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AJITOPUTM IHATHOCTHPOBAHMS AaBTOHOMHOM IM3eJIb-TeHePATOPHOH YCTAHOBKH MaJ10il
MOIIHOCTH

KOYEI'AHOB /I.M., CEPEBPAKOB A.B., CTEKJIOB A.C.

[IpennoxeH crnocod MMarHOCTUPOBAHKS aBTOHOMHOMW JTU3€IIb-TeHEPATOPHOM YCTAaHOBKH HA
OCHOBE HCIIOJIb30BaHUS allapaTa UCKYCCTBEHHBIX HEMPOHHBIX CETE€H, KOTOPBIN IIO3BOJISAET
YMEHBIIIUTh 3aTPaThl BPEMEHU Ha IMarHOCTUPOBAaHKE O€3 TOTHOTo 00cIe0BaHusl 00BEKTa
nuarHoctupoBaHus. Crioco0 Mo3BOSIET COKPATUTh KOJIHMUYECTBO MPOBEPOK /ISl BBISIBICHUS
HEHCIIPABHOI'O COCTOSIHUS 3JIEMEHTa B cpeHeM Ha 30%.

Knrouegvie cnoea: nusenp-reHepaTopHasi yCTaHOBKA, TMarHOCTUPOBAHUE HEUCIIPABHOCTEH,

HCKYCCTBCHHBIC HGﬁpOHHBIG CCTH, aJITOPUTM.

A method for diagnosing an autonomous diesel generator set based on the use of artificial neural
network apparatus is proposed, which reduces the time spent on diagnosis without a complete
examination of the diagnostic object. The method allows you to reduce the number of checks to
identify the faulty state of the element by an average of 30%.

Key words: diesel generator set, fault diagnosis, artificial neural networks, algorithm.
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JlByxarperatHasi 1u3e/ib-reHepaTopHAasi 3J1eKTPOCTAHIMSA NepeMEeHHOIi YacTOThl BpallleHus!
XBATOB O.C., IAPLEHKOB A.Bb.

PaccmoTpena KOHIENIHs peau3aliy JByXarperaTHoi a1eKTpocTaHyeil Ha 6a3e qU3eIbHBIX
JBUTATENIEH ¢ peryIupyeMoi 4acTOTON BpaIlEHUs! U CUJIOBBIX MOTYIPOBOAHUKOBBIX
npeoOpa3oBaTeIbHBIX YCTPOUCTB. 000CHOBAaHA SHEPreTHIecKas 11e1eco00pa3HOCTh
HKCIUTyaTallH IEKTPOCTaHIMHI Takoro Tuma. [Ipemnoxena 6ectpancopmaropHasi cCXeMHas
TOIOJIOTHUS 3JIeKTpocTaHMU. Ha OCHOBE CpaBHUTEIBHOTO aHAIN3a C AIbTEPHATUBHBIMU TUIIAMU
3EKTPOCTAHIIMN MMOATBEPIKIEHBI BHICOKHE SHEPTeTUYECKUE (TOIUIMBHBIE) XapaKTePUCTUKU

OJICKTPOCTAHIIUH, B TOM YHUCJIE B 30HC CPEAHCCTATUCTUUCCKHUX HAI'PYy30K. BrimonrseH cuaTE3



CTPYKTYpbI CUJIOBOM CXEMbI M CHCTEMbI aBTOMaTHUECKOT'0 PETYJIUPOBAHUS IeKTpocTaHue. Ha
OCHOBE MMUTAIIMOHHOTO MOJICTUPOBAHUS TIOATBEPHKIACHBI MOKA3aTEIN KAaUYeCTBA PETYIMPOBAHUS

B PEXHM NapajieIbHOM paboThl FTeHEPaTOPHBIX arperaTos.

Knrwouesoie cnosa: nu3enb-reHepaTOPHBIN arperar epeMEeHHOM YacTOThI BpallleHHs,
OecTpancopMaTopHas CXeMHasi TOTOJIOTHs, YHEpreThndecKast 3PGEeKTHBHOCTD, MapalieIbHAs

pa60Ta, HUMUTAIMUOHHOC MOACIIUPOBAHUC.

The concept of implementing a two-unit power plant based on diesel engines with variable speed
and power semiconductor converter devices is considered. The energy expediency of operating
power plants of this type is substantiated. A transformer-free circuit topology of the power plant
is proposed. Based on a comparative analysis with alternative types of power plants, high energy
(fuel) characteristics of the power plant have been confirmed, including in the zone of average
loads. The synthesis of the structure of the power circuit and the automatic control system of the
power plant has been performed. Based on simulation modeling, the quality indicators of
regulation in parallel operation of generator sets have been confirmed.

Key words: diesel generator set of variable speed, transformer-free circuit topology, energy

efficiency, parallel operation, simulation modeling.
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Pa3paborka MHAYKTOPHBIX ABUTaTe el ISl MPUBOIA ABAPUIHOM 3a1MTHI SAEPHbIX
JHEepPreTHYeCKUX YyCTAHOBOK

CMUPHOB A.1O., YVJIbAHOB JI.A.

