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ABSTRACT

Differential equalization of the guided motion of ship is resulted on the angle of
prowling. Depending on different types of management of ship equalization of
change of angle of his prowling is got. It is shown that the lateral taking of ship
depends on descriptions of moments of indignation, and also from frequency of own
vibrations of ship after the angle of prowling and his coefficient of fading. Analytical
expressions of maximal value of the lateral tearing down of ship are got at
proportionally-differential and proportsyonal - integral - differential algorithm of
management of ship.

In work differential equalization of motion of ship is resulted on the angle of
prowling which is determined by the moment of inertia of ship and added the masses
of water in relation to vertical to the landmark, by the hydrodynamic moment of
resistance, moment from a helm and revolting moment.

The got differential equalization is heterogeneous linear with permanent
coefficients, the common decision of which consists of decision of the proper
homogeneous equalization and partial decision which is determined by right part of
differential equalization.

Own attenuation vibrations of ship on the angle of prowling are the decision of
the proper homogeneous equalization, the period of which depends from a moment
inertia of ship in relation to vertical to the landmark, and also from a hydrodynamic
coefficient and coefficient of feather of helm of ship.

The partial decision characterizes taking which is the sum of two constituents:
taking of ship under action of permanent constituent of revolting moment and the
forced oscillation of ship on the angle of prowling which arises up through the
harmonic constituent of revolting moment. For indemnification of permanent
displacement from the asymmetrical prowling an additional signal what proportional
to the integral is entered in the law of management, and also a signal dependency
upon angular speed of prowling is used. He diminishes amplitude of prowling of ship
in relation to the programmatic course of ship.

In completion of the article dependence of exactness of realization by the ship of
programmatic trajectory is considered on the law of traffic control of ship on a
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course. It is shown that most exactness of maintenance of ship on the set trajectory is
provided PID the law of management, so as warns appearance of permanent
displacement and provides the minimum value of amplitude of prowling of the forced
vibrations.

Keywords: safety of navigation, exactness of realization of program trajectory,
law of management of motion of ship.

PE®EPAT

HaBeneHno nudepeniiiine piBHSHHS KEPOBAHOTO PYXY CyAHA MO KyTy PUCKaHHS.
3anexHo BiJ pI3HUX THUIIIB YIPABIiHHS CyJHA OTPUMAHO PIBHSHHS 3MIHU KyTa HOTO
puckanHs. [loka3zaHo, 1o OluHE 3HECEHHS CyJHA 3aJIEKUTh BIJ XAPAKTEPUCTHK
MOMEHTIB 30ypeHHS, a TaKOoX BIJ YacCTOTH BJACHUX KOJHUBaHb CyJHa 3a KyTOM
pUCKaHHS 1 Horo KkoedimieHTy 3aracaHHda. OTpUMaHO aHAIITUYHI BHpa3H
MaKCHUMaJbHOTO  3HAu€HHS OOKOBOTO 3HOCY CyJHa TMpU  IPOHOPLIHHO-
mudepeHIiiHoMy 1 MpONOPIiHHO-1HETpaIbHO-TU(EPEHIIIHHOMY  aITOPUTMY
KEepyBaHHsI CyHA.

B poOoTi npuBeneHo nudepeHiiiine piBHSIHHS pyXy CyJHa MO KyTy PUCKaHHS,
K€ BHM3HAYA€THCS MOMEHTOM IHEpLIi CyJHa 1 MPUEAHAHUX Mac BOJIU BIAHOCHO
BEPTHUKAIBHOI BICl, TIIPOJUHAMIYHIM MOMEHTOM CYIPOTHBY, MOMEHTOM Bij KepMa
Ta 30yprOI0OYUM MOMEHTOM.

Opnepxxane paudepeHiliiine piBHSIHHS SIBISETHCS HEOJHOPITHUM JIHIMHUM 3
MOCTIMHUMU KOE(ILI€EHTaMHU, 3arajibHe pIIIEHHS SKOrO CKJIAJa€TbCs 3 PIIICHHS
BIJINOBIJTHOTO OJHOPIAHOIO PIBHSHHS Ta YaCTKOBOTO PO3B’SI3KY, SKUH BU3HAYAETHCS
MPaBOI0 YaCTUHOIO AU(PEPEHIIIITHOTO PIBHSIHHS.

