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1. HaykoBi 3acaau MifgBUIIeHHs 3HOCOCTIMKOCTI IIOKPUTTIB Ha aJIIOMiHI€BUX Ta CTaJIeBUX BUPOOAX IMIJIIXOM

KEPOBAHOTO (POPMYBAHHS iX CTPYKTYPHO-(a30BOro CTaHy

2. Scientific bases for increasing wear resistance of coatings on aluminum and steel products by controlled
formation of their structural-phase state

Pedepar:

1. B po6oTi BupilieHo BaXJIMBY HAyKOBO-TEXHIUHY [Tpo6JeMy — MiJIBUIIEHHS PeCypCy HOBUX Ta BilHOBJIEHHS
PO6OTO30ATHOCTI 3HOLIEHUX A€Tasel BillIOBiAa/bHOIO YCTaTKyBaHHSI HU3KM KJIIOUOBUX Trajly3eil HapoJHOTrO
rocrogapcTsa YKpaiHy i 000pOHM 3aCTOCYBaHHSIM BIOCKOHAJIEHNX T€XHOJIOTIYHUX IPUIOMIB TBEPIOTO
QHOJIyBaHH$, IJIa3MO-€JIEKTPOJIITHOTO OKCUJIyBaHHS Ta PO3POOJIEHUX MOPOIIKOBUX JIPOTIB [1JIs1 €JIEKTPOLYTOBOTO
HaIMJIIOBAHHS [IOKPUTTIB 3 Hallepe] 3aJJaHMU XapaKTepucTMKaMu. [Iponec cTBOPEHH TBEPMX aHOLOBAHUX LIaPiB
Ha aJIIoMiHieBUX cIJIaBax 6yJI0 OTPUMAaHO LUISIXOM J0JlaBaHHs nepekucy BogHIo (30-50 Mr /1) 1o po3uuHy
€JIEKTPOJITY, IKUM cki1anaerbest 3 20% cipyaHoi KucyaoTy. [Hmmil MeTos nepedadae BUKOPUCTAHHS 030HY Iif, 4ac

IIpoueCcy CUHTEY. BI/IKOpI/ICTaHHH ObOTO MaTepiaJIy OO3BOJIMJIO NOCATTU 3HAYHUX ITIOKPpAll€Hb Y KiJIbKOX KJTIOUOBUX



