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METO/ PACYETA AKTUBHOI'O 1 HHAYKTUBHOI'O COIIPOTUBJIEHUM
TPYBOK DJIEKTPOJOJAEPKATEJA PYJJHOTEPMUYECKOM NEYN
AUN. Anudepos, P.A. bukees, JL.IL. 'opesa

Hpez[nomeHa MCTOAHWKA pPacd€Ta AaKTUBHOI'O MW HWHAYKTHBHOI'O COHpOTI/IBJIeHI/Iﬁ pr60K
anekTpopoaepxkarens pynHorepmudeckoi meun (PTII). DTor ydacTok 3aciykuBaeT 0co00ro
BHHUMAaHUA BCJICACTBUC CIIO>KHOH HpOCTpaHCTBeHHOfI KOH(l)I/IpraI_II/II/I IIpOBOAHHUKOB, 3HAYUTENHLHOH
A0JIn €ro COIPOTUBJICHHA B IMOJHOM COINPOTUBJICHHUU BTOPUYHOI'O TOKOIIOABOJA, TAK KaK Ha 3TOM
Y4aCTKC II0 IIYYKaM pr6OK IIPOTCKAIOT TOKH OI[HOI71 HOJ'IY(l)aSLI U KOMIICHCAallUA MAr"duTHOI'O
IIOTOKA OTCYTCTBYET.

HpezmaraeTca paccMarpuBarb U30THYTBIC IMPOBOAHHWKHU KaK JIOMAaHbIC JIMHHUU W HIPUMCHUTH
METO/1bl, Pa3BUTHIE JI0 IPAKTUYECKOIO NPUMEHEHHS aBTOPAMHU M OCHOBAHHBIE HA pacyeTe COOCTBEHHOM
HHAYKTUBHOCTH U B3dUMOUHIAYKTHBHOCTH [IBYX HpﬂMOJ’IHHGﬁHHX IMPOBOJHUKOB, ITPOU3BOJIBHO
PaCOIOXKCHHBIX B IMPOCTPAHCTBE. HpI/I OTOM HCPABHOMCPHOCTBH PACIIPCACIICHHA TOKA IO OTACJIbHBIM
pr6KaM YUIUTBIBACTCSI UTCPAUOHHBIM PACHCTOM.

[Ipu pacuere aKTUBHOTO COMPOTHBIICHHS YYUTHIBACTCS MOBEPXHOCTHBIA 3 ekt u >PPexT
0JIM30CTH MCXKAY Y4dYaCTKaMu IIPOBOJHUKOB. MGTO,HI/IKa ObllIa HCIIOJIL30BaHA IJI1 CO3JaHUusA
[IporpaMMHOro mnpoAyYKTa IJid pacucTa OSJICKTPUUCCKUX IMApaMCTPOB BTOPHUYHOI'O TOKOIIOABOOA
PTII. AnpoGanust MmeToauku Oblia npoBeaeHa npu npoektupoBanuu PTIT mommuocthio 60 MBA
3A0 «Onextporepm» (Poccusi, HoBocubupck). IlomyuenHsle pe3ynbTarbl ObUIM MPOBEPEHbI Ha
yucieHHbIx 3D monensx, paspadoranHsix B cpeae ANSYS.

KiroueBsie cioBa: pyqHOTEpMHUYECKasl [1€4b, BTOPUYHBIN TOKOIOBO/, TPYOKHU
QJICKTPOAOACPIKATEIISA, aKTUBHOC U HHAYKTUBHOC COIIPOTUBJICHUC

A METHOD FOR CALCULATING PURE RESISTANCE AND INDUCTANCE OF
ELECTRODE HOLDER TUBES IN ORE-THERMAL FURNACES

A.l. Aliferov, R.A. Bikeev, L.P. Goreva

The article is dedicated to a method for calculating the pure resistance and inductance of
electrode holder tubes in ore-thermal furnaces. This section requires particular attention due to a
sophisticated spatial configuration of the conductors, and significant proportion of its resistance
within the total resistances of the secondary current leads. This results from the fact that in this
section the tube clusters contain single phase currents, where compensation of the magnetic flux is
not found.

The authors propose to consider the curved conductors as polygonal chains and apply the
methodology developed for practical application based on the calculations of self-inductance and
the mutual inductance of two arbitrarily situated rectilinear conductors. Irregularity of the current
distribution across the tubes is taken into consideration in the process of iterative calculation.

The calculation of pure resistance takes into consideration the skin effect and the proximity
effect between the sections of conductors. The given method was used to create the software needed
in calculation of electric parameters of the secondary current lead of the ore-thermal furnace. This
method was tested when designing the 60 MV A capacity ore-thermal furnace by ZAO Elektroterm
(Russia, Novosibirsk). The results were verified for the numerical 3D models developed with the
ANSYS software.

