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ABSTRACT

In the publication is specified, that providing of safe divergence of vessels at sailing in the
straitened waters is one of most the issue of the day of accident-free of navigation. Therefore,
straitened districts of sailing with especially intensive motion for the control of process of
navigation by the stations of traffic control of vessels which for providing of safe divergence of
vessels must dispose by modern facilities of warning of collision of vessels, reducing influencing of
human factor of operator by the use of methods of automatic determination of strategy of
divergence of vessels at their external management. Actuality of development of method of
automatic determination of parameters of strategy of divergence of vessels by the change of their
courses is determined 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 for
the decision of problem of warning of collisions of vessels was used method of nonlinear integral
invariance, methods of theory of optimum discrete processes, and also methods of differential game
theory. The method of warning of collision of vessels by displacement on a line parallel of way of
ship and method of flexible strategies of divergence of vessels got development, allowing to form
optimum strategy of divergence of ship with a few dangerous targets taking into account substantial
factors.

The publication contains analytical dependence of values of courses of deviation of vessels
providing their divergence on minimum - possible distance of rapprochement, without taking into
account inertia. It is specified, that for optimum of maneuver of divergence is needed, that increases
of courses and were minimum, and as the criterion of optimum the sum of their squares is chosen.

It is shown that without taking into account inertia of ship at a turn distance of the shortest
rapprochement appears less minimum-possible distance on a size which depends on the increase of
relative coordinates of vessels in times of turn and relative course of their deviation.

Procedure of progressive approximations is offered for the calculation of courses of deviation
of vessels taking into account their inertia and the algorithm of calculation of course of deviation is
represented. Set by the values by the increases of courses from - 60° to 60°, the courses of deviation
of the second ship settle accounts, which the courses of deviation of the first ship taking into
account the dynamics of vessels and increase of his course are determined on. Every maneuver of
divergence is characterized by the criterion of optimum, thus the maneuver of divergence gets out
as optimum, at which the criterion of optimum is minimum.

A situation is resulted in the publication, for which the computer imitation program expected
the optimum courses of deviation of vessels. By the computer program, playing of maneuver of
divergence of vessels with the got courses of deviation was produced.

Keywords: safety of navigation, warning of collision of vessels, external process of
divergence control, automatic determination of parameters of strategy of divergence.
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PE®EPAT

VY my6mikariii BKa3y€eThes, 10 3a0e3eueHHsT 0€3MeYHOT0 PO3XO0KEHHS CyICH MPH IJIaBaHHI B
CTHCIMX BOJAX € OJHIEI0 3 HalakTyaJbHIMIMX Mpobiem Oe3aBapifHOCTI CyIHOBOIIHHA. Tomy
CTHCIII palilOHM IJIaBaHHS 3 OCOOJMBO IHTEHCUBHUM PYXOM JJIsi KOHTPOJIIO MPOLECY CYTHOBOIHHS
O0JAIITOBYIOTHCSI CTAHI[ISIMU YIIPABJIIHHS PYXOM CYJEH, sKi s 3a0e3nedeHHs Oe3MedHOro
PO3XOKEHHSI CyJE€H MOBHMHHI MaTH B CBOEMY PO3MOPSIKEHHI CydacHl 3aco0M IMONEpPeKEHHS
3ITKHEHHS CyJIeH, SIKI 3HIDKYIOTh BIUIMBHU JIIOACBKOI'O YMHHHMKA OIEpaTopa BUKOPUCTOBYBAHHSIM
Croco0iB aBTOMAaTUYHOI'O BHM3HAYEHHS CTpaTerii  pPO3XOKEHHS CYJIeH MpU iX 30BHIIIHHOMY
ynpaBiiHHI. [[uM BU3HAuUa€TbCA aKTyalbHICTh PO3pOOKH CrOcoOy aBTOMATHMYHOTO BHU3HAYECHHS
rapameTpiB CTpaTerii po3X0KEHHS CYAeH 3MIHOIO 1X KYpCiB.

