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AHOTALIS

Hioywox O.B. Meronu Ta 3aco0M [1arHOCTYBAHHS TEXHIYHOI'O CTaHY
BaKyyMHUX BUMUKauiB. — KBamidikaiiiiHa HayKoBa mpalus Ha [paBax pyKOIUCY.

HucepTarrist Ha 3700yTTS HAYKOBOTO CTYIEHS KaHAWJATa TEXHIYHUX HAyK 3a
crietianbHicTIO 05.09.03 «EneKkTpoTeXHIYH1 KOMILIEKCH Ta CUCTEMM». — BIHHUIIBKUIMA
HaI[lIOHAJIbHUI TeXHIYHUH yHiBepcuteT, Binnuig, 2020.

VY aucepTarii 3anpoONOHOBAaHO METOH J1IarHOCTYBaHHS KOHTAKTHOT CUCTEMH Ta
€JIEKTPOMArHiTHOTO MPUBOJY HAa OCHOBI aHali3y BeOep-aMIIEpHUX XapaKTEPUCTHK
BaKyyMHOT'O BUMHKAYa.

Bukonano ananmiz MeTOMIB 1 3ac00iB J1arHOCTYBaHHS TEXHIYHOTO CTaHy
KOMYTalliiHUX amapaTiB. B gaHwii dWac, B CKiaai €JIEKTPUYHOrO OO HaHHS
E€HEPreTUYHUX MIJIPUEMCTB BUKOPUCTOBYIOTH Pi3HI THIM KOMYTalIMHUX amaparis.
Opranizaiisi CHCTEMH MOHITOPUHTY JIJI1 KOXKHOTO THUITY KOMYTAIlIMHUX arapaTiB Mae
CBOi creriagbHi 0COOIUBOCTI 1 TOTpeOye 3aCTOCYBaHHS YacTO YHIKAIBHUX METOJIIB
miarHoctyBaHHs. OcoOnHMBY yBary MpUIUIEHO [IarHOCTYBAaHHIO —3aJIUIIKOBOTO
pecypcy TOJOBHUX KOHTAKTiB, TEXHIYHOT'O CTaHy MPUBOJY Ta KOHTPOIIO 130JIAIIHHOT
CUCTEMHU KOMYTAIITHOrO amapary. YHIBEpCaIbHUMH METOJIaMU € BHUKOPUCTAHHS
TEIJIOBI31MHOT 1IarHOCTUKHU Ta BiOpoaiarHoCTHKHU. [lepeBaroro 3acTocyBaHHS JTaHHMX
3aco0iB TIarHOCTYBaHHsA € Oe3leka IepcoHaja TPH IPOBEACHHI OOCTEIKEHHS
oOJiaHaHHS, BIACYTHICTh HEOOXITHOCTI BiAKIIOUCHHS JOCIIIKYBAHOT'O O0Ia HAHHS
Ta MOXJIMBICTh 3aCTOCYBaHHS MPHUCTPOIB J1arHOCTYBAaHHS Ha IHIIUX THUIMAX
€IEKTPOOOIaTHAHHS.

Opniero 13 NPUYMH BIAMOB HaAiHOI POOOTH BaKyyMHOTO BHMHKaya €
HEKOpEeKTHa pobOoTa mnpuBoja. bidblla YacTMHA BaKyyMHHUX BHUMHUKAYIB Mae€
eNeKTpOMarHiTHui mnpuBoaA. OCHOBHMMH METOJAaMU JIarHOCTYBAaHHS TPUBOAY €
KOHTPOJb IIBUAKICHUX 1 YaCOBUX MapaMeTpiB KOHTAKTHOI CHCTEMH, KOHTPOJIb
BiOpalifHUX TMPOIECIB, KOHTPOJb (OPMHU CTPyMYy YIpaBIiHHS €IEKTpOMarHita
BUMHKAYA.

Jns  peamizamii 3amadi  JIarHOCTYBaHHS  €JIEKTPOMArHiTHOTO  MPUBOIY

MPOBEEHI JIOCIII>KEHHSI HA OCHOBI aHaJi3y BeOep-aMIIepHUX XapakTepucTuk. Popma
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HEJIIHIAHOT KPUBOI 3MIHIOETHCS MPOTATOM YChOTO LUKIY poboTu mpuBoxy. Bimomi
METOAM Ta MOJENl JIarHOCTyBaHHS  BeOep-aMIEepHHUX  XapaKTEPUCTHK  HE
BUKOPHUCTOBYIOTHCSl Y 3a/1adaxX JiarHOCTYBaHHS TEXHIYHOTO CTaHy €JICKTPOIPUBOIY
BaKyyMHOT'O BUMHKaya. BupimeHnss iei npodieMu notpedye 3aCTOCYBaHHS METO/IIB,
AK1 BPaxXylOTh CTYIiHb BIAXUJIEHHS MK €TaJOHHOIO Ta BUMIPSHOIO BeOEp-aMIEPHOIO
XapaKTepUCTUKOI0 OOMOTOK €JIEKTPOMAarHiTy BUMHKaya. [lepcrnekTuBHUM € aHami3
BeOep-aMIepHUX  XapaKTEPUCTUK EJCKTPOMArHiTy BaKyyMHOTO BHMHKaya Ta
BCTAHOBJICHHS 1X B3a€MO3B'SI3KY 3 IeEeKTaMH B €IEKTPOMArHiTHOMY MPUBO/II.

[Ipu koMyTanii BUMHKaua BiJOYBA€ThCS 3HOC CHIIOBUX KOHTaKTIB. Ilin 3HOCOM
KOHTaKTiB PO3YMIIOTh PYHHYBaHHS POOOYMX TOBEPXOHb CHIIOBUX KOHTAKTIB, IO
OPUBOJIUTH N0 3MIHM iX (QopMH, po3Mipy, Macud 1 J0 3MEHIICHHS MpOBaly.
OCHOBHMMH METOAAMH JIarHOCTYBaHHS TEXHIYHOTO CTaHy KOHTAKTiB BUMHUKAYIB €:
BUMIPIOBaHH]1 BEJIMUMHH BIIKITIOUEHOI (ha3aMU MOTYXKHOCTI KOPOTKOTO 3aMHKaHHS,
KOHTPOJb CTaHy TOJIOBHMX KOHTaKTIB MO BEJIWYUHI CTPYMY, KOHTPOJIb CTaHy
TOJIOBHUX KOHTAKTIB, SIKMI BU3HAYAETHCS 32 BUJIOM 1 TPUBAIICTIO TOPIHHS AYTH.

