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HEWPOCETEBOE MOJIEJIMPOBAHUE PEJIEfIHOFI 3ALIUTHI
C BPEMEHHOM 3AJIEP)KKOM

Knrouesvie cnosa: neiipocemegoe mooenuposanue, MHO20CIOUHbIN NEPCENMPOH, MAKCU-
MANbHASL MOKOBAA 3AUUMa, 3A0epHCKA NO 6PEMEHU, MPeXPA3HA INeKMPULECKAs CeMb.

Cospemennblii 21eKmpoIHepeemutecKull 00beKm — CIManyuu 1 6bICOKOBOIbIMHbIE NOOCIAHYUU
cmanu yugposbimu 00bEKMAML ¢ AKMUGHBIM NPUMEHEHUEM BbICOKOCKOPOCHIHBIX JIOKATIbHBIX
cemeti, HENOCPEOCMBEHHO YHACMBYIOUUX 8 MEXHONOSUUECKOM npoyecce. YnpaeneHue, anau3
U KOHMPOIb UHPOPMAYUOHHO20 0OMEHA 8 YUPPOBOL NOOCTNAHYUU FHEP2OCUCTHEMbL MPEOYIOm
PAa3pabomKu HOBbIX Cpedcms U noox0008. /s smux yeneti MO2ym UCNOIb308AMbCA MEMOObl
MAUWUHHO20 00YYeHUs, 8 YACIHOCIIU annapam UCKYCCMEeHHbIX HelpOHHbIX cemell. B pabome
NOKA3AHbL B03MOICHOCHIU NPUMEHEHUs UCKYCCMBEHHOU HEeUPOHHOU Cemu Npsamo20 pacnpo-
cmpanenust (MHO2OCIOUHBIX NePCEnmMpPOHO08) st MOOETUPOBAHUSL U UOSHMUPDUKAYUU AHOMATULL
6 pedcuMax pabomvl pereiiHol 3auumbl ¢ 3a0epiickoti no epemenu. Ilpedcmasienvl pesyio-
mamul 06YYeHUs U MEeCMUPOBAHUsL UCKYCCMBEHHOU HEPOHHOU Cemu Ha npuMepe AHAIU3A CPa-
OAMbIBAHUA MAKCUMATILHOU MOKOBOU 3AUUMbL 8 PEXCUME (CKONb3AUIE20 BPEMEHHO20 OKHAY
6 mpexgasHotl anekmpuyeckoti cemu. Ilpeonazaemvlil HelPOAnLOPUMM U KOHGUSYPaYUs UCKYC-
CMBEHHOU HEUPOHHOTL CemuU MOZYN UCNOTb3068aMbCA OIS KOHMPOJISL PEHCUMOB U IOYHOCIU Pe-
JICUHBIX U KUOEPHEMUYECKUX 3aUum.

B HacTosmiee Bpemsi Bce 601ee MIMPOKO MCTIONB3YIOTCS CPEACTBA JOKATBHBIX
KOMIIBIOTEPHBIX CeTel B MHPOPMAIIMOHHOM O0OMEHE TaHHBIMH U CUTHAJIaAMH MEXKILY
BTOPUYHBIM 000py0BaHNEM MHU(PPOBHIX MOICTAHIIMNA. DTO IPUBOANUT K TOSBICHUIO
PHUCKOB HH(POPMALIMOHHON 0€30MTaCHOCTHU B AOTIOJHEHHE K BO3MOYKHBIM aBapUITHBIM
CUTyalusM B DJIEKTpOceTeBOM obOopynoBaHuH. [Ipy 3ToM Bo3pacTaeT HE0OXOIu-
MOCTH 0oJIee TeTaTHbHOTO KOHTPOJIS U aHAIIN3a COCTOSHHUS 00BEKTOB TU(DPOBOI TTOI-
craumuu [6, 7, 15, 21]. [IpuMeHeHre TpaauIIMOHHBIX METOJIOB aHAIM3a OCIOXKHS-
eTcsl OOJBIIMM MHOT000pa3ueM peXHMOB pabOThl SHEPrOCHUCTEMBI: IITATHHIE pe-
JKUMBI U3MEHEHHUS HArpy30K, kommyTaruu [1, 16], pa3HooOpa3Hbie aBapuilHbIE pe-
JKUMBI TIpH cpabaThIBaHUM penteiiHoi 3amuTsl [11, 18, 22]. [lns sTux ueneit Mmoryt
HCITOJIB30BATHCS METOJIBI MAIIMHHOTO 00y4ueHus [14], B 9aCTHOCTH amnmapar UCKyc-
cTBeHHBIX HelpoHHbIX cetel (MHC) [2, 5, 9, 12] kak oiHa U3 OCHOB UCKYCCTBEH-
Horo uHTeekTa [8, 9, 17, 20].

