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MOIAEJUPOBAHHUE ITPOLECCOB CBY TEPMOOBPABOTKHA
JAUDJEKTPUKOB C MIPUMEHEHUEM NAKETA COMSOL MULTIPHYSICS

C.I'. Kanranoga, 10.C. Apxaunrensckuii, C.B. Tpuropmsiii, B.B. 3axapos

PaccmoTtpeno mnpumenenue makera Comsol Multiphysics mis moxpenupoBanus CBY
SJICKTPOTCXHOJIOTMYCCKUX TTPOLECCOB. Hpe;[noxceHa MOJCJIb 00BEMHOTO pacrpeaciiCHUA
MOINHOCTU BHYTPCHHHUX HCTOYHHUKOB TCIIJIOTBI H HCCTaHHOHapHOﬁ TCIUIOIIPOBOJAHOCTH JIA
ciyuass CBY tepmoo0OpabOTKH MIOCKOTO JAUAIEKTPUKA MPU ABMKCHUH M3ITy4arolleld CUCTEMBI.
ITo pe3yiabTaTaM MOACIIMPOBAHUSA OIIPEACIICHA OIITUMAJIbHAass CKOPOCTh ABUXKCHUA PIBJIy‘IaIOHleI;'I
CHCTEMBI, TPU KOTOPOH JOCTHraercsa TpedyemMoe pacmperesieHHe TeMIepaTypbl B TEUYEHHUE
3aaHHOIro BpEMCHU.

KiroueBsle cioBa: maremarnueckoe MozaenupoBanue, CBY tepmooOpaboTka, U3inydaromas
CUCTEMA, AUDBJICKTPHUKH, YPAaBHCHUC TCILUIOIIPOBOAHOCTH, TEMIICPATYPHOEC II0JIC, OITHUMH3alNA
TCXHOJIOTHYCCKOTI'O ITponecca

MODELING MICROWAVE HEAT TREATMENT PROCESSES OF
DIELECTRICS USING THE COMSOL MULTIPHYSICS SOFTWARE

S.G. Kalganova, Yu.S. Arkhangelsky, S.V. Trigorly, V.V. Zakharov

The paper considers application of the mathematical package Comsol Multiphysics to
simulate the microwave electro-technological processes. The proposed model deals with for the
volume distribution of power of internal heat sources and transient heat conduction in the cases
of microwave heat treatment of flat dielectrics when the radiating system is in motion. The
simulation process helps to determine the optimum motion rate of the radiating system which is
used to attain the desired temperature distribution within a specified time.

Keywords: mathematical modeling, microwave heat treatment, radiating system, dielectrics,
equation of heat conduction, temperature field, optimization of the technological process

O HEKOTOPBIX HEU3OTEPMUYECKUX JIAMUWHAPHBIX TEYEHUAX
"KNJIKOCTEN
JI.LA. Bricoukuit
N3m0xennt pE3yibTaTbl aHaliM3a BJIMAHUA Ha YCTAHOBUBIICCCA JIAMHMHAPHOC TCUYCHUC
KHUAKOCTU B KPYIJIBIX pr6ax HaBeI[éHHOFO Ha HETO TEMIICPATYPHOI'O IIO0JIA. PaCCMOTpeHO
BJIMAHUC TEMIICPATYPHOr0 II0JIdI Ha HW3MCHCHHE OCHOBHBIX IIapaMCTpPOB TCUYCHHA IIPpH
COXPAaHCHUHU 3HAYCHHUA TUAPABIMYCCKOTO YKJIIOHA. H3znoxeHo pelmieHue ajid ciiydasd TCUYCHUA
MCKAY NapalyICJIbHBIMUA IJIAaCTUHAMMU.
KiroueBrle coBa: HEU30TCPMHUYICCKOC IAMUHAPHOC TCYCHUC JKUIAKOCTH, TCMIICPATYPHOC
nosie, CBY snexkTporepMuueCKie yCTaHOBKH
NON-ISOTHERMAL LAMINAR FLOW OF FLUIDS
L.1. Vysotsky
The article presents the results of analysis relating the effect of the temperature field on the
steady laminar flow of fluid in circular pipes. The focus is made on the influence of the
temperature field on the changes in the basic parameters of the flow, while maintaining the
values of the hydraulic gradient. The proposed solution refers the cases of flow between the
parallel plates.
Keywords: non-isothermal flow of fluids, laminar flow, temperature field