obsactax. ToBUMHA aHOIOBAHOTO 1apy 36inpmeHa Ha 50-60%, MikpoTBepicTe ninpumeHa Ha 40-50%, CTiNKiCTb
II0 abpa3rBHOrO 3HOCY MOKpalleHa Ha 15%, a BHOCOCTIMKICTb y Iapi TepTs 3i CTaleBOIO KyJbKoo 36inbuieHa Ha 30%.
B po60Ti BUKOpUCTaHO METO], iMITyJIbCHOTO TBEPIOTO aHOAYBaHHS alloMiHieBuX crisasiB. Lleil meTo[ 103BoJIsIE
YTBOPIOBATHU OJHY a3y abo cymill ABox ¢a3 y CTPYKTypi aHOJIOBAHOTrO LIapy (3a71€XXHO Bifj TEMIIEpaTypu
eJIeKTpoJITy (-5...+5)°C mig yac npouecy cuHtedy. ®aza AlnOo*HoO (6emiT) y MIKPOCTPYKTYpi aHOIOBaHUX LIAPiB
3abe3rnevye BUCOKY MIKpOTBEPAICTb Ta abpa3uBHY 3HOCOCTIHKICTb, Tofi siK ¢paza AlnOo*3HoO (ribeuT) 3abesneuye
BHICOKi TpUOOJIOTiYHi BIACTUBOCTI. AHOLOBaHUI 1ap, OTPUMAaHUI iMITyJIbCHUM METOZ0M, 6yB Ha 15-20% ToBCTINM
i MaB y 1,5-3 pasu 6inbl1y 3HOCOCTINKICTb, HDX Iapy, aHOJ0BAHI CTalliOHAPHUM PEXUMOM, Ta 'y 2,5-8 pasiB Gisblry
3HOCOCTIVKICTB, HiX cniziaB D16. BcTaHOB/IEHO, 1O Mif] 4aC CUHTE3y MIAPiB [1J1a3MOEJIEKTPOJIITHAX OKCUIHUX 1IapiB
Ha [IOBEPXHi HaNWII0BaHUX OKPUTTiB cucTteM Al-Mg, Al-Ni, Al-Cu, Al-Ti yTBOPIOIOTbCS JIETKOIIJIABKi Ta PiAKOTeKYYi
€BTEKTHKHU i3 cyMimen okeugis (Al203 + MgO), (AlI203 + NiO), (Al203 + CuO), (Al203 + TiO2), siKi jierie 3al10BHIOIOTb
PO3PsAHI KaHaU, HiX TYromiaBkuil okeng Al203. Lle 103BOINMIIO 3MEHIIUTY NOPUCTICTh CUHTE30BaHOro mapy ITEO
(3 8...10 10 3...5%), 36inbIUTY BMIiCT Y HbOMY KOpYHY (3 30 1o 70%), ninBumuTy itoro mikporsepaicts (Ha 300...500
HVO0,3) Ta abpa3uBHY 3HOCOCTINKICTb (Y 4...6 pasiB). BcTaHOBJI€EHO MEXaHi3M 3HOIIYBAHHS Pi3HUX TUIIIB KOHTPTIJ
(BUrOTOBJIEHUX 3 YAaBYHY, OpOH3H, 6a6iTy Ta cTasi) mif yac ix GppukLiiiHOi B3aeMozii 3 MapoM M1a3MOeIeKTPOJIITHUX
okcupaHux mapis. [Ipu TBeppocTi koHTpTina 7o 300 HVO0.3 3HOC BUHMKAB 4epe3 BUIAN€HHs MAapy 3 TOBEPXHI
KOHTPTIiJIa BUCTYIIaMH i3 IJIa3MOEJIEKTPOJITHUX OKCUAHMX. TakKa rapa TepTs NpugaTHa AJjisi BAKOPUCTAHHS JIMIIe
[IpY MATOMUX HaBaHTaXXeHHsX A0 4 MIla. [Tpu TBeppocTi koHTpTina (300...1000) HV0.3 3HOC BUHUKAB yepe3
6aratopasoBy IPY>KHY ab0 MPY>KHO-IJIACTUYHY AedopMaliilo IoBepxHi KOHTPTisa. Taka napa TepTs npuaaTHa ajs
BHUKOPHUCTaHHS NIPY MUTOMUX HaBaHTaKeHHsX 10 10 MITa. Po3po6yieHo MeToq, HaI3BYKOBOT'O AYyTOBOT'O HAalIUJIEHHS
3HOCOCTIVKMX BiJIHOBJIIOBAJIbHMX ITOKPUTTIB 3 nopowmKkoBux ApoTiB (T111) nerytouoi cucremu Fe-Cr-Si-Mn-B-C. Ha
BMXOJi 3 COIJIa OTPUMAHO HAJ3BYKOBUI CTPYMiHb MOBITPs 3 4ncjaoM Maxa 2. TUCK NOBITPSIHOTO CTPYMEHS
36inbuuBes 3 0,6 go 1,2 MIla, o cynpoBoIKyBaIocs IBOPa30BUM 30ibLIeHHSM Horo mBuakocTi (3 300 zo 600
M/C), a MIBUJIKOCTi pO3IjIaBjieHuX Kparnesb — Ha 80 1o 150 M /c. B peaysbTari 36inbinsacs TBepiCTb IOKPUTTS 3
600 1o 900 HVO,3, abpa3uBHa 3HOCOCTIlKICTb — B 1,4-1,7 pa3u Ta 3MEHIIMBCS B 2 Pa3y Y IIOKPUTTSIX PiBEHb
3QJIMIIKOBUX PO3TATYBAJIbHUX HAIIPY>KEHb [1€pLIOro poay. Ha 0CHOBI fyroBoro HanuseHHs JIeryiouoi cucremu Fe-
Cr-Si-Mn-Ti-B-C cTBOpeHO 3HOCOCTI¥Ki [IOKPUTTS 3 €K30TEPMIUHOI0 LIMXTOI0 Ha OCHOBI IOPOLIKiB Kapbiny 60py,
XpOMYy, TUTaHYy Ta 3aji3a. Y CTPYKTYpi IOKPUTTIB YTBOPIOIOTHCS HAaHOPO3MipHi (50...150 HM) BuzineHHs 60puaiB
TUTaHy, XpPOMY Ta 3aj1i3a, o 3a6e3nedye NiBULIEHHS iX (i3MKO-MEXaHIYHUX BJIACTUBOCTEN. [I0BHE CIJIaBJIEHHS
KOMITOHEHTIB IINUXTY Ta O00JIOHKY JOCSITaeThCsl JOIABAaHHIM 1 Mac.% CyMillli JIETKOIIJIaBKUX [TOPOLIKIB
eBTekTHuHOro cknagny (FeSi + FeMn + B203) o muyxTy NOPOUIKOBOTO APOTY, 110 3ab6e3nedye GpopMyBaHHS
OJHOPiAHUX MIOKPUTTIB HEOOXiTHOTO CTPYKTYPHOTO Ta ()a30BOro CKIany. 3HOCOCTINKICTh TIOKPUTTIB, HAIIMJIEHUX Y
Ha/I3BYKOBOMY PE€XXMMi, BIIBiUi BUIIA 32 110 XapaKTEPUCTUKY 1151 cTasi Y12 3 TBepzicTio 840 HVO0.3. Po3pobieno
Cepilo IMOPOMIKOBUX IPOTIB Ha OCHOBI Jieryto4oi cuctemu Fe-Cr-Si-Mn-B-C 3 eK30T€pMiYHOI0 HIMXTOIO.
CinbcbKOrocnonapcbka, Xxapuosa, KOMyHasibHa, TPAHCIIOPTHA Ta 060POHHA TPOMUCIIOBICTb IOTPEOYIOTh
BiZIHOBJIEHHS 3HOLIEHUX JleTaslell TUITy BaJl. [I71s1 3aJ0BOJIEHHSI LIUX IIOTPe6 PO3PO6IEHO TEXHOJIOTIYHY perjiaMeHT

AYyroBOro HarnJa€HHA l'IOKpI/ITTiB.

