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ABSTRACT

The modern system of binary coordination which is realized in COLREG does
not respond to request law of the necessary variety Eshbi, through what possible
existence of situations of dangerous rapprochement, situation indignation of which
cannot be compensated by the binary coordination COLREG. The law of the
necessary variety Eshbi is executed, if the system of binary coordination foresees
indemnification of possible situation indignation in the case of standard divergence
by the following methods: by the general maneuver of both ships or maneuver of ship
with greater speed.

These methods of indemnification of situation indignation are used in the first
region of mutual duties of ships of standard divergence. By the first method situation
indignation is compensated by two active ships. In this case it is necessary
concordance of maneuvers of divergence of both ships, which provides the increase
of distance of the shortest rapprochement in the case of implementation of maneuvers
of divergence of ships. It takes place for ships which are drawn together on meeting
courses, at the change of their courses in one side (for example, increase of courses of
both ships). In the case of rapprochement of ships on passing courses for coordination
of maneuvers of divergence necessary change of courses of ships in different sides,
for example, one ship multiplies a course, and other ship - diminishes a course. The
change of distance of the shortest rapprochement is determined by the constituent of
total speed of ships, what orthogonal to the line to bearing. In the first method this
constituent always more large zero, that is multiplied distance of the shortest
rapprochement.

The second method foresees indemnification of situation indignation by one
ship, that the maneuver of divergence is executed by one of ships, while other ship
keeps unchanging it course and speed, therefore in this case there is no necessity in
coordination of their cooperation. If the second region of mutual duties of ships was
realized, situation indignation is compensated by urgent divergence.
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In work the also offered system of coordination at dangerous rapprochement
three ships, which takes into account the requirements of law of the necessary variety
Eshbi, which foreseen four regions of mutual duties of ships.

The system of coordination of cooperation of three ships is the universal system
of coordination at dangerous rapprochement two and three ships, which responds to
request law of the necessary variety Eshbi. At divergence of two ships the system of
coordination of cooperation of three ships is transformed in the system of binary
coordination.

Keywords: safety of navigation, warning of collisions, concordance of
cooperation of a few vessels.

PE®EPAT

CyyacHa cuctema OiHapHOI1 KOoOpauHaIlii, sika peanizoaHa B MIIII3C-72, He
BIJIMIOBIZ]a€ BUMOTaM 3aKOHY HEOOX1/IHOi pizHOMaHITHOCTI Embi, uepes 1mo MoxiuBe
ICHYBaHHS CUTYyaIliil HeOe3MeyHOoro 30/IMKeHHs, CUTYyallliiHe 30ypeHHs AKX HE MOXe
Oyt KomIieHcoBaHO OiHapHOIO koopauHaiiero MIITI3C-72. 3akoH HeoOXiaHOT
pizHoMaHITHOCTI Em0i BHKOHYeTbCSA, SKIIO CcUCTeMa OIHApHOI KOOpAMUHAILIT
nependayae KOMIIEHCAIII0 MOKIIMBOIO CUTYaIlitHOTO 30ypeHHs B pa3i CTaHAApPTHOIO
PO3XO/KEHHS] HACTYMHHMH CHoco0aMu: CHUIBHUM MaHEBpOM 000X cyleH abo
MaHEBpPOM CyJIHA 3 OLIBIION0 MIBUAKICTIO.

