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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.

PEDEPAT

CydacnHa cuctema OiHapHOI KoopAuHaIlii, sika peanizoBaHa B MIIII3C-72, ne
BI/IMOBIJJTa€ BUMOT'aM 3aKOHY HE0OX1JIHOI pi3HOMaHITHOCTI Emibi, yepes 1mo MoKIuBe
ICHYBaHHS CUTYyaIll HeOe3MeuHOTo 30JMKEHHS, CUTYallliiHe 30ypeHHs SKUX HE MOXKeE
Oyt KOMIIEHCOBaHO OiHapHOI0 KoopauHariero MIIIN3C-72. 3akoH HeEoOX1aHOT
pizHoMaHiTHOCTI Emi0i BHKOHYeTbCSA, SKIIO CHUCTeMa OIHApHOI KOOpJIUHALIL
nepeadayae KOMIIEHCAIII0 MOXIJIMBOTO CUTYAIIHHOTO 30ypeHHs B pa3i CTaHJapTHOTO
PO3XO/UKEHHSI HACTYMHUMHU CHOCOOaMU: CIHUIBHUM MAaHEBpPOM 000X CyJeH abo
MaHEBpPOM CYJIHA 3 OLTBIIOK0 MIBUAKICTIO.

1 cmocobu komMneHcanli CUTyaliiHoOro 30ypeHHs BUKOPUCTOBYIOTHCS B MEPILIIiA
o0nacTi B3a€MHUX OOOB’SI3KIB CYJEH CTaHJApPTHOrO po3XoMkeHHs. llepimm
crocoOoM cuTyalliine 30ypeHHsI KOMIIEHCYEThCS JBOMA aKTUBHUMHU CyJIHamu. B
IIbOMY BUNAJKy HEOOXIJHO Y3rOJKCHHSI MAHEBPIB PO3XOJKEHHS 000X CYyJEH, SIKe
3a0e3nedye 301IbIICHHS JAUCTAHINT HAHWKOPOTIIOro 30JIMKEHHS B pa3l BUKOHAHHS
MaHEBpPIB PO3XOUKEHHS cyneH. lle Mae wmicue mis cyneH, sSki 30JMKalOThCA Ha
3YCTPIYHUX KypcaxX, MpH 3MiHI iX KypCiB B OJHY CTOPOHY (HAMPUKIIA/, 301IbIIICHHS
KypciB 000X cyneH). Y BUNAAKy 30JMKEHHsS CYJEH Ha TOMYyTHUX Kypcax s
KOOpJIMHAIIl MaHEBPIB PO3XOKEHHS MOTPiOHA 3MiHA KYypCIB CyA€H B Pi3HI CTOPOHH,
HaIpUKJIAJ, OJIHE CYIHO 30LIbIIYy€ KypcC, a 1HIIE CYIHO - 3MEHIIyE Kypc. 3MiHa
JUCTAHINT HAWKOPOTIIOTO 30JMKEHHS BU3HAYAETHCS  CKJIAJOBOIO  CyMapHOi
IIBUJKOCTI CYJEH, siIka OpTOroHaJbHAa 10 JiHII meneHry. B mepmomy croco0i 1
CKJIaJIOBa 3aBXAW OlIbIIa HYyJS, TOOTO JUCTAHIS HAWKOPOTIIOTO 30JMKEHHS
30UTBLIY€ETHCS.

Hpyruit cnocid nependavyae KOMIIEHCALIIO0 CHUTYAlIMHOTO 30ypeHHS OIHUM
CYJIHOM, TOOTO MaHEBp PO3XO/KEHHS BUKOHYETHCS OJHUM i3 CyJIeH, B TOH Yac, siK
1HIIe CyJHO 30epirae HE3MIHHUMHM CBOi KypC Ta IIBHUJIKICTh, TOMY B IIbOMY BHUIAJKY
HE BUHHUKA€ HEOOXITHICTh B KOOpAMHAINT iX B3aeMoii. SIKIo pearnizyBaiacs apyra
o0JacTh B3a€EMHHUX OOOB’SI3KIB CYAEH, TO CHUTyaliiiHe 30ypeHHS KOMIICHCYEThCS
€KCTPEHUM PO3XOKEHHSIM.

