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AHOTAIIISA

Cronspuk T.O. 3a0e3neueHHsl peXUMIB MallleHHs IU3ENIB CYIEH PIYKOBOTO
Ta MOPCHKOTO TPAHCIIOPTY.

Hucepraniss Ha 3700yTTS HAyKOBOTO CTymeHs JokTopa (dinocodii 3a
crnemianbHICcTIO 271 — MopchKuit Ta BHYTPIIIHIN BOJHUN TpaHCIOPT (Taly3b 3HAaHb
27 — Tpancnopt). — HamionansHuii yHiBepcuteT «OJecbka MOpPCbKa aKajaeMis»

MinicTepcTBa OCBITH 1 Hayku YKpainu, Oneca, 2024.

HucepTartiiiine JOCHIIKEHHS CIPSMOBAHE Ha PO3B’SI3aHHS  HAYKOBO-
MPUKJIAAHOTO 3aBAaHHS — 3a0€3MEUEHHsI MPOIIECIB MAICHHS IIJIIHIPOBOI TPyIU
Ta MiAMWITHUKIB KOB3aHHSI IU3EJ1B CYJIEH PIYKOBOTO Ta MOPCHKOT'O TPAHCIIOPTY.

['010BHOIO MOTHBAIIIEIO0 OOCIIKEHL € CHOTOJEHHA HASIBHICTH 3aIUTIB
NPaAKTUKM:

®I1IITPUMAHHSI EHEPreTUYHUX T[OKA3HUKIB AU3ETIB CyJEH MOPCBKOro Ta
BHYTPIIIHHOTO BOAHOTO TPAHCIOPTY BIAMOBIJHO /10 BUMOT 1HCTPYKIIIT 3 TEXHIYHOI
eKCIUTyaTarlii Ta rapaHTOBaHUX 3HAYCHB (h1pM-BUPOOHUKIB;

®3HI)KEHHS! EHEPreTUYHUX BTPAT MiJ] 4ac OTPUMaHHS KOPUCHOI poOOTH;

®BUKOHAHHS BUMOT KJjacU(IKaliiHUX TOBAPUCTB IIOJAO TEXHIYHOIO CTaHY
CYJTHOBHUX JIBUTYHIB BHYTPIITHBOTO 3TOPSHHSI.

I'o10BHe 3aBIaHHA HAYKOBOIO MOCJIIKeHHSl IOJIATAE B YJIOCKOHAJIEHHI
MPOILIECIB MAIlIEHHS HWJIIHAPOBOI TPYNH Ta MIAIMIMITHUKIB KOB3aHHS AU3EIIB CyJI€H
PIYKOBOIO Ta MOPCHKOTO TPAHCIIOPTY HUIAXOM KEPOBAHOT'O BILUTUBY Ha CTPYKTYPHI
XapaKTePUCTUKHA MOTOPHOTO MACTUJIA, [0 PO3/ILJIsi€ KOHTAKTHI MOBEPXHI.

Jlns po3B’s3aHHS TOJOBHOTO 3aBJIaHHS JOCHIDKCHHS PO3B’S3aHl HACTYIHI
JAOMOMIKHI 3aBJaHHA:

1) BU3HAUEHHS SKICHOTO Ta KUIBKICHOTO KPUTEPIiB OLIHKUA CTPYKTYPHHX
XapaKTEPUCTHK MOTOPHUX MAacTHJI, IO BUKOPUCTOBYIOTHCS B CHUCTEMAX MAaIlCHHS

JU3€J11B MOPCHKOTO Ta BHYTPIIIHBOT'O BOJJHOTO TPAHCIIOPTY;



2) BU3HAYEHHSI CTMOCOOIB Ta TEXHOJOTIYHUX pIlMIEHb, SIKI CHPHUSIIOTH
MIJBUIIEHHIO CTPYKTYPHUX XapaKTEPUCTUK TOHKUX MACTHJIBHHUX IUTIBOK, IO
NOAUISIOTh KOHTAKTYIOUl TIOBEPXHI CYIHOBMX JM3€JiB TIIiJI Yac IIPOIIECIB
TIAPOAMHAMIYHOTO Ta TPAHUYHOTO MAIIEHHS;

3) BU3HAYEHHS BIUIMBY CTPYKTYPHUX XapaKTEPUCTHUK MOTOPHHUX MACTUJI Ha
poOOTY HUPKYJSALMIMHUX CUCTEM MAICHHS JU3€JIIB MOPCHKOIO Ta BHYTPIIIHBOTO
BOJIHOTO TPAHCIIOPTY;

4) BU3HAYEHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTUK MOTOPHUX MacTHJI Ha
poOOTYy HWIIHAPOBUX CHCTEM MAIEHHS AU3EIIB MOPCHKOTO Ta BHYTPIIIHHOTO
BOJIHOTO TPAHCIOPTY.

Y  pesynbTaTi  pO3B’Si3aHHSA  TOJOBHOTO Ta  JIONIOMDKHHMX  3aBJaHb
chopMyITLOBaHO HAYKOBE MOJI0KEHHS: 3a0€3MEeUCHHS PEKUMIB MAIICHHS JU3ETiB
CyJIeH PIYKOBOTO Ta MOPCHKOI'O TPAHCHOPTY JOCATAETHCS MUISXOM KEPOBAHOIO
BIUIMBY Ha CTPYKTYPHI XapakTEpPUCTUKH MOTOPHOTO MAaCTWIa, IO PO3ALIIE
KOHTaKTHI TMOBEpXHI (a caMe Ha KpaloBI KyTH 3MOYYBAaHHS Ta TOBILIUHY
MacCTUJIbHOI MJiBKM). [linTpumaHHS KpalloBUX KyTIB 3MOYYBaHHS, TOBILWHU
MAaCTUJILHOI TUTIBKM 3a0€3MeUy€ThCS KOMIUIEKCHOIO [II€I0 TUIAXOM aKTHBAIli
BHYTPIIIHIX MIXKMOJIEKYJISIPHUX B3a€MO/IIA MOTOPHOTO MacTuja Ta 30BHIIIHBOI i1
3 OOKy MeTaJieBUX IOBEPXOHb, SIKIi BOHO PO3MUISE, IO CIPHsIE 3MEHIICHHIO
CHEPreTUYHUX BTPAT Ta MiJIBUIICHHIO €HEPTEeTUYHOI e(hDeKTUBHOCTI IU3ENTIB CYJeH
MOPCBHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCTIOPTY.

HaykoBe mosioxeHHs: 00TpyHTOBaHE HAYKOBHUMHU Pe3yJibTaTAMU, BIIepPIIe:

®3aMPOMOHOBAHO SIK KUIBKICHUW KPUTEPIH CTPYKTYPHUX XapaKTEPUCTHK
MOTOPHHMX MAaCTHJI, IO BHKOPHUCTOBYIOTBCS B CHCTEMax MalleHHS U3elliB
MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCHOPTY TMPUUHATH TOBIIUHY
MAaCTUJIBLHOI TUTIBKH, IO PO3JIUISE€ KOHTAKTYIOUl MOBEPXHI, SIK SKICHUN — KpaloBi
KyTH 3MOUYYBaHHSI, III0 YTBOPIOE MaCTHIIO;

®3aMPOMOHOBAHO OIIHIOBATH 3JaTHICTh MOTOPHOTO MacTuiia 3a0e3reuyBaTh
IPOLEC MAIllEHHS 3a 3HAYEHHSM KpailloBHX KyTiB 3MOYYBaHHS, SIKI YTBOPIOIOTH 11

MaCTHUJIa Ha KOHTAKTYIOUHUX ITOBCPXHAX,



®BH3HAUYEHO BIUIMB CTPYKTYPHUX XapaKTEPUCTUK MOTOPHHX MACTHJI Ha
JUHAMIYHI XapaKTepUCTHUKU CYIHOBUX JU3ETIB IiJ 4Yac pPEXKUMIB IyCKy Ta
CTpUOKOMOAI0HOT 3MIHM HAaBaHTAXKEHHS;

®BBEJICHO MOHATTS «IUBUAKICTh 3MIHM 3arajbHOrO JYy)KHOIO YHCIa» Ta
3alpOIIOHOBAHO BUKOPHUCTAHHS II€] BEJUMYUMHH ISl OLIHIOBAHHS SKOCTI MPOLECY
MaIllEHHS Ta BIPOT1IHOCTI BUHUKHEHHS aBapliHOI CUTYaIIii.

YiockoHAJE€HO:

®TEXHOJIOTII0 HAHECEHHsS OpraHIYHUX TIOKPUTTIB Ha TMOBEPXHI JeTajei
JIM3EIIB CyJIeH MOPCHKOT0 Ta BHYTPIIIHEOTO BOJHOTO TPAHCIIOPTY;

®TEXHOJIOTII0 CTBOPEHHS CTIMKMX CyMillleii MOTOpHOIO MacTuia Ta
MOBEPXHEBO-aKTUBHUX PEUOBHH;

ecrioci0 BH3HAYEHHA ONTHUMAJIbHOI KOHIIEHTpAIlll MOBEPXHEBO-aKTUBHUX
PEYOBHH Y MOTOPHOMY MAacCTHIIi;

®TEXHOJIOT1I0 BH3HAYEHHA KpalloBUX KyTIB 3MOYYBaHHS Ta TOBIIUHU
MaCTHJIbHOI TUTIBKH.

OTtpumaJja noaajJbIIMI PO3BUTOK:

®TEXHOJIOTISl BUBHAYCHHS] MEXaHIYHUX BTPAT y AU3EISIX CyJE€H MOPCHKOTO Ta
BHYTPILUIHBOTO BOJHOT'O TPAHCIIOPTY;

®TEXHOJIOTiS BUMIPIOBAHHS 3arajbHOrO JTY)KHOTO YWCIa MOTOPHUX MAacCTHI,
[0 BUKOPUCTOBYIOTHCS B CHCTEMaxX MAaIleHHS AW3ETiB CYyJIE€H MOPCHKOTO Ta
BHYTPILIHBOTO BOJHOT'O TPAHCIIOPTY.

IIpakTuyHe 3HAYEHHSI OTPUMAHUX PE3YJIBTATIB MOJIATAE Y HACTYITHOMY:

®TEXHOJIOTiSl BU3HAYCHHSI MEXaHIYHUX BTPAT y AU3EISIX CyJE€H MOPCHKOTO Ta
BHYTPILIHBOTO BOJHOT'O TPAHCIIOPTY;

®TEXHOJIOTiS BUMIPIOBaHHS 3arajbHOr0 JTY)KHOTO YHCIa MOTOPHUX MAacTHI,
0 BUKOPUCTOBYIOTHCS B CHCTEMaxX MAaIlleHHS IU3ETiB CyJIeH MOpPCHKOTO Ta
BHYTPILUIHBOTO BOJHOI'O TPAHCIIOPTY.

Pe3yabTaTu qucepTaniiiHOTO JOC/IIIKEHHSI BIIPOBA/IKEHI:

¢(0JIOK JI03yBaHHS MOBEPXHEBO-aKTUBHOI PEUOBMHU 0 MOTOPHOTO MacTUIIa,

mo 3ale3neuye YTBOPEHHS IX CTIMKHX CyMilIei, — y CHCTeMl LMPKYJISLIHHOTO



MaimenHss gusenst 6EY18AL Yanmar cyana pgenseiittom 27540 ToHH, 11O
703BOSIMIIO Ha 3,2 % MIABUIIMTUA MEXaHIYHUN KOE(IIIEHT KOPUCHOI Aii Tu3ems Ta
JOCATTH 2,5-KpaTHOTO YIOBUIBHEHHS 3HWKEHHS 3arajbHOrO JYXHOTO 4YHUCIa
MOTOPHOT'O MacTHJIa;

® TEXHOJIOTsl, 110 CIPHSIE YTBOPEHHIO JOJATKOBOTO HAHOILIAPY OPraHiuHOTO
MOKPUTTS Ha TMOBEPXHAX BKIAMMIIB MAMMUNHUKIB — Ha auseni CatCl8 cynna
nenseritom 8340 TonH, 1m0 3a0e3meuynso Iepedir AMHAMIYHUX —MEepeXiTHUX
MPOILIECIB 3 MEHIIMM 3aKHJIOM YacTOTH OOEpTaHHS Ta MEHIIUM YacoM BHUXOJy Ha
HOBHI cTanmuii pexxuM pobotu Ta Ha auzeni 5L23/30 MAN-Diesel&Turbo cynna
knacy Bulker Carrier npenseritom 34630 ToHH, mpu 1bOMY 3a0e3MeUyeThCs
2,2...4,5-KpaTHe YNOBUILHEHHS MIBUJKOCTI 3HUKEHHS 3araJIbHOTO JIY>KHOTO YHCJIa
ta 1,8...2,6-kpaTHe 3MEHIIEHHS KIJbBKOCTI YacTOK, M0 XapaKTepHU3yIOTh
3HONIYBAaHHS KOHTAKTYIOUMX IIOBEPXOHb Ta 3a0pyJAHEHHS MAacTHJa, a TaKOX
MIITPUMYIOTBCS CHEPTETHYHI Ta MOKPAUTYyIOThCS €KOJIOTIYHI MOKa3HUKH PoOOTH
JTU3eIIS;

®yIOCKOHAJICHA CHCTeMa IUPKYJSAIIHHOTO MAIICHHS, SKa J03BOJISE
BUKOPHCTOBYBaTH TIOBEPXHEBO-aKTMBHI pEYOBMHH, — Ha jguseni 6L16/24
MAN Diesel cyana kmacy General Cargo nenpeiitom 15600 TOHH, IO CHPHSIIO
301bIIeHHI0 Ha 3,2 % mexanigyHoro KK/I auzens ta 2,2-kpaTHOMY yHOBUIbHEHHIO
3HIDKEHHSI 3arajlbHOTO JIY’)KHOTO —4YWCJIa MOTOPHOTO MacTuja, a TaKOX
yHoBUIbHEHHIO Ha 6,19 % 3HM)KEHHS THUCKY CTUCHEHHS Ta 3HWXEHHIO0 Ha 5,34 %
TeMIlepaTypy BUITYCKHUX ra3iB mijg yac 1000-roquHHOI eKcIuTyaTalii Au3es;

®TEXHOJIOTIS KOMIUIEKCHOTO KEpyBaHHS CTPYKTYPHUMH XapaKTE€PUCTUKAMH
MOTOPHUX MAaCTHJI, SiKa TMepefdadyae HAHECEHHS Ha KOHTAKTYIO4Yl TOBEPXHI
OpraHiYHUX MOKPUTTIB Ta JOJaBaHHS J0 MAacTHJIa TOBEPXHEBO-aKTUBHUX PEUOBUH
3 ONTHMAJIBHOIO KOHILIEHTPALIEI, — Y CUCTEMI HUPKYJISLIAHOTO MallEHHS JU3eIs
61L.23/30 MAN-Diesel&Turbo cymnna kmacy Bulk Carrier nenseiitom 37620 ToHH,
npu 1poMy OyJ0 JocsIrHyTre 2,3-KpaTHE 3HMKEHHS IIBHJKOCTI OKHCIJICHHS
MOTOPHOTO MacTwia, 3HWXKEeHHS Ha 4,4 % TemmepaTypd BHUIIYCKHMX Ta3iB;
30utblieHHsT Ha 2,54 % MeXaHIYHOTO KOe(IUIEHTy KOPUCHOI Jii Ju3ens,

30uUTbLIEHHS Ha 7,23 % THCKY HANPUKIHII CTUCHEHHS;
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®TEXHOJIOTISl KEPYBAHHS CTPYKTYPHHUMH XapaKTEPUCTUKAMU MAaCTHI, MIO
BUKOPHCTOBYIOTHCSI B CUCTEMaX LUJIIHIPOBOrO MalleHHs, — Ha au3eni 6S60ME-C9
MAN-Diesel&Turbo cynna kmacy Bulk Carrier aeaseiitom 37620 ToHH (mpu
npoMy Oyno 3abesnedeHo 1,5...3,3-kpaTHe 3MEHIICHHS BMICTY MeETaJIEeBUX
JOMIIIOK Y BIANpanbOBaHOMY MacTWil Ta 2,1-KpaTHe yMOBUIbHEHHS 3HU)KCHHS
3arajibHOro JY>KHOTO 4YHCjla BIANpalboBaHOro MacTuja) Ta Ha guzen S8K8OME
MAN-Diesel & Turbo cynna kimacy Container Ship nenseiitom 37620 ToHH (npu
npoMy Oyno 3abesmeudeHo 1,75...4,5-kpaTHe 3MEHIIEHHS BMICTY METaJIEBHX
JIOMIIIIOK Y BIAMpalbOBAaHOMY MacTHJII Ta 2,8-KpaTHE YIOBUIBHEHHS 3HUKCHHS
3araJibHOTO JIy>KHOTO YKCJIa BIAMPallbOBAHOTO MacTUIA);

®B OCBITHhOMY IIpolieci HarioHansHOTrO yHIBepcuTeTy «Oliechbka MOpCHKa
aKajeMisa», a came:

TEXHOJIOT1sI POBEACHHS ONTUYHUX JTOCHI/KEHb 3 BUMIPIOBAHHS KPaOBUX
KyTiB 3MOUYYBaHHS Ta BH3HAUEHHS TOBIIMHH MAaCTHJIBHOI TUTIBKH, TEXHOJOTIS
HAHECEHHS HAHOIIAPIB OpPraHiYHMX MOKPUTTIB Ta TEXHOJIOTIS BUTOTOBJICHHS
CTIMKHMX CyMIIIeH MOBEPXHEBO-aKTUBHUX PEYOBMH T4 MOTOPHHMX MACTHII — i
Yyac BHKJIAJaHHS OCBITHHOT'O KOMIOHEHTa «J[OCIiITHUIIBKUNA TPAKTHKYyM» (s
3100yBayiB HAYKOBOTO CTYIIEHS OKTOp (pitocodii);

MOCTIZIOBHICTh BHU3HAYCHHS MEXaHIYHUX BTpaT y CYIHOBUX JABUTYHaX
BHYTPIIIHBOTO 3TOPSIHHS MMiJI 4YaC BUKOPUCTAHHA MOTOPHUX MACTUJ 3 PI3HUMHU
CTPYKTYPHUMHU  XapaKTEPUCTHKaMU — IIiJl 4Yac BHKJIAJIaHHS  OCBITHIX
KOMIIOHEHTiB «EHepropecypco30epekeHHs Ha MOPCHKOMY Ta BHYTPIITHBOMY
BOJITHOMY TpPaHCTIOPTI» (1 31100yBadiB HAYKOBOTO CTYIEHS MOKTOp (histocodii)
ta «lIponecu nepeTBOpeHHs €Heprii CyJHOBUX CHJIOBHX YCTaHOBOK» (AJis
3100yBayiB HAYKOBOT'O CTYII€HS MaricTp);

METOJI BU3HAYEHHS IIBUIKOCTI 3MIHH 3araJbHOTO JIY>KHOTO YMCiIa — ITiJT 9ac
BUKJIAJIaHHSI OCBITHIX KOMIIOHEHTIB «Ekonoriyna Oe3neka Ta albTepHATHBHI
JpKepena  eHeprii» (ans  3700yBayiB  HAYKOBOTO CTYINEHS Marictp) Ta
«TexHonoriss BUKOPUCTaHHS pOOOUYMX PEUYOBUH» (I 37100yBaviB HAYKOBOTO

CTyIeHs 0aKanasp).
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Kiro4oBi cioBa: BKIaauIl MiAIIMIHUKA, T1arHOCTYBaHHS, €KCIUTyaTalliiHi
MOKa3HUKN, CHEepPreTHYHa e(QEeKTUBHICTh, 3HOC, MOPCHKHX TPAHCIOPT, MOTOPHE
MacTWJIO, HaAIWHICTh, MIAIIUITHUK KOB3aHHS, TMOpPIIEHb, IOPIIHEBE KUIbIIC,
CcHUCTEMa MaIeHHs, CUCTeMa IMUTIHIAPOBOTO MAIICHHS, CHCTEMa IUPKYJISIIHHOTO

MaleHHs, CTPYKTYPHI XapaKTepUCTUKH, CYAHOBUI IU3€]b, IMJIIHIPOBA BTYJIKA.

Cnmcok ony01ikOBaHHUX NMPalb 32 TEMOIO AUCepTALil
CratTi B HayKOBUX (DaXOBHX BHIIAHHIX YKpaiHH, 1[0 BXOJATH 10 IEPETIKY
HAyKOBHX ()axOBHUX BUAAHb YKpaiHU, Y IKUX MOXKYTb ITyOJIKyBaTUCS Pe3ylIbTaTu
AUcepTaliiHuX poOIT Ha 3100yTTs HAYKOBUX CTYIEHIB JOKTOpa HAyK, KaHAWUaTa
HayK Ta CTyIeHs JokTopa (inocodii

1. Sagin S. Analysis of mechanical energy losses in marine diesels / S. Sagin,
V. Madey, T. Stoliaryk // Technology Audit and Production Reserves. — 2021. —
Ne 5 (2 (61)). — P. 26-32. doi: http://doi.org/10.15587/2706-5448.2021.239698.

2. Carin C.B. Anani3 excrulyaTallifHUX XapaKTepUCTHK MOTOPHUX MAacCTHII
cynHoBux auseniB / C.B. Carin, T.O. Cromsipuxk // CyaHOBI €HEpreTUyHi
YCTaHOBKHM: HAayKOBO-TexHIUHHMU 30ipHHK. — 2021. — Bumn.43. — Opeca:
HY «OMA».— C. 69 - 80. doi: 10.31653/smf343.2021.69-80.

3. Carin C.B. JIlunamika CyTHOBUX JU3EIIB 1]l YaC BUKOPHUCTAHHI MOTOPHUX
MacTWJI 3 pI3HUMH  CTPYKTypHuUMH  xapaktepuctukamu /  C.B. Carin,
T.O. Cronsipuk // ABTOMatH3allisi CyIHOBUX TEXHIYHHUX 3aCO0IB : HayK. -T€XH. 30.
—2021. — Bum. 27. — Ogeca : HY «OMA». — C. 108 - 119. DOI: 10.31653/1819-
3293-2021-1-27-108-119.

4. Stoliaryk T. Analysis of the operation of marine diesel engines when using
engine oils with different structural characteristics / T. Stoliaryk // Technology
Audit and Production Reserves. — 2022. Ne5(1(67)). — C.22-32. doi:
http://doi.org/10.15587/2706-5448.2022.265868.

5. Cronsapuxk T.O. [IporHo3yBaHHs MEXaHIYHMX BTpAT B CYJIHOBUX JIU3EIAX /

T.O. Cronsipuk // CyqHOBI €HEPTeTHYHI YCTAaHOBKH | HAYKOBO-TEXHIYHUN 301pHUK.
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— 2022. — Bun.44. — Opeca : HY «OMA». — C.142-156. doi:
10.31653/smf44.2022.142-156.

6. Cromspuk T.O. BpockoHaJeHHS TpOIECIB MAaIICHHS AWU3ENiB CYICH
MOPCBKOTO Ta BHYTPIIHBOro BoaHoro tpaucnopty / T.O. Ctonspux // CyaHoBi
CHEPreTUYHl YCTAHOBKH : HAyKOBO-T€XHIYHMM 30ipHUK. — 2022. — Bum. 45. —
Oneca : HY «OMA». — C. 57-69. doi: 10.31653/smf45.2022.57-69.

7. Cronapuk T.O. 3abe3nedyeHHs peXHUMIB MAaIICHHS YOTHPUTAKTHUX
cynHoBux nu3eniB / T.O. Cronspuk // ABTOMaru3zaiisi CyJIHOBHX TEXHIYHHUX
3ac00iB : HayK.-TexH. 30. — 2023. — Bumn. 28. — Ogeca: HY «OMA». — C. 90 — 105.
DOI: 10.31653/1819-3293-2023-1-28-90-105.

8. Cromspuk T.O. IIporHo3yBaHHS SKICHHX XapaKTEPUCTHUK POOOTH CHCTEM
muIiHApoBoro MameHHs cygaHoBux gmsemiB /  T.O. Cromsapuk // CymnHOBI
SHEepPreTUYHl YCTAaHOBKHM : HAYKOBO-TeXHIUYHMM 30ipHUK. — 2023. — Bum. 46. —
Opeca : HY «OMA». — C. 132-141. doi: 10.31653/smf46.2023. 132-141.

9. Carin C.B. Orminka 0€3BIIMOBHOCTI CYJHOBHX JAHM3ENIB 32 TEXHIYHUM
CTAaHOM MOTOPHOTO MacTwia HUpKysamiiHux cucteM MmarieHHs / C.B. Carin,
C.A. bounap, T.O. Cronspuk // Bonuuit Tpancnopt. — 2023. — Ne 1(37). — 59-70.
doi.org/10.33298/2226-8553.2023.1.37.06.

10. Ctonsapuk T.O. BukopuctanHs CHCTEMHOTO IMIXOY MiJ] Yac po3B’sI3aHHS
3aBaHb 3 MIABUIICHHS €()EeKTHUBHOCTI €KCIUTyaTallll CUCTEM MAIICHHS CyIHOBHUX
nuzeniB / T.O. Ctonspuk // CyTHOBI eHepreTUYH1 YCTAaHOBKH : HAYKOBO-TEXHIUHHM
30ipauk. — 2023. — Bum. 47. — Opeca : HY «OMA». — C. 132-141. doi:
10.31653/smf47.2023.197-205.

CraTTi B IHO36MHHX BUJAHHSIX, K1 BXOJIATH JI0 MIXKHAPOJIHUX HAYKOMETPUUHUX 0a3
nanux Scopus Ta Web of Science:

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. Ku“cera // Journal of Marine Science and Engineering. — 2022. — Vol. 10(10). —
P/ 1373. https://doi.org/10.3390/jmse10101373.
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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 IHO36MHUX BHJIaHHIX Kpainu €C:

13. Sagin S.V. Comparative assessment of marine diesel engine oils /
S.V. Sagin, T.O. Stoliaryk // Austrian Journal of Technical and Natural Sciences.
Scientific journal. — 2021. — Ne 7-8 (July — August). — P.29-35.
https://doi.org/10.29013/AJT-21-7.8-29-35.

Crarti y 30ipKkax maTepiaiiB HayKOBUX KOH(EpEHII1H

14. Carin C.B. 3HmkeHHsT €HEpreTMYHUX BTpaT MiJ Yac eKCIuTyaTtarii
noBroxoaoBux amseniB Mopcbkux cyaen / C.B. Carin, T.O. Cromspuk //
Marepianmu 11-i MixHapoaHoi HayKoBO-NpakTU4HOI KoHdepeHiii «CydacHi
CHEepPreTUYHl YCTAHOBKHM Ha TPAHCIOPTI 1 TEXHOJOrii Ta oOJIaHaHHSA s iX
oOciyroByBanHs», 08-10 BepecHst 2020 p. — XepcoH : XepcoHChbKa JeprKaBHA
Mopchka akangemis. — 2020. — C. 174-176.

15. Cronsipux T.A. VYmnpaBiieHHE MEXaHUYECKHMMH TOTEPSMH  CYIOBBIX
nuzenet Bo BpeMss ux okciyatanuu / T.O. Ctomspuxk // Marepiamu  12-i
MixHapogHOi  HAyKOBO-NIpakTHMYHOiI  KoH(pepeHili «CyyacHi  €HepreTUyHi
YCTAaHOBKM Ha TPAHCIIOPTI 1 TEXHOJIOTIi Ta 00JaHAHHS JJIs iX 00CITyrOBYBaHHS ,
06-08 Bepecus 2021 p. — XepcoH : XepCcoOHChbKa Jiep)KaBHA MOPChbKa akaJemis. —
2021. - C. 166-169.

16. Carin C.B. Bu3HaueHHs1 XapaKTepUCTHK 3MOUYYBAJIbHUX TUIIBOK CYIHOBUX
moTtopHux mactui / C.B. Carin, T.O. Cronsipuk // Marepiany HayKOBO-TEXHIYHOI
KoHpepeHuii «Mopcbkuil Ta piukoBHM (JIOT : eKCIUTyaTalis 1 PEeMOHT»,
25.03.2021 -26.03.2021. — Opneca : HamionaneHuii yHiBepcurer «Onechka
Mopcbka akaneMisi», 2021. — C. 93-97.

17. Cronmsapuk T.O. Ananiz 0coOMMBOCTEH CHUCTEM MHIIIHAPOBOIO MAIICHHS

cynnoBux auzeniB / T.O. Cronsipuk // Marepiaian HAyKOBO-TEXHIYHOI KOH(pEpeHIIiT



10
«Mopcbkuili Ta piuykoBUM (IOT: eKcrulyaramiss 1 pemoHT», 24.03.2022 -
25.03.2022.— Ogmeca : HY «OMAy, 2022. — C. 69-70.

18. Ctonapuk T.O. 3MeHIIEHHS BTpaT MEXaHIYHOI €Heprii B CYJAHOBUX
musensix / T.O. Cromsapuk, C.B.Carin, // Martepianun 14-0i MixnapoaHoi
HAyKOBO-MPAaKTUYHOI KOoHGepeHiii «CydyacHi €HEepreTMYHi YCTaHOBKM Ha
TPAHCIIOPTI 1 TEXHOJIOTli Ta oOJagHaHHSA [JIs1 iX OOCIyroByBaHHA», 16-
18 6epesnst 2023 p. — Xepcon : XepcoHChbKa Jep:kaBHA MOpPCHhKa akajemis. —
C. 197-200.

19. Carin C.B. JliarHoCTyBaHHS SIKOCTI MPOIIECY MAILEHHS CyIHOBUX JM3EIIB
/ C.B. Carin, T.O.Cronspuxk // Matepianu MiDKHApOJHOI HAYKOBO-TEXHIYHOI
KoHpepeHIi «Mopcbkuid Ta piukoBUM (JI0T: eKCcIuTyartaris 1 peMoHT», 22.03.2023
—23.03.2023.— Oneca: HY «OMA»y, 2023. — C. 61-65.

20. Crossipuk T.O. AnHamni3z 3MIHM XapakKTepPUCTHK MOTOPHOrO MacTuja 3a
pi3HUX yMoOBax ekcruryataii cyaHoBux auzeniB / T.O. Cromspuk // Matepianu
MDKHApOJHOI HayKOBO-Te€XHIUHOI KoHGepeHuii «CyyacHi iHpopmMaliiiHi Ta
1HHOBaIIIMH1 TexHOoJor1i Ha TpaHcnopTi (MINTT-2023»), 24-25 tpaBus 2023 poky.
— Xepcon : X/IMA. -2023. — C. 265-268.

21. Cromsipuk T.O. BuszHaueHHs KpuUTepit0 IS JIarHOCTYBaHHsS  Ta
MPOTHO3YBAaHHS TEXHIYHOTO CTaHy IMIIHAPOBOI IPYNH CYAHOBHX MajJo00EpPTOBHUX
muzeniB / T.O. Cromsipux // Matepianu IV MikHapoaHOI HayKOBO-NPAKTUYHOT
koHpepenitii «/HinmpoBcbki ynTanHa-2023», 07 rpyans 2023 p. — Kuis : AVIT,
2023. - C. 36-40.

22. Cronsipuk T.O. Amnami3z eHepretuyHoi e(EeKTHUBHOCTI METOAIB, IO
3a0e3meuyroTh mpoiiec MaiieHHs cyaHoBux auzeniB / T.O. Cronspuk // Matepianu
V MixHapOoAHOT MOPChKOT HayKOBO-pakTU4yHOI KoH(pepeHuii kadeapu CEY 1 TE
OHMY «Marine Power Plants & Operation MPP&O-2024», 05 6epesnst 2024 p. —
Oneca : OHMY, 2024. https://2024.depas.od.ua.

3 HaykoBUX pOOIT, OmyOJIKOBaHMX Yy CIIIBaBTOPCTBI, aBTOPY HaJlekKaTh

0CO0OHUCTO:



11

[1], [3] — yAOCKOHaNEHHS CYTHOBOI CUCTEMH KOHTPOJIIOBAHHS Ta PETYJIIOBAHHS
4acTOTH OOepTaHHS CYJHOBOTO JM3€Ts, TIPOBEJACHHS EKCIEPUMEHTAIHHUX
JOCJTIJIPKEHb, MOHITOPUHT TIOKa3HUKIB POOOTH CYJTHOBOI JOIMOMIKHOI €HEPreTUYHO1
YCTaHOBKH, 00pOOKa Ta aHalli3 pe3ysIbTaTiB EKCIIEPUMEHTY;

[2] — mnpoBeneHHs iHQOpPMAIIHHOTO TMOIIYKY, BHU3HAYCHHS OCHOBHHX
eKCIUTyaTaI[liHUX XapaKTePUCTUK CYHOBUX MOTOPHHMX MAacCTHII, IO PEKOMEHI0BaH1
JUTSI BAKOPUCTaHHS B CHCTEMaX MAIllEHHS CYTHOBHUX JU3EiB;

[9] — npoBeneHHS EKCIEPUMEHTAIbHUX JOCIHIHKEHb, KOHTPOJb OCHOBHHUX
MOKa3HUKIB poOOTH CYAHOBOTO JU3EJIsA, aHali3 KOMIOHEHTHOIO CKJIay MOTOPHOTO
MacTHJIa, PO3pOOKa PEKOMEHAAIIN IIOA0 MOJAIBIIOT0 BUKOPUCTAHHS MacTUjia B
CHUCTEMI MaIlCHHS;

[11, 12] — po3poOka TexHOJOT1i MPOBEACHHS EKCIIEPUMEHTAIBHUX JOCTIKEHb,
BU3HAYCHHS €KCIUTyaTalllHUX MMOKAa3HUKIB POOOTH CYIHOBHUX JU3€JIB, 00poOKa Ta
aHaJTi3 OTPUMAHUX CKCIICPUMCHTAIbHIX 3HAYCHD;

[13] — mpoBeneHHsI eKCIEPUMEHTAIBHIX JIOCIIIKEHb, PO3pO0Ka peKOMEH Al
11010 BUKOPUCTAHHS MAacTHJIa B CHCTEMI MAIICHHS CYTHOBOTO JTU3CIIS;

[14], [15],[16] — mpoBeneHHS EKCIIEPUMEHTATBLHUX JOCHTIKEHh y CHCTEMax
MAIICHHSI CY/THOBUX JIN3EJIiB;

[18], [19] — BU3HAUEHHS! ONTUMATBHUX PEKUMIB pOOOTH CYJHOBHUX JTU3EIIIB Mij
yac BUKOPUCTaHHA B CHCTEMax MaIleHHs MOTOPHUX MacTWJ 3 PI3HUMHU

CTPYKTYPHUMU XapaKTEPUCTUKAMM.



12

ANNOTATION

Stoliaryk T.O. Ensuring the lubrication regimes of 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 State Academy" of the Ministry of Education and
Science of Ukraine, Odesa, 2024.

The dissertation study is aimed at solving the scientific and applied task —
ensuring the processes of lubrication of the cylinder group and sliding bearings of
diesel engines of river and sea vessels. The main motivation for research is the
current availability of practice requests:

» maintenance of energy indicators of diesel engines of marine and inland
water transport vessels in accordance with the requirements of technical operation
instructions and guaranteed values of manufacturers;

» reduction of energy losses during obtaining useful work;

« fulfillment of the requirements of classification societies regarding the
technical condition of marine internal combustion engines.

The main task of scientific research is to improve the processes of lubrication
of the cylinder group and sliding bearings of diesel engines of river and sea
transport vessels by means of a controlled influence on the structural
characteristics of the motor lubricant that divides the contact surfaces.

To solve the main task of the research, the following auxiliary tasks were
solved:

1) determining qualitative and quantitative criteria for evaluating the
structural characteristics of motor lubricants used in diesel lubrication systems of

marine and inland water transport;
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2) determining methods and technological solutions that contribute to the
improvement of the structural characteristics of thin lubricating films separating
the contacting surfaces of marine diesel engines during the processes of
hydrodynamic and boundary lubrication;

3) determining the impact of structural characteristics of motor lubricants on
the operation of circulation systems for lubrication of marine and inland water
transport diesel engines;

4) determining the impact of structural characteristics of motor lubricants on
the operation of cylinder lubrication systems of marine and inland water transport
diesels.

As a result of solving the main and auxiliary tasks, a scientific position was
formulated: ensuring the lubrication regimes of diesel engines of river and sea
transport vessels 1s achieved by controlled influence on the structural
characteristics of the motor lubricant that divides the contact surfaces (namely, on
the marginal wetting angles and the thickness of the lubricating film).

The maintenance of the marginal wetting angles, the thickness of the
lubricating film, as well as the rate of change of the alkaline number of the motor
lubricant are ensured by a complex action by activating the internal intermolecular
interactions of the motor lubricant and the external action from the side of the
metal surfaces that it separates, which contributes to reducing energy losses and
increasing the energy efficiency of diesel engines of sea and inland water transport
ships.

The scientific position is based on scientific results, for the first time:

* it 1s proposed to accept the thickness of the lubricating film dividing the
contacting surfaces as a qualitative criterion for the structural characteristics of
motor lubricants used in the lubrication systems of diesel engines of sea and inland
water transport, as a qualitative criterion - the marginal wetting angles that are

formed by the lubricant;
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* it is proposed to evaluate the motor lubricant's ability to ensure the
lubrication process by the value of the marginal wetting angles formed by these
lubricants on the contacting surfaces;

+ the influence of the structural characteristics of motor lubricants on the
dynamic characteristics of marine diesel engines during start-up modes and sudden
load changes is determined;

* the concept of "rate of change of the total alkaline number" was introduced
and using this value was proposed to evaluate the quality of the lubrication process
and the probability of an emergency situation.

Improved:

« the technology of applying organic coatings on the surface of diesel engine
parts of marine and inland water transport vessels;

* the technology of creating stable mixtures of motor oil and surface-active
substances;

* method of determining the optimal concentration of surface-active
substances in engine oil;

* the technology of determining the marginal angles of wetting and the
thickness of the lubricating film.

Received further development:

* technology for determining mechanical losses in diesel engines of sea and
inland water transport vessels;

« technology for measuring the total alkaline number of motor lubricants used
in diesel lubrication systems of marine and inland water transport vessels.

The practical significance of the obtained results is as follows:

* technology for determining mechanical losses in diesel engines of sea and
inland water transport vessels;

* technology for measuring the total alkaline number of motor lubricants used
in diesel lubrication systems of marine and inland water transport vessels.

The results of the dissertation research were implemented:
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 a unit for dosing the surfactant to the motor lubricant, which ensures the

formation of their stable mixtures, in the circulating lubrication system of the

6EY18AL Yanmar diesel engine of a vessel with a deadweight of 27,540 tons,

which made it possible to increase the mechanical efficiency of the diesel engine

by 3.2 % and achieve a 2.5-fold reduction in the relative reduction of the total
alkalinity of motor oil;

« technology that contributes to the formation of an additional nanolayer of
organic coating on the surfaces of the bearing bushing — on the CatCl18 diesel
engine of the vessel with a deadweight of 8,340 tons, which ensured the course of
dynamic transient processes with less overshoot of the rotation frequency and a
shorter time to reach a new stable mode of operation and on the engine 5L.23/30
MAN-Diesel&Turbo ships of the Bulker Carrier class with a deadweight of
34,630 tons, while providing a 2.2-4.5-fold reduction in the rate of decreasing the
total alkaline number and a 1.8-2.6-fold reduction in the number of particles
characterizing wear of contacting surfaces and contamination of lubricants, as well
as the energy efficiency and environmental indicators of diesel operation are
improved;

* an improved circulating lubrication system, which allows the use of surface-
active substances, on a 6L16/24 MAN Diesel of a General Cargo class ship with a
deadweight of 15,600 tons, which contributed to a 3.2 % increase in the
mechanical efficiency of the diesel engine and a 2.2-fold reduction in the relative
decrease in total alkaline number of engine oil, as well as a 6.19 % reduction in
compression pressure and a 5.34 % increase in exhaust gas temperature during
1000-hours of diesel engine operation;

* the technology of complex control of the structural characteristics of motor
lubricants, which involves the application of organic coatings to the contacting
surfaces and the addition of surface-active substances to the lubricant with an
optimal concentration, in the circulation lubrication system of the 61.23/30 MAN-
Diesel&Turbo diesel engine of the Bulk Carrier class ship with a deadweight of

37,620 tons, with this achieved a 2.3-fold decrease in the rate of oxidation of
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engine oil, a 4.4 % decrease in the temperature of exhaust gases; an increase of
2.54 % in the mechanical efficiency of the diesel engine; 7.23 % increase in
pressure at the end of compression;

» technology for controlling the structural characteristics of lubricants used in
cylinder lubrication systems — on the 6S60ME-C9 MAN-Diesel&Turbo diesel
engine of the Bulk Carrier class vessel with a deadweight of 37,620 tons (at the
same time, a 2.1-fold increase in the relative decrease in the total alkaline number
was ensured) and on the 8K8OME diesel engine MAN-Diesel & Turbo vessels of
the Container Ship class with a deadweight of 37,620 tons (at the same time, a 2.8-
5.7-fold slowing down in the relative decrease in the total alkaline number was
ensured);

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

the technology of carrying out optical studies on the measurement of marginal
wetting angles and determining the thickness of the lubricating film, the
technology of applying nanolayers of organic coatings and the technology of
manufacturing stable mixtures of surface-active substances and motor lubricants —
during the teaching of the educational component "Research practicum" (for
holders of the scientific degree of Doctor of Philosophy);

the sequence of determining mechanical losses in marine internal combustion
engines during the use of motor lubricants with different structural characteristics —
during the presentation of the educational components "Energy resource
conservation in marine and inland water transport" (for PhD candidates) and
"Energy conversion processes of ship power plants" (for Master's degree holders);

the method of determining the rate of change of the total number of arcs —
during the presentation of the educational components "Environmental safety and
alternative energy sources" (for Master's degree holders) and "Technology of the

use of working substances" (for Bachelor's degree holders).
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Key words: bearing bushing, diagnostics, performance indicators, energy
efficiency, wear, marine transport, motor lubricant, reliability, plain bearing,
piston, piston ring, lubrication system, cylinder lubrication system, circulating

lubrication system, structural characteristics, marine diesel, cylinder liner.
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[11, 12] — development of technology for conducting experimental studies,
determination of operational indicators of ship diesel engines, processing and
analysis of the obtained experimental values;

[13] — conducting experimental studies, developing recommendations for the
use of lubricants in the marine diesel lubrication system;

[14], [15], [16] — conducting experimental studies in ship diesel engine
lubrication systems;

[18], [19] — determination of the optimal modes of operation of marine diesel
engines when using motor oils with different structural characteristics in

lubrication systems.
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BCTVII

AKTyaJbHiCTh TeMH. MOPCHKUI Ta BHYTPIIIHIA BOJAHUN TPAaHCIOPT 3aliMae
JIOMIHYIOU€ CTAHOBHILIC Y CBITOBIM TOPTiBJIl MPOTATrOM cTa PokiB. IlepeBe3eHHs
BAHTAXIB Ta MMACaXXUPIB MOPCHKHUMH Ta OKEAHCHKMMHU IUIAXaMU € CKJIaJ0BOIO
€KOHOMIKH BCIX KpaiH, 1[0 MarOTh BUXiJ 10 Mops. OOCATH MOPCHKUX MEpPEBE3CHb
3HAYHO TEPEBUINYIOTh AHAJIOTIYHI MOKA3HUKH JUIS aBlallifHOTO, 3aJII3HUYHOTO Ta
aBTOMOOUTEHOTO  TpaHcmopty. CydacHi  CyAHa-KOHTEHHEpOBO3M  37aTHI
tpancnoptyBatu Ao 24000 TEU, nadtoBi Tankepu — g0 650000 TOHH piaxux
HaQTOMPOYKTIB, HaBaMOBAIbHI cyqHa — J0 210000 TOHH HACUITHUX BaHTAXIB,
Kpyi3Hi naliHepu — 3a0e3neuyBaTi BIAMOYMHOK Ta epeBo3utu A0 8000 macaxxupis.
3a0e3neueHHs] TaKuX TepeBe3eHb HEMOXKIMBE 0€3 MIATPUMKH (YHKI[IOHATIHLHOIO
CTaHy KOpIyCy, HaBiramiiiHoro Ta mnajlyOHOro oOOJaJHAHHS  CYJHA,
EKCIUTyaTallfHUX XapaKTepUCTUK CyaHoBOi eHepretnyHoi yctaHoBku (CEVY) Ta
CUCTEM, IO MIATPUMYIOTH i1 HaJlHY Ta Oe3aBapiiiHy poOOTy, a TAKOXK BUKOHAHHS
MDKHAPOJIHUX Ta HAIIIOHAJILHUX BUMOT IOJI0 3aXUCTY JOBKULIS BiJl 3a0py/IHECHbD.

OCHOBHMM THUIIOM TEIUIOBUX JIBUTYHIB, III0 BCTAaHOBIIOIOTHCS Ha CyJIHAX
MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY Ta BUKOPUCTOBYIOTHCS IS
OTPUMaHHs KOPUCHOI poOOTM Ta TNOJANBIIOTO 3a0e3ledeHHs pyxy abo
€HEpPreTHYHUX MOTped CyJHa, € IBUT'YHU BHYTPIIHbOTO 3ropsHus ([AB3) / nuzeni.
[lepuroueproBy posib y 3abe3nedeHHl iX (YHKI[IOHYBaHHS Ta €KCIUTyaTaliiHOi
HAJIIMHOCTI BIMITPalOTh IMPOIECH MAICHHS, K1 3I1HCHIOIOTHCA MIK OCHOBHUMH
KOHTaKTHUMH €JEMEHTaMU [IU3€JiB — MOPIIHEBUMHU KUTBISIMH Ta IMIIHIPOBOIO
BTYJIKOIO, @ TaKOXX BKJIAJUINEM IMAMIMITHAKA Ta KOJIHYATAM BajoMm. HasiTb
KOPOTKOYAaCHE TMOPYIICHHA PEXHMIB MAIICHHS MK BKa3aHUMHU €JIEeMEHTaMU
MPU3BOAUTE 10 CTPUOKOMOAIOHOTO 30UIBIICHHS] MEXaHIYHUX BTpAT, IMiJABUIICHHS
JUHAMIYHUX Ta TEMIEPATyPHUX HABAaHTAXKEHb Ta MOXKE CTATH MPUYHHOIO poOOTH
Iu3eNis B KPUTUYHOMY a00 HAJKpUTUYHOMY EKCIUIyaTallifHOMY pexXuMi Ta

BUHUKHEHHSI aBapiMHUX CUTYyaIlld, Y TOMY YHUCJl MPU3BECTH JO 3HECTPYMIICHHS
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cynHa a0o 3ynmMHKH pyxy CyAHa. BukinazgeHe MIATBEPIKYE aKTYaJbHICTh
PO3B’sI3aHHSI HAYKOBO-TPUKJIAJHOTO 3aBJaHHS 3 3a0€3MEUCHHS PEKUMIB MAIICHHS
JTU3EJTIB CYZIeH PIYKOBOI'O Ta MOPCHKOTO TPAHCTIOPTY.

3B's130K po00TH 3 HAYKOBMMH NpOrpamMamMu, IJIaHaMu, TeMamu. Poborta
BUKOHYBajacs BIJMOBIAHO A0 TOJIOKEHb TpaHCmOpTHOI crTpaTerii YKpaiHu Ha
nepiog 1o 2030 poky (po3n. KMV 30.03.18 p. Ne430-p); a Takox y paMKax
JEpKOIOIKETHOT  HAyKOBO-IOCHiAHOI poOoTu HamioHanbHOTO — yHIBEpCUTETY
«Onecbka Mopcbka akaneMis» «lIporHo3yBaHHs €KCIUTyaTal[liHOTO TEXHIYHOTO
CTaHy CYJHOBOI IMPOITYJILCUBHOI YCTAHOBKM HAa OCHOBI KOHTPOJIO 11 BIOpaIiitHO-
KOoJuBajgbHUX xapakrepuctuk» Ne /[P 01190001654 (2021-2024 pp.), y sKux
aBTOp AMCEpTaIlii OpaB y4acTh Y BAKOHAHHI OKPEMHUX PO3ILIIB.

[IpoBeneHHst JOCTIAKEHD, III0 BUKOHAHI B pOOOTI, HOTOJIKY€ETHCS 3 BAMOTaMU
pesomonii MEPC.346(78) mpo po3poOKy IIaHy eHepreTuyHoi e(heKTHUBHOCTI
cynHa, mo npuiHaTa 10.06.22 p. Mi>kHapoAHOT MOPCHKOT OpraHi3alli€lo, B sKii sK
OJIMH 31 CIOCOOIB MIJBUIIEHHS EHEPreTHYHOi e(EeKTHUBHOCTI 3ampONOHOBAHI
pEeKOMEH1allii 3 MepeI0BOT MPAKTUKU MaTuBO30epirarodoi eKcruryaTalii Cy1eH.

Mera pocaimkeHnsi. MeToro JOCTIKEHHS € MIATPUMAaHHS €KCIUTyaTaliiiHuX
XapaKTEPUCTUK JU3ENIB CYJIEH PIYKOBOTO Ta MOPCHKOT'O TPAHCIIOPTY.

OCHOBHOI0 HAYKOBOI TiNoOTe3010 JOCIIXKEeHHsI € Te3a, 10 IMIIATPUMAHHS
eKCIUTyaTal[lfHUX XapaKTEepUCTUK JAHU3ENIB CYJEH pPIYKOBOIO Ta MOPCHKOIO
TPAHCHOPTY AOCSTAEThCA YIOCKOHAJICHHSM IMPOIECY MAICHHS iX LUIIHIPOBOI
Tpyny Ta MAIIUIHUKIB KOB3aHHSA IUISXOM KEPOBAHOTO BIUIMBY Ha CTPYKTYpHI
XapaKTepUCTUKU MOTOPHOTO MacTHJIA.

I'ojioBHe 3aBaHHS HAYKOBOI'O JOCJiUKeHHsI TOJIArae B YJAOCKOHAJEHHI
IPOLECIB MAIlleHHs [WJIIHAPOBOI IPyNH Ta MIAIIUIHUKIB KOB3aHHS JU3ENIIB Cy/ICH
PIYKOBOTO Ta MOPCHKOTO TPAHCIOPTY HUIAXOM KEPOBAHOIO BILIMBY HA CTPYKTYpHI
XapaKTepUCTUKU MOTOPHOTO MAaCTHJIA, IO MOJIIIE KOHTAKTHI TOBEPXHI.

JIst po3B’si3aHHS TOJIOBHOTO 3aBJaHHS JOCIHIIKEHHS PO3B’s3aHI HACTYIIHI

JOTIOMIKHI 3aBJIaHHA:
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1) BU3HaueHHs SKICHOTO Ta KUIbKICHOTO KPHUTEPIiB OLIHKH CTPYKTYpHHUX
XapaKTEPUCTHUK MOTOPHUX MACTHJI, 110 BUKOPUCTOBYIOTHCS B CHCTEMaX MAIICHHS
JIM3€J11B MOPCHKOTO Ta BHYTPIIIHBOT'O BOJJHOTO TPAHCIIOPTY;

2) BU3HAYEHHSI CMOCOOIB Ta TEXHOJOTIYHUX pIlIEHb, SIKI CHPHUSIIOTH
MIJBUIIEHHIO CTPYKTYPHUX XapaKTEPUCTUK TOHKUX MACTWIBHUX IUTIBOK, IO
NOAUIIOTh KOHTAKTYIOUl TIOBEPXHI CYIHOBMX JM3€JIB TIIiJI Yac IIPOIIECiB
TIAPOAMHAMIYHOTO Ta TPAHUYHOTO MAIEHHS;

3) BU3HAYEHHs BIUIMBY CTPYKTYPHUX XapaKTEPUCTHUK MOTOPHHUX MAaCTUJ Ha
po0OOTYy MUPKYIAMIKHUX CUCTEM MAICHHS IU3ETIB MOPCHKOTO Ta BHYTPIIIHHOTO
BOJHOTO TPAHCIIOPTY;

4) BU3HAYEHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTHK MOTOPHHMX MACTHJI Ha
poOOTYy LMIIHAPOBUX CHCTEM MAIEHHS JTU3ETIB MOPCHKOTO Ta BHYTPILIHBOTO
BOJHOTO TPAHCIIOPTY.

OO6’exT I0CaiIAKEeHHsT — TIPOIIEC eKCIUTyaTallii IU3eiiB CyJIeH MOPChKOTro Ta
BHYTPIIIHHOTO BOJTHOTO TPAHCIIOPTY.

IIpeamer [ociilzKeHHs1 — TpoOLEC MAIIeHHS IWIHAPOBOI TpyNH Ta
MIIIUITHAKIB KOB3aHHS JHU3ETIB CYJACH MOPCHKOTO Ta BHYTPINIHBOTO BOJHOTO
TPAHCIIOPTY.

[ix yac qociaKeHHs BAUKOPUCTOBYBAJIUCH TEOPETUYHI Ta EMIIIPUYHI METOH
JOCJIIIKEeHHS, a caMme:

eleyKIIi Ta HAYKUIi (M7 Yac MaTeHTHOro Ta 1H(MOpPMALIHHOIO MOILIYKY, a
TaKOXX aHa3y JITEPATYPHUX JHKEPEI, TTOB’ A3aHUX 13 HAITPSIMKOM JTOCIIIKEHHS);

o IIAICKTUKH, CHHTE3y Ta aHamizy (I dYac TIIOCTAaHOBKHM 3aBJIaHHS,
(dbopMyIIFOBaHHS METH, TOJIOBHOTO Ta JIOMMOMDKHUX 3aBJIaHb JOCHIKCHHS, a TaKOX
PO3POOKU TEXHOJIOTTYHOI KapTH HAYKOBOTO JTOCIIKEHHS );

®MAaTEeMATUYHOTO MOJEIIOBaHHS (T dYac CKJIaJaHHS MOJEN MpeaMeTy
JIOCITIJIPKEHHSI T4 BU3HAYEHHSI BIUIMBY 30BHINIHIX Ta BHYTPIIIHIX 30ypeHb Ha MO0

XapaKTePUCTUKH );
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®MOHITOPUHTY, MPOTHO3YBAaHHS, CIOCTEPEKEHHS, BUMIPIOBAHHS, CTaTUYHOI

00poOKHM AaHUX (I1]1 4ac MPOBEICHHS €KCIEPUMEHTIB Y HAYKOBUX JJabOpaTopisx Ta
Ha CyJIHaX MOPCHKOT'O TPAHCIIOPTY).

HaykoBa HoBH3Ha poOOTH TOJSITa€E B TOMY, IO MiATPUMAaHHS
eKCIUTyaTal[lfHUX XapaKTEpUCTUK TU3EIB CyIE€H MOPCHKOTO Ta BHYTPIIIHBOTIO
BOJITHOTO TPAHCIIOPTY JOCSTAETHCS IMMIJABUIIEHHSM TiJpaBlIivyHOi IIIJILHOCTI B
TPUOOJIOTIYHUX CHUCTEMaX BKJIQJAMII MIJAMIUIHUKA — MACTWIBHUM mmap —
KOJIIHYATHI BaJl Ta MOPIIHEBE KUIbIIE — MACTHJIBHHM MIap — IHIJIIHAPOBA BTYJIKA
IUISXOM KEPOBAaHOTO BIUIMBY Ha CTPYKTYpHI XapaKTEPUCTUKA MOTOPHOTO
MacTHJIa, 10 BUSBIISETHCS B 301IbIIEHHI KPaOBUX KYTiB 3MOUYBAaHHSI Ta TOBIIMHU
MaCTHJIHHOT TUTIBKH.

Y pe3yabTarti 10CiIKeHHs BIieplie:

®3aMpPONOHOBAHO SIK KUIBKICHUM KpUTEPId CTPYKTYPHUX XapaKTEPUCTUK
MOTOPHUX MAacCTWJI, L0 BHUKOPUCTOBYIOTbCS B CHUCTEMax MalIeHHS AU3ETiB
MOpPCBKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY NPHUHATH TOBIIUHY
MAaCTUJILHOI TUTIBKH, IO TOJAUISE KOHTAaKTYIOUl MOBEPXHI, SIK SKICHUN — KpaioBi
KyTH 3MOUYYBaHHSI, 1[0 YTBOPIOE MACTHIIO;

®3aIPOMTIOHOBAHO OIIHIOBATH 3JaTHICTh MOTOPHOTO MacTujia 3a0e3reuyBaTH
IpOLEC MAIlleHHS 332 3HAUEHHSM KpalloBHX KyTiB 3MOYYBaHHS, SIKI YTBOPIOIOTH 11
MacTHJIa Ha KOHTAKTYIOUUX MTOBEPXHSX;

®BH3HAYCHO BIUIMB CTPYKTYPHUX XapaKTEPUCTHK MOTOPHHUX MACTWJI Ha
JTUHAMIYHI XapaKTEPUCTUKU CYJAHOBHX JU3EIIB MiJ Yac PEXKHUMIB IyCKy Ta
CTPUOKOMOAIOHOT 3MUHN HABAHTAXKCHHS;

®BBE/ICHO TMOHATTS «IIBUAKICTH 3MIHM 3arajlbHOrO JIy>)KHOTO 4YHCIa» Ta
3aIMpPONOHOBAHO BUKOPUCTAHHSA I11i€1 BEIMYMHU JJIA OI[IHIOBAHHS SKOCTI IMPOIIECY
MAaIIEHHs Ta BIPOT1JHOCTI BUHUKHEHHS aBapiitHOI CUTYaIlli.

YaockoHalIeHO:

®TCXHOJIOTII0O HAHECEHHs OpraHIYHUX TOKPUTTIB HA TMOBEPXHI Jerajeit

JU3€eJIiB CYIEH MOPCHKOIO Ta BHYTPIIIHHOTO BOJTHOTO TPAHCHIOPTY;
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®TEXHOJIOTII0O CTBOPEHHS CTIHKUX CyMilled MOTOPHOTO MacTHjia Ta
MIOBEPXHEBO-aKTUBHHUX PECUOBHH,;

eCroci0 BH3HAUCHHS ONTUMAJbHOI KOHIICHTpAllli IMOBEPXHEBO-aKTUBHUX
PEYOBHH Y MOTOPHOMY MaCTHJIi;

®TEXHOJIOTII0O BHU3HAUEHHS KpaloBHX KyTIB 3MOYYBaHHS Ta TOBIIUHU
MaCTHJIbHOT TUTIBKH.

OTpuMmaJsia nogajabIIMi PO3BUTOK:

® TEXHOJIOT1Sl BUBHAUYCHHS MEXaHIYHUX BTPAT y JIU3EJSIX CYJI€H MOPCHKOTO Ta
BHYTPIIIHHOT'O BOJTHOTO TPAHCIIOPTY;

® TCXHOJIOTiSl BUMIPIOBAHHS 3araJIbHOTO JIY)KHOTO YHCJIa MOTOPHHMX MAacCTHIIA,
[0 BUKOPUCTOBYIOTHCS B CHCTEMax MAaIlleHHS AW3ETiB CYACH MOPCHKOTO Ta
BHYTPIIIIHHOTO BOJTHOTO TPAHCIIOPTY.

IIpakTHYHe 3HAYEHHS] OTPUMAHHUX PE3yJIbTATIB MOJISATAE B HACTYITHOMY:

©3a20€3MeUYeHHsT PEKUMIB MAIlIEHHS CYJHOBUX JM3ETIB (Uepe3 MiATpUMaHHS
CTPYKTYPHUX XapaKTEPUCTHUK MOTOPHOTO MAaCTWJIA) MPU3BOJIUTH 10 3MEHIIEHHS
KOHTAaKTHUX HANpPY>XeHb MI)K KOHTAKTYIOUMMH MOBEPXHAMHU (11O B1I0OpaKaA€THCA
B 3HMKEHHI B MOTOPHOMY MACTHJII YaCTOK, 10 XapaKTepU3yIOTh 3HOLITYBaHHS Ta
3a0pyaHEHHs ), 301IBIIEHHS T1APABIIYHOI IIIIBHOCTI MK MTOPITHEBUMH KUTBIIMU
Ta LWIHIPOBOI BTYJIKOK (IO MIATBEPIKYEThCS YHOBUIBHEHHSAM IaJIIHHS
3arajbHOTO JIY>KHOT'O YUCJIAa Ta OUTBII TPUBAJIUM MIATPUMAHHSIM TUCKY CTUCHEHHS
Ta CTallII3alli€l0 TeMrepaTypyd BUIYCKHUX Ta3iB), MOJIMIICHHS EKOJOTTYHUX
MOKa3HUKIB pOOOTH JTn3eiis (PO 110 CBIIYUTH 3HM>KEHHS €MICIi OKCH/IIB a30Ty) Ta
MIJBUIIYE €HEPreTUYHY €(PEeKTUBHICTh U3EINA, a caMe — CHpHs€ 30UIBIICHHIO
MEXaHIYHOTO KOE(ILIEHTY KOPUCHOI 11

®TEXHOJIOTISI HAHECEHHS OPraHiYHMX TIOKPUTTIB HA TOBEPXHI BKJIAUIIIB
HIIIMITHAKIB Ta CHOCi0 YTBOPEHHS CTIMKMX CyMillled MOTOPHOTO MacTuja Ta
MMOBEPXHEBO-aKTUBHUX PEUYOBHH MOXE BUKOPHUCTOBYBATHCS B CHCTEMAaX MaIlleHHS
OyIb-IKUX JAW3eNiB, aje Ouabll epeKTUBHE WOro 3acTOCYBaHHS IS
YOTUPHUTAKTHUX JU3EJIB MaJioi Ta CepeHbOI MOTYXKHOCTI (4epe3 MEHII po3MipH

Ta MEHIINI 00CSIT MOTOPHOTO MAacTHIIA, IO 3HAXOAUTHCS B CUCTEMI MAICHHS).
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Pe3yabTaT qucepTaniiHOrO A0CHi>KEHHS BIIPOBA/IKEHI:

®(0JIOK JTO3yBaHHS MOBEPXHEBO-aKTHBHOI PEYOBHHH JO MOTOPHOTO MACTHJIA,
o 3abes3reuye yTBOPEHHS iX CTIMKMX CyMilled, — y CHUCTeMi HMPKYJAIIHHOTO
MamieHHs guzenst 6EY18AL Yanmar cynna geneditom 27540 TOHH, 110
703BOJIMIIO Ha 3,2 % MIABUIIMTUA MEXaHIYHUN KOEPIIIEHT KOPUCHOI Al Tu3ens Ta
JOCSTTA 2,5 KPaTHOTO 3MEHILIEHHS BIJIHOCHOTO 3HUXEHHS 3arajbHOro JIy>KHOTO
YKCJIa MOTOPHOTO MaCTHJIA,;

® TEXHOJIOT1s, 110 CHPHSIE YTBOPEHHIO JOJATKOBOTO HAHOIIAPY OPTraHidHOTO
MOKPUTTSI Ha TMOBEPXHSIX BKJIAIUIIB MAMUMHUKIB — Ha nuzeni CatCl8 cynHa
neaseiitom 8340 ToHH, 1m0 3a0e3meymso mepedir IUHAMIYHHX —TEepeXiTHuX
MPOIIECIB 3 MEHIIIMM 3aKHJIOM YacTOTH OOepTaHHS Ta MEHIIMM YacOM BHUXOJY Ha
HOBUM cTajmuil pexxuMm podotu Ta Ha auzenm 51.23/30 MAN-Diesel&Turbo cynna
knacy Bulker Carrier npenseditom 34630 ToHH, mpu 1bOMY 3a0e3MeUyeThCs
2,2...4,5 KpaTHe 3MEHILEHHS MBUAKOCTI 3HWKEHHS 3araJIbHOTO JIY>KHOTO YKClIa Ta
1,8...2,6 KpaTHE 3MEHILIEHHS KUIBKOCTI YaCTOK, 1110 XapaKTepU3yIOTh 3HOLITYBaHHS
KOHTaKTYIOUHUX TIOBEPXOHb Ta 3a0pyJHEHHS MAacTWJa, a TaKOXK IMITPUMYIOTHCS
€HEPreTUYH1 Ta MOKPAILYIOTHCA €KOJIOT1UHI MOKA3HUKH POOOTH AU3EIIS;

®yIOCKOHAJICHA CHUCTEMAa IUPKYJAIINHOTO MAIleHHS, fKa JI03BOJISIE
BUKOPHCTOBYBaTH IIOBEpXHEBO-aKTHBHI pEYOBMHH, — Ha guseni 6L16/24
MAN Diesel cyana kmacy General Cargo nenpeiitom 15600 TOHH, IO CHPHSIIO
301bIIeHHI0 Ha 3,2 % mexaniyHoro KKJ[ auzenst ta 2,2-kpaTHOMY 3MEHILIEHHIO
BIJIHOCHOTO 3HIKEHHS 3arajIbHOTO JY>KHOTO YHCJIa MOTOPHOTO MacTHJIA, a TaKOX
YHOBUIbHEHHIO Ha 6,19 % 3HWKEHHSI TUCKY CTUCHEHHs Ta Ha 5,34 % miABUIIIEHHS
TeMIIepaTypu BUITYCKHUX ra3iB mig yac 1000-roquHHOI eKcIuTyaTarii Ju3es;

®TEXHOJIOTISl KOMILJIEKCHOTO KEPYBaHHSI CTPYKTYPHUMH XapaKTepUCTUKaAMU
MOTOPHUX MACTHJI, siKka Iepeadayae HAHECEHHS Ha KOHTAKTyH4l TIOBEPXHI
OpraHiYHUX MOKPHUTTIB Ta JOJABaHHS J0 MACTHJIa TTIOBEPXHEBO-aKTUBHUX PEUOBUH
3 ONTUMAJBHOI KOHIIEHTPAIIE€I0, — Y CUCTEeMI IUPKYJISALINHOTO MAIICHHS JTU3eIIs
61.23/30 MAN-Diesel&Turbo cynna knacy Bulk Carrier geasetitom 37620 ToHH,

npu IOMY OYyJI0 MOCATHYTO 2,3-KpaTHE 3HIDKEHHS IMBUIKOCTI OKUCIEHHS
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MOTOPHOTO MacTuia, 3HWKeHHI Ha 4,4 % TtemmepaTypud BHUIYCKHHMX Ta3iB;
30umpIeHHs Ha 2,54 % MexaniuyHoro KKJI muzens; 36impmensas Ha 7,23 % Tucky
HaIPUKIHII CTUCHEHHS,

®TEXHOJIOTISl KEPYyBaHHA CTPYKTYPHHMH XapaKTEPUCTUKAMHU MAaCTUJ, IO
BUKOPHCTOBYIOTHCS B CUCTEMAaX IMJIIHIPOBOTO MaIIeHHs, — Ha au3eni 6S60ME-C9
MAN-Diesel&Turbo cynna wmacy Bulk Carrier aeasetitom 37620 ToHH (mpu
npoMy Oyno 3abesmedeHo 2,1 kpaTHe 30UIBIICHHS BIIHOCHOTO 3HUKCHHS
3arajpbHOTO JIy)HOTO urcia) Ta Ha au3eni SKEOME MAN-Diesel & Turbo cynna
kiacy Container Ship nenseittom 37620 ToHH (mpu 1LOMY OyJIO 3a0€3MEUYEHO
2,8...5,7 xpaTHe 301JIbIIIEHHS BITHOCHOTO 3HIKEHHSI 3aTAJIbHOTO JTY)KHOTO YHCIIA);

ey ocBiTHROMY Tporieci HarmionaneHoro ysiBepcutety «Onecbka MOpPChbKa
aKajieMis», a came:

TEXHOJIOT1sI MPOBEACHHS ONTUYHUX JOCIHIKEHb 3 BUMIPIOBAaHHS KpanlOBUX
KyTiB 3MOYYBAaHHS Ta BH3HAYCHHS TOBIIMHU MACTHJIBHOI IIIiBKH, TEXHOJOTIS
HAHECEHHS HaHOLIAPIB OPraHiYHUX MOKPUTTIB Ta TEXHOJOTIS BUTOTOBJIEHHS
CTIHKHMX CyMIillIell TOBEPXHEBO-aKTUBHUX PEYOBUH Ta MOTOPHUX MACTHJI — TIiJ] 4ac
BHUKJIQJIaHHS OCBITHROTO KOMIIOHEHTA «JIOCHIMHUIBKUAN MpaKTUKyM» (s
3100yBauiB HAYKOBOTO CTYIIEHS OKTOp (pitocodii);

MOCITIIOBHICTh BHU3HAYCHHS MEXaHIYHUX BTpPAaT Yy CYIHOBUX JIBHUTYHaX
BHYTPIIIHBOTO 3TOPSHHA IMiJI YaCc BUKOPUCTAaHHS MOTOPHUX MAacTWJI 3 PI3HUMHU
CTPYKTYPHUMH XapaKTECPUCTUKAMHU — I 9ac BUKJIAJAHHS OCBITHIX KOMIIOHCHTIB
«EHepropecypco3OepekeHHSI Ha MOPCHKOMY Ta BHYTPIIIHBOMY BOJAHOMY
TpaHcmopTi» (s 3700yBadiB HAYKOBOTO CTYIEHS JOKTop ¢utocodii) Ta
«IIporecu epeTBOPEHHSI €HEePrii CyTHOBUX CUIIOBUX YCTAaHOBOK» (/1 3100yBaviB
HAyKOBOT'O CTYTICHS MaricTp);

METO/i BU3HAUCHHS IIBUAKOCTI 3MIHHM 3arajibHOTO JYXKHOTO YHCJIa — IiJ 4Yac
BUKJIQJJaHHS OCBITHIX KOMIIOHEHTIB «EKojoriuna Oe3reka Ta albTepHATUBHI
JoKepena eHeprii» (s 3100yBadiB HAYKOBOTO CTYMEHs MaricTp) Ta « TexHooris
BUKOPUCTAHHA poOOOYMX peuoBUH» (I 3700yBaviB HAyKOBOTO CTYIECHS

OakasnaBp).
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Oco0ucTuii BHECOK 3/100yBay4a M0JIArae y:

®BHKOHAHHI MATEHTHOTO Ta 1H(QOPMAIINHOTO MOIIYKY, a TaKOX IMOIIYKY
HAayKOBHUX PO3pOOOK Ta aHaTI3y JITEPATypHUX JKEpEs, MOB’SI3aHUX 3 HAMPSIMKOM
JTOCJIIJIDKCHHS,

®pOo3po0Ill MaTeMaTWUYyHOI MOJIeJl TPOIECIB JUCHUMAIl eHeprii, 110
nepedirarTh Mij] 4ac MalleHHs KOHTAaKTHUX IMOBEPXOHb CYJHOBUX JIU3EIIIB;

®[IPOBEJICHHI  ONTUYHMUX JIOCHIPKEHb 13 BHU3HAYCHHS CTPYKTYpPHUX
XapaKTEPUCTUK CyTHOBUX MOTOPHUX MACTHII;

eMOJIepHI3allli CYITHOBUX CUCTEM MAIIICHHS 1] Yac BIIPOBAPKEHHS Ha CyaHAX
CUCTEMHU KEpyBaHHS CTPYKTYPHHMH XapaKTCPUCTUKAMH MOTOPHUX MACTHJI Ta
HaJAIITYBaHHI OONaAHAaHHsS, w0 3a0e3neuyye el Mpolec; MPOBEICHHI
BUNPOOYBAaHb HA CYJHAX MOPCHKOTO TPAHCIIOPTY.

PoGotu [74], [111], [113], [114], [125], [134], [212], [224], [227], [234], [235]
BUKOHAaHI aBTOPOM CaMOCTIITHO.

VY pobotax, ski oOIyOJiKOBaHI B CIIBaBTOPCTBI, 3100yBayeBl HaIeXaTb
ocobucro: [5],[213] — po3poOka TEXHOJIOTiI IMPOBEACHHS EKCIECPHUMEHTAIBHUX
JOCIIKeHb, BU3HAYCHHSI €KCIUTyaTaI[lHIX MOKa3HUKIB pOOOTH Cy/THOBUX JU3EINIB,
oOpoOka Ta aHali3 OTPUMAHUX EKCIIEPUMEHTAIbHUX 3HadyeHb; [88],[89] -
BU3HAUEHHS ONTHUMAIBHUX PEXHUMIB pPOOOTH CYJHOBUX JHM3ETIB TijJ dac
BUKOPHUCTAHHS B CUCTEMaX MaIlleHHS MOTOPHHMX MAaCTHJI i3 PI3HUMH CTPYKTYPHUMHU
xapakrepuctukamu; [75], [90] — nmpoBeneHHS €KCHEPUMEHTAIbHUX TOCIIIDKEHb Y
CHUCTeMaxX MaIleHHS CyIHOBUX 1u3eniB; [91] — mpoBeaenHs iH(opmalliitHOro
MOIIIYKY, BU3HAYCHHS OCHOBHUX EKCIUTyaTaIliiHUX XapaKTePUCTUK CYTHOBHUX
MOTOPHHUX MAacCTHJI, III0 PEKOMEHOBaH1 IS BUKOPUCTAHHS B CHCTEMax MallleHHS
CymHOBUX gu3eniB; [112] — mpoBeaeHHS eKCIEPUMEHTAIBHUX JOCIIIKCHD,
po3poOKa peKOMEeHJallli 1010 BUKOPUCTaHHS MacTujla B CHUCTEM1 MAIIICHHS
cynHoBoro aumsens; [151], [152] — y#ockoHaleHHS CYAHOBOI CHUCTEMHU
KOHTPOJIFOBAHHS Ta PETYJIOBaHHS 4YacTOTH OOEpPTaHHS CYJHOBOTO JTU3EJI,
MIPOBEJICHHSI EKCIEPUMEHTAIbHUX JIOCHIKEHb, MOHITOPUHI TMOKAa3HUKIB POOOTH

CYJTHOBOi JIOMOMIKHOT €HEpPreTHYHOI YCTaHOBKH, OOpOoOKa Ta aHami3 pe3yJbTaTiB
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excriepuMenTy; [178] — mpoBeneHHS eKCIepUMEHTATBHUX JOCHIKEHb, KOHTPOJIb
OCHOBHUX TIOKA3HUKIB POOOTH CYTHOBOTO JM3ENS, aHAJ3 KOMIOHEHTHOTO CKIIAIy
MOTOPHOI'O MacTuja, po3poOKa peKOMEHIAIld MO0 MOJAIbIIOT0 BUKOPUCTAHHS
MacTHJIa B CUCTEMI1 MaIlleHHSI.

Anpobanisi pe3yJabTatiB po6oTn. OCHOBHI pPe3yJbTaTi JOCTIHKEHb 32 TEMOIO
JUCepTaIliitHOT pOOOTH JOIOBIIATUCH, 0OTOBOPIOBAIIUCH Ta OYJIM CXBAJICHI HA HU3III
MDKHApOJHUX Ta BeeykpaiHChKkuX HayKOBUX KOH(EpEeHLiH, 30Kpema:

11-1%1 Mi>kHapoIHIM HAyKOBO-TIpaKTUUHIA KoH(pepeHIii «CydacHi eHepreTuyHi
YCTaHOBKHM Ha TPAHCIOPTI 1 TEXHOJOTIl Ta oOJagHAaHHS AJIs X 0OCITYrOBYBaHHS»,
08-10 Bepecnus 2020 p., XepcoH, XepCOHChKa JIep:KaBHA MOPChKa aKaIeMis;

12-1it MixHapoHil HayKOBO-TIpakTH4HIN KoHpepeHIi «CydyacHi eHepreTUyHi
YCTAHOBKHM Ha TPAHCHOPTI 1 TEXHOJIOT1T Ta 00JaqHaHHs sl iX 00CITyrOBYBaHHS,
06-08 Bepecus 2021 p., Xepcon, XepcoHCbKa JepKaBHA MOPChKa aKaIeMis;

HAyKOBO-TeXHIYHIN KoHGepeHuii «Mopcbkuili Ta PIYKOBHM  (IIOT
eKkcruryartamiss 1 pemoHT», 25.03.2021-26.03.2021 p., Opeca, HarionansHuii
yHiBepcuteT «O/iechbka MOpChbKa aKkajaeMisy»;

HAyKOBO-TeXHIYHIN  KoH(pepeHmii «Mopchkuif Ta  piuykoBUH  (IOT:
ekcrutyararisi 1 pemoHT», 24.03.2022-25.03.2022 p., Opneca, HamionansHuit
yHiBepcuTeT «Oliechbka MOPChbKa aKajaeMis»;

14-1i1 Mi>xkHapoiH1# HAyKOBO-IIPaKTU4HIN KOoH(pepeHIi «CyyacH1 eHepreTHHI
YCTAaHOBKH Ha TPAHCIIOPTI 1 TEXHOJIOTIT Ta 00JagHAHHS JUIsl 1X 0OCITyrOBYBaHHS,
16-18 6epesnst 2023 p., XepcoH : XepCOHChKa JIepKaBHA MOPChKa aKaIeMis;

MDKHApOJHIH HAayKOBO-TEXHIUHIH KoHpepeHili «Mopchkuil Ta piuKOBUN
drot: excrutyaTaitis i peMoHT», 22.03.2023-23.03.2023 p., Oneca, Hamionansuuii
yHiBepcuTteT «O1echka MOpChbKa aKaeMis»;

MDKHApOJIHIA HAyKOBO-TeXHIUHIA KoH(pepeHili «CydacHi iHpopMaliiiHi Ta
1HHOBaIiHI TexHojorii Ha Tpancnopti (MINTT-2023»), 24-25 TpaBus 2023 p.,
XepcoH, XepCoHChKa JepKaBHa MOPChKa aKkaIeMis;

IV-ii MDKHapoIHIM HAyKOBO-NIPAKTHYHIA KOH(epeHUli «JlHITPOBCHKI
ynutanHa-2023», 07 rpymus 2023 p., KwuiB, JlepkaBHuil yHIBEpCUTET

1H(}pacTpyKTypH Ta TEXHOJIOTIH;
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V-iii MiDKHapOJgHI MOpPCHKI HAayKOBO-TIPAaKTUYHIN KOH(epeHIii kadeapu
CEY i TE OHMY «Marine Power Plants & Operation MPP&O-2024», 05 6epe3us
2024 p., Oneca, Onecykuii HAIlIOHATBHUNM MOPCHKHIA YHIBEPCUTET.

Iy6aikamii. 3a Temoro aucepTanii omyOIiKOBaHO 22 HAyKOBI Mpals, 3 SKHUX
10 — y HaykoBUX (DaxoBUX BUAAHHSIX YKpAiHU, 110 BXOJSATH JI0 MEPEIKY HAYKOBHUX
dbaxoBux BuAaHb YKpaiHu (kateropii b), y SKUX MOXyThb MyOJIKyBaTHCS
pe3yabTaTH JUCEepPTALliiHUX poOIT Ha 3100yTTS HAYKOBHUX CTYNEHIB JOKTOpa HayK,
KaHAuAaTa HayK Ta CTyIneHs JokTopa ¢iutocodii; 2 — B IHO3EMHUX BUIAHHSX, SKi
BXOJISITh 10 MDKHApOJIHUX HayKOMETpHuHUX 0a3 manux Scopus Ta Web of Science;
1 — B iHo3emHOMY BuAaHHI kpainu €C (ABctpis); 9 — y 30ipkax I0omoBijaeH
MixHapOJHUX HAYKOBUX Ta HAYKOBO-MPAKTUYHUX KOH(EpPEHIIIH.

Crpykrypa Ta o00car aucepramii. Jlucepraiiis CKIamaeThcsi 3 TMEPENIKY
YMOBHHMX CKOPOYEHb, BCTYMY, I’SITH PO3/LIiB, BUCHOBKIB, MEPENIKY BUKOPUCTAHUX
JDKepenl Ta J0AaTKy (B SIKOMY HAJaHO aKTH BIPOBAKCHHS pe3yJIbTaTiB
JOCHIKeHH). 3aralbHUil 00cAT AMCepTaliiftHOi poOOTH CTaHOBUTH 298 CTOPIHOK,
30KpeMa: OCHOBHHUH TeKCT 165 cropiHOk 3 aHoTariero Ha 20 cTOpiHKaX, MEpesik
BUKOPUCTaHUX JpKepen 13 235 HaliMeHyBaHb Ha 32 CTOpIHKaX, JOJaTOK Ha

9 cropinkax, 77 pucyHkiB, 71 Tabmauts.



37
PO3AUI 1. AHAJII3 JHTEPATYPHUX JIUKEPEJI I3 PO3B’A3AHHA
3ABJIAHHA 3ABE3IIEYEHHA PEXKMMIB MAILIEHHA IU3EJIIB CYAEH
PITYKOBOI'O TA MOPCBKOI'O TPAHCIIOPTY

[lepuuii po3aia AUCEPTALIHOTO JOCHIKEHHS TMPUCBSIUYCHO JITEpaTypHOMY
Ta 1HQOpPMAIIIIHOMY TOIIYKY HAyKOBUX Ta NPAKTUUYHUX JOCHIIKEHb, MIO0
CIIpSIMOBaH1 3a 3a0e3MeUeHHs MPOLIECIB MAIICHHS CYJHOBUX JU3EIIB SK T'OJIOBHOI
CKJIAJIOBOI €HEePTeTUYHUX YCTAHOBOK CYJCH MOPCHKOTO Ta BHYTPIIIHHOTO BOJTHOTO
TPaHCIIOPTY.

OcHoOBHI pe3ynbTaTh po3auty 1 BimoOpaxkeHi B mxepenax [5], [74], [75], [88],
[89], [90], [91], [111], [112], [113], [114].

1.1. JIBUTYHU BHYTPIIIHBOTO 3TOPSIHHS CYJIEH MOPCHKOTO Ta BHYTPIIIHBOTO
BOJITHOTO TPAHCIIOPTY: Kiacudikailis, OCHOBHI €eHEpreTUYHI, €KOJIOT14H1 Ta
€KOHOMIYHI MOKa3HUKH Ta MPU3HAYCHHS CUCTEM, 10 3a0€3MeUyI0Th 1X

(GyHKI10HYBaHHS

JIBUTYHH BHYTPILIHBOTO 3rOPsIHHS (AM3€11) € HAMMOIUPEHIIIMMH TEMIOBUMHU
JBUTYHAMH 3 YCIX, [0 BHUKOPUCTOBYIOTbCS Ha TpaHcmopTi [1,2]. Huzem €
JDKepelaMHi MEXaHIYHOI eHeprii aBTOMOOUIBHOTO, 3aiI3HUYHOTO, MOPCHKOTO Ta
BHYTPIITHBOTO BOJHOTO TPAHCIOPTY, a TaKOX CiIbCHKOTOCIIOAAPCHKOI Ta
MOOUIBHOI (MasTorabapuTHOI YK IEPEHOCHO1) TexHiku [3]. JIBUTYHHU, 110 3'IBUITUCS
B ocTaHHl 3...5 pokiB, $SKi BHKOPUCTOBYIOTb €HEPIil0 aKyMYJSITOPHHUX
CIEKTPUYHUX OaTapeil, MOXKYyTh 3a0€3MEUUTH MOTPEOU JIMIlEe HE3HAYHOI YaCTHUHU
aBTOMOOLTLHOT TEXHIKM Ta CyAeH npuOepexHoro riaBaHHsa. Kpim Toro,
eKCIUTyaTalliiiHa MOTYXHICTh MOAIOHMX NBUryHIB He mnepeuirye 300...500 Br,

TPUBAJTICTh iXHBOI aBTOHOMHOI poOOoTHM cTaHOBUTH §...10romuH. Tomy Ha
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ChOTOJICHHSI HE OYIKYETHCS iXHBOTO TOIIMPEHHS HAaBITh Ha BEJIMKOBAHTAXHHUX
aBTOMOOUIAX, @ TUM OUIbIIIE — HA 3aJI3HUYHUX (EKCIUTyaTaliifHa MOTYKHICTh SIKHX
nocsirae  10000...12000 kBT), piukoBux (IIpuU TOTY>KHOCTI  €HEPreTHYHOL
ycranoBku 70 20000...25000 kBT) 1 MOpchkHX (3 CyMapHOIO MOTY>KHICTIO
TOJIOBHHMX 1 IOMOMDKHUX au3eibHuX ABUTYHIB 10 100000...120000 kBT) 3acobax
tpaHcnopty [4]. Came au3eni B AaHUN 4yac HaOyJIM JOMIHYIOUYOTO TMOUIUPEHHS HA
BCiX 0€3 BHHATKY CyJHaX MOPCBKOTO Ta BHYTPIIIHBOTO BOJHOIO TPAHCHOPTY
HE3aJIeKHO BIJI 11X BOJOTOHHAXXHOCTI, THUIy Ta TMpu3HadeHHsd. [IpoBigHi
nu3eneOyaiBHI KOHILIEpHH Ta (IpMH BHUITYyCKalOTh CYJHOBI AM3ENl B LIMPOKOMY
nianaszoHi po3mipiB (aiamerpoM muutiHzapa Big 0,1 g0 0,98 M), KITBKOCTI MITIHIPIB
(Big 4-x o 18-tu) ta motyxHocTi (Big 100 mo maibke 100000 xBT) [S5, 6].

JIB3 Ha cynHax MOpPCBKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY
BUKOHYIOTh (GyHKINT rogoBHux ABUryHIB (I'J[), a TakoX JONMOMDKHHMX JBUTYHIB
(AJ). YV nepuiomy BHMNAaAKy iX KOpPUCHA MOTY>KHICTb BUKOPUCTOBYETHCS IS
3abe3nedyeHHs pyxy cymaHa. [Ipum mpoMy 111 yHKINT BHKOHYIOTH SIK JBOTAKTHI
KpenubkondHi manoodeptoBi auzent (MOJI), a Tak 1 YOTUPHUTAKTHI TPOHKOBI
cepenubooberoBi muzeni (COJ). YV apyromy, mpu 1IbOMY BUKOPHUCTOBYIOTHCS
BuKkItouHO uvotuputaktHi COJl abo BucokoobeptoBi muzeni (BOJl), BoHu €
NPUBOJIOM  E€JEKTPUYHUX TEHEepaTopiB Ta 3a0e3MedyloTb TakKuM YHUHOM
(GYHKI[IOHYBaHHS CYJTHOBOI €JI€KTPOCTAHIII].

EdextuBnicte pobotu JIB3 cyleH MOPCHKOrO Ta BHYTPIIIHHOTO BOJHOIO
TPAHCTIOPTY BU3HAYAETHCA 1X E€HEPreTUYHUMH, €KOHOMIYHUMH Ta €KOJOTTYHUMHU
nokazHukamu (puc. 1.1).

OCHOBHMMHU €HEPTETUYHUMHU TTOKa3HUKAMHU CYTHOBUX JTU3ETIIB €:

® IHIUKATOPHUN TUCK y IWIHAPL p;, MIla, mo BuHWKae mig 4ac poOOUOTO
UKy, abo edeKTUBHUU TUCK p., MIla, mo xapakrtepusye MNOTYXHICTb, SKa
CIIO’KUBAETHCSI TPEOHUM T'BUHTOM (II0JI0 TOJIOBHOTO JABUTYHA) a00 €JIEeKTPUYHUM

reHepaTopoM (010 TOTTOMIXKHOTO ABUTYHA) [7, 8];
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BUTpaTa najiusa b, NO,
- " nuToMa eeKkTHuBHA CMICisi OKCHIB CIPKH
epCKTUBHUH THCK p, e
. BUTpaTa najmsa b, SO,
IHJIMKaToOpHa : . icis OKCHIIIB BVIY
ropa iukaroprnit KKJI n, CMICI ORCHIIE BYCICIVO
NOTYAHICTb N, CcO
eeKTHBHA p— eMicisl JIIOKCHAIB BYIVICLIO
b = epexkrupauil KK n, . 4
HOTY#HicTb N, CO,

CMICIsl HE3rOpLIMX
ByriesoHnx C, H

MAaKCHMaJlbHUH THCK
3TOPSHHS .

FOJIMHHA BHUTpaTa
nanuBa B,

BHUTpAaTa I1ajJluBa
Ha MHITHO TIJTABAHHA 8,_|

THCK HANPHUKIHII
CTHUCHCHHS P,

mexaniunuit KK n,

Puc. 1.1. OcHoBHI noka3Huku cyaHoBux /B3

®iHIWKATOPHA TOTYXHICTh NN;, KBT, 10 BUHUKAE B MWIIHAPI AU3ENS Ta
BU3HAYAETHCSI KOPUCHOIO POOOTOI0 poOOYOro LHUKITY, a00 epeKTUBHA MOTYKHICTb
N., kBT, sKa nepegaeTbes 3 BUXIIHOTO (IIaHII0 CrIoKuBavy eHeprii [9, 10].

Eneprernuna edextuBaicTh JIB3 Takox mMoxke OyTH OIlIHEHA 3a 3HAYEHHSIM
MaKCUMaJbHOTO THCKY 3TOpsSiHHS p,, Mlla, BeIMYMHOIO THCKY HaNpPUKIHII
CTUCHEHHs p., MIla ta mexaniunum KK/ 1,, skuii BpaxoBye MexaHI4HI BTpaTu
I1]1 Yac MePETBOPEHHS 1HAMKATOPHOT MOTY>KHOCTI B €()eKTUBHY.

[lin gac excruryaramii J[B3 3HaueHHs p;, a TakoX BEIMYUHHA p, Ta P,
BU3HAYAIOTHCSA IJISTXOM HOTO 1HIWIIFOBaHHS a00 aiarHoctyBanHs [11, 12].

JIo OCHOBHUX E€KOHOMIYHMX TIOKa3HHUKIB, IO XapaKTepU3ylTb poOOTY
JU3EN1B CYJI€H MOPCHKOTO Ta BHYTPILIHBOTO BOJHOTO TPAHCIIOPTY, BIAHOCSATHCS:

nmUTOMa 1HANKAaTOpHA / eheKTUBHA BUTpaTa nanusa b, / b,, kr/(kBt-ron);

iHaukaTopuuit / epextuBHuit KK n; / n,;

BUTpATa MaJMBa HA MIUTIO TUIAaBaHHS B, KT/MUJIS.

OCHOBHI €KOJIOT14YH1 MOKa3HUKU CYJHOBHX JW3€JIB BU3HAYAIOTHCS E€MICIEI0
okcuaiB azoty NOy, okcumiB cipku SOx Ta okcuaiB Byriemioo CO ta CO,, mo

MOTPAIISIOTh 10 JOBKIUIA 3 BUITyCKHUMHU Tazamu |13, 14]. 3nauenns emicii NOy
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ta SOx pernamentyioTbess BuMmoramu Jlonatky VI MikHapoaHOi KOHBEHLIT PO
3amo0iranHs  3a0pyaHeHHIO 3 cymeH 1973 poxy 31 3MiHamMu, BHECEHUMU
[TpoTokonom 1978 poxy (MAPIIOJI73/78) [15, 16].

Bukumu SOy pernamMeHTYIOThCS MacOBHM BMICTOM CIPKH B CYJHOBOMY
nanusi. 3 01.01.2020 p. Bianosigno 1o Hoxarky VI MAPITOJI73/78 BmicT cipku B
najauBl He nmoBUHEH nepepuinyBatu 0,1 % 3a yMOBHU eKcIuTyaTallli CyJHa B 30HaX
CHeIiaTbHOTO eKojoriyHoro KOoHTpoidto (Sulphur Emission Control Areas —
SECAs) ta He Oupmi HiX 0,5 % mig yac ekcrulyartalii cyAHa 1o3a pailoHamu
SECAs. BukopucranHa naiauBa 3 BMmicTOM cipku Outemn HiX 0,5 % 3a macoro
MOXJIMBHM JIMIIE 33 YMOBH JOJAaTKOBOTO OYMIIEHHS BUITYCKHHX Ta3iB Yy
CIICHIaIbHUX TEXHIYHUX TPUCTPOSIX (AK Takl 3a3BUYail BCTAHOBIIOIOTHCS

ckpybepm) [17, 18].

3navenus emicii CO ta C,H,,, HE periaMeHTy0ThCsl BUMOTaMU MI>KHAPOTHUX
KOHBEHIIIM Ta HaIlOHAJbHUX KJacU(IKAIIHHUX TOBApPHUCTB, MPHU ILBOMY
eKCIUTyaTarlisi CyJHOBUX IU3EJiB TOBUHHA BUKOHYBATHUCS 332 YMOBHU SIK MOKIIUBO
MEHIIIOi KOHIIEHTpAIlli IUX CKJIaJIOBUX BUITYCKHMX ra3iB [19, 20].

Buxumn NOx, SOx, CO ta C,H,, BIZHOCSATBCA OO0 TOKCHMYHHX ITOKA3HHUKIB
pOOOTH CYTHOBHX €HEPreTUYHUX YCTaHOBOK [21, 22].

Bukuau CO, BITHOCATBCS 10 MAPHUKOBUX Ta3iB Ta CIPUSIIOTH I1JBUILCHHIO
r1o00aabHOrO MoTerieHHs [23, 24].

JIo OCHOBHUX CHCTEM, IO MIATPUMYIOTh O€3BIIMOBHICTH POOOTH JTHU3ETIB
MOPCBHKHUX CYJICH, BITHOCATHCS TAJIMBHA, MAIICHHS T4 OXOJOKEHHS. 3aBISKH ITUM
CHUCTEMaM BHUKOHYETBHCS:

eriojlaya IMaJiiBa JO MMAJUBHUX HACOCIB BHCOKOTO THCKY Ta IMOJaJblIe
BIIOPCKYBAHHS MMajiuBa B MWJIIHIP nu3ens [25, 26];

eMaIllleHHs1 0aratbOX BY3JIB Ta KOHTAKTHUX MOBEPXOHH AU3ENS (KOJIHYATOTO
Ta PO3MOJILIILHOTO BajliB, ra3oTypOOHarHiTa4a, MAIIHAPOBOI BTYJIKH Ta MOPIITHEBUX
KiJIellb, MOTHJILOBOT'O, PAMOBOTO Ta T'OJIOBHOTO IMiIIIUITHUKIB) [27, 28];

 OXOJIO/DKCHHS IWUTIHAPOBOI BTYJIKH, KPUIIKKA IMWIIHApPA Ta BUITYCKHHUX

kiananis [29, 30].
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1.2. AHamni3 npu3HauYeHHs, KOMIUIEKTallli Ta (yHKI[IOHYBaHHS CUCTEM

MAIIeHHS JU3EJiB CyJIeH MOPCHKOTO Ta BHYTPILIHBOTO BOJJHOTO TPAHCIIOPTY

Opuiero 3 cucteM, o 3a0e3neuyloTh (YHKIIOHYBaHHS, HaAIHHICTh Ta
nparne3aaTHICTh AU3EeTiB CYJIeH MOPCHKOTO Ta BHYTPIIIIHLOTO BOJHOTO TPAHCIIOPTY
€ cucreMa MamieHHA. [liABUIIEHHA MOTYXHOCTI (K IMIIHIPOBOI, TaKOX
arperatHoi) Ta 30UIBIICHHS PO3MIpIB Ju3ens (JiaMerpa IMWIIHApa Ta XOdy
MOPIITHS) YCKJIATHIOE KOHCTPYKIIIO CHCTEMH MAIeHHS Ta 301IbIIy€e KUIbKICTDH
JIOTIOMDDKHOTO 00JIaTHAHHS, 1[0 BXOAUTH 10 11 ckiaxy [31-33].

[Ipormecu MalleHHs BiAIrparOTh MEPHIOPSIHY POJb MiJ Yac eKCIUTyaTalli Ta
3a0e3neyeHHss Oe3BIAMOBHOCTI CyOHOBMX jau3eniB. HaBiTe KopoTkodacHa
BIJICYTHICTh MAaCTWJIBHOTO MaTepiady MiX MOBEPXHSIMHU TepTs a00 BIAXWICHHS B
HEraTUBHUH 01K Mpolecy MaIleHHs BiJl pO3paXyHKOBOIO Ta TOMY O4YIKyBaHOTO abo
nepeadadyBaHOTO PEXKUMY MAaIICHHS MOXKE MPHUBECTH O BUHUKHEHHS aBapiiiHUX
CUTYyalllil Ta 3HWKEHHIO HAJIHHOCTI pOOOTH CYAHOBOi €HEPreTHUYHOI YCTAHOBKHU.
Oco0MBO HeCHpUSITIAWBI LI BHUIAAKMA IiJ] 4Yac 3axoay CYIEH J0 TOpTIB,
3HAXO/UKCHHSI CYACH Yy BY3BKOCTSIX, MNPHOEPE)KHUX 30HAX Ta B paldoHax
MIJBUIIICHOTO CYJIHOIUJIABCTBA, a TaKOX MiJ 4Yac POOOTH CYJIEH Yy CKIQJHHUX
METEOpOJIOTIYHUX yMOBax [34-36].

SkicTh Tpolecy MallleHHS CYJHOBUX JM3€JiB OLIHIOETHCS 3a PIZHUMHU
OKa3HUKAMHM, HacaMIepe/:

®3a aHaJII30M MOTOPHOTO MAacTHJIa, L0 B3ATO 3 MIAMNOPIIHEBOTO MPOCTOPY
(e ans aotaktTHuXx MOJL) abo 3 kaptepy nuzens (s yoruputaktHux COJJ
ta BOJ) [37, 38];

®3a MOKAa3HMKaMU pPoOOYOro MHKIY (3a BEIMYMHOI THUCKY HaNpPUKIHII
MpoILIeCY CTUCHEHHS Ta 32 3HAYEHHSIM TeMIIepaTypu BUITyCKHUX ra3iB) [39, 40];

®3a MEXaHIYHUMHU BTpaTamH, IO BHHUKAIOTH IiJ] Yac TEPETBOPCHHS
TEIUIOTBOPHOI 3/IaTHOCTI MajiBa B KOPUCHY POOOTY KPYroBOTO LIMKIY JMU3EINs Ta

e(heKTUBHY MOTYKHICTh CIIOKUBaAYiB eHeprii [41, 42].
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JIBotakTHi Kpeiukondui cyaHoBi MOJ] BHKOPUCTOBYIOTH [IBI CHCTEMHU
MaIeHHsI — JIyOpHKaTOpHY (3a JOTOMOTOI SIKOi MACTHJIO TIOJA€ThCS HAa CTIHKU
MUJIHAPOBOT BTYJIKHM) Ta HUPKYJSIIAHY (MacTWIO B SKiMl CHPSMOBYETHCS 10
HIITUITHUKIB KOJIIHYATOTO Bamy) [43, 44].
YotuputaktHi TpoHkoBi COJ[ Tta BOJl KOMIUIEKTYIOTBCSA  JIMIIE
HUPKYJSLINHOIO CHUCTEMOIO MaIlleHHs, B SKIM MacTWJIO TMOTpaIvisie 10 BCiX
KOHTaKTHHX BY3JIIB JTU3€JII, OCHOBHUMHU 3 SIKUX € TIapH TEPTS MOPIIHEBE KiIbIIE —

BTYJIKA IIWTIHAPA Ta BKIATUII TITUITHAKA — KOJIIHYaTHH Bal [45, 46].

1.2.1. Oco6aMBOCTI KOMIUIEKTYBaHHS Ta (YHKIIOHYBAaHHS CUCTEM MaIllCHHS

CYAHOBHUX ABOTAKTHUX I[I/IBCJ'IiB

CyuacHi cyaHosi nBotaktHi MO/, sixki BukopuctoBytoThes sk I'/] (Taki, 110
nepesaloTh CBOK TMOTYXKHICTh Ha TBHHT Ta 3a0€3MeuyloTh pyX CyaHa),
KOMIUIEKTYIOTbCS ABOMA MacTHJIbHUMHU cucteMaMu. OnHa 3 HUX (UMJIiHApOoBa abo
nyOpUKaTOpHA) TOJAa€ MACTUJIO B IMIIHAP 1 3a0e3medyye MamieHHs MUITHAPOBOL
rpynu (MOpUIHEBUX KUIELb Ta BTYJIKW UWiIiHApa) [47]. 3a n1omoMorow Apyroi
(IUPKYJAIINHOT) MAaCTHIIO TOJAETHCS 0 MIAIMIUITHUKIB TU3eIs (KperIKondHoro,
pamoBoro Ta  MOTWIbOBOro)  [48]. OCHOBHMM  TMpU3HAYEHHSAM  SIK
UTIHAPOBO1 / IyOPUKATOPHOI, TaK IUPKYJIAIMINHOT CHUCTEMU € 3amoOiraHHs
KOHTAaKTHHM B3a€EMOJISIM JeTajell Ju3ensl 3a PaxyHOK CTBOPEHHS MIXK HUMU
MaCTUJIBHOTO IIapy Ta 3a0e3MeUeHHs T1IAPOAMHAMIYHOTO a00 TPAHUYHOTO PEXKUMY
MalieHHs1 ToBepXOHb TepTs. Came 3a IUX YMOB 3a0€3MeUyeThCS MIHIMAJIbHE
3HOIIIYBaHHS JieTajei Ju3elis Ta MiHIMaJIbHI BTpaTH Horo notyxHocTi [49, 50].

