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Conepxanue

Onekmpomexuuka, 2025, Nel 1, cmp. 2-8

IIpuMeHeHNe MAIIIMHHOTO 00y4YeHH S /1J1sl IPOTHO3MPOBAHMS PACX0/1a YIEKTPUYECKOH
JHEPrUM HA HACOCHBIX CTAHIIUAX BOJAOCHAOKEHUS

BAHBKOB 4.C., IbAAKOHOB C.I'., MUILIYPUHCKUX C.B., KAJIUHVH U.C.,
CEMEHOB A.C.

PaccMoTpeHbl BOBMOKHOCTH CHIDKEHUS 3aTpaT Ha MPUOOPETEHHE SJICKTPOIHEPTHH JIJIS
HACOCHBIX CTaHIMI BoJOoCHa0Xaromel opranu3aiun. OneHeHa aKTyaaTbHOCTh JOCTHKCHHUS
HE00X0IMMOM TOUHOCTH MTPOTHO3UPOBAHUS PACX0/1a SIEKTPUUECKON IHEPTUU IIPH CMEHE
IIEHOBOM KaTeropuu dJeKTpodHepruu. [Ipennoxkena kiraccudukamnus JHEH Heemu,
WCIIOIb3yeMasi IPU MPOTrHO3UPOBAHUH PACXO0/1a SJIEKTPOIHEPTUHN; PACCMOTPEH IIPUMEDP
MOJIeTI MalMHHOTO 00y4eHwus. [TokazaHna BO3MOXKHOCTh TIOBBITIICHUS TOYHOCTH
MIPOTHO3UPOBAHUS Ha OCHOBE aHcamOIieBoit mojienu CatBoostRegressor. [lpuBeneHbl
OIMCaHWE U aHAJIU3 Pe3yJbTAaTOB pacuéra CHIKEHUS 3aTpaT, MOJIYYEHHBIX C UCTIOJIb30BaHUEM
BbIOpaHHO Mojenu. [IpeanoskeH BapruaHT JOCTHKCHHUSI MAKCHMAIILHOTO CHIDKEHUS 3aTpaTt Ha
PHOOpPETEHUE DIIEKTPOIHEPTUH, TOTYICHHBIX MPH TOCTUTHYTOM Ka4eCTBE
MIPOrHO3UPOBAHUSI.

Knrouegwle cnoea: HacocHbIe CTAHIIMK BOJOCHA0KEHHUS, PACXO/l AJIEKTPUUECKON IHEPTHUH,

MMPOrHO3UPOBAHUC 3aTpaT, MAIIMHHOC 06yquI/1e, aHcamOJieBas MOACIIb.

The possibilities of reducing the cost of purchasing electricity for pumping stations of a water
supply organization are considered. The relevance of achieving the necessary accuracy in
predicting the consumption of electric energy when changing the price category of electricity
is assessed. A classification of the days of the week used in forecasting power consumption is
proposed; an example of a machine learning model is considered. The possibility of
increasing the accuracy of forecasting based on the CatBoostRegressor ensemble model is
shown. The description and analysis of the cost reduction calculation results obtained using
the selected model are given. The option of achieving the maximum reduction in the cost of

purchasing electricity obtained with the achieved quality of forecasting is proposed.



Key words: pumping stations of water supply, electric energy consumption, cost forecasting,

machine learning, ensemble model.
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OnTuMuzanms pe;xKUMoOB IeKTPONoTpedseHust Heren00bIBaAKOIIEH CKBAKMHBI HA
OCHOBE MAILIMHHOTO 00y4eHusl

I[NETPOYEHKOB A.b., POMO/JIVH A.B., JAJJIEHKOB JI.A., LIMUJT 1U.A., CEMEHOB
A.C., JIV3SHUH /1.10., KOJ)KAKOB B.1.

