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YUCJIEHHOE MOJIEJUPOBAHMUE ITPOLIECCOB CBU IIJIABJIEHUA
AUIJIEKTPUKOB

C.B. Tpuropsiii, B.B. 3axapos

PaCCMOTpeHO YHUCJICHHOC MOACIUPOBAHUEC IIPOLECCOB CBY nnasinenus AUSJICKTPHUICCKUX
MaTCpHraJIOB B KaMEpax JIy4CBOr'o THIIA. HPGI[JIO)KGHa MaTCMaTU4YCCKasA MOACIIb PCIICHUA 3a1a4
3JICKTPOIMHAMHMKU W TEIUIONPOBOJAHOCTH ¢ yueToMm azoBoro mepexona npu CBY miaBnenun
AUDJICKTPHUKOB, 3JICKTpO(1)I/ISI/I‘-I€CKI/I€ CBOICTBa KOTOPBIX HU3MCHAIOTCA B 3aBUCUMOCTH OT
TeMIiepaTypbl. MeTouKa MOAEIUPOBAHUS MOXET OBITh MCIOJIb30BaHa IpH pa3paborke CBY
SJICKTPOTCXHOJIOTMYCCKUX YCTAHOBOK IJIA IUIABJICHUSA OAUIJICKTPUYCCKUX MATCPUAJIOB HA CTAUU
BBIOOpa MotHOCcTH U YacToThl CBY reneparopa.

KiroueBbie cioBa: maremarudeckoe MojenupoBanue, CBY mnnaBieHue, IUIICKTPUKH,
OJICKTpOJUMHAMHKKA, YPAaBHCHHUE TCIUIONPOBOAHOCTH, I'PAHUYHBIC YCIIOBUA, (baBOBBIC nepEXOahbI,
TEMIIEPATypPHOE MOJIE

NUMERICAL SIMULATION OF MICROWAVE MELTING OF DIELECTRICS

S.V. Trigorly, V.V. Zakharov

Numerical simulation of microwave melting processes of dielectric materials in the radiation
type chambers is considered. A mathematical model is proposed for solving the problems of
electrodynamics and heat conduction, taking into account the phase transition in the microwave
melting of dielectrics whose electrophysical properties vary with temperature. The modeling
technique can be used in the development of microwave electrotechnological installations for
melting dielectric materials at the stage of power and frequency selection of a microwave
generator.

Keywords: mathematical modeling, microwave melting, dielectrics, electrodynamics, heat
equation, boundary conditions, phase transitions, temperature field

YIbBTPA3BYKOBASI KOHCOJINIAAILIUA TOHKOJIUCTOBBIX METAJIJIOB

B.H. Xwmenés, A.H. CnuBun, A.J[. AGpamoB

IIpencraBnensl  pe3ysabTaTbl  MCCIEAOBAHMM MO  YJIBTPAa3BYKOBOM  KOHCOJIMJALUU
TOHKOJHUCTOBBIX MCTAJJIOB. HpOBe,Z[eHHBIe TCOPECTHUYCCKUC HCCICIOBAHUA IO3BOJIMIIN HU3YYUTH
BJIMAHUC TIIpEAcia TCKYUYCCTU, MOAYJA CABUIa, YaCTOTbI YJIbTPAa3BYKOBBIX KoJieOanuii u
BCIIMYHNHBI YJILTpa3BYKOBOI>'I OHEPTUU Ha KOHCOJIMAAIUIO JBYX JIMCTOB TOHKOJIMCTOBBIX
METAJJIOB, TaKHUX KaK MC/b, 2UHOMI/IHI/II>1, THUTAH. COSIlaH CTCH JId KOHCOJJIMJalnu
TOHKOJMUCTOBBIX MECTAJIJIOB METOAOM yanpaSByKOBOﬁ CBapKW, M103BOJIMBIIUI HCCIIEO0BATh
BJIMAHUC YCHIIMA TPHUXKXHUMa TOHKOJIMCTOBBIX MCTAIJIOB K CBAPOYHOMY HMHCTPYMCHTY, BPpEMCHU
yIABTPa3BYKOBOI'O BO3JEHCTBHSI, AaMIUIUTY/Aa YJIbTPa3BYKOBBIX KoJeOaHUII Ha MPOYHOCTD
(bopMUpOBaHUS COETMHEHUS TOHKOJIMCTOBOM MeIu.

KiroueBnie cnoBa: YIbTPa3BYK, CBAPKa, KOHCOJIHU AW, MCTAJJIbI, CTCHA, ONTUMH3allUA

ULTRASONIC CONSOLIDATION OF THIN-SHEET METALS

V.N. Khmelev, A.N. Slivin, A.D. Abramov

The article presents the results of theoretical and pilot studies on ultrasonic consolidation of
thin-sheet metals. The conducted theoretical analysis allowed to investigate the influence of the
yield point, rigidity modulus, and frequency of ultrasonic oscillations, and to determine the size
of ultrasonic energy taking into account the losses necessary for consolidating two sheets of thin
metals, such as copper, aluminum, and titanium. A stand was used for consolidation of thin-sheet
metals by the method of ultrasonic welding, and allowed to investigate the influence of clipping
thin-sheet metals to the welding tool, the time of ultrasonic impact, and the amplitude of
ultrasonic fluctuations on the joint durability of thin-sheet copper.

