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REDUCING THE IMPACT OF OIL SPILLS ON INLAND WATERWAYS: STRATEGIES FOR
LOCALIZATION AND ELIMINATION OF POLLUTION

Accidental spills of oil and oil products on inland waterways pose a significant environmental threat due
to their long-term environmental impact and the complexity of their cleanup. The article discusses the
main causes and consequences of such accidents, including technical failures, human factors, and
insufficient response time. The author analyzes modern methods of assessing the degree of pollution of
water bodies, the impact of physical and chemical properties of oil on the ecosystem and the peculiarities
of oil slicks spreading in riverine conditions. Particular attention is paid to modern technologies for
localization and elimination of pollution, including the use of innovative sorbents, mechanical barriers,
biological methods and mathematical models for predicting the spread of oil. An algorithm for rapid
response to accidents is proposed, based on the integration of the latest IT solutions for monitoring and
managing the liquidation processes. In addition, the optimization of logistics operations for the rapid
transportation of the necessary equipment to the accident site was investigated. The results of the study
demonstrate the effectiveness of implementing innovative approaches to assessing and eliminating the
consequences of emergency spills aimed at minimizing environmental damage and improving
environmental safety. The findings can serve as a basis for improving existing regulations and strategies
in the field of risk management on inland waterways. The article is aimed at scientists, ecologists,
engineers and specialists in the field of water transport.
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HOJHIIITEHHA ITPOLECY HIAI'OTOBKHA ITAJINB HA®TOBOI'O ITOXO/’KEHHSA 1JI
CYJOBHUX CEPEJHBOOBEPTOBHUX JU3EJIIB

Posenanyma numanns wooo noninuenHs npoyecy nio2omoeku naiué Haghmoo2co noxo0HceH s 0
Ccy008ux cepedHbo0bepmosux ousenie. Buznaueno, wo suxopucmauns 6 cyOHOBUX CepeOHbO0OEePmMOBUX
ouzensax pioKux naiue Haghmoso2o NOX0ONHCEeHHs 3 NIOBULYEHOIO 2YCIMUHOIO 3MYULYE 00 NPOBEOEHHs 1020
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000amx060i 06podKu. OOHUM 3 PO3NOBCIOONCEHUX MemOdi8 00AMKOB80I 00pOOKU naiuea € 000A8AHHSA
00 1020 00’eMy cneyianbHux naausHux npucadox. Ilpu yvomy @ipmu-eupooruxu, wo 3abe3neyyroms ix
NOCMAYaHHA HA CYOHA MOPCbKO20 MdA GHYMPIUWHLO20 B00HO20 MPAHCNOPMY, He BUHAYAIOMb
ONMUMANLHOI KOHYeHmpayii npucadox 6 00’eMi naiuea, 6KA3VIOYU JUule MONCIUBUL OIana3oH yiei
KoHyenmpayii. Lle npuzeooums 00 3aueux GUmMpam NAIUGHUX NPUCAOOK (8apmicmb AKUX 00 MPbOX
Nops0Ki6 nepesuwye 6apmicms NAIUBA), A MAKONC MOJHCE CHPUYUHUMU NIOBUWYEHHS MENI1080i
HanpysceHocmi  pobomu Oouzeis ma NocipuileHHsi U020 eKONO02iYHUX Xxapakmepucmuk. Memoro

docniodicenisa 6y10 usnauenns 6NAUBY XIMIYHOI 0OPOOKU NAIUBA HA OCHOBHI eKCHLyamayiuHti
NOKA3HUKU poOOmMuU CYOHOBUX Ou3enig, W0 Xapakmepusyloms U020 eKOHOMIUHI,
eKOJI02TYHICIb Ma MEeNna08y HANPYHCeHiCmb. K maKu noKazHuKu 0yau nPpUUHAMU NUMoma
epekmuena eumpama nauu8d, emicisi OKCuoieé azomy 3 GUNYCKHUMU 2A3AMU MA CepeOHs]

memnepamypa 6UNYCKHUX 2a316. JocniojcenHsmuy, wo Oyiu 6UKOHAHI 6 RATUBHUX CUCTEMAX
yomupbox ooHomunuux ousenie 6L32F ¢ipmu Wartsila 6ynu ompumani excnepumenmanvHi pe3yismamu,
AKI NiOMEepod’CYIOmb  3HUJCEHHSA NUMOMOI eekmusnoi eumpamu naiueéa nio uac GUKOPUCAHHSA
nanusHux npucadok. Ilpu ona pizHoi Konyenmpayii npucadxku 6 6a3080My NaIU8i CHOCMepieacmuvcs pizHa
BENUYMUHA 3HUJICEHHST NUMOMOI ehekmusHoi eumpamu naiusa, sika ckiaoae 1,8...4,7 %. Taxooxc ons
PIi3HOI KOHyenmpayii naiueHoi npucadku 6 00’emi naiuséd, wo 6HOPCKYEMbC 8 YUNIHOP ouzens, OVio
BU3HAYEHO NOKPAWEHHS eKoN02iuHoCmi pobomu ouzens, ujo gidoopaxcacmoca y 13,2...14,5 % 3nudwcenni
emicii okcuoie azomy 3 GUNYCKHUMU 2A3AMU, MA SHUNCEHHS MeMNEepamypHoi HaAnpy#ceHocmi, npo ujo
ciouumo 3uudicenus Ha 10...14 C cepeonvoi memnepamypu 6unyCKHUX 2a3ié no YuriHopax ousels.
Knwuoei cnosa: ekonorivyHicTb poOOTH AW3ENsI, EKOHOMIYHICTE POOOTH JHU3EIs, eMicCisi OKCHIIB
a30Ty, MOPCBHKUH TPAaHCIOPT, MaTUBO HAPTOBOTO MOXOJPKEHHS, MMUTOMA BUTpATa MaluBa, MPUCAIKHU IO
NaJInBa, CyTHOBHH CEPEIHbOOOEPTOBHIA AU3€EITh, TEIUIOBA HANIPY)KEHICTh, XIMiuHA 0OpOOKa manuBa.

ITocTanoBka nmpo0JieMu y 3arajibHOMY BHIVISIAIL Ta il 3B’A30K i3 BaKJIMBHMH HAYKOBUMH 4
NPAKTHYHUMH 3aBJAaHHAMH. MOpPCBKHI Ta BHYTpIIIHINA BOAHUN TpaHCIOPT 3a0e3ledye NepeBe3eHHs
BaHTAXXy MK KpaiHaMU Ta KOHTHHEHTaMH, 110 MOEJHAHI pidKaMH a0 po3’€aHaHI MOPSIMHU Ta OKEaHAMHU
[1-3]. Pyx cyaeH HeMOxIHMBHiII 0€3 E€HEPreTHYHOrO KOMIUICKCY, IO CKJIAa€ThCsl 3 TOJOBHOIO Ta
JOTIOMIXKHUX JBUTYHIB, CUCTEM, L0 3a0e3MeuyroTh iX (DyHKIIIOBaHHS, Ta poOOUYMX pPEUYOBHUH (IaJIMBa,
MacTuia, BOJAU Ta nmoBiTps). Came 111 KOMIOHEHTH € OCHOBHUMH, IO CKJIAJal0Th CYy/JHOBY €HEPreTHUHY
YCTaHOBKY. B fKOCTI TOJIOBHHX Ta JONOMIXHHX JBUTYHIB Ha CyJHaX MOPCBKOIO Ta BHYTPIIIHHOIO
BOJIHOTO TPAaHCHOPTY HaHOUIBIIOTO MOIIMPEHHS OTPUMANIM JBUIYHI BHYTPILIHBOT'O 3TOPSHHS (IU3€i),
SKi B TIOPIBHSHHS 3 IHIIMMHU THIIAMH TETUIOBHX ABUTYHIB XapaKTEPH3YIOTHCS HAWMEHIIMMHU BHTPATaAMH
najguBa Ta (uepes 1ie) HaloUIbIKUM Koe(IIli€eHTOM KOPUCHOI Aii. PO3BUTOK Ta BIOCKOHAJICHHS CY/THOBUX
JIM3EIIIB TepIll 3a BCEe CIPSAMOBaHI HAa ONTHUMI3ALiIO MMOKA3HUKIB poOOYOro LMKIY, 3MEHLIEHHS MUTOMOL
BUTPAaTH TaJlMBa, a TaKOX BHKOHAHHS BUMOT MIUDKHApOJHMX Ta HAmiOHAIFHUX KOHBEHIIH I0OMO
€KOJIOTTYHOCTI iX mapameTpiB [4-6]. OgHIM 31 NUIAXIB, MO0 OJHOYACHOTO 3a0€3MEYeHHs IUX BUMOT €
BJIOCKOHAJICHHSI ITPOLIECY MIATOTOBKM CYJHOBHUX Ba)KKHX IMaJIUB, K1 € OCHOBHUM JIKEPEJIOM €Heprii 0y/ib
SKOr0 TEIUIOBOIO JIBUI'YHAa. BaXKJIUBICTH pPO3B’SA3aHHS 3aBJaHHS IIOAO MiJBUINEHHS €(EeKTUBHOCTI
MIJTOTOBKH CYJHOBHX MaJWB HA()TOBOTO MOXO/KEHHS BU3HAYAETHCS BUMOTaMU MiKHApOIHOT KOHBEHIIIT
MARPOL, nonatok VI sikoi BuCyBae CyBOpi OOMEXEHHs ILIOJ0 BMICTYy B MHajUBl CIPKM Ta BMICTY B
BUITYCKHUX Ta3ax OKCHJIB a30Ty; a TaKOXX BHMoraMu pe3onoliid KomiTtery 3 3aXUCTy MOPCHKOTO
cepenouina MixHapoaHoi Mopchkoi opranizamii (Marine Environment Protection Committee of
International Marine Organization, MEPC IMO, miono ympaBiiHHS eHeproe(eKTUBHICTIO CYAHA, 100
300py AaHUX 3 BUTPATH NaJMBa CyIHAMH, 11010 BIPOBA/HKEHHS MEPEIOBUX TEXHOJIOTIH 3 3a0e3neueHHs
30epekeHHs MajuBa IiJ Yac eKCIUTyaTalii Cy/AeH, 1010 NEePEeBIpKH aJMIHICTpaAIliIMU JaHUX 3 BUTpaTH
najarBa CyJIHaMH, 1010 BAOCKOHAJICHHS MIATOTOBKY nanusa [7-9].

