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IMPOEKTUPOBAHUE METOI[I/I‘IECKOﬁ CBY SJIEKTPOTEPMHUYECKOM
YCTAHOBKH [1JisA HAT'PEBA KUJAKOCTU B INOTOKE IIPU JIAMMUHAPHOM
TEYEHUUN

10.C. Apxanrenbsckuii, B.O. FOauna

Ilpeonoocen  ancopumm  npoekmuposanusi memoouueckor CBY  snekmpomepmuyeckou
YCMAaHO6KU HA Kawuwepe Jjiyyeeozco muna onst Hazpeea JCUOKOCINU 6 NOMOKE npu J1aAMuHapHom
meuenuu. Chopmuposana coanacosannas Kpaeeas 3a0aua 3M1eKmpoOUHAMUKY, Menionpo8oOHOCHU
U 2UOPABIUKU, HA PeUeHUU KOMOPOU CIMpoumcs npoekmuposanue ycmarosku. Ilpeonoscen pacuem
nPOUIL MPAHCHOPMHO20 KAHALA 8 pabouell Kamepe YCMaHOBKU.

KnroueBsie cioBa: memoouweckas CBY aleKmpomepmudecKas YyCmaHnoeKd, COo2ladCO6AHHAA
Kpaesas 3a0aya INeKMPOOUHAMUKY, MENIONPOBOOHOCMU U 2UOPABIUKY, HNPOEKMUPOBAHUE,
mpancnopmusiii kanan, CBY eenepamop, snexmpoosuecamens, 31eKmpuieckutl npuoo

DESIGNING A CONTINUOUS UHF OF ELECTROTHERMIC INSTALLATION
FOR HEATING FLUIDS AT LAMINAR FLOW

Yu.S. Arkhangelsky, V.O. Yudina

An algorithm for designing a methodical microwave of an electro-thermal installation on a
beam-type chamber for heating a fluid in a stream with a laminar flow is proposed. A
coordinated boundary problem of electrodynamics, thermal conductivity and hydraulics has
been formed, on the solution of which the installation design is built. The proposed calculation of
the profile of the transport channel in the working chamber of the installation

Keywords: methodical microwave electrothermal installation, coordinated boundary
problem of electrodynamics, thermal conductivity and hydraulics, design, transport channel,
microwave generator, electric motor, electric drive.

YUCJIEHHOE MOJAEJINUPOBAHUE MNPOLECCOB IIJTABJIEHUSA
JAUIJIEKTPUKOB B CBY YCTAHOBKAX JIYUEBOI'O TUITA
C.B. Tpuropsrii, B.B. 3axapos, B.C. Anekcees
Paccmompeno  yucnennoe moodenuposanue npoyecca CBY nnaenenus ousiekmpuxa ¢
npumenenuem CBY ycmanosku nyuesoco muna ¢ usiyyarowjeti CUcCmemou Ha Oase pynopHou
ammenHvl (Ha npumepe niagieHus 160a). Mooenv npedcmasisem cobol 83AUMOCEAIAHHYIO 3A0aAUY
aﬂekmpodummuku u menﬂonpoeoénocmu, pewaemyro ¢ nomousbro Memooa KOHEeUHbIX I/IEMEHMO0E,
peanuzosanno2o 6 npocpammuom odecnewenuu COMSOL Multiphysics. Ilpumenennas memoouka
Modeﬂupoeanz noseojisien y4umbosleams XapaKkmepucmuxku pecwbuoﬁ u3JZy1{al0u/;€IZ cucmemsl, a
makoice USMEHEHUe IJ1eKmpo- u menﬂoqbusuqeacux ceolcme dusﬂekmpuka 6 npoyecce nide/eHUsl.
KiroueBsie cnoBa: uuciennoe moodenuposanue, CBY mepmoobpabomka, niasnenue,
OUINeKMPUKU, PYNOPHASL AHMEHHA
NUMERICAL SIMULATION OF MELTING DIELECTRICS IN MICROWAVES
BASED ON ELECTRON BEAM MODE
S.V. Trigorly, V.V. Zakharov, V.S. Alekseev
Numerical simulation of the process of microwave dielectric melting using the beam mode
microwave installation based on the horn antenna (using the example of ice melting) is
considered. This model is a linked problem between electrodynamics and thermal conductivity,
which is solved using the finite element method implemented by the COMSOL Multiphysics
software. The applied method of simulation allows taking into account the characteristics of an
actual radiating system, as well as the change in electrical and thermal properties of the
dielectric in the course of the melting procedure.
Keywords: numerical simulation, microwave heat treatment, melting, dielectric, horn
antenna



OINIPEJAEJIEHUE MOIINHOCTH YJIbTPA3BYKOBOI'O IN'EHEPATOPA IIPU
3YBOHAPE3AHUU MEJIKOMOAYJIBHBIX 3YBUYUATBIX KOJIEC
C.U. Aranos, I0.1. Cugsakun, A.®. ToacTsakoB
Paccmompenvr sonpocel pacuema mowHocmu yiempaz8yKo8020 2eHepamopa Ha npumepe
IKCNOHEHYUAlbHOcO KOHRYermpamopa ¢ npucoeéuHeHHoﬁ 3020MOBKOU npu 3y60Hape3aHuu
MeNKOMOOYIbHBIX 3Y04amulx KoJlec.
KittoueBbie cioBa: yismpaseykogoll eenepamop, nve3okepamuieckue npeoopazosament,
MeNKOMOOYIbHble 3yOuamule Koeca
DETERMINATION OF THE CAPACITY OF ULTRASONIC GENERATORS
WHEN CUTTING FINE-PITCH GEARS
S.1. Agapov, Yu.l. Sidyakin, A.F. Tolstyakov
The paper discusses the issues related with estimation of the capacity of ultrasonic
generators based on the example of exponential concentrators with attached workpieces in the
process of fine-pitch gear cutting.
Keywords: ultrasonic generator, piezoceramic transducer, fine-pitch gears

BBICOKOTEMIIEPATYPHBIE CBY IJIEKTPOTEXHOJIOI'MYECKHUE
YCTAHOBKH

XK.C. Cununupiza, FO.C. ApxaHrenbckuii

Ilpusedena mepmunonocuveckas 6aza CBY snexmpomexnonozuueckux npoyeccog u

YCMAHOBOK, OaHbl OnpedeleHus U O00NACMU  NPUMEHEHUs. HUSKOMEeMNepamypHuIX U
svicokomemnepamypuvix  CBY  snekmpomexnonozuyeckux yCmanosox, cQOpMyIuposarvl
3a0ayu, nooiedxcawjue peuweHur0 npu UCCle008aHUusaX U paspabomKax 6blCOKOMeMnepamypHuix
CBY snekmpomexnonocutueckux yCmanosox.

KiroueBrie CIIOBA: MEPMUHONI02UYECKAS basa, HU3KOmeMnepamyphbie u
svicokomemnepamypuvie CBY anexkmpomexnonocuyeckue ycmauosku, oudnekmpux, CBY
obpabomka

HIGH-TEMPERATURE MICROWAVE ELECTROTECHNOLOGICAL
INSTALLATIONS
Zh.S. Sinitsyna, Yu.S. Arkhangelsky
The article presents the terminology database for the microwave electrotechnological
processes and installations, provides the definition and the application area of low-
temperature and high-temperature microwave electrical installations, formulates the tasks to
be solved in the course of research and development of high-temperature microwave
dielectric installations.
Keywords: terminological base, low and high temperature microwave electrotechnological
installation, dielectric, microwave treatment

NMUTAIMUOHHOE MOAEJIMPOBAHUE TUPUCTOPHOI'O
MMPEOBPA3OBATEJISI YACTOTHBI AJIsd HUHAYKIMMOHHOI'O HAT'PEBA IIPHU
NU3MEHSIOIENCSI HAT'PY3KE

M.M. AnexkceeBa, 1.11. Aptioxos, B.C. Anekcees

B cpeoe MATLAB ¢ nakemom pacwupenus Simulink paspabomana umumayuonuas mooenw
0J1A pacuema mupucmopHo20 npeodopazosamesi 4acmomol 05l UHOYKYUOHHOU MU2elbHOU neyu.
B modenu  npucymcmsylom — opucuHanbHvle — ONOKU,  NO3BOANOWUE  UCCLe008aAMb
NEKMPOMASHUMHbLE U MENTI08blE NPOYECCHL C YYeMOM USMEHEHUs HA2PY3KU NPU UHOYKYUOHHOM
Hazpese cmanu.

