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bpaxnixk 1. JI. [TominmeHHs MporeciB B CUCTEM1 IHEPTHHUX ra3iB Ha TaHKEpax
npu nepeBe3eHHi1 HagTH. — KBamidikaiiiiHa HaykoBa mpaisd Ha paBax pyKOIIUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTYIMeHs 1OOKTopa (imocodii 3a
cnerianpHicTIO 271 — PlukoBuit Ta Mopchkuii Tpancropt (I'amy3p 3HaHp 27 -
Tpancnopt). - HarmionaneHuii yHiBepcuteT “Omecbka MOpPCBbKa akamemis’”

MinicrepctBa OcBiti 1 Hayku Ykpainu, Oneca, 2021 p.

JucepramiiiHe  AOCHIPKEHHS CIHPSIMOBAaHE Ha BHUPIMIEHHS HAyKOBO-
MPUKJIAJHOTO 3aBJaHHSI — CKOPOYEHHS MEPIoy Yacy MOTPIOHOTO /i 1HEepTU3allil
(3HMKEHH1 KOHUEHTpal[li KUCHIO B BAHTAXHUX TaHKaX) HA(QTOHAJMBHUX TaHKEPIB
TUMOBUMU (1HepTHUMU) razamu. 3rigHo 3 Mixkuapoanoto Konsentiiero COJIAC Ta
Mixnapogaumu Bumoramu mono besnexu miist HadgroBux Tankepis 1 Tepminaiiib
KOKHUM TaHkep, neaseitoM Bijg 8000 TOHH Ta BUINE, MPU MEPEeBE3CHHI HaPTH Ta
HaQTOMPOYKTIB TIOBMHEH BHKOPHUCTOBYBATH CHCTEMY IHEPTHHUX Ta3iB, sKa
3a0e3nedye MIATPUMKY TMOXKexXe- Ta BHOyxo0e3neuHoi MikpoaTMocpepu B
BaHTQKHUX TaHKaX 32 PaXyHOK 3HM)KCHHsI KOHIICHTpAIlil KHCHIO B HUX JI0 3HAYCHHS
Hernepesuiryrdoro 8,0 %.

['o/10BHOIO MOTHBALIIE€IO JOCHIPKEHHS € HasBHUM 3aluT TPaKTUKA —
HEOOX1THICTh 3a0€3IMeUeHHs] MiABUIICHHS EKOHOMIYHOI e()EeKTHBHOCTI pPOOOTH
Ha(TOHATMBHOTO TaHKEpa.

JUist  po3B’s3aHHS HAYKOBO-TEXHIYHOI MpoOjieMu, 10 TOB’si3aHa 3
MPUCKOPEHHSIM Tporiecy iHepTHu3allii HadhTOHAIMBHOTO TaHKepa OylIo BHKOHAHO
aHaji3 CIoco0iB TOMIMIIEHHS MPOIeCy 1HEpTH3allii Ta BIOCKOHAJICHUN METOJ
1oJlavi IHEpTHOTO ra3y BCepeIMHY BaHTaXXHHUX TaHKIB. L{e B ocTaTouHOMY MiACYMKY
MPU3BOIUTH JI0 E€KOHOMIl TMAaJWBHUX PECYpPCIB 3a PaxyHOK CKOPOYEHHS Yacy

1HepTHU3allli, 3MEHILIEHHI MTeP10/1y MPOCTOIO CYHA, 301JIbIIIEHHI BAHTAK000Iry, 110 B
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CYKYITHOCT1 TPU3BOAUTH 10 MIJABHUIIEHHS EKOHOMIYHOI e(eKTHMBHOCTI poOOTH
CyJIHa.

Ha miacraBi pe3ynpraTiB a”amizy OyJ0 BCTaHOBJICHO, IO JIJII BUPIIICHHS
po0sieMy MIPUCKOPEHHS 1HEPTU3allii BAHTAXKHUX TaHKIB HAPTOHATMBHOTO TaHKEpa
HEOOXITHO BU3HAYMUTHU SIKUM YHHOM PO3MOJUISETHCS KOHIIGHTpAllll KHUCHIO B iX
npocTopi. Takui po3MoJLT B 3alieKHOCTI BIiJ 4Yacy I1HepTU3alli MOCTIHHO
3MIHIOETBCS 1 HANpPSIMy BU3HAYAETHCSA XapaKTEPOM BBEACHHS 1HEPTHOTO rasy Ta
3HAYEHHSAM PO3MOALTY TUCKY IO BUCOTI BAHTAXKHOT'O TaHKA.

