AHOTAIIIS

Carin A.C. 3a0e3nedeHHsl TIpoOIeCy MaJIUMBONOAAYl JU3ENIB PIYKOBUX Ta
MOPCHKHUX CYJIEH.

HucepTtariss Ha 3100yTTS HAYKOBOTO CTyINeHs mJokTopa ¢inocodii 3a
criemianpHICTIO 271 — Mopchkuil Ta BHYTPIIIHINA BOJHUM TpaHCTIOPT (rajy3b 3HAHb
27 — Tpancnopt). — Harmionanbuauii yHiBepcuteT «Omecbka MOpPChKa aKaJaeMis

MinicrepcTBa ocBiTH 1 Hayku Ykpainu, Oxeca, 2024.

Jlucepramiiiie JOCHIIKEHHS CHOPSIMOBaHE Ha PO3B’SI3aHHS  HAYKOBO-
MPUKJIATHOTO 3aBJaHHS — 3a0€3MEYCHHS eKCIUTyaTalliiHIX MOKA3HUKIB CYTHOBUX
JTU3EITIB IM1]T YaC BUKOPUCTAHHS MAJINBa 3 HU3bKUM BMICTOM CIPKH.

["'070BHOIO MOTHBAIIIE€I0 MTPOBEACHUX JOCTIIKEHb € HASIBHICTh ChHOTOACHHUX
3alMUTIiB NPAKTHKH:

®[TiITPUMAHHS €KCIUTyaTaIlIiHUX MOKA3HUKIB JU3€JIIB PIYKOBUX T4 MOPCHKHUX
CyJIeH MiJ yac BUKOPUCTAHHS MaJIMBA 3 HU3bKUM BMICTOM CIPKH;

e3a0e3mneueHHs] PYHKI[IOHATbHUX MOKA3HUKIB MaJUBHOI anapaTtypu BUCOKOTO
TUCKY ITiJ1 YaC BUKOPUCTAHHS MaJMBa 3 HU3bKUM BMICTOM CIPKHU.

T'osloBHEe 3aBIaHHS HAYKOBOIO JOCJTII:KEHHS YIPABIIHHA MPOIECOM
BIIOPCKYBAaHHS TiJi YaC BUKOPUCTAHHS B CYJAHOBHUX AM3EISIX IMaluBa 3 HU3bKUM
BMICTOM CIpKH.

Jlyis po3B’si3aHHS TOJOBHOTO 3aBIaHHS JOCTI/DKEHHS BHUKOHAHI HACTYITHI
JOTIOMIKHI 3aBJIaHHA:

1) 3abe3neyeHHs 3MalyBaJbHUX BIACTUBOCTEH CYJAHOBUX MOTOPHHX IaJUB 3
HU3BKUM BMICTOM CIPKH;

2) mMATpUMAHHS TiAPaBIiYHOT IIUIBHOCTI B KOHTAKTHUX BYy3Jlax MaJIUBHOI
amapaTypud BHCOKOTO THCKY, IO 3a0e3leuye BHOPCKYBaHHS MajlMBa 3 HU3BKUM

BMICTOM CIpKH;
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3) BU3HAaYeHHS ONTHUMAJbHUX (Ha3 MaNMBOMOMAAYl IMiJ YaC BHUKOPUCTAHHS
NajanBa 3 HU3bKUM BMICTOM CIpKH.

Sk pe3ynbTaT po3B’s3aHHS 3aBlaHb JOCTIIKEHHS C(HOPMYITHOBAHO HAYKOBE
MOJIO’KEHHS1: 3a0€3MeYeHHs] eKCIUTyaTallliHIX MOKa3HHUKIB CYAHOBHUX IU3ENIB Mif
4ac BUKOPUCTAHHS TaJWBa 3 HU3BKAM BMICTOM CIPKH JIOCSTA€THCS KEPOBAHUM
BIJTUBOM Ha TIPOIEC BIIOPCKYBAHHS, IO TapaHTYE MATPUMAHHS iX €KOJOTIYHO,
TEIJIOBOI Ta JMHAMIYHOI CTIHKOCTI.

HaykoBe moioxeHHsI 0OTpyHTOBaHE HAYKOBHMH pe3yJibTaTaMu, BIepIIle:

®BH3HAYEHO, [0 ONTUMAaJIbHI (Pa3u Mojayi najarMBa 3 HU3bKUM BMICTOM CIpKU
BIJMOBIAAIOTh KyTaM BIOPCKYBaHHS, 32 SKUMHU 3a0€3MEUyIOThCS MaKCHMalbHI
SHEPreTUYH1 Ta EKOHOMIYHI MOKa3HUKHU POOOTH JTU3EIIIB;

®3aIIPOMIOHOBAHO  KOMIUIEKCHUM  KpUTEpid  OIIHKKM  e(PEeKTUBHOCTI
BUKOPUCTAHHS B JU3ESTX MOPCHKUX Ta PIUKOBUX CYJEH MaJUB 3 HU3bKUM BMICTOM
CIpKH, SIKUH BKITIOYAE:

€KOJIOT1YHY CTIHKICTb, 110 BU3HAYAETHCA K BIIHOCHA PI3HULSA MOTOYHOTO Ta
MaKCHMaJbHOTO MOXKJIUBOTO 3HAYCHHS €MICii OKCHIIB a30Ty 3 BUIIYCKHUMH
razamu,

TEIUIOBY CTIWKICTb, IIO0 BU3HAYAETHCS SK BIAHOCHA PI3HULSA MOTOYHOTO
3HAQYEHHs TeMIepaTypd BHUIYCKHMX Ta3iB  BIAMOBIAHOT 3MIHHUM KyTam
BUTICPE/DKEHHS TaJMBa Ta MaKCUMaJIbHOTO 3HAYEHHS TEMIIEPATypU BHUITYCKHUX
rasiB, sIK€ BIJTIOB1JIa€ €KCIUTyaTallll Ju3eis Ha MajuBl 3 HU3BKUM BMICTOM CIPKH
0€3 101aTKOBOI 3MIHU KYTiB BUIIEPEHKEHHS 1aJIMBa;

JTUHAMIYHY CTIHKICTh, sSIKa BIATOBIAA€ BIJHOCHOMY 3MEHIIICHHIO CTYMCHS
i ABUIIICHHS TUCKY ITiJ1 Yac 3TOPSIHHS MManBa.