CynHa MOpPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY € OAHWMH 3 OCHOBHHX CIIO’KHBadYiB
JIM3EJIBHOTO MAJIMBA, 110 € MPOIYKTOM NepepoOKku HadTu. SIKicTh MiIrOTOBKH MaJIMBa CYyTTEBO BILUIMBAE HA
eKCIUTyaTalliiHi TMOKAa3HUKM CYAHOBUX €HEPreTUYHHMX YCTAaHOBOK: €KOHOMIYHICTh; HaJAIMHICTD;
€KOJIOT1YHY Oe3MeKy, 110 BU3HAYAEThCs 3a TOKCHYHICTIO Ta AMMHICTIO BUITyCKHMX ras3iB. B nmanuii gac
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SKICTh JTU3ENILHOTO MalnBa periiaMeHTye MiKHapogHuMm crangaptoMm [SO 8217:2024 “Products from
petroleum, synthetic and renewable sources — Fuels (class F) — Specifications of marine fuels”. Lleii
CTaH/apT BCTAHOBIIOE 3HAYCHHS (DI3MKO-XIMIYHHMX MOKA3HUKIB, 10 BU3HAYAIOTH SKICTh MMAJIUBa, TAKUX 5K
LETAaHOBE 4HUCIO, GpaKIiiHUN CKIaja, KIHeMaThyHa B'S3KICTh, TEeMIIEpaTypu 3aCTUTAHHS, MOMYTHIHHS,
criajiaxy, MacoBa YacTKa CIpKH, BMICT BOJIOPO3UMHHHMX KHCIOT 1 JIyTiB, KOHIEHTpAIisl (PaKTUYHUX CMOII,
KHCJIOTHICTh, HOJHE YMCJI0, 30JIbHICTh Ta 1H. /{151 3a0e3mneueHHss HEOOX1THUX 3HA4YC€Hb OKpeMHX (Di3UKO-
XIMIYHAX TIOKa3HUKIB HA 3aBEpPIIAIBbHIA CTail BUPOOHUIITBA IU3EIBHUX MAaIUB CYMIIl JUCTUISATHOIL
razoniaeBoi (pakiii i TpOAYKTIB, OTPUMAHUX B PE3yJbTaTl KATATITUYHOTO KPEKIHTY 1 TiIPOKPEKIHTY,
BBOJISITHCS TIPUCAIKH, 1110 TOJIIMIIYIOTh OJHY a00 KiJIbKa BIACTUBOCTEH Au3enabpHoro nanusa [10-12].

AHami3 ocraHHiX gociaimkeHb i myOaikamiii. B ocTaHHI pokM Ha TpPAHCHOPTHUX CyJIHAX
MOPCBHKOTO Ta BHYTPIITHHOT'O BOJHOTO TPAHCIOPTY IS cepenaboodeproBux auseniB (COJl) Bce mupiie
3aCTOCOBYIOTBCSI B)KKI COPTH IMajliBa BUCOKOI B'SI3KOCTI, 110 MAlOTh OLIBII HU3BKY BapTiCTh. 3T1IHO 3
BUMOTaMH TakuX MNpoBiIHUX (ipm, mo Oynyrote auseni, sk Wartsila-Sulzer, MAN Diesel & Turbo
cynaoBi COJl moBWHHI HaAIHO EKCIUTyaTyBaTHCsS Ha BCIX PEXHUMax (B TOMY YHCI Ha IYCKOBHX 1
TMepexifHuX) MiJ dYac BUKOPHCTAHHA NAIUB 3 B'A3kicTio 10 380 mm%/c. IlepcreKTUBH pPO3BUTKY
TpaHCHIOPTHOTO CcyaHOOyayBaHHs 13 3actocyBaHHsAM COJ[ B CBITOBIM MNpakTHIl TICHO TOB'A3aHl 3
BUKOPUCTAHHSAM NOMIOHMX BHIB manuBa. [Ipm mpoMy cCIiJi 3a3HAYMTH, IO BaXKi COPTH IajHBa
BUKOPHUCTOBYIOThCS i poOoTH sik rojoBHux CO/Jl, mo mepearoTh CBOI MOTYXHICTh HA PYIIiHd, TaK 1
JOTIOMDKHUX, SIKI € MPUBOJIOM EJIEKTPUYHHUX TeHepaTopiB. KpiM TOro, 4iTKO MpOCTEXYETHCS TEHACHIIS
BUKOPHUCTAHHSA BA)XKUX COPTIB MajuvBa HE TiIMbKU JJs cydacHux mojenei CO/l, a Takox mepeBeneHHs
CO/] nomepennix Mojenei (CIpOEKTOBAaHUX 3 YMOBOK iXHBOT pOOOTH HA JIETKMX COpTax MajvBa) Ha
SKCILTyaTaIlil0 Ha MaJKBi 3 MiABUIIEHOIO B's13KicTiO [13-15].

BuxopuctanHs B Cy[HOBHX IW3€JSIX MalUB ITJBUIICHOI B’S3KOCTI MEpII 3a BCE IOB’S3aHO 3i
HaMaraHHsM 3MEHIIUTH EKCIUTyaTalliiiHi BUTPAaTH Ha MpuaOaHHS piakoro manuBa. OJHOYACHO 3 UM
HiIBUIIEHHIO €KOHOMIYHOCTI POOOTH CYIHOBUX IW3EJIB CHpHUSE HE JIMIIC BAPTICTh MajHBa, aje TaKOXK
BHU3HAUEHHS ONTUMAJIFHUX PEKHUMIB HOT0 BUKOPUCTAHHS, & TAK0XX BIPOBAKEHHS CYy4aCHUX TEXHOJIOT1M,
IO MiABHUIIYIOTH SKICTh HOT0 30€pEkKEHHS, TPAHCIIOPTYBaHHs Ta 3ropsiHHs [16-18].

[TocuneHHss BUMOT 10 EKCIUTyaTal[iiHUX IIOKa3HHWKIB CYJHOBHUX EHEPreTMYHUX YCTAaHOBOK 3a
YMOBOIO 3a0e3reueHHs mojoxeHb cranaapty ISO 8217, 00yMoBIIOE HEOOXIAHICTD ITiIBUIIYBATH SKICTh
NajuBa MIISXOM MPOBEACHHS IX XIMIYHOT 00pOOKH (SIKa JOCATAETHCS Yepe3 BUKOPHUCTAHHS MPUCAIOK) HE
TUTBKM B TIpolleci BUPOOHHMIITBA TaNMB, aje 1 B Tpoleci ekciuryaramii auseniB. Came ToMy
IPO/IOBXKYIOTHCSI aKTHUBHI JOCIIPKEHHS 3 pO3POOKH CyYaCHUX MPHUCATOK O BAKKHX COPTIB MaJMBA, 110
BUKOPHUCTOBY€EThCs B JIB3, a TakoX 3 BU3HAUEHHS ONTHUMAJbHUX PEXKUMIB IXHBOTO BUKOpPHCTaHHA [19-
21].