KntoueBble crloBa: umumayuoHnoe MoOeIUposanue, MupucmopHvlii npeoopazosameis
yacmomul, UHOYKYUOHHASL MUSETbHASL Nedb

A SIMULATION MODEL OF THE THYRISTOR FREQUENCY CONVERTER
FOR INDUCTION HEATING WITH THE CHANGING LOADS

M.M. Alekseeva, I.I. Artyukhov, V.S. Alekseev



The article provides a simulation model for estimation of the thyristor frequency
converter for the induction crucible furnace in MATLAB with the Simulink expansion pack.
The model has original blocks which allow for investigation of the electromagnetic and
thermal processes, taking into account the load changes under induction heating of steel.

Keywords: simulation, thyristor frequency converter, induction crucible furnace

OIITUMMU3ALIUA BTOPUYHOI'O DJDJEMEHTA HNWINHAPUYECKOI'O
JUHEMHOI'O BEHTHJIBHOT'O JIBUT' ATEJIS
3.0. Tumamés, /{.A. Uupkos, H.B. Illynakos, A./[. Kopotaes
Hpeacmaeﬂeﬂbz pe3yiibmanibl uccneoo8anus 3asucumocmu ms206020 ycuiaus
uuﬂuﬂdpuueCKoeo JUHECUHO20 GEeHMUNILHO20 06UcaAmes om KOHCmMpYKyuu eco 6nmopudHoco
anemenma. Hccnedosarnue nposoounoce Ha mooenu 0suecameis, NOCMPOEHHOU 8 NPOSPAMMHOM
naxkeme ANSYSMaxwell, pacuém macnumnoco nons ¢ komopoii edémcs memooom KOHeUHbIX
QNNEMEHMOB6.
KitoueBbie clioBa: yuiuHOpuueckutl TuHelHblll 6eHMUIbHbIL 08Uueamelb, msi2080e yCujue,
Mooenuposarue
CYLINDRICAL LINEAR ELECTRONIC MOTOR SLIDER OPTIMIZATION
E.O. Timashev, D.A. Chirkov, N.V. Shulakov, A.D. Korotaev
The article presents the results of investigations into dependence of the tractive force in the
cylinder linear electronic motor on the slider construction. The investigation was focused on the
model of the motor designed using the program pack ANSYS Maxwell, where calculations of the
magnetic field were conducted by the finite element method.
Keywords: cylindrical linear electronic motor, tractive force, modeling

nmoaxoJa K YMCJIEHHOMY MOJAEJIUPOBAHUIO ®U3NYECKUX MOJIEN
B CTAPTEPHBIX 3JIEKTPOABUI'ATEJIAX
C.K. I'nyros, O.B. Paernkas
Ilpeocmasnen nooxo0 K YUCIEHHOMY MOOENUPOBAHUIO (PU3UUECKUX NOJNel CMApmMepPHbX
osuzcameneu MemoooM KOHEUHbIX IJJIeMEHMOE. PaCCMOI’I’lpeHbl 6APUAHRMbL peuerHusl cucmem
HeIUHeNHbIX VYPA8HeHUll O/ NOAYYeHUus Mooenu daekmpocmapmeprnozo nycka. CmapmepHvle
9NIeKmpoosuUcamenu OMaULaomcs opye om opyea 8 OCHOBHOM YCMPOUCMBOM U pa3mMelujeHuem 8
HUX J]1eMERmMOoe6, pACnOJIOHCEHHbIX 3d npedeﬂamu aKmueHou yacmu aﬂekmpodeueameﬂeﬁ.
Hpodemoncmpupoeaua mecHa: Meofcducuunﬂuﬁapnaﬂ C643b U3YUAEMbLX ()ucqunﬂuﬂ 6 BOEHHOM
06pa30€am€ﬂbHOM yqpeofcdeﬂuu: MameMamuKa-qbusuKa; mamemamuKra-31eKnmpomexHuKka,
MameMamuKa-aﬂekmpomexHuKa-qubopMamuKa.
KiroueBrle cioBa: cmapmeprlzZ 3]16Kmp0d6u2am€]lb, Memoo KOHEUHbIX 2J1eEMERMOE,
YUCNIEeHHOoe MO@QJZUPOBGHL!Q, MACHUMHOE no.Je, qbu3u1¢ec1<ue noJisi
AN APPROACH TO NUMERICAL MODELING OF PHYSICAL FIELDS IN
STARTER ELECTRIC MOTORS
S.K. Gnutov, O.V. Raetskaya
This paper presents an approach to numerical modeling of physical fields of starter engines
using the finite element method. The options for solving the systems of nonlinear equations are
considered in order to obtain a model for electrostatic launch. The starter motors differ from
each other mainly in the design and placement of elements located outside the active part of the
electric motors. A close interdisciplinary relationship of the studied disciplines in the military
educational institution is demonstrated: mathematics and physics; mathematics and electrical
engineering; mathematics, electrical engineering and computer science.
Keywords: a starter electric motor, the finite element method, numerical modeling,
magnetic field, physical field.



ABTOMATU3UPOBAHHASA CUCTEMA NUATHOCTUKHU CHUHXPOHHOI'O
TSATOBOI'O TEHEPATOPA TEIIJIOBO3A TJII-70
H.A. Mennukos, C.H. baramosn
Hpueeéeﬂbz pesyiiomanibvl OYEHKU  MEXHUUECKO2O  COCMOAHRUA  NIA206bIX  2€Hepaniopoes
naccadicupckozo mennogosa cepuu TOII-70 ¢ nogvluenHvim ompabomarntvim pecypcom. Ilpobremoi
OYEHKU HAOENHCHOCMU MA20BbIX 2CEeHEPAMOPO8 MASUCMIPAIbHO20 NACCAIICUPCKO20 MeEN0603a cepuu
TOII-70 mna o#cene3HO0OPOHCHOM MPAHCNOPME C  NOBLIUUEHHLIM OMPAOOMAHHBIM Pecypcom
npeonazaemcs peuams ¢ NOMOWbI0 UMUMAYUOHHO20 Mmoldenuposanusi 6 nakeme MATLAB &
SIMULINK. Hmumayuonnoe mooenuposarue 0a3upyiomcsi Ha UCHOIb30BAHUU MAMEMAMULECKUX
MoOenell dNeKMPUYECKUX MAwuH mpex@hazHoco NepemMeHHO20 MOKA U 6blOpaHHbIX Haubojee
UHDOPMAMUBHBIX KOHMPOTIUPYEMBIX NRAPAMEMPO8 DYHKYUOHUPOBAHUS MSA208020 2eHEePAMOpd.
KiroueBrle ciioBa: naccao;cupcxuﬁ mennoeos, ms206blil CuprOHHblﬁ cenepamop,
MooenuposaHue
AN AUTOMATED DIAGNOSTIC SYSTEM FOR THE SYNCHRONOUS
TRACTION GENERATOR OF THE DIESEL LOCOMOTIVE TEP-70
I.A. Menshchikov, S.1. Batashov
The article presents the estimations concerning the technical condition of traction generators
of the passenger locomotive series TEP-70 with the increased service life. The problems with
estimation of reliability of traction generators in the main passenger locomotive of the TEP-70
series at the railway transport having an increased fulfilled resource are offered to be solved by
means of the simulation modeling using the Matlab & SIMULINK package. The simulation
modeling is based on the mathematical models to electric machines of three-phase alternating
current and most informative controlled parameters of the traction generator.
Keywords: passenger locomotive, traction synchronous generator, modeling

IMPUMEHEHUE TEPMOJJIEKTPOXUMHYECKHUX AYEEK JJIA
SJEKTPOIIUTAHUA BECITPOBO/IHBIX JATUNKOB
J.U. Aptroxos, U.H. Bypmuctpos, U.1. ApTroxoB
B nacmosuyee apems coop suepeuu sa61saemcs HOB0U MemMotl, KOmopast 6ce Ooablle UHmepecyem
uccreoosamerneil 6 obracmu NIEKMPOHUKU. Ona ocrnosana Ha C60p€ O4eHb HeOOILUUX KOIUYEeCE
9HepaUU U3 OKpyxscarowel cpeodbl ¢ UCNOIb308aHUeM Hebonvuux npeoobpasosamenetl. CoopanHast
IHepcUsA  UCNOIb3Yemcs ol nuUMaHusl ueneﬁ C HU3KUM aHepeonompe6ﬂeHueM, makKkux Kak
becnposoouvie oamuuxku. B cmamve npeocmaenena cucmema numanus OAmM4uKos, 6 KOMOPOU
MEPMOIIEKMPOXUMUYUECKUEe  IJIEMEHRNIbl  UCNOJIb3YIOMCA onst npeo6pa306aHuﬂ menjiomsl 6
INNEKMPUUECKYIO IHEP2UIO.
KntoueBble cioBa: cOOp sHepauu, mepmMOINEKMPOXUMUYECKAS AYEUKd, NOSbIUAIOWUL
npeobpazosameinb NOCMOSHHO20 MOKA, 6eCnpoBoOHble OAMYUKU
APPLICATION OF THERMAL ELECTROCHEMICAL CELLS TO POWER
SUPPLY THE WIRELESS SENSORS
D.l. Artyukhov, I.N. Burmistrov, I.I. Artyukhov
Currently, power generation is an emerging and challenging topic for researchers working
in the field of electronics. It is based on generation of very small amounts of energy from the
environment using small scale transducers. The generated energy is used to feed low power
circuits such as wireless sensors. This paper presents a system to the sensor power supply where
the thermo-electrochemical cells are used to convert heat into electrical energy.
Keywords: energy generation, thermo-electrochemical cell, step-up DC-DC converter,
wireless sensors