[IpunuunoBa cxema LMIJIIHIPOBOL / TyOPUKATOPHOI CHCTEMHM  MaIllCHHS

cynHoBoro MO/I Hanana Ha puc. 1.2.
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Puc. 1.2. [Ipunnunosa cxema HUIIHAPOBOI / TyOPUKATOPHOT CUCTEMH MaIICHHS
cynaoBoro MO/I:
1, 2 — nucTepHM 3anacy HHJIIHAPOBOTO / JIyOPUKATOPHOTO MAcTUIIa; 3 — BUTPATHA
IUCTEPHA; 4 — BUTPATOMIp; 5 — MAaHOMETD; 6 — TepMOMETp; 7 — TyOpUKaTop;
8 — muiHapoBa BTYJKA; 9 — MacTuibHUM GUIbTp; 10 — MacTUIIBLHUN HACOC;

11 — MmacTunbpHMI TAITpiBaY

Y nunisApoBil / nyOpUKaTOpHIM CHUCTeM1 MallleHHS TIependadaeTbes OBl
UCTEPHU 3aracy mMactuia 1 ta 2, y aKkux 30epira€rbcs MacTUIO 3 PI3HUM JIyKHUM
yucioM. [lig yac BUKOpUCTaHHS NajiMBa, BMICT Cipku B skomy pgocsrae 0,5 %
BUKOPHUCTOBYETHCSI MACTUJIIO 3 Jy>kKHUM uuciioM 40...50 MrKOH/r, ae — rigpokcun
KaJlif0, 1[0 BUKOPUCTOBYETHCS SIK JIyKHUN KOMIOHEHT. Ilim dac BUKOpHCTaHHSA
najanBa, BMICT CIpKU B sikomy He nepesuiye 0,1 % (B pa3i ekciuryaraiiii cyJHa B
SECAS) BUKOpHUCTOBY€ThCS MacTwio 3 JyxHuMm uyuciom 20...30 mrKOH/T.
Mactuno, sike HEOOXINHO /IS MAalleHHS IWIIHAPOBOI BTYJKH, MOTPAIUILE 0
BUTpPATHOI ItucTepHu 3. Jlam MacTWwiIo 3a JIONOMOIOK MacTHJIBHOTO Hacocy 10

yepe3 (umbTp 9 chnpsMoByeThcs 10 JdyOpukaropa 7. Y pasi HEOOXiAHOCTI
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30UTBITIEHHST TEMIIEPATYPH MAaCTUJIA 31MCHIOETHCS B MACTUIILHOMY TifirpiBadi 11.
KinpkicTh MacTWiia, M0 MOCTymae a0 JyOpukaropa, a TaKOoX HOro THCK Ta
TeMIlepaTypa BU3HAYaIOThCS 3a JIOMOMOrOI0 BUTpaToMmipa 4, MaHOMETpa 5 Ta
TepMoMeTpa 6.

SkicTh Tpoliecy MallleHHs, 110 3a0e3MevyeTbcs LUITHAPOBOIO CHUCTEMOIO,
OIIIHIOETHCS 32 TAKUMU MTOKa3HUKAMM:

» ACC-daxropa (Adaptable Cylinder oil Control) [51, 52];

* MUTOMIM BUTpaTi MacTWia Ha MamieHHs mwiHapoBoi rpynu — FR (Feed
Rate) [53, 54];

* my>kHomy umciy mactuna (Total Base Number — TBN un BN), B3sitomy 3
MIMOPITHEBOTO MPOCTOPY Auzess [55, 56];

* KUIbKOCTI MeTaneBux yacTuHOK (Particle Quantity Index — PQI) y macTui,
B35TOMY 13 IMATIOPITHEBOTO TpocTopy nu3ens [57, 58].

JlaHi TapaMeTpu € B3a€EMONOB'SA3aHMMM Ta BHU3HAYAIOTHCS Ha IMIJICTaBl
pe3ynbTaTiB CEPBICHUX OMISMIB IWIIHAPOBOI TPYIH, BHUMIPIOBaHb 3HOCY
UJIIHIPOBOT BTYJIKM Ta aHaAII3y MAacTHia, B3SITOMY 3 MIAMNOPIIHEBOTO MPOCTOPY
TTU3EIsL.

Bemmunna ACC-dakropa nmpuiiMaeTbcsi 3a €KCIEPUMEHTAILHUMM JTaHUMU,
sanexHo BiJ 3HayeHb PQI (Particle Quantity Index) — KiIbKOCTI MeTaneBUX
gacTuHOK Ta BN B anamizax macTwii, B3ATOMY 3 MiAMOPIIHEBOrO mpocTopy. Jis
cynnoBux MOJI ACC-daxkrop nopisatoe 0,2...0,35 r/(xkBt-rox:-S %) [37, 44].

Bemmunan BN ta PQI  Bu3HadaroThCS Ha TMIACTaBI  JIaOOpaTOPHUX
JOCTIKEeHb, 0 BHUKOHYIOTHCS Oe€3MmocepeIHh0 Ha OOpTy CylHAa 3a JOMOMOTOIO
CYIHOBHUX JIIarHOCTUYHMX Ja00paTopiid BIAMOBIIHO O MIKHAPOIHOTO CTaHIAPTY
ASTM D5185-09 [59]. Kpim Toro, 3HaueHHss BN Mae BU3HAuaTHCS BIAMOBIAHO J0
Bumor ISO 3771:2011(E) [60]. dnst BusHauenHss BN BHKOPHCTOBYIOTHCSI CyTHOBI
niarHoctuyHl Jabopatopii, Taki sk Cylinder Scrape-Down Oil Analysis,
Unimarine Cylinder Scrape-Down Oil Analysis, Shell Analex Alert, Signum
onboard test kit of ExxonMobil, Parker Kittiwake Cold Corrosion Test Kit, Digi
TBN Test [61, 62].
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3rigHo 3 pexomeHnamismu auseneOyaiBHuX pipm MAN-Diesel & Turbo Ta
Wartsila-Sulzer, 3HaueHHs TUTOMOI BUTpaTH MacTHJIa Ha MalleHHsS LUIIHAPOBOI
rpynu He moBuHHO Oytu Hux4de 0,6 r/(kBtron) [63, 64]. 3amexHo Bif yacy
eKCIUTyaTallii HUIiHIApoBO1 rpynu BeanunHa FR 3HaxoauThes y Mexax, HaBeJIEHUX

y Tabmuti 1.1 [65, 66].

Tabmuig 1.1
PexoMeHn0BaHI 3HaUY€HHS MUTOMOI BUTPATH LIWJIIHAPOBOTO MAacTUJIa B 3aJIEKHOCTI

BIJl 4acy eKCIuTyaTauii HHIHAPOBOI IPyIH IU3es

[TuToma BUTpaTa MIJIIHIPOBOTO MACTHIIA,
Yac excruryarainii, TOAUHA
r/(kBt-rom)

0...5 1,7

5...100 1,5
100...200 1,3
200...300 1,1
300...400 0,9
400...500 0,7

[lopiBHSHHI 3 UWIIHAPOBOIO, LUPKYJALIMHA CHCTEMA MAIIEHHS CYAHOBUX
JBOTAaKTHUX JMU3EJIB BIAPI3HAETHCS OUIBIII HACHYEHUM CKJIAIO0M Ta BKIIIOYAE
UPKYJSIIHHI Ta OycTepHI HacocH, (GUTbTpa, OXOJIO0KYBaUul MacTuUiia, CenapaTopu
Ta 1HIIe OOJaJHAaHHS Ta BHUMipIOBaNbHI npmiagu. I[lpuHnunoBa cxema mozadi
HUPKYJSLIAHOTO MacTuia 10 KOHTAKTyIOUMX IOBEPXOHb CYJTHOBOT'O JBOTAKTHOI'O

Jv3elis HajaHa Ha puc. 1.2.
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Puc. 1.2. IlpuniunoBa cxema mojiadi MacTHIIA 10 KOHTAKTYIOUHX TTOBEPXOHb

HHpKy.HHHiﬁHOIO CUCTCMOIO MAallICHHA CYIHOBOI'O JIBOTAKTHOT'O JIU3CIIA

MareHHs miJIMITHUKOBUX BY3J11B IBOTAKTHOTO JIU3€EJs (2 caMe, paMOBOTO Ta
MOTHJIBOBOTO) 3IMCHIOETHCS Yepe3 MiABUIICHUN TUCK MACTHIIA, SIKE TIOTPAILISE 10
MX BY3JIB 4epe3 CBEPAJICHHSA B KOJIIHYATOMY Bally. MaileHHs KperikondHoro
MiAMIAITHAKA Ta OXOJIOJKEHHS TMOpIIHS (Yepe3 mojgady A0 HOro BHYTPINIHIX
MOPOKHUH MacTuia) 3a0e3MeuyeThbes 3a JOTMOMOTOI0 TEJIECKOMYHUX MPHUCTPOIB.
Takoxx OKpeMO 31HCHIOETHCS MAIICHHS IIECTEPEHHOI a00 JIAaHIFOTOBOI IMepesiayl
Ta PO3MOIIIILHOTO Baja (y BUIMAIKY HOTO HasBHOCTI) [67].

OCHOBHMMHU TOKa3HUKaMH, W10 KOHTPOJIOIOTHCS TiJ 4Yac eKcIiutyaTarii
HUPKYJSIIAHOT CUCTEMU MAIEHHS CYJAHOBOTO JBOTAKTHOTO JU3€Ns € THUCK
MacTuja Ha BXOJ JI0 JU3eNs Ta TeMIlepaTypa MacTuia Ha Buxomi 3 ausens. Came
yepe3 BIAXWICHHS IUX MOKAa3HMKIB (32 YMOBHM 3MEHIICHHS TUCKY Ta ITiJIBUIICHHS
TEeMIIepaTypy) BUHUKAIOTH 301IBIIICHHS] KOHTAKTHUX B3a€EMOJIIA MIXK ITapaMu TEPTH,

TIepelll 3a BCE MK KOJIIHYATAM BaJIOM Ta BKJIAIUIIIAMH ITiAMIAITHUKIB.
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1.2.2. Oco6aMBOCTI KOMIUIEKTYBAaHHS Ta (PYHKIIOHYBaHHS CUCTEM MAIlCHHS

CYJHOBHX YOTUPUTAKTHUX I[I/ISGJ'IiB

CynHOBI YOTUPUTAKTHI JM3€J1  XapaKTEPU3YIOThCS OJHIEID 3arajibHOI
CHCTEMOIO MaIlleHHS. SIK Taka CUCTeMa BUKOPHUCTOBYETHCS IUPKYJIIALIIHA CHCTEMA
MAIIeHHsS, 3a JONOMOIOI0 sKOi 3a0e3nedyeTbcsl Mojadya MacTuia SIK  J0
TpUOOCTIONYYEHHS BaJI — BKJIQJMIN TIAMUITHUKA, a TaKOX J0 TPUOOCIIONYICHHS
MUTIHAPOBA BTYyJKa — MOPIIHEBI Kutbls [67, 68]. [IpuHnumoBa cxema CUCTEMU
MUPKYJISIIAHOTO MAaIEHHS CYJHOBOTO YOTHPUTAKTHOTO JHM3ENsl HajgaHa Ha

puc. 1.3.

4 5 6

i\

IREES E

Puc. 1.3. IlpuniunoBa cxema CUCTEMU HUPKYJIALIHHOTO MAIIEHHS CyTHOBOTO

YOTUPUTAKTHOTO JU3EIIS:
1 — Hacoc, 110 MmiKaYye MacTUIIO0; 2 — MaCTHJIbHA [IUCTEPHA;

3 — cyaHOBUH Mu3enb; 4 — GUIBTP TOHKOTO ouuilieHHs; 5, 9, 10 — ¢pinbTp rpydoro

OUYHUIICHHS; 6 — OXOJIOXKYBay MacTHIIa; 7, 8 — UPKYJIAIINAHI MACTUIIbHI HACOCH;

11 — cTiyHa nMcTepHa
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[lomaua Mactuna A0 WUPKYJIAMIAHOT CHCTEMH MAIICHHS 31HCHIOETHCS
MaCTUJILHUM HAacocoM 1, 3a JIOMOMOTOI0 SIKOTO 3a0e3MeUyeThCsl TMOMOBHEHHS
MaCTUJIBHOI IIUCTEPHU 2 Ta MOAAJbIIE NOTPAIUITHHS MacTUIa 10 CTIYHOI LIUCTEPHU
11. Tlomaua w™actuna Ha MameHHS JAeTaled au3ens 3 3a0e3medyeThes
HUPKYJSIIAHUMUA  HacocamMu 7 abo 8§, mpu [bOMY MacTWIO MiANA€ThCA
NnonepeHbOMY OUHILIEHHIO Yy (GuUIbTpl Ipydoro oummieHHs 9 a6o 10. VYV pasi
HEOOXITHOCTI OXOJIOJDKEHHS MacTuia 3IIMCHIOEThCS B OXOJopKyBaui 6. Ilepen
MOTPATUISTHHAM JI0 JTU3€JISI MACTHUJIO OYHUIIYEThCS Y (GUIBTPI IrpyOoro 5 ta ToHKOro 4
OYHIIECHHS.

Y YOTHUPUTAKTHOMY NOM3ETl MAIEeHHS KOJIIHYATOTO Bajia Ta TiIIMITHUKIB
(paMOBOrOo, MOTHJIbOBOIO, @ TaKOX TOJIOBHOTO / IOPUIHEBOTO  MAajblis)
3MIACHIOETHCS 3aBISKU THUCKY, IO 3a0e3nedye HUPKYJISALiMHUNA Hacoc. MarieHHs
UUJIIHAPOBOI TPYNU — Y€pe3 BUIMAPOBYBAHHS MACTHUIIA 3 KapTepy AMU3ENs Ta uepes
pO30OpU3KYBaHHS MacTWiIa TMiJi Yac OOepTaHHS KOJIIHYATOro Baja Ta MOro
nepioInyHe MPOXO/HKEHHS 4Yepe3 o0CsAT MacTuia, M0 3HAXOAWTHCS B KapTepl.
[TormoBHEHHST 00CATY MacTHJIA, 110 3HAXOJUTHCS B KapTepi AU3eNsl, BAKOHYIOThCS
MEPIOIMYHO MIJITXOM KOHTPOJIIO HOTO KIJTBKOCTI.

OCHOBHUMH TOKa3HUKaMHU, IO XapaKTepU3yIOTh SKICTh Mepediry mporecy
MAaIllEeHHSI CYJTHOBOT'O YOTHUPHUTAKTHOTO JIHU3ENsl, € BMICT Y MacTWJl METaJIeBUX Ta
IHIMUX  JOMIIIOK, KOHIIEHTpAIlisl SKUX BHU3HAETHCS Uepe3 XIMIYHMM abo
criektporpadiuHuii aHaiai3 macTuia. 30UIBIICHHS BMICTY METaJe€BHUX JIOMIIIOK Y
MAacTHJII CBIJYUTH TIPO IMIJBUINCHUN 3HOC BKJIAIUIIIB ITAMMAITHUKIB a00
MOPITHEBUX KiJielb. [l[iABUIIEHHS BMICTYy B MAaCTWJl BYTJEHEBHUX CKJIAJ0BHX
(HacaMmriepesl HE3rOpUIMX BYIVICBOJHIB Ta Caxi) BIANOBIJAE TMOTIPIICHHIO
TEXHIYHOTO CTaHy MOPIIHEBUX KiJielb (Yepe3 X HaAMIPHHUI 3HOC, MOIIKOKEHHS
Ta TIOJIOMKY) Ta 3MEHIICHHIO I1X KOMIIPECIHOI [ii, [0 € MiJICTaBO0 IS
MPOHUKHEHHS T'a3iB 3 HWIHAPY AU3EIIS B KapTep.

HenpsiMumy moka3sHUKaM# TPOIECY MAIICHHS CYJHOBOTO YOTHPUTAKTHOTO
JU3eNld € TUCK HANPUKIHII CTUCHEHHS, NMUWTOMAa BUTpaTa TMajiiBa Ta BUTpPATa

Mactuia Ha Burap. CtpubkomnoaiOHe 3MEHIICHHS! TUCKY HANPHUKIHII CTUCHEHHS B
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OJIHOMY 3 IIMUIIHAPIB CBIAYUTH MPO MOTIPIIEHHS POOOTH MOro MOPIIHEBUX KiJellb,
MiJCTaBOI0 SIKOTO MOXe OyTH MOpyIIeHHs yMOB MaiueHHs. [lomkomxeHHs abo
MOJIOMKa MOPITHEBUX KUICIh Ta MOB’si3aH1 3 IIMM BUTOKH Ta3iB 3 IWJIIHIpa B OIK
KapTepy TaKOXX MOXYTh OyTH OJIHIEIO 3 MIACTaB 30UIBIIEHHS MUTOMOI BUTPATU
najiuBa Ta BUTPATU MacTuiia Ha Burap [69, 70].

Pyx macTuna B UUPKYJALMIAHIA cHUCTEMl TiJ dYac MaIllleHHS paMOBHX 1
MOTHJICBUX MIAMIMITHUKIB BiI0YBA€THCS 3@ BHYTPILIHIM CBEP/UIIHHAM KOJIIHYATOTO
BaJia, a TOJOBHOTO — 3a CBEpUIIHHAM y matyHi (puc. 1.4). IIpu upbomMy KOHTYp
3MalllyBaHHs BCEPEIUHI Baja Ta LIaTyHa € 3aKpUTHM 1 pyX MacTHJIa BCEpeauHI
Baja Ta IIaTyHa BigOyBaeTbcsi 03 WOro BHUTOKIB. MalleHHS paMOBHX 1
MOTHJILOBUX TMIAMIMITHUKIB CYJHOBUX JHU3EIIB CYIPOBOKYETHCSI BHUTOKAMHU
MacTHJIa 31 CIOJYYEHHsI BKJIaIWII-Ball, Y 3B'SI3KYy 3 TUM, IIO0 B JAaHUX TOYKax
KOHTYp MaIlleHHS CTa€ BIAKPUTUM, a MAaCTWJIO MIJAJAEThCS BHYTPIIIHIA (BiX
UPKYJISALIIHOrO Hacoca) 1 30BHIMIHIN (B1Jl TUCKY Bajly Ta HIaTyHA) CUJIOBOI [Ii.

—l—1— -1
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Puc. 1.4. Pyx MacTuia B LIMPKYJISALIHHIA CHCTEM] MAIllEHHS CYyTHOBOTO

YOTUPUTAKTHOTO u3eis ((hparMeHT):
1 — pamMOBWHI1 MIAMIUITHUAK; 2 — MOTWJILOBUHN MIIITUITHUK; 3 — TOJIOBHUN

T IIITATTHUK

MacTtuino, sIKe 3HAaXOIUTHCS Y TIOEAHAHHI BKIAAWIN-Baji, 3a0e3rnedye
TiApaBIIvHY MIUTHHICTH Ta 3amo0irae 0e3MmocepeIHbOMY KOHTAKTY II€] Tapy TEPTSL.
301IBIICHHIO T1IPABJIIYHOI IIUIBHOCTI CIPUSIOTh CHUJIM MOBEPXHEBOTO HATATY, 110

BUHUKAIOTh HA MOBEPXHI MAaCTUJIBHOI TUIIBKU MPU KOHTAKTI 3 MOBITPSIHOIO (ha3oro.
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BenuunHa nux cuia mpomnopiiiiiHa 3HAYEHHIO KpalloBUX KYTIB 3MOYyBaHHS 0O

(puc. 1.5).

>

=

i ® 1 ‘132

= = ] =0
a)

*

®

)
' B |

! I N\ ®
0)
Puc. 1.5. BimuB kpaifoBux KyTiB 3MouyBaHHS O Ha (OpMy MaCTUIILHOTO LIAPY:

a — Ha 1oBepxHi (d,, — TOBIIMHA Iapy MOTOPHOTO MACTUJIA);

6 — y TpuOOCIIOTyUYCHHI

301IbIIeHHST KpallOBUX KYTIB 3MOUYYBaHHS SK Ha BIJKPUTIM TOBEepxH1 (Ha
MeXi1 (a3 MeTaa-MacTUJIO-TIOBITPS), TaK 1 M MOBEPXHsAMH (Ha Mexi (a3 meTa-
MAaCTHJIO-METaJl) CTIPUSE IMiIBUIICHHIO CHJIM TOBEPXHEBOTO HATATY, 3MECHIIICHHIO
BUTOKIB MacTHJIa, IMiJBUIICHHIO HECYYOi 3AaTHOCTI MacTWiIbHOTO Imapy [5, 71].
[linBuiieHHs BWUTOKIB Yy TIOEJHAHHI BKJIQAWIN-BAJl 3MEHINyE JeMidyrodi
BJIACTUBOCTI MACTUJIA, IO MOKE MPU3BECTH JO MIABUIICHOTO 3HOCY BKJIAIUIIIB 1
30UTbIIICHHST BUTpaTH MacTwia Ha Burap. Kpim Toro, mpu mpomy (uepes
301IBIIEHHSI CHJIM TEPTs MK IOBEPXHSAMH, IO BCTYMalTh y Oe3mocepenHii
KOHTAKT), 30UIBIIYIOTHCS MEXaHI4YHI BTPAaTH, a TaKOX 3HIKYEThCS €(PEeKTHBHA
MOTYXHICTb qu3ens [72, 73].

TakuM 4MHOM, MiBUINEHHS T1IpaBIivyHOI IIIIHHOCTI TPUOOCIIONYUECHHSI BaJl-
MaCTWJIBHUH IIap-BKJIAIUII MIITUITHUKA (SIKe MOXe OyTH 3a0e3nedeHe 3a paXyHOK
301IbIIEHHSI KPallOBUX KYTIB 3MOYYBaHHS MAacTHJILHOI TUIIBKU) CIIPUSE€ 3HHKEHHIO
MEXaHIYHUX BTpAT, IO BUHUKAIOTH y CYAHOBHUX AM3EISIX IiJ] 9ac OTPUMAaHHS

KOpHUCHOI pobotu [74, 75].
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1.3. AHami3 BIaCTUBOCTEH Ta €KCILTyaTallliHUX XapaKTEPUCTUK MACTHIL,
10 BUKOPUCTOBYIOTHCSI B CUCTEMAaX MAIllEHHs AU3ENIB CYeH MOPCHKOTO Ta

BHYTPIIIHHOT'O BOJTHOTO TPAHCIIOPTY

CynHoBl MacTuia, 1m0 3a0€3MeuyloTh MPOIEC MAalIEHHS KOHTAKTYIOUHMX
neraneir JIB3, € HEBiI'€MHOIO CKJIAIOBOIO TPUOOJOTIYHOI CHUCTEMH METal —
MacTWJIbHUN MaTepian — Mertan [76-78]. Pazom 3 OCHOBHUM MpU3HAYCHHSIM
(BHMKEHHSM TEePTSd MK KOHTAKTYIOUMMH TOBEPXHSIMH Ta IIOB’S3aHOTO 3 IUM
3MEHIIEHHS X 3HOCY) MAacTHJIO 3a0e3ledye OXOJIOUKCHHs JeTalled Ta BY3IiB, a
Kopo3ii [79, 80].

CyyacHi CyJIHOBI MacTujia SBJISIOTH COOOK CKJIAIHI JTUCIEPCHI CUCTEMH, B
SAKUX JUCIEPCHUM CEPEJOBHILNEM € TaK 3BaHE «0a30Be» MAaCTUIIO, JAMCIEPCHOIO
¢dazor0 — opraHiyHi Ta HEOPraHiyHl XIMIYHI CHOJYKH, IO 3HaXOAAThCS B
po3unHEeHOMY a00 ciabkopo3unHeHoMYy cTaHi [81, 82].

TenneHii po3BUTKY CyTHOBOTO AnU3esIe0yTyBaHHS OJTHOYACHO BIUIMBAIOTh HA
3MIHY TE€XHIKO-EKCIUTyaTalliitHUX BUMOT JI0 Cy/IHOBUX MOTOPHHMX MAacTHJI, @ TaKOX
JI0 OIIIHKM iX SKOCTI Ta eKCIUTyaTaliiiHux xapaktepucTtuk [83, 84]. Ilopiuno
3MIHIOIOTHCSI BUMOTH JI0 BXK€ 3arajlbHOBU3HAHUX MOKA3HUKIB, L0 XapaKTepU3yIOTh
EKCIUTyaTallliiHl XapaKTePUCTUKU MACTHJI, Ta BBOASTHCS HOBI, 110 BIIOOpaKarOTh
iX OKpeMmi BIIMIHHOCTI. Ayie B OyJb-IKOMY BHUIIQJKy 3aBXJU OEpyThCS 10 yBaru
TaKi, 0 BKa3aHi Hk4e [85, 86].

KinemaTnuna B’a3KicTh a00 TIPOCTO «B’SI3KICTH» € HaWBaXKIIMBIIIAM
napaMeTpoM MmacTtuia. B’S3KICTh XapakTepu3ye OIip IUIMHHOCTI PIAMHU Ta
BU3HAYAETHCS NUITXOM BHUMIPIOBAaHHA Yacy, HEOOXIJIHOTO ISl IPOXOJKEHHS
pIAMHU Yepe3 MEBHUU Kamuisgp 3a MEeBHOI TeMIepaTypu. B’sS3KiCTb MOTOpPHUX
MacTWJI 3a3BUYail BU3HayaeTbcs 3a Temmeparyporo 40°C abo 100°C Ta

2
BUpAXaEThCsl B MM /¢ 260 cCT.
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ToBmIMHA MacCTUJIBHOI IJIIBKH, IO YTBOPIOETHCS MACTHJIBHUM MaTepiajioM,
3a3BUYail MpOMOpIliiiHa HOro B’SA3KOCTiI, TOMY MacTWJIbHUN Marepiasl 3 OuIbIlI
BUCOKOIO B’SA3KICTIO TEOPETUYHO TIOBHHEH 3a0e3leuyBaTH Kpaluid ToALT
MOBEPXOHb, 110 3MallyloThcs. OIHaK JUis 3CyBYy MacTuia 3 BHIIOIO B’ A3KICTIO
noTpioHa Olabllla MOTYXHICTh, IO MPHU3BOJAUTH JO BTpaT IMOTY)KHOCTI Ta
HaJIMIPHOTO JIOKAJILHOTO BUJILJICHH Terta [87, 88].

[Tig yac BUOOPY MACTUIIBLHOIO MaTepialy Ba)KJIMBO MEPEKOHATHCS, 110 HOTO
B’SI3KICTb € JIOCTAaTHBOIO J/JII BHUKOHAHHS EKCIUTyaTallliHUX BHUMOI HaBITh Y
HaliBaxkunx yMoBax. OCKUIBKHM 3aHAJITO BHCOKA B’S3KICTh HMPU3BOJIUTH JO BTpAT
MNOTY>KHOCTI Ta JOJATKOBUX BHMOT JI0 OXOJIOJKEHHS, B’SI3KICTh 3aBXKIM MOBHHHA
Oyt  MIHIMAJIBHOIO Ta MNOpU  UOMY  BIANOBiAATH  TepeadavyBaHUM
eKCIUTyaTarifHuM BUMoram ooiaananss [89, 90].

[lle onHI€I0 XapaKTEpPUCTUKOK MACTHUJIA, KA IOB’s3aHa 3 B’SA3KICTIO Ta Mae
3HAQYEHHs IS MaleHHS JBUTYyHa, € iHJAeKc B’A3KocTi. [HIeKkc B’A3KOCTi
XapakTepHu3y€e 3MIHY B’S3KOCTI MacTWJIa 3aJIeKHO BIJ TEMIIEpPaTypH, NP I[bOMY
BUCOKUM TIOKAa3HUK 1HAEKCY B’SI3KOCTI O3HAyae€, MO0 B’S3KICTh MacTUJIa MEHII
YyTIMBa J0 3MIHM TeMIlepaTypH, a HHM3bKUH — OUIBLI 4YyTJIMBA JIO 3MIHU
TEMIEPATYPH.

31aTHICTh MAcCTUJIBHOTO MaTepialy HEeWTpandizyBaTh KUCJIOTH BU3HAYAETHCA
JTY>KHICTIO Macia, sSKa XapaKTepU3YEThCS 3arajbHuUM Jy:xxkHuM 4duciaom (Total
Base Number — TBN a6o Base Number — BN). Benuuuna TBN / BN 3HaxoauThcs
B niama3odi 5...100, gaHi yrciia BUpaKaOTh KUTBKICTh MUTITPAM T1IPOKCUIY KaJito
KOH, pozuunenoro B rpami mactwia — MrKOH/r [91, 92]. Yum Buiie 3HaueHHS
TBN / BN, TuM 011111 BUCOKI aHTUKOPO31iiH1 BIACTUBOCTI Ma€ MacTHiIo. MacTuio
3 BucokuM TmokazHukoM TBN /BN (Bim 40 1 Buile) BUKOPUCTOBYETHCS B
JBOTAKTHUX JIBUTYHAaX Yy LWIIHAPOBUX CHCTeMax MalleHHs. Take MacTuio
MOBUHHO HeWTpamizyBaTu Aito cipuanoi H,SO, 1 cipumctoi H,SO; kucnot, ski
YTBOPIOIOTHCA B LMJIHAPI Mif Yac 3ropsHHs nanuea. KpiM Toro, yacTuHa KHCIOT

YTBOPIOETHCS O€3MOCepeIHbO 111 Yac OKUCIICHHS MacTuiia [93, 94].
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Y UpKyIAmidHUX cuUcTeMax (SK JBOX, TaK 1 YOTUPUTAKTHUX JTU3EIIB)
BUKOPHUCTOBY€ETbCA MacTwio 3 BmictoM TBN/BN=5...25, Tomy 1o B moaioHuX
cUcTeMax OCHOBHa (YHKIS MacTujia Tojsirae y 3a0e3ledyeHH] MallleHHs
H1ITUITHUKIB KOJIIHYATOTO Baly.

VY Mmipy Toro, SiK JIy’KH1 MUIOUI PUCAJKU BCTYNAIOTh y PEAKIIiI0 3 KUCIOTaMH,
10 YTBOPIOKOTHCA B IUJIIHJPI AW3ENs BiJl 3rOpsSHHA TMajuBa a00 MOTPaIISIOTH Y
KapTep au3ens, BiJOYBAa€TbCS TMOCTYIOBE 3MEHIICHHS JIY>)KHOCTI MAacCTHJIBHOTO
Matepially Ta pyHHYBaHHs HOTO Jy>KHUX Ipucagok. Hac ammnepes 1ie 3a1eXuTh Bijl
BMICTY CIpKHU B MaJHBI Ta BUTPATH MOTOPHOTO MacTuia [95, 96].

CyaHOBI MOTOpPHI MacTWia, 10 BUKOPUCTOBYIOTHCS B CHCTEMaX MaIlleHHS
JIB3, noainsitoThCsl Ha TPY BUJIW 32 MMPU3HAYEHHSAM Ta 00JIaCTIO 3aCTOCYBAHHSL:

1) macTunia fans  MamleHHs — HWIHApoBOi rpynu  cyaHoBux  MO/)
kpeinkonduoro tuny — ayxHe uucio 30...70 MrKOH/r, kmac B’S3KOCTI 3a
aMEpUKaHCHKOIO acollialli€o aBTOMOOITRHUX 1HXKEHepiB (Society of Automotive
Engineers — SAE) — SAE40 a60 50;

2) mactuna s MameHHs cyaHoBux COJl — myxue yucio 10...40 mrKOH/T,
kiac B’ s3kocti SAE30 a6o 40;

3) MacTuia, L0 3aCTOCOBYIOTHCA B UUPKYJSILIAHUX CHCTEMaxX MalleHHs
TOJIOBHUX (KpeHIKon(pHUX), 1 AEIKUX IOMOMIXKHUX (TPOHKOBUX) CYIHOBHUX
nu3eniB — yxHe uncio S...15 mrKOH/r, xnac B’si3kocti SAE30 [97, 98].

VY nmaHuii yac CBITOBE CYAHOIUIABCTBO, CYJAHOBE AM3eIeOyTyBaHHS, a TaKOXK
TEHJIEHI[Ii B 3MiHI CIIOCO0IB MepepoOKu HAPTH Ta BUMOTH JI0 SIKOCTI MaJIUB, IO
MOCTAYalOThCS TSI CYA€H MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY,
BCTYNIWJIM B HOBHH €Tall PO3BUTKY, 3aBJIaHHS SIKOTO TOJIATAIOTh B 3a0€3MeUeHHI
€KOJIOTIYHOCTI 1X pPOOOTH, 3HAYHOMY TMIJABUILEHHI eKoHoMmiuHOcTi J[B3 Ta
CTBOPEHHI YMOB, 1110 CIIPUSIOTh BUKOPUCTAHHIO B HUX MAJIUB MiBUIIEHOT TYCTHUHU
(6ixpmr Hik 1000 kr/m’) [99, 100]. HacifKoM Takoro po3BHTKY CTAI0 CTBOPEHHS
JOBroxoaoBux L- mopeneil Ta moHamaoBroxoaoBux S-mojaeneit MO/, nins saxux
XapakTepHE BITHOIICHHS XOAy NOpIIHS A0 giamerpa mwiHapa S/D nocsrae

4,0...4,5, a B HaiO1npm octanHix G-mozaensx 1o 5,0 [101-103]. ITigBumenus xomy
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MOPIIHS S, 3 OHOTO OOKY, 301/IbIITye 00’€M NUIIHApPA Ta BIIMOBITHO IMHJIIHIPOBY
HNOTY)XHICTb, 3 IHIIOTO — 30UIBIIYy€ IUIONIY A3€pKana BTYJIKH IMIIHIPA, SKY
noTpioHO 3MarryBaTy (Tabmui 1.2), a TakoX 4yac KOHTAKTYy MAacCTHUJIBHOI IUTIBKH 3

rapsa4uMHy ra3amu.

Tabomuis 1.2
Konctpykuiiini xapakrepuctuku nusenis pipmu MAN-Diesel & Turbo
Hiametp Xig nopmiss, | Ilnoma n3epkana BTyJIKu
Monens qu3ens _ . 2
HUTIHIpa, M M HUTIHIpa, M
KS8OME 0,8 2,3 5,778
L8OME 0,8 2,592 6,511
SSOME 0,8 3,056 7,677
G8OME 0,8 3,72 9,345

HosroxomoBi MOJ] BiApi3HAIOTBCS BiJ JABUTYHIB 3  TpagulliiHUMU
CIIBBIIHOIIEHHSIMU S/D  3HM)KEHOI0 YacTOTO OOepTaHHS Ha HOMIHAIBHIN
HNOTY>XHOCTI, 110 3a0e3neuye Outbll Bucokuil iHaukaropuuii KKJI nuryna ta
nponyiabcuBHu KKJ[ yciei ycranoBku [104]. Bucoka €KOHOMIYHICTh TaKHX
JBUTYHIB JOCSTHYTA 1 3aBISKH MIABUIIICHHIO MAKCUMAJIBLHOTO THUCKY 3TOPSHHS Ta
MOJINIIECHHIO 1HAUKATOPHOIO TMpolecy. Yci Ii 3MIHM MPSIMO CTOCYIOThCS
dbopMyBaHHS MaCTUJILHOI IJTIBKUA HA MIOBEPXHI JIETAJICH, 110 3MAIIYIOThCH.

OcHoBHUMHU (DYHKLISIMU MTPOLIECY MAILLEHHS LIIIHAPOBOI IPYIN AU3EIIB €:

* CTBOPCHHSI MACTWJIBHOI TIUTIBKM, IO TMOJIJIS€ KOHTAKTHI TOBEPXHI
IIATIHAPOBA BTYJIKA — MOPITHEB] KUTBIIS,

* 3a0e3MeueHHs T1APaBIIYHOTO YIIUTBHEHHS MK LWJIIHAPOBOIO BTYJKOIO Ta
NOPIIHEBUMH KIUIBLSAMHM, IO 3arno0ira€ MOTPAIUISIHHIO MPOAYKTIB 3TOPSIHHS B
M1MOPITHEBUN TTPOCTIP;

* 320€3IMeYCHHST OXOJIO/DKCHHS TIOBEPXOHB IFUIIHIPOBOI BTYJIKH, TOPIIHS Ta
MOPIITHEBUX K1JICIIh;

* 3aXKCT BTYJIOK, TIOPIIHIB Ta MOPIIHEBUX KiJEIb BiJ KOPO3IWHOTO BILTUBY

HUIIXOM HEUTpani3alii KUCIOTHUX CKJIAJJOBUX MPOAYKTIB 3TOPSHHS;
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* 3aM00iraHHs 3aKJIMHIOBAHHS Ta 3aiJaHHS TOPIIHIB 1 MOPIIHEBUX KiIelb
IUISIXOM BUJAJTICHHS BiJIKJIAJCHb 3 KOHTAKTYIOUUX [TOBEPXOHbD;

* 3a11001raHHs adpa3MBHOMY 3HOCY IUISIXOM PO3M'SIKIICHHS BIJIKJIaJ€Hb, SKI
YTBOPUJIMCh HAa KOHTaKTyrOUnX noBepxHsax [105-107].

BukopucTaHHs BaXKMX 1 HAABAXKKUX MAIMUB Y KPEUIKON(MHUX IU3ENSIX
3YMOBJIIO€ TIOCHJICHHSI BHUMOT JIO0 PAJly BJIACTUBOCTEW UWIIHAPOBOIO MAacTHIIA.
[lepmr 3a Bce 1€ CTOCYEThCS 3a0€3MEUEHHS HEUTpalli3ytouoi 34aTHOCTI, BUCOKOI
TEPMOOKUCIIIOBAJIbHOI CTaO1ILHOCTI Ta aHTHHArapHUX BJIACTUBOCTEH MacTuJja.
KoncrpyktuBae BaockoHanenHs MOJ[ Ta mocuiieHHS yMOB iX eKCIUTyaTarii
(GhOpMyIOTh OCHOBHI BUMOTH, 1110 BUCYBAIOTHCS 10 IIUITTHAPOBUX MACTHII:

eMACTHJIO Ma€ BOJIOAITH BIANOBIAHOK B A3KICTIO I 3a0e3leueHHs
JIOCTaTHHOI MACTHJIBHOI 3/TATHOCTI MPU BUCOKUX POOOUYMX TeMIiepaTypax 1 B TOU
K€ Yac IMIBUJIKO PO3TIKATHUCS M0 KOHTAKTHUX MOBEPXHSIX;

®CTBOPIOBAaTH €(EKTUBHE YUIUIbHEHHS MIX TMOPUIHEBUMU KUIBLISIMU 1
BTYJIKOIO IIWTIHAPA;

®3HI)XYBATH JI0 MIHIMQJIbHOI BEJIMYMHU TEPTS KOB3aHHA Ta 3a0e3leuyBaTH
BHUCOKI aHTU(PUKI1HHI BIIACTUBOCTI;

eHEWTpaIi3yBaTH CUJIbHI MIHEpalibHI KHUCJIOTH, SIKI YTBOPIOIOTHCS IiJI 4ac
CHIAJTFOBAHHS MAJIMBA, [0 MICTITh CIPKY;

e3an00iraTd YTBOPEHHIO Harapy B 30HI MOPUIHEBUX KiJE€lb, BIKHAX BTYJIKH
IUJIIH]IpA, Ha BUITYCKHUX KJIalaHax 1 3a0e3MeuyBaTi PyXJIUBICTh KUICIh Y MPoIect
TPUBAJIOI EKCIUTyaTallii;

®CIIATIOBATUCS B IWJIIHAPI, 3aJUIIAI0YM SIKOMOTa MEHIIE Harapy MO>KJIHBO
01111 M’ siKOy KoHcucTeHIo [108, 109].

JlpyruM BHJIOM MacTuia, IO 3aCTOCOBYIOThCS B Kpeitnkonpuux MO/, €
HUPKYJSIiAHE, 10 MpHU3HAYE€HE /I MAIIeHHA pPaMOBUX, MOTHIJIbOBUX 1
KpEeUIKON(pHUX MiAMUITHUKIB, a TaKOX JJIs OXOJOJKeHHS mnopiHiB. DyHKIT
POTO MAacTWja, KpIM MAaIleHHS Ta OXOJOJPKEHHS, MOJIATaloTh y 3amo0iraHHi
KOpOo3ii Ta ip)kaBiHHS JeTajied (y TOMY 4YHCIl TaKoXX 3a HasSBHOCTI BOIM),

MIATPUMIIT HEPO3UYMHHUX YACTHMHOK Y TMIABIMIEHOMY CTaHi (i 3a0e3redeHHs
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YUCTOTH JETaJiel KapTepa JBUTYHA), XOPOIIOi BOAOBIIATIOUO] 3IaTHOCTI, Maoi
eMYJIbIOBAaHOCTI 3 BOJIOIO, & TAKOX CTIMKOCTI 1O OKUCIICHHS M1l Yac MPOKauyBaHHs
yepe3 BUCOKOTEMIIEPATypHY 30HY NMOpIIHIB. [IpuHIMIIOBA cxeMa rmojayl MacTuiia
70 KOHTKTHHUX BY3JIIB, 110 3a0€3MeUyeThbCs MUPKYISAIIRHOI CUCTEMOIO MAICHHS

cyanoBoro MO/I noka3ana Ha puc. 1.6.
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Puc. 1.6. 3a0e3neueHHs MalleHHsI KOHTAKTHUX BY3J11B HUPKYJSAIIHHOIO CHCTEMOIO

-

MaieHHs cyanoBoro MO/

1 — BUTpaTHA MUCTEPHA MUPKYISIIIIHHOTO MACTHIA; 2 — HACOC MaIleHHS
KpEHIKOM(HOro MiAMUITHUKA Ta OXOJOKEHHS MOPIIHS; 3 — IUCTEPHA 3aacy
UPKYJISLIMHOTO MacTuia, 4 — CyJTHOBUM JTU3€ib; MAaCTHIBHUHN (UIBTD;

5 — oxo0/pKyBayl MmacTuia; 6, 7 — MUPKYISLiiHI HacocH; 8, 9 — pinbTp rpydoro

ounteHHs; 10 — GiIbTp TOHKOrO ouniieHHs; 11 — cTiyHa UCTEpHA

SIK UpKyJSALi#HI B OCHOBHOMY 3aCTOCOBYIOTHCSI TPU TUITH MACTHUJI:

eMacTWa 3 AHTUKOPO3IMHUMH 1 aHTUOKUCHUMH TPHUCAJAKAMH, a TaKOX
MpUCaKaMH, BMICT JIY’)KHUX CKJIaJIOBUX Y sikux He nepesuirye 10 MrKOH/T;

eMacTuiIa, U0 MICTATH JIY>KHI pucaaku 3 nokazHukom 10...15 mrKOH/r;

emMacThiIa 0araToiILOBOTO MPU3HAYEHHS 3 MIJBUILEHUM BMICTOM MPHUCAIOK

70 piBHS Jy>xHOro yncina 15...20 MrKOH/r [110].
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[Mupkymsimifini mMacTriia 0araToIIBOBOTO TPHW3HAYEHHS 3  IMIJBUIECHAM
BMiCTOM Tipucanok npusHadeHi aisa mamenus COJl ta BOJl. Bukopucrtanus Takux
MacTWJI Jla€ He3alepeyHl TiepeBard B TMOPIBHSAHHI 3 1HIIMMH THIAMU
HUPKYJSIIAHUX MacTHJI Yy IUIaHl YyHI(iKamii acopTUMEHTy Ta 3pyYHOCTI B
eKCIUTyaTallii.

Oco0nMBUI KJIac MPEJCTABISAIOTh MacTuiIa g NOoTyXHuX cyaHoBux CO[,
0 eKCIUTYaTyIOThCS Ha BAXKKUX MalMBax. Taki Mu3elll BUKOPUCTOBYIOTHCS SIK
rOJIOBHI JBUTYHH, Ta TMEpPEJaloTh CBOIO MOTYKHICTh HAa TBUHT, KPOK SIKOTO
perymtoerses [111].

binpmricts cynnoBux COJl BUKOPUCTOBYIOTBCA SIK JAOMOMIDXHI JABUTYHH, SIKi
3a0e3MeuyolTh TPUBLI eleKTporeHeparopiB. Bukonanns mactuwiom B COJ|
CYKymHOCTI QyHKiH, siki B MO/ BUKOHYIOTH J1Ba PI3HUX 32 pIBHEM MOTOPHHX
SAKOCTEH MacTWia, BUCYBA€ J10 HbOro 0coOMBI BUMOrd. OCHOBHI BHUMOTH, IO
BUCYBAIOTBCS 10 BJIACTMBOCTEH MACTHJI, MPU3HAYEHHUX IS 3MAIlEHHS CyTHOBHX
CO/:

e3ar00iraTd YTBOPEHHIO BIJKJIAJI€Hb Ha MOPIIHI Ta 3aJSTaHHIO MOPUIHEBUX
K1JIeLlb Y KaHABKaX;

e3a0e3meyyBaTl  JOCTAaTHIO  HEUTpaIM3yr4y  37aTHICTh  BIJHOCHO
KOHJICHCOBAaHUX KHCIIOT, IO YTBOPIOIOTHCS SIK PE3yJabTAT 3TOPSHHS CIPYUCTOTO
NaJInBa;

e3a0e3meyyBaTy BHUCOKY MIIIHICTh MAaCTHJIBHOI ITIBKM B YMOBAaX BEJIMKHX
MEXaHIYHMX HaBaHTAXKEHb HA JIETaJl TePTA Ta 3a100iraTi iXHbOMK 3HOCY;

®3an00iraTu KOpo3ii NiAIMMITHUKOBUX CILJIABIB;

®3an00iraT¥ yTBOPEHHIO HU3bKOTEMIIEPATYPHOTO IIUIaMy B KapTepl ABUTYHA;

®BOJIOJIITH 3J]aTHICTIO BUTPUMYBATH BEJIMKI KOHIIEHTpAIl Ca)xi Ta I1HIIHUX
HEPO3YMHHUX 3a0pyIHEHB, 30€epirarouu iX B IpIOHOAUCTIEPCHOMY CTaHi,

®BOJIOJIITH BHCOKOIO BOJOBUJIANIIOIOYOIO 3/IaTHICTIO IIiJI Yac cemaparii Ta
MaJIOK €MYJIbIOBAHICTIO 3 BOJIOIO;

e30epiraTd MPOTATOM TPUBAJIOTO YacCy JOCUTh BHUCOKHH PIBEHb JY>KHOCTI,

3IaTHICTH JI0 OMiPY OKUCHEHHS Ta MiITPUMYBATH JIETEPreHTHI BIacTUBOCTI [91].
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1.4. AHamni3 npuyuH 3MiHN QYHKIIOHAIBHUX XapaKTEPUCTHK MOTOPHUX

MaCTUJI Ta MCTOAU KOHTPOJIO iX TEXHIYHOTO CTany

Jlo ocHOBHUX (YHKIIIOHAIBHUX XapaKTePUCTHUK MOTOPHUX MACTHII, IO
BIUIMBAIOTh HA TIepeOIr MpOIECIB MAIICHHS BIJHOCSATHCS B’S3KICTh, 3arajbHe
JTy>KHE YUCJIO, BMICT 3a0pyIHIOIOUMX PEYOBUH Ta Boau [74, 91, 112].

[{uniHapoBe MacTUIIO, 10 BUKOPHUCTOBYETHCS B JIBOTAKTHHUX KpEHIIKOM(HUX
JBUTYHAX, 3a3BUYAl Ma€ BUIUHN KJIAC B’SI3KOCTI, HI’K MAaCTHJIO IS [IUPKYJISAIIHHOT
cucteMrd MamieHHs. ToMy 3a0pyaHEHHS UHPKYJISAIIAHOTO MacTuia depes
NOTPAIUISIHHA 70 HBOTO IIWJIIHJIPOBOTO MacTuja (IKe€ MOXKE CTaThuCs dYepes
3HIDKCHHS TEPMETHYHOCTI CallbHUKA INTOKA TOPIIHS) MpHU3BEIe 10 30UIbIIECHHS
B’A3KOCTI  LMPKYJAIIHHOTO MacTWa Ta TMOTIPHIEHHS SKOCTI  MaIleHHs
MIITATTHUKOBUX BY3JIIB.

JIo MOXJIMBUX TPHWYMAH IMJIBHUINCHHS B’SI3KOCTI MACTHJIBHOTO Matepiaiy
BIJIHOCSITBCS TAKOX 1HIII MPOIIECH, TaKl SIK OKUCIICHHS, MOTPAIUISHHS B MAacCTHIIO
HITpaTiB Ta CyJabpaTiB, HEPO3YMHHICTb TBEPAMX JAOMIIIOK, BMICT Caxi Ta
3a0pyaHeHHs Bojoro. Ciij 3a3HAUYMUTH, 110 MiJ] Yac 3MEHIIEHHS KIJTbKOCTI MacTHJIa
B CHCTEMI MAIIICHHS MPUCKOPIOIOTHCS BCI 3rajlaHi BUILE MPOILIECH, TAKUM YHHOM,
HOIATPUMKA KUIBKOCTI MacTWJIa Ha MIHIMajibHOMY PIBHI MOXE OIOCEPEIKOBAHO
BIUIUBATH Ha B’S3KICTh MOTOPHOTO MacTUJIA.

3aranpHe JTY>KHE YKCIIO0 MACTHJIBHOTO MaTepially € MIpOI0 3amacy JTy>KHOCTI,
AKUI 0e3MocepeTHhO XapaKTepU3ye 3/1aTHICTh MAaCTUIILHOTO MaTepialy 3aXUIIaTH
MOBEPXHI JIU3€Isl BiJ] KOPO31HHOTO BILUTUBY KHUCIIOT, 1110 YTBOPIOIOTHCS B pe3yJIbTaTl
3TOPSIHHS TaJIMBa Ta TMOJANBIIOTO OKHCJICHHS BHUITYCKHHMX Ta3ziB. Y TIporeci
3TOPSIHHS CipKa, 10 BXOJWThH JO CKJIaAy MaJIUBa, MEPETBOPIOETHCS HAa OKCHUIU
cipku. Il yac KOHTaKTy IUX OKCHJIB 3 XOJOAHIIIUMHU CTIHKAMH IUJIIHIpa BOHU
KOHJICHCYIOTBCSI Ta BCTYNAIOTh Y PEaKIii0 3 BOJSHOIO MAapor0, SKa TaKOXK €
NO0OIYHKUM MPOAYKTOM IPOLIECY 3rOpsSHHS. Y pe3ysibTaTi Ha CTIHKaX LUUJIHAPOBUX

BTYJIOK YTBOPIOETbCS KHUCIIOTA, 110 MAa€ BUCOKY KOPO31iHY aKTUBHICTb. Y IMpoleci
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HeNTpami3amii JTyXHI NPUCATKH, IO BXOASTH A0 CKJIAAy IHJIIHIPOBOTO MAacTUIA,
OyAyTh BUTpayaTHCh, IIO0 NpU3BEAE IO YTBOpPeHHs cyinbdariB marHito MgSOy,
Hatpito Na,SO, a6o kanwiiro CaSQO,, 3aleXHO BII TOro, fAKI MPHUCAIKU
BUKOPHCTOBYIOTbCSI B MacTwil. JlaHi pPEYOBHMHH BXOAUTUMYTH JO CKIAIy
HEPO3UMHHHUX YACTUHOK, 1110 3HAXOSAThCSI B MACTUII1 Y 3B&XKEHOMY CTaHi.

VY mpoueci ekcrulyartarii au3eis 3arajibHe JykHe uuciao mactuia TBN
MOCTYNOBO 3HUXKYETHCS. Y JBOTAKTHHX KPEHIKOM(PHUX AU3ENAX 1€ BiIOYBa€ThCA
yepe3 KOHTAKT IMJIIHAPOBOTO MacTuja 3 CIPYAHOKUCIOTHHUMM CIOJIYKaMH, SIKI
YTBOPIOIOTHCA i Yac 3ropsSHHS MajuBa. Y YOTUPUTAKTHUX TPOHKOBHX JU3EIISAX
3HkeHHs: TBN nupkymsanifHOro mMactuia BiIOYBAa€ThCS Y 3B S3KY 3 KOHTaKTOM
MacTuja SiK 3 Ta3aMu, 10 YTBOPIOIOTHCS B IMJIIHAPI, TaK 1 3 MapamMu NajiuBa, 110
NOTPAIUIAIOTh 10 KapTepy ausens. 3HmxeHHsS TBN ams muiaiHIpoBOro MacTuia
OIIIHIOETHCA 3a 3HAYEHHSM JIaHOTO MapaMeTpa B MAaCTWJI, IO 3HAXOJIUTHCS B
nianopurHeBoMy mnpoctopi auzens. [locriitHe 3umwkenHs TBN B mactumi, sike
NOTpaIuisge 10 MiAMNOPIIHEBOrO MPOCTOPY AU3ENS, CBITYUTH MPO HEBIAMOBIAHICTDH
JY)KHOTO YHCJIa MacTuja BMICTY CIpKM B MaJMBI a00 HEAOCTATHIO IMOJady
WIIHIPOBOro MacTwia. B octanHboMy Bunajaky, kpiMm 3HrkeHHss TBN macrtuna,
CIIOCTEPITAa€ThCA  TAKOXK  MMIJBUIIEHUA BMICT MEXaHIYHUX  JOMIIIOK B
HUJITHAPOBOMY MAaCTHJII. 32 YMOBOIO MPABUILHOTO BUOOPY HIUTIHAPOBOIO MacTHJIa
(foro JMy»XHOTO YHWcia) sl TlajauBa (BMICTY CIpKH B MaJiMBi), a TAaKOX 3a YMOBU
MPaBUJIBHOTO JI03YBaHHS LIMJIIHIPOBOTO MACTUJIA JIOCATAETHCSA «TOYKA PIBHOBATH
TBN B MacTwii, 1o 3HAXOAWTHCS B MIAMOPITHEBOMY MPOCTOPi AM3ENsS, — TakKe
3HAUEHHS, SIKE HE 3MIHIOETHCS 32 OYAb-SIKUX PEXKHUMIB EKCIUTyaTalli Ju3es.
3nayenHs TBN 3ajmmatumeTbcss B TOUlll pIBHOBAard 3a YMOBH, IO BUTpaTa
MacTHJIa Ta BMICT CIpKH y MaJUB1 3aJUIIa0Thes ctadinbaumu [28, 90, 107].

VY 4OTUPUTAKTHUX TPOHKOBHX JIM3ENSIX (Kl MAlOTh OAHY 3arajibHy CHCTEMY
MallleHHs) KOHTpOoJib 3HaueHHs TBN 3ailicHIOEThCA 3a aHaMi30M MacTuia, IIo
3HAXOJIUTHCS B KapTepi auzens. 3unmxeHHs TBN B maHOMy BHUMAJKy CBIAYUTH MPO
MOPYIICHHS KOMITPECIMHOI i MOPIIHEBUX K1JI€llb, BHACIIIOK YOTO YacTHHA Ta3iB,

10 YTBOPIOIOTHCS B IIUTIHJIPI, a TAKOXK YaCTHHA HE3ropijoro nanusa (y pasi Moro
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M1BUIIEHOT 1MoAaqi a00 JOTOPSHHS Ha JIiHIT PO3MIMPEHHS) MOTPAIUIIOTh Y KapTep
nu3ens. Jns KOXKHOro YOTHPUTAKTHOTO Au3ens ¢ipMa BUPOOHHK BCTAHOBIIIOE
MiHIMaJabHO Aomyctumi 3HadeHHs TBN mmpkynsmifinoro mactuna. 1li 3HaueHHs
rapaHTylOTh 3JaTHICTh MAacTHJIa HEUTpami3yBaTH [il0 CIPUUCTUX CIOJIYK Y
HUJIHAPI Au3es Ta 3a0e3MeYuTH MacTUiIbHI (DYHKII MacTWIBHOI IUIIBKA B
TIIUITHUKAX JTA3EI.

VY mminiHapoBe MAacTUIIO, SIKE MICIs BUKOHAHHS CBOIX (DYHKIIIH 31 3MallyBaHHS
Ta OXOJIOJPKEHHS BTYJIKM Ta HEWTpamizaiii KHCIOTHUX CIOJYK MOTpaIuisie B
HIAMNOPIIHEBUNA MPOCTIP, @ TaKOXK Yy IUPKYJAIIAHE MAacTUJIO, 110 3HAXOAUTHCS B
KapTepl Au3ensi, MOXYTh HAIXOJUTH PI3HI €JIEMEHTH (K METaJeBOro, TaK 1
HEMETAJIYHOTO MOXOJKEHHS). Jleski eleMeHTH 3a3BMuYail BUKOPUCTOBYIOTHCS B
npucagkax 10 MacTWJIBHUX MaTeplajiiB, IHII YTBOPIOIOTbCS B pe3ysbTari
3HOIIIYBAHHS JIeTaJIed JABUTYHA a00 MPOJYKTIB 3rOpsHHS. 3a0pyIHIOI0UI MaCTHIIO
PEUYOBHHH, TaKI K MAJUBO Ta BOJIa, MOXKYTh MIPU3BOAUTH J0 301IBIIEHHS KIJTBKOCTI
pi3HHX MOoMIMOK. OCKUIBKK B PI3HUX MapKax MacTUJl BHKOPUCTOBYIOTHCS PIi3HI
KOMIMO3UIli MNPHUCAZOK, KOHIICHTpAIlil OKPEMHX €JIIEMEHTIB MOXe OyTu
BUKOpHUCTaHa IS 1eHTU(IKAIli MACTHIIBHOTO MaTepialy, a TAKOX JIJIs BUSBIICHHS
3a0pyIHEHHs / 3MilIyBaHHS 3  IHIIMMU  MAacCTUJIBHUMHU  MarepiajaMud  Ta
JI1arHOCTYBaHHS TEXHIYHOTO cTaHy mactuia [5, 80, 113].

Pi3ni pmerami aBuryHa (IMTIHAPOBI BTYJKH, TOPITHEBI KUIBIS, BKJIAQIMIII
NIJIIUITHUKIB) BUTOTOBIISIIOTHCS 3 PI3HUX CILIABIB, IO MICTAThH PI3HI €1EMEHTH B
pI3HHX KOHIIEHTpaIsx. [IpucyTHICTh y MACTHJII TaKHX €JIEMEHTIB, 3BaHUX
eJIeMEHTaMH 3HOCY, MOK€ CBITUUTH MPO 3HOC JeTalied JABUTYHA, TAaKUX SK
MIITATHAKA, TWIHAPOBI BTYJIKU Ta KUIbLSI TOPIIHEBI. SAKIIIO BMICT 3HOCOCTIHKHUX
€JIEMEHTIB Y MAaCTUJIl PanToBO 301IbIIYETHCS, 1I€ MOKE CBIAYUTH PO MO3AIUTATHY
CUTYallll0 B CUCTEMI1 MAalIeHHS, Mepexij TIPOJUHAMIYHOTO PEKUMY MAIIeHHS B
I'PaHUYHUN 1 HaBiTh BUHHUKHEHHS CYXOro TepTSa. 3a EeJIEMEHTHUM CKJIaJIoM
3a0py/HEeHb, IO 3HAXOMIATHCS B MACTWJIl, MOYKHA BHU3HAYUTH JDKEpeEso ix

HaJIXOJDKCHHS.
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3a0pynHEHHS] B MHUPKYJAIIHHE MAacTUJIO MOXKE TMOTPAIUISITH HE TIJIBKHA Bijl
MWTIHAPOBUX BTYJOK, KUIENh Ta BKJIAIWIINB MiAMIMIHUAKIB, aje W BIJ I1HIIHAX
€JIEMEHTIB JIU3€JIsl, @ TAKOX BiJ IMajuBa, BOJIU Ta MPOJYBHOTO MOBITPA. Y TaKHUX
BUIAJKaX HacaMmIiepe/] BHU3HAYAIOTHCS PIBHI BMICTY BaHajilo Va Ta Hikemo Ni.
[Ipy 1poMy iX BMICT MOXJIUBHM SK Yy LHUPKYJISIIHHOMY MACTHIH SIK
YOTUPUTAKTHUX, TaK 1 JIBOTAKTHUX JU3€JiB. Y TMEpIIOMY BHUIAJIKYy YacCTHHKU
BaHaiI0 Va 1 Hikemo Ni MOTPaIuIsioTh Y KapTep AU3eNs Yy 3B'SI3Ky 3 THM, IO
UWIIHAPOBA Tpyna Ta MIJUIMIHUKA KOB3aHHS 3MAIYIOTHCS OJHHM 1 TUM CaMUM
MAaCTUOM OJIHI€l MHPKYJAIMIAHOI CcUCTeMH. Y JpPYyroMy — TPHYHHOI €
HErepMETHYHICTh CAJIbHUKOBHX YUIUIbBHEHb WITOKA, 4Yepe3 SKi BilOyBaeThcs
3MIITyBaHHS MacTWIa, 10 3HAXOJUTHCS B MIAMNOPIIHEBOMY IPOCTOPI AM3EIS Ta
MacTuja, IO 3HAXOAUTHCSA B KapTepl ausens. OCHOBHI €JIEMEHTH, 10 BXOIATH 0

MacTHJIa SIK 3a0pyAHEHHsI, a TAKOX JKepesia iX MosBU HaBeJieHl B Tabnuii 1.3.

Taomurg 1.3
OCHOBHI €JIEMEHTH, 110 BXOJIATH IO MACTHJIA K 3a0pyTHEHHS
Enement JIxepeno nosBu
Amominiii, Al 3HOC BKJIAUIIIB T IMIAITHUKIB
AchaabToOCMOIUCTI BIAKIAACHHS HemnoHe 3ropsiHHS ManvBa
Banamiii, Va BucokoB’s13ke manmBo
Boaa, H,O [IpoayBHE TIOBITPS, CUCTEMA OXOJIOKCHHS
3anizo, Fe 3HOC BTYJIKU Ta MOPIIHEBUX KiJIeIb
Kpewmniii, Si Posknanenns npucaaok
Mins, Cu 3HOC BKJIAUIIIB T IMIAITHUKIB
Monibaen, Mo 3HOC BKJIAUIIIB MITAITHAKIB
Harpiii, Na Poskmanenns npucanox
Hikenp, Ni BrcokoB’si3ke majuBo
Hitpatu, NO [TpoxykTy 3ropstHHs
OsoBo, Sn 3HOC BKJIAUIIIB T IMIAITHAKIB
CsuHenp, Pb 3HOC BKJIAUIIIB T AMIAITHUKIB
Cynbdaru, SO [TpoaykTu 3ropstHHS
Xpom, Cr 3HOC BTYJIKH Ta MOPITHEBUX KIJIEIh
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[Iporec MarieHHs CyAHOBUX JAM3EIIB € OJHUM 3 OCHOBHHUX, SIK1 3a0€3MeUyIOTh
foro (QyHKIIIOHYBaHHS, a TaKoXX HaJiliHy Ta Oesmeuyny pobory [112, 113].
[lopymennss mpoiiecy MamieHHs (KpUTUYHE 3HUKEHHS THUCKY a00 KpHUTHYHE
OiBUIICHHA TEeMIepaTypd MacTuia) MOXE TMPU3BECTH [0  30LIbIICHHS
TEMIIEpAaTypHUX Ta MEXaHIYHUX HaNpyr, a TaKOXX — BUHUKHEHHS aBapiiHOi
cuTyalli (MOJOMKHM TOPIIHEBUX KiJellb, 3aKJIMHIOBAHHS TMOPIIHSA B LMJIIHJIPI,
IPOKPYYyBaHHS BKJIAIUINB MIJIIMIHUKIB). KpUTHUHE BIIXWIEHHS MOKAa3HUKIB
pobOTH CcHCTEM UWJIHIPOBOTO al00 IUPKYIALIMHOTO MAaIEHHS TOJOBHUX
KPEUIIKOMMHUX AW3ETiB (HAmpHKIaa, HaAMIpHE 3HUKEHHS THUCKY MacTHIa, HOTO
BIJICYTHICTb, HaJIMipHE MIJABHUILEHHS TEMIIEpaTypu) MPU3BOIUTH 10 iX aBapiitHOi
3YMUHKN CUCTEMOIO aBTOMAaTUYHOTO PETyIIOBaHHs. AHAJOTIYHA aBapiliHa 3yIUHKa
3 OOKy CHCTEMH aBTOMAaTUYHOTO PETYJIOBAHHS 3MINCHIOETHCS B pa3i KPUTHIHHUX
MOKA3HUKIB y pOOOTI CUCTEMHU HUPKYJsAliiHOro MameHHs cyaHoBux COJl, ski
BUKOHYIOTH (hyHKIIt0 '/ Ta mepenaroTh NOTyX HICTh TpedHOro reuHTy [114, 115].
3ynunka ']l Ta npu3ynuHEHHS nepeaadi MeXaHiyHOT eHeprii 10 TpeOHOro TBUHTA
YHEMOXJIMBITIOE PYX CYy/JHA Ta CYTTEBO 3MEHIIIYE HOTO MaHEBPOBI SKOCTI.

Jlo aHamoOriYHUX HACTIIKIB MPHU3BOJIUTH KPUTHUYHE BIIXUJICHHS ITOKAa3HUKIB
poOOTH HUPKYJSIIAHUX CHUCTEM MaIEHHS CYJHOBUX TPOHKOBHUX JHU3EIIB, SKi
BUKOHYIOTHh (yHKII0 I/ Ta 3a0e3neuytoTh €1eKTPUYHOI0 €HEPri€l0 HaBiraliiHe
oOJajHaHHS, BaHTaXHI MPHUCTPOi, PYJIbOBY MAIIMHY Ta OOJIaJHAHHS CYIHOBHX
CUCTEM MAILMHHOTO BijilieHHs. HaBiTh KOPOTKOCTPOKOBA 3yNMHUHKA LIMX JHU3ENIB
(K T 9ac MOPCHKOTO / OKEAHCHKOTO TMEepPeXoay, TaK 1 MiJl Yac CTOSIHKA B
NopTy / Ha per/ll) MOXKE MPHU3BECTH JO CEpHO3HOI aBapii (3ITKHEHHS CYJICH,
MOIIKO/PKeHHST CyJHAa Ta CYJHOBOTO OOJaJHaHHS, TOPYIICHHS BaHTaXHUX
oreparliif, eKOJOTIYHOTO 3a0pyHEHHS JOBKUIIS Ta TOPTOBOi TepuTopii) [116].

Tomy mniaTpuMaHHsA HaIiiMHOI Ta Oe3meyHOoi POOOTH CHUCTEM MAIlCHHS
CYyIHOBUX JU3eNiB (K OJHIET 3 OCHOBHMX CHUCTEM, IO 3a0€3MeuyrTh iXHE
(GyHKIIIOHYBaHHS), a TaKOX 3a0€3MEeUCHHS PEXUMIB MAIICHHS [H3ENIB CYJEH
pPIYKOBOTO Ta MOPCBKOTO TPAHCIOPTY € AaKTyadbHUM HayKOBO-TPUKIIATHUM

3aBJaHHIM.
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1.5. BucHoBK# 3a po3nuioM 1 Ta TOCTaHOBKA 3aBIaHHSI TOCITIIPKEHHS

Sk pesynapTaT aHamizy JITEpaTypHUX JKEped 3 PO3B’SA3aHHS 3aBJaHHS
3a0e3MeyeHHs] PEeXHUMIB MAIEHHS [U3ETIB CYIEH pPIYKOBOIO Ta MOPCHKOIO
TPAHCIIOPTY, 110 BUKOHAHO B 1-My pO3/11JIi BA3HAYMMO HACTYITHE.

1. ®yHKIIOHYBaHHS Ta eKCIUlyaTalliiiHa HaAIMHICTh CYJHOBUX JM3EI]IB
(IBOTaKTHMX Ta YOTHUPUTAKTHHUX, TOJIOBHUX Ta JIOMOMDKHHX) HE MOXJIMBE 0Oe€3
3a0€3MEeUCHHS MPOLIECY MaIIEHHs iX OCHOBHUX KOHTAKTHHUX BY3J1B — ITUITHIPOBOL
BTYJIKH Ta TMOPIIHEBUX KUJIElb, a TaKOXX KOJIHYATOrO0 Bajla Ta BKJIAQJIMINA
M IITAITHUKIB.

2. MaieHHss paMOBUX 1 MOTWJILOBUX MiJIIUITHUKIB CYJHOBUX JU3ENIB (SIKE
3a0€3MeUy€eThCs  MUPKYISAIIMHOI  CHUCTEMOIO  MAIEHHSI)  CYMPOBODKYETHCS
BUTOKAaMHM MACTHJIA 31 CIIOJyYEHHS BKJIQJWII-Bajl, Yy 3B'SI3Ky 3 THM, IO B JaHHUX
TOYKaX KOHTYp MaIllEeHHS CTA€ BIAKPUTUM, @ MACTUJIO MIIIA€ThCA BHYTPINTHIN (Bi]
HUPKYJISIIAHOrO Hacoca) 1 30BHIMIHIN (Bl TUCKY Baly Ta IIaTyHa) CHJIOBIM i
TakoX BIAKPUTHUM € KOHTYp MAalleHHS MiX BTYJIKOI HUJIHApPA Ta MOPITHEBUMHU
KUIBISIMU  (MAIIEHHsSI SIKOTO  3a0€3MeYyeThes  IMIUTIHIPOBOIO / JIyOPUKATOPHOIO
CHUCTEMOI0 MaIlEHHS), MpPH LBOMY MACTWJIO MIJAJAEThCS CHIOBIH i 3 OOKYy
MOPIITHEBUX KIJICIb Ta TPOIYKTIB 3TOPSHHS.

3. Y BU3HAYHUX yMOBaX EKCIUTyaTallli CHCTEM MallleHHS BKpail Ba)JIMBUM
cTae 3aBJaHHs 3a0e3MeyYeHHs T1PaBJIIYHOI MIUIBHOCTI B CIOJYYEHHSX BTYJIKa-
KUIbIIE Ta Baj-BKIAIUII, 10 Oyae CHPUSATA 3MEHIICHHIO BUTOKIB MacTWia 3
BKa3aHUX 3’€HaHb Ta 3a0€3MEUCHHIO PEXKUMIB 1X MaIllCHHS.

4.3 ypaxyBaHHSM BHKJQJCHOTO 3aBJAHHSM JOCHIJDKEHHS BH3HAYEHO
yIOCKOHAJIEHHs TPOIECIB MAaIIeHHS I[WJIIHAPOBOI TPyHH Ta MiANIAITHUKIB

KOB3aHHS JIN3€JI1B CYJICH PIYKOBOT'O Ta MOPCHKOT'O TPAHCIIOPTY.
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PO311JI 2. 3AT’AJIbBHA METOJINMKA I[HCEPTALIIPIHOFO
JOCIIIDXKEHHA

Hpyruii  po3ain  BimoOpaxae  3arajibHy  METOAMKY  JUCEPTALIHOTO
JTOCITIIKEHHS.

PesynbpTatu nocnipkeHb, SKi HaBeIEHI B LIbOMY PO3Ll, OyJIH OTpUMaHI i
Yac JITEpaTypHOTO Ta MaTEHTHOTO MOIIYKY, a TAKOX aHaji3y MOMJIMBHUX METOIIB
Ta TEXHOJIOT1H MPOBEJICHHS €KCIIEPUMEHTIB Ta BUIIPOOYBaHb.

OCHOBHI pe3yNbTaTu po3aiTy 2 HaBeaeH1 B poboTi [125].

2.1. BuGip TemMu HayKOBOTO JTOCIIPKEHHS Ta BU3HAYCHHS IUISAXIB JOCSITHCHHSI

3aBJaHb JOCIIKEHHS

HaykoBi gociipkeHHs, 1[0 BUKOHYIOThCA B HallloHaJIbHOMY YHIBEPCHUTETI
«Onecbka MOpChKa akafeMmis» 3 raiay3i 3HaHb «TpaHcmopT», 0a3yroThCs Ha
byHIaMEHTAIBHUX  pPO3pOOKax  JIOKTOpa TEXHIYHUX  Hayk, mpodecopa,
3aCIIy’)KEHOTO TpalliBHUKa HapoaHol ocBiTH Ykpainu B.A. TomikoBa, skuii
PO3pOOUB Ta 3aMPOINOHYBAB BJIACHY METOO0JIOT1I0 HAYKOBUX JOCHIIKEHb. 3T1IHO 3
1[1€1 METOJ0JIOTIE€I0 HAYKOBO-TIPUKJIAAHI JOCIIIKEHHS MMOBUHHI PO3BHUBATUCS Ha
OCHOBI TPaIUIIMHOTO (P1IT0CO(CHKOTO METOIY CXOJKEHHS BiJl «3arajJbHOTO» Yepes
«4acTKOBe» JI0 «ocobuctoro». CTpaTeriero Ii€i METOAOJIOTii € Te3a «...Io00
YHUKHYTH OJHOCTOPOHHOCTI B JIOCHI/PKEHHI 00'€KTy, HEOOXIHO BpaxyBaTd BCI
CYTT€B1 CTOPOHHM Ta 3B'SI3KU MIPEAMETA ...».

JocnipkeHHs, 1mo OyJId BUKOHAHI Ha CyAHaX MOPCBKOTO TPaHCIIOPTY,
JI03BOJIMJIA BUCYHYTH HACTYITHI anpiopi Ta anocrepiopi:

®SIKICTh MPOIECIB MAIICHHSI KOHTAaKTHUX BY3JI1B JU3€J1B CYJAE€H MOPCHKOTO Ta

BHYTPIIIHBOIO  BOJHOTO  TPAHCIOPTY  BU3HAYAETHCS  (YHKLIOHAIBHUMU
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XapaKTEPUCTHUKAMUA Ta CTPYKTYPHUMH OCOOJIMBOCTSMH MOTOPHHX MACTHI, IO
BUKOPHCTOBYIOTHCSI B CUCTEMAX IMJIIHAPOBOTO Ta HUPKYJALIAHOrO MamieHHs [31];

e IUCUIIALIISL €Heprii, 10 BUHHUKAE B CYJHOBUX JM3ENSIX, MPU3BOJUTH JO
301IbIIEHHSI MEXaHIYHUX BTPAT Ta BUHUKHEHHS MEPEBAXKHO TPAHUYHUX PEKUMIB
MalIeHHsl Y TAaKUX OCHOBHUX KOHTAaKTHHMX BY3JIaxX, SIK MOPUIHEBI KIJbI — BTYJKA
HUJIIHpa Ta BKJIQIUII MAmunHuKa — Baut [112, 117].

3 ypaxyBaHHSM Tally31 HAYKOBUX 3HaHb Ta HAYKOBOI CIEIIAILHOCTI, SKUMU €
«TPAHCIIOPT» Ta «MOPCHKUH Ta BHYTPIIIHIA BOAHUN TpaHCHOPT», HA MiACTaBl
TEHJICHI[IA PO3BUTKY Ta OCOOJMBOCTEH EKCIUTyaTarii €HEepPreTHYHUX YCTaHOBOK
MOPCHKHUX Ta PIYKOBHX CYJ/ICH, BpPaXOBYIOUH 3aMUTH MPAKTUKH 1100 3a0€3MeUEHHS
CHEPreTUYHUX IMOKAa3HUKIB JU3EIIIB CYJEH PIYKOBOTO Ta MOPCHKOTO TPAHCIIOPTY,
3HIDKCHHSI EHEPTeTUYHUX BTPAT IIiJ] YaC OTPUMAaHHS KOPUCHOI pOOOTH B CyTHOBHX
JU3eIIsAX, 3a0€3MeUeHHs TEXHIYHOIO CTaHy CYAHOBUX JBUTYHIB BHYTPIIIHbOIO
3TOPSIHHS, a TakKoX 3 YypaxyBaHHAM aHali3y 1H(GOpPMAIIHHOTO IIOIIYKY,
MIPUCBSYEHOTO PO3B’SA3aHHIO 3aBJIaHHS 3a0€3TCUCHHS PEKUMIB MAIICHHS JTU3ETIiB
CyJICH PIYKOBOTO Ta MOPCBKOTO TpaHCHOpTy, Oyjia oOpaHa TeMa HAYKOBOIO
JAOCTiIKeHHS — 320e3MeYeHHs] PesKMMIiB MallleHHS IM3eJIiB Cy/leH PiYKOBOro Ta
MOPCBKOI0 TPAHCIIOPTY.

Sk OCHOBHI MiJICTaBH, 11O CHPHUSINM BUOOPY TEMH HAyKOBOTO JOCIIIKEHHS,
TaKOoX OyJIM BU3HAYEHI:

®CHCTEMHU MAICHHS CYJHOBUX JHM3CIIB (SIKAMHU IEpPII 3a BCE BU3HAYAIOTh
HWTIHAPOBI Ta MUPKYJAIINHI) € OCHOBHUMU CHCTEMaMH, IO 3a0€3MeUyroTh 1X
(GyHKITIOHYBaHHS Ta HAJIIAHICTB;

ernocTiiiHa (110 xapakrepHo /[/]) abo kopoTkouacHa (110 xapaktepHo ajs I'/])
3MiHAa HABaHTAXCHHS Ta CKCIUTyaTaI[lfHUX PEKUMIB U3EIiB IPU3BOIUTH J0 3MIHU
HAaBAaHTAXCHHS Ha BCI HOTO KOHCTPYKTHUBHI €JIEMEHTH, IO 3HAXOIAThCS B
NOCTyNaJIbHOMY 200 00epTaJIbHOMY PYCI Ta 10 MAIllEHHS SIKUX MOJAEThCSI MACTUIIO;

®[IOTIPILIEHHS] YMOB MaIlleHHsI, 200 MOBHA BIJICYTHICTh MACTHJIBHOTO MaTepiay
MDK KOHTAaKTHHMH TIOBEPXHSMH CIpPHUSE€ CTPUOKOMOIIOHOMY  MiJABHIIECHHIO

MEXaHIYHHUX BTpaT Ta 3pOCTAHHIO TEMIICPATYPHHUX HABAHTAXKCHb, IO MOXKC
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MIPU3BECTH JI0 BUHUKHECHHS aBapIMHUX CHUTYaIllil Ta PanToOBOi 3yMUHKU JIU3ENs, a B
NESKUX BUMAJKaX TaKOX JI0 3yMUHKU CyJIHA.

®IIIITPUMAHHS HEOOXITHUX PEKHUMIB MAIEHHS CYJHOBUX JHM3ENIB Ta
cTalumi3allisl  eKCIUTyaTalliiHUX  XapakTEpUCTUK  MOTOPHHUX  MacTWi, IO
3a0€e3MeuyloTh MPOoIeC MAIeHHs] OCHOBHUX KOHTAKTHUX €JIEMEHTIB Ju3eis (a came
MOPUIHEBUX KUIElb Ta BTYJIKMA LWIIHIAPA, @ TaKOXX BKJIAJMIIIB MIAMIMIIHUKIB Ta
KOJIIHYATOTO Bajly) TapaHTyIOTh HaAliHY poOOTY IM3ENiB Ha BCIX EKCIUTyaTaliiHuX
peXHUMax.

3 ypaxyBaHHsIM 00paHOi TEMU HAYKOBOTO JOCIIIHKEHHs Oysa BU3HAUYE€HA HOT0
MeTa — 3a0e3NedyeHHs EKCIUIyaTalliiiHUX XapaKTepUCTHK AU3eJiB CyleH
PiYKOBOr0 Ta MOPCHLKOI0 TpaHcmoprty. JIJis BU3HAYCHHS NUISXIB JOCATHEHHS
3aBAaHb JOCHIDKEHHS Oyjla BUKOHAaHAa EKCIEepTHA OI[iHKAa PO3B’A3aHHS LIbOTO
3aBAaHHs. ExcrnepTHudl miaxin 103BOJsiE pO3B’SI3yBaTW  3aBIaHHS, W0 HE
MIIIAI0TECS PO3B’SI3aHHIO 3BUYAWHUM aHAJTITUYHUM CIIOCOOOM, y TOMY YHCII:
BUOIp Kpalloro BapiaHTy PO3B’sI3aHHS cepell HAasBHHX; MPOTHO3YBAHHS PO3BUTKY
MPOLIECY; MOIIYK MOXJIMBOTO PO3B’sI3aHHSI CKJIAJHUX 3aBAaHb [118].

Bubip HampsiMy HayKOBOTO JOCHII)KCHHSI TIPYHTYEThCS Ha IIPOBEIACHIN
eKCIIEPTHIM OIHIII MOXJIMBUX BapiaHTIB pO3B’SI3aHHA TOJOBHOTO 3aBJaHHS
HAyKOBOTO JOCHI/DKCHHS 3a HACTYIMTHUMH TM'SIThMa HAWOUIBII 3HAYYIIUMHU IS
CHEIIAIBHOCTI «MOPCHKUI Ta BHYTPIIIHIM BOJHUN TPAHCIIOPT» KPUTEPISIMU:

1) akTyaJIbHICTB;

2) HayKOBa HOBU3HA;

3) ekOHOMIYHA Ta eHEepPreTUYHa e(hEeKTUBHICTD;

4) MOXJIMBICT, 3aCTOCYBaHHSI Ha CyJHAaX MOPCHKOIO Ta BHYTPIIIHBOTO
BOJIHOT'O TPAHCIIOPTY;

5) BIAMOBIAHICTh CHELIAIBHOCTI T4 MOXKJIMBICTh aBTOHOMHOTO pilieHHs (0e3
3aJy4eHHsI TOCIIHUKIB 3 1HIIMX BY31B Ta (paxiBIIB CYMDKHUX BHUJIIB TPAHCIIOPTY).

ExcniepTHa oIiHKa MOJIMBUX BapiaHTIB PO3B’SI3aHHS TOJIOBHOTO 3aBJIaHHS
JMCEPTALITHOTO JOCII/KEHHSI, SKIM € YIOCKOHAJIEHHS NpoleciB MallleHHs
UMJIIHAPOBOI IPYNH TA MiJIIMIHUKIB KOB3aHHS AM3e/]iB CyJIeH PiYyKOBOro Ta

MOPCHKOI0 TPAHCHOPTY NLJISAXOM KEPOBAHOI0 BIUIMBY HA CTPYKTYPHI
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XapPaKTePUCTUKH MOTOPHOT0 MACTHJIA, W0 NOAIIA€ KOHTAKTHI IOBEPXHI,
BUKOHYBAJIACh 13 3aTyUEHHSIM:

®IPOBIIHUX HAayKOBO-TMeAaroriunux npaniBHukie HY «OMAy (mpodeciitauii
piBEeHb SKHX MiITBEPAKYBaBCS HAsBHICTIO HAYKOBOTO CTYIEHS, IO BIAMOBIIAE
CIEIIAIPHOCTI «MOPCHKUW Ta BHYTPIIIHINA BOAHUN TpaHCIOPT», a00 HayKOBUMU
MyOJTiKaIisiMA B MPOBIAHUX (paXOBUX YKPATHCHKUX Ta 1HO3EMHUX BUIAHHSX);

e(haxiBIiB BIIIUIIB Ta JEMApTAMEHTIB, IO 3a0e3MeUylOTh TEeXHIYHUI
MEHE/KMEHT CYJIeH Ta iX €HEepPreTMYHUX YCTAaHOBOK (ImpodeciiiHuil piBeHb SKHX
NIATBEPAXKYBaBCS JOCBIIOM pOOOTHM Ha CyJIHaX MOPCHKOTO Ta BHYTPIIIHBOTO
BOJHOTO TPAHCIOPTY Ha IHXKEHEPHUX TOCajaX, a TaKOX HASBHICTIO BH3HAHHUX
MOPCBHKOIO aJMIHICTpPAIl€l0 JOKYMEHTIB, IO MIATBEPIXKYIOTh iX mpodeciitHy
KBaTi(iKaIlio);

®MOJIOJIUX JTOCHIIHUKIB, IO € 3700yBauyaMu TpeThoro (mMoktop dimocodii)
piBHIB  BHUIIOi  OCBITH  (mpodeciiiHuii  piBeHb  SKUX  MIATBEPIKYBaBCA
OJIHOCIIPSIMOBAHICTIO HAYKOBUX JIOCHI/IKEHb Ta HASBHICTIO BJIACHUX IMOMNEPEIHIX,
MPOMIKHUX 200 OCTaTOYHHUX PE3YNbTaTIB MPOBEACHUX JTOCIIKEHbD);

®3 BUKOPHCTAHHSAM PE3yJbTaTiB BUKOHAHOTO 1H(GOPMAIIIITHOTO Ta MaTeHTHOTO
MOIIYKY pe3yJIbTaTiB HAyKOBUX JIOCHII>KEHb 32 0OpaHUM HAYKOBUM HAIPSIMKOM.

[Ipyn 11bOMY BHUKOPHUCTOBYBAJIMCh METOJMU KOJEKTHBHOI pOOOTH Ta METOIU
OTPUMAaHHSI 1HIMBITyaIbHOI TyMKH YJIEHIB €KCIIEPTHOI TPYTIH.

Bapianti po3B’s3aHHS TOJOBHOTO Ta JONOMDKHHUX 3aBJlaHb HayKOBOTO
JIOCIIIJIPKEHHSI BU3HAYaJIMCS 3a JOIMOMOIOK METOJy EKCIEepTHUX OILiHOK. [lpu
IIbOMY BHKOPHCTOBYBAJHUCS KpUTepii, HaBeaeHI B TabOmuii 2.1, 1€ MO3UTHBHIN
OIIIHII BIAMOBiga€ 3HaK "+", a HeraTMBHUM 3HaK "—".

BukoHaHa ekcrepTHa OIlIHKa 3HAYYIIOCTI MOCHIIKEHb 3 TEXHOJIOTTYHOTO
BJIOCKOHAJICHHS KOHTAaKTHHX BY3JIB CYJAHOBHX JM3€NiB (TIOPIIHEBUX KUJIECIb,
HUJIIHIPOBUX BTYJIOK, BKJIQJMINIB MIJIIUIIHUKIB, KOJIHYATOrO Baja) BUCBITIWIIA,
oo [eil MeToa BIANOBIAAE BHUMOraM JO AaKTyaJIbHOCTI, EKOHOMIYHOI Ta
€HepreTUYHOi €(PeKTUBHOCTI Ta MOXKE 3HANUTH 3aCTOCYBAaHHS Ha Cy/IHaX MOPCHKOIO
Ta BHYTPIIIHHOTO BOJHOTO TPAHCHIOPTY. AJie MpHU LOMY 3MiHA TE€XHOJIOTTYHOTO

a00 KOHCTPYKTHMBHOTO BHUKOHAHHS MOJIOHMX KOHTAaKTHHUX BY3JIIB MOXE OyTH
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Tabmums 2.1
BuxopucTtanHs MeToy €KCIIEPTHUX OLIHOK JJIsS BU3HAUYEHHS BapiaHTIB

PO3B’sI3aHHS 3aBJAHHS TOCTIKEHHS

Kpurepii
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1. TexHOJIOTIYHE BIOCKOHATICHHS
KOHTaKTHHX BY3J1B CYJHOBUX JIU3€IIIB
(MOpIIHEBUX K1€llb, HUIIHIPOBUX + | - |+ + — 3
BTYJIOK, BKJIQJIUIIIIB ITiIIIAITHUKIB,
KOJIIHYATOI'O BaJia)
2. 3MiHa MOKa3HHUKIB pOOOTH 00JIaIHAHHS
+ |+ | — + + 4
Ta yCTaTKyBaHHS MAaCTUJIbHUX CUCTEM
3. YnockoHaleHHsI KOHCTPYKIIHHOTO
BUKOHAHHS Ta KOMIUICKTYBaHHS CUCTEM + | - |+ + - 3
MalIeHHs
4. 3acTOoCyBaHHSI CHHTETHYHHX
+ |+ | = — + 3
MaCTUJILHUX MaTepialliB
5. KepoBanuii BIUIMB Ha CTPYKTYPHI1
XapaKTEPUCTUKNA MOTOPHOTO MacTHIa
+ |+ |+ - + 5
HUPKYJSIIAHUX Ta UATIHIPOBUX CUCTEM
MalIeHHs
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BUKOHAHA JIMINE TiJ] Yac IX BHUPOOHUIITBA Ju3eNeOyIiBHUMHU ¢dipMaMu Ta
KOPIIOpAIisIMA, TPH [bOMY pPEHTA0CTBHICTh [BOTO METOAY MPSIMOIIOpIIiiiHa
KUTBKOCTI iX BUITyCKy. ToMy Iieil METOJ He BIANOBIJA€E BUCYHYTUM BHMOTaM 3
MO>KJIMBOCTI aBTOHOMHOTO PO3B’SI3aHHS, a TAaKOXX HE BIJIPI3HSIETHCS HAYKOBOIO
HOBH3HOIO.

Meton, 1o moB’s3aHUNA 31 3MIHOKO IMOKa3HHMKIB PoOOTH OOJagHAHHS Ta
YCTaTKyBaHHS MACTHJIBHMX CHCTEM BIAMOBIJa€ BUMOTaM MO0 aKTyaJIbHOCTI,
HAyKOBOI HOBU3HM, MOXJIMBOCTI 3aCTOCYBaHHS Ha CyJHaX MOPCHKOTO Ta
BHYTPIITHBOTO BOJHOTO TPAHCIOPTY, a TaKOX MOJKJIMBOCTI aBTOHOMHOTO
po3B’si3aHHA. AJle TPU I[bOMY TEXHOJIOTii Ta CXeMH HOro 3a0e3NedyeHHS Ta
BUKOHAHHS BHUMAararmTh CTBOPCHHs JOJATKOBHX CHUJIOBUX (2 came TiIBUIIEHHS
TUCKY MacTWia TiJ 4Yac HOoro pyxy B IUPKYJSAIINAHIA cucTeMi MaileHHS abo
BIIOPCKYBaHHS IIiJl 9Yac MOTO CHpPSIMYBaHHS Ha J3€pKajo BTYJKH B IMTIHIPOBIH
CHUCTEeM1 MaIlleHHs) Ta TeMmepaTypHHX (a camMe MiABUIIEHHS 1HTEHCUBHOCTI
OXOJIOJKEHHS) TrpafmieHTiB. lle BuMarae gomaTKOBMX BHUTpaT €Heprii Ha
3a0e3nedeHas] (PYHKITIOHYBaHHS OOJaJHAHHS, IO BXOAWTH 10 CHCTEM MAIlCHHS,
TOMY CHPHSE 3HIKEHHIO €KOHOMIYHOCTI Ta eHEPreTHYHOI e(DEeKTHBHOCTI.

Y 1ocKkoHaJNIEHHSI KOHCTPYKI[IHHOTO BHUKOHAHHS Ta KOMIUIEKTYBaHHS CHCTEM
MAIIICHHS BIMAarae He JIMIIEC BCTAHOBJICHHS JOJIATKOBOTO OOJIaTHAHHS, alie TAKOX
MOTO/PKCHHS IOTO BCTAHOBJICHHS C KiIacU(IKAIiHHUMU TOBApUCTBAMH, IO
BUKOHYIOTh HArJIsiJl 3a CyJJHOM Ta HOTO €HEPreTUYHOIO0 YCTAaHOBKOIO. Y 3B’SI3KY 3
IIMM BiH HE BiJIIOBIa€ BUMOTAM IOJI0 aKTYaITbHOCTI Ta MOYKJIMBOCTI aBTOHOMHOTO
piieHHs (6e3 3aTydeHHs JOCIIHUKIB 3 IHIINX BY31B Ta (axiBI[iB CYMIKHHUX BH/IIB
TPAHCIIOPTY).

Buxopucrtanas sk MeTomy, wio 3a0e3nedye pO3B’s3aHHS IMOCTABICHOTO
3aBJIaHHS, METOIy 3aCTOCYBaHHS CHHTETHYHUX MAaCTHJIBHUX MaTepiaiiB OB’ I3aHO
3 JOJAaTKOBUMH TPYAHOIIAMH, SKI 3yMOBJIEHI 3 OOMEXEHOI MOXKIHUBICTIO
OyHKEpyBaHHs  TOMIOHUM  MACTUILHUM  MarepiaJoM Ta  HEIOCTaTHHOIO
CTaTHCTUYHOIO 1HPOPMATHBHICTIO 3aCTOCYBaHHS CHHTETHYHUX MAaCTUJI Y CUCTEMax

MAIICHHS JU3EJIB CyJIeH MOPCHKOTO Ta BHYTPIIIHEOTO BOJJHOTO TPAHCIIOPTY.
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Tako)x BH3HAUYUMMO, IO JESKI 3 Ha3BaHMX METOMIB HE BIAMOBIIAIOTH, a00
JIUIIIE YaCTKOBO BIJMOBIAIOTh BUMOTAM CHEIIaTbHOCTI «MOPCHKUM Ta BHYTPIIIHINA
BOJIHUW TPAHCIIOPTY.

3a pe3ylnbTaTaMy €KCIIEPTHUX OIIHOK HAWOIIBIN PAIliOHAIEHUM CITiJT BU3HATH
METOJI KEpOBAHOTO BIUIMBY Ha CTPYKTYPHI XapaKT€PUCTUKU MOTOPHOTO MacTHJIa
HUPKYJSLIMHUX Ta HWIIHAPOBUX CHUCTEeM MaileHHs. Lleit meTon BiAmoBizae BCIM
BUCYHYTHM BHUMOTaM, TOMY CaM€ Ha WOTO BUBYEHHS, PO3BUTOK Ta BIPOBAKEHHS
CIpsIMOBaHE HAYKOBE JAOCIIHDKEHHS.

BaxnuBicTe Ta akTyanbHICTh HAyKOBUX JOCHIIKEHb, TOB S3aHHUX 13
3aBJaHHSAM 3a0€3MeUeHHSI TMPOIECIB MAICHHS MW3€NiB CyACH pPIYKOBOTO Ta
MOPCBHKOTO TPAHCIIOPTY, MIATBEPKYETHCS MPOTrPaMOI0 €eKOHOMIYHUX pedopm, 110
IPOBOANUTHCA B YKpaiHi, a TakoX TpaHCIIOPTHOIO CTpaTerielo YKpaiHu Ha mepion
no 2030 poky, y sKiii SK OAHIE 13 3arajibHUX MpoOJeM, IO MNOTPeOyIOTh
pO3B’sA3aHHs, BU3HAYEHO  TEXHOJOTIYHE  BIJCTABaHHS  TPAHCIOPTY  Ta
1H(GPaCTPyKTYypH, HU3BKUN PpIBEHb BIPOBAKEHHS CyYaCHUX TEXHOJOTIM Ta
peanizaiii 1HHOBAIIMHOT MOJITUKKA B TPAHCHOPTHIM Tramy3l; SK HUISXH, M0
3a0e3MeuyIoTh 1€ PO3B’s3aHHS, 3aMpPONOHOBaHI 3a0€3MeYeHHs] PO3BUTKY BOJHOTO
TPaHCIOPTY,  BUKOPUCTAHHS  BHUCOKOTEXHOJIOTIYHHUX  Ta  €PrOHOMIYHMX
TPAaHCIOPTHUX 3ac001B, BUKOPHUCTAHHS MAJMBHO-EKOHOMIYHUX Ta EKOJOTIYHUX
TPAHCIIOPTHHUX 3aCO0I1B.

3aranpHa Merta Crpaterii mojsra€e y BU3HAYEHHI KOHLENTYaJIbHUX 3acaj
dopMmyBaHHS Ta peamizamii Jep)KaBHOI TOJITUKA B Taly3l TPaHCHOPTY,
COpPSIMOBAHUX Ha CTBOPEHHS IHTETPOBAHOTO N0 CBITOBOI TPAaHCHOPTHOI MeEpexi
e(EeKTUBHOTO TPAHCIIOPTHOTO KOMIUIEKCY YKpaiHH, MiJIBUILIEHHS 1HBECTUIINHOT
npuBaOIMBOCTI TPAHCIOPTHOI Tady3i, 3aJ0BOJIEHHS TMOTpPeO HaCeleHHS Y
NEPEeBE3CHHAX Ta TMOKpAlIEHHsS YMOB BeJEHHs Oi3Hecy 3aaiii CTIHKOro
€KOHOMIYHOI'0 Ta COILIIaJIbHOTO PO3BUTKY Kpainu [119].

JlocmiKeHHs, M0 BHUKOHYBAJIWCH 3 METOIO JIOCSATHEHHS TOJIOBHOTO Ta
JONIOMIXKHUX 3aBJlaHb JUCEPTAIliiHOI pOOOTH, OJHOCIPSIMOBAHI 13 3aBJIaHHSIMHU

MiIBUIIICHHS PiBHA 0€3MeKH CYAHOIJIABCTBA, a cCaMe:
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®CTBOPEHHS HAIlIOHAJIBHOTO CETMEHTAa CHUCTEMH OOMIHY i1H(POpPMAIEI TPO
pyX CylIeH Ta JAiSUIbHICTh CYO’€KTIB TOCIOAapioBaHHS y c¢epli MOPCHKOro
CYJIHOIJIaBCTBA;

eBMNpOBaKEHHsT cnuibHUX 3 €C mnpoueayp 3a0esneueHHs Oe3nexku
CYHOIJIABCTBA, MOHITOPUHTY PyXy MOPCHKHUX CYZCH, HaJIaHHS IOIOMOTH Ha MOpPI;

MiIBUILEHHS PiBHS €KOJIOTIYHOI 0e3MeKN HA TPAHCIOPTI, a caMe:

®3a0€3MeUeHHS MPIOPUTETHOCTI BUMOT €KOJIOT1YHOI O€3MeKH, 000B’13KOBOCTI
JOJIep’KaHHsl EKOJIOTIYHMX CTaHJapTiB, HOPMATHBIB Ta JIMITIB BHUKOPUCTAHHS
NPUPOIHUX PECYpPCiB MiJ Yac MPOBAKEHHS TOCHOJAPCHKOI, YMPABIIHCHKOI Ta
1HIIIOI JTISJIBHOCTI,

®3/iiCHEHHsI 3amoODKHUX 3axOJiB LIOJ0 OXOPOHU HABKOJIMIIHHOTO
MIPUPOHOTO CEPEIOBHUIIA B TPAHCIIOPTHIN Taiy3i;

®BIIPOBAKEHHSI HOBITHIX TE€XHOJIOT1 TECTyBaHHS TPAHCIOPTHUX 3acO0IB 3a
€KOJIOTIYHUMU TTapaMeTPaMH;

®CTBOPEHHS YMOB JIJIsl 3aMl00ITaHHs aBapisiM Ha TPAHCIOPTHUX 3aco0ax, sKi
MOXXYTh MPU3BECTH [0 TOTIPUIEHHS €KOJOrIYHOTO CTaHy BOJAHUX 00’ €KTIB
(3a0pyaHEHHS), IO MOKE IIKIJTMBO BIUIMHYTH Ha 3JI0POB’S JIFOACH 1 CTaH BOJTHHUX
€KOCHCTEM.

OnHoYacHO 3 MM JOCIIJPKEHHs, 110 BUKOHAHI B JHCEpTaIiiiHIi poOOTi,
CHpsSMOBaH1 Ha 3a0€3MeUYeHHsI eKCIUTyaTallliiHUX TOKa3HUKIB Ta HAJIIHOCTI poOoTH
CYIHOBUX JM3EJiB (IBOTAKTHUX Ta YOTUPUTAKTHUX, TOJOBHUX Ta JOMOMIKHUX) —
K OCHOBHOTO JDKEpella MEXaHIYHOI €Heprii €HepreTMYHUX YCTAaHOBOK CYACH
MOPCHKOTO Ta BHYTPIITHBOTO BOAHOTO Tpancmopty [120].

Sk 00’€KT mOCaigKeHHs] BU3HAYEHO MPOIEC eKCIUTyaTallii JU3eNiB CYJIeH
MOPCHKOTO Ta BHYTPIITHHOTO BOJHOTO TPAHCIIOPTY.

Sk nmpeaMer IOCTIIKEHHS TPHUIHATO TMPOIEC MAIICHHS JU3ETIB CyICH

MOPCBHKOTO Ta BHYTPIIIHBOT'O BOJHOTO TPAHCIIOPTY.
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2.2. O0rpyHTYBaHHS METH, TOJIOBHOTO Ta JOTIOMIKHHUX 3aBJaHb TOCIIIKCHHS

[TincTaBoro TpOBENEHHS HAYKOBUX JIOCIIKEHb OYJlIO0 HE pO3B’s3aHE Ha
MIOYATOK iX IMPOBEJECHHS aKTyaJlbHE HayKOBE-NPUKIIAJAHE 3aBJaHHs 3 3a0€31CUECHHS
pPEKMMIB MAIllEHHS IWJIIHAPOBOI TPYNU Ta MIJUIMIHUKIB KOB3aHHS CYIHOBHUX
JU3€T1B, a TAKOXK HAABHICTh HACTYIHUX 3aMUTIiB NPAKTUKH:

®IIIITPUMAaHHSl CHEPreTUYHUX IIOKA3HUKIB J[H3€JIB CYyJIE€H MOPCBKOIO Ta
BHYTPIIIHBOT'O BOJTHOT'O TPAHCIIOPTY BIJAMOBIAHO O BUMOT 1HCTPYKIII 3 TEXHIYHOI
eKCIUTyaTallil Ta rapaHTOBaHUX 3HaY€Hb (ipM-BUPOOHUKIB;

® 3HIDKEHHS EHEPreTUYHUX BTPAT M1/l YaC OTPUMaHHS KOPUCHOI poOOTH;

®BUKOHAHHS BHMOT KiIacH(DiKallifHUX TOBApPUCTB IOJAO TEXHIYHOTO CTaHy
CYJHOBHX JABUTYHIB BHYTPILITHBOTO 3TOPSHHS.

3 ypaxyBaHHSIM TE€MHU IUCEPTAIIfHOTO JOCHIKEHHs Oyna cpopmyiaboBaHa
MeTa podoTH — 3a0e3MeUeHHs EeKCIUTyaTallliHUX XapaKTEePUCTHK JIU3eIIB CYyJEH
PIYKOBOIO Ta MOPCHKOTO TPAHCHIOPTY.

I'inoTe3010 HayKoBOI0 AoCHiakeHHs Oyina oOpaHa Te3a, 110 3a0e3NeUeHHs
EKCIUTyaTallliHUX XapaKTEpPUCTUK JIMU3ENIB CYA€H pPIYKOBOIO Ta MOPCHKOTO
TPAHCTIOPTY AOCATAETHCS YJOCKOHAJEHHSIM MpPOLECY MallleHHS iX UUIIHAPOBOI
TpyNH Ta MiIMIMITHAKIB KOB3aHHS IUISXOM KEPOBAHOTO BIUIMBY Ha CTPYKTYpHI
XapaKTepUCTUKU MOTOPHOTO MacTHJIA.

T'010BHUM 3aBJaHHSIM HAYKOBOI0 [JOCJI/UKEHHSI € YJIOCKOHAJICHHS
MPOIIECIB MAIICHHS IWJIIHAPOBOI IPYNH Ta MIJMIUITHUKIB KOB3aHHS JU3EIIB CYJEH
PIYKOBOIO Ta MOPCHKOTO TPAHCIIOPTY IUIAXOM KEPOBAHOTO BILTUBY Ha CTPYKTYpHI
XapaKTePUCTUKN MOTOPHOTO MACTUJIA, IO MOI1JIsi€ KOHTAKTHI MOBEPXHI.