OOrpyHTOBaHO OCHOBHHUU HaIpsSIMOK JMCEPTAIIHHOIO JOCHIKeHHS. BiH
NOJIATA€ y MOJINIIEHH] MPOLeCy 1HepTHU3alli BAaHTAKHUX TaHKIB HA()TOHAJIMBHUX
TAHKEPIB 32 PaXyHOK BJOCKOHAJICHHs MOJaudl 1HEPTHOrO rasy, IO HpU3BEAE 10
CKOPOUYCHHSI TEepioAy dYacy MNOTPIOHOrO [Jisi 3HWKEHHS KOHIIEHTpalli KHCHIO
BCEpEANHI BAaHTAKHUX TAHKIB.

O0’ekTOM JOCHIDKEHHS € Tpolec 1HepTU3allii BaHTAXHUX TaHKIB
Ha(TOHATUBHOTO TaHKEpa 3a PaxyHOK BUKOPHUCTAHHS BJOCKOHAJICHOI MOaayl
1HEPTHOTO Tazy.

[IpeameToM AOCHIDKEHHS € CUCTEMa I1HEPTHHX Ta3iB Ha(TOHAJIMBHOIO
TaHKepa.

J1J1st BCIX cTajiii HAyKOBUX TEOPETHUHUX Ta €KCIIEPUMEHTAIBHHX JTIOCHIIKEHb
po3pobiieHa MeToAMKa iX TpOBeACHHs. [ OJOBHMMHU eJeMEHTaMHu PO3pOOJIEHOT
TEXHOJIOTIYHOT KapTH JOCII/PKeHb €. HAyKOBl 3aBJaHHS, 3arajlbHUN MEpetiK
OUiKyBaHWX HAYKOBUX pe3yJIbTaTiB; HAyKOBAa 3HAYYIIICTh, HAYKOBE MOJIOKCHHS;
MpaKTUYHA I[IHHICTh OTPUMAHHUX HAYKOBUX PE3YJIbTaTIB.

J71 KO’)KHOTO c(OPMYJIBOBAHOTO HAYKOBOI'O 3aBIaHHsS OyJjM OOTpyHTOBaHI
HEO0OX1TH1 METO 11 MOT0 BUPIIICHHS. /{7151 eKciepuMeHTaIbHUX TOCIIKEHb OKPEMO
po3po0IeHa METOAMKA 1X MPOBENEHHS 1 cPOPMYNIbOBaHI MOAABINT T€3U IMIOAO il
BUKOPHCTAHHSI.

3 METOW TMOJAJBIIOr0 MPOBEICHHS IUCEPTALIMHUX JOCHTIKEHb OyiIH
chopMyIhOBaHI: META; MEPENTIK TOJIOBHUX HAYKOBUX TIMOTE3 Ta TOJIOBHE 3aBIaHHS

JOCIIIJIKEHb, SIKE TOJArae y MiJABUIIEHH]I €KOHOMIYHOI e(pEeKTHUBHOCTI poOOTH
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Ha(TOHATMBHUX TaHKEPIB UIIXOM IMOIMIIEHHS MPOIECIB B CHCTEMI FeHepyBaHHS
1 momaui iHepTHoro raszy. Ilim wac mTpoBEAECHHsS MOCIIKEHb 00poOKa BCiX
OTPUMAaHUX pe3yJbTaTIB PpPO3paxyHKIB Ta BHUMIPIOBaHb 3JIIHCHIOBAJIach 3a
JIOTIOMOTOI0 CYyYaCHUX KOMIT IOTEPHUX MPOrpaM 1 3 BHUKOPUCTAHHSIM METOIB
MaTE€MaTUYHOI CTATUCTHUKHU.

