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HUDOPOBU3BALINA TEXHOJIOI' U1 NMHAYKIIMOHHOI'O HATI'PEBA TUTAHOBBIX
3ATOTOBOK ITEPE/] IINTACTUYECKOM OBPABOTKOM

10.10. I1epeBanos, O.B. JlemunoBuu

B cratee oOcyxmarorcs mpoOiieMbl IHGPOBH3AMMK  TEXHOJOTHH  MPEIU3UOHHOIO
HHAYKIIMOHHOI'O HarpeBa 3aroTOBOK M3 CIIJIAaBOB LBCTHBIX MCTAJUIOB, TAKMX KaK THUTAH,
MUPKOHUM, HUOOWH, TAaHTAJI KU HEKOTOPHIX APYrux. MHAYKIIMOHHBIN HarpeB IBETHBIX CIIABOB
UMEET HEKOTOpbIe OCOOEHHOCTH, KOTOpble HEOOXOIMMO NPHHHMAaTh BO BHUMAaHHE IpU
pa3paboTke Takoro obopyaoBaHus. Hu3kas TEMmIONpOBOIHOCTh M BBICOKHE TEMIIEpaTypHBIE
NOTEpPU C MOBEPXHOCTH MPUBOAAT K TOMY, YTO BHYTPH 3arOTOBKU JOCTUTAETCS HAMOOJbIIast
TeMmIeparypa, KoTopas HE MOXXET OBITh M3MEpeHa IpH IMoMOoIM NmupoMeTpoB. Ho B To ke
BpEMsI IPELM3UOHHBIA HATPEB C BBICOKOM CTENEHBIO OJHOPOJHOCTH TEMIIEPATYPHOTO IOJIS
HMCCT CYICCTBCHHOC 3HAUCHHUC MIJIA TepMquCKOﬁ O6pa6OTKI/I CIIZIaBOB HCMAIrHUTHBIX
METaJUIOB TMepea IulacTudyeckor gedopmanmeit. YucinenHoe MOJEIUpPOBAaHUE SIBIISETCS
HEOThEMJIEMON YacThl0 IHUGPOBU3ALNUU TPOCKTUPOBAHUS O0O0OpyAOBaHUS, pa3pabOTKU
TCXHOJIOTMHU U CUCTEM YIIPABJICHHA WHAYKIUMOHHBIM HAarpCBOM.

KiroueBsle cnoBa: MHAYKIIMOHHBIA HarpeB, HU(PPOBON IBONHUK, ONTUMAIbHOE POEKTUPOBAHNE
" YIIPpABJICHUC, TIJIIACTHYCCKAA 06pa60TKa TUTAHOBBIX 3aI'OTOBOK

DIGITALIZATION OF INDUCTION HEATING TECHNOLOGIES OF TITANIUM BILLETS
BEFORE PLASTIC PROCESSING

Yu.Yu. Perevalov, O.V. Demidovich

The article discusses digitalization problems relating the technology of precision induction
heating of workpieces from non-ferrous metal alloys such as titanium, zirconium, niobium,
tantalum and several others. Induction heating of non-ferrous alloys has some features that must
be taken into account when developing such equipment. Low thermal conductivity and high
temperature losses from the surface result in the highest temperature being reached inside the
workpiece, which cannot be measured with pyrometers. However, precision heating with a high
degree of homogeneity of the temperature field is essential for heat treatment of non-magnetic
metal alloys before plastic deformation. Numerical modeling is an integral part of equipment
design, technology development and induction heating control systems.

