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AHOTALIS

Cypinog 1. JI. 'Y10CKOHAJICHHSI METOAMKHM HABirauiiHOro IUIaHYBaHHSHA
IUIAXY CYAHA MiJ Yac JOLUMAHCHKOro mpoBeaeHHs. — KBamidikamiiiHa HaykoBa

mpals Ha paBax PyKOIHUCY.

HNucepraniss Ha 3700yTTS HAyKOBOrO CTymeHs Joktopa dinocodii 3a
crietianbHIcTIO 271 — Mopchkuii Ta BHYTPIlIHINA BOAHUN TpaHCTIOPT (Tany3b 3HaHb 27

— Tpancnopt). — Haionaneuuii yHiBepcuteT «Oecbka MopcbKka akaaemisy», Oneca,

2023.

Pusuk onuHUTHCS CyIHY Yy (Opc-MakOpHMX OOCTaBMHAaX, KOJH [J1IOTh NEBHI
HaBITaIiiHI OOMEXEHHsI, KOJIU HEMOXXJIMBA MPUCYTHICThH JIOIIMaHa Ha OOpPTy, MpHU
0e3MJIOTHOMY (YHKIIOHYBaHHI CyJHa TOLIO, JA€Najl ICHYIOTb Y CY4YacHOMY
CyAHOIUIaBCTBI. MixkHapogHa Mopcbka opranizaiis (MMO) ynopsiikyBaia BUMOTH
[0/I0 TUIAHYBaHHS MUIAXYy B PEMCOBOMY IIMKII MOPCHKOrO CyaHa. AHami3
iH(popMaIITHUX JKepell 1 peadbHUX IJIaHIB JIOLMAHCHKOTO MPOBEACHHS MOPCHKUX
CyJleH TMOKa3ye, 1[0 HaiyacTillle aBapiiiHl cuUTyallii B akBaropii mopry, abo y
CTUCHEHMX YyMOBaxX IUJIaBaHHS, CHOPUYMHEHI HE TUIbKM TOMUJIKOBUMHU JISIMU
OMepaTopiB XOJIOBOIO MICTKa, a 1 3aKJIaJIeHI BXK€ Ha €Tall MIATOTOBKHU MPOIECy
yIpaBJiHHS MaHEBPYBAaHHSIM, Ha €Tarll HOro OpraHizailii — y 3B'13Ky 13 HEJIOCTATHICTIO
aKTyallbHOI HaBIramiiHOi 1H(pOpMaIlli, BIICYTHICTIO METOJMKH ypaxXyBaHHS 1HIIUX

‘II/IHHI/IKiB, 1O CYTTE€BO BIUIMBAIOTH HA Oe3reuHe MaHCBPYBaHHsA Cy/IHA.

AHalli3 pI3HOMAHITHUX 1H()OpPMALITHUX JKEpea JOBOAUTH MPO ICHYHOUHUH
CYTTEBHI pO3PUB MIXK CKJIQJHICTIO 1 MOMJIMBOCTSAMHU Cy4YacHOi i1H(popmauniiiHo-
KepYyIUOi TEXHIKH, 1 TCUXOJIOTIYHUMU OOMEXEHHSIMHU oleparopa SK eJieMeHTa

€praTu4HOl CUCTEMHU CYIHA.

BigoMo, 1m0 BHUKOpPUCTaHHS I1HHOBAIlIMHWX TEXHOJIOTIM €-HaBiraimii cTae

AKTYaJbHHUM 1 IPIOPUTETHUM HAMPSIMKOM PO3BUTKY MOPCHKOTO TPAHCIIOPTY PI3HOTO



TUIY 1 TpHU3HAYEHHS, NPU LIOMY CydyacHa MIArOTOBKAa CYJHOBOAIIB Mg poOOTH,
HaIllpUKJIaJ, Ha aBTOMATHU30BAHMX CYyJHAaX HOBOIO MOKOJIHHS Ta BHKOPHUCTAHHS
HOBITHIX PIIIEHb 3 YNPABIIHHS CyJHOM HaJa€ MOXKJIHUBICTh O€3MEUHOr0 MPOBEICHHS
CyJlHa aKBaTOPI€I0 MOPTY, MPOBEAEHHS HMOT0 y CTHCHEHUMX YMOBAax IUIABaHHS, IPH

CKJIaJITHOMY MaHEBPYBaHHI.

Jns 3MEHIIEHHS MOXJIMBOCTI BUHUKHEHHS aBapiiHUX CUTyallld i Yac
JIOIIMAHCHKOTO TPOBEJEHHS y pOOOTI 3alMpONOHOBAHO YIOCKOHAJICHHS METOJMKHU
no0ynoBu «CyJHOBOTO IUIaHY JIOLIMAHCHKOTO MPOBEICHHS», CTBOPEHOTO 32 BAMOTaMU
MMO. Mera yAOCKOHAJEHHS ILBOTO IUJIAaHYy CHOPSMOBAaHA Ha IMIJBUIICHHS PIBHS

0e3MeKu CyAeH MiJ Yac iX JIOIMAHChKOT0 MPOBEACHHSI.

