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Koaynaesa Baanucaasa OJjeropuua

(ne)

Ha temy ®opMmyBaHHS KEepOBaHHWX 3a0OpPOHEHHX 30H B TPWUBHUMIPHHMX aKYCTHYHHX MeTamaTepiamax

CTBOPCHUX i3 BUKOPUCTAHHAM MarHiTODeaKTI/IBHI/IX eHaCTOMCDiB

HaykoBuii kepiBauk __JlokTop ¢i3.-MaT. HayK, npodecop kadenpu 3aranbHoi Qi3UKK Ta MOAEITIOBaHHS

(iznunux mpoitecis, B’suecias ['OpIIKOB.

(HayKOBWIA CTYIIiHB, BUCHE 3BaHHS, ITocaja, M6 )

AkmyaJleicmb Y 38'A3KYy 3 WUPOKUMU MOMCIUBOCMAMU 3ACMOCY8AHHA OKYCMUYHUX Memamamepianis

019 _KepysaHHA aKYyCMUYHUMU X8UAAMU, 30Kpema, 0418 20CiHHA HebamaHUX KOAUBAdHbL, GKYCMUYHO20

cynepniH3y8aHHA Ma CMBopeHHA Xx8unesodis, ue 00CAiOHeHH MEeXAHI3MIi8 hopMyB8aHHA MA Kepys8aHHSA

8 peasnbHOMy Yaci 3a60pOHEHUMU 30HAMU 8 AKYCMUYHOMY Memamamepiasi 3 HO80K CMPYKMYpPOor HA

OCHOBi MO2HIMOPEeaKMUBHO20 es1aCMOoMepPY HA CbO200HI € AKMYaAbHUM.

3e’a30k pobomu 3 HayKoeumu npo2pamamu, nAdHamu, memamu Kageopu Mazicmepcoke

00CNIOHCeHHS GUKOHAHO 8 Medcax memamuku Haykosoi 2pynu PMD-07 «lunamixa ma (izuuni

gracmueocmi_0a2amoyacmuHKo8ux _cucmemy Kageopu 3a2anvhol Qizuxku ma_mooeniosanns izuunux

npouecie  Havionanvnozo Texniunozo Yuicepcumemy Yipainu «KHIBCHhKHUU HOJIITEXHIYHUHI

IHCTUTYT imeni II'OPH CIKOPCHKOI Oy.

06’ekm docnidxnceHHA [lapamempuuna npyHCUHO-Maco8a Mo0enb MPUSUMIPHO20 aKYCIUYHO20

memamamepiany 3 eiemMerHmapHuUMu KOMIDKAMU-MYAbMUPE30HaAmopami i3 000J0HKAMU HA OCHOGIL

MA2HIMOPEOA02IYH020 enacmomepy

Mpedmem 0ocnidnceHHA _Cmpykmypa Oucnepciliiux n08epxorb, NPUHUUNU DOpMYEaHHsl

KOHMPOJIbOBAHUX 3a00DOHEHUX 30H 8 NADAMEMPUYHIN NPYHCUHO-MACOBIU MO0l MPUSUMIDHO20

AKYCMUYH020 Memamamepiaiy

Mema pobomu Busenenus zaxonomiprocmeit 8 popmyeanii 3a00poOHeHUx 30H I KepYSaHHs HUMU 8

AKYCIMUYHOMY MEemamamepiaii 8 Peicumi peaibHo20 Yacy 8 3aJIeHCHOCMI 8i0 napamempis cepedosuid i

dopmu_enemenmaptoi KOMIpKU MpUSUMIPHO20 AKYCMUYHO20 Memamamepiay

Memoodu docnioxceHHsA [TpyHUHO-Maco8a Modenb, AKICHUU aHani3 Asuw. HYucenbHy napamempuyHy

mMoO0esb bys0 cmeopeHo Ha Mogi Mpo2pamyeaHHA Fortran. Bizyanizauito pe3ysbmamie 00CniOHeHHs

30ilicHeHo 3a donomoezoto rnpoepam OriginPro ma VMD.

Bioomocmi npo o06caz poboomu, Kinvkicmo inwocmpayii, mabéauysb, 000amkKie i JimepamypHux

HAllMEHY6aHb 3a NEPeniKom UKOPUCHAHUX BUKOPUCNAHOIL Jimepamypyu — 52, 0bcsae pobomu — 76 cm.,

KinbKicme ntocmpayiu - 15




Mema inougioyanvHozo 3a860aHHA, BUKOPUCHIAHT MEMOOU MA OMPUMAHI De3YTbmamu

Pospobumu  napamempuuny mooeib  MPUSUMIDHO20  aKyCMUYH020 Mmemamamepiany. Bussumu

3aKOHOMIpHOCMI 8 hopmyeanti I 3MiHI 3a00POHEHUX 30H 8 AKYCIMYHOMY MEemamamepiail 6 3a1eHCHOCMI

810 napamempis cucmemu. Buxopucmano uucenvny napamempuiny npyACUHO-MACO8Y MOOeb HANUCAHY

na Ompumano 2pa@iku OucnepcillHux Nno8epxoHb 3a DI3HUX NaApamempie 00CAIONCeHOl Mooeni, ma

300pAANCEHHA SMIUCHD YACTMUHOK eleMeHmMAaAPHOL KOMIPKU 0151 00PAHUX MOO KOIUBAHDb.

