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Ha ocHOBaHuMu MeTO/la OIIGHOK PHCKa OTKA30B MPH SKCILTyaTallid B3aUMOCBSI3aHHBIX U
B3aMMO3aBUCUMBIX KOMIIOHEHTOB CIIOKHBIX TEXHUYECKUX CHUCTEM Ha MpUMepe JBUTaTeNei
TPAHCHOPTHBIX CPEIICTB pa3pabOTaH aJITOPUTM OMPEICICHUS PUCKA OTKA30B B 3aBUCUMOCTH
OT CTEeTeHU BIUSHUS KOMIIOHEHTOB CHCTEM, a TaKK€ KOTHUTHBHO-UMHUTAIIMOHHASI MOJIENb
JUIsl uX uccienoBanusi. MccnenoBaHue CIOXHOW TEXHHUUYECKOH CHUCTEMBI MPOU3BEAECHO B
pa3paboTaHHOM MIPOrpaMMHOM KOMILIEKCE Ha OCHOBE WCTIOJb30BaHUS
KkpoccmatgopMenHoro s3bika Python. [Ins mpeicTaBieHUS HMCXOMHBIX JNAHHBIX MPH
MOJCIIUPOBAHNU B KOFHHTHBHO-HMHTaHHOHHOﬁ MOJCIHN CJIOXKHON TEXHUYECKON CHUCTEMBI
npumeHeH Gopmart JSON. [Iyig aBTOMaTH3AIHMK TOCTPOCHHS KOTHUTUBHOW MOJIEIH OI[EHOK
pHCKa OTKa30B JBUTATENIeH TPAHCHOPTHBIX CPEIACTB Pa3pabOTaHO KPOCCIUIAT(HOPMEHHOE
NpOrpaMMHOE TNPWIOKEHHE Ha s3bIKe NporpaMMupoBaHus Java, rpadudeckoro
¢petimBopka JavaFX wu s3pike pasmerku XML. B nensx momaep:xku MPUHATHS PEIICHHUH
M0 OIIEHKaM pUCKa OTKAa30B JBHTaTelied TPAHCHIOPTHBIX CPENCTB MO AlpPHOPHBIM H
aAIroCTEPUOPHBIM JaHHbIM npeaiaracrcsa HUCIIOJIB30BaTh METOM, OCHOBaHHBIN Ha
JMHAMHYECKUX OalleCOBCKUX ceTsax JoBepus. llporiecc MonenupoBaHMsl Ui OLEHOK
CTETIeHH BIUSHUA KOMIIOHEHTOB CIIO)KHOW TEXHMYECKOHW CHCTEMBl Ha DPHUCK OTKa30B
OCYIIECTBIISIETCS B COOTBETCTBHM C aJITOPHUTMOM  TIpoIiecca MOJCTUPOBAHHS YCIOBHIMA
JKCIUTyaTallUl JBUTATENIe TPaHCIOPTHBIX CpeAcTB. I[Ipum mOCTpoeHHMH KOTHHUTHBHOMN
MO/ CHCTEMBI OCYIIECTBISICTCS JIOTUPOBAHHME BBIMOJHCHUS omepanuii ¢ dukcarueit
JaThl 1 BPEMEHHU Hayaja W 3aBEpIICHHS Ka)KIO0ro Iporecca, a Takke (HOpMHUPYETCs OTYET,
COJIep>Kalii KOMIUIEKCHOE 3HaueHHe W3HOCA JIBUTATENsl, MHTErpajibHOE 3HAYCHHE PHUCKA
norepu padorocrocoOHocTH. [IJisi aBTOMATH3alUMK TMOCTPOSHHS MOJIETH OLICHOK PHCKa
OTKa30B CJOXKHBIX TEXHHUYECKHX CHCTeM pa3paboTaHO MPOrpaMMHOE TPHUIOKEHHE.
Co3aHHBIA TPOrPAMMHBINA MPOAYKT ITO3BOJSCT OOCCICYNTh TMOKOCTh B3aHMOICHCTBHUS
TOJIL30BATENS C MOAYJIEM CHCTEMBI TIOJACPKKH MPUHATHS PEIIeHUH, UMIUIEMEHTUP YIOIIe i
pa3paboTaHHBIC METOIBI M MOJEIH OLEHKH M IMPOrHO3UPOBAHHUH TEXHHUECKOTO COCTOSHUS
JBUTATEIICH TPAHCIIOPTHBIX CPEACTB. 3alyCK pa3pabOTaHHOIO IPHUIOKCHHS IO3BOJISIET
MOJIB30BATENII0 OCYIIESCTBUTH BBEIOOP pexkuMa pabOoThl (PYYHOH — ITO3BOJISIET OCYIIECTBUTH
OLICHKY IMapaMeTPOB IIOIIArOBBIM 00pPa30M, BBOMAS I BBIOPAHHOW CHCTEMBI TpeOyeMbIe
JAHHBIC BPYYHYIO, aBTOMATUIECKUI — aKTHBHPYET aBTOMAaTHIECKYI0 00pabOTKy NaHHBIX).

