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2. Development of the Theory and Evaluation methods and Inocrease of Navigation Reliability

Pedepar:

1. PosrnisiHyTa anpiopHa o1jiHKa BiporigHOCTi 6e311e4HOi IPOBOAKY CYAHA CTUCIUM MapIIPYTOM 3 BUKOPUCTAaHHSM
IIBOBUMIPHOI LIiIbHOCTI MO3ULIMHOI TOXUOKU. 3aITPOIIOHOBAHO ajibTEPHATUBHUI METO]l BU3HAYEHHS BipOTiHOCTI
0€3IeYHOro IJIaBaHHS B CTUCJIUX YMOBAX 32 JOMOMOTOI0 OJHOBUMIPHO] IIiTbOHOCTI PO3MOAiNTy TOXUOKU 6iYHOTO
BiIXUJIEHHS Cy[Ha. [IpoBeneHO NOPiBHIHHS ABOBUMIPHOI i OGHOBUMIPHOI MOZEJIEN OLiHKM BiOPOTiIHOCTI IIPOBOJKY
CyJlHa 3aJlaHiM MapLIPyTOM 3a JOTIOMOTOI0 iMiTallillHOro MoziesitoBaHHS. Bu3HaueHo 3aeKHiCTh 6e3reKu
CYJIHOBOZiHHSI BiJl BEKTOPia/IbHOI IOXMOOKY YIIPaBJiHHSA cygHOM. Ofep>kaHa 3aJ1eXXHiCTb BEJIMYMHUA CUCTEMATUYHOI
NoOX1OKY yIPaBJIiHHA Bifl BUOOPY IUHAMIYHOI MOJIEJi IOBOPOTHOCTI CyiHA. PO3IJISIHYTO MUTAHHS OL[iHKU TOYHOCTI
BM3HAYEHHS MiCLis Cy[iHa IIPU HAAOMiPHUX JIHISX MOJI0KeHHS. [I7151 Pi3HMX 3aKOHIB PO3IOAiNy MOXUOOK JIiHii
II0JIOKEHHS I1pY iX HaIMipOHIN KiZIbKOCTI ofiep>kaHi aHaMiTUYHI BUpa3y pPo3paxyHKy e(peKTUBHOCTI 06CepOBOBaHUX
KOOPAMHAT CyHa y pasi ix 00YMCIIeHHSI METOIOM HallMEHIIMX KBagpaoTiB. OfieprKaHi aHaNiTUYHI BUpa3u IS
PO3paxyHKy e(peKTHBHUX KOOPAMHAT CyAHA METOIOM MaKCUMAaJIbHOI ITpaBrononi6HocTi. [IpoBesieHo po3pooKy

VHIBEpCaJIbHOTO METOJly PO3PaxyHKy e(peKTUBHUX KOOPAUHAT Cy[iHA MIPY HAaAMIPHUX BUMIPIOBaHHSX. 31iICHEHO



aHaJIi3 pe3ysbTaTiB HATYPHUX CIIOCTEPEXKEHD i iMIiTal[iiHOro MOJeN0BaHHS €(DEKTUBHOCTI 3MillIaHUX 3aKOHIB
posmnoziny. Kito4oBsi ciioBa: 6e3neKa CyIHOBOHHSI, MiABUILEHHS HaliHOCTI CyIHOOBOIIHHS, BipOTigHICTD
0e3I1eYHOro IJIaBaHHS Cy[HA, TPAEKTOPHA I10X16Ka NIOOBOPOTY CyAHA, e(PEKTUBHICTb 06CEPBOBAaHUX KOOPIUHAT
CyJIHa, METOJl MAKCUOMAJIbHOI TPaBHONOiOHOCTI, OPTOrOHAJIBHUN PO3KJIA], WIiIbHOCTI pO3NOIily, pen3yabTaTu

HATypHUX CIIOCTEPEXKEHb.

2. The results of the analysis from the study about the impact of the accuracy of ship’s navigation through a
confined route on the safety of navigation were presented. There were considered a priori evaluations of
possibility of safe ship’s navigation by confined route with the use of two-dimensional positional error density. The
alternative method of determination of possibility of safe navnigation is offered in the confined conditions through
one-dimensional error disotribution density of lateral deviation. The dependence of one-dimensional error
distribution density of ship’s lateral deviation on the two-dimensional positional error density was revealed. There
was offered a determination procedure of basic parameters for probability evaluation of safe ship’s navigation in
the given congested area. There was received a dependence of probability evaluation of safe ship’s navigation of
the confined route from the distribution law of lateral deviation eroror. Comparison of two-dimensional and one-
dimensional models of probability evaluation of safe ship’s navigation through the given route was conducted by
simulation modeling. There was proposed a forming method of the given route by an electronic chart. The
dependence of safety navigation on the vector error of ship’s handling was identified. There was represented a
formation model of vector error navigaation, which is the sum of systematic and casual components. The
dependence of value of systematic error of ship’s handling on the choice of dynamic model of ship turning-ability
was obtained. The determination procedure of error value of ship’s handling was received, taking into account the
dynamic model of ship’s rotation motion. There was developed a safety navigation evaluation procedure of ship’s
turn and offered the choice of optimal route of passage by the reflection of navingation situation with information
about safety of navigation. In this paper it can be found results of value evaluation of trajectory error of ship’s turn
as a result of in situ observations. The question about the evaluation of exact ship’s position at the surplus lines of
position was considered. There was determined an analytical equation for the density of vector error for
determination of the ship’s position. It was aloso shown that the density of vector error depends on the number of
lines of posintion, distribution of their error and angles between directions of their gradients. For different
distribution law of position lines errors at their surplus number there were received analytical equations of
efficiency calculation of ship’s coorndinates, which were examined in the case of their calculation with the use of
smaller squares method. There were obtained analytical equations for the calculation of effective ship’s
coordinates with the use of maximum likelihood method, which provides their minimum covariance matrix.
Development of universal calculation method of effective ship’s coordinnates at the excessive measuring was held.
For such purpose the orthogonal dencomposition of error density of measurements disposal in the row of
GramnoCharlier type A was applied. There was also shown the possibility of orthogonal decomposition of irregular
density. The analysis of error density of navigation parameters was performed with its orthogonal decomposition
for mixed laws of the first and second types, and also for the generalized law of Poisson. There was developed the
method of the use of orthogonal decomposition of error density of lines of position for ship’s coordinate’s
determination. Effectiveness evaluation of ship’s studied coordionates was offered by the method which was
received. Keywords: safety of navigation, increase of navigation reliability, likelinhood of safety navigation, trajectory
error of ship’s turn, efficiency of ship’s conordinates, method of maximum likelihood, orthogonal decomposition of
density disposal, results of in situ observations.
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