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Onpenenenne 0e3rucrepe3ncHON KPUBOi HAMATHMYHUBAHNS (DEPPOMAarHUTHOIO TeJia 10
ero pasMarHu4MBammeMy GaxkTopy 1 MATHUTHBIM IIapaMeTpaM MaTepuaJjia
CAHJIOMUPCKMI C.T.

[IpemioxkeHo aHATUTUYECKOE OTTMCAaHUE OE3rUCTEPE3NCHON KPUBOH HAaMarHUIMBAHUS
(beppoMarHuTHOTO Tea. 3aBUCUMOCTH MOJTY4Y€Ha C UCTI0Ib30BaHUEM KO3 PUIIeHTa
pa3MarHU4MBaHUs Teja, KOTOPbI MOXKET OBITh PACCUUTAH IO €ro Gopme, U MPeII0KESHHOM
paHee GopMyJIbl ISl ONMCAaHUs 0€3rUCTEPE3UCHOM KpUBOM HAMarHUUMBaHUS
(GeppOMarHuTHOrO MaTepHasa Mo ero KO3pLUUTUBHON CHIle, HAMAarHUYEHHOCTH TEXHUUYECKOTO
HACBHIIIEHUS U OCTATOYHON HAMAarHWYEHHOCTHU. DTH MarHUTHBIE TApaMeTPbl MOT'YT OBITh
M3MEpEHBI 110 CTaHAAPTHBIM METOIMKAM C MUHUMAJIbHOM, 110 CPABHEHHUIO C APYTUMU
MarHMTHBIMU [TApaMETPaMU MaTepHaja, OTHOCUTENBHON NOrpeHOCThI0. [Tomyuennas
3aBMCHMOCTB UCIIOJIb30BaHa JIJIs AHAJIN3a BIUSHUSA OTHOCUTEILHOW JUIMHBI IMJIUHAPUYECKUX
CepACYHUKOB U3 Pa3HBIX MAarHUTOMSATKHX MaTepPHaJIOB HA UX Oe3rucTepe3rCHbIC KPUBBIC
HaMarHM4MBaHUs. Y CTAaHOBJIEHBI KOMOWHAIIMM NTapaMeTpoB (DeppOMArHUTHOTO Tea,
3aBUCSAIINE OT €r0 pa3MarHU4YMUBAOLIETO (PaKTOpa M MarHUTHBIX CBOMCTB U ONPEEIAIONINE
M3MEHEHHE HaMarHM4e€HHOCTH Ha 0e3riucTepe3rcHOM KpUBOM HaMarHM4MBaHUs Tea.
Knroueswie cnosa: heppoMarHuTHEIE MaTepHalIbl, MATHUTHBIE CBOWCTBA, OE3rHCTEPE3NCHOE
HaMarHW4YMBaHUE, KO3PLUUTUBHAS CUJIAa, HAMArHUYEHHOCTh TEXHUUECKOTO HACBHIIICHHUS,

OCTaTOYHasi HAMarHW4YeHHOCTh, (EPPOMATHUTHOE TEIIO.

An analytical description of the hysteresis-free magnetization curve of a ferromagnetic body
is proposed. The dependence was obtained using the demagnetization coefficient of the body,
which can be calculated from its shape, and the previously proposed formula for describing
the hysteresis-free magnetization curve of a ferromagnetic material by its coercive force,
magnetization of technical saturation and residual magnetization. These magnetic parameters
can be measured using standard methods with a minimum relative error compared to other
magnetic parameters of the material. The obtained dependence is used to analyze the effect of

the relative length of cylindrical cores made of different soft magnetic materials on their



hysteresis-free magnetization curves. Combinations of parameters of a ferromagnetic body
have been established, depending on its demagnetizing factor and magnetic properties and
determining the change in magnetization on the hysteresis-free magnetization curve of the
body.

Key words: ferromagnetic materials, magnetic properties, hysteresis-free magnetization,
coercive force, magnetization of technical saturation, residual magnetization, ferromagnetic

body.

Onekmpomexnuka, 2025, Ne3, cmp. 7-18

MakcuMu3anus 3J1eKTPOMEXaHUYeCKUX MoKa3aTejeil aCHHXPOHHO! MAIIMHBI €
KOPOTKO3aMKHYTHIM POTOPOM B (UKCHPOBAHHOM 00beMe AKTHBHBIX YacTei
KOBEJIEB A.C.

[lepeunciieHsl CyIECTBYIOMIME MOIX0IbI K TOCTPOSHHUIO 3aBUCUMOCTEHN KITFOUEBBIX TEXHUKO-
HKOHOMMYECKHUX MOKa3aTeNeil aCHHXPOHHBIX MAIllMH OT UX IJIaBHBIX pa3Mepos. [Ipennoxen
MOJIXO/I, ONMPAIOIIMICS HA CEPUI0 ONTUMH3AMOHHBIX PAaCUeTOB SHEProdPPEeKTUBHBIX
ACMHXPOHHBIX MAIlIMH BHYTPHU PALIMOHAJIBHBIX JIMAIIa30HOB U3MEHEHHUS TJIaBHBIX Pa3MEpOB.
[TonyuyeHHbIe TaHHBIE COTIOCTABJICHBI C COOTBETCTBYIOIIMMHU MOKA3ATEIAMH U3 KJIACCUYECKUX
PYKOBOJICTB 110 IPOEKTUPOBAHHUIO. [laHbl peKOMEHIAINH 110 MPAKTUYECKOMY UCTIOIb30BaHUIO
MOJIYYEHHBIX PE3yJIbTaTOB MPH MPOSKTUPOBAHUH Cepuil F3HEProdr(h(HEKTUBHBIX ACUHXPOHHBIX
JIBUTATEICH.

