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ABSTRACT

It registers in the publication, that one of major is the problem of providing of safety of
navigation, the successful decision of which conduces to the decline of harm of human life and
environment.

Paid attention, that sailing of maritime vessels in the straitened districts is considerably
complicated by the navigation obstacles and intensive navigation, which create pre-conditions for
the origin of emergency situations, thus sailing in the straitened districts is characterized by the
fleeting change of navigation situation, that requires development of operative methods of
estimation of danger of rapprochement and choice of safe maneuver of divergence. The high level
of the use on the ship of information technologies determines expedience of computer realization of
the developed methods of prevention of collision of vessels.

It is specified, that in the conditions of intensive navigation there are the situations of
dangerous rapprochement of ship with two targets at presence of navigation danger in the district
of maneuvering.

The analysis of the last achievements and publications is resulted on the theme of prevention
of collisions of vessels and it is shown that at the locally-independent management for this purpose
offered method of forming of flexible strategies of divergence, methods of nonlinear integral
invariance and theories of optimum discrete processes. Formalization is also produced cooperation
of vessels in the situations of dangerous rapprochement and choice of strategy of divergence.

Strategy of urgent divergence is considered at rapprochement of vessels on small distances

and description of process of divergence of vessels and choice of maneuver of divergence is
produced in terms of differential antagonistic game.
It is shown that for the decision the problem set in the article it is necessary to choose the course of
deviation the nearest to programmatic, and which does not belong to none of three impermissible
great number of courses of deviation: with the first target, with the second target and with a
navigation danger.

The condition of the safe passing by the ship of point danger, which foresees superiority of
value of distance of the shortest rapprochement with her above the value of maximum possible
distance of rapprochement, is resulted, and his analytical expression which allows to expect scope
safe courses of deviation of ship. For estimation of danger of rapprochement of ship with a target
equalizations of scopes of region of impermissible parameters of motion of ship are resulted.

The situation of rapprochement of ship is considered with two targets and the regions of
impermissible values of parameters of motion of ship in relation to each of targets are formed. The
condition of dangerous rapprochement is formulated.

The example of situation of rapprochement of ship with two targets is represented, when there
is a point navigation danger in the district of sailing. The graphic reflection of regions of
impermissible values of parameters of motion of ship in relation to each of targets is shown, on
which the maximum courses of deviation on navigation limitations are also inflicted by the dotted
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lines. The optimum courses of deviation by the change of course to the right and to the left are
certain.

Keywords: safety of navigation, warning of collision of vessels, divergence with two targets,
navigation dangers.

PE®EPAT

Y myOmikaiii HaroJIONIyeTbCs, IO OJHIEID 3 HAHBAXIMBIMIUX € MpodiieMa 3abe3nedeHHs
Oe3NeKr CyIHOBOJIIHHS, YCIIIITHE PIMICHHS SKOI BEle IO 3HIKCHHS IIKOJW JTFOACHKOTO KUTTS 1
HaBKOJIMIIHBOTO CEPEJOBUIIIA.

3BepHyTa yBara, IO IUIABaHHS MOPCHKMX CYJeH B OOMEXKEHHX pailOHaxX 3HAYHO
YCKJIQJIHIOEThCSL HABITAI[IMHUMU MEpelKoiaMu 1 IHTEHCUBHUM CYAHOIUIABCTBOM, KI CTBOPIOIOTH
NEepeayMOBH [l BUHUKHEHHS aBapiiHUX CUTYyallill, MPUYOMY IUIaBaHHA B OOMEXEHHUX paiioHax
XapaKTepU3yeThCsl IIBUAKOIIMHHOI 3MIHOK HaBiramiiiHoi cuTyamii, 110 BHMarae po3poOKu
ONEpPaTUBHUX METOJIB OLIHKA HeOe3nmekn 30MmwkeHHs 1 BHOOpY O€3MeYHOr0 MaHEBpY
pO3XOKeHHs. Bucokuii piBeHb BHUKOPUCTAaHHS Ha CyJIHI 1HQOpPMAIIITHHX TEXHOJOTid BU3HAYae
JOLUTBHICTH KOMITFOTEPHOI peari3aliii MeToIiB 3aro0iranHs 3iTKHEHHIO CyJIEH, [0 PO3POOIISIOTHCS.