2. The main formation patterns of anodised and plasma-electrolyte layers, as well as supersonic electric arc
coatings with specified functional characteristics, have been established. These are necessary for increasing the
wear resistance of products made from aluminium alloys and steels for use in key industries such as agriculture,
food production, mining and defence. The established patterns of the influence of electrolyte composition, layer
synthesis modes and the composition of cored wires with exothermic charges, as well as the parameters of the
coating spraying process, on the formation of the structure, phase composition and wear resistance of the
coatings under conditions of boundary lubrication during friction and abrasive wear were used as a guideline. The
process of creating hard anodised layers on aluminium alloys has been updated by incorporating hydrogen
peroxide (30-50 mg /1) into the electrolyte solution, which is composed of 20% sulfuric acid. Another method
involves the use of ozone gas during the synthesis process. The use of this material has allowed for significant
improvements in several key areas. The thickness of the anodized layer has been increased by 50-60%,



microhardness has been boosted by 40-50%, abrasive wear resistance has been enhanced by 15%, and wear
resistance in a friction pair with a steel ball has been increased by 30%. We have developed a method for pulsed
hard anodising of aluminium alloys. This method allows one phase or a mixture of two phases to form in the
structure of the anodised layer (depending on the electrolyte temperature (-5...+5)°C during the synthesis process.
The AlnOo*HoO (boehmite) phase in the microstructure of the anodised layers provides high microhardness and
abrasive wear resistance, while the AlnOn*3HnO (hibinite) phase provides high tribological properties. The anodised
layer obtained using the pulse method was 15-20% thicker and had 1.5-3 times greater wear resistance than layers
anodised using stationary synthesis, and 2.5-8 times greater wear resistance than the D16 alloy. It was shown that
during the synthesis of PEO layers on top of thermal spray coatings of the Al-Mg, Al-Ni, Al-Cu, Al-Ti systems, low-
melting and fluid eutectics are formed from mixtures of oxides (Al203 + MgO), (AI203 + NiO), (Al203 + CuO),
(Al1203 + TiO2), which fill discharge channels more easily than the refractory oxide Al203. This made it possible to
reduce the porosity of the synthesized PEO layer (from 8...10 to 3...5%), increase the corundum content in it (from
30 to 70%), increase its microhardness (by 300...500 HV0.3) and abrasive wear resistance (by 4...6 times). The wear
mechanism of different types of counterbodies (made of cast iron, bronze, babbitt and steel) during their frictional
interaction with the PEO layer was established. With a counterbodies hardness of up to 300 HV0.3, wear occurred
due to the removal of the layer from the counterbodied surface by protrusions on the PEO layer as cutters. Such a
friction pair is suitable for use only at specific loads up to 4 MPa. At a counterbody hardness of (300...1000) HVO0.3,
wear occurred due to multiple elastic or elastic-plastic deformation of the counterbody surface. Such a friction
pair is suitable for use at specific loads up to 10 MPa. A method for supersonic arc spraying of wear-resistant
restorative coatings from cored wires (CW) of the Fe-Cr-Si-Mn-B-C alloying system was developed. A supersonic
air jet with a Mach number of 2 was obtained at the nozzle outlet. The air jet pressure increased from 0.6 to 1.2
MPa, which was accompanied by a two-fold increase in its velocity (from 300 to 600 m/s), and that of molten
droplets by 80 to 150 m/s. As a result, the coating hardness increased from 600 to 900 HV0.3, abrasive wear
resistance by 1.4-1.7 times, and the level of residual tensile stresses of the first kind in the coating decreased by 2
times. Based on the CW of a Fe-Cr-Si-Mn-Ti-B-C alloying system, a CW for arc spraying of wear-resistant coatings
with an exothermic charge based on boron carbide, chromium, titanium and iron powders was created. Nanosized
(50...150 nm) precipitates of titanium, chromium and iron borides are formed in the coating structure, which
ensures an increase in the physical and mechanical properties of the coatings. Complete fusion of the CW charge
components and the shell is achieved by adding 1 wt.% of a mixture of low-melting powders of eutectic
composition (FeSi + FeMn + B203) to the CW charge, which ensures the formation of homogeneous coatings of the
required structural and phase composition. The wear resistance of coatings sprayed in the supersonic mode is
twice as high as this characteristic for U12 steel with a hardness of 840 HV0.3. A series of flux cored wires based on
the Fe-Cr-Si-Mn-B-C alloying system with an exothermic charge has been developed. These powders provide
exothermic reactions between the components of their charge.

