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Pedepar:

1. Y pesyspTaTi guicepTaLifiHOTO NOCIIPKeHHS BUPILIEHO akTyaJabHe HAyKOBe 3aBJAHHS - PO3POOKa METOLY
OIlepaTUBHOI JMHaMiuyHOi iMOBipHiCHOI oLiHKM pu3uKiB (DPRA) y cucTemMax IMHaMiYHOTO NO3UL[iOHYBaHHS CyJEH.
CyyacHi MOPCBKI orepaliii xapaKTepu3yIoTbCS BUCOKMM PiBHEM aBTOMAaTHM3allil, CKJIaJHICTIO B3a€MOJil TEXHIYHUX Ta
IIPOrpaMHUX KOMIIOHEHTIB, @ TAKOXK 3HAaYHOIO 3aJIEXKHICTIO Bifi pilleHb oneparopa cuctemu (DPO). BrpaTa nosutii
BHACJIiZIOK TeXHIYHOI BiIMOBH, 30BHIlIHiX 30ypeHb a00 JII0[ICbKOI TIOMUJIKM MO>Ke ITPU3BECTHU 10 KPUTUIHUX
HaCJIiAKiB. Y 3B'13KY 3 LIUM 3pOCTa€ NoTpeda B iHTEJIeKTyaIbHUX CUCTEMAX OL[iHKY PU3UKIB y PEXMMI peasbHOro
yacy. IcHyto4i migxony 10 pu3uK-MeHeIHKMeHTY (30KkpeMa PRA, FTA) rpyHTYIOTbCS Ha CTAaTUYHUX MOJEJISX, SIKi He
BPaxOBYIOTb 3MiHHICTb HaBiraliiHOro KOHTEKCTY, €BOJIOLII0 CTaHy cuctemu Ta peakuii DPO. Ile cTBoproe
neperyMOBHU 17151 pO3pOOKY HOBOi MeTozoJiorii - DPRA ([luHamiuHa iMOBipHiCHA OLjiHKa PU3HUKIB), 110 J03BOJISIE
(opMyBaTH aJANTUBHI OLIIHKM PU3MKY Ha OCHOBI CEHCOPHMX IaHUX, )XyPHAaJIiB OII€PATOPCHKUX Aiil, TPEHAKEPHUX
CLieHapiiB i Jepes noaiil. MeToo AucepTaLiiiHOro NOCiIKeHHS € MiTBUIIeHHs PiBHS 6€31eKy CyIHOIJIaBCTBa

