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JOCTWMXEHUA MOHHOM UMIIVIAHTALIMM U TTEPCITEKTHUBbBI MCITOJIb3OBAHUSA
MOHHO-JIVYEBBIX METOJIOB B MOHOJIMTHO-UHTEI'PAJIBHOM TEXHOJIOTUU
MUKPOSJIEKTPOHMKIM CBY

B.B. Ilepunckuii, 1.B. [Tepunckas

HccnenoBanubie 3PQPEKT MUKPOKOHCTPYUPOBAHHUS CBOMCTB TOHKMX METAJUTMYECKUX CIIOCB
HOHHO-JIY4YCBbIM MOI[I/I(i)I/II_[I/IpOBaHI/IeM I103BOJINJIN pa3pa60TaTL PAd OpUTMHAJIBHBIX CII0CO00B
U3TOTOBJICHUSI MUKPOKOMIIOHEHTOB MHTErpaibHbIX cxeM CBY, co3naTh KOHKYpEHTOCHOCOOHBIE
HOHHO-JIYYCBBIC aHAJIOTH CYLICCTBYIOIIUX TCXHOJOIMYECKHUX ITPOLECCOB, HCIIOJIb3Ys HOHHBII
CHUHTEC3 Ha MOBCPXHOCTU MCTAJIJIOB YJIbTPAAUCIICPCHOTI'O 6CCHOpI/ICTOI‘O YIJICPOAHOTI'O IMOKPLITUA C
YHUKAJIBHBIM COYCTAHHUEM KOPPO3HMOHHBIX, DJICKTPHYCCKUX U MEXaHUYCCKUX cBoucTB. MoHHas
TEXHOJIOTUA 3(1)(1)CKTI/IBHO COUCTAaCTCA C BAaKYYMHBIMU IpoHECCaMH MCTAJUIM3allUd U
HMITYJIbCHOI'O OT’KHI'd, YTO ITO3BOJIACT PCAIM30BaATh KaK Cy6MI/IKpOHHy10 HOHHYIO HI/ITOFpaCI)I/IIO,
TaK ¥ IOJIHBIA TEXHOJIOTHYECKUN OUKII U3TrOTOBJICHUA MOHOJIUMTHBIX YCTpOﬁCTB.

KiroueBrie crnoBa: HUMIUIaHTalusT UOHOB, HMOHHO-JIY4YCBOC MO,I[I/I(I)I/II_II/IpOBaHI/Ie, QJICKTPHUUICCKHU
HEaKTHBHBIC TPUMECH, IMACCHBAIMA M YIy4IIEHHE CBOWUCTB (DOTOPE3UCTHBHBIX MOKPBITHI,
YIIpaBJICHUC XUMHUYECKON aKTUBHOCTBIO METAIUINYECKHAX HOKpI)ITI/Iﬁ

EFFECTIVENESS OF ION IMPLANTATION AND FUTURE OF ION-RAY METHODS IN
MONOLITHIC INTEGRATION MICROELECTRONICS TECHNOLOGY

V.V. Perinsky, 1.V. Perinskaya

Investigation into effects of microconstruction of thin metal layer properties using the ion-beam
modification promoted the development of ingenious methods of fabricating the
microcomponents to microwave integrated circuits, and create effective ion-beam analogues to
the existing technological processes based on the ion synthesis over the metal surfaces of
ultrafine non-porous carbon coatings with a unique combination of corrosive, electrical and
mechanical characteristics. The ion technology effectively combines with the vacuum processes
of metallization and pulse annealing, which enables realization of both submicron ion
lithography and complete technological cycle in the production of monolithic devices.

Keywords: ion implantation, ion-beam modification, electrically inactive impurities, passivation
and improvement of photoresistive coating characteristics, monitoring the chemical activity of
metal coatings

UUCJIIEHHBIE MW DBOKCIIEPUMEHTAJIBHBIE HWCCIEOLOBAHUA TIPOLHECCOB CBY
TEPMOOBPABOTKU JIUDJIEKTPUKOB B CBY KAMEPAX BEI'YILEN BOJIHbBI

B.B. 3axapos, C.B. Tpuropisiii

PaCCMOTpeHH PE3YIbTAThl YUCJICHHBIX H 3KCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/Iﬁ mponeccoB CBY
TepmooOpaboTkn  muanmekTpukoB B CBY  kamepax Oerymieid BOJHBI Ha  TpUMEpe
BBICOKOTCMIICPATYPHOTO HArp€Ba KEPpaMUUICCKHUX I/I3,H6HI/II>'I u CBY CYIIKH YBJIA’)KHCHHOTO IICCKa B
Hux. [IpuBeneHbl pe3ynbTaThl aHajdM3a BIMSHUS Y4eTa W3MEHEHHs (U3MUECKHUX CBOWCTB
00BEKTOB TepMOOOPaOOTKH Ha XapakTep TeIuioBblAeaeHus B HUX npu CBY Harpese.

