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1. BﬂOCKOHaJ’[eHHH MOHiTOpI/IHI‘y pO6OTI/I Hi,HIIII/IHHI/IKiB KOB3aHHA CyJHOBOTO ITPOITYJIbCUBHOTO KOMIIJIEKCY i3

BpaxyBaHHSAM HEHbIOTOHIBCBHKOI IIOBELiHKMA MACTHUIL.

2. Improvement of Monitoring of Sliding Bearings in Marine Propulsion Systems Considering the Non-Newtonian
Behavior of Lubricants.

Pedepar:

1. Incepraniiine OOCIiIKEHHS CIIPSIMOBAaHE Ha PO3B’SI3aHHS BasKJIMBOTO HAYKOBO-TIPAKTUYHOI'O 3aBJJAHHS —
BI,OCKOHAJIEHHS] MOHITOPUHTY i IiarHOCTUKY POOOTH MiJIIMITHUKIB KOB3aHHS CyJHOBOT'O IIPOIYJIbCUBHOTO
KOMIIJIEKCY, IJISIXOM BPaxXyBaHHS HEHbIOTOHIBCBKOI [NOBEiHKM MAaCTHUJIL. ['0JIOBHE 3aBIaHHS JUCEPTALIiIMHOTO
IOCJIiIKEHHS N10JIsIra€e B po3po0lii HOBUX aJrOPUTMIB i KpUTEpPiiB MOHITOPUHTY POOOTU CUJIBHO HaBaHTaXXKEHUX
PaMOBUX i IATYHHUX MiAMWITHUKIB KOB3aHHS CYLHOBOI €HEPreTUYHOI YCTAHOBKY, a TAKOX JIiHil BaJIONIpOBOLY Ta
NIOB’13aHUX 3 HEI0 YIIOPHUX, ONIOPHUX Ta JeNABYAHUX MiAMNUITHUKIB, i3 ypaXyBaHHSIM HEHbIOTOHIBCHKOI IOBEIIHKI
MacTWl, 1o 3a6€3Ne4yIoTh iX MallleHHs. BupillleHHs roJI0BHOTO 3aBJJaHHS JUCEPTALiHOIO AOCiIyKEHHS 3BeJ,eHO
IO PO3B’I3aHHS HACTYIITHUX JAONOMDKHMX 3a7a4: 1) po3B’si3aHHs FPaHUYHOI 33124, SKa ONUCYeE TiApOguHaAMIYHI
[IPOLECH B MiAUIMITHUKAX KOB3aHHS CyIHOBOTO IIPOIYJIbCUBHOIO KOMILJIEKCY i3 ypaxyBaHHSAM HEHbIOTOHIBCHKOI

