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MyJabTHATeHTHBII MOAX0/ K MOAeJTUPOBAHUIO CHCTEM YIEKTPOCHAOKEHUS ¢
pacnpeaeeHHON reHepanuet

[TABJIOB H.B., IIETPOYEHKOB A.b., POMO/IMH A.B.

Cratbs MocBsIIeHa MOJICTUPOBAHUIO CUCTEM 3JIEKTPOCHAOKEHUS C pacipeIeIeHHOM
reHeparueil Npyu HOMMHAIBHBIX PEeXUMaX ¢ UCTIOJIh30BAHUEM MYJIBTHATEHTHOTO moaxoa. J{ms
pEIIeHUS TOCTABIICHHBIX 33]]a4 MCIOJIb30BaHbI METOIBI MOJICIIUPOBAHMSI B IPOTPAMMHOM TTaKeTe
LabVIEW, xotopsiii opueHTHPOBaH Ha paboTy ¢ BUPTYyaabHBIMHU MPHOOPAMH, ar€HTaMH,
MPEJICTaBIsIEMbIMU KaK aBTOHOMHBIE KOMITBIOTEPHBIE IPOTPaMMBbI, B3aUMOIEHCTBUE MEXTY
KOTOPBIMHU MOJKET OBITh IPUMEHEHO Ha MPaKTHKE B pamkax koHuenuu MicroGrid u nudpossix
noactaniuii. OCHOBHAas 1Ieb pean3alluy TaKoTo MM0IX0/a — 00ecreueHne CaMOHACTPOUKH
CHCTEMBI B CiTydae pekoHurypanuu cetu. JJis oreHKkr ero paboTocrmocoOHOCTH pa3paboTaHa
MoOJ1eIb Fa30TypOMHHOMN 3JIEKTPOCTAHIINH, UCTIONb3YyEeMO ISl yTUIM3aluu MOMyTHOro ra3a. Ha
OCHOBE HM3BECTHBIX CIIOCOOOB pacueTa U CXeMbI 3aMEIICHUs, IPH TOM ke 000pyI0BaHUN

3¢ (HEeKTUBHOCTH OTpACIU YBETUYHBACTCS OJIaroapsi ONTUMU3AIMHU TIPOIIECCOB YIIPABICHUS
000py/I0BaHNEM U MOBBIICHUIO () PEKTUBHOCTH B3aUMOACHCTBHSI SJICKTPUUECKUX U
TEXHOJOTHYECKHUX MPOIIECCOB.

Knrwoueswie cnosa: cucreMa 31eKTPOCHA0KEHUS, paclipeielieHHasi TeHepalys, Ta30TypOuHHast

SJICKTPOCTAHI WA, YTUIIN3allH IMOITYTHOT'O Ira3a, MYHBTHaFeHTHBIﬁ noaxona, MoACJIMpOBaHHUC.

The article is devoted to the modeling of power supply systems with distributed generation at
nominal modes using a multi-agent approach. To solve these tasks, we used modeling methods
in the LabVIEW software package, which is focused on working with virtual devices, agents
represented as autonomous computer programs, the interaction between which can be applied in
practice within the framework of the MicroGrid concept and digital substations. The main goal
of implementing this approach is to ensure self-tuning of the system in the case of network
reconfiguration. To assess its performance, a model of a gas turbine power plant used for the
utilization of associated gas has been developed. Based on the known calculation methods and

substitution schemes, with the same equipment, the efficiency of the industry increases due to



the optimization of equipment management processes and increasing the efficiency of interaction
between electrical and technological processes.
Key words: power supply system, distributed generation, gas turbine power plant, associated gas

utilization, multi-agent approach, modeling.
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MeTtoauka pacyera HHIHHIAPHYECKOT0 JHHEITHOT0 BEHTUJILHOTO IBUTATEJIS €
NMOCTOSIHHBIMH MAarHUTAMM /IS YJIEKTPONPUBOIA HLIH(OBAILHOTI0 CTAHKA

KOPOTAEB A.Jl., )KYXXI'OB H.B., YABAHOB E.A., KJIIIOYHUKOB A.T., [IOT'YIH A.JL.,
KVYJIEIIOB I1.B.

PaccMoTpena MeTouka pacyeTa nmapameTpoB M XapaKTePUCTUK HUIHHIPUIECKOTO JIMHEHHOTO
BEHTUJIBHOTO JABUTATENS JIJIsl HCTIOTHUTEIHLHOTO MEXaHU3Ma NUTH(OBATLHOTO CTaHKA.
OmnpeneneHsl mapaMeTphl U XapaKTEPUCTUKUA ICKU3HOTO MOJYJISL ABUTATENS, KOTOPHIN B COCTaBe
3JIEKTPOTPUBOIa MUTH(POBAIBHOTO CTaHKa 00€CIIeYnBaeT HEOOX0IMMOE padoyuee yCuiue,
bopMHpYS TP ATOM BO3BPATHO-TIOCTYIATEIBHOE IBUKCHUE BTOPHYHOTO dJIEMEHTa. Takxke
paccMOTPEeHBI Pa3IMYHbIC BAPHAHTHI HCIIOTHEHHSI IUJIMHAPUIECKOTO THHEWHOTO BEHTHIIEHOTO
JBUTATENS,, KOTOPBIN B 3aBUCUMOCTH OT €r0 KOHCTPYKTUBHBIX OCOOEHHOCTEH, CIIOCOOeH

o0ecneynBaTh TATOBOE YCUIIMEC MOAYJIA ABUTATCIIA B IIMPOKOM JUAIIa30HE.

Knrouegvie cnosa: mnndoBaIbHbIN CTAHOK, WJIMHIPUICCKUN TMHEHHBIN BEHTHUIHHBIN

ABUTaTClib, IOCTOAHHBIC MarHUThI, MHAYKTOP, TATOBOC YCHUIIHC.

The article describes a method for calculating the parameters and characteristics of a cylindrical
linear valve motor for an actuator of a grinding machine. The parameters and characteristics of
the draft engine module were determined, which, as part of the electric drive of the grinding
machine, provides the necessary working force, while forming the reciprocating movement of
the secondary element. Also considered are various versions of the cylindrical linear valve
motor, which, depending on its design features, is capable of providing the traction force of the
engine module in a wide range.

Key words: grinding machine, cylindrical linear valve motor, permanent magnets, inductor,

tractive effort.
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BekTopHO-MaTpUYHOE yIpaBJieHHEe CHHXPOHHOI0 KOMIIEHCATOpa

XMXHAKOB 10.H., FOXXAKOB A.A., CTOPOXEB C.A., HUKVJIMH B.C.