[cHytoui  MeToaM  JOCHIKEHHS  3aJUIIKOBOTO  pEecypcy  BUMHUKAUiB
BUKOPUCTOBYIOTh Yy 3ajlayax JIarHOCTYBaHHsS TEXHIYHOTO CTaHy BUMHKauiB. [Ipore
3alpOIIOHOBAHI PIMIEHHS HE J03BOJSIOTH OXONMUTH BECh CIEKTP KOMYTAIlIMHHUX
amapaTiB Ta TIAXOJIB, OCKUIBKM BUPOOHUKM HE 3aBXIU HAIAlOTh PECYpPCHY
XapaKTEPUCTKy Ha BUMHKAY 1 icHye oOMeXeHICTh iHpopMaIllii o0 CIiBBIIHOIIECHb
MDK KUTBKICTIO KOMYTAIlili Ta 3HAYCHHSIMH KOMYTOBaHOTO CTPYMY.

B poGoti po3pobneHo MaremMaTHYHy MOJEIb JIarHOCTYBaHHS TEXHIYHOTO
CTaHy eJIEKTPOMArHiTHOTO MPHUBOJa BAKYyMHOT'0O BMMHKAa4a Ha OCHOBI MOPIBHSHHI
€TaJIOHHOT BeOep-aMIEpHOi XapaKTePUCTUKH 13 TOTOYHOIO Ta BH3HAuYEHHI
Koe(illieHTa BIIXWICHHS, IO J03BOJISE OIIIHUTH IOTOYHUN TEXHIYHUH CTaH
€JIGKTPOMArHiTy BUMHKaya B IpoLECl eKCIUTyaTallli. 3alporoHOBaHa MaTeMaTH4Ha
MOJIeTb sIKa JI0O3BOJIIE BU3HAYaTH 3HOC KOHTAKTHOI CHCTEMH, CHPUYHMHEHUN
AYTOBUMH TpOIECaMH Ta MEXaHIYHUMH TepEHaNpyKeHSIMHU, MpH BBIMKHEHHI Ta
BUMKHEHHI BaKyyMHOTO BUMHKaya, 110 JO3BOJISIE BU3HAUNUTHU CTYIIHb HAOIMKEHHS
TEXHIYHOT'O CTaHy KOHTAKTHOI CUCTEMU BHUMHKaya J10 aBapiiiHoro. IIpu BBIMKHEHHI

3HOC CHJIOBHX KOHTAKTIB BH3HAYA€THhCS HA OCHOB1 IMOPIBHSHHS IIOYOTO TATOBOTO
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3yCWJUIS BBIMKHEHHS 13 3arajbHOI0 €JIEKTPOAMHAMIYHOIO CHJIOK0 BIIKUAY MO YCiX
MOJIFOCaX KOHTAaKTHOI cHWcTeMH. [IpM BHMKHEHHI 3HOC CHJIOBHX KOHTAKTIB
BU3HAYAETHCSA HA OCHOBI MOPIBHSIHHS [IIOYOr0 MPUBOJAHOTO TATOBOTO 3YCHILIA
BUMKHEHHS 13 MiHIMaJIbHO JOMYCTHMHUM TSATOBUM 3YCHILISAM JIJISl ITPOIIECY BUMKH CHHSI
BaKyyMHOTO BHUMHKauda. Po3poOiieHa MaTeMaTHYHAa MOJEIb OIIIHKA CHHXPOHHOI
poOOTH KOHTAaKTHOi CMCTEMH BHMHKaya, 10 Ha BIIMIHY B ICHYIOUHX, JT03BOJISIE
PO3paxoBYBaTH BIIXUJICHHS BiJI JOIMYCTUMOTO 3HAYCHHS Yacy BBIMKHEHHS BUMHKayda
Ta (OpMyBaTH CHUTHAIM KEPYrOUOoi Mii IS ONEpPaTHBHOTO TIEPCOHATY IIOO
PETYIIIOBaHHS PYXOMHX KOHTAKTiB TIOJNIOCIB BHMHKa4a. J[JI KOXHOTO TOJHOCa
dbopmyeTbest 1HOOPMATUBHUN CUTHAT Ha 30JIMKEHHS a00 BiAJAJICHHS HOTO PyXOMHUX
KOHTAaKTIB BiJi HEPYXOMHX JUIA 3a0€3MCYCHHS CHHXPOHHOI pPOOOTH KOHTAKTHOI
CHUCTEMHU BUMHUKAYA.

Ha  ocHoBl  mMaremaTuuHOi  MOJedl  MOPIBHSHHSA  BeOep-aMIepHUX
XapaKTepUCTUK  EJIEKTPOMATrHITHOIO  MPUBOAY  pO3POOJEHO  aNropuT™M  Ta
MIKPOIIPOIIECOPHUIN TPUCTPiH, SAKUN Mae po3mupeHi (QYHKI[IOHATbHI MOMXJIMBOCTI 1
MOJKE€ JIETKO IHTErpyBaTHCh B 3arajibHy CUCTEMY IIarHOCTYBaHHS KOMYTalliifHOTO
oOyagHaHHs Ta 3a0e3rnedye JOCTATHIO MIBHAKOJMIIO B IMPOIECi Horo ekcruryatarii. 3
BUKOPHUCTAaHHSIM MaTeMaTHYHOI MOJENl  JIarHOCTYBaHHS  €JIEKTPOMArHiTHOTO
IPUBOAY PO3pOOJICHA CTPYKTYpHA CXeMa IMPHUCTPOIO, 3aCTOCYBAaHHS SIKOi, Ha BIAMIHY
BiJl BIJOMUX, JIO3BOJISAE 3/IMCHIOBATH JIarHOCTYBAaHHS €JICKTPOMArHiTHOTO IPUBOIY
B TIpoIeci poOOTH BaKyyMHOr0 BUMHKada. Ha OCHOBI MaTeMaTHYHHX MOJENCH s
BU3HAYCHHS HEY3TO/PKCHHSI OJHOYACHOCTI BBIMKHEHHS TIIOJIOCIB BUMHKaya Ta
BU3HAYCHHS JOMYCTUMOTO BIIXWUJICHHS TOJOKEHHS PYXOMHX KOHTAaKTIB MOJIOCIB
BUMHKA4a PO3pOOJICHI CTPYKTYpHI CXEMHU TMPHUCTPOIB, SIKI JIETKO pPeai3yeThCs Ha
MPOrPaMOBAHKUX JIOTIYHUX IHTETPAIBHUX CXeMax OyIb-IKWX BHpPOOHHKIB. 3
BUKOPUCTAaHHSM  MaTeMaTWYHOI  MOJeNi JJIi  BU3HAYEHHA  HEY3TOJDKEHHS
OJTHOYACHOCTI BBIMKHEHHS TOJIOCIB BHMHKAa4a 3alpOINOHOBAHO peai3alliio
MPUCTPOI0 BU3HAYEHHS HEY3rO/JKEHHS OJHOYACHOCTI BBIMKHEHHSI IIOJIFOCIB
BuMHuKada 13 BukopuctanHsiMm [IJIIC na 6a3i mikpocxemu Altera mapku MAXII
EMP570T100C5. Ilporpamy 0yno po3pob6iaeHo B cepenoBuii Quartus II 15.0. Taka