Jnsi JOCATHEHHSI TOCTaBJICHOI MeTH Yy POOOTI YJIOCKOHAJIIEHO CHUCTEMY
miarpuMku npuitHATTA pimeHHs (CIIIIP) y yacThHI BUKOpPUCTaHHS HaBIramiiHO1
cuctemu OpenCPN. lle ynockoHalleHHsI 3/1MCHEHO 3a JOMOMOIOK YypaxyBaHHS 1
YBEJEHHS B PO3paxXyHKH IUISXOBUX TOYOK IJIAHY MAHEBPEHUX XapaKTEPUCTUK CyIHa,
0COOJIMBOCTE T€OMETPUYHOIO PO3TAllyBaHHS €JIEMEHTIB IMOPTY, MOTOJHUX YMOB
IUIaBaHHSA, BIUIMBY OYKCHUpPIB Ha NpPOLEC PYyXy CYyJIHA, a TaKOX YIOCKOHAJICHHS
nporeayp oomiHy iH(OpMaIli€El0 MK JIOKAJIbHUMU €JIEMEHTAMU CKJIaJIHOI CUCTEMU
YOpPABIIHHS MaHEBPYBaHHSAM (CyIHO — JIOIIMaH — KamiTaH OYKCHUPY — CHCTEMH
VIOpaBIiHHSI PYyXOM CyJHa). BHUKOpUCTaHHS 3ampolOHOBAaHUX pIllleHb MiJ Yac
noOyZJOBH yJIOCKOHAJIEHOr0 IUIAHY 3J1MCHIOETHCS 3a JOMOMOTrOI0 IHTETpYBaHHS 0
cuctemu OpenCPN CTBOpPEHOro J0JaTKy — KOMII FOTEPHOTO IJIAriHy, KUl OTpUMaB

Ha3By «Path Planning IS».

Bepudikaiis 3anpornoHOBaHOI METOAWKH IUIAHYBaHHS KOOPAWHAT MUIAXY
Tpaektopuumu Toukamu (TT) 3a momomororo nuisixoBux touok (IIT), Bkitowyarouu
KPUBOJIHIAHI AUISTHKA PYyXy, @ Tak0oX YIpaBIiHHS PyXOM 3a HHUMH, IPOBEACHA
IMITAIlIMHAM MOJICJIIOBAHHSAM Ta I 4Yac CIIOCTEPEKEHb HaBIramiiHUMU 3acobamu
3axony/Buxony cyaeH (mopt YopHoMopchk). Pesynbrat  MojedrOBaHHA 1
CIIOCTEPEKEHb MOKA3aJH, 1110 PEKOMEH/IOBAHUHN YJIOCKOHAJIIEHOK METOJAUKOI IIISX

cynHa 3a0e3rneuye Oe3aBapiiiHe MOro MPOBEJEHHS MO 3aJaHiil IIaHOBIM JiHII, sfKa



noOy/oBaHa 3 ypaxyBaHHSM TE€OMETPIi MOPTYy, ICHYIOUMX XapaKTePUCTHUK
rajibMyBaHHS 1 TOBOPOTKOCTI CyJHA, BKJIIOYAlOUW IUTAHYBAHHS KPUBOJIHIMHUX

BIJIPI3KIB IUISIXY 1 BIATIOBIA€ KPUTEPISIM OE3MEKU CYyHOTIABCTBA.

bazyrounch Ha momepeaHixX JOCHIIKEHHSIX CTaHy aBapiiHOCTI B MOPTOBHUX Ta
IPUIOPTOBUX BOJAX, 3allUT NPAKTHKH OOIPYHTOBYETHCS HACTYIHUM YHHOM:
a) HEOOXIIHICTh 3a0e3MEeUeHHs 3HWKEHHS aBapiMHOCTI y CTUCHEHHUX YyMOBax
11aBaHHs; 0) HEOOX1AHICTh 3a0€3MeUeHHs] 3HUKEHHS BILUIMBY JIIOJUHU Ha YIPaBIIIHHS
CyJIHOM MpH MaHEBPYBAaHHI B CTUCHEHUX YMOBaX; B) HEOOXIJHICTh 3a0€3MeUYEHHS
MO>KJIMBOCTI aBTOMAaTHU30BAaHOTO YIPaBJIIHHSA CYJHOM IpH HOro pyci B CTUCHEHUX

YMOBAX.

O006’exTOM J0CITIIKEHHS € MPOIECH MAaHEBPYBAaHHS MOPCHKHUX CYJIEH Mij Yac
JIOIIMAHCHKOT'O TPOBEJICHHS Ta PyXy y CTUCHEHUX yMoBax IaBaHHs. I[Ipeamerom
AOCJIIZKEHHS € yJI0CKOHAJIEHHSI METOJIMKYU TJIaHyBaHHS NUISIXY CyJHA MiJl 4yac HOro

JIOIMAaHCBKOI'O MIPOBCJACHHA Ta B CTUCHCHUX YMOBAX ITIJIaBaAHHA.

I'oloBHUM 3aBAaHHSIM JIOCHIDKEHHS € PO3POOJICHHS METOIWKH, IO
YIOCKOHAJIOE ONEpPAaTUBHE MIAHYBaHHS HUISXY CyJHA TPAEKTOPHUMHU TOUYKAMH JIJIsi

HaBiralii 1 KOHTPOJIIO UOr0 pyXy B CTUCHEHHX YMOBaX IJIaBaHHS.

['onoBHE 3aBHaHHS JOCHIIKEHHS PO3/IJIEHO HAa TPU JOMOMIXKHI HAyKOBO-

TEXHIYHUX 3a7a4l.