[IpencraBneH MHHOBALMOHHBINA OXO0/1 K ONITUMH3AIMU PEKUMOB AJIIEKTPONIOTPEOICHUS
He(Te10OBIBAIOIITNX CKBAYKWH, 000PYTOBAHHBIX YCTAHOBKAMH MOTPYXKHBIX IIEHTPOOEIKHBIX
HACOCOB, HA OCHOBE METO/I0B MAllIMHHOTO o0yueHus. [IpeioxkeHa KOMIUIEKCHAs CUCTEMa,
coYeTaroniasi UMUTALIMOHHOE MOJICIIMPOBAHUE U HEHPOCETEBbIE AITOPUTMBI, IS
MIPOTHO3UPOBAHMS U YIPABICHUS YHEPrONOTPEOICHUEM C YIETOM TEXHOJIOTUYECKUX H
TeOJIOTHUECKHUX IMapaMeTpoB CKBKUH. B mporpammuoii cpene SimiInTech pazpaboTtana
MaTeMaTH4YecKas MOJIeIb, BOCIIPOU3BOAAIIAS 3JIEKTPONIOTpeOieHne CKBaKUHBL. [lorpemHocTsb
MOJIENIN COCTaBIsAeT 2,8 %, MO/IEb YUUTHIBAET B3aUMOCBS3b TAKUX MTapaMETPOB, KakK JeOuT,
JTMHAMUYECKUN YPOBEHb JKUAKOCTH, Oy(hepHOE TaBIeHUE U YacTOTa MUTAOUICH CETH, UTO
MO3BOJISIET AaHAIM3UPOBATH YHEPTONOTPEOICHUE B PA3TUUHBIX PEXKUMAX IKCIUTyaTallUH.
Pa3paborana HeipoceTeBast MOAEIb AJI IPOTHO3UPOBAHUS M ONTUMHU3ALUU
3JIeKTpOonoTpeOIeHus, 00yueHHast Ha JaHHBIX MaTeMaTHYECKOTO MOICTUPOBAHUS.
[IpemioskeHa cuctema yrpaBieHUs SJHEPreTUYECKUMH MTPOPMIIMU HeTe00bIBatoIIeH
CKBa)KUHBI C IByMs HEHPOCETEBBIMH PETYNIATOpaMHU. PeryisTop 4acToThl 111 HEPEPHIBHOTO
pexuMa paboThl 0OecTieYrBaeT Mo IepKaHue 3aJaHHOTO JeOnTa MPYU MUHUMAIIBHOM
sHepronorpedieHun. Perynsarop nebura aas NepuOAMYECKOrO PeKUMa YMEHBIIAET
HKBUBAJICHTHYIO NOTPEOIIEMYIO MOIIIHOCTh TyTEM ONTHUMM3ALUHU KO3 PUIIEeHTa
MCIOJIb30BaHUsI HACOCHOM yCTaHOBKH. [IpeaoskeHHbIe OAX0Abl COOTBETCTBYET CTpaTeruu
uuppoBU3aUN HEPTETA30BOM OTPACTH U MOTYT ObITh MCIIOJIb30BAHbI JJISl Pa3BUTHS U
COBEPILIECHCTBOBAHMSI CUCTEM aBTOMATH3AIMH WHTEIUIEKTYaJIbHOTO yIpaBieHUs! HEe(QTIHBIMU
CKBa)XMHAMH, C IIeJIbI0 YMEHBIIEHUS I0JIU 3aTpaT Ha SJIEKTPOIHEPTHUIO M 00CTy)KUBaHUE
HHEPreTHUECKOro KoMIuiekca HeTerazo100bIBAIOIIUX TPEAPUSITHIA.

Knroueevie cnosa: nerenoObiBaronias CKBaXnHa, YJHEPronoTpeoIeHHE,



ANEKTPOTEXHUYECKUI KOMILIEKC, FHepreTuyeckas 3¢ (HeKTUBHOCTh, UMUTALIMOHHOE

MOJICIIMPOBaHKE, MAIIMHHOE 00y4YeHUE, HEHPOCETEBOM PErysaTop.

An innovative approach to optimizing the power consumption modes of oil-producing wells
equipped with submersible centrifugal pump installations based on machine learning methods
is presented. A comprehensive system combining simulation modeling and neural network
algorithms is proposed for forecasting and managing energy consumption, taking into account
technological and geological parameters of wells. A mathematical model has been developed
in the SimInTech software environment that reproduces the electrical consumption of a well.
The error of the model is 2.8%, the model takes into account the relationship of parameters
such as flow rate, dynamic liquid level, buffer pressure and frequency of the supply network,
which allows you to analyze energy consumption in various operating modes. A neural
network model has been developed for forecasting and optimizing power consumption,
trained on mathematical modeling data. A system for controlling the energy profiles of an oil
well with two neural network regulators is proposed. The frequency controller for continuous
operation ensures that the set flow rate is maintained with minimal power consumption. The
flow rate regulator for the periodic mode reduces the equivalent power consumption by
optimizing the utilization rate of the pumping unit. The proposed approaches correspond to
the digitalization strategy of the oil and gas industry and can be used to develop and improve
automation systems for intelligent control of oil wells, in order to reduce the share of
electricity costs and maintenance of the energy complex of oil and gas producing enterprises.
Key words: oil production well, energy consumption, electrotechnical complex, energy

efficiency, simulation modeling, machine learning, neural network regulator.
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TouyeuyHO-BeKTOPHAs OLIEHKA YIAPHOI0 TOKA MOIIHBIX CHHXPOHHBIX MAIIHH U3 ONBITOB
BHE3AMHOI0 KOPOTKOI'0 3aMbIKAHMS

CYIAKOB A.U., 3BUATAMHOB U.P.

[IpencraBieH TOUSUHBIH BapUaHT OLEHOK (Da3HBIX YAAPHBIX TOKOB MO pe3yJIbTaTaM
oCIIIUTOTpaUPOBAHUS MTEPEXOIHBIX MPOLIECCOB B ONBITAX BHE3AITHOTO KOPOTKOTO

3aMbIKaHUs. Pe3ynbTUpYIONINil yIapHBIA TOK, ONPEACIISIOMMICI TOUYSYHBIM CITIOCOO0M, UMEET



JIBA OCHOBHBIX HAMpaBIEHUS: C YIETOM OIpeeeHHs TapaMeTpoB UACHTU(DUKAIIMH
COCTABIISIIOLINX TOKa cTaropa u 6e3 Hero. [lonydeHHOE ypaBHEHHE YAApHOTO TOKA MO3BOJISIET
paccuuTaTh yAapHBINA TOK C Y4ETOM MapaMeTpOB UACHTU(UKALMU BCEX €TO COCTABIISIONIUX.
[Ipu 3TOM MOSBISETCS BO3MOKHOCTD IMPOBEPKU OIIEHKH YAAPHOTO TOKa Ha aOCOMIOTHOE
PaBEHCTBO MEPBOM BEPIIMHE B HAYAIIBHOM Y3Ji€ cABUTA (Pa3HOTO TOKA, THOO OOHAPYKUTh
OTKJIOHEHHE OIICHKH yJIapHOTO TOKA OT €€ JOCTOBEPHOT'O YPOBHSI.