IIOBEJiHKY MAaCTUJI; 2) MAaTEMAaTUYHOTO MOJIEJIIOBAaHHS POOOTH MiAIIMITHUKA KOB3aHHS CyJHOBOTO IIPOITYJIbCUBHOIO



KOMIIJIEKCY i3 ypaxyBaHHSIM HEHBIOTOHIBCHKOI MIOBEIiHKYA MAaCTUJI; 3) pO3p0oOKa MaTeMaTUYHUX MOJlesen
iHTerpasibHUX XapaKT€PUCTUK i3 OLIIHKY CTaHy NiJIIMITHUKIB KOB3aHHS CYAHOBOTO IIPOIYJIbCUBHOTO KOMILJIEKCY, SIKi
BpPaxOBYIOTb HEHBIOTOHIBCbKY IIOBEiHKY MacTuUJI; 4) po3pobKa KpUTEpiiB MOHITOPUHTY POOOTU MiJIINITHUKIB
KOB3aHH$I CyJJHOBOTO IIPOIYJIbCUBHOTO KOMILJIEKCY, 5IKi BpaXOBYIOTb HEHBIOTOHIBCbKY IIOBELiHKY MacTui. HaykoBa
HOBM3HA OTPUMAaHMX Pe3yJIbTaTiB JUCEPTALIMHOTO JOCiIKEHHS M0JIIra€e B TOMY, 110 3a6€3I1€4€HHS [TPOLeCy
MOHITOPUHTY pOOOTH MiAMUITHUKIB KOB3aHHSI CYJHOBOT'O IIPOITYJIbCUBHOT'O KOMILJIEKCY (30KpeMa, PaMOBUX i
IIATYHHUX MJMUITHUAKIB O13€J1s1, OMIOPHUX Ta YIIOPHUX MiAMWITHUKIB JIiHil BaJIONIpOBOLY, AENIBYAHUX MiAIIATTHUKIB
TBUHTIB i CTEpH) IOCSATHYTO LIJIIXOM BPAaxyBaHHSI HEHbIOTOHIBCBKUX BJIACTUBOCTEN MACTUIL. B po6OTi JOCSTHYTI
HaCTYIIHI pe3ysbTaty. 1) Biepue no6ynoBaHi HOBi MaTeMaTHU4YHiI Moz 11715 iHTerpajbHUX XapaKTepUCTUK
MiJIIAIHUKIB KOB3aHHS CyJHOBOTO IIPOIYJIbCMBHOIO KOMILJIEKCY, SIKi BpaXxOBYIOTb HEHBIOTOHIBCBKUI XapaKTep
NOBEJiHKM MacTUJL. JIo IpOBEEeHHS NOCiI>)KeHb iCHyBa/Id, B OCHOBHOMY, TiJIbKY TabJIN4HI IOJAHHS 1J1S
iHTerpasbHUX XapaKTEPUCTUK, SIKi He BPaXOBYBAJIM B'SI3KiCTHI XapaKTE€PUCTUKU MacTuJl. 2) Briepiie oTpumMaHi HOBi
MaTeMaTU4Hi MOeJli 4J1s1 BUBHaY€HHs IPaHUllb poO0YO0i 30HU i KyTa MaKCUMAaJbHOTO ripONHAMIYHOIO TUCKY B
IiAIMIIHMKAX KOB3aHHS. Jlo IpoBeneHHs AOCiIPKEHb iCHYBaJIM, B OCHOBHOMY, TiJIbKU TaOJIWYHi [IOOAHHS 1J1s1
BKA3aHUX KYTiB, IO YCKJIQHIOBAJIO, 860 POOMIJIO HEMOKIMBUM BU3HAUYEHHS MAaKCUMaJIbHOTO TUCKY B pO6OUiii 30Hi
niAmMnHUKA KOB3aHHS. 3) Briepiie 3arpornoHoBaHi HOBI KpyTepii i METOOUKY 1O MOHITOPUHTY POOOTH MiAIIUITHUKIB
KOB3aHH$1 CyJJHOBOTO IIPOITYJIbCUBHOI'O KOMILJIEKCY, 5IKi 6a3yI0ThCsl HAa BpaXyBaHHI HEHbIOTOHIBCbKUX BJIACTUBOCTSIX
MaCTWJ1, 30KpeMa, IpafiieHTi B's13KOCTi. [lo NpoBeeHHs AOCiIPKEHb iCHYBajIM, B OCHOBHOMY, KPUTEPIi, sIKi HEe
BPaXOBYBaJI HEHbIOTOHIBCBKI BJIAaCTUBOCTI MacTUJI. 4) YIOCKOHAJIEHO MaTeMaTUYHy MOZEeJb POOOTH MiJIINITHUKIB