JI1s1 po3B’si3aHHS TOJIOBHOTO 3aBJIaHHS JOCIIKEHHS HEOOXiHE PO3B’sI3aHHS
HACTYITHUX AONMOMIKHMX 3aB1aHb:

1) BU3HAUEHHS SKICHOTO Ta KUIBKICHOTO KPUTEPIiB OLIHKUA CTPYKTYPHHX
XapaKTePUCTUK MOTOPHUX MACTUJI, 110 BUKOPUCTOBYIOTHCSI B CHCTEMax MallleHHs

JIM3€J11B MOPCHKOTO Ta BHYTPIIIHHOT'O BOJHOTO TPAHCTIOPTY;
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2) BU3HAYEHHSI CMOCOOIB Ta TEXHOJOTIYHUX pIlIEHb, SIKI CHPHUSIOTH
MIJBUIIEHHIO CTPYKTYPHHUX XapaKTEPUCTUK TOHKUX MACTWJIBHHMX IUIIBOK, IO
HNOJITSIOTh KOHTaKTyIO4l TOBEpPXHI CYJHOBHMX JHM3E€MIB TiJ Yac MpPOLECIB
TIAPOAMHAMIYHOTO Ta TPAHUYHOTO MAIEHHS;

3) BU3HAUYEHHS BIUIMBY CTPYKTYPHUX XapaKTEPUCTHUK MOTOPHHUX MAaCTUJ Ha
poOOTY HUPKYJISALMIKHUX CUCTEM MAIICHHS IHU3EIIB MOPCHKOTO Ta BHYTPIIIHBOTO
BOJHOTO TPAHCIIOPTY;

4) BU3HAUEHHS BIUTUBY CTPYKTYPHUX XapaKTEPUCTUK MOTOPHUX MAcTUJ Ha
po0OOTYy UWIIHAPOBUX CHUCTEM MAIIEHHS JIU3€NIB MOPCHKOIO Ta BHYTPIIIHHOTO
BOJHOTO TPAHCIIOPTY.

[lepmie momoMidkHEe 3aBAaHHS Tepeadadae MPOBEIEHHS €KCIEPUMEHTAIBHUX
JOCTIKEHb 3 BUBHAYCHHS CTPYKTYPHUX XapaKTEPUCTUK MOTOPHUX MACTHII, 3a SIK1
Oynu oOpaHl KpaioBi KyTH 3MOUYYBaHHs, 10 YTBOPIOIOTh MAacTUJIa Ha METAJIEBUX
MOBEPXHAX, Ta TOBIIMHA IIApy MACTUJIBHOI TUIBKH, L0 MOJIISE KOHTAKTYIOUl
noBepxHi. [ po3B’si3aHHS APYroro JOMOMIKHOTO 3aBAaHHS Oylyd BH3HAYEHI Ta
oOpaHi HalO1JIBII paliOHANIbHI CIIOCOOH, M0 CIPHUSAIOTH MiBUIICHHIO CTPYKTYPHHUX
XapaKTEPUCTUK IIapy MACTUIIBLHOI TUTIBKH, 32 JOMOMOTIOI0 SIKUX 3a0€3Medy€eThCs
IpolieC MAIICHHsS CyJHOBMX JIM3€JIB, @ TAKOXX BUKOHAHI HAyKOB1 €KCIIEPUMEHTH,
10 TMATBEPIKYIOTh €PEKTUBHICTh Ta MUTIMOAIOHICTh 3aCTOCYBaHHS ITUX METOJIIB.
Tpere npomomikHe 3aBIaHHs Tependadae TPOBEIACHHS EKCIEPUMEHTAIbHUX
JTOCITIDKeHb y CHUCTeMaxX HUpKyIsiiiHoro mamieHHs cynaHoBux COJl ta BOJI y
Jlarna3oHi 11X eKCIUTyaTalliiHUX HaBaHTaXEHb, BUKOPUCTOBYIOUH TMPHU ILHOMY
MOTOPHI MacTWjia 3 PI3HUMH CTPYKTYpHHUMH XapakTepucTukamu. Po3B’s3aHHA
YETBEPTOr0 JTOMOMIDKHOTO 3aBAAaHHS MOXXE OyTH JOCATHYTO 4epe3 MpPOBEACHHS
BUIIPOOYBaHb Y HMWIIHAPOBUX cUCTEMaX MalleHHs cyqHoBUX MO/I 3 BU3HaUE€HHSAM
BIUIMBY CTPYKTYPHUX XapakTEpPUCTUK MOTOPHHUX MACTHJI HAa TEXHIYHHA CTaH
UUIIHAPOBUX BTYJIOK Ta MOPIIHEBHUX KUJIELb JU3EIIA.

[lin 4yac po3B’si3aHHA KOXHOTO OKpPEMOro JIONOMI)KHOTO  3aBJaHHS
nependavaeThCsl OTPUMAHHS HAYKOBHMX pE3yJbTaTIB, CHUHTE3 SKUX 3a0e3neuye
pPO3B’sA3aHHSI T'OJIOBHOTO 3aBAAaHHS JUCEPTALINHOrO AOCIIIKEHHS Ta MOJajblle

BU3HAYEHHS HAYKOBOTO MOJIOXKEHHS [121].
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2.3. 3acTocyBaHHSI CHCTEMHOTO MiAXO.Ty MiJl Yac MIaHyBaHHs, IPOBEACHHS Ta

BU3HAYCHHS PE3YyJIbTATIB HAYKOBOTO JTOCIIIKEHHS

[lim yac po3poOKK CIOCOOIB KEPOBAHOTO BIUIMBY Ha OYIb-IKUNU MPOIEC
CHUCTEMa YIpPaBJIiHHSA BU3HAYAETHCA SIK CYKYIHICTh MOB’SI3aHMX MIX CO00I0
CJIEMEHTIB — OO0’€KTIB JOCIIDKCHHS, IIUJIEM Ta 3aBIaHb JOCIIIKCHHS,
OpraHi3aliifHuX CTPYKTYp, METOJIB Ta aJropuTMiB ymopaBiiHHiI. Cucrema
YIPABIiHHS XapaKTePU3YEThCS IUTICHICTIO, BIOPSAAKOBAHICTIO, 3ATHICTIO O
YOpPaBIiHHSA Ta IHOIMMH BIIACTUBOCTSIMH €JIEMEHTIB Ta MIACHCTEM, SKI
BiI0OpakaroTh OCOOJMBOCTI O0’€KTy YIpaBIiHHS Ta METOJIB YIpaBIiHHA. 3
METOI0 aHali3y Ta JOCHIUKEHHS CHCTEM YIPABIIHHS IIHPOKOTO MOUIUPEHHS
Ha0yJIM METOAM CUCTEMHOI'O aHAII3y Ta TEOPii MPUNUHATTS PIIlICHb.

CucteMHUI aHaNi3 y TEMEepIlIHIM Yac IMMPOKO 3aCTOCOBYETHCA B TEOpii Ta
IPaKTHII HAYKOBUX Jochipkens [121, 122].

[lix yac cMCTEeMHOTO aHaji3y Ta yIpaBJiHHSI B yMOBax MOBHOI BU3HAYEHOCTI
BUHUKA€ 3aBJaHHsA (OpMyBaHHS Ta OOpPOOKM OIIIHOK BapiaHTIB PI3HOMAHITHHX
MOJIeJICH Ha IMACTaBl METOIB onTuMmizalii. 1{i MeToau T03BOJISIOTH CKJIACTH OIHC
Mojieni (PYHKIIIOHYBaHHS PI3HMX OO’€KTIB Ta CHUCTEM Ha IIJCTaBl BEIUKOI
KUTBKOCTI y3arajlbHEeHUX €KCIEPUMEHTAJIbHUX JIaHUX Ta TEOPETUUYHUX PO3POOOK, a
TaKoX 00paTH ONTUMAaJIbHI MEXaHI3MH YIIPABIIIHHS IIUMH 00’ €KTaMHU.

lomo okpeMoi ramysi 3HaHb «TPAHCIOPT» Ta HANPAMKY «MOPCHKUH Ta
BHYTPILIHIN BOJHUN TPAaHCHOPT» METOAM CHUCTEMHOTO aHami3y JOBOJUTHCS
BUKOPHCTOBYBaTH B YMOBaX HEBU3HAYCHOCTI. Y 1bOMY BHUMAAKY CYTTEBO
3Ha4YeHHs HaOyBae po3poOKa METO/IIB KEPOBAHOTO BIUIMBY Ta MPUHHATTS PIllICHb B
yMOBax MOBHOI a00 4acTKOBOi BijAcyTHOCTI iHdopmarii. [lix dac mpoBeneHHs
NPUKIAAHUX HAYKOBUX JOCHIKEHb Ta BUKOHAHHSA 1HXEHEPHHX PO3pOOOK BiJl
MPaBUJIBLHOCTI TNPUWHATTA PINICHh 3aJCKUTH Jy)Ke 0O0arato XapakTepUCTHK,
MOKa3HUKIB Ta MapaMeTpiB — HaJiiHa po0OoTa EHEpPreTMYHUX OO0’€KTIB Ta

oOnajHaHHs, 3JAaTHICTh CHUCTEM KEPOBAHOTO BIUIMBY BHKOHYBAaTH CBO€YACHI
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yIpaBisiioyi Aii, 6e3neka Ta )KUBYUICTh TPAHCHOPTHHUX 3ac00iB. ToMy ycBimOMIIeHE
pO3B’sI3aHHS 3aBAaHb 3 YIPAaBIIHHSA C€HEPTeTUYHUMH 00’ €KTaMH HE MOXJIUBE 0e3
MEBHOTO «y3arajJlbHEHOr0 TMIAXOAY» JO0 HaKONW4YeHUuX (akTiB, IO BHUMarae
3aCTOCYBaHHS aJICKBaTHUX METOIB. Jl0 TakuMxX METOJIB BIIHOCATHCS METOIU
NPUUAHATTS PillIeHb, TOOTO METOJM, 10 BUKOPHUCTOBYIOTBHCS ITiJI Yac BiJICYTHOCTI
MOBHOI 1H(opMaIli nMpo nepedir JoCIiAKYyBaHOTO MPOIIECY, s IKOTO HEOOX1THO
OPUMHATHA PpIMIEHHS Ha MiAcTaBl OOpPOOKHM EKCHEPTHUX OIIHOK, aHAIITHUYHHX
METO/I1B a00 eKCIEepUMEHTAIbHUX JaHuX. [Ipu 1boMy nepeBaKHUMH CTaIOTh CaMe
MAaCHMBH CKCIEPHUMEHTAIBHUX JaHUX, $KI OTPUMaHl TiJ Yac eKCIuTyaTarli
CHepreTUYHUX OO0 €KTIB 3a YMOB pI3HUX BHYTPILIHIX Ta 30BHIIIHIX HABAaHTAKEHb
Ta 30ypeHb, a CYKYIIHICTh MAacCHUBIB EKCIEPUMEHTAIbHUX JIaHUX MOXE OyTH
MiJCTaBOI0 JJIsi PO3POOKH CHUCTEM KEPOBAaHOTO BIUIMBY Ha O0’€KTH 3 YMOBOIO
3a0e3MeueHHs ONTUMI3allli Ta palioHai3alii yrnpasisitounx aii [123].

BaxxnmuBuMu eeMeHTaMU HaAyYKOBOTO JIOCIIKEHHS € ITiIXO0JIH, 110 3aCHOBaHI
Ha JAexommo3uilli Ta arperatyBaHHl. [log0 HaykoBO-TIpHKIaAHMX 3aBAaHb SK
JIEKOMIIO3UIIII0 PO3YyMIIOTh aAHATITUYHUM, YUCIOBUNM a00 eKCIepUMEHTaTbHUM
METOJI JOCTI/DKCHHs Ha TIJCTaBl TOMIJIEHHS CKJIQJHOTO IIUIOTO (CHCTEMH,
MIJICUCTEMH Ta 1H.) Ha OLIBII MPOCTI CKIAJ0B1, BUKOPUCTOBYIOUH JIJISl LILOTO TIEBHI
KpUTEPIi; SIK arperaryBaHHsg — METOJI Ha MIJCTaBl MOEJHAHHS JIEKIIbKOX 3aB/IaHb Yy
€IMHE 3aBJaHHS.

CTOCOBHO BHKOHAHOTO HAYKOBOTO JIOCTIIKEHHS, JIEKOMITIO3UIIISL MPOIECy
MareHHs Oyjia BUKOHAHA 3a:

eTacH(piKAMINHIMU O3HAKAMH, JO SIKUX OynM BIJHECEHI THIH CHUCTEM
MaIllEeHHs Cy/THOBUX JIU3EiB, a CaMe — IIUPKYJISLIIHI Ta HUTIHIPOBI;

® TEXHOJIOTTYHUMH O3HAKAMH, /IO SKUX OYJM BIJIHECEHI PEKUMH MAIICHHS, a
camMe — T1ApOIMHAMIYHUI Ta TPaHUYHHM;

¢ DyHKI[IOHAJIBHUMHM O3HaKaMH, 3a SKI [OpUiiManucs eHepreTuyHi Ta
€KOJIOT1UHI TOKa3HUKH POOOTH JW3ENIiB, a TaKOX EKCIUTyaTalliiiHl MOKa3HUKU

MOTOPHHUX MACTHUJI.
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ArperaTyBaHHS IIPOLIECY MaIIeHHs 0yJI0 BAKOHAHO 3a:

®CHEPIEeTUYHNM Ta EKOJOTIYHUM TIOKa3HHUKaMU POOOTH IH3ENIB CYICH
MOPCBHKOTO TPAHCTIOPTY;

® eKCIUTyaTallliHUMHU MOKa3HUKaAMU MOTOPHOTO MacTuJia, 10
BUKOPUCTOBYIOTHCS B CHCTEMax IHPKYJISAIMIAHOTO Ta IMUIIHIPOBOTO MAaIECHHS
JTU3€eJ1IB CYZI€H MOPCHKOTO TPAHCIIOPTY.

CHuCcTeMHO-aHATITUYHI TEXHOJOTIT MOXJIMBO C(OpMYIIOBaTH SIK OCHOBHI
METOJI0JIOTIYHI MPHUIOMH, 5K 1[1J1eTI0A10HO BUKOPUCTOBYBATH i/ Yac PO3B’sI3aHHS
3aBJaHb CUCTEMHOIO aHalidy. BHKOpUCTaHHS METOJIB CUCTEMHOrO aHaji3y Iijl
yac MPUAHATTS pIlICHh B YMOBaX HEBH3HAUYEHOCTI BUMAarae po3poOKH METOJIB Ta
bopMyITIOBaHHS aJTOPUTMIB / CXeM OOpOOKM BapiaHTHHX EKCIEPTHUX OIIHOK
BIJIMOBIHO /10 PI3HOMAHITHUX KpUTepiiB [124].

CTOCOBHO BHKOHAHOTO HAYKOBOTO JIOCIHIIKEHHs, MOOyI0Ba MOCIIIOBHOCTI
JIOCITIKCHHS B HAIIPSIMKY METa — 3ac00M — pe3ysbTaTy Oyjia BUKOHAHA SIK TpiaJiHa
MOJIeJb, 1110 BKJIIOYaJia APEBO IiJIeH, IpeBO 3ac001B Ta IPEBO PE3yIbTaTIB.

Sx apeBo mijieil BU3HAYAINCh TOJIOBHE 3aBJaHHS HAYKOBOTO JOCIIKEHHS,
JIOTIOM1KH1 3aBJIaHHSI HAYKOBOT'O JIOCJI/HDKEHHS Ta HAYKOBE TOJIOKECHHS.

Sx napeBo 3acoliB mnpuiiManuch EKCIEPUMEHTANbHI JOCHIIKEHHS, IO
BUKOHYBAJUCh Yy HaykoBux jaboparopisix HY «OMA», a Takok Ha MOPCHKHX
CyJIHax pi3HOTO MPU3HAYCHHS Ta JIC/IBEUTY.

Sx napeBo pe3yabraTiB Oyliyd NPUIHATI HAYKOBI pe3yibTaTd, MO Oyiu
OTpUMaHI 1]l Yac PO3B’sA3aHHS JIOMIOMDKHUX 3aBJaHb HAYKOBOTO JOCIIKCHHS Ta
pe3yabTaT PO3B’si3aHHS TOJOBHOIO 3aBIaHHS HAYKOBOTO JOCIIKEHHS, KUl OyB
OTPUMAaHUI Yepe3 CUHTE3 PO3B’SI3aHHS JOMOMIXHUX 3aBaaHb [125].

3 ypaxyBaHHSM BHKJIAQJICHUX TPUHINIIB, a TAKOX 3arajbHUX MPUHIUIIIB
CHUCTEMHOTO Mixo1y OyJIo po3po0IeHO 3aMKHYTHH LIMKJI HAYKOBOTO JOCIIIKEHHS,
SAKUW TIPEJCTaBICHUN y BUIJISAAI TEXHOJIOTIYHOI KapTu nociijkeHHsa [123], ska

HaBeJeHa Ha puc. 2.1.
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2.4. Opranizaitis Ta 3a0€3MeUYCeHHS MPOBEJACHHS €KCIIEPUMEHTAITLHUX

JIOCIIJKEHD

ExcrniepuMenT Ta BUNpOOyBaHHA MiJ Yac JAOCIIIXKEHHS BUKOHYBAJIUCH
BIIMOBITHO 70 TEXHIYHOTO 3aBJlaHHS Ha iX NPOBEACHHS Ta IOTOKYBaJIUCh 3
BIJJIUIOM JIOKTOPAHTYpH Ta AacIipaHTypu 1 MPOPEKTOPOM 3 HAYKOBOI Ta
MetoauuHoi pobotu HY «OMAY» (y pa3i iX BUKOHAHHS B HAyKOBO-IOCJI1THUITbKUX
nabopaTtopisx Ta TpeHaxkepHuxX komiuiekcax HY «OMAy), a Takox 3 BiIIJIOM
TEXHIYHOTO MEHE/KMEHTY CYJAHOIUIABHOI KOMTaHIi, SKii Hajexano cyaHo (y pasi
iX BUKOHAHHS Ha CyJHaX MOPCHKOTO TPAHCIIOPTY).

ExcnieprMeHTanbH1 TOCTIKEHHS 3 BUSHAYCHHS CTPYKTYPHUX XapaKTEPUCTUK
CYIHOBUX MOTOPHHUX MAaCTHJI BUKOHYBAJUCh y HAayKOBIH jabopaTopii rpaHUYHUX
mapiB iM. FO.M. Ilonoecbkoro HY «OMAW.

CTpyKTypHI XapaKTepUCTUKA MOTOPHHUX MACTWJ BHUBUYAJIHUCH 33 JTIOTIOMOTOO
cnektpockoniydoro enincomerpa SENpro BupoOHuursa SENTECH Instruments
GmbH (Himeuuwnna) 3 nmporpamuum 3abesneuenusm SpectraRay/4 or SENTECH,
0 JIO3BOJISJIO BU3HAYUTH KpaWoOBI KyTH 3MOYYBAaHHS Ta TOBIIMHY IIapy
MaCTHJIBHOI TIJIIBKU, a TaKOX JBOMPOMEHEBOT0 yIbTPadi0JeTOBOTO CIIEKTPOMETPa
Specord M40 BupoOuunTBa Carl Zeiss (HimeuunHa), 1m0 T03BOJISIIO BU3HAYUTH
3MiHY BIOPSIIKOBAHOCTI MOJIEKYJl Yy Iapi MACTWIBHOI IUTIBKM MiJ 4Yac 3MIHM ii
TOBIIUHHU.

MaTteMaTnyHe MOJEIIOBAHHS 3MIHU CTPYKTYPHUX XapaKTEPUCTUK MOTOPHHUX
MaCTHJI Ta PO3PaXyHOK pO301KHOCTI OTPUMAHUX 3HAYEHbB 31 3HAUCHHSIMU, 110 OYyJIn
BU3HAYEHI MiJ] Yac €KCIIEPUMEHTIB Ha ONITUYHUX ycTaHOBKax (emncomerpi SENpro
Ta crnektpomeTpi Specord M40) BUKOHYBaJIOCh 3a JIONIOMOIOK) MPOTrPaMMHOIO
komruiekcy ANSYS, a Takox mporpamu Jijisi poOOTH 3 €JIEKTPOHHUMU TaOJIUIISIMU
Microsoft Excel.

ExcriepuMeHTanpHi BHNPOOYBaHHS 3 BH3HAYCHHS BIUIUBY CTPYKTYPHHX

XapaKTEPUCTUK MOTOPHUX MAaCTWJAa Ha EKCIUTyaTallliHI TOKa3HUKU CYJIHOBHX
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JU3eiB BUKOHYBAJIMCh Ha MOPCHKUX cynHax Multipurpose Vessel nenseiitom
27540 tonn, General Cargo nensetitom 15600 tonn, Bulk Carrier nenseiitom
37620 Tonn Ta neneiitom 34630 TOHH, a TaKOXX Ha CHEIIATI30BAaHUX CYJHAX
neaseiitom 27540 tonn, 10850 tomn ta 8340 ToHH.  JlocmimxKyBaHHS
BUKOHYBAJIMCh Y CUCTEMAX IUPKYJIALIIHOTO Ta IMIIIHAPOBOTO MAIIEHHS CyTHOBHUX
BucokooOeproBux auseniB Volvo Penta TMDA 163A, CatCl18 Caterpillar;
cepenaboobeproBux auseniB 6EY18AL Yanmar, 6L.16/24 MAN Diesel, 61.23/30
MAN-Diesel&Turbo; manoo6eproBux auszeniB 6S60ME MAN-Diesel&Turbo,
8K8OME MAN-Diesel&Turbo.

[lin wac moCHmiIKEHHS B CHUCTEMax MAIICHHS U3€NIiB BUKOPHCTOBYBAJIWCH
motopHi Mmactuia Castrol TPL 123, Castrol Vection 15W40, Castrol CL 30,
Castrol CL 40, Castrol CL 50, Chevron Taro 40 XL 40, LukLub Marime NAVIGO
TPEO 15/30, Shell Gadinia AL 40, Shell Rimula R4X 15W40, Shell Rimula X15,
Texaco Special HT 40, Total Lub Marime AURELIA TI 15/30.

[lin wac mpoBeneHHS BUMPOOYBAaHHS HA CyJHAX MOPCHKOTO TPAHCIIOPTY
BU3HAUYaJUCh €(EeKTUBHA Ta 1HIUKATOPHA MOTY>KHICTh JW3ENs, TUCK HAIMPHUKIHII
CTUCHEHHSI Ta MAaKCUMAaJbHUW THUCK 3TOPSHHS, KOHIEHTpAIlisl OKCHUIIB a30Ty ¥y
BUIYCKHUX Ta3ax, TeMIlepaTypa BUIIYCKHMX Tra3iB, MWTOMa BUTpaTa MajuBa.
KoHTposib Ta BUMIpIOBaHHS LMX ITOKAa3HUKIB BHUKOHYBAJIOCh 3a JIOMOMOTOIO
cynHoBux cucreM miarHoctyBaHHs Doctor tTa NorControl. Ilix wac mpoBeneHHs
EKCIIEPUMEHTIB BIIXWJICHHS Y BU3HAUEHHS MOKA3HUKIB BiJ] CEPEIHBOIO 3HAYEHHS
He nepesuiryBana 2.5 %.

OcCHOBHI ~ eKCIUTyaTalliiHi ~ TIOKa3HUKH  MOTOPHHUX  MacTWI,  SKi
BUKOPHCTOBYBJINCH y LHUPKYJIALIMHIA Ta MHIIHAPOBIA CHUCTEMaxX MalleHHs
CYIHOBUX JAMW3EIIB BH3HA4Yalachb 3a JOMNOMOIOI0 CYAHOBUX J11arHOCTUYHHUX
nabopatopiii Total Analyze, Lub Marine Control.

Yce cyaHoBe oOnagHaHHS Ta KOHTPOJILHO-BUMIPIOBAIBHI TMPWIAAA, IO
BUKOPHCTOBYBAJIUCh I 4Yac BHUMIpPIOBaHb, OyJIM CXBajeHI 3  OOKYy
kiIacudikaliifHUX TOBAPHUCTB, 110 3a0€3Meuy0Th TEXHIYHUM HAIrIA HaJ CyJAHAMU

Ta CHCPIrCTUYHUMU YCTAHOBKAMM. EKCHHyaTaHiH CYAHOBHUX CHCPICTUYHUX
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YCTAaHOBOK Ta CHCTEeM, M0 3a0e3medyioTh iX (YyHKIIOHYBAaHHS, BUKOHYBAJIACh
BIJIMOBITHO /10 BUMOT TMPAaBWJI TEXHIYHOI eKCIUTyaTallli Ta pexoMeHparii ¢ipm
BUPOOHUKIB.

PoGotu, mo Oynu moB’s3aHi 3 MOJEPHI3AIIE€I0 CYAHOBUX CHUCTEM MAIICHHSI,
BUKOHYBAJUCh CYJHOBUM €KIMaXeM BIAMOBIAHO JIO TEXHIYHOTO 3aBJaHHS,
po3pobsieHoro HaykoBoio Tpymnoo HY «OMA» Ta MNOrojkeHoro TEXHIYHUM
JenapTaMeHTOM CYJIHOIUIAaBHOT KOMITaHii. Y ¢i MPOMIXKHI Ta OCTaTOYHI pe3yibTaTu
BUNPOOYBaHb JOMOBIJAINCh KEPIBHUKY JOCIKEHHS Ta TIpeJACTaBHUKAM

TEXHIYHOTO JICTIapTAMEHTY.

2.5. BucHoBKH 3a po3aiioMm 2

Sx pe3ynbTaT IOCHTIIKEHb, 1[0 BUKOHAHI B PO3/IUIL 2, BU3BHAYNMO HACTYITHE.

1.3 ypaxyBaHHSM Trajly3l HAyKOBUX 3HaHb «TPAHCIOPT» Ta HAYKOBOI
CHEIIaIbHOCTI «MOPCHKUN Ta BHYTPINIHIA BOJHHM TPAHCIOPT», HA TIJACTaBI
TEHJICHIII PO3BUTKY Ta OCOOJMBOCTEH eKCIUTyaTallii eHepreTUYHUX YCTaHOBOK
MOPCBKHUX Ta pIYKOBHX CYJEH, BpPaxOBYIOUHM 3allMTH TPAKTUKH, SKUMH €
3a0€3neYeHHs] CHEPTreTUYHNX MTOKA3HHUKIB JU3EIIB CYyJIeH PIYKOBOTO Ta MOPCHKOTO
TPaHCIOPTY; 3HKEHHS EHePTeTHYHUX BTPAT ITiJT YaC OTPUMaHHS KOPUCHOT poOOTH
B CYAHOBHUX JH3EJSIX; 3a0€3MEeUeHHs TEXHIYHOTO CTaHy CYJHOBHUX JIBUTYHIB
BHYTPIIIHHOTO 3TOPSHHS, CGHOPMYJIbOBaHA TeMa HAYKOBOTO JOCTIIKCHHS —
3a0€3MeUYeHHs] PEXUMIB MAILEHHS JU3€TiB CYJAE€H pPIYKOBOTO Ta MOPCHKOIO
TPAHCIIOPTY Ta BHU3HAYEHA METa JOCIHIKEHHS — 3a0€3MeUeHHs] eKCILTyaTamiiiHuX
XapaKTEPUCTHUK AU3EIIB CyI€H PIYKOBOI'O Ta MOPCHKOTO TPAHCIIOPTY.

2. BUkopucTOByIOUM  METOJT ©KCHEPTHHX  OI[IHOK 3a  KpUTEpisIMHU
aKTyaJIbHICTh, HAyKOBAa HOBHM3HA, E€KOHOMIYHA Ta EHEpPreTHYHa €(EeKTHBHICTH,
MOJKJIMBICTh 3aCTOCYBaHHS Ha CyJHaX MOPCBKOTO Ta BHYTPIIIHHOTO BOJJHOTO

TPaHCHIOPTY, BIAMOBIIHICTh CIEIIAIIBHOCTI T4 MOKJIMBICTh aBTOHOMHOTO PIllIEHHS
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(0e3 3amyueHHs MJOCTIAHMKIB 3 IHIIMX BY3iB Ta (haxiBIIB CyMDKHHMX BHUJIB
TPAHCIIOPTY) BHU3HAUYEHO METOJA JIOCATHEHHS METH JOCHI/DKCHHS, SKUM €
KEpOBaHMW BIUIUB HAa CTPYKTYpHI XapakTEPUCTUKA MOTOPHOTO MacTHIIa
UPKYJSIIAHUX Ta IHIIHIPOBUX CUCTEM MAaIlICHHS.

3. O0’eKTOM AOCIIPKEHHS BU3HAUEHO MPOIIEC eKCIUTyaTallli AU3eNB CyAcH
MOPCBHKOTO Ta BHYTPILIHBOTO BOAHOTO TPAHCIIOPTY.

[IpeameToM MOCHTIKEHHS TMPUAHATO TPOIEC MAIICHHS JU3ETIB CYJICH
MOPCBHKOTO Ta BHYTPILIIHBOTO BOAHOTO TPAHCIIOPTY.

4. TooBHUM 3aBJIaHHSM JHCEPTAIlIMHOTO JOCTIDKCHHS € 3a0e3MeueHHS
PEXKUMIB MaIllEHHS JTU3€JIiB CYCH PIYKOBOT'O Ta MOPCHKOTO TPAHCIIOPTY.

Sk 1onoMixkHI 3aBIaHHs 0OpaHi:

®BU3HAUCHHS SKICHOTO Ta KIUJIBKICHOTO KPHUTEPIIB OIIHKU CTPYKTYPHHX
XapaKTEPUCTHUK MOTOPHUX MACTHJI, 110 BUKOPUCTOBYIOTHCS B CHCTEMaX MAIICHHS
JIM3€J11B MOPCHKOT'O Ta BHYTPIIIHBOT'O BOJJHOTO TPAHCTIOPTY

®BU3HAUEHHSA CIOCOOIB Ta TEXHOJOTIYHUX PINICHb, $KI CHOPUSIOTH
MIJBUIIEHHIO CTPYKTYPHUX XapaKTEPUCTUK TOHKUX MACTWIBHHUX IUTIBOK, IIIO
NOAUIAIOTh KOHTAKTYIOUl TIOBEPXHI CYIHOBHX JM3€IB TIIiJI Yac IIPOIIECIB
T1IPOIMHAMIYHOTO Ta TPAHUYHOTO MaICHHS

®BH3HAUYCHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTUK MOTOPHUX MAacCTHJI Ha
pOOOTY IUPKYJISALIMHUX CUCTEM MAIICHHS JU3€J1B MOPCHKOTO Ta BHYTPIIIHBOTO
BOJIHOTO TPAHCIIOPTY

®BHU3HAYCHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTUK MOTOPHUX MACTHJI Ha
poOOTY HWIHAPOBUX CHUCTEM MAICHHS IHM3€JiB MOPCHKOTO Ta BHYTPIIIHBOTO
BOJIHOT'O TPAHCIIOPTY.

Po3B’s13aHHS TOJIOBHOTO 3aBIaHHS JOCIHIKEHHS BUKOHAHO MUISIXOM CHUHTE3Y
HayKOBHUX PE3yJIbTaTIB TONOMIKHHUX 3aBAaHb.

5.Ha ocHoBi TpamumiiiHOro (HUTOCOPCHKOTO METONY CXOKEHHS BiJl
«3araJlIbHOTO» 4Yepe3 «YacTKOBE» O «OCOOMCTOTO», a TaKOX Ha MiJACTaBi

CHUCTEMHOT0 MIIX0/y, pO3p0o0JieHa TEXHOJIOTYHA KapTa HAYKOBOTO JTOCHIIKEHHS.
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PO3 LI 3. JOCJII/PKEHHA ITPOUECIB 3MIHU CTPYKTYPHUX
XAPAKTEPUCTUK MOTOPHUX MACTHNIJI,
IO IMEPEBII'AIOTD IIIJI YAC MAIIEHHA CY/IHOBUX AU3EJIIB

Tpetiit po3ail AWCEPTAIIMHOTO JOCHIKCHHS MPUCBIYEHO PO3B’SI3aHHIO
MEPIIOro Ta APYroro JOMOMDKHUX 3aBIaHb, SIKUMH €:

®BHU3HAYECHHSI KIJBKICHOTO Ta SIKICHOTO KPHUTEPIiB OLIHKK CTPYKTYPHHUX
XapaKTEPUCTHUK TOHKUX MACTHJIBHUX IUTIBOK, IO TMOJUISIIOTh KOHTAKTYOUl
MOBEPXHI CYJHOBUX JIU3ENIB TiJ Yac MPOIECIB TAPOAMHAMIYHOTO Ta TPAHUYHOTO
MaIeHHS;

®BH3HAYCHHS CHOCOOIB Ta TEXHOJOTIYHUX PIIeHb, $KI CHOPUSIOTH
MIJBUIEHHIO CTPYKTYPHHUX XapaKTEPUCTUK TOHKUX MACTHIBHHMX IUIIBOK, IO
MOAUISIOTh KOHTAKTYIOUl TIOBEPXHI CYIHOBMX JM3€JIB Il Yac IIPOIIECIB
TAPOAMHAMIYHOTO Ta TPAHUYHOTO MAIIEHHS.

JlocnikeHHs1, pe3yabTaTh KX HaBEJEH1 B I[bOMY PO3/IiJli, BUKOHYBAJIUCh Y
HaykoBUX Jaboparopisx HarionaneHoro yHiBepcutery «Omecbka MOpPChKa
aKasieMisi».

OcHOBHI pe3ynbTaTH po3Aiuty 3 HaBeneHi B pobotax [S], [112], [134], [151],
[152].

3.1. Anani3 ocHOBHMX (D13UKO-XIMIYHHX SIBHIII, IO MEPEOIraoTh y

MAaCTHJIbHHX IUTIBKaX SIK Y AUCIICPCHUX CUCTCMaAX

JlucriepcHi cHCTeMHM XapaKTepHU3YIOThCS JIOCHUTh BEJIUKHUM CIEKTPOM
BJIACTUBOCTEH, TAKUX SIK KIHETHYHI, MOJEKYJISAPHO-KIHETUYHI, EJEeKTPHUYHI,
CJIEKTPOKIHETUYHI, ONTUYHI, PEOJIOT14HI, CTPYKTYPHO-MEXaHiuH1. 3HAYUMICTh ITHX

BJIACTUBOCTEN pi3HA 3aJI€KHO BIJl XapaKTEPUCTUKHU JUCIIEPCHUX CUCTEM, cepH iX
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ICHYBaHHsI, 3aCTOCYBaHHs. 30Kpema, A CyJHOBUX MOTOPHHX MAacCTHJI BKpai
BXJIMBUM € BMIHHSI KEPYBAaTH TAKUMHU BJIACTUBOCTSIMHU:

®KIHETUYHUMU (CETUMEHTAIIHHOIO CTilKicTIO) [127];

® CJICKTPOKIHETUYHUMHU (TIOTEHITIAJIOM Tevii abo ceaumenTairii) [128];

® MOJIEKYJISIPHOKIHETUIHUMH (Audy3iero) [129];

® CJICKTPUYHUMHU (ETIEKTPOIPOBIIHICTIO, TUTOMUM oropom) [130];

® CJICKTPOXIMIYHUMU (KOPO31€10, KUCJIOTHICTIO cepeaoBuia) [131];

®pPECOJIOTIYHUMH Ta CTPYKTYPHO-MEXaHIYHUMHU (B'S3KICTIO, JMHAMIYHOIO Ta
CTaTUYHOIO HAMpyTroro 3cyBy) [132].

BUHATKOBO IIHMPOKHI CHEKTp CTPYKTYPHO-MEXaHIUHUX BIIACTUBOCTEH €
PI3BHOMAHITTSM MPUPOJTHUX 1 CHHTETUYHUX T, OUTBIIICTh 3 SIKMX € JUCIEPCHUMHU
CUCTeMaMH. 3aBISKU 3MIIIyBaHHIO (a3 3 PI3HUMHU MPUPOAOCI0 1 arperaTHuM
CTaHOM, pO3MIPOM YaCTHHOK 1 B3a€EMOMISIMH MDK HHUMH, TMpoIecam, IIIo
nepediraloTh y AUCHEPCHUX CHUCTEMax 1 T.l., CTPYKTYpPHO-MEXaHI4Hi BJIACTUBOCTI
T BUJAIOTHCS O€3MEepPEepBHUM 1 HECKIHUEHHUM pPSAOM HE TUIBKH MPOMIKHUX
BJIACTUBOCTEH, 110 AAUTHUBHO CKJIQJAIOThCSA, aje M SIKICHO HOBHUX, BIJIACTUBHX
OKpeMHUM KOMIIOHEHTaM. BMiHHS KepyBaTH mnpouecamMu, 10 mnepedirarors y
AUCIIEPCHUX  CHCTeMAaX, BIIKpMBa€ HeoOMekeHi  MOKJIMBOCTI  JIA

3a0e3Me4YeHHs NMPOLECiB nmepeaayi eHeprii Mix TiJIaMu.

3.1.1. Koarymsist AUCTIEPCHUX CUCTEM

byab-axa nucnepcHa cuctema ((pizuyHe TIIO 3 TBEpAUM abo0 pPIAKUM
JTUCTIEPCIHHUM  CEpEJIOBUIIIEM) Ma€ MEXaHIYHI BJIACTHBOCTI: MPY>KHICTb,
IUIACTUYHICTh, MIIHICTh, 3JATHICTh TEKTH. MeXaHIuHl BJIACTHBOCTI CHCTEMH
3aNeXUTh BiJ 1l BHYTPIIIHBOI CTPYKTYpH Ta TOMY HA3UMBAIOTHCS CTPYKTYpPHO-

MEXaHIYHUMH YH PEOJIOTITYHUMH.
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[Tin cTpykTyporo Tida 3a3BUYail pO3YMIIOTH MPOCTOPOBE  B3AEMHE
pO3TalllyBaHHs CKJIQJOBUX YAaCTHH Tijla: aTOMIB, MOJIEKYJ, APIOHUX YaCTUHOK Ta
THIIHX.

VY KOJOimHIN XiMil MOHATTS CTPYKTYpU Ta CTPYKTYPOYTBOPEHHS MPHHHSITO
MOB'SI3yBaTH 3 KOAryJsiiero. Y Tpolieci Koarynsiii BiOyBaeTbCs yTBOPEHHS
MPOCTOPOBOI CTPYKTYPHOI CITKM YAaCTHHOK JUCTIEPCHOI (ha3u, M0 Ppi3KOo 301IbIIYE
MILHICTH CHCTEMH.

Sk KoaryJsiiiiHi CTpYKTYpPH PO3YMIIOTh CTPYKTYPH, B3a€MOJIisl YACTUHH SIKUX
BiIOYBAETHCSl Yepe3 MPOIIApKH JUCIEPCiiiHOTO cepenoBuimna (3a aiero Ban-mep-
BaanscoBux cuit) 1 TOMy iXHiil IPOCTOPOBUI KapKac HE BiJIPI3HAETHCS BHCOKOIO
MILHICTIO. MeXaHiuHiI BJIACTHBOCTI TAKUX CTPYKTYp BU3HAUAIOTHCS HE CTIIBKU
BJIACTHBOCTSIMU YACTHHOK, 110 YTBOPIOIOTH CTPYKTYPY, CKUIBKM XapaKTepoM Ta
0COOJIMBOCTSIMU MI>KYaCTKOBUX 3B'A3KIB Ta MPOIIapKiB cepeaopuiia. Koarymsiiiiai
CTPYKTYpH 3a3BMuaii MalOTh pifke IMCHepciiiHe cepeloBHINE. IX XapakTepHa
3IaTHICTh BIJHOBJIIOBATH CBOIO CTPYKTYpy B 4Yacli micis 1i MeXaHIYHOro
pyiiHyBanHA [133, 134].

MumoBUIbHE BIJHOBIEHHS KOATYJSALIHHOI CTPYKTYPH TOBOPHUTH IPO T€, IO
Ipy BIJHOCHOMY MIHIMYMI BUIBHOI €HEprii BOHAa Mae HaWOUIbILYy MeEXaHIYHY
MilHICTh. Taka BIAMOBIAHICTh BIACYTHS Y KOHJEHCAIIHHO-KPUCTATI3AIMHIX
cTpykTyp. OCTaHHI YTBOPIOIOTHCSI 32 YMOB BHCOKHUX II€PEHACHYECHb 1 TOMY
TEPMOJMHAMIYHO HECTIHKI. [x BHCOKa MIIHICTh Taga€ OTHOYACHO 3 TATiHHIM

NEPECUYCHHS Ta BHYTPILIHIX HAIIPYT.

3.1.2. Koresist TUCriepCHUX CUCTEM

Y nanuii 4vac Bigomi JIOCHIPKEHHS, IIPUCBSYCHI METOJaM 30BHIIIHIX
CHEPreTUYHUX BIUIMBIB HA MAacTUJIO y By3iax TepTsa. OJIHAK y )KOJHOMY 3 BiJIOMHX

JOCIIJKEHb HE JaHO (i3MYHE OOIPYHTYBaHHS BIUIMBY ITOBEPXHEBOTO HATATY
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MAacCTWJI Ha 3HOC Tap TEepTS Ta HE OTPUMaHI PO3pPaxyHKOBO-EKCIIEPUMEHTAbHI
3aJIe)KHOCTI MAaCTHJIBHOI 3JaTHOCTI MOTOPHMX MacTWJl 1 3HOCY Map TepTs Bij
XapakTepy 30BHINIHIX a00 BHYTpIINIHIX BIUIMBIB [135].

Anresis 3a3BUYai OIIHIOETHCS POOOTOI, Ky Tpeba BUTPATUTH, 1100
PO3JIUIMTHA PIAUHY Ta TBEPJly PEUOBUHY Ha MOBEpXHi 31TKHEHHs. [ nBodaszHoi
(BIAKpUTOI) CUCTEMH MACTHJIO — METaJIeBa MOBEPXHs, UMM OlJIbIlIe JaHa poOoTa 1
MEHIIIE MMOKa3HUK MOBEPXHEBOTO HATATY PIAKOTO MACTHIIA, & TAKOXK KPAMOBHMA KyT
3MOYYBaHHS, TUM Kpallle MacTWIO 3Mo4ye mnoBepxHio Teptsa [71, 108]. ns
Tpuda3zHuX (3aKpUTHX) CHCTEM METalleBa MOBEPXHsS — IIap MacTHJIa — METalieBa
MOBEPXHSA YWM OLIbIle KpaloBUM KyT 3MOYYBaHHS Ta BHIIEC MOKAa3HUK
MOBEPXHEBOTO HATATY MacTujia, THUM OUIbllleé PO3KIMHIOBAIIbHI CHJIM, IO
BUHUKAIOTh y MacTuii [5, 88].

PoGota cun aaresii o6uncnroeTbes 3a popmyoro Jronpe-lOnra:

W, =o(1+cos9),.

Jie G — MOKa3HUK MOBEPXHEBOTO HATATY PIAMHU HA KOPJOHI 3 MOBITpsiM, H/Mm;

0 — kpailoBuil KyT 3MOYYyBaHHS, Tpajl.

3.1.3. [loBepxHeBi SIBUILA Y TUCTIEPCHUX CHCTEMaxX

Jisa Oyab-sIKuX AMCTIEPCHUX CHCTEM, Y TOMY YHCII s MOTOPHUX MacTHI,
Kl BHUKOPHCTOBYIOTHCS B CHCTEMax MaIleHHsS JAMU3€NIB CYJEH MOPCHKOIO Ta
BHYTPIIIIHHOTO BOAHOI'O TPAHCIIOPTY, BAXKIIUBOIO XapaKTEPUCTUKOI CTPYKTYPHOTO
CTaHy € iX 3/aTHICTb 10 3MOYyBaHHs. [Ipupoga 3MouyBaHHs MOJSIrae y mparHeHH1
JUCIIEPCHOI CUCTEMHU 3HM3UTH BUIbHY IMOBEpXHEBY eHeprito. Ilicis HaHeceHHs
KparuIl piIiHA Ha TBEPAY MOBEPXHIO MOKIIMBI JIBa Pi3HI BapiaHTH:

epiuHA 3MOYY€ TOBEpXHIO (puc. 3.1, a);

epiJIMHA HE 3MOYYE MOBEPXHIO (puc. 3.2, 0).
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Puic. 3.1. Po3TikaHHA Kparuli Ha TBepill TIOBePXHI:
4 - 3MOUYBaHHS (Our>0Oyp); 0 — HE3MOUYBAHHS (Oyr<Oyp):

I' - ras;, P - pinuaa; M - metain

BoueBuap, 110 3MOUyBaHHS Ma€ Miclie y Tpua3HUX JUCIEPCHUX CUCTEMaXx,
TOOTO KOJM TPHUCYTHI pigka, TBepAa Ta razora (asu. Bzaemomii mix dazamu
XapaKTepU3yIOThCS MUTOMUMHU BUIBHUMH TOBepXHEeBUMH eHeprismu. Illomo
MOTOPHOIO MAacTHJIa, K€ YTBOPIOE MACTHJIbHY IUTIBKY Ha MeTajeBidl MOBEpXHI
neraned au3ens (BTYJIKU IUIIHpa, MOPITHEBUX KUIBISAX, BKIAAUIII MAMIUITHUKA)
SK TaKl eHeprii MpUIMAalOThCS: €HEPris MIX METaJeBOIO MOBEPXHEI0 Ta razoM —
Oyr, €HEPIIA MK PIIMHOK (MOTOPHMM MAacCTHIIOM) Ta T'a30M — Gpr Ta €HEPris MK
METAJIEBOO IOBEPXHEIO Ta PIAMHOIO — Gyp.

[lix yac po3rasay yMOBU PIBHOBaru Kparmii piTdHU Ha TBEpAiil MOBEpXHI
3aMICTh MHUTOMHUX €HEPril BUKOPHUCTOBYIOTHCS UYHCEIBHO PIBHI 3HAYEHHS
NOBEPXHEBUX HATATIB. BpaxoByroouu, II0 TNOBEPXHEBUH HATAT — L€ CHIAa,
NPUKJIaJeHa CTOCOBHO MOBEPXHI po3Ally (a3 MeprneHAUKYIIpPHO A0 ii KOHTYPY,
3alUIIEMO YMOBY PIBHOBard Kparwli y BUIVISIAL aiareOpaiuHoi CyMH MPOEKINii

MOJ1yJIiB MI>K()a3HMX MOBEPXHEBUX HATATIB HA TOPU3OHTAIIbHY ILIOIINHY:

G, =0,, +0,c0s,

ne 0 — kpaiioBuii KyT 3MOYyBaHHS (1€ KYT MiX TBEPJIOI0 MOBEPXHEIO Ta JOTUIHOIO
710 TIOBEPXH1 Kparuil y TO4lll JOTUKY TPboX (a3).
HaBenene piBHSHHS Ha3WBA€ThCA PIBHSAHHAM (3akoHoM) lOnra. CrymiHb

SMOYYBAHH XapaKTCPHU3YETHCA BEIIMINHOIO
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o —0O0
cosp = MW

G,

6. -G
0 = arccos——,

G,

VY Bunazaky cos6=1 (0=0) BinOyBaeTbcs MOBHE 3MOUYyBaHHS (PO3TIKAHHS), Y
pazi cos0=0 (6=180°) — moBHE HE3MOUYBaHHSI.

Takum 9MHOM, YMOBY 3MOYYyBaHHS MOKHA C()OPMYITIOBATH TaK: SKIIO CHEPTis
B3a€EMOJIIT MIXK MOJeKyJaMHu piauHu (poboTa Koresii) MeHIa, HIX eHepris
B3a€EMOJIIT MOJIEKYJl PIIMHU 3 TBEPJIOIO MOBEpXHEK (pobora ajaresii), piauHa

3Mouye TBepay noBepxHio [136].

3.1.4. [loBepXxHEBUI HATST IUCIIEPCHUX CUCTEM

dopma BUIbHOI MOBEPXHI TOHKUX IIAPiB PIJIMHMU, 1110 3HAXOIATHCS B PIBHOBa31
BU3HAYAETHCS TIOBEPXHEBUM HATSTOM, 00'€MHMMHU Ta MOBEPXHEBUMHU CHIIAMH, IIO
JIIOTh Ha PIAUHY, TA YMOBAMH 3MOYYBAaHHS. Y MOBHM 3MOUYYBAHHS NPU HETIOBHOMY
(4acTKOBOMY) 3MOYYBaHHI MOXYTb OyTH c(OpPMYJIbOBaHi, HaMpUKIaMd, SIK yMOBa
FOnra ans kpailoBoro Kyra 3MOYYBaHHS Ha KOHTAKTHIN JIiHIT BIJIbHOI MOBEPXHI
PIIMHU 3 TBEPJUM TUIOM (Ha JiHIi TpU(a3HOro KOHTAKTY).

BpaxyBaHHsI TOBEpXHEBOTO HATATY (OPMajIbHO HE CTAHOBHUTH TPYIHOIIIB y
pamKax TiIpoJWHAMIKU KparuimHHOI pianHu. OJHAaK 3a HasBHOCTI TOBEPXHEBOIO
HaTAry crpobu BHKOHatu ymoBYy FOHra pams KpalloBOro KyTa 3MOYYBaHHS
HAIITOBXYIOTHCS HA MPUHIIUIIOBO HEMEPEOOPHI TPYTHOIIII.

Bunukaroui npo0sieMu BIA€ThCS BUPIIIUTH, SKIIO 3aMicTh yMoBH FOHra, 1mio
3a/laeThCd Ha JiHIL TpU(A3HOrO KOHTAKTy, Mepe@opMyIloBaTH 3aBAaHHS 3
ypaxyBaHHSM JIOJIaTKOBOTO XIMIYHOTO TMOTeHIiany (a0o pO3KIMHIOBAJIHLHOTO
TUCKY), IKUM BOJIOJIFOTh YACTUHKHU PIAVMHYU B TOHKHUX LIApax PiAUHU MOOIU3Y JiHIT

TpudazHoro KoHTakTy. (OYeBHUIHO, MO caMe€ PO3KIMHIOBAIHHUN THCK CTa€
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BINOBIAAEHUM 32 ()OpMY BUIBHOI OBEPXHI MOOIM3Y JiHIT TpHU(a3HOTO KOHTAKTY.
VY nmanuil yac TepMiH «PO3KIMHIOBATBHHUM THCK» € 3aralIbHONPUUHSATUM, BIIEpIIE
OoyB yBeaenuit b.B.[lepsarinum. VY pamkax Takoro MiAXOAy BHAETbCA Y
3aMKHYTOMY HECYIEpEWIMBOMY BHUIUIAJI CHOPMYJIOBATH BIJIINOBIAHE 3aBJAHHSA
MaTeMaTH4HOi (I3UKH. YHIKaJIbHA 3aJIeKHICTh PO3KIMHIOBAIILHOTO THCKY BiJ
TOBIIMHM PIAKOI TUIBKM Ta KyTa HAaXWJy BIJIBHOI IMOBEPXHI, 3 OJHOTO OOKY,
MPU3BOIUTH 10 BHUPOUKCHHS BIAMOBIMHUX PIBHAHDb TiIPOJWHAMIKKA Ha JIiHIT
Tpu(azHOro KOHTAKTY, a 3 IHIIOTr0, 10 BUKOHaHHs ymoBU KOwnra [137].
Heo0xigHo0 TEpMOIMHAMIYHOIO YMOBOKO PIBHOBAarvd 130T€PMIYHOIO Iapy
pIAMHU, KU HaBaHTAKEHUH PO3KIMHIOBATBHUM THCKOM, € CTaNICTh ii BIIBHOI
eHeprii y BcboMy 00cs31. OTOTOKHUMO MOTEHIIIHHY €HEePrilo B3a€MO/IIi MOJICKYII 3
iX XIMIYHUM TOTEHIIAJIOM, TOJl HEOOXIHY YMOBY T€PMOJMHAMIYHOI PiBHOBAru

MO>KHA 3aITUCATH Y BUTIISIIL

Q, = P+ F =const, (3.1)

ne Qr — BlJIbHA €Heprisi OAUHUII 00'eMy piIUHU;

P — tuck;

F — XiMIYHMI TOTEHIIall P1AMHHU, pO3pax0BaHUI HA OIUHULIIO 00'eMYy.

bynemo BBaxkaTtu, 1o B 00'emHIN vacTuHl piauau F=0, P=P, (niero cuiu
TSOKIHHSL B PIAKIM TUTIBIII HEXTYyeMO 4epe3 ii Many ToBIIMHY). Toxai mocTiiiHa y
criBBigHomEeHH1 (3.1) gopiBHIOE Py. SIKII0 Ha TOBEpXHI IUTIBKA BCTAHOBJIEHO THUCK

P<P,, To hbopma piaKkoi IiBKU MOKE OyTH BU3HAUYEHA 13 CITIBBITHOIIICHHS
®=P,—~P=AP>0. 3.2)

Tyr, ®=F |y ToO0T0 @ — XIMIYHHMI MOTEHLIad MOJEKYyJl PIIWHU Ha

=h(x)
MOBEPXHI piAKoi iBKU (puc. 3.2);

AP — HaAMIpHU HETaTUBHUN THCK Ha MOBEPXHI P1AKOI ITIBKH.
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Puc. 3.2. YTBOpeHHSI MacTHJIBHOI TUTIBKM Ha METAJIEBOi MMOBEPXHI

XiMIYHUN MOTEHIla] Ha TMOBEPXHI PIAKOl IUTIBKH (3 TOYHICTIO O aJAUTHUBHOI

MOCTIIHOT) TOCTAaBUMO y BHUTJISIII

d*h
D= (h)-c—F,. (3.3)
dx
ne ®y(h) — nomaTkoBWM XIMIYHUN TOTEHINAd Ha BUIBHIA TOBEPXHI, SKHUM

BU3HAYAETHCS €(PEeKTaMU IPYroro poiy, SKi MPOSIBISIIOTHCS B YK€ TOHKHX IIapax
PLAMHM, 1 PIBHUH 3 TOUHICTIO JI0 3HaKa THCKY, 110 PO3KJIUHIOE;

oo 8ALé -
157,

KOeQIIIEHT MOBEPXHEBOTO HATSATY;

A;; — nocriitHa ["amakepa Jij1s B3aeMOJIii; piluHa — PiUHA;
¥o — PO3MIp MOJIEKYJIH PIAMHU.
Y pamkax JnaHoi MojeNl JOJAaTKOBUM XIMIYHUNA TOTEHINAl 3ada€ThCs Y

BUTJISLIL

D, (h) = # [(niaLL —NnRgdg )G(Ot) - ”LnsaLSG(7t - a)]’ . (3.4)

1€ 1y, Ny — KOHIIGHTpAIlii MOJIEKYJ PIAMHU Ta TBEPJOTO Tija;
arr, Ars — MOCTIMHI B3a€EMO/I1T MOJIEKYJI PIAMHA-PIAMHA Ta PIAUHA-TBEPAE TLJIO;

3.
G(a)=1+cos’ o + Esm2 o cosa;

0. — KyT Haxuly BUIbHOI MOBEPXHI PIIMHU BIAHOCHO TBEPAOI MOBEPXHI, IO
B1JIPaxOBYEThCS 3 OOKY PIIUHH.

Bianosinni nmocriiini ["'amakepa piBHi
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_ 2 _
A, =a,n;, Ag=agnng.

Oyukiis Oy(h) npu A=0 Mae 0coOIUBICTD, sIKA MOXE OyTH CKOMIICHCOBAHA!
®y(h)=0 npu h—0, TobT0 Ha HiHIl TpudaszHoro KoHTAaKTYy. AHami3 QyHKuii (/)
noKasye, 10 MiJ yac BUKOHAHHS YMOBH A;;>A;S (y pasi, KoM MOJIEKYIH PIAHMHU
B3aEMOJIIIOTh MK COOOI CHJIBHIIIE, HIXK 3 MOJICKYJIaMU TBEPJOTO Tija) 3aBXKIU
ICHY€E Nesike 3Ha4YeHHS KyTa o=d,, 7>a. >0, Take, mo O,(h)=0 npu h—0. Came 11e
3HAQYEHHS KyTa HaxXWIy BUIbHOI TOBEPXHI PIAMHU 0=0, CJIiJ OTOTOXHUTH 3
PIBHOBaXHUM KyTOM 3MouyBaHHsI FOHra miHii TpudaszHoro koHtakty. HalGiabin

IPOCTHIl BUpa3 AJisi PIBHOBAKHOTO KyTa 3MOUYYBAHHS BUXOJUTh Y pa3l BUKOHAHHS

2 .
yMOBH O, <<1, Tomi

1
o = {E(I_B)}“_ (3.5)
3

Bupa3z (3.4) 3a yMOBOIO BHKOHAHHSI 3a3HAUY€HOI CHJIbHOT HEPIBHOCTI TaKOX

CHPOIILYETHCS

n A, |16
@, (h)=—"| —(1-B)-a’|,. 3.6
a()48h3[3( B) } (3:6)
ALS
=—=<I.
ne B p,

LL

Jlami BBaxkaTuMeMo criBBigHOIIEHHS (3.5) 1 (3.6) BUKOHAHUMH.

SBuIle YTBOPEHHS MYyK€ TOHKOI IMOJIMOJIEKYJISIPHOI TUTIBKHM IMOCTIMHOL
TOBIIMHUA HAa TIOBEPXHI TBEPAOTO Tijia, IO 3HAXOAUTHCA B PIBHOBA3l 3 00'€MHOIO
da3or0 piaAMHU Ta yTBOPIOE 3 HEIO KpalloBl KyTH, OyJO BHEpIIE BiJ3HAYCHO
O.M. ®pymkinum ta b.B. Jlepsarinum. @izuyHa NpUYMHA YTBOPEHHS TakKol O-
IUTIBKY 1, Y OUIBIII 3aralbHOMY BHUMAJKY 3MOYYBaJIbHOI IUTIBKU — CHJIH, SIK1 TTOBUHHI
OyTH BIJHECEH1 JI0 CTPYKTYpHHMX CHJI, TOOTO 10 CHJI, TOB'SI3aHUX 13 3MIHOIO
SHTpPOIMIi PIIMHU HA TMOBEPXHI TBEPJOro Tila. Y JaHMM Yac 3arajbHOI Teopii

CTPYKTYPHOI CKJIaJ0BOi PO3KJIIMHIOBATILHOTO TUCKY HE ICHYE BHACTIOK CKIATHOCTI
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npobyieMy, M0 Ma€e KBAHTOBY MPUPOIY, 1 BEIMKOi KUIBKOCTI PI3HOMaHITHHX
(b13uKO0-XIMIYHUX (aKTOPIB, IO AIFOTH HAa MOBEPXHI TBepa0Tro Tija [138].

Jns moOymoBM MEXaHIYHOI MOJIeNl  yTBOPEHHS 3MOYYBaJIbHOI ILIIBKU
IPUITYCTUMO, IO MiJ] J1€I0 CTPYKTYPHUX CHJI 3MIHIOETHCS KOHIEHTPALlisl MOJIEKYJI
pIIMHU B JIESIKOMY TOHKOMY Iapi PiAWHKM Ha IMOBEpPXHI TBepaoro Tijna. Toji,
MPOBOASYM Ti XK OOUMCIICHHS, IO 1 MiJ Yac BUBEJACHHS CHiBBigHOIICHHS (3.4),
3HAXOAMMO BHpa3 Il CKJIAJA0BOi PO3KIUHIOBAIBHOTO TUCKY Dy (h), skwmii

BIJIPI3HSAETHCS BiJI CITIBBIIHOIIEHHS (3.4) HasSBHICTIO TOAATKOBOIO JIOJAHKY:

T

o
o= W{(ngau —npngdg )G(OL)— nLnSaLSG(TE - OL)— 6n,Ana;, Z:la (3.7)

ne Any; — cepeiHs 3a TOBIIMHOIO 3MiHA KOHIIEHTpAIlii MOJICKYT,

0 — TOBIIMHA APy PIAWHHU, Yy SIKOMY BIJIOYBa€TbCs 3MIHA KOHIIEHTpaIlii
MOJICKYJI.

Hamni npuitmemo, mo An;>0, OCKiTbKHA caMe B IIbOMY BHITaJIKy YTBOPIOETHCS
3MOYYyBaJIbHI TUTIBKA.

Y wnabmmwkenni gopmyn (3.5), (3.6) cmiBBigHOMIEHHS (3.7) 3MIHIOE CBii

BUTJIAO HA

k

L —(1-B)-a’ —Z} k:24AnL

np

5, (3.8)

VY dopmynax (3.1)-(3.8) npucyTHI BaXKKOBUMIPHI B pamMKax €KCIIEPUMEHTIB
BEJIMYMHY, SIKi BU3HAYAIOTh XapaKTEepPHI MAcIITaOM SIBHII, 110 BUBYAOTHCS, Ta SKi
BIIOMI TUIBKHM 32 MOPSJIKOM, HampuKian, nmoctiiHi ['amakepa A;;, Ars 1 po3mip
aToMma ry. ToMy sIK XapaKkTepHi BEJIMUYMHH 3pYyUHIlIe MPUHHATH 3HAYEHHS BEJIUYNH,
no Oe3nocepeHbO BUMIPIOIOTHCS B EKCIEPUMEHTaX, 30epirarou IMpU LbOMY
3araJlbHU TEOPEeTUYHMI BHJ OOTOBOPIOBAHHMX 3aKOHOMIpHOCTEeH. Sk Taki
BEJIMYMHU JIOIUIBHINIE 3a BCE MPUHAMATH TOBIIMHY MACTHJIBHOI IUTIBKA Ta

KpParloOBUU KyT 3MOYYBaHHS.
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VY 3B'S13Ky 3 UM OTOTOKHHUTH BEJIMYMHY G 3 TIOBEPXHEBUM HATITOM. 32 OJHY 3
XapaKTEPHUX MPUPOTHUX BEJIMUMH MTPUAMEMO PIBHOBKHHUHN KYT 3MOUYBAHHSI (L.

[Toeqnyroun cniBigHomeHHs (3.1)-(3.8), oTpuMyeMo piBHSHHS BLIBHOI

MOBEPXH1 Y BUTTISIL

d’h 4 B, (anY Lk
2 Selat o] S| —af e | = AP, ,
dez 33 m h3 e (dx j (3 9)

3,
ne 11, = Al a,4;, — MakcuManpHe 3HaAYEHHs PO3KINHIOBAIBHOTO THUCKY;

o
AP — HaJUIMIIIKOBUM THUCK Y TUTIBIII.

Anani3 piBHSHHSA Ans8 (GopMU BUIbHOI MOBepXHI piauHu (3.9) 3pyuHiie

*
TPOBOUTH y 6e3p03MipHHX 3MiHHHX. J{yst mporo mpuitmemo A =h1, x=h,x ,

2
dh ,
=P Tomi y 3a3HaueHHX OE3PO3MIPHUX 3MIHHUX MICIS 3HIKCHHS

dx

nopsaKy piBHAHHA (3.9) oTpuMaemo

dp 1 1 27
———|l-o——|=—B, . 3.10
dn n{ Y n} 256" 10
27 oo’ |AP|
ne h=———=; B=— — 0e3po3MipHi KpUTepii
512 h 11 IT, '

Pigusiaas (3.10) mae Oyt TOMOBHEHO TPAHUYHOIO YMOBOIO

¢=0, n=n,, . (3.11)
h, _ o e :
ne Mo =7, ~— BEIMYMHA, IO BH3HAYAETHCA AK MIHIMANbHUI JIHCHHH KOPIHD
PIBHSIHHSI
1 1 27
—|l-——|===B, . 3.12
n{ n} 256[3 G12)

OCKUJIbKY caMme MpH h=h, JOCATaEThCS MiHIMaJIbHA TOBIIIMHA 3MOYYyBaJIbHOI TIJT1BKH.
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3.1.5. 3MouyBaHHs Ta aare3is AUCIIEPCHUX CUCTEM

BaxxnnBoro XapakTepUCTHKOIO, IO BIUIMBAE HAa TIAPOJMHAMIKY ILIIBKOBOT
Teuli, € MOBEPXHEBUN HATAT 1 KpalloBUl KyT 3MouyBaHHs 0. Cnig 3a3Ha4yuTH, 110
JlaHl 110JI0 KpalOBUX KYTIB 3MOYYBaHHS 0 JJIsI CHCTEMH «piiMHA — TBEPJIE T1JIO»
MarOTh BEIIMKUW Jialla30H 3HaueHb. lle MOSICHIOETHCA HE ITOXHMOKOI I Yac
OTPUMAaHHS €KCIIEPUMEHTAILHUX JTaHUX, a, IEPEBaKHO, CIIOCOOOM BUMIpIOBaHHS 0
Ta peajJbHUMH BIACTUBOCTIMHU PIAMHMU 1 TBepaoro Tina [139].

PiBHOBara 1u1iBOK piIMHM HAa BUKPHUBIJICHIM TBEpP/id MOBEPXHI 3 KaNUIIPHUM

MEHICKOM, 110 Ma€ KarmsIpHUi TUCK AP,, BU3BHAYa€ThCSI BUPA30M

P (k)+H(6)=£ln%:AP

K Ko -
Unl

ne P, — KanasspHUM TUCK Yy TUTIBIT, 110 3aJIKUTh Bl KPUBU3HU k TTIOBEPXHI;

I1 — pO3KIMHIOBAJILHUI TUCK, SKUH € (DYHKITIE€IO TUTHKHA TOBIIMHY TUTIBKH O .

Sk 3a3Ha4aoCs, OMHIEI0 3 BAKIMBUX XapPAaKTEPUCTUK CUCTEMH «METajieBa
MOBEpXHS — IUIIBKA PIIWHUY», BIUIMBAE Ha TIAPOJMHAMIKY, € KpalOBUH KyT
3Mo4yBaHHA 0. ICHYIOTH aHANITHYHI Ta EKCIIEPUMEHTaIbHI METOIW BU3HAYCHHS
BEJIMYMHU KpailoBOro KyTa 3MOUYBaHHS MAJsi PI3HUX CHUCTEM «TBEpAa TIJajKa
noBepxHs — pinuHay [ 139, 140].

VY Teopii 3MouyBaHHSI OyJ0 BIEepIIe KOPEKTHO BPaxOBaHO, IO Kparis abo
MEHICK 00'€éMHOI PiIMHU YTBOPIOIOTh KPalOBUN KyT HE 3 «CYXOI0» TBEPIOIO 1
TJIQJKOI0 IMiIKJIAJKOI0, a 3 TOBEPXHEI0, BKPUTOIO TOHKOK IUTIBKOIO piguHU. Y
pe3ynbTaTi OTPUMAHO BHpa3, SKUA JO3BOJIIE BU3HAYATH KpPaWOBUH KyT

3MOYYyBaHHs 0

ccosO=c+FJ, + IH(S). _

3o
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3.2. AHani3 OCHOBHUX (PI3UKO-XIMIYHUX SBHILL, 1110 MIepeOiraoTh B
MOBEPXHEBOMY IIIapi MACTUIILHUX TUTIBOK

3.2.1. EHepreTuuHi XapakKTepUCTUKH TOBEPXHEBOIO APy MACTUIILHUX TUTIBOK

VY HaykoBUX JKeperax, CHPSMOBAHUX HA BHUBYEHHS MIKMOJIEKYJISIPHUX
B3a€MOJIIM, MeXy JOTHKY 00'eMHUX (pa3 PEUOBHHH HA3UBAIOTH IMOBEPXHEBUM
mapom (y JAeSKUX HayKOBHUX MpaIlsgxX JJis UX BUMAJKIB BUKOPHUCTOBYETHCS OUIBIII
KOPOTKUN TEpMiH — MOBEpXHA). TakuM YMHOM, MOBEPXHEBUH IIap e 00'eMHUM
TOHKHH IIap, 1[0 OTOYY€E T€OMETPUUYHY MOBEPXHIO PO3JALTY, YV SIKOMY BIACTHBOCTI
PEUYOBHMHM TOMITHO BIJIPI3HSIOTBCS BiJ MOr0 BIACTUBOCTEH B 00'eMHHUX (Dazax.
ToBmmHA TOBEPXHEBOTO IIapy HE € YITKO BU3HAYEHOI, OCKUIBKKA 3MiHA
BJIACTUBOCTEH pEUOBUHM Bi0yBaeThcsi OesnepepBHO. (CTOCOBHO TIPOIIECIB
MaIlleHHs, KA 3a0€3MeuyrThCsl MIIHAPOBOK Ta MHUPKYJIAIIRHOI CHCTEMaMU
MAIEHHS CYJHOBHUX JHU3ENiB, TOBEPXHEBUH I1ap, M0 OE3MOCEPETHBO PO3IIISIOTH
KOHTaKTHI MMOBEPXHi, MOXKJIMBO MPEICTABUTU SIK MOJEJb, 110 HaJaHa Ha puc. 3.3

(m7mst MUTIHAPOBOT CUCTEMU) Ta puc. 3.4 (IS UpKyIsMiitHOT cuctemn) [44, 135].

Puc. 3.3. Monenb rpaHMuHOTO MAIlEHHS CIIOIYYEeHHs MOPIIHEBI KUJIbLIE — BTYJIKA
HUAJIHpA:
1 — BTysKa UITIHApPA; 2 — BIOPAIKOBAHUH IIap MOJIEKYJ MacTHia; 3 — MOpPILIHEBE
KUIbIIE; 4 — MOPIIEHB; Ay — 3230p MIXK BTYJIKOIO IIUJIIH/IpA Ta MOPIITHEBUM

KUTbIEM; Ay, — 3a30p MK BTYJIKOIO ITUJIIHpA Ta MOPUTHEM
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= // On/ /d:” ] —_‘_/ v O/ Z __—
O, a ) } a g_
< < 0
A
A=RB B

Puc. 3.4. Monens rpaHUYHOTO MAIIEHHS CHOJYYEHHSI BaJl — BKJIQUIII
M IIIATHUKA
O, — LIeHTpaJIbHA BiCh MiAMUMHUKA; O, — IIEHTpajbHa BiCh Basia; A, B — KOHTaKTH1
KparlKy BaJia Ta MiAMUITHUKA BIATOBIIHO; Ay, Ay — €KCIIEHTPUCUTETH MIXK BICCIO
MIIIAITHAKA Ta BICCIO Baja B pa3i BIICYTHOCTI Ta HASBHOCTI BIOPSAKOBAHOTO

1apy MOJIEKYJI MacTujIa BiATIOBITHO

OCKUTBKI BJIACTUBOCTI PEUYOBMHU B MOBEPXHEBOMY MLIapil BILAPIHSIOTHCS Bif
o o . . > . . .
fioro 00'eMHUX BJIACTUBOCTEH, TO MOBEPXHS Ma€ BUIbHY €HEPTriio F, BIAMIHHY BiJl
eHeprii 00'eMHNX (a3 (BigHECEHUX IO OHIET i Ti€T K KITBKOCTI MOJICKYJ).

BinbHa eHepris oBepXHi F~ BU3HAYAETHCS K

F*=F—(F +F,),

ne F — BUTbHA €HEPris CUCTEMH, MO0 CKIAJAEThCA 3 ABOX (ha3, MOIITICHUX
MOBEPXHEIO,

F\+F, — cyma BUIbHUX eHepriii (a3, oOuucieHa y MpHUIyLIeHH], 10 00uaBi
a3y 3aIUIIAITHCS OJHOPIAHUMU JI0 TOBEPXHI po3auty [141].

BinbHa eHepris moBepxH1 € TEPMOJAUHAMIYHUN MOTEHINaN 3MiHHUX 7 1 X, 3a

SKHUMH pO3yMiIOTh 1 — TemrepaTypa 1 £ — riomia nopepxsi. Tomy

dF* =-S*dT + cdz,

> . .
ne S” — eHTpoIIisl MOBEPXHi.

Beanunna
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dF*
dx

T

MPEJICTABIISAE BUIBHY €HEPT1I0 OJAMHUIII OBEPXHI 3a MOCTIHHOI TEeMIIEpaTypH.
BoueBunp, mo po6oTa 000pOTHOTO 130TEPMIYHOTO PO3ITUPEHHS TTOBEPXHI dA

JIOPIBHIOE BTpaTi BIJILHOI €HEprii, TOOTO

dA =—-ocdX.

Bennunna ¢ y 1pOMy BUNAAKy IPEACTABIIAE IOBEPXHEBUN YU TPUKOPAOHHUN
HaTAT. B ONHOKOMIOHEHTHIM CHCTeMi BUIbHA €HEprisi TMOBEpPXHI IOBHICTIO
BU3HAYAETHCS JABOMA IapamerpamMu — 2 Ta 1. ToMy IOBEpXHEBHM HATATI G €
¢yHkuiero Jsmme Ttemneparypu 7. IloBepxHeBuUH HATAr piIMH Hanae 3
TEMIEPATYPOI0. 3araJIbHONPUNUHATO0 Ta JOCUTh OOIPYHTOBAHOK TEOPIEIO
3aJIe)KHOCTI MOBEPXHEBOTO HATATY BiJ TeMIepaTypu HeMmae. YHiBepCalbHHA
XapakTep 3aJ€KHOCTI IOBEPXHEBOIO HATATY BiJ] TEMIIEPATYPH HPOSBISETHCS JIUILIE

0013y KPUTUIHOI TOUKH.

3.2.2. KanunsipHuit pyX MOBEpXHEBOTO LIapy

HasiBHICTh MOBEPXHEBOrO HATATY Ha BUIBHIA MOBEPXHI PIAMHU MOXE B
JeAKUX BHUIAJKaX CYTTEBO IMO3HAYATHCS Ha pexXumi ii pyxy. Taki BUMMAIKU pyXy
PIAMHM, TPU SKUX TMOBEPXHEBUHM HATAT BIAITPA€ CYTTEBY pPOJIb, BUHUKAIOTH Yy
CYIHOBHUX JU3EJISIX MiJ yac 3a0€3MeUeHHs] MAIleHHS! MK MOPIIHEBUMH KUIBISIMU
Ta BTYJIKOIO ITUJIIH/IPA, @ TAKOXK MK BKJIQJIUIIEM MIIITAITHUKA Ta BAJIOM.

HasBHicTs moBepxHi po3auTy piIkux (a3 MOKe BIUIMBATH HA PyX PIAMHH y
JBOX BHUIAQJKaX: KOJM TOBEPXHS PpO3AUTY Ma€ KIHIEBY KpPUBH3HY 1 KOJIHU
NPUKOPAOHHUHN HATAT € 3MIHHUM BiJl TOUKH JI0 TOYKU Ha OBEpXHI piguHu. B 000x

BUIAJIKaX y MOBEPXHEBOMY IIapi PIIMHUA BUHUKAIOTH CUJIU, IO BIUIMBAIOTh Ha ii
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pyx. ®opMaIbHO BIUIMB TMOBEPXHEBOTO HATATY HA PyX PIIMHU TIO3HAYAETHCS B
TOMY, III0 3MIHIOETHCS CUCTEMA TPAaHUYHUX YMOB Ha MOBEPXHI PO3ILITY PIAMH, IO
CTHKAIOThHCA.
PosrnsiHemo cucremy rpaHMYHHX YMOB TOBEpXHI po3Ally NIBOX (a3, mpu
[IbOMY MarOTh MICII€ TaKi YMOBH:
1) TaHreHimianpbHa CKJIaJ0Ba IIBUAKOCTI Ha IIOBEPXHI PIAWHM TMOBHUHHA

3QJIAIIATUCS OE3MePEPBHOIO:
oM =0, (3.13)

ymoBa (3.13) mokasye, 1m0 MOJEKYJISpHAa B3a€EMOJIS YaCTMHOK B 000X ¢azax
BUKJTFOYA€ KOB3aHHS 3-TIOMIXK HUX;
2) HOpMaJIbHI CKJIQJI0B1 MIBUIKOCTI HA MEX1 po3auTy (a3, 10 He 3MILIYIOThCS,

NIEPETBOPIOIOTHCS HA HYJIb:

(3.14)

M _ 2
v, =0

n b

HasSBHICTh NMPUKOPAOHHOIO HATATY HE IMO3HAYAETHCS HA TpaHUYHUX ymoBax (3.13)
Ta (3.14). Kpim nux KiHeMaTHYHUX YMOB, Ha MEX1 PO3JLTY MOBUHHI BUKOHYBATHCS
JTUHAMIYHI YMOBH;

3) HOpMaJIbHI CKJIaJIOB1 CHJIM, III0 BITHECEH1 O OJAMHUIII IOl moAuty ¢as

(HOpMaJbHI CKIIJ0B1 TEH30pa HAIMIPYTH ), TOBUHHI 3aJTUIIATHCS O€3MEpPEPBHUMMU:

P+ Po =D (3.15)

YmoBa (3.15) Bupakae OajlaHC HOPMAaJIbHOI CKJIQJIOBOi CHJI, IO JIFOTh Ha
MOBEPXHIO po3iTy (as;

4) 1OTUYHA CKJIaJIOBa CHWJIM, IO BIJHECEHA J0 OJWHUIN IUIONI, IMOBHUHHA
3aydmiatucs  OesnepepBHoro. Ll ymoBa  BHpakaeThcsi  O€3IMEpPEPBHICTIO

TaHTEHITIAJTbHUX CKJIAIOBUX TEH30pa HAIPYT:

P+, =Py (3.16)
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Y 1l rpaHW4YHI yYMOBH BXOJSITh BEJIMYMHH ps 1 p, IO 3ajiekaThb Bijl
noBepxHeBoro HatsAry. BodeBunp, mo B ymoBax (3.15) 1 (3.16) mo3HavaeThes
BIUTUB TPUKOPAOHHOTO HATATy. [Ipy 11bOMy CHiJ 3ayBaXXWTH, IO SKIIO YMOBA
(3.15) Mmoxe OyTH BHMKOHaHA Ha MOBEPXHI HEPYXOMOi piIMHH, TO ymMoBa (3.16) y
CTaTUYHUX yMOBax He MOke OyTH BHKOHaHA. [[ICHO, B piUHI, IO MOKOIiThCH,
HOpMaJIbHA CKJIaJI0BAa TEH30pa HAIPYyT 3BOAUTHCS 10 3BUYAaMHOro TUCKY. HaBmaku,
JOTHYHA CKJIaJ0Ba TEH30pa HANpyT TEPeTBOPIOETHCS HA HYIb JUISl PIAWHU, IO

nokoiTbcs. TOMy B piiuHIi, 110 MOKOIThCS, rpaHruHa yMoBa (3.16) He Moxe OyTu
: 1 2 . .
3a70BoJieHa, ockinbku  py’ =p,Y =0, Ta p #0. HasBHiCTH 3MiHHOIO

MOBEPXHEBOT'O HATATY 3aBXKIU MPUBOAUTDH PIAMHY B PyX.

Jlpyre 3aranbHe 3ayBa)KeHHs, SIKE MOXe OYyTH 3poOJeHO 3 MPUBOILY
rpannyaux ymoB (3.15) Ta (3.16), monsrae B HACTYMMHOMY: BIUIMB IMOBEPXHI PIAMHU
HE MO>KE€ TO3HAUYUTHUCS Ha PyCl BEIUKOro Maciutady. Buxoasuu 3 rpaHU4HUX YMOB
(3.15) ta (3.16) MOXxHa OIIHUTH Jl1alla30H TaKoTo BILUIUBY. 3 ymMoBH (3.15) ciix, mo

KaImJISPHAM THCKOM MOYXHA 3HEXTYBATH, SIKIIIO BUKOHYETHCSI HEPIBHICTh

o
~ — << pgA,
Ps N Pg

ne A — macmTad pyxy [142].

[HmuMu  coBamMu, sKIO MacmTad pyxy A Habarato OuIbINe KanuJISpHOI

1/2
. .| O .
IIOCTINHO1 | —— > IIOBCPXHEB1 CUJINM HC BIINIMBAIOTH Ha PYX.
Pg

VY 3aranbHOMY BHIJISIII MMATAHHS NP0 BIUIMB 3MIHHOTO MOBEPXHEBOIO HATSTY
Ha PyX PIIMHHU 3 BIJIBHOIO MOBEPXHEH ab0 TaKoi, 10 MEXYE 3 1HIIOK PIIUHOIO
MOKHa pO3TIsSHYTH B Takuil cmoci6. HaBegemo rpanmuni ymoBu (3.16), no
0e3po3MipHOro BUAY. BBaxkarouu, 10 pyX pIIAMHU Ma€ XapakTep B'S3KOTO pyXy,

MOXKXEMO HAIlMCAaTH 3a MOPAAKOMY BCIMYHNH

W0 oy 155 WP oy
L oy lax L oY

b
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abo

v los| 1 L pPu®or®
oy |ox|puV T T WUt ey
8V(1)
Braxkaroun 6e3p0o3MipHy NMOX1AHY 8—;’ 10 Ma€ MOPSIIOK OJWHUIIL, YWICHOM,

a1o MICTHTH HOBerHeBI/Iﬁ HaTAT', MO’KHA 3HCXTYBATH SKIITO

L

[

1

0o
—]—<
nUu

oX

abo

L2
— << Re. (3.17)
po

0o

Oox

[Tpu npomy uucio PeiiHonpaca, 32 TPUIYIIEHHAM PO B'A3KUA PEXUM PYXY
pIIMHU, TTOBUHHO OyTHM Majie B MOPIBHSAHHI 3 ojauHuIeto. Tomy kputepiit (3.17)
MO>KHA 3aIlMCaTH SIK
L2

W<<1.

0o

Ox

3 (3.17) BuIMBae, MO BIUIUB 3MIHHOTO ITOBEPXHEBOT'O HATATY HA PyX PIAUHU

MOXHa 3HEXTYBATH, SKIIO

VY MmanoB'si3Kif piuHI 1 B mMapl JOCUTh BETUKOI TOBIIMHU HEXTYBATHU IIEI0
MIOBEPXHEBUX CHJI, MOB'I3aHUX 31 3MIHOIO MOBEPXHEBOT'O HATATY BiJl TOYKH [0
TOYKU B PIUHI, MOKHA JIMIIIE 3a Jy>KE€ MaJIUX 3HA4€Hb. 3pO3yMLIO, 3HAYEHHs L
MoOke OyTH HaJMIPHO BEJIHMKHUM, OCKUIbKH 4HclIO PeliHonbica Mae 3amuiiatucs

MaJIiM MPOTH OJAVHHUIII.
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Pyx macTmia MK KOHTAaKTHUMHU MOBEPXHSMU TOPIIHEBI KUIbLSA — BTYJKa

MWTIHApPAa Ta BKJIATUIN MAMIMIIHAKA — Bal (Yepe3 Maluid 3a30p MDK iXHIMHU

MOBEPXHSAMH) MOKHA MPEICTABUTU y BUIJISIII BEPTHUKAIBHOTO T4 TOPU30HTAIBHOTO
KaIJIIPHOTO PYXY.

Ha mnoBepxHIO piiMHU, I[IO0 3alOBHIOE 3a30p MK IIMMH KOHTaKTHUMHU

NOBEPXHAMH, Jl€ KallJspHa Cuia, piBHA p.S, NI€ ps; — KamUISIpHUNA THCK, S —

BIIKpUTA MOBEPXHA PIAUMHU. KamiIsipHHA THUCK JUIT TAKUX BHUMAIKIB MOYKHA
O

npcaACTaBUTH K

26

p6: 2
r

7€ 7 — BEJIMYMHA 3a30py MIXK KOHTAKTHUMHU IOBEPXHSAMHU (MIOPIIHEBE KUIbLIE —

BTYJIKA MIWJTIHAPA YW BKJIQAUIIT MiAIIMITHUKA — BaJI) — aHAJIOT Kamijsipa.
CTOBN piAIMHYU 3aBBUILKHU / HAJA€ TIAPOCTATUYHUM THCK, IO JOPIBHIOE pgh.

Tomy Ha piIMHY BIUTMBATUME P13HUIIS THUCKIB, sSIKa piBHA

Ap = p, —pgh.

[lix miero 1i€l pi3HUIN THUCKIB piMHA MOYHE pyXaTtucs. OCKIIbKH TPajli€HT
TUCKY B3JOBX Kamijsipa MOCTIWHWN, ISl BU3HAYEHHS IMBUIKOCTI PyXy MOJKHA

ckopuctatucs ¢hopmysoro [lyazeitns:

_dh_r" by

(% - ’
dt  8u h

Jie L — MIBUJAKICTh PYXy MacTHUJIa B 3a30pi;
L — B'SI3KICTh MacTuUJIA.

BpaxoByroun 3HaueHHs Ap
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[HTerpyroun 1e piBHSAHHS, OTPUMYEMO DIBHSHHS, SIKE XapaKTEepHU3ye pPyX
MacTHJIa y BEPTUKAJIbHOMY Kamiasipi (aHAJIOTY pyXy MiX BTYJKOIO LWIIHIpa Ta

MOPIITHEBUM KIJIBLIEM )

R

2 —h|,
rpg hy—h

ne hy — piBHOBaXKHa BUCOTAa MITHSATTS MacTHJA IiJ] 9ac CTBOPEHHS MAaCTUIIBHOI
TUTIBKH, Ha Ky JII€ CHJIa TIOBEPXHEBOTO HATATY.

3 ocraHHBOi (GOpPMYyNTH BHIUTUBAE, 10, XO0Ya YacC, SKUM MOTPIOHUN IS
MIJHATTS PIIMHM HAa MaKCUMaJlbHY BHCOTY, HECKIHYEHHO BEIUKHH, (PaKTHUYHO
piAMHA 3a TOPIBHAHO HEBEJIMKHUNA Yac JOCATa€ BUCOTHU, IIO JyK€ Mallo
BIJIPI3HSAETHCS BiJl MAKCUMAJIBHOI.

AHaNoriuHi  eJeMEHTapHl BHKIAJKU Ui TOPU3OHTAIBHOTO  Kamijspa
MPU3BOATh 70O HACTYIMHOTO BHpa3y 4Yacy, MPOTATOM SKOTO PiJUHA TPOXOJUTH
NUISIX /[ TOPU3OHTAJIBHUM KaliasipoM (aHAJoOTy pyXy MIXK BajoM Ta BKJIAIUIIEM
IIITATTHAKA):

2ul’

= .
rc

3.2.3. BruiuB noBEpXHEBO-aKTUBHUX PEUYOBUH HA PyX MTOBEPXHEBOTO MIAPY

[ToBepxueBo-akTuBHI peyoBuHH (ITAP) 3MiHIOIOTH cuim, 1O [1IOTH Ha
noBepxHIo pianau. Llg 3MiHa HE 3BOAUTHCS 10 MPOCTOTO 3HMYKEHHS MIOBEPXHEBOTO
HaTATYy, a TOB'I3aHa 3 TOSBOIO TAHTCHINAJBHUX CHJ, IO JFOTh Ha TOBEPXHIO
rpaHu4Hoi piguHM. Lle mpu3BOIUTE 10 3MIHM KalJIIPHUX CHJI, @ TAKOX JIO TOSBH
JIOJTATKOBUX ITOBEPXHEBUX CHJI TOTO JK MACIITA0y, 0 W CHUJTU KaITIJIIPHOTO THCKY.

Tomy wHasBHicTh [IAP MoOke mpu3BOIUTH O CYTTEBOI  3MIHU

rigpoauHamigyHoro pexxkumy [42, 127]. Pyx pimuam Ta OOyMOBIIEHa HHMM 3MiHA
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dbopMu MOBEpXHI MPU3BOIATH O 3MIHM po3noaury koHueHtparii I1IAP, tak mo

roro koHneHTparlis [ Ha MoBepXHi 3MIHIOBATUMETHCS BiJI TOYKHU J0 TOYKH:
I'= F(x, v, Z),

ne (x, y, z) moB'si3aHi Mk coO00 PIBHSHHSIM MOBEpXHi. 3MiHa KoHLeHTparlii [TAP
COPUYUHUTH 1 3MIHY NOBEPXHEBOTO HATATYy, SKa TakoX Oyae 3MIHHOIO B3JOBXK

: : . : 2
noBepxHi. ToMy kamisipHUH THCK, TOOTO HOpMallbHa cuja, MO Ji€ Ha 1 cMm

HOBerHi, BU3HAYUTHCA K

2ol

S

1 0yzie pI3HUM y PI3HUX TOYKAX MOBEPXHI.

SIKI10 MOBEPXHEBUI HATST PIAUHU 3MIHIOETHCA BiJl TOUYKU 10 TOUKH, TO, KPIM
KamuIIpHOTO TUCKY MOBEPXHI PIIMHYU, BUHUKAE TaHTEHIlIaJIbHa cuia. Lls cumna Oyne
CIpSIMOBAHA BiJ MICIb 3 OUIBIITUM IMOBEPXHEBUM HATATOM JIO MICIh 3 MEHIIUM
MOBEPXHEBUM HaTsroM. Ll cuiia, mo BigHECEeHa J0 OJWHHUII MOBEPXHI PIJIUHH,

MO3Ke OyTH MpeCTaBlIeHa BUPa30M

do
= oradoc = — gradl’
P =8 i g

1 cIpsiIMOBaHa CTOCOBHO JOTUYHOI 10 TIOBEPXHI.

Takum yuHOM, HassBHICTH [IAP mpu3BoAuTh 10 MOSBU MOBEPXHEBHUX CHJ Ta
3MIHIOE TpPaHWYHI YMOBHU, SIKUM MAa€ 3aJI0BOJIBHSTH IIBHJKICTh Ha TOBEPXHI
PIIUHH.

VY npucytrocTi [IAP rpannuni yMOBH Ha OBEpXHI po3ALTY ABOX piauH (abo

«piIMHA-Ta3») BU3HAYAIOTHCS:

Pon T Ps = Do (3.19)
Pt P =Py (3.20)
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1€ Pun 1 Py — HOPMAJIbHA 1 TAHTEHITIAJIbHA CKIIAJIOB1 TEH30PA B'SI3KUX HAMIPYT;

Do — KanuIsipHUM THCK;

p: — TaHTeHIianbHa ciiIa (BigHeceHa 1o 1 cm” mosepxHi) [143].

3MiHa TPAaHUYHUX YMOB MOBEPXHI P1IMHU, MOKPUTOI IJIIBKOIO, TPOTU YHUCTOI
PIIMHU TPU3BOAUTH, CBOEIO YEPIOI0, 10 3MIHU PEXUMY PYXY.

Bmnue ITAP Ha pyX piliHH MOXE BUSIBISTHCS JUIIE JOTH, JOKU CYTTEBY
poutb Bigirpae rpanndda ymona (3.20). B octanHe BXOASTh TUTBKH B'SI3K1 HAIIPYTH B
pinuHi. ToMy 3a BeauKuX unces PeliHomb/ca, KOIU B'SA3Kl CHIJIM MaJll TIOPiBHSIHO 3
CHJIaMHU 1Hepii Ta B'SI3KICTh PIAMHU HE BIAIrpae CyTTEBOI poJil, HA TaHT€HLIAJIbHY
MIBUJKICTh PIIAHA HE HAKIAAETHCA >KOAHUX OOMEXKEHBb. 3a BEIHMKUX YHCEI
Peitnonbaca HasBHicTh [IAP He MoOXke CyTT€BO MO3HAYaTHCS Ha PyCl PiAWHMU.
OcTaHHE TBEPXKEHHS MA€ MPOCTU 3MICT: PU BEIUKUX MIBUAKOCTIX PyXY P1AUHU
MOBEPXHEBO-aKTUBHI PEYOBUHU OYJIyTh TOBHICTIO 3HOCUTHCS («3TyBaTUCS).
HaBnaku, npu B'A3KkOMy pexuMi pyxXy MOCHIJIOBHE BpaxyBaHHs BrumuBy I[IAP
1okasye, 10 BiH MOXe OyTu Ayxe 3HauyHuM. HeoOXiqHO miIKpecIuTu, o mopss 3
BIuIUBOM [IAP Ha pyx piamHu MokHa Takox posrisnatu pyx ITAP. Cnpasni,
JUCHIIALIST €HEeprii BHACIIJOK HE3BOPOTHUX MPOLECIB BiAOYBAETHCS HE JUIIE Y
piauHi, a i1 y B, yrBopeHiit ITAP. MoxHa roBopuTH Npo B'S3KICTh IUTIBKH, SKa
POSIBIISIETHCS Y Pa3l BAHUKHEHHS PyXY B IUTIBIIL.

Ockinbkyu, OonHAaK, K mpaBuiio, TUIiBkU [IAP mpencraBnstorh MoHOIIAp
NOBEPXHEBO-aKTUBHUX MOJIEKYJ, JHUCHUMAIlsl eHeprii B 00'emi, 3ailHATOMY
MOHOIIIAPOM, MaJia TIOPIBHSIHO 3 JIUCHUMAIIIEI0 €HEPTii B MpocTOopoBii (azi [144].

JIist po3ainbHOTO BHU3HAYEHHS €HEprii, MUCUIIOBAHOI B piakiii (a3l Ta B
MOHOIIApl, HEOOXIAHO 3HATH PEXHUM pyxy piauHu B mnpucytHocti [IAP. Lle
JI03BOJIUTh OOYHCIIUTA EHEPTii0, M0 JUCHUITYEThCA B pPiAUHI. Pi3HMIS Mix
BUMIPSTHOIO Ha JIOCBIJII Ta OOYMCIICHOI BEJIMYE3HOI JUCHMaIlielo eHeprii (abo
IHIIWUX BIAMOBIIHUX BEJIUYMH) TMPEJCTABIsS€ AUCHUIIAIINID €HEPrii, 0OYMOBJICHY
B'I3KMM PYyXOM Yy MOBepxHeBi (azi [145].

B iHmmx Bumaakax AuMcumaliisi €Heprii B MOHoIIapl MOXKe OyTH HACTIIbKH

3HaYHOIO, 1[0 ii HEOOXITHO BpPaxOByBaTH B MNOBHOMY OajaHCi €Heprii, ILIo
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nucunyeTbes. [luTaHHs mpo iCHyBaHHS NMOMITHOI B'A3KOi Aucumanii eHeprii B
caMOMy MOHOIIapi MOXKe OyTH BHIIICHE JHUIIE Ha OCHOBI €KCIEPUMEHTAIBHHUX
JAHUX 1 PO3PaxyHKIB PEXKUMY PYXy PIAMHHU, OEpydd JI0 yBard BIUIMB Ha HBOTO
[TAP. 3a3HayeHuii pO3paxyHOK TIIOBUHEH TMPOBOJUTHCS Ha OCHOBI OOJIKY
rpannyHuX ymMoB (3.19) ta (3.20) Ha moBepxHI PIIUHM, TOKPUTOI aJICOPOOBAHOIO
[TAP.

Bxinni no BupaziB (3.19) ta (3.20) HOpMalIbHI ps; 1 AOTHYHI p, CUJIU MOXYTh
OyTu oOuucieHi, Ko BigoMui po3noaut [TAP Ha noBepxHi piauHu, T006TO G(X, V),
2).

Buxonsuu 3 npunymenss, mo 6=c(I), A 3HaXOKSHHS TIOBEPXHEBUX CHIT
HeoOximHO 3Hatu posnofin [IAP na moBepxHi pinuHu, 1O pyxaerbesa. Llei
po3moin 00yMOBIEHUH KiIbkOMa YMHHUKaMH. [lo-mepiie, moBepxHEBO-aKTHBHA
pPEYOBHHA, 1110 3HAXOAUTHCS Ha IOBEPXHI PITUHU, 3aTATYETHCS PYXOM OCTaHHBOI. Y
3B'SI3KY 3 IIUM Y3JI0BX IIOBEPXHI PIAMHA BUHUKA€ KOHBEKTUBHMI MOTiK [TAP:

jHOB = FV

to

7€ V, — JOTUYHA JI0 TTIOBEPXHI IMBUJIKICTh PiIUHU.

Hami, BHACTIOK TOro, 1m0 KoHIeHTpalis [TAP Ha moBepxHi € 3MIHHOIO Bij
TOUYKH JI0 TOYKH, Ha TIOBEPXH1 piAHM BUHUKAE audy3is monekyn [TAP 3 micup 13
O1BIIIO0 KOHIICHTpAITIEI0 JO MICId 3 MEHIIOK KOoHIeHTparieto. Ha moBepxHi

BUHUKAE TUQPY31HHUN TOTIK PEUOBUHHU, IO XapPAKTEPUIYETHCS BUPA3OM

Ty = —D gradl’

ne D, — xoedirieHT noBepxHeBoi qudys3ii.
Axmo ITAP po3unHHa B piinHI, TO B KOXHIM TOYIl TOBEPXHI PITUHU MOXKE
B1IOyBaTHCs Nepexig HOoro 3 moBepxHeBoi (pa3u 00'eMHMIT po3unH a0 Ha3al.
Hexaii j, o3Hayae MOTIK pEUYOBUHM 3 OJMHUII TTOBEpXHI 00'eMHy a3y abo 3

00'emMHOi ¢a3u Ha MOBepxHIO. BennumHa MOTOKY BM3HAYAETHCS MOBUIBHILIOND 3
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JBOX CTajiil, Ha AKi Mo)ke OyTu po3uwieHoBaHui mpouec mnepexony IIAP B
00'emHMit po34nH (200 Ha3ax):

1) nmporec necop6irii (abo aacopOirii);

2) BinBeneHHs po3unHeHUX [IAP y rmu6 piguaum (abo momaya ix 3 rimOWHU

PIIMHU J10 TTIOBEPXHI).

Toni 3akoH 30epexenHs [IAP Moxxe OyTu 3anucaHuii y BUTIISII

dr + diV(jHOB + jund)q) )+ .]n = O’
dt
abo

%+div(l“vt — D gradl')+ j, =0. (3.21)

30kpeMa, y pasl IUIOCKOi IMOBEPXHI PIAUHU y JEKapTOBUX KOOpJWHATAX,

NPUMHSBIIY MOBEPXHIO PIIMHU 32 TUIOMIMHY, MAEMO

£+jn+i(l“vx—D€8—Fj+i I'o —Dva—F =0. (3.21)
dt Ox “ox) oyl T oy

3 Bupasy (3.21) BumuBae, 1mo po3Moija peUOBUHHU IO MOBEPXHI MOXe OyTH
3HaWJIEHO, SKIIO B1ZIOMO PO3MOJLT MIBUAKOCTEH piAMHU (TIOTIK j, MOXKE 3ajeXaTu
BiJl PO3MOALITY IIBUAKOCTEH PIAWMHU, SKIIO BIH BHU3HAYAETHCS IIBUIKICTIO
nepeHeceHHs [TAP).

JI1st 3HaXOKEHHS PO3MOALUTY IIBUIKOCTEH, CBOEIO YEProio, MOTPiOHO 3HATH
CHWJIH, IO JIIFOTh Ha MOBEPXHI PiaAuHU, TOOTO po3moiia [TAP.

TakuMm dYMHOM, IS PO3B’S3aHHS IOBHOTO 3aBAaHHS PO PyX PIAUHU Y
npucyTHocTi ITAP HeoOX1JIHO MPOBECTH CIJIBHE PIIICHHS PIBHAHb PYyXYy B'S3KOi

PIIMHU 3 ypaxXyBaHHSAM rpaHudHuX yMoB (3.19) ta (3.20) Ta piBHSAHHS 30€pEKECHHS

TIAP (3.21).
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3.2.4. BluiuB TeMnepaTypy Ha pyX NOBEPXHEBOTO LIAPY

JlochipKeHHsT TOHKUX MapiB B'SI3KUX PIAUH (PIAKUX IUTIBOK), IO MOEIHYIOThH
Majy TOBIIMHY Ta BEJIMKY MOBEPXHIO KOHTAKTY, MOB'A3aHE 3 peani3ali€lo ix Teuii
B CHCTEMax MaIllleHHS CYAHOBMX JU3€TIB 1, 30KpeMa, Y KOHTAaKTHHMX Iapax
MOPIIHEB] KIIBIIS — BTYJIKA MUIIHAPA Ta Bajl — BKJIAIUII MAIMIUITHUKA.

Tedis piAKUX IUIIBOK Ma€ CBOi OCOOJMBOCTI, OOYMOBJICHI HAasBHICTIO JIBOX
NOBEPXOHb PO3LTY: TBEpJa MOBEPXHA — piAKa IUIIBKA Ta piAKa IUIIBKa — ras.
[ToniGH1 yMOBM BHUHMKAIOTh y HMJIHAPI Iu3ens (Mg yac 3a0e3reyeHHs] MalleHHs
MDK TMOPIIHEBUMHU KUIBIISIMH Ta BTYJKOI) Ta B KapTepl nu3ens (mia 4ac
3a0€3IeUeHHS MAaIleHHS MK BajoOM Ta BKJIAJWIINEM ITAIIMITHAKA, a TaKOX MIX
BEPXHIM BKJIQJUIIEM IIaTyHA Ta MOPUIHEBUM MaJIbLEM).

Oco0nuBy yBary AOCTIJHUKIB MPUBEpPTAE Mi>K(a3zHa HECTIMKICTh, MOB'sI3aHa 3
ebektoM MapaHroHi, SKWi TPUCYTHIM M Yac BUMAPOBYBaHHS, EKCTPAKIIii,
abcopOmii Ta iH. EdexT MapaHroHni no's3aHuii 13 3MIHOIO IMOBEPXHEBOTO HATSTY
BiJl TOYKMA N0 TOYKK MiK(a3zHOi moBepxHi. [loBepxHEBUIl HATAT € (YHKIIETO,
30KpeMa, 3aJeKHOI BijJ TeMIepaTypu Ta KOHUEHTpalii pedoBHHH. [ 'pamieHTH
TEMIIepaTypd Ta KOHIIEHTpalli BHUKIMKAIOTh HEOJHOPIIHICTh MOBEPXHEBOIO
HATATY Ta TOSBY TPAMIEHTIB, IO TPHU3BOAUTH 0 BUHUKHEHHS Ha MiK(azHIiN
NOBEPXHI  TEPMOKANUIIpHUX Cui. BuHHMKaioua HecTilikicTb MapaHroHi
IPOSIBISETHCS Y GOpMyBaHH1 Y IPUIIOBEPXHEBUX IIapaX AUCUIIATUBHUX CTPYKTYP.

