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CoBepliieHCTBOBaAHHE TATOBOI0 MOABUKHOI0 COCTABA HA OCHOBE COBPEMEHHBIX
TEXHOJIOTHii JHeprocoepekeHust

EBCTA®LEB A.M., KUPIOIINWH J.E., HUKMUTHH B.B., [1IYIOBHUKOB O.E.
OHeprerudeckas 3pPeKTUBHOCTH SIBISIETCS OJHUM U3 OCHOBHBIX TPeOOBaHUH, MPEAbIBIIEMbIX
K COBPEMEHHOMY TATOBOMY MOABMKHOMY COCTaBY MarrCTPaJIbHOTO U TIPOMBIIIUIEHHOTO
JKEJIE3HOJOPOKHOTO TPAHCIIOPTA, a TAKXKE TOPOICKOro TpaHcmopTa. KauecTBeHHOE yaydllIeHne
noKasaresnei SHepreTunueckoi 3(pheKTHBHOCTH TATOBOTO MOJABHKHOTO COCTaBa MOXKET OBITh
o0ecrevyeHo MyTeM MOCTPOEHUsI OOPTOBBIX IHEPTETHUECKUX KOMIUIEKCOB € UCIOJIb30BaHUEM
HAKOIIUTEJICH 3JEKTPUIECKOM SHEPTHH OOIBIION EMKOCTH, ITO3BOJISIONIMX OPraHU30BaTh

3¢ (heKTUBHBIN YHEProoOMEH MEXTy OCHOBHBIM UCTOYHUKOM (KOHTAKTHOM CEThIO, TU3EIh-
reHepaTOPHOM YCTAHOBKOM ), HAKOMIUTESIMHU U TOTPEOUTESIMU SHEPTHU B PA3IMUHBIX PEKUMAX
pabotsl. [ToaBMXHOM COCTaB C IHEPTOCUCTEMOM MOTIOOHOTO THITA MTOJTYYUI B MUPOBOM MPAKTHKE
HAaUMEHOBAaHHE THOPUIHOTO TATOBOTO MOJBUKHOTO COCTaBa. B cTraThe mpeiokeHa
KJaccu(uKanus THOPUAHOTO TATOBOTO MOJBUKHOTO COCTaBa, XapaKTEPHU3YIOLIast CIICIUPHUKY
ApPXUTEKTYPhI €0 CUIIOBBIX SHEPrOYCTAaHOBOK. J1J1 OIIEHKH CBOWCTB I'MOPHAHOIO TATOBOTO
MOJIBU’KHOTO COCTaBa MpeJIoKeHa CUCTEMa KOJTMYECTBEHHBIX MTOKa3aTenel, KOTopbie
MO3BOJIIOT CPOPMHUPOBATH KOMIUIEKCHYIO CPAaBHUTEIBHYIO OIIEHKY TEXHUYECKOTO YPOBHS,
HHEPreTUIECKOM 3((HPEKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH Pa3IMYHBIX THIIOB THOPUIHOTO
MOABMXKHOTO cocTaBa. OO0CHOBaHA HanOoJIee IEPCIIEKTUBHAS TOTIOJIOTHS CUIIOBOW THOPUIHON
SHEProyCTaHOBKH TSITOBOTO MOABUKHOIO COCTaBa, 00ECIEUNBAIOIIas BO3MOKHOCTh
HE3aBHCHUMOTO YIIPABJICHUS TIOTOKAMH SHEPTUU ¥ ONTUMHU3AIUU PEKUMOB paOOTHI OOPTOBBIX
CUCTEM XPaHECHHUS SHEPTHUH.

Knroueevle cnosa: ruOpUIHBIN TATOBBIA IMOJBMYKHON COCTaB, THOPHUIHASI CHJIOBAasl YCTAaHOBKA,

HAKOIUTEIb YHEPTUH, SHEpreTHYecKas 3PPEeKTHBHOCTD.

Energy efficiency is one of the main requirements for modern traction rolling stock of mainline
and industrial railway transport, as well as urban transport. A qualitative improvement in the
energy efficiency indicators of traction rolling stock can be ensured by building on-board power
complexes using high-capacity electric energy storage units, which make it possible to organize
efficient energy exchange between the main source (contact network, diesel generator set),
storage devices and energy consumers in various operating modes. The rolling stock with an
energy system of this type has received the name hybrid traction rolling stock in world practice.
This article proposes a classification of hybrid traction rolling stock, which characterizes the
specifics of the architecture of its power plants. To assess the properties of hybrid traction rolling



stock, a system of quantitative indicators has been proposed, which make it possible to form a
comprehensive comparative assessment of the technical level, energy efficiency and
competitiveness of various types of hybrid rolling stock. The most promising topology of a
power hybrid power plant of traction rolling stock is substantiated, which provides the possibility
of independent control of energy flows and optimization of the operating modes of on-board
energy storage systems.

