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2. Improvement of the container cargo monitoring process for ensuring the safety of maritime transportations

Pedepar:

1. TenpeH1ii pO3BUTKY CBITOBOTO KOHTEHEPHOTO (PJIOTY, CEpe], iHIIOoro, 10ro NOIIOBHEHHS HallBEJIUKUMU
KOHTEWHEPOBO3aMU, IPUBHOCATD SIK OUEBUHI IIEpEBary, Tak i 3HayHi pu3UKY, 30KpeMa [J1s1 TUTaHb O€3eKu B
rasnysi. [IpoBeennii B faHiil po60Ti aHali3 JiTepaTypHUX IpKepeJl, IPUCBIYeHUX NpobeMi 3abe3reueHHs 6e3neKn
MOPCBKUX [lepeBe3eHb Ha KOHTeHEpHOMY (JI0Ti, 3yMOBUB BU3HAYEHHS OCHOBHOTO HAIIPSIMKY JOCJIiIKEHHS, 110
II0JISITA€ B YAOCKOHAJIEHH] IPOLI€CY MOHITOPUHTY 33 TEMIIEPATYPHUM CTaHOM KOHTEMHEPHHUX BaHTaXiB y KOHTEKCTI
3a3Ha4Y€HOi NPOo6IeMH, a TAKOXK OOIPYHTYBaHHS HOT0O aKTyalbHOCTI. B paMKax MeTOZI0JIOriYHOTO 3a6€e3NeYyeHHs
IAHOTO IMCEPTALiTHOrO JOCiIKeHHs 0y10 cpOpMOBAHO HIOTO TEXHOJIOTIYHY KapTy, Y BilIOBIZHOCTI [0 SKOi
BM3HAUEHO 3alUT IIPAKTUKH, 110 3yMOBJIIOE TEMY POOOTU; METY; HAYKOBY TiNOTe3y I rOJIOBHE 3aBIAHHS
IOCJIiIKEHHS, 110 NIPeCTaBJIeHE TPbOMA OKPEMUMMU CKIa40BUMU. OTPUMAHUM B XOJi AOCJIIIPKEHHSI HAYKOBUM
pe3yJpTaTaM NpuTaMaHHa HayKoBa HOBU3HA. O6’€KTOM JAHOTO JIOCTIIKEHHS € IIPOLieC MOHITOPUHTY 3a

TeMIIepaTypHUM CTaHOM BaHTaXIB IIPU iX IlepeBe3eHHsIX KOHTeHHepHUM (IoToM. [IpegMeT nociikeHHs