Ilepiue — po3poOieHHs ABTOMATHU30BAHOTO CKJIaJIlaHHS (moOyoBU)
«CyaHOBOTO TUIaHY JIOIIMAHCHKOTO MPOBEACHHS» Yy CTUCHEHUX YMOBaX IJIaBaHHS,
MPUIATHOTO ISl TPAaKTUYHOI HaBITaIlli.

JIpyre — BU3Ha4€HHS BIUIMBY OCOOJIMBOCTEMN akBaTOpPIi MOPTY, OYKCUPIB 1 CyJeH
3 PI3HOMaHITHUMHU MAJIMBHUMHM CHCTEMaMU 1 IX XapaKTepUCTHK Ha MPUHIUIIOBY
MOXJIMBICTh BUKOPUCTAHHS 1IMX JOJATKOBUX JAHUX MPU aBTOMATU30BaHiil mo0ya0B1

IJIaHy JJOIIMaHCBKOI'O IMPOBCJACHH.



Tpere — Bepudikariiss yaockoHaneHoro «CyaHOBOTO IUIaHY JIOIIMAHCHKOTO
IIPOBEICHHS» Ta PO3pOOKA NEPCHEKTUB MOAAIBIIOTO HOro pO3BUTKY 1 PO3LIMPEHOTO
BUKOPUCTaHHA Ha MPaKTHULII.

Mertorw pociigxeHHsi € 3a0e3neyeHHs O€3MeYHOro MaHEBPYBaHHS Ta
3HMKEHHSI BIUIMBY JIFOJCHKOTO (DAKTOPY Ha YNPAaBIIIHHS CYJJHOM B CTUCHEHHX yMOBaXx

IIJTaBaHHAI.

Y poboTi BUCYHyTa HayKOBa Trinmore3a, siKa BHXOAWTb 13 MOXMCIUBOC
3a0e3nedeHHs] 0e3MEeYHOr0 MaHEBpPYBaHHS Cy/lHAa B CTUCHEHUX YMOBax IUIaBAHHS,
3HWJKEHHSI BIUIMBY JIIOACBKOIO (DakTOpy Ha YHOPABIIHHSI CYOHOM 3d PAXVHOK
BUKOPUCTAaHHSA YAOCKOHAJIEHOTO CYJIHOBOIO IUIaHY JOLIMAHCBKOIO IMPOBEIEHHS Ta

ABTOMATHU30BAHOTO INNIAHYBAHHA KOOPAWHAT HNIIAXY CyaHA.

CdopmynboBaHO HayKOBe MOJIOKEHHS, K€ BHU3HAYae, 0 Oe3meka Mporecy
MaHEBPYBaHHS Y CTUCHEHUX YMOBax 3a0€3MeuyeThCsl BUKOPUCTAHHSIM ONEPATUBHUX
croco01B BU3SHAYEHHS MapaMeTPIB pyXy 1 KOHTPOJIIO apaMeTpiB MPOIIECy YIPABIIHHS

CYyJIHOM Y peajbHOMY 4aci 3a MJIAHOBUMU 3HAYCHHSIMU PYXY.

VY3aranbHeHul anropuT™M BUKOHAHHS JMCEpTallil 3aCHOBAaHUN Ha BUKOPUCTAHHI1
3arajJlbHUX MPUHIUIIB METOAOJOT] HAyKOBUX JOCHIIKEHb, 110 JIO3BOJIMIO
3alpOINOHYBATH TOPSIIOK BUPIIICHHS AOTMOMDKHUX 3ajlad, 1 BKJIIOYAE PO3POOJICHHS
YIOCKOHAJIEHUX 1 HOBUX TEOPETHMUHHMX MOJEJICH IMJIaHyBaHHS KOOPJMHAT PYXy, iX
Bepudikallito 3a  HATYpHUMH  BUNPOOYBAaHHSMH,  OI[IHKK  aJ€KBaTHOCTI

3alpONOHOBAHUX PIIIEHb PEAIbHUM IIpoliecaM yIpaBIiHHS CYTHOM.

[lokazano, 1m0 mpoueaypa opraHizamii i1HQOpMAIHHUX 3B SA3KIB  MIX
€JIe€MEHTaMH CHCTEMU YIPABIIHHS MaHEBPYBAHHSM ISl 0€3MEYHOrO JIOIMMAHCHKOTO
MPOBEJICHHSI y OUNIBIIIOCTI MOPTIB BKJIIOYA€E OOMEXKEHE BUKOPUCTAHHS €-HaBIralliiHUX
eJeMeHTIB. Y poOOTI 3ampONOHOBAHO YJOCKOHAIMTH CHUCTEMY IUIAHYBAHHS PYXY
CyJHa 1 MpoIeC Opraxizailii 6araToonepaTropHOro yIpaBiiHHS CKIIAHOI CHUCTEMOIO
MaHEBpYBaHHS Npu oOMiH1 iHGOPMAIIEI0 MK YYACHUKAMU MPOLIECY MaHEBPYBaHHS

(cynHo — ouMaH — Oykcupu Ta Oeperona ciy:k0a KOHTPOIIO pyXy).



OTpuMaHi pe3yJbTaTH AOCTIKEHb MPONOHYETHCS BUKOPUCTATH AJISI HaBIralii
Py MPOXOJKEHHI CyJ€H CTUCHEHHMMH BOJIaMHM Ta aKBaTOPIEID MOPTY MPHU ydacTi
jJoumaHa abo 0e3 HbOro, L0 EKCIEPUMEHTAIBHO JOBEAEHO 1 MIATBEPIKYE iX

MPaKTUYHY 3HAYYIIICTh.

