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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO PO3B’s13aHHIO aKTyaJbHOTO HAyKOBO-TIPUKJIAIHOTO 3aBJaHHSI, [IOB'I3aHOTO 3
MigBUIIIEHHSIM TOYHOCTI, JOCTOBIPHOCTI Ta iHpopMaLiitHOi edeKTUBHOCTI iHPOpPMaLiFTHO-BUMiPIOBATIbHUX CUCTEM
KOHTPOJII0 06€PTOBUX BY3J1iB OTY>KHUX rifporenepaTopis. HaziiiHa excriyaTalis rigpoarperaris B yMoBax
TPUBAJIO] pOOOTH, 3MiHHUX HABAHTAKEHD i BIUIMBY (PAKTOPIiB BHYTPILIHBOTO CEPEOBUIIA BUMArae 3aCTOCyBaHHS
CY4aCHMX CEHCOPHUX 3aC00iB, aIeKBaTHUX MaTEMAaTUYHUX MOJIeJIel i aIrOpUTMiB OOPOOKM KOHTPOJILHO-
IiarHocTMYHOI iHpopMallii B peaslbHOMY MaclITabi yacy. MeTolo nucepTaliiiHoi po60TH € po3poodKa Ta
BIOCKOHAJIEHHS KOMIIOHEHTIB OTPUMAaHHs, OOpOOKHU i IepejaBaHHsI KOHTPOJIbHO-IiarHOCTUYHO] iH(popMalii, sIKi
3a6€311e4yIoTh IiIBUIIEHHS] TOYHOCTI iHpOpMaLiiHO-BUMipPIOBaJIbHAX CUCTEM KOHTPOJII0 OOEPTOBUX BY3JIiB

rizporeHepaTopiB 3 ypaxyBaHHSM BILIMBY TEMIIEPATYPH Ta BOJIOTOCTi POOOYOT0 CEpefoBUILA Ha pe3yJIbTaTh