YaockoHaneHo:

®TEXHOJIOTII0 BHU3HAUEHHS EHEPreTHYHUX BTpPAT y TMPENU3idiHUX Mmapax
MaJIMBHOI armapaTypy BHCOKOTO THCKY ITiJl YaC BHKOPUCTAHHS MajWBa 3 HU3bKUM

BMICTOM CIpKH;
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®TEXHOJIOTII0 T1IPOJUHAMIYHOI OOOpPKM BYTJIEBOJAHUX PIAMH, SIKa CIPHUSE
aKTUBAIlli X MDKMOJIGKYJIIPHUX 3B’S3KIB Ta IIJIBUIICHHIO 1X CTPYKTYpPHHX
XapaKTEePUCTHK;

®TEXHOJIOTII0O BH3HAYCHHsI TMOKA3HUKIB, II0 XapakTEpHU3YIOTh TiJpaBiiduHy
IIUTBHICTH €JIEMEHTIB MAJMBHOI anapaTypyd BUCOKOTO THUCKY TU3€IiB MOPCHKHX Ta
PIYKOBHX CYJICH.

OTpumaia nogajabUIUi PO3BUTOK:

®TEXHOJIOTIS BU3HAYCHHS CHEPreTHYHUX, CKOHOMIYHHMX Ta EKOJIOTTYHHX
MOKAa3HUKIB pOOOTH JIN3€J1iB MOPCHKHUX Ta PIYKOBUX CY/ICH;

®TEXHOJIOTISl TMIATOTOBKM TMAJIMBHOI CHCTEMH MJHU3ETIB 10 BHKOPUCTAHHS
najuBa 3 HU3bKUM BMICTOM CIPKH TiJ Yac eKCIUTyaTallli MOPChKUX Ta PIYKOBHUX
CyJIeH Y 30HaX €KOJIOT1YHOTO KOHTPOJTIO.

IIpakTU4yHe 3HAYeHHsI OTPUMAHUX PE3YJIbTATIB MOJIATAE B TAKOMY:

e3a0e3mneueHHs Npollecy NaJIUBOIOAaYl AU3€IIiB PIYKOBUX Ta MOPCHKUX CYACH
i/ 9ac BUKOPUCTAHHS MMaJBa 3 HU3bKUM BMIiCTOM CipKH (Y4epe3 KepOBaHHIA BILIMB
Ha KyTH BIIOPCKYBAaHHS TMajMBa) MPHU3BOAUTH JIO 3MEHIICHHS TEIUIOBUX Ta
JUHAMIYHUX HaBaHT@XEHb Ha JeTall [WIHIPO-TMOPIIHEBOI Tpymu Ta
KPUBOILIUITHO-IIATYHHOTO MEXaHi3My, a TAKOX CIpPUSIE 3MEHILIEHHIO eMicii OKCHIIB
a30Ty 3 BUITyCKHUMU Tra3amy;

® [TiIBUINICHHSI T1PaBIIYHOI NIIJIHFHOCTI MAJMBHOI anapaTypyd BUCOKOTO THUCKY
COpusi€ 3MEHIICHHIO MPOTIYOK MajvBa Ta MEPEIIKOPKae 30UTbIIEHHIO BUTPATH
NajauBa, a TAKOXK CIPUSIE MIATPUMAHHIO MOTYKHOCTI AU3EIIS;

®TEXHOJIOTIS BHU3HAYEHHS ONTUMAJIbHUX KYyTiB BIOPCKYBaHHS MajuBa
rapalTye MIATPUMAHHS EHEPTeTUYHUX Ta CEKOJIOTIYHUX IMOKAa3HUKIB POOOTH
JIN3€J11B MOPCHKUX Ta PIYKOBHUX CYJIEH.

Pe3yabTaTi qucepTaniiiHOro J0C/IiIKeHHS BIIPOBA/IXKEHi:

®TEXHOJIOTIS BHU3HAUEHHS ONTHMAJbHUX KYTiB BIIOPCKYBaHHS TNaJlMBa, sKa
3a0e3Mneyye 3HMKEHHS TUCKY 3TOPsIHHS Ta TeMIlepaTypH BUIIYCKHHX Ta3iB, a TAKOX

CIIpusi€ 3HUXKCHHIO emicii OKCI/II[iB 430Ty 3 BUIIYCKHHUMHU I'a3aMU — OJIA CyAHOBOI'O

mmzenst 7SSO0ME-B9.3-TII MAN-Diesel & Turbo mixg udac ioro mepeBeneHHs 3
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najanBa, BMICT Cipku B sikomy gocsiras 0,5 %, Ha majnuBo, BMICT CIDKU B SIKOMY HE
nepeoubirysas 0,1 %;

®TEXHOJIOTIS MEepPeHANAIITYBAHHS MMAaJUBHOI amapaTypyd BHCOKOTO THCKY, SKa
J03BOJISIE  BUKOHYBATH TIIOCTYNOBY 3MIiHY KYyTIB BIOPCKYBaHHS TaJMBa B
peKoMeHI0BaHOMY (HipMOIO BHUPOOHUKOM Jliama3oHi — JJIsl CYJHOBOTO JH3eNs
8K8OME-8.2-TII MAN-Diesel & Turbo, 1mo crnpusiiao 3MEHIIEHHIO HaBaHTa)KEHs
Ha JeTa’i MWIHAPOBOI TPYyNMH Ta KPHBOUIUITHO-IIATYHHOTO MEXaHI3My TU3eds,
3a0e3mneuyBasia 3MEHIIICHHSI HETaTMBHOTO BIUIMBY Ha JOBKIJUIA Ta MOKpaIlyBaja
TEXHIYHUI CTaH JeTaleH JTU3Es;

®TEXHOJIOTISI KEPOBAHOTO BIUIMBY Ha €JEMEHTH TMAaJuBHOI amaparypu
BHUCOKOTO THCKY, sKa 3a0e3ledyBajia 3MCHIICHHS BUKHUIIB OKCHIIB a30Ty Ta
MiBUIIEHHS €KOHOMIYHUX TMOKAa3HUKIB — i cyaHoBoro mausenss 6S60ME-C8.2-
TII MAN-Diesel & Turbo;

®TEXHOJIOIlS BU3HAYEHHS €KOJIOTIYHOI, JUHAMIYHOI Ta TEIJIOBOI CTIMKOCTI —
st cynHoBux am3eniB 7SS50ME-B9.3-TII MAN-Diesel & Turbo Ta 8K8OME-8.2-
TII MAN-Diesel & Turbo;