[Tpucagku 10 CyAHOBUX TajHB B JAaHWN 4yac HAOyJIM JIOCHTH IIUPOKOTO TIOUIMPEHHS Ha CyJIHAX,
OJIHaK pe3yJIbTaT iX 3aCTOCYBAaHHS HE 3aBXAM OTPUMY€E OJHO3HAa4YHY OLIHKY [22, 23]. Lle nos'a3aHo 3
PI3HMMHU NPUYMHAMH, SK1, TIEPII 3@ BCE, 3aJ€KaTh B1Jl XapaKTEPUCTHK CYJHOBOTO JM3€Js Ta €JIEMEHTIB
HOro maquBHOI CHCTEMH, a TaKOXX BijJ 3a0e3MeueHHs MPaBUIbHOT TEXHOJIOTIT BUKOPUCTAHHS MPHCAIOK
[24, 25].

®opmy.oBaHHA Wiseil craTTi. BukianeHe 3yMOBIIOE METy JOCHIKEHb — BU3HAUEHHS BIUIMBY
XIMIYHOI OOpOOKHM MajguMBa Ha OCHOBHI E€KCIUTyaTalliifHI MOKa3HUKU POOOTH CYAHOBUX JU3ENTIB, IIO
XapaKTepu3yTh HOro €eKOHOMIYHI, €KOJIOTIYHICTh Ta TEMJIOBY HAIPYKEHICTb.

Buxaan ocHoBHoro marepiany. J{ocmipkeHHS BUKOHYBAJINCHh Ha CIEIIaTi30BAaHOMY MOPCHKOMY
cynHi, mpusHaueHomy ansi mepeBeseHHs 12500 TEU. [lomomixkHa eHepreTMYHa YCTaHOBKA Cy/HA
BKJIIOYasa J0 CBOro CKJaay 4oTupu ogHoTtunHux cynHoBux COJl 6L32F ¢ipmu Wartsila 3 HactynHUMH
OCHOBHHUMH XapakTepuctukamu: mgiamerp mwiinapy — 0,32 wm; xing mopmHio — 0,4 M; cepenHiii
epextuBHUA THCK — 2,5 MIla; mutoma edexkTMBHa BHWTpara NalMBa HA HOMIHAJTBHOMY DPEXHMI —
0,191 kr/(xBt-roxn); uwactota obOepraHHs KojiHUaToro Banmy — /50 00/XB; epeKTHBHA MOTYXHICTb —
3480 kBT.

[TanuBHa cucTeMa KOXXKHOTO 3 IM3€eNiB nepeadavasa J03yBaHHA J10 3arajbHOT0 MOTOKY HajuBa, 1110
npsMy€ IO TTaJTMBHUX HACOCIB BHCOKOTO THCKY, JIO3€PHOI YCTaHOBKH, 32 JIOTIOMOTOIO SIKO1 B TAJIMBO
JoJaBaiach rnpucaska [26-28].
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SIK manuBHI TpHUCAIKW BHKOPUCTOBYBamMCh mnpoayktu ¢ipmu Drew Marine: Amergy 1000,
Amergize Ta Amergy XLS Plus, 1110 MaroTh HaCTYITHI OCHOBHI XapaKTEPUCTHKHU.

[TanuBna mnpucanka Amergy 1000 — cymim opraHiyHUX KOMIIOHEHTIB, IpHU3HA4YEeHA IS
3a0e3MeyYeHHs] MOBHIIIOTO 3ropaHHs 1 MaKCHMalbHOI'O BHKOPUCTAHHS €HEprii, 110 OTPUMYETHCS BiJl
nanuBa. Il MOXHA BUKOPHCTOBYBATH B M3ENAX U1 Pi3HUX BHIB NATHBA, Bil AUCTUJIATY 10 3aIUIIKOBUX
coptiB. 3abe3nedyroun moBHIIIE 3ropaHHs, Amergy 1000 3HWXKYe KUIBKICTh BHUXJIOMHUX YacTOK 1
BIJIKJIaJICHb Harapy. 3aBIsSKW TaKid i, MOBEPXHI KaMepH 3TOPaHHA MiITPUMYIOThCS B YHCTIIIOMY CTaHi,
CKOPOYYIOTbCS BUTPATH Ha PEMOHT, a TaKOX 3MEHIIYI0Tbca BUTpaTH nainuBa. Amergy 1000 He MICTUTH
METaJIiB 1 TIOBHICTIO MOTJIMHAETHCS B mporieci 3ropanHs. Hopma nosysanns Amergy 1000 — 1 mitp Ha
1...8 tronn mamuBa (1/1000...1/8000). OnTumansHe [03yBaHHS, MPOTE, MOKE PO3PI3HATHCS 3aJICKHO
BiJl KOHCTPYKLIi JBUTYyHa, $AKOCTI nanuBa 1 ekcruryarauidaux ymoB. Amergy 1000 nomaerscs
Oe3nepepBHO B MaJUBHY cucTeMy. Lle Kpaille BChbOro 10CsraeThes 3a J0MOMOIOI0 J103yI04Y0oro Hacoca abo
yepe3 BUTparomip. Taka oprasizamis mojadi npemnapary 3ade3neuye HaJeKHy AUCIEPCiIo 1 pIBHOMIpHUH
PiBEHb PO3UYHMHEHHS B MAJIUBI.

[TanuBHa mnpucagka Amergize — CyMilll PO3YMHHUX B MACTWJII OPraHOMETasUliB, HaWOUTBII
e(eKTUBHA I JM3ENiB, [0 MPAIOI0Th Ha BaXKOMY MaiuBi. BumpoOyBaHHs mnpucaaku Amergize B
JBUTYHAX TOKAa3ald, IO MOEJHAHHS IHTpedieHTiB B Amergize 3a0e3nedye CHHEPreTHYHUN eeKT, 1o
JIO3BOJIIE€ 3HUKYBATH BIAKIAIEHHS 1 MOKpAllyBaTH 3ropaHHs. Amergize MiIXOAWTH K IJIA CepeaHbO-,
TAaKOX 1 JUIi MaJOOOEPTOBHMX JAM3ETIiB, B SKUX BHHUKAIOTH MPOOJIEMH, MOB'S3aHi 13 3rOpaHHAM i
BIJIKJIQJICHHSIMH Ha BHYTPIIIHIX MOBEPXHAX TU3ENS Uyepe3 HasBHICTh B MaJIMBI BaHAJiI0, CIPKU 1 HATPIO.
[epetrBoproBau BingkiazaeHbr B AMErgize jie miJ 4ac mporecy 3ropaHHs, BCTYNAYX B PEAKII0 3 [IHUMH
pedyoBMHAMU (BaHaiil, cipka, HaTpiil) 1 3MIHIOIOUM CKJAJ 30JIM, L0 3MEHIIYE€ MeXaHI4HI BTpaTH Ha
nojosnanHs cwi teptsi. CTanaapTHe no3yBaHHsS Amergize B mexxax 1 mitp Ha 1...8 ToHH manusa. J{o3u
MOXYTh 3MIHIOBaTHCS 3aJIeKHO BiA piBHA 3a0pyJHEHHS TalMBa, KOHCTPYKLIi JBHUTyHa 1
eKCILTyaTallifHOTO CTaHy EHEPreTUYHOI YCTAaHOBKH.

[Manueua npucaaka Amergy XLS Plus nmpusnauena s Hu3bKO cipunctux namus. Amergy XLS Plus
— 1€ CyMIIll TUCTIEPCAHTIB, aKTUBATOPIB 3TOPSIHHS, MHIOYHMX 3aCO0IB 1 MACTHIIBHUX MPHCAT0K, IPU3HAUCHA
JUI 3BEJICHHsS] 10 MiHIMyMY HAcIiJKiB MaJMBHOI HECTaOUIHHOCTI 1 3HOCY MeETalleBUX IOBEPXOHbB, IO
3HAXOJATHCS B OE3MOCEPETHHOMY KOHTAKTI OJUH 3 OAHHMM. [lanvBa 3 HU3BKUM BMICTOM CIPKH BOJIOMIFOTH
HU3bKUMH MACTWUJIBHUMHU BJIACTHUBOCTSIMH, HEOOXIMHUMH U MiHIMi3allii 0e3MocepelHbOro KOHTAKTY
METaJIeBUX JeTaJIel MaJMBHOI CUCTEMH 1 JBUTYHA. TakuM YHWHOM, TpPHBaje BUKOPUCTAHHS JTU3EIHEHOTO
HajvBa 3 HU3bKMM BMICTOM CIPKM MOX€ HMPU3BECTH /10 HAJIMIPHOTO 3HOCY IUTYH)KEPHHUX Map HaJTUBHUX
HACOCIB BHCOKOI'O THCKY, @ TaKOX po3nuitoBadiB (opcyHok. [Ipucanka no nmanuBa Amergy XLS MicTUTb
BUCOKO€()EKTHBHI MaCTUJIbHI KOMIIOHEHTH, SIKi 3BOJIATH IO MIHIMyMY MPSIMUN KOHTAKT METAJIEBUX YaCTHH 1
30UTBIIYIOTh TEPMIH CIY>KOM €JIEMEHTIB TaJMBHOI CHUCTEMH, JIO3BOJISIOYM BUKOPHUCTOBYBATH HHU3BKO
cipurcti Buau nanuBa. PexomenmoBane dipmoro Drew Marine nosyBanust Amergy XLS Plus B mexax
1 nitp nHa 1...8 TOHH nanuBa.

