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Yopna O. A. ladopmaniiiHa TEXHOJIOTISI KOMIUIEKCHOIO MOHITOPUHTY CTaHy
ACMHXPOHHHUX JIBUTYHIB Ha OCHOBI 30BHINIHIX O3HaK. — KBamiikauiliHa HaykoBa
mparis Ha IpaBax PYKOIHCY.

Hucepraitis Ha 3100yTTS HAyKOBOTO CTYIICHS KaHIUAaTa TEXHIYHMX HayK 3a
cnenianbHicTiO 05.13.06 «IHbDOpMaliitHi TexHoIor1». — BIHHUIbKUN HalllOHAIBHUN
TEXHIYHUN yHIBepcuTeT MiHICTEpCTBA OCBITH 1 HAYKH YKpainu, Binuuus, 2021.

Jlucepralliss TPHCBAYEHA BUPINICHHIO aKTyaJbHOTO HAyKOBOTO 3aBIaHHS
po3poOku  iHGOPMAIIMHOT  TEXHOJIOT1i  KOMIUIEKCHOTO  MOHITOPUHTY  CTaHy
ACUHXPOHHHUX JIBUTYHIB Oe3IecepeHbO ITiJT YaC BUKOHAHHS TEXHOJOTIYHOTO MPOIIECY
Ha OCHOBI 30BHINIHIX O3HAK 1X POOOTH, MO JO3BOJMTH IMPOBOJHUTH IOMCPEIHIO
JTIarHOCTUKY JBUTYHA 3 BH3HAYCHHSAM WOrO0 IOTOYHOTO CTaHy Ta BHJAYOI0
pPEKOMEHIaIlIi PO MOXKJIUBICTH 1 JOIUIBHICTh MOTO MOJAJBINOT €KCTUTyaTallii.

B pob6oti mpoananizoBaHi amapaTHi 1 NporpamHi 3acoO0W MOHITOPHUHTY Ta
3ampoOIIOHOBAaHO 1H(OpPMAIIiifHy TEXHOJIOTIF0 Ha OCHOBI 30BHIIIHIX O3HaK POOOTH
neuryHa. CTBopeHa kiacu@ikairisi 30BHIIIHIX O3HAK, JI0 SKO1 BITHECEH1 TeMIlepaTypa
HarpiBy €JIEMEHTIB JBUTYHa, BIOpallii KOPIYCy, 3BYKOBI IIOKa3HHKHA POOOTH,
THAYKIIiSI MAarHITHOTO TIOJIS, SIKY BUMIPSHO Ha MOBepxHI ctatopy AJl.

OOrpyHTOBaHO, IO HA TIJACTaBl BHUMIPSHHUX 30BHIINIHIX O3HAK MOXJIHBO
BU3HAYUTH MOTOYHUN CcTaH MBUTyHA. OTpuMana eKCIepUMEHTAIbHE MiTBEPIKCHHS
HEOOXITHICTh PO3TJIsAay NpoOJIeMH IIIHKH Pecypcy 3HOMICHOro abo TakKoro, IO
MiIaBaJIOCs PEMOHTY eJeKTpoMeXaHiuHoro oOmamgHaHHsA. CkiaazeHI MaTeMaTH4HI
MOJIeJIi 1 TIPOBE/ICHe MaTEMaTUYHE MOJICIIOBAHHS HECUMETPHUYHHUX 3a MapaMeTpaMu
ACMHXPOHHMX JIBUTYHIB 3a AomnomMorot nporpamu FEMM. MonaentoBaHHsl moka3ano
HEPIBHOMIPHHUI PO3MOALT IHAYKIi MarHiTHOrO IOJS, IO CBIIYMTH IPO HASBHICTH
BHYTPIIIHIX 1€PEKTiB OOMOTOK.

OTtpumaHi B pe3yabTaTl MPOBEACHHS EKCIEPUMEHTAIbHUX  JTOCHIIKEHb
KapTUHU 1HAYKIil MAarHiTHOrO TMOJis HaBKOJO AaCHHXPOHHUX JBUTYHIB SKICHO

CIIBNAIAIOTh 3 PE3yJbTaTaMH MaTEMAaTHIHOT'O MOJICIIIOBAHHS 1 MAIOTh Pi3KO
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BUPaXEHY HEPIBHOMIPHICTb, II0 HECE 3HAYMMY I1H(POpPMALI0 MPO TEXHIYHUW CTaH
ABUTryHa. HasBHICTH MOMIKOMKEHb CIIOTBOPIOE 3arajibHy KapTHHY PO3MOIYILY
IHAYKIIi Mar”HiTHOro mojs Ha MoBepxHi cratopa AJl — B 30HI MOUIKOMXEHb
3MEHILYIOThCA i1 3HaueHHs. SIKICHUI XapakTep CIIOTBOPEHHs 30epiraeThes MpU 3MiH1
YaCTOTH HAIPYTH JKUBJICHHS JIBUTYHA Ta HAMpsSIMKY HOTo 0OepTaHHS.

Ha ocHOBI oTpuMaHUX pe3yJbTaTiB PO3pOOJIEHI OCHOBHI NMPHUHIIUIMN aHATI3y
30BHIIIHBOIO MAarHiTHOTO TOJI JIBUTYHIB, IHTEpHpeTalii OTpUMaHUX pe3yibTaTiB 1
CYJUKEHHS PO HAsABHICTh B ABUTYHI AedekTiB. Po3po0neHo meTon ouiHku ctany AJ]
Ha OCHOBI BH3HAYEHHs 3aJUIIKOBOTO BIIHOCHOIO TEPMIHY €KCIUlyaTallli 130Jsiil
OOMOTOK MHIJISXOM BUMIpPIOBaHHS 1HAYKI[l Mar"iTHOrO TOJsi Ha MOBEPXHI CTAaTOpa
neuryHa. Ha ocHoBi by3emMaHoBoi MeTpuku po3poOsieHi KpuTepii OILIHIOBAHHS
CTYIICHIO HECUMETPIi IBUTYHA, MIEPEeTpiBy OOMOTOK CTaTOpa Ta 3HKEHHS TPUBAJIOCTI
KUTTS 1X 1304111, BcTaHoBneHa JiHIMHA 3aJIEKHICTE MK TEPMIHOM KUTTS 130711111
OOMOTOK Ta BIJHOCHMM 3HadeHHsIM by3zemanoBoi aucranuii. OTpumaHi pe3ynbTaTu
J03BOJISIIOTH OLIIHUTU TEPMIH €KCIUTyaTallii aCHHXPOHHOTO JIBUT'YHA.

Po3BuHyTO MeToau MOHITOpHHTY cTaHy AJl, sKi 103BOJISIFOTH BCTAHOBUTH
MOMEHT 3MIHM IMapaMeTpiB JBHUTYHA, 1, BIATOBITHO, MOTIPIICHHS HOTO CTaHy, Ha
OCHOBl KOHTPOJIFO 3MIHM CTAaTUCTUYHUX XapaKTECPUCTUK BHUMIPSAHOI 1HIYKIIi
MmarHitHoro nosisi. [IpencraBineHuil aHami3 BUMIpsIHOT 1HAYKIIT MarHiTHOTO IOJIS Ha
noBepxHi ctatopy AJl, 3a TaHUMH MOHITOPHHTY, BiIOOpaka€ MOKIUBICTb BUALICHHS
CUTHAITy 1 peecTpaiifo MiHM MapamMeTpiB JIBUTYHA 7l TPOTHO3YBAHHS MOTO CTaHy,
TEPMiHy Ta JOUUIBHOCTI TOMANBINOI eKcrulyaTarii. Buxopucrani mns aHamizy
¢ynkmii Changepoint ta CUSUM 3 pi3HEM CcTymmeHeM TOYHOCTI Ta TIBHIKOIIT
J03BOJISIIOTH BUBHAYUTH TOUKY 3MIHH ITapaMeTpiB.

