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Pedepar:

1. Inceprarist Ha 3000YTTsI HAYKOBOTO CTyIIeHs AokTopa ¢inocodii 3a cnenjanbHicTio 151 — ABTOMaTHU3allis Ta
KOMITIOTEPHO — iHTErpoBaHi TEXHOJIOrIi. — XepCOHChKA Aep>kaBHA MOPChKa akaieMist MiHicTepcTBa OCBITH i HAyKu
Ykpainn, XepcoH, 2023. O6’eKTOM JOCTiIKEHHS € ITPOL,eCr aBTOMATUYHOIO IIJIaHYBaHHS MApUIPYTY Ta
ONTMMAaJIbHOTO PO3XOKEHHS Cy[IeH IIPU PyCi 10 MapIIPyTy B yMOBaX HEBU3HAYEHOCTI 30BHIIIHIX Ta BHYTPIlIHIX
(axTOopiB, a IPeIMETOM AOCJiIPKEHHS € IPUHLUIIN, METOY i MOJIeJli aBTOMAaTUYHOTO [JIaHYBaHHS MapUIPyTy PyXy
CyJlHa Ta ONTHMMAaJILHOTO PO3XOJKEHHS 3 CyQHAMU LISIMU IIPU PYCi Cy[JHA IO MapUIPYTy B YMOBaX HEBU3HAYEHOCTI
30BHIIIHIX Ta BHYTPiHIX PakTopi. HaykoBe 3HaUeHHs pe3ysbTaTiB AUCEPTALIHOTO NOCIiIKEeHHS I10JISAra€ y:
BUKOPMCTAHHI I10J11 PU3VKIB [I7I BUPILIEHHS 3314 aBTOMAaTUYHOrO [IJIAHYBAHHS MapUIPYTY Ta ONITUMAJIBHOTO
PO3XOIPKEHHS i3 CyJHaMU LiJISIMU; PO3POOLIi MPUHLUIIIB, METOIIB Ta 3aCO6iB aBTOMAaTUYHOTO [JIaHYBaHHS
MapIIpyTy; BUpPIlIeHHI 3a7a4i onTuMisalii TpaekTopii pO3X0[KE€HHH, 32 YMOBU HE NEPEBUIIEHHS 3aJaHOTO PUBKUKY;

BpaxyBaHHI iHTe€pECIB yCixX yYaCHUKIB onepaliii po3xoKeHH$, 32 PaXyHOK BUKOPUCTaHHS CUCTEMHOTIO MiJIXOY,