Keywords: ultrasound, welding, consolidation, metals, stand, optimization



QJEKTPOMATI'HUTHOE HIEPEMEIINBAHUE KPUCTAJUJIM3YIOIETOCA
CJIMTKA UHAYKTOPOM C HEPABHOMEPHOM JIUHEMHOM HATPY3KOM
E.JIL. lIBeinkuit, b.A. Cokynos, A.C. berukos, N.B. CokoiioB
PaCCMOTpeH OAWH U3 CIIOCOOOB ITOBBIIIEHUS OKCINTYyaTalMOHHBIX CBOWCTB HHAYKIIUOHHBIX
YCTPOMCTB, BO3JECHCTBYIOIIUX HAa KPUCTAJUTM3YIOUIUMHCA METaUl. AHAJINU3 3JIEKTPOMArHUTHBIX,
TEIIJIOBBIX U THAPOANMHAMHUYCCKHUX moaeu IMPONU3BCACH METOAOM KOHCYHBIX 3JIECMEHTOB C YYETOM
HN3MCHCHUA BJICKTPOIIPOBOAHOCTH B 3aBUCHUMOCTHU OT TCMIICPATYPblI U arperaTHoro COCTOSHUSA
CJIMTKA. HOJ’Iy‘IeHHHC YUCJICHHBIC PE3YIbTaThL IIO3BOJINIIN IMOJIYYHUTDb PaBHOMCPHOC
pacinpeaciCcHuc MarHUuTHOU HHAYKOUW Ha TIpaHUuOC KUIAKOro MCETajllyla MW IHOBBICUTH
HHTCHCHUBHOCTD IIEPEMCIHIMBAHUSA JKUAKOI'O METaJllIa.
KinroueBrle cioBa: 6erymee MAaroiuMTHOC II0JIC; OSJICKTPOMAIHUTHOC TICPCMCHIMBAHUC,
KPUCTAJUTH3AIINS;, SKPAaHU3UPYIOMHKA (P PEeKT; YNCICHHBIN aHAN3
ELECTROMAGNETIC STIRRING OF CRYSTALLINE INGOTS BY INDUCTORS
WITH NONUNIFORM LINEAR LOADING
E.L. Shvidkiy, B.A. Sokunov, A.S. Bichkov, 1.V. Sokolov
The article considers one of the ways of increasing the efficiency of induction devices acting
on crystalline metals. Analysis of electromagnetic, thermal and hydrodynamic fields was carried
with account for the changes in electrical conductivity depending on the temperature and
aggregate state of the ingot. The obtained numerical results made it possible to obtain a uniform
distribution of the magnetic flux density at the liquid metal core surface and increase the
blending rate of the liquid metal.
Keywords: traveling magnetic field; electromagnetic stirring; crystallization; shielding effect;
numerical analysis

IJIEKTPOIIPUBOJ METOAUYECKHUX CBY JIEKTPOTEPMHUYECKHUX

YCTAHOBOK

B.O. IOquna, 10.C. Apxanrenbckuit

Onucanbl OCHOBHBIE TpeOOBaHMS, NpPEIbSABISEMblE NIPU BHIOOPE AIIEKTPOJBUraTElNs
TPAHCIOPTHBIX cucteM Meroanueckux CBY a1eKkTpoTepMUUYECKNX YCTaHOBOK.

KiroueBsie cioBa: meromgmueckas CBY anekTporepmMudeckas yCTaHOBKA, DJIEKTPOIPHUBO,
AIIEKTPOABHUraTeNb, IEKTPUUECKUN NTpeodpa3oBarenb, 00padaThiBaeMblil 00bEKT, NEPEAATOUHOE
YCTPOMCTBO, PETYJIMPOBAHHE

ELECTRIC DRIVES OF CONTINUOUS MICROWAVE ELECTRIC HEATERS

V.0. Yudina, Yu.S. Arkhangelskiy
The article describes the main requirements in selecting electric drives of the transport
systems for continuous microwave electric heaters.
Keywords: continuous microwave electric heater, electric drive, electric motor, electric
converter, processed unit, transfer device, regulation