Keywords: ore-thermal furnace, secondary current lead, electrode holder tubes, pure
resistance, inductance



BJIUAHUE NOHHOI'O JIETUPOBAHUSA HA ABTOOMUCCHUOHHBIE
CBOMCTBA AJIMA3OT'PA®UTOBBIX IINIEHOYHBIX CTPYKTYP
P .K. Adapos, C.1O. Cy3nansues, B.S. [llanbirun
HByLIeHBI 3aKOHOMCPHOCTH U3MCHCHUA MOp(l)OJ'IOFI/I‘IeCKI/IX N aBTOOMHUCCHOHHBIX XapPaAKTCPHUCTUK
HAaHOKOMITO3UTHBIX aJIMa30rpaUTOBBIX IUICHOYHBIX CTPYKTYp, MOJYYEHHBIX B MHKPOBOJHOBOH
II1a3mMe IapoB 3TaHOJId, B 3aBUCUMOCTU OT O03bI O6JIY‘ICHI/I}I HOHaMHM a3oTa C 3HepFI/IeI71 20 x3B.
YcTaHoBIEHO, YTO TpU  MalbIX J03aX  00mydeHHs  MOp(OJIOTHYECKHE  IapaMeTphl
aIMa3orpauTOBBIX CTPYKTYpP NPAKTUYECKH HE OTIUYAIOTCA OT IapaMeTpoOB HEOOTYyYEHHBIX
06pa3u013, TOorAa KakK aBTOOMHUCCUOHHBIC CBOIICTBa MNpETCPIICBAIOT CYHMICCTBCHHBIC HW3MCHCHMUA,
IIPpUYEM IMOBBIIICHUE MAKCHUMAJIbHBIX INIOTHOCTEH aBTOAPMHCCHOHHBIX TOKOB JOCTUTACTCA IIpH
IMOBBIIICHHUU IIOPOr'OB BOSGY)I(I[CHI/ISI AdBTOOMHUCCHUMN. 06Hapy)K€HBI OIITUMAJIBHBIC JO3bI HOHHOH
HMIUIAHTAaOUKW a30Tad, IIPH KOTOPbIX MAKCHUMAJIBbHBLIC IINIOTHOCTH ABTOOMHCCHOHHBIX TOKOB
BO3PACTAOT 10 CPABHEHUIO ¢ HEOOTy4eHHBIMU CTPYKTypaMu OoJiee, 4eM B 5 pa3 U JOCTUTAIT 78,6
MA/CMZ. I/ICCJIG,Z[OBaHBI 3aKOHOMCPHOCTH U3MCHCHUA (I)aBOBOFO COCTaBa, paCCMOTPCHBI BO3MOXKHBIC
MEXaHU3MBbI, OTBETCTBCHHBIC 3a MOZII/I(I)I/IKaHI/IIO MMOBCPXHOCTHBIX W MPHUIIOBCPXHOCTHBIX CBOMCTB
aHMaSOFpaQ)I/ITOBBIX CTPYKTYP B 3aBUCUMOCTU OT AO3bI HOHHOI'O 06Hy‘IeHI/I}I.
KitroueBsie ciioBa: aama3orpauToBbI HAHOKOMIIO3UT, aBTOIMHCCHS, UMILIAHTAIHS,
Mopdodtorusi, pa3oBblii cocTaB
EFFECT OF ION IMPLANTATION DOPING ON FIELD-EMISSION PROPERTIES
OF DIAMOND AND RELATED CARBON FILMS
R.K. Yafarov, S.Yu. Suzdaltsev, V.Ya. Shanygin
The article studies the patterns in the change of morphological and field emission characteristics
of diamond like carbon nanocomposite films received in the microwave plasma of ethanol vapors
depending on the dose of radiation by nitrogen ions at 20 keV. It is established that at small
radiation doses the morphological parameters the diamond-like carbon structures are practically
similar to the parameters of non-exposed samples. Meanwhile, the field emission properties
undergo significant changes, and the increase in the maximum density of field emission currents is
achieved under the increase in the excitation thresholds of the field emission. We found the
optimum doses of ionic implantation of nitrogen, where the maximum density of field emission
currents increases compared with nonexposed structures by more than 5 times and is up to 78,6
mA/cm?®. The conducted analysis refers the regularities in the changes of phase structure, the
potential mechanisms responsible for modification of superficial and near-surface properties of
diamond like carbon structures depending on the dose of ionic radiation.
Keywords: diamond like carbon nanocomposites, field emission, implantation, morphology,
phase structure

HOJYUYEHHUE HAHOYTJIEPOJHOI'O MATEPUAJIA METOAOM PECVD
JIIA ABTODRJIEKTPOHHOM DMHUCCHUHN
A.A. Imutpues, C.1O. Cy3nansues, JI.B. Hepenos
HpI/IBCI[CHBI TCXHOJIOTHYCCKUC MMapaMCTPhI JIA CUHTC3a HAHOYTJICPOAHOI'O Marcpuajia € pa3BI/ITOI7I
Mopdosnorueir noBepxHocTU. [IpoBeAeHO HcceoBaHUE ONHOW M3 TOJYYEHHBIX IUIEHOK METOJIOM
paMaHOBCKOﬁ CIICKTPOCKOIINH.
KiroueBble ciioBa: HaHOYTIIEpOAHBIH MaTepual, rpadeH, PECVD, pamaHoBckast CieKTpOCKOTHS
USING THE PECVD METHOD TO SYNTHESIZE NANOCARBON MATERIALS
FOR AUTOELECTRONIC EMISSION
A.A. Dmitriev, S.Yu. Suzdaltsev, D.V. Nefedov
The article presents the technological properties required in the synthesis of nanocarbon
materials characterized for the developed surface morphology. A research has been made into one
of obtained films using the Raman spectroscopy method.
Keywords: nanocarbon materials, graphene, PECVD, Raman spectroscopy



