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BJIMAHUE PA3SMEPOB I[TPOBOJIAIIINX YACTHUIL
HA DOOEKTUBHOCTD I/IHI[YKL[I/IOHHOI71 COPTHUPOBKHU
B BEI'YIHIEM MATHUTHOM IIOJIE

A.IO. Konses, I.H. barun, Y.A. bekra6anos, I'.A. Kpsuios

Ilpu  npomviuienHou  nepepabomke  MemarloCoOOEPHCAWUX — OMX0008 U
Nn0020MOBKe OMA YBEMHbLIX MEMALI08 K MEMAIYPSUYECKOM) Nnepeoery OOHOU U3
BAIHCHBIX MEXHOI02UHUECKUX onepauud AGNAEMCA COPpMUPOBKA YBEMHbIX MemdaJllos Nno
8uoam u MApKam Cniaeos. ﬂJZ}Z Maxou MmexHo102UYeCcKol onepayuu ueﬂecooépaﬂto
NnpuUMeHimsv 3]Z€Kmp0()uHaMull€CKyi0 cenapayuro 6 6eeyu4€M MACHUMHOM RnOJle.
Baoicnvim noxazamenem cenapayuu, xapakmepusyrwmum Kadecmeo CopmuposKu,
aensemca cenekmusrocms. Ha npakmuke cyujecmeyem MHO2O0 qba;cmopoe, GUAIOUMUX
Ha celeKmueHocms cenapayuu. B cmamwve ewvinoanena OUEHKA pﬂda maxKkux
Gaxkmopos u npeonodceHvl nymu yiayuuleHus Kavecmea copmuposku. OcHogHoe
6HUMAHUE ydeﬂeHO GJIUAHUIO  pA3MePOs npoeodﬂu;ux yacmuy Ha Kaivecmeo
UHOYKYUOHHOU COPMUPOBKLU.

KiroueBbie CJI0OBA: UHOYKYUOHHAS copmuposxa Memaiios,
aﬂeKmpoduHaMuquKuﬁ cenapamop, CejlleKmuBHocCcnb cenapayuu, GIaUAHRUE
pazmepos npo8ooAUX Yacmuy
EFFECTS OF THE SIZE OF CONDUCTIVE PARTICLES
ON INDUCTION SORTING EFFICIENCY
IN THE TRAVELING MAGNETIC FIELD
A.Yu. Konyaev, D.N. Bagin, Ch.A. Bektabanov, G.A. Krylov

One of important technological operations used in industrial processing of
metal-containing waste and preparation of nonferrous metal scrap for
metallurgical treatment is sorting of nonferrous metals in line with alloy types
and grades. The given technological operation requires application of electro-
dynamic separation in the travelling magnetic field. Selectivity procedure is an
important separation index which characterizes the sorting quality. There are
many factors affecting selectivity of separation. This article provides
estimation of a number of such factors and proposes techniques for improving
the separation quality. The focus is made on the impact of size of conductive
particles on the quality of induction sorting.

Keywords: induction sorting of metals, electrodynamic separator,
separation
selectivity, effect of the size of conducting particles

MOJIEJINPOBAHUE TEPMOOBPABOTKU JANDJIEKTPUKOB
B CBU-YCTAHOBKE KOHBEMEPHOI'O TUITA
C.B. TpuropJbii, B.B. 3axapos, C.I. Kanranona,

N.N. Aptroxos, A.C. SIkoBieB
B cmamve npeocmaenenvt pesynvmamol uccie008aHUll 31eKMPOMASHUMHO20 U
memMnepamypHo2o noJel 8 OusieKmpuke npu mepmooopadomke 6 kougetiepnou CBY-



