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AHAJIU3 ITPOITY CKHOM CIIOCOBHOCTHU KABEJILHOI'O BJIOKA

Kyxapuyk U.B., Kazakos A.B., Tpydanosa H.M.

CraTbs NOCBsIIEHA UCCIIEJOBAHUIO TETIOBBIX MOJIEH B CTAIIMOHAPHBIX M PA3BUBAIOIIUXCS BO
BPEMEHH Ipolieccax HarpyXeHus KabeabHBIX JIMHUN. PaccMOTpeHbI BOIIPOCHI pa3MenieHHs
JOTIOTHUTEIBHBIX PE3ePBHBIX JIMHUN BHYTPHU KaHaa, IPOBEAEHA OIEHKAa BOZMOKHOCTH
nepeauy SHEPTUU TI0 TAKUM JIMHUSIM C YU4ETOM TEMIIEPATYPhI KX 10 OTAeNbHON TUHIH 03
MPEBBIIICHUS] KPUTUYECKOTO 3HAUECHUS [T TOJIMMEPHON 301U, BhINOIHEHO cpaBHEHKE
TOKOBBIX HArpy30K JIMHHUI B YCIOBUSAX KOJIJIEKTUBHOM MPOKIAJIKA C OTMHOUYHBIM Kabesem,
HArpy>KEHHBIM B COOTBETCTBHUHU C PEKOMEHAIMSIMU HOPMATUBHBIX IOKyMEHTOB. [loka3aHa
HE00X0IUMOCTh TU(HEPSHIIUPOBAHHOTO CHIYKCHUS TOKOBBIX 3HAUCHUN B 3aBHCUMOCTH OT MX
PacIoIOKEHHUS B KOJJIEKTUBHOM KaOeTbHOM OJ10Ke. BrrancieHnbl monpaBodHbie KO3 GUITHESHTHI
CHIDKEHUS Harpy3KU JIMHUM JIJ1s1 COOJIIOIEHUS TETIOBOTO peskuMa paboThl kabenei. JlaHbl
PEKOMEH/IAINHU IO PAI[IOHATHFHOMY HCIIOJIB30BAHHIO TPOMYCKHON CTOCOOHOCTH KabeIhHOTO
0JI0Ka B yCIIOBHSIX MIEPEMEHHON CYTOYHOM HArpy3KH KOHKPETHOTO MOTPEOUTEIS.

Knrouesvie cnoea: xabenbHblil 070K, pe3epBHbIC JIMHUHU, TIPOMYCKHASI CIIOCOOHOCTb.

The article is devoted to the study of thermal fields in stationary and time-evolving loading
processes of cable lines. The issues of placing additional backup lines inside the channel are
considered, the possibility of energy transmission through such lines is assessed, taking into
account the temperature of each individual line without exceeding the critical value for polymer
insulation. The comparison of current loads of lines in conditions of collective laying with a
single cable loaded in accordance with the recommendations of regulatory documents is carried
out. The necessity of differentiated reduction of current values depending on their location in the
collective cable unit is shown. The correction coefficients of reducing the load of the lines to
comply with the thermal mode of operation of the cables are calculated. Recommendations are

given on the rational use of the capacity of the cable block in conditions of variable daily load of



a particular consumer.

Key words: cable block, backup lines, bandwidth.
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AIanTUBHBIN HeYeTKHUI U3MePHUTEIb TEMIIEPATYPHI KaMephl CrOPaHuUs Ta30TYPOMHHOTO
JBHIaTe I

XMKHAKOB 10.H., FKOOKAKOB A.A., CTOPOXEB C.A., HUKYJIMH B.C.

Jlnst m3MepeHus TeMIiepaTypbl B KaMepe CropaHusi ra30TypOUMHHOTO aBHAITMOHHOTO JIBUTATEIIS
MpeyIaraeTcs UCIOIb30BaTh BUPTYAIbHBIN HEUETKUN N3MEPHUTEIh, TOCTPOSHHBIN HA N3MEHEHUHN
napaMeTpOB BPAIICHUS Fa30BbIX TYPOUH C y4ETOM TOPEHHSI TOIUIMBA, MT0/1aBaeMOTO
nudGepeHIMATBHBIM KOJUIEKTOPOM. APXHUTEKTypa U3MEPUTEIIS TOCTPOCHA 0 KIIACCHYECKOM
cxeme: haz3uduKraTop ¢ MPUMEHEHUEM CUTMOUIHBIX ()YHKIIMHA MPUHAJIC)KHOCTH, OJIOK
HEYETKOTO BBIBOJIA, COACPIKAIIETO OTepaIllii HEUeTKON UMIUIUKAIINY, HEYETKOW KOMIO3HUIINH U
nedazzudpuraTop. Amanranus HEYETKOTO U3MEPUTEIS TEMIIEPATyPhI BBITIOTHEHA TI0 METOTY
MOCJIEIOBATEILHOTO OOYUYCHHS, @ HCCIICIOBAHNE CTATUYECKUX CBOMCTB U3MEPHUTEIIS — C
MOMOIIbI0 MaTeMaTuyeckoi Mmoaenu Ha mathopme MATLAB. CoracHo ociiuiorpaMme, T71e
CpPaBHEHHE OCYIIECTBIISIIOCH B PE3YNIbTATE H3MEPEHHI TEPMOIAPOii, MOXKHO CENATh BBIBOJ O
JTUHEHHOCTH CTAaTUYECKON XapaKTEPUCTHKHU aIallTUBHOTO HEUETKOTO U3MEPHUTENSI TEMIIEPATYPHI.
[IpumeneHue pa3pabOTaHHOTO U3MEPHUTEISI TEMIIEPATYPhl BOSMOYKHO JIJISI YIIPABJICHHS
TOMOTEHHOTO KOJUIEKTOpa KaMephbl CrOpaHusl U KOHTPOJIS TEMIIEpaTyphl B IEPBOM 30HE KaMEPhI
CTOpaHHUS C IO KOHTPOJIS TEMIIEpaTypbl BHOpOropeHus U cpbiBa. OCHOBHOE JOCTOMHCTBO
pa3paboTaHHOTO U3MEPHUTEINS TEMIIEPATYPHI — TOCTOSTHHOE U3MEPEHUE TeMITepaTyphl B TIPOIECCE
AKCIUTyaTaIliy JIETATSIBHOTO arapara.