Keywords: induction heating, digital twin, optimal design and control, shaping titanium blanks

NCCIEAOBAHUE TEXHOJIOTUYECKUX PEXHWMOB 3JIEKTPOMAT'HUTHOI'O
[TEPEMEIIVBAHMA XKUIKOU CEPJILIEBMHBI KPUCTAJUIN3YIOUIET' OCH
AJIIOMUWHUNEBOI'O CJIIMTKA

M.IO. Kyuunnckuit, M.B. [lepsyxun, 3.P. Buntep, C.I1. Tumodees

Cratbs MOCBSIIEHa MOJAETUPOBAHUIO 3JEKTPOMArHUTHBIX, TEIJIOBBIX M THUIPOIMHAMHYECKUX
IIPOLIECCOB B CUCTEME «HUHAYKTOP-CIMTOK)» IPU HETIPEPHIBHOM JIMTHE AJTFOMUHUEBBIX CIUTKOB B
KPUCTAJIIIN3aTOp CKONbKeHus. [IpoBeneHbl wHccienoBaHUS pPa3IMUHBIX TEXHOJIOTHMUECKHUX
PEKMMOB IEKTPOMArHUTHOTO MEPEMEIINBAHNS, ONPEAEIEHB] TapaMeTphl MUTAHUS UHAYKTOPA,
oOecrieunBaroIve CO3/JaHNe MHTEHCUBHBIX T'MIAPOJUHAMHUYECKHX TEYEHHUH B OOJIACTH >KUIKOMN
cepaueBuHbl ciauTka. COMOCTaBIEHBl pe3yabTaTbl MaTeMaTHMYecKoro U (hU3MYECKOro
MOJIEJIUPOBAHUS, IMOJIydeHbl TpaduKH 3aBUCUMOCTEH, MOATBEP)KIAIONINE JIOCTOBEPHOCTH
MaTEMaTUYECKON MOJEIN.

KnroueBble ci0Ba: 3JIEKTPOMarHUTHOE IE€pPEMEIIMBAHUE, MaTeMaTHYeCKOe MOJETUpPOBaHuE,
¢du3nueckoe MoIeIMPOBAaHUE, ATFOMUHUEBBIE CIIABbI, KPUCTAITU3ATOP CKOJIbKEHHS
INVESTIGATING TECHNOLOGICAL MODES OF ELECTROMAGNETIC STIRRING OF
LIQUID CORES IN CRYSTALLIZING ALUMINUM INGOTS

M.Yu. Kuchinskii, M.V. Pervukhin, E.R. Vinter, S.P. Timofeev



The article is devoted to modeling electromagnetic, thermal and hydrodynamic processes in the
“inductor-ingot” system during continuous casting of aluminum ingots into direct chill molds.
Investigation of various technological modes of electromagnetic stirring have been carried out
and inductor power supply parameters, which ensure intense hydrodynamic flows in the liquid
core of an ingot, have been determined. The results of mathematical and physical modeling are
compared and dependence diagrams confirming reliability of the mathematical model are
obtained

Keywords: electromagnetic stirring, mathematical modeling, physical modeling, aluminum
alloys, direct chill mold

NCCIIEAOBAHUE JANSJIEKTPUYECKHUX CBOIICTB KOMITO3NIIMOHHBIX
MATEPHUAJIOB

A.C. CuBak, C.I'. Kanranosa, FO.A. Kansikosa, T.I1. Yepmarniennena

Ilenecoobpasznocts mnpumeHeHuss CBY  sjaekTpoMarHuTHOTO TMOJs I 00pabOTKH
KOMITIO3UIITMOHHBIX MaTcpuaioB ONpeaACIACTCA JAUBJICKTPUYCCKUMHU nmapamMeTrpaMmu
06pa6aTbIBaeMOFO Marcpuala. B cBs3u ¢ 3TUM BO3HHKAET H606X0,Z[I/IMOCTB HCCIICA0BaHUA
JTUDJICKTPUUECKON TMPOHUIIAEMOCTH € M TaHreHca yIJia JTUAJEKTPHYECKUX ToTeph 1g o
KOMITIO3UIIMOHHBIX  MAaTCpUaJIOB. B CTAaTbC TNTPUBOAATCA  PE3YJIbTATbl HUCCICIOBAaHUA
JTUDJICKTPUYECKON TMPOHUIIAEMOCTH €' W TaHreHca yIJia JTUAJEKTPHYECKUX ToTeph 1g o
KOMITIO3MIIMOHHBIX MAaTCpPHaJIOB C OBIIOKCUAHBIM CBA3YIOIIUM C ITOMOIINBIO BOJHOBOIHOIO
METOAa C INOJIHBIM 3allOJITHEHUECM CCUCHHA BOJIHOBO/JAA.