Jl51s coBepIIEHCTBOBAHMSI 3JIEKTPOCHAOKEHUS TPOMBILIUICHHBIX MPEANPUATHI TpeOyeTcs

3¢ exTrBHOE UCTIONB30BaHNUE JIMHUH AtekTpornepenay. [lepenaBaemast o JIMHUM aKTUBHAs
MOIIIHOCTh HEOOXO0IMMa JIJIsi COBEPIIICHUS PaOOThl ACHHXPOHHBIMU JIBUTATEIISIMUA, KOMIICHCAIIH
TEIUIOBBIX MOTEPh B JIMHUAX Tepeaad u T.].; peakKTHUBHAsI MOIITHOCTh HEOOXOAMMA JUTS CO3aHUS
AIEKTPOMArHUTHBIX TOJIE B ACHHXPOHHBIX JABUTaTENSX, HACHIIICHHBIX PeakTopax,
Tpancopmaropax u T.1. [lepegayua 35ekTposHEeprun MPOUCXOIUT C MOTEPSIMU, UTO BEJIET K
JOTIOTHUTETFHBIM YKOHOMUYECKUM 3aTparaM. [Ipennaraercs BoipabaTbiBaTh HEOOXOAMMYIO
PEaKTUBHYIO MOIITHOCTh HAa MECTE MOTPEOJICHUS C TOMOIIBIO CHHXPOHHBIX KOMIIEHCATOPOB,
pasrpy3uB MPpH 3TOM JIMHUIO niepenad. [y crabunuzanny HanpsKeHUs B y3Jie Harpy3Ku
HEOOXOUMO PEryInpOBaTh TOK BO30YXKACHUSI CHHXPOHHOTO KOMIIEHCATOPa C LENbI0
TeHEpUPOBAHUU HEOOXOIUMOM PEAKTUBHOM (EMKOCTHOW) MOLITHOCTH JJIsI KOMIICHCAIIHH
UHIYKTUBHOH (peakTUBHOI) MouTHOCTH. CTabuau3anus HanpsKeHUs B y3J1€ HCKITI0YaeT
M3MEHEHHE TOKa B TMHUH Mepeiay 13-3a BO3MOKHOTO HapyllleHus OaaHca peakTUBHON
motHocTu. [Ipennaraercs peryianpoBaTh TOK BO30YKIEHUSI CHHXPOHHOTO KOMIIEHCATOpa C
MOMOILIbIO TPEIUKATHOTO HEUETKOTO PEryIATOpa HanpsibkeHus. B coctaB Takoro perynaropa
BXOJUT (a33udukaTop, OJI0K HEYETKOTO BBIBOJA C pealiu3annel anroput™Ma MaMmaianu u
nedazzudukarop (METO ] pa3HOCTH TUIOIIAICH).

Knrouesvie cnoea: CHHXpOHHBIN KOMIIEHCATOP, Pa33udukaTop, NpeauKaThl, HeueTKas

HUMIUIUKAHA, HOpMaJIn3aTop, MCTOA Pa3HOCTHU HJIOL[Ia,Z[eﬁ.

To improve the power supply of industrial enterprises, the effective use of power transmission
lines is required. The active power transmitted through the line is necessary for the operation of
asynchronous motors, compensation of heat losses in transmission lines, etc.; reactive power is
necessary for the creation of electromagnetic fields in asynchronous motors, saturated reactors,
transformers, etc. The transmission of electricity occurs with losses, which leads to additional
economic costs. It is proposed to generate the necessary reactive power at the place of
consumption using synchronous compensators, while unloading the transmission line. To
stabilize the voltage in the load node, it is necessary to regulate the excitation current of the
synchronous compensator in order to generate the necessary reactive (capacitive) power to

compensate for the inductive (reactive) power. Voltage stabilization in the node excludes a



change in the current in the transmission line due to a possible violation of the reactive power
balance. It is proposed to regulate the excitation current of the synchronous compensator using a
predicate fuzzy voltage regulator. Such a controller includes a fuzzifier, a fuzzy output block
with the implementation of the Mamdani algorithm and a defuzzifier (the area difference
method).

Key words: synchronous compensator, fuzzifier, predicates, fuzzy implication, normalizer, area

difference method.
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JKCIEePUMEHTAJIbHOE ONpeeIeHHe TOKA Harpy3Ku kadeseii ¢ OymMaKHON NPONUTAHHOI
U30JIsI0Mell B YCTAHOBUBIIEMCS TEIJIOBOM pesKHMe

KYXAPUYYK U.B., TEPJIBIY A.E., TPY®AHOBA H.M.

BrinonHeHo skcnepruMeHTaIbHOE HCCIeJOBaHNE HarpeBa Kabemnei ¢ OyMaXKHOM MPOMUTaHHON
HU30JISAIUEN U KHJIaMH U3 aJJFOMUHHEBOro ciuiaBa ceuenneM 70, 95 u 120 MM2. Omrcana cxema
NOJa4u ¥ U3MEPEHHUS IEKTPUUECKOTI0 TOKA C IIOMOIIBIO JJa0OpaTOPHOI0 aBTOTpaHCHopmMaropa
u TpaHcopmaTopa Toka. OnucaHa cxema U3MEpPEHUs TEMIIEPATYPB] Ha Pa3IMYHbIX YacTAX
KOHCTPYKLUU Kabenei. OnpeneneHbl TOKH Harpy3Ky, IPH KOTOPBIX TEMIIEpaTypa KUkl Kabenen
nocruraet 3HaueHui 90 u 95° C. Jlns 3TUX CTallMOHAPHBIX PEKUMOB U3MEPEHBI TEMIIEPATYPhl Ha
MOBEPXHOCTSAX JKWJI, METAININYECKUX 000s10ueK U kabenel. Onpenenenbl CONpoTUBICHUS
TOKOIPOBOSAIIMX JKUII JUIsl OTPE3KOB Kalesel, MPOBeeH epepacyeT COPOTUBIEHUH s
temmneparypsl 20 ° C u anuHbI Kabemst 1 KM ¢ 1eNbio CpaBHEHUS ¢ JaHHBIMHU, YKa3aHHBIMU B
I'OCT. Paccuntana MOIIHOCTh TEIIOBBIX MOTEPH B TOKOMPOBOIALINX KHJIAX IPU MPOTEKAHUHU
3aJJaHHOTO JIEKTPUUECKOro Toka. C MOMOILBIO TEIJIOBOM CXEMbI 3aMeLeHHsI Kabeus
paccuMTaHbl TEIIOBBIE COIPOTUBIICHUS U30JIALIUU U BO3AYyXa AJISl pACCMOTPEHHBIX HAarpy304HbIX
PEXHMMOB, a TAK)KE YAEIbHOE TEIIOBOE COIPOTUBIIEHHUE U y€IbHAsI TEMIONPOBOJHOCTh
n3oisinuy. [loctpoena MmaTemaTnueckas MOJENb IPOLECCOB TEIIOMACCONIEPEHOCA IIPU
IIPOBE/IEHUH OJHOTO U3 ITAINOB 3KCIEepUMEHTa. [l NpOBEpKU aleKBAaTHOCTU MOJEIN
oIpeieNieHa pa3HuIa MEX 1y TeMIepaTypoi Kubl KaOesns, HOIYy4eHHOH ¢ TOMOIIbIO
YHUCIIEHHOTO METO/A, U ONPEAEIEHHON SKCIIEPUMEHTAIIBHO.

Knrwoueswie cnosa: xkabenb ¢ OyMaXHOH MPONUTAHHON M30JISIIMEH, TOK HArpy3KH, TETIIOBOM

PEXKUM, COITPOTUBIICHUE KUJIBI, TCIIJIOBOC COIIPOTUBJICHUEC, MOACIUPOBAHHUC.



