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2. Enhancing the safety of manoeuvring large-tonnage container ships in port waters

Pedepar:

1. AHani3 HagBHUX AOCIIIKEHb CBiIYUTh PO HEJIOCTATHIO BUBYEHICTh KEPOBAHOCTI BEJIMKOTOHHAXXHUX
KOHTEMHEPOBO3iB y KOHTEKCTI MifBUILeHHS 6e3eKy iXx MaHeBpyBaHHS. TakuM YMHOM, BUHMKA€e HEOOXiHICThb
3HIDKEHHS] PU3UKIB BUHMKHEHHS HEOE3[IeYHUX CUTYallill, SIKa 3yMOBJIIO€ BU3HAUYEHHS 11 OOI'DYHTYBaHHS
aKTyaJIbHOCTi OCHOBHOT'O HAIPSIMKY [OCJIiIPKeHHS, 1110 TI0JISTa€ B yIOCKOHAJIEHH] ITpo1eciB Ta 3aC06iB,
CIIPSIMOBAHMX Ha IiJBUIIeHHS 6€3[1eKU MaHeBPYBaHHSI BEJIMKOTOHHA)KHUX KOHTEHEPOBO3iB y TOPTOBUX
aKBaToOpisix. B Me>Xax METON0JIOrYHOTO 3a0€31eYeHHS JUCEPTaLiIHOrO AOCHiIKeHHs, 6y1a chopMoOBaHa Horo
TEXHOJIOTIYHA KapTa, BiIlIOBIIHO A0 KOl BUBHAYEHO 3aIIUT IIPAKTUKHU, IKUM 3yMOBJIIOE€ TEMY HAyKOBOI Ipalli, METY,
HayKOBY TillOTe3y, a TAKOXX FOJIOBHE 3aBJIaHHS JOCIIIPKEHHS, 110 IPEJICTaBIE€HE TPbOMa OKPEMUMU CKIIQJOBUMU.
OTpumaHUM HayKOBUM pe3yJibTaTaM IpUTaMaHHa HayKoBa HOBU3HA. O6’€eKTOM JJaHOTO [IOCII)KEHHSI € IIpoLiec
MaHEBPYBaHHS BEJIMKOTOHHA)KHUAX KOHTEHEPOBO3iB. [IpeIMeTOM JOCiIKEHHS € 6e3l1eKa MaHEBPYBaHHS
BEJIMKOTOHHAXXHUX KOHTEITHEPOBO3iB y NOPTOBUX aKBATOPIisIX, 30KPEMA i3 BUKOPUCTAHHSIM OyKCUPiB. MeTO10 JaHOTO