ycmawnoeke. B kauecmee uznyuaiowux Ccucmem UCNOIb308ANUCH 084 BOTHOBOOHO-
wenesvlx uznyvames, pabomarowux Ha yacmome 2,45 I'Ty. /[ns nonyuenus naudosnee
PABHOMEPHO20 — PACNPEOeNeHUs. — HANPSXCEHHOCMU — JJIeKMpU4eckoeo  nousi U
memnepamypvl HA NOBEPXHOCMU  OUINIEKMPUKA ObLIO0  8bIOPAHO  ONMUMATLHOE
KOIUYeCmeo — UyHarowux weieli U 63AUMHOe PACHONIONCeHUe  U3Tyuamerell.
Hccneoosanue npo8oounocs ¢ nOMowbio YucieHHo20 mooenuposanus npoyecca CBY-
Hazpesa C UCNONb308AHUEM MemoOd KOHEUHbIX JJIeMEHMO8, Pealu308aHHO20 8
npocpammuom komniexkce COMSOL Multiphysics. Hccnedosano énusanue mowHocmu
CBY-usnyuenus u ckopocmu OBUNCEHUSI KOHBEUEPHOU JIeHmMbl HA UHMEHCUBHOCHIb
Hazpesa Oudniekmpuxa. B pezynbmame mooenupoeanusi onpeoeneHvl OnMuUMAatbHas
CKOpOCMb  0BUdCEHUSL KOHBeUepHoU aeHmul U mowHocms CBY-uznyuenus, npu
KOMOPbIX 00ecneuusaemcst 3a0aHHoe menyiogbloeieHue U paeHOMEPHOCHb HACPEe6a 8
oussieKmpuxe.

KitoueBbie cnoBa: CBY-naepes, kougeliepnas ycmanogKka, usnyuarouidas cucmema,
YucleHHoe MOOeaUpos8anue, CKOPOCMb OBUNCEHUS, MOWHOCMb, DABHOMEPHOCMb

Hazcpeesa

SIMULATION OF HEAT TREATMENT PROCESSES
OF DIELECTRICS IN A CONVEYOR-TYPE MICROWAVE UNIT

S.V. Trigorly, V.V. Zakharov, S.G. Kalganova,

I.1. Artyukhov, A.S. Yakovlev

The article presents the results of research into electromagnetic and
temperature fields in the dielectrics under thermal treatment processes in a
conveyor-type microwave unit. Two slotted waveguide radiating elements
operating at the frequency of 2.45 GHz have been used as radiating systems. To
obtain most uniform distribution of the electric field strength and temperature
over the dielectric surface, an optimal number of radiating slots and relative
position of emitters were selected. The research was conducted by means of
numerical simulation of the microwave heating process using the finite element
method implemented in the COMSOL Multiphysics software package. Effects of
the microwave radiation capacity and the conveyor belt speed on intensity of
dielectric heating has been investigated. The simulation procedure allowed for
determination of the optimal speed of the conveyor belt and capacity of the
microwave radiation, which ensure a given heat release and uniformity of
heating in the dielectric.
Keywords: microwave heating, conveyor system, radiating system, numerical
simulation, movement speed, capacity, uniformity of heating

BJIMAHUE PE’XXMIMOB JIABEPHOI'O N3JIYUYEHUA
NHO®PAKPACHOI'O JANAITA30OHA HA OOPMHPOBAHUE
KOMITO3UIIMOHHBIX [TOBEPXHOCTHbBIX CJIOEB
TUTAHOBBIX U3JIEJINI

C.B. Tenerun, 1.1O. I'ong

HUccneoosanue nocssweHo uzyueHuro mopgonocuu, MexaHuyeckux ceoucms u
KOPPO3UOHHOU ~ CMOUKOCMU — NOBEPXHOCU — MEXHUYECKO20 — MUMAaHd  Nocie
MOOupuUKayuu UMNYIbCHbIM NA3epHbIM usiyyeHuem. Ilokazano, umo mopgonoeus,



MexaHudeckue C80UCmea U KOPPOZUOHHASL CMOUKOCHb MEMAIOKepaAMUIeCKUx
KOMNO3UYUOHHBIX ~ NOBEPXHOCMHLIX — CNI0E8  3ABUCAIM  OM  DHEPeeMmUYecKUx U
NPOCMPAHCMBEHHO-8PEMEHHBIX NApamMempo8 npoyecca Jad3epHoU  MoOoupurayuu,
UBMEHEeHUe KOMOPbIX NO0360asem  (QOpMUposams — NOKpulMus ¢ 3A0AHHbIMU
CBOUCMBAMIU.