Knroueevle cnosa: ra3oTypOVHHBIN aBUAIIMOHHBIN JIBUTATEIb, KAMEPA CTOPAHUSI, U3MEPHUTEIb
TEMIIEPATYPhI, HEYETKOE YIIPaBIIeHUE, HEUETKAsT UMIUTUKAIIHS, HEUETKast KOMIIO3HIIHS,

ajanTuBHBIE Qa33upuKaTopsl, ypaBHeHUs CyreHo, TOMOTeHHBIN KOJUIEKTOP.

To measure the temperature in the combustion chamber of a gas turbine aircraft engine, it is
proposed to use a virtual fuzzy meter based on changing the rotation parameters of gas turbines,
taking into account the combustion of fuel supplied by a differential collector. The architecture of the
meter is built according to the classical scheme: a fuzzifier using sigmoid membership functions, a

block of fuzzy inference containing operations of fuzzy implication, fuzzy composition and a



defuzzifier. The adaptation of the fuzzy temperature meter was carried out using the sequential
learning method, and the study of the static properties of the meter was carried out using a
mathematical model on the MATLAB platform. According to the oscillogram, where the
comparison was carried out as a result of measurements with a thermocouple, it can be concluded
that the static characteristic of the adaptive fuzzy temperature meter is linear. The application of the
developed temperature meter is possible to control the homogeneous collector of the combustion
chamber and temperature control in the first zone of the combustion chamber in order to control the
temperature of vibration combustion and breakdown. The main advantage of the developed
temperature meter is the constant measurement of temperature during the operation of the aircraft.
Key words: gas turbine aircraft engine, combustion chamber, temperature meter, fuzzy control, fuzzy

implication, fuzzy composition, adaptive fuzzifiers, Sugeno equations, homogeneous collector.
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Pa3padoTka anropurma o0ydyeHusi MyJIbTHATEHTHOMH CHCTEMBbI YIIPaBJIeHHS
IJIeKTPOTEXHUYECKUM KOMILTIEKCOM HedTerazono0bIBa0IIero npeInpusiTus ¢
pacnpeejeHHON reHepanueit

I[TABJIOB H.B., IIETPOUYEHKOB A.b.

Jist pa3paboTku anroputMa 00ydeHHsI MyTbTHATEHTHOW CUCTEMBI YIIPaBICHHS
AIIEKTPOTEXHUYECKIM KOMILIEKCOM HEe(TEera30100bIBAIOIIETO IPEMPHUITHS C paclpeaeIeHHOM’
reHepalreil uCroab30BaHbl METOIbI MOICIIMPOBAHUS B IPOrPAMMHBIX MakeTax RastrWin3 u
LabVIEW. OcHOBHas 11€JIb alTOpUTMa 00Y4YeHHS — 00SCIICUCHHE CAaMOHACTPONKH
MYJIBTHATCHTHON CHCTEMBI YIIPABICHUS IPU U3MEHEHUHN TOTIOJIOTHH CUCTEMBI U TIPUHIIUIIOB
B3aUMOJICHCTBHSA AJIeMEHTOB. /111 o1leHKH paboTOCTIOCOOHOCTH aNropuT™Ma paspaboTana MOIETb
AIIEKTPOTEXHUYECKOT0 KoMIuiekca FOxHoro kynona FOpuykckoro mectopoxxaenus (Ilepmckuit
Kpail). MynpTHareHTHas cucTeMa yrpapieHHs MpeJHazHaueHa uisd 00ecreyeHust
SHEPreTHUecKoro OanaHca, a TaKXKe MO3BOJISET CO3AaTh BUPTYaIbHYIO cpeay (1udpoBoit
JBOMHHK 3JIEKTPOTEXHIUYECKOTO KOMIUIEKCa MECTOPOXKICHUS ), KOTOpast MOJICTUPYET CLIEHAPHH C
1EeNbI0 00y4YeHHs areHToB. MylbTHATCHTHAS CUCTEMA YIIPABICHUS MOJIEITUPYET CIOKUBIITHECS
CUTYallMu KaK MapKOBCKHI MPOLIECC, U HAXOUT CLIEHapUH YIPaBJIEHUs, 00eCIeunBaOIINe
MUHUMAaJbHbIE OTKJIOHEHUS OT HOPMAaJIbHBIX TOKa3aTelsiel sHepreTuyeckoro Oananca. [1pu
MOJICTIMPOBAHUH pexXrMa (PYHKIIMOHUPOBAHUS 0€3 MCIOIh30BaHUS O0yUEHHS C MOAKPEIUICHUEM
B TE€UYCHHE TECTOBOTO MHTEPBaJa, YHEPTeTUUECKHI OalaHC B psijie CIICHAPUEB BBIXOINT 32

YCTaHOBJICHHBIC MTPEICITBI IO 0aJTaHCOBOM HAJIC)KHOCTH.



Kntouegvie cnosa: 3neKTpOTEXHUUECKUM KOMITJIEKC HE(TETra30J00bIBAIOIIETO MPEATIPUSATHS,

pacrpenieneHHas reHepalysi, MyJIbTHareHTHBIA MOX0/, aITOPUTM 00YUYEHHU S, MOACITUPOBAHHUE.

Modeling methods in RastrWin3 and LabVIEW software packages were used to develop an
algorithm for training a multi-agent control system for an electrical complex of an oil and gas
producing enterprise with distributed generation. The main purpose of the learning algorithm is
to provide self—tuning of a multi-agent control system when changing the topology of the system
and the principles of interaction of elements. To assess the efficiency of the algorithm, a model
of the electrical complex of the Southern Dome of the Yurchuk deposit (Perm Krai) has been
developed. The multi-agent control system is designed to ensure energy balance, and also allows
you to create a virtual environment (a digital twin of the field's electrical complex), which
simulates scenarios for the purpose of training agents. The multi-agent control system models the
current situations as a Markov process, and finds control scenarios that ensure minimal
deviations from normal energy ball indicators.