BkasyeTbcs, 1110 B yMOBaX IHTEHCUBHOI'O CyIHOIIJIAaBCTBAa BUHUKAIOTh CUTYallli HEOE31IeUHOTro
30JMKEHHS CyTHA 3 IBOMA I[UIIMU 32 HassBHOCTI HaBiraliiHoOi HeOe3neky B pailoHI MaHEBPYBaHHSI.

[TpuBeneHo aHali3 OCTaHHIX JOCSATHEHD 1 MyOuiKalliil Mo TeMi 3ano0iraHHs 3ITKHEHHSIM CyJIeH
1 TIOKa3aHo, IO MPU HE3AICKHOMY YIPABIIHHI JJIS I[HOTO 3alPONOHOBAaHI MeETOHA (POpPMyBaHHS
THYYKHUX CTpaTeriii po3XOKEHHS, METOJIM HEJIHIWHOi 1HTerpajibHOi IHBAapiaHTHOCTI 1 Teopii
ONITUMAJIFHUX JUCKPETHHX MpolieciB. Takox mpoBeaeHa (GopMaizaiist B3a€MOJII CyJCH B CHTyaIlil
HeOe3MmevyHoro 30JuKeHHs 1 BUOIp CTpaTerii po3X0oKEHHS.

PosrnsiHyTa cTparterisi eKCTpEeHOTO PO3XOKEHHS MpU 30MKEHHI CyJIeH Ha Malli BiJICTaHi 1
IIPOBE/IEHO OMNKC IPOLECY PO3XOMKEHHS Cy/AeH 1 BUOIp MaHEBPY pPO3XO/UKEHHS B TepMiHax
nudepeHIianbHOT aHTarOHICTUYHOT TPH.

IToxa3zaHo, 1110 JUIs BUPILLIEHHS [TOCTABJIEHOI B CTATTI 3a/1aul He0O0XiJHO BUOpATH HAaNOMKIMIA
710 TIPOTPAMHOTO KypC YXWIJICHHS, SIKHH HE HAJICKUTH KOJHIH 3 TPhOX HEMPUITYCTUMHUX ITiAMHOXAH
KypCIB YXWIEHHS: 3 MEPILIO0 LIJUII0, 3 APYTOk0 IIULIIO 1 3 HaBIraliiHo HEOE3MEKOko.

[TpuBenena ymMmoBa 0€3MeYHOTO MPOXOKEHHS CYJHOM TOYKOBOI HEOE3IeKH, sike rnepeadadae
nepeBary 3Ha4yeHHs JAWUCTaHLli HAHKOpPOTHIOro 30JMKEHHS 3 HEH HaJ| 3HAYeHHSM TPAaHUYHOT
JIONYCTUMOI JAMCTaHLIi 30JIMKeHHs, 1 HOro aHaJITUYHUIN BUpa3, SIKUM JI03BOJISIE PO3paxyBaTH
rpaHuyHi Oe3neuHi Kypcu yXuieHHs cyqHa. [[nsg ouiHku HeOe3meku 30JIMKEeHHS CyAHa 3 LUIAMU
MPUBE/ICHI PIBHSIHHS MEX 00JIaCTI HEPUITYCTUMHUX TTapaMeTPIB pyXy CyaHa.

PosrnsHyta cutryamis 301MKeHHS CcynHa 3 JBOMa LUIAMH 1 copmoBaHi obiacTi
HEMPUITYCTUMHUX 3HAY€Hb MapaMeTpiB pyXy CyJHa 1040 KoxHOi 3 mined. ChopmynboBaHa ymMoBa
HeO0e3MeYHOro 30JMKEHHS.