CBY JIEKTPOTEXHOJIOTUYECKHUE YCTAHOBKHN C T'NBPUIHBIMUA
KAMEPAMUA

A.C. Hobpoaym, FO.C. Apxanreiabckuii

Paccmotpensr Bunbi CBU MoamduKanuu AMAIEKTPUKOB U MPOU3BOJCTBO, HAa KOTOPOM
MOXXET OBITh HMCIOJIb30BaHa YCTaHOBKAa C THOpuIHON paboueit kamepoit. [IpoBemeHn pacuér



POM3BOIUTENFHOCTH W MOIIHOCTH, TOTPEONseMON TEIUIOBOM M HETEIUIOBOM pabounmu
KaM€paMH, a TaKKC€ KOJINMYCCTBA TCIIJIOBBIX U HETCIIJIOBBIX pa6oq1/1x KaM€p B OI[HOf/i YCTaHOBKCE.

Kirouessie cnoBa: CBY 351eKTpOTEXHOJIOTUYECKUE YCTAHOBKH, TEIJIOBAsi U HETEIUIOBAs
MoaudUKaIi, TMOpUIHAs paboyas Kamepa

APPLICATION AND PERFORMANCE CALCULATIONS FOR THE
MICROWAVE ELECTRICAL ENGINEERING UNITS WITH HYBRID CHAMBERS

A.S. Dobrodum, Yu.S. Arkhangelsky

The article considers the various types of microwave modifications of dielectrics. The
conducted analysis refers the production facilities where the given installations provided with
hybrid operation chambers might be utilized. Calculations were made as for the capacity and
output of the thermal and non-thermal working chambers, as well as the number of thermal and
non-thermal working chambers in a single installation.

Keywords: microwave electrical engineering installation, thermal and non-thermal

modification, hybrid working chamber

IJEKTPOTEXHOJOI'MYECKHUE INTPOLUECCHI CBU TEPMOOBPABOTKHA
JAUIJIEKTPUKOB U METO/Ibl UX MOJIEJIMPOBAHUSA C YYETOM USMEHEHUSA
®U3NYECKHUX CBOMCTB MATEPHUAJIOB, ®A30BBIX HNEPEXOI0OB
U TEIINIOMACCOIIEPEHOCA

B.B. 3axapos

[lpuBenen o0630p CBY 21eKTPOTEXHONOTUYECKUX TPOIECCOB M YCTaHOBOK ISt
TepMOO6pa6OTKI/I AUDJICKTPHUKOB, @ TAaKKC MCETOHOB HMX MOACIIMPOBAHUS C YUETOM H3MCHCHU
(¢u3nyecKuX CBOWCTB MaTepuajoB, (a3oBBIX NEPEXOJ0B U Temiomacconeperoca. OCHOBHOE
BHUMAHHC YICJICHO YHUCICHHOMY MOJACIUPOBAHUIO YKA3AHHBIX IMPOHCCCOB C IMPUMCHCHUCM
AKTYAJIbHBIX BbIYUCIUTCIIBHBIX MCTOAOB, PCAJIM30BAHHBLIX B COBPCMCHHOM IPOIrpaMMHOM
o0eCIIeUeHHH.

