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Pedepar:

1. Inceprarnifina po60Ta IpUCBIYeHa po3po0Lii METOIIB Ta MOJesieil IJjIsl aBTOMATU30BaHOTO MPOEKTYBAHHS
aKkycTOQJIIOIIHUX PiTUHHUAX MIKPOCHACTEM, B MiKpOKaHajax SIKMX, 32 PaXyHOK (POPMYyBaHHS CTOSIYUX aKyCTUYHUX
XBWJIb, 320€3I1€UY€EThCSI CEJIEKTUBHE KEPYBAHHS [I0TOKOM Pi3HOPIZHMX HEPO3YMHHUX MiKpOUYacTOK. [lepeMilneHHs
MIKpOYaCTOYOK B PiJMUHHOMY IOTOLIi BiIOYBa€ThCS 32 PaXyHOK aKyCTO(POPETUYHUX CHUJI, SIKi BUHUKAIOTh IIPHU iX
B3a€MOii 3 aKyCTUYHMMU XBUWISIMU. Y TIEpIIOMY PO3ZiJi IpoaHai3oBaHO MeXaHi3MHU aKyCTO(III0IIHOro po3aiieHHs
MiKpOYaCTUHOK. BCTaHOBJIEHO, 1110 06'€MHI aKyCTAYHi XBUJIi 6iIbII YYTIMBi 0 HEOJHOPIAHOCTEN aKyCTUYHOTO
OIIOpY IT'€30€JIEKTPUYHOI MiAKIAIKY, IO POOUTD IX MEHII IPUAATHUMHU [J1 NOAAJBIINX JOCIiIKEeHb. PO3risiHyTO
MEXaHi3MH [lii NIEPBUHHOI Ta BTOPMHHOI CMUJI aKyCTUYHOTO BUIIPOMIHIOBAaHHS, SIKi BUHUKAIOTh BHACJIIOK HEJHITHOTO
NOIIMPEHHS 3BYKY B PiIKOMY CepeLoBUILji Ta BIJIMBAIOTh HA TPAEKTOPIi pyxy MikpouacTok. BusiBneHo, mo ¢popma Ta
PO3MilllEHHS1 3yCTPiYHO-IITUPLOBUX NepeTBopioBayis (311II1) cyTTeBO BIIMBAIOTL HA PE3YJIbTATU PO3iIE€HHS,
OCKIJIBKM XapaKTePUCTUKU MOBEPXHEBUX aKyCTUUHUX XBUJb ([TAX) 3aymexars Bif Takux napametpis 3IIT, sk

BiZICTaHb, KiJIbKiCTb MaJIbLIiB, allepTypa Ta LIMPUHA €JIEKTPOA. A 3aCTOCYBaHHS LITYYHOTO iHTE€JIEKTY Ta MAIIMHHOTO



