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Ha temy AHaniTH4HE Ta YMCENbHE JOCTDKEHHS MiKkpoenekTpoMmexaHiuHoi cucremu (MEMC) Ha ocHOBI
MOJ€EJl OCECUMETPUYHMUX KOJIUBAHb KPYIVIOI IPYKHOI HOBEPXHI 34 JOBLILHUX KPaliOBUX YMOB

HaykoBuii kepiBunk JlokTop ¢hi3MKO-MaTeMaTUYHUX HaAyK, npodecop, 3aBigyBad kKadenpu 3araibHOI
dizuxn KIII im. Irops Cikopceskoro, Pemernsak Cepriit OnekcaHpoBud

Axmyanvnicms TexHomnorii 30y/KCHHS BJIACHMX 1 PE30HAHCHUX YacTOT KOJHMBAaHb MeMOpaH,
OPSAMOKYTHOI, KpPyraoi i, B3aram, JOBUIBHOI ¢opMmu (HahmpocTin (GOopMU 3 OTIsSAy Ha VOPaBIiHHS
ImapaMeTpaMH Ta TEXHOJIOril BUpOOHHUIITBA), BUBHAYAIOTE ra0apuTHI po3MipH pyxoMux eaeMmenTis MEMC
1 3a7a10Th po0OOYMi Aialla30H YacTOT IIMX MPHUCTPOIB. 3 PO3BHTKOM HOBMX MATEpIaliB 1 TEXHOJOTIH
BHPOOHHUIITBA, TAKUX K 3D-IpyK Ta HAHOMATEpiaaH, 3’ IBISIOTHECS HOBI MOMKIIMBOCTI i1 IPOCKTYBAHHS Ta
BrockoHaeHHss MEMC, 1o miaBuIye IXHIO OPOIYKTHBHICTS 1 3HIKYE €HEPrOCIIOKMBAaHHA. BpaxyBaHHs
LUX aCIEKTIB € BAXKIHMBUM JJIS MOAANBIIOr0 PO3BUTKY rajy3i, OCKUILKU 1HTCIPAIlisl HOBHX TEXHOJOTIN
J03BOJISIE BUPIIITYBATU CKIAIHI 3aBJAHHS 3 BUIIOK ¢(heKTUBHICTIO Ta TOYHICTIO

3B’f130K po00TH 3 HAYKOBUMH MpPOrpaMamMu, IJiaHaMHu, TeMaMHu Kadeapu poboTa BUKOHaHA B paMKax
TEMATHUKHA HayKOBOI ImKkoau «®Pi3mka TBepaoro tija ta MargiTHux sy K3® ta K3® ta MPII

00’eckm Oocnioxycenna IBOBHAMIDHE XBHJIHLOBE DIBHIHHSA B MOJAPHINA CHUCTEMI KOOPAMHAT, IO OIKUCYE
MPY>KHI KOJMBAHHS KPYII0i MEMODaHU

IIpeomem oOocniorycennn BUMYIIEHI TapMOHIYHI OCECHMMETPHYHI KOJHMBAaHHA MEMOpaHHW i3 TPYKHO

3aKpIIUIEHUM KPaEM

Mema poboomu aHANITUYHWN Ta YUCENLHUN aHaNi3 JMHAMIYHUX BIACTHBOCTEH KPYIIIOi MeMOpaHU 3
MIPYKHUM KPIIUIEHHSIM, 110 JI03BOJISIE PO3IIMPUTH ICHYIOY] 3HAHHS [IPO KOJAMBaJbHI nporiec B MEMC

Memoou 0ocniorcennsa AHATITAYHUN, YUCEIbHUN (METOJ KIHIIEBUX PI3HHULB)

Bioomocmi npo o06caz 3e6imy, Kinpkicme inlocmpayii, madauyb, 000amKie i JAimepamypHux
HAIIMEHYB8AHD 3a Nepeikom euKopucmanux o0csr 3BiTy — 92 CTOPIHOK, KUIBKICTh iatocTpariii — 18,
KUIBKICTh JONATKIB — 2. KUIBKICTE JIITEPATYPHUX HANMEHYBAHb 34 MEPEIiKoM — 53

Mema inOugioyanvHozo 3a460AHHA, GUKOPUCHIAHI MemMOOU MA OMPUMAHI pe3yibmamu OTPUMAHO
AHANITUYHWNA PO3B’SA30K 1 HABEJICHO YMCENbHI pPe3yJbTaTH. AHATITHYHUN PO3B’ 30K BUCTYIIAE 3aC000M
BepudiKallii YNCeIbHOT CXeMH, MiATBEP/UKYIOUH ii TOYHICTE. Y CBOK Yepry, YUCEIbHUI MeTO 1 3a0e3meuye
MOJJIMBICTh PO3B’SI3aHHS  3a/iay 31 CKJIQJHINIMMM [1OYaTKOBUMHU a00 TpaHMYHUMM YMOBAMH, IIIO
HEJOCTYITHO JUIS aHANITUYHOTO minxony. OOWaBa MiXOAW IMOKA3YIOTh OCECHMETPHYHY IMOBEiHKY,
XapaKTepHY JUIs 3a/1a4 i3 pajliajibHOI CUMETPIEI0