Key words: hybrid traction rolling stock, hybrid power plant, energy storage, energy efficiency.
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OuneHka yca0BHi 3J1eKTP00e30NaCHOCTH NPH MPUMEHEHUH ONOP KOHTAKTHOW CeTH B
Ka4vecTBe eCTeCTBEHHBIX 3a3eMJIuTe el

TUTOBA T.C., CALIVK T.II., TEPEXWH U.A., TAPABMH U.B.

[IpencraBnena nepcrneKTUBHAS MAIOOOCTYKMBAaeMasi CHCTEMa 3a3eMIICHUSI OTIOP KOHTAKTHOMN
CETH IyTeM NMPUMEHEHUS 5KeTIe300€TOHHBIX OMOop M (PYyHIAMEHTOB B KAUECTBE €CTECTBEHHBIX
3azemiuTeneil. Pazpaboran anropuTM BeIOOpa ONTUMABHOMN JJIMHBI TPOCA TPYIIIOBOTO
3a3eMJICHUS, YYUTHIBAIOIINI COMPOTUBICHUE CUCTEMBI, FJIEKTPOMArHUTHOE BIUSHUE,
JOMYCTUMYIO INIOTHOCTh TOKA, CTEKAIOILIEro ¢ apMaTyphl OMOPbl KOHTAKTHOU CETU U YCIIOBUS
anexkTpobe3onacHocTH. CozlaHa UMUTALIMOHHAS! MOJIEJb, TTO3BOJIAIONIAs MCCIIEOBATh YCIOBUS
3EKTPOOE30MaCHOCTH MPH IKCILTyaTalluU CUCTEMBbI 3a3€MJICHHS, IPU KOTOPOM OMOPbI
KOHTAKTHOM CETH SIBJISIFOTCSL €CTECTBEHHBIMU 3a3€MIIUTENSIMU. DKCIEPUMEHTAIBHO
MOJITBEPIK/ICHA MPABUIBLHOCTh PA0OTHl UMUTAIIMOHHOW MOJIETIH.

Knrouesnie cnoea: >nexTpo0e30NacHOCTh, 3a3€MJICHHE, CUCTEMA 3a3€MIJICHHSI OIIOp KOHTAKTHOU
CETH, TATOBOE JIEKTPOCHA0KEHHE, OTIOPA KOHTAKTHOM CETH, €CTECTBEHHBIH 3a3€MIIUTEIb,

XKene300eTOHHBINA (PYHIJAMEHT, 3JIEKTPUUECKUN MPoOOii, TPOC TPYIIIIOBOTO 3a3EMIICHUS.

A promising low-maintenance grounding system for overhead contact network supports is
presented, through the use of reinforced concrete supports and foundations as natural grounding
conductors. An algorithm for the optimal choice of the length of the group grounding cable has
been developed, taking into account the resistance of the system, the electromagnetic effect, the
permissible current density flowing from the reinforcement of the contact network support and
the conditions of electrical safety. A simulation model has been created that makes it possible to
study the electrical safety conditions during the operation of the grounding system, in which the



overhead supports are natural grounding conductors. An experiment was carried out to confirm
the correctness of the simulation model.

Key words: electrical safety, grounding, the grounding system of the contact network supports,
traction power supply, contact network support, natural ground electrode, reinforced concrete

foundation, electrical breakdown, group grounding cable.
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MoaenupoBanue MHOTO()YHKIIMOHAJIBHOIO MPeodpa3oBaTe/isi JHEPrUH AJIs TPAHCIOPTHOMI
rHOPHIHOM CHJI0BOH YCTAHOBKH

HAIUUIMH A.E., BACWIBEB B.A., BUKVYJIOB .11, TEJIMYEHKO C.A.