Kniouesvie cnoga: cepuy aCHHXPOHHBIX JBUTATENEH, IOMCKOBOE IPOEKTUPOBAHMUE;

3HEpProd(PEeKTUBHOCTD, MHOTOOOBEKTHAS ONTUMHU3AIIHS.

The existing approaches to building dependencies of key technical and economic indicators of
asynchronous machines on their main dimensions are listed. An approach based on a series of
optimization calculations of energy-efficient asynchronous machines within rational ranges of
principal size variation is proposed. The data obtained is compared with the corresponding
indicators from classical design manuals. Recommendations are given on the practical use of
the results obtained in the design of a series of energy-efficient asynchronous motors.

Key words: asynchronous motor series, exploratory design; energy efficiency, multi-object

optimization.
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JAMarHocTuKa TEXHNYECKOT0 COCTOSIHUSI CAHXPOHHOI0 FreHepaTopa 1Mo BHEIIHEMY
MATHUTHOMY MOJI0

BAJIOBHEB JI.1.

Cpenu pa3iaryuHbIX METOJOB TUArHOCTUKU TEXHUYECKOTO COCTOSIHUS CUHXPOHHBIX
TeHEPATOPOB MEPCIICKTUBHOM MPEACTABIAETCS OECKOHTAKTHAS JUATHOCTHKA C OIICHKOM
CTaauu pa3BUTHS Ae(PEeKTOB 0€3 BBIBOJIA NIEKTPOYCTAHOBOK U3 IKCILTyaTalllH, TIOJKITIOYCHUS
JIaTYNKOB U U3MEPUTEIBHBIX MPUOOPOB /7Sl OLIEHKU TEXHUYECKOTO COCTOSHUSI,
BMEIIATEIHCTBA B KOHCTPYKIMIO CHHXPOHHBIX IeHepaTopoB. PaccMOTpeH MeTo 1 BhISIBICHUS
BHYTPEHHUX J1e(heKTOB CHHXPOHHOT'O T€HEepaTopa Ha OCHOBE aHAJIM3a H3MEHEHHI B
pacmpe/ieieHiy BHEITHETO MarHUTHOTO TTOJIsl, BO3HUKAIOIIIETO TIpu ero padbore. MonenpHbIH
HKCIIEPUMEHT MOKa3aJl, YTO MPH HAJTMYUU HEUCIIPABHOCTEH U3MEHSIOTCS aMILUIUTY/1a U CIIEKTP
noJisi. Ha ocHOBe KOMITBIOTEPHOTO MOJEIUPOBAHUS C UCIIOJIB30BAHUEM METOJ]a KOHEUHBIX
AJIEMEHTOB TMPOBEACHA UACHTH(PHUKAIUS IEKTPUICCKIX U MEXaHUIECKUX Ne(PEKTOB MyTeM
aHaJM3a BHEIIHETO MAarHUTHOTO MOJIsl CHHXPOHHOTO TeHepaTopa. OnpeeneHsl
JIMarHOCTHYECKUE MPU3HAKU AePEKTOB B 0OOMOTKAX CTaTOpa U BO30YXACHUS, CTATHYECKOTO
AKCLEHTPUCUTETA HHIYKTOPA, a TAK)Ke MOKa3aHa CTENEeHb Pa3BUTHUS 3THX AedekToB. MeToz
MO>KET OBITh UCTIOJIb30BaH JIJIs1 AMATHOCTUKUA TEXHUYECKOTO COCTOSIHUS HE TOJIBKO
CUHXPOHHBIX T€HEPATOPOB, HO U NEKTPUUECKUX MAIIMH JIPYTUX THIIOB.

Knrwouegvie cnrosea: CMiHXpOHHBIE T€HEPATOPBI, TEXHUYECKOE COCTOSIHUE, TUArHOCTHKA,

BHCIIHCC MArHUTHOC ITOJIC, KOMIIBIOTEPHOC MOJACIIMPOBAHUC, METO] KOHCYHBIX 3JICMCHTOB.

Among the various methods of diagnosing the technical condition of synchronous generators,
contactless diagnostics with an assessment of the stage of defect development without
decommissioning electrical installations, connecting sensors and measuring devices to assess
the technical condition, and interfering with the design of synchronous generators seems
promising. A method for detecting internal defects of a synchronous generator is considered
based on the analysis of changes in the distribution of the external magnetic field that occurs
during its operation. The model experiment showed that in the presence of faults, the
amplitude and spectrum of the field change. On the basis of computer modeling using the
finite element method, the identification of electrical and mechanical defects was carried out

by analyzing the external magnetic field of a synchronous generator. Diagnostic signs of



defects in the stator and excitation windings, static eccentricity of the inductor are determined,
and the degree of development of these defects is shown. The method can be used to diagnose
the technical condition of not only synchronous generators, but also electric machines of other
types.