[Tepenik qomOMIXHUX 3aBJaHb JOCIIKEHb M1IMOPSIAKOBYE 10 ce0e HACTYMHI1
TPH 3aBJAHHS:

- copMyIIIOBaTU OCHOBHI MOKa3HUKU MPOIIECY 1HEPTHU3ALll Ta BU3HAYUTHU
MEXaHI3M 1 OCHOBHI NapameTpH, IO JO03BOJIAIOTH CKOPOTUTH 4Yac 1HepTU3allil
BAHTAKHUX TAHKIB 0€3 3MIHM CUCTEMHU BUPOOJICHHS IHEPTHUX Ia3iB 1 MaricTpaJbHUX
JIHIN X mogaui;

- BCTAHOBUTU [IIalla30H 3MIHM 3arajbHUX POOOYMX XapaKTEPUCTHK
pO3pOOJIEHOr0  TOJIMIIEHOTO  MPOIeCYy  IHEepTU3allii BAHTAKHUX  TAHKIB
Ha(TOHAJIMBHOTO TAHKEPA;

- PO3pOOUTH TPAKTUYHY METOJUKY OL[IHIOBAaHHS KOHIIEHTpAlli KUCHIO B
BAaHTAKHUX TaHKaX HA)TOHAJIMBHUX TaHKEPIB MPU POOOTI CUCTEMH X 1HEPTHU3ALIi].

s qucepTalifHUX AOCHIIXKEHb Oyi0 chopMyJIbOBAaHO OCHOBHE HAYKOBE
MOJIOKEHHS, AKE TOJISITa€ B TOMY, IO IMiJABUIIEHHS €KOHOMIYHOi e(heKTHBHOCTI
poOOTH HAPTOHATIMBHUX TAHKEPIB JOCATAETHCS MOJIIIICHHSIM MPOIECy 1HepTU3AIlil
iX BaHT@XHUX TAaHKIB 32 PAXyHOK BJOCKOHAJEHOI MOAayl 1HEPTHOIO Traszy, ILIO
3a0e3nedye 3HAYHE CKOPOYEHHS Yacy MOTPIOHOTO Il MIATOTOBKUA CyAHA [0
pUiioMy HOBOrO HaTOBOrO BaHTaxy. [[pyBeeHNI MOBHUI ONMC BUPILIEHHS BCIX
c(hopMyJIbOBAaHUX €TaIliB BUPIIIECHHS TOJOBHOTO 3aBJaHHs IOCTIKeHb. J[0 Takux
€TamiB BIIHECEHO: TEOPETHYHUU CIIOCIO BUPIMICHHS Ha MIACTaBl aHAJITUYHOTO
METOY MOPIBHSIBHOI OLIIHKK; BUKOPUCTAHHS TEOP1i CTPYMEHIB JUIsl MOJIETIOBaHHS
pYyXy; CTaTUCTUYHA TEOPis Il OOUMCICHHS 3MiH BEJIMYMHU KOHLIEHTpALii KHUCHIO
BCEpEMHI BAHTAXHOTO TaHKa HA(PTOHATWBHOTO TaHKEpa; TEOpis OJUHHMIID
BHUMIPIOBaHb JIJIS1 OTPUMAHHS 3aralbHUX KOMIUIEKCIB IIOJI0 MPOIIECiB PyXy ra3oBoi
CYMIIIIl TIOBITPS 3 IHEPTHUM T'a30M; YUCEITbHE MOJICITIOBAaHHS TIPOIIECIB CTaHIAPTHOI

Ta MOJIMILIEHOT IHEPTU3alllli BAHTAXKHUX TaHKIB HA)TOHAJIIMBHOTO TAHKEPA.



5

B ocHoBHOMY 00cs131 AricepTaliiiHOi poOOTH MPUBEACHO OIMKUC BIATBOPEHHS
mporecy 1HepTH3alii BaHTAXKHUX TaHKIB Ha HapTOHAJIMBHUX TaHKepax.
PosrisiHytii  mponec BIOCKOHAJIEHOi MoJadl 1HEPTHOrO Ta3y BCEPEIUHY
BaHTA)XHOTO TaHKa. T€OpeTUYHUM IUIIXOM Ha OCHOBI pO3p00JIeHOT MaTeMaTHYHO1
MOJIel  JOCHIKeHa 3MiHa 3arajbHUX IIOKa3HHWKIB 1HEpPTH3allli TaHKepa.
BcranoBineHo, 1110 BIOCKOHAIEHA [Toa4ya IHepTHOrO ra3y CyTTEBO MiABHUILYE SKICHI
MOKA3HUKN TPOIECY OCKUIBKK JUIsl JOBUIBHOTO pO3MIPYy BaHTaKHOTO TaHKA
Ha(TOHAIMBHOTO TaHKEpa MPU YCiX IJEHTUYHUX YMOBaX pPO3PaxXyHKOBHM wYac
npolecy iHepTu3alli 3MeHIIyeTbcsi Ha 62 %; po3MOJIT KUCHIO IO BHCOTI
BAHTAXKHOTO TaHKA HE € OJHOPITHUM OCKIJILKH BiH 3MIHIOEThCS B Mexkax Bija 0,43 1o
1,14 % 1 3anmexXuTh BiJ BUCOTA HATOBHEHHS IHEPTHUM Ira30M IIPOCTOPY BAHTAXKHOTO
TaHKa.

