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1. HuxuTiok I1.B. InTerparuBHi Mmogesi 3abe3nedeHHs eKCITyaTaliliHoi 6e3reky MOpChKUX cyzeH. - Keanidikaniina
HayKoBa poboTa Ha ITpaBax pykonucy. JlucepTallist Ha 3M00yTTs HAyKOBOTO CTyIleHs fokTopa ¢inocodii (PhD) 3a
criejanpHicTiO 271 MOpCbKUiA Ta BHYTPIlIHIN BogHu TpaHcnopt, OHII - YipasiiHHA Ta eKCIlyaTalis CyHOBUX
€HEPreTUYHUX CUCTEM I KOMIUIEKCIB - OleCbKUI HalliOHaJIbLHUI MOPCBLKUM YHiIBEpCUTET MiHiCTEpPCTBA OCBITH i
Hayku Ykpainu, Opeca, 2026. [JucepraliliHy pobOTy IIPUCBSIYEHO BUPIIIEHHIO aKTyalbHOI HAYKOBOIIPUKJIALHO]
3a/iaui NigBUIIEHHS PiBHS €KCIIyaTallifHOi 6€311eK MOPChKUX CY/I€H LIJISIXOM PO3PO0JIEHHS iHTEerpaTUBHUX
MoJeJier OLiHIOBAaHHSA HABIralilHOrO PU3KMKY Ta aHaJli3y HaBirauiliHOi IOBEIiHKYU CyZHA B YMOBaX AUHAMIYHOTO
cepenosuia. CydyacHe CyJHOIJIABCTBO XapaKTEPU3YETLCS 3pOCTAaHHSAM iHTEHCUBHOCTI MOPCBKUX NI€EPEBE3EHb,
YCKJIQIHEHHSIM HaBiralillHUX yMOB, MIiIBUIIEHHSAM PiBHS aBTOMAaTU3allii CyJIHOBUX CUCTEM, a TAKOXK [TOCUJIEHHSIM
BIUJIMBY JIIOACBKOTO pakTopa, iHpopMaliiiHux Ta Kibep3arpos. 3a Takux yMOB TPaJULifHi HiIX041 A0 OLiHIOBAHHS
Oe3reKy CyIHOIIABCTBA, 10 6a3yl0ThCsl HA CTATUYHUX MOJIEJISIX i HOPMATUBHUX IIPOLeypax, He 3a06e31e4yl0Th

IOCTAaTHBOTO PiBHS aalITUBHOCTI Ta HE BPaXOBYIOTh CKJIAIHY IMHAMIKy HaBiraliliHoi noBeIiHKy cygeH. Y po6oTi



