Bompocs! anekrporexnonoruu Ne3 (20) 3a 2018 .

9KOJOI'MYHBIE 1 3KOHOMMYHBIE ININIOCKHUEDJEKTPOHAI'PEBATE-
JIX 1J151 OBOT'PEBA IOMENIEHUN

A.N. Amudepos, A.C. Anbmiakos, JL.IL. I'opesa, A.Jl. AnpkrHa

Brmosaen CpaBHI/ITeJ'IBHHﬁ dHaJIu3 I1apaMCTpoOB BHGKTpOHaneBaTeHeﬁ, IMPUMCHACMBIX
JJIs1 OTOIIJICHUA HOMCIJ_IGHI/If/'I. yCTaHOBJIeHO, 4TO IIOCKHUC IJIaSMCHHO-HAIIBUICHHBIC HArPEBATCIIN
SIBIISIIOTCSL Han0o0Je€ DKOHOMUYHBIMU U DKOJIOTHYHBIMH. HOJIy‘IeHBI 3aBUCUMOCTH pacrnpeacic-
HUS TCMIICPATYPHOTI'O IOJA H yI[GJIBHOfI HOBCpXHOCTHOfI MOIIHOCTHU B IINIOCKUX INNIA3BMEHHO-
HaIllbUICHHBIX HAarpe€BaTciiaX OT '€OMCTPHYCCKUX MApaMETPOB U TCIIOIPOBOAHOCTH ITOJIOXKKH.
HpeI[CTaBJIeHBI OKCIICPUMCHTAJIBHBIC 3aBUCUMOCTU JJICKTPUUCCKHUX XAPAKTCPUCTUK U TEMIICpaA-
TYPHOI'O IIOJIA HAarpeBarTeiisd. Ha ocHoBe MMpEaACTaBJICHHBIX 3aBHCHUMOCTEHN yz[enLHoﬁ IMOBCPXHOCT-
HOU MOIIMHOCTU MW TEMIICPpATYypPHOI'0 IIOJA MNPCAJIOKCH aJIrOPUTM HNPOCKTUPOBAHUA IIJIOCKHUX
IJIa3MECHHO-HAIIbIJICHHBIX BHGKTpOHaneBaTeJIeﬁ.

Knroueswvie cnosa. SJICKTPOOTOIMUTCIIbHBIC HpI/I60pI)I; IIJIOCKUE INNIa3MCHHO-HAIIBIJICHHBIC
QJICKTpOHArpeBareiii; yACJIbHAA INOBCPXHOCTHAA MOIIHOCTL; PACHpPCACICHUC TEMIICpATYPhl B
HarpeBarcjiC; BOJIbT-aMIICpHAA XApPaKTCPHUCTHKA HArpeBarciid; aJIropuTM MNPOCKTHPOBAHUSA
HarpeBaTeiid

ECO-FRIENDLY AND LOW-COST FLAT-PANEL SPACE HEATERS

A.l. Aliferov, A.S. Anshakov, L.P. Goreva, A.D. Alkina

A comparative analysis of the parameters of electric heaters used for space heating is
performed. It is established that flat plasma-sprayed heaters are most economical and
environmentally friendly. The dependence of temperature distribution and specific surface power
in plane plasma-sprayed heaters on geometric parameters and thermal conductivity of the
substrate are determined. Empirical relation between the electrical rating and temperature field of
the heater are presented. Based on the presented dependence of specific surface power and the
temperature field, an algorithm for designing flat plasma-sputtered electric heaters is proposed.

Keywords: electric heating appliances; flat plasma-sprayed electric heaters; specific
surface power; temperature distribution in the heater; volt-ampere characteristic of the heater;
heater design algorithm

HNCCIEAOBAHUE TEIIVIOOBMEHA U KITJI AYI' B AYT'OBBIX CTAJIEILJIA-
BUJIbHBIX MEYAX C OBBIYHONW 1 KOHBEMEPHOM 3ATPY3KOM IIUXThI

A.H. Makapos, }10.M. [1aBnosa, B.B. OxyHeBa

OCYH_IGCTBJ'IGH aHaanu3 TEIUIOOOMEHA U KHI[ AYyr B AYTI'OBBIX CTAJICIINIABUJIBHBIX IICYAX C
0OBIYHOI M KOHBEWEpHOU 3arpy3Koi muXThl. [[J1si cpaBHEHUS PUHSATHI T1yTOBBIE CTAJICIIaBUIIb-
HbIE Y OJU3KOU MOIITHOCTU U NPOU3BOAUTCIIBHOCTH. B pe3yiibTaTe aHalii3a BBIABJIICHO, YTO
cpeaanii KITJ[ nyr meun Consteel JICII-120co Ha 8-9 % MeHbIIe aHAIOTMYHOTO IOKa3aTels
JCII-12006. Ananu3 KII/] nyr ayroBbIX cTaleruIaBUIbHBIX Me4eil MO3BOINI OOBACHUTH OOb-
mmid Ha 8-9 % ynenwHBIN pacxon dnekrposHeprun B meun JJCIT-120co mo cpaBHEHHIO ¢ aHANO-
ruyHbIM 1Toka3areneM B eun JICI1-120006.