B ocHOBHIM 4YacTMHI JAHWCEpTaliifHOi pPOOOTH HaBENEHI pe3yJbTaTh
eKCIEPUMEHTAIbHUX JAocHikeHb. Ha ix miacraBl 3 cepeIHbOKBAIPaTUYHOIO
NOXUOKOI MEHIIE HiXK 2,5 % BCTAaHOBJIEHO, IO CKOPOYEHHS 4acy 1HEpTH3allii
TaHKEpa 3a PaxyHOK INEPeXoJy BiJ CTaHAAPTHOI 1O BJOCKOHAJIEHOI Mojayl
1HEpPTHOIO razy Moxe nepesuiryBatu 50 %.

JIJist TIOMIMIIIEHHsT MPOIIecy 1HepTU3allii TaHKepa po3poljieHa Ta JAETaIbHO
OIMKMCaHa CXeMa PO3TallyBaHHS BUMIPIOBAJIBHUX CTBOPIB Ta COIUIOBHX HACAOK IS
BJIOCKOHAJICHOI TMOAadi 1HEPTHOTO Ta3y BCEpeIUHY BaHTAXXKHOTO TaHKa. Cxema
CKJa/ieHa 3 ypaxyBaHHAM OCOOJMBOCTEH Ta TOJIOBHUX XapaKTEPUCTUK MPOLECY
1HepTHU3alli, 10 OyJM OTPUMAHI IMiJl Yac MPOBEICHHS JOCIIKEHb.

B po0oTi Bu3HAu€Ha NpakTUYHA LIHHICTH OTPUMAHUX pPE3YNbTATIB, SKa
MOJIATa€ B HACTYITHOMY: BJIOCKOHAJIEHA CXEMa T0J1a4ui 1HEPTHOTO Ta3y B BaHTAXKHI
TaHKM Ha(TOHAJIMBHOTO TaHKepa, fAKa He IMepeadadyae 3MIHY OCHOBHMX
KOHCTPYKTUBHUX €JIEMEHTIB CyIHOBOI CHUCTEMM IHEPTHUX Tra3iB, BJIOCKOHaJIEHA
TEXHOJIOTisI 1HepTH3aIlii BaHTAXXHUX TAaHKIB, fKa JIO3BOJISIE CKOPOYYBATH dHac
nporiecy iHepTu3allii Ha BenuuuHy 50 %, BIOCKOHAJIEHAa METOJIUKA BUMIPIOBAHHS
3MIHM KOHIIEHTpAIlli KUCHIO B X0/l TIpoliecy iHepTu3allii. Ha migcTaBi orpuManux

3aJIEKHOCTEM y 4Yacli MIBHUAKOCTI 3MIHM KOHIEHTpAIli KUCHIO Ta TeMIepaTypu
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CyMIIIl TOBITPS 3 I1HEPTHUM Ta30M MOKJIMBE BIPOBAKEHHS MPAKTUYHUX
pexkoMeHaIliii B poO0OTy CyTHOIUTAaBHUX KOMITaHIi, CyTHOOYIIBHUX Ta PEMOHTHHX
MIJMPUEMCTB TIiJT Yac MoOya0BH ab0 MojepHi3alii HapTOHAIMBHUX TAaHKEPIB; B
HABYAJIbHO-OCBITHIN MpOIIeC IS MiIBUIIEHHS KBaidikaiii CyTHOBUX MEXaHIKIB.