Key words: synchronous generators, technical condition, diagnostics, external magnetic field,

computer modeling, finite element method.
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JIeKTpUYecKas MAIIWHA, HHTETPHPOBAHHAS Ha BaJl KOMIIPECCOPa BHICOKOIO AaBJICHUS
ra3oTypOMHHOIO ABHIaTe s

XAPKOB E.O., IIOAT'Y30B A A.

NHuTerpanus 371eKTpUuecKOi MalllMHbI Ha BaJl KOMIIPECCOPA BBICOKOTO J1aBIEHUS
ra30TypOMHHOTO JIBUTATENs SIBJISCTCS MEPCIIEKTUBHBIM HAIPABICHUEM Pa3BUTHUS
aBUALIMOHHOM TEXHUKHU U MO3BOJIAET MOBBICUTH 3()(HEKTUBHOCTD M HAIEKHOCTh JIBUTATENs, a
TaKXe paclIMpUTh €ro (yHKIHOHAIbHbIE BO3MOXHOCTH. BbIOOp ONTUMAIBHON KOHCTPYKIIMH
AJIEKTPUUYECKON MAIIMHBI AJIs1 3TOM IeJIM 3aBUCUT OT KOHKPETHBIX TpeOOBaHUMN U YCIOBUI
SKCIUTyaTanuu. B cTtarbe paccMoTpeHbsl 000CHOBaHHE BbIOOpA KOHCTPYKIIMH, 0COOEHHOCTH
MIPOCKTUPOBAHUS U Pa3pabOTKH MHTETPUPYEMOM JIEKTPUUECKON MAIIMHBI, paboTaromiei B
peKHMMe cTapTepa U reHepaTopa. BbleneHbl KIIF04eBble TEXHOJIOTHN: aKTUBHOE
BBINPSIMIICHUE, TPECCOBAHHBIEC KAaTYIIKH, MAaTHUTHAs cUCTeMa Xalbbaxa, CerMEeHTHBIN
MarHuTONPOBOJ, KOTOPBIE TO3BOJISIIOT MTOJYYUTh MUHUMAJIbHYIO Maccy.

Knrwoueswvie cnosa: ra3o0TypOUMHHBIN 1BUTATENb, YIEKTPUYECKAs MAIIMHA, KOMIIPECCOP
BBICOKOI'O JJaBJICHHUs, AaKTUBHOE BBIIIPSIMIICHHE, IPECCOBAHHBIE KATYIIKH, MATHATHAs CUCTEMA

Xanpbaxa, CeTMEHTHBI MarHUTOMPOBO/I.

The integration of an electric machine onto the shaft of a high-pressure compressor of a gas
turbine engine is a promising direction for the development of aviation technology and allows
to increase the efficiency and reliability of engine, as well as expand its functionality. The
choice of the optimal design of an electric machine for this purpose depends on the specific
requirements and operating conditions. The article considers the rationale for the choice of
design, design features and development of an integrated electric machine operating in starter

and generator mode. The key technologies are highlighted: active rectification, pressed coils,



Halbach magnetic system, segmented magnetic circuit, which allow to obtain a minimum
mass.
Key words: gas turbine engine, electric machine, high-pressure compressor, active

rectification, pressed coils, Halbach magnetic system, segmented magnetic circuit.
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HccnenoBanue 31eKTpoNpuBoOAa rTHOPHIHO-IIEKTPUYECKUX CHIOBBIX YCTAHOBOK
napaJulejbHON CXeMbl

'TAPUIIOB U.P., FOHIKOBA O.A.

PaccmoTpen moaxoa K peanusamuu 3JIeKTPONPUBOIa THOPHUIHBIX CHITOBBIX ycTaHOBOK (I'CVY)
napajienbHoi cxeMbl. ConocTtaBieHbl Xxapakrepuctuku ['CY ¢ mpuBogom
TypbokoMIpeccopa U cBOOOAHOM TypOHHBI. KITl0UeBbIM pa3iuuueM MEexIy
paccMaTpuBaeMbIMH KOMITJIEKCAMU SBJISIETCS 30HA PA3MEIICHUS MIEKTPUISCKON MAITHHBI
(BM): B mepBOoM citydae DM 0CyIIECTBISECT IPUBO CEKIIMUA KOMITPECCOPa, BO BTOPOM — BaJjl
CBOOOTHOM TypOMHBI. BBIMOTHEH MOUCK ONTHUMAIBHON CTETIEHU THOPUIU3AIINHT —
COOTHOLICHUS MEXAY MIEKTPUYECKON U TEIUIOBOM YHEPTUEH C y4ETOM IIapaMETPOB CUCTEMBbI
TepMOperynupoBanus. /[nana3on BappUpoBaHUs CTETIEHU THOPUAN3ALINU COCTABIISET OT 5 110
25 %. Ananu3 pe3ynbTaToB MOKa3al, 4YTO THOpUIM3alus JeTaTeabHbIX ammnapaTtoB (JIA)
3HAYUTENIbHO CHUKAET PacxXo]] TOIUIMBA 3a MOJETHBIN UK. Touka 6€3yOBITOUHOCTH JIIs
CXEMBI C IPUBOJIOM TYpOOKOMIIpeccopa COOTBETCTBYET CTeNeHH rudpuan3amuu 18 %o, mist
CXEMBI C IPUBOJOM CBOOOTHON TYpOUHBI 3T0 3HaueHue coctabisieT 20 %. Cxema I'CY ¢
MIPUBOJIOM TypOOKOMIIpeccopa Mpu MaKCUMalbHOM PACCMOTPEHHOM 3HAUEHUU CTETICHU
rubpuanzanuu (25%) obecrieunBaeT CHUKEHHE Pacxo/1a TOIIMBA 3a MOJIETHBIN UK Ha 13%.
[MTapannensHas ruOpUaAHAs cCUCTEMA C IPUBOJIOM CBOOOIHOM TypOUHBI CHIKACT PacXo/]
ToryIuBa Ha 5%. YBenuueHue CTeNeHn THOpUaN3aluy TpeOyeT yBeTnueHHUs SHEPTHH,
3amacaemoit Ha 6opty JIA, 4To, B CBOIO ouepesib, TpeOyeT BHICOKON yAETbHONW YHEPTOEMKOCTH
AKKyMYJISITOpHBIX Oatapeii (10 600 BT 4/kr) 1 yaeapHO#M MOIITHOCTH JIEKTpornpuBoaa (6oee
10 xBt/kr)

