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CydacHu#l 3amuT NPAKTHUKWA BUMArae IIJBUILIEHHS O€3MEKH CyIHOIJIaBCTBA B
yMOBaX OOMEXEHHX MOXKIMBOCTEH €(EKTHBHOTO CaMOCTIMHOTO MaHEBpPYBaHHS
HAJ[BEJIMKUX CYACH y MOPTOBUX akBaTopisx. lle Takoxk migkpeciaroe HeoOXiTHICTb
BpPaxOBYBAaTHU CHJIM Ta MOMEHTH B3a€MO/IIi MK CYJHOM 1 OyKCHpaMH IIpH IJIaHyBaHHI
Ta BUKOHAHHI MAaHEBPIB, OCKUIbKU 3aJTy4eHHs OYKCUPIB € BaXKIMBOIO YMOBOIO IS
0€3MeYHOro MpPoXoAy BEIMKOTOHHAXKHHUX CYJEH Y MOPTOBUX BOJAX. AHaJI3 HasBHUX
JOCIIKEHb CBIIYUTH MPO HEJIOCTATHIO BUBYEHICTh KEPOBAHOCTI BEIMKOTOHHAKHHUX
KOHTEIHEPOBO31B Y KOHTEKCTI MiABUIICHHS O€3MeKH X MaHeBpyBaHHs. TakuM 4nHOM,
BUHHUKA€ HEOOXIHICTh 3HIKCHHS PU3UKIB BUHMKHEHHS HEOE3MEYHUX CUTYaIlld, sKa
3YMOBJIIOE€ BHU3HAUCHHS W OOTPYHTYBaHHS AaKTyaJIbHOCTI OCHOBHOTO HAIPSMKY
JOCITIJIKEHHS, IO TOJISITa€ B YAOCKOHAJICHHI MPOIIECIB Ta 3ac001B, CIIPSIMOBAHUX Ha
NIJBUILIEHHS O€3MeKH MaHEBPYBaHHS BEJIIMKOTOHHAXHUX KOHTEHHEPOBO3IB Y
MOPTOBUX aKBATOPIsX.

B Mexax MeTo10J0T14HOr0 3a0e3nedYeHHs JUCePTAIlIMHOTO JTOCIIKEHHs, Oyia
chopMoBaHa HOTO TEXHOJIOTIYHA KapTa, BIAMOBITHO 10 SKOi BU3HAYEHO 3aIHT
MPAKTUKH, SKUH 3yMOBIIIOE TEMY HAyKOBOIT Mpaili, METy, HayKOBY TIIOTE3Y, a TaAKOX
TOJIOBHE 3aBJaHHS JOCIiPKCHHS, 10 TPEACTaBICHE TPhOMa OKPEMUMH CKJIaJOBUMH.
OTpuMaHUM HAYKOBUM PE3yJIbTaTaM NMpUTaMaHHA HayKOBa HOBU3HA.

00’ekTOM JaHOTO JOCTIAKEHHSI € TTPOLEC MAHEBPYBAHHS BEJIMKOTOHHAKHUX

KOHTEHHEPOBO3IB.
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IIpenmeroM fociigxkeHHs € Oe3neka MaHEBPYBAaHHS BEIMKOTOHHA)XKHHUX
KOHTEMHEPORBO31B Y MTOPTOBUX aKBATOPISIX, 30KpEMa 13 BUKOPUCTAHHSIM OYKCHUPIB.

Metor0 naHOTO AMCEPTAIIITHOIO JOCITIKEHHS € YAOCKOHAJICHHS ICHYIOUHX
MpoIeCiB Ta 3aco0iB, CHOPSMOBAHMX Ha IIJBHUIICHHS €(PEKTHUBHOCTI 1 Oe€3IMeKu
CYJIHOIIJIABCTBA, I 3MEHIIICHHS BILTUBY JIFOJICHKOTO (DaKTOpPYy, B KOHTEKCT1 YIPaBIIIHHS
BEJIMKOTOHHA)KHUMU KOHTEITHEPOBO3aMH B IIOPTOBUX aKBATOPISX.

