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2. Method for increasing the reliability of a ship's navigation complex by using modified epoxy coatings

Pedepar:

1. lTapanos B.Jl. MeTop NifiBUIEHHS HANIMHOCTI HaBiralilHOro KOMILJIEKCY CYHA IIJISIXOM 3aCTOCYBaHHS
MOAU(IKOBAHUX €TIOKCUIHUX MIOKPUTTIB. lucepTallis Ha 3100y TTsI HAyKOBOTO CTyIIeHs JOKTopa ¢inocodii 3a
crienianpHicTIO 275 TpaHCOPTHI TeXHoJori. — XepCcoHChKa iep>kaBHa MOPChKa akazeMist, MiHicTepcTBO OCBiTH i
Hayku YKpaiHu, XepcoH, 2025. ¥ nucepTauiiiHiil po60Ti pO3IJISIHYTO aKTyalbHy HayKOBO-TEXHIUHY IIPOGIEMY
3abe3nedeHHs HaNiliHOI eKcITyaTalii HaBirauiiHoro o6J1afHaHHS CYIeH MJIIXOM PO3PO6JIEHHS HOBUX €TTIOKCUIHUX
3aXUCHUX IMOKPUTTIB. TpamuIiifiHi 3aXMCHi TOKPUTTSI BUSIBJISIIOTHCSI Masioe(PEKTUBHUMU Yepe3 HU3bKi aire3iiiHi i
(i3KO-MexaHiuHi BJIaCTUBOCTI, 110 CIIPUsiE KOPO3iHOMY PYHHYBAaHHIO METaJIEBUX IIOBEPXOHb 00JIalHAHHS

HaBiralilfiHoro KOMIJIEKCY y>Ke Ha ITOYaTKOBUX eTarax eKkcryaranii cyneH. Tomy, ehekTUBHUM 3aCOO0M 3aXUCTY



