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2. Improvement of the navigational method of the ship's route planning during pilotage

Pedepar:

1. BuxopucTtaHHs iHHOBaLlitHUX TEXHOJIOTIHM €-HaBiraljii cTae aKTyaJbHUM i IPIOPUTETHMM HAIPSIMKOM PO3BUTKY
MOPCBKOI'O TPAHCIIOPTY Pi3HOro TUIlY i IPU3HAYEHHS], IPU LIbOMY Cy4YacCHa MiAT0TOBKA CyAIHOBOZIIB 1151 po6OTH,
HAIpPUKJIAJ, HA aBTOMATU30BAaHUX Cy/IHAX HOBOTO IOKOJIiIHHS Ta BUKOPUCTAHHS HOBITHIX pillleHb 3 YIIPaBJIiHHS
CYIHOM HaZla€ MOXKJIMBICTb 6€3M1E€YHOr0 NPOBELEHHS Cy/IHA aKBATOPI€IO MOPTY, IPOBEAEHHS 10r0 y CTUCHEHHUX
yMOBax IJIaBaHHS, [IPY CKJIAJHOMY MaHeBpyBaHHi. [lyisl TOCATHEHHS [TOCTaBJIEHOI METH Y pOOOTi yIOCKOHAIEHO
CUACTeMY HiATpuMKU NpuiiHATTA pimenHs (CIIIIP) y yacTuni BUKOopucTaHHs HaBirauiiiHoi cucremu OpenCPN.
BukopurcTaHHS 3alIpONIOHOBAHUX PillleHb Mifl Yac N0O0YA0BY yIOCKOHAJIEHOrO IJIaHy 34iMICHIOETHCS 3a JOTIOMOTOI0
inTerpyBanHs no cucremu OpenCPN CTBOpeHOro foaTKy — KOMITIOTEPHOTIO IIJIariHy, SKuil oTprMaB Ha3By «Path
Planning IS». basyounuce Ha nonepeHix JOCTiIyKEHHSIX CTaHy aBapiiHOCTi B IOPTOBUX Ta IPUIIOPTOBUX BOZAX,
3aIUT NIPAKTUKU OOI'PYHTOBYETHCS HACTYIIHUM YMHOM: a) HEOOXiJIHICTb 3a0€31€4eHHsI 3HVKEHHS aBapiflHOCTi y
CTHCHEHUX YMOBax I1IJIaBaHHS; 6) HEOOXigHICTh 3a0e3reyeHHs 3HUKEHHS BILJIMBY JIIOAVHYU HA YIIPaBJIiHHS CyIHOM

