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Pedepar:

1. B po6oTi chopmysIb0BaHO MPUHLUIIY POPMYBAHHS [IOIIEpeIKeHHS 3iITKHEHHS Cy/leH eJIeMEeHTapHOI IPymy, B
OCHOBI SIKMX JIEKUTb TPUHIMII YIIPABJIiHHA [IPOLIECOM PO3XOKEHHS CyJI€H, CIIOCOOM OLiHKM HE6E3IEKH 30/IMKEHHS
i BU60Opy MaHEBPY PO3XOKEHHS i pOpMa JOMEHY HENIPUITYCTUMUX NT03ULiM. [TokazaHa MOXJIUBICTb (POPMYBaHHS
TPBOX THUIIIB 06J1aCTeN: 06J1aCTh HETIPUITYCTUMUX 3HaY€Hb KypCiB eJIeMEeHTapHOI IPyIu CyjieH, 061acTb
HEMPUIYCTUMUX 3Ha4Y€Hb IIBUAKOCTEN €JIEMEHTAPHOI IPYNHU CyJIeH, 00J1aCTh HEMIPUITYCTUMUX 3HAa4€Hb KYPCiB
OJIHOTO CyJHa i mBUAKOCTEH iHmOro cygHa. [IpoBeieHO aHaITUYHOI ONUC CUCTEMH NIONIEPEIYKEHHS 3iTKHEHHS
CyJleH, B SKill BAKOPUCTOBYETbCS OMEH KpYrioi popmu. OTprMaHO aHAJITUYHI BUPA3U MEX TPbOX THUIIIB 061aCTEN
HETIPUITyCTUMUX NTapaMeTpiB Ta pO3p00JIEHO KOMIT'IOTepHi npouenypu GopmyBaHHs Ta rpadidyHOro BifoOpaskeHHs
BCiX TUIIiB 06J1acTel, I0Ka3aHo iX BUKOPUCTAHHS [J1s1 BUOOPY 6e3I1e4HOI CTpaTerii po3X0IpKeHHs 3MiHOIO
napaMeTpiB pyxy 000x cyfieH. JlociIpKeHi MUTaHHS ypaxyBaHHS JUHAMIKU Cy[l€H i HaBiraliliHux He6Ge3neK npu
(dopMmyBaHHi 0671aCTell HENIPUITYCTUMUX 3HAYE€Hb [TAPAaMETPIB PyXY i pO3PaXyHKY iX MeX i3 3aCTOCYBaHHSM Pi3HUX

IVHaMiYHUX MOjiesiell 06epTaJbHOrO PYXy Cy[lHa Ta 3 YPaxyBaHHSM iX iHepILiliHO-raabMiBHUX XapaKT€PUCTUK.



OTpuMaHO MeTOJ, ypaxXyBaHHs HaBiralilHUX Hebe3NeK pyU BUOOPi MaHEBPY PO3XOIKEHHS 3a JOMOMOTOI0 06J1acTein
HETIPUITyCTUMUX 3Hau€Hb [TapaMeTpiB PyXy CYIeH, 1o Iependadae 3MiHy Kypcy OfHOTro abo 060X cyzeH. B po6oTi
POBIJISIHYTO CUTYyallii Hebe3l1e4yHoro 306JIMKeHHsI IPYIU CYAEeH, YUCIOM Oisblie BOX, i CIOCO6M BUOOPY 6€311€9HOr0
MaHEBPY PO3XOJKE€HHSI B TAKUX CUTYyalisX. [JOCIiIpKeHO NUTAaHHS BU3HAYEHHS ONITUMAJIBHOTO BEKTOPA 30BHILIHBOTO
KepyBaHHS I'PYIIOI0 CYZeH, 10 He6e3evHOo 30JKAIThCS MIIIXOM MiHIMaJIbHOI 3MiHM iX KypciB IpsiMyBaHHS. B
POOOTI JOCiIKEHO MolepeI>KeHHs! 3iTKHEHHSI CY,eH, JOMEHH SIKUX MaloTb eJIINTUYHY, IPSIMOKYTHY i CKIIaoHY
dopmy, Ta OTPUMAHO aHANITUYHI BUPa3u [1JIs1 3aJIEXKHOCTEN IPaHUYHO - AONYCTUMOI JUCTaHLii 30JIM)KEHHS Bif,
napaMeTpiB CcUTYyallil 30J1VKeHHs i popmu 6e3ne4Horo gomeHy. Po3pobieHo npouenypy popMyBaHHS 00J1aCTi
HETIPpUITyCTUMUX 3Hau€Hb [TapaMeTpiB PyXy CYIeH i ronepenKeHHs 3iTKHEHHS cyfieH. Y 3aBeplieHHsl po6oTu
IIpeJCTaBJeHi Pe3yJIbTaTy NI€PEBiPKY KOPEKTHOCTI OJlepKaHUX pe3yJsbTaTiB AucepTaliliHoi poboTH, AJ1s1 Yoro OyJia
po3pobJieHa imMiTaliliHa KOMII'IOTEPHA IPOrPaMa, sIKa CKJIAJAEThCS 3 IBOX OCHOBHMX MOJIYJIiB, IO 3a0€311€4yI0Th
BUOip MaHEBPY PO3XOIKEHHS OJHUM i3 pO3p0o6sIeHUX METO/IB AJ1s 33aH0i cruTyanii He6e3rneyHOro 30JIMKeHHS i
IIpOrpaBaHHs BUOPAHOIO MaHEBPY PO3XOKEHHSI, BHACIIOK YOI0 POOUTHCSI BUCHOBOK ITPO MOr0 KOPEKTHICTb.
KiouoBi cyioBa: 6e3rexa CygHOBOiHHS, NTONIEPEI’)KEHHS 3iTKHEHD Cy[leH, 30BHIIIHE YIIPaBJIiHHS, aHaJIiTU4YHI MeTox]
NonepeIpKeHHs 3iTKHEHHS CYIeH, MAaHEBPY PO3XOJI’)KEHHS CYZIEH CIIIJILHOIO 3MiHOIO iX MapamMeTpiB pyxy, 06J1acTi

HETIPUITyCTUMUX ITapaMeTpiB.

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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