Knroueewie cnoea: cuHXpoHHbIE TYpOOMAIIMHBI, TEPEXOAHBIH MpOIece, YAapHbINA TOK,

BHE3aITHOC KOPOTKOEC 3aMBbIKaHHUE.

A point version of the estimates of phase shock currents based on the results of oscillography
of transient processes in sudden short circuit experiments is presented. The resulting shock
current, determined by the point method, has two main directions: taking into account the
determination of the parameters for identifying the components of the stator current and
without it. The resulting shock current equation allows us to calculate the shock current,
taking into account the identification parameters of all its components. In this case, it becomes
possible to check the shock current estimate for absolute equality of the first vertex at the
initial phase current shift node, or to detect a deviation of the shock current estimate from its
reliable level.

Key words: synchronous turbomachines, transient, shock current, sudden short circuit.
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BiansiHue TEXHOJIOTHYeCKUX APAMETPOB HA KA4eCTBO CIIUTOM 301N Kaldeyei
CpeHero  BbICOKOI'0 HANIPSIIKEHUS

KOPEJIMH A.A., TPYO®AHOBA H.M.

PaccMmoTpenbl OCHOBHBIE (PAKTOPBI, BIUSIOMIAE HA CTETIEHb CIIUBKU EPOKCHIOCITNBAEMOM
MOJIMATUIIEHOBON M30JIALMU Kabelnell cpelHero U BBICOKOro HamnpsikeHus. MccnenoBanuem Ha
POTAIIMOHHOM PEOMETPE OINPEIEIEHb] BYJIKAHU3ALMOHHbIE CBOMCTBA, HEOOXOAUMBIE 115
pacdera cTeneHy CluBKUA. Ha 0CHOBE 0ceCHMMETPUYHON MaTEMaTUYECKON MOJEIIN
nepokcuaHoi cmmBky B makete ANSY SFluent nmosyuens! TemMneparypHblie 3aBUCUMOCTH,
MTO3BOJIIOIINE PACCYUTATh KOHEYHYIO CTEIEHB CIIMBKYU M30Jnnu. ONpeneseHo BIUsSHUE

reOMETPUUYECKUX Pa3MEpPOB U30JIMPOBAHHOM JKUIIbI, @ TAKXKE APYTUX TEXHOJIOTUYECKUX



MapaMeTpPOB — CKOPOCTU U TEMIEPATYPHOTO peKUMa JMHUH, Ha Ka4eCTBO MOJIy4aeMoit
n3ossauy. Crienansl BEIBOABI O 3HAYUMBIX M MAJIO3HAYUMBIX (PaKTOPAax, BIUSIOMIMX HA
Ka4yecTBO KaOeIbHOM MPOAYKIIUU BBICOKOTO HAMPSHKEHUS.

Knroueswie cnoea: cunosbie kabenu, NOJUITUIICHOBAS U30JISLUS, TIEPOKCUAHAS CIIUBKA,

CTCIICHb CINMBKHW, HCIIPEPBIBHAA BYJIKaAHU3A W,

The main factors influencing the degree of crosslinking of peroxide-crosslinking polyethylene
insulation of medium and high voltage cables are considered. The vulcanization properties
necessary for calculating the degree of crosslinking were determined by a study on a rotary
rheometer. Based on an axisymmetric mathematical model of peroxide crosslinking in the
ANSY SFluent package, temperature dependences are obtained that allow calculating the final
degree of insulation crosslinking. The influence of the geometric dimensions of the insulated
core, as well as other technological parameters, such as the speed and temperature regime of
the line, on the quality of the resulting insulation, is determined. Conclusions are drawn about
significant and insignificant factors affecting the quality of high-voltage cable products.

Key words: power cables, polyethylene insulation, peroxide crosslinking, degree of

crosslinking, continuous vulcanization.
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ABTOMATH3HPOBAHHAs CHCTeMA YIIPaBJIeHUsI POOOTOTEXHHYECKMM KOMILIEKCOM
3JIEKTPO3PO3UOHHON 00padOTKHU AeTasieit

KYPYIIMH J.C., AYXAHHUH A.B., TAPUOHOB A.A., TJTABATCKHUX B.O.
[IpencraBieHsl pe3yabTaThl pa3pabOTKH aBTOMAaTH3UPOBAHHOMN CHCTEMBI YIIPaBJICHUS
POOOTOTEXHUUYECKUM KOMIUIEKCOM JIEKTPO3PO3UOHHOM 00padoTku (D30) neraneii.
PaccMoTpeHb! acrieKThl MPOEKTUPOBAHUS AlapaTHO-IPOrPAMMHOT0 KOMILJIEKCa, BKITIOYAst
KMHEMaTUYEeCKOE MOJICTUPOBAHNE MAaHUIYJISTOPA, pa3paboTKy MOAYJIS YIIpaBJICHUS U
ompe/eleHUE ONTUMANIBHBIX TapaMeTpoB 00padoTku. Oco0oe BHUMAaHKE YACICHO BOIIPOCAM
MHTETPALUH [LECTHOCEBOTO poOoTa-MaHUTYAATOpa ¢ DDO-TOJIOBKON U CO3JAHUIO
CIeLMATM3UPOBAHHOTO UHTEpdeiica yrpaBneHus Ha 6a3e MUKpOKOHTposuiepa Raspberry Pi
Pico. TlpuBenensl pe3yabTaThl IKCIIEPUMEHTATIbHBIX HCCIEA0BaHUMN, TOATBEPKAAIOIINE

3¢ (HEeKTUBHOCTD MPEIOKEHHBIX TEXHUUECKUX PEIICHHH.