Meroro mepmoro eramy JAOCTIUKEHHS OyJ0 BH3HAUEHHs 3 BKA3aHMX IPUCAJIOK TaKoi, sKa CIIPHsE
HalKpaIoi eKOHOMIYHOCTI poOOTH AU3eNs — a caMe 3a0e3neuye MIHIMaJIbHY ITMTOMY BUTpPATy MajuBa, MpH
IbOMY IIOBMHHI HiATpUMYyBaTHCs Ha Halkpami (abo Taku, 10 CYTTEBO HE MOCTYHNAIOTHCS I1HIIUM
IpUCaIKaM) E€KOJIOTIYHI IMOKAa3HUKU Ta TEIIoBa HampykeHicTh [29-31]. Sk Takm Oynu oOpaHi emicis
okcniB a30Ty NOx 3 BUITyCKHUMM T'a3aMH Ta TEMIIEPaTypa BUIYCKHHX Tra3iB tar.

TexHosorist BunpoOyBaHb IMoJsiraga B HacTynmHoMy. OJMH 3 YOTUPHOX JU3ENMIB (IEpPLIMiA)
eKCILUTyaTyBaBCs Ha NAJIMBI 0€3 J10JJaBaHHs MaIUBHOI NpUCaIKU. TpH 3 HOTUPHOX AU3ETIB BUKOPUCTOBYBAIIU
mig yac poboTH manmBHY mpucanky: npyruii — Amergy XLS, tperiit — Amergy 1000, gerBeptuii —
Amergize. Cx0xXi pEeKOMEHJOBaHI 3HA4YECHHS JO3yBaHHsS MPHCAJOK JIO3BOJSUIM iX BHKOPHCTAHHS B
KOKHOMY 3 JIM3€JIiB 3 OJJHAKOBOIO KOHLIEHTpAIli€l0, 3a Ky Oyja mpuiiHsaTa 1 JiTp mpucagku Ha 4 TOHHU
najuuBa. 3 METOI0 3a0e3NeueHHs] KOPEKTHOCTI MPOBEACHHS JJOCTIKEHb Ha KOXXHOMY 3 YOTUPbOX JTU3EIiB
Ta MOMJIMBOCTI MMOJNANBIIOTO TIOPIBHSHHS pE3YJbTaTiB EKCIIEPUMEHTY, CTBOPIOBAINCH YMOBH, IO
3a0e3nedyBaii OJJHAKOBE HABAHTAXKEHHS Ha JM3€li, a TAKOXK OJJHAKOBUHN Yac eKCILTyaTallii JU3eiB.

[Tutoma edexkTrBHA BUTpaTa nanusa e, kr/(kBT-rox) po3paxoByBagach 3a BUPa3oM:
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b, =B, /N.;

ne Brox — romuHHa BUTpaTa MmajuBa, KI/TOJ, sKa BH3HAYajJach 3a IMOKa3aHHSIMHM BUTPATOMIpY, IIO
BCTAaHOBJICHO HA Marictpaii rmojadi NajiuBa,

Ne — excrutyaraliiina moTy>kHicTh au3ens, KBt [32-34].

3naueHHs emicii NOx BU3HAUaIOCh 3a JOTIOMOT'0I0 Ta30aHalli3aTopa, mo (BiamnoBigHo a0 TexHiuHOro
KOJIEKCY 13 KOHTPOJIIO 32 BUKHUJIAMHU OKHCIB a30Ty 3 JM3EIbHUX JBUTYHIB Cy/IeH) OyB BCTAHOBJICHO B
ra30BUITYCKHOI Marictpaii Ha BijcTani 10 M BiJl BUITYCKHOTO KOJIEKTOPY AM3eis. TeMrepaTypa BUITyCKHUX
ra3iB KOHTPOJIIOBAJIaCh 3a JIOTIOMOTOIO CYJHOBOI CUCTEMHM JiarHOCTyBaHHS poOotu mu3ens Doctor. 3miHa
3HAa4YeHb MUTOMOI BUTPATH MaJIMBA, €MiCii OKCHJIIB a30Ty Ta TeMIEpaTypH BHUITYCKHHX Ta3iB JJs PI3HUX
YMOB IIPOBEJICHHS €KCIIEPUMEHTY HaBejieHa Ha puc. 1-3.

190

185 3|4 3|4

180

50 60 70 80 90 Ne,%
Pucynok 1 — [lutoma BUTpaTa najivBa Ha pi3HUX HABAHTAXKEHHSX CyTHOBOTO nu3enst 6L.32F
¢bipmu Wartsila: 1 — poboTa qu3zens 6e3 BUKOPHCTAaHHS MATMBHOI pUcaaky; 2, 3, 4 — pobora 3
BHKOPHUCTAHHAM nanuBHUX npucanok Amergy XLS, Amergy 1000, Amergize BiAnOBiIHO

NO,,
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kBT-roxg
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50 60 70 80 90 Ne,%
Pucynok 2 — Emicist okcuiiB a30Ty Ha pi3HUX HaBaHTa)XEHHSAX cyaHOBOrO nu3ens 6L32F dipmu
Wartsila: 1 — pobota nu3ens 0e3 BUKOPHCTaHHS MAJTUBHOI IPUCAIKH; 2, 3, 4 — poO0Ta 3 BAKOPUCTAHHSIM
nanuBHUX Tpucagok Amergy XLS, Amergy 1000, Amergize BiAMOBiTHO
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Pucynok 3 — TemrepaTypa BUITyCKHUX Ta3iB Ha Pi3HUX HAaBAaHTAXEHHSX CyIHOBOTO au3ens 6L.32F
¢dipmu Wartsila: 1 — poboTa qusens 6€3 BUKOpHCTaHHS MAIKWBHOI MPUCAAKY; 2, 3, 4 — poboTa 3
BUKOPHUCTAHHIM NayMBHUX npucagok Amergy XLS, Amergy 1000, Amergize BiamoBigHO

PesynpTaTi mepumioro eramy JOCHIPKEHb JJO3BOJIIIMA BU3HAYMTHU TAUMBHY MPHCAIKY, IO
3a0e3mnedye MiHIMaJIbHI 3HAYEHHS MMUTOMOI BUTPATH MAJMBA 3 OJHOYACHUM MiATPUMAHHIM MiHIMAJIbHOI
eMicii OKCH[IB a30Ty Ta HallMEHIIMX 3HAYCHb TEMIIEpaTypH BUITYCKHUX rasiB. SIk Taka mpucajka Oyna
npuiHATa nanuBHa nmpucaaka Amergy XLS.

Metoro gpyroro eramy JAOCHiIKeHb OylO0 BHU3HAYEHHS ONTUMAIbHOI KOHIEHTpamlii MaauBHOL
npucaakun Amergy XLS — ekcrniepuMeHTanibHe BU3HAYCHHS TaKoi ii KOHIIGHTpAIii, sKa MPU3BOAUTH IO
MiHIManbHOI BUTpaTH manuBa gu3eneM Wartsila 6L32F. Ilim uac 1poro eramy JIOCHIIKEHb
BUKOPHCTOBYBAJIaCh JIMIIE MajiuBHA rpucaaka Amergy XLS, npu mpoMy ii KOHLIEHTpaLis B 3aralbHOMY
00cs3i manuBa ckiaagana 1 /2000, 1/3000, 1 /4000, 1/5000, 1/6000. PesynsraTit 1OCHiIKEHb HAaBEACH]
Ha puc. 4-6.
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Pucynok 4 — [lutoma BUTpaTa najmBa Ha pi3HUX HABAHTAXKEHHSAX CyJHOBOro nu3ens Wartsila 6L32F
TS pi3HOI KOHIeHTpallil nanuBHOI mpucaakun Amergy XLS: 1 —1/2000, 2 -1 /3000,
3-1/4000,4—-1/5000,5-1/6000
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Pucynox 5 — Emicist okcuiB a30Ty Ha pi3HUX HaBaHTa)XXEHHSAX CyaHOBOro nusens Wartsila 6L32F
JUTS Pi3HOI KOHIIEHTpAIlil majguBHOI mpucaaku Amergy XLS: 1 —1/2000, 2 -1 /3000,
3-1/4000,4—-1/5000,5-1/6000

