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MATEMATUYECKOE MOJAEJIMPOBAHUE CBY TEPMOOBPABOTKU JUSJIEKTPUKOB
C YYETOM U3MEHEHU S UX ®PU3NYECKUX CBOMCTB

B.B. 3axapos, C.B. TpuropJsiii

PaCCMOTpeHH MAaTEMAaTHYCCKHNE MOACIN CBY Harpe€Ba, CylmiKHM MW ILIaBJICHHUA AUIJICKTPHUKOB C
y4eTOM H3MEHEHHs] UX (HU3MUECKUX CBOWCTB. Pa3paboraH oOmMi aaropuT™M UYHCICHHOTO
MOACIINPOBAHUA, OCHOBAHHBIN HA MCIIOJIHL30BAaHUH METOJa KOHCYHBIX 3JIEMCHTOB.

PaccmoTpenbsl OCHOBHBIE 3Tambl MaTeMmaTHueckoro mopenupoBanuss CBUY tepmooOpaboTku
JUAJICKTPUKOB ¢ TpUMeHeHneM mporpammuoro obdecreuenns COMSOL Multiphysics.
KiroueBbie cnoBa: marematuueckoe wMopenupoBanue, CBY HarpeB, cyiika, IUIaBlIeHHE,
JUDJICKTPUKH, YpaBHCHUA SJICKTPOAUMHAMUKN u TEIIJIOMACCOIIEPEHOCA, 0JI0K-cXeMa
MOJECIUPOBAHUSA

MATHEMATICAL MODELING OF DIELECTRIC HEATING WITH MICROWAVE
ENERGY REGARDING THE CHANGES IN THEIR PHYSICAL PROPERTIES

V.V. Zakharov, S.V. Trigorly

The article considers mathematical models of dielectric heating, drying, and melting with
microwave energy with account for the changes of their physical properties. A general algorithm
for numerical modeling based on the use of the finite element method has been developed.

The main stages of mathematical modeling of dielectric heating with microwave energy using
the COMSOL Multiphysics software are considered.

Keywords: mathematical modeling, dielectric heating, drying, and melting with microwave
energy, electrodynamics, and heat and mass transfer equations, simulation block diagram

BO3BYXXJEHUE DJIEKTPOMATHHUTHOI'O IIOJISI ITOCPEJACTBOM OJUHOYHOM
IIEJIN, PACIIOJIOXKEHHOM HA BEPXHEM CTEHKE [IIPSIMOYI'OJIBHOI'O
PE3OHATOPA, C IURJIEKTPUYECKOU TIJIACTUHOM HA ET'O HVDKHEN CTEHKE
I.A. bapunos, B.A. Konowmeiies, I1.B. Kospsiko, O.B. JIporaiiiieBa

B I[aHHofI pa60Te AHAIIU3UPYCTCA BO3MOKHOCTH AHAJIMTUYCCKOI'O PCUICHUA HGOI[HOpOI[HOﬁ
3ala4ll  AIEKTPOAMHAMUKHM JUid TpsiMoyrosibHoro pesoHartopa (IIpP) ¢ muanexkrpuueckoit
HHaCTHHOﬁ, pacnonomeHHoﬁ Ha HM)KHEH CTEHKE pe30HaTopa Inpu B036y)KI[eHI/II/I nocpeaACTBOM
OJIMHOYHOM IIEJH, PacrloiioKeHHOM Ha BEpXHEU cTeHke pe3oHaTopa. [Tokazano, uro duzndeckas
MOZCIIb, TPCACTABJIAIOMIAA CTOpOHHI/Iﬁ HCTOYHHK 3JICKTPOMArHuTHOI'O (GM) IoJIsA IMMOCPCACTBOM
MOBEPXHOCTHBIX TOKOB, NMpOTEKaroIMX Ha BepxHed cteHke IIpP, ycnemno palotaromas npu
PpacIioJIOKECHU N OI[HHOHHOﬁ IeJIM Ha OOKOBOH H 38.,[[HCI71 CTCHKaX pEe30HaTOpa, HCIIPUMCHHUMA K
BEepXHEMy crnoco0y Bo30yxzeHus OM monda. B pabore mnpemioxkeHa Meronuka pacdera
oJHolIeneBoi cucteMbl Bo30yxkaeHus (CB), pacnonoxkeHHOH NpPOU3BONBHBIM 00pa3oM Ha
BepxHel creHke [IpP, yunTeIBaromas KOHEUHYIO TONIIHUHY U3JTy4aroIIen emu.