Knrwouesvie cnosa: >1nextTpo3po3nonHast 00padoTKa, poOOTOTEXHUYECKHI KOMIUIEKC,



ABTOMATU3HWPOBAaHHAA CUCTEMA YIIPABJICHUA, KHHEMATUYCCKOC MOACIIMPOBAHUC,

MUKPOKOHTPOJUIEPHOE YIIPABJICHUE.

The results of the development of an automated control system for a robotic complex of
electroerosion treatment (EET) of parts are presented. The design aspects of the hardware and
software complex are considered, including kinematic modeling of the manipulator,
development of the control module and determination of optimal processing parameters.
Special attention is paid to the integration of a six-axis robot arm with an EET head and the
creation of a specialized control interface based on the Raspberry Pi Pico microcontroller.
The results of experimental studies confirming the effectiveness of the proposed technical
solutions are presented.

Key words: electroerosion treatment, robotic complex, automated control system, kinematic

modeling, microcontroller control.
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Bansinue HapaOOTKH M MPOCTOEB 000PYA0BAHMS HA OTEPH MOIIIHOCTH B
3J1eKTPOTEXHHYECKOM KOMILIeKCe YCTAHOBOK 3JIEKTPOLEHTPOOEKHBIX HACOCOB
He(PTAHBIX CKBAXKUH

JIEM3TOJIbJ K.A., JIEU3TOJIB J1.10., BOUKAPEB C.B., BAXXEHOB M.E.
PaCCMOTpCH AJITOPUTM ONIPCACIICHHUA YACIBbHBIX TOTCPb MOIITHOCTU B Ka6eHLHOﬁ JIMHUH,
MOTPYHOM 3JIEKTpOABHUTaTeNe U Hacoce. PacueTHble 3HaUEHUS TOTEPh MPUBEJCHBI K
yAETbHBIM 3HAUEHUSM 10 OTHOLICHHIO K AEOUTY KHUAKOCTU B paboueil TOUKe, IITOTHOCTH
KHUJIKOCTH, HAIlopy B paboueil Touke U Jip. 3HaYMMbIM napamerpam. [TomyyeHsl

KO3 PHUIHUEHTH KOPPEISAIHUN YASIBHBIX MTOTEPh B 3aBUCUMOCTH OT HAPAOOTKH U IPOCTOS
o0opynoBaHus. BeIsIBI€HHbIE 3aBUCUMOCTH MOTYT MOCIYKUTh JJOTIOJTHUTEIbHBIM (PaKTOPOM
MIpU IIAHUPOBAHUHM TEXHUUECKOTO 00CTYKMUBAHUS U PEMOHTA CKBAXKUH C 1I€JIbI0 CHUKEHUS
ce0eCTOMMOCTH JOOBIYH HEPTH.

Knroueswvie cnosa: ycTaHOBKY 3JEKTPOLIEHTPOOEKHBIX HACOCOB HEPTIHBIX CKBAXKHH,
ANEKTPOTEXHUYECKUI KOMILIEKC, TOTEPH MOIIHOCTH, HapabOoTKa U MPOCTON 000pyI0BaHUS,

TEXHUYCCKOEC COCTOAHHCE.



An algorithm for determining specific power losses in a cable line, a submersible electric
motor, and a pump is considered. The calculated loss values are reduced to specific values in
relation to the flow rate of the liquid at the operating point, the density of the liquid, the
pressure at the operating point, etc. significant parameters. Correlation coefficients of specific
losses depending on operating time and equipment downtime are obtained. The identified
dependencies can serve as an additional factor in planning well maintenance and repair in
order to reduce the cost of oil production.

Key words: installations of electric centrifugal pumps of oil wells, electrotechnical complex,

power losses, operating time and downtime of equipment, technical condition.
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HNuTennexkTyaibHOe ynpaBjieHUe BHIXOJIHBIM HANIPSIZKEHHEM
MOBBINIAIOIIEr0/IOHMKAIOIIEr0 MPeodpa3oBaTelis ¢ rajibBAHUYECKOil pa3BA3Koii
HOXKAKOB A.A., CTOPOXEB C.A., HUKVYJIVH B.C.

[IpencraBieH moaxoa K pa3paboTKe UHTEIIEKTYaTbHOM CUCTEMBI YIIPABICHUS
noBbIaronum/monmxkaromuM DC-DC npeobpasoBareneM Ha 6a3e HHTETPAITBHOTO
crabununzaropa HanpspkeHust XL6019. PaccMoTpeHbl cXeMOTEXHUYECKHE U IPOrpaMMHbBIE
pelIeHus, HanpaBleHHbIe Ha (OPMUPOBAHNE CTAOMITH3UPOBAHHOTO BBIXOIHOTO HATIPSKCHHUS
MIPY U3MEHSIONINXCS BXOJHBIX MapaMeTpax. YIpaBieHue PeaTu30BaHO C UCIIOIb30BaHUEM
MUKpokoHTpoiiepa Arduino, reaepupyroriero [IHMM-curnan, KoTopblil mogaércs Ha 1eMb
o0OpaTHO¥ CBsI3U Yepe3 onTopas3BssKy. s obecrieyeHus alanTUBHOTO PEryIHPOBaHUS
MPEUI0KEHO UCTI0Ib30BAHNE HEHPOHHOM CeTH Ha 0a3e MmepcenTpoHa, 4To MO3BOJSET
KOMIIEHCUPOBATh HEJIMHEHHOCTH U TIOBBICUTH TOYHOCTH peryiaupoBanus. Htepdeiic
nmoJstb30Batess pazpadboran B cpeae Visual Studio, 9yTo obecrieunBaeT BU3yaaIu3aiuio
MapaMeTpoB U THOKYI0 HACTPOUKY CUCTEMBI. DKCIIEPUMEHTAIBHBIC PE3yIbTAThl TOKA3ATIN
MPEUMYIIECTBA NPEJIOKEHHOTO PEIISHHUS TI0 CPAaBHEHHIO € KIACCUYECKOI cxeMoil Ha
OTIEPAIIMOHHBIX YCUJIUTEIISAX: JIydllasi TOYHOCTh CTaOUIN3alluu, MEHbIIee BpeMs BbIXOJa Ha
YCTaHOBUBIILIEECS 3HAUCHHE, MEHbBIIIEE YHCIIO UTepaluii nepecuéra. [IpeacraBneHHbIi MOAX01
MOXeET ObITh 3((HEKTUBHO TPUMEHEH B pa3paboTke SHEProd(PPEeKTUBHBIX UCTOUHUKOB
MUTAHUS C THOKOW apXUTEKTYpPOHl YIIPaBIICHHUS, a TAK)XKE B CUCTEMaX, pabOTAIOIINX B

