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COBEPIIEHCTBOBAHUE METO/UK KOHEYHO-2JIEMEHTHOI'O
3D MOIEJIUPOBAHUA AJIEKTPOTEPMHUYECKHUX CBU-
YCTAHOBOK JIYUYEBOI'O TUITA HEOTPAHUYEHHOI'O OB BEMA
B.B. 3axapos, U.U. ApTi0X0B
Baxnellmmmu acrnekTaMyd MOpd  TPOCKTUPOBAHMM  3niekTporepmuueckux CBY-
YCTAHOBOK JIy4€BOTO THIIAa HEOTPAaHUUYEHHOTO OOBbEMa SIBIISIIOTCS HCCIEIOBAHUE
COTJIaCOBaHMS M3Tydalollel CHCTEMBI C OOBEKTOM TEPMOOOPAOOTKH, OINpee/iCHHE
nokasateneit sHeprerudyeckoil 3dpdexkruBHOoCcTH mpouecca CBY-HarpeBa, a Taxxke
pa3paboTka MEpOMPUATHI TIO0 OTPAHWUYCHHIO OMACHOTO Bo3zeicTBus yredek CBU-
U3JTy4eHHs] Ha 0OCTYKMBAIOIIHMI TIEPCOHAN U OKPYKaIOLIyI0 cpedy. B cBsi3u ¢ atum
0pu pa3padOTKE M ONTHUMHU3AUMK KOHCTpyKUuMi CBY-ycTaHOBOK € NpUMEHEHHEM
KOHEYHO-3JIeMeHTHOTro 3D MozenupoBaHus HEOOXOIMMO HCIOJIb30BaTh METOJUKU
MOJIEIMPOBAHUS, YUUTHIBAIOIIME JaHHbIe acreKThl. B maHHON paboTe mpensioxeHa
METOJIMKa KOHE4YHO-1eMeHTHoro 3D mopenupoBanus mnponecca CBY-Harpea
JTUDJIEKTPUKA, pealu3oBaHHass B mporpamMmHoM  obecrieueHnn  COMSOL
Multiphysics, ocHOoBaHHass Ha TPUMEHEHUM WJICAILHO COIJIACOBAaHHBIX CIIOEB,
NO3BOJISIIONIAA y4ecTh pacrpocTpaHeHue CBY-uziydeHusi He TONBKO B OOBEKTE
TEPMOOOPAOOTKH, HO M B OKpYyXarouem mpocTpaHcTBe 3a mnpeaenst CBU-
m3nyyatoieir cucrembl. Ha mpumepe mporecca CBU-tepmooOpaboTku TpyHTa
NPOBEACHO CpaBHEHWE TMpeIaraéMoil METOMMKA ¢ 0a30BOM  METOJUKOM,
peanuszoBaHHoi B mporpammHoM COMSOL Multiphysics.

KimroueBbie cnoBa: CBY-narpeB, anektporepmuyeckas CBUY-ycraHoBka
Jy4eBOTO TUINA HEOrPAaHUYEHHOTO O0BbeMa, pPYyHOpHas AaHTEHHA, M3IIydarolas
CUCTEMA, KOHEYHO-3JIEMEHTHOE MOJEINPOBAHUE, UACAITBHO COTJIACOBAHHBIN CIION

IMPROVEMENT OF FINITE ELEMENT 3D MODELING METHODS
FOR MICROWAVE RAY TYPE ELECTROTHERMAL INSTALLATIONS
WITH UNLIMITED VOLUME
V.V. Zakharov, L.I. Artyukhov

The key aspects in designing electrothermal ray type microwave
installations of unlimited volume include the issues of matching the radiating
system with the heat treatment object, defining the energy efficiency indicators
of the microwave heating process, as well as the measures to limit the
dangerous impact of microwave radiation leaks on the maintenance staff and
environment. In this regard, when developing and optimizing the designs of
microwave installations using finite element 3D modeling, it is necessary to
use the modeling techniques with account to the given aspects. In this paper
we propose a modeling technique implemented in the COMSOL Multiphysics
software, based on the use of perfectly matched layers, which allows taking
into account the propagation of microwave radiation not only in terms of heat
treatment, but also terms of surrounding space beyond the microwave radiating
system. Using the example of the process of microwave heat treatment of soil,



a comparison of the proposed method with the basic method implemented in
the COMSOL Multiphysics software has been carried out.

Keywords: microwave heating, microwave ray type electrothermal installation
with unlimited volume, horn antenna, radiating system, finite element modeling,
perfectly matched layer

NOHHO-IIVIASMEHHOE HAHECEHUE MUKPO- n
HAHOTEKCTYPUPOBAHHBIX IMOKPBITHIA n3 TUTAHA
HA IHOBEPXHOCTH KOJIUIEKTOPHBIX JEKTPOI0B
JAMIIBI BET'YIIIEXA BOJIHBI
JA.A. Kupudenko, I1./1. [llanaes, H.O. Illabynun, B.A. [{apes