Kaxk mokazano B [10], HelipoMoIenpoBaHue MOXKET HCTIOIL30BaThCS IS aHa-
JIU3a MEXaHU3MOB Cpa0aThIBaHHUsI MAaKCUMAJIBHOHM TOKOBO# 3amutel (MT3) B Tpex-
¢dazHol cetn Oe3 BIMSHUS HAa CHCTEMY YIPABIICHUS YCTPOWCTBAMH pPEJICHHON 3a-
muThl 1 aBTomaru3aruu (P3A). Pesynerarsr pabotst MHC npsmoro pacupocTpane-
HUS HE 3aBUCAT OT ITOCJIEIOBATEIBHOCTH, B KoTopoit Ha Bxog MHC momaeTcs TecTo-
Bas BRIOOPKa, CJIeI0BaTEeNIFHO, OHA HE MOXKET MCIIOJIB30BATHCS IS aHAIN3a BPEMEH-
HBIX MTOCIIEIOBATEIILHOCTEH [4], MO3TOMY BO3HHUKAET HEOOXOJUMOCTh CO3/IaHUS CIIe-
[IUATBHBIX aITOPUTMOB /ISl 00pa0OTKH BPEMEHHBIX PSIOB TAHHBIX.

B Hacrosimieli paboTe mpeiokeH MoIX0/ I aHAIN3a BPEMEHHBIX MOCIIEI0Ba-
TENFHOCTEH, COAepIKaINX JaHHBIe 00 N3MEHEHHSIX 3HaYeHHUH (Da30BBIX TOKOB, IS KOH-
TpOJIS PadOTHI MeXaHM3MOB M T3 ¢ BEIIEPIKKOM TI0 BpEMEHH.
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HeiipoceteBoe mogeanpoBanue MT3. [l HelipoceTeBOro MOAETUPOBAHUS
MT3 npu mopore cpabareiBanus 300 A ucnonabp3yeM BBIOOPKY, COCTOSIIYIO U3 3HA-
YeHUH TOKOB B KaXKIOH m3 (pa3 dJIeKTpHUECKOH CETH, M COOTBETCTBYIONTUH MeXa-
HU3M cpabareiBanus MT3 npu 3HaYeHUH XOTh OJHOTO U3 (Pa3HBIX TOKOB, IPEBOCXO-
nsimux nopor B 300 A. st o0yuenns MHC renepupyroTcst 3Hau€HHS TOKOB KasKA0H
u3 (pa3 ¢ ucmoIp30BaHNEM HE3aBHCHMBIX CIYYaiHBIX HOPMAIBHO PacIpeeIeHHBIX
BENMUYMH co cpenuuM 3HadeHrneM 300 A u monymupuHoi pacupenenenus 30 A.

Cxema HelipoceTeBON MOJIeNM Ha OCHOBE INEpCENTpPOHa MoKa3aHa Ha puc. |
[10]. Ha BxomHBIE HEHPOHBI MOANAIOTCS 3HAUYEHHUS TOKOB KXo U3 (a3 anmekTpu-
geckoii cetu. Ha Beixome MHC BeIamcIisseT 3Ha4€HNE, COOTBETCTBYIONIEE CUTHAITY
cpabatpiBanust MT3.