ComnocTaBieHbl BO3MOXKHbIE KOHCTPYKIIMY OECKOHTAKTHBIX ABUTaTelIeH B IPUBOAE IS
NEPEMEILICHNS CTEPKHENW aBapUWHOMN 3aILUTHI SACPHOIO PEAKTOPa U BBISIBIICHO IIPEUMYILECTBO
MHAYKTOPHBIX JBUTATENEH C 3JIeKTPOMarHUTHBIM BO30YX/IeHUEM, KaK 00eCTeUrBaIOIINX
HauOOJIBIIIYIO OT/IaYy M0 MOMEHTY MPU KPAaTKOBPEMEHHOM yBeln4ueHUH ((hOpCHPOBKE) TOKA.
PaccmoTpenbl 0cOOEHHOCTH MPOESKTUPOBAHUS MHAYKTOPHBIX IBUTATENEH C AIEKTPOMAarHUTHBIM
BO30Y)KJICHHEM CO CTOPOHBI CTaTOpa JUIsl KPAaTKOBPEMEHHOTO peskuma padoTsl. s
MPEIOTBPALEHUS TIIyOOKOTO HACKIILEHUS! MAarHUTHOM 1I€TH, IPUBOSIIETO K HEIPOIyKTUBHOMY
BO3PACTaHHUIO NMOTPEOISIEMO MOLTHOCTHU U IOMOJHUTEILHOMY HarpeBy, B METOJIUKE
POEKTHUPOBAHUS NpesIaraeTcs cHauana copMUPOBATh TEOMETPHIO MATHUTHOM LIEMH CTaTopa,

B TIOJIO’KEHUU POTOPA, IPH KOTOPOM MOTOKOCHLEIUIEHHE (Da3bl IPUHUMAET MaKCUMAJIbHOE



3Ha4YeHHe, a 3aTeM IO Hel PacCUUTHIBATh XapaKTEPUCTUKY HAaMarHMYMBaHUs (eppOMarHUTHBIX
Y4aCTKOB MarHuTHOH 1ienu. Bei6op pabouero MarHUTHOTO MOTOKA BOJIU3H 32 Y4aCTKOM
HACBILIEHUS 3TOM XapaKTEPUCTUKU NIO3BOJIAET OJTHO3HAYHO OIPEAEIUTH pa3Mep 3a30pa MEXIy
CTaTOPOM U POTOPOM JBUTATENS,, © €T0O MOMEHTHBIE M SHEPTeTUUECKHIE XapaKTePUCTUKH.
Metoauka pacrpocTpaHseTcsl Ha UHAYKTOPHbIE IBUTATENN C 3JIEKTPOMAarHUTHBIM
BO30YXJIEHHEM, Tie TpeOyeTcst KpaTHO ()OPCHPOBATH BPAIAIOIIUI SJIEKTPOMArHUTHBI MOMEHT
3a c4€T BeChbMa KPAaTKOBPEMEHHOTO peKUMa pabOThI.

Knwueswie cnosa: snepHblil peakTop, aBapuitHas 3aluTa, MHIYKTOPHBIN JIBUTATEb,

CUHXPOHHBIN MPUBOJ, AIEKTPOMArHUTHOE BO30OYKICHHUE, FJEKTPOMArHUTHBIE HATPY3KHU.

The possible designs of contactless motors in the drive for switching the rods of emergency
protection of a nuclear reactor are compared and the advantage of inductor motors with
electromagnetic excitation is revealed as providing the greatest moment return with a short-term
increase (boost) of current. The design features of inductor motors with electromagnetic
excitation from the stator side for short-term operation are considered. To prevent deep
saturation of the magnetic circuit, which leads to an unproductive increase in power consumption
and additional heating, the design technique proposes first to form the geometry of the magnetic
circuit of the stator, in the rotor position, at which the flow coupling of the phase takes the
maximum value, and then use it to calculate the magnetization characteristic of ferromagnetic
sections of the magnetic circuit. The choice of the working magnetic flux near the site of this
characteristic allows you to uniquely determine the size of the gap between the stator and the
rotor of the engine, and its torque and energy characteristics. The technique applies to inductor
motors with electromagnetic excitation, where it is required to force the rotating electromagnetic
torque multiple times due to a very short-term operation mode.

Key words: nuclear reactor, emergency protection, inductor motor, synchronous drive,

electromagnetic excitation, electromagnetic loads.
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MoaeupoBaHie M aHATU3 FreOMeTPHYECKUX MAPpaMeTPOB JIMHEHHOI0 reHepaTopa ¢
MOCTOSTHHBIMH MAarHUTAMM /ISl IPeo0pa3oBaHusi BOJTHOBOI SHEPrUU

KYPKUH A.A., KPAJIMH An.A., TUTOB J1.1O., KPIOKOB E.B., IIETYXOB .U., KPAJIMH
AH.A.

Cratbs NOCBAIICHA MOACTIUPOBAHHUIO KOHCTPYKIIUU HUIMHAPHICCKOT'O JIMHEMHOT O re’eparopa C



MOCTOSTHHBIMM MarHUTaMH B COCTaBe MpeoOpa3oBaTeisi BOJIHOBOM dHEpruu. Moiens
paspabotana B cpee Mmynbrudusudeckoro moaenupoBanuss COMSOL Multiphysics xak
JIBYMEpHasi 0CECUMMETPHUYHAs C UCTIOJIb30BaHUEM METO/1a KOHEUHBIX 31eMeHTOoB. [IpoBeneno
WCCJICIOBAHNE BIMSHUS TEOMETPUUECKUX Pa3MEpPOB T€HEpAaTOpa HA MAKCUMAJIbHOE 3HAUCHNE
OJIC MeTo10M YuCIeHHOTo MoienrpoBanus. Ha ocHOBE MPOBEEHHBIX UCCIEOBAHMI
OnpeJieNICHbl ONTUMAJIbHBIE TApaMETPhl T€HEepaTopa: MUPHUHA MArHUTA, IUPUHA HEMArHUTHOMN
BCTaBKH, IIIMPYHA U BBICOTA M1a3a, NIMPUHA 3y0Ila cTaTopa.

Knroueevle cnosa: nuHEHHBIN TeHEPATOP, METOI KOHEUHBIX 3JIEMEHTOB, KOMITBIOTEPHOE

moaenupoBanue, COMSOL Multiphysics.