An experimental study of heating of cables with paper impregnated insulation and aluminum
alloy cores with a cross section of 70, 95 and 120 mm? was performed. A scheme for supplying
and measuring electric current using a laboratory autotransformer and a current transformer is
described. The scheme of temperature measurement on various parts of the cable structure is
described. The load currents at which the temperature of the cable core reaches the values of 90
and 95 ° C are determined. For these stationary modes, temperatures were measured on the
surfaces of cores, metal shells and cables. The resistances of the conductive cores for cable
segments were determined, the resistances were recalculated for a temperature of 20 ° C and a
cable length of 1 km in order to compare with the data specified in national standard. The power
of heat losses in conductive veins during the flow of a given electric current is calculated. The
thermal resistances of insulation and air for the considered load conditions, as well as the
specific thermal resistance and the specific thermal conductivity of the insulation are calculated
using the thermal replacement circuit of the cable. A mathematical model of heat and mass
transfer processes during one of the stages of the experiment is constructed. To verify the
adequacy of the model, the difference between the temperature of the cable core obtained using
the numerical method and determined experimentally is determined.

Key words: cable with paper impregnated insulation, load current, thermal mode, core resistance,

thermal resistance, modeling.
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Omnpenenenne conpoTuBICHUI NPAMOI, 00paTHON U HYJIEBOH NOC/IeA0BATEILHOCTEH
CIWJIOBBIX KafeJieii ¢ MOMOIIbI0 MATEMATHYECKOT0 MOAETHPOBAHUSA YJIEKTPOMArHUTHBIX
NpoLeccoB

[IMEPBMHMH A.I'., HAYMOB M./I., CYBBOTHH E.B.

ConpoTusieHus MPSMOiA, 00paTHON U HYJIEBOW MOCIEA0BATEIHHOCTEH CHIIOBBIX Kadene
UCIIOJIL3YIOTCS TIPU PacueTe TOKOB KOPOTKHUX 3aMBIKAHUH B JIEKTPHUUECKHUX CETSIX. JTU
napaMeTphl ONPEAEIAIOTCS C TOMOIIbIO MATEMAaTUYECKOT0 MOACIMPOBAHUS FIEKTPOMArHUTHBIX
npoiieccoB B kadene. J1ist aToro 3anuceiBaeTcs auddepeHimaibHoe YpaBHEHHE B IBYXMEPHOU
MOCTAaHOBKE OTHOCHUTEJILHO MPOJIOJIbHOM COCTAaBISAIONIEH KOMIUIEKCHOM aMIUIUTYAbl BEKTOPHOT'O
MarHUTHOTO MOTEHIIMAJIa, PEIIEHHE KOTOPOT0 PeaTn30BaHO METOAOM KOHEUHBIX 3JIEMEHTOB B
nporpammuoM komiutekce ANSY'S Maxwell. B pesynbTare pereHns mocTaBIeHHON 3a1a4u
BBIUMCIISIETCS paclpeIeIeHe MarHUTHOTO TOJIS B IONIEPEYHOM CedeHHH Kabens U popMupyeTcs

MaTtpula COOCTBEHHBIX aKTUBHBIX U PCAKTUBHBIX COHpOTHBHGHHﬁ, C IIOMOIIBIO KOTOpOﬁ



OTIPEIETISIOTCSI COMMPOTHUBIICHUS TIPSIMOM, 0OpaTHOM M HYJIEBOM mocienoBaTeabHocTei. Takoit
MI0JIXO0/1 TO3BOJISIET YYUTHIBATh KOHCTPYKTUBHbBIE OCOOCHHOCTH CHJIOBBIX Kabemel, TaKuX Kak
¢dopMy U CTENeHb YIJIOTHEHUSI MHOTOIIPOBOJIOYHBIX TOKOIIPOBOISIIHNX JKUJI, BIUSIHUE
nmoBepXHOCTHOTO A Pexra u apdexra 6mu3octu. CONMPOTHRICHUS HYJIEBON
MIOCJIETIOBATEIbHOCTH ONPEAEIISIFOTCS JUIsl CITy4dasi, KOTJ1a TOK KOPOTKOTO 3aMbIKaHHS
BO3BPALIAETCS TOJIBKO Yepe3 HyJIeBYIO uily. VccnenoBanue conpoTuBiIeHUN NpsSMOl, 0OpaTHOM
U HYJIEBOM MTOCIIEI0BATEILHOCTEH MPOBEACHO IS CHIIOBBIX Kaleseit Ha HanpsikeHue 1 kB ¢
TOKOITPOBOIAIIIMMH YKUJIAMHU KPYTJIOW U CEKTOpHOM hopm ceueHrneM oT 95 no 240 mm?.
PaccmatpuBaroTcst kabenu, B COCTaB KOTOPBIX BXOAST TPH OCHOBHBIE M O[HA HYJIEBAsI KUJIbI,
MMEIOLIast TO )K€ CEYEHHE, YTO U OCHOBHBIE. Y CTAHOBJIEHO, YTO IPUMEHEHHE CEKTOPHBIX
TOKOMPOBOJSALIMX KHJI BMECTO KPYTJIbIX IPUBOAUT K CHUKEHHUIO UCCIEAYEMBIX CONPOTUBIICHUIN
3a CYET CHUIKEHUSI MHIYKTUBHOU cocTasisitonel. IIpoBeneHo Takxke ncciaeqoBaHue BIUSHUA
CTENEHN YIUIOTHEHUS HAa CONPOTUBIICHHUS ITOCIEA0BATEIBHOCTEN ISl MHOTOIIPOBOJIOYHBIX
CEKTOPHBIX TOKOTIPOBOIAIIMNX KHJI.

Knroueswvie cnosa: cuiioBoii kabenb, TOKOTIPOBOASIINE KHIIbI, COMPOTHBIICHHS MPSIMOH,
0o0paTHOM U HYJIEBOU MOCIEA0BATEIbHOCTEH, 3JIEKTPOMAarHUTHBIE MPOIIECCHI, MATEMaTUUYECKOE

MOACIINPOBAHHUC.

The positive-, the negative and the zero-sequence impedances of power cables are used in the
calculation of short-circuit currents in electrical networks. These parameters are determined by
mathematical modeling of electromagnetic processes in the cable. For this, a differential
equation is written in a two-dimensional formulation with respect to the complex amplitude
longitudinal component of the vector magnetic potential, the solution of which is implemented
by the finite element method in the ANSYS Maxwell software package. As a result of solving
this problem, the distribution of the magnetic field in the cross-section of the cable is calculated
and a matrix of its own active resistances and reactances is formed, with which the positive-, the
negative and the zero-sequence impedances are determined. The application of this approach
allows us to take into account the design features of power cables, such as the shape and degree
of compaction of multiwire conducting cores, the influence of the surface effect and the
proximity effect. The zero-sequence impedances are defined for the case where the short-circuit
current is returned only through the zero core. The study of the positive-, the negative and the
zero-sequence impedances was carried out for power cables at a voltage of 1 kV with conducting
cores of round and sector shapes with a cross-section range from 95 mm? to 240 mm?. Cables

that consist of three main and one zero cores, which have the same cross-section as the main



ones are considered. It is established that the use of sector conducting cores instead of round
leads to a decrease in the studied resistances due to a decrease in the inductive component. In
addition, influence of the compaction degree on the sequence impedances for multi-wire sector
conducting cores was studied.