la.lb,lc = 300

la.lb,lc < 300

A J

Puc. 1. Crpyxrypa UHC nns MT3

Kax noka3zano B [10], narHoit konduryparnun MHC goctaTodHo 11s pacmo3Ha-
BaHUs pexxumoB MT3 mpesbimieHus nopora s Tpex ¢as. JlanHas HelipoMonaensb
MOYXeT 00y4aTbCsi C MOMOIIBIO BBIOOPKH, cocTosieil MuHUMYM 13 500 3HaueHUi
TOKa B KaXXI0U U3 (a3 anexTpuueckoid cetd. [Ipu 3TOM morpenHocTs B onpenene-
HUU TIopora cpabarbiBanus He npesbimaeT 1 A. J[nsg o0ydeHus: HCHoap30BaH alro-
pUTM yIIpyroro odpatHoro pacmpocrpanenus (resilient backpropagation, Rprop),
KOTOPBIH 00ecreunBaeT OBICTPYIO U TOUHYIO CXOJUMOCTb PELIaeMON 3a1a4H.

HeiipocereBoe mogeauposanue MT3 ¢ Beinepskkoii Bpemenn. B MT3 ¢ BbI-
JEPIKKOM 110 BPEMEHH IIPY MPEBBINICHUN TOPOrOBOTO 3HAUEHHs B Jiroboi u3 a3 3a-
JaeTcs BpeMs cpadaThIBaHMS 3alIUTHI T, IO MCTEYEHUH KOTOPOTO, €CIIM BEJIMYMHA
TOKa BCE €IIle MPEBBIIIAcT MOPOroBOe 3HAUCHNUE /;, cpabaThiBaeT 3ammTa (puc. 2).

Uro0bl mepelTH K paclo3HaBaHUIO BPEMEHHBIX IOCIEAOBATEIBHOCTEH, 3HaYe-
HHSI TOKOB B K&KAOH U3 (a3 CrIIaKUBAIOTCS C MMOMOLIBIO CKOJIB3SIIIETO BPEMEHHOTO
okHa, 1 mopaioTcs Ha Bxox MHC B cooTBercTBYIOIIEH mMocnemoBaTenbHOCTH [3].
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KonmiecTBO BXOHBIX HEHPOHOB PacIIUPSCTCS IS paclio3HaBaHUs W HAOOPOB 3HA-
YEeHHUI TOKOB, HYIIUX MOCIEAOBATENBLHO, KAXIbIA HA0OP COCTOMT U3 3HAYCHUH (a-
30BBIX TOKOB (pHC. 3).

Puc. 2. CpabartsiBanne 3amuTsl B MT3 ¢ BBIIEPIKKOH 110 BpeMEHH
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Puc. 3. Crpyxrypa MHC nst MT3 ¢ BeIEpIKKOI 110 BpeMeHU

Ecnu B nocnienoBarenbHOCTH U3 W HAOOPOB 3HAYCHUI TOKa TOAPSI k 3HAUCHHUI
MIPEBHIIIAIOT ITOPOT CPadaTHIBAHUS 3aIIUTHI, TO LIEJIEBBIM 3HaYeHNEM OyieT 1, nHaue —
0. Bpemennoit uaTepBan 7 Ha puc. 3 COOTBETCTBYET MOMEHTY BpEMEHH, KOTOPBIH 00-
pabateiBaeTcsl Ha TeKylueM mare. Kaxkaas ouepenHas mocie10BaTeIbHOCT COCTOUT
13 W HaOOPOB 3HAUEHHMI, CIBUHYTHIX Ha | 1mar mquckperu3anuu. Takum oOpazom, s
pacro3HaBaHUs [IATH MTOCIEA0BATENBHEIX 3HaUeHUH OyeT ucnonb3oBana MHC ¢ mst-
HaJIIaThIO0 BXOJHBIMUA HEHPOHAMH, IIECTBIO U TPEMsI HEUPOHAMU B CKPBITHIX CIIOSIX
Y OJTHOTO BBIXOJHOTO HEMPOHA.

