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Buuyocanin O.B. CroxacThuyHi MOJAENI Ta METOAM J1arHOCTUKH, OIIHKH Ta
MIPOTHO3YBAHHS TEXHIYHOTO CTaHy CKJIQJHUX CHCTEM KPUTHYHOTO 3aCTOCYBaHHS. —
Kpamidikaiiitna HaykoBa mpaiisl Ha IpaBax PYKOIHCY.

Hucepraitiss Ha 3700yTTS HAayKOBOTO CTymHeHs JokTopa ¢utocodii 3a
cunemianpHicTio 122 — Kowmm'torepri Hayku. — HamioHanbHMi yHIBEpCUTET
«Onecwka nonitexnikay, MOH Ykpainu, Oneca, 2024.

Y Beryni 0OTpYHTOBAHO aKTYyalbHICTh PO3POOKH CTOXAaCTUYHHX MOJIEIEH,
METO/IB [1arHOCTHKHU, OI[IHKM Ta MpOrHo3yBaHHsA TexHIyHOro crany (TC)
CKJIQJHUX CUCTEeM KpUTUYHOTO 3actocyBaHHs (K3).

[loka3aHo, 1O 3pPOCTAaHHS CKJIAJAHOCTI TEXHIYHUX CHUCTEM TPAHCIIOPTY,
aBiailii, €HEPreTHUKU CYIPOBOJKYETHCA 3POCTAHHAM BHUMOT JO iX e(eKTUBHOI
eKCIUTyaTaimii 3a yMOB HEBHU3HAUYEHOCTI TMpW Jii  HemepeadadyBaHUX,
HECHPUATIMBUX Bpa)xarouux (pakToppiB Ha OOJaJHAHHS Ta iX B3a€EMHI 3B'A3KH.
EdextuBna excruryaramis ckiannux texHiyHux cucteM (CTC) K3 3anexuts BiJ
CBOE€YACHOTO BHSBJIEHHS Ta YCYHEHHs BIiAMOB oOsanHaHHs. [ligBuieHHs
epexktuBHOCTI  ekcmuyatarii  CTC  MOXIMBO  NUISXOM  BUKOPUCTaHHSIM
iHopmariiinux 1HTenekTyanbHnx cucteMm (IIC), ski 103BOJSIOTH OILIHIOBATH,
nporHo3yBatd TC 3a pesynpTaTamMu JiarHOCTUKH 3 YpaxXyBaHHSIM TIOBHHX Ta
yacTKOBUX BigMoB oOaaHanHs CTC.

Busnaueno: o0'ekT, mpeaMmeT, 3ajadul Ta METOAU JIOCTIIKEHHS;, HAaBEJICHO
HAyKOBY HOBU3HY Ta TPaKTUYHE 3HAUCHHS OTPUMAHUX PEe3yJbTaTiB; BUCBITICHO
ocobuctuit BHecok 3m00yBaua. HaBemeHno iHdopmaliiio mnpo CTPYKTypy Ta
ampo0aitito pob0TH, a TAKOXK MPo MyOJIiKaIlli aBTOpa 3a TEMOIO JUCEpTAallii.

Y nepumiomy po3aini nuceprariiiHoi poOOTH BHUKOHAHO aHaNi3 MOJENEH,
METOJIB JIarHOCTHKH, OIIHKK Ta mporHo3dyBaHHs TC cxmamnux cuctem K3 Tta
0COOJIMBOCTEM iX 3aCTOCYBaHHsSI NMpPU HEBU3HAYEHOCTI B yMOBaxX eKcCIUTyaTarlii.

CTC K3, 3 normsiay iHpopMaIiiiHux TEXHOJOTIH, € 1IEpapXidYHUMHU CTPYKTypaMu, Ta
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MICTSTh YUCJICHH] (DYHKIIIOHAJIbHI IJICUCTEMHU, KOMIIOHEHTH, €JIEMEHTH Ta 3B'SI3KU
MI>K HUMH.