KiroueBrle cioBa: AUDJICKTPHUICCKASA NPOHUIACMOCTb, TAHTCHC yIJla JUBJICKTPUYCCKUX IMOTCPb,
KOMHOBI/II_II/IOHHHﬁ MaTcpHral, CB4Y QJICKTPOMAranuTHOC I10JIC, U3AMCPCHUA

INVESTIGATION OF DIELECTRIC PROPERTIES OF COMPOSITE MATERIALS

A.S. Sivak, S.G. Kalganova, Yu.A. Kadykova, T.P. Chermashentseva

Feasibility of using a microwave electromagnetic field for processing of composite materials is
determined by dielectric parameters of the processed material. Therefore, it necessary to study
the dielectric constant €' and the dielectric loss tangent tg 6 of composite materials. The article
presents the results of research into the dielectric constant &’ and the dielectric loss tangent tg &
of composite materials with an epoxy binder using the waveguide technology under full covery
of the waveguide cross section.

Keywords: dielectric constant, dielectric loss tangent, composite material, microwave
electromagnetic field, measurements

COHJIBUY-CTPYKTYPA «AJIIOMUHUN - VI'JIEPOAHBIE HAHOTPYBKW» U
BAPHUAHT EE ITIOJIYUYEHUA

A.A. ®omun, B.A. Komrypo, A. Aman, C. [lanuc

B HCCIICAOBAaHNU TII0Ka3aHa BO3MOKHOCTb IIOJIYUCHUSA TOHKOCIOMHBIX COHABUY-CTPYKTYP,
COJIEpXAIINX CJIOM QIIOMUHUEBOW (POJTBIM M MEXKCIOEBON HAMOJHHUTENb W3 YIJIEPOTHBIX
HaHOTpyOOK. JIyii TOJdydeHuss OJHOPOJAHOM CTPYKTYpHl KOMIIO3UTa  HCIOJIb30BaJach
WHIYKIIMOHHAs TEpMOOOpabOTKa B KOMOHMHAIMK C MPHUCIOCOOJICHHEM, O0ECTICUMBAIOIINM
MEPBUYHOC CIKATUC C60pKI/I. I[JIH ONIpCACICHUA (bYHKI_[I/IOHaJIBHBIX XApPaKTCPUCTHUK COHIABUY-
CTPYKTYp H3Yy4YaaWCh OIHOPOJHOCTH WX MHUKPOCTPYKTYPHI M ITOBEPXHOCTHAs NHPOBOIUMOCTE.
yCTaHOBJ'ICHO, yTo Hcnojbp3oBanue YHT mo3BoamiIo MOBBICUTE MMOBCPXHOCTHYIO IPOBOJUMOCTD
B 8,3-9,5 pa3a 1o cpaBHEHUIO C COHIABUY-CTPYKTYPOU 0€3 HAOTHUTES.

KiroueBrle cioBa: YTJICPOOHLBIC HaH0pr6KI/I, COHABHUY-CTPYKTYpa, aJIIOMUHUCBAA (I)OJ'IBF a,
MHAYKIIMOHHO-TepMHUecKas 00paboTka

«(ALUMINUM - CARBON NANOTUBES» SANDWICH-STRUCTURE AND ITS
ALTERNATIVE VERSION

A.A. Fomin, V.A. Koshuro, A. Aman, S. Palis

The research reveals a possibility to obtain thin-layer sandwich structures containing layers of
aluminum foil and an interlayer filler of carbon nanotubes (CNTSs). Induction heat treatment



using a device providing primary compression of the assembly was applied to produce a
homogeneous structure of the composite. To determine functional specification of sandwich
structures, homogeneity of their microstructure and surface conductivity were studied. It was
found that the use of CNTs in-creases their surface conductivity to 8.3-9.5 times as compared to
the sandwich structure applied without a filler.