Honyuennas MHC ¢yHKIMOHUpYET Kak cBepTOYHast HeHpoHHas ceTb [13, 19],
HO CBEpPTKA JIaHHBIX OCYIIECTBISETCS TIPU MX BBIOOPE, a HE B CIICIHAJIBHBIX CIIOSX CO
CBEPTOUHBIM SIPOM. DTO AaeT OoJiee IMUPOKHUE BO3MOKHOCTH JIJIsl IPOBEPKH M TECTHU-
posanust UHC.
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CpaBaenue MHC npsimoro pacnpocrpanenuss 1 MUHC co ckoJb3IIIuM 0K-
HoM. CpasanM oOyuenne MHC mpsimoro pacnpoctpaHeHus (IEpCENTPOH) ¢ TpeMs
BXomHBIMA HelipoHamu (puc. 1) [10] u nmpemtoxernoit UHC co CKoMb3sIIM BpeMeH-
HbIM OkHOM (puc. 3). O0yuenne MHC c Tpems BxonubiMu HedipoHamu U MHC
CO CKOJIB3SIIIIMM OKHOM TIPOBOAMTCS Ha OTHOM U TOM K€ HaOOpe JaHHBIX, COCTOSILEM
3 10 000 rabopos 3HadeHHWN. [[i1s1 00ydeHUs UCIOB30BaH MUHUTIAKETHBIN PEKHM,
B KoTOpoM i oOyueHus noaaercs 10% HabopoB 3HaUEHHUN OT OOIIETO KOJIUYECTBA
HabopoB. s ontumusanun BecoB MHC ncnons3yetcs metog Adam.

Jis mpoBepky HeWpoalropuTMa HCIOIh30BaH HAOOP NAaHHBIX, B KOTOPOM TOK
OJTHOM (ha3bl c1a00 MEHSIETCS B Y3KOM Jauana3oHe 285 A, a TOK Ha IByX IpYTrHUX (azax
Npe/CTaBIeH KOMOMHALMSAMY 3HAaUE€HUH, MEHSIOIMXCS B ITMPOKOM Iuamna3oHe oT 200
10 400 A, T.e. BbIe ¥ HIXKE noporoBoro 3HaueHust 300 A. IIpoananusupoBaHbl Ciiy-
Yyad, KOT/ia TOK OJHOHN (pa3bl BCET/Ia MPEBBIIIAET WM HAXOAWUTCS HIKE TIOPOTOBOTO
3Ha4eHus U T.7. (puc. 4).

Pesyneratsl 00y4yenns MTHC npu ncnons3oBanun oOyvaroiield BRIOOPKH, COCTO-
smei u3 10 000 HabopoB 3HAYEHUH, 1 TECTOBOH, cocTosmIei u3 2384 HabopoB 3Ha-
YeHUH, IPEe/ICTaBICHBI B TAOJHUIIE.

YucaoBble napaMeTpbl 00yueHHs

HUHC c Tpemst HHC
IMapameTpsI BXOJHBIMH €0 CKOJIb3SILUM
HelipoHAMH OKHOM

KoadduimeHt omubdok as1st 00ydaroniero MHOXecTBa 0,016475 8,526285¢e-05
KoaddurpenT omubok is TECTOBOTO MHOKECTBA 0,181954 0,171220
KosnuecTBo Hepacno3HaHHBIX IPUMEPOB 1702 401
B 00yyarolie BHIOOpKe 17,034% 4,015%
KonnuecTBo Hepaco3HaHHBIX IPUMEPOB 263 230
B TECTOBOI1 BEIOOpKE 22,064 19,360%

Kak criegyer u3 tabnuipl, UHC co cKoNb3sIMUM OKHOM CITOCOOHA MTOIHOCTHIO
pacmo3HaTh MOCIEI0OBATEIBHO CBSI3aHHbIC JaHHbIe. OJTHAKO PE3YIbTaT, MOKa3aHHBIM
MIPHU €€ UCTIOIH30BAHUU Ha TECTOBBIX JaHHBIX, HE OTJIMYAETCS OT PE3yJIbTaTOB, MO-
ny4deHHbIX 00bryHOH MHC 6e3 MCmonb30BaHMs CKOJB3SIIET0 BPEMEHHOTO OKHA.
31ech IPUHIMITHATEHBIM SBIIIETCS TOT (DAKT, UTO pe3yIbTaThl IPUBEIACHEI O€3 yueTa
YCTaBKH 110 TOKY BO3JI€ TIOPOTOBOTO 3HaUEHHUs. Bece ommOKy BO3HIKAIOT B COOTBET-
CTBYIOILEM AMANa3zoHe TOKOB B mpeaenax 1% ot noporosoro 3nauenus [10].