Ha ocHOBI mpoBeAeHOT0 aHATI3y CUCTEM JIIaTHOCTHKH EJICKTPUIHUX MAIIIUH Ta
3 METOI0 peajizallii MPUHIMITY «OLIHKUA 32 CTAaHOMY, Ul MONEPEIHbOI MIarHOCTHKU
ctany AJl mpuitHATO KOHIIEMI[II0 MOHITOPUHTY 30BHIMIHUX O3HAaK PEKUMY POOOTH
CJIEKTPUYHUX MAalIMH. 3alpoloHOBaHA METOAWKa J000pYy  JIarHOCTHYHUX
napaMeTpiB, IO IPYHTYETbCS Ha KpPUTEpli MaKCUMAaJIbHOI 1HAWBIYaJIbHOCTI, MPHU

bOMY 1001p AIarHOCTUYHHUX MMapaMeTpiB, IO JO3BOJSIOTH BUPIIMIUTH 3aJauy
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pO3MI3HABAHHS, 3JIMCHIOETBCS METOJAOM MOCHIAOBHUX JOMOBHEHb. (CHOYaTKy
BUOUpPAETHCS MapaMeTp, 110 JOMOBHIOE, KOMOiHAIliiiHA 1H()OPMATUBHICTH SKOTO B
CIOJIyYE€HHI 3 0a30BUM BHSBISEThCA MakcuMmanbHOw. IloTiM 10 oTpumanoi 6asu
JOIA€THCS TPETIN mapameTp 1 T.J. 10 TOBHOT'O PO3Ii3HABAHHS.

[ToOynoBaHO MOIYJBbHY CTPYKTYPY 1HQOPMALIHHOI TEXHOJOT1] KOMIUIEKCHOTO
MOHITOpUHTY cTaHy AJ[ Ha OCHOB1 30BHILIHIX O3HaK, IPOBEIECHO (popmanizalio
iHGOpMaIITHUX MOTOKIB (DYHKIIIOHANbHOI JIarHOCTUKU Ta apXITEKTYpH CHUCTEMHU
MOHITOpUHTY. BHacnmigok mporpaMHoi peamizamii 1HGOPMAIIHHOI TEXHOJOT1]
KOMIUIEKCHOTO MOHITOPUHTY TOOYAOBaHO J1arHOCTMYHY CHUCTEMY, IO J103BOJISIE
CaMOHAaBYaTHCS Ha OCHOBI 3HaHb CGKCIEPTIB Ta HaJla€ MPAKTUYHI peKOMeHHaamii 3
PEMOHTY €JICKTPUYHUX ABUTYHIB JUISI 00CIYyTrOBYIOUOTO MIEPCOHATY.

Bu3naueHo  BeNMYMHY ~ €KOHOMIYHOTO  €eKTy 3  YIPOBaKCHHSIM
iHbOpMaIlIiTHOT TEXHOJOT1l KOMILJIEKCHOTO MOHITOPUHTY CTaHy aCHHXPOHHHUX
JIBUTYHIB Ha OCHOBI 30BHIIIHIX 03HAK. PO3paxyHku BUKOHAHI 32 YMOB BIPOBAPKCHHS
iH(bOopMaIIiitHOT TEXHOJIOTT MOHITOPUHTY 1 OIIIHKHM €KCIUTyaTallifHOTO pecypcy
poOOTH eJNEKTPUYHUX MalldH Ha MIANPUEMCTBAX METANypPriiiHOI, TipHUYO-
BUI00YBHO1, HadTONEepepoOHOI MPOMHUCIOBOCTI Ta TPAHCIOPTY MJIsI aCHHXPOHHHUX
JBUTYHIB CepeHboi MOTykHOCTI. Ha miacTaBi po3paxyHKy, piuHUM €KOHOMIYHUUN
edhexkt Ha 500 acMHXpPOHHUX ABUTYHIB cepeaHboi moTyxkHocTi — 160...250 kBt
cTtaHOBUTHh 1160 THC. TpH 3 TEPMIHOM OKYITHOCTI TpH POKH. ExoHOMIYHUU edeKT
3aMpOTNIOHOBAaHOI 1H(POPMAIIITHOT TEXHOIOTII (POPMYETHCS 3a PaxyHOK 3amoOiraHHs
aBapifHOCTI MUISXOM CBOEYACHUX TEXHIYHMX OOCTEeXeHb Ta MPOodUIaKTUUYHUX
3aXO0/IiB.

HaykoBa HOBU3HA OTpUMaHHUX y poOOTI pe3yabTaTiB:

1. HaOymna MOJAJTBIIOTO PO3BUTKY eKCIepUMEHTAJIbHA MOJIETh
HECHMMETPUYHHUX 32 [apaMeTpaMd AaCHHXPOHHHX JIBUTYHIB, $5Ka BPaXOBYE
HEPIBHOMIPHICTh PO3MOAUTY 1HAYKIIT MarHiTHOTO TIOJsI Ha TOBEpPXHI cTaropa
JIBUTYHA, 10 JO3BOJISIE OTpUMATH 3HAYUMYy 1H(OpMaIil0 TPO TEXHIYHUN CTaH

ACMHXPOHHOIO JIBUTYHA, 30KpEMa MPO HAsIBHICTh BHYTPIIIHIX 1€(PEKTIB 0OMOTOK.
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2. Ynepuie OTpUMaHO aHAJITHUYHY MOJENb CTaHy aCHHXPOHHOTO IBUTYHA Yy
BUIJISIII JIIHIMHOTO PIBHSHHS BIAHOCHOTI'O 3aJIMIIKOBOTO pecypcy 130JMii Bif
Koe(DilIEHTY, PO3PaxoBaHOTO Ha OCHOBI by3eMaHOBOI METpHKH, WO J03BOJISIE
BpaxyBaTH 3MIHY pO3MOJALTY IHAYKIII Mar”HiTHOro IOJII Ha IIOBEPXHI CTAaTOpy
ACUHXPOHHOTO JBUT'YHA NPY BUHUKHEHH] NapaMeTPUYHOI HECUMETpIi HOro 0OMOTOK.

3. YIOCKOHAIEHO METOJ MOHITOPMHTY AacCHHXPOHHUX JBUTYHIB, SIKUH
BIIPI3HAETbCA Bl ICHYIOUMX THM, IO J00lp JIarHOCTUYHUX MapaMeTpiB
IPYHTYEThCS Ha KPHUTEpii MaKCHMMalbHOI IHIWBITYyalbHOCTI, MPUYOMY IMapamMeTp
MaKCHUMAaJIbHOT 1HAMBIAYaJIbHOCTI NpUMMAaEeTbcsl B SKOCTI 0azoBoro, a a00ip
JTIarHOCTHYHUX TapaMeTpiB 3MIMCHIOETHCS METOJOM IOCIHIJOBHHUX JOMOBHEHbB, IO
JT03BOJISI€E BUPIMIUTH 3a]1ady JIarHOCTYBaHHS HA OCHOBI 30BHINIHIX O3HAK PEXKUMY
pOOOTH IBUTYHIB.

4. Ynepmie  orpuMmaHo  iH(oOpMamiiHy  TEXHOJIOTIIO KOMILIEKCHOTO
MOHITOPUHTY AaCHHXPOHHHMX JBUTYHIB, fKa BIAPI3HAETBCS BiJ ICHYIOUHX
3aCTOCYBaHHSIM MOJIE]l CTaHy AaCHHXPOHHOTO JBUTYHa Ha OcHOBI by3zemaHoBOi
METPUKH Ta METOJy MOHITOPHHTY Ha OCHOBI 30BHIIIHIX O3HaK PEXKUMY pPOOOTH
JIBUTYHIB, M0 JIO3BOJISIE 3a PaxyHOK TONEPEAHBOT JIAarHOCTHKW IIJIBUIIUTH
e(eKTUBHICTh iX eKCIUTyaTallli Ha OCHOB1 aKTyajbHOI 1H(OpMAaIl PO MOTOYHHUIH
CTaH 1 PEKOMEH/IAIIIH 11010 JOIUIBHOCTI MOAJBIIOT eKCIUTyaTarii.

[IpakTyHe 3HaYEHHS! OTPUMAHUX PE3yJIbTATIB:

1. Po3poGieHo KpUTepii OIIHKK BIAXWUJICHHS PO3MOLUTY MAarHiTHOI 1HAYKIIIT Ha
ocHOB1 by3emMaHOBO1 METpHKH, SIKWW TO3BOJIAE 32 BUMIPSHUMU 3HAYCHHSIMU THAYKITIT
Ha MOBEPXHI CTATOPY aCHHXPOHHOI'O JBUT'YHAa pOOUTH BUCHOBOK IPO HOTr0 MOTOYHUM
CTaH.