KiroueBsbie ciioBa: MaTeMaTUYeCKOe MOICIMpOBaHue, dekTporexHonorus, CBY Harpes,
(1)I/I3I/IIICCKI/IC CBOﬁCTBa, (pa3OBBII>'I nepexon, TCrjIoMacCorepeHoC

ELECTROTECHNOLOGICAL PROCESSES FOR THE MICROWAVE HEAT
TREATMENT OF DIELECTRICS AND METHODS FOR THEIR MODELING USING
THE CHANGES IN THE PHYSICAL PROPERTIES OF MATERIALS, PHASE
TRANSITIONS, AND HEAT AND MASS TRANSFER

V.V. Zakharov

The paper presents an overview of microwave electrotechnological processes and
installations used for heat treatment of dielectrics, as well as the methods for their simulation
taking into account the changes in the physical properties of materials, phase transitions, and
heat and mass transfer. The focus is made on the numerical modeling of the given processes
using the updated computational methods applied for the latest software programs.

Keywords: mathematical modeling, electrotechnology, microwave heating, physical
properties, phase transition, heat and mass transfer

9KCTPEHHAS CYHIKA KHUT, IOCTPAJABHIUX ITPU TYIIEHHUHA ITOKAPA
A 1. Hlnsxos, FO.C. Apxanreiabckuii
IIpuBeneHbpl pe3ynbTaThl 3KCHEPUMEHTOB IO JKCTPEHHOW cymke KHHr B medax CBY u
COIIPOTUBJICHU.
KunroueBble crioBa: KHUTH, MOXKap, BOAA, cyiika, meun CBY u conpoTuBiieHus
EMERGENCY DRYING THE BOOKS DAMAGED DURING THE FIRE-
FIGHTING OPERATIONS
A.D. Shlyakhov, Yu.S. Arkhangelsky
The paper presents the results of experiments related with emergency drying of books in
microwave ovens furnaces and resistance furnaces.
Keywords: books, fire, water, drying, microwave ovens and resistance furnaces



K BOITPOCY O MHOT'O®YHKIIMOHAJIBHOCTHU CBY
AJEKTPOTEXHOJOI'NMYECKHUX YCTAHOBOK HA KAMEPAX JIYUEBOI'O THUIIA
10.C. Apxanrensckuii, E.B. Konecnukos, B.O. FOquna
ITokazana BO3MOXHOCTb MOCTPOEHUS MHOTO()YHKITHOHATBHBIX CBY
SJICKTPOTCXHOJIOTMYCCKHUX YCTAHOBOK Ha KaMEpax JIyd4€BOr'o TuUIld, HCIIOJb3YyA MNPHHIHAIL
MOCTPOEHHUS YHUBEPCATbHO-COOPHOM aIlmapaTypbl ¥ 4aCTOTHO-PETYIUPYEMbIN AIEKTPOIIPHUBO/I.
KiroueBbie cnoBa: MHOro(yHKIMOHAIBHOCTh, CBY 31eKTpOTEXHOJIOrWYEeCKHUEe YCTaHOBKH,
KaMephl JTy4eBOTO THIIA, YHUBEPCAIbHO-COOpHAs anmaparypa, JEeKTPOIPHUBOT
MULTIFUNCTIONALITY ISSUES OF MICROWAVE
ELECTROTECHNOLOGICAL INSTALLATIONS USED IN BEAM-TYPE
CHAMBERS
Yu.S. Archangelsky, E.V. Kolesnikov, V.O. Yudina
The paper considers the method for designing multifunctional microwave
electrotechnological installations in beam-type chambers using the principle applied in the
development of universal assembly devices and variable frequency electric drives.
Keywords: multifunctionality, microwave electrotechnological installations, beam-type
chambers, universal-assembly device

