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1. SInama B. B. ITinBuiieHHs eHeproedeKTUBHOCTI CYJHOBUX CUCTEM XoJiopornoctadaHHs. KeasidikaniiHa HaykoBa
Ipalsl Ha IIpaBax pyKkonucy. Jlucepratlisi Ha 3000y TTs1 HAYKOBOT'O CTyIleHs JoKTopa (pinocodii 3a crienianpHicTio 142
«EHepreTnyHe mammHOOyAyBaHHS». OJeCbKUIl HalliOHAJILHUY TEXHOJIOTiYHUH yHiBepcuTeT, Ogeca, 2023.
IuceprauiiiHa poboTa pUCBsIYEHA TOCIIIPKEHHIO CYJTHOBOI CUCTEMU XOJIOOMOCTAYaHHs Ta JOCJiIKeHHIO
XO0JIOIOAreHTiB 3 METOIO MiIBUILIEHHS €eHePreTUYHOI ePeKTUBHOCTI CYyIHOBOI XOJIOAUJIBHOI YCTAHOBKYU Ta 3HMXEHHIO
TEXHOT€HHOTO0 BIUIMBY Ha HaBKOJIMIIHE cepefoBuile. Ha mifcraBi HayKOBUX Ipallp, B SIKUX HaBeIEeHi pe3ybTaTh
TEOPETUYHUX Ta PAKTUYHUX JOCIiI’)KEHb 3 TPOBELIEHHS €HEPrETUYHOTO (30KPEMA TEPMOAMHAMIUYHOI0) Ta
€KCEepreTUYHOro aHasli3iB, BUKOPMCTAHHS iHTEJIEKTYaJIbHOI0 aHaJIi3y (process mining) 3a 1OIOMOro10
KOHLIENITyaJIbHOTO ITPOEKTYBaHHsI, MOB MojieoBaHHs Petri Net, Business Process Modeling and Notations
3[1i/ICHEHO aHaJli3 CyJHOBOI CUCTEMMU XOJIOAONOCTAYaHHs Ta IPOBEJIEHO MOMEIOBAHHS TPOLIECY MOEPHi3allii
XOJIOAWJIBHOI YCTaHOBKY (II€peBeIeHHs] CUCTEMU Ha €KOJIOTiYHO-6e3MeYHi X0JI0J0areHTH), Ta IPOBEIeHO

MOJIEJTIOBAaHHSI X0JIOJIOBOTO JIAHLIIOTA SIK YACTUHU CUCTEMU Bifl JOMEHHO-OPi€EHTOBAaHOI I1aTdhopMHu iHTerpaii



BEJIMKUX JJaHUX [0 JeleHTpanidoBaHoi IT-iHTerpoBaHoi niaaTdopmu AJ1s1 X0JI010BOTO JIaHIIora. BUKOpUCTaHO
METOJIY NOCJIiIPKEHHS IIPX CTBOPEHHI [10CTaBJIEHUX 3aBIaHb: €eHePreTUYHNN MEHEeI)KMEHT Ta ayAUT IJIsl CyIHOBOI
XOJIOAWJIBHOI YCTaHOBKY pepUKepaToOpHOTro CyiHa ctapioro 3a 20 pokiB, eHepreTUYHu (30Kpema
T€PMOJVMHAMIYHUIT) aHaJi3 CyZHOBOI X0JIO4UJIbHOI YCTAHOBKU, €KCEPTeTUYHUI aHaJli3 CyZHOBOI XOJI04UIIbHO]
YCTQHOBKH, 3aCTOCYBAaHHSI METOI0JIOTii pO3POOKH, KEPOBAHOI MOXJIMBOCTSIMHU, KOHLIENITyalbHE TPOEKTYBAHHS Ta
iHTeJIEKTya/IbHUI aHaJli3 IIPOLLECiB XOJIOOUIIBHOTO CEKTOPY 3a Jornomororo Petri Net ta BPMN moB. HoBumn
HayKOBUMM pe3yJIbTaTaMU POOOTHU €: ~IIPOBEJEHO €HEPreTUYHUM ayIUT CyJHOBOI X0JI0ANJIbHOI YCTaHOBKHU
pedpukepaTOpHOTO CyJHa, gross tonnage 4000, nig npanopom IlosbIni Ta BUSBIAEHO €HEPTeTUYHUI TOTEHLIias Ta
MOTEHIIiaJl BIVIMBY HA HaBKOJIMIIIHE CEPEOBUILE; ~3alIPOIIOHOBAHO PEKOMEH ALl OO0 YIIPaBIIiHHS