CUCTEMA JJUATHOCTUPOBAHMS CUJIOBOM IIENA YIIPABJIEHUA
MATUCTPAJIBHOT O TEIIJIOBO3A CEPUM 2TI116Y

N.A. MeHmukoB

[TpuBeneHsl pe3yabTaThl OLEHKH TEXHUUECKOTO COCTOSIHUS LIEMH YIPaBICHUS MarucTpaJbHOro
TemioBo3a cepur 2TO116Y ¢ TArOoBBIM AIEKTPONPHUBOIOM IOCTOSHHOrO Toka Tuma OJ[-118A.
[ToBblieHHE HSKCILTyaTalldOHHOM HAJEKHOCTU AJIEKTPOOOOPYIOBAaHHS  AJIEKTPOMEXAHUYECKUX
TPAHCHOPTHBIX CHCTEM BO MHOTOM OOECIIEUMBAETCS BHEIPEHWEM COBPEMEHHBIX CpPE/ICTB
ABTOMATU3UPOBAHHOIO KOHTPOJII M TEXHUYECKOM JMAarHOCTHKH CUJIOBBIX II€TIeil yIpaBieHUs.
OnHOM W3 CYIIECTBEHHBIX 3a/ad IIOCTPOCHUS ABTOMAaTU3UPOBAHHOW CUCTEMBI TUATHOCTUKU
TEXHUUYECKOT'O COCTOSIHMSL CHJIOBOM 1I€NH YIPaBJIEHHsI MarvCTPaIbHOTO TPY30BOT0 TEILUIOBO3a CEPUU
2TD116Y sBnsiercsi BbIOOP MH(POPMATUBHBIX JUArHOCTHYECKUMX MapaMeTrpoB. BreiOop Hamboiee
MH()OPMALIMOHHBIX JAWarHOCTUYECKUX MapaMETPOB KOHTPOJS TEXHUYECKOTO COCTOSHUS CHIJIOBOM



O ynpasJICHUSA TMPCAJIONKCHO IMPOBOAUTL € IMOMOMIBIO IMAPaMCTPHUYCCKOIO MOACIHMPOBAHUA U
TaOJMYHBIX METOZOB BbIOOpa mapaMeTpoB. C TMOMOIIBIO TMapaMETPUYECKONH MOJIEIN IEHH
yIpaBieHus TerwioBo3a 2T3116Y Obun momydeHbl SHEPreTUIeCcKHe JUAarHOCTUIECKHE MapaMeTphl,
C IMOMOIIBIO KOTOPBIX MOXXHO HCIIPEPBIBHO KOHTPOJIMPOBATh HAJINYUEC HePICHpaBHOCTCI;'I 1 OTKa30B
KOHTAKTOPOB, BCIIOMOI'aTCIIbHLIX 3JICKTPUYCCKUX MAIIMH B CHUJIOBBIX LCIIX YIPABJICHUA OHU3CIICEM
TEIUI0BO3a.

KiroueBrle ciioBa: MaI‘I/ICTpa.HBHHﬁ TCIJIOBO3, CUJIOBAA LCIb YIIPABJICHUA, TCXHUYCCKAA
JUAarHoCTHKa

DIAGNOSTICS SYSTEM FOR THE POWER CONTROL CIRCUIT IN THE
MAINLINE LOCOMOTIVE SERIES 2T3116Y

I.A. Menshikov

The assessment results of the technical condition relating the control circuit of the mainline
locomotive series 2TD5116Y with the DC traction electric drive ED-118A are presented. An
increase in operational reliability of electric equipment of electromechanical transport systems is
to a large extent provided through introducing advanced means of automated control and
technical diagnostics of the power control chains. A key objective in developing an automated
diagnostics system for the technical condition of a power control chain to the main cargo
locomotive of the 2TD116V series is the choice of information-based diagnosing parameters.
The choice of the most information-bearing diagnostic parameters to control the technical
conditions of the power control circuit can be made using parametric modeling and tabular
methods for the choice of parameters.

Using the parametric model of the locomotive control circuit 2T9116Y, we obtained the
energy diagnostics parameters which help to continuously monitor the faults and failures in
contactors, auxiliary electric machines in the power control circuits of diesel locomotives.

Keywords: main locomotive, power control circuit, technical diagnostics

ACHHXPOHHBIHN TATOBBIA MPUBOJI B TPOIIECCE SKCIIJTYATAIIUH
N MOAEPHU3AIIMA OTEUECTBEHHBIX 2JIEKTPOBO30B

B.M. T'ony6110B

PaCCManI/IBaIOTCﬂ BOIIPOCHI MMPUMCHCHU A n OKCILTyaTaluu 6€CKOJ'IJ'I€KTOpHI)IX
SJICKTPOABUT aTelIel B COCTaBE TIATOBBIX IMPUBOJAOB OTCYCCTBCHHBIX 3JICKTPOBO30B. B mponecce
paboTHI IEKTPOBO3a MEPEXOAHBIE PEKUMBI, CBSI3AHHBIC C PA3rOHOM M 3aMEIJICHHEM, JTOJKHBI
YUYUTHIBATDH SKBUBAJICHTHBII MOMEHT HWHCPpIUN B YpAaBHCHHUH ABUXCHUSA I10€314A. Paznuuus B
MaCCOFa6apI/ITHI>IX XapPaKTCPUCTHUKAX u, B OCO6GHHOCTI/I, NepeAATOUYHBIX quciax
SJICKTPONPHUBOJOB BJIMAOT HA JUHAMUKY I1OC3/1d.

