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Pedepar:

1. MeTor0 mocCimKeHHs € MigBUILEeHHS! OOI'PYHTOBAHOCTI Ta ONIePaTUBHOCTI IPUNHSATTS PillleHHS CyIHOBOZieEM Ha
MaHEBPYBaHHS Y CTUCHEHUX BOJIAX 32 PaXyHOK BIIPOBAJI)KEHHS 3HAHHA-OPi€HTOBAHUX CUCTEM IIiATPUMKU
MIpUIHATTS pilieHs. [locTaBieHa MeTa JOCITraeThCsl BUPIIEHHSIM TaKUX YaCTKOBUX 3aBIaHb: — AHAJi3 METOiB
YIIPaBJIiHHA PEXXUMaMU PyXy Cy[Ha IIPYM MaHEBPYBaHHI. — AHaIi3 3HaHHA- OPIEHTOBAHUX MOJEJIEN Ta METOIB
CHCTEM MiJTPUMKU IPUMHSTTS pillleHHs CYIHOBOIIiHHS. — PO3po6seHHS MOoJesli MaHEBPEHOCTI CyZHa Y CTUCHEHUX
BOJIax Ta Ha MinkoBongi. — ImeHTudikallis mogesi Ta po3podka METOAY aJallTUBHOIO YIIPaBJIiHHS MaHEBPYBaHHSIM
CyZHa y CTUCHEHUX Bojax. — OLiHKa e(peKTUBHOCTI PO3p0O0JIEHNX METOLIB Ta pO3poOKa peKOMEeHAAlil oo ixX
BIIPOBAKEHHS. 3a 00’€KT IOCIIIPKEHHS! PO3TJISIIAI0THCS IIPOLIECH MAaHEBPYBAHHS CyJleH Y CTUCHEHUX BOJaX.
[IpegMeTOM IOCIIIIKEHHS € 3HaHHSA-OPi€HTOBAaHI MOZEJIi | METOM NiATPUMKYA MaHEBPYBAaHHS CyJIeH Y CTUCHEHUX
BOJAX y CKJIaJli CUCTEM MiJTPUMKU IPUIHATTS PilleHHs CyAHOBOJIHHSM. [locTaBieHi y JucepTaliiiziil poboTi
3aBJIAHHS BUPILIEH] i3 BUKOPUCTAHHSIM TaKUX METOZIB LOCIIIKEHHS: — CACTEMHOIO aHali3y — AJIs1 aHai3y

IIpeIMEeTHOI 06J1aCTi Ta OOIPYHTYBAaHHS METO[IiB YIIPaBJIiHHS PyXOM Cy[leH [IpY MaHEeBPYBaHHi y CTUCHEHUX BOZAX; —



1o6yOBY MOJieJiel ITYYHOTO iHTeJIEeKTy — 1J1s1 PO3POO6JIEHHSI allapaTHO-IIPOrPAMHOTO KOMILIEKCY ineHTrdikauii
HaJBOAHOI OGCTAaHOBKY; — T€OPii MOOYLOBU CUCTEM MiATPUMKU IIPUNHSTTS PillleHHs — 17151 TOOY0BU CUCTEMU
NiATPUMKU IPUMHSTTS pillleHb 3a0e31eueHHs] 6e3l1eKU CyJHOBOMIHHS Y CTUCHEHUX BOAX; — MaTEMaTUYHOTO
MOJEJIIOBAHHS — JIJI1 BU3HAYEHHS TPAEKTOPIN PyXy CyZl€H Y CTUCHEHUX BOZAX; — T€Opii IMOBIpHOCTI — [AJ1s
IIPOBEJIEHHS MOJIE€JIIOBAHHS I OL[iHIOBAaHHS IOTO Pe3yJIbTATiB IiJ] Yac anpoOyBaHHS POOOTH CUCTEMU MiATPUMKU
IIPUMHSATT pillleHHS CYOHOBOZIHHA. HaykoBa HOBU3HA OTPMMAHUX Pe3yJbTaTiB JUCEPTALlii [10JISIra€ B TAKOMY: 1.
YIOCKOHAJIEHO MOI€JIb MAHEBPYBAHHS CyIHA Ha MiJIKOBOAMI Ta Y CTUCHEHUX BOJAX, SKa, HAa BiIMIiHY Bif, BiTOMUX,
BpPaxOBYye€ PEOJIOTil0 MyJly Ta FeHepalilo BHYTPILIHIX XBUJIb B PO3MiJi TIOBEPXHI «BOAA-MYJI», 1110 LO3BOJISE
MiJBULINTY ONMCOBI MOXKJIMBOCTI MAaHEBPYBAHHA CyZHA AJIs1 HOTO 3aCTOCYBAHHS Y METOMIaX PO3Ii3HABaHHS Ha
OCHOBI IITYYHNX HEMPOHHUX MEPEX CUCTEMU IiATPUMKU IIPUMHATTS PilleHHS CYIHOBOMIHHS. 2. OTpuMaa
NOAA/IBIINI PO3BUTOK MOZEJIb PO3XO[KEHHS CYZIEH Y CTUCHEHUX BOZAX, 5IKa, Ha BiIMiHY Bif BiJOMUX, BpaxOBYy€
riIpoaVHaAMI4Hy B3a€EMOJIII0 MK CYJHAMU, € €JIEMEHTOM CUCTEMU MiITPUMKU IIPUMHSTTS PillleHb CYJHOBOLIHHS Ta
II03BOJISIE MiABUILMTY O6€3I1eKy CYIHOBOJIHHS. 3. YIOCKOHaTIeHO aJallTUBHUI METOJ, YIIPaBJliHHS MaHEBPYBaHHIM
Cy[IHOM Ha MiJIKOBOZM], IKUH, Ha BiIMiHY BiJl BilOMHUX, [DYHTY€ETLCS Ha 3aCTOCYBaHHI IMHAMIYHOI CUCTEMU
VIPABJIiHHS PYXOM Ta J03BOJIS€ MiJBUMINUTY TOUYHICTh HACTPOIOBAHMX KOE(IiLli€HTIB YIIPABJIiHHS CYJHOM Y

