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HccaenoBanue GUHUTHBIX CHCTEM YIPaBJIeHHS CHHXPOHHBIMHU ABUTATEISIMH

C NOCTOSTHHLIMHA MAaTHUTAMH

IOIVH P.}YO., IETPOYEHKOB A.B., COHOI[KI/Iﬁ E.M., BUIIIHAKOB /1./., CAJIbHUKOB
C.B.

PaccmoTtpens! inHeapu3oBaHHasi MATEMAaTUUYECKasi MOJIETb CUHXPOHHOTO ABUTATEIS C
MOCTOSTHHBIMHA MarHUTaMH C YIIPaBJICHUEM IO OJHOMY BXOAY, (UHUTHBIE CUCTEMBI YIIPABICHUS
U TIpolieypa cuHTe3a (GUHUTHOTO pPEryisaTopa cocTossHusA. Onucana creruduka mpaKTHIecKon
peanm3anuu KBa3su(UHUTHBIX CUCTEM yIpaBieHus. [I[poBeeHO cpaBHEHNE BEKTOPHOU CHCTEMBI
YIPaBIEHUS C CUCTEMOU yIpaBIeHUS C PUHUTHBIM PETyISTOPOM COCTOSHUS.

Knroueswvle cnoea: CAHXpOHHBIN IBUTATENh C IIOCTOSTHHBIMU MarHuTamMu, GUHUTHOE

yIpaBiieHHe, BEKTOPHAs CCTEMa yIPaBJICHUS, PETYISATOP COCTOSHUS.

The research considers a permanent magnet synchronous motor linearized mathematical model
with single input control, finite control systems and a finite state controller synthesising
procedure. The implementation specifics of quasi-finite control systems in practice are described.
The vector control system and the control system with a finite state controller comparison is
carried out.

Key words: permanent magnet synchronous motor, finite control, vector control system, state

controller.

Onekmpomexnuka, 2023, Nell, cmp. 10-13

JKCcNepUMEHTAIbHOE M YHCJIeHHOe HecIeJ0BAHHe HHIYKIHOHHO-PEe3HCTHBHOM CHCTEMBbI
oborpesa TpyoONpoBOI0B

HIEPBMHMH A.I'., TEPJIbIY A.E., YHEPHSEB B.B., HAYMOB M./I.

Jiist o6orpeBa CBepX UTMHHBIX TPYOOIIPOBOIOB MPUMEHSIOTCS MHTYKIITHOHHO-PE3UCTHBHBIE
CHCTEMBI, KOTOPBIE MPEICTABISIOT CO00I KOPOTKO3aMKHYTYIO KOAKCHATIbHYIO JHHUIO. [Ipn
pacdere MOITHOCTH TETUIOBBIACICHUS TAKOW CHCTEMBbI HEOOXOMMO YYUTHIBATH IIOBEPXHOCTHBIH
3 dexT u 3PPeKT OM30CTH B CTANBHON TpyOe, KOTOPBIE MPUBOIAT K CYILIECTBEHHOMY
YBEIUYEHUIO €€ MIEKTPHUUECKOT0 COpOoTUBIEHUS. [1oIHOE CONTPOTHBIIEHUE CTAIEHOU TPYOBI
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CHUCTEMbI HHAYKIIMOHHO-pe3ncTuBHOro Harpesa (MPH) 6su10 onpeneneno myrem
AQHAIUTUYECKOTO PEICHU MarHUTOAMHAMMUYECKOH 3aaun. [IpoBepka METOAMKY ONIpEAEICHUS
MOITHOCTH BBIIOJIHEHA C TOMOIIBIO (PU3NYECKOTO U MATEMAaTHUYECKOTO MOJIEITMPOBAHUS paOOTHI
cucteMbl IPH mipu pa3nudHbIX TOKOBBIX Harpyskax. st ¢puszndeckoro MoeupoBanus Oblia
CMOHTHPOBaHA SKCIIEPUMEHTANIbHASL YCTAaHOBKA, MPECTABIIAIONMAsA cO00M y4acTOK CUCTEMBI
WPH. Ilpu npoBeeHUN UCTIBITAHUH (PUKCHPOBAJICS TOK M U3MEPSUTUCH TEMIEPaTyphl
TOKOIIPOBOJIAIIEH KUJIbI, IOBEPXHOCTH Kaleus, TpyOsl M oKpyxaromieil cpenpl. [lepexonnbie
TEIUIOBbIE MPOIIECCHI, PEAIN30BaHHbBIC HA YCTAaHOBKE, ONMHCaHbI TUd(epeHIantbHbIM
ypaBHEHUEM HECTAIlMOHAPHOW TEIUIONPOBOJHOCTH B OJJHOMEPHOM OCECUMMETPUYHOM
nocraHoBke. OObeMHAass MOLTHOCTH TEIUIOBBIACIICHHS TIPH 3TOM OIpeiesieHa ¢ TOMOIIBIO
peI0KEHHOW MeToIMKN. CpaBHUTENIBHBIN aHAIN3 TEMIIEPATypPHBIX 3aBUCUMOCTEN,
MOJIyYEHHBIX C MOMOIIBIO (PU3UUECKOTO U YHCIEHHOTO SKCIIEPUMEHTA, CBUETEIBLCTBYET O
JIOCTATOYHO XOPOIIEM COBIAJEHUU PE3YJIBTATOB.

Knrwouesvie cnosa: >nekTponoorpeB TpyoonpoBoAOB, MHAYKIIMOHHO-PE3UCTUBHBIN HArpeB,

TCIIJIOBBIC MMPOLECCChI, MOJACIUPOBAHHC.

Induction-resistive systems, which are a short-circuited coaxial line, are used to heat ultra-long
pipelines. When calculating the heat dissipation power of such a system, it is necessary to take
into account the surface effect and the proximity effect in a steel pipe, which lead to a significant
increase in its electrical resistance. The total resistance of the steel pipe of the induction-resistive
heating (IRH) system was determined by an analytical solution of the magnetodynamic problem.
Verification of the power determination methodology was performed using physical and
mathematical modeling of the IRH system operation at various current loads. For physical
modeling, an experimental installation was installed, which is a section of the IRH system.
During the tests, the current was recorded and the temperatures of the conductive core, the
surface of the cable, pipe and the environment were measured. Transient thermal processes
implemented at the installation are described by the differential equation of nonstationary
thermal conductivity in a one-dimensional axisymmetric formulation. The volumetric heat
dissipation capacity is determined using the proposed methodology. A comparative analysis of
the temperature dependences obtained using physical and numerical experiments indicates a
fairly good coincidence of the results.