PosrisitHeMo Tediro TOHKOTO IIapy B'SA3KO0i PIAUHH, 1110 HE CTUCKAETHCS (P1aKOT
TUTIBKH) TOBIIMHOO O MiJT JI€I0 CHJIN TSDKIHHS 1O TBEPAiM BEPTUKAIbHIN TIIOMIMHI
ab0 KpuBOJIHINAHIA MoBepxHI B cucteMi koopauHat OXY — Bice OX HampaBieHa
3a Tediew TuTBKH, Bich OY — 1Mo HOpMaJll B IUIIBKY PIAMHH. YMOBH Ha TOBEPXHI
po3auny a3 piakoi TUTIBKM  BPaxOBYIOTh CHJIM TOBEPXHEBOI  B'SI3KOCTI,
HEOTHOPITHICTh TTOBEPXHEBOT'O HATATY, BUKIMKAHY TPAJi€HTaMH TEMIIEpaTypH Ta
KOHIIGHTpAIlli pPEYOBHHH, 1 TEIJIOMAaCOOOMIH Ha TOBEPXHI PO3JIIYy Ta3-piJivHA.

MartemaTtnyHa MoJeib Te4li HEI30TePMIYHOI PIAKOI IUIIBKM € CUCTEMOIO PIBHSIHb
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HaBbe-Ctokca 1 piBHSIHHS HEPO3PUBHOCTI 3 BIANOBIIHUMHU TPAaHUYHUMU YMOBaMHU
[138], siki 115 BUMAAKY ABOMIPHOT TeUii PiJIKOi IUTIBKY 3allUUIYThCS y BUTIISIL:

ou ou ou oP 1 (0°u ,0u
Fot—| —+& —|;

e—+eu—+eo—=——+F, ~+&
ot ox oy Ox Re\ oy Ox

2 2
g g g P p 1 [p00, Ou) (3.22)
t X oy oy Re\ ox oy ) -
ox oy
y=0 1 u=0, v=V;. (3.23)
-y
y=d: |0 MO H2 B 200 Ol P NI 20 (3.24)
Re Ox Ox oy Ox oy Oy ox ox’
Py
A2
P:i gav 8u+8260 @ —Ga§+PO—signAT—p2 l (3-25)
oy \ oy ox ) Ox ox (Re- Pr-Ku)d

YMoBa Ha BUIbHIN MOBEPXHI IUTIBKH NMPHU (Ha30BUX MEPETBOPEHHIX

1 1
ot ox Re-Pr-Kud

be3posmipHi BennunHu Ta napametpu B (3.22)-(3.26):
U, U — MPOEKIIIT MIBUIKOCTI HA OC1 KOOPAMHAT;

t —4ac;

Re — uucno Pelinonnica;

F\, F,, — npoekuii uncna Opyna;

G — IMapaMeTp MOBEPXHEBOTO HATATY;

Ty — MIOCTIMHA TOTHYHA HAMpYTa;

M — napametp MapaHroHi;

N — napameTp NOBEPXHEBOI B'A3KOCTI;

Pr —yaucno [Ipannaris;

Ku —gyucno ¢a3oBoro nepexomuy.
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Jns po3B’si3aHHsl mocTaBiaeHOro 3aBnaHHs (3.22)-(3.25) mpoBeaeMo po3Tir
ocel x 1 £. BpaxoByrouu, 10 TOBIIMHA P1AKOL IUTIBKM HA0Arato MEHINIA 3a TOBKUHY

XBWI A, y piBHSIHHA cucteMu (3.22) ta rpanuuni ymoBH (3.23)-(3.25) BBeneHo
MaJluii TapameTp azg Ta N=¢N,c=¢’. 3 (3.22)-(3.25) BU3HAYUMO MPOEKIIii

MIBUKOCTI %, U Ta TUCK P, pO3KJIaBIIH iX Yy PsJI 32 MAJIUM [1apaMeTPOM &:

. 2

u=uy,+eu +&u,+..,
_ 2

V=0, +ev, +€v, +..,

P=P +eP+&P +....

BuainuBiig 4djieHd 3a 0JJHAKOBHX CTYIMEHIB € OTPUMAEMO CHUCTEMH PIBHSIHB
JUISl BU3HAYEHHs u, U Ta Py pi3Hux HabmwkeHHsX. [ligctaBuBim B (3.26) mpoekirii
MIBUAKOCTI U Ta U, 3HANWJEH] 3a MEPIIMMU TPhOMa HAOJIMKEHHSMH, 1 BPaXOBYIOUH,
mo O=Il+y, me wy(x,f) — BIAXWJICHHS BIUILHOI TOBEPXHI PIAKOI TUTIBKA BiJ
HE30ypEeHOro CTaHy, OTPUMAEMO PIBHSHHSA JJIg 11 BUIBHOI TIOBEpXHI Y

TEIJIOMacOOOMIHHMX IpOIecax KOHEH AIlll, BUITapOBYBaHHS Ta afacopOirii [146]

3 4 2
N _p Ny, a“’+193a"3’ b, Y by Ny Y
ot Ox ox’ ox ox Ox ox’
w ¥ oy o 5 (3.27)
eb( 2] 0,2 sy Wj
ox ox ox
Koediuientu piBHsiHHS (3.27) MatOTh BUTJISI:
ReF
b =—ReF . —Ret ; b, =— °fy _ReM +iRe3F;(rx +Fx)+2Re-signAT%;
3 240 3 (Re- Pr- Ku)
2
b, = —m; b, = —@;bs =-2ReF. — Ret ;b, = —ReF, — ReM + ERe3Fxtx -+ iReﬂ[«j};
2 3 g 8 20
1 2 3 3 9 3 =2 3 3
b, =by;by =——Re"F N;b, =-2ReF —ReM +—Re’F1 +—Re'F'; F. =———1_.
2 7 2 4 " Re 2

PiBusinus (3.27) € HecTaiOHAPHOIO MATEMATHYHOIO MOJCIUTIO CTaHy BIIHHOI
MOBEPXHI HEI30TEPMIYHOI PIKOT IUIIBKHA, B PAMKax SIKO1 MOKJIMBE MOJIEIIOBaHHS

€BOJTIONIT IBOMIPHUX 30ypeHb Ha ii MOBEPXHI.
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3.3. EkciepuMeHTalbHE BUBHAYEHHS CTPYKTYPHUX XapaKTEPUCTUK CYJHOBUX

MOTOPHHUX MaCTHUJI

Jlis BW3HAYEHHS TMapaMeTpiB MOOYJOBH PEYOBHHH, 30KpeMa TapaMeTpiB
TOHKHMX TUTIBOK IIi€1 PpEYOBHMHU Ha MOBEPXHI 1HINOI, HAUOUIBII MEPCIEKTUBHUMHU €
METO/H BiJIOWBHOI €TINCOMETPii, TOMY IO BiIOMBHA CBITJIIOBA XBUJIS (DOPMYETHCS
B TOHKI MOBEpXHEBiN 00y1acTi. [CHYIOTB €ICOMETPIUHI MPHIIAJIN, SIKI PU3HAYEH]
JUT BUMIPIOBAHHS MOJSPHU3AIIHIX XapaKTEPUCTUK BIIOMBHOI XBHIII, HAUaCTIIIe
Ha OJHIA (iKCOBaHIN JOBXHHI. AJle HE ICHY€ YHIBEPCAIbHOIO METOHAY, SKU
JI03BOJISIB OM 4epe3 BUMIPIOBaHI MOJSPU3ALIMHAX XapaKTEPUCTUK BU3HAYUTH,
30KpeMa, ONTHUYHI CTaJIM Ta TOBIIUHY TUTIBKH [147].

BuMiproBanumMu ~ BeJIMUMHAMH B EJIICOMETPIl €  TOJspHu3aliiHi
XapaKTepUCTUKU (EJIICOMETPUYHI TTapaMeTpH) CBITJIOBOI XBWJIH, sIKI BU3HAYAIOTh
dbopmy enirnca KOJIMBaHb €IEKTPUIHOTO BEKTOPA CBITIOBOT XBHIII.

Cran mnoJspuzaiii CBiTJa MOXIHMBO PpO3KJIAaCTH Ha JBI CKJIAJOBI: S-
noysipu3amis  (sIKka CHOpsMOBaHA MEPHEHAMKYISPHO IUIOHI MaJiHHA) Ta p-
noJisipu3allis (sKa CupsiMOBaHa MapajesibHO IOl MaiHH). Y BUIAIKY BIIOUTKY
pPO3TIAIAIOTECA KOMIUIEKCHI aMIUIITYAud BiIOUTHX S§ Ta p KOMIIOHEHT, SKi
no3HayarTeca K E; Ta E, Emncomerpis BH3Haya€ KOMIUIEKCHUM KOeQilleHT

BIZIOMTKY CHCTEMH P, IKMH € BITHOMIEHHAM £, 110 Ej.

KommniekcHuit koediieHT BiAOWTKY TaKOX MOKHA 3a/aTd B IOKA30Biii
dopMi  3a  [ONOMOIOI0  TaKk  3BaHUX  EJIINCOMETPUYHUX  MapaMeTpiB
(encoMEeTpUYHUX KYTIB): KyTa BIJHOIICHHS CKAJIAPHUX KOE(DIIIEHTIB BIAOUTKY Y

S Ta p MJIOIIAX Y Ta pi3HULI 3CyBIB (pa3 A M)k KOMIIOHEHTaMH E; Ta E,.

p=e"tgy,

Ji€ [ — yABHA OJIUHULI.
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HaiiGinpmr  mpupatHuM ISl €JNINCOMETPUYHHX  BHUMIPIOBaHb €
dboToMeTpUYHUIT eNICOMETp, SIKUM, Ha BIIMIHY BiJl ICHYIOUMX KOMIEHCAIIHUX
eTICcOMETpiB, HE MOoTpedye KOMIIEHCATOpa Ta Ma€ MEHIIIMK Yac BUMIiproBaHHs. Lle
HAJa€ MOXKJIMBICTh BUMIPIOBAHHS Ha XBWIAX OyAb-KOi OBXHHHU Ta CIpPHUSIE
aBTOMAaTH3allli MPOLIECiB BUMIPIOBAaHHA Ta KOHTpoJto [137].

VY 3B’S3Ky 3 TUM, IO EJIINCOMETPIS BUMIPIOE BITHOIICHHS (200 PI3HUINO)
JIBOX BEJIMYMH, a He aOCONIOTHI 3HAa4YeHHS KOXHOI, e JyXK€ TOYHUH 1
BIITBOPIOBaHMM MeToA. Hampukiia, BiH BITHOCHO CTIMKH 10 PO3CIIOBaHHSI CBITJIA
Ta QIIyKTyaliif, a TaKOXK HE BUMara€e CTaHAApTHOro (KOHTPOJBHOTO) 3pa3zka abo
OTIOPHOTO CBITJIOBOTO IPOMEHSI.

[IpuHuMn poOOTH emirncoMTepa 3aCHOBAHO Ha (DOTOETECKTPUYHOMY METO/II
BiTTi, BiAMOBIIHO IO SKOTO JIHIAHO MOJSPU30BAHUN CBITJIOBHH IMYyYOK Iaja€ Ha
J3epKaJIbHY TTOBEPXHIO PEYOBUHHU, SIKA TOCIIJKYETHCS, M1l JOBUILHUM KyTOoM. [lpu
IbOMY a3UMYT MoJigspu3aTopa (KyT MK €JIEKTPUYHUM BEKTOPOM CBITJIOBOI XBHJII
Ta IJIOIIMHOIO MaIiHHS) AopiBHIOE 45°. ENNTUUHY MOJsSpuU3aIlito BiJOMTOTO CBITIA
aHaMI3yIOTh 3a JIONOMOIOIO0 JIIHIMHOTO TMOJISIpU3aTopa, SAKUM  MOCI1JOBHO
BCTAHOBIIOIOTH 3a azumyTamu 0°, 45° Ta 90°, Ta BHUMIPIOIOTH BIJANOBIAHY
IHTEHCUBHICTh Bifgbutoro cBitna [y, Iy, loy. Ilicms mporo emimcomMeTpwyHi

IMOKAa3HWKHU BU3HAYAIOTh 3da BUPpA3dAMU

TanreHc kyta \y 3aja€ BiAHOIICHHS TMOCIa0eHb (a00 MOCHIICHB) CKAIIPHUX
aMILIITYZ S 1 p KOMIIOHEHT ITiJI 4yac MPOMYyCKaHHS, a 3aJa€ Pi3HICTh 3CYBIB (a3,
BU3HAUEHUX ITi]] 4aC MPOIyCKaHHS C § Ta p cTaHOM nosisipu3anii [ 148].

EnincomeTpyuyHi BUMIPDIOBaHHS MOXJIMBO BHUKOHYBATH JUIsl OJHO- Ta

ABoIapoBoi cucteM. [Ipukianom ABOIIApPOBOI CUCTEMH € TOHKI IJTIBKM MOTOPHOTO
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MacTHJIa Ha MeTaieBiil moBepxHi. Taki TUIBKM CKIAJAarOThCS 3 JBOX IIApIB —
TPaHUYHOTO, SKUH 3HAXOAUTHCS MOOMU3Yy METAJeBOi IMOBEPXHI Ta YTBOPIOE
rpaHuuHy (ha3y MacTUIO — MeTaj; Ta MOBEPXHEBOTO, SIKUI JIOTIOBHIOE 3arajibHUMA
IIap MacTuja Ta YTBOPIOE TpaHU4HYy (a3zy MacTwio — mnositpsa. Cxema

MPOXOJI>)KEHHS CBITJIOBUX MIPOMEHIB Y JBOIIAPOBINA CUCTEMI HaBe/IeHa Ha puc. 3.5.

EU EU EU Eﬂ
®o .
"y IToBiTpst
¥ 1
~ <
¢
n, [Hap 1
p ~— 2
P, S
ny : Iap 2
Y 3
ny [Minknagka

Puc. 3.5. IIpoxomkeHHs CBITJIOBUX IMPOMEHIB y JIBOIIAPOBIM CUCTEMI

PiBHsIHHS enuricoMeTpii i TBOXIIIAPOBOI CUCTEMU MA€ BUTIISI:

—id, —id, —i(8,+8,)
rlerrzpe +r1pr2pr3pe +r3pe

iA
e tgy = . ‘ ‘ X
—id; —id, —i(8,+8,)
1+r1pr2pe +hh,e e

—id, —id, —i(8,+8,)
1 + ]/isr2se + rZs’i")se + I/is}%pe

-i(3,+8,)

—id, —id,
I/is + ere + I/isr2sr3se + r3se

VY 1pomy piBHSIHHI 7, 13, 13 — KoedimieHTn dpeHens BiAOUTKY BiJl TOBEPXOHb

1,2, 3 (muB. puc. 3.5), AKi MOKJIMBO BU3HAYHTH 32 BUPA3aMU

mCOSQ) — Ny COSP, 1, COSPy — 1, COSQ,

v, =
1p b s s
n, COS @, + 1, COS P, H, COS @, + 1, COS P,
N, COS @, — N, COS Y, n,cos@, —n, cosQ,
r, = , . = .
2p > 2s >
n,coS P, + 1, cos P, n, cos @, +n, cosQ,
_ 1,C0SQ, —N,COSP; _ 1,COS(, — 1y COS P,
3p T - :

> 3s
I’I3 COS (P2 + n2 COS (P3 7’l2 COS (P2 + 7’l3 COS ([)3
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Pizaumi ¢a3z 6; ta d,, sAKi YTBOPIOIOTHCS B MEPIIOMY Ta JAPYyromy Iapax,

00UYHCITIOIOTH 32 (hOpMyJIaMu

4nd,

4md
S, = n,cosQ,; o8, = 7; 1, CcoSQ,, (3.23)

Jie 1y, N, — ONTUYHI CTaJll BIATIOBITHOTO APy,

A — TOBXXMHA XBUJI1 TIJIal0Y0T0 BUIIPOMIHIOBaHHS, HM [149].

VY piBasHHl (3.23) Ta Ha puc. 3.5 TO3HAauYEHHSA d| BIATNOBIAA€ TOBIIHHI
MOBEPXHEBOTO MIAPY dy;, MO3HAYEHHSI d, — TOBIIWHI TPAHUYHOTO Mapy ds. 3aranbHa

TOBIIMHA MACTUJIBHOI'O IIAPY dMM BHU3HAYA€THCA JAK CyMa IUX BECIUYHH

d,=d +d,=d +d;.

3HaueHHs d; Ta d, (a TaKOX BIONOBIIHO d, Ta dg) BHU3HAYAETHCS
rpadoaHaJITUYHUM CIIOCOOOM SIK TOUKa 3JlaMy 3anexxHocTted 0,=fd;) ta d&,=f(d,).
3a aHaJOTIYHOIO CXEMOI0 BH3HAYAETHCS BEIIMUYMHA KPAHOBOTO KyTa 3MOYYBaHHSI.
[lpuknag po3B’s3aHHS [HOTO  3aBAaHHS JUII  MOTOPHHX  MAacTHJ, IO

BUKOPHCTOBYIOTBCS B CUCTEMaxX MaIlleHHs CYJTHOBUX JM3ENiB HaBEJEHO Ha puC. 3.6

[31,114].

3, d,
rpan rpax /
10 A 10 L
|
0 “I | [ 0 ! [
2 3 4 5d,mm 10 12 14 16 d, Mmxm
_dm =32 MM gsl=12, 1 MKM
. 4d,=43mm . dg, =153 MKM
a) 0)

Puc. 3.6. 3HaxomkeHHS 3HaYeHb TOBIIMHA MTOBEPXHEBOTO 1IAPY d;, Ta TOBLUIMHU

IPAaHUYHOTO Mapy ds rpadoaHaTiTHYHUM CIIOCOOOM
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[Tix gac iHTEpIIpEeTAIlii ETINCOMETPUYHUX TAHUX JOBOJIUTHCS PO3B’A3yBaTH SIK
npsiMe 3aBJaHHS €JIINCOMETPIi, KOJIM 3a BIIOMHUMH XapaKTePUCTUKaMH BiIOMBHOI
CHUCTEMH OOYMCIIIOIOTH €JIIIMCOMETPHUYHI MapaMeTpH BiJIOMBAHHS CBITJIOBOi XBHIII,
TaKOXX 1 OOEpHEHy, KOJM 3a BHUMIPIOBAHUMHU 3HAYCHHSIMH MOJIAPU3ALIHHUX
XapaKTePUCTUK B1IOMBHOT XBUJI1 3HAXOSATh MMapaMeTPH JIOCTIHKYBAHOT CHCTEMH.
Bu3HaueHHsT ~ OCHOBHHX  CTPYKTYPHHX  XapakTEepUCTUK  (TOBIIMHH
MAaCTHJIBHOTO Iapy d,, Ta KpaioBOro KyTa 3MouyBaHHS 0,) BHKOHYBaJOCh IS
PI3HUX COPTIB CyJTHOBUX MOTOPHHMX MAacCTWJI, 110 BUPOOstoThCs pipmamu Castrol,

Mobil, Shell. IlpunnunoBa cxema MNOJSIPU3ALINHOT yCTAaHOBKM HaBeJeHa Ha

puc. 3.7 [71, 150].

Puc. 3.7. [IpunnumnoBa cxema BU3HAUYEHHS TOBIIWHU MAaCTHIIBHOTO MIAPY @y,
TOBIIMHU IPaHUYHOTO MIapy ds Ta KpailoBUX KyTiB 3MOYyBaHHS 0
eJIIMCOMETPUYHUM CIIOCOOOM:

1, 4 — eTeMeHTH €TICOMETPUYHOI YCTAHOBKY; 2 — JHIMHO MOJIIPU30BaHE CBITIIO;
3 — eNNTUYHO MOJSPU30BAHE CBITIIO; 5 — METalleBa MOBEPXHS; 6 — MACTUIILHUI

map; 7 — eneKTpuYHUi HarpiBay; 8§ — Tepmomnapa

BuMiproBaHHs BUKOHYBWIMCh Yy Takuil cmnoci®6. BusHaueHHs KyTiB
3MOUYYBaHHS Ta TOBIIMHM MACTHJIBHOTO APy BHUKOHYBAJIOCS A 00'emMy
MOTOPHOTO MacTwjia (PIBHOTO 2 MJI), HAaHECEHOr0 KpAIUIMHHUM CIIOCOOOM Ha
METajeBy IMOBEPXHIO, BIAMOJIPOBaHY 3a BHCOKMM  KJACOM  TOYHOCTI.
MonoxpomaThuHe Kepeno 1 crpsMOBYBajo JIHIMHO MOJSPU30BaHE CBITJIO 2 B

01K JOCHIIPKYBaHOTO MaTepiany 6, SKUM yTBOPIOBAaB Ha MeTaJieBiil MOBEpPXHi 5
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MAaCTUJILHUH Iap 3 TOBIIMHOIO d,,, Ta KpallOBUMH KyTamu 3MouyBaHHs 0. YacTuHa
CBITJIOBHX MPOMEHIB BiJOMBaJacs BiJl MOBEPXHI MAaCTUILHOIO MaTepiaity 6, 1HIIa —
BT MeTaneBoi MOBepxHI 5. Bigbure eninTUYHO MOJSIPU30BAHE CBITIO 3
GbikcyBangoch (HOTOETEKTPUUHUM TPUCTPoeM 4. Jlami yepe3 BUMIpIOBaH1 3HAYCHHS
CINTUYHO TOJSPU30BAHOTO CBITJAa BHU3HAYAJINUCh HEOOXIAHI  CTPYKTYpPHI
XapaKTepUCTUKH MOTOPHOTO MacTWia — TOBIIMHA MAaCTHJIBHOTO IMIApY dy, Ta
KpailoBHii KyT 3MOUyBaHHS 0.

3 METO [0JAaTKOBOTO BHM3HAYEHHS BIUIMBY TEMIIEPATYPHOIO PEKUMY Ha
CTPYKTYpPHI XapaKTepUCTUKM MOTOPHOTO MacTHJIa, MeTajeBa IOBEpXHSI 5
HarpiBajach 3a JOIOMOTrOI0 €JIEKTPUYHOro HarpiBaua 7. Temmeparypa mig dac
HarpiBaHHS KOHTPOJIIOBAJIach TepMonapor §. BuMIipioBaHHS BHKOHYBAJIUCH Y
niama3oni temmepatypu 20...60 °C. i 3amoOiraHHsl pi3KUX TeMIIepaTypHHUX
IPaJIEHTIB MM Yac BUMIpIOBaHb 3a0€3IeuyBajuCh YMOBH, 3a SIKUMHU IIBUJIKICTb
3pOCTaHHs TeMIepaTypH He nepesuiryBana 5°C/xB. s i€l MeTu 10 eIeKTpUYHOI
cxeMu OyJio BKJIIOUEHO KOMITEHCAIITHUI peocTaT. BUKOpHCTaHHS €leKTPUYHOTO
HarpiBaya 3a0e3leuyBajlo MPOBENEHHS EKCHEPUMEHTAIbHUX JIOCHIIKEHb 3a
TeMIepaTypHUX YMOB, IO BIJAMOBIIAIM TEMIIEPATypHOMY CTaHY TPHUOOJOTTYHOL
CUCTEMHU KOJIIHYaTHI BaJl — MOTOPHE MACTHJIO — BKJIQJMII MIJIIUIHUAKA. Takox 1e
JIO3BOJISUIO BUBYUTH JECTPYKTYIOUY [0 TEIJIOBOTO MOTOKY Ha CTPYKTYpHI
XapaKTEPUCTUKU MOTOPHOTO MAaCTHIIA.

Jlis migBUIIEHHS TOYHOCTI BUMIPIOBAHHS BUKOHYBAJIHCS 3 YOTHPUPA30BUM
MOBTOPEHHSIM ISl KOKHOTO JOCIHIJPKYBaHOTO 3pa3ka, Iie 3abe3neuyBayiocs
MOBEPTAaHHSIM METAJIEBOI MOBEPXHI 5 BIAHOCHO MPOMEHIB JIIHIHHO TOJSPU30BAHOTO
ceiTia Ha 90°, 180° Ta 270° 3a rOIMHHUKOBOIO CTPUIKOIO. Bu3HaueHi B Takii
CHOCi0 3HAYEHHS TOBIIMHU MACTUJIBHOTO IIAPY dyy, TOBIIMHU TPAHUYHOTO ILIAPY
ds Ta KpalilOBOTO KYTy 3MOUyBaHHS O ycepeaHIOBATUCH.

[Ile onmuuM 3 MeTONIB, fAKI JO3BOJSIOTH BU3HAYUTH CTPYKTYpHI
XapaKTEpPUCTUKU MOTOPHHUX MAcTWJ (a came TOBUIMHY T'pPaHUYHOro 1mapy ds Ta
CTYIIHb BIOPSAKOBAHOCTI MOJIEKYJ TPaHUYHOTO Inapy S), € ONTHYHUNA METO.

JTUXPOi3My TIOTJIMHAHHSA  AoMmimkoBux Mojekyn [137,151]. Ileit wmeton
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BUKOPHCTOBYBABCS K JOJATKOBUH JUIsl BU3HAYEHHSI TOBIIMHU T'PAHUYHOIO LIApy
ds Ta OIIIHKM TOYHOCTI METOAY eJNincoMeTpii (duepe3 30iry 3HaueHb ds, sKi Oynu
oTpuMaHi oboMa Metogamu). TakoX METOI AMXPOi3MY JTOMIIIKOBUX MOJIEKYII Ja€
MO>KJIUBICTh OIIIHUTH CTYIIHb YHOPSIKOBAHOCTI MOJIEKYJ TPAaHUYHOTO Iapy S —
MOKA3HUK, SKUH 3allpOIIOHOBAHO SIK SIKICHUW TOKA3HUK OIIHKH CTPYKTYpPHHUX
XapaKTepPHCTHK MOTOPHHX MAacTHI. Voro peani3auis MOX/IMBA Ha YCTAHOBII,

cxeMy SIKOi mokaszaHo Ha puc. 3.8 [31, 112].

s

Puc. 3.8. CxeMa oNTUYHOI yCTAaHOBKH ISl BA3BHAYEHHS CTPYKTYPHUX
XapaKTePUCTHK CYJHOBUX MOTOPHUX MACTHUII:
1 — doxycyroua niH3a; 2 — MOHOXpOMATHYHE HKEPEIIO CBITIA; 3 — MOJISIPU3ATOP
CBITJIOBUX MPOMEHIB; 4 — KBap1ioBa V-moi0Ha KIOBeTa; 5 — MOTOpHE MacTHJIO;

6 — hOTOETECKTPOHHUM MPUCTPIN; 7 — IEPCOHATBLHUN KOMIT'IOTEP

Big MoHOXpOMaTHYHOTO JKepena CBITIa 2 CBITJIOBUN MPOMiHb (hOKYCyBaBCs
JiH3010 1 Ta mapanenrsHUM IMyYKOM MPsIMYyBaB depe3 mosisipu3atop 3 10 V-momioHoi
KioBeTH 4, y SKii 3HaXOJWJIOCh JOCHTIDKYBaHE MOTOpHe MacTwio 5. [lisa
3a0e3MeueHHs] MPOXOPKEHHS CBITIOBHX IMPOMEHIB Ta MMOJAIBIIOT0 CKaHYBaHHS
MOTOPHOTO MacCTHJIa 32 TOBLIMHOIO IIapy, KioBeTa 4 Oyjia BUKOHAHA 3 MOJIIPOBAHOTO
KBapIIOBOTO CTEKIa. V-MOAIOHUIN (KIMHOBUAHUI) Bl KIOBETH 3a0€3MedyBaB 3MIHY
TOBIIMHM APy MOTOPHOTO MACTHJIA, IO B HIN 3HAXOIUJIOCH, TiJ] YaC MEePEMIIICHHS
KIOBETH TEPICHINKYISIPHOTO HAmpsiMy MPOXOHKEHHS CBITIOBUX MpoMeHiB. O0'em

KIOBCTH 3aIIOBHIOBABCSA MOTOPHHUM MACTHUJIIOM, MOJICKYJIU SAKOI'O 1'[O6J]I/I3y KBapI_IOBOT
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MOBEPXHI (pOpMyBasli TPAaHUYHUI IIAp 13 YIOPAIKOBAHOIO CTPYKTYPOIO MOJEKYI. Y
HEHTPaAJIbHIN YaCTHHI KIOBETH YTBOPEHHsI YIIOPSAIKOBAHOTO Iapy HE BiaOyBajocs, 1
Il YaCTMHA MacTUJia 3a CTPYKTYPHHMH BIIACTUBOCTSIMH BIJINOBifalia 130TPOMHOI
pimuui. Ilix yac ekcmepuMEHTy KIOBeTa TMepeMillanacs Yy  HampsMKy,
NEPIEeHIUKYISIPHOMY /10 HANpsIMKY Majiarouoro cpitia. Lle mo3Bosiyio BU3HAUYUTH
IHTEHCUBHICTh CBITJa, 10 IPOXOAWTh Yepe3 V-MOJIOHYy KIOBETY 3 Pi3HOIO
TOBILMHOIO IIaPy MOTOPHOTO MacTuia. [HTEHCUBHICTH CBITJIA, 110 MPOXOIUTH Yepe3
kioBeTy 4 QikcyBanacs 3a JIONOMOrol (DOTOENEKTPOHHOTO NpUCTpos 6 Ta
niepeiaBajgacs Ha epCOHaNbHUI KOMITIOTEp 7.

OpieHTaniifHa BIOPAIKOBAHICTh MOJIEKYJ MOTOPHOIO MacTuja MNoOIu3y
KBapI[OBOi MOBEPXHI V-MOJIOHOT KIOBETH € MPUYMHOIO BUHMKHEHHS OINTHYHOI
aHizoMeTpli CBITJIOBUX mpomeHiB. [Ipm 1poMy 3MIHIOETBCS  KOE(DIli€HT
MOTJIMHAHHS CBITJIa B MACTHJII Ta, IK HACIIJOK, ONTHYHA IMIUIBHICTh MacTuna D. Ile
€ MIJICTAaBOIO JJIsI TOTO, 1110 3aIeXKHICTh D=f(d) HE € JHINHOIO Ta XapaKTePU3yEThCS
HAsBHICTIO TOYKM 37amy (puc.3.9,a), 1m0 J03BOJIsIE pO3paxyBaTH 3HAUYEHHS
CTYII€HSI BIOPSIKOBAHOCTI MOJIEKYJ TPAHUYHOIO IIapy S Ta BHU3HAYUTH HOTO

ToBITUHY ds [31, 137, 149].

D S
0,7 +
0,6 + f 7
/ R
y /4
L 4
02 f 4
0 5 10 15 | d, Mmxm
dg, = 12,8 Mxm
) ds, = 16,1 MkM .

Q) 0)

Puc. 3.9. Pe3ynpTatu eKCiepUMEHTY:
a — 3aJISKHICTh ONTUYHOT IITFHOCTI MacTIa D BiJl TOBIIMHA MAaCTWILHOTO Iapy d,

6 — CTYIiHb BIOPSIKOBAHOCT1 MOJIEKYJT Y MAaCTUJILHOMY I1api S;

I —-MM Ne 1;2—MM Ne 2
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UuM BumIe KyT HaXWily MEpIIOi YacTHHM 3anexxkHocTi D=f(d), Tum Oinbiie

3HAYEHHS CTYNEHS BHOPSAAKOBAHOCTI MOJIEKYN rpaHuyHoro mapy S. Touka 3mamy

3anexxHocti D=f(d) BignoBimae mnepexoay o0'eMHOi ¢a3su 70 TPaHUYHOTO

MaCTHJIBHOTO LIapy 3 BHOPSIKOBAHOIO CTPYKTYPOIO MOJIEKYJ 1 BU3HAYAE TOBLIUHY
IpaHU4HOrO 1mapy ds [151].

[1ix yac oOpoOKHM pe3yIbTaTiB IOCTIHKEHHS PO3PaXyHOK MapameTpa MopsIaKy

S mpoBoAMBCS 32 POPMYIIOFO:

R-1
S = , (3.24)
R+2
ne R — auxpoiyHe BIJHONIICHHS, SK€ BW3HAYAETHCS BITHOMICHHSIM ONTHYHOI

IIIJILHOCTI CBITJIOBOJTY, 3alIOBHEHOTO MAaCTHJIOM, Y p Ta § TOJISIpU3alii

MakcumanbHi Sy Ta MIHIMQIBbHI Sy, 3HAYCHHS CTYNEHS BIIOPSIIKOBAHOCTI
MOJIEKYJl TPAHWYHOTO IIapy MOCTIPKYBAaHUX MACTHII, IO OyJd PO3paxoBaHl 3a
Bupazamu (3.24) ta (3.25), HaBeaeni Ha puc. 3.8, 6 [153, 154].

JlocnmiKeHHsT 3 BUBHAYCHHS CTPYKTYPHUX XapaKTEPUCTHK MOTOPHHUX MAaCTHII
npoBoawiKcs s cynHoBux Mactui Castrol Vection 15W40, Shell Rimula
R4X 15W40, sKxi BHUKOPUCTOBYBAJIHWCS B CHCTEMI UUPKYJSAIIAHOTO MaIlCHHS
cynHoBoro jauzens Volvo Penta TMDA 163A. OcHOBHI XapakTepUCTUKU
MOTOPHHMX MacCTHJI HaBeJIeH1 B Tabyuii 3.3.

OnTu4Hl JOCHIIKEHHS MPOBOAWIMCA B Jiama30Hl TOBIIUHU MAaCTUIBLHOTO
mapy 0...60 MKkM (110 BIAMOBIJANI0 TEXHOJIOTTYHOMY 3a30py MK KOJIHYATUM
BaJIOM Ta BKJIQJMIIEM TMIAIIMIHUKA KoB3aHHs cyaHoBoro BOJI Volvo Penta
TMDA 163A). 3nauenHs napaMmerpa NopsAKy S Ta TOBIIMHU IPAHUYHOTO 1Iapy ds
JOCIIJIKEHUX MOTOPHUX MACTUJ (SIK1 BU3HAYAJIMCh METOJOM JUXPOI3MY), & TAKOXK
TOBIIMHM MACTWJIBHOTO Mapy dy, Ta KpaloBOro KyTy 3MouyBaHHsA O (ski

BU3HAYAJIMCh METOJIOM €JIITICOMETpIi) HaBeeHOo Y Ta0mulll 3.4.



118

Tabmums 3.3

OCHOBHI XapaKTepUCTUKN MOTOPHUX MAaCTUJI, 1[0 BUKOPUCTOBYBAJIHUCH IT1]1 Yac

IPOBE/ICHHS EKCIIEPUMEHTY

Mapka MOTOPHOIO MacTuiIa

[TapameTp Castrol Vection Shell Rimula
15W40 R4X 15W40
Kinac SAE 15 15
['ycruna mpu 15°C, kr/m’ 910 906
Kinemaruuna B’si3kicth npu 40°C, cCt 96 95
Kinemaruuna B’s3kicts pu 100°C, cCr 13,66 12,93
Temneparypa cnanaxy, °C 222 218
Temnepatypa 3acturanss, °C -14 -18
3aranbHe ayxHe yucio (Total Base
10,2 10,3
Number — TBN), MrKOH/r
Taomur 3.4
XapaKTepruCTUKN TPAHUIHUX MACTUIILHUX IIIapIB MOTOPHUX MACTHUII
XapaKTepUCTUKA
Mapka
[TapameTp ToBuuHa ToBuHa KpaiioBuii kyT
MOTOPHOTO
MOPSIIKY, S TPaHUYHOTO MaCTHUIILHOTO 3MOYYyBaHHS,
MacTuia
mapy, ds, MKM | 1apy, dyy, MM 0, rpan
MM Ne 1 0,58...0,59 11,3...11,7 2,2..24 14,7...15,1
MM Ne 2 0,63...0,64 14,7...15,0 3,3...3,5 17,3...17,6
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3.4. BusnaueHHs crioco01B Ta TEXHOJOTIYHHUX PIILIEHb, SIKI COPUSIOThH

HiABUIICHHIO CTPYKTYPHHUX XapaKTEPUCTUK TOHKUX MACTUJIBHUX IUTIBOK

[TinBUILIEHHS CTPYKTYPHUX XapaKTEPUCTHUK TOHKUX MACTUJIBHUX ILJIIBOK
nojsirae B 30UIBIICHH] TOBIIMHM TPaHUYHOTO MIapy ds, IO PO3MIIIEHUN
Oe3nocepenHbO  OlMsT METaNeBOi TMOBEPXHI, Ta CTYNEHS OplEHTALIMHOT
BIIOPSJIKOBAHOCTI MOJIeKys y 1pomy mmapi S. Came Ha 1 moka3HuUku (ds Ta §)
cmpsMoBaHa Jis  0aratbox Cmoco0iB, M0 3aCHOBaHI Ha  TOCHJICHHI
MDKXMOJIEKYJIIPHUX B3a€MOJIIA BCEPEIMHI PIAMHM Ta 3 OOKYy MeTally, Ha MOBEPXHI
SAKOTO ISl piAWHA YTBOPIOE TpaHuuHui mmap [155, 156]. Tlepm 3a Bce n0 Takux
Croci0 CTaBUTHCS BUKOPHCTAHHS IMOBEPXHEBO-AKTUBHUX PEUOBUH Ta MOBEPXHEBO-
aktuBHux Tnipucanok (ITAIT) [157,158], HaHeceHHs Ha MeETaJeBl IOBEPXHI
CIieliabHUX MOKPUTTIB Ta 3MIHA TEOMETPUYHOTO TTpod1It0 MOBEpXOHb [ 159, 160],
a TaKOX CTBOPCHHsI OUII METaJIeBUX IMOBEPXOHb JOJATKOBUX EJICKTPUYHUX Ta
MarHiTHUX XBHIb [161, 162].

[TAP ysBnsie 3 cebe okpemuii XIMIYHHI €leMEHT, ab0 XIMIYHE 3’€JIHaHHS,
MDKMOJICKYJIIPHI CWJIM SIKOTO JIIOTh Ha JUIIOJBHI €JIEKTPUYHI BEKTOPH MOJICKYII
MOTOPHOT'O MacTuja Ta CIPHUAIOTH MJBUIICHHIO OpraHi3alliifHOi BIOPSIKOBAHOCTI
MOJIEKYJT oro rpannyHux mmapis [163, 164]. [lpuxnanom takux [TAP € nerunoBuit
criupt C4sH330H, oneinoBa kucinora Ci;gH340,. I'yctuna nux pedouH (811 kr/m?
ta 895 Kr/M® BIAMNOBINHO) [03BOJIAE iM  PO3UMHATUCA Ta PIBHOMIPHO
PO3MOBCIOKYBATUCS B 00’ €MI MOTOPHOTO MacTHJIA.

[TAIl € Oumblie CKJIAJOBOK PEUYOBHHOIO, SIKa BITHOCHUTHCS JIO JUCIIEPCHOI
CHUCTEMHU Ta XapaKTePU3YEThCA AUCTIEPCHUM CEPENOBUINEM (SIK Take y O1IBIIOCTI
BUIIAJIKIB BUKOPUCTOBYIOTHCS KUPHI KUCJIOTH) B SIKOMY PO3YMHEHA Ta JI0 SIKOTO
noaaHa aucnepcHa dasza (Jierki edipu, cosi, OKCUau Ta MeTain) [ 165, 166].

[lin 4yac HaHeCEeHHS Ha METaJeBl MOBEPXHI CHEIlaJbHUX OpPTaHIYHUX
MOKPUTTIB BUKOPUCTOBYIOTh TBEP/Il Ta piAki kommoHeHTH [167, 168]. Jlo nmepmmx

BITHOCSATHCA KapOia aimonioneny Mo,C, nucynsdin monioaeHy MoS,, aucynbdin
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Bonbppamy WS,. Jlo apyrux — ¢ropopraHiuHi KHCIOTU: NEpPPTOPOKTAHOBA
kucnota C;F;sCOOH, nepdropokrancymnbdonrona kuciora CgF,SO;H.

3MiHa TeoMeTpli KOHTAKTYIOUMX IIOBEPXOHb TMOJSITa€ B HAHECEHHl Ha
MOBEPXHI TaK 3BAHOTO «PETYISIPHOTO MiKpopenbedy» — hopMyBaHHI ClieliadbHUX
cripanenoionux kaHaiaiB rimbOuHor 10...100 mxm. HasBHICTE perysasipHOTO
MIKpOpeNbe]y CHpHUsie BAHUKHEHHIO TOJAATKOBOTO PO3KIMHIOBAIILHOIO TUCKY, IO
BUHUKA€ 3 OOKy MacTuia Ta SKHl CHOpsSMOBAaHUN y 01K METaleBUX MOBEPXOHb,
MePEeNIKO/KAIUYM TAKUM YMHOM iX Oe3nocepeiHboMy KoHTakTy [169, 170].

Jlis MOTOPHMX MAaCTWJ, IIO0 BHUKOPHUCTOBYIOTHCS B CHUCTEMax MAaIlCHHS
JU3EeNIB CYJeH MOPCHKOTO Ta BHYTPIIIHBOTO BOAHOTO TPAHCIOPTY, MEPEBAKHUMU
IIOKa3HUKAMH, 30UIBIICHHS BCEIMYHMH SKUX HEOOXIITHO 3a0€3IeYuTH I Yac
KEpOBAHOTO BIUIMBY Ha CTPYKTYPHI XapaKTEPUCTUKN TOHKHX MACTHUIHHUX ILTIBOK,
€ caMe€ TOBIIHMHA MACTHJIbHOI IUIIBKH d,, Ta KpalOBUH KyT 3MOYyBaHHS 0,, 110
YTBOPIOE MAacTHJIbHA IUTIBKA 3 METaleBOI0 TMoBepxHerw. Lle 3ymoBmoeThes
3MIIIAaHUM PEXKUMOM MAalIeHHS B OCHOBHMX KOHTAKTYIOUMX €JIEMEHTaxX AU3EJIiB
(TOOTO TOCTIMHMM TMEPEXOJOM TPAHUYHOTO MAIICHHS B TiApOJUHAMIYHE Ta
HaBMakHW) Ta HEOOXIAHICTIO 3a0€3MEeUeHHs T1APaBIIYHOI IIIJIBHOCTI Y BIIKPUTHX
napax TepTs.

3 METO MIATBEP/DKEHHS WX BUCIOBIIOBAHb I Yac AOCTIIHKEHb SK
CrocoOu, U0 CHPUSIIOTH MIABUIICHHIO CTPYKTYPHHUX XapaKTEPUCTHUK TOHKHX
MaCTHJIbHUX TUTIBOK, Oynu oOpani Bukopuctanus [TAIl Ta HaHeceHHS Ha MeTaleBl
MOBEPXHI CIEUiabHUX OPTraHIYHUX MOKPUTTIB.

Ax TIAIl BuxopucTOBYyBajach pPEUYOBMHA, OCHOBOIO SKOI Oyna Cymill
MIHEPAJILHOTO MAaCTWJIa Ta OJIETHOBOI KHUCJIOTH, IO CKJIAAy SIKOI BXOIWJIM CyJb(har
kaimwo K,SO, Tta cymedar wmigi Cu,SO, came 11 3’e¢qHaHHs 3abe3medyBaiivd
1ABUILEHHS OPi1€HTALIWHOT BIOPSIKOBAHOCTI MOJIEKYJ y TpaHU4HOMY mapi [112].

Ontumaneuuit BMicT [IAIl B MoTopHOMY MacTwimi (BMICT, HpU SKOMY
3a0e3neuy€eThCs MaKCUMAJIbHE 3HAYEHHS! CTPYKTYPHUX XapaKTEPUCTUK — TOBIIMHU
TPAaHUYHOTO APy ds, TOBIIMHU MAaCTUIBHOI IUTIBKU d,, CTYIICHS OPICHTAIIMHOI

BIIOPAKOBAHOCTI S, KpallOBUX KyTiB 3MOuyBaHHS 0,) HE Mae MPOMOpPLIHHOI
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3aJIe)KHOCT1 BiJl KOHLIEHTpAlli Ta BU3HAYAETHCS EKCIEPUMEHTAIbHUM IUIIXOM.
[Mpu upomy ontumanbuuii BMicT ITAIl € moctiliHuit mix vac ii po3YMHEHHS B
pi3Hux MotopHux wmactuiax. Jms IIAII, sxa BuKopHCTOBYBajach IIiJI 4ac
JOCTIKEeHb, 3MiHA CTPYKTYPHHUX IIOKa3HHMKIB PI3HMX MOTOPHUX MAacTHJ IS

pi3uux koHueHtpaiiit ITAIT B MoTOpHOMY MacTwill HaBeJieHa B Tabuii 3.5.

Tabmuis 3.5

CTpyKTYypHI XapaKTEPUCTUKU CyTHOBUX MOTOPHUX MACTHII

Konnentpartis ITAIl B MoTopHOMY

Mactuii, %

Howasmic 0 0,1 0,2 0,3 0,5
Mortopue mactusio MM Ne |
ToBUIMHA MACTUIIBHOTO TIAPY dypy, MM 32 3.3 33 4,5 3,7
KpaiioBuii kyT 3MouyBaHHs 0, rpaj 17,8 | 18,2 | 18,5 | 26,3 | 20,4
ToBUIMHA rPaHUYHOTO APy ds, MKM 150 | 15,1 | 15,2 | 18,7 | 15,7
CrynieHs opieHTarlliitHoi Bnopsiakosanocti S | 0,68 | 0,68 | 0,69 | 0,78 | 0,69
Mortopue mactusio MM Ne 2
ToBIIMHA MACTUIIBHOTO TAPY dypy, MM 3,7 3,7 3.8 4,6 3,9
KpaiioBuii kyT 3MouyBaHHs 0, rpaj 19,6 | 20,1 | 20,1 | 27,7 | 224
ToBUIMHA FPaHUYHOTO APy ds, MKM 146 | 14,6 | 149 | 17,8 | 15,1
CrynieHns opieHTartliitHoi Bnopsiakoranocti S | 0,62 | 0,63 | 0,63 | 0,75 | 0,65
Mortopue mactusio MM Ne 3
ToBUIMHA MACTUIIBHOTO TAPY dypy, MM 2,6 3,1 32 3.8 3,1
KpaitoBuit kyT 3MouyBaHHs 0, Tpaj 172 | 184 | 19,2 | 23,8 | 18,2
ToBUIMHA FPaHUYHOTO APy ds, MKM 136 | 13,8 | 13,7 | 16,4 | 13,7

Crynens opieHTaniiHoi BopsiakoBanocti S | 0,57 | 0,62 | 0,63 | 0,71 | 0,58
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[Tin wac BUKOHAHHS JOCIIIXEHb 3 BH3HAYEHHS ONMTHMAIBHOI KOHIICHTpAIIii
[TAII, B oOcar MOTOPHOTO MacTWJIa MOCTIIOBHO (3 1HTEHCUBHICTIO H0UBY 50 %,
25 % Tta 25 % Big HeoOxigHOTO 00°eMy) noaaranack ITAIL ITicns koxHOT 101aHOT
nopiii cymiri, 1o ckiananack 3 [TAIl Ta MoTopHOTO MacTHIIa, TIepEMIITyBaIach 3a
JIOTIOMOTO0  YJIbTPa3BYKOBO1 YCTAHOBKM, IO 3a0e3meuyBajo ii OJHOPIIHICTb.
BusHayeHHs1 3HAYEHHS TOBIIMHU MACTWJIBHOTO MIAPY dyy, KpPaWOBOTO KYTY
3MOYyBaHHS 0,, TOBIIMHU TPAaHUYHOTO INapy dg Ta CTYyNEHS Opi€HTalIMHOT
BIIOPSAKOBAHOCTI S BUKOHYBAJIOCH 32 JIOTIOMOTOI0 ONITHYHUX METOIIB BiJMOBITHO
JI0 CXeM, 1110 HaBeleH1 Ha puc. 3.7 Ta puc. 3.8.

KowMriiekc BkazaHMX BHUMIPIOBaHb BHUKOHYBABCS I PI3HUX MOTOPHHUX
mactun  (ipm Castrol, Mobil, Shell, Texaco, 1O BUKOPUCTOBYIOTHCA B
HUPKYJSLIAHUX CUCTEeMaxX MAIlleHHs JAU3ENIB CyJI€H MOPCHKOIO Ta BHYTPILIIHBOTO
BOJHOTO TpaHCTOPTY. Pe3ynbratu BUMIpIOBaHb HaBeleHl B Tabmuili 3.6 (MOTOpHI
MacTWjia B JOBUIbHOMY HOpsSAKY mo3HadeHi sk MM Ne 1, MM Ne 2, MM Ne 3,
MM Ne 4, MM Ne 5).

Taomurs 3.6
CTpyKTypHI XapaKTEpUCTUKN CYyTHOBUX MOTOPHUX MaCTHII
Mortopne ToBmuHa KpaiioBui ToBmuHa Crymisb
MacCTHUJIO MaCTUJIBHOTO KyT I'PaHUYHOTO Opl€HTAIIIHO]

mapy dyy, MM | 3MOYYBAaHHS | mApy ds, MKM | BIIOPSIAKOBAHOCTI

0,, Tpan S
MM Ne | 3.8 19,5 17,3 0,68
MM Ne 2 4,1 22,6 15,8 0,65
MM Ne 3 4,6 26,8 16,2 0,71
MM Ne 4 4,5 27,3 15,8 0,68

MM Ne 5 4,8 30,3 17,2 0,72
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[TigBuIIeHHS OpraHi3aliifHOiI BHOPSAKOBAHOCTI MOJIEKYJ T'PaHWYHHMX IIApiB
MOTOPHOTO MacTujia (Ta BIAMOBIIHO OCHOBHUX TOKA3HHKIB, IO BH3HAYAIOTh
CTPYKTYPHI XapaKTEpUCTUKU MOTOPHUX MACTHJI — TOBIIMHY TPAaHUYHOTO HIapy ds
Ta CTYMNiHb OPraHi3alliifHOI BHOPSAKOBAHOCTI MOJEKYNT S) MOXJIHMBE HUIIXOM
HAHECEHHS OpraHiuYHUX MOKPUTTIB Ha MOBEPXHI TEPTs Ta yepe3 AoaaBanus [IAP o
Mactwia. [l yac BUKOpHCTaHHS OpraHIYHUX TMOKPHUTTIB HA METaJEBIM MOBEpPXHI
YTBOPIOETHCS  JONATKOBUM  map, ToBmuMHOW 10...20 HM, skuil  cropusie
nigBuilieHHo 1ii BaH-nep-BaanbcoBux cuin 3 00Ky MeTajeBOi IOBEpXHI Ha
MOJIEKYJIM MAacTuja, 10 YTBOPIOIOTh TpaHWuHui map. lle 30imbirye TOBHIUMHY
BOr0 Iapy Ta MIJBUIILYE CTYNEHb OPIEHTAIINHOI BHOPSAKOBAHOCTI MOJIEKYN Y
[IbOMY IIIapi, IPH IIbOMY OJHOYACHO MIJBUIIYIOTHCS KpaloBl KYyTy 3MOYyBaHHsI Ta
TOBIIIMHA MACTHJIBHOT TTIBKH .
Sk MOKpUTTA BUKOpPUCTOBYBaIach nepdropokranoBa kuciora C,F;sCOOH,
AKy TIONEpPEIHbO PO3UYMHSUIA B 030HOOE3nmeyHoMy XisaaoHi R404a. 3paszku
MeTaJIeBUX TTOBEPXOHb (SIKI 32 CBOIMHU XapaKTEPUCTUKAMU Ta CKJIAJIOM BiAMOBIAAIN
METajJeBUM CIUIaBaM, 1110 BUKOPUCTOBYIOTHCS JJII BUTOTOBJICHHS IMIIITUITHUKOBHUX
BY3J11B Ta HWJIIHAPOBOI IPYMHH CYTHOBUX JMU3€IIB) 3aHYPIOBAIUCH HA JEAKHI Yac y
po34uH MepTOPOKTAHOBOI KUCIOTH, MICIS YOO BHUCYUIYBAJIUCH y TOBITP1 3a
temneparypu 20...25 °C. Yac 3HaXOIKEHHsS METaJeBUX IOBEPXOHb Yy PO3UMHI
BILJIMBAB Ha TOBIIMHY HaHOIIapy MepTOPOKTAHOBOI KUCIOTH, KA 3aBASIKU aare3ii
3aJMIlajach Ha MOBEpPXHAX. TOBIIMHA LBOTO IIApy KOHTPOJIOBAjlach METOAOM
eincoMeTpiii, BIMOBIAHO A0 CXEMH, IO HaBeJeHAa Ha puc. 3.7. 3MiHa TOBIIUHU
HaHOWIApy TEep(PTOPOKTAHOBOI KHUCIOTH BiJl Yacy HAHECEHHS IMOKPUTTA Ha
MeTaJIeBl MOBEpXH1 HajlaHa B Tabmui 3.7.
Tabmuus 3.7
3MiHa TOBIIMHUA HAHOWAPY dyyy;, HM, TEPHTOPOKTAHOBOI KHCIOTH BiJl Hacy

HAHECEHHS £, TOJl, IOKPUTTS Ha METaJIeB1 MOBEPXHI

Yac HaHeceHHS ¢, XB 10 20 30 40 50 60 90

ToBuHa HaHoWAPY dyy, HM, | 14,3 | 18,8 | 21,2 | 25,8 | 25,8 | 25,9 | 26,0
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[Tin vac BHU3HAYEHHS BIUIUBY OpPraHIYHMX TOKPUTTIB Ha CTPYKTYpHI
XapaKTepUCTUKH MOTOPHOIO MacTuja (sIKeé BHUKOHYBAJIOCh 3a JIOIIOMOIOIO
eNIMCOMETPUYIHOI YCTAHOBKH) 3aCTOCOBYBAJIOCH JIBA METOIY HAHECCHHSI TIOKPUTTIB
Ha METaJIeBy MOBEPXHIO. Y MEPIIOMY BUIIAJKy OpraHiuHe MOKPUTTS HAHOCHUJIOCH
Ha BCIO TUIONIYy METaJeBOi IMOBEPXHi, B JAPYroMy — JIHIIEe Ha YacTHHY, IO
BijimoBigana 1ol 25 % 3 KO)KHOTO Kparo MOBEPXHI, NPU IIbOMY CEPEIHS YacTHHA
MeTaneBoi moBepxHi (Twioma sikoi ckiagana 50 % Bif 3araJbHOTO 3HAYCHHS)
3aJIMINAIach BUIBHOKO BiJi OPraHiYHOrO MOKPUTTI. MeToaom emincoMerpli 3a
HaBEJCHOIO Ha puc. 3.7 cxemoro Oyna JociipkeHa 3MiHa CTPYKTYPHUX MMOKAa3HUKIB
TPHOX MOTOPHHUX MAacCTHJI, IO PEKOMEHO0BAaHI 10 BUKOPUCTAHHS B IUPKYJISAIHHUX
CHCTEMax MaIlleHHs CyIHOBUX IW3eliB. BU3HaueH! MOKa3HWUKH ISl IIMX MAacCTHII

(stxi mo3HaueHi sk MM Nel, MM No2, MM No3) naeneni B Tabiuiti 3.8.

Tabnuns 3.8
CTpyKTypHI XapaKTepUCTUKA MOTOPHOTO MacTuJja 3a Pi3HUX YMOB 00pOOKHU

MeTajeBO1 MOBEPXHI

CrpykTypHa MM Nel MM Ne2 MM Ne3

XapaKTEPUCTHUKA
MACTILIA 1 2 3 1 2 3 1 2 3

Tosmmnua
IPaHUYHOIO 123 | 140 | 143 | 148 | 17,0 | 17,2 | 10,7 | 13,0 | 13,3
mapy ds, MKM

ToBmmHa
MaCTHJILHOTO 3,7 4,1 4,3 4,1 4,5 4,7 34 4,0 4.2
mapy dyy, MM

KpaiioBuii Kyt
smouyBanHs 0, | 19,6 | 27,1 | 27,4 | 26,5 | 32,0 | 33,6 | 21,7 | 29,1 | 324
rpaj

Ilpumimrka: 1 — 0€3 HaHECEHHS OPraHIYHOTO TOKPUTTS; 2 — HAHECCHHS
OpPraHIYHOIO IMOKPUTTS Ha BCIO IUIOILYy METAJEBOI IMOBEPXHI; 3 — HaHECEHHS
OpPraHiYHOTO TMOKPUTTS JIMIIE HAa YAaCTHHY METaJeBOi MOBEPXHI, IO BIANOBIAAE

ol 25 % 3 K0KHOro Kparo MOBEPXHI
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Pesynpratn, mo HaBemeHi B Tabmuii 3.8, MIATBEPKYIOTH MOKIUBICTH
301IBIICHHS MIEBHUX CTPYKTYPHUX MMOKA3HUKIB MOTOPHI MacTHJIa Yepe3 HaHECEHHS
Ha MeTajeBl MOBEPXHI, MOOJM3Y SIKMUX Il MacTuia YTBOPIOIOTh TOHKI IIapu
OpraHiuYHUX MOKPUTTIB. Tak0k BU3HAYUMO, 1[0 Y BUMAJAKy HAHECEHHS OpraHIdYHUX
MOKPUTTIB HAa YaCTHMHY METaJeBOi MOBEPXHI (a caMe Ha IUIOILYy, IO BIJAIMOBIIA€E
259% 3 KOXHOTO Kparo TIOBEpPXH1) CIOCTEPIraeThCs OUIbII BUCOKI 3HAYEHHS
TOBIIMHUA MAaCTUILHOTO APy d,,, Ta KpaiioBoro Kyty 3mouyBaHHs 0,,. [losicHeHHs

I[LOTO SIBHIIA TTPOLTIOCTPOBAHO Ha puc. 3.10.
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Puc. 3.10. 3Mina cTpykTypHUX TTOKa3HUKIB MM 11i]1 Yac HAHECEHHS Ha METAJICBY
MIOBEPXHIO OPTaHIYHUX MTOKPUTH:
a — 0e3 HaHeCeHHs; 6 — HAHECEHHS Ha BCIO IUIONLY OBEPXHI; 8 — YACTKOBE

HaHeCeHHs 3a cxemoro 25 %, 50 %, 25 % mo1ii moBepXHi

VY Bumanky, KOJM HAaHECEHHsI OPTaHIYHOTO MOKPUTTS BHKOHYETHCS JIMIIE Ha
YacTUHY IUIONII TOBepxHI (3a cxemoro 25 %, 50 %, 25 9% mmoiii mnoBepxHi)
YTBOPIOETHCS JIOJATKOBHM BHYTPILIHIM €HEpPreTHUHui Oap’ep, SAKHM crpuse
[1ABUILEHHIO TOBIIUHU MAacCTUIBHOTO IIAPY d,,, Ta KpallOBUX KYyTIB 3MOUYYBaHHS 0.
Lleit edexT MOPIBHIAHO 3 HAHECEHHSIM MIKpopenbedy Ha METalleBl MOBEPXHI, ajle Ha
BIIMIHY BIJl HbOIO HE BHMMAara€ J0JaTKOBOI'O BHCOKOTOYHOI'O TEXHOJOITYHOTO

oOJIaTHaHHS.
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3.5. BucHoBk# 3a po3aiiom 3

Sk pe3yabTaT JOCHIIHKEHb, III0 HaBEACHI B P03/l 3 BU3HAUMMO HACTYITHE.

1. MotopHi Mactwia, 1o 3a0e3MeuyroTh MPOIEeC MAIICHHS JU3ENliB CyACH
MOpPCBKOTO  Ta  BHYTPIIIHBOTO  BOJHOIO  TPAHCHOPTY,  MONEPEIKYIOTh
Oe3nocepeiHii KOHTAKT MOBEPXOHb MOJAUISIOUM iX MK COOOI0 TOHKHM IIapoM
MaCTHJIbHOI TUTIBKU. Jl0 OCHOBHUX IMOKAa3HMKIB II1€1 TUTIBKH, IO BiI0OpakaroTh ii
CTPYKTYpPHI XapaKTEPUCTUKH, BITHOCITHCS KpaloBHil KyT 3MouyBaHHS 0, Ta
TOBUIMHA d,. IS CyAHOBHUX MOTOPHUX MACTHJI, 110 BUKOPUCTOBYIOTHCS B
CHUCTEMax MAICHHS CYIHOBUX JM3EJIB 3HAYCHHS ITMX MOKA3HUKIB 3HAXOIUTHCS B
mexax 0,=17,2...26,5 rpan, dy=2,6...4,1 MM. Ix 36inpmenHs 3abesmeuye
TApaBIIvYHY IIIJIBHICTH TPUOOIOTTYHOT CUCTEMU IMIIIHAPOBA BTYJKAa — MAaCTUIIbHA
TIJTIBKA — TIOPITHEB1 KUIbII, 00 BKJIAIUIIT MAIIMITHAKA — MAaCTHJIbHA TIJTIBKA — BaJl.

2. KinbKiCHUM KPUTEPIEM CTPYKTYPHHUX XaPAKTEPUCTHK TOHKUX MACTHUIHHUX
IUTIBOK, IO TOJAUISIIOTh KOHTAKTYHOYl IMOBEPXHI CYJHOBHX JW3EIIB TIIJ Yac
MPOLIECIB TIAPOJUHAMIYHOTO Ta TPAHUYHOTO MAILEHHS, € TOBIIMHA MACTUIILHOTO
mapy, ii 30UIbLICHHS MiABHUILYE PO3KIMHIOBAIBHUN THCK MK MOBEPXHSIMH Ta
nonepepkye ix Oe3mocepenHi KOHTAaKTH. SKICHUM KpPUTEPIEM CTPYKTYPHHX
XapaKTEPUCTHK TOHKUX MACTUJIBHUX ITUTIBOK € KpaioBI KyTH 3MOYYBaHHS, IO
YTBOPIOIOTh MACTHJIBHI IUIIBKM HA METaJeBUX IIOBEPXHAX. IX 30iIbIIeHHs
MIJBUIIYE CUJIM TOBEPXHEBOIO HATATY MacTuja Ta TMONEpeKye BUHUKHEHHS
BUTOKIB MacTuja 3 TPHUOOJIOTIYHOI CHCTEMH LWJIIHAPOBA BTYJKa — MacCTHJIbHA
IJTIBKA — TOPIIIHERB] KIJIbLIsI, @00 BKJIAIUII IMiAMIUITHUKA — MAaCTHJIbHA TUTIBKA — BaJl
Ta 3a0e3nedye HAsIBHICTh MACTHWJIBHOTO MaTepialy MDK KOHTaKTyIOUUMHU
MOBEPXHSIMH ITi/1 Yac POIecy MaIieHHs.

3. BuzHaueHHss KpallOBHX KYTIB 3MOYYBaHHS Ta TOBIIMHU MAaCTUJIBHOI
IUTIBKH, SIKI YTBOPIOIOTHCSI HA KOHTAKTYIOUHX MOBEPXHSX, JOLLIFHO BUKOHYBATH 32
JIOTIOMOT'OI0 ONTUYHUX METOJIIB €JIICOMETPIl Ta AMXPOi3My MHorjauHaHHS. Yepes

CHPUSATIMBI ONTHYHI XapaKTEPUCTUKU MOTOPHHUX MACTHUJI, 1110 BUKOPUCTOBYIOTHCS
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B CHCTEMaxX LUPKYJALIMHOIO Ta IMIIHIPOBOIO MAlIeHHsS CYJHOBHX IU3ENIB, (a
caMe — Koe(DIiIieHTH TOTJIMHAHHS Ta MEPEJIOMIICHHS CBITIIA), a TAKOXK 3HAYCHHS X
TYCTHHH, B SA3KOCT1 Ta BIJICYTHOCTI BUIIApOBYBaHHS (110 3a11o0irac BUHUKHEHHIO 1X
BUTOKIB 3 KOHTAKTHUX BY3JIIB ITiJ1 YaC MPOBEJICHHS €KCIIEPUMEHTIB), BUKOPUCTAHHS
UX METOJ/IB MOXJIMBE Maike JJIsi Oyab SIKMX MOTOPHMX MacTwil. JlocmiKeHHs,
0 11e MiATBEPKYIOTh, OyiM BUKOHaH1 Jyisi MoTopHuUx MacTtui Castrol TPL 123,
Castrol Vection 15W40, Castrol CL 30, Castrol CL 40, Castrol CL 50, Chevron
Taro 40 XL 40, LukLub Marime NAVIGO TPEO 15/30, Shell Gadinia AL 40,
Shell Rimula R4X 15W40, Shell Rimula X15, Texaco Special HT 40, Total Lub
Marime AURELIA TI 15/30.

4. KepoBaHMil BIUTUB Ha CTPYKTYPHI XapaKTEPUCTUKH TOHKUX MACTHUI IJTiBOK
MOKJIMBHM 4Yepe3 JToJaBaHHSA J0 iX 00’€My MOBEPXHEBO aKTHUBHUX MPHUCAIOK Ta
MOKPUTTSI KOHTAKTYIOUMX MOBEPXOHb CIELIAJbHUMU OPTaHIYHUMH MOKPUTTSIMHU.
[le crpusiTuMe MOCUJIEHHIO MIKMOJIEKYJISIPHOI B3a€MOJIli BCEpEIUHI MaCTHIIbHOI
IUTIBKM Ta 301IBIICHHIO MOBEpXHEBUX Ban-nep-BaanbcoBux cumm, 1o mir0Th Ha
MaCTUJIBHY TUTIBKY 3 OOKY METaneBoi MOBEPXHI, [0 y CBOIO Yepry MPU3BOJIUTH 10
30UTBIIIEHHS CTPYKTYPHUX XapaKTEPUCTUK MOTOPHOT'O MAaCTUJIA, 30KpeMa 301ITbIITy€
KpaloBi KyTH 3MOYyBaHHS Ta TOBIIMHY MaCTHJILHOTO IIIapy.

[Tpu mpoMy mig yac moAaBaHHS 10 MOTOPHUX MACTHJI TTIOBEPXHEBO-aKTHBHUX
pPEUYOBMH 3 ONTHMAJBHOI KOHLEHTpALI€I0 (Takowo, 3a SKOH 3a0e3meuyerbes
MaKCUMaJIbHE 30IJIBIICHHS CTPYKTYPHUX XapaKTEPUCTHK MOTOPHOTO MAcTHIIA, a
came TOBIIMHHU MAaCTUIBHOTO APy dy,, KPaloBOTO KyTa 3MOYyBaHHS 0,,, TOBIINHU
I'PAaHUYHOTO APy dg Ta CTYNEHs OPIEHTAIIIMHOI BIOPSIAKOBAHOCTI S) JOCATAETHCS
30IBIICHHS IINX IMOKAa3HUKIB: d,, — Ha 24,3...46,2 %; 0, — na 38,3...47,8 %; ds —
Ha 20,3...24,6 %; S —Ha 14,7...24,6 %.

VY pa3i NOKPUTTS KOHTAKTYIOUMX MOBEPXOHb CIELIaJbHUMH OpPraHIYHUMHU
MOKPUTTSIMU 3a0€3MeUyeThCS HACTYITHE 301JbIISHHS] BKAa3aHUX MOKA3HUKIB: dyy —

Ha 14,6...23,5 %; 0, —Ha 26,8,3...49,3 %; ds—Ha 16,2...24,3 %.
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PO3UI 4. AHAJII3 BIUVIMBY CTPYKTYPHUX XAPAKTEPUCTHUK
CYJIHOBUX MOTOPHUX MACTHJI HA EKCILTY ATALIVHI
I[TOKA3HHWKHM POBOTH JU3EJIIB CYAEH
MOPCBKOI'O TA BHYTPIIIHBOI'O BOJJHOI'O TPAHCIIOPTY

YerBepTuil po3aisl IUCEPTALINHOTO TOCHIIKEHHS MPUCBSIYEHO PO3B’A3aHHIO
3-ro Ta 4-T0 TOIIOMDKHHUX 3aBJIaHb, IKUMH €:

®BU3HAUCHHS BIUIMBY CTPYKTYPHUX XapaKTEPUCTUK MOTOPHHUX MACTUJ Ha
poOOTYy MUPKYIAIIHHAX CHUCTEM MAIICHHS TU3€]liB MOPCHKOTO Ta BHYTPIINIHBOTO
BOJIHOTO TPaHCIIOPTY;

®BU3HAUCHHS BIUIMBY CTPYKTYPHUX XapaKTEPUCTUK MOTOPHHUX MAaCTUJ Ha
poOOTYy IWIIHAPOBUX CHUCTEM MAICHHS JU3€NIIB MOPCHKOTO Ta BHYTPIIIHBOTO
BOJIHOTO TPAHCIIOPTY.

JlocnikeHHs1, pe3yJIbTaTh SIKUX HaBEJEHI B LIbOMY PO3/I1Jll, BAKOHYBAJIUCh HA
MOPCBKHX CyJHAaX PI3HOTO MPU3HAYEHHS.

OcHOBHI pe3ynbTaTu po3ainy 4 HaBeneHi B podotax [5], [90], [91], [112],
[114], [151], [152], [178], [212], [213].

4.1. BuzHayeHHs BIUIMBY CTPYKTYPHUX XapaKTEPUCTUK CYTHOBUX MOTOPHHUX
MacTUJI Ha €PEKTUBHICTh pOOOTH HUPKYISALUINHUX CUCTEM MAIICHHS
CYJTHOBUX BUCOKOOOEPTOBHUX JTU3EIIIB

4.1.1. BunpoOyBaHHs B CUCTEMI IIUPKYJISIIAHOTO MAIIEHHS CyTHOBOTO

nusens Volvo Penta TMDA 163A

YoTupuTaKTHI IU3EII XapaKTEPU3YIOThCS 3aralbHOI0 CHCTEMOIO MAIIICHHSI, B
K1 MOTOpPHE MacTWJIO 3a0e3Meuye MaIIeHHs Ta OXOJIOKEHHSI IIHIIIHIPOBOL TPYIH

Ta MIAIIUIHUKIB pyXy. 11 YOTUPUTAKTHUX AU3EIIB OJHUM 3 PO3MOBCIOKEHUX 31
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croco0iB OLIHKHM 1X 0€3BIIMOBHOCTI € aHali3 MOTOPHOTO MAacTHIia, SIKE B3ATE 3
Kaprepa ausens. [lpu 11soMy 70 OCHOBHHMX MOKA3HHKIB, 32 SIKUMH 3I1HCHIOETHCS
el a”ams, € 3araibHe JyxHe uyncio (Total Base Number — TBN) ta BMICT y
MOTOPHOMY MAacCTHJII MEXaHIYHUX JOMIIIOK. 3MiHA WX MOKA3HUKIB y HEraTUBHUN
01K, a came 3HWKeHHA TBN Ta miaBHUIEHHS KUJIBKOCTI MEXAHIYHHUX JTOMIIIOK, IO
NOTPAIISAIOTh Y MOTOPHE MAacTHJIO, CBIIYUTH MPO MOTIPIIEHHS MPOLECy MaIlEHHS.
HacninkoM 11p0ro cTa€ 3MEHIIEHHS TiApaBiIiyHOI IIUIFHOCTI B Mapax TepTs Baj-
BKJIAJIAII TJIIUITHUKA Ta MOPIIHEBE KUIbIE-BTYJIKA HUIIHAPA, 0 Y CBOIO YEpry
OPU3BOJUTH JO BUTOKY MOBITPSHOI CyMillll 3 LWJIIHAPY Ta 3HWKEHHS THCKY
HAOpUKIHII Tpolecy CTUCHEHHA. llg BenmnuumHa € OnHIEIO 3  TUX, MIO
KOHTPOJIOETHCS TiJ 4Yac poOOTH CYJHOBUX JU3ENIB, ii 3HWXKEHHS HETaTUBHO
BIJTMBAE Ha TMOJAJIBIIE CaMO3aMalOBAaHHS TMajuBa Ta €KOJOTIYHICTh €KCIUTyaTallli
Mopcekoro cyaHa [174,175]. Ilpu 1bOMYy MOXJIWBI BHUIIQJKH BUHUKHEHHS
NPOIMYCKIB cHajaxy hnaiuBa y LWIIHIpaxX, 1€ TUCK Ta TeMIlepaTypa MOBITPs
HAIMPUKIHIII CTUCHEHHS HE 3a0€3MedyloTh HaJiiHE caMo3alafoBaHHS IainBa.
OpHoyacHO 3 UMM HAaBaHTAXKEHHS Ha IHII IWIHAPK CTPUOKONMOAIOHO
30UTBIITY€ETHCS, 3POCTA€ HEPIBHOMIPHICT, OOEpTaHHS KOJIIHYATOTO Baja Ta
JVHaMI4Ha HEBpIBHOBaXkeHICTh aum3ens [151, 152]. Tlepemniueni ¢axropu
MPU3BOATh 0 BUHUKHECHHS KPUTHYHUX, HAJAKPUTHYHHUX Ta aBapidiHUX PEKHUMIB
poOOTH IU3es, 10 CTa€ MPUINHOIO 3HUKEHHS Horo O6e3BinMoBHOCTI [176, 177].

JocnimkeHHsT MPOBOIUIUCA Ha CYJAHOBUX JOMOMDKHHUX JABUTYHaX Volvo
Penta TMDA 163 A, 3 OCHOBHUMH XapaKTEPUCTUKAMU:

naiaMeTp nminHapa — 144 mM;

Xig nopHs — 165 mm;

yactota obepranHus Bana — 1840 00/xB;

KUTBKICTh ITUIIHIPIB — 6;

HOMIHaJbHA NOTYXHICTh — 430 KBT;

nuToma epekTuBHa BuTpata nanmsa — 207 r/(kBt-ron),
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SK1 B KIJTBKOCTI JIBOX BXOIWJIM JO CKJIAAy JOMOMIXHOI €HEPreTHYHO! YCTaHOBKH
CHeIiani30BaHOro Mopchkoro cynna aenseidrom 10850 tonn. [IpunuunoBa cxema

CHUCTEMH ITUPKYJIAILIMHOTO MallleHHs TU3eiB HajlaHa Ha puc. 4.1 [178].
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Puc. 4.1. I[IpuHuunoBa cxema CUCTEMH LUPKYJIALIMHOIO MaIEHHS CyITHOBUX
nuseniB Volvo Penta TMDA 163A:
1 — nuzens Ne 1; 2 — repmometp; 3 — MaHoMmeTp; 4, 5 — BUTpATHI IIUCTEPHU
HUPKYJISALIAHOrO Mactuia; 6 — qu3enb Ne 2; 7 — MaCTWIIBHUH cenapaTop;

8 — BUTpaToMip; 9 — nupKyIALiiHui Hacoc; 10 — MacTuIbHUM PIIBTP

MaiiieHHs MiIMUAITHUKOBUX BY3JIIB KOJIIHYATOrO BaJjia Ta IUJIIHIAPOBOI IpyIu
muzenmiB Nel 1 Ta Ne2 6 3abesmeuyBanoch MoTopHuM Mactwiom Castrol
Vection 15W40 a6o Shell Rimula R4X 15W40, sxi 3HaXOIUIUCh Yy BUTPATHUX
UCTepHAX MUPKYJAiiHOro Mactuia 4 ta 5. OOuaBa MacTuiIa PeKOMEHI0BaH1 J10
BUKOPUCTAHHS B CHCTEMI MUPKYIAIIAHOTO MatieHHs au3eniB Volvo Penta TMDA
163A. Koxxen 3 nu3zeniB OyB oOJjlaHaHUK aBTOHOMHOIO CHCTEMOIO MAIllEHHsI, 1110
JI03BOJISIJIO BHUKOPUCTOBYBATM B HUX PI3HI MOTOpHI MacTtuia (sl OJHOTO —
Castrol Vection 15W40, nns npyroro — Shell Rimula R4X 15W40). 3 nucrepn 4
Ta 5 MacTUJIO CAaMOIUIMBOM MOTPAIUIIIO A0 KapTepa au3eniB. Uepes mepeMuKaHHs
KJIamaHiB (SKi HAa cXeMi He TOKa3aHl JJis i CHPOINEeHHS) poOoTa OyIb-SKOro 3

JIM3ENIB MOTJIa 3/IIMCHIOBATHCS 3 BUKOPUCTAHHIM OYJIb-SIKOTO MacTwuiia. 3 KapTepa
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IU3esl MAacTUIO IUPKYJSIIAHUM HacocoM 9 chpsiMOBYBajoCh A0 KOJIIHYATOTO
Baja Ta Jajl MOTPAIUIIO 1O WOro MiAMMMHUKIB. [IpolyKTHUBHICTH Hacoca
BHU3HAyajach Yepe3 KUIbKICTh MacTuia, IO MPOHIUIO uepe3 BUTpaToMmip 8.
MaiieHHss UWIHIPOBOI Tpynu 3a0e3MedyBajoch NIISXOM BHUIIAPOBYBaHHS Ta
PO30pHU3KYBaHHS MOTOPHOI'O MacTuja 3 Kaprepa nau3ens. O4YuiieHHs MOTOPHOTO
MacTHJIa BUKOHYBAJIOCh 4epe3 Horo ¢iabTpaiiio B MacTwibHoMy ¢iunbTpl 10, a
TaKOX 4epe3 Horo cemapailiro B MaCTUIILHOMY cemaparopa 7. Pobora cenapatopa 7
3a0e3neuyBajiach OKpeMO JUISI KOXXKHOTO 3 JHU3€NIB, 1€ IoINepeKyBajo
3MINTYBaHHS MacTHIIA, IK€ 3HaXOUJIOCh Y CUCTeMax MalleHHs Au3eniB. KoHTposb
MOKa3HUKIB pOOOTH AM3eisi BUKOHYBABCS 3 BUKOPUCTaHHSIM TepMoOMeTpa 2 Ta
MaHomeTpa 3. IloTyXHICTh IW3€NiB BU3HAYAJIACh BaTMETPOM, BCTAHOBJIEHUM VB
HEHTPaJIbHOMY IOCTY YIPaBIiHHS.
OcHoBHI xapakTepucTuku MoTopHUX MacTui Castrol Vection 15W40 ta Shell
Rimula R4X 15W40, sKxi BUKOPUCTOBYBAJMCA B CHUCTEMI LMPKYJISLIHHOTO

MareHHs cynaoBoro ausens Volvo Penta TMDA 163 A, naBeneni y tadmui 4.1.

Tabomur 4.1
OCHOBHI XapaKTEPUCTUKU MOTOPHUX MACTHJI, III0 BUKOPHUCTOBYBAIKCH TIij Yac

MIPOBEJICHHSI €KCIIEPUMEHTY Ha CyJIHOBoMY au3eni Volvo Penta TMDA 163 A

Castrol Vection Shell Rimula
Hapavetp 15W40 R4X 15W40
Kimac SAE 15 15
['ycruna mpu 15 °C, kr/m’ 912 918
Kinematuuna B’s3kicts mpu 40°C, cCr 98 97
Kinematnuna B’s3kicts npu 100°C, cCr 15,2 14,9
Temnepatypa cnanaxy, °C 217 212
Total Base Number, MrKOH/r 12,2 12,2

VY nopaneiiomy Ii MacTuia B JOBUIbHIN ¢dopmi mo3HadeHi sk MM Ne 1 Ta

MM Ne 2.



133
Jluzeni Ha MOYATOK EKCIEPUMEHTY Malld CyMIpHUN Mepioj eKCIUTyaTalli,
OJIHAKOBUW TEXHIYHUI CTaH OCHOBHUX KOHTAaKTHUX BY3JiB (KOJIHYaTOTO Baly,
BKJIQJMIIIB MiAIIMITHUKIB, TAJUBHOI amapaTypyd) Ta eKCIUIyaTyBaJIMCS Ha
OJIHAKOBUX HABaHTXXEHHSX (3 HEY3ro/KEHICTIO He Ouibiie HiK 12,5 %). Lle
J03BOJISIO 3pOOMTH BHMCHOBOK IPO IXHIO 1JEHTUYHICTh OJUH OJHOMY SIK Ha
MOYaTOK EKCIIEPUMEHTY, TaK 1 IiJ 9ac MOTro MPOBEACHHS.
JloCiKEHHSAMU 3 BU3HAYEHHS CTPYKTYPHUX XapaKTEpUCTHK OyiIM OTpUMaHi
HACTYIHI MOKa3HUKH MOTOPHHMX MACTWJI: CTYIIHb BIOPSAKOBAHOCTI MOJIEKYHT S,
TOBIIMHA TPAaHUYHOTO APy ds, TOBIIMHA MAaCTUJIBHOTO MIAPY dyy, KPAHOBHI KyT

3MOYyBaHHS 0,,. Ix 3HaueHHs HaBeAeHi B TaOmMUI 4.2.

Tadbnurs 4.2
CTpyKTypHI XapaKTEPUCTUKA MOTOPHUX MACTHII, III0O BUKOPUCTOBYBAJIMCS TIi]] 4ac

MIPOBEJICHHSI €KCIIEPUMEHTY Ha CyJIHOBoMY au3eni Volvo Penta TMDA 163 A

MotopHe Cryminb ToBuiuHa ToBmunHa KpaiioBunt xyt
MacTUJIO | BHOPSAKOBAHOCTI | TPAHUYHOTIO IIAPY | MACTHJIBHOTO 3MOYYBaHHS
MOJIeKYT S ds, MKM mapy dyy, MM 0, Tpax
MM Ne 1 0,63...0,68 14,8...15,0 3,1...3,2 17,2...17,8
MM Ne 2 0,52...0,54 12,9...13,2 2,4...2,6 14,1...14,4

[Toxa3HukamMu, 3a SKUMH 3IIHCHIOBABCS KOHTPOJb TEXHIYHOTO CTaHy Ta
OIliHKa 0€3BIIMOBHOCTI JTU3€IIiB, OyJI OOpaHi:

e3aranmpHe JyxHe uynciao (TBN) motopHOro macrumna, sike (BIAMOBIAHO 0
naHuX Tabnuii 4.1) Ha MOYATOK MPOBEJACHHS CKCIIEPUMEHTY OYyJIO OJHAKOBUM JJIS
000X MacCTHII,

®THCK B ITWITIH/IPI HAMTPUKIHII MPOIECY CTUCHEHHS,;

eTEMIIEpaTypa BUITYCKHUX T'a3iB.

BuwmiptoBanus TBN MOTOpHMX MacTui BUKOHYBaJOCh 3a JOMOMOTOIO
cynnoBoi nadbopatopii DIGI Used Oil TBN Analysis Kit. PesynpraTit BUMiptoBanb

HaBeaeHl B Ta0mui 4.3.
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Taomug 4.3

3MiHa 3arajJbHOTO JY>KHOTO YKCIa MOTOPHUX MAcTHII Mij Yac MPOBEACHHS

EKCTIIEpUMEHTY Ha cyaHoBoMy nu3eni Volvo Penta TMDA 163A

MM Ne 1 MM Ne 2

Yac,
TBN, VTBN) TBN, VTBNa

t, 7O

MrKOH/r (MmrKOH/r)/ron MrKOH/r (MmrKOH/r)/ron
1 12,20 — 12,30 —

200 12,00 0,10 11,95 0,175
400 11,75 0,125 11,55 0,20
600 11,35 0,20 11,10 0,225
800 10,95 0,20 10,60 0,25
1000 10,55 0,20 10,10 0,25

SIK moKa3HMK, 10 XapakTepusye AuHamiky 3MiHu TBN moTopHoro macruia

3a MEBHUM MPOMIKOK Hacy,

3MEHIIICHHS MOro 3arajbHOTO JIYKHOTI'O 9YucCjia

VTBN =

TBN, , —TBN

n

ZLn - tn—l

~.100;

6y.]'[0 3aIllPpOIIOHOBAHO BHU3HAYATHU IHBI/I,IIKiCTB

ne TBN,, TBN,,, t,, t,; — TOTOYHE Ta TONEPEIHE 3HAYCHHS BIMOBIIHUX
MOKa3HUKIB, CHIBMHOKHUK 100 BBEAEHO 3 METOI0 Kpamloi Bi3yami3alii 3Ha4eHb
mBUIKOCTI 3MeHIeHHs: TBN y 3B’s3Ky 3 1X HEBEJTUKUM a0COJIFOTHUM 3HAYEHHSIMH.

3a pesynbraTamu, 10 HajxaHi B Tabmuui 4.3, moOymoBaHi aiarpamu, SKi

BimoOpaxatoth 3mMiHy TBN Ta Vrgy 3a wacom (puc. 4.2).
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TBN,
mMrKOH

111

2
1 200 400 600 800 1000 t,ron

a)

10

VTBN’

MrKOH/r
rog

0,2

0,1 1

200 400 600 800 1000 t,ron
0)

Puc. 4.2. 3mina xapakTepruCTUK MOTOPHOT'O MACTHIIA TiJ] Yac eKCIuTyaTarlii
cynHoBoro ausens Volvo Penta TMDA 163A:
I -MMNe1;2-—MM Ne 2; a—TBN; 6 — Vipn

Jljia SIKICHIIIOTO BHU3HAYEHHS 3MIHM CTaHy MOTOPHOTO MacTuJja Mij 4yac Horo
eKCIUTyaTallli Ta OLIHKA MOro BIUIMBY Ha O€3BIJIMOBHICTH CYJHOBOTO IW3EINs, B
OeperoBii  MOCHIAHUIIBKIA J1abopaTopii BUKOHYBAaBCA CIIEKTpaJIbHUN aHaI3
MOTOpHOro Mmactuia. [lpu 1pOMy BHU3Ha4anach KIJIBKICT PI3HHX XIMIYHHX
CJIEMEHTIB, SKi TMOTPAIUIIOTE y MACTWJIO B pE3yiabTaTi 3TOpSHHS TalvBa,
3HOIITYBaHHS JIeTaJei AU3EIs, a TAKOXK Y Pe3ysIbTaTi 0e3mocepeIHhOT0 OKUCICHHS
camoro macTtuia. YacTuHy 1UX €JIeMEHTIB (BiAMOBIIHO 10 iX (PyHKIIOHATBHOI i,
a caMe — BIUIMBY Ha 3HOCY JeTajeil au3ens) BIIHOCATH 10 Kareropii Wear
Elements, wactuny (110 BIIMBa€ Ha 3a0pyJHEHHS MacTWiia) — J0 KaTeropii
Contaminant FElements. Pe3ynbratu cnekrporpadiuHoro asamizy MOTOPHHX
mactuna micas 1000 roauH excrryartaii B TUPKYIAIIAHIA cuctemi au3ens Volvo

Penta TMDA 163 A waBeneno B ta0iuti 4.4.
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Tabmuig 4.4
Pesynbratu ciektporpadiunoro anaiaizy MmotropHux mactui micis 1000 rogun
eKCIUTyaTallli B HUPKYJIAMIAHIA CUCTEM1 MAILICHHS TU3EIIS

Volvo Penta TMDA 163A

Wear Elements, | MM MM Contaminant MM MM
MI/Kr Ne | Ne 2 Elements, Mmr/kr Ne 1 Ne 2

Al 0,5 2,0 B 14,0 11,5

Cr 0,5 1,0 Na 9,5 17,0

Cu 1,5 3,5 Si 6,0 7,0

Fe 4,0 9,5 A% 22,0 55,5

Sn 0,5 0,5 Mo 2,0 3,5

Pb 1,0 1,5 Ni 3,5 16,5

Cyma, Xy 8,0 18 Cyma, X¢ 57 111

3a pesyabTaramu, 110 HaBejeHl B Tabuuil 4.4, moOyaoBaHl HOMOTpaMu, 1110

HaJiaHl Ha puc. 4.3, 4.4.

Mr
55 X, =18
3 15F 7
=
q:)r 10 5, =8 Fe
o
2 1
58 Fe Cu
Al
Al ¢ Cu Pb Cr Pb
. —— Sigm | | S0 =y

Wear elements
Puc. 4.3. BmicT MexaHIYHUX JOMIIIOK y MOTOpHOMY MacTuii micas 1000 rogun
eKCIUTyaTallli B IUPKYJSALIHHIA CUCTeM] MaIlleHHs CYyJIHOBOTO JIU3eJIs

Volvo Penta TMDA 163A: 11 —MM Ne 1; 2 — MM Ne 2
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Mr
= T.=111

100

75

50

T
—

Konnenrpariis

=,

25

Na Ni
N .
_als_i Mo Nl Sl MO
0 I

Contaminants Elements

Puc. 4.4. BMicT 3a0pyIHIOIOUHX JOMIIIOK Y MOTOPHOMY MAaCTHJII MICIIs
1000 roauH ekcrutyartarlii B HIUPKYJIALIAHIA CUCTEMI MAIIIEHHS Cy/THOBOTO JU3EIIS
Volvo Penta TMDA 163A: 1 —MM Ne 1; 2 — MM Ne 2

[Ile ogaMM 3 TTOKAa3HUKIB, 3@ JOIIOMOTOIO SIKOTO MOKJIMBO BUKOHYBATH OI[IHKY
0€3B1IMOBHOCTI pOOOTH CYJIHOBHX JM3€J1B, € TUCK HANPHUKIHII cTUCHEHHsA [179].
Moro 3HWKEHHs B OKPEMHX LMIIHIPAaX JM3eIs CBiJUUTH NPO TOTIipUICHHS
KOMITPECIHHUX BJIACTUBOCTEW TOPIMHEBUX KIJEIh, IOTPATUISTHHS METaJIeBUX
JOMIIIIOK Ha TIOBEPXHIO BTYJIKU IWJIHJpA Ta 30UIBIICHHS iX 3HOCY. 3HUKEHHS
TUCKY CTUCHEHHSI y BCIX HWJIIHJpaX CBIAYUTH MPO MOTIPIIECHHS MPOLECY MallleHHS
Ta 3HUXKEHHS PiBHA O0€3BIIMOBHOCTI poOoTu ausens. I[lig dac excrnepuMeHTy
3HAUYEHHSI TUCKY CTHUCHEHHS BH3HAUajoCs 3a JOMOMOIOI0 CYAHOBOi CHUCTEMHU
niarHocTuku Doctor miis KOXKHOTO 3 IWIIHAPIB Iu3els (32 YMOBHU BiIKIIOUCHHS
nojayi najvBa B JaHUHW MIIHAP). 32 OTPUMAHUMU 3HAYCHHSIMHU PO3PaxOBYBaJIOCs
CepelHe 3HAYCHHS TUCKY CTHCHEHHS y BCIX MWIIHApax auzens. KoHTpoab THUCKY
CTUCHEHHS BUKOHYBABCS MMICis 1-1 TOAWHM pOOOTH JU3ENIB 1 Jalll yepe3 KOXKHI
100 rogua poGoTu. Ha TUMYacoBUX MPOMIXKKaX, y SKUX BHUKOHYBAaBCS KOHTPOJb
tucky ctucaenns (1, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 roxun),
J3ENl MpalfoBaiMi Ha PI3HUX, aje OJIHAKOBUX MDK COO0OI0 HaBaHTa)KEHHsX (B
nianasoni 120...280 kBTt). Cucrema niarnoctuku Doctor 703B0oJIsIE KOHTPOIIOBATH
napaMmeTpu pobodoro mpoiecy auzens 3 noxuokow 1,0 %. Orpumani 3HaYCHHS

I1]] 9ac BUKOPUCTAHHS PI3HUX MOTOPHUX MACTHJI HaBeAeH1 B Tabuili 4.5.
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Tabmuis 4.5
3MiHa TUCKY HANPUKIHII MPOLIECY CTUCHEHHS CYTHOBOTO TU3ETIsS

Volvo Penta TMDA 163 A i yac BUKOPUCTaHHS PI3HUX MOTOPHHUX MACTHII

Tuck ctucHenns, MIla
Hae, romm MM Ne 1 MM Ne 2

| 9,05 9,05
200 8,98 8,94
400 8,96 8,91
600 8,93 8,82
800 8,92 8,71
1000 8,91 8,69

Ipumimxa: BIANOBIAHO O THCTPYKIIIl 3 €KCIUTyaTalii HOMiHAIbHE 3HAYCHHS

TUCKY HAIIPUKIHII MPOIIECY CTUCHEHHS CKIANAE Pyon=2,0 MI1a.

Jlns xpaioi Biyautizallii pe3ysibTaTH, 1110 HaJlaHi B Tabuuill 4.5, y3arajibHeH1

SIK HOMOTpama, 110 IOKa3aHa Ha puc. 4.5.

8,6

1 200 400 600 800 1000 ¢, ron

Puc. 4.5. 3mina THCKY CTHCHEHHS p. cyaHoBoro nusens Volvo Penta TMDA 163A

1] YaCc BUKOPUCTAHHS PI3HUX MOTOPHHUX MAaCTHIL:

I -MMNe1;2—-MM Ne 2
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OpauM 13 mapameTpiB poOOTH AM3ENs, IO XapaKTEPU3ye SKICTh poOOUOTO
mpoliecy, € TeMmreparypa rasiB Micis IWIHApa f. 30UIbIIeHHS ii 3HAYCHHS B
OKpEeMHX HWJIIHAPaX IW3els CBIMYUTH PO MOTIPIICHHS MPOIIECY 3TOPSHHS MalliBa
B LMTIHAP1 au3ens (y pasl Mi3HbOro BIOPCKYBaHHs) a00 Mpo MiABUIIEHY KUTBKICTD
MacTHJIa, K€ TOTpAIUis€ Ha CTIHKA LWJIIHApAa Ta 3rops€ pa3oM 3 MaJuBOM
[180, 181]. KonTposp TemmepaTypu Ta3iB micis muwmHApa ausens Volvo Penta
TMDA 163A mnpoBoauBcs 3a JOMOMOIOI CHUCTeMHU niarHoctuku Doctor, mio
BUKOHYE BHUMIPIOBAHHSA TEMIIEpaTypyd Ta BHUBEICHHS TOKA3HUKIB Ha KOMII'OTEP
IEHTPAIBbHOTO TocTa ympaBimiHas [182, 183]. AHaJIOTIYHO BUMIPIOBAHHS THCKY
HAIpPUKIHIII ~ CTUCHEHHS, BHUMIPIOBaHHSI  TEMIIEpaTypu BHUIIYCKHUX Tras3iB
npoBoawiKcsa B iHTepBaii 1...1000 romuH poOGOTH JU3ENiB, MPU LBOMY U3
EKCILTyaTyBaJIMCA Ha PI3HUX, aJie PIBHUX MK CO00I0 HaBaHTaKeHHsX. [IpoTsirom
YChOTO TEpIoly TIPOBEACHHS EKCIEPUMEHTY MIATPUMYBAIUCS OJHAKOBUMHU
nmapaMeTpu B CHCTEMax OXOJO/DKCHHS Ta 3MalllyBaHHsS IU3eTiB (TeMmIeparypa
MacTHJIa Ha BXO/Il B IU3€JIb, TEMIIEpaTypa BOJAM HA BUXO/Il 3 IU3€JIs1, TUCK MAacTHIIA
Ta BOJM HA BXOJ1 B JM3€Jb). 3HAUCHHS ¢, BU3HAYAIUCS KOKHOTO UJIHAPA JU3EIs.
VY rtabnuui 4.6 HaBenEeHO cepenHl 3HA4YeHHs f. AN BCIX IMIIHAPIB. JlogaTKOBO
Bi[3HAYMMO, MO IiJ Yac EKCIEPMMEHTY BIJIXWJICHHS 3HAYCHHS TeMIIepaTypu
BUINYCKHUX Ta3iB 3a OKPEMUMHM MWIIHAPAMHU BiJ CEPEIHHOTO 3HAYECHHS y BCIX
nuJiHapax He nepesuiryBaio £10°C.
Tabmuns 4.6
3MiHa TeMIEpaTypu BUITYCKHUX Ta3iB CYJHOBOTO JH3€IIs

Volvo Penta TMDA 163 A mij1 yac BUKOPUCTaHHS PI3HUX MOTOPHHUX MACTHII

Yac, roHu Tucky crucHenns, Mlla

’ MM Ne 1 MM Ne 2
1 9,05 9,05

200 8,98 8,94

400 8,96 8,91

600 8,93 8,82

800 8,92 8,71

1000 8,91 8,69

Ilpumimka: BIANOBIAHO A0 I1HCTPYKII 3 €KCIUTyaTallli MaKCUMaJlbHE 3HAYCHHS
TeMIepaTypy BUMYCKHUX Ta31B £, ma—=320°C.
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Jlst kpaioi Bisyanizarlii pe3yJabTaTy, o HajaHl B Tabmuil 4.6, y3arajibHEHI

SK HOMOTpama, 110 0Ka3aHa Ha puc. 4.6.

300

290

280

1 200 400 600 800 1000 ¢, ron

Puc. 4.6. 3mina Temnepatypu BUITYCKHUX Ta3iB #. CyJHOBOIO JU3EIs
Volvo Penta TMDA 163 A mij yac BUKOPUCTaHHS PI3HUX MOTOPHUX MACTHIL:

I -MM Ne 1;2—-MM Ne 2

4.1.2. BunpoOyBaHHS B CUCTEMI ITUPKYJISALIMHOTO MaIIEHHS CY/THOBOT'O

nuzens Caterpillar CatC18

AHaNOTIYHUNA TUKI  JOCHIIKEHh OyJ0 BHKOHAaHO Ha MOPCHKOMY
crieniana3oBaHoOMYy CyaH1 aeaseToM 8340 TOHH.

JlochmipkeHHsT TPOBOAMIMCS JUIs CYJHOBUX MoTOpHHX Mactui —Shell
Rimula X15 Ta Castrol TPL 123, 4xi BUKOpPHCTOBYBaJIHCSI B  CHCTEMI
HUPKYJSLiHOTO MatieHHs1 cyaHoBoro au3ens CatCl8. O6uaa copTH MOTOPHHX
MacTHII pekoMeHytoThes (dipmoro Caterpillar qst excrutyaranii nusenis CatCl18.

OCHOBHI XapaKTEPUCTUKNA MOTOPHUX MAacCTHJI HaBeJleHo y Tabnuii 4.7 [152].
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Taomurs 4.7

OCHOBHI XapaKTEepUCTUKHA MOTOPHUX MAaCTUJI, 1[0 BUKOPUCTOBYBAJIHCS IiJT 4ac

MIPOBEJICHHSI €KCIIEPUMEHTY Ha cyiHoBoMYy nu3eni CatC18

[TapameTp, po3MipHICTh Shell Rimula X15 | Castrol TPL 123
Knac SAE 30 30
I'yeruna npu 15 °C, kr/m 916 920
Kinemaruuna B’si3kicth npu 40 °C, cCt 119 116
Kinemaruuna B’ s3kicth npu 100 °C, cCt 11,5...12,5 11,0...12,0
Temneparypa cnanaxy, °C 214 210
Temneparypa 3acturanns, °C -14 -12
3aranpHe ayx)He uncio, MrKOH/r 13,0...15,0 12,5...14,0

Jami, mig yac HaJaHHS pPe3yibTaTiB JOCHIDKEHHs, Il MOTOpPHI MacTuiia

noBuIbHO Br3HadeHl Sk MM Ne 1 ta MM Ne 2.

Y pe3ynabTari ONTHUYHUX JOCHIIKEHb (BIAMOBIIHO J0 TEXHOJOTI, IO

HaBeZeHa B M. 3.3) AJii KOXXHOTO COPTY MOTOPHOIO MacTuia Oylid BHU3HAYEHI

CTPYKTYpHI XapaKTepUCTHKH, 3HAUECHHS SIKUX HaBeAeHl B Tabnulli 4.8.

Taomuis 4.8

CTpyKTypHI XapaKTEPUCTUKA MOTOPHUX MACTHII, III0 BUKOPUCTOBYBAIMCS IiJ] Yac

MPOBEJCHHS eKCIIEPUMEHTY Ha cyaHoBoMy auzeni CatCl18

KpaiioBui
Cryninb ToBmmna ToBmmHa
MortopHe _ KyT
BIIOPSAJIKOBAHOCTI | TPAaHUYHOTO MaCTHJILHOTO
MAacCTHJIO 3MOYyBaHHS
MOJIEKYT S mapy ds, MKM | THapY dyy, MM
0, rpan
MM Ne 1 0,52...0,55 14,3...14,6 3,8...39 18,8...21,3
MM Ne 2 0,43...0,45 12,7...12,9 3,1...33 16,8...17,0
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Pesynbratn, siki HaBeieHi B TaOsmi 4.8, CBiQ4aTh MPO Te, IO MOTOPHE
MacCTHJIO MM Ne 1 XapaKTepU3yeThCs OUIBIIIOI0 CTPYKTYpPOBaHOIO
BIIOPSIKOBAHICTIO MOJIEKYJI MOPIBHSHO 3 MOTOpHUM MacioM MM Ne 2. a came
CTYIIEHSI BHOPSAKOBAHOCTI MOJIEKYJ, TOBIIMHOIO TPAHUYHOTO IApy, TOBIIMHOIO
MaCTUJILHOTO 111apy, a TAKOK KpaHOBUM KyTOM 3MOYYBAaHHSI.