3 pe3yabTaTiB aHAmi3y JITepaTypHUX JDKEpen BUIUIMBAE, IO BiIOMI
CTpYKTYypH1 Mozem aiarHocTuku TC CKIaAHUX CHCTEM BpPaxOBYIOTh JIMIIE MOBHI
BIIMOBH TIpalle3/IaTHOCTI, i€ HE BPaXOBYIOTh YacTKOBi. BioMi MeTou OIIHKHY Ta
nporHo3dyBanHsd TC CKIaQAHMX CHCTEM MalOTh OOMEXKEHHS: 3pOCTaHHS
QITOPUTMIYHOI Ta OOYMCIIOBAJIBHOI  CKJIQAHOCTI, HEOOXITHICTh CKJIAIHOT
MOTIepeTHb0I  OOPOOKM PI3HOMAHITHUX MaHUX. [IepCTIEKTUBHMUMH METOJaMHU
MojentoBanHs s aiarHoctyBaHHs TC e OaiiecoBchki Mepexi noBipu (BMJI), 1o
BUKOPHCTOBYIOTHCS 3 YPaxXyBaHHSIM HEBU3HAYCHOCTEH, CTOXaCTUYHOCTI XapaKTepy
pobouux mporieciB Ta HenoBHUX AaHux CTC, a TakoX MeTOAUM KOTHITUBHOTO
IMITAIIHHOTO  MOJICJIIOBAHHS, IO JIO3BOJISIIOTH  OIIHIOBATH CTPYKTYpHI Ta
(GyHKUIOHATBHI Bpa3nuBocTi oOnaaHaHHs cucreM. B 1IC mepcnekTHBHUMH
METO/IaMH OIIHKU Ta mporHo3yBaHHa TC CKIagHUX CHCTEM € METOJU MIpKYBaHHS
Ha OCHOBI MPEIEICHTIB.

3a  pe3yapTaTaMH  MPOBEACHOTO  aHANI3y BHU3HAYEHO METy Ta
chopMyJIBOBAHO 3aJ1a41 TOCITIKCHHS.

Y  napyromy Ta TpeTbOMY PO3aijiaX  pO3po0JEHO Ta JOCTIIKEHO
croxacThyHl Mozaenl 1 Metox miarHocTukd TC oOmamgHaHHs ckiagHux cuctem K3
JUISL BUSIBJICHHS Ta Bi3yaii3aiii CTPYKTYpHHX, (YHKIIOHATBHUX BPAa3IHBOCTEH
IMCHUCTEM, KOMIIOHEHTIB, €JIEMEHTIB 1X B3a€MHMX 3B'SI3KIB JUUIS MOJAJIBIITOI OI[IHKH
Ta MPOTHO3YBAaHHS PHU3UKY iX BiAMOB. Po3po0OKa KOHIENTyaJlbHOI CTOXaCTHYHOI
MOJel AIarHOCTUKM JJig 11 peai3aiii J03BOJMJIA 3alpoONOHYBAaTU METO
miarsoctuku TC o6naguanuas CTC Ha ocaoBli BM/I.

KonnenryanpHa croxactuuna mojenb faiarHoctukd TC BigoOpaskae HOBHIA
niaxig 3 ypaxyBaHHsaM cTpykTypu CTC 3 4acTKOBMMHM 4YM TOBHHMH BiMOBaMH
oOnajHaHHS, 3 ypaxyBaHHSM HEBU3HAYEHOCTI Ta HEMOBHOTH JaHUX. Mojenb
mictuth omuc CTC y BUINIAAI UMKIIYHOTO CHPSAMOBAaHOrO Tpady, MHOXKUHY
PHU3HKIB BIIMOB (4aCTKOBUX a00 MOBHHMX) MIJCUCTEM, KOMIIOHEHTIB, €JIEMEHTIB Ta

3B'SI3K1B, 110 BXOAATH 10 cTpykTypu CTC.



CdopMynboBaHO mepIIMA MYHKT HAYKOBOI HOBHM3HH:  BIEpIIe
3alpPONOHOBAHO CTOXACTUYHY MojJeNb milarHocTuku TC CKIaAHMX CHUCTEM, SKa
OJTHOYACHO BpPAXOBYE HASBHICTh IIJACHUCTEM, KOMIIOHEHTIB Ta €JIEMEHTIB, iX
B3a€MHI 3B’SI3KM Ta PU3MK YaCTKOBOI ab0 MOBHOI BIJIMOBH Mpare3JaTHOCTI, IO
JI03BOJIHIIO 3ampomnoHyBaTtu MeTo aiarHoctuku TC Ha ocHOBI BMJI it ckmamgamnx
cucrem K3.

