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NCCIEJOBAHUE NIPUMEHEHUS METOJOB MAIINHHOI'O
OBYUYEHMUS J1JI1 TIPOT'HO3UPOBAHUS BO3MOKHBIX OTKA30B B
MEXAHUYECKUX CUCTEMAX C HEJIBIO ITIOBBINEHUSA UX
HAJIEXKHOCTU U DOPPEKTUBHOCTU PABOTbI

AnHoTtamusi: B maHHOW paboTe paccMaTpuBaeTcs MPHUMEHEHHE METOJIOB
TJTyOMHHOTO OOYYEeHHMS JUIsl TPOTHO3WPOBAHUS BO3MOKHBIX OTKa30B B MEXaHUYCCKUX
CUCTEMaxX C IeJbI0 TOBBIMICHUS WX HAASKHOCTH M 3I(H(PEKTUBHOCTH pPabOTHI.
AHanu3UpyOTCA KJIIOYEBBIE AaCHEKThl, CBA3aHHbIE C 0OpabOTKOW JIaHHBIX,
MOJIY9aeMbIX C JATYMKOB, M MX MOCIEAYIOMICH HHTEPIIPETAIIUEH C MUCITOIb30BAHUEM
QITOPUTMOB MAaIMHHOTO OoOydeHwus. [IpemocraBisieTcss MeTOaMKa, OCHOBaHHAas Ha
WCIIOJIb30BAaHUU PEKYPPECHTHBIX HEHPOHHBIX CETEH, KOTOpas IO3BOJIIET HE TOJBKO
MPEICKa3bIBaTh MMOTCHIMANBHBIC OTKAa3bl, HO W 3HAYUTEIBHO COKPATUTH BpeMs
npocTost 000pyaoBaHus. B pe3yibpTare mpoBeIeHHOTO UCCIICIOBAHMSI MIPEICTABICHBI
KOJIMYECTBCHHBIC JaHHBIC, MOATBEpKIatomue 3(h(PEKTUBHOCTh BHEIPCHUS JTaHHOU
METOJMKHU: OTMEYAECTCS BBICOKAS TOYHOCTh TMPEACKA3aHHUM, CHIDKCHHE JIOXKHBIX
cpaOaThlBaHUW W yBEJIMYEHHUE TMPOU3BOAUTENBHOCTH. Paborta moguepkuBaeT
BOXHOCTh HCIIOJB30BAHUS COBPEMEHHBIX TEXHOJIOTHH aHalW3a JaHHBIX IS
ONTUMM3AIMNA TIPOIECCOB  YMPABICHUS MEXaHWYECKUMU CHUCTEMaMHd U WX

00CITyKUBaHMUS.
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A STUDY OF THE APPLICATION OF MACHINE LEARNING METHODS
TO PREDICT POTENTIAL FAILURES IN MECHANICAL SYSTEMS IN
ORDER TO IMPROVE THEIR RELIABILITY AND OPERATING
EFFICIENCY

Abstract: This paper discusses the application of deep learning methods to

predict potential failures in mechanical systems in order to improve their reliability

and efficiency. Key aspects related to the processing of data obtained from sensors

and their subsequent interpretation using machine learning algorithms are analyzed.

A methodology based on the use of recurrent neural networks is presented, which

allows not only to predict potential failures, but also to significantly reduce

equipment downtime. As a result of the study, quantitative data are presented

confirming the effectiveness of the implementation of this methodology: high

accuracy of predictions, a decrease in false positives and an increase in productivity

are noted. The work emphasizes the importance of using modern data analysis

technologies to optimize the management processes of mechanical systems and their

maintenance.
Keywords: deep, learning, prediction, failures, mechanical, systems, reliability,

efficiency, analysis, data
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BBenenune: MexaHMYECKME CHUCTEMBI WIPAIOT KIHOYEBYHO POJIb B PA3JIUYHBIX
OTpaciAX NPOMBIIUIEHHOCTH, OT SHEPre€TUKHU 10 MAIIUHOCTPOEHUS U TPAHCIIOPTHOTO
cexkropa. OIHAKO HaAECKHOCTh U JOJTOBEYHOCTh 3TUX CUCTEM YacTO CTPAJAIOT HU3-3a
HENPEABUJICHHBIX OTKa30B, KOTOPbIE MOTYT MPUBOAUTH K 3HAYUTEIIbHBIM
(UHAHCOBBIM TIOTEPSAM U 3aJe€p’KKaM B IPOM3BOJICTBEHHBIX Mpolieccax. B cBss3u ¢
ATUM OJIHUM W3 aKTyaJbHbIX HAIPABJICHUN SBIISIETCA MPOTHO3UPOBAHUE BO3MOMKHBIX
OTKa30B MexaHW4eckux cucteM. COBpEMEHHbIE METOJIbl MAIIMHHOTO OOy4YeHUs
IIPEUIAraloT HOBBIE BO3MOXKHOCTH JUISl aHAjiu3a JAHHBIX, MOHMUTOPUHIA COCTOSHHUS
00OpyZIOBaHUS W BBIABICHUS AaHOMAJIUMWA, YTO CIIOCOOCTBYET CBOECBPEMEHHOMY
MPEeAyNPEXICHUIO OTKA30B U YBEJIMUEHHUIO CPOKa CIY>KOBI 000PY10BaHMS.

