O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U001744
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 17-05-2026

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kosunka Osnexcanznp CepriiioBuy

2. Oleksandr Kozynka

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi ceniaIbHOCTI: 273

Ha3zBa HayKOBOIi CIIeIiaIbHOCTI: 3a/i3HN4HMIA TPAHCTIOPT

T'anmy3p / raaysi 3HaHB: TpaHCIIOPT

OCBiTHbo—HayKOBa nmporpama 3i CreniaJibHOCTI: 3asisHUYHMIA TPAHCIIOPT

JaTa 3axHcCTy: 24-07-2026

CnenianbHICTB 32 OCBITOXO: 273 3a/i3HMYHMI TPAHCIIOPT

Micue po6oTH 34,00yBaya: HaujoHanbHuil TPAHCTIOPTHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 02070915

Micuesnaxo,szeHHa: ByJ1. M. OmensiHoBrYa-IlaBnenka, Kuis, 01010, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BY€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu). PhD 14140
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TPAHCTIOPTHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 02070915

Micueanaxo;perHﬂ: ByJl. M. OMengnoBuya-Ilasnenka, Kuis, 01010, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: HanioHanbHUI TPAHCTIOPTHUH yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micue3HaxoaKeHHS: ByJ. M. OMengHoBuya-IlaBnenka, Kuis, 01010, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PYOPHK: 55.41, 73.29.61.13

Tema gucepranii:
1. 36inbLIEHHS CTPOKY CITY>X0M CKJIQ[OBUX BAHTRXKHUX BaroHiB 3aCTOCYBAaHHSM MyJIbTU(QYHKIIOHAJIBHUAX [IOKPUTTIB.

2. Extending the service life of freight car components through the use of multifunctional coatings.

Pedepar/aHoTanis:

1. B pucepTaniiiHiil pobOTi BUpiIEHO aKTyaJibHE Ta BA)KJIMBE HAyKOBE 3aBIAHHS — HAYKOBE OOI PYHTYBaHHSI
361JIbIIEHHS CTPOKY CJIY>KOM CKJIaZJOBUX BAaHTaKHMX BaroHiB IJISIXOM BUKOPUCTAHHS MYyJIbTU(DYHKIIOHAIbHUX
nokpuTTiB. 1l0 y KiHLIEeBOMY pe3yJIbTaTi LO3BOJIUTh 301/IBIIATYA TEPMiHM €KCIJIyaTallii BAHTQ)KHUX BaroHiB Ta
NOKPAIIXTHU 6e3MeKy 3ai3HUYHUX [I€PEBE3EHb, a TAKOXK JJOCSATITH 3HAYHOTO €KOHOMIUHOTO e(PeKTY 3a paxyHOK
3HIDKEHHS BUTPAT Ha PEMOHTH, OOCJIyTOBYBaHHS Ta BUKOPUCTAaHHS iX KOHCTPYKLii. HayKoBa HOBM3HA OTPUMAHUX
pe3yJbTaTiB pobOTHU I0JIsITa€ y BUPIlIEHHI HAYKOBOT'O 3aBJJaHHS — 30iJIbIIEHHS CTPOKY CJIY>KOU CKJIaJI0BUX
BAaHT)XHUX BaroHiB LIJISIXOM BUKOPUCTAHHS iHHOBALiTHUX MYJIbTU(PYHKLiOHAIBHUX (IOKPALIYIOTh KOHCTPYKTUBHY
MILIHICTb, XapaKTepU3yI0TbCS aHTUBIOPALiTHMMY (IIOTJIMHAIOTH WIKiAIKBi Bibparlii) Ta aHTUKOpO3iHUMU
(3abe3neuyoTh HaflitHNWI aHTUKOPO3iMHUM 3aXMCT) BJACTUBOCTSIMU) IIOKPUTTIB. Y BCTYIIi OOIPYHTOBAaHO
aKTyaJIbHICTb TEMHU AMCEPTALAHOI pOOOTH, CPOPMYIBOBAHO METY i 3aBIAHHS JOCJIIKEHHS, iX 3B'S130K 3 HAYKOBUMU
IIporpamamu, BKa3aHO METOIY NOCiIKEeHb, JOCTOBIPHICTh OTPMMAHUX Pe3yJIbTaTiB, BU3BHAYEHO HAYKOBY HOBU3HY

Iycepralii, IpakTU4YHe 3HaY€HHsI Ta OCOOMCTHI BHECOK aBTOPA, HaBeleHO JaHHi IIpo anpoballiio pe3ysabTaTiB