Key words: electrotechnical complex of an oil and gas producing enterprise, distributed

generation, multi-agent approach, learning algorithm, modeling.
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Pacyer xapakTepuCTHK IBYXHHAYKTOPHOIO JHHEIHOr0 aCHHXPOHHOI'O IBUTaTeJIsl
YABAHOB E.A., KOPOTAEB A.Jl., OITAPVH J.A., [IOT'YA1UH A.JI., KYJIEIIOB I1.B.
[IpencraBnena pacyeTHast MOJEIb ABYXUHAYKTOPHOTO JIMHEHHOT'O aCHHXPOHHOTO IBUTATEIS C
JIBYMSI OTUHAKOBBIMH WHAYKTOPaMH, PACIIOJIOKEHHBIMH JPYT MPOTUB APYTra, U BTOPHYHBIM
HEMarHUTHBIM 3JIEMEHTOM, KOTOPBIN HaXOANUTCS B 3a30pe MEKAY HUMH. BakHOH 0COOEHHOCTHIO
JBYXWHAYKTOPHOTO JITHEWHOTO aCHHXPOHHOTO JABHUTATEIIS SIBIISCTCS HEPABHOMEPHOCTh
pacrnpeneneHus 3IeKTPOMarHUTHOTO M0JIs IO IIMPUHE BTOPHUYHOTO 3JIEMEHTa U UHAYKTOpa. s
UCCIICIOBaHMS AJIEKTPOMArHUTHBIX MIPOIIECCOB TAKOT'O IBUTATENs Obljia pa3paboTaHa MOJIEINb,
YUYHUTHIBAIOIAs PEATBHBIN XapaKTep 3IEKTPOMArHUTHOTO MOJIsl, 0COOCHHO B OOKOBBIX 30HAX.
Cpena Bo Bcex McCIeIyeMbIX 30HAaX PACUCTHOW MOJAEIH SBISAETCS MAarHUTHO-aHU30TPOITHOMA.
Huddepenunanbable ypaBHEHHS 3JI€KTPOMArHUTHOTO MOJIS JUTS TAKUX CPEJl MOJTydeHbl Ha
OCHOBAHMU ypaBHEHUH dJeKTpoauHamMukh. [IpemioskeHa HoBast pacueTHast MOJIENb ISt
AQHAJIMTUYECKOTO MCCIICAOBAHMS M pacdyeTa pacipeaeIeH s IeKTPOMArHUTHOTO OIS 110
IIUPUHE IBYXUHAYKTOPHOTO JIMHEHHOTO aCHHXPOHHOTO JABHUTaTesns. MccnenoBano BIusHue
IIMPHHBI UHIYKTOpPA U BTOPUYHOTO JIEMEHTa Ha XapakTepuCcTUKu apuraress. [Ipemioxen

MH)KEHEPHBI METOJ yueTa MoIepevyHoro KpaeBoro 3¢dexra MammHbl, B KOTOPOM MarHUTHOE



110j1€ OOKOBBIX 30H YUUTHIBAETCS YBEJIMUEHUEM PACUETHOM HIMPUHBI MHIYKTOPA.
Knrouegvie cnoga: NByXVHIYKTOPHBIN JTMHENHBIN aCUHXPOHHBIN JBUTATEb, UHIYKTOD,
pacucTHasA MOACIIb, ITYHTUPYIOIIUC YUACTKH, BGKTOpHBIfI INOTCHIMYAJI MarHuTHOIO IoJisd,

CKaHHpHBIﬁ IMOTCHIHAII DJICKTPHUICCKOI'O ITOJIA.

The article presents a design model of a linear asynchronous motor with a double-sided inductor,
which has two identical inductors located opposite each other and a secondary non-magnetic
element located in the gap between them. An important feature of a two-inductor linear
asynchronous motor is the uneven distribution of the electromagnetic field across the width of
the inductor and the secondary element. For an analytical study of the electromagnetic processes
of such an engine, a calculation model was developed that allows taking into account the real
nature of the electromagnetic field in the side zones. According to the accepted assumptions, the
medium in all zones of the calculation model is magnetically anisotropic. The differential
equations of the electromagnetic field for such media are obtained on the basis of the equations
of electrodynamics. As a result of the analysis, a new calculation model was proposed for the
analytical study and calculation of the electromagnetic field distribution over the width of a
linear asynchronous motor with a double-sided inductor. The influence of the width of the
inductor and the secondary element on the characteristics of the engine has been studied. An
engineering method is proposed for taking into account the transverse edge effect of the
machine, in which the magnetic field of the side zones is taken into account by increasing the
calculated width of the inductor.

Key words: linear asynchronous motor with a double-sided inductor, inductor, calculation model,

shunt sections, magnetic field vector potential, electric field scalar potential.
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Omnpenenenne cCONpOTHBICHUI HYJICBOH NMOCIEA0BATEILHOCTH OPOHMPOBAHHBIX CHJIOBBIX
KabeJieil ¢ TOMOIIbI0 MATEMATHYECKOT0 MO/IeJTHPOBAHUSA 3JIEKTPOMATHUTHBIX MPOLIECCOB
INEPBMHMH A.T"., IVKOSAHOB P.I1., CYBBOTHH E.B.

B sniekTposHepreTHYecKux CUCTEMax MPH BOZHUKHOBEHUHU aBapUIHBIX PEKUMOB TpeOyeTcs
MpaBUJIbHAS OPTaHU3AIMS 3AIIUTHON anmapaTypsl OT TOKOB KOPOTKOTO 3aMbIKaHUS U OOPHIBOB
anekTpoueneil. [1yis onpenenenus TOKOB KOPOTKOTO 3aMbIKaHUS HEOOX0IMMO 3HATh aKTUBHYIO U
PEaKTHBHYIO COCTABJISIONINE TTOJIHOTO COMPOTUBJICHUS MPSIMON, 0OpaTHOM M HYJIEBOM