Ilepuwe oonomisxcne 3ae0anna — aBTOMATH30BaHE CKIagaHHA «CyIaHOBOTO
IUIaHy JIOUMAHCBKOTO IPOBEIECHH, IPUAATHOTO JJI HaBIralii y CTHCHEHUX yMOBax
IJIaBaHHS, BKJIIOYAE: OIJIAJ 1 aHANII3 HAyYKOBHX IMpallb 3 MAHEBPYBAHHS CYJEH MiJ 4ac
IIPOXO/PKEHHS aKBaTOPIEI0 TMOPTYy; MOOYJOBY YTOYHEHOI MOJENl IUIaHyBaHHS
Tpaektopii pyxy nentpy TsokiHHs (L{T) cyana 3a qomomMororw Matpuilb TPAEKTOPHUX
to4ok (TT) na ocHoBi nusixoBux To4ok (IIIT) Ta onepaTUBHOTO KOHTPOJIIO PyXy IO
HIiif; PO3pOOJEHHS METOAMKHM HABITaliifHOTO IUIaHYBaHHS NUIAXY, TPUAATHOT IS
MOJAJIBLIOr0 aBTOMATU30BAHOIO IIJIaHYBAHHS NP PYCl CyIEH Y CTUCHEHUX YMOBaX 3

ypaxyBaHHsM BumMor MMO.

OCHOBHI €JIEMEHTH 3alpONOHOBAHOI METOJMKH HAaBIMalIMHOIO IUIaHYBAaHHS
HNUISIXY CyJIHA MiJ 4Yac JIOIMAHCHKOTO MPOBEJCHHS MIATBEPKEHI AeKIapaliiHUMu
MaTeHTaMu YKpaiHu Ta OmyOJIIKOBaHI y 3aKOPJIOHHUX HAyKOBHX BHJIAHHSX, IO

IHAEKCYIOTbCS Y HAYKOMETpUUHUX 0a3ax Scopus ta Web of Science.

JIpyze oonomiricne 3a80anHa — BU3HAUCHHS BIUIMBY OCOOJIMBOCTEN akBaTopii
MOpTY, OYKCUPIB 1 CYJIeH 3 PI3HOMAaHITHUMH MAJIMBHUMH CUCTEMaMH HA MOXJIUBICTh
BUKOPUCTaHHA IIPU MOOYI0B1 aBTOMAaTHU30BAaHOTO IJIaHY JIOIIMAHCBKOI'O MPOBEIECHHS,
BUPIIIYETHCS Y TPU €TaIIU:

— IPOBEJICHHS aHaji3y ICHYIOYMX CHCTEM MIATPUMKH HOPUUHSTTS pILIEHb Yy
cucteMi OpenCPN Ta po3poOsieHHs AONOBHEHHA (IUIariny) A0 (yHKLIOHYBaHHS
cuctemu OpenCPN;

— aHaJji3 Npouexyp MaHEeBpYyBaHHS CyeH (MOopT YOpHOMOPCHK);

— YJIOCKOHAJICHHSI HaBYaJbHOI METOAMKUKHN HAaBIraliiHOI MiATOTOBKH KOMaHIU
MICTKa NP I[JIAHYBaHHI 1 BUKOHAHHI MaHEBPYBaHHS MpPU MOPTOBUX MOPCHKUX

onepauiﬂx, BKJIIOYarO49u ynpaBJ'IiHHH ix CKJIaJHUMH 6aFaTOOHepaTOpHHMI/I CUCTCMaMU.



BupimeHHs w0poro 3aBAaHHS JOBOJAUThH, IO NPAKTUYHE BUKOPUCTAHHS
IIPOIIOHOBAHOTO MariHy 1o cucreMu OpenCPN mnijBuIly€e SKICTh (DYHKIIIOHYBaHHS
0araTtoonepaTopHOi CUCTEMH YIPABJIiHHS MAHEBPYBAHHIM <JIOLMaH — KaliTaH CyJlHa
— OykcupHe 3ab0e3neueHHss — CYPCy: migBUIMYIOTBCS ONEpPAaTUBHICTh IJIaHYBaHHS
TPAEKTOPIi PyXy CyJiHA Ta OJHO3HAYHICTh KOMaH/ yrpasiiHHs. [Ipu nboMy 10BeIeHO,
10 BIPOBAKEHHS po3polOsieHoro miariny y cucremy OpenCPN Ha cynHa pi3HUX
THUIIIB 1 B JIOLUMAHCBKY CIIy>KOy NOPTY Ha/Jla€ MOXJIMBICTh 3HU3UTU PU3UK BUHUKHEHHSI

nepeaBapiiHoOl CUTYyaIlii Ha CyAHI.

Bupimienuss  mpemvozo  donomixcnozo - 3aedamna —  Bepudikailis
yaockoHaneHoTo «CyTHOBOTO IUIaHY JIOIIMAHCHKOTO TIPOBEICHHS» Ta PO3POOJICHHS
MEPCIEKTUB TIOMAIBIIIOT0 HOTO PO3BUTKY, TO3BOJIIIO IMiATBEPAUTH TPAKTUIHY
I[IHHICTh BUKOPUCTAHHS YIOCKOHAJICHOI METOIUKN BUKOHAHHS TUIAHY MaHEBPYBaHHSI

CyJIHa MiJ] 4aC MOPCHKHUX OMeparlisx.