peanizailisi J03BOJISI€ CYTTEBO MIABUIIUTU IMIBUAKOAIIO MPUCTPOIO, 3MEHIIUTH HOTO
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€HEProcroKMBaHHs Ta po3Mmipu. Ha oCHOBI MaTreMaTUYHOI MOJIEJI BUABIICHHS 3HOCY
KOHTaKTHOI CHCTEMH pPO3pOOJEHO MIKPOIPOLECOPHUI MPUCTPIM Ta aJrOpuT™M
poboTH, SKHUH 3 BHCOKOIO JOCTOBIPHICTIO J03BOJSE BHU3HAYATH 3HOC KOHTAKTHOI
CUCTEMH Ma€ pO3MIHUpeHi GYyHKIIOHATIbHI MOXKIUBOCTI 1 MOXKE JIETKO IHTETPYyBaTUCh Y
3arajibHy CUCTEMY JIIarHOCTYBaHHs KOMYTallltHOTO 00JiaTHAHHS.

Po3po0neHo koMI’I0TEpHY MOJENb €JIEKTPOMArHiTHOrO MPUBOJIa BAKYYMHOIO
Bumrkaya BP0-10-12,5/630 Y2 B nmporpami FEMM. [IpoBeneHo po3paxyHOK HOro
MarHiTHOI CHCTEMHU. BU3HAYEHO MOTOKO3YeTUIeHHS OOMOTOK BHMHKada MpPH HOTO
BBIMKHEHHI Ta BHUMKHEHHI. OTpUMaHi pe3yJIbTaTH MOJICIIOBAHHS CWJIM YTPHUMaHHS
SKOpsI eNeKTpoMarHity y mporpami FEMM BianmoBigaroTh NMacmopTHUM JaHWM Ha
BUMUKa4. Pe3ynpTaTe MOJCIIOBAaHHS IMiATBEPKYIOTh TOIUIBHICTh 3aCTOCYBaHHS
3alpOIOHOBAHOTO METOJy BH3HAYEHHS MArHITHOI XapaKTEPUCTUKH OOMOTOK
BuMukada. Cteopeno y IIIIIT Matlab Simulink koM’ 1oTepHy MoJienb BUSIBIICHHS Ta
MOTIEPEHKEHHS] 3HOCY KOHTAKTHOI CHCTEMHM BaKyyMHOTO BHUMHKaya, sIKa J103BOJISIE
Opv BBIMKHEHHI Ta BHMKHEHHI BHMHKaya OTPUMATH CHUTHAJI TMPO 3HOIIEHHS
KOHTaKTIB BHMHKaua. BCTaHOBIIEHO, IO Ha BIAMIHY BiJ ICHYKOYHX CIIOCOOIB
po3po0bsieHa KOMIT IOTepHA MOJIETh JI03BOJISIE OMUCYBAaTH JYTOBi1 MPOIECH il 4Yac
KOMYTallii, 3MIHIOBaTH MapaMeTpPu MEpPexki Ta BIJOOpakaTH pPeakilito KOHTAKTHOT
CUCTEMHU BaKyyMHOTO BHMHKaya Ha Ii 3MiHH. OCKUIBKM JOCIITHO TIEpeBipKa
3alpOIIOHOBAHOTO METOJy BHUSBJICHHS 3HOCY 13 BpaxXyBaHHSAM 3MiHH IlapaMeTpiB
(Mepexi, eNeKTPOMArHiTHOrO MPHUBOAY, (I3MYHOTO CTaHy KOHTAaKTIB) € 3aJadyero
CKIAHOI B peaizaiii TO BUKOPUCTaHHS PO3POOJICHOI KOMIT IOTEpHOI MOJei
BUpiIye naHy mpoOnemy. I[IpoBeneHO HATypHHIl EKCIIEpUMEHT 13 IMITAIll€lo
HECIIPaBHOCTI BHMHKaya [JIsl TMEPEBIPKH aIeKBAaTHOCTI POOOTH 3ampOTIOHOBAHOTO
METO/y JIarHOCTYBaHHS €JIEKTPOMAarHiTHOTO MPUBOAY BaKyyMHOro Bumukada BPO-
10-12,5/630 V2. Ilpu BBIMKHEHHI OYyJI0 PO3pETyIbOBAHO OJOK-KOHTAKTH TOJIOKCHHS
BUMHKAYa, IO MPHU3BEIO JO PAHHBOTO BIJKIIOUEHHS JKUBICHHSA BiI OOMOTKH
BBIMKHEHHS. [[py BUMKHEHHI BaKyyMHOTO BUMHKa4a OyJI0 3MIIIEHO HAMPAMOK PyXy
OC1 TIPUBOJHOT TATH, IO MPHU3BENO 10 JOJATKOBOTO HABAHTAXCHHS MPU BUMKHEHHI
BuMuKavya. OTpuMaHi pPe3ysbTaTH MOTOKO3YETUICHHS 1T OOMOTOK €JIEKTPOMArHiTy

BaKYyMHOT0 BHUMHKauya MIITBEP/IKYIOThCS MOJEIoBaHHsAM y mnporpami FEMM.
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HaBenenuii cmnoci®0 oTpuMaHHS BeOep-aMIEpHOI XapaKTEpUCTUKH MOXe OyTu
BUKOPUCTAHUN [UIsl J1arHOCTYBAHHS €JEKTPOMAarHiTHOrO MPHUBOAY BaKyyMHOTI'O
BUMHKaua Ha OCHOBI1 aHaI13y BeOep—aMIIEpHUX XapaKTePUCTUK OOMOTOK.

3MIACHEHO OIIIHKY NOXWOOK MOMMUJIOK MEpIIOro 1 Jpyroro poay Mpu
BU3HAYEHHI 4Yacy HEOJHOYACHOCTI KOMYTallli MOJIOCIB BUMHKaua Ta IPOBEJEHO
OLIIHKY TOYHOCT1 CHHTE€30BaHUX MPUCTPOIB 32 KPUTEPIEM MIHIMAIBHOTO PUBHKY.

