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ABSTRACT

It is indicated in work, that the decline of accident rate of vessels at sailing in the
straitened waters is one of major problems of increase of safety of navigation. It is
shown that the straitened districts of sailing with especially intensive motion
presently by the stations of traffic control of vessels which along with the control of
process of navigation are intended for the management by motion of the dangerously
drawn together vessels. Therefore, development of methods of management by the
dangerously drawn together vessels is actual and perspective scientific direction.

The analysis of the last achievements and publications is produced, the decision
of the examined problem is begun in which. At the analysis the basic questions of
warning of collision of vessels are lighted up, the choice of situation of
rapprochement of ship with a target from the great number of standard situations is
thus considered, whereupon determination of strategy of divergence is produced, and
also conception of flexible strategies of divergence is explored. Principles of locally-
independent and external are considered management by vessels in the situation of
dangerous rapprochement.

It is shown that in a number of works the regions of impermissible values of
parameters of motion of pair of vessels are offered, the scopes of which divide pair
combinations of parameters of motion of vessels, as points of plane, the axes of
which there are the chosen parameters, on possible and impermissible parts.

Four parameters of motion of pair of vessels are considered in work, two from
which are permanent, and remaining two parameters are examined, as variable
quantities, and equalization which characterizes dependence between in-out
parameters is offered. The indicated dependence represents a curve on the plane of
in-out parameters and is the border of region of their impermissible values. For points
belonging to this region, rapprochement of vessels is dangerous, and in the case when
the chosen point are on the border of region, or out of her, that rapprochement of
vessels is safe. Therefore for estimation of danger of situations of rapprochement of
vessels the graphic reflection of region of impermissible values of in-out parameters
in the system of coordinates of these parameters with possibility of indication of point
with the initial values of parameters is offered, according to the regulations of which

Hamionaneuuii yaiBepcuteT «Oiecbka MOPChKa aKaIeMis»



CynnoBoxinns | Shipping & Navigation 127

it 1s possible to judge about its belonging of region. A situation is considered, in
which ships at dangerous rapprochement can not change the course, and warning
their collision is possible only by the change of speeds. In this case speeds of vessels
get out as in-out parameters, and the courses of vessels are unchanging. Equalizations
of scopes of region for this case are resulted. It is shown that the scopes of regions of
dangerous values of speeds are straight lines.

Keywords: safety of navigation, warning of collision of vessels, regions of
impermissible values of parameters of motion.

PE®EPAT

Y po6oTi BKazaHO, 110 3HIWKEHHS aBapiHOCTI CYJEH NMPH IUIaBaHHI B CTHUCIUX
BOJIaX € OJHICI0 3 HaWBaKJIMBINIUX MPOOJIeM MiABUIIEHHS O€3IMEKH CYIHOBOJIIHHS.
[loka3zaHo, 10 CTHCII palloOHU TUIaBaHHS 13 OCOOJMBO IHTEHCUBHUM PYXOM B JIaHUM
Jac 00JIAIITOBYIOTHCS CTAHIIISIMU YIIPABIIiHHS PYXOM CYZCH, SIKi pa30oM 3 KOHTPOJIEM
MPOIIECY CYMHOBOAIHHS MPHU3HAYCHI JUISl YIIPABIIHHS PyXOM CYJICH, 10 HEOE3MeYHO
300KyI0Thcsl. ToMy po3poOka crmoco0iB ympaBiiHHS CyJHAMH, 110 HeOe3MeYHO
30JMKYIOTBCS, € aKTyaJIbHUM 1 IEPCIICKTUBHUM HAyKOBUM HAIPSIMOM.

