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Pedepar:

1. Incepraris Ha 30OOYTTSI HAYKOBOTO CTyNeHs fokropa ¢dinocodii 3a cneniaabHICTIO 275 — TPAHCIIOPTHI TEXHOJIOTII.
Jucepralilo BUKOHAHO Y X€PCOHCHKIN Iep>KaBHINl MOPCBHKiN akazemii, XepcoH. [lofaHo Ha 3aXUCT y X€pPCOHCBKY
Iep>kaBHY MOPCBHKY akazieMito, XepcoH, 2025. V nucepTaliiiHiil po60Ti BUKOHAHO aKTyaJlbHe HayKOBE 3aBAAHHS
O0A0 po3p0bJIeHHSI METOIIB Ta MOoZesiell MiABUILEHHS HaBiraliliHoi 6e3MeKku CyAeH Mif] yac MIaHyBaHHS IEPEX0ony
IIJIIXOM PO3POOKK HayKOBO-METOIMYHOIO anapaTy KOMILJIEKCHOTO aHasli3y Ta IPOrHO3YBaHHSI CTaHy HaBiraliitHoi
00CTAaHOBKHU 3 ypaxyBaHHSIM BIJIMBY CylIEPEWINBUX a60 HELOCTAaTHBO CTPYKTYPOBaHUX YNHHUKIB. Bucoka
aBapilHICTb CBiTOBOrO (JIOTY, 0C06IMBO y cdepi Hasirauii (60 - 70% Bif 3araJbHOrO YMCJIA) € KOMILJIEKCHOIO
npo6aemMoro. He3Baskaiouu Ha MUHYJII JeCSTUIITTS, KiJIbKiCTh 3iTKHEHb Ta HABAJIB 3aJIMIIAETHCS CTA0IIBHO
BUCOKOI0. [IOMUJIKY CyIHOBOZ{IB, a CaMe€ HEXTYBaHHS [IPAaBUJIaMU CyJIHOIIABCTBA, HEIIPABUJIbHA OL[iHKA PU3MKIB Ta
HEJJOTPUMAaHHS HIBUJIKICHOTO PEXUMY, € IPUIMHOIO 6J113bKO 80% MOPCBKUX iHIMEHTIB. ToMy 3a6e3MneyeHHs
HaBirauiHoi 6e3neKkyu BOJHOTO TPAaHCIIOPTY BUMAarae CUCTEMHOTrO Nigxoay. OCHOBOIIOJIOXHUM IIPUHIUIIOM

0e3I1eYHOr0 CYAHOBOiHHS € peTesibHe IIJIaHyBaHHS MapuIpyTy. TpafguliiiHO CyIHOBOAii BUKOPUCTOBYIOTD [1JIs1



