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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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PEDEPAT

B cTaTTi mocnipkeHo 3a1ekKHICTh KPYroBoi 0e3medHoi 001acTi Cy/IHa BiJl 3aKOHY
PO3IOIIY BIPOTIAHOCTI TMO3UIIMHOI BEKTOPI1aJIbHOI IOXMOKH, IO BIUIMBAE Ha
BEJIMUMHY KYpCY YXWJICHHSI CyJHA MpPH HOTO PO3XOPKEHHI 3 HEOE3MEHYHOIO IIJLIIO.
Huni 3anponoroBaHo OuUThII AecsaTH pizHUX (Gopm Oe3medHoi o6iacTi cyaHa, Xoda
HANO1JIBII YaCTO BUKOPUCTOBYEThCA Oe3neyHa 0051acTh cyaHa KpyroBoi ¢popmu. Tomy
B CTaTTl pO3TJIAHYyTA I (hopma Oe3meuHol 00I1acTi 3 MO3UITIN 3aIeKHOCTI 11 pO3MIpiB
BiJl JIBOMIPHOI IIIIBHOCTI 3aKOHY PO3MOJLIY MO3MIIMHOT BEKTOPIadbHOI MOXUOKH.
Budepmyrodoro xapakTeprucTHKOIO KPYroBoi Oe3mevHoi 001acTi CyaHa € ii pafaiyc, 1o
JOPIBHIOE TPAHUYHO - JOMYCTUMIM NMCTaHINI HAWKOPOTIIOTO 30JMXKEHHS, sKa, 5K
MIOKAa3aHO B pOOOTI, ABISETHCS CYMOIO JIBOX CKJIQJIOBUX PI3HUX 3@ CBOEIO MPUPOIOIO.
[lepmia ckiamoBa JEeTEpMIHOBAHA, SIKa 3aJIEKUTh BIJ PO3MIPIB CyAHA Ta I1HIIUX
JIETEpMIHOBAaHMX YMHHUKIB. Jlpyra ckiajoBa € CTOXaCTMYHOIO 1 BOHA OJHO3HAYHO
BU3HAYAETHCS 3aKOHOM PO3MOJIITY BIPOTITHOCTI MO3UIIIHHOT BEKTOP1AIbHOT TOXUOKH,
OCHOBHOIO XapaKTEPUCTUKOIO KO SIBJISETHCS KOBapialliiiHa MaTpulld ii CKJI1aJIOBUX.

Panmiyc croxacTuuHOi CKJIaJoBOI KpyroBoi Oe3medHoi o06yiacTi  CcyaHa
BUOWPAETHCSA TAKUM YHMHOM, 100 BIPOTIJHICTh MOMAJaHHs ICTUHHOIO MICLS Cy/JHA B
o0nacTe Oysa OJM3BKOIO 0 OJMHMIN, HPU YMOBI, IO LEHTP KPYroBOi O€3MedHOi
o0nacTi cmiBmajgae 3 oOCEpBOBAaHMM MICLEM CcyAHAa. [HIIMMU ClIOBaMH, KpyroBa
00J1aCTh 3 IEHTPOM B 0OCEPBOBaHI MMO3UIIT HOBUHHA HAKPUBATH ICTUHHE MICIIE Cy/THA
3 BIPOT1IHICTIO OJIM3BKOIO J10 OJUHUII. B poOOTI 111 BUKOHAHHS L1€1 yMOBH CKJIaJICHE
IHTErpajbHe pIBHSAHHSA, B SKOMY B SIKOCTI HEBIJIOMOI 3MIHHOI MICTHTBCS pailyc
KpyroBoi Oe3neyHoi o0nacti cyaHa. Tak sik B piBHSHHI 1HTETpal € BU3HAYCHUH, a
pazailyc 3HaXOJAUTHCS B MEX1 IHTETPYyBaHHS, TO IHTETPAJIbHE PIBHSIHHS MIEPETBOPEHO 10
BUpa3y B BUIJISIII CyMH, IO JIO3BOJISIE BU3HAYUTH BEIMYHUHY paJiyCy METOIOM
IMOCJITOBHUX HAOIMKEHb.

