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ABSTRACT

In work for warning of collisions of two u three ships the structure of the two-tier
hybrid system of coordination which is built on the existent system of the binary
coordination COLREG:is offered in the situations of their dangerous rapprochement.

In case of occurring of situation of dangerous rapprochement of two ships the
first level is used, and the second level is used at dangerous rapprochement of three
ships.

In quality the first level in the hybrid system of coordination existing
recommends COLREG. If there is the situation of dangerous rapprochement of two
ships cooperation which is determined by a binary coordinator and as a result of
which ships execute the general maneuver of divergence takes place. At first level a
coordinator analyses relative position of ships which are dangerously drawn together,
takes into account their statuses and addresses them coordinating signals. These
signals specify mutual duties to each of ships, in obedience to which ships choose
strategy of divergence, when it is required that first from ships kept the parameters of
motion, and the second ship conducted the maneuver of divergence, or both ships
coordinated execute the maneuvers of divergence.

In the situation of dangerous rapprochement of three ships it is suggested to form
the second level of the hybrid system of coordination as follows. At presence of three
ships which are dangerously drawn together, additionally there are situation
indignations which in general case can take on a value from 0 to 2. The second level
of the hybrid system of coordination, which for such situation of rapprochement
forms the additional signals of coordination also, is therefore used. A coordinator
addresses to the base ship the signals of coordination, which determine his conduct in
relation to the second and third ships, that his type of maneuver of divergence is
determined.

If the signals of coordination in relation to both ships coincide and require
yielding, a base ship must concede a way to the ships, with which cooperates, by the
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maneuver of divergence general for both ships or two successive maneuvers for each
of them. In time, when the signals of coordination require from a base ship to keep
unchanging a course and speed after the relation of both ships, a base ship executes
this requirement on condition that both targets execute the foreseen maneuvers of
deviation.

A numeral example is resulted in completion of the article.

Keywords: safety of navigation, cooperation of vessels, binary coordination,
hybrid system of coordination.

PE®EPAT

B poboti s momepeKeHHs 31TKHEHb JBOX M TPbOX CYJIEH B CHTyalliX ix
HeOe3MevyHOTo 30 IMKEHHS 3alIPOTIOHOBAHO CTPYKTYPY JBOPIBHEBOI MOPUIHOT CUCTEMU
KOOpJIMHAII1, sika o0y 0BaHa Ha ICHYIOU1N cucteMi OiHapHOi koopauHaiii MIITI3C-
12.

[Ipy BUHHMKHEHHI CcHUTYyalii He0e3MeyHOTro 30JMKEHHS JIBOX  CYyJCH
BUKOPUCTOBYEThCSI TEPIINA pIBEHb, a JPYyruidl piBEeHb 3aCTOCOBYETHCS TpU
HeOe3MneuyHoMY 30JIMKEHHI TPHOX CYJICH.

B sxocti mepmoro piBHA B Takiil TIOpUIHIA CcHUCTEMI KOOpPJMHAILIL
pexomengoBano icuyroui MIIII3C-72. SIkmio BHUHHMKAE CHUTyallis He0e3MeuyHOro
30JIMDKEHHSI JIBOX CYJEH Ma€ MICIE B3aEMOJIS, KOTpa BHU3HAYAETHCA OIHAPHUM
KOOPAMHATOPOM 1 B pe3yjabTaTi SKOi CyJHa BHUKOHYIOTh CIUIBHUI MaHEBD
po3xokeHHs. Ha meprioMy piBHI KOOpAMHATOP aHAIII3Y€E BITHOCHY TO3UIIIIO CYCH,
o HeOe3MeYHO 30JMXKYIOThCS, BPaxoBYE iX CTATyCH i aapecye iM KOOPAMHYIOUI
curHad. JlaHi CHUTHAIM BKa3ylOTh KOKHOMY 13 CYJCH B3a€MHI OOOB’SI3KH, 3TiTHO
SAKUM CyJHa BUOMPAIOTh CTPATETII0 PO3XOKEHHS, KOJIM BUMAraeThcs, 1mobd oaHo 13
CylleH 30epirajio CBOi MapaMeTpu pyXxy, a Jpyre CyJIHO MPOBOJUIO MaHEBP
pO3XO/KEHHSI, abo oOuaBa CyaHa CKOOPJAMHOBAHO BHUKOHYIOTH MAaHEBPH
PO3XOJIKEHHS.