Keywords: carbon nanotubes, sandwich structure, aluminum foil, induction heat treatment

HECUMMETPUYHASA  TIEPEI'PY3KA  CHMHXPOHHBIX T'EHEPATOPOB o1
BO3I[EI71CTBI/IEM KBA3UITIOCTOAHHBIX TOKOB

B.B. Baxuuna, A.A. KyBmmnos, A.H. Uepnenko, A.B. berukos, P.H. IlynoBunnukos, O.B.
Denait

PaCCMOTpeHH BO3MOXXHBIC BOBI[Gf/iCTBI/ISI KBa3UIIOCTOAHHBIX TOKOB B IICPHUOJbl I'COMAIHUTHBIX
BO3MYIICHWH Ha OJOYHBIA TpaHchOpMAaTOp M MEXaHM3M HX IepeJadyd Ha CHHXPOHHBIHA
T'CHECPATOP OBJICKTPOCTAHIIWH. O0ocHOBaHAa BO3MOKHOCTH HCCUMMCTPUYHOI'O PpCXKHMa U
neperpy3Ku TOKaMHu 0OpaTHOH MMOCIeI0BaTeIbHOCTH CHHXPOHHBIX TEHEPATOPOB MPH HACBIIIICHNE
MarHUTHBIX CUCTEM OJIOYHBIX TpaHC(I)OpMaTOpOB IIpu BO3I[€I>10TBI/IPI KBa3UIIOCTOAHHBIX TOKOB.
OnpeneneHH AONIYCTUMBIC IMPOAOJLKUTCIBHOCTU HCCHUMMETPUYHBIX PCKHUMOB U Oe3omacHas
BCIIMYHNHA KBA3UIIOCTOAHHOI'O TOKaA JJIsA 010Ka ((CI/IHXpOHHHﬁ reHeparop — TpaHC(I)OpMaTOp».
KiroueBble ciioBa: CHHXPOHHBIN reHepaTop, OJIOYHBINA TpaHCPOPMATOp, KBA3UTIOCTOSIHHBIA TOK,
TOKHN 06paTHOI71 IHOCJICA0BAaTCIIbHOCTHU

UNBALANCED OVERLOADING ALGORITHM OF SYNCHRONOUS GENERATORS
UNDER THE IMPACT OF QUASI-DC CURRENTS

V.V. Vakhnina, A.A. Kuvshinov, A.N. Chernenko, A.V. Bychkov, R.N. Pudovinnikov, O.V.
Fedyay

The authors study the impact of quasi-direct currents caused by geomagnetic disturbances on
unit transformers, including the mechanism of their transmission to synchronous generators of
power plants. A possibility for asymmetrical operating conditions and overloading of
synchronous generators by negative sequence currents at saturation of magnetic systems of unit
transformers affected by quasi-direct currents has been substantiated. The optimal time
asymmetric conditions and safe level of quasi-direct currents in "synchronous generator -
transformer™ units are determined.

Keywords: synchronous generator, unit transformer, quasi-direct current, negative sequence
currents

BbIBOP CTPYKTYPbI U  MOJEJIMPOBAHME ABTOHOMHOM CHCTEMBI
OJIEKTPOCHABXEHMA HA  OCHOBE CHHXPOHHOI'O T'EHEPATOPA C
M3MEHSEMOI CKOPOCTBIO BPAILEHIS BAJIA