LIbOT'O HAaBIiralliliHi KapTH, K NalepoBi, TaK i eJIeKTPOHHI. 3rifHO 3 MibkHapogHUMHU cTa”gaptamu (STCW-78, SOLAS-
74, A.893(19)), oniTMabHICT, O6PAaHOTO MApUIPYTy Oe3locepesHbO BILJIMBAE Ha 6e3MeKy MyaBaHHs. [IpoTe, "pyyHe”
IIJIaHYBaHHS MapUIPYTy Mae CyTTeBi oOMeskeHHs!. Lle op’s13aHo 3 CyO'€KTUBHICTIO OLiHKM CYLHOBOJiEM PUBUKIB, a
TaKOX CKJIQJIHICTIO IOBHOT'O BPAaxyBaHHsI CyJJHOBOJi€M BCiX (PaKTOPiB, 10 BIIJIMBAIOTh Ha 6€3M€EKy IJIaBaHHA. Jlo HUX
BiJHOCATBCA: JOTPUMAaHHS MDDKHAPOAHMX HOPM, MAaHEBPEHI XapaKTEPUCTHKU CYLHA, BIUIMB TiJPOMETEOPOJIOTIYHUX
YMOB, OCOGJIMBOCTI HaBirallii B CKJIalHIX yMOBaX 00CTaHOBKM TOI10. EpeKTUBHICTb BUpilIEHHS IPO6IEMU 3aTIEKUTh
Bifl, pYHKLiOHAy CUCTEMU YIIPABJIiHHS CyIHOM Ta 30ATHOCTI CyJIHOBO/iiB PO3POOJISITH ONTUMAaJIbHI CTpPATeTil
I[IJIaHYBaHHS MapUIPYTy, 3a6e3rnedeHHs 6e3neKku Ta e(peKTUBHOrO YIIPaBJIiHHS CygHOM. 3Ha4HI JOCSITHEHHS B HayLi
Ta TeXHIili OCTaHHIX POKiB, 30KpemMa BripoBamKkeHHs cuctem GNSS, AIS ta ECDIS, no3Bosmiu aBToMaTr3yBaTu 36ip
Ta 0OPOOKY AAHUX PO KOOPJMHATHY Cy[IHA, HABKOJIUIIHE CEPENIOBUIIE Ta IIapaMeTpH PyXY, 110 3HAYHO MiJBUIINAIIO
SKICTb HaBirallilHOro 3a6e3Me4eHHs Ta yIPaBJliHHS CyJHOM. ICHYI04i MeTonu poOOTH 3 HaBiralilHoK0 iHpopMalii€o
He J03BOJISIIOTH IIOBHOIO MipOI0 BUKOPUCTOBYBATH ii moTeHian. Heo6xinHo po3po6sisiTi HOBI minxony, sKki 6
IO3BOJISLNIM CYJHOBOISIM MIBUAKO M e(peKTUBHO BUIISATY HAMBAXKJIMBIlI aHi Ta IPUMMAaTH Ha iX OCHOBI
ONTUMAJIbHi pilleHHs. MeTo10 poOOTH € MiJBUINEHHS HaBiralillHOi 6e31eKy CyJeH Mifl yac JIaHyBaHHS IIepexoly Ha
OCHOBi BUKOPUCTAHHS 3HAHHS-OPi€HTOBAHUX TEXHOJIOTIH. [I71s1 HOCSITHEHHS OCTaBJIeHoi MeTy 6yJI0 BUPILIEHO TaKi
4acTKOBI 3aBHaHHS: 1) aHasi3 0COOIMBOCTE [IJIaHYBaHHS IIEPEX0Y CYLEeH B paMKaxX BUPILIeHHs 3aBAaHb
3a0e31e4yeHHs HaBirauifHoi 6e3neKky; 2) po3pobka MaTeMaTUYHOI MOZeJIi HaBiraliiHoi 0OCTaHOBKY /1715 [IJIaHyBaHHS
rapaHTOBaHOI CMYTY ITPOBOJIKY i IJIAaHYBaHHS ONTUMAJIbHOTO MApUIPYTY NIEPEXOAY CYAEH; 3) yIOCKOHAJIEHHS
METO/IiB MiJIBUIIEHHS HaBiraliiiHoi 6e31eKy CyeH IiJ| yac JIaHyBaHHS NIepexoy; 4) oliHKa e(peKTUBHOCTI
VIOCKOHaJIEHUX METO/iB Ta MojieJsiel MifBUllleHHs HaBiraliHoi 6e3MeKy CyieH Mif, yac IJIaHyBaHHS Nepexoy.
O6'eKT DOCIIiIKEHHS: IPOLIECH IIJIaHYBaHHS [IEPEXO[ly Cy[leH B PaMKax BUPIlIE€HHS 3aBJaHb 3a0€3[1€YeHHS
HaBiranifiHoi 6e3nexu. [TpeIMeTOM OOCTIIKEHHS € METOAM Ta MOJIEJI [IJIaHyBaHHS Nlepexony cyneH. HaykoBa
HOBU3HA OJIeP>XKaHMX Pe3yJIbTaTiB I10JIAra€e B TOMY, 110: 1) po3po6yieHo MaTeMaTUYHy MOZeJib HaBiraliiiHoi
00CTaHOBKY JJ151 [JIaHyBaHHS rapaHTOBAHOI CMYTY ITPOBOJIKY Ta IJIAHYBaHHS ONTMMAJIbHOTO MapLIPYTY [1epPeXoay
CyJleH, OCHOBY $KOi, Ha BiIMiHY Bifl BifOMUX, CKIafiae (pOpMali3mMm TUCKPETHUX Ai€BUX CUCTEM 3 €JIEMEHTAMU
HEYITKOro JIOT{YHOT O BUBEJIEHHS, 110 [103BOJISE MMigBUIIUTY ONIePATUBHICTD i TOYHICTh MOZIE/TIOBAaHHS; 2)
yIOCKOHaJIeHO MeToJ, GOpPMYBaHHS 6€3I1€4HOr0 ONTUMAJIbHOTO 11070 BUTPATH NajJ1Ba MaplIPYTy IepPeXoy CYAeH,
SIKUI 10JIrae y 3aCTOCYBaHHI MaTeMaTUYHOTrO arnapary HeYiTKUX MHOXKUH Ta HEYiTKOI JIOTIKY y ITPOLIeCi NPUIHSTTS
pillleHb Ta OLiHKM BIJIMBY ITIOTOJHUX YMOB Ha €(PEKTUBHICTb PyXy IpU (OPMYyBaHHI TPaBUJl pOOOTH KJIiITUHHOTO
aBTOMary AJ1s1 ToOyI0BY MapIIPYTiB PyXy CyIHA; 3) MOIEpHI30BaHO MeToH, (OPMYBaHHSI 6€3I1eYHOr0 ONTUMAJIBHOTO
3a 4aCOM PyXy MapLIPYTy II€PEXOLY CY[EH 3 YpPaxyBaHHSIM IIPOrHO3Yy MTOTOJHUX YMOB, SIKAH, HA BiIMiHY BiJl BilOMUX,
BMKOPHCTOBY€E MaTeMaTUYHUM arapaTr HeYiTKUX MHOKMH Ta HEYiTKOI JIOTiKY [1J151 BUBHAYEHHS MOXJIUBOCTEN PyXy
CynHa. BUKopucTaHHS 3alIpOIIOHOBAHOTO MigX0Ay JO3BOJISIE 3BMEHIINTHY Yac MiArOTOBKY JAHUX PO HABIirauinHy
00CTaHOBKY B 4 pa3y IIOPiBHSIHO 3 pyYHUM CIIOCOOOM i B 1,3 pa3y OPiBHSIHO 3 iCHYIOUMMU aBTOMAaTHU30BaHUMU
CUCTeMaMU; MiABUIIUTYU MMOBIPHICTb CBOEYACHOTO BUpIillleHHS 3aBJlaHb iHpopMaliiiHOTo 3abe3neyeHHs Ha 70%
MOPIiBHSIHO 3 iCHYIOUMMY METOJAMY; MiIBUIIMTY KOe(illieHT IOBHOTH BpaxyBaHHS YNHHUKIB Ha 16-34% MOPIBHSIHO 3

