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Pedepar:

1. Y nuceprauiiiHiil pob0Ti IOCTaBJI€HA I BUpillleHa aKTyasbHa 3a7a4a MiBUIEHHS HAliMHOCTi pOOOTH BaKyyMHHUX
BMMUKAYiB IIJISIXOM BI,OCKOHAJIEHHSI METOIIB i 32CO06iB [[iarHOCTYBaHHS €JIEKTPOMArHiTHOTO MPUBOJY Ta KOHTAKTHOI
CHCTEMU BaKyyMHOTro BUMUKada. O6’€KTOM JOCIIIKEHHS € [IPOLeCU 3MiHM TEXHIYHOTO CTaHy BaKyyMHUX
BMMUKaUIB Iif 4ac ix ekcruyaraii. [IpeameTom IOCTiI>)KEHHS € METOLIM Ta 3aCO0M BU3HAUYEHHS TEXHIYHOTO CTaHY
€JIEKTPOIIPMBOAY BaKyyMHHMX BUMUKAYIB Ta iX IiarHOCTUYHi 03HAKU IiJ] Yac eKkcryaTauii. [y po3B’si3aHHS
[TOCTaBJIEHUX 337ja4 BUKOPUCTAaHi METOIU: TEOPii 3arajibHOI €JIEKTPOTEXHIKY [1715 ONUCY €JIEKTPUYHUX MIPOLIECIB Tif
4yac KOMyTallil BAMUKa4a, TeOpil MarHETU3MYy JJ151 OIIMCY MAarHiTHUX IIPOLECIB B €JIEKTPOMATHITI, METOJ CKIHUEHHUX
€JIEMEHTIB 117151 I00Y0BU KOMITIOTEPHOI MOJIEJIi €JIEKTPOMArHiTy, Teopii TepMorazoguHaMiky JJ1s1 ONUCY IyTOBUX
IIPOLIECiB y BaKYyMHill KaMepi, METOIY KOMITIOTEPHOT'0 MOIEIIOBAHHS /1Sl OCJIiIKeHHSI [TIepeXiJHUX NPOLECiB, 10

IIPOTIKAIOTh B IIPOLieCi KoMyTallii BUMUKaya Ta JJ1s1 MiJTBepIyKEHHs aJJleKBaTHOCTI pO3pPO0JIEeHUX MaTeMaTUYHNX



Mogesel, Teopii UMOBIpHOCTEN 1714 3HAXOIKEHHS IIOMUJIOK IE€PIIOTO i pyroro poay. HaykosBa HOBU3HA
OTPUMAaHUX Pe3yJbTaTiB IOJISITAa€ B TOMY, LIO: BIIEPIIE PO3POOIEHO MAaTEMaTUYHY MOJIeJIb [iarHOCTYBaHHSI
TEXHIYHOT'O CTaHy €JIEKTPOMAarHiTHOro [IPXBOJAa BAKYyMHOI'O BUMUKAa4a Ha OCHOBI ITOPiBHSIHHS €TajIOHHOI Bebep-
aMIepHOi XapaKTEePUCTUKY i3 IOTOYHOIO Ta BU3HAUEHHi KoeillieHTa BifXuIeHHs, 1110 J03BOJISI€ OLIIHUTU TOTOYHUN
TEXHIYHNI CTaH eJIEKTPOMAarHiTy BUMHMKa4a B IPOLECi eKCIulyarallii; Briepiie po3po6eHO MaTeMATUYHY MOZEIb,
gKa [,03BOJII€ BU3HAYATH 3HOC KOHTAKTHOI CUCTEMH, CIIPUYMHEHNN IyTOBUMMU NPOLIECAMU Ta MEXaHIYHUMU
IIepeHaNpy>KeHHSIMHY, IPYU BBIMKHEHHI Ta BUMKHEHHI BaKyyMHOI'O BUMMKa4a, 110 J03BOJIsIE€ OLiHUTY HAOIVD>KEHHS
TEXHIYHOTO CTaHy KOHTAKTHOI CUCTEMHU BUMHKAya JO aBapiliHOTO; yOOCKOHAJIEHO MaTeMaTUYHy MOJIeJIb
OLIiHIOBaHHS CHHXPOHHOI pOOOTH KOHTAKTHOI CHCTEeMM BUMUKAYa, 1110 Ha BiIMiHY Bif iCHyI0YMX, J03BOJIsIE
PO3paxoByBaTU BiIXWJIEHHS BiJl JOIyCTUMOTO 3HAaU€HHS Yacy BBIMKHEHHS BUMMKava Ta GOPMYyBaTU CUTHAIU
KEPYIoUoi il 7151 OIePaTUBHOTO [1IEPCOHAIY MO0 PEry/I0BaHHS PYXOMUX KOHTAKTIB IOJIIOCIB BUMHUKAYa. JIjs
KOKHOTO 1ostoca GopmMyeTbcs iHPOpMaTUBHUY CUTHAJ Ha 30JIMDKEHHS 200 BifasieHHs HOTO PyXOMUX KOHTAKTiB
BiJl HEpYXOMUX J1J1s1 3a6€3I1eYeHHs CUHXPOHHOI pOOOTH KOHTAaKTHOI CUCTEMHU BUMUKayda. BUKOpPUCTaHHS Oflep>KaHUX
PEe3yJbTaTiB Jajio MOXJIUBICTb PO3POOMTH Ta BIIPOBAIUTH MifIXiJ Ta MAaTEMATU4YHY MOJEJIb 1iarHOCTYBaHHS
€JIEKTPOMarHiTHOTO IPMBOJa BaKyyMHOI'0 BUMUKa4a Ha OCHOBI aHasi3y Bebep-aMIIepHUX XapakKTEPUCTUK Ta
MaTeMaTU4HYy MOJIeJIb OLIiHKM CUHXPOHHOI PO60TH KOHTAKTHOI CUCTEMU BaKYYMHOI'O BUMHUKAYa, 1110 JO3BOJISIE
BM3HAYaTH NOTOYHUY TEXHIYHUI CTaH €JIEKTPOMATHITY Ta 3[iICHUTU HaJlalITyBaHHSI CHHXPOHHOI pOOOTH IOJIIOCIB
BaKyyMHOTO BUMHKay4a, 10 B CBOIO Yepry, NiiBUILy€e HALiIHICTh pOOOTH BaKyyMHOIO KOMYTalliHOTO anapary.
PesynbTaTy, OTprMaHi B aucepTaLiliiHii po6oTi, BpoBamkeHo B [TAT "BinHnnsio61eHepro” (akT BIIPOBAIKEHHS Bif
19.05.2020 p.) Ta B HaBYaIbHUH NpoLec BiHHNIIBKOrO HallioHAJIbHOTO TEXHIYHOTO YHIBEPCUTETY (aKT BIPOBAKEHHS
Biz 12.05.2020 p.).