Key words: power cable, current-conducting cores, the positive-, the negative and the zero-

sequence impedances, electromagnetic processes, mathematical modeling.
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MeTo/1 KOCBEHHOT0 H3MepeHus 1e0MTa YCTAHOBKH 3JIEKTPONPHBOIHOI0 EHTPOOEKHOT0
Hacoca

COJIOJIKMM E.M., IETPOYEHKOB A.b., BUILIHSIKOB JI./1., CAJIbBHUKOB C.B.
[IpencraBieH MeTO I onpeAeTeHHs AeOnuTa YCTaHOBKH 3JIEKTPOIPHUBOTHOTO IICHTPOOESIKHOTO
Hacoca 0e3 HCII0JIb30BaHMs U3MEPUTEIHHOIO YCTpoiicTBa (pacxoaomepa). Habmonenue
napameTpa OCYIIECTBISIETCS IPU JAOMYIIEHUH O TOM, YTO H3BECTHBI IEPEMEHHBIE COCTOSHUS
TIOTPY>KHOTO AJIEKTPOJBUTATENS M KATATOXKHbBIC XapaKTEPUCTHKH YCTaHOBKHU. PaccMoTpeHo
MaTeMaTHYECKOE OIMMMCAaHNE YCTAaHOBKH JIEKTPOIIPHBOIHOTO IICHTPOOEKHOTO Hacoca. Moenb
peanuszoBana B nporpammuoii cpene MATLAB Simulink. ITpeacraBneHsl pe3ynbraThl
MOJICTTPOBAHUS, BepU(DUKAIIHS MO YCTAHOBKY U TIPOBEPKA aJICKBATHOCTH aJITOPUTMA
HaOMroZIcHUs TapaMeTpa neouta. Habmomarens TeXHOTOTUUECKOTO mapaMeTpa UCIOJIb3YeT
MIPUHITUIIEI paboTh HHTErpalibHOTO KaHana [T1/[-perymnsitopa u oOpaTHOM CBS3H MO
HabromaemoMy napametpy. [IpeacTaBneHsl CTPYKTYpHBIE CXEMBbI, HEOOXOIUMBIE JUIS
peanu3anyy HaOJIrAaTeNsl, U WLTIOCTPAINH, OMHIChIBatoIe padboTy anropurma. Chepa
MIPUMEHEHUS HaOII0IaTeNsl HE OTPaHHUYUBACTCS pabOTOM ¢ Ja0OpaTOPHBIMU CTEHAAMHU U
cpeaaMy MOJICITUPOBAHMS; CYIIECTBYET IMEPCIIEKTHBA pean3allii Ha peatbHOM o0bekTe. K
IpEeuMyIIeCTBaM MPeAIaraéMoro MeTo1a HaOIroIeHUSI MOKHO OTHECTH MPOCTOTY peaTu3alii,
OTCYTCTBHE aJITOPUTMOB, TPEOYIOMNX OOJIBIINX BEIYUCTUTEILHBIX MOIIHOCTEH TIPH
BOCIIPOM3BEICHHH Ha PEalbHOM 000PYAOBaHUH, U TIOBBIIICHHUE allllapaTypHOH HAJICKHOCTH
ycraHoBKH. [IpencraBneHHbIN anropuT™ TpedyeT mepexoia OT aHaJIOrOBOTO aTUHKa,
PAaCTONIOKEHHOTO B YCThE CKBAXHHBI (MAHOMETPA) K HU(DPOBOMY, YTO MTO3BOJIUT PEIIUTH
po6IeMy MHOTO3HAYHOCTH MOIIHOCTHOM XapaKTEPUCTHUKU U UACHTU(DHUIIMPOBATH pabOUyIO
TOUKY.

Knroueswvie cnoea: mexannszupoBaHHasi HepTe100bIua, YCTAHOBKA 3JIEKTPOIPUBOAHOTO



IEHTPOOEIKHOTO HACOCA, UMUTAIIMOHHOE MOJICIIMPOBAHNE, HAOIOACHIE TEXHOIOTHICCKUX

napamMeTpoOB, SJICKTPOIIPHUBO/I.

A method for determining the flow rate of an electric centrifugal pump installation without using
a measuring device (flow meter) is presented. The parameter is observed under the assumption
that the variables of the state of the submersible electric motor and the catalog characteristics of
the installation are known. The mathematical description of the installation of an electric
centrifugal pump is considered. The model is implemented in the MATLAB Simulink software
environment. The results of modeling, verification of the installation model and verification of
the adequacy of the algorithm for observing the flow rate parameter are presented. The observer
of the technological parameter uses the principles of operation of the integral channel of the PID
controller and feedback on the observed parameter. The structural diagrams necessary for the
implementation of the observer and illustrations describing the operation of the algorithm are
presented. The scope of application of the observer is not limited to working with laboratory
stands and modeling environments; there is a prospect of implementation on a real object. The
advantages of the proposed observation method include the simplicity of implementation, the
absence of algorithms that require large computing power when reproduced on real equipment,
and an increase in the hardware reliability of the installation. The presented algorithm requires a
transition from an analog sensor located at the wellhead (pressure gauge) to a digital one, which
will solve the problem of ambiguity of the power characteristic and identify the working point.
Key words: artificial oil lifting, electrical submersible pump installation, imitative modeling,
estimation of technological parameters, electric drive.
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Yuc/ieHHbIE UCCIeI0BAHNUS MPONECCOB HHAYKIHOHHO-PE3NCTHBHOIO YJIEKTPOIOI0rPeBa
TPYOONIpOBOI0OB

JABBIJIOBA B.A., LIEPBMHUH A.T., HAYMOB M./I., EPIIIOB C.B.

[epekauka TEXHOJIOTMUYECKUX YKUIKOCTEH 110 TPYyOOIIPOBOIaM MPHU OTPHUIIATESIbHBIX
TEMIIepaTypax, Kak MpaBuiio, TpeOyeT HATMYHS CUCTEM 3JIEKTPOIoaorpeBa. JlocTatouHo
HIMPOKOE PACTIPOCTPAHEHHSI [Tl 000TPeBa JUTMHHBIX TPYOOIPOBOIOB HAXOAUT UHAYKIIMOHHO-
pe3urcTuBHas cucteMa. Ee MOXKHO paccMaTprBaTh Kak KOPOTKO3aMKHYTYIO KOAKCHATTbHYTO