[IpencraBneno mpukiaam cutyamii 30dMKEHHS CyAHA 3 JBOMA IUISIMH, KOJM B paioHi
TUTaBaHHS 3HAXOJIUTHCS TOYKOBAa HaBiramiiiHa HeOesmneka. [lokazane rpadiune BigoOpaskeHHS
oOacTell HEMPUITYCTUMHUX 3HaY€Hb MapaMeTpiB PyXy CyAHA LIOJI0 KOKHOI 3 IIIeH, Ha SKI TaKoX
HaHeCeH! MYHKTUPHUMHU JIHISIMM TPaHWYHI KYpCH YXWJIEHHA M0 HaBiraliiHux oOMeEXeHHSX.
BuzHaueHi onTuManbHI KypcH YXWICHHS 3MIHOIO KypCy YIIPaBo 1 BIiBO.

KurouoBi ciioBa: Ge3rneka CyTHOBO/IHHS, MONEPEIKEHHS 3ITKHEHHS CyJIeH, PO3XOKEHHS 3
JIBOMA IIUISIMHM, HaBiraliiHi HeOe3meKy.
IocranoBka mpodjaeMbl B 00mIeM BHIEe M €€ CBSI3b C BAKHBIMH HAYYHBIMU WJIHM

NPAKTUYECCKUMHU 3aJaYaMU

OpnHol W3 BaKHEUIIMX sBIsETCS mpobiema obOecredeHuss 0€30MacHOCTH CYJOBOXICHHUS, OT
YCIEIIHOTO PpENICHUs] KOTOPOH 3aBHCHUT YMEHBIICHHE KOJMYECTBA aBAapHUHBIX CIy4acB H,
CJIEJIOBATEeNbHO, CHUYKCHHE BpE/Ia YeIIOBEUECKON KU3HU U OKPYIKaIOIIEH cpere.
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[InaBaHre MOpPCKMX CYJOB B CTECHEHHBIX paiOHaX 3HAYUTEIBHO  OCIIOXKHSAETCS
HAaBUTAllMOHHBIMM  IPEMSATCTBUSIMM U HHTEHCUBHBIM  CYJOXOJCTBOM, KOTOpBIE  CO3Jai0T
MPEANOCHUIKNA JUIsi BO3HUKHOBEHMS aBapUMHBIX cuTyauuidl. [lnaBaHuWe B CTECHEHHBIX paloOHaXx
XapaKTepu3yercss OBICTPOTEKYIIMM W3MEHEHHEM HaBUTAI[MOHHOW CHUTYyallMH, MOSTOMY Tpelyercs
pa3paboTKa OIepaTUBHBIX METOJIOB OLIEHKH OIACHOCTH COMIKEHUS M BbIOOpa 0€30macHOro
MaHeBpa pacXOXJICHHS. BBICOKMII ypOBEHb HCIOJNB30BAaHUS Ha CyAHE WH(POPMAIMOHHBIX
TEXHOJIOTUI OmpeJenseT 1LeIeco00pa3HOCTh KOMIIBIOTEPHOW peanu3aluu  pa3padaThiBaeMbIX
METOOB IPEJOTBPAILECHHS CTOJIKHOBEHUS CYI0B.

B yclioBusix MHTEHCUBHOT'O CYZ0XO/ICTBA BO3HUKAIOT CUTYAlIUU OMIACHOTO COMMKEHHSI CyAHA C
JBYMsI LIETSIMU IIPYU HAJIMYUU HABUTALMOHHOM OIIAaCHOCTH B pailloHEe MaHEBPUPOBAHMSL.

[ToaTomy pa3paboTka criocoOOB ympaBieHHs CyJaMH B CUTyallMd OMNAcHOTrO COJMKEHUS MpU
HAIMYMM HAaBUTALMOHHOM OMAcHOCTH, 4YeMy IIOCBAILICHHAs Hacrosmas paborta, sBIsETCS
AKTyaJbHBIM U IEPCIIEKTUBHBIM HAyYHBIM HallPaBICHUEM.