I'osioBHe 3aBAaHHS JHUCEPTALIHOTO JOCHIIPKEHHS TOJsrac B TOOYI0BI
aJITOPUTMY MTPOTHO3YBAHHS TPAEKTOPIT PyXy BEIMKOTOHHA)XHOTO KOHTEITHEPOBO3y Ha
OCHOBI aJICKBaTHUX MaTeMaTUYHUX MOJICJICH pyXy CyaHa 1 OYKCHPIB, K1 MPAIIOIOTh Y
PI3HUX peXuMax poOOTH, 3 BpaxXyBaHHAM OOMEKEHb iX MaHEBPEHOCTi, B KOHTEKCTI
BUKOHAHHS CIUIBHOTO MaHEBPYBaHHS B IOPTOBUX aKBATOPISIX.

Jlns BUpIIIEHHS TOJIOBHOTO 3aBJaHHS JAHOTO JUCEPTAIlIMHOTO JOCHIIKCHHS
BOHO OYJI0 PO3KJIa/IeHO Ha AONMOMIXKHI 3a1a4i, a came:

1) maTemaTWyHE MOJEIIOBAHHS PyXy BEIMKOTOHHA)XHOI'O KOHTEHHEPOBO3Y Ta
Bepu(iKallisg MaTeMaTUYHOT MOJIETI 32 JaHUMU BUNIPOOYBaHb;

2) maTemMaTH4YHE MOJICIIOBAHHS B3a€MOJIl CyAHa Ta OyKCHpIB, 3 ypaxyBaHHSIM
00MeKeHb MAHEBPEHOCTI OYKCHUPIB;

3) moOynoBa alropuTMy NMPOTHO3YBaHHS TPAEKTOPIi PyXy BEIMKOTOHHAKHOTO
KOHTEIHEpOBO3y Ha OCHOBI MaTEMaTUYHOT MOJIETI pyXy Cy/JHA, a TAKOXK PO3LIUPEHHS
QITOPUTMY [IJIsl IPOTHO3YBAHHSI TPAEKTOPIi pyXy MpU CHUIBHOMY MaHEBPYBAaHHI 3
OyKkcupami.

HaykoBa HOBH3HA OTPUMAHMX Ppe3yJbTaTIiB JaHOTO JUCEPTALIITHOrO
JOCIIIJIKEHHSI TIOJIATAaE B MOOYJIOBI HOBOTO QJITOPUTMY IMPOTHO3YBAHHS TPAEKTOPIT
pYXy Cy/AHA, 30KpeMa IpH CHUIbHOMY MaHEBpYBaHHI 13 Oykcupamu, 110 0azyeTbcs Ha
OCHOBI YTOYHEHOI MAaTE€MaTU4YHOI MOJENl pyXy CyJHa Ta MaTeMaTH4YHOI MOJAEl
B3aEMOJIi CcyaHAa 3 OyKCHpaMu, IO TPAMIOIOTh y PI3HUX peXHMax poOOTH 1 3
ypaxyBaHHSAM 0OMEXEHb X MaHEBPEHOCTI. B poOOTI JOCIATHYTI HACTYITHI PE3YJIbTATH:

- YA0CKOHAJIEHO METOJIMKY Bepudikallli MaTeMaTUUYHOI MOJIEJII TUIOCKOTO PyXY

CyllHa, fKa BIJIPI3HIETHCS AJITOPUTMOM 3aCTOCYBAaHHS METOJIIB OINTHUMI3aIlli, M0
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JTIO3BOJISIE OTPUMYBATHU OUIBII HAJIMHI pe3yJIbTaTH MPU YTOYHEHHI T1JIpOAMHAMIYHHUX
Koe(]iIieHTIB MaTeMaTHIHOI MOJICJI PYyXY CyJHA 3a JAHUMH MOPCHKUX BUIIPOOYBaHb;

- YAOCKOHAJIEHO MaTeMaTHYHy MOJENb B3a€MOJIl CyAHa 3 OyKCHpOM, sKa
BIIPI3HSAETHCS BpaxyBaHHSIM PE3yJbTYIOUMX CHJI 1 MOMEHTIB, KOJU B IIpoIieci
MaHEBPYBaHHA OepyTh y4acTh KiJIbKa OyKCHUPIB, L0 MPAIIOIOTh B PI3HUX PEKUMAX;

- BHepuIe MO0YyI0BaHO aJrOPUTM MPOTHO3YBAHHS TPAEKTOPIl pyXy CyIHA, 110
BIIPI3HSAETHCS  BUKOPUCTAaHHSM  YTOYHEHUX  TIAPOJMHAMIYHUX  KOe(DIIi€HTIB
MaTEeMaTUYHOI MOJENl pyXy CydHA 3a YIOCKOHAJCHOK METOJIWKOI Bepudikairii
MOJieJll MOTO TMUIOCKOTO PYyXy, a TaK0oX MaTeMaTHM4HOI MOJEeJl B3a€MOJii CylHa 3
OykcupaMu, 3 ypaxyBaHHSM OOMEXEHb MaHEBPEHOCTI OYKCHPIB, IO MPAIIOIOTh y
pI3HUX peKUMax poOOTH.