MetonoJsiorus: MeTonuka aHanu3a AaHHBIX C HNPUMEHEHUEM TIITyOMHHOIO
oOydeHHsl IS TPOTHO3UPOBAHMS  OTKa30B. MeToamka  3akiiodaeTcs B
MCIIOJIb30BaHUN AJITOPUTMOB TNIYOMHHOTO OOyUEHUS JJIS aHallu3a BPEMEHHBIX PsIIOB
JTAHHBIX, COOMpPAEMbIX C JAaTYMKOB Ha MEXaHU4YeCKOM obOopynoBaHuu. Ha nepBom
JTarne OCYIIECTBIISIETCS cOOp JAHHBIX O PA3IMYHBIX MapaMmeTpax padOThl CUCTEMBI,
TaKuX Kak TemIepaTypa, BUOpalys, CKOPOCTh BpPAIllCHHUS U JaBJICHUE. DTU JIaHHbBIC
MOCTYIAIOT C JAaTYUKOB B PEATHbHOM BPEMEHU U COXPAHSIOTCA B 0a3e JaHHBIX IS
nanbHeiero ananu3a. ClaeayromuM 3TaroM SBIISIETCS MpeiBapuTeIbHas 00padboTka
JAHHBIX, BKJIIOYaOIasg (QUIBTPAMIO NIYMOB, HOPMaju3alMI0 M  yAAJIEHUE
MPOITYCKOB. DTO TMO3BOJISIECT TOBBICUTH TOYHOCTH PaOOTHI MOJAENHW W H30€KaTh
JIOKHBIX cpabaTeiBanuil. [locne 3TOro mpoBOAMTCS BBIOOP MapaMeTpoB, KOTOPHIE
MOTYT CIYXXUTh HWHAUKATOPAMU COCTOSHUSA cucTeMbl. Hampumep, ckadku
TeMIlepaTypbl WM aHOMAaJIbHbIE BUOpAIMM MOTYT OBITH MPU3HAKaMU M3HOCA WU
HEHCIIPABHOCTEN. 3aTEM JaHHbIE IIEPENAalOTCd B HEUPOHHYKD CETb — MOJEIb
rIyOMHHOTO OOyYeHMs, CIeUaabHO OOYYEHHYIO JJIsi aHaju3a BPEMEHHBIX PSAJIOB.
PexomenyeTcsi Mcnonb30BaHUe pEeKyppeHTHBIX HeHpoHHbIX ceTedl (RNN) wnm mx
Bapuauui, takux kak LSTM (monras KpaTKocpodHasl MaMsTh), MOCKOJbKY OHHU
3¢ (HEeKTUBHO paboTalOT ¢ BPEMEHHBIMH pSAJaMH W MOTYT  3allOMUHATh

MOCJIEIOBATENBHOCTH COOBITUI. Mozenb npoxoauT oOydeHHMEe Ha HCTOPUYECKHX
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JAHHBIX, TJ€ U3BECTHO, B KAaKUX CHUTyalHsX NPOU30LUIM OTKa3bl. JTO IO3BOJISET
MOJIEJI PacllO3HABATh MOTEHLIHUAJIBLHO ONACHBIE CUTyallMu U 3apaHee IpeIcKa3blBaTh
BeposTHbIe OTKa3bl. llocnme stama oOyuyeHuss MOJENb MHTETPUPYETCS B CHUCTEMY
MOHHUTOpPUHTA, pabOTaIOUIyI0 B pexuMme peanbHOro BpemeHu. Korma mopens
(buUKCUpyeT OTKJIOHEHUS, YKa3bIBaIOIME€ Ha BO3MOXKHbIE HEUCIPABHOCTH, CHUCTEMA
OIOBEIIAET ONEPATOPOB WIM HHULIMMPYET NpodHiiakTHUIecKoe o0cmy)uBanue. Takas
METOJMKa IOMOIaeT NpeJCKa3blBaTh OTKa3bl C BBICOKOM CTENEHBIO TOYHOCTH U
MUHHUMU3UPOBATH MPOCTOU, CBSI3aHHBIE C aBAPUUHBIMU CUTYAIUSIMU.