IVCEepPTaLifHOTO AOCJIIKEHHS € YI,O0CKOHAJIEHHS iCHYI0YMX IPOLIeCiB Ta 3aCc00iB, CIIPSIMOBAHUX Ha IiIBULIEHHS



e(eKTUBHOCTI i 6e3MeKu CyIHOIIABCTBA, i1 3SMEHILIEHHS BILUIUBY JIIOJICBKOTO (PaKTOPY, B KOHTEKCTI YIIPaBJIiHHSI
BEJIMKOTOHH&)KHUMU KOHTEHHEPOBO3aMU B IOPTOBUX aKBATOPigX. ['0JI0BHE 3aBIaHHS JUCEPTALIIMHOTO
IOCJIiIKEeHHSI 110JIsIra€ B 0Oy I0Bi aIfOPUTMY ITPOTHO3YBaHHS TPAEKTOPIi pyXy BEJIMKOTOHHAXKHOTO
KOHTEMHEPOBO3Yy Ha OCHOBI aICKBaTHUX MaTeMAaTUYHUX MOJIeJIel Pyxy CyZiHa i 6YKCUPIB, sIKi IPalLIOIOTh Y Pi3HUX
pexkrumax poboTH, 3 BpaXyBaHHSIM OOMEXEHb iX MAHEBPEHOCTI, B KOHTEKCTi BUKOHAHHS CIIJIbBHOTO MaHEBPYBAHHS B
[IOPTOBUX aKBaTOPisiX. [IJ1s1 BUpPilIEHHSI FOJIOBHOTO 3aBJAHHS JAHOTO NUCEPTALiIHOrO AOCiIyKEHHS BOHO 0yJI0
PO3KJIaJIeHO Ha AONOMDKHI 3a71ayi, a came: 1) MaTeMaTUYHE MOJIE/IIOBAHHS PYXY BEJIMKOTOHHAXXHOTO
KOHTeMHepOoBO3y Ta Bepudikallis MaTeMaTUYHOI MOJIeJli 3a JaHUMU BUIIPOOYBaHb; 2) MaTEMaTUYHE MOJIETIOBAHHS
B3aeMOZii cynHa Ta 6yKCHPpIB, 3 ypaxyBaHHSIM 0OMe>KeHb MAaHEBPEHOCTI 6YKCUPIB; 3) 10OYL0BA aJITOPUTMY
[IPOTHO3YBaHHS TPAEKTOPIi PyXy BEJIMKOTOHHA)KHOI'O KOHTEMHEPOBO3Yy HA OCHOBI MAaTEMATUYHOI MOZIEJIi PyXy
CyJIHa, 8 TaKOXX PO3LIMPEHHS AJITOPUTMY [1JIs1 IPOTHO3YBAHHS TPAEKTOPIil pyxy [IpHU CIiJIbHOMY MaHEBPYBaHHI 3
O6ykcupamu. HaykoBa HOBM3HA OTPMMAaHUX Pe3yJIbTaTiB JaHOTO IUCEPTALiITHOrO JOCIiKEHHS M0JIsirae B 06y 0Bi
HOBOTO aJITOPUTMY IIPOTHO3YBAaHHS TPAEKTOPIi pyxy CyZiHa, 30KpeMa IIpy CIiIbHOMY MaHeBpYyBaHHi i3 Oykcupamy,
110 6a3y€eThCsl HA OCHOBI YTOYHEHOI MaTEMAaTUYHOI MOZEJI PyXy Cy[lHa Ta MaTEMaTUYHOI MOZEJIi B3aeMOZii CyHa 3
Oykcupamy, 0 NPaLoI0Th Y Pi3HUX PEXXUMax POOOTH i 3 ypaxyBaHHSIM OOMEKeHb iX MaHEBPEHOCTI. B po6oTi
IOCSICHYTi HACTYIIHI pe3ysbTaTh: - YIOCKOHAJIEeHO METOAUKY Bepudikallii MaTeMaTnyHOI MOJeJIi I1JI0CKOTO PyXy
CYyJlHA, SIKa BiJIpi3HSIETHCS aJITOPUTMOM 3aCTOCYBaHHS METO/IIiB ONTUMI3allii, 1110 [03BOJIsSlE OTPUMYBATH OisIbLI
HaJiliHi pe3yJIbTaTy NpY YTOUYHEHH] rifpoAnHaMiyHuxX KoedillieHTiB MaTeMaTU4YHOI MOZIEJIi PyXy Cy[HA 33 JaHUMU