The article is devoted to modeling the design of a cylindrical linear generator with permanent
magnets as part of a wave energy converter. The model was developed in the multiphysical
modeling environment of COMSOL Multiphysics as a two-dimensional axisymmetric using the
finite element method. The influence of the geometric dimensions of the generator on the
maximum EMF value was studied by numerical modeling. Based on the conducted research, the
optimal parameters of the generator were determined: the width of the magnet, the width of the
non-magnetic insert, the width and height of the groove, the width of the stator tooth.

Key words: linear generator, finite element method, computer modeling, COMSOL

Multiphysics.
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Oco0eHHOCTH PA0OTHI HCTOYHUKA BTOPUYHOTIO JIEKTPONUTAHMUSA HA 0a3e
NOCJIeI0BATEILHOI0 PE30HAHCHOT0 MHBEPTOpa

BAHAEB B.B., COKOJIOB B.B., JAPLEHKOB A.b., KOIIEJIOBUY E.A., BEPITHUKOB
N.E., CJIY30B A.Il., CMMPHOBA A.B.

PaccMoTpensr ocoO0eHHOCTH PabOTHI TPAH3UCTOPHOTO MOCIEIOBATEIIEHOTO TTOTYMOCTOBOTO
PE30HaHCHOT'O HHBEPTOPA C OJTHUM KOHAEHCATOPOM B PEKHUME UCTOUYHUKA BTOPUYHOTO
anextponutanus (MBD). C momonisio Maremarnueckux mojeneit UBD ycranoBnena
3aBUCHUMOCTH BUJIA U NTAPAMETPOB BHEITHEH XapaKTEPUCTUKH OT TOOPOTHOCTH €T0 CHIIOBOTO
KOHTYpA, a TAK)K€ BBISIBIICHA CBSI3b MEK/Y COOTHOILIEHUEM €MKOCTEH 3TOro KOHTYypa U
BBIXOJHBIM HaNpsKEHUEM Ha XOJI0CTOM Xoay. Pe3ynbTaTsl UcciieqoBaHU MOTYT OBbITh
WCITOJIB30BaHbI pH pazpadotke BD myis moTpedburerneii ¢ HepaBHOMEPHBIM

3HCpFOHOTpe6JI€HI/I€M 1 TOKOBBIMH IICPECTPY3KAMU BILJIOTH 10 KOPOTKOI'O 3aMbIKaHH .



Knrwoueswvie cnosa: MCTOUHUK BTOPUYHOTO AJIEKTPOIUTAHUS, PE30HAHCHBII HHBEPTOP, BHELIHASA
XapaKTePUCTHKA, JOOPOTHOCTh CHIIOBOTO KOHTYpA, PEKUM XOJIOCTOTO X0/a, (PYHKIHUU

perpeccuu.

The features of operation of a transistor serial half-bridge resonant inverter with one capacitor in
the mode of a secondary power supply (IVE) are considered. Using mathematical models of the
IVE, the dependence of the type and parameters of the external characteristic on the quality
factor of its power circuit is established, and the relationship between the ratio of the
capacitances of this circuit and the output voltage at idle is revealed. The research results can be
used in the development of IVE for consumers with uneven energy consumption and current
overloads up to a short circuit.

Key words: secondary power supply source, resonant inverter, external characteristic, Q-factor of

the power circuit, idle mode, regression functions.
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Pa3paboTka u ucc/ief0BaHNe IKCIIEPUMEHTATBHOT0 00pa3ia YHEProyCTAHOBKHU HA OCHOBE
BO/JOPO/HBIX TOMJUBHBIX )JIEMEHTOB

JIOCKYTOB A.b., LTIAJIYXO A.B., JIUITYKUH U.A., BEJAPETAMHOB P.111., LITYBAJIOBA
1O.H.

[IpencraBneHa cTpykTypa v pe3yabTaThl UCCIETOBAHUI IKCTIEPUMEHTAILHOTO 00pasia
YHEPrOyCTAHOBKH Ha OCHOBE JBYX BOJIOPOJHBIX TOTUIMBHBIX AJIEMEHTOB C IMOJTHMMEPHOM
MPOTOHOOOMEHHON MeMOpaHHOM MOITHOCTRIO 1 KBT ¢ paznuyaronuMucs BoJbT-aMIIEPHBIMHU
XapaKTepUCTUKAaMU U pacxooM Bogopoaa. Ha ocHOBe aHallM3a CyIIECTBYIOUIMX TEXHOIOTHI
BbIOpaHa ONTUMaNIbHAS KOH(UTYpaI¥si JHEPTOyCTaHOBKHU, TIPEIOKEHBI AITOPUTMBI CUCTEMBI
yrpaBieHus a7 3PGEKTUBHOTO paclpeie]ICHIsI MOITHOCTH MEXKy TOTUIMBHBIMU dJIEMEHTaMH
(paBHOMEpHOE | TMOCIEA0BATEIBPHOE pacnpeneneHne MotHoctn). Paspadorana Simulink-
MO/JIeJIb SHEPTOYCTAaHOBKHU U BBIMIOJIHEHO MOJEIUPOBAHUE PEKUMOB PAOOTHI CHCTEMBI.
PesynbpTaThl MOgETMpPOBaHUS TOATBEP MM IEPCIIEKTHBHOCTD MIPUHATHIX pemieHui. [IpoBeaeHbl
AKCIIEPUMEHTATIBHBIC UCCIICIOBAHMSI alTOPUTMOB CUCTEMBI yIIpaBieHus. Pe3ynbTaTsl
9KCIIEPUMEHTOB MOKAa3aJM, YTO ISl SKOHOMHUHU BOAOPoa Hauboee 3pPEKTUBHBIM SIBIISETCS
AJITOPUTM TOCJIEI0BATEILHOTO PACTIPEIETICHHS MOITHOCTH.

