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NCTOPUA U TPAHCOOPMALIMA HAYVUHOI'O 1 MTHXXKEHEPHOI'O OBPA3OBAHIMSA B
OBJIACTU TEXHHKU U TEXHOJIOT U NHAYKIIMOHHOI'O HATPEBA

B.b. leMuaoBuu

[Tokazana »BosrOIMsA HAaydyHOTO W MHXeHepHoro obpazoBanus B CCCP, CIIA, Poccuiickoit
(benepauu U ee CBSA3b C Pa3sBUTHEM TEXHOJIOTUH MHIYKIMOHHOTO HarpeBa. PaccMoTpeHsl Tpu
MeproJia B Pa3BUTUU U TpaHCHOPMAIMH BBHICIIErO OOpa3oBaHHsS B OOJACTH WHIYKIIMOHHOTO
Harpea ©Ha mnpumepe CIIOIDTY (JIDTU). beum pa3paboTaHbl MEXAUCHHUILTHHAPHEIE
O6pa3OBaTCJH)HI)IC MporpaMMmal, KOTOPBIC BKJIFOYaJIN MpeaAMCTHI, CBsA3aHHBIC KaK C
IEKTPOTCXHUKOH U DJIEKTPOHUKOH, TaK W TEIUIOPU3UKOH W METALIOBEJACHHEM, YTO
o0ecreynBalio IHUPOKAN KPYro30p M BBICOKYIO KBAJTU(HUKAIMIO BBITYCKHHKOB. Hapsimy c
paboToii Ha CTBhIKE HayK 3ajoroMm ycrexa mkoisl JIDTU sensnace riayOokast CBsi3b HayKH U
MIPaKTUKH, KOTOpas CTPOMJIACh KaK IIEMOYKa «YHHBEPCUTET (BY3) — OTpaciieBOH HMHCTUTYT —
MPOMBIIITIEHHbIE Tpeanpustus». Jlaercs nporno3 Ha coxpanenue B CIIOIOTY (JIDTH)
BCAYLICTO TIIOJIOKCHHA HAYYHOTO U HHXKXCHCPHOTI'O O6p330BaHI/I$I B 00JacTH TEXHUKA U
TEXHOJIOTUU HHAYKIIUOHHOTO HarpeBa.

KiroueBrle cioBa: HHHYKHHOHHBIfI Harpe€B, BBICHICC 06p2130BaHI/I€, MCKIUCHUIITIMHAPHBIC
oOpa3oBaTesibHbIE TPOrPAMMBI

HISTORY AND TRANSFORMATION OF SCIENCE AND ENGINEERING EDUCATION
IN THE AREA OF INDUCTION HEATING TECHNOLOGY

V.B. Demidovich

The paper analyses the evolution of scientific and engineering education in the USSR, the USA,
and the Russian Federation and its interconnection with the development of induction heating
technology. Three periods in the development and transformation of higher education in the area
of induction heating are considered based on the example of St. Peters-burg Electrotechnical
University (LETI). The designed interdisciplinary educational pro-grams included the subjects
related to electrical engineering and electronics, as well as thermal physics and metal science,
which ensured a broad outlook and high qualification of the graduates. Alongside with the
interdisciplinary research, the key to success of the LETI school was based on a deep
interconnection between science and practice that presented a block chain, including "a
university (higher educational institution) — a sectoral research institute — industrial enterprises".
The author forecasts that LETI will maintain its leading position as a center for science and
engineering education in the area of induction heating technology.

Keywords: induction heating, higher education, interdisciplinary educational programs