BUMIpPIOBaHHS iX KiIHEMAaTUYHUX XapaKTePUCTUK. O6’'€KTOM IOCIiIKEHHS € ITPOLLeC KOHTPOJIIO TEXHIYHOTO CTAHY
00€pTOBUX BY3JIiB IIOTY>KHOTO T€HEPYIOUOro 06JIaiHaHHS eJIeKTPOCTAHIIill Ha OCHOBI BUMIPIOBaHHS Ta aHali3y
KOHTPOJIbHO-iarHOCTUYHUX CUTHAJIiB, 30KPEMa PafliajIbHOTO OGUTTS Bajla i IOBITPSIHOTO IIPOMIXKKY, 1110 (POPMYIOTHCSI
Iif1 yac eKcITyaratii rizporeneparopis. [IpeiMeToM NOCTiIKEHHS € MOJeJli Ta TEXHIYHI 3aco0u peasisanii
KOMIIOHEHTiB iHOpMaLiflHO-BUMIPIOBaJIbHUX CUCTEM KOHTPOJIIO TEXHIYHOTO CTaHy HU3bKOOOEPTOBUX BY3JliB
IIOTY>KHUX TilporeHepaTopis. Y po60Ti BUKOHAHO aHAIITUYHUH OIJISIZ, Cy4YaCHOTO CTaHy Ta IpobJIeMaTUkKu
KOHTPOJIIO i IiarHOCTyBaHHSI OGEPTOBUX BY3JIiB riipOreHepaTopiB, IpOaHaJi30BaHO OCHOBHI METOAU Ta 3aCO0U
KOHTPOJIIO, iX (PyHKLiOHATIBHI MOXKJIMBOCTI, ITIepeBaru i 06MeskKeHHs], a TaKOK TUIOBI AedeKTH Ta iX BIJIMB Ha
TEeXHIYHUY cTaH arperariB. OGIPyHTOBAHO JOLIJIBHICTh 3aCTOCYBaHHSI CIIELiali30BaHUX CHCTEM KOHTPOJIIO 3
BHMipIOBaJIbHUMU KOMIIOHEHTaMU, iHBapiaHTHUMHU [0 BILJIMBY BHYTPIIIHBOTO CEPEJOBUILA, Ta HEOOXiTHICTh
nigBuieHHs iHPOPMATUBHOCTI i 3aBaIOCTIMKOCTI BUMipIOBaJIbHUX 3aC00iB BifIITOBIHO 0 Mi’KHapOJHUX CTaHIAPTIB.
3anpornoHOBaHO YIOCKOHAIEHY CTPYKTYPY iHhOpMaLifiHO-BUMipIOBAJIbHOI CCTEMHU KOHTPOJIIO O6EPTOBUX BY3JIiB,
10 6a3yeTbCsl Ha MyJAbTUQI3UYHIN CeHCOPHIN iHPpaCcTPYKTypi 3 BUKOPUCTAHHSIM €MHICHUX, Bib6paliiiHUX,
€JIEKTPOMAarHiTHUX, TEMIIEPATYPHUX i TiIrpOMETPUYHUX C€HCOpiB. Po3pobseHo iHpopMaLiliHO-BUMIPIOBaIbHUI
KaHaJl KOHTPOJIIO MIOBITPSIHOTO MPOMDKKY, IPMHLMIIY OT0 CUHXPOHI3allii 3 06epTaHHSIM pOTOpPa Ta OpraHisaLilo
IeTepMiHOBAaHOTO OOMIHY IaHUMU B peaslbHOMY MaciuTabi yacy. O6rpyHTOBaHO 3aCTOCYBaHHS OudepeHLiiHOro
€MHICHOI'O CEHCOpa, iHBapiaHTHOTO [10 BIUIMBY TEMIIEPATYPH i BOJIOTOCTI, a TAKOXX BUKOPUCTAHHSI 6€3IPOBiHOI
texHosorii LoRaWAN 1715 3aBafoCTilikoro rnepenaBaHHs JaHuX. Po3po6aeHo MaTeMaTUyHi MOZeli Ta alTOPUTMU
06pOO6KU CUTHAJIIB CEHCOPIiB KiHEMATUYHUX XapAaKTEPUCTUK 00EPTOBUX BY3JIiB 3 ypaxyBaHHSIM CTOXaCTUYHOI
npupoau ix GopMyBaHHsI, HeJliHIiHOCTe!, IIyMOBUX CKJIQJIOBUX i BIIJIMBY IIapaMeTpiB poO0Yoro cepeioBuIia.
3anpornoHOBaHO METOAM BU3HAYEHHS IPOCTOPOBOrO 3MillleHHs Bajla Ta o6y i0BYU rogorpada pyxy LeHTpa poTopa
Ha OCHOBI JaHUX OPTOTOHAJIPHO PO3TALIOBAHUX CEHCOPIB, 10 MifBuIIy€e iHPOPMATUBHICTb IiarHOCTUKU Ta
IIOCTOBIPHICTb OL[iHIOBAHHS TEXHIYHOTO CTaHy. BUKOHaHO TEXHI4YHY peasizalliio Ta eKCIIEPUMEHTAJIbHY I1IE€PEBiIPKY
PO3p06I€eHUX KOMIIOHEHTIB iH(pOpMallifiHO-BUMipIOBaJIbHOI CUCTEMHU Ha BUIIPOOYBAJIbHO-I€MOHCTPALilTHOMY
CTEHJ]i Ta Ha Ail04oMy rigpoarperari. Pe3ysibraty eKCIIEpUMMEHTIB MiATBEPAUIIN aleKBaTHICTh MATEMATUYHUX
Mozesnen, e(PEKTUBHICTh aITOPUTMIB TEMIIEPATYPHO-BOJIOTICHOI KOMIIEHCAllii Ta IPaKTUYHY NPUIATHICTD
3aIPOIIOHOBAHUX TEXHIYHUX pilleHb. PO36iKHICTh pe3ysibTaTiB BUMipIOBaHb 3i IITATHUMU 3aCO6aMU He IIepeBULUIa
0,8 %. [IpakTU4HE 3HA4E€HHS POOOTHU IOJISITAE Y BIIPOBA/I)KEHHI PO3PO6JIEHUX TEXHIYHUX | IPOrpaMHUX pillleHb Y
BMPOOHNYY NPAKTUKY, 110 3a6e31e4dye MiJBUIIEHHS TOYHOCTI BUMiPIOBaHHS MOBITPSIHOTO IIPOMIXKKY Ta

IOCTOBIPHOCTI [1iarHOCTYBaHHS TEXHIYHOTI'O CTaHy 00€PTOBUX BY3JIiB TiipOreHepaTopis.

2. The dissertation is devoted to solving an akryanbHe scientific and applied problem related to improving the
accuracy, reliability, and information efficiency of information and measurement systems for monitoring the
rotating units of high-power hydrogenerators. Reliable operation of hydropower units under long-term service
conditions, variable loads, and the influence of internal environmental factors requires the use of advanced sensor
technologies, adequate mathematical models, and real-time signal processing algorithms for control and
diagnostic information. The purpose of the dissertation is to develop and improve components for acquiring,
processing, and transmitting control and diagnostic information that ensure increased accuracy of information
and measurement systems for monitoring the rotating units of hydrogenerators, taking into account the influence
of temperature and humidity of the operating environment on the measurement results of their kinematic
characteristics. The object of the research is the process of monitoring the technical condition of rotating units of
high-power generating equipment at power plants based on the measurement and analysis of control and
diagnostic signals, in particular shaft radial runout and air gap variations, formed during the operation of
hydrogenerators. The subject of the research is models and technical means for implementing components of
information and measurement systems for monitoring the technical condition of low-speed rotating units of high-
power hydrogenerators. The work includes an analytical review of the current state and challenges in monitoring
and diagnostics of rotating units of hydrogenerators. The main monitoring methods and tools, their functional
capabilities, advantages, and limitations, as well as typical defects and their impact on the technical condition of
the units, are analyzed. The feasibility of using specialized monitoring systems with measurement components