i ciocoOu koMneHcallii cuTyaiiHoro 30ypeHHs BUKOPUCTOBYIOThCS B MEPIIIiif
o0nacTi B3aEMHUX OOOB’SI3KIB CYJEH CTaHJIAPTHOro po3XomkeHHs. llepmum
croco0oM cuTyalliifHe 30ypeHHsS KOMIIEHCYETbCS JBOMAa aKTUBHUMH CyaHaMu. B
bOMY BUINAAKY HEOOXITHO Y3TO/)KEHHS MaHEBPIB PO3XO/KEHHsS 000X CYIEH, SIKe
3a0e3nedye 30UIBIICHHS JTUCTaHIl HAMKOPOTIIOro 30JIMKEHHS B pa3l BUKOHAHHS
MaHEBpIB pPO3XO/KEeHHA cyleH. Lle Mae micue ans cyieH, siKi 30JMKaroThCs Ha
3yCTpIUHMX KypcaX, MpHU 3MiHI iX KypCiB B OJHY CTOPOHY (HanpuKiaja, 301UIbIIEeHHS
KypciB 000x cyneH). Y BUNAQAKy 30JMKEHHA CyA€H Ha MOMYyTHUX Kypcax s
KOOpJMHAIlIi MaHEBPIB PO3XO/KEHHsI MOTPiOHA 3MiHA KYyPCIB CYAEH B Pi3HI CTOPOHH,
HaIpUKIIaJA, OJIHE CYAHO 30UIbIIyE KypcC, a IHIIE CYIHO - 3MEHIIye Kypc. 3MiHa
OUCTAHIli HAWKOPOTIIOrO 30JMKEHHS BHU3HAYAETHCA  CKIIAJIOBOIO  CyMapHOi
IIBUAKOCTI CYJIEH, siKa OPTOrOHaJIbHA 10 JiHII meneHry. B mepmomy crnoco0i s
CKJIaJloBa 3aBXJM OUIbIIAa HYJS, TOOTO JUCTAHISI HAWUKOPOTIIOTO 30JIMKEHHS
30UIBIIY€ETHCA.

Hpyruit croci6 mnependavae KOMIEHCAIII0 CHUTYaI[IHHOrO 30ypeHHS OIHUM
CYyJIHOM, TOOTO MaHEBpP PO3XO/JKEHHS BUKOHYETHCS OJHUM 13 CYJEH, B TOH Hac, sK
iHIIe cyaHO 30epirae HE3MIHHUMH CBOi KypcC Ta IIBHIKICTh, TOMY B IIbOMY BHIIAJKY
HE BHHUKAE HEOOXITHICTh B KOOPJMHAIN iX B3aemojii. SIkio peanizyBanacs apyra
00JacTh B3a€EMHHMX OOOB’SI3KIB CYyJIEH, TO CHUTYyaliiiHe 30ypeHHSI KOMIIEHCYETHCS
€KCTPEHUM PO3XOIKCHHSIM.

B po0oTi Takok 3ampornoHOBaHAa CcHUCTeMa KOOpAWHAIli Mpu HeOe3NeUHOMY
30JMKEeH1 TPhOX CY/CH, sIka BPaXOBYE BUMOTH 3aKOHY HEOOXIAHOI pPI3HOMaHITHOCTI
Em61, sikoro nmependaueHi 4oTupH 00JaCTi B3aEMHUX 00OB’SI3KIB CYJICH.
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Cucrema KoOpAMHAIl B3a€EMOII TPbOX CYJEH SBISETHCA YHIBEPCATBHOIO
CUCTEMOI0 KOOpAuHalii npu HeOe3nmeyHOMYy 30JMKEeHI ABOX 1 TPbOX CYJIEH, fKa
BIJIMIOBIZIa€ BUMOTaM 3aKOHY HeoOXigHoi pi3zHoMmaHiTHOCTI Embi. Ilpu po3xomkeHH1
JBOX CYJIE€H CHCTeMa KOOpAMHAIllI B3a€EMOJIi TPhOX CYyIE€H TpaHCHOPMYEThCA B
cuctemMy O1HapHOT KOOPAMHALIII.

KuarouoBi ciioBa: 6e3neyHICTh CyTHOBOAIHHS, MONEPEIKEHHS 31TKHEHb CYJIEH,
y3TOJKEHHS B3a€EMO/IIT JEKUTBKOX CYJIEH.

IlocTanoBKka npo0JieMbl B 0011eM BH/IE U €€ CBSA3b C BA)KHbIMH HAYYHBIMH
WIH NPAKTHYECKUMH 3a1a4YaMu