VY po6oTi mpHUBeNeHO aHadi3 OCTAHHIX JOCATHEHb 1 MyOiikaiii, B SKHX MOYATO PIiIICHHS
PO3MISIHYTOI IPOOJIeMH 1 BUILICHHS HEBHPIIICHUX paHimie yacTuH. [TokasaHo, 110 /11 BUPIIICHHS
npoOJIeMH TIOTIEPEHKEHHS 3ITKHEHb CY/AE€H BHUKOPHCTOBYIOTHCS METOJ HENiHIHHOI 1HTerpaibHOi
1HBapiaHTHOCTI, METOJIU TeOpii ONTUMAJIBHUX IUCKPETHHX TIPOIECIB, a TaKOX METOIU Teopii
mudepermianbaux irop. Opepikanu PO3BUTOK METOJ| MOMNEPEIHKEHHS 3ITKHEHHS CyJEH NUIIXOM
3CYyBYy Ha JIHIIO MapajelibHy NUISXY CyJHA 1 METOJl THYYKUX CTPATeriii po3XO/HKEHHS CyJeH, KU
JI03BOJIsIE (POPMYBATH ONTHMAIBHY CTPATETiI0 PO3XOHKCHHS Cy/JHA 3 JCKUIBKOMa HEOE3NECUHUMU
LIJISIMU 3 ypaXyBaHHSM ICTOTHUX YHHHUKIB.

[TyOnikamiss MICTHTh aHATITUYHY 3aJICKHICTh 3HAYCHb KYPCIB YXWJICHHS CyJEH, IO
3a0e3Meuyr0Th IX PO3XOKEHHS Ha TPAaHUYHO - JOMYCTUMIN AUCTaHIi1T 301MKeHHs, 6e3 ypaXxyBaHHs
iHepmifHOCTI. BKa3yeTbes, MmO I8 ONTUMAJIBHOCTI MaHEBPY PO3XO/UKCHHsSI HEOoOXiaHe, o0
MPUPOCTH iX KypciB Oynu MiHIMAaTbHUMH, a SK KpPUTEpid ONTUMAIBbHOCTI BUOpaHa cyma ix
KBaJ[paTiB.

[Tokazano, mo 0e3 ypaxyBaHHs 1HEpLUIHHOCTI Cy/lHA MPU MOBOPOTI TUCTAHIIST HAWKOPOTIIIOTO
30JIMKEHHS BUSIBIISIETBCSL MEHIIIE TPAHUYHO - JIOMYCTUMOI JUCTAHIll Ha BEIWYHHY, SKa 3aJICKUTh
BiJl IPUPOCTY BITHOCHUX KOOPAMHAT CyJI€H 3a Yac MMOBOPOTY 1 BIAHOCHOTO KYpCY IX yXUJIEHHS.

3amponoHoBaHa TPOLEAYpa IOCITIIOBHUX HAOMMKEHb /ISl PO3PaxXyHKY KYpPCIB YXHJICHHS
CyJIeH 3 ypaxyBaHHSM iX 1HEpLIMHOCTI 1 MPEACTaBIEHO AJTOPUTM PO3PAXYHKY KYpCy YXUJICHHS.
3a/1ar0uuch 3HaYEHHSIMU IIPUPOCTIB KypCiB Bij
-60° no 60°, po3paxoBYIOTbCA KYpPCH YXWIEHHS IPYroro CyAHa, IO SKMX BH3HAYAIOThCA KypCH
YXWJICHHS TIEpIIOTO Cy/AHA 3 YpaxXyBaHHSM JUHAMIKHU CYCH 1 IPUPOCTY Horo Kypcy. Koxxen MaHeBp
PO3XOJUKEHHSI XapaKTEpU3YETbCS KPUTEPIEM ONTHUMAJIbHOCTI, MPHUUOMY SK ONTHMAaJIbHUN
BUOMPAETHCSA MAHEBDP PO3XOIKEHHS, Y IKOI'0 KpUTEPIH ONTUMAIbHOCTI € MIHIMAJIbHUM.