OOGI'PYHTOBAHO HEOOXiIHICTb IIEPEXOly 4O iHTErpaTUBHOTO MiX0MY, SIKUi Nlepefbaydae NoeJHAHHS IMOBIpHICHOTO
MOJIEJIIOBaHHS PU3MKY, aHai3y e(PeKTUBHOCTI 3aXMCHUX 6ap’epiB Ta IOCIIiIKEHHS TOBEIiHKOBUX XapaKTePUCTHUK
PYXy CyZHa. 3apOIIOHOBAHMI MifIXi] JO3BOJIsIE BpPaXOBYyBaTH 6araToakToOpHY IPHPOAY aBapifHOCTI, B3aEMOI0
TeXHIYHUX, OPraHi3aliiiH1X Ta JIACbKUX (PAKTOPIB, a TAKOXK JUHAMIYHY 3MiHy YMOB HaBiranjii. MeToo JoCliIKeHHs
€ po3pO06JIEHHSI CUCTEMU iHTETPATUBHUX MOJeJIel 3a0e3Te4eHHs eKCIIyaTaliiiHOi 6€311eKM MOPChKUX CYZI€H Ha
OCHOBI [10€JHAHHSI IMOBiIPHICHOTO OLIiHIOBaHHS PU3MKY Ta GPaKTaJbHOI0 aHali3y TpaeKkTopii pyxy CyAHa, 10
I03BOJISIE MiABUILMTY TOYHICTb OL[iHIOBAaHHS Ta JOCTOBIPHICTb IPOTHO3YBaHHS HaBirauilHux Hebesnek. O6'eKT
IOCJIiIKeHHS - TIpoliec 3a6e3NeyeHHs] eKCITyaTaliliHO1 6e3I1eK MOPChKUX Cy[IeH K CKIaHOi epraTuyHoi
cructemy, mo QyHKIiOHye B yMOBax NUHAMiYHOTO CepeloBUIA Ta HEBU3HAYeHOCTI. [IpeMeT nocimKeHHs -
MEeTOoJ Y 06y 0BY Ta MeXaHi3MU (PYHKLIIOHYBAHHS iHTEIPaTUBHUX Mojieslel 3abe31eueHH sl eKCIlTyaTalifiHo1
0€e3IeK1 MOPCBKMX CYZ€H Ha OCHOBI AMHAMIYHOrO OLIiHIOBAaHHS PU3UKIB. Y AucepTaliliHiil pO60Ti OTPUMAaHO
KOMILJIEKC HAyKOBUX Pe3yJbTaTiB, CIIPSIMOBAHMX Ha MiIBUILIEHHS e(EeKTUBHOCTI OI[iHIOBAaHHS Ta IPOTHO3YBaHHS
HaBirauifHoi 6e3reKy cyjieH. Y nepuomMy posfiji IpoBefeHo aHajli3 Cy4acHOro CTaHy ITpobsieMu 6e3nexku
CyJIHOIIJIaBCTBA, BU3HAYEHO OCHOBHI (PaKTOPY PUBUKY, OCIII)KEHO Mi>KHApOAHI Migxoau 1o 3abe3nedeHHs 6e311eKu
Ta BUSIBJIEHO OOMEKEHHS iCHYIOUMX METOJiB OLiHIOBaHHS. [1oKa3aHo, 110 JOMiHYIOUMM YMHHUKOM aBapiliHOCTI €
JIIONCbKUM QaKToP, a 6ibIIiCTh aBapill BiOyBa€eThCsl B yMOBaX MiBUIIEHOI CKJIAIHOCTI HaBiraliliHOro cepeoBUILa.
Jpyruii po3fin npycBsideHUI OO PYHTYBaHHIO iHTErPaTUBHOI MOJIeJli eKCIIyaTalifiHoI 6e3leKy CyiHa. 3aBIsKu
CHHTEe3y iMOBIpHICHOTO OLIiHIOBaHHS Ta KOHLEMNLii 6ap'€epHOro 3axXucTy 0yJ10 po3p006JI€HO KOMILJIEKCHUN iHAMKATOP