JUiss  cBOoe€yacHOTO  BHUSBJIIGHMS ~ Ta  Bi3yami3alii  CTPYKTYpPHHX,
(GYHKIIIOHaTPHUX BPA3MBOCTEH, CIPSIMOBAaHMX Ha MiJBUIICHHS €(EKTUBHOCTI
excruryaraiii CTC K3, 3anpononoBano metoa aiarHoctuku TC CKIIagHOT CUCTEMU
Ha ocHOB1 BM/I. MeTtoa MiCTUTh HACTYITHI €TaIlu:

1. Ilo6ynoBa BMJ] Ha ocHOBI cTtoxacTWyHOi Mopeni miarHoctuku TC
CKJIaJIHUX CHUCTEM.

2. IHimiamizaifisi MOJIEJI - BIUIYYEHHS JaHUX PU3UKY BIIMOB OOJIaTHAHHS Ta
ix B3aeMHUX 3B's13KiB 3 0a3u OREDA.

3. [TIlpoBeneHHs MOCHIIKEHHS MOJICTIOBAHHSM aBapiiHUX CHUTYAIlIH.
["'0J10BHOIO METOIO € BU3HAYEHHS MPUYKH BIAMOB 00JIaTHAHHS.

4. BusBneHHs Ta Bi3yamizaiis CTPYKTYpHUX 1  (PYHKIIOHATHHUX
BpasnuBOCTEN oOnagHaHHS. AHaNI3 pe3yJbTaTiB MOJCIIOBAHHS.

HaBeneno pesynbTatv JOCHIIKEHb BU3HAYEHHS MHMOBIPHOCTI (pU3UKY)
BiMoB obnagHanHs CTC Ta ix B3aemHux 3B's13K1B 3a 20000 roauH eKcruTyararii.

CdopmynboBaHO APYrvid MYHKT HAYKOBOI HOBM3HM: HAOYB IMOJAJIBIIOTO
po3BUTKY MeTox  miarHoctuku TC ckimagHux cucteM Ha ocHoBi BMJI, 1o
JIO3BOJIMJIO CBOEYACHO BHUSABUTH Ta Bi3yali3yBaTW CTPYKTYpHI, (DYHKIIOHAJbHI
BPa3JIMBOCTI Ta MIABUIIUTH epekTuBHICTh excruryaramnii CTC K3.

Hnst niarHoctuku TC oOnamHaHHS CHUCTEM 3 ypaxyBaHHSM iX B3a€EMHOTO
3B'SI3KYy Ta BIUIMBY, BIJACTEXKEHHS peaklli CHUCTEeM Ha PpU3UKUA BIJIMOB 3
HEOYCBUJIHUMH MPUYMHAMH PO3POOJICHO KOTHITHBHY iMiTariiHy Mozens (KIM)
J1arHOCTUKYU PU3UKIB BIIMOB 00JIaJHAHHS, BUKOPUCTOBYIOUH IMITAIlIHI Bpa)karodl
Mozetordl iMmysnbcu. KIM MiCTUTB IMITy IbCHUM BEKTOP JIS JUCKPETHOTO 4Yacy,

110 33/1a€THCS CITIBBITHOIICHHSIM 3MIHH Bar BY3JIiB Ta pedep oprpada, Bu3Hadarouu
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JWHaMIKy TomupeHHs Bpaxkarouux BumBIB nmo CTC. Ilpu wmonenmtoBaHHi
BUKOPHUCTOBYIOTH BIUIUB BPa)KarOYOTO MOJICIIOI0YOTO IMITYJIBCY Ha CHUCTEMY Y
BapiaHTax, HaMOLIbII HAOMIKEHUX JI0 peajJbHUX YMOB EKCIUTyaTalii CyIHOBOI
CTC. TIlpoeneni nociipkeHHs ToKazanu, 1o pospobsieHa KIM BigoOpaxae
npsimy 3anexHicTs TC obnagnanus CTC Bix ii CTpyKTypH Ta J03BOJSIE BUSBUTH
HalMEHI Tpane3gaTHe o0jJagHaHHs, QYHKI[IOHYBAHHS SIKOT'O CYTTEBO BILJIMBA€E Ha
mpare3aaTHICTh, TOOTO Ha €pEeKTUBHICTh Ta HAJAIWHICTh €KCILTyaTallli CHCTEMHU.