eHeproe(eKTUBHICTIO CYJHA; -3aJIy4€HO MDKIUCUUIIIIHAPHI 3B’13KW, HOPMaTUBHO-TIPABOBY 0a3y Ta PeryJloBaHHS,
I0Z0 OOMEKEHb BILJIMBY CyJIHOBUX CUCTEM Ha HABKOJIUIIHE CEPEOBUILE, TA PO3IJISIHYTO ii BIJIUB, HAIAHO
peKoMeHallii, oA0 BiACTEXXEHHS BillIOBIAHNX HOPMATHUBIB Ta BUACHOTO ii 3aCTOCYBAaHHS, 110 Ma€ BIUIMB HA
Mopaudikallito iCHyI0YUX CyZeH Ta iX po60oYuX CUCTeM; ~-IIPOBEIEHO €HEPreTUYHNUI (30KpemMa TepMOoIHaMIuHNMIT) Ta
€KCepPreTUYHU aHaJli31 CyJIHOBOI XOJI0OAUJILHOI YCTAHOBKY Ta JOCSTHYTO MiABUILEHHS €HeproepeKTUBHOCTI Ta
3HIDKEHHS BIUJIMBY Ha HAaBKOJIMIIHE CEPENOBUILLE 3alIpOIIOHOBAHO [IBi XOJIOOU/IbHI CUCTEMU [J151 IPOrPaMU
nifgBuIeHHsS eHeproe@eKkTuBHOCTI: ~CyJHOBA KacKaJiHa X0J0uibHa ycTaHoBKa (CKXY) R290 /R744: ouikyeTbcs, 10
KacKaJHa cucTeMa MifBUIINATh e(PEeKTUBHICTb CYyJHOBOI X0JI0AUIbHOI ycTaHOBKY Ha 20%. CKXY 3meH1ye cBiit
BIIJIMB Ha HaBKOJIMIIHE CEPENOBUIIE 3aBsIKA BUKOPUCTAHHIO IPUPOAHUX X0a010areHTiB (R290 /R744), siki He
3aBJAIOTh MIKOAM HaBKOJIMIIHLOMY cepenoBully. KamitanbHi BUTpaTu cTaHOBATh 201213 eBpo. -/IBocTyneHesa
cHCTeMa OXOJIOKeHHs! R717: 3a IporHo3amu, BOCTyIIeHeBa CUCTeMa JOAATKOBO MiABUIUTE e(PEeKTUBHICTb 10 26%.
Cucrema MiHiMi3ye BIVIUB Ha HaBKOJIMIIHE CEPENOBUILE 3aBSKM BUKOPUCTaHHIO amiaky (R717) 3 GWP = 0. 3 Touku
30py KalliTaJIbHMX BUTPAT, ABOCTYIIEHEBA KOMIIPECiVHA X0JIOAU/IbHA cucteMa 3 R717 Bumarae Ha 26% meH1ie
iHBeCTHIIii1 MOPIBHSIHO 3 KACKAJTHOIO CUCTEeMOM0. PekoMeHatist: BUbip Mixk ABOMAa CUCTeMaMU MTOBUHEH
BpPaxoBYBaTH KOMIIJIEKCHUI aHAaJli3, BKJIIOYAIOUX eKCIUlyaTaliliHi BUTpaTH, TeXHiYHE 0OCITyrOBYBaHHS Ta
JIOBrOCTPOKOBI BUTOJIY, 11106 IPUMHSATH OGIPYHTOBAHE PillleHHS, SIKe Bif[[IOBija€ KOHKPETHUM TOTpe6am i
0OMEXKXEHHSIM CYIHOBOI XOJIOAWJIbHOI YCTaHOBKU. AHAJII3 MiIKPECIII0€e BAKIUBICTb 30a/1aHCYBAHHS LUX (PAKTOPIB 17151
BM3HAUYEHHS HANOisbII 6akKaHOTo BapiaHTY /J1s 3aMOBHUKA. [IpakTHyHe 3HaueHHs pOOOTH I10JIra€ B HACTYITHOMY:
HapaHo pekoMmeHalii IpakTUYHi Ta 3[iMCHEHI AJ1s peaidalil y peaslbHOMY 4aci MOPCBKOTO CEKTOPY
pedpukepaTopHOro TpaHcnopty. OLiHKa JOCTOBIPHOCTI Ta OOI'PYHTOBAHOCTI BUCHOBKIB Nepeoavae 1iicHy
OLiHKY 11X (aKTOPIB 3 ypaxyBaHHSIM KOHKPETHOTO KOHTEKCTY Ta BUMOT aHajlidy. Bukopucrano
MIKIVCLUITIIHADHUM MiAXiM Ta 3a/Iy4€HO IO MTPOLECY OLIIHKY BifIOBigHI 3alliKaBJI€Hi CTOPOHHU.