YCII0BUAX HeCTaOMIIBHBIX BXOAHBIX HaHpH)KeHHfI.



Knroueevle cnosa: MOBHIIAIONTNN/TIOHWKAIOIMINN TTpeoOpa3oBaTelb, TalbBAHUYCCKAs

pa3BsizKa, cTaOMIM3anus HaNpsDKEHUs, LU POBOE yrpaBlIeHHE.

An approach to the development of an intelligent control system for a step-up/step-down DC-
DC converter based on an XL6019 integrated voltage stabilizer is presented. Circuit design
and software solutions aimed at generating a stabilized output voltage with varying input
parameters are considered. The control is implemented using an Arduino microcontroller that
generates a PWM signal that is fed to the feedback circuit through optical coupling. To ensure
adaptive regulation, the use of a perceptron-based neural network is proposed, which makes it
possible to compensate for non-linearities and improve the accuracy of regulation. The user
interface is designed in the Visual Studio environment, which provides visualization of
parameters and flexible system configuration. Experimental results have shown the
advantages of the proposed solution in comparison with the classical scheme based on
operational amplifiers: better stabilization accuracy, shorter steady-state time, fewer iterations
of recalculation. The presented approach can be effectively applied in the development of
energy-efficient power supplies with flexible control architecture, as well as in systems
operating under unstable input voltages.

Key words: step-up/step-down converter, galvanic isolation, voltage stabilization, digital

control.
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AnanTuBHbINA Ipo0HO-cTeneHHOM [TU-peryasiTop ckOpocTH BpaleHusi poTopa
CHHXPOHHOTO IBUTaTeJIsl ¢ MOCTOSIHHBIMM MATHUTAMH

CTOPOXEB C.A., OXXAKOB A.A.

[IpemioskeH anropuT™ agantanuu IpooHo-creneHHoro [I1M-perynsaropa ckopocTH BpalieHus
pOTOpa K U3MEHSIONICHCS Harpy3Ke CUHXPOHHOTO JBUTATENS C MOCTOSHHBIMU MarHUTaMH
(CAIIM). IlpoBenena koMnbIOTEpHAs arpoOaIus aganTuBHOTO 1poOHO-cTeneHHoro [TH-
perynaropa B coctaBe cucTeMbl aBTomaTrueckoro ynpasienus (CAY) CAIIM c yuerom
JMHAMUYECKOI Harpy3Kd Ha JBUraTelNb C MOMOIIBIO MaKeTa MPUKIAIHBIX POTrPaMM
MATLAB B cpene moaenupoBanusi Simulink. Pe3ynbTaTsl MOAETMpPOBaHUS TOTBEPKIAIOT

paboTOCOCOOHOCTh aJanTUBHOTO ApoOHO-cTeneHHoro [11-perynsaropa ckopocTy BpamieHus



potopa C/IIIM u noBeIieHue kayecTBa yrpapiieHuss CAY.
Kniouesvie cnoea: CUHXpOHHBIN IBUTaTelNb C IOCTOSIHHBIMU MarHUTaMu, aJalTUBHBIN
napoOHo-ctenienHoi [TH-perynsTop, cucreMa aBTOMaTHYeCKOTr0 YIPaBICHUS, AITOPUTM

aJanTalnm.

An algorithm for adapting a fractional-power PI-speed controller of the rotor to the varying
load of a permanent magnet synchronous motor (PMSM) is proposed. A computer test of an
adaptive fractional-power PI-controller as part of the automatic control system (ACS) of the
PMSM has been performed, taking into account the dynamic load on the engine using the
MATLAB application software package in the Simulink simulation environment. The
simulation results confirm the operability of the adaptive fractional-power PI-speed controller
of the PMSM rotor and improve the quality of ACS control.

Key words: permanent magnet synchronous motor, adaptive fractional-power PI-controller,

automatic control system, adaptation algorithm.
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YmncJieHHBbIE HCCIEI0BAHUSA B3aUMHBIX BJIAMSTHUIA MKy HensAMH CUMMETPUYHOT0
Ka0eJisl CBSI3M C METAJLJINUEeCKOH 000710UKO0i

IMEPBMHWH A.T"., LIIMIIKWH J.A., CYBBOTHUH E.B., YHEPHAEB B.B.

