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AHOTANIA

Konon B.B. Y@HOCKOHaJEHHS MpOLECYy MOHITOPUHTY CTaHy KOHTEHHEpHUX
BaHTaXIB JyIs 3a0e3meueHHs Oe3MeKu MOPChKHX IepeBe3eHb. — Kpamidikaiiiina
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crieianbHICTIO 271 — « MoOpCchKHii Ta BHYTPIILIHIA BOAHUN TpaHCIIOPT» (Taly3b 3HAHb
27 — Tpancnopt). — Harmionanpanii yHiBepcuteT «Onecbka MOpPChKa axKaiemis»,

Opneca, 2023.

TennmeHiii po3BUTKY CBITOBOTO KOHTEHHEPHOTO (IIOTYy, Cepel IHIIOTO, HOTOo
MOTIOBHEHHS HA/IBEJIMKUMH KOHTEHHEPOBO3aMH, MPUBHOCATDH SIK OYEBHJIHI IE€peBar,
TaK 1 3Ha4HI PU3HMKH, 30KpeMa JJisd MUTaHb Oe3leku B rainysi. [IpoBeneHuii B naHii
poOOTI aHai3 JITepaTypHHUX JHKEpEll, MPUCBIUEHUX MpoOieMi 3a0e3meueHHsT 0e3meKn
MOPCBKUX TEpPEeBe3¢Hh Ha KOHTECHHEPHOMY (JIOTi, 3yMOBHB BHU3HAYECHHS OCHOBHOTO
HaIpsMKY JTOCJIJDKEHHS, 0 TOJIArae B YAOCKOHAJICHHI MPOIECYy MOHITOPUHIY 3a
TeMIepaTypHUM CTAaHOM KOHTEHHEPHUX BaHTaX1B y KOHTEKCTI 3a3Ha4eHO1 TpobieMu, a
TaKOK OOTPYHTYBAHHS HOT0 aKTyaJIbHOCTI.

B paMkax MeTo10I0TTYHOr0 3a0€3MeUeHHsI JAHOTO IUCEPTAIIITHOTO TOCIIKEHHS
0ys10 cpopMOBaHO MO0 TEXHOJIOTTYHY KapTy, y BIATIOBITHOCTI J0 SIKOT BU3HAYEHO 3aITUT
MPAKTHUKH, 1[0 3yMOBJIIOE TEMY POOOTH; METY; HAYKOBY TillOTE3y W TOJIOBHE 3aBIaHHS
JOCHIJKEHHS, 10 TpeACTaBIeHe TPhOMa OKPEMUMHU CKIaJoBUMU. OTpUMaHUM B XO/i
JOCHIKCHHS HAyKOBUM pe3yJibTaTaM MpuTaMaHHa HayKOBa HOBU3HA.

O0’eKTOM [JaHOT0 JOCJIIZKEHHS € TPOIEC MOHITOPUHTY 3a TEMIIEPATypHUM
CTaHOM BaHTaXIB MPH 1X MEPEBE3CHHAX KOHTEHHEPHUM (PIIOTOM.

IIpexMer aoc/igKeHHsI TPEACTABICHUNA METOJAMHU OIIHKH W MOHITOPUHTY
TEIJIOBOTO CTaHY KOHTEHHEPHUX BaHTaXIB.

MeTo10 1aHOTO TUCEPTAIIITHOTO AOCIPKEHHS € 3a0e3meueHHst 0e3MeKn MOPChKHUX
nepeBe3eHb Ha KOHTeHHEpHOMY (JIOTI i 3MEHIIIEHHS! HETAaTHBHOTO BIUIMBY JIFOJICHKOTO
dakTopy, NUISIXOM YAOCKOHAJEHHS TMpPOLECY MOHITOPUHTY CTaHy BaHTaXIB

KOHTEWHEPHOTO Cy/IHA Ta BIAMOBIIHOI 1IeHTU]IKAILIT [Kepeta 3aiiMaHHS.
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I'osi0BHe 3aBJaHHS TUCEPTALIITHOTO JOCHIIKEHHS MOJSrae y po3poOiii MeTomy
OLIIHKK (POHY TEIUIOBOTO BUITPOMIHIOBAHHSI KOHTEWHEPHUX BaHTaXIB M imeHTU(IKAIl]
KOHTEHHEpa-/pKepesia 3aiMaHHs 13 3allydeHHSM JIeSKOi KUIBKOCTI TEIUIOBI3OpIB Ta
BU3HAUEHOI CXEMHM iX PO3MIIICHHS B PEabHOMY 4aci, 3 BPaxXyBaHHIM «CIIMHUX 30H»
CYMapHOTO MOJIsl 30py TEIIOBI30PIB.