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHH HanIpsSIM PO3BHTKY HayKH i TEXHIKHU: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGLIbII
BRXJIMBUX IPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLiaNy 1151 3a0€e311e4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU y CBiTi Ta CTAJIOr0 PO3BUTKY

CYCIIiILCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HANPSIM iIHHOBALLiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTI

BMPOOHULITBA MaTepiasiB, ix 0Opob6JieHHs i 3'elHaHHS, CTBOPEHHS iHyCTpii HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN
ITizcyMKH BOCIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPilleHHs BAKIMBOI HAYKOBOI IPO6GIeMn
ITy6ostikamii:

e 1. Crygent M. M,, ITloxmypceka I'. B, I'Bosgenpkuit B. M., Crynauubkuii T. P., ITocysaitno B. M., Mapkosuu C. 1.
BaraToQyHKIioOHaMbHI €/1eKTpoLyroBi nokpuTTs. JIbBiB: ITpoctip M. 2018. C. 350.



e 2. Hutsaylyuka V., Student M., Zadorozhna Kh., Student O., Veselivska H., Gvosdetskii V., Maruschak P.,
Pokhmurska H. Improvement of wear resistance of aluminum alloy by HVOF method. Journal of Materials
Research and Technology. 2020. Vol. 9, Is. 6. P. 16367-16377.

e 3. Hutsaylyuk V., Student M., Posuvailo V., Student O., Sirak Y., Hvozdets'kyi V., Maruschak P., Veselivska H.
The properties of oxide-ceramic layers with Cu and Ni inclusions synthesizing by PEO method on top of the
gas-spraying coatings on aluminium alloys. Vacuum. 2020. Vol. 179. 109514.

e 4. Student M., Hvozdetskyi V., Stupnytskyi T., Student O., Maruschak P., Prentkovskis O., Skackauskas P.
Mechanical properties of arc coatings sprayed with cored wires with different charge compositions. Coatings.
2022.Vol. 12, Is. 7. 925.

e 5. Student M., Pohrelyuk I., Padgurskas J., Hvozdets’kyi V., Zadorozna Kh., Chumalo H., Student O., Kovalchuk
I. The effect of heat treatment on the structural-phase state and abrasive wear resistance of a hard-anodized
layer on aluminum alloy 1011. Coatings. 2023. Vol. 13, Is. 2. P. 391

¢ 6. Student M., Pohrelyuk 1., Padgurskas J., RukuiZa R., Hvozdets'kyi V., Zadorozhna Kh., Veselivska H., Student
O., Tkachuk O. Abrasive wear resistance and tribological characteristics of pulsed hard anodized layers on
aluminum alloy 1011 in tribocontact with steel and ceramics in various lubricants. Coatings. 2023. Vol. 13, Is. 11.
P. 1883.

e 7. Hvozdetskyi V., Padgurskas J., Student M., Pohrelyuk I., Student O., Zadorozhna Kh., Tkachuk O., RukuizZa R.
The tribological properties of plasma electrolytic oxidation layers synthesized on arc spray coatings on
aluminum alloys in contact with various friction materials. Coatings. 2024. Vol. 14, N2 4. P. 460.

¢ 8. Stupnyts’kyi T. R., Student M.M., Pokhmurska H.V., Hvozdets'’ky V.M. Optimization of the chromium
content of powder wires of the Fe-Cr-C and Fe-Cr-B systems according to the corrosion resistance of
electric-arc coatings. Materials Science. 2016. V. 52, Is. 2. P. 165-172.

¢ 9. Hvozdets'kyi V.M. Abrasive Wear Resistance of Alloyed Electric-Arc Coatings from Flux-Cored Wires.
Materials Science. 2018. Vol. 54, Is. 1. P. 40-47.

« 10. Hvozdets'kyi V.M., Sirak Ya.Ya., Zadorozhna Kh.R., Dem'yanchuk Ya.M. Influence of the size of drops and
the velocity of flow on the structure and properties of electric-arc coatings. Materials Science. 2018. Vol. 53,
Is. 5. P. 702-708.

e 11. Student M.M., Pohrelyuk I.M., Hvozdetskyi V.M., Veselivska H.H., Zadorozhna Kh.R., Mardarevych R.S.,
Dzioba Y.V. Influence of the composition of electrolyte for hard anodizing of aluminum on the characteristics
of oxide layer. Materials Science. 2021. Vol. 57, N2 2. P. 240-247.

e 12. Student M.M., Pohrelyuk I.M., Chumalo H.V., Hvozdetskyi V.M. Improvement of the functional
characteristics of coatings obtained by the method of hard anodizing of aluminum alloys. Materials science.
2021. Vol. 56, Is. 6. P. 820-829.

¢ 13. Student M.M., Pohrelyuk .M., Hvozdetskyi V.M., Zadorozhna Kh.R., Veselivs’ka H.H. Tribological
characteristics of peo layers synthesized on Al-Ti-Cu coatings. Materials Science. 2023. Vol. 58, Is. 4. P.
488-493.