B crarbe 060cHOBaHA aKTyallbHOCTb BHEAPEHUSI TPAHCIOPTHBIX THOPUIHBIX CUCTEM, BHIOPAHbI
CXEMHBIE pelIeHUs, pa3paboTaH aJrOpUTM YIPaBICHUs MHOIO()YHKIIMOHAJIBHOTO
npeoOpa3oBaTelis YHEPTUH TSl TPAHCIIOPTHON THOPUIHOM CUIIOBOW ycTaHOBKH.JlJ1s aHamm3a
paboThI YCTaHOBKHM BhIOpaHa MYJIbTUKOHBEKTOPHAsl THOpUIHAS CXeMa C ABYMS HAKOIIUTEIIIMU
SHEpruu (EMKOCTHON HAaKOIMTENb Ha 0a3e CyNepKOHAEHCATOPA U 3JIEKTPOXUMHUYECKUI
HaKOIUTEIb — aKKYMYJIsITOpHas 6atapesi). MojenupoBanre MHOTO(QyHKITHOHATHEHOTO
npeoOpa3oBaTelis YHEPTUH TSl TPAHCIIOPTHON THOPUIHON CHUIIOBOW YCTAHOBKH BBITIOJIHEHO C
ucnonb3oBanueM rnporpammsl MATLAB Simulink. Mojens cioco6Ha BBIMONMHATE (YHKIUHU 110
palMoHAILHOMY YIPABJICHUIO SHEPTUEH B Pa3IMUHBIX PEKUMaxX paOOThl TPAHCIIOPTHBIX CUCTEM,
YTO MOJATBEPHKIACT 11eTIeCO00Pa3HOCTh KOH(PUTYpaIIiu 1 BEIOOPA CXEMHBIX PEIIeHUN TTPH
CO3JIaHUH MTpeodpa3oBaTes i TPAHCIIOPTHOM TMOPUIHON CUIIOBOM YCTaHOBKH.

Knrwoueswie cnosa: TpancnopTHast rHOpHIHAs CUIIOBAs YCTAaHOBKA, MHOTO(QYHKIMOHATIBHBIN

npeoOpa3oBaTelib, KOMITBIOTEPHOE MOJICTTMPOBAHUE, TTOJIBUKHON COCTAB.

The article substantiates the relevance of the introduction of hybrid transport systems, the choice
of circuit solutions and the development of control algorithms for a multifunctional energy
converter for a transport hybrid propulsion system are made. To analyze the operation of the
installation, a multiconvector hybrid circuit with two energy storage units (a capacitive storage
based on a supercapacitor and an electrochemical storage battery — a storage battery) was
selected. Modeling of a multifunctional energy converter for a transport hybrid propulsion
system was performed using the MatLab program with the Simulink application. The model is

capable of performing functions of rational energy management under various operating modes



of transport systems, which confirms the feasibility of configuration and choice of circuit
solutions when creating a converter for a transport hybrid propulsion system.
Key words: transport hybrid propulsion system, multifunction converter, computer simulation,

rolling stock.
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CpaBHHUTe/IbHbIE IKCIIEPUMEHTAIbHbIE UCC/IeI0BAHNSA OCHOBHBIX 31eKTPOTEXHUYECKUX
NapaMeTPOB U30/ISALMH J1eKTPOOOOPYI0BaAHNSA NOC/Ie CYIIKH PA3JIMYHBIMHU CII0CO0aMH
KPYYEK B.A., IVJILCKUH E.JO., BOPOBBEB A.A., MAKAPOBA E.J.