poboTH i mybikawii. Y nepuiomy poszisii mpoBegeHo KOMIIJIEKCHUI aHasli3 YNHHUKIB, 0 BU3HAYAIOTh CTPOK CJIY>KOU
CKJIaJIOBMX BaHTa)XHUX BaroHiB B yMOBax iHTEHCUBHOI eKcIIyaTalii Ta 0OMeXXeHb, MTOB'SI3aHUX i3 BUKOPUCTaHHSIM
TPaJULIMHUX KOHCTPYKLIMHUX MaTepiaiB i 3aXMCHUX ITOKPUTTIB. BCTaHOBJIEHO, IO TPUBAJIICTh €KCILTyaTallil
BaroHiB 3HAYHOIO MipOIO 3aJI€XXUTb Bif] IO€IHAHOTO BILJIMBY MEXaHIYHMX HAaBAHTAXEHb, KOPO3iMHUX NIPOLECIB,
KJIIMaTUYHUX (PAKTOPIB Ta SIKOCTI OOCIYTOBYBaHHS PyXOMOTo cKiaay. CliMparoydnch Ha JOCBi] YKPAiHCbKUX Ta
CBITOBUX BUE€HMX, [TPOBiHUX HAYKOBUX OpraHisaliii 3po61eH0 BUCHOBOK, 1[0 HaXKaJlb He 6YJI0 IPUIieHo

I ACTAaTHBOI yBaru BUPILIE€HHIO HAYKOBOTO 3aBJAHHS 3 3aCTACyBaHHSIM MYJIbTU(PYHKLiOHAIbHUX [IOKPUTTIB [J151
MIOJIOB>XKEHHSI CTPOKY CIIY>KOM CKJIaJJOBUX BAaHTXKHUX BaroHiB. Y IpYyroMy po3fiijli NpoBeJeHe AOCiIKEeHHSs
II0Ka3aJIo, 0 3aCTOCYBAaHHS CY4aCHUX MaTepialiB — MOJiypeTaHiB, KOMIIO3UTIB, aJIIOMiHi€EBUX CILJIABIiB — Ta
BHUCOKO€(EKTUBHUX 3aXMCHUX NOKPUTTIB 3HAUHO MifBUIIYE AOBrOBIYHICTb i HAMIHICTh HECYUYNX KOHCTPYKIIiii
BAHTA)XHUX BaroHiB. BUKOpMCTaHHS pifKoi NOJypeTaHOBOi TyMHU SK IeMI(yI0Uoro mapy e(peKTUBHO 3HIDKYE
Bi6pauii i1 AMHAMiYHI HaBaHTaKEHHS, [TOJOBXYIOUM peCypC KOHCTPYKLii y 2-3 pa3u. [HHOBaliliHi MaTepianu Ta
IOKPUTTSI GOPMYIOTh OCHOBY [1JIs1 CTBOPEHHSI HOBOTO I1I0KOJIiHHSI BaroHiB i3 [IOKpalleHUMHU eKCIUlyaTalitHuMU
XapaKTepPUCTUKAMU, BiiTIOBITHMMHY Cy4YaCHUM BUMOTaM 6e31eKU, eHeproepeKTUBHOCTI Ta CTIMKOCTI. Y TPETbOMY
pO3isli MaTeMaTUYHE MOJEIOBAHHS Ta TEXHIKO-€KOHOMIYHUI aHasli3 MiATBEPIKYIOTh, 110 MOJIiypEeTaHOBI IIOKPUTTSA
€ e(PeKTUBHUM, EKOHOMIYHO BUTiTHUM i €KOJIOTiYHO CTIKUM PillleHHSIM [1JISI MMiIBUIEHHS JOBrOBiYHOCTI BAHTAKHUX
BaroHiB. 3 €KOHOMIYHOI TOYKU 30PY, 3aCTOCYBAHHS I10JIiyPETAHOBOI PiZIKOi T'yMU [03BOJISI€ 3HU3UTU CYKYIIHI BUTPATH
Ha TeXHi4He 00c1yroByBaHHS Ha 40-60% MPOTIroM KUTTEBOIO LUKJYy BaroHa, MifjBUIIYIOUHM IIPU LILOMY PeCypc
KOHCTPYKLi# Ha 20-30%. KpiM TeXHIYHUX TlepeBar, BIIPOBaIKEHH I10JiyPETAHOBUX CUCTEM Ma€ BarOMUMI
€KOJIOTiYHUM i colliasibHMil eeKT — 3MEeHIIye PiBeHb LIyMy, HifiBuIilye KoMQopT i 6e3reKy ekcrulyaTalii, a Takox
CKOpOUYe 00CST BiIXO[iB 32 paxyHOK PifIoi 3aMiHM maTepiaiiB. Y 4eTBEPTOMY PO3[Iijli MIPOBEJEHO KOMITIOTEPHI
CHAMYyJISIL] Ta €KCIIEPUMEHTAJIbHI TOCIIiIKEHHS €(DEKTUBHOCTI MyJIbTU(YHKIIOHATIBHUX TOKPUTTIB 1715 iIBULIEHHS
CTPOKY CJY>KOM CKJIaOBUX BAHTAKHUX BaroHis. Pe3ysibTaTi KOMITIOTEPHOIO MOZesoBaHHs Ta FEM-aHaisy
HigTBEPIANIIN, IO 3aCTOCYBAHHS TaKUX IIOKPUTTIB 3MEHIIYE PiBEHb HAIIPYKE€Hb Y KOHCTPYKTUBHUX €JIEMEHTAX,
VIIOBiJIbHIOE YTBOPEHHS MIKPOTPILIMH i MiIBUIY€E CTIMKICTh AO KOPO3iMHO-MEXaHIYHOTO 3HOUYBAaHHS. SHIKEHHS
KOHILIEHTpALlii Hallpy>XeHb 3i 3MILJHIOBAJILHUM ITIOKPUTTAM TOBIIMHOIO APy 4 MM 3MEHINYIOThCA B cTaji Ha 27,38 %
Biz, 247,80 MIla. [HTErpanis YyucespHOro MOJEMI0BAHHS 110Ka3aJI0 3MEHIIEHHS HaNpy>XeHb Ha 27,70 % Bix, 247,80
MIIa Ta ekcriepuMeHTalIbHUX BUNIPOOYBaHb BIieplie 6yjia BAKOPUCTAHA /1J1s OLiHKU €(PEeKTUBHOCTI IOKPUTTiB. OTXe,
Pe3yJbTaTU JOCIiIKEHb JOBOISTD, IO BIPOBA/I)KEHHS MYJIbTU(YHKIIOHAIILHYX ITIOKPUTTIB € €(hEKTUBHUM 3aCO00M
IIPOJOBXXEHHS PECYPCY BAHTKHUX BaroHiB Ta MiABUIIEHHS iX HAMIMHOCTI Mif 4ac ekcruryaranii. Kio4osi ciosa:
3aJ1i3HUYHUI TPAHCIIOPT, PyXOMHUI CKJIaJl, BAHTAKHI BAarOHU, IPOTHAa3yBaHHS TEPMiHY CIIY)KOU, TMHAMIYHI
HABaHTAXEHHS, PO3PaXyHKOBI HaBaHTaXEHHS, KOHTAKTHI HAaIIpyKEHHSI, CKJIaJ, [IOKPUTTS, ONITUMi3allisl, BTOMHA
MILHICTb, €KCIUIyaTaliliHa A1arHOCTHKA, MaTEMAaTUYHA MOJIEJIb, METOJL, CKIHUEHHUX €JIEMEHTIB, 3HOCOCTINKICTD,

