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MATEMATHYECKOE MOIAEJIUPOBAHUE HAI'PEBA JIUDJIEKTPUKA B CBY
KAMEPE 3D IIPUHTEPA

B.IO. Koxepnukos, 11.B. Mamikos

OnuuMm W3 HampapieHud 3D meyaTu SBISETCS CBEPXBBICOKOYACTOTHBIM JAUAICKTPUUCCKUI
HarpeB, MPUMEHIEMbIH Ui MHTEHCHU(PHUKAIUKA TEPMOOOPAOOTKH PAa3IUYHBIX TUIEKTPUYECKHX
MaTepUalioB, UCMOJIb3YEMbIX i noctpoeHuss 3D momenu. DmekrporexHonorudeckas CBY
ycTaHoBKa ¢ 3D nmpuHTEpOM NO3BOJIIET YCKOPUTH IPOLECC IMPOTOTUIIMPOBAHUS U YCTPAHUTH
TaKH€ HCAOCTAaTKH, KaK z[e(bopMauI/m 00beKTa U HM3MEHEHHE PasMCpPOB IIPU CIICKAHUA IIPpU
WCIIOJIb30BAaHUE B KAUECTBE MaTepuaia IVIMH U JAPYrMX MPEKypcopoB KepaMuk. PaccMorpeHa
MaT€MAaTUYCCKasA MOJCIIb SJICKTPOAMHAMHUKHN U TCIIJIOIIPOBOAHOCTHU IIPpU HArpEBE MHOTOCJIOMHOTO
muniektpuka B CBY  snekTpoTepMuyeckux yCTaHOBKAax JiyuyeBoro Ttuma. llomyuenst
XAPAKTCPUCTHUKH IIPpOLCCCa CBY HarpeBa, HUCIIOJIBb3YEMbIC B ,Z[aJ'IbHeﬁH.IeM JIs1  OLI€HKHU
napamMeTpoOB TEXHOJOTMICCKOIro mpouecca.

Kirouesrlie cioBa: 3D ne4yaTsh, CBerBLICOKOqaCTOTHHﬁ HarpeB AU3JICKTPHUKOB

MATHEMATICAL MODELLING OF MICROWAVE DIELECTRIC HEATING
USING 3D PRINTING

V.Y. Kozhevnikoff, 1.VV. Mashkov

One of the trends in 3D printing is microwave dielectric heating developed to stimulate heat
treatment of various dielectric materials used to construct 3D models. Microwave engineering
units with 3D printers allow for rapid prototyping and eliminate the disadvantages related with
deformation of objects and dimensional changes at sintering when using, clay materials or other
ceramic precursors. The research focuses on the mathematical electrodynamics and thermal
conductivity model applied for heating a multilayer dielectric in the beam-type microwave
electrothermal installations. The obtained characteristics of the microwave heating process can
be used to estimate the parameters of the technological process.

Keywords: 3D printing, microwave heating of dielectric materials

COI'TACOBAHHBIE 3AJJAYHX B ITPOEKTUPOBAHUU METOAUYECKHUX CBY
JEKTPOTEPMUYECKHUX YCTAHOBOK

10.C. Apxanrensckuii, B.O. FOauna

CdopmupoBaHbl COrTacOBaHHBIE 33a]a4ul, KOTOPbIE HAJUIEKUT PELIMTh IPU MPOEKTUPOBAHUN
Metoaudeckux CBY snekrporepmuueckux ycTaHOBOK. [IpensoskeH alroput™M NpoeKTUPOBAaHUS
TaKUX YCTAaHOBOK.

KiroueBrle cioBa: METOAUYECCKUEC CBY QJICKTPOTCPMUYCCKUEC YCTAHOBKH, ITPOCKTUPOBAHUC,
COT'JIaCOBAaHHBIC 3aga4u, OJICKTpOJWHAMUKA, TCIJIOIIPOBOJHOCTD, TCIIJIOMACCOIIEPEHOC,
TCPMOYIIPYTIOCTh, TCXHUKO-OKOHOMHUYCCKASA OINTHUMU3ANUA, MATECMATUUYCCKOC MOACIMPOBAHUC,
CUHTE3 pabouell KaMepbl, ATOPUTM

COORDINATED OBJECTIVES IN DESIGNING METHOD-BASED MICROWAVE
ELECTROTHERMAL INSTALLATIONS

Yu.S. Arkhangelskiy, V.O. Yudina

The paper presents the coordinated objectives and tasks needed in designing the method-
based microwave electrothermal installations. The proposed algorithm is related with the design
of the given facilities.