PimmeHHsM BiJMOBITHOTO OJHOPIAHOTO PIBHSHHS SBJISIOTHCSA BJACHI 3aTyxarodi
KOJIMBAHHA CYyJIHA TIO KyTy PHUCKaHHS, TEPIOJ] SIKUX 3aJICKUTh BiJ] MOMEHTY 1HEpIIi
CyJlHa BIJIHOCHO BEPTHKAJIHHOI BICI, @ TAKOX BiJl TLAPOAMHAMIYHOTO KOedilli€eHTa Ta
koedirieHTa nepa kepMma CyaHa.

YacTkoBH pPO3B’SA30K XapaKTEpPU3y€ 3HECEHHS, SKE SBISETbCS CYMOIO JIBOX
CKJIQJIOBUX: 3HECEHHsI CyJHA TiJ JI€I0 MOCTIMHOI CKJIaJ0BOi 30ypPIOI0YOr0 MOMEHTY
Ta BUMYLICHE KOJMBAHHS Cy/JHA MO KyTy PUCKaHHs, SIKE BUHUKA€E Yepe3 TapMOHIYHY
CKJIaJIOBY 30yprorouoro MOMEHTY. Jlias kommeHcallli MOCTIMHOTO 3MIIICHHS Bi
HECUMETPUYHHUX PUCKAaHb B 3aKOH YIPAaBIiHHS BBOJIUTHCS TOJAATKOBHI CUTHAM, STKUN
MPOTNOPILIMHUN 1HTErpaly, a TaKoXX BHUKOPHUCTOBYETHCS CUTHAJ, 3aJICKHUN Bij
KyTOBO1 IIBUJIKOCTI PUCKaHb. BiH 3MeHIIye aMIUIITylly pUCKaHb CyJIHAa BIJTHOCHO
MPOrPaMHOTO KypCy Cy/HA.

B 3aBepiiieHHs CTaTTi PO3TJIIHYTO 3aJIe)KHICTh TOYHOCTI peaiizailii CyJIHOM
POrpaMHOI TPa€eKTOpii Bil 3aKOHY YIPaBIIHHS PyXoM cynHa o kypcy. Ilokazano,
10 HaMOLIbIIy TOYHICTh YTPUMAaHHS CyJHA Ha 3aJaHiil TpaekTopii 3abe3mneuyeTbes
[TIJI 3akoHOM ympaBiiHHSA, TaK K MOMEPEIKY€e TOSABY IMOCTIHHOrO 3MIIIEHHS 1
3a0e3neyye MiHIMaIbHE 3HAUYEHHS aMIUTITYIU PUCKAHHS BUMYIICHUX KOJHUBAHb.

KirouoBi cioBa: Oe3meka CyIHOBOJIHHS, TOYHICTh peamisalii MporpaMHOi
TpaeKTOPii, 3aKOHH YIPABIIHHA PYXY Cy/IHA.
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ITocranoBka npo0/ieMbl B 001eM BH/IE H €e CBA3b ¢ BAa)KHBIMU HAYyYHBIMH
WIN NPAKTHYECKUMH 3aJa4aMu

CHMmKeHHne aBapuiHOCTH CYZAOB IIPU IUIABAHUM B CTECHEHHBIX BOJAX ITOBBIIIACT
0€30MacHOCTh CYA0BOXKIE€HUS. Perennto 3Toi npo06sieMbl ClIOCOOCTBYET MOBBIIIEHUE
TOYHOCTU peaju3aldd CYJHOM MPOrpaMMHOI TPAaeKTOPUH JABWKEHUS, IMPUYEM
TOYHOCTh B OIpPEACIAIONIC MEpe 3aBUCUT OT 3aKOHA YIPaBJIECHUS ABUKEHUS CyAHA
o Kypcy. Iloatomy cneayer uccienoBaTh BIHMSHUE 3aKOHA YIPaBICHUS JBHKECHUS
CyJlHa IO KypCy Ha TOYHOCTb p€ajiu3aluy CyJTHOM NPOrpaMMHON TPAEKTOPUU, YEMY
MOCBSIIEHA JaHHAs CTaThsl.