aHaJii3y i CUHTE3y, METO/IB Ta iIHCTPYMEHTIB [IPOEKTYBAaHHS, MOJIEJIIOBAHHS Ta ONTUMi3alii. [IpakTuYHe 3HaYEHHS
OTPUMAaHUX Pe3yJIbTATiB IOJISITA€ Y MOKJIMBOCTI CTBOPEHHSI, HA OCHOBI PO3pO0JI€HUX [IPHHLINITIB, METOIB Ta
3aco06iB, MOZyJIiB aBBTOMaTUYHOTO IJIaHYBaHHS MapIIPYTy Ta aBTOMAaTUYHOIO ONITUMAJIbHOTO PO3XOKEHHS Y MOJIi
PU3KKIB, i3 BpaxyBaHHSAM iHTEpECIB yCiX yYaCHUKIB oIlepalii, o J03BOJIS€ 3MEHIINTHY BIUIUB JIIOJCHKOrO YNHHUKY
Ha IIPOLIeCU KePYBaHHS PyXOM CYZHA, MiIBULINTH 6e31eKy CyIHOBOAiIHHS, CKOPOTUTH Yac MiArOTOBKY CyHA 1O
peiicy, DUCTaHILI0 MapLIPYTy, 4ac pyxy [10 MapuUIpyTy Ta BUTpaTH Najusa. Po3pobseHi NpuHLUNY, METOIU Ta
no6yjoBaHe Ha ix OCHOBi aJIFCOPUTMIYHE i TporpamHe 3a6e31e4eHHs] MOAYJIiB aBTOMAaTUYHOTO KEPYyBaHHS
IIEPEBIPEH] YMCIIOBUM MOJEIOBAHHAIM y cepenosulli MATLAB Ta creHpi iMiTalliiHOrO MOZE€JIIOBAHHS Y
3aMKHYTOMY KOHTYPi i3 MaTeMaTU4YHOIO MOJIEJIII0 00'€KTY KepyBaHHS. Pe3ysibTaTu MaTeMaTUYHOTO MOZEJIIOBAaHHS
NiATBEpAUIY NIpale3naTHICTb Ta e(PEKTUBHICTb PO3POOJIEHMX METO/IB, 0 J03BOJIsS€E PEKOMEHAYBATH iX 1711
BMKOPHMCTaHHS y aBTOMaTU30BaHMX CUCTEMAaxX 3 aBTOMAaTUYHUMU MOJYJISIMU KEPYBaHHS. [Ipu iboMy y poboTi: -
BIleplIe po3po6sIeHO MeTOZ, TOOYA0BY 011 PU3KKY, SIKWI [TOJISITa€ Y BUKOPUCTaHHI B SIKOCTi CyJHOBOTO JOMEHY
IBOXBUMipHOro po3snofiny 'ayca i3 cepelHbOKBalpaTUYHMMU 3HAUYE€HHSIMU HEBU3HAYeHUX (PaKTOPiB (IOXUOOK
BMMIipIOBaHHS [10JIOKEHHSI CYJHA Ta Cy[leH-11ijIel], YaCTKOBOI HEBU3HAUEHOCTI XapaKTepUCTHK CyiHA Ta CYJeH-
11izeil, 4aCTKOBOI HEBU3HAYE€HOCTI MaTEMAaTUYHUX MOJieJIel Cy[lHA Ta Cy[eH-1iseil, TOIO), Ha BiIMiHY Bifl iCHYIOUHX
pileHs, 3abe3mnevye NJaHyBaHHS MapUIPYTy, KOHTPOJIb PyXy CyZHA I10 MapIIPYTy Ta PO3XOIKEHHS CyJleH IIpuU pyci
10 MApUIPYTY i3 Hallepes, 3aJaHUM PU3KMKOM 3iTKHEHHS, 1110 J03BOJIsIE MiABULIMTY 6€3IeKy Cy[IHOBOHHS; - BIIEpILe
PO3p06JIEHO METO, ONITUMAJIBHOTO PO3XO[KEHHS CYZI€H V I10JIi pU3UKIB, SIKUH N1OJIsIra€ B OpPraHisallii po3XoI>)KeHHsI
3MIHOIO KyPCY PYXY Cy[HA LJISIXOM KOB3aHHS I10 €JIIICY 33JaHOr0 PU3MKY, HA BiIMiHY BiJl iCHYIOUMX PillI€Hb,
