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Pedepar:

1. B po6oTi chpopmysIbOBaHO IPUHLUUNIYU POPMYBAHHS [10II€PEI)KEHHS 3iTKHEHHS Cy/lI€H eJIEMEHTapHOI Ipyny, B
OCHOBI SIKUX JIEXKUTb IPUHLIUI YIIPABJIiHHS IPOLIECOM PO3XOIKEHHS CYIEH, CIIOCOOU OLIiHKY Hebe3MeKu 30IMKEHHS
i BUOOPY MaHeBpy PO3XOIKeHH: i popma JoMeHy HENPUITyCTUMUX No3uLiil. [TokazaHa MOXINBICTh (POPMyBaHHS
TPbOX THUIIIB 06J1aCTeN: 06J1aCTh HEIIPUITYCTUMUX 3HaY€Hb KypCiB eJIeMeHTapHOi IPyIy CyJieH, 06J1acTb
HEIPUINYCTUMUX 3Hau€Hb MIBUJIKOCTEH €JIeMEHTAapHOI IPYIH CYAEH, 00J1aCTh HEMIPUITYCTUMUX 3HAY€Hb KYPCiB
OLHOrO CyJHA i MIBUIKOCTEN iHIIOro cynHa. [IpoBeeHo aHaMITUYHOI ONIMC CUCTEMU IIOIIEPEIKEHHS 3iITKHEHH S
Cy[leH, B SIKili BAKOPUCTOBYEThCS JOMeH Kpyriioi popmu. OTprMaHO aHaJITU4HI BUPa3U MEX TPbOX THUIIIB 06s1acTei
HEIPUIYCTUMUX NTapaMeTpiB Ta po3p06JIeHO KOMIT'IOTEPHI Npolenypy popMyBaHHs Ta rpadidHOro BioOpaskeHHs

BCiX TUMIB 06J1acTel, TOKa3aHO iX BUKOPUCTAHHS [1711 BUOOPY 6€31e4HOi cTpaTerii po3X0oIKEHHS 3MiHOIO



napameTpiB pyxy 000x cyzeH. JlocifiKeHi NUTaHHS ypaxyBaHHS JUHAMIKU CyZI€H i HaBirauiiHux He6e3mneK npu
dbopmyBaHHi 06s1acTell HENPUIIYCTUMUX 3HAUEHb IIapaMeTPiB Pyxy i po3paxyHKy iX MeX i3 3aCTOCYBaHHSIM Pi3HUX
IVHaMiYHUX MOjiesiell 06epTabHOrO PYXy Cy[lHa Ta 3 YPaxyBaHHSM iX iHepLiliHO-raabMiBHUX XapaKT€PUCTUK.
OTpumaHO METOJ] ypaxyBaHHs HaBirauiliHux He6e3NeK IpYU BUOOPi MaHEBPY PO3XOPKEHHS 32 JOIIOMOIOI0 06J1acTen
HETIPUITyCTUMUX 3HaUY€Hb [TapaMeTpiB PyXy CYZeH, 1o nependadae 3MiHy Kypcy OHOTo abo 060X cyzeH. B po6oTi
POBIJISIHYTO CUTyallii Hebe3reyHoro 30JIMKeHHs I'PYIU CyAeH, YUCIOM Oiblie IBOX, i CHoco6u BUOOPY 6€311e4HOro
MaHEBPY PO3XO/[KE€HHSI B TAKUX CUTYyalisX. [JoCliIpKeHO NUTaHHS BU3HAYEHHSI ONITHMaJIbHOTO BEKTOPA 30BHILIHBOTO
KEPYBaHHS IPYNOI0 CYIEH, [0 He6e3MeYHO 30/MKAI0ThCS UIJISIXOM MiHIMaJIbHOI 3MiHMU iX KypCiB IpsiIMyBaHHS. B
POOOTI JOCTiIKEHO MOIepeI>KeHHs! 3iITKHEHHS CYIeH, JOMEH! SIKUX MalOTh eJINTUYHY, IPSIMOKYTHY i CKIIaIHY
dopmy, Ta OTPUMAHO aHAIITUYHI BUPa3y [1JIs1 3aJ1EXKHOCTEN IPaHUYHO - AOMYCTUMOI JUCTaHLii 30JIM)KEHHS Bif,
napaMeTpiB cUTYyallii 36;1VKeHHs i popmu 6e3nedHoro gomeHy. Po3pobieHo npouenypy popMyBaHHS 00J1aCTi
HETIPUITyCTUMUX 3HaU€Hb [TapaMeTPiB PyXy CYZeH i ronepenskeHHs 3iTKHEHHS cyzieH. Y 3aBeplieHHsI po6oTu
IIpeJCTaBJeHi pe3yybTaTy IIepeBipKY KOPEKTHOCTI OflepKaHUX pe3ysbTaTiB AucepTaliiiHoi poboTH, AJist yoro OyJia
po3pobieHa imMiTaliiiHa KOMII'IOTEpPHA IPOrpama, sIKa CKJIAJAEThCS 3 IBOX OCHOBHUX MO[IYJIiB, 110 3a0€311€4yI0Th
BUOGip MaHEBPY PO3XOIKEHHS OJHUM i3 pO3p0o6JIeHUX METO/IB IJ1s 3aaH0i cuTyanii He6e3rneyHoro 36JIMKeHHS i
[IpOrpaBaHHs BUOPAHOTO MaHEBPY PO3XOIKEHHS, BHACIILOK YOI0 POOUTHCS BUCHOBOK ITPO MIOr0 KOPEKTHICTb.
KiouoBi cioBa: 6e3rexa CygHOBOiHHS, NTONIePEI>)KeHHs 3iTKHEHD CyJleH, 30BHIIIHE YIIPaBJIiHHS, aHaliTU4YHI MeTox]
NONEPeyKEHHS 3iTKHEHHS CyJleH, MaHEBPU PO3XOIPKEHHSI CyJI€H CIIiJIbHOIO 3MiHOIO iX MapameTpiB pyxy, 0671acTi

