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Conepxanue
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ITocaenoBaTeabHbIi KOTeOaTENbHBIN KOHTYP ¢ BUXPEBbIMH IIOTEPAMH

KIIAAYXVH B.B., XPAMIIOB C.II.

[TpemnoxkeHsl 2JIEKTpUYECKas CXeMa M MaTeMaTH4ecKasi MOJEINb MTOCIE0BATEILHOTO
K0JIe0aTeNbHOT0 KOHTYpa € y4ETOM JUHAMUYECKHX MOTEPh SHEPTUU OT MHIYLIUPYEMbIX
BHUXPEBBIX TOKOB. OnpezienieHa cBsi3b IapaMeTpOB MOAEIN KOHTYPA € 3aBUCUMOCTBIO
HAIpsDKEHUS Ha €ro eMKOCTHOM HaKoOIUTeNe OT BpeMeHu. [Ipeanoxen MeTo uaeHTU(GUKanuu
napamMeTpOB MOJIEJIH C UCTIOJIB30BaHHEM HEIMHEHHOU (PYHKITUU perpeccuu U TeopeMbl Buera.
[TpuBenena wIrOCTpays METOAA Ha MPUMEpPE UISHTU(DUKALMY TApaMETPOB KOJIEOATEIbHOTO
KOHTYpa € UHIYKTUBHOCTBIO, UCIIOJIB3YIOLIEH Pa30MKHYTHIN MarHUTONpoBoA. [Ipeiaraembrit
MI0/JIXO/1 TTO3BOJISIET MOBBICUTH TOYHOCTh OMMCAHUS (PU3MUECKUX MPOIIECCOB, MPOTEKAIOIINX B
KoJIeOaTeNbHbIX KOHTYpaxX ¢ BUXPEBBIMU NTOTEPSIMU, OLIEHUTh YPOBEHb 3THX IOTEPh U
COOTHOIIEHHUE TNHAMUYECKUX U CTATHYECKUX ITOTEPB.

Knrwouesvie cnosa: xonedatenbHbI KOHTYp, AMHAMHUYECKUE TIOTEPH, BUXPEBbIE TOKH,

HeNHeHas QyHKINS Perpeccuy, UACHTUPHUKAIHMS TAapaMETPOB.

An electrical circuit and a mathematical model of a sequential oscillatory circuit are proposed,
taking into account dynamic energy losses from induced eddy currents. The relationship of the
parameters of the contour model with the dependence of the voltage on its capacitive storage
device on time is determined. A method for identifying model parameters using a nonlinear
regression function and Vieta's theorem is proposed. An illustration of the method is given by the
example of identifying the parameters of an oscillatory circuit with an inductance using an open
magnetic circuit. The proposed approach makes it possible to improve the accuracy of the
description of physical processes occurring in oscillatory circuits with vortex losses, to assess the
level of these losses and the ratio of dynamic and static losses.

Key words: oscillatory circuit, dynamic losses, eddy currents, nonlinear regression function,

parameter identification.
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MartemaTu4eckasi MoJeJIb MOIIHOIO BEHTHJILHOIO ABUraTes1 B TpéxmMepHOM dopmaTte B
NPSIMOYT0JIbHBIX KOOPANHATAX

ADOAHACBEB A A.

PaccmoTtpens penienus ypaBHeHust Jlamnaca aiist mpsiMOYTOJIBHOTO Mapajuiesienumnesna B popmax
NepBOI U BTOPOW TPaHUYHBIX 3aj[ad METOJIOM pa3jeiieHus nepeMeHHbIX Pypbe, Ha Oase
KOTOPBIX MPEJIaraeTcsl aHaATUTUIECKUI pacu€T SJEKTPUUECKUX MAIIMH, B KOTOPBIX SIPMOBBIE,
3yOIIOBBIC CJIOW M BO3YIIHBIN 3a30p aKTUBHOMW 00JIACTH MPECTABIAIOTCS HAOOpOM
IPSIMOYTOJIBHBIX NapaJlIeNICNUIEA0B C IUPUHON, paBHOM MOJIOCHOMY JETIEHUIO.
ConyrcTrytonye noctosHHble Dypbe (ABE 111 3JEMEHTAPHOTO MapaljIesICIUIIE a)
OIpENeNAI0TCA U3 YCIOBUN MarHUTHOTO I0JIs1 HA TPAHMIIAX MapauleIeNnIeIoB: MAarHUTHBIE
NOTEHIMAJIbl 1 MArHUTHBIE MHYKIIUY OJUHAKOBBI, €CJIM HAa IPAHUIIAX HaXOJSATCS MarHUTHBIE
muctel (M/IC 06MOTOK), ©MEET MECTO CKa4YOK MarHUTHOTO OTEHIIMAJa, PABHBIM TOKY
MarHUTHOTO JiucTa. [IpeanokeHHbIM METOIOM B IIPSIMOYTOJIbHBIX KOOPJMHATAX BBIIOJIHEH
AHAIUTUYECKUM pacu€T BEHTUIJIBHOTO ABUTATENs MOIIHOCTHIO 150 KBT, mOCTOSIHHBIE MarHUTHI
KOTOPOT'O PacIoyIOKeHbl B 3aKPBIThIX KaHAJIaX POTOPHOTO CEPICUHUKA.

