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OIIPEJAEJIEHUE PALIMOHAJIbBHBIX YCJIOBUM CBOPKH W HACTPOMKH
NbE30OKEPAMMYECKHUX IPEOBPA3OBATEJIEM ITPH PE3AHUU METAJLJIOB
C.N. Aranos, A.®. Toncrakos, O.®. KopnensHckuii
PaccMoTpeHbl BOPOCHI paliMOHAIBHBIX YCIOBHM COOPKHM U HACTPOHKH MbE30KEPAMHUECKUX
npeoOpaszoBareneii, MPUMEHSIEMBIX MPH JIE3BUIHON 00pabOTKU MaTepUAIIOB.
Knrouesvie cnosa: IMbE30KEPAMHUYCCKUEC npeo6pa3OBaTeJm, YIbTPAa3BYKOBLIC KOJ'IC63HI/I$I,
3yoodpesepoBanume, 3y0010101eHHE
DETERMINATION OF RATIONAL CONDITIONS FOR ASSEMBLYAND
ADJUSTMENT OF PIEZOCERAMIC TRANSDUCERS WHEN CUTTING METALS
S.I. Agapov, A.F. Tolstyakov, O.F. Korpelyanskiy
The paper discusses the issues of rational conditions for the assembly and adjustment of
piezoceramic transducers used in blade processing of materials.
Keywords: piezoceramic transducers, ultrasonic vibrations, gear milling, gear shapin

YCTAHOBKA CBY CYHIKHU CEJIbCKOXO3SIMCTBEHHBIX ITPOJYKTOB B
®EPMEPCKHX XO3SIMCTBAX
b.K. Cusskos, C.B. I'puropssiu

[Tpennoxen Bapuant CBY yCTaHOBKHM C KPYrOBBIM JABM)KEHHUEM CEJIbXO3MPOJIYKTOB uepes
COBOKYITHOCTb JKEITOOKOBBIX BOJIHOBOAOB, peanmy}omeﬁ HUKIIMYCCKYIO TCEXHOJIOTUIO CYIIKH
CENIbXO3MPOAYKTOB. DTO TMO3BOJSET IMOBBICUTH 3(PPEKTHBHOCTh CYIIKH TPH OTHOCHTEIBHO
MaJIbIX ra6apHTaX YCTAaHOBKU MW CHU3UTH HOTpe6J'IeHI/Ie QJICKTPOSHEPIHUH, YTO BaXXHO IJIA
(dhepMepCKUX XO3SICTB.

Kniouegvie cnosa: ycranoBka 1ukiaumyeckod CBY  cymku — cenbCKOXO3SIHICTBEHHOMN
IPOAYKIMH, KpyroBoe ABuxkeHue npoaykra B CBUY nosne, xenoOKoBble BOJIHOBO/IbI, BCTPEYHOE
JABHUKCHHEC IIOTOKOB CBY 9HEPIHUU B BOJIHOBOJAX, aHAJIU3 IIOTCPb SHCPTHUU B IIPOAYKTC

INSTALLATION OF MICROWAVES FOR DRYING AGRICULTURAL
PRODUCTS BY FARMING ENTERPRISES
B.K. Sivyakov, S.V. Grigoryan

The article presents an option for a microwave installation with a circular motion of
agricultural products through a set of groove type waveguides to implement a cyclic technology
of drying agricultural products. This technology increases the drying efficiency under relatively
small dimensions of the installation, and allows for reducing electricity consumption, which is
important for farming enterprises.

Keywords: installation of a cyclic microwave dryer of agricultural products, circular
movement of the product in the microwave field, groove type waveguides, counter movement of
the microwave energy flows in the waveguides, analysis of energy loss in the product

CBY YCTAHOBKA JJisA PETEHEPALIUU HEOJIMNTOB
K.H. Orypuos, I.H. Auronos, A.B. bypkos, B.C. Cemoukun, A.}O. Cumaranos
HpCI[CTaBJ'ICH OIIBIT pa3pa60TK1/1 YCTAHOBOK MW MCTOAOB PCreHCpannn COp6eHTOB B
YCTPOMCTBAX MOATOTOBKH MMITYJIBCHOTO Ta3a.
Kniouesvie cnosa: CBY nusnekTpuuecKuil HarpeB, LEOJMT, pereHepanus, aacopOrus,
JecopOnus
MICROWAVE DEVICE FOR THE REGENERATION OF ZEOLITES
K.N. Ogurtsov, I.N. Antonov, A.V. Burkov, V.S. Semochkin, A.Yu. Simaganov
The article presents an experience relating the development of devices and methods for
regeneration of sorbents in the devices for instrument gas preparation.
Keywords: microwave dielectric heating, zeolite, regeneration, adsorption, desorption



INPUMEHEHUWE CBY DOHEPI'MM 1JIs1 HAI'PEBA ’KUJIKOCTH B IOTOKE
B.O. FOnuna, FO.C. ApxaHreiabcKkui

PaccmarpuBaerca npumenenne CBY  osHeprum B TEXHOJIOTMYECKMX  IIpoleccax
TepMOOOPaOOTKU KHUJIKOCTH C LENbI0 HCCIEAOBAHUS HCTOPUHU, COCTOSHUS U TEPCHEKTUB
TepMooOpaboTkn B CBY  3JeKTpOMAarHUTHOM TIOJ€ OJKUIKOCTH B TMOTOKe. Mcropus
TepMO0OpabOTKU KUAKOCTU B MOTOKEe ¢ momoribio CBY sHeprum paccMoTpeHa Kak cOocTaBHas
yacte ucropun CBY nuanexkrpuyeckoro HarpeBa. OILIEHEHBI pE3yJbTaThl IPOBEAEHHBIX
uccieoBaHui U pa3paboTtok B oOmactm CBY HarpeBa »XMIKOCTEH B IOTOKE, OIPEICICHBI
NEPCIIEKTUBBI HAYYHBIX UCCIIEN0BaHUM U npakTudyeckoro npuMeHenuss CBY narpesa xunkocreit
B [IOTOKE.