AHaJIU3 MOCJEeIHUX HOCTHKEHUH M MyOJMKaluii, B KOTOPHIX HAYaTO pelleHHe JaHHOM
npooJeMbl U BblJleJIeHHE HepellleHHBIX paHee YacTeil 001eil mpodjaeMbl

[TogpoOHOE wmccnenoBaHNE METOAOB JIOKAIHHO-HE3aBHCHMOTO YIPABJICHHS IPHBEICHO B
pabote [1], B KOTOpOIi Takke MpeIokKeH METOT POPMUPOBAHUS THOKUX CTPATETHI PACXOKICHHUS.
dopmanuzamus MpoUecca PacxoKICHUS METOJOM HEJIMHEWHOW HHTErpaIbHOM MHBAPUAHTHOCTH
npeayiokeHa B padore [2], a B pabote [3] METOBI TEOPUH ONTHUMAIBHBIX JUCKPETHBIX MPOIIECCOB
UCIOJIb3YIOTCSA JUI OIIMCAHUS MTPOLIECCa PACXOXKIECHUS CY/10B.

B pabote [4] paccMOTpeHbl MPUHLUIBI JTOKAIbHO-HE3aBUCHMOTO M BHEIIHETO YIpPaBIICHUS
IIPOLIECCOM PACXO0KJEHUS CYJI0B U IIPUBEACH aHAIN3 METOJOB UX pealu3aliH.

Teopetnueckoe 000CHOBaHHE aBTOHOMHOW CYJOBOW CHCTEMbI YKJIOHEHHUS OT CTOJKHOBEHUS
nsnaraercss B pabore [5]. Paccmorpensl [lpaBuna yknonenus ot cronkHoBeHuss COLREG wm
QITOPUTM IO YKJIOHEHHIO OT CTOJKHOBeHHMs. [loka3aHo, 4TO HMCCleIOBaHMS MO aBTOMAaTH3alUU
YIPaBJIEHUSI CYJJHOM MOTYT OBITh p€aIn30BaHbl KJIACCUUECKHUM IOJIXOJO0M, KOTOpBIM OCHOBAaH Ha
MaTEeMaTHYECKUX MOJENSIX U alTOpUTMax, WU K€ MPeACTaBICHbl KOMIBIOTEPHONH TEXHOJIOTHUEH,
HCIIOJIB3YIOIIEN NCKYCCTBEHHBIA NHTEIUICKT.

[Tpoueaypa BeIOOpa CTAaHAAPTHOTO ONTUMAIBHOTO MaHEBPA PACXOKICHHUS CYI0B MPEAIoKeHa
B pabote [6], a B3aUMOJCHCTBUE CyJOB B CHUTyallMd OMACHOTO COJIMDKEHHS W BBIOOp CTpaTeruu
pacxoKJIeHus s MPEIyTPexKICHUS UX CTOIIKHOBEHHUSI PACCMOTPEHHI B paboTte [7].

CrpaTeruss SKCTPEHHOIO pACXOXKIECHMsI NMpU COMMKEHUH CyJIOB Ha Majble pacCTOSHUS
uccinenoBaHa B pabore [8]. OmucaHue mnpolecca pacxoXKIEHHS CYIOB U BBIOOp MaHEBpa
pacxokJieHusi B TepMUHaAX AU(PepeHnanbHON aHTarOHUCTUUECKON UIPhl MPEUI0KEHO B paboTe
[9].

VY4ery MHEPIMOHHOCTH CyJHAa W HABUTALMOHHBIX OINACHOCTEW NpU pacyeTe MapaMeTpoB
MaHeBpa pPacXO’KICHUsS CyHa MOCBsIEeHb! padoTsl [10, 11].