AHAJIN3 INAPAMETPOB PEXXUMA IIJIABKU TOJIOJIEJA  HA
BO3YIIHBIX JIMHUAX DJIEKTPOIIEPEJAYN
H.1O. llleBuenko, I'.I". Yrapos, C.H. Kupuinosa, O.U. Enpumona
s ycnewHoeo nposedeHus NAAGKU 20704e0d HeoOX00UMO ONpedessimb pPAacyemHble
napamempyvl peicumMos niasKu 20a07e0a 0l KOHKPEemHbIX Kiumamudeckux yciosuil. Ilposedeno
aHamumuyeckoe U 2epagoaHarumuyecKkoe UCCie008anue GIUAHUS MeMnepamypvl 6030yXd,
CKopocmu u Hanpaejlenusld eempa npu pCBﬂMHHOIZ moJjune CneHKu 2071071e0a Ha MAKCUMAIbHO
0ONyCmuMbl, MOKU NIABKU 207101e0d 3A0AHHOU ONUMENbHOCMU, HA MOKU NPOPUIAKMUYECKO20
oboepesa 0111 nposooos mapku AC paziuunvix ceuwenull 8030YWHOU JUHUU NIeKMpPOonepeoayu
Hanpsicenuem 110 kB.
KitoueBbie ciioBa: 6030yuinble auHUU I1eKmMponepedayu, NIAKa 20701edd, napamempul
pescumoes niaeKu 2ononeoa
ANALYSIS OF PARAMETERS TO THE ICE-MELTING MODEIN OVERHEAD
POWER TRANSMISSION LINES
N.Yu. Shevchenko, G.G. Ugarov., S.N. Kirillova, O.I. Elfimova
For successful ice melting it is necessary to determine the design parameters of ice melting
modes for specific climatic conditions. The authors conducted an analytical and graphic-
analytical study relating the influence of the air temperature, wind speed and direction at
different ice wall thickness on the maximum permissible currents, ice melting currents of a given
duration, on the currents of preventive heating for steel-aluminum wires of various diameters of
overhead power lines with the voltage of 110 kV.
Keywords: overhead power transmission lines, ice melting, the parameters of the modes of
fusion of ice

OLHEHKA IPUOPUTETHOCTHU PEMOHTA JIDII HA OCHOBEPUCK-
OPUEHTUPOBAHHOI'O AHAJIU3A C YYETOM PEMOHTOIIPUTOJHOCTHU

J.A. I'myxos, I'.I". Yrapos

Coenacrno 06126‘7716)/}01/141/{]14 mpe606aHu}1M 3aKOHO0AmMeNbCmed npu pacCmMompeHuu 3aAi6Ku Ha

661600 6 PEMOHM JIDII ¢ UENblo NPUHAMUSAL DEULEeHUSl ee HYIHCHO Cco2laco8anib C CUCNEMHbIM
onepamopom EDC Poccuu, komopwiti dondicen yuumsieams mexHuyeckoe cocmosauue JIOII.
Oonaxo 6 cea3u c omcymcemeuem  603MOAICHOCMU 00beKmueHo OYEHUmMb mexHuveckoe
CoCcmosrnue, a maKastce Kavecmeo pemorma JIDII na ce2o0ns Haspena Heobx00UMOCmb CO30AHUSL
MemoouKu OYEHKU PpUCKOE8 omKa3a JIDII ¢ Uejblo nilaHupoeaHusl u plecuMHOﬁ Nno020MmMoe6KuU
PEMOHNHBIX pa60m. B cmamse npedﬂoofceHa maka: Memoduka, ywumslearouias
unmencusHocmos omkazos JIOII, cmenensv enusanusa JIOII na snekmposHepeemuyeckuil pexcum
9HepaocucmeMmsl, CpeoHIol oaumenvhocmu Haxodcoenus JIOII 6 pemonme. Memoouxa
anpobuposana Ha npumepe 3Hepeocucmemvl Capamosckotl ooiacmu.

KitoueBble  cnoBa:  mpuopumemnocmv  pemonma JIOII, puck omxaza JIOII
pemonmonpuzoonocms JISIT

PRIORITY ASSESSMENT OF THE POWER LINES REPAIR BASED ON RISK-
ORIENTED ANALYSIS WITH ACCOUNT FOR MAINTAINABILITY FACTOR

D.A. Glukhov, G.G. Ugarov

According to the present-day legal requirements, when considering an application for the repair

work of an overhead power line, in order to make a decision relating the approval of the work, the
system operator of the UPS of Russia must take into account the technical condition of the power
line. However, due to the lack of opportunity to objectively assess the technical condition, as well as
the quality of repair of the power line, there is a need to create a methodology for assessing the risks
of failures in the power lines with the purpose of planning and pre-arrangement of the repair work.
The authors have proposed a methodology which takes into account the intensity of failures in the
power lines, the degree of influence of the power lines on the electric power mode in the power
system, and the average time span needed for the repair works. The methodology was tested in
relation to the power system in Saratov region.



Keywords: priority of repair of the power lines, risk of failure of the power lines,
maintainability of the power lines

OCOBEHHOCTHU NNOCTPOEHUS 'NBPUJIHBIX COJTHEYHO-AU3EJBbHbIX
KOMIUUIEKCOB IJIsI ABTOHOMHOI'O 23JIEKTPOCHABXEHUS YJIAJEHHBIX
CEJbCKHX PAHOHOB

N.N. Aptioxos, I'.H. Tynenosa, C.B. Monor

Oonou  u3  Haubolee  AKMYAIbHLIX  NPoOONEM  INeKMPOIHEPSeMUKU  AGIAemcs
SﬂQKMPOCHad?fC‘eHue 06b€Km06, Haxodﬂu;uxwz HA SHA4YUmejabHOM yaaﬂeHuu om
YEHMPATU308AHHBIX INIEKMPULECKUX cemell. Ima npobiema peuiaemcs, 21a8HbIM 00paA3oM, 3d
cuem npumeHeHusi ousenb-cenepamopos. OOHAKO 3HAUUMENbHBIN PACX00 OU3ENbHO20 MONIUBA,
HeobxXoouUMocms €20 O00CMABKU  CAONCHBIMU mpaHcnopmHviMu  CXxemamu 6  MmAdNCENbLX
MemeopolocuveCcKux YCioeuiax pe3Ko yeeauduearom cebecmoumocmeo JJIEKMPOIHEP2UU. Hpu
omom Kavecmeo ISJ1eKmposHepcul, 6blpd6€lﬂ’lbl6aeﬂ/l01/7 duseﬂb-zeﬂepamopafwu, 60 MHO2UX
Cydasx He coomeemcmeyem mpe606aHu;lM HOpMAamueHblx 00KyM€Hm06, umo npueodum K
HapyuleHuro  pabomocnocoOHOCmu  31eKmpooOopyO008aHuUs, CHUNCAeN CPOK e20 ClyicObl,
6HOCUM OONOJIHUMEbHBLU OMCKOquopm 6 msoaicenvle YCaoeust JICU3HU Ha y()afleHHblx NnoCeNeHUAX.