2. This dissertation focuses on finding practical solution to the problem of increasing of reliability of work of
vacuum switches and electric networks as a whole by perfection of methods and means of diagnostics of the
electromagnetic drive and contact system of the vacuum switch. The object of research is the processes of
changing the technical condition of vacuum circuit breakers during their operation. The subject of research is
methods and means of determining the technical condition of the electric drive system of vacuum switches and
their diagnostic features during operation. To solve the problems and analyze the circuit and algorithmic solutions
used methods: theories of general electrical engineering to describe electrical processes during switching, the
theory of magnetism to describe magnetic processes in an electromagnet, the finite element method to build a
computer model of an electromagnet, the theory of thermogas to describe arc processes in a vacuum chamber,
computer simulation methods to study the transients occurring in the switching process and to confirm the
adequacy of the developed mathematical models, probability theory for finding errors of the first and second kind,
analytical capabilities of computer algebra for implementation calculations of mathematical models. The scientific
novelty of the obtained results is that: for the first time a mathematical model of diagnosing the technical
condition of the electromagnetic drive of a vacuum switch based on comparing the reference weber-ampere
characteristic with the current and determining the deviation coefficient, which allows to estimate the current
technical condition of the switch electromagnet; for the first time a mathematical model was developed to
determine the wear of the contact system caused by arc processes and mechanical overvoltages when turning on
and off the vacuum switch, which allows to assess the approximation of the technical condition of the contact
system of the switch to the emergency; improved mathematical model for evaluating the synchronous operation of
the switch contact system, which, in contrast to existing ones, allows to calculate deviations from the allowable
value of the switch-on time and generate control signals for operational personnel to adjust the moving contacts
of the switch poles. For each pole, an informative signal is generated to bring its moving contacts closer or further
away from the fixed ones to ensure synchronous operation of the switch contact system. The use of the obtained
results made it possible to develop and implement an approach and mathematical model for diagnosing the
electromagnetic drive of a vacuum circuit breaker based on the analysis of weber-ampere characteristics and a
mathematical model for evaluating the synchronous operation of the contact system of a vacuum circuit breaker. ,
which in turn increases the reliability of the vacuum switching apparatus. The results obtained in the dissertation



are implemented in the JSC “Vinnytsiaoblenergo” (implementation act from 19.05.2020) and in the educational
process of Vinnytsia National Technical University (implementation act from 12.05.2020).
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