Key words: electric heating of pipelines, induction-resistive heating, thermal processes,

modeling.



Onekmpomexnuka, 2023, Nell, cmp. 14-19

MartemaTu4eckasi MoJeJIb MEPEXOIHBIX NPOLECCOB B IMIHHAPHYECKOM JHHEITHOM
ABUTraTese IPH BO3BPATHO-NOCTYNATEJIbHOM JIBHKEHHA

KYXI'OB H.B., KOPOTAEB A./I., YABAHOB E.A.

[IpencraBieHO MaTEMaTHYECKOE ONMCAHUE MIEPEXOHBIX MPOLIECCOB B IMHEUHBIX CHHXPOHHBIX
JIBUTATEIISIX C TOCTOSTHHBIMU MarHUTaMu, 32 OCHOBY KOTOPOTO PUHSATHI I hepeHInaIbHbIe
ypaBHeHus [lapka-I'opeBa MPUMEHUTEIPHO K CHHXPOHHOMY JIBUTaTEIIIO BPAIaTEIbHOTO
JIEHCTBHSI, MPEe0Opa30BaHHBIE C YUETOM HEOOXOAMMBIX JOMOdHEHUH. PaccMoTpena
MaTeMaTHuyecKasi Mozelb B nporpammuoit cpeie MATLAB Simulink nuHeliHOro cCHHXpOHHOTO
JIBUTATEIIS LIHITUHAPHUECKON (POPMBI, TpeAHA3HAYCHHAS JIJIsl UCCIIEIOBAHUS TTEPEXOIHBIX
IIPOLIECCOB NP MOCTYNATEIbHOM U BO3BPAaTHO-IIOCTYNATEIbHOM JBUKECHUE BTOPUUHOTO
aneMenTta. OnpeneneH HanOoee 3(p(HEeKTUBHBIA BapUAHT PACCUMTAHHOTO MOJYJISl IBUTATENs IS
UCTIOJTHUTENIEHOTO MEXaHU3Ma IJIOCKOIIIN(OBATBHOTO CTAaHKA.

Knrouegvie cnoea: MuHENHbI IBUTATENb C IOCTOSIHHBIMU MarHUTaMH, JTUHEHMHBINA CUHXPOHHBIN
JBUTATEIIb, IOCTOSTHHBIE MATHUTBI, IEPEXOIHBIE MTPOLECCHI, BO3BPATHO-IIOCTYNATEIbHOE

JABMOKCHHUE, MaTEMaTUYCCKas MOACIIb.

A mathematical description of transients in linear synchronous motors with permanent magnets
is presented, based on the Park-Gorev differential equations applied to a synchronous motor of
rotational action, transformed taking into account the necessary additions. A mathematical model
in the MATLAB Simulink software environment of a cylindrical linear synchronous motor
designed to study transients during translational and reciprocating motion of a secondary element
is considered. The most effective variant of the calculated engine module for the executive
mechanism of the plane grinding machine is determined.

Keywords: linear motor with permanent magnets, linear synchronous motor, permanent magnets,

transients, reciprocating motion, mathematical model.

Onekmpomexnuka, 2023, Nell, cmp. 20-24

Cucrema noaaepKKu NPUHATHS pPellleHUi NP yNPaBJIeHUHN Pe:KUMAMU HATPY3KH B
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Ka0eJbHOM 0JI0Ke

KYXAPYVYK U.b., TPYOAHOBA H.M.

[ToBeImIeHNE MPOMYCKHOM CIIOCOOHOCTH KaOeIbHBIX IMHUI BO3MOXKHO B PE3YJIbTATE Mepexo/a
OT ONPEICIICHUS 3HAYCHUN JUTUTEIBHO JOIYCTUMBIX TOKOB C IIOMOIIBIO HOPMATUBHBIX
JOKYMEHTOB, HE YUMTBIBAIOIIUX [OJHBIN PEXKUM Harpy3ku KaOeJIbHOTO COOPYKEHHs, K
UCIIOJIB30BAaHUIO MAaTEMAaTUYECKUX MOJIEIIEH IIPOLIECCOB TEIJIOMaccolepeHoca. BHeapenue

U POBBIX TEXHOJIOTUH B MPOLECCH KOHTPOJISA U YIPABICHUS CUCTEMaMH JIEKTPOCHAOKEHHS
00ecneuynT poCcT HaJIe)KHOCTH U KauecTBa B 3TUX CUCTeMax. B cTaTbe npeanaraeTcs BHeApEHNE B
CHCTEMY YNpPaBJICHUS peXMMaMHU Harpy3Ku KaOeIbHbIX OJIOKOB CUCTEMBI MOAJCPKKHU PUHITHS
pemenuii (CIIIIP), no3Bomsronieil onpeneauTb ONTUMAIbHBIE ISl KOHKPETHBIX YCIOBUN
IKCIUTyaTal[Mi Harpy304HbIE PEKUMBI, UCXOAs U3 TeMIiepaTypHbix orpanndenuii. CIIIIP,
OCHOBAHHAs Ha UCIOJIb30BAHUU MATEMATUUYECKUX MOJIEJICH, TOMOTaeT BbIpadoTaTh
YIPABISAIOMUE BO3ACUCTBHS IO BBIHYKIEHHOMY CHI)KCHHIO Harpy3KH 4acTH JIMHUM NIpU
BO3MOKHOM IIPEBBILICHUH TOIIYCTUMBIX TEMIIEpATyp. PEKOMeHIauy 110 CHUKEHUIO Harpy3Ku
JIOJKHBI YUYUTHIBATh TUAMAa30H BO3MOXKHBIX PA00OYMX TOKOB Ka)kKJOW JIMHUH, 3aBUCSIINAN OT
KaTeropuu MOTpeOUTENsl U TEXHOIOIMYECKHX BO3MOXKHOCTEH. B kauecTBe ONTUMAaIbHOTO
pabouero pexxuMa BbIOMpaeTCs TaKOH, A1 KOTOPOro TEMIEPaTypbl H30JSILUN HE MTPEBBIIIAIOT
JIOMTYCTUMBIX 3HAUCHHI, & OTHOCUTEIBHOE CHU)KEHHUE TMOTPEOIIeMON MOIITHOCTH MUHUMAJIBHO.
Knrwoueswie cnosa: xabenbHbIN 010K, cHCTEMA MONICPKKH MIPUHATHUS PEIICHUH, ypaBIeHUe

peXUMaMU Harpy3KH.