Keywords: method-based microwave electrothermal installation, design, agreed objectives,
electrodynamics, heat conductivity, heat transfer, thermoelasticity, technical and economic
optimization, simulation, synthesis of the working chamber, the algorithm

BJIUAHUE UWU3MEHEHHSA PEXHNUMOB YJBTPA3ZBYKOBOI'O JPOBJIEHUA
AT'JIOMEPATOB TBEPAbLIX XPYIIKHUX MATEPHUAJIOB HA JUCIIEPCHOCTD
INOJIYYAEMBIX ITIOPOLIKOB



A.II. IlerpoBckuii, A.Il. boukapeBa

HpOBeI[eHBI OKCIIEPUMEHTAJIBHBIC pa6OTBI 110 U3MCEJIBYCHUIO arjiIoMEpPaToB ruapoKcHaraTuTa
M YCTAHOBJICHHUIO BJIMIHHUS TEXHOJOTMYECCKHUX IIapaMETpPOB IIpollecca Ha IIOIYYCHUE
MHKPOAUCIIEPCHOI'O IMOPOMKA € YIYUYIICHHBIMH XapaKTCPUCTHKAMMU: p336pOC qacTul Mmoponika
He Oonee 5 %, aucnepcHOCTh YacTull mopomrka ot 900 M 10 10 MKM.

Kinrouesblie CJIOBA: crieliaabHbIN WHCTPYMEHT, YJIBTPa3ByKOBOE npoOieHue,
TEXHOJIOTUYCCKUEC mapameTpshl, AUCIICPCHOCTDH Iopo1IKa, KOHTPOJIb rnapamMeTpoB
MHUKPOAUCIICPCHOI'O IOpOoLIIKa

THE INFLUENCE OF MODES FOR ULTRASONIC DISRUPTION OF FRAGILE
AGGLOMERATES ON POWDER DISPERSION

A.P. Petrovsky, A.P. Bochkaryova

The conducted experiments were connected with disruption of hydroxyapatite agglomerates
and defining the influence of technological parameters of the process in order to obtain the
microdispersed powder having improved characteristics, such as dispersion of powder particles
at no more than 5%, dispersion of powder particles from 900 nanometers to 10 microns.

Keywords: special tool, ultrasonic disruption, technological parameters, powder dispersion,
control of parameters of micro-dispersed powder

3JIEKTPOTEXHOJIOTUSI HOHHOM MOJUPUKAIIMN AHTHUMOHHIA
HHAUA - MATEPUAJIA NIPEOBPA3OBATEJIEM XOJLJIA JJISI U3MEPHUTEJIEN
CBY MOIIHOCTH

N.B. Ilepunckas, U.B. Pongnonos

HccnenoBano BiausiHMEe 00myueHUs MoHamu renust ¢ sHeprueit 200 xaB u noszoit 6011017-
61018 non/cM2 Ha 0Opa3oBaHHE KBAa3UMOPHCTON CTPYKTYpPhl SMUTAKCHATIBHOTO AHTUMOHHU[A
UHAUS U MOP(OJIOrHI0 CKOJMa, XapakTep, KJIWH TPaBJICHUS NPU HU3TOTOBIECHUH pPeENbe(HOTO
TOIIOJIOTUYCCKOTO pUCYHKAa MHUKPOMHUHUATIOPHBIX npeo6pa30BaTeJIeI71 Xolla Ha OCHOBE
MEXaHUu3Ma 6J'II/ICTepI/IHFa. YcraHoBieH PEKUM MOHHOYCKOPCHHOT'O JIOKAJIbHOTO IPCHU3UOHHOI'O
XUMHYCCKOI'O TPABJICHUS KBA3UIIOPUCTOTO aHTUMOHUIA UHAUSA C LCIIBIO pa3pa60TKH TEXHOJIOTUHN
YMCHBIICHUSA OCTAaTOYHOI'O HAITPS>KCHUA JaTYUKOB XOJ‘IJ‘Ia, HCIIOJIB3YEMBIX B CBY
paauoaliiaparype.