KitoueBbie cioBa: OECKOJIJICKTOPHBIE TATOBBIE nBUrarenu, MomHocTh HTA-1200, TsaroBsie
XapaKTCPpUCTUKH, PETYIIMPOBAHUC ACHUHXPOHHOTO TArOBOI'O0 IIpUBOAA, MAKCHUMAJIbHAAd YacCTOTa
BBIXOIHOT'O npe06pa3013aTenﬂ, JUAasoOHbl CHJI TATHM W CKOPOCTH, JJICKTPOTCXHHUYCCKAsA CTallb,
3y6HOBLIﬁ CHOﬁ, JIOOOBBIE YaCTH O6MOTOK, OKBHUBAJICHTHAs Macca

ASYNCHRONOUS TRACTION DRIVES IN OPERATION AND
MODERNIZATION OF DOMESTIC ELECTRIC LOCOMOTIVES

V.M. Golubtsov

The article is devoted to the usage and maintenance of commutatorless electric motors in the
traction drives of domestic electric locomotives. When in operation, the locomotive transient
modes associated with acceleration and deceleration should take into account the equivalent
inertia point in the equation relating the motion of the train. The differences in the mass and size
characteristics, and in particular the transfer numbers of electric drives, affect the dynamics of
the train.

Keywords: commutatorless traction motor, power NTA-1200, traction characteristics,
regulation of asynchronous Traction drives, maximum frequency converter output, traction force



and speed dimensions, electrical steel, branch layer, frontal part of the winding, equivalent
weight

AJITOPUTMbBI UIEHTUOUKALIUA I[I/IAFHOCTI/I‘IECKOﬂ NH®OPMAILIUUA B
JEKTPOMEXAHNUYECKHUX TPAHCIIOPTHBIX CUCTEMAX C IIOMOIIBIO
AJIAIITUBHBIX HU®POBbBIX ®UJTBTPOB

H.A. MenuukoB

PaccMoTpensl BOMIPOCH pa3pabOTKKU MPUHIMIIOB CO3JaHHUS aBTOMATH3UPOBAHHBIX CHUCTEM
TEXHUIECKOUN JAUArHOCTUKHU SJICKTPOMEXaHUYCCKUX KOMIIJICKCOB.

KiroueBrnie CJIOBa. QJICKTPOMCXaHHUYCCKad CHUCTEMA, TEXHHUYCCKaA JUarHoCTHkKa,
ABTOMAaTHU3HWPOBaHHAA aJalITUBHAA JUArHOCTHUYCCKAas CUCTEMA KOHTPOJIA

IDENTIFICATION ALGORITHMS FOR DIAGNOSTIC INFORMATION IN
ELECTROMECHANICAL TRANSPORT SYSTEMS USING ADAPTIVE DIGITAL
FILTERS

I.A. Menshikov

The article considers the issues relating the development principles of computer-aided
systems for diagnosing electromechanical units.

Keywords: electromechanical system, technical diagnostics, computer-aided adaptive
diagnostic control system

HUCITOJBb30BAHME JAHHBIX CUHXPOHU3UPOBAHHBIX BEKTOPHbBIX
HU3MEPEHUI JJISA MOHUTOPUHI'A COCTOSHUA N30JIAUA BO31YHIHbBIX
JIMHUI SJEKTPOIIEPEJAYN

J.A. I'nyxos, I.LE. Tutos, I'.I'. Yrapos

Hpej:[nomeH MCTOJ OLHCHKHU COCTOSAHHA H30JALIUH BO3AYIIHBIX JIMHAN QJICKTponepeaadun C
HUCIIOJIB30BAHHUEM JaHHBIX CUHXPOHU3UPOBAHHBIX BCKTOPHBIX I/IBMepeHI/Iﬁ, IMPUBCACHO
000CHOBaHNE HEOOXOJUMBIX IMarHOCTUYECKUX NTapaMeTpPOB.

KiroueBrle cioBa: MOHHUTOPHHI, OLICHKA, U30JIAUA, BO3AYIIHLIC JIMHHUU J3JICKTpOIICpCaaiu,
PUCK-OPUEHTUPOBAHHBINA MTOAXOM

USING THE SYNCHRONIZED VECTOR MEASUREMENT DATA FOR
MONITORING THE INSULATION CONDITION OF AIR TRANSMISSION LINES

D.A. Glukhov, D.E. Titov, G.G. Ugarov

The proposed method for estimating the insulation condition of overhead power transmission
lines is based on using the synchronized vector measurement data, and the necessary diagnostic
parameters.

Keywords: monitoring, assessment, insulation, overhead transmission lines, risk oriented
approach

YCTPOMCTBO JTUATHOCTUKHA U MOHUTOPUHT A
SJIEKTPOTEXHUYECKOI'O KOMIIVIEKCA U AJITOPUTM EI'O PABOTBI

A.C. lomxukosa, C.®. CrenanoB

B nacrosmiee BpeMsi 0oJbIlIoe BHUMaHUE YIEISETCS HCIOIh30BAHUIO MUKPOIPOIIECCOPHBIX
CUCTEM B JHUArHOCTUYCCKHUX KOMILICKCAX, KOTOPBLIC IIO3BOJIAOT JOCTOBECPHO OLCHUTH
TEXHUUYECKOE COCTOSIHHE OJJIEKTPOTEXHHUYECKOTO OOOpYIOBaHHMS M CHU3HUTh (DUHAHCOBBIC
pacxoJibpl Ha €ro PEMOHT 3a CYET IMepexoja Ha o0CTyXKUBaHUE MO (HPAaKTHIECKOMY COCTOSHUIO U
0TKa3a OT PEeriiaMeHTHOTo OOCTYXMBaHUS, a TAKKE TOBBICUTH HAJIEKHOCTh dJIEKTPOCHAOKESHHUS.
Jns »Tux 1meneil MoxeT OBITh HCIOJB30BAaHO YCTPOMCTBO JMAarHOCTUKM U MOHUTOpPUHTA
AIIEKTPOTEXHUYECKOTO KOMITJIEKCA.

