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ABSTRACT

In the article is specified, that marine ships considerable part of the operating time work in
the straitened districts, in which the width of free passage-way for vessels is limited in the
navigation relation by dangers, or intensive navigation. It is marked that in the case of dangerous
rapprochement of vessels in the straitened waters at the choice of maneuver of divergence by an
operating ship besides a dangerous target it is necessary to take into account preventing ships and
navigation dangers in the district of maneuvering, and the existent methods of simultaneous
account of dangerous aims and navigation dangers carry analytical character and are bulky and
ineffective. The necessity of development of operative and evident methods of warning of collisions
of vessels at sailing in the straitened waters is caused to these.

The analysis of the last achievements and publications is resulted in work, the decision of the
considered problem and selection of parts unsolved before is begun in which. It is shown that
binary coordination is the basic method of description of cooperation of pair of the dangerously
drawn together vessels, urgent strategies of divergence are considered, the structure of which
depends on the conduct of target in the process of divergence, the analysis of procedures of account
of navigation dangers is also produced by an analytical method for different types of navigation
dangers.

Procedure of transformation of the ship safe region set in space of relative motion is offered,
in space of veritable motion, a virtual region is formed as a result.

It is indicated, that basic properties of virtual regions are: rapprochements of ship with a
target dangerous, when the current area of programmatic trajectory of motion of ship gets in the
virtual region of target; distance of the shortest rapprochement of ship with a dangerous target will
be equal to the set minimum-possible distance of rapprochement, if direction of current area of
programmatic trajectory of motion of ship is tangent to the border of virtual region; equality of
distance of the shortest rapprochement of ship with a target and set minimum-possible distance of
rapprochement is saved at the following of ship on a virtual region tangent to the border to the
moment of the shortest rapprochement.

It is shown in the publication, that by the computer program dependences of position and form
of virtual region on the relation of speeds of ship and target were explored, from distance between
a ship and target, and also from bearing on a target.

It is shown that depending on distance between a ship and target at the unchanging bearing a
virtual region occupies unchanging position in relation to the line of programmatic way of ship,
and position and sizes of virtual region depend on bearing on a target.
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IMocTaHoBKa NMpo0/1eMH B 3arajJilbHOMY BUIJISIAI Ta 1i 3B'SI30K i3 BaXKJIMBUMHU HAYKOBHUMH
YH NPAKTHYHUMH 3aBAAHHAMHU

Mopchki cynHa 3HAYHY YacTHHY CBOTO EKCIUTyaTAIlIHHOTO 4acy MpaIioloTh B OOMEKEHUX
palioHax, /¢ MHMPUHA BUIBHOTO MPOXOIY IS CyJeH OOMEXeHa B HaBIralliiHOMY BiJHOIICHHI
Hebe3nekaMu ab0 IHTEHCUBHUM CYHOIUIABCTBOM.

Y pasi HeOe3nmeyHOro 30MKEHHS CyACH B OOMEKEHHMX BOJAaX IpU BHOOpPI MaHEBpY
PO3XOKEHHSI OMEPYIUYMM CYITHOM KpiM HeOe3NedyHoi Iri HeoOXiJHO BpaxOBYBaTH 3aBa)Karodi
Cy/Ha 1 HaBiramiiiHi HeOe3NeKu B palloHI MaHEBpYyBaHHsA. ICHYOYl METOIM OAHOYACHOTO OOJIIKY
HeOe3NeyHNX MLijel 1 HaBiramifHuX HeOe3NeK HOCATh aHATITHYHUM XapakTep 1 € TPOMI3IKUMH 1
ManoeheKTuBHUMH. ToMmy iCHye HEOOXIIHICTh PO3POOKH ONEpaTMBHUX 1 HAOYHUX METOJIB
MOTIePEHKEHHS 3ITKHEHbB CyJIeH MPH IJIaBaHHI B 0OMEKEHUX BOJAX.