KnroueBnie cnoBa: matemarnueckoe mojnenupoBanue, CBU tepmooOpaboTka, Harpes, CyIka,
JAUDJICKTPHUKH, (bl/ISI/I‘-IeCKI/Ie CBOICTBa

NUMERICAL AND FIELD RESEARCH OF MICROWAVE THERMAL PROCESSING OF
DIELECTRICS IN MICROWAVE TRAVELLING WAVE CHAMBERS

V.V. Zakharov, S.V. Trigorly

The results of numerical and field tests of the processes relating microwave heat treatment of
dielectrics in microwave traveling-wave chambers are considered based on the case of high-
temperature heating of ceramic products and microwave drying of moistened sand. The analysis
results of the impact of the changes in the physical properties of heat treatment objects on the
nature of heat release during the microwave heating are presented.



Keywords: mathematical modeling, microwave heat treatment, heating, drying, dielectrics,
physical properties

NCIIOJIb3OBAHUE NMUTALITMOHHOM MOJEJIN JUTA OITPEJEJIEHW A
SHEPTETUYECKUX XAPAKTEPUCTUK KOMIIUJIEKCA DJIEKTPUYECKOU IIEUU
COITPOTUBJIEHUSA W  TUPUCTOPHOI'O  PEI'YJIAITOPA  HAIIPSDKEHUSA C
DOAZOUMITYJIbCHBIM VIIPABJIEHUEM

B.II. Py6mos, E.C. PszanoBa, A.1O. Uypcun

PaccmarpuBaroTcss JHEPreTU4ECKUE XapaKTEPUCTUKU PETYISATOpPA TEMIIEPATyphl JIEKTPUUECKOU
eé4n COIIPOTUBIICHUA, nonyqa}omeﬁ IMUTAaHUC OT CETH IEPEMCHHOI'O TOKa C HCIIOJb30BaHUEM
TUPUCTOPHOTO PETYIsATOpa HANpsDKeHHUS C (PasoMMIYNIbCHBIM yIpaBieHHeM. VcciemoBaHus
IMPOBOAATCA MPHUMEHHUTCIILHO K KOMILICKCY, BKIHOYAOMIEMY COOCTBEHHO II€Ybh COIIPOTUBJICHMUS,
TUPUCTOPHBII PETYIATOP HAMPSDKEHUS ¢ (ha30MMITYIbCHBIM YIIPaBICHHEM, JATYHK TEMIEPaTyphl
U pEeryjaupyroliee  YCTPOWCTBO,  BbIpaOaThIBAIOIIEEC  MPOMOPIHOHATBLHO-UHTETPATBHO-
QG epeHraIbHbI 3aKOH YIpaBlIeHHUs. B oTiamuue oT TpaJuiIMOHHBIX HCCIIEJOBAHUN B CTAThE
AHATIM3UPYCTCA COBOKYIIHOCTB OJJICKTPUYCCKUX U TCIUIOBBIX IMPOHCECCOB, HNPOTCKAOIIUX B
KOMIIJIEKCE O60pyIIOBaHI/I$I, BKJIIOYAaKOIIEM SJICKTPHUYCCKYTIO I1€4Yb COITPOTUBJICHUA n
TI/IpI/ICTOpHHﬁ PEryidaTop HalpPSAXKCHUSA C Q)aSOHMHyJIbCHBIM YIpaBJICHUCM. C ncrnoabp30BaHUEM
pa3pa60TaHHoﬁ PIMPITB,III/IOHHOIZ MOACIIHN PACCUUTBIBAIOTCA TAKUC BUPTYAJIbHBIC DHCPICTUYCCKUC
XApaKTCPUCTHUKH, KaK IIOJIHAsA, aKTHUBHAA W PCAKTHBHASA MOIIHOCTH, a TaKXC KOS(I)(I)I/ILII/IGHT
MOIIHOCTH, OMpeeIomuid d3hGeKTHBHOCTS paboThl KOMIUIEKCA M YCTAHOBJICHHBIE MOITHOCTH
TUPHUCTOPHBIX PETYIATOPOB HAMPsOHKEHUS. AHATU3UPYETCs BiHsHUE Ha 3((GEKTUBHOCTh PaOOTHI
KOMIIJICKCAa TaKOr'o IIOKa3aTeCjid, KaK IIPCBBINICHUC yCTaHOBHGHHOﬁ MOIITHOCTU PETYJIATOpA
HaIIpsAKC-HUS HA CpCI[HCﬁ MOIITHOCTBHO, HOTpe6J'I$IeMOI‘/'I II€4YbHO.

KiroueBrle cioBa: QJICKTPHUYCCKAasd IIC€Yb COIPOTHUBIICHUA, SHCPICTUYCCKHUEC XAPAKTCPUCTHUKU,
dazouMnyabCHOE PETyIUPOBAHNUE HAIPSKEHUS, PETYJISTOP TeMIIepaTyphbl

USING A SIMULATION MODEL TO DETERMINE THE ENERGY CHARACTERISTIC OF
AN ELECTRIC RESISTANCE FURNACE COMPLEX AND A THYRISTOR VOLTAGE
REGULATOR WITH A PHASE-PULSE CONTROL

V.P. Rubtsov, E.S. Ryazanova, A.Yu. Chursin

The energy characteristics of the temperature controller of an electric resistance furnace that
receives power from the AC net-work using a thyristor voltage regulator with phase-pulse
control are considered. The re-search is carried out in relation to a complex that includes the
resistance furnace itself, a thyristor voltage regulator with phase-pulse control, a temperature
sensor and a regulating device that generates a proportional-integral-differential control law. In
contrast to traditional research, the article analyzes the totality of electrical and thermal processes
occurring in a complex of equipment that includes an electric resistance furnace and a thyristor
voltage regulator with phase-pulse control. Using the developed simulation model, such virtual
energy characteristics as total, active and re-active power, as well as the power factor that
determines the efficiency of the complex and the installed power of thyristor voltage regulators
are calculated. The influence on the efficiency of the complex of such an indicator as the excess
of the installed power of the voltage regulator over the average power consumed by the furnace
is analyzed.