Knwouogi cnosa: BakyyMHUH BHMMHKAaY, J1arHOCTYBAaHHS, TEXHIYHUH CTaH,
OPUBOJI, €JIEKTPOMArHiT, KOHTaKTHa CHUCTeMa, 3HOC, NPUCTPi, aITOPHUTM,

MIKPOKOHTpOJIEP, KOMIT IOTE€pPHA MOJEIIb.

ABSTRACTS

Didushok O. V. Methods and means of diagnosing the technical condition of
the vacuum circuit breakers. — Qualification research paper, manuscript copyright.

The dissertation on the receipt of scientific degree of candidate of engineering
sciences in speciality 05.09.03 “Electrotechnical complexes and systems”. —
Vinnitsya National Technical University, 2020.

In the dissertation methods of diagnosing the contact system and the
electromagnetic drive on the basis of the analysis of weber-ampere characteristics of
the vacuum switch are offered.

The analysis of methods and means of diagnosing the technical condition of
switching devices is considered in the work. Currently, as part of the electrical
equipment of energy companies use different types of switching devices. The
organization of the monitoring system for each type of switching devices has its own
special features and requires the use of often unique diagnostic methods. Particular
attention is paid to diagnosing the residual life of the main contacts, the technical
condition of the drive and control of the isolation system of the switching apparatus.
Universal methods are the use of thermal imaging diagnostics and vibration
diagnostics. The advantage of using these diagnostic tools is the safety of personnel

during the inspection of equipment, the absence of the need to turn off the test
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equipment and the possibility of using diagnostic devices on other types of electrical

equipment.

One of the reasons for failure of reliable operation of the vacuum switch is
incorrect operation of the drive. Most vacuum circuit breakers have an
electromagnetic drive. The main methods of diagnosing the drive are: control of
speed and time parameters of the contact system, control of vibration processes,
control of the shape of the control current of the switch electromagnet.

To implement the task of diagnosing the electromagnetic drive, research was
conducted based on the analysis of weber-ampere characteristics. The shape of the
nonlinear curve changes throughout the drive cycle. Known methods and models for
diagnosing of weber-ampere characteristics are not used in problems of diagnosing
the technical condition of the electric drive of a vacuum switch. The solution to this
problem requires the use of methods that take into account the degree of deviation
between the reference and measured weber-ampere characteristics of the windings of
the electromagnet of the switch. A promising task is the analysis of the weber-ampere
characteristics of the electromagnet of the vacuum switch and the establishment of
their relationship with defects in the electromagnetic drive.

The power contacts wear out when the switch is switched. Under the wear of
the contacts understand the destruction of the working surfaces of the power contacts,
which leads to a change in their shape, size, weight and to reduce failure. The main
methods of diagnosing the technical condition of the contacts of switches are:
measuring the value of the disconnected phases of short-circuit power, monitoring the
state of the main contacts by current, monitoring the state of the main contacts, which
Is determined by the type and duration of arc burning.

Existing methods of research of residual resource of switches are used in
problems of diagnosing a technical condition of circuit breakers. However, the
proposed solutions do not cover the full range of switching devices and approaches,
as manufacturers do not always provide a resource characteristic per switch and there
Is limited information on the relationship between the number of switches and the

values of the switched current.
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The paper develops a mathematical model for diagnosing the technical

condition of the electromagnetic drive of a vacuum switch based on comparing the
reference weber-ampere characteristic with the measured and determining the
deviation coefficient, which allows to assess the current technical condition of the
breaker electromagnet during operation. A mathematical model is proposed 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 determine
the degree of approximation of the technical condition of the contact system of the
switch to the emergency. At switching on wear of power contacts is defined on the
basis of comparison of operating traction force of switching on with the general
electrodynamic force of a throw on all poles of contact system. When switching off,
the wear of the power contacts is determined on the basis of a comparison of the
current drive traction switch-off force with the minimum permissible traction force
for the process of switching off the vacuum switch. The developed mathematical
model for estimating the synchronous operation of the switch contact system, which,
in contrast to the existing ones, allows to calculate deviations from the allowable
value of the switch on time and generate control signals for operating 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 the synchronous operation of the switch contact system.

Based on a mathematical model comparing the weber-ampere characteristics of
the electromagnetic drive, an algorithm and a microprocessor device have been
developed that has advanced functionality and can be easily integrated into the
overall system for diagnosing switching equipment and provides sufficient speed
during its operation. Using a mathematical model for diagnosing an electromagnetic
drive, a block diagram of the device has been developed, the use of which, in contrast
to the known ones, allows diagnosing an electromagnetic drive during the operation
of a vacuum switch. On the basis of mathematical models for determining the
mismatch of the simultaneous switching on of the switch poles and determining the
allowable deviation of the position of the moving contacts of the switch poles

developed structural diagrams of devices that are easily implemented on
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programmable logic integrated circuits of any manufacturers. Using a mathematical

model to determine the mismatch of the switching pole of the switch, it is proposed to
implement a device for determining the mismatch of the switching poles of the switch
using PLD based on the Altera chip brand MAXII EMP570T100C5. The program
was developed in Quartus Il 15.0. This implementation allows you to significantly
increase the speed of the device, reduce its power consumption and size. Based on the
mathematical model of contact system wear detection, a microprocessor device and
algorithm have been developed, which with high reliability allows to determine
contact system wear has advanced functionality and can be easily integrated into the
general system for diagnosing switching equipment.

The computer model of the electromagnetic drive of the vacuum switch BPO-
10-12,5 / 630 U2 in the FEMM program is developed. In the computer model the
magnetic system of the electromagnetic drive of the switch is calculated. The model
calculates the flux linkage of the switch windings when it is turned on and off. The
obtained results of modeling the holding force of the armature of the electromagnet in
the FEMM program correspond to the passport data on the switch. The simulation
results confirm the feasibility of the proposed method for determining the magnetic
characteristic of the switch windings. A computer model for detecting and preventing
the wear of a vacuum circuit breaker contact system has been created at Matlab
Simulink, which allows you to receive a signal about the wear of the circuit breaker
contacts when you turn on and off the circuit breaker. It is established that, unlike the
existing methods, the developed computer model allows to describe arc processes
during switching, to change network parameters and to reflect the reaction of the
contact system of the vacuum switch to these changes. Since the experimental
verification of the proposed method of detecting wear, taking into account changes in
parameters (network, electromagnetic drive, physical state of contacts) is a difficult
task to implement, the use of the developed computer model solves this problem. A
field experiment with simulation of circuit breaker failure to verify the adequacy of
the proposed method of diagnosing the electromagnetic drive of the vacuum circuit
breaker BP0-10-12,5 / 630 U2. When switched on, the block contacts of the switch

position were adjusted, which led to the early disconnection of power from the
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switching winding. When the vacuum switch was switched off, the direction of

movement of the drive rod axis was shifted, which led to an additional load when the
switch was switched off. The obtained results of flux coupling for the windings of the
electromagnet of the vacuum switch are confirmed by simulation in the FEMM
program. The above method of obtaining the weber-ampere characteristic can be used
to diagnose the electromagnetic drive of the vacuum switch based on the analysis of
weber-ampere characteristics of the windings.