2. OTpuMaHO METOAWKY aHaji3y 30BHIITHROTO MAarHiTHOTO TOJIS JABUTYHIB i
iHTEeprpeTalii OTpUMaHUX PE3yNbTATIB JJs CY/KEHHS TPO HASBHICTh B JBUTYHI
nedeKTiB.

3. Ha ocHoBi by3zemaHoBoi MeTpuku po3poOieHi KpuTepii OIiHIOBAHHS
CTYNEHIO HECUMETPIi IBUTYHA, IIEPETPIBY OOMOTOK CTaTOpa Ta 3HUIKEHHS TPUBAIOCTI

KUTTA 1X 130J14111i. BcTaHOBIEHA JiHIIHA 3aJIeKHICTh MK TEPMIHOM KUTTS 130711111
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OOMOTOK Ta BIJHOCHMM 3HadeHHsAM by3zeManoBoi aucranuii. OTpuMaHi pe3yJbTaTu
J03BOJIAIOTH OLIIHUTH TEPMIH E€KCIUTyaTallli aCMHHXPOHHOTO ABUTYHA.

4. OtrpumaHO aNropuTMiuHe 3a0e3MeyYeHHs AIarHOCTHMYHOI CHCTEMH, IO
J03BOJISIE  aBTOMATUYHO IHTEPIPETYBATH pE3yJNbTaTH JiarHOCTHKU. Komruiekce
QITOPUTMIB pEaTi30BaHO Yy BUIJIAJI IPOrpaMHOro 3a0€3MEYEHHs, L0 JO3BOJISIE
BUKOPHCTOBYBATH PE3YJIbTATH JOCITIKCHHS Ha MPAKTHIIL.

5. Po3pobneno Metoauky aHalizy BHUMIPSHUX CHUTHAIB, sKa 3abe3nedye
MOJKJIUBICTh BUJUICHHS B CHUTHAIl 3MIHM MapaMeTpiB ABUTYHA JUIsl MPOTHO3YBAHHS
fioro crany, TepMiHy Ta JOLUIBHOCTI MOJAJbIIOI ekcruryartanii. Ha ocHoBl QyHKIii
Changepoint Ta metoxy kymysistuBHHX cym CUSUM, MeTonuka A03BOJSE 3 Pi3HUM
CTYIIEHEM TOYHOCTI Ta MIBUAKOIii BU3HAYUTH TOUYKY Yacy 3MiHH MapaMeTpiB.

Pesynpratn poOOTH BHpPOBa/PKEHO Yy HaBYANbHUU Tporiec KpeMeHUyIbKoro
HAI[IOHAJILHOTO YyHIBEepCUTETYy IMeHI Muxaitna OcTporpajicbkoro Mpu MiArOTOBIN
daxiBiiB, 3a TEpIIMM Ta JPYTMM OCBITHIM piBHEM, cremniaipHocTe 123 —
Komm’rorepna imkenepis, 141 — EnekTpoeHepreTuka, eJIEKTPOTEXHIKA 1
enexkTpomexanika, 151 — ABTomaTH3allisi 1 KOMIT FOTEPHO-IHTETPOBaH1 TEXHOJOT1 Y
BUTJISII METOJIUYHOTO 3a0e3TMedYeHHs JJIs MPOBECHHS J1a00paTOPHUX 1 MPAKTHIHUX
pobIT; Yy TPOEKTHI Ta Opra”izamiiiHi pIiIeHHS 3 OOCTEKEHHS IMOTYXKHHUX
BHCOKOBOJIPTHUX ACHHXPOHHHUX JBUTYHIB IIeXy BUpOOHMITBa okaTuiniB IIpAT
«ITonraBchkuit TipHUUO-30arauyBaibHUM KoMOIHAT» (M. ['opimHi [TnaBHi).

Knrwouosi crnosa: indopmariiiiHa TEXHOJIOTIs, OIIHIOBAHHS CTaHY, ACHHXPOHUM

JBUTYH, KOMIIJIEKCHUH MOHITOPHUHT, JIIarHOCTUYHA CHCTEMa, 30BHIIIHI O3HAKH.



ABSTRACT

Chorna O. Information technology of complex monitoring of induction motor
states on basis of indirect stories. — Qualification scientific work as a manuscript.

The dissertation is devoted to the decision of an actual scientific problem of
development of information technology of complex monitoring of a condition of
induction motors directly during performance of technological process on the basis of
external signs of their work.

The dissertation for a scientific degree of the candidate of technical sciences on
the specialty 05.13.06 "Information technologies”. - Vinnytsia National Technical
University of the Ministry of Education and Science of  Ukraine,
Vinnytsia, 2021.

The dissertation is devoted to the solution of the actual scientific problem of
development of information technology of complex monitoring of the condition of
induction motors directly during the performance of technological process on the
basis of external signs of their work. That will allow preliminary diagnostics of the
engine with determination of its current condition and issuance of recommendations
on the possibility and feasibility of its further operation.

The hardware and software of monitoring are analyzed in the work and the
information technology on the basis of external signs of work of the engine is offered.

The classification of external signs including the heating temperature of
elements of the engine, vibration of the case, sound indicators of work, induction of a
magnetic field which is measured on a surface of a stator of BP is created.

It is substantiated that on the basis of the measured external signs it is possible
to determine the current state of the engine.

The experimental confirmation of the need to consider the problem of
valuation of worn-out or repaired electromechanical equipment is received.

Mathematical models are made and mathematical modeling of asymmetric

asynchronous motors by means of the FEMM program has been carried out.
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The simulation showed an uneven distribution of magnetic field induction,
which indicates the presence of internal defects of the windings.

The patterns of magnetic field induction around induction motors has been
obtained as a result of experimental research coincide qualitatively with the results of
mathematical modeling and have a pronounced non-uniformity, which carries
significant information about the technical condition of the motor. The presence of
damage distorts the overall picture of the distribution of the induction of the magnetic
field on the surface of the stator BP - in the area of damage its values decrease. The
qualitative nature of the distortion is preserved by changing the frequency of the
motor supply voltage and the direction of its rotation.

Based on the obtained results, the basic principles of analysis of the external
magnetic field of motors, interpretation of the obtained results and judgments about
the presence of defects in the engine have been elaborated. The method for estimating
the state of the BP based on the determination of the residual relative service life of
the winding insulation by measuring the induction of the magnetic field on the
surface of the motor stator has been developed. Based on the Buzeman metric,
criteria for estimating the degree of motor asymmetry, overheating of the stator
windings and reducing the lifespan of their insulation have been worked out. A linear
relationship between the lifetime of the winding insulation and the relative value of
the Buzeman distance has been established. The obtained results allow to estimate the
useful life of the induction motor.

Methods for monitoring the state of BP, which allow to establish the moment
of change of engine parameters, and, accordingly, the deterioration of its state, based
on the control of changes in the statistical characteristics of the measured magnetic
field induction have been worked out. The presented analysis of the measured
induction of the magnetic field on the surface of the stator of the BP, according to the
monitoring data, reflects the possibility of signal extraction and registration of the
motor parameters to predict its condition, term and feasibility of further operation.
The presented analysis of the measured induction of the magnetic field on the surface

of the stator of the BP, according to the monitoring data, reflects the possibility of
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signal extraction and registration of the motor parameters to predict its condition,
term and feasibility of further operation. The Changepoint and CUSUM functions
used for analysis with different degrees of accuracy and speed allow to determine the
point of change of parameters.

Based on the analysis of diagnostic systems of electric machines and in order
to implement the principle of "assessment of the state” for the preliminary diagnosis
of the state of hypertension the concept of monitoring the external signs of the
electric machines has been adopted. The method of selection of diagnostic
parameters, based on the criteria of maximum individuality, while the selection of
diagnostic parameters that allow to solve the problem of recognition, is carried out by
the method of successive additions has been proposed. First, a complementary
parameter is selected, the combinational informativeness of which in combination
with the basic is the maximum. Then the third parameter is added to the received
base, etc. to full recognition.

The modular structure of information technology of complex monitoring of BP
condition on the basis of external signs has been constructed, the formalization of
information flows of functional diagnostics and architecture of the monitoring system
has been carried out. As a result of software implementation of information
technology of complex monitoring, a diagnostic system has been built, which allows
self-study based on the knowledge of experts and provides practical
recommendations for the repairing of electric motors for service personnel.