ChopMynboBaHO TpeTili MYHKT HAYKOBOI HOBH3HH: YJOCKOHAJICHA
KOTHITHBHA 1MiTalllifHa MOJIEJb, sIKa 3aCTOCOBYE IMITallliHI Bpa)karoul IMITYJIbCH,
mo jo3BoJisie giarHoctyBath TC o00laHaHHA CHCTEM 3 YypaxyBaHHSAM iX
B3a€EMHOTO 3B'SI3Ky Ta BIUIUBY.

Y yerBepTOMy po3aijii po3poOieHO METOJ OMIHKHM Ta mporHo3zyBaHHs TC
ckianHoi cucremu K3 1 Mozens mpuilomy-mepenadi JaHWX MPU J1arHOCTHIIL,
oriuIll Ta nmporHo3yBanHi TC CKIIaIHUX CUCTEM.

Bxigai pgaHi mMeToay MIpKyBaHb Ha OCHOBI TPEICACHTIB IS OIIIHKH Ta
nporno3yBaHHsd TC CKIaJHMX CHCTEM: YHCJIO Ta PIBHI BiAMOB MiJACUCTEM,
KOMIIOHEHTIB, €JIEMEHTIB Ta IX B3a€MHHX 3B'SI3KIB; MHOKHMHA IIJIEH Ta MOYKJIMBUX
aNbTEPHATUB;, CYKYIHICTh XapaKTEpUCTUK, IepeBar, KpUTEpliB 3a0e3nedeHHs
npare3aTHOCTI 00JIaIHAHHS CUCTEM.

Etanu metony oninku Ta nporosyBanHst TC cknagnoi cucremu K3 taki:

1. TloganHs mpeneAeHTy y BUIIIAAI HAOOpy MHapaMmeTpiB 3 KOHKPETHUMU
3HAUYEHHSMH Ta PIIICHHSIMHU.

2. OTpuMaHHs JaHUX OLIHOK Ta Mporuo3yBanHs TC CKIaAHOI CUCTEMH.

3. ®opMyBaHHSs peKoMeHAaIli 11 3a0e3nedeHHs e(h)eKTUBHOI eKCIuTyaTailii
obonagaanas CTC.

4. Ilepenaua naHux oiiHOK Ta mporHo3yBanHsa TC ckiagHoi cucTeMu 0co0l,
sxa npuitmae pimmenus (OI1P).

[Ipu momaHHi mpeneneHTy y BUTJISAI HAOOpy mapaMeTpiB 3 KOHKPETHUMU
3HAUYEHHAMM Ta pilmieHHsMU (ouiHkamu, mnporHo3amu TC Ta pekoMeHaalisiMu

OIIP) BpaxoBaHO: MapaMeTpH, IO ONHCYIOTh TPEIENCHT; OIlHKH PHU3HKY,



HMOBIpHOCTI BiAMOB Ta OIIHKK 30uTKiB Bij BimMoB CTC; pexomennamii OIIP;
OLIIHKY TMpane31aTHOCTI (4aCTKOBOT a00 MOBHOI); YTOUYHEHI OLiHKHY mapameTpiB TC
CTC; yrouneni mporHo3oBani 3HadeHHs mapameTpiB TC CTC; pimenHs, mo
npuitHaTi OIP ta pe3ynbraTi 11arHOCTUKY.

ChopmynpoBaHO 4YeTBepTHH NMYHKT HAYKOBOI HOBH3HH: HaOyB
MOJAJIBIIOTO PO3BUTKY METOJI MipKyBaHb Ha OCHOBI MPEIIE/ICHTIB, IO JO3BOJIMIIO
3a0€3MeunTi OIiHKY Ta mporHo3yBaHHs TC 1 NIABHINMTH TIpale3JaaTHICTb
ckinagHux cucreM K3.