KnroueBble c10Ba: CIOXKHAS TEXHHMUYECKAsl CUCTEMa, ABUIaTelb TPAHCIIOPTHOTO CPEACTBA,
PHCK OTKa30B, KOTHUTHBHO-MMHTALMOHHAS MOJENb, IONACPKKAa MNPUHATHS PpEIICHUH,
MIPOrpaMMHOE MPHIIOKEHHE, TPOrHO3UPOBAHNE TEXHIYECKOTO COCTOSTHUS.

BBenenune

Cnoxwnbie Texandeckue cucreMbl (CTC), GpyHKIMOHUPYOIIUE B Pa3IMYHBIX PEKUMAX
[1], stBUsrOTCS HEOTHEMIIEMOM COCTaBHOM YacThiO CpPeACTB TpaHcmoprta. CBOEBpeMeHHAs U
kauecTBeHHass jgumarHoctuka CTC oOecrmeuynBaeT TOBBIIIEHHE UX HajaekHOCTH [2].
D¢ GhEeKTUBHOCTh CUCTEM 3aBHCUT OT BO3MOXKHOCTH 3a0JIaTOBPEMEHHOW OIICHKH pHCKa
OTKa30B, TPOTHO3MPOBAHHUsS CTENEHU HX OE30MaCHOCTH B 3aJaHHOM OKCIUTyaTal[HOHHOM
NepuoJie, TOJJICPKKA TPHUHATUS PEIICHUH TNPU TOUCKE NPUYMH OTKA30B KOMIIOHCHTOB
cucrem [3-10].

HecmoTpst Ha BBICOKHMI YpPOBEHb pPa3pabOTOK, HANpABICHHBIX HA TOBBIIICHUE
sapdextuBHOCcTH AKciutyaTanmu CTC, uMeeTcsl psj HEPEUICHHBIX 3ajad. JTO CBS3aHO C
HEOOXOJMMOCTBIO YyYeTa BBICOKOW CJIOXKHOCTH M pasHopojaHOcTH KommoHeHToB CTC,
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oOcyXUBaOMMX UX (DYHKIIMOHAITHLHO-B3aUMOCBSI3aHHBIX U B3aUMOJICHCTBYIOIIUX CHUCTEM,
MHOTOOOpa3usi MHPOpPMAIUU ISl TIOCTPOSHUST MOJIENIed OIEHOK pPHUCKA OTKa30B TMIpH
JUATHOCTHPOBAHUM W MPOTHO3MPOBAHUM UX  TEXHUYECKOTO  COCTOSHHS,  yd4eTe
MHOTOYHCIICHHBIX TIapaMETPOB M XapaKTEPUCTUK CHCTEM, TpeOyrImux pa3padoTKu
MIPOTrPaMMHBIX MPUJIOKEHHUH /I aBTOMATU3aIlMK TOCTPOCHHUS MOJIEIHN OLICHOK PHCKA OTKa30B
CTC.

[IpoGnemsbl, cBs3anHble C 3ddexTuBHOCThIO dKcutyatanmun  CTC, a wumeHHoO,
MIPOTHO3UPOBAHUE BEPOSTHOCTU OE30TKA3HOW PabOTHI, OIEHKHA PHCKA OTKA30B, 3aCTABIISIOT
MCKaTh HOBBIC METOMBI PEHICHUS MOMOOHBIX 3amad. Takue 3amadud MOTYT OBITh PEHICHBI C
WCIIOJIb30BAHUEM MAaTEMaTHYE€CKOTO MOJCIMPOBAHUS, TMPU TOMOIIM Pa3pabOTKH METOOB
oneHoK pucka oTkazoB CTC, ux aaropuTMOB, pEATM30BAHHBIX B BHJIE KOMILJIEKCOB
MPOOJIEMHO-OPUEHTUPOBAHHBIX MTPOTPAMM.

