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Tema gucepranii:
1. HeopHOpinHi MeTamaTepiany Ta KOHCTPYKLI 17151 3aXUCTy CIIOPY/, Bifl ceicMiuHUX Ta BibpaliliHuX BILJIMBIiB

2. Heterogeneous Metamaterials and Structures for the Protection of Buildings and Structures against Seismic and
Vibration Effects

Pedepar/anoTanis:

1. Inceprarnist npucBsiyeHa po3poblii Ta YNCEIbHOMY OOI'PYHTYBAHHIO HEOJHOPITHNUX MeTamaTepialbHUX
KOHCTPYKIi# IJ7151 3aXUCTy OyZiBeJb i CIOPY[ Bifl, CEICMIYHMX Ta TEXHOT€HHUX BiOpalillHUX BIJIMBIB. Y pOOOTi
PO3IJISIHYTO ABOBUMIpHI epiouyHi 6eTOHHO-TYMOBI KOHCTPYKLii (pyHIAMEHTHOrO THUIly, 31aTHi popMyBaTn
3a00pOHEHi 30HU NIPYKHUX XBUJIb Y HU3bKOYACTOTHOMY Jiania3oHi. 3alIporIOHOBaHUM MifXif [PYHTYETHCS Ha
BMKOPHMCTaHHI IPUHLMIIB QOHOHHVX KPUCTAJIiB i MEXaHIYHUX MeTaMmaTepialiB, y IKMX ocy1abjleHHs nepenadi
KOJIMBAaHb JOCSTAETHCS 3aBISKMA KEPOBAHIN B3a€MO/Iii XBUJIbOBOTO I10J181 3 MIEPIONYHOI0 HEOOHOPIAHICTIO.
JocimKeHo JBOKOMIIOHEHTHI KOMiPKM 3 TYMOBUM BKJIIOYEHHSM i TPUKOMIIOHEHTHI JIOKaJIbHO-PE30HAHCHI KOMipKU
3 [YMOBUM KiJIbLIEM Ta BaKKAM CTaJIeBUM siAPOM. JIjisl [MX KOHCTPYKLiN I06Y0BaHO NyCIepCiliHi giarpamuy,
BM3HAUYE€HO MEXIi Ta IIUPUHY 3a00POHEHUX 30H, [IPOAHaJi30BaHO BIIMB FEOMETPUYHUX i MaTepialbHUX [IapaMeTpiB
Ha I10JI0KEHHSI pO60YOro YaCTOTHOTO /1iala3oHy, @ TAKOX PO3IJISIHYTO CKiHU€HHUIA ePiOJUYHNI MaCUB y

HEeCTallioHapHill IOCTaHOBLi. AKTyaJIbHICTb POO0OTU 00yMOBJIEHA HEOOXiAHICTIO PO3BUTKY €(PEeKTUBHUX MTACUBHUX



3aC00iB 3aXUCTY CIIOPY/, Bi, HU3BbKOUYACTOTHUX JUHAMIUHMX BILJIMBIB, 30KpEMa CENCMIYHUX XBUJIb, TPAHCIIOPTHUX Ta
IIPOMUCJIOBUX Bibpauiil. TpaguiiiiHi nigxoau 1o cefCMiYHOTO Ta BibpaLiliHOro 3aXMCTy He 3aBKIY 3a0e311e4yioTh
IIOCTaTHbO BUOIpKOBE IPUTHiY€HHS KOJIMBAaHb y 331aHOMY YaCTOTHOMY [ialla30Hi 332 NPUNHATHUX KOHCTPYKTUBHUX
napamertpis. [lepioguyHi MeTamaTepiaibHi CHCTEMU BiIKpUBAIOTh MOXJIABICTb (DOPMYBAaHHSI YACTOTHUX iHTEPBAJIB,
y SIKMX TIOIIMPEHHS MPYXHUX XBUJIb iCTOTHO I10CIabII0€ThCs. Pa3oM 3 TUM 117151 OyZiBeIbHUX 3aCTOCYBaHb
3aJIMIIAIOTHCS] HEJJOCTATHBO NOCIII)KEHUMU MUTAHHS BUOOPY apXiTeKTypu 6€ TOHHO-TYMOBOI KOMIpKH, ITIepeX0Ay Bif,
CIIEKTPAJIbHUX XapaKTEPUCTUK HECKIHYEHHOI II€PIOAMYHOI CTPYKTYPHU O OLIIHIOBAHHS CKiHYEHHOTO
KOHCTPYKTMBHOTO MaCHBY, MaCIITaOHOTO HAJIAIITyBaHHS 3aXUCHOTO YaCTOTHOTO [lialla30Hy Ta BpaxyBaHHS

HEBU3HAYEHOCTi Pi3NKO-MeXaHIYHNX BJIACTUBOCTEN MaTepiasiB.

2. The dissertation is devoted to the development and numerical substantiation of heterogeneous metamaterial
structures for protecting buildings and structures against seismic and technogenic vibration effects. The work
considers two-dimensional periodic concrete-rubber foundation-type structures capable of forming elastic-wave
band gaps in the low-frequency range. The proposed approach is based on the principles of phononic crystals and
mechanical metamaterials, in which vibration transmission is reduced through the controlled interaction of the
wave field with periodic heterogeneity. Two-component unit cells with a rubber inclusion and three-component
locally resonant unit cells with a rubber ring and a heavy steel core are investigated. For these structures,
dispersion diagrams are constructed, band-gap boundaries and widths are determined, the influence of geometric
and material parameters on the operating frequency range is analyzed, and a finite periodic array in a transient
formulation is considered. The relevance of the work is determined by the need to develop effective passive means
of protecting structures against low-frequency dynamic effects, including seismic waves, transport-induced
vibrations, and industrial vibrations. Traditional approaches to seismic and vibration protection do not always
provide sufficiently selective suppression of vibrations in a prescribed frequency range while maintaining
acceptable structural parameters. Periodic metamaterial systems make it possible to form frequency intervals in
which the propagation of elastic waves is significantly attenuated. At the same time, for civil engineering
applications, a number of issues remain insufficiently studied, including the selection of the architecture of a
concrete-rubber unit cell, the transition from spectral characteristics of an infinite periodic structure to the
assessment of a finite structural array, scale tuning of the protective frequency range, and allowance for
uncertainty in the physical-mechanical properties of materials.
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