AHaJi3 0CTaHHIX JOCTIKEHb | myOJuikanii, B IKHX 3alI09aTKOBAHO PO3B'AI3aHHA JAaHOL
npoosemMHu i BUAiIeHHS] HeBHPIlIEeHUX PaHillle YACTHH 3arajibHoI npodJjaeMu

HeoOxianicte ¢Qopmamizanii B3aemonii cylJeH B cuTyalii He0e3MeYyHoro 30IMKEeHHS
obrpyHToBana B po6oti [1]. TlokazaHo, mo OiHapHA KOOPAWHAILIS € OCHOBHHM CIIOCOOOM OITHCY
B3aeMO/i1 mapu Hebe3neuHo 30IMKyIYNXces CyeH 1 3anpornoHoBaHa ¢opmanizanis MIITICC-72, B
SKHX BOHA peaiizoBana. [lutanus 6iHapHOI KoopauHAIii 1 Mipa X e(eKTUBHOCTI TaKOXK PO3TIISAHYTI
B pobotax [2,3].

B po6oti [4] ans cutyaniii HagMIpHOTO 30JIMKEHHS CYJCH IETalbHO PO3TIISIHYTI €KCTPEeHi
CTpaTerii po3X0/KEHHS, CTPYKTypa SKUX 3aJI€KUTh BiJ] MOBEIIHKHU 11 B IPOIIECT PO3XOKEHHS.

B po6ori [5] po3risimaeTbest BUOip cuTyarli 30JIMKEHHS CyJIHA 3 IUTIO 3 0€3114l CTaHAapTHUX
CUTYyallild, TICJIA YOro MPOBOIUTHCS BHU3HAYEHHS cTparterii po3xomkeHHs. Ilpomemypa o6miky
HaBIraliiHUX HEeOe3MeK aHATITUYHUM CIIOCOOOM MpU JOCSITHEHHI MOMKIIMBOTO MOBOPOTY CyJ/IHA Ha
KypC BHXOJy B CTOPOHY MPOTPAMHOI TPAEKTOpii pyXy 3amporoHoBaHa B poOoTi [6]. Pi3Hi Tumm
HapiramiitHux HeOe3nek QopmanizoBani B poboti [7] 1 3ampomoHOBaHI TpOLEAypU BHOOPY
0€3MEeYHOr0 MaHEBpPY PO3XOKEHHS [UIsi KOXKHOTO THIy HaBiramiiHux HeOe3mek. AHami3
3aMpoONOHOBAaHUX TIPOIEAYP B 3a3HAYEHHX poOOTax TOKaszaB, MIO iX peami3aiis B CyJAHOBHUX
HaBIraIifHUX cUcTeMax 3akKaJa€ 3HAaYHUX 3YCUJIb 1 BUTpAT AJs ampoKCHUMAIlli MeX HaBirariitHux
HeOe3MeK.

OOmnik HapiramifHuX HeOe3NeK IIISIXOM BUKOPUCTAHHS EJNEKTPOHHMX KapT, HAa SIKUX CIIiJ
B1JI00pakaTu MPOLEC PO3XOHKEHHSI, IPOIIOHYETHCS B poOOTI [8].

@DopMyJIIOBaAHHS Lijlel cTAaTTi (IOCTAHOBKA 3aBAAHHSA)

MeToro CTaTTi € JOCHIKEHHS 3aJeKHOCTI MapaMeTpiB BIPTyallbHOI 00JIACTi BiJl iICTOTHHUX
YMHHUKIB.

Bukisag marepiany aoc/igikeHHs 3 NOBHUM OOIPYHTYBAHHSIM OTPHMAHHX HAYKOBHX
pe3yJbTaTiB

Sk mokazano B po6orti [9], O6e3neuna o6macTh 1T 33AETHCS B MPOCTOPI BITHOCHOTO PYXY
neBHOi (iryporo, a B MPOCTOPI ICTUHHOTO pyXy, fKe BiJoOpa)kaeThCs Ha 3BUYAlHIN abo
€JIEKTPOHHIN KapTi, 1151 00J1acTh Mae 1H1y Gopmy.

KoxxHa Touka KopJoHy Oe3nedHoi o6jacTi Il MIOAO0 CyAHa B MPOCTOPI BIAHOCHOTO PYyXY
XapaKTepU3yeThCsl HAIPAMKOM o i Bincrannio D, sk mokasano na puc.1.