BAPABAHHBIE CBY QJIEKTPOTEPMUYECKHUE YCTAHOBKH

B.O. FOnuna, FO.C. ApxaHrenbckui
[IpuBenensl BapuaHThl KOMIOHOBKM OapabanHbix CBY 31eKTpOTEpPMHUYECKHX YCTaHOBOK.
Onpez[eneHLI obmacTu X INPpUMCHCHHA, JOCTOMHCTBA MW HCIOCTATKH. P ACCMOTPEHBI BOIIPOCHI
HNPOEKTUPOBAHUS TAKUX YCTAHOBOK.
KiroueBsie cioBa: 6apabannbie CBY anekTpoTrepMudeckue yCTaHOBKH, KOMIIOHOBKa, OapabaH,
TPaHCIIOPTHAS CUCTEMA, JJIEKTPOIPUBOJ, IPUMEHEHUE, pACUET
DRUM MICROWAVE ELECTROTHERMAL UNITS
V.0O. Yudina, Yu.S. Arkhangelskiy
The article provides the versions for packaging microwave-powered electric drum heaters, and
determines the areas for their application, advantages and disadvantages. The authors consider the
issues relating design characteristics of the given units.
Keywords: drum microwave electrothermal installations, assembly, drum, transport system,
electric drive, application, calculation

KAMEPA C BEI'YHIUMU BOJIHAMMU HA BOJIHOBO/E, CBEPHYTOM B KOJIBLHO
J.b. CuBsikoB

HpennaraeTc;l KaMepa C 6CFYH_II/IMI/I BOJIHAMH HAa BOJIHOBOZIC, CBEPHYTOM B KOJIBLO. B KaMepax
TAKOro THUIIA COYETAIOTCS IPEUMYyILecTBa Kamep ¢ Oerymieil BojgHOW (OoJiblasi MPOTSKEHHOCTh
JUHUYU ¥ TIPOCTasi OpraHu3als KOHBeHepHO 00pabOTKH MaTepualia) U KaMep CO CTOSYEeH BOITHOM
(BBICOKAsI HANPSPKEHHOCTh 3JIEKTPOMArHUTHOTO IOJIsI, BO3MOXHOCTh 00pabOTKU AUDIEKTPUUECKUX
u3zenuil pasHoM (OpMBl C PA3NUUYHBIMM DIEKTPOPHU3NUYECKUMHU mapameTrpamu). I[IpoBeneHo
MAaTE€MAaTUYCCKOC MOJACIIMPOBAHUC METOJ0M SKBUBAJICHTHOM HHI/IHHOf/i JIMHUYW TIPOLECCOB B KaMEpEC
JUIs ciydast IBYX T€HepaTopoB, BO30YKAAIOUINX KaMepy Ha pacCTOSIHUM JIpYT OT Jpyra B 4E€TBEPTh
JUTMHBL BOJIHBL. B Kamepe OT KaxJoro reHepaTtopa BO30YXKIAOTCS JIBE PacHpOCTPaHSIOIIHUECS
HaBCTpeuy Apyr Apyry Oeryiiue BoiaHbl MccnenoBaHbl mepexoiHble IPOIEecChl PH MPEPHIBUCTOM U
HEIMIPCPBIBHOM B036Y)KI[€HI/II/I, N3MCHCHHUC HGfICTByIOHICFO HaIlps>KCHUA BOOJb KaMCpPbI, BJIUAHHC
MNOTEPh HAa aMIUIUTYyAy YCTAHOBUBIICTOCH HAIIPSAKCHUS. HOKaSaHO, 4TO B 3TOM ClIyda€ B KaMeEpe
I[GI\/JICTBYIOHICG SHAYCHUEC HAIIPSKCHUA BAOJIb KAMCPhI MPAKTHYCCKU IMMOCTOAHHO.

KinroueBrle cnoBa: KaMepa C 6erH_II/IMPI BOJIHAMHX Ha BOJIHOBOAC, CBCPHYTOM B KOJBIO,
MAaTE€MAaTUYCCKOC MOACIUPOBAHUC, MCTON SKBUBAJICHTHOM I[J'II/IHHOI\/'I JIMHUH, B036Y)K)1€HI/IC ABYMsI
reHeparopamMmu, NCPEeXoAHbIC ITPOLUCCCHI, HeﬁCTBYIOIHee HAIIPsSI’KCHUEC

A FOLDED WAVEGUIDE TRAVELLING WAVE TUBE
D.B. Sivyakov

The article presents the folded waveguide travelling wave tube. This type of tubes combine the
advantages of the travelling wave tubes (including long range of the line and simple arrangement of
pipelined processing) and standing wave tubes (including high intensity of the electromagnetic
field, and possibility for processing of the dielectric products of various shapes and various physical
parameters). The mathematical modeling was conducted using the method of equivalent long line of
processes in the tube containing two generators producing excitation within the tube at a distance of
Ya of the wave length. Each generator is used for the excitation of two travelling waves propagating
towards each other. A research is made into the transient processes under the intermittent or
constant propagation, the changes in the voltage acting along the tube, and the impact of losses on
the amplitude of the steady-state voltage. It is shown that in this case, the effective value of voltage
acting along the tube is basically constant.