¢ 14. Veselivska H.H., Hvozdetskyi V.M. , Student M.M., Zadorozhna Kh.R., Dzioba Yu. V. The influence of the
electrolyte composition for hard anodizing of aluminum on corrosion resistance of synthesized coatings.
Materials Science. 2023. Vol. 59, Is. 2. P. 228-233.

e 15. Hvozdetskyi V.M., Student M.M., Pokhrelyuk I.M., Student O.Z., Zadorozhna Kh.R. Mechanical properties
and corrosion resistance of arc coating sprayed by cored wires. Materials Science. 2024. Vol. 60, Is. 1, P.
79-84.

e 16. Hvozdetskyi V.M., Student O.Z., Student M.M., Pokhrelyuk .M., Zadorozna Kh.R., Lukyanenko A.G.
Physicomechanical properties of arc sprayed coating formed in supersonic mode. Materials Science. 2024.
Vol. 60, Is. 2. P. 189-197.

e 17. Student M.M., Markovych S.I., Hvozdetskyi V.M. , Kalakhan O.S., Yuskiv V.M.. Abrasive wear resistance and
tribological characteristics of electrometallized composite coatings. Materials Science. 2022. Vol. 58, Is. 1. P.
96-104.



18. Student M., Gvozdetsky V., Student O., Prentkovskis O., Maruschak P., Olenyuk O., Titova L. The effect of
increasing of the air flow pressure during arc spraying of cored wires on the properties of obtained coatings.
Strojnicky ¢asopis - Journal of Mechanical Engineering. 2019. Vol. 69, Is. 4. P. 133-146.

19. Student M.M., Hvozdetskyi V.M., Stupnytskyi T.R., Dzioba Yu.V. Development of electrometallic equipment
and newest consumables for applying protective and reductive coatings to parts of machinery used in mining,
transport, and food processing industries. Science and innovation. 2017. Vol. 13, Is. 6. P. 34-38.

20. Pohmurskyy W.I., Student M.M., Hvozdetskyy V.M., Pokhmurska H.V. Druty rdzeniowe serii fmi dla
natryskiwania tukowego. Przeglad Spawalnictwa. 2013. R. 85, Nr 7. P. 6-10.

21. Cryment M.M,, I'Bo3genpkuii B.M., Kanaxan O.C,, [Tocysaitno B.M., llimupko B.M., Cipax .4. ITopiBHS/IbHI
XapaKTePUCTUKU 3HOCOCTIMKOCTI OKCUIHUX Ta HITPUAHUX MOKPUTTIB. [Ipobaemu Tpubosorii. 2015. T. 77, N2 3.
C. 54-59.

22. Student M. M., Hvozdets'kyi V. M., Holovchuk M. Y. Influence of chemical composition of powder wire on
structure and determinants of coatings of different chemical composition. Problems of Tribology. 2017. Vol.
85, N2 3. P. 56-61.

23. Crypgent M.M., I'Bo3peubkuii B. M.,. Ctynuunpkuii T. P, [13106uk A. P., Onemyk O. I1. CTpyKkTypa NOBEpXOHb
Ta IOPCTKICTh €JIeKTPOLYTOBUX [TIOKPUTTIB 3 IOPOIIKOBUX APOTIB Micsis utipyBaHHS. ABTOMaTU3aLlis
BUPOOHMYMX IIPOLIECIB y MalIMHOOYAyBaHHI Ta punanobynysanHi. 2017. Bum. 51. C. 75-78.

24. I'Bo3genbkuii B.M. EIeKTpOAyroBi BiHOBHI 1 3aXMCHi IOKPUTTA 3 IIOPOLIKOBUX APOTIB. BicHUK
HanionanbHoi akagemii Hayk Ykpainu. 2018. N2 3. C. 79-84.

25. Crynent M.M,, I'Bo3penpkuit B.M., [I13p06a }O.B. BrisiuB ninBuieHoro TUCKy NOBITPSHOIO CTPYMEHIO Ha
BJIACTMBOCTI €JIEKTPOIYTOBUX NOKPUTTIB. [Ipobaemu Tpuboiorii. 2018. N23. C. 33-41.

26. I'Bo3penpkunt B. M., Ctynent M. M., 3agoposxHa X. P., Beceniceka I'. I'., Mapkosuu C. I. Ta Mo3sosa H. 3.
MexaHi4yHi xapaKTepUCTUKU €JIEKTPOAYTOBUX MOKPUTTIB, HAHECEHUX Ha cTainb CT3 Ta anoMiHieBnii cnas /[116.
dizuko-xiMiyHa MexaHika marepiaznis. 2025. 61(2), 014-022.

27. Crypnent M.M., Mapkosuu C.1., I'Bo3geuskuii B.M., 3anoposxHa X.P., Kosanbuyk I.C., I3p06a 1O.B.
3HOCOCTIHKICTh OKCHAHUX MapPiB c(pOPpMOBAHUX METOLOM TBEpAOro anogysaHHs (hard anodic coatings) npu
3MillHEHHI eTasell arpopoMUCiIOBOi TexHiKu. LleHTpanbHO yKpaiHChbKUM HayKoBui BicHuK. 2021. Bum. 51. C.
182-187.

28. I'bo3penpkuit B. M. Mapkosuy, C. L., 3agopoxHa X. P. , Crynent M. M., Beceniscbka I'. I'.. Briius
TEMIIEPATyPH €JIEKTPOJIITYy Ha BJIACTUBOCTI iMITyJIbCHO-aHOJOBAHNUX LIapiB HA TEXHIYHOMY ayIfOMiHii.
LleHTpasbHOYKpaiHCbKUI HayKOBUM BiCHUK. KpormBHunpkuii. 2023. C. 101-106.

