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1. IuceprauiiiHa po60Ta NprUcBsIYeHa po3pOOJIEHHIO METOIOJIOTI yIIPaBJliHHS €(DEKTUBHICTIO €KCIITyaTariii
aBTOHOMHUX MOPCBKUX TPAHCIIOPTHUX 3aCc00iB (AMT3) B yMOBaxX HEBU3HAUEHOCTI. AKTYaJIbHICTb JOCIIiIKEeHHSI
00yMOBJI€HA CTPIMKAM PO3BUTKOM aBTOHOMHOT'O CYJHOIIJIAaBCTBA, YCKJIaJIHEHHSIM MOPCbKHAX aBTOHOMHUX CHUCTEM,
3POCTaHHSM PiBHS HEBU3HAYEHOCTI MOPCBHKOTO CEPENOBUINA Ta HEOOXiTHICTIO 3a0e3MeUYeHHs CTilIKoTo
(yHKLiIOHYBaHHS IJ1aTHOPM Iif, yac TpuBanux Miciit. CyyacHi nigxonu opieHTOBaHi NepeBaXXHO HA JIOKAJIbHE
BUpilI€HHS OKpEeMUX 3aJ1a4 Hagirallii abo MOHITOPUHTY i He 3a0€3I1e4yI0Th IHTerPOBaHOI0 BpaxyBaHHs
6araToakTOpHOi HEBU3HAYEHOCTI Ta CLIEHApHOI 3MiHM PEXXUMIB (PYHKILIOHYBaHHS. MeTOI0 NOCiI>)KEHHS €
PO3pO6JIEHHS TEOPETUKO-METO0JIOTIYHUX 3acal, MOZeJel, METO/IiB Ta aITOPUTMIB yIIpaBiliHHS €(pEeKTUBHICTIO
ekcrutyaTanii AMT3 Ha OCHOBI MiCiliHO-Opi€HTOBaHOTO MiTXOAY, aHAITUBHOTO yIIPaBiHHS, 1U(POBUX IBIHUKIB,
iHTerpasibHOro OLIiHIOBaHHS Ta CLIEHAPHO-CTPYKTYPHOIO MOAe/0BaHHs. O6'eKTOM JIOCIIKEHHSI € [IpoLecU
(YHKLiOHYBaHH Ta eKciulyarauii AMT3 B yMOBax HEBU3HAUEHOCTI 1 [Iii 3MiHHMX (PaKTOpPiB CepeloBUIIA, a
[IpeIMETOM — TEOPETUKO-MeTO0JIOTIUHI 3acaiv, METOIM, MOJIEJIi Ta MEXaHi3MH YIIPaBIiHHS Li€l0 ePeKTUBHICTIO.
Y npoueci po60TH BUKOPUCTAHO METOAU CUCTEMHOI0O aHai3y, Teopii yripaBiiHHS, MaTEeMaTUYHOTO MOJEJIIOBAHHS,
Teopii IMOBIpHOCTEN, HEYITKO] JIOTiKYM, 6araTOKpUTEPiaJbHOIO Ta CLLIEHAPHOTO aHali3y, Teopii pu3uKiB, LMPPOBOTro
MOJIEJIIOBAHHA Ta iIMITALiTHOTO €KCIIEPUMEHNTY. Y AucepTalii Bliepiue 3arIporIOHOBaHO METOL0JIOTIIO YIIPaBIIiHHS
edeKTuBHiCTIO ekciyaTanii AMT3, sKka 6a3yeThbcsl Ha MiCiITHO-Opi€eHTOBaHOMY NPUHLUII 3 ypaxyBaHHSIM
6araTodakTOpHOI HEBU3HAYEHOCTI, ClIeHapHOI 3MiHU PEXXUMIB Ta iHTErPOBaHOI B3aeMO/Iii TEXHIYHUX,
iHpopmaLiiHNX, eHEePreTUYHUX i KepyIouux nigcucreM. Po3apo6sieHo iHTerpoBaHy 6araTopiBHEBY MOJIEJIb
yIIpaBJIiHHS, 10 NIO€JIHY€e alallITUBHE KePYBaHHS, LM(POBi IBIITHUKY, OLiHIOBaHHS €(DEKTUBHOCTI Ta MifTPUMKY
IIPUMHSATTS PillIeHb Y MEKax €IUHOT0 KOHTYpPY. 3alIPOIIOHOBAHO MaTEMATUYHI MOJi€Jli aJalITUBHOTO YIIPABJIiHHS B
YMOBaX CTOXaCTUYHUX 30yPEeHb, [i€ [1I0€JHAHO IPOrHO3HE KePyBaHHS, HEUITKY JIOTIKy Ta CAMOHAJIAMITYBaHHS
NapaMeTpiB. YBEIEHO MOHSTTS aJITOPUTMIYHOI HEBU3HAYEHOCTI SIK OKPEMOI KaTeropii pu3mKy, 10 BPaxOBye
NOXMOKU aJITOPUTMIB, HETIOBHOTY iH(dopMalii Ta HeCTabiNbHICTb IPOLIECIB IPUIHSTTS pillleHb. 3aIIPOIIOHOBAHO
KOHIIEMI1i}0 aKTUBHOIO LIM(PPOBOro ABiHUKA /1715 6e3l1epepBHOi CUHXPOHI3allii (pi3uyHOro Ta BipTyaJabHOTO CTaHIB
nsaTdopMu, IPOrHO3yBaHHS Jerpajallii By3JIiB i MiATPUMKHU pillleHb y peaibHOMY 4aci. Po3pobiieHo nigxony 1o
inTerpauii HeogHOPigHUX iH(MOPMALIHUX TOTOKIB y €JUHUI NIPOCTIp [JIs1 3HWKEHHS iH(popMaliiiHOi
HEBU3HAYEHOCTI, & TAKOX CTBOPEHO iHTEJIEKTyasIbHi CUCTEMU YIIPABJIiHHS €JIEKTPOMEXaHIYHMMU KOMILJIEKCAMU Ha
OCHOBi HEUiTKMX KOHTPOJIEPIB [J1s1 MiJBUIIEHHSI POOACTHOCTI Ta €HeproePeKTUBHOCTI. 3allpOIIOHOBAaHO
CTPYKTYpPHO-CLI€HapHUM MiJXif, O MOJEJIOBAaHHS PEXXUMIB (PyHKUiOHYBaHHSI AMT3 Ta AMHaMi4Hy MOJEJIb
TpaHcopmanii pusukis. [IpakTryHe 3HaYEHHS Pe3yJIbTaTiB [10JISIrae y MOXJIMBOCTI IX 3aCTOCYBaHHS B CUCTEMax
ynpasiiHHg AMT3, nudpoBux JBiliHUKAX, KOMILJIEKCAaX €HEProOMeHePKMEHTY, aJallTMBHIl HaBiraujii ta npu
CTBOPEHHI pOOOTHN30BaHMX MOPCBHKUX IIJIaTHOPM HOBOTO NOKOJIiHHS. OTpUMaHi pe3ysbTaTu PO3BUBAIOTh TEOPII0