Knrouegvie cnoga: sxcniepruMeHTaNbHasl yCTAaHOBKA, AIEKTPOXUMHUUYECKUIN TeHEpaTop,



BOOOPOJHBIC TOINNIMBHBIC DJICMCHTBI, aJITOPUTMBI YITPABJICHHA, ITOCIICA0BATCIBHOC U

PaBHOMEPHOE pacIpeeIeHUE MOIIHOCTH.

The structure and research results of an experimental sample of a power plant based on two
hydrogen fuel cells with a polymer proton exchange membrane capacity of 1 kW with different
volt-ampere characteristics and hydrogen consumption are presented. Based on the analysis of
existing technologies, the optimal configuration of the power plant was selected, control system
algorithms for efficient power distribution between fuel cells (uniform and consistent power
distribution) were proposed. A Simulink model of the power plant has been developed and
simulation of the operating modes of the system has been performed. The simulation results
confirmed the prospects of the decisions taken. Experimental studies of control system
algorithms have been carried out. The experimental results showed that the sequential power
distribution algorithm is the most effective for saving hydrogen.

Key words: experimental setup, electrochemical generator, hydrogen fuel cells, control

algorithms, consistent and uniform power distribution.
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Pa3paboTka u ucciiefoBaHNe TBEPAOTEIbHOr0 TPaHC(HOPMATOPA HU3KOT0 HANPSIKEHU S
YUBEHKOB A.H., COCHUHA E.H., JIUITYK1UH U.A., TPOOHMOB N.M., AJIEHIVH [I.A.
PaccMoTpeHBI CXeMOTEXHUYECKOE PEIICHUE U PE3YJIbTaThl UCCIIEOBAHHIA OIBITHOTO 00pa3ia
TBEPAOTEIBHOTO TpaHC(HOpMAaTOpa HU3KOTO HAMIPSKEHUSI HA OCHOBE YIIPABIISIEMOTO
nonynpoBogHuKoBoro AC/DC/AC-nipeobpasoBarens. Y CTpONUCTBO MO3BOISIET MOAKIIIOYATE K
CETH OJTHOBPEMEHHO J[BA Pa3HOXAPaKTEPHBIX UCTOYHUKA TIEPEMEHHOTO U TIOCTOSIHHOTO
HAIpSDKCHUsI, 00eCTIeunBast HaIe)KHOCTD AIEKTPOCHAOKEHHUS, @ TAKXKE MOBBIIIATH KAYECTBO
AIIEKTPOIHEPTHHU, TIepeaBaeMoii moTpeduTento. [IpuBeneHbl CTPYKTYpHAS U IPUHIIMITAATBHAS
AIIEKTPUYECKAsi CXEMbI OIIBITHOTO 00pasia, ero KOHCTPYKIUS U TEXHUIECKUE XaPAKTEPUCTUKH.
PaccMmoTpeHs! crcTeMa ynpaBieHHS U allTOPUTM pabOThl YCTPOWCTBA, a TAKKE MPHHIIUTT
JICHCTBUS €T0 OCHOBHBIX Y3JIOB: aKTUBHOTO BBINIPSIMHUTEIS, ABYXKaHAJTHLHOTO KOHBEPTOPA,
ABTOHOMHOTO HHBEPTOPA HAMPSHKEHUS M EMKOCTHOTO HAKOIUTENS 3B€HA TIOCTOSIHHOTO TOKA.
[IpuBeaeHbI pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIIEIOBAaHUH OMBITHOTO 00pa3ia
TBEPIIOTEIBHOTO TpaHc(hopMaTopa HU3KOTO HAMIPSKEHHS, TO3BOJIUBIINX OTPEACTHTh
JIOITYCTUMBIN TMANIa30H BXOJHOTO HAIPSDKEHUSI HICTOYHUKOB MTUTAHUS, TIOAKITIOYAEMBIX K
YCTPOMCTBY, a TAK)KE CIOCOOHOCTh YCTPOHUCTBA 00ECTICUHUTh CTAOUIN3AIINI0 U CUMMETPUPOBAHNE

BBIXOIHOT'O HAITPSIPKCHU.



Knwoueswvie cnosa: pactpesieieHHasi SHEPreTUKaA, TBEPAOTENbHBINA TpaHCHOPMATOP,
HOJYIPOBOIHUKOBBIN MPeoOpazoBaTesb, AKTUBHBIA HHBEPTOP HANIPSLKEHHS, ABYXKaHAIbHBIN

KOHBEPTOP, aKTUBHBIN BBIIPAMUTEIb, CHCTEMA YIIPABJICHUS.

The circuit design and research results of a prototype solid-state low voltage transformer
based on a controlled semiconductor AC/DC/AC converter are considered. The device allows
you to connect two different sources of alternating and constant voltage to the network
simultaneously, ensuring the reliability of power supply, as well as improving the quality of
electricity transmitted to the consumer. The structural and electrical schematic diagrams of the
prototype, its design and technical characteristics are given. The control system and the
algorithm of operation of the device are considered, as well as the principle of operation of its
main components: an active rectifier, a two-channel converter, an autonomous voltage inverter
and a capacitive storage unit of direct current. The results of experimental studies of a prototype
solid-state low voltage transformer are presented, which made it possible to determine the
permissible input voltage range of power supplies connected to the device, as well as the ability
of the device to ensure stabilization and symmetry of the output voltage.

