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1. Po3po6ka crioco6y OLiHKU 3aJI€XXHOCTI 6€3MeKU CYAHOBOJiHHS Bifi TOUHOCTI IPOBOAKY CYZHA CTUCIUM

MapUIPYTOM.

2. Development method of estimation of dependence of safety of navigation from exactness of navigating the ship
by the constrained route.

Pedepar:

1. B po6oTi pefcTaBieHo MaTeMaTU4Hy MOJeJIb OLiHKY BipOTiAHOCTI 6€3[1€YHOr0 MJIaBaHHS CyiHA B 0OMEKEHUX
YMOBAX 3 YPaxyBaHHSIM XapPaKTE€PUCTUK PAMOHY IIJIABAHHS i 3aCTOCYBAaHHSM JABOBUMIPHOI IIJIbHOCTI MMO3ULIIIHOI
NoXMOKU. PO3rJIsIHYTO anbTepHATUBHUM CIIOCIO OLIIHKY BipOTiZHOCTI 6€3[1eYHOTO I1J1aBaHHSI 32 IOIIOMOT0I0
OJJHOBUMIPHOI LIiJILHOCTI PO3MNOiny NOXUOKM 6iYHOrO BiIXWJIEHHS Cy[IHA 010 IPOrPaMHOI TPAeKTOPii pyxy cyZHa
B OOMeXEeHOMY paiioHi. OfepKaHuil B poOOTi BUPa3 AJ1s1 BipOTiZHOCTI 6€3MeYHOTO [1JIaBaHHS BPAXOBYE
XapaKTEPUCTUKY OOMEKEHOCT] palloHy IJIaBaHHS, sIKa BU3HAYAEThCs 6€3MeYHOI0 0671aCTIO T1aBaHH. [TokaszaHa
3aJIE>XKHICTb BipOTiIHOCTI 6€3M1€4YHOro IJIaBaHHS Bifl 3aKOHY PO3IOiNy I0XUOO0K 6iYHOr0 BiIXUJIEHHS. 3 METOI0
OLIiHKM BipOTiZHOCTi 6€3aBapiliHOI IPOBOAKY CYJHA B 334aHOMY CTUCJIOMY PailOHi po3po06JIeHi Ipouenypu
dbopmanizanii ocHOBHUX 1oro napameTtpis. Ofep>kaHo aHaJIITHUYHI BUPa3y IJ1s1 OLiHKY OOMEXKEHOCTI i 3MileHoCTi

MapIIpyTy, 33aHOT0 MacuBaMU TOYOK 6e3MeYHMX MeX i IporpamHoi TpaekTopii pyxy cynHa. [IpoaHasnizoBaHO



BIUIUB 3aKOHIB PO3IO/AiTy TOXMOKY GiYHOTO BiIXMJIEHHS Ha BipOrifiHiCTh 6€311eYHOi NPOBOAKU CyJHA CTUCIUM
mapuipyToM. JIjis1 peasizalii 3a1IporIoHOBaHOTO CIIOCOOY OLIiIHKU BipOTiAHOCTI 6e3aBapiliHOi IPOBOAKY CyAHA
33/IaHUM MapLIPYTOM B CTUCJIMX BOZAX, 110 BUKOPMCTOBYE MO/IE/Ib OGHOBUMIPHOI 11i/IbHOCTi TOXMOKU GiYHOTO
BiXUJeHH4 Oyya po3pobJieHa KOMIT'I0OTepHA IPOorpaMma, ska rnepegbadyae Tpy BapiaHTU 3aBIAHHS MapUIPYTy
MIPOBOJKY CyAHA, IEPIINIL 3 IKUX [NO3BOJISIE BUKOPUCTOBYBATU OLMH 3 II'SITU CTAaHJAPTHUX MapuIpyTiB. [IBa iHmINX
BapiaHTH nepeznbdavyaloTh iHTepakTUBHE (OPMYBaHHS MapUIPYTy IIPOBOJKM, IPUYOMY OZMH 3 BapiaHTiB GOpMyBaHHS
MapuIpyTy IPOBOJKU Ilepebdadae BUKOPUCTAHHS €JIEKTPOHHOI KapTy. 3a JOIIOMOTrO0 iMiTalliiiHOro MOZEeII0BaHHS
IIPOBEIEHO MOPIBHSAHHS JBOBUMMIPHOI i OHOBMMIPHOI MOZEJIEN OLIHKY BipOriAHOCTI IPOBOAKY CYZHA 3aJaHUM
MapuUIpyTOM, B pe3yJIbTarTi SIKOro Oflep>KaHWi1 BUCHOBOK ITIPO ileHTHYHICTh Mozesieil. Ha 3aBepuieHHs po6oTU