An increase in the capacity of cable lines is possible as a result of the transition from determining
the values of long-term permissible currents with the help of regulatory documents that do not
take into account the full load mode of the cable structure to the use of mathematical models of
heat and mass transfer processes. The introduction of digital technologies into the processes of
control and management of power supply systems will ensure an increase in reliability and
quality in these systems. The article proposes the introduction of a decision support system
(DSS) into the load management system of cable blocks, which allows determining the optimal
load conditions for specific operating conditions, based on temperature restrictions. The DSS,
based on the use of mathematical models, helps to develop control actions for the forced
reduction of the load of a part of the lines with a possible excess of permissible temperatures.
Recommendations for load reduction should take into account the range of possible operating
currents of each line, determined by the category of the consumer and technological capabilities.

The optimal operating mode is chosen for which the insulation temperatures do not exceed the



permissible values, and the relative reduction in power consumption is minimal.

Key words: cable block, decision support system, load mode management.

Onekmpomexnuka, 2023, Nell, cmp. 25-28

CypporatHbie MOJeJIH 1J15 JUATHOCTHKH JJIeKTPOTEXHUYECKOro 000py10BaHHA

KNJIMH I'.A., KABAJIEPOB b.B., CYCJIOB A.U., HIEPEMHUH JI.A.

PaccmoTpena BO3MOXKHOCTh TPUMEHEHHS COBPEMEHHBIX OECKOHTAKTHBIX METOJIOB TUArHOCTUKU
U KOHTPOJIA AJIEKTPOTEXHHUUECKOro obopynoBanus. OMH U3 TAKUX METOJIOB — HCIIOJIb30BAaHHE
MCKYCCTBEHHBIX HEHPOHHBIX CETEH /ISl OIIEHKHU TEKYIIETO COCTOSIHUS 3JIEKTPOTEXHHYECKOTO
000pyIoBaHus, KOTOPBIE TIO3BOJISIIOT CBOEBPEMEHHO BBISIBIISATH PA3IMYHBIC HEHCIIPABHOCTH,
OLIEHUBATh €r0 COCTOSIHUE U PEJOTBPAIaTh BO3MOXKHBIE OTKA3bI.

Kniouegvie cnosa: 31eKTpoTEXHUUECKOE 000PYAOBaHUE, CyppOraTHbIE MOJIENIH, UCKYCCTBEHHBIE

HGﬁpOHHBIG CCTH, HGprOCGTeBaH MOZCIIb, JUArHOCTHUKA, IPCAUKTUBHAA aHAJIUTHUKA.

The possibility of using modern contactless methods of diagnostics and control of electrical
equipment is considered. One of such methods is the use of artificial neural networks to assess
the current state of electrical equipment, which allow timely detection of various malfunctions,
assess its condition and prevent possible failures.

Key words: electrical equipment, surrogate models, artificial neural networks, neural network

model, diagnostics, predictive analytics.

Inekmpomexnuka, 2023, Nell, cmp. 29-37

IoBbimeHne IHePreTHYecKO 3(PPeKTUBHOCTH ITEKTPOTEXHUYECKOT0 KOMILTIEKCA
He(Ten00bIBAIONIET0 MPEeANPUATHS

CEMEHOB A.C., MUILIYPUHCKUX C.B., IETPOYEHKOB A.Bb.

[TpenoxeH anropuT™M ONTUMHU3ALUHN OTPEOICHUS ITEKTPUUECKOM SHEPTUHU B
IMEKTPOTEXHUYECKOM KOMILIEKCE HEPTe100bIBAIOIIET0 NPEANPUITHS B paMKaX OJHOI0 KycTa
CKBaXWH. Peanuzanus anropurMa BO3MOXKHA [IPH BHEIPEHUH pa3pab0TaHHON CTPYKTYpPHI
€MHOM, [ICHTPAIM30BAHHOM cXeMblI yrpaBieHus. CTPyKTypa yrpaBiIeHHS TO3BOJIUT OBICTPO

WHTETPUPOBATH U allpoOMPOBATH HOBEHIITHE AITOPUTMBI YIHEPT0od(P(HEKTUBHBIX CIIOCOOOB



yrnpasieHus HedTe100bIBAIOIMMHE arperaraMmu 0€3 pucka JJIUTEILHOTO MTPOCTOsT 000PYyTI0BaAHUS
Y HapYIICHUS TEXHOJIOTHYECKOTO mporiecca. [IpennokeHHbIi criocod yrpaBlieHus TO3BOJIUT
OTIEpaTUBHO KOPPEKTHPOBATHh TEXHOJOTHYECKHE KapThl HepTeqo0bun At obecrnedeHus
JKEJTAeMBIX PE3YJIbTaTOB HEPTEAOOBIUM MTPU CHUKECHUU CYMMApPHOTO MTOTPEOIeHUS
AJIEKTPOIHEPTHU Ha TPaHUIIe OATAHCOBOW MPHUHAIIC)KHOCTH.

Knrwoueswie cnosa: nedrenodbiBaroniee NpeanpusITHe, SIEKTPOTEXHUUECKUI KOMIUIEKC,

¢ poBU3aIHsL, FIHEpTreTHIecKas 3(pPpeKTHBHOCTD, KOHTPOJIb YHEPrOPECYPCOB.

An algorithm for optimizing the consumption of electrical energy in the electrical complex of an
oil-producing enterprise within a single well cluster is proposed. The implementation of the
algorithm is possible with the implementation of the developed structure of a single, centralized
control scheme. The management structure will allow you to quickly integrate and test the latest
algorithms of energy-efficient ways of controlling oil-producing units without the risk of
prolonged equipment downtime and disruption of the technological process. The proposed
control method will allow to quickly adjust the technological maps of oil production to ensure
the desired results of oil production while reducing the total electricity consumption at the border
of the balance sheet.

Key words: oil-producing enterprise, electrotechnical complex, digitalization, energy efficiency,

control of energy resources.