AKTyanbHOCTh OLIGHOK pucka oTkazoB CTC mpu uX 53KCIutyaTanud OOyCIIOBIIEHA
MPUYMHAMU: CJIOKHOCTh B3aWMOCBSI3aHHBIX KOMIIOHEHTOB CHCTEM; HEOOXOJWMOCTH YydeTa
B3aUMOJICHCTBUSA CUCTEM M KOMIIOHEHTOB; HEBO3MOXHOCTH IOJYYCHHS TOJIHOW HCXOIHOU
nHpOpMalMu O BO3MOXKHBIX BO3JAEHCTBUSAX ©  ocobOeHHocTsix moBeneHus CTC,
HEOOXOJUMOCTh y4yeTa CIyYalHBIX U HEONpelIeJeHHBIX (PaKTOpPOB; HEOOXOAMMOCTD
pa3pabOTKH MPOTPAMMHOTO MPHUJIOKEHUSI TSI aBTOMATHU3AIIMN TTOCTPOSHUS MOJIETH OIICHOK
PHUCKa OTKa30B CHCTEM.

eab padoTsl

L]envio paboThI siBIIIETCS pa3paboTKa MPOTPaMMHOTO MPUJIOKEHHS ISl aBTOMATH3AI[UH
MOCTPOEHHUS MOJEIIM OLIEHOK prcka oTkazoB CTC.

OcHoBHAA 4YaCTh

ANroput™ ompeeNeHus prucka oTka3zos. Ha ocHOBaHMM MeTO/a OIIEHOK pUCKa OTKa30B
OpU  OKCIUTyaTallii B3aUMOCBSI3aHHBIX M B3auMo3aBHCHUMbIX KommnoHeHtoB CTC [6,9]
pa3zpaboTaH aJropuT™M OIpE/eICHHs] PUCKAa OTKAa30B B 3aBUCUMOCTHU OT CTENEHU BIUSHUS
komrnoHeHToB CTC, a Takke KorHUTUBHO-uMuTanuoHHas wmojaenb (KHUM) CTC pans
uccnempoBanus cucreM (puc.l) [11,12]. HUccnenoBanume KHUM CTC mnpousBeaeHo B
pa3paboTaHHOM IPOrpaMMHOM KOMILJIEKCE Ha OCHOBE HCIIOJIb30BaHUS
KkpoccmatpopmenHoro s3bika Python. [Ins mnpencraBieHuss HCXOAHBIX JaHHBIX MPHU
mozaenupoBanun B KM CTC npumenen ¢opmar JSON. [Ins ananmuza pe3yabTaToB
uccinenoBanuii ucnois3zoBanuck MS Office u Open Office. IIponecc monenupoBanus ajs
olleHOK cTerieHn BiusHUS KommoHeHTOB CTC Ha pHCK OTKa30B OCYIIECTBISETCS B
COOTBETCTBUHU € anroputMoM (puc 2). Jlisi MOAAEPKKH MPUHATHS PEIICHUH IO OICHKaM
pucka otkazoB CTC mno anmpvOpHBIM H amoOCTEPUOPHBIM JAHHBIM, HalpUMep MpH
IKCIUTyaTallik  JBHrateied TpancnoptHeix cpeacts  (ATC) [13,14], mnpemmaraercs
MCII0JIb30BaTh METOJI, OCHOBAHHBINM Ha AMHAMUYeCKuX OaitecoBckux ceTsix nosepus (ABbCJI)
[15-17]. Crpykrypa ABCHA ATC (puc. 3). Hcnonb3yemble yCIOBHbIE 0003HAYCHHS
MpUBEACHHI B Ta0M. 1.
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Ha"gamno

JamaHne MCXOTHOM KOTHMTHEHON KapTel
CTC
k.