[Toka3zano, mo pagiyc KpyroBoi Oe3medHoi 00JiacTi CyaHa B3aJICKHTh BiJ
JUCTIEPCI  CKIIAJOBUX TO3UIIIAHOT BEKTOPIATIbHOT MOXUOKH, $KI BH3HAYAIOTHCA
MacIITaOHUM TapaMeTpOM 3aKOHY pO3MOAUTY, a B paszl po3MOJAUTYy MO3UIIHHOT
BEKTOpIAJbHOT MOXMOKM MO 3MIIIAHOMY 3aKOHY MepLoro abdo Apyroro THUIY Ha
BEJIMUUHY PajlyCy BIUIMBAE TaKOXK ICTOTHUI MapaMeTp 3aKOHY PO3MOILITY.

KiarwouoBi ciaoBa: Oe3neyHICTh CYAHOBOMAIHHA, Oe3neuHa o00JIacTh CyAHA,
MO3MLIIIHA BEKTOpiaJibHA MOXHOKa.

IMocTanoBka nmpodeMbl B 00111eM BH/I€ U €€ CBfA3b ¢ BAKHBIMH HAYYHBIMH
WIM MPAKTHYECKHUMH 32 1a4aMu

s obecrieyenust Ge3aBapuitHOrO TUJIaBaHMs CyAHA UCIOJB3yeTcsl Oe3omacHas
00JacTh, B KOTOPO HAXOAUTCA CYIHO, IPUYEM B 3Ty 001acTh HE JOJDKHBI MTOMAIaTh
Ipyrue OOBEKTHI BO U30ekKaHWUE aBapuiiHBIX mpowuciiecTBuil. [lpu  BBIOOpE
0€30MacHOro Kypca YKJIOHEHHUs CyJHA YUYHMTHIBAETCS paJNyC KpyroBoi Oe3omacHOU
o0jacTu cyAHa, pa3Mepbl KOTOPOW OMpPENessOTCS 3aKOHOM paclpeesieHus
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BCKTOpI/IaHBHOﬁ IMOrpC€IIHOCTH. HOBTOMY dHAJIN3 3aBUCHUMOCTH KypCa YKIIOHCHHUA
CyaHa I 0e30macHoOro pacxoxxacHus C MHOCJIbI0 B 3daBUCHMMOCTH OT 3dKOHaA
pacipcaciCHuAa BGKTOpHaHLHOﬁ IMOTPCIIHOCTU  ABJIACTCA AKTYaJIbHBIM BOIIPOCOM
HCCJICAOBAHMN HpO6H€MBI 0e30macHOCTH CYAOBOXICHHA.

AHAJIM3 MOCJeIHMX JOCTHKEHUIl W nNy0JauKANuil, B KOTOPbIX HAa4aTro
pellieHHe TAHHOM MPO0JieMbl M Bble/ICHHE HEPeIIeHHbIX paHee YyacTe o0mie
npoo.1eMbI

Bompocy moctpoenust cymoBoit 0Oe30macHOil 00JacTH TOCBSIIEHBI MHOTHE
paboThI, TPUYEM CTAaHJAPTHBHIM OMMMCAHUEM TAaKOW 00JIACTH SBIIACTCS KPYT, B IICHTPE
KOTOPOTO HaXOJUTCS CYIHO, a pPaAUyCOM SBJISIETCA MpeAeiabHO-AO0MyCTUMAs
JTUCTAHIUS COJIMIKEHUS.

Opnaxo B psajzie padboT npejiaraercs apyras popma cy0Boi 6e30macHoii 001acTu
pucka crtoilkHoBeHus. Tak, B pabore [1] B kauecTBe KpuTepus 0O€30MaCHOCTH
npeiaraeTcsi «00J1acTh CTOJKHOBEHHS», TOJI KOTOPOH MMEETCS B BUAY HEKOTOpas
00J1aCTh TIO HAINPABJICHUIO JIBU)KECHUS CyIHA.

B pabGore [2] o6macTb HaBUrallMOHHOW OE30MACHOCTH OMNMCAHA DJUIUIICOM,
KOTOpasi UCHOJIB3YETCS B aBTOMATU3UPOBAHHON paguosiOKalMOHHOM cucteme. [lpu
ATOM KpHUBasi, KOTOpasi OTPaHUYUBAET 30HY, OMUCHIBACTCS U3 LIEHTPA TKECTH CYJIHA
paguycoM MEPEMEHHON JJIMHBI, KOTOPBIMA 3aBUCUT OT JUIMHBI CYJIHA, €70 CKOPOCTH U
KypCOBOTO yIJia paguyca.