Key words: distributed energy, solid-state transformer, semiconductor converter, active voltage

inverter, two-channel converter, active rectifier, control system.
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Kubepduznuecknii cTeH1 KOMILIEKCHBIX HCIBITAHUI UHTE/JIEKTYAJIbHBIX 3JI€KTPOHHBIX
YCTPOWCTB 3aIIUTHI H ABTOMATHKH

JIOCKYTOB A.A., KYJIMKOB A. JI, IIETPOB 1.A., CUMAHOB A.C.

HanexHocTh 1 9pPeKTUBHOCTh pabOThl MHTEIUICKTYaIbHBIX 3JIEKTPOHHBIX yCTpoicTB (DY)
3aIIUTHl 1 ABTOMATUKH SIBIIIETCS BAXKHOU 3a71aueid, 0COOCHHO ISl CIIOKHBIX M OOJBIIIIX
sHeprocucteM. [103TOMyY BaXKHO BBIMOTHITH MHOTOBAPHAHTHOE TECTUPOBAHHUE ITUX YCTPOUCTB B
YCIIOBUSIX, MPUOIMKEHHBIX K pealbHbIM, IIEpe] BBOJOM UX B OKCIUTyaTallli0. DTO CBSA3aHO C
pa3BUTHEM OOBEKTOB PACTIPEICIICHHOW TeHEepaIliH, JIEKTPOCTAHIIMH Ha 0a3e BO30OHOBIISIEMBIX
WCTOYHUKOB YHEPTHH U T.JI, 9YTO MPUBOJUT K YCIOKHEHUIO CXEMHO-PEKUMHBIX CUTYaIlUH B CETH
u pexumMoB padbotet UDY. Kpome Toro, momyHaTypHOE TECTHPOBAHUE HEOOXOAUMO TIPH
anpoOHpoBaHUM padOTHI HOBBIX alropuTMOB i1 1DV, a Takke B yCIOBUSIX MCIOIB30BaHUS
CTaHJapTOB OOMEHA JaHHBIMH. Pa3nudHbIe yCTpOCTBA ISl MPOBEPKU PEICHHON 3aIUTHI U

aBTOMATHKHU UMEIOT CYILECTBEHHbIE (DYHKI[MOHAIBHBIE OTPaHUYEHUS, OCOOCHHO IS «LIU(POBBIX



MOJCTaHIINI» U CETEN CO CIOKHOU CTPYKTYpOH. JJ1sl KaueCTBEHHOM OLIEHKU KOPPEKTHOCTH
pabotert DY HE0OX0IMMO BBITIOTHUTE JUHAMUYECKOE MOICTUPOBAHNE BO3MOKHBIX
ANIEKTPOPU3NIECKUX MPOLIECCOB U TECTUPOBAHUE B 3aMKHYTOM IIMKIIE. B cTaThe paccMOTpeH
knOepu3ndecKkuii CTeH I, COCTOSIINI U3 yeThipex MDY, mporpamMmmMHo-anmapaTHOro KOMILIEKca
RTDS u RSCAD-Mozaenu cuctemsl 2IEKTPOCHA0KeHWs. BBITTOTHEH aHaIN3 aBapUiTHBIX
COOBITHIA TP PA3TUYHBIX CIIEHAPHSX U OTKIUKa MDY 3amuThl Ha Takue COOBITHSI.

Knroueswie cnosa: xnbephusndeckuii CTeH KOMITICKCHBIX UCTIBITAHUHN, HHTEIUIEKTYalbHbIC
3JIEKTPOHHBIE YCTPOUCTBA 3aIUTHI U aBTOMATUKH, paclipeiefieHHas reHepalns, 0OMeH JaHHbBIX

no MOK.

The reliability and efficiency of intelligent electronic protection and automation devices (IEDs)
is an important task, especially for complex and large power systems. Therefore, it is important
to perform multivariate testing of these devices in conditions close to real ones before putting
them into operation. This is due to the development of distributed generation facilities, power
plants based on renewable energy sources, etc., which leads to a complication of circuit-mode
situations in the network and IED operating modes. In addition, semi-routine testing is necessary
when testing the operation of new algorithms for IED, as well as in conditions of using data
exchange standards. Various devices for checking relay protection and automation have
significant functional limitations, especially for «digital substations» and networks with a
complex structure. For a qualitative assessment of the correctness of the IED operation, it is
necessary to perform dynamic modeling of possible electrophysical processes and testing in a
closed cycle. The article considers a cyberphysical stand consisting of four IEDs, an RTDS
hardware and software complex and an RSCAD model of an electric power supply system. The
analysis of emergency events under various scenarios and the response of the protection IED to
such events has been performed.

Key words: cyberphysical complex test bench, intelligent electronic protection and automation

devices, distributed generation, IEC data exchange.

Onekmpomexnuka, 2024, Nel0, cmp. 61-67

I'apMoHnYecKHe HCKAKEHUS TOKA, OTPedJIsIeMOro npeodpa3oBaTe/isiMi 4acTOThHI IPU
MAaJIBIX HArpy3Kax

BAPJIAMOB H.C., CYTAKOB B.I'., XBATOB 0O.C., MAJIBIIIEB 10.C.