KnroueBble  croBa:  sazepHas obpabomka, MexHuyecKkutt.  Mmumat,
MemanioKepamura, KOMno3UyuoHHble NOBEPXHOCMHbLE CIOU
INFLUENCE OF IR LASER RADIATION MODES

ON THE FORMATION OF COMPOSITE SURFACE LAYERS
OF TITANIUM PRODUCTS
S.V. Telegin, I.Y. Gots

The research is devoted to the study of morphology, mechanical properties
and corrosion resistance of technical titanium surfaces after modification by
pulsed laser irradiation. It is shown that morphology, mechanical properties
and corrosion resistance of metal-ceramic composite surface layers depend on
the energy and space-time parameters of the laser modification process, where
the changes will allow to form coatings with specified properties.

Keywords: laser processing, technical
titanium, metal-ceramics, composite surface
layers

MOJAEJIMPOBAHUE TEXHOJIOI' M1 [TOJIYUEHUA
HAHO- 14 MUKPOYACTUIL] OKCHUIOA KEJIE3A

C ITIOMOIIBIO CBY-OHEPI'OITIOABOIA
B.1O. KoxeBuukos, B.JI. ®enotoB

Paccmompena mexHoocusl nojay4eHusl HaHo U Mukpovacmuy oKcuoa oacenesa
npu CBY-e030eticmeuu Ha KoanlouoHvle pacmeopsl. IIpusedenvt pe3ynbmamol
mooenuposanus 6 npoepammnuou cpede COMSOL Multiphysics CBY- sozoeticmesus
HA KOJUIOUOHbLE pacmeopsvl 6 HeENpPEPLIGHOM peéeostcume, no3eoJjiArwue nojydanio
cmabunvhble pacmeopsl oicenesa C 00CmMAamoyHo Y3KUM pacnpedeﬂeHueM HAHO-
MUKpodacmuy no pasmepy.

KroueBnie cJIoBa: CBY-s030eticmsue,
HAHO- U MUKpoOUYdaCcmuubl, OKCUO acenesa, YucieHHoe MO@QJZMpO@(ZHue, KOJIIOUOHDbLE
pacmeopwi, mexuonoaus, CBY-ycmanoexa
MODELING THE TECHNOLOGY FOR OBTAINING
NANO- AND MICROPARTICLES OF IRON OXIDE
USING THE MICROWAVE POWER SUPPLY
V.Yu. Kozhevnikov, V.D. Fedotov

The article considers the technology applied to obtain nano- and
microparticles of iron oxide under microwave exposure to colloidal solutions.
We present the results of modeling in the COMSOL Multiphysics environment of
microwave exposure to colloidal solutions in the continuous mode, which allow
for obtaining stable iron solutions with a fairly narrow distribution of nano-
and microparticles.



Keywords: microwave exposure, nano- and microparticles, iron oxide,
numerical modeling, colloidal solutions, technology, microwave unit

AHAJIN3 BO3MOXHOCTEN CO3JAHNA MAT'HETPOHA
TIOBBLILIIEHHON MOIIIHOCTHA JUIA CBY-CTEPUIIM3ATOPA
HA OCHOBE MATEMATHUYECKOH MO/EJIN
N SKCIIEPUMEHTAJIbBHOI'O OBPA3LIA

B.IL Epémun, A.C. Epos, B.b. baitdbypun,

M.U. banakun, [{.A. lllenyaskos, B.I1. Memanos

Oonoti  uz  axmyanvuoix npoonem CBY-mexnonoeuu saensemcsi  cozoanue
YCmpoticms, nO360NAIOWUX UCCTe008aMb BUSHUE DNIEKIMPOMALHUMHO20 U3TYYEHUsl HA
PpaznuyHble 00veKmvl 8 obnacmu MeOuyuHsl, OUOMEOUYUHDL, hapmakonocuu u op. ¢
Yenvlo  pacKpulmus —MeXaHusMo8 VKA3AHHO20 GIUAHUA, d MAK)HCe peuleHus
NPAKMuyeckux  3a0ad,  C6A3GHHLIX, 6 YACMHOCMU, C  OeKOHMmaMuHayuell
baxmepuanvrHou Muxpognopwi. Llenvlo pabomvl senaemcs aHAIU3 B03MONCHOCMEU
CO30aHUSl MACHEMPOHHO2O 2eHePamopa O0eyuMempo8o20 OUanasoHa HNOBbIULEHHOL
MowHoCcmU. Mo no360Um npoeecmu paspadbomxy KOMnakmuo2o nepenocrozo CBY-
Cmepunu3amopa ¢ MUHUMAIbHbIM 8DeMeHeM CMepUIU3AyUOHHOU 00pabomku u
npocmetiwierl mextonocuell uUcnoab3o8anus. (OCHOBOU MOOEIUPOBAHUSL  AGTAEHICS
YUCTIEHHASL MHO2ONEPUOOHASL  MAMeMamuyeckas Mooelb 3JeKMPOHHO-BOIHOB020
83AUMOOCIICBUSL 68  CKDEWeHHbIX — NOJAX, a  MaKdice  IKCNEPUMEHMANbHAA
Xapakxmepucmuka  papabomanio2o  0a308020  IKCNEPUMEHMATIbHO20 — 00pasya