Knrouegvie cnoea: BEHTUIBHBIN IBUraTENb, SJIEKTPOMAarHUTHBI MOMEHT, MarHUTHAs! MHIYKLU,

MaTcMaTU4YCCKasa MOJICJIb, YPABHCHHUC Hannaca, ITOCTOSAHHBIC CI)ypbe.

The solutions of the Laplace equation for a rectangular parallelepiped in the forms of the first
and second boundary problems are considered by the method of separation of Fourier variables,
on the basis of which an analytical calculation of electric machines is proposed, in which the
yoke, tooth layers and the air gap of the active region are represented by a set of rectangular
parallelepipeds with a width equal to the pole division. The accompanying Fourier constants
(two for an elementary parallelepiped) are determined from the conditions of the magnetic field
at the boundaries of the parallelepipeds: magnetic potentials and magnetic inductions are the
same if magnetic sheets (MMF of windings) are located at the boundaries, there is a jump in the
magnetic potential equal to the current of the magnetic sheet. By the proposed method, an
analytical calculation of a 150 kW valve motor with permanent magnets located in closed
channels of a rotary core is performed in rectangular coordinates.

Key words: valve motor, electromagnetic torque, magnetic induction, mathematical model,

Laplace equation, Fourier constants.
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YBeanuenue nmpoodera 3J1eKTPpoMoOuJisi 0e3 u3MeHeHHsI EMKOCTH AaKKyMYJIATOPHOI 0aTapen
OUJIIOHIOB O I1., PMJIIOIIIOB B.IO.

[TokazaHo, 4To ympaBlieHUE SIBHOMOIIOCHBIM CHHXPOHHBIM JIBUTATENIEM C TIOCTOSIHHBIMU
MarHuTaMy 0 MUHUMYMY TOKa MOBBIIIAET 3P(EeKTUBHOCTh UCIOIb30BAaHUS MOITHOCTH,
MOJBOAMMON K 0OMOTKaM JBUTaTelsl, U MPOLECCOB ANEKTPOMEXAHUYECKOTO MpeoOpa3zoBaHUs
SHEPIUH, 3aMacéHHON B aKKyMyJIsiTOpHOH Oatapee. [Ipu orpaHndeHnn TOKAa U MOYJIs
HanpspKeHus 6maronaps 6oiee 3pPexTHBHOMY peoOpa30oBaHUs SHEPTUN CKOPOCTH JIBUTATEIIS
yBenuuuBaercs Ha 11,4 %, aneKkTpoMarHuTHbII MOMEHT Ha 7,5 %, MOLTHOCTb, 3aTpaynBacMas Ha
nepeMenieHre MauHabl, Ha 20 %, 4TO MO3BOJIET YBEIUYHUTDH MPOOeEr 31eKTpoMoOuis 0e3
U3MEHEHUs EMKOCTH aKKyMYJISITOPHOU OaTapeu Mo CPaBHEHHIO C BAPUAHTOM, KOT/Ia IBUTATENb
YIPaBISIETCS TOKOM TIO MoTepedHoit ocu. [Ipennoxker MeTo1 TuHeapu3auy yrpaBicHHs,
KOTOPBIiA MO3BOJISIET TOYHO MOAICP)KUBATH YCIOBUSI MUHIMYMa TETNIOBBIX TIOTEPh B
CTATUYECKUX U JUHAMHUYECKUX PEKUMaX, 00eCIeunBast BHICOKYIO 3(PPEeKTUBHOCTh
npeoOpa3oBaHusl JIEKTPUUECKON YHEPTHUH, 3aMaCEHHON B aKKyMYJISITOpHOU Oatapee. I3MeHeHME
AKTUBHOTO COMPOTUBIIEHUS cTaropa Ha 50% mpu HarpeBe ABUTATENsI HE OKa3bIBAET 3aMETHOTO
BIUSHUE HA TUHAMUKY MIEPEXOIHBIX MPOILIECCOB U HA TOYHOE BHITIOJHEHHUE YCIOBUI
MUHUMU3ALUHU TETUIOBBIX MOTEPb.