KiroueBrle ciioBa: QJICKTPOMArHuTHOC TI0JIC, Hp}IMOYTOJIBHHﬁ PE30HATOP, HCOAHOPOJHAA 3alada
SJICKTPOAMHAMHKN

ELECTROMAGNETIC FIELDS EXCITATION OVER A SINGLE SLOT ON THE TOP
WALL OF A RECTANGULAR RESONATOR WITH A DIELECTRIC PLATE ON THE
BOTTOM WALL IN H-PLANE

D.A. Barinov, V.A. Kolomeytsev, P.V. Kovryakov, O.V. Drogaytseva

In this paper we analyze a possibility for analytical solution to a nonhomogeneous
electrodynamics problem relating a rectangular resonator with a dielectric plate on its lower wall
when excited via a single slot on the top wall of the resonator. It is shown that a physical model
to an external source of the electro-magnetic (EM) field presented by means of the surface
currents flowing over the top wall of the rectangular resonator, and efficient with a single slot
located on the side or the rear wall of the resonator, cannot be applied to the cases of EM field
excitation through the top wall. The paper proposes a method aimed to calculate a single-slotted



excitation located arbitrarily on the top wall of the rectangular resonator, which takes into
account the finite thickness of the radiating slot.

Keywords: electromagnetic field, rectangular resonator, nonhomogeneous problem of
electrodynamics

CBEPXBbBICOKOYACTOTHBIE MHOI'OI'EHEPATOPHBIE TEXHOJOI'MYECKUE
YCTAHOBKU C BEI'YIIMMHU BOJIHAMU

b.K. Cussikos, C.B. I'puropsss, JI.b. CuBsakoB

CeepxBbicokouacToTHble (CBY) TexHOMOTMM HAaxXoIAT pPa3HOOOpa3HOE TNPUMEHEHUE B
coBpeMeHHOM Mmupe. OHH TPEroT, CyIaT MaTepuaibl, MOAU(PUIIUPYIOT €r0 CBOMCTBA, IIpHIaBas
UM HOBBIC KadeCTBa. HpI/IMeHSIIOTCﬂ JJIs1 KOMITJICKCHOT'O BO3[[€fICTBPI51 Ha MaTC¢puajibl COBMCCTHO
C YJIBbTPA3BYKOM U JJPYI'UMHU (1)I/I3I/I‘leCKI/IMI/I 1 XUMHNYCCKUMU BOSHefICTBHHMH B OCJAX YIIYUIICHUA
ux (bI/BI/ItIeCKHX U XUMHUYECKUX CBOMCTB. HaxomsT mnpuMeHEHHE B MEIHMUUHE, OHOJIOTHH,
arpoHoMuu M Jpyrux obmactsax. K rtexnomormueckum CBY ycraHOBKaM MpeIbsBIISIOTCS
pasHooOpa3nbie TpeOoBanus. OJHUM H3 OCHOBHBIX TpeOOBAHWU SBISETCS OOecreueHue
PaBHOMCPHOCTH BOBﬂCﬁCTBHH QJICKTPOMAarouTHbIM I10JICM Ha O6pa6aTLIBaeMBII71 Marepual B
npejaenax paboueld KaMmepbl yCTaHOBKH. B Hacrosiieil paboTre paccMOTPEHBI BO3MOKHOCTU
YMCHBIICHUA HEPABHOMCEPHOCTU BO3I[€I7[CTBI/I$[ 3a CUYCT IPHUMCHCHHUA B CBY YCTaHOBKax
HCECKOJIBKMX HC3aBUCHUMBIX I'CHCPATOPOB C IMOCICAYIOIHUM SHEPTCTUUCCKUM BOSI[CﬁCTBHGM ux
66FYH_II/IX QJICKTPOMAruruTHLIX BOJIH HAa MaTCpUaJl B paﬁoqeﬁ 30HC YCTaHOBKH.