DHPE;,I[EJIEHHE; ECPOATHOCTH EBIXOOA H3

CTpoa EepmuH 1 pebep oprpada KM
CTC
v
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MonemposaHue eepmuHE! oprpaja KM CTC
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imp = impn —

(OLeHEa CTPYVETYPHOTO PHCEA
I MMOpaKEHHON BepmMMHEI MIK pebpa
oprpaga KM CTC

Brieop sHaueHH CTPYKTYPHBIX PHCEOE
TTopakeHHOH EepIIMHE] MK pebpa oprpada

KIIM CTC

Puc. 1. Anroput™m ompeneleHUss PUCKAa OTKA30B B 3aBUCHUMOCTH OT CTENEHHU BIUSHUS
koMmrioneuToB KM CTC
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Puc. 2. Anroput™ mporiecca MOACTUPOBaHUs yCIoBHiA dkcrryaTaruu J[TC
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Puc. 3. Crpykrypa ABCJ] ATC
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Ta6auna 1.
Ycnoubie o6o3nauenus nementoB JJTC B IBC/]
HaumenoBanue anemenTa VYcnoBHOE
0003HaueHNE
Bxopanoii aneMent VHOD
MaciisiHas nojacucrema MP
TonnuBHas noacucrema TP
CucremMa OXJTOKICHUS SO
Cucrema c)XaTtoro Bo3ayxa SSV
Cucrema ynpaBiieHUs JBUKHUTEIbHO-PYJIEBBIM KOMIIJIEKCOM SUDR
CynoBasi 2JI€KTPOCTAHIIHS SE
[TpoTuBOMIOKapHAs cCHCTEMA PS
I'1aBHBIN IBUTaTEIh GD
Cucrema IMCTaHIIMOHHOTO aBTOMATH3UPOBAHHOTO YIIPaBJICHUS DAU
TJIABHOTO JIBUTATEIIS
BamnactHO-oCymuTeIbHAS CHCTEMA BOS
KortenbHast yctaHOBKa KU
Ilepenaya MOIITHOCTH OT TJIABHOTO JIBUTATENS K JBUKUTEIIO PM
JIBIKUTENTEHO-PYIIEBOM KOMIUIEKC DRK
CucremMa CaHUTAPHOU BOJOIIOATOTOBKH SSVP
l"a3oBBITycKHAs crucTeMa GV

PazpaboTka kpoccrinaTdhopMEHHOTO TPOrpaMMHOTO MpUJIoKeHus. [[1s aBToMaTu3anuu
mmpolecca TOCTPOCHHMS KOTHHTHBHOM Mojenu oneHok pucka JITC paspaboraHo
KpoccriaThOpMEHHOE TMPOTPaMMHOE TPHUJIOKEHHWE Ha SI3bIKE MporpaMMHUpOBaHHsS Java,
rpadudeckoro dperimBopka JavaFX u si3p1ke pasmerku XML.

o1 Suppon Decision Software — [m] X
Mode selection Cognitive Graph Model | Fuzzy Model | Parsto-oplimal Solutions
Auto ® Manual .. Show syswm stuckms
» Change weights values
Connect to DB Import Data From File w Ranging Chant
Damages
by name x Search
ID Name Type Resource Failure prob +
WT  Piston extra Enengy 03 ™
VB Meedie typical  Energy 07
W5 Fuel filter typical  Substance an
V4 Glow plug typical  Substance .21
W3 Injected extra Energy 017 Tame
b3 : A oo A D S E e &S A
V2  Fuel pump  typical  Substance 15 N x'.-S Ol'} S e Ed {‘:\? L3 dﬂ- & éf_f‘
Risks
Results log Elements s Inner Connections

22028 213043 — Graph model building complebed Sutcessiuly-—
220218 2153053 cod Bulding Tuzzy model---

F2OZ18 213197 —— Fuzzy madel buikding complated suocessiully—--
220218 2133 22 —Sarling optimization procedunes—

220218 2153122 —od Optimization made successiully, 3 solutions. founded--
F20218 213155 — Wisualization Charls buikd successiully-—-

220218 213140 —<-Repoil StAred-—-

Calculation Resulls:

Complex Wear Value for enging = 0,02,

Intenral darane vale = 0 16

Export to file Update Closa application » Calculate risk values

Puc. 4. Nnatepdeiic cuctemMbl MOANEPKKA MPUHATUS PEIICHUHN IS MMPOCMOTpPA pe3yIbTaTOB
koruutuBHOU Mozenu [ITC B pyuHOM pexrme
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[Tocne 3amycka pa3pabOTaHHOTO NPUIIOKEHHUS IOJIB30BATENh OCYIIECTBISET BHIOOP
pexuMa paboThl (PyYHOH — MO3BOJISET MMPOBOIUTH OI[CHKY ITApaMETPOB IMOLIAroBBIM 00pa3oM,
BBOAS JUIA BBIOpaHHON cuCTeMbl TpeOyeMble [aHHBIE BpPYYHYIO, aBTOMATHYECKHHA —
aKTHUBUPYET aBTOMATHYECKYI0 00paOOTKy HaHHBIX). B cilydae BbIOOpa pydHOIO peKHMa
(puc.4) monb30oBaTeNh MOJKIIOYACTCS K 0a3e MaHHBIX WJIM HMIOPTHPYET JaHHBIE U3
otaensHOro (aitna (moamepkuBatorcs (Gopmatsl jSON u CSV). Ilociae ummopra JaHHBIX B
PacIoyioKeHHON HIbKe Tabiuie oToOpaxkaercs: oOmuii Habop JaHHBIX: WACHTH(PHUKAITMOHHBIHN
HOMED 3JIEMEHTA CUCTEMBI, €T0 KPaTKO€ Ha3BaHUE, TUII, BUJI PECYpPCa U CPEIHSS BEPOSITHOCTh
otka3za ateMeHToB CTC. [MoanepkuBarorcs GyHKIHMH COPTUPOBKHU TIO CTOJIOIAM TAOJHIIBI U
MIOMCKA [0 YKa3aHHOMY KpUTepuio UMeHHU, |D u 3HaueHHI0 BEpPOSATHOCTU BBIXOJA U3 CTPOSL.
PacriosioxxeHHbId B IpaBoit yacTi GopMbl KOMIIOHEHT TabPane, colaep XUt B ced0e KOMIIOHEHT
Accordion u3 4-x Mo3UIMA U pealn3yeT BO3MOKHOCTH IMepexojia Mo BKJIAJIKaM MPOCMOTpa
Pe3yJbTaTOB MOCTPOEHUSI KOTHUTUBHOM MoJienu B Bue rpada (puc.5).

0! Support Decision Software - o ®
Mude selemlon Clill;l'lil.'l'.'n:" Graph Modal Fu?.zp' Model Paral.o-nplimal Solulions
At 8 Manus Show praiecs ks
i
Connect to DB import Data From File [ INP ]
by name: - Search - !

£

(pc | /{ TP ) CO ) (CCB

ID Name Type Resource Failure prob * |
VT Piston eutra Energy 003 . s | — 4 . ]
1 { ", LY ",
VE  Meedls typical  Energy .07 o A i .
- e | MP ; | [ DAUICCVDP | | CE |
V5 Fuel filter typical  Substance 011 < [ . “ N
Wi Glow plug typical  Substance .21 RNt - sl
L3 - - - i
Ve e By o | GD | |BOS| /[ KU |
V2 Fusl pump typcal Subtance 05 . s, i h ;
L] - L]
Results log oy 4
i B N ¥ i
220218 2130043 — Graph model buikding comphéled sucoesshully-—— LGV . PM L UDR
220218 2130053 ~---Bullding fuzzy model--— - e Fom e
220218 21T - Furzy model Duiking compleled Sucoessiully. - W
220218 213322 —- Starting opimizalion procedures--—
220218 21:31.22 ---Dplimization made successhully, 3 solutions founded DE |

220218 21:31.35 —-Visualization Chats buikd Successhully--—
220218 21-31.40 -—-Report Started---—

Calculation Resulls = Seale Flaast Sealet .
Compaex Wear Valse for enging = 0.02
Intemral damane vaie = 0 15

¥ Change weights values

* Ranging Chan

Expart to file Update Close application e ——

Puc. 5. Nnrepdeiic cucreMbl NONACPKKU NPUHATUS PEIICHUN I MPOCMOTpPa COCTOSHUUN
KOMITIOHEHTOB CUCTEMBI B BUJIE OPHEHTUPOBAHHOTO rpada B pydHOM PEKUME

JlocTymHbl (PYHKIUKA TPOCMOTPa CTPYKTYPBI rpada MoJaea, U3MEHEHHUS €ro0 BECOBBIX
3HAYCHUH, TOIMIArOBOrO IEpexoja IO BCEM €ro COCTOSHHSM, MAaCIITaOMPOBAHUS €ro
BHEIIHEr0 BHJa (B clyyae, €CIM OH COICPXKHUT OOJBIIOE KOJIHMYECTBO 3JIEMEHTOB). Jlist
HATJISTHOM BH3YalIU3alliK Pe3yJIbTaTOB OIICHKH PHCKOB PEaTn30BaHbl (DYHKIIMU TOCTPOCHHS
BEPTUKAIBHON TUCTOIPAMMBI YIIIEPOOB IS KOMIIOHEHTOB CUCTEMBI B BEIODAHHOM COCTOSTHUH
MOJICIH, a TaKXe KpPYroBBIX JHarpamMM, OTOOpPaKAIOUIMX MPOLEHTHOE COOTHOIICHHE
AJIEMEHTOB M MEXDJIEMCHTHBIX CBSI3€H, MO KAaTEropusM: HU3KUI YPOBEHb PHUCKA, CPEIHHIA,
BBICOKHI U KpUTHYECKH (pHC.6).