Bucnoeox Ompumana 01 mpusumipHo20 Memamamepianry Mooeib NiOmeepodcye meopemuyni

OYIKY8aHHsl, OVIO BUSGNEHO 3AKOHOMIpHOCMI Vv hopmysanni i 3mini 3a060ponenux 30H. Buxopucmanus

MAZHIMOPEeaKmueHo20 _elacmomepy 6 AKOCHI cepedosuiila 8 sKe 3aHYPeHl enacmuyti s10pa_0ac 3mo2y

ehekmusno Kepysamil_ IOKDUMMAM/3aKPUMMAM _3a00POHEHUX 30H 6 aKYCMUYHOMY Memamamepiani i

HABIMb _NOBHICMIO 3aKpusamu_3a00poHeni 30HU U0 0036086 OMPUMAMU_HenepepsHuil  4acmomuull

cnexmp. Ilpouyec opmysanns 3ab0ponenoi 30HU 30 NOBEOIHKON OUCNEPCIUHUX NOBEDXOHb MONCHA

Nnooiumu._Ha neemi_cmaodil, a came. OUHAMIYHY, K6A3ICMamuyny ma Haokpumuyny. B anizomponmniu

dopmi _memamamepiany cnocmezacmvcs HopmMyeanHs 3a00POHEHUX 30H, HANDAMACHUX 6300824C OCL

aHI30MPpOnii.

Ilepenix kntouosux cnie (ne oinvwe 20) 3a00poneHi 30HU, AKYCMUYHI _Memamamepiaiu,

MAZHIMOPeakmueHi eracmomepu, OUCHepCiliHi NOBEPXHI, aKkmueHa Pirbmpauis

Iinnuc kepiBHUKA
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Actuality Due to _the wide possibilities of acoustic metamaterial_application for controlling acoustic

waves, in particular, for damping unwanted vibrations, acoustic superlensing, and creating waveguides

this study of the mechanisms of formation and real-time control of band gaps in an acoustic metamaterial

with a novel structure based on a magnetoresponsive elastomer is relevant today.

Relationship of work with scientific programs, plans, themes of the department The master's thesis

was carried out within the theme of the scientific group FMF-07 "Dynamics and physical properties of

multiparticle systems" of the Department of General Physics and Modeling of Physical Processes of the

National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”.

Object of research Parametric spring-mass model of a three-dimensional acoustic metamaterial with

elementary multiresonator cells with shells based on magnetorheological elastomer

Subject of research Structure of dispersion surfaces, principles of formation of controlled band gaps in a

parametric spring-mass model of a three-dimensional acoustic metamaterial

Purpose of work To reveal regularities in the formation and real-time control of band gaps in an acoustic

metamaterial, depending on the parameters of the medium and the shape of the elementary cell of a

three-dimensional acoustic metamaterial

Research methods spring-mass model, qualitative analysis of phenomena. The numerical

parametric model is written in the Fortran programming language. The research results were visualized

using OriginPro and VMD software.

Information about the volume of the thesis, the number of illustrations, tables, applications and

references in the list of used ones’ references - 52, volume of the thesis - 76 pages,

number of illustrations — 15

The purpose of the individual task, the methods used and the results obtained ___To develop a

parametric model of a three-dimensional acoustic metamaterial. To reveal regularities in the formation

and change of band gaps in the acoustic metamaterial depending on the system parameters. The

numerical parametric spring-mass model written in the language of the numerical simulation is used to

obtain the graphs of dispersion surfaces for different parameters of the investigated model and the

images of displacements of the unit cell particles for the selected vibration modes.




Conclusion The model obtained for the three-dimensional metamaterial confirms the theoretical

expectations, and regularities in the formation and change of the band gaps were revealed. The use of a

magnetoreactive elastomer as a medium in which elastic cores are immersed makes it possible to

effectively control the opening/closing of the band gaps in the acoustic metamaterial and even completely

close the band gaps, which leads to a continuous frequency spectrum. The process of band gap formation

can be divided into certain stages based on the behavior of dispersion surfaces, namely: dynamic, quasi-

static, and supercritical. In the anisotropic form of the metamaterial, the formation of band gaps directed

along the anisotropy axis is observed.

Keyword list (no more than 20) _band gaps, acoustic metamaterials, magnetorheological elastomers,

dispersion surfaces, active filtering
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