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1. lucepranifina po6oTa MprucBsAYeHa MiJIBUIEHHIO HAiHOCTi pOOOTHU eIeKTPUYHUK MAIIMH 3 Pi3HUM piBHEM
BiNIPallbOBAHOCTI iX PO3PaxyHKOBOI'O PECYPCY LIJISIXOM PO3POOKY Ta BIIPOBAPKEHHS €(DEKTUBHUX Majl0o3aTPaTHUX
METO/IB IiarHOCTMKU LIMXTOBAHUX OCEPb, 30KPEMA OLiHKU SIKOCTI MDKJIMCTOBOI i30JI11il Ta CTaHy IIPECYBaHHS
[IaKeTy B eJIEKTPUYHUX ABUTYHAX 3arajlbHOTO MPU3HAYeHHS Ta HaJAaHHIO OOIPYHTOBAHMX PEKOMEH 1ALl 110 iX
nojaJIblliil eKcIulyaTalii. ¥ nepomy po3ziii onucaHo BIIMB TEXHOJIOTIYHUX PAKTOPiB Ha XapaKTepPUCTUKU
IIXXTOBAHMX MArHITONPOBOIB €JIEKTPUYHMX MALIMH Ta OIJIA], iCHYIOUMX METOLIB NiarHOCTUKU CTaHY MIPKJIMCTOBOI
i3omsuii Ta piBHS pO3MylEHOCTi NakeTy. HaBeleHO NPpMYMHY BUHMKHEHHS Je(EeKTiB y IUXTOBAaHUX

MarHiTonpoBoiax B IIpoleci BUpOOHULTBA Ta PEMOHTY. [IoKa3aHO aHai3 iCHYIOUMX METOJiB ialrHOCTUKY CTaHy