Bucnoeox OtpumaHi pe3yJbTaTH JUIsl MPOCTOI MOAENI BHMYIICHMX KOJIMBAaHbL KPYIJIOi MEMOpaHH 3
[IPYKHUM 3aKpIIUIEHHSIM [0 NEPUMETPY Ta Horo rpadiyHa iHTeplperaiis MOKyTh OYTH KOPUCHUMU JUIs
po3poonukis  MEMC mnpu npoektyBanHs MEMC-npuctpoiB. BuSBIEGHHS OCHOBHHMX Ta BHIIUX
PE30HAHCHMUX YaCTOT MEMOpAHM € BaXIMBUM Juld i1 iHTerpalii B aKkyCTUYHI BUIIPOMIHIOBAYl, CEHCOPHU Ta
i MEMC-pucTpoi, Jie¢ KpUTUYHO BAXKIMBO TOYHO KOHTPOJIIOBATH AMHAMIYHI MapaMeTpu. Pe3yasratu
IOKA3aJlM, 110 3POCTAHHS YACTOTH BHUKJIMKAE 3HIKEHHS aMIUIITYIM KOJWBAaHb, IO BKA3ye€ Ha e(eKT
YaCcTOTHOIrO jgeMndyBaHHs. Ile BiKpHBA€ MOKIMBICTh CTBOPEHHS HOBHMX IMPHCTPOIB i3 ONTHMI30BAHMM
YACTOTHMM AeMII(YBAHHSIM JJIs 3aCTOCYBaHb, JIE MEMOPAHHM CIIYT'YIOTh HE JIUIIE BUIIPOMIHIOBAYaMH 3BYKY,
ajie ¥ eJeMeHTaMH aMmopTH3allii abo gemMiyBaHHs




Ilepenik knwouosux ciie (ne dinvuie 2() BUMYIICHI TAPMOHIYHI KOJUBAHH, KpyTia MeMOpaHa, MpPyxKHEe
KPIIUICHHS, MIKPOSJIIEKTPOMEXaHIUHI CHCTEMU
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On the topic Analytical and numerical investigation of a microelectromechanical system (MEMS) based
on a model of axisymmetric vibrations of a circular elastic surface under arbitrary boundary conditions

Scientific supervisor Doctor of physical and mathematical sciences, professor, head of the department of
general physics at Igor Sikorsky Kyiv Polytechnic Institute, Serhii Oleksandrovych Reshetnyak

Topicality Technologies for exciting natural and resonant frequencies of membrane vibrations—whether
rectangular, circular, or of arbitrary shape (with simpler shapes being preferable for parameter control and
manufacturing technologies)—determine the dimensions of MEMS moving elements and set the operating
frequency range of these devices. The development of new materials and manufacturing technologies, such
as 3D printing and nanomaterials, opens up new opportunities for designing and improving MEMS,
enhancing their performance and reducing energy consumption. Considering these aspects is essential for
advancing the field, as integrating new technologies allows solving complex tasks with greater efficiency
and precision

Relationship of work with scientific programs, plans, themes cathedra The work is carried out within the
framework of the scientific school "Physics of Solid State and Magnetic Phenomena" and the department’s
related themes

Object of research A two-dimensional wave equation in a polar coordinate system describing elastic
vibrations of a circular membrane

Subject of research Forced harmonic axisymmetric vibrations of a membrane with elastic edge support

Purpose of work To perform an analytical and numerical analysis of the dynamic properties of a circular
membrane with elastic edge support, thereby expanding the existing knowledge of vibration processes in
MEMS

Research methods Analytical and numerical methods (finite difference method)

Information about the volume of the report, the number of illustrations, tables, applications and literary
names in the list of used ones Volume - 92 pages, illustrations — 18, applications — 2, references — 53
sources

The purpose of the individual task, the methods used and the results obtained An analytical solution was
derived, and numerical results were presented. The analytical solution serves as a tool for verifying the
numerical scheme, confirming its accuracy. Conversely, the numerical method allows solving problems
with more complex initial or boundary conditions, which are inaccessible to the analytical approach. Both
approaches demonstrate the axisymmetric behavior characteristic of problems with radial symmetry

Conclusion The results obtained for a simple model of forced vibrations of a circular membrane with elastic
edge support and their graphical interpretation can be useful for MEMS developers in designing MEMS
devices. Identifying fundamental and higher resonance frequencies of the membrane is crucial for its
integration into acoustic emitters, sensors, and other MEMS devices, where precise control of dynamic
parameters is critical. The results showed that increasing frequency leads to a decrease in vibration
amplitude, indicating a frequency damping effect. This opens up opportunities to create new devices with
optimized frequency damping for applications where membranes serve not only as sound emitters but also
as damping or cushioning elements
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