KiroueBsie cioBa: HMOHHO-Iy4yeBas oOpabOTKa, WOHHAs UMIUIAHTAIUSA, MEXaHU3M
OJIHUCT CpHHIa, FCTepOBHI/ITaKCI/IaJ'ILHHﬁ AHTUMOHHW I WHOWUA

ELECTROTECHNOLOGY FOR IONIC MODIFICATION OF INDIUM
ANTIMONIDE AS THE MATERIAL TO HALL-EFFECT TRANSDUCERS IN
MICROWAVE POWER METERS

I.V. Perinskaya, 1.VV. Rodionov

The paper deals with the research into the influence of radiation by helium ions with energy
at 200 keV and the irradiation dose at 61017-61018 ion/sm2 used to form the quasiporous
structure with the depth of the layer of epitaxial indium antimonide up to the gallium arsenide
substrate on the chip morphology, character, an etching wedge at the production of the raised
topological pattern of microminiature Hall transducers on the basis of the blistering mechanism.
The set mode of ion-accelerated local precision chemical etching of quasiporous indium
antimonide in order to form the needed etching wedge of the topological pattern is the basis for
the technology of reducing the residual tension of Hall sensors used in microwave radio devices.

Keywords: ion-beam processing, ionic implantation, blistering mechanism, epitaxial indium
antimonide

HUMUTAIOUOHHAS MOAEJBb PEI'YJIUPYEMOI'O HCTOYHUKA AHO/JHOI'O
HAIIPSIOKEHU S1 JJISA INAKETHUPOBAHHOI'O MATHETPOHA
IMPOMBIIIJIEHHOI'O HABHAYEHUSA

N.N. Aptioxos, A.N. 3emuos, E.C. I'opaees



TexHUKO-3KOHOMHUYECKHUE II0Ka3aTelIu reHCPATOpPOB, HNPUMCHACMBIX B TCXHOJOTMYCCKUX
YCTAaHOBKaX, BO MHOI'OM 3aBHUCAIAT OT DHEPICTHYCCKUX XAPAKTECPHUCTHUK MCTOYHHKA ITHUTAHUA. Ha
Tare pa3pa60TK1/1 HUCTOYHHUKA IHUTAHUA H€06XOI[I/IMO HUMETh MOACIIb I HUCCIECAO-BaHUA
OJICKTPOMAariuTHBIX  IIPOLECCOB. B CTaThe paccMaTpuBacTCaA HUMHUTAIUMOHHAsA MOACJIb
pPEryJIupyeMoro HMCTOYHHMKA aHOJHOIO HANpsOKEHUs i MarHeTpoHa MOIIHOCThIO 3 kBT,
kotopasi moctpoeHa B cpeae MATLAB ¢ makerom pacmmpenus Simulink. JlaHel pe3ynbTaThl
MOZACIIMPOBAHUA, XAPAKTCPUIYIOIIUC BJIMUAHUC CCTCBOI'O0 HAIPSIKCHUA W YIJTIOB YIPABJICHUA
THPUCTOPAMH PETYJISATOPA HAMPSDKEHUS HAa PEXUM PabOThI MArHETPOHHOTO TeHepaTopa.

KiroueBble Cll0Ba: MarHeTpPOHHBIM I'€HEPATOp, HCTOYHMK AHOJHOIO  HAIPSDKEHUS,
HMUTAIIMOHHOC MOACIIUPOBAHNEC

A SIMULATION MODEL OF NDUSTRIALLY APPLICABLE MAGNETRON
GENERATOR WITH ANODE VOLTAGE REGULATOR SIMULATION MODEL OF
NDUSTRIALLY APPLICABLE MAGNETRON GENERATOR WITH ANODE
VOLTAGE REGULATOR

I.1. Artyukhov, A.l. Zemtsov, E.S. Gordeev

Performance of generating plants used in processing installations to a large extent depend on
input and output power characteristics. Therefore at this stage of creating the power supply, we
need a model for investigation of electromagnetic processes within the system. The paper
considers the simulation model for the magnetron tunable by variation of the anode voltage at 3
kW, which has been developed in MATLAB/ Simulink environment. The given simulation
results characterize the impact of the electric line voltage and angle for the voltage control
thyristor on the mode of magnetron generators.