Hcnonp3oBanue npeoOpazoBaTesieil 4acTOThI B IPYNIIOBOM 3JIEKTPOIPUBOJIE U CYIOBBIX

SJICKTPOIHCPICTUICCKUX CUCTCMAX C BHGKTpOCTaHI_[I/Ieﬁ Ha OCHOBC ILBI/II‘aTeJIGI\/'I BHYTPCHHCTO



CropaHusl IEPEMEHHON 4aCTOThI BPALLICHUS [TO3BOJISIET CHU3UTh CTOMMOCTD
3NIEKTPOOOOPYIOBAHUS U YIYUIIUTh MaccorabapuTHele mokasatenu. OJHaKo TapMOHHYECKUE
UCKa)KEHUS, TeHepUpyeMble TPpeoOpa3oBaTeIIMU YaCTOThI, HETATUBHO BIIUSIOT HA KAYECTBO
UIEKTPUUECKON SIHEPTUU U MIPUBOJAT K JOMOJHUTENBHBIM MTOTEPSIM B CTATOPHBIX OOMOTKaX
CHUHXPOHHBIX [€HEPATOPOB, YXY/IIECHUIO YCIOBUI KOMMYTAIMH [TOJIyIIPOBOAHUKOBBIX KJIIOUEH 1
JpYTUM HeraTuBHBIM 3¢ dexTam. B cTaThe uccaenyercs rapMOHHYECKUI COCTaB MOTPEOIsIEMOro
TOKa JyIg peoOpa3oBaresieil 4acTOThl CO 3BE€HOM MOCTOSIHHOTO TOKA IMPH MaJbIX Harpy3Kax 1o
MouHocTH. McenenoBansl mpeoOpa3oBaTeNy YaCTOTh! PA3IUYHBIX TONOJIOIHH, MOIIIHOCTEN U
Mmapok. [IpuBenieH criekTpaabHBIN COCTAB TOKa MOTPEOISIEMOro NpeodpazoBaTeIIMU YaCTOThI
IIPY U3MEHEHUH 4acTOThI BEIXOAHOIO HANPSKEHUS. PaCCMOTPEHO BIMSIHME CETEBOTO IPOCCENS U
MOIITHOCTH 3arpy3Kd Ha TapMOHUYECKHUI COCTaB MoTpedisiemoro Toka. [Tokazano, 4ro
CHEKTPAJIbHBIM COCTAaB F€HEPUPYEMBIX UCKAXKEHUI MHIUBUYAJICH Ul KaX10T0
npeoOpa3oBaress 4acToThl, HO S5-s1, 7-s1, 11-s1, 13-51, 17-5 1 19-1 rapMOHUKH OCTAIOTCS
JOMUHHUPYIOIIUMH, a B p&XKUME J10J1eBOi Harpy3ku 110 30 % Tok, moTpediseMbIit
npeoOpa3oBaTessiMu, 00J1a1aeT 3HAYUTEITbHBIMU TAPMOHUYECKMMH UCKAKEHUSIMHU.

Knrwouesnie cnosa: npeo6pa3013aTenL YaCTOThI, MaJIBIC HAIPY3KH, TAPpMOHHUYCCKUC NCKAXKCHU .

The use of frequency converters in a group electric drive and marine electric power systems with
a power plant based on internal combustion engines of variable speed makes it possible to reduce
the cost of electrical equipment and improve weight and size indicators. However, harmonic
distortions generated by frequency converters negatively affect the quality of electrical energy
and lead to additional losses in the stator windings of synchronous generators, deterioration of
the switching conditions of semiconductor switches and other negative effects. The article
examines the harmonic composition of the current consumed for frequency converters with a DC
link at low power loads. Six frequency converters of various topologies, capacities and brands
have been studied. The spectral composition of the current consumed by frequency converters
when the frequency of the output voltage changes is given. The influence of the network choke
and the loading power on the harmonic composition of the consumed current is considered. It is
shown that the spectral composition of the generated distortions is individual for each frequency
converter, but the 5th, 7th, 11th, 13th, 17th and 19th harmonics remain dominant, and in the
fractional load mode up to 30% of the current consumed by the converters has significant
harmonic distortion.

Key words: frequency converter, low loads, harmonic distortion.
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ABTOHOMHASI CHCTEMA JJIEKTPOreHePalUH ¢ IePBUYHBIM JBUTaTe/IeM NMepeMeHHOM|
YacTOThI BPalleHUsI

[IJIEXOB A.C.

PaccmoTpena aBToHOMHas! cucTeMa 3JIeKTPOreHepalu ¢ MPUBOAOM OT MEPBUYHOTO
JBUTATENS] IEPEMEHHOM YaCTOTHI BpAIICHHSI, TPeIHA3HAUCHHAS JJIs1 BETPSIHBIX U BOJIHOBBIX
anekTpocTaHuuil (MUkpoIC), a TaKxKe JUIsl JEKTPOCTAHIMI ¢ JBUTATEIIMU BHYTPEHHETO
CrOpaHus, CKOPOCTh BPAILLEHUS IEPBUYHOTO JIBUTATENsl KOTOPBIX PErYIUPYETCs B
COOTBETCTBHUH C OTPEOIISIEMOM SJIEKTPUUECKON MOIITHOCTHIO i yBenuaeHus: KIT/I.
Cucrema reHepanuy CoAECPKUT MPeoOdpazoBaTEIbHYIO CUCTEMY JIEKTPHUECKOTO TOKA U
apaMeTpPOB FEHEPUPYEMOM FIMEKTPOIHEPT UM, TIO3BOJISIONTYIO0 00ECIIEUUTh 3aJaHHOE
HanpsDKEHUE Ha Harpys3Ke MpH Jito00i yacToTe BpallleHusl HEPBUYHOTO JIBUraTes.
[TokazaHa 11€71€c000pa3HOCTh UCTIONB30BAHMUS ACHHXPOHHOM JIEKTPUUECKON MaIlTUHBI B
KauecTBe reHeparopa. [IpuMeHeHa KoOHIENIHs Bo30YKIEHUS BPAIIAOIIETOCS OISl CTaTopa
HUCTOYHUKOM TOKA C 4aCTOTON, MEHbIIIEH YaCTOTHI BPAILIEHUSI POTOpa HA 3a/IaHHYIO
BEJIMUMHY CKOJIBKEHHUSI, U T€HEpaIlH 3JIEKTPUUECKON MOITHOCTH Ha YaCTOTE TOKa
BO30yxeHus. Pazpaborana GpyHKIIMOHAIBHAS CXeMa CUCTEMBI AJIEKTporeHeparuu. J[ano
MaTeMaTHYECKOE OMMCAHUE TeHEPATOPHON YCTAaHOBKH, pa3paboTaHa MMHUTALIMOHHAS
MOJIeIhb ACHHXPOHHOTO T€HEepaTopa, MPUBEICHBI PE3YIbTAThl BEIYUCITUTEIBHBIX
JKCIIEPUMEHTOB.