AHAIM3 MOCJEAHMX AOCTHKEHUN W Ny0JIMKANWil, B KOTOPbIX HAa4aTo
pellieHUe JaHHOW NMpo0JieMbl U Bble/IeHHEe HEPelIeHHbIX PaHee 4acTel o01eit
npooJieMbl

Kak yka3beiBaetcs B pabote [1], B HacTosiiee BpeMsi MpOU3BOAUTCS pa3padoTKa
MH(POPMAITMOHHON CUCTEMbl UMHUTAIMOHHOTO MOJICIUPOBAHUS JIBUKEHUS CYIOB CO
CJIO)KHBIMH JIMHAMUYECKUMHU MOJEISIMU, B 3aBUCHUMOCTH OT yIJIa KJIaAKU PYyJsl U
obopoToB aBuratens. JlaHHas cucTeMa TO3BOJUT OOECIEYUTHh HOBBIA THUII
IJIAHUPOBAHMSI MAHEBPOB CYJHA M KOHTPOJb pealu3alydd 33JaHHOTO MAaHEBpA.
[IpenycMoTpeHo B mpoliecce MaHEBPUPOBAHUS OTOOpakaThb 3aJlaHHbIE MaHEBPHI
OJIHOBPEMEHHO C  (aKTHYECKUM JBIXKCHHEM CyJAHa W C HWHJIUKaIUeu
MIPOTHO3UPYEMOM TPACKTOPUEH, KOTOpas OMNPEAEISIETCS pPEATbHBIMU BXOJIHBIMU
JAHHBIMU OT JATYMKOB CYJHA.

PaGora [2] mocesmeHa BompocaM HASCHTH(PUKAIMU CYJOBBIX MOJCICH
MaHEBPUPOBAHUHU, KOTOPBIE SIBIISIIOTCS KIIOUOM K HCCIEIOBAHUI0 MAaHEBPEHHOCTH
CyllHa, TPOECKTUPOBAHUIO CHUCTEM YIPABICHUS JBWKECHUEM CYAOB U Pa3BUTHUIO
CUCTEM YIpaBJICHUS CyJ0BBIMU TpeHakepamMu. B manHo# paboTe Ha OCHOBE aHaAIM3a
TUAPOJMHAMUKA CyAHa c(POpMHUpOBaHA HEJIWHEHHAs MOJENb MaHEBPUPOBAHUS
CyJHa.

B pabGore [3] aBTOp paccMaTpuBaeT HMHTEIUICKTyaIbHYI0  CHUCTEMY
MPOTHO3UPOBAHUS JBWIXKECHMSI CyJHA, KOTOpas HMUTHUPYET Mpolecc OOydeHUs
aBTOHOMHOI'O0 OJIOKa yIpaBJ€HUs, CO3JaHHOTO C TIOMOIIBIO HCKYCCTBEHHOM
HEUpOHHOU ceTu. biok ympaBieHus HaOII0aeT BXOJHBIE CUTHAJIBI M BBIYUCIISET
3Ha4YeHUs1 TpeOyeMbIX MapamMeTpPOB MAaHEBPHUPOBAHUM CyJHA B CTECHEHHBIX BOJIaX.
OcHOBHO 3ajjayell CHCTEMBI SIBIIIETCS HEMPEPBIBHBIA KOHTPOJIb HABUTAIMOHHBIX
MapaMeTpoOB CyJHA W MPOTHO3 HMX 3HAYECHHUI IIOCJIE OMPEACICHHOTO HHTEpBaja
BPEMEHH.