3po0iieHO aHai3 OCTaHHIX JOCSITHEHb 1 MyOJiKalid, B SKUX MOYATO PIICHHS
naHoi mnpoOsemu. Ilpu anHamizi BUCBITIEHI OCHOBHI THUTAaHHS IOINEPEIKESHHS
3ITKHEHHS CY/IeH, MPUYOMY PO3IISIHYTO BUOIp CUTYallil 30/IMKEeHHs CyJHa 3 IUTIO 3
MHOXMHHM CTaHJIAPTHUX CHUTYalllid, MICIAS YOr0 MPOBOAMIOCA BU3HAYEHHS CTpaTerii
PO3XO/KEHHS, @ TAKOX JOCIIJKEHA KOHIIEMI[Sl THYYKHX CTpaTerid po3XOKEeHHS.
Po3risiHyTO NpUHLMIK HE3aJIEKHOTO 1 30BHINIHBOTO YIPAaBIIHHS CylaMH B CUTYallli
HE0e3MeYyHOro 30IMKEeHHS.

[TokazaHo, 110 y psial poOIT 3aMPONOHOBAHO 00JIACTI HEMPUITYCTUMHUX 3HAYEHD
napaMeTpiB pyxXy mapu CyAeH, MeX1 sIKUX PO3AUISIOTh MapHI MOEIHAHHS TTapaMeTpiB
PYXY CYZI€H, SIK TOYKH IUIOUIMHU, OCSMHU SIKOi € BUOpaHi mapamMeTpu, Ha JIOMYCTUMY 1
HEMPUIYCTUMY YaCTHHH.

Y po6oTi po3rISIHYTO YOTHPU TMapamMeTpu pyxXy Hapu CyIeH, JBa 3 SKUX €
MOCTIMHMMU, a JBa TapaMmeTpu, IO 3aJULIWINCS, PO3TISJAIOTHCA, SK 3MIHHI
BEJIMYMHHU, 1 3aIIPOTIOHOBAHO PIBHSIHHS, SIKE XapaKTEePU3ye 3aJCKHICTh MK 3MIHHUMHU
napameTpamu. BkaszaHa 3ajeXHICTb MNpeNCTaBise KPUBY Ha TUIOMIMHI 3MIHHHX
napameTpiB 1 € Mexew o01acTi iX HEeNpUIlyCTUMUX 3HadyeHb. [[ns kpamok, 1o
HaJeXaTh JaH1i 00JacTi, 30IMKEHHS Cy/IeH € HeOe3MeUHnM, a y pa3i, KoJIu BUOpaHa
Kpalnka 3HaXxoAsAThCSI Ha MeXi obisiacti, abo 1mo3a HEw, TO 30JMKEHHS CYACH €
oesneynuM. ToMy g omiHKM HeOe3nmeku curyanid 30JMKeHHS  CyJlleH
3ampoIOHOBAaHO TpadiyHe BiToOpakeHHS 00J1acTi HEMPUITYCTUMHUX 3HAYEHBb 3MIHHUX
napameTpiB B CUCTEMI KOOPJIMHAT IIUX MapaMeTpiB 3 MOXKJIUBICTIO 1HIUKAIlT KparKu
3 IOYATKOBUMHM 3HAYEHHSMH NapaMeTpiB, MO MOJOKEHHIO K0T MOXKHA CYIUTH MPO i
MpUHAJIEKHICTh 00siacTi. Po3risiHyTo cutyanmito, B sIKiil cyaHa Mpu HeOe3rneyHOMY
30JMKeHHI HE MOXKYTh 3MIHIOBaTH CBi Kypc, 1 MONEPEAUTH iX 3ITKHEHHS MOKHA
TUIBKH 3MIHOIO IIBUJKOCTEH. B 1IbOMYy BUNIAAKY K 3MIHHI TapaMeTpU BUOUPAIOTHCS
HIBUAKOCTI CyIeH, & HE3MIHHUMH € iX Kypcu. [IpuBeneni piBHSIHHS MeX 00iacTi s
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uporo Bumnaaky. [lokazano, mjo Mexi obnacteit HeOe3NeUHNX 3HAYEHb IIBUJIKOCTEH €
NPSIMUMU JHISIMU.

Kuarwou4oBi cioBa: Oe3neka CyTHOBOJIHHS, IOINEPEIKEHHS 3ITKHCHHS CYJICH,
00J1acTi HEIPUITYCTUMUX 3HAYEHb MapaMETPIB PyXYy.