CyKynHICTh OTPUMAHHMX pIillleHb, JAO03BOJWIA HE TUIbKA BUPIINIUTH TOJIOBHE
3aBJAaHHS JOCHIKEHHS 3 PO3POOJEHHS METOJMKH, 10 YJIOCKOHAIIIOE OlepaTUBHE
MJIaHYBAaHHS NUISIXY CYJIHa TPAEKTOPHUMHU TOYKAMH JJIsI HaBiraiii 1 KOHTPOJO Horo
PYXy B CTUCHEHUX YMOBAaX IUIaBaHHs, a 1 pPEKOMEH/IyBaTH MPOMOHOBAHY METOAUKY JIJIs
MPAKTUYHOTO CYJHOBOJIIHHSI B CTUCHEHUX yMOBax IiaBaHHs. OTpuMaHi pe3yibTaTu
MIITBEP/KYIOTh  JI€BICTh  YAOCKOHAJIEHOT METOJWKH, JOBOJASITH MOXKJIIUBICTh
MPOBEJICHHS Cy/IHA Y CTUCHEHUX YMOBaxX 0e3 (p13UMYHOI MPUCYTHOCTI JIOIIMaHa Ha OOpTy

MIPU MOJAJIBIIIOMY IX PO3BHUTKY.

JloaTKOBO LI TBEpP/UKEHHS JOBEIECHI HATYPHUMHU BUIPOOYBAHHSMH Y IMOPTY
Knaiinena (JIutBa), a Tako)X BHUKOHAHHSIM IMITAlIMHOTO MOJCIIOBAHHS Ha

TpeHaxxepHoMy kKoMmiuiekci HY «OMAy.

HaykoBa HOBH3HA OTpUMaHHUX pE3yJbTaTIB JHUCEpTallll TMOJATae Yy
MPOTIOHYBaHHI METOJMKU PO3PAXyHKY KOOPJMHAT TPAEKTOPIl NUISIXY MaHEBPYBaHHS
Cy/JlHa B CTUCHEHUX YMOBaX IUIaBaHHS 3a JIOMOMOIOI0 TaOJHIl HUISXOBUX TOYOK,
JAHUX TIPO XapaKTepUCTHKU IMOBOPOTKOCTI CyAHA 1 TreoMeTpii axkBartopii st

MaHEBPYBaHHS y BUTJISA]II MATPUILb TPAEKTOPHUX TOUOK, 110 JO3BOJISIE€ 3HU3UTU PUIUKHU



BUHUKHEHHS aBapiiHUX CUTYaIllil yepe3 HEMOPO3YyMIHHS MiXk JIOIIMAHOM Ta KaliTaHOM
CyJHa, MJBUIIUTH SIKICTh KOHTPOJIIO 32 PYXOM Cy/IHA, a TAKOX OpPTraHi3yBaTH Oe3MeuHe
MPOXOJIKEHHS MPUIIOPTOBOIO aKBaTOPi€l0, TEPUTOpiEr0 MOpTy Ta (apBarepom abdo

KAaHAJIOM.
VY nocaiapkeHH1 3aXUIAalThCs HACTYIHI HAYKOB1 pe3yJIbTaTu:

— ynepiie 3anponoHOBaHO 3/1HCHIOBATH TUIAHYBAaHHS KOOPJIMHAT PyXY CY/HA,
AK€ BIAPI3HAETHCS BiJl BIJOMOTO PIIIEHHS BUKOPUCTAHHAM JIOAATKOBOI MaTEMAaTUYHOI
00pOOKH TPAEKTOPHUX TOYOK 32 TAOIUISAMH IUISIXOBUX TOYOK 3 (DOPMYITIOBaHHSAM
pEKOMEHJalli 3 yIpaBIiHHSA IPU MAHEBPYBAHHI, 1[0 Y CYKYITHOCTI 3a0e31euye O1IbII
Oe3neyHe NPOXOKEHHS Cy/IHa Yy CTUCHEHUX YMOBaX IJIABAHHS;

— YAOCKOHAJIEHO MeTOAMKY 1o0ya0BH «CyIHOBOTO IUIaHY JIOLIMaHCHKOI'O
MPOBEJICHHS», SKa BIAPI3HAETHCS BiJ BIAOMOI BOPOBAKEHHSIM Yy €JIEKTPOHHY
KaptorpadiuHy HaBirauiiHo-iHGpOpMaIIiHy CUCTEMY CyAHa JOAATKOBOrO ILUIAriHY,
BUKOPUCTAaHHA $IKOTO JO3BOJISIE ypaxyBaTh NpH MMOOYIOBl IUIaHYy JMHAMIYHI
XapaKTEPUCTHUKU CYJIHA;

— YIOCKOHAJIEHO METOJAUKY TUIAaHYBaHHS KOOPJWHAT TPAEKTOPIi pyXy CyJHa
MpU MaHEBPYBaHHI y CTHUCHEHUX yMOBax, sika: 1) ypaxoBye oOMiH iH(pOpMali€ro
(mouman — kanitanu — CYPC); 2) 3a0e3neuye 3aByacHy nepegady peKOMEHI0BAHOTO
HNUIAXY MPOXOAY CYJHA y BUIJISAAlI YTOUHEHHMX IUIIXOBUX TOYOK; 3) 0OpoOitoe Ta
NepepaxoBy€e akTyallbHUM MapuIpyT y KOOPAUHATH TPAEKTOPHUX TOUYOK; 4) ypaxoBye
BIUIUB TUITY MaJMBa HA MOXJIMBOCTI MAHEBPYBAHHSI; 5) 3[1HCHIOE KOHTPOJIb 32 PyXOM
CyJlHa 32 KOOpAMHATAMH TPAEKTOPHUX TOYOK;