JJis mpoBepKH BO3ZHUKAIOIIMX MPH UCHOIB30BAaHUH HEHPOANTOPUTMA OIUOOK
OBUIM HMCIIOJIb30BaHbl pa3jiMyHbIe KOMOMHAIIMU JaHHBIX. Pe3ynbraThl pacrno3HaBa-
HUS TECTOBBIX JAHHBIX IMOKA3aHBI HA PHC. 4.

Ha puc. 4 npuBeneHbl BpeMeHHBIC PSAABI 3HAUCHUM TOKA HA ABYX (a3ax dJek-
TpOCEeTH W 0003HAYCHBI 3HAUCHUS, KOT/Ia cpabaThIBaHNE 3aIIUTHI HE MPOUCXOINT,
WA TIPOMCXOIUT JIOXKHOEe cpabareiBanne. Kak BumHO U3 puc. 4, ommOku B padoTe
MaKCUMAaJIbHON TOKOBOH 3aIIUTHI BO3HUKAIOT TOJIBKO B TOM CIy4ae, KOr/ia 3HaUYeHUs
TOKAa HAXOMASTCS B 00JIACTU MOPOTOBOTr0O 3HaUeHUs. Eciu TOK XOTs OBl HA OJHOM U3
(a3 CyIIeCTBEHHO OTJIMYACTCS OT TIOPOrOBOT0 3HAYCHHUSI, HEHPOCETEBOM aJITOPUTM
obecneunBaetr 100%-Ho€ pacmo3HaBaHUeE.
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Puc. 4. TectoBble JaHHBIC (CIUTOLIHAS JIMHHS)
C OTMEUCHHBIMH OIMOKAaMH (YE€PHBIE KPECTUKH)

3axmouenne. Takum 00pazom, HelpoceTeBbIE AITOPUTMBI HA OCHOBE MHOTOCIIOM-
HOTO IIEPCENTPOHA MOTYT UCIOJIb30BAaThCS B CKOJB3SIIEM BPEMEHHOM OKHE JJISl aHa-
JM3a CIy4YallHbIX BPEMEHHBIX MocienoBareiabHocTel. [Ipocreiiinas HedpoHHas CeThb
MIPSIMOTO PACTIPOCTPAaHEHHUs B IAHHOM citydae (pyHKIHOHHUpYeT Kak cBeprouHas MHC,
OJTHAKO TI03BOJISIET KOHTPOJIMPOBATh PadOTy alropuTMa Ha BCEX JTarax BBEIYUCIICHUM.
IToporoBoe 3HaueHme, ONpenessioiiee cpadaTbIBaHNUE 3aIIUTHL, MOYKET UMETh TIEPEMEH-
HOE BO BpEMEHHU (HECTaLOHAPHOE) 3HAYECHHE, TOATOMY HEHPOAITOPHTM MOXKET OBITH
MIPUMEHEH KPOME IMOKa3aHHOM MaKCHMAaJIbHOH TOKOBOHM 3alTUTHI B 0Ojiee IMPOKOM
kpyre 3anad. [Ipemnaraemslii Helipoanroput™ u koHpurypaus MHC moryTt npume-
HATBCA Ui KOHTPOJS MeXaHu3MOB P3A, UCHONB3YIOMIMX 3aJIEpKKy IO BpPEeMEHH
JUTSL cpabaThIBaHMS, a TAKOKE TSI KOHTPOJISI aHOMAITMI B HH(OPMAIIHOHHBIX TIOTOKAX.
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NEURAL NETWORK MODELING OF RELAY PROTECTION
WITH A TIME DELAY

Key words: neural network modeling, multilayer perceptron, overcurrent protection, time
delay, three-phase electrical grids.