®B OCBITHbOMY Tiporieci HarionaneHOro yHiBepcuTeTy «OliechKa MOpCHKa
aKajJeMisa», a caMe:

TEXHOJIOTIS BU3HAUEHHS ONTHMAJIBHUX KYTiB BIOPCKYBaHHS MajuBa, sIKa
3a0e3nedye 3HWKEHHS THCKY 3TOPSHHS Ta TEMIIEpAaTypu BUITYCKHHX Ta3iB, a
TaKOXX CHpHUSA€ 3HIKEHHIO €MICii OKCHIIB a30Ty 3 BHUIIYCKHMMH Ta3aMH, Ta
TEXHOJIOTISl TIEpPEeHANAIITyBaHHSI MAJIMBHOI amapaTypu BHCOKOTO THCKY, SKa
J03BOJISIE BUKOHYBAaTH TIOCTYIIOBY 3MiHY KYyTiB BIOPCKYBaHHS TaJWBa B
peKoMeHI0BaHOMY (HipMOIO BUPOOHUKOM Jiala3oHi — IIiJI 4Yac BHKJIAJaHHS
OCBITHBOTO KOMMOHEeHTa «CyaHOBI JIBUTYHI BHYTPIIIHBOTO 3TOPSHHS» (115
3100yBadiB HAYKOBOTO CTYIIEHS OaKasiaBp);

TEXHOJIOT1sl 3a0e3MeyYeHHs T1IPaBJIivYHOl IIIBHOCTI MaJMBHOI amapatypu
BHCOKOTO THCKY — IIiJl 4aC BUKJAJaHHS OCBITHROTO KommoHeHTa «lIporecu
NEPETBOPCHHST E€HEPTii CYAHOBHX CHJIOBUX YCTAaHOBOK» (sl 3100yBadiB

HAyKOBOT'O CTYTIEHS MaricTp);
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TEXHOJIOTiSl BU3HAYEHHS CTPYKTYPHUX XapaKTEPUCTUK MOTOPHUX MACTHI —
i1 9ac BUKJIAJaHHS OCBITHHOT'O KOMITIOHEHTA «JlOCHITHUIBKUIA MPAKTUKYM» (IS
3100yBaviB HAYKOBOT'O CTYIEHS AOKTOp (iocodii).

Kaw4yoBi ciaoBa: BHOpPCKyBaHHS MajiuBa, TiAPOJUHAMIYHI IMPOLECH,
J1arHOCTHKA, 3MIHHI PEXUMH, 1HIUKATOPHA MOTY>KHICTh, 1HAUKATOPHI MOKA3HUKH
Iu3ensi, MajJooOepTOBHM U3elb, MOHITOPUHT pPOOOYOro IMpolecy, MOTOpHE
MacTUJIO, OKCHUJI CIpKH, MajJMBHA anaparypa, MajuBHUNA HACOC BUCOKOTO THCKY,
OUTOMa BHUTpaTa TMalMBa, NPOIEC 3rOpPsSHHSA, CHUCTEMa MaIIeHHS, CHCTeMa
MOHITOPUHTY, CHCTEMa MOJaui MajuBa, CYJHOBE IaJHBO, CYIHOBHUH JH3EIb,

HUATIHIP JU3EIIA.

Cnucok onmy0/1iKOBaAaHUX MPAalb 32 TEMOIO JUCEPTALIil
CratTi B HayKOBUX (paxOBUX BHIAHHAX YKpaiau (kareropii b), 1o Bxomsats 10
nepesiKy HayKoBUX (DaxOBHX BUAAHb YKpaiHH, Y IKMX MOXYTb IyOJiKyBaTUCS
pe3yJbTaTh IUCEPTALIHHUX POOIT Ha 3700yTTS HAYKOBUX CTYIEHIB JIOKTOpPA HAYK,
KaHJIuJaTa HayK Ta CTYMEHs JOKTopa ¢igocodii

1. Zablotskyi Yu.V. Applying of fuel additives in marine diesel engines /
Yu.V. Zablotskyi, A.S.Sagin // CynHOBI eHepreTW4yHi YCTaHOBKM : HayKOBO-
TexHiyHui 30ipHuK. — 2021. — Bum. 43. — Ogeca : HY «OMA». — C. 5-17.
doi : 10.31653/smf43.2021.5-17.

2. Carin C.B. PoGorta cyaHoBoro amsens Ha O10Au3eIbHOMY MaiauBl /
C.B. Carin, B.B. Mapneii, A.C.Carin // ApTomaTu3zallis CyAHOBUX TEXHIYHHX
3ac00iB : HayKOBO-TeXHIUHMM 30ipHUK. — 2021. — Bum. 27. — Oneca : HY «OMAy.
—C.93-107.doi: 10.31653/1819-3293-2021-1-27-93-107.

3. 3aomoupkuii H0.B. BuzHauenHs TuHaMiuHWX HaBaHTAXKE€Hb M1 4ac 3MIHUA
PEXMMIB MallleHHS MPEeNU3IiHUX Map MaJuBHOI amapaTypu CyJHOBHUX IW3ETIB /
FO.B. 3a6noupkuii, A.C. Carin / CyaHOBI €HEpreTW4Hi yCTaHOBKM : HayKOBO-
TexHIyHu# 30ipHUK. — 2022. — Bumn. 44. — Oneca : HY «OMA». — C. 121-131. doi:
10.31653/smf44.2022.121-131.
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4. Carin A.C. Perenepartisi 3MaliyBaJlbHUX BJIACTUBOCTEH MOTOPHUX MAJIUB 1
MacTuJI mija yac ekcruryaTaiii cyanoBux auzemB / A.C. Carin, FO.B. 3a6noupkuii //
CynHOBI €HEepreTU4HI yCTAaHOBKH : HAYKOBO-TEXHIYHMI 30ipHUK. — 2022. — Bum. 45.
—Opneca : HY «OMAy. —C. 17-30. doi1: 10.31653/smf45.2022.17-30.

5. Carin A.C. KoperyBaHHsi HajalTyBaHHS MAaJMBHOI amapaTypu BHCOKOTO
TUCKY TI1JT YaC MepeBeICHHS CYTHOBHUX JU3ENIB HA MAJUBO 3 HU3bKUM BMICTOM CIPKH
/ A.C. Carin // ABromaTu3zailisi CyJHOBUX TEXHIYHMX 3ac00iB: HayK.-T€XH. 30. —
2023. — Bun. 28. — Opeca: HY "OMA". — C. 67 — 78. DOI: 10.31653/1819-3293-
2023-1-28-67-78.