B po6oTi Takoxx 3amporoHOBaHAa CHUCTEMa KOOpAMHAII Npu HeOe3MeyHOMY
30J1MKEeHI TPhOX CYJIEH, SIKa BPAaXOBY€ BHMOTH 3aKOHY HEOOXiIHOI Pi3HOMAaHITHOCTI
Ewm6i, sikoro nependaueHi 4otupu 00aacTi B3a€MHUX 000B’SI3KIB CYZIECH.
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Cucrema KoOpIWHAIli B3a€MOMIi TPHOX CYACH SBISETHCS YHIBEPCAIBHOIO
CHUCTEMOI0 KOOpAMHAINl IpH HeOe3NMeYHOMY 30JIMKEHI JIBOX 1 TPbOX CYJACH, sKa
BIJIMOBIJA€ BUMOTAaM 3aKOHY HeoOXigHoi pizHoMmaHiTHOCTI Emibi. Ilpu posxomkeHH1
JIBOX CYIEH CHCTeMa KOOpAWHAIII B3aEMOJii TPhOX CyIeH TpaHCHOPMYEThCS B
cucTeMy O1HapHOI KOOPIMHAIL.

Kiio4oBi ciioBa: Ge3neyHiCTh CYyTHOBOMIHHS, MOTIEPEKEHHS 3ITKHEHb CY/IEH,
Y3TO/KEHHSI B3a€MO/I1T ACKIIBKOX CYy/ICH.

ITocranoBKka npodeMbI B 00111eM BHJE U €€ CBS3b C BA)KHBIMHM HAYYHBIMHU
WIH NPAKTHYECKUMHU 3a1a4aMHu

ABapuiHOCTh CYZOB II0 NPUYMHE CTOJIKHOBEHHMH B CTECHEHHBIX BOJAX
IIPOJOJDKAET OCTAaBaTbCA Ha HEIOIYCTUMO BBICOKOM YpOBHE. B HHTEHCHBHBIX
palioHax IUIaBaHWS HEPEAKO BO3HUKAIOT CUTYallMd OJHOBPEMEHHOI'O OIIaCHOIO
cOnmmxeHust 6osee IByX CyJ0B, KOT'/Ia BBIIIOJIHEHUE MaHEBpa PACXO0KJIEHHUS COTIIACHO
tpeboBanusiM MIIIICC-72 3ayacTyio CTaHOBUTCS HEBO3MOKHBIM. OJIHOBPEMEHHOE
ornacHoe cOJmKeHue 0oJiee TpeX CyJIOB B CTECHEHHBIX BOJAX SIBJSIETCS IOCTATOYHO
pPENKUM, TTOATOMY pa3pabOTKa YHUBEPCAJIbHOW CUCTEMBbI KOOPJAUHAIIMM JIBYX M TpeX
CYJOB B CUTYyallMM ONACHOTO COJMKEHMS SIBISIETCSI aKTyaJbHBIM M NEPCIEKTUBHBIM
HAIIPaBJICHUEM HAyYHBIX HCCIICIOBAHUM.

AHAJIM3 TNOCJEAHUX [JTOCTHKEHUN W nyOJuKanuii, B KOTOPbIX HA4aTo
peleHue JaHHON NMpo0JieMbl U Bble/JIeHHE HEPELICHHbIX paHee yacTed o01ueit
npoodJieMbl

PabGotsl [1-4] mnocBsIeHbl BompocaM pa3padOTKH CHUCTEMbl  OWHApHOU
KOOpAWHAIIUM B3aUMOJCHCTBUS CyJAOB B CHUTYyallUd OMNACHOIO  COJIM)KEHHS.
OnpeneneHui0 WHTEHCHUBHOCTUM CHTYallMOHHOTO BO3MYIIEHUSI TpPU  OMACHOM
cONMMXEHUU CyA0B MOCBsIIeHa padoTa [1], a B paboTax [2,3] mpenioxkeH BO3MOKHBIH
BAPUAHT CHUCTEMBI, COJAEPIKAIICH JBAa HEPAPXUUYECKUX YPOBHSA, MPUYEM IEPBBIM
YPOBEHb CHCTEMBI PACCMOTPEH B MmyOnukanuu [3], a onmucaHue ee BTOPOro ypOBHSA
npuBefeHo B cratbe [4]. B pabGore [5] mnpemioxeHa albTepHATUBHAS
cylecTBytoie, 6onee rpdexTuBHas cucteMa OMHAPHOW KOOPJWHAIIMHU, & CHCTEMa
KOOPJIMHAIIMM B3aUMOJICMCTBUS TpPEeX CYJIOB ONHWCAaHa B myonukaruu [6].
[IpennoxxeHne pa3HbIX CUCTEM KOOPJWHAIMM JJISI CUTYallMd OMACHOIO COJIMKEHUS
JIBYX U TPEX CYJIOB BEJIET K YCI0KHEHUIO UX BO3MOXKHOT'O MCIOJIb30BaHus. [loaTomy
CleAyeT MPOM3BECTH Pa3pabOTKy €IMHOM YHUBEPCAIBHOM CHUCTEMBbI KOOPIWHAILIUU
SC(x)» IPUTOHON K UCTIOIB30BAHMUIO [PU ONACHOM CONIKCHHH KaK ABYX, Tak M TPEX

CYyJIOB.