DJIEKTPUYECKHUE M SHEPI'ETUYECKHUE ITAPAMETPHI MHYKTOPA C 3AI'PY3KOM
B BUJIE CTAJIBHbLIX HITAPOB

B.D. ®puszen, A.C. Autunun, U.B. YepHbix

B crartbe wu3noxeHa mpeiaraeMasi METOJMKA pacyera 3JICKTPUUECKUX U IHEPreTHUYECKHX
napaMeTpoB UHAYKTOpa C JIUCHEPCHON 3arpy3koil B BUJE COBOKYIMHOCTH CTaJbHBIX IIIapOB
OJIMHAKOBOTO JMaMeTpa MPH OTCYTCTBUU SIEKTPUYECKOTO KOHTAKTa MEXKIY HUMH. ENuHUYHAS
cTalbHas cdepa MpeAcTaBlieHAa B BHUJIE COBOKYIMHOCTHU JAHUCKOBBIX cerMeHTOB. C NOMOIIbIO
YUCJIIEHHOW MOJIEJN OMNPEETICHO paclpeie/ieHue HaNpsyKEeHHOCTH MAarHUTHOTO TIOJIA 10
MOBEPXHOCTHU IIapa, OMpefeNieHa 3aBUCHUMOCTh pachpenesieHuss OOBEeMHOW MOITHOCTH
TEIJIOBBIICTICHUSI IO ce4yeHHto mapa. [Ipou3BeAeHO CpaBHEHHE MOJYYEHHBIX pacIpeaeseHUi
MapaMeTpoB CILIONIHON M CETMEHTHUPOBAHHOM cdepbl, onpeaeieH Kod(pPpUIneHT, yauThIBatoIui
W3MEHEHHE WHTETPANbHBIX JJEKTPUUYECKUX IMapaMeTpoB MpPH MPEACTaBICHUU cdepbl B BUIE
OT/AENBHBIX CErMEHTOB. B cTaThe NpHUBEACHBI TaKKE€ pPE3YJbTAThl IKCHEPUMEHTAIbHBIX HC-
CJIEIOBAHUI TIO OMNPENETCHUIO 3IEKTPUUYECKUX MapamMeTpoB HMHAYKTOpa C 3arpy3koil B BUIE
CTAJIbHBIX IapoB MpH (pUKCHpoBaHHOU Temmeparype. [IpousBeneHO cpaBHEHHE PE3yabTATOB
WU3MEPEHUH C pe3yibTaTaMu, NOJYyY€HHBIMU NPU MOAEIUPOBAHUHU.



KirroueBsle cnoBa: MHAYKIHMOHHBIM HAarpeB, JUCIEPCHAs 3arpy3Ka, 3JEKTPOMAarHUTHOE IIOJIE B
npoBosIIe cdepe, peppoMarHUTHBIN MaTepHrall, CTAILHON IIap

ELECTRICAL AND ENERGY PARAMETERS OF AN INDUCTOR LOADED WITH STEEL
BALLS

V.E. Frizen, A.S. Antipin, 1.V. Chernykh

The article presents a method for calcu-lating electrical and energy parameters of an inductor
with dispersed loading in the form of a set of steel balls of the same diameter in the absence of
electrical contact between them. A single steel sphere is represented as a set of disk segments. A
numerical model is used to determine distribution of the magnetic field strength over the surface
of the ball and dependence of the distribution of the volumetric power of heat release over the
cross section of the ball. The obtained distributions of the parameters for the solid and segmented
spheres have been compared, and a coefficient has been determined which takes into account the
changes in the integral electrical parameters when the sphere is represented as separate segments.
The article also presents the results of experimental studies which can be used to determine
electrical parameters of an inductor loaded with steel balls at a fixed temperature. The
measurement results have been compared with the results obtained during the simulation
procedure.

Keywords: induction heating, dispersed loading, electromagnetic field in the conducting sphere,
ferromagnetic material, steel ball

BBICTPBIN METO/] [IOJIHOM JEKOHTAMUWHAILIMM B CBY 3JIEKTPOMAI'HUTHOM
TTOJIE

B.b. baiioypun, M.U. banakun, B.B. Komapos, 1.0O. JIynesa, A.A. Hukudopos, B.I1. Memianos
[IpuBenena xonctpykuuss CBY ycrpoiicTBa Al CTEpUIM3ALMM MEJUUUHCKUX WHCTPYMEHTOB
cloXkHOU (opmbl. PaccMOTpeHBl pe3yabTaThl MCHBITAaHUI 3KCIEPUMEHTANIBHOTO 00pasia
CTEpUJIM3aTOpa HA OCHOBE TEXHOJOTHMM NPUMEHEHHUS SJIEKTpOMarHUTHbIX mnoJsieir CBY-
HU3TYy4YCHUA. Tectrl MMPOBOJUIINCH IAJId TUIIOBBIX MCIUIIUHCKUX HHCTPYMCHTOB.

Kunrouessie ciioa: CBU-uznydyenune, MEIUIIMHCKUE HHCTPYMEHTHI, CTEPUITA3AIUS

A RAPID TECHNIQUE FOR COMPLETE DECONTAMINATION IN THE MICROWAVE
ELECTROMAGNETIC FIELD

V.B. Bayburin, M.I. Balakin, V.V. Komarov,1.0. Luneva, A.A. Nikiforov, V.P. Meshchanov
The presented design for microwave devices can be used in sterilization of medical in-struments
with complex shape. The test results of an experimental sterilizer based on the technology of
electromagnetic fields of micro-wave radiation are considered. The tests were carried out for
standard medical instruments.