KitroueBbie c10Ba: 3EKTPOTEXHUUCCKUH KOMILUIECKC, JMATHOCTHKA, MOHUTOPHHT, TATYHKH,

MUKPOKOHTPOJUIEP, IKCTIIEPTHAS CHCTEMa



DEVICES FOR DIAGNOSTICS AND MONITORING ELECTROTECHNICAL
SYSTEMS AND THEIR OPERATION ALGORITHMS

A.S. Dolzhikova, S.F. Stepanov

Currently significant attention is placed on utilization of microprocessor systems in
diagnostic complexes that allow to reliably assess the technical condition of electrical equipment,
and thus reduce financial expenses for the repairs through condition monitored maintenance and
scheduled maintenance abandonment, as well as improve reliability of electricity supply. For
these purposes, we can utilize devices for diagnostics and monitoring of electrical complex
systems.

Keywords: electrotechnical system, diagnostics, monitoring, sensor, microcontroller, expert
system

IOOEKTUBHOCTDb NPOU3BOJACTBA 3JIEKTPOOHEPI'MU B CUCTEMAX
TPAHCIIOPTA NPUPOJHOI'O I'A3A C UCITIOJIB30OBAHUEM HU3KOKHUITAIIINUX
PABOYMX TEJI

E.A. Jlapun, C.B. Snos

HpezmoxceHa IIPUHIUITHAJIbHAA TCILJIOBas cXema KOM6I/IHI/IpOBaHHOI71 YCTaHOBKHU C
HCIIOJIb30BAHUEM  YTUIIM3AIMOHHOI'0  OHEPICTUYCCKOro0 KOHTYpa Fa3OTyp6I/IHHOFO IMpruBOJAa
LIeHTp06e)KHBIX Har"eTarenel CUCTEM TPAHCIIOPTa IIPHUPOAHOI'O Irada ¢ HU3KOKHIIAIIUMHA paﬁo‘II/IMI/I
T€JI1aMH B Ka4€CTBC pa60qer0 TEI1a. PaC‘IeTHO-TeopeTI/I‘ICCKI/IMI/I HCcCICA0BaHUSAMHA YCTAaHOBJICHO, YTO
IMPUMCHCHUC 6YTaHa u I/I306YTaHa B Kady€CTBEC pa60‘II/IX TCJI YTUIN3AOUOHHOTO 3HCPTETHYCCKOTO
KOHTypa 00eCreurBacT CO3/IaHNUE PHEPreTHYECKHX yCTaHOBOK C 3iekTpuueckuM KIIJ[ Ha ypoBHe
30-32%.

KunroueBbie ciioBa: TpaHCIIOPT NPUPOIHOTO T'a3a, YTUIN3ALUOHHBIN YHEPTETUUECKUI
KOHTYD, pa60qu TCla, TCPMOIUHAMHUYCCKUC TUKIIbI, 3(1)(1)6KTI/IBHOCTL

POWER PRODUCTION EFFICIENCY IN THE NATURAL GAS
TRANSPORTATION SYSTEMS USING LOW BOILING WORKING SUBSTANCES

E.A. Larin, S.V. Yalov

The authors proposed a new thermal scheme for an integrated system using a waste power
circuit to the gas turbine drive of centrifugal blowers in the natural gas transport systems with
low boiling working substances applied to the working medium. The theoretical and
computational data showed that using butane and isobutene for the working substances in the
waste power circuits ensures development of the power plants with electrical efficiency at 30-
32%.

Keywords: natural gas transport, waste power circuit, working substance, thermodynamic
cycles, efficiency

HCCJEIOBAHHUS BTOPUYHO-OMUCCHUOHHBIX CBOMCTB KATO10B
IJIEKTPOBAKYYMHBIX IPUBOPOB

O.[. Tumenko, A.A. Tumenko, A.4. 3opkun

ITpoBeneHs! uccae10BaHusl BTOPUYHO-MUCCUOHHBIX CBOWCTB KaTOJOB 3JIEKTPOHHO-TyYEBBIM
METOJIOM Ha YCTAaHOBKE KOHTPOJIS XapaKTEpPUCTUK AMUCCHOHHBIX MarepuaioB. [lomyuyena
3aBUCUMOCTh KOd(puimeHTa BTOPUYHON OJIEKTPOHHOM HMHCCHM OT SHEPrUM TMEePBUYHBIX
AIIEKTPOHOB JUTSI BIOOPOUYHBIX 00pa3lioB U3 ABYyX maptuil. [IpoBeneHue uccienoBaHusi BTOPUUHO-
HMHUCCHUOHHBIX CBOMCTB BBIOOPOYHBIX OOPA3OB UMIIPETHUPOBAHHBIX KATOIOB IO3BOJISET BHISIBUTDH
HapylIeHWE TEXHOJIOTHUECKUX pPEXHMMOB H3TOTOBJICHHUS HMIIPETHUPOBAHHBIX KAaTOJIOB IO
MOCTAHOBKH UX B IPHOOP U MOBBICUTH BBIXOJ] TOTHBIX IPUOOPOB.

