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ABSTRACT

In the article dependence of circular safe region of ship is explored on the law of
distributing of probability of position vector’s error, which influences on the size of
course of deviation of ship at his divergence with a dangerous target. It is presently
offered more ten different forms of safe region of ship, although the safe region of
ship of circular form is most often used. Therefore, this form of safe region from
positions of dependence of its sizes from the closeness of law of distributing of
position vector’s error is considered in the article. Its radius is dipping out description
of circular safe region of ship, which is evened maximum - possible distance of the
shortest rapprochement, which, as shown in work, is the sum of two constituents of
different on the nature. First component determined which depends on the sizes of
ship and other determined factors. The second constituent is stochastic and it is
simply determined by the law of distributing of probability of position vector’s error,
basic description of which there is matrix of its constituents.

The radius of stochastic constituent of circular safe region of ship gets out thus,
that probability of hit of veritable place of ship in a region was near to 1, on condition
that the center of circular safe region coincides with the place of ship. In other words,
a circular region with a center in position must cover the veritable place of ship with
probability near to 1. In work for implementation of this condition worked out an
integral equation, in which in quality an unknown variable there is the radius of
circular safe region of ship. So as in equalization an integral is certain, and a radius is
in limits integration, integral equalization is regenerate to expression in the type of
sum that allows defining the size of radius by the method of progressive
approximations.

It is shown that the radius of circular safe region of ship depends on dispersions
of constituents of position vector’s error, which are determined by the scale
parameter of law of distributing, and in the case of distributing of position vector’s
error on the mixed law of the first or second type on the size of radius the substantial
parameter of law of distributing influences also.
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PE®EPAT

B crarTi 1ociikeHo 3a1eXHICTh KpyroBoi 0e31eyHoi 001acTi cyHa BijJl 3aKOHY
PO3MOALTY BIPOTIAHOCTI TMO3HUIIIHHOI BEKTOpIaJIbHOI TMOXHOKH, IO BIUIMBAE Ha
BEJIMUYMHY KYpPCY YXWICHHS CyJHA IpHU HOro PO3XOHKEHHI 3 HEOE3MEeYHOIO ILLIIO.
Huni 3anmpornonoBano Outbin AecsATu pizHUX Popm Oe3nmeyHoi o0iacTi cyaHa, Xoda
HaWOLIBII YacTO BUKOPUCTOBYEThCS Oe€3leuHa 007acTh CyAHa KPyroBoi ¢opmu.
Tomy B cTarTi po3risHyTa 1 ¢hopma Oe3nedHoi 00J1acTi 3 MO3MINN 3aJIeKHOCTI 11
pPO3MIpIB Bl JIBOMIPHOI IIUIBHOCTI 3aKOHY PO3MOAUTY MO3UIIAHOT BEKTOPIaJbHOT
noxuOKu. Budueprytouorw XapakTepUCTHKOI KPYyroBoi 0e3medHoi o0JacTi cyaHa € ii
paziyc, 1Mo JOPIBHIOE TPAHUYHO - JOMYCTUMINA TUCTAHI[T HAMKOPOTIIOTO 30JIMXKECHHS,
AKa, SIK MOKa3aHO B pOOOTI, SBISETbCS CYMOIO JBOX CKJIQJ0BHX PI3HMX 32 CBOEIO
npupoporo. Ilepiia ckinamoBa neTepMiHOBaHA, sIKa 3aJIEKUThH B PO3MIPIB Cy/IHA Ta
IHIIUX JeTepMiHOBAaHMX YWHHHKIB. [Ipyra ckiamoBa € CTOXaCTHYHOIO 1 BOHa
OJIHO3HAYHO BHU3HAYAETHCA 3aKOHOM  PO3MOJLTY BIPOT1THOCTI  MO3ULIMHOT
BEKTOPiaIbHOT TOXUOKH, OCHOBHOIO XapaKTEPUCTHKOIO SKOI SBISIEThCA KOBapialiiftHa
MaTpuUs i1 CKIIAJOBHUX.