6. Caria C.B. KoHTposb Ta J1arHOCTYBaHHS HaJIMHOCTI Ta €KOHOMIYHOCTI
JM3eTIB MOPChKUX Ta piukoBux 3aco0iB Tpancmopty / C.B. Carin, A.C. Carin //
CyaHOBI €eHEepreTHYHI YCTAaHOBKH : HAYKOBO-TEXHIUHUMN 30ipHUK. — 2023. — Bur. 46.
—Opeca : HY «OMA». —C. 118-131. doi: 10.31653/smf46.2023.118-131.

7. Sagin S. Development of method for managing risk factors for emergency
situations when using low-sulfur content fuel in marine diesel engines / S. Sagin,
A. Sagin // Technology Audit and Production Reserves. — 2023. — Ne 5(1 (73)). —
P. 37-43. dot: https://doi.org/10.15587/2706-5448.2023.290198..

8. Carin A.C. KoperyBanHs mporiecy mojadi najvBa Iij] 4ac BUKOPUCTAHHS B
CYOHOBUX am3ensix maimuB 3 pi3HUM BMmicToM cipku / A.C. Carin // CynHoBi
EHEPreTUYH1 YCTAaHOBKH : HAyKOBO-TeXHIUHMM 301pHUK. — 2023. — Bum. 47. — Oneca
: HY «OMA». — C. 178-190. doi: 10.31653/smf47.2023.178-190.

9. Carin A.C. EkcnepuMeHTaJlbHE BU3HAYECHHS ONTHUMAaJIbHUX a3 Tmojaadl
naguBa B mwiiHAp cyaHoBux guseniB / A.C. Carin, C.B.Carin // Bopanwii
TpaHcropT. 30ipHUMK HaykoBux mpaub. — 2024. — Bum. 1(39). — C. 206-215.
doi.org/10.33298/2226-8553.2023.2.38.22.

CratTi B IHO36MHUX BUJAHHSIX, K1 BXOJIATH 1O MDKHAPOAHUX HAYKOMETPUYHUX 0a3
nanux Scopus Ta Web of Science:
10. Sagin S. Ensuring the Environmental Friendliness of Drillships during

Their Operation in Special Ecological Regions of Northern Europe / S. Sagin,
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O. Kuropyatnyk, A. Sagin, 1. Tkachenko, O. Fomin, V. Pisték, P. Kucera // Journal
of Marine Science and Engineering. — 2022. — Vol. 10(9). — P.1331.
https://doi.org/10.3390/jmse10091331.

11. Sagin S. Ensuring Reliable and Safe Operation of Trunk Diesel Engines of
Marine Transport Vessels / S. Sagin, V. Madey, A. Sagin, T. Stoliaryk, O. Fomin,
P. Kucera // Journal Marine Science and Engineering. — 2022. — Vol. 10. — Iss. 10.
— P. 1373. https://doi.org/10.3390/jmse10101373.

12. Sagin S. Impact of Biofuel on the Environmental and Economic
Performance of Marine Diesel Engines / S. Sagin, S. Karianskyi, V. Madey,
A. Sagin, T. Stoliaryk, I. Tkachenko // Journal of Marine Science and Engineering. —
2023. - Vol. 11(1). - P. 120. https://doi.org/10.3390/jmse11010120.

CraTTi B iIHO3eMHHX BUAaHHSIX Kpainu €C:

13. Sagin A.S. Reliability maintenance of fuel equipment on marine and inland
navigation vessels / A.S. Sagin, Yu.V. Zablotskyi // Austrian Journal of Technical
and Natural Sciences. Scientific journal. — 2021. — Ne 7-8 (July — August). — P. 14-
17. https://doi.org/10.29013/AJT-21-7.8-14-17.

Crarti y 30ipKax MaTepiaiiB HaAyKOBUX KOH(epeHLin

14. Carin A.C. OnTumizanis  eKCIUTyaTalliliHUX  TOKa3HUKIB  poOOTH
UPKYJSALIHHUX cucTeM MarieHHs1 cyaHoBux auseniB / A.C. Carin // Marepiamu X
MiKHapo/IHOiI HayKOBO-TeXHIYHOI KoHpepeHIlii «CyaHoBa €HepreTuka: CTaH Ta
npoOaemu», 4-5 nmucronana 2021 p. Hamion. yH-T kopabneOyayBanHs, Mukonais,
2021. - C. 266-269.

15. Carin A.C. 3HwKeHHS BTpaT €Heprii mij dYac eKcrulyaTtalii MHajauBHOI
amapaTypu BUCOKOTo TUCKY cyaHoBux auseniB / A.C. Carin, }0.B. 3a6noupkuii //
Martepianu 12-i MixHaponHoi HayKOBO-IpakTHUHOI KOoH(epeHuii «CydacHi
CHEepPreTUYHl YCTAHOBKHM Ha TPAHCIOPTI 1 TEXHOJOTii Ta oOJagHaHHA I iX
oOcayroByBanHsa» , 06-08 Bepecus 2021 p. — XepcoH : XepcoHChKa Jep>KaBHA

Mopchka akagemis. — 2021. — C. 163-165.
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16. Carun A.C. OOecneyeHre  HAJEKHOCTH  TOIUIMBHOW  ammaparypbl
tpancnopTHbix auseneit / A.C. Carun, FO.B. 3a6noukutii // IIporpecuBH1 TeXHOJIOTIT
3ac00iB TpaHcmopTy. Martepianu Tmepmioi  MiDKHApOIHOI HAyKOBO-TEXHIYHOI
koH(pepeniii, 23-24 BepecHs 2021 p. — XapokiB-Mipropon : YkpAY3T. — C. 95-96.

17. 3abnoupkuii FO.B. 3abe3neueHHs eKOHOMIUHOI €(PEKTHBHOCTI CYTHOBHUX
mmzeniB /  FO.B. 3abnoupkuii, A.C.Carin // Marepiaan HayKOBO-TEXHIYHOI
KoH(pepeHiii «Mopcekuil Ta piYKOBUM (QUIOT : €KCIUTyaTaliss 1 pPEeMOHTY,
25.03.2021 -26.03.2021. — Opeca : Hamionanbuuit yHiBepcuteT «Onechbka MOpChbKa
akazmemisy, 2021. — C. 91-93.