[lpuBenensr pe3ynbTaThl Pa3pabOTKU  TEXHOJOTUYECKOTO TPOIecca HOHHO-
TUIA3MEHHOTO HAHECEHUsI TUTaHa Ha 3JIEKTPObl KOJUIEKTOPA JIaMIIbl OEryIlel BOJIHBL.
[lpeacraBnensl  ¢ororpaduu MOMYyYEHHBIX TMOKPBITUM  MOBEPXHOCTH  JIeTajen
KosuiekTopa. [ToBEpXHOCTH MOKPBITUI UMEKOT HAHO- U MUKPOPA3MEPHBIE CTPYKTYPBI.
[lokppiTHE W3 THTaHAa OOECHEUWSIO CHIPKEHHE BIMSHUS BTOPUYHOM AIIEKTPOHHOU
AMUCCUM Ha PabOTy KOJUIEKTOpa JaMIibl Oeryieil BoiHbL. [IpuBeneHbl pe3yabTaThl
AKCTIEPUMEHTATILHBIX UCCIIEIOBAHUM JIaMITbl OETYIEeH BOJIHBI C MOKPHITHIMA TUTAHOM
anekTponamu kosutektopa. KI1JI nammbl 6erymieil BosHbl yBenuumioch Ha 1,8-2,5 % B
paboyeii I0JI0Ce YaCTOT MO CPABHEHUIO C aHAIOTAMH 0€3 TUTAHOBOTO TTOKPBITHSL.

KitoueBbie ciioBa: MOHHO-TUTA3MEHHOE HAIBUICHWE THTAaHA, JIaMIa OeryIien
BOJIHBI, MHOTOCEKIIMOHHBIN KOoJu1ekTop, KITJ]

ION-PLASMA DEPOSITION OF TEXTURED TITANIUM COATINGS
ON THE SURFACE OF COLLECTING ELECTRODES
OF A TRAVELLING WAVE TUBE
D.I. Kirichenko, P.D. Shalaev, N.O. Shabunin, V.A. Tsarev

The paper presents the results relating the development of the technological
process of ion-plasma deposition of titanium on the electrodes of the TWT
collector. The photos of the obtained surface coatings of collector parts are
provided. The coating surfaces have nano- and micro-dimensional structures.
The titanium coating provided a reduction in the effect of secondary electron
emission on the operation of the TWT collector. The results of experimental
studies of a TWT with titanium-coated collector electrodes are presented. The
efficiency of the TWT increased by 1.8-2.5 % in the operating frequency band
compared to the analogues without titanium coating.
Keywords: titanium ion-plasma sputtering, TWT, multi-section collector,
efficiency

MNEPCIHHEKTUBBI INPUMEHEHUSA
IJEKTPOPUINYECKUX TEXHOJIOT U B AJJAUTUBHOM
MMPOU3BOJCTBE U3JIEJINH U3 ITOJUMEPOB U KOMIIO3UTOB

O.A. IMapmmnkos, M.B. ABpaMoB, B.B. KpsbLios,



M.A. Urnatbes, U.B. 3;100una, H.B. Bekpenen

[loka3ana akTyaJIbHOCTb TMOBBIMIEHHUS  (U3HKO-MEXAaHUYECKHX  CBOWCTB
00BEKTOB aJJUTUBHOTO TNPOM3BOJACTBA W3 HEMETAUIMYECKUX, B TOM YHCIIE
MOJIMMEPHBIX, KOMIMO3UIMOHHbIX MaTepuanoB ([IKM) mnyrem mnpumeHeHus
BO3JICUCTBUSI HAa HHUX B OTBEPXKIEHHOM COCTOSIHUU BIEKTPOPUINYECKUX
IpOIECCOB. PaccMOTpEeHbI BOMPOCH! 3aMEHbI PE3MHOBBIX YIDIOTHUTEIBHBIX KOJIEI]
ra3ornpoBOJAOB M  Ta30pacOpeicsIMTENIbHON — anmapaTypbl Ha  KOJIblla M3
pPE3MHOMOAO0OHBIX TMOJUMEPHBIX MaTepuasoB, (opMupyemble aaTUTUBHBIMU
METOZaMH, 4 TAK)KE MCIOJIb30BAHMS YTIIETKAHHBIX IIPENPErOB C UCTEKIIUM CPOKOM
XpaHeHus: st GOPMUPOBAHUS M3AETUI METOJOM TOCIOWHOTO JAMHUHHUPOBAHHUSL.
JlokazaHa BO3MOJKHOCTH ITOJIYYEHHs IIyT€M TPEXMEPHOM II€YaTH W3ACIHA U3
yKa3aHHbIX  MaTe€pHaliOB, COOTBETCTBYIOIIMX MO  (DU3UKO-MEXaHHUYECKUM
CBOWMCTBAM  M3JENUAM, IIOJYYEHHBIM II0 TPAJWLHOHHBIM  TEXHOJIOTHSM.
BeimonHensl uccnenoBanus BiusHus CBY  371eKTpOMarHMUTHOrO 1ojis Ha
MIPOYHOCTh NIPU Pa3pbIBE€ U OTHOCHUTENIBHOE YJJIMHEHHUE YIUIOTHUTENIBHBIX KOJIEI U3
pe3uHonono0Horo Marepuaia Flex, mokaszaBiue CyHIECTBEHHOE IOBBIIICHHUE
MPOYHOCTH MPU YMEHbIIIEHUU 0oJiee yeM B 2 pa3za OCTaTOYHOM Aedopmalvu npu
pacTsHKEHUU. DKCIIEPUMEHTAIBHO J0Ka3aHa BO3MOXHOCTb ()OPMHUPOBAHHUS MyTEM
yJIBTPa3BYKOBOM CBApKHU IMPEMPErOB HA AMOKCHIHOM CBS3YIOIIEM MHOTOCJIOWHOTO
YTJICIUIACTHKA, MPEBBIMIAIONIETO 110 MPOYHOCTH MATEPUAIL, MTOTYUYEHHBI METOAOM
npeccoBaHusi. Pe3ynbTaThl HMcclneIOBaHUS MOTYT OBITh HCIHOJB30BAaHBI B
PEMOHTHBIX HMIIOPTO3aMEIIAOIIMX TEXHOJIOTUAX B Ta30BOM OTPACIA W IS
pemieHusi npoOiembl ytunu3auuu mnpenperoB u3 IIKM Ha TepMopeakTHBHOM
CBA3YIOIIEM IIyTEM MX  UCIOJb30BaHUSA IPU  H3TOTOBICHMM  M3JEIUU
TPAHCIIOPTHOTO Y SHEPrETUYECKOTO MAITMHOCTPOCHMUS.