The magnitude of the economic effect with the introduction of information
technology for integrated monitoring of asynchronous motors based on external
features has been determined. The calculations have been performed under the
conditions of introduction of information technology of monitoring and evaluation of
the service life of electric machines at the enterprises of metallurgical, mining, oil
refining and transport industries for medium power induction motors. Based on the
calculation, the annual economic effect on 500 asynchronous motors of medium
power - 160 ... 250 kW is 1160 thousand UAH with a payback period of three years.
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The economic effect of the proposed information technology is formed by preventing
accidents through timely technical inspections and preventive measures.
Scientific novelty of the results obtained in the work:

1. An experimental model of asymmetric induction motors has been further
developed, which takes into account the uneven distribution of magnetic field
induction on the motor stator surface, which allows to obtain significant
information about the technical condition of the induction motor, in particular
the presence of internal winding defects.

2. For the first time an analytical model of the state of an induction motor in the
form of a linear equation of relative residual insulation resource from the
coefficient calculated on the basis of Buzeman metric, which allows to take
into account the change of magnetic field induction distribution on the stator
surface of an induction motor has been got.

3. The method of monitoring induction motors has been improved, which differs
from the existing ones in that the selection of diagnostic parameters is based on
the criterion of maximum individuality, and the parameter of maximum
individuality is taken as the base, and the selection of diagnostic parameters is
carried out by engine operation.

4. For the first time the information technology of complex monitoring of
induction motors has been obtained, which differs from the existing ones by
using the state model of an induction motor based on Buzeman metric and the
method of monitoring based on external signs of motor operation mode. and
recommendations on the feasibility of further operation.

The practical significance of the results:

1. The criterion for estimating the deviation of the distribution of magnetic
induction on the basis of the Buzeman metric has been developed, which
allows to draw a conclusion about its current state from the measured values of

induction on the stator surface of an induction motor.
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2. The method of analysis of the external magnetic field of motors and
interpretation of the obtained results to judge the presence of defects in the
motor has been obtained.

3. Based on the Buzeman metric, criteria for estimating the degree of motor
asymmetry, overheating of the stator windings and reducing the lifespan of
their insulation have been developed. A linear relationship between the lifetime
of the winding insulation and the relative value of the Buzeman distance has
been established. The obtained results allow to estimate the service life of
asynchronous motors.

4. The algorithmic support of the diagnostic system has been obtained, which
allows to interpret automatically the diagnostic results. The set of algorithms is
implemented in the form of software that allows to use the results of research
in practice.

The technique of the analysis of the measured signals which provides an
opportunity of allocation in a signal of change of parameters of the engine for
forecasting of its condition, term and expediency of the further operation has been
developed. Based on the Changepoint function and the CUSUM method of
cumulative sums, the technique allows to determine the point of change of parameters
with different degrees of accuracy and speed.

The results have been implemented in the educational process of Kremenchug
Mykhailo Ostrogradsky National University in the training of specialists at the first
and second educational level, specialties 123 - Computer Engineering, 141 - Power
Engineering, Electrical Engineering and Electromechanics, 151 - Automation and
computer-integrated technologies in the form of methodical support for carrying out
laboratory and practical works; in design and organizational solutions for inspection
of powerful high-voltage asynchronous motors of the pellet production plant of PJSC
"Poltava Mining and Processing Plant™ (Horishni Plavni).

Key words: information technology, evaluation of the state of the induction

motor, monitoring, diagnostic system, indirect signs.
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BCTYII

OOrpynTtyBaHHsi BUOOPY TeMH [JIOCHilKeHHsl. BiImoBigHO A0 YMHHOTO
3aKOHOJIaBCTBA, 30KpeMa M. 6 ctarti 7 «HoBITHI TexHoOr1i Ta pecypco3bepiraroyl
TEXHOJIOT1i B EHEpPreTUlll, IPOMHCIOBOCTI Ta arpolpOMHUCIOBOMY KOMIUIEKCI»
3akony Ykpainu «lIpo mnpiopuTeTHI HampsIMH PO3BUTKY HAYKH 1 TEXHIKW», BIJ
Cy4yaCHUX MIANPUEMCTB BUMAra€TbCs 3aCTOCYBaHHS HOBHUX TMIAXOMIB IS
BIIPOBQ/DKCHHS 1 3a0€3MEeYeHHs BUKOHAHHS TPOTPaM CHEPropecypco30epekeHHs.
BoaHouac akTyanbHOIO € mpoOjieMa BHCOKO1 aBapiiHOCT1 €JEKTPOYCTaTKyBaHHSA 1,
OCOOJIMBO, CJICKTPUYHUX MAIIMH, 10 BU3HAYA€ OJHY 31 CKJIAJOBHX BHUTpAT ITiJl Yac
peaizanii BAKJIMBUX CHEPreTUYHUX MTPOTPaM.

EnexTpuuHi MaliMHU BHKOPHCTOBYIOTBCS B TIPHBOJIAX IMPAKTHYHO Y BCIX
00acTAX TEXHIKM 1 TEXHOJIOTIYHOTO OCHAIEHHS BHPOOHMITBA. IX MO3aIIaHOBA
3ynuHKa a0o panToBa BIIMOBa CYIPOBO/KYIOTHCS 3HAYHUMU EKOHOMIYHUMHU
BTpatamMu. OcoOJMBO BENIMKI BTpPaTH Ha BEJIMKUX EHEPreTMYHUX YCTAaHOBKAX 1
o0'ekTax, TOMYy TEXHIYHAa JiarHOCTHMKAa B il 00JacTi JOCUTh PO3BUHEHA 1 €
00O0B'SI3KOBOIO JJISI TIOTIEPEHKEHHS BIZIMOB 1 CBOEYACHOTO PEMOHTY. 3HAYHO MEHIIIA
yBara NpPUIUISETHCS MOHITOPUHTY €HEPreTUYHUX YCTAHOBOK CEPEHbOI Ta Maloi
MOTY>KHOCTI, TIPOTE iX 3HAYHUMICTh, 3 OTJISAIYy Ha PO3BUTOK aBTOHOMHHUX MPHBOJIB 1
MAacOBOCTI OCTaHHIX, IMOCTIMHO 3pocTae. BiamoBigHa MiarHOCTHKA, B OCHOBHOMY,
3MIACHIOETHCS TETUIOBUMHM, CIEKTPUYHHMH Ta BIOPOAKYCTUYHUMHU METOJAMH, SIKi B
MEBHUX CHUTYaIlisIX, TAaKUX SK HHU3bKI TeMIepaTrypu, BIOPOAKYCTHYHI MEPEIIKOIH
TOIIIO, HE 3aCTOCOBHI a00 He 3a0e3medyrTh HEOOX1MHOI TOCTOBIpHOCTI iH(oOpMaIii
[1]-[2].

CydJacHi METOJIM MOJETIOBAHHS, MOHITOPHHTY Ta JIarHOCTUKU EJIEKTPUIHUX
MaITUH PO3TISHYTI B poOOTax: MO0 MPOIIECIB MEPETBOPECHHS CHEPTii B EJICKTPUIHHIX
neurynax: Kysnenosa B.I'., Hluamoscekoro A.K.; 3 AiarHOCTHKH 1 XapaKTEPUCTUK
acunxponnux nBuryHiB: bemtu O.C., buprepa LA., Kupunenka 0O.B,,
Kyuepyka B.}O.; 3 MoOHITOpWHTY, OIIIHKHM HamiiHOCTI 1 mpane3matHocTi AJl:

Bbapkosa A.B., 3aknaanoro O.0., Tpydanosa 1./].; 3 aHaiizy MarHiTHOTO MOJIS:
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3aripusika M.B., KysnemoBa b.I., Tonkix B.I'., Xaipymrina [.X.; 3 moOynoBu
miarHoctnuaux cucteMm: OcimoBa I'.C., Ilocmemoa JI.A., Llewitina I'.C.; nuranHs
pO3pOOKK TPUKIAIHUX 1HPOPMAIIMHUX TEXHOJIOTIM Ta EKCIEePTHUX CHUCTEM
npeacrasieHo 'y poborax b..  Mokina, P.H. Ksernoro, B.M. Jly6oBoro,
[.B. Ky3bmina, C.JI. IlItoBou, O.B. bicikana, B.b. Mokina Ta iHIIUX TOCTIIHUKIB.
AJie mMpoKe BIPOBAIHKEHHSI €HEPTOOIIAHIUX TEXHOJIOT1M B IPOMUCIIOBOCT1 Y KpaiHu
CTPUMYETHCS 4Ye€pe3 BIICYTHICTh HOBHUX METOIB MOJCIIOBAHHS CHEPIeTUYHUX
00’€KTIB Ta BIAMOBIAHUX MIpOrpamMHO-iHPOpMaLIiHUX 3aco0iB, 10 1 OOYMOBIIIOE
aKmyaabHicme i 3HaUUMICMb TOCIIKEHb Y Tally31 IHTENEKTyaabHO1 1HQopMaIiiHO1
HiITPUMKH KOMIUICKCHOTO MOHITOPUHTY CTaHy aCHHXPOHHHUX JIBUTYHIB.