Onexmpomexnuxa, 2023, Nell, cmp. 37-42

be3naTunkoBoe ynpaBJjieHMe CHHXPOHHBIM ABUraTesieM Ha 0a3e He4eTKOM JIOTUKH
XWXKHAKOB 10.H., FOXXAKOB A.A., CTOPOXEB C.A., HUKVYJIMH B.C.

PaccmoTrpena BO3MOKHOCTB 3aMeHbI Kitaccuueckoro [IM-perynsaropa Ha HEUETKUH PEryiIsaTop
JUISl CYLIECTBYIOIEH CUCTEMBI aBTOMAaTUYECKOIO YIIPABIICHHUsI CKOPOCTBIO BPALLIEHUs pOTOpa
CHUHXPOHHOTI'O IBUraTesIsl ¢ HOCTOSHHBIMUA MarHUTaMu 0e3 JaTyuka nonoxxeHus. [Ipumenenue
[TH-peryasTopoB CKOPOCTH BpaILEHUsI POTOPAa CUHXPOHHOTO IBUraTelIs ¢ TIOCTOSTHHBIMU
MarHuTaMy UMeeT HECKOJIbKO HEIOCTATKOB, KOTOPBIE CIEAYET YUYUTBIBATh IIPU IPOCKTUPOBAHUU
M OKCIUTyaTalluu TaKUX CUCTeM. Takue peryasTopsl TpeOyIOT TIIATENbHON HACTPOUKH
K03(DPHULIMEHTOB A TOCTUKEHHUS XKETAEMOUN TPOU3BOAUTEIIBHOCTH; OHU MOT'YT OBITh
YYBCTBUTEIbHBI K U3MEHEHUSM [1apaMETPOB CUCTEMBI - TAKUM KaK COIIPOTHBIIEHUE OOMOTOK WIIN

UHIYKTUBHOCTB; OHH MOTYT UMETh OTPaHUYEHHYIO CIOCOOHOCTh pearnpoBaTh Ha OBICTPHIC U
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OospIIe M3MEHEHNUS Harpy3KH. [IprMeHeHne HEeUeTKOTO PerysaTopa HCKII0YaeT Psjg
HenoctaTkoB [IM-perymnsaropa. ApXuTekTypa MmpeiaraeMoro He4eTKoro perynsaropa
cTaHgapTHas - paz3zudukarop, 6110k npasui, aedassuduxarop. Heuetkuii perynstop umeeT Tun
«Cyreno-Takarny». ®a33nduKaTop BHIIOIHEH C HOMOIIBIO TPEYTOJIBHBIX TEPM-MHOXKECTB,
nedaz3udukanys BEITOIHIETCS 0 METOLy CPEIHETO B3BEUICHHOTO 3HaYeHNUs. BrimomHena
ONTUMU3AIMS KOJIMYECTBA TApAaMETPOB HEUETKOTO PeryasTopa. MoaenupoBaHUEe BHIIIOJIHEHO B
nakete MATLAB Simulink ¢ yueToM u3mensiromeiicst Harpy3Ku Ha ABUraTeNb U
U3MEHSIOMNXCS TTapaMeTpax aApurarens. [lomydeHHbIe pe3ynbTaThl MOATBEPKAAIOT
BO3MOKHOCTH U 11eJIeco00pa3HocTh 3aMeHbl [11-perynsaropa Ha HEUETKHI PerysaTop.
Knrwoueswvie cnosa: CHHXpOHHBIHN IBUTATEIb C IIOCTOSTHHBIMH MarHUTaMH, 0€3/1aTYMKOBOE

YIIPABJICHUE, HEUETKUI PEryJIsATOop.

The possibility of replacing the classical PI controller with a fuzzy controller for the existing
system of automatic control of the rotation speed of the rotor of a synchronous motor with
permanent magnets without a position sensor is considered. The use of PI-speed controllers of
the rotor of a synchronous motor with permanent magnets has several disadvantages that should
be taken into account when designing and operating such systems. Such regulators require
careful adjustment of the coefficients to achieve the desired performance; they may be sensitive
to changes in system parameters, such as winding resistance or inductance; they may have a
limited ability to respond to rapid and large load changes. The use of a fuzzy controller
eliminates a number of disadvantages of the PI controller. The architecture of the proposed fuzzy
controller is standard - a fuzzifier, a block of rules, a defuzzifier. The fuzzy controller is of the
«Sugeno-Takagi» type. The fuzzifier is made using triangular term sets, defuzzification is
performed using the weighted average method. Optimization of the number of parameters of the
fuzzy controller is performed. The simulation was performed in the MATLAB Simulink
package, taking into account the changing load on the engine and the changing engine
parameters. The results obtained confirm the possibility and expediency of replacing the PI
controller with a fuzzy controller.

Key words: synchronous motor with permanent magnets, sensorless control, fuzzy controller.

Onekmpomexnuka, 2023, Nell, cmp. 43-47

Craprep-reHepaTop Ha OCHOBe CHHXPOHHO# MAIIMHBI C MOCTOSIHHBIMM MATHUTAMH



TOHUYAPOBCKMUI O.B., IOXKAKOB A.A., CTOPOXEB C.A., HUKYJIVH B.C.
PaccmoTpeH moaxon K Co3aHUI0 cTapTep-TeHepaTopa ¢ UCTIOIb30BAHUEM CHHXPOHHOW MaIlIuHBI
C TMOCTOSTHHBIMU MarHUTaMH 0€3 J1aT4MKa MoJI0KeHUs poTopa. CHHXpOHHAS MAIMHA C
MOCTOSTHHBIMM MarHUTaMH MOKET paboTaTh B peKUMeE cTapTepa U renepartopa. B pexume
cTapTepa OCYUIECTBIIAETCS MOJIEOPUEHTUPOBAHHOE YIPaBIEHHUE JIJIsl MpeoOpa3oBaHus
AIIEKTPUUYECKON SHEPTUHU OT aAKKYMYJISATOPa B MEXaHUYECKYIO SHEPTHIO MALIUHBI; B PEXXUME
reHeparopa akKyMyJIaTop OTKIIodaercs, padoraet reHepatop. CtabunuzaTop odecrieyuBaeTt
BBIXOJHOE Hanpsbkenne 24 B npu BxoaHom HanpsikeHuu ot 24 1o 150 B. [lepekntouenue u3
pexuMa MoTpeOIeHNs B PEKHUM T'eHepaliK OCYIIECTBIsIeTCA 0€3 OTKIIIOUEHUS TUTaHUsI, YTO
SBIISICTCSI 0COOCHHOCTBIO MIPE/IaraeéMoil CUCTEMBI YIIPABJICHUS CTapTEeP-TeHEPATOPOM.
[Ipemnaraemslii cTabunn3aTop COCOOCH MOAACP)KUBATH CTAOMIBHBINA BBIXOJHON TOK 10 40 A.
[IpuBenensl moapoOHOE ONMKMCaHUE W MPUHIIAIT padoThl cTabmin3aTopa. PaspaboTtana cucrema
yIpaBiIeHUs] CAHXPOHHOM MAIlIMHOM ¢ TOCTOSTHHBIMU MarHUTaMu, YYUTHIBAIOIIas 00a pexuma
paboThI.