Keywords: microwave radiation, medical instruments, sterilization

OIIPEJAEJIEHUE OIITUMAJIBHOI'O PACIIPEAEJIEHUA [IOTPEBUTEJIEU
OJIEKTPOSHEPI'MU MEXAY ITPOEKTUPYEMBIMU MUKPOI'PU/]

E.E. Mupropoackas, H.IT. Mutsammn, FO.b. Tomamesckuii, C.®. Crenanos, M.H. Tumodeer

B crarbe npuBeneHa METOMKA U PEATU3YIOLIUNA €€ aITOPUTM JUIsl ONIPEAETIEHUs] ONTUMAIbHOTO
pacmnpeseneHuss MOTpeOuTeNeld 3JICKTPOIHEPTHH MEXIY MPOCKTUPYEMBIMU aBTOHOMHBIMU
CUCTEeMaMH  DJIeKTPOCHAOXKEHHsST Ha OCHOBE HCTOYHHKOB TEHEpallH, MOJIyYaroluX
BO30OHOBIISIEMYIO TIEPBHUYHYIO DHEPTHI0 pa3Hoi (usmueckoit mpuponsl. [lpencrasien npumep
pelleHns 3aJadyd ONTUMAIBHOTO pactpeneneHus 21 moTpeOuTens 3MeKTPOIHEPTHU MEXKIY 3
MIPOEKTHPYEMBIMH aBTOHOMHBIMU CHCTEMAaMHU AJIEKTPOCHAOKEHHUS C TIOMOIIBIO pa3paboTaHHOTO
anroput™Ma. PesynmbTaTel pabOTBl MOTYT OBITH MOJIE3HBI MPH ONPEACNEHUU ONTUMAIBLHOTO
pacmonokeHusi THOKUX aBTOHOMHBIX CUCTEM 3JIEKTPOCHA0KEHHUSI.

KiroueBbie crioBa: aBTOHOMHAs CHUCTeMa JIIEKTPOCHAOXKEHHs, BO300HOBIEMas DJHEPrHs,
ONTUMM3ALIMS, CTOMMOCTb JIMHUM OJJEKTPOIlepeayd, 3aJadya O Ha3HAUYECHUH, aJTrOpPUTM,
MOIITHOCTb



DETERMINATION OF OPTIMAL ALLOCATION OF ELECTRICITY CONSUMERS
BETWEEN THE DESIGNED MICROGRIDS

E.E. Mirgorodskaya, N.P. Mityashin, Yu.B. Tomashevskiy, S.F. Stepanov, M.N. Timofeev

The paper presents a methodology and an algorithm developed to determine an optimal
allocation of electricity consumers between the designed autonomous power supply systems
based on the generation sources receiving primary renewable energy different in physical nature.
The authors present an example of solving the problem related with optimal allocation of twenty
one electricity consumers between three designed autonomous power supply systems using the
developed algorithm. The results of research can be used in defining the optimal allocation of
flexible autonomous power supply systems.

Keywords: autonomous power supply system, renewable energy, optimization, trans-mission
line cost, assignment problem, algorithm, power

OJIEKTPOMAT'HUTHAA CUJIIA OJHOCTOPOHHEI'O IIPUTSAXKEHUA POTOPA K
CTATOPY ABTOMOBMJIBHOI'O T'EHEPATOPA KAK ®AKTOP, OHPEI[EJIHIOH.II/IPI
EI'O OKCIUIYATAIIMUOHHVYIO HAJAEXHOCTbD

B.H. Koznosckuii, A.C. CakcoHOB

B paGotre mpuBoAsTCS pe3ynbTaThl UCCIACAOBAHUS BJIUSHUSA DJIEKTPOMArHUTHOM  CHJIBI
OJHOCTOPOHHETO MPUTAKCHHUA POTOpa K CTATOPY, BOSHHKaIOIHeﬁ Kak CJICACTBUC aCUMMCETpPUN
MarHuTHOM TeMH DJEKTPOMEXaHHMYECKOTO TpeoOpa3oBaTesi Ha BEPOSTHOCTh  OTKa3a
aBTOMOOMIIBHOM reHepaTop-HOM YCTaHOBKH.

KiroueBrle ciioBa: aBTOMOOWMIIBHAS réHeparopHad YCTaHOBKA, HECOOCHOCTb, aACUMMETPUA
MAarHUTHOH IIeTTN

ELECTROMAGNETIC FORCE OF UNILATERAL ATTRACTION OF A ROTOR TO A
STATOR IN AN AUTOMOBILE GENERATOR AS A FACTOR DETERMINING ITS
OPERATIONAL RELIABILITY

V.N. Kozlovskiy, A.S. Saksonov

The paper presents the results of research into the influence of electromagnetic force of unilateral
attraction of a rotor to a stator which can be a consequence of asymmetry of the magnetic circuit
of an electromechanical converter to the probability of failure of an automotive generator set.
Keywords: automotive generator set, misalignment, asymmetry of the magnetic circuit

HOBAS TOIIOJIOIUS TMOACTAHLIMKW 1OJIs1 DJEKTPOCHABXEHUWSA YACTOTHO-
PEI'YJIMPYEMON YCTAHOBKU OXJIAXJIEHUS T'A3A

C.B. Momnor, E.K. IIeisckas, A.M. 3eMiioB

OCHaH_IeHI/Ie YCTaAaHOBOK OXJIaXACHHA TIas3a YaCTOTHO-PEIYIHUPYEMBIM J3JICKTPOIIPHUBOJIOM
BCHTHJIATOPOB IIPUBOJHUT K HCO6XOI[I/IMOCTI/I PCUICHHA HpO6J’IeMBI 3HCKTpOMaFHHTHOI>'I
COBMECTHUMOCTH B CHCTEMC BJ'IGKTpOCHa6)KeHI/I$I KOMHpeCCOpHOfI CTaHIIMHU. B cratbe
PACCMOTPCHLI BapHaHTbl PCHICHUSA 3TOH HpO6J'IeMBI, MNpeJIOKCHAa MW HCCIICJ0OBaHa CXCMa
OoACTaHIIUU, KOTOpAasa MOXET OBLITH IMPUMCHCHA ITPHU CO3JaHNHU HOBBIX 00BEKTOB MaruCTpajabHOTI'O
TpaHCIIOPTAa U XpaHCHHU ra3a.

