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Pedepar:

1. 3aranpHOI KOHLIENLii BIPOBAIKEHHS METO/IiB MaTeMAaTUYHOTO MOJIe/IIOBaHHS B reoiHdopMaliliiHi cuctemMu
HapirauifHo-rigporpadivHoro Ta riijpoMeTeoposIoriyHOro 3a0e3MeyeHHs] MOPEeIlJIaBCTBa He iCHye, TOMY 110
BB)KAETHCH, 1O HE BCi 3a71ay4i MiAJIIraloTh MaTEMaTUYHOMY MOJIE/IIOBaHHIO. TOMY Ha ePIIOMY €Talli BaKJIMBO Ha
KOHKPETHMX NIPUKJIAIAX IPOEMOHCTPYBATA MOKIIMBOCTI MAaTEMaTUYHOIO MOJIE/TIOBAHHS Y HATIPSIMKY
riJpOMETEeOPOJIOTIYHOrO i, 0COOGIMBO, HaBiraliiHO-TimporpadiyHOro 3a6e3rne4yeHHst MOPETJIaBCTBA, K CKIIAJI0BOI
CHCTEeMHU 3a0e3euyeHHs 6e311eKY MOPEIJIaBCTBA IJIIXOM €(pEeKTUBHOIO MaHEBPYBAHHS Ta KEPYBAaHHS PyXOM CyZHa,