N.N. Aptioxos, N.1O. Poxunos, ILI.A. Taiinynnun, C.B. KpacHos

CoBpeMeHHBIE CpPEJICTBa CHJIOBOM JJICKTPOHUKH TIO3BOJISIIOT MPEOOpa30BBIBATH IMapaMeTpPhI
ANEKTPUYECKON DHHEPruM ¢ MHUHUMAJIbHBIMU TOTepsAMH. brarogapss 3TOMY BO3HHUKAeT
BO3MOKHOCTH CO3/IaHUS CHCTEM JICKTPOCHAOKEHHUS C UCIIOJIb30BAHUEM DJIEKTPUUECKUX MAIIIWH,
KOTOpBIE pabOTal0T C M3MEHSIEMON CKOpPOCThIO BpallleHUs Bajla. B cTaThe paccMmarpuBaroTcs
BOIPOCHI TIOCTPOEHHUSI TAKMX CHCTEM Ha OCHOBE CHHXPOHHBIX T'eHepaTopoB. [[ns BeIOpaHHOTO
BapHaHTa CXeMbl pa3paboTaHa uUMHUTAIMOHHas Mojaens B cpenre MATLAB ¢ makerom
pacmmpennst Simulink, ¢ MOMOIIBIO KOTOPOM TTPOBEICHO MCCIIEAOBAHNE aBTOHOMHOM CHCTEMBI
AIIEKTPOCHAOKEHHS B PA3TUYHBIX PEKUMaX padOThI TeHepaTopa.

KiroueBsie ciioBa: cuctemMa 3IEKTPOCHAOXKEHMs, CHHXPOHHBINM TEeHEepaTtop, MpeoOdpa3oBaHUE
SHEPTUHU, BBIIPSIMUTEL, HHBEPTOP, UMUTAIITMOHHOE MOAEIUPOBAHUE

STRUCTURE SELECTION AND MODELING AUTONOMOUS POWER SUPPLY
SYSTEMS BASED ON SYNCHRONOUS GENERATORS WITH VARIABLE SHAFT
SPEED OPERATION

I.1. Artyukhov, 1.Yu. Rozhnov, Sh.A. Gaynullin, S.V. Krasnov



Modern facilities of power electronics allow conversion of electric energy parameters with
minimal losses. Thereby opportunities are provided to create power supply systems using electric
machines that operate at a variable rotation speed of the turbine shaft. The article considers
construction of these systems based on synchronous generators. A simulation model for the
selected version of the block diagram was developed in the MATLAB environment with the
Simulink enhancement package. This model was applied for the study of an autonomous power
supply system based on various modes of generator operation.

Keywords: power supply system, synchronous generator, energy conversion, rectifier, inverter,
simulation

NCCIIEAOBAHUE AJITOPUTMOB 3APAJIA AKKYMVYJIATOPHBIX BATAPE

B.M. Ilukcaes, I'.A. Manspkenkos, [.B. I1bsH3uH

B pabore mnpuBeAeHBI pe3yNbTaThl HCCIENOBAHWN  PA3NWYHBIX aJTOPUTMOB  3apsia
aKKyMYJIITOPHBIX ~OaTapeit, Ha 0a3e 3apsgHOrO ycTpoiicTBa, paspadboranHoro [IAO
«OQnektpoBeinpsimutens» (r.  Capanck). [lpennoxeH aJanTUBHBIM — alropuT™M  3apsna,
HOSBOJIS[IOH.II/I?I NpoAJINTE PECYPC aAKKYMYJIIATOPHBIX 6aTapeI71, a TaK)Xe ITOBLICUTHL 0OE30I1aCHOCTD
UX 00CITy)KUBaHUSI.

KiroueBrle ciiosa: AKKYMYJISITOpHAA 6aTapeﬂ, C€MKOCTbH aKKYMYHHTOpHOfI 6aTapeH, 3apAJHOC
YCTPOMCTBO, JITOPUTM 3apsiaa

STUDY OF BATTERY CHARGE ALGORITHMS

V.M. Piksaev, G.A. Malyzhenkov, D.V. Pyanzin

The paper presents the results of research into various algorithms applied in charging storage
batteries, based on a charger devel-oped by JSC Electrovipryamitel (Saransk). An adaptive
charging algorithm is proposed, which makes it possible to extend the service life of storage
batteries, as well as to improve the safety of their maintenance.