Busnaunmo, mo Bignosigao 10 BuMor JJomgatky VI MARPOL MakcuMansHUH BMICT OKCHIIB 30Ty
B BHIYCKHHX Tra3ax cyaHoBoro aumsens Wartsila 6L32F (skiii BimHOcuThes g0 piBHio Tier 1)
BU3HAYAETHCS 32 BUPA3OM

NOI™ = 44.n0%,

Jie N —gacTtoTa o0epTanHs Baxy au3ens, 00/xB. [35, 36].
3 ypaxyBaHHsIM xapakTepuctuk ausens Wartsila 6L32F, orpumaemo

NOY™ = 44. 750°% = 9,6 xr/(kBT-TONM).
Pe3ynbraTd JOCIIKEHb, 10 HAJaHI Ha PUC. 2 Ta PUC. 5 CBiAYaTh, 10 Y BCIX BUIAJKaX OTPUMaHi

3HaueHHS 3an0BONIbHSIM BuMoram Jlomatky VI MARPOL Ta ekcruryarariis Cy/lHa BHKOHYBajach 3
3a0e3MeueHHsIM eKOJIOT1YHOT Oe3MeKH.

1,.,°C
295 =
415
290 [ 15 =
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285 3 4|3
3
3
280
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Pucynok 6 — Temmeparypa BUITYCKHUX T'a3iB Ha Pi3HUX HABaHTAXKEHHSIX CYIHOBOTO mu3ens Wartsila
6L32F st pizHoi kKoHIeHTpalii nanuBHol mpucaakun Amergy XLS: 1 — 1 /2000,
2-1/3000,3—-1/4000,4—-1/5000,5-1/6000

[lim dac mpoBeneHHsS MOCHIKEHb BIJIMOBIHO 10 BUMOTO 3aBOJY-BHPOOHWKA Ta PEKOMEHIAIii
IHCTPYKIIM 3 eKcITyaTalii Tako) KOHTPOJIOBAIUCH BCl 1HINI TMOKAa3HUKH POOOTH CYAHOBOIO JTU3EINS
Wartsila 6L32F.

114



Bomuuii Tpancriopt Ne 3 (41) 2024

BucHoBkH. BUKOpHCTaHHS B CyJIHOBHX CEpEIHbOOOEPTOBUX IU3EISIX PIAKUX MAIUB HAa(TOBOTO
MOXOJ/IPKEHHS 3 MIJIBUILEHOI0 T'YCTUHOIO 3MYIIY€E O MPOBEACHHS MOro J0AaTkoBOi 00poOku. OmHuM 3
PO3MOBCIOPKEHUX METOJIIB J0JATKOBOI OOpOOKM mMaivBa € JOoAaBaHHS O Horo o0’eMy cremialbHUX
nanuBHUX mpucagok. [Ipu npomy ¢GipMu-BUpOOHHMKH, 10 3a0€3MeUyl0Th iX IMOCTauyaHHsS Ha Cy/AHa
MOPCBHKOTO Ta BHYTPIIIHBOTO BOJHOIO TPAHCIOPTY, HE BHU3HAYAIOTh ONTHUMAJIBHOI KOHIEHTpAIii
pHUCagoOK B 00’€Mi MajiuBa, BKa3yl4H JIMIIE MOKIUBUHN Hiana3oH 1€l koHneHTpauii. Lle npuzBoauts a0
3aliBUX BUTPAT MaJIMBHUX MPUCATOK (BAPTICTh SIKUX IO TPhOX MOPSIKIB NEPEBUILY€E BapTICTh MAJIMBA), a
TaKOX MOXE CIPUYMHHUTU MIJBUIICHHS TEIJIOBOI HAMpPYKEHOCTI poOOTH AM3els Ta MOTipIIEHHS HOoro
€KOJIOTIYHUX XapaKTEPUCTHK.

JocnipKeHHAMH, 1110 OyJIM BUKOHAHI B TAJMBHUX CUCTEMaX YOTHPHOX OJHOTHUITHUX Au3eiiB 6L32F
¢dipmu Wartsila Oynu oTpumaHi eKCiepUMEHTaNbHI Pe3yJIbTaTH, SIKi MiATBEPIAXKYIOTh 3HIKEHHS! TUTOMOT
edeKTUBHOI BHUTpaTH NaJlMBa MiJ Yac BUKOPUCTAHHA MalUBHUX Tnpucagok. lle 3ymoBioeThCs
iHTeHCU(DIKALIEI0 TPOIECYy CYMIIIyTBOPEHHS 1 3TOPSHHS MajuBa, IO MPHU3BOIUTH 10 OLIBII MOBHOTO
BUKOPHUCTAHHS TEIUIOTBOPHOI 3/1aTHOCTI MajMBa Ta 3HWKEHHS KUIHKOCTI MalMBa, IO JOTOpsS€ Ha XOMIl
PO3IIMPEHHSI Ta B BUITyCKHOMY KoJekTopi. IIpum 1mpoMy Big3HauuMo, IO Ui Pi3HOI KOHIIEHTpAIii
npucagkyu B 6a30BOMY MaJIMBI CIIOCTEPIra€ThCs pi3HA BEIMYMHA 3HMKEHHS MUTOMOI e(PeKTUBHOI BUTPATU
nanuBa. TakuM YMHOM, BUKOPHUCTaHHS MPUCAJOK IO MAJWBa MPU3BOAUTH 10 MiABHIIEHHS MATUBHOL
€KOHOMIYHOCTI cyJqHOoBOro nausens. Ilin yac BUKOpHCTaHHS MaJUBHUX MPUCATIOK HAa PI3HUX peKUMAax
pobotu cymHoBoro au3ens Wartsila 6L.32F Oyno nocsrayte 1,8...4,7 % 3HIWKEHHS MUTOMOI €(pEKTUBHOT
BUTpPATHU MaJIHBa.

BuxopuctaHHs MaaMBHUX NPUCANOK 3 ONTHMAIBHOI KOHIICHTpAIi€l0o B 00’€Mi ManuBa, MIO
BIIOPCKYETHCS B LWIHAP AU3EISI, TPU3BOAUTDH 10 HMOJIMIICHHS €KOJOTIYHOCTI pOOOTH CyTHOBUX JM3EIIB.
ExcriepuMeHTaIbHO BCTAHOBIJICHO, IO MPHU IbOMY nocsraetbes 13,2...14,5 % 3HMKEHHS eMicil OKCHIIIB
a30Ty 3 BUIYCKHUMHU T'a3aMH.

[aTeHcudikamiss mporuecy 3TOpsHHS TaluBa Ta CKOPOYEHHS dYacy 3TOpSHHS MaJMBa IiJ Yac
BUKOPHUCTAHHS MPHUCAIOK J0 TalliBa CHpHsie OUIbII NMOBHOMY BHKOPUCTaHHIO €Heprii rasiB Ha JiHii
pPO3IIMPEHHST Ta, BIANOBIIHO, 3MCHIIECHHIO KITBKOCTI TEIJIOBOI €HEprii, M0 BiIBOAMTHCS 3 MWITIHIApA
ou3ens 3 BUIYCKHHUMH Tazamu. [linTBepmkeHHsM nboro € 3HKeHHs Ha 10...14 °C  cepennboi
TEMIIepaTypy BUIIYCKHUX Ta3iB MO IMUJIiHAPaX AU3EIIS.

KoHueHTpallis npucajiku Ma€ ONTUMalbHE 3HAYEHHS, BU3HAYAETHCS €KCIIEPUMEHTANBHO 1 3aJIEKUTh
BIJl XapaKTEPUCTUK JTU3ENIS 1 MaJIUBa, 1110 BUKOPUCTOBYETHCS AJIs 3a0€3MeUeHHs HOoro poooTH.

JITEPATYPA

1. Tumomyk O.M., aki O.A., boiiko O.A., Kapano06piii T.A. AHaNIITUYHUN OIJISI aJaNTUBHUX CUCTEM
KEepyBaHHS CY/JHOM Ta IUIAXH iX moOyaoBu // Bomuwii Tpancnopt. 30ipHUK HaykoBux mpamb. — 2020. —
Bumn. 3(31). — C. 120-125. https://doi.org/10.33298/2226-8553/2020.3.31.13.