Knroueswie cnosa: ruOpuIHO-3IIEKTPUYECKAs CUIIOBAsl YCTAHOBKA, THOPUIHBIH
ra3oTypOUHHBIN JABUTATEIb, MIEKTPUPHUITMPOBAHHBIN TYpOOKOMITpECCop,
ANEeKTpUULIMPOBAHHBIN KOMIIPECCOP, SJAEKTPUUECKAs MalIMHA, AIEKTPOTEXHUIECKU I

KOMILJIEKC, aKKyMYJISITOpHBIE OaTapeu, CUCTEMa OXJIAXKICHHsI, CTETIeHb THOPUAN3ALINH.



An approach to the implementation of an electric drive of hybrid power plants (HPP) of a
parallel circuit is considered. The characteristics of the HPP with a turbocharger drive and a
free turbine are compared. The key difference between the considered complexes is the zone
of placement of the electric machine (EM): in the first case, the EM drives the compressor
section, in the second — the shaft of the free turbine. The search for the optimal degree of
hybridization is performed — the ratio between electric and thermal energy, taking into
account the parameters of the thermal control system. The range of variation in the degree of
hybridization is from 5 to 25%. The analysis of the results showed that the hybridization of
aircraft significantly reduces fuel consumption during the flight cycle. The break-even point
for a turbocharger-driven circuit corresponds to a degree of hybridization of 18%, for a free
turbine-driven circuit this value is 20%. The HPP circuit with a turbocharger drive at the
maximum considered value of the degree of hybridization (25%) provides a 13% reduction in
fuel consumption per flight cycle. A parallel hybrid system with a free turbine drive reduces
fuel consumption by 5%. An increase in the degree of hybridization requires an increase in
the energy stored on board the aircraft, which, in turn, requires a high specific energy
consumption of batteries (up to 600 Wh / kg) and a specific power of the electric drive (more
than 10 kW / kg).

Key words: hybrid-electric power plant, hybrid gas turbine engine, electrified turbocharger,
electrified compressor, electric machine, electrical complex, batteries, cooling system, degree

of hybridization.
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AHTHIIOMIIA’KHBIH PEryJsiTop AJIsl HEHTPOOEKHOI0 KOMIIPECCOpa ¢ 3JIeKTPONPHBOI0M
MEePEeMEeHHOI0 TOKA

AHOCOB B.H., KABEIIHNKOB B.M., OPEJ E.O.

PaccmoTpen crocob aHTHUIIOMIaKHOW 3allMThI, OCHOBAHHBIN Ha PETyJTUPOBAaHUU CKOPOCTH
ANIEKTPOABUraTENsl IEPEMEHHOIO TOKA, IPUBOJISALIETO BO BPAIlEHUE LIEHTPOOEIKHBIN
KoMIIpeccop. PaccMOTpeHsl TPpUYKMHBI BOSHUKHOBEHHS M PA3BUTHUS IIOMIIaXKa B
LEHTPOOEXKHBIX KoMITpeccopax. IIpeanoxkeHbl KpUTepruu onpeesIeH s MpeaoMIIaXHOT0

COCTOSIHUSI CUCTEMBI U JEHCTBUSL, KOTOPBIE CIEAYET MIPEANPUHAT IS IPEAOTBPALCHUS



aBapuy KOMIIpeccopa Mpu U3MEHEHUH BHEIIHUX YCJIOBUN. YXO0/ OT MOMIaxka MpeIoKeHO
OCYHICCTBJIATL MYTEM CHHUIKCHUS CKOPOCTU ABUTATCIIA, TO CCTh ICPCXOAOM HAa HUIKCIICKAILTYIO
CTaTMUYECKYIO HAIOPHYIO XapaKTepucTuKky. Paspaborana uMuTaIiioHHas MOJIENb
KOMITpEccopa ¢ COOTBETCTBYIOIIEH CUCTEMOM ynpaBiieHud. /g ydera CBOMCTB ra3oB U
0COOEHHOCTEH KOHCTPYKIIMU KOMITpeccopa BeiOpaHa cpeaa moaenupoBannss MATLAB
Simulink.