Knrouesvie cnoea: aBTOHOMHAS cHCTEMA 3JIEKTPOTr€HEpalMU, IEPBUYHBIN TBUTATEIh
MEPEeMEHHOM YaCTOTHI BpaIlleHHsI, TOJIYIIPOBOIHUKOBBIE TIPeoOpa3oBaTeln, cXxeMa

YHpaBJICHHUA aCUHXPOHHBIM I'CHEPATOPOM, UMHUTAITUOHHAA MOACIIb.

An autonomous electric generation system driven by a variable-speed primary engine is
considered, designed for wind and wave power plants (microelectric power plants), as well as for
power plants with internal combustion engines, the rotation speed of the primary engine of which
is regulated in accordance with the electric power consumed to increase efficiency. The
generation system contains a converter system (PS) of electric current and parameters of the
generated electricity, which allows to provide a given voltage on the load at any speed of rotation
of the primary engine. The expediency of using an asynchronous electric machine as a generator
is shown. The concept of excitation of the rotating field of the stator by a current source with a
frequency lower than the rotor rotation frequency by a given slip value and generation of electric
power at the frequency of the excitation current is applied. A functional diagram of the power

generation system has been developed. A mathematical description of the generator set is given,



a simulation model of an asynchronous generator is developed, and the results of computational
experiments are presented.
Key words: autonomous power generation system, primary variable speed motor, semiconductor

converters, asynchronous generator control circuit, simulation model.
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IMapajieabHast padboTa MoayJied HAKONMUTEJSI JHEPIUHM HA OCHOBE JIUTHH-HOHHBIX
AKKYMYJISATOPHBIX OaTapeii

JAPBEHKOB A.b., CJIY30B A.Il., BEPIHUKOB UN.E., XPAMOB A.E., [IIAJIYXO A.B.
[IpencraBneHs! pe3ynbTaThl pa3pabOTKH SKCIIEPUMEHTAIBLHOTO 00paslia HAKOMUTENS SHEPTUU
MOJYJILHOTO THIIA HA OCHOBE JIUTUH-kKene30-(pochaTHRIX akKKyMYJISITOPHBIX OaTapeii.
HakonuTens npenHa3HaueH JUIsl MUTaHUS IEKTPONPUEMHUKOB TPOMBIIIJIEHHOT'O Ha3HAYCHHUSI
py epeMeHHoM TpexpaszHoM HanpsbkeHuu 380 B u mpennonaraet BO3MOKHOCTh
napaieibHOW paboThl MOTYJIEH 3a CYET CHHXPOHHU3AIMH BBIXOJHBIX HANPSHKEHUH HHBEPTOPOB,
BXOJIALINX B cocTaB Moayiei. [IpencraBiena cTpykTypHas cxema U OMHCaHHe OCHOBHBIX
KOMIIOHEHTOB HaKOMUTENs. PaccMOTpeH alnropuTM CUHXpOHU3AIMKA HHBEPTOPOB HATIPSIKEHHUSI
npu napaniensHoi padore. [IpencraBineHs! pe3yabTaTbl HIMUTAIIMOHHOTO MOACTHUPOBAHUS U
HKCTIIEPUMEHTAJIBHBIX HCCIICIOBAHNN HAKOITUTEIIS.

Knroueswvie cnoea: HaKoUTENb SHEPTUU, TUTUNA-UOHHBIE AKKYMYJISITOPBI, HHBEPTOP

HaNpsDKEHUs, CUCTEMa yIpaBJIeHUs, apajenbHas padoTa.

The results of the development of an experimental sample of a modular type energy storage
device based on lithium-iron-phosphate batteries are presented. The drive is designed to power
industrial electrical receivers at an alternating three-phase voltage of 380 V and assumes the
possibility of parallel operation of the modules by synchronizing the output voltages of the
inverters included in the modules. A block diagram and description of the main components of
the drive are presented. An algorithm for synchronizing voltage inverters in parallel operation is
considered. The results of simulation modeling and experimental studies of the drive are
presented.

Key words: energy storage, lithium-ion batteries, voltage inverter, control system, parallel

operation.
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HUcnbpiTaHusA MaKeTOB MOIIHBIX CHJIOBBIX TPAHC(OPMATOPOB /Il MPOBEPKH UX CTOMKOCTH
NpH KOPOTKHUX 3aMbIkaHusx. Yacts 1

[TAHUBPATEL A.H., AJDKVEB JI.K., JAPUH B.C.

PaccMmoTpensl 0oCHOBHBIE PUHIMIIBI U 3apy0eskHbIi onbIT (110 1anHbIM MOK u CIGRE)
pa3paboOTKH, PaCYETOB U UCIIBITAHUHN HA CTOMKOCTD MPH KOPOTKUX 3aMBIKAHUSX MACIITAOHBIX
MaKETOB MOITHBIX OJJHO(A3HBIX CHIIOBBIX TPaHC(HOPMATOPOB, a TAKKE MPaBUIIA
pacnpocTpaHeHus pe3yIbTaTOB UCIIBITAHUN MaKeTa Ha pealbHbIN TpaHchopMaTop A
MOATBEPKICHUS €r0 cTOMKOCTH. [TokazaHa BOZMOXHOCTh Pa3pabOTKK M UCTIBITAHUN TaKHX
MaKETOB JIJIsl TIOJTBEPKACHHS HAICKHOCTH MOIIHBIX TPAHC(HOPMATOPOB POCCHIICKOTO
MIPOU3BOJICTBA.