HaBYaHHS BiIKDUBA€ HOBi NEPCIEKTUBN 4J151 €(EKTUBHOTO IPOEKTYBAHHS Ta aHAJIi3y MIKpOQJIIOiIHUX IPUCTPOIB,
30KpeMa aBToMaTu3allii po3po6Ky, ONTUMI3aLlii KOHCTPYKIii Ta IPUCKOPEHHS aHaJli3y AaHuX. 3a pe3ysbTaTaMu
aHasizy cpopMyJIbOBAHO 33/iauy AUCEPTALiIHOTO NOCTiI>KeHHs. Y IPpyroMy po3[iijii MIpoBeJeHO AOCiIPKEHHS
KOHCTPYKTUBHUX OCOOJIMBOCTEN 3yCTPiYHO-MITUPbOBUX NIepeTBoploBadis (3IIIT) Ta HaBegeHOo NpukiIany ix
3aCTOCYBaHHS B aKyCTO(IIIOIAHUX MiKpocucTemax. OCO6JIMBY yBary puiileHO OCHOBHUM T€OMETPUYHUM
napamerpam 31T Ta ixHpbOMY BIIMBY Ha JOBXKUHY 3T€HEPOBAHOI aKyCTUYHOI XBUJIi, PO3IJISIHYTO Pi3Hi CXeMU
pO3TallyBaHHS ABOHANPABIEHUX €JIEKTPOiB. Tak0>X BUBYEHO MEXaHi3M IOIMPEHHS aKyCTUYHUX XBUJIb Y
3alI0OBHEHOMY PiIMHOIO0 MiKpOKaHaJIi Ta AOCJIIPKEHO BIJIUB aKyCTO(POPETUYHUX CUJL, IO BUHUKAIOTh HA 3BAKEH] Y
pinuHi MikpoyacTuHKU. B cepenoBumi COMSOL Multiphysics® po3pobsieno 2- ta 3- BUMipHi reomeTpu4Hi Mogei
3MITIT, nigi6paHo HeobXinHi MaTepianu Ta MyabTUPi3nyHi iHTepdeiicu. [IobygoBaHO MaTEMAaTUYHY MOJIEJIb
PO3I0AiNy aKyCTUYHOrO I10J1S1 B MiKpOKaHaJli, cC(pOPpMOBAHOrO 3aBsIKM B3aemoJii esexkrpois 3IIIT Ta
II'€30€JIeKTPUYHOI nigkianky. [TokazaHo, mo ¢dopma Ta CTabiIbHICTb M0JIS aKyCTUYHOI CTOSIY01 XBUJTi 3aJ1€3KaTh Bifl
KiJIbKOX KOHCTPYKTUBHUX (PaKTOPIB: CIiBBiIHOLIEHHS MK JOBXKUHOIO XBUJIi Ta IIMPUHOI0 MiKpOKaHay, OJI0KEHHS
Ta KOHCTpyKUii 3IIII, mapaMeTpiB Ta BJIaCTMBOCTEN I1'€30€JIEKTPUYHOI MiAKIIAIKU. 3arajaom, IIPOBELEHO YUCEJIbHE
MozesoBaHHS 6a30B0i KoHCTpyKuii 3IUTI, nBox Mopudikaniil 3 napHUMU NalbLSIMU Ta YOTUPbOX BapiaHTi 31T,
SIKi BiZIpi3HAIOTHCS MUPUHOIO NAJBIB. Y TPEThOMY PO3iJi IO6YLOBAHO MaTeMaTUYHY MOZeJIb aKyCTOQOPETUYHOTO
PO3IiJIEHHS MIKPOYaCTOYOK, SIKa Ja€e 3MOTy IIPOrHO3yBaTU PyX MiKpO4aCTO4OK BCEpEAMHI MiKpOKaHaly Ta
OLIiHIOBAaTH BIJIUB FeOMETPIii MiKpoKaHasy Ha €(peKTUBHICTb ix po3zineHHs. [IpoBeieHO YucelbHEe JOCTiIKEHHS]
PO3p06JIeHOI MOZEi 111 COPTYBAaHHSA Ta (POKyCyBaHHS YaCTMHOK MiKPOIIJIACTUKY B MiKpOKaHasiax MiKpodJIoiiHUX