Knroueevle cnosa: >neKTpoMoOnITb, aKKyMYJISITOpHAs 6aTtapesi, EMKOCTh OaTapew,
SIBHOTIOJTFOCHBIN CHHXPOHHBIN JIBUTATEIh C IIOCTOSTHHBIMU MarHUTaMHU, YIIPaBICHHUE 110

MHWHUMYMY TOKa, MCTOJ JIMHCAPU3AlIUN YIIPABJICHUA.

It is shown that controlling a single-pole synchronous motor with permanent magnets at a
minimum of current increases the efficiency of using the power supplied to the motor windings
and the processes of electromechanical conversion of energy stored in the battery. When limiting
the current and voltage modulus, due to more efficient energy conversion, the engine speed
increases by 11.4%, the electromagnetic torque by 7.5%, and the power spent on moving the
machine by 20%, which allows you to increase the mileage of an electric vehicle without
changing the battery capacity compared to the option when the engine is controlled by current
along the transverse axis. A control linearization method is proposed that allows precise
maintenance of minimum heat loss conditions in static and dynamic modes, ensuring high
efficiency of conversion of electrical energy stored in the battery. A 50% change in the active

resistance of the stator when the engine is heated does not have a noticeable effect on the



dynamics of transients and on the exact fulfillment of the conditions for minimizing heat losses.
Key words: electric vehicle, rechargeable battery, battery capacity, single-pole synchronous

motor with permanent magnets, current minimization control, control linearization method.
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CxeMOTeXHUYECKHME U TEXHOJOTHYECKHE CIIOCO0bI YIyYIIeHUs] TEXHHYEeCKUX
XapPaKTePUCTHK CHJIOBBLIX TUPUCTOPOB. YacTs II. [losieBble THPHCTOPHI ¢ BHEHTHUM
ylpaBJieHHeM

BOPOHUMH W.I1., BOPOHUH I1.A.

PaccmaTpuBaroTcst ciocoObl moBkIIeHUs 3()(HEKTUBHOCTH YIIPABIICHUS MOIIIHBIMH MTOJIEBBIMU
THUpUCTOpaMu ¢ momoIibio MOII-TpaH3uCTOPOB, HHTETPUPOBAHHBIX B CTPYKTYPY CHIIOBOTO
npubopa. [Tokazansl 0COOEHHOCTH PAOOTHI MOJIEBBIX THPUCTOPOB B PEKUMaX BBICOKUX
HANPSDKEHUH M MOBBINICHHBIX TUIOTHOCTEH ToKa. [IpecTaBieHbl BapuaHThl THOPUTHBIX
KOMOMHHMPOBAHHBIX CXEM Ha OCHOBE MHIYKIIMOHHBIX TUPUCTOPOB C IIEKTPOCTATHUCCKUM
ynpasieHueMm u BHemtHUM MOII-ynpaBnenuem, a Tak’ke MOHOJIIUTHBIX CTPYKTYP TUPUCTOPOB C
YCUJIEHHOM HHKeKUuel. PaccMoTpeHb! mporiecchl KOMMYTAIUH MOJIEBBIX TUPHUCTOPOB C
WHTETPUPOBAHHBIM YIIPABICHUEM B HOMUHATBHBIX PEKUMAX U MPU TOKOBBIX U TETUIOBBIX
neperpyskax. [IpeacraBieHsl quarpaMMbl pabOThl HOBEHIIIMX OTEYECTBEHHBIX pa3paboTOK
YIPaBISEMBIX TIOJIEM TUPUCTOPOB.

Knroueswvie cnoea: TupucTop, MHAYKIMOHHBINA TUHPUCTOP, TTOJIEBON TUPUCTOP,

IIOJIYIIPOBOIHUKOBBIN KJIFOY, BHEIIIHEE YIIPABJICHUE.