Ta Ha 6a3i OTPMMAHOrO JOCBiNy PO3MMPIOBATY MEPEJIiK 3aaY, sIKi IPAKTUYHO BUPIIIYIOTCSI METOIAMU



MaTeMaTUYHOrO MOJEJIOBaHHS. Y AucepTaliliHiil po60Ti OTpMMaHO TaKi HAyKOBi pe3yJIbTaTU: - BIlepuIe
3aIIPOIIOHOBAHO JITOPUTM IMiABUIIEHHS! TOYHOCTI II03ULIIOHYBaHHSI CyZieH (PO3PaxyHOK CUCTEMATUYHOI [TI0XUOKHU
BH3HAUEHHS OPOiTaIbHUX XapaKTEPUCTUK Ie0j€3MYHUX CYIIyTHUKIB BiIHOCHO LIEHTPY I€OLeHTPUYHOI CUCTEMU
WGS-84), mo mae sk QyHIaMeHTaIbHE TEOPETUYHE 3HAYE€HHSI, TaK i MOKe O6yTH 6a3010 IJ1s1 10JAJIbIIOTO
BI,OCKOHAJIEHHSI (3MEHIIEHHSI [IOXMOKN) METOIiB CYIIyTHUKOBOI reofiesii 3 MeToIo 3abe3reueHHs 6e3eKu
MOPEIJIaBCTBa, UJISIXOM e(EeKTUBHOIO MaHEBPYBAHHS Ta KEPYBaHHS PYXOM CYJHa, 110 Bipi3HSEThCS BifICYyTHICTIO
BiZJOMOCTEH B iCHYIOUil1 HayKOBIi1 JIiTepaTypi; - BIleplie 3alIPOIIOHOBAHO aJITOPUTM OOYMCIIEHHS CTaTUCTUYHUMU
METOJaMU Pe3yJIbTaTiB MAaTEMAaTUYHOTO MOEIIOBAHHS PO3NOBCIOIKEHHS TiIpPOAKyCTUYHOI XBUJIi 32 IPOMEHEBOIO
Teopieto (BCTaHOBJIEHA MOSKJIMBICTD iCHYBaHHS ME€PIOAUYHOrO Y IIPOCTOPI ITPOSIBJIEHHS 30H aKyCTUYHOI TiHi); Ha
IIPaKkTHUL] Lie 03BOJIsIE 6ibll €(PEKTUBHO BUKOPUCTOBYBAaTH KOpabesbHi COHAapH, 110 A€ MOXJIMBICTb 3a6€3[1e4UTU
6e3IeKy MOPEIIaBCTBA LIJISIXOM €(EKTUBHOIO MaHEBPYBAaHHS Ta KEPYBaHHS PyxXoM cyJHa. B intepecax BMC 3C
YKpaiHu Lie J03BOJIMTb HA Gi/lbll BUCOKOMY PiBHI BUKOHYBATH TaKTUYHI MPUIIOMU MAaHEBPYBAHHS 3 YPaxXyBaHHIM
IAHWX PO3PaxyHKY aKyCTUYHUX I10JIiB CaMOro KopabJist Ta aKyCTUYHUX I10JIiB Iijpo0aKyCTUYHUX CTAHIiH; -
YIOCKOHAJIEHO aJITOPUTMU CTaTUCTUYHUX OOPAXYHKIB Pe3yJIbTaTiB MaTEMAaTUYHOIO MOJEJII0BAHHS
TripoAMHAMIYHOTrO NOJISl CYAHA, SIKe reHepye KopabesbHi XBUJIL, 10 BIJIMBAIOTh HA MIBUIKICTb PyXY CY[HA;
pO3pobiieHe MeTOLUYHE MiAIPYHTSI BUBHAYEHHS KDUTUYHOI LIBUAKOCTI PYXy Cy[IHa, ITpy 36i1blIeHH] SKoi, 32
PaxyHOK TpaHc@opmaliii KopabesbHUX XBUJIb, BiIOYBAETHCS NIEPEXi] 3 EKOHOMHOIO Ha HEEKOHOMHUM PEXUM PYXY,
3a SIKOTO 301/IbIIE€HHS IIOTY)KHOCTI HE IPUBOAUTD IO BifIIOBiIHOrO 301/IbII€HHS IIBUIKOCTI, [0 3MEHIIY€E
MaHEBPEHICTb CYJIHA; - YIOCKOHAJIEHO aJIFTOPUTMU CTAaTUCTUYHMAX OOPAXYHKIB pe3yJbTaTiB MaTEMATUYHOTO
MOJIEJIIOBAHHS aKyCTUYHOTO I10JI14 CYIHA; CTBOPEHE METOIVYHE MiIPYHTS AJ1s1 BU3HAYEHHS 3aJIEXKHOI Bif
LIBUJIKOCTI PyXy CyZHa [OBFOXBUJILOBOI CKJIaIOBOI aKyCTUYHOTO IOJIS CYAHA, SIKE POPMYETHCS MiJBOJAHOIO
YaCTUHOIO KOPITyCY, IO I03BOJISIE€ 3a0€3MeYUTH 6€3I1EKYy MOPEIJIABCTBA IIJISIXOM €(PEKTUBHOIO MAaHEBPYBAHHS Ta
KEPYBaHHS PYXOM CYJHa B YMOBaX MiHHOIi 3arpo3u; - OTPMMaHO NONAJIbIINNA PO3BUTOK aJITOPUTMY CTaTUCTUYHOTO
004MCJIeHHS pe3yJbTaTiB MaTeMaTUYHOTO TiIpOAMHAMIYHOIO MOZEJIIOBAaHHS MipOIMHAMIUYHOTrO 11015 Cy[IHA, SKe
PanToBO MOXE 3MIHIOBATH WIBUJKICTh IOTO PYyXy, 1O JO3BOJISIE 3a6€3M€YUTU O€3I1EKY MOPEIIaBCTBA IIJISIXOM
e(eKTMBHOrO MaHEBPYBaHHS Ta KEPYBAaHHS PyXOM CYJHOM; - OTPMMAJN MOAAJIbIINI PO3BUTOK aJITOPUTMU
CTaTUCTUYHOT'O OOYMCIIEHHS pe3yJIbTaTiB MaTeMaTUYHOrO TiJpOMHaMIYHOTO MOJIEJIIOBaHHS IpeiidoBUX Tediil Ha
npukiagi akeaTopii OfecbKoro TOpriBesibHOro nopTy. To6T0 BUKOHAHO TECTOBUN PO3PaXyHOK BEPTHUKAIBHOIO
PO3MOAiNy MIBUAKOCTI Ta HAIIPAMKY Tedill B akBaTopii OeCbKOro TOPriBeIbHOIO MOPTY. 38 YMOB HATOHHOT'O BITPY B
aKkBaToOpil IOPTYy BUHMKAIOTh AperidoBi (ToBepxHeBi) Ta KOMIIeHCaliliHi (MpuaoHHI) Tedil. 3a Takux yMOB gpend
CyJleH 3 Pi3HOIO 0Ca/IKOIO BifIOYBaTUMETHCS Y Pi3HUX HApsIMKax. Y 3B'13KY 3 TUM, 110 Tedii i 3MiHM iX HaPSIMKY Ta
IIBAJIKOCTI 3 IJIMOMHOIO CKJIAJAIOTh CYTTEBY HaBiraliliHy 3arpoasy, BIJIMBAOYU HAa €(PEKTUBHICTb 3aCO0iB KEPYBaHHS
CYIHOM, TIPOTIOHYETHCA Y IOPTAX Ta Y3KOCTSIX JOMOBHUTH iCHYI04y reoiH(OPMTUBHY CUCTEMY iH(POPMaLiiHUM
mapom 3D Tediil; - OTpUMay NOJAIbIINN PO3BUTOK AJIFTOPUTMU CTAaTUCTUYHOTO OOYMCIIEHHS! Pe3yJIbTaTiB
MaTeMaTU4HOrO TiApOJMHAMIYHOTO MOJEJIIOBAaHHSI NIPOLECiB (POPMYBAHHS HA MOPCbKOMY JIHi TUMYAaCOBUX
HaBiralilflHux nepeukoy Tuny 6apis Ta 6aHok. Kito4oBi cyi0Ba: KepyBaHHS PyXOM Cy[IHa, MAHEBPEHICTh CyJIHA,
MaTeMaTU4YHe TigpoiHaMiYHe MOIeTIOBaHHSI, Pi3KO-CTaTUCTUYHE MOJIE/TI0OBAaHHS, HaBiraliiHo-rimporpadiyHe Ta
rizpomMeTeopoJioriyHe 3abe3neyeHHs], riipoakyCTUYHe [10Jle Cy[lHa, FiipoAHaMidHe 110JIe CyIHa, I0XUOKU

