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ABSTRACT

Hazards to navigation create conditions for emergency situations, even when modern
navigation devices are used. Now there are a few protocols of connection between ships, which are
equipped with modern intellectual devices. Modern protocols of connection between ships are
calculated by artificial intelligence. Using artificial intelligence allow seafarers achieve high level of
navigation safety. Ship’s remote-control needs upgrading to achieve new level of safe maneuvering.
Only creating new algorithms of system checking, which are used by external operators can improve
navigation safety throughout The World Ocean. Integrated method of task’s complex solution is
offered by using early determination of emergency factors in course of vessels’ passing under external
control in VTS area.

This paper is aimed at the development of a method of safe and gradual transition to
autonomous shipping in the future through the use of electronic database of dangerous parameters
of ship proximity through their model situational integration into modern ship information systems
of electronic charts of VTS operators. Remote control of marine facilities in the future cannot go into
the stage of safe implementation without the development of an algorithm for the gradual
implementation of the control system by external operators. The transition to unmanned shipping
requires the establishment of checkpoints to monitor the reciprocal movement of such facilities.
Therefore, it is very important to ensure a safe transition period with the operation of remote control
of the external operator of the ship's traffic control systems with local direct control of the ship by
her crew.

The use by qualified operators of vessel traffic control systems of the method of
departmentization of the electronic chart to regional orthogonal zones on the basis of areas of
unacceptable convergence parameters is just one of such innovative steps in ensuring the functioning
of checkpoints. In the future, this method may become a part of the main operating system of
intelligent protocol of communication for remote external control of vessels.

Keywords: impermissible parameters of convergence, departmentization of electronic chart,
ships’ remote control, safe maneuvering.

ITocTanoBKa Mpo0JieMH B 3arajJibHOMY BHIVISAAI Ta 11 3B'S130K i3 Ba)KJIMBUMH HAYKOBHMH
YU NPAKTUIHUMH 3aBIaHHAMU

[InaBaHHS MOpPCBKHMX CyI€H B yMOBaX OOMEXEHOro MpPOCTOPY YCKIJIAIHIOIOTh IHTEHCHBHE
cyaHor1aBcTBo [1-4]. HapiramiiiHi HeOe3meKu CTBOPIOIOTH MEPEyMOBH JIJIsl BAHUKHEHHSI aBapiiHUX
CHTYyaIliif, HaBITh MiJ Yac BUKOPHCTAHHS CYAHOM Cy4YacHUX HaBirariiHux npwiaai [5-7]. Tak 3a
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nmanuMu Statista Reserch Department [8-10], siki cmiBmagaroTs 3 manaumu Japan Transport Safety

Board [10] Ta Marine Accident Investigation Branch [11] neBoBy f0ir0 yciX CyqHOBUX aBapiit 3a
nepion 2009-2021 poku 3aiiHsM 3ITKHEHHS Ta MOcaka Ha MUTHHY (puc 1).

Puc. 1 Ilpuuunu cyonosux asapiii y 2009 - 2021 pokax

E [locagka Ha MinuMHY

= Mowexa abo enbyx

B 3iTHEHeHHA

B 3aToHyni cyaHa
= MonomeKM MalwMHHOTO Big,

B [oWwKoOMeHHA Kopnycy

AHaJI3 OCTAHHIX JOCJTIIXKeHb i myOJaikalii, B IKHX 3all09aTKOBAHO PO3B'SI3aHHS AAHOI
npodsemMH i BUALICHHS] HeBHPILIEHUX paHille YaCTHH 3arajibHOI podeMu

OcTaHHIM YacoM MOIIUPIOETHCS POOOTAa BUKOPUCTAHHS IITYYHOTO iHTENIEKTY B PETyYIIIOBaHHI
PYXY MOPCBKOI'O Ta PIYKOBOT'0 TPAHCHOPTY 3 Mepe0aueHHsIM 31TKHEHHS, aHali3y Ta MoNepeKeHHs
aBapiii [12]. Ha nanuit MOMEHT iCHYIOTH JEKIJIbKa BHIIIB 1 POTOKOJIIB 3B’SI3KY MiXK TPaHCIIOPTHUMHU
3acobamu, OONATHAHMUMHU IHTENEKTyadbHUMH moMmiuHukamu [125]. Cuenapii 3acTocyBaHHsS
MPOTOKOJMIB 3B’A3KYy MiX TPAHCIOPTHUMH 3aCO0aMH 3 BHKOPHCTAaHHSIM IITYYHOTO IHTEIIEKTY €
CY4aCHUM KPOKOM B JOCSITHEHH1 BUCOKOI'O piBHs Oe3MeKku cyaHoruiaBcTBa. HailOinbi cygyacHuM Ta
edextuBHNM € cueHapiit V2I (vehicle to infrastructure) [16-12]. Ileit crienapili BAKOPUCTOBYETHCS
IpH TUCTaHIITHOMY KepyBaHHI TPAaHCIOPTHUM 3ac000M i3 3BOPOTHUM 3B’si3koM [12] . V mMopchkiit
rajmy3i Takui cmoci0 KepyBaHHS CyIHAaMH BiJKPHBA€ IIUPOKI TEPCIEKTUBU 3 TUCTAHIIIITHOTO
KEepYBaHHS HUMH IIPU NPOXOJKEHHI NMPOTOKH, NUITHOK 13 CKJIaJHOI0 HAaBIrali€r, 30Kkpema Ipu
30BHIIIHBOMY YIPABIiHHI — ONEpaTopaMu cUcTeMH ympaBiiHHs pyxom cyner (CYPC) [12].
JucraniiiiHe KepyBaHHS 3HA4HO 3MEHINYE pPHU3UK IOMMIKH, OCKiUIbKM omnepatopu CYPC
CIPHUIMAIOTh CHTYAIIIF0 B KOMIUICKCI Ta 3HAIOTh JIOKAJIbHI YMOBH. BIIpoBa)KeHHS TaKOTO CIIEHAPIIO
JIOTIOMOKE PO3BAHTAXUTU TpagiK, 3MEHIIUTH PU3MKHM 3ITKHEHHS, 3HU3UTH ILIUIBHICTH CYAEH 3
MOTCHIIIMHAM HEOC3MeYHNM 30JIMDKSHHSIM Ta B3arajli MEpPelTH B IEPCIEKTUBHE OE3IiJIoTHE
CYAHOIIABCTBO.

dopmyJ/roBaHHS Lijel cTaTTi (MOCTAHOBKA 3aBJaHHA)

Hine ganoi po6oTH mossirae y po3poOiii MeTory 6e3MeuHOro Ta MOCTYMOBOIO MEePeXoly 10
ABTOHOMHOTO CYIHOIUIABCTBA Y MaiOyTHROMY 3a JOMOMOTOI0 BUKOPHCTAHHS €IEKTPOHHOI 0a3u
HeOe3MeYHUX TapaMeTpiB 30JIDKEHHS CyIeH NIISXOM iX MOJENBbHOI CHUTYaTUBHOI iHTerpamii B
CydacHi cyaHoBI1 iH(poOpMaIliiiHi cucteMu enekTpoHHuX KapT onepatopi CYPC.

Bukiaag marepiajy JociailKeHHsI 3 MOBHUM OOIPYHTYBAHHSIM OTPHUMAHMX HAaYKOBHUX
pe3yabTartiB
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BukopucTaHHs 1HTETpOBAaHOTO METOJy 3aBYACHOTO BU3HAYCHHS aBapIMHUX YMHHUKIB TPU
30IMKeH1 CyleH TpU 30BHIIIHBOMY YIpPAaBIiHHI Mepil 3a Bce 0a3yeTbcs Ha BUKOPHUCTaHI 30H
HEJIOMYCTUMHUX MapaMeTPiB PyXy CYyJeH, TOOTO MpH IKUX 30JMKEHHS € HeOe3neUHHM ab0 TTOBHICTIO
Besie 1o 3itkHeHHs [20-21]. 3 3aranbHOi CTPYKTYpH HEOE3MEYHOTO 30JIMKEHHS MOPCHKUX CY/ACH
oTpuMy€eMO (GopMyBaHHS 001acTEii HEMPUITYCTUMUX 3HAYEHD ITApaMETPiB MAaHEBPIB yXHICHHS [22]
Ta BUXOJy CyJlHA Ha MPOrPaMHY TPAEKTOPIIO PYyXY, SKIIO CYAHO HE 3MiHIOE€ CBOIO IIBUAKICTD (pHLC.

2).

t
K K, =K,
Kb
tY
Uy
K, K,
t0

Puc. 2. Cmpyxmypa manespy po3xooicenus

BpaxoByroun MOXIUBICTh YXHJICHHS Cy/AHA, SK BIPABO TakK 1 BIIBO, JOLIJIBHO 3HAWUTH
3aJIeKHICTh BITHOCHOTO KypcY Koy BIT MOMEHTY ty, a IOTIM 3 BiJIOMOI 3ajlie’kHOCTI oTpuMatu K, .3
oTpuMaHuX 3HaueHb Koys Ta Kopp Ta 3 BiOMOI ()OPMYJIH MOMEHTY IOYATKy YXWJICHHS Cy/IHA B
nepuIoMy NpuOIMKEHHI IS pyXy CyJeH 3yCTPIYHUMHU KypcaMM YXWJIEHHS MO>KHA OTPUMATH:

Kys = Kopys + 0chsin[p‘1 sin(K, — Kotys)] (1)

Kyp = Kotyp + arcsin[p_l sin(K, — Kotyp)] @)

Bupasu (1) Ta (2) - 3anexHocTi KypciB yxuineHHs Kys Ta Ky Bl yacy ty MOKHa pO3IJIsIIaTh SIK
rpanui Gys ta Gy, Ha wiomuHi KyXxty,ska po3auise 11 Ha ABi Mi-00J1acTi: TOMYCTUMHUX MO€THAHb
(Ky,ty), amst SIKMX JAUCTAHIS HAWKOPOTIIOTO 30JMKeHHsSI Dmin epeBHIIye TPaHUYHO - JOMYCTUMY
muctanilifo Dy (a came Dmin> Dd) Ta HeTOMyCTUMHUX 3HaY€Hb TS SKUX Dmin< Dg). O61acTh TOYOK
(Ky,ty) mix rpanutsmu Gys Ta Gy siBisie co0010 0051acTh Qk ty HETOMYCTUMUX 3HAUCHD TapaMeTpiB
yxwieHHs  (Ky,ty) (puc.3). AHajoriuHuM YMHOM BiJOYBa€ThCS BHU3HAUEHHS HEIOMYCTUMHUX
napameTpiB IMBUAKOCTI cyaeH [23-26].
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Qrey

KY
Puc.3. Obracms Qk ty Hebe3neunux 3HaueHb napamempie yXuieHHs

[TpuHIMI BU3HAYEHHS HEOE3MEYHOT0 30IMKEHHS Cy/IeH 3a JOMOMOT0I0 00J1acTi HeOe3NeUHUX
3HA4YEHb [TaPAMETPiB PyXy B aBTOMAaTH30BAHOMY OH-JIAH PEKHUMI HE TOBHHEH 00OMEKYBATHUCH MTAPOI0
CyI€H — a BPaxOBYBaTH KOMILUIEKCHY OIIIHKY B3a€MHOTO PO3TAIllyBaHHS Ta PyXy YCIX MOPCHKHX
00’€KTIB , SIKI BXOJSTh B 30HY Bi/NOBigaibHOr0 KOHTpoJto nneBHoi CYPC [27-28]. Ha BinmiHHY Bin
MPSIMOTO CIIPUIHATTSI OKOM OIlepaTopa 3arajibHOi HaBIraliifHOi cUTYyallii Ta JOKaJIbHUX 30JIMKEHb
CyIeH Ha eNeKTPOHHUX KapTax HapiramiiHoro oOmagHanHs CYPC, Koiu MOXJIHBI TIOMUJIKA THITY
JOJCHKOTO (haKTOPy, BIPOBAKEHHS HArJISAA0BOI Ta CUTYaTHBHOI €JIEKTPOHHOI 0a3u HeOe3meuHux
napamMeTpiB 30JMKEHHSI Ta CHCTEMH B3a€MHOTO PO3TAllyBaHHS 00’ €KTIB J03BOJISE ONEPATHBHO
CHpsSMYBaTH yBary omneparopa Ha HeOe3NeyHi perioHalbHI 30HU €JeKTPOHHOI HaBIrauiiHol KapTu,
BPaxoBYIOUH JIOKaNbHI 30imkeHHsa. HamamryBanHs Macmta®y Ta JenapTMeHi3amii eleKTpOHHOT
KapTH Ha perioHaJIbHI OPTOTrOHAIbHI 30HU MPSAMOMNOPIIMHE 3HAYCHHIO MIIJILHOCTI 00’€KTIB Ta iX
CepeHbO1 B3a€EMHOI MIBHAKOCTI 30r>KeHHs. Tako)X BHECEHHS CTaHAAPTIB OE3MEKH Ta 3HAYCHHS
MOKJIUBOTO BIAXUJICHHS € 00OB’SI3KOBHM (PAaKTOPOM KOHTpOJIO 31 ctopoHu omeparopa CYPC.
[Tpuknax Takoro iHTEepdeicy CHUMYISALIHHOTO KOHTPOJIO EJIEKTPOHHOI KapTH 3 BCTAHOBICHUM
KOJBOPOBHUM TPATIEHTOM 300paKe€HHS PETiOHAIBbHUX 30H BIAMOBITHO [0 PU3MKY 3ITKHEHHS, JI€
3HaueHHs | (4epBOHUH KOJIip) BIANOBIAA€E CUTYaIlll MOTEHIIMHUX 31TKHEHb Ta 0 (3e1eHuil Komip) —
CUTYyalli 6€31eYHOr0 PO3XO0KEHHSI, IPE/ICTABICHO HA PUCYHKY 4.

Puc. 4 — Inmepghetic expany monimopuney enrexkmpounnoi kapmu onepamopa CYPC 3
IHMe2POBAHOIO CUCMEMOIO 3A84ACHO20 BUSHAYEHHS HeDe3NeUHUX 30IUNCEHb MOPCLKUX CYOeH
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BuCHOBKH i mepcneKTUBA MOAAJbIIOI POOOTH 10 TaAHOMY HANIPSAMKY.

JlucraHiiiiHe KepyBaHHS MOPCHKHMH 00’ €KTaMU y MalOyTHbOMY HE MOKE MIEPEHTH Yy CTaIit0
Oe3reuHoi peasizallii 6e3 po3poOKH aIrOpUTMY IMOCTYIIOBOTO BIPOBAIKEHHS CUCTEMU KOHTPOJTIO 31
CTOpPOHHM 30BHIIIHIX omepatopiB. Ilepexin g0 OE3MIIOTHOTO CYTHOIUIABCTBA BHMAra€ CTBOPEHHS
KOHTPOJIbHUX ITYHKTIB MOHITOPHHTY B3a€MHOTO PyXy Takux 00’€kTiB. Tomy myxke BaJIMBO
3a0e3MeUnTH eTar 0e3MeyHOro MepexiAHOTO Nepiony 3 (YHKIIIOBAaHHIM TUCTAHIITHOTO KOHTPOIIIO
30BHIIIHKOTO oneparopy CYPC 3 nokanpHUM O€3MOCEpeHIM YIIPaBIiHHAM CYIHOM ii KOMaHJIOKO.
JIisi KOMIUIEKCHOTO MiJXOAy BHPIIICHHS wi€l 33a7a4yl HEOOXiTHUM € BpaxyBaHHS PI3HOMAaHITHHX
IHHOBAaIlIMHMX TEXHOJOTIH Ta TIATOTOBKY JIFOACBKHX PECypciB 110 piBHSA mpodeciiHoro ix
BHCOKOKBaJIi(hiKOBAaHOTO BUKOpPUCTaHHS. Bukopucranns kpaiidikoBanumu omeparopamu CYPC
METOAY JemapTMaHi3allii eJIeKTPOHHOI KapTH Ha pPerioHajJbHI OPTOTOHAIBHI 30HM Ha 0a31 obiacTei
HEJOMYCTUMHUX TTapaMeTpiB 30IMKCHHS € caMe OJIHUM 3 TaKWX 1HHOBAIIMHUX KPOKiB B 3a0e3meueHi
(YHKIIFOBaHHS KOHTPOJIBHUX IYHKTIB MOHITOPUHTY O€3IEKH pyXy CcyleH. Y MaiOyTHbOMY JaHUN
METOJlT MOXE CTaTH CKJIQJIOBOI0 OCHOBHOI YACTHHH OIEpAIlifHOI CHUCTEeMH I1HTEIEKTYaIbHOTO
MPOTOKOJIBHOTO 3B’A3KY AMCTAHIIITHOTO 30BHIIIHBOTO KEPYBAHHS MOPCHKUMH CYTHAMH.
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