Keywords: a folded waveguide travelling wave tube, mathematical simulation, the method of
the equivalent long line, excitation using two generators, transient processes, effective voltage



YUCJIEHHOE MOJAEJIMPOBAHUE JIEKTPOTEXHOJIOI'MYECKHUX ITPOLHECCOB
C MIPUMEHEHUEM ITPOT'PAMMHOI'O ITAKETA COMSOL MULTIPHYSICS
C.I'. Kanranoga, 10.C. Apxanrensckuii, C.B. Tpuropmsiii, B.B. 3axapos

PaccmoTtpeno npumenenue nporpammuoro nakera COMSOL Multiphysics a1 MmonenupoBaHus
AJIEKTPOTEXHOJIOTUYECKUX  mporeccoB.  [lpuBemen  0030p  MaTeMaTHYECKUX  MOJIENCH
WHIYKIIMOHHOTO HarpeBa, CBY TepmMooOpabOTKH, AJIEKTpOILIa3MeHHOro HarpeBa. Iloka3aHsbl
BO3MOXHOCTH MOJACIIMPOBAHUS CBA3AHHBIX (1)143PI‘I€CKPIX IIpoOLECCCOB.

KirodeBrle ciioBa: MaTeMaTHYeCcKOeE MOACIIUPOBAHUEC, JJICKTPOTCXHOJOI'UA, I/IH,HYKHPIOHHBII;'I u
CBY mHarpes, Iu1asmMa, YpaBHEHHE TEIUIOIPOBOJHOCTH, TEMIIEpaTypHOE II0JIe, YpaBHEHUs
Makcsenna

NUMERICAL MODELING OF ELECTROTECHNOLOGICAL PROCESSES USING
THE COMSOL MULTIPHYSICS SOFTWARE PACKAGE
S.G. Kalganova, Yu.S. Arkhangelskiy, S.V. Trigorly, V.V. Zakharov

The article considers creating simulations of electrotechnological processes with the COMSOL
Multiphysics software platform. The authors present a survey of mathematical models for induction
heating, microwave heat treatment, laser heating, and electroplasma heating, and show the
possibilities for modeling coupled physical processes.

Keywords: mathematical modeling, COMSOL Multiphysics, electrotechnology, induction
and microwave heating, plasma, laser heating, heat equation, temperature field, Maxwell equations

SJIEKTPOTEXHOJIOI'USI MHTEHCU®UKALUU TTPOLHECCA IMOJIYYEHUSA
MEHOCTEKJIA CBY DHEPTUEM
B.C. lokyuaes, B.}O. KoxeBHUKOB

PaccmoTpeHsl 0COOEHHOCTH TONMy4YeHHs MEeHOcTekna ¢ momomisio CBY anekTpomMarHUTHOTO
MOJISI U TEXHUKO-9KOHOMUYECKHE aCMEeKThl peasii3allui JaHHOTO TEXHOJIOTHYECKOTO MpoIiecca.
KiroueBsie cioBa: neHoctekio, HarpeB, CBY uznyuenue

ELECTROTECHNOLOGY FOR INTENSIFICATION OF FOAM GLASS
FABRICATION USING THE MICROWAVE ENERGY
V.S. Dokuchaev, V.Yu. Kozhevnikov
The article presents the specific features of fabricating the foamed glass with using the
microwave electromagnetic field, including the technical and economic aspects of the given
process.
Keywords: foamed glass, heat, microwave radiation

KOHIENIHXSA SHEPTOCBEPEXKEHUS B OBJIACTHU DJEKTPOXUMHUYECKOHN
SAIUTHI HOAZEMHBIX METAJVIMYECKHUX TPYBOITPOBO10OB

A.A. Anamikun, I''.I'. Yrapos

PaccMoTpena koHLenyst SHeprocoepeskeHns B 00JaCTH AIEKTPOXUMUYECKON 3aIUThI TOA3EMHBIX

COOpYXEHUI, OPUEHTUPOBAaHHAs HAa CTPYKTYPY JIOKAJIbHOIO KOHTypa aBTOMAaTHUYECKOIO YIPaBJICHHS
NPOTUBOKOPPO3NOHHBIMU TEXHUYECKUMHU CPEACTBAMM B TPAHHUIAX 3alIUTHOM 30HBI OJTHON KaTOIHOM
cranuuy. KoHuenuust 6a3upyercs Ha NMEPUOIMYECKH MOBTOPSIEMOM OIPEAEIECHUN ONTHMAIBHBIX C
MO3UIUI  3HepreTuyeckord APQPEKTUBHOCTH MapaMeTPoB IMPOTUBOKOPPO3MOHHOM 3alUThI  JUIS
KOHKPETHOTO 3aIlMIIAEMOr0 y4acTKa MOI3EMHOI0 COOpYXeHus. M310kKeH allropuTM aBTOMaTHYECKOTO
orpezienieHrs: pabouero 3HaueHHs MOTEHIMala U JIOMyCTUMOr0 JHAara3oHa €ro peryiupoBaHus MyTEM
NOCTpOEHUsI KpUBBIX Tadernst MpUMEHUTEIFHO K OCOOEHHOCTSIM KOHKPETHOTO y4acTKa 3allUIIaeMOro
COOPYXEHHS M YCIIOBUSM €ro 3KCcIutyataluu. PaccMoTpeHa QpyHKIIMOHATIbHAS CBSI3b MEXK/1Y 3aIlUTHBIM
HOTEHIMAJIOM TIOA3EMHOTO0 COOPYXEHHS W TOTpeOJIieMOM MOIIHOCTBIO KATOAHOW —CTaHIIMH.
[TpuBeneHB! MPUMEPHI KOJUYESCTBEHHON OIICHKH YHEPreTHUECKOW d(PPEKTUBHOCTH paccMaTpUBAEMON
KOHIIETIIUN SHEPrOCOePEIKESHHS.



