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Pedepar:

1. Po6oTa BuKkoHaHa Ha 165 cTopiHkax, BKJto4ae 42 inmocrtparii, 19 Tabnuup Ta 112 nocunaHHs Ha IKepea.
Jucepranis CKIagaeTbes i3 4 OCHOBHUX PO37ijiB — Meplii fBa PUCBAYEHi ONKUCY TEOPETUYHUX 3acaf, Ha AKUX
I'PYHTYETHCSI NOCIIIIPKEHHS, 110 ONMUCAHO y po3finax 3 Ta 4. Po3nin 3 npucssyeHni IpoBeeHHI0 004K CII0BATIbHOIO
EKCIIEPUMEHTY [JIS1 OLIHKM MEXaHiYHOI IOBELiHKY MaTepiasy 3i CTPYKTYPOIO iHBEpCHOTO onaiy. Y 4 po3zii

IIPOBOJUTHLCS NOCIIIKEHHS 3a7eXHOCTI KoedilieHTa [TyaccoHa Bifi BHyTPillIHbOi reOMETPii BUCOKOIIOPHUCTOTO



Marepiay Ha IPUKJIAJi IPOCTOPOBOI CTPYKTYypU iHBEPCHOTO GIKOJIMHOTO CTiNIbHUKA. Bu3dHaueHHS e(peKTHBHUX
BJIACTUBOCTEN Pi3HOMaHITHUX CTPYKTYP CIIpHUS€E NOIYKY ONTUMAJIbHUX MaTepiasiB [Jis NOJOJaHHS iH)KEHEPHUX
BUKJIMKIB B iHHOBAlliliHMX rajny3ssx, TaKUX sIK aBia- Ta pakeToOyAyBaHHs, iHPpopmMalliliHi Ta 060pOHHI TeXHOJIOT],
6iomeM4yHa iHXeHepid, Tomo. JOCIiIKeHHS BILIUBY K CTPYKTYPU METamaTepialy Ha NOro peoJIoriYHui BilIIyK,
TaK i BIIMBY nepOpMyBaHHS Ha 3MiHY CTPYKTYPH, — € BXJIMBUM HAayKOBMM Ta NPAKTUYHMUM 3aBIAHHSAM. B poboTi
IOCJIiIKYBaJIMCh [Ba TUIIU CTPYKTYP MOPUCTUX MeTaMaTtepiasiB — «iHBepCHI oNaju» Ta «iHBepCHi OJ)KOJINHI
CTinbHUKWY. [Ipu 1boMy OyJ1a BAJiZIeHA HU3Ka IPO6JIeM JOTUYHUX [0 €(PEKTUBHUX PEOJIOTiYHUX BJIACTUBOCTEN
TaKUxX MeTamaTepiaiiB. BinnosigHO 0o 1bOr0, 06'€KTOM AOCIIIKEeHHS ArcepTaliiiHOl pobOTH € pi3HOMaHITHI
BIIOPSIIKOBAHI BUCOKOIIOPUCTi NEPIOfNYHI CTPYKTYpU iHBEpPCHOTO ONajy Ta iHBEPCHOTO OPKOJIMHOTO CTIIbHUKA.
[TpenmeToM [OCTIKEHHSI € ITpoLeC Nepexoly LIMX MaTepiasiB BiJ, 3BOPOTHUX [0 HE3BOPOTHUX AedopMalliil Ipu Iii
30BHIILIHIX 3yCHJIb. METOIO OCTII>KEHHS! € 3HAXOIPKEHHS 3aJIEKHOCTEN MK FeOMETPUYHUMU XapaKTE€PUCTUKAMU
IIOPOBOTO IIPOCTOPY Ta MEXAHIYHMMMU BJIACTUBOCTSAMU MaTepianiB. OCHOBHMMMU 3aBIAHHSIMU JUCEPTALIMHOTO
IOCIIIPKEHHS €: - 3HAXO[PKEHHS NIPY>KHUX i IVIACTUYHUX BJIACTUBOCTEN MaTepiasiB; - aHaJITUMHUI OIUC
3aJIEXKHOCTEN MEXaHIYHUX BJIACTUBOCTEN i FEOMETPUYHUX XapPaKTEPUCTUK CTPYKTYP; - ONTUMi3allisi reoMeTpii
CTPYKTYP, 110 XapaKTepu3yoThCA Bif eMHUM KoedinienTom [TyaccoHa. B 0CHOBY LbOTO AMCEPTALiiHOTO
IOCJIiIKeHHS NTOKJIaleHO MeTOAM MIKpOMeXaHiKH i3 3acToCyBaHHSAM OOYMCIIOBAIbHUX METO/IB aHaJIi3y MPOIIECiB,
METOJly CKiHYEHHUX €JIeMEHTIB. BUKOpUCTaHHS METO[IiB MiKpOMEXaHiK1 00yMOBJIEHO TUM, 110 38 PaXyHOK
NePiOAUYHOCTI CTPYKTYPU MU MOXKEMO UiTKO BUOKPEMUTH €JIEMEHTApPHUI 00’eM y IPOCTOPI, 0 po3risgaeTses. Le
Ila€ 3MOT'y pallioHaJIbHO BUKOPUCTOBYBATU PECYPCH OOYMCIIIOBAIbHOI TEXHIKH, IO B [IepIIy YEPTy Ma€ SIK pe3yJbTaT