Po3pobiena Mozens mpuilomy-niepenadi JaHUX JIarHOCTHUKH, OIIHKH Ta
nporHo3yBaHHsa TC cknagHux cucrem K3 3a0e3neuye eDeKTUBHICTH MPUHOMY-
nepeaayl JaHuX IpH 3MEHIIEHHI HaaMIpHOCTI 1H(popmMarlii Ha eranax ii 00poOkxwu,
MaKCUMAaJIBHOTO i1 3aXUCTY, MiHIMIi3allli TOXHUOKH.

3anponoHOBaHa MOJENb MICTUTh MHOXHHY BHMOT Ta KpHUTEpIiB, fKi
XapaKTEepPU3yIOTh: TOIOJIOTI0; MIBUAKOMAIIO; MPOMYCKHY 3aTHICTh; JOMYCTUMY
BEJIMUYMHY MOXUOKU NpUioMy-niepesiadl JaHUuX; PU3UK BIIMOB IIPUCTPOIB CUCTEMHU
npuiioMmy-nepenadl JaHuX; €PeKTUBHICTb 3aXUCTY 1H(pOpMaIli y cHCTEMI.

Otpumanuii pe3yiabTaT 103BOJIUB CHOPMYITIOBATH M'SATHH MYHKT HAYKOBOL
HOBM3HM: BIEpIIe po3po0JeHO MOJEeiIb MNpUHOMYy-liepeAadl JaHuX IpHU
JiarHocTuil, omiHul Ta nporuodyBanHl TC cknagnux cucrteM K3, sika BpaxoBye
HAsSIBHICTh MHOXXHMHHU CYNEPEWIMBUX BHUMOT Ta KOHKYPYIOUUX KPHUTEPIiB, IO
no3gonwiio  3Hatw  [lapero-onTUManibHI  pO3B'SI3KM A 3a0€3MeyYeHHs
e(eKTUBHOCTI MpUOMy-Tiepeiadi JaHHX.

Y n'aromy po3aiai pospobiieno IIC ominku Ta nporHozyBanHs TC
ckinagHux cucreM K3 3 BUKOpUCTaHHSAM METOAY MIPKYBaHb Ha OCHOBI IIPELIC/ICHTIB
(CBR) Ta po3poOieHo crTpaTerito NpUNHATTS PIlIeHb II0AO0 TOIIYKY MOIIYKY
B1IMOB 00JIaTHaHHS Ha OCHOB1 BCTAHOBJICHUX OIIHOK 1X TC.

Jlist mepeBipku Tpare3qaTHOCTI Oyino 3A1MCHEHO MOJIEIOBAHHS TTOBHOTO
nukiy ¢yakmionyBanns I[IC ormiHIOBaHHS, TPOTHO3yBaHHS WMOBIPHOCTI (PHU3UKY)
BiiMOB CTC Ha mnpukiagl CyJHOBUX EHEPreTMYHHUX YCTaHOBOK. OTpumaHi

3HAYEHHS OIIHOK MMOBIpHOCTEH (PHU3UKIB) MiJACHCTEM, KOMIIOHEHTIB, €JIEMEHTIB Ta
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iX B3a€EMHMX 3B'SI3KIB, II0 HE CylepeyaTh EKCIEPTHHUM OI[iHKaM, CBiAYaTh MpPO
e(eKTUBHICTh JI1aTHOCTUKHU, OIIHKK Ta MpOorHOo3yBaHHS TC CKIagHUX CHUCTEM,
BpPaxoOBYIOYH MTOBHI Ta YaCTKOB1 BIIMOBH Ipare3gaTHOCTI.