TeXHIYHUI CTaH.

2. In the dissertation, an urgent and significant scientific problem has been solved -the scientific substantiation of
extending the service life of freight wagon components through the use of multifunctional coatings. Ultimately,
this will make it possible to increase the operational life of freight wagons, improve railway transportation safety,
and achieve a significant economic effect by reducing costs for repairs, maintenance, and structural operation. The
scientific novelty of the obtained results lies in solving the scientific problem of extending the service life of freight
wagon components through the use of innovative multifunctional coatings (which enhance structural strength and
are characterized by anti-vibration properties (absorbing harmful vibrations) and anti-corrosion properties
(providing reliable corrosion protection)). In the introduction, the relevance of the dissertation topic is
substantiated, the purpose and objectives of the research are formulated, and its connection with scientific
programs is defined. The research methods and the reliability of the obtained results are indicated, while the
scientific novelty of the dissertation, its practical significance, and the author's personal contribution are outlined.
Information regarding the approbation of the research results and publications is also provided. In the first
chapter, a comprehensive analysis is conducted of the factors determining the service life of freight car
components under conditions of intensive operation and the limitations associated with the use of traditional



structural materials and protective coatings. It is established that the operational lifespan of freight cars largely
depends on the combined influence of mechanical loads, corrosion processes, climatic factors, and the quality of
rolling stock maintenance. Based on the experience of Ukrainian and international researchers and leading
scientific organizations, it is concluded that, unfortunately, insufficient attention has been devoted to solving the
scientific problem of using multifunctional coatings to extend the service life of freight car components. In the
third chapter, mathematical modeling and a technical and economic analysis confirm that polyurethane coatings
are an effective, economically advantageous, and environmentally sustainable solution for increasing the durability
of freight cars. From an economic standpoint, the use of polyurethane liquid rubber reduces total maintenance
costs by 40-60% over the service life of a wagon, while increasing the structural lifespan by 20-30%. In addition to
technical advantages, the implementation of polyurethane systems has a significant environmental and social
impact - it reduces noise levels, increases operational comfort and safety, and decreases waste generation due to
less frequent material replacement. In the fourth chapter, computer simulations and experimental studies are
conducted to evaluate the effectiveness of multifunctional coatings in extending the service life of freight car
components. The results of computer modeling and FEM analysis confirmed that the use of such coatings reduces
stress levels in structural elements, slows the formation of microcracks, and increases resistance to corrosion-
mechanical wear. With a strengthening coating layer thickness of 4 mm, stress concentration in the steel
decreases by 27.38% from 247.80 MPa. Integrated numerical modeling demonstrates a stress reduction of 27.70%
from 247.80 MPa, and experimental tests were used for the first time to assess coating performance. Thus, the
research results prove that the implementation of multifunctional coatings is an effective means of extending the
service life of freight cars and improving their operational reliability. Key words: railway transport, rolling stock,
freight wagons, service life prediction, dynamic loads, design loads, contact stresses, coating composition,
optimization, fatigue strength, operational diagnostics, mathematical model, finite element method (FEM), wear
resistance, technical condition
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