Knroueswie cnosa: 1eHTpOOSKHBIM KOMIPECCOP, AEKTPOIPUBO/I IEPEMEHHOTO TOKA, TOMITaX

KoMITpeccopa, UMHuTanronHast mojenb, MATLAB Simulink.

A method of anti-surge protection based on speed control of an alternating current electric
motor driving a centrifugal compressor is considered. The causes of the occurrence and
development of surge in centrifugal compressors are considered. The criteria for determining
the pre-discharge state of the system and the actions that should be taken to prevent a
compressor accident when external conditions change are proposed. It is proposed to avoid
surging by reducing the engine speed, that is, by switching to the underlying static pressure
characteristic. A simulation model of a compressor with an appropriate control system has
been developed. To take into account the properties of gases and the design features of the
compressor, the MATLAB Simulink modeling environment was selected.

Key words: centrifugal compressor, AC electric drive, compressor surge, simulation model,

MATLAB Simulink.
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Cradnau3anusi Hanps;KeHUusl IMHbI TOCTOSTHHOT0 TOKA € MOMOIIbI0 AKTUBHOI'0
BBINPSIMUTEJISA HANPSIZKEHHUS] B YCJIOBUSX HECUMMETPUM MCTOYHNKA MUTAHUS
AJIEKCAH/IPOB H.B., CEBOCTBAHOB H.A., HOC O.B.

[IpennoxkeHa CTpykTypa perysasitopa ¢ aBTONOCTPOMKON mapaMeTpoB MPSIMOTO KaHasia
KOHTYpa peryJupoBaHus HAPSHKEHUS IIUHBI IOCTOSIHHOTO TOKa, (POPMUPYIOLIEHCS C
MOMOIIIBIO TPEX(A3HOTO AKTUBHOTO BBIIPSIMUTEIS, KOTOPBIA MTUTACTCS OT HECUMMETPUYHOTO
Tpex(dazHoro ncTouHUKA AEeKTpodHeprun. CTPYKTypa peryisaTopa mo3BoIseT
CKOMITCHCHPOBATh BIIMSHKUE HECTAIIMOHAPHOTO KoddpuirenTa nepenaun oobeKTa

yIpaBieHUsS B IPSIMOM KaHajle KOHTypa peryJupoBaHus HAMPsHKEHUs, 00ECIeurB TEM CaMbIM



XKEJIAEMYI0 PEaKIIMIO CUCTEMBI Ha CUTHAJIBI yIIpaBIeHUs U Bo3MmynieHus. [Ipennaraemas
CTPYKTYpa PEryisiTopa Mo3BOJSIET CUNTATh OOBEKT YIPABICHUS B KOHTYpPE PEryIUPOBaHUS
HaAIpsDKEHUS CTAL[MOHAPHBIM M PACCUUTHIBATh €T0 NapaMeTPhl, UCXOS U3 paHee U3BECTHBIX
METOJIMK CHHTE3a, CIIPABEUIMBBIX IJIs1 CAMMETPHUYHOIO CIIydas, ypoIas TEM CaMbIM
nporecc NpoekTupoBaHus. CpaBHEHHEM KayecTBa CTA0MIN3aLUN HAIPSYKCHUS LIMHBI
IIOCTOSIHHOT'O TOKA C MCI0JIb30BaHUEM aBTOIOJICTPOMKH ITapaMETPOB KOHTYypa
peryaupoBaHus HaNpsDKeHUs U 0e3 Hee Ha OCHOBE MMHTALMOHHOTO MOJICIIMPOBAHUS B CpeJie
MATLAB Simulink 6s110 ycTaHOBJIEHO, YTO MpEJIaraeMbIi PETYIISITOP C aBTOTOICTPONKOM
IIO3BOJISIET 3HAYUTEIIBHO CHU3UTh YPOBEHB IyJIbCAlMOHHON COCTAaBIISIOIICH B HAIIPSDKCHNUN
IIMHBI TIOCTOSIHHOTO TOKA, KaK B YCTAHOBHUBILIEMCSI PEKUME PabOThI CUCTEMBI, TaK U MPU
JMHAMUYECKUX U3MEHEHHSIX MHUTAIOUIEro Tpex(a3zHoro HanpspkeHus. Takxke ycTaHOBIIEHO,
4TO 0OeclevyeHue 3alaHHON aMILTUTY/IbI TyJIbCAl[MOHHON COCTABIIAIONIEH B HANPSKEHUU
IIMHBI IOCTOSTHHOTO TOKAa BO3MOYKHO IIPY 3HAYMTEIbHO MEHBIICH EMKOCTH 3BEHA
IIOCTOSIHHOT'O TOKA aKTUBHOT'O BBIIPSMUTEISL.

Knioueesvie cnoga: akTUBHBIN BeIIpsIMUTEND, [ IM-perynarop, aBTonoacTpoiika, HECUMMETPHS

HNCTOYHHUKA ITUTAaHU, IIMHA ITIOCTOSAHHOI'O TOKA.