— 0TpUMAJIa NOAANbIINI PO3BUTOK METOAMKA BU3HAYCHHS KOOPJMHAT CyJHA
npu HOro MaHEBPYBaHHI y CTUCHEHMX YMOBaX, fIKa BIJIPI3HSETHCS ONEPATHBHUM
BU3HAYEHHSM JIOYCTUMOTO KYTY 3CyBY, IO JJO3BOJISIE 3aBYACHO CKOPErYBaTH KypcC IS
BHUXO/y Ha JIIHIIO 331aHOT0 OE3MEUHOr0 NUIAXY IPU ICHYIOUHX MOTOJHUX YMOBaX.

I[IpakTyHe 3HAYEHHS] OTPUMAHUX Pe3yJbTATIB TOJSITaE y PO3POOJICHHI

MCTOJUKHU IIJIAHYBAHHA KOOpJAHWHAT Oe3IeYHOro Xy CJ'IiIIYBaHHSI CydHa B



CTUCHCHHUX YMOBAaxX Ta dBTOMATU30BAHOI'O KOHTPOJIIO 3a MAHCBPYBAHHSAM 3a

MapuIpyToM 3riHo 3 pekoMeHaaiismu MMO.
Pe3yabTaTtu qoc/ii:KeHHs] BHPOBAIKEHi:

—y pociigauii mporec ManeBpyBaHHsS cyaHoMm «Nordic Luebeck» min uac
BUXOAY cyaHa 13 mopty Knaiinena (JIutsa) 6€3 mpucyTHOCTI JiollMaHa Ha OOPTY CyJHa

(axt BopoBamxenHs Big 08.03.2021);

— IIpU po3paxyHKax napaMmeTpiB nupkyisiii cynna «Nordic Luebecky, 3anexno
BiJl 3aBaHTaXEHHs CyJHA Ta WOro MIBUAKOCTI MiJ Yac BUKOHAHHS MaHEBPY (aKT

BIpOBaLKeHHA B1J 15.05.2021);

— M1J] Yac CIOCTEPEXKEHHs, aHai3y 1 cUcTeMaTU3allli MPOIEeCiB MaHEBPYBaHHS
cyned y nopty YopHomopcsk 3a mnepiog 3 07.10.2020 go 03.06.2023 BKIIOYHO (aKT
BrpoBakeHHs Big 03.07.2023);

— Ha TPEHAXKEPHOMY KoMILIeKCl « [{eHTpy miAroTOBKM Ta aTecTallii MIaBCKIagy»
HY «OMAy, ne BepudikoBano miarin «Path Planning IS» no icHyrouoi cuctemu e-

HaBiraiii (akt BopoBamkeHHs Big 05.07.2023);

—y cknaaoBy yactuny 3BiTy 32 HIIP Ne 0123U101463 kadenpu «YnpapmiHHS
cynHom» HY «OMA» 3a 2022-2023 poku 3a TeMOIO «YIOCKOHAJIEHHS METO/IIB

YIpaBJIiHHS Ta €KCIUTyaTalii cyien» (akT BrpoBakeHHs Bi 26.09.2023);

— y HaBYaJIbHY JHUCLUMIUIIHY «YTPABIIHHSI PeCypcaMy HaBIraliitHOTO MICTKa»
kadenpu «YmpapiiHHS cyaHoM» HaByanbHO-HayKOBOro 1HCTUTYTY HaBiramii HY
«OMA» (akt BrmpoBapkeHHs Bif 27.09.2023) Ta y BUTISAI1I HABYAJIBHOTO MOCIOHUKA

«ManeBpyBaHHS Cy/I€H Mij] 4ac po3XOKeHHs» (akT BpoBamkeHHs Bia 14.06.2023).

KurouoBi ciioBa: mopcwvke cyononnascmeo, besneka nasieayii, Kibep-oesneka,
eHepeoeheKmusHicms CyO0eH, cucmema NIOMPUMKU NPULHAMMS  pillelb, NIaH
VNPABAIHHA, KOOPOUHAMU CYOHA, eNeKMPOHHA HABieayis, MOOeN08AHHS, Meopis

KepyB8aHHsl, KOHMPOIb Npoyecy YNPAaeiiHHs, MmpacKkmopHi MO4KU, peKOMeHOayii.



OCHOBHI HAayKOBI pe3yJbTaTH AMCEPTAIIMHUX AOCIHIKEHb OMYyOJIIKOBaHI B

HAaCTYITHHUX ITpansx.
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ABSTRACT

Surinov I.L. Improvement of the navigational method of the ship's route

planning during pilotage — Qualification scientific work with manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 271 — “Sea and inland water transport” (field of knowledge 27 — Transport).
— National University “Odesa Maritime Academy”, Odesa, 2023.