MACHEMPOHA.
KimroueBrle cioBa: MACHENIPOH, cmepulusayusl, noevlUleHHask  MOUHOCN1b
U3TTYHYEHRUA
ANALYSIS OF POSSIBILITIES FOR CREATING
A HIGH-POWER MAGNETRON TO THE MICROWAVE STERILIZER
BASED ON A MATHEMATICAL MODEL
AND AN EXPERIMENTAL SAMPLE
V.P. Eremin, AS. Ershov, V.B. Bayburin,
M.I. Balakin, D.A. Sheludyakov, V.P. Meshchanov

One of the urgent problems in

microwave technology is creation of devices used to study the effects of
electromagnetic radiation on various objects in the field of medicine,
biomedicine, pharmacology, etc. which could reveal the
mechanisms of this influence, as well as solve the practical problems related
particularly to decontamination of bacterial microflora. The purpose of the
work is to analyze the possibilities of creating a magnetron generator with a
decimeter range of increased power. This will promote development of a
compact portable microwave sterilizer with minimal sterilization processing
time and simplest application technology. The simulation is based on a
numerical multi-period mathematical model of electron-wave interaction in
the cross fields, as well as experimental characteristics of the developed basic
experimental magnetron sample.



Keywords: magnetron, sterilization,
increased radiation power

PACYETHOE MOJEJIMPOBAHUE CBY PABOUYNX KAMEP
JJISI OBPABOTKIM KOMITIO3UILIMOHHBIX MATEPHAJIOB
A.C. Cunak, C.I'. Kanranosa, T.I1. CuBak

B cmamuve npedcmaeﬂeﬂbl pesyiomanvl mamemamuiecKkoco MO@GJZMpO@ClHu}Z
Hacpesa KOMNO3UYUOHHO20 Mmamepuaild HAd OCHOBE NOJUMEDPHO2O CEA3YIOUlecO0 6
CBY-kamepe CnOXMCHOU —2ceomempudeckol Gopmvl ¢ y4emom pasiudHblX
PACRON0dNCEHUN Mamepuaila eHympu paboueti kamepwvl. Peuternue mennosoii 3adauu
nymem mamemamuiecKkoco Modeﬂupoeamm nos3eoaunio onpedeﬂumb 3d6UCUMOCMb
memnepamypbl KOMNO3UYUOHHO2O mamepuaila om 6EJlUYUHbI Hanp}lf)fCéHHOCmu
CBY oanexmpomacHumno2o nojsi 011 Kamep NepuoouUteckKo20 Oeucmeus.
HUccneoosanue I’lpO@O@LUZOCb C NOMOUWbIO YUCIIEHHO2O0 M00€ﬂup08aHuﬂ npoyecca
CB‘I—06pa60mKu KOMNO3UYUOHHO2O Mmamepuald ¢ UCnojb3oeanuem memooa
KOHEYHbIX JJIeMEeHmMOo8, peanu308annozo 6 npoecpammuou cpede COMSOL
Multiphysics.