06J1alHaHHS HaBIralilHOrO KOMIIJIEKCY CY/I€H € TIOKPUTTS Ha OCHOBi €MIOKCUHUX OJIITOMeEPiB, SIKi MiCTSITh
riIpOKCUJIbHI Ta €MOKCUIHI Ipynu. BkasaHi NoJspHi rpynu 3a6e3nedyioTb BUCOKY €Heprilo B3aeMOZii 3 MeTaieBoio
OCHOBOIO Ta CIPUSIIOTh AUQY3ii 3aBASKM CYMICHOCTI 3 OKCuZamMuy MeTasiB. [Ipy 1pomy 715 NiABUILEHHS KOMIIIEKCY
BJIACTMBOCTE 3aXUCHUX [NOKPUTTIB BUKOPUCTOBYIOTb AaKTHUBHI HAaNoOBHIOBAYi. OJJHaK, BUOip HallOBHIOBAYiB IOBUHEH
IPYHTYBAaTUCh Ha BiATIOBIIHOCTI Mi>KHAPOJHUM CTaHAAPTaM, KOHBEHLSIM, IO Iepen6avdaioTh BiCYTHICTh CBUHLIIO,
TpUOYTUJIOJIOBA, TPUOYTUIITIHY Ta iHIIKX IIKIIJIMBUX LOOABOK y 3B's13yBayi. TakMM YMHOM iHTerpalisi HOBUX
[I0JIiIMEPHUX TIOKPUTTIB [J1s1 i BUIEHHS €KCIUIyaTalliilHO-PEMOHTHUX XapaKTE€PUCTUK HaBirallilHOro KOMIJIEKCY
Cy[iHa BiINOBiJla€ Cy4YaCHUM BUMOTaM 11070 €HeproeeKTUBHOCTI, €KOJIOTIYHOCTI Ta HalitHOCTi BOJTHOTO
TPaHCIIOPTY. MeTa po60THy — MigBUIIUTY HATINHICTh IOBEPXOHDb HaBiraluiHOro o6yIafiHaHHs CYIeH 32 PaXyHOK
BUKOPUCTAHHS €IIOKCMKOMIIO3UTHUX ITOKPUTTIB i3 IPOrHO30BAHMMH BJIACTUBOCTSIMU i BCTAHOBJIEHUMU
3aKOHOMIPHOCTSIMU BIUIMBY aKTMBHUX iHTPEJIi€HTIB Ha MiXK(a30BY B3a€MO/Iil0 CUCTEMU «I10JIiMEP—HAMOBHIOBAY».
HaykoBa HOBU3Ha po6oTu: 1. Briepuie po3po6sieHO MeTOZ, MifiBUIeHHS HATIHOCTI TOBEPXOHb HABIraliliHOTO
00J1aJHaHHS CyJleH IJIIXOM 3aCTOCYBaHHS HAaHOMOIM(DIKOBAHUX €IIOKCUIHUX ITOKPUTTIB, SIKUY BiZIPi3HSETHCS Bif
BiZlOMUX BpaxyBaHHSM ONTUMaJIbHOTO BMICTY HaHOAMCIIEPCHOI dyiepeHo-caxkoBoi cymimii (q = 0,025...0,050
Mac.4.), o 3abe3nevye CIpsiIMOBaHe PETyJIIOBaHHS aire3iiiHux, GisuKo-MeXaHiuyHUX i TernoQizsnyHux
BJIACTMBOCTE! aJre3rBiB 32 paXyHOK MDK(a30Boi B3aeMo[Iil PyHKLiOHAJIbHUX TPYII 3B’13yBaya 3 HAHOYACTKaMH,
3HIKEHHS 3/IMIIKOBUX HAIIPY>KEHb, 110 Y KOMILJIEKCi IPUBOJUTD 0 MiABULLIEHHS pecypcy pOOOTH IOKPUTTIB. 2.
Briepiie oTpMMaHO i 06rpyHTOBAHO CTPYKTYPHO-MOJIEKYJISIPHY MOZEJb B3a€MOZIi iHrpeiieHTiB o1iMepHOro
IIOKPUTTSL, 3TiIHO AKOi nepBUHHI amiHorpynu (-NHo) TpumeTonpumy iHilil0I0Th 10AATKOBE OTBEPIKYBAHHS
IOKPUTTS! 3 GOPMYBaHHSIM IIPOCTOPOBO 3IIMTOI TOJIIMEPHO] CITKY MiBUIIEHO] 1IiJIbHOCTI, 1110 J03BOJIsIE€ 301IbIINTU
eKCIUlyaTalilHO-PEMOHTHI XapaKTepUCTUKYU [IOBEPXOHb HaBIralifHoro KoMIlekcy. 3. Po3apo6sieHo MaTreMaTU4Hy
MO/IeJIb BIJIMBY BMiCTY Pi3HOJMCIIEPCHUX HAIlIOBHIOBAYiB HA MEXaHIUHI XapaKTEPUCTUKU IIOJIIMEDY, SIKa AO3BOJISE 3
TOYHICTIO 95 % MPOrHO3yBaTH apaMeTpH MILIHOCTI (aAre3iiiHy MilHIiCTb, yIapHy B'A3KIiCTb) i Binpi3HsI€eThCS Bif,
icHylOuMX Mofesiel TUM, 1110 BPaxoBye 3HaUylLicTh KoedillieHTiB perpecii 3a kputepieM CtblofieHTa, rpadiyHui
aHaJli3 MOXMOOK PO3PaxyHKOBUX KOe(illieHTiB, a aleKBaTHICTb MOJIEJIi IepeBipeHo 3a Kpurtepiem Pimepa. 4.
Po3po6s1eH0 MOZeb, 10 PO3KPUBAE YSBJIEHHS IIPO BIUIUB aKTUBHUX iHIPEJi€HTIB HA TEPMIUHY CTilKiCTh
€IIOKCUKOMITO3UTHOTO TIOKPUTTH, SIKa BiIPi3HAETHCS Bif] BiLOMUX BpaxyBaHHSM I10JBiITHOIO MEXaHi3My
Mogu@ikanii: xiMiYHOro 31MBAaHHS [10JiIMEPHOI MaTpULli TPUMETOIIPUMOM 32 PaxyHOK IIEPBUHHUX aMiHOTPYII i
dhopmMyBaHHAM T-TT-B3aEMOZIi1 3 PysIepeHo-CcakoBOI0 CyMillIlTIo, [0 CTBOPIoE nudy3iliHo-6ap’epHYy CTPYKTYPY,
[IPUTHIYYIOUM TEPMOOKHUCIIIOBAJIbHI IPOLIECH, TUM CaMUM 301/IbLIyI0UM POOOYNIA TEMIIEPATYPHUH [ialla30H
3axucHoro nokputts 3 518 K go 568 K. Y BcTyni 06rpyHTOBaHO HEOOXiTHICTh KOHTPOJIIO CTaHy 30BHILIIHIX [10BEPXOHb
HAaBiraliHOro KOMIIJIEKCY 3 YPaxyBaHHSIM BUMOT MixHapoaHOi MopchKoi opraHnizatii (IMO), Konsenuii SOLAS,
xknacudikauinaux Tosapucts (DNV, Lloyd’s Register) ta Misxknapognoi aconjianii IALA. TTokazaHo, mo s
IiABUILEHHS CTIMKOCTI 4O BIIJIMBY arpECUBHOTO CEPelOBUILA i 3a6e3I1eUeHHs eKOJIOTIYHOI 6e3M1eKU JOLiIbHUM €