2. Jlesuenko O.B. CunHTe3 BapiaHTIB Jiii CyTHOBOISI y HEOE3MEUHUX CHTYAIIAX 3 ypaXyBaHHSM YaCOBUX
Ta pecypcHux ooMexens y cyaHoBux CIIIIP // Boguuit Tpancnopt: 36ipHUK HaykoBHX mpalbs. — 2021, —
Bum. 3(34). — C. 89-98. doi.org/10.33298/2226-8553/2021.3.34.10.

3. Tumouko O.I.,  JleBuenko O.B., Pynenxo B.M., CitkoB O.M. BukopuctanHs  TriOpuaHUX
poOOTH30BaHUX KOMILIEKCIB JJIsl 1HCIEKIlI MOPChKHX HadTorazoBux 00’ekTiB // Bomuui TpaHcmoprt:
30ipHuK HaykoBuX mpanb. — 2024. — Bur. 2(40). — C. 6-22. doi.org/10.33298/2226-8553.2024.2.40.01.

4. Tumomyk O.M., bopina M.B. JlocnipkeHHsT METOMIB MIJBHUIICHHS E€KOJOTIYHOCTI CYyJAHOBHX
€HEepreTUYHUX YCTAaHOBOK y BOJHOMY cepenoBuili // Boguuii Tpancnopt. 30ipHUK HAayKOBHUX Hpalb. —
2022. — Bum. 2(36). — C. 240-252. doi.org/10.33298/2226-8553.2022.2.36.21.

5. Carin C.B., Carin C.C. BukopucTaHHs HITy4HOTO 1HTENEKTY B CHUTYallisX HAJAMIPHOTO 30JMKEHHS
cyaen // Bomumii Tpancmopt. 30ipHuk HaykoBux mnpaib. — 2024. — Bum. 1(39). — C. 215-225.
doi.org/10.33298/2226-8553.2024.1.39.22.

115



Bomuuii Tpancmiopt Ne 3 (41) 2024

6. Carin C.B., Carin C.C. BusHaueHHsI METOy yNIPaBIIiHHS PyXOM CyJIeH MOPCHKOTO TPaHCIIOPTY Mij Yac
3a0e3nedeHHs X 0e3medyHoro po3xokeHHs // Boguuii Tpancnopt. 30ipHUK HaykoBuX mpais. — 2023, —
Bum. 2(38). — C. 187-198. doi.org/10.33298/2226-8553/2023.2.38.20.

7. ITonoBckwmit A.}O., Carun C.B. OrneHka 53KCIUTyaTallMOHHBIX CBOWCTB CMa304YHO-OXJIAK/IAIOIINX
KHUJIKOCTEH CYJOBBIX TEXHHYECKUX CPEACTB // ABTOMAaTH3alMs CYHAOBBIX TEXHUYECKHX CPEJCTB: HAyY.-
TexH. coopHuk. — 2016. — Beim. 22. — C. 66-74.

8. Sagin S.V. Determination of the optimal recovery time of the rheological characteristics of marine
diesel engine lubricating oils // Materials of the International Conference ‘“Process Management and
Scientific Developments” (Birmingham, United Kingdom, January 16, 2020. Part 4). — P. 195-202.
DOI. 10.34660/INF.2020.4.52991.

9. Tumomyk O.M., Menbsauk O.B. AHamni3 MOXIUBOCTI BUKOPUCTAHHS MaHEBPY PO3XOJKCHHS 3MIHOIO
Kypcy // Bomuuit Tpancmopr. 36ipHuKk HaykoBux mpaik. — 2023. — Bum. 1(37). — C. 96-102.
doi.org/10.33298/2226-8553.2023.1.37.10.

10. T'onuapyxk L.I1., Hwuxudopor F0.0., Komapceka JI.B., TomoBanb A.I.  Oco0GauBOCTI  BIUIMBY
BiJTHOBJIIOBAHOI CHEPreTHKHM Ha e(PEeKTHBHICTh 1 EKOJIOTIYHICTb MOPCHKOrO TpaHcmoptry. // BomHwuii
TpaHcnopT. 30ipHMK HaykoBux mpanb. — 2023. — Bum. 2(38). — C. 73-80. doi.org/10.33298/2226-
8553.2023.2.38.08.

11. Sagin S.V., Sagin S.S., Madey V. Analysis of methods of managing the environmental safety of the
navigation passage of ships of maritime transport / Technology Audit and Production Reserves. — 2023.
— Ne 4 (3(72)). — P. 33-42. doi: https://doi.org/10.15587/2706-5448.2023.286039.

12. Carun C.B. Onmnpenenenune amanazoHa CTpaTU(GUKAMKA BSI3KOCTH CMa30yHOTO MaTepuaia B
TpUOOJIOrMUECKUX CHCTeMax CyAoBbIX auzeneil // Bicuuk Onecek. Hal. Mop. yH-TY. — 2019. — Bum. 1(58).
—C. 89-101.

13. Haxi O.A., Sxycesuu HO.I'., Konecuuk B.B., Tpumun B.B. Meroauka oOrpyHTyBaHHS MOJeNl s
aHaJizy poOOTH JBOCTYMIHYACTOI CYTHOBOI XOJOIMJIBHOI YCTAaHOBKHM B HECTAlllOHAPHUX peXHUMax. //
Boanuii Tpancnopr — 2023. — Bum. 1(37). — C. 188-193. doi.org/10.33298/2226-8553.2023.1.37.21.

14. Naxi O.A., [Ilmita JLJI., Tpodumenko [.B., ®DemxynoB B.M. OcoOmuBOCTI Ta BHUMOTH IIOJO
HaBiraiiiiHoro 3a0e3neyeHHs1 0e3MeKy CyAHOBOAIHHS Ha BHYTPILIHIX CyJHOIUIABHUX IUIsxax // BomHuit
TpaHcnopT. 30ipHUK HaykoBux mpaib. — 2022. — Bumn. 2(36). — C. 184-194. doi.org/10.33298/2226-
8553.2022.2.36.15.

15. [lonosckuit A.JO., Carun C.B. KowmmiekcHas oOIleHKa OSKCIUTyaTallMOHHBIX — XapaKTEPUCTUK
CMa304HBIX YIJIEBOJOPOJHBIX KUAKOCTEH // ABTOMATH3alUsl CYIOBBIX TEXHHUUYECKUX CPEJCTB : HAyY.-
TexH. coopHUK. — 2014. — Bpim. 20. — C. 74-83.

16. boromM's B.I. Metoa po3mizHaBaHHS MiJBOJAHUX O0'€KTIB 3a JOIMOMOTOI 0araTOMPOMEHEBOTO COHapa
Juist 3a0e3nedeHHs Oe3neku Oe3MUIOTHOro MiABOAHOro amapary. // Boaumii Tpancmopt. 30i1pHUK
HayKoBHX Mpailb. — 2023. — Bum. 2(38). — C. 96-102. doi.org/10.33298/2226-8553.2023.2.38.10.

17. Jaki O.A., Axycesuu lO.I'., Jliranenko B.B., Tpumun B.B. Monens cuctemMu KOHIUIIIOBAaHHS Ta
OXOJIO/DKEHHS TOBITPS HA Cy4aCHUX HaTOHAIMBHUX CyJIHaX 1 ra3oBo3ax. // Boguuii Tpancnopt: 30ipHUK
HaykoBuX mpaiis. — 2022. — Bum. 1(35). — C. 121-127. doi.org/10.33298/2226-8553.2022.1.35.15.

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

19. Carun C.B. IloBbllieHue HaIe)KHOCTH PaOOTHI MPEIIM3HOHHBIX Map TOTUIMBHOW anmapaTypbl CYJ0BBIX
JM3elIel 3a CUeT UCIOJIb30BaHUs OPraHUYecKuX MOKpbITHii // BicHuk Onecbk. Hall. Mop. yH-Ty. — 2018. —
Bum. 4(57). — C. 109-120.

20. Carin C.B. 3HmKEeHHS €HEpPreTHYHHUX BTPAT B MPEUU3IMHUX Mapax MaJuBHOI amapaTypu CYIHOBHX
mu3eniB // CyTHOBI eHEepreTHYHI YCTAHOBKH : HayK.-TexH. 30. — 2018. — Bum. 38. — C. 132-142.

21. Maukesuu J[.B., Carun C.B., Xanmamenos C.A. I3MeHeHHE pPEOJIOTUYECKUX XapaKTEPUCTHUK
CMa30YHBIX MAaTEepPHaJOB B IMPKYJSIIUOHHOW MACISIHOH CHCTEME B TPOIECCEe AKCIUTyaTaIliH
cpeaneobopoTHoro asuratens // CynoBble SHEPreTHYEeCKUe YCTaHOBKH : Hayd.-TexH. c0. — 2010. — Beim.
25. - C.109-118.