nocnenoarenbHocTell. B crangapre IEC 60909-2 npuBenena MeToinka aHaIUTHUYECKOTO



pacyeTa TaKuX COMPOTUBJICHUH IS CHJIOBBIX KaOenel pa3IuaHbIX KOHCTpYKIui. OTHaKO
HAJIMYUE CTATbHOU OpOHU, SIBJISIOIICHCS MATHUTHBIM MaTEePHAIOM, HE TIO3BOJISIET UCTIOIb30BaTh
JaHHYI0 MeToAuKY. [IoaToMy omnpenerenre conpoTUBIICHUN HYJIEBOM MOCIEI0BATEILHOCTH
IIPOBOJIUTCS € IMTOMOIIBI0 MAaTEMAaTUYECKOIO MOAECIMPOBAHUS 3JIEKTPOMArHUTHBIX MPOLIECCOB B
cuiioBoM kaberne. /{uddepenmanbuoe ypaBHeHHE, 3aIUCAHHOE JJIsI KOMITJIEKCHOM aMILIUTYbI
BEKTOPHOT'O MarHUTHOTO MOTEHIIMAJIA B IBYXMEPHOU MMOCTAHOBKE, PEIIACTCS METOJIOM
KOHEYHBIX AJIEMEHTOB C MOMOIII0 akeTHOTro Moayist ANSYS Maxwell. B pe3ynbrate
peleHus MOCTaBICHHOM 3aja4l HAXOAATCS pacIpeeIeHUs] MArHUTHOTO MOTEHIINAIIA,
HaIPSHKEHHOCTH MarHUTHOTO I10JI5l, MATHUTHOM MHAYKUWH, IDIOTHOCTH TOKA B IPOBOJSAIINX
DJIEMEHTaX 00JIACTH MCCIIEOBAHUS, M BBIYUCIICTCS MAaTPUIA YACTUIHBIX AKTHBHBIX H
PEaKTUBHBIX COIIPOTUBIICHUM, C TOMOILBIO KOTOPOU ONPEAEIISAIOTCS COIPOTUBIICHUS HYJIEBOU
nocJaea0BaTeNbHOCTH. [IpoBepka aIekBaTHOCTH MPEAJIOKEHHON MaTEMAaTHYECKOW MOJIETH
BBIIIOJIHEHA ITyTEM CPABHEHHUS PE3yJIbTAaTOB BBIUUCIECHUN COPOTHUBIICHUN HYJIEBOM
NOCJIEI0BATEIbHOCTH Kabeneit 6e3 Oponu, moyyueHHbIX ¢ moMouisio ANSY'S Maxwell, ¢
COOTBETCTBYIOIIMMU JaHHBIMH, HaiiieHHbIMU 110 MeTouKelEC 60909-2. Yucnennsie
UCCJIEIOBAHMSI IPOBEICHBI JIJIsl CUJIOBBIX Kabesiel ¢ HOMUHAJIBHBIM CEYEHUEM METHBIX
MHOTOITPOBOJIOYHBIX TOKOMpoBOAAIHX Ui 120, 185 u 300 mm? B 00111€# CBUHITOBOI 000JI0UKE
CO CTaNbHOM OpOHEH. Y CTAaHOBIEHO BIUSHUE OTHOCUTEIHHOW MATHUTHOMN MPOHUIIAEMOCTH
CTaJIbHOW OPOHU HA 3HAYCHUSI aKTUBHON M PEAKTUBHOM COCTABIISIOIINX CONPOTUBICHUIN
HYJIEBOU IOCJIEN0BATEIBHOCTH.

Knroueevie cnosa: cunopoii kabelnb, cTaabHas OpPOHs, COMPOTUBIICHNE HYJICBOU

MMOCJICAOBATCIIbBHOCTH, SJICKTPOMArHUTHBIC TPOUCCChI, MATCMATHUYCCKOC MOACIINPOBAHUC.

In electric power systems, the frequent occurrence of emergency modes requires the proper
organization of protective equipment against short-circuit currents and breaks in electrical
circuits. To determine short-circuit currents, it is necessary to know the active and reactive
components of the positive, negative and zero-sequence impedance. The IEC 60909-2 standard
provides a method for the analytical calculation of such impedances for various designs power
cables. However, the presence of steel armor, which is a magnetic material, does not allow using
this technique. Therefore the determination of the zero-sequence impedances is carried out using
mathematical modeling of electromagnetic processes in the power cable. The differential
equation written for the complex amplitude of the vector magnetic potential in a two-
dimensional formulation is solved by the finite element method using the ANSYS Maxwell

package module. As a result of solving the problem, the magnetic potential distributions,



magnetic field strength, magnetic induction, current density in the study area conductive
elements is found, and the matrix of partial active and reactive resistances is calculated, with the
help of which are determined the zero-sequence impedances. The adequacy of the proposed
mathematical model was verified by comparing calculating results the zero-sequence
impedances of cables without armor, obtained using ANSYS Maxwell, with the corresponding
data found by the IEC 60909-2 method. Numerical studies was carried out for power cables with
a nominal cross-section of multiwire copper current-carrying conductors of 120 mm?, 185 mm?
and 300 mm? in a common lead-sheath with steel armor. The influence the relative magnetic
permeability value of steel armor on the active and reactive components values of the zero-
sequence impedances has been established.

Keywords: power cable, steel armor, zero-sequence impedance, electromagnetic processes,

mathematical modeling.
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Pacyer MAarHUTHOTO M0JIAA B 0OKOBBIX 30HAX JIHHEHHOI0 ACHHXPOHHOI'0 IBUTaTeJIsl €
Y4eTOM BJIMSIHUS JIOOOBBIX YacTeil 00MOTKH MHAYKTOpPa

KOPOTAEB A.Jl., YABAHOB E.A., OITAPUH /I.A.

Ha 0aze npeaioskeHHON pacueTHON MO JTUHEHHOTO aCHHXPOHHOTO JABUTaTENs ONpeaesieTCs
pacrnpeneneHne MarHUTHOTO T0JIsl B 3a30pe MEX Ay JT0OOBBIMH yacTaMu. J[i1st aToro
3anuchIBatoTCs AU epeHnnaibHble ypaBHEHUS BEKTOPHOTO MOTEHIMaIa B aKTUBHOM U
OOKOBBIX 30HaX. [Ipy 3TOM yuuThIBaeTCS peanbHasi TEOMETPHUS U OTTUO JTOOOBBIX YacTei
00MOTKH MHAYKTOpa. MarHUTHOE 1oJie B OOKOBBIX 30HAX COCTOUT M3 IOJICH BBITYYMBAHUS U
JT000BBIX YacTel. B craThe npeacTaBieHbl KpUBbIE H3MEHEHUSI MAarHUTHON MHAYKIMU B OOKOBBIX
30HaX C y4eTOM JIOOOBBIX YacTel u 0e3 ux yuyera. BeigBieHO, 4TO 1ojie B OOKOBBIX 30HAX B
OCHOBHOM OITpeIeIsieTCsl MOJIEM BBIITyYHBaHUs, a BIUSHUE MOJIeH JIOOOBBIX YacTel
He3HaunTenbHo. [loaToMy BiusiHUE T0OOBBIX YacTel MpH pacueTax MOKHO HE YUUTHIBATh.
Knroueswle cnoea: muHelHbI aCHHXPOHHBIN ABUTATENb, MATHUTHOE TI0JIE, 1000BAas 4acTh,

OOKOBBIE 30HBI, [10JIE BHITYYMBAHHUSA, TI0JI€ JJOOOBBIX YacTe, pacyer.

On the basis of the proposed calculation model of a linear asynchronous motor, the distribution
of the magnetic field in the gap between the frontal parts is determined. To do this, the
differential equations of the vector potential in the active and lateral zones are written. This takes

into account the actual geometry and bending of the frontal parts of the inductor winding. The



magnetic field in the lateral zones consists of bulging fields and frontal parts. The article presents
the curves of magnetic induction changes in the lateral zones, taking into account the frontal
parts and without taking them into account. It is revealed that the field in the lateral zones is
mainly determined by the buckling field, and the influence of the fields of the frontal parts is
insignificant. Therefore, the influence of the frontal parts in the calculations can not be taken into
account.

Keywords: linear asynchronous motor, magnetic field, frontal part, lateral zones, buckling fields,

frontal parts field, calculation.
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HeiipocereBble Moae/ M ra30TYpOMHHBIX 3JIEKTPOCTAHIMIA 11 CHHTE3a M HACTPOMKH
CHCTEM YNpaBJICHUA

KABAJIEPOB b.B., KWJIMH I".A., BAX1PEB .B.

B cratbe paccmarpuBaeTcs BO3MOXHOCTh IPUMEHEHUS] HEHPOCETEBBIX MOJIeNeil ra30TypOMHHBIX
JIEKTPOCTAHLIMM 711 aBTOMAaTUYECKOM HACTPOMKHU U CUHTE3a CUCTEM YIIPABIICHHUS.
PaccmaTpuBaemblie HelipoceTeBbIE MOJIENN MPEICTABISIOT Ta30TYpPOMHHYIO YCTAaHOBKY U
CHHXPOHHBIN TEHEPaTOp KaK SIUHYIO MOJIEIIb Ta30TypOMHHOM AekTpocTaniuu. [IpuBeneno
000CHOBaHHE apXUTEKTYPhl HCKYCCTBEHHOW HEUPOHHOU CEeTH, CIIOCOOHO mocie 00y4deHUs
BOCIIPOM3BOANTH Pa0bOTy ra30TypOMHHBIX JIEKTPOCTAHIIMNA TPU PA3TUYHBIX KOHOUTYpaLUsIX
3JIEKTPOIHEPreTUUeCcKo cuctemsl. [IpuBeieHbI pe3ynbTaThl IPUMEHEHUS HEMPOCETEBOM
MOJICJI Ta30TypPOMHHOMN AJIEKTPOCTAHIIUU JIJIST aBTOMAaTHYECKON HACTPOHKH KOHTYypa
yIIpaBJICHUS YaCTOTON BpAIICHUs CBOOOTHON TYpOUHBI, a TAKXKE PE3YIbTaThl MATEMAaTHUECKOTO
MOJICIUPOBAHMSL, TOATBEPKAAIONIHE YPPEKTUBHOCTD MPEI0KEHHON apXUTEKTYPHI
UCKYCCTBEHHOW HEMPOHHOM CETH.

Knroueswvie cnoea: >nextpuueckasi CTaHIUs, Ta30TypOMHHAS SJIEKTPOCTAHIIMSI, Fa30TYypOMHHAs

YCTaHOBKa, aBTOMaTUYECKasi HACTPOMKa, HEUPOHHAs CETh, HEHpOCETEBAas MOJEb.

This article discusses the possibility of using neural network models of gas turbine power plants
for automatic tuning and synthesis of control systems. The considered neural network models
represent a gas turbine plant and a synchronous generator as a single model of a gas turbine
power plant. The rationale for the architecture of an artificial neural network is given, which,
after training, is capable of reproducing the gas turbine power plants operation with electric
power system various configurations. The results of the application of a neural network model of

a gas turbine power plant for automatic tuning of the free turbine speed control loop are



presented. The results of mathematical modeling confirming the effectiveness of the method are
presented.
Key words: power plant, gas turbine power plant, gas turbine plant, automatic tuning, neural

network, neural network model.
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Pa3paboTka 3/ieKTpONpUBOAA CTEHIA NCNIBITAHUSA TOPCUOHOB HA 0a3e TYroBbIX
ACMHXPOHHBIX 3JIEKTPOABUIaTe el

[OrynH A.JI1.,, YABAHOB E.A., KOPOTAEB A.Jl., OITAPUH JI.A., KYJIEIIOB II.B.