Keywords: battery, battery capacity, charger, charging algorithm

AHAJIN3 CTPYKTYPhI CUCTEMBI DJIEKTPOCHABXEHW A
HE®TEITEPEPABATBIBAIOINX HPEZ[HPI/IHTHFI

H.A. O3epos, A.B. Kynbs6sixkuna, A.1. CasenbeBa, A.Il. Mynun

Cratbs TOCBALEHA aHAUM3y CHUCTEM  DJJIEKTPOCHAOXKEHMsI  HedTenepepadaThlBaroIINX
HpeI[HpI/IHTPlﬁ. HpI/IBeI[eHbI napamMeTpbl MUTAOMIUX ceTen PAa3JIMIHBIX TCXHOJIOTUYCCKUX
mponeccoB. YcraHoBieHsl a0COJMIOTHBIE U YACIBHBIC I10KAa3aTCIn 3J'ICKTpOHOTp€6J'IeHI/I$I
OCHOBHBIMH TEXHOJIOTUYCCKUMU nmpoueccamu u YCTaHOBKaMHU. Hpenno;era CXEMa
COOCTBEHHOT0 UCTOYHMKA SHEProo0ecedeH sl 115l MOKPBITUS COOCTBEHHBIX HYXJ NPEANPUATHS
[0 CHAOXEHUIO 3HeKTp03HepFHeI>'I, IIO3BOJJIAOIIAasA ITOBBICUTH HAACKHOCTH U 6€CHepe60ﬁHOCTb
AIEKTPOCHAOKEHUS.

KiroueBrle crnoBa: He(I)TeHepepa6aTLIBaI-0HlI/Ie npeanpuATusd, 3HepFeTI/I‘leCKI/Iﬁ KOMIIJICKC,
CUCTEMa 3JIEKTPOCHAOKEHNUS, SHEPTreTHUECKUE PECYPChl, BTOPUYHBIE IHEPreTHUECKHE PECYPCHI,
KOreHepanusa

ANALYSIS OF POWER SUPPLY SYSTEMS OF OIL REFINERIES

N.A. Ozerov, A.V. Kulbyakina, A.l. Savelyeva, A.P. Munin

The article provides the analysis of power supply systems at oil refineries. Parameters of power
grids used in various technological processes are given. Absolute and specific indicators of
power consumption required for the main technological processes and installations have been
established. The proposed scheme of self-powered electrical system is developed to cover the
power plant consumption needs, as well as increase reliability and continuity of electric power
supply.

Keywords: oil refinery, energy complex, power supply system, energy resources, secondary
energy resources, cogeneration



CIIOCOBbI  OBECIIEHEHHA  BE3OIIACHOCTHU JBWXEHWA ABTOHOMHOI'O
OJIEKTPUYECKOI'O TPAHCIIOPTHOI'O CPEACTBA

B.H. Anocos, E.O. Open, H.C. [Tonos

B ,Z[aHHOfI CTaTbC paCCMATPHUBAIOTCA cnoco0Obl  olecrieueHus 0e30MacHOCTH JABUXCHUA
aBTOHOMHOI'O DJIEKTPUYECKOr0 TPAHCIOPTHOIO CpPEACTBA IIPU Pa3IUYHBIX TPACKTOPHUIX
JIBOKEHUS M MaHEBpaxX B 3aKphITOM IpocTpaHcTBe. [IpencraBiena ctpykTypHas cxema nporecca
BSaHMOHeﬁCTBHﬁ CUCTCMbl HAaBUT'allUKM ABTOHOMHOI'O TPaHCHOPTHOTO CPEACTBA W CHUCTCMBI
ABTOMAaTHYCCKOI'O YIIPaBJICHUA SJICKTPOIIPHUBOJOB KOJ'IéC, d TAKIKC OIIMCAaH IMPUHIUIL eé L[CP'ICTBI/I}I.
[TpuBogUTCS 0030p CEHCOPOB, YIOBJICTBOPSIONIMX TPEOOBAHHUSIM OE30MACHOCTH JIBHIKEHUS
ABTOHOMHOTI'O SJICKTPHUYCCKOI'O0 TPAaHCIIOPTHOI'O CPEACTBA B CIOKHBIX U AMHAMHUYECKUX CpEaax.
HpeI[CTaBJIeH NepCUYCHb CHOC06OB IIaHUPOBAHUS ABUKCHUA U 06OCHOBaH0 MMPUMCHCHUC MCTOAA
HCKYCCTBCHHBIX CHJIOBBIX HOJ'ICI\/'I, IMPUBCACHO MaTEMAaTHYIECCKOC OITMCAHNUE JaHHOI'0O METOAa.
KitoueBbie cioBa: aBTOHOMHOE TPAHCIOPTHOE CPEICTBO, OE30MACHOCTh JBIDKEHHUS, CHCTEMa
YIIpaBJICHUA SJICKTPOIIPHUBOAOM, MECTOAbI IINITAHUPOBAHUSA IBUXKCHHA, CCHCOPEBI