Krrouesvie cnosa: anekTpudeckas nyra, neub, CTajb, TeioBoe u3nydenue, KITJ]

INVESTIGATION OF HEAT EXCHANGE AND EFFICIENCY OF ARCS IN
ARC STEEL-MELTING FURNACES WITH CONVENTIONAL AND CONVEYOR
TYPE BATCH CHARGING

A.N. Makarov, Yu.M. Pavlova, V.V. Okuneva

The analysis refers the heat exchange and efficiency of arcs in arc steel-melting furnaces
with conventional and conveyor batch charging systems. Arc steel-melting furnaces with similar
capacity and performance rates were compared. The analysis revealed that the average efficiency
of arcs in Consteel EAF-120co furnaces is 8-9 % lower than the analogous index for EAF-120us.
Efficiency analysis of arcs in arc steel-melting furnaces allowed us to account for 8-9 % higher



specific energy consumption in the furnace EAF-120co compared to the analogous index to the
furnace EAF-120us.
Keywords: electric arc, furnace, steel, thermal radiation, efficiency

NOJYYEHHUE U KOHCOJUIALIUA METOAOM HUCKPOBOI'O IIVIASMEH-
HOI'O CIIEKAHUSA TOHKOAUCIHEPCHBIX ITIOPOHIKOB I'MAPOKCHUAIIATUTA

B.1O. Kazakos, /[.0. MockoBckux, O.J1. Mykrapos, A.B. IlusoBapos, I'.B. Tpycos

BHepBbIe ImoJrydcHa KE€paMukKa M3 6I/IOFCHHOI‘0 THApOKCHANIaTUTa MYTEM KOHCOJIMAallun
HaHOIIOPOMIKOB METOAOM HMCKPOBOI'O INNIa3BMCHHOI'O CIICKAHUA. HpOBe,I[CHa 0Tpa6OTKa QJICKTPO-
TEXHOJIOTMYECKUX PEKUMOB. MccienoBanbl MEXaHMYECKUE CBOWCTBA U CTPYKTYpPHBIE XapakTe-
PUCTUKHU HM3TOTOBJICHHOH KEepaMHUKHU U KEPpaMUKH, HOHy‘ICHHOﬁ METOAOM ITPECCOBAHUA U TCPMU-
YCCKOI'O CIICKaHUs. YCTaHOBHeHO, 4TO KCpaMuKa, IOoJIyudCHHad MCTOAOM MCKPOBOI'O IMJIa3MCHHO-
r'0 CIIEKaHUsI, UMeeT 0oJiee BEICOKYIO TBEPAOCTh U OJHOPOAHYIO MUKPO- U HAHOCTPYKTYPY.

Knroueswvie cnosa: HCKPOBOC INNIA3MCHHOC CIICKAaHUC, KCpaMuKa, T'MJAPOKCHUAIIATUT, TBEP-
JI0CTb, MUKPOCTPYKTYpa

FABRICATION AND CONSOLIDATION BY THE SPARK PLASMA SINTER-
ING METHOD OF FINELY DISPERSED HYDROXYAPATITE POWDERS

V.Yu. Kazakov, D.O. Moskovskikh, O.D. Muktarov, A.V. Pivovarov, G.V. Trusov

Ceramics from biogenic hydroxyapatite was first obtained by consolidation of
nanopowders using the spark plasma sintering method. Elaboration of electrotechnological
modes was carried out. Mechanical properties and structural characteristics of the produced
ceramics and ceramics obtained by pressing and thermal sintering are investigated. It is
established that the ceramics obtained by the method of spark plasma sintering has higher
hardness rate, and is characterized for homogeneous micro- and nanostructures.

Keywords: spark plasma sintering, ceramics, hydroxyapatite, hardness, microstructure

NCCIIEJOBAHUE YCTAHOBOK NMHAYKIINOHHOI'O HAT'PEBA
B BEI'YIHEM MAT'HUTHOM I10OJIE

XK.O. Abaynnaes, A.}O. KonsieB

PaCCMOTpeHBI 0COOEHHOCTH YCTAaHOBOK MHAYKITUOHHOT'O HAarpeBpa B 66FyIJ_IeM MaroHuTHOM
none. Ilokasama HGHGCOO6p33HOCTI> MNPUMCHCHUA ABYXICICBBIX JIMHENHEIX HHIAYKIIHUOHHBIX
MalH UW TICPCICKTUBLI HCIIOJIB30BaAHUS JIMHENHBIX HHAYKTOPOB, CO3AAKOINUX BCTPECUHO
Oeryiiue MarHuTHele nosis. [IpuBeneHbl pe3ynbTaThl HCCae10BaHUI.