Knrwoueswvie cnosa: craprep-reHepaTop, CAHXPOHHBIN JBUTATEINb C IOCTOSHHBIMU MarHUTAMH,

0e31aTIMKOBOE yIIpaBJeHUE, CTAOMIH3ATOP.

An approach to the creation of a starter generator using a synchronous machine with permanent
magnets without a rotor position sensor is considered. A synchronous machine with permanent
magnets can operate in starter and generator mode. In the starter mode, field-oriented control is
carried out to convert electrical energy from the battery into mechanical energy of the machine;
in the generator mode, the battery is turned off, the generator is running. The stabilizer provides
an output voltage of 24 V with an input voltage from 24 to 150 V. Switching from consumption
mode to generation mode is carried out without power off, which is a feature of the proposed
starter-generator control system. The proposed stabilizer is capable of maintaining a stable
output current of up to 40 A. A detailed description and principle of operation of the stabilizer
are given. A control system for a synchronous machine with permanent magnets has been
developed, taking into account both operating modes.

Key words: starter-generator, synchronous motor with permanent magnets, sensorless control,

stabilizer.

Onexmpomexnuxa, 2023, Nell, cmp. 48-55

JIuHeliHbIi IBUraTe/ b ¢ KOPOTKUM XOA0M IITOKA JJIs1 MEMOPAHHOI0 HACOCA
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OITAPHH JI.A., KYXXJIEB M.IL.

PaccmoTpena MeTouka pa3padOTKU JTMHEHHOTO JBUTATEINS C KOPOTKUM XOJIOM IITOKA JJIsI
MPOMBIIIUICHHOTO PUMEHEHUS B KAY€CTBE MPUBOAHOTO MEXaHH3Ma MeMOpaHHOTo Hacoca. OCOOCHHOCTH
npeIaracMoi KOHCTPYKIIUU JBUTATEIIS CBS3aHEI CO CICHU(UICCKIMH YCIOBUSIMEA PabOTHI TPU
BO3BPATHO-TIOCTYNATESIILHOM JIBUKCHHUU C MaJIOl JNIMHOW pabouero xona. [IpeacraBnen pacuer
JIBUTATEIIS, IOKa3aHbl Pe3yIbTaThl MOACITUPOBAHUS, COIPOBOXKIABIITNE ITPOLIECC €T0 Pa3padOTKH,
KOTOPBIN OBLT JOBEJICH JI0 M3TOTOBJICHHUS OIBITHOTO 00pasIia.

Knioueevle cnoea: MMUHIPUYECKUN TMHEWHBIN BEHTUIIBHBIN ABUTATENb, KOPOTKOXOJOBOU JTUHEHHBIN

ABUTATCJIb, IPOCKTUPOBAHUC, MeM6paHHLII>’I Hacoc.

The method of developing a linear motor with a short stroke of the rod for industrial use as a drive
mechanism of a diaphragm pump is considered. The features of the proposed engine design are associated
with specific operating conditions in reciprocating motion with a short stroke length. The calculation of
the engine is presented, the simulation results accompanying the process of its development, which was
brought to the production of a prototype, are shown.

Key words: cylindrical linear valve motor, short-stroke linear motor, design, diaphragm pump.

Onexmpomexnuxa, 2023, Nell, cmp. 56-60

IlepexoaHbie nMpouecchl B KOJUIEKTOPHOM IeNH OTKPBITOr0 OMIIOJISIPHOT0 TPAH3UCTOPA NP
WHAYKTHUBHOW HArpy3Ke

JISKHUIIEB A.B., COJIOJIKMM E.M., FOJVH P.10., TIETPOYEHKOB A.b.

B pamkax moAarotoBku yueOHOTO TOCOOHS, MOCBSIIIEHHOTO TIEPEXO0IHBIM MIPOIIeccaM B
KOJUIEKTOPHOM 1eTH OUMOJSPHOTO TPaH3UCTOpa 00paTHON MPOBOAMMOCTH, BKIFOUEHHOTO IO
cXeMe ¢ OOIINM SMUTTEPOM MPU UHAYKTUBHO-aKTUBHOM XapaKkTepe Harpy3Ku, IpOBEICHbI
UCCJICIOBAHMS HA SKCIIEPUMEHTATBFHOM CcTeHe. Ha OCHOBE OMBITHBIX TAHHBIX PACCMOTPEHBI
MPOIECCHI, TPOUCXOAIINE B UCCIIEyeMOil iern. JlaHo HaTsAHOE OMKMCAaHNEe BCEX TAIOB
MEPEXOIHBIX MPOIECCOB B KOJUIEKTOPHON LENH TPaH3UCTOpa MpHU AEHCTBUH MOJIOKHUTEIHLHOTO
UMITyJIbCa Ha BXOJI€ KIIFOUEBOT0 TPAaH3UCTOPHOTO Kackaaa. [lomydeno anpoOupoBanHoe
omnurcaHue paboThl UCCIIEYEMOU CXEMBI, ITO3BOJISIONIEE O0YJAFOIIMMCS AETAIBHO MOHATH PaboTy
OUIONSPHOTO TPAH3UCTOPHOTO HEHICATHHOTO KITF0Ya MPU WHAYKTUBHOM Harpys3Ke.

Knroueswle cnoea: OGUNIONSIPHBINA TPAH3UCTOP, IEPEXOAHBIN MpoOIleCcC, MHAYKTUBHASI HATPY3Ka,

yaeOHOe mocodue.