The risk of being a vessel in force majeure, when there are certain navigation
restrictions, when the presence of a pilot on board, with unmanned the vessel, etc., exist
in modern navigation. The International Maritime Organization (IMO) has streamlined
the requirement regarding of the vessel’s voyage planning. However, our review and
analysis of literary sources and actual plans for pilotage of marine vessels in different
countries of the world on the topic of accidents during pilotage in port waters or in
confined waters showed that emergency situations, caused by the actions of
individuals, the predominant among which are organizational errors of bridge
operators’ groups during the preparation of the manoeuvring process and its

organization.

Analysis of various information sources also proves the existing significant gap
between the complexity and capabilities of modern information-quality technology and
the psychological restrictions of the operator as an element of the ergastic system of

the vessel.

It is known that the use of innovative technologies of e-navigation becomes a
relevant and priority area of development of maritime transport of different types and
purpose, with the modern preparation of navigators for work, for example, on
automated vessels of new generation, and the use of the latest solutions to management
of the vessel, provides a safe conduct vessels with a water area of the port, carrying it

out in constraint waters, with complex manoeuvring.



In order to reduce the possibility of emergencies during the pilotage conducting
in the work, it is proposed to improve the method of preparation a «Vessel pilot passage
plan», created according to the requirements of the IMO. The purpose of improving

this plan is aimed at improving the safety of vessels during the pilotage.

In order to achieve the set goal, the Decision Support System (DSS) was
improved in the work in terms of the use of the OpenCPN navigation system. This
improvement was carried out by taking into account and introducing into the
calculations the waypoints of the plan using the maneuvering characteristics of the
ship, the peculiarities of the geometric arrangement of the port elements, weather
conditions, the impact of tugs on the movement process, as well as a new method of
information exchange between local elements of the complex ship maneuvering
control systems (Vessel — Pilot — tug captain — Vessel Traffic System (VTS)). The use
of the proposed solutions when preparing an improved plan is carried out by integrating

the created computer plug-in called «Path Planning IS» into the OpenCPN system.

Verification of the proposed method of planning the coordinates of the path by
trajectory points (TP) with the help of waypoints (WP), including curvilinear traffic
sections, as well as traffic control after them, was carried out by simulation modeling
and during observations by navigational means of inbound/outbound vessels (port of
Chornomorsk). The results of simulations and observations showed that the ship's path
recommended by the improved methodology ensures its accident-free passage along
the given planned line, which is prepared taking into account the geometry of the port,
the existing characteristics of braking and turning of the ship, including the planning

of curved sections of the path and meets the criteria of navigation safety.

Based on previous studies of the accidents’ state in port and near-port waters and

analysis of their dynamics, the request for practice is substantiated as follows:

1. The need to ensure the reduction of accidents in confined navigation
conditions.
2. The need to ensure a reduction in human influence on ship’s handling

during maneuvering in confined navigation conditions.



3. The need to ensure the possibility of automated control of the vessel
during its movement in compressed confined navigation conditions.
The object of the study is the processes of marine vessels maneuvering under
pilot control and movement in confined navigation conditions. The subject of
research is the improvement of the methodology of planning the vessel’s route during

pilotage and in confined navigation conditions.

The main task is to develop methods of operational planning of the vessel’s
route for navigation purposes of the trajectory points for navigation and control of its

movement in confined navigation conditions.
The main task is divided into three auxiliary tasks:

1. development of automated compilation (construction) of the «Vessel pilot

passage plan» in confined navigation conditions, used to navigation;

2. determination of the influence of the features of the port water area, tugboats
and vessels with various fuel systems and their characteristics on the principal
possibility of using these additional data in the automated construction of the pilotage

plan;

3. verification of the improved «Vessel pilot passage plan» and the development

of prospects for its further improvement and expanded use in practice.

The purpose of the study is to ensure safe maneuvering and reduce the

influence of the human factor on ship control in confined navigation conditions

The proposed scientific hypothesis, which is based on the possibility of ensuring
safe maneuvering of the vessel in confined navigation conditions, reducing the
influence of the human factor on the control of the vessel through the use of an
improved vessel plan for pilotage and automated planning of the coordinates of the

vessel's route, was confirmed in the dissertation research.

The scientific position has been formulated, which determines that the safety of

the maneuvering process in confined navigation conditions is ensured by the use of



operational methods for determining the movement parameters and controlling the

parameters of the ship handling process in real time, according to their planned value.

The generalized algorithm for carrying out scientific research made it possible
to propose a procedure for solving auxiliary problems and includes the development of
new theoretical models for planning maneuvering coordinates and their verification

during tests in situ to check adequacy.

The information processing procedure between the elements of the maneuvering
control system for safe pilotage in many ports does not include the use of E-navigation
elements. The paper proposes the optimization of both the planning system itself and
the entire process of organizing multi-operator control of a complex maneuvering
system during the exchange of information between the maneuvering participants

(vessel — Pilot — tugboat and coastal vessel traffic service).

The obtained research results are used for navigation during the passage of the
vessel’s passage through confined waters and the port water area with or without the
participation of a pilot, which was experimentally proven and confirms their practical

significance.

The first auxiliary task — development of automated compilation (construction)
of the «Vessel pilot passage plan» in confined navigation conditions, used to
navigation, includes: a review of scientific works on maneuvering ships while passing
through the port’s water area; construction of a high-accuracy model for planning the
trajectory of the vessel’s CG movement using TP matrices by the WP method and
operational control of navigation along it using the DSS; development of an automatic
algorithm for navigational planning of the route and calculation schemes for computer
planning and operational control of navigation along it when entering/exiting in/out of

the port in accordance with the requirements of the IMO.