Knrouegnie cuoea: I/IH,I[YKI_II/IOHHHﬁ Harpes, 6erymee MAarHuTHOC I10JIC,
BCTpEeYHOOETyl1e MarHUTHBIE MOJIS

INVESTIGATION OF INDUCTION HEATING INSTALLATIONS
IN THE TRAVELING MAGNETIC FIELD

Zh.0O. Abdullaev, A.Yu. Konyaev

The properties of induction heating installations in the traveling magnetic field are con-
sidered. The expediency of using double-purpose linear induction machines, and the prospects of
linear inductors creating the traveling magnetic fields going opposite directions are shown. The
article presents the results of the research.

Keywords: induction heating, traveling magnetic field, combined heating, opposite direc-
tion traveling magnetic fields, research results



YUCJIEHHOE MOAEJIUPOBAHHUE NPONECCOB CBY TEPMOOBPABOTKHA
JINDJIEKTPUKOB BOJIBIIOM IJIOIAIN C TIPUMEHEHHUEM CBY YCTAHOBOK
METOJUYECKOI'O JEMCTBUSI

B.B. 3axapos, C.C. fukun, C.B. Tpuropssiii

PaccmoTtpeno uncnennoe mozaenuposanue npouecca CBY tepmooOpaboTKku AU3IEKTPUKa
C IIPUMCHCHHUEM HO,I[BI/I}KHOI\/'I HBHy‘laIOIHeﬁ CHUCTEMBI Ha 0Oase BOJIHOBOJHO-IIICJICBBIX
u3nydareneil. Mogens mpexactaBiseT co0Oi  CBA3aHHYIO 33/adyy DJCKTPOJAWHAMHKH U
TEIIOIIPOBOJHOCTH, PEITACMYIO C IIOMOIIBIO ME€TOAAa KOHCYHBIX 3JIEMCHTOB, P€AJIM30BAHHOTO B
nporpaMmmHoM obecrieueHun COMSOL Multiphysics. TIpemioxkena MeToauKa MOACIUPOBAHHSI,
IMO3BOJIAIOIIAA OITHUMU3SUPOBATHE BBIYHUCIWUTCIBHBIC PECYPCHI IIPU COXPaHCHHHU aneMneMoﬁ
TOYHOCTH PCIICHHA.

Knrwouesvie cnosa. wmarematmdeckoe  mogenupoanue, CBY  TepmooOpaboTka,
JAUDJICKTPUKH, SJICKTPOAWMHAMHKA, YpPABHCHHUC TCIUIOMPOBOAHOCTH, TI'pPaHUYHBIC YCJIOBUA,
BOHHOBOHHO-IHGHGBOﬁ H31y4aTciib, TEMIICPATYPHOC I10JI€

NUMERICAL MODELING OF MICROWAVE THERMAL TREATMENT OF
LARGE SIZE DIELECTRICS USING CONTINUOUS OPERATION MICROWAVE IN-
STALLATIONS

V.V. Zakharov, S.S. Yankin, S.V. Trigorly

Numerical modeling of dielectric heating with microwave energy using a mobile radiat-
ing system based on waveguide slot radiators is considered. The model is a coupled problem of
electrodynamics and thermal conductivity, solved by the finite element method implemented in
the COMSOL Multiphysics software. A modeling methodology is proposed that allows for op-
timization of computing resources while maintaining the acceptable accuracy of the solution.

Keywords: mathematical modeling, microwave heat treatment, dielectrics, electrodynam-
ics, heat equation, boundary conditions, waveguide slot radiator, temperature field

K PACYETY MOIIHOCTHU DJEKTPONPUBOJA METOJINYECKOM
CBY DJJEKTPOTEXHOJIOTMYECKON YCTAHOBKHA

B.O. IOquna, 10.C. Apxanrenbckuit

[IpuBeneHb! cBeAeHUS W PEKOMEHIALMHU U1 pacueTa 3JIEKTPONPUBOJIA METOAUYECKOU
CBY 531eKTpOTEXHOJIOTUYECKON YCTAaHOBKH C TOJIKATENIBHOM, MPOTSKHOW, KOHBEHEPHON WU
OapabaHHON TPAHCTIOPTHOM CHCTEMOM.

Knwouesvie cnosa: wmeronumueckass CBY  ycraHOBKa, TpaHCHOpTHass CHCTEMA,
DJIEKTPOIIPUBOJ, DJIEKTPOABUTATEND

CALCULATION OF THE ELECTRIC DRIVE POWER USING
A CONTINUOUS UHF ELECTROTECHNOLOGICAL INSTALLATION

V.0. Yudina, Y.S. Arkhangelsky

The information and suggestions for calculations relating the electric drive of a continu-
ous UHF electrotechnological installation with a pushing, drawing, conveyor or drum transport
system are provided.