DopMyJIUPOBKA 11eJIeld CTAThH (IIOCTAHOBKA 32/1a4H)
[lenbt0 maHHOM CTaThbU SBISETCS pa3padOTKa CTPYKTYpbl YHUBEPCAIbHOU
CHUCTEMBbl KOOpPJMHAIIMU B3aUMOJCUCTBUS JBYX U TpeX CYIOB B IMpolecce
PACXOXKIEHUS IPU KOMIIEHCAIIMN CUTYallMOHHOTO BO3MYIIICHUSI.
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N3n0xeHne OCHOBHOIO MAaTepHaja MCCJIeI0BAHUA C O000CHOBaHHMEM
MOJIyYE€HHBIX HAYYHBIX Pe3yJIbTATOB

Kak mokazano B pabote [5], coBpemMeHHasi cucTeMa OMHAPHON KOOpIWHAIIUU,
kortopytro coaepxkar MIIIICC-72, He CcOOTBETCTBYeT TpeOOBaHUSAM 3aKOHA
HEO0OXOAMMOro pa3HooOpa3us OmOH, YTO JIONMYCKAeT CYIIECTBOBAHUE CHUTYalHi
OIIACHOI'O COJIMKEHMs, CUTYyallHOHHOE BO3MYIIEHUE (1, KOTOPBIX HE MOKET OBITH

KOMIleHCcHpoBaHO OuHapHoM koopnauHauueid MIIIICC-72. Tloatomy B pabote [5]
JIOKa3bIBAETCS, YTO 3aKOH HEOOXOJUMOTO pa3sHOOOpa3usi J1IOU BBIMOJHAETCS, €CIH
cucreMa OMHApHOM  KOOpIAMHAUMH  SC(y) — MPEJyCMAaTPHBACT — KOMIICHCALUIO

BO3MOKHOTO CHUTYaI[AOHHOTO BO3MYIICHHUS TIPH CTAHJAPTHOM PaCXOXKICHHH
(@1, =1) cnenyromumu ciocodamu:

1. CoBMECTHBIM MaHEBPOM OOOMX CYZOB C; U C, .
2. ManeBpoM cyaHa ¢ OONBIIEH CKOPOCTBIO Co) .

OTu cnocoObl KOMIEHCAlMU CUTYallMOHHOTO BO3MYILIEHUS NPUMEHSIOTCS B
NepBOil 00JacTH B3aMMHBIX OOA3aHHOCTEW CYJOB CTaHAAPTHOTO PACXOXKICHHS.
AKTHBHBIM SIBIISICTCSI CY/(HO, KOTOPOMY CHCTEMOM OMHApHOH KOOpAMHALNU SC(y

INpCAIINCBIBACTCA BBIIIOJJHCHHUC MAHCBPA pPACXOXIACHHUA, a IMIaCCMBHBIM - CYIHO,
COXpaHAIOICC HCU3MCHHBIMU ITAPaMCTPhI ABMKCHUA 110 TpC6OBaHI/II-0 SC(Z) .

[lepBeIM CcOCOOOM CHTYallUOHHOE BO3MYIICHHE KOMIICHCUPYETCS JBYMSI
aKTUBHBIMH cyJaMd. B 3ToM ciydae HEOOXOIMMO COTJIaCOBaHHWE MAaHEBPOB
pacxoXKJIeHUsT 00OMX CYJIOB, T. €. HMX KOOpPJWHAIUSA, KOTOpas oOecleuynBacT
YBEJIMYCHUE JTUCTAHIIMK KpaTJ4alIiero CONMKEHUS TPU BBIMOJTHCHUH MAaHEBPOB
PACXOXKJICHUSI CYJ0B. DTO MPOUCXOAUT JJIS CYIOB, CONMKAIOIIUXCS HA BCTPEUHBIX
Kypcax, NpH HW3MCHCHHMH WX HA4YaJbHBIX KYpPCOB B OJIHY CTOPOHY (Hampumep,
yYBEJIMUEHUE KypCOB 000MX Cyao0B). B ciyuae cOnmxkeHUs CyJOB Ha TMOMYTHBIX
Kypcax Mg KOOpJIWHAIIMA MAaHEBPOB PACXOXKICHUSI TPeOyeTCss M3MEHEHHE KypCOB
CYIOB B pa3HbIe CTOPOHBI, HAIIPUMEP, CYAHO C; YBEIMYUBAET KypC, a CyJHO C, -