Crartbs IOCBSIIIEHA OLICHKE PE3yJIbTATOB CPABHUTEIBHBIX KCIIEPUMEHTAIBHBIX UCCIIEI0BAHUM
Pa3TUYHBIX TEXHOJIOTHH CYIIKH MPOMUTAHHON U30JISIIUU CHIIOBOTO 3JIEKTPOOOOpYA0BaHUS B
MPOLIECCEe U3TOTOBJIEHUS M PEMOHTA: IITATHON TEXHOJIOTUU CYIIKH B KOHBEKTUBHBIX
ANEKTPUUECKUX MeUax BHICOKOM MOILIHOCTH U MPEIaraéMoi TEXHOJIOTUH U TEXHUKU
YCKOPEHHOM CYIIIKH B alapaTHBIX KOMILIEKCAX ¢ UCIoNib3oBaHueM nHdppakpacHoro (UK)
u3ny4deHus. B yactHOCTH, B cTaThe Mpe/ICTaBICHbI Pe3yIbTaThl aHAIN3a MUKPOCTPYKTYPBI
MOBEPXHOCTU MOJUMEPHOI H30JISALUU TIOCTE CYIIKH, YKa3aHHBIMU MeTofamu. McciaenoBanus
MIPOBOJIUIIUCH B MIPOMBILIIIEHHBIX YCIOBUAX, C UCIIOJb30BAaHUEM CIIELUATU3UPOBAHHOTO
MOBEPEHHOTO 000pyI0BaHUS. B TeopeTHyeckoM IiaHe B CTaThe MPEICTABICHBI BBIKJIAKU 10
o6ocHOBaHUIO Mcnonb3oBaHus MK-u3mydenus mpu cynke MHOTOCIONHON U30JISIITHOHHON
KOHCTPYKIHUHU pa3IUuyHOro coctana. [IpoBeneHHbIe nccieI0BaHs MOATBEPKIAIOT TUIIOTE3Yy 00
00pa3oBaHUM HA TOBEPXHOCTH U B TOJIIE TOJUMEPHOHN H30JIAIUN MUKPOIIOJIOCTEH MPU
MCIIOJIb30BAHUU KOHBEKIIUHU MPU CYIIKE, KOTOPbIE CHIKAIOT KAYECTBO M HAJIEKHOCTh U30JISIIUN
anekTpooOopynoBanus B 1esioM. [Ipu 3ToM npesuiaraemasi TEXHOJIOTUS M TEXHUKA YCKOPEHHOU
CYILIKH U30JISIIUH 3JIEKTPO00OpyA0BaHuUs ¢ UcToiab30BaHueM MK-u3nydenus mo3BosuseT
MOBBICUThH KaY€CTBO MOJIy4aeMOU MOTUMEPHOU U30JIALIMH, ITOBBIIIAS €€ Hale)KHOCTh. [lomumo
3TOT0, IaHHAsI TEXHOJIOTUS TTO3BOJISIET B 3HAUUTEIBHON CTENEHU MOBBICUTH MPOU3BOIUTEIBLHOCTh
PEMOHTA U3OJISILIMK U CHU3UTH 3aTPAThl 3JIEKTPOIHEPTUH.

Knrouesnie cnoea:. HaiEKHOCTb, U30JIALINA, JIEKTPOOOOPYIOBaHHE, MUKPOIIOJIOCTH, CYIIIKA,

KOHBEKIIHsI, MH(PpPaKpacHOE U3ITyUCHHUE.

The article is devoted to evaluating the results of comparative experimental studies of various
technologies for drying impregnated insulation of power electrical equipment in the process of

manufacturing and repair: standard drying technology in high-power convective electric furnaces



and the proposed technology and technology of accelerated drying in hardware complexes using
infrared (IR) radiation. In particular, the article presents the results of the analysis of the
microstructure of the polymer insulation surface after drying by these methods. The research was
carried out in industrial conditions, using specialized attorney equipment. In theoretical terms,
the article presents calculations on the justification of the use of IR-radiation in the drying of
multilayer insulation structures of various compositions. The conducted studies confirm the
hypothesis about the formation of micro-cavities on the surface and in the thickness of the
polymer insulation when using convection during drying, which reduce the quality and reliability
of the insulation of electrical equipment as a whole. At the same time, the proposed technology
and technique of accelerated drying of electrical equipment insulation using IR-radiation can
improve the quality of the resulting polymer insulation, increasing its reliability. In addition, this
technology can significantly improve the performance of insulation repair and reduce energy
costs.

Key word: reliability, insulation, electrical equipment, micro-cavities, drying, convection,

infrared radiation.
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Pacyét MarHuTOdJIEKTPHYeCKHX BEHTHIbHBIX IBUTaTe el MeTO/I0M pa3/iesIeHHs
nepeMeHHbIX Dypbe

ADAHACBEB A A.

Ha 0aze merona pa3nenenus nepeMeHHbIX Oypbe MoTydeHa IByMepHas aHaIUTHYeCKas MOJIEIb
BEHTWJIBHOTO IBUTATENS C TIOCTOSIHHBIMU MarHUTaMH, B OOIIYI0 PaCUeTHYIO 0071acTh KOTOPOH
BXOJAT ()eppOMArHUTHBIEC YIaCTKH U TIOCTOSIHHBIE MarHUTHI pealibHOM KoH(urypamnuu. B
Ka4eCTBE HCTOUHUKOB MarHUTHOTO IMOJISl BBICTYNAIOT MOCTOSTHHBIE MAarHUTHI POTOPA, TOKH
0OMOTKHM CTaTopa M HaBEJACHHBIE MArHUTHBIC HHAYKIIUH B 3yO1ax craTopa. PacuérHble 3HaUCHHS
MarHUTHBIX MHIYKIUH B Cpeax HaXOIATCA C YUETOM 3y04aToCTH cTaropa, 0OMOTOYHBIX
TapMOHHMK MarHUTO/BMKYIIIEH CHIIBI M TEOMETPUYECKON CTPYKTYPBI PAcIOOKEHHUS TOCTOSHHBIX
MarHuToB. [lomydeHHble Ha MOJIenH pacyEéTHbIC (PYHKIIMOHAIBHBIC TIOKA3aTeNN ABUraTeNs (TOK,
MOMEHT) OJTU3KH K €r0 MacHOPTHBIM 3HAYCHUSM.