J1J1s BUpIIIIEHHS TOJIOBHOTO 3aBJIaHHS TAHOTO JIMCEPTAIITHOTO JOCIIIKEHHSI BOHO
OyJI0 pO3KITaJICHO Ha AONMOMIKHI 3a/1a4i, a came:

1) po3poOka meroay imeHTUdIKaIli JHKepesna 3aiiMaHHs B TI0JI 30py OJAMHUYHOTO
TEIJIOBI30pY B MEXKax BaHTAXHOTO MPOCTOPY KOHTEWHEPOBO3Y 3a HASBHOCTI JIESKOI
KUJIBKOCT1 00’ €KTIB CIIOCTEPEKECHHS;

2) BU3HAYEHHS NapaMeTpiB U 3aJeKHOCTEN NJIsl CKIIQJAHHS CXEMHU PO3MIILIEHHS
TETJIOBI30PIB Y BAHTAXKHOMY MPOCTOP1 KOHTEHHEPOBO3Y 3 YPaxXyBaHHIM CYJHOBUX YMOB
TIepPEeBE3EHHS BAHTAXKIB i 0COOJIMBOCTEHN TaKOi CXEMU;

3) po3poOka anropuTMiB OOpPOOKHM TEMIEpaTypHUX JaHUX Ta OIIHKH CTaHy
BaHTaXIB, 30KpeMa Yy «CIIMUX 30HAaX» CIUIBHOTO MO 30py JESKOi KUIBKOCTI
TEIUIOBI30PIB, B KOHTEKCTI CUCTEMU OE3MEPEPBHOTO CIIOCTEPEKEHHS 3a TeMIIepaTypHUM
CTaHOM KOHTEHHEPHUX BaHTAXIB.

HaykoBa HOBM3Ha OTpPMMAHHX pe3yJbTATIB JIJAHOTO JUCEPTAILIfHOTO
JOCIIPKEHHS TIOJISITa€ B yIOCKOHAJIEHH] MPOIIECIB MOHITOPUHTY CTaHy KOHTEHHEPHHMX
BAaHTAXKIB 1 BIJMOBIIHOTO BU3HAYCHHS KOHTEHWHEpa-pKepesia 3aliMaHHS IUISIXOM
PO3pPOOKH HOBOT'O METOTY ¥ MOJIEJ Il CUCTEMH OLIIHKH 1 aBTOMAaTU30BaHOI0 O€3MePEPBHOIO
CTIIOCTEPEKCHHS TEMIEPATypHOTO CTaHy KOHTEHHEPHUX BAHTAXIB Ta BIJMOBIIHOI
imenTrdikanii pkepena 3aiiMaHHS B peajbHOMY 4Yacl MpH iX MEpeBe3eHHI MOpPEM 13
3aJTy4eHHSM TepMorpadiuHux MpucTpoiB. B poOoTi AOCATHYTI HACTYIHI Pe3yIbTATH:

- BHepuIe po3po0JIEHO METOJ BU3HAUEHHsS KOHTeWHepa-pKepena 3aliMaHHA, a
camMe Horo Temmeparypd W TMO3WIli, B TOJi 30pY OAMHHYHOTO TEIUIOBI3OPY MpH
CIOCTEPEKEHHI JESIKOI KUTbKOCTI KOHTEUHEPIB Y BAHTAXKHOMY IMPOCTOP1 KOHTEHHEPHOTO
CyIHa, w0 3abe3neyye BU3HAYCHHS TO3UINT KOHTEHHEpa-IHKepena 3aiMaHHs Ta HOro
TEMIIEPATypU B MEXKax IMOJISI 30pY TEILJIOBI130pY, 110 PO3TAIIIOBAHO Y TPIOMI a00 Ha majyo1

KOHTEWHEPHOTO Cy/HA, 3a JOIMOMOTOI0 OOpOOKM 300paKeHb BUANMOTO W
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1H(pPaYepBOHOTO CHEKTPIB Ta 3AIEKHOCTEH MK KOOPIMHATHUMU CHUCTEMaMU 00’ €KTIB
CIOCTEPEKEHHS I X BIMOBIAHUX 300payKEeHb;