CTUCHEHMX BOZJAX i Ha MIJIKOBOAAL 17151 CUCTEM aBTOMATUYHOTO YIIPABJIiHHS Ta NiITPUMKU NPUNHSATTS PilllEHb.

2. To ensure safe ship movement, some of the navigator's functions are transferred to automatic navigation
systems. One of the most critical tasks in building automatic ship control systems is predicting movement during
maneuvering and generating control programs within a specified time frame. For this purpose, methods and
algorithms of modern control theory are used, including model identification and adaptation of ship control
processes. In the adaptive approach, the object model and control processes are uniquely formed based on real
movement outcomes. Conducting active experiments to build an object model is generally complex in terms of
safety and high material costs. Therefore, this excludes the possibility of using many known object identification
methods. Building decision support systems in ship navigation based on modeling, model identification, and
control adaptation methods minimizes researcher intervention in the control system, highlighting the relevance of
this dissertation. Thus, it is evident that objective inconsistencies exist:  firstly, between the complexity of
maneuvering processes in confined waters, associated with increased shipping intensity, and the lack of
sufficiently effective methods to account for factors affecting ship movement; * secondly, between the rapid
development of knowledge-oriented and artificial intelligence (Al) technologies, hardware improvements, and the
lack of methods to support ship maneuvering in confined waters. These inconsistencies require the resolution of
the stated scientific problem. The aim of the research is to enhance the validity and efficiency of the navigator's
decision-making during maneuvering in confined waters by implementing knowledge-oriented decision support
systems. This aim is achieved by addressing the following specific tasks: ® Analysis of ship motion control methods
during maneuvering. * Analysis of knowledge-oriented models and methods for ship navigation decision support
systems. * Development of a ship maneuverability model in confined and shallow waters. ¢ Identification of the
model and development of an adaptive control method for ship maneuvering in confined waters. * Evaluation of
the effectiveness of the developed methods and development of recommendations for their implementation. The
object of the research is the processes of ship maneuvering in confined waters. The subject of the research is
knowledge-oriented models and methods for supporting ship maneuvering in confined waters as part of ship
navigation decision support systems. The tasks set in the dissertation are solved using the following research
methods: * system analysis - for analyzing the subject area and substantiating ship motion control methods during
maneuvering in confined waters; ¢ artificial intelligence model building - for developing hardware and software for
identifying the surface situation; * decision support system building theory - for building a decision support
system to ensure safe ship navigation in confined waters; * mathematical modeling - for determining ship
movement trajectories in confined waters; ¢ probability theory - for modeling and evaluating its results during the
testing of the ship navigation decision support system. The scientific novelty of the dissertation's results lies in the
following: 1. An improved ship maneuvering model in shallow and confined waters, which, unlike existing models,
accounts for mud rheology and internal wave generation at the water-mud interface, enhancing the descriptive



capabilities of ship maneuvering for use in recognition methods based on artificial neural networks within the ship
navigation decision support system. 2. Further development of a ship divergence model in confined waters, which,
unlike existing models, accounts for hydrodynamic interaction between ships, is an element of the ship navigation
decision support system, and enhances navigation safety. 3. An improved adaptive method for ship maneuvering
control in shallow water, which, unlike existing methods, is based on the use of a dynamic motion control system
and allows for increasing the accuracy of the tunable ship control coefficients in confined and shallow waters for
automatic control and decision support systems.
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