CYIIYTHNKOBO1 Ir€0€3N4YHO1 CUCTEMU TT1O3ULI1IOHYBAHHA.

2. There is no general concept for the introduction of mathematical modeling in geoinformation systems of
navigational-hydrographic and hydrometeorological navigation, since not all tasks are subject to mathematical
modeling. Therefore, at the first stage it is considered relevant to demonstrate the possibilities of mathematical
modeling in the direction of hydrometeorological and especially navigational and hydrographic support of
navigation, as part of the system of maritime safety through effective maneuvering and control of ship traffic and
on the basis of experience to expand methods of mathematical modeling. Scientific novelty in the thesis results is
to create a methodological basis for solving the problem of calculating the statistical methods the results of
mathematical modeling of processes on the basis of which is provided by solving the operational navigation-
hydrographic and hydrometeorological support shipping as a component of navigation safety through effective



maneuver and control the movement of vehicles. In the dissertation work the following scientific results were
obtained: - for the first time an algorithm for improving the positioning accuracy of ships (calculation of systematic
error in determining the orbital characteristics of geodetic satellites relative to the center of the geocentric
system WGS-84) is proposed, which has both fundamental theoretical significance and can be the basis for further
improvement in order to ensure the safety of navigation, by effective maneuvering and control of the movement of
the vessel, characterized by a lack of information in the existing scientific literature; - for the first time the
algorithm of calculation by statistical methods of results of mathematical modeling of propagation of a
hydroacoustic wave according to the radiation theory is offered (possibility of existence of periodic in space of
display of zones of an acoustic shadow is established); in practice, this allows more efficient use of ship sonar,
which makes it possible to ensure the safety of navigation by effectively maneuvering and controlling the
movement of the vessel. In the interests of the Navy of the Armed Forces of Ukraine, this will allow at a higher level
to perform tactical maneuvering techniques, taking into account the calculation of the acoustic fields of the ship
and the acoustic fields of sonar stations; - algorithms of statistical calculations of results of mathematical modeling
of acoustic field of the vessel are improved; created a methodological basis for determining the speed-dependent
long-wave component of the acoustic field of the vessel, which is formed by the underwater part of the hull, which
allows to ensure the safety of navigation by effectively maneuvering and controlling the movement of the vessel in
a mine threat; - further development of the algorithm for statistical calculation of the results of mathematical
hydrodynamic modeling of the hydrodynamic field of the vessel, which can suddenly change the speed of its
movement, which allows to ensure the safety of navigation by effectively maneuvering and controlling the
movement of the vessel; - algorithms for statistical calculation of the results of mathematical hydrodynamic
modeling of drift currents on the example of the water area of the Odessa commercial port were further
developed. That is, a test calculation of the vertical distribution of speed and direction of currents in the waters of
the Odessa commercial port was performed. Under conditions of gusty wind in the water area of the port there are
drift (surface) and compensatory (bottom) currents. Under such conditions, the drift of vessels with different draft
will occur in different directions. Due to the fact that currents and changes in their direction and speed with depth
pose a significant navigational threat, affecting the effectiveness of ship control, it is proposed to supplement the
existing geoinformation system with information layer 3D flows in ports and narrows; - algorithms for statistical
calculation of the results of mathematical hydrodynamic modeling of the processes of formation of temporary
navigation obstacles such as bars and cans on the seabed were further developed. Key words: ship motion control,
ship maneuverability, mathematical hydrodynamic modeling, physical and statistical modeling, navigation-
hydrographic and hydrometeorological support, hydroacoustic field of the ship, hydrodynamic field of the ship,
errors of the satellite geodetic positioning system.
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