yMeHbIIaeT Kypc. M3MeHeHnme nucTtaHuMM Kpardaimero compkeHus D
OTIPENEIAECTCS COCTaBIIAIOLIEN CyMMapHOH CKOpPOCTH CyZlOB
V,sin(Ky, - a) =V, sin(Kyy, - o), neprneHanKyssipHON K JIMHUM IIeIeHra. YKasaHHas

CKOPOCTh YBEITMYMBACTCSI, €CITU COCTABIISIONINE CKOPOCTH UMEIOT pa3HbIe 3HAKH, YeM
¥ 000CHOBaHBI BBIBOJBI M0 KOOPAWHAIIMU MaHEBPOB PACXOXKIEHUS BYX aKTHBHBIX
cynoB. Bropoit cnoco® mnpemycMarpuBaeT KOMIIEHCALIMIO  CUTYallMOHHOTO
BO3MYIIICHUS OJHUM CYJHOM, T. €. MAHEBpP PACXOXKICHHS MPOU3BOIUTCS OJAHUM W3
CYyIOB, B TO BpeMs Kak BTOpPO€ CYJHO COXpaHsIET HEU3MEHHBIMH CBOM KypC U
CKOPOCTb, IIOATOMY B 3TOM CJIy4yae He BO3HHUKAET HEOOXOAMMOCTh B KOOPIAUHAIIMH HX
B3aumoeiicTBus. CienoBaTeNIbHO, PYU KOMIIEHCAIIUU CUTYAallMOHHOTO BO3MYIIECHHUS
CYyTHOM C OOJBINEH CKOPOCTHIO WM OOOMMH CyJaMHU BBITIONHSIOTCS TpeOOBaHUS
3aK0HA HEOOXOAMMOro paszHooOpasus Dmou. Ecim ke cuTyaroHHOE BO3MYIIICHUE
®1, =2, TO UMEET MECTO BTOpasi 00JIaCTh B3aUMHBIX 00513aHHOCTEH Cy10B, B KOTOPOH

CUTYAallTMOHHOC BO3MYIICHHUC KOMIICHCHPYCTCA OKCTPCHHBIM PACXOXKICHHUCM.
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B pabore [6] mpemmoxkeHa cucrema KOOPAMHALMH SC(3 IMPH  ONMACHOM

COJIPKEHUU TpeX CYAOB, KOTOpas Y4YUTHIBAET TpeOOBaHHSA 3aKOHA HEOOXOIMMOIO
pazHooOpasust Jumibu. B 3aBUCMMOCTH OT 3HAYEHUH CUTYAI[MOHHBIX BO3MYIICHHI
M1y, ®13 H O3 CYIOB B CHCTEME KOOPAMHALUU SC(z) MPEAYCMOTPCHBI HYCTBIPE

001aCTH B3aMMHBIX 00SI3aHHOCTEH, KaK IT0Ka3aHo B Ta0I. 1.
Tabnuya 1. Obnacmu 83aumHbulx 00513aHHOCHEN MPex 83AUMOOeliCMBYIOWUX CYO08

Ne ®17 13 ®y3 O6nactu
COYETaH.
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 moxkazan ananu3 tabn. 1, Bcero Bo3mMokHO 20 coueTaHWUW CUTYaIIMOHHBIX
BO3MyLIeHUH. B coueranusx 1...4, korja 3Ha4eHUS UX CUTYalMOHHBIX BO3MYILIEHUN
HE TpeBOCXOAAT 1, O6e30macHoe pacxoXkJI€HHE BO3MOXKHO CTaHIAAPTHBIM MaHEBPOM
OJTHOTO WJM ABYX cynoB. [l coueranus 1 HeobxonuMoe pazHooOpa3ue MaHEBPOB
JOCTUTaeTCsl MAHEBPOM CyJHa C; C HauOOJbIIEH CKOPOCTBIO, B TO BPEMs, KaK CyZa C

MCHBIIMMHU CKOPOCTAMU C2 151 C3 OCTAalOTCS NAacCCUBHBIMHU. Takas cCuTyaunus nmpucyiia

nepBoil obnacth B3auMHBIX 00s3aHHOCTEN A. B coderanusx 2...4 coOmroneHue
TpebOBaHMs 3aKOHA HEOOXOIMMOT0 pa3HOOOpa3ust Dmidu TpedyeT MaHEBPUPOBAHUS
ABYX CyZOB C; U C,, @ CyJTHO C MUHUMAJIbHOM CKOPOCTBIO C5 SIBJISIETCS TACCUBHBIM.