- BIHepIe 3alPOIIOHOBAHO MapaMeTpU M 3aJIeXKHOCTI, HEOOX1THI JUIsSl CKJIaIaHHS
CXEMH PO3MIILEHHS TEIUIOBI30PIB B MEXaX BaHTAXHOI'O MPOCTOPY KOHTEHHEPHOTO
CyJIHa, 3 ypaxyBaHHSM CyJHOBUX YMOB IIEPEBE3CHHS BaHTaXXIB Ta 0COOJIMBOCTEHN TaKoi
CXEMH, 10 TIPU PO3PaxXyHKY KUIBKOCTI TEIUIOBI3OPIB 00360.1410Mb BpaxXyBaTH KiJIbKICTh
KOHTEHHEPIB B MEXKAaxX «CIIIOi 30HW» CyMapHOTO IOJISi 30pYy TEIIOBI30PIB, 3arajibHy
KUTbKICTh KOHTEHHEPIB Y BAaHTKHOMY MPOCTOP1 ¥ KUIBKICTh KOHTEHHEPIB B TOJI 30py
OJJMHUYHOTO TETLJIOBI30pY;

- BHepIIe po3pOo0JIEHO ANTOPUTMH OOPOOKH TeMIiepaTypHHUX JaHUX Ta OLIHKH
CTaHy BaHTaXIB, 30KpEMa y «CJIIMUX 30HAX» CHIJIBHOTO IMOJIS 30pYy JAESKOI KIJTBKOCTI
TEIJIOBI3OPIB, B  KOHTEKCTI CHUCTEMH OE3MEepEepBHOTO  CIOCTEPEKEHHA  3a
TEMIEPATYPHUM CTAaHOM KOHTEWHEPHHX BAHTAXKIB, W0 O00360/1410Mb BU3HAYUTH
3HA4YCHHS TeMIIepaTyp B MEKax CyMapHOTO TOJIs 30py TEIJIOBI30PiB 3 MPUB’I3KOI0 110
11eHTU(IKOBAaHUX 00 €KTIB CIIOCTEPEKECHHS (KOHTEWHEPIB), BU3HAYUTU JKEPEIIO-
3aiiMaHHsI, 30KpeMa Yy «CIIMid 30H1» 3a3HAYEHOTr0 CYMapHOIo TOJisi 30py 3
BUKOPHCTAaHHAM IIU(PPOBOi HEHPOHHOI MEPEKI.

HaykoBa rinore3a npo MOXJIMBICTh BUKOPUCTAHHA TepMOrpadiyHUX MPUCTPOIB
B KOHTEKCTI yJIOCKOHAJIEHHS MPOIIECIB MOHITOPUHTY TEMIIEPATYPHOIO CTaHY BAaHTAX1B
KOHTEHHEPHOTO CyJHA ¥ BIMOBITHOT 1AeHTH(IKAIIIT JIKeperna 3aiiMaHHs B peaTbHOMY
yaci OyJia MIATBEp/)KEHAa TEOPETUUYHUMHU  pe3yibTaTaMU Ta  IMITAlllHHUM
MOJIETTFOBAaHHSIM.

IIpakTH4yHe 3HAYeHHs] OTPMMAHMX pe3yJbTaTiB IOJSIra€e B TOMY, IO
pe3yAbTaTH AOCHIIKEHHSI MOXKYTh OyTH BUKOPUCTaH1 TP po3po0Ll i yIOCKOHATIEHH1
CYJHOBHX CHCTEM IIOKEXKHOI O€3MEeKH, MOHITOPUHTY Ta KOHTPOJIIO 3a CTaHOM
KOHTEHHEpPHUX, 30Kpema HeOe3neyHuX, BaHTaxiB. OTpumaHi B JaHOMY
JTUCEPTALIITHOMY JTOCHIJI)KEHHI HAYKOB1 pe3yJIbTaTh 3yMOBIIIOIOTH WOTO HAYyKOBE
MOJIOKEHHS, 10 (OPMYJIOETHCA HACTYITHUM YHHOM: 1AeHTU(IKAIS JpKepena
3aiiMaHHs y BaHTAXXHOMY MPOCTOPI KOHTEMHEPHOIro CyJHAa, a TaKOX OI[IHKAa W

MOHITOPUHT ~TEMIIEPATypHOTO CTaHy KOHTEHHEPHUX BAaHTAXIB, 3a JIOTIOMOTOIO
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TETJIOBI30piB 1 BIAMOBIAHUX METO/IIB aBTOMATH3AIli1 3a3HAYCHUX MPOLIECIB, MOKYTh OYTH
3aCTOCOBaHI 3 METOIO 3a0e3neueHHs Oe3MeK MOPChKUX MEPEeBE3eHb 1 CyTHOILIABCTRA.