C nomompro BriIaaku kommoHenta Accordion  «Calculate Risk  Values»
OCYIIECTBIISIETCS PYYHOU pacueT 3HAueHHWH yiiepOOB, PUCKOB, YPOBHS HM3HOCa M OOIIeH
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3¢ deKkTUBHOCTH (PYHKITMOHHPOBAHUS JJIsI BBIOPAHHOTO COCTOSIHUSI KOHKPETHOTO KOMIIOHEHTA
CTC.

5 Suppont Decision Softears - ]
Mode selection Cognitive Graph Model | Fuzzy Model | Pareto-optimal Solutions
At ® Manual b Shaw systam stuchure

¥ Change woights valuos
Connect to DB Import Data From File » Ranging Chan

v late rsk wal
by name - Search Cabculate risk valuas

Choose slate ] -

i ID Name Type Resource Failure prob N

| w7 Piston wutra Energy 003
L ’ ElEm. Structure Damage 0243
V& Meadle typecal  Energy 0nor
V5 Fuel filter typecal  Subslance o Elem. Functional Damage 0,183
v Glow plug typical  Substance o021
Wi injectar —— Energy 017 InterConn. Structure Risk 0,074
2 Fuel pump  typecal  Substance 015 v
_————— — - InterConn, Functional Risk L (rE1
Resulls log
20218 213043 —Graph model buiking compiéted Successiuly-— Wear Level 0.003
20218 213053 ———Buiking hEly Mmool
ZEXO2AE 2131 AT cecFuzzy model buiking compiated Spocessfily ... - 0 95
270218 21:33 22 ---..Starking oplimization procedures Efficiency :
220218 21:31.22 ----Oplimization made swocessiully, 3 solutions Tounde
220218 21:31.35 --—--\isualization Chas buikd sucoessiully-—---
220218 21:31.40 --—Repol Started---—
Calculation Results

ComplEx Wear Vahee for engine = .02 r Calculate Save o DB Add to Chart

Export to file Update Clase application

Puc. 6. Hutepdeiic cuctemMbl TOMIEPKKH TPUHATHS PEHICHUN IS ONEHKH 3HAYCHHMN
CTPYKTYPHBIX U (YHKIIMOHAIBHBIX YILIEPOOB U PUCKOB CUCTEMBI B PYUHOM PEKUME

B mpomecce mocTpoeHHS KOTHUTUBHOM  MOJEIM  CHUCTEMBI  OCYIIECTBIISIETCA
JIOTUPOBAHKE BBHITIOJHEHUS omepanuii ¢ pukcanuei 1aTel 1 BPeMEHU Havajla ¥ 3aBEpIICHUS
Kaxkgoro mpoiecca. [locie aToro Gpopmupyercs OTYET, COIEpKaLINI KOMIUIEKCHOE 3HAUCHUE
W3HOCA JBUTATES, UHTETpaJIbHOE 3HAa4YeHHE pUCKAa TMOTEpU PaOOTOCHOCOOHOCTH.
[TonyueHHBIH OTYET JIOTa MOXET OBbITh SKCIOPTHUPOBAH B OTACNIbHBIN (aitn B Gopmare pdf
nin CSV.

BrniBoanbl

Pa3pa60TaHHoe OPOrpaMMHOC IIPHUIIOXKCHHUEC I aBTOMAaTHU3allMU IIOCTPOCHHUA MOICIIN
OOCHOK PpPHCKa OTKa30B CJIOKHBIX TCXHHUYCCKHX CHCTCM Ha IIPHUMECPEC JBHUTI" aTeneu
TPaHCIIOPTHBIX CPEACTB ITO3BOJIACT 00ecneyuTh THOKOCTh B3aMMOJEHUCTBHUS MOJIb30BATENS C
MOAYJIEM CHUCTEMbI NOAACPIKKU IMPUHATHUA peHleHHfI, I/IMHJICMCHTI/IPYIOH_ICI\/II p83pa6OTaHHBIe
MCTOJAbI U MOJCIIN OLICHOK PHUCKAa OTKAa30B U IPOTHO3UPOBAHHUU TEXHUUCCKOTO COCTOAHUA
JIBUraTesei TPAHCIIOPTHLBIX CPEACTB.