KnroueBble cioBa: Karoj, BTOPUYHO-IMHCCHOHHBIE CBOMCTBA, KOA(PGUIUEHT BTOPHUUHOU
AIIEKTPOHHON AMHUCCHUH

RESEARCH OF SECONDARY EMISSION PROPERTIES OF CATHODES OF

ELECTRIC VACUUM DEVICES

O.D. Tishchenko, A.A. Tishchenko, A.Ya. Zorkin



We present a research into the secondary emission properties of cathodes by the electron
beam method using installations for controlling the characteristics of emission materials. The
dependence of the secondary electron emission coefficient on the energy of the primary electrons
related to two-batch samples is obtained. A study into the secondary emission properties of
impregnated cathode samples allows to detect the faults in the technology of impregnated
cathodes prior to their installation into devices, and increase the output of the known-good
devices.

Keywords: cathode, secondary emission properties, coefficient of the secondary electron
emission

HNEPCHEKTUBBI UCITOJIB3OBAHUSA HOHHO-JIYYEBBIX METO0OB
B MOHOJIUTHO-UHTET PAJIBHOM TEXHOJIOI MY MUKPOSJEKTPOHUKHU CBY

N.B. Ilepunckas

Crarps moCBdIlleHA MEPCIEKTHBAM CO3JaHUSl HOBOM TEXHOJIOTMYECKOH 0a3bl Ha OCHOBE
COBMCCTHUMBIX MCKIAY coboit JIY4CBbIX MCTOHOB 06pa6OTKI/I MAaTCprHaJIOB Ha OCHOBEC HMOHHO-
Jay4eBoro  MomudunupoBaHus. EaMHCTBO  (M3MKO-XMMHYECKOH  TPUPOABI,  BBICOKAS
JIOKaJIBHOCTbD, MHOFOO6pa3I/Ie BHGKTpO(bI/ISI/I‘IeCKI/IX 1 XUMHUYECCKUX BO3I[€I>1CTBI/II>1 HOHHO-JIY4CBOI'O
MOI[I/I(i)I/IIII/IPOBaHI/IFI Ha MOJJYIPOBOAHHWKH, MCTAJUIMYCCKUEC H AUBJICKTPUYCCKHUEC MATCpHUaAJIbl B
TCXHOJIOTHUN MHUKPOIJICKTPOHHBIX HpI/I60p0B H KOMIIOHCHTOB, B IIPUHIHIIC 00€eCIIEunBaIOT
MMPOBCACHNUEC BCCX OCHOBHBIX TCXHOJOTMYCCKUX onepaunﬁ U HUX HHTCrpanuio B 3aMKHYTBIfI
aBTOMaTI/IBI/IpOBaHHHﬁ TEXHOJOTHUECKUU OUKII, qTo rapaHTUpyCT IIOBBIIIICHUC
BOCITPOMU3BOJUMOCTH, KAaYCCTBA, ITPOLUCHTA BbIXO0AAa 'OAHBIX MUKPOCXEM.

KimroueBrle cioBa: HOHHO-JIYUCBasi 06p360TKa, HNOHHAasA MO,Z[I/I(I)I/IK&I_II/I}I, MUKPOIJICKTPOHHUKA
CBY

PERSPECTIVES FOR THE ION-BEAM METHOD UTILIZATION IN
MONOLITHIC AND INTEGRATED TECHNOLOGIES OF MICROWAVE
MICROELECTRONICS

I.V. Perinskaya

The article is devoted to the prospects of creating a new technology based on the
compatible beam method for processing ion-beam modification materials. A unity of the
physical and chemical natures, high locality, variety of electrophysical and chemical effects
of the ion-beam modification on semiconductors, metal and dielectric materials in the
technology of microelectronic devices and components, ensure the main technological
operations and their integration into a closed automated technological cycle, which
guarantees an increase in reproducibility, quality, and output percentage of the usable chips.

Keywords: ion-beam treatment, ionic modification, microwave microelectronics

CTABWWIN3AILIAA TAPAMETPOB BBIXO/IHOI'O HAITPSIDKEHU A
MHOI'OYPOBHEBBIX HHBEPTOPOB
E.E. Muproponckas, B.A. Koxues, H.I1. Mutsmun, E.Jl. Kaprayxos
HpOBO,Z[I/ITCSI aHaJinu3 BIIUSAHUA KadecTBa CT a6I/I.III/I3aI_II/II/I HaHp}I)KCHI/Iﬁ ypOBHGfI
MHOTI'OYpPOBHEBOI'O HMHBEPTOpA HANPSKCHUA Ha MMapaMCTPhBl Ka4e€CTBaA €ro BBIXOJIHOI71 KpHBOfI.
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STABILIZATION OF OUTPUT VOLTAGE PARAMETERS OF MULTILEVEL
INVERTERS
E.E. Mirgorodskaya, V.A. Kolchev, N.P. Mityashin, E.D. Karhaukhov



The paper analyses the impact of the voltage stabilization quality of the levels of the
multilevel voltage inverter on the quality parameters of its output curve. The presented analysis
technique is applicable to inverters with any number of levels, and allows for estimating the
sensitivity rate of individual harmonics in the output curve and its quality to the accuracy of the
voltage levels.