KOB3aHH$ CyJJHOBOTO IIPOITYJIbCUBHOI'O KOMIIJIEKCY i3 ypaxyBaHHSM HEHbIOTOHIBCbKOI IIOBEIiHKM MaCTHUIL. 5)
YI0CKOHaseHO PO3B'sI3aHHS TPaHUYHMX 33JaY, SIKi ONKCYIOTh IifpOAMHAMIUHI IPOLieCH B MiJIINITHUKAX KOB3aHHS
CyJIHOBOTO NPOIYJIbCUBHOTO KOMIIJIEKCY i BpaXOBYIOTb HEHBIOTOHIBCbKY MOBEIHKY MacTuI; 6) OTpumarna
[IOA/IBIINE PO3BUTOK METOIMKA BUKOPUCTAHHS KpUTepilo 3ommepdenba A1l BU3HAaYeHHS PIIMHHOTO pesKuMy
POOOTH MigMIUITHUKIB KOB3aHHS. 7) OTprMasla NoAabINI PO3BUTOK METOJMKA O MOHITOPUHTY POOOTH
NiALMIITHYKIB KOB3aHHS CYJHOBOTO MPOIYIbCUBHOIO KOMILIEKCY. [IpakTUYHe 3HaY€HHSI OTPMMAHUX Pe3YJIbTaTiB
TI0JIITa€ B TOMY, 110 Pe3yJbTaTH JOCiIKeHb BIPOBAIKEHI IIPU PO3POOLIi AITOPUTMIB IIPOLIECY MOHITOPUHTY
NiAIMIHUKIB KOB3aHHS CYIHOBOTO IIPONYJIbCUBHOIO KOMILIEKCY. KpiM TOro, OTpuMaHi pe3ysibTaTy MOXYTb OyTH
KOPYCHUMHU [1J15 OAAJIbIIMX HAYKOBUX JOCJIiIKEHD i pO3p00OK B L1iil ranysi. OTpuMaHi HayKOBi pe3yJbTaTh
3YMOBJIIOIOTb 1OTO HAyKOBE MOJIOKEHHS, IKUM €: 3aCTOCYBaHHS HOBUX KpUTEPiiB pOGOTH MiAIUITHNUKIB KOB3aHHS
CYJIHOBOTO IIPOITYJIbCUBHOTI'O KOMILJIEKCY, i3 ypaXyBaHHSIM HEHbIOTOHIBCHKUX BJIACTUBOCTEU MACTUII, MOXKe OyTU
3aCTOCOBAHO 3 METOI0 €(PEKTUBHOCTI i 3BMEHIIEHHS PU3MKIB BUHUKHEHHSI aBapifiHUX CUTYyaljill npyu poboTi
CyJIHOBOTO NPOMYJIbCUBHOTO KOMILJIEKCY. Pe3yibTaT aHOTO AUCEPTALiIHOrO JOCIIiIKEeHHS BIIPOBAIPKEH] Mif, yac
eKkcIuryarauii T/x “Aquavita evolution” i T/x Bulk Carrier genseiitom 37620. B ocBiTHpOMY ITpoLeci HanioHanbHOTo
yHiBepcuTeTy «Ofecbka MOPChbKa akazieMisi», 3okpema: 1) rinpoprHamiyHi npouecu B MaCTUJILHOMY Iapi paMOBUX i
IIATYHHYX Ba’KKO HaBaHTAXXEHUX MiAIMMIIHMKIB KOB3aHHS, i3 BpaXyBaHHSIM HEHbIOTOHIBCbKOI I0BEIIHKY MACTUJI —
Iif 9ac BUKJIaJAHHS OCBITHBOIO KOMIIOHEHTA «CyQHOBI IBUTYHI BHYTPIIIHBOTO 3TOPSIHHS»; 2) TEXHOJIOTIs
3a0€e31e4eHHs PiAMHHUX PEXXUMIB MalleHHSI B MiAMMIHUKAaX KOB3aHHS CyJHOBUX €HEPreTUYHUX YCTAaHOBOK, SIKi
BPaxOBYIOTb I'PAJIi€EHT B'SI3KOCTi MacTUJI — MiJ, YaC BUKJIAJaHHS OCBITHbOTO KOMIIOHEHTa «[Ipoliecy nepeTBOpeHHs
€Heprii CyJHOBMX CUJIOBMX YCTAaHOBOK»; 3) TEXHOJIOTiS BU3HAYEHHS i BpaxyBaHHS HEHbIOTOHIBCBKUX XapaKTEPUCTHUK