Keywords: continuous UHF installation, transport system, electric drive, electric

MATHUTHBIE JETAJIMBUPOBAHHBIE CXEMbI 3AMELIEHUA J1JIsA
PACUETA DJEKTPOMATHUTHBIX NOJIEA JUHEHHOI'O ACHUHXPOHHOI'O
JABUT'ATEJIA

N.A. CmonbsnoB, @.H. Capanynos

[IpuBeneHn 0030p OCHOBHBIX CYIIECTBYIOIIUX METOJOB pacueTa 3JIeKTPOMarHUTHBIX
NoJIEH M MEXaHMUYECKHUX XapaKTEPUCTHK JIMHEHHBIX ACHMHXPOHHBIX JBUrareneil. OTmeuarorcs
JIOCTOMHCTBA M HEJOCTaTKH PACCMOTPEHHBIX IIOJXOI0B, a TaKXe LEeIecoo0pa3HOCTh HX
IPUMEHEHUs NS pa3iuyHoro Ttumna 3ajad. [lpeacraBieHa maTemaTHuyeckas OCHOBa METOJA



ACTAJIM3UPOBAHHBIX CXEM 3aMCHICHUS, IMO3BOJIAIOMIAA IMOHATH CHUJIBHBIC U cnaGHe CTOPOHLL
METOda C TOYKH 3pCHHUA MATEMATUYCCKOro arapara. Ha ocHoBe ananora JIHHEHHOTO
ACUHXPOHHOI'0 JABUTATCIA JIA I‘OpHOI[OGBIBaIOH_[eﬁ MPOMBINIJICHHOCTH, HW3TOTOBJICHHOTO B
HAaYYHO-UCCIICIOBATCIIbCKOM HMHCTHUTYTC B3PbIBO3AIUIICHHOI'O 3H6KTpOO60pyI[0BaHI/I}I (F.
JloHelK), mpou3BOIUTCS BepuU(UKAIMS U OICHKAa TOYHOCTH METOJA JCTATH3UPOBAHHBIX CXEM
3aMCEUICHUs. 3az[aqa BepI/I(bI/IKaI_II/II/I pemacTca MmyreM CpaBHCHHA C APYrMMHU YHCICHHBIMH
MCTOdaMH, TAKUMHU KaK MCETOJ KOHCYHBLIX 3JICMCHTOB B TpCX- H I[ByXMGpHOfI IIOCTAaHOBKAax
3aJa4du. PaCCMOTpeHBI BOITPOCHI BJIMAHUA ACTATIU3AIUNA MOJCIIN HAa TOYHOCTD BEIYHCIICHH.

Knroueswvie cnosa: MCTOJ KOHCYHBIX 3JICMCHTOB, 3KBHBAJICHTHBIC CXCMbl 3aMCIICHUI,
MAarduTHbIC JCTAJIM3UPOBAHHBIC CXEMbI 3aMCIICHUA, JIMHEHHBIA aCI/IHXpOHHHﬁ JABUI'aTCIIb,
Bepudukanus

MAGNETIC STRUCTURES WITH DETAILED EQUIVALENT CIRCUITS FOR
CALCULATION OF ELECTROMAGNETIC FIELDS IN LINEAR ASYNCHRONOUS
MOTORS

I.F. Smolyanov, F.N. Sarapulov

A survey of the existing key methods used to calculate electromagnetic fields and me-
chanical characteristics of linear asynchronous motors is presented. The emphasis is placed on
the advantages and disadvantages of the considered approaches, as well as their application in
solving various types of problems. The provided mathematical framework for the method of de-
tailed equivalent circuits allows for understanding the strengths and weaknesses of the method in
terms of mathematical tools. Based on the analogous linear asynchronous motor used in the min-
ing industry and fabricated in the Research Institute of Explosion-proof and Mining Electrical
Equipment (Donetsk), verification and assessment of the accuracy of the detailed equivalent cir-
cuit method is conducted. The verification problem is solved by means of comparison with other
methods, including the finite-element method for solution of three-dimensional or two-
dimensional problems. The issues relating the impact of model description on calculation accu-
racy are considered.