J1abopaTOPHUX YMIIax (J1a6-4uI), a TaKOXK [1JI PO3[iJIeHHs i COPTYBaHHS MiKPO4YaCTOK CaXKi Ta 30J11, 3BaXKEHUX Y
MIKpO(]IIIOifHUX 3pa3Kax JoL0BOi BOAU. B pe3ysbTaTi 4MCEeIbHOTO €KCIIEPUMEHTY OTPUMAHO BUCHOBOK, 11O Ha
(POKyCyBaHHS MiKPO4YaCTOUYOK BIUIMBAE SIK iX pO3Mip, TaK i ryctrHa. OTpUMaHi pe3yIbTaTh MOEIOBAHHS MTOKa3au,
IO CIIPOEKTOBAHUM MiKpODIIIOimHMI Tab-9uUTl 3IaTHUIN PO3TIATU JBA TUIIX MiKPOYACTUHOK CaKi Ta 30JIM Ha
HeOOXiJIHy KiJIbKiCTb Py Bif[IOBiAHO A0 iX I'yCTHMHHU Ta po3MmipiB. Briepiie po3po6yeHo akyCcTOQIII0iIHY MOJEb,
31aTHY PO3paxyBaTU PO3INOJiJ aKyCTUYHOTO TUCKY Ta 3MOZEJIIOBATH PYX MiKPOYaCTHUHOK B3[IOBX CUCTEMU
MIKpOKaHaJliB Mif, [iet0 aKkycToPOPETUYHOI CuiK. PO3p0671€HO TEXHOIOTi0 BUTOTOBIEHHS MYJIbTUKAHAIBHOTO J1a0-
Yyuna Ta CTBOpPeHOo Qi3nyHuil IPOTOTUII MiKpodJoigHoro npuctpoo. Kananu ta orBopu GopMy0Th METOLOM
Jla3epHOTro ppe3epyBaHHs Ha KpeMHieBil migkiazLi, o 3abesnevyye nogavyy Ta BUBiJ TECTOBOI CyMillli Ta
TPaHCIOPTHOI PiHU ([1€i0HI30BaHOI BOAM). Y YETBEPTOMY PO37iJi PO3pOOJIEHO AITOPUTM MAIIMHHOTO HAaBYaHHS 3
HiAKPIIIeHHSM, SIKUH Ja€ 3MOTy aBTOMATU3YBaTH MPOLeC MifdoPy BXiIHUX 1apaMeTpiB 1J1s1 eeKTHBHOIO
PO3aiJIeHHs MIKPO4acTO4YOK. [I0Ka3aHo, 10 BU3HAYEHHS YaCTOTY aKyCTUYHMX XBUJIb MOXKJIUBE 3a I0IIOMOTOI0
perpeciiiHoro aHasnisy. [lj1s1 BU3BHa4€HHS BXiJJHMX IIBUJIKOCTEN PiAMHU 3aCTOCOBAHO METOJ, MAIMHHOTO HaBYaHHS 3
MiIKPINJIEHHSIM Ta BPaxyBaHHSIM HeBJ1ay, SIKUI MOKPAIMB TOYHICTb Ta €(PEeKTUBHICTb aKyCTO(IIIOIAHOI MOze,
3a0e31e4youy HOBUH Mifxin 1o BUpilleHHs 33a4i e(peKTUBHOTO pOo3aiIeHHsI MiKpO4acTOYOK B PilMHHUX
Mikpocucremax. Ha 0CHOBI UnceIbHUX €KCIIEPUMMEHTIB MiArOTOBJIEHO HAabip JAaHUX JJ1s1 HAaBYaHHS aJITOPUTMY,
BMKOPHMCTOBYIOYM iH(pOpMaLilo Npo Pi3nyHi NapameTpu 4aCTOYOK, MIBUIKICTb IOTOKY Ta YaCTOTY aKyCTUYHOI XBUJII.
PeasizoBaHO ajirOpUTM HaBYAHHS 3 MiJIKPIMJIEHHSIM, SIKAM TO3BOJISIE MiAibpaTy BXinHI mapameTpu 1715 3a6e3rnedeHHs
COPTYBaHHS MIKPOYaCTOYOK, BpPaXOBYIOUM PE3YyJIbTATA HEBLAY, IO CIIPUsE MBUALIOMY Ta TOYHIIIOMY HaBYaJIbHOMY
IIPOLIECY.