C06p€M€HHbl€ meHdeHuuu nocmpoeHust cucnem 3ﬂ€Kmp0€H(l69fC€Hu}Z y()a]leHHblx pCllZOHOS
npe()ycmampueafom UHMEHCUBHOE UCNOJIb308AHUE 60300HO6IAEMbIX UCIMOYHUKOG IHEp2UU. Hpu
oOMmom U3-3a MHodIHcecmea qbaKmopoe eeoepaqbuquKoeo, KiumamudyecKkoco, O9mHU4YeCKo20
xapakmepa e603HuKaem bonvuoe KoAUYecmeo eapuarmoe peaiusayuu npoekma 2u6pu0H020
3JZ€KI7’ZPOCHCI6J!C€HM}Z. B cmamve anaiusupyemcs onblm CO30aHUs U 6He()p€Hu}Z eu6pu0Hblx
KOMNJ€eKcoe pas3iludiHoco HA3HAYEHUA. Hpedﬂaeaemc;t eapuarnm nocmpoeHus 2u6pu0H020
COJIHEYHO-OU3ENbHO20 KomnjeKkca, KOI’I’lOprlZ Mooicem  Obimb NPUMEHEH 0Nl A6MOHOMHO20
3Jl€Kmp06Ha69fC€Huﬂ y()aﬂeHHOZO CEeJIbCKO2O0 NOCEeNeHUsl, 6 cocmaee Komopoco UMEMCS He
MOJIbKO JfCUjible l’lOCI’I’lpOIZKZ/l, HO U HeKomopas npous’eodcmeeHHaﬂ basa.

KinroueBwie ciioBa: eubpuonas cucmema 21eKMPOCHAONCEHUS, OuU3eb-eeHepamop,
COJIHEYHblE NnaHelu, Kavecmaeo 3J1EKNPOoIHeEPCUL.

CHARACTERISTICS OF THE SOLAR-DIESEL HYBRID SYSTEMS FOR
AUTONOMOUS POWER SUPPLY OF REMOTE RURAL AREAS

I.I. Artyukhov, G.N. Tulepova, S.V. Molot

One of the most pressing problems in the power industry is the power supply of consumers
residing at a considerable distance from the centralized electrical networks. This problem is
commonly solved through application of diesel generators. However, these generators are
characterized for large fuel consumption, and with poor transportation system under severe
meteorological conditions the price for electricity grows up significantly. At the same time, the
quality of power produced by diesel generators, in the majority of cases does not meet the
requirements of regulatory documents, which leads to disruption of electrical equipment,
reduces its service life, introduces additional discomfort into tough living conditions in the out
settlements.

The current trends in the construction of power supply systems in the remote areas provide for
an intensive use of renewable energy sources. At the same time, due to multitude geographical,
climatic, and ethnic factors, a large number of options for implementation of a hybrid power
supply system arise. The article analyzes the experience in creating and implementing hybrid
plants for various purposes. Additionally, the article proposes a variant of a hybrid solar-diesel
plant for autonomous power supply of remote rural settlements including not only residential
buildings but also some production facilities.

Keywords: hybrid power system, diesel generator, solar panels, voltage quality



PABPABOTKA ITPEOBPA3OBATEJIEM NOCTOSIHHOI'O HAMPSIKEHUSA
JIJII CACTEM UHTEJJIEKTYAJIBHOM SHEPTETUKHA
E.E. Mupropoxckas, H.II. Mwurammn, FO.b. Tomamesckuii, B.A. Komues, T.A.
BetkacoBa
Ilpuseodena cxema u onucana meopusi pabomsl UMRYIbCHO20 NPeodpazosamelis 0 RUMAHUS
08YX He3a8UCUMbBIX UIU (DYHKYUOHANLHO CEA3AHHBIX HASPY30K, 8 MOM HUCie MHO20YPOBHEBbIX
uHeepniopos 6 cucmemax 3ﬂ€Kﬂ1p0€Hd60fC€Huﬂ HA OCHOBe B60300HOBIACMbIX UCMOYHUKOS
onepeuu.  Pesynemamvl  mamemamuueckozo  MoOeiuposanusi - CUOemenrbCmeyiom 0o
aghghexmusnocmu NPeoloNCEeHHO20 npunyuna nocmpoenus cxem UMNYbCHbIX
npeobpazosamenell 015 CUCMEM UHMETLIEKMYAIbHOU dHep2emuKU.
KitoueBbie crioBa: uHeepmop, 6vbIX0O0HOe Hanpscenue, UMRYIbCHBIU Npeodpazosamend,
mamemamuieckdsi MoOelb
DEVELOPMENT OF DC CONVERTERS FOR INTELLIGENT POWER
SYSTEMS
E.E. Mirgorodskaya, N.P. Mityashin, Yu.B. Tomashevsky, V.A. Kolchev, T.A.
Vetkasova
The article describes a scheme and a theory of operation of an impulse converter for
powering two independent or functionally connected loads, including multilevel inverters in
power supply systems based on renewable energy sources. The results of mathematical modeling
indicate the effectiveness of the proposed principle of designing the schemes of impulse
converters for intelligent energy systems.
Keywords: inverter, output voltage, impulse converter, mathematical model

QJIEKTPOO®USNYECKASA MOAUN®UKALIUSA BASAJIBTOBBIX HUTEM
F0.A. KagsixoBa, C.I'. Kanranosa, C.B. Ap3zamacues, E.}O. Bacunkuna, B.C. Anekcees
Buvisasneno enusanue 3Jlel<mp0qbu3uttecxux Memooos akmusayuu noeepxHocmu bazanbmosvix
Humeil PA3HbIX np0u3600umeﬂeﬁ. ﬂOKCZB'aHO, ymo dms’uko-xwwuqewue u mexanuveckue
xapakmepucmuKku 0a3aIbMONIAC-MUKO8 3A6UCAM OM KOJUYeCmed HAHOCUMO20 HA HUMb
3amacaueameisi U Om e20 cocmasa (01eo0PUIbHLLIL UIU 01e0POOHDBILL), YMO Cledyem YYumvléams
npu gbopMupoeaHuu NOAUMEPMAMPUUHBIX KOMNO3UMOE C mp€6y€MblMu nokasameJiAaAmu.
KiroueBbie ciioBa: 6Oaszanvmogvie Humu, HEHOADOPMATLOCCUOHBIU  OaUSOMED, CMECh
Monomepos, moouguxayus numeti, CBY obpabomka, obpabomka nazepom
ELECTROPHYSICAL MODIFICATION OF BASALT THREADS
Yu.A. Kadykova, S.G. Kalganova, S.V. Arzamastsev, E.Yu. Vasinkina, V.S. Alekseev
The influence of electrophysical methods of activating the surfaces of basalt threads
manufactures by different producers is revealed. It is proved that the physical and chemical, as
well as mechanical characteristics of basalt fiber reinforced polymers depend on the quantity of
the oil agent applied for the thread and its structure (oleophilic or oleophobic) that it is
important to consider when forming the polymer-matrix composites with the required indicators.
Keywords: basalt threads, phenol formaldehyde oligomer, mixture of monomers,
modification of threads, microwave processing, laser processing

BO3JEVCTBUE PA3JIMYHBIX TO BEJIMYUHE YJAPHBIX HATPY30K HA
MO/IU®UITUPOBAHHBIE B CBY 9JIEKTPOMATHUTHOM IMOJIE
TPEXCJIOMHBIE KOHCTPYKIIMHN HA OCHOBE OTBEPXJIEHHBIX
YIJAENJACTHUKOB

N.B. 3n06una

B nacmoswee epems 3HauumenvHas 4acms 31eMeHMO8 HeCyujux KOHCMPYKYUll U oOuuUsKu
JIeMamenbHblX annapamos pasiuyHoc0 HA3HAYEHUs U320MAasIueaemcs U3 apmMupo8aHHbIX
B0JIOKHAMU NOAUMEPHBIX KOMNO3UYUOHHBbIX mMamepuanos (IIKM). [Ipu smom ocoboe énumarue
yoensiemcst yeneniacmukam. B cmpyxmypy necyuux KoHCmpyKyuil 6KI04AIOMCs MEMALIUYEcKue
NeMeHmbl 8 BUde CemoK COMOBLIX NPOMEICYMOUHBIX CI0es, Ymo nogvluiaem Hecyujue