Keywords: magnetron generator, anode voltage regulator, simulation modeling

MATEMATHYECKOE MOJIEJJUPOBAHUE COJIMTOHHBIX BO3MYHIIEHUI
SITPA 3APSIZKEHHOM JTUCJOKAIIMU B MTOJYIIPOBOJHUKE N-THUIIA

C.I'. 'ectpun, E.B. lllykuna, A.C. MexoHHOBa

HOCTpOGHa MaTeMaTUUCCKass MOICIIb, MO3BOJIANOMIAA HCCICAOBATH BOJIHOBBIC ITPOLIECCHI B
ABIPOYHOM Trase, HaxoAaAmEMCs B JJICKTPUYCCKOM IIOJIE, CO3JAHHOM pacClpCaAcICHUCM 3apsala
JAOHOPOB M AKICIITOPOB BOJIH3H OTpULATCIIEHO 3ap;1>1<eHH0171 AUCJIIOKAIlUHU B IMOJTYIIPOBOJHUKOBOM
kpuctauie n-tuna. llokazano, 4yro pemenue ypaBHeHHs Kopresera-ne-Bpusa omnmceiBaer
YECAUHCHHBIC BOJIHBI, PpACIIPOCTPAHAIONIMECA BIAOJIb OCHU LUIMHApPA PI/I,[[a. Honyqua OLICHKa
CKOPOCTH  COJIUTOHA, JUId 3HAYeHMH  (U3NYECKUX [apaMEeTPOB, XapaKTEPU3YIOIIMX
HOJ'IyrIpOBOL[HI/IKOBBII\/'I KpucTajur u o0JacTh BOIN3HU AUCIIOKaAIIuu.

KnroueBbie cnoBa: conuToH, ypaBHeHue KopreBera-ne-Bpuza, monynpoBonHuK, nedext
KPUCTAJUIMYECKOU CTPYKTYPBI, 3apsiKEHHAs JUCIOKALUs

A MATHEMATICAL MODEL FOR SOLITON PERTURBATIONS OF CHARGED
DISLOCATIONS IN n-TYPE SEMICONDUCTORS

S.G. Gestrin, E.V. Shcukina, A.S. Mezhonnova

The presented mathematical model allows for the study of wave excitation inside hole gas of
an electric field produced by distribution of charged donors and acceptors concentrated close to
the negatively charged dislocation line in the n-type semiconductor crystal. It is shown that
solution to the Korteweg-de-Vries equation describes solitary waves propagating along the axis
of the Reed’s cylinder. The obtained estimates refer the soliton speed for the values of physical
parameters characterizing the semiconductor crystal and the area near the dislocation line.

Keywords: soliton, Korteweg-de-Vries equation, semiconductor, defect of crystal structure,
charged dislocation

OIIEHKA BJIUSAHUSA BOSMYIIAIOIHINX ®PAKTOPOB HA DOPEKTUBHOCTDb
®OKYCHUPOBKHN JSJEKTPOMATHUTHOI'O 1IIOJII B 3AJAYAX CBY
TEXHOJIOT U

IO0.E. Cenenpuuxos, /I.B. Hukumuna, O.B. Iloranosa, K.H. Xannkosa



B pabore mnpoBoauTCcs uU3yueHHE BIUSHHS pa30OpOCOB IMapaMeTpOB MAaTepHajoB U
OTKJIOHCHHH amepTypHBIX pACIPEACIICHH Ha BEJIWYUHY TOJOKHUTEIBHBIX A(OPEKTOB Mpu
UCTIOJIb30BaHUM aHTEHH, C(OKYyCHpPOBaHHBIX B 007acTh OJMKHETO W3Iy4aeMoro IMoJisl.
YCTaHOBJ'IeHO, YTO HMCIIOJIB30BaHUC (bOKYCHpOBKI/I HU3JIYUCHUA B Cp€aax ¢ BbIPpAKCHHBIMHA
JUCCHUIIATUBHBIMHA CBOMCTBaAMU uenecoo6pa3Ho npu yYMCPCHHBIX 3HAYCHHAX OTKJIOHCHUA
aMHJII/ITy,Z[HO-(baSOBOFO pacrpeaciiCHrA B aHTCHHAX U I1apaMEeTpOB CPEbI.

KnroueBble croBa: COKYCHpOBAHHBIE AHTEHHBI, OTKJIOHEHHE IapaMETPOB MAaTepUajoB,
MMOTpCIIHOCTH (1)33 U aMIUIMTyd TOKOB, HCOJHOPOAHOCTH IIapaMCTPOB, IIPOCTPAaHCTBCHHOC
pacmpesielieHue, HaNpsHKEHHOCTh AJICKTPHUECKOTO TOJsA, KOX(PQUIMEHT HaNpaBIeHHOTO
NEUCTBUA

ESTIMATION OF DISTURBING FACTORS IN THE EFFICIENCY OF
ELECTROMAGNETIC FIELD FOCUSING WHEN MODELING MICROWAVE
TECHNOLOGY PROBLEMS

Y. Y. Sedelnikov, D. V. Nikishina, O. V. Potapova, K. N. Khalikov

The work deals with a research into the impact of varying material parameters and
deviations in aperture distributions by the amount of positive effects when using antennas
focused on the radiating near field zone. It is found that application of beam focusing in the
medium with distinct dissipative properties is advisable at moderate deviation values of
amplitude-phase distribution in antennas and medium parameters.

