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Pedepar/anoTamis:

1. Incepranifina po60Ta IpUCBIY€Ha PO3po6Li POTOCTUMYIBOBAHOTO MIJIAHAPHOTO CEHCcopa X0J1j1a Ha OCHOBI
cynbdiny kapmito (CdS) 3 mifBUIIEHOIO YYTIMBICTIO Ta PO3MKUPEHUM IUHAMIYHUM Jialla30HOM BUMIPIOBaHHS
MarHitTHoro noJis. Po6ota cripsiMoBaHa Ha BUPillIEeHHS aKTyalbHOI HAYKOBO-TEXHIUHOI Ipo6ieMHU, IIOB'13aHOI 3
00ME>XEHUMU MO>KJIMBOCTSIMU KJIACMYHUX CEHCOPiB X0J1j1a 010 aiallTUBHOTO KEPYBaHH iX YyTJIMBICTIO, SIKA
BU3HAYaA€ThCS e1eKTPODi3NYHUMU BIACTUBOCTSIMU MaTepiasy Ta TeOMeTpielo aKTUBHOI 006J1aCTi. 3anponoHOBaHUM
niAxin IpyHTYeThCsl Ha BUKOPUCTaHHI poToreHepalii HOCIiB 3apsy sIK He3aJIeXHOTO KaHaJly KepyBaHHS
napaMeTpaMu ceHcopa 6e3 3MiHM Moro KOHCTPYKLI Ta eJIeKTPOHHOI YaCTMHY BUMIPIOBaIbHOI cuctemu. [lucepratis
CKJIaJIaeThCs 31 BCTYIy, YOTUPbOX PO3[IiJIiB, BUCHOBKIB, CIUCKY BUKOPUCTAHUX JpKepeJl. Y BCTyIi OOIPYHTOBaHO
aKTyaJIbHICTb TEMU JOCTiIKeHHS, COOPMYJIbOBAHO METY Ta 3aBAAHHS POOOTH, BUBHAYEHO 00'€KT, TpeMeT i MeTonu

IOCJIiZIPKEHHS, HaBeJIEeHO HAyKOBY HOBU3HY Ta ITPAKTUYHE 3HAYEHHS OTPUMAHMX PEe3YJIbTaTiB. Y IepuoMy po3imi