cnocobrocmu MBOQJZM}Z, HO U cozdaem OONOAHUMEIbHbLE KOHYyenmpamopbl Hal’lp}ZJ/CQHMI;L Hpu
aKcnyamayuu GOSOyWHblx mpaHCnopmmHsvlx CUucCmem 6ejiuKad 6eposAmHoOCmMb 6030elicmeus Ha ux
CUujloeble KOHCMpPYKYyuu u 06mu61<y y()aprzx HAZCPY30K, UHUYUUPDOBAHHbIX CMOJIKHOBEHUEM C
meepoviM menom. Bovlnonnenvl ucciedosanus 80cnpusimus YOApHoOU HA2py3Ku MpexclouHbiMu
06pa3b;ajwu us omeepofcdeHHbzx YeneniacmuKkog ¢ nPOMedNCYmOUYHbIMU COMOBbIMU S1eMERMAMU
nocie ux obpabomku ¢ CBY snekmpomacHumuom noie. YcmanosieHo, wmo mpexciotiHble
KOHCmMpyKyuu nocziowaiom uacnbv yc)apnozo umnynvca uU He nepedaiom €20 NnoJIHoCcmblo
nocneoyrowum snemenmam. Kpamxoepemennas obpabomka Yyenreniacmukos ¢ COMOBbIMU
anemenmamu ¢ CBY snekmpomacnumuom noie cnocoocmeyem YiayuueHuro Oemnpupyrouux
ceoticmg 6 cpedonem Ha (72-98)% 6 3asucumocmu om GeauyuHvl YOAPHO20 B030€lCMEUSL.
HOﬂy‘teHHble pesyiibnianibl ceudemeﬂbcmey}om O NO6blUEeHUU NPOYHOCMU MEXAHUYECKUX ceszell
TIKM ¢ memaniuueckumu snemeHmamu, a makice 00 usMeHeHuu CmpyKmypvl Mampuyvl nocie
6030eticmeuss CBY snekmpomachumno2o nois, u Mo2ym Oblms UCHOIb308AHbL NPU PA3PAOOMKe
MexHOI02Ull YUHUWHOU 00PAOOMKU CHOPMUPOBAHHBIX U OMBepIcOeHHbIX uzdeauti uz I[IKM ons
NOBbLULEHUST YCMOUYUBOCMU NOCTEOHUX K YOAPHLIM HA2PY3KAM.

KiroueBbie cioBa: Ounamuueckas HNpouHOCMb, YOAPHOe HazpydiceHue, meepooe meio,
Odemnghuposanue, cuna yoapa, cComosble MemaiiuyecKue 1emMeHmbl, mpexciolnble CIMpyKmypbl,
CBY JJIEKMpPOMaAcHUNHOe noJe, y2jieniacmuKku

THE IMPACT OF DIFFERENT MAGNITUDE OF IMPACT LOADS ON
MODIFIED IN A MICROWAVE ELECTROMAGNETIC FIELD OF A THREE-LAYER
STRUCTURE ON THE BASIS OF CURED CARBON FIBER REINFORCED PLASTICS

I.V. Zlobina

Currently, a significant part of the elements of the bearing structures and cladding of
aircraft for various purposes is made of fiber-reinforced polymer composite materials
(PCM). In this case, special attention is paid to carbon fiber. The structure of the supporting
structures includes metal elements in the form of grids of cellular intermediate layers, which
increases the bearing capacity of the product, but also creates additional stress
concentrators. When operating air transport systems, there is a high probability of impact on
their power structures and the skin of shock loads initiated by a collision with a solid body.
The studies of shock load perception by three-layer samples of hardened carbon fiber with
intermediate honeycomb elements after their processing in the microwave electromagnetic
field are carried out. It is established that three-layer structures absorb part of the shock
pulse and do not transmit it completely to subsequent elements. Short-term processing of
carbon plastics with cellular elements in the microwave electromagnetic field improves the
damping properties on average by (72-98)% depending on the magnitude of the impact. The
obtained results indicate an increase in the strength of mechanical bonds of PCM with metal
elements, as well as a change in the structure of the matrix after exposure to microwave
electromagnetic field, and can be used in the development of technologies for finishing
formed and cured PCM products to increase the resistance of the latter to shock loads.

Keywords: dynamic strength, impact loading, rigid body, damping, force of impact, the
cellular metallic elements, three-layer structure of a microwave electromagnetic field,
carbon fiber

OINPEJEJIEHUE PAIIMOHAJIBHBIX YCJOBHUH CBOPKU U HACTPOMKHA
NbE3OKEPAMMYECKHWX TPEOBPA3OBATEJIEN ITPH PE3AHUU METAJLJIOB
C.1. Aranos, A.®. Tonctskos, O.®. KopnensHckuit
PaccmoTpeHbl BOPOCH! paliiOHaIbHBIX YCIOBHM COOPKHM U HACTPOMKU MbE30KEPaMUYECKHUX
npeoOpa3oBaresielt, MPUMEHAEMbIX MTPH JIe3BUITHON 00paboTKH MaTepranos.



Kniouesvie cnosa: mbe3okepamuyeckue mpeoOpa3oBaTeNy, YIbTPa3BYKOBBIE KoJIeOaHMS,
3ybodpesepoBanue, 3y0601051071€HIE
DETERMINATION OF RATIONAL CONDITIONS FOR ASSEMBLYAND
ADJUSTMENT OF PIEZOCERAMIC TRANSDUCERS WHEN CUTTING METALS
S.1. 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 CEJIbCKOXO3SMCTBEHHBIX NPOAYKTOB B
®EPMEPCKHX XO31CTBAX
b.K. Cussikos, C.B. I'puropbsx

IIpennoxen BapuanT CBY ycTaHOBKHM C KPYTOBBIM JIBH)KEHHUEM CEIbXO3MPOJIYKTOB 4Yepe3
COBOKYITHOCTb JKE€JIOOKOBBIX BOJHOBOJIOB, PEAIM3YIOIIEH IUKIMYECKYI0 TEXHOJIOTHIO CYIIKH
CCIIbXO3IIPOAYKTOB. OTO NO3BOJIET NOBEBICHUTH 3(1)(1)6KTI/IBHOCTL CYIIKK IIpU OTHOCUTEIIBHO
MaJIbIX ra6ap1/1Tax YCTAaHOBKUM W CHU3HUTH HOTp€6JIeHI/Ie QJICKTPOSHCPIUHU, YTO BaXHO JIA
(hepMEPCKUX XO3SIHCTB.

Kniouegvie cnosa: ycranoBka nuxinyeckoii CBY  cymku  cenbCKOXO3sIICTBEHHOM
MNpoAYKIHHU, KPYIrOBOC ABUXKXCHUC ITPOAYKTA B CBY I10JIC, YKEITOOKOBBIE BOJIHOBOJbI, BCTPCYHOC
nBkeHne nmotokoB CBY sHepruu B BOJIHOBOJaX, aHATIN3 MTOTEPh SHEPTUH B IPOIYKTE

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 JIJIAA PETEHEPALIU LHEOJINTOB
K.H. Orypuos, U.H. Autonos, A.B. bypkos, B.C. Cemoukun, A.}O. Cumarasos
[IpencraBinern ombIT pa3pabOTKM YCTAaHOBOK M METOAOB pEreHepaluu COpOEHTOB B
YCTpOﬁCTBaX IMOATOTOBKH UMITYJILCHOT'O I'a3a.
Kniouegvie cnosa: CBY pusnexTpuueckuil HarpeB, LIEOJIUT, pereHepanusi, ajacoporus,
necopouus
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 SOHEPI'MM VIS HAT'PEBA ’KUJIKOCTH B IIOTOKE
B.O. IOauna, 10.C. ApxaHrenbckuit
PaccmarpuBaerca npumenenne CBY  osHeprum B TEXHOJIOTMYECKMX  IIpoLEccax
TepMOOOPaOOTKU KHUJIKOCTU C LEJIbI0 HCCIEAOBAHMUSI HCTOPUHU, COCTOSHHUS U TIEPCHEKTUB
TepMooOpaboTkn B CBY  3JeKTpOMAarHUTHOM TOJ€ JKUAKOCTH B MoToke. Mcrtopus



TEPMOOOPAOOTKH KUJKOCTU B MOTOKE C rnomoiibio CBY sHeprum paccMoTpeHa Kak COCTaBHas
yactb uctopun CBY gusnexktpuueckoro HarpeBa. OIEHEHBI pPe3yJbTaThl MPOBEAEHHBIX
uccieoBaHuii U pa3paboTok B obmactu CBY HarpeBa XHIKOCTEH B TMOTOKE, ONpPEACTICHBI
MEPCICKTUBLI HAYYHBIX I/ICCJ'Ie,I[OBaHI/Iﬁ H IPAKTHYICCKOTO IIPUMEHCHUA CBY HarpeBa )KI/I,HKOCTeﬁ
B ITIOTOKEC.