IIJIIXOM PO3POOKY METOJY OIepPaTUBHOI OLiHKM PU3KKIB Y CUCTEMAaX IMHAMIYOTO 103i11i0HYBaHHS i3 BpaxyBaHHSIM



KOMILJIEKCHOTO BILJIMBY TEXHIYHUX, OPTaHi3aliliHUX Ta JIIOJCbKUX YNHHUKIB y peasbHOMY yaci. O6’eKT JOCiIKeHHSs
- [IPOLIEC OLiHKY PU3MKIB y CUCTEMAaX AMHAMIYHOIO MO3ULiOHYBaHHS CyA€eH. [IpeIMEeT NOCTiI)KEHHS - METOIU Ta
MoJieJIi iIMOBIpHICHOI OLIiHKY PU3UKIB y NPOLECi B3a€MOJil TEXHIYHUX CUCTEM i JIIOAVUHU B YMOBAX KPU3OBUX
CUTyalill AMHAMIYHOTO NIO3ULIIOHYBAaHHS CyZi€H. Y X0[li IPOBEAEHOr0 JOCIiIKEHHS 0yJ10 ineHT(IKOBAHO KOMILIIEKC
KJIIOYOBUX (PAaKTOPIB, 1[0 BU3HAYAIOTh AUHAMIKY PO3BUTKY aBapiliHMX CUTyallill y CUCTeMax AMHAMiYHOTO
nozuuionysanHs (DP). Jlo Takux ¢axkTopiB BiiHECeHO: 30BHilIHI 36ypeHHs (BiTPOBi, XBUJIbOBI, T€UiliHi BIINBY),
BTpaTU ab0 CIIOTBOPEHHS CUTHAJIB MO3ULII0HYBaHHs (Hacamiepes PRS), nopylleHHs B €J1IeKTPO>KUBJIEHHI, @ TaKOXK
JI0CHKUN (PaKTOp, 30KpeMa 3aTPUMKM ab0 TOMUJIKU B peaxkuii oneparopa (DPO). Ha ocHOBI 11boro aHamisy
cpopMOBaHO y3arajbHeHy apXiTeKTypy cy4acHoi DP-cucrtemuy, 110 BKIIOYA€E TUIIOBI IKepesia BXinHoi iHdopmarii
TaKi sIK CEHCOpPHI 6J10KH, iHTepdelic moanna-mamuHa (HMI), cuctemu ynpasiliHHS TAraMy, Ta nepejdoayae
HasIBHICTb JUHAMIYHOi 6331 3HaHb /J1 HAKONIMYEHHS 1 afjanTallii cLieHapHOro 4ocBify. Po3po6sieHa CTpyKTypHO-
dyHKIi0OHATIBHA CXeMa IIOTOKIB JaHUX JO3BOJIMJIA ONIMCATH B3AEMO/iI0 MDK KOMIIOHEHTaMM CUCTEMHU Yy ITPOLeci
OLIiHKM PU3KKY, a TAKOX I100yAYyBaTH POPMaIbHUI ONKUC KPUTUYHUX CUTYaLlill Y BUTJISAI MaTeMaTUYHUX MOiesIet:
nepesa nozin (Event Tree), nepesa BinmoB (Fault Tree) Ta MyJIbTUTIJIKOBUX CLieHAPiiB i3 4aCOBUMU MiTKaMu
KJII040BUX (a3 pearyBaHHs. Y paMKax CLIEHapHOI0O MOJIe/II0BaHHS BIIpoBamkeHo DPRA-mozens (Dynamic
Probabilistic Risk Assessment), sika oeiHye JIOTiKYy CLIEHApPHOIO aHaJi3y 3 AMHAMIYHUMU 6alleCOBUMU MepesKaMH,
110 [J,O3BOJISIE€ MOJEJIIOBATU 3MiHY IMOBIPHOCTEN PU3KKY B PEAJIbBHOMY 4Yaci 3aJI€XKHO Bif 3MiH Y TEXHIYHOMY CTaHi
CHACTEMH, HaBiraliiHoMy KOHTeKCTi Ta nosefinui DPO. Takuii nigxiz 3abesnedye afalTUBHICTb OL[iHKY PUBHUKIB i
MO>KJIMBICTb [IPOAKTUBHOTO IIPOrHO3YBAHHS IHIUIEHTIB. 3 METOIO IiJBUILEHHS TOYHOCTI IIPOrHO3YBAHHS Ta
oNnTHUMi3allii eHeprocrioXXUBaHHS B yMOBaX peajibHUX 30BHIIIHIX BIJIMBIB, Y pOOOTi TaKOX 3aIIPOIIOHOBAHO
3aCTOCYBaHHS [1apaboJIidyHOro PEryaTopa 3 He4yTJIMBOIO 30HOK. Takuil nifxiz 3adesneuye CTilike yTPUMaHHS
no3uii cygHa B DP-pesxumi HaBiTb 3a A1ii KOMGiHOBaHUX 30ypeHb - BiTPY, XBUJIb Ta TeYil, i3 OZHOYACHUM
3HIKEHHSIM BUTPAT eHeprii Ha crabinizariio. [IpoBeneHe 4nceabHe MOJIETIOBAaHHS TO3BOJIMIIO OLIiHUTY BILJIUB
BiZIMOB y KOMIIOHEHTax CUCTEMH, 300iB y [10a4i CUTHaJIIB Ta Jill onepaTropa Ha MOBEJiHKY Cy[Ha B IUHaMILl].
Oco61By yBary npupiseHo aHali3y CLieHapiiB BTpaTu no3ulii Mo6inpHOi 6ypoBoi ycTranoBku (MODU) sk ofiHOroO 3
KPUTHYHUX KeWCiB. [lJ15 mpakTU4YHOI niepeBipku Ta KaniopyBaHHsi DPRA-mMozeni cTBOpeHO crenianizoBaHy
TpeHaxKepHyY N1aTdOpPMYy, 1110 BUKOPUCTOBYE 11a6JI0OHU ONIePAaTOPCHhKOI MOBEiHKY, OTPUMaHI 3 JaHUX peaabHoro abo
crMysboBaHoro MoHiTopuHry DPO. Ha ii ocHOBi TakoxX peasnizoBaHO (QyHKIiOHANbHY CTPYKTYPY CUCTEMU
IiATPUMKU NPUMHATTS pilens (DSS), sika 3maTHa popMyBaTH KOHTEKCTHO-3aJIEXKHI MMiJIKa3KM OIIEPaTopy B MeXax
KPUTUYHUX YaCOBUX iHTEpPBaJIiB, 3 ypaxyBaHHSM O4iKyBaHOi peakuii monunu. InTepdeiic DSS aganToBanuii njis
CIIDUMHATTS IMOBIPHICHUX OLiHOK i [IPOIOHY€E BapiaHTH Ail i3 BiANOBIIHMMH PiBHSIMU PU3UKy. [IpoBeneHo
Bepudikanio po3pobsenoi DPRA-Mozesi Ha OCHOBI IPAaKTUYHUX CLEHAPIiB 3 TPEHAXKEPHUX €KCIIEPUMEHTIB i
icTopn4Hux paHux. [IopiBHANILHMI aHaJli3 10Ka3as ii nepesary Haj, KJIACUYHUMU IIIX0A4AMU 10 OLIIHIOBAHHS PU3UKY
B KOHTEKCTi TOYHOCTI ITPOTHO3YBaHHS, 3JaTHOCTI O afaNTalii B peKUMi peasbHOT0 4acy Ta CyMiCHOCTI 3
€JIeMEHTaM{ aBTOHOMHUX HaBiraliflHUX CUCTEM. 3arajoM pe3ysbTaTy AOCiIKEHHS MalOTh 3HAYHUI TPAKTUYHUI
IIOTEHIIiaJl: BOHM MOXYTb OYTH BUKOPHUCTaHi 17151 iHTerpatii mogenet DPRA y cuctemn guHaMidHOTrO
II03MLIIOHYBaHHS HOBOT'O TIOKOJIiHHS, afanTuBHi DSS-mMonysii 1711 aBTOHOMHOTO (PJI0Ty, TPEHAKEPHI KOMILJIEKCH 3