B pabote [12] o6Cy)xmaeTcs METOJT OIIEHKH PUCKA CTOJKHOBEHHS C MCTIOJIB30BAHUEM PEXUMaA
UCTUHHOrO JBMXEHUS. OJHOM M3 NPUYMH BO3MOXHOTO CTOJIKHOBEHHS CYJOB SIBISIETCS METO
OLIEHKH pUCKa CTOJKHOBeHUH. Kak mpaBuiio, puck CTOJIKHOBEHUS CyJHA OLIEHUBAETCS 110 3HAYCHHUIO
MapaMeTpoB TOUYKH KpaTdaiiero cOnmkeHus. B 3Tom ciaydae TpyaHO OOHApy»UTh MPOITYCK
OTIACHOI 1IeTM MpY TUIaBAHUU B CTECHEHHBIX BOJAX.

B craThe npenoxeHa TMHUS TPOTHO3UPYEMOI'O CTOJIKHOBEHMS U 30HA MPEMSTCTBUM MO LIETU
JUIS OLIEHKM PUCKa CTOJIKHOBEHMSI, 3HAYEHHS] KOTOPBIX CBSI3aHbI C UCTMHHBIM JIBUDKEHHEM, M 3TO
JaeT BO3MOXKHOCTb BBISIBUTH CUTYAI[MM OMACHOTO COMMKEHUsS U 00ecreunTh 0e30MacHoe MiIaBaHue
B CTECHEHHBIX BOJaX.

AHanm3upyemMbie paboThl IpU GOPMUPOBAHUN MAHEBPA PACXOXKICHUS HE MPEIyCMATPUBAIOT
BO3HUKHOBEHHUS CUTYallUU OMACHOTO COJMKEHUS Cy/IHA C HECKOJIbKUMHU LIESIMH.
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dopmyaupoBaHue eIl CTAThH (IOCTAHOBKA 3aa4H)

]_[CJ'IBI-O CTaTbu ABJIACTCA pa3pa60TKa crocoba yucTa HaBHFaHHOHHOﬁ OITaCHOCTH IIpH BBI60pC
MaHCBpa pacxXoKACHUA CyJHa C IBYMs LCIIAMU.

N3n0:xxenne martepuajia WMCCIeJOBAHHSI ¢ OOOCHOBAaHMEM TOJYYEHHBIX HAYYHBIX
pe3yJIbTaTOB

Jlisl perieHust NOCTaBIEHHON 3a/1a4l HEOOXOIUMO BBIOpaTh ONMKAWIIMKA K MPOrpaMMHOMY
KypC YKJIOHEHHUs, KOTOPbI HE NPHUHAUIEKUT HU OJHOMY U3 TPEX HEIOIYCTUMBIX MOJMHOMKECTB
KYPCOB YKJIOHEHUS: C IIEPBOH LIEIBIO, CO BTOPOH LIEJIBIO U ¢ HABUT'ALIMOHHOM OIIACHOCTHIO.

VYcnoBue 6e30MacHOro MPOXOXKACHUS TOYEYHON OMACHOCTH MPEyCMaTPUBAET MTPEBOCXOICTBO

3nauenust gucranimu  MIiN| 0 Kparyalmero cOMMKeHUsT ¢ HEeW HajJ 3HAuYeHHEM MpeaesIbHOU

JIOIYCTHMOM TUCTAHIMU COMMKEHUS | , 4TO aHANMTHYECKU BHIPAXKAETCA CIIELYIOIIUM 00pa3oM:
n

Abs[l_sin(K, —a,)]> Tn,

rac (Xn - IICJICHT Ha TOYCYHYIO OITaCHOCTD.
HonyquHoe BBIPAXXCHUC ITO3BOJIACT HaAUTH rpaHUYHbIC Oe3omacHbIC KYPChbl YKIIOHCHHA CyIHA

¢ ycanosus minl N |n , IO3TOMY:
Abs[l_sin(K, —a,)]=1 .

*
OTKYy/la TpaHMYHbIE KYPChI YKJIOHEHUS Cy/IHA Ky* u Ky :

— _ in_n .
Ky« =0 arcsin

n

. [
- inn
y =y Farcsin. .

n

K

[TorToMy Ge30macHBIMH KypcamMH YKIOHEHUS Ky SIBJISIFOTCA T€, KOTOPBIE HE MPUHAJIEKAT K

nopvmoxectsy [K, ., K;], e Ky ¢[K., K;], KaK MOKa3aHo Ha puc. 1.