invariant to the influence of the internal environment is substantiated, along with the need to increase the
informativeness and noise immunity of measurement tools in accordance with international standards. An
improved structure of an information and measurement system for monitoring rotating units is proposed, based
on a multiphysics sensor infrastructure that integrates capacitive, vibration, electromagnetic, temperature, and
hygrometric sensors. An information and measurement channel for air gap monitoring is developed, including
principles of synchronization with rotor rotation and deterministic real-time data exchange. The application of a
differential capacitive sensor invariant to temperature and humidity effects is justified, as well as the use of
LoRaWAN wireless technology for interference-resistant data transmission. Mathematical models and signal
processing algorithms for sensors of kinematic characteristics of rotating units are developed, taking into account
the stochastic nature of signal formation, nonlinearities, noise components, and the influence of operating
environment parameters. Methods for determining shaft spatial displacement and constructing the hodograph of
rotor center motion based on data from orthogonally arranged sensors are proposed, which increases diagnostic
informativeness and reliability of technical condition assessment. Technical implementation and experimental
validation of the developed components of the information and measurement system were carried out on a test
and demonstration bench and on an operating hydropower unit. Experimental results confirmed the adequacy of
the mathematical models, the effectiveness of temperature and humidity compensation algorithms, and the
practical applicability of the proposed technical solutions. The deviation of the measurement results from standard
measurement tools did not exceed 0.8%. The practical significance of the work lies in the implementation of the
developed technical and software solutions in industrial practice, which ensures improved accuracy of air gap
measurement and increased reliability of diagnostics of the technical condition of rotating units of
hydrogenerators.
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IToBHe HafIMeHyBaHHﬂ IOpI/IJ.IH‘-IHOi 0Co0M: [HCTUTYT enekTpoauHaMiku HanioHanbpHOI akagemii HayK
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoa KeHHS: np. Bepecreiicbkuit, Kuis, 03057, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. €EpemeHko Bonogumup CraniciaBoBrUY

2. Volodymyr Eremenko

KBasigikanis: g. 1. 1., nou,, 05.13.05
InenTudikarop ORCID ID: 0000-0002-4330-7518
JoparkoBa iHdpopmamnist:

IloBHe HaflMeHyBaHHH Iopn,rmqﬂoi 0CO0H: HanjioHanbHu#t TexHiuyHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUM IHCTUTYT imMeHi Irops CikopceKoro”

Kopg 3a €IPIIOY: 02070921



Micuesnaxo;perHﬂ: npocnekT Bepecreticekuii, Kuis, 03056, Ykpaina
dopma ByracHoCTI:
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ikapynuno Bagum BikTopoBud

2. Vadym V. Shkarupylo

KBasigikanis: g. 1. 1., no,, 05.13.05

InenTudikarop ORCID ID: 0000-0002-0523-8910

JoparkoBa iHpopmauist: https://www.scopus.com/authid /detail.uri?authorld=57189326576

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHIBEpCUTET GiOPECYPCIB i

NpUPOJIOKOPUCTYBAaHHS YKpaiHu

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa>KeHHS: By ['epois O60ponu, Kuis, 03041, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bopuos IlaBso IBaHOBUY

2. Pavlo I. Bortshov

KBasigikanis: k.1, c.u.c., 05.11.05

InenTudikarop ORCID ID: 0000-0003-1363-9252

JoparkoBa iHdpopmamnist:

IToBHE HafIMeHyBaHHH Iopn,zmqﬂoi 0Cco0H: [HCTUTYT enexTpoauHaMiku HanioHanbpHOI akagemii Hayk
Ykpainu

Kog, 3a €IPIIOY: 05417236

Micuesnaxo,r.pKeHHa: np. Bepecreticekuii, Kuis, 03057, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bparuneunp Ipuna OsekcaHpiBHA

2. Iryna Brahynets



KBasigikanis: k.1, c.u.c., 05.11.05

InenTudikarop ORCID ID: 0000-0002-9528-5808

JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi ocoomH: [HCTUTYT enexTpoauHaMiku HanioHanbpHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoo KeHHSI: np. Bepecreiicbkuit, Kuis, 03057, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi

ByacHe IlpizBuie Im's ITo-6aTbKOBI Menbuuk Bosiogumup I'puroposuy
rOJIOBH pagu

BnacHe IlpizBume Im's I10-6aTbKOBI Menbuuk Bosiopumup 'puroposnd
rOJIOBYIOYOTO Ha 3aciJaHHi

BiagmoBizasibHUM 32 MiATOTOBKY MakapeHko Ipuna BacuniBHa
00JIiIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOsiiBHA

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisiIBHOCTI




