Cynuosoninns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 31-2021

YK 656.61.052.484 DOI: 10.31653/2306-5761.29.2020.108-115

DETERMINATION OF A GROUP OF DANGEROUSLY APPROACHING
VESSELS

BU3HAYEHHS I'PYIIN CYJAEH TP HEBE3IIEYHOMY 3BJINKEHHI

1.O. Burmaka, DSc, associate professor, 1.1. Vorokhobin, DSc, associate professor,
0.V. Yanchetskyy, PhD student

1.O. Bypmaka, 0.m.u, ooyenm, 1.1. Bopoxo06in, x.m.n, doyenm,
O.B. SIlnyeubkuid, acnipanm

National University «Odessa Maritime Academyy, Ukraine
Hayionanvuuii ynisepcumem «Odecbka Mopcoka akademisy, Ykpaina

ABSTRACT

As stated in the article, ensuring the safety of navigation is one of the most important
problems of accident-free navigation. Confined waters are characterized by navigational
obstructions and heavy traffic, which create preconditions for emergencies.

One of the features of navigation in confined waters is the occurrence of situations of
dangerous convergence of several targets, which requires the development of methods to ensure
safe separation of ships in such situations. Therefore, the development of methods for controlling
ships in situations of dangerous convergence, to which this article is devoted, is an urgent and
promising scientific direction.

The article provides an analysis of the latest achievements and publications, in which the
solution of this problem has been started and previously unresolved parts of the general problem
are highlighted. It is shown that to prevent collisions, a method of flexible divergence strategies has
been developed, which, with locally independent control of the divergence process, allows choosing
the optimal divergence strategy for a ship with several dangerous targets, taking into account
significant factors. The formalization of the COLREG-72 is also proposed and the interaction of
ships in a situation of dangerous approach in the event of a collision threat is considered.
Prevention of collision of ships by the method of displacement to a parallel track line is considered
and a method of divergence of a ship with two dangerous targets by successive evasions from each
of them is proposed.

The article shows the feasibility of developing an analytical system that uses the principle of
external control of the discrepancy process and does not require the use of a VTS. Such a system
can be implemented on the basis of ARPA and is located on each of the vessels, and from ARPA and
AIS receive information about the surrounding vessels and the parameters of their movement. It is
shown that the proposed analytical system should solve two sequential tasks. The first task is to
form a group of dangerously approaching vessels in areas of intensive navigation, and the second
is to automatically select a joint strategy for the divergence of a group of vessels by changing the
movement parameters by methods of external control of the divergence process. The article
discusses in detail the first task - the formation of a group of interacting ships in the event of a
dangerous approach situation.

Three conditions are formulated that make it possible to include a vessel in a group of
interacting vessels from the initial group, which are as follows: the vessels must approach each
other, the situation of their convergence is dangerous, and the relative position of the vessels allows
the use of a divergence maneuver by changing the course. Analytical expressions are obtained for
each of the conditions and the procedure for the exchange of information for the formation of a
group is given.

Keywords: safety of navigation, warning of collision of vessels, external process of
divergence control, group of vessels.
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ITocTanoBKa npoGJieMHu B 3arajibHOMY BHMIJISIAI Ta il 3B'A30K i3 BaXKJIMBUMHM HAYKOBUMH
YU NPAKTHYHUMH 32 Ja4aMH

3a0e3neueHHsT O€3MEKU CYHOBOJIIHHSA € OJIHIEI0 3 HaWBAKIMBIMIMX IpobiieM Oe3aBapiiiHOro
MOpEIIaBaHHs, PIIIEHHS SKOI BeJEe 10 MOJIIMUICHHS OXOPOHH JIOACHKOTO MHUTTS Ha MOpL 1 JI0
3MEHILEHHS KO HAaBKOJIUIITHBOMY CEPEOBHUILLY.

OOmexeHl palioOHM XapaKTEPU3YIOTHCS HAaBITAIIMHUMU TEPEIIKOJaMH 1 1HTEHCHUBHUM
CYJIHOILJIAaBCTBOM, SIKI CTBOPIOIOTH IEPEIYMOBU JJIsi BUHUKHEHHS aBapiiHux curyaniil. Came B
oOMexeHUX pailoHax BUHUKalOTh MoHaa 80% BCIX HaBIrauiHUX aBapiid, YMM MIATBEPAXKYETHCS
BEJIMKa CKJIA/IHICTD IIJIaBaHHS B OOMEXKEHUX BOJIaX.

Opnier0o 3 ocoOnuBOcTEd IUIaBaHHS B OOMEXKEHHX palOHAX € BUHUKHEHHS CHUTYyalii
HeOe3MeYHOro 30JMKEeHHsSI KUIbKOX LJIeH, II0 BHUMara€e po3poOKM METOMAIB 3a0e3MedeHHs
0€3M1eUYHOr0 PO3XOKEHHS CYJECH B TAKUX CUTYaLlIsIX.

Tomy po3poOka crocoOiB yIpaBiiHHA JJIs CYJEH B CUTyaIlisiX HEOE3MeYHOTO 30JIMKECHHS,
YoMy MPHUCBSIUEHA J]aHA CTATTS, € aKTYaJIbHUM 1 IIEPCIIEKTUBHUM HAyKOBHM HAIIPSIMKOM.

AHaJi3 OCTaHHIX JocCailKeHb i nmyOuaikamii, B IKMX 3all04ATKOBAHO pillleHHs1 JAaHOL
npoo;emMH i BU1iJIeHHs1 HeBUPillleHUX paHillle MMTAHb 3arajbHOI NPo0dJeMu

Po3pob1i mMeTomy THYYKHMX CTpaTeriii po3XO/pKEeHHS MpHUCBSYeHa poOota [1], saxuil mpu
JIOKQJIbHO-HE3AJIEKHOMY YIPAaBIiHHI MPOLECOM PO3XOKEHHS J03BOJISIE BUOpATH ONTHUMAJIbHY
CTpaTerito pPO3XO/KEHHS CyJIHAa 3 JEKIIbKOMa HEeOe3eYHUMHU LIISAMHU 3 ypaxyBaHHSM JIMHAMIKU
cynHa, HaBiramiiaux Hebesnek, Bumor MIIII3C-72 1 iHIIMX YMHHUKIB, IO 3aBakatoTb. B poOoTi
[2] 3anpomonoBana dopmanizaiis MIIII3C-72 1 BBeneHO MOHATTS B3a€MOJIi CyJCH B CHUTYaIlli
Hebe3ne4YHoro 301MKEeHHS TPY BUHUKHEHH] 3arpO3H 31TKHEHHS.

PesynbTatu nocnipkeHHs! €pEeKTUBHOCTI MApHUX MaHEBPIB PO3XOKEHHS BUKIIaZIEH]1 B po0OTi
[3], a B moHOrpadii [4] po3riasHYTO MOMEPEHKEHHS 31TKHEHHS CYJE€H CIOCOOOM 3MIIIECHHS Ha
napasenbHy JIHIIO HUIIAXY.

B po6ori [5] 3anpornoHoBanuii criocid po3XOKEHHS CyJHa 3 IBOMa HEOE3MEYHUMU IUISIMH
MOCJIIJOBHUMH B1IXWJIEHHSIMU BiJ KO>KHOI 3 HUX. J{1s 0OpaHoi cutyarlii HeGe31euHoro 30JIMKeHHs
KOMIIT'FOTEPHOIO MPOrpamoro OyJii po3paxoBaHi KypCcu MaHEBPY PO3XOKEHHS Cy/IHA 1 MOMEHT Yacy
iX 3MIHHU, IPUYOMY BIJTHOCHI TPAEKTOPIi PO3XOKEHHS 3'ABHIIMCS JOTHYHI JI0 KPYrOBHUX JIOMEHIB
IJIeH.

Excrpena crpaterist po3XoJUKEHHs CyJleH MpH IX HaaAMIpHOMY 30JM>KEHHI1 3alpONOHOBaHA B
po6ori [6].

TeopeTnuHe OOrpyHTYBaHHS AaBTOHOMHOI CYJHOBOI CHUCTEMH YXWIEHHSI BiJ 3ITKHEHHS
po3risiAaeTbest B poOOTI [7], B sIKiM BKA3yeThCs, IO JOCIHIKEHHS MO0 aBTOMAaTH3aIlli yIpaBIiHHSA
CYyIHOM MOXYTh OyTH MpeICTaBlieHI a00 KJIACHYHUM IIiJIXOJIOM, 3aCHOBAaHUM Ha MAaTEMAaTHYHUX
MOJENSX 1 aNropurMax, abo KOMM'IOTEPHHMHU TEXHOJOTIIMHU, fKa BHUKOPHUCTOBYE IITYYHHM
IHTEJIEKT.

B poOoti [8] mpencraBieHi mporpamMu IrpoBUX MiAXOJIB B HaBIralifHUX MaTeMaTHUYHHUX
MozensX Oe3NeYyHOro YOpaBJiHHS CyAHAaMM JUid aBTOMaTH3alli yHOpaBliHHSA IpoLEcamMH
nepeMilieHHs cyaeH. B po6ori [9] mokaszaHo, 10 cUCTEMHU CyJHA BUPOOJISIOTH YIPaBIIIHHSA
MPOIIECOM PYXy CyAHA, SKHH OMUCYETHCS BIAMOBIAHUMHU IU(EpeHIIAIbBHUMHE PIBHSIHHIMUA
OUHAMIKU cyJHa. Jlo cyZHOBUX MpoLECiB YIPABIIHHS BITHOCSTHCS: TOUHE YNPABIIHHS CYAHOM Ha
MaJeHbKUX MIBUIKOCTAX B MOPTY; KOPUTYBAHHS HIBUAKOCTI CyJHA; cTaOlii3alis CyJIHa Ha Kypci
abo TpaekTopii; OuUHaMi4HA cTallii3alis cygHa npu OypiHHI ab0 TMOJIOKEHHS TaHKepa Mpu
BAHTAXXHUX ONeEpalisix B MOPI.

B po6oti [10] 00roBopro€eTbcst METOJ] OLIIHKM PU3UKY 3ITKHEHHSI 3 BUKOPUCTAHHSIM PEXUMY
ICTUHHOTO PyXY, B Hil BBOJSATHCS B PO3IJISL JIiHISL IPOrHO30BAHOIO 31TKHEHHS 1 30HA MEPEIIKO/] [0
OUTl I OIIHKM PHU3UKY 3ITKHeHHS. L[i BenwunmHM TOB'S3aHl 3 ICTUHHUM pPyXoM, 1 1€ Ja€
MOXJIMBICTh BUSBUTH CUTyaIlli HeOe3meyHoro 30aMmkeHHs 1 3a0e3nednTH Oe3leuHe TUTaBaHHS B
00OMeXEeHHX BOAAX.
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dopmyJ/oBaHHS Hijei cTaTTi (MOCTaHOBKA 3a1a4i)

Mera crarTi mojsrae B po3poOIi MpoIeaypyd BHU3HAYCHHS TPYIH CYACH sKI HEOE3MeYHO
30JMKYIOTHCS B pallOHAX IHTCHCUBHOTO CY/IHOIIJIaBCTBA.

Buxaan martepiajy mociigikeHHsi 3 MOBHUM OOIPYHTYBAHHSIM OTPMMAHHUX HAYKOBHX
pe3yJabTaTiB

B nanuii yac, sk nokasaso B po0oti [11], npoBoauThCS IHTEHCUBHA PO3pOOKAa METOIB OLIIHKI
HAsIBHOCTI 3arpo3H 31TKHEHHS CYJEH SIK1 30JIMKYIOTHCS 1 TAaKOK BUOOPY ONTHUMAaJIbHOTO MaHEBpPY iX
PO3XOKEHHS 3a JIOMOMOror oOiacTeldl HENpHUIyCTUMHX 3HayeHb MHapameTpiB pyxy cyneH. Ll
METOJIM MOXYTh 3aCTOCOBYBATHUCA Ul JIOKaJbHO-HE3aJEKHOIO 1 IIOBHOI'O 30BHILUIHBOIO
YIPaBIIIHHS [IPOLIECOM PO3XOKEHHS CY/JIEH.

[IpoBenenumu  gocmipkeHHsAMH Oyna po3poOsieHa OIiHKa e(QEeKTUBHOCTI OCHOBHUX
aHAJIITUYHUX CHCTEM IOIEPEKEHHS 31TKHEHb CYyJIeH, Kl BIIHOCATBCS K A0 TPYIHU 3 JOKAJIbHO-
HE3aJIe)KHUM YMPaBIIHHAM MPOIECOM PO3XO/DKEHHS, TaK 1 JO IPYNH 13 30BHILIHIM YIPaBIIHHIM
MIPOLIECOM PO3XO/KEHHS. AHali3 IOKa3aB, M0 HalOUIbIly e(QEeKTHUBHICTh MaloTh aHaJITHYHI
CUCTEMH 3 30BHIIIHIM YIPaBIIIHHSM.

OpHak B JaHWM 4yac 30BHINIHE YIPaBIiHHS MIPOLECOM PO3XO/KEHHS MOXe OyTH peani3oBaHO
TUIBKA CHCTEMOIO ympaBiiiHHA pyxoMm cyleH (CYPC), mo 3 eKOHOMIYHHUX MIPKyBaHb MOXKIIUBO
TUIBKU B JICSIKUX JIJISTHKAX OOMEKEHUX BOJI.

VY 3B'\I3KYy 3 LUM JOLUIBHO PO3POOUTH aHANITUYHY CHCTEMY, sika O BUKOPHCTOBYBaJa
MPUHIIMI 30BHIIIHHOTO YNPABIIHHS MIPOLIECOM PO3XO/KEHHS 1 He BuMaraia Bukopuctanus CYPC.
Taka cuctema moxe OyTtu peanizoBaHa Ha 6a3i 3APII 1 3HaxoAMTbCS Ha KOXXKHOMY 13 CYJEH,
npuuomy 3 3APII 1 AIC orpumyBatu iH(dopMaliiio PO OTOYYIOUMX CyJHAX 1 HapaMeTpax ix pyxy.

Ha 6a3i otpumanoi iHpopmalii IporoHOBaHOT aHANITUYHIN cuCTeMI CiJ BUPILIIYBaTH BI
MOCJIIJIOBHI 3ajjaul. Y mepuriil 3ajadi B yMOBaX IHTEHCUBHOI'O CYAHOIUIABCTBA COPMYBATU IPYILY
CyleH, sKI HeOe3NmeuyHoO 30JIMKYIOThCA, a Ha JpPyrid 3a JOMOMOrOl0 METOIIB 30BHIIIHHOTO
YIOPAaBIIIHHA MPOLIECOM PO3XOKEHHS aBTOMAaTUYHO BUOpATU CHUIBHY CTPATEril0 PO3XOJKEHHS
3MIHOIO MapaMeTpiB pyxXy 1 BUIUIMTH 1HIUBIIYaIbHUI MaHEBP PO3XOKEHHS KOKHOTO 13 Cy/JIEH.

VY umiit cTarTi po3risiHEMO MEpIly 3aaady - (GOpMYBaHHSI IPYNHU B3a€EMOJIIOUUX CYJEH IpU
BUHUKHEHHI CUTYaIlli He0e311eYyHOro 30JIMKEHHS.

[Ipunyctumo, B 0OMeXeHOMY paliOHI CyAHOIUIABCTBA 3HAXOJIUTHCS ACIKUI Oe3iy CcyieH

Mn , 3 saxoro Heo6XimHO cOpMyBaTH IpyIly B3a€MOJIIOUHX CyJEH Zns , IKA B MOMEHT 4acy

criocTepexenns t , 36epiraerbcs mporarom intepsany dacy At | a B 4eproBumii MOMEHT yacy

n?’ n?’

croctepexxenns t + Atn 3MIMCHIOETHCSI KOHTPOJIb CTPYKTYPHU TPYIH CYACH Zns .
ANTOPUTM BUJIJICHHS TPYNH CYIACH Zns noysirae B HactynmHoMy. CynHoBa iH(popmarliiiina

CHCTEMa B SKOCTI nepmoro cyana C; GpopMoBaHOI Ipynu B3aeMOIi Zns , BUObMpae 6a3oBe CyJiHO,
Ha SIKOMY BOHa BCTAHOBJICHA, a HACTYIHI Cy/JHA BKJIIOYAIOTbCSI B MOYATKOBY IPYIy 3 TaKUX
MIpKyBaHb.

BpaxoByIOTbCSI JBi YMOBM 3YIHMHKH BKIIOUGHHS CyJeH BHXigHoro 6esmiui  Mn o B

II0YAaTKOBY T'PYILy CyJIEH 20 . 3T1JIHO MepIIoi YMOBH, SIKIIO JUCTAHLIS O CyJHA Ll- IIepeBEPILyE

3a/laHy rpaHUYHy aucTaHmio L 1 10 Ipyriil yMOBI, SIKIIO 1HTEPBAJI Yacy A0 MOYaTKy B3aeMOJIL

max ?

3 1-M CYyJTHOM A'[bi CYJIHOM TI€pPEBEPIINYE TIIMONHY TIPOTHO3Y Atn .

B oGnacTi pagiycom Lma cynHOBa iH(poOpMaIliiiHa cucTeMa BU3HaYae HeOe3MmeKy 30IuKeHHS

X

3 KO>)KHUM 3 HAaBKOJIMILIHIX CyJieH. SIKII0 BUKOHYETbCS YMOBa Atn > Atbi , TO CyJTHO BKJIFOYA€ThCS

B IIOYATKOBY TI'pyIy CYJEH 20. ®opMyBaHHS MOYAaTKOBOI IPyNU TPUBAE A0 TUX HIp, MMOKU HE
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BCTYIHUTh B CHJIy OOMEXEHHS MO0 MaKCHMaJbHIM TUCTaHIII Lmax. TakuM 4YMHOM BUSABIIAETHCA

II0YaTKOBA Ipyma Cy/eH, 3 IKUMU MOXJIMBA B3a€MOJ1sA cyaHa C, .

OueBHUIHO, B TPYIy B3aEMOIIIOUYHMX CY/EH Zns 3 IIOYaTKOBOK I'PYIH 20 CJI1JT BKJIFOUYUTH
TUIBKM Ti cyJiHa C; , 171 IKMX BUKOHYIOThCS TPH YMOBH:

- cynHO C; 30mMKyeThes 3 0a30BUM CyJHOMC | ;

- cuTyanis 30mKeHHs cyaHa C; 1 6a30Boro cyana C; € HeOE3MEUHOIO;

- BIJHOCHA MO3MLIA cyaeH C; 1 C; H03BONAE BMKOPMCTOBYBATH MAaHEBD DPO3XOUKEHHS
3MIHOIO KYpPCY.
KoxHe 3 cymeH C; XapaKTepH3yeTbCs MapamMeTpaMy iCTHHHOrO pyXy IMIBHAKICTIO V, i

kypcom K, a Takox nosmmiero mogo cyama C,, IMO OmEpye, 3aAa€ThCs IEICHIOM OQL; 1
mucranmieo D;.

[lepma ymoBa 30JMDKEHHS TOJSTAaE B 3MEHIIEHHI JUCTaHIIIL Di MDK CyaHamu, ToOTO,
D. < 0. BucnoBumo 1i ymMOBH Yepe3 HMapaMeTpH CHUTYalil, ToOTO, mapaMeTpu BiJHOCHOI IMO3HLii

CYyJIeH mapaMeTpH ix pyxy. B po6oti [11] orpumano Bupas mis Di , IKE Ma€ HACTYIHHUI BUTJISL;
D; = Vicos(K; - a;) — Vicos(K, - 0;).
Tomy nana ymoBa BUpa)xaeTbcs B TaKUM crocio:
[Vicos(K; -a;)—V,cos(K; -a;)]<0.

Jlpyra ymoBa HeOe31MeuHOro 30JIMKEHHS Cy/IeH IOJIArae B TOMY, 1110 IPOrHO30BaHa JUCTAHLIIS

HaiikopoTnoro 36mkenHs D .. MeHIe rpaHn4HO-10IIycTUMO] AucTanii 30mmkenns Dy, vomy

<Dd

V Tiii ke po6ori [11] naBeneno supas gis D

Bimnosinae uepisuicts D

mini *

2

D = ‘Di sin(K ; —a;)

mini

MIPUYOMY

v, opu Vi, >0,V >0,

T+ Wy, mpu V, <0,

oti

2n+y,0pu Vi, <0,V >0

ne y = arcsin{(V;sinK; — V;sinK, )/[V12 + V7 - 2V Vicos(K, - K]y
V_ =V;sinK; - V;sinK;, Voty = VjcosK; — V,cosK;.

otx
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Omxe, apyra ymoBa Mae Burissgy D <Dy, B sxomy D PO3paxoBY€EThCS 3a

mini mini

JIOTIOMOT'OI0 HAaBEJECHOI'0 BHUIIE BUpPa3y. 3BEPTAEMO yBary, IO 3a3HAY€Hl yMOBU 3ajieXkaTb Bij
rapaMeTpiB BIIHOCHOI NMO3UIIIT CYJIEH 1 MapaMeTpiB iX pyxy.

Tpers ymoBa HajexxHOCTI cynHa C; rpymi B3a€MOAIIOYUX CyJICH Zns MIOJISITA€ B TOMY, 1110
BIIHOCHA To3ulisg cyaeH C. 1 C; 103BOJs€ BMKOPUCTOBYBATH MAaHEBD PO3XO/UKEHHS 3MIHOIO
Kypcy. Lle o3Havae, 110 npu YXWIEHHI CyJIeH MaKCHUMaJIbHE 3HAYEHHS IUCTAaHI] HalKOpOTLIOro

30mmkenHs maxD MOBUHHO OyTH HE MEHIIE T'PAaHUYHO-JOMYCTHUMOI JUCTAHIT 307IM>KEHHS
>Dy.

Tum cyanam, Ais SIKUX BUKOHYIOThCS IEepepaxoBaHi yMOBH, iH(popMalliliHa cucTeMa CyJHa

mini
D , yomy Binnosinae nepiBuicts maxD ;.

Cy, 10 omepye, nepeac MOBIIOMIICHHS 3 MIPOMO3HIIEIO PO BKIIOYEHHS iX JI0 TPYNH HEOE3MEUHUX

CylleH, §KI 30JUKYIOThCA Zd . Slkmo mpomo3uiis TpUIHATA, TO CYIHO, IO BIJANOBIJIAE

BKJIIOUAETHCS B TPYIY X d» @ B IHIIOMY BHIIQJIKy BOHO 1ICHTH(]IKY€ThCS K CYIHO, SIKE 3aBaKac.
Tomy BuOIp cTparerii po3Xo/KEHHs 3J1HCHIOETHCS 3MIHOIO KYPCIB YaCTHHHU a00 BCIX CYJEeH

rpymu X d 3 YPaxyBaHHSM CyJIEH, [K1 3aBaaroThb. 110TiM 3a OTPMMaHOIO CTPATETI€I0 PO3XOIKEHHS

3aJlIIHUM Cy/IHaM MOBIAOMJISIIOTHCS X KYPCH YXMJICHHS 1 4ac 1X MMOYaTKy.

BucHoBKkH i nepcnekTHBA MOJAIBIIOI POOOTH 110 JaHOMY HANPAMKY

TakuM yuHOM, B JaHIf CTaTTi 3alpOIOHOBaHa Mpolenypa (GopMyBaHHA Tpynu CYJIEH, SKI
Hebe3ne4yHo 30IMKYI0ThCA B pallOHaX IHTEHCHUBHOI'O CyJHOIUIaBcTBa. Hanani AOUIIBHO pO3TISHYTU
QJIITOPUTM aBTOMATUYHOT'O BU3HAUYEHHS CIUIBHOI CTpATErii pO3X0/KEHHS CY/IEH.
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