B cooTBeTcTBHYU € XapaKTEPOM pealbHBIX HArPY30K TOPCHOHA UCIIBITAHUS €r0 Ha YCTaJIOCTh NpU
Kpy4eHUH HEOOXOAMMO BECTH MPU MOMOIIH MPUIOKEHUS K HEMY LIMKJIMYECKUX HArpy30K,
KOTOpBIE CO3JAI0TCS C MOMOLIBIO CIIEIUAIIBHOTO CTeH 1a Ha 0a3e JYrOBBIX aCUHXPOHHBIX
JBUTaTeNel. DTOT CTEH]T UCIIONIb3YeT PE30HAHCHBIN NMPUHLKI BO30YKaeHus Kosebanuil. CTeH
MMEET YCTPOICTBO IIPEIBAPUTEIBHOM 3aKPYTKH TOPCUOHOB, MAaCCUBHBIN MaxOBUK (pOTOp) U
MIPUBOJ ISl CO3JaHUs 3HAKOTIEPEMEHHOT'0 KPYTSAIIEro MOMEHTa. B kauecTBe MexaHU3Ma
BO30YKICHHS pe30HAHCHBIX KOJIEOaHUH TOPCHOHOB UCIIONB3YIOTCS ABa IYTOBBIX CTaTOpA,
OXBaTBIBAIOIINX MACCUBHBIA MaXOBHK (POTOP) U CHAOKEHHBIX TPeX(PazHBIMH OOMOTKAMH,
YIIpaBJIIEMbIMHU 3JIEKTPOHHBIM OJIOKOM ¢ OECKOHTAKTHOM CUCTEMOI aBTOMAaTHYECKOTO
yIpaBJICHHS, TOCTPOCHHOM Ha 0a3e MyCKOBOTO THPUCTOPHOTO YCTpoiicTBa. Mcnonb3oBanue
PE30HaHCHOTO MPHUHIINIIA BO30YKACHHS KoJleOaHui Ha 6a3e TyroBbIX aCHHXPOHHBIX ABUTaTeleH
MO3BOJIIET 3HAYUTENIBHO YIPOCTUTH CYIIECTBYIOLIYIO KOHCTPYKIIMIO CTEH1a ¥ MOBbICUTH KIT/I
IPY UCTIBITAHUSAX TOPCHOHOB. PazpaboranHast pyHKIIMOHAIBHAS CXeMa CUCTEMBI YIIPaBJICHUS
3JIEKTPONPUBOJIOM CTEHAA MO3BOJISIET B MPOLECCE UCTIBITAHUI aBTOMaTUYECKHU MOIEPKUBATH
aMIUTUTYAY KoJIeOaHU MaxOBHKa C 33JaHHON TOYHOCTHIO. YKa3aHHbIE (PAKTOPBI 3HAUUTEIHHO
MOBBIIIAIOT 3KOHOMUYECKH 3PPEKT OT BHEAPEHUS CTEH/A.

Knrouegvle cnosa: TopcroH, 1yroBoi aCHHXPOHHBIN JIBUTATENb, MAXOBUK CTEHIA (POTOD),
pe30HaHCHas YaCTOTa MEXaHUYECKUX KOJeOaHul, MarHuTHOE yuciio PeitHomnbaca, naTuuku

MOJIO’KEHUS, ITyCKOBOE TUPUCTOPHOE YCTPOUCTBO.

In accordance with the nature of the real loads of the torsion bar, it is necessary to test it for
torsional fatigue by applying cyclic loads to it, which are created using a special stand based on
arc asynchronous motors. This stand uses the resonant principle of oscillation excitation. The

stand has a torsion bar pre-twisting device, a massive flywheel (rotor) and a drive for generating



a sign-variable torque. As a mechanism for excitation of resonant oscillations of torsion bars,
two arc stators are used, covering a massive flywheel (rotor) and equipped with three-phase
windings controlled by an electronic unit with a non-contact automatic control system built on
the basis of a starting thyristor device. The use of the resonant principle of excitation of
oscillations based on arc asynchronous motors makes it possible to significantly simplify the
existing design of the stand and increase the efficiency when testing torsion bars. The developed
functional diagram of the bench electric drive control system makes it possible to automatically
maintain the amplitude of the flywheel oscillations with a given accuracy during testing. These
factors significantly increase the economic effect of the implementation of the stand.

Key words: torsion bar, induction arc motor, stand flywheel (rotor), resonant frequency of

mechanical oscillations, magnetic Reynolds number, position sensors, starting thyristor device.

Onexmpomexnuxa, 2022, Nell, cmp.44-48

AanTHBHBIN HEYeTKHUI PeryasiTop Bo30y kaeHHus1 0eCeTOYHOr0 CHHXPOHHOIO
reHeparopa

XMKHAKOB 10.H., FOXKAKOB A.A., CTOPOXEB C.A.

[Tpumenenne [TNU]] perymnstopa ans ynpasieHHUs TOKOM BO30YKICHHUS OECILIETOUHOTO
cunaxponHoro reneparopa (BILICI') uckiarogaer He0OXOIMMOCTh pearupoBarh Ha
HEKOHTPOJINPYEMBIE BO3MYILIEHHUSI, U3MEPUTh KOTOPbIE HEBO3MOXkKHO. K HUM OTHOCHTCA
Hacblenne marauronponojaa bIICI', n3aMeHeHne akTUBHOTO COMPOTHUBJIEHUS CTATOPHBIX U
POTOPHBIX OOMOTOK B CBSI3U C HarpeBOM I'eHeparopa u T.1. M3menenue mapamerpoB BILICT
BJIMSIET HA NIEPEXO/IHBIE U CBEPXIIEPEXOAHBIE MIEPEXOAHBIE MPOLECCHl B AMHaMuKe. 3ameHa [TN /]
peryJsiTopa Ha HEYETKHUM alallTUBHBIN PEryJsSTOp HANPSIKEHNS UCKIIFOYAET BIMSHUE YKAa3aHHBIX
BO3MYILIEHUH, 00ecrieunBaeT CTabuiIbHOE MOAIEpyKaHNe HAMIPSKEHHsI Ha IIIMHAX CTaTopa,
COKpAILAET BpeMs IEPEXOIHOTO Mpoliecca IPU BKIFOUEHNN aCUHXPOHHOMN Harpy3Ku U CBOAMT K
HYJTIO CTAaTHYECKYIO OINOKY. APXUTEKTYpa MOCTPOCHUSI HEUETKOTO PETYISATOPA COACPKHT
daz3udukarop, 6a3y 3HaHHM, €CITU CBA3b MEXAY NTEPEMEHHBIMU U3BECTHA, HEUETKYIO
UMIUTHKAINIO, HEYETKYI0 KOMIIO3HIIMIO Ha 0a3e anredpandeckux ypaBHeHui CyreHo u
nedas3uduKanuio Mo METoly CpeIHeBeaHHoTo. [l uccne1oBaHus JUHAMUKYA aBTOHOMHOM
AIIEKTPOCTAHLIMH pa3paboTaHbl HeNMMHeHHbIe quddepeHnnanpubie ypaBuenus [lapka-I'opesa,
3amrcaHHbIe Yepe3 MOTOKOCIIeIUICHHE, Tae popMupoBanue HanpsbkeHus Ha mmHax BICT
BBITIOJTHEHO TI0 METOJTY JIBYX y3710B. MozaenupoBaHue BoITToTHEHO Ha miaTtdhopme MATLAB ¢

HCJIBIO pacydcTa NEePCXOAHBIX MPOUECCOB MIPHU BKIIOYCHHUU ACUHXPOHHOT'O ABUTATCIIA.