VYci pe3yapTaTd BUKOHAHMX HAyKOBHX JIOCTIIKEHb, a TaKOX PO3pOOJIeH1
METOJIMKH 1 TIporpaMH pO3PaxyHKIB BIPOBAIKEHI B HaBYAIBHUN IPOIEC
HarmionansHoro yHiBepcutery «Opmechka MoOpcCbKa akameMis». BmockonanmeHa
CHCTEMa I10Jlaul 1HEPTHOrO ra3y BIpoBaj/ykeHa Ha TaHkepax «Cape Dawson» Ta
«PS Houstony. 3acTocyBaHHsI BIIOCKOHAJICHOI 110/1a4ul IHEPTHOTO ra3y MPU3BEIIO JI0
CKOPOUYCHHS Yacy 1HepTu3alii TankepiB Ha 51.9 % Ta Ha 50.4 %. BrnpoBamxeHHs
1TBEPPKEHO BIAMOBIIHUMU aKTaMH.

KurouoBi cioBa: HadTOHaNMBHUN TaHKEp, CHUCTEMAa IHEPTHUX Ta3iB,
BaHTQXHUW TaHK, I1HEPTHUH ra3, 1HepTH3aIlisd, KOHIICHTpAIlisl KHCHIO,
BUMIPIOBAJIbHUI CTBOP, HacaJiKa JJIs 10J1a4ul IHEPTHUX ra3iB, MOJINIIIEHHS MPOIECy

1HEepTHU3aLlli.



ANNOTATION

Brazhnik 1.D. - Improvement of Processes in Inert Gas System on Tankers
During the Oil Shipment. - Qualifying scientific work as manuscript.

Dissertation for the scientific level of Doctor of Philosophy for specialties 271
- Maritime and river transport (Part of knowledge 27 - Transport). - National
University "Odessa Maritime Academy" of the Ministry of Education and Science

of Ukraine, Odessa, 2021.

The dissertation research is dedicated to the solution of a scientific and applied
problem - reduction of the period of time required for inertization (reduction of
oxygen concentration inside of cargo tanks) of oil tankers by flue (inert) gases.
According to the SOLAS International Convention and the International Safety
Guide for Oil Tankers and Terminals, each tanker, with a deadweight of 8,000 tons
and above, must use an inert gas system when transporting oil and oil products, inert
gas system provides support for fire-safe and explosion-safe microatmosphere in
cargo tanks by reducing the concentration of oxygen inside of them to a value not
exceeding 8,0 %.

The main motivation of the scientific work is the existing demand of practice
- the need to improve the economic efficiency of the oil tanker.

To solve the scientific and technical problem associated with the acceleration
of the inertization process of an oil tanker, an analysis of ways to improve the
inertization process and an improved method of supplying inert gas into cargo tanks
were performed. This ultimately leads to savings in fuel resources by reducing the
period of time required for inertization, reducing the downtime of the vessel,
increasing cargo turnover, all of these together lead to increased economic efficiency
of the vessel.

Based on the results of the analysis, it was found that for solving the problem

of accelerating of the inertization of cargo tanks of an oil tanker, it is necessary to
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determine how the oxygen concentration is distributed inside of the cargo tanks. This
distribution is constantly changing depending on the inertization time and it is
directly determined by the nature of the introduction of inert gas into the cargo tank
and the value of the pressure distribution along the height of the cargo tank.

The main direction of the dissertation research was substantiated. It is the
improving of the process of inertization of cargo tanks of oil tankers by upgrating of
the inert gas supply to cargo tanks, which should lead to the reducing of the period
of time required for the reduction of the oxygen concentration inside the cargo tanks.

The object of research is the process of inertization of cargo tanks of an oil
tanker with the use of upgrated inert gas supply.

The subject of research is the inert gas system of an oil tanker.

For all stages of scientific theoretical and experimental research has been
developed a methodology for their implementation. The main elements of the
developed research flow chart are as follows: scientific tasks, a general list of
expected research results; scientific significance; scientific point; the practical value
of the research results obtained.

For each formulated scientific problem were substantiated necessary methods
for its solution. For experimental studies was developed a separate methodology for
their implementation.

For continuation of thesis researches were formulated a purpose and made a
list of the main scientific hypotheses, as well as the main goal of research work,
which goal is to increase the economic efficiency of oil tankers by improving the
processes in the inert gas system. During the research was carried out the processing
of all the results of calculations and measurements by using modern computer
programs and methods of mathematical statistics.

