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/i 300liCHeHHS. NPOZHO3YBAHHS MEXHIYHO20 CMAHYy MA208UX PedyKmopie eleKmponoi3oie 3anponoHO8AHO
BUKOPUCOBYBAMNU HEUPOMEPEIHC) 008201 KOPOMKOCMPOK08oi nam smi. Ha koscHomy mexniynomy obcnyeogysanni (TO-
3) peecmpysanuca gibpayitini peanizayii nonepeonbo GIOIOPAHUX UOMUPHAOYAMU MA206UX PEOYKMOpI8 i
pospaxogysanacs gppakmanvua posmipricme nokpumms. IIpoeHo3y8anHs mexHiuHo2o cmawny 30MCHI08AN0Ch i3 61-20
TO-3 i 00 70-e0 TO-3 3 Hacmynuum NOPIGHAHHAM PO3PAX0BAHOT MA NPOSHO308aHOI ppaxmanvroi posmipnocmi. Ilicas
po36upantsn 6 ma2o8ux pedykmopis Ha nomoxogomy pemonmi (IIP-1) 6yno suasieno nedocmammio KilbKicms mMacmuia
8 00HOMY pedyKmopi, 3HOC pOUKA NIOWUNHUKA NePeOHboi KPUUKU Opy2020 pedyKmopd, mpiuuHy Kilbys niOWUnHuxa
NnepeoHboi KpUWKU Mmpemvo20 pedyKkmopa, 6i0KoN 3y0a WeCmipHi Yemeepmozo msaz08020 pedyKmopd, pYUHy8aHHs
nIOWUNHUKA 1 ’imo2o pedykmopa i mpiwuna 3y6a 1020 wecmipHi ma cnpasHuil wocmutl pedykmop. Ycemawnosnena
30amuicms netipomepesici LSTM demoncmpysamu Hudicuy cepeOHbOK8aopamuyHy noMuiKy nicis OHOGIeHH s

Kniouosi crosa: enexmponoizo,; npoenosysanns,; netipomepesica,; mazo8uti pedykmop, GpakamanoHa posmipHicmb

[IporHo3yBaHHsS TEXHIYHOTO CTaHy BiJNOBIJAIBHOTO OOJamHAHHS MaNMIMHOOYIIBHOI
MIPOMHCIIOBOCTI I TpaHCHOPTHOI Tramy3i € BKpail Ba)JIMBUM 3aBJAaHHSM, PO3B’S3aHHS SIKOT'O
JI03BOJIUTH CKOPOTUTH KUTBKICTH BIMOB 1 3a0LIaIUTH CYTTEBI pecypcH. Y NMPOTHO3yBaHHI HAOyIH
MOLIMPEHHsS. JIeTepMIHOBAaHI METOAM EKCIIOHEHIIHHOro 3IJVIAJKyBaHHS, aHami3y TpeHay H
croxactuaHi MeToau. OCTaHHIMH POKaMH Bce OUIBIIOI yBarm MpPUBEPTAIOTH METOIM TIHMOOKOTO
HaBYaHHS, K1 1M030aBJeH] MOTpeOH 3MA1MCHIOBATH MPUITYIICHHS 00 BU3HAUEHHS 3aJI€KHOCTI B
MOJIENI Ta aBTOMAaTHYHO BH3HAYAIOTH 3raJlaHy 3aJICXKHICTh YIPOIOBXK MPOILIECY HABUAHHS JaHUX. Y
YacoBUX pAAax € OJHa 3MiHHA Ta ii momepeaHi 3HAu€HHs M 3aBXKIM HasBHE NPUIYLIEHHS PO
BUMA/IKOBU BIUIMB YMHHUKIB 3 HABKOJIMIIHBOTO CEPENOBHINA HAa 3MiHHY, BEIMYMHA SKOI Mae
MIPOrHO3yBATUCh, TOMY BHCHOBOK IpO MailOyTHIO MOBEAIHKY 4YacOBUX psIiB poOUTbCA 3 IX
MOTIEepPEIHIX 3HAueHb. 30KpeMa TMPOTHO3YBAaHHS HEWPOHHUMH MepeXaMH 31  CTPYKTYPOIO
aBTOKOAYBaHHsS IPOJEMOHCTPYBAJIO HECIPOMOXKHICTh BHJIUISTH 3ajJ€KHI BiJ Yacy O3HAaKH,
3Ba)KAIO4M Ha YaCOBY 3JIC)KHICTh JIaHUX, 1110 MMOJAIOTHCS HA BX1JI IIUX MEpexX. Y CyBaTH 1ei HEJIOIIK
1 CTBOPIOBATH YaCOBY 3aJI€KHICTh MK MOCIIJOBHOCTSIMU JI03BOJIIIOTh PEKYPEHTHI HEMPOHHI MEPEexkKi
(RNN), omnak i BOHM He 3/aTHi 3amam’ATOBYBaTH JOBIOTpUBANy morepenHio iHndopmarito. ba
oinpmie, RNN BonoairoTh mpoOIeMOI0 TPaJi€HTHOTO 3HUKHEHHS B TMPOILECi 3BOPOTHOTO
pO3MoBCIOKeHHs ToMuiIKH. Habararo kpamii pe3yipTaTi i MOTEHIIall IEMOHCTPY€E HeWpoMepexa
NoBroi kopotkocTpokoBoi nmam’sti (LSTM) y kit BinOynacs 3MiHa B 0OYMCIICHHI BY3IiB 3aBJSKU
MiBEICHHIO TONEPeAHbO1 iHpopMarii, mo 3a0e3neunio OTpUMaHHS aBTOKOPEISMIMHUX O3HAK 1
JOCATHYTI pe3yNbTaTH B pO3Ii3HABAaHHI MOBHU Ta B 1HIIUX noaatkax [1 — 3].

