOBIPHICTb
PO3p06JIEHOr0 METOAY LJISIXOM IIPOBEIEHHS YACEIbHUX JOCIIiIPKEHb 30DKHOCTI Ta TOYHOCTI PO3B'SI3KiB, 2 TAKOX
MIOPIBHAJILHOTO aHaJjli3y pe3ysbTaTiB 3 JaHMMU iHIIMX aBTOPIB i 3 pe3ybTaTaMU PO3PAXYHKY i3 3a/Iy4EHHAM
nporpamuux kommnekcis JIIPA-CAITP, SCAD, NASTRAN. [locnifKeHO BIJIMB F€OMETPUYHUX [1aPaAMETPiB
KOHCTPYKTUBHUX €JIEMEHTIB 000JIOHOK i IapamMeTpiB TEpPMOMEXaHIYHOIO HABAHTAKEHHS Ha HeJliHiliHe
nedOopMyBaHHS, CTIIKICTb Ta BJIaCHI KOJIMBAHHS IIPY)KHUX 000JI0HOK. MOXJIMBOCTI METO/ly IIPOJEMOHCTPOBAHO Ha
MPUKJIaZ] PO3B'SI3aHHS 33/]aYi MIOI0 BJIJACHUX KOJIMBAaHb CKJIAZIEHOI KOMIIO3UTHOI 060JIOHKY — OOTIYHUKA JITAJIbHOTO
arnapary. Kito4oBi cjioBa: TOHKa IIpy>kHa 000JI0HKA, CTYMiHYaCTO-3MiHHA TOBLIMHA, TEOMETPUYHO HeJliHiliHe
Ie(pOopMyBaHHS, CTIMKiCTb, BJIaCHi KOJINBaHHS, TEPMOMEXaHiUHe HAaBAaHTAKE€HHSI, YHiBepCaIbHUN TPUBUMIpHU
CKiHYEHHU €JIEMEHT, MOMEHTHA CXEMa CKiIHUEHHUX €JIEMEHTIB, BOJIOKHUCTHUI OJHOCIIPSIMOBAHUN KOMITO3UTHUN

Mmarepia.

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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Micuesnaxomxeunﬂ: ByJ. M. OMengnoBuya-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEpCUTETChKUI

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi

OisSIIBHOCTI

IBanyeHko I'puropiit Muxainnosuy

IBanyeHko I'puropiit Muxainaosuy

Conopen IBaH IBaHOBUY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