METHODS OF ENSURING SAFETY OF AUTONOMOUS ELECTRIC VEHICLES

V.N. Anosov, E.O. Orel, N.S. Popov

The article discusses the ways to ensure safety of autonomous electric vehicles at various
trajectories and maneuvers in an enclosed space. An overview of sensors that meet safety
requirements of an autonomous electric vehicle in complex and dynamic environment is given.
A block diagram of interaction between the navigation system of autonomous vehicles and the
automatic control system of electric wheel drives, as well as the principle of its operation are
presented. A review of the sensors satisfying safety requirements for autonomous electric
vehicles in complex and dynamic environments is given. The authors provide a list of methods
for planning vehicle traffic and application of the method of artificial force fields, including
mathematical description of the given method.

Keywords: autonomous vehicle, traffic safety, planning vehicle traffic, electric drive control
system, sensors

NUMUTAILIMOHHAA MOJEJIb TEPMOJJIEKTPUYUECKOI'O T'EHEPATOPA  HA
HE®TEITPOBOJIE

A.A. benbckuit, [1.YO. I'myxanny, JI.1. Banuenko

I[J'I}I KOHTPOJIMPYCMBIX TCICMEXAHNYCCKUX ITYHKTOB Ha He(bTerOBOHaX, pacnojiaracMbeiX B
palioHax, YyAaJeHHBIX OT CeTel LEeHTPAIN30BAHHOIO JJIEKTPOCHAOKEHUS, HEe00X0IUMO
MNPUMCHCHUC AaBTOHOMHBIX HWCTOYHUKOB TIIUTAHUA. HpennoxceHo B Kay€CTB€ AaBTOHOMHOI'O
HCTOYHHKA MUTaHWUA HCIIOJIb30BATH TCPMOIJICKTPUUCCKHUE T'CHCPATOPHLI, YCTAHABJIMBACMbBLIC Ha
BHCIIHIOIO CTCHKY He(i)TerOBOI[a. Pa3pa60TaHa KOMIIBKOTCPHAA MOJCIIb TCPMOIJICKTPUICCKOTO
reHeparopa s OHEHKA HP(PEKTUBHOCTH €ro paboThl B MPOU3BOJIBHON KOOpIUHATE
He(bTel'IpOBOI[a. HOJ’Iy‘leHHLIe pe3yiibTaTbl MOTYT OBITh HCIIOJIB30BaHLI pu IMPOCKTUPOBAHUU
TEPMOAIEKTPUUYECKUX T€HEPATOPOB, YCTAHABINBAEMbIX HE(TEIIPOBOJIE.

KiroueBrle cioBa: TCpMOBJ’IeKTpI/I‘-ICCKI/Iﬁ re’eparop, KOHTpOJ’II/IpyCMHﬁ TeJIeMeXaHNYEeCKUU
ITYHKT, ABTOHOMHEBIN HCTOYHUK INUTaHUuA, aBTOHOMHOC 3J'I€KTpOCHa6>KeHI/Ie

DESCRIPTION OF THE THERMOELECTRIC GENERATOR MODEL ON AN OIL
PIPELINE

A.A. Belsky, D.Yu. Glukhanich, D.I. lvanchenko

Autonomous power sources are required for controlled telemechanical points on oil pipelines
located in areas remote from central-ized power supply networks. Therefore, it is proposed to use
thermoelectric generators in-stalled on the outer wall of a pipeline as an autonomous power
source. A computer model of a thermoelectric generator has been devel-oped to estimate its
performance efficiency in an arbitrary coordinate of an oil pipeline. The obtained results can be
used in the design of thermoelectric generators to be installed in oil pipelines.