The methods of increasing the efficiency of controlling high-power field-effect thyristors using
MOSFETs integrated into the structure of a power device are considered. The features of the
operation of field thyristors in high voltage and high current densities are shown. Variants of
hybrid combined circuits based on induction thyristors with electrostatic control and external
MOSFET control, as well as monolithic structures of thyristors with enhanced injection are
presented. The processes of switching field thyristors with integrated control in nominal modes
and under current and thermal overloads are considered. Diagrams of the work of the latest
domestic developments of field-controlled thyristors are presented.

Key words: thyristor, induction thyristor, field thyristor, semiconductor key, external control.
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Pacuer Teny10BOro coCTOSTHUSI CHJIOBOIO y3JIa HCTOYHUKA nuTaHuA B cpene COMSOL
Multiphysics

BOEIIKO A.B., MYPAIIIOB 10.B., OBPA3LIOB H.B., KYPAKMHA H.K., )XUJIMT'OTOB
P.H.

[IpoBenen anamu3 pabOTHI CUCTEMBI OXJIAXKIEHUS THPUCTOPHBIX MOAYJIEH HCTOUHUKA ITUTAHUS, C
Y4ETOM PEKHUMOB pabOTHI TUIA3MOTPOHA MOCTOSTHHOTO ToKa [TH-B1. AHanu3 BINMOTHEH Ha
OCHOBE MOJICIIMPOBaHMS TEILIOBOTO COCTOSIHUS CHIIOBOTO y3J1a C Y4€TOM NPHUHYIAUTEIbHON
KoHBeKIMH. [ToirydeHo pacnpenenenne TemnepaTypsl paiuaTopa, KOpIryca CHIOBBIX MOIYJIEH U
OKPY’KaIOIIero NpOCTPaHCTBAa UCTOUYHMKA UTaHus. Pa3paboTanHas MOJenb MO3BOJISET
NPOBOJIUTH aHAJIN3 TETJIOBOTO COCTOSTHHS UCTOYHHKA MUTAHUS U OLEHUTh Pa0OTy CUCTEMBI
OXJIQX/IEHUS NPH Pa3IMYHBIX PEKUMAX paOOTHI.

Kntrouegvie cnoea: iCTOYHNK NIUTAHUS, YIIPABIISICMBIN BBIIPSMUTENb, TEIUIOBAs 3a/1a4d, CUCTEMA
OXJIaXKJIEHUS, TAPUCTOPHBIN MOJyJIb, IPUHYANUTEIbHAS KOHBEKIMS, cpega COMSOL

Multiphysics.

The analysis of the cooling system of thyristor modules of the power supply is carried out, taking
into account the operating modes of the DC plasma torch PN-B1. The analysis was performed on
the basis of modeling the thermal state of the power unit, taking into account forced convection.
The temperature distribution of the radiator, the housing of the power modules and the
surrounding space of the power supply is obtained. The developed model makes it possible to
analyze the thermal state of the power supply and evaluate the operation of the cooling system
under various operating modes.

Key words: power supply, controlled rectifier, thermal task, cooling system, thyristor module,

forced convection, COMSOL Multiphysics medium.
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HccnenoBanue KaueCTBEHHBIX XaPaKTEPUCTHK CyA0BOM Ka0eJbHOI NPOXYKIIUH
BYPKOB A.®. MUXAHOIIINH B.B., HI'YEH BAH XA

XapakTepHOI 0COOEHHOCTBIO COBPEMEHHBIX JIEKTPOTEXHUUECKUX KOMIUIEKCOB U CHCTEM,
OTIMYAIOMIUXCS OOTBINNUM (PYHKIMOHATIBHBIM MHOTO00pa3ueM, BISIETCS IUPOKUN
KOJINYECTBEHHBIH MAa30H pa3HOTUITHONW KaOeTbHON MPOIYKIIMU, OTHOCSIICHCS K X
yCTpoicTBaM compsbkeHus. HamexHocTh kabenei oka3bIiBaeT HEMOCPEICTBEHHOE BIUSHUE HA

KayecTBO (DYHKIIMOHUPOBAHUS 3JIEKTPOTEXHUUECKUX U3ZeNni, 0€30MacHOCTh UX SKCILTyaTalluu