The structure of the regulator with automatic adjustment of the parameters of the direct
channel of the DC bus voltage control circuit, formed using a three-phase active rectifier
powered by an asymmetric three-phase power source, is proposed. The structure of the
regulator makes it possible to compensate for the influence of the non-stationary transmission
coefficient of the control object in the direct channel of the voltage control circuit, thereby
ensuring the desired response of the system to control signals and disturbances. The
application of the proposed regulator structure makes it possible to consider the control object
in the voltage control circuit stationary and calculate its parameters based on previously
known synthesis techniques that are valid for the symmetric case, thereby simplifying the
design process. Comparing the quality of voltage stabilization of the DC bus using automatic
adjustment of the parameters of the voltage control circuit and without it using simulation
modeling in the MATLAB Simulink environment, it was found that the proposed regulator
with automatic adjustment can significantly reduce the level of the pulsation component in the
DC bus voltage, both in steady-state operation of the system and with dynamic changes in the
supply voltage three-phase voltage. It has also been found that providing a given amplitude of

the pulsation component in the DC bus voltage is possible with a significantly lower capacity



of the DC link of the active rectifier.

Key words: active rectifier, PI controller, auto-tuning, power supply asymmetry, DC bus.
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XapaKkTepuCcTHKH KOMMYTATOPHOI'0 B3aMMHO HHIYKTHBHO-KOH/IEHCATOPHOI0
HMIIYJIbCHOT'O FeHepaTopa

HOCOB I'.B., KVJIEIIIOBA E.O.

IToxa3aHo, YTO KOMMYTATOPHBIM B3aUMHO UHYKTUBHO-KOHIEHCATOPHBIN UMITYJIbCHBIN
reseparop 6e3 pa3psIHUKa UM IPYroro BHICOKOBOJIBTHOIO KOMMYTATOpa HAJIEKHO U C
O0JIBLINM pecypcoM 00eCIeunBaeT UMITYJIbCAMU TOKA BEICOKOBOJIBTHBINM OTPEOUTEb,
KOTOPBIM MOXET OBbITh, HAIPUMEP, MAarHETPOH B YACTOTHO- UMITYJIbCHOM PEKUME padOThI
npu MoirHOCTH 710 | KBT 1 Gosiee. DKCIEpUMEHTAIBHO MOJTyYEHBI BO3PACTAIOIIUE
HEJIMHEWHBIE PETYIMPOBOYHBIE XapaKTEPUCTHKH J1JIs1 HAIIPSYKEHUSI PE3UCTUBHOIO
NOTpeOUTENS U NMaAAOIIMe JUHEHHBIE BHEIIHIE BOJIbTAMIIEPHBIE XapaKTEPUCTUKHU IS
HaNpsHKEHUs ¥ TOKa 3TOr0 NOTPeOUTENs IPU YBEIMUECHUH OTHOCUTENIBHON JUINTEILHOCTH
BKJIFOUEHHOTO cocTossHUsI kKoMMyTatopa (IGBT tpan3ucropa) u npu yBeIM4eHUN TOKa
notpebutens. PaspaboTana Metoarka pacyera peryJIMpOBOYHBIX M BHEUTHUX XapaKTEPUCTUK
reHeparopa, KoTopas JaeT COBMAJAIOIIUE C SKCIIEPUMEHTOM PE3YIbTATHI U MOXKET OBITH
WCIIOJIB30BaHa JJIs ONPEACIICHUS] ONITUMAIBHOIO IO MAKCUMAJIBHOM MOIIHOCTH
COIIPOTHBIICHUS IOTPEOUTEIIS M ISl BHIYMCIICHUS TapaMeTPOB I'eHepaTopa MpH ero
IIPOEKTUPOBAHUH.

Knrwueswie cnrosa: KoMMyTaTOPHBIM B3aMMHO WHIYKTUBHO-KOHIEHCATOPHBIM UMITYJIbCHBIN
TeHEpaTOp, HEJIMHEHHBIC PETYJIUPOBOYHBIC XapAKTEPUCTUKH, METOIMKA pacyeTa,

9KCIIEPUMEHT.

It is shown that a commutator mutually inductive-capacitor pulse generator without a spark
gap or other high-voltage switch reliably and with a long service life provides current pulses
to a high-voltage consumer, which can be, for example, a magnetron in pulse-frequency mode
of operation at a power of up to 1 kW or more. Experimentally, increasing nonlinear control
characteristics for the voltage of a resistive consumer and falling linear external voltage

characteristics for the voltage and current of this consumer are obtained with an increase in



the relative duration of the switched-on state of the switch (IGBT transistor) and with an
increase in the current of the consumer. A method has been developed for calculating the
adjustment and external characteristics of the generator, which gives results consistent with
the experiment and can be used to determine the optimal maximum power resistance of the
consumer and to calculate the parameters of the generator during its design.

Key words: commutator mutually inductive-capacitor pulse generator, nonlinear adjustment

characteristics, calculation method, experiment.
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HccnenoBanue 3KCIUIyaTAIIHOHHBIX CBOMCTB 3JIEKTPOU30JISIMOHHBIX JJAKOBBIX
3aIIMTHBIX MOKPHITHIA HA OCHOBE 3MOKCHUIUAHOBOW CMOJIbI M AMHHOTPHCHJIOKCAHOB
Pa3JIM4YHOr0 CTPOEHUS

SIKOBJIEBA A.B., IYKHH A.B., UBAHOBA K .10., KY3bMHKXH M.B., KOJISIMIINWH
O.A.