[lapanenbHO 3 ONTUYHUMU JOCIIKEHHSMHU 11010 BU3HAYEHHS CTPYKTYPHUX
XapaKTePUCTUK MOTOPHUX MACTUJI MPOBOJMIMCS EKCIEPUMEHTH Ha CyIHOBHUX
mmzensix  CatCl8, ekcrulyaTtalisi sSIKMX BHUKOHYBajacs 3 BUKOPHUCTaHHSIM
BuIleBKazaHnx motopHux Mactuil Shell Rimula X15 Ta Castrol TPL 123. o
CKJIaly CYJIHOBOI €HEPreTUYHOI YCTAaHOBKU BXOJMJIO J1Ba Ha3BaH1 JAM3€II, KOKEH 3
akux OyB 00JIaJlHAHWI aBTOHOMHOIO CHUCTEMOIO IMPKYJSIiHOro MaiieHHs. lle
JIaBaji0 MOXJIMBICTH BHUKOPHUCTOBYBAaTH B KOXKHOMY JH3€lll OKpPEME MOTOpPHE
Mactwio (mias oaHoro — Shell Rimula X15, nns apyroro — Castrol TPL 123).
BignoBigHoO A0 3ampomOHOBAHOI paHille TEXHOJIOTIl, AW3eNl Mepel MOYaTKOM
EKCIIEPUMEHTY MaJIi TPOIOPIINHUI TIepio/l eKCIuTyaTallii, OJHAKOBUNM TEXHIYHUMN
CTaH OCHOBHUX KOHTAKTHHUX BY3JIB (KOJIHYATOTO Bally, BKJIQJMILIB IMiAIIUITHUKIB,
NAJIMBHOI amaparypH), eKCIUIyaTyBaJuCid Ha OJHAKOBHX HaBaHTaXEHHIX (3
HEY3TO/KEHICTIO He Ounblie 32,5 %) Ta 0HaKOBOMY COPTI MmaiuBa. Y CUCTeMax
OXOJIOJIPKEHHS Ta 3MalllyBaHHS TU3EJiB MiATPUMYBAJIUCS OJHAKOBI TEeMIEpaTypH1
pexumu. Lle 103B0IIsI10 3pOOUTH BUCHOBOK MPO iXHINM 1ICHTUYHUN TEXHIYHUN CTaH
SK Ha MTOYaTOK MPOBEACHHS €KCIIEPUMEHTY, TaK 1 Mij yac HOro BUKOHAHHS.

Koncrpyxkiiiinoro ocobnuBictio nuzenmiB CatCl8 (sk 1 OaraThbox Jau3emiB
¢ipmu Caterpillar) € BiACYTHICTh 1HIUKATOPHUX KJIAlaHIiB Ta Oylb SKOi 1HILIOT
apMatypu, sika O J03BOJIsIa BUKOHYBATH KOHTPOJIb Nepediry pobodoro mukiy 3
TOYKM 30py BHUMIPIOBaHHA 3MiHM TUCKY B muiinapi [184, 185]. Tomy B 1pomy
BUMAAKY SK TOKAa3HUKM, Ha $AKl BIUIMBAIOTh CTPYKTYPHI XapaKTEPUCTUKU
MOTOPHOI'O MacTuia, Oyiu oOpaHi MIBUAKICTH 3MIHM 3arajlbHOTO JIY>KHOTO YHUCIIa
VBN, @ TAaKOXK 3HAYEHHS MOKA3HUKIB, 110 XapaKTepU3YIOTh 3HOC KOHTAKTHHUX
noBepxoHb (Wear Component) Ta BMICT 3a0pyIHIOIOUHX JAOMIIIOK Y MOTOPHOMY

mactwi (Contaminants Component) [186, 187].



Busnauenus

BUKOHYBAJIOCh dYepe3 KOXKHI

IIBUIKOCTI

3MIHH

po3paxyHKy Vrgn HagaHi B Tabmuil 4.9.

3arajbHoOro

JY’)KHOT'O

quciia
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I/TBN

100 rog poborn mguzens CatCl8. PesynpraTn

Tabmuis 4.9

3MiHa 3arajbHOrO JIY>KHOT'O YMCIa MOTOPHUX MAcTUJI Mijl yac BUMIPOOYBaHb, 110

BUKOHYBaJIMCA Ha cyaHoBOMY nu3eni CatCl18

MM Ne 1 MM Ne 2
Yac,
TBN) VTBN) TBN) VTBN)
t, TOq
mMrKOH/r (MmrKOH/r)/ron mMrKOH/r (MmrKOH/r)/ron
1 13,7 — 13,8 —
200 12,85 0,425 12,55 0,625
400 12,25 0,3 11,65 0,45
600 11,7 0,275 10,95 0,35
800 11,4 0,15 10,55 0,2
1000 11,15 0,125 10,2 0,175

3a pesynbTaramu, 10 HaBeleHI B Tabmuii 4.9, moOyaoBaHl aiarpamu, sKi

B1100OpakaroTh 3MiHY 3arajbHOr0 JIY>KHOTO YKCja Ta MIBUAKICT HOTO 3MEHIIECHHS

(puc. 4.7).

BusHayeHHs JOMINIOK, IO XapaKTepU3yIOTh MOTPAIUISHHSA /10 MOTOPHOIO

Mactuia yactTuHok 3Hocy (Wear Elements ) Ta 3a0pyaHeHHS MOTOPHOTO MacTHIIA

(Contaminant Elements), BUKOHYBaj0Ch B O€peroBiil TOCTIAHUIIBKINA JabopaTopii.

Horo pe3ynpraTl HaBeAeH1 B Tabauili 4.10 Ta nmpoiitocTpoBaHi HOMOTpaMaMHu, L0

nojaxi Ha puc. 4.8, 4.9.
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Puc. 4.7. 3mina xapakTeprucTHK MOTOPHOTO MAacTHJIA TiJ] 9ac eKCTuTyaTarii

cynnoBoro auzens CatC18: 1 —MM Ne 1; 2 — MM Ne 2; a — TBN; 6 — Vign

Tabnuusg 4.10
PesynbpraTu cniekrporpadiunoro anaiaizy MmotropHux Mmactui micis 1000 roaux

eKCIUTyaTallll B HUPKYJSIiiHIN cucteMi mamienns qu3ens CatCl18

Wear Elements, MM MM Contaminant MM MM
MI/Kr Ne | Ne 2 Elements, Mmr/kr Ne 1 Ne 2
Al 1,0 2,5 B 18,5 24,5
Cr 1,0 1,0 Na 12,5 18,5
Cu 2,0 5,0 Si 9,5 14,5
Fe 6,5 12,5 A% 29,0 63,0
Sn 0,5 0,5 Mo 2,5 4,0
Pb 1,5 2,0 Ni 6,5 12,0
Cyma, Zy 12,5 23,5 Cyma, ¢ 78,5 136,5
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Puc. 4.8. BMmicT MexaHIYHUX JOMIIIOK y MOTOpHOMY MacTui micyst 1000 rogus

eKCIUTyaTallll B UPKYJSILIiHIN cucTeMi MalieHHs cynHoBoro nusens CatCl18:

Wear elements

I —-MM Ne 1; 2 — MM Ne 2
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Puc. 4.9. Bmict 3a0pyqHIOI0OUMX TOMIIIOK Y MOTOPHOMY MacTHJII TICIIs

Contaminants Elements

145

1000 roauH ekcrutyararlii B HUPKYJIALIAHIA CUCTEMI MAIIEHHS CyTHOBOTO JU3EIIS

CatC18:

I -MM Ne1;2—-MM Ne 2
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4.2. BunpoOyBaHHS B CUCTEMaX IMUPKYJISAIIHHOTO MAIIEHHS
CEePEeTHhOOOCPTOBUX TU3EIIB

4.2.1. BunpoOyBaHHS B CUCTEMI ITUPKYJISALIMHOTO MaIIEHHS CYTHOBOTO

muzens 51.23/30 MAN-B&W Diesel Group

3aBOaHHSAM  JOCHIKEHHS OyJl0 BHU3HAYECHHS BIUIMBY  CTPYKTYPHHX
XapaKTEPUCTUK MACTUIILHOTO 1Iapy (KpalloBOro KyTa 3MOYyBaHHS Ta TOBIIMHM) Ha
eKCIUTyaTaIiiiHi ~ mapaMeTpu  CyJHOBOTO  JW3eld Ta  eKCIUTyaTariifHi
XapaKTepUCTUKU MAcTUja, 0 BUKOPUCTOBYETHCSA B MOr0 MUPKYJSALINAHINA cUCcTeMI
marnieHHs. [Ipu mboMy sIK eKCIUTyaTaliifHi mapamMeTpu AU3eNs PO3TIISIaINC TUCK
HAIPUKIHII CTUCHEHHS p., KOHIEHTpAllisl OKCHAIB a30Ty y BUIYCKHHX Ta3ax NOx
Ta TeMmIepaTypa BUIYCKHUX Ta3iB MICHS UWIIHApA ¢ SAK eKCIUIyaTalliiHi
xapaktepuctuku Mmactuia — Horo Total Base Number (TBN), a Takox ioro
eJIEMEHTH1 JOMIIIKH, 1110 cBig4aTh mpo 3Hoc — Wear Elements Ta 3a0pyaHeHHs —
Contaminant Elements.

JlocnmikeHHsT BUKOHYBaJIM Ha MopcbkoMmy cynaHi kiacy Bulker Carrier
nenseitom 34630 TOHH, JOMOMIXKHA €HEepPreTUYHa yCTaHOBKA SIKOTO CKJIajajacs 3
TPHOX OJIHOTUITHMX CYJHOBHX cepelHbooOepToBuX auseiniB 51.23/30 MAN-B&W
Diesel Group 3 HACTYyITHUMH XapaKTEPUCTHUKAMU:

JlaMeTp HWIHApa — 225 MM;

xig moprras — 320 Mm;

KUIBKICTh IIUTIHAPIB — 5;

yactoTa ooepranHs Baja — 900 00/xB;

HOMiHaJIbHA NOTYkHIcTh — 800 kBT;

nuTomMa epeKkTuBHA BuTpaTa nmanmba — 194 r/(kBt-roxn) [5].

VY mupkynsmidHiA cUCTeMl MallleHHS JU3€liB BUKOPHCTOBYBAIMCh MOTOPHI
mactiiia Shell Gadinia AL 40 ta Chevron Taro 40 XL 40. OOugBa Mactuia
pexomenoBaHi (pipmamu-supooHuKamu (Shell Tta Chevron BiamoBimHO) A

Bukopuctanus B COJl CEY ta cxpaneni ¢ipmoro MAN-B&W Diesel Group, a
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TAaKOXX BIAAIJIOM TEXHIYHOTO MEHEKMEHTY CYAHOIUIaBHOI KOMIIaHii, SKii

Hanexano cyaHo. OCHOBHI IMOKa3HMKHM MOTOPHUX MAaCTHJI, IO TapaHTYIOThCA

bipMamMu-BHpOOHUKAMH, a TaKOXK 3HAYCHHS iX CTPYKTYpHUX XapaKTEPHUCTHK, IO

BU3HAYCHI MiJ 4Yac j1abopaTOpHUX MOCHIKEHb BIAMOBIAHO 10 TEXHOJIOTII, sKa
HaBejeHa B II. 3.3, HajaHi B Ta0imi 4.11.

Tabmuusg 4.11

OCHOBHI XapaKTepUCTUKA MOTOPHUX MAaCTHII

Shell Gadinia AL 40 ta Chevron Taro 40 XL 40

[Tapametp MM Nel MM Ne2

Knac SAE 40 40

B'szkicts ipu 100°C, cCr 14,3 15,2
3aranbHe nyxHe ynciao TBN 14,7 14,8
I'ycruna mpu 15°C, kr/m 883 875
Temnepartypa cnanaxy, °C 222 226
KpaitoBuii kyT 3MouyBaHHs, 0, rpajg 19,6 17,4
ToBuMHA MAaCTUIBLHOTO WAPY, d, MM 3,7 2,6

Ilpumimka: y tabnuii4.11 Ta mig yac BHUKJIAJEHHS pE3YyJbTATiB JOCITIIKEHb
mactrmiia Shell Gadinia AL 40 ta Chevron Taro 40 XL 40 moBUIBHO MMO3HAYEH] SIK

MM Nel ta MM Ne2.

JlocmikeHHST BUKOHYBQJIWCS IMJI Yac OKEAHCHKUX TIEPEXOMdiB Cy/AHA,
TPUBAIICTh sKuX cTaHoBwiaa 12...18 aniB. Ilpu 1mpomy (y 3B'SI3Ky 3 BIJACYTHICTIO
MaHEBpPOBUX Ta IIIBAPTOBUX PEXKHMIB, a TaKOXX BaHTAKHHUX OIlepallii)
eKCIUTyaTarisi au3eiiB BifgOyBanacs 0e3 CTpHOKOMOMIOHOI 3MIHU HaBaHTAKEHHS
[152, 188]]. [IpyHIMIIOBY CXeMY CYJIHOBOi JOMOMI>XKHOI €HEPreTUYHOI YCTAaHOBKH
noka3ano Ha puc. 4.10 [5].

ExcriepyMeHTH BHUKOHYBaJIM Ha JBOX IU3ENSAX, Y LUPKYJISALINHHINA cucTemi
MaieHHs: oaHoro 3 sikux (AE 1 wna puc.4.10) BUKOPHCTOBYBAJIOCH MOTOPHE
macTiiio MM Nel, y mupkynsuiiHid cucremi wmameHHs iHmoro (AE2 Ha

puc. 4.10) — motopue Mactiiio MM Ne2. [1ix yac ekcnepumenty nepuiuii (AE 1 Ha
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puc. 4.10) Ta mpyruii (AE 2 na puc. 4.10) nuzem mnpaioBaid Ha OJHAKOBOMY
HABaHTa)XCHHI NPOTSATOM PIBHOTO MPOMDKKY 4Yacy. 3arajbHe HaBaHTaXEHHS Ha
CY/JIHOBY €JIEKTPOCTAHIIIIO JO3BOJISJIO €KCIUTyaTyBaTH abo ojuH abo aBa auszeni. Y
3B's13Ky 3 UM Tpetiit au3ens (AE 3 Ha puc. 4.10) abo nmepeOyBaB y crani stand-by,
ab0 eKcIUTyaTyBaBCSi Ha HEOOXiJHOMY HaBaHTaxeHH1 (y pasi, KOJHU s
3a0€3IeUeHHs] TOTYKHOCT1 CITOKHBa4diB OyJIO JIOCTaTHHO OJIHOTO JAM3ENIsA), MpHU

npomy nuseni AE 1 ta AE 2 He ekcrityatyBamucs).

AE1| Diesel '@""—x—@
N, = Nup _"—®

AE2| Diesel '@""i.%
Nuwr =Ny, —x—(W)

AE 3| Diesel _©+—N—®
Nypy = Var

Puc. 4.10. JlonoMi>kHa eHepreTUYHa YCTaHOBKA CyHA KJacy
Bulker Carrier neaseiitom 34630 ToHH

(AE — nonoMixkHuii qu3ens, G — exekTporenepatop, M — crioxxuBad eHeprii)

Cran mnanuBHOI amapaTypu (NMAJIMBHUX HACOCIB BHCOKOIO THCKY Ta
(GhOpPCYHOK), a TaKOX 11 peryiroBalIbHI TTapaMeTpy (TUCK HATHITaHHSA, KYT MOYaTKY
1o/1avl majguBa) BCix au3eniB Oynu imentudHi [189, 190]. V cucremax mameHHs Ta
OXOJIOJKEHHSI JTU3ENIB MIATPUMYBAIKMCS OJHAKOBI 3HAYEHHS TEMIEpaTypu Ta
tucky [191, 192]. [lepen moyaTkoM €KCHEPUMEHTIB y HUPKYJIALIMHUX CHCTEMax
au3eniB OyJno0 MOBHICTIO 3aMiHEHO MacTuiio. KoMreHcanisi BUTpaTH MacTuia Ha
BUTAp JIJIs1 KOKHOTO 3 JU3eIiB BUKOHYBasacst B o0cs31 100 mitpi yepes 100 roaun
eKCIUTyaTarii.

[lim yac mpoBeACHHS EKCIEPUMEHTY (IKCyBaIUCS 3HAYCHHS TaKUX
MOKA3HUKIB pOOOTH TU3EJIS:

TUCK CTUCHEHHS — p;

TeMrepaTypa rasiB micis HWIHIpa — &
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KOHIICHTpAIlis OKCUIIB a30Ty y BUMYCKHUX razax NOy;

3araiibHe JIy>kHe yucino TBN mactuia.

Kpim Toro, y OeperoBiii y1abopaTopii BUKOHYBABCS CIEKTpaJIbHUN aHaIi3
MacTHJIa 3 METOI0 BH3HAUEHHS Y HbOMY KuibkocTi nomimok (Wear and
Contaminant Elements) [193, 194].

[uninaponopiiiHeBa  rpyna,  KPUBOIIMIHO-IIATYHHUA ~ MEXaHi3M  Ta
KOJIHYaTUI BaJl CYJHOBUX JAM3ENIB BIIHOCUTBHCS 1O OO'€KTIB MOCTIHHOIO
KOHTpPOJIIO TexHIyHOro crany [195,196]. Opnak, B yMoBax eKcCIUIyaTari
NPOBEJCHHS YacTUX BI3yallbHUX I1HCHEKIIA [HUX €JEMEHTIB He 3aBXKIU €
MoxauBuM. Hacamnepen 1ie moB'si3aHo 3 nepiogoM 0e3yNmuHHOI poOOTH CYTHOBHUX
JU3eNiB, a TaKOXX 3 BEIMKHUMH BHUTpaTaMH 4Yacy Ha iX BHKOHaHHA. Tomy s
J1arHOCTYBAaHHS TEXHIYHOTO CTaHy IMJIIHIPOMOPIIHEBOI IPyMu Ta MiJAIINITHUKIB
KOJIIHYATOI0 BaJly 3aCTOCOBYIOTHCS HeEMNpsiMi MeToau. HalmomupeHimum 1
HANJIOCTYIHIIUM B YMOBaX €KCIUTyaTallii MOPCHKOTO Cy/IHa € METOJ BH3HAUYCHHS
3QJIMIITKOBOTO JTY’)KHOTO uncia MotopHoro macTtuia (Total Base Number — TBN),
HalllHQOpPMATUBHIIIKUM (KU TPOBOAUTHCS Yy OeperoBux jabopaTopisix) —
criekTporpadiuHuil aHai3 KUTBKOCTI ToMIoK y mactwuii [197, 198].

[Toxa3znuk TBN (HuH1 HaifyacTime BUKOpUCTOBYeThcst Base Number — BN)
XapaKTepU3ye JIyKHE YHCIIO 1 KUTbKICTh aHTUKOPO3IMHUX MPUCAIOK, POZUUHEHUX Y
mactuii. Bennmunna BN 3naxomutbes B miamaszoni 5...100, 111 4mciia BUpaxaroTh
KUIBKICTh MuTirpaMm Tigpokcuay kamito KOH, po3uumHeHoro B rpami macTujia —
MrKOH/r mactuna. Yum Bumie 3HaueHHs BN, TuM BNl aHTUKOPO3iHI
BJIACTMBOCTI Ma€ MacTujio. MacTuio 3 BUCOKMM mnoka3zHukoM BN (Bix 40 1 Buiie)
BUKOPHUCTOBYETHCS Yy JBOTAKTHUX JBUTYHAX SIK IWJIIHAPOBE MacTuio. Take
MacTWJIO TMOBUHHE HelTpamizyBaTu Aito cipyanoi H,SO, 1 cipuucroi kuciotu
H,SOs, 110 yTBOPIOIOTHCS B IIUTHAPI MPU 3TOPSHHI NaauBa. Y MUPKYJSIIIIAHUX
cucrtemax (K ABOX, TaK 1 YOTUPUTAKTHUX JU3EJIIB) BUKOPUCTOBYETHCS MACTUJIO 3
BmicToM BN 5..25, ockinbku y MOMIOHUX cUCTeMaX OCHOBHA (YHKIISI MacTHIIA

noJisirae y 3a0€31eueHH] MalleHHs MAMUITHUKIB KOJIIHYATOT'O Bay.
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[Tig uac ekcruryaTarii BiZOYBa€ThCsl MOCTYNOBE OKHUCIEHHS MAacTHIIa, II€
MOB'S3aHO 3 BUCOKMMH TEMIIEpaTypaMH JeTale IUIIHAPONOPIIHEBOI TPYMH, a
TaKOX 3 MOTPATUISTHHSAM B MAaCTHJIO ITPOJIYKTIB 3HOCY (HacamImepes pi3HUX METAIIIB)
1 manuBa, mo He 3roputo [199,200]. Ilpu uboMy BinOyBaeTbcs 3HUKEHHS
BennurHu BN macTuia, a TakoX MOTIPIIYEThCA TEXHIYHUN CTaH JETaJIed Ju3ens
(MABUIYETBCS  3HOUIYBAHHS  LWJIIHAPOBUX  BTYJIOK, TOPIIHEBUX  KIJIEIb,
BKJIQIUIIIIB ITIIITAITHUKIB).

KOHTpob TEXHIYHOrO CTaHy Au3elsd Ta (PYHKIIOHAIBHUX XapaKTePUCTHUK
MOTOPHOTO MAacTHJIa 3a0e3MeYyeThCs 3a JOMOMOrOI CYJHOBHX Jaboparopiii
Cylinder Scrape-Down Oil Analysis, Unimarine Cylinder Scrape-Down Oil
Analysis, Shell Analex Alert, KITTIWAKE Unitor, DIGI Used Oil TBN Analysis
Kit Ta neskux iHIUX, M0 TO3BOJISIOTH BUBHAUNTH 3HaueHHs BN y mactuii.

[lin dYac mnpoBeNeHHS EKCHepPUMEHTY KOHTPOJb Ta JlarHOCTyBaHHS
TEXHIYHOTO CTaHy MacTHJIa BUKOHYBAJIMCH IMUISIXOM TPHPA30BOro Bu3HadeHHS BN
3 iHTepBajIoOM BimOopy npol 1 roxa. YcepeaHeHi 3HaUCHHS] OTPUMAHUX PE3YJIbTaTiB

EKCTIIEPUMEHTY HaBeIeHO y Tabmuil 4.12.

Tabnus 4.12
3mina BN ta ABN motopuanx mactun Shell Gadinia AL 40 ta

Chevron Taro 40 XL 40 3a pi3HUX YMOB €KCIEPUMEHTY

Huzens AE 1 Huzens AE 2
Yac, rogquau
BN ABN, % BN ABN, %
100 14,6 -1,36 14,5 -1,35
200 14,4 -2,72 14,3 -2,70
300 14,1 -4,76 14,0 -4,73
400 13,9 -5,44 13,9 -6,08
500 13,7 -6,80 13,5 -8,78
600 13,5 -8,16 13,3 -10,14
700 13,0 -11,56 12,3 -16,89
800 12,9 -12,24 12,0 -18,92
900 12,5 -14,97 11,5 -22,30
1000 12,0 -18,37 11,2 -24,32
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Jlnst Beix inTepBaniB BuMmiproBanb (Bix 100 romuna mo 1000 ronvH) 3HaUYCHHS

BN nns nmuzenst AE 2 mepeBuiityBano aHanoridydHe 3HavyeHHs s nuzens AE 1.
[TopiBusipbHa ominka 3mMiHn BN ausenie AE 1 1 AE 2 BukonyBamach 3a ii

BiJIHOCHOIO 3MIHOIO, IIT0 BU3HAYAJIACh 32 BUPA3OM:

BN, —BN
ABN = ——time _=_"nem. .10,
BN

nom

ne BN,., BN, . — 3#auenns BN y meBHMiI MpOMDKOK Yacy Ta HOMIHalIbHE
3HAYCHHS.

3nauenHs ABN HaBeneno y tabmnuin 4.12, 3a HUMH o0y 10BaHI HOMOTpPaMHu,
o BimoOpaxkaroTs 3MiHy BN Ta ABN motopuux mactun Shell Gadinia AL 40 ta

Chevron Taro 40 XL 40 3a pi3HUX YMOB eKcriepuMeHTy — puc. 4.11, 4.12 [5].

BN

11— — — — - 1
2
10

200 400 600 800 1000 th

0
Puc. 4.11. 3mina BN motopuux mactun Shell Gadinia AL 40 ta

Chevron Taro 40 XL 40 mig yac pi3HUX yMOB €KCIIEPUMEHTY:
1 — mu3ens AE 1; 2 — qu3ens AE 2

200 400 600 800 1000 ¢ h

Oliﬂ

ABN,
% —

Puc. 4.12. Bignocna 3mina ABN motopaux mactui Shell Gadinia AL 40 Ta

Chevron Taro 40 XL 40 mig yac pi3HUX YMOB €KCIIEPUMEHTY:
1 — mu3ens AE 1; 2 — qu3ens AE 2



152

Tadomus 4.13

Pesynbratu cnekrporpadiunoro ananizy moropaux mactui Shell Gadinia AL 40

ta Chevron Taro 40 XL 40 nicnsa 1000 rogun excrutyaTariii B IUPKYIISIIHHIN

cuctemi quzens 51.23/30 MAN-B&W Diesel Group

Wear Elements, | Diesel | Diesel Contaminant Diesel | Diesel
MI/KT AE 1 AE 2 Elements, Mr/kr AE 1 AE 2
Al (Aluminum) 3 5 B (Boron) 17 16
Cr (Chromium) 1 2 Na (Sodium) 10 20
Cu (Copper) 1 7 Si (Silicon) 5 9
Fe (Iron) 7 19 V (Vanadium) 24 56
Sn (Tin) 1 3 Mo (Molybdenum) 3 4
Pb (Lead) 1 1 Ni (Nickel) 4 18
Sum 14 37 Sum 63 123

3a pesynabpTaTamu Tabnuii 4.13 moOyanoBaHo HOMOTpaMu, HaBeeH1 Ha puc. 4.13.

Concentration

Concentration

mg
kg

1001

30

T

20

Sum = 14

Sum = 37

2

Fe

10

Al
—|CrlCu

1
Fe

Sn Pb

Cu

Al

i

Sn

il

Wear Elements

751

Sum = 123

Sum = 63

50

25F

Na

IS_i

Mo Ni
0

Na

Si

0

Contaminants Elements

Puc. 4.13. Pe3ynbraTu CeKTpaabHOTO aHaii3y MOTopHUX MacTuia Shell

Gadinia AL 40 ta Chevron Taro 40 XL 40 nijg yac pi3HUX YMOB €KCIIEPUMEHTY:

1 — mu3ens AE 1; 2 — qu3ens AE 2
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BusHauenHs auHaMikKu 3MIHH CTPYKTYPHUX XapaKTEPUCTUK MOTOPHOTO
MacTuia (KpaoBOTO KyTa 3MOYYBaHHS Ta TOBIIMHM MACTUIBLHOTO IIIAPy)
BUKOHYBAJOCh y HayKOBIM Jabopatopii

(n. 3.3, puc.3.7).

3a JIOTIOMOTOK)  EJIINCOMETPUYHOT

YCTaHOBKH [Ipu uboMy (aHaJOrIYHO  MOMEPEAHIM
JOCITI/DKCHHSIM) Ha METajJeBy MOBEPXHIO, BIAMOJIPOBAHY 3a BHUCOKHM KJIACOM
TOYHOCTI, HaHocujacsa mpoba mactuia (06'emom 2 mi). Bimbip mpo6 mactuia
MPOBOJIMBCST Y TPHOX PI3HUX TOUYKAX KapTepa Au3elss MNpU HOro 3YNUHIN B
1HTEepBaJIl YaCOBUX MPOMIXKKiB, ekBiBaIeHTHUX 500 rogmu i 1000 roguH poOoTH.
Ycepenneni

3HAQYEHHS CTPYKTYPHUX XAPAaKTEPUCTUK MOTOPHOIO MacTuia

(kpaifoBoro xKyTa 3MO4yBaHHs 0,, Ta TOBIIMHU MAaCTUILHOTO APy dy,) HABEJEHO Y

tabnwmi 4.14 Ta HagaH1 y BUTIISAL giarpam — puc. 4.14.

Tabmuus 4.14
JlunaMika 3MiHH CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHHX MaCTHII

Shell Gadinia AL 40 ta Chevron Taro 40 XL 40

Huzens AE 1 Huzens AE 2
Yac, rona
0., Tpan Ay, MM 0., Tpan Ay, MM
0 17,4 2,6 17,4 2,6
500 15,6 2,34 11,2 1,83
1000 14,4 2,26 8,8 1,66
0, doil,
grad| __ O =174grad | _ | mm 2 =26 mm
15 25— F———— —
10 1 1 20 4
2 2 1
5 1.5 . 2
500 1000 £, h ' 500 1000 #,h
a) 0)

Puc. 4.14. [lunamMika 3MiHH CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHUX MaCTHUI
Shell Gadinia AL 40 ta Chevron Taro 40 XL 40:
a — KpalloBUH KyT 3MOUYyBaHHS, 0,,,; 6 — TOBIIMHA MACTUIILHOTO LIAPY, dyy;
(0°, d°

oil

— KpallOBUM KyT 3MOYYBAaHHS Ta TOBIIMHA MACTWJIBHOTO 1IAP HA IIOYATOK

€KCIIEPUMEHTY)
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OnHMM 13 MOKa3HMKIB, SIKUH XapaKTepH3y€e Mpale3laTHICTh AU3eIs, € THUCK
HAIIPUKIHII CTUCHEHHS. Moro sHmKeHHs B OKpEeMUX IITIHIpaX JU3ENs CBIIYUTH
Ipo TOTIPIICHHS KOMIPECIHHUX BJIACTUBOCTEM TMOPIIHEBUX KUICIh Ta
MOTPAIITHHA METaJeBUX JTOMIIIOK Ha TIOBEPXHIO BTYJIKH IWIIHAPA. 3HUKEHHS
TUCKY CTUCHEHHS Y BCIX IIMUIIHAPAX CBIIYUTH PO MOTIPIIECHHS MPOIIECY MAIICHHS.
[Tin yac ekcnepuMeHTY 3HAYEHHS THCKY CTUCHEHHS BH3HAUaJOCs 3a JOMOMOTOIO
CYIHOBOi CHUCTEMHU IiarHOCTUKU Doctor mjis KOKHOTO 3 IIJIIHIPIB Jau3ens (3a
YMOBOIO BHUMKHEHHS TMOJladyl MajiuBa B JaHUM IWIHAP). 3a OTPUMaHUMHU
3HAYCHHSIMH PO3PAXOBYBAJIOCS CEPENHE 3HAYCHHS THUCKY CTHUCHEHHS Y BCIX
mutiHapax. KoHTpons THCKY CTHCHEHHSI BUKOHYBaBcs Micis 1-1 roguHu poOotu
nuzeniB 1 gani yepe3 koxkHl 100 rogun podotu. Ha TumMyacoBux mpomixkax, B
AKUX BUKOHYBABCSI KOHTPOJIb THCKY cTucHenHs (1, 100, 200, 300, 400, 500 roaun),
JV3ENl MpaIfoBaIM Ha PI3HUX, aj€ OJHAKOBUX MDK CO0OI0 HaBaHTaXeHHAX (Y
niama3oHi 450...600 kBt). Cuctema maiarnoctuku Doctor 103BoJisIE KOHTPOJTIOBATH
napameTpu poO0Yoro npoiecy ausens 3 noxuoxkor 1,0 %.

Otpumani 3HayeHHS TUCKY cTUCHEeHHsS i mu3enst AE 1 ta guzens AE 2
HaBeneH1 B Taou 4.15.

3rilHO 3 NpaBWIAMM EKCIUTyaTallli HEYy3TrO/JKEHICTb THCKY CTUCHEHHS Y
HUJIIHApaX IU3ess BiJl CepeHbOro 3HAUCHHS HE MOBUHHA mepeBuiyBatu 12,5 %.
3HaueHHs, HaBeAeHi B TaOmuui 4.15, cBiguaTh, IO L yMOBa BHUKOHYyBasacs
IPOTATOM YChOro ekcnepumeHTy. Jls Bizyamizaiii OTpUMaHUX pe3yJbTaTiB 3a
3HaYeHHsAMH Tabsumii 4.15 noOyoBaHo Aiarpamu, okaszaHi Ha puc. 4.15.

[Tix yac ekcruryaranii BiiOyBa€eTbCs MOCTYIOBE 3HMKEHHS THCKY CTUCHEHHS
[201, 202]. Ile moB's13aHO 31 3MEHIIIEHHAM KOMIPECIHHO1 /i1 MOPITHEBUX KIJIEHb Ta
MOCTYIOBUM 3HOCOM IMJIIHJPOBUX BTYJIOK. J[1ama30H 1[bOTO 3HIKECHHS IS TU3EIIs
AE 1 3a mpomixkok vacy 1...500 rox cranoBuB Bin 8,46 MIla no 8,36 MIla; nus
mnzens AE 2 Bin 8,47 MIla no 8,21 MIla.
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Tabmums 4.15
3mina Tucky ctucHenHs, Mlla, quzens

5L23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB €KCIIEPUMEHTY

Yac, Howmep nuninmgpa Cepenne
TOIMHU 1 2 3 4 5 3HaYeHHs, p
nn3ens AE 1
1 8,45 8,47 8,41 8,48 8,50 8,46
100 8,43 8,42 8,35 8,42 8,46 8,42
200 8,41 8,42 8,33 8,38 8,41 8,39
300 8,41 8,40 8,32 8,36 8,37 8,37
400 8,40 8,40 8,31 8,36 8,37 8,37
500 8,40 8,38 8,30 8,35 8,37 8,36
nn3ens AE 2
1 8,43 8,45 8,42 8,51 8,53 8,47
100 8,39 8,43 8,33 8,37 8,37 8,38
200 8,37 8,35 8,31 8,33 8,28 8,33
300 8,28 8,31 8,25 8,32 8,18 8,27
400 8,26 8,28 8,22 8,18 8,17 8,22
500 8,25 8,25 8,21 8,18 8,15 8,21

Ilpumimka: BIAMOBIAHO 1O 1HCTPYKII 3 eKCIUTyaTalli, HOMIHaJbHUN THUCK
CTUCHEHHS CTaHOBUTH p*"=8.45 Mlla

pc’
MP

8.4

83

: o

1 100 200 300 400 500 th

Puc. 4.15. 3miHa TUCKY CTUCHEHHS, p., MIla, quzens
5L23/30 MAN-B&W Diesel Group a1t pi3HUX yMOB MPOBEICHHS €KCTICPUMEHTY:
1 — muzens AE 1; 2 — nusens AE 2
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[HTeHCHBHICTD MAAIHHS TUCKY CTHCHEHHS B Yacl MO)Ke OyTHM BU3Ha4yeHa SK

BiI[HOCHe SHWKCHHA TUCKY CTUCHCHHA 34 BUPA30M:

midl _ __nom
Ap, =Pe—Pe_100%,
p.

midl nom

ne p™, pi°™ — cepelHE 3HAYCHHS TUCKY CTUCHEHHSI Y IIWJIIHAPAX AU3Es B IEBHUM

IPOMIXKOK 4acy Ta HOMiHaJIbHE 3HAU€HHS TUCKY cTUCHeHHs, MIla.

midl
c

BpaxoByroun 3HauenHs p™", mo HaBeneHi B Tabmuil  4.15, a Takox

BEJIMYUHY p!°", BU3HAUUMO 3HAUCHHS Ap,_, sIK1 y3aradbHuMO B Tabmuil 4.16.

Tabomuisg 4.16
BigHocHa 3miHa THCKY CTUCHEHHS, %0, TU3ETs

5L23/30 MAN-B&W Diesel Group 3a pi3HHX YMOB IPOBEJICHHS] €KCIEPUMEHTY

Yac, ronunu Huzens AE 1 Huzens AE 2
1 0,14 0,21
100 -0,40 -0,85
200 -0,71 -1,44
300 -0,92 -2,15
400 -0,97 -2,70
500 -1,06 -2,86

3HaueHHs, 10 HaBezeH1 y Tabnuii 4.16, BimoOpaxkeH1 Ha Alarpami, moka3aHii

Ha puc. 4.16.

T

s o
0.5

100 200
0 :

300 400 500 +#h

-1.0

-2.0

-3.0

Puc. 4.16. BignocHa 3MiHa TUCKY CTUCHEHHS, Ap., %o, nu3emns
5L.23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB MPOBEACHHS €KCIIEPUMEHTY:
1 — mm3ens AE 1; 2 — nu3ens AE 2
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OnmanM 13 mapameTpiB poOOTH IU3eNs, M0 XapaKTePU3YE SKICTh PoOOYOTo
npoliecy, € TemIeparypa ra3ip micis HWIHAPA f. 30UIbIICHHS 11 3HAYEHHS ILI0J0
OKpPEMHX LMJIIHAPIB IM3€Ns CBITYUTH MPO MOTIPIICHHS MPOLIECY 3rOPSHHS MMajJuBa B
mTiHAP! Au3ens (y pasl Mi3HBOTO BIOPCKYBaHHS) ab0 MpO MiABUIIEHY KUIBKICTh
MacTuJja, iK€ OTpaIlisie Ha CTIHKY HUJIHApA 1 3ropsie pa3oM 3 manusoM [203, 204].
KonTtpoas Temneparypu rasis micis nuiinapa auzens 5L23/30 MAN-B&W
Diesel Group mpoBoauBCs 3a JOIMOMOT0I0 BOYJOBAHOI CUCTEMH 1arHOCTUKH, IO
BUKOHY€E BUMIPIOBAaHHSI TEMIEpATypu Ta BHUBEICHHS MOKA3HMKIB Ha KOMII'HOTEP
IIEHTPAIBHOTO TTOCTa yIpaBiiHHA. BuMiptoBanus npoBoauiucs mis au3eniB AE 1
1 AE2 B iaTepBami 100...1000 roguH, npu 1bOMYy JU3€J1 €KCILTyaTyBalluCs Ha
pI3HUX, aje pPIBHUX HaBaHTAXEHHAX MK co0or. Jliama3oH iXHBOI 3MIHH
3HaxonuBca B Mexax 450...600 kBt. IlporsroMm ycboro mepiogy MNpOBEACHHS
EKCIIEPUMEHTY  MIATPUMYBAJIHUCS  OJIHAKOBUMHU  MapaMeTpu B  CHCTEMax
OXOJIOJDKCHHSI Ta MaIlleHHs JU3eNiB (TemiepaTypa MacTuja Ha BXOJll B JU3€IIb,
TEeMIepaTypa BOAM HAa BUXO/I1 3 IMU3€JIs, TACK MAacTHJIa Ta BOJU Ha BXO/Il B TU3EJb).
3HaueHHs f. BU3HAYANUCA [UJI1 KOXHOrO IwiIiHApa ausens. Y Tabmwmii 4.17
HABEJICHO CEPEeIHI 3HAYCHHS 7, IS BCIX IMIIHAPIB. J{0gaTKOBO 3a3HAYMMO, IO 11T
yac eKCHEpUMEHTY BIIXWICHHsS 3HAUYE€HHsS TeMIlepaTypyd BHUIYCKHHMX Ta3iB 3a
OKpPEMHUMH LWIIHIPAMH BiJI CEpeIHbOTO 3HAUeHHS He nepeBuiryBaio +10°C.
Jns Bcix 1HTepBamiB BumiptoBaHb (Big 100 go 1000 romun) cepemHs
TeMIepatypa rasiB micis mwiiHapa st auzens AE 2 nepeBuiiyBasia aHajJOT14HE
3naueHHs juia ausens AE 1. TlopiBusuibHY omiHKy 3Mind ¢ auzeniB AE 1 1 AE 2

MO>XHAa BHKOHATH IIIOIO Bi,Z[HOCHOI 3MIHU TEMIICPATYpPH, SAKa BHU3HAYACTHCA 3a

BHPA30M:
(AE2 (AR
— _T T 0
Atr —_ tzAT ° 100 A),
AE2 AE1 . . . o
ne .7, t. — temneparypa BunyckHux rasis auseniB AE 2 1 AE 1 3a ognakoBuit

npomixok yacy, °C. 3HaueHHs f. HaBeJaeHo B Tabymi 4.17.
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Tabmus 4.17
3MiHa TeMIepaTypu ra3iB Micas HUITHAPA AU3EIS

5L23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB €KCIIEPUMEHTY

Yac, Temnepatypa rasis, °C Binnocna 3mina
TOJUHH Juzens AE 1 Huzens AE 2 TEMIIEPATypH, %o

100 285 287 0,70

200 275 281 2,18

300 272 278 2,21

400 283 291 2,83

500 278 286 2,88

600 279 288 3,23

700 292 309 5,82

800 288 304 5,56

900 277 292 5,42

1000 274 288 5,11

3a 3HaueHHSMU, 10 HaBeAeHi B Tabmuii 4.17, moOynoBaHi HOMOTpaMH, SKi
BiI0OpakaroTh 3MiHY TeMIepaTypu rasiB micis muriHapa auzens 51.23/30 MAN-

B&W Diesel Group 3a pi3Hux ymoB ekciepuMeHTy (puc. 4.17).

£,°C =T [
300
280r | | [ | - |
112 1 L | | || | | | | | | | | _—2
1
263 100 200 300 400 500 600 700 800 900 1000 7 h
L]
1_
2 | | [ | | { | - | |
3._
4 [ ] L
5_
At % : | | |

Puc. 4.17. 3mina TemnepaTtypu ra3iB Micis MITIHIPA U3
5L23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB NPOBEACHHS €KCIIEPUMEHTY:
1 — muzens AE 1; 2 — nusens AE 2
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Excmmyararisi cyqHOBUX AW3ETIB HEMOXJIMBA 0€3 MIATPUMKHA E€KOJIOTIYHUX
napaMmeTpiB. OAHMM 13 TOJOBHMX €KOJOTIYHHMX MapaMeTpiB, BEIMYHMHA SKOTO
periiaMeHTyeThcsi BUMoramMu IMO, € KOHIICHTpaIlisi OKCHIIB a30Ty BHITYCKHHUX
razax — NOx [205, 206]. IMO npen'sBisie spycHuit miaxia go emicii NOy 3a1exHO
BiJ1 poky OyniBHUILTBa cyaHa: Tier I — nist cyaen, 30ygoBanux g0 2000 p.; Tier II —
s cyneH, 30yaoBanux j1o 2011 p.; Tier IIl — nna cyneH, moOymoBaHUX MiCIs
2016 p. Bignosinno mo umx BuMmor, Bulker Carrier, Ha SKOMy BHKOHYBAJIHCh
JTOCHIKeHHs, BiMHOCUTBCS 10 sipycy Tier II. KoHueHTtpaiisi OKCHIIB a3o0Ty y
BUMMYCKHUX Trazax NOy CyTHOBUX AH3ENIB (SK TOJIOBHHX, TaK 1 JOMOMIXHUX) Y

IbOMY BHUIIAAKY HC ITIOBHMHHA IICPCBUITYBATHU 3HAYCHHA

NOY™ <4407,

Jie n — 4acToTa oOepTaHHs Bajia JU3elis, 00/XB.

BpaxoBytoun xapaxrepuctuku auzens SL23/30 MAN-B&W Diesel Group

NOT™ < 44.900"* =9,20r/(xBt-r01).

Konnentparito okcuaiB a3oty NOx y BUIYCKHUX ra3ax KOHTPOJIOBAIM 3a
nonomororo  razoananizatopa Testo350XL  (Himeuuwna). ["azoanamizatop
JIO3BOJIIE TIPOBOJAMTH BUMIPIOBaHHS B jiana3oHi Temmeparyp 1o 1200°C.
["azoanamizatopu Testo350XL BiAMOBIMAIOTE BHMOTaM CHUCTEMH IOCTIHHOTO
moHiTopunary BukuniB (CEMS) AreHTcTBa 3 OXOpPOHHM HaBKOJMIIHBOTO
cepenopuiia (EPA). AHai3 BUITYCKHUX Ta31B IPOBOJUBCS B Ta30B1BIIHIH JIiHIT Ha
Bizctani 10 M Bim Micls BHXOAY rasiB 3 ra3oTypOoHarHiTava, mo BiJANOBiIae
Bumoram TexHiuHoro kojiekcy 3 NOx [207]. IToxubka BumMiproBaHHs BUKKIB NOy
3 BHUIIYCKHMMHM Ta3aMH, BHU3Ha4YCHa razoanamzatopom Testo350XL, He
nepeoubiryBana +1,0 %.

Busnauenns xonmerntpamii NOyx y BHIIyCKHHX Ta3aX BUKOHYBAJIH depe3
koxH1 100 rogun poOoTH, y 11eil mepioa au3esi eKCIUTyaTyBajlucs Ha Pi3HUX, aje
pPIBHUX MIX COOOH HaBaHTaXEHHSAX. Pe3ynbTaTd BUMIPIOBaHb HABEICHO Y

tabmui 4.18.
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Tabmuns 4.18
3mina koHueHTpauii NOy y BUIIYCKHHX Ta3ax AU3eIs

5L23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB €KCIIEPUMEHTY

Konnentpartiss NOy B BUITyCKHUX BignocHa 3miHa KOHIIEHTpAIIil
Hae razax, r/(kBr-rox) NOx y BUIIyCKHUX razax,
TOJIMHH
Huzens AE 1 Huzens AE 2 ANOx %
100 8,40 8,51 1,31
200 8,18 8,38 2,44
300 8,14 8,31 2,09
400 8,38 8,65 3,22
500 8,20 8,58 4,63
600 8,21 8,63 5,12
700 8,55 8,81 3,04
800 8,52 8,82 3,52
900 8,15 8,57 5,15
1000 8,12 8,48 4,43

Jns Bcix iHTepBaniB BumiptoBaHb (Bing 100 go 1000 roguH) KOHIEHTpaIls
NOx y BumyckHux razax ans auzens AE 2 mepeBuinyBana aHajgoriyHe 3HAYCHHS
g nuseist AE 1.

[TopiBHsTbHY OLIHKY KOHIEHTpawiio NOx y Bunmyckuux razax nusenis AE 1 i
AE 2 moxna BukoHatu monao BigHocHOi 3MiHHM ANOy, ska BHU3HAYacThCS 3a

BUPA3OM:

NOL™” - NO™

AE2
X

ANO,, =

100%,

e NOL™, NOXF' — konnentparis NOy y Bumyckuux razax gusenis AE 2 i AE 1

3a OJJHAKOBUM MPOMIXKOK 4acy, r/(kBT-rox).
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3uauennss ANO, wnaBeeni y taOnumi 4.18. 3a 3HauCHHSIMH, 110 HABEJICHI B

tabmuili 4.18, moOymoBaHI HOMOTpaMH, SKI BiJIOOpakarOTh 3MIHY KOHIIEHTpaIlii
NOx y Bunyckaux razax auzens 5L23/30 MAN-B&W Diesel Group 3a pizHux

YMOB €KCIIEpUMEHTY (puc. 4.18).

8.3 2 — | 2
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Puc. 4.18. 3mina xonmnentpaitii NOy y BUITYCKHUX ra3ax AU3ems
5L23/30 MAN-B&W Diesel Group 3a pi3HUX YMOB NPOBEACHHS €KCIIEPUMEHTY:
1 — mu3ens AE 1; 2 — qu3ens AE 2

JlomaTKOBO 3a3HAYMMO, IO MPOTATOM EKCIEPUMEHTAIBHUX JIOCIIIKEHb
3HaueHHs KoHieHTpanii NOyx y BHUIYCKHHX Tra3aXx HE IEepPeBHIYBajo

MaKCHUMAaJIbHOI'O 3HAYCHHA, AKC PCriIaMCHTYETHCS BUMOTI'aMH IMO.
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4.2.2. BunipoOyBaHHS B CUCTEMI HUPKYJSALIAHOTO MAILIEHHS CYTHOBOTO

mu3ena Yanmar 6EY 18AL

3 MeToro 30LIbIICHHS MAacCHUBY €KCIIEPUMEHTAIbHUX JIaHUX AaHaJOT14Hi

JOCTIPKEHHsI BUKOHYBAJIMCh Ha MOPChKOMY cynaHi kiacy Multipurpose Vessel

nenseitom 27540 ToOHH, JOMOMIXKHA €HEepreTUYHa yCTaHOBKA SIKOTO CKJajajacs 3

TppOoX opHoTUmHUX cyaHoBux COJ] Yanmar

XapaKTEPUCTUKAMMU:

e iametp 1uiiHaApa — 180 Mm;

oxi opirHs — 280 MM;

eyactoTa obepranss — 1000 06/xB;

® KIJIbKICTh LIMJIIHJIPIB — 6;

eHOMiHaJIbHA MOTYXHICTh — 800 KBT;

eruToMa BuTpata naymmsa — 193 r/(xkBt-ron) [114].

6EY18AL 3 HactynHuMH

JlocnikeHHsT BUKOHYBAIUCH It MoTOpHUX MacTuin Total Lub Marime

AURELIA TI 15/30 Tta LukLub Marime NAVIGO TPEO 15/30. OcuHoBHI

XapaKTepUCTUKU MOTOPHUX MAacTUJI HaBelIeHO y Tabuwmili 4.19.

Tabomus 4.19

OCHOBHI XapaKTEPUCTUKU MOTOPHUX MacTHIT™

MoKasHuK Total Lub Marime LukLub Marime
AURELIA TI 15/30 NAVIGO TPEO 15/30

Knac SAE 30 30
['ycruna mpu 15°C, kr/m’ 910 898
B’si3xicts mpu 100 °C, cCt 14,1 11,5
3araibHe  JIy)KHE  YHCIIO 14,2 14,2
Total Base Number (TBN)

Temnepatypa cnanaxy, °C 230 230

Ipumimxka: * — namni i MacTuiIa 10BLILHO no3HaveHi sk MM Ne 1 ta MM Ne 2



163

ONTHYHUM METOAOM EJINCOMETpil (CXeMy Ta TEXHOJIOTII0 MPOBEACHHS

BUMIPIOBaHb SIKOTO HaBEACHO y 1. 3.2) OyJi0 BU3HAUEHO 3HAYCHHS KPallOBUX KYTiB

3MOYYBaHHA BM Ta TOBIIWMHHU MACTHJIBHOI'O HIApy dMM. 3HaueHHS OuX BCJIMYHMH

HaBejeH1 y Tabnuii 4.20.

Taomuig 4.20

CtpykTypHi XapakTepucTuku MotopHux mMactui Total Lub Marime

AURELIA TI 15/30 ta LukLub Marime NAVIGO TPEO 15/30

[Tapamerp MM Ne 1 MM Ne 2
KpaiioBuii Kyt 3MouyBaHHS, 0., Tpaj 19,6 17,2
ToBMmMHA MACTHIIBHOTO MAPY, dyy, MM 3.9 2,6

EKCHHyaTaHiH I[I/IBCJIiB ImpoBoauJIaCsa 3 BHKOPHUCTAHHAM CYAHOBHUX IIAaJINB

RME180 Ta DMAULS. Ixni ocHOBHI XapakTepucTHKH HaBeseHi B Tabmumi 4.21.

Tabmui 4.21
OCHOBHI XapaKTEPUCTUKU CyTHOBUX MaJMB IT1J1 Yac MPOBEJICHHS EKCIIEPIMEHTY
[Toka3Huk RME180 DMAULS
['ycruna mpu 15°C, kr/m’ 935 879
B’s3xicts pu 50 °C, cCr 72,4 5,75
Bwict cipku, % 0,42 0,065
Hwuxua TeroTBopHa 31aTHICTh, KJK/KT 41750 42380

ExcrutyaTtamiss qu3eniB  mij dYac mepeOyBaHHA CyAHA B CHEIaJIbHUX
ekoJjioriuHnx paiionax (Sulphur emission control area — SECA) npoBoauiacs Ha
namuBi DMAULS. [Ilin wac pobGotu mo3a €KOJOTIYHUMH paidoHaMU
BUKOpHUCTOBYBajocss mnamuBo RMEI180 [209,210]. Ilotpebu cynHa B
eJIeKTpoeHeprii 3abe3nedyyBaivcss OJHUM (y pa3l HaBaHTAKEHHS Ha CYJTHOBY
enekrpocranuifo a0 500 kBT) abo pABoMa mapanenpbHO —MPALIOIOYUMU

JOTIOMIXHUMHM JBUTYHamu (y pa3i HaBaHTaxxeHHs nmoHaa 500 xkBT). Jlocmimkenus

BUKOHYBAJIM Ha peXUMax poOOTH, KOJIU BUKOPUCTOBYBAJIMCSA JIBA JH3EIIL.
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[TapanensHa poboTa au3eniB 3abe3nedyBaia piBHUN PO3MOALT HABAHTAKEHHS MIXK
HuMH. Tperiit au3enp abo mepeOyBaB y cTani stand-by, abo ekcrutyaTyBaBcsl Ha
HEOOX1THOMY HaBaHTaXeHHI (y pasi, Koiau I 3a0e3MeueHHs] TMOTYXKHOCTI
CHOXHUBAYiB OyJI0 JOCTaTHbO OJHOTO JW3€Ns), MPH LbOMY MNEPIIUN Ta APYTUi
JU3€N11 HE eKCILTyaTyBaJINCH.

3abe3neueHHsT PEKUMIB MAIlEHHS JIJIs TU3€IiB MOAI0HOTO TUITY MOXKJIMBE 3a
JIOTIOMOTOI0 PI3HUX MOTOPHUX MAcCTHII, sIKI MaioTh B'S3KicTh 12...17 cCr, myxHe
gucio 14...17 MmrKOH/r ta BigHOCsAThCS 110 Kitacy SAE 30...40.

Juzeni Manu 3arajibHy NadMBHY cucTeMy (Ipu SIKIM yci Tpu Ju3eni
eKCIUTyaTyBaJIUCSl HA OJTHOMY COPTI NaJMBa) Ta aBTOHOMHI cucTeMu MaieHHs. Lle
JIO3BOJISIIO  JUIS  JIBOX JIM3€JiB, Ha SKUX BUKOHYBAJIHWChH JIOCIIJIXKEHHSI,
BUKOPHCTOBYBATH Pi3HI MOTOPHI MacTuja. Y CHUCTEMI HUPKYJISALUIHHOTO MallleHHs
OJIHOTO 3 JHU3eNIIB BUKOPHUCTOBYBajocsi MoTopHe Mmactuio Total Lub Marime
AURELIA TI 15/30, y cuctemi MauieHHsi Apyroro — motopHe mactuio LukLub
Marime NAVIGO TPEO 15/30. OOumaBi MOTOpHI MacTHIa PEKOMEHIOBaHI
dbipmamu Wartsila, MAN-Diesel, Caterpillar-MaK, Yanmar, Daihatsu, Himsen s
BUKOPHUCTAHHA B Cy/IHOBUX TPOHKOBHX JHM3EJIAX.

Ha mouaTok ekcrepuMeHTIB Ju3elni nepeOyBail B OJIHAKOBOMY TEXHIYHOMY
cranl. Ha nuszensx Oynau mNepeBCTAHOBIEHI JAETall LMJIIHIPOMOPIIHEBOI TPyHu
(BTYJTKM UWJIIHAPIB, TOPIIHI, MOPIIHEBI KIJIbIA) Ta KPHUBOIIUITHO-IIATYHHOTO
MeXaHi3My (IIaTyHH Ta BKJIQJIUII MOTUJIbOBUX IMiAIIUITHUKIB).

JlocnmikeHHsT BUKOHYBJINCH TIiJl 4ac TMEPEXOJiB CyJHA, TPUBATICTh SKUX
cranoBuina 12...18 auiB. Ilpu mpomy (y 3B'SI3Ky 3 BIACYTHICTIO MaHEBPOBUX Ta
IIBAPTOBUX PEXKHUMIB, & TAaKOXX BAHTAKHUX OIEpalii) eKcrulyaTalis Iu3esiB
BimOyBamacst 0e3 CTpuOKomomiOHOI 3MiHM HaBaHTaXeHHA. (CTaH MaJIWBHOI
anaparypu (MajJuBHUX HACOCIB BHUCOKOIO THCKY Ta (OpPCYHOK), a Takox il
peryiroBalibHI mapaMeTpu (TUCK HarHiTaHHSA, KyT MOYaTKy IMojayi majuBa) BCIX
u3eNiB Oynau 1IEHTUYHI. Y cHCcTeMax 3MallyBaHHS Ta OXOJIOJKCHHS JU3ETIiB
HiATPUMYBAJINUCA OJHAKOBI 3HAYCHHS TeMIlepaTypu Ta THCKY. llepen mowyatkom

eKCIIEPUMEHTIB y LUPKYJALIMHUX CHCTEMax IU3eiB OyJIo MOBHICTIO 3aMiHEHO
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macTiio. KomrmeHcariss BUTpaTd MacTHia Ha BHUTap ISl KOXKHOTO 3 JIM3EIiB
BUKOHYBasiacs B 00csa31 100 mitpiB yepe3 100 rogun exkcrutyararii.

[lim yac mpoBeACHHS EKCIEePUMEHTY (IKCYyBaJIUCS 3HAYCHHS TaKUX
MOKAa3HUKIB pOOOTH AM3ENsl: TUCK CTHUCHEHHS — p., TEeMIeparypa Ta3iB Micis
WTHIpa — f., KOHIEHTpAIlis OKCUAIB a30Ty y BUIyCKHUX ra3zax NOyx, a Takox
TBN mactmia. Kpim toro, y 6eperosiii 1abopaTopii BUKOHYBaBCSl CIIEKTpaIbHUN
aHai3 MacTWia 3 METOK BHU3HAYCHHS B HHOMY KUIBKOCTI JOMIIIOK, SIKi
XapaKTepU3ylTh 3HOC JeTaled nu3ens Ta 3a0pyaHeHHs wmactuia (Wear Tta
Contaminant Elements).

[linm dYac mpoBeneHHS EKCIEPUMEHTY KOHTPOJb Ta JIarHOCTYBaHHS
TEXHIYHOTO CTaHy MacTHUJa BUKOHYBAJIUCh IIISIXOM TPUPA30BOTO BH3HAYCHHS
TBN 3 i#TepBasioMm Bigoopy mnpoO 1ron. YcepenHeHi 3HAYCHHS OTPUMAHHX

pe3yJIbTaTiB eKCIEPUMEHTY HaBeAeHO Yy Ta0muil 4.22.

Tabmanis 4.22

3mina TBN u ATBN MOTOpHHUX MacTWJI Mij Yac MPOBEICHHS EKCIIEPUMEHTY

MM Ne 1 MM Ne 2
Yac, ronguau
TBN ATBN, % TBN ATBN, %
0 14,1 — 14,0 —
200 13,7 -3,52 13,6 -4,23
300 13,1 -7,75 13,0 -8,45
400 12,8 -9,86 12,6 -11,27
500 12,6 -11,27 12,3 -13,38
600 12,3 -13,38 11,9 -16,20
700 12,0 -15,49 11,5 -19,01
800 11,8 -16,90 11,0 -22,54
900 11,5 -19,01 10,7 -24,65
1000 11,3 -20,42 10,4 -26,76
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Sk cBiguaTh daHi, 1m0 HaBeAeHi B Tabmuui4.22, And BCIX 1HTEpBaliB

BumiproBanb (Big 100 o 1000 roaun) 3nadenuss TBN gt MM Ne 1 (i BiamoBiaHO

nonomixHoro aBuryHa Ne 1) mepeBuiyBajio aHajoriyHe 3HadeHHs it MM Ne 2

(ta monomixkaoro asuryHa Ne 2). [lopiBHsuibHy oniHky 3MiHd TBN nu3eniB MoxkHa
BUKOHATH 3a 11 BIJIHOCHOIO 3MIHOIO, 1110 BU3HAYAETHCS 32 BUPA3OM:

ATBN = TBN e = TBN, 100%,
TBN

nom

e TBNme, TBN,om — 3HaueHHs TBN y meBHUN MPOMIXKOK Yacy Ta HOMIHAJIbHE

3HadeHHs TBN (o6unBa coptu mactuia mMaroth TBN,,,=14,2 — Tabnuis 4.20).
3nauends ATBN uHaseneni B TtaOmuii 4.22. 3a 3HadueHHIMH TaOimii 4.22

noOy/I0BaHO HOMOTrpaMmH, 10 BimoOpaxaroTh 3MiHy TBN ta ATBN MoTOpHHX

MacTuil — puc. 4.19, 4.20.
BN

14—

131

121

L 1
1
i 2
0 200 400 600 800 1000 £h
Puc. 4.19. 3mina TBN cynnoBux motopHux Mactuii: 1 — MM Ne 1; 2 — MM Ne 2

200 400 600 800 1000 ¢ h

Wu

ABN,
%

[=1

Puc. 4.20. Bignocue 3amxenHs ATBN cyqHOBUX MOTOpPHHMX MaCTHII:

I1—-MMNe1;2—MM Ne 2
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SKICHIIIIOl  OIIHKH BU3HAYCHHS  (PYHKIIOHATHHUX

Jls

XapaKTepUCTUK MOTOPHOI'O MacTWjia BUKOHYETHCS MOTrO CIEKTpajIbHHUM aHali3.

CTaHy Ta

[Ipy 1BOMY BHU3HAYAETHCS KUIBKICTh PI3HMX XIMIYHUX €JIEMEHTIB, SKI
MOTPAIISIOTh Y MAaCTHJIO B PE3YNbTATi 3TOPSHHS TaJWBa, 3HOIIYBAHHS JeTaliei
Iu3ersl, a TaKoX B pe3yibTaTi 0e3mocepeqHbOTO OKHCIEHHS CaMOro MacThja.
YacTtuHy nmx eneMeHTIB (BIAMOBIAHO A0 iX (DYHKIIOHAJIBHOI Jii) BIIHOCATH 0
kareropii Wear Elements (10 aux BimHocsath Al, Cr, Cu, Fe, Sn, Pb), vactuna — 10
kateropii Contaminant Elements (1o Hux BimHocate B, Na, Si, V, Mo, Ni).
Pesynbrat cnekrporpadiuHoro aHamizy MoTopHuX Mactui micis 1000 romun
eKCIUTyaTallll B LUPKYJSALIAHIA cucTemi MamieHHs ausens Yanmar 6EY18AL
HaBejieHo y Tabnuin 4.23.

Tabmus 4.23

PesynbraTu criektporpadiuHoro anami3zy MoTopHux Mactui micist 1000 rogus

eKCIUTyaTallli B IUPKYJSLiiHINA cuctemi ausens Yanmar 6EY 18AL

Wear Elements, Contaminant
. MM Ne 1 | MM Ne 2 Elements, mr/ir MM Ne 1 | MM Ne 2
Al (Aluminum) 5 7 B (Boron) 15 17
Cr (Chromium) 1 2 Na (Sodium) 9 23
Cu (Copper) 1 9 Si (Silicon) 4 16
Fe (Iron) 9 23 V (Vanadium) 20 62
Sn (Tin) | 3 Mo 3 4
(Molybdenum)

Pb (Lead) 1 1 Ni (Nickel) 4 21
3aranpHa 18 45 3arasipHa 55 143
KUJIBKICTB, Sum KIJIBKICTB, Sum

3a pe3yabTaTaMu, 110 HaBeAeHi B Ta0nuii 4.23, moOy10BaHO HOMOTpaMH, SIKi

BiloOpakeHi Ha puc. 4.21.
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mg
kg 2
Sum = 143

mg 125¢

T Sum = 45

kg =

401 - 100}
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Wear Elements Contaminants Elements

Puc. 4.21. Pe3ynbraTi CIEKTPaIbHOTO aHATI3y MOTOPHUX MaCTHIT
(BHCOTH CTOBITYMKIB BIMOBIAIOTHh 3HAYCHHIM, HaBeJACHUM Yy Tabnwuii 4.23):

1 -MMNe ;2 —MM Ne 2

BusHaueHHs AWHAMIKKM 3MIHH CTPYKTYPHUX XapaKTEPUCTHK MOTOPHOTO
MacTiia (KpalloBOro KyTa 3MOUYYBaHHS Ta TOBIIMHM MACTHJIBHOTO IIIapy)
BUKOHYBAJIOCS B HayKOBii JiabopaTopii 3a JIOMOMOTOIO eNINCOMETPUYHOI
YCTaHOBKH (BIAMOBIAHO 10 METOJIWKH, HaBeaeHOoi B 1. 3.3). Binbip nmpo0d macTuia
MPOBOJIMBCSI B TPHhOX PI3HUX TOYKAX KapTepa AWU3ENsl ] 4ac MOro 3yNUHKH B
IHTEpBaJIl 4YacCOBUX TMPOMIXKKiB, ekBiBajeHTHUX 500 1 1000 roguH poOOTH.
YcepenHeHi 3HAYEHHS CTPYKTYPHUX XapaKTEPUCTHK MOTOPHOTO MacTHIIa
(kpaiioBOro KyTa 3MOUyBaHHS O Ta TOBIIMHU MAaCTUJILHOTO MIAPY d,,,) HABEJIECHO Y

Tabymi 4.24.

Taomur 4.24
JluHamika 3MiHU CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHUX Macell
4 KpaiioBuii KyT 3MOUyBaHHS, ToBmHa MaCTWIBHOTO 1IAPY,
ac
0, rpan Ay, MM
eKCILTyaTallii,
MM Ne 1 MM Ne 2 MM Ne 1 MM Ne 2
TOJIMHU

(mu3ens AE 1) | (muzens AE 2) | (nu3ens AE 1) | (auzens AE 2)

0 19,6 17,2 3,9 2,6

500 17,8 12,2 3,1 2,0

1000 16,3 9,7 2,7 1,8
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3a pganumu Tabnumi 4.23 1oOynoBaHO HOMOTpaMH, WIO BiTOOpPaXKaroTh

JUHAMIKY 3MIHU CTPYKTYPHHUX XapaKTePUCTHUK MOTOPHOTO MacTuia — puc. 4.22.

®: doilb
grad mm
15— 3
1 2 1 1
10 H 1 2 1
2 2 1
2 2 2
5 |
0 500 1000 # h 500 500 1000 ¢, h
Q) 0)

Puc. 4.22. Jlunamika 3MiHU CTPYKTYPHUX XapaKTEPUCTHUK MOTOPHUX MACTHIL:

@ — KpaloBHiA KyT 3MOYyBaHHsI, 0, Tpaj; 6 — TOBIIMHA MAaCTUIBHOTO IAPY, dyy, MM;

1 -MM Ne 1;2 —MM Ne 2

OnHMM 13 TOKa3HMKIB, SIKUH XapaKTEepHU3ye MpPalle3laTHICTh AMU3EIN, € TUCK
CTHCHEHHS. MOro 3HIDKCHHS B OKpEeMHUX IWJIHIApaX JOu3eis CBIIYUTH IPO
HOTIPIIEHHS KOMIPECIHHUX BIACTUBOCTEN MOPIIHEBHX KiJElb Ta MOTPAIUIHHS
METaJeBUX JIOMIIIOK Ha MMOBEPXHIO BTYJIKHU IWIIHAPA. 3HIKCHHSI TUCKY CTUCHEHHS
y BCIX HMIJIIHAPAX JU3EJIsS CBIIUUTH MPO MOTIpIICHHS Tpoiiecy mareHHs. [l gac
€KCIIEpUMEHTY 3HAYCHHS THCKY CTUCHEHHSI BU3HAYAJIOCA 33 JOIIOMOTOI0 CYIHOBOI
CHUCTEMHM JiarHOCTHKM Doctor mjis KOXKHOTO 3 IMUJIHJAPIB Au3ens (Mpyu BUMKHEHHI
1o/1avl MmajvBa B IaHWW IIUTIHJP). 32 OTPUMAHUMHU 3HAYEHHSMU PO3PaXxOBYBAIOCS
CepeHE 3HAUCHHS TUCKY CTHUCKYBaHHsS IO BCIX ImHApax. KoHTpoib THCKY
CTHCHEHHSI BUKOHYBaBCA Ticis |- ronuHu poOOTH AM3EIIB Ta Aaii 4epe3 KOXKHI
100 ronun pobotu. Ha THM4YacoBHX MpPOMIXKKaX, Y SIKHX BUKOHYBaBCS KOHTPOJIb
tucky ctucHenns (1, 100, 200, 300, 400, 500 roauH), Au3€Nl MpALOBAIA HA
pI3HUX, alle OAHAKOBUX MK CO0OI0 HaBaHTa)KeHHsX (B miama3oHi 450...600 kBr).
Cucrema niarHoctuku Doctor 103BOJIsI€ KOHTPOJIOBATH IapaMeTpH poOOYOro
mpoliecy au3ens 3 MmoxuoOkoro, mo He mnepesuirye 1,0 %. Otpumani 3HaYEHHS

HaBezeHl y Tabnuii 4.25.
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Tabmuug 4.25
3MiHa CEpPeTHhOTO TUCKY CTUCHEHHS, p., MIla, nuzens Yanmar 6EY 18AL 3a

PI3HUX YMOB IIPOBEJICHHS €KCIIEPUMEHTY

Tuck crucHenss, p., MIla
Yac, rogunu, MM Ne 1 MM Ne 2
(mu3enb AE 1) (muzenb AE 2)

| 9,17 9,17
100 9,14 9,12
200 9,12 9,06
300 9,11 9,03
400 9,09 8,98
500 9,08 8,94
600 9,07 8,91
700 9,07 8,87
800 9,06 8,85
900 9,05 8,83
1000 9,05 8,82

Okpemo 3a3HauMMO, II0 OCHOBHUM KpuTepieM y Tabumii 4.25 € He 3MiHA
TUCKY 4acy aisa ogHoro 3 auseniB (AE 1 abo AE 2), a 3MiHa TUCKY 3a OJIHAKOBHM
npoMixkok yacy aist 060x au3eniB (AE 1 1 AE 2). HeysromkeHicTh y 3HaU€HHSAX
[UX BEJIWYMH CBITYUTH MPO MOTIPIICHHS TEXHIYHOT'O CTaHY IWJITHIAPOIOPITHEBOI
TPYIU JU3ETIS.

BianoBigHO A0 mpaBuil eKCIulyaTallii HEey3ro/KeHICTb TUCKY CTUCHEHHS I10
WTIHpaX AU3es BiJl CEpeAHbOrO 3HAaYCHHs] HEe OBHHHA NepeBuiyBaTu 12,5 %.
3HayeHHs, 10 HaBeJeHl y Tabsuii 4.25 cBiyarh, IO I YMOBa BUKOHYBajacs
IPOTSATOM YChOTO €KCIIEPUMEHTY.

Jlia Bizyamizaimii OTpUMaHMX peE3yJbTaTiB 3a 3HAYCHHSIMH TaOnuii 4.25

noOyA0BaHoO J1arpaMu, 10 Moka3aHi Ha puc. 4.23.
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pc’
MPa

9.1 —

50r N2

8.9 ml —

8.8 : _| i‘

1 200 400 600 800 1000 th

Puc. 4.23. 3mina TuCKy CTUCHEHHS, p., MlIla, nu3enst Yanmar 6EY 18AL 3a pizaux

YMOB NpOBeJCeHHS ekcriepumenTy: 1 — quzens AE 1; 2 — quzens AE 2

[Tix yac exkcrutyaraiii BiI0yBa€ThCSl MOCTYIOBE 3HUKEHHS TUCKY CTHCHEHHSI.
[le moB'si3aHO 13 3MEHIICHHSM KOMIIPECIMHOI il TOPIIHEBUX KUICIh Ta
MOCTYIIOBUM 3HOCOM IMJTIHPOBHUX BTYJIOK. J[1ama30H 1{bOTO 3HIKCHHS IS TU3EIIS
AE 1 3a npomixok 4dacy 1...500 rox cranoBuB Big 9,17 MIla no 9,05 Mlla; ms
mmzens AE2 Bim 9,17 MIla no 8,82 MIla. IHTEHCHUBHICTH MaJiHHS THCKY
CTUCHEHHS B 4aci Moke OyTH BU3HAYCHA SK BITHOCHE 3HMKEHHS TUCKY CTUCHEHHS

3a BUPA30M:

time nom

Ap, =Fe L 100%,

nom

Pe

e pf‘“, p*™ — 3HaA4YEHHSA THUCKY CTHCHEHHS II0 anin{pax IU3€IsI B IIEBHUM

IPOMDKOK Yacy Ta HOMIHaJbHE 3HAaYeHHS THUCKY cTHcHeHHs, Mlla (3rigHo 3
IHCTPYKIIIEIO 3 eKCIUTyaTallli HOMIHA&JIBHUH THCK CTHUCHEHHS CTaHOBHUTH
pm=9,15 Mlla).

BpaxoByroun 3Ha4eHHS p., 10 HaBeeHI y Tabmuill 4.25, a TaKoX BETUYHHY

p°™, BU3HAUYMMO 3HAUEHHS Ap,, sIK1 y3araJbHUMO B Tabnuill 4.26.
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Tadomus 4.26

BignocHa 3miHa THCKY cTHCHEHHS, %, nu3ens Yanmar 6EY 18AL 3a pizHux ymoB

EKCIIEPUMEHTY
Yac, ronuHu MM Ne 1 (nuzens AE 1) MM Ne 2 (nuzens AE 2)

1 0,22 0,22
100 -0,11 -0,33
200 -0,33 -0,98
300 -0,44 -1,31
400 -0,66 -1,86
500 -0,77 -2,30
600 -0,87 -2,62
700 -0,88 -3,06
800 -0,98 -3,28
900 -1,09 -3,50
1000 -1,09 -3,61

3HaueHHs, 10 HaBelneHl B Tabmumi 4.26 BimoOpaxeHl Ha Jiarpami, ska

noka3aHa Ha puc. 4.24.

Ap %

0.5
ol mm 20 400 600 800 1000 #h

A hILL

Puc. 4.24. BignocHa 3MiHa TUCKY CTUCHEHHSI, Ap., %, nu3ens Yanmar 6EY 18AL

3a PI3HUX YMOB MPOBEICHHS €KCIIEPUMEHTY:

1 — mu3ens AE 1; 2 — qu3ens AE 2
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OxnuM 13 mapaMeTpiB poOOTH AM3ENs, IO XapaKTepusye SKICTh Mepediry
po0OoYoro mporecy, € TeMIeparypa rasiB TMicis HWIHApa f. 3O0LIbIIeHHS ii
3HAQYEHHS II0JI0 OKPEMUX LUIIHAPIB IU3€Jd CBIAYUTH MPO MOTIPHICHHS MPOIECY
3TOpSIHHS TaJMBa B IMUIIHAPI nu3ens (y pasl Mi3HHOTO BIIOPCKYBAaHHS) a0 IMpo
MIJBUIICHY KIJIbKICTh MAcTWJIA, SIKE TMOTPAIUIAE€ HAa CTIHKW IWJIHIpA Ta 3ropse
pazom 3 nanuBoM. KoHTpoJib TemMmnepaTypu rasiB Mmicisl MUIHApa au3eias Yanmar
6EY18AL mpoBoauBcsi 3a JOMOMOrol0 BOYIOBAaHOI CHCTEMHU TIarHOCTHKH, IO
BUKOHY€E BHUMIPIOBAHHS TEMIEpaTypyd Ta BUBEACHHS IIOKa3aHb Ha KOMII'HOTEP
IEHTPAIBHOTO TTOCTa yIpaBiiHHA. BuMiproBanus npoBoauiucs mis au3eniB AE 1
1 AE2 B iaTepBami 100...1000 roguH, npu 1IbOMYy JU3€J1 €KCILTyaTyBalluCs Ha
pI3HUX, aje pPIBHUX MDK CO000I0 HaBaHTaXEeHHsAX. Jliama3oH iXHBOI 3MIHH
3HaxonuBca B Mexax 450...600 kBt. IlporsroMm ycboro mnepiogy MNpOBEACHHS
EKCIIEPUMEHTY  HIATPUMYBAJIHUCS  OJIHAKOBUMHU  TapaMeTpu B  CHCTEMax
OXOJIOJDKCHHSI Ta MaIlleHHs JU3eNiB (TemiepaTypa MacTuja Ha BXOJll B JU3€EIb,
TEeMIIepaTypa BOJIY HA BUXO/I 3 JU3EJs, TUCK MACTHJIa Ta BOJU HAa BXOJIl B JIU3EJb).
3HaueHHs f, BU3HAYAIKMCS KOXKHOTO LMIIHApa Au3ens. Y Tabnuui 4.9 HaBeaeHO

CepeHi 3HAYCHHS £, IJIs1 BCIX IUJIIHAPIB.

Tabomuig 4.27
3MmiHa TeMIepaTypu Ta3iB micis muiaiHApa qusens Yanmar 6EY 18AL 3a pizaux

YMOB €KCIIEPUMEHTY

Yac, ToAuHU Temneparypa rasis, °C BigHocHa 3miHa

, Huzens AE1 | Jluzens AE 2 TemMIeparypH, %
100 2905 297 0.68
200 286 292 2,10
300 281 288 2,49
400 294 302 2,72
500 287 296 3.14
600 290 301 3.79
700 296 308 4,05
800 290 302 4.14
900 293 307 4,78
1000 271 286 5.54
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dipma Yanmar oOMexye 3HaYEHHS TEMIEPAaTypu BHUIYCKHHMX Tras3iB, ii
MakcUMayibHe 3HadeHHs st auseniB 6EY18AL He moBuHHE mepeBUIyBaTU
310 °C. Pe3ynbraTH, HaBeAeH1 B Tabaui 4.27, MiATBEPAXKYIOTh, IO €KCILTyaTallis
JIM3eJIB MPOBOAMIIACA 3 JOTPUMaHHAM Iii€i BUMOTH. J[0JaTKOBO 3a3HA4MMO, IIO
MiJ] 4ac €KCIEepUMEHTY BIIXWJICHHS 3HAUEHHS TEMIIEpaTypu BUIIYCKHUX ra3iB 3a
OKpEeMHUMHU LWIIHAPAMH BiJl CepeAHbOI0 3HaueHHs He mnepeBuinyBaiio £10°C, mio
BIJIMTOBI/Ia€ BUMOTAM MPABIJI TEXHIYHOI eKCTUTyaTaIlli Cy/THOBHX JU3EIiB.
Jns kpamioi Bizyautizalii OTpuMaHi pe3ysibTaTH MPEACTaBJICH] K JiarpaMu

(puc. 4.25).
1,°C = =
300 = = =

280F |1l2

260 4‘?

100 200 300 400 500 600 700 800 900 1000

Puc. 4.25. 3mina TemmniepaTypH rasiB micis uaiHapa ausens Yanmar 6EY 18AL
3a PiI3HUX YMOB MPOBEJICHHS EKCTICPUMEHTY:

1 — mu3ens AE 1; 2 — quzens AE 2

Jlnst Bcix imTepBaniB BumiptoBanb (Bim 100 mo 1000 romuH) cepemss
TeMreparypa ras3iB micis muwtiHApa a1 ausens AE 2 nepeBulyBaia aHaJoOTidyHE
3naueHHs juia ausens AE 1. TlopiBusuibHY omiHkKy 3Minu ¢ auzeniB AE 1 1 AE 2
MOKHAa BUKOHATH IIOAO BIAHOCHOI 3MIHM TEeMIeEpaTypH, L0 BU3HAYAETHCS 3a
BHPa30M:

(AE2 _ AEI
At, =

r AE2
tr

-100%,

AE2 tAE]
T >'r

Ie t — Temneparypa BunyckHux rasiB nquseneid AE 2 u AE 1 3a omnakoBuit

poMixkoK yacy, °C.
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3HayeHHs Af. HaBefeHo y TaOmiuii 4.27. 3a 11 3HaueHHSIMHU MOOYAOBaHI

HOMOTpPaMH, IO BiZOOpa)kaloTh BIIHOCHY 3MiHY TEMIIEpaTypu Tas3iB TICIs

muTiHApa qusens Yanmar 6EY 18 AL 3a pisHux ymMoB excriepuMeHTy (puc. 4.26).

At %
5 -

4
3_
2

1_
oI

100 200 300 400 500 600 700 800 900 1000th

Puc. 4.26. BignocHa 3MiHa TeMIiepaTypu ra3iB Mmicis MUIiHApPa Au3ens Yanmar

6EY18AL

Sk B cepii momepeaHiX IOCHIAKEHb, BU3HAYEHHS EKOJOTTYHOCTI POOOTH
CYJIHOBOTO JM3EJIsI BUKOHYBAJIOCH LUIAXOM BHUMIPIOBAHHS €MiCil OKCHIIB a30Ty 3
BUIIYCKHUMH ra3zamMi. MakcuMaiabHEe MOXKJIUBE 3HAYEHHS IbOTO IMOKAa3HUKa I
cynHoBoro COJ Yanmar 6EY18AL, mo Bcranosnenuit Ha Multipurpose Vessel
nenseitom 27540 tonn BignoBigHo g0 spycy Tier II lomatky VI MAPITOJI
BU3HAYAETHCS 32 BUPA3OM

NOY™ < 44n™"?

b

JIe 1 — 9acToTa oO0epTaHHs Baja AU3es, 00/XB.

BpaxoByroun xapakrepuctukuu au3eins Yanmar 6EY 18AL:

NO™ < 44.1000"* = 8,98 r/(xBt-rox).

Buznauenns xonmentpamii NOyx y BHIIyCKHMX Ta3aX BUKOHYBAJIH depe3
kokHi 100 romuH  poboTu 3a JomoMoOrow raszoaHamizatopa Testo350XL
(Himeyunna). [Toxubxka Bumipy emicii NOx cranosuia 1,0 %. [Ipu upbomy auzeni
EKCIUTYaTyBaJIMCs Ha PI3HUX, aJieé PIBHUX Mk CO00I0 HaBaHTa)XeHHAX. PesynbTaTn

BHUMIPIOBaHb HaBeeH1 B Ta0Ommii 4.28.
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Taomurg 4.28

KonmnenTparis NOy y BunmyckHux razax auseins Yanmar 6EY 18AL 3a pizaux
YMOB MPOBEJICHHS €KCIIEPUMEHTY

Konnentpanis NOx y BUITyCKHUX | BigHocHa 3MiHA KOHLIEHTPALi1

Yac,

S rasax, r/(kBr-ron) NOx B BUITYCKHUX Ta3ax,
Huzens AE 1 Huzens AE 2 ANOx %
1 8,32 8,37 0,60

100 8,52 8,62 1,17

200 8,28 8,41 1,57

300 8,01 8,21 2,50

400 8,32 8,53 2,52

500 8,12 8,36 2,96

600 7,96 8,21 3,14

700 8,47 8,75 3,31

800 8,23 8,51 3,40

900 8,51 8,81 3,53

1000 8,08 8,38 3,71

HMiarpama, mo BigoOpaxae 3MiHy koHIieHTpalili NOyx y BUIYCKHHMX Trasax,

HaBejieHa Ha puc. 4.27.

8.2—

8.0

100 200 300 400 500 rEOO 700 800 900 1000t h

Puc. 4.27. 3mina xonnentpaitii NOy y BUITYCKHUX Ta3ax AU3es
Yanmar 6EY 18AL 3a pi3HUX YMOB NPOBEJACHHS EKCIIEPUMEHTY:

1 — mu3ens AE 1; 2 — nu3ens AE 2
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JlomaTkoBO 3a3HAYMMO, IO MPOTITOM EKCIEPUMEHTAIBHUX JTOCIIIKECHb
3HaueHHA KoHmeHTtpamili NOyx y BHIYCKHUX Ta3ax HE [EpPEBUILYyBAIO
MaKCUMAaJIbHOTO 3HAYEHHS, sIKe perjaMeHTyeTbest Bumoramu IMO.

Jlnst Beix iHTepBaniB BuMiproBadb (Bim 100 go 1000 roawH) KOHIEHTpAIlis
NOx y BunmyckHux razax ajst nusens AE 2 mepeBuillyBana aHajoriyHe 3HAUYECHHS
g nuseist AE 1.

[TopiBHsUTbHY OLIHKY KOHIEHTpawiio NOx y Bunmyckuux razax nusenis AE 1 i
AE 2 MoxxHa BUKOHATH 3a BigHOCHOIO 3MiHOIO ANOy, fKa BH3HAYA€TLCS 3a

BUPA3OM:

NOS™ —NOY"

AE2
X

ANO, = -100%,

e NOR™, NOL™ — xonnentpaiis NOyx y Bunmyckaux razax auseniB AE 2 ta AE 1
3a OJJHAKOBUH MPOMIXKOK 4acy, r/(kBt-rox).
3uauenHs ANOx HaBeneHo y Tabmuii 4.28, 3a ix BelMyMHaAMH MOOYyI0BaHi

HOMOTpaMH, 110 MOKa3aHi Ha puc. 4.28.

ANOy.%

100 200 300 400 500 600 700 800 900 1000t h

Puc. 4.28. 3mina BinHocHO1 KoHIIeHTpalii NOx B BUITyCKHUX ra3ax Iu3ems

Yanmar 6EY18AL

JInsi KOMIUIEKCHOI OIIHKK BIUIMBY KpallOBUX KyTiB 3MOYYBaHHS Ha
EKCIUTyaTallliiHl TOKAa3HUKH CYAHOBUX JHU3ENIIB JIesIKI €KCIEpPUMEHTAJbHI JaH1

y3arajibHeH1 B Tabnuii 4.29.
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Tadomus 4.29

JlnHaMmika 3MiHU KOHTPOJIbOBAHUX BEJIMYHH

Cepenniit Temneparypa _
KpaiioBuii kyT o Konuenrparris
THUCK rasiB IICIs
3MOYYBaHHS, . NOyx y BUITyCKHUX
Yac, CTUCHEHHS, UUIIHAPA,
0, rpan rasax, r/(kBt-ron)
TOJUHU DPe, Mlla, t., °C
Engine | Engine
AE1l | AE2 | AE1 | AE2 AE 1 AE 2
oil 1 oil 2
0...1%* 19,6 17,2 9,17 | 9,17 | 292 293 8,32 8,37
500 17,8 12,2 9,08 | 894 | 287 296 8,12 8,36
1000 16,3 9,7 9,05 | 8,82 | 271 286 8,08 8,38

[IpumiTka: * — 0 roguH BiANOBiAA€ 3HAYEHHIO KPAaHOBUX KYTIB 3MOYYBAHHS ITiJI
yac BHM3HAUEHHS B HAyKOBIH JsabopaTtopii cmocoOom emincomMetpii; 1 roamnna
BIJIMIOBIJIa€ 3HAYEHHSM p,, 1, NOx mia yac BHU3HAYCHHI micis | rogwHu podboTH

U3EIIS

Tabnuis 4.29 xapakTepusye AUHAMIKY 3MiHH KOHTPOJIbOBAaHUX MapameTpiB.
3a 1i qaHuMu MOOYAOBaHO JiarpaMmH, siki HaBeJieH1 Ha puc. 4.29.

Jlna piarpam, mo npeacrtaieHi Ha puc. 4.29, BigzHaunmo Take. [ 3HaUeHb
KpallOBOTO KyTa 3MOYYBaHHS O BH3HAYAJIBHHUM € PI3HUII Y BUCOTaX CTOBITYMKIB
Ipu pi3HOMY 4Yaci (3MiHa BUCOTH cToBMYMKIB 1 3a wacom 0, 500, 1000 roaun Ta
BHUCOTH CTOBIMYUKIB 2 3a yacom 0, 500, 1000 roaus). [XHe 3HIKEHHS CBiTUUTH po
3MEHILIEHHS CHJI IIOBEPXHEBOI0 HATATY MacTuia. UMM 1HTEHCHUBHIILIE B1I0yBa€ThCA
3HIDKEHHS — THM MIBUAIIE BiAOYyBa€ThCcsl PYWHYBaHHS CTPYKTYPH MAaCTHUIIBHOTO
mrapy. s 3HaueHb CEpeIHBOTO THUCKY CTHUCHEHHS p., TeMIlepaTypa rasiB Miclisi
HUITHIpa ¢, KoHueHTpauii NOx y BUIYCKHUX Ta3aX BHU3HAYAJIBHOIO € PI3HULSA Y
BHMCOTaxX CTOBMYMKiB | i 2 3a oaHakoBuii yac (mpu yaci 1, 500, 1000 romun). Ii
301IbIIEHHSI CBIAYUTH MPO MOTIPHICHHA TEXHIYHOTO CTaHy LHJIIHIPOMOPIIHEBOI

rpynu Au3ess.
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Puc. 4.29. KommnnekcHa aiarpama 3MiHU KOHTPOJILOBAHUX MTapaMeTpiB
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4.3. BusHaueHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTHK CYTHOBUX MOTOPHUX
MacTUJI Ha €PEKTUBHICTh POOOTH MUJIIHAPOBUX CUCTEMHU MAIEHHS

CYJHOBUX JIN3€JI1B

JIOCHiKeHHS 1010 BIUIMBY CTPYKTYPHHX MOKAa3HUKIB MOTOPHOI'O MacTuiIa
Ha eKCIUTyaTalliliHi MOKAa3HUKU CYAHOBOTO Ju3elsi Oyld TMOIIMPEHlI Ha MOTOPHI
MacTuja, SKi BUKOPHUCTOBYIOTBCS B CHUCTEMax IMJIIHAPOBOTO (JIyOpHKAaTOPHOTO

Maienss) [90, 91, 112].

4.3.1. BunpoOyBaHHS B CUCTEMi IIMIIIHAPOBOTO MAIIEHHS CYAHOBOTO

nusena 6S60ME-C9 MAN-Diesel&Turbo

Sk Oyn0 BH3HAUEHO Y PO3IALIl 3, MOTOPHI MacTuja CYAHOBHUX JM3EIIB €
JUCIIEPCHUMHU CHCTEMAaMM. IXHi eKCIUTyaTallifiHi XapaKTepUCTUKM B TOHKHX
MaCTHJIBHUX IIapax BIAPI3HAIOTHCS Bil 00'€MHHUX BJIACTUBOCTEH 1 BU3HAYAIOTHCS
OpIEHTALIHHOIO  BIOPSAKOBAHICTIO  MOJEKYJ, IO CIHpUSi€ BUHUKHEHHIO
JIOJIATKOBOTO TUCKY, SIKUW 3a0e3neuye po3KIMHIOBAIBHUI TUCK MK KOHTAKTHUMHU
noBepxHsamu [ 154, 211]. Ak napameTpu, siKi SKICHO Ta KUTBKICHO XapaKTEePU3YIOTh
CTPYKTYpY MACTWUJIBHHUX IIIapiB, y JdaHIA cepii eKCHEePUMEHTIB TaKOX 5K B
MOTMEPEHIX NpPUUMAIKCS CTYMiHb OpPIEHTALIWHOT BHOPSAKOBAHOCTI MOJIEKYII
IpaHUYHOTO MIapy S, KpaloBUW KyT 3MOuyBaHHA O Ta TOBIIMHA MAaCTHJIBHOTO
mapy dyy.

3aBOaHHSAM  JOCHIKEHHS OyJlo BU3HAYEHHS  BIUIMBY  CTPYKTYPHHX
XapaKTepUCTUK MACTHJIBHUX IIapiB MOTOPHUX MAacCTWJ Ha 3HOLIYBAaHHS JeTajei
CYJIHOBOTO JU3EJsL.

HocnimkeHHs: BUKoHyBaiuch g Mmotopaux Mactuil Castrol CL 40 ta Texaco

Special HT 40, sxi gami poBuibHO mo3HaudeHi sk MM Ne 1 1 MM Ne 2. Bkazani
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MacTHJIa BUKOPUCTOBYBAJIKCS B LMJIIHAPOBIN / TyOpUKATOPHIN CUCTEMI MalleHHs
cynaoBoro MOJ[ 6S60ME-C9 MAN-Diesel&Turbo, mo mae HacTynmHi OCHOBHI
XapaKTEPUCTUKU: THIT — JBOTAKTHHWH, KpPEHIKOM(HMIA, HOMiHAIbHA TOTY)KHICTH
Newon=14280 kBT; HOMIHAmBPHA dYacToTa OOEPTAHHS Mye=105 XB';  KiIBKICTB
HWTHAPIB — 6; miameTp mutiHapa — d=0,6 M; Xia mopurHs — s=2,4 M.
OO6uaBa copTH MacTWIa PEKOMEHJIOBaH1 3aBOJIOM-BUPOOHUKOM SIK OCHOBHI
1] Yac eKCIuTyaTallii Jnu3els.
Ha mepmromy erarti JOCTiIKYBaIHCS CTPYKTYPHI XapaKTEPUCTHKHA MOTOPHHUX
macTii.  PesynapTatu  mocHiKeHb, a TaKOXX OCHOBHI  €KCIUTyaTaliiHi

XapaKTepUCTUKU MOTOPHUX MAacTWJI HaBeneH1 B Tabmuii 4.30.

Taomurg 4.30
CrpyktypHi xapakrepuctuku mactuil Castrol CL 40 ta Texaco Special HT 40
[Tapametp MM Nel MM Ne 2

I'ycruna pu 15 °C, xr/m’ 858 863
Kinematuuna B’s3kicts pu 100 °C, MM>/c 22,7 23,3
Temnepartypa cnanaxy, °C 242 228
3aranbHe myxHe uncio TBN, mr/r 40 40

KpaitoBuit kyT 3MouyBaHHs, 0, Tpaj 19,2 26,5
ToBMmMHA MACTHIIBHOTO MAPY, dyy, MM 3,7 4.1

[Toganein JOCHIIPKEHHS BUKOHYBAJIUCh Y CHUCTEMI LIWJIIHJAPOBOIO MaIllCHHS
cynHoBoro amzens 6SO60ME-C9 MAN-Diesel&Turbo. Ilpunnunoa cxema
CUCTEMH MalleHHs Iu3ens HaBeneHa Ha puc. 4.30 [112].

HasiBHICTH J1BOX ITMCTEpH MOTOpHOro MacTwia (mosumii 1 1 2) maBana
MOJKJIMBICTh BUKOPUCTAHHS JJISl PI3HUX TPYyN IMIIHAPIB pi3Hux mactui. Ilig gac
MPOBEJICHHSI €KCIIEPUMEHTIB JH3elb TNEePEeBaXKHY OUIBIICTh 4acy (10 CKJIajaB
93...95 %) ekcrmyaTyBaBCsl Ha CTAlIUX PEeKUMax PoOOTH, PELITY — Ha MAHEBPOBHX
Ta nepexigaux. Ctani pexxumi BiAMOBIIaIM MOPCHKUM Ta OKEaHCHKUM MEepeXoaMm.
VY ueii nepioj exkciutyaTallii HaBaHTaXKEHHS Ha Au3elsb Bianosigano 80...85 % Bix
HOMIHAJIbHOT NOTY>KHOCTI. [1i1 yac MaHEeBpOBHUX Ta MEPEXiTHUX PEKHUMIB POOOTH

U3l CyTHO TiepeOyBalio B aKBaTOPISX MOPTIB Ta MPUOEPEKHUX palioHaX.
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Puc. 4.30. Cxema nuaiHapoBoi
CHUCTEMH MAIEHHS CyTHOBOTO U3
6S60ME-C9 MAN-Diesel&Turbo:

L~ g_ . R g_ 1, 2 — MaCTUILHUM TAHK;

3 — BuTpatomip; 4 — KOHTpOJIED;
5 — BUTpaTHA LUCTEPHA IUIIIHAPOBOTO

Mactuiaa MM Ne 1; ,

preeTe e e T
BaTHaTeaTaCNe Y
(=)
L
ey
raTeTeTeTaTeTeTH o]

6 — BUTpaTHA [IUCTEPHA ITUITHIPOBOTO

Mactuiaa MM Ne 2; 7 — nu3ennb

[Togaya mwIIHAPOBOrO MacTWIAa TiJ] 4Yac eKCIUTyaTallii jau3elis 3abe3reuyBajiach
aBromatuyHoro cuctemoro “MAN Alpha system” 3anexHO BiJ PeXHUMIB HOro
pob6otu. Ilpu 1pboMy nJsi KOXHOTO IMIIIHIApPA JW3EIs BCTAHOBIIIOBAJIOCS CBOE
3HAYEHHS MOJ1a4l HWJIIHAPOBOT0 MacTujia. BiAMOBIIHO 1O XapaKTEPUCTUK CUCTEMHU
“MAN Alpha system” po30DKHICTb y KIIBKOCTI MacTuja, 110 MOJaBajloCh 0
OKpeMUX IWIIHIPIB AU3eTs, He mepeBuiryBaia 1,5 % Bix cepeTHpOro 3HAYCHHS.
[IpoTsirom ycboro ekcnepuMeHTy cyaHoBuil nusenb 6S60ME-C9 MAN-
Diesel & Turbo excrutyaryBaBcst Ha ToMy camomy coptTi nanmuBa RMC350 (3
BmictoM cipku 0,37 %). Ilomaua wmactmna Castrol CL 40 3naiiicHioBanacs B
nuiaapu 1-3, mogava mactuna Texaco Special HT 40 — B muninapu 4-6.
[HuniagpoBa rpyna AU3emiB BITHOCUTHCS 0 O0'€KTIB MOCTIHHOTO KOHTPOJIIIO
TeXHIYHOTO cTaHy [37,44]. BukoHaHHS BI3yaJlbHUX I1HCIEKLIN ITUITHIPOBUX
BTYJIOK HE 3aBXIU € MOXJIMBAM. Hacammepesn 1€ TmOB's3aHO 3 MEPIOJAOM
OesnepepBHOi pOOOTH TOJOBHMX JBUTYHIB MOPCBKHMX CYyJIeH (Hampukiamn,

TPUBAIICTh OKEAHCHKUX MepexoAiB Moxke nocsratd 20...30 1i10) Ta 3 BEJIUKUMHU
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BUTpAaTaMW dYacy Ha BUKOHAHHA IUX IHCHEKMiH. ToX myis JiarHOCTyBaHHS
TEXHIYHOTO CTaHy LMJIIHAPOBUX BTYJIOK 3aCTOCOBYIOTHCA HEMpPsIMI METOMAM.
HalinommwupeHimyM 1 JAOCTYHHUM [JIsl YMOB MOPCBKOTO Cy/IHa € BU3HAYEHHS
3aJIMIIKOBOTO JTykHOT0 yrcyia TBN 1 KiJIbKOCTI MEeTaJeBUX JOMIIIOK Y MACTHIIL.
[lin wac mocmipkeHb BiIOIp mpoO MacTwia Ta WOro MOAAJIBIIMM aHami3
BUKOHYBAJIUCSA B CyJAHOBINA TexHIuHIN nabopaTtopii ¢pipmu Cylinder Scrape-Down
Oil Analysis uepe3 koxHi 20 roguH poOOTH IU3€Ns BIANOBIAHO 0 TEXHOJIOTII Ta
MOCIOBHOCTI, sIKi pexomeHnoBaHi ¢ipmoro MAN-Diesel&Turbo [66, 67]. 3
HIAMNOPIIHEBOTO TMPOCTOPY KOXKHOTO IWIIHIpa BHUKOHYBaBcs BiAOip mpod
BIJIMPAI[bOBAHOTO MAacCTWJIa 3 HAaCTyTHUM BU3HAUCHHSIM B CYIHOBIN TEXHIYHIN
na6oparopii 3Hauenns PQI (Particle Quantity Index) tTa TBN, a Takoxx BMICTy B
MacTHI HacTynmHuX aoMimok: Fe, V, Ni, Si. 3 MeToro miaATBepAKEHHS PE3yJIbTaTiB
BUMIPIOBaHb MiJ] 4ac MPOBEICHHS JI1arHOCTYBAHHS TEXHIYHOTO CTaHy HMJIIHAPOBOI
TpYyNH, 110 BUKOHYBABCS MijJ 4Yac eKCIUTyaTallii Ju3esisi, BIAMOBIAHO O BUMOT
TEXHIYHOTO JIeMapTaMEHTy CYyIHOIUIABHOI KOMIaHii, fKiil HajexXajao CyJIHO,
3M1MCHIOBABCS OOOB’SI3KOBUM aHalI3 MacTuiaa B OeperoBil JOCIIIHUIIBKIM
naboparopii. PesynbTaTu ananisis, 110 OyJIM BUKOHAHI1 Oe3MocepeiHbO Ha CY/IHI Ta
B OeperoBiii jaboparopii, 30iraquch 3 JJI03BOJICHOIO TO4YHICTIO. PesynbTaTn

JOCJTIIKeHb y3arajibHeHi Ha puc. 4.3 1.