CTaHy 6e3IeKH, L0 iHTerpye TEXHIuHi napaMeTpH, BIUIMB JIIOJCbKOTO YMHHMKA Ta OpraHisaliiiHi aclieKkTi
eKCIulyaTallii MOPCbKOTO TPaHCIIOPTHOTO 3aC00y. 3allpOIIOHOBAHO MaTeMAaTUYHUI arnapar OliHIOBaHHS PUBUKY, 1110
BpaxoBye MIMOBIPHICTb BUHUKHEHHSI aBapiiHUX NO/ill, epEeKTUBHICTb 3aXMCHUX Oap’epiB Ta TSKKICTh HACJIKIB.
BBeneHo cucTemMy iHTErpoBaHMX ITOKA3HUKIB (iHTerpoBaHu iHJeKC 6e31eKy, 3anac 6e3nexku, KpUTUIHUH Yac), o
IO3BOJISIIOTH 37iMICHIOBATH KiJIbKiCHE OLliHIOBaHHS PiBHS 6€3IeKy Ta IPOrHO3YBaHHS PO3BUTKY HeOe3MeyHuX
cUTyaliil. Y TpeTbOMY po31iJi po3po6ieHo (ppaKkTalbHy MOJEeJIb aHajli3y HaBiraliliHoi NoBeliHKY CyJleH Ha OCHOBI
XapaKTEPUCTUK TPaeKTopii pyxy. Ha ocHOBi 00po6ku AISHaHuxX IOCTiIKEHO CTPYKTYPY MIKPOPYXiB CyZi€H Ta
BCTaHOBJIEHO 3aKOHOMIPHOCTI (pOPMYBaHHS XaOTUYHOCTI HaBirauiiHoi NOBeAiHKM. 3alTPOIIOHOBAHO METOIMU
xiiacudikauii HaBirailiHUX pe>XUMIB pyxy Ta BBEJIEHO iHTerpajbHUN iHAEKC XaOTMYHOCTI SIK TIOKa3HUK CKJIaHOCTi
NIOBEJiHKY CyJHA. Y poOOTi 3alIpONIOHOBAHO MifXin A0 iHTerpatii Mojesel OLiHIOBaHHS PU3UKY Ta PPaKTaabHOrO
aHasi3y MoBeiHKY Cy[IHA, 10 403BoJIsie COOPMYBATH €IMHY CUCTEMY OL[iHIOBAHHS HaBirauifHoi 6e3neKu Ta
HiABUINYTY TOYHICTb BUSIBJIEHHS [TOTEHLIHO HEOe3MeyHnX CUTyaliil. 31iliCHeHO OaIbIINE PO3BUTOK MiAXO0iB 1O
dopmasizalii HaBiranifiHoOi MOBEiHKY CyIHA SIK CKJIaIHOTO IMHAMIUYHOTrO NPOLeCy, 1110 XapaKTepU3yeThCs
HasIBHICTIO HeJIiHITHMX e(eKTiB, BapiaTUBHOCTI Ta CAMOIOi6HOCTI. 3alIPOIIOHOBAHO PO3IJISNATH TPAEKTOPIIO PyXy
Cy[iHa SIK Pe3yJIbTaT CyKYITHOCTI MiKPOPYXIB, 1110 03BOJISIE€ IIEPENTH Bif] TPAAULITHOTO aHAJIi3y OKPEMUX
HaBiraliiHUX rapameTpiB [0 JOCHiIKEHHS CTPYKTYPHUX XapaKTePUCTUK pyxy. Oco6IMBY yBary nIpuaijieHo
BMKOPHMCTaHHIO JaHVX aBTOMATU4HOI inenTudikauiinHoi cucremu (AIS) sik mxepesa iHpopmallii asis aHanizy
HaBirauifiHoi NoBeJiHKU cyZeH. Ha ocHOBi 06p0o0KY BeIMKUX MacuBiB AIS-maHuX peani3oBaHO MiAXif, 10 BUSBIEHHS
3aKOHOMIPHOCTEN PyXy CYI€H y Pi3HUX HaBiralillHUX yMOBaXx, 110 JO3BOJINJIO BCTAHOBUTH 3QJIEXXHICTb MK piBHEM