B curyarii HeGe3neuHoro 307MKEHHS TPbOX CYJEH APYTHil piBeHb T1OpUAHOI
CUCTEMHU KOOpAMHAIlT 3amporoHOBaHO c(OpMyBaTH HACTymHUM 4YHUHOM. [lpu
HAsBHOCTI TPhOX CYJICH, IO HEOE3NMeYyHO 30JIMKYIOTHCS, TOJAATKOBO BHHHUKAIOTH
CUTYaTHUBHI 30ypeHHs, SIK1 B 3arajJbHOMY BHUIMAJKy MOXXYTh MPUWMATH 3HAUYECHHS BiJl
0 mo 2. ToMy BUKOPUCTOBYEThCA IPYTHMil piBeHb TOPUAHOI CUCTEMHU KOOPJMHALIT,
SKAW JUIsT Takoi cuTyamii — 30JaMKeHHsS (opMye TakoX JT0AaTKOBI CHUTHAIU
koopauHaiiii. Koopaunatop anpecye 0a30BOMY CYyJIHY CHUTHAIU KOOpAWHAIl, sKi
BH3HAYAIOTh HOTO TIOBEIIHKY IO BIIHOIICHHIO JIO APYTOro Ta TPETHOTO CYJICH, TOOTO
BH3HAYAIOTh HOTO THUI MAaHEBPY PO3XOKEHHSI.

kim0 curHagu KOOpAWHAIT BITHOCHO 000X CYJICH CITIBMAJal0Th Ta BUMAramTh
MOCTYMUTHUCS, TO 0a30BE CYIHO MOBUHHO MOCTYMUTHUCS JOPOTOI0 CyJHAM, 3 SIKUMU
B3a€EMOJII€, MAHEBPOM PO3XOKCHHS CHUIBHUM I 000X cylaeH abo aBoma
ITOCTIJOBHUMH MaHEBpPaMH JUIS KOXKHOTO 13 HUX. B pa3i, KO CUTHAIN KOOPIWHAIIIT
BUMAararmTh BiJ 0a30BOTO CyaHa 30epiraTd HE3MIHHHUMH KypC Ta HIBUIKICTH IIO
BIIHOIICHHIO 000X Cy7eH, 0a30Be CyJHO BUKOHYE JaHy BHUMOTY TPH YMOBI, IO
OoOM/IBI 1171 BUKOHYIOTH Nepea0aueH MaHEBPU YXUJICHHS.
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B 3aBepiiieHHs cTaTTi NIPUBEICHO YUCENbHUN MTPUKIIAL.

Kiarwo4doBi cjoBa: Oe3MeyHICT, CYIHOBOJIIHHS, B3aEMOJIA CyJeH, OiHapHa
KOOPAHMHAITIA, TIOpUIHA CUCTEMAa KOOPIUHAIII].

ITocranoBka npodJeMbl B 001eM BH/IE U €€ CBSI3b ¢ BAXKHBIMU HAYYHBIMH
WIN NPAKTHYECKUMH 3a1a4aMu

Mopckue cyaa 3HaYUTEIbHYIO YacTh IKCIUTYaTallHOHHOTO BpEeMEHU pabOTaloT B
CTECHEHHBIX YCJIOBUSX, IJ€ MaHEBPUPOBAaHUE CyJHA 3aTPyJAHEHO, W IIJIaBaHHE
MIPOU3BOANUTCS TI0 €AMHCTBEHHO O€30MMacHBIM, HEPEIKO BEChbMa CTECHEHHBIM ITYTSIM.
Mopckoe cynHO MNpPOBOAWT B CTECHEHHBIX Boaax B cpeaHem 5-10 % xomosoro
BPEMEHH, OJHAKO Ha 3TH palloHbl npuxoautcs cBbile 80 % BceX HaBUTAIMOHHBIX
aBapuii. [IpenynpexaeHue CTOIKHOBEHUN CYJOB B CTECHEHHBIX BOJaxX SBISETCA
OIHOM U3 HauOoyiee aKTyalbHBIX TMpoOJieM B oOecredyeHUH Oe30MacHOCTU
CyIIOBOKIeHHMsI. [[71s1 ycTienmHoro ee peneHuss Heo0XoauMo pa3padboTaTh KOPPEKTHYIO
M aJCKBATHYIO MATEeMaTHYECKyI0 MOJIeNIb B3aUMOJCUCTBUS CYyJIOB B Clydae
BO3HMKHOBEHHUS CHUTYyallUd OMACHOTO COJMXKEHUS JBYX U TpeX CYIOB, YeM U
OTIpEIEISIETCS aKTyaIbHOCTh TEMbI MMyOIHKaIIUH.