KiroueBrle cioBa: cucrema 3HeKTp00Ha6)KeHI/I$I, IHoACTaHIIMA, OXJIAXKACHHC Ia3a, 4aCTOTHO-
pel"an/IpyeMHﬁ QJICKTPOIIPHUBOJA, KAYCCTBO IJICKTPOSHCPIrUuu, UMUTAITHOHHOC MOACIIMPOBAHUC
ADVANCED SUBSTATION TOPOLOGY FOR POWER SUPPLY OF A FREQUENCY
CONTROLLED GAS COOLING UNIT

S.V. Molot, E.K. Pylskaya, A.l. Zemtsov

Equipment of gas cooling units with fans controlled by variable frequency drives leads to the
need to solve the problem of electro-magnetic compatibility in the power supply system of a
compressor station. The article considers solutions to the problem, including a substation scheme
that can be used to create new facilities for trunk transport and gas storage.

Keywords: power supply system, substation, gas cooling, variable frequency drive, power
quality, simulation



NCCIIEIOBAHUE [IEPEXOIHBIX [TPOLIECCOB B ABTOHOMHOM CUCTEME
OJIEKTPOCHABXEHHM A HA BA3SE CUHXPOHHOI'O 'TEHEPATOPA HA TTOCTOSHHBIX
MATHUTAX

N.1O. PoxxnoB

[IpeioskeH BapHaHT CHUCTEMbl aBTOHOMHOTO OJIIEKTpOCHaOeHHss Ha 0a3e ra3oTypOMHHOM
YCTAaHOBKHM C CHHXPOHHBIM TI'CHCPATOPOM Ha IOCTOAHHBIX MAarHuTax H Hp606p8.30BaTCJI€M
HqacTOThbl I CTa6I/IJII/ISaIII/II/I BBIXOJJHOT'O HAaIIPsHKECHUA W 4YaCTOTHI. ,Z[JISI HUCCIICO0OBAHUA
MNEPCXOAHBIX IMPOLECCOB B CHUCTCMCE 3JIGKTpOCHa6>KeHI/I$I MMOCTPOCHA MMHUTALIMOHHAA MOICIIbL B
cpene MATLAB c nakerom pacmupenus Simulink. TlpuBeneHbl pe3ynbTaThl HCCISIOBAHUS TIPH
M3MEHEHUH HAarpy3KHU U CKOPOCTHU BpaIllCHUS [IPUBOJHOIO Bajla r€HEpaTopa.

KnroueBbie cioBa: ra3oTypOMHHAs YCTaHOBKA, CHCTEMa 3JICKTPOCHAOXKEHHWS, CHHXPOHHBIH
regeparop Ha IIOCTOSITHHBIX MaraurTax, Hp€06p8,30BaTeJII> qaCTOTHI, NMHUTAIUOHHOC
MOJCIUPOBAHUC

INVESTIGATING TRANSIENT PROCESSES IN AUTONOMOUS POWER SUPPLY
SYSTEMS BASED ON PERMANENT MAGNET SYNCHRONOUS GENERATORS

I.Yu. Rozhnov

A variant to an autonomous power supply system based on a gas turbine plant with a permanent
magnet synchronous generator and a frequency converter for stabilizing the output voltage and
frequency is proposed. To study transient processes in the power supply system, a simulation
model was built in the MATLAB environment with the Simulink extension package. The results
of research are given with a change in the load and rotation speed of the generator drive shaft.
Keywords: gas turbine compressor, power supply system, permanent magnets synchronous
generator, frequency convertor, simulation

CUCTEMA PACIIPEJEJIEHMSI MOIIHOCTU JBUI'ATEJIEM ITOJIHOIIPMBOJHOI'O
ABTOHOMHOI'O DJIEKTPUYECKOI'O TPAHCIIOPTHOI'O CPEACTBA

M.E. Bunws6eprep, H.C. ITonos, E.A. Jlomaxun, M.E. Mocun, B.1. AuuGpoeB

Ha  ceromnsiimamii  fneHb  HAOMIOMAETCSl  aKTUBHBIM — 3Tall  Pa3BUTHS  TEPEIOBBIX
SHEProcOeperapImuX TEXHOJOTUA B 00JIACTU aBTOMOOWJIECTPOCHHUS, B CBS3M C 4YeM, BCE
OOJIBIIYI0 TOMYJAPHOCTh MPUOOPETAIOT 3ANeKTpoMoOUId. OCHOBHBIMH KOHCTPYKTUBHBIMU
COCTaBIIIOIIMMHU  3JIEKTPOMOOUIS SBISAIOTCA: AKKyMYJATOpHas Oarapesi, AJIEKTPUYECKHUIl
JIBUTATEIh, MHBEPTOP U CUCTEMA YIPABJICHUS.