BupimneHHs cyyacHUX 3aBAaHb MOHITOPHHTY BHMarae 3ajayd4eHHs TPUHIIMIIOBO
HOBUX METOJIIB Ta 3ac001B, JO HUX MOXHA BIJHECTHU JIarHOCTYBAHHS MO KapTHHI
30BHIIIHBOTO MarHiTHOTro noss (3MII), akycTuuHi 1, HaBITh, OPraHOJICTITUYHI METOIU
MOHITOPHHTY, SKI TependadaroTh BUKOPUCTAHHS OPTaHiB YYyTTS JIIOJUHH (OTJISI,
npociayxoByBaHHs). [Ipu 1IbOMy BHUMIp AIarHOCTUYHHUX MapameTpiB MPOBOIUTHCS
0€3KOHTAaKTHUM METOJIOM 1, 1110 BaXKIIUBO, B pobouoMy pexxuMi. Bukopuctanus 3MII
SIK OCHOBHOT'O, TaK 1 JIOAATKOBOTO JpKepelna iHdopmallii i MOHITOPUHTY J03BOJISE
OUTBIII JOCTOBIPHO OIIHUTH TEXHIYHUM CTaH 1 MPOTHO3YBATH BiJIMOBH €JIEKTPUUYHUX
MaIlliH. 3O0BHIIIHI O3HAKM € MHOXXHHOIO TaKUX MiarHOCTHYHHX oO3HaK [3], ski
BIIOOpaXAarOTh B3a€MO3B'I3KM BHYTPINIHIX 1 30BHIMIHIX mapameTpiB. IlomgioHUMU
O3HAKaMH MOXYTh CIYXXHUTH TapaMeTpu CTajJoro peKUMy, IO 3MIHIOIOTHCS IO
XapaKTepHUM 3aKOHAaM, 3alleKaTh B MICII BUHUKHEHHS 1 THUIY TEPBUHHUX
HecrpaBHOCTe. Ko’kHa KOHKpeTHa HECHpPaBHICTh XapaKTEPU3YETHCS OJHUM YU
JEKITbKOMa 30BHINTHIMUA O3HaKaMd. B ogHOMY BUTNAAKy 30BHINIHS O3HaKa BKa3ye
0e3mocepelHbO0 Ha HASBHICTh KOHKPETHOI HECTPABHOCTI, B IHIIOMY BHUIAIKY
XapaKTepu3y€e HECIpPaBHICTh TUIbKM T00iyHO. OTXe, IS MOHITOPUHTY Ta
MPOTHO3YBAHHS CTaHY €JCKTPUYHOI MAIIMHY 1 TPUBOIA HEOOXITHO 3HATH XapaKTep
3MIHM MapameTpiB MOpH PI3HUX NEPBUHHUX HECIPABHOCTAX 1 BUOpaTH 3 HHX
BHU3HAYaIbHI. Takuil MOHITOPUHI 3a0€3MEUUTh MOIMEPEIHIO JIarHOCTUKY JBUTYHA 3

BU3HAYEHHSIM HOro MOTOYHOTO CTaHy Ta BHUJAYOK PEKOMEHJAIl Mpo MOMKIMUBICTD 1
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JIOLIBHICTh  MOAAJBIIOI  eKCIUTyaTalli I[bOro JBUryHAa. Bxkazana  3amaua
pPO3B’SI3YEThCSA LUIIXOM MOOYIOBHM 1HQOPMAIIHHOT TEXHOJIOT1i KOMIUIEKCHOTO
MOHITOPUHTY 1, Ha HOro0 OCHOBI, PO3MI3HABAaHHA MOTOYHOI'O CTaHY ACHUHXPOHHUX
JIBUTYHIB O€3MocepelHbO IiJ Yac BHUKOHAHHS TEXHOJOTIYHOTO Npouecy, M0
noTpedye BUPILIEHHS HACTYITHUX 3aBJaHb:

1. Po3poOka METOOUKH MOHITOPUHTY, fIKa BKJIIOYAa€ BH3HAUYEHHS SKOMOTra
OUTBIIOT KUIBKOCTI 3HAYMMMX JIarHOCTUYHUX oO3HaK. Hampuknan, MII, saxe €
30BHIIIHOIO O3HAKOIO, MOKE€ OyTH BHSBIEHO 1 BUMIPSHO B XOJI TEXHOJOTTYHOTO
npoiiecy ado eKcruryaTaiii.

3. ®opmyBaHHS JIAarHOCTUYHUX KPHUTEPiiB, TOOTO BHU3HAYCHHS YHCEIBbHUX
3HaueHb mapaMerpiB MII Ta iHIIMX O3HAaK, [0 YTBOPIOKOTH KOMIUICKCH, SKi
Bi10OpaxaroTh KOPEJAIINHUN 3B'A30K 3 HasSBHICTIO TOrO YM IHIIOTO Ae(eKTy, ado 31
CTylE€HEM MOro po3BUTKY. Y 0araTtbOX BHUIIAJKax pi3HI JAe(EKTH, HEMOJAIKH 1
BinxwieHHs B pobori EMII MaroTh cxoxi o3Haku. ToMy BHUHHMKA€ MUTAHHS MO0
nudepeHIiaIbHOT TIarHOCTUKH, TOOTO PO3pOOKH CIIOCOOIB JOCTOBIPHOTO MOALTY
PUYHH 3MIHU TTapaMeTpiB.

4. Ha ocHoBi oOpaHux KpuUTepiiB (OPMYBaHHS aJrOPUTMY J1arHOCTHUKHU 13
3JIy4eHHSM BIIMOBIAHOTO MaTEMAaTUYHOIO Ta JIOTTYHOTO arapary, M0 CIOJyYaeThCs
3 o0paHOi METOAMKOI MOHITOPMHTY Ta XapaKTepUCTHKaMH 00 ’€KTa, IO
JIarHOCTY€EThCS.

5. CtBopeHHs iH(OpPMAIIHOI TEXHOJOT1I, sIKa y3araJbHIOE BCi PO3POOJICHI
dbopManbHi 3ac00M MOHITOPUHTY Ta A1arHOCTUKH.

6. Ilpu po3pobui iHdopMaIliifHOI TEeXHOJOTrii HEOOXITHO MPIOPUTETHO
MiABUIIYBAaTH PIBEHb METOMUK poOOTH Ta KBamidikamii TepcoHalny, SKUH Mae
CUHTE3yBaTH 1 aHaNi3yBaTH HaWYacTillle CymnepewinBy iH(OpMaIlifo, OI[IHIOBATH
WMOBIPHICTh TOSIBH Ti€l 94X 1HINOI HECIPABHOCTI, MPUMMATH aJCKBAaTHE PIIICHHS 1
pOOUTH BUCHOBKH TIPO MPABUIBHICTD JTiM.

Tomy axkmyanpbhum HAyKOBUM 3aBIaHHAM € pPo3poOka  iHdopMamiifHoT
TEXHOJIOT1i  KOMILJIEKCHOTO  MOHITOPUHTY  CTaHy  AaCHHXPOHHHUX  JBUTYHIB

0e3nocepeIHbO il YaC BUKOHAHHSI TEXHOJOTIYHOTO MPOLECY Ha OCHOBI 30BHIMIHIX
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O3HAaK iX POOOTH, IO JO3BOJIUTH MPOBOAUTH IOMEPEIHIO TIarHOCTUKY IBUTYHA 3
BU3HAYEHHSIM HOro MOTOYHOIO CTaHy Ta BUAAYOK PEKOMEHMALIN MPO MOMKIUBICTD 1
JOLUIBHICT HOTO MOAANBIIOT €KCIUTyaTallli.