VY mpocTtopi iICTUHHOTO pyXy HampsIMKy 0 BiANOBiJae OiCHMN HampsiM pyxXy cyaHa 3, a
gincrani D - mucrammis L. Tax sk yac mocsruenHs To9xu KOPJIOHY 3aJTUIIAE€THCS HE3MIHHUM, TO:
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V
L=—2D, 3)
V
ot
e Vot u Vo -BIIMIOBITHO BiJIHOCHA IIBUKICTH 1 MBHUJIKICTH Cy/IHA.

HocmimkenHusaM [4] BCTaHOBIIEHO, IO B pasi, KOJW BiJHOIICHHS HIBUJIKOCTEH CyJIHA V0 Ta

uim V; P = —2 3a70BoNbHsE HepiBHOCTI P >1, TO BiIOYBA€THCS OAHO3HAUHE BiTOOPAKCHHS
c
Oe3nmivyi BIJHOCHMX HAmNpsSMKIB 0 B 034 CHpaBXHIX HaNpsAMKiB [3, NpHUOMY LIyKaHE
B1I0OOPa)KEHHSI OITUCYETHCS 3aJICKHICTIO:
B=o+ arcsin[p'lsin(KC -a)], (4)
ne Kc - KypC 1.

TomMy KOXHIH TOYI KOpAOHY O6e3meuHol 00acTi CyaHa, 3aJaHO0i B IPOCTOP1 BIAHOCHOTO PyXy
NONIAPHUMH KoopauHaTamMu D i o, BiAmOBizae TOuKa KOPIOHY B NPOCTOPi iCTHHHOTO PyXy 3
nonspauMu koopaunatamu L i B. Besniu Touok 3 monspaumu koopaunHatamu L i B cranoBuTs
KOPJIOH Oe3MevHoi 00JIaCTI B MPOCTOP1 ICTUHHOTO PyXY, sSKa Ha3WBAETHCS BIPTYaTLHOIO O0JIACTIO
I1JT1 111010 CYyIHA.
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Puc. 1. Ilepemsopenns kopoonie cyoHo8oi bezneynoi obnacmi

Jl1s mepeBipkM KOPEKTHOCTI 3alpOIIOHOBAHOI MPOLIETypy MEPETBOPEHHS CyTHOBOI Oe3MmeyHol
obmacTi, 3a1aHOi B MPOCTOPI BIIHOCHOTO PYyXy, B MPOCTIp iCTUHHOTO pyXy Oyna po3pobiieHa
KOMI'IOTepHa IporpaMa. Sk mpukiaj po3ryisHyTa CUTyalls 30JMDKEHHS CylHa 3 LI, IPUIOMY
3ajiaHa Gesnedna o0macTs 1ini kpyrosoi ¢opmu. [lapamerpu curyarii MaroTh 3HaueHHs: D =3,5 M,

0y =350°, Ko=75°K_=105°, Vy=20y3, V;=17y3, D = Im.
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besmeuni oOnacti 1ii B MPOCTOPI BIHOCHOTO 1 ICTUHHOTO (PKOBTUH KOJIp) pyxXy HAJs
3a3Ha4YeHol CUTyallli oKa3aHi Ha puc.2.

OCHOBHUMH BIIaCTUBOCTSIMH BipTyaJIbHUX OOacTeil €:

1. O3Hakol0 HeOE3MeyHOro 30JMKEHHS CyAHA 3 IUII0, KOJU JUCTAHLIA HAWKOPOTIIOro
30MKeHHA CyJHAa 3 IUII0 MEHINE 3a/JaHoi TPaHMYHO-AONMYCTHUMOI JAWCTaHLii 30JMKEeHHS, €
nonajaHHs MOTOYHOT AUITHKH IPOrPaMHOI TPAEKTOPIT pyXy CyJHa B BIpTyaJbHYy 00JIaCTh ITLJII.