ABapUiiHOCTb CyJOB MO TPHUYMHE CTOJKHOBEHHW B CTECHEHHBIX BOJAX
MIPOJIOJKAET OCTaBAThCA HAa HEJONYCTUMO BBICOKOM YpOBHE. B HHTEHCUBHBIX
palioHax IUTaBaHHMS HEPEAKO BO3HUKAIOT CHUTYallMM OJHOBPEMEHHOI'O OIACHOTO
cOmmkeHns Ooee IByX CyJ0B, KOT/la BHIIIOJIHEHUE MAaHEBpA PACXO0KIEHUS COTIIACHO
tpeboBanusim MIITICC-72 3a4yacTyio CTaHOBUTCS HEBO3MOXKHBIM. OJIHOBPEMEHHOE
ornacHoe cOJMKeHue 0ojiee TpeX CyJ0B B CTECHEHHBIX BOJAX SIBISIETCS 1OCTATOYHO
pPEAKUM, MOATOMY pa3paboTKa YHHUBEpPCAJIbHON CUCTEMBbI KOOPAMHAIMU ABYX U TPEX
CYJOB B CUTYyallMl OMAcCHOTO COJIM)KEHHUS SIBIISIETCS aKTyaJbHBIM M NEPCIEKTUBHBIM
HaIlpaBJICHUEM HAay4YHBIX UCCIICTOBAHMI.

AHAJIN3 TOCJAEeAHUX JOCTH:KEHMi M mnyO0JuKaunmid, B KOTOPHIX HA4YaTo
peleHue AaHHOW NMpolJieMbl U BblleJIcHHE HEPEUICHHBIX paHee YacTed o0uiei
npooIeMbl

PaGotbel [1-4] moOcBsIIeHBl BoOMpocaM pa3padOTKH CHUCTEMbl OWHAPHOM
KOOpJMHALMKA  B3aUMOJCHCTBUS CYAOB B CHUTYyallUM OIACHOTO  COJMXKEHHMS.
OnpeneneHnio HMHTEHCUBHOCTH CHUTYAallHOHHOTO BO3MYUIIEHUS TP  OMNAaCHOM
CONM>KEHUU CY/I0B MOCBAIIEeHa padota [1], a B paboTax [2,3] npeioskeH BO3MOXKHBIN
BapUAHT CHUCTEMBI, COJEp Kallell JBa HEPApXUUYECKUX YpPOBHS, NpPHUYEM IEPBBIH
YPOBEHb CUCTEMBI PAaCCMOTPEH B MyOjaukanuu [3], a onucaHue ee BTOPOro ypOBHS
npuBeneHo B cratbe [4]. B pabGore [5] mnpemioxkeHa albTepHATHUBHAS
cyliecTBytoliel, 0onee rppekTruBHAS cUcTeMa OMHAPHOW KOOPAMHAIIMU, a CUCTEMA
KOOpJMHALMM B3aUMOJIEMCTBHS TpeX CYJOB OINKWcaHa B myonukamuu [6].
[IpennoxkeHure pa3HbIX CUCTEM KOOPAWHALMU JUIsI CUTYallud OMAcCHOTO COJIMMKEHUs
IBYX M TPEX CYZOB BEJIET K YCIOXKHEHUIO UX BO3MOXKHOTO UCIONIb30BaHus. [loaTomy
clelyeT MPOU3BECTH Pa3pabOTKy €IMHOW YHHBEPCAJIbHOM CHCTEMbl KOOpPAWHALUU
SC(x)> MPUIOAHOM K HCIOJIB30BAHHIO [IPU OMTACHOM CONIKCHHH KaK JBYX, TaK U TPEX

CYyJIOB.

DopMyJIMPOBKA 1eJIell CTATHH (MMOCTAHOBKA 32/1a4M)
Ilenbto maHHOM cCTaThU SBISETCS pa3pabOTKa CTPYKTYPhl YHUBEPCAIHHOM
CUCTEMBI KOOPAWHAIMM B3aWUMOJCUCTBUSA [JIBYyX U TPEX CYAOB B IMPOIECCE
PACXOXKAEHHUS IPU KOMIICHCALIUY CUTYAIlMOHHOTO BO3MYILICHUS.
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N3i05keHHe OCHOBHOIO MaTepuasia MCCIeJOBAHUS ¢ O00OCHOBAHHEM
MOJYYEeHHBIX HAYYHBIX Pe3yJbTaTOB