KiroueBrle ciioBa: CBCPXBBICOKHMEC YaCTOTbI, MHOT'OI'CHCPATOPHBIC TCXHOJIOTHYCCKNEC YCTAHOBKH,
6eryume BOJIHBI, MATCMAaTUYCCKOC MOJCIIMPOBAHUC, TPUKIIAAHBIC IPOIrpaMMbl, YMCHLIICHUC
HEPABHOMEPHOCTH SHEPTETUUICCKOTO BO3ICHCTBUS HA 00padaThIBAEMBIN MaTepUa
MICROWAVE MULTI-GENERATOR TECHNOLOGICAL INSTALLATIONS WITH
TRAVELING WAVES

B.K. Sivyakov, S.V. Grigoryan, D.B. Sivyakov

Today ultra-high-frequency (UHF) technologies find a variety of applications. They are utilized
for heating, drying, and modifying the properties of materials, and as a result, change their
qualitative characteristics. The materials are exposed to the systems effects, including
ultrasound, and other physical and chemical effects aimed to improve their physical and
chemical properties. The UHF technologies are applied in medicine, biology, agronomy, and
other areas. Currently, high-power microwaves should satisfy a variety of needs. One of the key
requirements is to en-sure uniform electromagnetic field effects on the processed material within
the working chamber of the installation. We consider a possibility to reduce the non-uniformity
of these effects by using a number of independent generators in microwave installations with the
subsequent energy deposition of their traveling electromagnetic waves on the material in the
working area of the installation.

Keywords: ultra-high frequencies, techno-logical installations, multi-generator, traveling wave,
mathematical modeling, applied programs, reduction of non-uniformity of energy deposition on
the processed material

PA3BPABOTKA CIIOCOBA  OIPEJEJIEHMS MOIIHOCTHU, IIOTPEBJISEMOU
ACUHXPOHHBIMM JIBUTATEJISIMU ITPU UCIHBITAHUSAX METOJIOM B3AUMHON
HAI'PY3KU

J.1. ITonos

OOocHOBaHa  aKTyaJbHOCTb  COBEPIICHCTBOBAHUS  JJEKTPOTEXHUYECKUX  KOMILIEKCOB,
IIPEIHA3HAYEHHBIX [UIS TPOBEJICHHS HArpy30YHBIX MCHBITAHWM ACMHXPOHHBIX JBUTATEIIEH.
Otmeuena mpoOieMa OmpeeNneHusi MOLTHOCTH, MOTPedasieMOi aCHHXPOHHBIMU JIBUTATENSIMU
IIPU WCIBITAaHUSAX METOJOM B3aMMHOW HArpy3Ku IpU MHUTAHUHM OT YIPaBISEMBIX MHBEPTOPOB
HanpsbkeHus.  [IpoaHanu3upoBaHbl ~ OCOOEHHOCTH  NPUMEHEHHsT  HM3BECTHOTO  cIlocoba
ONpENETCHUsT MOIIHOCTH, BBISBIEHBI €r0 INPEUMYLIECTBA M HEAOCTATKU [0 CPAaBHEHHIO C
aHanmoramu. [IpennoxeH HOBBIM CHOCOO, COXPAHSIOUIMA BCE JIOCTOMHCTBA PACCMOTPEHHOTO



aHajiora ¥ UMEIOIIMHI Nepes HUM psJ IPEUMYIIECTB: Ooyiee MPOCTYI0 CXEMY, MEHbIIEEe YHCIIO
HEOOXOMMBIX W3MEPEHHH M BBIUUCIUTEIBHBIX oOmepanuii. Pa3paboTaHbl alropuTMBI STaIloOB
OCYIIECTBIICHUSI TIPEUIOKEHHOTO crocoba. Pa3zpaboraHHbI Ccroco0 MO3BONSIET CHU3HTH
IOrp€IIHOCTL OMNPECACIICHUA MOIIHOCTH, HOTpe6J'I${eMOI71 ACMHXPOHHBIMH [JBUTATCIISIMU  IIPU
HUCIIBITAHUAX METOAOM B3aMMHOU HarpyskKu.