As part of the preparation of a textbook on transients in the collector circuit of a bipolar reverse

conduction transistor switched on according to a scheme with a common emitter with an
9



inductively active nature of the load, studies were conducted on an experimental stand. Based on
experimental data, the processes occurring in the studied chain are described. A visual
description of all stages of transients in the collector circuit of a transistor under the action of a
positive pulse at the input of a key transistor cascade is given. An approved description of the
operation of the studied circuit is obtained, allowing students to understand in detail the
operation of a bipolar transistor non-ideal key under inductive load.

Key words: bipolar transistor, transient, inductive load, textbook.

Inekmpomexnuka, 2023, Nel 1, cmp. 61-68

NMutannonHbie Moae/ M TPaHC(OpPMATOPOB AJis1 npuMeHeHusi B coctae CAIIP
THXOHOB A.1., KPACOBCKUI A.B., CTYJIOB A.B., CHUTHKO H.C., KAPXKEBVH A.A.
[IpennoxxeHa MeTOAMKA OCTPOCHUS UMUTAIIMOHHBIX MOJIEJIeH TpaHCPOPMATOPOB,
MO3BOJISIOIIAS YUUTHIBATh OCOOEHHOCTH UX KOHCTPYKIHU. Pa3paboTaHO HECKOJIBKO BAPUAHTOB
MMUTAIMOHHBIX Mojieneit TpancdopmatopoB B cpeae MATLAB — Simulink -
SimPowerSystems, koTopbie TPUHATHI 32 0a30BbIC UX BapUAHTHI — (DYHKIIMOHAIIEHO
3aKOHUYEHHBIC MOJICTIH, OTPAXKAIOIINE HanOOJee CYIIEeCTBEHHBIE CBOMCTBA XapaKTEPHBIX TUIIOB
TparncGopMaTopoB U 00IaIAI0IINE PA3HON CTETICHBbIO YHUBEpcalbHOCTH. [TokazaHo, 4yTo

Mo (UKAIMS PEUIOKEHHBIX MOJIEJIeH MO3BOJISET CO37aBaTh IIMPOKHUM CIIEKTP UMUTALIMOHHBIX
MoJieJIel, OTpa)xaroluX cuenupruueckrue 0COOEHHOCTH KOHKPETHOTO BapUaHTa IPOEKTUPYEMOTO
TparcopmaTopa sl HCTIOIB30BaHHS B KAUECTBE OCHOBBI JIJISl IU(PPOBBIX JABOWHUKOB
TpaHCcPOPMATOPOB B COCTABE CUCTEMbI aBTOMATH3UPOBAHHOTO IIPOSKTUPOBAHUS HA dTaIle
pacIMpeHHOro MOBEPOYHOro pacueTa. [IpruBeaeHb! M MpoaHATU3UPOBAHbI PE3YIbTATHI
MOJIEJTUPOBAHHUSI.

Knroueswie cnosa: TpancopmMaTopsl, CHCTEMa aBTOMATH3UPOBAHHOTO MPOCKTHPOBAHUS,

U POBOI ABOHHHUK, UMUTAIIMOHHOE MOJIEIMPOBAaHUE, 0a30BbIe UMUTAIIMOHHBIE MOJICIIH.

A method for constructing simulation models of transformers is proposed, which allows taking
into account the features of their design. Several variants of transformer simulation models have
been developed in the MATLAB — Simulink - SimPowerSystems environment, which are taken
as their basic variants — functionally complete models reflecting the most essential properties of
characteristic types of transformers and having varying degrees of versatility. It is shown that the
modification of the proposed models makes it possible to create a wide range of simulation
models reflecting the specific features of a specific variant of the designed transformer for use as

10



a basis for digital transformer twins as part of a computer-aided design system at the stage of
advanced calibration calculation. Simulation results are presented and analyzed.
Key words: transformers, computer-aided design system, digital twin, simulation modeling, basic

simulation models.

Onexmpomexnuxa, 2023, Nell, cmp. 69-76

HccienoBanue pe:kuMa aBTOKO0JI€0aHNI KOPOTKO3AMKHYTOM JJIMHHOM JIMHUHA

MEHAKEP K.B., KYIHEHKO C.M., BOCTPUKOB M.B., CABYEHKO I1.B.
AHAJIUTUYECKUM M 3KCIIEPUMEHTAIBHBIM ITyTEM MOATBEPKIEH MEXaHU3M BO3HUKHOBEHUS
aBTOKOJIE0aHUN B KOPOTKO3aMKHYTOM OTPE3Ke JIMHHOM JIMHUH B PEKUME HEHMCKaKaIOIIeH
nepeaaur KojaeOaHui, UCKITIOUEHUS aKTUBHBIX ITOTEPh U OJJHOBPEMEHHOTO JICHCTBUS
3JIEKTPUYECKOTO ¥ BOJTHOBOTO PE30HAHCOB. TaKoOM peKUM JOCTUTHYT 3a CYET ONPEACICHHOTO
COOTHOIIEHUS YJENbHBIX MapaMeTPOB CUMMETPUYHOTO Kades. MckimroueHne akTUBHBIX MTOTEPh
CTaJ0 BO3MOKHBIM IIPH PaBEHCTBE BXOJIHOT'O COMPOTUBIICHUSI KOPOTKO3AMKHYTOI'O OTpe3Ka
JUTMHHOW JIMHUKM BOJTHOBOMY COMPOTHUBJICHUIO TIPH JJIMHE JIMHUHU, PABHOW OJTHOM BOCHMOM JJIMHE
BOJIHBI U JISHCTBUM CBOOOIHBIX KOJICOAHMI HAa YAaCTOTE, HAWICHHOM /I Y€TBEPTHBOITHOBOM
JIMHUY 32 CYET MOJAKIIOYEHHUSI EMKOCTHOTO 3JIEMEHTA MapaijIeIbHO BXOAHBIM KOHIIAM JIMHUH.
DNEKTPUUECKHd PE30HAHC JOCTUTHYT B KOJIEOATEIbHOM KOHTYpE, 00pa3oBaHHOM
SKBUBAJICHTHOW MHIYKTUBHOCTHIO KOPOTKO3aMKHYTOI'O OTPE3Ka JJIMHHOW JJUHUHM U EMKOCTBIO,
MOJKJIFOYEHHOM K BXOJIHBIM KOHIIaM JIMHUU; BOJIHOBOW PE30HAHC MPU OTCYTCTBUM aKTHBHBIX
MOTEPb COMPOBOXK/IAETCS KPATHBIM YBEJIIMUEHUEM TOKA HAa KOHIIE JIMHUU MPHU KaXKJIOM MPOXO/JIe
BOJIHBI BJIOJIb JIMHUU, [IPU 3TOM HAIPSHKEHUE HA BXOJE JIMHUU MPHU KaXKJIOM MPOXO/I€ BOJIHbI
MEHSIET CBOM 3HAK. 32 CUET HAIMYMS EMKOCTHOTO 3JIEMEHTA HANPSIKEHUE Ha BXOJE JIMHUU, TaK
K€ KaK ¥ TOK Ha KOHIIE JIMHUH, KPAaTHO PACTET, YTO MPUBOJIUT K €IIie OOJIbIIEMY YBETUICHHUIO
TOKA; ATOT MPOIECC HOCUT JTaBUHOOOpa3HbIi xapakTep. O0IacTh MPAKTUUECKOTO MPUMEHEHUS
HaAlJICHHOTO peKUMa aBTOKOJIeOaHni BechMa OOIIMpHA.