3a0e31e4yye MOXKJIMBICTh ONITUMAJIbHOTO PO3XOPKEHHS (MiHiMizallilo IIJISIXy PO3XOAKEeHHS]) i3 Harlepe], 3aJaHuM
PHU3HMKOM, 110 [03BOJISE NiJBULIUTY O€311E€Ky CYHOBOMIHHS; - BIIEPIIE PO3POOJIEHO METO], BUXOAY Ha TPAEKTOPIiI0
337JaHOTO PU3MKY Ta CXO[Y i3 TPa€eKTOPii 3ajaHOr0 PU3UKY [IPU BUKOHAHHI MaHEBPY PO3XOIKEHHS CYJeH, SIKUI
NoJisirae y BU3HAY€HHI MO3ULLil [I0YaTKy MaHEBPY LMPKYJISLil, BUKOHAHHI MAaHEBPY LUPKYJIsLii, BUBHAYEHHI IO3NU1ii
3aKiHYE€HHS MaHEBPY PO3XOJKEHHS T4 BUKOHAHHI MaHEBPY LIUPKYJIALIL 1715 TOBEPHEHHS Ha [IEPBUHHUN KypC, 110
HaJJa€ MO>KJIMBICTb TOYHOTO BUXOJly HA TPAEKTOPIiI0 PO3XOIKEHHS Ta IOBEPHEHHSI Ha IEPBUHHUI KypC IO
3aKiHYE€HHI BUKOHAaHHS MaHEBPY PO3XOKEHHS; - YAOCKOHAJIEHO MiJXif 4O [JIAHYBaHHS MapUIPYTY Cy[HA, IKUI
II0JISITa€ Y BUKOPUCTAaHHI 60PTOBOTr0 0OUMCIII0BaYa /11 BU3HAUEHHSI MapIIPYyTy PyXy Cy[HA Y MOJIi pU3UKIB 3
BMKOPHCTaHHSIM IpaflieHTHUX METO/IB, Ha BiIMiHY Bifl iCHYI04YMX pillleHb, 3a6e311e4ye aBTOMAaTUYHY IPOKJIANIKY
MapIIpyTy PyXy CyJHa 3 BUKOPUCTAaHHSM HOBITHIX TEXHOJIOTI: IM(PPOBUX MOPCHKUX HaBiraliHUX KaprT,
riZpoMeTeoposIoriYHuX KapT, rpadikiB pyxXy iHIINX CyIeH, OBifOMIIEHb MOPEIJIaBIIsIM, TOILO, IO 03BOJISIE 3HAYHO
CKOPOTHUTH Yac MifrOTOBKU CYLHA 4O PEHCY, OIITUMI3yBaTU MapIIPYyT PYXy CYLHA, SMEHIINTYU BUTPATH I1aJIMBa,
NiABUIMTY 6€3IeKy CYHOIIJIABCTBA; -~ HA0YJ/IU MOLAJbLIIOrO PO3BUTKY IPUHLIMINM MifiBUIIEHHS 6€31eKU
CY[IHOIIJIaBCTBA, 10 MOJISATAl0Th Y [JIaHYBaHHI MapIIpPyTy, KOHTPOJIIO PyXy CyAHA 10 MapIIPyTy, PO3XOIKEHH] CcyaHa
IIpY PyCi IT0 MapLIPyTYy i3 3a37aserinb He 3alJIaHOBAaHUMU CyJHAMU-LiISIMU, HA BiIMiHY BiJl iCHYIOUMX pilllE€Hb,
BPaxOBYIOTb IHTEPECH YCiX YYaCHUKIB OIepallii PO3XOIKEHHS K Ha €Talli [JIaHyBaHHs MapIIPYyTy CyAHa, TaK i Ha
eTamni pyxy CyJHa [10 MapuIpyTy, Ta JO3BOJISIOTh 3HAYHO MiABUIIUTYU €(PEKTUBHICTb CyJTHONJIABCTBA Ta 3HU3UTHU
PU3UKU 3iTKHEeHHS cygeH. Kio4oBi coBa: 6e3rnexka CyJHOBOAIHHS, JIOACbKUI YNHHYK, HaBiralifHi pusuky,
iHTeJIEKTyasIbHa TPAHCIIOPTHA CUCTEMA, aBTOMATHU30BaHA CUCTEMA, ONITMMAaJIbHE PO3XOJP)KEHHS, MaTeMaTUYHe