HaykoBa rimore3a npo MOXJIMBICTb BUKOPUCTaHHS MaTe€MaTHYHHUX MOJIEJei
pyXy CyAHa, 30KpeMa BEIMKOTOHHaXHOTO KOHTEWHEPOBO3Y, 1 OYKCHpIB, IO
MPAaIOI0Th Y PI3HUX PEKUMAX POOOTH, 3 BpaXyBaHHIM OOMEXEHb 1X MAaHEBPEHOCTI, B
KOHTEKCT1 BUKOHAHHS CIIJILHOTO MAHEBPYBAHHS JIJIsl IPOTHO3YBaHHS TPAEKTOPIT pyXy
cyaHa, Oyna MiATBEpIKEHAa TEOPETUYHMMM pe3yJbTaTaMH Ta IMITalliiHUM
MOJICIIFOBAHHSIM.

IIpakTH4yHe 3HAYeHHS] OTPMMAHMX pe3yJbTATiB TIOJSIra€e B TOMY, IO
pe3yabTaTH JOCIIKEHHS MOXKYTh OYTH BUKOPUCTaH1 PH PO3pOO1Ii CyTHOBUX CUCTEM
MIITPUMKH MPUUHATTS PillleHb, a TAaKOXK MPU HAaBYaHHI, MiATOTOBIN Ta MiJBUILCHHI
kBasiikarii cyaHoBoiiB. Kpim Toro, 1i pe3ynbraTd MOXKYTh OyTH KOPUCHUMHU IS
MOAANBIINX HAYKOBUX JOCIIKEHBb 1 po3po00K y ik ramysi. OTpuMaHi B JaHOMY
JTUCEPTALIITHOMY JTOCHIJI)KEHHI HAYKOB1 pe3yJbTaTh 3yMOBIIIOIOTH WOTO HAyKOBE
MOJIOKEHHS, fAKE MOXKHa C(OpPMYJIIOBaTH HACTYyIHUM YHWHOM: MPOTHO3YBaHHS
TPa€eKTOpli PpyXy BEJIUKOTOHHA)XHOTO KOHTEHHEPOBO3Y Ha OCHOBI YTOYHEHOI
MaTeMaTHYHOI MOJIEJi PyXy Cy/IHa, a TAKOK MaTeMaTHYHOI MOJIEINI B3aEMO/IIT Cy/THA 3
JeKUIbkoMa OyKCupamH, 3 BpaxyBaHHSIM OOMEXEHb MAHEBPEHOCTI OYKCHpIB, IO
MPaIOIOTh y PI3HUX PEKUMaX pOOOTH, MOKE OYTH 3aCTOCOBAHO 3 METOIO ITiIBUILICHHS
e(peKTUBHOCTI 1 O€3MeKU CYTHOIUIAaBCTBA, a TAKOXXK 3MEHILIEHHS BIUIUBY JIIOJICHKOTO