116



Bomuuii Tpancriopt Ne 3 (41) 2024

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

23. Carun C.B., 3a6moukwuii }0.B., Ilepynos P.B. TexHonorust NCroib30BaHus U pe3yIbTaThl HCIIBITAHUHA
MIPUCAZO0K K TOIUIMBAM JIJIsl CyJIOBBIX nu3eneit // [IpobmeMu TexHikH: HayK.-BUPOOH. xypHai. — 2012 . —
Ne 3. — Opecca: OHMY. — C. 84-103.

24. Carun C.B., Mankesuu /I.B. OnTudeckue XapaKTepUCTUKH TPAHUYHBIX CMA30YHBIX CIIOEB Maced,
NPUMEHSIEMbIX B HUPKYJSIIMOHHBIX CUCTEMaX CyNOBBIX nu3eneit // CyaoBble SHEPTeTHUECKHE YCTAaHOBKH:
Hay4.-TexH.cO. — 2011. — Ne 26. — C.116-125.

25. 3BeppkoB J[.O., Carin C.B. 3HIKEHHS MeXaHIYHMX BTpar y cyaHoBux mmsensix // CymaHoBi
€HEepreTHYHi YCTaHOBKM : Hayk.-TexH. 30. — 2020. - Bwun.40. - C.20-25. DOI
10.31653/smf341.2020.20-25.

26. I'onoBanb A.I. KonmenTtyampHa MoOJenbh IUTAHYBaHHS Ta onTuMi3amii rpadikiB  TEXHIYHOTO
00CITyroByBaHHSI BaHTa)XHUX CyZeH. / Bomuuii Tpancmopt. 30ipHUK HaykoBuX mpaipb. — 2023. — Bum.
1(37). — C. 107-115. doi.org/10.33298/2226-8553.2023.1.37.12.

27. Petrychenko O. Levinskyi M., Prytula D., Vynohradova A. Fuel options for the future: a comparative
overview of properties and prospects // Transport Systems and Technologies. — 2023. — Ne 41. — P. 96-
106. https://doi.org/10.32703/2617-9059-2023-41-8.

28. Levinskyi M. Automatic diagnostic of marine diesel generator lubricating oil condition //
ABTOMaTH3aIlisl CyTHOBUX TEXHIYHHUX 3ac001B: HayK.-TexH. 30. — 2023. — Bun. 28. — Oxeca: HY «OMA».
— C. 106-120. DOI: 10.31653/1819-3293-2023-1-28-106-120

29. Sagin S.V., Sagin S.S., Fomin O., Gaichenia O., Zablotskyi Y., Pi“st’ek V., Ku'ceraP. Use of
biofuels in marine diesel engines for sustainable and safe maritime transport // Renewable Energy. —
2024. —Vol. 224. — P. 120221. https://doi.org/10.1016/j.renene.2024.120221.

30. Petrychenko O. Levinskyi M. Trends and preconditions for widespread adoption of liquefied natural
gas in maritime transport // Transport Systems and Technologies. — 2024. — Ne43. — P. 21-36.
https://doi.org/10.32703/2617-9059-2024-43-2.

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

32. Pubanpuenko M.€., binoycos €.B. Bukopucranus uyuciaoBux npodigiB pobodoro mnporecy s
aHaI3y e(peKTUBHOCTI pOOOTH CYAHOBOTO MaJlo00EpPTOBOTO ABUTYHA B YMOBAX Cy4acHOi TEHIEHIIIT 111010
3HWKEHHS eKCILTyaTaliiHoi MBUIKOCTI cyieH. / Boguuii Tpancnopt: 30ipHUK HayKoBUX mpaib. — 2022.
— Bum. 2(36). — C. 1-13. doi.org/10.33298/2226-8553.2022.2.36.06.

33. Sagin S., Kuropyatnyk O., Tkachenko I. Ensuring the environmental friendliness of marine diesel
engines of specialized ships // CynHoBi eHepreTH4YHi YCTaHOBKHU : HAyKOBO-TeXHIYHUI 30ipHUK. — 2022, —
Bum. 45. — Oneca : HY «OMAy. — C. 5-16. doi: 10.31653/smf45.2022.5-16.

34. Sagin S.V., Kuropyatnyk O.A., Zablotskyi Yu.V. Gaichenia O.V. Supplying of Marine Diesel Engine
Ecological Parameters // Nase More : International Journal of Maritime Science & Technology. — 2022.—
Vol.69. — Iss.1. — P. 53-61. DOI 10.17818/NM/2022/1.7.

35. KyponsitHuk A. A., Carun C.B. YnpaBneHue BBIIYCKHBIMM Ta3aMH  CYAOBBIX Ju3eNed s
oOecrnieyeHns 3KOJIOTUYECKUX TMoKa3aTenel // ABToMaTH3alusl CyJOBbIX TEXHUYECKHX CPEACTB : Hayd.-
TexH. cOopHUK, 2018. — Beim. 24. — C. 72-80.

36. Sagin S.V., Karianskyi S., Sagin S.S., Volkov O., Zablotskyi Y., Fomin O., Pi“st’ek V., Ku“cera P.
Ensuring the safety of maritime transportation of drilling fluids by platform supply-class vessel // Applied
Ocean Research, 2023. — Vol. 140. 103745. https://doi.org/10.1016/j.apor.2023.103745.

117



Bomuuii Tpancmiopt Ne 3 (41) 2024

REFERENCES

1. Tymoshchuk O., Daki O., Boyko O., Karadobriy T. Analytical Inspection of adaptive vessel control
systems and ways of their construction // Water Transport. — 2020. — Ne 3(31). — P. 120-125.
doi.org/10.33298/2226-8553/2020.3.31.13.

2. Levchenko O. Synthesis of vessels' options in dangerous situations taking into account time and
resource restrictions in vessel DSS. // Water transport. — 2021. — Ne3(34). — P. 89-98.
doi.org/10.33298/2226-8553/2021.3.34.10.

3. Tymochko O.1., Levchenko O.V., Rudenko V.M., Sitkov O.M. Use of hybrid robotic complex for
inspection of marine oil and gas facilities // Water transport. — 2024. — Vol. 2(40). — P. 6-22.
doi.org/10.33298/2226-8553.2024.2.40.01.

4. Tymoshchuk O., Borina M. Research of methods of enhancing the environmental facility of ship power
plants in the aquatic environment // Water transport. — 2022. — Ne2(36). — P.240-252.
doi.org/10.33298/2226-8553.2022.2.36.21.

5. Sagin S.S., Sagin S.V. Use of artificial intelligence in the situations of excessive vessels approaching //
Water Transport. — 2024. — Ne. 1(39). — P. 215-225. doi.org/10.33298/2226-8553.2024.1.39.22.

6. Sagin S.V., Sagin S.S., Determination of the method of controlling the movement of marine transport
vessels while ensuring their safe divergences // Water transport. — 2023. — Ne 2(38). — C. 187-198.
doi.org/10.33298/2226-8553/2023.2.38.20.

7. Popovskii A.Y., Sagin S.V. Evaluation of operational properties of lubricating and cooling liquids of
marine technical equipment // Automation of ship technical facilities. — 2016. — Vol. 22. — P. 66-74.

8. Sagin S.V. Determination of the optimal recovery time of the rheological characteristics of marine
diesel engine lubricating oils // Materials of the International Conference “Process Management and
Scientific Developments” (Birmingham, United Kingdom, January 16, 2020. Part 4). — P. 195-202.
DOI. 10.34660/INF.2020.4.52991.

9. Tymoshchuk O., Melnyk O. Analysis of the possibility of using the divergence maneuver by changing
the course // Water Transport: Collection of scientific works. — 2023 — Ne 1(37). — P.96-102.
doi.org/10.33298/2226-8553.2023.1.37.10.

10. Honcharuk I.P., Nykyforov Yu.O., Kosharska L.B., Golovan A.l. Features of the influence of
renewable energy on the efficiency and environmental safety of marine transport// Water transport. —
2023. — Ne 2(38). — P. 73-80. doi.org/10.33298/2226-8553.2023.2.38.08.

11. Sagin S.V., Sagin S.S., Madey V. Analysis of methods of managing the environmental safety of the
navigation passage of ships of maritime transport // Technology Audit and Production Reserves. — 2023.
—Ne 4 (3(72)). — P. 33-42. doi: https://doi.org/10.15587/2706-5448.2023.286039.

12. Sagin S.V. Determination of the range of lubricant viscosity stratification in tribological systems of
marine diesel engines // Herald of the Odessa National Maritime University. — 2019. — Vol. 1(58). — P.
89-100.

13. Daki O.A., Yakusevych Yu.H., Kolesnyk V.V., Tryshyn V.V. Methodology of model substantiation
for analysis of operation of a two-stage ship refrigeration unit in non-stationary modes. // Water transport.
—2023. — Ne 1(37). — P. 188-193. doi.org/10.33298/2226-8553.2023.1.37.21.