npuBesieHo onuc GOpMyBaHHs 3aBJAHOTO MapUIPYTY 32 [LOIIOMOTOI0 €JIEKTPOHHOI KapTH.

2. In work, the mathematical model of estimation of probability of the safe sailing of ship is represented in the
limited terms taking into account descriptions of sailing directions and application of closeness of position error.
The alternative method of estimation of probability of the safe sailing by the closeness of distributing of error of
lateral declination of ship in relation to the programming trajectory of motion of ship in the limited directions is
considered. The expression got in work for probability of the safe navigating takes into account description of
narrow-mindedness of sailing directions, which is determined by the safe region of sailing. Shown dependence of
probability of the safe sailing on the law of distributing of errors of lateral or sideway declination. With the purpose
of estimation of probability of the accidental-free navigation in the directions set to straitened the developed
procedures of formalization of basic his parameters. Influencing of laws of distributing of error of lateral
declination on authenticity of the safe ship’s navigation is considered the constrained route. For realization of the
offered method of estimation of probability of the accident-free navigation of ship by the set route in constrained
waters, which uses the model of closeness of error of lateral declination the computer program was developed. It
foresees three variants of task of route of wiring of ship, first from which allows to use one of five standard routes.
Two other variants foresee the interactive forming of route of wiring, thus one of variants of forming of route of
wiring foresees the use of electronic chart. By the imitation design comparison of two models of estimation of
probability of wiring of ship is conducted by the set route, as a result of which the got conclusion about the
identity of models. Upon completion of work description of forming of the inflicted route by an electronic card is
resulted. The influence of the laws of the distribution of lateral deviation errors on the reliability of the safe
navigation of the vessel by the constrained route is considered. To implement the proposed method of estimating
the probability of an accident-free vessel posting by a specified route in constrained waters, a computer program
was developed using a model of one-dimensional lateral deviation error density. It provides three options for
specifying the route of the vessel, the first of which allows you to use one of the five standard routes. Two other
options provide interactive formation of the route of posting, and one of the options for forming the route of
posting involves the use of an electronic chart. The developed computer simulation program consisting of several
modules allows you to perform the following tasks; with the help of the first module, the route formation of the
vessel in the constrained navigation area is made; the choosing of the route of the vessel's posting with the help of
an electronic map is made using the third module of the simulation program. The paper proposes a more method
for calculating a priori probability, in which the problem is formulated within the framework of a one-dimensional
space using the one-dimensional error density of the lateral deviation of the vessel. The permissible safe
navigation area is given by an analytical description of its boundaries. Using simulation modeling, a comparison of
two-dimensional and onedimensional models for estimating the likelihood of a vessel to be navigated by a given
route was made, as a result of which the conclusion obtained about model identity was obtained. For the practical
application of the proposed method of estimating the likelihood of safe wiring of a vessel, it is necessary to form a
real route of wiring a vessel in a restricted navigation area, which requires the use of electronic charts. At the end
of the work, a description of the formation of the plotted route using an electronic chart is given. A qualitative
indicator of the research results is the ability to a priori determine the safety level of navigation when sailing on
the constrained route that the ship is planned to carry out, and reduce the impact of negative controlled factors.
The reliability of the results of the thesis is confirmed by the correct development of mathematical models and



their use, as well as the simulation carried out. The practical significance of the work is determined by the fact that
the results of the study can be used on ships to determine the safety of the route, as well as the developers of
navigation information systems. The results obtained in the work, both theoretical and practical, can be used in
the process of training and advanced training of navigators.
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