MOPCBKMX BUIIPOOYBaHb; - yJOCKOHAJIEHO MaTEeMAaTUYHY MOZEJb B3aeMOJIi cyHa 3 6yKCUPOM, sIKa Biipi3HS€ETbCS
BpaxyBaHHSIM Pe3yJIbTYyIOUMX CUJI i MOMEHTIB, KOJIY B IIPOLieCi MaHEeBPYBaHHS O€pyTb y4acTh Kijibka OYKCHUPIB, 1110
IIPaLIOIOTh B Pi3HUX peXKUMax; - BIleplie 100yI0BaHO aJITOPUTM [IPOTHO3YBaHHS TPAEKTOPIi pyXy CyIHa, 10
BiIPi3HSE€THCSI BUKOPUCTAHHSIM YTOYHEHUX TiAPOIMHAMIYHIX KOe]illieHTiB MaTeMaTUYHOI MOJIeJli pyXy CyZHa 3a
yIOCKOHAJIEHOI0 METOIMKOI0 Bepudikaliii Mozesi oro niockoro pyxy, a TakoX MaTeMaTUYHOI MOieJli B3aeMOii
cyJiHa 3 OyKcHMpaMu, 3 ypaxyBaHHSIM OOMeXeHb MaHEBPEHOCTI OYKCHUPIB, 110 NPallOIOTh Y Pi3HUX peXKUMax poOOTH.
HaykoBa rinoresa npo MO>XJIMBICTb BUKOPMCTAHHS MATEMAaTUYHUX MOJIE€JIEN PYXy CyAHA, 30Kpema
BEJIMKOTOHHA>XHOTO KOHTENHEPOBO3Y, i 6YKCUPIB, 110 MPaLIO0Th Y Pi3HMX PEKMMaxX POOOTH, 3 BpaxyBaHHIM
00Me>KeHb iX MaHEBPEHOCTI, B KOHTEKCTI BUKOHAHHSI CIIiJIbHOTO MaHEBPYBaHHS [J1s1 IPOrHO3YBaHHS TPAEKTOPIi pyxy
CyJlHa, Oysa NigTBEepI KeHa TEOPETUYHMUMU Pe3yJIbTaTaMu Ta iMiTalliiHUM MOJEIOBaHHSIM. [IpakTHYHE 3HaY€HHS
OTPUMAaHUX PE3YJIbTATIB MOJIAra€ B TOMY, O PE3yJbTaTU JOCiIKEHHS MOXYTb OYTH BUKOPUCTAHI Ipy po3po0iLi
CY[IHOBUX CHCTEM i TPUMKHU [IPUAHSTTS PillleHb, a TAKOXK IIPY HaBYaHHi, MiAroToBLi Ta nigBuIeHHI KBasnidikamii
cynHoBoziiB. Kpim Toro, 1ii pe3ysibTaTi MOKYTbh 6YTH KOPUCHUMU [7151 TIOJaJIbIINX HAYKOBUX OCIIIPKEHb i pO3pOO0OK
y Ui ranysi. OTpuMaHi B JaHOMY AUCEPTaLiMHOMY JOCIIKEHHI HAYKOBI PE3YyJIbTaTU 3yMOBJIIOIOThL IOI0 HAYKOBE
TI0JIOKEHHS, SIKE€ MOKHA CPOPMYJIIOBATU HACTYITHUM YMHOM: TIPOTHO3YBAHHS TPAEKTOPIi PyXy BEJIMKOTOHHAKHOTO
KOHTEMHEPOBO3Y Ha OCHOBI YTOYHEHOI MaTEMAaTUYHOI MOZEJIi PyXy CYAHA, & TAKOK MaTeMaTUYHOI MOZEJi B3aeMopii
CyJlHa 3 [eKijlbkoMa OyKCHupaMHu, 3 BpaxyBaHHSIM OOMEXXeHb MaHEBPEHOCTI 6YKCUPIB, 1110 MPALI0I0Th Y Pi3HUX
pexxrumax poboTu, MOXKe 6yTH 3aCTOCOBAHO 3 METOIO MiJBUIEHHS €(PEKTUBHOCTI i 6€3MeKH CyIHOIIABCTBA, a TAKOXK
3MEHIIEHHS BIUJIMBY JIIOACHKOro (PaKkTOPy NPy MaHEBPYBaHHI BEJIMKOTOHHA)KHUX KOHTEMHEPOBO3iB y IOPTOBUX