40 400 70
60
= 35 — & 300+ 50
S = £
~A . o
5 > 240
=30 — & 200 — =
4 5 1 = 30 1
m 2 Z
| || = 20— 2
25 100 1 o 11 9
1 2 ) 2 .
20: — 0— 0—
Fe A% PQI Ni Si

Puc. 4.31. 3nauenns BN, Fe, V, PQI, Ni, Si y npo0ax BianpamnboBaHOT0O MacTHIa
nicisa 1000 roauH excrtyaTalii CyJJTHOBOTO JIU3es
6S60ME-C9 MAN-Diesel&Turbo:

1 — i yac Bukopuctanus MM Ne 1; 2 — mig yac Bukopuctandass MM Ne 2
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[TpoBeneni AocHiIKEeHHS CBIQYaTh MPO HAcTymHe. MOTOpHI MacTuia, IO
BUKOPUCTOBYIOTHCS B CYJHOBUX H3EISIX, HAJEXaTh N0 AUCIEPCHUX CHCTEM.
Tonki MacTwibHI mmapu (K1 TMOJUISIOTH IMOBEPXHI TEpPTS Ta 3a0e3MedyroTh
TiApoAMHAMIYHUM a00 TpaHUYHUM PEXUM MAalICHHS) XapaKTepU3yIOThCs
BITOPSIKOBAHOIO CTPYKTYPOIO MOJICKYJ. SIKICHUM TMOKa3HUKOM II€l CTPYKTYpH €
KpailoBHIl KyT 3MOYYBaHHS, KiJIbKICHUM — TOBIIIMHA MacCTHJILHOTO mapy. MoTopHi
mactiiia Texaco Special HT 40 1 Castrol CL 40 (umo BHKOPHUCTOBYIOTHCS B
IUJIIHIPOBIA CUCTEM1 MAIllEHHS CYJIHOBHUX JIHU3EIIB) XapaKTEePU3YIOThCA PI3HOIO
CTPYKTYPOBAHICTIO, IO BH3HAYAEThCS PI3HUMU KyTaMH 3MOYYBaHHS, SKi
YTBOPIOIOTH 111 MacTUjia Ha MeTayeBiil moBepxHi. CTPYKTYpOBaHICTh MaCTHIbHUX
I1apiB MOB's3aHA 3 MEXaHIYHUMH BTpaTaMU €HEprii CyTHOBUX TU3ETIB Ta 3HOCOM
JeTaneil, 3MallyBaHHS SKAX 3a0€3MeuyeThCs IMMHU MacTuiaMu (HalpuKIIa,
nUIiHaApoBoi rpynu). OIIHKY 3HOCY JeTalled IUIIHAPOBOI TPYINU JOLIUIBHO
BUKOHYBAaTU 3a KUIBKICTIO MEXaHIYHHMX JOMIIIOK, Kl HAaJAXOIATh Y MOTOpHE
MaCTHUJIO, Ta 3aJUIIKOBUM JIY>)KHUM YUCJIOM MOTOPHOTO MacTuja. 3a JOMOMOTOIO
EKCTIIEPUMEHTAILHUX JOCTI)KeHb, BUKOHAHUX Ha cygHoBoMY auzenii 6S60ME-C9
MAN-Diesel&Turbo, Oyii0 BCTAaHOBJICHO, III0 MOTOPHI MAacTHJIA, IO MAIOTh OLIBII
BHUCOKI 3HAa4YeHHS CTPYKTYPHUX XapaKTePUCTHK (30KpeMa KpaloBOTO KyTY
3MOUYYBaHHs), 3a0€3MeYyI0Th MEHIIUK 3HOC AeTaneil au3ens (10 BUSBISETHCS B
MEHIIA  KUIBKOCTI ~METaJeBUX YacTOK Y  BIANPaAIlbOBAHOMY  MACTHII).
ExcniepuMeHTalbHO BCTAHOBJICHO, IO TIpU IbOMY 3abesneuyeTbes 7,5...8,3
KpaTHEe 3HIKCHHS JOMINIOK 3aii3a, 3,5...3,8 KpaTHe 3HMKSHHS JOMIIIOK BaHAIIO,
1,6...1,8 xpaTHe B3HWKEHHS JOMIIIOK HIiKeN0, a Takox 2,9...3,1 xpaTHe
3MCHIIICHHS IHTEHCHBHOCTI 3HWXCHHS 3arajbHOTO JY)KHOTO 4YHCJIa MacTHJa.
TakuM 4MHOM, MPH OLUHII EKCIUTyaTalllfHMX BJIACTUBOCTEH MOTOPHUX MAacCTHII
HEO0OX1THO TaKOK BPaxOBYBATHU iX CTPYKTYPHI XapaKTEPUCTUKH, sIK1 3a0€3MeUyIOTh
3HIDKCHHS 3HOCY JeTajeil au3eis Ta 4Yepe3 II€ CIPHUSIOTh 3MCEHIICHHIO HOTO

MEXaHIYHUX BTparT.
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4.3.2. BunipoOyBaHHs B CUCTEMI LIWIIHIPOBOTO MAIIEHHS CyIHOBOTO

mmzeist SKROME-MAN-Diesel & Turbo

Haiixapaktepninum By3iom JIB3, y sskoMy BiIOyBa€ThCA MOCTYMAIBHUN PYX,
€ MWIHAPOBA Ipyma, came — IMapa TepPTs MOPIIHEBE KUIbIIe — IUIIHAPOBA BTYJIKA.
[Tpu mpaBmibHOMYy ueHTpyBaHH1 aetaneit KIIIM (mopuiHs B kpeubkonpHOMY
MIJIIAIHAKY a00 TOpIIHS Ta IaTyHa) MK TOPIIHEM 1 BTYJIKOK IMJIIHJpA
3a0e3nevyyeThCcsi MIHIMAIBHUM 3a30p, SIKUN MOBHICTIO KOMIIEHCYETHCS 32 PaxyHOK
YIIITIBHIOBAJILHOI A1l MOpIIHEBUX Kinelb. [Ipu nbomy 3a0e3nedyeThes BiICyTHICTD
NOBITPSHUX 1 ra30BUX NPOTIKaHb B 00'€Mi IWIIHApPA, TOMY KIHETUYHA €HEpris
rasip, IO YTBOPWIMCA B LWIIHAPI IMiJ Yac 3TOPSHHSA MajuBa, IOBHICTIO
BUKOPUCTOBYETHCS ISl  MOCTYNAJIbHOIO TEpPEeMIlIeHHs MOopiiHg. Y  pasi
M1JBUILIEHOTO 3HOCY MOPUIHEBUX KiJelb a00 iX MOJOMKHU BIIOYBAETHCS 3POCTAHHSA
MIHIMQJIBHO HEMHUHYUYHX BTpPAT €HEprii Ta 3HIKEHHS €(PEKTUBHUX TMOKA3HUKIB
poboTu au3ens (MOTY>KHOCTI Ta KoedilieHTa KopucHoi Aii) [42, 151].

ExcnepyMeHTH, 10 MIATBEpIWIM 1€ TBEPIKEHHS, BUKOHYBAJIUCh Ha
cynnoBomy auszeiii SKEOME MAN-Diesel & Turbo. [logaya mactuiia Ha a3epKajio
[WTHIPOBOI BTYJIKM JW3€Ns Ta TMOAANbINEe MAIIeHHS BTYJIKA IIIIHApPA Ta
MOPIITHEBHUX KIJIEIh 3a0€3MeUy€eThes JIyOPUKATOPHOO (IMITIHIPOBOIO) CHCTEMOIO
MAaIIeHHS, B sIKii BHUKOPUCTOBYIOThCS MacTwia 3 jyxauMm umciiom (Total Base
Number — TBN) 30...80 vrKOH/r. IlpunnumnoBa cxemMa CHUCTEMH IMHJIIHIPOBOTO
MallleHHS IU3eJsl HaBeaeHa Ha puc. 4.32 [212].

VY nanuil 4yac ekcrulyarailisi MOpPChbKHUX CYJIeH (a, OTXe, Ta iX €HEpreTUUHHUX
YCTaHOBOK) BiOYBa€ThCS SK y 3BUYAWHUX, TaKOX 1 B OCOOJUBUX paiioHax, 10
OCTaHHIX HaJIeXaTh 30HU KOHTPOJIIO eMicii BUKUAIB OKCcUIB cipku (SOx Emission
Control Areas) ta azoty (NOx Emission Control Areas) [175, 213]. Ile naknanae
NeBHI OOMEXEHHSI K Ha MaJIMBO, 110 BUKOPUCTOBYETHCS B IIMX paiioHaX, Tak 1 Ha
HWIIHAPOBE MAaCTWIIO, JIY>)KHHM TMOKa3HUK SKOIO MOBUHEH BIANOBIAATH BMICTY

cipku B manusi. Bignosimno no Bumor [onmatka VI MARPOL 73/78 mig uac
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eKCIUTyaTallli CyJHOBHX JAM3ENIB MOBUHHO BHKOPHUCTOBYBATHUCSA TMaJIMBO, BMICT
cipku B sikomy He mnepesuirye 0,5 % 3a Macoro. Y croeriagbHUX EKOJIOTTYHHX
paiionax (SOx Emission Control Areas) BMICT CIpKd Yy HaJduBI Ma€e He
nepesuntyBata 0,1 % 3a macoro. [lpu 1bOMy KOMIUIEKTAIlisi CyJTHOBHX CHCTEM
ayOpuKaTOpHOro (IUIIHAPOBOTO) MAIEHHS IPOBOJMUTHCS TAKUM YHWHOM, 1100
3a0€3MeYNTH MOXKIIMBICTh BUKOPUCTAHHS MAcTHJIA 3 PI3HUM JIY)KHUM MOKa3HUKOM
(nanpukinan, 3 TBN30, skuii Bianosinae BmicTy cipku B manusi g0 0,1 %) Ta 3
TBNS50, sikuii Bianosigae BmicTy cipku y manusi ao 0,5 %) [79, 214]. Came 3a
TaKUM TPUHIIUIIOM CKOMIUIEKTOBAHO CHUCTEMY JIYOPHKATOPHOTO (IHIIIHIPOBOTO)

mareHHs ausens SKEOME-MAN-Diesel & Turbo (puc. 4.32) [212].

Puc. 4.32. Cxema nyOpukaTopHOi (MITIHIPOBOI) CHCTEMHU MAIIEHHS CYyIHOBOTO
muzensa SKEOME-MAN-Diesel & Turbo:
1, 6 — BUTpaTHa HECTEpHA TyOPUKATOPHOTO MACTUIA; 2, 5 — MaCTUIIbHUNA (DLIBTD;

3, 4 — nucTepHa 3amacy MacTuia; 7 — ayopukaTop; 8 — au3einb

Cucrema mpaifoe B Takuid crnoci6. 3 MUCTEpH 3amacy IMIIHIPOBOTO MacTuja
3 a6o 4 mactwio (B SKUX 3HAXOJIUTHCS MACTUJIO 3 PI3HUMM €KCIUTyaTallliHUMU
XapakTepucTukamMu) depe3 (uibTpu 2 abo 5 CHOpSMOBYETHCS [0 BHUTPATHUX

HUCTEPH JyOpuKaTopHOro mactwia 1 abo 6. MacTuiio 10 IMIIHAPOBOI BTYJIKH
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ausens 8 momaeThes JyOpukaropoM 7. Y cxemi mependadueHa MOXKIMBICTH
eKCIUTyaTarisi au3eist 8 3 BHUKOPHUCTAHHSIM PI3HUX COPTIB JIyOPUKATOPHOTO
MacTHJIa, a TAKOXK MOKJIUBICTh €KCILTyaTallli pi3HUX TPyI HWIIHAPIB (LIHTIHAPIB 1-
4 Ta 5-8) Ha pi3HUX copTax macTwia. Jlo oaHi€el 3 TPyn MIIIHIPIB MOAABATIOCH
mactiiio Mobill Mobilgargd70, no iamoi — wmactuino Castrol CL 50.
ExcrutyaTtamiiini  XapakTepHCTUKH, a TaKO0X pe3yJbTaTd 3 BHU3HAYCHHSA
CTPYKTYPHUX XapaKTEPUCTUK BKA3aHMX MACTWJI (SIKI B TMOJAJIBIIOMY JOBLIHHO

Bu3HaueHi sk MM Ne 1 ta MM Ne 2) naeneni B Tabnuii 4.31.

Tabmmis 4.31

CTpyKTypHIi XapaKTepUCTUKA MOTOPHUX MAaCTHII

[Tapamerp MM Ne 1 MM Ne 2
I'ycruna mpu 15 °C, kr/m’ 875 882
Kinemarnasa B’si3kicts mpu 100 °C, mm*/c 21,3 23,1
Temnepartypa cnanaxy, °C 226 217
3aranbHe gyx)He ynciao TBN, mr/r 50 50
KpaitoBuii kyT 3MouyBaHHs, 0, rpajg 18,6 22,7
ToBIIMHA MACTHIIBHOTO TIAPY, dyy, MM 3,1 3.8

HasiBHiCT ABOX LHUCTEpH JTyOpuKaTopHOro mactuia (mosuiii 3 1 4) naBana
MOXJIMBICTh BUKOPHUCTaHHS PI3HUX TPYyN IWJIIHIAPIB MAcCTUIBHOIO Marepiany 3
piI3HHUMH  XapakTepucTukamu. [lpum 1OMY  SKICHOIO  XapaKTEPUCTHUKOIO
JTyOpHUKaTOPHOIO MacTuja MpUWMAaiocs 3HAUYEHHS KpaloBOro KyTa 3MOYYBaHHS,
SIKHil YTBOPIOE MACTHIIO HAa METaJIeBili moBepxHi. Floro BU3HAUECHHS BUKOHYBAIOCS
ONTUYHUMH METOAaMH Yy OeperoBii HayKOBO-AOCHiAHIA naboparopii. Takum
YUHOM, Pi3HI I'pynu HWIHAPIB (y muaiHapu 1-4 ta 5-8) mogaBamocs MacTwio 3
pPI3HUMHM 3HAYEHHSAMH KpaloBUX KyTiB 3MouyBaHHs. [Ipu 1ibomy (BIAMOBIAHO 10
TEXHOJIOT1i, 0 HaBejieHa B I1. 3.3) OyJI0 BCTaHOBJICHO, IO OJHE 3 MacTWi (maii
no3HaueHo sk MM Ne 1) xapakTepusyeTbcsi MEHIIUMH KpPalOBUMH KyTaMu

3MOYYBaHHS HIXK 1HIIIE (a1 mo3HaueHo sk MM Ne 2).
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ExcriepuMeHTH BUKOHYBAJUCh IIiJI 4Yac OKEAHCHKOTO TMepexoay CyaHa
tpuBaimictio 12...15 quiB. IlocTifiHICTP HaBaHTa)XE€HHS Ha AM3ENb BHU3HAUYanacs
HE3MIHHOIO YacCTOTOK OOEpTaHHS KOJIHYATOTO BaJly Ta MOCTIMHOIO ITMKJIOBOIO
nonauvero nanmea. [IpoTsaroM yceoro excrnepuMeHTy cyaHoBui ausenib SKSOME
MAN-Diesel & Turbo mpartoBaB Ha ogHoMy copTi nmasimBa RMK350 (3 BMicTOM
cipku 0,32 %). Bigbip npobd MacTuia Ta iX MojanblIdidi aHalli3 BUKOHYBAaBCS B
CyIHOBIM TexHiuHIN jaboparopii ¢ipmu Unitor yepe3 koxui 20 roguH pobotu
J3ENsl BIAMOBITHO JO PEKOMEHJA0BaHUX (DIPMOIO-BUPOOHUKOM TEXHOJIOTIT Ta
nociiIoBHOCTI  [66, 67]. Ilpu 1mpoMy UIsi KOXKHOTO IWIIHApPA  JTU3EIS
BCTAHOBJTIOBAJIOCS CBO€ 3HAYCHHS MMOJAdl IIIIHIPOBOTO MacTuia. BimxuneHHs ii
BEJIMUYMHM 3a PI3HUMH IIWIIHApPaAMU HE TepeBuInyBasio S5 % BIiJI CEpPEIHBOTO
3Ha4YeHHs. 3 MIAMOPIIHEBOIO MPOCTOPY KOXKHOTO LMJIIHApPAa BUKOHYBaBCS BiIOIp
npo0 BIANPAIbOBAHOTO MAaCTW/a 3 TOJAIBIIMM BHU3HAYEHHSIM Yy CYAHOBIN
TEeXHIYHIN maboparopii BMICTY B MacTHJII JIOMIIIOK 3ajli3a, MiAl Ta Xpomy
(BU3HAUEHUX B ppm), a TAKOXK 3aJUIIKOBOTO JIy)kHOTO uncia, BN, MrKOH/T.
3a BMICTOM JIOMIIIOK 3aji3a Fe, ppm, y MacTuii, 0 BiAIpaIroBago, MOXHa
OLIIHUTU PIBEHb MIHIMAJIBbHO HEMHHYYHMX BTpaT €HEprii MmijJ 4ac MOCTYMajIbHOro
pyXy B mapi TepTs MOpIIHEBE KUIbIE — UMIIHAPOBA BTyJIKa. YUM BHILE 3HAUYCHHS
Fe y BigmpanboBaHOMY MAacTHJIi, TAUM OUIbIlIe 3HOC III€i mapu TEpTs, a OTXKeE,
OUIBIIIE SIK KOHTAKTHI B3aEMO/IIT, TaK 1 MiHIMAJIHbHO HEMHHYY1 BTpaTH CHEPrii.
3HayeHHsa 3anumikoBoro JyxHoro uyucia BN, mMrKOH/r, xapakrtepusye
(30kpemMa) TiAPaBIIYHY MIIIBHICTH TPUOOJIOTIYHOI CHUCTEMH MOPIIHEBE KIJIbIE —
MAaCTWJIBHUN IIap — HWJIIHAPOBA BTyNKA. YuM BuUIEe Lel MOKa3HUK, TUM MEHIIA
YacTHHA Ta3iB, 0 YTBOPIOETHCA B MITIHAPI IiJ] Yac 3ropsiHHS MaJIUBa, MPOXOIUTh
10 J3epKally BTYJIKH IMJIIHIPOBOI Y€pe3 MOKIIMBI HELIIJIBHOCTI MK MOPIIHEBUMU
KUIBLISIMU Ta UUJIHAPOBOIO BTYJKOK. TakuM YMHOM, y HUIIHAPI pa3oM 3 MaTUBOM
3ropsie MeHIla YaCTHHA MacTUJIa, [0 3HAXOJUTHCS JIMIIE HaJl BEPXHIM / BEpXHIMU
MOPIITHEBUMH K1JIBIIMU.

Pe3ynbTaTu BUKOHAHUX JOCHII)KEHb HaBeleHO B Tabuwmii 4.32 Ta Ha

puc. 4.33.
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Taomung 4.32

Pe3ynbTaTi eKCnepumMeHTy

Yac ekcruryarariii, TOTMHA

Hoxastx 40 | 80 | 120 | 160 | 200 | 240
BwMict nomimok 3amisza y . 68 | 62 | 56 | 57 | 52 | 53
BiJIIIpaIikoBaHOMY MacTwii, Fe, ppm 48 43 38 36 33 29
BwmicT qomimmok mifi y ) 32 37 36 38 25 24
Bi/IMpaliboBaHOMy MacTuii, Cu, ppm 17 8 16 25 15 14
BMict goMiIok Xxpomy y ) 47 | 53 | 46 | 43 | 55 | 43
BimpaiboBaHoMy mMactuii, Cr, ppm 42 | 4,7 3,9 3,8 43 3,6
3aMIIKOBe JLy’KHE YUCII0, BN, 33 32 33 37 34 34
1*v[rKOH/r MacCTHJIa 38 47 42 47 42 47

— Y YHCeNIbHUKY M1 yac poOoTH 3 BUKopucTaHHsIM MM Ne 1;
y 3HaMeHHHUKY — MM Ne 2.

3 MeTow  MiATBEpP/PKEHHS  CTaOlLILHOCTI  OTPUMaHUX  Pe3yJIbTarTiB,
JOCIiJKeHHs Oynu MpojoBkeHi B miamasoni uacy 200...1000 rogun. Ixui

pe3ysibTaTh HaBeleHl B Tabuuili 4.33 Ta BimoOpakeHi Ha puc. 4.34.

Taomuis 4.33

Pe3ynbraTn ekcnepumeHTy

MoKkasHik Yac ekcryarailii, TOAUHH
200 400 600 800 | 1000
Bwmict nomimok 3amiza y 47 58 44 52 54
BijmparpoBanoMy Mactiii, Fe, ppm’ 38 36 33 35 37
Bwmict nomimok miai y 26 28 38 27 32
BimmpanboBaHomy Mactii, Cu, ppm- 18 13 13 17 18
BwMict nomimok xpomy y 4.8 58 5,7 4,8 4,9
BimmpanboBaHoMy Mactii, Cr, ppm’ 3,7 3,8 3,6 3,6 3,2
3anuuIKoBe JyxHe unciio, BN, 43 46 42 38 41
mrKOH/r mactuma’ 34 33 34 28 32

E3

— Yy YHCENBbHUKY MiJ Yac poOoTu 3 BUKOpucTaHHIM MM Ne 1; y 3HaMEeHHUKY —

MM Ne 2.
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4.4. BucHOBKH 3a po3/iiaoM 4

Sk OCHOBHI BUCHOBKHM 3a pe3yJbTaTaMH JIOCIKEHb, HABEJICHUX y PO3/1i 4,
BU3HAYMMO HACTYITHE.

1. Io OCHOBHUX MOKA3HUKIB, IO BiJIOOpaKatOTh CTPYKTYPHI XapaKTEPUCTUKHU
MOTOPHUX MACTHJI, SIKi BUKOPHUCTOBYIOTHCA B IUPKYJSAMIMHUX Ta IUATIHIAPOBUX
CHUCTEMax MAIICHHS JTU3€JIIB MOPCHKOTO Ta BHYTPINIHHROTO BOJHOTO TPAHCIIOPTY,
BIJIHOCSITbCA KpallOBHMH KyT 3MOYYyBaHHsS Ta TOBIIMHA MACTHUJIBHOI IUTIBKH, SIKI
YTBOPIOIOTH 11l MacTWjIa Ha KOHTAKTHHX IMOBEPXHSIX. 3HAYCHHS KPalOBOTO KyTa
3MOYyBaHHS O Ta TOBIIMHU MAaCTHJIBHOI IUTIBKU dyy JJIS CYJHOBUX MOTOPHHX
MacCTWJI, 10 BHUKOPUCTOBYIOThCS B CHUCTEMax MHUPKYJISAMIMHOTO MAaIIEeHHS,
3HAXOAAThCS B Alanaszoni 0=14,1...19,6 rpan, d,,=2,6...3,8 MM.

2. OmiHKy €(heKTUBHOCTI POOOTH LUPKYJISIIIHHUX CUCTEM MAIlCHHS JIOIIJILHO
BUKOHYBAaTH 33 3HAYEHHSMH 3arajbHOTO JY>KHOTO YHCJIa MOTOPHOTO MacTuia Ta
KUTBKICTIO JOMIIIOK, IO MOTPAIUIIOTh Y MAacTWJIO MiA Yac eKCIUTyaTallii Au3els
(SIK1I  XapakTepHU3ylOTh 3HOC OCHOBHMX KOHTAKTHUX IIOBEPXOHb Ju3€Ns Ta
3a0py/IHEHHS] MacTWia NPOAyKTaMHU BHUTapy Ta OKHCJICHHS), a TaKoX 3a
MIBUKICTIO 3MIHM 3arajibHOr0 JIy>KHOTO YHMCJa B MEBHUM mpomixkok ydacy. Came
HIBUKICTh 3MIHU 3arajibHOTO JIYXKHOTO YHKCJIa 3alPONOHOBAHO K MOKA3HUK, IO
Bi0Opakae 3JaTHICTh MOTOPHOTO MacTUJIa YUHUTH OMIp HOTO MPOIIECY OKUCIICHHS
Ta CHpUATHME 3a0€3MEUYEHHI0 TPUBAJIOCTI MIATPUMAHHS MOro €KCIUTyaTallliHUX
MOKa3HUKIB. 3HAYEHHS IbOTO IMOKAa3HWUKA [JII MOTOPHUX MAaCTHJ, IO MaloTh
OUTBIIIl 3HAYEHHS CTPYKTYPHUX XapaKTEPHUCTHK 3HAXOIUTHCA B Jiama3oHi
0,1...0,2 (MmrKOH/r)/rog, nas MOTOPHMX MAaCTWJI 3 MEHIIMMHU 3HAYCHHSIMU
CTPYKTYpPHUX XapaKTepucTuk — B aiana3oni 0,175...0,25 (mrKOH/r)/rox.

3. Ins cymHOBHX CepelHhO- Ta BHCOKOOOepToBUX au3eniB Volvo Penta
TMDA 163A, Caterpillar CatC18, 5L.23/30 MAN-B&W Diesel Group, Yanmar
6EY18AL ekcneprMEHTAIbHO BCTAHOBJIEHO 110 32 OJHAKOBUX YMOBAaX

eKCIUTyaTalii MmiJi 4Yac BHUKOPUCTAHHS MOTOPHHMX MAacTWJ, $KI MarOTh OUIbIII
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3HAUCHHA KpaWoOBUX KYTIB 3MOYYBAaHHS Ta TOBIIMHA MAaCTHJIHHOTO IIapy,
3a0e3MeYyeThCs:

®3MCHIIICHHS  IMBHUJAKOCTI 3MIHM  3arajJlbHOTO  JY)XHOTO dYHClia Ta
CHIOBUTBHIOETBCS 3HFDKCHHSI 3arajlIbHOTO JIY)KHOTO 4YHCJIa 3a ITICBHHM dYac
eKCIUTyaTarlii Au3es;

®3MCHIIICHHS BMICTY B MOTOPHOMY MAacCTHJII YacTOK, IO XapaKTepU3YIOTh
3HOC KOHTAKTHHX ITOBEPXOHb;

®3MEHIIICHHSI BMICTY B MOTOPHOMY MAacCTWJIl YacTOK, IO XapaKTepU3yHTh
HoT0 3a0pyIHEHHS MPOYKTaMH TOPiHHS ITAJIMBA Ta OKUCIIOBAHHS.

Takox 3a HUX yMOB Iepedir pododoro npouecy AU3ENiB XapaKTepU3yeThCs
OUTbIII BUCOKMMH 3HAYCHHSIMH THUCKY HAMNPUKIHIII CTUCHEHHS, MEHIIUMU
3HAYCHHSAMH TEMIIEPaTypH BUITYCKHHX Ta3iB, a TaKOX MEHIIOK KOHIICHTpPAIlI€I0
OKCUJIB a30Ty y BHUIIYCKHMX Ta3ax, IO OOYMOBIIOETbCS TiABUIICHHSIM
TiApaBIigHOI MIIJIBHOCTI B €JIEMEHTaX IWIIHAPOBOI IPYNH I Yac 3a0e3nedycHHs
MPOIECy MAIlEHHS 3a JOMOMOTOK MAaCTWJI, 10 MAarOTh OUIBII BHUCOKI 3HAYEHHS
CTPYKTYPHUX XapakTEPUCTHK (KpaloBUX KYyTiB 3MOYYBaHHS Ta TOBIIUHU
MaCTHJIBHOTO I1apy).

4. OniHkKy e(EeKTUBHOCTI PpoOOTHU IMIIHAPOBUX CUCTEM MAIEHHS JOILIBHO
BUKOHYBATH 3a 3HAYCHHSM 3arajIbHOTO JTY’)KHOTO YHCIIa BIAMPAIbOBAHOTO MACTHIIA
(MacTuma, MO MOTPAIUISIE B MiMOPITHEBY MOPOKHUHY JIU3€JIs1) Ta BMICTY B I[bOMY
MaCTHJI METAJIEBUX YACTOK.

5. st cyaaoBux ManiooobeptoBux auseniB 6S60OME MAN-Diesel & Turbo ta
8K8OME MAN-Diesel &Turbo ekcrepuMeHTaIbHO BCTAaHOBJIEHO IO 3a
OJTHAKOBUX YMOBaxX €KCIUTyaTallll MiJl 4ac BUKOPUCTAHHA MOTOPHHX MAacTHJI, SIKi
MaloTh OBl 3HAYEHHS KPaHOBHX KYTiB 3MOYYBAaHHS Ta TOBIIMHH MAaCTHUIIHLHOTO
napy 3a0e3neuyeTbes:

©301JIBIIIEHHS 3aTalTbHOTO JIY’KHOTO YHCJIA BIIITPAIbOBAHOTO MACTHIIA,;

®3MCHIIICHHS 3HOCY KOHTAaKTHUX I[MOBEPXOHb LWJIIHAPOBOI TPYIH, IO
B1IOOpaka€eThCs B 3MEHIIEHHI BMICTY METAJIEBUX JOMIIIOK Yy BIAIPallbOBAaHOMY

MACTHII.



194
PO3UI 5. BABE3IIEUEHHA PEXXKMMIB MAIIEHHA IA3EJIIB CYIEH
PITYKOBOI'O TA MOPCBKOI'O TPAHCIIOPTY

[’saTuil po3aul JaucepTaliitHOTO JOCHIKCHHS IPHUCBSUYEHO PO3B’SI3aHHIO
TOJIOBHOTO HAyKOBOTO 3aBJIaHHS, SKUM € YIOCKOHAJICHHS IIPOIECIB MaIlleHHS
MWTIHAPOBOT TPyNMU Ta MiJINIUIMHUKIB KOB3aHHS [W3€NIB CYyJIEH PIYKOBOTO Ta
MOPCBKOTO  TPAaHCIOPTY M[UISXOM KEPOBAaHOTO BIUIMBY Ha  CTPYKTYpHI
XapaKTEPUCTUKHA MOTOPHOTO MACTHUJIA, IO MO1IsIE KOHTAKTHI TTOBEPXHI.

OcHOBHI pe3ynbTaTH po3aAiTy 5 BimoOpakeHi B podotax [74], [112], [114],
[151], [152], [224], [227], [234], [235].

5.1. YrpaBiniHHS CTPYKTYPHUMH XapaKTEPUCTUKAMH MOTOPHHUX MACTHII i

4yac eKCIuTyaTallii HUPKYISLUIHHUX CUCTEM MAIICHHS CYTHOBUX JU3€JIiB

3abe3neyeHHsT HaAIMHOI Ta Oe3MeyHoi poOOTH UUPKYISIIAHUX CHCTEM
MAaIIeHHsS TPOHKOBHMX JHU3ENIB CYJIEH MOPCHKOIO TPAHCIOPTY MOKJIMBE ILIIXOM
KEpYyI4oro BIUIMBY a00 Ha MeTaleBl NMOBEPXHI (LMUJIHAPOBY BTYJKY, HOPUIHEBI
KUIbLISI, BKJIQJUIII TAIIMITHUKIB) a00 Ha MacTuio. Kepyrounii BIuIMB Ha MeTaseBl
MOBEPXHI MOXE 3/11HCHIOBATHUC:

1) mIsixoM iX BUTOTOBJIEHHSI 400 HAHECEHHS! HAa HUX TMOKPUTTIB 13 METaJliB 13
BHCOKOIO TBEPJIICTIO — MOJTIOJICHY, XpOMY, MiJli, TUTaHY, BaHadito [215, 216];

2) HaHECEHHsI Ha HUX PETYJISIpHOTrO Mikpopenbedy [164, 217];

3) 3MiHOIO iXHBOI reoMeTpii [218, 219].

Jani meronu 3a6e3ne4ytoTh MOTPIOHUM e€deKT, OAHAK MAIOTh MEBH1 HEJOIKH.
VY nepuioMy BHMNAAKy HiJBUINYETHCS TBEPHICTh JOKAIbHUX AUISHOK JAeTaliel
au3ens (BepXHbOI YAaCTMHU LMJIIHAPOBOI BTYJKH, KPOMOK MOPLIHEBOIO KIJIbI),
mo 3MeHmye ix 3Hoc [220,221]. OnxnHak, BapTiCTh METaNiB, IO HAHOCATHCS Ha
MOBEPXHIO, CYTTEBO TIEPEBUINYE BapTICTh CTAJIEBUX CIUIaBIB, 3 SKHUX

BUTOTOBIIAIOTHCS JeTanl Au3ens. Jpyra TeXHOJIOTA 3HUKYE KOS(IIIEHT TEPTS MIXK



195
MOBEPXHIMHU Ta 301IbIIIy€ IHTEHCHUBHICTh PyXy MacTuia Mix HUMHU. [Ipu npomy
noTpiOHe creuiagbHe oO0MagHaHHS, sKke 3a0e3neuye MOCTIMHY TIMOMHY Ta
OIHAKOBUW KpPOK HaHECEHHS penbeHUX CMyr. Y TpPeTbOMy BUMIAJAKY
BUKIIIOYAIOTBCA  CyXMH Ta TpaHWYHHM, Ta TOCTIHHO  3a0e3neuyerhes
TAPOJMHAMIYHUN PEXUM 3MalllyBaHHS B Tpilajal MeTan-macTuio-metan. OpHak
NpU [IbOMY 3MiHA T'€OMETpIi JeTajeld 3HWKYE iXHIO MIIHICTh. Y 3B'SI3Ky 3 ITUM
HaBEJICHI TEXHOJIOT1i MatOTh TOOIMHOKUNA XapaKTep.

SIk BCTaHOBJIEHO B po3fiiax 3 Ta 4, Kepyroua Jis Ha MOTOPHE MAacTHJIO, IO
BUKOPHCTOBYETHCA B CHUCTEMaxX MAIICHHS TPOHKOBHUX JTU3EIIB CyJIE€H MOPCHKOTO
TPAHCIIOPTY, 3MIMCHIOETHCSA IUIIXOM PO3YMHEHHS B HOTO 00Cs31 CHeriaibHuX
npucagok. lle akTUBye MIKMOJCKYJISpHI CHIM MacTWiIa Ta CHpHUsSIE€ BUHUKHEHHIO
JOJJATKOBOTO PO3KJIMHIOBAJIILHOTO THUCKY B MacCTWJIbHOMY Imapi. Bukopucranus
JaHOi TEXHOJIOTIi BUMArae rmonepeIH>Or0 BU3HAUCHHS! ONTUMAIIbHOT KOHIIEHTpAIIii
NPUCATOK Y MAcTWJ, a TaKOXX YCTAHOBKM B CHCTEMI MAIEHHS JOAATKOBOTO
obnagHaHHs, AKe 3a0e3meuye q03yBaHHS MPUCAIKH. TakoX A0 OJHOTO 31 COCO0iB
KEepPYIOUOTO BIUIMBY Ha Tpiagy METaJ-MacTHJIO-METall € HaHEeCEHHS Ha METaJeBY
MOBEPXHIO CHEIIaIbHUX PIAKUX aHTU(PUKLIHHUX MOKpUTTIB. [lpu mpomy uepes
MOCUJICHHST MIKMOJICKYJIIPHUX B3a€MOJIIi 3MIHIOETBCS CTPYKTypa MaCTHUIBHHUX
IUTIBOK, 1110 3a0e3neuye HaJIiHY Ta 0e3meyHy poOOTy JAU3eiB CYJeH MOPCHKOTO Ta
BHYTPIIIHBOTO BOAHOTO TPAHCIIOPTY.

Haeneni  texHomorii  po3poOisucs  Ta  BOPOBADKYyBaduCsS IS
aBTOMOOUIBHOTO Ta 3ali3HUYHOTO TPAHCHOPTY, a TaKOX JJIs CTallOHApHOI
CHepreTUKH (Iu3eniB Ta TypOiH TEIUIOBUX Ta €NeKTpUYHUX cTaHmii). Ll
TEXHOJIOT1] He HaOyNy MOIIMUPEHHs 7S TU3eJIiB MOPChKUX cyneH. Hacammepen e
MOB'SI3aHO 3 ABTOHOMHICTIO POOOTH MOPCHKHX CYIEH Ta iX EHEepPreTUYHHX
YCTaHOBOK, a TAaKOXX 3 MEPIOJWYHMMH 3aMiHaMH CYIHOBOTO ekimaxy. [lepie
0OMEXye€ JIOTICTHKY (BHHUKAIOTh MPOOJIEMHU 3 JOCTABKOIO HA CyJHA HEOOXITHUX
MaTepiajiB), Apyre 3MyLIye MPOBOAUTHA TPEHIHTH Al CYAHOBHUX IHXKEHEPIB 3

eKCIUTyaTallli cremiajbHoro o0aagHanus [222, 223].
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5.1.1. BukopucrtanHsi OpraHiyHUX MOKPHUTTIB B CUCTEMaX LUPKYJIALIHHOTO

MalICHHA CYJTHOBHUX I[I/IBeJIiB

[lin yac BU3HA4YEHHS BIUIMBY OPraHIYHUX TMOKPUTTIB, IO HAHOCSTHCS Ha
MeTajeBl MOBEPXHI, HA CTPYKTYPHI XapaKTEPUCTUKHU CYAHOBUX MOTOPHUX MacCTHII
(pesynbratu sikoro HaBeAeHi B 1.4.1) Oyno BCTaHOBIEHO, IO MPU I[HOMY
30UIBIIYIOTHCSA KpaoBl KyTH 3MOYYBaHHS Ta TOBIIMHA IIApy MAacTuja, SIKUAN
ancopOyeThesl Ha METaNIEBOT MOBEPXHI.

JlocmikeHHsT 3 MOMKJIMBOCTI KEpyBaHHS TMPOIECOM MAIICHHS IIISTXOM
HAHECEHHS OpPraHIYHUX IMOKPUTTIB HAa OCHOBHI KOHTAKTYIO4Yl JeTalll CyJIHOBHX
JU3eIB BUKOHYBAJIUCh y CUCTEMI LMPKYISLiHOrO MmamieHHs cynHoBoro COJl
5L23/30 MAN-B&W Diesel Group. Ilpu npomMy SK MOTOpPHE MAacCTHIIO
BUKOPHCTOBYBAJOCh MAacTWJO, 1[0 MaJlo OUIbII BHPaXKEHI CTPYKTYpPHI
XapaKTEPUCTUKNA — TOBIIMHY MACTWJIBHOI IUTIBKM Ta KPaHOBIA KyT 3MOYyBaHHS
(TexHoJIOT1s X BU3HAUYEHHA Oyia HajaHa B 11. 3.3).

[lepen moyaTkoM €KCIIEPUMEHTIB Ha AM3ENAX OyJIu MEPEeBCTAHOBJICHI JAeTai
HUAJITHIPOTIOPIIHEBOT TPyNH (BTYJKH IWIIHAPIB, MOPIIHI, MOPIIHEB1 KIJIbLS) Ta
KPUBOLIUITHO-IIATYHHOTO ~ MEXaHi3My (IIaTyHM Ta BKIAQQUIIl  MOTHJIEBHX
niqmunHuKiB). 1le mamo MOXKIMBICTP HAHECTH HA TOBEPXHI BCIX BKIIAJIUIIIB
MIITAITHAKIB (paMOBOTO, MOTUJILOBOT'O, TOJIOBHOI'O) OJTHOTO 3 JIU3EiB CHeIiajJbHe
piake aHTUGPUKIIIHE TOKPUTTA — PO3UUH NepdTopromiedip KUCIOTH 3arajJbHOro
Buny Rf-COOH (Rf — panukan, mmo mMictutb Gtop).

Sx noseneHo B 1. 3.4, miJl Yac HAHECEHHS TAKOTO IMOKPUTTSA Ha IMOBEPXHI
METaldy YTBOPIOEThCA TIUTIBKA 3aBTOBIIKM 70 30 HM, sKa HE BIUIMBAa€E Ha
JTUCIIOKAIIHY CTPYKTYpy Ta TBepaicTh Metany [114, 164]. Oanak npu mnpomy
CTBOPIOETHCS JOJIATKOBUM CHEPreTUYHUN Oap'ep Ha MeEXKI METaN-TIOKPUTTS, B
pe3yJbTaTi SIKOTO 30UIBIIYIOTBCS KpaloBl KyTH 3MOUYyBaHHS 0, 1 TOBIIMHA
MAaCTUJIILHOTO TIAPY dyy, 10 3HAXOMUTHCS HA TIOBEPXHI MeTaly. BusHaueHHS mux

napametpiB (0,, Ta d,,) BUKOHYBAJIOCh Y HAYKOBIH J1abopaTopii 3a JOMOMOTOIO
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YCTAaHOBKH, CX€Ma Ta TEXHOJIOTIA JOCIIKEHHS, 3a JOMOMOTOI0 SKOi HAaBENECHI B
n.3.4. BuwmiproBanHs BHUKOHYBanu Jis 00'eMy wmacTwia (piBHOTO 2 M),
HAHECEHOTO Ha MeETajJeBy IOBEPXHIO, BIJAMOJIPOBAHY 3a BHCOKHUM KJIAaCOM
TouHocTl. [Ipu 1boMy BU3HaueHHsS 3HauYeHb O, Ta d,, BUKOHYBAJIOCS [JIS JBOX
BapiaHTiB: 1 — MeTaseBa MOBEpXHs (KA 32 CBOIMHU XapaKTePUCTUKAMHM BIJIIOBI1alIa
XapaKTEPUCTHKAM METAJIEBUX CILJIABIB, SIKI BUKOPUCTOBYIOTHCS JIJISI BUTOTOBJICHHS
BKJIQJIMIIIB MiAIIMIHUKIB) 3 TOMNEPENHIM HaHECEeHHsM mapy mnepdropromiedip
kuciiotu Rf=-COOH; 2 — «cranmaptHay metaneBa moBepxHs (0e3 HaHeceHHs: Rf-
COOH). 3naueHHs KpaloOBOro KyTa 3MOYYyBaHHA O Ta TOBIIMHU MAaCTHUJILHOTO
mapy d, A7 X BapiaHTIB HaBeACHO y Tabmuii S.1.
Taomung 5.1
3MiHA CTPYKTYPHHUX XapaKTEPUCTHUK MACTHIIA, 110 BUKOPUCTOBYETHCS B CHCTEMI
HUPKYJISALIAHOTO MateHHs cyaHoBoro auzens 5L23/30 MAN-B&W Diesel Group

JUTSL pI3HUX YMOB IIPOBE/ICHHS €KCIIEPUMEHTY

[TapameTp MM Ne 1 MM Ne 2
KpaitoBuit kyT 3MouyBaHHs, 0, Tpaj 27,4 19,6
ToBuMHA MaCTUIBLHOTO WAPY, d, MM 4,3 3,7

Ipumimka: MM Ne 1 — nonepenne HaHeceHHs wmapy nepdroproniedip KUCIOTH
Rf-COOH na noBepxHto BKJIaauia mamumnanka; MM Ne 2 — moBepxHs BKJIaIuIIa

mamunanka 6e3 Hanecenuss Rf-COOH

Sx TOKa3HMKHM, 10 BiOOpaXXkarOTh TMepeBard BUKOPUCTAHHS METOIY
YOPABITIHHSA CTPYKTYPHUMHU XapaKTEPUCTUKAMU MOTOPHOTO MACTHIA MIISTXOM
HAHECCHHS Ha IIOBEPXHI BKJIAIUINIB MIAIIMIHUKIB OPraHIiYHUX TOKPHUTTIB,
IpUIMaTKCh 3arajibHe ykHe unciao TBN, mBuakicts #ioro 3mian Vigy, a TaKOK
KUIBKICTh JIOMIIIIOK, IO XapaKTepu3ye BMICT y MacTWl 4acTok 3Hocy Wear
Elements ta 3abpyanenp Contaminants Elements. Busnauenns TBN Ta Vrigy
BUKOHYBasioch KOkHI 100 romun  mpotsirom 1000 ronuH, Bu3HaueHHs Wear
Elements ta Contaminants Elements — uepe3 1000 roguH pobotu mgu3esns.

Pe3ynbratu BUMIpIOBaHb WX NMOKAa3HHUKIB HaJaH1 B Tabmuisx 5.2, 5.3.
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Tabmums 5.2

3mina TBN Ta Vgy MOTOPHOTO MacTuia, o BUKOPUCTOBYETHCS B CUCTEMI
HUPKYJSAILIHOTO MaleHHs cyaHoBoro ausens 5L23/30 MAN-B&W Diesel Group

JUIS PI3HUX YMOB MPOBEACHHS €KCIIEPUMEHTY

MM Ne 1 MM Ne 2
Yac, ronunu TBN, VBN, TBN, VBN,
mMrKOH/r (MmrKOH/r)/ron mMrKOH/r (MmrKOH/r)/ron
1 14,7 — 14,7 —
100 14,6 0,1 14,6 0,1
200 14,55 0,05 14,35 0,25
300 14,45 0,1 14,2 0,15
400 14,3 0,15 14,0 0,2
500 14,15 0,15 13,75 0,25
600 14,0 0,15 13,5 0,25
700 13,85 0,15 13,15 0,35
800 13,75 0,1 12,7 0,45
900 13,55 0,2 12,25 0,45
1000 13,4 0,15 11,85 0,4
TaOmurs 5.3

3mina cymapuux 3Hauenb Wear Elements Ta Contaminants Elements moTopHOTro
MacCTHJIa, 10 BUKOPUCTOBYETHCS B CUCTEMI LIMPKYIISIIIHOTO MAIIEHHS Cy/IHOBOTO

muzenst 5L.23/30 MAN-B&W Diesel Group asis pi3sHUX YMOB IPOBEACHHS

CKCIIEPUMEHTY
MM Ne 1 MM Ne 2
Wear Contaminants Wear Contaminants
Yac, roguHu
Elements, Elements, Elements, Elements,
MT/KT MI/KT MT/KT MI/KT
1000 8,0 23,5 14,6 61,5

Ilpumimka: no cymapHux 3HadeHb Wear Elements BKJItOYeHI BMICT B MacTHJI
HactynHux enemeHTiB Al, Cr, Cu, Fe, Sn, Pb; no cymapuux 3nauenp Contaminants
Elements — B, Na, S1, V, Mo, Ni.
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3a pe3yabTaTamu, 110 HaBeAeH1 B Ta0nuisx 5.2 ta 5.3, moOyaoBaHi giarpamu

— puc.5.1,5.2, mo UIIOCTPYIOTh 3MIHY BIAMNOBIIHUX TOKAa3HUKIB 1]l 4Yac
IPOBE/ICHHS €KCIIEPUMEHTY.

TBN,
mr KOH
r
14 — -
B3r 112
12 = - - = -
L1,
11
1 200 400 600 800 1000 ¢, rop,
a)
VTBN)
mr KOH/r
roj
04F
0,3
0,2F 2
2
0,1 ——
1
5 1
200 400 600 800 1000 ¢, rox
0)

Puc. 5.1. 3miHa SIKICHUX MMOKa3HUKIB MOTOPHOT'O MacTHJIa, 1110 BUKOPHUCTOBYETHCS B
CUCTEMI LHUPKYJIALIMHOrO MalleHHs cyiHoBoro nu3ens 5L.23/30 MAN-B&W
Diesel Group st pi3HHX YMOB IPOBECHHS €KCIIEPUMEHTY:

a — TBN; 6 — mBuakicts 3Miau TBN;
| — momepeiHe HAHECEHHS IIAPYy OPTaHIYHOTO MOKPHUTTS Ha MOBEPXHIO BKJIAIUINA
HiAIUIHAKA; 2 — IIOBEPXHS BKJIaUINA MiAMIUITHUKA 0€3 HAHECEeHHS OPTaHIYHOTO

IOKPUTTA
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Mr

Kr
60
B
=
840
5
= - 2
g
~ 20
B 1
I_l 2
0 -
Wear Contaminants
elements elements

Puc. 5.2. 3mina Bmicty nomimok (Wear Elements Ta Contaminants Elements) y
MOTOPHOMY MAaCTUJI1, III0 BUKOPUCTOBYETHCS B CUCTEMI LUPKYIISILIIHHOTO MaIlIeHHS
cyanoBoro auzens 5L23/30 MAN-B&W Diesel Group s pi3HUX YMOB
npoBeqeHHs exkcriepuMenTy (micias 1000 ronus ekcrmyartarii Ju3ess):

1 — nonepeaHe HAHECEHHS 1IAPY OPTAHIYHOIO MOKPUTTS HA TTOBEPXHIO BKJIAIMINA
MIIITUITHAKA; 2 — MOBEPXHS BKIIAUIIA MIAMIUITHAKA 0€3 HAHECEHHS! OpTraHIYHOTO

IOKPHUTTS

Takok, BIAIIOBIJHO O TEXHOJIOTIM, 10 HaBeaeHi B 1. 4.1-4.3, BU3HAYAINCH
OCHOBHI IMOKa3HUKU POOOTHU JM3es, 10 XapaKTepU3yrTh AKICTh Mepediry Horo
po0OOYOro UKITY, a CaMe:

TUCK HAIPUKIHI[ CTUCHEHHS p,;

TEMIIEpaTypa BUITYCKHUX Ta3iB

BMICT OKCHJIIB a30Ty Y BUITyCKHHX ra3ax NOx.

[TopiBHSHHS WX MOKA3HUKIB IS JU3ENIB, BKJIAIUIII T1ITUITHUKIB OJHOTO 3
AKUX Oynu oOpoOJieHI OpraHIYHUM MOKPUTTAM mnepdroproiiedip kuciotu Rf-
COOH Ta TakuM YMHOM TIIBUIIYBAIM 3HAYCHHS TOBIIUHU MACTHJIBHOI TUTIBKH Ta
KpaloOBUX KYTIB 3MOYYBaHHS, a TAKOXK 1HIIIOTO JIU3es, — 0e3 J0JAaTKOBOi 0OpOOKHU
BKJIQIUIIIB HaBeaeHl B Taoiuid 5.4. [1ig yac BU3HAUYEHHS [IUX OKA3HUKIB 00MIBa
JU3eIs TIpaIfloBAId HA OJIHAKOBUX, ajieé PI3HUX Y PI3HUNA Yac HaBaHTAXKCHHSX,

BIJIXWJICHHS SIKOTO OJIHE BiJ O7HOTO HE mepeBuiyBaio 1,0 %.
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Tabmuug 5.4
OcHoBHi noka3Huku podotu nuzens 5L.23/30 MAN-B&W Diesel Group st

PI3HUX YMOB IIPOBEJICHHS €KCIIEPUMEHTY

Yac, MM Ne 1 MM Ne 2
romued | p., MIla | ¢, °C | NOx, r/(kBr-ron) | p., MlIla | ¢, °C | NOx, r/(xBt-rox)
1 8,48 284 8,32 8,48 285 8,32
100 8,47 285 8,28 8,45 288 8,42
200 8,45 273 8,05 8,41 283 8,12
300 8,44 258 7,86 8,40 265 8,05
400 8,43 268 8,24 8,40 277 8,36
500 8,42 269 8,12 8,38 277 8,27
600 8,42 262 7,91 8,37 269 8,06
700 8,41 272 8,23 8,35 278 8,45
800 8,41 284 8,32 8,32 295 8,58
900 8,40 281 8,22 8,30 288 8,37
1000 8,39 273 8,01 8,30 283 8,11

Buznaueno, mo Ak y TNONEpeNHIX MOCHIKEHHSX BIJIXWICHHS THCKY
HANpPUKIHIII CTUCHEHHS, a TaKOXX TEeMIIepaTypH BUITYCKHUX Ta3iB MO OKPEMHX
UJITHIpaX BiJl CEPEIHBbOI0 3HAYEHHsI, BU3HAYEHOTO IS BCIX LUJIIHJIPIB AU3EIIs, HE
nepesutryBaio +2, % ta 10° C BianoBiaHO.

3HayeHHs eMicli OKCHUJIIB a30Ty 3 BUITYCKHUMHM Tra3zaMd HE€ IEpPEBHIIYBAJIO
BETMYMHH, sika oOMexyerhcsi BuMoramu Jlogatky VI MAPIIOJI momo spycy
Tier I1.

JlociiKeHHsT BUKOHYBAJIUCh BIAMOBIHO 0 PO3pOOJICHOT Ta MOTOKEHOT 3
TEXHIYHUM JeNapTaMEHTOM CYAHOIUIaBHOI KOMIaHii TEXHOJIOTI€I0, MPU LbOMY
KOHTPOJIIOBINCH, PETYIIOBAINCH Ta MIATPUMYBAIUCh Y HEOOXITHOMY Jiarna3oHi
BC1 1HIII1 MOKa3HUKU POOOTH U3

Jnga  kpamoi Bizyamiszalii pe3ynbTaTd, M0 HaBeAeHli B Tabmwuii 5.4,

B1JI0OpaXkeH1 y BUTJISAII HOMOTpam — puc. 5.3.
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MIla

8,2

1
8, 1 200 400 600 800 1000 ¢, ron

™

290

280

270

260

250
1 200 400 600 800 1000 ¢, ron

NOX:
Tr

KBT'ron
8.4

82

8,0

7.8
1 200 400 600 800 1000 ¢, ron

6)
Puc. 5.3. [lopiBHSHHS OCHOBHHUX MOKa3HUKIB poOoTH nuzens SL23/30 MAN-B&W
Diesel Group st pi3HUX YMOB MPOBEIAECHHS €KCTIEPUMEHTY:
@ — TUCK HANPUKIHIII CTUCHEHHS; 6 — TEMIIEpaTypa BUITYCKHUX ra3iB; 8 — BMICT
OKCHJIIB a30Ty Y BUITyCKHUX ra3ax;
1 — momepeHe HAHECEHHS IIApy OPTraHIYHOTO MOKPUTTS HA MOBEPXHIO BKJIAIUIIA
MIIIAITHAKA; 2 — MOBEPXHS BKJIQIMINA MAMIUITHUKA 0€3 HAaHECEHHS! OpTraHiuHOTO
MTOKPUTTS
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BiamoBigHO 10 MeToauKkH, BUKIAAEHOI B 1. 4.2.1, BUKOHYBAJIOCh BUSHAUCHHS
JTUHAMIKH 3MiHU CTPYKTYPHHX XapaKTEPUCTUK MOTOPHOTO MacTwia (KpaioBOTO
KyTa 3MOYYBaHHsS Ta TOBIIMHM MACTHJIBHOTO IIapy) JJisi JBOX BapiaHTIB
eKCIUTyaTarii au3ens: poOoTa au3eNis 3 HAHECEHHSM Ha TMOBEPXHI BKJIAIHUIIIB

MIIIAIHAKIB  OPraHIYHOTO TIOKPUTTA Ta poOoTa 0e3 HaHECEHHS IOKPUTTS.

Pe3ynbTaTi 1iux A0CIIKEHb HaBeIeH1 B Tabyuill 5.5 Ta BijoOpakeH1 Ha puc. 5.4.

Ta0mung 5.5

JluHamika 3MiHU CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHOI'O MacTHIIa,

10 BUKOPUCTOBYETHCSA B CUCTEMI LIUPKYIISILIHHOTO MAIIeHHS Cy/THOBOTO JTU3€eIs

5L23/30 MAN-B&W Diesel Group st pi3HUX YMOB IIPOBE/ICHHS €KCIEPUMEHTY

Yac KpaitoBuli Kyt 3Mo4yBaHHs, | TOBIIMHA MAaCTUIBHOIO LIAPY,
eKCIUTyaTallii, 0, rpax iy, MM
roj MM Ne 1 MM No 2 MM No 1 MM Ne 2
0 27,4 19,6 4,3 3,7
500 26,3 16,1 4,1 2,7
1000 25,5 11,1 3,8 2,1
o,
rpaj
25 du
MM
20 4
1 1 1
15H 2 3 ) 1 {
2
2 2 2
10 1 1
0 500 1000 ¢, ron 500 500 1000 ¢, ron
Q) 0)

Puc. 5.4. lunamika 3MiHH CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHOT'O MACTHIIA,
110 BUKOPHCTOBYETHCS B CUCTEMI IIUPKYIISIIIIHHOTO MAIICHHS CYTHOBOT'O JIU3EIIS
5L.23/30 MAN-B&W Diesel Group njist pi3HUX YMOB ITPOBEACHHS €KCIIEPUMEHTY:
a — KpaloBHUH KyT 3MOUyBaHHS, 0, rpa; 6 — TOBIIMHA MAaCTHIILHOTO MIAPY, dyy, MM;
1 — monepeHE HAHECEHHS APy OPTaHIYHOTO TOKPHUTTS HA TIOBEPXHIO BKJIAIUIIA
1IUITHUKA; 2 — TOBEPXHs BKJIAUIIA MMAMUITHUKA 0€3 HAaHECEHHSI OpraHIgYHOTO

IMTOKPUTTA
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KommiekcHa Homorpama, 1mo BimoOpaxkae 3MIHY KOHTPOJIbOBAHHUX
MOKAa3HUKIB Ta 1X B3a€MO3B’SI30K 31 CTPYKTYPHUMH XapaKTePUCTUKAMU MOTOPHOTO
MacTuiIa (30KpeMa KpalloBUM KyTOM 3MOYYBaHHs) HaJlaHa Ha puc. 5.5.

p,MIla845 84 835 83

o,
2 rpan
1000/
1 25
_1_ 1 -
1 1
2 2 15
1
1 2
1000 500 [ [ ]
0 500 1000
1 1
270 : - 2
2 1
275 2|1
280- 1
L1000
Ir, 2
OC —|

80 81 82 83 NO,—"

kBt'ron

Puc. 5.5. KommiekcHa niarpaMa 3MiHH KOHTPOJIbOBAHUX ITapaMETPiB
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5.1.2. BukopucTaHHs IOBEPXHEBO-AKTUBHUX MPHUCAIOK Y CUCTEMAX

IUPKYJISIIIHOTO MAIICHHS CYJTHOBUX CEpeIHbOOOECPTOBUX JTN3EIIIB

[TocuneHHst CTPYKTYpOBaHOI OJIHOPIAHOCTI MOTOPHUX MACTHJI Ta 301JIbIIEHHS
KpallOBUX KYTIB 3MOYYBaHHS, SIKI BOHH YTBOPIOIOTH Ha METAJEBUX MOBEPXHSX, a
TaKOXX TOBIIMHU iX MACTHJIBHHMX TUIIBOK MOXJIMBE NUIIXOM BuKopuctanus [TAIL
Tomy MEeTOI0 UKy OCTIIKEHb, PE3yIbTAaTH AKOTO HaJlaHl B IbOMY PO3/ii, OyJI0
BCTAHOBJICHHSI B3a€MO3B 13Ky MDK CTPYKTYpPHHUMHU XapaKT€PUCTUKAMH MOTOPHHX
MacTiil (YIpaBIiHHS SKUMH JIOCSTAeThCs 3a paxyHOK BukopuctanHs I[IAII) ta
eKCIUTyaTalliiiHl MOKa3HUKHU CYJTHOBUX JIU3EIIB.

JlocmiakeHHs BUKOHYBAJIMCh Y JIBA €TAllH:

1) y HaykoBiii J1aGopaTopii BUBYAIKUCS CTPYKTYPHI XapaKTEPUCTHUKU PI3HUX
MOTOPHHMX MAaCTWJ — KpaloOBHX KyTiB 3MOYYBaHHA 0, a TakoX TOBIIMHHU MIapy
MOTOPHOT'O MacCTUIA dyy;

2) Ha MOPCHKOMY TPAHCIOPTHOMY CYAHI1 BUBYABCS BIUIMB MOTOPHUX MACTHI
13 PI3HUMH CTPYKTYPHHUMH XapaKTepUCTUKAMHU Ha EKCIUTyaTaliiiHl MOKa3HUKHU
CYJTHOBOTO JAM3EJIS.

JlocnmipkeHHsT ~ BUKOHYBAJMCh  JJII ~ MOTOPHOTO  MacTwia,  sIKe
BUKOPUCTOBYBAJIOCH y HUPKYIALINAHINA cucTeMi MarieHHs cyaHoBux COJl Yanmar
6EY18AL (ocHOBHI XapaKTepUCTUKA MOTOPHHUX MACTWJI Ta AM3ENA TOJaHI B
n.4.2.2). Tpu Takux Au3eNs BXOIWJIHM IO CKJIaay IOMOMDKHOI €HepreTW4HOi
YCTaHOBKH MOPCBHKOT0 cyj/iHa kiacy Multipurpose Vessel nenpeiitom 27540 TOHH.

Juzeni Manu 3arajibHy TNadMBHY cucTeMy (Ipu SIKIM ycl Tpu Ju3eni
eKCIUTyaTyBalluCs Ha OJHOMY COPTI MaJliBa) Ta aBTOHOMHI CUCTeMH MailieHHs. [le
JO3BOJISUIO  JJIE  JIBOX JM3EMIB, Ha SKUX BUKOHYBAJIUCh JIOCIIIKCHHSI,
BUKOPUCTOBYBAaTH MOTOPHI MacTuia 3 pi3HUMU CTPYKTYPHUMU
XapaKTEePUCTHUKAMH, a caMe — J0JaBaTH B IUPKYJSLINHY CHUCTEMY OJHOTO 3

muzeniB [TIAIL. Tlpu upomy IIAIl momaBanmace A0 MacTuia, IO Majo OiIBII
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CTPYKTYpOBaHI XapaKTEpPUCTUKH TMOPIBHIHHO 3 IHIIUM (MOTOpPHE MAaCTUJIO
MM Ne 1 B tabmnui 4.20) [114].
OntumanbsHa koHueHtpauis I[TAIl Bu3Havanack enirncCOMETPIYHUM METOJIOM
AK Taka, MpU SKIA JOCATAIOTHCS MAaKCHMajbHI 3HAYEHHS KpalOBUX KYTIB
3MOYYBaHHS MacTWia. 3 ypaxyBaHHSIM 00’€My MacTujia, L0 3HAXOJUTHCS B
CUCTEMI LMPKYJSLIMHOIO MAIIeHHS B KapTep OJHOrO 3 JHM3eINiB J0jlaBajiacs
HeoOximHa kutbkocTi TTAIL Jlo Bu3HaueHOTO 00’€MYy JOATKOBO JoaaBaiach 5 %
ITAIT — 3 metoro kommneHcailii Brpatu IIAIl yepe3 i moTparuisiHHA B HEPyXOMi
00’eMi MacTuia, 0 3HAXOAUTHCSA B KyTaxX KapTepa Ju3eis, a TaKoX apMmaTypi Ta
MACTHJIBHUX MaricTpaisix UUPKYyJLiiHOT cuctemu. JlogaBaHHS mTOTPIOHOTO
o6csary ITAII 3aiticHioBanock y Takuit croci0. JlogaBanns mepioi mopiii TTATI,
oOcsar sxkuil BiAMoBigaB 25 % BiJ 3arajgbHOro, €KCIUTyaTallis AWU3eNs MPOTAroM
30 xBWIMH, JoaBaHHS Apyroi mopiii oocsrom 25 % Bix 3aranpHoro ta 30-Tu
XBWJIMHHA €KCIUTyaTtalis au3ens; noaaBaHHs permtu obcsry ITAIT — 50 % Bin
3aranbHOrO 00cary. Ilicias ogHOI roauHU eKcIuTyaTallii Au3ens, B CHUCTEMY
MUPKYJSLIMHOTO MaIeHHs sikoro Oyno aonano 100 % Heobximnoro oocsry ITAITI,
BUKOHYBAJIOCh BUMIPIOBAHHS Ta KOHTPOJIb HEOOXITHUX MMOKA3HUKIB [224].
OnNTUYHUM METOJOM eJlNncoMeTpii OyJio BH3HAYEHO 3HAYEHHS KpaloBHX
KYTiB 3MOUYYBaHHS Ta TOBIIMHU MAacCTUJIBHOTO 1apy. Bu3HaueHHs KpallOBUX KyTIiB
3MOYYBaHHS Ta TOBUIMHHM MaCTWJIBHOTO IIapy BUKOHYBAJIOCS JJIsi 00'€eMy MacTHIia
(piBHOTO 2 MJT), HAHECEHOI'0 Ha METAJIeBY IMOBEPXHIO, BIIMOJIPOBAHY 32 BUCOKUM

KkjacoMm TouHOoCTi. [li BenmmunHam HaBeneHi y Tabmuiti 5.6.

Tabmuus 5.6
CTpyKTypHIi XapaKTepUCTUKA MOTOPHHUX MAaCTHII
[Toka3Huk MM Ne 1 MM Ne 2
KpaiioBuii KyT 3MouyBaHHs, 0, rpaj 27,8 17,2
ToBMmEHA MACTHIIBHOTO MAPY, dyy, MM 4.8 2,6

Ilpumimka: MM Ne 1 — motopHe mactuio 3 pgonaBaHHaM [IAIl; MM Ne2 —

MOTOpHE MacTuiio 6e3 nonaBanus [TAIT
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Homorpamu, mo BigoOpakaioTh CTPYKTYpHI XapaKTEPUCTHKU MOTOPHHUX

MacTuJI, HaBeAeH1 Ha puc. 5.6.

®’ a'l\"[l\-i=
rpan MM

25 4,0

1
1
20 3,0
2 2
15 2,0

MOTOpHe MAaCTHJIO

Puc. 5.6. CTpyKkTypHi XapakTepUCTUKA MOTOPHUX MAaCTHII:
1 — MM Ne 1 (3 nogaBannsm 10 00’emy ITAII);
2 — MM Ne 2 (6e3 nonaBanus [1AI);

Excrnyaraiiss qu3eniB mpoBOAMIIACS 3 BHUKOPUCTAHHSM CYJIHOBUX TMaJUB
RME180 Ta DMAULS (ocHOBHI XapaKTE€pUCTUKH MaJIUB HaBeACHI B 11. 4.2.2).

[lotpebu cynna B enekTpoeHeprii 3abe3neuyBaiucs oaHuM (y pasi
HaBaHTaxeHHA 70 500 kBT) abo nBoMa napajiefibHO MPALIOYUMU AU3eIsIMU (Y
pa3i HaBaHTaxkeHHs moHaa 500 kBt). JochimkeHHS BUKOHYBAJIM Ha pPeKUMAax
pOGOTH, KOJIM BUKOPHCTOBYBAIIHCS JIBa JU3eMi. IX eKcIiTyaTanis 3/1iiicCHIoBanach Ha
OJIHAKOBUX HABAHTAXEHHAX. Y CHCTEMY MAILEHHS OJHOIO 3 JIU3€eliB J0]1aBajach
ITAII. Tperiit nuzens abo nepedyBaB y crani stand-by, abo ekcrulyaTyBaBcsl Ha
HEOOX1ITHOMY HaBaHTaXEHHI (y pasi, Koiau Juisi 3a0e3MeueHHs] TMOTYXKHOCTI
CHOXKMBaYiB OyJI0 JIOCTaTHbO OJHOTO AM3EIA), NMPU LBOMY MEpIIUN Ta APyrui
JIU3€N1 HEe eKCILTyaTyBaJIUCA.

[lepen moyaTKOM EKCIIEPUMEHTIB Ju3ell mepeOdyBaii B  OJHAKOBOMY
TeXHIYHOMY  cTaHl. Ha  mm3ensix  Oyniu  TEepEeBCTAHOBIEHI  JeTall
HUAJITHIPOTIOPIIHEBOI TPyNH (BTYJKH IWIIHAPIB, MOPIIHI, MOPITHEB1 KIJbLS) Ta
KPUBOLIMITHO-IIATYHHOTO ~ MEXaHi3My (IIaTyHM Ta BKIAQQUIIl MOTHJIEBHX

IITATTHAKIB).
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JIist BUKOHAHHS 3aBIAHHS JTOCIIKEHHS ITiJT Yac TPOBEICHHS €KCIIEPUMEHTY
Bu3HauvaBcs MexaHiuyHui KKJI nuzens — 1, a Takox ¢ikcyBanucs 3HaueHHs: TBN
MacTHJIa y BIATOBIIHI YacOBI IHTEPBAIA HOTO poOOTH. Bu3HaueHHs MeXaHIYHOTO
KK/]I 3aiiicHIOBasiocs METOJIOM IIOCTIHHOI BUTpaTu TMajuBa, Bu3HaueHHsS TBN
MacTWJIa BUKOHYBAJIOCS B CYJHOBIM TexHIuHIA Jsabopatopii ¢gipmu Cylinder
Scrape-Down Oil Analysis BIAMOBITHO 10 PEKOMEHIOBAaHUX TEXHOJIOTIH Ta
IIOCJIIIOBHOCTI.
[linm dYac mpoBeneHHS EKCIEPUMEHTY KOHTPOJb Ta JIarHOCTYBaHHS
TEXHIYHOTO CTaHy MacTHJIa BUKOHYBAJIMCH MUISIXOM TPHUPa30BOro Bu3HadeHHS BN
3 1HTepBaJioM BimOOpy mpod 1 roxa. VYcepenHeHi 3Ha4YeHHS pE3yNbTaTiB

eKCIIEPUMEHTY HaBeJIeHO B Tabuuii 5.7.

Taomurs 5.7

3mina TBN ta ATBN MOTOpHHUX MacTuiI 3a pi3HUX YMOB €KCIIEPUMEHTY

4 MM Ne | MM Ne 2
aC, TOIMHH TBN ATBN, % TBN ATBN, %
100 14.1 20,70 14,0 141
200 14 141 13,5 24,93
300 13,7 33,52 13.1 775
400 13.4 25,63 12,6 1127
500 132 27,04 122 _14,08
600 13.1 775 11,8 216,90
700 12,9 29,15 113 220,42
800 12.8 29,86 10,9 2324
900 12.8 29,86 10,7 24,65
1000 12,7 210,56 10,5 226,06

Jlna Bcix iHTepBaniB BumiptoBanb (Big 100 mo 1000 rogun) 3nauenns TBN
11t MM Ne 1 nepeBuiyBasio aHanoriuyae 3HadeHHs ajs MM Ne 2. [lopiBHsUIbHY

ominky 3MiHM TBN MOTOpHMX MacTH/ MOKHAa BHKOHATH 3a BIJHOCHOIO

BennunHOIO ATBN, sika BU3Ha4a€eThCs 3a BUPA30M

TBN, - TBN

ATBN = ==-100%,

HOM
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ne TBN,, TBN,,, — 3Hauerdss TBN y meBHuil mpomiKOK 4Yacy Ta HOMiHAJIbHE
3HAYEHHS.

3nauennss ATBN HaBenmeni B Tabmumi 5.7. 3a 3HaueHHaM# Tabmuil 5.7
noOyaoBaHi HOMOTpamu, MmO BimoOpaxaroTh 3MiHy TBN ta ATBN mMotopHmX

MacTui — puc. 5.7, 5.8.

TBN
14
13}
12} 1
1

11
o l 2]

0 200 400 600 800 1000 ¢,tox

Puc. 5.7. 3mina TBN cyaHOBHX MOTOpPHUX MAaCTHUII:

I —-MM Ne 1;2—-MM Ne 2

200 400 600 800 1000 #,Ton
0 \Ll
_5 L 1
-10
_15 -
=20
=25}
ATBN,
%

Puc. 5.8. Binnocue 3umxenns ATBN cy1HOBUX MOTOPHUX MacCTHIL:

I —-MMNe1;2—MM Ne2
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Busnauenns mexaniunoro KKJI BukoHyBanmocst Ha pi3HHX, ajie PIBHUX MIXK
co00I0 HaBaHTAXKEHHSX CynHoBux aum3eniB (y miamazoni 40..75 % Bin

HOMIHAJIBHOTO 3HaueHH:). 3HaueHHs MexaHiuHoro KKJ[ HaBeneno y tadmuii 5.8.

Tabmuns 5.8
3mina mexaniuHoro KKJI n,,, %, cyannoBoro nu3zens Yanmar 6EY18AL

3a PI3HUX YMOB €KCIIEPUMEHTY

Yac, ronuau HapanTaxeHns Ha au3enb, % MM Ne 1 MM Ne 2
100 55 87,7 84,5
200 50 86,3 83,0
300 40 83,8 80,1
400 45 84,1 80,7
500 60 87,7 84,8
600 60 87,6 84,8
700 75 88,6 86,3
800 70 88,3 85,8
900 75 88,7 86,3
1000 65 88,1 85,3

BignocHe 36uibmenHss mexaniuHoro KKJ[ An, mig 4Yac BUKOpHUCTaHHS
MOTOPHOTO MAacCTHJIa, CTPYKTYpHI XapakTEPUCTHUKUA SKOTO (KpaOBHHA KYT
3MOYYBaHHS Ta TOBIIWHA IIIapy) MalOTh OULIBIIN 3HAYCHHS, MOKHA PO3paxyBaTH 3a

3QJIEKHICTIO

MNint ~ Mo
An,, =—ml_m2 .100%,
nml
1€ N1, Nmz — MexaHiuanii KKJI npu Bukopucranni MoTopHux Mactiii MM Ne 1 ta
MM Ne 2 B ogHAKOBHI MPOMIKOK Hacy, %.
3HaueHHs Am, Ui PI3HOTO Yacy eKCIUTyaTalii CyIHOBOTO JTU3EJs

Yanmar 6EY 18AL naBeneno y Tabmmii 5.9.
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Tabmnis 5.9

Bigrocue 30iunbmenns mexaniggoro KKJ[ Any,, cynHoBoro nusens

Yac, rof AN, % Yac, roz ANm, %o
100 3,65 600 32
200 3,82 700 2,6
300 4,42 800 2,83
400 4,04 900 2,71
500 3,31 1000 3,18

3a pesynbraramu TabauIb 5.8 Ta 5.9 MoOygOBaHO HOMOTpamH, HaBEJEHI Ha

puc. 5.9.

T]m’ %

88 e

86— (— — — -

84—1 +— 1

82—

L |
100 200 300 400 500 600 700 800 _ 900 1000 7, ron

oo
=

4

An,, %

Puc. 5.9. PesynbpTaTn exciepuMenTy: Ny, — mexaniuanii KK/, %;

AN, — BigHOCHE 30UbeHHs Mexaniunoro KKJI, %;

I —-MMNe1;2—MM Ne2

[lin vac mpoBeAeHHS MOCTIIKEHb EKCIUTyaTallisl AW3€NIIB BUKOHYBajacs
BIJIMOBITHO /IO TIPaBWJI TEXHIYHOI eKCIUTyartarii, 6€3 MEeXaHIYHHX Ta TEIUIOBHX
NepeBaHTaXEHb. 3HAYCHHS BCIX KOHTPOJIHOBAHUX MapaMeTPiB Au3es mepedyBanu

y JOIYCTUMOMY Jl1ara30HI.
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3 MeTOI0 30UIBIIICHHS] MACUBY €KCIIEPUMEHTATBHUX JAHUX Ta MiATBEPIKCHHS
paHilie OTPUMAHUX pPE3yJNbTaTiB LUK JOCHIKEHb OyB TOLIMPEHUNH Ta
BUKOHYBaBcs Ha cynHoBux COJl 6L16/24 MAN Diesel, sxi BXoawmm 10 CKIaay
JIOTIOMIKHOI €HepreTuyHoi ycraHoBku cyaHa Tumy General Cargo nensediTom
15600 ToHH. Y HMPKYJIALIAHIA CHUCTEMI MAICHHS JU3EIIB BUKOPHUCTOBYBAJIOCH
MoTopHe Mactuiio Mobilgard ADL30 ¢ipmu Mobil, ocHOBHI XapaKTepUCTHKU

SIKOT'O HaJiaHi B Tabmmii 5.10 [74].

Taomurg 5.10

OcHOBHI XapakTepucTuku MoTopHOro mMactuia Mobilgard ADL30 dipmu Mobil

[ToxazHuK 3HaueHHs
Kinac SAE 30
['ycruna mpu 15°C, kr/m’ 894
B’si3kicte kinematuuna mpu 100 °C, cCr 5,21
B’s3kicTe kinematuyna mipu 40 °C, cCr 143
3aranbHe nyxHe uncio (TBN) 14,4
Temmeparypa crnanaxy, °C 255

[IpuHIMIIOBA cXeMa CHUCTEeMa ITUPKYJISAIIMHOTO MAIlleHHS JU3elliB HaJlaHa Ha

puc. 5.10.

5/

Puc. 5.10. Cxema cy1HOBOT CHCTEMHU IUPKYJISAIHHOTO MAILIEHHS Mij Yac
MIPOBEICHHS €KCIIEPUMEHTATILHUX JTOCITIIKECHb:
1 — mucTepHa MUPKYISIIiHHOTO MacTuia; 2 — au3enb Ne 1; 3 — nuzens Ne 2;
4 — nuzens Ne 3; 5 — cemapaTop MacTuia; 6 — MUPKYJIALINHUN MacTUIIbHUN

Hacoc; 7 — MaCTUILHUN PiIbTp; 8 — J03epHUMN IPUCTPIN
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[Tomaua macTuia A0 MaIeHHs KOJIHYATOTO BaJly Ta MiANIAITHUKIB AU3ETIB 2,
3, 4 3abesneuyBayiach IUPKYJIAIMIMHUM HacocoM 6 (OKpeMO IJisi KOXKHOTO 3
nuzeniB). OuulleHHs MacTujla BUKOHYBAJIOCh 3a JOMOMOTOI (GuibTpa 7 (TaKox
OKpPEMO JJIs1 KOKHOTO AU3EIIsl) Ta cernapaTopa 5 (SIKUi MOCIA0BHO MiIKIII0UaBCs J10
CHUCTEM MaIleHHS KOXXHOTO 3 Ju3eiiB). [lomoBHEHHS 00csary macTuia B KapTepi
JIA3EITIB 3/11IMCHIOBATIOCH 3 IIUCTEPHH 1.

JlocnikeHHs BUKOHYBAJIMCh Ha JABOX JM3ENSX, 10 Ha MOYaTOK BUNPOOYBaHb
MaJii OJJHaKoBUH pecypc (mo3uiii 2, 3 Ha puc. 5.10). I1ig yac BunpoOyBaHb AU3e1
EKCIUTyaTyBaJIUCh Ha PIBHUX MIDK COOOI0 HABAHTAKCHHSX. Y BHIIAJIKYy, KOJHU
HNOTY>)KHOCTI JIBOX JAM3€NiB (Ha SAKUX MPOBOIWINCH JOCTKEHHs) Oyio
HEJIOCTaTHbO, JUIsi 3a0€3MeYeHHs CYJAHOBHX MOTpPeOd B ENEKTPUYHOI EHEeprii,
BUKOPHUCTOBYBaBCs TpeTid auzenb (mo3uuis4 Ha puc. 5.10). Takox nuie e
JM3eJIb BUKOPUCTOBYBABCS Y BUMAJAKY, KOJIA JIJIsl 3a0€3MeUeHHs MOTpeOu CyJqHa B
€JICKTPUUHINA €Heprii BUCTAYaJIO OTYKHOCT1 OJHOTO JTU3EJIS.

Ax cmoci6, mo 3abe3medye MIABUINEHHS CTPYKTYPHUX XapaKTEPUCTUK
MOTOPHOTO MacTuja (a caMe KpalloBUX KyTiB 3MOUYyBaHHs), Oylo 0OpaHO
nonaBanus ITAIl. VYV HaykoBo-gochiaHMIBKIN J1abopaTopii Oylno BU3HAYEHO
ontuManbHy KoHueHTpauito I[TAIlI B o00’emi MOTOpHOro MmacTwia, TpH SIKIA
3a0€3MeYyI0ThCSI MAKCUMAIIbHI KyTH 3MOUyBaHHS.

Jlo cuctemu wMamieHHS ojxHOrO 3 au3eniB (mosuiis 1 Ha pwuc. 5.10) 3a
JIOTIOMOTOI0 JI03€pHOTr0 IpucTporo (ro3uilist 8 Ha puc. 5.10) nogaBanace ITAIL Yac
BBeneHHs [IAIl nmo 3arampHOro 00CATy, AKUil 3a0e3nedyBaB MIATPUMAHHS ii
ONTUMABHOI KOHIIEHTpaIli, OyB BU3HAUECHUN Y TOMEPEAHIX MOCTIKEHHSIX Ta
KOHTPOJIIOBABCA IUISIXOM BUMIPIOBaHHSI OCTaTOYHOTO JIy>kHOro yucia (Total Base
Number — TBN) motopHOT0 MacTunia.

JlocnikeHHsT BUKOHYBAJIMCS T1J 4Yac MEPEXOJIB CYyJHA, TPUBAIICTh SKUX
craHoBmwia 12...18 guiB. IIpu npomy (y 3B'SI3Ky 3 BIJICYTHICTIO MAaHEBPOBHMX Ta
IIBAPTOBUX PEXKUMIB, & TAaKOX BAaHTAKHUX OIEpaliiii) eKcCIulyaTallis Iu3eliB
BijOyBasacsi 0e3 CTpUOKOMOJIOHOT 3MIHM HaBaHTa)XXEHHs. AHAJIOTIYHO [0

MOTIEPEIHIX BHUMPOOYBaHb, CTaH NAJIMBHOI amapaTypu (MaJUBHUX HACOCIB
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BUCOKOTO THUCKY Ta (OPCYHOK), a TaKOX il peryiroBajbHI mapaMeTpu (THCK
HarHiTaHHSA, KyT MOYaTKy MOJayl MajiuBa) BCIX Ju3eNiB Oylu 1JEeHTHUYHI. Y
CHCTeMaxX MaIlleHHS Ta OXOJIO/KCHHS JW3eIB MiATPUMYBAIUCS OJIHAKOBI
3HaYeHHS TeMmieparypu Ta TucKy. Ilepeg mouYaTKOM EKCIEPUMEHTIB Y
HUPKYJSLIMHUX CHUCTeMaX MAIlleHHS JU3eliB OyJI0 MOBHICTIO 3aMIHEHO MacTHJIO.
KommeHncariisi BUTpaT MacTHiia Ha BUTAp AJIA KOKHOTO 3 JAM3EJ1B BUKOHYBalacs B
00cs31 100 mitpiB uepe3 100 roguH excriTyararii.

ExcrniepyuMeHTanbHO  MIATBEP/KEHO, IO  3MallyBajJlbHa  3JIaTHICTh
0e3nocepeIHbO 3aIEeKUTh Bl Koe(illieHTa TOBEPXHEBOTO HATATY PIAKHX MAaCTHIL
[Toka3HHMK MOBEPXHEBOTO HATATY HEPO3PUBHO MOB'SI3aHUM 3 SBUIIEM aAresii Ta 3
KpalOBUM KYTOM 3MOUYYBaHHS IMOBEPXHI MacTHIIOM [225, 226].

Jlis BU3HAUEHHS BIUIMBY KpaillOBHX KyTIB 3MOYYBAaHHS Ha SKICTh Mepediry
Ipollecy MalleHHS BUKOHYBAJIUCh KOMIUIEKCHI JOCHIDKEHHS, SIKI TOJIAraiu y
BU3HAYECHHI CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHUX MAcTUN (KpailoBOro Kyra
3MOYYBaHHS Ta TOBIIMHM aTr€31HHOTO MIapy MAcTUIA), a TAKOXK €KCIUTyaTalliiHIX
MOKA3HUKIB MOTOPHOTO MacTuja (Jy)KHOTO 4YHCJIa Ta BMICTY MEXaHIYHHX
JIOMIIIOK) Ta EKCIUTyaTalliiHUX TOKa3HWKIB CYJIHOBOTO aM3eisl (MEXaHIYHOTO
KOe(]iIIEHTY KOPUCHOT Jii, TUCKY CTUCHEHHS Ta TEMIIEpAaTypu BUITYCKHHX Ta3iB),
MaIIeHHS SKOTo 3a0e3Mevy€eThCs IMMH MACTUIIAMHU.

JIisi BUKOHAHHS 3aBIaHHS JTOCIIDKEHHS 1]l Yac TPOBEICHHS CKCIIEPUMEHTY
Bu3HavaBcs mexaniunuii KKJ[ nusenst — 1y, THCK CTUCHEHHS — p., TEMIIEpaTypa
BUITYCKHUX Ta3iB f,, a TaKoX (ikcyBanmucs 3HadeHHss TBN mactuia y BiAMOBiAHI
4yacoBl 1HTepBaM Horo pobotu. Buznauenns mexaniuynoro KK 3mificHroBanocs
METOJIOM TIOCTIHHOI BUTpPAaTH TajdWBa, BU3HAYCHHS THUCKYy CTHUCHEHHS Ta
TEMIIepaTypyd BHUIYCKHMX Ta3iB — 3a JOMOMOIOK CHUCTEMH J1arHOCTYBaHHS
MOKa3HUKIB POOOYOro IMKIY CyaHOBOTO nu3enss Doctor, BusHaueHHs TBN
MacTHJIa BUKOHYBAJIOCS B CYAHOBIM TexHiuHid mabopatopii ¢ipmu Cylinder
Scrape-Down Oil Analysis BiAMOBIZHO A0 PEKOMEHJIOBAHMX TEXHOJOTIM Ta

nociaigoBHocTi [37, 114].
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3MiHA CTPYKTYpPHHX XapaKTEPUCTHK MOTOPHOTO MACTHJIa KOHTPOJIOBAIACH

NUSIXOM BHU3HAYEHHS KpalloBUX KyTiB 3MOYyBaHHS O Ta TOBIIMHU MHOTO

ancopOLiiHOro mapy d,, HUIIXOM BUMIPIOBAHHS IIMX MOKA3HUKIB Y MPOMIXKKH
4acy, 110 BIJAMOBIAAI0Th BUSHAYEHHIO MOKA3HUKIB POOOTH JU3EIIB.

Pe3ynbTaTi BUMIpIOBaHHS IUX MOKa3HUKIB JyuIs au3esst Ne 1 (0 MacTUiIbHOI

cucremu skoro noxaasanack ITAIT) ta nmus amzens Ne 2 (ekcrutyaTallisi SIKOro

BUKOHYBajacs 0e3 nonaBanHs [TAIl 1o mactuna) HaBeaeH1 B Tabaumi 5.11

Tadbmus 5.11

Pe3ynbpTaTu ekcriepuMeHTy

E“ Iloka3zuuk
5 | B
%“E §\° Nml Nm2 Dels DPe2s lerl, ler2,
> o | £&° |TBN, | TBN,
N % % | MIla | MIla | °C °C
<
T
1 70 14,4 144 | 88,3 88,3 10,2 10,2 281 281

100 75 143 | 14,2 | 88,4 | 833 | 10,3 | 10,2 | 283 | 285
200 70 143 | 14,1 | 88,1 | 87,8 | 10,1 | 10,0 | 283 | 288
300 45 14,1 | 13,77 | 84,2 | 83,7 | 94 9,2 253 | 259
400 50 14,1 | 134 | 852 | 84,2 | 9,6 9,4 259 | 268
500 55 14,0 | 13,0 | 85,5 | 84,7 | 9,7 9,4 266 | 276
600 70 13,8 | 12,1 | 87,7 | 86,3 | 9.9 9,5 278 | 288
700 65 13,6 | 11,6 | 853 | 84,1 9,8 9,4 273 | 283
800 40 13,5 | 11,4 | 83,7 | 82,1 9,4 9,0 255 | 265
900 45 13,5 | 11,2 | 84,6 | 83,0 | 9,5 9,0 259 | 272
1000 50 134 | 10,9 | 85,1 | 83,2 | 9,7 9,1 262 | 276

Hpumimka: TBNy, Nmi, pe1s tern — A1 quzenst Ne 1; TBNy, Mo, P2, oy — I8

nuseisa Ne 2
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B Tabnumi 5.12 HaBeneH1 CTPYKTYpHI MOKa3HUKU MOTOpHUX MacTuil (Ne 1 —

1o ckiany sikoro ponasanachk ITAIT Ta Ne 2 — ekcrimyaTariisi SKOro BUKOHYBAlIach
6e3 nomaBanHs [TAIT) 3ayexxHo Bl yacy ixX eKcrutyartarlii B JU3€i.

3a pe3ynbrataMu, 10 HajgaHi B Tabnuisix 5.11, 5.12 nobynoBani HoMorpamu,

K1 B1J100pakaroTh 3MiHY eKCIUTyaTaliiHuX [IOKa3HUKIB JTA3EIS

6L.16/24 MAN Diesel (puc.5.11, 5.12) Ta CTPpYKTypHUX XapaKTEPUCTHK
moTopHOTro MacTuia Mobilgard ADL30 ¢ipmu Mobil (puc. 5.13).

Taomung 5.12

PesynbraTn ekcnepumeHTy

Yac, IToxasHuxk
TOJIMHU 0, rpan 0,, rpax i1, MM dy, MM
1 18,3 18,3 3.8 3.8
100 18,3 18,0 3,7 3,5
200 18,2 17,6 3,6 3,2
300 18,2 15,3 3,6 2,8
400 18,0 13,6 3,5 2,6
500 17,8 12,3 3,5 2.4
600 17,8 11,2 3,3 2,3
700 17,9 10,2 3.4 2,0
800 17,7 9,5 3,3 1,9
900 17,6 9,3 3,4 1,9
1000 17,5 9,1 3,3 1,7

[Tpumitka: 0, dy — s quzens Ne 1; 0,, dy, — nos quzenst Ne 2
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Puc. 5.13. 3MiHa CTpYKTYypHUX TTOKA3HHUKIB MOTOpHOTO Mactuia Mobilgard ADL30
¢dbipmu Mobil:

a — KpailloBU KyT 3MOUyBaHHS; O — TOBIIMHA aJCOPOIIIHOTO mapy;

1 — mu3ens Ne 1; 2 — qu3enn Ne 2

Sk kputepii 3a0e3neyeHHs] MPOLEeCy MallleHHs 4yepe3 aOCOIIOTHI 3HaueHHS

KOHTPOJIbOBAHUX MAPAMETPIB (Z5r, My Pc) BABHAYAINCH 1X BIIHOCHI BIAXUJICHHS:

301JIbIIEHHS TUCKY HAIIPUKIHII CTUCHEHHS

Ap, =p°p+p°-100%; (5.1)

301IpIIeHHS MeXaHiuHoro KK/

An, =e e n;P “—-100%; (5:2)

3MEHIIEHHS TeMIIepaTypH BUITYCKHHX Ta3iB

A, =l "l 000, (5.3)

BI'

30UTBIIIEHHS 3arajbHOTO JIYKHOTO YHCIia

ATBN = 1BN = IBNT 560, (5.4)
TBNmaX
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ae  p™, pMt I qmn e et TBN™, TBN™  — MakcHMallbHE Ta MiHIMaJbHe

3HAYEHHS MMOKA3HMKIB JU3EJI1B Y IEBHUH IIPOMIKOK Yacy;

Pesynbratn pospaxyHkiB 3a Bupazamu (5.1)-(5.4) 3 ypaxyBaHHSM Hacy
BUMIpIOBaHb HaBejeH1 B Tabmwmil 5.13. 3a pe3ynpraTamu Tabauii 5.13 noOyaoBaHa
KOMIUIEKCHA Jilarpama, 10 BiJloOpakae 3MiHY MOKa3HUKIB B 3aJIeXKHOCTI Bij 4acy

eKCcIuTyaTarii au3ens — puc. 5.14 [74].

Taomurg 5.13

Pe3ynbTaTi po3paxyHKy BiJTHOCHHMX BiJIXWJIEHb MIOKa3HUKIB

Yac, [Toka3Huk
rOJIMHU Ap., Yo ANy, %0 Atyr, %o ATBN, %

100 0,97 0,11 0,7 0,69
200 0,99 0,34 1,77 1,39
300 2,13 0,59 2,37 2,84
400 2,08 1,17 3,47 4,96
500 3,09 0,94 3,76 7,14
600 4,04 1,60 2,92 12,32
700 4,08 1,41 3,66 14,71
800 4,26 1,91 3,92 15,56
900 5,26 1,89 5,02 17,04
1000 6,19 2,23 5,34 18,66
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Puc. 5.14. KommiiekcHa aiarpama 3MiHM KOHTPOJIbOBAaHUX TTapaMeTPiB:
Ap. — BiTHOCHE 301JIBIIIEHHS] TUCKY CTUCHEHHS; AT,, — BITHOCHE 301JIbIIICHHS
MexaniuHoro KKJI; A¢,. — BITHOCHE 3MEHIIICHHS TEMIIEPATypPH BUITYCKHUX Ta3iB;

ATBN — BitHOCHE 301IBIIICHHS 3aTraIbHOTO JTY>KHOTO YHCIa
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5.1.3. 3abe3neueHHs peXKUMIB MAILEHHS IIJISIXOM KOMIUIEKCHOTO BIUIMBY Ha

CTPYKTYpHI XapaKTePUCTHUKH MOTOPHOTO MacTUIa

S BCTaHOBJICHO MiJl Yac JIOCHIJIKEHb, pe3yibTaTH SKMX HaBeAeHl B m. 5.1.1
ta 5.1.2, NIABUIIEHHS CTPYKTYPHUX XapakTEPUCTHUK MOTOPHOTO MacTHJIa
(Hacammepen TOBIIMHW MACTHJIBHOI IUTIBKM Ta KPalOBHX KYTIB 3MOYYBaHHS)
3aCBOIOETHCS NUIIXOM aojaBaHHa 10 mactuia [TAIl Ta HaHeceHHsS Ha MOBEPXHI
TEPTs. HAHOIIAPIB OPraHiYHUX MOKPUTTIB. HacTymHum etamnom nociigkeHHs 0yio
BU3HAYCHHS KOMIUIEKCHOTO YIIPABIIHHA CTPYKTYPHHUMH XapaKTEPUCTHKAMU
MOTOPHOTO  MacTwia (OJJHOYACHOIO MOKPUTTS IOBEPXOHb OPraHiuHUMU
pedoBrHamu Ta ponaBaHHs [IAIl B 00’eM MOTOpPHOrO MacTWia) SIK METOIY
3a0e3nevYeHHs MPOLECy MAIIEHHs CYJHOBUX JIU3€EIIIB.

HocnimkeHHss BUKOHyBaJUCh Ha cynHi kiacy Bulk Carrier neaeditoMm
37620 ToHH. SIK JOTIOMIkHI JBUTYHU HA CYJHI BUKOPHUCTOBYBAJIUCH YOTUPUTAKTHI
auzem 6L.23/30 MAN-Diesel&Turbo 3 HoMmiHanpHOIO TOTYXHICTIO 960 KBT Ta
4acToTol0 obepranHHs KoiiH4atoro Bamy 900 o6/xB. CmpoineHa cxema CHCTEMH

HUPKYJISLIMHOTO MallleHHs AU3eJIs HaBejieHa Ha puc. 5.15 [227].

10/ \o 8/ \7 \6 5/
Puc. 5.15. Cucrema nupKyIALiitHOrO MaIleHHs CyIHOBUX nu3eniB 61.23/30
MAN-Diesel&Turbo (dhparmenT):
1 — nuzens Ne 1; 2 — nuzens Ne 2; 3 — BuTpaTHa HUCTEPHA CUCTEMU
UPKYJSALiHHOTO MateHHs; 4 — qu3enb Ne 3; 5 — cenmaparop; 6 — BUTpaTomip;
7 — UMPKYJIALIMHAN HAcoc; 8 — QUIBTP; 9 — MIKPOKOHTPOJIED;
10 — no3yrounit mpucTpiit
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3a0e3neueHHs] PeKUMIB MallleHHS! BUKOHYBAJIOCh y Takiil cnoci6. Koxuuii 3
muzeniB (Ne 1 — mosuis 1, Ne 2 — mosutis 2, Ne 3 — no3uiis 4 Ha puc. 5.15) maB
OKpEeMHUM ITUPKYIALMIMHUN Hacoc 7, sKik 3 Kaprepa auzens uepe3 GuibTp 8
CHPSAMOBYBaB MAacTHJIO 10 KOJIIHYATOro Baiy. IIpoAyKTHBHICTh LUPKYJIALIHHOTO
HAcOCy BHM3HAuajach 3a JOMOMOrow BuTpatomipa 6. [lami MacTuiao Ckpisb
CBEp/JJICHHA y BajJly Ta WIaTyHI NOTPAIUISIO J0 PaMOBOIO, MOTUJIBOBOTO Ta
rOJIOBHOTO MiAmunHuKiB. lle 3a0e3neuyBaio MamieHHs MiJIIMITHAKOBUX BY3JIiB
nuzens. MareHHs MWIHAPOBOI IPynu 3a0e3nedyBajioch 4epe3 pPo30pU3KyBaHHS
Ta aepoAucCIepryBaHHi MacTuia 3 Kaprepa nausens. Cemapamis MacTuia
3[1ACHIOBAJIACh 3a JOMOMOTO0 BIAILIEHTPOBOIO CEMapaTopa 5 OKpeMo sl KOXKHOTO
3 auzeniB. Okpema IUPKYJSAIIs Ta cemapailiss MacTwia 3amofiraja Horo
3MINIYBAaHHIO MDK CHUCTEeMaMHM MalleHHs au3eniB. lle copusano kopekTHOMy
MPOBEJICHHIO €KCIIEPUMEHTIB Ta ITIJIBUIIYBAJO PIBEHb OI[IHKH TEXHIYHOTO CTaHY
MacTHJIa JJ1isl KOKHOTO JU3esl. Y cUCTeMl MUPKYJALiHOTO MareHHs au3ens Ne 1
BCTAHOBIIOBAaBCs no3yrounii mpuctpiii 10. 3a #oro J0mMoMoOrorw 10 TOTOKY
Mactuiia nogasanack [TAIL qo ckiany sikoi BXOJAWIINM PO3YMHEHI COJI MiJIi Ta oJieat
kamiro. Kimpkicts TIAIl perymroBanmack MIKpOKOHTposiepoM 9 3 ypaxyBaHHSIM
00’eMy MacTuia, 10 BHUMIpPIOBaBCS BHUTparoMipoM. ONTUMalibHa KOHLEHTpAIis
[TAIl y macTtuni Oyna BCTaHOBJIEHA Mij Yac MOMEPEIHIX AOCHiKeHb. [lix Jac ii
BU3HAYCHHS MEPEBAKHOIO BBaxanach 3maTtHICTh [IAIl cnipustu yTBOpeHHIO Oiis
NOBEPXHI TPaHUYHMX MIApiB 3 OLIBIIOI TOBIIMHOI HA OLIBIIMMHU KpalOBUMHU
KyTaMH 3MOYyBaHHS.

Excrumyatamiss  cygHoBux — aumzemB  6L23/30  MAN-Diesel&Turbo
31MCHIOBAJIACh 3 BUKOPUCTAHHSM CYAHOBMX MOTOpHUX mnanuB RMAI10 (mig ygac
3HaXO/)KCHHS CyJHAa B 30HaX CHEIIaJbHOTO EKOJIOTIYHOTO KOHTPOJIIO eMmicli
okcuaiB cipku — SECAS, y IKMX BMICT CIpKH B MMaJIMB1 HE MOBUHEH MEPEBUILYBATH
0,1 % 3a macoro), a Takoxx VLSFO ta RMG380 (i yac ekcrutyaraiiii cyaHa mo3a
3oHamu SECAS, y KUX J03BOJIIETHCSI BUKOPUCTOBYBATH TMAJIMBa 13 BMICTOM CIPKH
10 0,5 % 3a Mmacoro). OCHOBHI XapakTepUCTUKH MOTOopHUX MauB RMA10, VLSFO

ta RMG380 HaBeneni B Tabiui 5.14.
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Taomurg 5.14

XapakTepuCcTUKa RMA10 | VLSFO | RMG380
I'ycruna 3a 15 °C, kr/m’ 922 949 991
B’si3kicTs 3a 50 °C, Mmm/c 7,2 215 380
Temmneparypa cnanaxy, °C 65 70 76
Bwict cipku, % 0,08 0,44 0,5
Huxda TerioTBopHa 34aTHICTD, KJ[K/KT 42210 41860 41600

VY mupKynsmidHiA cCUCTEMI MAIIEHHS BUKOPHUCTOBYBAJIOCh MOTOPHE MAacCTHIIO

Mobilgard320, sixe BITHOCHUTBCS JI0 CEPEIHBOJIYKHOTO KJIacy Ta PEKOMEHJIOBAHO

koHiiepHoM MAN-Diesel&Turbo sk Mactwio s cyaHoBux ¢opcopanux CO/I,

EKCIUTyaTarlisl SKUX TPUBAJIMN 4Yac 3IMCHIOETHCS HA BAXKKUX TMAJUBax 13 BMICTOM

cipku 110 0,5% 3a macoro. OCHOBHI XapakTEPUCTHUKH MOTOPHOIO MacTHJIa

Mobilgard320 naBeneni B Tabmumi 5.15.

OCHOBHI XapaKTepUCTUKU MOTOpHOTO MacTuiia Mobilgard320

TaOmurg 5.15

XapaKkTepuCTHKa 3HaYeHHS
I'ycruna 3a 15 °C, kr/m’ 863
B’si3kicTh 3a 40 °C, Mmm?/c 142
B’s3kicTb 3a 100 °C, Mm*/c 14,6
Temneparypa cnanaxy, °C >200
3aranbHe nyxHe uncio (TBN), MrKOH/r 17,45

3 MEeTOI0 BU3HAUEHHS BIUIMBY CTPYKTYpPHHUX MapaMeTpiB MOTOPHOTO MacTuia

Mobilgard320 Ha ekcrulyaTalliiiHi XapakTEpUCTUKU CyaHOBoro amsens 61.23/30

MAN-Diesel&Turbo Bu3HauanMCh HWOTO HACTYMHI TIOKAa3HHWKW: TEMIIEpaTypa

BUITYCKHUX Ta3iB f,, MexaHiyauii KKJ[ 1,, THCK HampuKiHI CTUCHEHHS p..
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BumiproBanHss BCiX TOKa3HHKIB, IO XapaKTePU3yIOTh poOOTy  Jau3eds,
3a0e3MeuyBajoch CHCTEMOIO0 KOHTPOIIO Ta JiarHocTukd Doctor [228]. Kpim
BKa3aHUX TOKa3HUKIB KOHTPOJIOBAIUCH TAKOXK YC1 1HIII, IO HEOOXIJTHI IMiJ 4ac
TEXHIYHOTO OOCIYrOByBaHHS Ta JIarHOCTYBaHHS Ju3eis. Y BHUMNAAKY, KOJH
BIIXWJICHHS  KOHTPOJIbOBAHOIO  IOKAa3HMKA  IEPEBMINYBajJO  BCTAHOBJIECHI
IHCTPYKIIIEI0 3 eKCIUTyaTallli 3Ha4YeHHs, BHUKOHYBAJOCh MHOro aBTOMAaTUYHE
pEryJIOBaHH IUIIXOM HAHECEHHS PEeryJIIoUoi Mii.

OCHOBHOIO ~ XapaKTEpUCTUKOIO  MOTOPHOTO  MacTWia, 3MIHA  SIKOi
KOHTPOJIIOBANACh i 4ac BUMIPOOYBAaHb Ta y MOJAJIbIIOMY BUKOPHUCTOBYBAIAChH SIK
KpUTepiii floro crany, 0yino 3aranbHe JyxHe uncio — TBN. g BenuunHa B meBHI
MPOMIXKKHM 4acy BU3HAuUajach 3a JOMOMOIOI0 CYJTHOBOI J1arHOCTUYHOI JabopaTopii
¢ipmu Unitor. Ilix yac BunmpoOyBaHb TakOX KOHTPOJIIOBAJIMCH 1HINI MOKA3HUKU
MOTOPHOT'O MacTHJIa — BMICT BOAM Ta MEXaHIYHUX JOMIIIOK, TYCTHHA Ta B’ SI3KICTh.
KomneHcariiss BUTpaTu MacTuia Ha BHUTAp 3AIHCHIOBAIAch ILISXOM J0JIaBaHHS
MacTHUJIa 3 BUTPATHOT ITUCTEPHHU CUCTEMH UPKYJIISAIIMHOTO MaIeHHs (To3ullist 3 Ha
puc. 5.15) no xaptepa au3zens 13 po3paxyHky 100 mitpi / 100 rogun poboTH.

Ha mouarok Ta mig 4ac mpoBeASHHS IOCIIDKCHb TU3ENl Majd OJHAKOBHUI
TEXHIYHHMI CTaH €JIEMEHTIB Ta 00JIaJlHaHHS, 10 BXOJHUTH J0 IX CHCTEM: IAJIMBHOI,
MalIeHHs, TMOBITPSMNOCTaYaHHs Ta BUIYCKY Tra3iB, a TakKoX 30DKHUM Yac
nonepenHboi poOoTH. Takok OJHAKOBUMH MIATPUMYBAIWCA 3HAYCHHS THUCKY Ta
TeMrepaTypu poOOYMX PEYOBHMH (MacTuia Ta BOJAM) Y CHUCTEMax MaIleHHS Ta
oxonomxkeHHs. [1in yac BunpoOyBaHb qu3eil €KCIUTyaTyBallCh OJIHAKOBUN Yac Ha
OJIHAKOBOMY HABAaHTA)KEHHI, II€¢ KOHTPOIIOBAJIOCh SIK 32 yMOBH IapajebHOI
poboTtu nu3eniB (1BoX a00 TPHOX), TAKOXK 132 YMOBH MOOJAMHOKOT POOOTH JU3EIIB.

