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1. Y nuceprauiiiHiii po60Ti HAYKOBO OGI'PYHTOBAHO i 1OBEIEHO BUPIIIEHHS aKTyaJIbHOI HAYKOBO-TEXHIYHOI
po6JieMH MiIBUIIEHHS 6€3ME€KY MOPEIJIaBCTBA, IJISIXOM PO3PO6JIEHHSI HAYKOBO-METO0JIOTIYHMX OCHOB
yIpaBJIiHHS €praTUYHYMU CUCTEMAaMU HaBiralilfHOro 3a6€31e4eHHs 3 ypaXyBaHHSM JII0JCHKOro (pakTopa SK
BHYTPIIIHBOTO (PYHKLIOHAJIBHOTO NapaMeTpa iHpopMaliiiHO-KEPYIOU0i CUCTEMHU PYXy Cy[IHA. 32 MiCyMKaMu
aHasi3y npegMeTHoi ramysi chopMyJIbOBaHO aKTyaslbHy HayKOBO-TEXHIUHY IIPOO6JIEMY, IO MOJISATae y HEOOXiJHOCTI
niABUILEHHS 6e3leKHy, CTIMKOCTi Ta e(eKTUBHOCTI yIIpaBJliHHS PYXOM CYyJil€H B yMOBax iHTeHcuikaii
CYJIHOIIJIaBCTBA, 3pDOCTaHH iHPOPMaLiliHOTO HABaHTA)KEHHSI Ha ONlepaTopa, yCKJIaIHEHHS HaBirauiliHoi 06CTaHOBKU
Ta [OUMPEHHS aBTOMATU30BAHMX 3aCO0iB HABiralilfHOro 3abe3Me4YeHHsl. BUsBI€HO CUCTEMHE IPOTUPIYUs MK
MOTPe6OI0 MiIBUIIEHHS JOCTOBIPHOCTI, ONIEPAaTUBHOCTI Ta aJaNTUBHOCTI MPOLIECiB HaBIraliiHOTroO 3a6e3rne4eHHs, 3
OJIHOTO OOKY, Ta HEJIOCTAaTHHOIO popMalisaliielo KOTHITUBHUX, 4aCOBO-TI0BEIiHKOBUX i ICHMX0(Qi3i0I0riuHnx
XapaKTEPUCTHUK OIEPATOPa B HASIBHUX MOJEJISIX YIIPABJIiHHS PYXOM CYJHA, 3 iHIIOro. ¥ 6ibIIOCTi Cy4acHUX MiAXOiB
JIIONICbKUY PAKTOP POBIJISHAAETHCS NIEPEBAKHO SIK 30BHIIIHE PKEPEsIo TOMUJIOK ab0 eKcITyaTaliliHe 0OMesKeHHs,
TOZ] SIK Y peaJIbHUX YMOBAaX YIIPaBJIiHHS PyXOM Cy[IHA BiH € BHYTPilIHIM [TapaMeTPOM €praTUu4HOi CUCTEMH, 110
BIIJIMBA€ Ha CIIPUMHATTS HaBiraliHoi cuTyalii, CBo€4acHIiCTb peaxliiil, BUbip KepyBaJIbHUX Jill i piBeHb pU3uKy. Ha
OCHOBI aHaJli3y aBapifHOCTi MOPCBKUX CYZEH, PO3BUTKY KoHLenLii e-Navigation, cydyacHux AIS /ECDIS,

RADAR /ARPA, VTS, GNSS, cucrem NiATpUMKY IPUNHATTS PillleHb Ta aBTOMaTHU30BaHUX 3aC0O0iB KepyBaHHS
BCTaHOBJIEHO, 1O MOJAJIbIIE MiBUILEHHS 6€3I1€KM MOPEIIaBCTBa [TOTPEOYyE Mepexoy Bifl TEXHOLEHTPUYHOTO
BIOCKOHAJIEHHS OKPEMMUX 3aC00iB HaBirallii 0 ynpasJiHHS iHPOPMaLiIHOIO CUCTEMOIO HaBIraliiiHoro
3a6e311e4eHHs] SIK LiJIiICHOI0 €PraTUYHOI0 CXEMOIO «oIepaTop — iHdopmallis — pU3UK — pillleHHS — PEXUM
KepyBaHHs». JloBesieHo, 1110 e(peKTUBHICTb PYHKILIOHYBaHHS epraTUYHUX CUCTEM HaBiraliiHoro 3abesrne4eHHs
BM3HAYAETHCS HE JINIIE SIKICTIO TEXHIYHUX 3aC06iB 260 ajirOpMTMIB aBTOMaTU3allii, @ 11 y3roIpKeHiCTIO
iHpopMaLiHOTO N0JIS ONlepaTopa, HOro PyHKIIOHAJIIBHOTO CTaHy, IapaMeTpiB HaBIraliliHOro CEpeoBUILa,
HOPMAaTHBHUX OOMEXEHb, PU3UKIB JII0JICHKOTO (paKTOpa Ta PEXKMMIB KEPYBaHHS PyXOM CyZAHA. 3alIpOIIOHOBAHO
KOMILJIEKCHU MiAXin 4O yIIpaBiliHHS epraTuyHMMY CUCTEMaMU HaBiraliiiHoro 3abe3rnedyeHHsl, SKuil 6a3yeTbcs Ha
[IO€JHAHHI METOIiB iHTesIEKTyasbHOI 06po6Kku AlS /ECDIS-panux, ppakTaabHO-€Ni30JHOrO aHaJli3y TPAEeKTOPi,
(dopmaisauii KOTHITUBHUX i 4aCOBO-TIOBEiHKOBUX CTaHiB OIlepaTOpa, OL[iHIOBAHHS PU3HUKIB JIIOICHKOTO (PAKTOPA,
excrieptHoi LOG-Basnifanii Ta afanTUBHOI NiATPUMKY IIPUNHSTTS PillleHb y [IpoLecax yIPaBIiHHS PyXOM CYJHA.