Pesynbrat fgaHoro AuMcepTamiiHOrO  JOCHIKEHHS BUKOPUCTOBYIOTHCSI B
HaBYAJILHOMY Tpolieci Kadeapyu MOPCHKUX TEPEBE3CHb MPH BUKJIATAHHI TUCIUILIIHH
«TexHoIorisi MepeBe3eHHsI BAaHTAXKIB»; BIPOBAKEHO y HABYAJILHUI Mpolec KypcCiB
MiABUIICHHS KBamidikaiii B [HCTUTYTI MICISIIUITIOMHOT OCBITH «LIeHTp MmiAroToBKU Ta
arectauii miaBckiaaay» HamionansHoro yHiBepcuteTy «Oiecbka MOpPChKa akaJeMis;
BIIPOBA/PKEHO B OCBITHIO KOMIIOHEHTY «JIOCTITHUIIBKUI MPAKTUKyM», BIIMOBIAHO 0
OCBITHBO-TTPO(ECIHOT TPOrpamMu JPyroro MariCTepcbKoro piBHs miarotoBku «Hagiraris
1 yIIpaBIiHHS MOPCHKUMU CyIHaMU». TakoX pe3ysibTaTd BiTOOpakeH1 B 3BITI HAYKOBO-
JOCHITHUIBKOT po00TH «DOpMYBaHHS TPAHCIIOPTHO-TEXHOJOTTYHUX MPOLECIB PO3BUTKY
¢dyHkionyBaHHS MOpchKoi ramy3i» (Ne JIP 01220201980, Po3nin 4 — Po3pobka metoiB
3a0e3rneyeHHs Oe3MeKr MOPEIUIaBaHHs Cy/IHA TP TIepeBe3eHH1 HeOE3MEYHNX BaHTaXIB,
. 4.1 — Po3poOka MeTony iieHTudIKaIlii JpKepesaa 3aiMaHHsl B MO 30PY OJUHUYHOTO
TETUIOBI30pPY B MEXaX BAHTAKHOTO MPOCTOPY KOHTEHHEPOBO3Y ).

KiiouoBi cjioBa: KOHTEMHEpHE CYIHO, BaHTAXHUM IUTaH, HEOE3MeyHl BaHTaXI,
Oe3rmeka TepeBe3cHh BAHTAXIB, KOHTEHHEPHI BaHTaXi, TEIUIOBI30pP, KOHTPOJb
TEMIIEPaTypU BaHTaXiB, BUSBIICHHS MOXEX1, 00poOKka 300pakeHb, 1udpoBa HEWPOHHA

mepesxa (LITHM), imiTariiine MoetoBaHHsI, JIOJICEKHM (hakTop, Oe3reKa Cy THOTIIaBCTBA.
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ABSTRACT

Konon V.V. Improvement of the container cargo monitoring process for ensuring
the safety of maritime transportations. — Qualifying scientific work on the rights of the
manuscript.

Dissertation for obtaining the scientific degree of the Doctor of Philosophy by the
specialty 271 — «Sea and inland water transport» (branch of knowledge 27 — Transport).
— National University "Odesa Maritime Academy", Odesa, 2023.

Trends in the development of the global container fleet, among other things its
replenishment with ultra-large container ships, bring both obvious advantages and
significant risks, particularly for safety issues in the industry. The analysis of literary
sources devoted to the problem of ensuring the safety of sea transportation on the
container fleet, which had been carried out in this work, led to the determination of the
main direction of the research, which consists in improving the methods of continuous
automated monitoring of the container cargoes’ temperature state in the context of the
specified problem, as well as the justification of its relevance.

As the part of the methodological support of this dissertation research, its
technological map was formed. The request of practice, which determines the topic of
the work, was determined in accordance to the mentioned technological map, as well
as the purpose, the scientific hypothesis and the main task of the research, which is
represented by three separate components. Scientific novelty is inherent to the
scientific results obtained during the research.

The object of the current research is the process of the cargoes’ temperature
condition monitoring during their transportation by the container fleet.

The subject of the current research is represented by the methods of the container
cargoes thermal condition assessment and monitoring.