AHAJIU3 TOCJHEIHUX JTOCTHKEHHWH W nyOJuKanuii, B KOTOPbLIX HA4YaTo
pellieHUe JaHHON NMPo0JieMbl U Bblje/ieHHe HepPellleHHbIX paHee 4acTel o01ueit
npoodJieMbl

Jns  CHIXKEHUSI OTPUIATENILHOTO BIUSHUS 4YeJoBedeckoro (akTtopa Ha
0€30MMacHOCTh CYJOBOXKACHUSI, OCOOCHHO B CTECHEHHBIX BOJAaX IMPU OMACHBIX
CONMKEHUSX CYAOB, B TMOCIEIHUE JIECSATUJIETUS HAa OCHOBE HCCIEIOBAHUM TIO
aBTOMATH3allMM MaHEBpPa YKJIIOHEHMS CyJIHA OT CTOJIKHOBEHUS, DJIEKTPOHHBIX KapT U
MH()OPMAITMOHHBIX CHUCTEM TPEJJIOKEH HOBBIM THUI aBTOMAaTU3UPOBAHHOW CUCTEMBI
VICAN (Vessel Intelligent Collision Avoidance Navigator) [1]. C 3Toi#i ke 1enbo
pa3paboTaHa MOJIeNb AaBTOMATHU3UPOBAHHOM CHUCTEMBI MPEAYIPEKIACHHUS CTOJIKHOBE-
HUM CyJOB, KOTOpasi MOXKET HCIIOJB30BaThCS JUIsl OCTpoeHUs 0a3nl 3HaHu# [2]. [Ipu
pa3pabOTKe TaKUX WHTEIUICKTyaJIbHBIX CHCTEMbl BO3HUKAET HEOOXOIUMOCTHh B
dbopManM3anu  B3aUMOJICMCTBUS CYJOB M WX KOOPJIWHALMUA 7l 0€30IMacHOTO
PACXOXKJCHUS, YeM U 00YCJIOBJICH BHIOOP TEMBI TaHHOW paOOTHI.

B pabGore [3] paccMoTpeHa 3ajadya pacXOXKJICHMS CYJOB Ha JTare
KIaccupuKallii HaydaJdbHBIX CUTyallud B 3aBUCUMOCTH OT HUX Ha4YaJIbHOM
OTHOCHUTEJILHOM TO3UIIMU U TapaMeTpOB JBIKEHUS. Borpocsl ¢opmainzanuu
B3aMMOJICUCTBUSL Mapbl CYJO0B B Pa3JIMUHBIX CUTYallUsIX OIACHOTO COJUKEHUS
paccMoTpeHbl B pabotre [4], a B pabore [5S] ocBelleHO B3auMOJCHCTBHE CYJOB B
CUTYyaIlMU YPE3MEPHOTrO COJIMKECHHUS.

DopMyJIHPOBKA 1eJIeH CTAThbH (IIOCTAHOBKA 32/1a4H)
[enpto myOnukanuu sBisieTcs: GopMain3aius B3aUMOJACHCTBUS MPU OMACHOM
COJIMKEHUH JBYX U TPEX CY/OB ISl KOOPAMHAIIUN UX MAHEBPOB PACXOXKICHHUS.
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N3i105keHHEe OCHOBHOIO MaTepHaia HMCCIEAOBAHUSA ¢ O00OCHOBaHHEM
MOJIYYCHHBIX HAYYHBIX Pe3yJbTaTOB

IIpy mnnaBaHMM B CTECHEHHBIX BOJAX BO3HHMKAIOT CHUTYallUM OIACHOTO
CONMMIKEHMSI KaK JIByX, TaK U TPEX CYAOB, OJHAKO CYIIECTBYIOLIasi CUCTEMa OMHApPHON
KOOpJIMHALMKM, KoTopas peamu3zoBaHa B  MIIICC-72, npenycmaTtpuBaeT
KOODAMHALMIO  TOJIBKO MAapHBIX  B3auMOJEWMCTBUM  cynoB. [loatomy  ms
NPEAYNPEXKACHUST  CTOJKHOBEHHMM  CyJOB  clIeAyeT  pa3pabdoTarb  CUCTEMY
KOOpJIMHALIMH, KOTOpas COJEPKHUT JBa YPOBHSA, NPUYEM NPH BO3ZHHUKHOBEHUU
CUTYaIlMU OMACHOTO COMMKEHUS IBYX CYIOB HCIIOJIb3YETCS IEPBBIA YPOBEHB, BTOPO
YPOBEHb 3aJE€HCTBYETCS IPU ONACHOM COJMKEHUH TPEX CYJOB.

B kayectBe mnepBoro ypoBHS B Takoil THMOpUAHOM cHUCTEME KOOpPIMHALUU
nenecoodbpasno BeIOpath cymectByromue MIIIICC-72. B  ciydae omacHOro
CONMMKEHUs JIByX CYJOB BO3HUKAIOT CUTYAal[IOHHBIE BO3MYLICHHUS (O, U My [3] U

B3aMMOJICHCTBHE, KOTOpOE NpPEANHChIBACTCA OMHApHBIM KoopauHatopoM C,

(MIIMICC-72 B 4yacTh MaHEBPUPOBAHUS CYJOB IPU PACXOXKICHUU, SIBISIONIUECS
NEPBBIM YPOBHEM T'HOPHAHON CUCTEMBI KOOPJMHALIMH), B PE3yJIbTaTe KOTOPOrO CyAa
BBIIIOJIHAIOT ~ COIVIACOBAHHBIM MAaHEBP PAaCXOXKICHMUS. Ha mnepBoMm ypoBHe
koopauHaTop C, aHaNIM3MpyeT OTHOCHUTEJIBbHYIO MO3ULMIO CYJ0B, KOTOPbIE OIACHO
COJNIMKAIOTCS, YUYUTBIBAET MX CTaTyChbl, M MPEANHCHIBAET UM KOOPAUHUPYIOIINE
CUTHAQJIBI Yip M Yo [3]. VYKazaHHbple CHIHaIbl MNPEANUCHIBAIOT KaXIOMYy U3

B3aUMOJICUCTBYIOIIMX CYJIOB B3aWMHBIE OOS3aHHOCTH, COTJIACHO KOTOPBIM Cyja
BBHIOMPAIOT CTPATETUIO PACXOXACHHS, KOTJa OJHO U3 CYJOB COXpaHSET CBOU
napameTpbl JIBM)KCHHSI, 2 BTOPOE CYJHO MPOU3BOJIUT MAHEBP PACXOKIECHHUS, WK 00a
CyJIHa COTJIACOBAHO BBITIOJIHSAIOT MAHEBPHI PACXOKICHHUS.

B cutyanuun omacHoro cOJuXeEHUsSI TpeX CYJOB BTOPOW YpPOBEHb THOPUAHOM
CUCTEMbl KOOPJMHALIMM MpeasiaraeTcsi cpopMUpoBaTh clieayroumm odpazom. [lpu
HaJIMYUU TPEeX OIMACHO CONIDKAIOUIMXCSA CYJIOB JOMOJHUTEIbHO BO3HUKAIOT
CUTyallHOHHBIE BO3MYLICHUH 3 =@W3; U (My3 = W3y, KOTOPbIE B 00IIEM cilydae