Kak moka3zano B pabote [5], coBpeMeHHasi cucTeMa OMHApPHOW KOOPAMHALINH,
koropyto coxaepxkatr MIIIICC-72, He CcOOTBETCTBYeT TpeOOBaHUSIM 3aKOHA
HEOOXOIUMOI0 pa3HooOpa3ust OuIOU, YTO JOMYCKAaeT CYIIECTBOBAHME CHUTYalUl
ONaCHOr0 COJMKEHUs, CUTYallMOHHOE BO3MYILEHUE (0;, KOTOPBIX HE MOXET OBITH

KoMIleHcupoBaHO OunHapHol koopauHauueit MIIIICC-72. Iloatomy B paborte [5]
J0Ka3bIBAETCS, YTO 3aKOH HEOOXOAMMOTO pazHOOOpa3ust DO BBINOIHIETCS, €CIIU
cucreMa  OMHapHOW  KOOpIMHALMH  SC(p)  MPEIyCMAaTpPUBACT  KOMIICHCALMIO

BO3MOXHOT'O CHTYAaI[MOHHOTO BO3MYLICHHS IPH CTAaHAAPTHOM PACXOKICHHU
(o, =1) caenyromumu criocodamu:

1. CoBMeCTHBIM MaHEBPOM 00OUX CYJIOB C; U C, .
2. MaHeBpoM cyqHa ¢ O0JIbLIEH CKOPOCTBIO C .

OTu crnocoObl KOMIIEHCAIIMM CHUTYAallMOHHOTO BO3MYIIEHUS TNPUMEHSIOTCS B
NepBO 00JaCTH B3aWMHBIX OO0S3aHHOCTEH CYJOB CTaHAAPTHOTO PACXOXKICHHUS.
AKTHBHBIM SIBJISICTCS CY[JHO, KOTOPOMY CHCTEMO¥ OHWHApHOW KOOpIAMHALMH SC(7)

MNPCAIMUCHIBACTCS BBIIOJIHCHHUC MAHCBpPA PACXOXICHHA, d IMTAaCCUBHBIM - CYIHO,
COXpAaHAIOMICC HCU3MCHHBIMU IMAPaMCTPhI IBUKCHUA 110 Tpe6OBaHI/IIO SC(z) .

[lepBpIM €MOCOOOM CHUTYyallMOHHOE BO3MYIICHHE KOMIICHCUPYETCS JIBYMS
aKTUBHBIMU cyaamMu. B 3ToM ciydae HE0OXOAMMO COTJIACOBAaHME MAaHEBPOB
pacxoxaeHuss o0OuX CyIooB, T. €. HMX KOOpAMHALMs, KOTopas oOecreunBaeT
yBEJIWYCHUE JUCTAHLIMHM KpaTd4auiiero CcOMMKEHUs TPH BBITIOJHCHUU MaHEBPOB
PACXOXKJICHHS CYJIOB. DTO MPOUCXOAUT JJIA CYIOB, COJNIIKAIONIUXCS HAa BCTPEUHBIX
Kypcax, NMpU H3MEHEHMH WX HaYaJIbHBIX KYpPCOB B OJIHY CTOPOHY (Hampumep,
yBeIUYeHHUE KypcoB o00Ooux cyaoB). B ciyuae cOmmkeHUss CyJOB Ha MOIYTHBIX
Kypcax JJIsi KOOpPJUHAIIMM MaHEBPOB PACXOXKIEHUS TPeOYyeTcs M3MEHEHHE KYpCOB
CyJIOB B pa3Hble CTOPOHBI, HAIPUMEDP, CYAHO C; YBEJIMYMUBAECT KypC, a CYAHO C, -

YMCHBIIACT KYPC. N3MmeneHnne OUCTaHIMU KpElT‘I&fIHICI‘O COJIMOKEHUS Dmin
OIIPCACIIACTCA COCTAaBJISIOLICH CYMMElpHOfI CKOpOCTH Cya0oB