[Mepumii kpox y LSTM 3nificHIoe curMoigansHui map «map Giretpy 3a0yTrs» (puc. 1), Bara
mapy 3a0yTTss W, [KOro BuzHauae iHpopMallito, sIKy MO>KHa IpuOpatu 31 cTany enemeHTa. Lleit map

aHani3ye BuxigHe h, , ¥ BXifHe X, 3Ha4eHHS Ta nosepTae uncio Bix 0 1o 1 11 KOKHOro uncina 3i

t—1

crany enemenTa C,

ft:G(Wf'[ht—UXt]-i_bf) (1)
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HactymHuii KpOK CKJIagaeTbCsi 3  JIBOX
YacTWH, /€ BHUPINIYETHCSA Ky HOBY i1H(OpMAaIito
30epiratu B esneMeHTi. COYaTKy CUIMOifaIbHUN
map «map BXiAHOTO (GIABTPY» BH3HAYAE SIKi
3HAYEHHS NOTPEOYIOTH OHOBJICHHS

it = G(Vvl '[ht—l’xt] +bi) > (2)

nam tanh-map Oyaye BEKTOP HOBUX 3HAYCHbB-
kaHauaatrie C,, SKi MOXXHa JOAATH N0 CTaHy

Puc. 1. Moaeasn Heiipomepe:xi LSTM

t2

eIIEMEHTa
C, = tanh(W, -[h,_,,x,]+b.) (3)

V nonanemoMy BiO0yBa€ThCs 3aMiHa CTaporo crany enemenra C,_, Ha HoBuii ctaH C,

C, =f *C_ +i,*C, (4)
Buxin i3 mapy BuxizHoro QiabTpy

0, = (W, -[hH,Xt] +b,) %)
Buxin neipomepexi LSTM

h, = o, *tanh(C,) (6)

EKCHCpI/IMeHTaJIBHi I[OCJ'IiI[)KCHHH IIPpOBOAUIINCA BI/I6ipKOBO Ha YOTUPHAAUATH TATOBUX

penykropax Tprox enekrpornoizaiB cepii EP2T [4]. Ha koxxaomy TO-3 Ta ITP-1 B ornsimoBomy crifimi
3MiliCHIOBANacs peecTpallisi BiOpaliiiHuX peanizaliii YOTUPHAIIATH TATOBUX DPEIYyKTOPIB 3 OOKY
MiAIUITHAKA KOYEHHS TepelHboi KPHUIIKKA peaykropa. Peectparis BimOyBanacs Ha HIICTAECSTH
mectd TO-3 Ta wyorupbox IIP-1. Po3Oupanns BinOynocs Ha m’stomy [IP-1. Jlns koxHoro i3
3apeecTpoBaHMX BiOpamiiHUX peanizamiii po3paxoByBaiach (pakTalibHa PO3MIPHICTH MOKPUTTS.
[Iporuo3yBaHHsl TEXHIYHOIO CTaHy 3iMcHIoBasnoch 13 61-ro TO-3 1 go 70-ro TO-3 3 HacTynmHUM
MOPIBHSHHIM PO3paxoBaHOi Ta MPOTHO30BaHO! (pakTanbHOI po3MipHOCTI. [3 goTHpHAIISATH
PENyKTOPIB CIPaBHUMHU BUSIBUIIUCS JI€B’ATh, PEILITa MAJIM TaKi HECIIPABHOCTI:

1) HEmOCTAaTHS KUTBKICTh MacTHIIA B PEIYKTOPI;

2) 3HOC POJIMKA MiALIUITHAKA NEPEAHbOT KPULIKH PEAYyKTOPa;

3) TpimmHa KUTBIS MiAMIAITHAKA TIEPEIHBOT KPUIIKH PETYKTOPA;

4) Binkon 3y0a 1mecTepHi peayKTopa;

