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Pedepar:

1. Pob6oTta npucesueHa po3pooLi TEOPETUYHUX Ta IPAKTUYHYX 3aCal, aBTOMATH3allil IPOLECiB KepyBaHHS PyXOM
CYZI,€H Ha OCHOBI BiTKPUTUX MOAYJIbHUX cucTeM. O0'€KT IOCIIIPKEHHS - IPOLLECU KEPYBaHHS PYXOM CYZIEH 3
BMKOPVCTaHHSM BiIKDUTUX PO3LIMPIOBAHMX MOJYJIiB aBTOMaTUYHOIO KEPYBaHHS Y aBTOMaTU30BaHUX CUCTEMAX.
MerTo10 [oCTiI>KEeHHS! € MiBUIeHHS €(PEKTUBHOCTI aBTOMAaTU30BaHUX CUCTEM KEPYBaHHS PyXOM CY/I€H 32 PaxyHOK
PO3BUTKY HAYKOBO - TEXHIYHMX OCHOB, IIPMHLIMIIIB i METOMIB CTBOPEHHS BIIKPUTHUX, MOAYJIbHAX aBTOMaTU30BaHUX
CHCTEM 3 LIEHTPAJIbHUM OOYMCIIIOBAYEM TA PO3LMIMPIOBAHMMU MOJYJISIMA aBTOMAaTUYHOTO KEPYBaHHSI, PO3POOKU
MOJeJIEN, METO/IIB Ta NPUHLIMIIB aBTOMAaTUYHOIO KEPYBAaHHS PYXOM CyZieH. MeToIM AOCIIiIpKEHHS, 110
BMKOPHCTOBYBAJIACS: CACTEMHUI MifIXiN; aHai3 i CUHTE3; YSIBHUI €KCIIEPUMEHT; a0CTParyBaHHsl, a TAKOK METOAU
Teopii aBBTOMAaTUYHOTO Ta ONTUMAJILHOTO KePYBaHHS, IIPpY pO3pO6Li MaTEMAaTUYHOTO Ta IPOTPaMHOr0 3a06€3Me4eHHS

MOJIyJIiB aBBTOMAaTUYHOr'O KEPYBAHH; METOIU MEXaHIKM TBEPIOTO Tija, FiIpOgMHAMIK/, MaTEeMAaTUYHOTO aHaJli3y Ta