KiroueBrle ciioBa: HCHOBITATENBHBIA KOMIIJICKC, aCI/IHXPOHHHﬁ ABUTATCIIb, MCETO[ B3aMMHOI
Harpysku, cxema HCHBIT&HHIZ, OIpeaAcCIICHNEC MOIIHOCTH

A METHOD FOR DETERMINING POWER CONSUMPTION IN TESTING INDUCTION
MOTORS BY THE BACK-TO-BACK METHODOLOGY

D.l. Popov

The challenges connected with improvement of electrical systems designed for testing induction
motors using the back-to-back method are relevant. Particular focus has been made on estimating the
power consumed by induction motors during the back-to-back tests when powered by controlled
voltage inverters. Specific features of the applied method for power consideration have been
analyzed, as well as advantages and disadvantages of its analogues have been revealed. The proposed
method preserves all the benefits of the considered analogy and has a number of ad-vantages: a
simpler scheme, and fewer measurements and computational operations. The algorithms required to
implement the stages of the proposed method have been developed. The new method reduces the
errors in estimating the power consumed by induction motors during the back-to-back method of
testing.

Keywords: test facility, induction motor, the back-to-back method, testing scheme, estimation of
power

PA3PABOTKA, CO3JAHUE 14 KOHIIEITIMA PA3BUTUA CHJIOBBIX
QJIEKTPOMATHUTHBIX UMITYJIBCHBIX CUCTEM

I'.T". Yrapos, B.1. Mouikux

Ha ocHoBe PE3YIbTATOB I/ICCJIG,I[OBaHI/Iﬁ, BBITIOJIHCHHBIX B CapaTOBCKOM TroCcya1apCTBCHHOM
TCXHUYCCKOM YHHBCPCUTCTC, IMPCACTABJICHA KOHLCIILUA pPa3sBUTHUA CHIIOBBIX 3JICKTPOMAIrHUTHBIX
HMITYJIbCHBIX CUCTCM. belIM BBISBIICHBI nyTu ,Z[aJILHCfILHCFO MOBBIICHUSA YACIBbHBIX SHEPTCTUICCKUX
rokasarejie HUMITYJIbCHBIX JIMHEHHBIX QJICKTPOMArHuTHBIX HBHFaTeHeﬁ.

KinroueBrle cnoBa: cuioBas QJICKTPOMArouTHasa HMITYJIbCHasA CHUCTEMA, HMHynBCHBIﬁ JIMHEUHBIA
SHCKTpOMaI‘HI/ITHHﬁ JABUTI'aTCIIb

DESIGN AND CONCEPT OF THE POWERED ELECTROMAGNETIC PULSE SYSTEMS

G.G. Ugarov, V.l. Moshkin

The article presents a concept to designing the powered electromagnetic pulse systems that has been
developed based on the research conducted at Yuri Gagarin State Technical University of Saratov.
The trending parameters for the increase of specific energy indicators to pulsed linear
electromagnetic motors.

Keywords: powered electromagnetic pulsed system, pulsed linear electromagnetic motor

TBEPJJOCTb  OTBEPXAEHHOI'O  VIJIEIUDIACTUKA C  MOJIHUE3AUOIUTHBIM
I[TOKPLITUEM, MOINOUITMTPOBAHHOI'O B CBY 3JIEKTPOMAT'HUUTHOM T1OJIE

N.B. 3n06muHa

B HacToANICEC BpPEMA OTMCYACTCA TMOBBIIIIEHHBIN HHTCPEC K IMOJUMEPHBIM KOMIIO3UIITMOHHBIM
MarepuajiaM MNPUMCHUTCIIBHO K pa3IMYHbIM OTpacC/isIM ITPOMBIIIJIICHHOCTH. Cpezm HUX MOXHO
BBIJICIUTh aBHACTPOCHUE, CYJOCTPOCHHE, BETPOIHEPIETUKY. ITO OOYCIIOBICHO BBICOKUMH
TpeOOBaHUSAMH K MPOYHOCTHBIM XapaKTEPUCTHKAM B COYETAHHU C JIETKOCTHIO TAKHX MAaTEpUAJIOB.
OCO0OCHHO 3TO Ba)XHO B CBSI3U C KPYNMHOTaOapUTHBIMU 3JEMEHTaMH, KOTOpBIE HCIOJB3YIOTCS B
YCTAHOBKAX JTAHHBIX OTPACICH.

B cBsi3u C BBIIIECKAa3aHHBIM aKTyaJbHBIM SBJISIETCS COBEPIICHCTBOBAHME TAKUX MAaTEpUAIOB, B
YaCTHOCTH 32 CYET JOIMOJHHUTEIBHOTO BBEICHHS MOJHHE3ALIMTHBIX IMOKPHITUH B COUYETAHUU C
obpabotkoit B CBY »1eKTpOMarHUTHOM TIOJ€ C IIENIbIO TIOBBIIICHUS W30TPOMUN CBOWMCTB
KOMITO3UTOB.