IPU TEXHUYECKOM HCIOIb30BAaHUH U 00CITYKUBAHUH, @ B HEKOTOPBIX CIIy4asiX U IPU PEMOHTAaX.
OueBUHO, YTO MOBBILLIEHHBIE KIUMATUYECKHUE, MEXaHUUECKUE, XUMUUYECKUE U APYTHE HATPY3KU
YXYAIIAIOT KaYEeCTBEHHBIC XapaKTEPUCTUKH KaOelel, BRI3bIBAs TIOBBIIIICHHBINH HAYYHO-
MIPaKTUYECKUI MHTEPEC K TEHICHIUSAM UX U3MEHEHUs, OKa3bIBAOIIUM HENOCPEICTBEHHON
BJIIMSTHUE HA Mpe/ieJbHbIe CPOKU HOPMaJIbHOW AKCIUTyaTallM KabenbHOM nmpoaykiun. B Takux
XapaKTePHBIX IKCIUTYaTAIIMOHHBIX YCIOBHUSIX (QYHKIIMOHUPYET, B YACTHOCTH CYIOBOE
AIIEKTPOOOOPYIOBAHHE, BKITFOUAs OOJBIIIOE KOJIMUYECTBO €ro Kadeneid, MOCKOIbKY MHOTHE CyAa
yepe3 CPpaBHUTENBHO HEOOJIbIIINE MHTEPBAJIbl BPEMEHU SKCIITyaTalluid MOTYT HaXOAUTHCS B
Pa3JIMYHBIX, 3HAYUTEIBHO OTINYAIOLIMXCS KIMMAaTHYECKUX ycioBuax. Ha yxynuenne
KauyeCTBEHHBIX XapPAKTEPUCTUK CYI0OBOW KaOeIbHOU MPOIYKIIMH BIUSIOT U 3HAYUTEIHLHO
MEHSIOIIMECS] MEXaHUYECKHE Harpy3Ku, 00yCIOBICHHbIE TPEUMYIIIECTBEHHO BUOpaIuei
3JIEKTPOOOOPYAOBaHUS TIPHU pabOTe IIaBHBIX ABHUTaTenei. [[porHo3upyeMblii poCT CTeneHn
ANEeKTpUPUKAIIK CYI0B, KaK U AIEKTPOTEXHUUECKHX KOMIUIEKCOB U CUCTEM MHOTHUX JAPYTUX
oTpacieil X03siCTBEeHHON 1 OBITOBOH JIESTENTFHOCTH, MOBBIIIAET AKTYaJIbHOCTh TEMBI
uccnenoBanuii. Ha ocHoBanuu yriryOiaeHHOTO cOopa M Ka4eCTBEHHOTO aHaJIM3a JaHHBIX
BBITIOJTHEHBI UCCIIEIOBAHUS TEXHHUUECKOTO COCTOSIHUS CYI0BOM KaOelbHOM NMPOIyKIUH,
OCHOBaHHbIE Ha IPUHIIUIIAX COBPEMEHHON CTATUCTUKH, PE3YIbTaThl KOTOPBIX 1I€I€CO00pa3HO
MCIIOJIb30BaTh B KAYECTBE UCXOIHBIX JAHHBIX MPH MOCTPOeHUH d(H(PEKTUBHBIX MOJIEIIEH
JIMarHOCTUKY KadyecTBa KaOeJIbHOM MPOAYKIIMU U POTHO3UPOBAHUN OCTATOYHOTO CPOKA €e
CITYKOBI, TPeAOTBpaIas MPeKACBPEMEHHYIO 3aMeHY Kalemei.

Knroueswvie cnoea: cynoas kaGenbHasi IPOAYKIUS, TEXHUYECKOE COCTOSTHUE, KAUECTBEHHBIE

XapaKTCPUCTUKU, CTATUCTHUYCCKUC UCCIICIOBaHU.