[Tokazano, 4To Hauany McclieqoBaHUN U pa3paboTok B obsactu CBY HarpeBa qU3JIEKTPUKOB
MOCIYKWIH YCIEXH 3JEKTPOHUKHA B OCBOCHHMM JIMAIla30HA CBEPXBBICOKHUX YAaCTOT U YCHEIIHOE
npuMmeHeHne CBY »yieKTpoMarHuUTHBIX KosiebaHMIl B pajuojokanuu. bosbiioe BHUMaHHE K
npuMmenennto CBY sHeprum B TEXHOIOTMYECKUX MPOIeccax MPOSIBIIN CIIEHUATUCTBI B 001aCTH
TEXHOJIOTHI THILEBBIX MPOU3BOJCTB, MOTOMY 4YTO K cepeauHe XX B. BO3MOXHOCTH
WHTCHCU(HUKAIIMU TPOLIECCOB B IMHILEBOI MPOMBIIIJICHHOCTH, B MPUTOTOBICHUU MUIMU OBLIU
IIPAKTUYECKHU Hcueprianbl, a npuMeHeHne CBY sHepruu OTKphIBajo B 3TOM OTHOILIEHUU HOBbIE
MEPCHEKTUBBL, B TOM YUCIE U JIJIS IACTEpU3ALIMU MOJIOKA, CTOJIb PACIIPOCTPAHEHHOI'O TUIIEBOTO
npoaykra. [IpoMelnieHHble 00bEMBI TEPMOOOPAOOTKH MOJIOKA TPEOYIOT OCYILECTBISATh HArPEB
B noToKe. bpumu pazpaboransl MeTo bl ipoekTupoBanuss CBY macrepu3aTopoB, yCTaHOBOK s
CYLIKM M HarpeBa pa3jM4HbIX MUIIEBBIX MPOIYKTOB U APYIHX IUAJIEKTPUKOB, pa3pabOTaHbl U
ucneiTanbl KoHCTpyknmun CBY mactepuzatopa monoka B moToke, ObitoBoit CBY meun u
paznuuHbiX TUOB CBY  3leKTpOTEpMHUYECKHMX YCTAHOBOK ISl  Pa3jIMUHBIX OTpacieu
npoMbIieHHOCTH. C  MepexoJoM K pPHIHOYHBIM OTHOILIEHUSIM OOBEMBbI HCCIEIOBAaHUN U
paspabotok B oomactu CBY anekTpoTepMun CyIecTBEHHO COKPATHIIUCH.

Ceiiuac OCHOBHOE BHHMAaHME YJENsIeTCS HCCIENOBaHUSIM U pa3paboTkaM B o01acTu
HeterioBot CBY Moaudukanuu AMAIEKTPUKOB, B TOM YUCIE M JKUIKOCTEH B MOTOKE. DTOT
s dexT Obl1 ycTaHOBIEH B rojabl uzydeHus BinusiHus CBY snekTpoMarHUTHBIX KoliebaHMiI Ha
MUKpPOOPTraHU3Mbl B MOJIOKE, a M03]JHEE OH OblI OOHAPYKEH U B JIPYIHX MOJTUMEPAX HEKHUBOU
IIPUPOJIBIL.

[Toka wuccnenoBanocs mnpumenenne CBY sueprum a1 0o0paOOTKM  HBIOTOHOBCKHX
KUAKOocTed. PaccMOTpeHBl  BOIpOCHI  JBWJKEHHsS B TpaHCHOpTHBIX KaHamax CBY
AIIEKTPOTEXHOJOTUYECKUX YCTAHOBOK HEHBIOTOHOBCKUX JKUAKOCTEH, Tak Kak npumeHeHne CBY
SHEPIUH JaeT BO3MOKHOCTb YMEHBIINUTH BA3KOCTh OTUX CPEJl, TO €CTh MOIYYUTh KUIKHUE CPEBI,
MPOTEKAIONIUX B TPAHCIIOPTHBIX KaHanax ¢ 0oibIiei ckopocThio. Onenensl nepcenektuBsl CBY
HarpeBa HEHbIOTOHOBCKHX KUJKOCTEN B ITOTOKE.

Kniouegvie cnosa: CBY nuanekrpuueckuii HarpeB, CBY 3ieKTpoTexXHOJIOTHYECKUE
YCTaHOBKHM, nuIeBble TexHosnoruu, CBY nHarpeB xuakoctu B notoke, CBY macrepuzanus
Mosioka, HererioBass CBY  wmoaudukamuss >KMIKOCTEM B TOTOKE, HBIOTOHOBCKHE U
HEHBIOTOHOBCKHUE KUIAKOCTH

USING THE MICROWAVE ENERGY FOR HEATING THE FLUID FLOW
V.0. Yudina, Yu.S. Arkhangelskyi

Application of the microwave energy in technological processes related with heat treatment
of fluids is considered with the aim to research the history, status and possibilities of heating the
flow of fluids in the microwave electromagnetic field. The history of heat treatment of the fluid
flow using the microwave energy is considered as an integral part of the history of microwave
dielectric heating. The results of the research and development in the field of microwave heating
of flowing fluids are estimated. The prospects for scientific research and practical application of
the microwave heating of flowing fluids are determined.