KitoueBsie cnoBa: agautuBHble TexHomorun FDM u LOM, pesunomnogoOHbIe
(buIaMeHThl, MpErperu Ha TEPMOPEAKTUBHOM CBs3yroleM, moaudukanus B CBY
AIIEKTPOMAarHUTHOM TIOJIE€, YJIbTPa3BYKOBasl KOHCOJIMJALMS, YIUIOTHUTEIbHbBIC
AJIEMEHTHI Fa30MPOBOAOB, JAMUHUPOBAHHBIE U3/ICIINSI, aDMUPOBAHHbBIEC TKAHAMH Ha
OCHOBE YTJIEPOAHBIX BOJOKOH

PROSPECTS FOR APPLICATION
OF ELECTROPHYSICAL TECHNOLOGIES IN ADDITIVE
MANUFACTURING OF POLYMER AND COMPOSITE PRODUCTS
O.A. Parshikov, M.V. Avramoyv, V.V. Krylov,
M.A. Ignatiev, 1.V. Zlobina, N.V. Bekrenev

The paper considers the relevance of improving the physical and mechanical
properties of additive manufacturing for objects from non-metallic and polymer
composite materials (PCM) when induced to electrophysical processes in the
solidified state. The issues relating replacement of rubber sealing rings of gas
pipelines and gas distribution equipment for the rings made of rubber-like
polymer materials formed by the additive methods, as well as the use of carbon-
fiber prepregs with expired storage period to form products by layer-by-layer
lamination are considered. A possibility to produce three-dimensional printing
items from these materials, which correspond to the physical and mechanical



properties of the items produced by traditional technologies has been proved. A
research into effects of the microwave electromagnetic field on the tensile
strength and elongation of the sealing rings made of rubber-like Flex material
has been performed, which showed a significant improvement in the strength
with more than a two-fold reduction in residual tensile strain under tension. A
possibility of forming a multilayer carbon fiber by ultrasonic welding of
prepregs based on an epoxy binder, exceeding the strength of the material
produced by pressing, has been experimentally proved. The results of the
research can be used for the purposes of import-substituting technologies in the
gas industry and to solve the problems of recycling prepregs from PCM on a
thermosetting binder when using them in manufacturing transport and power
engineering devices.

Keywords: additive technologies FDM and LOM, rubber-like filaments,
prepregs on a thermosetting binder, modification in a microwave electromagnetic
field, ultrasonic consolidation, sealing elements of gas pipelines, laminated
products reinforced with carbon fiber-based fabrics

JIABEPHASI HAIIVIABKA TTIOPOUIIKA THUTAHOBOI'O CIIJIABA BT6
HA HEPKABEIOIIYIO CTAJIb 08X18H10T
P UMITYJIbCHOM BO3JEVCTBUMA U3JTYYEHUSI
NU.B. Poauonos, I1.H. Ycrunos, U.B. Ilepunckasn, JI.E. Ky