Paniyc croxacTuuHOoi CKJIagoBOi KpyroBoi Oe3neuHoi o0JacTi  CyJaHa
BUOUPAETHCS] TAKUM YWHOM, 100 BIPOTiAHICTh MOMAJaHHS ICTUHHOTO MICISI Cy/THA B
o0nacTh Oyna OJM3bKOIO O OJMHUII, MPU YMOBI, IO LEHTP KPYroBoi Oe3mneuyHoi
oOnacTi cmiBnagae 3 oOCEpBOBAaHMM MICLIEM CyAHA. [HImIMMHM cioBamMu, Kpyrosa
o0JlacTh 3 LIEHTPOM B OOCEpBOBaHIM MO3MUIIT MOBMHHA HAaKPUBATH ICTUHHE MICIIE
CyJIHa 3 BIPOTITHICTIO OJM3bKOIO /10 OAMHUII. B poOOTI 111 BUKOHAHHS 11i€1 YMOBH
CKJIaJICHE 1HTErpajibHe PIBHAHHS, B SIKOMY B SKOCTI HEBIJOMOI 3MIHHOI MICTHUTBHCS
paailyc  KpyroBoi Oe3meuyHoi obOmacti cyaHa. Tak sk B pIBHSHHI 1HTErpai €
BU3HAYCHHM, a pajilyC 3HAXOJUTHCSA B MEX1 IHTETpyBaHHS, TO IHTErpajbHE PIBHSIHHS
MEPETBOPEHO /10 BUPA3y B BUTJISI CYMHU, 1110 JO3BOJIIE€ BU3HAYUTHU BEIUUUHY PaalyCy
METOJIOM TIOCJIIJIOBHUX HAOJIMKEHbD.

[Tokazano, 1o paailyc Kpyrooi Oe3medHoi o00sacTi cyaHa 3aJI€KHUTh BiJ
JUCHEPCId CKIAJOBUX MO3UIIAHOT BEKTOPIabHOT MOXMOKH, $IKI BHU3HAYAIOTHCA
MaclITaOHUM MapaMeTpoM 3aKOHY pO3MOAUly, a B pa3l pO3MOAUTY MO3UIIAHOI
BEKTOpIaIbHOT MOXMOKM MO 3MIIIAHOMY 3aKOHY MEpHIoro abo Apyroro TUILY Ha
BEJIMYMHY PajilyCy BIUIMBAE TAKOXK ICTOTHUHN MapamMeTp 3aKOHY PO3MOJILTY.

Kiarwo4oBi ciaoBa: 0e3neyHiCTh CYAHOBOAIHHS, Oe3leyHa o00JiacTh CyjAHa,
Mo3ulliiHa BEKTOpialibHA MOXHOKA.

IMocTtanoBka npodseMbl B 001eM BU/Ie U €€ CBSI3b C BA)KHbIMH HAYYHBIMH
WIN NPAKTHYECKUMH 3a1a4aMu

st obecnieyenust 6e3aBapuitHOTO MJIABAHUS CYJHA HCIOJIb3yeTcs Oe3oracHast
00J1aCTh, B KOTOPOI HaXOJIUTCA CYIHO, MPUYEM B ATy 00JaCTh HE JOJKHBI MOMAIATh
apyrue oOBeKThl BO M30ekaHHe aBapuiiHbIX mpowuciiectBuil. [lpu  BbIOOpE
0e30macHOro0 Kypca YKJIOHEHHUs CyJHAa YYHUTHIBAeTCS pajnyc KpyroBoil Oe3omacHOu
o0nacT CcyAHa, pa3Mepbl KOTOPOH OIpeAeNaioTCs 3aKOHOM pacipeneseHus
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BCKTOpI/IaJIBHOﬁ IMOT'PCITHOCTH. HOBTOMy dHaJIN3 3aBUCUMOCTH KypCa YKIOHCHH:A
CyaHa JIAd 0e30IacHOTO pPacXoXXACHUA C NOCJIbH0O B 3dBUCHUMOCTH OT 3daKOHa
pacnpcacicHus BCKTOpI/IaHBHOﬁ MMOTPCIIHOCTU ABJEICTCA AKTYAJIBbHBIM BOIIPOCOM
HCCIICAOBAHUA HpO6HCMBI 0e30IMacHOCTH CYAOBOKIACHUA.

AHAJN3 TOCJAEeAHUX JOCTH:KEHMii M mnyO0JuKanuid, B KOTOPHIX HA4YaTo
peleHue AaHHOW NMpo0JieMbl U BblleJIcHHE HEPEUICHHBIX paHee YacTed o0uiei
npooIeMbl

Bompocy mnoctpoeHust cymoBod Oe30macHON 0O0JacTH TIOCBSIIEHBI MHOTHE
paboThl, MPUYEM CTAaHIAPTHBIM ONMHUCAHUEM TAaKOW OOJACTH SBISETCS KPYT, B LIIEHTpPE
KOTOPOTO HAaXOAMUTCS CYAHO, a paJuycoM SBJISIETCS MpPEAeNIbHO-AO0MYyCTUMAs
JTUCTAHIUS CONMMKEHUS.

Opnako B psane pabor mpejaraercs npyras (opma cyaoBoil Oe3omacHOU
obJyacTu pucka cToJikHOBeHHUs. Tak, B pabote [1] B kauecTBe KpUTEpHs OE30MIaCHOCTH
npeajaraeTcsi «00JacTh CTOJIKHOBEHMS», MOJI KOTOPOM MMeEeTCsl B BUAY HEKOTopas
00J1aCTh MO HAIPABJICHUIO JBUKEHUS Cy/IHA.