IToxazaHo, 4TO Havay UCCIeIOBaHUN B pa3paboTok B obsactn CBY HarpeBa IuIIEKTPUKOB
MOCIYKHUJIN YCIICXH JJICKTPOHUKN B OCBOCHHM Jualia3oHa CBCPXBBICOKUX YACTOT U YCIICHIHOC
npumeHenne CBY 31eKTpoOMarHUTHBIX KoJieOaHWUN B paguoioKalud. bosblioe BHUMaHHE K
npuMmeHeHnto CBY sHeprum B TEXHOJOTMYECKUX MPOLEcCcax MPOSBUIN CIIEHUAINCTHI B 00J1acTU
TEXHOJIOTHI IMUIICBBIX IIPOU3BOJACTB, IIOTOMY 4YTO K CEpEAHNHC XX B. BO3MOXHOCTHU
I/IHTGHCI/I(i)I/IKaI_II/II/I mponeccoB B HI/IH.[CBOI71 MMPOMBINIJICHHOCTH, B IMPUI'OTOBJICHUN ITUIIA ObLIH
MPAKTUYICCKU UCUYCPIIAHbI, 4 IPUMCHCHUC CBY OHEPIrur OTKPLIBAJIO B 3TOM OTHOLICHHWH HOBBIC
MNEPCICKTUBLI, B TOM YHCJIC U JUIA MMACTCPpU3allUU MOJIOKA, CTOJIb PaCIpPOCTPAHCHHOI'O IMUIIICBOIO
npoaykra. [IpoMbiniuieHHBIE 00BEMBI TEPMOOOPAOOTKH MOJIOKA TPEOYIOT OCYIIECTBIISATh HarpeB
B MOTOKe. bpumn pa3paboransl MeTo sl poekTrpoBanus CBY nmactepu3atopoB, yCTaHOBOK ISt
CYIIKH M HarpeBa pasjMYHbIX MUIICBBIX MPOIYKTOB M JIPYTUX TUIJICKTPUKOB, pa3paboTaHbl U
ucneltadbl koHcTpykuuun CBY macrepusaTopa Mosjoka B 1motoke, ObiToBo CBY mneun wu
paznuuyHbix TUNOB CBY  31eKTpoTepMHUYECKUMX YCTAHOBOK Ul  Pa3jMYHBIX  OTpacien
MMPOMBIIIJICHHOCTH. C nepexoaoM K PbIHOYHBIM OTHOLICHUAM 00BEMEI I/ICCJICZIOBaHI/If/'I n
pa3paboTok B obsnactu CBY s1eKkTpoTepMUn CymecTBEHHO COKPATUITUCH.

Ceifuac OCHOBHOE BHHMAHHUE YJEIAETCS HCCIEIOBAaHUSAM U pa3paboTKaM B 0OO0JACTH
HererioBor CBY mMoaudukanmu AU3JIEKTPUKOB, B TOM YHCIE U KUIAKOCTEH B MOTOKE. DTOT
a¢ ekt ObUT yCTaHOBJICH B rojbl M3ydeHus BiawsiHUS CBY 31eKTpOMarHUTHBIX KOJIeOaHWH Ha
MHUKPOOpPIraHu3Mbl B MOJIOKEC, a IMO3AHCC OH OBLIT 06Hapy>KeH H B JPpYrux I10JHUMEpax HEXUBOHU
MPUPOIBI.

[Toka wuccnenoBanocs mnpumenenne CBY »sHeprum 11 00paOOTKM HBIOTOHOBCKHX
KuakocTed. PaccMoTpeHbl  BOIpOCHI  JIBMJKEHUST B TpaHCHOpTHBIX KaHaimax CBY
OJICKTPOTCXHOJIOTHYCCKUX YCTAHOBOK HECHBIOTOHOBCKUX )KI/IL[KOCTGI‘/'I, TaK KaK IIPpUMCHCHHUC CBY
SHEPTrHUU JA€T BO3MOKHOCTb YMCHBIINTDL BA3KOCTb 3THUX CPC, TO €CTh IMMOJIYUYUTD ) KUAKHUEC CPCABI,
MPOTEKAOIIMX B TPAHCIOPTHBIX KaHAax ¢ Ooibluel ckopocThio. OueHneHsl nepcnektusl CBY
Harpe€sa HCHBIOTOHOBCKHX )KI/I)IKOCTGf/i B ITIOTOKCE.

Knrwouesvie cnosa: CBY nuanekrpudeckuit HarpeB, CBY 3iIeKTpOTEXHOJIOTHYECKUE
yCTaHOBKM, nuieBble TexHonoruu, CBY nHarpeB xuakoctu B notoke, CBY mnacrepuzanus
MOJIOKa, HCTCIIJIOBas CBY MOI[I/I(I)I/II(EII_II/ISI )KI/I)IKOCTCIZ B TIIOTOKC, HBIOTOHOBCKHC H
HCEHBIOTOHOBCKHUE XUJIKOCTU

USING THE MICROWAVE ENERGY FOR HEATING THE FLUID FLOW
V.0O. 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

OIITUMMU3ALIUA BTOPUYHOI'O DJDJEMEHTA HNUWIWMHIAPUYECKOI'O
JUHEMHOI'O BEHTHJIBHOI'O ABUT'ATEJISA
3.0. Tumamés, [{.A. Uupkos, H.B. lllynakos, A./[. Kopotaes
Hpe,I[CT AdBJICHBI PE3YyJIbTaThl HCCIICA0OBAaHUA 3aBHUCHUMOCTH TATOBOI'O ycuniua
ONUIMHAPHUYICCKOTO JIMHEWHOI0 BEHTHIILHOI'O ABUTATCIIA OT KOHCTPYKHOHWH €ro BTOPHUYHOI'O
JJICMCHTA. I/ICCHCILOBaHI/IC IIpOBOAMUIIOCH HAa MOJCIMU ABUTATCIIA, HOCTpO@HHOfI B IIpOrpaMMHOM
nakere ANSYS Maxwell, pacdér MarHUTHOTO TOJISI B KOTOPOW BEAETCS METOJOM KOHEYHBIX
JJICMCHTOB.
Knrouesvie cnosa: NMAMHAPUYECKUN JIMHEWHBIN BEHTUJIBHBIA JIBUTATENb, TATOBOE YCHIIHE,
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

HOBBINEHUE D®PEKTUBHOCTU ®YHKIIMOHUPOBAHUSA IMPUBOPOB
BE3OITACHOCTH 2JIEKTPOBO3A IIEPEMEHHOI'O TOKA CEPUM BJI-80
N.A. MeHIuKoB
[IpencraBiaeHbl pe3ynbTaThl HUCCIEAOBaHMS B OO0JACTH TOBBIIICHUS 3(P(HEKTUBHOCTH
(GYHKIIMOHUPOBAHMUSI pErucTpaTopa MapaMeTpoB JBIXKEHHS M aBTOBEIEHUS TIPY30BOTrO
anekTpoBo3a cepuu BJI-80c. TexHuueckuil pe3yibTaT JOCTUTA€TCSl TEM, YTO PErHUCTPaTOp
IapaMeTpoOB JABWXKEHUS M aBTOBeAeHUs 3ekTpoBo3a PII/IA-D, comepkammii AaT4WK MyTH U
CKOPOCTH, JaTYMK{ AABJICHUS W JATYUK TEKYLIEr0 BPEMEHM, B OTIMYME OT OPUTMHAIBHOMN
KOHCTPYKIUU JTOTIOJHUTEIBHO COJAEP’KUT UCCKYCTBEHHYIO HEHPOHHOBYIO C€Th, 0JIOK 0OpabOTKH



BXOAHBIX TIAapaMCTPOB, BBIYHUCIWUTCIIL C MMOAKIIOYCHHBIMU K HCMY KJIaBI/IaTypOfI, 6HOKOM
WHIUKaIlMH, CBEMHBIM O0JIOKOM HAaKOILJIEHUS I/IH(i)OpMaHI/II/I U C IOJAKIHYCHHBIMHU 4YEpPE3
UH(POPMALIMOHHYIO IIMHY TpeMs OJlokamMu mpeoOpa3oBareneil, TaTYNKaMi TOKa, HAPSHKCHUS U
JaTYMKOM MOMCHTA BpallCHHUA AKOPSA TATOBOI'O ABUIaTClIsd, IIpU 3TOM CHEMHBINH 00K
HAaKOIIJICHUA HH(l)OpMaLII/II/I qcpes3 0JI0K COMPSPKCHUSA COCAMHCH C IICPCOHAJIBHBIM KOMIIBIOTCPOM,
a BMCCTO JATYUMKOB IIYTH U CKOPOCTHU HMCIIOJIB3YCTCA NMHAMHUYCCKass NCKYCCTBCHHAA HeﬁpOHHaﬂ
CCTh.