Keywords: electric resistance furnace, energy characteristics, phase-pulse voltage regulation,
temperature controller

PA3PABOTKA MUKPOITPOLIECCOPHOM YACTH CHUCTEMbl MOHUTOPHUHTA
®YTEPOBKU TUTJIS 1 ABAPUIHOI'O OTKJIFOYEHU S MHIYKIIMOHHOM ITEYM
N.1O. Jonrux, M.I'. Mapkos

[IpemyioskeH BapHaHT MMKPOIPOLIECCOPHON CHUCTEMBI, Pealu3yIoUledl MOHUTOPHHI COCTOSIHHS
OTHEYIOPHON (yTEepOBKH, OTOOpaKEHNE MECTa U CTENEHU €€ pa3pylICHUs, a TaKKe aBapuiiHoe
OTKJIFOYEHHE MHAYKIIMOHHOHN TUIaBUILHOM NeUu NpHU JOCTHKEHUH KPUTHYECKOTO YPOBHS M3HOCA



turas. Pa3paboTaHbl CTpyKTypa, cXeMa U alropuTMbl (YHKIMOHUPOBAHUS MHOTOKAHAIBHOTO
MOHHUTOpPA C OJHUM KOHHEHTpatopoM. COCTaBJIEHbI MPOTPAMMBbI JJIi MHUKPOIPOILECCOPOB M
BBINOJIHEHA UX TPOBEpKa C Hcmoib3oBaHueM otiamaunka MPLAB-Sim u cpeapl cumymsmuu
Proteus.

KinroueBrle cioBa: HHAYKOWUOHHAA TUICIIbHAA I1€4Yb, CUCTEMAa MOHHUTOPUHIA OFHCYHOpHOfI
(GyTepoBKH, aBapuHHOE OTKIIOYCHHE, TEpMOoIllapa, MHUKPOIPOIIECCOP, aHAIOrOBO-IIM(PPOBOH
npeoOpazosarens (ALIT)

A MICROPROCESSOR SEGMENT TO MONITORING THE CRUCIBLE LINING AND
EMERGENCY BLACKOUT OF INDUCTION FURNACES

I.Yu. Dolgikh, M.G. Markov

A type of the microprocessor system is proposed to monitor the status of the refractory lining, its
location and destruction degree, as well as emergency blackout of the induction melting furnace
under the critical level of the crucible wear. The structure, schematic and operation algorithms
for a multi-channel monitor with a single concentrator have been developed. The programs for
microprocessors have been designed and verified using the MPLAB-Sim debugger and the
Proteus simulation environment.

Keywords: induction crucible furnace, refractory lining monitoring system, emergency blackout,
thermocouple, microprocessor, analog to the digital converter (ADC)

OIIPEAEJIEHUE KOODDODOUIMEHTA 3KOHOMUYHOCTU DSJIEKTPOTEXHHUYECKUX
KOMIUIEKCOB JJId HUCIIBITAHUA ACHUHXPOHHBIX I[BI/IFATEJIEﬁ METOJIOM
B3AVMHOM HATPY3KU

J.1. ITonos

O6ocHoBaHa aKTyaJIbHOCTh BoIIpoca OLICHKH SHEPreTUYECKOU 3 exTUBHOCTH
SJICKTPOTCXHUUYCCKHUX KOMIIJICKCOB IS MCIBITAHUA ACHHXPOHHBIX I[BI/IFaTeJIefI METOAOM
B3aMMHOU Harpys3kKu. BBe,Z[eHLI IIOHATUA KOS(i)(i)I/ILII/IeHTOB 3aTrpaT MW SKOHOMMHYHOCTH.
[Ipon3BeneHa omeHKAa BO3MOXKHBIX 3HA4eHWH K03(uimeHTa SKOHOMUYHOCTH JUISl IIUPOKOTO
Ararna3oHa HOMHUHAJIBHBIX MOH.IHOCTGfI. HOJ’Iy‘IeHHLIe 3HAYCHUA KOB(l)(I)I/ILII/IeHTa S3KOHOMUYHOCTH
MOTr'yT OBITH HCIIOJIBL30BAHEI IIpH NMPEABAPUTCIIBHOM PACUCTC MapaMCTPOB DJICKTPOTCXHUYCCKUX
KOMIUJICKCOB TSI UCIIBITAHUA ACUHXPOHHBIX I[BPIFaTeJ'IefI METOAOM B3aMHOU HarpyskHu.
KiroueBbie crmoBa: K0d(PGUIHUEHT SKOHOMHYHOCTH, HCIBITAHUS, ACHHXPOHHBIE JIBUTATEIH,
B3aMMHasl Harpy3Ka, SHeprodpeKTHBHOCTh

DETERMINATION OF THE COST-TO-PERFORMANCE RATIO OF ELECTRICAL
SYSTEMS IN TESTING INDUCTION MOTORS BY THE LOADING-BACK METHOD

D.l. Popov

The article provides rationale for assessment of energy efficiency of electrical systems used in
testing induction motors by the loading-back method. The concepts of input coefficient and cost-
to-performance ratio are introduced. The possible values of the cost-to-performance ratio are
estimated for a range of rated power capacity. The obtained cost-to-performance values can be
used in sample calculations of parameters of electrical systems used in testing induction motors
by the loading-back method.