Keywords: finite-element method, equivalent circuits, magnetic structures with detailed
equivalent circuits, linear asynchronous motor, verification

IIYTU IOBBINIEHUSI PECYPCA TSI'OBBIX 3JIEKTPOI[BI/IFATEJIEI71
JOKOMOTHUBOB

B.U. Kucenes, E.B. CnuBunckuii, M.A. U6parumon

TaroBeie OJICKTPOABUTATCIIM JIOKOMOTHBOB, HCECMOTpPA Ha 3HAYUTCIBHBIC YCHIINA
KOHCTPYKTOPOB, TCXHOJIOTOB H I/ICCJ'ICI[OBaTeJ'IeI\/'I OCTAaKOTCd OAHHUM HN3 HAMMCHEC HAIACKHBIX
Y3JIOB JIOKOMOTHUBOB. OI[HOI\/'I 13 OCHOBHBIX IIPUYHH 3TOI'O 06CTO$IT€J'II)CTBa, 10 MHCHHUIO aBTOPOB,
ABJIACTCA HECOOTBCTCTBUEC KOB(I)(l)I/ILII/IeHTOB JIMHEUHOT O TEMIICPATYPHOT'O PACIIUPCHUA IIAPbI
KOHTaKTUPYIOUIMX JeTajlell 3JIeKTPOJIBUraTelii — TOKOMPOBOJAAIIEr0 Marepuana (Meau) u
H30JIMPYIOIIUX €ro MaTCpraIoB. BCJ'ICIICTBI/IC 9TOr0 MpU HArpeB€ KOHCTPYKIHUH B HPOLCCCC €C
paboTBl MMEET MECTO HeOoOpaTUMBIN mporecc aedopmManuyu H30JSIIUN C TOCIEAYIONUM €€
SJICKTPUYCCKUM HpOﬁOCM, YTO MU SABJIACTCA O,Z[HOI71 N3 OCHOBHBIX IIPpUYHUH €€ OTKAa30B B
SKCILTyaTallui paHEC 3asABJICHHBIX CPOKOB. PaCCMOTpeHBI BOIIPOCHI TMOBBIIICHUA HAJACKHOCTHU
cTexsio0anaxel KperieHHst 0OOMOTKH SKOPSL.

Knrouesvie cnoea: TATOBEIN HO,ZIBI/I)KHOI71 COCTaB, JJIOKOMOTHBEI, TATOBBIC
SJICKTPOABUTATCIIN

WAYS OF INCREASING THE LIFETIME OF TRACTION MOTORS IN LO-
COMOTIVES

V.I. Kiselev, E.V. Slivinski, M.A. lbragimov

Regardless of all the efforts of designers, technologists and researchers, traction motors
remain one of the least reliable units in locomotives. The authors assume that one of the main
reasons for these challenges is the discrepancy between the coefficients of linear thermal expan-



sion of a couple of contacting parts in the motor: the conductive material (copper) and its insulat-
ing materials. Therefore, when the structure is heated in the course of the operation process, in-
sulation degradation followed by electrical breakdown becomes an irreversible process, which is
one the main reasons for its failure prior to the expected lifetime. The issues related with improv-
ing reliability of glass bindings in the armature winding are considered.

Keywords: Traction equipment, locomotives, traction motors

SHEPTETUYECKUE IIOKA3ATEJIM KOHTPOJIA SJTEKTPOMEXAHMUWYE-
CKOHM CHUCTEMBbI C IIUPOTHO-UMIIYJbCHBIM YIIPABJIEHUEM TPOJLJIEN-
BYCOM CEPUHU TPOJI3A-5265 «MEI'AIIOJIUC»

H.A. MeHukoB

Hpel[CTaBHeHH PE3yJbTaThl HCCICAOBAHHUA B o0Oiactu KOHTPOJIA KadeCTBa H30JIIIHUU
OJICKTPOMEXAHUYECCKHUX CHUCTEM Ha IOPOACKOM IJICKTPOIIOABHXKHOM COCTaBC. CYH_IGCTByIOH_[I/Ie
3aladyni  npeajaractcsa pelarb COBCPIICHCTBOBAHMEM M3BCCTHBIX METOJAOB TCXHHUYCCKOI'O
KOHTPOJIA 3JICKTPOMEXAHUYICCKUX CHUCTEM U pa3pa60TK0171 OECKOHTAKTHOH aBTOMaTHBHPOBaHHOﬁ
CUCTEMON KOHTPOJISI pabOTOCIIOCOOHOCTH 3JIEKTPOTEXHUYECKUX KOMILJIEKCOB TPAHCIOPTHBIX
CHUCTEM.

Knroueswvie cnosa: SHGKTpOHOIlBI/I)I(HOﬁ COCTaB, KOHTPOJIb, SQHECPTCTUUCCKHUEC IMOKA3aTCIN
KOHTPOJIAA  3JICKTPOMCXAHUYCCKUX CHCTCM, HMUTAIHMOHHOC MOACIIMPOBAHUC IIapaMCTPOB
KOHTPOJIS

INDICATORS OF ENERGY MONITORING TO ELECTROMECHANICAL
SYSTEMS WITH PULSE WIDTH MODULATION CONTROL OF THE TROLZA-5265
MEGAPOLIS TROLLEY-BUS

I.A. Menshikov

The article presents the results of research into monitoring insulation quality of electro-
mechanical systems in the urban electric transport. It is suggested to resolve the existing prob-
lems by improving the known methods of technical control of electromechanical systems, and
development of a non-contact automated system for monitoring the performance of electrical
transport systems.