Knrouesvie cnosa: BHGKTPOHO,I[BH)I(HOP'I COCTaB, KOHTPOJIb, HeﬁpOCCTeBOfI Ha6J’IIO,Z[aTeJ'IB
CKOPOCTH 3JICKTPOBO3a, HpI/I60pr 0€30IacHOCTH 9JICKTPOBO3a

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 VL-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-¢), 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

PABPABOTKA CUCTEMbI TEXHUYECKOU JANATHOCTHUKHA
CUHXPOHHOI'O TATOBOI'O TEHEPATOPA TEIIJIOBO3A CEPUH TJII-70
.A. MeHIIUKOB
[IpencraBnensl pe3yabTaThl HUCCIAEAOBaHUS B 00JIacTU TOBBIIIECHHUS 3((PEKTUBHOCTH
JMarHOCTUPOBAHMUA CHHXPOHHOIO TSINOBOIO TeHeparopa TermioBo3a cepun TOII-70.
TexHu4ueckni pe3ysbTaT JOCTUTAeTCs TEM, YTO DPEIICHHME 3aAad aBTOMAaTHU3aluu KOHTPOJIS
TEXHUYECKOTO COCTOSIHHS JIEKTPOOOOPYIOBAHUS 3JIEKTPOBO3a YI0OHO BBIMOJIHATH C MOMOIIBIO
anreOpanyeckux METO/IOB, KOTOpble 0a3upyloTCcs Ha HCIHOJB30BaHUMU HH(pOpMaluHy,
coJiepKaleiics B pa3MUYHBIX COYETaHUSIX OMHApPHBIX 3HAYEHUN NMPU3HAKOB, CHEKTPAIBHOTO U
KEMCTPAJIbHOTO aHaJln3a TOKa B Tpex(a3zHoil Ienmu OOMOTKH CTaTOpa CHUHXPOHHOTO TSTOBOTO
reHeparopa TEeIUIoBO3a. JTO IO3BOJISET OOXOOUTHCS MajbIMH BBIOOpPKAaMHU M oOecreYuBaTh
BBICOKYIO HaJI€’KHOCTh PaCIIO3HABAHUS.
Knrouesvie crnosa: naccaxupckuii Temioso3 TOII-70, ntnarHocTHKa CUHXPOHHOTO TSATOBOTO
reHepaTopa, CIEKTpPalbHBIM M KENCTpalbHbIA aHaIu3 ToKa Tpex(da3sHoW OOMOTKM cTaTopa,
HaJIe’)KHOCTb ITOABM)KHOTO 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

OLIEHKA BKJAJIA IIOTPEBUTEJIEM B YXYJIUIEHHUE HMOKA3ATEJIEM
KAYECTBA 3JIEKTPOSHEPT'UA
S1.9. Wknspekuid, FO.B. PactBoposa, U.C. IletpoB
[IpuBeneno  oOOCHOBaHWE  HEOOXOMUMOCTH  JAJIbHEWIIEH  pa3padOTKH  METOOB,
IIO3BOIAOINUNX OAHO3HAYHO BBIIBUTDH l'IOTpe6I/ITeJ'ICI71, BHOCAIIUX onpez[emnomnﬁ BKJIa4d B
VXYAIIEHUE TIOKa3aTelied KadecTBa DIEKTPOSHEPTMHM B CHCTEMaX dJICKTPOCHAOKEHUS
npeanpustaid. [IpennoskeH HOBBIM METOI, 00J1aJal0IIUA OJTHO3HAYHOCTHIO, YTO OTIUYACT €ro OT
M3BECTHBIX METONOB. [I0Ka3aHO, YTO METOA HE 3aBUCHUT OT TOYHOCTH M3MepeHui. [lonoxenus,
MMPpEACTABJIICHHBIC B CTAaThbC, MOATBCPKIAAIOTCA pE3yIbTaTaMHU UMHUTAIWMOHHOI'O MOJACIMPOBAHUS.
B ocHoBe MCTOAA JICKUT IHPHUHOUII HU3MCHCHHA BXOJHOI'O COIPOTUBJIICHUA CHUCTCMBI,
OCYH_IGCTBJ'I}IGMHﬁ IMOCPCACTBOM BAPbHUPOBAHUA COIIPOTUBJICHUA 00MOTOK TpaHCQ)opMaTopa, qTo
MOYET OBITh PEaTM30BAHO C TIOMOIIBIO YCTPOMCTBA PETryIMPOBaHUs 1Mo Harpy3koil. [TokazaHbl
MNCPCICKTHUBLI IIPUMCHCHHA MCETOAA I OIPCACICHUA BKJIaJla OTACIbHBIX HOTpe6I/ITeJIeI71 B
MMPOLUCHTHOM COOTHOIICHHWHW B HW3MCHCHUC IIOKa3aTejIed KadecTBa QJICKTPOIHCPIUU CHUCTCMBL
3JICKTPOCHAOKEHHUS MTPEIPHUATHIA.
Knroueswvie cnosa: BeICIINE rapMOHHMKH, HelMHenHas Harpyska, rapMOHHUYCCKHUE MCKAKCHUA,
Ka4de€CTBO SHGKTpI/I‘ICCKOﬁ OHCPIun
ESTIMATING CONSUMERS’ CONTRIBUTION TO DETERIORATION OF
ELECTRIC POWER QUALITY INDICATORS
Y.E. Shklyarskiy, lu.V. Rastvorova, |.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 MOJIEJUPOBAHUE CTPYKTYPHBIX UBMEHEHUI B
OTBEPKJAEHHBIX INOJUMEPHbBIX KOMITIO3NLIUOHHBIX MATEPUAJIAX T1O/
JEHCTBUEM CBY DJJEKTPOMATHUTHOI'O MOJIA

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

Pa3zpabotanbl Qusnueckue U (HEHOMEHOJIOTHUECKHE MOAETH M3MEHEHUS MHUKPOCTPYKTYPbI
MOJIMMEPHBIX KOMIO3UIMOHHBIX MaTtepuanoB (IIKM) nox neiicrBuem CBY snexkTpoMarHUTHOTO
IOJIsI U BBINOJHEHA MX BU3YyalIM3allWs B BHUJE IBYMEPHBIX U TPEXMEPHBIX KOMIIBIOTEPHBIX
Mojiere Mex(azHOro ciosi «MaTpULia-BOJIOKHO». TpexMepHas MOJieib JIEMEHTapHON sueiiku
Obula TOCTpPOEHAa B BHJE MapajuleieNuIea, 3aloJHEHHOTO MaTpHleld C pa3MelleHHbIM B
CpeHEM CeueHUHU BOJOKHOM. OTHOIIIEHHE MONEPEYHOro pa3Mepa K MpoJoJbHOMY HNPUHATO 1:5
u 1:50. B xauectBe Monenu MexQa3zHOrO cJOs TNPHUHATHI MPOJOJbHBIE pedpa MaTpPHUIIBL,



KOHTAaKTUPYIOIIUC C MMOBCPXHOCTHIO BOJIOKHA. Ha OCHOBC aHaJ1n3a SJICKTPOHHBIX
mukpodororpaduii [IKM, cBHAETETHCTBYIOMUX O YBEIWYEHUU DJIEMEHTOB MUKPOCTPYKTYPHI B
MaTpuile ¥ MexdasHoM cioe nocie Bo3aeicTBus CBY 31eKTpoMarHUTHOTO MOJIs, MPEIOKEHO
B Ka4YC€CTBC MOJACIIN YKa3aHHBIX H3MEHEHUH YBCIIMYCHUE KOJIHMYCCTBA KOHTAKTHBIX pe6ep B
aneMeHTapHoil sueiike. Ilo pesynbTaram MOJENMPOBaHUS HANpsHKEHHO-AePOPMHUPOBAHHOTO
COCTOSIHHS DJIEMEHTApPHOM sSYeiiku B mporpaMMHoi cpeae Comsol KOHCTaTUPOBAHO YBEIIMUEHUE
monyiisa FOnra n HanpspkeHunid Muzeca B Matpuiie nocie Bo3zaeictus CBY ainexkTpoMarHUTHOTO
MOJIsI COOTBETCTBEHHO Ha 25,8 m 24,6%, 4TO yIOBIETBOPUTEIIBHO COBIANAET C pe3yjbTaTaMu
sKcniepuMenTa. [Ipu 3ToM yKkazaHHBIE apaMeTphbl BOJIOKHA HE M3MEHUINCH, MEK(A3HOTO CIIOs
YBEJIMYMWINCHh HE3HAUUTENbHO (Ha 7,6%). Ha ocHOBE BBIMIOJIHEHHBIX UCCIIETOBAHHUMN IPEITIOKEHO
B KAadyecTBE OJHOr0 U3 MexaHu3MoB ynpouHeHuss B CBY  snekTpomarHuTHOM 1oJie
oTBepxkaeHHbIX [IKM mnpenmyilecTBeHHOE YBEIMYEHUE MOJIYJS YOPYrOCTHU M MIPEACSIbHBIX
HaNpsDKCHUH MaTepHuaja MaTpHllbl B COYETAaHHMH C POCTOM KoiM4yecTBa oOjacTeil KOHTaKTa
MaTpulbl C IIOBEPXHOCTHBIO BOJIOKHA BCICACTBUC YMCHBIICHHA PpasMCpPOB arjioMepaTroB H
BO3paCTaHUA UX KOJIMYCCTBA.