XAOTHUYHOCTI TPA€EKTOPIi Ta CKIIaIHICTIO HABIraliiHOroO CepeoBUILA.

2. Nykytyuk P.V. Intergating models for ensuring operational safety of ships. - Qualification scientific work on the
rights of the manuscript. Dissertation for the degree of Doctor of Philosophy (PhD) in specialty 271 Maritime and
inland water transport, ESP - Management and operation of ship power systems and complexes - Odesa National
Maritime University of the Ministry of Education and Science of Ukraine, Odesa, 2026. This dissertation is devoted
to addressing the pressing scientific and applied problem of improving the operational safety of seagoing vessels
by developing integrative models for assessing navigational risk and analyzing a vessel's navigational behavior in a
dynamic environment. Modern shipping is characterized by an increase in the intensity of maritime transport,
more complex navigational conditions, a higher level of automation in ship systems, as well as the growing
influence of the human factor, information, and cyber threats. Under such conditions, traditional approaches to
assessing shipping safety, based on static models and regulatory procedures, do not provide a sufficient level of



adaptability and do not account for the complex dynamics of vessel navigation behavior. This paper justifies the
need to transition to an integrative approach that combines probabilistic risk modeling, analysis of the
effectiveness of protective barriers, and research into the behavioral characteristics of ship movement. The
proposed approach allows for the consideration of the multifactorial nature of accidents, the interaction of
technical, organizational, and human factors, as well as dynamic changes in navigation conditions. The aim of this
study is to develop a system of integrative models for ensuring the operational safety of seagoing vessels based on
a combination of probabilistic risk assessment and fractal analysis of the vessel's motion trajectory, thereby
improving the accuracy of assessing and predicting hazardous situations. The object of the study is the process of
ensuring the operational safety of seagoing vessels as a complex ergatic system operating in a dynamic
environment characterized by uncertainty. The subject of the study is the methods for developing and the
mechanisms of operation of integrative models for ensuring the operational safety of seagoing vessels based on
dynamic risk assessment. The dissertation presents a set of scientific results aimed at improving the effectiveness
of assessing and forecasting the navigational safety of vessels. The first chapter analyzes the current state of the
problem of shipping safety, identifies the main risk factors, examines international approaches to ensuring safety,
and reveals the limitations of existing assessment methods. It is shown that the human factor is the dominant
cause of accidents, and most accidents occur under conditions of increased complexity of the navigational
environment. The second chapter is devoted to the justification of an integrative model of vessel operational
safety. The use of probabilistic risk analysis in combination with a barrier model of protection has made it possible
to develop a comprehensive safety indicator that integrates the technical, human, and organizational aspects of a
maritime transport vessel's operation. A mathematical framework for risk assessment is proposed, taking into
account the probability of accident occurrence, the effectiveness of protective barriers, and the severity of
consequences. A system of integrated indicators (risk index, safety margin, critical time) is introduced, enabling
quantitative assessment of the safety level and forecasting the development of hazardous situations. In the third
chapter, a fractal model for analyzing the navigational behavior of vessels based on the characteristics of their
motion trajectories is developed. Based on the processing of AIS data, the structure of vessel micro-movements is
investigated, and patterns in the formation of chaotic navigational behavior are identified. Methods for classifying
navigation modes are proposed, and an integral chaos index is introduced as an indicator of the complexity of a
vessel’s behavior. The paper proposes an approach to integrating risk assessment models and fractal analysis of
ship behavior, which allows for the creation of a unified system for assessing navigational safety and improving the
accuracy of detecting potentially dangerous situations. Further development of approaches to formalizing a ship’s
navigational behavior as a complex dynamic process characterized by the presence of nonlinear effects, variability,
and self-similarity has been carried out. It is proposed to consider a vessel’'s motion trajectory as the result of a set
of micro-movements, which allows moving from the traditional analysis of individual navigational parameters to
the study of structural characteristics of motion.
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IloBHe HaﬁMeHyBaHHﬂ lOpI/I,ZLH‘IHO'l' 0COOM: HanjoHambHuit yHiBepcuret "Opecbka MOPChbKa akagemis"
Kopg 3a € IPIIOY: 01127799

Micue3Haxo KeHHS: By [linpixcona, Oneca, 65029, Vkpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kockina [Omis OnekciiBHa

2. Yuliya Koskina

KBasigikamis: x. 1. 1., npodecop, 05.22.01

ImenTudikarop ORCID ID: 0000-0002-3164-6504

JoparkoBa iHdopmamist:

IIoBHe HaﬁMeHyBaHHﬂ IOpPI,uH‘{HOi 0COOM: OpechKUil HalliOHATBHUIA MOPCBKUN YHIBEPCUTET
Kopg 3a €IPIIOY: 01127777

Micue3Haxoa KeHHS: By, MeunukoBa, Oneca, 65029, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Illymuno Onekcanap MuUkosanoBuy

2. Oleksandr Shumylo

KBasigikanis: n.r.1., npod., 05.22.20
InenTudgikarop ORCID ID: 0000-0003-0574-1951



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPHUAHNYHOI 0COOH: OnechKuii HaliOHAIBHUI MOPCHKUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 01127777

Micue3HaxoO KeHHS: By, MeuynukoBa, Oneca, 65029, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Biacue IpizBume Im's Ilo-6aThKOBI Manakciano Mukona OnekcanapoBuy
roJIOBH pagu

Biacue IpizBume Im's [1o-6aTbKOBI Masnakciano Mukosna OsekcanapoBuY
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigassHUH 3a MiATOTOBKY Ounexciit JPOACKMH
00JIiKOBHX JOKYMEHTIB

PeecrpaTop Opuenko TersiHa AHaTosiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