[TpoBeneHbl 3KCIEPUMEHTAIBHBIE HCCIEOBAHUS MPOLECCA Ja3€PHON HAIIaBKH
IPUCAJOYHOrO MaTepHajia B BHUAE MEJIKOAMCIEPCHOIO IOPOIIKA THUTAHOBOIO
crmaBa BT6 nHa nepxkaseromyro ctanp 08X18HIOT. HamnaBka mpoBoguiach B
UMITYJIbCHOM PEXKHUME HW3JIYyYEHHs] IPU M3MEHEHUHM IIMPOKOro psiia MapameTpoB
BO3JICUCTBHSI: HANPsDKEHUS HA JlaMIle HAKAuKH, MOIIHOCTH W3JyY€HHMsI, YaCTOThI
U JUIATETbHOCTH WMITYJIbCOB, AMaMeTpa MsATHA (POKYCHPOBKH, Iara ciel0BaHus
UMITYJIbCOB, (POKYCHOI'O pACCTOSIHUSI M KOJUYECTBA IPOXOJIOB. YCTaHOBJIEHO
BIIUSIHUE PEKUMOB JIA3€PHOTO0 MUMITYJILCHOTO M3JyYEHUsI Ha TOJIIMHY, (a30BbIA U
XUMUYECKUN COCTaB, IEPOXOBATOCTh MOBEPXHOCTH, MOP(OJIOTHIO
Y MUKPOTBEPAOCTh HAIUIABJICHHOrO CJlOsA. BbIsiBIeH 3(QQeKT MNOBBIILICHUS
MPOYHOCTH TOBEPXHOCTH IMpPU TOPOIIKOBOW HamiaBke cruiaBa BT6 3a cuer
o0pa3oBaHMsl BBICOKOTBEPIBIX OKCHAHBIX (a3 B Buae amokcuaa Ti0O, ¢
KpUCTaJIorpaguueckuMu MOAUGUKALMIAMU pyTUia U aHataza. OnpeneneHo, 4yTo
MUKpPOTBEPAOCTh MOBEPXHOCTH HAILJIABJIEHHOTO TUTAHOBOI'O CIUIABA OTIMYAETCS OT
MUKPOTBEPIOCTH, U3MEPEHHON B 00bEME CIIO0sl, Te 3HAUCHHE JaHHOTO MOKa3aTels
nocturano 10,3 ['Tla npu HauOombIIeM 3HAYEHUH MHUKPOTBEPIOCTH MOBEPXHOCTH
6,8 I'Tla.
KittoueBble cioBa: UMIyJIbCHAsS JIa3epHas HarIaBKa, MOPOIIOK TUTAHOBOIO CILJIABa,
HEprKaBEIoIasi CTallb, MUKPOTBEPIOCTh, IIEPOXOBATOCTh MOBEPXHOCTH, CTPYKTYpa
HAIUJIaBJICHHOTO CJIOS

LASER DEPOSITION OF TITANIUM ALLOY POWDER VTé6
STAINLESS STEEL 08Kh18Nil0T UNDER PULSED RADIATION



L.V. Rodionov, P.N. Ustinov, I.V. Perinskaya, L.E. Kuts

Experimental studies of the laser surfacing process of the filler material in
the form of fine powder VT6 titanium alloy on 08X18H10T stainless steel were
carried out. The surfacing was carried out in the pulsed radiation mode with a
change in a wide range of exposure parameters, such as voltage on the pump
lamp, radiation power, pulse frequency and duration, focus spot diameter, pulse
pitch, focal length, and number of passes. Effect of laser pulse radiation modes
on the thickness, phase and chemical composition, surface roughness,
morphology and microhardness of the deposited layer is established. The effect
of increasing the surface strength during powder deposition of the VT6 alloy
was revealed due to formation of highly solid oxide phases in the form of TiO,
dioxide with crystallographic modifications of rutile and anatase. It is
determined that microhardness of the surface of the deposited titanium alloy
differs from the microhardness measured in the layer volume, where the rate of
this value reached 10.3 GPa at the highest surface microhardness value of 6.8
GPa.
Keywords: pulsed laser deposition, titanium alloy powder, stainless steel,
microhardness, surface roughness, structure of deposited layer

YUCJIEHHOE MOJIEJIUPOBAHUE W JDKCIHEPUMEHTAJIBHOE
NCCIEJOBAHUE MMPOLECCA NHAYKIOUOHHOI'O
A30TUPOBAHUSA CTAJIBHBIX UHCTPYMEHTOB
II.A. ITankanos, B.A. Komypo, A.A. ®omuuH

B nanHoli paGoTe mNpUBEACHBI PE3yNbTAThl UYKCICHHOTO MOJEIMPOBAHUS
WHAYKIHOHHOTO HarpeBa MHCTPYMEHTOB U3 OBICTPOPEXKYIIEH HHCTPYMEHTAJIbHOU
cranru Mapku P6MS5S 1mpu XUMHKO-TEpMUYECKOM 00paboTKe (a30THPOBAHUM).
[TonydyeHsl  SKCHEpUMEHTANbHBIE  JIaHHBIE [0  MpOILIECCY  a30TUPOBAHUSA
WHCTPYMEHTOB Pa3IMYHON reoMmeTpuu (cBepiao D =8 MM M BBITSKHOW IyaHCOH
D =14 mm). Ilyrem MopenupoBaHusi METOAOM KOHEYHBIX D3JIEMEHTOB ObLIU
paccuuTaHbl TEMIIEpaTypHBIE MOJS B CUCTEME «MHIYKTOP-KaMepa-UHCTPYMEHT» B
3aBUCUMOCTH OT TOKa MHAYKTOpPA U JJIMTEIBHOCTHU mpolecca. Moienu y4uThIBaIu
KOHCTPYKTHUBHBIE OCOOCHHOCTH HWHCTPYMEHTOB, pPACIOJIOKEHUE B aKTUBHOMU
o0jacT HWHAYKTOpa M HEOOXOAMMBINM JAMana3oH TepMooOpabOTKH BHYTpHU
repMETUYHON KaMephl B a3oTocozepxaiiei cpene. [Ipu pemennn kpaeBbIx 3a1ad
ANIEKTPOJMHAMUKA M HECTAIlMOHAPHOW TeIulonepenayn ObUIO0  YCTaHOBJIECHO
BJIMsIHME paboyero Toka ycraHoBKM B auanazone 300-360 °A Ha mOBEpXHOCTHYIO
Temriepatypy uzgenuii B teueHue 600 ¢ oOpaOOTKU. YCTaHOBJIEHO, YTO NpU
3aIaHHBIX  AJIEKTPOTEXHOJIOTMYECKUX TapamMeTpax MHAYKIIMOHHOIO Harpena
COIJIaCHO MOJEIMPOBAHUIO Temneparypa uHCTpyMeHToB aocturaetr 900-1100 °C,
a mpu 06pabotke B xoze 3kcnepumenTa 950-1000 °C. Taxxe B x0/€ MPOBEACHUS
npoiiecca 00pabOTKM HMHCTPYMEHTOB Ha HX TIOBEPXHOCTH HAOIIOAANOCh
dbopMupoBaHUE YIIPOUHEHHBIX CJIOEB ¢ TBepaocThio 14-16 I'Tla.
KitoueBble  cioBa:  ObICTpOpexyllas  CTajdb, HMHAYKIMOHHBIA  Harpes,
a30THPOBaHHUE, MOJICTUPOBAHNE, TUHAMUKA HAarpeBa