29. I'o3penpkuii B.M. OcHoBU (pOpMyBaHHS IOKPUTTIB i3 ApoTy CBOS 3a MifBUILIEHOTO TUCKY [OBITPSIHOTO
crpymeHo. Marepianu VIII HaykoBo-TexHiYHOI KOH(EepeHLlii MOJIOIMX YIEHUX Ta CHELialiCTiB — 3BapIOBaHHS
Ta criopigHeHi TexHosorii. CMT. Bopsens KuiBcbkoi o6sacTi, 20-22 TpaBus 2015 p., cMT. Bopsens KuiBchkoi
obzacri. 2015. C. 96.

30. Drehmann R., Student M., Hvozdetskyi V., Stupnytskyi T., Posuvailo V., Pokhmurska H. Influence of the
size and velocity of the particles on the structure and properties of electric-arc sprayed coatings. ITSC
(Proceedings of the International Thermal spray Conference and Exposition). Germany. 7 - 9 June 2017 p.,
Germany, 2017. P. 5283.

31. I'Bo3penpkuit B.M., Muxanbcbkuii P.B. BinHOBIEHHS BaJIKiB IPOKATHUX CTAHIB HAHECEHHSIM IIOKPUTTS 3
MTOPOIIKOBUX APOTiB 3 IIOJaJbIIMM 3MIiIJHEHHSIM HaHECEHOTO mapy. Teopis Ta NpakTHKa palioOHAIBHOTO
IIPOEKTYBaHHS BUTOTOBJIEHHS i eKCIUlyaTalii MalnHOOYAiBHUX KOHCTPYKLiN. MaTepianu 5-Toi MixkHapoHOi
HAyKOBO-TEXHIYHOi KOH(pepeHLii M. JIbBiB. 27-28 xoBTHS 2016 p., JIbBiB, 2016. C. 22-23.

32. I'vo3peupkuii B.M., Cipax f.4., 3amopoxHa X.P. BB mMuXTy NOPOIIKOBUX APOTIB HA CTPYKTYpY Ta
BJIACTMBOCTI HallJIaBjieHOro mapy. Marepianu koHpepeHL1ii «[IpobsemMu Kopo3iliHO MexaHiYHOro pyiHyBaHHs,
imKeHepis NOoBEPXHi, AiarHOCTUYHI cucTeMu». M. JIbBiB. 27-29 BepecHs 2017 p. JIbBiB, 2017. C. 112-115.

33. I'so3penbkuil B.M. OcHOBU (pOPMYBaHHS BiIHOBHUX €JIEKTPOAYTOBUX ITOKPUTTIB [17I5 MiJBUILE€HHS

3HOCOCTIMKOCTI feTanen. CydacHuil pyx Hayku. Tesu Il MibkHapOoAHOI HAYKOBO- IIPAKTUYHOI IHTEPHET-



KoHepeHLis. M. [IHinpo. 1-2 xxoBTHA 2018 p. [xinpo. 2018. C. 128-132.

34. Student M., Padgurskas J., Dovhunyk V., Chumalo H., Posuvailo V., Hvozdetsky V. Tribological behavior of
peo layers synthesized on light alloy. Proceedings of the International Conference, BALTTRIB, Kaunas,
Lithuania, 14-16 november, 2019 p, Kaunas, Lithuania. 2019. P. 52-57.

35. Veselivska H., Pohrelyuk I., Student M., Gvosdetskii V., Zadorozhna Kh., Dzioba Y. Influence of the
composition of the electrolyte for solid anodizing of aluminum on the corrosion resistance of synthesized
anodic coatings. XVI International Conference “Problems of Corrosion and Corrosion Protection of
Materials”. Lviv, November 15-17. 2022. Ukraine. Book of abstract. Lviv, 2022. P. 45.

36. CtymeHt M.M., Mapkosuu C.I1., I'Bo3neupkuii B.M., 3anopoxxksa X.P., KoBanbuyk I.C., [I3p06a 10.B.
3HOCOCTINKICTh OKCUAHMX L1apiB CPOPMOBAHUX METOIOM TBepHoro aHonysaHHs (hard anodic coatings) npu
3MIlLHEHHI JieTajieil arponpoMuciIoBoi TexHiku. Marepianu XIII MixkHapogHOI HayKOBO-TIPaKTUYHO]
KoH@epeHuii. [Ipo6semMyu KOHCTPYIOBaHHS, BUPOOHUIITBA Ta eKCIIyaTalii CiTbChKOTOCIIOAapChKOi TEXHIKU. M.
KponusHuupkui. 10-12 mucronaga 2021 p., KponuBuunskuii, 2021. C. 86-89.