18. Carin A.C. 3a0e3nedeHHs] eHepreTUUHO1 €PEKTUBHOCTI CY/JIeH BIATOBIAHO
HOBITHIM BuMoram Jlomatky VI MAPIIOJI / A.C. Carin // Marepianu HayKoOBO-
TexXHIYHO1 KOHPepeHii «MopchbKuid Ta piYKOBUM (DIIOT: eKCIUTyaTallisi 1 peMOHT,
24.03.2022 —25.03.2022.— Ogeca: HY «OMAy, 2022. — C. 66-68.

19. Carin A.C. AHani3 cnoco0iB MiABUILEHHS HAIHHOCTI TAJMBHOI anaparypu
BHCOKOT'O THCKY T/ YaCc BUKOPHUCTaHHS B CYJHOBHUX IU3EJSX MalWB 3 HU3BKUM
BMmicToM cipku / A.C. Carin, FO.B. 3a6nonpkuit / Matepianu 14-oi MixknapoaHoi
HAYKOBO-MIPakTU4YHOI  KOH(pepeHuli «CydacHi €HEepreTMYHi YCTaHOBKHM Ha
TPAHCTIOPTI 1 TEXHOJIOTIi Ta OOMamHaHHS IS iX 00CIyroByBaHHs», 16-18 Oepe3ns
2023 p. — Xepcon : XepcoHChKa epkaBHa Mopcbka akanemis. — C. 208-210.

20. Carig A.C. IligBumieHHsT eGEKTUBHOCTI pOOOTH TNaJIMBHOI amaparypu
BHCOKOTO THCKY JTU3EJIB CyJIeH MOPCHKOTO Ta BHYTPIITHLOTO BOJHOTO TPAHCIIOPTY /
A.C. Carig, 1O.B. 3a6nonpkuit // Marepiany MIXKHApPOIHOT HAYKOBO-TEXHIYHOT
KoH(pepeHIii «MopchKuii Ta piuYKOBUH (DIIOT: eKCILTyaTallis 1 peMoHT», 22.03.2023 —
23.03.2023.— Ogeca: HY «OMAy», 2023. — C. 83-86.

21. Carin A.C. 3abe3reueHHs poliecy BIOPCKYBAHHS IMaJlMBa 3 HAIHU3bKUM
BMmictoM cipku / A.C.Carin // Marepianu MIKHApOJHOI HAyKOBO-TEXHIYHOI
koHpepentii «CyyacHi iHpopMaIlliifiHi Ta 1HHOBAI[IIiHI TEXHOJOTI] Ha TPAHCHOPTI
(MINTT-2023»), 24-25 tpaBus 2023 p. — XepcoH : XJ/IMA. —2023. — C. 254-257.

22. Carin A.C. Po3pobOka Meromy ympaBlliHHS TPOIECOM MaJMBOMOAAYl T

yac TEpeBEACHHS CYJAHOBUX JIM3CIIB HA NaJIMBO 3 HU3BKUM BMICTOM CIpKH /



9
A.C.Caria // 30ipauk wmatepiamiB [V  MiKHApOIHOT HAYKOBO-IPAKTUYHOT
koH(pepenmiit: JuinpoBceki untanusa-2023, 7 rpyaus 2023 p. — KuiB : KuiBcekuii
IHCTUTYT BOJHOTO TpaHCHopTy iMeHi rerbMana [lerpa Konamesuua-Caraiiiaqnoro
JlepkaBHOTO YHIBEpCUTETY 1H(DpacTpyKTypu Ta TexHoJjorii, 2023. — C. 82-86.

23. Caria A.C. Oco06nuBOCTI Tojadi MajuBa B IIWIHAP JU3ENsS WA 4ac
BUKOPUCTaHHS mNanuB 3 pi3HUM BmictoMm cipku / A.C. Carin // Marepiamu V
MDKHApPOJIHOI MOPChKOi HaykoBO-pakTH4HOi KoH(pepeHuii kadpeapu CEY 1 TE
OHMY «Marine Power Plants & Operation MPP&O-2024», 05 6epe3ns 2024 p. —
Opeca : OHMY, 2024. — C. 164-169. https://2024.depas.od.ua.

24. Carig A.C. Oco0nMBOCTI HaJalTyBaHHS MaJUBHOI amapaTypyd BHCOKOTO
TUCKY TI1/1 4ac TepeBEICHHS CyTHOBUX TU3EIIB HA BUKOPUCTAHHS MAJIMBA 3 HU3bKUM
BmictoM cipku / A.C.Carin // Marepianm MDKHApOJHOI HAyKOBO-TEXHIYHOT
KoH(pepeHIii «Mopchkuil Ta piukoBHil (proT: excrutyararis 1 peMoHT», 20.03.2024 —
21.03.2024.— Opneca: HY «OMAy», 2024. — C. 72-75.

3 HayKoBHX poOIT, OmMyOJiKOBAaHHMX Yy CIIBaBTOPCTBI, aBTOpPY HaJekKaTh
ocobucTo:

[1],[2],[6] — po3poOka TeXHOJIOTII TPOBEACHHS EKCIIEPUMEHTATBLHUX
JOCTIKEHb, BU3HAUEHHS €KCIUTyaTallliHUX MOKa3HUKIB pOOOTH CYAHOBUX JU3EIIB,
00poOKa Ta aHaJTi3 OTPUMAHUX EKCTICPUMEHTATBHUX 3HAYCHD;

[3],[15] — mnpoBeneHHs EKCIEepUMEHTAIbHUX JOCHIKEHb 3 BHU3HAYCHHS
3MalyBaJIbHUX BIIACTUBOCTEH TMaJINBa;
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ANNOTATION

Sagin A.S. Ensuring the process of fuel injection in diesel engines of river and
sea transport vessels.

Dissertation for the scientific level of Doctor of Philosophy for specialties 271
— Maritime and inland water transport (Part of knowledge 27 — Transport). —
National University "Odessa Maritime Academy" of the Ministry of Education and
Science of Ukraine, Odesa, 2024.

The dissertation research is aimed at solving a scientific and applied problem
— ensuring the operational performance of marine diesel engines when using low-
sulfur fuel.

The main motivation for the conducted research is the current demands of
practice:

* maintaining the operational performance of river and sea vessels' diesel
engines when using low-sulfur fuel;

« ensuring the functional performance of high-pressure fuel equipment during
the use of low-sulfur fuel.