14. Daki O.A., Plita L.L., Trofymenko I.V., Fedunov V.M. Feature and requirements for navigational
safety of navigation on inland waterways // Water transport. — 2022. — No 2(36). — P.184-194.
doi.org/10.33298/2226-8553.2022.2.36.15.

15. Popovskii A.Y., Sagin S.V. Complex assessment of operational characteristics of lubricating
hydrocarbon liquids // Automation of ship facilities. — 2014. — Ne20. — P. 74-83.

16. Bohomia V.I. A method for recognizing underwater objects using multibeam sonar to ensure the
safety of an unmanned underwater vehicle. // Water transport. — 2023. — Ne 2(38). — P. 96-102.
doi.org/10.33298/2226-8553.2023.2.38.10.

17. Daki O.A., Yakusevych Yu.H., Lihanenko V.V., Tryshyn V.V. Model of air conditioning and cooling
system on modern oil-filling ships and gas carriers. // Water transport. — 2022. — Ne 1(35). — P. 121-127.
doi.org/10.33298/2226-8553.2022.1.35.15.

118



Bomuuii Tpancriopt Ne 3 (41) 2024

18. Sagin S., Madey V., Sagin,A., Stoliaryk T., Fomin O., Ku“cera P. Ensuring Reliable and Safe
Operation of Trunk Diesel Engines of Marine Transport Vessels Journal Marine Science and Engineering.
—2022. —Vol. 10(10). — P. 1373. https://doi.org/10.3390/jmse10101373.
19. Sagin S.V. Increasing the reliability of precision pairs of marine diesel fuel equipment through the use
of organic coatings // Herald of the Odessa National Maritime University. — 2018. — VVol. 4(57). — P. 109-
120.
20. Sagin S.V. Reduction of energy losses in precision steam fuel equipment of marine diesel engines //
Ship power plants. — 2018. — Vol. 38. — P. 132-142.
21. Matskevych D.V., Sagin S.V., Hanmamedov S.A. Changes in the rheological characteristics of
lubricants in the circulating oil system during operation of a medium-speed engine // Ship power plants. —
2010. — Vol. 25. — P. 109-118.
22. Sagin S., Sagin A. Development of method for managing risk factors for emergency situations when
using low-sulfur content fuel in marine diesel engines // Technology Audit and Production Reserves. —
2023. — Ne 5 (1(73)). — P. 37-43. doi: https://doi.org/10.15587/2706-5448.2023.290198.
23. Sagin S.V., Zablotsky Yu. V., Perunov R.V. Technology of use and test results of fuel additives for
marine diesel engines // Problems of technical. — 2012 . — Vol. 3. — P. 84-103.
25. Zverkov D.O., Sagin S.V. Reduction of mechanical losses in marine diesel engines // Ship power
plants. — 2020. — VVol. 40. — P. 20-25. DOI : 10.31653/smf341.2020.20-25.
26. Golovan A.l. Conceptual model of planning and optimization of cargo vessel maintenance schedules.
I/ Water transport. — 2023. — Ne 1(37). — P. 107-115. doi.org/10.33298/2226-8553.2023.1.37.12.
26. Sagin S.V., Matskevych D.V. Optical characteristics of boundary lubricating layers of oils used in
circulation systems of marine diesel engines // Ship power plants. — 2011. — Vol. 26. — P. 116-125.
27. Petrychenko O. Levinskyi M., Prytula D., Vynohradova A. Fuel options for the future: a comparative
overview of properties and prospects // Transport Systems and Technologies. — 2023. — Ne 41. — P. 96-
106. https://doi.org/10.32703/2617-9059-2023-41-8.
28. Levinskyi M. Automatic diagnostic of marine diesel generator lubricating oil condition // Automation
of ship technical facilities. — 2023. — Ne. 28. — P. 106-120. DOI: 10.31653/1819-3293-2023-1-28-106-120
29. Sagin S.V., Sagin S.S., Fomin O., Gaichenia O., Zablotskyi Y., Pi“st’ek V., Ku'ceraP. Use of
biofuels in marine diesel engines for sustainable and safe maritime transport // Renewable Energy. —
2024. —Vol. 224. — P. 120221. https://doi.org/10.1016/j.renene.2024.120221.
30. Petrychenko O. Levinskyi M. Trends and preconditions for widespread adoption of liquefied natural
gas in maritime transport // Transport Systems and Technologies. — 2024. — Ne43. — P. 21-36.
https://doi.org/10.32703/2617-9059-2024-43-2.
31. Sagin S., Kuropyatnyk O., Sagin A., Tkachenko I., Fomin O., Pistek V., Kucera P. Ensuring the
Environmental Friendliness of Drillships during Their Operation in Special Ecological Regions of
Northern Europe // Journal Marine Science and Engineering. — 2022. — Vol. 10(9). — P. 1331.
https://doi.org/10.3390/jmse10091331.
32. Rybalchenko M.E., Bilousov E.V. Use of numerical profiles of the working process for the analysis of
the efficiency of work of a ship's low-speed engine under the conditions of the current tendencies to
reduce the operating speed of wvessels. // Water transport. — 2022. — Ne2(36). — P. 1-13.
doi.org/10.33298/2226-8553.2022.2.36.06.
33. Sagin S., Kuropyatnyk O., Tkachenko I. Ensuring the environmental friendliness of marine diesel
engines of specialized ships // Ship power plants. — 2022. — Vol.45. — P.5-16. doi:
10.31653/smf45.2022.5-16.
34. Sagin S.V., Kuropyatnyk O.A., Zablotskyi Yu.V. Gaichenia O.V. Supplying of Marine Diesel Engine
Ecological Parameters // Nase More : International Journal of Maritime Science & Technology. — 2022.—
Vol. 69. —Iss.1. — P. 53-61. DOI 10.17818/NM/2022/1.7.
35. Kuropyatnyk 0.0., Sagin S.V. Controlling the exhaust gases of marine diesel engines to ensure
environmental performance // Automation of ship technical facilities. —2018. — Ne 24. — P. 72-80.
36. Sagin S.V., Karianskyi S., Sagin S.S., Volkov O., Zablotskyi Y., Fomin O., Pi'stek V., Ku“cera P.
Ensuring the safety of maritime transportation of drilling fluids by platform supply-class vessel // Applied
Ocean Research, 2023. — Vol. 140. 103745. https://doi.org/10.1016/j.apor.2023.103745.

119



Bomuuii Tpancmiopt Ne 3 (41) 2024

Sagin S.V., Rusnak D.Y.
IMPROVEMENT OF THE PROCESS OF PREPARATION OF PETROLEUM FUELS FOR
MEDIUM-SPEED MARINE DIESEL ENGINES

The issue of improving the process of preparing fuels of petroleum origin for medium-speed marine
diesel engines is considered. It was determined that the use of liquid fuels of petroleum origin with
increased density in medium-speed marine diesel engines requires its additional processing. One of the
common methods of additional processing of fuel is the addition of special fuel additives to its volume. At
the same time, manufacturers that ensure their supply to ships of sea and inland waterway transport do
not determine the optimal concentration of additives in the volume of fuel, indicating only the possible
range of this concentration. This leads to unnecessary consumption of fuel additives (the cost of which is
up to three orders of magnitude higher than the cost of fuel), and can also cause an increase in the
thermal intensity of the diesel engine and a deterioration in its environmental characteristics. The
purpose of the study was to determine the impact of chemical fuel treatment on the main operational
indicators of marine diesel engines, which characterize its economic, environmental and thermal
intensity. The specific effective fuel consumption, nitrogen oxide emissions with exhaust gases and
average exhaust gas temperature were taken as indicators. Studies carried out in the fuel systems of four
identical 6L32F diesel engines manufactured by Wartsila yielded experimental results confirming the
reduction in specific effective fuel consumption when using fuel additives. For different concentrations of
the additive in the base fuel, a different amount of reduction in specific effective fuel consumption is
observed, which is 1.8...4.7 %. Also, for different concentrations of the fuel additive in the volume of fuel
injected into the diesel cylinder, an improvement in the environmental friendliness of the diesel engine
was determined, which is reflected in a 13.2...14.5 % reduction in nitrogen oxide emissions with exhaust
gases and a decrease in temperature stress, as evidenced by a 10...14 °C decrease in the average exhaust
gas temperature in the diesel cylinders.

Keywords: chemical treatment of fuel, environmental friendliness of diesel operation, diesel
efficiency, fuel additives, nitrogen oxide emissions, marine medium-speed diesel, maritime transport,
petroleum fuel, specific fuel consumption, thermal stress.
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