Keywords: multilevel voltage inverters, stabilization of voltage level, spectrum, quality
indicators of the output voltage curve, sensitivity

®OPMHUPOBAHUE KAPBU/IHBIX U KAPBOHUTPUIHbIX MNOKPBLITUN
HA TUTAHE METOJIOM 2JIEKTPOUCKPOBOI'O JIJETUPOBAHUS

C.A. Mesennos, 1.B. Ponuonos

PaCCMOTpeHbI TEXHOJIOTHYECKUE OCOOEHHOCTH IIOJIYYCHUA H3HOCOCTOMKHX HOKpBITI/Iﬁ Ha
TUTAHC MCTOJOM JJICKTPOUCKPOBOI'O JICTUPOBAHUA. B mnmponecce JICTUPOBAHUA HCIIOJIb30BaHBI
TUTAHOBBLIEC U rpa(l)I/ITOBBIe QJICKTPOAbI, C IIOMOIIBKO KOTOPBIX Ha ITOBCPXHOCTU o6pasu0B
(bopMupOBaIUCH KapOUIHBIE U KapOOHUTPUIHBIE IIJIEHKU U TOHKKE (PYHKIIMOHAJIbHBIE TIOKPBITUS
C MOBBIIICHHOU MHUKPOTBCPAOCTLIO. HpOBeI[eHBI OKCIICPUMCHTAJILHBIC HUCCIICOOBaHUA
MOp(bOJIOFI/II/I M COCTaBa MOJYYCHHBIX HOKpBITI/Iﬁ B 3aBHUCHUMOCTHU OT MAaTCprajioB IMMPUMCHACMBIX
QJICKTPOIOB. YcTaHoBlI€HO BIIHMSIHHUE PEKHUMOB JJICKTPOUCKPOBOT'O JICTUPOBAHHA THUTAHA Ha
OCHOBHBIE (PM3UKO-MEXaHUYECKHE XapaKTEPUCTUKU 00padaThIBaEMOI MOBEPXHOCTH: CTPYKTYPY,
MMOpUCTOCTb, MUKPOTBECPAOCTD, (baSOBBII‘/‘I U XUMHUYECKUI COCTaB.

KiroueBble ci10Ba: 37EKTPOMCKPOBOE JISTHPOBAHNE; THUTAH; 3JIEKTPOJIBL; (DYHKIIMOHATBHBIC
MOKPBITHS; MOP(OTIOTHS MOKPHITHI; MUKPOTBEPAOCTh

FORMATION OF CARBIDE AND CARBON NITRIDE COATINGS OVER
TITANIUM BY THE SPARK ALLOYING METHOD

S.A. Mezentsov, 1.V. Rodionov

The article considers the technological features needed to obtain the wear-resistant coatings
over titanium by the method of electrospark alloying. For the alloying process, we used the
titanium and graphite electrodes to form the carbide and carbonitride films, as well as thin
functional coatings with increased microhardness over the surface of the samples. Experimental
studies refer the morphology and composition of the coatings,, depending on the materials of
applied electrodes. The influence of the modes of electrospark titanium doping on the basic
physicomechanical characteristics of the treated surface, including the structure, porosity,
microhardness, phase and chemical composition was established.

Keywords: electrospark alloying; titanium; electrodes; functional coatings; morphology of
coatings; microhardness

CUCTEMBI YIIPABJIEHUS YCTAHOBOK CBY JUDJEKTPUYECKOI'O
HATPEBA C IEPECTPAUBAEMOM YACTOTOM

A.B. ®enopos, 10.C. Apxanrensckuii, H.I1. Mutsammn, E.E. Muproponackas

PaccMoTpeHbl IPUHLIMIIBI TOCTPOEHMSI CUCTEM YIPABJIEHUS IIMPOKOIMOJIOCHBIX YCTaHOBOK
CBY gwmanexktpuueckoro HarpeBa. (OOocHOBaHa HEOOXOIMMOCTh pa3pabOTKU  CHCTEM
yhnpasieHus Ans ynpasieHus nepectpauBaeMbiM CBY reneparopom. Ilpemioxen anropurm
paboThl cHUCTEMBl YIpaBJICHUs IJs MoaAepKaHus Monayns ko3ddumuenra orpaxenus CBY
SHEpPruu OT pabouell kamepbl HA MUHMMAaJIbHO BO3MO>KHOM YPOBHE C IOMOIIbIO CHHXPOHHOM
nepectpoiiku yactorel CBY reHepaTtopa Ha OCHOBE M3MEPEHHMs MapaMeTpoB paboueil KaMmephl.
PaccmoTpen nmpuHIMIT M3MEpeHHUs MOIYNs Kod(p@uiueHTa oTpakeHHsl oT paboueil kamepsl, U
METO/IbI IEPECTPOMKH YaCTOTHI ITOIYITPOBOIHUKOBOrO 3anatomero CBY reneparopa.