BusHaueHHs BKa3aHMX MMOKa3HUKIB BUKOHYBaioch koxkHi 100 rogun pobotu
nuzeniB. [lpu 1bOMy 3HAauYC€HHS HABaHTAKEHHS Ha Ju3eib MmiA 4ac Qikcari
MOKA3HUKIB  BIAPI3HSJIOCH BiJl HABAaHTaXEHHS HA  aHAJIOTIYHOIO  IUKIY
BUMIPIOBAHHSX, 1[0 BAKOHYBAJIH B IHIIINNA YaCOBUN MPOMIKOK. AJie HAaBaHTaKEHHS

Ha Pi3H1 AU3eJ1 B OJJHAKOBUN MTPOMIKOK JOCITIIKEHHS OyJIU OJTHAKOBUMH.
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Sk MOKa3HUK, 110 XapaKTepU3y€e CTPYKTYPHI MapaMeTpyu MOTOPHOTO MAaCTHJIA,
00MpANKCh TOBIIMHA MACTUIBHOTO APy dy, Ta KpailoBHil KyT 3MOYyBaHHS. IX
BHU3HAYEHHS BUKOHYBAJIOCh Y HAYKOBO-IIOCHIIHIN j1aboparopii 3a J0MNOMOTOIO
ONTHYHUX METOMAIB, HaBeaeHuX B 1. 3.3 [112, 151, 152].

3MiHA CTPYKTYpPHHMX XapaKTEpPUCTHMK MOTOPHOTO MacTHiia 3a0e3redyBajach
nusixom BukopuctanHs IIAIl Ta HaneceHHsM ToHKoro tmmapy (20...50 Hm)
OpraHiuHUX NOKpUTTIB Ha moBepxHi TepTsa. IIAIl nomaBamace m0 MacTuia
BIIPOJIOBXK BCHOTO Yacy IMPOBEACHHS eKcrnepuMeHTy. OpraHiuyHi MOKPUTTA
HAHOCUJIMCh Ha MOBEPXHI BKJIAJMILIB IMiIIIUITHUKIB KOJIHYATOTO Bajy MiJ Yac ix
saminu. [TAIl momaBanack y HUPKYJAMINHY CHCTEMY JHUIIE OJHOTO 3 JU3ETiB
(mo3umist 1 Ha puc. 5.15), HaHECEHHSI OpPTraHIYHUX MOKPUTTIB BHUKOHYBAJIOCH JIJIs
BKJIAJIUIIIB MIITUIHUKIB ABOX Au3eniB (mo3uiii 1, 2 Ha puc. 5.15). Ha ogaOMYy 3
nu3eniB (rmo3uilis 3 Ha puc. 5.15) HISIKUX 13 BKa3aHUX 3MiH HE BUKOHYBAJIOCh.

BinHocHa 3MiHAa MNOKa3HHKIB, IO BH3HAYAJIMCH M Yac JOCIIIKECHHS,
po3paxoByBajach 3a Bupazamu (5.1)-(5.4).

3 MeTor0 OIIHKK AuHaMiku 3MiHM TBN MacTuia 3a Bupazom

TBN, -TBN,_

Vien = ~-100 (5.5)
L _tifl

BHU3HAyajgach MIBUJKICTh HOTO 3MiHHU, B sikomy no3HaueHHs TBN,;, TBN,, ¢, ¢
BIJINIOBIIal0Th MOTOYHOMY Ta MOMEPEAHHOMY 3HAUCHHSM BIAMOBITHUX MMOKA3HUKIB.
Posmipnicts Vigy — (MrKOH/r)/rona, cniBMHOX)HUK 100 BBEIEHO 3 METOO Kpallloi
Bi3yami3amili 3HaueHb MMBHAKOCTI 3MiHM TBN y 3B’M3Ky 3 1X HEBEITUKUM
aOCOIIOTHUM 3HAYEHHSIM.

PesynbraTu nOCHIKEHb, a TaKOXX poO3paxyHKIB 3a Bupazamu (5.1)-(5.5)
HaBeJeHl B Tabmuisx 5.16, 5.17. IIpu npomy mig 1, 2, 3 npuiHATO: HOJaBaHHS 10
obcsry mactuina [TAIl Ta HaHeceHHsT HAa MOBEPXHI BKJIAJIUIIIB MiAMIUITHUKIB IIapy
OpPTraHiYHOr0 MOKPUTTS; HAHECEHHS Ha MOBEPXHI BKJIAJUILIB IMIAMIMITHUKIB IIapy

OpraHiuHOr0 MOKPUTTSI; eKCIuTyaTallis 0e3 OyIb SKUX 3MiH.
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Taomung 5.16

3aranpHe JTy’KHE Temneparypa MexaniuHuit
NS ) Tuck cTucHeHHs,
Yac, | E °, yucno, TBN, BUIIYCKHMX Ia3lB, KK/,
z = Pe, MIa
ron | § % mrKOH/r tar, °C N> %0
T %
1 2 3 1 2 3 1 2 3 1 2 3
1 70,0 174 | 174 | 174 | 282 | 283 | 283 | 88,2 | 88,2 | 88,1 9,6 9,6 | 9,55
200 75,0 17,3 | 17,2 | 16,9 | 285 | 287 | 291 | 88,9 | 88,8 | 88,5 | 9,75 | 9,7 9,6
400 65,0 17,0 | 16,8 | 16,2 | 272 | 274 | 278 | 87,3 | 87,1 | 86,5 | 9,45 | 9,35 | 9,15
600 60,0 16,9 | 16,5 | 15,5 | 263 | 263 | 271 | 85,9 | 85,6 | 84,6 | 9,15 | 9,0 | 8,75
800 80,0 16,8 | 16,3 | 14,8 | 293 | 296 | 306 | 89,3 | 89,1 | 88,3 | 9,8 9,7 | 9,55
1000 | 50,0 16,7 | 16,1 | 142 | 248 | 250 | 259 | 84,8 | 84,5 | 82,7 | 89 | 8,65 | 83
Taomung 5.17
Pe3ynbratu po3paxyHKy BIJHOCHUX BIAXWJICHb MTapaMeTpiB
Bignocue BigHocue Bi
LS IIBuaKiCTH 3MiHU _ 1THOCHE
YHac, | E °. 3MEHIIEHHS 30iIbIIEHHST | 30UIBIICHHS
5 B TBN, Vigx Ap. %
FOH g qm) tBI‘) AtBF) % T]WD Anm: % pc, pc
anjy
1 2 3 1 2 1 2 1 2
200 75,0 0,15 0,25 0,55 2,11 1,39 0,46 0,34 1,56 1,04
400 65,0 0,3 0,4 0,7 2,21 1,46 0,92 0,69 3,28 2,19
600 60,0 0,1 0,3 0,7 3,04 3,04 1,53 1,18 4,57 2,86
800 80,0 0,1 0,2 0,7 3,38 3,38 1,13 0,91 2,62 1,57
1000 50,0 0,1 0,2 0,6 3,6 3,6 2,54 2,18 7,23 4,22
3a pesynapTaTamMH, 10 HaBeleHI B Tabmuusx 5.16,5.17, mnoOymoBaHi

HOMOTpaMH, IO BiJOOpa)kaloTh 3MiHY KOHTPOJbOBAHHUX IOKA3HUKIB 3a PI3HUX

YMOB €KCIUTyaTallii HMUPKYJSIIAHOI cucTeMu MaiieHHs au3eniB 61.23/30 MAN-

Diesel&Turbo (puc. 5.16, 5.17).

JocnimkeHHs, 10 BUKOHYBAJMCS B HAyKOBO-IOCIHIIHMIIBKIN J1abopaTopii,

JO3BOJINJIM BCTAaHOBUTH 3M1Hy CTPYKTYPHHX XapPaKTCPUCTHUK MOTOPHOI'O MaCTHJIA

Mobilgard320 3a pi3Huil yac Ta pI3HMX YMOB €KCIUTyaTallii CyJHOBOTO JM3EIA

61.23/30 MAN-Diesel&Turbo (Tabaurs 5.18, puc. 5.18).
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Taomurs 5.18

PesynbraTu mabopaTopHUX TOCHTIKEHb

- ToBHIMHA TPAHUYHOTO KpaiioBuii kyT ToBuMHAa MaCTUIILHOTO
" mapy, ds, MKM 3MO4YyBaHHs, 0, Tpaj mapy, dyy,MM
o 1 2 3 1 2 3 1 2 3
1 13,7 13,3 10,7 32,4 26,3 21,7 4.4 4,2 3.4
200 13,5 12,8 10,2 31,8 26,0 17,6 4,3 4,0 3,1
400 13,1 11,6 8,7 31,3 23,3 15,3 4,2 3,8 2,5
600 12,8 10,6 7,7 29,1 23,0 14,2 4,2 3,7 23
800 12,6 10,3 6,8 27,7 21,8 12,6 4,1 3,6 2,2
1000 12,5 9,9 6,6 27,5 20,8 12,0 4,0 3,6 2,1

3icTaBlIeHHS pe3yJbTaTiB, 110 HaBeleHi B TaOiuill 5.18 Ta Ha puc. 5.18, a
TakoX y Tabmuisx 5.16,5.17 ta wa pwuc.5.16,5.17, cBiguuTh, MO i dac
eKCIUTyaTallli MOTOPHOIO MacTHa, SIK€ Ma€ OUIbII BHPAXEHI CTPYKTYpPHI
napameTpu (OiIbITY TOBIIMHY BIOPSIKOBAHOTO TPAHWYHOTO IIIApy MAacTHIIA,
OUTbIIMI KpallOBUH KyT 3MOYYBaHHS, OUIbIIY TOBIIMHY MACTUJIBHOTO ILapYy)
3a0€3MeuyloThCsl Ha OUIBII BHCOKOMY PIBHI €HEPreTU4YHI Ta TEIUIOTEXHIYHI
NOKa3HUKU poOOTH Ju3eNs, a TakKoX MIATPUMYIOTbCA  eKCIUTyaTalliiHi
XapaKTePUCTHKU MaCTHJIA.

[lin wac mocnipkeHb HE OYyJI0 3a(hiKCOBAHO KOJHUX KPUTUUHUX BIJIXUJICHb
MOKa3HUKIB poOoTH nuzens. Dikcaiis Ta 30€peXeHHsS] pe3ybTaTiB BUIIPOOYBaHb
BUKOHYBAQJIOCh 3a JOMIOMOTOI0 CIHEIialbHOTO TMPOTpaMHOro 3abe3meueHHs 3

yIpaBJIiHHS aKTUBAMU HAa MOPCHKUX CYyAHAX.
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Puc. 5.18. 3MiHa CTPYKTYpHHUX XapaKTEepUCTHK MOTOpPHOTO Mactuiia Mobilgard320
3a pi3HUH Yac Ta PI3HUX YMOB €KCIUTyaTallli CyJTHOBOTO JTA3EIIS
6L23/30 MAN-Diesel&Turbo:
1 — nomaBanss 10 o0csary mactuia [TAI Ta HaHeceHHs Ha MOBEPXHI BKIIAIUIIINB
IIIIIAITHUKIB IIapy OPTaHIvHOTO MOKPUTTS; 2 — HAHECEHHS Ha MOBEPXHI
BKJIQIUIIIIB MIIITUAITHUKIB IIAPy OPTaHIYHOTO MOKPHUTTS;

3 — excrutyaraiist 6e3 OyIb-sIKUX 3MiH

5.2. YrpaBiiHHS CTPYKTYPHUMH XapaKTEPUCTUKAMH MOTOPHUX MACTUJI Mij
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9ac eKCIUTyaTaIlii M HIPOBUX CHCTEM MAIICHHS CYJHOBUX JTN3EIIiB

SAx MeTon, W0 CHpHsE YNPaBIIHHIO CTPYKTYPHUMH XapaKTepUCTUKAMHU
MOTOPHHUX MAaCTHJI I1J1 Yac eKCIUTyaTalii HUIIHAPOBUX CUCTEM MAIEHHS CYyIHOBHX
nuzeniB O0ysno oopano BukopuctanHus [TAIL Leit MmeTon € HAUOLIBIIT CIPUSATIMBUAM
came st MO/, siki MaloTh OKpeMy HHUCTEPHY IWIIHAPOBOTO MACTHJIA JIO SKOi
nonaetbess ITAIl 3 moOTpiOHOIO KOHIIEHTpAIli€l0. YIpPaBIiHHSI CTPYKTYPHUMH
XapaKTEPUCTHUKAMUA MACTHJI, 110 BUKOPUCTOBYIOTHCS B IUJIIHIPOBHX CHCTEMax
MAaIeHHs, 3a JOMOMOTO0 IHIIWX METOJIB (HANpUKIAJ, HAHECEHHS PIIKUX ado
TBEpAUX TMOKPUTTIB HAa MOBEPXHI MOPIIHEBUX KUIEHb a00 LMIIHIPOBOI BTYJIKH)
BUMarae OIIBIIIOT0 Yacy Ha iX BUKOHAHHS, a TOJIOBHE MOJKJIMBE JIMINE IMiJI Yac
po30upaHHs a00 BHYTPIIIHBOI peBi3ii HUITHAPOBOI IPYMH AU3EJIA.

JloCHmiKEHHST 100 BHW3HAYEHHS BIUIMBY CTPYKTYPHHX XapaKTEPUCTHUK
MacTuja Ha eKCIUTyaTalliiHl TIOKa3HWKH CYJHOBOTO JH3EJsl BHKOHYBAJINCH Ha
MOJ 8K8OME-MAN-Diesel & Turbo.  IlpuHiunoBa  cxema  CHUCTEMHU
IIAJIIHIPOBOTO MAaIEHHS Ta TEXHOJIOTISA MO0Jadi MOTOPHOTO MAacTHIa 3 PI3HUMHU
XapaKTepUCTUKAMHM JI0 PI3HUX MLWIHAPIB Au3eNsd HaBeleHa Ha puc. 4.32 Ta
onucana B 1. 4.3.2 [212].

VYrpaBniHHA CTPYKTYpPHUMH XapaKTEPUCTUKAMH MOTOPHOTO MAacTHIIa, IO
BUKOPUCTOBYBAJIOCh IJ Yac eKCIUTyaTalii UWIIHAPOBOiI CHUCTEMH MAILlEHHS,
BUKOHYBAJIOCh y Takuil cmoci®. Y ButTpatHy uucrepny 1 (auB. puc.4.32)
nonasanachk [TAIL. Bubip mactunmpHOro marepiany, 1o skoro noaasanack ITATI,
BU3HAYaBCS KpaIllUM 13 JBOX, III0 BUKOPUCTOBYBAJIWCH Y CHUCTEMI IUJIIHIPOBOTO
MaleHHs, BIAMOBIAHO 1O 3HAYEHb CTPYKTYPHHUX XapPaKTEPUCTUK  (TUB.
tabmuito 4.31). OntumanbHe 3HadeHHs KoHueHtpamii ITAIl  BigmoBimaso
MaKCUMaJIbHOMY 3HAYCHHIO KpaHOBUX KYTiB 3MOUYBaHHS, SIKi yTBOPIOE MACTHJIO 3
nonanoto 1o ii oOcsry ITAIL. 3abesneuenns piBHOMipHOTO posmoxaiuty ITAIT B
00’éMi MOTOPHOTO MAaCTWJa, WO 3HAXOJWJIOCh Y ULHCTEPHI, BHKOHYBAJIOCH

MEXaHIYHUM CHOcOO0M. 3Ha4yeHHs KpaloBUX KYTIB 3MOYYBAHHS Ta TOBIIMHU



233

MacCTHJIBHOT TUIIBKH 111 MOTopHOro Mactuia 3 IIAIl (kpamoro 3 mMacTuil, OImuc

SKUX HalaHo B 1. 4.3.2) Ta moTtopHOTo MacTmia 6e3 monaBanHs [TAIl HaBeneHi B
tabmui 5.19.

Tabmums 5.19

CTpyKTypHI XapaKTepUCTUKU MOTOPHUX MaCTHUII

[Tapametp MM Ne 1 MM Ne 2
KpaiioBuii KyT 3MouyBaHHs, 0, rpaj 18,6 27,3
ToBIIMHA MACTHIIBHOTO IAPY, dyy, MM 3,1 4.4

[Toxi6HO TOTIEpeaHIM MOCTIKEHHSIM, PE3yIbTaTH SIKMX HaBeleHl B 1. 4.3.2,
K KpUTEpid 3a0e3NedeHHs] NPOLEeCy MallleHHs NpUHMaIiCh 3HAYEHHS YacTOK
3amizy Fe, mini Cu Tta xpomy Cr, sfiKi NOTpPAIUISIIOTh Yy MOTOPHE MAacTHJIO 3a
pEe3yJIbTaTOM 3HOUIYBAHHS MOPUIHEBUX KUJIELb Ta ILMIIHIPOBOI BTYJIKH, a TaKOX
3HA4YEHHs 3arajibHOTO Jy>KHOTo uncia TBN BinmpaiboBaHOTO MacTHIA.

Pe3ynpTatn BUKOHaHMX JOCIIDKEHb HaBeAeHO B Ta0numi 5.20 Ta Ha

puc. 5.19.
Ta6mums 5.20
Pe3ynpTaTi eKCriepuMeHTy
Mokask Yac ekcruryarariiii, TOTMHA

40 80 | 120 | 160 | 200 | 240
Bwmict nomimok 3aniza y 63 53 57 | 48 52 55
BiJIITpaIiboBaHOMY MacTwii, Fe, ppm* 42 40 33 36 28 27
Bwmict qomimmok mifi y 26 37 36 27 17 23
BimmpanboBaHoMy Mactii, Cu, ppm- 7 | 12 9 | 16 4 6
Bwmict qomimok xpomy y 5,3 4,7 5,7 5,2 5,2 4.4
BimmpanboBaHomy Mactii, Cr, ppm’ 3,8 3,7 3.9 3,6 2,5 2,5
3aranbpHe J1y)He uncio, TBN, 31 33 31 32 34 36
mrKOH/r mactuna 43 | 47 | 44 | 48 | 46 | 47
BigHOCHE 3HMKEHHS 3arajiIbHOTO 38 34 38 36 32 28
JY>KHOTO 4ucia, %o 14 6 12 4 B 6
" — y 4HCeNbHHUKY Mg Yac poboTd 3 BHKopucTaHHIM MM Ne 1, y 3HAMEHHHKY —
I*\:IM No 2;

— nmoyatkoBe 3HaueHHsa TBN 00o0x mactuia TBN=50
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3 MEeTOI MIATBEPPKEHHS MMOBTOPIOBAHOCTI Ta CTAOUIBHOCTI OTPUMAHUX
pE3yNbTATIB, JOCHTIKEHHS Oy mpomoBxkeHi B miama3oni gacy 200...1000 roauH.

IxHi pesynbraTy HaBeseHi B Tabmuwi 5.21 Ta BinoOpakeni Ha puc. 5.20.

Tabmums 5.21
Pe3ynbTaTn ekcnepumeHTy
* Yac excryarariiii, ToOQHMHA
Hoasitk 700 ] 400 | 600 | 800 | 1000

BwmicT nomimiok 3aii3a B 2 ﬁ 48 52 49
BiJIIIparikoBaHOMY MacTwii, Fe, ppm 28 29 26 29 28
BwmicT momimoxk migl B 32 24 36 35 27
BiMpaliboBaHoMy mMacTuii, Cu, ppm 6 5 9 9 6

BwMicT nomiriiok xpomy B 5,2 5,7 5,3 4,6 4,9
BiAmpanboBaHoMy mactuii, Cr, ppm 3,5 3,4 29 2,4 2,4
3arajabpHe JIy)KHE 4mcIo, TBN, 34 33 32 31 33
MrKOH/r mactnia 46 47 44 43 44
BigHOCHE 3HMKEHHS 3arajJibHOTO 32 34 36 38 34
Iy’KHOTO YHCIIa, % 8 6 12 14 12

— Y YUCEJNBHUKY MiJl Yac poboTH 3 BUKopucTaHHIM MM Ne 1; y 3HaMeHHUKY —

MM Ne 2;

kk

— nmouatkoBe 3HaueHHsA TBN 000x mactuir TBN=50

Amnanoriuti BUnpoOyBaHHs BUKOHYBauCh Ha cynHoBomy MOJ] 6S60ME-C9
MAN-Diesel&Turbo [112]. Jlo MacTuia, sike Majno OUIbII BHpa)XKeHI CTPYKTYpHI
XapaKTePUCTUKH 3a JOMOMOroro KoHTposiepa 4 (aus. puc. 4.30) nonasanacek ITAIIL.
OntumanbHa kouueHtpauis [TAIl y macTwm chnpusiia miJBUIIEHHIO KpanHOBHX
KyTiB 3MouyBaHHS 31 3HaueHHs 0=26,5 rpax (auB. Tabmuiro 4.30) 10 3HAYEHb
0=34,6 rpaa. Ik OCHOBHUI MMOKA3HUK, 110 XapaKTEPU3YE SKICTh MPOLIECY MAICHHS
Ta OJHOYACHO CBITYUTH MPO PIBEHb MEXaHIYHUX BTPAT, MPHUIMAaBCS BMICT
MetaneBux gomimok (3amiza Fe, migi Cu ta xpomy Cr) y BiampalbOBaHOMY
MacTuii, a Takok TBN BiampariboBaHoro mactuiia. BusHaueHHsS 1TUX TOKa3HUKIB
BUKOHYBAJIOCh 4epe3 KoxkHi 40 Trom ekcruryaramii au3ens. Y3arajdbHEHi
pe3yibTaTH, U0 BiJIOOpa)KaloTh CEPEAHI 3HAYEHHS LUX IOKA3HUKIB MPOTATOM

1000 rox excruryaTartii qu3ens HagaHi B Tabmui 5.22.
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Taomung 5.22

Cepenni 3HaY€HHSI KOHTPOJIbOBAHUX MTOKA3HUKIB MOTOPHUX MACTHJ MPOTATOM

1000 rox excrutyarauii quzenst 6S60ME-C9 MAN-Diesel& Turbo

BwMmicT MeTaieBUX 4aCTUHOK . Bignocue
Fe,ppm | Cu,ppm | Cr, ppm BN sHmkeHHs TBN, %
MM Ne 1 22 4,5 3,2 33,5 16,3
MM Ne 2 47 14,7 4,6 26,5 33,8

[TpumiTku: * — nouatkoBe 3HaueHHs1 TBN 060x mactun TBN=40;

MM Ne 1 — motopHe Mactuiio 3 nogaBanss [TAII,

MM Ne 2 — motopue macTuiio 0e3 nonaBanns [TAIL

3a pesynpTaTamu Tabmuill 5.22 moOymoBaHI HOMOTpPaMH, IO BigoOpakaroTh

3MiHY HaBeJICHUX IMOKa3HUKIB — puc. 5.21.

Fe,
ppm

40t

30

20

Cu,
pPpm

10

0

Cr,
pPpm
45}

4t

3,5t

3

TBN,
mr-KOH
T

30

251

20

Puc. 5.21. Cepenni 3HaueHHSI BMICTY METAJIEBUX YACTUHOK Y BIANPALIbOBAHOMY

Mactwi Ta TBN BignparsoBanoro mactuia mpotsirom 1000 rox excrimyatartii

mmzeist 6S60ME-C9 MAN-Diesel&Turbo:

I -MMNe1;2 MM Ne 2
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5.3. Anani3 eHepreTnyHoi €EeKTUBHOCTI METO/IB, 110 3a0e3MeUyIOTh MPOIIEC

MalICHHA CyATHOBUX I[I/IBGJ'IiB

EdextuBHiCTh Oyab-IKUX METOJIB, III0 BHUKOPUCTOBYIOTHCS TIiJ dYac
eKCIUTyaTalii MOPCHKOrO Ta BHYTPIIIHBOIO BOJHOIO TPAHCIOPTY pa3oM 3
CHpPSIMOBAHICTIO, fAKIM TPUCBSYEHI Il METOJM, BU3HAYAETHCS IX EHEPreTUYHOIO
edexTuBHICTIO. Halbinplr mommpeHuM 3  YChOrO  CHEKTPY  BH3HAYEHb
«eHepreTuyHa €QEeKTUBHICTHY ISl CYJ€H MOPCHKOTO Ta BHYTPIIIHBOTO BOIHOTO
TPAHCIIOPTY € KOHCTPYKTUBHUN KoedimieHT eHepretnuHoi edexktuBHOCTI (KKEE).
[leit Tepmin moB'si3aHui 3 npuHATEM y 2013 p. iHIMM nOHATTSIM — «[lmanom
YIPaBIiHHS €HEPreTHYHOI0 e(DEKTUBHICTIO Cy/IHA», pO3pOOKa Ta BUKOHAHHS SKOTO
000B’s13k0Ba Maibke st Beix cyneH. KKEE cnpsiMoBaHO Ha ekoJoriuHy Oe3mneky
MOPCHKHMX TI€peBE3¢Hb Ta BU3HA4Ya€ €(PEKTUBHICTh TPAHCIIOPTYBAaHHS BaHTAXIB
MOPIBHSHO 3 KUTHKICTIO BUTPAYEHOTO MajMBa Ta (1[0 TOJOBHE) KUTHKICTIO BUKHU/IIB
y JIOBKULIS OKCUIIB BYTJIELIO 3 BUMYCKHUMHU TazamMu. OIHOYACHO 3 LUM OIliHKa
CHEpreTUYHOI Ee(PEKTUBHOCTI OKPEMHUX METOMAIB, IO CIPHUSAIOTH IiIBUIIEHHIO
e()eKTUBHOCTI  3alpOINOHOBAHUX TEXHOJOTTYHUX PIllIeHb, BHUKOHYETHCS 3a
CKICHUMM oO3HakaMmu. Ilim yac TpoBeAeHHSA JOCHIDKEHb 3a Takl O3HaKu
OpUMMaIUCh AUHAMIUHI XapaKTEPUCTUKU MYyCKOBUX PEXKUMIB pOOOTH CYTHOBHX
JM3ENIB Ta MEXaHIYHI BTpaTH, III0 BUHUKAIOTh Mij Yac TpaHcdopmallii XiMIdHOL

eHeprii najguBa y kopucHy poooty KIIIM.

5.3.1. AHani3 TuHAMIYHUX XapaKTePUCTUK IMMyCKOBHUX PEXKHUMIB POOOTH
CY/JIHOBUX JIM3€JI1B IMiJ] 4YaC BUKOPUCTAHHSI MOTOPHHUX MACTHII 3 PI3HUMHU

CTPYKTYPHUMH XaPAKTEPUCTUKAMHU

JocnimxenHss BUKOHyBaiuch Ha aBox cyaHoBux BOJl CatCl8, o Oymnwm

BCTAHOBJICHI HA MOPCHKOMY cIiemianizoBaHoMy cyaHi aeasedToMm 8340 toun. Ilina
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yac TPOBEJCHHS TEXHIYHOTO OOCITYrOBYBaHHS NIM3€JiB HA TOBEPXHI BKJIAJMIIIB
OIAMIKAIHUAKIB OJTHOTO 3 JIM3eJiB OyJI0 HAHECEHO OpraHiyHe MOKpUTTS Tumy Rf-
COOH. Ile 3a6e3ne4myio MiABUIIEHHS CTPYKTYPHOI BIOPSIKOBAHOCTI MOJIEKYJI
MOTOPHOTO MACTWJIA, IO YTBOPIOE TOHKY MACTHJIBHY IUTIBKY Ha TOBEPXHSIX
BKJIQJMIIB MIAIIMIIHUKIB, Ta Bi0Opa3wyioch Ha 30UIbIICHHI KpaHOBUX KYTIB
3MOYYBaHHS Ta TOBIIMHM MACTHJIBHOTO Mapy. 3MiHAa [HMX [OKa3HHKIB
BijloOpakeHa B Tabmwi 5.23 [152].

TaOmurg 5.23
CTpyKTypHI XapaKTEPUCTUKA MOTOPHOTO MAacTHUJIa 3a Pi3HUX YMOB ITPOBEACHHS

eKCIIepuMEeHTy Ha cyaHoBoMy auzeni CatC18

Mortopae CrymiHb ToBumHa ToBummHa KpaitoBuii kyT

MaCTHJIO BHOpHI{KOBaHOCTi TpPaHUYHOTO Mapy MaCTHUJIIBHOI'O 3MOYYyBaHHA 9,

MOJIEKYN S ds, MKM mapy dyy, MM rpan
MM Ne 1 0,52...0,55 14,3...14,6 3,8...3.9 18,8...21,3
MM Ne 2 0,64...0,67 16,2...16,4 5,1...5,2 26,3...26,7

Ipumimka: MM Ne 1 — MoTopHE MacTuiao O€3 HAHECEHHS IIapy OpPraHidYHOTO
MOKPUTTS HA MOBEPXHI BKIAAUIIIB migmumauka; MM Ne 2 — moTopHe MacTuio 3

HAHECEHHAM IIapy OPraHIvHOTO MOKPUTTS HA MOBEPXHI BKIIAUIIIIB M1 IIUITHIKA

Sk XapaKTepUCTHKH, 3a SKUMH OIIHIOBAJIACS TUHAMIKa POOOTH TU3ETIB Il
9Jac BUKOPUCTAaHHS MOTOPHHUX MAaCTUJI 3 PI3HUMHU CTPYKTYPHUMHU XapaKTEPUCTHKAMH
(KpalioBUMH KyTaMW 3MOYYBAaHHS Ta TOBIIMHOIO IIapy), MPUHAMATUCS 3aKuT
gacToTh 0OepTaHHs A® Ta Yac BUXOAY AW3EIs HAa HOBHU PEXUM POOOTH T MpHU
CTpUOKOMOAIOHIN 3MiHI HaBaHTaXEHHs. BumiproBaHHsS dYacTOTH OOEpTaHHA
BUKOHYBAJIOCS 32 IOTIOMOTOIO €JIEKTPOHHOTO TaxoMeTpa (BCTAaHOBIEHOTO HA OJIoIIi
VOpaBIIHHS ~ JAW3€JeM), SKAW JOMAaTKOBO 3'€IHYBAaBCS 3  MOPTATUBHUM
octuunorpagoM. BuMmiproBaHHS BHUKOHYBAJIWCh [UIsI IYCKOBOTO PEXUMY (SIK
HaWOLIBII JUHAMIYHO HAaBAaHTAKEHOT0) Ta PI3HUX PEXKHUMIB 3MIHM HaBaHTa)KCHHS.
3anexHocti o=f(1), 1e T — 4ac poOOTH AM3EIIS, JJISI TyCKOBOTO PEXUMY JTHU3EIIB

CatC18 HaBenena Ha puc. 5.22.
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Puc. 5.22. 3mina yactotu ob6eprants cygaHoBoro auzens CatC18 mpu myckoBomy

pexumi: a — Bukopuctanus MM Ne 1; 6 — Bukopuctanass MM Ne 2

PesynbraTn, mo HaBedeHl Ha pucC. 5.23 cBig4aTh MpO Te, MO 301IBIICHHS
CTPYKTYPHUX XapaKTEPUCTUK MOTOPHOTO MacTuia (TOBIIMHU MACTHIIBHOIO IIApy
Ta KpalloBOro KyTa 3MOYYBaHHsI) CHpPHUS€E 3MEHILECHHIO 3aKUly YACTOTH 00EepTaHHS
A® i 4ac mycKy JIu3elis Ta 3HUKEHHIO Yacy T BUXOJY JU3€Jisi Ha BCTAHOBJICHUN
PEXUM POOOTH.

AHaJIOT1YH1 JOCIIPKEHHS] BUKOHYBAJIM 32 YMOBHU 3MIHUM HaBaHTaXCHHS Ha
nuzeni. TexHonoris NpoBeIeHHs] eKCIIEPUMEHTY ToJisiraja B HacTynHoMmy. [{u3enb
IpalioBaB Ha BCTAaHOBJIEHOMY pPEXHMI, 0 BignoBiaaB 50 % HaBaHTakeHHS. 3a
PaxyHOK TMEPEeMmiIKIIOUYEeHHs] TPYIl CIOKHUBA4YiB BUKOHYBAJIOCA CTPHOKOMOI0HE
301IbIICHHSI HABAHTAXXEHHS Ha JU3€J]b Ta KOHTPOJIb HEOOX1THUX MOKa3HUKiB. Ha
HOBOMY pEeXHMI Ju3enb ekcruryaTyBaBcsi mnpotsrom 20..30 xB, micist Yoro
BUKOHYBAJIOCS CTPUOKOMOMIOHE 3HWKEHHS HAaBaHTAXXEHHS 3 aHAJOTIYHUM
KOHTpPOJIEM TMOKa3HUKIB Horo podoTu. Jlami MUK JOCHIKEHb TOBTOPIOBABCS IS
1HITOT 3MIHM HAaBaHTAXKEHHs. 3HAYCHHS 3aKUAy YacCTOTH OOepTaHHS A® Ta Yacy
BUXOJ1y Ha PEXHM T, 1[0 BCTAHOBUBCS, 32 PI3HUX YMOB IPOBEJECHHS EKCIIEPUMEHTY

HaBeAEeHO B Ta0mMIl 5.24.
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Tadomuus 5.24

Pe3ynbraTin ekcnepumMeHTy

3akuj 4acTOTH 0OEpPTaHHS, Yac BUXO/Iy Ha CTAJIUN PEIKUM,
Aw, XB T,C
=X X X =X X =X =X X
Mapxka o o o o = o o o
Q Q A A Q Q A A
MOTOPHOI'O E% E‘é %‘é E% E‘é E% E% E‘é
T ow z = T = = T = T ow o
MacTuia == EE EE = I EE = E |58 E EE
L O T O 8 O T O L O T O L O T O
B % O % | B X% O X | B X o ¥ | B ¥ o ¥
SE |22 |88 22|82 |28 |82 |z¢
oz | Pz | YF T | Oz T | Oz T
< < < < < < < <
& & & & & & & &
< < < < < < < <
o s s o s o o s
MM Ne 1 147 142 164 162 2,6 2,7 2.8 2.8
MM Ne 2 128 127 136 132 1,8 1,7 1,9 1,8

Homorpamu, mo BimoOpakaioTh 3MiHY AMHAMIYHUX XapaKTEPUCTUK TU3EIS
CatC18 3a ymoBHM ekcIuTyaTallli Ha pi3HUX MOTOPHMX MAacTWJIaX, HaBEJICHI Ha

puc. 5.23.

Aw, xB"
160 ]

140

I Im 111 IV T3
T, C

F
h
k.

1 o
Puc. 5.23. 3akun yactotu o6epTanHs, A®, XB , Ta 4aC BUXOAY Ha CTAIUI PEXKUM,

T, ¢, cyaHoBoro auzeins CatC18:
a — Bukopuctanisi MM Ne 1; 6 — Bukopuctanuss MM Ne 2;
I — 30inbpmeHns HaBanTaxkeHHs Ha 20 %; 11 — 3sMeHmeHHst HaBaHTakeHHs Ha 20 %;

III — 30inbieHHs HaBaHTa)keHH Ha a 30 %; IV — 3MeHIeHHs HaBaHTa)xeHHS Ha 30 %
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VYci ekcriepuMeHTH, 0 MPOBOIUINCH Y CYTHOBUX YMOBaX, OyJiM y3rODKEHI 3
TEXHIYHUM  JeNapTaMEHTOM  CYJHOIUIaBHOI  KOMIIaHIi, = BHUKOHYBAJIHUChH
KBaT1(DIKOBaHUMHU CYJTHOBHUMH MEXaHIKaMH, HE 3HIKYBAJIU HaJIHHICTH PoOOTH
CYJHOBOi €HEpPreTUYHOi YCTAaHOBKM Ta HE BIUIUBAJIM Ha O€3MEKy MOPCHKOTO
CYJIHOILJIaBCTBA.
3anpomoHOBaHUM METOJ] OIIHKKM JUHAMIYHHUX XapaKTEPUCTHK CYIHOBUX
Iu3eiB (32 3aKUJIOM YacTOTH OOEpTaHHs Ta YacOM BHUXOAY Ha CTaUH PEXUM
poOOTH y BUIAJKY 3MIHM HaBaHTaKEHHS) MOXKE€ BUKOPHUCTOBYBATHCS Il Oy/b-
sxux tumiB JIB3 (MO/I, COJl, BO/I, mo BuKoHYOTh (YHKIIIi K TOJOBHUX, TaK 1

JOTIOMIKHHUX JBUTYHIB).

5.3.2. Ananiz MexaH14YHUX BTpaT y CYJHOBUX JU3EIISIX IM1]1 4aC BUKOPUCTAHHS

MOTOPHHUX MAaCTHJI 3 PI3HUMHU CTPYKTYPHUMH XapaKTePUCTUKAMU

[ToTeHmiitHa eHepris manupa, 1o 3ropse B muwriHApi [IB3, 3a gomomororo
KIIIM mnepeTBOprO€ThbCsl HAa KIHETHUHY €HEprilo OoOepTaHHsS KOJIHYATOrO Bajy
nuzend. [lin yac moctynaiabHOrO pyxy MHOPIIHS B HWIIHAPI AU3ENS BUHHMKAIOThH
HEMHUHY4Yl BTpaTd B TPUOOJIOTIYHIN cHCTeMI BTyJKa ILWIIHApPAa — MAaCTUIBHUN
Marepian — mTopImHeBl Kuiblig. [lepemada mOCTYMmambHOTO pPyXy TOPIIHSA B
o0epTampbHUIl PyX KOJIIHYATOTO Bajila Ta TMOB'SA3aHOTO 3 HUM CIIOKMBaya €Hepril
(TBUHTA, KOJM JTU3€JIb BUKOHYE (DYHKIIIT TOJOBHOTO JBUTYHA, 200 €JIEKTPUYHOTO
re’epaTopa, SIKIIO JM3eSb BUKOHYE (YHKIi TOMOMI)KHOTO JBUTYHA) HEMOXKJIMBA
0e3 BUKOPUCTaHHS MiAIIMIHUKIB KOB3aHHS (MOTWUJIEBUX Ta PaMOBHUX), a TaKOX
MIITUITHUKIB BasionpoBoay (ymopHux Ta omopumx). Came B KIIIM Ta Bkazanmux
NIJIIMITHUKaX BUHUKAIOTh OCHOBHI BTPAaTW €HEprii, fKi BIAHOCATH A0 Kareropii
HEMUHYYMX BHUTpPAT MiJ 4Yac OTpUMaHHS KopucHoi poOotu [229,230]. Brparu
eHeprii mijg Jac mepemadi KOPUCHOI (IHIMKATOPHOI) MOTYKHOCTI JO CIIOXKHMBaya

MOXYTh CTaHOBUTU 6...12% — y pa3i ekcriyaramii cyaHoBux JIB3 Ha
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HOMIHATBHOMY pexumi, 1 70 100 % — mig gac excruryarairii Ha X0J0CTOMY XOJYy.
Minimizamii mux BTpaT Ta 3a0e3medYeHHs MIHIMAJIBHUX 3HAYEHb MPOTITOM
TPUBAJIOTO YaCy € aKTyaJIbHUM 3aBJaHHSM, Ha PO3B’SI3aHHS SIKOTO CHPSIMOBaHI
HAyKOBI JOCTIHKCHHSI, SIKi MPOBOIATH K MU3eeOyaiBHI KOpHoparllii, Tak 1 OKpeMi
HayKoBO-BUpOOHMUY1 pipmu Ta iHcTUTYTH [231, 232].

BusnauenHss a0o OIlIHKa MEXaHIYHUX BTPAT BUKOHYETHCS HEMPIMUMU
metogamu. [lin vac mpoBeneHHS MOCHIIKEHb SK TaKl METOAW MpHilManucs
Bu3HaueHHs Mexaniunoro KKJI nuzens (i yac BunpoOyBaHb, 110 3/11HCHIOBATIUCH
y OUPKYIAMIAHUX cucTemax mamieHHs cyaHoBux COJI) Ta BHU3HAYEHHS BMICTY
METaJIEBUX JOMIIIOK Y BIAMpalbOBaHOMY MacTuil (IiJ Yac BUIPOOYBaHb, IIO
31MCHIOBAJIMCH B MIWJITHAPOBHUX cUCTeMax mareHHs cyaHoBux MOJI) [233, 234].

3abe3nedyeHHsT MPOIECy €HEPronepeTBOPEHHS 3 MIHIMAJIBHO JOMYCTUMUMU
HE3BOPOTHUMH BTpaTaMH I1iJl Yac MOCTYMAIBHOTO PyXy Y By3Jax TEPTs CYTHOBHX
JAB3 MoxumBe 3a paxyHOK KEpyBaHHS PEOJIOTIYHUMH XapaKTePUCTHKAMMU
(B'I3KICTIO Ta PEOJIOTIYHOIO CTIMKICTIO) Ta SKICHUMH TOKa3HUKaMH (CTyleHEM
YHOPSAKOBAHOCTI MOJIEKYJI, TOBIIMHOI MACTHJIBHOTO Iapy, KpallOBUMHU KyTaMH
3MOYYBaHHS) MacTWja, 10 MOAUISE KOHTAKTYIOUl TOBEpXHi. B3aeM03B’ 130Kk came
[IUX TTOKa3HUKIB 3 €HEPreTUYHOI €(PEKTUBHICTIO CY/IHOBUX JIU3EJIIB BUBYABCS ITiJ1
4ac MPOBEJCHUX BUIIPOOYBaHb.

Busnauennss mexanigynoro KKJ[ cyanoBux COJl BHUKOHYBaJOCh METOJIOM
MOCTIHHOI BUTpPATU TajuBa, MPH SIKOMY Ha KOXXHOMY HaBaHTaXCHH1 JHU3eNs
BUTPAYAEThCS OJHA M Ta cama BaroBa mopiis manuBa. [logiOHI qOCHTiHKEHHS
BUKOHYBaJIUCh i1 cyaHoBux nuseniB 5L23/30 MAN-B&W Diesel Group,
6EY18AL Yanmar, 6L16/24 MAN Diesel, 61.23/30 MAN-Diesel&Turbo, y
CUCTEMaX HMUPKYJSIIIHHOTO MAIICHHS SKUX BUKOPUCTOBYBAJIMCH MOTOPHI MacTHJIa
3 PI3HUMHU CTPYKTYPHUMH XapaKTepUCTHKaMH. Pe3ynbTaTd LHMX JOCIIIKEHb

HaBeJieHi B Tabmumi 5.25 [74, 151, 212, 227].
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Taomurs 5.25
Mexaniunuii KK/ cy1HOBUX AU3€IB IMiJ1 YaC BUKOPUCTAHHS MOTOPHHUX
MACTHII 3 PI3HUMHU CTPYKTYPHUMH XapaKTePUCTUKAMMU

. Kpaiosui iy Mexaniunnii KKJT
Cy,HHOBI/II/I JAN3CJIb 3MOqYBaHHH
MMNel | MM Ne2 | MM Nel | MM Ne2

5L23/30 MAN-B&W 27.4 196 | 823..872 | 79.6...84.8
Diesel Group

6EY 18AL Yanmar 278 172 | 83.8..887 | 80.1...863
6L16/24 MAN Diesel 18.3 13.6 | 83.7..884 | 82.1...883
6L23/30 MAN-

oLz MAY 3.4 21,7 | 84.8..893 | 82.7...883

Ilpumimka: * — HaBeAeHI MIHIMaIbHI Ta MaKCHMaJbHI 3HAYEHHS MEXaHIYHOTO
KK mig wac poGotu qu3enst Ha pi3HUX €KCIUTyaTallliHUX pexuMax (B Alama3oHi
45...85 % Bi1 HOMIHAJTHLHOTO HABAHTAYKEHHS )

PiBenr Mexaniunux Brpar g cygHoBux MOJ[ 6S60ME-C9 MAN-
Diesel&Turbo Ta 8K80ME MAN-Diesel & Turbo Bu3HauaBcs 3a BMICTOM
METAJIEBUX JOMIIIOK Y BIANPAIbOBAHOMY MACTHJI, 110 BHKOPHUCTOBYBAJOCH Y
CUCTEMI IUJIIHAPOBOTO / MyOpiKaTOpHOTO MareHHs. Pe3ynbTaTu nUX JOCTIIKEHb

HaBeJieHl B Tabmumi 5.26 [112, 212].

Tabmuns 5.26
PesynbraTu gocnimkeHHs
KpaiioBuii kyT 3araJibHUM BMICT METaJIeBUX
CynHoBuil 113enb 3MO4YyBaHHs, 0, rpaj yactok (Fe, Cu, Cr) X, ppm
MM Ne 1 MM Ne 2 MM Ne 1 MM Ne 2

6S60ME-C9
MAN-Diesel&Turbo 34.6 26,5 29,7 66,3
SK8OME
MAN-Diesel & Turbo 27,3 18,6 377 87,1

3a pesynpTaTaMu TaOIUIb 5.25, 5.26 moOymoBaHl HOMOTpamMu — puc. 5.24,
5.25, mo BiI0OpakarOTh 3MIHY MOKa3HUKIB, sIKI XapaKTEPU3YIOTh €HEPreTUYHI
BTpaTH  JW3eNsl, JUIi MOTOPHHUX MACTWJI 3  PI3HUMH  CTPYKTYPHUMH
XapakTepucTUKaMu (I 4yac moOyJa0BH HOMOTPAMH, 110 BIJIMOBIAA€ MEXaHIYHOMY

KK/l nuzens, npuitmManocsk cepeiHe 3HaUYe€HHS 1[IbOTO MOKa3HUKa 3 Tabnuii 5.25).
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MOTOPHHX MAacCTHJI 3 PI3HUMHU CTPYKTYPHUMH XapaKTePUCTUKAMU:

I —-MM Ne 1;2— MM Ne 2;

I-5L23/30 MAN-B&W Diesel Group; I1 — 6EY18AL Yanmar;
III — 6L.16/24 MAN Diesel; IV — 61.23/30 MAN-Diesel&Turbo
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Puc. 5.25. 3MiHa BMICTy MeTaJ€BUX YaCTOK Y BIMPAlbOBAHOMY MACTHJII Ta

KpaloBHUX KyTiB 3MOUYyBaHHS MOTOPHHMX MAacTHJI 3 PI3HUMU CTPYKTYPHUMHU

xapaktepuctukamu: | — MM Ne 1; 2 — MM Ne 2;

I - 6S60ME-C9 MAN-Diesel&Turbo; IT — SKEOME MAN-Diesel & Turbo
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5.4. BucHOBKH 3a po3AiJIoM 5

Pesynbraty, mo oTtpuMaHi mig dYac AOCTIIKCHB, JO3BOJISIOTH 3POOUTH
HACTYMHI1 BUCHOBKH.

1. MoTopHi MacTuja, 10 BUKOPUCTOBYIOTHCS B UMPKYJALINHIA cuUcTeMi
MAIeHHsI CYJHOBUX YOTHPUTAKTHUX JHW3ETIB, MIANAIOThCS BIUIMBY BHUCOKHX
temmnepatyp (i 4ac MallleHHsS JeTajied MWIIHAPOBOI I'PyINH) Ta BUCOKUX THCKIB
(Mg yac MaieHHs MiJIIUITHUKIB KOJIHYATOrOo Baly). 3 9acoMm Iie TOTIPIIye
eKCIUTyaTaIliiiHi XapaKTepUCTUKH MOTOPHOTO MACTHJIA TIPH IIbOMY:

®ITiIBUIIIYETHCS OKHUCICHHS MACTHJIA, IO ITATBEPKYETHCS 3HIKCHHAIM
3arajabHOro J1y>kHOro uncia TBN);

®3HIKYETHCA TiJ[paBiiyHa NIUIBHICTH MOTOPHOTO MAaCTWJIa B Mapax TepTs
MOPIIHEBI Kbl — BTYJIKAa MWIIHApAa Ta BaJl — BKIAIUII MMAIMIMIHUKA, IO
MPU3BOIUTH 0 3MEHIIICHHS THCKY HAPUKIHIII TTPOIIECY CTUCHEHHS;

SIIOTIPIIYIOTBCA  MPYXKHOAEMII(DyIO4Yl  BJIACTMBOCTI ~ MacTuia,  IIO
CYNPOBOKYETHCS IIJIBUIICHHSIM TEMIIEPAaTypy BUITYCKHHMX Ta3iB JU3Es 4epe3
3aKu;] 3aifBOT0 MacTHJIa Ha A3EPKajI0 MUATIHAPOBOI BTYJIKH.

2.5k wMeTom, 10 CHpHSIE TPHUBAIOMY IMMIATPUMAHHIO EKCILTyaTalliiiHuX
XapaKTepUCTUK MOTOPHOTO MACTHJIA MiJ Yac €KCIUTyaTallil HUPKYISLINHUX CUCTEM
MaleHHs, 3a0€3MeYEHHI0 PEKUMIB MAIEHHS Ta EKCIUTyaTallifiHUX TOKA3HUKIB
CYIHOBHUX YOTHPHUTAKTHUX JH3EJiB, IOIIJIbHO BHUKOHYBaTH aKTHBAIllO HOIO
CTPYKTYPHHUX XapakTepucTuk. HalOiabIn JOIUIBHUM Ta 3pYyYHUM BapiaHTOM ISt
cynnoBux COJl € BUKOpUCTaHHS TOBEPXHEBO-aKTUBHUX PEYOBHH Ta HAHECEHHS Ha
KOHTaKTHI MMOBEPXHI J0JJaATKOBUX HAHOIIAPIB CIEIIAIbHUX OPTaHIYHUX MMOKPHUTTIB.
[Ipu 1wpomMy (mns [iama3oHy eKCIUTyaTalli Jau3enst Ta HOro  CHUCTEMH
uupkKysiiiHoro maieHas 1...1000 rox) 301IbIIYETHCS HACTYMHI CTPYKTYPHI
XapaKTEPUCTUKU MACTHIIA:

¢TOBHIMHA BIIOPAAKOBAHOI'O TI'PAHUYHOIO 1IIApy MOTOPHOI0 MacTujia 31

3Ha4eHb 6,6...10,7 MmkM 10 3HaueHb 12,5...13,7 MKM;
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eKpaiioBUM KyT 3MoOuyBaHHS 31 3HadeHb 12,0...21,7 rpag m0 3Ha4YeHb
27,5...32,4 rpan;

®TOBIIMHA MACTWJIBHOTO Iapy 31 3HaueHb 2,1...3,4MM 70 3HauYCHb
4,0...4,4 mMm.

Ile (mast pi3HMX pEXUMIB HABAaHTAXKEHHS AU3EIs Ta PI3HOTO yacy HOro
eKCIUTyaTallii) 3a0e3neyuye:

®3HIKCHHS IIBUIKOCTI OKHCIICGHHS MOTOPHOTO MacTWia 31 3Ha4YeHb
0,55...0,7 (mrKOH/r)/ron y BuUmaaky 3BUYaWHOI €KCIUTyaTalii UPKYJISIIAHOI
cucremu Mamends no 0,2...0,4 (mrKOH/r)/ron y Bumaaky HaHECEHHs Ha
MOBEPXHI BKJIQAUIIIB TIJMIMAIHUKIB IIapy OPraHiyHOTO IOKPHUTTS Ta JIO
0,1...0,3 (MrKOH/r)/roq y Bumaaxky nojaBaHHs 10 o0csary mactuia ITAIT Tta
HAHECEHHS Ha MOBEPXHI BKJIAIUIIIIB MMAMMUITHUKIB IIapy OPTaHIYHOTO TOKPUTTS,

e3HIKEeHHS Ha 1,4...4,4 % TeMnepaTypu BUIYCKHUX ra3iB;

o30ubmeHHs Ha 0,34...2,54 % mexaniunoro KKJI nuzens;

e30uTbIIeHHs Ha 1,04...7,23 % THCKY HAIPUKIHI{I CTUCHEHHS.

3.5k Merox, 1O cHOpUSE KEPOBAHOMY BIUIMBY Ha  CTPYKTYpHI
XapaKTEPUCTUKU MaCTWJI M 4Yac eKCIulyaTalli IWIHAPOBUX CHUCTEM MallleHHS
CYIIHOBUX JHW3€NiB, HalOIbI moiiapHO BukopuctanHs I[IAIL. Ileit meron €
HANOUTBII CIPUATIMBUM came s cynHoBuX MO/, siki MalOTh OKpeMy IHCTEPHY
UTIHAPOBOTO MacTUia, 10 SKOi gonaethes [TAIT 3 moTpiOHOIO KOHIIEHTPAITIETO.

3MiHA  CTPYKTYpHUX  XapaKTepPUCTUK  CYJHOBHX  MAaCTWI, IO
BUKOPUCTOBYBAINCH Yy CHCTEMI UWJIIHAPOBOTO MAIEHHS CYIHOBOTO U3
8K8OME-MAN-Diesel & Turbo, sika monsirana B 30UIbIIEHHI KpallOBUX KYTiB
3MOYyBaHHS 31 3Ha4eHHS 18,6 rpan mo 3HadeHHs 27,3 rpad, a TaKOXX TOBIIWHU
MacTwibHOro mapy 3 3,1 MM g0 4,4 MM 3a0e3neumsia (3a TPOMIXKOK Hacy
excruryaraiii ausens 1000 roauH):

e1,75 xpaTHE 3MEHINIEHHS BMICTY JOMIIIOK 3ajli3a y BIANPAIbOBAHOMY
MacCTHIIL;

®4,5 xpaTHE 3MEHILIEHHS BMICTY JJOMIIIOK Mifl Y BIIPallbOBaHOMY MacTHIIL;

e2,1 xpaTHE 3MEHIICHHA BMICTY JOMIIIOK XpOMY Yy BIANPallbOBAHOMY

MAacCTHIIL;
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e2.8 KpaTHE YNOBILIBHEHHS 3HIDKEHHS 3arajibHOro JIy’)KHOTO — YHCIHa
BINIPAllbOBAHOTO MACTHUJIA.

3MiHa  CTPYKTYpPHMX  XapaKT€pPUCTUK  CYAHOBHX  MacTWJ], IO
BUKOPUCTOBYBAJINCh B CHUCTEMI UWIIHAPOBOTO MAlIEHHS CYIHOBOIO U3
6S60ME-C9 MAN-Diesel&Turbo, sixa nonsirana B 3017IbIIIEHHI KpalOBUX KYTIB
3MOYyBaHHs 31 3HaueHHs 26,5 rpax 10 3HadyeHHs 34,6 rpag 3abesrneunna (3a
pOMiIXKOK yacy excrutyataii ausesns 1000 roauH):

e2.1 KpaTHe 3MEHIICHHS BMICTY JOMIIIOK 3ajli3a y BIANPAIbOBAHOMY
MacCTHIIL;

3,3 KpaTHE 3MEHILIEHHS BMICTY JJOMIIIIOK Mifl Y BIIPallbOBaHOMY MacTHIIL;

e1,5 kxpaTHE 3MEHIICHHA BMICTY JOMIIIOK XpOMY Yy BIANPallbOBAaHOMY
MacCTHIIL;

e2,1 xpaTHE YNOBIIBHEHHS 3HIDKEHHS 3arajbHOro JIy’)KHOTO — YHUCIHa
BIJIIPAIbOBAHOTO MacTHUJIA.

4. EnepretnuHa e(eKTHUBHICTh BUKOPUCTAHHS METOJIB KEPOBAHOTO BIUIMBY
Ha CTPYKTYPHI XapaKTE€pPUCTUKU MOTOPHHUX MAcCTHJI Ta 3a0€3MEUEHHs 3a PaxyHOK
OO PEXUMIB MAIICHHS [W3€JIIB MOPCHKUX CyA€H MOXxe OyTH OILliHEeHa 3a
HENPSIMUMH O3HAKaMU — JIMHAMIYHHUMH XapaKTEPUCTUKAMU ITyCKOBHX pPEKUMIB
poOOTH CYIHOBHUX IU3EIIB Ta MEXAaHIYHUMH BTpPaTaMH, 110 BUHHUKAIOTH I dYac
TpaHcdopmarlii XiMi4HOI eHeprii nanusa B kopucHy poboty KILIM. Bcranosneno,
IO JUIsi MOTOPHOTO MAacTHJIA, SIKE BUKOPUCTOBYETHCS B CHUCTEMI IUPKYJISAIIHHOTO
3MaiyBaHHs cygHoBoro ausens CatCl18 ¢ipmu Caterpillar, 3a paxyHOK HaHECEHHS
OpraHiyHMX TIOKPUTTIB Ha TIOBEPXHI MIJMIUIHUKIB BKJIAIUIIIB MOXJIUBE
NIJBUIIEHHS HOro CTPyKTypHOi omHopinHocTi. Ilpu 1mpomy, 30Kpema,
30UTBIIYEThCSI 3HAYEHHS KpahoBMX KyTiB 3MouyBaHHs (3 18,8...21,3 rpag 1mo
26,3...26,7 rpan) Ta TOBIIMHA MacTwibHOTO Mmapy (3 3,8...3,9 MM 10
5,1...52mMm). lle 3abesneuye mepedir AMHAMIYHUX TEPEXITHUX IPOIIECIB
cyaHoBoro ausens CatCl8 3 MEHIIMM 3aKUAOM 4acTOTH OOEpTaHHS Ta MEHIIUM
4acoM BHXOJly Ha HOBHUU cTanuii pexxum poOoTu. lle 3ymMoBieHO Tum, 1o 3i
301IBIIEHHSAM CTPYKTYPHHX XapaKTEPUCTHK MPAHUYHUX IIApIB MOTOPHHUX MAaCTHII
3pOCTAlOTh iX TPYKHOJAEMII(PYIOUi BIIACTUBOCTI Ta TiJBUINYETHCS TWHAMIYHA

CTIMKICTh KOJIHYATOrO Baja JU3EIIA.
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Takox ms cyanoBux nuzenis 5L23/30 MAN-B&W Diesel Group, 6EY18AL

Yanmar, 6L16/24 MAN Diesel, 61.23/30 MAN-Diesel&Turbo BusBIIeHO, IO

30UIBIIEHHSI KpalOBOrO0 KyTa 3MOYYBAaHHS MOTOPHUX MacTHJ 31 3HAY€Hb

13,6...21,7 rpaxg mo 18,3...30,4 rpan cnpusie migBuiieHHo mexaniunoro KKJI 3i
3Ha4YeHb 79,6...88,3 % no 3HaueHb 82,3...89,3 %.

5. Bkazane € npsiMUM J10Ka30M 3a0e3MeueHHs MPOLECIB MAIlleHHS CyIHOBUX

JIM3EITIB Ta HEMPSMOIO 03HAKOIO ITiIBUIIICHHS HAIIMHOCTI 1X pOOOTH.
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BHUCHOBKU

Jlucepraiiiiine JOCHIDKEHHS CHOPSIMOBAaHE Ha PO3B’SI3aHHS  HAYKOBO-
NPUKIAAHOTO 3aBAaHHs — 3a0€3MeYeHHs MPOIECIB MAlIEeHHS IMIIHIPOBOI ITPpyIu
Ta MiAMWAITHUKIB KOB3aHHS IU3EJI1B CYJIeH PIYKOBOTO Ta MOPCHKOT'O TPAHCIIOPTY.

[Ipouiecu MaiieHHs € HEBiJ €MHUM CYMyTHHUKOM €KCIUTyaTauii JU3esiB, IO
BCTAHOBJIEHI Ha CyJHAaX MOPCHKOIO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY, Ta
3a0e3meuyroTh i1X HaJiiHy Ta Oe3nmepepBHY poOOTy, a TaKOX CIHPHSIOThH
HIATPUMAHHIO 1X €KCIUTyaTalliiHUX MOKAa3HUKIB Ta TEXHIYHOTO CTaHYy.

['0OBHUM HAyKOBUM pE3yJIbTATOM JUCEPTAIiiiHOI poOOTH € JoBefcHa Ta
MPAKTUYHO TMIATBEP/KEHA Te3a, M0 3a0e3MeUeHHs PEeKUMIB MAIICHHS JIU3ETiB
CYJIeH MOPCBKOI'0 Ta BHYTPIIIHBOTO BOJAHOTO TPAHCIOPTY 31MCHIOETHCS HUISIXOM
KEpOBAaHOTO BIUIMBY Ha CTPYKTYPHI XapaKTEePUCTHUKH MOTOPHOTO MacThjia (a came
Ha KpaloBi KyTH 3MOYYBaHHS Ta TOBIIUHY MAaCTHJIHBHOI TUTIBKH) IO MOIUISE
KOHTAKTYIOUl MOBEPXHI LIMJIIHIPOBOI IPYIHU Ta MIIIUITHUKIB KOB3AHHS JTU3EMIB.

OcHOBHI HayKOBI Ta TPAKTUYHI PE3yJIbTaTH JUCEPTAIIITHOTO TOCITIIPKCHHS.

1. MotopHi MacTuia, 1m0 3a0e3MeuyloTh MPOIEC MAIeHHS JU3EeTIB CYJEH
MOpPCBKOTO  Ta  BHYTPIIHBOTO  BOJHOIO  TPAHCHOPTY,  MONEPEIKYIOTh
Oe3nocepesiHii KOHTAKT MOBEPXOHb, PO3AUIAIOUN IX MIXK COOOI0 TOHKHM IIapOM
MaCTWJIbHOI TUTIBKH. J|0 OCHOBHHUX IMOKAa3HMKIB II1€1 TUTIBKH, 110 B1I0OpakaroTh ii
CTPYKTYpPHI XapaKTEPUCTUKH, BIJHOCITHCS KpalloBHil KyT 3MouyBaHHs 0, Ta
TOBIIUHA dy. JloCHipkeHHs, 10 Oydd BHUKOHAHI JJIsI MOTOPHUX MAaCTHII
Castrol TPL 123, Castrol Vection 15W40, Castrol CL 30, Castrol CL 40,
Castrol CL 50, Chevron Taro 40 XL 40, LukLub Marime NAVIGO TPEO 15/30,
Shell Gadinia AL 40, Shell Rimula R4X 15W40, Shell Rimula X15, Texaco
Special HT 40, Total Lub Marime AURELIA TI 15/30, Bu3na4win, Mo 3Ha4CHHS
WX TIOKa3HUKIB 3HAXOJAUThCS B Mexax 0,=17,2...26,5 rpan, d,=2,6...4,1 mm. Ix

30UTbIICHHST  3a0e3nedyye TIAPaBMYHY IMIUIBHICTH TPHUOOJOTIYHOI  CHUCTEMH
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IWIIHAPOBAa BTYJIKAa — MACTHJIbHA IUTIBKA — TMOPIIHEBl KUIbI, a00 BKJIAIMII
MMIIIAITHUKA — MacTHJIbHA TUIIBKA — BaJl.

2. KibKICHUM KpPUTEpPIEM CTPYKTYPHHUX XapaKTEPUCTHK TOHKUX MACTHUIBHHUX
IUTIBOK, IO MOAUISIIOTh KOHTAKTYIOUl MOBEPXHI CYIHOBUX JM3ETIB IiJ Yac
MPOLIECIB TIAPOJUHAMIYHOTO Ta TPAHUYHOTO MAILEHHS, € TOBIIMHA MACTUJILHOTO
mapy, il 30UIBIICHHS MiJBUIILYE PO3KIMHIOBAILHUM THUCK MK IMOBEPXHSIMHU Ta
nornepekye ix Oe3mocepenHi KOHTAKTH. SIKICHUM KPHUTEPIEM CTPYKTYPHHX
XapaKTEPUCTUK TOHKUX MACTUJIBHUX IUTIBOK € KpailoBl KyTH 3MOYYBaHHS, IO
YTBOPIOIOTh MACTHMJIBHI ILTIBKM HAa MeTaleBUX IIOBEPXHAX. IX 30iIbLICHHS
NiBUILYE CUJIM TIOBEPXHEBOIO HATATY MacTH/a Ta MOMNEPEIXye BUHUKHEHHS
BUTOKIB MacTWjia 3 TPUOOJIOTIYHOT CHUCTEMHU LWJIIHAPOBA BTYJIKA — MacTHUJIbHA
TUTIBKA — MTOPIITHEB1 KUIbIsI, a00 BKJIQUIIT TITUITHIKA — MAaCTHJIbHA TITIBKA — Ball
Ta 3a0e3medyye HasSBHICTh MACTUJIBHOIO Marepialy MK KOHTAKTYIOUHUMH
MOBEPXHSIMH ITiJ1 9ac MPOIIeCy MaIeHHS.

3. KepoBanuii BIJIUB Ha CTPYKTYpPHI XapaKTEPUCTUKHA TOHKUX MACTUJI TUTIBOK
MOJKJIMBUH dYepe3 J0JaBaHHS J0 iX 00’eMy MOBEPXHEBO AKTMBHUX MPHUCATOK Ta
MNOKPUTTSI KOHTAaKTYIOUMX MOBEPXOHb CIEHIaTbHUMH OPTaHIYHUMH MOKPUTTAMHU.
Ile crpusiTuMe MOCUJIEHHIO MIKMOJIEKYJISIPHOI B3a€MOJIli BCEpEIUHI MAaCTHJIbHOI
IUTIBKKM Ta 301IbIIEHHIO TOBEepXHEBUX Ban-nep-BaanbcoBux cui, 1o Air0Th Ha
MacCTHJIbHY IUTIBKY 3 OOKY METaJIeBOi MMOBEPXHI, 1110, Y CBOIO Yepry, IPU3BOAUTH J0
301TBIICHHS CTPYKTYPHHUX XapaKTEPUCTUK MOTOPHOTO MacTHIIA, 30KpeMa 301IbIye
KpailoBl KyTH 3MOYYBaHHS Ta TOBIIUHY MAaCTHJIBHOTO IIapy.

4. ]Insi cymHOBHX BHCOKO- Ta CepeaHbho0OepTOBUX au3eniB Volvo Penta
TMDA 163A, Caterpillar CatC18, 5L23/30 MAN-B&W Diesel Group, Yanmar
6EY18AL exkcrnepuMEeHTalnbHO BCTAHOBJIEHO, IO 3a OJHAKOBHX YMOBAaX
eKCIUTyaTalii miJy 4ac BUKOPUCTaHHS MOTOPHUX MACTWJ, SIKI MalOTh OUIbII
BUPAXEH1 CTPYKTYPHI XapaKTEPUCTUKU (a came, OUIbII 3HaYEHHsI KpailoBUX KYTIB
3MOYYBaHHS Ta TOBLIMHHU MACTUJIHLHOTO LIApY), 3a0€3MeUy€eThCS:

®3MEHIIICHHS IBUAKOCTI 3MiHU 3arajJibHOTO JIY>KHOTO YKCJIa Ta CIIOBLILHEHHS

SHUKCHHA 3araJlbHOI'O JIY?KHOI'O YHMCJIa 3a MIEBHUI Yac eKCHHyaTaHﬁ AN3CIIA,
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®3MEHILIEHHS BMICTY B MOTOPHOMY MAacCTHJII YacTOK, IO XapaKTepU3YIOTh
3HOC KOHTAKTHHX MTOBEPXOHB;

®3MEHIICHHS! BMICTY B MOTOPHOMY MAacCTWJIl YacTOK, IO XapaKTepU3YIOTh
fioro 3a0pyHEHHS MPOAYKTaMU TOPIHHS MMaluBa Ta OKUCITIOBAHHSI.

Takox 3a X yMOB mepedir pododoro mporecy AU3eNiB XapaKTepUu3yeThCs
O11bIII BUCOKMMH 3HAYEHHSMH TUCKY HAMPUKIHII CTUCHEHHS, MEHITUMH 3HAYCHHS
TEMIIEPAaTypy BUITYCKHUX Ta3iB, a TAKOXK MEHIIIOK KOHIICHTPAI[IEI0 OKCHUIIIB a30Ty
y BHIIYCKHUX Ta3ax, M0 00YMOBIIOETHCS MIABUIIEHHSM T1IPaBIigHOI IIIIHHOCTI B
eJeMEeHTaxX LWIIHAPOBOI TPYyMH TiJ 4ac 3a0e3leueHHs MpoIecy MalleHHs 3a
JOTIOMOTOK0  MAacTHWJI, IO MAaloTh OUIBII BUCOKI 3HA4Y€HHS CTPYKTYypHHUX
XapaKTEPUCTUK (KPalOBUX KyTiB 3MOYYBAaHHS Ta TOBIIMHU MAaCTUJIHLHOTO IIIaAPY).

5. Hns cynHoBux manooobeptoBux auzeniB 6S60ME MAN-Diesel &Turbo Ta
8K8OME MAN-Diesel &Turbo ekxcrnepuMeHTanbHO BCTAaHOBJICHO MO 34
OJIHAKOBMX YMOB €KCIUTyaTallli MiJi 4yac BUKOPUCTAHHS MOTOPHUX MAacCTHII, SKl
MaroTh OL/IbIII 3HAYEHHS KPaHOBUX KYTIB 3MOUYYBaHHS Ta TOBILIMHU MAacTHJIBHOIO
napy, 3a0e3nevyeThes:

©301JIbILIEHHA 3aralIbHOTO JIYKHOTO YKCJIa BIIIPAIbOBAHOTO MacTHUIIA;

®3MCHIIICHHS 3HOCY KOHTAaKTHHUX TIOBEPXOHb IIWIIHAPOBOI TPYIH, IO
B1JIOOp)KAETHCSA B 3MEHIIIEHHI BMICTY METAJIEBUX JIOMIIIOK y BIAMPAIlbOBAHOMY
MAaCTHIII.

6. llImaxoM KOMIUIEKCHOTO KEpyBaHHS CTPYKTYPHHMH XapaKTECPHCTHKAMU
MOTOPHUX MacTWi (10 BHUKOPHUCTOBYIOTBCSI B CHUCTEMax IHPKYJSAIIHHOTO
MalIeHHs), sIKe MepeAdavyae HAHECEHHS Ha KOHTAKTYIOuUl MOBEPXHI OpraHidHHX
MOKPUTTIB Ta JOJABaHHSI JO MacTuja TOBEPXHEBO-aKTUBHUX PEYOBHH 3
ONTUMAJIbHOIO KOHIICHTPAIII€I0, TOCATAETHCS 301TBIIICHHS:

®TOBIIMHHU BIMOPSAIKOBAHOTO TPAaHWYHOTO IApy MOTOPHOTO MacTuia 3i
3Ha4YeHb 6,6...10,7 MxM 10 3HaueHb 12,5...13,7 MxM;

eKpailoBOro KyTa 3MouyBaHHS 31 3HaueHb 12,0...21,7 rpag no 3Ha4YeHb
27,5...32,4 rpax;
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®TOBIIMHA MACTWJIBHOTO Tmapy 31 3Hadyednb 2,1...3,4MM 10 3Ha4YeHb
4,0...4,4 mMm.

[le (mas pi3HMX pEXUMIB HABAaHTAKEHHS AU3Esl Ta PI3HOTO yacy HOro
eKCIUTyaTallii) 3a0e3neyuye:

®3HIKCHHS IIBUIKOCTI OKHCIICGHHS MOTOPHOTO MacTuia 31 3Ha4YeHb
0,55...0,7 (mrKOH/r)/ron y BuUmaaky 3BUYalHOI €KCIUTyaTalii UPKYJISIiAHOI
cucremu MameHds 1o 0,2...0,4 (mrKOH/r)/ron y Bumaaky HaHECEHHsS Ha
MOBEPXHI BKJIQAMUIIIB TIJMUIHUKIB IIapy OPraHiyHOTO TMOKPHUTTS Ta JI0
0,1...0,3 (MrKOH/r)/roq y Bumaaxky nojaBaHHs 10 o0Ocsry mactuia IIAIT Tta
HAHECEHHS Ha MOBEPXHI BKJIAIUIIIIB MMAMIMUITHUKIB IIaPy OPTaHIYHOTO TOKPUTTS,

e3HIKeHHS Ha 1,4...4,4 % TeMniepaTypu BUITYCKHUX ra3iB;

o30ubmeHHs Ha 0,34...2,54 % mexaniunoro KKJI nuzens;

e30uTbIIeHHs Ha 1,04...7,23 % THCKY HAaIPUKIHI{I CTUCHEHHS.

7. lllnaxom KepoOBaHOTO BIUIMBY Ha CTPYKTYPHI XapaKTEPUCTUKU MACTHII ITiJT
yac eKCIUTyaTallii [MIIHIPOBUX CHCTEM MAIllEHHS CYJHOBUX JIU3ENIB JAOCATAETHCS
301IbIICHHS KpalloBUX KYTIB 3MOYYBaHHs 31 3HaueHb 18,6...26,5 rpaa A0 3HAUYEHD
27,3...34,6 rpaa, a TaKoXX TOBUIMHU MacTWIbHOro mapy 3 3,1 mm 10 4,4 Mm; 11e
3abesrneuye

®1,75...2,1 KpaTHEe 3MEHIIICHHS BMICTY OMIIIOK 3ai3a Yy BIAMPAIlbOBAHOMY
MAacCTHIII;

©3.3...4,5 xpaTHE 3MEHILIEHHS BMICTY AOMIIIOK MiJi y BIAMpPalbOBAHOMY
MAacCTHIIl;

¢1,5...2,1 xpaTHE 3MEHIIICHHS BMICTY JOMIMIOK XPOMY Yy BIAIPAIlbOBAHOMY
MAacCTHIII;

e2,1...2,8 KpaTHE YNOBUIPHEHHS 3HIDKEHHS 3arajbHOro JIY>)KHOTO YHCIIa
BIJINMPaIlbOBAaHOTO MAaCTHJIA.

Hageneni excriepuMeHTaNbH1 pe3yJbTaTy MIATBEPIKYIOTh TE€3Y, 1O IIISIXOM
KEpOBAaHOTO BIUIMBY Ha CTPYKTYpPHI XapakTEPUCTHUKA MOTOPHOIO MacTuia
3a0€3MeUyIOThCSl  €KOJIOTIUHI, €HEePreTUYHl Ta EKOHOMIYHI TOKa3HUKH pPOOOTH
CYJIHOBUX JU3€JIIB, a TaKOX JAOBrOTPUBAIMM Yac MIATPUMYETHCS MOr0 HAJICHKHUN

TEXHIYHUH CTaH.
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8. 3011bIIeHHs (IUISIXOM KEpOBAaHOTO BIUIMBY) CTPYKTYPHHX XapaKTEPUCTHUK
MOTOPHHMX MAacCTHJI CIpHS€ MIABUILEHHIO EHEPreTUYHOi e(EeKTHUBHOCTI poOOTH
IU3ensi, SIKy MOJKJIMBO OLIHUTU 33 HENPSAMUMH O3HAaKaMU — JUHAMIYHUMHU
XapaKTEPUCTHUKAMU ITyCKOBUX PEXKHUMIB POOOTH Ju3eNsl Ta MEXaHIYHUMU
BTpaTaMH, 10 BHUHUKAIOTH I 4Yac TpaHcopmarllli XiMi4HOI €Heprii majiuBa B
kopucHy po6oty KIIIM. BcraHoBieHo, 10 i MOTOPHOIO MacTuja, sKe
BUKOPHUCTOBYETbCA B CHCTEMI LUPKYJSALIHHOTO MAIIEHHS CYIHOBOTO JH3eIis
CatC18 ¢ipmu Caterpillar, 3a paxyHOK HaHECEHHsI OpPTraHIYHUX IOKPUTTIB Ha
MNOBEpXHI MNIANIMIHUKIB BKJIAJMIIIB MOXIIMBE MIJBUIIEHHS HOro CTPYKTYpHOI
onHopigHocTi. I[lpu npomy, 30Kpema, 30UIBLIYETHCS 3HAYEHHS KpailoBUX KYTiB
smouyBaHHs (3 18,8...21,3 rpag no 26,3...26,7 rpaa) Ta TOBIIMHA MAaCTHUILHOTO
mapy (3 3,8...39mMm mo 5,1...5,2 mm). lle 3abesneuye mepedir AMHAMIYHHX
nepexigHux mpoieciB cyaHoBoro auzens CatCl8 3 MEHIIMM 3aKHU0M YacTOTU
oOepTaHHs Ta MEHIIIUM YacOM BUXOAY Ha HOBHU CTaUN PEKUM pOOOTH.

Takox mist cyanoBux auzenis 5L23/30 MAN-B&W Diesel Group, 6EY18AL
Yanmar, 6L16/24 MAN Diesel, 6L.23/30 MAN-Diesel&Turbo BusiBieHo, 1o
301IbIIEHHS KpPAaHOBOrO0 KYTy 3MOYYBAaHHS MOTOPHUX MacCTWJI 31 3HAYEHb
13,6...21,7 rpag no 18,3...30,4 rpan cnpusie migsuineHHo Mexaniunoro KKJI 31
3HadeHb 79,6...88,3 % mo 3Hauens 82,3...89,3 %.

9. HaBeneni pe3ynpTaTH JO3BOJISIIOTH C(POPMYIIOBATH HACTYIHE HAyKOBE
TIOJIO’KEHHSI.

3abe3neueHHs] PEKUMIB MAIICHHS JW3EIIB CyJeH PIYKOBOTO Ta MOPCHKOTO
TPAHCIIOPTY  JIOCSITAEThCSl  IUISIXOM  KEPOBAHOTO BIUIMBY HAa CTPYKTYpHI
XapaKTEPUCTUKNA MOTOPHOTO MacCTUJIA, 1110 MO/1JII€ KOHTAKTHI TOBEPXHI (a caMe Ha
KpailloBl KyTH 3MOYYBaHHS Ta TOBIIMHY MAacTHJIbHOI TUIiBKH). [linTpumanus
KpalloBUX KyTIB 3MOYYBAaHHs, TOBIIMHM MAaCTWJIbHOI IUIIBKH 3a0e3MeuyeTbes
KOMILJIEKCHOIO JI€10 NUISIXOM aKTHBALlli BHYTPIIIHIX MI)KMOJIEKYJIIPHUX B3a€EMOIIN
MOTOPHOI'O MacTWUjia Ta 30BHIIIHBOI Jii 3 OOKy MeTajleBUX MOBEPXOHb, 5SIKI BOHO

HO}IiHﬂC, o cropusa€e 3MCHIICHHIO CHCPICTHUYHHUX BTpAT Ta HilIBI/IH_IGHH}O
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eHepreTUYHOi €()eKTUBHOCTI AU3EIIB CYJ€H MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO
TPAHCIIOPTY.

10. HaykoBi pe3yipTaTtu, 10 OTpUMaHl B JUCEPTAIiHHOMY JOCIHIIKCHHI,
TEOPETUYHO OOTPYHTOBAHI, MiJATBEPIXKEHI MiJl Yac MPOBEICHHS €KCIEPUMEHTIB Y
CUCTEMax UUPKYJSIIHHOTO Ta  I[MJIIHJIPOBOTO  MAllEHHS  JU3€NdiB, WIO
BUKOPUCTOBYIOTHCS SIK TOJIOBHI Ta JOIMOMIXHI JIBUTYHH Ha MOPCBHKUX CyJHaX
PI3HOTO JeABEHTY Ta MpU3HAUEHHS, Ta MAlOTh CYTTEBE MpakTUUHE 3HaYeHHs. [Ipu
IbOMY BCTaHOBJICHI Ha BUKOPUCTOBYIOTHCS

¢0JIOK J03yBaHHS MOBEPXHEBO-aKTUBHOI PEUYOBHMHHU JI0 MOTOPHOIO MacTUIa,
mo 3a0e3nedye yTBOPEHHS iX CTIMKUX CyMINIeH, — B CHUCTEMI IHUPKYJISAIIHHOTO
MameHHsd auzenst 6EY18AL Yanmar cynna naeneditom 27540 TOHH, 110
JIO3BOJIMJIO Ha PI3HUX pekumax podotu Ha 3,2 % migBumutu MexaHiuami KKJI
JU3eIIs Ta JOCATTH 2,5-KpaTHOTO YMOBUIPHEHHS 3HMKEHHS 3arajbHOTO JIY>KHOTO
YHClIa MOTOPHOTO MacTHJIA;

®TEXHOJIOTIS, 110 CIPHUSE€ YTBOPEHHIO TOJATKOBOTO HAHOUIApY OPraHigyHOIro
MOKPUTTS Ha TMOBEPXHSIX BKJIAMUIIB MAMUMHUKIB — Ha au3eni CatCl8 cymHa
neasedtom 8340 TOHH, 10 3a0e3neymsno Nepedir AWHAMIYHMX —MepexiTHUX
MPOIIECIB 3 MEHIIMM 3aKHJIOM YacTOTH OOEpTaHHS Ta MEHIIUM YacOM BUXOJy Ha
HOBUH cTanuil pexum poOotu Ta Ha nuzem 5L23/30 MAN-Diesel&Turbo cynna
kinacy Bulker Carrier nenseiitom 34630 ToHH, npu IbOMY 3a0€3MEUYETHCS
2,2...4,5-KpaTHe YNOBUILHEHHS MIBUKOCTI 3HUKEHHS 3araJIbHOTO JIY>KHOTO YHCIIa
ta 1,8...2,6-kpaTHe 3MEHIIEHHS KIIBKOCTI YacTOK, IO XapaKTepU3yIOThb
3HOIITYBaHHS KOHTAKTYIOUMX TIOBEPXOHb Ta 3a0pyIHEHHS MAacTW/a, a TaKOX
MIATPUMYIOTBCSI €HEPTeTHYHI Ta MOKPAITYIOThCS €KOJIOTTYHI MOKa3HUKUA poOOTH
TT3eJIs;

®yJIOCKOHAJICHA CHUCTEMa IUPKYJAIIINHOTO MAaIlleHHS, $Ka JI03BOJISIE
BUKOPHCTOBYBAaTH IIOBEPXHEBO-aKTUBHI pEUYOBWMHU, — Ha auseni 6L16/24
MAN Diesel cyana knacy General Cargo nenseiitom 15600 TOHH, IO CHPHSIIO
30uTbeHHt0 Ha 3,2 % mexaniunoro KKJI nuzens ta 2,2-kpaTHOMY yHOBIJIbHEHHIO

SHMKCHHA  3arajJjbHOro JY>XHOro 4ucjia MOTOPHOro m™MacTujia, a TaKoOXK



256

YIOBUTbHEHHIO Ha 6,19 % 3HMKEHHS TUCKY CTHCHEHHs Ta 3HIKEHHIO Ha 5,34 %
TeMITepaTypy BUITyCKHUX Ta3iB mig yac 1000 romrHHOT eKCcIuTyaTallii Ju3ers;

®TEXHOJIOT1Sl KOMILJIEKCHOTO KEPYBaHHSI CTPYKTYPHUMH XapaKTepUCTUKaAMU
MOTOPHUX MaCTHJI, siKa IMepeAadavyae HAHECEHHS Ha KOHTAKTYIO4l IOBEPXHI
OpraHIYHUX TOKPHUTTIB Ta JOJAaBAaHHS J0 MACTHJIA TTIOBEPXHEBO-aKTUBHUX PEUOBUH
3 ONTHUMAJILHOIO KOHIIEHTPALI€l0, — B CUCTEMI LUPKYJSIIAHOTO MaIlEHHS JTU3elis
61L.23/30 MAN-Diesel&Turbo cynna kmacy Bulk Carrier nenseiitom 37620 ToHH,
npu 1bOMYy OyJ0 gocarHyTe 2,3-KpaTHE 3HWKEHHS MIBUIKOCTI OKHCICHHS
MOTOPHOTO MacTuia, 3HWkKeHHs Ha 4,4 % TeMrepaTypd BHIIYCKHUX Ta3iB;
30ubIieHHsT Ha 2,54 % mexaniunoro KKJI ausens, 36inbmenHas Ha 7,23 % TUCKY
HaIPUKIHI CTUCHEHHS,

®TCXHOJIOTISl KEPYyBaHHA CTPYKTYPHHMH XapaKTePUCTUKAMHU MACTUJ, IO
BUKOPHCTOBYIOTHCS B CUCTEMAaX IMJIIHIPOBOTO MaIleHHs, — Ha au3eni 6S60ME-C9
MAN-Diesel&Turbo cynna wmacy Bulk Carrier aeaseiitom 37620 ToHH (mpu
npoMy Oyno 3abesnedeHo 1,5...3,3-kpaTHe 3MEHIICHHS BMICTY MeETaJeBUX
JOMIIIOK Y BIAMpanbOBaHOMY MacTWil Ta 2,1-KpaTHe YMOBUIbHEHHS 3HU)KCHHS
3arajibHOro JIY>KHOTO 4YHCjla BiAMNpalboBaHOro Mactuia) Ta Ha gusen 8K8OME
MAN-Diesel & Turbo cyana xmacy Container Ship nenseiitom 37620 ToHH (Tipu
npboMy Oyno 3abe3nedeHo 1,75...4,5-kpaTHe 3MEHILICHHS BMICTY MeETaJIEBUX
JOMIIIOK B BIAMNpPAIlbOBAHOMY MacTWJIl Ta 2,8-KpaTHE YIOBUIBHEHHS 3HUKEHHS
3arajbHOTO JIY’KHOTO YKCIia BIMPAIlbOBAHOTO MacTHIIA);

11. 3anponoHoBani MeTonM 3a0e3MeUeHHs MPOLECY MAIIeHHS CYAHOBHX
JU3EIIIB € MPUKIIAI0OM BIPOBA/KEHHS Cy4YaCHUX TEXHOJIOTIH MM/ 4ac eKCIuTyaTarlli

CyJIeH MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIIOPTY.



257

[TEPEJIIK BUKOPUCTAHUX JIUKEPEJI

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

2. Neumann S., Vibrodiagnostics of marine diesel engines in IMES GmbH
systems / S. Neumann, R. Varbanets, D. Minchev, V. Malchevsky, V. Zalozh. //
Ships and Offshore Structures. — 2023. — Vol. 18. — Iss. 11. — P. 1535-1546. DOI:
10.1080/17445302.2022.2128558.

3. Mapuenko A.Il. EBomroriiHuii po3BUTOK AM3ETIB aBTOTPAHCIIOPTY
eKoyioriuHi Ta ekoHomiuHi mokasHuku / A.Il. Mapuenko, [.B. Ilapcaganos,
I.B. PukoBa // JIpurynu BHyTpimHBOro 3ropsiHHs. — 2023. — Ne 1. — C. 3-10.
doi : 10.20998/0419-8719.2023.1.01.

4. Bap6anenp P.A. Po3mupeni MeTou JiarHOCTHKY JUIS CYJHOBHX JTU3ETLHUX
JBUTYHIB : JOCsATHeHHs  BiamoBimHocti IMO momo  aekapOowizamii  /
P.A. Bap6anens, J[.C. MinueB, [.B. CaBenbeBa, A.A.Pomiono, T.M. Masyp,
C.IL Ilcaprok, B.B. bonmapenko // JIBUryHH BHYTPIIIHBOTO 3ropsiHHs. — 2023. —
Ne 2. —C. 26-36. doi: 10.20998/0419-8719.2023.2.04.

5. 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
Ku“cera. // Journal of Marine Science and Engineering. — 2022. — Vol. 10(10). —
P/ 1373. https://doi.org/10.3390/jmse10101373

6. Madey V. Assessment of the efficiency of biofuel use in the operation of
marine diesel engines / V. Madey // Technology Audit and Production Reserves. —
2022. - Ne2(1(64)). — P.34-41. doi: http://doi.org/10.15587/2706-
5448.2022.255959.

7. binoycos €.B. Po3pobka MeTOIB OIIIHKM TEXHIYHOTO CTaHy JBUTYHIB 3a

pe3yibTaTaMu 1HAMIIIOBAaHHS PpOOOYOro MpOIECy Ha PEeXKUMaxX BIIMIHHHX BIJ


https://www.sciencedirect.com/journal/applied-ocean-research/vol/140/suppl/C

258
HomiHaeHUX / €.B. bimoycos, A.Il. Mapuenko, M.€. Pubansuenko, B.I1. CaBuyk,
I'A. Tynydenko // JIBuryau BHyTpimHbOTO 3ropsuus. — 2022, — Ne 1. — C. 51-59.
DOI : 10.20998/0419-8719.2022.1.07.

8. Bapb6aneup P.A. [lesiki acnextu 3actocyBanns cuctemu DEPAS D4.0H s
MIIBUIIEHHS  €HEeProe(EKTUBHOCTI  CyJeH  BHYTPIIIHbOTO  IIJIaBaHHA  /
P.A. Bap6anens, B.I. 3amox, T.B. Tapacenko, B.l. Kupnan, B.I'. Knumenko,
H.I. AnexcannpoBcbka // JIBuryHu BHYTpIIIHBOTO 3ropsiHHS. — 2021. — Ne 2. —
C. 60-67. DOI : 10.20998/0419-8719.2021.2.08

9. TumkiB O.B. CyvacHi 3aco0M iarHOCTyBaHHS CYAHOBHX CHUCTEM /
O.B. Tumki, B.I'. JlenicoB, b.I.['matiok // CyaHOBI €HEpPreTW4HI YCTaHOBKH :
HayK.-TexH. 30. — 2020. — Bum. 40. — Opneca : HY «OMA». — C. 65-69. DOI :
10.31653/smf340.2020.65-69.

10. Pataituyk O.B. IligBuieHHs e(peKTUBHOCTI TpolieCy HalyBa CYIHOBHX
nuzeniB / O.B. Paraituyk, C.B. Carin // Cy1HOBI eHepreTuyH1 YCTaHOBKH: HayKOBO-
texHiyHui 30ipHUK. — 2020. — Bum. 41. — Oneca: HY «OMA».— C. 15-19. DOI :
10.31653/smf341.2020.15-19.

11. Bap6anens P.A.  OcoOauBoCTI  aHAMITUYHOI  CHHXPOHI3aIlll  JAaHUX
MOHITOPUHTY POOOYOro MpoIecy TPAHCHOPTHUX AU3EIiB B yMOBaxX eKcIuTyaTarlii /
P.A. Bap6anens, B.I. 3anox, T.B. Tapacenko, FO.M. Kyuepenko, B.I' Kinmenko .
// JlBUryHu BHyTpimHbOrO 3ropsuHus. — 2020. — Nel. — C.13-21.
DOI : 10.20998/0419-8719.2020.1.02.

12. Ky3nenoB B. MOHITOPIHI TEXHIYHOTO CTaHy CYJHOBHUX Majlo0O0E€pPTOBIX
muzeniB /  B.Ky3nenmoB // BicHuk OpechbKkoro HarlioHaJbHOTO MOPCHKOTO
yHiBepcurety. — 2020. — Ne 60. — C. 86-92. https://doi.org/10.33082/2226-1893-
2019-3-86-92.

13. Kondratenko O.M. Accounting emissions of engine fuel vapors in the
criteria-based of the ecological safety level of power plants with reciprocating ice
exploitation process / O.M. Kondratenko, V.A. Andronov, T.R. Polishchuk,
N.D. Kasionkina, V.A. Krasnov // JIBUryHH BHYTpIIIHBOTO 3ropsiHHsA. — 2022. —
Ne 1. - C. 40-50. DOI : 10.20998/0419-8719.2022.1.06.



259

14. Mapuenko A.Il. JIBuryHu BHYTPIUIHBOTO 3TOPSHHS 1 HaBKOJIMILIHE
cepenounie / A.Il Mapuenko, I.B.Ilapcamanos, O.I1. CtpokoB // [IBurynu
BHYTpPIIIHROTO 3ropsHHsA. — 2022. — Ne2. — C.3-12. DOI: 10.20998/0419-
8719.2022.2.01.

15. Sagin S.V. The Use of Exhaust Gas Recirculation for Ensuring the
Environmental Performance of Marine Diesel Engines / S.V.Sagin,
O. A. Kuropyatnyk // Nase More: International Journal of Maritime Science &
Technology. —2018. — Vol. 65. — Ne 2. — P. 78-86. doi.org/10.17818/NM/2018/2.3.

16. KyponsitHuk A.A. YnpaBieHHe BBITYCKHBIMU Ta3aMH CYAOBBIX IU3EJIEH
JuIs o0ecniedeHus sKkojorndeckux nokazareneit / A. A. Kyponstauk, C. B. Carun //
ABTOMaTH3aIUsl CYyJJOBBIX TEXHUYECKUX CPEJACTB : Hayd.-TeXH. cOopHUK. — 2018. —
Bpimn. 24. — C. 72-80.

17. Kuropyatnyk O.A. Reduction of NO, emission in the exhaust gases of low-
speed marine diesel engines / O. A. Kuropyatnyk //Austrian Journal of Technical
and Natural Sciences. — 2018. — No 7-8 — P. 37-42. doi.org/10.29013/AJT-18-7.8-37-
42.

18. Pycnak JI. FO. 3a0e3nedyeHHs €KOJIOTTYHMX BUMOT TPHU YJIbTPa3BYKOBIi
necynbdypizamii ByrieBognux mnanuB / JlI. FO. Pycnak, C. B. Carin // CynHoBsi
CHEpPreTHYHl YCTAHOBKM : HayK.-TexH. 30. — 2020. — Bum. 40. — Opeca :
HY «OMA».— C. 49-54. DOI : 10.31653/smf340.2020.49-54.

19. Kuropyatnyk O.A. Exhaust Gas Recirculation as a Major Technique
Designed to Reduce NOx Emissions from Marine Diesel Engines /
O.A. Kuropyatnyk, S.V. Sagin // Nase More: International Journal of Maritime
Science & Technology. — 2019. - Vol.66. — Iss.1. - P.1-9.
https://doi.org/10.17818/NM/2019/1.1.

20. Sagin S.V. Using exhaust gas bypass for achieving the environmental
performance of marine diesel engines / S.V. Sagin , O.A. Kuropyatnyk // Austrian
Journal of Technical and Natural Sciences. Scientific journal. — 2021. — Ne 7-8. —
P. 36-43. https://doi.org/10.29013/AJT-21-7.8-36-43.



260

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

22. Maneit B.B. KoperyBaHHs HaBirauiiftHoro nepexoy mij yac 3a0e3rneueHHs
EKOJIOTIYHUX TOKa3HUKIB poOoTu cyaHoBuX auselniB / B.B. Maneit, O.M. Bonkos,
C.C. Carin // ABTomatu3allisi CyTHOBHX TEXHIYHUX 3aC001B: HayK.-TexH. 30. — 2023.
— Bun. 28. — Oneca: HY «OMA». — C. 52 — 66. DOI: 10.31653/1819-3293-2023-1-
28-52-66.

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

24, KypomstHik O.A. 3HIKEHHS eMicii OKCHIIB a30Ty CYJHOBHX JU3ETIB
METOJIOM TiepernycKy BumyckHux rasiB / O.A. Kyponstaik // Bicauk Onmechbk. Hail.
Mop. YH-TY. — 2018. — Bum. 4(57). — C. 98-108.

25. T'punyk .LB. OcoOnmBOCTI BH3HAYE€HHS BHUTpAaTH TMalliBa Ta BUKHIIB
HIKIJUIMBUX PEYOBHH JIBUTYHIB TPAHCIIOPTHUX 3aCO01B, 110 MPALIOIOTh HA Ta30BOMY
nanusi / [.B. I'punyk, [.C. Iloropneuskuii, JI.C. Anpos, A.B. binait // JIBurynu
BHyTpilmHbOrO 3ropstHast. — 2021. — Nel. — C.25-35. DOI: 10.20998/0419-
8719.2021.1.04.

26. Carin A.C. KoperyBaHHs HajalITyBaHHS MaJMBHOI amapaTypd BHCOKOTO
THUCKY IT1J1 Yac MEePEBEACHHS CYHOBUX JIU3€IIIB HA TTAJIMBO 3 HU3HKUM BMICTOM CIpKU
/ A.C. Carin // ABTomaTu3alilisi CyAHOBUX TEXHIYHMX 3ac001B: HayK.-TeXH. 30. —
2023. — Bun. 28. — Opeca: HY "OMA". — C. 67 — 78. DOI: 10.31653/1819-3293-
2023-1-28-67-78.

27. Mapuenko A.Il. OiiHka TemaoHanpy>keHoro crany nopwHis /B3 3
ypaxyBaHHsIM Tmopory moB3y4ocTi ix Oiynoi mnoBepxHi / A.Il. Mapuenko,
O.10. Jlinbkos, B.B. ITuisoB , C.B. JIukoB // JIBUTYHH BHYTPIIIHBOTO 3rOPSHHS. —

2023. - Ne 2. - C. 3-13. doi : 10.20998/0419-8719.2023.2.01.



261

28. MankeBud [I.B. TloHOBIIEHHSI PEOJOTIYHUX XapaKTEPUCTUK MACTUIIBHUX
matepianiB cynHoBux au3zenis / J.B. MankeBuy // CynHOBI €eHepreTu4Hi yCTaHOBKU
: HayK.-TexH. 30. — 2018.— Bumn. 38. — Opeca : HY «OMA». — C. 116-126.

29. KysHenos B. Bruus neQeKTiB IWITIHAPO-TIOPIITHEBOT  TPYIH
Maj000epTOBHX JBUTYHIB Ha iX A0BroBiuHicTh / B. Ky3nenon // Bicauk Onecbkoro
HaIllOHAJTBFHOTO MOpPChKOro yHiBepcutery. — 2022. — Ne67. — C.62-70.
https://doi.org/10.47049/2226-1893-2022-1-62-70.

30. Camapin O.€. IligBUIICHHS CTPOKY €KCILTyaTallii HOPIIHS KPEUIIKOTI(HOTO
mmsens / O.€. Camapin, €.B. binoycos, B.IL. CaBuyk // HaykoBuil BiCHUK
XepcoHChKOi JepxaBHOiI Mopchkoi akamemii. — 2019. — Ne2(21) — C. 059-066.
doi : 10.33815/2313-4763.2019.2.21.059-066.

31. Sagin S.V. Improving the performance parameters of systems fluids /
S. V. Sagin // Austrian Journal of Technical and Natural Sciences, Vienna — 2018. —
No 7-8 (July-August). — P. 55-59. doi.org/10.29013/AJT-18-7.8-55-59.

32. Abril S. Numerical Methodology for Determining the Energy Losses in
Auxiliary Systems and Friction Processes Applied to Low Displacement Diesel
Engines / S. Abril, J. Piero Rojas, E. Florez // Lubricants. — 2020. — Ne 8. — P. 103.
https://doi.org/10.3390/lubricants8120103.

33. Carin C.B. 3H1>KE€HHSI MEXaHIYHHUX BTPAT y CYyJTHOBUX CEPETHHOOOEPTOBUX
muzensix / C.B. Carin // CyqHOBI eHepreTuyH1 yCTaHOBKH : HayK.-TeXH. 30. — 2020.—
Bum. 40. — Opneca : HY «OMA».— C. 5-11. DOI : 10.31653/smf340.2020.5-11.

34, Ilaki O.A. Oco06auBOCTI Ta BHMOTH IMOAO HABITaIiiiHOTO 3a0C3IICUCHHS
Oe3leKky CyAHOBOJIHHS Ha BHYTpIIHIX cyaHoruiaBHux mosixax / O.A. Jlaki,
JLJI. Tlmita, L[.B. Tpodumenko, B.M. @eaynoB // Boauuii Tpancmnopt. 301pHUK
HaykoBuxX mpaib. — 2022. — Bum. 2(36). — C. 184-194. doi.org/10.33298/2226-
8553.2022.2.36.15.

35. Tumomyk O.M. J[locmipkeHHst Oe3neku OyHKepyBaHHS Ha BOJHOMY
tparcopti / O.M. Tumomyk, O.B. Menpauk // Bomumii Tpancmopt. 30ipHUK
HaykoBux mpanb. — 2020. — Bum. 1(29). — C.5-13. doi.org/10.33298/2226-
8553/2020.1.29.01.



262

36. [ToGepexnuii P.B. 3abe3nedeHHst €KOJOTIYHUX MMOKA3HUKIB JU3ETIB CyJeH
piukoBoro Tta Mopchkoro tpancnopty / P.B. Ilo6epexnwmii, C.B. Carin // CyaHoBi
CHEPreTUYH1 YCTaHOBKH: HAyKOBO-TeXHIUYHUMN 301pHUK. — 2020. — Bum. 41. — Oneca:
HY «OMA».— C. 5-9. DOI : 10.31653/smf340.2020.5-9.

37.Sagin S.V. Marine Slow-Speed Diesel Engine Diagnosis with View to
Cylinder Oil Specification / S.V. Sagin, O.V. Semenov. / American Journal of
Applied  Sciences - 2016 — Nel3(5). - P.618-627. DOL:
10.3844/ajassp.2016.618.627.

38. Fernadndez-Feal M.C. Study of Metal Concentration in Lubricating Oil with
Predictive Purposes / M.C. Ferndndez-Feal, M.L. Ferndndez-Feal, L.R. Sanchez-
Fernandez, J.R. Pérez-Prado // Curr. J. Appl. Sci. Technol. — 2018. — Ne 27. — P. 1—
12. https://doi.org/10.9734/CJAST/2018/41472.

39. Kopanenko [.B. BrmB HaBaHTakXeHHS Ha HaJIIAHICTb CYJIHOBHX
mexaHi3miB 1 arperatiB / [.B. Kopamenko, B.M. borau, O.A.MenpHuK.,
b.B. Jlebener // CynHOBI eHepreTHyYHl YCTAHOBKH ;| HAYKOBO-TEXHIYHUI 301pHUK. —
2022. - Bwm.45. — Opeca HY «OMA». - C.116-122.
doi : 10.31653/smf45.2022.116-122.

40. Varbanets R. Acoustic Method for Estimation of Marine Low-Speed
Engine Turbocharger Parameters / R. Varbanets, O. Fomin, V. Pist¢k, V. Klymenko,
D. Minchev, A. Khrulev, V. Zalozh, P. Kucera // J. Mar. Sci. Eng. 2021. — Ne 9. —
P. 321. https://doi.org/10.3390/jmse9030321.