A characteristic feature of modern electrotechnical complexes and systems characterized by a
large functional diversity is a wide quantitative range of different types of cable products related
to their interface devices. The reliability of cables has a direct impact on the quality of
functioning of electrical products, the safety of their operation during technical use and
maintenance, and in some cases during repairs. It is obvious that increased climatic, mechanical,
chemical and other loads worsen the quality characteristics of cables, causing increased scientific
and practical interest in the trends of their changes, which have a direct impact on the deadlines
for the normal operation of cable products. In such typical operating conditions, marine electrical
equipment, in particular, including a large number of its cables, functions, since many vessels
can be in various, significantly different climatic conditions at relatively short intervals of

operation. The deterioration of the quality characteristics of marine cable products is also



influenced by significantly varying mechanical loads, mainly caused by vibration of electrical
equipment during operation of the main engines. The projected increase in the degree of
electrification of ships, as well as electrical complexes and systems of many other branches of
economic and household activity, increases the relevance of the research topic. Based on in-
depth data collection and qualitative analysis, studies of the technical condition of shipboard
cable products based on the principles of modern statistics have been carried out, the results of
which should be used as initial data when building effective models for diagnosing the quality of
cable products and predicting its residual service life, preventing premature cable replacement.
Key words: marine cable products, technical condition, qualitative characteristics, statistical

studies.
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3ammTa 3J1eKTPoABUraTeiel M JJIEKTPHUUYECKHUX ceTeil Ha 0CHOBe OBICTPOIO ONnpe/eIeHust
NMOCTOSTHHOM BpeMeHH U K03 ¢HuuueHTa MOLHOCTH

PAVHVH B.E., KOBO3EB A.C.

J171s mOBBILLIEHUS] KayecTBa 3alllUThI AJEKTPUUECKUX CeTel U 3JIEKTPOIBUTaTeNel 11e1ecooopa3Ho
JIOTIOJIHUTEIbHO KOHTPOJIMPOBATH 3JIEKTPOMArHUTHYIO IOCTOSIHHYIO BpeMeHH. [lomyuuTs
HEO0X0IUMYI0 HH(OPMAITHIO MOYKHO U3 aHATN3a CYMMBI KBAJPaTOB MTHOBEHHBIX 3HAYCHHIA
(ha3HBIX TOKOB MJIM CYMMbI MTHOBEHHBIX MOIITHOCTEH (a3. OmpeeneHue NoCTOSTHHONW BPeMEHH
JTaeT BO3MOXHOCTh KOHTPOJIUPOBATh TEMIIEPATypy OOMOTOK AJIEKTPOABUraTENICH, HE TOMyCKast
UX Meperpena Mpu NpsMbIX YacThIX ITyCKaxX, OJIOKUPOBATh 3aIIUTY CETH MPU MyCKe
AJIEKTPOJIBUTaTENIEH, UTO MO3BOJISIET PEATU30BaTh 3AIIUTY JAIBHETO PE3EPBUPOBAHUS U 3AIIUTY
OT YJQJICHHBIX KOPOTKUX 3aMbIKAaHUH.

Knrouegvle cnosa: >neKTpUYECKUE CETHU, HIEKTPOJIBUTATENH, 3aUTa, TOCTOSIHHASI BPEMEHH,

MOIIIHOCTb, CUJIOBast (DYHKIIHUS.

To improve the quality of protection of electrical networks and electric motors, it is advisable to
additionally control the electromagnetic time constant. You can get the necessary information
from analyzing the sum of squares of the instantaneous values of phase currents or the sum of the
instantaneous powers of phases. Determining the time constant makes it possible to control the
temperature of the windings of electric motors, preventing them from overheating during direct
frequent starts, blocking network protection when starting electric motors, which allows for

long-range redundancy protection and protection against remote short circuits.



Key words: electrical networks, electric motors, protection, time constant, power, power

function.
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OO0 opraHu3anmy cucTeM yNpPaBJeHHs 3JIeKTPOHHO-TYy4YeBbIX TEXHOJIOTHYEeCKHX YCTAHOBOK
KOXEYEHKO A.C., CJIUBA A.Il.,, MACJIOB A .H., IIEPBAKOB A.B., TOHYAPOB A.JL,
POASAKMHA P.B., IPAT'YHOB B.K.