SIKOCTi JIJaMiHOBaHUX OCEPIb, IO BUKOPUCTOBYIOTBCSI [1J1s1 BUSIBJIEHHS [TOIIKOIPKEHb Ta MOXKJIMBOTO IIPOTHO3YBAHHS
Buxony 3 samy EM. ITpoananizoBaHo OCHOBHi Buziy AedeKTiB, 110 MOKYTh BUHUKATYU B MarHiTOIIPOBOAX, HACIIKU
iX BIUIMBY Ha 3arajibHUil i MiClIeBUI CTaH MarHiTOIPOBOJY, & TAaKOXK HAa POOOTY €JIeKTPUYHOI MALlIMHU B LIiJIOMY. ¥
IpyroMy po3fii nmpencrasieHo (i3udHi OCHOBU 3B'S13Ky [1apAMETPiB BUCOKOYACTOTHUX NEPEXiTHUX IIPOLECIB 3
IMTOMMMY BTPAaTaMM B IIMXTOBAHUX MAarHiTONPOBOJAaX, IPUBEAEHO OMMC METOY OLiHKU SKOCTi JIJaMiHOBaHUX
ocepIp, 10 6a3yeThCsl Ha peaklii BUIIpoOyBaHOIO MarHiTOIIPOBOY Ha IIBUIKOIIMHHI iHNYKUiMHI BIIMBY. TpeTiit
PO3[iJ IPUCBSIYEHUIN MaTEMAaTUYHOMY MOJIEJIIOBAaHHIO BUCOKOYACTOTHOTO NPOLECIB IO 3aIIPOIIOHOBAHOMY
IHOYKUiTHOMY METOLY KOHTPOJIIO IKOCTI MIMXTOBAHUX MArHITONIPOBOIB €JIEKTPUYHMX MAIIVH 3arajJlbHOTO
npusHadeHHs. ONMCaHo Ta OOI'PYHTOBAHO NapameTpu 6e31e(deKTHOro Mar"itonposoay. [IpoBeeHo nonboBe Ta
MaTeMaTU4He MOJleJl0BaHHs fedeKTHUX Ta 6e31epeKTHUX M1aKeTiB JIUCTIB €JIeKTPOTEXHIYHOI CTajli B IPOrpaMHOMY
cepeposui COMSOL Multiphysics. Y yeTBepTOMy po3[ijli OMCAHO METOZ, OL[iHKHU SIKOCTi IHMXTOBAHUX
MarHiTOIIPOBOAIB 10 CTaHY MIKJIMCTOBOI 130141l Ta piBHS PO3MYLIEHOCTI JIMCTIB MarHiTONPOBOAY. MeTo 103BoJIsge
OOIPYHTYBAaTU peKOMeHJalii 1o [10JaIbIIOMy BUKOPUCTAHHIO OCEPAS 110 Pe3yJbTaTax aHajlizy JiarHOCTUYHUX
BIUJIMBIB IPU OGHOYACHOMY BUKOPUCTaHHI MIBUIKOIJIMHHYX iHOYKUIMHYX BIIMBIB Ta yIapHOro BibpauiliHoro
BIUIMBY IIPU CIiBBiIHOMIEHHI e PeKTiB pi3HOro NoxopkeHHs. [T'9Thil po3zis onucye CTPYKTYpPHI Ta PYHKILiOHAbHI
CXEMHU JIOCJIIZHOTO MAKETY JJIs JOCJIIKEHHS CTaHy SIKOCTI IIMXTOBAHOIO MArHiTOIPOBOAY BUCOKOYAaCTOTHUM
iHOyKUiiHUM MeTosioM. QYHKIliOHa/NbHA CXeMa CKJIaIa€ThCsl TeHEPATOPY CUHYCOiaJIbHUX OJIUBaHb BUCOKO]
4acTOTH, 610Ky CUJIOBUX KJIIOYiB HA MTOJIbOBUX TPAH3UCTOPAX, OJIOKY SKABJIEHHS Ta 6JI0OKy OOPOOKU Ta aHali3y
ingopmauii. CTpykTypa BUMipIOBaJbHO-AiarHOCTUYHOI CUCTEMHU BKJIIOUA€E CUJIOBY i BUMIPIOBAJIbHY YaCTUHY, SIKi
[IOB'sI3aHi iHAYKUIHUM IIJIIXOM Yepe3 00'€KT KOHTPOJIIO Ha SIKOMY PO3TallloBaHO OOMOTKY 30YIPKEHHS Ta
BMMIipIOBaJIbHY OOMOTKY. IPUCTPill 103BOJISIE BUKOHYBATH IIE€PEBIPKY SIKOCTi MDKJIMCTOBOI i301s111ii ocepas
€JIEKTPUYHUX MAIIMH Majloi Ta cepeHboi MOTYXHiCTi (06'€KTiB) 6€3 3aCTOCYBaHHS JOJATKOBUX BUMipIOBAJIbHUAX
npusanis. HaykoBa HOBU3HA OLEPKaHUX PE3YJbTaTiB B TOCIIKEHH] MOJIArae y HACTYyITHOMY: - 3alIPOIIOHOBAHO
IHOYKUiAHAA MeTOZ, KOHTPOJIIO SIKOCTi MDXKJIMCTOBOI 130714111 JJaMiHOBaHUX MarHiTONPOBOIIB, IKUI Ha BiIMiHY Bif,
icHyl04YMX, MOOYIOBaHUI HA IPUHLMII IOPIBHSIHHS peaklii MJIsXiB 3aMMKaHHS BUXPOBUX CTPYMIB IIpY HasIBHOCTI Ta
BiZICyTHOCTI Ae(eKTiB Ha MBUIKOIUIMHHI IPOLLECH Pi3HOI YaCTOTH B iHAYKLINHO MMOB'SI3aHMX KOHTYpax 30yKyl04oi
Ta KOHTPOJIbHOI OOMOTKU. - BIIOCKOHaJIEHO YMCeJIbHY [10JIbOBY MAaTEMATUYHY MOJI€JIb MIBUJKOIUIMHHUX IIPOLIECIB B
IIMXTOBAHOMY MarHiTHOMY OC€p/i, SIKa Ha BiIMiHY Bif] iCHyIOUMX BPAaXOBY€ HEJIiHIMHI BJIACTUBOCTI MarHiTHUX
Marepia’iB Ta sIBUILE TiCTepe3nCy Py 3MiHi YaCTOTU IEPEMArHivyBaHHs. - Briepue po3po6yeHO MaTeMaTu4Hy
MOJeJIb, SIKa BU3HA4Ya€ 3B’30K [1apaMeTPiB BUCOKOYACTOTHUX IIPOLIECIB B BUITPOOYBAHUX MATHITHUX OCEPASX 3 ixX
IMATOMUMU BTPATaMU B 3MiHHUX MarHiTHUX I10JISX IIPOMUCJIOBOI YaCTOTH Ta iHAYKIiSIX, PEKOMEHIOBAHUX [0
HOPMAaTUBHUX BUNPOOYBaHb Ta OJIM3bKUX A0 iHAYKLiM Py pOOOTI €JIeKTPUYHMX MaIvH. - OBIPYHTOBAaHO HOBY
METOJIUKY BU3HAYEHHS CTYIIEHS ITOMKOIKEHHS MDKJIMCTOBOI i30J1511il IMXTOBAHUX MAaTrHITOIIPOBOLIB €JIEKTPUYHUX
MAaIlIMH MTPY HAasIBHOCTI iHTerpanabHUX i JJOKanbHUX MedeKTiB 3 MOJaIbINMU PEKOMEHIAIIsIMU 10 BigOpaKiBKy
MAarHiTOIIpOBO/IB. - Ha 6a3i N0OY4OBaHMX MAaTEMAaTUYHUX MOZEJEN TEOPETUYHO OO PYHTOBAHO MOJKJIMBI
JiarHOCTMYHI O3HAKU IIMXTOBAHMX MArHiTONIPOBOIB €JIEKTPUYHUX MAIIVH, SIKi OPI€EHTOBAHI HA BUKOPUCTAHHS

yIapHOro Bi6paliliHOro CUrHajy 3 OJJHOYACHUM €JIEKTPOMAarHiTHUM KOMYTAlLiilHUM BILJIMBOM.