The error of errors of the first and second kind at determination of time of non-
simultaneity of switching of poles of the switch is estimated and the estimation of
accuracy of the synthesized devices on a criterion of the minimum risk is carried out.

Keywords: vacuum circuit breaker, diagnostics, technical condition, drive,
electromagnet, contact system, wear, device, algorithm, microcontroller, computer

model.
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BCTYII

OO0rpynryBanHsi BUOOpPY TemMH JocjimkeHHs. HaniliHe enekTpornocTayaHHs
CHOKMBA4YiB MOXJIMBE JIMILIE Y BHUMAAKY HaAiiiHOI poOOTH ychoro oOJagHaHHS
eHeprocuctemu. IIpm 1pOMYy ocOONHMBA yBara MPUAUISETbCS BHMHKadaM, 3a
JIOTIOMOTOK0  SIKUX 3IMCHIOEThCS KOMYTAIlisl B €ISKTpUYHHX Mepexax [1]. Bonwm
HaJeXaTh JI0 HAWOUTBIN BaXXJIMBUX KOMYTAI[IMHUX amapaTiB, BiJl HaJIHHOCTI
(YHKIIOHYBaHHS SIKUX, 3aJIEKUTh CTIMKICTh 3a0€3MEeUeHHs eJEeKTPONOoCTayaHHs
CMOXKMBayiB. 3a JOMOMOIOK) BUMHUKAYIB 3IMCHIOETHCS BIIKIIOYEHHS aBapiiHUX
CTPYMIB KOpPOTKOIO 3aMHUKaHHs, olepamnii KoMyTalli HOMIHaJbHOTO pPOOOYOro
CTPYMY, a TAaKOX KOMYTaIIlii, OB’ s3aH1 31 3MIHOIO HAIPSIMKY MOTOKIB MOTY>KHOCTEH B
CIICKTPOCHEPTETUYHUX CHCTEMaX.

CBiTOBa TEHJICHIIIS PO3BUTKY €JIEKTPOTEXHIYHOTO YCTATKyBAaHHS CBITYUTH PO
3aMiHy MOLIUPEHUX Y MUHYJIOMY MAaCJSHUX Ta MaJOMAaC/ITHUX BUMHUKA4YiB HAMIPYTOl0
6-35 kB nHa BakyymHi BuMukaudi [2]. BakyymHi KoMyTaIliliHi amapaTd MaiOTh
HaWOUIBIy JAWMHAMIKY PO3BUTKY 1 € HAWOUTBIN MEPCHEKTUBHUMH B PO3MOALTBYHX
YCTAaHOBKAaX CEpeJHbOI HOMIHAJIBHOI Hampyru. BakyymHI TyroracuiibHI HPHUCTPOi
MalOTh BHCOKY HAaIIHHICTh 1 3HOCOCTIHMKICTH [3]. Ajle € TakoX IEBHI HEIOTIKH:
NepeHanpyru, BUKJIMKAaHI HEOJHOYACHICTIO KOMYTallli TOJIOCIB BHMHKAYa,
PO3PETYNIIOBaHHSA KOHTAaKTHOI CHCTEMH B TPOLIECI JOBrOTPUBAIOi POOOTH, BHCOKA
BapTICTh IAHOTO THUITy KOMYTAI[IHHOTO 00J1aTHaHHS.

JIist OIIHKM TEXHIYHOTO CTaHy BaKyyMHOTO BHMHKada BHKOPHUCTOBYIOTHCS
pi3Hi 3acobu miarHocTyBaHHS [4]. OcoOnuBy yBary B Mpoleci TiarHOCTYBaHHS
TEXHIYHOTO CTaHy BaKyyMHOTO BUMHKada MPUAUISIOTH ITOCTIDKEHHIO poOOTH HOro
npuBoAy [5]. Bix TexHIYHOTO CTaHy NMPUBOMAY 3aJCKUTh HAIIHHICTH POOOTH yCHOTO
KOMYTAI[ifHOTO amapary, noro TEXHIYHA MO>KITUBICTh 3MIACHUTH
3aMHUKaHHs/pa3MUKaHHS TOJOBHMX 1 JIOMOMDKHHX KOHTAaKTiB i3 3aJaHUMU
IIBUJIKICHUMHM Ta JMHAMIYHUMHU Tapamerpamu. B mpoieci poOOTH BaKyyMHOIO
BUMHKAYa AYTrOBi MPOIECH i Yac KOMYTAIlii TPU3BOAATH /10 3HOMIEHHS KOHTAKTHOT
cucremMu (3MiHa (QopMH, PO3MIpy, Mack PoOOUYMX MOBEPXOHb CHUJIOBHX KOHTAKTIB,

3MCHIICHHS iX mpoBaiy). ICHyrOYi 3aco0M JiarHOCTYBaHHS KOHTAKTHOI CHCTEMU
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BAaKYYyMHUX BHMHUKA4iB 3BOJATHCS JIO0 BHUSBJICHHS ICHYIOUHMX BIIXWICHb BIJ
3aBOJICBKMX MapaMeTpiB, ajie BUSBIEHHS MPUXOBAaHUX JAePEKTIB abo THUX, LIO
3apOJIKYIOThCS, TOTpeOye 3aCTOCYBAHHS HOBUX METO/IIB JIIarHOCTYBAHHSI.

Bkazani mnpoOnemMu  OOyMOBIIOIOTH  aKTyaJIbHICTh ~ HAyKOBOi  3ajadl,
CIpPSIMOBAHOI HAa MIABUIIEHHS HAJIHHOT pOOOTH BaKyyMHOT0 KOMYTAIIIHOTO anapary
[UISIXOM pO3pOOKH HOBUX METOIB JIarHOCTYBAaHHS MOr0 TEXHIYHOIO CTaHY.

JIOCHiXKEeHHIO Ta CTBOPEHHIO 3ac00iB J1arHOCTYBAHHSI TEXHIYHOTO CTaHy
BUMUKA4iB MPUCBAYEHA BeJIMKa KUIbKICTh poOiT, aBTopamu sikux €: B. B. Kytin,
O. €. Py6anenko, b. C. Croruiii, M. ®. Conens, €. M. TankeBuu, A. B. IlaHos,
B. I. [lawbkiB, I'. M. Mixees, B. A. Illaxuin, B. I IlpiBano, H. 1. OBuapenko,
A. 1. Slmypa ta 6arato iHIIUX.