V,sin(K,y -a) = Vi sin(K, - o), meprneHanKyspHOi K JMHUA HENeHra. YKa3aHHas

CKOPOCTb YBEITMYUBAETCS, €CJIU COCTABIISIONINE CKOPOCTH UMEIOT pa3Hble 3HAKH, YEM
1 00OCHOBaHBI BBIBOJIbI 110 KOOPAMHAIIMUM MAaHEBPOB PACXOXKACHUS JIBYX aKTHUBHBIX
cynoB. Bropoii cmoco0 mpeaycMaTpuBaeT  KOMIIGHCALIMIO  CUTYAaIllMOHHOTO
BO3MYUICHUS! OJJHUM CYIHOM, T. €. MaHEBP PAacCXOKICHHs MPOU3BOIAUTCS OJHUM U3
CyIOB, B TO BpeMsi KaK BTOpPO€ CYAHO COXpaHSe€T HEU3MEHHBIMH CBOU KypC U
CKOPOCTb, TIO3TOMY B 3TOM CJIy4yae HE BOZHMKAET HEOOXOAMMOCTh B KOOPJMHALIUU UX
B3aumojiericTBus. CreoBaTeNlbHO, MPU KOMIIEHCAIIMM CUTYallMOHHOTO BO3MYIIEHUS
CYIHOM C OOJBIIeH CKOPOCTHIO MM OOOMMH CyAaMH BBINOJHSIOTCS TpeOOBaHUs
3aKOHAa HEO0OXOIUMOro pazHooOpa3us Duou. Ecnu ke cuTyallMoOHHOE BO3MYILEHUE
®;, =2, TO UMEET MECTO BTOpasi 00JIaCTh B3aUMHBIX 0013aHHOCTEHN CYZ0B, B KOTOPOii

CUTYAlITMOHHOC BO3MYIICHHUC KOMIICHCUPYCTCA SKCTPCHHBIM PACXOKICHUCM.
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B pabore [6] mnpemnoxeHa cucTeMa KOOPIMHALMH SC(3y IPH ONACHOM

COJIKEHUU TpeX CYAOB, KOTOpas YUYUTHIBAET TpeOOBaHUS 3aKOHa HEOOXOIUMOIO
pazHooOpa3ust Omldu. B 3aBUCMMOCTH OT 3HAUYE€HHUN CUTYAIMOHHBIX BO3MYILECHHI
®p;, O3 U ®)3; CYIOB B CHCTEME KOOPAMHALMHU SC(3) HPEAYCMOTPCHBI YETHIPE

00J1aCTH B3aMMHBIX 00I3aHHOCTEH, KaK IT0Ka3aHo B Ta0I. 1.
Tabauya 1. Obracmu 63aumHbIX 0053aHHOCHEN MPeX 83AUMOOCUCMBYIOUWUX CYO08

Ne ) 3 053 OGnactu
COUETaH.
1 1 1 0 A
2 1 0 1 B
3 0 1 1 B
4 1 1 1 B
5 1 2 0 C
6 2 1 0 C
7 1 0 2 C
8 2 0 1 C
9 0 1 2 C
10 0 2 1 C
11 1 1 2 C
12 1 2 1 C
13 2 1 1 C
14 2 2 0 D
15 2 0 2 D
16 0 2 2 D
17 2 2 1 D
18 2 1 2 D
19 1 2 2 D
20 2 2 2 D

Kak nmoka3an ananu3 Tabna. 1, Bcero Bo3mMoxHO 20 coueTaHMM CHUTYallMOHHBIX
BO3MylIeHUI. B couetanusx 1...4, korga 3Ha4yeHUs] UX CUTYAallMOHHBIX BO3MYLIECHUI
HE TpeBOCXOAAT 1, Oe30macHOe pacxoXkJA€HHE BO3MOXKHO CTaHIAPTHBIM MaHEBPOM
OJITHOTO WJM JIBYX cyaoB. Iy coueranus | HeoOXoaumoe pa3zHOOOpa3re MaHEBPOB
JOCTUTAETCs MAHEBPOM CyAHA C; ¢ HaUOOJbIIEH CKOPOCTBIO, B TO BpeMs, KaK CyJa ¢

MCHBIIIMMHU CKOPOCTAMHU C, U C3 OCTAIOTCA ITACCHBHBIMU. Takas CUuTyanu: 1nmpucynia

nepBod 00JacTh B3aMMHBIX 00si3aHHOCTEH A. B coueranusx 2...4 coOmroaeHue
TpeOOBaHUs 3aKOHA HEOOXOJMMOIo pa3zHooOpasus Dmldu TpedyeT MaHeBPUPOBAHUS
IABYX CYIIOB C; U C,, a CyJHO C MUHHMAJIbHONW CKOPOCTBIO C; SIBJISIETCSI IACCHBHBIM.