MHNOBBIINEHUE SHEPTO®®EKTUBHOCTU I'OPOACKOI'O
IJEKTPOTPAHCIIOPTA

B.C. Cepxanckuii

PaCCManI/IBaeTCSI METO ITIOBBIIIICHUA 3HepF03(1)(1)eKTI/IBHOCTI/I TopoaCKOro
AJIEKTPOTPAHCIIOPTA, IKCIUTYaTHPYEMOTr0 B CETSIX IMOCTOSHHOTO TOKa (TpaMBau, TPOJUIEHOYCHI), C
PpasiInYHbIMHA TUITaAMHN YIIpaBJICHUA TATOBBIM IIPHUBOJIOM. MO,Z[CJ'II/IpyeTC}I BHCAPCHUC
CYNEpKOHJICHCATOPOB KaK HAKOIMUTEJEH, HalpaBlIEHHBIX Ha A(PQPEKTUBHOE HCIOIB30BAHHE
OHCPIrun PCKYIIEPAaTUBHOT'O TOPMOKCHHUA. HpI/IBeI[eHBI paC‘{eTbI, 060CHOBBIBaIOH_II/Ie
3P PEKTUBHOCTH MPUMEHEHUS CYTIEPKOHIEHCATOPOB.

KiroueBrie CJIOBA. 3HepF03(1)(I)eKTI/IBHOCTL, QJICKTpHUYCCKAA OHEpIu:, 1"0p0I[CKOI71
DJIEKTPOTPAHCIOPT, CUCTEMBI YIIPABJICHUS

IMPROVING THE ENERGY EFFICIENCY OF URBAN ELECTRIC TRANSPORT

V.S. Serzhansky

The paper deals with the method for upgrading the energy efficiency of urban electric
transport, operated in DC networks (trams, trolleybuses), with various types of traction drive
control. Introduction of supercapacitors as storage devices aimed at efficient utilization of
regenerative braking energy is simulated. The calculations substantiating the effectiveness of
application the supercapacitors are given.

Keywords: energy efficiency, electric power, urban electric transport, control systems

MATEMATHYECKOE MOAEJINPOBAHUE 3JEKTPOANHAMHNYECKOI'O

JUHEMHOT O IBUTATEJISA

[.A. ®enopos, /I.A. Beipsixanos, 11.A. MeHIINKOB

ITpencraBneHbl pE3yNbTAThI MaTEMaTHYECKOTO MOJIETTUPOBAHUS JMHEWUHOTO
AIIEKTPOAUHAMUYECKOTO JIBUTATETIS. BersBrieHsl 0COOEHHOCTH IIPOLIECCOB

SJICKTPOMCXAHUYICCKOT' O Hp606p330BaHI/IH OHCPIUH, a TAKIKC HAIIPABJIICHHUA ITOHNCKaA ONTHUMAaJIbHOHI
KOHCTPYKIIMU ABUTATCIIA.

KiroueBrle c1oBa: MaTEMaTHUECKOE MOJCIIMPOBAHUC, JIMHEHUHBIN BHCKTpOI[I/IHaMI/IHCCKI/Iﬁ
JIBUTATENh, JIEKTPOMEXaHNIECKOE MPeoOpa3oBaHUE YHEPTUU

MATHEMATICAL MODELING OF ELECTRODYNAMIC LINEAR MOTORS

D.A. Fedorov, D.A. Vyrikhanov, I.A. Menshchikov

The results of mathematical modeling of the linear electrodynamic motor are presented.

Characteristics of the processes of electromechanical transformation of energy, as well as the
trends in the search of an optimal design of the motor are determined.



Keywords: mathematical modeling, linear electrodynamic motor, electromechanical energy
conversion

OIITUMU3ALINUA CXEMbI DHEPI'OCHABXEHHUA KOMILJIEKCA
OBbOPYJIOBAHUSA CBEPXBBICOKOYACTOTHOI'O AUDJIEKTPUYECKOI'O
HAI'PEBA

H.B. Yemnnses, FO.C. ApxaHreabckuit

[TpemnoxkeHa TEXHUKO-DKOHOMUYECKAs ONTHMH3AIM KOMIUuiekca oOopymoBanuss CBY
JUDJICKTPUYCCKOI'0O Harp€Ba, OCHOBaHHasA Ha 3aBHCHUMOCTH HpI/I6BIJ'II/I OT IIapaMeETpoOB
TEXHOJIOTUYECCKOI'O OGOpy,Z[OBaHI/ISI U 1OCH Ha JBJCKTPOIHCPIULO, KOMIUICKTYIOIIUE U
BBIIIYCKAEMYIO IIPOAYKLIUIO.