Kntouegvle cnosa: MarHNTOAIEKTPUIECKUE BEHTWIBHBIC IBUTATEIN, METOJT pa3AeiIeHUs
IIepEeMEHHBIX, IOCTOSIHHBIC MAaTHUTHI, 3y04aTOCTh CTaTOpa, 0OMOTOYHBIEC TAPMOHUKH,

BHCKTpOMaFHHTHBIﬁ MOMCHT, pacucT.



On the basis of the method of separation of variables, Fourier received two-dimensional
analytical model of a brushless DC motor with permanent magnets, in the General analysis area,
which includes areas of ferromagnetic and permanent magnets the actual configuration.
Permanent rotor magnets, stator winding currents and induced magnetic inductions in the stator
teeth act as sources of magnetic field. The calculated values of magnetic inductions in media are
based on the stator serration, winding harmonics of magnetomotive force and the geometric
structure of the arrangement of permanent magnets. The calculated values of the functional
parameters of the engine (current, torque) obtained on the model are close to its passport values.
Key words: magnetoelectric valve motors, variable separation method, permanent magnets, stator

gear, winding harmonics, electromagnetic torque, serial motor, calculation.
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Metoabl pacuéra TokoBB010B BTCII 3Heprernuecknx kadeseii nepeMeHHOI0 TOKa
KEJITOB B.B., BYSHOB 10.J1., KOIIbIJIOB C.1., APXAHT'EJIbCKUI A JO., BAJIAIIIOB.
H.H.

[TpakTrueckoe UCoab30BaHUE Kabenel sl mepeadn AIeKTPOIHEPI U Ha OCHOBE
BBICOKOTeMIIEpaTypHbIX cBepx1poBoHUKoB (BTCII kaberneii) 00ycIOBI€HO WX BHICOKOM
MPOIyCcKHOU criocoOHOCTRI0. HecmoTps Ha Gomnbinoe kommuecTBo BTCII kabeneid,
OKCIIEPUMEHTATIBHBIX M PAOOTAIOIIMX B COCTABE ACHCTBYIONINX CETEH, OCTAIOTCS
MaJIOM3Y4E€HHBIMH BOIIPOCHI IPUMEHEHUS CHIIbHOTOYHBIX, OXJIAXK/IaEMBIX KHJIKUM a30TOM,
tpexdasznpix BTCII kabeneit s mepeaadn 3IeKTPOIHEPTHH O0JIBINON MOIITHOCTH. BBOA
NEPEMEHHOTO TOKa B KaOEIbHYIO CUCTEMY HAKJIQABIBACT PsiJ CIeUU(DPUIECKUX OTpaHHUEHHUN TPU
IIPOCKTUPOBAHUHU TOKOBBOJAOB. BOJIBIINHCTBO CBEPXIPOBOAHUKOBBIX YCTPOUCTB U alIapaToB
pa60Ta10T Ha MOCTOAHHOM TOKC, ITIO3TOMY MCTOAUKHA pacqéTa BBICOKOBOJIBTHBIX CUJIBHOTOYHBIX
TOKOBBOJIOB IIEPEMEHHOT0 TOKA MPAKTUYECKH OTCYTCTBYIOT. B cTathe paccMOTpeHbI
XapaKTepHble 0COOCHHOCTH pabOThl KPHOTOKOBBOOB MEPEMEHHOTO TOKA U MPEATI0KEHBI
NPUHIUITBI UX pacueTa, MO3BOJISIoIIKE 00Jiee TOUHO ONPEACTUTD IIepeaBaeMyo 10 HUM
AKTHUBHYIO MOITHOCTh. [ToKa3aHa mocne0BaTeIbHOCTh ONPEAETICHUST 00YCIOBINBAIOIINX
o0LIyI0 UIMHY TOKOBBOJIOB T€OMETPHUUECKHUX Pa3MEPOB ONOPHBIX U30JITOPOB TOKOBBOIOB, B
3aBUCHUMOCTH OT BHEILIHUX YCJIOBUU BO3JECHCTBUA OKPYXaIOIIeil cpeabl. PaccMoTpeHo BiusgHue
TerI000MeHa B cpejie ra3000pa3HOro a30Ta Ha TETIOBOM PEKUM TOKOBBOJIA. Y CTAHOBJICHO, UTO

