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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO PO3BUTKY METO/IiB peaizallii eMHiICHMX BUMipIOBayiB (CEHCOPIB) OBITPSIHOTO
IIPOMIXKKY Mi’K POTOPOM Ta CTaTOPOM B KaIICYJIbHUX TiipOoreHepaTopax MsxoM YIOCKOHAIEHHS iX KOHCTPYKLi 3
yPaxyBaHHSM peaJbHUX YMOB eKCILTyaTallii 3a/1J1 3a0e31e4eHHs MiJiBUIIeHHSI TOYHOCT] BUMipIOBaHHSI IIOBITPSIHOTO
IIPOMIXKY [0 IPAKTUYHO HEOOXiAHOTO PiBHS 3rilHO BUMOT YAHHUX HOPMATHUBHUX Ta TEXHIYHUX JOKYMEHTIB 10 HUX.
Y BCTyni OGI'PYHTOBAHO aKTyaJIbHICTh TEMU JUcCepTallii, PO3KPUTO CYTHICTb i CTaH HAYKOBO-TEXHIYHOI TpO6IeMH,
110 IOCJIIKY€EThCSI, HaBEeIeHO OOIPYHTYBAHHS JOLIJIBHOCTI IPOBENIEHHS 1OCIiI>)KEeHb, BioOpakeHOo 3B’130K pOOOTH
3 HayKOBMMHU IIporpamamu Ta mnanamu HIP Inctutyty enekrpogunamiku HAH Ykpainu, copmyboBaHO MeTy i
3aBJIaHHS JOCJIiI)KE€Hb, HAYKOBY HOBU3HY i TPaKTUYHE 3HAYE€HHSI OTPUMAHUX Pe3yJIbTaTiB, 3a3HAY€HO OCOOUCTHUIA

BHECOK 37100yBaya, HaBeJeHo anpobarliii podotu Ta nyodsikauii ii pesybTaTiB y HayKOBUX BUJAHHSIX. [lepuuii po3nin