The main task of the scientific research is to manage the injection process
during the use of low-sulfur fuel in marine diesel engines. To solve the main task,
the following auxiliary tasks were addressed:

1) ensuring the lubricating properties of marine motor fuels with low sulpfur
content,;

2) maintaining hydraulic tightness in the contact nodes of high-pressure fuel
equipment, ensuring fuel injection with low sulfur content;

3) determining the optimal fuel injection phases when using low-sulfur fuel.

As a result of solving the research tasks, the scientific position is

formulated: ensuring the operational performance of marine diesel engines when
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using low-sulfur fuel is achieved by controlled influence on the injection process,
guaranteeing their ecological, thermal, and dynamic stability.

The scientific position is substantiated by scientific results, including:

» determination that optimal fuel injection phases correspond to injection
angles that ensure maximum energy and economic performance of the diesel
engines;

» proposal of a comprehensive criterion for assessing the efficiency of using
low-sulfur fuels in marine and river vessel engines, which includes ecological
stability, thermal stability, and dynamic stability.

Improved technologies include:

» technology for determining energy losses in precision pairs of high-pressure
fuel equipment during the use of low-sulfur fuel;

* hydrodynamic treatment technology of hydrocarbon fluids, enhancing their
intermolecular bonds and increasing their structural characteristics;

» technology for determining indicators characterizing the hydraulic tightness
of high-pressure fuel equipment elements of marine and river vessel diesel engines.

Further developed technologies include:

* technology for determining energy, economic, and ecological indicators of
marine and river vessel diesel engine operation;

* technology for preparing the fuel system of diesel engines for the use of
low-sulfur fuel during the operation of marine and river vessels in ecological
control zones.

The practical significance of the obtained results lies in:

« ensuring the fuel supply process of river and sea vessel diesel engines during
the use of low-sulfur fuel (through controlled influence on fuel injection angles),
leading to reduced thermal and dynamic loads on cylinder-piston group details and
crank-connecting rod mechanism, as well as reducing nitrogen oxide emissions

with exhaust gases;
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» increasing the hydraulic tightness of high-pressure fuel equipment
contributes to reducing fuel leaks and preventing increased fuel consumption, as
well as maintaining diesel power;

» technology of determining optimal fuel injection angles ensures the
maintenance of energy and ecological performance indicators of marine and river
vessel diesel engines.

The results of the dissertation research have been implemented:

* technology for determining optimal fuel injection angles, which ensures
reduced combustion pressure and exhaust gas temperature, as well as reducing
nitrogen oxide emissions with exhaust gases — for the marine diesel engine
7S50ME-B9.3-TII MAN-Diesel & Turbo during its transition from fuel with sulfur
content reaching 0.5% to fuel with sulfur content not exceeding 0.1%;

* technology for readjusting high-pressure fuel equipment allowing gradual
adjustment of fuel injection angles within the range recommended by the
manufacturer — for the marine diesel engine 8K8OME-8.2-TII MAN-Diesel &
Turbo, reducing the load on cylinder group parts and crank-connecting rod
mechanism, reducing negative environmental impact, and improving the technical
condition of diesel engine parts;

 technology for controlled influence on high-pressure fuel equipment
elements, reducing nitrogen oxide emissions and increasing economic indicators —
for the marine diesel engine 6S60ME-CS8.2-TII MAN-Diesel & Turbo;

* technology for determining ecological, dynamic, and thermal stability — for
marine diesel engines 7SS0ME-B9.3-TII MAN-Diesel & Turbo and 8K8OME-8.2-
TII MAN-Diesel & Turbo;

 in the educational process of the National University "Odessa Maritime
Academy," namely:

technology for determining optimal fuel injection angles, which ensures
reduced combustion pressure and exhaust gas temperature, as well as
reducing nitrogen oxide emissions with exhaust gases, and technology for

readjusting high-pressure fuel equipment allowing gradual adjustment of
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fuel injection angles within the range recommended by the manufacturer —
during the teaching of the educational component "Marine Internal
Combustion Engines" (for bachelor's degree seekers);

technology for ensuring hydraulic tightness of high-pressure fuel
equipment — during the teaching of the educational component "Processes of
transformation of energy of marine power plants" (for master's degree
seekers);

technology for determining structural characteristics of motor oils —
during the teaching of the educational component "Research Workshop" (for
doctoral degree seekers).

Key words: combustion process, diagnostics, diesel cylinder, diesel indicator
indicators, engine lubricant, fuel equipment, fuel injection, fuel supply system,
high-pressure fuel pump, hydrodynamic processes, indicator power, low-speed
diesel, lubrication system, marine diesel, marine fuel, specific fuel consumption,

sulfur oxides, system monitoring, variable modes, work process monitoring.

List of published works on the topic of the dissertation
Articles in scientific professional publications of Ukraine included in the list
scientific professional publications of Ukraine, which may publish the results of
dissertations for the degree of Doctor of Sciences, Candidate of Sciences and
Doctor of Philosophy

1. Zablotskyi Yu.V. Applying of fuel additives in marine diesel engines /
Yu.V. Zablotskyi, A.S.Sagin // CynHOBI €HEpreTu4yHi YCTaHOBKH : HayKOBO-
TexHiyHui 30ipHuK. — 2021. — Bum. 43. — Ogeca : HY «OMA». — C. 5-17.
doi : 10.31653/smf43.2021.5-17.

2. Carin C.B. PoGorta cyaHoBoro amsens Ha O10Au3€IbHOMY MaiauBl /
C.B. Carin, B.B.Mageii, A.C. Carin // ABTOMartu3aiis CyJIHOBUX TEXHIYHHX
3ac00iB : HayKOBO-TeXHIYHMM 30ipHUK. — 2021. — Bum. 27. — Oneca : HY «OMAy.
—C.93-107. doi: 10.31653/1819-3293-2021-1-27-93-107.



15

3. 3a0nonpkuii 10.B. BusHauenus nuHamMIdHMX HaBaHTAXKEHB I11J] 4ac 3MIHHA

PEKUMIB MaIlleHHS MPEeUU3idHUX Map NaJUBHOI amnapaTypu CyAHOBHX JIW3ENiB /

FO.B. 3a6noupkuii, A.C. Carin / CygHOBI €HEpreTH4Hi YCTaHOBKM : HayKOBO-

TexHIYHUA 301pHUK. — 2022. — Bumn. 44. — Oneca : HY «OMA». — C. 121-131. doi:
10.31653/smf44.2022.121-131.