IIPOBELEHO aHaJli3 Cy4aCHOTO CTaHy PO3BUTKY CEHCOPiB X0J11a, PO3IJISIHYTO OCHOBHI pisHOBUIYM e(eKTiB X0IuIa,
0COOJIMBOCTI Makpo-, MiKpO-, HAHO- Ta KBAHTOBUX IIPUCTPOiB, BUKOHAHO aHaJli3 iCHYyIOUMX MaTeMaTUYHUX MOZeJIel,
MarepiasiB i TonoJsoriii ceHcopis. [TokazaHo, o 6i/bIIICTh Cy4acHUX CIIOCOOIB MiJIBULIEHHS YyTJIUBOCTI
OG6IPYHTOBAHO JOLiIbHICTh BUKOPUCTAHHS (POTOUYYTIMBOTO MOHOKpUCTaiyHOro CdS siK Marepiany akKTUBHO]
ob6sacTi ceHcopa. Y Ipyromy po3sfii po3po61eHO MaTeEMAaTUYHYy MOJieJIb (POTOCTUMYJIbOBAHOTO I1JIAaHAPHOTO
ceHcopa XoJ171a, sIka BpaxoBye (poToreHepallilo HOCiiB 3apsily, 3MiHy KOHLI€HTpallii e/IeKTPOHIB i Iipok, ix
PYXJIMBOCTI, a TAKOX €(PEKTUBHOI TOBIIMHY aKTUBHOI 06J1acTi. Ha OCHOBI piBHSIHB €J1IEKTPOIIPOBiAHOCTI,
HEIePepBHOCTI Ta raJibBAHOMATHITHUX SIBUIL, OTPUMAHO aHAJIITUYHI 3aJI€>KHOCTI MiXK ITapaMeTpaMu OIIPOMiHEHHS,
MarHiTHUM I10JieM i Hanipyroo XoJuia. [IpoBeieHO JOCTiI)KEHHS BIVIMBY iHTEHCUBHOCTI OIITUYHOTO
BUIIPOMIHIOBaHHS, KOe(illieHTa OTJIMHAHHS, YacCy XXUTTS! HEPIBHOBKHUX HOCIIB 3apsiy Ta €(peKTUBHOI TOBIMHA
aKTMBHOI 06J1aCTi Ha XapaKTEePUCTUKU CeHCOopa. Bu3HayeHo yMOBH, 32 SIKMX 320€3I1e4yeTbCs MAKCUMaJIbHE
MigBUILIEHHS 1OTO YyTJIUBOCTI. Y TPETbOMY PO3[ijli HABEIEHO PE3yJIbTaTH €KCIIEPUMEHTAIbHUX OCIiIKEHb
po3pobieHoro ceHcopa. JJocainKeHo 3ameKHOCTI Hanpyry XoJiia Bifi iHAyKLii MarHiTHOTrO MoJist 3a PisHUX PEXUMIB
ONTUYHOIO ONPOMiHEHHS], NOOYJOBAaHO aMIIITyJHO-4aCTOTHi Ta (pa30-4aCTOTHI XapaKTepPUCTUKHU, BUKOHAHO
MOPiBHSIHHS €KCIIEPUMEHTAJIbHUX PE3YJbTaTiB i3 MaTEMaTUYHOIO MOJEIIO. [IpoBeleHO uncebHe MOJEII0BaHHS
disnyHux npouecis y kpucrtasui CdS MeTooM CKiHUeHHUX eJIEMEHTIB, 110 MifTBEPAUIIO JiHIMHUI XxapaKTep 3MiHU
Hanpyru XoJsja B MeXXax NPUUHITUX NPUIYIIEHb Ta J03BOJIUIO BCTAHOBUTU MEXi 3aCTOCOBHOCTI pO3p06JIeHOi
Mogeni. [TokazaHo, 110 BiIXUJIEHHS €KCIIEPUMEHTAJIbHYX XapaKTEPUCTHK Bifl PE3YyJIbTaTiB MOZEIIOBAHHS
00YMOBJIEHI KOHTAKTHMMU SIBUIIAMU, IIyMaMH, IaPa3UTHMMU NIapaMeTPaMU Ta HeJIiHIMHUMU eeKTamu, SIKi He
BPaxOBYIOTbCS Mif, YaC YMCEIbHOTO MOJEJIOBAHHS. Y YETBEPTOMY PO3/iJli 3alIPOIIOHOBAHO METOAMKY BUMIPIOBAaHHS
iHIOYKLii MarHiTHOTO IMOJIS1 3 BUKOPUCTaHHAM (POTOCTUMYJIbOBAHOTO CEHCOPa XO0JIj1a B PEKMMAaX BEJIMKOrO Ta MAJIOro
curHany. Po3apo6seHo eKBiBaJIieHTHY eJIEKTPUYHY CXeMY CEHCOPa, JOCIiIKEHO Moro nepeaBabHi, aMILIITYIHO-
4YacCTOTHI Ta $a30-4aCTOTHi XapaKTepUCTUKH, BU3BHAYEHO OCHOBHI MapaMeTpy BUMIipPIOBaJIbHOI CUCTEMU Ta
OOI'PYHTOBAaHO MO>KJIMBICTb aJAlITUBHOIO KEPYBAaHHS UyTJ/IMBICTIO 32 PaXyHOK 3MiHM IapaMeTPiB ONITUYHOTO
ornpomineHHs. HaykoBa HOBU3HA OI€P>KaHUX PE3YJIbTATIB [10JISITA€ Y PO3POOJIEHHI HOBOTO TUITY
(OTOCTUMYJIBOBAHOTO IJIAHAPHOTO C€HCoPa XO0J11a, B IKOMY aKTUBHA 0671aCTb (POPMYETHCS Mif, [Ii€l0 ONTUYHOTO
BUIIPOMIHIOBaHHS. YIOCKOHaJIEHO MaTeMaTU4Hy MOJeJIb CEHCOPA, s1Ka BpaxoBye oToreHepallilo HOCIiiB 3apsay Ta
3MiHy e(EKTHUBHOI TOBIIMHY aKTUBHOI 00J1aCcTi. BU3HaYueHO ONTHMAaJbHi MapaMeTpu ONPOMiHEHHS, 110
320€31e4yI0Th iCTOTHE MiJIBUILIEHHS YyTJIMBOCTi CEHCOPA, Ta PO3POOIEHO METOIMKY BUMIPIOBAaHHS MarHiTHOTO I10JIs
y LINPOKOMY JUHAMIYHOMY JlianasoHi. [IpakTuiHe 3HaueHHs1 pOOOTHU I0JIsira€ y CTBOPEHHI GPOTOCTUMYJIbOBAHOTO
ceHcopa XoJa, SIKUH 3abe3nevye KepoBaHe MifBUILEHHS YyTAMBOCTI y 1,8-2,1 pasa, 36i/1b1I€HHS 4yTIUBOCTI 32
Hamnpyroto 3 0,060,006 o 0,12+0,012 MB /MTn, po3mupenns cmyru npomnyckadss 3 200-210 xI'y o 270-280 xI'1
Ta BUMIpIOBaHHS MarHiTHoi iHnyKuii y nianasoxi 10o00-1 T 6e3 3MiHM KOHCTPYKLii ceHcopa. Pesynbratu po6oTu
MOXYTb OYTM BUKOPUCTAaHi [1IpY CTBOPEHHI alallTUBHUX MarHiTOMETPiB, CEHCOPIB CTPyMY, I103ULIIIHUX CEHCOPIB,
CHACTEM HEPYHHIBHOTO KOHTPOJIIO Ta iHIIMX BUMipPIOBAJIbHMX CUCTEM. 3a pe3yJIbTaTaMU OOCJiIKEHHS OIy0JIiKOBAaHO
YOTUPH HAyKOBi IIpalli, y IKUX BUCBITJIEHO OCHOBHI I1OJIOKEHHS AUCEPTallil, 30KpeMa OGHY CTaTTIO, IO
iHmekcyeTbcs B 6a3i Scopus, ABi cTaTTi y paxoBux BUAAHHIX YKpainu Kateropii b Ta marepiann MbkHapoHOI
HayKoBOi KOH(epeHL;i.