NUMERICAL SIMULATION AND EXPERIMENTAL INVESTIGATION
OF INDUCTION NITRIDING OF STEEL TOOLS
P.A. Palkanov, V.A. Koshuro, A.A. Fomin

This paper presents the results of numerical simulation of induction heating
of tools made of P6MS5 high-speed steel during the chemical and thermal
treatment (nitriding). The experimental data on the nitriding process of tools of
various geometries (drill D=8 mm and exhaust punch D =14 mm) were
obtained. The temperature fields in the inductor-chamber-instrument system
were calculated using the finite element modeling depending on the inductor
current and duration of the process. The models take into account the design
features of the instruments, location in the active region of the inductor and the
required range of thermal treatment inside a sealed chamber in the nitrogen-
containing medium. When solving the boundary-value problems of
electrodynamics and non-stationary heat transfer, effect of the operating current
of installation in the range of 300-360 A on the product-surface temperature in
the course of 600 s of the processing is established. It has been found that
according to the simulation procedure, at the specified electrotechnological
parameters of induction heating the temperature of the tools reaches 900-
1100 °C, while in the course of processing, it reaches 950-1000 °C. Also, when
processing of tools, formation of hardened layers with the hardness of 14-
16 GPa is observed on their surface.
Keywords: high-speed steel, induction heating, nitriding, modeling, heating
dynamics

JIABEPHBIE TEXHOJIOI'MW B HAYKE U ITPOU3BOACTBE (OB30P)
2. OUBNYECKHUE OCOBEHHOCTH IT'EHEPAIIUU
N3JIYYEHUSA U TUIIBI JIASEPOB
C.K. Cnepancknii, U.B. Poquonon

B crathe packpheITBI TEOPETHYECKHE OCHOBBI TEHEpAIMH JIa3epHOTO
u3aydeHus. PacCMOTpeHBl TpeXypOBHEBass M UYETBIPEXYPOBHEBAsI CXEMBI
TCHCpALlMH JIA3CPHOI'O MU3JIYUCHHUA. Ommcansbl OHCPIrCeTUYICCKNC YPOBHU HIMPOKO
OPUMEHAEMBIX B MPOMBIIIJIEHHOCTH Ja3epoB. B kpatkoit (opme H3T0KEHBI
OPUHIUIIBI pabOThl J1a3€pOB U TMPHUBENCHBI KOHCTPYKIIMH WX OCHOBHBIX
Pa3HOBUIHOCTEH: ra3oBbIX, TBEPIOTEIbHBIX, MOJIYTIPOBOTHHKOBBIX,
BOJIOKOHHBIX. [IpuBeIeHBI pa3InyHbIE CXEeMbl HAKAUKH JIa3€POB.

KiroueBbie clioBa: 31€KTPOMArHUTHOE U3Ty4YEHUE, MHBEPCHUS, SHEPreTUICCKHUE
YPOBHH, JIa3epbl, CUCTEMa HaKAUKH

LASER TECHNOLOGY IN SCIENCE AND INDUSTRY
PART 2: PHYSICAL FEATURES OF RADIATION GENERATION
AND LASER TYPES

S.K. Speransky, 1.V. Rodionov



The article reveals theoretical foundations of laser radiation generation.
Three-level and four-level laser radiation generation schemes are considered.
The energy levels of lasers widely used for industrial purposes are described.
Laser working principles are briefly described and designs of their main
varieties are provided, including gas, solid-state, semiconductor, and fiber
lasers. Various schemes for pumping the described lasers are presented.