2. The dissertation is devoted to the development of methods and models for the automated design of acoustic
fluid microsystems, in the microchannels of which, due to the formation of standing acoustic waves, selective
control of the flow of heterogeneous insoluble microparticles is ensured. The movement of microparticles in the
liquid stream occurs due to acoustophoretic forces that arise when they interact with acoustic waves. In the first
section, the mechanisms of acoustic-fluid separation of microparticles are analyzed. It has been established that
volumetric acoustic waves are more sensitive to inhomogeneities in the acoustic resistance of the piezoelectric
substrate, which makes them less suitable for further research. The mechanisms of action of primary and
secondary forces of acoustic radiation, which arise as a result of nonlinear propagation of sound in a liquid
medium and affect the trajectories of microparticles, are considered. It has been found that the shape and



placement of counter-pin transducers (CPTs) significantly affect the separation results, since the characteristics of
surface acoustic waves (SAWs) depend on such parameters of the CPT as distance, number of fingers, aperture and
electrode width. The application of artificial intelligence and machine learning opens new prospects for efficient
design and analysis of microfluidic devices, particularly in automating development, optimizing design, and
accelerating data analysis. Based on the results of the analysis, the task of the dissertation research is formulated.
In the second section, an investigation into the structural characteristics of counter-pin transducers (IDT) is
conducted, accompanied by illustrations of their application in acoustofluidic microsystems. Particular attention is
given to the primary geometrical parameters of the IDT and their effect on the acoustic wave's propagation length.
Additionally, different configurations of bidirectional electrodes are examined. The study further explores how
acoustic waves propagate within a liquid-filled microchannel and evaluates the resultant acoustophoretic forces
acting on microparticles suspended within the fluid. In the COMSOL Multiphysics® environment, 2- and 3-
dimensional geometric models of the CPT have been developed, the necessary materials and multiphysics
interfaces have been selected. A mathematical model of the distribution of the acoustic field in the microchannel,
formed due to the interaction of the CPT electrodes and the piezoelectric substrate, has been built. Using the
developed model, the influence of the properties of the piezoelectric substrate on the value of the acoustophoretic
force and the pressure distribution in the rectangular microchannel was investigated. It is shown that the shape
and stability of the field of an acoustic standing wave depend on several design factors: the relationship between
the wave length and the width of the microchannel, the position and design of the CPT, the parameters and
properties of the piezoelectric substrate. In general, numerical modeling of the basic design of the CPT, two
modifications with paired fingers and four variants of the CPT, which differ in the width of the fingers, was carried
out. The results are presented and a comparative analysis of the distribution of electric potential in the area of the
piezoelectric substrate and the nature of the distribution of acoustic pressure inside the microchannel is carried
out. In the third section, a mathematical model of acoustophoretic separation of microparticles is constructed. It
makes it possible to predict the movement of microparticles within the microchannel and assess the influence of
microchannel geometry on the efficiency of their separation. A numerical study of the developed model for sorting
and focusing microplastic particles in microchannels of microfluidic laboratory chips (lab chip), as well as for
separation and sorting of microparticles of soot and ash suspended in microfluidic samples of rainwater, has been
carried out. As a result of a numerical experiment, it was concluded that the focusing of microparticles is
influenced by both their size and density. The results of the simulation showed that the designed microfluidic lab
chip is capable of separating two types of microparticles of soot and ash into the required number of groups
according to their density and size. For the first time, an acoustic fluid model was developed. It is capable of
calculating the distribution of acoustic pressure and simulating the movement of microparticles along the system
of microchannels under the action of acoustophoretic force. In the fourth section, a reinforcement machine
learning algorithm has been developed. It makes it possible to automate the process of selecting input parameters
for efficient separation of microparticles. It is shown that the determination of the frequency of acoustic waves is
possible using regression analysis.
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Kopg 3a €IPIIOY: 02071197

Micuesnaxo,rm(eunﬂ: npocnekT Hayku, 6ya. 14, XapkiB, XapkiBcbkuil p-H., 61166, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. lep6oBchkux Cepriit Bomogumuposud

2. Serhiy V. Shcherbovskykh

KBasigikamis: 1. 1. ., npodecop, 01.05.02

InenTudikarop ORCID ID: 0000-0001-8535-733X

JoparkoBa iHpopmanist: 8333026100

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0CO0M: Hauionansuuii yHiBepcurert "JIbBiBCbKA MOJITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BsacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. CrankeBuu OneHa MuxaininiBHa

2. Olena M. Stankevych

KBasigikamis: n. 1. 1., cr.H.C., 05.02.10



InenTudikarop ORCID ID: 0000-0002-5977-6351

JoparkoBa iHpopmanist: 7801581694

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

ByiacHe IlpizBuiie Im's ITo-6aThKOBI Cokosioscbkuit SIpocas [BaHOBIY
roJIOBH pagu

Bnacwue IpizBume Im's I1o-6aTbKOBI Coxkomnoscbkui fpocias IBaHOBUY
rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasibHuUI 32 MiATOTOBKY Bixrop MuxaitnoBud XaBasko

00JIIKOBHX JJOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLio HayKoBoOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