Keywords: thermoelectric generator, con-trolled telemechanic point, autonomous power source,
autonomous power supply



[IOBBIIIEHUE BBICTPOAENCTBUS CJIEJMIIETO DJIEKTPOIIPUBOJA 3A CYET
[TPUMEHEHUSA ®UHUTHOI'O PEI'YJISATOPA

A.B. Crapuxkos, C.JI. JIucun, B.A. Kupasiies

[TpousBeneH cuHTE3 (PUHUTHOTO PETYJATOpPA ISl CIEASIIErO JIEKTPOINPUBOIA C CHHXPOHHBIM
HUCITIOJIHUTCIIBHBIM ABUI'aTCJIICEM. HafIZ[eHBI AUCKPETHBIC IIEPCAATOYHEBIC (bYHKI_II/II/I (1)I/IHI/ITHOFO
peryisTopa U ciesmero >ekTponpuBona. [loctpoeHs! rpaduky mepexo HbIX MPOIECCOB IO
YIpaBJIAOMIEMY U BO3MYIIAKOIIEMY BOBﬂCﬁCTBHHM, KOTOPBIC MMO3BOJIAIOT BBIABUTH HECAOCTATKU
cJaeaAmero SJICKTPOIIPHUBO/Ia C (bI/IHI/ITHBIM PEryjIsiTOpOM, CBsA3aHHBIC C OOJILIINM
MepeperyJIMpoBaHieM W CTaTHYECKOM omuOkoi. [IpensmoskeHo JOMOMHUTH — CIEASIIHA
AIIEKTPONPUBO/I €II€ OJHUM KOHTYPOM C MHTErpajbHBIM PeryisiTtopoM. Pazpaborana pacuerHas
MOJICNIb CJIEMSINEr0 AJIEKTPONPHUBOJIa C (PUHUTHBIM PETYIATOPOM BO BHYTPEHHEM KOHTYpE,
KOTOpass Y4YUTBIBACT AUCKPCTU3AIWIO KW OI'PaHUYCHHUEC CUTHAJIOB II0 YPOBHIO. HOCTpOGHBI
Fpa(bI/IKI/I MNEPEXOAHBIX IPOLUECCOB, JOKA3bIBAIOIHNE BBICOKOC 6BICTpO,I[eI>'ICTBHe npeaiaracéMoro
ciensimero sJeknpornpuBoaa. OnpeneneH ajropuTM pacdyera BBIXOJAHOTO CUrHaja (PUMHUTHOTO
peryJsitopa.

KnroueBble  cioBa:  ciensduiuil  3J€KTPONPUBOJ, (QUHUTHBIA  peryisarop, AUCKpETHas
nepeaaroyHas Q)YHKHI/I}I, CI/IHXpOHHHﬁ ABUTATCIIb

IMPROVING THE SPEED OF RESPONSE OF THE ELECTRIC SERVO DRIVE USING A
FINITE CONTROLLER

A.V. Starikov, S.L. Lisin, V.A. Kirdyashev

Synthesis of a finite controller for a servo drive provided with a synchronous motor has been
made. Discrete transfer functions of a finite controller and electric servo drive are found. The
graphs of transient processes for the control and disturbing influences are plotted, which make it
possible to identify the shortcomings of the electric servo drive with a finite controller,
associated with large overshoot and static error. It is proposed to supplement electric servo drive
with one more closed loop of an integral controller. A computational model of the servo drive
with a finite controller in the internal loop is de-veloped, which takes into account quantization
and signal limitation by level. The graphs of transient processes are plotted, proving high speed
of response of the proposed servo drive. An algorithm for calculating the output signal of a finite
controller is determined.

Keywords: electric servo drive, finite con-troller, discrete transfer function, synchronous motor