MICTUTb aHAJIITUYHUI OIJIS/, HAyKOBO-TEXHIUHMX JPKEpeJl i maTeHTHoi iHdpopMmaliii 1010 MeTO1iB BUMipIOBaHHS
IIOBITPSIHOTO MTPOMIXKKY B rijporeHepatropax. Po3ryisiHyTo KOHTaKTHi (IyIy) Ta 6€3KOHTaKTHI (YJIbTPa3ByKOBI,
iHOYKUiMHI, ONTUYHI, eMHicHI) MeTonu. HaliepCcreKTUBHIINMU € €EMHICHI CEHCOPH, OCKiIbKM BOHU CTilKi 10
€JIEKTPOMArHiTHUX 3aBa] i TEMIIEPATyPHUX 3MiH, ajie IOTPeOYIOTh YIOCKOHANIEHHS. BudHayeHo akTopy, 1o
BIUIMBAIOTh HA TOYHICTb BUMipPIOBAaHHS: KDMBU3HA M0JII0CA POTOPA, TOXUOKM BUTOTOBJIEHHS Ta BCTAHOBJIEHHS
CEHCOPIB, BIVIUB MarHiTHOTO I10JIs], TEMIIEPATYPU 1 BOJIOTOCTI. 3alIPOIIOHOBAHO HAINIPSIMU BIOCKOHAJIEHHS CEHCOPIB
I7151 TIOKPAlll€eHHSI METPOJIOTIYHUX XapaKTEPUCTHUK. Y IPYroMy po3ziji IpeACcTaBIe€HO CTPYKTYPU €MHICHUX CEHCOPIB
MIOBITPSAHOTO NIPOMIKKY 3 KOMIUIAHAPHMMMU €JIEKTPOJAMU. 3alIPOIIOHOBAHO TOIOJIOTIIO €JIEKTPOLIB, iHBaPiaHTHY A0
MarHiTHoro 1noJis, Ta TudepeHLiiHy cCXeMy CeHCcopa, 1o NifBuILye TouHicTh y 10 pasiB. Po3pobiaeHo meTon
3MEHILIEHHS NTaPA3UTHUX CTPYMIB, IIOKPAILEHO METPOJIOTIYHI XapaKTepUCTUKU. HaBeieHO pe3yIbTaTy BUBHAYEHHS
(YHKLiI IepeTBOPEHHS 3alIPOIIOHOBAHMX €MHICHUX CEHCOPIB MOBITPSIHOTO IPOMDKKY B ITOTY>KHUX
riiporeHeparopax 3 NOKPalleHUMU METPOJIOTIYHUMHU XapaKTEPUCTUKAMU Ta PO3MUPEHUMHU (PYHKIIOHATbHUMU
MOXUJIUBOCTSIMU. TpeTiit po3zi MPUCBSIYEHO AOCIIIPKEHHIO BIUIMBY TEXHOJIOTTYHUX Ae(eKTiB i KOHCTPYKTUBHUX
0CO6IMBOCTEN By3J1a KOHTPOJIIO HA METPOJIOTIYHI XapaKTEPUCTUKY €MHICHMX CEHCOPIB LJISIXOM aHAJliTUYHUX
PO3paxyHKiB Ta MATEMATUYHOTO MOJEJII0BaHHSL. JlOCTiIKeHO MOXUOKY, CIPUYMHEHI KPUBU3HOIO PO3TOYEHHS
ocepzs cTaTopa, KPUBU3HOIO I10J1I0Ca POTOpa Ta IEPEeKOCOM CeHcopa. BusiBieHo, 10 [10X1bKa yepe3 KpUBU3HY
CTaTopa € CTaJIOK i BUBHAYAEThCA LIMPUHOIO CEHCOPA Ta pafiiycoM po3To4eHHs. KpuBU3HAa I10JI0Ca pOoTOpa
BUKJIMKA€E aIUTUBHY NOXUOKY, IPONOPLiHY pafiycy «06almakay rnostoca. [lepekic ceHcopa BiTHOCHO MoJoca
pOTOPa TaKOX NPU3BOJIUTH IO AAUTUBHOI TIOXMOKHY, IPOMNOPLiIHOI KyTy nepekocy. [Toka3aHo, o i TOXUOKU
MO>XHa CKOMIIEHCYBAaTU KOPUT'yBaJIbHUMU KoedillieHTaMu 1iJ] yac HaJIallTyBaHHS CUCTEMU BUMipIOBaHHSI.
Po36iKHICTb MiXK pe3ysibTaTaMl KOMITIOTEPHOTO MOJIEJII0BaHHS Ta aHAJIITUYHUX PO3PaxyHKIB (6€3 ypaxyBaHHs
Iapa3uTHUX €EMHOCTeN) He niepeBulnye 1%. HaBeneHo pekomeHallii moio po3po6Ku Ta BCTAHOBJIEHHS CEHCOPIB,
IKi MiHIMI3YIOTb TOXMOKY Ta MTOKPAILYIOTh METPOJIOTIYHI XapaKTEepPUCTUKY CUCTEMU BUMIPIOBaHHS. Y YETBEPTOMY
PO31iJi Ipe CTaBleHO pe3yibTaTy Jab0PaTOPHUX Ta €KCIIEPUMEHTaIbHUX JOCIIiIKeHb 3pa3KiB po3po0byieHuX
CEHCOPIB, SKi IpU3HAYEH] [7151 BAKOPMCTAaHHS Ha KallCyJIbHUX rizporeneparopax tumny CI'K 538 /160-70M. OTpumaHi
pe3yJIbTaTy MiATBEPIKYIOTh MOXJINBICTh BUKOPUCTAHHS PO3PO6IEHOr0 EMHICHOTO CEHCOPA 3 KOMILJIAHAPHOIO
NapajiesIbHOIO TOIOJIOTIEI0 €JIEKTPOIIB [J1s1 BUMiIPIOBAaHHS ITOBITPSIHOTO IIPOMDKKY MIXK CTaTOPOM Ta POTOPOM Y
KarcyabHoMy rinporeneparopi Tuny CI'K 538 /160-70M B nianazoHi Bif 2 1o 10 MM. Pe3ysibTaTi €KCIIEPUMEHTIB
J03BOJIMJIM BepudiKyBaTh KOMII'IOTEPHI MOJIeJli Ta MAaKETHI 3pa3Ky, CTBOPEHi Ha OCHOBI IIPOBEIEHUX IOCIIiTKEHb
QHATITUYHUMHU METOJIAMU Ta YXACEJILHOTO MOJIEJIIOBAHHS, & TAKOXK MiATBEPIUTH PaBUJIbHICTb TPUMHATUAX

TEOPETUYHUX ITiIXOMiB.