Cnucox ureparypsl
1. Beruyxanws, B.B. Martematndeckue MOJETN HECTAIMOHAPHBIX PEKHUMOB BO3JIyX000pabOTKH B

nearpaipaoii CKB/ B.B. Boruykanun // Bicauk OmecbKoro Hall. MOPCHKOTO YH-TY: 30. Hayk.
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MMPOTPAMHUII JOJTATOK JJISI ABTOMATH3ALI TOBYAOBUA MOJEJI
OIIEHOK PU3HMKY BIIMOB CKJIATHAUX TEXHIYHUX CUCTEM

B.B. Buuyxanin, H.Jl. Pynriuenko, A.B. Brayxanin, M.O. KOpdaenko

OpnecpKkuil HalliOHANBHUH MO TEXHIYHAN YHIBEPCHUTET,
npocrekT [leBuenka, 1, Onmeca, 65044, Ykpaina; e-mail: 126.ist.onpu@gmail.com

Ha migcraBi Meromy OIIIHOK PHU3MKY BIAMOB TpPH eKCIDTyaTamii B3a€MOIMOB'S3aHHUX 1
B32€MO3AJICKHAX KOMIIOHEHTIB CKJIAJHUX TEXHIYHMX CHCTEM Ha TPHUKIAIl IBUTYHIB
TPAHCIIOPTHUX 3aC00iB PO3POOJICH aIrOPUTM BH3HAYCHHS PH3HUKY BiTMOB B 3aJIE)KHOCTI Bif
CTYIICHS BIUTUBY KOMIIOHEHTIB CHCTEM, a TAaKOK KOTHITHBHO-IMITaIliifHA MOJENb I iX
JOCIiKeHHs. J{OoCHipKeHHsT CKITaZHOi TEeXHIYHOI CHCTEMH BHPOOJIEHO B PO3poOIeHOMY
MIPOrpaMHOMY KOMITJIEKCI Ha OCHOBI BHKOPHCTaHHS KpoccruiaTdopmenHoro mosu Python.
Jis mpencTaBIeHHST BUXIHAX JTaHUX MIPU MOJIEIIOBAHHI B KOTHITUBHO-IMITAIliitHOT Mozemi
CKJIQIHOI TeXHIYHOI cucTeMu 3actocoBanuii popmar JSON. /s aBromarnzanii nodynoBu
KOTHITHBHOI MOJEJNI OLIHOK PU3MKY BiZIMOB JIBUT'YHIB TPAHCIIOPTHHX 3aC00iB pO3pOOIIEHO
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KpoccIuraTopMHe TNPOTPaMHUMA JIOAATOK Ha MOBI IporpamyBaHHS Java, TpadidHoro
¢peiimBopka JavaFX i moBoto po3miTk XML. 3 MeTOI0 MiATPUMKH IPUHHSTTS pillleHb 3a
OI[IHKAMH PHU3UKY BiIMOB [BUTYHIB TpPaHCIIOPTHHUX 3aco0iB T0 ampiopHUM 1
arloCTepiOPHOTO JaHUMHU TIPOIOHYETHCSI BUKOPHCTOBYBATH METOJ, 3acHOBaHMH Ha
JMHaMIYHUX OaliecOBCKMX Mepexax noBipu. Ilporiec MonenmoBaHHS Ul OLMIHOK CTYIEHS
BIUIMBY KOMITOHEHTIB CKJIaJHOI TEXHIYHOI CHUCTEMH HAa pPH3HK BiJMOB 3[iHCHIOETHCS
BIJMOBIHO JI0 QNTOPUTMY IIPOLIECY MOJENIOBaHHS YMOB €KCIUTyaTalii JBHUTYHIB
TpaHCIIOPTHUX 3aco0iB. Ilpym moOymoBI KOTHITUBHOI MOAENI CHCTEMH 3IIHCHIOETHCS
JIOTHpOBaHWE BUKOHAHHSA Omepaniid 3 (Qikcalielo AaTH 1 Yacy MOYaTKy 1 3aBepIICHHS
KO)KHOTO TIPOLIECY, @ TaKoX (POPMYETHCS 3BIT, IIO MICTUTh KOMIUIEKCHE 3HAYECHHS 3HOCY
JBUT'YHA, 1HTErpajbHE 3HAYCHHS PH3MKY BTpaTH mpane3natHocti. [y aBromaTtmzamii
MoOyZOBH MOJETl OIIHOK PW3WKY BiJMOB CKJIQJHHX TEXHIYHHUX CHCTEM pPO3pOOJIEHO
nporpaMHui 10o1aTok. CTBOPEHUH MPOrpaMHUI MPOIYKT J03BOJISIE 3a0€3II€UNTH THYUKICTh
B3a€EMOJIi KOpPHCTyBaya 3 MOJAYIEM CHCTEMH TiITPUMKH TPUHHATTSA pillleHb, 10
IMIUIEMEHTYIOTh PO3pOOJIEHI METO/IM 1 MOJIEIi OLIIHKK Ta MPOTHO3YBAaHHS TEXHIYHOTO CTaHY
JBUT'YHIB TPAHCHOPTHHX 3ac00iB. 3amyck po3poOJIEHOro 0JaTka JO3BOJSIE KOPUCTYBayy
3MIHCHUTH BHOIp peXuMy poOOTH (PYYHHH - JO3BOJISIE 3IIHCHUTH OILIHKY IMapaMeTpiB
NOKPOKOBUM YHMHOM, BBOJASYM Ui OOpaHOi CHCTEMHM HEOOXiZHI JaHi Bpy4HY,
ABTOMAaTUYHHH - AKTHBYE aBTOMaTHYHY OOpOOKY JIaHHX).