PaccMoTpeHbl BO3MOKHOCTH YJIYUIICHUS SKCITyaTallMOHHBIX U JUAJIEKTPUUECKUX CBOWCTB
AMOKCUAMHUHHBIX JJICKTPOU3OJISIIMOHHBIX JAKOBBIX MOKPBITUH 11T 0OMOTOK
AJIEKTPOJIBUTaTENEH C ONPEIEIICHHEM ONITUMAJIbHBIX COOTHOIIEHU KOMIIOHEHTOB CMECH.
VYcTaHOBIEHO, YTO OTBEPKACHUE HOBBIMH aMUHOCHIIOKCAHAMHM YITYUIIaeT IUAJICKTPUUECKUE
Y SKCIUTyaTallMOHHbBIEC XapaKTEPUCTUKH JIAKOBBIX COCTABOB. DKCIIEPUMEHTAIBHO U3yUY€eHa
BO3MOXHOCTbH MCIOJIb30BAHHSI aMUHOCWJIOKCAHOB B KaU€CTBE OTBEPAUTEICH
AMOKCHUJIMAHOBBIX CMOJI, PEKOMEHIOBAaHHBIX JJIs1 UCIIOJIb30BAHUS B KAUECTBE JIAKOBOTO
MOKPBITHUS 711 0OMOTOK AJIeKTpoABUTarTeneil. MccinenoBana aare3noHHas IPOYHOCTh U
TePMHUYECKasi CTOWKOCTh pa3pab0OTaHHBIX ATMTOKCHAMHUHHBIX JIAKOBBIX TTOKPBITHH.
Hcnonp3oBaHne aMUHOCHIOKCAHOB MPUBOAUT K YBEJIMUCHHIO aIN€3MOHHON TPOYHOCTH U
TEPMHUYECKON CTOMKOCTH JAKOBBIX COCTABOB.

Kniouesvie cnosa: oOMOTKY 3NIEKTPOIBUTATENEH, TAKOBBIC 3aIIUTHBIC TTOKPHITHS,

U CHIIICUIIAHINOJT, STIOKCUINAHOBBIE CMOJIbI, AMUHOTPUCHIIOKCAHBI, (PU3UKO-MEXaHUIECKUE
1 DJICKTPOU3OJIAIIMOHHBIE CBOMCTBA, TEPMOMEXaHUYECKUNA aHan3, MU epeHranbHO-

TEPMHUYECKUI aHAIU3, TMHAMUYECKUH MEXaHUYECKUI aHaJu3.



The possibilities of improving the operational and dielectric properties of epoxyamine
electrical insulating varnishes for electric motor windings with the determination of optimal
ratios of the mixture components are considered. It has been established that curing with new
aminosiloxanes improves the dielectric and operational characteristics of varnish
formulations. The possibility of using aminosiloxanes as hardeners of epoxidian resins
recommended for use as a varnish coating for electric motor windings has been
experimentally studied. The adhesive strength and thermal resistance of the developed
epoxyamine varnishes are investigated. The use of aminosiloxanes leads to an increase in the
adhesive strength and thermal stability of varnish formulations.

Key words: electric motor windings, lacquer protective coatings, diphenyl silanediol,
epoxidian resins, aminotrisiloxanes, physico-mechanical and electro-insulating properties,

thermomechanical analysis, differential thermal analysis, dynamic mechanical analysis.
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Hape:xxHocTh 1 0€30N1aCHOCTD Y€J0BEKO-MAIIMHHBIX CHCTEM B OTBETCTBEHHBIX
TeXHOJIOTHYeCKHX Mpoleccax

BOSIPMHOBA H.A., [IEHBKOBA H.I'., IIYEMHCKHWI U.B., UHBKOB FO.M.
[TpuMeHUTENBHO K KEIE3HOAOPOKHOMY TPAHCIIOPTY MOKA3aHO, YTO CO3/1aHue paboueit
Cpezbl MALIMHKCTA, BKIIIOYAIOIEH BCIIOMOIaTeNlbHbIe JEUCTBUS U HCTOUYHUKH
JOMOJTHUTEIBHON MH(OPMAIIMK O MAPIIPYTE U IEHCTBYIOUINX OTPAaHUYCHUSX, TTO3BOJISIET
3HAYUTEIBHO YBEIUYUTH BEPOSTHOCTH 0€30mn004HO0M paboThl MamuHucTa. Ha ocHoBe
CTaTUCTHUYECKHUX JAAHHBIX IT0OKA3aHO, YTO HAauOOJIblIIEee BIUAHNE HA [TOKa3aTeab 0€30TKa3HOU
paboTHI OKA3BIBAIOT MPHOOPHI OE30MTACHOCTH, ICKYPHBIN IO HAPABJICHHIO, ICKYPHBIN IO
CTaHIIUH U AJIEKTPOHHAs KapTa. Ba)KHbIMU TaKke SBISIOTCS IEPBOMCTOYHUKU JAHHBIX, TAKHUE
KaK MallIMHUCT-UHCTPYKTOP, KOHTPOJUIEp O€30MaCHOCTH, ACKYPHBIH 110 Tepee3ny u
uHpopManus u3 6a3 JaHHBIX O BPEMEHHBIX U NOCTOSHHBIX orpaHuuyeHusX. [lonyueHHbIe
NOKa3aTeIn U METOAMKH aHaJIN3a BIMSHUS Pa3IMUHbIX (DAKTOPOB HAa BEPOSITHOCTD
6e301mM100YHO pabOThl MAITMHUCTA MOTYT OBITH IPUMEHEHBI HE TOJIBKO K
KEJE3HOJOPOKHOMY TPAHCIOPTY, HO U K APYTUM TEXHOJIOTUYECKUM U TPAHCIIOPTHBIM
cucreMaM. JTH METOJIbl MOT'YT IIOMOYb B CO3JJaHUU YPPEKTUBHBIX PAOOUNX CPes U CHCTEM
HOJAEP>KKH [T OTIEPATOPOB B aBUALIMH, MOPCKOM U aBTOMOOMIIBHOM TPaHCIIOPTE, a TAKXKE B