The list of auxiliary research tasks includes the following three tasks:

- to formulate the main indicators of the inertization process and determine
the mechanism and basic parameters that reduce the inertization time of cargo tanks

without changing the system of inert gases and main supply lines;
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- to establish the range of change of the general working characteristics of the
developed improved process of inertization of cargo tanks of the oil tanker;

- to develop a practical method for the controlling of oxygen concentration in
cargo tanks of oil tankers during the inert gas system operation.

For dissertation research, the main scientific point was formulated - the
increasing of the economic efficiency of oil tankers is achieved by improving the
inertization of their cargo tanks through upgrated inert gas supply, which
significantly reduces the time required to prepare the ship for new oil cargo. There
was presented a complete description of the solution of all formulated stages for
solving the main research problem. These stages include theoretical solution based
on the analytical method of comparative assessment; applying the jet theory to
model the motion; using statistical theory for calculating changes in oxygen
concentration values inside a tanker cargo spaces; the theory of the movement of a
gas mixture of air with inert gases; numerical modeling of standard and improved
inertization processes of oil tanker cargo tanks.

In the main part of the scientific work was given a description of the
reproduction of the inertization process of cargo tanks of oil tankers. It was
researched the process of upgrated inert gas supply into the cargo tank. In a
theoretical way, based on developed mathematical model was researched the change
in the general indicators of a tanker’s inertization. It was found that forced inert gas
supply increases significantly the quality indicators of the process, as under all
identical conditions the estimated time of inertization process is reduced by 62% for
any size of the cargo tank; the distribution of oxygen along the height of the cargo
tank is not uniform, since it varies in the range from 0.43 up to 1.14%, and depends
on the height of the filling of the space of cargo tank with inert gas.

The main part of the scientific work presents the results of experimental
research. On their basis, with a root-mean-square error of less than 2,5 % it was
found, that the reduction in the tanker’s inertization period can exceed to 50% due

to the transition from standard to upgrated inert gas supply.
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To improve the inertization process on tankers has been designed and
described in detail a scheme for the location of measuring gates and nozzle heads
for upgrated inert gas supply to the cargo tank. The scheme was developed by taking
into consideration the features and main parameters of inertization process obtained
during the research.

The practical value of the obtained results is marked out in the scientific work
which consists in the following: improved scheme of inert gas supply to cargo tanks
of an oil tanker, which does not involve changing the main structural elements of
the ship's inert gas system, improved technology of inertization of cargo tanks,
which reduces the period of time of the inertization process by 50%, improved
method of oxygen concentration measuring during the inertization process. Based
on the obtained time dependences of the rate of change in oxygen concentration and
temperature of a mixture of air with inert gases, it is possible to implement
recommendations into the practical work of shipping companies, including
shipbuilding companies and shipyards when building or modernizing oil tankers and
to introduce it into educational process at ship’s engineers’ extension courses.

All the results of the performed scientific research, as well as developed
methods and calculation programs were introduced into the educational process of
the National University «Odessa Maritime Academy». The developed systems of
upgrated inert gas supply were implemented on mt «Cape Dawson» and mt «PS
Houston». The use of upgrated inert gas supply resulted in savings of a 51,9 % and
50,4 % of tankers’ inertization periods of time. These implementations have been
confirmed by relevant acts.

Key words: oil tanker, inert gas system, cargo tank, inert gas, inertization,
oxygen concentration, measuring gate, nozzle for inert gas supply, improvement of

the inertization process.



11
Cnmcok ony01ikOBaHHMX MPalb 32 TEMOI AUCepTALil
CratTi y HayKoBHUX (paxoBUX BUIAHHS YKpaiHu (III0 BXOISTH 10 MEPEITiKY
HAyKOBUX BUAaHb YKpaiHu, siki pekoMmengoBani MOH VYkpainu juist myOmikartii
pe3yNbTaTiB AUCEPTAITHIX POOIT Ha 3100yTTS HAYKOBUX CTYICHIB

JIOKTOpa 1 KaHaAWIaTa HayK):

1. Manaxos A. B., Koneraes M. A., bpaxuuk U. /[. MeTox npuHyauTenbsHon
BEHTHWJISIIMN TPIOMOB Ha TaHKepax // BueHi 3anmucku TaBpiiicbKoro HalioHAJIBHOTO
yHiBepcutetTy iM. B. I. Bepnaacekoro. Cepis «Texniuni Hayku». — 2018. — T.
29(68). —Ne 3. — C. 166-169.

