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Pedepar:

1. Incepraniiina po60Ta NpUCBSIYEHA BUPIIIEHHIO aKTyaJIbHOI HAYKOBOi-TEXHIYHOI 3a7jaui — CTBOPEHHSI MOJIeJIeH,
MeTOJB i 3ac00iB 3a6e31e4eHHs] CHHXPOHHOTO QyHKI[iOHYBaHHS Cy[IHOBUX Ta [IOPTOBUX KOMITIOTEPHUX CHUCTEM JJIs1
nifABUILEHHS €(PEKTUBHOCTI [IPOBEIEHHS 3aBAaHTAKEHHS Cy/lIeH KOHTEIIHEPOBO3iB Ta 3a6€3M1€4eHHS BiflIOBITHOCTI
pO3TalllyBaHHS Ha HUX KOHTENHEPIB 70 HOPM 6e3MeKu MOPChKOTro EPEBE3EHHS. Briepie Ha OCHOBI BUKOPUCTaHHS
TOIIOJIOTIYHOTO aHasli3y (PyHKLIOHATIPHUX €JIEMEHTIB CUICTEMHU OTprMaHa iHpopmaliiliHa Mojie/Ib KOMITIOTEPHO]
CHACTEMU KOHTPOJIIO 3aBaHTaK€HHSI KOHTEITHEPOBO33, 1110 03BOJISIE IHTErPYBAaTU CYIHOBY KOMITIOTEPHY MEPEXY B
[IOPTOBY Ta OTPMMYBATHU JIaHi PO Nepeoir IpoBeIeHHs! BAHTAKHUX OIepalliil B peXKUMi peaslbHOro 4yacy.
Po3po6sieH0 MeTo, 3aBaHTaXKEHHS KOHTeNHEePIB, 10 Nependadae KOHTPOJIb 32 BCiMa MaHIIyJISLisSIMY, 10 3TilICHIOE

MalIVHICT KpaHy Ta [03BOJIS€ MigBUIIUTY €PEKTUBHICTD [IPOLeCy 3aBaHTa)KEHHS. PO3p06sieHO MaTeMaTUYHy



MO/JI€JIb CUCTEMU 3aBaHTAKEHHS KOHTEHHEPOBO32a, 1O I03BOJISI€E BU3HAYATH B PEKMMIi peasibHOTO Yacy IepeBaXkHy
Oi7IbIIICTh TEXHIYHUX NTapaMeTpiB CyJHA MicJIsl IPOBEIeHHS 3aBaHTaKeHHSI: KOHTPOJIb 33 HAJIEXKHOI0 Macolo
KOHTeWHepiB, ii piBHOMiIpHMII po3I10OLi, BilIOBIAHICTh KOHTEMHEPIB, SIKi 3aBaHTaXYIOThCS, 10 OOpPaHUX KPUTEPIiB
ONTMMi3alii 3aBaHTaXXEHH Ta iHme. OTpyMasa NoJa/bIINNA PO3BUTOK MaTEMAaTUYHA MOJIEJIb OCTIMHOCTI CyHA IIPU
PO3M01isli Baru KOHTENHEPIB, 10 Ja€ MOXJIUBICTb OOYAYyBaTU MOBEPXHIO PO3IMOiNy LEHTPIB TSDKiHHS KOHTEHEepiB
IIJIs1 BUSIBJIEHHS MiCIlb IIEPEBAHTaKEHHS Ta IIEPEBIPKU PO3IOJiIY MacC y BiJITOBIIHOCTI O PEKOMEHAALN
Ki1acuQikalifHUX CHiloK. TakoX MoAesb N03BOJIsI€ BUBHAUYUTHU BiIXUJIEHHS 3aTajIbHOTO LIEHTPY TSKiHHS
HaBaHTaXXEHOTO CyHAa Bi HOMiHAJIbHOTO. YIOCKOHAJIEHO MAaTEMATUYHY MOJEJIb METOly aBTOMAaTUYHOTO
[I03MLIiIOHYBaHHS NPY 3aBaHTa)KEHHI KOHTeHEPHUX CyJleH Y KOHTeHepHUX TepMiHaiax. Po3pobsieHuit anroputm
PO3paxyHKy KOOpJMHAT KOHTENHEPY, SIKUI 3aBaHTaXXyEThCS, 03BOJIsI€ 00paxyBaTU KOOPAMHATH KOHTEHHepa B
IOBLIBHUI MOMEHT 4acy, IPOTe NOoAi0Ha pouenypa nepenbdadae 6e3nepepBHy MOCTIHY pOOOTY B pEXKUMI
peasIbHOro Yacy Ta NoTpebye MonepesHboro KauibpyBaHHs 3a7ij1 TOYHOTO BCTAHOBJIEHHS IIOYATKIB KOOPIUHAT
KOXHOI 3 crcTeM BUMIpIOBaHHS Ta Bepudikallii okasaHb, siKi OTpuMaHi Bif akcesiepomeTpy. Po3pobieHo
arapaTHO-IporpamHe 3a06e3Me4eHHs iIHTErpoBaHO KOMITIOTEPHOI MEPEXi Ta CUCTEMH, B IKMX pPeajli3oBaHi
OTPUMaHi METO, Ta MOJIeJli MOOYAO0BY aBTOMaTUYHOI CUCTEMU KOHTPOJIIO 32 IPOLIECOM 3aBaHTKEHHS