KiroueBnie ciioBa: MOA3EMHOC MCTAJUIMYCCKOC COOPYKCHUC, CPCACTBA BHGKT‘pOXHMHHCCKOﬁ
3aIUThI, CTAHIMS IS KaTOMHOM 3allliThHI, 3aIlMTHBIA ITOTEHIWAJ, 3allATHBIM TOK, BBIXOOHOM TOK
KaTOIHOM CTaHIMH, TMOTpedisieMasi MOIIHOCTh, BBIXOIHAs MOIIHOCTh, ypaBHeHHe Taderns, KpuBas
Tadens, rpagueHT TmOTEHIMAIA IO JorapudmMy TOKA, IUAMA30H PETYIMPOBAHUS 3alUTHOTO
IHoTcHIIuaia

THE CONCEPT OF ENERGY CONSERVATION IN THE FIELD
OF ELECTROCHEMICAL PROTECTION OF UNDERGROUND METAL PIPELINES

A.A. Anashkin, G.G. Ugarov

The article considers the concept of energy saving in the field of electrochemical protection of
underground structures. The work focuses on the structure of the local loop to automatic control of
anticorrosive technical means within the protective zone of a single cathode station. The concept is
based on the circulating determination of optimum anti-corrosion protection parameters for a
particular protected section of an underground structure in terms of energy efficiency. The authors
describe an algorithm to automatically determine the working value of the potential or permissible
range of its regulation by constructing the Tafel curves with reference to the features of a particular
section in the protected structure and its operation conditions. The functional relationship between
the protective potential of an underground structure and power consumption at a cathode station is
considered. The provided examples refer the quantitative assessment of energy efficiency of the
given energy saving concept.

Keywords: underground metal structure, electrochemical protection means, station for
cathode protection; protective potential, protective current, cathode output current, power
consumption, output power, Tafel equation, Tafel curve, logarithmic potential gradient, protective
potential control range

OCOBEHHOCTHU NOCTPOEHMA PET'YJIUPYEMOI'O HCTOUYHUKA
JJISI HEHTPAJIM30BAHHOI'O MUTAHUSI AHOJHBIX IIEINEX I'PYIIBI
IMAKETHNPOBAHHBIX MATHETPOHOB
N.U. Aptroxos, E.C. I'opaees, A.H1. 3emioB
B 251ekTpoTeXHOIOTMYECKUX YCTaHOBKAX ¢ pacnpeaenéHHon nogaueit CBY sHepruu, Hanpumep
YCTAaHOBKAX MCETOAUYCCKOIO THUIIA, B Ka4YECTBEC TCHCPATOPOB M3JIYUCHUSA HUCHOJIB3YIHOTCA
IMPOMBIINIJICHHBIC MAr€TpOHBI ITAKCTUPOBAHHOTO THIIA. C03HaHI/I€ PEryanpyeMoro HMCTOYHHUKA
IMMUTAHUA T'PYHIIbl TAKUX MAlrHETPOHOB ABJISACTCA HeTpHBHaHBHOﬁ 3azLaqu71 BBUAY TCXHOJIOTHYECKOI'O
pazbpoca mapaMeTpoB MarHeTPOHOB M HEOOXOJMMOCTH TOJCTPOUKM TOJ OOIIMNA PEXUM pabOTHI
KaXKaoro MarHeTpoHa B TPYIIIC. OcHOBHEBIE NPUHOHUIIBI IMOCTPOCHUA TaKOTO HCTOYHUKA
paccMaTpuBarOTCs B CTAThE.
KiroueBrle cinoBa: MAara€TpoOH, UCTOYHUK IMUTAHUS, PETYIIMPOBAHUC MOIITHOCTU
SPECIFIC DESIGN CHARACTERISTICS OF CONTROLLED SOURCE
TO THE CENTRALIZED POWER SUPPLY OF ANODIC CIRCUITS
IN PACKAGED MAGNETRONS
I.1. Artyukhov, E.S. Gordeev, A.l. Zemtsov
Packaged magnetrons are often used as microwave radiation sources in industrial electric
appliances with dispensed supply of microwave energy, such as microwave conveyer dryers.
Development of a regulated power supply for a group of these generators is a sophisticated problem
caused by variation of the magnetron parameters and necessity for adjustment to the general
operation mode of each magnetron in the group. The article considers the basic structural principles
of these radiation sources.
Keywords: magnetron, power-supply system, power control