Keywords: cost-to-performance ratio, testing, induction motor, loading-back method, energy
efficiency

MATEMATHUYECKHUE MOJEJIN JJI1 AHAJIMTUYECKOI'O PACHETA MATHUTHOI'O
1 SJIEKTPUYECKOI'O TIOJIEN BEICOKOBOJIBTHBIX JIDIT

b.K. Cussikos

IIpuBeneHbl aHAIIMTUYECKUE MATEMAaTUYECKUE MOJEIHU, MO3BOJAIOIIME OCYLIECTBIATH aHAIU3
MAarHuTHOTO M AJIEKTPUYECKOTO IOJIEH MPOMBIIIJIEHHBIX BBICOKOBOJIBTHBIX BO3/YIIHBIX JINHUW B
OKpY’KalOIIeM MPOCTPAHCTBE Uil MPUHATHUS MOCIEAYIOIIMX PELICHUH B 00JIaCTH OOHAPYKEHHS
JIDII neratenbHBIMH anmapaTaMyd M OLEHKH AJIEKTPOMATHUTHOIO 3arpsi3HEHHsI OKPYKaroIIeu
CpEBI.



KiroueBrle CJIOBa: MarHuTHOC )41 SJICKTPUYICCKOC 11014, BBICOKOBOJIBTHBIC JIMHUH
AJIEKTpOTIEpeIadl  TIPOMBIIINICHHOW YacTOThI, O€30MacHOCTh TIOJIETOB, 3JEKTPOMArHUTHOE
3arpsI3HEHUE OKPYXKAIOLIEH CpeIbl

MATHEMATICAL MODELS FOR ANALYTICAL CALCULATION OF MAGNETIC AND
ELECTRIC FIELDS OF HIGH-VOLTAGE TRANSMISSION LINES

B.K. Sivyakov

The article presents analytical mathematical models required in the analysis of magnetic and
electric fields of industrial high-voltage transmission lines in the surrounding space. The models
enable the subsequent decisions important in the detection of high-voltage transmission lines
using flight vehicles, and allow for estimation of electromagnetic pollution of the environment.
Keywords: magnetic and electric fields, high-voltage power lines of industrial frequency, flight
safety, electromagnetic pollution of the environment

MATEMATUYECKOE MOJIEJJMPOBAHUE COJIHEYHOM DJIEKTPOCTAHILIMU B
KIIMMATHUYECKHUX YCJIIOBUAX PECITYBJIMKH KYBA

.. I'eppa, D.B. SIxoBneBa

B crarbe mpezacraBieHbl pe3yibTaThl MOJENUMpoOBaHUS B cpene Matlab/Simulink pazmmynbix
QJICKTPHUUYCCKUX KOMIIOHCHTOB, COCTAaBJJIAOIIUX COJIHCYHYIO QJICKTPOCTAHLIUIO (CQC)
MOIIHOCTBIO 5 KBT, MOAKIIOYEHHBIX K DJJIEKTpUYecKkoil cetu peruoHa CanTearo-ge-Kyba
(Pecnybnuka Ky6a). Pa3paGoTtanHass MoJenb TMO3BOJSET KCCIEAOBAThH BOJbT-aMIIEPHBIC
xapaktepuctuku (BAX) conHedHBIX MOIyJed B 3aBUCUMOCTH OT TaKMX METEOPOJIOTHYECKUX
YCJIOBI/Iﬁ KaK HHTCHCHUBHOCTb COJIHCUHOI'O H3JIIYYCHHS, TEMIICpATypa Oprxcammeﬁ CpeClhbl,
OTHOCHUTEJIbHAs BJIAXKHOCTh U CKOPOCTh BeTpa Kak A crauumoHapHbeix COC, Tak u aia COC ¢
CUCTEMAMHU CIJICKCHHSA 3a COJIHLICM. KpOMe TOro, ¢ IIOMOIIBIO MaTeMaTHYECKOH MOACIN
0HO(A3HOTO COJIHEYHOTO HMHBEpPTOpa W OJHO(PA3HOTO JJICKTPUUYECKOTO TpaHchopmaropa,
p€ajin30BaHHOT'O B IIporpamMmme, BO3MOXHO HCCIICO0BAaTh MMOBCACHUC  JJICKTPUYCCKHX
NEPEMCHHBIX CUCTEMbI, TAKNUX KaK aKTUBHAsA, PCAKTUBHAA W IMOJIHAsA MOINHOCTH, KOB(I)(l)I/IHI/IeHT
MOIIIHOCTU CHUCTEMBI. B 3akmrouenue CJICAYyECT OTMETUTD, YTO pa3pa60TaHHa51 MOACJIb MMO3BOJISCT
uccienoBarb cuctemsl noaxaodeHus COC K ceTu ¢ y4eToM crenu(UyYecKux KIMMaTHYEeCKUX
YCIJIOBHUM pEruoHa.