3B’A30K po0OTH 3 HAYKOBMMH NPOrpaMamMH, IJIAaHAMH, TEMAMHU.

OcHOBHHUI1 3MICT pOOOTH CKJIAJIA0Th PE3yJIbTaTH JOCHTIIXKEeHb, 110 TPOBOIUIIUCS
npotsarom 2009-2021 pokis.

PoGora Bigmoimae 3akony Ykpainu «IIpo mpiopuTeTHI HANpSIMH PO3BUTKY
HAyKH 1 TEXHIKU», 30Kpema 1. 6 ctatti 7 «HoBiTHI TeXHOJIOTIi Ta pecypco3bepiraroui
TEXHOJIOT1i B €HEpPreTuili, MPOMUCIOBOCTI Ta arpompOMUCIOBOMY KOMIUIEKCI», Ta
CIIPSIMOBAHOCTI TEMAaTHMKU HAYyKOBO-AOCHIIHMX poOOIT, IO € 0a30BUMHU s
nucepraiii: «TeopeTHuHi OCHOBH KepyBaHHsSI MpoLiecaMu NMepeTBOPEHHs eHeprii
B €JICKTPOMEXaHIYHUX KOMIUIEKCAX I MiABMINEHHS eHeproeeKTHUBHOCTI iX
poboTu» (Ne JIP 0114U002629, 2015 p.), «docaimkeHHs iHAyKIii MarHiTHOro
NoJisi 3MiHHOTO0 CTPyMY HPOMMCJIOBOI YaCTOTH 30BHI AaCHHXPOHHHUX JBUTYHiB»
(Ne JIP 0114U002173, 2015 p.), y sSkux aBTOpKa Oyj1a BHKOHABIIEM 1 ITOKa3aja
MOKJIMBICTh TIPOBEACHHS AlarHOCTyBaHHS AJl 3a mapameTpamMu BUMIPSTHOT 1HIYKITIi
Mar”iTHOTO TMOJISl HA MOBEPXHI cTaropa JABUTYHA, 30KpeMa BU3HAUYWJIa YNHHHKH, 110
BIUTMBAIOTh HA PO3MOJII MAarHiTHOi I1HIYKII Ta IIpOBela EKCIEePUMEHTAIIbHI
JIOCIIIPKEHHS.

MerTa i 3aBIaHHA J0CHiKeHHsA. MeTa TOCTIIKeHHS MMoJsrae y 3a0e3nedyeHH1
MPOLIECIB MOHITOPUHTY Ta TOMNEPEAHBOI JIarHOCTUKM ACHHXPOHHOTO JBUTYHA 3
BU3HAYCHHSIM HMOro TOTOYHOTO CTaHy Ta (POpMyItOBaHHI pPEKOMEHAAIIN 00
MOXJIMBOCTI 1 JIOIUJIBHOCTI  TMOJAIBINOI  eKCIUTyaTallii MUISXOM  PO3pOOKH
iHbOpMaIliitHOT TEXHOJOTril KOMIIJIEKCHOTO MOHITOPHHTY CTaHy aCHHXPOHHUX
JBUTYHIB 0€3MOCEePEAHBO ITi/T YaC BUKOHAHHS TEXHOJIOTTYHOTO MPOIIECY.

JIs1 TOCATHEHHS MOCTAaBJIEHOI METH HEOOX1THO BUPIIIMTH TaKl 3aBJIaHHS

1. 3xificHuTH aHami3 ICHYIOUYMX METOJIB 1 3aC00IB MOHITOPUHTY Ta A1arHOCTUKH
ACUHXPOHHUX CJICKTPUIHUX JIBUTYHIB.

2. Po3poOuTH KOMIUIEKC METOiB BHU3HAYEHHS IMOTOYHOTO CTaHy JBUTYHa Ha

OCHOBI 30BHIIIHIX 03HaK KOTO POOOTH.
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3. Po3pobutu 1 JOCHIZUTH METOAM BHU3HAYEHHS 3MIHM HapameTpiB
ACUHXPOHHOTO JBUTYHA MPHU MOTOYHOMY MOHITOPUHTY 3 ypaxXyBaHHSM 30BHIINIHBOTO
IIyMY BiJl IPAIOI0YOT0 EIEKTPOTEXHIYHOTO Ta IEKTPOMEXaHIYHOTO 00JIa JTHAHHS.

4. Po3pobutu cTpykTypy I1HPOpMaLiiHOI TEXHOJOrii 1, BIJNOBIAHO IO HEV,
CTBOPUTHU TporpamMHe 3abe3nedyeHHs JUisl peai3allii 3ampoNOHOBAHUX METOIB Ta
3aco0iB 1HGOPMAIIMHOT TEXHOJIOT 1.

5. TlpoBectn BumpoOyBaHHSI po3po0JieHOI 1H(OpMaIiiHOT TeXHOJoril B

peaNbHIX YMOBaX BUPOOHMIITBA Ta 3IIMCHUTH €KOHOMIUHY OIIIHKY i1 BIIPOBa[)KCHHS.
06’ekm 0ocniddcenHs — TPOLIEC MOHITOPUHTY CTaHy ACHUHXPOHHUX JIBUTYHIB
Oe3nocepeIHbO 1] Yac peaizallii BiIMOBITHOTO TEXHOJIOTTYHOTO MPOIIECY.

IIpeomem oOocniodcenns — MeToaAM Ta 1HPOpPMaIiiHa TEXHOJIOTISI MOHITOPUHTY
ACUHXPOHHUX JIBUTYHIB HA OCHOB1 KOMIIJIEKCY 30BHIIIHIX 03HAK iX POOOTH.

MeToan gocaizkeHHs. Y JTOCHTIKECHHSIX BUKOPUCTOBYBAJIUCH TaKi METOM: I
Jac MOJCIIOBaHHS PO3MOAUTY IHAYKII MarHiTHOrO TOJIsA — TEOpis TOJIsl, METOIH
OMHMCY MATHITHUX IIOJIIB, YUCEIbHI METOAM PO3PAaXyHKY MarHiTHHX IOJiB, 30KpeMa
METOJ KIHIIEBUX €JIEMEHTIB; IIiJi Yac OIlIHKKM CTaHy Ta TEpPMIiHY eKCIuTyararlii
ACHHXPOHHOT'O JIBUTYHa — TEOpPiS CJNEeKTPUYHHX MAIWH, TEOpis HarpiBy, Teopis
noaiOHOCTI 1 METPUKHM BiJACTaHi, 30KpeMa by3emaHoBa MeTpuKa; Il dYac
eKCTIICPUMEHTAIBHUX JOCIIDKEHb — METOJM OOpOOKH JaHuX, OI0JIOTeKH MaKeTy
nporpam Matlab, Teopis BiporiaHOCTi 1 MaTeMaTHYHA CTaTUCTHKA, METOIU KOPOTKO-
Ta CEPEeIHBO-TEPMIHOBOTO MPOTHO3YBAHHS, 30KpEMa METOJ KyMYJISTUBHUX CyM; IIiJl
9ac KOMIUIEKCHOTO MOHITOPUHTY — METOJM TEXHIYHOI 1arHOCTHKH, 30KpeMa Teopis
rpadiB 1 QyHKIIT 9yTIMBOCTI, 00’ €KTHO-OPIEHTOBaHE MOJICIIOBAaHHS HAa OCHOBI MOBU
nporpamyBanas C#.