Knroueevie cnosa: cunosbie TpanchopmaTopsl, CTOUKOCTh npu K3, MacimitabHbIe MaKeTHI,

HCIIBITAaHUA, paC4YCThI.

The basic principles and foreign experience (according to IEC and CIGRE data) of the
development, calculations and tests for short-circuit resistance of large-scale models of powerful
single-phase power transformers, as well as the rules for distributing the test results of the layout
to a real transformer to confirm its durability are considered. The possibility of developing and
testing such models to confirm the reliability of powerful Russian-made transformers is shown.

Key words: power transformers, short circuit resistance, scale models, tests, calculations.
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IHoBbimenne 3¢ GPeKTUBHOCTH pacipeie/MTeTbHbIX JJIeKTPUYECKUX ceTeil ¢
HCIOJIb30BAHMEM THPUCTOPHBIX KOMIIEHCATOPOB PEAKTUBHOM MOIIHOCTH C
HHTEJJIEKTYaJIbHOI CUCTEeMOM yNIpaBJIeHUs U MepeJayu JaHHbIX

KPACHOIIEPOB P.H., ACTAIIEB M.T".

PaccmoTtpena nenecoobpa3HOCTh IPUMEHEHUS B COCTaBE HHTETPUPYEMBIX B CETU YCTPONCTB
KOMIIEHCAIIMH PEaKTUBHOM MOIIHOCTH pa3/ieIbHOr0 PETyIUPOBaHuUs MO (pa3aM U MPUMEHEHHS
CUCTEM YIPAaBICHUS, AIAITUPYIONTNX PEXKUMBI padOThI B 3aBUCUMOCTH OT MAPaMeTPOB HATPY30K
U ypOBHEH HanpsbkeHus. Ha npumepe komneHcaTopa peakTUBHOM MOILHOCTH BBIIIOJIHEHA
orieHKa A3 PEKTUBHOCTH TPUMEHEHHUSI HHTEIUICKTYIbHBIX YCTPOUCTB B ceTsx 0,4 kB. /laHHkbIe,
coOpaHHBIE B TEUCHHE JIBYX MECSIIEB, IEMOHCTPHUPYIOT 3 (PEKTUBHOCTH KOMIIEHCATOPA C

MHTEJUICKTYaJIbHON CUCTEMOH YIPaBIEHHS B MOJIEP>KaHUH CTaOUIBHOTO KO3 duImeHra



MOITHOCTH, OJIM3KOT0 K €IUHMIIE, U CHI)KEHUH YPOBHS PEaKTUBHON MOIIHOCTH B CETH 10
MUHHUMAJIBHBIX 3HAYEHUH. Y CTPOMCTBO YCIICIIHO NOAAEPKUBACT YPOBHU HAIIPSIKEHUS B
JIOITYCTUMBIX TIpesieNiax Ha BceX (a3ax, 4To MOAYEPKUBACT €ro d3PPEeKTUBHOCTD B CHIKEHUH
KoJieOaHuil 1 o0ecreueHnr cOaTaHCUPOBAHHBIX YPOBHEH HanpsbkeHus. Kpome Toro, ycTpoiicTBo
obecrnieunBaeT moBbieHNE YD (HEKTUBHOCTH OJ1aro1apsi CHUKEHHUIO TIOTEPh MOIITHOCTH,
CHOCOOCTBYS TIOBBIILIEHUIO CTAOMIBHOCTH U HAJICKHOCTH PACIIPENCIUTEIHON ceTh. Pe3ynbTaTel
HNOATBEPKIA0T HEOOXOAMMOCTH 00JIee IMPOKOTO BHEAPEHHS Pa3padOTaHHON TEXHOJIOTUU
HOCTPOEHUS TUPUCTOPHBIX KOMIIEHCATOPOB PEAKTUBHON MOIIHOCTH C MHTEJIJIEKTYaJIbHOU
CHCTEMOM yINpaBJICHUS U NEpeauyl JaHHbIX.

Knrwoueswvie cnosa: pacupenenuTenbHast JIEKTPUIECKas CeTh, KOMIIEHCATOP PEaKTUBHON

MOIMHOCTHU, CUCTCMA YIIPABJICHUA, ,Z[I/ICGaJIaHC u YCTOI>’ILII/IBOCTB OHCPTOCUCTCMBI.

The expediency of using separate phase control and control systems adapting operating modes
depending on load parameters and voltage levels as part of reactive power compensation devices
integrated into the network is considered. Using the example of a reactive power compensator,
an assessment of the effectiveness of using intelligent devices in 0.4 kV networks was
performed. The data collected over two months demonstrate the effectiveness of the compensator
with an intelligent control system in maintaining a stable power factor close to one and reducing
the level of reactive power in the network to minimum values. The device successfully maintains
voltage levels within acceptable limits in all phases, which emphasizes its effectiveness in
reducing fluctuations and ensuring balanced voltage levels. In addition, the device provides
increased efficiency by reducing power losses, contributing to increased stability and reliability
of the distribution network. The results confirm the need for a wider implementation of the
developed technology for building thyristor reactive power compensators with an intelligent
control and data transmission system.

Key words: electric distribution network, reactive power compensator, control system, imbalance

and stability of the power system.
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