JMHUIO, BHYTPEHHUI MIPOBOIHUK KOTOPOH MpecTaBsieT co00M 0HOKMIBHBIN Kalelb, a



BHEUIHUI MPOBOJHUK — CTalbHAsi TpyOa, KOTOpas MPOJOJILHO KPEMUTCS K 000rpeBacMOMY
TpybonpoBoy. TpyOGorpoBoa ¢ MHAYKIIMOHHO-PE3UCTUBHOM CUCTEMOH 1o10TpeBa
TeruIon3o0aupyetcs. s onpeneneHus mapaMmeTpoB 3EKTPOIOI0rpeBa HEOOXOJMMO Ha IEPBOM
3Tare ONpeIeanuTh TEIUIOBBIE IOTEPU B OKPYKAIOLIYIO CPENy, 1ajlee, PEINB dJIEKTPOMAarHUTHYIO
3aJauy, pacCuuTaTh TOKHU, 0OecreynBaloLie noaorpes Tpyoonposoaa. TemneparypHas 3a1a4ya
onuceIBaeTcs TudpepeHnaTbHbIM YPaBHEHUEM CTAIIHOHAPHON TETIONPOBOIHOCTH B
JBYXMEpHOU NocTaHOBKe. Pemienne 1o 3aiaun B mporpaMMHoM komiuiekce ANSY'S Fluent
omnpeenseT TEMIIEpaTypHOE MOJIE U TEIUIOBBIE TOTEPH B OKPYKAOLIYIO cpeny. B pesynbrare
YHMCIIEHHBIX UCCIIEIOBAHUN OMPE/IENICHO BIUSIHNE AUaMeTpa TpyOOonpoBo/ia U TOIIIHHBI
M30JISIIMM Ha YPOBEHDb TEIJIOBBIX NOTEPH. TaKke NCCIe10BaHO BIUSHUE CHUKEHUS TOJIIIIMHbI
CJIOSI TETUIOBOW M30JIALIUM B 00J1aCTH, II€ PACMIONOKEHA CUCTEMA HHIYKIIMOHHO-PE3UCTHBHOTO
HarpeBa (cucrema MIPH), Ha pocT TETIOBBIX MOTEPh. DIEKTPOMArHUTHBIC MTPOIIECCHI
onuchIBalOTCs AuddepeHnnaibHbIM ypaBHeHneM [lyaccona OTHOCHTENbHO BEKTOPHOTO
MarHUTHOTO IIOTEHIMAJIA B IBYXMEPHOU ITIOCTAaHOBKE. B pe3ynbprare peleHrem 3Tou 3a/1a4u B
IporpaMMHOM KoMmIuiekce Ansys Maxwell MeTo10M KOHEUHBIX JIEMEHTOB BBIYHCIISIOTCS
aKTHBHOE M peaKTHBHOE conpoTuBicHUs cucteMbl IPH, mo kotopsiM onpenensiercs padbouunii
TOK, 00€CTIeUnBarOINI TTOI0TPEB TPYOOIIPOBOIa. Y CTAHOBJICHO, YTO MECTOIOJIOKEHNE Kabems B
CTaJIbHOU TpyOe MHIYKIIMOHHO-PE3UCTUBHOM CUCTEMBI HE OKa3bIBACT 3HAYMMOTI'O BIIUSHUS Ha €€
napameTpsl. Takum 00pa3oM, MpeIoKEHHbIH MOIX01 MOKHO UCIIOIb30BaTh ISl ONPEACTICHUS
AKCILTyaTallMOHHBIX XapakTepucTuk cuctemsl MIPH.

Knroueswie cnoea: Tpy0bonpoBo, CUCTEMA HHIYKIIMOHHO-PE3UCTUBHOTO HArpeBa,
3IIEKTPONOOTPEB TPYOOIIPOBOAOB, MATEMATUYECKOE MOJICTUPOBAHHE TETIOBBIX U

SJICKTPOMArHMHbIX IPOLCCCOB.

Pumping process fluids through pipelines at subzero temperatures, as a rule, requires the
presence of electric heating systems. An induction-resistive system is widely used for heating
long pipelines. It can be considered as a short-circuited coaxial line, the inner conductor of which
is a single-core cable, and the outer conductor is a steel pipe that is longitudinally attached to the
heated pipeline. The pipeline with an induction-resistive heating system is insulated. To
determine the parameters of electric heating, it is necessary at the first stage to determine the heat
losses to the environment, then, having solved the electromagnetic problem, calculate the
currents that provide heating of the pipeline. The temperature problem is described by the
differential equation of stationary thermal conductivity in a two-dimensional formulation. The
solution of this problem in the ANSY'S Fluent software package determines the temperature field



and heat losses to the environment. As a result of numerical studies, the influence of the pipeline
diameter and insulation thickness on the level of heat losses has been determined. The effect of
reducing the thickness of the thermal insulation layer in the area where the induction-resistive
heating system (IRN system) is located on the growth of heat losses is also investigated.
Electromagnetic processes are described by the Poisson differential equation with respect to the
vector magnetic potential in a two-dimensional formulation. As a result, by solving this problem
in the Ansys Maxwell software package, the active and reactive resistances of the IRN system
are calculated by the finite element method, which determine the operating current that provides
heating of the pipeline. It is established that the location of the cable in the steel pipe of the
induction-resistive system does not significantly affect its parameters. Thus, the proposed
approach can be used to determine the operational characteristics of the IRN system.
Kmroueswie cnosa: pipelines, induction-resistiveheatingsystem, pipelines electric heating,

mathematical modeling of thermal and electromagnetic processes.

Onexmpomexnuxa, 2021, Nell, cmp. 39-44

YpaBHeHHe 3JIEKTPOMATHUTHOTO MOJISI B IBUKYIIEHCS 3JIEKTPONPOBOAsIIEd MATHUTHO-
aHU30TPOITHOM cpeje

KOPOTAEB A.Jl., YABAHOB E.A., IIOI'YIUH A.JI., KYJIEIIOB IIL.B.

B GonpmnHCTBE 3a/1a4 pacyera 3JIeKTPOMAarHUTHOTO OIS 1ieJeco00pa3Ho UCIIONb30BaTh

BEKTOPHBI MarHUTHBII MOTEHIUAI A — BCIIOMOTATENBbHYIO (QYHKIIHIO, JJIs1 KOTOPOH
BeinonHsiercst ycnoBue B =rot A. Cornacuo BektopHoit anredpe div rot A =0, moatomy npu

pacueTe moJist OHO U3 OCHOBHBIX ycioBuit div B =0 Bcerna Bemonusercs. PoTop rpaauenTa
110001 CKaNISAPHON BETMYMHBI paBEH HYIIIO, IOATOMY B JIEBYIO YAaCTh BTOPOT0 YPaBHEHHS
MakcBenia BBOIUTCS TPaUEHT MPOU3BOJIBHOTO cKkaisgpa. IIpon3BoaHas mo BpeMeHH 3TOro
CKaJsipa He sABJsieTcs (PaKTopoM, CIOCOOHBIM U3MEHUTh MAarHUTHOE U AJIEKTPUYECKOE MOJIS.
Taxum 06pa3oM, C MOMOIIIBIO OCHOBHBIX YPAaBHEHHH 3JIEKTPOMArHUTHOTO TIOJISI €70 TOTEHIIUABI
MOTYT OBITh ONIPENIEICHbI ¢ TOYHOCTHIO, SKBUBAJICHTHOU TpaiueHTy ckasipa. Takas
WHBAPUAHTHOCTh HA3bIBACTCS KATMOPOBOYHON WJIM TPAAUEHTHOW. /{7151 ycTpaneHus 3Toit
HEONPEIEIEHHOCTH IIPHU HaX0>KI€HUH IMOTEHIINAJIOB MOJIS UX MOJIYUHSIOT JOTOJHUTEIBHOMY
YCIIOBHIO, 33]]TaBAEMOMY CIIELIUAIBHON KaTuOpOBKOH. [IJis1 3IEeKTPOMArHuTHOTO T10JIsL, KOTOPOe
pacrpocTpaHsieTcs B BAKyyMe, U3BeCTHA KannOpoBKa JIopeHIa; /uist 3IeKTpOIpOBOISIIEH Cpe/ibl

9Ta KaTMOpoBKa TepsieT cMbIci. [Ipu BIOOpE KaTMOPOBKY JIJIs1 AJICKTPOIIPOBOASIINUX CPET