OpnuM M3 riaBHBIX MOKa3zareneil 3(pPEeKTUBHOCTH aBTOHOMHOTO 3JIEKTPUYECKOr0 TPaHCIOPTa
SBJIIETCS 3allac Xo0/a, YBEJIMYEHUE KOTOPOrO MOKHO JOOUTHCS 3a CYET CHUXKEHMSI MaccChl
TPAHCIOPTHOTO CpelAcTBa. B Kilaccmuyeckux aBTOMOOWIISIX KPYTALIMI MOMEHT OT JIBUTraTels
BHYTPEHHETO CrOpaHUs MeperacTcsl Ha Kojieca MOCPEACTBOM TpaHCMUCCUU. B anekTpomMoOuisax
3a CYeT WCHOJb30BaHUSI MOTOP-KOJIEC OTHAJaeT HEOOXOJAUMOCTh B TPAaHCMHUCCHH, YTO
CYIIECTBEHHO 00JieryaeT BeC KOHCTPYKIIMH, a TaKKe CHIDKAIOTCS 3aTpaThl Ha OOCITY>KMBAaHUE U
peMoHT. B cTrartbe paccMOTpeH BOMPOC pacHpenesieHHs MOIIHOCTH ABUTaresieil aBTOHOMHOTO
AIIEKTPUYECKOTO TPAHCIIOPTHOTO CpEACTBa Ha 0a3e 4eThIpex MOTOp-Kosec. Takke MOIyd4eHO
MaTeMaTH4eCcKoe OMMCaHKe JIeKTPOHHOTrO nuddepeniuana 1ys 3aeKTpoMoOuiis Ha 6a3e IBYX U
YeThI-PeX MOTOp-KOJIEC MO NPUHLMUIY yIpaBieHus AKKepMaHa. B mporpamMmMHOM makere
MATLAB/Simulink mnpoBeneHo uudpoBoe MOIEIUPOBAHUE CHUCTEMBI IOJHOMPUBOIHOTO
anekrpomoOus. [lomydeHsl mepexoHble IPOLECChl 0 CKOPOCTH BpAIICHMsI Balla ABUTaTeNs U
M0 MOMEHTYy Ha Bally [BUTATels, KOTOPBIE YIOBJIETBOPSIOT MPEIbSBISIEMBIM K CHCTEME
TpeOOBaHUSAM TIO TIEPEPETYIUPOBAHHUIO U OBICTPOICHCTBUIO.

KiroueBsie cioBa: 37eKTpOMOOUIIb, MOTOP-KOJIECO, ANEKTPOHHBIN nuddepeHIiman, KoOMIOHOBKA
TATOBOW CHUCTEMBbI, MATEMaTUYECKOE OTTUCAHHE

AN ENGINE POWER DISTRIBUTION SYSTEM FOR ALL-WHEEL DRIVE
AUTONOMOUS ELECTRIC VEHICLES

M.E. Vilberger, N.S. Popov, E.A. Domakhin, M.E. Mosin, V.I. Anibroev



To date, there is an active stage of development of advanced energy-saving technologies in the
automotive industry, and therefore, electric vehicles are becoming increasingly popular. The
main structural components of an electric vehicle are: a battery, an electric motor, an inverter and
a control system.

One of the main indicators of the efficiency of autonomous electric transport is the power
reserve, which can be increased by reducing the weight of the vehicle. In classic cars, the torque
from the internal combustion engine is transmitted to the wheels via the transmission. In electric
vehicles, due to the use of motor wheels, there is no need for a transmission, which significantly
reduces the weight of the structure, as well as reduces maintenance and repair costs. The article
deals with the issue of power distribution of the engines of an autonomous electric vehicle based
on four motor wheels. A mathematical description of the electronic differential for an electric
vehicle based on two and four motor wheels based on the Ackerman control principle is also
obtained. In the MATLAB/Simulink software package, the all-wheel-drive electric vehicle
system was digitally modeled. Transients are obtained in terms of the speed of rotation of the
motor shaft and the torque on the motor shaft, which meet the requirements for the system for re-
regulation and speed.