[IPENCTaBJIEHUI METOJAMM OLIiHKM 1 MOHITOPMHTIY TEIJIOBOIO CTaHY KOHTEMHEPHUX BaHTaXiB. METOI0 TaHOTO
IVCepTaLifHOrO NOCIIKEeHHS € 3a0e3redyeHHs 6e311eK MOPChKUX [lepeBe3eHb Ha KOHTeliHepHOMY (JIOTi i
3MEHUIEHHS] HEraTUBHOTO BILJIUBY JIIOACHKOTO (GaKTOPY, MIJIIXOM YJIOCKOHAJIEHHS IPOLECY MOHITOPUHTY CTaHY
BAaHTaXXiB KOHTEHEPHOTO Cy/iHA Ta BiANoBigHOi ineHTH(iKaLii A>xepesa 3aiiMaHHS. [0710BHE 3aBIaHHs
IVCEPTaLiiHOTO JOCJIiIPKEHHS MoJIIrae y po3po0bLi MeTOy OLiHKM (POHY TEIJIOBOTO BUITPOMiHIOBAHHS
KOHTeMHEepHUX BaHTaxXiB I ineHTudikalii KoHTeliHepa-Iykepesia 3aiMaHHs! i3 3aTy4eHHsIM JesKoi KiTbKOCTi
TEIJIOBI30PiB Ta BUBHAYEHOI CXEMM IX PO3MIILIEHHS B PEAJIBHOMY 4aci, 3 BDaXyBaHHAM «CJIINX 30H» CYMapHOTO
1107151 30PY TEIJI0BI30PiB. [J1s1 BUpilIeHHS TOJI0BHOTO 3aBIaHHS IaHOTO AUCEPTALifHOTO IOCiI>KeHHSI BOHO 0YyJI0
PO3KJIaJleHo Ha IONOMDKHI 3a7ayi, a came: 1) po3pobka meTopy ineHTudikanii gyxepesa 3aliMaHHS B I10J1i 30pY
OJIMHUYHOTI'O TEIJIOBI30PY B MEKaxX BAHTaXXHOTO [IPOCTOPY KOHTEMHEPOBO3Y 32 HasIBHOCTI [1€5IKOI KiJIbKOCTi 00’€KTiB
CIIOCTEPE’KEHHSI; 2) BU3HAUYEHHSI IIapaMeTPiB 1 3aJIeXKHOCTEH 117151 CKJIAJIaHHS CXEMU PO3MIlllEeHHSI TEIJIOBi30PiB ¥
BaHT)KHOMY IIPOCTOPi KOHTEITHEPOBO3Y 3 YpaXyBaHHSIM CYJHOBUX YMOB [1€PEBE3€HHS BAHTAXIB i1 0COOJINBOCTEN
TaKoi cxeMy; 3) po3pooKa aJirOpUTMiB 0OPOOKM TeMIIEPATyPHUX JaHUX Ta OLIiHKU CTaHy BaHTaXXiB, 30Kpema y
«CJIINMX 30Hax» CIJIBHOTO I10JIs1 30PY AESIKOI KiJIbKOCTi TEII0BI30PiB, B KOHTEKCTI CUCTEMU 6€3[1epepBHOrO
CIIOCTEPE’KEHHS 32 TEMIIEPATYPHUM CTaHOM KOHTEMHEPHUX BaHTaXiB. HaykoBa HOBM3HA OTPUMAaHUX PE3YJbTaTiB
JAHOTO NUCEPTALIMHOTrO NOCHIIKEHHS TIOJISITa€ B YAOCKOHAJNIEHHI IPOLECiB MOHITOPUHTY CTaHYy KOHTEMHEPHUX
BAHTAXIB i BiJIIOBIAHOrO BU3HAUEHHS KOHTENMHEpa-I)KepeJsia 3aiiMaHHs IJISIXOM PO3POOKH HOBOTO METOy I Moei
CHACTEMHU OLiHKY i aBTOMaTU30BaHOT'O 6€31€PEPBHOI0O CIIOCTEPEXEHHS TEMIIEPATYPHOr'O CTaHy KOHTEHEPHUX
BaHTaXIB Ta BianosigHoi inenTudikanii mxepena 3aliMaHHS B peajibHOMY 4Yaci IIpH iX iepeBe3eHHi MopeM i3
3aJlyyeHHsIM TepMorpadiuHux npucTpois. Haykosa rirnoresa po MOKIMBICTb BUKOPUCTaHHS TepMorpadiuyHux
IIPUCTPOIB B KOHTEKCTI YA,OCKOHAJIEHHS ITPOLLECiB MOHITOPUHTIY TEMIIEPATYPHOrO CTAaHY BAHTaXXiB KOHTETHEPHOTO
CyZHa ¥ BifNoBifHOI ineHTUdiKaLii ;Kepesa 3aliMaHHs B peaIbHOMY 4Yaci 6yJia nigTBepKeHa TEOPETUYHUMU
pe3ysbTaTaMU Ta iMiTal[ilHUM MOAEIOBaHHAM. [IpakTUYHe 3Ha4EHHS OTPUMAHUX PE3YJIbTATIB I10JISITAa€ B TOMY, 11O
PEe3yJbTaTU JOCTiIKEHHS] MOXYTbh OYTH BUKOPUCTaHI Ipy po3po0lLii i1 yJOCKOHAJIEHHI CYJHOBUX CUCTEM I1OXKEXHO]
0e3IeKy, MOHITOPUHTY Ta KOHTPOJIIO 32 CTAaHOM KOHTEMHEPHUX, 30KpeMa HeOe3MNeYHNX, BAaHTaXiB. OTpUMaHi B
IAHOMY JMCEePTALiiHOMY NOCIIIKEHHI HAYKOBI PE3YJIbTaT! 3yMOBJIIOIOTH 10I0 HAyKOBE II0JIOKEHHS, 110
(HOpMYJIIOETHCST HACTYITHMM YMHOM: ineHTUdiKauis JpKepesa 3aliMaHHs y BAHTa)KHOMY IIPOCTOPi KOHTEHHEPHOTO
CyJIHa, 8 TaKOX OIIiHKa 1 MOHITOPUHT TEMIIEPATyPHOI0 CTaHy KOHTENHEPHUX BaHTaXiB, 32 JOIIOMOTOIO
TEeIJIOBI30PiB 1 BiATIOBITHNX METOiB aBTOMAaTH3allil 3a3HaY€HUX [IPOLECiB, MOXKYTh OYTH 3aCTOCOBAHI 3 METOIO
3abe3nedeHHs 6e3l1eKu MOPChKUX IIepeBe3eHb 1 CyHOIIJIaBCTBA. Pe3ysibTaT aHOTO AUCEPTALiTHOTO
IOCJIiI)KeHHS] BUKOPUCTOBYIOThCSI B HaBYaJIbHOMY IIpolieci Kadepy MOPChbKUX IlepeBe3eHb IpY BUKJIAJIaHHi
IVCLUIIIIHU «TeXHOoIIoris IepeBe3eHHs BaHTaXiB»; BIIPOBAIPKEHO y HaBYaIbHUM NIPOLIEC KyPCiB MiABUILIEHHS
kBaidikauii B IHCTUTYTI HicasIAUIIIIOMHOI OocBiTU «LIeHTp mifroToBKM Ta aTecrauii miasckiaaay» HanioHaabHOToO
yHiBepcuTeTy «OfiecbKa MOPChKa aKaleMisl»; BIIPOBAIPKEHO B OCBITHIO KOMIIOHEHTY «JJOCTiIHULIBKN TPAKTUKYM»,
BiZITIOBiJHO [10 OCBITHO-IIPOQECiHOI IpOrpamMu IPyroro MariCTepCcbKoro piBHs niArorosku «Hasiranis i
VIPaBJiHHS MOPCBKUMU CyHaMM». TaKoX pe3yJbTaTU BiloOpakeHi B 3BiTi HAYKOBO-IOCIiAHULBKOI pO6OTH
«®opMyBaHHS TPAaHCIIOPTHO-TEXHOJIOTIYHUX [TPOLECiB PO3BUTKY (DYHKIIOHYBAaHHS MOPCHKOI ramysi» (N2 JIP
01220201980, Po3zin 4 - Po3pobka MeTo1iB 3abe31eueHHs 6e31eK MOPeIJIaBaHHs CyiHa [IpY IlepeBe3eHHi
HeOe3MeYHNX BaHTaXiB, I1. 4.1 - Po3po6ka meTony izeHTu(ikalii Aokepesia 3aliMaHHS B I10J1i 30PY OJUHUYHOTO