KOHTENHEPOBO3a.

2. The dissertation research is devoted to solving an actual scientific and practical problem - the development of
models, methods and means for ensuring the synchronous functioning of ship and port computer systems for
increasing the efficiency of carrying out unloading / loading works and ensuring that containers are placed in
accordance with the safety norms of container shipping. An analysis of existing models of loading control systems
and systems of accounting and planning of container placement on container vessels was carried out. As a result of
the synthesis of the analyzed data, there was found a lack of scientific decisions regarding the automation of the
control of the loading process and the conversion of vessel stability parameters in real time. The regularities,
which in the future will allow increasing efficiency of loading / unloading of container carriers, are described.
There was found the lack of a unified information model that meets all modern requirements of integrity and
efficiency of work. The analysis of existing systems of accounting and planning of containers placement on
container vessels, despite their wide possibilities, has shown their low efficiency, the lack of flexible adaptation
algorithms in their work, exceeding duties of the captain and those responsible for loading. It was determined that
existing loading methods do not allow controlling the movement of containers. It then defined one of the further
directions of the study. The proposal is made to create new integrated approaches to managing the loading
process, to develop methods for the automatic control of ship parameters in real time during loading / unloading,
to develop new methods and systems for controlling boat loading, which will allow controlling the modes of
loading automatically and providing real-time information. On the basis of the methods of system analysis, the
structure of the information model of the computerized control system for loading of the container carrier was
developed. The developed model allows substantially simplifying the process of loading due to the introduction of
digital control points and the introduction of a single information field of the port zone and the vessel. There is
developed a method for loading container vehicles, which provides for automatic determination of the current
coordinates of the loaded container with the possibility of further logging of the conducted process, which allows
it to be used in computer ship systems with the ability to control the flow of loading in real time. There is no need
to attract additional personnel to control the loading. To give a captain the opportunity to stay at an arbitrary
point of the port and find out the quantitative composition of the unloaded or loaded containers, as well as their
direct route data, the model of the system of mobile monitoring under the loading process is developed. The
development of a mathematical device based on previously created information models of container loading
system is given. In particular, the mathematical model of the container loading system is developed, which allows
determining the overwhelming majority of technical parameters of the vessel after loading. The model involves
controlling the proper weight of the containers, its uniform distribution, the compliance of the loaded containers
with the selected loading optimization criteria, which includes the priority of loading by weight, the order of
delivery according to the destination, value and so on. The mathematical model of the automatic positioning



method for loading and unloading container vessels in container terminals is developed. The main problem to be
solved is the transformation of the coordinates of the container from the coordinate system, which has a
connection to the coastline in the ship's coordinate system and a constant recount of the current coordinates of
the loaded container. The developed algorithm for calculating the coordinates of the loaded container lets one
calculate the coordinates of the container at an arbitrary time, but this procedure involves continuous work in real
time and requires pre-calibration for accurately establishing the beginning of the coordinates of each
measurement and verification systems received from the accelerometer. The software-hardware complex is
developed, which allows remotely in real time monitoring the movements of containers with a cargo crane, logging
all events and verifying the process to comply with existing norms and requirements operating in shipping. The
development of the hardware part determined the necessity of refusing to develop a system using the full life cycle
of the electronic system development, as time spent on development and certification requirements to the system
will impose unnecessary financial costs. Therefore, the main elements of the system are implemented using the
advanced line of industrial controllers manufactured by Phoenix Contact.
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