Keywords: electromagnetic radiation,
inversion, laser, energy levels, laser
pumping
OKCIHHEPUMEHTAJIBHOE NCCJIEJOBAHUE MOJYYEHMUS
HAHO- " MUKPOUYACTHUI] OKCHUIA KEJIE3A

C IOMOIIbIO CBY-OHEPI'OITIOABOJIA
B.1O. KoxkeBHukosB, B.JI. ®exoToB

PaccmoTpeHa TEXHOJIOrHs MOJIyYeHUs HAHO M MUKPOYACTHUIl OKCHJA JKele3a IMpU
CBY-Bo3aciicTBMM  HA  KOJUIOMAHBIE  pacTBOpbl.  [IpuBeneHbl  pe3ysbTaThl
DKCIIEPUMEHTAIIBHBIX ~MCCIEOBAHMM, [I0Ka3aBIIME, 4YTO ucnoib3oBanue CBU-
HHEPIroOIO/IBOJIa MO3BOJISIET MOMYYaTh CTAOWIIbHBIE PACTBOPHI JKEle3a C JIOCTATOYHO
Y3KAM PACIPEAECIIEHUEM HAHOYACTHLI IO pa3Mepy.
KintoueBbie cinoBa: CBU-BoznelicTBUE, HAHO- U MUKPOYACTUHBI, OKCHUJI XKeJe3a,
HKCIEPUMEHTAIILHOE HCCIIEIOBAaHUE, KOJUIOWAHBIE pacTBOpPbI, TexHojorus, CBY-
YCTaHOBKa

EXPERIMENTAL STUDY OF THE PRODUCTION
OF NANO- AND MICROPARTICLES OF IRON OXIDES USING
MICROWAVE POWER SUPPLY
V.Yu. Kozhevnikov, V.D. Fedotov

The technology for the synthesis of iron oxide nano- and microparticles under
microwave-assisted impact on colloidal solutions is considered. The results of the
experimental studies showed that the use of a microwave power supply can be
applied in synthesizing stable iron solutions with a narrow size distribution of
nanoparticles.

Keywords: microwave exposure, nano- and microparticles, iron oxide,
experimental study, colloidal solutions, technology, microwave installation

YBE/IMYEHUE TOYHOCTHU KOHTPOJIA COCTOSAHUsA
TPAHC®OPMATOPHOI'O OBOPYJAOBAHUA C IIPUMEHEHHUEM
METOJ10B UCKYCCTBEHHOI'O UHTEJUIEKTA
A.I'. ComunoB, O.C. Atpamenko, T.B. Koneiikuna, O.0. AxmenoBa

CunoBoii TpaHcopMaTop U €ro COCTOSIHHE SIBJISIFOTCS OJHOM M3 COCTaBHBIX
yactel oOecriedeHHs] HaJIeXKHOCTU AJIEKTpoceTeBoro komiuiekca. [lo mMepe mepexoma
HHEPrOKOMITAHUA Ha TEXHUYECKOE OOCIY>KMBAaHME U PEMOHT OOOPYIOBaHHS IIO
(haKTUYECKOMY COCTOSIHUIO, Pa3JIMYHbIE METOJIUKHA TUArHOCTUKU, B OCOOCHHOCTH TI0]T



pabounM HampsHKEHWEM, MOMYYWId IIUPOKOEe NpUMEHEeHHne. BocTpeOOBaHHOCTH
KOHTpOJISL ~ Takke oOycljioBiieHa  OOJIBIIMM  MPOLEHTOM  3KCILUTyaTUPYEMOro
ANIEKTPOOOOPYIOBAaHUSI CBEpX HOPMATUBHOIO Cpoka. [yt OIEHKM CHJIOBOTO
TpaHchopMaTopa MPUMEHSIOT METOJIMKY MHTETPAJIbHOIO MOKA3aTeNsl TEXHUYECKOTO
COCTOSIHMSI, KOTOPBIM 3aKiioyaeT B ce0e COBOKYIMHOCTh JMAarHOCTHUYECKUX
napameTpoB Ha pasHbIXx y3nax TpaHchopmatopa. CBeleHUST O COCTOSIHHU
ANIEKTPOOOOPYIOBAHUS TPAIMIIMOHHO TMOJYYalOT B XOJI€ MCIIBITAHUS Y3JIOB B XOJ€
PEMOHTHBIX Pa0oT, 4TO TpeOyeT OTKIFOYCHUS JIMHUU. B HacTosiee Bpemsi pa3BUTHE
MOJIYYMJIM AaBTOMATU3WPOBAHHBIA MOHUTOPUHT U TEXHUYECKOE JAMATHOCTUPOBAHUE
AIIEKTPOOOOPYIOBAHUE, YTO TOJATBEPXKAACTCS PAIOM  PErJIAMEHTUPYIONMX U
HOPMATUBHBIX  JOKYMEHTOB  JJIEKTpOCETeBbIX  Kommanuil.  IIpenmaraembie
MIPOU3BOIUTEISIMA CHCTEMBbI MOHUTOPUHTA OTJIMYAIOTCS 3HAYUTEIBHBIM HAa0OpPOM
U3MEPSEMBIX MapaMETPOB, MHOTHE U3 KOTOPBIX SIBJISIOTCS JOMOJHUTEIbHBIMU, HE
Bxomsiammmu B niepeueHb HT/I. B Poccun takue cucrembl MPUMEHEHBI B KaueCTBE
NWIOTHBIX MPOEKTOB B XOJ€ PEKOHCTPYKIIMU M CTPOUTENbCTBE 00bekToB B ITAO
«Poccetn  MockoBckuil  peruoH». a1 yCOBEpILIEHCTBOBAHUS ~ METOOB
NPOrHO3UPOBAHUS M ONTHUMM3ALMK PAOOTHI 3JIEKTPOIHEPTETUUECKOW CHUCTEMBI,
JIOTUYHO MCHOJIb30BAaHUE METOJOB HCKYCCTBEHHOI'O HMHTEIUIEKTa, KOTOPBIE HMEIOT
pelarolee 3HaYeHue il PacHIMpPeHHs] KOTHUTHUBHBIX CHOCOOHOCTEH YelloBeKa B
ATUX 3ajadax. B Mupe meTos onopHbIX BeKTOpoB (SVM), MalllMHbI 3KCTPEMAILHOTO
oOydyenusi (ELM), HedeTkast JIOTMKAa M HEKOTOpbIE Ipyrue ObLIM OOBEIUHEHBI C
MeTosiaMu uHTeprnpetanu APTT i aHanmza 3ap0KIaroiiyuxcsi HEMCIPABHOCTEHN B
TpanchopmaTopax. Mozaenu CBEPTOYHON HEUPOHHOW CETH aKTUBHO HCIOJB3YIOTCS
Ui KIacCU(UKAIMM  HEWCIPABHOCTEW  DJIEKTPOOOOPYIOBaHMS B XOE
TETJIOBU3MOHHOW CHEMKH TPaHCPOPMATOPHBIX MOAcTaHlMi. Mcmonb3oBaHue ceTu
YOLOV4 no3BOJISIET BHITOIHUTD HISHTH(PHUKAINIO 4 TUTIOB CHJIOBOTO 000PYTOBAHHS
Ha MOJICTAHIIMKM C TPEBAPUTEIHLHON 00paboTKON M300pakeHus (BbIsIBICHHE (DOHA,
MIOMEX, BBI3BAHHBIX AIKCTPEMAJIbHBIMU MOTOAHBIMHA YCJIOBUSIMH, IITYMOM U JAPYTUMHU
dakropamu). HenmoctaTouHblii OOMEH JaHHBIX MEXAY SKCILTYyaTHPYIOIIUMU
KoMIaHusiMu Poccum BeAeT K MEAJIEHHOMY BHEJIPEHUIO METOJIOB MCKYCCTBEHHOIO
WHTEIIEKTA.