VY my6unikauii npuBeaeHa cUTyalis, A1 sIKOi KOMI'IOTEPHOIO IMITAllIHOI0 MPOrpamMoro Oyiu
pO3paxoBaHil ONTHUMAJbHI KYpPCH YXWJIEHHS CyJeH. 3a JOIMOMOIOK KOMIT'FOTEPHOI MpPOrpaMu
MIPOBOJIMIIOCS ITPOTPAaBAaHHSI MAaHEBPY PO3XOJKEHHS CYJEH 3 OJIepKaHUMHU KypcaMH yXUJICHHS.

KurouoBi cioBa: 0Oe3meka CyJHOBOJIHHS, TIONEPEHKCHHS 31TKHEHHS CYICH, 30BHIIIHE
yOpPaBIiHHSA TPOIECOM  PO3XO/KEHHS, aBTOMAaTHYHE BH3HAUEHHS TMapaMeTpiB  cTparterii
PO3XO0JIKEHHS.

IlocTanoBKka l'[pOGJ'[eMbI B oﬁmeM BHAEC U €€ CBA3bL ¢ BA)KHBIMH HAYYHBIMH WJIH
NPAKTUYECCKUMHU 3aJaYaMU

ObecnieueHne 0e30MacHOTO PACXOXKJIEHHUS CyJOB INpH IUJIaBaHMM B CTECHEHHBIX BOJAX
SBJSIETCSl OJHOW M3 Hamboyee aKTyalbHBIX HpoOsieM Oe3aBapHHHOCTH CynOBOXIeHHUs. [loaTomy
JUI. KOHTPOJIS IIpoIiecca CyT0OBOXK/IEHHUs CTECHEHHbIE pallOHBI IJIaBaHHUsI C OCOOCHHO MHTEHCUBHBIM
IBUKEHHEM O00OpYyIYIOTCS CTaHIUAMU ynpasiieHus npuwxkenueM cynoB (CY/IC). na obecnieuenus
6e3onacHoro pacxoxaeHus cynoB CYJIC nomkHbl pacrmonaraTb COBPEMEHHBIMH CpEICTBAMH
NpeAyNPEKACHUS CTOIKHOBEHHS CYJIOB, KOTOPBIE JUIS CHIDKCHHUS BIMSHHS YEJIOBEUYECKOTro (haKkTopa
oreparopa JIOJDKHBI HCHOJB30BAaTh  CIIOCOOBI  aBTOMATUYECKOTO  OIpPENENIEHUS]  CTpaTeruu
pPacXOoXXIEHUS CyIOB MpHM HX BHEMHEM ympasieHuu. IlosTomy paspaboTka cmocoba
aBTOMATHYECKOT'O OIpENeJICHUs] TapaMeTpOB CTPATETHH PACXOXACHUS CYAOB HM3MEHEHHEM HX

136 Hamionansauii yaiBepcuteT «Omechka MOPChKa aKaaeMish»



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

KypcoB, 4YeMy IIOCBAIIEHAa HACTOALIAs CTaThs, SABISACTCA AaKTyalbHbIM M HEPCHEKTHBHBIM
HaIPaBJICHUEM.

AHaJIM3 NMOCJETHNX NOCTHKEHU U MyOJMKaIUii, B KOTOPbIX HAYATO pelleHre JTaHHOM
npoodJieMbl U Bbl/IeJIeHUE HEPelIeHHBIX paHee YyacTeil 00uieil mpooemMbl

MeTtoa HeNMMHEWHOI MHTErpajibHOW MHBAPUAHTHOCTH NpEJJIaracTcsl UCIOiIb30BaTh B padoTe
[1] nnst onmucaHusi B3aUMOJIEUCTBUS CY/I0B MPU PACXOXKICHHUHU.