oliHkom noseiHkyu DPO, a Takoxx J1s1 popMyBaHHS LUPPOBUX IOJIITUK 6€3M1€KU MOPCHKUX Ollepalliil.

2. The dissertation research solved an urgent scientific task: the development of a method for operational dynamic
probabilistic risk assessment (DPRA) in dynamic ship positioning systems. Modern maritime operations are
characterized by a high level of automation, complexity of interaction between hardware and software
components, and a significant dependence on the system operator's (DPO) decisions. Loss of position due to
technical failure, external disturbances, or human error can have critical consequences. In this regard, there is a
growing need for intelligent real-time risk assessment systems. Existing approaches to risk management (e.g. PRA,
FTA) are based on static models that do not consider the variability of the navigation context, the evolution of the
system state, and the DPO's response. This creates the prerequisites for the development of a new methodology -
DPRA (Dynamic Probabilistic Risk Assessment), which allows for the formation of adaptive risk assessments based
on sensor data, operator logs, simulation scenarios, and event trees. The purpose of the dissertation is to increase



the level of safety of navigation by developing a method of operational risk assessment in dynamic positioning
systems, taking into account the complex impact of technical, organizational, and human factors in real time.
Object of research: the risk assessment process in dynamic positioning systems of ships. The study's subject is
methods and models of probabilistic risk assessment in the process of interaction between technical systems and
humans in crisis situations of dynamic ship positioning. The study identified a set of key factors that determine the
dynamics of emergencies in dynamic positioning systems (DP). These factors include: external disturbances (wind,
wave, current influences), loss or distortion of positioning signals (primarily PRS), power supply disruptions, and
the human factor, in particular, delays or errors in the operator's response (DPO). Based on this analysis, a
generalized architecture of a modern DP system was formed, which includes typical sources of input information
such as sensor units, human-machine interface (HMI), and traction control systems, and provides for a dynamic
knowledge base for the accumulation and adaptation of scenario experience. The developed structural and
functional diagram of data flows made it possible to describe the interaction between system components in the
risk assessment process, as well as to build a formal description of critical situations in the form of mathematical
models: Event Tree, Fault Tree, and multi-branch scenarios with timestamps of key response phases. As part of the
scenario modeling, the DPRA model (Dynamic Probabilistic Risk Assessment) was implemented, which combines
the logic of scenario analysis with dynamic Bayesian networks, allowing the model to change in risk probabilities in
real time depending on changes in the technical condition of the system, navigation context, and DPO behavior.
This approach ensures the adaptability of risk assessment and the ability to predict incidents proactively. To
improve forecasting accuracy and optimize energy consumption under real external influences, the paper also
proposes using a parabolic controller with an insensitive zone. This approach ensures that the ship's position is
steadily maintained in DP mode even under the influence of combined disturbances such as wind, waves, and
currents, while reducing energy consumption for stabilization. The numerical modeling made it possible to assess
the impact of system component failures, signal failures, and operator actions on the ship's dynamic behavior.
Particular attention was paid to analyzing scenarios of loss of position of a mobile drilling unit (MODU) as one of
the critical cases. For practical verification and calibration of the DPRA model, a specialized training platform has
been created that uses operator behavior templates obtained from real or simulated DPO monitoring data. It is
also the basis for the functional structure of the decision support system (DSS), which can generate context-
dependent prompts to the operator within critical time intervals, taking into account the expected human
response. The DSS interface is adapted to perceive probabilistic estimates and offers options for action with
appropriate levels of risk. The developed DPRA model was verified based on practical scenarios from simulation
experiments and historical data.
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rOJIOBYIOYOTO Ha 3aCifilaHHi

BiAHOBiAaﬂbHHﬁ 3a l'Ii,H,I‘OTOBKy BorayeHnko €BreH AHATOJIiIIOBUY

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBO1 IOpuenko TeTsHa AHaToJiiBHA

OisSIIBHOCTI