The main elements of the proposed method of navigational planning of the ship's
path during pilotage are confirmed by declaratory patents of Ukraine and published in

foreign scientific collections with the Scopus and Web of Science indexes.



The second auxiliary task — determination of the influence of the features of the
port water area, tugboats and vessels with various fuel systems and their characteristics
on the principal possibility of using these additional data in the automated construction
of the pilotage plan was carried out in three stages:

— analysis of existing Decision Support Systems in the OpenCPN system,
and development of a supplement (plugin) to the functioning of the OpenCPN
system;

— analysis of vessel maneuvering procedures (port of Chornomorsk);

— improvement of training methods for navigational training of the bridge
team during planning and execution of maneuvering during sea operations of
entering and leaving the port, including control of complex multi-operator
systems.

Solving this task proves that the practical use of the proposed plug-in to the
OpenCPN system increases the quality of operation of the multi-operator maneuvering
control system «Pilot — Master — towing support — VTS»: the efficiency of planning
the ship's trajectory and the ambiguity of control commands increase. At the same time,
it has been proven that the introduction of the developed plug-in into the OpenCPN
system for various vessels and the pilotage service of the port provides an opportunity

to reduce the risk of a pre-accident situation of the vessel.

The solution of the third auxiliary task — verification of the improved «Vessel
pilot passage plan» and the development of prospects for its further improvement and
expanded use in practice, made it possible to confirm the developed methodology for
the execution of the inverse planning scenario of maneuvering during sea operations

of the vessel.

The set of solutions obtained allowed not only to solve the main research task of
developing a methodology that improves the operational planning of the ship's route
with trajectory points for navigation and control of its movement in confined
navigation conditions, but also to recommend the proposed methodology for practical

navigation in confined navigation conditions. The obtained results confirm the



effectiveness of the improved methodology, prove the possibility of conducting the
vessel in ¢ confined navigation conditions without the physical presence of the pilot on

board during its further development.

In addition, these statements are proven by field tests in the port of Klaipeda

(Lithuania), as well as by simulation simulations at the NUOMA training complex.

The scientific novelty of the dissertation results consists of the development of
an electronic function for calculating the trajectory coordinates of the vessel’s
maneuvering in confined areas of navigation using the WP table, data on the
characteristics of turning and the water area geometry for maneuvering in the form of
TP matrices, which allows to reduce the risks of accident situations due to
misunderstandings between the Pilot and the Master, to improve the quality of control
over the maneuvering of the vessel, as well as to organize safe passage through the port

water area, the port territory and the fairway or channel.
The following results were achieved in the dissertation research:

- for the first time, it is proposed to plan the coordinates of the movement
of the vessel, which differs from the known solution by using additional mathematical
processing of trajectory points according to waypoint tables with the development of
management recommendations during maneuvering, which in total ensures a safer
passage of the vessel in confined navigation conditions;

- the method of preapration the «Vessel pilot passage plan» has been improved,
which differs from the known one by introducing an additional plug-in into the ship's
electronic cartographic navigation and information system, the use of which allows you
to take into account the dynamic characteristics of the vessel when preparing the plan;

- the method of planning the coordinates of the vessel’s trajectory during
maneuvering in confined waters has been improved, which: 1) takes into account the
exchange of information (pilot — captains — VTS), 2) ensures the early transmission of
the recommended passage path of the ship in the form of specified waypoints, 3)

processes and lists the actual route in the coordinates of the trajectory points, 4) takes



into account the influence of the fuel type on maneuverability; 5) controls the movement
of the vessel according to the coordinates of the trajectory points;

- the method of determining the ship's coordinates during its maneuvering in
confined navigation conditions received further developed, which is distinguished by
the operational determination of the permissible angle of deviation, which allows to
change the course to enter the line of a given safe route under existing weather
conditions.

The practical significance of the obtained results lies in the development of
methods of planning the coordinates of a safe kiirey of following the ship in confined
conditions and automatic control of maneuvering along the route in accordance with

the recommendations of the IMO.
The results of the study were implemented:

e in the process of maneuvering the vessel «Nordic Luebeck» during the
departure of the vessel from the port of Klaipéda (Lithuania) without the
presence of a pilot on board the vessel (implementation act dated
08.03.2021);

e for calculations of the vessel’s circulation parameters depending on the
vessel’s loading and its speed during the maneuver, including the
anchoring of the vessel «Nordic Luebeck» (implementation act dated
05.15.2021);

e during radar monitoring of the navigation of 500 ships to/from berths in
the port of Chornomorsk using AIS data through the Marine Traffic
program in the period from 07.10.2020 to 03.06.2023, which were
analysed and systematized (implementation act dated 03.07.2023);

e at the simulation centre of the NUOMA sub-division — the Institute of
Postgraduate Education «Training and Certifying Centre of Seafarersy,
where the «Path Planning IS» program was successfully verified in
November, December 2022 under the leadership of senior lecturer Viktor

Pernikosa, the trainees are the NUOMA cadets of the third, fourth and



fifth years of education, where 30 experiments were conducted
(implementation act dated 05.07.2023);

in the component part of the report of scientific research work No. DR
01230101463 of the «Ship Handling» department of NUOMA for 2022-
2023 on the topic «Improving the methods of management and operation
of ships» (implementation act dated 26.09.2023);

implemented in the educational discipline «Management of navigation
bridge resources» of the «Ship Handlingy» department of the Educational
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