HeoOXx0auMo obecrieuuTh BhimonHenue ycmosust divJ =0, mostoMy renecoodpasto

HCITIOJB30BaTh €0 B KAYC€CTBEC KaJ'II/I6pOBO‘IHOFO. B cratpe IMOKa3aHoO, 4YTO IIpH pCHICHUHA

oxaHOMepHO#H 3a1aun diV A MOXKHO MPUHSTH PABHBIM HYITIO, OJHAKO IIPU PEIICHUH JIBYXMEPHBIX

WJIM TPEXMEPHBIX 3a/1a4 He00XO0IUMa CIIeHalIbHAs KaTMOpOBKa MOTEHIMAIILHOTO TToJis. B

CTaThe MpeIaracTcs B KauyecTBe KaTMOpOBKH UCIONIb30BaTh yemosue divJ =0, Tak kak OHO
BBITIOJTHSIETCS IJISI BCEX AJICKTPOIPOBOISIINX CPEI.
Knwuesvle cnosa: TMHEHBIN aCUHXPOHHBIN ABUTaTEIh, MArHUTHO-AaHU30TPOIHAS CpENa,

SJICKTpOIpOoBOAALIaA Cpeaa, SJICKTPOMAariuTHOC 1OJIC, Kann6p0131<a, pacucrT.

In most problems of calculating the electromagnetic field, it is advisable to use the vector
magnetic potential — an auxiliary function for which the condition is fulfilled . According to
vector algebra, therefore, when calculating the field, one of the main conditions is always met.
The gradient rotor of any scalar value is zero, so the gradient of an arbitrary scalar is introduced
into the left part of the second Maxwell equation. The time derivative of this scalar is not a factor
that can change the magnetic and electric fields. Thus, using the basic equations of the
electromagnetic field, its potentials can be determined with an accuracy equivalent to the scalar
gradient. Such invariance is called gauge or gradient invariance. To eliminate this uncertainty
when finding the field potentials, they are subjected to an additional condition set by a special
calibration. For an electromagnetic field that propagates in a vacuum, the Lorentz calibration is
known; for an electrically conducting medium, this calibration loses its meaning. When choosing
a calibration for electrically conductive media, it is necessary to ensure that the condition is met,
so it is advisable to use it as a calibration one. The article shows that when solving a one-
dimensional problem, it can be assumed to be equal to zero, but when solving two-dimensional
or three-dimensional problems, a special calibration of the potential field is necessary. The
article suggests using the condition as a calibration, since it is fulfilled for all electrically
conductive media.

Key words: linear induction motor, magnetic-anisotropic medium, electrically conducting

medium, electromagnetic field, calibration, calculation.

Onexmpomexuuxa, 2021, Nell, cmp. 44-52
JluarnocTuka padoThbl TEXHHYECKHX CPEACTB MO CTPYKTYPe UX BHEITHUX

IJTEKTPOMArHUTHBIX noJjiei

ATIOJUJIOHCKHI C.M., TOPCKUI A H.



PaccmoTpeHbl BO3MOKHOCTH IMarHOCTUKU PabOThl TEXHUYECKUX CPEJICTB MO CTPYKTYPE UX
BHEIITHUX AJIEKTPOMArHUTHBIX mojiei. Crenan 0030p CYIIeCTBYIONUX METOI0B TaKOM
nuarHoctuku. [IpennoskeHa npuHIMIHAIbHAS CXeMa YCTPOUCTBA TUArHOCTHKHU 10
HaIPSKEHHOCTSAM BHEIIHUX 3JIEKTPOMAarHUTHBIX Mosied. [laH mpumep UCroiab30BaHMS
IIPEAJIaraeMoro yCTpoicTBa JUarHOCTUKU. PEKOMEHT0BaHbI AHAJIOTMYHBIE YCTPOMCTBA AJIS
JTUATHOCTHKY BHEITHUX (PU3NYECKUX IMOJICH TEXHUIECKUX CPEJICTB.

Knwueswie cnosa: hpuzndeckoe 1mose, 3JIEKTPOMArHUTHOE T10JI€, TUArHOCTUKA TEXHUYECKUX

CPEICTB, CXeéMa yCTPONUCTBA AUATHOCTUKH.

The possibilities of diagnosing the operation of technical means in the structure of their external
electro-magnetic fields are considered. An overview of existing methods of such diagnostics is
made. A schematic diagram of a diagnostic device based on the strengths of external
electromagnetic fields is proposed. An example of using the proposed diagnostic device is given.
Similar devices for diagnostics of external physical fields of technical means are recommended.
Key words: physical field, electromagnetic field, diagnostics of technical means, scheme of the

diagnostic device.
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HoBblii MeTOa 00HAPYKEHUS T€OMATHUTHO-UHAYUMPOBAHHBIX TOKOB

CHBOKOHb B.II.

[Tokazana BO3BMOXKHOCTh AMArHOCTUKH T'€OMarHUTHO-UHIYIIUPOBAHHBIX TOKOB MyTEM OLEHKH
BapHalHii rapMOHUK B BHICOKOBOJIbTHBIX JIMHUSX AJIEKTporiepeaay. Y CTaHOBJIEHO, YTO BapHaIlui
YETHBIX TAPMOHUK HANPsDKEHUS (4-H, 6-1, 8-1) BRICOKOBOJIBTHBIX JINHUM MOTYT HUCITOJIH30BaThCS
B Kau€CTBE MHAMKATOPOB FT€OMAarHUTHO-UHYLIMPOBAHHBIX TOKOB. Jlyulue pe3yabTarhbl
JUAarHOCTUKHU JOCTUTAIOTCS MPHU MCIIOIb30BaHUU B KaUeCTBE Mapkepa 6-i rapMOHUKHU
HaNPSDKEHUS BBICOKOBOJIBTHOM JIMHUU JIEKTPOIIEpe1adH.

Knrwouesuie cnosa. Ir€OMarHuTHO-MHAYIHUPOBAHHBIC TOKH, BBICHINC TAPMOHHUKH.

The possibility of diagnosing geomagnetic-induced currents by estimating harmonic variations in
high-voltage power lines is shown. It is established that the variations of even voltage harmonics
(4th, 6th, 8th) of high-voltage lines can be used as indicators of geomagnetic-induced currents.

The best diagnostic results are achieved when using the 6th harmonic of the voltage of a high-



voltage power line as a marker.

Key words: geomagnetic-induced currents, higher harmonics.

Dnekmpomexnuka, 2021, Nell, cmp. 59-66

Pa3padorka u uccjieqoBaHie MOJIYIIPOBOAHHKOBBIX PEryJsiTOPOB HANPSIKEHUS
TpaHcopMaTOpPOB MO HATPY3KOI JJIA pacnpeaeJuTe/JIbHbIX ceTeil

[MTAH®WJIOB 1., POXXKOB A.H., IIETPOB M.U., ACTAIIEB M.I'., PAHIMUTOB IL.A.,
KPACHOIIEPOB P.H., [TAXOMOB M.B.