MOTyT TIpuHUMaTh 3HadueHus ot 0 1o 2. IloaTomy 3ameiicTByeTCs BTOPOM YpOBEHBb
TUOPUHON CHCTEMBbl KOOPJWHALIUU, TIPU HCIOJIB30BAHUM KOTOPOTO OOOOIICHHBIN
koopauHaTop C, B paccMaTpuBaeMOM CUTYalMH COJMMDKEHUS TOMHMO CUTHAJIOB 7Yio
U 7Yy, GOpPMHUPYET TakXkKe KOOPIUHUPYIOIIME CHUTHAIBL Yi3, Ya10 Yoz U Y3
Koopaunatop C, agpecyeT omepupyrolleMy CyIHY CUTHAJbl KOOPAMHALUU Yip, U
Y13, OIPEACIAIONINE €r0 MOBEACHUE N0 OTHOLIEHUIO KO BTOPOMY M TPEThEMY CYJIHY,

KOTOpbIE TMPEANUCHIBAIOT €My THUII MaHeBpa pacxoxkiaeHus. Eciaum curHaibl
KOOpAWHAIIUU COTJIACOBaHHBIC (C OJMHAKOBBIM 3HAUYCHHEM) M HMEIOT 3HAYCHUS

Y12 =1, 7,3 =1, TO onepupyromiee CyHO yKIOHSETCS, YCTynasi 000UM Cyaam JOpory.
B ciydae cornmacoBaHHBIX CUTHQJIOB KOOPJAWHALMM CO 3Hau€HUsIMU Y., =0, v;3=0

OTIEPUPYIOIIECE CYJHO COXPAHSAT HEU3MEHHBIE MapaMeTpbl ABUKEHUA. B0O3MOXKHBI
CUTyalldd OMNACHOTO COJMXKEHUSI, B KOTOPBIX CHUTHAJIBl KOOPAWHAIMA MOTYT

npoTUBOpednth ApYr Apyry (v =1, v,3=0 wmm vy, =0,y3=1), 1. e
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ONepUpPYIOIIee CyHO OJJHOBPEMEHHO OJIHOMY U3 CYAOB JOJIKHO yCTYIAaTh JAOPOry, a
OTHOCUTEJILHO BTOPOT'O CyJITHA COXPAHSATh HEU3MEHHBIMH KYpPC U CKOPOCTb.

Ecnu koopIuHMpYOIUE CUTHAIIBI COTJIACOBaHHBL, IPUYEM Y, =1 U Y3 =1, TO
omnepupyoliee CyaHO JOJDKHO YCTYNUTh JIOPOTy CyAaMm, C  KOTOPBIMHU
B3aMMOJICUCTBYET, MAHEBPOM PACXOXKJICHUS, pPEATU3YyIOIUMCS JUO0 0oOIuM
MaHEBpPOM i1 O0OMX CYZOB, WM JABYMsI TOCIEJOBATEIbHBIMU MaHEBpPaMH Jis

KaXJ0ro U3 HUX. B ciydae, korja KOOpAMHHUPYHOIIUE CUTHaIbBl Y, =0 u y,3=0

MPEMUCHIBAIOT OTEPUPYIOIIEMY CYAHY COXPaHITh HEM3MEHHBIMHU KYpPC U CKOPOCTh
OTHOCUTEIHLHO 000MX CYJIOB, ONEPUPYIOIEE CYAHO BBIMOJHSIET JaHHOE TpeOOBaHUE
IPU YCJIOBUH, UTO 00€ 11€JIM BBIMOIHSIOT MPEANUCaHHbIE MAHEBPHI YKIOHeHUs. Eciu
e XO0Ts Obl OJIHa U3 LeJIel He YCTYNAaeT AOPOry ONEpUPYIOLIEMY CYIHY, BBITOJHSASA
IpeIMCaHHbIi MAHEBP PACXOXKJIEHUS, TO TIOCIEIHEE COXPAHSIET MOCTOSHHBIMU KYpPC
U CKOPOCTh O HEKOTOPOIO MOMEHTa BPEMEHM, IIOCJIE KOTOPOTO OHO BBIHYXIECHO
COOCTBEHHBIM MaHEBPOM IPEIYNPEAUTh BO3MOKHOE CTOJIKHOBEHHE.

B ciydyae mpoTHBOPEYMBBHIX KOOPAMHUPYIOIIUX CUTHAJIOB OMEPHUPYIOIIEE CyIHO
pelraeT BO3HHUKIIEe MPOTUBOPEUYNE TEM, YTO MPEANPUHUMAET MAHEBP PACXOXKICHUS,
KOTOPBIi SIBIISIETCSI 6€30MaCHBIM ISl 00EHMX CYZI0B B HYJIEBO MOMEHT BPEMEHH.