yIPaBJIiHHS CKJIAJHUMU MOPCbKMMU Kibep(pisUYHMMU CUCTEMAMMU.

2. This dissertation is devoted to developing a methodology for managing the operational efficiency of autonomous
marine vehicles (AMVs) under uncertainty. The research relevance is driven by the rapid growth of autonomous
shipping, increasing system complexity, environmental uncertainty, and the need for stable operation during long-
term missions. Current management approaches focus primarily on local navigation, motion stabilization, or
technical monitoring without integrally addressing multifactorial uncertainty, scenario-based mode shifts, or
mission effectiveness. The aim of the dissertation is to establish theoretical and methodological foundations,
models, methods, and algorithms for managing AMV operational efficiency through a mission-oriented approach,
adaptive control, digital twins, integrated evaluation, and scenario-structural modeling under uncertainty. The
object of study encompasses the processes of AMV operation under uncertain and variable environmental
conditions, while the subject includes the theoretical-methodological foundations, models, and mechanisms for
managing operational efficiency. The research employs systems analysis, control theory, mathematical modeling,
probability theory, fuzzy logic, multi-criteria analysis, random processes, scenario analysis, risk theory, integral
performance evaluation, and simulation experiments. For the first time, a methodology for managing AMV
operational efficiency is proposed, grounded in a mission-oriented principle that accounts for multifactorial
uncertainty, scenario-based mode shifts, and the interaction of technical, informational, energy, and control



subsystems. An integrated multilevel control model combines adaptive control, digital twins, performance
evaluation, scenario modeling, and decision support within a single loop. An integrated structure for evaluating
autonomous missions evaluates technical condition, risk level, energy resources, navigation stability, and platform
resilience. Mathematical models for adaptive control under stochastic disturbances combine predictive control,
fuzzy logic, and self-tuning parameters. The concept of algorithmic uncertainty is introduced as a distinct risk
category, accounting for algorithm errors, incomplete information, parameter variability, and decision-making
instability. The digital twin is integrated as an active control element providing real-time physical-virtual state
synchronization, component degradation forecasting, scenario prediction, and decision support. Heterogeneous
navigation, energy, technical, and environmental data are integrated into a single information space to reduce
uncertainty and enhance state assessment reliability. Intelligent control systems for electromechanical complexes
using fuzzy controllers and adaptive algorithms increase system robustness, operational stability, and energy
efficiency. Additionally, a structural-scenario modeling approach and a dynamic risk-transformation model enable
the prediction of critical operating modes, mission stability assessments, and adaptive control adjustments. The
practical significance lies in applying these models and algorithms to AMV control systems, digital twins, decision
support, energy management, adaptive navigation, and next-generation robotic maritime platforms. Ultimately,
these results advance transport system control theory, adaptive control of autonomous platforms, and the
operational methodology for complex maritime cyber-physical systems under uncertainty.
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