Keywords: electric car, motor-wheel, electronic differential, traction system layout,
mathematical description

METOAMKA  BBIBOPA  ITAPAMETPOB PEI'VJIATOPA  OJHOKOHTYPHOI'O
OJIEKTPOITPUBOJJA CTABUJIIN3ALMN CKOPOCTU ACHMHXPOHHOI'O JABUI'ATEJIA
CO CKAJIAPHBIM YIIPABJIEHUEM

A.B. Crapuxos, E.B. Crpuxkakosa, O.C. bensea, JI.}O. Pokano

PaccmoTpeH  OAHOKOHTYPHBIM — AJEKTPONPUBOJT  CTAOMIM3AlMA  CKOPOCTH  ACHHXPOHHOTO
JBUTATENS] CO CKaJspHBIM yrpaBieHHeM. Pa3spaboTaHa wMeToaWka BbIOOpa TapaMeTpoB
peryadropa, 00ecIeunBaroIero IOBBIIIIEHNE OBICTPOACUCTBUS OJTHOKOHTYPHOT'O
SJICKTPONPHUBOJa ¢ aCHMHXPOHHBIM HCIIOJIHUTCIIbHBIM ABHUIATCIICM. MCTO,I[I/IKa BKIIIOYAET B CeOs
pacdeT MnapaMEeTpoB CXEMBI 3aMCHICHUA W MOACIUPOBAHHUEC ACHHXPOHHOI'0 ABHUIATCIIA,
ONpEECICHUE HayaJbHBIX YCIOBUM MMOTOKOCLEIUICHUH, pacdyeT YTOYHEHHOW MepeaaTouyHOu
(bYHKI_[I/II/I JABUTATCIIsA, aHaJIu3 KOpHeﬁ €€ YHCIHUTCIII W 3HaAMCHATCIIA, BBIYUCICHUC
ko3 puImeHToB  mepemayd M MOCTOSIHHBIX ~ BPEMEHH  3JIEMEHTOB  OJHOKOHTYPHOTO
QJICKTPOIIpUBO A CTa6I/IJ'II/13aHI/II/I CKOpPOCTH. Hpe,[[CTaBJ'IeHBI AHAJIUTUYCCKUE 3aBUCUMOCTU JIA
pacdyera  mapaMeTpoB  IPOIMOPIHOHAIBLHO-UHTETPATbHO-TU(PGEPEHIINATBHOTO  peryssTopa
CKOpPOCTH, IIOJTYUYCHHBIC Ha OCHOBC aHau3a KOpHefI YUCIIUTCIA U 3HAMCHATCIIA YTO‘{HCHHOP'I
nepeaaToyHoil (YHKIMKA ACHMHXPOHHOTO JBHUTaTels NPH CKAISPHOM ynparieHuu. [IpuBeneH
IIpUMEpP pacyera IapaMeTpoB pPEryIaTopa CKOPOCTH OJHOKOHTYPHOI'O DJJIEKTPOIIpUBOLA CO
CKAJIIPpHBIM YHPaBJICHUEM JIA KOHKPETHOI'O THUIIA ACHMHXPOHHOI'O JABHUIAaTCIsi M 4YaCTOTHOI'O
npeoOpaszoBaTes.

KiroueBrle cioBa: aCI/IHXpOHHHﬁ JABUIaTCIIb, O,Z[HOKOHTyprIﬁ QJICKTPOIIPUBOA, PEryiATOp,
CKaJISIPHOC YIIPABJICHUC, napaMeTqueCKHﬁ CHHTE3

PARAMETER SELECTION METHODOLOGY TO A SINGLE-LOOP ELECTRIC DRIVE
CONTROLLER FOR SPEED STABILIZATION OF AN INDUCTION MOTOR WITH
SCALAR CONTROL

A.V. Starikov, E.V. Strizhakova, O.S. Belyaeva, D.Yu. Rokalo

A single-loop electric drive for stabilizing the speed of an induction motor with scalar control is
considered. A method for selecting parameters of the controller that provides an increase in the
speed of a single-loop electric drive with an induction motor has been developed. The method
enables calculation of the parameters of the equivalent circuit and simulation of the induction
motor, de-termination of initial conditions of the flux linkages, calculation of the refined transfer
function of the motor, analysis of the roots of its numerator and denominator, calculation of the
transfer coefficients and time constants to the elements of a single-loop electric drive for speed
stabilization. Analytical dependencies are presented for calculating the parameters of the



proportional-integral-differential speed controller, obtained on the basis of analysis of the roots
of the numerator and denominator of the refined transfer function of an induction motor with
scalar control. An example of calculating parameters of the speed controller of a single-loop
electric drive with scalar control for a specific type of an induction motor and frequency
converter is given.