BEKTOPHOI anrebpu, Mpu AO0CIiIpKEHH] [10JII0Cy IOBOPOTY i LIeHTPy 06epTaHHS Cy[Ha; MeTOAU NudepeHLiiiHOrO
004K CIIeHHS, IPU JOCiIKeHHI IIepexifHUX [TPOLIECiB Ta yCTaJIeHUX PyXiB; METOAY BUKOPUCTAHHS HEMPOHHUX
Mepex 111 To0YA0BU MaTeMaTUYHOI MOJIeJli Cy[IHa; METOIM HeJliHifiHOI asnre6pu, Npy AOCIiIPKEHH] HaJlJIMIIKOBUX
CTPYKTYp K€pPYBaHHS; METOJIA YK CJIOBOTO IHTETPYBAHHS, IIPU NIPOBEJIEHI MaTeMaTUYHOIO MOJIEJIIOBaHHS. Briepme
pO3po6sIeHO MeTOM (POPMYBAHHS KEPYBaHb, y TOMY YMCJI i ONTUMAJbHUX, SIKi MOJISraloTh Y 3HaXOKEHH] KiHIeBUX
dhopmyJ1 po3paxyHKy KepyBaHb JJIs1 peasidallii pyxy cyJHa HaBKOJIO [IOJIIOCY IIOBOPOTY i3 334aHOI0 HOKOBOIO Ta
KyTOBOIO IIBUIKICTIO, HA BiIMiHY Bif] iCHyIOUUX pillleHb, 3a0€31e4yI0Th aBTOMAaTUYHE KEPYBaHHS PyXOM Cy4Ha, 10
HaJla€ MO>KJIUBICTb CYTTEBO 3MEHIINTH BILIUB JIIOJICHKOTO (PaKTOPY Ta MiABUIIUTU €(PEKTUBHICTh KEPYBaHHS,;
PO3p0o6JIeHO CIIOCib KepyBaHHS HAJINIIKOBUMH CTPYKTypaMy BUKOHABYMX IIPUCTPOIB, SIKi, HA BiIMIiHY Bif iCHyIOUHUX,
BHUKOPHCTOBYIOTh HAJIMLIKOBICTb 17151 MiiBUILIEHHS €(pEeKTUBHOCTI ITPOLIECiB KEPYBaHHSI 32 PaxyHOK: IOOYJ0OBU
ONTUMAaJIbHUX K€PyBaHb, 800 pO3LIEIJIEHHS KEPYBaHb BiNIOBIAHO 0 BUOPAHOTO 3aKOHY; IlepeHaallTyBaHHS
Ha/JIMIIKOBOI CTPYKTYpHU 6€3 CTBOPEHHS 30yPIOIOUMX CUJI i MOMEHTIB Ha BUOPaHy LibOBY (YHKIIIIO, 10 4O3BOJIsIE
niABUIMTY e(PEeKTUBHICTb IIPOLIECiB KEPYBaHHSI. YIOCKOHAJIEHO: II0JIOKEHHS KOHLEIILii I10JII0Cy ITIOBOPOTY, V SIKUX,
Ha BiIMiHY BiJ] iCHYIOUUX pillleHb, PO3IJISIAAETHCS TPU (2 HE ABa) OCOOJIMBUX LIEHTPU — LIEHTP IpaBiTallii, HEHTP
obepTaHH4 i OJII0C TOBOPOTY, MOJIIOC IOBOPOTY PO3PAXOBYETHCS BiITHOCHO LIEHTPY OGEPTaHHS, a LIEHTP O6epTaHHs
PO3paxoBYETHCS BiIHOCHO LIEHTPY rpaBiTalii, i3 BpaxyBaHHSIM MO3[OBXXHbBOI LIBUAKOCTI CyIHA, IO JA€ 3MOTr'Y 01l
TOYHO HabJIM3UTU PO3PAXyHKOBY CXEMY [I0 Pe€asIbHOI i BMEHIINTHA HEOOXiHUI IPOCTIp 1J1s1 MaHEBPYBAaHHS; METO],
CHHTE3y Ta BUKOPUCTAHHS HEMPOMEPEXKEBOi MOZEJ cylHa y 60PTOBOMY OOYMCIIIOBAYi, KU, HA BiMiHY Bif
icHylOunX, Nepen6ayae HAKONMMYEHHS HAaBYAJIbHUX Ta €TaJIOHHUX BUOIPOK Y NPOLECi MTAaTHOI eKCIUTyaTallii CyiHa,
nepioguyHe HaBYaHHS HEMpOMepeXKeBOi MoZeri Ta ii mojabllle BUKOPUCTAHHS IJ1s 3a1a4 KePyBaHHS, 1110 O3BOJISIE
IIOCTIFTHO OTPUMYBATHU aKTyaJbHi MaHEBPOBi XapaKTE€PUCTHKU CY[IHA, MiIBULIUTYU TOYHICTb KEPYBaHHS Ta 3HAYHO
3MEHIINTU (PiHAHCOBI BUTPATH Ha IPOBEJIEHHS XOJI0BUX BUIIPOOYBaHb; CIIOCIO PO3XOAKEHHS Cy[Ha i3 LinsmMu, Mo
noJisirae y no6yzoBi B 60PTOBOMY OOYMCIIIOBAaYi 06J1aCTi JOYCTUMUX [TapaMeTPiB PO3XOIKEHHS 3 yciMa LiisImMu
0/IHOYaCHO, BUOOPY i3 AaHOi 06J1aCTi ONTMMAJIbPHUX [TapaMEeTpPiB PO3XO/KEHHSI, Ta SIKUA, Ha BiIMiHY Bif icHylO4MX,
IO3BOJISIE PO3XOAUTHCS i3 6araTbmMa HEOE3NeYHMMU LiJISIMU, BKJIIOYAI04Y MaHEBPYIOUi, 110 HaJla€ MOKJIMBICThb
aBTOMAaTHM3allii NpoLeciB PO3XOAKEHHS, 3MEHIIEHHS BIUIUBY JIIOACLKOr0 (GaKTOpy Ta MiiBULIEHHS €(PEeKTUBHOCTI
PO3XOPKEHHS. ['any3b BUKOPUCTAHHS — Ha CyJHAX YKPAiHCbKUX Ta iIHO3€MHHUX CYIHOBJIACHUKIB, B MOPCBKUX