Jns ommcanusi mpoliecca pacxoXAeHHs B paboTe [2] HCHONB3YIOTCA METOIbl TEOpUHr
ONTUMANIBHBIX JIUCKPETHBIX TIpoueccoB, a B paborax [3,4] mnpousBoautcs (dopmanuzanus
B3aMMO/ICHCTBHS CYOB IIPH PACX0XKACHUU METOaMH Teopun quddepeHnaIbHbIX Urp.

@opmanu3anus B3aUMOACHCTBHUS CYJOB IIPU BO3HUKHOBEHHMM YIPO3bl CTOJKHOBEHUS
paccMoTpeHa B paboTe [5], B KOTOpO#l Takke MpeaiokeHo aHanuTruaeckoe onucanue MIITICC-72.
Monorpadus [6] mocBsiieHa 0COOEHHOCTSIM PACXOXKICHHS CYJIOB, B KOTOPOW TPUBEICH METOI
MpeIyNpexACHUs CTOJIKHOBEHHUS CYI0B ITyTeM CMEUICHHs Ha TUHUIO MapauleIbHyo0 MyTH cyaHa. B
pabote [7] paccCMOTPEHO BHEIIHEE yIPABICHUE TPEMS CyJaMHu JIJIsl 0€30MacHOTO PaCX 0K ICHHSI.

B paGote [8] moapoOHO uccienoBana mpobiieMa MpenynpexaeHus CTOIKHOBEHUH CYIOB U
NPEIIOKEH METOJ TMOKUX CTpaTeruil MX pacxOoXJEHHs, MO3BOJAOMUNA (OpMUPOBATH
ONTUMAJIBHYIO CTPAaTErHI0 PACXOXKICHHS CyJIHA C HECKOJbKMMHU ONACHBIMU LIETSIMH C YYETOM
CYIIECTBEHHBIX (DaKTOPOB.

Pabora [9] paccmaTpuBaeT BBIOOpP CHTyaluu COJIMDKEHHS CyJHA C IEJIbI0 M3 MHOXKECTBa
CTaHJIAPTHBIX CUTYALMi, IIOCIIE YEro IPOU3BOJUTCS ONPEIEICHUE CTPATErMH PACX0XKICHUS.

dopmyMpoBaHHe HeJIel CTAThH (IOCTAHOBKA 3aa4H)

Llenpto cratbu siBIsiETCs pa3padbOTKa croco0a aBTOMATUYECKOTO OIPEACIICHHUS MapaMeTpOB
CTPATEeTUU PACXOXKACHUS Cy/10B U3MEHEHUEM UX KYPCOB.

HN3noxkenue Martepuajia ucCCJIeI0BAHUS ¢ OOOCHOBAHHEM MOJYYEHHBIX HAYYHBIX
pe3yJibTaToB

Kak nokazano B padote [10], 6e3 yueTa HHEpPLIMOHHOCTH Cy/IHA 3HAYEHUS KypCOB YKJIOHEHHUS,
00eCITeUMBAIONINX PACXOXKACHHE CY/IOB Ha MPEEIbHO - TOMyCTHMON aucTaniuy commkerns Dy,

B ClIy4ac Vl * V2 OIIPECACIIAOTCA CJ'IC,Z[YIOH_Ieﬁ AHAJIUTHYECKON 3aBHCUMOCTBIO:

K, =y +arcsidp[sin(K, -v)]}, (1)
o £ arcsin 2¢
re Y=ot —.
ae vy D
Ecm xe V) =V,, 10

Jlns Ge30macHOro pacxoXKAEHHsI CyJ0B HEOOXOIMMO M3MEHHTh HaualbHbIE KypChl Cy/lIOB Ha
semmanasl AK;, AK, Takum o0pasom, 4To6BI HX KypChl YKIOHEHHS Kyl =K, +AK;, n

Ky2 = K, + AK,, ynosnersopsun ypasuenuo (1), IpidemM H3MEHEHHE OJHOTO U3 KYPCOB MOXKET