BpaxyBanus yactkoBux (moBHux) BiamoB oOiaaHanHs CTC K3 no3BonuTh
npuiiMaTy pIIIeHHs, COPSMOBaHI Ha TMEpPEABIAMOBHE OOCITYrOBYBaHHSI CHUCTEM,
3a0€3MeunTH Tpale3IaTHICTh, a, 3HA4YuTh, IIIJBUIIYBaTH €(QEKTUBHICTh iX
exkcruryaramii.  IlocmifgoBHICT  NPUMHATTA ~ pIllIEHh 3  BUKOPUCTAHHIM
zarpornoHoBanoi I[IC 3 CBR mmkioM, mo BpaxoBye ormepaiii oOpoOKku Ta
CTpyKTypH3alli JaHuX 3a T[pelejeHTaMu, B paMkKax (yHKI[IOHYBaHHS
po3pobiienoro 113, 3a6e3neuye podoty IIC 3 HenoBHOO 1HPOpMarii€to. PesynbTaTu
oOuucnens edextuBHocTi ekciuryaramii CTC K3 3 ypaxyBaHHSM 4YaCTKOBHX
BIJIMOB OOJIaJIHAHHA Ta TMPOBEJCHHS TIEPEBIIMOBHOTO OOCIYTOBYBaHHS HOTO
BpaxoOBYyBaJid, 10 €(EKTUBHICTb BHU3HAYAETHCS WMOBIPHICTIO 30€peKeHHS
[pale3/1aTHOCTI CHUCTEMHU. Pe3ynpTaT HE MEpeBUIIye MOPOrOBOrO 3HAUEHHS
WMOBIpHOCTI, TIpu #AKid HacTae mnoBHa BigmMoBa CTC, mo BU3HAYA€ETHCA 3
y3araibHeHoi ¢yHkuii 6akaHocTi XappinrroHa. ImoBipHicTh 30epexenns CTC y
mpare3aTHOMy CTaHi 301IbITyeThCs Ha 3%.

Po3pobiieni B poboTi Moneni, MmeToau Ta ix 3actocyBaHHs B IIC orpumanu
BIPOBA/DKCHHS Y JISJIBHOCTI: CcyAHomuiaBHOT kKommnaHii Maersk  (Ianis);
HAyKOBIA JMISUTBHOCTI Ta HaBYAJILHOMY Iporieci HalrlioHalbHOTO YHIBEPCUTETY
«OmecpbKa MOJITEXHIKA.

Y BucHOBKax chopmMysbOBaHO OTpUMaHI B X0/l pOOOTH HaJ JAMCEPTAIlI€I0
HAYKOBO-TIPAKTHYHI pe3yJIbTaTH.

Kurouosi cioBa: iHdopMaliiitHi TeXHOJIOT1i, MOJI€JIb, METO/I, MOJICITFOBAHHSI,
aIropuT™M, TporpamHe 3a0e3medeHHsi, rpad, IHTEICKTyallbHa, MEpexl,
JIarHOCTHKA, MPOTHO3YBaHHS, 0co0a, sika MpuiMae pilIeHHs, CKJIaJHa TeXHIYHa

CHUCTCMA, CyTHOBA CHCPICTUIHA YCTAHOBKA.
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ABSTRACT

Vychuzhanin O.V. Stochastic models and methods of diagnostics, assessment
and forecasting of technical state of complex systems of critical application. -
Qualification scientific work on the rights of manuscript.

Thesis for the Degree of Doctor of Philosophy in Computer Science,
Specialization 122 — Computer Science. — Odessa Polytechnic National
University, Ministry of Education and Science of Ukraine, Odesa, 2024.

The introduction substantiates the relevance of developing stochastic
models, methods of diagnostics, assessment and forecasting of the technical
condition (TC) of complex systems of critical application (CA).

It 1s shown that the growing complexity of technical systems of transport,
aviation, and energy is accompanied by increasing requirements for their efficient
operation under conditions of uncertainty when unpredictable, unfavourable impact
factors affect the equipment and their interconnections. Efficient operation of
complex technical systems (CTS) of CA depends on timely detection and
elimination of equipment failures. Increasing the efficiency of CTS operation is
possible by using information intelligent systems (IIS), which allow assessing and
predicting the TC based on the results of diagnostics, taking into account complete
and partial failures of CTS equipment.