KurouoBi ciioBa: cxiagHa TexXHIYHA CHUCTEMA, IBUTYH TPAHCIOPTHOI'O 3aco0y, PH3HK
BiJIMOB, KOTHITUBHO-IMiTalliilHa MOJENb, MIATPUMKA IPUHHATTSA pillleHb, HPOrPaMHUIA
JIO/IATOK, MPOTHO3YBAaHHSI TEXHIYHOT'O CTaHYy.

SOFTWARE APP FOR AUTOMATION OF BUILDING MODELS OF RISK
ASSESSMENTS OF FAILURES OF COMPLEX TECHNICAL SYSTEMS

V.V. Vychuzhanin, N.D. Rudnichenko, A.V. VVychuzhanin, M.A. Yurchenko

Odessa National Polytechnic University,
Shevchenko Avenue, 1, Odessa, 65044, Ukraine; e-mail: 126.ist.onpu@gmail.com

Based on the method of assessing the risk of failures in the operation of interrelated and
interdependent components of complex technical systems, an example of vehicle engines is
developed to determine the risk of failures depending on the degree of influence of the
components of the systems, as well as a cognitive-simulation model for studying them. The
study of a complex technical system was carried out in the developed software package
based on the use of the cross-platform language Python. The JSON format is used to
represent the initial data when modeling in a cognitive-imitation model of a complex
technical system. To automate the construction of a cognitive model for assessing the risk
of vehicle engine failures, a cross-platform software application has been developed in the
Java programming language, the JavaFX graphical framework and the XML markup
language. In order to support decision-making on estimates of the risk of vehicle engine
failures using a priori and a posteriori data, it is proposed to use a method based on
dynamic Bayesian networks of trust. The modeling process for assessing the degree of
influence of components of a complex technical system on the risk of failures is carried out
in accordance with the algorithm of the process for modeling the operating conditions of
the engines of vehicles. When building a cognitive model of the system, the logging of
operations with fixing the date and time of the beginning and completion of each process is
carried out, and a report is generated containing the complex value of engine wear, the
integral value of the risk of loss of efficiency. To automate the construction of a model for
assessing the risk of failure of complex technical systems, a software application has been
developed. The created software product allows the flexibility of user interaction with the
decision support system module, implementing the developed methods and models for
assessing and predicting the technical condition of vehicle engines. Launching the
developed application allows the user to select the operation mode (manual — allows
parameters to be estimated in a step-by-step manner, entering the required data manually
for the selected system, automatic — activates automatic data processing).

Keywords: complex technical system, vehicle engine, risk of failures, cognitive-imitation
model, decision support, software application, technical condition prediction.
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