KiroueBele cnoBa: MOZACIIMPOBAHUC, COJIHCUHAsA OJICKTPOCTAHLUA, CHUCTEMa CJICKCHUSA 3a
conHueMm, BAX cosiHeuyHOTro Moaynst

MATHEMATICAL MODELING OF SOLAR POWER PLANTS SPECIFIED FOR THE
CLIMATE CONDITIONS OF THE REPUBLIC OF CUBA

D.D. Guerra, E.V. Yakovleva

The article presents the simulation results based on Matlab/Simulink environment of the various
electrical components to the solar power plant (SES) with the capacity of 5kW connected to the
power grid of Santiago de Cuba (Republic of Cuba). The developed mod-el allows for a research
into the V-1 characteristic (V-I) of the solar modules depending on meteorological conditions
such as solar radiation intensity, ambient temperature, relative humidity and wind speed
important both for the stationary SES and for the SES with solar tracking systems. In addition,
mathematical models for a single-phase solar inverter and a single-phase electric transformer can
be applied to investigate the behavior of electrical variables of the system, such as active,
reactive and gross capacitance, and the system power factor. The developed model allows for a
research into the systems of SES connection to the grid with account for specific climatic
conditions of the region.

Keywords: modelling, solar plant, solar tracking system, solar module V-I characteristic

BJIMSAHUE HAIIPSOKEHMA HA TTAPAMETPBI  3JIEKTPOITIOTPEBJIEHUA TIPU
HAJIMYNU BBICHINX TAPMOHUK
A.H. Cxambun, B.C. Jlo6ym1, FO.B. PactBopoBa



Jannas  paboTa  TOCBAICHA  W3YyYEHHIO  BIUSHUS  HAmpsDKEHUS  HA  [ApaMeTpsl
AJICKTPOTIOTPEOJICHUSI WJIM HAJUYMH TapMOHWYECKUX MCKXEHWW B HAINpsSOHKEHUHW U Toke. B
7ab0paTOPHBIX  yCIOBHSX Ha pa3paboOTaHHOM CTEHJE ObUTM M3MEpPEHBI  MapaMeTphbl
AJICKTPOTIOTPEOJICHHSI HAarpy3Kd IS TPEX PAa3IMYHBIX PEKUMOB pabOTHl M PACCUMTAHBI HX
CTATUYCCKUC XAPAKTCPUCTHUKH IIO HAIPSIKCHHIO. AKTI/IBHaH, PCaKTHBHAAd W IIOJHAsA MOIIHOCTHU
BBIYUCIIAJIIMCh HA OCHOBAaHUHN BBI6paHHI>IX Teopnﬁ MOIITHOCTH. BBIHBJ'IGHO, 4TO IIpu CyYMMapHOM
KO3 pHIIMEHTe TapMOHMYECKUX HMCKAKEHUHA HanpsKeHHs MeHee 5% OCHOBHYIO pOJb B
BO3HUKHOBECHUU W HN3MCEHCHHU MOIITHOCTHU HCKaKEHUH HUrpact KOB(b(i)I/II_II/IeHT TapMOHHUYCCKHX
UCKa)XEHUH TOKa, B TO BpeMsI KaK MpHU 3HAYEHUH BbIIIE 5% 3HaYUTEIbHBIN 3 ekt Habmrogaercs
IIpyu HU3MCHCHHH HAIIPSAXKCHUA HOTpe6I/ITeJ'I${, 4TO0 MOXKET CTaTb HHCTPYMCHTOM  IJId
PEryJIMPOBAaHUS BETUYHHBI TOTPEOIIEMOM MOIITHOCTH HCKAKEHUH.

KiroueBrle citoBa: BEICHIHE rapMOHHKH, HeJIMHEHHAas Harpyska, rapMOHHYCCKHUEC HCKaXXCHMHA,
Ka4ueCTBO 3JI€KTpI/IIIeCKOI71 SHEPTHUU, MOIIHOCTb UCKAKCHHUA

THE IMPACT OF VOLTAGE ON ELECTRIC CONSUMPTION PARAMETERS UNDER
HIGHER ORDER HARMONIC

A.N. Skamyin, V.S. Dobush, Yu.V. Rastvorova

This work is devoted to investigating the impact of voltage on the parameters of power
consumption or existence of harmonic distortions in voltage and current systems. The power
consumption parameters for three different operating modes and their static voltage
characteristics have been estimated using the developed laboratory installation. The active,
reactive, and total capacity were calculated based on the defined power capacity theories. It has
been found that with a total coefficient of voltage harmonic distortion lower than 5% the main
role in the occurrence and changes of distortion capacity plays the current harmonic distortion
coefficient. Meanwhile, with the voltage harmonic distortion higher than 5%, a significant effect
IS observed under the changes in consumer voltage that can become a tool for regulating the
amount of consumed distortion capacitance.