Keywords: electric transport, control, indicators of energy control of electromechanical
systems, simulation of control parameters

MAJIASA MHOT'OTOIIVINBHAS ABTOHOMHAA
SJEKTPOI'EHEPUPYIOIIIAA YCTAHOBKA

C.®. Cremanos, I1.B. Kosanenko, B.B. Kosanenko

IIpencrasnensl pe3yJIbTaThI pa3paboTku MHOT'OTOIUIMBHOMN ABTOHOMHOM
BJ'IeKTPOFGHepI/IpyIOHICI\/II YCTAaHOBKHW Ha HUSKOKHUILAIIECM TCINNIOHOCUTCIIC U POTOPHO-JIOMACTHBIM
nsurateneM. IIpuBeseHbl ONMMCAHUE CTPYKTYPHOH CXeMBbl, KOHCTPYKLIMH, PEKUMOB palOTHI,
UMUTAIMOHHOM Mozenu B mnporpamme Matlab B cucreme Simulink. PaspaGorannas
QJICKTPOTCHCpUpYOLIaAd YCTAHOBKaA pa60TaeT ¢ JOOBIM BHUAOM TOIINIMBA, a TaKX€ C
HU3KOIMMOTCHIIMAJIBHBIMU UCTOYHUKAMU TEIJIOBOU OHECPTHUH.

Knrouesvie cnosa: MHOTOTOIUIMBHAs aBTOHOMHas QJICKTpOrcHEpUpyromasa yCTaHOBKa,
HU3KOKHIISIINAN TETUIOHOCUTEb, UMUTAIMOHHAs Moeas Matlab-Simulink

SMALL STAND-ALONE MULTIFUEL POWER PLANT

S.F. Stepanov, P.V. Kovalenko, V.V. Kovalenko

The results of the development of a multi-fuel small stand-alone power generating unit on
a low-boiling working body and with a rotor-bladed engine are presented. The paper considers of
the structural scheme, design, operating modes, simulation model in the program Matlab in the
Simulink system. The developed power generating unit works with any type of fuel, as well as
with low-potential sources of thermal energy.



Keywords: stand-alone multifuel power plant, low-boiling working body, simulation
Matlab-Simulink model

NUMUTAIOUOHHAA MOIEJb JJisA MCCIEIAOBAHHUS INIEPEXOJHbIX
MnNPOLOECCOB B CUCTEME CTABWIN3ALIUU AHOJHOTI'O TOKA
INAKETHPOBAHHOI'O MATHETPOHA ITPOMBIINJIEHHOT'O HASHAUYEHUA

N.N. Aptioxos, A.W. 3emiios, E.B. Ocununa

I[HSI MHOTI'UX THUIIOB MPOMBINIJICHHBIX 3JICKTPOTCXHOJOTMYCCKHUX YCTAHOBOK Tpe6y€TC51
perynupyembiii renepaTop CBY konebanmii. ITOT reHepaTop MOXKET ObITh IIOCTPOCH HAa OCHOBE
[IAKETUPOBAHHOI'O MAarHeTpoHa MpU YCIOBUHU pELICHUs MPOOJIEMBbI C MOAAECPKAHUEM PEXHMMA
pa6OTBI IIyTEM YyIpaBJICHUSA aHOAHBIM TOKOM. Cucrema OJICKTPOIIMTAHHA BKIIFOYACT B cebs JBa
HNCTOYHHKA, COCAUWHCHHBIX IOCICAOBATCIIBHO, OAUH U3 KOTOPBLIX ABJISCTCA HECPCTYIHUPYCMBIM,
,I[pyl"OfI MOXKET U3MCHATH BBIXOOHOC HAIIPSAXKCHHUC B COOTBETCTBHUU C CUTHAJIOM HMHTErpajIbHOI'O
peryisTopa. ,Z[JIH HCCIICAOBAaHUA OTUHAMHWYCCKUX PCKUMOB pa3pa60TaHa HUMHUTAllMOHHAasA MOJACIIb
B cpene MATLAB ¢ makerom pacmmpenus Simulink. Ilo pesynapTatam BHUPTYadbHBIX
SKCHICPUMCHTOB YCTAHOBJICHO BJIMSAHHC IMapaMCTPOB aBTOMATUYCCKOT'O PETYJIATOPAa HA KA4YCCTBO
NEePpEXOaAHbIX IPOLHECCOB B CHCTCMC  OJICKTPOIIUMTAHHA  IMAKCTHUPOBAHHOI'O MArH€TpoHa
MOIITHOCTHIO 3 KBT.