BCJIICACTBHUC OTHOCUTCIILHO HEOO0IbIIO0N y,[[CJII:HOﬁ TEIIOEMKOCTH ra3006pa3Horo a30Ta BJIMSAHHUC



OXJIaX/IEHUS HA TEIUIOBOM PEXHUM TOKOBBOJ1a 3HAUUTEILHO MEHbILIE 10 CPABHEHHUIO €
BBIJIEJIEHUEM U paclpoCTpaHEHUEM Tela. B kauecTBe mpuMepa NpuBeIEHbI TapaMeTPhl
CaMOOXJIQXK/IAIOINXCSl METHBIX TOKOBBOJIOB, pACCUUTAaHHBIX Ha 12 KA, pu Temreparypax
oxJyaxaenus 65 u 77,4 K.

Knrwoueswvie cnosa: TOKOBBOABI JUIsl KPUOTEHHBIX YCTPOICTB, pacyeT KPMOT€HHBIX TOKOBBOJIOB,

BTCII xabenu >mekTpornepenadm.

Practical use of cables for the transmission of electricity based on high-temperature
superconductors (HTS cables) due to their high throughput. Despite the large number of HTS
cables, experimental and operating as part of existing networks, there remains little studied the
use of high-current, liquid-nitrogen-cooled, three-phase HTS cables for the transmission of high-
power electricity from power plants. The introduction of alternating current into the cable system
imposes a number of specific limitations in the design of current leads. Most superconducting
devices and devices operate on direct current, so the methods for calculating high-voltage, high-
current AC current leads are practically absent. The article discusses the characteristic features of
the operation of AC current cryo-leads and suggests the principles of their calculation, allowing
to increase the active power transmitted through them. The sequence of determining the
geometrical dimensions of the supporting insulators of the current leads, which determine the
total length of the current leads, is shown, depending on the external environmental conditions.
The effect of heat transfer in a nitrogen gas medium on the thermal mode of the current lead is
considered. It has been established that, due to the relatively small specific heat capacity of
gaseous nitrogen, the effect of cooling on the thermal mode of the current lead is much less
compared to the release and distribution of heat. As an example, the parameters of self-cooled
copper current leads, designed for 12 kA, are given at cooling temperatures of 65 and 77,4 K.
Key words: current leads for cryogenic devices, calculation of cryogenic current leads, HTS
power cables.
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IToBbIIeHNe ObICTPOAECHCTBHS MOC/IEI0BATEIBLHOI0 AHAIN3A B YCTPONCTBAX ABTOMATHKH
JHEProcucTeM IHEPropaoHoOB ¢ pacinpeiejeHHON reHepanue

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

PaccMoTpeHbl 0cOOEHHOCTH IEKTPUIECKUX PEKUMOB B SHEPropaioHax ¢ 00bEKTaMU



pactipeneneHHoi reHeparnuu. O60CHOBaHAa HEOOXOAMMOCTh TOBBIIIEHHBIX TPEOOBAHMH K
OBICTPOACHCTBHUIO YCTPOHCTB aBTOMAaTUKH SHEPTOCUCTEM, OCOOCHHO B OCTPOBHOM (aBTOHOMHOM )
PEIKUMC. OTMC‘-IGHO, 4To pcan3anud CHCHH&HBHOﬁ nmpoucaypsl yCCUCHUA CTAHAAPTHOI'O
MIOCJIEIOBATEIBHOTO aHANM3a Banba mpu NpUHITAN PEIICHUH YCTPOWCTBAMH aBTOMATUKA
TpeOyeT NOTOHUTENFHBIX BpEMEHHBIX 3aTpat. O0ecredeHrne MMOCTOSHCTBA OIMOOK MEPBOTO
BTOPOTO PO/ia Ha Ka)/IOM IlIare MpoIeyphl MOCIeI0BaTeILHOTO aHanu3a Banbpaa mo3Bossier
chopmMHpoBaTh U3MEHsIEMbIE (a1alITUBHBIC) YCTaBOUHBIE 3HaUeHus. Ha nmpumepe yctpoiicTa
ABTOMATHYECKOW YaCTOTHOM Pa3Trpy3KH MOKa3aHO, YTO UCTIOIh30BaHNE MOAU(DHUIIMPOBAHHOTO
ITOPUTMA TIOCJIEI0BATEIFHOTO aHAIN3a TI03BOJISIET TIOBBICHTH OBICTPOJICHCTBIE cpabaThIBaHUS
B JIBa pasa. [IpencraBieHbl peKOMEHIAIMH 110 BHEAPESHUIO MOIU(DUIIMPOBAHHOTO AJITOPUTMA KaK
B CYIIECTBYIOILIME, TaK U B pa3pabaTbiBaeMble YCTPOWCTBA AaBTOMATUKH YHEPTOCUCTEM.
Knrwoueswvte cnosa: pactipeneieHHas TeHepaIys, YJHEPrOpaioH, aBTOMATHKa YHEPTOCHCTEM,
aBTOMAaTHYECKas YaCTOTHAs pa3rpy3Ka, mpoIlerypa moclieIoBaTeIbHOTO aHaiu3a Baba,