2. JlucTtaHuis HANKOPOTIIOro 30JFKEHHS cynHa 3 HeOe3meyHoi Humo Oyae JOpiBHIOBATH
3aJJaHOl TPAHUYHO-JIOIYCTUMOI JUCTAaHLIi 30JIMKEHHS, SKIIO HAINPSIMOK HOTOYHOI JUISHKU
IIPOTPaMHOT TPAEKTOPIi PyXy Cy/AHA € JOTUYHUM JI0 KOPJIOHY BipTyaJbHOI 00JIACTI.
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Puc. 2. Bioobpasicenns 6e3neunoi ooracmi yini kpyeoeoi ¢popmu

3. PiBHsAHHA &IuCTaHLIi HAMKOPOTIIOro 30JMKEHHS CyAHAa 3 LU0 1 3aJaHOi I'paHUYHO-
JOMYCTUMOI TUCTAHIII] 30JIMKeHHS 30epiraeThCsl IpU MPOXOKEHH1 Cy/IHA MO TOTHYHINA 1O KOPJOHY
BIpTyaJIbHOT 00J1aCTi IO MOMEHTY HallKOPOTIIOTO 30JIMKEHHS.

3a JI0MOMOTOI0 KOMITHOTEPHOI MporpaMu Oyii AOCTIHKEH] 3aJIeKHOCTI TOJIOKEHHS 1 HOpMH

V

BIpTyalbHOI 00JacTi BijJ BIJHOIICHHS MIBHAKOCTEH CyaHA V0 i mim V., TobTto P = —O, BIJ
c
JTUCTAHIIIT MK CYZJHOM H IIUTIO, a TAKOXK BiJI TIEJICHTA Ha IIJTb.
Ha puc. 3 i puc.4 mokasani BipTyanbHi o6sacti st 3Hadens P =3 i 0 =1 signosinuo. 3

puc. 3 BUAHO, IO TIpH O = 330JMKEHHS Cy/HA 3 LUTI0 OE3MEYHO, TaK SK JIiHis MPOrpamMHOro
IUTAXY CyJHA TPOXOJUTH OCTOPOHB BiJl BipTyanbHOI obmacti, a mpu O =1 (puc.4) 36mmxeHHs

Hebe3neuHe yepes MPOXOHKEHHsI JIiH1T MPOrpaMHOro NUISIXY CyJHa Yyepe3 BIpTyaslbHy 00J1acTh.

Ha puc. 5. moka3aHa 3aexHiCTbh MOJIOKEHHS BIpTyaJbHOI 00JacTi Bil JUCTAHIIT MiXK CyTHOM
1 IIUTI0 TpY HE3MIHHOMY TEJICHTY. 3 MallfOHKa BUIHO, 11O BipTyajdbHa 00JacTh 3aiiMae HE3MIHHE
MOJIOKEHHS OO JIiHIT IPOTrpaMHOro NUIAXY CyAHA.

3aJIe)KHICTh MOJIOKEHHSI BIPTyajabHOT 00JIacTl BiJ TIEJICHTa Ha IIJIb TPU HE3MIHHIN AUCTAHIIIT
MoKa3aHa Ha pHC. 6, 3 IKOTO BUIHO, 1[0 MOJOXEHHS 1 po3Mipu BipTyaJbHOI 00JIaCTi 3aJeKaTh Bix
[eJIeHra Ha Iijib.
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Puc. 4. Bipmyanvna obnacme npu p =1
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Puc. 6. 3anesxcnocmi sipmyanvroi obnacmi 8i0 nenenea Ha Yinb
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BucHoOBKH I mepcrneKTHBA NOJAJBIIOI POOOTH MO0 TaAHOMY HANIPSAMKY

TakuM 4MHOM, B JIaHI{ CTATTi 32 JOMIOMOTO0 KOMIT'TOTEPHOT IPOTPaMU JIOCIIIKEHA 3aJICKHICTh
rapameTpiB BIpTyaJIbHOI 00J1acTi BiJl ICTOTHUX YMHHHUKIB. Hamami JomiIbHO PO3TIISIHYTH OCOOIMBOCTI
(dbopMyBaHHS CTpaTeTii PO3XOKEHHS Cy/IHA 3a JOMTOMOTO0 BipTyallbHOT 00JIACTI.
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