KiroueBsle cnoa: ontumuszanus, ycranopka CBY nuanexkrpuueckoro Harpea, CBU
MOIITHOCTB, HpI/I6LIJ'IB, 3aTpaThbl

OPTIMIZATION OF THE POWER SUPPLY LAYOUT FOR MICROWAVE
DIELECTRIC HEATING DEVICES

N.V. Cheplyaev, Yu.S. Arkhangelsky

The proposed technical and economic optimization refers the system of microwave dielectric
heating devices, which is based on dependence of profits from the parameters of the processing
equipment and prices for electricity, component parts and output products.

Keywords: optimization, microwave dielectric heating installation, microwave power, profits,
costs

KBASUAHAJIMTUYECKHUE BBIPAKEHUSA J1JIsA OINIPEAEJEHUSA
BOJIHOBOI'O COITPOTUBJIEHUSA JIYHAPHOT'O BOJIHOBOJIA
C OJHOPOJIHBIM IUDJEKTPUYECKUM 3AINIOJITHEHUEM

A.A. CkBop1oB

HOJ‘Iy‘leHBI KBa3MAHAJIUTUYCCKHUEC BBIPAXKCHUA, IMO3BOJIAIONIMEC paCCUUTATL BOJHOBOC
COIIPOTUBJICHHUE JIYHAPHOI'O BOJHOBOJAa C OAHOPOJAHBIM HOUIJICKTPUYCCKUM 3aIllOJIHCHUCM.
HpI/IBe)IGHLI PE3YIbTATBl KBA3HMAHAJIUTHUYCCKOIO pacdy€Ta BOJHOBOT'O COIMPOTHUBIICHUSA I10JIOTO
JIYHapHOI'O BOJIHOBOJA Ha 0eCKOHEUHO OOJIBIION YaCTOTEC, JAOIUE HAITIAAHOC ITPEACTABIICHUEC O
XapakTepe €ro M3MCHCHHA B 3aBHCHMOCTHU OT ICOMCTPUUYCCKHUX pPasMCpoOB paCCManHBaeMOfI
JIMHUU NICpeaalu.

KiroueBrle ciioBa: KBasuaHaIUTUUECKUE BBIPpaXXCHUS, BOJTHOBOC COIMPOTHUBIICHUC,
0eCKOHEUHO OOobIIas qacCToTa, HyHapHLIﬁ BOJIHOBOA, HpHMOYFOJ’ILHHﬁ BOJIHOBOJ, KPpUTHUYICCKAA
JUINHA, OCHOBHAs BOJIHA

QUASI-ANALYTICAL EXPRESSION OF THE WAVE RESISTANCE
IN THE DIELECTRIC-FILLED LUNAR WAVEGUIDE

A.A. Skvortsov

The resulting quasi-analytical expression allows for calculation of the wave resistance in the
lunar waveguide characterized for the homogeneous dielectric filling. The author presented the
results of the quasianalytic approach to estimating the wave resistance of the hollow lunar
waveguide at the infinity frequency. This provides a clear presentation to the character in its
changes depending on geometric parameters of the considered transmission line.