[Iponeaypa pacuera OOIBIION OCHU JIIUIICA 30HBI HABUTAIIUOHHON 0€30MaCHOCTH,
KaK «IUHAMHUYECKON JIMHBI CyAHA» M MaJoW OCH BJUIMIICA, KaK <«JIMHAMUYECKOU
IIMPHUHBI CyJIHa» JUIA IJIaBaHUA B IOPTOBBIX BOJIAaX MpeJIoKeHa B padbore [3], mpuuem
o0a mapameTpa 3aBUCAT OT JUIMHBI U IIUPUHBI CYJHA, €T0 CKOPOCTU U MPOTKEHHOCTH
TopMo3Horo mytu. B pabote [4] paccMmorpeHsl Oosiee NecCATH NPUMEHSEMBIX B
HacTosIee Bpems (hopM CyJI0BOro JOMEHa ONacHOCTH (O6e30macHoi 00JI1aCTH Cy/IHA).

@opMyJaHpoOBKaA 1eJIell cTaThbu (MOCTAHOBKA 3a1a4M) L{enbio cTaThy ABISETCS
aHAJIM3 BIIMSHUSL 3aKOHA PACIPEICICHUS BEKTOPHUAJIBHOW ITOTPEIIHOCTHA CyJHA Ha
pa3Mepsl ero KpyroBou 0e30macHoi 001aCTH ¥ Ha KYpC YKIOHSHUS IIPH PACX0XKICHUN
C OIMaCHOW LEJIBIO.

N310:keHHEe OCHOBHOTO MaTepuajia HCCIeA0BAHUSI € O000CHOBAHHEM
MOJIyYeHHBIX HAYYHBIX Pe3yJbTaTOB
B paGote [5] mns oueHKH omacHOM 007acTH pa3inuvHOM (HOPMBI MpesiaraeTcs
OTIpENENTh TPaHWYHBbIC pa3Mepbl obmacti D, B KOTOpO# MpensaTCTBUE HAXOMUTCS B
00J1acTH ¢ 3aJaHHON BEPOSTHOCTHIO Pd , OJTM3KOM K €IUHUIIC.

[ToaTomy pa3mepsl obnactu D 3amanHOil (POPMBI BHIYUCISIIOTCS MYTEM pPEIICHUS
YpaBHEHUSI:

ij f (x, y)dydx=P, (1)

rae f(X,y) - AByMepHas IJIOTHOCTh paclpeaeiicHUs] BEKTOPHAIBHON MO3UIIMOHHOM
MOTPEITHOCTH.
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Jnga  onmcaHus — ClIydaHBIX —TOTPEIIHOCTEM  HABUTALIMOHHBIX  W3MEPECHUU
npuMeHseTcs pacnpeneneHue ['aycca, 1BymepHas JI0THOCTh KOTOPOTO UMEET BU:
1 2 2
f (X, y)=———exp[- (—+—)]
2710 XG y o o
X y

rac GX u O-y - CPCAHUC KBAAPATHUICCKHUC OTKIIOHCHUA BeKTopHaﬂbHOﬁ IOTPCITHOCTH

COOTBETCTBCHHO 110 OCSIM X M Y, IIpuieM O = /DX U o, = D .
y

[ToaToMy BhIpakeHHE (1) MIPUHUMAET BI/II['
2

j [exp[- (— + 2)]dydx P,. (2)
2no O
Xy Ox Oy
OueBuaHO, Ui pEIICHUS BbIpaxxeHUs (2) CileAyeT HCMHOJIb30BaTh YHCICHHBIC
MeToabl. PaccmoTpuM crioco6 perienust Beipaskenus (2) st cirydasi, Koraa 6e3onacHas
obsacth cyaHa umeeT GopMmy Kpyra, MpUudeM CyJIHO HaXOAUTCS B IIEHTpe oOnactu. B
ATOM cllydae BbIpakeHHe (2) 3aITUChIBACTCS B BUJIE:

R, — X 2 2
1 el + 2 )ldydx =P,

2
27r0'XGy 0 0 o o

Ry Ry —1i i2 j2 Pd
23 epl (= 3)
i=0 j=0 o’ o,
rane A= 4
2TO0 O
Xy

B ypaBuenuu (3) HeoOxoaumMo HailTh 3HaueHue R, AJIs 4ero cieayeT IpUMEHHUTD
METOJ| MOCJIEN0BATENbHbIX NpuOamKenuid. Tak kak Py ~1, TO I HOPMAJbHOTO

pacnpeziesieHusl HadajlbHOE NpuoOamxkeHue sl Ry cienyer BbIOpaTh HEMHOMKKO
MEHbIIIE 3 0, TJIe O NMPUHUMAET 3HAYCHUE MEHBIIIETO U3 C.K.O. o HUOoy.
Ecniu  BekTopuasibHasi TOTPEIIHOCTh TMOJYMHEHA CMEIIAHHOMY  3aKOHY

pacrpenelieHusi TEepBOro TUIA, TO €€ IUIOTHOCTh PACHpPECNICHHs BhIPaXKaeTcs
creayronmmM odpazom [6]:

A A
fi(x,y)= -~

, n<o6
(X2/2+ax)”+1(y2/2+ay)”+l (n<6)
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1 1
A znaxn+5n! Znayn+2n!
I = , = )
* Vomi-3-2n-1’ Y ermi3.(2n-1)

Pacuer onpenensromero napamerpa Ry UL CTOXaCTHYECKOM 00JIaCTH KPYTOBOM

CI)OpMI)I IPOU3BOAUTCS C IOMOIIBIO CICAYIOIICTO BhIPAXKCHUA.

st Rstz- 1 ~ 1
i—0 j-o (iP12+a )" (j%12+a,)" AAA,

Py
y

B ciydae pacnpenenieHust BEKTOpUAIbHOM MOTPEITHOCTH 110 CMEIIIAHHOMY 3aKOHY
BTOPOI'O THUIIA C INIOTHOCTHIO [6]:
B«By

, n<b5
(X2/2+ax)n+3/2(y2/2+Oty)n+3/2 ( )

fo(x,y)=

1-3-5-(2n+1)axn+1 LB _1-?>-5-(2n+1)05y'"+1

J22" 1n Y J22"+1n
HpOI/ISBOII;HTCH C IIOMOIIIBHO BprEl}KeHI/I}IZ

rae B, = pacuet mapamerpa R

2 .2
R~ —i
Rt Vst 1 1

z z =
i—0 j-0 (i2/2+ax)n+3/2(j2/2+ay)n+3/2 4BxBy

Py -

[locne ompeneneHust pagmyca CTOXAacTHYECKOW obmactH Ry mpemenbHO-
JOITyCTUMAasi TUCTAHIUS COJMKCHUS Cy/IHA C TeTbi0 0y HaXOAMTCS U3 BBIPAKEHHUS:

dg =Ry + Ret»
rae Ry - paauyc neTepMUHMPOBAHHOM OOJIACTH, 3aBUCSINUHI OT rabapuToB CyJHA U
APYTHX JEeTEPMUHUPOBAHHBIX (akTopoB. Mcmonms3ys momydeHHoe 3HaueHue d,
Oe3omacHbIil OTHOCHTEIBHBIN Kype Ky, HaXOAUTCS ¢ TOMOLIBIO (hopMyIIEL [6]:
Koy =0t arcsin(dy/D),

rae o u D- cOOTBETCTBEHHO MEJICHT U JUCTAHITUS MEXKITY CYTHOM U IIEJNIBIO.
Hckomoe 3HaueHHe Kypca O€30IMacCHOTO YKJIOHEHHS OMPEEsieTCs MO W3BECTHOU
3aBUCHUMOCTH [6]:

Ky = KOW + arCSin[p'lsin(Koty - Kc)]’

rne p=V;/V, u V;, V, - COOTBETCTBEHHO CKOPOCTH CYJHA U LIEJIH.
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BbiBoABI U MEepPCNEeKTUBA JaJIbHelIIei padoThl 0 JAHHOMY HAINIPaBJIEHUIO

Takum o06pa3om, B CTaTh€ MPOBEACH AHAIM3 BIMSHUS 3aKOHA pPaCIpEeIICHHUS
NO3UIIMOHHOW BEKTOPHAIBHOM TMOrPEIIHOCTH CyAHAa Ha pa3MeEpbl €ro KpyroBOu
0e3omacHoi 00J1aCTH, KOTOpas ONpeAeIIIeT KypC YKIOHEHHS CyHa MPU PACXO0KICHUU
C LIEJIBIO B CUTYALIMH OMACHOTO COJIMKEHUS.
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