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Ha Ttem BuBuenns BuactuBocrtell  MikpoenekrpoMexadiynoi cucremu (MEMC) Ha OCHOBI
MOJIEJTi OCECHMETPHYHUX KOJIMBaHb KPYTOBOI IPYKHOI MMOBEPXHI

HayxoBuii kepiBHUK  10KTOp (hi3MKO-MaTeMaTHYHUX HayK, npodecop, 3aBinyBay kadenpu 3araabHol
¢isuku KIII im. Irops Cikopebkoro, Pemernsik Cepriii OnekcaHpoBuY

AxmyanvHicme
OePUMETPY KPyTAoi MCM6paHI/I, Ha AKY Jli€ pIBHOMIPHO PO3MoJIiieHa rapMOHiI4YHa criia. BUKOpHCTOBYIOUN
METO/ KiHIIEBUX Pi3HUIIb, OTPUMAHO YUCEIHHHUH PO3B’SI30K 1 po3poOIeHO KOA Ui Bi3yamizalii JaHOTO
po3B’s3Ky. Taki MomenpHI 3aadi  KOPHUCHI B TEXHOJOTIYHMX 3aCTOCYBaHHSIX IIPH  po3poOiri
MikpoenekTpomexaHiyanx cucreM (MEMC) i npu pospaxyHkax auHamidHuX mapamerpie. MEMC-
MIPUCTPOIB

3B’f130K po00TH 3 HAYKOBUMH MPOrpaMaMHu, IMJIaHAMHU, TeMaMu Kadeapu poOOTa BUKOHAHA B PaMKax
TEMATHKHU HAyKoBOI mKoau «Pi3uka tBepaoro tina ta MardiTHUX iy K3®P ta K3® ta MDII

006°ckm 00c1i0Icen A TBOBAMIPH

MIPYKHE KOJIMBaHHS MeMOpaHH B aKyCTHUHIM crcTeMi

IIpeomem 0ocnidrcenns BUMYIIIEHI TaPMOHIYHI OCECUMETPUYHI KOJIMBAHHSI MEMOPAHHU 13 IIPYKHO

3aKpIIUIEHUM KpPaEM

Mema po6omu qvicenbHe po3B’s3aHHS 3a/1a4i PO BUMYIICHI TAPMOHIYHI OCECUMETPUYHI KOJIMBAHHS B

aKyCTHYHUX cucTeMax B KoHTekcTi MEMC

Memoou oocnioricenns ducelnbunii, rpadhidHui

Bioomocmi npo oé6caz 3eimy, Kinokicme inocmpayiin, maodauub, 000amkie i aimepamypHux
HAlIMEHYB8aAHD 3a NePeNiKoM 6UKOPUCMAHUX OOCST 3BITy — 52 CTOPIHOK, KUIBKICTH LIFOCTpartii — 4,
KUIBKICTh JONATKIB — 2, KiNbKICTh JIiTEpaTYPHUX HaMEHYBaHb 32 HepeikoM - 30

Mema inousidyanvnozo 3a60aHHs, GUKOPUCHMAHI MemOOU mMA OMPUMAHI pe3yabmamu OTPUMAHO
YUCEIbHUH PpO3B'SI30K IMOCTABJICHOI 3a/ayi, BUKOPHCTOBYIOUM METOJ KIHIEBHX PI3HMIb, a TaKOX
po3pobIeHN TporpaMHuiA KO Ha MOBI nporpamyBaHHs Python, 110 mo3Bosisie Bisyani3yBaTu 3MillIeHHS

MeMOpaHM B 4acli Ta IPOCTOpi, IO HAJa€ 3MOI'Y 3PO3YMITH JMHAMIYHI XapaKTEPUCTUKHA CHCTEMH Ta
CIIOCTepiraTu 3a ii peakile€rd Ha 30BHINIHI CHJIM, a TaKO)K PO3POOJICHHMI MpOrpaMHHN KOJ Ha MOBI
nporpamyBadds Python g BimoOpaskeHHS 3aJIKHOCTI MK MaKCHMAJIbHOK aMILTITYJOK 3MIIICHb
MeMOpaHU Ta YaCTOTOI 30BHINIHLOTO HABAHTAXKECHHS

Bucnosox OtpumaHuii 4McenbHUIl PO3B’SI30K A MPOCTOI MOJENi BHMYIIEHHX KOJIMBaHb KPYyTioi
MeMOpaHu 3 MPY)XHMM 3aKpIIUICHHSIM 10 NEPUMETPY Ta #oro rpadidHa iHTeprnpeTaiis MOXYTh OyTH
KopucHuUMHU it po3pooHukiB. MEMC mnpu npoekryBanHs MEMC-npuctpoiB y pobodomy Jiamna3oHi

4acTOT BiJl OJUHULG 10 coTeHb MI 1

Ilepenik xnouosux cnie (ne dinvuie 2()) BUMYyIIICHI TApMOHIYHI KOJHMBAHHS, Kpyriia MeMOpaHa, Ipy»KHe
KPIIUICHHS, MIKPOEIEKTPOMEXaHI4HI CHCTEMU
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Scientific supervisor Doctor of Physical and Mathematical Sciences, professor and manager of the
Department of General Physics at Igor Sikorsky Kyiv Polytechnic Institute, Reshetnyak Serhii

Topicality _The work is dedicated to studying the radial vibrations of a circular membrane, elastically
fixed along the perimeter, subjected to a uniformly distributed harmonic force. Using the finite difference

method, a numerical solution was obtained, and a code was developed to visualize this solution. Such
model problems are useful in technological applications for the development of microelectromechanical
systems (MEMS) and in calculating the dynamic parameters of MEMS devices

Relationship of work with scientific programs, plans, themes cathedra The work was carried out
within the framework of the scientific school "Physics of Solid State and Magnetic Phenomena" of the
Department of General and Experimental Physics (KZF) and the Department of Theoretical and Applied
Mechanics (MFP).

Obiject of research Two-dimensional wave equation in polar coordinates describing the elastic vibration
of a membrane in an acoustic system

Subject of research _Forced harmonic axisymmetric vibrations of a membrane with an elastically fixed
edge

Purpose of work Numerical solution of the problem of forced harmonic axisymmetric vibrations in
acoustic systems in the context of MEMS

Research methods numerical, graphical

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

literary names in the list of used ones the volume of the report - 52 pages, the number of illustrations - 4,

the number of appendices - 2, the number of literary names in the list of used ones - 30

The purpose of the individual task, the methods used and the results obtained A numerical solution to
the posed problem has been obtained using the finite difference mathod, and a Python program code has
been developed to visualize the displacement of the membrane over time and space, enabling the
understanding to the system’s dynamic characteristics and monitoring its response to extrnal forces.

Additionally, Python code has been created to illustrate the relationship between the maximum
displacement amplitude of the membrane and the frequency of the external load

Conclusion The obtained numerical solution for the simple model of forced vibrations of a circular
membrane with elastic fixation along the perimeter and its graphical interpretation can be useful for
MEMS developers when designing MEMS devices operating in the frequency range from a few to
hundreds of MHz

Keyword list (no more than 20) Forced harmonic vibrations, circular membrane, elastic fixation,
microelectromechanical systems
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