OIIEPATUBHO NEPECTPAUBAEMBIE IIPEOBPA3OBATEJ/IBHBIE CETU
HA BA3E UHBEPTOPOB HAIIPAKEHUSA
FO.M. I'onembuosckuii, A.A. Koctepes
C HCII0JIb30BaAHHUEM TGHBOpHOfI METOAO0JIOTHH IIoJIydcHa MaTeMaTHu4YEeCKas MOJECJIb
MHOTOMOCTOBOH OINEPaTUBHO IepecTpanBaeMoi MpeoOpa3oBaTeNbHON CEeTH, TOCTPOCHHOM Ha 0aze
ABTOHOMHBIX TpeX(a3HBIX HHBEPTOPOB HAMPSIKCHUS I PEKUMA MTPEPHIBUCTOTO PEKYIEPaTUBHOTO
TOKa. HpI/IBeILeHBI PE3yJabTaTbl HMCCICAOBAHUSA DJJICKTPOMArHUTHBIX IIPOHOCCCOB B CCTU IIpHU
W3MEHEHUU PEKHUMOB pabOTHl €€ MOMYJeH. YCTaHOBIICHO, YTO CETh YCTOMYUBO (YHKIIMOHUPYET
JlaXKe TIPU MTHOBEHHOM IIEPECTPOMKE €€ CTPYKTYPHI.
KiroueBrle ciioBa: HHBCPTOP HaIPAXKCHUA, npeo6pa30BaTenLHa;1 CE€Th, MaTceMaTu4dcckas
MOJCJIb, AMHAMHNYCCKHEC ITPOLCCChI
RECONFIGURABLE CONVERTERS BASED ON VOLTAGE INVERTERS
Yu.M. Golembiovskiy, A.A. Kosterev
Using the tensor methodology, the authors developed a mathematical model of a multi-bridge,
operationally reconfigurable converter based on the autonomous three-phase voltage inverter for the
intermittent regenerative current mode. The investigation results refer electromagnetic processes in
the network under the changes in the operating modes of its modules. It is established that the
network remains stable even with instantaneous reconfiguration of its structure.
Keywords: voltage inverter, converter network, mathematical model, dynamic processes

MEXAHHU3M BOBHUKHOBEHUS U ITPOTEKAHUS TEOUHAYIHUPOBAHHbIX
TOKOB B CUCTEMAX DJIEKTPOCHABXKEHUSA

B.B. Baxauna, O.B. Camonuna

['eomarHuTHBIE OypH SIBISIOTCS MPUYMHOM TSDKENBIX aBapuil, (yHKIIMOHAJIBHBIX HApYIICHUH U

YCKOPCHHOTI'O HAKOIIJICHUA I[e(I)CKTOB " CTapCHUs 3JIeKTp006Op}II[OBaHI/I}I CHUCTEM 3JIeKTp0€Ha6>I(eHI/I$I.
B cratne pacCMOTpECH MEXAaHUM3M BO3HHUKHOBCHHUA TI'COMHAYIHMPOBAHHBIX TOKOB B CHUCTEMaxX
3HeKTp0CHa6>KeHI/I}I npun reOMarHuTHBIX 6yp${X. BOB,ZLCI\/'ICTBI/IC TCOMHAYIHUPOBAHHBIX TOKOB Ha
CWJIOBBIE TpaHcoOpMaTOpsl M aBTOTPAHC(OPMATOPHI 3aAKIIIOUAETCS B HACHIIICHUM MAarHUTHOW
CHUCTCEMbI, BO3PACTAHUU TOKOB HaAMAIrHMYMBaHWUA U CMCIICHUN pa6oqer0 JIMHEUHOT'O pexKrMa pa6OTH
B HGHHHefIHyIO 4aCTb THUCTEpE3UCA. HYTGM KOMIIBIOTCPHOT'O MOACIMPOBAHUA YCTAHOBJICHO, YTO
MAaKCUMAJIbHBIC 3HAYCHHA TOKOB HaAMAaroM4WBaHUA B TIMPUCYTCTBUU T'COMHAYLIIUPOBAHHOI'O TOKa
MHOTOKPAaTHO MNPCBOCXOAAT MACIIOPTHOC 3HAYCHUC TOKA XOJOCTOr0 XoJa OI[HO(l)a?.HOFO CHJIOBOTI'O
aBroTpancpopmaropa AOJILITH 267000/500/220.

KiroueBrie CJIOBA. T€OMAarHuTHHBIC 6ypI/I, FGOHHJIyquOBaHHLIﬁ TOK, CUcreMma
3JIeKTpOCHA0XKEeHUs, CUJIOBOI aBTOTpaHchopmaTop

SOURCES AND FLOW PATTERNS OF GEOINDUCED CURRENTS
IN ELECTRICAL SUPPLY SYSTEMS

V.V. Vakhnina, O.V. Samolina

Geomagnetic storms cause severe accidents, functional disruptions, accelerated accumulation of

defects, and aging of electrical equipment in power supply systems. The article deals with a pattern
of geoinduced currents in power supply systems under geomagnetic storms. The effect of
geoinduced currents on power transformers and autotransformers results in saturation of the
magnetic system, an increase of magnetizing currents and shift in the operation linear mode towards
the nonlinear part of the hysteresis. Using computer simulation, it has been established that the
maximum values of magnetization currents in the presence of the geoinduced current significantly
exceed the rated value of the idling current of the single-phase power autotransformer AODTSTN —
267000/500/220.