2. The dissertation is devoted to the development of a photo-stimulated planar Hall sensor based on cadmium
sulfide (CdS) with enhanced sensitivity and an extended dynamic range for magnetic-field measurement. The
research addresses the relevant scientific and technical problem of the limited capability of conventional Hall
sensors to provide adaptive sensitivity control, since their characteristics are mainly determined by the
electrophysical properties of the material and the geometry of the active region. The proposed approach is based
on using photogeneration of charge carriers as an independent control channel for adjusting sensor parameters
without modifying either the sensor structure or the electronic circuitry of the measurement system. The
dissertation consists of an introduction, four chapters, conclusions, a list of references. The introduction
substantiates the relevance of the research topic, formulates the aim and objectives of the study, defines the



object, subject, and research methods, and presents the scientific novelty and practical significance of the
obtained results. The first chapter analyzes the current state of Hall sensor development, considers the main types
of Hall effects, and reviews the features of macro-, micro-, nano-, and quantum devices. Existing mathematical
models, materials, and Hall sensor topologies are also examined. It is shown that most contemporary methods for
sensitivity enhancement are implemented during sensor fabrication and do not provide the possibility of changing
sensitivity during operation. The feasibility of using photosensitive monocrystalline CdS as the material of the
active region is substantiated. The second chapter presents a mathematical model of the photo-stimulated planar
Hall sensor, which takes into account photogeneration of charge carriers, changes in electron and hole
concentrations, their mobilities, and the effective thickness of the active region. Analytical relationships between
irradiation parameters, magnetic field, and Hall voltage are obtained on the basis of conductivity, continuity, and
galvanomagnetic equations. The effects of optical radiation intensity, absorption coefficient, lifetime of
nonequilibrium charge carriers, and effective active-region thickness on sensor characteristics are investigated.
The conditions providing the maximum increase in sensor sensitivity are determined. The third chapter presents
the results of experimental studies of the developed sensor. The dependences of Hall voltage on magnetic
induction under different optical irradiation conditions are investigated, amplitude-frequency and phase-
frequency characteristics are obtained, and the experimental results are compared with the mathematical model.
Finite-element numerical modeling of physical processes in the CdS crystal confirms the linear variation of Hall
voltage within the adopted assumptions and makes it possible to determine the applicability limits of the
developed model. Deviations of the experimental characteristics from the simulation results are explained by
contact effects, noise, parasitic parameters, and nonlinear phenomena that are not included in the numerical
model. The fourth chapter proposes a method for measuring magnetic induction using the photo-stimulated Hall
sensor in large-signal and small-signal operating modes. An equivalent electrical circuit of the sensor is developed,
its transfer, amplitude-frequency, and phase-frequency characteristics are investigated, and the main parameters
of the measurement system are determined. The possibility of adaptive sensitivity control by varying the optical
irradiation parameters is substantiated. The scientific novelty of the obtained results lies in the development of a
new type of photo-stimulated planar Hall sensor in which the active region is formed under optical irradiation. The
mathematical model of the sensor is improved by taking into account charge-carrier photogeneration and
variation of the effective active-region thickness. Optimal irradiation parameters providing a substantial increase
in sensitivity are determined, and a method for magnetic-field measurement over a wide dynamic range is
developed. The practical significance of the research lies in the development of a photo-stimulated Hall sensor
that provides a controlled sensitivity increase by a factor of 1.8-2.1, an increase in voltage sensitivity from
0.06+0.006 to 0.12+0.012 mV/mT, an extension of the bandwidth from 200-210 kHz to 270-280 kHz, and
magnetic-induction measurement within the range of 10o0-1 T without modifying the sensor structure. The obtained
results can be used in adaptive magnetometers, current sensors, position sensors, non-destructive testing
systems, and other measurement systems. Four scientific publications present the main results of the dissertation,
including one paper indexed in Scopus, two papers published in Ukrainian professional scientific journals of
Category B, and one conference.
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