37. Crypent M., Kanaxan O., [Tocysaiino B., [lJorynuk B., I'Bo3penpkuii B., Sutok P. TpubosioriuHa noseinka
I171a3MOEJIEKTPOJIITHUX OKCUJIOKEPAMIYHUX IIAPiB, CMHTE30BaHMX Ha a/lIOMiHi€EBUX CIJIaBaX Ta €JIEKTPOLYTOBUX
MOKPUTTSX. Teopis i mpakTHKa po3BUTKY arpOIPOMHUCIIOBOTO KOMILJIEKCY Ta CiIbCBKUX TEPUTOPI, MaTepianu
XXII MixkHapoJIHOro HayKOBO-TIPakTU4HOro Gpopymy. M. JIbBiB. 5- 7 5x0BTHs 2021 p. JIbBiB, 2021. C. 128-132.

38. I'sozpenpkuit B.M., Ctygent M.M., [Torpemok .M., Becenisebka I'.I'., 3agopoxna X.P., Cipaxk f1.51. ®isuko-
MeXaHiYHi BIaCTUBOCTI HaI3BYKOBUX €JIEKTPOLYTOBUX ITOKPUTTIB 3 IOPOLIKOBUX APOTiB. TeopeTnyHi i
€KCIIepMMEHTAaJIbHI JOCiIPKEHHS B Cy4acHUX TE€XHOJIOTisIX MaTepialo3HaBCTBA Ta MAIIMHOOYIyBaHHSI.
Marepianu IX MixkHapofHOi HayKOBO — IPakTU4HOi KoHpepeHLii. M. JIynbK. 5— 7 5k0BTHS 2023 p. Jlynpk. 2023.
C.160-163.

39. CrymeHt M., Kanaxan O., I'Bo3peupkuii B., Cipak ., 3agopoxkna X., Mapgapesud P. [TinBuimeHHS
3HOCOCTIMKOCTI 1IKiBiB KombaiiHa. Marepianu XXIII MibkHapogHOTro HayKOBO-TIpakTUYHOro ¢popymy «Teopis i
[IPAaKTUKaA PO3BUTKY arpolpOMUCIIOBOIO KOMILJIEKCY Ta CilIbCbKUX TEPUTOPI», M. JIbBiB, 4-6 k0BTH4 2022 p.,
JIbBiB, 2022. C. 496-499.

40. Cryzent M.M., Mapkosuu C.I.,. 3agopoxna X.P, I'Bo3genskuii B.M. Brisius napaMeTpiB €J1€KTPOLYyTrOBOTO
HaIWJIEHHs Ha CTPYKTYPY IIOKPUTTIB. 36ipHUK MaTepiasiB MixkHapoHOI HAyKOBO-TIPAaKTUYHOI KOH(epeHIii.
IHHOBaNiMHI TEXHOJIOTii PO3BUTKY Ta €(PEKTUBHOCTI (PYHKLIOHYBAHHS aBTOMOOJILHOTO TPAHCIIOPTY, M.
KponusHuupkui, 22 - 24 nucronana 2023 p., Kponusuuubkun, 2023. C. 244-247.

41. I'so3peupkuii B., Crynent M., ITorpentiok I., 3agopoxxna X., BecesniBceka I'. Brisivs TepmiuHOi 06po6KY Ha
CTPYKTYpY Ta abpa3rvBHY 3HOCOCTIMKICTb aHOJHUX IIapiB Ha amoMiHieBomy ciasi AJI0. 16-11 MixkHaponHMA
CHMIIO3iyM YKpPaiHCbKUX iH)KeHepiB-MeXaHiKiB: Marepianu cumnosiymy. M. JIbBiB. 18 — 19 TpaBnsa 2023 p., JIbBiB,
2023. C. 57-58.

42. CrypeHt M.M., Mapkosud C.I., I'Bo3geupkuit B. M., Becenisebka I'.I'., 3agopoxkna X.P., Mapnapesuy P.C.,
Cipax f1.5. BniiuB Ha XxapaKTE€pPUCTHUKYU OKCUHOTO APy CKJIAAY €JIE€KTPOJIITY AJ1s1 TBEPAOro aHOAyBaHHS
anmoMiHito. MaTepianu Il MibkH. HayKOBO-TIpakTUYHOI KOHepeHnuii «[linBuimeHHs HaAiMHOCTI i epeKTUBHOCTI
MalllvH, Ipo1eciB i cucrem». M. KponuBHuipkuii, 17-19 kBiTHs 2024 p., KponusHuubkuit, 2024. C. 53-56.

43. I'vo3peupknii B., Crynent M. , Crygenrt O., 3agopoxHa X., Jlyk'ssHeHko O., Mozozna H. Tonorpagist nosepxHi
[MpuxnanHa mexanika. [Tpaui I MmibkHaponHoi HaykoBO-TexHiIYHOi KOHdepeHLjii. M. TepHominb 6-7 yepBHs 2024,
TepHormine, 2024. C. 339-342.

44. Ctygent M.M., I'Bo3neupkuii B.M., 3anoposkHa X.P. ®izuko-mexaHiyHi XxapakTepUCTHUKY HAZI3BYKOBUX
IIOKPUTTIB 3 IOPOLIKOBUX APOTIB. [Ipobyemu, mpiopuTeTy Ta NepCreKTUBYU PO3BUTKY HAYKH, OCBITH i
TexHoJiorif y XXI cronitTi: 36ipHUK Te3 NONoBizel Mi>XKHAPOIHOI HAYKOBO-TIPAaKTUYHOI KOHGepeHLii. M.
Kpemenuyk, 15 smotoro 2024 p., Kpemenuyk, 2024. C. 76-77.