Keywords: induction motor, single-loop electric drive, controller, scalar control, parametric
synthesis

AJJAIITUBHASL HWHD®OPMALIMOHHO-YITPABJISAIOIIIAA CUCTEMA PEJIEMUHOI
SAILLUTHBI, PEATUPYIOILIAA HA UBMEHEHUE KIIMMATUYECKUX ®AKTOPOB

0.0. AxmenoBa, A.I'. Comnnos, I1.B. [lukapes

HapaMeTpH BO3YHIHBIX h18%08050%1 QJICKTponepcaaun HMCHOJIb3YIOTCA aJIropuTMaMu MHOTHUX
YCTPOWCTB peJICHHON 3allUThl U aBTOMATHUKU, WX MPABHIBHOE OMpEEICHUE HEOOXOIUMO IS
obecrieueHnust KOPPEKTHOTO (PYHKIIMOHUPOBAHMS CUCTEM PEJICHHOM 3alIuThl U aBToMaTuku. [Ipu
aHaJIM3€e JIMHUM DJIEKTpoIepelayd MCHOJIb3YIOTCS TaOJlMyHble MNPUONMKEHHbIE 3HA4YeHUs
MNpOAOJBHBIX MW TIOHNCPCYHBIX IMAPaMETPOB B CXEMAX 3aMCHICHUA, XOTA PCUICHUC 3aJad B
HCYIIPOIICHHOM BHUAC MPUBOJAUT K CYIIICCTBECHHBIM YTOUYHCHUAM U3BCCTHBIX peHIeHI/If/'I.

B nannoit pabote onrcansl MaTeMaTHYECKUE MOJICTH BO3IAYIITHOMN JTMHUU dJIEKTpOTIepeaadn s
CBsI3M BHCHIHUX KINMATHUYCCKUX (baKTOPOB M 3HAYEHUM TOKa YCTaBKHU CHUCTEMBI peﬂeﬁHOﬁ
3amuThel. Pa3paboraH MHoromapamMeTpuyecKud airopuT™M (YHKIMOHHUPOBAHMS pelIerHON
3alllUThI C aJIaHTHBHOfI yCTaBKOﬁ, KOTOpBII\/II OCHOBaH Ha BBIYHUCICHUHU TOKOB KOPOTKOI'O
3aMBbIKaHUA Ha OCHOBEC JAaHHBIX IMOJTYyYaC€MbIX HEIMOCPCACTBCHHO OT JATYMKOB, YCTAHOBJICHHBIX
Ha BO3IYIIHOW JIMHUM SJEKTpoIepenadyu, U oT TpaHcpopmaTopoB Toka. B cooTBeTcTBUU C
AITOPUTMOM IMPOU3BOAUTCA PACUET HECHMMCETPUYHBIX TOKOB KOPOTKOI'O 3aMbIKaHHA W TOKOB
cpabaTbiBaHUs 3aulIUT. B cimyyae aBapuilHOM CHTyalluu TOK, MPOXOJSAUIUI IO YCTPOWCTBY,
CpaBHHUBAC€TCA C TOKOM Cpa6aTBIBaHI/I$I i1 JaHHOI'O BHIA IOBPCKACHHA, BH KOPOTKOI'O
3aMBIKaHUS OTIPENIEIISETCS MyTeM OTpoca TpaHCPOopMaTOPOB TOKA.

KiroueBrle cioBa: peneﬁHaﬂ 3amuTa, TOK YCTAaBKH, aJallTHUBHas YCTaBKa, IMPOAOJBHBIC U
MOTIEPEYHBIC MMapaMeTPhl BO3AYITHON JTUHUU JJIEKTPOIEpeaau, alrOpuT™M (PYyHKIIMOHUPOBAHUS
pEeNEHHOM 3alUThI

AN ADAPTIVE INFORMATION CONTROL SYSTEM OF RELAY PROTECTION,
RESPONDING TO EFFECTS OF CLIMATE CHANGE

0.0. Akhmedova, A.G. Soshinov, P.V. Dikarev

Parameters of overhead power transmission lines are used for the algorithms of numerous relay
protection and automation de-vices, whereas their precise determination is necessary to ensure
correct operation of relay protection and automation systems. In the analysis of power
transmission lines, tabular approximate values of longitudinal and transverse parameters are used
in substitution schemes, although an unsimplified way of solving the problems leads to sufficient
elaboration of the known solutions.

This paper describes mathematical models for overhead power transmission lines used in
coupling external climatic factors and values of the setpoint current of the relay protection
system. A multiparametric algorithm for the operation of relay

protection with an adaptive setpoint has been developed, which is based on calculation of short-
circuit currents based on the data received directly from the sensors installed on overhead power
lines and current transformers. In accordance with the algorithm, calculation of asymmetric
short-circuit currents and protection actuation currents is performed. In case of an emergency,
the current passing through the device is compared with the tripping current for a given type of
fault, and the type of short circuit is determined by recording the data from the current
transformers.