Knroueevle cnosa: KOpoTKO3aMKHYTas JUIMHHAS JIMHUSL, PEKUM aBTOKOJICOAHHM, dTIEKTPUICCKUN

pPEe30HaHC, BOJTHOBOM pPEe30HAHC, YaCTOTa CBOOOIHBIX KOJICOaHUH.

The mechanism of the occurrence of self-oscillations in a short-circuited segment of a long line
in the mode of undistorted transmission of vibrations, exclusion of active losses and
simultaneous action of electric and wave resonances has been confirmed analytically and

experimentally. This mode is achieved due to a certain ratio of the specific parameters of the
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symmetrical cable. The exclusion of active losses became possible when the input resistance of a
short-circuited segment of a long line is equal to the wave resistance with a line length equal to
one eighth of the wavelength and the effect of free oscillations at the frequency found for a
quarter-wave line by connecting a capacitive element parallel to the input ends of the line.
Electrical resonance is achieved in an oscillatory circuit formed by the equivalent inductance of a
short-circuited segment of a long line and a capacitance connected to the input ends of the line;
wave resonance in the absence of active losses is accompanied by a multiple increase in the
current at the end of the line with each passage of the wave along the line, while the voltage at
the input of the line changes its sign with each passage of the wave. Due to the presence of a
capacitive element, the voltage at the input of the line, as well as the current at the end of the
line, increases many times, which leads to an even greater increase in current; this process is
avalanche-like. The field of practical application of the found self-oscillation mode is very
extensive.

Keywords: short-circuited long line, self-oscillation mode, electric resonance, wave resonance,

frequency of free oscillations.

Onekmpomexnuka, 2023, Nell, cmp. 77-82

Bunsinne tpancgopmaropa ¢ 00MOTKaMH «IBOWHOI 3UI3ar ¢ HyJIeBbIM BbIBOJOM» HA
YPOBEeHb HECUMMETPHUM U HECMHYCOMIAJIbHOCTH TOKOB B ceTH (0,38 kB

IOHIMH M.A., IOHVH K.M., UCYIIOBA A.M.

[IpuBeneHs! pe3ynbTaThl JAOOPATOPHBIX UCCIIEOBAHUI MTOMEPEYHOTO BKIIOYCHHUS
TpaHchopMaTopa co CXeMOW COSMHEHUSI OOMOTOK «JIBOMHOM 3Ur3ar ¢ HYJIEBBIM BBIBOJIOM» K
Mozenu cetu HarnpsbkeHueM 0,38 kB ¢ 1enbro moBeIeHrs MPOMyCKHON CIIOCOOHOCTH
JNEKTPUUYECKOM CETH 3a CUET CHI)KEHUS JIEHCTBYIOIIEr0 TOKa B HYJIeBOM pabodeM MPOBOJHHUKE
Tpex(}a3zHON YeTHIPEXIPOBOIHOM NMEKTPHUECKON ceTH. BHIMOTHEH aHaIN3 TOKOB, CO3IAI0IINX
Harpy3Ky HysneBoro padodero nposoja cetu HanpsbkeHueM 0,38 kB. [l Harpy304HO# CTOPOHBI
CUJIOBOTO TpaHc(hopMaTopa MpeCTaBICHbl YpaBHEHHUSI MTHOBEHHBIX 3HAU€HUH Hanbosee
3HAYUMBIX TAPMOHUYECKUX COCTABIIIFOIINX TOKOB, OJIYYEHHBIE 110 PE3yJIbTaTaM
HKCTIIEPUMEHTAIBHBIX UCCIEIOBAHUN TIPU Pa3IMUHBIX KO3((UIIEHTaX 3arpy3KH CHIIOBOTO
TpaHncpopmaropa. OLieHeHO HIYHTHUPYIOLIEe BIUSHAE TPaHCPOpPMATOpa CO CXEMOM COSTUHEHHS
00MOTOK «IBOWHOM 3UT3ar ¢ HyJ€BbIM BHIBOJIOM» Ha KOA((UIIMEHTHl HECUMMETPUHU TOKOB U
HaIpsDKEHUH 00paTHOM M HYJIEBOM MOCIE0BATEIIBHOCTH, a TAaK)Ke Ha KOA(DPHUITUEHTHI
UCKa)KEHUSI CHHYCOMIATbHOCTH KPUBBIX TOKOB U HAINIPSDKEHUH U K03 PULIMEHTHI TpeTheit
FapMOHUYECKOMN COCTABIAIOLIEH TOKA U HAIIPSKEHUS. BhIABIECHHbBIE 3aKOHOMEPHOCTH

12



M3MEHEHHUS TOKOBOW Harpy3Ku HyJEBOT0 pabo4yero mpoBo/ia MO3BOJISIOT YIYUIIUTh

3 PEKTUBHOCTH MEpeIadn IEKTPOIHEPTUH B ANEKTPHUUECKON CETH, TIPOUIUTH CPOK CITYKOBI
KaOeNbHBIX JTUHUN, YMEHBIIUTH MOKaPHYIO OMACHOCTH 3JIEKTPOYCTaHOBOK.