KiroueBble  cioBa:  aBTOMAaTU3UPOBAHHAS  CHUCTEMa  MOHMTOPHUHIA U
JMAarHOCTUKH, CHUJIOBBbIE TpaHCHOpMATOpbI, HAAEKHOCTb, DIEKTPOTEXHUUYECKOE
o0opynoBaHue, MAITMHHBIA UHTEJUICKT, OOJBIIINE JaHHBIC

IMPROVING THE ACCURACY OF MONITORING TRANSFORMER
PLANTS USING ARTIFICIAL INTELLIGENCE TECHNOLOGIES
A.G. Soshinov, O.S. Atrashenko, T.V. Kopeykina, O.0. Akhmedova

The power transformer condition is one of the key elements ensuring
reliability of the power grid. As power companies switch on to the current
repair and maintenance system, various diagnostic techniques, particularly
under operating voltage, have been widely used. The demand for monitoring is
also stipulated by a large percentage of electrical equipment operating beyond
the set time limit. To evaluate a power transformer, a methodology of an
integral performance index of the technical condition is used, which includes



a set of diagnostic parameters applied for various units of the transformer.
Information on the state of electrical equipment is commonly obtained in the
course of testing the units while doing the repair work, which requires
disconnection of the line. Currently, automated monitoring and technical
diagnostics of electrical equipment is widely adopted, which is confirmed by a
number of regulatory and normative documents used by electric grid
companies. The monitoring systems proposed by the manufacturers are
distinguished by a significant number of measurement parameters, most of
which are additional and not included in the NTD Ilist. In Russia, such systems
have been used as pilot projects during the reconstruction and construction of
facilities in PJSC Rosseti Moscow Region. To improve the forecasting and
optimization methods required in the operation of the electric power system, it
would be logical to use artificial intelligence methods, which are critical for
expanding a person's cognitive abilities when solving these tasks. The global
methods including the Support Vector Method (SVM), Extreme Learning
Machines (ELM), fuzzy logic, and others have been combined with ARG
interpretation methods used to analyze the incipient faults in transformers.
Convolutional neural network models are frequently used for defect
classification on electrical equipment of transformer substations using thermal
imaging technology. Application of YOLOv4 network allows for
identification of 4 types of power equipment of a substation using image pre-
processing (detection of background, interference caused by extreme weather
conditions, noise and other factors). Insufficient data exchange between the
operating companies in Russia actually slows down introduction of artificial
intelligence technologies.

Keywords: automated monitoring and diagnostics system, power transformers,
reliability, electrical equipment, machine intelligence, big data

OINIPEJEJTEHHUE OTr'PAHUYEHUI
HA BBICTPOJIEVICTBUE n KECTKOCTbDb PAJIMAJIBHBIX
QJIEKTPOMAT'HUTHBIX HOALHIUITHUKOB HATHETATEJISA
I'ABONNEPEKAYUBAIOIIEI'O AT'PET'ATA
B./1. KoctiokoB, A.B. Crapukos