B craTtee paccmaTprBaeTcs NPUHLIMIIAAIBHO HOBAsl TEXHOJIOTUS PETYJIUPOBAHUS U
CTa0WIIN3aLUHU HAIIPSKEHUS, OCHOBAaHHAs HA IPUMEHEHUH OBICTPOAEHCTBYIOIIMX
MOJTYIIPOBOTHUKOBBIX YCTPOUCTB PEryIMPOBAHUS BHIXOJAHOTO HAIPSHKEHHS TPaHC(HOPMATOPOB
nop Harpy3koit (ITYPHT) na tpancdopmaropusix noacranuusx (6+20)/0,4 kB. PaccmoTrpensr
OCHOBHBIE 3TaMnbl pa3paboTku u uccaenoBanus texnonoruu [IYPHT, npencrasiensl pa3nuyHbie
BapHUaHThl X CXEMOTEXHUYeCKOH peanuzanun. [IpogeMoHcTprpoBaHbl 0COOEHHOCTH
anroputmoB yrpasieHus [IYPHT B HopMalbHBIX B aBapUIHBIX PEKUMaX PabOThI CETH.
IToka3aHbl OCHOBHBIE IPUHIUIIBI IOCTpOEeHUs cucTeM yrpasieHus [IYPHT. Hccinenosano
¢ynkunonuposanue I[TYPHT Ha ¢pusndeckoit Mosienu B yCIOBUAX MaKCHMAIIBHO
NPUOJIMKEHHBIX K peaJIbHBIM YCIOBUSAM 3KCIUTyaTaluu. IIpuBeeHsl pe3yabTarTel
9KCHEPUMEHTAIBHBIX UCCIIEI0BaHUM, IOATBEPKIAI0IINE OOOCHOBAHHOCTh MPEAJIOKEHHBIX
TEXHUYECKUX PEIICHUH U mupokue GyHKInoHaidbHble Bo3MoxkHOCTH [TYPHT. OT™MeueHs!
NEePCIEKTUBBI IPUMEHEHUS TPEATIOKEHHON TEXHOJIOTUHU PEryIMpOBaHMs U CTA0MIIN3aLuU
HaNpsHKEHUS B COCTaBE JEHCTBYIOIIUX CETEH.

Knrwoueswvie cnosa: nomynpoBOIHUKOBBIN PETYJIATOP HANPSKEHUS TPaHC()OPMATOPOB, aKTUBHO-
aJIalTUBHAsSL AJIEKTPUUECKAsl CETh, KAUECTBO JIEKTPUUECKON IHEPTHH, ONBITHO-ITPOMBIIITIEHHBIN

oOpaszerl.

The article discusses a fundamentally new technology of voltage regulation and stabilization,
based on the use of high-speed semiconductor devices for regulating the output voltage of
transformers under load (PURNT) at transformer substations (6 + 20) / 0,4 kV. The main stages
of the development and research of the PURNT technology are considered, various types for
their circuit are presented. The features of control algorithms of PURNT in normal and
emergency modes of network operation are demonstrated. The basic principles of constructing



control systems of PURNT are shown. The functioning of PURNT was investigated on physical
model under near real operating conditions. The results of experimental research are presented,
confirming the validity of the proposed technical solutions and the wide functionality of the
PURNT. Prospects for the application of the proposed technology for voltage regulation and
stabilization in the composition of operating networks are noted.

Key words: semiconductor voltage regulator of transformers, active-adaptive electrical network,
experimental research, prototype.
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AHaan3 BUOPOAKYCTHYECKHX MapaMeTPOB YJIEKTPOMeXaHHYeCKHX Npeodpa3oBaresiei Ha
JTane NPOeKTHPOBAHUS

KPAMAPOB A.C., BATUILEB /1.B., ITABJIEHKO A.B., FOJIBIHEHKO N.A.

B nporpammuom komiuiekce ANSYS Mechanical meToom KoHEUHBIX 31eMEHTOB pa3paboTaH
QITOPUTM YHCICHHOTO MOJICIMPOBAHUS MEXaHUYECKOTO COYJapEHUs MOABIKHBIX 3JIEMEHTOB
3JIEKTPOMArHUTHOTO MIPHUBO/IA, COMPOBOXKIAEMOTO BUOpALIMEeH M aKyCTUIECKUM LITYMOM.
[IpencTaBneHsl pe3ynbTaThl pacdeTa BUOPOUTYMOBBIX XapaKTEPUCTHUK MPH PA3IHYHBIX TOAXO0IAX
K OMHCAHUIO KOHCTPYKIIMU 3JIEKTPOMArHUTHOTO MPUBO/JIA, MTOJyYCHHBIE ITyTEM YHCIEHHOTO
MOJENUPOBaHMs. AJEKBATHOCTb YHCICHHBIX MOEJICH 1 allrOpUTMa pacueTa BUOPOIIyMOBBIX
XapaKTEePUCTHK MOATBEPIKACHA SKCIIEPUMEHTAIBHO. [IpeIokeHHbIH anropyuT™ MO3BOJISIET
OLICHUTH YPOBEHb IIIyMa NMPHBOJA HA ATAIe MPOCKTHPOBAHMUS, 00ECIIEYNBasi €Tr0 COOTBETCTBHUE
YCTaHOBJICHHBIM HOpPMaM.

Knrwoueswvie cnosa: >1eKTpoOMarHuTHBIN IPUBO/, BUOPOIIYMOBBIE XapaKTEPUCTUKH, YUCICHHOE

MOACIINPOBAHUC.

An algorithm for numerical simulation of mechanical collision of moving elements of an
electromagnetic drive, accompanied by vibration and acoustic noise, by the finite element
method using the ANSYS Mechanical software package is proposed. The results of the
calculation of vibration-noise characteristics for various approaches to the description of the
electromagnetic drive design, obtained by numerical simulation, are presented. The adequacy of
numerical models and the algorithm for calculating vibration-noise characteristics has been
confirmed experimentally. The proposed algorithm makes it possible to estimate the noise level
of the drive at the design stage, ensuring its compliance with established standards.

Key words: electromagnetic actuator, vibro-noise characteristics, numerical simulation.
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OueHKa KOTepeHTHOCTH CUTHAJIOB MPH aHAJU3€ OCHUJIJIOTPAMM TOKOB M HANPSIKeHH i
NMPOMBINLTEHHOH YacTOThI

KVYJIMKOB A.JIL., WJIYOIIWH I1.B., CEBOCTBAIHOB A .A.