MOJIEJIIOBAaHHS, TPAli€EHTHI METOIN.

2. Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty 151 - Automation and
computer-integrated technologies. - Kherson State Maritime Academy of the Ministry of Education and Science of
Ukraine, Kherson, 2023. The object of the research is the process of automatic planning of the route of the ship's
and the optimal divergence of ships when sailing along the route in conditions of uncertainty of external and
internal factors, and the subject of the research are the principles, methods and models of automatic planning of
the route of the ship's and optimal divergence with the vessels and targets during the sailing of the ship along the
route in conditions of uncertainty of external and internal factors. The scientific significance of the results of the
dissertation research consists in: the use of the risk field to solve the tasks of automatic route planning and
optimal divergence with ships and targets; development of principles, methods and means of automatic route



planning; solving the task of optimizing the divergence trajectory, provided that the given risk is not exceeded;
taking into account the interests of all participants in the divergence operation, due to the use of a systematic
approach, analysis and synthesis, methods and tools of design, modeling and optimization. The practical
significance of the obtained results lies in the possibility of creating, on the basis of the developed principles,
methods and tools, modules for automatic route planning and automatic optimal divergence in the field of risks,
taking into account the interests of all participants in the operation, which allows reducing the influence of the
"human factor” on the processes of controlling the movement of the ship , increase the safety of navigation, reduce
the time of preparation of the ship for the voyage, the distance of the route, the time of sailing along the route and
fuel consumption. The developed principles, methods and the algorithmic and software of the automatic control
modules built on their basis have been verified by numerical simulation in the MATLAB environment and a closed
loop simulation bench with a mathematical model of the control object. The results of mathematical modeling
confirmed the workability and efficiency of the developed methods, which allows recommending them for use in
automated systems with automatic control modules. At the same time, in the research: - for the first time, a
method of constructing a risk field was developed, which consists in using as a ship domain a two-dimensional
Gaussian distribution with root mean square values of uncertain factors (measurement error of the position of the
ship and targets, partial uncertainty of characteristics of the ship and target ships, partial uncertainty of
mathematical models of the ship and target ships, etc.), in contrast to existing solutions, provides planning of the
ship's route, control of the ship's sailing along the route and divergence of ships with a predetermined risk of
collision, which allows to increase the safety of navigation; - for the first time, the method of optimal divergence of
ships in the field of risks, which consists in organizing divergence by changing the course of the vessel by sliding
along the ellipse of a given risk, unlike existing solutions, provides the possibility of optimal divergence
(minimization of the path of separation) with a predetermined risk, which allows increasing the safety of
navigation; - for the first time, the method of entering the trajectory of the given risk and leaving the trajectory of
the given risk when performing the maneuver of the divergence of vessels, which consists in determining the
position of the start of the circulation maneuver, performing the circulation maneuver, determining the position of
the end of the divergence maneuver, and performing the circulation maneuver to return to the original course,
which provides the possibility of accurate entering the divergence trajectory and returning to the primary course
after completing the divergence maneuver; - improved the approach to planning the ship's route, which consists in
using an on-board computer to determine the ship's route in the field of risks using gradient methods, unlike
existing solutions, provides automatic laying of the ship's route using the latest technologies: digital marine
navigation charts, hydrometeorological charts , traffic schedules of other ships, notice to mariners, etc., which
allows to significantly reduce the time of preparation of the ship for the voyage, optimize the route of the ship,
reduce fuel consumption and improve the safety of navigation Key words: Key words: safety of navigation, human
factor, navigation risks, intelligent vehicles, automated system, optimal divergence, mathematical modeling, sliding
on the given risk ellipse, gradient methods.
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1. Tumodees KoctsauTtuH BacunboBuy

2. Kostiantyn Tymofeiev

KBasigikanis: k.r.u., gou,, 05.13.07

ImentTudikarop ORCID ID: 0000-0002-8668-6159

JoparkoBa iHdpopmamist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: XepCOHChKA AepPKaBHA MOPChKA aKafleMist
Kopg 3a €IPIIOY: 35219930

Micuesnaxo,szeHHﬂ: IIPOCHEKT YIakosa, 6ya. 20, Xepcos, 73000, Vkpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. IleTpoBCchbKkuM AHIpi BasepiiioBuy

2. Andrii Petrovskyi

KBasigikamis: . . 1., gou., 05.13.06

InenTudikarop ORCID ID: 0000-0002-3337-9577

JonmaTkoBa iHdopmais:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: XepCOHChKA IepKaBHA MOPChKA aKafIEMist
Koz, 3a €IPITIOY: 35219930

Micue3HaxoaKeHHS: IIPOCIIEKT YIIakoBa, 6ya. 20, Xepcon, 73000, Vkpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI I'punyk Irop Banepiiiosud
rOJIOBH pagu

ByiacHe IlpizBumie Im's I1o-6aThKOBI 'punyx Irop BanepiiioBuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Annasos Enyapn CensipoBud

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