€KOHOMIIO Yacy, a y BUIAJKy [IOAPIOGHEHHS CiTKY CKiHY€HHUX €JIEMEeHTIB — 361/IblIIeHHs] TOYHOCT] pO3paxyHKy. 3a
pe3yJbTaTaMu JOCiIpKeHHs 6yB c(pOPMOBAHUI sl BUCHOBKIB, 1J0 ONIMCYIOTh HAYKOBY HOBU3HY Ta ITPaKTUYHE
3HAuYeHHs AucepTauiiiHoi po6oTu: 1. Bnepiue 6ys0 3HaieHO IPaHUYHI 3HAaY€HHS Hallpy)XKeHb [TPY>KHOTO
IepopMyBaHHS 17151 iIHBEPCHO-OI1aJIOBOTO IIOPHUCTOr0 MaTepiay 3 MeTajaeBo0 MaTPULIEIO [1Jis BCbOTO J1iara3oHy
CXEM HaBaHTaXXEHHS. 2. Biepiue 1J1s1 MIMPOKOro Aiana3oHy CTPYKTYPHU iHBEPCHOTO onajy 0yJio 3HaieHO e(peKTHUBHI
MOZYJIi NPYKHOCTI. 3. ByJI0 3MOZE€/IbOBaHO MPOL,EC HE3BOPOTHOTO IJIACTUYHOTO CTUCHEHHSI IOPUCTOr0 MaTepiany 3
iHBEPCHO-0MAJIOBOIO CTPYKTYPOIO &K IO MOMEHTY, KOJIA CTPYKTYpa IOP CTa€ 3aKpUTOIO. 4. Bys10 nmokasaHo, 1o
ineHTHikalis nIacTUYHOI 10BEIiHKY iHBEpCHOTO OIajly HEBiIOMOI CTPYKTYPH 32 LOIIOMOTIOI0 IIPOCTOr0
€KCIIEPMMEHTY Ha O HOBICHE HaBAaHTAXKEHHSI € KOPEKTHOIO TiJIbKU Y BUCOIIOPUCTOMY BUMNAIKY. B IpoTHBHOMY
BUMAKYy TPOTHO30BaHA 32 pe3yabTaTaMU €KCIIEPMMEHTY Ha OOHOBICHE HAaBAaHT)KEHHS BEJIMYMHA T'PaHULi TEKYYOCTi
Ha BcebiuyHMi CTUCK Jae oxuoKy Ha 30%. 5. 711 3pyYHOCTI BUKOPUCTAHHS OTPMMAaHOI MOJIeJTi IIJIACTUYHOCTI B
[IAKETax CKIHYEHO-EJIEMEHTHOI'O MOJEJIIOBAHHS 3 METOIO ONTUMI3allii KOHCTPYKLiN 3a HaABHOCTI B HUX €JIEMEHTIB
iHBEpCHOroO omaiy, 6yJ0 3iiCHEHO HAOIMKEHHS OTPMMAHUX 00YMCIIIOBAJIbHUX JaHMX (PEHOMEHOJIOTIYHOI0
mogeso Jemmnanaa-dnexa. BusBuiocs, mo Take HaGIM>KeHHSI JOCUTb KOPEKTHE, TOOTO (opMa KPUBOi TEKY4OCTi B
IIJIOLIMHI iHBapiaHTIB TeH30pa HANPY>KeHb 6J1M3bKa [0 einTu4Hoi. 6. Ha npukiazi ckiangHoi NpocTopoBoi
CTPWXHEBOI CTPYKTYpU OyJIa JOCiI)KEHA ayKCETMYHA MTOBE[iHKAa MeTaMaTepialis, 110 € BAKJIMBUM JJ1s1
[IPOTHO3yBaHHS MEXaHIYHUX BJIACTMBOCTEN MaTepialy i ONTHMMi3aLii 10ro BHYTPIIHbOI CTPYKTYPU IIPU
BHMKOPHUCTaHHI Y eJIeMeHTax 3aXMCHUX KOHCTPYKILiH. 7. Byso nokasano, mo koediuienTt [TyaccoHa HabyBae Bify€eMHUX
3Hau€Hb 32 BiTHOCHO BUCOKVX 3HaU€Hb NIOPUCTOCTi CTPYKTYypHU iHBEPCHOIO O6J)KOJIMHOIO CTi/IbHYUKA — IIOHaA 75% i
[IEPEB)KHO BU3HAYAETHCS FEOMETPI€I0 CTPYKTYPU. 8. Pe3ysibTaTu JOCTiI’KEHHS! I0KA3aJIH, 10 3HAaY€HHS
koepiuienTa [lyaccoHa CTPyKTypu iHBEPCHOTO 6/1KOJIMHOTO CTiJIbHUKA MOXKYTb BapilOBaTUCS y IIMPOKOMY
Iiana3oHi pu BiTHOCHO Mavlifl 3MiHi BeJIMYMHU NOPUCTOCTI (3%) 32 paxyHOK BBEIEHHS Y T€OMETPIl0 CTPYKTYPH
IOJATKOBUX C(PEPUYHUX BY3JIiB y MiCLISIX IEPETUHY CTP>KHIB. Kito4oBi ciosa: MikpoMexaHika, MeTamaTepiany,
IIPY>XXHICTb, IVIACTUYHICTD, fedopmallisi, MOAYJb MPYXHOCTI, KoedilieHT [TyaccoHa, anpoKkcuMallis, IOPUCTICTB,
MMOBEPXHS HABAHTA’KEHHSI, METO]] CKiHY€eHHUX eJIEMEHTIB, eJleMeHTapHa KOMipKa, e(PeKTHBHI BIaCTUBOCTI,
iHBepCcHUI omnaj, iHBepCHUI 6/I>KOJTUHUIN CTiIbHUK.