4. Carin A.C. Perenepatiis 3ManiyBajdbHUX BJIACTUBOCTEH MOTOPHHUX MalMB 1
MacTUJI Mif yac excrutyaramii cynHoBux nuseniB / A.C. Carin, }0.B. 3abnoupkuii //
CyaHOBI €eHepreTHyYHI YCTAHOBKH : HAYKOBO-TeXHIUHUN 301pHUK. — 2022. — Bur. 45.
—Opneca : HY «OMAy. —C. 17-30. doi: 10.31653/smf45.2022.17-30.

5. Carin A.C. KoperyBaHHsi HajalTyBaHHS MaJMBHOI amapaTypu BHCOKOTO
THUCKY TIiJ] Yac MepeBeIeHHs CYTHOBUX JU3EIIiB Ha MAJTMBO 3 HU3bKUM BMICTOM CIpKH
/ A.C.Carin // ABromatu3zallisi CyIHOBHX TEXHIYHUX 3acO0iB: HayK.-Te€XH. 30. —
2023. — Bum. 28. — Opmeca: HY "OMA". — C. 67 — 78. DOI: 10.31653/1819-3293-
2023-1-28-67-78.

6. Caria C.B. KoHTponbp Ta AiarHOCTyBaHHA HaIIHHOCTI Ta €KOHOMIYHOCTI
JU3eJIIB MOPChKUX Ta piukoBux 3aco6iB Tpancropty / C.B. Carin, A.C. Carin //
CynHOBI €HEepreTU4HI yCTAaHOBKH : HAYKOBO-TeXHIYHMHN 301pHUK. — 2023. — Bum. 46.
—Opeca : HY «OMA». —C. 118-131. doi: 10.31653/smf46.2023.118-131.

7. Sagin S. Development of method for managing risk factors for emergency
situations when using low-sulfur content fuel in marine diesel engines / S. Sagin,
A. Sagin // Technology Audit and Production Reserves. — 2023. — Ne 5(1 (73)). —
P. 37-43. doi: https://doi.org/10.15587/2706-5448.2023.290198..

8. Carin A.C. KoperyBanHs mporiecy mojadi najivBa Iij] 4ac BUKOPUCTAHHS B
CYIHOBUX Ju3eisiX naymB 3 pisHuM BMmictoMm cipku / A.C. Carin // CynHoBi
CHEepPreTU4HI YCTAHOBKH : HAyKOBO-TeXHIUHUH 301pHUK. — 2023. — Bum. 47. — Ogneca
: HY «OMA». — C. 178-190. doi: 10.31653/smf47.2023.178-190.

9. Carin A.C. EkcnepuMeHTaJlbHE BU3HAYECHHS ONTUMAaJIbHUX a3 Tmojaadl
namuBa B mwiiHAp cyaHoBux museniB / A.C. Carin, C.B. Carin // Bognwmii
TpaHcropT. 30ipHUK HaykoBux mpaib. — 2024. — Bum. 1(39). — C. 206-215.
doi.org/10.33298/2226-8553.2023.2.38.22.



16
Articles in foreign publications included in the international scientometric

databases Scopus and Web of Science:

10. Sagin S. Ensuring the Environmental Friendliness of Drillships during
Their Operation in Special Ecological Regions of Northern Europe / S. Sagin,
O. Kuropyatnyk, A. Sagin, 1. Tkachenko, O. Fomin, V. Pisték, P. Kucera // Journal
of Marine Science and Engineering. — 2022. — Vol. 10(9). — P.1331.
https://doi.org/10.3390/jmse10091331.

11. Sagin S. Ensuring Reliable and Safe Operation of Trunk Diesel Engines of
Marine Transport Vessels / S. Sagin, V. Madey, A. Sagin, T. Stoliaryk, O. Fomin,
P. Kucera // Journal Marine Science and Engineering. — 2022. — Vol. 10. — Iss. 10.
—P. 1373. https://doi.org/10.3390/jmse10101373.

12. Sagin S. Impact of Biofuel on the Environmental and Economic
Performance of Marine Diesel Engines / S. Sagin, S. Karianskyi, V. Madey,
A. Sagin, T. Stoliaryk, I. Tkachenko // Journal of Marine Science and Engineering. —
2023.—Vol. 11(1). — P. 120. https://doi.org/10.3390/jmse11010120.

Articles in foreign publications of the EU:

13. Sagin A.S. Reliability maintenance of fuel equipment on marine and inland
navigation vessels / A.S. Sagin, Yu.V. Zablotskyi // Austrian Journal of Technical
and Natural Sciences. Scientific journal. — 2021. — Ne 7-8 (July — August). — P. 14-
17. https://doi.org/10.29013/AJT-21-7.8-14-17.

Articles in collections of materials of scientific conferences

14. Carin A.C. OnTumizaiisi  eKCIUlyaTalliHUX  TMOKa3HUKIB  pPoOOTH

IUPKYJSALIHHUX cucTeM MarieHHs1 cyaHoBux auzeniB / A.C. Carin // Marepiamu X

MiHapo/IHOiI HAyKOBO-TeXHIYHOI KoHpepeHiii «CyaHoBa €HepreTuka: CTaH Ta



17
npoOaemu», 4-5 nmucronana 2021 p. Hamion. yH-T kopabneOyayBanHs, Mukonais,
2021. - C. 266-269.

15. Carin A.C. 3HmKeHHS BTpaT €Heprii miJl 4Yac eKCIUTyaTalli MaJuBHOT
amapaTypu BUCOKOro TUCKY cyaHoBux auseniB / A.C. Carin, FO.B. 3a6monpkuii //
Martepianu 12-i MixHaponHoi HayKOBO-IpakTHUHOI KOoH(epeHuii «CydacHi
CHEPreTUYHl yCTAaHOBKM HA TPAHCIOPTI 1 TEXHOJOTIi Ta OOMaaHAHHS I iX
ob6ciyroByBanHs» , 06-08 BepecHs 2021 p. — XepcoH : XepcoHChKa JeprkaBHA
mopchka akanemisa. — 2021. — C. 163-165.

16. Carun A.C. OOecneyeHre  HAJEKHOCTH  TOIUIMBHOW  ammaparypbl
tpancnopTHbix auseneit / A.C. Carun, FO.B. 3a6noukutii // IIporpecuBH1 TeXHOIOTIT
3ac00iB TpaHcmopTy. Martepianu Tmepmioi  MiDKHApOIHOI HAyKOBO-TEXHIYHOI
koH(pepeniii, 23-24 BepecHs 2021 p. — XapokiB-Mipropon : YkplY3T. — C. 95-96.