JlaHHBIE CUTYaITMU XapaKTepU3yIOT BTOPYIO 00JIaCTh B3aUMHBIX 00s13aHHOCTEH B.
Coueranust 5...20 comaepkaT CUTYal[MOHHBIE BO3MYIIEHUS CO 3HAYEHUEM 2,
MPEANOoaraloiMx SKCTPEHHOE MAaHEBPUPOBAaHUE IMpU pacxoxjeHuu. CoueTaHus
CUTYallMOHHBIX BO3MYILEHHI ¢ 5-Tro mo 13-ii HOMep coaepKaT OJHO CUTYallMOHHOE
BO3MYIIIEHUE CO 3HAYCHHEM DPaBHbIM 2. B JMaHHBIX CUTyalusax cyjAa, s KOTOPBIX
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(Dij =2, AKTHUBHBIC H IIO3TOMY BBIIIOJIHAIOT MAHCBP OKCTPCHHOI'O PACXOXKIACHHUA C

y4e€TOM MEMIAIOIEro CyAHAa, a TpPeThbe CYIAHO SBISIETCS MAacCUBHBIM. TO
XapaKTepucThKa 00JacTH B3auMHBIX oOsi3aHHOcTel C. B coderaHusx ¢ HoMepamu
14...20 He MeHee IBYX CUTYallMOHHBIX BO3MYIICHHUIN XapaKTEPU3YIOTCS 3HAYCHUSIMU,
paBHbIMU 2. YKa3aHHbIE codeTaHusi (OPMUPYIOT 00JACTh B3aUMHBIX 00sI3aHHOCTEHN
D. B aT0li 0651acTH Bce TpH Cy/IHA BBIMOJIHSAIOT MAHEBPBI SKCTPEHHOTO PACXOXKICHHUS,
T. €. SIBJISIIOTCS aKTUBHBIMU.

IIponsBenem aHaIM3 BO3MOXXHOCTH NPUMCHCHHS CHCTEMBI KOOPAMHALMH SC3)

P BO3HMKHOBEHHHU CHUTYyaIlUW OMACHOTO CONMKEHHUs IBYX CyaoB. B aTom ciydae
Tabn. 1 BeIpOXKIaeTcs B TaONMIYy CTOJIOCIH, COJACPIKAIIYI0 TEePBBIA TaOIMIBI C
CUTYallUOHHBIM BO3MYILIEHHUEM 15, 3HAYEHHUs KOTOpOro ommmyarorcs or 0, T. e.

0, =1 mM ®, =2 U COOTBETCTBYIOIIME OOJIACTU CTAHOBATCS INEPBON OONACTBHIO

CTaHOApPTHOI'O PACXOXKIACHUA HWIN BTOpOﬁ 0071aCTBIO OKCTPCHHOI'O PACXOKICHUA.
CJIGIIOB&TGJIBHO, IIpu OTCYTCTBHH TPCTHCITO CydHa CHCTCMA KOOPpAHWHAIIUHU SC(3)

B3aUMOJICUCTBUSL TpE€X CYJIOB TpaHCPOpMUPYETCS B CHCTeMy OWHapHOMU
KOOPAMHALINK SC () B3aUMOJCHCTBUS ABYX CY/IOB.

BrIBoabI M MepCNeKTHBA JajIbHeHIeil padoThI 110 JAHHOMY HANIPABJICHUIO
Takum 00pasom, cucTeMa KOOPAMHALMH SC(3 B3aMMOJICHCTBHS TPEX CYIOB

SIBISICTCSL YHUBEPCAIBHOM CUCTEMBI KOOPANHALUH SC(5) B3aMMOACHCTBHS IBYX U TPeX

CYIIOB B TIpoliecce pacxokaeHus. B nanpHelimem menecooOpa3Ho MpOU3BECTH aHATU3
YHHUBEPCAIbHON CHCTEMbI KOOPAMHALNA SC(y).
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