Keywords: higher-order harmonic, non-linear load, harmonic distortion, electric power quality

AHAJIM3 TEIUIOBOI'O COCTOAHUA TUAPOI'EHEPATOPA KOMBUHHWPOBAHHOI'O
BO3bYXAEHUA, TIPEJJHASHAUYEHHOI'O U1 OCBOEHUSA SHEPI'ETUKM MAJIBIX U
CPE/IHUX PEK

J.C. AMuHOB

OcBoeHME SHEPreTMKH Majbli U CpPEeIHUX PEK IMPEeACTaBiIsgeT cOO0M akKTyallbHYHO 3ajady,
MIOCKOJIbKY CYMMAapHbIA 3HEPreTUYECKUM MOTEHIMANI OTOr0 pecypca BO MHOIO pa3 MPEBBIIIAET
JIAaHHBIN TOKa3aTelb JUIsl OONBIIMX peK. B craThe paccCMOTPEeH THAPOTEHEPATOp YHHUKAIHHOM
KOHCTpYKUMHU. OH IOJIHOCTBIO NOTPYKEH B BOAY, YTO IO3BOJISIET HE HApPYIIaThb JKOJIOTHIO U
ACTETUKY OKpyXkarouieil cpenpl. [ns obecrieueHuss TUAPOU3OALMU T€HEpATOp HANOJHEH
MacsioM. OCHOBY €ro COCTaBJISET dJEKTpUYECKas MallliHa KOMOMHUPOBAHHOTO BO30YX/I€HUs, HA
KoTopyro mMmeercs nareHTt Poccuiickoit ®enepanun. 11 MpOEKTUPOBAHUS THIPOTEHEPATOPOB
JAHHOTO TUNa pa3paboTaHa MPOEKTHas CHUCTeMa, KOTOpas BKIIOYaeT B ce0s CHUHTE3
ONTUMAJIBHOM TE€OMETPUM W DIIEKTPOMAarHWUTHBIM M TEIUIOBOM aHajau3 pPacCUUTAHHOU
KOHCTpyKUMU. B crarbe MpeAacTaBiIeH 3aKIIOYMTEINBHBIM OTall  aHaJIM3a — OLEHKA
YCTaHOBUBILIETOCS TEIJIOBOTO COCTOSIHHSI T€HepaTopa NPH HOMUHAIBHOM Harpyske. TeroBble
pacyeTsl IIPOBEACHBI B 1Ba dTamna. Ha nmepBoM srare oneHKa Beslach Ha OCHOBE METO/a TEIUIOBBIX
CXEM 3aMEIEeHMs,, Ha BTOPOM JTale OLEHKa OCYHIECTBIAIACh C HCIOJIB30BAHUEM METOAA
KOHEYHBIX 3JIEMEHTOB. B cTaThe mpHBENEHBI pe3ynbTaThl aHaIM3a A THIporeHepaTopa 3 kBt
350 06/mMuH.

KnroueBble cioBa: TEMmaoBOI aHanmu3, reHeparop KOMOWHUPOBAHHOTO BO30YXIEHUS, MUKPO-
I'DC, MeTor cxeM 3aMeNIeHNsI, METO]T KOHEYHBIX DIIEMEHTOB

ANALYSIS OF THERMAL STATE OF HYDROGENERATORS WITH COMBINED
EXCITATION APPLIED IN HARNESSING THE HYDROPOWER OF MINOR AND
MEDIUM-WIDTH RIVERS



D.S. Aminov

Harnessing the power of minor and medium-width rivers is an urgent task, since their total
energy resource is many times over the given indicator for large rivers. The article describes a
hydrogenerator of unique design. It is completely dipped in the water, and there-fore does not
cause damage to ecology or environmental aesthetics. To ensure the water-proofing, the
generator is filled with oil. Its core is an electric machine of combined excitation, which is
patented in the Russian Federation. To make the design project for this type of hydrogenerators,
a design system has been developed that synthesizes the optimal geometry, and electromagnetic
and thermal analysis of the calculated construction design. The article presents the final stage of
the analysis, i.e. assessment of the thermal state of the generator at the rated load. The thermal
calculations were divided into two stages. At the first stage, the assessment was based the
thermal equivalent circuit method; at the second stage, the assessment was made using the finite
element method. The article presents the analysis results for the 3 kW 350-rpm hydrogenerator.
Keywords: thermal analysis, combined ex-citation generator, micro-hydroelectric power station,
equivalent circuit method, finite element method