3B’A30K po00OTH 3 HAYKOBMMH NPOrpaMaMu, IIJIAHAMH, TEMAMHM.

OcHOBHUH 3MICT pOOOTH CKJIANAIOTh  Pe3yJbTaTh  JIOCHIKEHb, IO
OpOBOAWINCH Ha Kadenpl eNeKTpOMEXaHIYHMX CHUCTEM aBToMaTHu3alii B
IPOMHCIIOBOCTI 1 Ha TpaHCHOpTi BiHHUIBKOTO HAIIOHAJBHOTO TEXHIYHOTO
YHIBEPCUTETY Yy BIAMOBIAHOCTI 10 HAYKOBOTO HaIpsIMKy «Po3poOka MaremMaTHYHUX
MoJieNiell TPOIECiB, IO MPOTIKAIOTh B ENEKTPUYHUX Ta €HEPreTUYHUX CHUCTEMaAX,
iHQOpMaIlIfHO-BUMIPIOBAILHUX ~ CHUCTEM Ta  CHCTEM  aBTOMATHYHOTO  Ta
aBTOMATHU30BAaHOTO KEPyBaHHS IIMMHU TIpollecaMM», 30KpeMa JucepTalliiiHe
JOCIIIJDKEHHsI TIOB’si3aHe 3 KadenpaabHOI HAayKOBO-AOCHiIHOW Temoro Ne 29 K3
«/liarHocTHKa, 3aXWCT BIiI aBapiiHUX PEKUMIB Ta METOAW eKCIuTyaTtarii
eJIEeKTpOoOOIaHAHHS aBTOMATH30BAaHUX Ta AaBTOMATUYHUX CHCTEM MPOMHCIOBUX
MIATPUEMCTB 1 TPAHCTIOPTY».

Merta i 3aBAaHHSA JOCTIIKEeHHS

MeTo10 po60TH € TiIBHUIEHHS HAMIMHOCTI poOOTH BaKyyMHHX BUMHUKAUIB, a
OTXKE, 1 CICKTPUYHUX MEPEXK B I[IJIOMY IUISXOM BIOCKOHAJICHHS METOMAIB 1 3ac00iB
JIarHOCTYBaHHS €JIEKTPOMArHITHOTO MPUBOJY Ta KOHTAKTHOI CHCTEMH BaKyyMHOTO
BUMHKAYA.

00’exTOM [JOCJIIKEHHSI B JUCEpTalliiHIil poOOTI € mpouecu 3MIHU

TEXHIYHOT'O CTaHy BAKYyMHHUX BUMHKAUiB B MIPOILIEC] 1X EKCILTyaTallli.
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IIpeamerom 0cCaiTKeHHS € METOAM Ta 3aCOOM BU3HAYCHHS TEXHIYHOTO CTaHY
CUCTEMHU E€JIEKTPOINPUBOAY BaKyyMHUX BUMHUKAUIB Ta iX AIarHOCTUYHI O3HAKH M1J Yac
eKCILTyaTarii.

BianoBigHo 10 BKa3aHOT METH HEOOX1THO PO3B’s3aTH TaKi OCHOBHI 3a/1a4i:

— IPOBECTU aHali3 ICHYIOYMX 3aco0IB JIIarHOCTYBAaHHS KOMYTallIMHHUX
arnaparis;

— pO3pOOUTH MaTeMaTU4YHI MOJIeNIl J1arHOCTYBaHHS  €JIEKTPOMArHITHOTO
NPHUBOJTY Ta KOHTAKTHOI CHCTEMH BaKYyMHUX BUMHUKAYiB;

— 32 MATEMaTUYHUMH MOJICIIIMH PO3POOUTH CTPYKTYPHI CXEMHU MPUCTPOIB IS
JIarHOCTYBaHHS CJICKTPOMArHITHOTO MPUBOJY Ta KOHTAKTHOI CHCTEMH BaKyyMHOTO
BUMHKKAua, M0 Jajli peani3yloTbcs Ha 0a31 MPOMUCIOBUX KOMIIOHEHTIB, SIKi
BUPOOJISIOTBCS CepiiiHO, a00 IHTErpyBaTH iX B ICHYIOUl CHUCTEMHU J1arHOCTYBaHHS
€JICKTPUYHOTO 00JIaTHAHHS;

— IJIIXOM  KOMIT'IOTEPHOTO  MOJENIOBAHHA  JOCHIAUTH  aJeKBATHICTh
3alpONOHOBAHUX MAaTEMAaTUYHUX MOJIENEH Ta peaai3oBaHuX MPUCTPOIB.

Metoan npociimkeHnsi. J[ns po3B’si3aHHA MOCTaBIEHUX 3a7ad Ta aHali3y
NPUHHATUX CXEMOTEXHIYHUX Ta aJTOPUTMIUYHUX PIIIEHbh BHUKOPUCTaHI TaKl METOJIH
JOCITIJDKEHHSI: TEOpii 3arajibHOi €JIEKTPOTEXHIKH JUIS ONUCY €JICKTPUYHUX IMPOIECiB
i Yac KOMyTarlii BUMHKa4a, Teopil MarHeTU3MYy, JUIsl OMKCY MarHiTHUX IPOIIECIB B
€JICKTPOMArHiTi, METOJ] CKIHUCHHUX €JIEMEHTIB, JIJIsl TOO0YI0BH KOMIT FOTEPHOT MOIei
eJIEKTpOMArHiTa, Teopil TEpPMOra3oJWHAMIKH, JJIS OIKCY JIYTOBUX TMPOIECIB Y
BaKyyyMHIll Kamepi, METOAY KOMII IOTEpPHOTO MOJICIIOBAHHS JUIS JOCIIKSHHS
MEePEeXiTHUX TMPOIECIB, MO MPOTIKAIOTh B TMPOIECI KOMyTallii BUMMKada Ta IS
MIATBEP/DKEHHS  aJeKBATHOCTI PO3pOOJICHUX MAaTEMAaTHYHHX MOJCICH, Teopii
WMOBIpHOCTEH JUISI 3HAXO/KEHHS MOMWJIOK TEPIIOro 1 JPYroro poay, aHAIITHYHI
MO>KJIMBOCTI KOMIT' FOTEPHOI anredpw I 3IHCHEHHS PO3PAaXyHKIB MAaTEMAaTUYHHUX
MOJENEN.