Keywords: geomagnetic storms, geoinduced current, power supply system, power
autotransformer



NPUMEHEHHUE CBEPXBbBICOKOYACTOTHBIX DJIEKTPOHHBLIX ITIPUBOPOB
B YCTAHOBKAX JUDJIEKTPUYECKOI'O HAI'PEBA
A.B. ®enopos, 0.C. ApxaHrenbckuii
Paccmorpensr  Bompockl  mpumeHeHus CBY  aneKTpOHHBIX  NMPUOOPOB B yCTAHOBKAX
JAUBJICKTPUYCCKOr0 HArpceBa, MpPUBCACHBI IMApaMCTPbl 3THUX HpI/I60p0B N OLCHCHA SHCPICTUYCCKAA
3(1)(1)CKTI/IBHOCTL TEXHOJIOIMYECKHUX YCTAHOBOK, B KOTOPBIX OHH HMCIIOJB3YIOTCA. Oo6ocHoBaHa
1esecoo0pa3HoCTh NpuMeHeHus: B ycraHoBkax CBUY nuanexkTpuuyeckoro HarpeBa IIMpPOKOIIOIOCHBIX
CBY »51eKTpOHHBIX NPUOOPOB M YKa3aHbl BO3MOXKHBIE THITBI TaKUX MPHOOPOB. YKazaHO Ha
BO3MOXKHOCTH IpuMeHeHust B CBY anekrporexuuyeckux ycranoBkax CBY 31eKTpoHHBIX pHOOpPOB
JJI1 KOHKPCTHBIX IMMapaMETPOB 06pa6aT bIBACMBIX NTUIJICKTPHUKOB.
KiroueBsie cnoBa: CBY mpubopsl, ycTaHOBKAa TUAJIEKTPHYECKOTO HArpeBa, MAarHETPOH, JiamIma
Oery1ieil BONHBL, JlaMmna 00paTHoil BosHbI, KiucTpoH, JIBB, JIOB, CBY tpuoa
APPLICATION OF MICROWAVE ELECTRONIC DEVICES FOR DIELECTRIC
HEATING UNITS
A.V. Fedorov, Yu.S. Arkhangelskiy
The article considers the problems relating the application of microwave electronic devices in
dielectric heating installations, provides the parameters of these devices, and estimates the energy
efficiency of technological units used to install the given devices. The authors established the
efficiency of broadband microwave devices in microwave dielectric heating units and defined the
possible types of these devices. Such microwave electronic devices can be installed in the
microwave equipment and used for specific parameters of processed dielectrics.
Keywords: microwave devices, dielectric heating installation, magnetron, traveling wave
tube, backward wave tube, klystron, TWT, BWT, microwave triode

CUCTEMA YIIPABJIEHUSI TEMIIEPATYPOM 3AIOTOBOK B MOJAYJBbHBIX
KY3HEYHbIX UHAYKIIUNOHHBIX HATI'PEBATEJIAX
B.b. lemunosuy, I1.A. Cutbko, B.B. Auapymkesuy, F0.1O. [1epeBanos
PaCCMOTpeHH COBpPCMCHHBIC CHUCTCMBbI YIIPABJICHUA TeMHepaTypoﬁ B MOAYJIbHBIX KY3HCUHBIX
UHAYKIIMOHHBIX HarpeBarensx. [lokazaHo, uyto mnpu UHU(POBOM NPOrpaMMHOM YHPaBIECHUU
HCO6XO)II/IM8. pa3pa60TI<a BBICOKOTOYHBIX MOI[CJ'ICf/i HHAYKIIUOHHOI'O HarpeBa. O)lHaKO IIpU HAJIMIHNU
BO3MYIIIEHUH HEOOXOIMMO HCIOJb30BaTh OOpaTHBIE CBsS3M M0 Temmeparype. [lpemnoxen
OpI/II‘I/IHaJIBHHﬁ croco0 YIIpaBJICHUA TeMr[epaTypoﬁ Ha BBIXOAC HArpeBareciid IO KOHTPOJIO
TeMIepaTrypbl B 0co00il TOYKe B «aKTHUBHOW 30He». llpuBeneHbl pe3yiabTaTbl MOJAETUPOBAHUS
CUCTCMbI YHPABJICHUA MHOIOMOAYJIBHBIMH HWHAYKINHMOHHBIMU HArpeBarcisiMuU € HUCIOJIB30BAHUCM
«aKTHUBHOM 30HBI».
KiroueBble cnoBa: HMHIYKIMOHHBI HarpeB, MOAYJIbHAs YCTaHOBKa, TepMooOpadoTKa,
TEeMIEPATYPHBIN MPOQUIIb, MHOTO30HHBII HarpeB
HEAT CONTROL SYSTEMS IN MODULAR FORGING INDUCTION HEATERS
V.B. Demidovich, P.A. Syt’ko, V.V. Andrushkevich, Yu.Yu. Perevalov
The article analyses modern heat control systems in modular forging induction heaters. It is
shown that highly accurate models of induction heating are important for digital control. However,
it is necessary to use the temperature feedback under the possible perturbation processes. The
authors present a unique heat control method at the heater output to control the temperature at a
singular point in the «active zone». The simulation results of multi-modular control induction
heaters using the «active zoney are presented.
Keywords: induction heating, modular installation, heat treatment, temperature profile, multi-
zone heating



PA3PABOTKA U UCCJUIEJOBAHUE CUCTEMBbI YIIPABJIEHUSA
HEPECTPAUBAEMbBIM TUPUCTOPHBIM ITPEOBPA3OBATEJIEM YACTOTbBI
JJIA UHAYKIIUMOHHOI'O HAT'PEBA IIPU CUJIBHO I/I3MEH$[IOIHEI?ICH HAT'PY3KE

A.b. KyBanaun, M.A. ®enun, U.M. I'enepanos, A.O. Kynemon

HpI/IBel[eHO OIMMUCAHUC IJJICKTPOTCXHOJOTHUYCCKOI0 KOMILICKCA C HHI[yKI.[PIOHHOfI TUTCIILHOU

MeYblo, MEePECTPAMBAEMbIM TIPEOOPA30BATEIEM YacTOTHI M CHCTEMOW YyrpaBieHus, Pa3paborana
MOACJIb TPEXMO3UIITUOHHOT'O peryidaropa u NpeaACTaBJICHBI PE3YIbTAThI MOACIIMPOBAHUA
9JIEKTPHUYECKOr0 pexkuma reun B Simulink.