[TomydeHHBIE OCITUIIOTPAMMBI TOATBEPK AT 3¢ dekTuBHOCTH 3aMenbl [IN]] perynaropa Ha
aJJalITUBHBIN HEYETKUN PETYIIITOP U KOPPEKTHOCTh MATEMAaTUYECKOT0 ONMCAHUS aBTOHOMHOU
SJICKTPOCTAHIIUH.

Knroueswie cnoea: 6ecieTOUHbIN CHHXPOHHBIN FeHEPaTOp, PEryysTop BO30YKIECHUS,

dazzuduxarop, nedaszzudukarop, ypapHenuss CyreHo.

The use of a PID controller to control the excitation current of a brushless synchronous generator
(BSG) eliminates the need to respond to uncontrolled disturbances that cannot be measured.
These include saturation of the BSG magnetic core, changes in the active resistance of the stator
and rotor windings due to the heating of the generator, etc. Changing the parameters of the BSG
affects transient and super-transient transients in dynamics. Replacing the PID controller with a
fuzzy adaptive voltage regulator eliminates the influence of these disturbances, ensures stable
voltage maintenance on the stator tires, reduces the transition time when the asynchronous load
is turned on and reduces the static error to zero. The architecture of the fuzzy controller
construction contains a fuzzifier, a knowledge base, if the relationship between the variables is
known, a fuzzy implication, a fuzzy composition based on the algebraic Sugeno equations and
defuzzification by the weighted average method. To study the dynamics of an autonomous
power plant, nonlinear Park-Gorev differential equations have been developed, written through
flow coupling, where the voltage formation on the BSG tires is performed using the two-node
method. The simulation was performed on the MATLAB platform in order to calculate transients
when the asynchronous motor is turned on. The obtained waveforms confirm the effectiveness of
replacing the PID controller with an adaptive fuzzy controller and the correctness of the
mathematical description of an autonomous power plant.

Key words: brushless synchronous generator, excitation controller, fuzzifier, defuzzifier, Sugeno

equations.

Onekmpomexnuka, 2022, Nell, cmp. 48-52

MeToa ONITUMAJIBLHOTO YIIPABJIEHHS KAK CIIOCO0 MOBbIMIEHNSI SHEPro3(p(peKTUBHOCTH
3J1eKTPONPUBOIHOTO IEHTPOOEKHOT0 HAcoca

BUIITHAKOB J1.J1., COJIOJKUI E.M., IETPOYEHKOB A.B., FOJIVIH P.10., CAJIbHHKOB
C.B.

CpenctBamu MATLAB Simulink peann3oBaHa BEKTOpHasi CHCTEMa YIIPaBJICHUS aCHHXPOHHBIM

JABUraTesneM. JJonoJIHeH KOHTYp peryJnpoBaHus IOTOKOCUEIUICHUS: 3a1al0llee 3HaUCHUE



MIOTOKOCIETUIEHHS poTopa GOpMHUPYETCS Ha BBIXOJIE OHJIaliH-onTUMU3aTopa. PaccMoTpen
perynsitop ¢ nouckom skctpemyma B MATLAB Simulink, onrcana mapamerpusanus 31€MEHTOB
peryasTopa MoTOKOCUEIUICHUS. BIMOIHEHO cpaBHEHNE PEeaIn30BaHHOIO METO/1a M CKAJISIPHOM
CHCTEMBI yIIPaBIICHUS 110 KpUTEPUSIM 3HeprodhdekTnBHOCTH. B KauecTBe KpUTEPUEB IPUHSTHI
AKTHUBHAsI MOIIHOCTB, ITOJIHASI MOIITHOCTh U KO3 durreHT MomHocTH. [IpuBeneH anamms
JAHHBIX, IOJIY9CHHBIX ITyTeM UMUTAIIMOHHOTO MOJICIIMPOBAHMUSI, HA OCHOBAHUH KOTOPBIX CJIEJIaH
BBIBOJT 00 aJICKBATHOCTH MPEIIAraeMOro METO/1a MOBBIIIEHUS YHEPTod()(HEKTUBHOCTH
MOTPY>KHOTO AJIEKTPHUYECKOTO ABHraTelns. K mpenMyiecTBam peaan3yeMoro MeToa
YIIPaBJICHUS] MOYKHO OTHECTH TPOCTOTY PeaTU3allii, OTCYTCTBUE TPAJUCHTHBIX METOJIOB
ONTUMM3AINH U AITOPUTMOB, TPEOYIOMINX OOJBIINX BBIUYMUCIUTEIBHBIX MOIIHOCTEH MpH
BOCTIPOM3BEJICHUH Ha peaibHOM 000pYIOBaHUH.

Knroueevle cnosa: >NeKTpONIPUBOTHON IIEHTPOOSKHBIN HACOC, TOTPYKHOU IEKTPUICCKUN

JIBUTATEIh, ONTUMAIbHOE PEryIUpOBaHHE, PETYINPOBAHUE C TOMCKOM SKCTPEMyMa.

With the help of MATLAB Simulink simulation tools, a vector asynchronous motor control
system is implemented. The flow coupling control loop has been supplemented: the setting value
of the rotor flow coupling is formed at the output of the online optimizer. A regulator with an
extremum search in MATLAB Simulink is considered, the parameterization of the elements of
the flow coupling regulator is described. The comparison of the implemented method and the
scalar control system according to energy efficiency criteria is carried out. Active power, full
power and power factor are accepted as criteria. The analysis of the data obtained by simulation
modeling is given, on the basis of which the conclusion is made about the adequacy of the
proposed method of increasing the energy efficiency of a submersible electric motor. The
advantages of the implemented control method include the simplicity of implementation, the
absence of gradient optimization methods and algorithms that require large computing power
when reproduced on real equipment.

Key words: electric driven centrifugal pump, submersible electric motor, optimal regulation,

regulation with the search for an extremum.

Onexmpomexnuxa, 2022, Nell, cmp.53-59

Pacuer mapaMeTpoB CHHXPOHHOI'0 FeHEePaTOPAa NMPHU HemoJIHOo uHGoOpMaAUKN
OAJIAJIEEB J1.B., KABAJIEPOB b.B.