The object, subject, objectives and methods of the study are defined; the
scientific novelty and practical significance of the results are presented; the
personal contribution of the applicant is highlighted. Information is provided on
the structure and testing of the work, as well as on the author's publications on the
topic of the dissertation.

In the first section of the dissertation, an analysis of models, methods for
diagnosing, assessing and predicting the TC of complex short-circuit systems and
the features of their application under uncertainty in operating conditions was

carried out. CTS of CA from the point of view of information technology, are
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hierarchical structures and contain numerous functional subsystems, components,
elements and connections between them.

From the results of the analysis of literary sources it follows that the known
structural models for diagnosing the TC of complex systems take into account only
complete failures of performance, but do not take into account partial ones. Known
methods for assessing and predicting the TC of complex systems are limited: the
growth of algorithmic and computational complexity, the need for complex pre-
processing of various data. Promising modeling methods for diagnosing vehicle
systems are Bayesian Belief Network (BBN), used taking into account
uncertainties, the stochastic nature of work processes and incomplete vehicle data
systems, as well as cognitive simulation modeling methods that allow assessing the
structural and functional vulnerabilities of system equipment. In IIS, promising
methods for assessing and predicting the TC of complex systems are reasoning
methods based on precedents.

Based on the results of the analysis, the goals and objectives of the study
were determined.

In the second and third sections, stochastic models and a method of
diagnostics of TC equipment of complex systems of CA were developed and
studied to identify and visualize structural and functional vulnerabilities of
subsystems, components, and elements of their mutual connections for further
assessment and prediction of the risk of their failures. The development of a
diagnostic model for its implementation made it possible to propose a method of
diagnosis of the TC of CTS equipment based on BBN.

The conceptual stochastic model reflects a new approach taking into account
the structure of CTS with partial or complete equipment failures, taking into
account uncertainty and incompleteness of data. The model provides risk
diagnostics for partial and complete failures of system equipment and contains a
description of the CTS in the form of a cyclic directed graph, a set of risks of
failures (partial or complete) of subsystems, components, elements and

connections included in the structure of the CTS.
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The first point of scientific novelty was formulated: for the first time, a
stochastic model of vehicle diagnosis of complex systems was proposed, which
simultaneously takes into account the presence of subsystems, components and
elements, their mutual relationships and the risk of partial or complete failure,
which made it possible to propose a vehicle diagnosis method based on BBN for
complex critical application systems.

For the timely detection and visualization of structural and functional
vulnerabilities, aimed at increasing the efficiency of operation CTS of CA, a
method for diagnosing complex systems based on BBN is proposed. The method
includes the following stages:

1. Construction of the BBN based on the stochastic model of complex
system diagnostics.

2. Initialization of the model - extraction of equipment failure risk data and
their mutual relationships from the OREDA database.

3. Conducting research by modeling emergency situations. The main goal is
to determine the causes of equipment failures.

4. Identification and visualization of structural and functional vulnerabilities
of the equipment. Analysis of simulation results.

The results of research on determining the probability (risk) of CTS
equipment failures and their mutual connections for 20,000 hours of operation are
given.

The second point of scientific novelty was formulated: the method of
diagnosing complex systems based on BBN was further developed, which made it
possible to timely identify and visualize structural and functional vulnerabilities
and increase the efficiency of operation of critical application CTS.

A cognitive simulation model (CSM) for diagnosing the risks of equipment
failures has been developed for the diagnosis of TC of system equipment, taking
into account their mutual connection and influence, tracking the response of
systems to the risks of failures with non-obvious reasons, using simulated striking

modeling pulses. CSM contains an impulse vector for a discrete time, which is
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given by the ratio of changes in the weights of nodes and edges of the digraph,
determining the dynamics of the spread of impressive influences along the CTS.

In the simulation, the effect of a striking modeling pulse on the system is
used in the variants closest to the real operating conditions of the CTS. The
conducted studies showed that the developed CSM reflects the direct dependence
of the TC equipment of the CTS on its structure and allows to identify the least
efficient equipment, the functioning of which significantly affects the efficiency,
that is, the efficiency and reliability of the system operation.

The third point of scientific novelty is formulated: an improved cognitive
simulation model that uses simulated impressive impulses, which allows
diagnosing the TC of system equipment taking into account their mutual
connection and influence.