ITocranoBka l'lpOﬁ.]'IeMbI B OﬁHIeM BHJI€ U €€ CBJA3b C BA’)KHBIMH HAaYYHBIMH
HJIN MTIPAKTHICCKUMU 3a/1a9aMHU

CHmxeHune aBapHﬁHOCTH CyaoB IIpH IJIaBaAHWKU B CTCCHCHHBIX BOJAX ABJISICTCA
OIIHOﬁ U3 BaXXHEUIIMX HpO6J’ICM MOBBIIICHUA 0€30IacHOCTH CyAOBOXIOCHUA.
CTtecHEHHBIC paﬁOHBI IUIaBaHMUS C OCOOCHHO MHTCHCHUBHBIM ABWXKXCHUECM B HACTOAIICC
BpCMA O60pYI[y10TC$I CTaHIOUAMHU YIPABJICHUA OBHUKCHUCM CYIOB, KOTOPBIC HAPAAY C
KOHTPOJICM IIpoLecCa CyaAOBOXIACHHA NPCAHAZHAYUCHBI IJIAA YIIPABJICHUA ABUKCHUCM
OITACHO C6JII/DKaIOH_II/IXCH CyaoB. CHCI[OB&TGJ'IBHO, pa3pa60TI<a cnoco0oB YIIPABJICHUA
OITACHO C6JII/I)KaIOH_II/IMI/IC5I cyaaMu ABJICTCA  AKTYAJBbHBIM MW IICPCIICKTUBHBIM
Hay4YHbBIM HAIIPpaBJICHHUCM.

AHAJN3 NOCJAEAHMX [OCTHKEHUI W NyOJuKaluil, B KOTOPBIX HA4aTo
peleHue AaHHOW NMpo0JieMbl U BblIeJICHHE HEPCUICHHBIX paHee 4YacTed o0miei
npooIeMbl

OcHOBHBIE BOMPOCHI TMPEAYNPEKACHUS CTOJIKHOBEHHUS CYAOB OCBEIICHBI B
paborax [1] m [2], mpuueM B pabote [l] paccmaTpuBaeTcsi BBIOOp CHUTyalUu
COJIKEHUsI Cy/[HA C IEJIbI0 M3 MHOXECTBAa CTaHIAPTHBIX CHUTYalUW, IMOCIE Yero
MIPOU3BOJIUTCS ONpEJEICHUE CTPATETUH PacXOXKJIeHus, a B pabore [2] uccienoBaHa
KOHIEMIUS THOKUX CTPATErui pacXOXKICHHUS.

B cratee [3] mpemmaraercs (GopManuzanys OCHOBHBIX XapaKTEPHUCTHUK
yIpaBisieMONd TUHAMUYECKOW CHCTEMbl CYJOB, & MPUHIUIIBI YNPABICHUS TPYMHION
CYJOB TIpU BO3HHUKHOBEHUU CUTYAIIMH OMACHOTO COJIMKEHUSI PACCMOTPEHBI B padboTe
[4].

PaGotbl [5,6] mocBdileHbl BompocaM NPUMEHEHUs OMAacHOW 00JacTH KypCOB
CYJOB Uil o0ecrieyeHus: 6€30MacCHOTO CyI0BOXKACHUS, TPUUEM MAHEBP PACXOKICHUS
TpeX CyJ0B M3MEHEHHMEM HX KypCOB NIpeasiokeH B pabore [5], a MCHOJIb30BaHUE
OMacHOM 00JacTH KypcOoB JBYX CYAOB Ui BbIOOpa JOMYCTHUMOIO MaHEBpa
PacXOXJIEHHsI paccMOTpeHO B pabote [6]. B pabote [7] paccMOTpeHBI JOKaIbHO-
HE3aBUCUMOE U BHELIHEE YIPABICHUE CYJaMU B CUTYallMH OMACHOTO COJIMKEHUS, a B
pabotre [8] mpemiaraercs cnoco0 (GopMHpOBaHHS CTpaTErMd IKCTPEHHOTO
pacxoXxJAeHUs] MNpPU BO3HUKHOBEHWU CHUTYyallMd YPE3MEPHOIro COJMKEHUS CYIOB.
OnepatuBHBIA CHOCOO OMNpeNEeNeHUsl MapaMeTpoOB MaHEBpPAa PACXOXKIECHUS CyJHA
M3MEHEHHEM Kypca MpesioxkeH B padote [9].