MOIU(PHUIMPOBAHHBINA aITOPUTM.

This paper analyzes the electrical parameters of areas that contain distributed generation
facilities. It substantiates the necessity of stricter requirements to the performance of energy
system automations, especially in islanded operation. It is noted that implementing a special
procedure for truncating the standard sequential analysis (the Wald analysis) for automated
decision-making is a time-consuming process. By ensuring the constancy of first- and second-
kind errors at each step of the Wald analysis, one can generate adaptable settings. The paper uses
evidence from an automated under-frequency load shedding unit to show that a modified
sequential analysis algorithm performs twice as fast. The authors present guidelines on how to
adopt this modified algorithm in the existing or newly developed energy system automations.
Key words: distributed generation, power area, energy system automation, under-frequency load-
shedding, Wald sequential analysis, modified algorithm.
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AHaJIN3 KATAJ0KHBIX JaHHBIX H ONpe/e/ieHie MapaMeTPOB cXeMbl 3aMellleHHs] KPaAHOBBIX
ACHHXPOHHBIX YJIeKTPOABHIaTE e

OCHUIIOB B.C.

BrInonHeH aHan3 KaTaloKHbIX JAHHBIX KPAHOBBIX ACUHXPOHHBIX JJIEKTPOABUIATEIIEH CEPUM



MT u MTK c 1ienpio mpoBepKu JOCTOBEPHOCTH M COOTBETCTBUS KATAIOKHBIX TAHHBIX OOIIMM
3aKOHOMepHOCT${M NU3MCHCHUS HapaMeTpOB B 3aBUCHUMOCTU OT HOMHHaHBHOﬁ MOIITHOCTHU
neurarens. [lonydeHsl HE0OOXOUMBIE I pacuéTa mapaMeTpoOB CXEMbI 3aMEIICHUS
AHAJTUTUICCKUE BBIPAKECHUS I ONPEIETICHNS MarHUTHBIX U MEXaHUYECKUX TTOTEePb, KaK JOJIH
CyMMapHBIX TOTeph. Pa3spaborannas nporpamma B cpeae MathCad mo3BossieT onpeaenuTs
IeCTh HCU3BCCTHBIX HapaMeTpOB - COHpOTI/IBJIeHI/Iﬁ CXEMbI 3aMCIICHUA — TAKUM O6p2130M,
YTOOBI BHIIOJHUICS OaaHC aKTHUBHBIX U PEaKTUBHBIX MolTHOCTeH. [IpruBeeHbI pe3yabTaThl
pacuéTa mapaMeTpOB CXEMBbI 3aMEIICHHUS BCEX JABUTATEINICH, YTO MO3BOJISET MOCTPOUTH
MEXaHUYECKHUE XapaKTEPUCTUKH.

Knrouegvle cnosa: KpaHOBbIE aCHHXPOHHBIE AJIEKTPOJBUTATENH, KATAIOXKHBIE IaHHbIE, CXeMa

3aMEILCHUS, [IapaMEeTpBI.

The analysis of catalog data of crane asynchronous motors of MT and MTK series was
performed in order to verify the reliability and compliance of catalog data with the General laws
of parameter changes depending on the rated power of the engine. The analytical expressions
necessary for calculating the parameters of the substitution scheme for determining magnetic and
mechanical losses as a share of total losses were obtained. The developed program in the
MathCad environment allows you to determine six unknown parameters — the resistances of the
substitution circuit — so that the balance of active and reactive power is performed. The results of
calculating the parameters of the replacement circuit of all engines are given, which allows us to
build mechanical characteristics.