Kntouesvie cnosa: MarHe€TpoH, CHUCTEMaA OJICKTPOIIMTAHUA, I/IHTeraJ'IBHHﬁ peryiudarop,
NEPEXOAHLIC IMTPOLECCHI, UMUTAIIMOHHOC MOJCINPOBAHNC

A SIMULATION MODEL FOR INVESTIGATION TRANSITIVE PROCESSES
OF STABILIZATION ANODE CURRENT IN PACKAGED MAGNETRONS USED FOR
INDUSTRIAL PURPOSES

I.I. Artyukhov, A.l. Zemtsov, E.V. Osinina

Many types of industrial electrical facilities need variable frequency microwave oscilla-
tors. This generator can be developed on the basis of packaged magnetrons provided that the
problem is solved by the maintenance of operation mode through the anode current control. The
power supply system includes two sources connected in a series, one of which is non-regulated,
and the other can change the output voltage in accordance with a signal from an integrated con-
troller. To study the dynamic modes in the MATLAB environment, a simulation model with the
Simulink extension package was designed. Based on the results of virtual experiments, the influ-
ence of parameters of an automatic controller on the quality of transitive processes in the feeding
system of the packed magnetron with the power of 3 kW was determined.

Keywords: magnetron, power supply system, integral controller, transitive processes,
simulation

KBA3BUAHAJINTUYECKOE OITPEJIEJIEHUE BOJHOBOI'O
CONPOTUBJIEHUA MNPAMOYI'OJIBHOI'O BOJIHOBOJA C HEHTPAJIBHBIM
CUMMETPUYHBIM PACITIOJIO)KEHHUEM CJIOUCTOI'O JUDJEKTPUUYECKOI'O
MATEPHAJIA

A.A. CkBOpIIOB

KBa3MAHAIIUTUYECKOTO OMNpPEACNICHUs] BOJHOBOTO COMNPOTUBIECHUS MPSAMOYTOIBHOTO
BOJIHOBOJIa C IICHTPAJIbHBIM CHUMMETPUYHBIM PACTIOIOKEHHEM CJIOUCTOTO JUAIIEKTPUUYECKOTO
Marepuaia, OCHOBaHHAasi Ha €ro MpEeACTaBICHUU B BHUAEC SKBUBAJICHTHOM JIMHUM IepeAayu,
3aMOJTHEHHON  OJHOPOAHBIM  JTUAJNCKTPUKOM.  [IpuBOIWTCS  CpaBHEHHWE  PE3YJbTAaTOB
KBa3MAHAJIIMTUYECKOTO pacyeTa BOJHOBOTO CONPOTUBIEHUS MPSMOYrOJIbHOIO BOJHOBOJA,
MOJIYYCHHBIX TIPH PA3JIHYHBIX 3HAYEHUAX TC€OMETPUUYECKUX Pa3MEpPOB U AIEKTPOPUIUUECKHUX
apamMeTpOB CIOUCTOTO TUAJIEKTPUUECKOTO 3al0JIHEHHUS, C U3BECTHBIMH YHUCIECHHBIMU JTAHHBIMH.



Knrouesnie Cclo8a. KBa3UaHAJIMTUYCCKUI pacucT, BOJIHOBOC COIIPOTUBJICHHC,
HpHMoyFOJIBHBII;'I BOJIHOBO/JZ[, CJIIOMCTOC OUIJICKTPHUYCCKOE 3aIlOJIHCHUC, KPUTHUUYCCKaA OJIMHA,
OCHOBHAs BOJIHA, 3()(heKTUBHAS TUAIIEKTpUYECKast IPOHUIIAEMOCTh

QUASIANALYTIC DEFINITION OF WAVE RESISTANCE IN THE RECTAN-
GULAR WAVEGUIDE WITH CYLINDRICALLY SYMMETRIC MULTI-LAYER DIE-
LECTRIC MATERIAL

A.A. Skvortsov

The article considers the method relating the quasianalytic definition of wave resistance
in the rectangular waveguide with cylindrically symmetric multi-layer dielectric material pre-
sented as a transmission line filled with a homogeneous dielectric. The author compares the re-
sults of quasianalytic estimation of wave resistance in the rectangular waveguide received under
different values of geometric dimensions and physical parameters of dielectric saturation, and
with the known numerical data.

