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Pedepar:

1. MeTo10 JoCiIKeHHS € MiBUILEHHS OOI'PYHTOBAHOCTI Ta ONepaTUBHOCTI IPUIHSATTS PillleHHS CyIHOBOZi€EM Ha
MaHEeBpPYBaHHS Y CTUCHEHUX BOJIAX 32 PaXyHOK BIIPOBAIKEHHS 3HAHHSI-OPi€HTOBAHUX CUCTEM MiATPUMKU
NIPUMHSATTA pileHs. [locTaBieHa MeTa JOCATaeThCsl BUPIIEHHSIM TaKUX YaCTKOBUX 3aBIaHb: — AHAJi3 METOTiB
VIIPaBJIiHHS PEXXUMaMU PyXy CyHa IIPU MAaHEBPYBaHHI. — AHaJIi3 3HAaHHS- OPIEHTOBAHUX MOJEJIEN Ta METO/IiB
CHCTEM MiJTPUMKU NPUNHSTTS PillleHHs CYQHOBOIIHHSA. — PO3po6€HHS MOJesli MAaHEBPEHOCTI CyHA Y CTUCHEHUX
BOJIAX Ta HA MiIKOBOAAI. — InenTudikanis mogesi Ta po3pobKa MeTOAy aJalTUBHOTO yIIPABJIiHHS MaHEBPYBAaHHSIM
CyJlHa Y CTUCHEHMX Bojax. — OuiHka epeKTUBHOCTI po3po6JIeHUX METOIiB Ta pO3p0o0OKa peKoMeHAal il oo ix
BIIPOBAPKEHHS. 32 00’€KT JIOCIIiI>KEHHS! PO3IJIsiIAl0ThCs IIPOLIECH MaHEBPYBAaHHS CyJleH Y CTUCHEHUX BOJIaXx.

[IpenMeToM IOCTiIKEHHS € 3HAaHHS-OPi€HTOBaHiI MOZeJli i MeTOAU MiLTPUMKA MaHEBPYBaHHS Cy[leH Y CTUCHEHNX



BOJAX y CKJIa[li CUCTEM MiJTPUMKU IPUIHATTS pilleHHs CyAHOBOZiHHAM. [locTaBieHi y qucepTauiiHil poooTi
3aBJJAHHS BUPIlIEH] i3 BAKOPUCTAaHHAM TaKUX METOXIB NOCJIJIKEHHS: — CUCTEMHOTO aHaJsli3y — AJIs1 aHaJli3y
IIpeJMETHOI 00J1aCTi Ta OOI'PYHTYBaHHS METO[IiB YIIPaBJIiHHS PYXOM CYy[leH [P MaHEeBPYBaHHi y CTUCHEHUX BOZAX; —
no6yJ0BY MOJIEJIEN ITYYHOTO iHTEJIEKTY — OJI1s1 PO3PO0JIEHHS allapaTHO-IIPOTPaMHOr0 KOMILIEKCY ifeHTrdikarii
Ha/IBOJHOI OOCTAaHOBKH; — TeOopii NOOYI0BY CUCTEM MiATPUMKU MIPUIHATTS pillleHHs — 1J11 NOOYA0BU CUCTEMU
IiITPUMKM NPUMAHATTS PillleHb 3a6e3Me4eHHs 6€311€KU CyJHOBOJiHHS Y CTUCHEHHUX BOJAX; — MAaTEMAaTUYHOTO
MOJ€JIIOBAaHHS — J1J11 BU3HAYEHHS TPAEKTOPiN PyxXy CYZi€H Y CTUCHEHUX BOZAX; — T€Opii IMOBIpHOCTI — AJ14
[IPOBEIEHHS MOJEJIIOBAHHS 11 OL[iHIOBAHHS MOT0 PE3YyJIbTATIB Iif] Yac anipoOyBaHHS POOOTH CUCTEMU I TPUMKU
MIPUMHSATTA pillleHHS CyOHOBOZIHHS. HaykoBa HOBU3HA OTPMMAHUX Pe3yJbTaTiB JUCEPTALlii I0JISITa€ B TAKOMY: 1.
YIOCKOHAJIEHO MOJI€JIb MAHEBPYBAHHS Cy/IHA Ha MiJIKOBOAJI Ta Y CTUCHEHUX BOJAX, SKa, HAa BiIMiHY Bif BilOMUX,
BpPaxOBYye€ PEOJIOrilo MyJly Ta FeHepalilo BHYTPILIHIX XBUJIb B PO3MiJi TIOBEPXHI «BOAA-MYJI», 110 LO3BOJISE
MiJBUIIUTY ONKCOBI MOKJIMBOCTI MaHEBPYBAHHS CyHA IJISI IOT0O 3aCTOCYBAHHS Y METOZ,AX PO3IIi3HABAHHS HA
OCHOBI IITyYHNX HEMPOHHUX MEPEX CUCTEMU MiATPUMKU IIPUNHATTS PilleHHS CyIHOBOMIHHS. 2. OTpuMaa
NOQ/IBIINI PO3BUTOK MOJEJIb PO3XO[IKEHHS CY/IEH Y CTUCHEHHUX BOJAX, 51Ka, Ha BiIMiHY Bifl BiJOMUX, BpaxOBYye€
riipoAavHaMidyHy B3a€EMOZII0 MK CyIHAMU, € €JIEMEHTOM CUCTEMMU MiATPUMKU NPUNHATTA PillleHb CYAHOBOAIHHA Ta
D03BOJISI€ MiIBUIUTY 6€3MEKY CYAHOBOMIHHS. 3. YJOCKOHAJIIEHO aJalTUBHUI METOJ, yIIPaBJIiHHS MaHEBPYBAaHHSM
Cy[JHOM Ha MIiJIKOBOZM], SIKUH, Ha BiIMiHY BiJl BilOMHUX, [DYHTY€ETbCS Ha 3aCTOCYBaHHI IMHAMIYHOI CUCTEMU
VIPAaBJIiHHS PYXOM Ta [03BOJIS€ MiJBUMIUTY TOUYHICTh HACTPOIOBAHUX KOE(IiLlieHTIB YIIPaBJIiHHS CYJHOM Y

CTUCHEHMX BOZAX i Ha MiJIKOBOAIL 11 CUCTEM aBTOMATUYHOTIO YIIPABJIiHHA Ta MiITPUMKU IPUNHATTS 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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