Po3p0o6s1€HO KOHLENTYaJIbHO-CTPYKTYPHY MOi€Jb iH()OpMaLifHOrO 110J1 OIlepaTopa B €praTuyHUX CUCTEMAX
HaBiralifHoro 3abesneyeHHs. Mopesb [oeHy€e 30BHIlIHE HaBiraliHe cepeoBulle, TEXHIUHI iHpOopMaLiliHi
notoku ECDIS, AIS, RADAR /ARPA, GNSS, VTS, meteoposoriuti nani, Bumoru COLREG, Bridge SOP, npouenypu
NIOPTIB i KOMIIaHil, CTaHU ONEPAaTOpa, PEKMMHU KEPYBaHHS Ta Pe3yJIbTaTh 6e3neKu. Lle 103BoJise IoJaT NMpouec
VIPaBJIiHHS PYXOM Cy[IHA SIK B3aeMOZ;10 iHpopmallii, pillieHb, PU3UKIB i KEPYBaJILHOTO PEXUMY B €IUHIN
(yHKLiOHANBbHIN CTPYKTYpi. PO3p06s1€HO aHaZI0r0BO-iHIMKATOPHY MOJIeJIb CTiNKOCTi Ta KEPOBAaHOI AMHAMIKU
epraTUYHOi CUCTeMU HaBirariliHoro 3abe3rneyeHHs Ha OCHOBI rpaBiTalliliHO-iHepliasbHOI iHTepripeTariii.
3anpornoHoBaHa MOJeJIb 103BoJIsSe GOpMai3yBaTy 3amac CTiMKOCTi, PyHKLiIOHAJIbHUI PE3EPB, BILJIMB 30BHIIIHIX i
BHYTPIIIHIX 30ypeHb, YMOBU [1I€PEX0Y [I0 HAMIPY>KEHOT0 a60 KPUTUYHOTO PEXUMY Ta POJIb JIOJCHKOro (pakTopa y
3MiHi Mexx kepoBaHocTi ICH3. Po3pobieno ¢popmasizoBannil ppakTaabHO-€Mi30AHUI METO, iHTeIeKTyalbHOI
06po6ku AlS /ECDIS-TpaekTopii, IpU3HaYeHUH /1151 BUSIBJIEHHS MIKPOPYXiB CYJHA, JIOKaJIbHUX BiIXUJIEHB,
MIiKpOKOPEKLi Kypcy Ta TPA€EKTOPHUX iHIMKATOPIiB KEPYBAJIbHOI aKTUBHOCTI orlepaTopa. MeTo[, NoeiHye METPUYHY
HOpMaJli3alilo HaBirauiHUx JaHuX, PO3PaxyHOK KiHEMaTUYHUX O3HaK, (PpaKTajabHe OLiHIOBAHHS Y KOB3HMX BiKHAX,
BUJIiJIEHHS €Mi30[1iB MiKpOBapiaTUBHOCTI, iX ppaKTasbHe KOJLYBaHHS, OLIiHIOBaHHS €Ii30JJHOTO PU3UKY Ta poOaCTHUN
KOHTPOJIb IKOCTi. Lle 3a6e3neuye (popMyBaHHS BiATBOPIOBAHUX NIPO(iiB MaHEBPYBaHHS i KiJIbKiCHE OL[iHIOBAaHHS
TPAEKTOPHOI MiKpOBapiaTUBHOCTI SIK iHAMKAaTOPa BIUIMBY JIIOICHKOrO (pakTopa Ha 6€3MEeYHICTb PyXy Cy[Ha.