HEIPUITYCTUMUX NTapaMeTpiB.

2. The paper describes the principles of forming of vessels’ collision avoidance of elementary group of vessels,
based on the principle of process control of vessel divergence, methods of assessment of close-quarters situation,
choice of divergence maneuver and domain form of inappropriate positions. The possibility of forming of three
types of domains is shown: the domain of invalid data of courses of the elementary group of vessels, the domain of
invalid data of speeds of the elementary group of vessels, the domain of invalid data of courses of one vessel and
speeds of another vessel. The analytical description of the system of prevention of vessels’ collision has been
conducted, where the domain of round form is used. The analytical expressions of three types of domains limits of
invalid data has been obtained. Computer algorithms of forming and graphic display of all types of domains has
been developed, their use for the choice of safe strategy of vessel divergence by the change of parameters of
motion of both vessels is shown. The processed questions of taking into account of vessels’ dynamics and
navigational dangers at forming of domains of invalid data of motion parameters and calculation of their scopes
with the application of different dynamic models of turning motion of the vessel taking into account their inertia-
stopping characteristics. The method of taking into account the navigational dangers has been obtained at the
choice of divergence maneuver by the domains of invalid data of vessels’ motion parameters, which foresees the
change of course of one or both vessels. The cases of dangerous close-quarters situation of a group of more than
two vessels and methods of choosing safe divergence maneuver in such cases are considered in the paper. The
question of determination of the optimum vector of external operation of a group of vessels which dangerously
approach by the minimum alteration of their courses is explored. The collision prevention of ships whose domains
have elliptical, rectangular and complex forms, are investigated in paper and analytical expressions for maximum
allowed distance of approach from the parameters of the approach situation and of safe domain forms are
obtained. The procedure of the domain formation of invalid data of vessels’ motion is developed and collision
prevention using elliptical and complex domains. In completion of paper the results of verification of accuracy of
the dissertation paper results represented, for which the simulation computer program consisting of two basic
modules which provide the choice of divergence maneuver by one of the developed methods for a given situation
of dangerous close-quarters situation and reproduction of the chosen divergence maneuver, resulting in the
conclusion about its accuracy was designed. Keywords: safety of navigation, prevention of vessels’ collision,
external operation, analytical methods of prevention of vessels’ collision, vessels’ divergence maneuvers with the

common change of their motion parameters, domains of invalid data.
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