CYy[IHOBUX MOTOPHHUX MAaCTWJI — MiJl YaC BUKJIaJaHHS OCBITHBOTO KOMITOHEHTA «JOCIiAHULILKUI TPAKTUKYM».

2. The dissertation research is aimed at solving an important scientific and practical task - improving the
monitoring and diagnostics of the operation of sliding bearings in the ship propulsion complex by taking into
account the non-Newtonian behavior of lubricants. The main task of the dissertation is the development of new
algorithms and criteria for monitoring the performance of heavily loaded main and connecting rod sliding bearings
in marine power plants, as well as the shaft line and its associated thrust, support, and stern tube bearings, taking
into account the non-Newtonian behavior of lubricants used for their lubrication. To achieve the main task, the
following auxiliary objectives were addressed. 1. Solving the boundary problem describing hydrodynamic processes
in the sliding bearings of the marine propulsion system, taking into account the non-Newtonian behavior of



lubricants. 2. Mathematical modeling of the operation of sliding bearings in the marine propulsion system,
considering the non-Newtonian behavior of lubricants. 3. Development of mathematical models for integral
characteristics used to assess the condition of sliding bearings in the marine propulsion system, which incorporate
the non-Newtonian behavior of lubricants. 3. Development of monitoring criteria for the operation of sliding
bearings in the marine propulsion system, considering the non-Newtonian behavior of lubricants. Scientific
novelty of the obtained results lies in the implementation of non-Newtonian lubricant properties into the
monitoring processes of sliding bearings in marine propulsion systems (in particular, main and connecting rod
bearings of diesel engines, support and thrust bearings of the shaft line, and stern tube bearings of propellers and
rudders). For the first time: new, easy-to-use mathematical models have been developed for the integral
characteristics of sliding bearings in marine propulsion systems, which consider the non-Newtonian behavior of
lubricants (specifically for load factor, rotational resistance, and hydrodynamic friction coefficients). Prior to this
research, such characteristics were mainly available only in tabular form and did not account for lubricant
viscosity properties; new mathematical models were developed to determine the limits of the working area and the
angle of maximum hydrodynamic pressure in sliding bearings. Previously, these values were also presented only in
tabular form, complicating or preventing accurate determination of maximum pressure zones; new criteria and a
methodology for monitoring the operation of sliding bearings in marine propulsion systems were proposed, based
on the consideration of non-Newtonian lubricant properties, particularly viscosity gradients. Before this research,
existing criteria did not account for such properties. Improved: Mathematical models for the operation of sliding
bearings in marine propulsion systems considering the non-Newtonian behavior of lubricants; Solutions to
boundary problems describing hydrodynamic processes in sliding bearings, incorporating the non-Newtonian
behavior of lubricants. Further developed: The use of the Sommerfeld criterion to determine fluid lubrication
regimes in sliding bearings; The methodology for monitoring sliding bearings in marine propulsion systems. The
scientific hypothesis regarding the possibility of improving monitoring of sliding bearing performance in marine
propulsion systems by considering the non-Newtonian behavior of lubricants was confirmed through theoretical
and experimental results. Practical significance of the obtained results lies in their implementation during the
development of monitoring algorithms for sliding bearings in marine propulsion systems. Moreover, these results
can be valuable for further research and development in this field. The scientific findings support the following
thesis: the application of new performance criteria for sliding bearings, taking into account the non-Newtonian
properties of lubricants, can enhance efficiency and reduce the risk of emergency situations in the operation of
marine propulsion systems. The results of this dissertation have been implemented: during the operation of m /v
“Aquavita Evolution” & m /v “Roberta”; In the educational process of the National University "Odessa Maritime
Academy", particularly: 1) Hydrodynamic processes in the lubricating layer of heavily loaded main and connecting
rod sliding bearings, considering the non-Newtonian behavior of lubricants - in the educational component
"Marine Internal Combustion Engines"; 2) Technology for ensuring fluid lubrication regimes in sliding bearings of
marine power plants, considering lubricant viscosity gradients - in the course "Energy Conversion Processes in
Marine Power Plants"; 3) Technology for identifying and considering non-Newtonian characteristics of marine
engine oils - in the course "Research Workshop".
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JoparkoBa indpopmamist:

IloBHe HaﬁMeHyBaHHﬂ lOpI/I,ZLH‘IHO'l' 0COOM: HanjoHambHuit yHiBepcuret "Opecbka MOPChbKa akagemis"
Kopg 3a € IPIIOY: 01127799

Micue3HaxoO KeHHS: By [linpixcona, 6y. 8, Oneca, 65029, Vkpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. 3abnonpkuit IOpiit BikropoBny

2. Yurii V. Zablotskyi

KBasigikanis: . . 1., go., 05.08.05

InenTudikarop ORCID ID: 0000-0002-6207-8802

HoparkoBa indopmamnist:

ITIoBHe HafIMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0COOM: HaujoHambHuit yHiBepcuteT "Ofecbka MOpPChbKa akajgemis”
Kopg 3a €IPIIOY: 01127799

Micueanaxo,szeﬂﬂa: ByJ. JlinpixcoHa, 6yz. 8, Oxeca, 65029, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi Hikosbcbkuit Bitasi BasneHTMHOBUY

TOJIOBH pagu

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI Hikonbcbkuii Bitaniit BareHTUHOBUY

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Kpusuit Mapk OJsiekcaHnpoBuy

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