HaykoBa HOBH3HA OTPMMAaHUX Pe3yJbTATiB:

— BIIepIIE PO3pOOJICHO MAaTeMaTU4YHY MOJIeNb JIarHOCTYBaHHS TEXHIYHOIO
CTaHy eJEKTPOMArHITHOTO MPHUBOJA BaKyyMHOTO BHMHKada Ha OCHOBI TOPIBHSHHS

€TaJOHHOI BeOep-aMIIEpHOI XapaKTEPUCTUKH 13 TMOTOYHOK Ta BU3HAYEHHI
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Koe(illieHTa BIIXWJICHHS, IO JO03BOJSE OLIHUTUH TOTOYHUN TEXHIYHUN CTaH
€JIEKTPOMArHiTy BUMHKaya B IIPOLIEC] eKCILTyaTallli.

— BIEpIIE pO3pOOJICHO MaTeMaTUYHA MOJEJNb, sIKa JO3BOJISI€ BU3HAYATH 3HOC
KOHTAaKTHOi CHCTEMH, CIPUYMHEHUH JYrOBUMH TIPOIlECAMH Ta MEXaHIYHUMU
MepeHanpyXeHHAMHU, MPU BBIMKHECHHI Ta BHMKHEHHI BaKyyMHOTO BHMHKaya, IO
J03BOJISIE BUBHAYHUTH CTYITIHb HAOIMKCHHS TEXHIYHOTO CTaHy KOHTAKTHOI CHCTEMHU
BUMHKA4a JI0 aBapiifHOTO.

— YIOCKOHAJICHO MAaTeMaTU4YHy MOJE/b OIIIHKA CHHXPOHHOI POOOTH
KOHTAaKTHOT CHUCTEMH BHMHKA4a, M0 Ha BIAMIHY BIJ ICHYIOYHUX, J03BOJISIE
PO3paxoBYBaTH BIIXUJICHHS BiJI JOIMYCTUMOTO 3HAYCHHS Yacy BBIMKHEHHS BUMHKada
Ta (GOpMYBaTH CHUTHAIW KEPyrdoi Mii JJIsI ONEpPaTHBHOTO TEPCOHANY MO0
pEeryJIOBaHHS PYXOMHUX KOHTAKTIB TMOJIOCIB BHUMHKauda. [[7Is KOXXHOTrO moJiroca
dbopmyeTbest 1HOOPMATUBHUN CUTHAT Ha 30JIMKEHHS a00 BIAJAJICHHS HOTO PyXOMHUX
KOHTAaKTIB BiJl HEPYXOMHUX i 3a0e3Me4YeHHs CUHXPOHHOI pPOOOTH KOHTAKTHOT
CUCTEMHU BUMHUKAYa.

IIpakTnyHe 3HAYeHHS OTPUMAHUX Pe3yJIbTATIB:

- Ha OCHOBI MaTeMaTH4YHOI MOJeJli TOPIBHSHHS  BeOep-aMIepHUX
XapaKTepUCTUK  EJIEKTPOMATHITHOIO  TMPUBOAY  PO3POOJICHO  alroput™M  Ta
MIKPOIIPOIIECOPHUIN TPUCTPiH, SAKUN Mae po3mupeHi (yHKIIOHATBHI MOMXJIMBOCTI 1
3aCTOCYBaHHS SKOTO, Ha BIAMIHY BIJ BIJIOMHX, JIO3BOJISE JiarHOCTYBAaTH
CJIEKTPOMArHiTHUN TPUBiA, a caMe OKpPeMO OOMOTKY BBIMKHEHHS Ta OOMOTKY
BUMKHEHHSI BUMHKAYa;

- 3 BUKOPUCTAHHSIM MaTeMaTUIHOT MOJIeIi JIarHOCTYBaHHS
€JIEKTPOMArHiTHOTO TMPUBOAY po3poOjieHa CTPYKTypHa CXeMa MPHUCTPOIO,
3aCTOCYBaHHS KOI, HA BIAMIHY Bij BITOMHX, TO3BOJISIE 3IHCHIOBATH J1arHOCTYBAaHHS
€JIEKTPOMArHiTHOTO TIPUBOIY B MPOIEC pOOOTH BAKYYMHOT'O BUMHKAYa;

- Ha OCHOBI MaTEeMaTUYHUX MOJENEH I BU3HAYCHHS HEY3TOJKCHHS
OJIHOYACHOCTI BBIMKHEHHSI TIOJIIOCIB BHUMHKAa4ya Ta BHU3HAYEHHS JIOMYCTUMOTO
BIIXWJICHHS TIOJIOKEHHS PYXOMHUX KOHTAaKTIB TOJIIOCIB BHMHKaya pO3po0JIeHI
CTPYKTYPHI CXE€MHU MPUCTPOIB, K1 JIETKO PEali3ylThCAd HA MPOrpaMOBAaHUX JIOTTUYHUX

IHTEeTPaJIbHUX CXEMaXx;
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- 3 BUKOPHCTaHHSIM MaTEeMaTHYHOI MOJENi IS BU3HAYCHHS HEY3TOJDKEHHS
OJTHOYACHOCTI BBIMKHEHHSI IIOJIIOCIB BHMHKada 3alpONOHOBAHO peaii3alliio
NPUCTPOI0 BU3HAYEHHA HEY3TO/UKEHHS OJHOYACHOCTI BBIMKHEHHS  IOJIFOCIB
BuMHKadya 13 BukopucTaHHsaM [IJIIC na 0a3i mikpocxemu Altera mapku MAXII
EMP570T100CS. Tlporpamy pospo6ieno B cepemobuini Quartus I 15.0. Taxka
peaizaliss 103BOJISE CYTTEBO MIABUIIUTH IIBUAKOMII0 MPHCTPOIO, 3MEHIIUTH HOTO
E€HEProCIIOKUBAHHS Ta PO3MIpH.

- Ha OCHOBI MaTeMaTHYHOI MOJEJi BHSBJCHHS 3HOCY KOHTAaKTHOI CHCTEMHU
PO3pOOIICHO MIKPOTIPOIIECOPHUI MPHUCTPIA Ta alIrOPUTM POOOTH, SIKUW 3 BHUCOKOIO
JOCTOBIPHICTIO JIO3BOJISIE BH3HAYaTH 3HOC KOHTAKTHOI CHCTEMH, Ma€ PO3IIUPCHI
(GyHKITIOHAJIPHI MOMJIMBOCTI 1 MOXE JIETKO I1HTErpyBaTHUCh y 3arajbHy CHUCTEMY
J1arHOCTYBaHHS KOMYTAI[IHHOTO O0Ia HAHHS.