BiTOMMMM MeTOTAMMU.

2. Dissertation for the degree of Doctor of Philosophy in the speciality 275 - Transport Technologies. The
dissertation was completed at Kherson State Maritime Academy, Kherson. Submitted for defence to Kherson State
Maritime Academy, Kherson, 2025. The thesis solves an urgent scientific task of developing methods and models
for improving the navigational safety of ships during the transition planning by developing a scientific and
methodological apparatus for comprehensive analysis and forecasting of the state of the navigational situation,
considering the influence of conflicting or insufficiently structured factors. The high accident rate of the global
fleet, especially in the field of navigation (60-70% of the total), is a complex problem. Despite the past decades, the
number of collisions and groundings remains consistently high. Shipmasters' errors, such as disregard for
navigation rules, incorrect risk assessment and non-compliance with the speed limit, cause about 80% of maritime
incidents. Therefore, ensuring the navigation safety of water transport requires a systematic approach. The
fundamental principle of safe navigation is careful route planning. Traditionally, navigators use both paper and



electronic charts for this purpose. According to international standards (STCW-78, SOLAS-74, A.893(19)), the
optimality of the chosen route directly affects the safety of navigation. However, manual route planning has
significant limitations. This is due to the subjectivity of the shipmaster's risk assessment, as well as the difficulty of
fully considering all factors affecting navigation safety. These include compliance with international standards,
manoeuvring characteristics of the vessel, the impact of hydrometeorological conditions, navigation in difficult
conditions, etc. The effectiveness of solving the problem depends on the functionality of the ship's control system
and the ability of shipmasters to develop optimal strategies for route planning, safety and efficient ship
management. Significant advances in science and technology in recent years, including the introduction of GNSS,
AIS and ECDIS systems, have made it possible to automate the collection and processing of data on ship
coordinates, environment and movement parameters, which has significantly improved the quality of navigation
support and ship management. Existing methods of working with navigation information do not allow for the full
use of its potential. It is necessary to develop new approaches that would allow navigators to quickly and
efficiently identify the most important data and make optimal decisions based on it. The purpose of the study is to
improve the navigational safety of ships during the transition planning based on the use of knowledge-based
technologies. To achieve this goal, the following partial research objectives were solved: 1) to analyse the
peculiarities of vessel crossing planning in the framework of solving the tasks of ensuring navigation safety; 2)
development of a mathematical model of the navigational situation for planning a guaranteed lane of conduct and
planning the optimal route for vessel passage; 3) improvement of methods for enhancing navigational safety of
ships during the transition planning; 4) evaluation of the effectiveness of improved methods and models for
improving the navigational safety of ships during the transition planning. Object of research: processes of vessel
passage planning as part of solving the problems of ensuring navigation safety. The subject of the study is methods
and models of vessel passage planning. The scientific novelty of the results is that: 1) a mathematical model of the
navigational situation for planning the guaranteed lane of conduct and planning the optimal route of vessel
passage has been developed for the first time, which, unlike the known ones, is based on the formalism of discrete
effective systems with elements of fuzzy logical inference; 2) the method of forming a safe optimal route for vessel
passage in terms of fuel consumption has been improved, which consists in the use of the mathematical apparatus
of fuzzy sets and fuzzy logic in the process of decision-making and assessment of the impact of weather
conditions on traffic efficiency when forming the rules of operation of a cellular automaton for building vessel

routes;
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InenTudikarop ROR:

VIII. 3ak/1104Hi BiZOMOCTI
BaacHe IlpizBuie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiacHe IIpizBuie Im'sa Ilo-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIIBHOCTI

Canponos Ousiekcanzp OJsieKCaHAPOBUY

Canponos Osiekcanup OJjieKCaHIpPOBUY

Anmnasos Enyapz CenapoBud

VKpIHTEI

Opuenko TersiHa AHaToJIiBHA