PaccmoTpuMm  ucHonb30BaHUE  BTOPOrO  YPOBHS  THUOPUIHOM  CUCTEMBI
KOOpJMHAIIMK TIPH BO3HUKHOBEHHH CHUTYAIlMH OTMACHOTO COJIMKEHHS TPEX CYAOB C
NEpEeMEHHBIMU: NTapaMeTPaMu JBIKECHHA olnepupyromero cyaa K, =245°, V, =19

y310B, nepsoii nemu - K, =50°, V, =18 y3nos, BTopoii nenu - K3 =330°, V3 =25
Y3710B; OTHOCHTENBHOH mosuimed oy, =235°, d;, =48 wmum, o,3=175°,

di3=4,75 mumm, o,3=112° d,; =50 wmunae. Ilo HCXOAHBIM JaHHBIM ObIIHM

paccuuTaHbl JUCTAHIIMU KpaTyaliiero COJMKEHUS CYJO0B: Dmin12 =01 wmwum,

=01 mum, Dmin =0,9 M. Bce Tpu cOnmxarommecs: CyJaHa SBISIOTCS

min13 23
CYI[aMI/I C MCXAHHMYCCKHM ABHUTATCIICM, H03TOMy NMCIOT OI[I/IHaKOBBIfl CT aTyc. C
YYETOM UX OTHOCHUTCIBHOI'O ITOJIOXKECHUA KOOPAUHATOPOM (bOpMI/IpyIOTCSI CICOAYIOIUIUEC

KOOPAMHUPYIOIINE CUTHAIIBL: Y1, =0, v, =1, v13=0, 75 =1, y,3=1 1 y4, =0.
B nmanHOM npumepe KOOpAMHHUpYROLIME cUrHaibl Y, =0 u v,3 =0 sBusrorcs

COTJIaCOBAaHHBIMHM, TIO3TOMY €CIM O00€ IeNd BBHIMOJHSAIOT  MPEANUCaHHBIC
KOOPAMHATOPOM MAaHEBPbl YKJIOHEHHUS, TO OINEPUPYIOLIEEe CYIAHO COXpaHSET
HEW3MEHHBIC MMapaMeTphl IBWKeHus. Eciu ske xoTs Obl 0JHA W3 IeNiel He yCTyIaeT
JIOpOTYy OINEpPUPYIOUIEMY CYAHY, TO TOCIEIHEE CJIeAyeT MOCTOSHHBIM KypCOM U
CKOPOCTBIO 0 HEKOTOPOTO MOMEHTA BPEMEHH {, IOCIE KOTOPOTO COOCTBEHHBIM
MaHEBPOM PACXOXKIEHUS MPEIynpexaacT BO3MOKHOE CTOJIKHOBEHUE. B naHHOM

mpuMepe MOMEHT BpeMeHH ! omperensercss yMeHbIIEHHeM AMCTaHiuil d,, mo

sHaueHnit 0, =34 wMmmum. B 3TOT MOMEHT BpEMEHH OHEpUpYIOIIEe CYITHO
ykiousiercss Ha kype K;, =285°, B pesymbrare 4ero omnepupymroliee CyxHO
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0€30I1acHO PacXOoJUTCS € LENsIMH Ha paccTosHUAX D =17 muiu n Dmin 5 =10

min12 1

MMIJIN.

BbiBOABI U epPCNEeKTUBA JaJIbHelIIei padoThl 0 JAHHOMY HANIPABJIEHUIO

Takum o0pa3om, B cTaThe NPEAJIOKEHA JIBYXYPOBHEBas TMOpHIIHAs CHCTEMa
KOOpAWHAIIMK, HWCIHOJIb3ylomas OuHapHyto koopauHaiuio MIITICC-72, s
MPEAYNPEKICHUS CTOJKHOBEHUW JBYX U TPEX CYJIOB B CUTyalldd HUX OIACHOTO
commkenus. B nmanpHelimem 1enecoo0pa3Ho Mpou3BecTd aHau3 3()PeKTUBHOCTU
npearaeMoil THOpUIHOM CUCTEMbI KOOPUHALIUH.
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