KiroueBble cioBa: MHIYKIHMOHHAs TUIENIbHAs II€4b, II€PECTPAUBACMBIA TUPUCTOPHBIN
Hp606p330BaTeJ'IL 4acCTOThI, TPEXMTO3UIIMOHHOC PETYJIUPOBAHNUEC, MOACINPOBAHNEC

RESEARCH AND DEVELOPMENT OF CONTROL SYSTEMS TO
THE THYRISTOR FREQUENCY CONVERTER FOR INDUCTION HEATING UNDER
VARYING LOAD CONDITIONS

A.B. Kuvaldin, M.A. Fedin, .M. Generalov, A.O. Kuleshov

The article describes an electrotechnological system provided with a crucible induction

furnace having a variable frequency converter and control system. The authors developed a
model for a three step controller and used Simulink to present the simulation results to the
electric mode of the furnace.

Keywords: induction crucible furnace, variable thyristor frequency converter, a three step
controller, simulation

NU3MEPEHUE INUIJEKTPUYECKUX TAPAMETPOB JUDJEKTPUKOB
B JINUAITAZOHE CBY ITPY BLICOKOM TEMIIEPATYPE

10.C. Apxanrensckuii, C.I'. Kanranosa, C.B. Tpuropssrit

[IpeanoxeH MeToa U3MEPEHUs TUANEKTPUIECKUX ITapaMeTpoB MaTepuainoB B auanaszoHe CBY npu
BBICOKOM TeMmneparype, ucnoiusdyrommii CBY reHeparop, M3Iy4arollyl0 pPYHOPHYIO AaHTEHHY,
KOHTEHHEp C HCCIeqyeMbIM MaTepUaioM, 0OECIEUMBAIOLIMI €r0 HarpeB /0 BBICOKOW TEMIIEpaTyphl,
CUCTEMY U3MCPCHUA MOIYJIA KOB(i)CI)I/II_II/IeHTa OTpAKCHUSA OT IIOBEPXHOCTH UCCICAYEMOI'O MaTCprajia U
MIPOrpaMMHOE 00€CIIEYeHHE pacueTa OTHOCUTEIBHOM JUAJICKTPUYECKON MPOHUIIAEMOCTH M TaHTEHCa
yriia AUDJICKTPHYICCKUX IMMOTCPb.

KiroueBrnie CJIoBa: HU3MCPCHHUC, JUDJICKTPUYCCKUC napamMeTphl, OTHOCUTCIIbHAsA
JAUDJICKTpHUYICCKasA MMPOHUIIaCMOCTD, TaHI'CHC yriia AUDJICKTPUICCKUX IOTEPBh, MOIYJIb
Kod(urmenTa oTpakeHus

MEASURING DIELECTRIC PROPERTIES OF DIELECTRICS
IN THE MICROWAVE FREQUENCY RANGE AT HIGH TEMPERATURES

Yu.S. Arkhangelskiy, S.G. Kalganova, S.V. Trigorly

The proposed method can be used to measure the dielectric properties of materials in the
microwave frequency range at high temperatures. The new method applies a microwave generator ,
a radiating horn antenna, a container including the research material, which ensures heating at high
temperatures, a system for measuring the modulus of reflection coefficient from the surface of the
test material, and the software to estimate the relative dielectric permeability and tangent of the
angle for dielectric losses.

Keywords: measurement, dielectric properties, relative dielectric permeability, tangent of the
angle for dielectric losses, reflection coefficient modulus



MEXINCIUIIJIMHAPHASA UHTEI'PAIIUA JTUCHUIIJIMH «MHOOPMATHUKA»
N «QJIEKTPOTEXHHKA» B BOEHHOM OBPA30OBATEJIBHOM YYPEXKJIEHUU

O.B. Paenxas
PaccmoTpeHBl BONPOCH MEXKANMCLMIUIMHAPHONW HWHTETPALlMM B BOEHHOM 00pa30BaTEIbHOM
YUPEKACHUU.
KiroueBble cioBa: uWH(OpManMOHHBIE TEXHOJOTMHM B OOpa3oBaHUM, 3JIEKTPOTEXHHUKA,
uHpOpMaTHKa

AN INTERDISCIPLINARY INCORPORATION OF THE COURSES
IN INFORMATICS AND ELECTRICAL ENGINEERING AT MILITARY SCHOOLS
O.V. Raetskaya
The article considers the issues relating interdisciplinary incorporation of courses at military
educational establishments.
Keywords: information technologies in education, electrical engineering, informatics
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B CI'TY UMEHU I'ATAPUHA 10.A.
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