DopMyJIHPOBKA 1eJIel CTATHH
[lenbro cTaThbu SBISIETCA HWCCIEAOBAHUE 3aBUCUMOCTH TOYHOCTH JIBUKEHHS
CyAHa TPOTPAMMHOM TPACKTOPUEN OT 3aKOHA YIPABJICHUS JABWKCHUS CyJHA IO

N3i0/keHe OCHOBHOrO0 MaTepuHaja MCCAeA0BAHMA ¢ 000CHOBaHHEM
MOJy4eHHBIX HAYYHBIX Pe3y/JbTATOB

B nepBom npubmmkenun auddepeHnnanbHoe ypaBHEHUE ABIKEHUS CyAHA 110
yIJIy PHICKaHUS Y UMEET BUJI:
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1,9 +Cry+CoB=L, (1)

rae |, - MOMEHT MHepUMH CyJHA W IPHUCOCAMHEHHBIX MAcC BOJABI OTHOCUTEIIBHO
BEPTUKAIILHOMN OCH;

C, - ruapoIMHAMHUYECKasl XapaKTEPUCTUKA CYAHA;

C, - ruapoanHaMHUYECKasi XapaKTePUCTUKA PYJIS;

L - BO3MyIIArOIM MOMEHT.

Bosmymaromuii  MoMeHT L sBigercs CyMMOM JBYX COCTaBJIAIOLIMX:
OCTOSIHHOM L 1 rapMonnyeckoi L, T. e.:

L=L;+Ly=L¢+LySinoyt,

rne L,, © ®, - COOTBETCTBEHHO aMIUIUTYJHOE 3HAaYE€HUE TapMOHUYECKOM

po p
COCTaBJIAIOLIEH U KpyTroBas 4acToTa €€ N3MEHEHUS.
C yderoM storo nuddepeniunanbHoe ypaBHeHue (1) npuHuMaeT BUI:

I,y +Cry+Cof=L¢ + Ly sinmpt.

Pa3znenas Ha koaduumreHT npu cTapiuel Mpou3BOAHOW B JaHHOM YpaBHEHHH,
MOJIY4YHM:

L. Lpo .

\‘|‘1+&\11+&B:—C+ﬂsmcopt. 2)
I z I V4 z z

Vron kmagku pyns [ 3aBHCHT OT 3aKOHA YIIPaBIEHHS CygHOM. B ciydae

MPOTMOPIIMOHAILHOTO 3aKOHA YIpaBJieHUs yroia [ JHMHEHHO 3aBUCUT OT YIJia

Kk
pBICKaHMSI Cy/IHA Y, T. €. B = k—l\y, rae k; u K, - koapunneHTsr.
4
B sTrom ciiydae ypaBHeHue (2) mpuHUMAET BU/L;

) : L. Lpo .
\y+2v6\u+c0§\l/=—°+—posmmpt, (3)
zZ z
C
rae v, =# — K03 (UIMEHT 3aTyXaHUS;
z
2 _Co kg
o = TR COOCTBEHHAsI YacTOTa CyIHA TIPH PHICKAHUHU.
Z 4

Huddepennmansuoe ypaBHeHue (3) SBISETCS HEOTHOPOAHBIM JIMHEWHBIM C
MOCTOSIHHBIMU KO3 duninentamu.  Haiinem  pemenune  nuddepeHnuanibHoro
ypaBHeHUs (3), KOTOPOE ONMHUChIBAaeT phickanue cyaHa. CornacHo [4] pemenue Oyaem
HCKaTh B CIEIyIoIIei dhopme:

V=Vop + Vi, (4)
TZIE Y, - PELICHNE COOTBETCTBYIOLIETO (3) OMHOPOJHOIO YPABHEHUS;
W, - YaCTHOE PELICHHE, OIpeesIomeecs IpaBoil YacThi0 ypaBHEeHu (3).
Haiinem uvactHOe pemienue vy, auddepeHunanbHoro ypasHeHus (3), KoTopoe
OMKCHIBACT JABMWKCHHUE CyIHA TIPU JACUCTBUHU BO3MYIaomero MmoMmerTa L. YaureiBas
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CTPYKTYpY BO3MyIlawmero mMmomenta L, cormacHo [4] wacTHoe pelieHue Oynem
UCKAaTh B CleAyIolIen Gpopme:

v =P, +Psino,t + P,coso,t, (5)
rze TpedyeTcs ONpeneIuTh HEU3BECTHbIE K03 duuneHTs! P, P1 u P2.