JlaHHBIE CUTYyaIluU XapaKTepU3yIOT BTOPYIO 00JIaCTh B3aUMHBIX 00s3aHHOCTEN B.
Coueranusa 5...20 coaepkaT CUTyallMOHHBIE BO3MYIIEHHUS CO 3HAYECHHUEM 2,
MPENOIaralonux 3KCTPEHHOE MaHEBpPUpPOBaHUE MpU pacxoxaeHuu. CoueraHus
CUTYalIMOHHBIX BO3MYIIECHHH ¢ 5-ro mo 13-l HOMEp coaepaT OJHO CUTYallMOHHOE
BO3MYIIECHHE CO 3HAYEHUEM pPaBHBIM 2. B HaHHBIX CUTyalUsX Cyaa, IJs KOTOPBIX
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(Dij 22, AKTHBHBIC H II03TOMY BBIIIOJHAKOT MAHCBP 3KCTPCHHOI'O PACXOXKACHUA C

Y4E€TOM MEMIAIOLIEr0o CyJIHAa, a TPETb€ CYIHO SABISETCA MAaCCUBHBIM. OJTO
XapaKTepucTuKa 00JacTH B3auMHBIX oOsi3aHHOcTel C. B coueraHusx ¢ HoMepaMu
14...20 He MeHee NBYX CUTYaMOHHBIX BO3MYLIEHUN XapaKTepU3yIOTCA 3HAUEHUSIMH,
paBHbIMH 2. YKa3aHHbIe coueTaHus (HOpPMUPYIOT 00JACTh B3aUMHBIX OOS3aHHOCTEM
D. B at10i1 005acTu Bce TpH CyJIHA BBITTOJHSIIOT MaHEBPbI IKCTPEHHOTO PACXOXKICHUS,
T. €. ABJISIFOTCA AKTUBHBIMH.

IIpousBeniemM aHaan3 BO3MOXKHOCTH TNPUMCHCHHSI CHCTEMbI KOOPANHALMU SC3)

IIPY BO3HUKHOBEHHWH CUTYyaIlMH OIMACHOTO COJIMDKEHHUS IABYX CynoB. B aToM ciydae
Taba. 1 BeIpoKAaeTCs B TaOIUIy CTOJIOCI, COJACPIKAIIYI0 NEPBbIA TaOIUIBI C
CUTYallUOHHBIM BO3MYILIEHHEM ;,, 3HA4E€HUS KOTOporo otiuyatorcsi ot 0, T. e.

0, =1 mm ®, =2 U COOTBETCTBYIOIIUE OOJIACTH CTAHOBATCSA NEPBOIl 00JACTHIO

CTaHJAPTHOTO PACXOXKJIECHUS WM BTOPOM OOJACTBIO IKCTPEHHOTO PACXOKICHUS.
CrenoBarenbHO, NPU OTCYTCTBHM TPETHEIO CyIHA CHCTEMa KOOPAMHALMH SC 3

B3aMMOJICUCTBUSL  TpeX CYIOB TpaHCPopMUpYEeTCS B CHCTeMY OWHaApHOU
KOOPJMHALNK SC ;) B3aUMOJCHCTBUS IBYX CY/IOB.

BriBoabI M MEepCneKTHBA JaIbHeH e padoThI 110 JAHHOMY HANIPABJICHHUIO
Takum 00pasoMm, cuCTEMa KOOPIMHALMU SC(3) B3aUMOJICHCTBHS TPEX CY/OB

ABIISAICTCA YHI/IBepcaJ]BHOﬁ CUCTCMbI KOOpAWHAIINN SC(Z) BBaHMOHCﬁCTBHH ABYX H TPCX

CYZOB B IIpoliecce pacxoxaeHus. B nanbHelem 1enecoo0pa3Ho IpOU3BECTH aHAIU3
YHUBEPCATbHON CHCTEMbI KOOPIMHALNH SC(y).
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