ObITh paBHBIM HyJO. J[Is ONTUMAJIbHOCTH MaHEBpa pPACXOXAEHUS HEOOXOJUMO, YTOObI
npupamennst kypcos AK, n AK, Gbutd MEHEMAIBHBIME U yHOBICTBOPSIIA COOTHOLICHHUIO

(AKZ + AK3) - min .
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be3 ydera WHEpPIMOHHOCTH CyAHAa HpPU IOBOPOTE AUCTAHLUSA KpaTyaimiero COMMKEHHS
OKa3bIBACTCSL MEHBIIIE MPeebHO-omyctuMoil aucranuu Dy na Bemmanny AD,y, xotopas, kax

mokasaHo B padore [10], onpenensieTcs: BRIpaXKCHHEM:

s Ax
ADy = A5 + Aygsin(Ky, -arctg i oty 3)

ot

*
rae AXqy 1 AYy; - IpHpalieHns OTHOCHTEIBHBIX KOOPAMHAT 33 BPEMsI IOBOPOTA CYJIOB; K oty

OTHOCHUTEJIbHBIM KYpC UX YKIIOHEHHUS.
Eciu paccmarpuBaTh KpHUBOJIMHEHHOE IBUKEHHE CYAOB B MEPBOM MPUOIMKEHUH, TO

cyuTacM, 4YTO OHH IIOBOPAYHMBACTCA C IIOCTOAHHBIMH YIJIOBBIMH CKOPOCTAMU awl u a(Dz, a

npupamtenns koopmauHat AXy u AYy B OTHOCHTEIBHOM [BIKCHHH MOXKHO HAiTH U3

CIICTYIOIINUX COOOpakeHUH.
[pupamenus koopauuat AX; u AY,; mepBoro cyaHa 3a BpeMst IOBOPOTA:

AX, = M (cosKy, —cosK,, ),
wl

V, , . :
Ay, =—2(sinK,, —sinKy,).
a

wl

HN3meHeHune KOOpAWHAT BTOPOro CyaHa AXZ n Ayz 3a BpEMs IIOBOPOTA:

2

C yuerom nmoyueHHsix Beipaxkennit A Xy, Ay, , AX, u AY,, a Takxke yauTbIBasi, 910
Axy = AXq — AXy;
Ay =AYy, - Ay,

MpHUpaIIeHHs] KOOPIUHAT AXot 5 Ayot MIPUHUMAIOT CIEAYIOMINI BUI:

V. V
Ax = —1 (cosK,, —cos Kly)—a—z(cosK20 -cosKy,,),
w1l ®2

V, . . V., . _
AY o = a—l(sm Ky —sinKy,) —a—2(5|n Ky, —sinKy,),

wl w2

I7Ie TIepBasi COCTABJIAIONIAs - KPUBOJIMHEMHOE JBMXKCHHME IIEPBOrO CyIHA IPU IOBOPOTE, a BTOpas
COCTaBJIAIONIAs - KPUBOJIMHEWHOE IBUYKEHUE BTOPOTO CyIHA.
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Takum oOpazom, 1715 yuyeTa HHEPLUUOHHOCTH CyJHA MPHU MTOBOPOTE HEOOXOAUMO OIPENETUTh B
IepPBOM NPHOIMKCHAN Kype YKIOHCHHs CyAHa M paccumtars npupamenne ADy mpemensho -
JOIyCTUMOIl [MCTAaHIMK, NPUYEM IPEIEIbHO-I0MYCTHMY0 aucTaHimo Dy  Heobxomumo

YBeIMYMTh Ha BenuunHy npupamenuss aucranmuu ADy. B astom ciydae sasucumocts (1)

MNpUHHUMACT BUO:

. Dq+AD ) . . Dy+AD
K, = (xiarcsm%+arcsm{prc|n(K2 -aiarcsm%)]}. 4)