Knroueswie cnosa: mukpoctpykrypa, CBY snekTpoMarHuTHOE MoJie, MaTpUlia, apMUPYIOIIEe
BOJIOKHO, MEX(a3Hbli CJIOM, KOMIIBIOTEPHOE MOJEIUPOBAHME, DJJIEMEHTAapHas sdeiika,
KOHTAaKTHBIE 001aCTH MG)K(I)aBHOl"O CJI04A

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

HCIHOJIb30BAHUE COEJUHEHNN KPEMHUS
T.H. Kneiiménona, O.B. Paenkas
[IpownsBoauTcst aHanmu3 chep UCIOIB30BAHUS COSTMHEHHH KPEMHHUS B TOJTYMPOBOIHHUKOBOM
TEXHUKE U KaK CpeACTBa MPOTUBOIOKAPHOM 3alIUThl B aBuauuu. lIpencraBieHHbll MaTepuan
MO>XHO HCTIOJIb30BaTh MPH HW3YYCHUH KypcoB «Xumus», «Ikomorus» u «MHPopmarnka» B
BOEHHOM BY3€.



Knroueswvle cnosa: KpCMHHﬁ, QJICKTPOTCXHUUYCCKUC W KOHCTPYKIMOHHBIC MaTCpUAIbI,
IMOJIYITPOBOAHUKH, KPEMHHUEBBIC OIITUYCCKUE KOMIIOHCHTEI, KOCMHUYCCKas TCXHUKA
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

HHTEJUJIEKTYAJIBHBIE CUCTEMBbI YIIPABJIEHUA AYT'OBbIM
HNEPEIIJIABOM
H.A. laBeigoB, A.B. IlomoB
PaCCMOTpeHbI BOIIPOCBI NPHUMCHCHUA B CHUCTCMAX HHTCIUICKTYAJIBHOTO  YIIPABJICHUA
yCTaHOBKaMH AyroBoro neperiaBa, airoput™MoB ['OCT P 52633.5. OnpenesieHbl OCHOBHBIE
npuHuunsl npuMmeneHuss MCY, npemiokeHa MeTOAMKA YBEJIWYEHHS KaHAJIOB IOJIYYEHHS
o0wvexTuBHON MHpopMmarmu coctosuus JCII. [IpennoxxeHsl BapuaHThl ONTUMHU3AIMU TIpoliecca
AYTOBOTI'O II€pCIIjIaBa CTaJIu.
Kniouesvie cnosa: THT CJUICKTYAJIbHBIC CUCTCMBI, YIIPABJICHUC, I[erBOfI IepeiuiaB
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

HNCCIIEJOBAHUE JAE®OPMALIMOHHOI'O n CTPYKTYPHO-
MEXAHUYECKOI'O COCTOsIHUA CTAJIM 16XCH B MNPOLECCE BBICAJAKH
BUHTOB C NIOTAMHOM I'OJIOBKOM 1 KPECTOOBPA3HBIM LIJIMLIEM

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

BrmmonHeHo wuccienoBanue AePOPMAIMOHHOTO U CTPYKTYPHO-MEXAHUYECKOTO COCTOSIHUS
cramu 16XCH B mporecce XOJOJHOW BBICAJAKA BHHTOB C TOTAaHHOW TOJIOBKOW U
KpecTooOpa3HbIM  muiuieM. lcmonp3oBaHa  KOMIUIEKCHAasT — METOAMKA,  BKIIFOYAOIIAsS
neopMalMOHHBIA  aHATU3 METOAOM Maremarndeckoro wmoxaenupoBanus (DEFORM-3D),
MUKPOCTPYKTYPHBII ~ aHAlM3 U 3aMepbl MHUKPOTBEPAOCTH B MPOJOJIBHBIX  CEUEHHUAX
OTIEpAIIMOHHBIX 3aTr0TOBOK. B X071€ nccienoBanus B 00beMe TOJIOBKH BUHTOB OMPE/ICICHBI 30HBI,
OTIIMYAIOIINECS BENIWYMHON Ne(hOPMAllMOHHOTO YIPOYHEHHsS. MaKcHUMalbHOE YIPOYHEHHE
1115-805 MIla npu crenenu aepopmannu 3.0-2,64 COOTBETCTBYET KOHTAaKTHOW MOBEPXHOCTH
tonmmuuHou ~ 0,1 MM, mepexosiell B MPUMBIKAIONIYI0 K HUIMIY 30HY TOJUMHON ~0,6 MM u
uMeronryto yrnpounenne 805-705 MIla npu crenenu aedopmaruu 2,64-1,32. B octaynbHOM
YacTU TOJIOBKHM YIPOYHEHHE 3HAYUTENLHO CHUXKaeTcs. HepaBHOMEpHOCTH JepOpMAIlHOHHOTO
VOPOYHEHUS  TOATBEPAWIACH  CTPYKTYPHBIMH  WU3MEHEHUSMH,  XapaKTePU3YIOIIMMUCS
HAauOOJNBIIMM C)KaTHUEM 3€peH 10 KOHTAKTHON TOBEPXHOCTH, KOTOpPOE 3HAYUTEIBHO
YMEHBIIAETCS B PaJHAIBHOM HANpaBICHHUH K OOKOBOM TOBEPXHOCTH TOJIOBKM U B OCEBOM
HalpaBJI€HUU OT OCHOBaHUA LUIMIEBOro mnasa. [lo pe3ynbraram wHcclieoBaHUS IMOCTPOECHA
06o6menHass kpuBas ymnpouHeHus ctanmu 16XCH, Ha ocHOBaHWMM KOTOpOW JaHa OIIEHKA



BCIIMYHNHBI KacCaTCJIbHBbIX HaHpHX(eHHﬁ, BO3HUKAOIIUX OT CHIIBI TPCHUSA Ha KOHTAKTHOH
IIOBEPXHOCTH.

Knroueswvie cnosa: l[e(l)OpMaLII/IOHHOC YIIPOYHCHUC, JICTUPOBAHHASA KOHCTPYKIIMOHHAA CTallb,
BbICaJlKa BUHTOB C MOTAalfHON T'OJOBKOH U erCTOO6paSHBIM IIMOEM, KOHTAKTHAasA IMOBCPXHOCTDH
MyaHCOHA C MaTepHajioM, 3aMepbl MHUKPOTBEPIOCTH, CTPYKTYPHBIE M3MEHEHHs, 00OOIICHHbBIE
KPUBBIE YIIPOYHEHUS

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'USI UMIIPETHALIUU IMOPUCTBIX ITJIASMOHANBIJIEHHBIX
NOKPLITUM, MNOJYYEHHBIX TIPU PA3JIMUHBIX TEXHOJOIHYECKHUX
PEXUMAX HAIIBUUIEHUS, KUJKUMHU BEINECTBAMM I10/1 JNEVICTBUEM O.A.

Mapxkenosa, W.11. I'pumnna

Pa3pa60TaHa TEXHOJIOTHA HMIIPETHAOUU TOPUCTOIO INIa3MOHAIIBIJICHHOTO IMOKPBITUA I10J
JeICTBUEM YIIbTPa3BYKOBbIX KosieOaHuil. [IpuBeneHbl pe3ynbTaThl HCCIEIOBAaHUI CKOPOCTU
BLICBO60)KI[€HI/I}I KUIKHUX KOMIIOHCHTOB M3 IMOPUCTOI'0 MOKPLITHUA B 3aBUCUMOCTHU OT CTPYKTYPBI
CaMOro TIOKpPbITUA MW TEXHOJOTMYCCKUX PCKHMOB IIJIASMCHHOT'O HAIIBUJICHUA IIPpU  €Tro
(dbopMHpOBaHUY.

Knrouesvie cnosa: nna3meHHOE HaIIbIJICHUE, BJIGKTpOTGXHOJIOFI/I‘IeCKI/If/'I mnmponecc, mopucToc
IMMOKPBITUEC, YIIBTPA3BYKOBBIC I(OJ'IC68.HI/I$I, HUMIIpErHaAl WA

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