2. Malakhov O., Kolegaev M., Malakhova D., Maslov 1., Brazhnik I., Gudilko
R. Improvement of working parameters of ships with the use of water-fuel emulsions
// Technology audit and production reserves. — 2018. — Vol. 6/3(44). — P. 14-20.
DOI: 10.15587/2312-8372.2018.152255.

3. Kolegaev M. O., Brazhnik I. D. Main ways of tanker inert gas system
modernization // CyaHOBI eHepreTuyH1 YCTaHOBKH: HayK.-TexH. 30. — 2018. — Bum.
38. —Opeca : HY «OMA». —C. 200-216.

4. ManaxoB A. B., Koneraes M. A., bpaxuuk U. [[. CoBepiiieHCTBOBaHUE
HKCIUTYyaTaIllMOHHBIX MTOKA3aTeNe CUCTEMbl HHEPTHBIX Ta30B HA TaHKepax // BicHuk
XepCOHCHKOTO HAI[IOHAJIBHOTO TEXHIYHOTO yHIBepcutery. — 2018. — Bum. 2(65). —
C. 27-34.

5. bpaxnuk U. JI. MoaepHu3anus npouecca BEHTUISALNYA TPY30BbIX TPIOMOB
TaHKepa C MOMOIIBI0 CUCTEMbl MHEPTHBIX Ta3oB // BueHi 3anucku TaBpiicbKOro
HaIrloHaIpHOTO yHIBepcuTeTy iM. B.I. Beprancekoro. Cepisi: « TexHiuH1 HayKn». —
2019. —T. 30(69) — Ne 5. — C.129-133.

6. bpaxnik 1. /[. Usmenenne pabounx XxapaKTepUCTHK CUCTEMbI MHEPTU3AITUU
TaHKepa 3a cueT MPUHYIUTETHLHOMN noauu ra3oB // HaykoBuii BICHUK XepCOHCHKOT
Jep:kaBHOI MOpChbkoi akanemii. HaykoBuii sxypHan. — 2019. — Ne 1(20). — Xepcom:

XJIMA. — C. 4-11.



12

7. MamaxoB O. B., Koneraee M. O., bpaxnixk 1. /., Jlixormag K. A.
XapaKTepUCTUKH TIPOIIECY TEIUIO-MACOTIEPEHOCY B 3aCTOCYBaHHI O BEHTHIIAIT
IHEpTHUMH Ta3aMU BaHTAXHUX TpIOMIB TaHkepiB // CyJaHOBI €HEpreTHuHI

YCTaHOBKHU: HayK.-TexH. 30. — 2019. — Bum. 39 — Oneca: HY «OMA». — C. 56-68.

CrarTi B 1HO3EMHUX BHJIAaHHSX, SKI BXOJATh JIO MDKHApOIHUX

HayKOMETpHYHUX 0a3 naHux Scopus Ta WebofScience

8. Oleksiy V. Malakhov, Mikhail O. Kolegaev, Igor D. Brazhnik, Oksana S.
Saveleva, Diana O. Malakhova. New Forced Ventilation Technology for Inert Gas

System on Tankers // International Journal of Innovative Technology and Exploring

Engineering (IJITEE). — 2020. — Vol. 9. — Iss. 4. — P. 2549-2555.

Cratti y 30ipHMKax MaTepiajliB HAYKOBUX KOH(EPEHIIii

9. ManaxoB A. B., Koseraes M. A., bpaxnuk W. JI., I'ynunko P. T,
Manaxosa JI. O. VmpaBieHue MNporeccoM BEHTWIISILIUM TPIOMOB TaHkepa //
Martepianmu VIII MixknapoaHoi HayKoBO-TTpakTHYHOI KoH(epeHiii «[Hpopmaiiitai
YIOPABJISIIOY1 CUCTEMHU 1 TexHoorii» 25-25 BepecHs 2019. — Oneca. — 1Y «Onecbka
nomitexHikay. — C. 232-234.

10. Koneraee M. O., bpaxnik 1. JI. TexHonoriuna cxema MoJCpHi3amii
CUCTEMU MOyl IHEPTHUX Ta3iB y BaHTaXHI MPUMILIEHHS TaHKepiB // Marepianu
HAyKOBO-TEXHIYHO1 KOH(pepeHiii «Mopcbkuil Ta piykoBHid (JIOT: eKciutyaTaris 1
pemonT» 21.03.2019-22.03.2019. — Oneca. — HY «OMA». — C. 266-268.