O6ocHOBaHa HEOOXOAUMOCTH PUMEHEHHS €IMHOTO CTPYKTYPUPOBAHHOTO MOAX0/1a K
MIOCTPOCHHUIO CHCTEM YIPABICHUS AIEKTPOHHO-TYYEBbIMUA YCTAHOBKAMH ISl CBAPKHU, HATUIABKU
U aITUTUBHOTO popMO0OpazoBaHusl. BeiieIeHbl OCHOBHBIE KOHTPOJIMPYEMbIE TapaMeTphl
mpolecca U ONMcaHa nepapxudeckasi CTpyKTypa CUCTEMBI YIIPABICHUS, COCTOSIIAS U3 TPEX
ypoBHEH. C y4eTOM TEXHOJOTHYECKUX TPEOOBAHMIA MPOIIECCOB AJICKTPOHHO-JIYIEBOM 00pabOTKH
U 0COOCHHOCTEN pabOThl BAKYYMHON CHCTEMBI, 3JI€KTPOHHOM MYIIIKH, CUCTEMbI
NO3ULIMOHUPOBAHUS, a TAK)KE CUCTEMBI TIOJy4YeHUs1 H300parkeHuii 001acT 00paboTKH 110
CUTHaTy 00paTHO-PACCESHHBIX JJICKTPOHOB, TPOBeIeHa TuPepeHITHAIIs TPOLIECCOB
ynpasneHus. [IpuBeneHbl TUIIBI U KOJIMYECTBEHHBIE XapaKTEPUCTUKH NTapaMeTPOB CUTHAJIOB,
HE0O0XOIUMBIX JUIst paboThl cucTeMbl. [1oka3aHo, YTO MPOIECCHl yIIpaBlIeHus 1eJIeco00pasHo
pa3aensTh Ha TPU TPYIIBI B 3aBUCUMOCTH OT TPEOOBAaHUN K OBICTPOAEHCTBUIO MCTIOTHUTEIBHBIX
3JIEMEHTOB, a TaK)K€ HEOOXOUMOCTH CUHXPOHU3AIMH OJHUX MPOIECCOB C APYTUMHU BO
BpeMeHu. Ha ocHOBe mpecTaBinenHol auddepeHimaniu npeioxkeHa MeToIuKa Beioopa
TEXHUYECKUX CPEJCTB JUIS KAXKIOH U3 YIIOMSHYTHIX TPYII U IPUBEACH MIPUMEP TOCTPOCHUS
CHCTEMBI yIIPaBIICHUS 3JIEKTPOHHO-TTYYeBOM TEXHOIOTUYECKON YCTAHOBKHU C UCIIOIB30BaHUEM
JIOCTYITHOM K MPUOOPETEHUIO JIEMEHTHOM Oa3kbl.

Knroueswvie cnoea: cuicteMbl aBTOMaTHUECKOTO YIIPABIEHUS, JIEKTPOHHO-ITy4eBasi yCTaHOBKA,

SJICKTPOHHO-TYUCBasA CBapKa, aIAUTHBHBIC TCXHOJIOTUHU, YHUCIIOBOC ITPOrpaMMHOC YIIPABJICHHC.

The necessity of applying a unified structured approach to the construction of control systems for
electron beam installations for welding, surfacing and additive shaping is substantiated. The
main controlled parameters of the process are highlighted and the hierarchical structure of the
control system consisting of three levels is described. Taking into account the technological
requirements of the electron beam processing processes and the features of the vacuum system,
the electron gun, the positioning system, as well as the imaging system of the processing area
based on the signal of backscattered electrons, the differentiation of control processes has been

carried out. The types and quantitative characteristics of the signal parameters necessary for the



operation of the system are given. It is shown that it is advisable to divide control processes into
three groups, depending on the requirements for the performance of the actuators, as well as the
need to synchronize some processes with others in time. Based on the presented differentiation, a
method for selecting technical means for each of the mentioned groups is proposed and an
example of building a control system for an electron beam technological installation using an
element base available for purchase is given.

Key words: automatic control systems, electron beam installation, electron beam welding,

additive technologies, numerical control.
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Cenexuus ¢puaepa ¢ 3aMbIKaHHEM HA 3¢MJII0 110 BLICOKOYACTOTHO MepexoaHoi
KOMIIOHEHTe

KAYECOB B.E., JIEBEJIEB A A.