Key words: Focused antenna, deviation of material parameters, errors of the phases and
amplitudes of the currents, heterogeneity parameters, spatial distribution, electric field intensity,
directivity factor

METOAOJIO'MYECKHUE MNOAXO/JAbl K ABTOMATU3AIIMUU TITPOLHECCA
YIIPABJEHUSA COBPEMEHHBIM CBAPOYHBIM OBOPYJIOBAHUEM

C.K. Cnepanckuii, 1.B. Ponuonos, A.A. Iloranos

Hpej:momem,l HWHTCJUICKTYAJIbHBIC TCXHOJIOTMK JIA YIPABJICHHUA COBPEMCHHBIM CBApPOYHBIM
O60pYI[OBaHI/IeM Ha OCHOBE HEYETKOU JIOT'UKH, HeﬁpOHHLIX ceTel u 9BOJJIIOIUOHHBIX aJITOPUTMOB
OIITUMHU3AIINHN. OnuceIBarOTCs MCTOAHWKA TIOCTPOCHHUA HCUYCTKUX CUCTEM H OJIOK-CcXeMa
npoueaypbl I¢HCTUYCCKOI'O MPOTrpaMMUPOBAHUA UIA HNPUHATUA HAWJIYYIICTO PCHICHUA IIpU
BbIOOpE QYHKLIMU TPUHAJIEKHOCTH.

KiroueBrle c10Ba: TeHETUYECKUI AJIITOPUTM, HCUCTKHNEC MHOXKECTBA, HeﬁpOHHLIe CETHN

METHODOLOGICAL APPROACHES TO AUTOMATING CONTROL
PROCESSES OF MODERN WELDING EQUIPMENT

S.K. Speransky, 1.V. Rodionov, A.A. Potapov

This article describes intelligent tech-nologies used to control modern welding equipment
based on fuzzy logic, neural networks, and evolutionary optimization algorithms. The article
provides a block diagram of genetic programming procedures for making best decisions.

Keywords: genetic algorithm, fuzzy logic, neural networks

HUCHHOJIB30BAHUE ®PAKTAJIBHBIX CHUI'HATYP JJIA VIIPABJIEHUSA
SJIEKTPOTEPMHUYECKHUM ITPOLHECCOM OKCHUJIUPOBAHUA

A.A. Tloranos, U.B. Ponuonos, C.K. Cnepanckuii, B.A. I'epman

B paGore Ha OCHOBE TMOJNYYEHHBIX OKCIEPUMEHTAJIBHBIX pPE3YIbTaTOB JOKA3aHO
CYIIIECTBOBaHHE Ha TEPMOOKCHUIMPOBAHHOM IMOBEPXHOCTH THUTAHOBBIX H3JENUN (paKTaTbHBIX
KJIACTEPOB C Pa3JIMYHBIMU KOJIMYECTBEHHBIMU I1IapaMeTpaMU, U B CBA3U C 3TUM IPEIJIOKEH
HOBBIM MOAXOJ K aBTOMATHU3alUU DJIEKTPOTEPMHUYECKOTO MPOLECCa OKCHUAUPOBAHMS C
UCIIOJIb30BAaHUEM HEUPOHHBIX CETEH B KOHTYPE YIIPaBICHUS.

KnroueBble cnoBa: pyHKIMOHATIBHBIE TOKPHITHS, PPaKTaJIbl, TEPMOOKCUAUPOBAHHUE

USING THE FRACTAL SIGNATURE TO CONTROL ELECTRO-THERMAL
OXIDATION PROCESSES

A. A. Potapov, I. B. Rodionov, And S. K. Speransky, V. A. German



The paper presents experimental results which show the existence of fractal clusters with
various quantitative parameters over thermal oxidized coatings. We propose a new approach to
automation of the electro-oxidation process using neural networks in the control loop.

Keywords: functional coatings, fractals, thermal oxidized process

FOPUI CEPTEEBUY APXAHI'EJIbCKH. Ko Boi, FOpuii Cepreesnu?