Jlis 3TOro HeOOXOAUMO HANTH MEPBYIO U BTOPYIO IPOU3BOJIHBIE YIJIa PHICKAHUSA Y U
MOJCTABUTh UX B YpaBHEHUE (3), MOCIE Yero MOJTyYUuM:
20 2 :
— Piogsinm,t — Propcosmyt+ 2v (Po,cosopt — Pyogsinm,t) +
L L
2 ; _ —c PO «;
+ o’ (P, + Psino,t + P,cosmpt) = — + ——sinm,t
V4 z
['pynnupyem 4ieHsl B JIEBOM 4aCTH YPABHEHUSA:

2 25 \ei 2 2 2
(-Pop - 2v Proo, + (ooPl)Slnwpt + (—Pyoop + 2v Pio, + 0)0P2)C03copt +o P, =
L. Lpo .
=—¢+ Psinw,t.
YA zZ

Metonom HeonpeaeneHHbIX K03 uunenToB [4] HaxoauM 3HadeHus P, P1 151 P2:

P _ I—C .

0o~ 5

I, 0

L o (03(2) - (og)

B 2 212 2 24’
I [(05 —wp)” +4vimp]

Lpo2v,0p

P2 - .
1, [(w? —oalg)2 +4v:0)f,]

[ToncrasisgeM nomydeHHble 3Ha4YeHUS K03(D(PUIEHTOB Py, P1 u P2 B BIpaxkeHue (5)

¥ TIOJTyYMM MCKOMOE BBIPKCHHUE ISl yTJIa PHICKAHUS:
2 _ 2
_ LC I—po ((00 '(Dp) .
Y, = 2+ » -~ - Sinwt — » - - Coswpt.
o) 1;[(0; —wp)” +4v o, I, [(w5 —0p)” +4v o,

Lpo2v o,

[IpeoOpazyem 3TO BBIPAKEHHUE, UCIIOJIb3YSI aMILTUTYTHO-(ha30BOE
npeoOpa3oBaHue:

L
Y, = L + PO sin(opt —a),

2 2 242 2 2
Lot 1L [(e; —op) +4v o ]

p
2vom,

2 _ 2"
®g - O

rae o = arctg



Cyoosoorcoenue (Shipping & Navigation) 207

L
0
O6o3HaunM = P - aMIUIMTYJHOC 3HA4YeHHE YyIia
2 2y2 2 2912
I, [(0g —0p)” +4v o,

PBICKAHUA  OT BOSHCﬁCTBHH rapMOHHqCCKOﬁ COCTaBJIHIOHleﬁ BO3MYIIAOIICTO
MOMCHTA U OKOHYATCJIbHO ITOJTYYHUM:

W =Y + q;rosin((opt -a),

rac \|IrC =—C¢ . HOCTOHHHBIfI YFOJ'I pI)ICKaHI/ISI, BI)I3I>IB3IOIHI/II>’ICSI HOCTOHHHOﬁ
2
Lo
270
COCTaBH}IIOHIeﬁ BOSMYHL’:IIOHIGFO MOMCHTA.

C yueToM pelieHus: COOTBETCTBYIOIIETO OTHOPOAHOIO YPABHEHUS:
=exp(— Asinogt+A
Yob =XP(—V, D[A;sinoyt+ A; coswyt]
oOwiee pemrenre quddepeHnnanbHoro ypaBHeH s (3) NpUHUMAET BU:
\V:exp(—vet)[Alsincodt + A, cosoyt] + v, = (6)
= exp(—vet)[Alslnoadt + A, cosoyt] + v, + \IfmS'n((Dpt -a),
rae Al, A , - TTOCTOSIHHbIC HHTCTPUPOBAHILS, 3aBUCAIIME OT HAYATBHBIX YCIOBHUIA.
AHanu3 o61miero pemieHust (6) mMokas3bIBaeT, YTO MPU MPOMOPIIUOHATIEHOM 3aKOHE
yIpaBJI€HUs] COOCTBEHHBIE 3aTyXalollue KoJieOaHWsl Cy[Ha IO YIIIy PpPbICKaHUs
JIOTIOJTHEHBI TaPMOHUYECKUMHU BBIHY)KJICHHBIMU KOJICOAHUSIMU C YaCTOTOM KayKw,
OpUYEM HMEETCS TMOCTOSHHBIM Yroj pbICKaHUS, KOTOpPBIM BO3HMKAeT OT
HECUMMETPUYHBIX PBICKAHUI B cly4yae HaJW4Msl IMOCTOSHHOTO BO3MYIIAIOIIETO
MomeHTa. [Ipu ABMXKEHHMH CylHa €ro pbICKaHHE OTHOCHUTEIBHO IPOTrPaMMHOMN
TPacKTOPHU JIBIDKCHHS BBI3bIBaCT OOKOBOE CMelleHHe cyaHa O, Koropoe