Modern electric power facilities — stations and high-voltage substations — have become
digital objects with the active use of high-speed local networks directly involved in the tech-
nological process. Management, analysis and control of information exchange in the digital
substation of the power system require the development of new means and approaches. For
these purposes, machine learning methods can be used, in particular the apparatus of ar-
tificial neural networks (ANN). The paper shows the possibilities of using direct propaga-
tion ANNs (multilayer perceptrons) for modeling and identifying anomalies in the operation
modes of relay protection with a time delay. The results of training and testing of the ANN
are presented on the example of analyzing the operation of the over current protection in
the "sliding time window" mode in a three-phase electrical network. The proposed neuroal-
gorithm and configuration of the ANN can be used to control the modes and accuracy of
relay and cybernetic defenses.

References

1. Koshcheev M.I., Laryukhin A.A., Slavutskii A.L. Ispolzovanie adaptivnykh neiroalgoritmov dlya
raspoznavaniya anomal'nykh rezhimov sistem vtorichnogo oborudovaniya elektroenergetiki [ Application of
Adaptive Neuro Algorithms for Recognition of Anomalous Behaviour of Secondary Equipment Systems in
Electric Power Industry]. Vestnik Chuvashskogo universiteta, 2019, no. 1, pp. 47-58.

2. Kruglov V.V., Borisov V.V. Iskusstvennye neironnye seti. Teoriya i praktika. [ Artificial neural
networks. Theory and practice]. Moscow, Goryachaya liniya, Telekom, 2001, 382 p.

3. Andreev O.N., Slavutskii L.A., Slavutskiy A.L. Neural network in a "sliding window" for power
grids signals structural analysis. In: IOP Conference Series: Earth and Environmental Science: 4, 2022,
p. 012054. DOI: 10.1088/1755-1315/990/1/012054.

4. Burton B., Harley R.G. Reducing the computational demands of continually online-trained
artificial neural networks for system identification and control of fast processes. /[EEE Transactions on
Industry Applications, 1998, vol. 34(3), pp. 589-596.

5. Coury D. V., Oleskovicz M., Aggarwal R.K. An ANN routine for fault detection, classification and
location in transmission lines. Electrical Power Components and Systems, 2002, no. 30, pp. 1137-1149.

6. Dharmendra K., Moushmi K., Zadgaonkar A.S. Analysis of generated harmonics due to trans-
former load on power system using artificial neural network. International journal of electrical engi-
neering, 2013, no. 4, 1, pp. 81-90

7. Grammatikis P.R., Sarigiannidis P., Sarigiannidis A., Margounakis D. et al. An Anomaly De-
tection Mechanism for IEC 60870-5-104. In: 9™ International Conference on Modern Circuits and Sys-
tems Technologies (MOCAST), Bremen, Germany, 2020, pp.1-4. DOI: 10.1109/MO-
CAST49295.2020.9200285.

8. Grossberg S. A Path Toward Explainable Al and Autonomous Adaptive Intelligence: Deep
Learning, Adaptive Resonance, and Models of Perception, Emotion, and Action. Front. Neurorobot.,
2020, vol. 14. DOI: https://doi.org/10.3389/fnbot.2020.00036.

9. HeZ, Lin S., Deng Y., Li X, Qian Q. A rough membership neural network approach for fault
classification in transmission lines. International Journal of Electrical Power and Energy Systems,
2014, no. 61, pp. 429-439.

10. Ivanov S., Nikandrov M., Lariukhin A. Neuro Algorithm Accuracy Evaluation for the Anom-
alies Detecting in Overcurrent Protection Operation. In: International Ural Conference on Electrical
Power Engineering (UralCon), 2021, pp. 116-120. DOI: 10.1109/UralCon52005.2021.9559614.

11. Jain A., Thoke A.S., Patel R.N. Fault classification of double circuit transmission line using
artificial neural network. International Journal of Electrical Systems Science and Engineering, WASET,
US4, 2008, no. 1, pp. 230-235.