KiroueBble citoBa: MOJIHUE3AIMUTHOEC MOKPLITUC, PaAaBHOMEPHOCTDH CBOﬁCTB, MOBBIIIICHUE 3HAYCHUM
TBEPAOCTHU, U3O0TPOIIHA, ITIOJTUMCPHBIC KOMIIO3UIIMOHHBIC MAaTCPUAJIbI, CB4Y SJICKTPOMArHuTHOC I10JIC

HARDNESS OF THE CURED CARBON FIBER WITH A LIGHTNING -PROTECTIVE
COATING MODIFIED IN THE MICROWAVE ELECTROMAGNETIC FIELD

I.V. Zlobina

Currently, there is a growing interest to polymer composite materials applied in various industries,
including aircraft manufacturing, shipbuilding, and wind power sector. This is due to strict
requirements to their strength properties coupled with the light weight characteristic of these
materials. This is of particular importance for the large-sized components installed in the units
applied in these industries.

Therefore, it is critical to upgrade the quality of such materials, in particular, due to additional
lightning protection coatings combined with their processing in the microwave electromagnetic field
aimed to improve the properties related to isotropy of the compo-sites.

Keywords: lightning protection coating, uniformity of properties, increased hardness, isotropy,
polymer composite materials, microwave electromagnetic field

BJIMAHUE VIJIBTPAZBYKOBOI'O CBEPJIEHUA HA KAYECTBO TIIOBEPXHOCTHU
OTBEPCTUI B KOHCTPYKIHMOHHOM VT JIEITUTACTUKE

I''K. Mynpamesa

Cratbs MOCBALICHA OIIMCAHHUIO PE3YJIbTATOB HMCCICAOBAHUA MOp(i)OJ'IOFI/II/I MMOBCPXHOCTHU CKBO3HLIX U
TIIYyXUuX OTBepCTI/Iﬁ MaJoro AnamMeTpa, MMOJIYYCHHBIX YJIbTPAa3BYKOBBIM CBCPJICHUCM B
KOHCTPYKIIMOHHOM YTJIEIIJIACTUKE. YCTAHOBJIEHO, YTO COOOILIEHHE HWHCTPYMEHTY YJIbTPa3BYKOBBIX
KoJIeOaHUN Mallol  aMIUIMTYJbl  CIIOCOOCTBYET (DOPMHUPOBAHUIO  OJHOPOJIHOW MOP(HOIOTUH
MOBEPXHOCTH OTBEpCTUH 0€3 BBIPHIBOB, OTCIOCHWH M pakoBUH. Ha OOKOBOI MOBEPXHOCTH
OTBepCTUl, 00pabOTaHHBIX C BO3/EHCTBHEM YIIbTPa3BYyKa, NPAKTUUYECKU OTCYTCTBYIOT BBIICPHYTHIE
1 pa3oOprUCHTUPOBAHHBIC apMHUPYIOIIHUEC BOJIOKHA, YTO CBUACTCIILCTBYCT O IMOBLIIICHNHU KAYC€CTBECHHBIX
noKa3zaTesield pa3sMepHO 00pabOTKH YIIICTIIIACTHKOB.

KiroueBble cioBa: MNOJMMCPHBIC KOMIIO3UMIITMOHHBIC MAaTCpHaJibl, YJIbTPA3BYK, CBCPJIICHUC, I[e(l)eKTBI,
MOP(}OJIOTHS TOBEPXHOCTH

EFFECT OF ULTRASONIC DRILLING ON THE SURFACE QUALITY OF HOLES IN THE
STRUCTURAL CARBON FIBER

G.K. Muldasheva

The article presents the results of research into surface morphology of the through and blind holes
with small diameters obtained by ultrasonic drilling of the structural carbon fiber. It has been
established that imparting ultrasonic vibrations of small amplitudes to a work tool ensures a uniform
morphology to the surface of the holes, which helps avoiding the breaks, delaminations, or blow
holes. On the sides of the holes treated by the ultrasound, the pulled and disoriented reinforced fibers
are missing, which provides higher dimensional accuracy to the carbon fiber reinforced plastics.
Keywords: polymer composite materials, ultrasound, drilling, defects, surface morphology