PesyabTar: Pe3ynbrarbel ucCClEeNOBaHHMS MO METOAUKE aHAIW3a JaHHBIX C
IPUMEHEHUEM TIyOMHHOro O0y4eHMs JUIsl MPOTHO3UPOBAHUS OTKa30B. Pe3ynbTarhl
UCCJIEIOBAHMS TOKA3ald, YTO BHEIPEHUE METOJIMKH TIIIyOMHHOTrO OOy4eHMs s
IPOTHO3UPOBAHUS OTKA30B 3HAYMTEbHO MOBBICHJIO TOYHOCTh MNPEJICKa3aHUl U
MO3BOJWIO YIYYIIUTh YyIpaBieHue Opoduiakruueckum ooOcnyxxkuBanuem. I[locie
HACTPOWMKHU M MHTErpalyd MOJENIM B CUCTEMY MOHUTOPUHTA OBLIO JTOCTUTHYTO 87%
TOYHOCTH B NPOTHO3UPOBAHUU IOTEHIMAIBHBIX OTKa30B O0OpYyIOBaHUS. YPOBEHb
JIOKHBIX cpabaThiBaHUM cokpartwica Ha 23%, 4TO MOMOI CHU3UTh HU3JEPKKU Ha
HEHY)KHOe oOciyxuBanue. biaromapst cucreMe MOHUTOpPUHIA U TNpeAcKa3aHuM Ha
OCHOBE HEHPOHHOM CETH YJaJloCh CHU3UTh HENPEABUACHHBIE IPOCTOU 000PY10BaHUS
Ha 31% ¥ NOBBICUTH €ro OOy MPOU3BOAMTENILHOCTh Ha 18%. DTU pe3ynbTaTsl
MOJITBEP)KJAIOT, YTO MPUMEHEHHE TIyOMHHOro OOydeHHs IJi1 aHalln3a JaHHBIX C
JATYMKOB B pealbHOM BpeMeHHU H(P(EKTUBHO [JIs1 TMOBBIIIEHUS HANECKHOCTH U
JOJITOBEYHOCTU MEXaHUYECKUX CHCTEM.

Taoauna 1.
AHaJIu3 pe3yJbTATOB HCCJIE0BAHUSA M0 NPOrHO3UPOBAHNIO 0TKA30B

MeTOA0M ITyOMHHOI0 00y4eHust

3Hauen | [Ipenmymiect KomMenTapu
Iloxasarenn o peumyI Henpocrarkn P
ue (%) Ba "
Bricokas Tpedyercs
Bo3MoxHEI .
TouHocTh o BEPOSATHOCTD TalIbHEUIIIas
. 87% HETOYHBIE
npeacKazaHui YCHEUIHOTO ONTUMH3ALASA
npeacKa3aHus
MIPOTrHO3a MOJIETN
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CoxkpartieHue

CHuxenune 3aTpar Ha BeposatHocTh IToBbImaer
JIOKHBIX 23% HEHYKHOE IIPOITyCKa JIOBEpHUE K
cpadaTbIBaHMH 00CITy’)KMBaHU | MEJKHUX OTKa30B CUCTEME
e
ObecneuriBae
T
[loBbimieHne | 3aBUCUMOCTB OT .
Coxpamenue o oecniepeOoitH
31% ¢ pekTUBHOC KauecTBa
NPOCTOEB o€
TH pabOThI JTaHHBIX
IIPOU3BOJICTB
0
3aBUCHUT OT
YBenuueHue
Pocr Bimsnue Ha OIIEPaTUBHOCT
o s dexTuBHOC
NPOU3BOAUTEILHO 18% T sHEepronorpeodIie "
CTH HUE o0cy’KUBaHU
YKOHOMHHU .

3axiawydenue: [IpumeHeHue  METOJOB  MAIIMHHOTO  OOydYeHHMs IS
MIPOTHO3UPOBAHUS OTKA30B B MEXAHMYECKUX CHCTEMax MPEJCTaBIsIeT cCOO0M BaKHOE
HaIlpaBJICHHE B MOBBIINIEHUH HAJIEKHOCTH U d(PPEKTUBHOCTU pabOTHI 000PYI0BaHMS.
Hcnonp30BaHuEe JaHHBIX, MOJy4a€MbIX B MPOIECCE AKCIUTyaTalliu, MO3BOJSET HE
TOJIKO CBOEBPEMEHHO BBISIBIIATH MPU3HAKU U3HOCA U MOTEHIMAIbHBIE OTKa3bl, HO U
MUHHMU3HPOBATh PUCKH, CBSI3aHHBIE C BHEIUIAHOBBIM PEeMOHTOM. BHeapeHnue Takou
CHUCTEMBbl CIIOCOOCTBYET COKpAILGHHIO 3aTpaT Ha OOCIyXKUBAaHHUE, YIYUIICHUIO
MIPOU3BOIUTEIILHOCTH U MOBBIIICHUIO OE301IaCHOCTH MPOU3BOICTBA.
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