12. Keerthipala W.W.L., Low Tah Chong, Tham Chong Leong. Attificial neural network model
for analysis of power system harmonics. /[EEE International Conference on Neural Networks, 1995,
no. 2, pp. 905-910.



60 Becmnuk Yyeauwickozo ynueepcumema. 2022. Ne 3

13. Ince T., Kiranyaz S., Even L., Askar M., Gabbouj M. Real-Time Motor Fault Detection by 1-
D Convolutional Neural Networks. /EEE Transactions on Industrial Electronics, 2016, vol. 63, no. 11,
pp. 7067-7075. DOI: 10.1109/TIE.2016.2582729.

14. Jayamaha D.K.J.S., Lidula N.W.A., Rajapakse A.D. Wavelet-multi resolution analysis based
ANN architecture for fault detection and localization in DC microgrids. /EEE Access, 2019, vol. 7,
pp. 145371-145384.

15. Kulikov A.L., Loskutov A.A., Mitrovic M. Improvement of the technical excellence of mul-
tiparameter relay protection by combining the signals of the measuring fault detectors using artificial
intelligence methods. In: International Scientific and Technical Conference Smart Energy Systems
2019 (SES-2019), 2019, no. 124. DOLI: https://doi.org/10.1051/e3sconf/201912401039.

16. Laruhin A., Nikandrov M., Slavutskii L. Anomalous modes recognizing secondary equipment
in electric power industry: adaptive neuro algorithms. In: 2019 International Ural conference on elec-
trical power engineering: Proceedings URALCON, 2019, pp. 399-403.

17. Lu C., Wang Z., Zhou B. Intelligent Fault Diagnosis of Rolling Bearing Using Hierarchical
Convolutional Network Based Health State classification. Advanced Engineering Informatics, 2017,
vol. 32, pp. 139-151. DOI: https://doi.org/10.1016/j.a¢1.2017.02.005.

18. Niekerk C.R., Rens A.P.J., Hoffman A.J. 1dentification of types of distortion sources in power
systems by applying neural networks. 6" IEEE AFRICON, 2002, vol. 2, no. 2, pp. 829-834.

19. OhJ. W., Jeong J. Convolutional neural network and 2-D image based fault diagnosis of bearing
without retraining. In: Proceedings of the 2019 3 International Conference, 2019, pp. 134-138.

20. Rosenblatt F. Principles of neurodymamics. Washington D.C.: Spartan books, 1962.

21. Voropai N.I, Kolosok I.N., Korkina E.S., Osak A.B. Issues of cybersecurity in electric power
systems. Energy systems research, 2020, vol. 3, no. 2(10), pp. 19-28.

22. Yadav A., Dash Y. An overview of transmission line protection by artificial neural network:
fault detection, fault classification, fault location, and fault direction discrimination // Advances in Ar-
tificial Neural Systems, 2014, p. 20. DOI: https://doi.org/10.1155/2014/230382.

SERGEY O. IVANOV - Senior Lecturer, Math and Hardware Information Systems De-
partment, Chuvash State University, Russia, Cheboksary (v101-11@mail.ru; ORCID: https://or-
cid.org/0000-0003-3918-3919).

MAXIM V. NIKANDROYV - Candidate of Technical Sciences, Director, LLC «iGRIDS»
Itd., Russia, Cheboksary (nixmak@mail.ru; ORCID: https://orcid.org/0000-0001-6846-3384).
LEONID A. SLAVUTSKII — Doctor of Physical and Mathematical Sciences, Professor of

Management and Computer Science in Technical Systems Department, Chuvash State Univer-
sity, Russia, Cheboksary (lenya@slavutskii.ru; ORCID: https://orcid.org/0000-0001-6783-2985).

®opmat uutupoBanus: seanog C.0., Hukanopos M.B., Cnagymcxuii J1.A. HeiipoceteBoe MO-
JIETMPOBAaHUE PEICHHON 3alUTHI ¢ BPEMEHHOI 3aepkKkoii // BecTtHuk UyBamickoro yHUBEpcUTETa. —
2022. — Ne 3. — C. 53-60. DOI: 10.47026/1810-1909-2022-3-53-60.