I

B gacTHOM citydae mpu paBeHCTBe cKopocteit obenx cynoB V) =V, pacuer Kypca mepBoro

CyZHa MPOU3BOJAUTCSA C IIOMOIIBIO 3aBUCUMOCTHU:
. Dy +AD
K, :n+2[a—arcsm($)]—K2. ()

PaccmoTpuM niporierypy ydeTa MHEPIMOHHOCTH CYJIOB IPH pacueTe Kypca YKIOHCHHUS Kly
1o 3afaHHoMy kypey Koy .
Jlist Kypca Kly , TIOJIYYEHHOTO TI0 33JaHHOMY KypCy sz, ¢ momouIbko Beipakenus (1) wim

(2), HaxomuM TIpUpAIICHUS] KYpPCOB CYJOB OTHOCHUTEIBHO HMX HAYaJIbHBIX 3HAUYCHUU
AK; =Ky =Ky 1 AK; = Ky — Ky, 10 xotopsiM omnpenensem npuparenne koopanHat

AXl, Ayl, AX2 u Ay2 000X CyZIOB 3a BpeMs UX TIOBOPOTOB C YUETOM TUHAMHYECKONH MOJENn
MX BpalaTeJbHOTO JABMKEHUS. 3aT€M PACCUUTHIBAIOTCA MPHUPALIEHUS OTHOCUTEIbHBIX KOOpPAMHAT

1

AX g, AYqt ¥ € IOMOIIBIO BBIp@KEHHS (3) BBIMUCISIETCS IEPBOE MPUOIIKEHHE AD((j) 3HAYEHHUS
MCKOMOTO II AD ADY

PHMpaLIEHHs TUCTAHIMK 4- 3aTeM MOJydYeHHOe 3HadeHHUe 4 TOJCTaBisieM B

1
¢dopmynny (4) wim (5) W modydaeM YTOYHEHHOE 3Hau€HUe Kgy) Haxomum mnpupaienue
1 1
KOOPJAMHATEI AKg) = Kiy) — Ky, , @ 3areM O ONHMCAHHOMY QIrOPUTMY HAXOIMM BTOPOE
2 *

TIPUOIMKEHNE TPUPAIIIEHHS AD((j ) , TOJBKO TIPH pacyeTe OTHOCHTENbHOTO Kypea ykimonenns Ky

BMECTO IpefeNbHO-1onycTuMoil aucranumn Dy Gepem cymmy Dy + AD((jl). VYkazaHHas

npoueaypa IOCIEeI0BaTeNbHBIX MPUONMKEHUI TPOU3BOAUTCS JI0 TeX IMOp, IOKa pa3HuLa

IpUpaIIeHHI ADén) —ADgn_l) He OKaKETCS PaBHOM WJIM MEHBIIE 3aJaHHOM BenmuuHbl OD.

(n)

Iloce 3TOrO paccumThIBaeTCs KypC YKIOHEHHS Kly = Kly ,

COOTB CTCTByIOIJ_[I/Iﬁ npeaciibHO-

o n
JOMTYCTUMOM TUCTAHIUN Dd + AD((j ).
Ha puc. 1 npexacraBieH aropuT™ pacuera Kypca yKIOHEHUS Kly C YYETOM UHEPIIMOHHOCTH

CYJIOB IpU TIOBOPOTE.
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Ky Ky ADg =0, pp =V, 1V

A 4

. Dy+AD
Yip =04, —arcsin—2———9  AD, =AD,

12 D12

\ 4

Y

Kyy =712 +arcsin{py, [sin(Kyy, -v12)13

v
Axq, AYy, AXy, AY o, AX i Ay o

A 4

Koty = a—arcsin[(Dy + ADy)/D]

Y

* AX
ADy =+/Axg; + Aygsin(Ky, - arctg X ot)
Yy

ot

Abs(AD —AD,) <D 2

Puc. 1. Aneopumm pacuema xypca ykionenus Kly

BapmaBasich 3HaueHmaMu AK, or -60° 1o 60°, pacc4uTHIBAIOTCS KyPChl YKIOHCHUS BTOPOrO