AKTYAJIbHOE COCTOSAHUE n HAIIPABJIEHU A PA3BUTUA CUCTEM
OJIEKTPOIIMTAHUA YCTAHOBOK KATOI[HOPI SAILNTHBI

N.N. Aptroxos, ®@.I1. Mupoenos, I.11. ApTroxos

B HaACTOAIICC BPCM: IJIA BJIGKTpOXI/IMPI‘IeCKOﬁ 3alllUThI pr60Hp0BO,Z[0B MNPpUMCHAOT YCTaHOBKH,
KOTOpPBIE TOJYHYAIOT 3JICKTPUUYECKYIO DHEPrUI0 OT BJOJBTPACCOBBIX JMHUM 3JIEKTPONEpEaadn
HanpsokeHueM 6 wiu 10 kB. CrpoutenbcTBO M MOHTaX KOMILIEKCA COOPYKEHHUH,
00€CIIeunBarOIIero nepeaayy d3JIeKTPOIHEPTUU OT IEHTPATU30BAHHBIX HMCTOYHHKOB JI0 MECT
pa3sMeICHusT  YCTAHOBOK KaTO,I[HOfI 3alluThl H Hpeo6pa3013aHI/Ie €C IapaMCTpoB OO0
HEO0OXOUMOTr0 YPOBHSI, XapaKTEpHU3yeTCsl CYIIECTBEHHBIMHM KallMTalbHbIMHU 3arparamu. [lpu
3TOM CHJIIOBOC 3HeKTp0060py,HOBaHI/Ie UMeEET HHM3KUH KOB(i)(I)I/II_[I/IeHT HUCIIONb30BaHusA. B »THX
YCJI0BUAX BO3HHUKACT BOIIPOC O BO3MOKXHOCTH U IICJICCOO6paBHOCTI/I PaauKaJIbHOI0 U3MCHCHUA
nmoaxoaa K IIOCTPOCHUIO CHCTCMBI BHCKTpOXHMquCKOﬁ 3alUThl 3a CYUCT HIPUMCHCHUA
BO30OHOBJISIEMBIX ~MCTOYHMKOB dJHEpruu. B cratbe paccmaTpuBaroTCsi OCOOCHHOCTH
XapaKTCPUCTUK (bOTOSHeKTpI/I‘{eCKI/IX npeo6pa3OBaTeneITI KaK HMCTOYHHUKOB IMUTAHUA YCTAHOBOK
KaTOJHOW 3alMThI, IPEAJIAraloTCA U AHATU3UPYIOTCS BAPUAHTHI CXEMHOM peaiu3alni.
KiroueBrie CJIOBA. YCTaHOBKa KaTOHHOﬁ 3alllMTHI, CUCTEMa SJICKTPOIIUTAHUA,
¢doTrornekTpuyeckuil mpeodpa3oBareb

CURRENT STATUS AND NEW TRENDS IN DESIGNING CATHODIC PROTECTION
POWER SUPPLY SYSTEMS

I.1. Artyukhov, F.P. Miroedov, D.l. Artyukhov

Currently, the devices that receive electric energy from long-distance power lines with a voltage
of 6 or 10 kV are used for electro-chemical protection of pipelines. The construction and
installation of a complex of facilities that ensure transmission of electricity from the centralized
sources to the location of cathodic protection devices and conversion of its parameters to the
required level is characterized by significant material costs. At the same time, the power
equipment has a low utilization rate. Under these conditions, the question arises as to the
possibility and expediency of a radical change in the approach to building a system of
electrochemical protection using renewable energy sources. This paper describes the features of
photovoltaic converters as power sources for cathodic protection devices. The variants of circuit
implementation are pro-posed and analyzed.

Keywords: cathodic protection station, power supply system, photoelectric converter

ITPOBJIEMBI  BHEJIPEHUA  CUCTEMBI  TAT'OBOI'O  OJIEKTPOCHABXEHUA
[IEPEMEHHOI'O TOKA C OTIOPAMU KOHTAKTHOM CETH, HE 3A3EMJIEHHBIMU HA
PEJIBC, U ITYTU UX PEHIEHM I

N.A. Kpemnes, U.A. Tepexun, P.b. Cxokos, E.I'. Abuiios



B crartbe MMpEaACTaBJICHbBI OCHOBHBLIC Tpe6OBaHI/IH, NpEABABIACMBIC K CHCTCMC 3a3CMJICHUSA
TSATOBOI'O 3J'I€KTpOCH36}KeHI/I$[ MNEPEMEHHOTIO TOKaA. BrrsiBaensl HEOOCTAaTKHU TpaHHHHOHHOﬁ
CHUCTEMBI 3a3€MJICHUS OIIOp KOHTAaKTHOM CETH Ha PENIbCOBYIO ceTb. lIperncraBiieHbl pe3ynbTaTsl
IMPOBECACHHBIX OKCIICPUMCHTAJIbHBIX HUCIIBITAHUN YCJ'IOBI/Iﬁ 3H6KTpO6€3OHaCHOCTI/I u
AIIEKTPOMArHUTHO-TO BIUSHHS. BbIsBIEHBI 3a7auu, TpeOyromue paccCMOTpeHUs, 0e3 penieHus
KOTOPBIX IMHPOKOC BHEAPCHUEC CHCTEMBI C OIIOpaMu 0e3 3aszeMileHHsT Ha PEIBCOBYIO CCTh
HEBO3MOXHO. PaCCMOTpeHH ABa BO3MOJKHBIX HaIpaBJCHUA, [MO3BOJIAIOIIHUEC HCKIIOYUTH
HpO6J’IeMHBIe MOMCHTBI IIPU SKCIUTyaTallu CUCTEMBI TAT'OBOT'O 3J'ICKTpOCHa6}KeHI/I$I IIEPEMECHHOT'O
TOKa.