5) pyiiHyBaHHS HiAIIUITHAKA TIEPEAHBOT KPUIIKH PeIyKTOpa i TpilmHa 3y0a mecTepHi.
To4HiCTP NPOTHO3YBaHHSA OLIHIOETbCS 3a BEJIUYMHOIO CEpPEAHbOKBAAPATHUYHOI MOMHMIKU

(RMSE) #i 3Benena B Tabmuio 1 [5]

RMSE = (7

Ie Y, — NPOTHO30BaHi 3HAYEHHS (PaKTaITbHOI PO3MIPHOCTI;
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y, — 3apeecTpoBaHi 3HaueHHs (paKTaIbHOI PO3MIPHOCTI;

n — kinbkicTs TO-3 (puc. 2).
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Puc. 2. IlporHo3yBaHHsl 3Ha4eHb (PPAKTAIBLHOI PO3MIPHOCTI TATOBUX PeAYKTOPIB y Pi3HMX TeXHIYHMX CTaHAX:
a — CTIpaBHUIi; 6 — HeJ0CTaTHSI KiILKICTh MAaCTHJIA; ¢ — 3HOC POJIMKA MiIIIMITHUKA NepeJHb0I KPUIIKH
PeayKTOpa; 2 — TPillMHA Kbl NiJUNHEKA NepeJHbOl KPHUIIKH PeIyKTOpa; 0 — BiKoJ 3y0a mecTepHi
PeaAyKTOpa; e — pyiiHYBaHHS MiAIININHUKA NepeIHbOI KPUIIKH PeIyKTOpa i TpiluHa 3y0a mecTepHi.
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YcTaHoBIIEHO, 110 HAsIBHUMA J0OCTYN A0 (GaKTUYHHUX 3HAYEHb YACOBUX PAIIB MIX MPOrHO3aMU
JI03BOJISIE OHOBIIIOBATH CTaH MEPEXi H pOOUTH MPOTHO3YBAaHHS TOYHINIMM i3 MOCTIHHO MEHIIOO

BennunHor0 RMSE.
Taomums 1
TouHicTh NporHo3yBaHHs Heiipomepe:kero LSTM

Buam HecripaBHOCTEH TATOBUX PEAYKTOPIB

CHpasHuil 1) suo 2) 6u0 3) 6uo 4) 6uo 5) 6uo

RMSE nporsosyBanus 1,9-10° | 3,9:-10° | 7,9-10° | 4,810 | 0,01 7,1-10*

RMSE nporuo3yBanHs 3

1,1-10° 1,9-10° | 6,1-10° | 2,9-10* | 5,6-10° | 6,1-10*
OHOBIJICHHAM

3Bakaloud Ha BHUIIY TPUBATICTh OOUYMCICHHS HEHPOHHUMH MEpeKaMHh Ta iX CKIaJHY
apXITEKTypy, a TAaKOXK Ha Opak 4iTKMX a00 eMITIpUYHUX MPaBHII 13 BUOOPY HAWKpAIIOi MOAEII IS
MIPOTHO3YBAHHS TEXHIYHOTO CTaHy 00JIa/IHAHHS JIOKOMOTHBIB Ta EJIEKTPOMOi3/iB, JOLLIEHO 00UpaTH
Ty MOJIENb, SIKa BOJIO/II€ HAWMEHIIMMH TTOMUJIKAMHU 32 PE3yJIbTaTaMH MOJICITIOBAHHS, 1€ TOCIITHUK
Ma€ IIyKaTh KOMIIPOMIC MK TOYHICTIO NMPOTHO3YBaHHS Ta CKJIAIHICTIO METOAA, SKIIO TOYHICThH
OJIHAKOBa, TO NIEPEBAru Ha/1al0ThCs MPOCTIIIOMY METOOBI.
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The forecasting of the technical state of the traction gearboxes of electric trains
with long-short-term memory network

Puzyr Volodymyr, Mykhalkiv Serhii, Khodakivskyi Andrii, Bulba Vladyslav

For the forecasting of the technical state, among the broadcast deterministic methods of exponential smoothing and trend
analysis, the most effective long-short-term memory neural network (LSTM) was selected. During every 3rd level
maintenance, the vibration signals of the previously selected fourteen traction gearboxes were recorded, and the box
counting dimension was estimated. The forecasting of the LSTM neural network was done for the period since the 61° up
to the next 70" 3" level maintenance. After disassembling 14 traction gearboxes during the 5" I*' level current repair,
the insufficient amount of a lubricant in the first gearbox, wear of a roller bearing of the front cover in the second gearbox,
a crack of a bearing ring of the front cover in the third gearbox, a tooth break of a gear in the fourth traction gearbox,
destruction of a bearing in the fifth gearbox and a tooth crack of its gear were detected. It was established that the LSTM
neural network had a lower root-mean-square error when the information was updated.

Keywords: box counting dimension; electric train; forecasting; neural network; traction gearbox
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