KitoueBbie cnoBa: CBY TepmoobpaboTka, ycraHoBka CBY nuanekTpuyeckoro Harpesa,
cucreMa ymnpaslieHHs,, MarHeTpoH, CBY reHeparop, HalpaBlICHHBIH OTBETBUTENb, BOJHOBOJ,
paGouast Kamepa, OTHOCUTENIbHAS JAMIJIEKTPUUYECKas MPOHMIAEMOCTb, TaHTEHC yIJa
JUDJIEKTPUYECKUX NTOTEPh



CONTROL SYSTEMS FOR INSTALLATIONS OF MICROWAVE
DIELECTRIC HEATING WITH TUNABLE FREQUENCY

A.V. Fedorov, Yu.S. Arkhangelskiy, N.P. Mityashin, E.E. Mirgorodskaya

The principles of building control systems for broadband microwave frequency dielectric
heating systems are considered. The necessity for the system of controlling tunable microwave
generators is justified. We proposed an algorithm for operating control systems to maintain the
modulus of microwave energy reflection from the working chamber at the lowest possible rate
by synchronously tuning the microwave generator frequency based on the measurement of
parameters of the working chamber. The principles for measuring the modulus of the energy
reflection coefficient from the working chamber is considered, as well as the methods for tuning
the frequency of the semiconductor driving microwave oscillator are considered.

Keywords: microwave heat treatment, microwave installation, control system, microwave
oscillator, directional coupler, waveguide, running wave cavity, relative permittivity, loss angle

YIPABJIEHUE UHTEJUIEKTYAJIBHOM COBCTBEHHOCTLBIO ITPH
KOMMEPHUAJIIN3AIIUU BBICOKOUHTEJUVIEKTYAJIBHBIX TEXHOJIOI' 7071
B.B. Ilepunckuii
PaCCManI/IBaI-OTC}I AKTYAJIbHBIC BOIIPOCBI COBPEMCHHOI'O COCTOSIHUSI HAYKH W TCXHUKH,
CBSI3aHHBIE C OOECIIEUEHHEM UX Pa3sBUTHA Ha OCHOBC BKIIIOYCHHA PE3YJIbTATOB HAYYHBIX
MCCJIETOBAHHUM U HOBBIX pa3pabOTOK B Chepy pHIHOYHBIX OTHOILICHUH.
KiroueBrle ciioBa: HHTCJUICKTYAJIbHBIC PCCYPChI, KOMMEpIUAIU3alrid pe3yJIbTaTOB HAYYHO-
HCCHGHOB&T@HBCKOﬁ pa6OTbI
INTELLECTUAL PROPERTY MANAGEMENT UNDER COMMERCIALIZATION
OF HIGH-HUME TECHNOLOGIES
V.V. Perinsky
The analyzed topical problems include the present-day status of science and technology
connected with their advancement based on the results of scientific research and new
developments in the area of market relations.
Keywords: intellectual resources, commercialization of the R&D research

MEXINCIHUIIJINHAPHBIE CBSA3U B CUCTEME ®OPMUPOBAHUSA
KOMIETEHIIUM OBYUYAIOIIIUXCS BOEHHBIX BY30B

O.B. Paenkas

PaCCManI/IBaCTCSI MCKIUCHUIUTIMHAPHAA UHTETrpalrsd KaK MPOLECC B3aUMHOTO COTJIaCOBaHUA
y‘Ie6HHX JAUCHUIIIMH B TCJIAX HCIPEPBIBHOTO U HCJIOCTHOT'O Pa3BUTHUSA KOMHGTGHHI/II\/'I 6y2[y11161"0
0(1)1/1uepa. Omucana MOACIb CHCTEMBbI q)OpMI/IpOBaHI/I}I KOMIICTCHTHOCTH BBIITYCKHHUKOB B
BOEHHOM YUYPEXJICHUH BBICIIIET0 00pa30BaHUsI.

KiroueBrle cioBa: MCXKIAUCHUIIIIMHApHAad UHTCrpalusa, COACPKaHNEC BBICIICTO 06pa3013aH1/1;1,
HpO(l)eCCI/IOHaJ'IBHaﬂ NCATCIIBHOCTD, JIOTUYCCKUC CBs3H MCKIAY JUCHUIIJIIMHAMU,
I/IH(I)OpMaLII/IOHHLIC TEXHOJOI'H, (bOpMI/IpOBaHI/Ie KOMIICT CHI_II/Iﬁ

INTERDISCIPLINARY COMMUNICATION WITHIN THE SYSTEM OF
COMPETENCE FORMATION OF TRAINEES IN MILITARY UNIVERSITIES

0.V. Raetskaya

The article considers the interdisciplinary integration as a process of mutual coordination of
academic disciplines in order to continuously and holistically develop the competencies of future
officers. A model to the system of competences of the graduates from the military institutions of
higher education is described.

Keywords: interdisciplinary integration; content of higher education; professional activity;
logical links between disciplines; information technology; formation of competencies
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