2. The dissertation is focused on solving the problem of diagnosing the condition of laminated cores and the
quality of inter-sheet insulation in general-purpose electric machines. The work focuses on the development and
implementation of an effective methodology that provides a comprehensive assessment of the state of the EM
magnetic core of general purpose. The first chapter describes the influence of technological factors on the
characteristics of laminated magnetic cores of electric machines and an overview of existing methods for
diagnosing the state of the inter-sheet insulation and the level of looseness of the package. The reasons for the
occurrence of defects in laminated magnetic cocores during the production and repair process are given. The
analysis of the existing methods of diagnosing the state of the quality of laminated cores, which are used to detect
damage and possible prediction of EM failure, is shown. The main types of defects that can occur in magnetic
cores, the consequences of their influence on the general and local condition of the magnetic core, as well as on
the operation of the electric machine as a whole, are analyzed. The second chapter presents the physical basis of



the connection between the parameters of high-frequency transient processes and the specific losses in laminated
magnetic cores, and describes the method of evaluating the quality of laminated cores, which is based on the
reaction of the tested magnetic core to fast-moving induction influences. The third section is devoted to the
mathematical modeling of high-frequency processes by the proposed induction method of quality control of
laminated magnetic cores of general-purpose electric machines. The parameters of the defect-free magnetic core
are described and substantiated. Field and mathematical modeling of defective and defect-free bundles of
electrical steel sheets was carried out in the COMSOL Multiphysics software environment. The fourth chapter
describes the method of assessing the quality of laminated magnetic cores based on the state of inter-sheet
insulation and the level of loosening of magnetic core sheets. The method makes it possible to justify
recommendations for the further use of the core based on the results of the analysis of diagnostic effects with the
simultaneous use of fast-moving induction effects and impact vibration effects in the ratio of defects of various
origins. The fifth chapter describes the structural and functional schemes of the experimental layout for
researching the state of the quality of the laminated magnetic core by the high-frequency induction method. The
functional scheme consists of a generator of high-frequency sinusoidal oscillations, a block of power switches on
field-effect transistors, a power supply unit and a block of information processing and analysis. The structure of
the measuring and diagnostic system includes the power and measuring part, which are connected by induction
through the control object on which the excitation winding and the measuring winding are located. the device
allows you to check the quality of the inter-sheet insulation of the core of small and medium power electric
motors (objects) without the use of additional measuring devices. The scientific novelty of the results obtained in
the study is as follows: - An induction method for quality control of the inter-sheet insulation of laminated
magnetic core is proposed, which, unlike the existing ones, is based on the principle of comparing the reaction of
the eddy current closing paths in the presence and absence of defects to fast-flowing processes of different
frequencies in the induction-connected circuits of the exciting and control windings. - The numerical field
mathematical model of fast-flowing processes in a laminated magnetic core has been improved, which, unlike the
existing ones, takes into account the nonlinear properties of magnetic materials and the phenomenon of hysteresis
when changing the frequency of remagnetization. - For the first time, a mathematical model was developed that
determines the relationship between the parameters of high-frequency processes in the tested magnetic cores
and their specific losses in variable magnetic fields of industrial frequency and inductions recommended for
regulatory tests and close to inductions during the operation of electric machines. - A new methodology for
determining the degree of damage to the inter-sheet insulation of laminated magnetic cores of electric machines
in the presence of integral and local defects is substantiated, with further recommendations for the rejection of
magnetic cores. - on the basis of the constructed mathematical models, the possible diagnostic features of
laminated magnetic cores of electric machines, which are oriented to the use of a shock vibration signal with a
simultaneous electromagnetic switching effect, are theoretically substantiated.
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InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 'epackin Onekcanap AHATOMIOBAY

2. Oleksandr A. Geraskin

KBasigikamis: . r. u., o, 05.09.01
Imentudikarop ORCID ID: 0000-0003-4651-4579
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bappuk €Bres IBanoBuy

2. Evgen 1. Bardyk

KBasigikanis: k.r.u., nor, 05.14.02
Inentudikarop ORCID ID: 0000-0002-5776-1500
JonaTkoBa iHdopmaris:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue IlpisBuie Im's Ilo-6aTbKOBI Kosbaca Cepriit MukosaioBuy
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Kosbaca Cepriit Mukosnaiiosud
rOJIOBYIOYOrO Ha 3aCiflaHHi

BiamoBiganibHUH 32 MiATOTOBKY Irnariok €Bren CraHici1aBOBUY

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