HaykoBa HOBH3HA OTPUMAHMX pe3yJbTATIB:

1. Habyna  momampmioro  pPO3BUTKY eKCIIEpUMEHTAIbHA ~ MOJIENb
HECHMMETPUYHHMX 32 [apaMeTpaMd AaCHHXPOHHHX JIBUTYHIB, $5Ka BPaXOBYE
HEPIBHOMIPHICTh PO3MOAUTY 1HAYKII MAar"iTHOrO MOJii Ha MOBEPXHI1 cTaropa
JIBUTYHA, 110 JO3BOJISIE OTpUMATH 3HAYUMYy 1H(OpMaIil0 TPO TEXHIYHUU CTaH

ACMHXPOHHOIO JIBUTYHA, 30KpEMa MPO HAsIBHICTh BHYTPIIIHIX 1€(PEKTIB 0OMOTOK.
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2. VYmepiie OTpUMaHO aHATITHYHY MOJIENb CTaHy aCHHXPOHHOTO JBHTYHA Y
BUIJISIII JIIHIHHOTO pPIBHSHHS BIAHOCHOTO 3aJMIIKOBOTO PECypey 130JsLil  Bij
Koe(illlEHTY, PO3paxOoBaHOTO Ha OCHOBI bBy3eMaHOBOT METpUKH, IO JO3BOJISIE
BpaxyBaTH 3MIHY pO3MNOAUTY IHAYKUII MAarHiTHOTO IMOJISI Ha MOBEPXHI CTaToOpy
ACUHXPOHHOTO JIBUT'YHA MPU BUHUKHEHHI NapaMeTpUYHOI HECUMETPii HOro 0OMOTOK.

3. YIOCKOHANEHO METOJ] MOHITOPHUHTY ACHHXPOHHHMX JIBUTYHIB, SIKUU
BIIPI3HAETbCA Bl ICHYIOUMX THM, IO J00lp JIarHOCTUYHUX MapaMeTpiB
IPYHTYEThCS Ha KPHUTEpii MaKCHMMalbHOI IHIWBITYyalbHOCTI, MPUYOMY IMapamMeTp
MaKCHUMAaJIbHOT 1HAMBIAYaJIbHOCTI NpUMMAaEeTbcsl B SKOCTI 0azoBoro, a a00ip
JTIarHOCTHYHUX TapaMeTpiB 3MIMCHIOETHCS METOJOM IOCIHIJOBHHUX JOMOBHEHbB, IO
JI03BOJISIE BUPIMIMTH 3aJ1ady JIarHOCTYBaHHS HA OCHOBI 30BHINIHIX O3HAK PEXHUMY
pOOOTH IBUTYHIB.

4. VYimepme  oTpuMaHO  1HQOpMaliiHY  TEXHOJOTI0  KOMIUIEKCHOTO
MOHITOPUHTY AaCHHXPOHHHMX JBUTYHIB, SKa BIiAPI3HAETbCA BIT ICHYIOUHX
3aCTOCYBaHHSIM MOJE]l CTaHy aCHHXPOHHOTO JBUTYHa Ha OcCHOBI by3zemanoBOi
METPUKH Ta METOJy MOHITOPHHTY Ha OCHOBI 30BHIIIHIX O3HAK PEKUMY pPOOOTH
JIBUTYHIB, M0 JIO3BOJISIE 3a PaxyHOK IOMEPEAHBOT JIarHOCTHKW IIJIBUIIUTH
e(heKTUBHICTh iX EKCIUTyaTalllii Ha OCHOB1 aKTyaibHOI1 1H(OpMAIl NMpo MOTOYHHMA
CTaH 1 PEKOMEH/IAIIIH 11010 JOIUIBHOCTI MOAJBIIOT eKCIUTyaTarii.

OOGIpyHTOBaHICTh 1 JIOCTOBIPHICTP HAyKOBHX pPE3YyJbTaTiB, BHUCHOBKIB 1
peKoMeH Al 3a0e3MeYy€eThCSl KOPEKTHICTIO MPUNHATUX Y MAaTEMAaTHYHUX MOJIEISIX
MPUIYIIEHb 1 MIATBEPIKYETHCS 30IrOM pe3yibTaTiB aHAMITUYHUX PO3PAXYHKIB 3
pe3ysbTaTaMu MaTeMaTHYHOTO Ta (DI3UYHOTO MOJICTIOBAHHS.

IIpakTuyHe 3HAYEHHS OTPUMAHMX Pe3yJabTATIiB:

1. OTpumaHo METONWKY aHaji3y 30BHINIHHOT'O MATHITHOTO TOJISI JBUTYHIB Ta
iHTeprpeTalii OTpUMaHUX PE3YNIbTATIB JJIS CYIKEHHS TPO HASBHICTh B JBUTYHI
nedektiB. Ha ocHOBI aHami3y BUMIpPSHUX CUTHAJIIB OTpUMaHa METOJWKA 3a0e3reuye
MOXJIMBICTh BUJUIEHHS B CUTHAJl 3MIHU MapaMeTpiB ABUTYHA JJIS MPOrHO3yBaHHS

Horo crany, TEpMIHY Ta JOUUIBHOCTI MOAabIIOi excryaTamii. Ha ocHoB1 dyHKIIi
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Changepoint Ta metoay kymynsatuBHux cyM CUSUM, meTouka 103BOJISIE 3 PI3HUM
CTyNEHEM TOYHOCTI Ta MIBUIAKO/1l BU3HAUUTH TOUYKY Yacy 3MiHU HapameTpiB.

2. Ha ocnoBi by3emaHoBOi MeTpuku po3poOjeHa METOAMKA OI[IHIOBAHHS
CTYIIEHIO HECUMETPIi ABUTYHA, MEPErpiBy OOMOTOK CTaTOpa Ta 3HMKEHHSI TPUBAJIOCTI
KUTTS iX 130Js101i. B MeToAuIll 3acTOCOBYEThCS BCTAHOBJIEHA JIIHIMHA 3aJ€KHICTH
MDK TEPMIHOM SKHUTTS 130Jis1ii OOMOTOK Ta BIJHOCHUM 3HaueHHSIM by3zemaHOBOi
JUCTAHIT Ta BIAMOBIAHMM KpHUTEpId OI[IHKM BIIXWJIEHHS PO3MOJLIY MarHiTHOT
IHAYKIII. 3acTOoCyBaHHS METOJIUKH JO3BOJISIE OI[IHUTH TEPMIH eKCIuTyaTtarlii
ACUHXPOHHOTO JIBUTYHA 3a BHUMIPSHUMH 3HAYCHHSIMH 1HAYKIII HAa TMOBEPXHI HOTO
CTaToOpy, a TAKOX POOUTH BUCHOBOK PO MOTOYHUH cTaH AJl.

3. OrpuMaHo aJropuTMiuyHe 3a0e3MedyeHHs MIarHOCTUYHOI CHUCTEMH, IO
J03BOJIIE  aBTOMATHYHO IHTEPIPETYBAaTH pPE3yJbTaTH JIarHOCTHKU. KoMmrurekc
QITOPUTMIB peaTi30oBaHO Yy BUIJIAJI NPOrpaMHOro 3a0e3MedeHHs, L0 J03BOJISE
BUKOPUCTOBYBATH PE3yJIbTaTH JAOCTIIXKEHHS Ha MPAKTHIILI.

PesynpTaTi po60TH BIPOBAIHKEHO:

- Yy TIPOEKTHI Ta Opra”izamiiiHi pilmeHHs 3 OOCTEeXEHHS TMOTYXHUX
BHCOKOBOJIPTHUX ACHHXPOHHHUX JBUTYHIB IIeXy BUpOOHMITBA okaTuIlniB IIpAT
«ITonraBcrkuit TipHUUO-30arauyBaabHui KOMOIHAT» (M. ["opimrHi [TnaBHi);

-y HaByanbHU mporec KpeMeHUYylnbKOro HaI[lOHAIBHOTO YHIBEPCUTETY
iMeH1 Muxaitna OcTporpajchbKoro mpH MmiAroToBii ¢axisiliB, 3a IEPIIUM Ta APYTUM
OCBITHIM piBHeM, cremianbHocTedt 123 — Komm’rotepna imxkenepis, 141 -
EnexTpoenepreruka, eneKTpOTeXHIKa 1 eleKkTpoMmexaHika, 151 — ABromarmsaiis i
KOMIT FOTEPHO-IHTETPOBaHI TEXHOJIOTIi Yy BUIJISI METOJAMYHOTO 3a0€3MEeUeHHS IS
MPOBEICHHS JTA0OPATOPHUX 1 IPAKTUIHHUX POOIT.