Key words: crane induction motors, catalogue, data, equivalent circuit, parameters.
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HNHpopManoHHBIE CBOMCTBA U MPUJI0KEHHU JTOKAJIBHON COCTABJIAIOLIECH TOKA KOPOTKOI0
3aMbIKAHUSA

KOYETOB 1./, JIIIMEIL] 10.41., MAKAIIIKMH ®.A.

M3BecTHO U MIMPOKO MPUMEHSIETCS pa3iesieHre ToKa KOpoTkoro 3ambikanus (K3) Ha
IPEIIECTBYIONIYIO M aBapHIHYIO COCTaBIsIoImKe. BTopas cocraBisionas HeceT HH(OpMaIiio
o mecte K3, Tak kak co3gaeTcs npoTeKarolM TaM TOKOM. B cTtaTtbe paccmaTpuBaeTcst
pasnenenue HaOmogaeMoro Toka K3 Ha HOpManbHYIO M JIOKAJIBHYIO COCTaBIISIONIME. JIoKampHas

COCTaBIISIONIAs CO3/1aETCs TEM K€ TOKOM, UTO M aBapuiiHasi, HO B OTJIMYKE OT He€ CBOOOIHA OT



BJIMSIHYS BHEIIHUX CBA3€eil HaOronaeMoro oobekra. O00c00IEHHOCTh 00BEKTA B JTOKAJIBHOM
pen(HMe CO3,Z[aéTC§I 6nar0;[ap;1 TOMy, YTO Ha €ro MOJACJIb HAKJIaAbIBAOTCA INYHTHI B MECTax
HaOmroeHus. B muHMAX 3eKkTponepeaun oOHapyKUBACTCd MHBApPUAHTHAs, TO €CTh HE
3aBUCSIIAS OT BHEIIHUX CBS3€H, 3aBUCUMOCTh MEXTy OTHOIIICHUEM JIOKAIHHBIX TOKOB Ha
MIPOTHUBOIIOJIOKHBIX CTOPOHAX M KoopauHatoi mecta K3. byayun coOcTBeHHOM
XapaKTePUCTUKON HAOII01aeMOT0 00bEKTa, OHA MOXKET CIYKUTh KPUTEPUEM OLEHKH
koopauHatel Mecta K3 1o pe3ynsTaTam IByXCTOpPOHHETO HaOMIOqeH!S TMHUH. JIOKaIbHBIN
PEeXUM JABYXIIPOBOJIHOTO KaHaja CO3/1aETCsI €IMHCTBEHHBIM HCTOYHHUKOM, JCHCTBYIONTUM U3
Mecta K3. HopmanbeHbIN pexuM cO30aETCA B TOM )K€ KaHaJIe, HO HEMOBPEXKAEHHOM; €r0 CO3/1al0T
O/1C, neiicTByromye B MecTax HabIIOACHUS M paBHBIE HA0JII0JaeMbIM HAIPSHKECHHUSIM TEKYIIETO
pG)KI/IMa NJIN UX aBapI/II\/'IHBIMI/I COCTAaBJIAKOIIINUMU.

Knroueevle cnosa: nuHus 3IEKTPONIepeIadl, MECTO MTOBPEKICHHS, KOPOTKOE 3aMbIKaHHE,

JJOKaJIbHas COCTaBJIArOIIas.

It has long been known and widely used division of short circuit current on the prior and fault
components. The second one carries information about the location of the fault, as it is created
by the current flowing there. The article is devoted to the recently discovered division of the
observable short-circuit current into normal and local components. The latter is created by the
same current as the fault component, but — in contrast — it is free from the influence of external
influence of the observed object. The isolation of the object in the local mode is created due to
the fact that its model has superimposed shunts in places of observation. In the transmission the
invariant dependence, that is independent of external relations, was found between the ratio of
local currents on opposite sides and the fault location. Being its own characteristic of the
observed object, it creates a criterion for evaluating the coordinate based on the results of two-
way observation of the line. The local mode of a two-wire channel is created by a single source
operating from a fault location. Normal mode is created in the same channel, but in the
undamaged. It is created by EMFs operating at the observation sites and equal to the observed
voltages of the current mode or their emergency components.

Key words: transmission line, fault location, short-circuit, local component.
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