It is shown that the starting point for the research and development in the field of microwave
heating of dielectrics was a success achieved in investigating the range of ultra-high frequencies
and successful application of microwave electromagnetic waves in the radar area. Particular
emphasis to application of microwave energy in technological processes was made by the
experts in the field of food production technologies, since by the middle of XX century the
possibilities to enhance the processes in the food industry and cooking operations have been
practically through. Meanwhile, usage of the microwave energy has opened up new perspectives,
including a possibility to pasteurize milk that is a commonly used food product. Industrial-scale
heat treatment of milk requires heating the flowing fluids. The methods for designing microwave
pasteurizers, installations for drying and heating various food products and other dielectrics were
developed. The design of a microwave pasteurizer for milk flows, a household microwave oven,
and various types of microwave electrothermal installations for various industries were
developed and tested. With transition to the market economy, the number of research and
developments in the field of microwave electrothermy has significantly reduced.

Currently, the focus is placed on research and development in the field of non-thermal
microwave modification of dielectrics, including flow of fluids. This effect was established
during the studies of microwave electromagnetic waves on milk microorganisms, and later it was
found in other polymers of inanimate nature.

So far, the research has been made into application of the microwave energy for treating the
Newtonian fluids. The issues of movement of non-Newtonian fluids in the transport channels of
microwave electrical technology installations have been considered, since the usage of
microwave energy makes it possible to reduce the viscosity of these media, i.e. to obtain the fluid
media flowing along the transport channels at greater speed. The prospects for microwave
heating of non-Newtonian flow of fluids are estimated.

Keywords: microwave dielectric heating, microwave electrotechnological installations, food
technology, microwave heating of the fluid flow, microwave pasteurization of milk, nonthermal
microwave modification of flowing fluids, the Newtonian and non-Newtonian fluids

OIITUMU3ALINA BTOPUYHOI'O DJDJEMEHTA HUWJIHMHIAPUYECKOI'O
JJMHEWHOI'O BEHTUJIBHOI'O IBUT ATEJIS
2.0. Tumamés, JI.A. Yupkos, H.B. lllynakos, A.Jl. Koporaes
HpeI[CT ABJICHBI PE3YIbTAThI HUCCIICO0BAHUA 3aBUCUMOCTH TATOBOT'O yCUusa
OUITMHAPHUYICCKOTO JIMHEWHOI0 BEHTWJILHOIO ABUTATCIIA OT KOHCTPYKHOHWH €ro BTOPHUYHOI'O
JJICMCHTA. I/ICCJ'IG,HOBaHI/IC MMpOBOANIIOCH HAa MOJACIIN ABUIATCIIA, HOCTpOCHHOfI B MMpOrpaMMHOM
naketre ANSYS Maxwell, pacuér MarHUTHOTO TOJSI B KOTOPOW BEAETCS METOAOM KOHEYHBIX
JJICMCHTOB.
Kniouesvie cnosa: MMAMHAPUYECKUI JTMHEWHBIN BEHTUJIBHBIA JIBUTATENb, TATOBOE YCHIIME,
MOACIINPOBAHUC
CYLINDRICAL LINEAR ELECTRONIC MOTOR SLIDER OPTIMIZATION
E.O. Timashev, D.A. Chirkov, N.V. Shulakov, A.D. Korotaev
The article presents the results of investigation into dependence of cylindrical linear
electronic motor tractive force on the slider construction. The investigation related the motor
model built in the program pack ANSYS Maxwell, which calculates the magnetic fields using
the finite element method.
Keywords: cylindrical linear electronic motor, tractive force, modeling