INOIUIYK HOBUX €KOJIOTIYHO YMCTUX KOMITOHEHTIB aJid CTBOPEHHA eCl)eKTI/IBHI/IX aHTI/IKOpOBiI/“IHI/IX HOKpI/ITTiB.

2. Sharanov V.D. Method for increasing the reliability of a ship's navigation complex by using modified epoxy
coatings - Manuscript. The dissertation on competition of a scientific degree of the Doctor of Philosophy on a
specialty 275 Transportation technologies. — Kherson State Marine Academy of the Ukraine’s Ministry of Education
and Science, Kherson, 2025. The dissertation considers the current scientific and technical problem of ensuring
the reliable operation of navigation equipment of ships by developing new epoxy protective coatings. Traditional
protective coatings are ineffective due to low adhesion and physical and mechanical properties, which contributes
to the corrosion destruction of metal surfaces of navigation complex equipment already at the initial stages of
vessel operation. Therefore, an effective means of protecting the navigation complex equipment of ships is a
coating based on epoxy oligomers containing hydroxyl, ether, and epoxy groups. These polar groups provide high
interaction energy with the metal base and promote diffusion due to compatibility with metal oxides. At the same
time, active fillers are used to increase protective coatings’ complex properties. However, the choice of fillers
should be based on compliance with international standards and conventions that provide for the absence of lead,
tributyltin, and other harmful additives in the binder. Thus, integrating new polymer coatings to improve the



operational and repair characteristics of the vessel’s navigation complex meets modern requirements for energy
efficiency, environmental friendliness, and reliability of water transport. The work aims to increase the reliability
of the surfaces of ships' navigation equipment by using epoxy composite coatings with predicted properties and
established patterns of influence of active ingredients on the interfacial interaction of the «polymer-filler» system.
The scientific novelty of the work: 1. For the first time, a method has been developed to increase the reliability of
the surfaces of ship navigation equipment by using nanomodified epoxy coatings, which differs from the known
ones by taking into account the optimal content of the nanodispersed fullerene-carbon black mixture (q =
0.025...0.050 wt. parts), which provides directed regulation of the adhesive, physicomechanical and
thermophysical properties of adhesives due to the interfacial interaction of the functional groups of the binder
with nanoparticles, reducing residual stresses, which in the complex leads to an increase in the service life of the
coatings. 2. For the first time, a structural-molecular model of the interaction of the ingredients of a polymer
coating has been obtained and substantiated, according to which the primary amino groups (-NH2) of
trimethoprim initiate additional curing of the coatings with the formation of a spatially crosslinked polymer
network of increased density, which allows expanding the operational and repair characteristics of the surfaces of
the navigation complex. 3. A mathematical model of the influence of the content of heterogeneous fillers on the
mechanical characteristics of the polymer has been developed, which allows for the prediction of strength
parameters (adhesive strength, impact strength) with an accuracy of 95% and differs from existing models in that
it takes into account the significance of regression coefficients according to the Student's t-test, graphical analysis
of the errors of the calculated coefficients, and the adequacy of the model was checked using the Fisher criterion.
4. A model has been developed that reveals the idea of the influence of active ingredients on the thermal stability
of an epoxy composite coating, which differs from the known ones by taking into account a dual modification
mechanism: chemical crosslinking of the polymer matrix with trimethoprim due to primary amino groups and the
formation of n—m interactions with a fullerene-carbon black mixture, which creates a diffusion-barrier structure,
suppressing thermo-oxidative processes, thereby increasing the operating temperature range of the protective
coating from 518 K to 568 K. The introduction substantiates the need to monitor the condition of the external
surfaces of the navigation complex, taking into account the requirements of the International Maritime
Organization (IMO), the SOLAS Convention, classification societies (DNV, Lloyd’s Register), and the International
Association IALA. It is shown that to increase resistance to the influence of an aggressive environment and ensure
environmental safety, it is advisable to search for new environmentally friendly components to create effective
anti-corrosion coatings.
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BrnipoBagykeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'130K 3 HAYKOBHMH TeMaMH: 0123U102016