41. Carin C. B. 3HmkeHHsI €HEpreTMYHMX BTpaT B MPEeUM3IMHUX Mapax
namuBHOI amaparypu cyaHoBux amzeniB / C. B. Carin// CynHOBI eHepreTHuHI
YCTaHOBKH : HayK.-TexH. 30.. — 2018. — Bum. 38. — Oneca : HY «OMA». — C. 132-
142.

42. Carin C.B. 3HmKeHHs MEXaHIYHHUX BTPAT y CYJTHOBUX CEPEIHBOOOECPTOBUX
JU3EIIAX 3a PaxyHOK ONTUMi3alii poOOTH HUPKYISAIIAHUX CHUCTEM MAaIleHHS /
C.B. Carin // Bicauk OpmechbKOro HaIllOHATLHOTO MOPCHKOTO YHiBepcUTETy : 30.
Hayk. mpailb. — 2020. — Bum. 1(61). — C. 87-96. doi.org 10.47049/2226-1893-2020-
1-87-96.



263

43. Guo Z. Experimental Study on Wear Performance and Oil Film
Characteristics of Surface Textured Cylinder Liner in Marine Diesel Engine /
Z. Guo, C. Yuan, X. Bai // Chinese Journal of Mechanical Engineering. — 2018. —
Ne 31.—P. 52. https://doi.org/10.1186/s10033-018-0252-3.

44. Sagin S.V. Motor Oil Viscosity Stratification in Friction Units of Marine
Diesel Motors / S.V. Sagin, O.V. Semenov // American Journal of Applied Sciences
—2016. —Ne 13(2). — P. 200-208. DOI: 10.3844/ajassp.2016.200.208.

45. Tongyang L. Lubrication analysis for the piston ring of a two-stroke marine
diesel engine taking account of the oil supply / L. Tongyang, M. Xuan, L. Xiqun,
W. Chuanjuan // Int. J. Engine Res. — 2021. — No22. — P. 146808741987211.
https://doi.org/10.1177/1468087419872113.

46. Lijesh K. On the degradation of tribo-components in boundary and mixed
lubrication regimes / K. Lijesh, M. Khonsari // Tribology Letter. — 2019. — Ne 67. —
P. 12. https://do1.org/10.1007/s11249-018-1125-8.

47. Overgaard H. Investigation of different piston ring curvatures on lubricant
transport along cylinder liner in large two-stroke marine diesel engines /
H. Overgaard, P. Klit, A. Velund // Proc. Inst. Mech. Eng. Part J J. Eng. Tribol. —
2017.— Ne 232. — P. 85-93. https://doi.org/10.1177/1350650117744100.

48. Ferreira R. Tribological solutions for engine piston ring surfaces: An
overview on the materials and manufacturing / R. Ferreira, J. Martins, O. Carvalho,
L. Sobral, S. Carvalho, F. Silva // Mater. Manuf. Processes. — 2019. — Ne 35. —
P. 498-520. https://doi.org/10.1080/10426914.2019.1692352.

49. Calderbank G. Experimental measurement of the time-based development
of oil film thickness, lubricating film extent and lubricant Transport in Crosshead
Engines / G. Calderbank, E. Smith, I. Sherrington // Lubricants. — 2021. — Ne 9. —
P. 4. https://doi.org/10.3390/lubricants9010004.

50. 3BepbkoB JI.O. 3HMKEHHS MEXaHIYHMX BTpAT y CYIHOBUX JU3ENsAX /
J.0. 3BepbkoB, C.B. Carin // Cy1HOB1 €HepreTHuH1 YCTaHOBKU: HAYKOBO-TEXHIYHHIMA
30ipuuk. — 2020. — Bumn.41. — Opeca: HY «OMA».— C.20-25. DOI
10.31653/smf341.2020.20-25.



264

51. lmipua A.I. YimockoHaneHHs MalleHHS LWIIHAPOBOI TPYMU CYJHOBHUX
nosroxogoux auzeniB / JI.I. llmipna, C.B.Carin // CyaHoBiI eHepreTuyHi
YCTAaHOBKM : HAayKOBO-TeXHIYHMM 30ipHUK. — 2021. — Bum. 42. — Opeca : HY
«OMA». —C. 92-96. doi : 10.31653/smf42.2021.92-96.

52. borau B.M. Oco6imBocTi poOOTH JIyOPUKATOPHUX CHCTEM CYJIHOBHX
noBroxoioBux ABUryHiB / B.M. borau, }O.M. JloBinenko, O.I1. lypanos // CynHoBi
CHEepPreTU4HI YCTAaHOBKH : HAyKOBO-TeXHIUHUH 30ipHUK. — 2022. — Bum. 44. — Opeca
: HY «OMA». — C. 53-63. doi : 10.31653/smf44.2022.53-63.

53. Canter N. Marine diesel cylinder engine oils. Lubrication challenges
impacted by operating conditions and regulations / N. Canter // Tribol. Lubr.
Technol. —2017. — Ne 73. — P. 10-21.

54. Liu C. Numerical study on the lubrication performance of compression
ring-cylinder liner system with spherical dimples / C. Liu, Y Lu, Y Zhang, S. Li,
N.Miiller /  PLoS ONE, - 2017. - Nel2. - P.0181574.
https://doi.org/10.1371/journal.pone.0181574.

55. Salaheldin M. Optimization of cylinder liner macro-scale surface texturing
in marine diesel engines based on teaching-learning-based optimization algorithm /
M. Salaheldin, M. Kamel // Proc. Inst. Mech. Eng. Part J J. Eng. Tribol. — 2021. —
Ne 235. — P. 329-342. https://doi.org/10.1177/1350650120911563.

56.Zhou Y. Impact of Fuel Contents on Tribological Performance of PAO
Base Oil and ZDDP / Y. Zhou, W. Li, B.C. Stump, R.M. Connatser, S. Lazarevic,
J.Qu // Lubricants. — 2018. — Ne 6. — P. 79.
https://doi.org/10.3390/lubricants6030079.

57. Ky3uenoB B. IliaBuiiieHHs1 TEXHOJOTTYHOT HAIIHHOCTI IIMITIHAPOTOPIITHEBOT
rpynd MajnooOepTOBiX [BUTYHIB TexHojoriunuMu wmetogamu / B. Kysnemos //
Bicauk Onechkoro HalioHaJabHOTO MOpPChKOro yHiBepcuteTy. — 2020. — No 62, —
C. 171-182. https://doi.org/10.47049/2226-1893-2020-2-171-182.

58. Ky3nenoB B. JliarHocTrka TEXHIYHOTO CTaHy MalloOOOOPOTHUX JIBUTYHIB /
B. Ky3nenor // Bicauk OJiecbKOro HalioHaJIbHOTO MOPCBKOTO YHIBEPCUTETY. —

2020. — Ne 59. — C. 127-134. https://doi.org/10.33082/2226-1915-2-2019-127-134.



265

59. https://cdn.standards.iteh.ai/samples/69055/c1c2e5813e31435¢8d3¢97de9b
b3419a/ASTM-D5185-09.pdf (nara 3Bepuenns — 31.12.2023 p.).

60. https://cdn.standards.iteh.ai/samples/44771/96b707e¢5d0264d79815ab59¢35
00694a/ISO-3771-2011.pdf (nata 3Bepuenns — 31.12.2023 p.).

61. Abril S. CFD Analysis of the effect of dimples and cylinder liner honing
groove on the tribological characteristics of a low displacement engine / S. Abril,
M. Del Socorro, J. Pabon-Leon // Lubricants. — 2022. — Ne 10. — P. 10040061.
https:// doi.org/10.3390/lubricants10040061.

62. Sumardiyanto D. Analysis the Occurrence of Wear on Crank Pin Bearing in
Diesel Engine / D. Sumardiyanto, S. Susilowati // Journal of Mechanical
Engineering and  Automation, -  2021. - 10(1), 19-23. dot:
10.5923/3.jmea.20211001.03

63. MAN B&W-6S-50-MC-C-Vol-II-Maintenance-Manual. https://www. man-
es. com /marine (nata 3BepHeHHs — 05.01.2024 p.).

64. borau B.M., HoBuaenko FO.M., Cno6onsuiok .M. Henmomniku
nyOpuKkatopHuX cucteM cyaHoBux ABuUryHiB MAN-B&W // CynHoBI eHepreTHyHi
YCTAaHOBKHM : HAyKOBO-TeXxHIUHUH 30ipHuK. — 2020. — Bum. 41. — Opeca : HY
«OMAy. — C. 149-156. doi : 10.31653/smf341.2020.149-156.

65. borau B.M. AHani3 yMOB mojadi MacTWjia B HWIIHIApU cynHoBux JIB3 /
B.M. borau, K.JI. O6eptiop, FO.M. loBinerko // CyaHOBI €eHEpreTU4Hi yCTaHOBKH
: HAyKOBO-TeXHIYHMM 30ipHUK. — 2023. — Bur. 46. — Oneca : HY «OMA». — C. 5-16.
doi : 10.31653/smf46.2023.5-16.

66. Engine MAN B&W S65ME-C8.2-GI-TII Project Maintenance Manual.
https://www.manualslib.com/manual/1554708/Man-BAndw-S65me-C8-2-Gi-
Tii.html (maTa 3Beprenns — 05.01.2024 p.).

67. Delprete, C. Piston ring—liner lubrication and tribological performance
evaluation. A review / C. Delprete, A. Razavykia // Proceedings of the Institution of
Mechanical Engineers, Part J: Journal of Engineering Tribology. —2018. — Ne 232(2).
—P. 193-2009. https://doi.org/10.1177/1350650117706269.



266

67. Wirtsila RTAS8T - Maintenance  Manual  https://maritimeexpert.
files.wordpress.com/2016/08/mm-rta58t 2008-10.pdf.

68. Study of Metal Concentration in Lubricating Oil with Predictive Purposes /
M.C. Fernandez-Feal, M.L. Fernandez-Feal, L.R. Sanchez-Fernandez, J.R. Pérez-
Prado // Current Journal of Applied Science and Technology. —2018. — Ne 27(6). —
P. 1-12. https://doi.org/10.9734/CJAST/2018/41472.

69. 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.— No5(1(73)). —
P. 37-43. doi: https://doi.org/10.15587/2706-5448.2023.290198.

70. borau BM. BrumB rady Ha pyx MacTwia IO A3€pKaily uwiiHapa /
B.M. borau, A.M. lllebanoB, HO.M. JloBunenko, L.E.€mncekuit // CymHoBi
E€HEepPreTUYH1 YCTAaHOBKH : HaAyKOBO-TeXHIUHMM 301pHUK. — 2021. — Bum. 43. — Oneca
: HY «OMA». — C. 126-139. doi : 10.31653/smf43.2021.126-139.

71. Sagin S.V. Estimation of Operational Properties of Lubricant Coolant
Liquids by Optical Methods / S.V. Sagin, V.G. Solodovnikov // International Journal
of Applied Engineering Research. —2017. — Ne12(19). — P. 8380—-8391.

72. Zhuravlov Yu.l. Investigation of patterns of wear of surfaces of connection
"shaft-sliding bearing" / Yu.l. Zhuravlov, A.A.Melnik, Ye.F. Kostyuchenko //
CynHOBI €HepreTU4Hl YCTaHOBKH : HAYKOBO-TeXHIYHUMN 30ipHUK. — 2021. — Bum. 42.
—Opneca : HY «OMAy. —C. 35-41.doi: 10.31653/smf42.2021.35-41.

73. Kozuupkuit C.B. OmiHka BTpaT KIHETMYHOI €HEprii y KpPUBOLIUIIHO-
matrynHoMy MexaHizmi / C.B. Kozunpkwuii, O.1. IBens, C.B. Kipisu // CyaHosi
CHEPreTUYH1 YCTAaHOBKH : HAyKOBO-TeXHIUHUM 301pHUK. — 2021. — Bum. 42. — Oneca
: HY «OMA». — C. 42-49. doi : 10.31653/smf42.2021.42-49.

74. Cromsipuk T.O. BpaockoHaneHHS TIPOILECIB MAaIllCHHS AW3ETiB  CYIeH
MOPCBKOIO Ta BHYTpilIHBOro BogHOro Tpancnopty / T.O. Cromnspuk // CyaHoBi
€HEepreTUYHl YCTAHOBKHU : HAYKOBO-TEXHIUHUH 301pHUK. — 2022, — Bumn. 45. — Oneca

: HY «OMA». — C. 57-69. doi: 10.31653/smf45.2022.57-69.



267

75. Carin C.B. Bu3HaueHHs1 XapaKTepUCTUK 3MOUYYBaJbHUX IUTIBOK CYIHOBUX
motopuux mactui / C.B. Carin, T.O. Cronspuk // Marepianu HayKOBO-T€XHIYHOT
KoH(pepeHiii «Mopcekuii Ta piYKOBUM (UIOT : eKCIUTyaTariss 1 PEeMOHT»,
25.03.2021 -26.03.2021. — Opeca : Hamionanbuuii yHiBepcuteT «Onechbka MOpChbKa
akagemisy. — 2021. — C. 93-97.

76.1MO SOLAS 2020 Consolidated Edition. - IMO. - 2020. - 574 c.

77.1lpaBusia TEXHIYHOI eKCIJyaTallili CyJHOBUX TEXHIYHHUX 3aco0iB. -
HaykoBo-#oCnilHUMA NPOEKTHO-KOHCTPYKTOPCbKUM IHCTUTYT MOPCBKOIO
b0ty Ykpainu. - 2018. - 236 c.

78. IlpaBuna kmacudikamii Ta MoOylOBM CYACH BHYTPIIIHBOTO IUIABAHHSL.
Towm 3. Perictp cynnomnaBctBa Ykpainu. Odiuiiine Buganus, — 2022. — 416 c.

79. borau B.M. Amnaniz yMOB mojadi mMaciia B IWIHAPH JTU3ETIB MOPCHKUX
cyneH / B.M. borau, [.M. Cno6onsauiok, FO.H. JloBinenko // CyaHOBI eHepreTHuH1
YCTAHOBKHM : HAyKOBO-TeXHIUHMM 30ipHuK. — 2021. — Bum. 42. — Opeca : HY
«OMA». — C. 16-24. doi : 10.31653/smf42.2021.16-24.

80. by3zoBchkuil B.A. TenneHii po3BUTKY JTyOpUKATOPHUX CUCTEM CYAHOBHX
muzeniB / B.A. bBy3oscekuii , B.M. borau, M.B. JIparomup // CynHOBI eHepreTudHi
YCTAaHOBKHM : HayKOBO-TE€XHIYHUM 30ipHUK. — 2021. — Bun.42. — Opeca : HY
«OMA». — C. 25-34. doi : 10.31653/smf42.2021.25-34.

81. Doan D.V. Adjustment of cylinder lubricating oil of marine slow-speed
engines / D.V. Doan, L. Murawski, // J. KONES Powertrain Transp. — 2017. —
Ne 24. —P. 113-119. https://doi.org/10.5604/01.3001.0010.2803.

82. Salaheldin A. Effect of cylinder liner oil grooves shape on two-stroke
marine diesel engine’s piston ring friction force / A. Salaheldin, L. Xiqun, Q. Zheng
// Advances in Mechanical Engineering. — 2014. — Ne 7(2). — P. 837960. DOIL:
10.1155/2014/837960.

83. Zavos A. Effect of Coating and Low Viscosity Oils on Piston Ring Friction
under Mixed Regime of Lubrication through Analytical Modeling / A. Zavos //
Lubricants. —2021. — Ne 9. — P. 124. https://doi.org/10.3390/lubricants9120124.



268

84. Chenwei M. Tribological behavior of co-textured cylinder liner-piston ring
during running-in / M. Chenwei, G. Zhiwei, Y. Chengqing // Friction. — 2022. —
Ne 10. — P. 878-890 https://doi.org/10.1007/s40544-021-0499-z.

85. Aditya N.D. Development of small vessel advisory and forecast services
system for safe navigation and operations at sea / N.D. Aditya, K.G. Sandhya,
R. Harikumar // J. Oper. Oceanogr. — 2022. — Nel5. - P.52-67.
https://doi.org/10.1080/1755876X.2020.1846267.

86. Kypnocenko JI.B. Cteny st 1OCHIPKEHHSI ITapaMeTpiB €JIEMEHTIB CUCTEM
MallleHHS! BUCOKOOOEPTOBUX JBUTYHIB BHYTpilHbOr0 3ropsinus / J[.B. KypHocenko,
B.II. CaBuyk, €.B. binoycos, A.K. I3urap, A.l. Koros // JIBurynu BHYTpPIIIHBOTO
sropsiaHs. — 2021, — Ne 2. — C. 73-79. DOI : 10.20998/0419-8719.2021.2.10.

87. Lebediev B. Geometric modeling of parts of ship equipment with match
surfaces / B. Lebediev, N.Ismailova, T.Mohylanets // CynaHoBI eHepreTuuHi
YCTAaHOBKM : HAyKOBO-TE€XHIUYHMH 30ipHUK. — 2023. — Bun.46. — Oneca : HY
«OMAY. — C. 142-146. doi : 10.31653/smf46.2023.142-146.

88. Cromsipuk T.O. 3MeHIlIEHHS BTpaT MEXaHIYHOI €Heprii B CYAHOBUX
musensix  Marepiamu  14-01 MibKHapoHOI HAyKOBO-TIPAKTUYHOI  KOH(EPEHITIi
«Cy4acHi eHepreTuyH1 YCTaHOBKHM Ha TPAHCIOPTI 1 TEXHOJIOTIT Ta oOJagHaHHS IS
ix o6cmyroByBanus» / T.O. Cromspuk, C.B.Carin // 16-18 Gepesns 2023 p. —
XepcoH : XepcoHChKa aepkaBHa Mopchbka akagemis. — C. 197-200.

89. Carin C.B. JliarHocTyBaHHS SIKOCT1 IIPOLIECY MaIlIEHHS CYJTHOBUX JIU3EIIB /
C.B. Carin, T.O.Cromsapuk // Martepianu MIDKHApOJHOT HAYKOBO-TEXHIYHOI
KoH(pepeHIiT «Mopchkuil Ta piyKoBHi (IOT: eKCcIuTyaTaris 1 peMoHT», 22.03.2023 —
23.03.2023. — Omeca: HY «OMAy, 2023. — C. 61-65.

90. Carin C.B. 3HmkeHHsI €HEpreTMYHMX BTpaT IMiJ 4Yac eKCIUTyaTallii
JIOBroxoJ1oBux au3eiiB Mmopcbkux cyneH / C.B. Carin, T.O. Cronsipuk // Marepianu
11-i MixHapoIHOT HAyKOBO-NpakTUYHOI KoH(pepeHuii «CydacHi eHepreTHyHI
YCTAaHOBKHM Ha TPAHCIOPTI 1 TEXHOJOTI] Ta O0JaJHaHHS IS X OOCITyrOBYBaHHS»,
08-10 Bepecust 2020 p. — XepcoH : XepCOHChKa Jep:kaBHA MOPChKa akajeMis. —

2020. - C. 174-176.



269

91. Carin C.B. Anaini3 ekcIiulyaTallliiHUX XapaKTEPUCTUK MOTOPHHX MAacTHII
cyanoBux nuseni / C.B. Carin, T.O. Cronsipuk // Cy1HOBI €HepreTuyH1 YCTaHOBKU:
HayKOBO-TeXHIUHUM 30ipHUK. — 2021. — Bur. 43. — Oneca: HY «OMA».— C. 69 - 80.
doi: 10.31653/smf343.2021.69-80.

92. Kozytskyi S.V. Self-organization of nano-sized metal-containing lubricant
additives / S.V.Kozytskyi, S.V.Kiriian / CyaHOBI eHepreTMuHi YCTaHOBKH :
HAYKOBO-TeXHIYHHM 30ipHUK. — 2022. — Bum. 44. — Ogeca : HY «OMA». — C. 20-27.
doi : 10.31653/smf44.2022.20-27.

93. lllepctanukoB K.A.  VYmpaBminHA mpouecamMd TepTsi B  CYIJHOBUX
nornomickaux Mexanismax /  K.A. llepcrsnukos, B.II Kapgam // Cynaosi
EHEPreTUYH1 YCTAaHOBKH : HayKOBO-TeXHIUHUM 301pHUK. — 2020. — Bum. 41. — Oneca
: HY «OMA». — C. 104-110. doi : 10.31653/smf341.2020.104-110.

94. Bewsher S. Offner, G.; Knaus, G. Atomic force microscopic measurement
of a used cylinder liner for prediction of boundary friction / S.Bewsher,
M. Leighton, M. Mohammadpour, H. Rahnejat // Proc. Inst. Mech. Eng. Part D J.
Automob. Eng. — 2019. — Ne 233. — P. 1879-1889.
https://doi.org/10.1177/0954407018792143.

95. IlaBnoBuy B.M. IlinBuiieHHss €()EeKTUBHOCTI JUCTAHIIMHOTO KOHTPOJIIO
BOJIOTOBMICTY HHUPKYJISIIHHOTO MacTWia B KapTepl Majo o0epToBOro ausens /
B.M. IlaBnoBuu , B.X. Kopb6an // CynHOBI eHepreTHuHI YCTaHOBKH : HAyKOBO-
TexHiyHu 30ipHUK. — 2021. — Bumn. 42. — Opeca : HY «OMA». — C. 111-115.
doi : 10.31653/smf42.2021.111-115.

96. Carin C.B. Anani3 e(eKTHUBHOCTI BUKOPHCTAaHHS B CYIHOBHUX JM3EIISAX
naiMB  pi3HOro  (QpakmiitHoro Ta  cTpykTypHoro ckiany / C.B. Carin,
P.B. Ilo6epexxnnii // CynHOBI €HEpreTWYHI YCTAHOBKM : HAyKOBO-TEXHIUHUI
30ipHuk. — 2022. — Bwum.45. — Opeca : HY «OMA». — C.31-42.
doi : 10.31653/smf45.2022.31-42.

97. Copoka B.B. Kontposp Ta OLiHIOBaHHS CTaHy MiIIMITHUKIB CYIHOBOTO
BajionipoBory / B.B. Copoka // Bomuwmii Tpancropt. 301pHUK HAYKOBHX Ipallb. —

2021. —Bun. 3(34). — C. 31-38. doi.org/10.33298/2226-8553/2021.3.34.04.



270

98. Marnkesuu /1. B. Perenepariisi excrutyaTtaiiiiiHuX BJIaCTUBOCTEH MOTOPHHUX
macTtui cyaHoBux auszenis / J1. B. Maukesuu // Bicauk Opecbkoro HaiioHaJIbHOTO
MOPCBHKOTO yHiBepcutTeTy : 30. Hayk. mpaib. — 2020. — Bum. 1(61). — C. 121-130.
doi.org/10.47049/2226-1893-2020-1-121-130.

99. Tkauenko I. B. Po3poOka TexHOJIOTIi pO3AUIEHHS 1 OYMILEHHS BOJ, IO
Mmictath Hadty / 1. B. Tkauenko / CyqHOBI €HEpPreTUyHl YCTAaHOBKHU : HAYK.-TEXH.
36. — 2020. — Bun.40. — Opeca : HY «OMA». — C.24-30. DOI
10.31653/smf340.2020.24-30.

100. Sagin S. Ensuring the environmental friendliness of marine diesel engines
of specialized ships / S Sagin, O.Kuropyatnyk, I. Tkachenko // Cynanosi
EHEepreTHYH1 YCTAHOBKH : HAyKOBO-TE€XHIUHUH 30ipHUK. — 2022. — Bum. 45. — Oneca
: HY «OMA». — C. 5-16. doi : 10.31653/smf45.2022.5-16.

101. Tumomryk O.M. JocmipKeHHS METOMIB MiJABUIICHHS €KOJOTTYHOCTI
CYIHOBUX CHEPTreTUYHUX YCTaHOBOK y BomHOoMy cepeaoBuin / O.M. Tumorniyk,
M.B. bopina // Bopuwmii TpancmopT. 30ipHMK HAyKoBHX mpamb. — 2022. —
Bum. 2(36). — C. 240-252. doi.org/10.33298/2226-8553.2022.2.36.21.

102. Kuropyatnyk O.A. Ensuring efficiency and environmental of marine
diesel engines which using exhaust gas bypass system / O.A. Kuropyatnyk,
S.V. Sagin // CynHOBI eHepreTu4Hi YCTaHOBKU : HAyKOBO-TEXHIYHUHN 30IpHUK. —
2021. — Bum. 43. — Opneca : HY «OMA». — C. 25-40. doi : 10.31653/smf43.2021.25-
40.

103. [To6epexuwmii P.B. 3abe3nedenHs eKoIOTTYHUX MOKA3HUKIB IU3€IIIB CY/ICH
piukoBoro ta Mopchkoro Tpancmnopty / P.B. Ilo6epexnnii, C.B. Carin // CyaHoBi
€HEepreTUYHI YCTAaHOBKH : HayKOBO-T€XHIUHUM 30ipHUK. — 2020. — Bumn. 41. — Oneca
: HY «OMA». — C. 5-9. doi : 10.31653/smf340.2020.5-9.

104. HaroBcbkuid [I.A. YIOCKOHAJICHHS aJIrOPUTMYy 3Mall€HHS TOJOBHOTO
neuryHa cynHa /  JI.A. Harocekumii, I'.I'. lomenko. // HaykoBuil BICHUK
XepcoHChKOi AepxkaBHOT MOpchkoi akamemii. — 2021. — Ne 1(24). — C. 106-116.
doi : 10.33815/2313-4763.2021.1.24.106-116.



271

105. Zhuravlov Yu.l. Improving the wear resistance of the surfaces of "shaft-
sliding bearing" interfaces of parts of ship technical means / Yu.l. Zhuravlov,
K.L. Obertiur, A.A. Melnik, LE. Yelinskyi // CynHOBI €HepreTHYHi YCTAaHOBKH :
HaYKOBO-TeXHIYHHM 301pHUK. — 2021. — Bum. 43. — Oneca : HY «OMA». — C. 101-
108. doi : 10.31653/smf43.2021.101-108.

106. Muxoin I'.B. [ligBuiieHHsT SKOCTI KOHTPOJIO ITUPKYJIALIHHOTO MacTujia
BHCOKO00EpTOBOTO au3ens crocodom momsipu3artii / I'.B. Mukoin, B.X. Kop6an //
CyaHOBI €HEepreTHYHI YCTAaHOBKH : HAyKOBO-TeXHIUHUN 301pHUK. — 2020. — Bum. 41.
—Opeca : HY «OMA». —C. 71-77. doi : 10.31653/smf341.2020.71-77.

107. Maukeuu /. B. 3abe3neueHHss peosoriuHoi  CTIHKOCTI  CyJHOBHX
moTtopHux mactwi / J. B. Mankesud // CyqHOBI €HEpreTu4yHi YCTAaHOBKH : HayK.-
texH. 30. — 2020. — Bun.40. — Opeca : HY «OMA». — C.17-23. DOI :
10.31653/smf340.2020.17-23.

108. 3a6noupkuit FO.B. AHani3 oco0auBOCTEH mpoliecy MaIieHHs UIIHAPOBOI
rpynu cynnoBux nusenis / FO.B. 3a6nonpkuii / CynHOBI €eHEpreTH4HI YCTaHOBKH :
HAyKOBO-TeXHIUYHUH 30ipHUK. — 2023. — Bur. 46. — Oneca : HY «OMA». — C. 67-78.
doi: 10.31653/10.31653/smf46.2023. 67-78.

109. Huab Y. A new efficient flow continuity lubrication model for the piston
ring-pack with consideration of oil storage of the cross-hatched texture / Y. Huab;
X. Mengab, Y. Xie Tribology International. — 2018. — Ne 119. — P.443-463.
https://doi.org/10.1016/j.triboint.2017.11.027.

110. Carin A.C. Perenepariist 3MaliyBajIbHUX BIACTUBOCTEH MOTOPHHUX MAJIHB 1
MacTHJI Mif] yac ekcruryatalii cyaHosux ausenis / A.C. Carin, 10.B. 3a6nonpkuii //
Cy/HOBI €HEepreTUyH1 YCTAaHOBKH : HAYKOBO-TE€XHIUHUM 301pHUK. — 2022. — Bur. 45.
—Opeca : HY «OMA». — C. 17-30. doi : 10.31653/smf45.2022.17-30.

111. Cronspuk T.O. AnHami3z 3MIHM XapaKTEPUCTHUK MOTOPHOTO MacTujia 3a
pi3HHX yMoBax ekcrutyaramii cyaHoBux auzeniB / T.O. Cronsipux // Marepianu
MDKHApOJHOI HAyKOBO-TexHIYHOI KoH(pepeniii «CydacHi iHpoOpMalliiHI Ta
1HHOBAIIMHI TexHouorii Ha TpaHcnopTi (MINTT-2023»), 24-25 tpaBus 2023 poky.
— Xepcon : XJIMA. -2023. — C. 265-268.


https://www.sciencedirect.com/science/article/abs/pii/S0301679X1730542X?via%3Dihub%23!
https://www.sciencedirect.com/science/article/abs/pii/S0301679X1730542X?via%3Dihub%23!
https://www.sciencedirect.com/science/article/abs/pii/S0301679X1730542X?via%3Dihub%23!
https://www.sciencedirect.com/science/article/abs/pii/S0301679X1730542X?via%3Dihub%23!
https://www.sciencedirect.com/journal/tribology-international
https://www.sciencedirect.com/journal/tribology-international/vol/119/suppl/C

272

112. Sagin S.V. Comparative assessment of marine diesel engine oils /
S.V. Sagin, T.O. Stoliaryk // Austrian Journal of Technical and Natural Sciences.
Scientific journal. — 2021. — Ne 7-8. — P. 29-35. https://doi.org/10.29013/AJT-21-7.8-
29-35.

113. Cronsapuk T.O. Ananiz 0COONMMBOCTEM CHUCTEM IWIIHAPOBOIO MallCHHS
cynnoBux auzeniB / T.O. Ctonsapuk // Matepiaii HayKOBO-TEXHIUYHOT KOH(pEpeHTIIii
«Mopcekuii  Ta piukoBUM (JIOT: ekcIulyatamis 1 pemMoHT», 24.03.2022 -
25.03.2022.— Opeca: HY «OMAy, 2022. — C. 69-70.

114. Stoliaryk T. Analysis of the operation of marine diesel engines when using
engine oils with different structural characteristics / T Stoliaryk. Technology Audit
and Production Reserves. — 2022. — No5(1(67)). — C.22-32. doi:
http://do1.org/10.15587/2706-5448.2022.265868.

115. Kozuupkuit C.B. BnactuBoCcTi HaHOCTPYKTYpOBaHUX MaTepiaiiB /
C.B. Kozuupkuii, C.B. Kipisan // CynHoBlI eHepreTMyHi yCTaHOBKH : HAyKOBO-
TexHiuHui 30ipHuK. — 2022. — Bum. 45. — Onmeca : HY «OMA». — C. 123-133.
doi : 10.31653/smf45.2022.123-133.

116. Ko3unpkuit C.B.  3acTtocyBaHHS  HAaHOYAaCTMHOK JUid  30UIbIIEHHS
edextuBHocTi cynHoBux mexaHidmiB / C.B. Koszunpkuit, C.B Kipisa / CynHoBi
€HEpreTUYHI YCTAaHOBKH : HAYKOBO-T€XHIUHUM 30ipHUK. — 2023. — Bun. 46. — Oneca
: HY «OMA». — C. 53-66. doi : 10.31653/smf46.2023.55-56.

117. Maryanov D. Control and regulation of the density of technical fluids
during their transportation by sea specialized vessels / D. Maryanov // Technology
Audit and Production Reserves. — 2022. — Nel (2(63)). — C.19-25. doi:
http://doi.org/10.15587/2706-5448.2022.252336.

118. ITankpatoBa H.JI. Cucremuuii anami3. Teopiss Ta 3acTocyBaHHS
migpyunuk / H.JI. IlankparoBa. — KuiB : Hayk. nymka, 2018. — 347 c.

119. https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80#Text. Hata
3BepHeHHs 01.01.2024 p.



273

120. Kozytskyi S.V. Properties and behavior of nanoparticles / S.V. Kozytskyi,
S.V. Kiriian // ®i3uka aepogucnepcuux cuctem. — 2022 — Ne 60. — C.17-30. DOI:
10.18524/0367-1631.2022.60.265983.

121. KoBanenko L.I. Bctyn 10 cuctemHOro anamizy : HaBYalIbHUN MOCIOHUK /
L.I. KoBanenko, IL.I. bimtox, O.II. T'oxwuii. — Mukomais : MJII'Y im. I1.Morum,
2004. - 148 c.

122.Yopuen H.b. Teopisi cucTteM i cUCTEMHMW aHasi3 : HaB4YaJbHUM
nocionuk / H.b. YopHe#. - Kuis : MAVII, 2005. - 256 c.

123. T'onmikoB B.A. Mertononoris HayKOBUX JOCTKEHb : HaBYAJIbHHMA
nocionuk / B.A. I'onikoB, M.A. Ko3bemiaux, O.A. Onumenko. — Oneca : OHMA,
2014. - 164 c.

124. Katpenko A.B. Cuctemuuit ananis : miapyunuk / A.B. Karpenko. — JIbBiB
: Hoswuit Cgit -2000, 2011. — 396 c.

125. Cronsipuk T.O. BukopucTanHsi CUCTEMHOTO MiIXOAY MiJ Yac po3B’sI3aHHS
3aBJaHb 3 MIIBHUIIEHHS €(EKTUBHOCTI €KCIUTyaTallli CUCTeM MalleHHS CYIHOBHUX
muzeniB / T.O. Cronsipuk // CyqHOBI €eHEpreTUyH1 YCTAaHOBKH : HAYKOBO-TEXHIUHUM
30ipauk. — 2023. — Bumn. 47. — Opeca : HY «OMA». — C.132-141. dot:
10.31653/smf47.2023. 132-141.

126. OcobaMBOCTI CUCTEMHOrO MIAXOAY JI0 BHUPILIIEHHS HAyKOBUX 3aB/IaHb
eKcIUTyaTtarii ~ cygHoBoro — obmagHanmHs /  borombs B.I.,, T'op6anp A.B.,
[TaBnenko M.A., Tumouko O.I., Tumonryk O.M. // 3a 3ar. pen. O.M. Tumonryk. —
Kuis : Jlepx. yH-T iH(bpacTpykTypu Ta TexHosoriil. — 2018. — 305 c.

127. Carun C. B. Onpenenenue  nuarna3oHa  cTpaTU(UKAIMA  BSI3KOCTHU
CMa30YHOTO MaTepuasia B TpPHUOOJOTHYECKUX CHCTEMaX CyJOBBIX [u3eiei /
C. B. Carun // Bicauk Onecbk. Hail. Mop. yH-TY. — 2019. — Bum. 1(58). — C. 89-100.

128. OpnoB E.B. CaBuroBasi BSI3KOCTb CYCIEH3UH TBEPIAbIX cepruyecKkux
yactuil / E.B. Opnos // ®i3uka aepoaucnepcaux cuctem. — 2020. — Ne 58. — C.51-
59. DOI: http://dx.doi.org/10.18524/0367-1631.2020.58.206192.

129. Anexun A.Jl. Bnusaue nudy3un 1 BI3KOCTH HA MOJIEBYI0 aCUMMETPHIO

rpaBuTaliioHHOTO 3¢¢ekra B kputuueckom ¢mouae / A.Jl. Anexun // Dizuka



274
aepoaucriepcHnx cucreM. — 2021. — Ne 59. — C.8-16. DOI: 10.18524/0367-
1631.2021.59.227007.

130. AmeynoB A.A. Edexr Tpanchopmariii  eIeKTpUYHOTO IO B
aHI30TPOMHUX JieNeKTpudHnX cepenoumax / A.A. Ameynos, [.A. JlaBpeHIOK,
M.A. leper’ssHuyk // TexHoJyOrisl Ta KOHCTPYIOBAaHHS B €JICKTPOHHIM amaparypi. —
2020. — No 3-4. — C. 24-27. DOI: 10.15222/TKEA2020.3-4.24.

131. Moulton D.E. Effect of disjoining pressure in a thin film equation with
nonuniform forcing / D.E. Moulton, J. Lega // European Journal of Applied
Mathematics. — 2013. — Vol. 24. — P. 887-920.

132. byketroB A.B. MoaudikoBana ernokcuaHa MaTpuLlsl IS 3aXUCTy 3ac00iB
TpaHCIOPTY : aiaresiHi Ta Qi3uko-mMexaHiuyHl BiactuBocTi / A.B. Byketos,
T.B. Uepnsicbka, B.B. Couenko, T.I. IBuenko, K.M. Knesnos, LII. ®ecenko,
B.M. Smok // HaykoBuii BiCHUK XEpPCOHCBHKOI JiepKaBHOI MOPCHKOI akajaemii. —
2020.—Ne 1(22) — C. 163-174. doi : 10.33815/2313-4763.2020.1.22.163-174.

133. Bekshaev A.Y. Study of the Disperse Composition of Suspensions and
Sputtered Substances by means of Small-Angle Light Scattering / A.Y. Bekshaev,
S.M. Kontush, A.Y. Popov, S.S. Rybak // ®i3uka aepoaucnepcaux cuctem. — 2021.
— Ne 59. — C.156-162. DOI: 10.18524/0367-1631.2021.59.227310.

134. Cronsapuk T.A. VYmpaBieHME MEXaHHUYECKUMHM TIOTEPSMU  CYJIOBBIX
auzenelt Bo Bpemsa ux okcrutyatauuu / T.A. Cromspuxk // Martepianmm 12-i
M1iKHapOIHOT HAYKOBO-MPAKTUYHOI KOHPepeHIlii «CydacHi eHepreTUuHI YCTaHOBKU
Ha TPAaHCHOPTI 1 TeXHOJIOTii Ta oOjamHaHHS Ans ix oOciyroByBaHHs» , 06-08
BepecHs 2021 p. — XepcoH : XepcoHChKa Jiep:kaBHA MOpChKa akanemis. — 2021, —
C. 166-169.

135. Carin C.B. BuzHaueHHsT po3NOAUTy THUCKY B IIapl HEHBIOTOHIBCHKHUX
MacTui y cyaHoBux eHepretmyHux yctaHoBkax / C.B. Carin, M.O. Kpusuii //
Bicauk Opechbkoro HaiioHaJLHOTO MOPCBKOTO yHiBepcuteTy : 30. Hayk. mpaiip,
2020. — Ne 2(62). — C. 160-170. DOI 10.47049/2226-1893-2020-1-160-170.

136. bpaino M.B.  CtBOopeHHs = HAHOHAIIOBHEHUX  EMOKCU-TOJIIeIpHUX

KOMIIO3UTHUX MaTepialliB i 3aXHUCTy €JIEMEHTIB CYJIHOBUX TEXHIYHHUX 3ac00iB /



275
M.B. bpaino, C.B. flkymenko, O.C. Ko6ensuuk, H.M. bByketosa, C.B. Boponenko
// HaykoBuit BICHUK XEpPCOHCHKOI JAepaBHOT MOPCHKOT akaaemii. — 2020. — Ne 1(22)
—C. 154-162. doi : 10.33815/2313-4763.2020.1.22.154-162.

137. Popovskii A.Yu. The structure of overlapped epitropic LC /
A.Yu. Popovskii, B.A. Altoiz, A.F. Butenko // ®i3uka aepogucnepcHUX CUCTEM. —
2023. = Ne 61. — C.63-69. DOI: 10.18524/0367-1631.2023.61.291101.

138. HoBoxankuit 1.A. Merog  KOJWYECTBEHHOM  OLIEHKU  BIIMSHUS
MPUITOBEPXHOCTHBIX CJIOEB HA BA3KOE TEUEHUE TMOJSPHBIX MOJIEKYJISIPHBIX
xKuakocTed B okcuaHbIX Kammwmipax / W.A. HoBoxamkuii, W.B. fpomenko,
B.I1. llenapuk // Tpyast Opecckoro noautexHuyeckoro yHuepcutera. — 2006. —
Bem. 1(25). — C. 222-224.

139. Colosqui C.E. Mesoscopic model for microscale hydrodynamics and
interfacial phenomena: slip, films, and contact-angle hysteresis / C.E. Colosqui,
M.E. Kavousanakis, A.G. Papathanasiou, 1.G. Kevrekidis // Physical Review E. —
2013.—-Vol. 87.—No. 1.-P. 013302.

140. Ivanitsky G.K. Some problems of modeling the liquid cavitation
degassing. 1. Acoustic cavitation / G.K. Ivanitsky, B.Ya. Tselen, A.Ye. Nedbailo,
N.L. Radchenko, L.P. Gozhenko // ®i3uka aepomucnepcHux cucreM. — 2023. —
Ne 61. — C.227-240. DOI: 10.18524/0367-1631.2023.61.292236.

141. Chaudhury K. Influence of disjoining pressure on the dynamics of steadily
moving long bubbles inside narrow cylindrical capillaries / K. Chaudhury,
P.V. Acharya, S. Chakraborty // Physical Review E. —2014. — Vol. 89. — P. 053002.

142. [TonoBckuit A.FO.  DkCrutyaTallMOHHbIE ~ XapaKTEPUCTHUKUA  HOBBIX
CMa304YHBIX MaTepuaioB Ouosormueckoro mpoucxoxaeHus / A.FO. [lomoBckwuid,
b.A. Anron3, A.®. byrenko, A.K. Komeiika, R. Laurencas //  ®i3uka
aepoaucriepcaux cucreM. — 2021. — Ne 59. — C.201-211. DOI: 10.18524/0367-
1631.2021.59.236756.

143. Nikolov A. Wetting-dewetting films: the role of structural forces /
A. Nikolov, D. Wasan // Advances in Colloid and Interface Science. — 2014. —
Vol. 206. — P. 207-221.



276

144. Popovskii A.Yu Structural Properties and Model Rheological Parameters
of an ELC Layer of Hexadecane / A.Yu. Popovskii, B.A. Altoiz; V.F. Butenko
Journal of Engineering Physics and Thermophysics. — 2019. — Ne 92(3). — P. 703—
7009.

145. Carin C.B. Po3paxyHOK KOHTaKTHOTO THCKY Ta 30HHM KOHTakKTy B Mapax
koB3aHHs cyaoBux nuzeniB / C.B. Carin, M.O. Kpuuii // ABToMatu3aiiis CyJHOBUX
TEXHIYHHUX 3ac00iB : HayK. -TexH. 30. — 2021. — Bumn. 27. — Ogneca : HY «OMA». —
C. 84 -92. DOI: 10.31653/1819-3293-2021-1-27-84-92.

146. [lIunrapes ['.JI. TemmeparypHa 3aleXHICTh B'S3KOCTI BOJHO-Ma3yTHHX
emynbciit / I'.JI. lunrapes, O.C. Yepnenko, M.O. IBanoB O.€. Cunopos // ®Dizuka
aepoaucrniepcHux cucrem. — 2022. — No 60. — C.63-70. DOI: 10.18524/0367-
1631.2022.60.266609.

147. Maiictpyk E.B. BB TemriepaTypyd Ha ONTHYHI BJIACTUBOCTI TOHKHX
wiiBok CuZnSnSe, / E.B. Maiictpyk, LII. Kozspcekuii., JI.I1. Ko3spcekuii,
I1.JI. Map’anuyk // TexHomorisi Ta KOHCTPYIOBaHHS B €JIEKTPOHHIN amaparypi. —
2018. — Ne 5-6. — C. 50-54. http://dx.doi.org/10.15222/TKEA2018.5-6.50.

148. Makapa B.A. Tlpubop u MeToapl HU3MEpeHHs NapaMeTpOB U CTEMEHH
OJTHOPOJIHOCTH TUICHOUYHBIX CTpYKTyp / B.A. Makapa, B.A. Onapuy, T.1O. Kenuy,
T.JI. IIpeoOpaxenckas, O.B.Pyaenko // TexHosoriss Ta KOHCTPYIOBAaHHS B
enekTpoHHii amapatypi. — 2017. — Ne 3. — C. 40-46.

149. Mambikun A.B.  BpicokonH()OpPMATUBHBI ~ KOMIUIEKCHBIH  METO/I
ompezeneHuss Tuna MoTopHoro Macma /  A.B. MawmbeikuH, A.JIL Kykna,
JLM. MarBuenko, A.B. Jlopoxunckas, B.Il. Macnos, I'.B.lopoxunckuii //
TexHomoriss Ta KOHCTPYIOBaHHSI B €JIEKTpOHHIN amapatypi. — 2019. — Ne 34, —
C. 36-44. http://dx.doi.org/10.15222/TKEA2019.3-4.36.

150. Carun C.B. TloBbIllieHHE HAJIEKHOCTH pPaOOThl MPEHU3UOHHBIX Map
TOTUIMBHOM amnmaparypbl CyJOBBIX AU3EJEH 32 CUET MCIOJIb30BAHUS OPraHUYECKUX
nokpeiTuii / C.B. Carun // Bicauk Opnechk. Hail. Mop. yH-Ty. — 2018. — Bum. 4(57).
—C. 109-120.



277

151. Sagin S. Analysis of mechanical energy losses in marine diesels /
S. Sagin, V. Madey, T. Stoliaryk // Technology Audit and Production Reserves. —
2021. - Ne5(2(61)). — P. 26-32.doi:  http://doi.org/10.15587/2706-
5448.2021.239698.

152. Carin C.B. Jlunamika CyJTHOBUX JU3EIB 1] YaC BUKOPUCTAHHI MOTOPHHUX
MacTWJI 3 pI3HUMU CTPYKTypHUMH xapakTepuctukamu / C.B. Carin, T.O. Ctonsipuk
// ABTOmMaTH3alis CyAHOBUX TEXHIYHHUX 3aco0iB : HayK. -TexH. 30. — 2021. —
Bun. 27. — Oneca : HY «OMA». — C. 108-119. DOI: 10.31653/1819-3293-2021-1-
27-108-119.

153. ITonosckwuit A.1O. KomrekcHas OLICHKa IKCIUTYaTal[MOHHBIX
XapaKTePUCTUK CMAa30YHBIX YIIIeBOJOpoaAHbIX skujkoctel / A.FO. ITomockwuid,
C.B. Carun // ABroMaru3amusi CyAOBBIX TEXHHYECKHX CpPEICTB: HAayK.-TE€XH.
coopHuk. — 2014. — Bein. 20. — C. 74-83.

154. TTonoBckuii A.FO. OneHka 3KCIUTyaTallMOHHBIX CBOWCTB CMa304HO-
OXJTAXKAAIOIIUX KUIKOCTeH CynoBbIX TexHuyeckux cpenacts / A.}O. IlonmoBckwid,
C.B.Carun // ABroMaTu3alusi CyJOBBIX TEXHUYECKHX CPEACTB: HayK.-TEXH.
coopnuk. — 2016. — Beim. 22. — C. 66-74.

155. Kozunpkuit C.B. Bukopucranus HaHodacTuHOK okcuay tTutany (IV) TIO,
JUISL  TIOKpaIlleHHs TpUOOJOTIYHUX BJIACTUBOCTEH 3MallyBaJbHOTO MacTwia /
C.B. Ko3uupkwit, .A. Jlem’stnenko // CyqHOBI €HEpreTHYH1 yCTaHOBKH : HayKOBO-
TexHiyHui 30ipHUK. — 2022. — Bum. 45. — Ogneca : HY «OMA». — C. 134-144.
doi : 10.31653/smf45.2022.134-144.

156. Chong W. Modelling Transitions in Regimes of Lubrication for Rough
Surface Contact / W. Chong, S. Hamdan, K. Wong, S. Yusup // Lubricants. — 2019.
— Ne 7. —P. 77. https://doi.org/10.3390/lubricants7090077.

157. Zablotskyi Yu.V. Applying of fuel additives in marine diesel engines /
Yu.V. Zablotskyi, A.S.Sagin // CynHOBI €HEpreTW4yHi YCTaHOBKH : HayKOBO-
TexHiyHuiA 30ipHUK. — 2021. — Bum. 43. — Opgeca : HY «OMA». — C.5-17.
doi : 10.31653/smf43.2021.5-17.



278

158. 3abmoupkuii FO.B. 3HMmKeHHS TEIIOBOi HAPYKEHOCTI CyTHOBHUX TU3EINIB
3a paxyHOK BHUKOpHUCTaHHS Tpucanok ao nanusa / FO.B. 3abnoupkuit // CymgHOBi
EHEpPreTUYH1 YCTaHOBKH : HayK.-TexH. 30. Bum. 38. — Oneca : HY «OMAy, 2018. —
C. 76-87.

159. Uepnsieceka T.B. Meton migBuilleHHS pecypcy pPoOOTH YCTaTKyBaHHS
PIYKOBOTO Ta MOPCHKOTO TPAHCIIOPTY 3aBJASIKM BUKOPHUCTAHHIO MOJU(DIKOBAHUX
3aXMCHUX aHTUKOpo3iiHuX mokputTiB / T.B. YepHsBcbka // HaykoBuii BiCHHUK
XepCcoHChKOI JIepKaBHOI MOpchkoi akamemii. — 2020. — Ne 1(22) — C. 74-83.
doi : 10.33815/2313-4763.2020.1.22.074-083.

160. 3a6monpkuit FO.B. [ligBuiieHHss najiuBHOI E€KOHOMIYHOCTI CYJHOBHUX
mu3enbHux yctaHoBok / FO.B. 3abnoupkuii // BicHuk OjechbKoro HaiioHaJIbHOTO
MopchKoro yHiBepcuteTy : 30. Hayk. mpamps, 2020. — Ne 2(62). — C. 106-119.
DOI 10.47049/2226-1893-2020-1-106-119.

161. Sagin S.V. Cavitation Treatment of High-Viscosity Marine Fuels for
Medium-Speed Diesel Engines / S.V. Sagin, V.G. Solodovnikov //Modern Applied
Science. — 2015. — Ne 9(5). — P. 269-278. DOI:10.5539/mas.vOn5p269.

162. Bpyonescekuii P.€. Iudopmarriitna cucrema ympaBlliHHS —MarHiTHO-
IMITyJIbCHOIO ~ OOpOOKOIO  JieTaneid  Cy[HOBUX E€HEpPreTMYHHX YCTaHOBOK /
P.€. BpyOnescokuii // HaykoBuii BICHHMK XEpPCOHCBKOI J€p>KaBHOI MOPCHKOI
akagemii. — 2019. — Ne 1(20) — C. 79-86. doi : 10.33815/2313-4763.2019.1.20.079-
086.

163. Zablotsky Yu.V. Enhancing Fuel Efficiency and Environmental
Specifications of a Marine Diesel When using Fuel Additives / Yu.V. Zablotsky,
S.V. Sagin // Indian Journal of Science and Technology. — 2016. — Ne 9(46). —
P. 353-362. DOI: 10.17485/1jst/2016/v9146/107516.

164. Zablotsky Yu.V. Maintaining Boundary and Hydrodynamic Lubrication
Modes in Operating High-pressure Fuel Injection Pumps of Marine Diesel Engines /
Yu.V. Zablotsky, S.V. Sagin // Indian Journal of Science and Technology. — 2016. —
Ne 9(20). — P. 208-216. DOI: 10.17485/1jst/2016/v9i120/94490.



279

165. Kaminski P. Experimental Investigation into the Effects of Fuel Dilution
on the Change in Chemical Properties of Lubricating Oil Used in Fuel Injection
Pump of Pielstick PA4V185 Marine Diesel Engine / P. Kaminski // Lubricants. —
2022. — Ne 10. — P. 162. https:// doi.org/10.3390/lubricants10070162.

166. Javadian S. Demulsification of water in oil emulsion by surface modified
Si0, nanopartical / S. Javadian, S.M. Sadrpoor // J. Pet. Sci. Eng. — 2020. — Ne 184.
—P. 106547. https://doi.org/10.1016/j.petrol. 2019.106547.

167. bezbax O.M. BukopuctanHss I1HHOBAIIMHUX  MOJIMEPKOMITO3UTHHUX
MOKPUTTIB 3 METOI0 MiJIBUIICHHS EKCIUTyaTalllHHUX XapaKTePUCTUK TEXHIUHUX
3aco0iB cyanoBoaiHHs / O.M. be3bax // HaykoBuii BICHUK X€pCOHCBKOI J1ep>KaBHOT
MopchKkoi akamemii. — 2021. — Ne1(24). — C.72-81. doi: 10.33815/2313-
4763.2021.1.24.072—081.

168. XXutnuk JI.B. Brume ManeiHoBOro aHripuay Ha aires3id Hi Ta MEeXaHI4H1
BJIACTUBOCTI €MOKCHUIHOT MAaTpHIll JUIsl 3aXUCTy JieTajell TpaHCHOPTHUX 3ac00iB /
J.B. Xutauk, B.M. I'yce, A.B. byketos, B.I'. Kyminiu, B.M. futox // HaykoBwuii
BICHMK XEpPCOHCBHKOI JiepKaBHOT MOPChKOi akajaemii. — 2021. — Ne 1(24). — C. 82-92.
doi : 10.33815/2313-4763.2021.1.24.082—-092.

169. ®ponoB I'.A. Temnopuzudeckue xapakrepuctuku HVAF-nokpeitus us
KBa3UKpHUCTATMYeCKoro crutaBa cuctembl Al-Cu-Fe / I'.A. ®ponos, H.A. Edpumos,
B.M. Kucens, [O.M. EBnokumenko, [I.B. bopoBuk, C.B.byuakoB // [iBurynu
BHYTpilIHROrO 3ropsiHHs. — 2022. — Ne2. — C.61-68. DOI : 10.20998/0419-
8719.2022.2.11.

170. €ppomina K.A.  JlochimkeHHsT BIUIMBY peXHMIB eKCIUTyaTalii Ha
TpUOOJIOTIUHI BJIACTUBOCTI OPraHOIUIACTUKIB, apMOBAaHUX XIMIYHMMHU BOJIOKHAMH,
METOZ0M MaTeMaTHYHOro MianyBaHHs ekcriepumenTy / K.A. €pbromina // HaykoBuii
BICHUK XEpCOHCBHKOI Jep>KaBHOT MOpchKoi akaaemii. — 2019. — Ne 2(21) — C. 154-
162. doi : 10.33815/2313-4763.2019.2.21.154-162.

171. ANSYS FLUENT 12.0 Theory Guide, 2009. URL: http://orange.engr.
ucdavis.  edu/Documentation12.0/120/FLUENT/flth.pdf  (mara  3BepHeHHS:
23.05.2023).



280

172. ANSYS ICEM CFD User Manual, 2012. URL:http://ptechgroup.ir/Virtual
Education/Mechanics/ICEM-CFD/PTEC-ICEM CFD 14.5 User Guide.pdf (mara
3BepHeHHS: 23.05.2023).

173. Menpauk O.B. Marematnyna Mofenb OIIHIOBaHHS —3MalllyBaJIbHOI
31aTHOCTI CcyaHOBUX guctTwistHux mnamuB / O.B. Mensauk, B.B. Copoka,
I.I. loBrans // Bonuwuii TpancnioptT. 301pHUK HayKoBHX Mpalib. — 2022, — Bur. 2(36).
— C. 120-134. doi.org/10.33298/2226-8553.2022.2.36.10.

174. Maneii B.B. BukopuctanHsi anbT€pHATUBHOTO TMAJIMBA B CYJHOBHUX
cepeanboodeproBux auzensx / B.B. Maneit / CynHOBI eHepreTHuHi yCTaHOBKH :
HayKOBO-TeXHIYHMI 30ipHUK. — 2021. — Bumn. 43. — Oneca : HY «OMA». — C. 41-53.
doi : 10.31653/smf43.2021.41-53.

175. 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 // J. Mar.
Sci. Eng. —2022. — Ne 10(9). — P. 1331. https://doi.org/10.3390/jmse10091331.

176. borom’st B.I. MeTonuka miaHyBaHHs BUIIPOOYBaHb 3pa3KiB OOJaJHAHHS
3aco0iB BOJHOIO TpaHcropra Ha Oe3BimMoBHICTH / B.I. borom’s, O.B. baxak //
Boanuii tpancnopt. 30ipHUK HaykoBux mpailb. — 2022. — Bum. 1(35). — C. 25-32.
doi.org/10.33298/2226-8553.2022.1.35.03.

177. Carin C.B. Meton monepemkeHHs aBapiiHUX CHUTyalliid TMij —dac
eKCIUTyaTarlii CyJJHOBUX JIU3EIIIB 32 aHAJII30M MOTOKY BiIMOB MOTO OCHOBHHUX BY3JIiB
/ C.B. Carin, C.A. bonaap // CyaHOBI eHepreTu4Hi yCTaHOBKH : HAyKOBO-TEXHIUYHUI
30ipuuk. — 2023. — Bumn.46. — Opeca : HY «OMA». — C.101-1009.
doi : 10.31653/smf46.2023.101-109.

178. Caria C.B. Ominka 0e3BiIMOBHOCTI CyJHOBHX JAHU3EJIB 3a TEXHIUHUM
CTaHOM MOTOPHOTO0 MacTWia IUpKyJsidHux cuctem wmamieHHs / C.B. Carin,
C.A. bounap, T.O. Cronsapuk // Boguuit tpancropt. — 2023. — Ne 1(37). — 59-70.
doi.org/10.33298/2226-8553.2023.1.37.06.



281

179. branues B.M. HaykoBi npuHIMNH MiABUILIEHHS €EKTUBHUX MOKA3HUKIB
JU3eiB Tpu BUKOpUCTaHHS Olomanu / B.M. brannes // JIBuryHu BHYTPIIITHBOTO
sropsHHA. — 2021. — Ne 1. — C. 15-25. DOI : 10.20998/0419-8719.2021.1.03.

180. Epsiranos A.B. Yayumenue DKOJIOTUYECKUX XapaKTEPUCTUK
JIBYXTaKTHOTO au3eisi Bo BpeMs skciutyatanuu / A.B. Epeiranos, B.U. Keipnari,
P.O. bpycuuk, B.C.I'ne6os, II.A.T'onuapenko, B.U. Xonnenko // JIBuryHu
BHYTpIIIHBOrO 3ropsiHHS. — 2022. — Ne2. — C.51-55. DOIL: 10.20998/0419-
8719.2022.2.09.

181. Gorb S. Sensitivity Optimisation of a Main Marine Diesel Engine
Electronic Speed Governor / S. Gorb, M. Levinskyi, M. Budurov // Sci. Horiz. —
2021.—Ne 24, — P. 9—19. https://doi.org/10.48077/scihor.24(11).2021.9-19.

182. Minchev D.S. Marine diesel engines operating cycle simulation for
diagnostics issues / Minchev D.S., R.A. Varbanets, N.I. Alexandrovskaya,
L.V. Pisintsaly // Acta Polytechnica. — 2021. — Ne61(3). — P.428-440.
https://doi.org/10.14311/AP.2021.61.0428.

183. Pubanbuenko M.€. OOpoOka IHIUKATOPHUX JAlarpaM y 3ajadyax noOyaoBu
udpoBux mpodiniB pododoro mpoiecy cyaHoBUX auseniB / M.E. PubanbueHko,
€.B. binoyco,  A.Il. Mapuenko, B.Il. CaBuyk, B.Il. bynko // [IBurynu
BHYTpIIIHBOrO 3ropsiHHd. — 2023. — Nel. — C.33-41. doi: 10.20998/0419-
8719.2023.1.05.

184. 3a0nonpkuii FO.B. Busnauenus quHaMIYHUX HaBaHTAXEHb M1 Yac 3MIHHU
PEKHUMIB MAIllEHHS MPENU3IMHUX Tap MaJuBHOI amapaTypu CYAHOBHUX JHM3ENIB /
FO.B. 3a6noupkuii, A.C.Carin // CyAaHOBI €HEpreTM4Hi yCTAaHOBKH : HAyKOBO-
TexHlyHu 30ipHUK. — 2022. — Bum. 44. — Opeca : HY «OMA». — C. 121-131.
doi : 10.31653/smf44.2022.121-131.

185. Magneii B.B. Onrtumizanis mpolecy NalMBOMNOAAul JTU3EIIB  CyJeH
MOPCBHKOTO TPAHCIIOPTY MiJl YaC BUKOPUCTAHHS MAIIMBHUX CYMIIIIEH A0 CKIaay SIKUX
BXOJUTh Oioau3enbHe nanuBo / B.B. Maneit, O.M. Bonkos // Cy1HOBI eHepreTuyHi
YCTAHOBKHM : HAayKOBO-TE€XHIYHMU 30ipHUK. — 2022. — Bun.45. — Opeca : HY

«OMAY». —C. 43-56. doi : 10.31653/smf45.2022.43-56.



282

186. Jiang X. Diesel engine condition monitoring based on oil analysis /
X. Jiang, J. Wang, Y. Zong // Int. Conf. Remote Sens. Environ. Transp. Eng. — 2011.
— No 1. — P. 12374941. https://doi.org/10.1109/RSETE.2011.5965188.

187. Nouri J.M. Effect of Viscosity and Speed on Oil Cavitation Development
in a Single Piston-Ring Lubricant Assembly / J.M. Nouri, 1. Vasilakos, Y. Yan,
C.Reyes-Aldasoro //  Lubricants. - 2019. - No.7. -  P.88.
https://doi.org/10.3390/lubricants7100088.

188. Maneii B.B. BukopuctanHsi ajnbT€pHATHUBHOIO TMaJMBA B CYJHOBUX
cepeanbooOeproBux nusensx / B.B. Maneit // CynHOBI eHepreTudHi YCTaHOBKH:
HayKOBO-TeXHIYHMI 30ipHUK. — Bur. 43. — Oneca: HY «OMA». —2021. — C. 45-53.
doi: 10.31653/smf343.2021.41-53.

189. Madey V.V. Usage of biodiesel in marine diesel engines / V.V. Madey //
Austrian Journal of Technical and Natural Sciences. Scientific journal. — 2021. — Ne
7—-8 (July — August). — P. 18-21. https://doi.org/10.29013/AJT-21-7.8-18-21.

190. Zablotskyi Yu.V. Applying of fuel additives in marine diesel engines /
Yu.V. Zablotskyi, A.S.Sagin // CynHoBI eHepreTuyHi YCTAaHOBKH: HAyKOBO-
TexHIYHUNA 30ipHUK. — Bum. 43. — Opeca: HY «OMA». — 2021. — C. 5-17. dot:
10.31653/smf343.2021. 5-17.

191. Jliranenko B.B. AHaii3 KOHCTpYKIIi camopereHepyrounx (GuIbTpiB Mnpu
OYMIIEHHI MOTOPHOTO MacTWja B JBUTYHAaX BHYTPIIIHBOIO 3TOPSHHS /
B.B. Jliranenko, H.C. Ypym, O.L Psmenko // Boauuii Tpancnopt. 30ipHUK
HaykoBux mpanb. — 2021.— Bum. 2(33). — C.13-22. doi.org/10.33298/2226-
8553/2021.2.33.02.

192. Carun C.B. OnTumMuzaiusi peXKMMOB paOOThl CHUCTEMBI IeperycKa
BBIMYCKHBIX Ta30B CYAOBBIX cpeaHeoOopoTHbix auseneit /  C.B. Carun,
A.A. KyponsTHuk // ABTOMaTH3aIMsI CY/IOBBIX TEXHUYECKUX CPECTB : HAyd. -TeXH.
c0.—-2019. — Bpim. 25. — Opecca : HY «OMAy». — C. 79-89.

193. Di C. Wear behavior of Al-Si alloy cylinder liner prepared by laser
finishing / C. D1, M. Jin, F. Du, W. Wang, T. Shen, J. Xu // Proc. Inst. Mech. Eng.



283
Part D J. Automob. Eng. - 2018 — Ne232. — P.1944-1949.
https://doi.org/10.1177/0954407017737873.

193. I'yauenko B.FO. YiockoHalieHHS CHUCTEMH OYHIIECHHS BUIYCKHUX Ta3iB
cynHoBux auzeniB / B.YO. I'ynuenxo, B.I'. CononoBHikoB // CyqHOBI eHEpreTuyH1
YCTaHOBKM: HAYKOBO-TeXHIUHUH 301pHUK. — Bur. 41. — Oxeca: HY «OMA». — 2020.
—C. 82-87.DOI : 10.31653/smf341.2020.82-87 .

194. Fatjo G. Piston-ring film thickness: Theory and experiment compared /
G. Fatjo, E. Smith, I. Sherrington // Proc. Inst. Mech. Eng. Part J J. Eng. Tribol. —
2018. — No 232. — P. 550-567. https://doi.org/10.1177/1350650117722257.

195. TormkuB A.B. Onenka 3(QQEKTUBHOCTH TEXHUYECKOH JKCIUTyaTaluu
CyJI0BOM 2HepreTudeckoil yctaHoBkH / TeimkuB A. B. // Bicauk Opnecbk. Hall. Mop.
yH-Ty, 2019. — Bun. 1(58). — C. 101-109.

196. Tymkiv O. Ways to improve ship power plants / O. Tymkiv // Austrian
Journal of Technical and Natural Sciences, Vienna-2019. — Ne 1-2. — P. 49-51.
doi.org/10.29013/AJT-19-1.2-49-51.

197. JleerepoB A.M. BrusHue Ha TIOKa3aTelyd TMOPIIHEBBIX ABUTATENCH
OMOKOMIIOHEHTOB Y HaHOMaTepuajoB pasznuuHoro Tuma / A.M. JleBrepos,
A.A. JleBtepoB // JIpuryHu BHYTpilIHBOTO 3ropsiHHSA. — 2021, — Ne 2. — C. 12-23.
DOI : 10.20998/0419-8719.2021.2.02.

198. Fotovvati B. Laser-Assisted coating techniques and surface modifications:
A short review. / B. Fotovvati, A. Dehghanghadikolaei, N. Namdari // Part. Sci.
Technol. — 2021. — Ne 39. — P. 738-747. https://doi.org/
10.1080/02726351.2020.1812778.

199. Graziano B. On the Potential of Oxygenated Fuels as an Additional
Degree of Freedom in the Mixture Formation in Direct Injection Diesel Engines /
B. Graziano // SAE Int. J. Fuels Lubr. — 2015. — Ne8. — P.62-79.
https://doi.org/10.4271/2015-01-0890.

200. CononosuikoB B.I'. 3a0e3neueHHs TEXHIYHOTO CTaHy CYAHOBUX JW3ETIB

NUIIXOM  KaBiTariiinoi o0poOku mamuBa / B.I'. ConogoBuikoB //  CyaHOBI



284
CHEepPreTU4HI yCTaHOBKH : HayK.-TexH. 30. — Bum. 40. — Ogeca : HY «OMA». — 2020.
—C. 65-69. DOI : 10.31653/smf340.2020.88-94.

201. I'paboBenko O.I. BukopucrtaHHs pPOCIUHHOI OJii B SKOCTI IMajiBa B
cepenaroo0epToBomMy nusensHoMmy nBuryHi / O.l I'padosenko, C.M. [lonenko,
B.B. Hectepenko, [.A. IlIBens // JIBUryHu BHYTPIIIHBOTO 3ropsiHHs. — 2021, — Ne 2,
—C. 79-86. DOI : 10.20998/0419-8719.2021.2.11.

202. Carin C.B. [liarHoCcTyBaHHSI TEXHIYHOTO CTaHY CYJHOBHUX €HEPreTUYHHX
YCTaHOBOK 3ac001B BojiHOTO Tpancnopty / C.B. Carin, F0.B. 3a6nombkuii / Boaawuii
TpaHcnopT. 30ipHHK HaykoBuX mpamb. — 2023. — Ne2(38). — C.59-70.
doi.org/10.33298/2226-8553.2023.1.37.06.

203. Mapuenko A.Il. Bwu3HaueHHS KOMIUIEKCHOTO MaJIMBHO-EKOJIOTTYHOTO
KpUTEpIs JUIsl qu3ens npu poOOTi Ha BONOTOIUIMBHOI emynbcii / A.Il. Mapuenko,
[.B. IlapcananoB, A.B. Capuenko // JIBuryHu BHYTPIIIHBOTO 3ropsiHHS. — 2021. —
Ne 2. —C.31-37. DOI : 10.20998/0419-8719.2021.2.04.

204. Maneit B.B. BukopucranHsi B CyJHOBUX AM3EIISAX MaIUBHUX CyMiIIEH J10
CKJIQy SIKMX BXOJMThH MajauBo OiosorigyHoro noxoxeHHs / B.B. Maneit // CynHoBi
€HEepreTUYHl YCTAHOBKHU : HAYKOBO-TEXHIUHUH 301pHUK. — 2022, — Bumn. 44. — Oneca
: HY «OMA». — C. 93-110. doi : 10.31653/smf44.2022.93-110.

205. Kuropyatnyk O.A. The use of bypass exhaust gases to ensure the
environmental performance of marine diesel engines / O.A. Kuropyatnyk // CyaHoBsi
E€HEePreTUYH1 YCTAHOBKY : HayK.-TeXH. 30. — 2018. — Bum. 38. — Ogeca : HY «OMAW.
—C. 217-228.

206. Carin C.B. AHani3 OCHOBHHX CIIOCOOIB 3HMKEHHSI €MICIi OKCHJIIB a30Ty
JM3ENIB CyIeH MOPCHKOIO Ta BHYTPIIIHBOrO BogHoro Tpancropty / C.B. Carin,
P.B. Ilo6epexxnuit // CyaHOBI €HEpreTMdHi YCTAHOBKH @ HAYKOBO-TEXHIYHHIA
30ipHuk. — 2022. — Bum44. — Opeca : HY «OMA». — C.132-141.
doi : 10.31653/smf44.2022.132-141.

207. IonpaBKku A0 TEXHIYHOTO KOAEKCY IMPO KOHTPOJb 32 BUKHIAMH OKCHIIB
a30Ty 3 CyJIHOBUX Ju3enbHUX JIBUTYHIB (TexHiunuit xoxekcy 13 NOyx 2008 poky.

Pezomoriis MEPC.317(74), npuitasita 19 tpaBas 2009 poxy. Odimiliauii iepekia.



285
https://marad.gov.ua/storage/app/sites/1/international-activities  /rezolyutsiya -
mers31774priynyata-17-travnya-2019-roku.pdf (zata 3Bepuenns: 05.01.2024).

208. ITapcananoB [.B. YpaxyBaHHS MIKIJIMBOI J1i JIOKCHHY BYTJICIIO TPHU
KOMIUIEKCHIM OIUHII BUTPAaTH MajuBa 1 TOKCHUYHOCTI BIAMpPAalbOBaHUX Ta3iB
nuszenbHux ABuryHiB / I.B. Ilapcamanos, 1.B. PukoBa // JIBUryHu BHYTPIIIHHOTO
sropsiaHs. — 2022, — Ne 1. — C. 35-40. DOI : 10.20998/0419-8719.2022.1.05.

209. Van T.G. Global impact of recent IMO regulation on marine fuel oil
refining processes and ship emissions / T.G. Van, J. Ramirez, Z. Ristovskim,
R.J. Brown // Transp. Res. Part D Transp. Environ. — 2019. — Ne 70. — P. 123-134.
https://doi.org/10.1016/j.trd.2019.04.001.

210. Mapuenko O.0O. BipockoHaneHHs MPOLIECY OYMILECHHS CYTHOBUX BAXKKHUX
naimB / 0.0. Mapuenko, C.B. Carin // CyHOBI eHepreTHu4yHi yCTaHOBKH: HAyKOBO-
TexHIYyHui 30ipHUK. — Burm. 41. — Oneca: HY «OMA». — 2020. — C. 10-14. DOI :
10.31653/smf341.2020.10-14.

211. Kpusniit M.O. Bu3HaueHHs BIUIMBY BJIACTUBOCTEN MOTOPHMX MAacTHJI Ha
PO3IOAUT TUCKY B Mapax KoB3aHHs cyaHoBux auseniB / M.O. Kpusuii, C.B. Carin //
CyHOBI €HEpreTU4HI YCTAaHOBKH : HAYKOBO-TeXHIYHMI 301pHUK. — 2021. — Bum. 43.
—Opneca : HY «OMAy. —C. 18-24. do1: 10.31653/smf43.2021.18-24.

212. Cromsipuk T.O. IIporHo3yBaHHS SKICHUX XapaKTEPUCTUK POOOTH CHUCTEM
mutiHapoBoro MarmieHHs cyaHoBux guseniB /  T.O. Cromspux // CynHoBi
EHEPreTUYH1 YCTAaHOBKU : HAYKOBO-TeXHIUHUMN 301pHUK. — 2023. — Bur. 46. — Oneca
: HY «OMA». — C. 132-141. doi: 10.31653/smf46.2023. 132-141.

213. 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.

214. 3abnoupkuit FO.B. Anani3z oco0auBOCTEl Ipoliecy MaIieHHs ATiHIPOBOI
rpynu cyaHoBux ausenis / FO.B. 3a6nonpkuii / CynHOBI eHEpreTUYH1 YCTaHOBKH :
HAyKOBO-TeXHIUHUM 30ipHUK. — 2023. — Bur. 46. — Oneca : HY «OMA». — C. 67-77.
doi : 10.31653/smf46.2023.67-77.



286

215. Vadivel A. Experimental Investigation of Thermal Barrier (8YSZ-MGO-
TIO,) Coated Piston used in Diesel Engine / A. Vadivel, S. Periyasamy // Journal of
Applied Fluid Mechanics. — 2020. — Ne13(4). — P.1157-1165. DOI:
10.36884/jafm.13.04.30825.

216. Vural E. The Study of Microstructure and Mechanical Properties of Diesel
Engine Piston Coated with Carbide Composites by Using HVOF Method / E. Vural
// Transactions of the Indian Institute of Metals. — 2020. — Ne 73. — P. 2613-2622.
https://doi.org/10.1007/s12666-020-02055-y.

217. KoG3apyk O. JlocmipkeHHs (QPETTUHT-NIPOLECIB MPU LUKIIYHINA 3MIHI
HanpyXeHoro crany y mimi kKoHTakTy / O. KoG3apyk, B. baGinemns // Bichuk
OnecbKoro HaIioOHAJILHOTO MOPCBhKOTO yHiBepcuteTy. — 2021. — Ne 65. — C. 138-
151. https://doi.org/10.47049/2226-1893-2021-2-138-151.

218. Dzyura V. Determining Optimal Parameters of Regular Microrelief
Formed on the End Surfaces of Rotary Bodies / V.Dzyura, P.Maruschak,
O. Prentkovskis  //  Algorithms. —  2021. - Nel4. —  P.4e6.
https://doi.org/10.3390/a14020046.

219. Panchuk M. New Technologies for Hull Assemblies in Shipbuilding /
M. Panchuk, A. Stadkowski, A.Panchuk, I. Semianyk // Nase More. — 2021. —
Ne 68. — P. 48-57. https://doi.org/10.17818/NM/2021/1.6.

220. Yu A. Influence of tribomagnetization on wear debris trapping processes
of textured dimples / A. Yu, W. Niu, X. Hong, Y. He, M. Wu, D. Chen // Tribology
International. — 2018. — No 121. — P. 84-93.
https://doi.org/10.1016/].triboint.2018.01.046.

221. Zavos A. Investigation of the top compression ring power loss and energy
consumption for different engine conditions / A. Zavos, G. Nikolakopoulos //
Tribology - Materials, Surfaces & Interfaces. — 2022. — No 16(2). — P. 130-142.
https://doi.org/10.1080/17515831.2021.1907682.

222. Mensauk O.M. Meronuka opraizaiii CaMOOIHKH €(QEeKTUBHOCTI

CUCTEMHU yIpaBiiHHA Oe3nekor cyaHoruiaBHoi kommadii /  O.M. MenbHUK,


https://www.sciencedirect.com/journal/tribology-international
https://www.sciencedirect.com/journal/tribology-international
https://www.tandfonline.com/author/Zavos%2C+Anastasios
https://www.tandfonline.com/author/Zavos%2C+Anastasios
https://www.tandfonline.com/author/Nikolakopoulos%2C+Pantelis+G

287
O.A. Onumenko, JI.I'. ITapmenosa // Boauuit Tpancnopt. 301ipHUK HAYKOBUX Ipallb.
—2023. — Bum. 1(37). — C. 154-160. doi.org/10.33298/2226-8553.2023.1.37.17.

223. MaitnaneBud C.b. Cy0’ekTu Ta TPUHIUMIN MDKHApPOJIHOTO MOPCHKOIO
npaBa / C.b. Maiinanesuu, O.M. Tumomyx // Bogumii Tpancnopt. 30ipHUK
HaykoBUX mparb. — 2021. — Bum. 3(34). — C.39-47. doi.org/10.33298/2226-
8553/2021.3.34.05.

224. Cronsipuk T.O. [IporHo3yBaHHs MEXaHIUHUX BTPAT B CYTHOBUX JU3EIAX /
T.O. Cronsapuk // CynHOBI €eHEpreTH4HI YCTAHOBKH : HAYKOBO-TEXHIYHHUM 301pHUK. —
2022. - Bun.44. — CQOpeca : HY «OMA». - C.142-156. dot:
10.31653/smf44.2022.142-156.

225. Capuyk B.II. BB TEeXHIYHOTO CTaHy €JIEMEHTIB MACIISIHOI CHCTEMHU
BHUCOKOOOepToBOTO am3ens J[246.4 Ha mapameTpu Iylbcallii TUCKY MOTOPHOTO
macia / B.I1. CaBuyk, €.B. binoycos, JI.B. Kypnocenko, I'.f1. Tynyuyenko // Boguuii
TpaHcropT. 30ipHUK HaykoBUX mparb. — 2022. — Bum. 2(36). — C. 84-96.
doi.org/10.33298/2226-8553.2022.2.36.07.

226. Copokin P.P. EdekTuBHICTh BUKOPUCTAHHS HEHBIOTOHIBCHKUX PIAUH Y
TIpOAMHAMIYHUX  JeMrdepax KPYTHIBHUX KOJIMBAaHb KOJIHYACTOrO  Bajly
cynnoBoro juzenst / P.P. Copokin, C.B.Kosuupkuii // CyaHOBI eHepreTuyHi
YCTAaHOBKM : HayKoBO-TeXHIYHMM 30ipHuK. — 2020. — Bum. 41. — Opeca : HY
«OMAy. — C. 88-96. doi : 10.31653/smf341.2020.88-96.

227. Cromspuk T.O. 3abes3neueHHss pPEKUMIB MaIllEeHHS YOTHUPUTAKTHUX
cyanoBux auzeniB / T.O. Ctonsipuk / ABToMaTH3allisi CyTHOBUX TEXHIYHHUX 3aC001B
: HayK.-TexH. 30. — 2023. — Bum. 28. — Oneca: HY «OMA». — C. 90 — 105. DOI:
10.31653/1819-3293-2023-1-28-90-105.

228. 3abnonpkuii FO.B.  IlinBuileHHS €KOHOMIYHOCTI POOOTH  CYJHOBHUX
muzeniB / FO.B. 3a6monpkuii // CyaHOBI €HEpPreTHYHI YCTAaHOBKH : HAyK.-T€XH. 30.
Bun.40. — Opeca : HY «OMA». - 2020. - C.12-16. DOI
10.31653/smf340.2020.12-16.

229. Carin C.B. Meton ympaBmiHHS —(akTopamMu pU3MKY BHUHUKHEHHS

aBapiHUX CHUTYyaIliil MiJ Yac eKCIUTyartallli MpomyJbCUBHUX KOMIUIEKCIB 3ac001B



288
BonHoro Tpancnopty / C.B. Carin, P.B. Ilo6epexuuit / CyaHOBI eHepreTudHi
YCTAHOBKHU : HAyKOBO-TeXHIUYHMH 30ipHuK. — 2023. — Bum. 46. — Opneca : HY
«OMA». —C. 110-117. doi : 10.31653/smf46.2023.110-117.

230. Carin C.B. Po3poOka MeTomy MAiarHOCTYBaHHS TEXHIYHOTO CTaHy
€JIEMEHTIB TOJIOBHOI €HEPreTUYHOi YCTAaHOBKM 3ac00iB BOJHOTO TpaHCIOPTY /
C.B. Carin, bounap C.A. // Bonnuii Tpancnopt. 30ipHUK HAyKOBUX Mpailb. — 2023.
— Ne 2(38). C. 59-70. doi.org/10.33298/2226-8553.2023.1.37.06.

231. Jluxornsg K.A. Po3Butok cynoBoit enepretuku / K.A. Jluxormsia,
M.A. Mycopin, T.M.Ma3zyp // CynHOBI €HEpPreTHuHi YCTAaHOBKH : HAyKOBO-
TexHIyHUA 30ipHUK. — 2021. — Bum. 43. — Opeca : HY «OMA». — C. 140-150.
doi : 10.31653/smf43.2021.140-150.

232. CyBopoB I1.C. Jleski muTaHHA OLIHKM €HEproe(eKTHBHOCTI CyAHa B
yMOBaX €HEpreTUYHOro nepexoay y BHyTpimHromy cyaHormiaBcti / I1.C. CyBopos,
T.B. Tapacenko, B.1. 3anox // JIBurynu BHyTpilIHbOr0 3ropsiHHs. — 2023. — No 2. —
C. 37-45. doi : 10.20998/0419-8719.2023.2.05.

233. Carin C.B. KoHtposnb Ta aiarHOCTyBaHHSI HaJIIMHOCTI Ta €KOHOMIYHOCTI
JM3eTIB MOPChKUX Ta piukoBux 3aco6iB Tpancropty / C.B. Carin, A.C. Carin //
Cy/HOBI €HEepreTUyH1 YCTAaHOBKH : HAYKOBO-TE€XHIUHUM 301pHUK. — 2023. — Bum. 46.
— Opeca : HY «OMA». — C. 118-131. doi : 10.31653/smf46.2023.118-131.

234. Cronspuk T.O. BusHaueHHs KpUTEpir0 JJig JIarHOCTYBaHHS Ta
NPOrHO3YBaHHSI TEXHIYHOTO CTaHy LWJIIHIPOBOI TPYNMH CYJTHOBUX Majo00EpTOBHUX
muzeniB / T.O. Cromsapuk // Marepianmu IV MixkHapoIHOT HAYKOBO-PAKTAYHOT
koH(pepeHtii «/{HimpoBcbki unTanasa-2023y», 07 rpyaai 2023 p. — Kuis : JVYIT. —
2023. - C. 36-40.

235. Cronspuk T.O. Amnami3z eHepreTuyHoi e€(QEeKTUBHOCTI METOIB, IO
3a0e3meuyroTh npoiec MarieHHs cyaHoBux auseniB / T.O. Cromspuk // Marepianu
V MIXHapOJIHOT MOPCHKOi HayKOBO-IpakTHUHOI KoH(pepenuii kapeapu CEY 1 TE
OHMY «Marine Power Plants & Operation MPP&O-2024», 05 6epe3ns 2024 p. —
Opneca : OHMY. — 2024. https://2024.depas.od.ua.



289

JIOIATOK

AKTH BIIPOBA/KECHHSI PE3YJIbTaTIB JUCEPTAIIITHOTO TOCITIIKSHHS



VKPATHA

MIHICTEPCTBO OCBITH 1 HAYKH VKPAIHH
HAINIOHAJIBHUH YHIBEPCHTET «O/IECBKA MOPCBKA AKAJTEMIST»

sy, liapixcona, 8, s, Oneca, 65029, ten.: (+38 048) 793-1672, dakc: (+38 048) 7931604
www.onma.edu.ua e-mail: infof@onma.edu, ug Kog €APTIOY 01127799

Croasipuka Tamypa Onexcanaposuaa
Ha reMy «3aleneuenHn pexHMIB MAIIEHNS IN3ETIB CyAeH PiYKoBOro Ta MOPCEKOT
TPAHCHOPTY»
B OCBITHROMY mporieci Hauionanskoro yaisepentery «Oeckka MOPChKA aKAZEeMig)

Mu, w0 Huk4e NiANHCANHCH, HAYANLHHK HABMANBHOTO Biaginy HauioraisHoro YHIBEpCHTETY
«Opechka Mopebka akazemim» [Tapxomenxo M.M., IHPEKTOP HABYANLHO-HAYKOROTO HCTHTYTY THIKEHEPIT,
K-T TeXH., HayK, npodecop Koneraes M.O., saBigysay Bigainy acripasTyph Ta JOKTOPAHTYPH K-T Texi..
HAYK, AoueHT Bonkos O.M. cknank ueil akr y tomy, mo peayasTaTH Anceprauiinol pobotn Croaspuka
Tumypa Onexcanzpoeuua Ha temy «3aGesneuenus PEAHMIB MAUIEHHA [IM3ENIB cyaeH PiuKoBOre Ta
MOpPCLKOrO  TPAHCTIOPTYY BNPOBAIDKEHI B OCBITHIH npouec nmid Yac niarotork 3noGypadie oceiTH
HABHANBHO-HAYKOBOO IHCTHIYTY {HKEHEPIT Ta acnipaHTYpH, a came:

l) TexHoioris npoBeeHHs ONTHYHAX NOCTIKCHE 3 BUMIPIOBAHHA KPAHOBHX KYTIB 3MOUYBAHHA Ta
BHIHAUCHHA TOBUIHHM MACTWABHOI MUBKH, TEXHONOrA HAHECCHHA HAHOWAPIE OPraHivHMX MOKPHTH Ta
TEXHONOTIA BUIOTOBREHHS CTifikux cymimei [OBEPXHERO-AKTHBHHX PEIORHH TA MOTOPHHX MACTHA — Ml
“ac BHKJIAICHHA OCBITHLOTO KOMNOHeHTY «Jlochinnmibkuii npakTHEYM» (s 3A00YBAYIE  HAYKOROID
CTYTIEHIO 0KTOP thinocodii),

2) MOCHIAOBHICTh BUIHAYEHHA MEXAHIMHUX BTPAT B CYAHOBMX JABMIVHAX BHYTPILHBLOIO ITOPSAHHA i
Hac BHKOPHCTAHHA MOTOPHHX MACTHI 3 PI3HHMH CTPYKTYPHHMH XapakTepPHCTHKAMK — Nif 4ac BUKIATEHHS
OCBITHIX  KOMNOHenTiB  «EHepropecypeosbepesenns Ha MOPCBKOMY Td BHYTDILLHEOMY  BOJAHOMY
TpasenopTi» (1ia 300ykayis HaykoBoro crynesio AokTop (hinocodii) Ta «Tpouecn nepeTROpenHa eHeprii
CYAHOBHX CHNOBMX YCTAHOBOKY (114 3100YBaYiB HAYKOBORO CTYNEHIO MaricTp);

3) METOA BHIHAYEHHA WIBHIKOCTI 3MIHK 3ArAILHOMO JYYHOTO YMC/Ia — NI YaC BHIIALEHHS OCBITHIX
KommnotienTis «Exonorivea Gesnexa Ta anbTepHATHBHI Mepena esepriin (ana spobysauie maykosoro
CTYNEHIO MaricTp) Ta « Texuonoria BUKOpHCTaHHA pofiounx peuoBHE» (11 300y BaYiB HAYKOBOTO CTYNEHIO
Bakanarp). —

Hauanenuk nasuanssoro sinainy Muiona [TAPXOMEHKO

3aeigyEau Biaainy acnipaHTYps Ta JOKTOPAHTYPH, p
K=T TEXH., HAYK, A0UEHT ’ /é_g/ Onereannp BOJTKOB

JHpeKTOp HAB4ANBHO-HAYKOBOTO HCTHTYTY iHIKEHEpIi,
K=T TeXH., HayK, npodecop

Muxaino KOJNECA€R

150 5007

BUREAL VERITAS §

Certification
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BERNHARD SHULTE
SHIPMANAGEMENT (DEUTSSCHLAND) GmbH & Co.KG
Vorsetsen 54 — DE 20459 Hamburg Germany

AKT
PO BHKOPHCTAHHS OKPEMHX pe3y/ibTaTiB AucepratiiiHoi pobotu
Cromapuka Tumypa OnexcanapoBu4a

«3abe3nevyeHHs peRUMIB MALIEHHA AH3EIB CY/IeH PIYKOBOro Ta MOPCHKOTO

TPAHCHOPTY»

[le#i akT cknajgeHuit y TOMy, [0 OKpeMi TeXHOJOri4Hi po3pobku, sKi
3aMPONOHOBAHI Y JIMCEpPTaliiHOMY JOCADKEHH] «3abe3nedeHHsn pekHMIB
MAalleHHA JH3ediB cyjeH piMKOBOro Ta MOPChbKOro TpaHenopty» CronspHiom
Tumypom OnexcanapoBuyeM, a caMme TEXHOIOTIH KEpPYBaHHS CTPYKTYPHHMH
XapakTEPHCTUKAMH MAcTHJ, [0 BUKOPHCTOBYHOTBCS B CHCTEMAx WHIIHAPOBOTO
mauterss, Oyna sopoeamkena Ha auzeni 8KSOME MAN-Diesel & Turbo cyana
knacy Container Ship neasefitom 37620 tonn (npu usomy Oyno 3abesnevueHo
1,75...4,5-kpaTHe 3MEHIIEHHA BMICTY METalNeBHX AOMIMIOK YV BIIANPalbOBaHOMY
mMacTuni Ta 2,8-KpaTHe YNOBUIBHEHHSA 3HWKEHHS 3aralbHOro NYKHOTO 4HeiIa

BIANpPalbOBAHOTO MAcTHIA).

J.0O. Konomiens
12.12.2022

Kanitan 1/x «Gaz Majestic»
Master of m/v «Gaz Majesticy»

C.C. CanbHIKOB
12.12.2022

Crapumi mexasik 1/x «Gaz Majestic»
Chief Engineer of m/v «Gaz Majesticy»
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INTERUNITY MANAGEMENT CORPORATION S.A.
69 Ethnikis Antistaseos Str., 15231 Athens, Greece

AKT
[[0/10 BUKOPHUCTAHHA PE3VLTATIB AucepTaliitHol pobotu Ha 3000yTTs
HAYKOBOT'O CTYNEHIO JoKTOpa (inocodil
Cronspuka Tumypa OnexcanapoByada
«3abe3nedeHHs peKUMIB MallIeHHH AA3e/IB Cy/ieH PiYKOBOro Ta
MOPCHLROI0 TPAHCIIOPTY»

Ile#i axr 3acBiguye, WO 3aMPONOHOBAHA Y JIHCEPTALIHHOMY JOCHIIMKEHH]
«3abe3neyeHHs peXUMIB MAlIeHHS AM3eIiB CyJeH pPIMKOBOTO Ta MOPCHKOro
tpaucnopty»  Cronspukom Tumypom  OnexkcaHApoBHHYEM  TEXHOJIOTIA
KepyBaHHsA CTPYKTYPHHMH XapakTepUCTHKAMH MacTHI, 110 BUKOPHCTOBYIOTECH
B CHCTEMaX MIIHAPOBOro MallleHHs, Oyna BUKopHcTana Ha qu3eni 6560ME-C9
MAN-Diesel&Turbo cynna knacy Bulk Carrier neaseiitom 37620 TonH.

[Tpu ubomy Oyno 3zabesneyeHo (mif wac excrnmyartauii awzens auzeni
6S60ME-C9 MAN-Diesel&Turbo nporarom 1000 rogun) 1,5...3,3-kpatne
3MEeHINeHHA BMICTY MeTaleBHX JOMIIIOK Yy BijnpalleoBaHOMY MacTHii Ta 2.1-
KpaTHe YNOBUIEHEHHS 3HWKEHHS 3arallbHOTO Y HHOM0 YHCIa BIANpalsoBaHoro
MacTHia.

Kanitan m/v “Roberta” : 0. Xannos
, 5 \ 17.05.2023
Shia ‘I'| -1 ':

] #"M. Maniresko
/' 17.05.2023

Crapumii mexanik m/v “Roberta”



INTERUNITY MANAGEMENT CORPORATION S.A.
69 Ethnikis Antistaseos Str., 15231 Athens, Greece

AKT
[O/I0 BUKOPHCTAaHHS pe3yJibTaTiB uceprauiiHol poboty Ha 3000yTTs
HAYKOBOTO CTYTIEHIO JOKTOpa thinocodil
Croaspuka Tumypa Onexcaspoerya
«3abe3neueHnd PeRUMIB MAIIEHHS AH3EJIB CyJeH PiYKOBOIO Ta
MOPCLKOIo TPAHCIOPTY»

Llef#i aKkT 3acBiAMYe, IO 3aIPONOHOBAHKUN ¥ JUCEPTALIAHOMY HOCHIKEHH]
«3abesneveHHs pe)XXUMIB MallleHHS [H3eJliB CYJeH pPIiYKOBOTO Ta MOPCHKOIO
TPAHCHOPTY» Cronspuxkom Tumypom OnexcadapoBHYIEM MEeTo1
VIOCKOHAIIEHHA CHCTEMa [UPKYJIALIfHOTO Mamenns (AKMH  noasras B
BUKOPUCTAHHI MMOBEPXHEBO-AKTHBHI PEYOBUHM, IO JOJABAIIHCA 10 MOTOPHOTO
MacTuiaa), OyB BUKOPHCTAHO M1 4ac exkcrulyarauli cyjHosoro ausens 6L.16/24
MAN Diesel eygna knacy General Cargo neaseiitom 15600 ToHH.

[le 3abesneynno s36inbleHdHrlo Ha 3,2 % MexasidHoro KoeQiuieHTy
KOpHCHOI il nuzens Ta 2,2-KpaTHOMY VIIOBITBHEHHIO 3HHKEHHS 3arajibHOro
JYKHOTO YHCIa MOTOPHOTO MACTHIiAa, a TaKoX ynoBinbHeHH0 Ha 0,19 %
3HHKEHHA THCKY CTHCHEHHA Ta 3HIKeHHIO Ha 5,34 % reMmneparypy BHIYCKHHX
rasiB mig wac 1000-rogueHOT eKcruTyaTatlil TH3ens.

! E. Ilnaros
11.02.2023

Kanitan m/v “Ariatosi™

Crapuwmii MexaHix m/v “Ariatosi”
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AKT

MPO BUKOPHCTAHHS Pe3y/bTaTis ucepraiiiiol poboTu

Cronspuka Tumypa Onekcanaposuda
«3abesnedenisa PeKAMIB MaLLEHHA AHIETIB CyAeH PIYKOBOI0 Ta MOPCLKOro
TPAHCHOPTY»

(cnemianbHicTs 271 — MOpehKHE Ta BHYTPILUHIA BOJAHME TPaHCIOPT)

Lleit akt cknamenwit 11.11.2023 p. y ToMy, [0 OKpeMi TeXHOIOri4HI
po3poGkm, fAKI 3amponoHoBani y aucepraniiiHomy nocnikenti «3abdesnevenns
peKHMIB MAallleHHS JH3eJHIB CYAeH PiYKOBOr0 Ta MOPCLKOT0 TPaHCNoOpTY»
Cronapukom TumypoM OnexcanjpoBuueM (a came TEXHONOrid, WO ClpUse
YTBOPEHHIO JIOJATKOBOTO HAHOMIAPY OPraHiYHoro MNOKPHUTTA Ha MOBEPXHAX
BKIANMINIB mijinunHukis), Oyna BukopucraHa Ha amseni CatCl8  cynua
“Straisund” pgenseiitom 8340 tomn, mo 3abesneunno nepebir AMHAMINHHX
nepexifiHkX MpoueciB 3 MEHIIHM 3aKHI0M 4acTOTH 0DEPTaHHA Ta MEHIIHM 4acoM

BUXOJY Ha HOBHil cTanuii pexum poboTH.

Master )1“ } Vv ’l‘?

Chief Engineer
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MARINE Sttt
| CREW s
MANAGEMENT

10, Bunina str.,

Marine Business Centar,

off. 5,9, 1st floor,

Odessa, 65026, Ukraine

tel. +380 482 30 78 30
+3B0 482 30 78 8BS
#3850 482 30 77 34

info@mem-company.com;

craw@mem-company.com

WWW. mem-Campany com

TosapwcTeo 3 0BMEKEHOID BIANOBIQANEHICTIG

MAPIH KPP0 MEREAMMNERT

65026, Yepaina,

M. Opeca, eyn, Bynina, 10,
Mopcuiaih Gianec yenTp,
odic 5,9, 1-ui nosapx
ren. +380 482 30 7B 30
+380 482 30 76 85

+380 482 30 77 34
info@mem-company.com,
crew@mem-company.com
WWW, mEem=company.com

AKT

00 BUKOPHCTAHHSA Pe3yibTaTiB AHCEpTaliiHO! poboTH Ha 3100yTTA HayKOBOTO

CTYNeHw jgokropa pinocodit
Cronspuka Tumypa Onexcanaposuya

«3abeinevennd pe:kHMIB MALICHHS H3E/1IB cY/IeH PiYKOBOro Ta

MOPCHKOTO TPAHCHOPTY»

Ile# axr cknagenud 20.12.2023 p. y TOM, L0 TEXHOJOTIA KOMILIEKCHOIO

KepYBaHHS CTPYKTYPHHMH XapakTepHCTHKAMHM MOTOPHHUX MAacTHII, AKa nepenbauac
HAHECEHHS HA KOHTAKTYIO4l MOBEPXHI OPraHiYHUX MOKPUTTIB Ta AOJABAHHA [0
MaCTHIIA MOBEPXHEBO-aKTHBHHMX PEHOBHH 3 ONTHMANLHOK KOHIEHTpalliecw, Oyna
BHKOPHCTaHA Y CHCTeMI UMpKyJsuifiHoro maulenHs Aumsens 6L.23/30 MAN-
Diesel&Turbo cynna knacy Bulk Carrier neagefitom 37620 TosH, npu usoMy 6yio
nocsrayte 2,3-KpaTHe 3HMKEHHA WIBHIKOCTI OKHCISHHA MOTOPHOIO MAacTHA,
3HWKeHHA Ha 4.4 % TemneparypH BHNYCKHHX rasiB; 30inemenHa wa 2.54 %
MexaHiyHoro koeilieHTy KopucHoi il ausens, 30iapwienns wa 7,23 Y THCcKy

HANPUKIHII CTHCHEHHA.

Hupexkrop «Marine Crew Managemem}r‘r'—-;{ %

Teadpanos [.B.
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SAFESHIP MANAGEMENT INC.

2 Eptanisou Street, 15231 Halandri, Greece

AKT
NpO BUKOPHCTAHHS OKPEMHX pe3ylbTaTiB qucepraniiinoi poboru
Cronspuka Tumypa Onexcanaposiia
«3abe3nedeHHs PEXRHMIB MalIeHHH AH3€/1IB cy/IeH PiYKOBOro Ta MOPCHEKOIo

TPAHCIIOPTYY

My, mo HEXYe NiANHCAIMCH, KamiTaH Ta crapiivid MexaHik T/x «Gaz
Liberty» O.L Cycnin ta O.A. KyponsiTHHK, MATBEPIKYEMO, IO TEXHONOTIA
3a0e3reyeHHs pPeXUMIB MalleHHS CYIHOBMX IHM3eMiB, a came OnoK [03yBaHHS
NOBEPXHEBO-AKTHBHOI pPEYOBMHH [0 MOTOPHOIO MacTuna, o 3abesmedye
YTBOPEHHA 1X CTIMKHX cymilleii, OYB BCTaHOBIEHO y CHCTeMI LHPKYISALIHHOIO
mantenns gusens 6EY18AL Yanmar. lle gossomwno wHa 3.2 % niaBuniuTH
MeXaHIuHHH KoedilleHT KopMCcHOU Al Jausens Ta Jocartd  2,5-KpaTHOro

ynﬂ‘ﬂi.ﬂbHEHHH 3HHMKEHHA 3arajlbHOrO IVKHOIO YHCaa MOTOPHOrQ MacTHIa.

O. L. Cyciiu
0. Suslin

Kaniran 1/x «Gaz Liberty»

Master of m/v «Gaz Liberty»

Crapumit mexanix 17/x «Gaz Liberty» 0. A. KyponaTHuk

Chief Engineer of m/v «Gaz Liberty» O. Kuropyatnyk
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AKT
Npo BHKOPHCTAHHA Pe3yIbTaTIB AUCEpTAaLiiiHOT poboTH
Cronapuka Tumypa Onexcanjposuya
«3abe3smevenns peUMIB MallleHHs AH3ETIB cyJeH PiYKOBOro Ta MOPCLKOIo

TPAHCHOPTY»

(cretianbHicTs 271 — MOPCBKHH Ta BHYTPIIIHIH BOJHHI TpaHCnopT)

Llefi axkt crknagenuit 08.04.2023 p. y TOMYy, MO OKpeMi TeXHOJOriuHi
po3pobKH, AKl 3anpolloHOBaHi Yy JuceprauiiiHoMy aocnypkenHi «3abeznedenus
pe:xHMIB MauleHHN AH3ENIB cydeH PiYKOBOr0 Ta MOPCHKOTO TPaHCNOPTY»
Cronspuxkom Tumypom OnexcanjpoBudeM, a came TEXHOJOTis, WO CHPHAE
YTBOPEHHIO JOJATKOBOIO HAHOIIAPY OPraHidHOro MNOKPUTTS HA MOBEPXHAX
BKMAJMIIIB MiAMHANHUKIB, Oyna Bukopucrana sa aumseni S5L23/30 MAN-
Diesel&Turbo cynna knacy Bulker Carrier mensefitom 34630 tonn. [lpotarom
NOJANBILOT eKernryarauil ausens e 3abeznequnno:

e 22...4,5-kpatHe YNOBUIBHEHHA [WBHUAKOCTI 3HIKEHHS 3araibHOIO
NYMKHOTO HHCTa;

o 1,8...2,6-kpaTHe 3MeHIIeHHA KUIBKOCTI 4YacTOK, LIO XapakTepH3yloTh
3HOLLYBAHHA KOHTAKTYIOUHX MOBEPXOHE Ta 3a0pyIHEHHA MacTHIa;

® [iITPHMAHHS €HEPreTHYHUX Ta MOKPALICHHS eKOJIOTUHUX TTOKA3ZHUKIB

pobotu anzens 5L.23/30 MAN-Diesel&Turbo.
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