2. The dissertation focuses on developing methods for implementing capacitive sensors for measuring the air gap
between the rotor and stator in capsule hydrogenerators. This involves enhancing their design while considering
real operating conditions to improve measurement accuracy to the required practical level, in compliance with
current regulatory and technical standards. The introduction establishes the relevance of the dissertation topic,
defines the scientific and technical problem under investigation, and justifies the necessity of the research. It
highlights the study’s alignment with scientific programs and research plans of the Institute of Electrodynamics of
the NAS of Ukraine. Additionally, it formulates the research goal and objectives, outlines the scientific novelty and
practical significance of the results, specifies the applicant’s personal contribution, and presents the approbation
of the work along with its publication in scientific journals. The first section presents an analytical review of
scientific and technical literature, as well as patent information on air gap measurement methods in
hydrogenerators. It examines both contact (probe-based) and non-contact methods, including ultrasonic,
induction, optical, and capacitive approaches. Among these, capacitive sensors are identified as the most
promising due to their resistance to electromagnetic interference and temperature variations, though they require
further enhancement. The section also identifies key factors affecting measurement accuracy, such as rotor pole
curvature, manufacturing and installation errors, and the influence of magnetic fields, temperature, and humidity.
Based on this analysis, directions for improving capacitive sensors to enhance their metrological characteristics
are proposed. The second section introduces the designs of capacitive air gap sensors with coplanar electrodes. A



magnetic field-invariant electrode topology and a differential sensor circuit are proposed, enhancing
measurement accuracy by an order of magnitude. Additionally, a method for reducing parasitic currents is
developed, further improving metrological characteristics. The section also presents the results of determining the
conversion function of the proposed capacitive sensors in high-power hydrogenerators, demonstrating improved
accuracy and expanded functionality. The third section investigates the impact of technological defects and design
features of the control unit on the metrological characteristics of capacitive sensors through analytical
calculations and mathematical modeling. It examines errors arising from the curvature of the stator core bore, the
curvature of the rotor pole, and sensor skew. The analysis reveals that the error due to stator curvature remains
constant and depends on the sensor width and bore radius, while rotor pole curvature introduces an additive error
proportional to the radius of the pole “shoe.” Similarly, sensor skew relative to the rotor pole results in an additive
error proportional to the skew angle. The study demonstrates that these errors can be compensated for using
correction factors during system calibration. The discrepancy between computer modeling results and analytical
calculations (excluding parasitic capacitances) does not exceed 1%. The section concludes with recommendations
for sensor design and installation to minimize errors and enhance the metrological characteristics of the
measurement system. The fourth section presents the results of laboratory and experimental studies on
prototypes of the developed capacitive sensors designed for use in SGK 538 /160-70M capsule hydrogenerators.
The obtained results confirm the feasibility of using the proposed capacitive sensor with a coplanar parallel
electrode topology for measuring the air gap in the range from 2 to 10 mm. Experimental results validated the
accuracy of computer models and physical mock-ups developed based on analytical and numerical modeling,
confirming the reliability of the adopted theoretical approaches.
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1. Bacsko Iletpo ®enocitioBuy

2. Petro Vasco

KBasigikamis: g.1.1., npodecop, 3aBenyromuii otaena BJI, 05.09.01, 05.14.08
InenTudikarop ORCID ID: 0000-0001-8807-7173

JoparkoBa inpopmamnist:

IToBHEe HafIMeHyBaHHS[ lopn,rmquoi ocoou: [HCTUTYT BigHOB/IIOBaHOI eHepreTuky HallioHasnbHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 26476029

Micue3Haxoa KeHHS: By JlparomaHoBa, 6yx. 17, Kuis, 02068, Vkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist Hayk Ykpainu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Ikapynuno Bagyum BikropoBud

2. Vadym Shkarupylo

KBasigikanis: n.1.1., nouenr, 05.13.05
InenTudikarop ORCID ID: 0000-0002-0523-8910
JoparkoBa indpopmamnist:

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT 6iopecypcis i

PUPOJOKOPHCTYBaHHS YKpaiHU

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa KeHHS: By [epoiB O60ponu, 6y1. 15, Kuis, 03041, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. bparunenp Ipuna OsnekcaHpiBHa

2. Iryna Brahynets

KBasmigikanis: k.r.u., c.u.c., 05.11.05



InenTudikarop ORCID ID: 0000-0002-9528-5808

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: [HCTUTYT eleKTpoauHaMiku HarioHanbHoi akaziemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicbkuii, 6y, 56, Kuis, 03057, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mopo3 Poman MukoJsiaiioBru4

2. Roman Moroz

KBasigikamis: k.r.u., 05.11.05

I,I[eHTI/I(l)iKaTOp ORCID ID: 0000-0002-4292-8160

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: [HCTUTYT estekTpopMHamiku HanioHanbHOi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicbkuii, 6y, 56, Kuis, 03057, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's I10-6aTbKOBI upnoscbka Hartamisa AnaTostiiBHa
roJIOBH pagu

Bnacue IpizBume Im's I10-6aTbKOBI Munnoscbka Haranis AnarosiiBHa
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY MakapeHko Ipuna BacuniBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