KntoueBsie cnoBa: CBY-naepes, romnozuyuoruvii mamepuair, CBY-
YCMaHos8Ka, paboyas Kamepa, YUcCieHHoe Mooeruposanue, Hanpscennocms CBY
INNEKNMPOMASHUMHO2O0 NOJIA
COMPUTATIONAL  MODELING OF MICROWAVE WORKING
CHAMBERS FOR PROCESSING COMPOSITE MATERIALS
A.S. Sivak, S.G. Kalganova, T.P. Sivak

The article presents the results of mathematical modeling of heating a
composite material based on a polymer binder in a microwave chamber with a
complex geometric shape, taking into account various locations of the material
inside the working chamber. The solution to the thermal problem based on
mathematical modeling made it possible to determine dependence of the
composite material temperature on intensity magnitude of the microwave
electromagnetic field required for microwave chambers of periodic action. The
investigation was carried out using numerical simulation of the microwave
processing of the composite material using the finite element method
implemented in the COMSOL Multiphysics software environment.

Keywords: microwave heating, composite material, microwave installation,
working chamber, numerical simulation, microwave electromagnetic field strength

NCTOYHUKU ITMTAHUA AHOJHBIX L[EHEPI CBY-ITPUBOPOB
I1.A. KomeneB

B cmamwe paccmompenvl u uccnedo8anvl HA MAMEMAMUYECKUX MOOeusiX 084
BAPUAHMA BbICOKOBOILIMHBIX UCHOYHUKOB NUMAHUSL AHOOHBIX Yenell pa3iudHbIX Munoe
CBY-npubopos. Hcmounuxu numarus OMIUHarOmcs KaK CUNO8ol 4acmvio, maxK u
NPUHYUNOM NOCMPOEHUs. cucmem ynpaeieHus. B nepeom eapuanme npumenén
MUPUCMOPHBILLL KoY NnepemeHHO20 moxa
¢ azosbim pecynuposanuem, 60 6MOPOM 8apuanme — MpaH3UCMOPHbLUL KOMMYMAMop
C WUPOMHO-UMNYIbCHOU MOOYIsIYUel U NOBbIUEHHOU Yacmomot npeoopazoeanus. B



o0boux CYHasx
8 cucmemax YnpasieHusi UCNOAb308AH ANOPUMM OCPAHUYEHUS UTU MUHUMUZAYUL
nynbcayut
8 HazpysKe U Memoovl onmumuszayuy, exoosiue 6 naxkem Nonlinear Control Design
Blockset npocpammnoii cpedvt MATLAB R2021b.

KiroueBbie  CIIOBa:  8bICOKOBONbMHLIL — UCMOYHUK — Numanus,  azoeoe
pe2yiuposanue, K4 NepemMeHHo20 MOKA, WUPOMHO-UMNYIbCHAS MOOYIAYUS,

onmumuzayus

POWER SOURCES FOR ANODIC CIRCUITS
OF MICROWAVE DEVICES

P.A. Koshelev

The article considers two variants of high-voltage power supplies for anode
circuits of different types of microwave devices based on mathematical models.
Power supplies differ both in power capacity and the principle of control
systems creation. The first variant employs an alternating current thyristor
switch with phase regulation, whereas the second variant employs a transistor
switch with pulse-width modulation and increased conversion frequency. In
both cases, the control systems use an algorithm to limit or minimize load
fluctuations and optimization methods included in the Nonlinear Control
Design Blockset
package of the MATLAB R2021b software environment.

Keywords: high-voltage power supply, phase regulation, AC switch, pulse-width
modulation, optimization

K BOITPOCY O ®OPMHPOBAHUM OSHEPI'ETHUYECKOI'O BAJIAHCA
B CUCTEMAX DJIEKTPOCHABXEHHW A
J.A. BbIppIXaHOB
[IpennoxxeHo MOIMOJIHUTH OMpelelieHHe OajaHca SHEPTrUH, pacHpenesIieMor ¢
MOMOIIIBIO CHUCTEM DJJIEKTPOCHAOXKEHHS, 3HAYCHHEM HHEPTruu MpeodpasyeMon B
MexaHndecKkyro ¢opmy. IlokazaHa BO3MOXKHOCTH ONPEACICHUS MEXaHUYCCKOU
COCTaBJ'IHIOIHeﬁ QHCPICTUICCKOI'O OajlaHca CHCTEM BJIeKTpOCHa6)I(eHI/IH 110
pe3yjabTaTaM 3aMCPOB TOKOB U HaHpﬂ)KeHI/Iﬁ B JJICKTPHUUYCCKHUX MAIlIMHAX.
KitoueBble croBa: cucTeMa dJIEKTPOCHAOKEHHS, HHEpreTudyeckuii Oamnauc,
MCXaHHNYCCKas OHCPIHA
FORMATION OF ENERGY BALANCE
IN POWER SUPPLY SYSTEMS
D.A. Vyrykhanov

It is proposed to perfect the definition of the energy balance distributed by
means of power supply systems by adding the meaning of energy converted into
mechanical form. The author demonstrates a possibility to determine the
mechanical component of the energy balance of power supply systems based on the
results of measurements of currents and voltages in electric machines.