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CanponoB Osnekcanap Osekca’ngpoBuY

2. Oleksandr O. Sapronov

KBasigikanis: g. 1. 1., npod., 05.02.01

InenTudikarop ORCHID ID: 0000-0003-1115-6556

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: XepCOHChKA IepKaBHA MOPChKA aKafIeMist
Kopg 3a €IPIIOY: 35219930

Micue3Haxoa KEeHHSI: npocrekT Yimakosa, XepcoH, 73000, Vkpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Iemuenko Banepiii JIeoHinoBu4

2. Valerii L. Demchenko

KBasigikanis: 1.x.n., c.j., 02.00.06

InenTudikarop ORCHID ID: 0000-0001-9146-8984



JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: XepCOHChKA AepkaBHA MOPChKa aKafleMist
Kopg 3a €IPIIOY: 35219930

Micue3HaxoO KeHHS: npocnekT Ymakosa, XepcoH, 73000, Vkpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUIL

VII. BigomocTi npo odilifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Cryxuaxk [lanuio IletpoBuy

2. Danilo P. Stukhlyak

KBasigikanis: k.r.u., nou,, 05.02.01
InenTudikarop ORCHID ID: 0000-0002-9404-4359
JoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHLKMT Hal[iOHAILHUI TeXHIYHMIT yHIBEPCUTET iMeHi
IBana Ilymos

Kopg 3a €IPIIOY: 05408102

Micue3Haxoa>KeHHS: By Pycbka, TepHominb, TepHOMiNbChKMIA p-H., 46001, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kamuupkuii Bitamnin [TaBmoBuy

2. Vitalii P. Kashitskii

KBasigikamis: . r. u., npodecop, 05.02.01

InenTudirkarop ORCHID ID: 0000-0003-2346-912X

JoparkoBa iHpopmamisi: Scopus Autor ID 57194007438

IloBHe HaﬁMeHYBaHHﬂ IOpI/I,lII/I‘-IHOi ocoom: JlypKril HalliOHAJIbHWY TEXHIYHUIN YHIBEDCUTET
Kopg 3a €IPIIOY: 05477296

Micue3Haxoa>KeHHS: ByJ1. JIbBiBchbKa, JIylpK, Jlynpkuii p-H., 43018, Vkpaina



dopma By1acHoCTI:
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETChKUI

PeuenseHTu

BiacHe IlIpizBuie Im'sa I1o-0aTbKOBI:
1. HIapko Onekcangp BonoguMuposuy

2. Oleksandr Sharko

KBasigikamis: 1.1, npodecop, 05.02.10

InenTudikarop ORCHID ID: 0000-0001-9025-7990

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUIHUYHOI 0COOH: XepCOHChKA epKaBHa MOPChKa aKafIEMist
Kopg 3a €IPIIOY: 35219930

MicueSHaxo,T.pKeHHH: IIPOCIEKT YIaKoBa, XepcoH, 73000, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KneBuoB KocTsaHTUH MuKo1aiioBUY

2. Konstantin M. Klevtsov

KBasigikanis: n.1.1., mpodecop, 05.18.02

Imentudikarop ORCHID ID: 0000-0001-8486-1104

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: XepCOHChKA IepKaBHa MOPChKA aKafleMist
Kopg 3a €IPIIOY: 35219930

Micue3Haxoa>KEeHHSI: npocrekT Yimakosa, XepcoH, 73000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEpCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acCimaHHi
BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOIi

OisIIBHOCTI

Bykeros AHppiil BikTopoBrY

BykeToB AHIpill BikTOpoBU4

Anmnasos Enyapz CenapoBud

FOpuenko TetsiHa AHaToJiiBHA

Opuenko TersiHa AHaToJIiBHA