BOJIAX.

2. The analysis of existing studies shows that the controllability of large-tonnage container ships is insufficiently
studied in the context of increasing the safety of their manoeuvring. Thus, a need to manage the risks of hazardous
situations arises. This necessitates the identification and justification of the relevance of the main research
direction, which focuses on improving the processes and means aimed at enhancing the safety of manoeuvring
large-tonnage container ships in port waters. Within the methodological framework of the dissertation research, a
research roadmap was formed, according to which the practical demand that determines the topic of the scientific
work, the goal, the scientific hypothesis, and the main task of the research, presented in three separate
components, were defined. The obtained results are characterized by scientific novelty. The object of this research
is the process of manoeuvring large-tonnage container ships. The subject of the research is the safety of
manoeuvring large-tonnage container ships in port waters, particularly with the use of tugboats. The purpose of



this dissertation research is to improve existing processes and means aimed at enhancing the efficiency and safety
of navigation, and reducing the impact of the human factor, in the context of ship handling large-tonnage
container ships in port waters. The main objective of this dissertation research is to develop an algorithm for
predicting the trajectory of a large-tonnage container ship based on adequate mathematical models of the ship's
movement and tugboats operating in different modes, taking into account their manoeuvrability limitations, in the
context of joint manoeuvring in port waters. To solve the main task of this dissertation research, it was
decomposed into the auxiliary objectives, namely: 1) Develop a mathematical model of large-tonnage container
ship’s movement and verify the model based on trial data; 2) Develop a ship-tugs interaction model considering
tugs' manoeuvrability limitations; 3) Develop an algorithm for predicting the trajectory of a large-tonnage
container ship based on the mathematical model of the ship's movement, and extending the algorithm to predict
the trajectory during joint manoeuvring with tugboats. The scientific novelty of the results obtained in this
dissertation research lies in the development of a new algorithm for predicting the trajectory of a large-tonnage
container ship, particularly during joint manoeuvring with tugboats, based on a refined mathematical model of the
ship's movement and a mathematical model of the interaction between the ship and tugboats operating in
different modes, taking into account their manoeuvrability limitations. The following results have been achieved in
this work: - an improved methodology for verifying the mathematical model of the planar motion of the ship,
distinguished by an algorithm for applying optimization methods, which allows for more reliable results when
refining the hydrodynamic coefficients of the ship's movement mathematical model based on sea trial data; - an
improved mathematical model of the interaction between the ship and tugboats, distinguished by considering the
resultant forces and moments when multiple tugboats operating in different modes participate in the manoeuvring
process; - for the first time, an algorithm for predicting the ship's trajectory has been developed, distinguished by
the use of a refined mathematical model of the ship's movement and a mathematical model of the interaction
between the ship and tugboats, taking into account the manoeuvrability limitations of the tugboats operating in
different modes. The hypothesis regarding the possibility of using mathematical models of the ship's movement,
particularly a large-tonnage container ship, and tugboats operating in different modes, taking into account their
manoeuvrability limitations, in the context of joint manoeuvring to predict the ship's trajectory, has been
confirmed by theoretical results and simulation modelling. The practical significance of the obtained results lies in
their potential application in the development of ship decision support systems, as well as in the training,
preparation, and professional development of navigators. Additionally, these results may be useful for subsequent
scientific research and development in this field. The results obtained in this dissertation research determine its
scientific position, formulated as follows: enhancing the efficiency and safety of navigation, as well as minimizing
the influence of the human factor during the manoeuvring of large-tonnage vessels in port waters, can be
effectively achieved through the prediction of the trajectory of a large-tonnage container ship based on a refined
mathematical model of the vessel's movement and a mathematical model of the ship-tugs interaction, taking into
account the manoeuvrability limitations of tugboats operating in different modes.
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Micue3HaxoaKeHHS: ByJI. 68 JlecaHTHUKIB, 6yz. 10, Mukosais, Mukosaiscbkuit p-H., 54003, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. TonoBanb Auppiit IropoBuy

2. Andrii I. Holovan

KBasigikamis: . r. u., gouent, 05.22.20
ImenTudikarop ORCID ID: 0000-0001-6589-4381

JoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=57204001471;
https:/ /www.webofscience.com /wos/author /rid /O-6271-2017; https:/ /scholar.google.com.ua /citations?user=-
busiLgAAAAJ&hl=uk; https:/ /www.researchgate.net/profile /Andrii-Holovan

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOHM: OpieChbKuil HAL[IOHAIbHWI MOPCBKMIi YHIBEPCUTET
Kopg 3a € IPIIOY: 01127777

Micuesnaxo,rperHﬂ: ByJ1. MeuHikoBa, 6y7. 34, Oneca, 65029, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bens Anppiii [1aBnoBuy

2. Andrii P. Ben

KBasigikamis: k.r.u., npodecop, 05.13.06

Imentudikarop ORCID ID: 0000-0002-9029-3489

JoparkoBa iHdpopmamnist:

IloBHe HaliMEHYBaHHS IOPHUAHUYHOI OCOOM: XepCOHChKA AepkaBHA MOPChKa aKafleMist
Kopg 3a €IPIIOY: 35219930

MicneSHaxo,erCHHﬂ: IIPOCHEKT YIakosa, oya. 20, Xepcos, 73000, Vkpaina

dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kpuuii Onekcanap ®enoposud

2. Oleksandr F. Kryvyi

KBasidikamis: 1.¢p.-m.1., mpodecop, 01.02.04
InenTudikarop ORCID ID: 0000-0001-8704-4791
JoparkoBa iHdpopmamuist:

IloBHe HaﬁMeHyBaHHH lOpI/I,ILH'{HOi 0COOM: HanjoHanbHuit yHiBepcuret "Opecbka MOPChbKa akagemis”



Kopg 3a €IPIIOY: 01127799

Micue3HaxoaKeHH: ByJ. JlinpixcoHa, 6yz. 8, Oxeca, 65029, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

Bsacue IlpisBume Im'st [To-6aThKOBI OnueHKo Oner AHaTOMHOBN
rOJIOBH pagu

BaacHe IlpizBume Im'a ITo-6aTbKOBI Onwuuenko Oser AHATOMIOBUY
rOJIOBYIOYOTO Ha 3aciJaHHi

BignosigasnbHui 3a IIi,ZII‘OTOBKy Konon Haranisg MukosaiBHa

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