Onextpuueckue cetu (C) cpeqHero HanpsHKeHUs ¢ Hed((HEKTUBHO 3a3eMIICHHOM HEHTpanbio BO
MHOTHUX CTpaHaX MUpPa UMEIOT 3HAYUTENIbHbIE CyMMapHbIE MPOTSKEHHOCTH, HACUUTHIBAIOIIINE
COTHH THICSY U J1ayK€ MUJUTHOHBI KHJIOMETpOB. Benenctaue 6onbinoil nporsskeHHocTH DC B HUX
BO3HHMKAIOT Pa3JIMYHOTO poJia MOBPEKACHNUS, HAN0O0JIee YaCThIM M3 KOTOPBIX SIBJISIOTCS
onHo(da3Hble 3ambIkaHus Ha 3emitto (O33). XoTs Takoil pekuM BIOJIHE AOIMYCTHM, IOCKOJIBKY HE
IpephIBAET AMEKTPOCHAOKEHUE, MOUCK U YCTPaHEHHE MOBPEXKACHUS N30JISAIMU Hen30exHbl. Jlis
CEJIEKIIMH MOBPEXKIEHHOTO (priepa UCIIONb3YIOT, KaK MPaBUiIo, TOKH HYJIEBON
MOCJIEI0BATEIBHOCTH, H3MEPSEMbIE MIOCPEACTBOM TpaHC(HOPMATOPOB TOKA HYJIEBON
nocinenosarensHoctd (TT HIT). B tex ciydasx, korjaa Takue TpaHC(OPMATOPBI OTCYTCTBYIOT,
npeJiaraeTcsi UCIoIb30BaTh allbTEPHATUBHEIN CIIOCO0, B KOTOPOM BBIJIEJICHHE OCYIIECTBIISAETCS
10 UHTEHCUBHOCTHU MEPEXOIHBIX MPOIECCOB B MPOCTEHIINX AATYUKAX, YCTAHABIMBAEMBIX B
cpenneit yactu Guaepos. CyTh crocoda 3aKI04aeTcsi B pErUCTPAIlH BHICOKOYACTOTHBIX
NepeXOAHbIX KOJIeOaHUH, BOZHUKAIONINX B TaTYMKAX MMPU HAOETaHWU HAa HUX AJIEKTPOMArHUTHBIX
BOJIH ¢ KpYThIM dpoHTOM, hopmupyeMbix B IC Bo Bpems O33. Hanbosbiiass ”HTEHCUBHOCTD
MEPEXOIHOTO MpoIlecca UMEET MECTO B IaTUHKE MOBpexkAeHHOTO duaepa. Mudopmanus ot
JMHEWHBIX YCTPOUCTB U3MEPEHHH (IaTUMKOB) cOOMpaeTcsl KaHAJIaMH TEJIEU3MEPEHUsS U
npocTeimuM criocooom obpabdarteiBaercs B 0110ke (1ieHTpe) o0padotku. [Ipeanaraemsrit ciocod
MPUHIUTTHATBEHO TpuroaeH s IC ¢ mo0bIM crioco0oM Hedh(HEKTUBHOTO 3a3eMIICHUS
HeUTpanu. DKCIIEPUMEHT, IpoBeIeHHbIN Ha Bo3aymrHoW DC 10 kB, noka3an paboTocmocoOHOCTh

IPEeIOKEHHOT0 Coco0a.



Knrouesvie cnoea: 3nekTpuyecKue CETH CPeIHETO HaMpsbKeHus, ¢puaep, oqHo(a3zHOe 3aMbIKaHUe

Ha 3€MJII0, JaTYHUK 3aMbIKaHHA, HGpGXOI[HBIfI mnmpormnecc.

Medium-voltage electric networks (EN) with inefficiently grounded neutral in many countries of
the world have significant total lengths, numbering hundreds of thousands and even millions of
kilometers. Due to the large length of the EN, various kinds of damage occur in them, the most
common of which are single-phase earth faults (SPEF). Although this mode is quite acceptable,
since it does not interrupt the power supply, the search and repair of insulation damage is
inevitable. To select a damaged feeder, zero-sequence currents are usually used, measured by
means of zero-sequence current transformers (ZS CT). In cases where such transformers are not
available, it is proposed to use an alternative method in which the selection is carried out
according to the intensity of transients in the simplest sensors installed in the middle part of the
feeders. The essence of the method is to register high-frequency transient oscillations that occur
in sensors when electromagnetic waves with a steep front are incident on them, formed in the EN
during the SPEF. The greatest intensity of the transient process takes place in the sensor of the
damaged feeder. Information from linear measuring devices (sensors) is collected by tele-
measurement channels and processed in the simplest way in the processing unit (center). The
proposed method is fundamentally suitable for EN with any method of ineffective grounding of
the neutral. An experiment conducted on a 10 kV air power station proved the operability of the
proposed method.

Key words: medium voltage electrical networks, feeder, single-phase earth fault, short circuit

sensor, transient process.
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