Keywords: power supply system, energy balance, mechanical energy

[TPUMEHEHUE BO30OBHOBJIAAEMBIX  MCTOYHUKOB OHEPI'UHA



JUTA OJIEKTPOCHABXEHU A CBUY-YCTAHOBOK
AT'POITPOMBIIIJIEHHOI'O HABHAYEHUA
E.T. EpbGaeB

Ipumenenue CBY-mexuonocuii s6naemcs nepcnekmuHbiM HAnpagieHuem npu
0bpabomke CenlbCKOX03AUCMBeHHOU npodyKyuu. B ycrosusx pazsumus ghepmepcKux
X034UCm8, HaX00AUWUXCS HA 3HAYUMETLHOM YOAIeHUU Om YEeHMPAaIU308aHHbIX cemeli
9eKmpocHabxcenus, paspabomrka u cozoanue CBY-ycmanoox ¢ asmoHOMHbIM
NEeKMPOCHADICEHUEM ABIAEMC aKmyanbHou 3adadveli. B cmamve paccmomperivi
0COOEHHOCMU  NPUMEHEHUsl  8empO2EHepPamopo8 U CONHEUHbIX naneneu 07
anexmpocrabxcenus CBY-ycmanogox azponpomviulienHo20 Ha3HAYEHUS.

KmtoueBbie  cnoBa:  CBY-ycmauoska,  cucmema  21eKMpOCHAOICEHUs,
8empoceHepamop, CoNHeuUHasl NaHelb

RENEWABLE ENERGY APPLICATION FOR POWER SUPPLY
OF MICROWAVE INSTALLATIONS IN AGRO-INDUSTRIAL SECTOR
Ye.T. Yerbayev

The use of microwave technologies is a promising direction in processing of
agricultural products. In the context of development of farms located at a
considerable distance from centralized power supply networks, development
and creation of microwave installations with autonomous power supply is an
urgent task. The article discusses the features of the use of wind turbines and
solar panels for the power supply of microwave installations for agro-
industrial purposes.
Keywords: microwave installation,
power supply system, wind generator, solar panel

PACYET OIITUMAJIBHON BEJIMYNHBI HAIIPSIDKEHM A
ITPOMBICJIOBOM  TIOJICTAHIIMM C VYYETOM OCOBEHHOCTEN
YACTOTHBIX  IIPEOBPA3OBATEJIEM CTAHLIMA  YIPABJIEHUS
I[TOI'PYKHBIMU HACOCAMU
A.B. Crapukos, N.A. Kocopaykos, A.A. Ka3anies

Paccmompena obobwennas nepazeemenennas omxooauas JUHUSL NPOMbLCIO80U
noocmanyuu. Ilonyuenvl anamumudeckue blPaNCeHUs, NO3BOIAOUUE ONPeOeTUnd
CKOpOCMb  8PAWEHUSI  8ANIA  NOSPYHCHO20  IJeKMpPOoOBU2ameis,  NUmMaemozo
YaCMomHbIM npeoodpazosamesiem, Npu 8apuayuu 6x00H020 Hanpsxcenus. Taxoice
npuseoenvl Gopmyavt 01 paciema NompeOysieMol NOSPYHCHbIM ACUHXPOHHBIM
aneKmpoosucamenem aKMUGHOU U PeaKkmuGHOU MOWHOCMU U NOMmepb 8
nosvuaOwemM — mpancopmamope ¢ - yyemom — 0COOEHHOCmeU  YACHOMHbBIX
npeoopazosamenei. IIpednodiceHo UCNONL3068aMb  NOJIYYEHHbIE AHATUMUYECKUE
BIPAJICEHUSL 68 NOUCKOBOM ANCOPUMME ONpeOeeHUs. ONMUMAIbHO20 3HAYEHUs.
HANpSIJICEHUsSL  NPOMBICTIOB0U  NOOCMAHYUY, — 0becnevusaowe20  MUHUMATbHbLE
YOelbHble 3ampamvl SIeKMPOIHEPSUU NPU  MeXAHUUPOBAHHOU 000blue Heghmiu.
Ilpusedern npumep pacuema ONMUMANLHO2O  3HAYEHUSL HANPANCEHUS O
2UNOMEeMUYeCcKOU Omxo0sawell IUHUY, numarowel 000vi8arouue CKEANCUHBL 01 08YX
8APUAHMOB  Peanu3ayuu  NeKMPOMEXHULECKUX KOMNIEKCO8. 0e3 UYaCMOMHbIX