17. 3abnoupkuii FO.B. 3abe3neueHHs eKOHOMIUHOI €(PEKTHBHOCTI CYTHOBHUX
mmzeniB /  FO.B. 3abnoupkuii, A.C.Carin // Marepiaan HayKOBO-TEXHIYHOI
KoH(pepeHiii «Mopcbkuil Ta piYKOBUM (QUIOT : €KCIUTyaTaliss 1 pPEeMOHTY,
25.03.2021 -26.03.2021. — Opeca : Hamionanbuuit yHiBepcuteT «Onechka MOpChbKa
akazmemisy, 2021. — C. 91-93.

18. Carin A.C. 3abe3neueHHs] eHepreTUYHO1 €PeKTUBHOCTI CYJEH BIAMOBIIHO
HOBITHIM BuMoram Jlomatky VI MAPIIOJI / A.C. Carin // Marepianu HayKoOBO-
TexXHIYHO1 KOHPepeHii «MopchbKkuid Ta piYKOBUM (DIIOT: eKCIUTyaTallisi 1 peMOHT,
24.03.2022 —25.03.2022.— Ogeca: HY «OMA», 2022. — C. 66-68.

19. Carin A.C. Anani3 croco0iB MiJBUILEHHS HAIIMHOCTI MMAJIMBHOI araparypu
BHUCOKOTO THCKY IIiJi YaC BUKOPUCTAHHS B CYIHOBHMX JIM3EJSX NAJIUB 3 HU3BKUM
BMmicToM cipku / A.C. Carin, KO.B. 3a6nonpkuit / Matepianu 14-oi MixknapoaHoi
HAyKOBO-MIPakTU4YHOI  KOH(pepeHuli «CydacHi €HEepreTMYHi YCTaHOBKHM Ha
TPAHCTIOPTI 1 TEXHOJIOTIi Ta OOMamHaHHS IS iX 00CIyroByBaHHs», 16-18 Oepe3ns
2023 p. — Xepcon : XepcoHChKa epkaBHa Mopcbka akanemis. — C. 208-210.

20. Carig A.C. IligBumieHHsT e€(GEKTUBHOCTI pOOOTH TaJIMBHOI amaparypu
BHCOKOTO THCKY JTU3ETIB CyJIeH MOPCHKOTO Ta BHYTPIITHKLOTO BOJHOTO TPAHCTIOPTY /

A.C. Carig, 1O.B. 3a6nonpkuit // Marepiany MIXKHApPOJHOT HAYKOBO-TEXHIYHOT



18
KoH(pepeHIii «MopchKuii Ta piuYKOBUI (DIIOT: eKCILTyaTallis 1 peMoHT», 22.03.2023 —
23.03.2023.— Oneca: HY «OMA», 2023. — C. 83-86.

21. Carin A.C. 3abe3mnedeHHs MpoLecy BIOPCKYBAaHHS MajvBa 3 HaJHU3bKUM
BmictoM cipku / A.C.Carin // Martepianm MDKHApOJHOI HAyKOBO-TEXHIYHOI
koHpepentii «CyyacHi iHpopMalliifiHi Ta 1HHOBAI[IIiHI TEXHOJOTI] Ha TPAHCHOPTI
(MINTT-2023»), 24-25 tpaBus 2023 p. — Xepcod : XJIMA. -2023. — C. 254-257.

22. Carig A.C. Po3poOka MeToay yHpaBIiHHS MPOIECOM MNaJIMBOMOJAYl i
4yac TEpEeBEJCHHS CYTHOBUX IU3ETIB HA TAJIMBO 3 HU3BKUM BMICTOM CIpKH /
A.C.Carin // 30ipauk wmatepiamiB [V  MiKHApOIHOT HAYKOBO-IPAKTHUYHOT
koH(pepenmiit: JuinpoBceki untanua-2023, 7 rpyaus 2023 p. — KuiB : KuiBchkuii
IHCTUTYT BOJHOTO TpaHCHopTy iMeHi rerbMana [lerpa Konamesuua-Caraiinaunoro
JlepkaBHOTO YHIBEpCUTETY 1H(DpacTpyKTypH Ta TexHoJjorii, 2023. — C. 82-86.

23. Caria A.C. Oco06nuBOCTI Tojadi MajuBa B IIWIHAP JU3ENsS WA 4ac
BUKOpUCTaHHS mnanuB 3 pi3HUM BmictoMm cipku / A.C. Carin // Marepiamu V
MDKHApPOJIHOI MOPCHKOi HaykoBO-mpakTH4HOi KoH(epeHuii kadpeapu CEY 1 TE
OHMY «Marine Power Plants & Operation MPP&O-2024», 05 6epe3ns 2024 p. —
Opeca : OHMY, 2024. — C. 164-169. https://2024.depas.od.ua.

24. Carin A.C. OcobauBOCTI HajamITyBaHHS TMAJMBHOI amaparypu BUCOKOTO
THUCKY I1J] Yac MEePEBEACHHS CYHOBUX TU3ETIB Ha BUKOPUCTAaHHSI Maj1Ba 3 HU3bKUM
BmictoM cipku / A.C.Carin // Martepianm MDKHApOJHOI HAyKOBO-TEXHIYHOT
KoH(pepeHIii «Mopchkuil Ta piukoBHil (proT: excrutyararis 1 peMoHT», 20.03.2024 —

21.03.2024.— Oneca: HY «OMA», 2024. — C. 72-75.

Of the scientific works published in co-authorship, the author personally
owns:

[1], [2], [6] — development of technology for conducting experimental research,
determination of operational performance indicators of marine diesel engines,
processing and analysis of obtained experimental data;

[3], [15] — conducting experimental research to determine the lubricating

properties of fuel;



19

[4], [7] — determination of optimal operating modes of marine diesel engines
when using low-sulfur fuel with different structural characteristics;

[9], [16] — conducting experimental research to determine the optimal fuel
injection phases into the cylinder of marine diesel engines.

[10], [11], [12] — conducting research, developing recommendations for the use
of marine fuels, including biofuels, and determining their impact on the
environment;

[13] — conducting information search, determining the main operational
characteristics of marine fuels and their requirements;

[17], [19], [20] — analysis of methods to increase the reliability of high-pressure

fuel equipment during the use of low-sulfur fuels in marine diesel engines.