2. Yalama V.V. Energy Efficiency improvement of marine refrigeration systems. Qualification scientific work on the
rights of manuscript. Dissertation for the degree of Doctor of Philosophy in the specialty 142 "Energy Machine
Building". Odesa National University of Technology, Odesa, 2023. The dissertation is dedicated to the study of the
marine refrigeration system and the investigation of refrigerants with the aim of enhancing the energy efficiency
of the marine refrigeration plant and reducing its environmental impact. Based on scientific works that present
results of theoretical and practical research, energy (thermodynamic in particular) and exergy analyses are
conducted. Based on scientific works presenting the results of theoretical and practical research in the field of
energy analysis, including thermodynamic analysis, and exergy analysis, the utilization of the process mining
through conceptual design, employing modeling techniques such as Petri Nets, Business Process Modeling and
Notations, enabled the analysis of the marine refrigeration system. The modeling process involved the analysis of
the modernization of the refrigeration unit, specifically the transition of the system to environmentally safe
refrigerants. Furthermore, the modeling of the cold chain, as a component of a domain-oriented big data
integration platform, was conducted, extending to a decentralized IT-integrated platform for the cold chain. The
research methods employed in addressing the specified tasks included energy management and audit for the
refrigeration system of a refrigerated vessel older than 20 years, as well as energy (particularly thermodynamic)
analysis of the marine refrigeration system. Exergy analysis of the marine refrigeration system was also conducted.
The study involved the application of the capabilities driven design methodology, conceptual design, and process



mining of refrigeration sector processes using Petri Nets and BPMN languages. The new scientific results of the
work are: The following tasks were accomplished: An energy audit of the refrigeration system of a refrigerated
vessels with a gross tonnage of 4000, flagged in Poland, was conducted. The energy potential and environmental
impact potential were identified. Recommendations for managing the energy efficiency of the refrigerated vessel
were proposed. Interdisciplinary connections, regulatory framework, and regulations regarding the environmental
impact of refrigerated vessel systems were considered. Recommendations were provided for tracking relevant
regulations and timely implementation, affecting the modification of existing refrigerated vessels and their
operational systems. Energy (thermodynamic in particular) and exergetic analyses of the marine refrigeration
system were conducted, leading to increased energy efficiency and reduced environmental impact. Two
refrigeration systems were proposed for the energy efficiency improvement program: Marine Cascade
Refrigeration System (SCRS) R290 /R744: Expected to increase the efficiency of the marine refrigeration system by
20%. Reduces environmental impact through the use of natural refrigerants (R290 /R744). Capital costs amount to
201,213 euros. Two-stage cooling system R717: Predicted to further increase efficiency to 26%. Minimizes
environmental impact by using ammonia (R717) with GWP = 0. From a capital cost perspective, the two-stage
compression refrigeration system with R717 requires 26% less investment compared to the cascade system.
Recommendation: The choice between the two systems should involve a comprehensive analysis, considering
operational costs, maintenance, and long-term benefits. This approach ensures an informed decision that aligns
with the specific needs and constraints of the marine refrigeration system. The analysis emphasizes the
importance of balancing these factors to determine the most desirable option for the client. The practical
significance of the work is as follows: Recommendations have been provided for practical implementation in real-
time for the maritime sector of refrigerated transport. The assessment of reliability and justification of conclusions
involves a comprehensive evaluation of these factors, considering the specific context and requirements of the
analysis. An interdisciplinary approach has been employed, involving relevant stakeholders in the assessment
process.
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