HNOBBIIEHUE 3®®EKTUBHOCTU ®YHKIIMOHUPOBAHUSA NMPUBOPOB
BE3OITACHOCTHA 3JIEKTPOBO3A IIEPEMEHHOI'O TOKA CEPUHU BJI-80
H.A. MeHIUKOB
Hpe,I[CTaBJ'IeHBI pE3YIbTAaThl HCCICAOBAHHA B 00JIaCTH MOBBLIIIEHUS S(b(l)eKTI/IBHOCTI/I
(YyHKIMOHMPOBAHUSI PETHCTpAaTOpa TapaMeTpOB JIBUKEHHS W ABTOBEJCHHUSA TPY30BOTO
anektpoBo3a cepuu BJI-80c. TexHudeckuii pe3ynbTaT HOCTUTACTCS TEM, YTO PETHCTPATOP
[IapaMeTpoB JIBWJKEHUSI U aBTOBeleHUs 3nekTpoBo3a PIIJIA-D, coxepkamuil JaT4uk MyTH U
CKOpPOCTH, OATYUKH OAaBJICHUA WM AaTYHUK TEKYIICTrO BPEMCHH, B OTINYHUE OT OpHFHHaHLHOﬁ
KOHCTPYKLIUHU JOTIOJIHUTEIBHO COAEPIKUT UCCKYCTBEHHYIO HEHPOHHOBYIO CETh, OJIOK 00paboTKH
BXOIHBIX IIapaMETPOB, BBIYHUCIUTCIIb C IIOAKIIOYCHHBIMU K HEMY KHaBHaTypOfI, 0JIOKOM
WHAWKaAlUu1, CBHEMHBIM 6JIOKOM HAaKOIIJICHUA I/IH(i)OpMaLII/II/I U C IMNOAKIKYCHHBIMU 4YCPC3
HH()OPMAITMOHHYIO IIMHY TpeMs OJIOKaMH MpeoOpa3oBaTeNIe, JaTYMKaMH TOKA, HAMPSDHKEHUS U
JaTYMKOM MOMCHTA BpallCHHUA AKOPA TArOBOTO JABUIATCIIA, IIPU 3TOM ChEeMHBIN 6HOK
HAaKOIIJICHUA I/IHq)OpMaI_II/II/I uepe3 0JI0K COIMPs>KEHUSA COCAMHEH C IIEPCOHATIbHBIM KOMIIBIOTEPOM,
a BMCCTO JAaTUYMKOB IIYTH U CKOPOCTHU HCIIOJIB3YCTCA JUHAMHUYCCKAA MCKYCCTBCHHAs HeﬁpOHHaﬁ
CCTh.
Knrouegvle cnosa: >neKTPONOJIBHKHOM COCTaB, KOHTPOJIb, HEHPOCETEBOWM HaOIIOIATETh
CKOPOCTH 3JICKTPOBO34, HpI/I60pBI 0e30ImacHOCTH QJICKTPOBO3a
UPGRADING EFFICIENCY OF THE SAFETY DEVICES IN THE ELECTRIC
ALTERNATING CURRENT TRANSMISSION LINE OF THE VL-80S SERIES
I.A. Menshikov
The results of the research into improving efficiency of the recording system of the motion
parameters and auto-driving of the cargo electric locomotive of the VVL-80s series are presented.
The technical result is achieved by the fact that the recorder of the motion parameters and auto-
driving of an electric locomotive (RPDA-¢e), containing a path and speed sensor, pressure sensors
and a current time sensor, in contrast to the original design, additionally contains an artificial
neural network (ins), an input parameter processing unit, a calculator with a keyboard connected
to it, an indication unit, a removable information storage unit, and three blocks of converters
connected via an information bus, current, voltage sensors and a torque sensor traction motor
anchors. In this case, the removable data storage unit through the interface unit is connected to
the personal computer, and a dynamic artificial neural network is used instead of the path and
velocity sensors.
Keywords: electric rolling stock, control, neural network observer of electric locomotive
speed, electric locomotive safety devices

PA3BPABOTKA CUCTEMBI TEXHUYECKOH JIUATHOCTUKHA
CHHXPOHHOTI'O TATOBOI'O TEHEPATOPA TEIIJIOBO3A CEPUM TOII-70
N.A. MeHI1umkos
[IpencraBieHsl pe3ynbTaThl HCCIEAOBaHUS B 00JacTU MOBBIIEHUA d()PEeKTUBHOCTU
JTUATHOCTHPOBAHUS CHHXPOHHOTO TATOBOTO TeHeparopa TeruioBoza cepum  TOII-70.
TexHUUecKUi pPe3ysabTaT JOCTUTaeTCd TEM, YTO PEIICHHE 3a7ady aBTOMATHU3alMu KOHTPOJIS
TEXHUYECKOTO COCTOSIHHS DJIEKTPOOOOPYIOBAHUS SJIEKTPOBO3a YIOOHO BBIMOIHATH C TTOMOIIBIO
anreOpanvdeckux METO/OB, KOTOphle Oa3upyloTcs Ha HCIOJIb30BaHUM  HH(OpManuu,
COJIEpXKAIICICS B PA3IUYHBIX COUETAHUAX OWMHAPHBIX 3HAYCHUW MPHU3HAKOB, CIIEKTPAIBHOTO U
KETCTPAIbHOTO aHalM3a TOKa B TpexdaszHOH Ienu OOMOTKH CTaTopa CHHXPOHHOTO TSATOBOTO
reHepaTtopa TEIUIOBO3a. JTO TO3BOJSET OOXOMUTHCS MaJbIMH BBIOODKaMHU W 00ECIeYrBaTh
BBICOKYIO HaJI€)KHOCTh PACIlO3HABAHUSI.
Knrouesvie cnosa: naccaxupckuii temnoBo3 TOII-70, auarHocTUKa CHHXPOHHOTO TSTOBOTO
reHepaTopa, CIEKTPAIbHBIA M KENCTpajdbHBIA aHAW3 TOKa Tpexda3zHoil OOMOTKH CTaTopa,
HAJEKHOCTh ITOJBHIKHOI'O COCTaBa



DEVELOPMENT OF THE SYSTEM OF TECHNICAL DIAGNOSTICS FOR
THE SYNCHRONOUS TRACTION GENERATOR OF THE TEP-70 LOCOMOTIVE
I.A. Menshikov
The article deals with the results of the research into improving the diagnosing efficiency of
the synchronous traction generator locomotive of the series TEP-70. The technical result is
achieved by the fact that solution to the problems of automation and control of the technical
condition of electric locomotive equipments is performed with the help of algebraic methods,
which are based on the data contained in the various combinations of binary values of the
spectral and cepstral analysis of the current in the three-phase circuit of the stator winding in the
synchronous traction generator of the locomotive. This makes it possible to manage with small
samples and provide high recognition reliability.
Keywords: passenger locomotives TEP-70, diagnostics of the synchronous traction generator,
spectral and cepstral analysis of the three phase current of the stator winding, reliability of the
rolling stock