Cratbs NOCBsIICHA YACIEHHBIM UCCIIEIOBAHUSM 3JIEKTPOMAarHUTHBIX MTPOLIECCOB MEKIY
IBYMSI CAMMETPUYHBIMH LIETISIMHU KaOess CBSA3M ¢ METAIIMUEcKoi 00010ukoil. B3anMubie
BIIMSTHUS MEXKTY CAMMETPUYHBIX TTapaMH ONIPEICISIFOTCS pacnpeneaeHueM KodhPumeHTon
ANIEKTPUYCCKON M MAarHUTHOM CBsI3eH O JJTMHE Ka0Oessi, KOTOPhIE CKJIaAbIBAIOTCS U3
AKTUBHBIX U PEAKTUBHBIX COCTaBISAIOMMX. Kak moka3bIBaeT MpakTUKa, pEaKTUBHbIC
COCTABJISIOIINE MHOTO OOJIBIIIE COOTBETCTBYIOIINUX aKTUBHBIX WieHOB. KoadhummeHTs
€MKOCTHOHW M MHAYKTHUBHOM CBs3€H KalOess C METANTHYECKONH 000710YKOM BEIYUCIISIFOTCS C
MTOMOIIIBIO YMCJICHHBIX METOJIOB pemieHus nuddepeHInanbHbIX YPAaBHEHHM, OMTMCHIBAIOIIINX
COOTBETCTBYIOIIHE 3JIEKTPOMAarHUTHbIE Mpouecchl. [Ipu mocTpoeHnn MaTeMaTnyecKux
Mo/ieJiel MPUHUMAETCS, YTO SJEKTPUUYECKOE U MATHUTHOE TMOJISI U3MEHSIIOTCS TOJIBKO B
MOTIEPEYHOM CEUCHHUH Kabes. PereHne 1ByXMepHBIX 3a/1a4, OMMMCHIBAOIINX U3MEHEHNE

SJICKTPHUYCCKOI'0 MOTCHIHAJIA 1 KOMIIJICKCHOM AMITINIUTYIbI HpO,HOHBHOﬁ KOMITIOHCHTbBI



BEKTOPHOI'0 MarHUTHOT'O MOTEHIMAJIA, BBITOJIHEHO METOAOM KOHEYHBIX JJIEMEHTOB B
nporpaMMHOM KoMmIuiekce Ansys Maxwell. B pe3ynbrare pemeHus mocraBieHHOH 3a1a4u
MOJTYYEHBI pacipeesieHuss EMKOCTHOM U MHAYKTUBHOM CBsI3e 1O JUTHHE KaOels, 0 KOTOPBIM
BBIYHCJICHBI COOTBETCTBYIOIINE CPEIHE MHTETPAJIbHBIE XapaKTEPUCTUKHU U IIOCTPOCHBI UX
3aBHCUMOCTH OT yIJjla Ha4aJbHOHM (pa3bl PACHOIOKEHHUS BTOPOH Napbl IPU HEU3MEHHOM
MIOJIO’KEHUU NIEPBOM. Y CTaHOBICHO BIMSAHUE METAITUNUYECKOM 000JI0UKH HA YPOBECHb
B3aUMHBIX IIOMEX, 00YCIIOBJIICHHBIX I€HCTBUEM JIEKTPUUIECKOTO U MAarHUTHOTO TTOJIEH.
Knrwouesvie cnosa: cuMMeTpUuHBIN Kabelb CBSI3H, MeTaJUINYecKas 000JI0UKa, B3aUMHbIE
BIIUSIHUSA, EMKOCTHAs CBA3b, MHIYKTHBHAS CBSI3b, MATEMATHYECKOE MOZACINPOBAHUE,

YHUCJIICHHBIC MCTOHI.

The article is devoted to numerical studies of electromagnetic processes between two
symmetrical circuits of a metal-sheathed communication cable. The mutual influences
between symmetrical pairs are determined by the distribution of the coefficients of electric
and magnetic bonds along the length of the cable, which consist of active and reactive
components. As practice shows, the reactive components are much larger than the
corresponding active members. The coefficients of capacitive and inductive coupling of a
cable with a metal sheath are calculated using numerical methods for solving differential
equations describing the corresponding electromagnetic processes. When constructing
mathematical models, it is assumed that the electric and magnetic fields change only in the
cross-section of the cable. The solution of two-dimensional problems describing the change in
the electric potential and the complex amplitude of the longitudinal component of the vector
magnetic potential is performed by the finite element method in the Ansys Maxwell software
package. As a result of solving this problem, the distributions of capacitive and inductive
connections along the length of the cable are obtained, from which the corresponding average
integral characteristics are calculated and their dependences on the angle of the initial phase
of the location of the second pair with the first position unchanged are plotted. The influence
of the metal shell on the level of mutual interference caused by the action of electric and
magnetic fields has been established.

Key words: symmetrical communication cable, metal sheath, mutual influences, capacitive

coupling, inductive coupling, mathematical modeling, numerical methods.
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IMonyHaTypHOe MoIeTUPOBAHNE CHCTEMbI KOCBEHHOI OLEHKH 3JIEKTPOTEXHUYECKUX H
TEXHOJOTHYeCKHX MapaMeTPOB Il YIIPABJIeHUS] YCTAHOBKOM 3JIEKTPOIEHTPOOEKHOT0
Hacoca

FOJIVH P.10., IETPOYEHKOB A.B., COJIOJIKUI E.M., CAJIbHUKOB C.B.,
BUIIHAKOB ..