PA3JIMYHBIX NPOMBIIIJICHHBIX MTPOLECCAX, I'IC TOYHOCTDh U HAAC)KHOCTD paGOTBI YCJI0BCKa



KPUTHYECKH BAXKHBI.
Knrwuesvie cnoea: 0TBETCTBEHHBIE TEXHOJIOTHYECKHE TIPOLIECCHL, HAJIEXKHOCTD U
0€30MacHOCTb YeIOBEKO-MAIIMHHBIX CUCTEM, JKEJIE3HOAOPOXKHBIN TpaHCIIOPT, paboyas cpea

MAaIlTMHUCTA, TTIOKa3aTeNIn 0€30TKa3HOM pabOTHI.

In relation to railway transport, it is shown that the creation of a working environment for the
driver, including auxiliary actions and sources of additional information about the route and
current restrictions, can significantly increase the probability of error-free operation of the
driver. Based on statistical data, it is shown that the greatest impact on the uptime indicator is
exerted by safety devices, the person on duty in the direction, the person on duty at the station
and the electronic map. Primary data sources are also important, such as the train driver, the
safety controller, the moving attendant, and information from databases on temporary and
permanent restrictions. The obtained indicators and methods of analyzing the influence of
various factors on the probability of error-free operation of the driver can be applied not only
to railway transport, but also to other technological and transport systems. These methods can
help create efficient work environments and support systems for operators in aviation, marine
and road transport, as well as in various industrial processes where precision and reliability of
human operation are critically important.

Key words: responsible technological processes, reliability and safety of human-machine

systems, railway transport, driver's working environment, uptime indicators.
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MartemaTudeckasi MoJeJib AJIs pacuyeTa CpeJHeCYTOYHOI0 COJTHEYHOIr0 U3JIyUeHHu s
MUTPOD®AHOB C.B.

Paccmotpen psin MaTreMaTH4eCKUX MOJIEEH i pacueTa CPEJHECYTOYHOTO COJTHEYHOTO
uznydyenus. [lokazaHo, 4TO HAMMEHBIIYIO OTPEUTHOCTh pacyeTa UMEET METO]I PacCesHHOTO
COJTHEUHOTO u3iny4deHus. [IpeanoskeHHble METOIbI pacuyeTa i MOABMKHBIX U HETIOBUKHBIX
(OTOINEKTPUYECKUX MAHEICH MTO3BOJISIFOT MIOBBICUTH TOYHOCTH MPOTHO3UPOBAHUS BEIPAOOTKH
3JIEKTPOIHEPTUHU COTHEYHBIMH CTAHIUAMU. [orpenIHOCTh paCCMOTPEHHBIX MATEMATHYECKUX

MOjIeJIel MPUMEHHUTEIILHO K YCJIOBUAM T. OpeHOypra oka3agach IpUEMIEMON IS



WHXXCHEPHBIX pacueToB. [1o cpaBHEHHIO C CYIIECTBYIONTUMHU METOAMKAMHU TPOTHO3UPOBAHMSI,
MIPEITIOKEHHBIN MOIX 0T TIO3BOJIMII MMOBBICUTH TOYHOCTH pacueToB Oosiee uem Ha 30%, 4to
naet 0oJiee TOYHBIE OLEHKH CPOKa OKYITaeMOCTH YCTaHABIMBAEMOTO 000PYIOBaHUS.
Br1OpaHHbIe METOIMKH MOTYT OBITh HCITOJIB30BaHbBI TIPU CO3JIAHUH CUCTEM
ABTOMATHU3UPOBAHHOTO MPOCKTHPOBAHKS COTHEUHBIX CTAHIIMN W JIJIS TOBEPOYHBIX PACUETOB.
Kniouesvie cnosa: COTHEUHbIE CTAHIIUHU, BRIPAOOTKA DJIEKTPOIHEPTUU, (POTOAICKTPUIESCKIE

MMaHeJIn, CPCAHCCYTOYHOC COJTHCUHOC U3JTYYCHHUEC, MATCMATUICCKHUEC MOACIIHN.

A number of mathematical models for calculating the average daily solar radiation are
considered. It is shown that the method of scattered solar radiation has the lowest calculation
error. The proposed calculation methods for mobile and fixed photovoltaic panels make it
possible to increase the accuracy of forecasting electricity generation by solar power plants.
The error of the considered mathematical models in relation to the conditions of Orenburg
turned out to be acceptable for engineering calculations. Compared with existing forecasting
methods, the proposed approach has improved the accuracy of calculations by more than
30%, which gives more accurate estimates of the payback period of the installed equipment.
The selected methods can be used in the creation of computer-aided design systems for solar
power plants and for verification calculations.

Key words: solar power plants, power generation, photovoltaic panels, average daily solar

radiation, mathematical models.
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