OINEHKA BKJIAJA IOTPEBUTEJIE B YXYAIIEHHUE IMOKA3ATEJIEM
KAYECTBA 3JIEKTPOSHEPT'UA
A.9. knsapekuii, FO.B. PactBoposa, 1.C. Ilerpos
[TIpuBeneno o00CHOBaHHWE  HEOOXOJMMOCTH  JajbHEWIeH  pa3paboTKu METOOB,
IIO3BOJIAOIIINX OJAHO3HAYHO BBIABUTH HOTpG6HTCJICI>i, BHOCAIIIUX OHpGIlGJIi[IOHH/Iﬁ BKJIad B
YXyAuieHue IoKa3aTejiel KadecTBa QJICKTPOSHCPIrUhn B  CUCTCMAX SJIGKTpOCHa6)KeHI/IH
npennpustuil. [IpeanosxeH HOBbIM MeTOA, 00IaJaIOUI 0THO3HAYHOCTBIO, YTO OTJIMYAET €T0 OT
HU3BCCTHBIX METOIOB. HOKaSaHO, qTO METOA HE 3aBHCUT OT TOUYHOCTH I/IBMepeHHﬁ. HOJ’IO)KGHI/ISI,
MMpEACTAaBJICHHLIC B CTATbHC, MOATBCPKIAAIOTCA PE3yJIbTaTaMU HUMUTALITMOHHOI'O MOICIUPOBAHUSA.
B ocHoBe MCTOOA JICKUT IPUHOUII HN3MCHCHHA BXOJIHOI'O COIIPOTUBJICHHA CHUCTCMEI,
OCYIECTBIISIEMBIN ITOCPEJICTBOM BapbUPOBAHUSI COIIPOTHBIICHUSI 0OMOTOK TpaHchopMaropa, 4to
MOeT OBITh p€ajin30BaHO C ITIOMOIIBLIO YCTpOﬁCTBa peryjinpoBaHus 1oa HanYSKOﬁ. ITokazansbl
MNEPCHCKTUBLI MPUMCHCHUA MCTOHAA IJId ONPCACICHUA BKJIaJa OTACIbHBIX HOTpC6PITCJI€ﬁ B
MNPOUOCHTHOM COOTHOHICHHHW B H3MCHCHHC MoKa3arejieil KadecTBa QJICKTPOSHEPIUN CHUCTCMBI
AIIEKTPOCHAOKEHUS IPEATIPUATUH.
Kniouesvie cnosa. BBICIIHE rapMOHUKH, HeJIUHeHHas Harpyska, rapMOHUYCCKUEC UCKAKCHU,
Ka4yeCTBO BHGKTpI/I‘ICCKOﬁ OHEpPIrun
ESTIMATING CONSUMERS’ CONTRIBUTION TO DETERIORATION OF
ELECTRIC POWER QUALITY INDICATORS
Y.E. Shklyarskiy, lu.V. Rastvorova, 1.S. Petrov
The article presents the rationale for further development of the methods that uniquely
identify consumers who dominantly contribute to deterioration of electric power quality
indicators in the power supply systems of enterprises. A new unambiguous method is proposed
that is different from the commonly used methods. It is shown that the new method does not
depend on the accuracy of measurements. The statements presented in the article are confirmed
by the results of computer simulation. The method is based on the principle of changing the input
impedance of the system, which is carried out by varying the resistance of the transformer
windings, and can be implemented using the on-load tap-changer. The prospects for applying the
given method to determine the contribution of individual consumers in changing the quality
indicators in the electric power supply system of enterprises in terms of percentage correlation
are shown.
Keywords: harmonics, non-linear load, harmonic distortion, electric power quality



KOMIIBIOTEPHOE MOJEJIUPOBAHUE CTPYKTYPHBIX N3MEHEHUHA B
OTBEPXKJIEHHBIX IMOJUMEPHBIX KOMIIO3UILIMOHHBIX MATEPUAJIAX IO/
I[EﬁCTBI/IEM CBY 2JIEKTPOMATHUTHOTI'O ITOJIA