(dbaxkTopy pu MaHEBPYBaHHI1 BEIMKOTOHHAXHUX KOHTEHHEPOBO3iB y MOPTOBUX BOJIAX.
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Pe3ynbraT JaHOTrO JMCEPTALIHHOTO JOCTIKEHHS BIPOBAKEHO B OCBITHIM
MIPOIIEC MIATOTOBKH APYToro (MaricTepChKOro) piBHS BUIIOT OCBITH Y SIKOCTI CKJIAI0BO1
YaCTUHU; BUKOPUCTOBYIOTHCS Y HABYAJIbHOMY TTpoiieci Kadeapu CyTHOBOIIHHS, a cCaMme
B KypCl JICKIIIA 3 AUCHUIUTIHK «MaTeMaTu4H1 OCHOBH CYJAHOBOJIIHHS»; BIIPOBAIKEHO
y OCBITHIM mpolec B SKOCTI CKJIAJ0BOI MPAKTUYHOI YACTUHH KYpPCIB MIIBUIICHHS
kBamidikaiii cyJHOBOITB B [HCTUTYTI MiCIASTUTIIIOMHOT OCBITH «L[eHTp miAroTOBKH Ta
aTecTarii riaBckiiaay» HarionaneHoro yHiBepcutery «Oecbka MOpChKa aKaaeMis,;
BIIPOBAJ’KEHO B OCBITHIO KOMITIOHEHTY «/J]OCHIiTHUIIbKUI TPAKTUKYM», BIIIOBIIHO 0
OCBITHRO-TIpO(ECiiiHOT mporpamMu APYyroro (MariCTepchbKoro) piBHS MIATOTOBKH
«Hagirarrist 1 ynpaBiaiHHS MOPCHKHMH CYJHaMW» HABYAIbHO—HAYKOBOTO IHCTUTYTY
nasiramii HYOMA; BinoOpaskeHo B 3BiTi 3 HAYKOBO—I0CI11HOT poboTu «IlinBuiieHHs
HaBIraliiHoi 0€3MeK1 MOPCHKUX MEPEBE3EHB Y TEPUTOPIATBHOMY MOPI Ta BHYTPIIIHIX
MOpPCBKHMX BOJaX YKpaiHM B IHTEpecax arponpoMHCIOBOro Komruiekcy» (Ne J[P
012301047412, Po3ain 7 — Po3poOka MOPCHKOTO KOPUIOPY Y paiioHi JIHICTpOBCHKOT
OaHKH JUTSI POXOKEHHS BETMKOTOHHAKHUX CYACH, SIKI BUXOAATH 3 TOPTiB O1echKoi
3aTOKH, B YMOBaX BOEHHOTO CTaHy); IMIUIEMEHTOBAHO B IMporpamMHe 3a0e3TMeUCHHS

NavSimulator kommanii Learnmarine LLC.

Kiwo4oBi ci1oBa: BEIMKOTOHHAXKHI KOHTCHHEPOBO3M, MaTeMaTHYHAa MOJCIb,
TIApOAMHAMIYHI CHUJIIM, JIIOJCHKUN (aKTop, HaBiraiiiHa Oe3neka, MPOTHO3YBaHHS
aBapiil, KEpyBaHHs CyJHOM, 3aro0iraHHsl 31TKHEHHSIM CYJIeH, MOPChKHI TpaHCIOPT,
HaBITaIiiiHi TEXHOJIOT1i, MOPChKa OCBITa Ta ITJArOTOBKA, MOPCHKI aBapii, HaBiramiiiHa

cuTyailisi, 0e3nexKa MaHeBpyBaHHS.
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ABSTRACT

Konon N.M. Enhancing the safety of manoeuvring large—tonnage container ships
in port waters. — Qualifying scientific work on the rights of the manuscript.

Dissertation for obtaining the scientific degree of the Doctor of Philosophy by the
specialty 271 — «Sea and inland water transport» (branch of knowledge 27 — Transport).
— National University "Odesa Maritime Academy", Odesa, 2024.

Contemporary practices necessitate enhanced navigational safety in port areas,
where the effective independent manoeuvring of very large vessels is limited. This also
emphasizes the necessity of considering the interaction forces and moments between
the vessel and tugboats when planning and executing manoeuvres, as the involvement
of tugboats is a crucial condition for the safe passage of large vessels in port waters.
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
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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;
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- 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.

The results of this dissertation research have been implemented in the educational
process of the second (master's) level of higher education as a component; they are
used in the educational process of the Department of Navigation, in the lecture course
on "Mathematical Foundations of Navigation"; they have been implemented in the
educational process as a component of the practical part of the professional
development courses for navigators at the Institute of Postgraduate Education
"Training and Certification Center for Seafarers" of the National University "Odessa
Maritime Academy"; they have been implemented in the educational component

"Research practicum" in accordance with the educational and professional program of
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the second (master's) level of training " Navigation and ship handling; they are reflected
in the research report "Enhancing the Navigational Safety of Maritime Transport in the
Territorial Sea and Internal Waters of Ukraine in the Interests of the Agro—Industrial
Complex" (No. DR 012301047412, Section 7 — Development of a Maritime Corridor
in the Area of the Dniester Bank for the Passage of Large Vessels Departing from the
Ports of the Odessa Bay under Martial Law Conditions); they have been implemented

into the NavSimulator software of the Learnmarine LLC.

Keywords: ultra large container ships (ULCS), mathematical model,
hydrodynamic forces, human factor, navigation safety, accident prediction, vessel
control, prevention of vessels collisions, maritime transport, navigation technologies,
crew training and education, maritime accidents, navigation situation, maneuvering

safety.
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