Keywords: relay protection, setpoint current, adaptive setpoint, longitudinal and trans-verse
parameters of an overhead power line, the algorithm of relay protection functioning



PA3BPABOTKA n NCCIIEIOBAHUE TATOBOI'O CUHXPOHHOI'O
OJIEKTPOABUI'ATEJIAA C MHKOPIIOPUPOBAHHBIMI B POTOP MATHUTAMU JIs
DJIEKTPOMOBWJIA

VHTeHCMBHOE pPa3BUTHE AJIEKTPOTPAHCHOPTA BBI3BIBACT HEOOXOIUMOCTh pa3pabOTKUu U
HUCCIIC0OBaHUA BBICOKOE)(b(beKTI/IBHBIX TATOBBIX BHCKTpOHBHFaTCHCﬁ C IIOBBIIIICHHBIMHA
YACJIBbHBIMHA TIOKA3aTCIsIMHU, CIIOCOOHBIX O0O0ECIEeYUTH B 3JICKTpOMO6I/IJI€ PSKUMBI pasroHa,
IBUOKCHHS, pEBEpca, JJICKTPOTOPMOXKEHUS C peKylepamueld »dHepruu npu padboTe B
3aTPYHECHHBIX YCJIOBHAX JKCIUTyaTallud M LIMPOKOM TeMmIeparypHoMm auanasoHe. llokazaHo,
4TO B Ka4C€CTBC TAT'OBOI'O OJJICKTPOABUIATCIIA 3JI6KTpOMO6I/IJI$I IICJICCOO6p8.3HO IMPUMCHCHUC
CHUHXPOHHBIX IIBI/IFaTeJIef/i C HHKOPIIOPUPOBAHHBIMH B POTOP MOCTOAHHBIMHW MAarHuTaMHu.
Bricokast cTOMMOCTHL MAarHUTOB BEI3BIBAET H€O6XOI[I/IMOCTB IMPUMCHCHHUA pPallMOHAJIbHBIX
pa3MepoB, (OpPMBI W pa3MENIeHUS MarHUTOB. MoJEepHU3MpOBaHA AaHAIUTHYECCKAs METO/HUKA
IIPOEKTHBIX PAaCYETOB M OINPEICICHUS XapaKTEPUCTUK TaKUX IEKTpOJBHUrarenci. BuisaBieHo,
4qTO HIpH pacdCeTe YIrJIOBBIX MOMCHTHBIX XAPAKTCPUCTHK TATOBBIX CUHXPOHHBIX JIBPIFaTeJIGfI C
IIOCTOAHHBIMHAU MaromuTaMu JJIA 3H€KTp0MO6I/IJ'IGI71 H€O6XOJII/IM YUceT TOPMO3HBIX
AJIEKTPOMarHUTHOTO M PEaKTHMBHOIO MOMEHTOB. [IpuBeaeHbl mnokazarenu pa3pabOTaHHOIO
TATOBOIO AJIEKTPOJBMUIraTeNs Ui 3eKTpoMoOmiis mouHocThio 30 kBt, yrinosele u paboune
XapaKTCPUCTUKU. BrimosaeHno YUCJIICHHOC MOJCIIMPOBAHUC SJICKTPOMArHuTHBIX oJIek
IBUTATENs, KOTOpPO€  MOATBEPAMIIO  KOPPEKTHOCTh  pa3pabOTKM  KOHCTPYKIUH U
YAOBJICTBOPUTCIIBHBIC ITYCKOBEIC CBOMCTBA ABUTI'aTCIIA.

KiroueBbie ciioBa: 31€KTpOMOOUIIb, TATOBBIA 3JIEKTPOJBUTATENb, CUHXPOHHBIM JBUTATENb C
MOCTOSIHHBIMM MarHUTaMH, pa3padoTKa, KOHCTPYKLUS POTOPa, SIEKTPOMArHUTHBIN aHAU3

10.b. Kazakos, A.B. Ctynos, M.1. Hukudopos, M.A. Kucenes

DEVELOPMENT AND RESEARCH OF A TRACTION SYNCHRONOUS ELECTRIC
MOTOR WITH MAGNETS INCORPORATED IN THE ROTOR FOR AN ELECTRIC
VEHICLE

Yu.B. Kazakov, A.V. Stulov, M.I. Nikiforov, M.A. Kiselev

Intensive development of electric transport requires research and development of highly efficient
traction motors with improved specific performance, capable of providing acceleration,
movement, reverse and electric braking modes with energy recovery during operation under
hard-to-operate conditions and a wide temperature range. It is shown that it is expedient to use
synchronous motors with permanent magnets embedded into the rotor as traction motors of
electric vehicles. High cost of magnets requires the use of rationally sized, shaped and placed
magnets. Analytical methodology for design calculations and characterization of such electric
motors has been modernized.

It has been revealed that when calculating the angular momentum characteristics of traction
synchronous motors with permanent magnets for electric vehicles, it is necessary to take into
account the braking electromagnetic and reactive torques. Characteristics of the developed
traction motor for an electric vehicle with the power of 30 kW, angular and performance
characteristics are given. Numerical modeling of electromagnetic fields of the engine was
performed, which confirmed correctness of the developed design and satisfactory starting
properties of the engine.

Keywords: electric vehicle, traction motor, permanent magnet synchronous motor, development,
rotor design, electromagnetic analysis