Oco0ucTnii BHecok 3100yBavya. OCHOBHI pe3yibTaTU JUCEPTALIAHOI poOOTH
OTpUMaHi aBTOPKOIO CaMOCTIHHO. Y MyOiKaIisix, HAMUCAaHUX Y CITIBAaBTOPCTBI,
3m00yBadeBl HajeXKaTh: [2] — i7es BU3HAYCHHS HECIPABHOCTEH €JICKTPUYHUX MAaITuH
3a 30BHIMHIMU O3Hakamu;, [3] — po3poOka apxXiTEKTypu MOOYIAOBH EKCIEPTHOT
CUCTEMHU BHU3HAYCHHS HECTPABHOCTEH EINEKTPUYHUX MAIIUH 3 PO3IMIUPECHUMHU

(GYHKIIOHATPHIMH BJIACTUBOCTSIMH, [12] — peaizarist arOpuTMiB JiarHOCTUYHOT
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cucremu, [13] — mporpamue 3a0e3meueHHS KOMII FOTEPHOT MPOTpaMU BH3HAUYCHHSI
HECIIPaBHOCTEM €JIEKTPUYHMX JIBUTYHIB HA OCHOBI 30BHIIIHIX O3HAK iX po0oTH; [4] —
QITOPUTMHU J1arHOCTUYHOI CUCTEMH OLIHKM CTaHYy aCUHXPOHHUX JBUT'YHIB Ha OCHOBI
30BHIMHIX O3HaK ix poOotu, [10] — anroputmu (YHKIIOHYBaHHS 1 HPHHIUIH
MoOy/I0BU J1arHOCTUYHOI CUCTEMHM, IIpOrpaMHa peaizallis J1arHOCTUYHOI CUCTEMH,
[15] — anroput™Mu GyHKIIOHYBaHHS 1 TPUHIUIK MOOYOBH JIarHOCTHYHOI CUCTEMH,
mporpamMHa peaizailis 11arHoCTUYHOI cuctemu, [19] — anropurmu GyHKITIOHYBaHHS 1
OPUHLMITY TOOYOBH JIarHOCTUYHOT CUCTEMH, TPOrpaMHa peaizallisi 11arHoCTUYHO1
cucremu; [1] — ekcmepuMEHTalbHI JOCTIIKCHHS Ha OCHOBI pPO3pOOJICHOT
iHbOpMaIliitHOT TeXHOJIOT1T MPOBEIeH] Ha MIANPUEMCTBI, [14] — excriepuMeHTalIbH1
JOCJIIJDKEHHST 1HAYKI[IT Mar"iTHOTO TIOJIsi Ha TIOBEPXHI CTaTopa acCHHXPOHHOTO
nuryHa, [18] — ekcrnepuMeHTanbHI JOCTIPKEHHS I1HAYKII MarHiTHOrO MOJs Ha
MIOBEPXHi CTaTOpa aCHHXPOHHOTO JBUTYHA; [5] — eKCIIepUMEHTaTbHI TOCIIHKCHHS B
yMOBax  HaBYalbHO-BHPOOHHMYHMX Jjaboparopiit, [11l] — ekcrmepuMeHTaIbHI
JOCHIPKEHHS] TOUIMPEHHST MAar”iTHOrO TOJIsl aCMHXPOHHMX JBHUTYHIB B YMOBax
HaBUYaJbHUX JIabopaTopii; [6] — BCl TEOpPETHUYHI Ta MPAKTUYHI PE3yIbTaTH, OKPIM
mocTaHOBKU 3ajgavi, [9] — amHami3s MeETOAiB eKpaHyBaHHS MAarHITHOTO —ITOJIS
eJICKTPOMEXaHIYHUX TIEPETBOPIOBAYIB €HEprii 3MIHHOro cTpymy; [16] — uucenbHe
MOJICJTFOBAHHS 1 aHAJ3 PO3MOAUTY 1HIYKI[Ii MarHiTHOTO TOJIsI HA30BHI aCHHXPOHHUX
aBuryHiB; [17] — exkcrmepuMeHTaabHI MOCTIIKEHHS 1 aHajai3 BIUIMBY 3aBaj Bif
30BHIIIHIX €JIEKTPOTEXHIYHUX 00’ €KTIB MPU BUMIPIOBAHHI IHAYKI[Ii MAarHITHOTO MOJIS;
[7] — po3pobka Momeni miarHOCTyBaHHS 1 BUBHAYCHHS CTaHYy aCHHXPOHHOTO JIBUT'YHA;
[8] - momenp imenTHdikamii aCHHXpPOHHUX [BUTYHIB B JHHAMIYHHX PEKAMAX
0e3mocepeIHbO MM Yac TeXHoJIoTiyHoro mporecy, [20] — po3poOka TPHHIAITIB
BU3HAYCHHS MOTOYHOTO CTaHy ACHMHXPOHHOTO JBUTYHA 3a JaHUMH BUMIPIOBAHHS
THAYKIIT MardiTHOTO TTOJIS.

Amnpobanis martepiajgiB aucepranii. OCHOBHI TMOJOXEHHS 1 pPE3yibTaTU
BUKOHAHUX Y JIUCEpPTaliiHIA poOOTI AOCIIIKEHb JOKIaJAaNIKCs Ta OOrOBOPIOBAIINCS
Ha : International Conference on Modern Electrical and Energy Systems (MEES). —

IEEE, 2017, 2019; 3rd International Conference on Intelligent Energy and Power
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Systems (IEPS). — IEEE, 2018; 25th IEEE International Conference on Problems of
Automated Electric Drive. Theory and Practice (PAEP). — IEEE, 2020; XI, XVII
MiKHapogHUX HayKOBO-TeXHIUHMX KoHpepeHuisnx «lIpobGiemu enepropecypco-
30epeKeHHs] B E€JEKTPOTEXHIYHMX cucTemMax. Hayka, ocBiTa 1 OpakTUKa»
(Kpemenuyk, 2011-2017); VIII-IX, XVI- XVII MibxHapoJHUX HAYKOBO-TEXHIUHUX
KOH(EPEHIIIX MOJOJANX YUYEHUX 1 cremianicTiB «EIeKTpoMexaHiuHl Ta eHepreTUdH1
CHCTEMH, METOJIM MOJICTIOBaHHs Ta onTuMizaiii», (Kpemenuyk, 2009-2019).

PoGoTa obroBoproBanacst Ta Oyjia cXBajeHa Ha 3aCiIaHHSAX HAYKOBO-TEXHIYHOTO
cemiHapy «EJeKTpOMarHiTHI Ta €NEeKTPOMEXaHIYHI TMpOIeCH B  EJIEKTPUUYHUX
MallliHax 1 anmapatax» HaykoBoi paau HAH Ykpainu 3 komrnekcHo1 mpobiaemu
«HayxoBi npo6siemu enekrpoerepretuxkuy, 2017-2018 pp.

Myo6aikanii. OcHOBHI MOJOXEHH aucepTaiii onyOnikoBaHi B 20 IpyKoBaHUX
npamsx, 3 HUX | — CTaTTs y 3aKOpJOHHOMY TEPiOJMYHOMY BHJIaHHI, 4 — CTaTTi y
baxoBux BUAaHHAX YKpainu [2-5], 12 — matepianiB BeceykpaiHChKHUX 1 MDKHAPOIHHX
HAayKOBHX KOH(pepeHiid [6-17], 30kpema 2 3 sAKMX yBiMHIUIM 10 30IpHHUKIB,
3apeecTpOBaHUX Y MIKHAPOJIHIN HayKOMeTpHuHii 6a3i Scopus [6, 11], 3 — cBigonTBa
Ha aBTOpChKuit TBip [18-20].

Crpykrypa Ta o0car auceprauii. [loBHmii o0csr maucepTailii CTaHOBHTH
197 cTopiHOK APYKOBAaHOTO TEKCTy ¥ MICTHTH aHOTAIl0, BCTYI, IT'ATh PO3JLIIB,
BUCHOBKH, CIHCOK BHUKOPUCTaHUX JDKepen 1 4oTtupu nonatku. OCHOBHA dYacTHHA
BuKiaaeHa Ha 119 cropinkax. CIIMCOK BHKOPUCTAHUX JKEPEN CKIAmaeThes 31 145
HaliMeHyBaHb Ha 17 cropinkax. [ucepTtaris mictuth 74 pucyskiB i 41 Tabmnuup, 3

akux 9 pucyHKiB 1 21 Tabnuiisg Ha oKpeMux 29 CTOpiHKax.
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