BukopucraHHS OjAepKaHUX PE3yIbTaTIiB JaJl0 MOMKJIUBICTH PO3POOUTH Ta
BIIPOBAJAUTH MIAX1J Ta MAaTeMaTHUYHY MOJENb TIarHOCTYBaHHS €JIEKTPOMArHITHOTO
IPUBOJIa BAKYyMHOI'O BUMHKada Ha OCHOBI1 aHaNi3y BeOep-aMIEepHUX XapaKTEPUCTHK
Ta MaTeMaTU4YHy MOJENb OLIHKKM CHUHXPOHHOI pOOOTH KOHTAaKTHOI CHUCTEMHU
BaKyyMHOTO BHUMHKaya, IO JO3BOJIS€ BH3HAYaTH TIOTOYHHM TEXHIYHUW CTaH
eJIeKTpOMarHiTa Ta 3MIMCHUTH HAJIAMITYBaHHS CHHXPOHHOI pPOOOTH TIOJIFOCIB
BaKyyMHOI0 BHMHKada, IO B CBOK Yepry, MiABUINYE HAIIAHICTE pPoOOTH
BaKyyMHOT0 KOMYyTaIliiiHoro amapaty. BmpoBamxenus 3aiicieno y CO "BBEM"
[TAT "Biaaumsobnenepro' Ta B HaBYanbHUU Mporiec BIHHUIIBKOTO HAI[IOHATBHOTO
TEXHIYHOTO YHIBEPCUTETY.

[linTBEep/PKEHHAM BIPOBAKEHHS PE3YIbTAaTIB AUCEPTAIIMfHOI POOOTH €
HASIBHICTH BIATIOBITHUX aKTiB (10AaTOK A).

Ocobuctuii BHecok 3100yBaya. OCHOBHI TEOPETHYHI Ta PO3PAXYHKOBI
pesynbprat 3 (OpMyTIOBAaHHSM BIANOBIAHUX BHCHOBKIB OTpPHMMaHi aBTOPOM
camocTiiiHO. Y po0oTax, oImyOJIiKOBaHUX y CIIBABTOPCTBI, aBTOPY HalexkaTh: [6] —
METOJI JIarHOCTYBAaHHS E€JEKTPOMATiHTHOTO TPUBOJY BaKyyMHOTO BHUMHKada Ha
OCHOBI aHai3y BeOep-aMICPHUX XapaKTEepPHCTUK; [/] — cTpykTypa cXemMu Ta
QITOpPUTM  POOOTH  MIKPOIMPOILIECOPHOTO  IPHUCTPOIO I J1arHOCTYBaHHS

CJICKTPOMArHiTHOIO TIPUBOAY BaKyyMHOro BHMHKada, [8] — po3poOka mozeni
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Mar"iTHOI CUCTEMH €JIEKTPOMAarHiTHOrO MPHUBOJY BAKyMHOTO BHMHKada y Mporpami
FEMM; [8] — maTremaTnyHa MOJellb BUSBICHHS 3HOCY KOHTAaKTHOI CHUCTEMHU IPH
KoMmyTarii BakyymMmHoro Bumukaua; [10] — po3poOka cTpyKTypHu MOeIi BUSBICHHS
3HOCY KOHTAKTHOI CHCTEMH IIpM BBIMKHEHHI BaKyyMHOro BuMHKaua; [11] —
po3poOka OJloka pPoO3paxyHKYy BIJHOCHOIO KBaapata BigxwieHHs; [12] —
OOrpyHTYBaHHS PO3paxyHKy BeOep-amrepHoi xapaktepuctuk; [13] — ommc qyroBux
IpoLECiB MPU KOMYTallii BUMHUKaya.

Anpobaniss matepiajgiB aucepramii. OCHOBHI MOJIOXKEHHS poOoTH Ta Ti
pe3yJIbTaTH AOIMOBIIAJIUCh, OOTOBOPIOBATIUCH Ta OYJIM CXBaJieHI Ha TaKMX HAyKOBO-
TexHluHuX KoH(epeHuisax: [II  MibkHaponHiii HayKOBO-NpakTHU4HIN IHTEepHET-
koHpepeHliss «Monoab B TEXHIYHHMX  HayKaxX: JOCHIIDKeHHS, Mpooiiemu,
nepcrekTuBu», M. Binaui, (M. Binauig 2017 p.); XIVI MikuaapoaHii koHpepeHIii
«KoHTponb 1 ympaBimiHHA B CKIagHuX cuctemax», (M. Bimnuis, 2018 p.); XXIV
MixHapoaHii HayKOBO-TeXHIUHIA KoH(pepeHmii «[IpobremMu aBTOMaTH30BaHOTO
enekrpornpuBoaa. Teopis 1 mpaktuka», (M. Opmeca, 2019 p.); 5-iii MikHapoaHii
HayKoBiil KoHpepeHIli «BuMiproBaHHs, KOHTPOJIb Ta JIarHOCTHKA B TEXHIYHHX
cucremax» (M. Bimauis, 2019 p.); mopiyHMX HAyKOBO-TEXHIYHHX KOH(EPEHIIIIX
podecopchKO-BUKIAAAIBKOTO CKIIATy, CITIBPOOITHUKIB Ta CTY/ICHTIB YHIBEPCUTETY 3
y4acTIO TpaIliBHUKIB HAyKOBO-JOCIITHUX OpraHizamii Ta I1HXEHEePHO-TeXHIYHUX
IpaIiBHUKIB MiAIpueMCTB M. Binaumi Ta o6sacti Ha 6a31 BHTY B 2015-2019 pokax.

Iyoaikauii. OcHOBHMII 3MIiCT poOOTH OmyONiKOBaHWN B 8 JApyKOBaHUX
NpaIsx, 3 SKAX 5 BXOAATH JO TEPENiKy HayKoBUX ()axOBHX BHIaHb YKpainu [6] —
[10], 3 crarri, mo Bxomate go HMB Copernicus [6], [7] Ta [10]. Takox
omyOJIIKOBaHO JBOE TE3 JOMOBIAEH 3a pe3yiabTaTaMH BHCTYMIB Ha MDKHApOIHUX
koHpepenmisx [12], [13]. 3a pesynbratamu qucepraiiiiHoi poOOTH OTPHUMAHO OJHH
NMaTeHT YKpaiHu Ha KOpHCHY Mojenb [11].

Ctpykrypa Ta o0car aucepramii. /[ucepramiiiHa poOoTa CKIagaeThecs 3
BCTYIly, YOTUPbOX PpO3JAUIIB, BHUCHOBKIB, CIHCKYy BHUKOpuUcTaHuX [xepen (144
HailMeHyBaHb) 1 5 pgomaTkiB. OCHOBHHMM 3MICT BUKIaAeHuM Ha 114 cTopiHkax
JIPYKOBAHOTO TEKCTY, MICTUTh 42 pucCyHKH, / TaOmuI. 3araabHUi 00CsST podoTH —

148 ctopiHOK.
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