Knroueewie cnosa: TpanchopmaTop co CXeMOH COSTMHEHUST 0OMOTOK «JIBOMHOM 3HT3ar ¢
HYJIEBBIM BBIBOJIOM», HYJIEBOM IIPOBOJI CETH, TOK HYJIEBOH MOCIEI0BAaTEIbHOCTH OCHOBHOM

YacCTOTHI, TOK TPETbEY FraPMOHUKHU.

The results of laboratory studies of the transverse inclusion of a transformer with a circuit for
connecting the windings «double zigzag with zero output» to a 0.38 kV network model in order
to increase the capacity of the electrical network by reducing the operating current in the zero
working conductor of a three-phase four-wire electrical network are presented. The analysis of
currents creating a load of the zero working wire of the network with a voltage of 0.38 kV is
performed. For the load side of the power transformer, the equations of the instantaneous values
of the most significant harmonic components of the currents are presented, obtained from
experimental studies with different load coefficients of the power transformer. The shunting
effect of a transformer with a «double zigzag with zero terminal» winding connection scheme on
the asymmetry coefficients of currents and voltages of the reverse and zero sequence, as well as
on the distortion coefficients of the sinusoidal curves of currents and voltages and the
coefficients of the third harmonic component of current and voltage is estimated. The revealed
patterns of changes in the current load of the zero working wire make it possible to improve the
efficiency of electricity transmission in the electrical network, extend the service life of cable
lines, and reduce the fire hazard of electrical installations.

Keywords: transformer with a circuit for connecting windings «double zigzag with zero outputy,
zero wire of the network, zero sequence current of the fundamental frequency, third harmonic

current.

Inekmpomexnuka, 2023, Nel 1, cmp. 83-89

DJIEKTPOABHUIATE/Ib ¢ BBICOKOH yIeJbHOH MOIIHOCTBIO /ISl MAJIOTO JIETATEIbHOI0
annapara

HINPOKOB A.A., 310POBA M.B., XYPABIJIEB C.B., CYXAHOB A.b., UBAHOB H.C.,
XAPBKMHA O.A., MOCKAJIEHKO A .B.

CraTbs ocBsiIieHa pa3padoTKe dEKTpoABUraTess MomHocThio 150 kBT ¢ yaensHOU
MOIITHOCTBIO CBBIIIE 4 KBT/KT A1l CHCTEMBI 3JIEKTPOABHKEHHS MAJIOTO JIETATEIBHOTO allnapara.
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[IpoBeneH aHaMN3 CyIMIECTBYIOMINX AJICKTPOIBUTATENICH B 00IaCTH SJICKTPOABHKEHUS U
onpez[eneHa HOTpe6HaSI MOIITHOCTH 3JI€KTp0,£[BI/IFaTeHH. BI:IHO.HHGHBI paC‘IeTLI 10 UCXOJHBIM
JAHHBIM U paCCMOTpeHBI BO3MOXHBIC KOHCprKTI/IBHI:IG 1 TCXHOJIOTHUYCCKUC peH_IeHI/IH, KOTOpBIe
MOTYT TIO3BOJIUTH 00€CTIEUNTh BHICOKHE yIEIbHBIC TTOKa3aTen. 11 MoaATBEp K ICHUSI 1
YTOUHEHHUS Pe3yJIbTATOB aHATMTHYECKOTO pacueTa BBITIOJIHEH KOHEUHO-3JICMEHTHBIN aHAJN3
MarHUTHBIX MOJICH BEIOPAHHBIX CXeM 3JeKTpoaBurarenei. [1o pe3ynpraTraM aHATUTHYECKOTO U
YHUCJIICHHOT'O paC‘-IeTOB onpeﬂeneH OHTHM&HBHBIP'I BapI/IaHT BHCKTPOIIBI/II‘EITGHSI, JJIA KOTOpOFO
MOCTPOEHBI 3aBUCHMOCTH OCHOBHBIX MTAPaMETPOB OT MEXaHUYECKON MOIIHOCTH U pa3paboTaHa
KOHCTPYKITUS C YI€TOM dKCTpEMyMa ylelabHbIX moka3atenei. [1o pazpaborannoi 3D-monenu
HpOBe,Z[GH pvaeT HOJIHOI71 MacCChI Z-)HeKTpOIIBI/II‘aTeJI}I 148 HpOBeI[eHO CpaBHeHI/Ie OCHOBHBIX
apaMeTPOB AMEKTPOBUTATEIIS C 3apyOeKHBIMH aHAJIOTAMH.

Knwuesvie cnrosa: manbiil JeTaTelbHbIN alapar, CAHXPOHHBINA 3JIEKTPOJIBUTATENb C
BO30Y)KJICHHEM OT MTOCTOSTHHBIX MAarHUTOB, YACIbHBIC MOKA3aTEHN, KOHEUHO-3JIEMEHTHBIN

aHaJIn3 MarHuTHBIX HOJICfI, MAar"HuTHas cUcTeMa Xaip0axa.

The article is devoted to the development of a 150 kW electric motor with a specific power of
over 4 kW/kg for the electric propulsion system of a small aircraft. The analysis of existing
electric motors in the field of electric propulsion is carried out and the required power of the
electric motor is determined. Calculations are performed based on the initial data and possible
design and technological solutions that can allow for high specific indicators are considered. To
confirm and refine the results of the analytical calculation, a finite element analysis of the
magnetic fields of the selected electric motor circuits was performed. Based on the results of
analytical and numerical calculations, the optimal variant of the electric motor was determined,
for which the dependences of the main parameters on mechanical power were constructed and
the design was developed taking into account the extremum of specific indicators. According to
the developed 3D model, the total mass of the electric motor was calculated and the main
parameters of the electric motor were compared with foreign analogues.

Key words: small aircraft, synchronous electric motor with excitation from permanent magnets,

specific indicators, finite element analysis of magnetic fields, Halbach magnetic system.

Inekmpomexnuka, 2023, Nel 1, cmp. 90-92
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Inexmpomexnuxa, 2023, Nell, cmp. 93-93
Apxkaanii UBanosuu [IOJAPYEB
(Hexpo.ior)

Inexkmpomexnuxa, 2023, Nell, cmp. 94-95
IHaBea Anexkcanaposudy KYPBATOB
(Hexpo.ior)
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