Kak ykaspiBaetcss B pabore [13], OIleHKY OMAacHOCTH COJMMKEHUS CyAHa C MEJbI0
11e1ecoo0pa3Ho MPOU3BOIUTE C TIOMOIIBIO 00ACTH HEAOMYCTUMBIX MapaMeTpPOB JBIKEHUS CyJIHA
Q4, TPaHHWIBI KOTOPOH ONpEeAeNsIoTCS Al CONMKEHHS CyAHAa C IEeTbI0 0  CIIEAYIOIINM

AHAJIUTUYCCKUM BBIPAKCHUAM!

. V,sin(K, —y®
KO =y 4 arcsin—2 (K, —y ), (1)
1
npuuem V; > V,sin(K, — y(l) );
_ V,sin(K, —y®
K® =vy@ L arcsin—2 (K, —y ), )

1
snecs V; = V,sin(K, —y@),
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rne K, u V) - mapamerpsr gsmkenus cynsa, K, m V, - mapamerpsl IBWKeHHS LeH,

1,2 — -
y( 2 — o+ arcsde , HqueMdd - TIpelenbHas JUCTAHIMS CONMXKEHHS, Ol U D - nenenr na

LeAb U JUCTAHIUS 10 HEE.

HaBuramuoH. oniacHOCTh

CYJIHO

Puc. 1. I panuunvle 6bezonacHvie Kypcol YKIOHEHUS. Ky* u Ky

PaccMOTpUM CHTyanuio COMMKEHHS CyAHA ¢ JABYMS LEIAMH, KOTOpas XapaKTEpH3yeTcs
napamerpamu nerkenns cynna K, u V), mapamerpamu nsmxenns nepsoit nemn K, u V,,

napamerpamu IBmkeHust Bropoit uenmn K u Vj, nenenramu Ha memu Oy, M O3, a TaKke
muctaHmmsive 10 Hux Dy, n D3, Commxenne cynHa ¢ mepBoil LENbI0 XapakTepH3yeTcs

o 1,2 o
00acTbI0 HENOMYCTUMBIX 3HAYEHHH MapaMeTpoB IBMKEHMS CyIHA Qg ), TpaHUIBl KOTOPOH

paccuuThIBatOTCs ¢ momouibio ¢popmyn (1) u (2), mpuuem ayig pacyeta NPUHUMAIOTCS apaMeTphl

K,, V,, a, nD,.

Amnanornuno popmupyeTcs 0071acTh Q((jm) IS COMMYKEHMS CY/IHA CO BTOPOIi LENBIO, B 3TOM
CiTydae TpaHMIlbl 001acTH ng) paccunTsiBatoTcs o mapamerpam Ky, V3, o453 1 Dy5. 3arem
IIPOU3BOAMTCS [IPOBEPKA NPUHAAIEKHOCTH TOUKH NapameTpos jsikenns cyana ( Ky, V;) kaxmoit

> (112) (113) e
u3 obmacrern € u Qp™, B pe3yabTaTe KOTOPOH MENAeTCs 3aKIOYeHHe 00 OMacHOCTH
COMKEHMs Cy/HA ¢ Kaxa0i u3 neneil. B ciaydyae HEOOXOOUMOCTH MaHEBp PACXOXKICHHS CyIHA
U3MEHEHHEM Kypca BhIOMpaeTcs TakuM obpasoM, uToObl Touka (K

K

1y V1) € KypCOM YKTOHCHHS

1,2 1,3
)y HE NpHHaiexana obnactim Q((j ) Qg ) 1. e 6buIo CIIPABEIIMBO  YCIOBHE
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(Ky V) ¢ Q((jl‘z) UQ&I’?’). [pu srom Touka (K

n3 o0JiacTeil.
Ecnu nipu 3TOM B paiioHe MaHEBPUPOBAHMS HAXOAMTCS HABUTAIMOHHAS OMACHOCTh, TO KYpC

1y V,) IomKkHa HAXOMHUTCS HA TPAHHLE OXHOM

yknonenus Ky nomxen ynosnersopsrs tawke yenosnio Ky & [K., Ky 1.