N.B. 3no6una, H.B. bekpenes, K.C. boxsruna

Paszpabotanbl ¢gusnueckue U (HEHOMEHOIOTHUECKUE MOIETH MU3MEHEHUS MHUKPOCTPYKTYPBI
MOJIMMEPHBIX KOMIO3UITMOHHBIX MaTtepuaioB (IIKM) mox nefictBuem CBY 351eKTpOMarHu THOTO
IoJIs1 W BBIIIOJIHCHA HUX BU3yaJIM3alluad B BUAC JABYMCPHBIX M TPCXMCEPHBIX KOMIIBHOTCPHBIX
Mojeneld MeX(pa3HOro CJI0S «MaTPUIIA-BOJIOKHO». TpexMepHash MOJeib JIEMEHTAPHOU SYCHKH
ObLIa IMOCTPOCHAa B BHUJAC IMapajliCICIUIICad, 3aIllOJHCHHOI'O ManHHGﬁ C pasMCUICHHBIM B
CpEAHEM CCUCHUH BOJIOKHOM. OTHoIIeHne IIOIIEPEUYHOro pasMepa K INpoaA0JIbHOMY IIPUHATO 1:5
u 1:50. B xauectBe Monenun Mex(asHOrO CJOs MPHUHATH NPOJOJbHBIE pedpa MaTpPHULIBL,
KOHTAaKTHUPYIOIIHUEC C IIOBEPXHOCTHIO BOJIOKHA. Ha OCHOBC aHaJIn3a QJICKTPOHHBIX
mukpogororpaduii [IKM, cBHIETETBCTBYIONIMX O YBETUYEHUH 3JIEMEHTOB MUKPOCTPYKTYPHI B
MaTpuuc u Me)K(bafiHOM CJIOC IIOCJIC BOB,I[GfICTBI/IH CBY OJICKTPOMAarouTHOI'O I10JId, IMPEAJI0KEHO
B Ka4YCCTBC MOJCIIM YKA3aHHBIX U3MCHEHUHU YBCIMUYCHUEC KOJIMYCCTBA KOHTAKTHBIX p66€p B
ajeMeHTapHoOU sueiike. [lo pesynbraraM MoAETUpPOBaHUSA HANPsHKECHHO-AE()OPMUPOBAHHOTO
COCTOSIHHS JIEMCHTApHOU sTYeHKHU B MporpaMMHoi cpeae COMSOl KOHCTaTHPOBAHO YBEIUYCHUE
MOAYJIA IOura u HaHp}I)I(eHI/Iﬁ Mu3zeca B MaTpune 1mocjie BOSL[GfICTBI/IH CBY QJICKTPOMAaroHuTHOIoO
I0JI1 COOTBETCTBEHHO Ha 25,8 u 24,6%, 4TO yIOBJIETBOPUTEIBHO COBIAAAET C pPe3yjbTaTaMu
OKCIICPHUMCHTA. HpI/I 9TOM YKa3aHHBIC ITAPpaMETPhbl BOJIOKHA HE U3MCHUJIKCh, Me)K(l)a?»HOFO CJI0A
YBEJIMYMWINCH HE3HAUUTENbHO (Ha 7,6%). Ha ocHOBE BBINOJIHEHHBIX UCCIIEI0OBAaHUI IPEITIOKEHO
B KaueCTBC OAHOI0O M3 MCXAHU3MOB YIIPOUYHCHHA B CBY QJICKTPOMArouTHOM  I1I0JIC
orBepkaAeHHbIX [IKM mnpenMylnecTBEHHOE YBEIMUYEHHE MOAYJS YIPYTOCTH M INPEAEIbHBIX
HaHp}I)KeHI/Iﬁ MaTrceprajlia MaTrpuibl B COUCTAHHMM € POCTOM KOJIHUYCCTBA o0JlacTei KOHTaKTa
MaTpulbl C MOBCPXHOCTHIO BOJIOKHA BCICACTBUC YMCHBIICHHA PpPa3MCpPOB arjioMeparoB U
BO3paCTaHHUA UX KOJIMYCCTBA.

Knrouesvle cnosa. mukpoctpykrypa, CBY anexkTpoMarHuTHOE 1OJIe, MaTpUlla, apMHUPYIOIIEe
BOJIOKHO, Me)K(l)aSHbIﬁ CHOﬁ, KOMIIBIOTCPHOC MOJICIHUPOBAHUC, DJJIICMCHTAapHAasd H‘IeﬁKa,
KOHTaKTHBIE 00J1acTU MEK(]Pa3HOTO 10

COMPUTER SIMULATION OF STRUCTURAL CHANGES IN THE CURED
POLYMERIC COMPOSITE MATERIALS UNDER THE INFLUENCE OF THE
MICROWAVE ELECTROMAGNETIC FIELD

I.V. Zlobina, N.V. Bekrenev, K.S. Bodyagina

Physical and phenomenological models of changes in the microstructure of polymer
composite materials (PCM) under the impact of the microwave electromagnetic field are
developed and visualized in the form of two-dimensional and three-dimensional computer
models of the matrix-fiber interphase layer. The three-dimensional model of the unit cell was
built in the form of a parallelepiped filled with a matrix with a fiber placed in the middle section.
The ratio of the transverse to the longitudinal size is 1:5 and 1: 50. As a model of the interfacial
layer, the longitudinal edges of the matrix contacting the fiber surface are accepted. Based on the
analysis of electronic microphotographs PCM, indicating an increase in the microstructure
elements in the matrix and the interfacial layer after exposure to the microwave electromagnetic
field, as a model of these changes it is proposed to increase the number of contact edges in the
unit cell. According to the results of modeling the stress-strain state of the unit cell in the Comsol
software environment, an increase in the Young's modulus and the von Mises stresses in the
matrix after the impact of the microwave electromagnetic field was found as 25.8% and 24.6%,
respectively, which coincides with the results of the experiment. In this case, the specified fiber
parameters have not changed, whereas the interfacial layer parameters have slightly increased
(by 7.6%). Based on the performed research, it is suggested, as one of the mechanisms of
hardening in the microwave electromagnetic field of the cured PCM, to primarily increase the
elastic modulus and ultimate stresses of the matrix material in combination with an increase in



the number of contact areas in the matrix with the fiber surface due to decreasing the size of the
agglomerates and increasing their number.