ONpEeNeNIeTCs  OPTOrOHAJbHOM  OTHOCUTEIBHO  MPOTPAMMHOM  TPAaeKTOPUH
COCTABJISIOIICH CKOPOCTH CYyJIHA, BO3HHUKAIOIICH M3-3a €r0 PhICKaHW, T. . VSiny .

OueBHIHO, YTO BEIMYMHA TEKYIIIETO 3HAUYCHUS OOKOBOTO cMeleHus d onpeaenseTcs
BBIPAXKEHUEM:

t
d = [ Vsinydr.
0

YuuTeIBas, 4TO AMIUIMTYJHBIE 3HAYEHUS YIJIOB PBICKAHUS CYJOB B PEaJbHBIX
YCJIOBUSIX DKCIUTyaTalld, KaK MPaBHIO, HE MPEBOCXOMAT 5-7°, TO SINY MOXHO

3aMEHUTbh CAMUM YIJIOM Y B paauaHHou Mmepe. [loatomy:
t
d=V|ydrt,
0

I'JI€ YTOJI PhICKaHUSI Y OTIpeesieTCsl BhIpakeHueM (6).

B cBoto ouepenb, BeipakeHue (6) MOXKHO 3amucaTh B 0oJiee y100HOM BHUJIE:
V= exp(—vet)ASin((odt -B)+ e + wrosin(mpt —a),

rie A= AZ +A3, Bzarctg%.
1

CrenoBaTelibHO, BhIpaXKEHHE 1T OOKOBOIO CMellleHUs cyaHa d:
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t t t
d=V[A| exp(—ver)sin(oadt Byt + vy, JdT+y, fsin(mpt -oydt]. (7)
0 0 0
[Tociie UHTErpUPOBaHUst BhIpaskeHust (7) MOTyIHM:

d= V{A( ){cosB-—smB exp(—vyt)[cos(myt - B)+—S|n(a)dt B)]}+
COd +V9 (Dd OJd

+Y v, i[COSOL - COS(wpt - a)]}.
©p

OOpaiacM BHHMaHHE, YTO BeJIMYMHA cHoca d sBiIseTCs CyMMOW Tpex
COCTABJISIFOLIMX: COOCTBEHHBIE 3aTyXaroulue KojeOaHWsl CyJHA MO YTy PBICKaHUS,
pacTyliii CHOC CyJHa MOJ JCWCTBUEM MOCTOSHHOM CJIaraéMod BO3MYIIAIOUIETO
MOMEHTa W BBIHYXKJICHHO€ KoJie0aHHWE CyJIHa 1O YIJy pBHICKaHUs, BBI3BAaHHOE
rapMOHHMYECKOHN cllaraeMoil Bo3MylIaroiiero MomeHra. OTMeTuM, 4To BenwuuHa d
OTpENENICTCS BJIMSHUEM BO3MYILIAIOIIEI0O MOMEHTa, T. €. BTOPOMl U TpeTeu
COCTABJIAIOIIMMU, B TO BpeMsi, KaKk MIEPBOM COCTABIISAIONICH B MEPBOM MPUOIUKEHUU
MOXXHO TIpeHeOpeyb. [103ToMy A7 MPONOPIMOHAIFHOTO 3aKOHA YIIPaBICHUS CHOC O

BBIPAXKAETCS CIICIYIONIUM 00pa3oM:

1
dy = V{yt + vy, —[COSa - COS(w,t - )]}, mmm

©p
c LPO
d; =V{ t+ [cosa - coS(w,t-a)]}. (8)
! 2 282 2 272 P
I co l,0,[(w; —op) +4ve(op]

JIns xkoMIneHcanuuu MOCTOSHHOTO CMEIIEHUsS OT HECUMMETPUYHBIX PBICKAHUN B
3aKOH YNPaBJICHUS BKJIKOYAETCS JOINOJHHUTEIBHBIA CUTHAJ, MPONOPLHMOHAIBHBIN
MHTETpALy, a TaKXe HCIOJIb3YETCs] CUTHAJ, 3aBUCSAIIMA OT YIJIOBOM CKOPOCTH
PBICKaHUM.

B ciydae mponopuroHanbHO-IU(PGEpPEHIIMAIBHOIO 3aKOHA YIPABIEHUS YIoJ

Ky Ky .
KJIQJKU pysis 3= k—\y + k—\y Y ypaBHEHHE (2) MPUHUMAET BU/I:
4 4

’ L. Lpo
\|/+2v WV + o \|J——+—S|nCO t,
z zZ

1C, C,k,
=—(—+——) — KOD HNIIUCHT 3aTYXAaHUs.
0= k4) g yX

B ciydae peanmmzanuu [11]] 3akona yrpasieHust cHOC 0, MMeeT TOJIBKO

rac v

rapMOHHUYCCKYHO COCTABJIAIOIIYTO C YacTOTOM PBICKAHUA:

\%
d; = o1 —[COSQ-COS(w,t - )],
®
p

L po

2 212 2 22
l,op,[(0; — o) +4velo)|o]“2

TAC Yio1 =



Cyoosoorcoenue (Shipping & Navigation) 209

MakcuManbHOE€ 3HAYCHHUE d 2max CHOCa d 2, BbBI3BAHHOT'O F&pMOHH‘IGCKOﬁ
COCT&BJI?IIOH_Ieﬁ BO3MYIIAOIECTO MOMCHTA UMCCT BU/IL:

d _ Lpo V {l-l- ((Dg '(Dg) }
2max — T /24"
Izoop[(oag —o)f))2 + 4vglmé]l’2 ®, [(w; _(DS)Z + 4\’51(’3;2)]1 ’

B cBoro ouepenb, MakcumalbHOE 3HaueHHE Oy, CcHoca d; (8), BbI3BaHHOIO

rapMOHUYECKOM COCTABJISIIOLIEH BO3MYLIAIOLIETO0 MOMEHTA IPH MPONOPLUHUOHATBHOM
3aKOHE YIIpaBJICHUS:

d1max =

2_ 2
L po V 14 (w5 - (Dp) 1
N 2 2112 2 _ 122 L gy22 27

l,0,[(0g —op)” + 4v903p] ®, [(wg —wp)” +4vimy]
BelpaxeHUsT [UII MaKCUMAJIbHBIX CHOCOB Oja ¥ dopa  OTIIHUAIOTCS

3HAYCHHAMHU KOI(Q(UIMCHTOB 3aTyXaHHs V, MV, IPHYCM:

91___+_k_ MoV =_—=.
2°1, 1, ky 21,

| >V H, CEI0BATENBHO, Oy > omay -

v

OueBHUaHO, YTO V 0
BbiBoAbBI U epcNeKTUBA JaJIbHelIIeil padoThl 110 JAHHOMY HAIPaBJIEHHUIO
Takum oOpa3zoMm, Haubonee npuemiieMbiM siBisietcst [1M]] 3akoH ympaBieHus,

TaK KaK MPEeaynpekaaceT MOSBICHUE IOCTOSHHOTO CMEIIEHUS M 00ecleunBaeT

MHHUMAaJIbHOE 3HAYCHUE MAaKCUMAJIBHON aMIUTUTYAbI dmax PBICKaHUI BBIHYXIECHHBIX

Konebanuii. B manmpHelem 1enecooopa3Ho MCCIe0BaTh BIUSHUE CTOXACTHYECKUX
(aKkTOpOB Ha TOYHOCTH MPOBOJKHU CYyJIHA TPOTPaAMMOM TPAEKTOPHUEH.
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