TPEHAKEPHUX LIEHTPAX, KpIOiHFOBI/IX KOMIIaHigIX Ta B OCBiTHbOMy Hpoueci MOPCBKUX HaBYaJIbHUX BHKJIaﬂiB.

2. The work is devoted to the development of theoretical and practical principles of the vessel motion control
processes automation based on open modular systems. The object of research is the processes of the vessel
motion control using open expandable automatic control modules in automated systems. The aim of the study is to
increase the efficiency of automated vessel motion control systems through the development of scientific and
technical bases, principles and methods of creating open, modular automated systems with a central computer
and expandable modules of automatic control, development of models, methods and principles of automatic vessel
motion control. Research methods used: system approach; analysis and synthesis; imaginary experiment;
abstraction, as well as methods of the theory of automatic and optimal control, in the development of
mathematical and software modules of automatic control; methods of solid mechanics, hydrodynamics,
mathematical analysis and vector algebra, in the study of the pivot point and vessel rotation center; methods of
differential calculation, in the study of transients and steady motions; methods of using neural networks to build a
mathematical model of the vessel; methods of nonlinear algebra, in the study of redundant control structures;
methods of numerical integration, when conducting mathematical modeling. At present, the use of open modular
distributed automated systems with a central computer and expandable modules for automatic control of the
vessel motion is of great interest. For the first time developed methods of forming controls, including optimal
ones, which consist in finding the final formulas for calculating controls for the movement of the vessel around the
pivot point with a given lateral and angular velocity, in contrast to existing solutions, provide automatic control of
vessel movement, reduce the impact of the human factor and increase control efficiency; developed a method of
the actuators redundant structures control, which, unlike existing ones, use redundancy to increase the efficiency
of control processes by: building optimal controls, or splitting controls in accordance with the selected law;



readjustment of the redundant structure without creating disturbing forces and moments to the selected aim
function, which allows to increase the efficiency of control processes. Improved: provisions of the pivot point
concept, in which, unlike existing solutions, three (rather than two) special centers are considered - the center of
gravity, the rotation center and pivot point, the pivot point position is calculated relative to the rotation center,
and the rotation center is calculated relative to the gravity center, taking into account the longitudinal speed of
the vessel, which allows you to more accurately approximate the calculation scheme to the real one and reduce
the necessary space for maneuvering; method of synthesis and use of the vessel neural network model in the
onboard computer, which, unlike the existing ones, involves the accumulation of training and reference samples in
the normal operation of the vessel, periodic training of the neural network model and its further use for control
tasks, which allows to constantly obtain the actual shunting characteristics of the vessel, increase control accuracy
and significantly reduce the financial costs of running tests; a method of diverging a vessel with targets, which
consists in constructing in the on-board computer the area of permissible parameters of divergence with all
targets simultaneously, selecting the optimal parameters of divergence from this area, and which, unlike existing
ones, allows you to diverge from many dangerous targets, including maneuvering ones, which makes it possible to
automate the processes of divergence, reduce the impact of the human factor and increase the efficiency of
divergence. Field of use - on vessels of Ukrainian and foreign ship-owners, in marine training centers, crewing
companies and in the educational process of maritime educational institutions.
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