TEIJIOBI30PY B MeKaxX BAHTAXXHOT'O IIPOCTOPY KOHTEWHEPOBO3Y).

2. Trends in the development of the global container fleet, 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, 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, the topic of the work, its the purpose, the scientific hypothesis and the main task,
which is represented by three separate components, was determined in accordance to the mentioned
technological map. 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. 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. 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: 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 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 advanced
training courses at the IPE "TCCS" of the NUOMA; 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 - No. DR 0122U201980, 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).
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Micue3HaxoO KeHHS: By, MeunikoBa, 6y/. 34, Oneca, 65029, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpi3Buie Im'sa I1o-6aThKOBI:
1. Ilinyenko Osekcangp IMUTPOBUY

2. Oleksandr D. Pipchenko

KBasmigikanis: g.1.1., nouenr, 05.22.13

Imentudikarop ORCID ID: 0000-0002-6878-0619

JoparkoBa iHdpopmamist:

ITIoBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘{HOi 0CO0M: HaujoHambHuit yHiBepcuteT "Onecbka MOpChbKa akajgemis”
Kopg 3a €IPIIOY: 01127799

Micue3Haxoa KeHHS: sy [linpixcona, 6y, 8, Ozeca, 65029, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. Xapuenko PomaH IOpitoBuy

2. Roman Y. Kharchenko

KBasigikanis: k.r.u., nouenr, 05.22.20

InenTudgikarop ORCID ID: 0000-0003-3051-7513

JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHuii yHiBepcuTeT "Ofjecbka MOPChKA aKkamemis’”
Kopg 3a €IPIIOY: 01127799

Micue3HaxoaKeHHS: ByJ1. JligpixcoHa, 6yz. 8, Ozmeca, 65029, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI [erpos Irop MuxatinoBuy
TOJIOBH paju

Byiacue IlpizBumie Im's I1o-6aThKOBI lerpos Irop Muxaiinosnd
rOJIOBYIOYOrO Ha 3aCiflaHHi

BiamoBiganibHUH 32 MiATOTOBKY Konon Bnagucinas BajieHTHHOBUY
00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