KiroueBrle ciioBa: cHcTEMa TATOBOTO 3J'ICKTpOCH36)KeHI/I$I INEPEMEHHOTO TOKa, 3a3€MIJICHHUC,
omopa 0e3 3a3eMJICHHSI HAa pEIbCOBYIO CE€Th, pENeiHas 3almTa, JJIeKTPOoOe30MacHOCTb,
QJICKTPOMAaranuTHOC BJIIMAHUC, peﬂeﬁHaﬂ 3amiiuTra, JKeIe300E€ TOHHBIN (bYHI[aMeHT

CHALLENGES AND SOLUTIONS TO INTEGRATION OF AC TRACTION POWER
SUPPLY SYSTEMS WITH UNGROUNDED CONTACT LINE SUPPORTS

I.A. Kremlyov, I.A. Teryokhin, R.B. Skokov, E.G. Abishov

The article presents the main requirements to the grounding of the AC traction power supply
system. The faults in conventional grounding systems for contact line supports over the rail
network have been revealed. The results of the field tests relating electric safety and
electromagnetic influence have been presented. The focus is made on the issues critical in
integration of the system of ungrounded contact line supports over the rail network. Particular
consideration is devoted to the two trends which ensure excluding the challenges arising in the
operation of the AC traction power supply system.

Keywords: AC traction power supply sys-tem, grounding, ungrounded contact line sup-port over
the rail network, relay protection, electric safety, electromagnetic influence, rein-forced concrete
foundation

NCCIEAOBAHUE MUKPOCTPYKTYPbI WM TBEPAOCTHU MHCTPYMEHTAJIbHOM
CTAJIM XI12M®, TIOJABEPITHYTOM DJIEKTPOMCKPOBOMY  JIETMPOBAHMIO
HMPKOHMEM U HEMEHTAILIMU B KPEMHUI-TPA®UTOBOM ITACTE

M.E. ®egoceeB, A.A. Domun

Cpok ciy’k0bl IITaMIOBOIO MHCTPYMEHTA 3aBUCUT OT BBIOPAHHBIX TEXHOJOTMYECKUX PEKHMOB
ynpqu;IIomeﬁ O6pa6OTKI/I U JOCTUTACMBIX IIApaMCTPOB KAUYCCTBA ITOBCPXHOCTH. B I[aHHofI
paboTre mpeziaraeTcs HOBBIM METOJl 3JEKTPOUCKPOBOTO JIETMPOBaHUS LMPKOHUEM padoueit
MOBCPXHOCTU HITAMIIOBOI'O HHCTPYMCHTA C HOCHC,ZLYIOL[ICIZ LIeMeHTaLIHeﬁ CIIOMCTOM CHCTEMBI
«ctanb X12M® — Zr-nokpsiTue» B KpeMHUN-TpapUTOBOM MacTe AJs NOJyYeHUs] HEOOXOAMMOMN
TBEPHAOCTU U W3HOCOCTOMKOCTH. I/I3y‘IeHBI Mop(bonornqecxne XApPaKTCPUCTHKU U MECXAHNUYCCKUC
CBOMCTBA  OJKCHEPUMEHTAIBHBIX  LHUPKOHUN  COAEpPKAIUX  IOKPBITUH,  IOJYYEHHBIX
AJIEKTPOUCKPOBBIM JIETUPOBAHUEM IIPH MEKAIEKTPOIHOM HampsikeHuu 3,2-6,5 B, paGouem Toke
1,4-4,1 A u npoAOIKUTENBHOCTH 00pabOTKH 2-4 MHH. YCTaHOBJEHO, YTO MOCIEIyIOIIast
[EMEHTAIHsI CIIOUCTON CHCTeMbI 00pabOTKOM TOKaMU BBICOKOWM 4acTOTHI MPHU TeMieparype 850-
900°C u Boigepxkke 100-300 ¢ criocoOCTBYET MOTYYEHUIO METAIUIOKEPAMUYE-CKOTO MOKPBITHS C
BBICOKON MUKpOTBepAOCThIO 724-946 HV1 npu Tonmune cinos 15-40 Mxm.

KirroueBble citoBa: 3JIEKTPOMCKPOBOE JIETMPOBAHHWE, LMPKOHWM, WHCTPYMEHTaJbHas CTallb,
ynquHeHHHﬁ CJlOI>'I, OeMCHTal A, TOKH BBICOKOM 4aCTOTHI, erMHHﬁ-Fpa(I)HTOBaH macra
INVESTIGATION INTO THE MICROSTRUCTURE AND HARDNESS OF H12MF TOOL
STEEL SUBJECTED TO ELECTRIC SPARK ALLOYING WITH ZIRCONIUM AND
CEMENTATION IN THE SILICON-GRAPHITE PASTE

M.E. Fedoseev, A.A. Fomin

The service life of the die tool depends on the selected technological modes of harden-ing
treatment and the achieved surface quality parameters. In this paper, a new method for electric
spark alloying with zirconium of the working surface of a die tool with a sub-sequent
cementation of the layered "steel HI2MF — Zr-coating™ system in the silicon-graphite paste is



proposed in order to obtain the necessary hardness and wear resistance. Morphological
characteristics and mechanical properties of experimental zirconium-containing coatings
produced by electric spark alloying at the interelectrode voltage of 3.2-6.5 V, the operating
current of 1.4-4.1 A, and the processing time of 2-4 minutes were studied. It was found that
subsequent cementation of the layered system by the high-frequency current treatment at the
temperature of 850-900°C and exposure of 100-300 s contributed to the production of a metal-
ceramic coating with a high microhardness of 724-946 HV1 at the layer thickness of 15-40 um.
Keywords: electric spark alloying, zirconium, tool steel, hardened layer, cementation, high
frequency currents, silicon-graphite paste