@®opmyarpoBaHue HeJieil cTaTbu (IOCTAHOBKA 3a/1a4H)
Ilenbto cTaThu SABISIETCS OMUCAHHME MPOIEAYPbl I'padUUECKOro OTOOpaKEHUS
obJiacTeil HeIOMyCTUMBIX 3HAUCHHU I TTapaMeTPOB U UX MPUMEHEHHE.
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N3ioxkeHne mMarTepuana HCCIEI0BAHMA ¢ O0OOCHOBAHMEM IMOJTYYEHHBIX
HAYYHBIX Pe3yJbTATOB

B psge paboT mpenioskeHbl 00JacTH HEAOMYCTHUMBIX 3HAYEHUN MapamMeTpoB
JIBMKEHUS TMapbl CYyJIOB, TPAaHMUIIBI KOTOPBIX PA3AENSIOT TMapHbIE COYETaAHUs
napamMeTpoB JBUKEHUS CYAOB, KaK TOYKHU IUIOCKOCTH, OCSIMH KOTOPOM SIBISIOTCA
BbIOpaHHbIE MapaMeTpbl, HA JIOMYCTUMYI0O U HEOOMyCcTHUMYIO0 yacTu. B pabote [10]
MOJIyY€HO YpaBHEHHE:

V,(sinK, cosy - cosK,;siny) =V, (sinK, cosy-cosK,siny), (1)

rne K, V;, K,, V, - mapameTpsl 1BHKEHUs CY/0B;

. D
y = o % arcsin(—2),
D
npudeM o U D - COOTBETCTBEHHO MEJNEHT U JUCTAHIUS MEXAY CyIaMH;
D, - npenenbHO-I0MyCTUMAs AUCTAHLNS COMMKEHUSL.
AHanu3 TMOKa3bIBa€T, YTO MPHU M3BECTHOM 3HAYEHUM 7Y, 3aBUCALIEM OT

HayajJbHOU Jul0X63%000%041 cOJIMKEHUS Cya0oB, YpPaBHCHHUC (1) CBA3bIBACT 3HAYCHUA
mapamMCTpOB ABUKCHUA CYIOB Kl ) Vl ) K2 u V2 , IPpHU KOTOPBIX OOCTUTACTCA I'PaHUIId

MEXKTy MHOKECTBAMHU OTIACHBIX M JIOMYCTUMBIX CUTYaIIMK COJIMXKEHUS CYOB U UMEET
MECTO PAaBEHCTBO MEXIY IMPOTHO3UPYEMOM IUCTAHIIMEH KpaTdaiiero COJMKEHUS
minD cyl1oB M NpeesbHO-AONYCTUMOW aucTaHuuMen cOmwkenus Dy, T. e.
min D=D,. IlosToMy, ecium u3 dYeTblpex MapaMeTpPOB [BUXKCHUSA CYNOB [Ba
napamerpa G, u G, ABIAIOTCA HEU3MEHHBIMH, a ocraBumxcsa nBa G, Gy

paccMaTpuBaTh, Kak IEpeMEHHbIE BEIMUYUHBI, TO ypaBHEHHE (1) MO3BOJISIET OTYUYHUTh
3aBHCHMOCTB MeX Ay mapamerpamu G, u Gy:

Gy =F(y,G,.Gy,,Gy), (2)