Keywords: microstructure of the microwave electromagnetic field, matrix, reinforcing fiber,
an interphase layer, computer simulation, a unit cell, the contact area of the interfacial layer

HNCITIOJIb30OBAHUE COEI[I/IHEHI/II?'I KPEMHUA
T.H. Kneiiménona, O.B. Paenxkas
[Tpou3BonuTcst aHanu3 cdep UCHOIB30BAHUS COCTUHEHUN KPEMHHUS B IOJYIPOBOIHUKOBOM
TEXHUKE W KaK CpCACTBa HpOTHBOl’IO)K&pHOfI 3alllMThl B aBHAllNH. HpeI[CTaBJ'IeHHHﬁ Marepuall
MOYKHO HCHOJb30BaTh NPU H3YYEHHH KypcoB «Xumusy», «Ikomorus» u «MuHpopmaTnkay B
BOCHHOM BY3¢€.
Knouesvie cnosa. KpCMHHﬁ, QJICKTPOTCXHUUCCKHUEC W KOHCTPYKIHOHHBIC MAaTCpHaJlbI,
MMOJIYIIPOBOAHUKH, KPEMHHUEBBIC OIITUYCCKHUE KOMIIOHCHTBI, KOCMUYCCKasA TEXHUKA
UTILIZATION OF SILICON CONNECTIONS
T.N. Kleimenova, O.V. Raetskaya
The article analyzes utilization of silicon compounds in the semiconductor technology and as
a means of fire protection in aviation. The presented material can be used in the study of
chemistry, ecology and informatics courses in military universities.
Keywords: silicon, electrical and structural materials, semiconductors, silicon optical
components, space technology

HUHTEJUJIEKTYAJIBHBIE CUCTEMBbI YIIPABJIEHUA AYT'OBbIM
NNEPEIIJIABOM
H.A. laBergoB, A.B. IlomoB
PaCCMOTpeHI)I BOIIPOCBI NPHUMCHCHHUA B CHUCTCMAX HMHTCIUICKTYAJIbHOI'O YIHIPAaBJICHUA
yCTaHOBKaMH Jayrosoro mnepermiasa, anroput™MoB ['OCT P 52633.5. OmnpezneneHsl OCHOBHBIE
npuHuunsl npuMmeneHuss MCY, npemiokeHa MeTOAMKA YBEJIWYEHHS KaHAJIOB IOJIYYEHHS
o0wvexTuBHON MHpopMmaru coctosaus JICIIL. [IpennoxeHsl BapHaHThl ONTHMH3AIMH MpoOIiecca
AYTOBOTO MEpECIIaBa CTaJIH.
Kniouesvie cnosa. THT CJUICKTYAJIbHBIC CUCTEMBI, YIIPABJICHUC, ,ZLYFOBOI\/'I IeperIaB
USING INTELLIGENT SYSTEMS TO CONTROL THE ARC REMELT
PROCESSES
D.A. Davidov, A.V. Popov
The article considers the issues relating application of arc remelting algorithms GOST
R 52633.5 in intelligent control systems. The basic principles of application of intelligent control
systems have been defined, and a method for increasing the channels of obtaining unbiased
information relating the state of arc melting has been proposed. The variants needed for
optimization of arc remelting processes of steel are suggested.
Keywords: intelligent, systems, control, arc, remelting

HNCCIEJOBAHUE JE®OPMALIMOHHOI'O u CTPYKTYPHO-
MEXAHHUYECKOI'O COCTOSIHUSA CTAJIM 16XCH B IPOIIECCE BBICAJKH
BHUHTOB C IOTAMHOM I'OJJIOBKOM U KPECTOOBPA3HBIM IIIJIMIEM

B.B. I'ankun, I'.H. I'aBpunos, A.B. bparyxun, A.A. Jlepbenes

Brimonneno wuccnenoBanue aeOPMAIMOHHOTO U CTPYKTYPHO-MEXaHUYECKOTO COCTOSIHHS
cramu 16XCH B mpomecce XOJOAHOM BBICAJKM BHHTOB C TOTAaHOMW TOJIOBKOM H
KpecTooOpa3HbIM  nuiumeM.  Micronb3oBaHa  KOMIUIEKCHAas ~ METOJAMKA,  BKIIFOYAOINAs
nedopMalMOHHBI  aHAIM3 METOJOM Martematudeckoro wmogeiupoBanus (DEFORM-3D),
MUKpPOCTPYKTYPHBIA ~aHaNU3 © 3aMepbl MHKPOTBEPAOCTH B TPOJAOJNBHBIX  CEUYCHHUSAX



ONCpallOHHBIX 3arOTOBOK. B X04€ ucciea0oBaHusd B 06I>CM€ TOJIOBKHM BUHTOB OIIPCACIICHBI 30HBI,
OTJIMYAIOIINECS BEITUYMHOW Je(OpPMAIMOHHOTO YINPOYHEHHUs. MakcMMaabHOE YIPOYHEHHUE
1115-805 MIIa npu crenenu nepopmarmu 3.0-2,64 cOOTBETCTBYET KOHTAKTHOM NMOBEPXHOCTH
toauHou ~ 0,1 MM, mepexojseld B MPUMBIKAIONIYIO K LUIMIY 30HY TOJmMHOW ~0,6 MM U
umeromnyto ynpoudenue 805-705 MIla mpu crenenu nedopmanuu 2,64-1,32. B ocranpHOU
YaCTHu T'OJIOBKHM YHPOYHCHHEC 3HAYHUTCIBHO CHUXKACTCA. HepaBHOMepHOCTB ,Z[e(bOpMaI_[I/IOHHOFO
YOPOYHCHUS  MNOATBEpAWJIACh  CTPYKTYPHBIMH  H3MCHCHMSMH,  XapaKTEepU3YIOIMMUCS
HauOOJIBIIIUM  CXKATHUEM 3C€pCH 11O KOHTaKTHOH IIOBEPXHOCTH, KOTOPOE 3HAYUTCIBHO
YMCHBIIACTCA B paddaJIbHOM HAIIPAaBJICHUU K 60KOBOI>1 IMMOBCPXHOCTHU TOJIOBKM UM B OCCBOM
HarpasJICHMKW OT OCHOBAaHHA MIIJIMLOCBOI'O IIasa. ITo pe3yijibTaTaM HCCIICAOBAHUA ITIOCTPOCHA
00o0menHas kpuBas ynpouHeHus cranu 16XCH, Ha OCHOBaHMM KOTOpPOW JaHa OIleHKa
BCJIMYHUHBI KaCaTCJIIbHBIX HaHpﬂ)I(eHPIﬁ, BO3HUKAOMIUX OT CHIIBI TPEHHA Ha KOHTaKTHOH
IIOBEPXHOCTH.