Brinonnen pacuer napameTpoB CHHXPOHHOTO F'eéHepaTopa Ha OCHOBAHUH €r0 HOMUHAIBHBIX U

MacTIOPTHBIX JaHHBIX. I[JI?I TAaKOro pacucTa ImpoBcACHO MOACIIUPOBAHUC paGOTLI CUHXPOHHOT'O



reHepaTopa B cucreme. [Ipu MozmennpoBaHuy MOJHbBIE JaHHBIE OTCYTCTBOBANIM, HO JOIYCTHMO
OBUIO OIIEHUTH UX MPUOIMKEHHO, TaK KaK TPeOOBaJIIOCh KAYeCTBEHHO BOCIIPOU3BECTH
nepexoaHoi nporecc. CHHXPOHHBINA TEHEPATOP MOAETHPOBAJICS COBMECTHO C APYTHUMH
TeHepaTOpaMH U CHCTEMOM AIIEKTPOCHA0KEH!s, paboTaBIIeH MapauIeIbHO CETH U B
ABTOHOMHOM PEXHMe paboThl. BEIToIHEHO CpaBHEHNE MTOTYYEHHBIX PE3YJIbTATOB C TOUHBIMH
naHHbIMH. OnpeaeneHbl rpaHuIbl IPUMEHUMOCTH IPUOJIMKEHHBIX METOIOB ONPEACTICHHUS
apaMeTpOB CHHXPOHHBIX MAIIHH.

Knrouesvie cnoea: CHHXpOHHBIN reHEpaTop, HapaMeTphl FreHepaTopa, MaTeMaTHYecKas MOJIEb.

The parameters of the synchronous generator are calculated based on its nominal and passport
data. For this calculation, a simulation of the operation of a synchronous generator in the system
was performed. When modeling, complete data were not available, but it was permissible to
estimate them approximately, since high-quality reproduction of the transition process was
required. The synchronous generator was modeled together with other generators and the power
supply system, which worked in parallel with the network and in an autonomous mode of
operation. The obtained results are compared with the exact data. The limits of applicability of
approximate methods for determining the parameters of synchronous machines are determined.

Key words: synchronous generator, generator parameters, mathematical model.

Inekmpomexnuka, 2022, Nel 1, cmp.59-64

Cucrema 3J1eKTPOABUKEHNS 11 BBICOKOCKOPOCTHBIX CY/10B

BATPAK /I.B., HUKVIIIEHKO /1.B., CEHBKOB A.Il.

Cuctemsl anextpoaprkerus (CO/]) mo3BOISIOT MOBBICUTH HAZCKHOCTD JIBHKUTEIIECH,
MaHEBPEHHOCTh U 0€30MacHOCTh TUIaBaHUs cynoB. OaHako mo odmieit macce u radapuram COJ]
YCTYNaeT MBIKUTENSM C IPUBOJIOM OT TEIUIOBBIX JIBUTATENEH — qU3eJei U TypOuH.
BBICOKOCKOPOCTHBIM CyAaM U KopabisiM Manoro BojousMenieHus Heooxoauma COJ1 6ompuion
MOIIHOCTH, HO MECTa JIJI pa3MELIEHUs Ha TaKuX cyaax komnoHeHToB COJl HenocrarouHo. B
CTaTh€ PACCMOTPEHBI BO3MOKHBIEC CIIOCOOBI COKPAIICHHS MACChl U TaOAPUTOB CUCTEMBI
AIIEKTPOJBIDKEHUS Cy0B. M3 CTPYKTYpBI TPEOHBIX STMEKTPUUECKUX YCTAHOBOK MOXKHO
UCKJTIOYUTH COTJIACYIOIINE TpaHC(HOPMATOPhI, CyMMapHasi MOIIHOCTh KOTOPBIX paBHA MOITHOCTH
CO/1. Hanbonee a3pdekTUBHBIM CIIOCOOOM CHIDKEHHS Macchl U rabaputoB CO/] siBnsiercs
MOBBIIICHUE YaCTOTHI BPAIIEHUS IEPBUYHBIX JBUTATENICH U CHHXPOHHBIX TEHEPATOPOB CYAOBOM
AJIEKTPOCTAHIINH, TIPY ATOM CUHXPOHH3AIINIO TE€HEPATOPOB MOKHO BBITIOJHATH Ha

BBIIIPSIMIICHHOM IIOCTOSIHHOM HanpsbkeHuU. [IpuMenenne B cocraBe Cy10BOM 3JIEKTPOCTaHIIUN



MHOT0()a3HbIX CHHXPOHHBIX T€HEPAaTOPOB MO3BOJISAET MOJYYUTh XOPOLIee KaUeCTBO HANPSKEHUs
NUTaHUS TPEOHBIX JIEKTPOABUTATENEH H 00€CTIeUNTh 3JIEKTPOMAarHUTHYIO coBMecTUMOCTh CO /1
U 00IECYAOBBIX MOTPEOUTETCH.

Knrouegvie cnosa: cucrema dIeKTPOABIKEHUS CYJ0B, €UHAs 2JICKTPOIHEPreTUUECKAs CUCTEMA,
MHOr0o(a3Hble CHHXPOHHBIE T€HEPATOPbI, BHICOKOYACTOTHOE HANPSKEHUE, CHIDKEHUE Beca U

I‘aGapI/ITOB, QJICKTpOMAarouTHasA COBMCCTUMOCTD.

Electric propulsion systems (EPS) make it possible to increase the reliability of propellers,
maneuverability and safety of navigation of ships. However, in terms of total weight and
dimensions, the EPS is inferior to engines driven by thermal engines — diesels and turbines.
High-speed vessels and small displacement ships need a high-capacity EPS, but there is not
enough space for placing EPS components on such vessels. The article discusses possible ways
to reduce the mass and dimensions of the electric propulsion system of ships. Matching
transformers can be excluded from the structure of rowing electrical installations, the total power
of which is equal to the power of the EPS. The most effective way to reduce the weight and
dimensions of the EPS is to increase the rotation speed of the primary engines and synchronous
generators of the ship's power plant, while the synchronization of generators can be performed at
rectified DC voltage. The use of multiphase synchronous generators as part of a ship's power
plant makes it possible to obtain a good quality of the supply voltage of the rowing electric
motors and ensure electromagnetic compatibility of the EPS and ship-wide consumers.

Key words: ship electric propulsion system, unified electric power system, multiphase
synchronous generators, high-frequency voltage, weight and size reduction, electromagnetic

compatibility.
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