B crarse mocraBieHa 3amavya onpenesieHusl OrpaHUYeHU Ha OBICTPOACHUCTBUE U
KECTKOCTH paaruaIbHbIX QJICKTPOMAIrHUTHBIX IIOAIIUITHHUKOB HAar”"HeTaTeis
ra3ornepeKkayuBaroniero arperara. lIpoBeeHO aHAJIMTUYECKOE UCCIEOBAHUE
BJIMSIHUSL HAYaJIbHOTO 3HAYEHHUs CKOPOCTU MEPEMENICHUs] poTopa Ha YCTOMYMBOCTH
CHUCTCMbI YHPABJICHUA SJICKTPOMAIHUTHOI'O ITOANIMITHHUKA. HaﬁﬂeHBI I'paHUYIHBIC C
MO3UIMU YCTOMYMBOCTH 3HAYEHUS] HAYaJIbHOW CKOPOCTH TEpeMeleHUs] B (PyHKIIMU
HAIPSDKEHUS TTUTaHUS JIJI1 KOHKPETHOTO THUIIA HArHeTaTeNs ra3ornepeKauyrBaroliero
arperatra W TIapaMETPOB HACTPOEK peryiasaTopoB. [IpoBeneHO KOMIBIOTEPHOE
MOJICTTUPOBAHNE PAAUATILHOTO AJIEKTPOMATHUTHOTO TOAIIMITHUKA HAarHeTarens Hu
MOKa3aHO, YTO MAaKCHMaJbHOE 3HAYEHHE CKOPOCTH TEpEeMEIICHHUs poTopa B
HECKOJILKO pa3 MEHbIlIe TpaHUYHOro 3HadeHus. OrnpenenacHbl JIUHAMHYECKAs



J)KECTKOCTh MarHUTHOMU OIIOPHI M IICPBad PC30HAHCHAA YaCTOTAa pOTOPA HAIHCTATCIIA.
HOKa?)aHO, 4TO JIA pacCMaTpUBACMOI'O T'a30IICPCKAYMBAIOLICTO arperara MMECTCA
pPE3CPB I IOBBIIICHUA 6BICTp0,H€ﬁCTBPIH u I[I/IHaMI/I‘IGCKOﬁ KCCTKOCTH
SJICKTPOMArHUTHOI'O IMOAIIHITHHKA.

KaroueBrlie CJIOBA: C-)JIGKTpOMaFHI/ITHLIfI IIOAIIMNITHHK, YCTOP'I‘II/IBOCTB,
6BICTpO,HeI>’ICTBI/I€, KCCTKOCTDb

DEFINING THE LIMITS ON SPEED AND STIFFNESS OF RADIAL
ELECTROMAGNETIC BEARINGS IN THE SUPERCHARGER
OF A GAS PUMPING UNIT
V.D. Kostyukov, A.V. Starikov

The article aims to determine the limits on speed and rigidity of radial
electromagnetic bearings in the supercharger of a gas pumping unit. Analytical
studies of the influence of initial value of the rotor dynamics on stability and
control quality of an electromagnetic bearing system are carried out. The
boundary values relating stability of initial dynamics as a function of voltage
supply for a specific type of a supercharger of a gas pumping unit and the
regulator setting parameters have been determined. Computer simulation of the
supercharger of the radial electromagnetic bearing is carried out. It is shown
that the maximum value of the rotor dynamics is several times lower than the
limit value. The dynamic stiffness of the magnetic support and the primary
resonance frequency of the supercharger rotor are determined. It is shown that
the considered gas pumping unit is provided with a reserve for increasing the
speed and dynamic stiffness of the electromagnetic bearing.
Keywords: electromagnetic bearing, stability, response speed, rigidity

AJI'OPUTM PAIIUOHAJIBHOTI'O YIIPABJIEHUA
COCTABOM AT'PET'ATOB I'MAPOIJIEKTPOCTAHIIUU
IHPU BTOPUYHOM PEI'YJIMPOBAHUU YACTOTHI U MOIIIHOCTHU
M.E. YckoB

B cratee paccmaTpuBaeTCi CHUCTEMA PAlMOHAIBHOIO YIIPABICHHUS COCTABOM H
CTENEHBbID 3arpy3KM TUApoarperaraMu ruaposJiekTpoctaHuuu. llpeacraBnena
CTPYKTYPHO-AJITOPUTMHUYECKAST CXEMa PAUMOHAIBHOIO  YIPABIECHUS  COCTABOM
arperaTtoB TUAPOIEKTPOCTAHIINY, TTOAKIIOYEHHON K LIEHTPAIIbHOM KOOPAUHUPYIOIIECH
CHUCTEME aBTOMATUYECKOTO BTOPUYHOI'O PETYJIMPOBAHUS YACTOTHI M MOLITHOCTH.
KiroueBble CoBa: palMoHaIbHOE YIPABICHUE COCTABOM arperaroB, aBTOMaTHYECKOE
BTOPUYHOE PETYJIMPOBAHUE YACTOTHI U MOILIHOCTH

AN ALGORITHM FOR A RATIONAL CONTROL SYSTEM
OF HYDROELECTRIC POWER PLANTS UNDER SECONDARY
FREQUENCY AND CAPACITY REGULATION
M.E. Uskov

The paper considers a system of rational control of the composition and
loading degree of hydroelectric units at hydropower stations. The article



presents the structure and algorithm for rational control of hydropower plant
units connected to the central coordinating system for automated secondary
frequency and capacity regulation.

Keywords: rational control of unit composition, automated secondary frequency
and capacity regulation



