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Ji OOHaApy2KEeHUs aHOMAaJIA 1
IIPOrHO3UPOBAHUsA COCTOSHUSA B

TEXHUYECKUX CUCTEMaX

B. O. Kosumur', 10. /1. Kanep?

CoBpeMeHHBIE TEXHUIECKHE CUCTEMbI, TAKHE KAK aTOMHBIE JIEKTPO-
CTAHIUU, OCHAIIEHBI JUATHOCTHIEeCKUME cucteMaMu. Ho st cucrembr
¥ TIO ceif JIeHb HeCOBEPIIIEHHBI, ¥ WHIIUJEHTHI ¢ OTKA3aMU WHOTJIA CJIy-
qaforcs. HecuacTHbIe Cilydan MOTYT MPUBECTH HE TOJHKO K SKOHOMUIE-
CKUM IIOTEepAM, HO U K IIYTralOIUM COIUaJIbHBIM IIOCJICJICTBUAM, TaKUM
KaK aHTPOIOreHHbIe KaTacTpodsbl. JIpyroit Tunuanoil mpobjemMoit jiist
ADC sasiisiercst ype3aMepHoe JTyHIUPOBAHEE CUCTEM OEe30MACHOCTH, YTO
yBeamauBaeT cTonMocTh camoii ADC. PermenreMm MoKeT CTATh TPOIBHU-
HyTas JUACHOCTHYECKAs CUCTeMa. B JIMarHoCTHKe, KaK HayKe, MOXKHO
BBIJICJINTH TPU OCHOBHBIX JTalla: EepPBBIf — 9TO MOHUTOPHWHI TEXHU-
YeCKOI'0 COCTOsIHUsI; BTOPOIl — IOWCK IePBOINPUYMHBI aHOMAJIU; Tpe-
THIl — 9TO MPOrHO3 OYAYIIEro COCTOSHUSI TEXHUIECKOH cucrembl. Pa3-
paboTaHHBII PPEHMBOPK MOXKET OBITH HCIIOJIB30BAH ISl PEIIIEHUS BCEX
9TUX JIMATHOCTUIECKUX 33J1a4.

KiroueBbie cjioBa: IUArHOCTUKA TEXHUYECKUX CHUCTEM, MAIITMH-
Hoe obydenwne, TiiybuHHOE 00ydeHMe, AHAIN3 BPEMEHHDBIX PSI0B, TOUCK
AHOMAJIHH, TPOrHO3UPOBAHNE BPEMEHHBIX PSIJIOB, TPEIBAPUTEIbHAS 00-
paboTKa JaHHBIX, HPEHAMBOPK

1. BBenenue

PaspabarbiBaembiii bpeiimopk HasbiBaercst TSAD (Time Series Analysis for
Diagnostics) u peasmsoBan kak 6ubmoreka (Package) na si3bike mporpammu-
poBanusi Python3. cnosb3yer BHyTpu cebsi OUOIMOTEKHA TOJIBKO C OTKPBI-
TBIM UCXOTHOM KOJOM WM CAM SIBJISIETCST TAKOBBIM. JloKymenTanust 6ubimore-
ku onybsmkoBana Ha readdocs.io a cama 6umbimoreka Ha pecypcax PyPi m

GitHub.
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OpeiiMBOPK 33/ IyMbIBAJICS KAK MHCTPYMEHT, YIIPOIIAIONIUI TPUMEHEHNE
MaIIMHHOIO O0YYeHUsT JJIsI 33189 IUarHOCTUKNA TeXHUIecKuX cucreM. CBsi3b
HEKOTOPBIX 33J1a9 JAUACHOCTUKY |1|  MaTeMaTndeckoil MOCTAHOBKH 3a/1aqu
B (dpeitmBopke, npusesiena B Tabsune 1. Takxke ppeifiMBOpK MoxkKeT ObITH
3a/IeICTBOBAH [IPU PEIEHNN CJIeIYIONINX 3aad:

e Ipe/BapuUTe/ibHAA 00pabOTKa TAHHBIX:

— 3all0JIHEHNE IIPOIIYCKOB;

— o0paboTka HepaBHOMEPHO-PACIPEIEIEHHBIX BO BPEMEHM MHOIO-
MEPHBLIX BPEMEHHBLIX PSI0B [0 YIOBJIETBOPEHUsI TPEOOBAHUSAM K
JaHHBIM Ha BXO HeﬁpOHHbHVI CeTAM;]

— pazjejienre Ha TPEHUPOBOYHYIO U TECTOBYIO BLIOOPKY BPEMEHHBIX
pAI0B;

— 3arpy34uKkn i o0yvueHns HeHPOHHBIX CeTelt;
— Jpyrue §yHKIum;
® JIpyrue HPUMEHEHUA B IIPOMBIIIJICHHOCTU:

— BUPTYaJbHBIN JTATYUK;
— MPOTHO3WPOBAHNE KadeCTBa MTPOLYKINH;
— peKoMeHJaTeJIbHasl CHUCTEMA II0 YAYUIIEeHUs] TeXHOJOTUIECKOTO

porecca;

® [IPOTHO3MPOBAaHUE BPEMEHHBIX D AJIOB B IIMPOKOM CMBICJIE (He TOJIBKO
IMPUMEHHNTEJIbHO K JJUAal'HOCTUKE TEXHUICCKUX CI/ICTGM);

e OOHAPYIKEHHE AHOMAJIUII B IIUPOKOM CMBICJIE (HE TOJBKO IPUMEHUTE b
HO K JIHATHOCTHKE TEXHUIECKIX CHCTEM);

® OIIEHKa AJITOPUTMOB OOHAPYKEHUST AHOMAJIHIA.