JlenienTpanu3anus S3HepreTUKU MPUBOIUT K MACCOBOM MHTETPALIUU B AJIEKTPOIHEPTeTUYECKUE
CHCTEMBI Pa3HOPOAHBIX 00BEKTOB pacpeeICHHOM reHepalnu, BKII0Yasi 00bEeKThl HA OCHOBE
BO300HOBIISIEMBIX ICTOYHHKOB SHEPTUH, & TAKIKE APYroro 000OPyI0BaHUS C dJIEMEHTaMU
CUJIOBOI 3JIEKTPOHUKU. DTU O0BEKTHI OKa3bIBAIOT CYIIECTBEHHOE BIUSHUE HA PEKUMBbI
(GYHKIIMOHUPOBAHMSI CUCTEM, XapaKTep U MapaMeTphbl MePeX0JHBIX MPOIECCOB, MOKa3aTeNln
KauecTBa JEKTPUUECKON YJHEPTHH, B TOM YHUCIIEe, CHHYCOUJATHPHOCTh TOKOB U HAIPSKEHUH.
[IIupoko mprMeHsIeMbIe AITOPUTMBI OIICHKH ITapaMETPOB TOKOB U HANIPSDKEHUH Ha OCHOBE
JTUCKpeTHOro npeodpazoBanust Pypbe MpH CYIIECTBEHHOM OTKJIOHEHUH ITOKa3aTeNIeHu KauecTBa
AEKTPOIHEPTUH OT HOPMHUPYEMbIX 3HAUEHUN MOTYT JjaBaTh 3HAUUTEIbHbIEC OIIMOKHU. B Takux
YCIIOBUSAX BO3HUKAET HEOOXOAUMOCTh B IPUMEHEHUH B U3MEPUTEIBHBIX OpraHax
MHTEJJIEKTYaTbHBIX JJIEKTPOHHBIX YCTPOMCTB HOBBIX METOIOB IU(PPOBOI 0OPAOOTKH CUTHATIOB.
ObocHoBaHa HEOOXOAMMOCTb TPUMEHEHHS AAANTUBHON IIU(PPOBOI 0OpaOOTKM CUTHAJIOB IS
MOBBILIICHHS] TOYHOCTH OLIEHOK MTapaMeTPOB CUTHAJIOB MPOMBIIIIEHHOW YacTOThI, TO3BOJIAIONIEH
YCTPAaHUTh WJIM MUHUMHU3UPOBATDH BIUSHUE MEPEXOIHBIX MPOIIECCOB HA aHATTU3UPYEMbIE
cUrHaibl. PaccMoTpeHa BO3MOXHOCTh UCIIOIB30BaHUSI METOJOB CTATUCTUIECKOTO aHAIN3a, a
TaK)Ke TIOHATHS KOTE€PEHTHOCTH CUTHAJIOB MPH MCCIIEIOBAHUU OCIUIIIOTPAMM TOKOB U
HanpsHKEHUM B aBapUMHBIX peXuMax. JJist OLIeHKH KOr€pEHTHOCTH CUTHAJIOB MPOMBIIIIEHHON
YacTOTHI MIPEJTIOKEHO MPUMEHEHHE aBTO- U B3aMMHO KOPPENSAIMOHHBIX QyHKIMH. Pe3ynbraramu
UMUTAIIIOHHOTO MOJICIUPOBAHUS TOATBEPkKAeHA Y((HEKTUBHOCTH MPEUIOKEHHOTO TIOIX0/1a IS
¢dukcanuu akTa ¥ MOMEHTa Haydasa rnepexoaHoro nporecca. [Ipennoxkena obmacts
MIPUMEHEHHUS aIallTUBHON TU(PPOBOI 00paOOTKH CUTHAJIOB TOKOB M HANIPSDKCHHUIA.

Knrouesnie cnoea: >nexTposHepreTuieckas cucteMa, pacipe/ielieHHas reHepalus, aBapuiHbIi

PEKUM, TTOKA3aTeNIM Ka4eCTBa SJICKTPUUECKOM SHEPTHH, alanTHBHAS [TU(poBas 06padoTKa.

The decentralization of energy leads to the mass integration of heterogeneous distributed
generation facilities, including facilities based on renewable energy sources, as well as other
equipment with power electronics elements, into electric power systems. These objects have a
significant impact on the modes of operation of systems, the nature and parameters of transients,



indicators of the quality of electrical energy, including the sinusoidality of currents and voltages.
Widely used algorithms for estimating the parameters of currents and voltages based on the
discrete Fourier transform with a significant deviation of the electric power quality indicators
from the normalized values can give significant errors. In such conditions, there is a need to
apply new methods of digital signal processing in the measuring bodies of intelligent electronic
devices. The necessity of using adaptive digital signal processing to improve the accuracy of
estimates of the parameters of industrial frequency signals, which allows to eliminate or
minimize the influence of transients on the analyzed signals, is justified. The possibility of using
methods of statistical analysis, as well as the concept of signal coherence in the study of current
and voltage waveforms in emergency modes is considered. To assess the coherence of industrial
frequency signals, the use of auto - and cross-correlation functions is proposed. The results of the
simulation confirmed the effectiveness of the proposed approach for fixing the fact and the
moment of the beginning of the transition process. The field of application of adaptive digital
signal processing of currents and voltages is proposed.

Key words: electric power system, distributed generation, emergency mode, electric energy

quality indicators, adaptive digital processing.
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Mopaesiu 1 aIrOpUTMBI IPOTHO3MPOBAHHUS HATPEBA ACHHXPOHHOTO IBUIaTe/Isl MPH
H3MEHEHUH PeKUMOB ero padoThl

EPIIOB M.C., DEOKTUCTOB E.A.

[IpencrasieHa mecTAMaccOBast MOJIENb MEPEXOIHBIX IPOIIECCOB HArPEBAHMS/OXJIAXK ICHHSI
HU3KOBOJIBTHOTO ACHHXPOHHOTO JBUTATEIS TIPU H3MEHEHUH PEXKUMOB ero paboThl. [lomydeno
AHATUTUYECKOE PEIICHUE MOJIEIIH, KOTOPOE MO3BOJIHIIO YCTAHOBUTH 3aKOHOMEPHOCTH
perynspusanuu npoieccos HarpeBa. Kpome Toro, B mporpammuoii cpene MATLAB Simulink
pa3zpaboTaH nudpoBoii BapuaHT Mojen. Ha oCHOBaHWY yCTaHOBJICHHBIX 3aKOHOMEPHOCTEH
peryJsipu3ainy IpoIecCcOoB HarpeBaHus Pa3padO0TaHbl M B PE3YJIbTaTe KOMITBIOTEPHOTO
MOJICTTPOBAHUS alPOOUPOBAHBI AITOPUTMBI pacueTa MOCTOSTHHBIX BPEMEHHU
HArpeBaHUs/OXJIAXKICHUS U 3a0JIarOBPEMEHHOTO ITPOTHO3UPOBAHUS YCTAaHOBHBIIICHCS
TEMIIepaTypbl JOOOBBIX YaCTEH CTATOPHON OOMOTKH CTAaTOpa MO JaHHBIM TEKYIIETO KOHTPOJIS UX
TEMIIepaTypbl. AJITOPUTMBI MOTYT OBITh HCITOJIE30BAHbI B IU(POBBIX CHCTEMAX TEMITEPATypHOTO

KOHTPOJIA 3JICKTPUUCCKHUX MAIIUH.



Knrwoueswie cnosa: aCHHXpOHHBIﬁ JABHUIaTcJib, MaTEMaATHYCCKas1 MOACIIb

HaI‘peBaHI/IH/ OXJIAXKICHUS, aJITOPUTMBI ITPOTHO3UPOBAHUS TCMIICPATYPHI.

There are a six-mass model of transient processes of heating and cooling of a low-voltage
asynchronous motor when its operating modes change is developed. An analytical solution of the
model was obtained, which allowed us to establish regularization patterns of heating processes.
In addition, a digital version of the model has been developed in the MATLAB Simulink
software environment. Based on the established regularization patterns of heating processes,
algorithms for calculating the heating-cooling time constants and predicting the steady-state
temperature of the front parts of the stator winding based on the current temperature control data
were developed and tested as a result of computer modeling. The algorithms can be used in
digital temperature control systems for electric machines.

Key words: asynchronous motor, mathematical model of heating-cooling, temperature prediction
algorithms.
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