KOTOpas MpPEICTaBiIseT KpHUBYIO Ha MIockocTd Gy xGy, M ABIAETCS TpaHULEH
obmactu €2 HemomycTMMbIX 3HadeHud mnapametrpoB G, u Gy. [ua TOUeK,
NpuHaIeKamux obmactn Q, T. e. (gy,8,)€(), CcOMMKEHHE CYIOB SIBISETCS
OMACHBIM, a B CJIy4ae KOrIa TOYKHU ( gy ,E,) HAXOAATCS Ha rpaHuue odnactu € wiu

BHEC HEe, TO COJMKCHHUE CYIOB SIBISICTCS O€30MACHBIM, a CHUTyaIlusl COJMKCHUS
normyctumMoit. IloaToMy UIsI OIEHKM OIACHOCTH CHTYalluid COJIMDKEHHUS CY/I0B
HeoOXoauMo rpaduueckoe OoToOpakeHHe o01acTu () HEJONMyCTUMBIX 3HAYCHHI
napametpoB G, u G, B CHUCTEME KOOPIMHAT 3THX NAPAMETPOB C BO3MOXKHOCThHIO

HHAUKAOUNW TOYKM C HAYAJIbHBIMU 3HAUCHUAMU I1apPaMCTPOB (gxobgyo)D 110

MOJIOKEHHUIO KOTOPOH MOKHO CYJIUTh O €€ MPUHAJIeKHOCTH obnactu . Ilpu aToM
JaHHAs IPoLeypa 10JIKHA UMETh KOMIIBIOTEPHYIO PEAJIN3aLIMIO.
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B oOmiem ciydae Ha puc. 1 moka3zana obnacte Q, rpanunsl Qg u Qp KOTOpOM
paccyMTaHbl ¢ MOMOIIBIO 3aBUCHMOCTH (2) 1 oToOpaxkeHbl Ha miockoctn Gy x Gy .
Ha pucyHke mokaszaHa To4Ka (8yy,8y,), KOTOpas NpPHHAIEKHT obmactn €,

BCJIEACTBUE YEro COMMKEHHE CyIOB sBIsAeTCa omnacHbiM. QOu4eBUAHO, I
0e30MacHOro pacxXoXkIACHHs CICYeT BbIOpPATh TOYKY MAapaMeTPOB CYAOB (Zyq4>Eyd)s

KOTOpasd HAXOOUTCA Ha TpaHULC obinactu ) OaMKe BCEro K TOYKE HadaabHBIX
ImapamMmecTpOB. B »Tom ciIyvac Oe3omacHoe PACXOXKACHUC HOCTUTACTCA IIpU
MUHHMMAJILHBIX U3MEHECHUSIX 3HAUYCHUN HayaJlbHbBIX mapamMCcTpoOB CYIAOB.

Puc. 1. Obracme Q nedonycmumoix snauenut napamempos G, u Gy,

PaccMmoTpumM cutyanuio, B KOTOpOH CcyJa MNpU OMACHOM COJIM)KEHUU HE MOTYT
U3MEHSATh CBOW Kypc, M MPEAYNPEeAuTb HUX CTOJKHOBEHHE MOXHO TOJBKO
U3MEHEeHHeM cKopocTeid. B 3TomM ciyuae B KauecTBe MEPEMEHHBIX MapaMeTpoB
BBIOMPAIOTCSI CKOPOCTH CyOB, T. €. G, =V, n G, =V, a HeU3MCHHBIMHU SIBIISIFOTCSI
kypebl cynoB K, m K,. Iloatomy c yuerom ypaBHeHus (1) BwlpaxkeHue (2)

MMPUHUMACT BU:

_v sin(K, —v)
1 = VoV
sin(K ; - )
[Tpudyem o0nacTh OnacHbIX 3HAYEHUN CKOPOCTEN (v, UMEET IPAaHUILIbL:

sin(K, —v")

sin(K; —v")

V, =V ,
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x . D . D
raey =o+ arcsm(Fd) nuy=azt arcsm(Fd) :