Opepskany NoJaIbIINK PO3BUTOK KOHLIETITYaIbHI 3aCaiy [106YI0BY iHTEeJIeKTyalbHOI TEXHOJIOTi 06pOoOKU
HairauinHoi inpopmalii, BignosinHo no sikux AlS /ECDIS-znaHi nepeTBopioioThCs Ha (popMasti3oBaHU NPOCTIp
O3HaK IOBEMiHKM OIlepaTopa, IPUAATHUI 1711 aHaJIi3y MIKDOKOPEKLiN KypCY, JIOKaJIbHUX BilXWJIEHD Bif, JIiHii LJIAXY,
3MIHHOCTI [TapaMeTpiB MaHEBPYBAaHHS, a TAKOX [1JI1 pU3MK-OPi€HTOBAHOI CTATUCTUYHOI iHTEpIIpeTalii Ta

IIPOrHO3YBAaHHSI ONIEPATOPCh



2. The dissertation scientifically substantiates and proves the solution of an urgent scientific and technical
problem of improving maritime safety, which is carried out through the development of scientific and
methodological foundations for managing ergatic systems of navigation support, taking into account the human
factor as an internal functional parameter of the information-control system of ship motion. Based on the results
of the analysis of the subject area, an urgent scientific and technical problem has been formulated, which consists
in the need to improve the safety, stability and efficiency of ship motion control under conditions of intensification
of shipping, increasing information load on the operator, complication of the navigational situation and the spread
of automated means of navigation support. A systemic contradiction has been identified between the need to
increase the reliability, responsiveness and adaptability of navigation support processes, on the one hand, and the
insufficient formalization of the operator’s cognitive, temporal-behavioral and psychophysiological characteristics
in existing models of ship motion control, on the other hand. In most modern approaches, the human factor is
considered mainly as an external source of errors or an operational limitation, whereas under real conditions of
ship motion control it is an internal parameter of the ergatic system that affects the perception of the navigational
situation, timeliness of reactions, choice of control actions and risk level. Based on the analysis of marine vessel
accidents, the development of the e-Navigation concept, modern AIS /ECDIS, RADAR /ARPA, VTS, GNSS, decision
support systems and automated control means, it has been established that further improvement of maritime
safety requires a transition from technocentric improvement of individual navigation means to the management of
the information system of navigation support as an integral ergatic scheme «operator - information - risk -
decision - control mode». It has been proved that the effectiveness of functioning of ergatic systems of navigation
support is determined not only by the quality of technical means or automation algorithms, but by the coherence
of the operator’s information field, his functional state, parameters of the navigational environment, regulatory
restrictions, human-factor risks and ship motion control modes. A comprehensive approach to managing ergatic
systems of navigation support has been proposed, which is based on the combination of methods of intelligent
AIS/ECDIS data processing, fractal-episodic trajectory analysis, formalization of the operator’s cognitive and
temporal-behavioral states, assessment of human-factor risks, expert LOG validation and adaptive decision
support in the processes of ship motion control. A conceptual and structural model of the operator’s information
field in ergatic systems of navigation support has been developed. The model combines the external navigational
environment, technical information flows of ECDIS, AIS, RADAR /ARPA, GNSS, VTS, meteorological data, COLREG
requirements, Bridge SOP, port and company procedures, the operator, control modes and safety results. This
makes it possible to represent the process of ship motion control as the interaction of information, decision, risk
and control mode in a unified functional structure. An analog-indicator model of stability and controlled dynamics
of the ergatic system of navigation support based on a gravitational-inertial interpretation has been developed.
The proposed model makes it possible to formalize the stability margin, functional reserve, influence of external
and internal disturbances, conditions of transition to a strained or critical mode and the role of the human factor
in changing the limits of controllability of the ISNS. A formalized fractal-episodic method of intelligent processing
of AIS /ECDIS trajectories has been developed, intended for identifying vessel micromovements, local deviations,
course microcorrections and trajectory indicators of the operator’s control activity. The method combines metric
normalization of navigational data, calculation of kinematic features, fractal estimation in sliding windows,
identification of microvariability episodes, their fractal coding, assessment of episodic risk and robust quality
control. This ensures the formation of reproducible maneuvering profiles and quantitative assessment of trajectory
microvariability as an indicator of the influence of the human factor on ship motion safety. The conceptual
foundations for constructing an intelligent techno
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