In the fourth section, a method of evaluating and forecasting TC of a
complex system of critical application and a model of data reception and
transmission during diagnosis, evaluation and forecasting of TC of complex
systems were developed.

Output data of the method of reasoning based on precedents for evaluating
and predicting TC of complex systems: the number and levels of failures of
subsystems, components, elements and their mutual connections; set of goals and
possible alternatives; a set of characteristics, advantages, criteria for ensuring the
functionality of system equipment.

The stages of the method of evaluation and forecasting of TC of a complex
critical application system are as follows:

1. Presentation of a precedent in the form of a set of parameters with specific
values and solutions.

2. Obtaining assessment data and forecasting of complex system vehicles.

3. Formation of recommendations to ensure effective operation of CTS
equipment.

4. Transfer of assessment data and TC forecasting of a complex system to a

decision-maker (DM).
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When presenting a precedent in the form of a set of parameters with specific
values and solutions (estimates, TC forecasts and DM recommendations), the
following parameters are taken into account: parameters describing precedent, risk
assessments, probability of failures and estimates of losses from CTS failures, DM
recommendations, performance assessments (partial or full), refined estimations of
CTS vehicle parameters, specified predicted values of CTS vehicle parameters,
decisions made by the DM and diagnostic results.

The fourth item of scientific novelty was formulated: the method of
reasoning based on precedents was further developed, which made it possible to
provide evaluation and forecasting of TC and increase the performance of complex
short-circuit systems.

The developed model of data reception and transmission of diagnostics,
assessment and forecasting of complex systems of critical applications ensures the
efficiency of data reception and transmission while reducing the redundancy of
information at the stages of its processing, maximizing its protection, and
minimizing errors.

The proposed model contains a set of requirements and criteria that
characterize: topology, speed, bandwidth, permissible error value of data reception
and transmission, risk of device failures of the data reception-transmission system,
effectiveness of information protection in the system.

The obtained result made it possible to formulate the fifth point of
scientific novelty: for the first time, a data reception-transmission model was
developed for the diagnosis, evaluation and forecasting of complex systems of
critical applications, which takes into account the presence of a set of conflicting
requirements and competing criteria, which made it possible to find Pareto-optimal
solutions to ensure the efficiency of reception - data transmission.

In the fifth section, IIS is developed for evaluating and forecasting TCs of
complex critical application systems using the method of case-based reasoning
(CBR) and developing a decision-making strategy for finding equipment failures

based on established evaluations of their TCs.
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In order to check the performance, a simulation of the full cycle of the IIS
evaluation, prediction of the probability (risk) of CTS failures was carried out
using the example of ship power plants. The obtained values of probabilities (risks)
of subsystems, components, elements and their mutual relations, which do not
contradict expert assessments, testify to the effectiveness of diagnostics, evaluation
and forecasting of complex systems, taking into account complete and partial
failures.

Accounting for partial (full) failures of CTS equipment of critical use will
allow making decisions aimed at pre-failure maintenance of systems, ensuring
operability, which means increasing the efficiency of their operation. The decision-
making sequence using the proposed IIS with a CBR cycle, which takes into
account the operations of data processing and structuring according to precedents
within the framework of the functioning of the developed software, ensures the
operation of the IIS with incomplete information. The results of the calculation of
the efficiency of the CTS short-circuit operation, taking into account the partial
failures of the equipment and its pre-failure maintenance, took into account that the
efficiency is determined by the probability of maintaining the system's operability.
The result does not exceed the threshold value of the probability at which complete
failure of the CTS occurs, which is determined from the generalized Harrington
desirability function. The probability of keeping the CTS in working condition
increases by 3%.

The models, methods and their application in IIS developed in the work
were implemented in the activities of: shipping company Maersk (Denmark);
scientific activity and educational process of the National University "Odesa
Polytechnic".

The scientific and practical results obtained during the work on the
dissertation are formulated in the conclusions.

Keywords: information technologies, model, method, modeling, algorithm,
software, graph, intelligent, measurements, diagnostics, forecasting, decision

maker, complex technical system, ship power plant.
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