Keywords: quasi-analytical expression, wave resistance, infinity frequency, lunar
waveguide, rectangular waveguide, critical length, principal wave



CBEPXTBEPIABIE OKCHUJHBIE ITOKPBITUA U OCOBEHHOCTHU UX
MOJIYYEHHUS HA TUTAHE OBPABOTKOM TOKAMMU BHICOKOM YACTOTbI

A.1O. llenkynos, U.C. Eropos, M.A. ®omuna, B.A. Komypo, A.A. ®omuH,

1.B. Ponuonos

IIpencraBieHsl pe3ysIbTaThl MOIYYEHHS CBEPXTBEPABIX IIOKPBITUN PYTHIIA HA TUTAHE, KOTOPBIE
MOT'YT HCIIOJIb30BATHCA A1 U3IOTOBJICHHA MeTaJ'IJ'IOO6pa6aTI:>IBaIOH_[eFO HHCTPYMEHTA U MCIUKO-
TEXHUYCCKUX I/I3I[GJII/II\/'I. AKTyaJIBHOCTB HCCJICA0OBaHUsA CBA3aHa C CO3aHUEM BBICOKOKAYCCTBECHHBIX
HOKpBITI/Iﬁ Ha THUTAHOBLIX M CJIOUCTBLIX CTAJIb-TUTAHOBBIX J3JICMCHTAX, KOTOPLIC C(bOpMHpOBaHBI
pecypcocOeperaromieii  TEXHOJOTrMe. 3a  CYeT  CO3JAaHHOIO  TOKPBITUS  KOHCTPYKLIWU
MeTaJIJ'IOOGpa6aTBIBaIOH_II/IX IJIaCTHH 6y,Z[YT HMETH IIOBBIIICHHYIO TBEPAOCTD, HM3HOCOCTOMKOCTEH U
OOJIBIIION NOTCHUHA 111 BHCAPCHHUA B MPOU3BOJACTBO MHCTPYMCHTAJIbHBIX CMCHHBIX INIACTUH U
OJIEMEHTOB TPCHHUA MCIUKO-TEXHUYCCKUX I/IS,[[GJ'II/If/i. B Xoac€ HcCCICHOoBaHuA CTPYKTYpbl H
MEXaHUYECKUX CBOMCTB ILIACTHHYATHIX 06pa3u0B C METaAJUIOOKCUJIHBIMU NOKPBITUSIMU Ti/TiO,
YCTaHOBJICHO, 4YTO TepM006pa60TI<a TOKaMHM BBICOKOH YaCTOTHI U OKCHIUPOBAHUC Ha BO3AYXC
MO3BOJIAIOT TOJYYUTh CYOMHUKPOMETPOBYIO CTPYKTYpPY C TBepaoctbio 45-65 I'lla, momynem
ynpyrocta 450-900 I'Tla u BbICOKOI N3HOCOCTONKOCTHIO.

KirrogeBrle ciioBa: TOKH BEICOKOM 4acT OTBhI, MOI{I/I(bI/IKaLII/ISI IMOBEPXHOCTH, OKCUJIHOC IMOKPLITHC,
TUTAaH, CBCPXTBCPAbIC MAaTCPUAJIbI

SUPERHARD OXIDE COATINGS AND KEY FEATURES OF THEIR
APPLICATION OVER TITANIUM BY TREATMENT WITH HIGH-FREQUENCY
CURRENTS

A.Yu. Shchelkunov, I.S. Egorov, M.A. Fomina, V.A. Koshuro, A.A. Fomin, .VV. Rodionov

The paper provides the analysis to fabrication of superhard rutile coatings over titanium,
which can be used in manufacturing metalworking tools, as well as medical and technical
products. The importance of the analysis is associated with creation of high-quality coatings over
titanium and layered steel-titanium components formed by means of resource-saving
technologies. Due to the given type of coating, the metalworking plates will be characterized for
increased hardness, wear-resistance and might be invaluable in the production of cartridge-type
tools and friction elements to the medical instruments. During the study of the structure and
mechanical properties of plate-type samples with Ti/TiO, metal oxide coatings, it has been
established that using heat treatment with high-frequency currents and air oxidation allows us to
obtain a submicrometric structure with hardness at 45-65 GPa and elastic modulus at 450-
900 GPa, as well as high-wearing features.

Keywords: high-frequency currents, surface modification, oxide coating, titanium, superhard
materials
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