11. Koneraes M. O., bpaxnik 1. JI. O6poOka nanvBa B CUCTEMI IHEPTHUX T'a3iB
tankepa // 30ipuuk Te3 momoBized [X MiKHapoIHOT HAYKOBO-TPAKTUYHOI
koH(pepentii «Cy4yacHl MiIXOIU 10 BUCOKOS(HEKTHBHOTO BUKOPHCTAHHS 3ac00iB
TpaHcnopTy» 6-7 rpynns 2018. — I3main. — Il HY «OMA». — C. 100-104.

12. bpaxxnuk U. [1., Koneraes M. A. CoBepilieHCTBOBAHUE CUCTEMBI M1OJIaYU

WHEPTHBIX Ta30B Ha TaHkepax // Marepiaad HayKOBO-TEXHIYHOI KOH(EepeHIl



13

MoofuX JociHigHuKiB «CymHOBI €HEPreTHYHI YCTAaHOBKHU: €KCIUTyaTallis Ta
pemonT» 14.12.2017. — Opeca. — HY «OMA». — C. 150-152.

13. Koneraece M. A., bpaxnuk W. JI. HccinegoBanwe mnporeccon
MPUHYIATEIFHOW TOaYl WHEPTHBIX Ta30B B TPY30BBIE MOMEIIEHUS TaHKepa //
Marepianu HayKoBO-TeXHIYHOI KoHpepeHIli «PiukoBuii Ta MOpPCHKHM (IIOT:
ekcruryarairis 1 peMoHT» 22.03.2018-23.03.2018. — Oneca. — HY «OMA». — C. 132-
137.

14. Koneraes M. A., bpaxunuk HW. JI. MoaepHuzauusi CUCTEMbI IOJIa4YU
WHEPTHBIX Ta30B Ha TaHkepax // Marepiaaud HayKOBO-TEXHIYHOI KOH(EepeHIl
«TpancnoptHi TexHosorii (MOpchbkui Ta piukoBuUid (IIOT): 1HGPACTPYKTYpa,
CYJIHOILJIaBCTBO, TIepEBE3eHHs, aBTOMaTu3allis» 16-17 nucronana 2017. — Oneca. —
HY «OMA». — C. 227-229.

15. Koneraes M. A., bpaxnuk U. JI. Mcrioap30BaHuE KaBUTAIIMM B CYT0BBIX
CUCTEMaxX WHEPTHBIX Tra3oB // Marepiasii MIKHApOJHOI HAYKOBO-TEXHIUHOT
KOH(epeHIIii «Tpauncnopr: MEXaHIuHa 1HXKEHepis, eKCILTyaTallis,
matepiano3HaBcTBo (TMIET — 2017)» 21-22 Bepecus 2017. — Xepcon. — XJIMA. —
C. 78-79.

16. bpaxuuk U. /1., Koneraes M. A., Manaxos A. B., Kupuc A. B., I'aparyns
b. A. Monepuuzanus mpolecca MHEPTU3alUd TPY30BBIX TAHKOB Ha TaHKepax //
Martepianu XI MixHapogHoi HayKOBO-T€XHIYHOI KoH(pepeHuii «[HHOBaIii B
CynHOOyayBaHHI Ta okeaHoTexHil» 24-25 BepecHs 2020. Yactuna I. -Mukomnais. —
HVYK im. amm. Makapora — C. 158-161.

17. Manaxo O. B., Koneraee M. O., bpaxnik I. MI., Jlixornsag K. A.
XapakTepuCTUKH TPOIIECY TEIIO-MACOTNEPEHOCY B 3aCTOCYBaHHI O BEHTHIIAIT
IHEPTHUMH Tra3aMu BaHTaXXHUX TPIOMIB TaHKepiB // 301pHUK Te3 gomoBiger X
MixHapoaHOT HAYKOBO-TIPaKTHYHOI KoH(pepenmii «CydacHi MAXOAM [0
BHUCOKOS(DEKTUBHOTO BUKOPHUCTaHHS 3ac00iB TpaHcmopTy» 12-14 rpyanas 2019. —

I3main. — JII HY «OMA». — C. 160-164.