The purpose of this dissertation research is to ensure the safety of sea
transportation on the container fleet and reduce the negative impact of the human
factor, by improving the process of the cargo condition monitoring on container ships

and the corresponding identification of the ignition source.
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The main task of this dissertation research is to develop a method for assessing
the background thermal radiation of container cargo and identification of the
ignition source container using a certain number of thermal imagers in real time and
a defined scheme of their placement, taking into account the "blind zones" of the
thermal imagers’ common field of view.

To solve the main task of this dissertation research, it was decomposed into the
auxiliary tasks, namely:

1) development of a method for identifying the source of ignition in the field
of view of a single thermal imager within the cargo space of a container ship in the
presence of a certain number of observation objects;

2) determination of the necessary parameters and dependencies for drawing
up a several thermal imagers’ installation pattern for the cargo space of a container
ship, taking into account the ship's conditions of cargo transportation and the
features of such a pattern;

3) development of algorithms for the temperature data processing and
assessing the state of cargo, particularly in the "blind zones" of the common field of
view of a certain number of thermal imagers, in the context of the container cargo
temperature monitoring system.

The scientific novelty of the results of this dissertation research consists in
improvement of the processes of the container cargo monitoring and the
corresponding determination of the ignition source-container by developing the new
method and the model of the container cargo temperature automated monitoring
system and the corresponding identification of the ignition source in real-time
during sea transportation using thermographic equipment. The following results
were achieved in the work:

- for the first time, a method was developed to determine the container-
source of ignition, namely its temperature and position, in the field of view of a
single thermal imager when observing a certain number of containers in the cargo
space of a container ship, which ensures the determination of the ignition source-

container’s position and its corresponding temperature within the field of view of
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the thermal imager located in the hold or on the deck of the container ship, by means
of image processing in visible and infrared spectra and dependencies between the
coordinate systems of observation objects and their corresponding images;

- for the first time, parameters and dependencies for drawing up a several
thermal imagers’ installation pattern for the cargo space of a container ship were
proposed, taking into account the ship conditions of cargo transportation and the
features of such a pattern, which give opportunity to take into account the number of
containers within the "blind zone" of the common field of view of the thermal imagers,
the total number of containers within the cargo space and the number of containers
within the field of view of a single thermal imager when calculating the number of
thermal imagers;

- for the first time, the algorithms were developed for the temperature data
processing and assessing the state of cargo, particularly in the "blind zones" of the
common field of view of a certain number of thermal imagers, in the context of the
container cargo temperature monitoring system, which allow the temperature values
determination within the thermal imagers’ common field of view with reference to
identified objects of observation (containers) and the ignition source identification, in
particular in the "blind zone" of the specified common field of view using a digital
neural network.

Theoretical results and simulation modeling confirmed the scientific hypothesis
about the possibility of using thermographic devices in the context of improvement of
the processes of the cargo temperature monitoring on container ship and the
corresponding identification of the ignition source in real time.

The practical significance of the obtained results is that they can be used in the
development and improvement of ship fire safety, monitoring and control systems for
containerized, particularly dangerous, cargoes. The scientific results obtained in this
dissertation research determine its scientific position, which is formulated as follows:
the identification of the ignition source in the cargo space of a container ship, as well
as the assessment and monitoring of the temperature state of container cargoes, with

the help of thermal imagers and appropriate methods of automating the specified
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processes, can be applied with in order to ensure the safety of sea transportation and
shipping.

The results of the current dissertation research are used in the educational process
when teaching the discipline «Cargo transportation technology»; implemented into the
educational process of advanced training courses at the Institute of Postgraduate
Education "Training Center for Certification of Seafarers" of the National University
"Odesa Maritime Academy"; implemented into the educational component "Research
practicum", in accordance with the educational and professional program of the second
master's level of training "Navigation and handling of sea vessels". Also, the obtained
results are reflected in the report of the scientific and research work — "Formation of
transport and technological processes of the development of the maritime industry
functioning" (No. DR 01220201980, Section 4 — Development of methods for
ensuring the safety of the ship's navigation during the transportation of dangerous
goods, subsection 4.1 — Development of a method for the ignition source identification
in the field view of a single thermal imager within the cargo area of a container ship).

Keywords: container ship, cargo plan, dangerous goods, safety of cargo
transportation, containerized cargo, thermal imager, cargo temperature control, fire
detection, image processing, Artificial Neural Network (ANN), simulation modelling,

human factor, safety of shipping.
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