I'panuiel 00sacTell ONMAcCHBIX 3HAYEHUM CKOpocTedl )y SABIAIOTCA NPSAMBIMU

JUHUSMU, KaK MMoka3aHo Ha puc. 2. [Ipuyem o01acTh ONacHbBIX 3HAYEHUNH CKOPOCTEH
Qy, chopmMupoBaHa I CUTyallud OIACHOIO COJIMDKEHUS CYIOB C MapameTpamu: O

=90°, D=3,0 mumu, D,=1,0 mumu, K,=45°, K,=315", ¢ Ha4anpbHBIMH CKOPOCTIMHU
V,=15 y3noB u V,=15 y3nos.
B stom ciyuae y =70,5° 1 ¥+=109,5°, a BEIpasKeHHUsI 1715 BEPXHEi Q,(Vi,Vy) m

HwkHen Q (V,,V,) rpanul UIMEIOT CIAEAYIOIIHUNA BUL:
V, =2,097V, u V,. = 0,477V,.

W13 puc. 2 caenyet, 4to Touka M ,, KOOpAUHATBI KOTOPO paBHbl Ha4aJlbHBIMU

CKOpPOCTAMHU CYOOB, MPUHAOICKUT 001acTH HCIOIMYCTHUMBIX CKOpOCTCﬁ, IMO9TOMY
cOJIMIKEeHHE CYIOB ABJISICTCS OIIACHBIM. Ecmu BTOPOC CYyAHO, UMCHOIICC CKOPOCTH V2

CllefyeT C HEHW3MEHHBIMH IapaMEeTpaMH, a CYAHO CO CKOpOocTbio V; Oyner
MaHEBPUPOBATh U3MEHEHUEM CKOPOCTH, TO O€30IIaCHOE pacXOKJEHUE Ha JUCTaHLUU
D4=1,0 Munu BO3MOXHO IpPU YBEIMYEHUU CKOPOCTH V| 10 3HadeHus 31,5 ysna

%
(touka M ) win ee yMEHBIICHUU 110 3HaueHus 7,2 y3na (Touka M.). YKazaHHbIC

~ * ~
TOUKM HaxoxasTcs Ha BepxHed Gr (V},V,) u nmxueir Gr.(V},V,) rpanunax obnactu

OITACHBIX CKOpOCTeﬁ, ITOKAa3aHHbIX HAa PHUC. 2.

Jlst oToOpaxeHus 001acTU HEJOIYCTUMBIX CKopocTel )y, Obula pa3paboTaHa
KoMIIbloTepHast mporpamma. C ee TMOMOMIIbIO JUIsl CUTyallud COJIMKEHUs ¢
napameTpamu: o, = 450, D, =3mmm, D, =1 muni, K, =90° , K, =180° 6wuta
copmupoBana obnacte 2y, rpadudeckoe 0TOOpakeHUE KOTOPOH MOKA3aHO Ha PHC.
3. IIpn HaganbHbIX ckopocTAX V, =18 y3 m V, =21 y3 nucraHums KpaTdauiiero
commxenus D . =0,23 Mmwin, TOuka HadaJIbHBIX CKOPOCTEH NMPHUHAJUIEKUT 001acTu

QV , a COJIMKEHUEM CYIOB ABJIACTCA OIIACHBIM.
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Puc. 3. Obnacms onachvix cxopocmeiti cyoos

BriBoabI M MEepCneKTHBA JajIbHEeH e padoThI 110 JAHHOMY HANIPABJICHHUIO

Takum oOpa3om, paccMoTpeHa Hpoleaypa KOMIBIOTEPHOIO TIpadUUecKoro
oToOpakeHHs 00JacTH HEJONMYCTUMBIX CKOpPOCTEH M IIOKa3aHO €€ HCIOJb30BaHUE
JUISL PEILICHUA 3a/1a4 PACXOXKIAEHHUS CY0B.

B nanpHeiimeM 1enecoo0pasHO pacCMOTPETh CUTYallMM ONACHOI'O COJIMKEHMS
HECKOJIBKUX CYIOB.
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