PaccMotpena gusnyeckas MOJIEb CUCTEMbI KOCBEHHOH OILIEHKH AIEKTPOTEXHUYECKUX U
TEXHOJIOTUYECKHUX MapaMeTpOB JUIsl YIPABICHUSI YCTAaHOBKOM 3JIEKTPOLIEHTPOOEKHOTO Hacoca
Ha TIOJyHAaTypHOM JlabopaTopHOM cTeHe. [IpencTaBiensl pe3ynbTaThl MOTYHATypHOTO
MOJICTTMPOBAHUS ¥ COCTABJICHO TEXHUKO-DKOHOMUYECKOE 000CHOBAHHUE IEJIECO00Pa3HOCTH
BHEJPEHUS pa3pabOTaHHON CUCTEMBI.

Knrouegwle cnoea: yctaHoBKa 3JIEKTPOLIEHTPOOEKHOTO HACOCA, MOTPYKHOM

ANEKTPOABUraTeNb, CUrMa-Toue4HbIN GuibTp Kanmana, nomyHaTypHOe MOJEIUPOBAHHE.

A physical model of a system for indirect evaluation of electrical and technological
parameters for controlling the installation of an electric centrifugal pump on a semi-natural
laboratory stand is considered. The results of semi-natural modeling are presented and a
feasibility study of the feasibility of implementing the developed system is compiled.
Keywords: installation of an electric centrifugal pump, submersible electric motor, sigma-
point Kalman filter, semi-natural modeling.

Key words: electrical submersible pump, submersible electrical motor, unscented Kalman

filter, semi-natural simulation.

Onekmpomexnuka, 2025, Nell, cmp. 65-73

Yiay4imeHue AMHAMHAYECKUX H CTATHYECKUX XaPAKTePUCTHK 3JIeKTPOTHAPABINYECKHX
YCHWJINTEJICH CPeICTBAMH AJANITUBHOIO YIIPABJICHUS

JIYKMYEB A.H., KY3HELIOB B.E., KOHCTAHTHUHOB C.B.

PaccMoTpeno MaTemaTHUECKOE IIPEICTaBIEHHUE AIEKTpOoruapasandeckoro ycmurens (O1'Y)
cTpyitHOTO THNA ¢ AediaexTopom. [IpuBenena monens nByxkackagHoro OI'Y ¢ nepBeiM
KacKaJIoM THIIa «CTpYyiHasi TpyOKa» U BTOPBIM KacKaJIOM — 30JIOTHUKOBBIH
ruapopacnpeneanTenb. PaccmMorpeno ¢hopMupoBaHre HETUHEHHON XapaKTepUCTUKHI

CTPYHHBIX YCHIIUTEINEH ¢ pe3eHTalel 00pa3yeMbIX HEJTMHEHHBIX 30H Pa3IMYHBIX



K03(hPUIMEeHTOB yCHIICHUsI TPpU U3MeHeHUH fAaBieHus B DY, Jlns ynydieHus
xapakTepucTuk DY, CBA3aHHBIX C MPOLIECCAMH KABUTALIMU JKUJIKOCTU B MPAKTHUUECKUX
CXEMax, BBIITOJIHEHO CPAaBHEHUE PA0OTHI CUCTEMBI YIIPABICHUS B MOJIEIH U HA TEXHUIECKOM
oowekte DI'Y. [lns ynydmieHus cTaTHYecKor U quHaMudeckoi Tounoctu DY npuBeneH
CHUHTE3 aJJallTUBHOTO ajiropuTMa Jyist 1Y ¢ HETMHENHBIMU XapaKTEePUCTUKAMU,
00YCIIOBJICHHBIMU TPYIHO (OPMATU3yEeMBIMH MPOIIECCAMU KaBUTALIUHU KHUIKOCTHU TIPU
M3MEHEHHH e€ TeMIepaTypbl Ha peanbHoOM obpasie DI'Y.

Knrwueswie cnosa: >neKTpOrUAPaBINYECKUN YCUIIUTENb, CTPYHHBIA YCUITUTEIb C

neIeKTOpoM, AMHAMUYECKUE U CTAaTUYECKUE XapaKTepPUCTUKU, aJallTUBHOE YIIPABJICHHUE.

The mathematical representation of an electrohydraulic amplifier (EGU) of a jet type with a
deflector is considered. A model of a two—stage ECU with a first cascade of the "jet tube"
type and a second cascade - a spool valve is presented. The formation of a nonlinear
characteristic of jet amplifiers is considered with a presentation of the formed nonlinear zones
of various gain coefficients when the pressure in the ECU changes. To improve the
characteristics of the ECU associated with the processes of liquid cavitation in practical
circuits, a comparison of the operation of the control system in the model and at the technical
facility of the ECU was performed. To improve the static and dynamic accuracy of the ECU,
an adaptive algorithm is synthesized for an ECU with nonlinear characteristics due to
difficult-to-formalize liquid cavitation processes when its temperature changes on a real
sample of the ECU.

Key words: electrohydraulic amplifier, jet amplifier with deflector, dynamic and static

characteristics, adaptive control.
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Komnbrorepnasi monesib reneparopa ¢ BTCII oOMoTkamu sikopsi 1Jisi MHTerpauvu B
Mo/ieJIb CHCTeMbI BLICOKOTO YPOBHS

NBAHOB H.C., KAZIEPOB B.A., AXYHOB M.T., IUIIIOB .M., 3AHEI'MH C.1O.,
3YBKO B.B., KAHAHOB .M.