B KauecTBe NpUMEpa PAacCMOTPHM CHUTYallMI0 COJMKEHHs CyJlHa, CIEIYIOMIEro KypcoM
K, =80° u cropoctero V; =23 y3na ¢ AByMs LemsiMiL, KOTOpas IOKa3aHa Ha PHC. 2, IPUYEM 110
MCJICHTY 700 HaxoOUuTCd TOYCHUHAd HaBUTrallMOHHAsA OIACHOCTb, OrpaHUYMBAromass KypPChbl

*
YKJIOHEHUSI CyJIHA TPEACIbHBIMUA 3HAYCHUSIMU Ky* =35°u Ky =105°. OGnactu HEIOMYCTHUMBIX

& Q(1,2) Q(1,3) "
3HAYCHUH IapaMeTPOB JIBIKCHHUS CyJHA g u 4, TIOCTPOEHHBIE JUIsi  IIpeJe]bHOM

AUCTAaHIINN COMMKEHNS dd :1,0 MWK, IMPUBCACHBI Ha pPHUC. 3, Ha KOTOPOM TaKXXC HaHCCCHBI

*
IIYHKTUPHBIMH JIMHUSIMH TIPEETIbHBIE KYpPChI Ky*=35° u Ky=105°. Touka ¢ mapamerpamu
JBMKEHHS CyJIHA NPHHAIEKUAT 000MM 00J1acTSM, TI09TOMY CYIHO ONACHO COJMIKAETCS ¢ MEPBOM
LeNbl0 Ha JUCTaHLMIo Kpardaiimero commkenns D . =014 mumm u co Bropoit uensto Ha
Dmin2
IPOXOXKJIEHUS HABUIAIIMOHHON OIIACHOCTH CYIHO IOJDKHO OTBEPHYTH JIMOO BIPABO Ha Kypce
K,y =118°, 6o srepo na kype Ky, =35° (puc. 3).

:O,7OMI/IHI/I. HOSTOMy JUIs 0€301acHOTo PaCXOKIACHHUA C obouMu ocasAMHu M 4YUCTOI'O

13
Kypc moBopora HampaBo COOTBETCTBYET I'paHHUIC 00JacTH Qg ), a Kypc HOBOpOTa YKJIOHEHHEM

BJICBO JIUMUTUPYCTCA HaBI/IFaHHOHHOﬁ OIIaCHOCTBIO.

Puc. 2. Cumyayus conudxcenusi cyoos

104 Hamionansauii yaiBepcuteT «Omechka MOPChKa aKaaeMish»



Cymmosoainns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 30-2020

350
320
240
260
230
200
170
140
10
80

50

20
350
320
240
260

&30 CEAMKEHME CUEND 1 OMACHOE Drnind = 0,14
200 CEAVEKEHME CUEM 2 OMACHOE Dimin2= 0,70

170
o2 4 & 8 10 12 14 18 1§ 20 22 24 26 28 30 32 34 36

Puc. 3. Obracmu Q((jl’z) u Q((jl‘s)

BoiBOABI 1 MEPCInEeKTUBa JajbHeHmen paﬁoTbl Mo JaHHOMY HaIpaBJICHUIO

Takum oOpa3oM, B JaHHOU CTaThe pacCMOTpeHa pa3paboTKa crocoda pacX0oXkJIEHHs Cy/Ha C
ABYMsI LEJNSIMHU OOIIMM YKJIOHEHHEM C Y4YeTOM HaBUTallMOHHOM OHacHOCTH. B panpHeimem
11eJ1ecO00pa3HO PacCMOTPETh MAaHEBP PACXOXKACHHUS CyJIHA C JABYMS IEJISIMU OCJIEI0BATEIbHBIMU
YKJIOHEHHUSIMHU.
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