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2. Perfection of methods of warning of collision of ships by application of general maneuver of divergence

Pedepar:

1. Y po6oTi gocnifKeHo cTparerii po3X0IpKeHHs CyJleH, 10 He6e3I1eYHO 30JIMKYIOThCS], 3a JOIIOMOrolo ob1acTei
Hebe3NeYHUX KypciB i mBuaxocTen. Onep>kaHo croci6 popMyBaHHs 06J1acTel OJ1s1 BUIAAKY CYLEH 3 TPUBAJIICTIO
[EePEXiTHMX MIPOLECIB 3MiHM KypCiB i BUAKOCTEN, SKUMU MO>KHA 3HEXTYBATU. TaKOX PO3IJISIHYTI IPOLENypPH
dhopmyBaHHS 06J1acTell HEOE3NEYHNX KYPCiB OJHOTO Cy/IHA i MIBUAKOCTEN JPYroro CynHa, siki MaloTh 3HaUHY
inepuintHicTs. OnepskaHi cnoco6u GpopMyBaHHS 00J1aCTeN y pa3i 3HM>KEHHSI IIBUJKOCTI IPYroro CyJHa akTUBHUM
a00 NMaCUBHUM TrajibMyBaHHSIM. PO3IJISIHYTO Giblll CKJIQHY CUTYALiI0 30JIMPKEHHS ABOX CYIEH 3a HassBHOCTI
TPETHOTO CY[IHA, IO 3aBaXKae€, i 3aIIPOIIOHOBAHO CIIOCIO BUOOPY 6€3MI€YHOr0 MaHEBPY PO3XOIKEeHHS. JloCiIKeHO
BILJIMB CTOXACTUYHUX ITOXUOOK BUMIPIOBaHb I1e€JI€HTra i JyucTaHLii cygHa Ha NapaMeTpU MaHEBPY PO3XOKEHHS,

[IOKa3aHo, 10 BU3HAYAJIBHIM € 3aKOH PO3MOJiNy BEKTOPiaJbHOI NO3ULINHOI TOXUOKU. [IpUBeneHO pe3yIbTaTh



HATYPHUX CIIOCTEPE>KEeHb IIOXUOOK BUMIPIOBAHHS MEJIEHTA i AXCTaHLii. B 3aBepuieHHi pO60TH NPUBEEHO OIUC
imiTanifiHoi KOMIT'IOTEpHOI Mporpamu Jj1sl IepeBipKy KOPEKTHOCTI 0JlepKaHOoTO B AUcCepTaLiliHill po60Ti Crlocoby
BHUOOpPY 6€3[1€YHOT0 MAaHEBPY PO3XO/I’)KEHHSI CYI,eH CYMICHOIO 3MiHOIO KYPCY OJIHOTO CYJHa i IBUJIKOCTI iHIIIOrO
cynHa. [Ipy 1bOMy BpaxOBY€eThCS HASIBHICTb TPETHOTO CYIHA, 110 3aBakae. OTPUMaHi pe3yJbTaT iMiTaliiHOTrO
MO/IEJIIOBAaHHS MaHEBPiB PO3XOIKEHHSI B 3alIPOIIOHOBAHMX CUTYaLliIX HE6Ee3MEeYHOr0 30 IM>KEHHS TiATBEPIKYIOTh
KOPEKTHICTb PO3PO6JIEHOT0 CIIOCO0Y BUOOPY CyMICHOTO MaHeBpPY PO3XOIPKEHHS CYJeH 3a JOIIOMOroto objacTeit
HEINPUITYCTUMUX NTAapaMEeTPiB 3 ypaxyBaHHSIM HasIBHOCTI TPETHOIO CYJHA, 110 3aBakae, abo 6e3 Hporo. Y
IucepTaliiiHill poboTi yA0CKOHAIEHO croci6 popMyBaHHS 06s1aCTi He6e3NeUHNX KYPCiB i MBUIKOCTEN Napu CyieH
3 ypaxyBaHHSM CIiBBiJHOIIEHHS iX MIBUJIKOCTEU [1pY JIOKAJIbHO-He3aJIe;KHOMY YIIPaBJIiHHI Ta criocié GpopmyBaHHS
o671acTi Hebe3neyHUX KyPCiB i BUKOCTEN [1apy CyJleH 3 ypaxyBaHHsM iX iHepILiliHO-raJbMiBHUX XapaKTEPUCTHUK, a
TaKOX OTPMMaJla NOJAJIbIINK PO3BUTOK NPOLIEAYyPa BU3HAYEHHS TapaMEeTPiB CYMiCHOTO MaHEBPY PO3XOIKEHHS
CyJleH 3 ypaxyBaHHAM ix nuHamiku. KimouoBi cyioBa: 6e3nexka CyZHOBOIiHHS, IIONIepeI )KeHHS 3iTKHEHb CyeH,

30BHIlIIHE YIIPaBJIiHHS, 06J1aCTi HEIPUIYCTUMUX [TapaMETPiB PyXy CyJEeH.

2. Strategies of divergence of ships which are dangerously drawn together are explored in work, by the regions of
dangerous courses and speeds. At first got procedures of forming of region of dangerous courses of one ship and
speeds of the second ship taking into account their correlation of speeds and dynamics. The method of forming of
regions is got for the case of ships with duration of transitional processes of change of courses and speeds by
which it is possible to scorn. Also considered procedures of forming of regions of dangerous courses of one ship
and speeds of the second ship, which have considerable inertia. Got methods of forming of regions in the case of
decline of speed of the second ship by the active or passive braking. More difficult situation of rapprochement of
two ships is also considered at presence of the third ship, that prevents, and the method of choice of safe
maneuver of divergence is offered taking into account the third ship, that prevents. Explored influence of
stochastic errors of measuring of bearing and distance of ship on the parameters of maneuver of divergence,
taking into account dependence of size maximum - possible distance of rapprochement from the errors of
measuring. It is shown that the size of its stochastic constituent depends on the law of distributing of vectors
position error. Finishing subsection contains the results of model supervisions of errors of measuring of bearing
and distance. Description of the imitation computer program for verification of correctness of the method of
choice of safe maneuver of divergence of ships got in dissertation work by the compatible change of course of one
ship and speed of other ship it is resulted in completion of work. The results of imitation design of maneuvers of
divergence laid out in a fifth section in the offered situations of dangerous rapprochement confirm correctness of
the developed method of choice of compatible maneuver of divergence of ships by the regions of impermissible
parameters taking into account the presence of the third ship, that prevents, or without him. The dissertation has
improved the way formation of an area of unsafe courses and speeds of a pair of ships, taking into account the
ratio of their speeds with locally independent control and the method formation of areas of unsafe courses and
speeds of a pair of ships, taking into account their inertial-braking characteristics, and was further developed the
procedure of determining the parameters of the joint maneuver of the divergence of ships, taking their dynamics.
Keywords: safety of navigation, warning of collisions of ships, external management, regions of dangerous values of
parameters of motion of ships, general maneuver of divergence.
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