[IpencrarineHa KOMIBIOTEPHASI MOJIEbh TeHEpaTOpa MOITHOCTHIO 90 KBA ¢ oOMoTKamu u3

BBICOKOTEMIIEpaTypHBIX cBepxmpoBoHUKOB (BTCII) myist mHTETpaIiuy B COCTaB CIOKHBIX



CUCTEM 3JIEKTPOCHAOKEHUS U SJEKTPOABMKEHUS. B OCHOBE MO/IEH JIEKUT KilaccudecKast
CXeMa CHHXPOHHOU MAIlIMHBI, TOTIOJTHEHHAS OJIOKaMU, YIUTHIBAIOIIUMU TeMIIepaTypHbIE U
MOJIeBBIE 3aBUCUMOCTH KpuTHueckoro Toka B BTCII neHTax 0OMOTOK, a Takxke
TUCTEPE3UCHBIE TOTEPU Ha IEPEMEHHOM TOKE B 3TUX JIeHTaX. PacyeThl BHITOIHEHBI METOJIOM
KOHEUHBIX JIEMEHTOB, TMHAMUYECKHE PEXKUMBI HccaeaoBaHbl B cpeae Simulink. ITokazano,
YTO MOJIENb IMO3BOJISET OIEHUTH MPEAEIbI pab0TOCIIOCOOHOCTH TeHEepaTOpa U €ro TEIUIOBYIO
Harpy3Ky, a TakKe peann30BaTh GYHKIINH 3aIIUTHI TyTeM CPaBHEHHS TEKYIIETO U
KPUTHYECKOT'O TOKOB.

Knroueevie cnosa: BTCII reneparop, BTCII nenra, cuctema 351eKTpOCHa0KEHNs, TOTEPH HA

MIEPEMEHHOM TOKE, METO]I KOHEYHBIX AJIEMEHTOB, cpena Simulink.

A computer model of a 90 kVA generator with windings made of high-temperature
superconductors (HTSC) is presented for integration into complex power supply and electric
propulsion systems. The model is based on the classical synchronous machine circuit,
supplemented with blocks that take into account the temperature and field dependences of the
critical current in the high-power strips of the windings, as well as hysteresis losses on
alternating current in these tapes. The calculations were performed using the finite element
method, and the dynamic modes were studied in the Simulink environment. It is shown that
the model makes it possible to estimate the operating limits of the generator and its thermal
load, as well as to implement protection functions by comparing current and critical currents.
Key words: HTSP generator, HTSP tape, power supply system, alternating current losses,

finite element method, Simulink environment.
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MeToauKa NPpOEeKTHUPOBAHUS YJIEKTPOABUIaTeIsA CHJIOBOH YCTAHOBKH MYJIbTHPOTOPHBIX
0eCIUJIOTHBIX JIETATEJbHBIX ANNAPATOB

[IMCAPEBCKUM 10.B., MTMCAPEBCKHM A.10., BYPKOBCKMIA A.B., YEPHbBIX T.E.,
TUKYHOB A.B., TUTOBA JL.H.

PaccMoTtpeHno BiusiHuE apaMeTpoB AJIEKTPUUYECKOTO JIBUTATENsl Ha JIETHO-TEXHUUYECKUE
XapaKTePUCTUKU MYIBTHPOTOPHOTO OECIIIIOTHOTO JIETATEIHPHOTO anmnapara ¢ y4eTOM ero

Ha3HAYEHUS U 0COOCHHOCTEH AKCIuTyaTauuu. /s ontumMansHOro noaoopa BUHTA U



JNEKTPOABUraTeNs UIsl BAHTOMOTOPHOM I'PYIIIBI IIPEUIaracTcs UCIOJIb30BaTh
JKCIIEPUMEHTAJIBHO CHATHIEC TSATOBBIE XAPAKTEPUCTUKU BUHTA U €r0 JHEPIeTUUECKUE
IIOKA3aTeNM B 3aBUCUMOCTH OT YaCTOThI BPAILLEHUs. Y paBHEHHUs, alllIPOKCUMUPYIOLIUE
MIOJIy4EHHBIE 3aBUCUMOCTH, NO3BOJISAIOT BBIABUTH OCOOCHHOCTH U 3aKOHOMEPHOCTH
B3aMMHOTO BIUSHUSA 3JIEKTPOJBUTATENA U BUHTA. [Ipenoxkena MeTonuKa MpOeKTUPOBAHUS
AJIEKTPOJBUraTeNs BAHTOMOTOPHOM TPYIIBI OECIMIOTHOTO JIETATEILHOTO anfapaTa ¢ y4eToM
€ro Ha3Ha4YCHUs U PEKUMA HKCILTyaTal[Uuu.

Knrwouesvie cnosa: 6ecnivilOTHBIN JIETaTENbHBIN anmapar, 3J1eKTpOABUraTellb, BAHTOMOTOPHAs

rpymma, KO3 OUITMEHT TATOBOOPY>KEHHOCTH.

The influence of the parameters of an electric motor on the flight characteristics of a
multirotor unmanned aerial vehicle is considered, taking into account its purpose and
operational characteristics. For optimal selection of the propeller and electric motor for the
propeller group, it is proposed to use experimentally removed thrust characteristics of the
propeller and its energy parameters depending on the rotation speed. The equations
approximating the obtained dependences make it possible to identify the features and patterns
of the mutual influence of the electric motor and the screw. A method of designing an electric
motor of a propeller-driven group of an unmanned aerial vehicle is proposed, taking into
account its purpose and operating mode.

Key words: unmanned aerial vehicle, electric motor, propeller group, thrust-to-weight ratio.
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