IIpY MaHEBPYBaHHI B CTUCHEHMX YMOBAX; B) HEOOXiIHICTh 3a6e3Ie4eHHs] MOXKJIMBOCTi aBTOMATU30BaHOTO



yIIPaBJIiHHS Cy[JHOM IIpU MOT0 pycCi B CTUCHEHUX yMOBaX. O6’'€KTOM OCIiIKEHHS € IIPOLLECH MAHEBPYBAHHS
MOPCBKHUX CYZEH IiJI 4ac JIOLIMAaHChKOrO IIPOBEAEHHS Ta PYXY Y CTUCHEHUX YMOBAaX I1JIaBaHHs. [IpenMeToM
IOCIiIKEHHS € YJOCKOHAJIEHHSI METOMKY IJIAaHYBaHHS 1IJISIXY Cy[IHA Iifl Yac MOro JIOLMAHCHKOIO IIPOBEIEHHS Ta B
CTHMCHEHUX YMOBAxX IIJIaBaHHS. ['0JIOBHUM 3aBHAHHSIM JOCJIIKEHHS € PO3PO6JI€HHS METOIUKY, 1O YIOCKOHAJIIOE
oIepaTUBHE I[IJIAHYBAaHHS IIJIAXY CyJHA TPAEKTOPHMMU TOYKaMU [1J151 HaBirauii i KOHTPOJIIO 0ro pyXy B CTUCHEHUX
YMOBax IJIaBaHHS. ['0JIOBHE 3aBIaHHS JOCIIIPKEHHS PO3MiJIEHO HA TPU IONOMI’KHI HAyKOBO-TEXHIYHUX 3a7a4i.
[lepuie — po3po61eHHS aBTOMaTHU30BaHOTO CKJIaJlaHHs (1ooynosu) «CyHOBOTO I1JIaHY JIOLIMAHCBKOTO IIPOBEEHHSI»
y CTUCHEHUX YMOBaXx I1JIaBaHHS, IPUAATHOTO AJ1 TPaKTUYHOI HaBirauii. /lpyre — BU3Ha4€HHs BIIJIMBY OCOOJIMBOCTEM
aKkBaTopii opTy, OyKCUPIB i CyZeH 3 Pi3HOMaHITHUMY MAJIMBHUMU CUCTEMaMU i IX XapaKTepUCTUK Ha IPUHLUIIOBY
MOJKJIMBICTh BUKODUCTAHHS LMX JOLATKOBUX JAHUX [TPY aBTOMATU30BaHili NI0OY10Bi I71aHy JIOLIMAaHChKOTO
nposefieHHs. Tpete — Bepudikalis ygockoHaneHoro «CyJHOBOrO IJIaHy JIOLMaHCBhKOTO [IPOBEIEHHS» Ta PO3POOKa
[IEPCIIEKTUB IIOAAJBIIOr0 Or0 PO3BUTKY i PO3MIMPEHOT0 BUKOPUCTAHHS Ha NPAKTULL. METOIO JOCIIIIKEHHS €
3a6e3reyeHHs 6€31eYHOr0 MaHEBPYBAHHS Ta 3HWKEHHS BIUIUBY JIIOACHKOTO (DaKTOPY Ha YIPABJIiHHS Cy[IHOM B
CTHMCHEHUX YMOBAxX IJIaBaHHS. Y poOOTi BUCYHyTa HayKoBa liloTesa, sIka BUXOJUTh i3 MOKJIMBOCTI 3a0€311e4eHHS
0€3MeYHOro MaHEBPYBAHHS Cy[HA B CTUCHEHNX YMOBAX IJIABAHHS, 3HIKEHHS BIUIUBY JIIOJICBKOTO (PAKTOPY Ha
VIPAaBJIiHHS CYJHOM 3a PaXyHOK BUKOPHCTaHHS YLOCKOHAJIEHOIO CYJHOBOIO IJIaHY JIOLIMAaHCBhKOTO ITPOBEIEHHS Ta
aBTOMAaTM30BAHOTO IJJaHYBaHHS KOOPAMHAT HUIAXY cygHa. CHOPMyIbOBaHO HAyYKOBE IOJIOKEHHS, K€ BU3HAYaE, 10
6e3mneka NpoLecy MaHEBPYBAaHHS y CTUCHEHMX YMOBAax 3a0€311€4yeThCsl BUKOPUCTAHHSM ONEePaTUBHUX CIIOCO6iB
BU3HAYEHHS NTAPAMETPIB PYXY | KOHTPOJIIO [IapaMEeTPiB NPOoLeCy YNPaBIiHHA CYAHOM Y peaJbHOMY 4aci 3a
IIJIAHOBUMHU 3HAYEHHSIMU PyXy. Y AOCIIIKEHHI 3aXUIAI0ThCSl HACTYIIHI HAYKOBi PE3yJIbTaTU: — yIIeplIe
3aIIPOITIOHOBAHO 3[iMICHIOBATH IJIaHYBaHHS KOOPIMHAT PYXY Cy[HA, IKE BiIPi3HAETbHCH BiJl BiflOMOro pilleHHS
BUKOPUCTAHHSM JOJATKOBOI MaTEMAaTUYHOI OOPOOKM TPAEKTOPHUX TOUOK 3a TAOIULSIMU IUISIXOBUX TOYOK 3
dhopmMyIIOBaHHSIM PEKOMEHIALliil 3 yIIpaBJliHHS [IPX MaHeBPYBaHHI, IO y CYKyITHOCTI 3a6e3redye 6iyibll 6e3rneyHe
IIPOXOJKEHHS CyJjHa y CTUCHEHMX YMOBAX IJIaBaHHSI; — YJOCKOHAJIEHO METOAUKY 1106y 10BU «CyHOBOTO IJIaHY
JIOLIMAHCBKOTO [TPOBEJIEHHSI», sIKa BifJPi3HA€ETHCS BiJl BilOMOI BIIPOBAJI)KEHHSM Y €JIEKTPOHHY KapTorpadiuny
HaBirauiHo-iHpopMaliliHy cCUCTeMY Cy[lHa JOLATKOBOTO I1IaTiHy, BAKOPUCTAHHS SIKOTO JJO3BOJISI€ ypaxXyBaTH NP1
no0y0Bi [J1aHy AMHAMIYHI XapaKTepUCTUKYU CYJHA; — YAOCKOHAJIEHO METOJIMKY [1JIaHyBaHHS KOOPJIMHAT TPA€EKTOPIi
PYXy Cy/iHa IIPY MaHEBPYBaHHi y CTUCHEHUX YMOBaAX, sKa: 1) ypaxoBye 06MiH iH(OpMali€lo (JIOUMaH — KaliTaHu -
CYPC); 2) 3abe3meuye 3aBYacHy liepefady PEKOMEHIOBAHOrO IIJISIXY TPOXOY Cy[IHA Y BUTJISLLi YTOYHEHUX
IIJIIXOBUX TOYOK; 3) 0OpOOJIIO€E Ta IepepaxoBye aKTyaJlbHNA MapHIPyT Y KOOPAUHATH TPAEKTOPHUX TOYOK; 4)
yPaxoBye BIUIMB TUITy NTaJIMBa HA MOKJIMBOCTi MAaHEBDPYBAHHS; 5) 3/IiiCHIOE KOHTPOJIb 33 PyXOM CyZHa 32
KOOpAMHATaMU TPAEKTOPHUX TOYOK; — OTpUMaJa OJabIlui PO3BUTOK METOAMKA BU3HAYEHHS KOOPAMHAT CyAHa
IIPY I0TO MaHEBPYBaHHI Y CTUCHEHUX YMOBAX, SIKA BiPi3HSETLCS ONEPATUBHUM BU3HAYEHHSIM JIOIIyCTUMOTO KyTY
3CYyBY, 1O JO3BOJIsI€ 3aBYaCHO CKOPETYBATH KypC IJI151 BUXOAY Ha JIiHiI0 3aJaHOT0 6€3ME€YHOr0 LIJIXY MIPU iCHYIYNX

INOTOJHUX YMOBAX.

2. The use of innovative technologies of e-navigation becomes a relevant and priority area of development of
maritime transport of different types and purpose, with the modern preparation of navigators for work, for
example, on automated vessels of new generation, and the use of the latest solutions to management of the vessel,
provides a safe conduct vessels with a water area of the port, carrying it out in constraint waters, with complex
manoeuvring. In order to achieve the set goal, the Decision Support System (DSS) was improved in the work in
terms of the use of the OpenCPN navigation system. The use of the proposed solutions when preparing an
improved plan is carried out by integrating the created computer plug-in called «Path Planning IS» into the
OpenCPN system. Based on previous studies of the accidents’ state in port and near-port waters and analysis of
their dynamics, the request for practice is substantiated as follows: 1. The need to ensure the reduction of
accidents in confined navigation conditions. 2. The need to ensure a reduction in human influence on ship’s
handling during maneuvering in confined navigation conditions. 3. The need to ensure the possibility of automated
control of the vessel during its movement in compressed confined navigation conditions. The object of the study is

the processes of marine vessels maneuvering under pilot control and movement in confined navigation conditions.



The subject of research is the improvement of the methodology of planning the vessel’s route during pilotage and
in confined navigation conditions. The main task is to develop methods of operational planning of the vessel’s
route for navigation purposes of the trajectory points for navigation and control of its movement in confined
navigation conditions. The main task is divided into three auxiliary tasks: 1. development of automated compilation
(construction) of the «Vessel pilot passage plan» in confined navigation conditions, used to navigation; 2.
determination of the influence of the features of the port water area, tugboats and vessels with various fuel
systems and their characteristics on the principal possibility of using these additional data in the automated
construction of the pilotage plan; 3. verification of the improved «Vessel pilot passage plan» and the development
of prospects for its further improvement and expanded use in practice. The purpose of the study is to ensure safe
maneuvering and reduce the influence of the human factor on ship control in confined navigation conditions The
proposed scientific hypothesis, which is based on the possibility of ensuring safe maneuvering of the vessel in
confined navigation conditions, reducing the influence of the human factor on the control of the vessel through
the use of an improved vessel plan for pilotage and automated planning of the coordinates of the vessel's route,
was confirmed in the dissertation research. The scientific position has been formulated, which determines that the
safety of the maneuvering process in confined navigation conditions is ensured by the use of operational methods
for determining the movement parameters and controlling the parameters of the ship handling process in real
time, according to their planned value. The following results were achieved in the dissertation research: - for the
first time, it is proposed to plan the coordinates of the movement of the vessel, which differs from the known
solution by using additional mathematical processing of trajectory points according to waypoint tables with the
development of management recommendations during maneuvering, which in total ensures a safer passage of the
vessel in confined navigation conditions; - the method of preapration the «Vessel pilot passage plan» has been
improved, which differs from the known one by introducing an additional plug-in into the ship's electronic
cartographic navigation and information system, the use of which allows you to take into account the dynamic
characteristics of the vessel when preparing the plan; - the method of planning the coordinates of the vessel’s
trajectory during maneuvering in confined waters has been improved, which: 1) takes into account the exchange of
information (pilot - captains - VTS), 2) ensures the early transmission of the recommended passage path of the
ship in the form of specified waypoints, 3) processes and lists the actual route in the coordinates of the trajectory
points, 4) takes into account the influence of the fuel type on maneuverability; 5) controls the movement of the
vessel according to the coordinates of the trajectory points; - the method of determining the ship's coordinates
during its maneuvering in confined navigation conditions received further developed, which is distinguished by the
operational determination of the permissible angle of deviation, which allows to change the course to enter the

line of a given safe route under existing weather conditions.
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Biacue IpizBuie Im's I10-6aThKOBI Tonikos Bonoaumup Bosogumuposuy

TOJIOBH pajgu



Biacue IpizBume Im's I10-6aThKOBI Tonikos Bonoaumup Bosiogumuposuy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiamoBimaibHUH 32 MiZTOTOBKY Cypinos Irop Jleonifosny

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