B paGore [2] o6mactb HaBUralMOHHOW OE€30MACHOCTH OMNMCAaHAa SJUIUIICOM,
KOTOpasi MCHOJb3yeTCSd B aBTOMATHU3MPOBAHHOW paJUOSIOKalMOHHOHN cucteme. [lpu
ATOM KpHBasi, KOTOpasi OrpaHUYMBAET 30HY, OMUCHIBAETCS U3 LIEHTPA TSHKECTH CyJHA
panycoM NEepeMEeHHOW JJIMHBI, KOTOPBIN 3aBHCHUT OT JJIUHBI CyJIHA, €r0 CKOPOCTU U
KypCOBOI'O yIJia pajuyca.

[Ipouenypa pacuera OONBIIOW OCH  DBJUIMICA 30HBl  HABUTAIMOHHOU
0e30MacHOCTH, KaK «IMHAMUYECKOW JIMHBI CyJIHa» M Majoll OCH 3JUIMIICA, Kak
«IMHAMUYECKON IIUPUHBI CyJHA» NJis TUIaBaHUS B MOPTOBBIX BOAAX MPEJIOKEHA B
pabore [3], mpuuem o0bOa mapameTpa 3aBUCAT OT JJIMHBI U IIMPUHBI CYJHA, €ro
CKOPOCTH W TPOTSHKEHHOCTH TOpPMO3HOTO NyTu. B pabote [4] paccMoTpeHbI Ooliee
JECSATU TPUMEHSEMBIX B HacTosliee BpeMs (opM CyIOBOrO JOMEHa OIMNAaCHOCTH
(6e3omacHol 0bsacTu CyHa).

®opmyanpoBKa uesdeil crarbu (mocTtaHoBKa 3agaum) llenpio cTaTbu
SABJISICTCSl aHANW3 BIMSHHS 3aKOHA PaCIpelesIeHUsT BEKTOPUAIBbHOM MOTPEHIHOCTH
CyJIHa Ha pa3Mepbl ero KpyroBoi Oe3omacHOi 00JaCTH M Ha KypC YKJIOHEHHsS IMpuU
PACXOKJIEHUH C OMACHOM LIEJIBIO.

N3noxeHne OCHOBHOIO MAaTepHAJIa MCCJIEIO0BAHUS C O00OCHOBaHHMEM
MOJIy4YeHHbIX HAYYHbIX Pe3yJibTATOB
B pabGote [5] s olleHKH omacHOM 00yiacTH pa3inuuHOU (OPMBI MpejsiaracTcs
OTpEeNIeNIUTh TPAHUYHBIE pa3Mephl 00JacTu D, B KOTOPOHM MPENATCTBUE HAXOIUTCS B
00JIaCTH C 33JJaHHOU BEpOSTHOCTHIO Pd , OJIM3KOM K eTUHHUIIC.

[ToaToMy pa3zmepsl obnactu D 3agaHHON (DOPMBI BBIUMCIAIOTCS IMYTEM pELICHUs
YpaBHEHUS:

Ifo(x,y)ddePd, (1)

rae f(x,y) - IByMepHas IJIOTHOCTh paclpeesieHUs] BEKTOPHATbHON MO3UITMOHHON
MOTPENTHOCTH.
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I[JISI OIMMCaHUuA CJ'IyIlaI\/iHBIX HOFpCH.IHOCTCfI HaBUT'allMOHHBIX HBMCpCHI/Iﬁ
IMPUMCHACTCA PACIIPCACICHUC Faycca, ABYMCPHAA IIJIIOTHOCTh KOTOPOT'O UMCCT BU:

2 2
1 X y
f(x,y)=——exp[-(—+—)],
2MO O o 2 o 2
X Yy X y
rac O X nu (0} y - CpeI[HI/Ie KBaIIpaTI/I‘IeCKI/Ie OTKJIOHCHMUA BCKTOpHaHBHOﬁ

TNOrPEITHOCTH COOTBETCTBEHHO 110 OCAM X Uy, IpU4eM O = /D n oc = |D .
x y Y

[ToaTomy Beipaxkenue (1) npuHUMAaET BU:

2 2
1 X
——— [[expl~(" + L5)ldvdx = P,. )
2o o D o, Gy

Xy

OdeBuHO, I pEIICHUS BBIpaXEeHHS (2) clieqyeT HCIOJIb30BaTh YHCICHHBIE
MeTonel. PaccMoTpuM cmoco0 pemieHUst BbIpaxkeHHs (2) [y cioydas, Korjaa
6e3omnacHasi 06y1acTh cyHa UMeeT (opMy Kpyra, IPUUYEM CYIHO HAXOAUTCS B LIEHTPE
obnactu. B aToM ciyuae BeipaxkeHue (2) 3anuchiBaeTCs B BUAE:

2 2

4 R, R, —x x2 2
][ expl-( ) dvdx =Py,
27Z'O'x6 0 0 o Gy

.2
2T e )= 3)

4
rae A=

2TO O

Xy

B ypaBHenun (3) HeoOXOquMO HaWTWM 3HaYeHWe R, MJIA 4YEro Cieayer

st >
INPpUMCHUTb MCTOI ITOCICIOBATCIBbHBIX HpH6JIH)KCHHﬁ. Tak kak P d ~1, TO a4

HOPMAJILHOTO paclpe/ielieHusl HayalbHOe NMpUOIMKEHue 11 Ry clenyeT BbIOpaTh
HEMHOKKO MEHBIIE 3 0, [JIe O NPUHUMAET 3HAYEHUE MEHBILETO U3 C.K.0. C U T,.
X
Ecnm  BekTopuanbHash TOTPENIHOCTh  MOJYMHEHA CMEIIAHHOMY  3aKOHY
pacnpeneneHuss TEepBOro TUMA, TO €€ IUIOTHOCTh pPACHpEeieHUs] BbIpaXaeTcs
cienyomum odbpaszom [6]:

AA,
filx,y) =

*12+a)" (3?24 a,)"

(n<6)
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Vartzoen-n” Y Namzen-

Pacuer OonpcaACIIOIICro ImapamMeTpa R JUIE  CTOXaCTUYECKOM o0iacTu

st

KpyroBo# (GopMbl TPOU3BOAUTCS C MIOMOIIBIO CIEAYIOUIETO BHIPAKECHHUS :

A ! 1
0 o @12+ )" (P 124a,)" AALA,

P,.

B cnydae pacnpeneneHuss BEKTOPUAIbHOW MOTPEUIHOCTH IO CMEIIAHHOMY
3aKOHY BTOPOI'O THIA C TUIOTHOCTHIO [6]:
BB,

2 3/2,.2 3/2°
(x“/2+a )" (v 24 a))"T

(n<5)

fz(an’)Z

1-3-5-Q2n+1a,"" - _1-3-5-(2n+1)ayn+1

\/52H+1n! y \/§2n+1n!

Rst MMPOU3BOAUTCA C ITOMOIIBIO BBIPAKCHHA !

rie B, = pacder mapamerpa

2 2
R R™ —i
st st 1 1

) _
-0 joo (P12+a)"( 2+ a,)"? 4BB,

P,

Ilocne OIIpCACICHUA paanyca CTOXAaCTHMYECKOM 00JacTh Rst MMpCaciIbHO-
AO0ITyCTUMAd JUCTAHIIUA cOJIMKEHUS CyaHa € 1ICJIbO dd HaXOIUTCA U3 BbIPAKCHUA:

dd == Rst + Rdet Py
rae Ry, - paauyc I€TEPMUHMPOBAHHON 00JIACTH, 3aBUCAILMUN OT rabapuToOB Cy/JHA U

APYTUX JETePMUHUPOBAaHHBIX (hakTOopoB. Mcmonw3ys mnonydeHHoe 3HaueHue dg,
Ge3omacHbIl OTHOCHTENBHBIA Kype K i, HaXoauTes ¢ noMoupso Gopmyist [6]:
Kty =a *arcsin(dy/D),

rae o ¥ D- COOTBETCTBEHHO MEJIEHT U JUCTAHIIUS MEXIY CYTHOM U IEIbIO.
Hckomoe 3HaueHwe Kypca 0€30MacHOTO YKJIOHEHMsI OMpPEACNISIeTCS MO HW3BECTHOM
3aBUCUMOCTH [6]:

Ky =Ky + arcsin[p™’ sin(K o, — Ko )],

rne p=V,/V, u V;, V, - COOTBETCTBEHHO CKOPOCTH CYAHA U LEH.
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BriBoabI M MEepcneKTHBA JaIbHeH e pa0O0ThI 110 JAHHOMY HANIPABJICHHUIO

Takum 00pa3omM, B cTaThbe MPOBEJICH aHAIU3 BIMSHMS 3aKOHA pacrpeesieHus
IIO3ULIMOHHOW BEKTOPUAJILHOM IIOIPEIIHOCTA CyJHAa Ha pa3Mepbl €ro KpyroBou
Oe3omacHO 005acTH, KOTOpas ONpeAeNseT Kypc YKIOHEHMs CydHa Ipu
pPacX0KJIEHUH C LIEIbI0 B CUTYallUl ONIACHOTO COIMIKEHUSI.
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