Peanusyemsrit pynknmonas TSAD nokasan va puc. 1.

Dranel KU3HEHHOro IHKJIa B cooTBercTBum ¢ Meromosorneit CRISP-
DM |[2]|, koropble Ha JaHHBII MOMEHT, [0 MHEHUIO ABTOPOB, YIIPOIIAKTCS
¢ nomotnpio TSAD npencrasiieHbl Ha puc. 2.

2. AaroputMm obHapyKeHUS aHOMAJIAI

DTalbl OCHOBHOIO ajaropurMa obHapyzkenus anomasnit [3| 8 TSAD: nporuos
BPEMEHHOIO psifia Ha OAWH IIAr BIEpE]]; BLIUUCJEHHE OMMOKH MEXkKJIy Mpo-
FHO3HBIM M PeabHBIM 3HAYCHHEM BPEMEHHOIO Dsijia; IPHMEHEHHEe aHAIN3a



3aJ1a4a TEXHUYECKON JIra-
THOCTHKHI

Samgada, KOTOpas MOXKET OBITh peIeHa C
ITOMOIIBI0 (PpeiiMBOPKA.

Obnapyxkenue
HUsI B TIOBEJIEHUN MAIIUHBI

OTKJIOHE-

Sajaua oOHADYKEHUI aHOMAJUil B MHO-
TOMEPHBIX U OJTHOMEDPHBIX BPEMEHHBIX Psi-
Jlax.

BrrsiBienne
CTell U UX IIPUYUH

HEHUCIIpaBHO-

Ormpesiesienne CHUrHAJIOB, BHECITHX HaU-
OosbInii BKJIAJ] B OOHApYKEHHE AaHOMa-
JIUH.

B cnydae 60/b1I0ro KOJUYECTBA HEUC-
IPaBHOCTE, 3a/1a1a KIacCupuKaIil Bpe-
MEHHBIX PsiJIoB (Ha HEMCIPABHOCTH).

[IporuosupoBanme pas3Bu-
THUA HEUCIIPaBHOCTEHR

IIporuo3 MHOTOMEPHBIX U OJHOMEPHDBIX
BPEMEHHBIX PSJI0B, HAIIPUMED, KpPUTHIE-
CKM BaXXHBIX CUTHAJIOB, Ha OIIPEJIeJIEHHbIA
FOPU30HT IPOTHO3UPOBAHUSI.
[IporuozupoBanme OCTATOYHOTO PeECypca
000OPY/IOBaHNs MJIU CUCTEMBI, HAIIPUMED, B
qacax U CyTKaX.

[IporuosupoBanue mokazaTeseil 10 mepe-
CeYeHUs ¢ TOPOTOBBIMU 3HAYECHUSIMU.

Tabumna 1. Ca3b 3a0a49u AUArHOCTUKK W IIOCTABJIEHHON 3aja4n B (peiim-
BODKE.
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Puc. 1. ®yaknuonansaocts TSAD

OCTaTKOB AJIA IIOMCKa aHomaJii. B (bpefIMOBpKe IO YMOJI9aHUIO B Ka9€eCTBE
aJITOPpUTMa aHaJIn3a OCTATKOB peaJIn30BaHa CTaTHCTHUKA XoTeamara:

=(Xi—w) S (X —m)",



Data
Understanding In TSAD
v Legend

Not in TSAD

Business Data
Understanding Preparation

!

Deployment Modeling

1— Evaluating q—‘

Puc. 2. Mecro TSAD B Mmerononorun CRISP-DM

rae mHIEKC ¢ 0003HAYaeT TEKyIlee COCTOdHue, X; — BEKTOP TEKYIIEro Co-
CTOSIHUS, i — BEKTOP CPEJHUX 3HAYEHUI BPDEMEHHOTO Psijia, IOy YeHHOrO Ha
obydJaroreil BEIOOpKe, S KOBapHAaIlMOHHASI MATPHUIIA, IOy YeHHAasT Ha 00y Jaro-
mieit Beibopke. st JaHHOM CTATUCTUKY HA3HATAETCS BEPXHUI KOHTPOIbHBIIM
npejies, kKoropbiii B TSAD 1o yMOT9aHWIO 9BPUCTUIECKN HA3HAYEH D CTaH-
JAPTHBIM OTKJIOHEHUSIM CTATHUCTUKHA XOTEJJINHTa Ha 00ydaroneii BEIOOPKeE.
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An open-source framework for anomaly detection and forecasting
of technical systems
Kozitsin V.0O., Katser 1.D.

Modern technical systems such as power plants are equipped with
diagnostic systems. But these systems are imperfect, and accidents still
happen. Accidents can lead not only to economic losses but also to
socially frightening consequences, such as human-made catastrophes.
Another one, that seems to be a typical, problem for Nuclear Power
Plant is the excessive duplication of safety systems, which increases the
cost of the NPP itself. The solution could be an advanced diagnostic
system. Diagnostics as science can be divided into the main three parts:
the first one is the monitoring of technical conditions; the second one
is finding the root cause of anomalies; the third one is the forecasting
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of the future state of a technical system. The developed framework can
be used to solve all these diagnostics tasks.

Keywords: technical systems diagnostics, machine learning,
deep learning, time series analysis, anomaly detection, time series
forecasting, data preprocessing, framework
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