2. The work is executed on 165 pages, includes 42 illustrations, 19 tables and 112 references. The dissertation
consists of 4 main chapters - the first two are devoted to the description of the theoretical foundations on which
the study is based, which are described in Chapters 3 and 4. Chapter 3 is devoted to a computational experiment to



evaluate the mechanical behaviour of a material with an inverse opal structure. Chapter 4 investigates the
dependence of the Poisson's ratio on the internal geometry of a highly porous material using the example of the
spatial structure of an inverse honeycomb. Determining the effective properties of various structures helps to find
optimal materials to overcome engineering challenges in innovative industries such as aircraft and rocketry,
information and defence technologies, biomedical engineering, etc. Investigating the influence of both the
structure of a metamaterial on its rheological response and the effect of deformation on structure change is an
important scientific and practical task. Two types of structures of porous metamaterials - "inverse opals" and
"inverse honeycomb" - were investigated in this work. A number of problems related to the effective rheological
properties of such metamaterials were identified. Accordingly, the object of study of this thesis is a variety of
ordered highly porous periodic inverse opal and inverse honeycomb structures. The subject of the study is the
process of transition of these materials from reversible to irreversible deformations under the action of external
forces. The aim of the study is to find the dependencies between the geometric characteristics of the pore space
and the mechanical properties of materials. The main tasks of the dissertation research are: - Determination of the
elastic and plastic properties of materials; - analytical description of the dependencies of mechanical properties
and geometrical characteristics of structures; - optimisation of the geometry of structures characterised by a
negative Poisson's ratio. This dissertation study is based on the methods of micromechanics with the use of
computational methods of process analysis, the finite element method. The use of micromechanics methods has
been chosen since, due to the periodicity of the structure, we can clearly distinguish the elementary volume in the
space under consideration. This allows us to rationally use computer resources, which primarily results in time
savings and, in the case of finite element mesh refinement, an increase in calculation accuracy. Based on the
results of the study, several conclusions have been formed that describe the scientific novelty and practical
significance of the dissertation: 1. For the first time, the limit values of elastic deformation stresses for an inverse-
opal porous material with a metal matrix were found for the entire range of loading schemes. 2. For the first time,
effective elastic moduli were found for a wide range of inverse opal structures. 3. The process of irreversible
plastic compression of a porous material with an inverse-fuel structure up to the moment when the pore structure
becomes closed was modelled. 4. It has been shown that the identification of the plastic behaviour of an inverse
opal of unknown structure using a simple uniaxial loading experiment is correct only in the highly porous case.
Otherwise, the uniaxial loading experiment results in an error of 30% in the yield strength in all-round
compression. 5. For the convenience of using the obtained plasticity model in finite-element modelling packages
to optimise structures with the presence of inverse opal elements in them, the obtained computational data were
approximated by the phenomenological Deshpande-Fleck model. 6. The auxetic behaviour of metamaterials was
studied on the example of a complex spatial rod structure, which is important for predicting the mechanical
properties of the materials and optimising their internal structure when used in elements of protective structures.
7.1t has been shown that the Poisson's ratio acquires negative values at relatively high values of the porosity of the
inverse honeycomb structure - more than 75% and is mainly determined by the geometry of the structure. 8. The
results of the study showed that the values of the Poisson's ratio of the inverse honeycomb structure can vary in a
wide range with a relatively small change in the porosity value (3%) due to the introduction of additional spherical
nodes in the geometry of the structure at the intersection of the rods. Key words: Micromechanics, metamaterials,
elasticity, plasticity, deformation, elastic modulus, Poisson's ratio, approximation, porosity, loading surface, finite
element method, unit cell, effective properties, inverse opal, inverse honeycomb.
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