npeobpazoeamenieli U C UYACMOMHLIM Npeobpazoeamenem 6 OOHOU U3 CMAHYUlL
Ynpaenierus.
KiroueBbie clioBa: npomwvicioéas nooCmauyusi, NOSPYAHCHOU HACOC, NO2PYIHCHOLL
INEKMPOOBUAMeNsb,  YACMOMHDIN, Npeodbpazoeameins, yoeivHoe nompebdieHue
JJIEKNIPOIHeEpcUU
CALCULATION OF THE OPTIMUM VOLTAGE
AT A FIELD SUBSTATION WITH SPECIAL CONSIDERATIONS
FOR FREQUENCY CONVERTERS AT SUBMERSIBLE PUMP
CONTROL STATIONS
A.V. Starikov, I.A. Kosorlukov, A.A. Kazantsev

A generalized unbranched outgoing line of a fishing substation is
considered. Analytical expressions are obtained to determine the rotational
speed of the shaft of the submersible electric motor powered by a frequency
converter with a change in the input voltage. Formulas are also given for
calculating the active and reactive power consumed by the submersible
asynchronous electric motor and losses in the step-up transformer, taking into
account the characteristics of frequency converters. It is proposed to use the
obtained analytical expressions in the search algorithm to determine the
optimal value of the field substation voltage, which ensures minimal energy
consumption during mechanized oil production. An example of calculating the
optimal voltage value for a hypothetical outgoing line feeding mining wells is
given for two variants of the implementation of electrical complexes: without
frequency converters and with the frequency converter in one of the control
stations.
Keywords: field substation, submersible pump, submersible electric motor,
frequency converter, specific electricity consumption

JIMHEAPNU30BAHHAA MATEMATHNYECKAZA MO/EJIb
ACHMHXPOHHOI'O JABUI'ATEJIA C OA3HbIM POTOPOM
KAK OBBEKTA VIIPABJIEHUA

B.N. lomanos, /1.I'. Myp3akos, H.E. Komapos

PaccmoTpena maremaruyeckass MoOJI€Ib ACHMHXPOHHOTO JBUTaTens ¢ (ha3HbIM
potopom (AJIDP). IlpoBeaeHa nuHeapuzalus B pailOHE HEKOTOpPOM paboueit
Touku. Paszpaborana crpykrypHas cxema AJIOP. IlpuBenensl rpaduku
NepexoaHbIX MPOLECCOB AeKTponpuBoaa. [Iposenen ananu3 pabOThl ABUTATENs
IIPU U3MEHEHUHU HAIPSKEHUU POTOPA.

KitoueBble ci0Ba: aCUHXPOHHBIA JBUTATENb, (Pa3HbI pOTOp, NBOWHOE MUTAHUE,
nepeaaroyHas GyHKUUS, TMHEapU3aus

LINEARIZED MATHEMATICAL MODEL
TO A WOUND-ROTOR INDUCTION MOTOR
AS A CONTROL OBJECT

V.I. Domanov, D.G. Murzakov, N.E. Komarov

The article considers a mathematical model to wound-rotor induction motor
(WRIM). Linearization was performed in the area of a working point. A block
diagram of the WRIM has been developed, and graphs of transient processes of the



electric drive are provided. Analysis of the engine operation under the changes in
the rotor voltage was performed.

Keywords: induction motor, wound rotor, dual power supply, transfer function,
linearization