Knrouesvie cnosa: ,Z[e(l)OpMaL[I/IOHHOG YIIPOYHCHHUE, JICTUPOBAHHAA KOHCTPYKIHWOHHAas CTallb,
BBICAJIKa BUHTOB C IMOTAWHOW TOJIOBKOM M KPECTOOOPa3HBIM IUIUIEM, KOHTAKTHAs MOBEPXHOCTD
MyaHCOHA C MaTepuajoM, 3aMepbl MHKPOTBEPIOCTH, CTPYKTYpHBIE HM3MEHEHHUs, 000OIICHHBIC
KpHUBBIC YIIPOYHCHUS

INVESTIGATING THE DEFORMATION AND STRUCTURAL-MECHANICAL
CONDITION OF THE 16XCH STEEL IN THE PROCESS OF HEADING THE SCREWS
WITH A COUNTERSUNK HEAD AND CROSS-SHAPED SLOT

V.V. Galkin, G.N. Gavrilov, A.V. Bratukhin, A.A. Derbenev

Deformation and structural-mechanical state of the steel 16XCH was investigated in the
process of cold heading the screws with a countersunk head and cross-shaped slot.
A comprehensive method including the deformation analysis method of mathematical simulation
(DEFORM-3D), the micro-structural analysis and micro-hardness measurements in the
longitudinal sections of the operating pieces was used. During this study, the zones differing in
the amount of deformation hardening were determined in the volume of the screw head. The
maximum hardening 1115+805 MPa at the deformation degree of 3.0+2.64 corresponds to the
contact surface with the thickness at ~0.1 mm, passing into the adjacent to the slot zone with the
thickness at ~0.6 mm and having a hardening of 805+705 MPa at the deformation degree of
2.64+1.32. In the rest of the head, the hardening is significantly reduced. The unevenness of the
deformation hardening was confirmed by the structural changes, characterized by the greatest
compression of grains over the contact surface, which significantly reduces in the radial direction
toward the side surface of the head, and in the axial direction from the base of the slot groove.
Based on the results of this study, a generalized curve of hardening the 16XCH steel was
constructed, which allows for estimating the value of shear stresses arising from the friction
force over the contact surface.

Keywords: deformation hardening, alloy structural steel, heading of screws with a
countersunk head and cross-shaped slot, contact surface of the punch with the material, micro-
hardness measurements, structural changes, generalized hardening curves

TEXHOJIOI'USA UMIPETHALIUU TMOPUCTBIX HNIAZMOHAIIBIJIEHHBIX
MNOKPBITUM, TOJYUYEHHBIX TIPU PA3JIMYHBIX TEXHOJOIMYECKHX
PEJKUMAX HAINTBLJIEHUS, Y)KUJIKUMHA BEIIECTBAMM ITOJI JEVICTBUEM O.A.

Mapkenosa, 1.11. I'pumnna

Pa3paborana TeXHOJIOTHS HMMIIPETHALMU MOPUCTOTO IJIA3MOHAMBIJICHHOTO MOKPBITUS IO
NIeicCTBUEM YIBTPa3BYKOBBIX KosieOaHuid. [IpuBeneHbl pe3ynbTaThl HCCIEIOBAHUI CKOPOCTH
BBICBOOOKJICHUS KUJAKUX KOMIIOHEHTOB U3 OPUCTOTO MOKPBITHUS B 3aBUCUMOCTH OT CTPYKTYPbI
CaMOI0 IIOKpPBITUS M TEXHOJOTMYECKUX PEKHUMOB IUIA3MEHHOI'O HANBUICHUS IIPU  €ro
(dbopMUpOBaHUU.



Kniouesvle cnosa: niaa3MeHHOE HaIlBIJICHUC, BHCKTpOTeXHOHOFI/I‘ICCKI/If/’I mnmpomnecc, mopucTtoe

MOKPBITHE, YIBTPAa3BYKOBBIE KOJICOAHUsI, UMITPETHAITHS
IMPREGNATION TECHNOLOGY OF PLASMA-SPRAYED POROUS
COATINGS OBTAINED AT VARIOUS MODES OF SPRAYING BY LIQUID
SUBSTANCES UNDER THE INFLUENCE OF ULTRASOUND OSCILLATIONS
O.A. Markelova, I.P. Grishina
A technology has been developed for impregnation of plasma-sprayed porous coatings under
the influence of ultrasonic vibrations. The results of research into the rate of release of liquid
components from porous coatings are presented depending on the structure of the coating and
technological modes of plasma spraying during its formation.
Keywords: plasma spraying, electrotechnological process, porous coating, ultrasonic
vibrations, impregnation