CylHa sz, 10 KOTOPBIM OIPEIEIAIOTCS KYpChl YKIOHEHHMS IIEpPBOrO CyIHA Kly C y4EeTOM

JMHAMUKA Cy0B U npupamerns ero kypca AK;. Kaxnipii MaHeBp pacxoxueHus (Kly, sz)
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2 2
xapakrepusyercst kpurepuem ontumansroctn Q = AKT + AK3 . Onrumansusiv Gynet manesp

pacxoxenus, y koroporo Q = min .

B xauecTBe nmpumepa Obla pacCMOTpEHa CIEAYIOUIast CUTYalrsl OIAaCHOTO COMMKEHHS CY/O0B,
napaMeTpbl KOTOPO U MOJIO’KEHUE CY/I0B IMOKa3aHbl Ha puc. 2.

[ Form1 _ O] x
rroemt =

1 K1=75 Y1=1§ Z' A12 =130
2 K2=345 y2=20
D1z
k1=75
W1
A12 =130
D=3
Dminl2 = 0,0
=2
"| [f |

Puc.2. Cumyayus onacnozo corudxcenus cyoos

JIn1st IpUBEEHHOMN CUTYaIlUK KOMIIBIOTEPHON HMUTAIMOHHON MPOrpaMMOii GBIIH PACCUHTAHBI
onTuManbhbie Kypesl yknonenus cynos Ky, =54° u Ky, =329°, xotopere obecnieunsaror

pacxoXkIeHUE B MPeIeNbHO-I0MYCTUMOM AUCTAHIIUU COMMKEHUS TPU MUHUMAIIBHBIX OTKJIOHEHUSIX
CYIOB OT TPOTPAaMMHBIX KypcoB MBIKeHHS. C TOMOIIbI0 KOMITBIOTEPHOH IMPOTrpamMMBbI
MPOU3BO/IMIIOCH TIPOUTPHIBAHME MAaHEBpa PpACXOXKICHHUA CYJIOB C IMOJYyYEHHBIMH KypcaMu
ykioHeHus. Ha puc. 3 mokasana cuTyanusi Hadana MaHeBpa PAcXOKACHUS Ha 3 ¢ Mocie Havamia, a
Ha puc. 4 - kparvaiimee cOmmkeHue cynoB Ha 405 c. U3 puc. 4 crnemyer, 4To AMCTaHLHUSA
Kparyaifiee CONMKEHHE CYIIOB paBHA TNPEEeNbHO-IOMYCTUMON IUCTAHIMN (B TIPUBEICHHOM
npumepe 1 Muis).

Harmionansanii yHiBepeuTeT «Omechka MOPChKa akaaeMis 141



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

+f Form1 -0 x
=10l x|
02=2.97
t=3
K1=54
K2=329

Puc.3. Hauano manespa pacxoswcoenus

s Form1 1O =|
D12=1.00
=405
k1=54
K2=329

Puc. 4. Cumyayus xpamuatiuwezo corudicenusi cyoos
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BoiBoabI 1 mepcneKTUBA AajIbHelIIeill padoThI 10 JAHHOMY HANIPABJICHUIO

Takum 00pa3oMm, B JaHHOM CTaThe PAacCMOTpPEHa pa3paboTka crocoba aBTOMATHYECKOIO
OIIpEJICIICHUS TTApaMETPOB CTPATETUU PACXOKICHHS CyI0B M3MEHEHHUEM MX KypcoB. B nanpHeliem
[eNIeCO00pa3HO  PacCMOTPETh  BO3MOXKHOCTh ~ aBTOMATHYECKOTO  ONPEJCNICHHS  [apaMeTpoB
CTpaTEeTHH PACXOXJICHUS CYI0B H3MECHEHHUEM HX CKOPOCTEH.
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