Keywords: quasianalytic estimation, wave resistance, rectangular waveguide, multilayer
dielectric saturation, critical wavelength, main wave, efficient dielectric permittivity

OUBNYECKHUE ACIHEKTbI MOIEJIUPOBAHUSA HWOHHO-JIYUYEBOI'O
CHUHTE3A YIJVIEPOAHOI'O AJIMA3OIIOJAOBHOI'O NOKPBITUSA HA IOBEPX-
HOCTH CTAJIA 30XT'CH2A JJIA Z[ETAJIEﬁ TOYHOI'O MAIIMHOCTPOEHMUA

N.B. Ilepunckas

HCCJ’IGI{OBaHO BIIMSHHUC 06J'Iy‘IeHI/I$I HOHAMH JJICKTPUYCCKU HEaKTHUBHOH INpUMCCH B
nuanasone 703 (1-4)-1016 won/cM2 Ha TBEPIOCTh, YCTAJOCTHYH) HPOYHOCTH, 3JIEMEHTHBIN
cocraB mnoBepxHocTH cTamm 30XI'CH2A. IlpennmokeHa Mojaenb MeXaHW3Ma MoJudHKanuu
IMMOBEPXHOCTHU METallia BBICOKOOHEPIr€TUIHBIMU HOoHaMH, OTKpBIBaIOHIGﬁ BO3MOXHOCTH
MOBBIIICHUSA MCXAHUYCCKUX XAPAKTCPHUCTUK ITOBEPXHOCTU ACT aJIel TOYHOI'O MalllTHHOCTPOCHUS.

Kniouesvie cnosa: WOHHO-JIy4€eBas 00paborTka, HOHHAs MoauduKaIus,
yriiepojocoepkailee anMazonojooHoe Oecrnopuctoe mnokpeitue, craib 30XI'C2A, apros,
TBEPAOCTh, YCTAIOCTHASI IPOYHOCTh, K3HOCOCTOMKOCTh

PHYSICAL DIMENSIONS TO SIMULATING ION-BEAM SYNTHESIS OF DI-
AMOND-LIKE CARBON COATING OVER THE SURFACE OF 30XI'CH2A STEEL
USED FOR PRECISION MACHINERY COMPONENTS

I.V. Perinskaya

The investigation deals with the impact of ion irradiation of an electrically inactive impu-
rity ranging within (1-4)-1016 ion/cm2 on hardness, fatigue strength, and elemental composition
of the surface of 30XI"CH2A steel. The proposed model relates a mechanism developed to modi-
fy the metal surface by high-energy ions, which opens a possibility for upgrading mechanical
characteristics of the surface of precision engineering parts.

Keywords: ion-beam treatment, ionic modification, diamond-like carbon non-porous
coating, steel, argon, hardness, fatigue strength, wear resistance

MOJUPUKAIIUA MATEPUAJIOB UMILIAHTAIIUEA MOHOB DJIEKTPHU-
YECKH HEAKTUBHBIX TIPUMECEN B TEXHOJIOTMA MTACCHUBHBIX 3JEMEH-
TOB UHTET' PAJIBHBIX CXEM CBY

N.B. IlepuHckas

HccnenoBanusie 3¢ (heKkThl MUKPOKOHCTPYUPOBAHUS CBOMCTB METANIOB HOHHO-JTyYEBBIM
MO (UIIMPOBAaHUEM TO3BOJIMIIN Pa3pabOTaTh pPsi OPUTHHAIBHBIX CIOCOOOB H3TOTOBJIEHUS
MHUKPOKOMIIOHEHTOB HMHTerpaibHbix cxeM CBY, co3garh KOHKYpEHTOCHOCOOHBIE aHaJOTH
CYIIECTBYIOIIIMX TEXHOJIOTMYECKHX MPOLECCOB, HCIOIb3YySl HMOHHO-IYYEBOM CHHTE3 Ha
MOBEPXHOCTH METAJIOB  yJIBTPAJAUCHEPCHOTO OECHOPUCTOrO  YIJIEPOJHOTO TOKPBITUS C
YHHUKQJIBHBIM COYETAHUEM KOPPO3HOHHBIX, JJEKTPUYECKUX U MEXAHUYECKUX CBOWCTB.



Knrouesnie cnoea. HUMIIJIaHTauusa HOHOB, HOHHO-JIYUCBOC MO,Z[I/I(bI/ILII/IpOBaHI/Ie,
OJICKTPUYCCKHW HCAKTHUBHBIC IIPUMECH, TOHKOIIJICHOYHBIHA KOHACHCATOp, TOHKOIIJICHOYHBIH
pe3ucTop

MODIFICATION OF MATERIALS BY ION IMPLANTATION OF ELECTRI-
CALLY INACTIVE IMPURITIES USING TECHNOLOGY OF PASSIVE ELEMENTS
IN MICROWAVE ICS

I.V. Perinskaya

We investigated the micro engineering effects of metal properties by ion-beam modifica-
tion, which allowed for a possibility to develop a number of unique methods for manufacturing
micro-components of microwave integrated circuits. Additionally, the methods can be used to
create competitive analogues of existing technological processes using the ion-beam synthesis
over metal surfaces of non-porous ultra-fine carbon coating characterized by unique combination
of corrosion, electrical and mechanical properties.

Keywords: ion implantation, ion-beam modification, electrically inactive impurities, thin-
film capacitor, thin-film resistor