45. Ctygent M. M., Crynuuupkuii T. P., I'Bo3penpkuii B. M., Cipak 4. £1. ITopoukoBuii ApiT 11 HallUIEeHHS

€JIEKTPOJYrOBUX 3HOCOCTIMKUX Ta KOPO3i~HOCTIMKMX IIOKPUTTIB: MIAaTEHT Ha KOPUCHY Mozesb N2 115860



Ykpaina. MIIK (2006.01) C23C 4 /04; 3agB. 07.12.2017 u 2016 12461. Omy6:1.: 25.04.2017. Bros1. N28. 3 c.

¢ 46. Ctyment M. M., Crynuuupkuii T. P, I'Bo3nenskuit B. M., [I3p06a IO. B., Cipak 4. 5. PosnunioBasibHa rosoBka
eJIeKTpOMeTasli3aTopa: aTeHT Ha KOpUCcHY Moaenb N2118357 Ykpaina. MITK BO5B7/22; 3assi.: 01.11.2023
u201612956. Ony61.: 10.08.2017, 6101. N215. 8 c.

¢ 47. Crynent M. M., I'Bozneupkuii B. M. , ITorpeniok I. M., CtyzmenT O. 3., 3amopoxksa X. P., Jlyk'suenxko O. I'.
[TopomkoBuii IpiT A1 HANUJIEHHS 3HOCOCTIMKUX Ta KOPO3iMHOTPUBKUX €JIEKTPOLYTOBUX ITOKPUTTIB HA JeTasli
tuny Baj. [laTreHT Ha KopucHy Mozenb N2 156401 Ykpaina. MIIK (2024.01) C23C 8 /00; 3assi.: 01.11.2023 u 2023
051151. Omy6s1.: 19.06.2024. Bron. N2 25. - 4 c.

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILis: aHaniTH4Hi MaTepiau

Comnia;ibHO-eKOHOMIYHA CIPSIMOBAHICTh: CTBOPEHHSs NPUHIUIIOBO HOBOI MPOJIyKIIii (MaTepiais,
TEXHOJIOTI} TOIO) 17151 3a6€e3M1eYeHHs €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO IMIIOPTY; €KOHOMisl MaTepiasis;

3MEHIIEHHA 3HOCY O6]IEIILHEIHHH

OxopoHHi gJokymeHTH Ha OIIIB:

Bunaxonu, KOpUCHI MOJieJIi, MPOMUCIIOBI 3pa3Ku
u 2016 12461; u201612956; u 2023 051151

BrnpoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: 0118U000466, 0116U006155, 0120U101791, 01220001891, 0117U000518,
01170000527, 0116U006347, 01170000727, 0118U000481, 0119U101183, 0120U101647, 0120U100779, 0121U110371,
01230103486,

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Crypent Muxanno MuxaitnoBuy

2. Mykhailo M. Student

KBasigikanis: g.1.1., npodecop, cr.u.c., 05.02.01
InenTudgikarop ORCID ID: 0000-0002-5992-5898
JoparkoBa inHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: Disnko-mexaHiyHuii iHCTUTYT im. . B. KaprieHka

HanionansHoI akameMmii Hayk YKpainu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: By Haykosa, 6yz. 5, JIbBiB, 79060, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEL€H3€HTIiB

OdiuiiiHi oIOHEeHTH



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Oypsrina 305 AHTOHIBHA

2. Zoia A. Duriagina

KBasigikamis: n.1.1., npodecop, 05.16.01

ImenTudikarop ORCID ID: 0000-0002-2585-3849

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA NOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. Kopxuk Bonogumup Mukosanosuy

2. Volodymyr M. Korzhyk

KBasigikamis: 1.1, npodecop, akanemik HAH Vkpainu, 05.02.01
InenTudgikarop ORCID ID: 0000-0001-9106-8593
JopaTrkoBa inHpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT enlekTpo3BapioBaHHs iM. €. O. TlaTona HarjionanbHoi

aKazemii Hayku YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHHS: ByJ1. Kaaumupa Manesuua, 6ygz. 11, Kuis, 03150, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: Haujonanbna akazemis HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. IIpucsxkHIOK [1aBno Mukosiaiiosuy

2. Pavlo M. Prysiazhniuk

KBasigikamis: n. 1. ., nouenr, 05.02.01
InenTudikarop ORCID ID: 0000-0002-8325-3745
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBCHKUII HAl[iOHATBLHUI TEXHIYHMIT YHIBEpCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855



Micue3HaxoaKeHHS: By Kapnarcoka, 6yz. 15, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ocram Opecr ITeTpoBuy

2. Orest P. Ostash

KBasigikamis: n. 1. n., npodecop, 05.02.01
I,quTI/I(l)iKaTop ORCID ID: 0000-0001-6441-3830
JoparkoBa iHdpopmamnist:

IloBHe HaliIMEHyBaHHS IOPHAHYHOI 0COOH: disnko-mexaniunmii iHcTuTyT im. I. B. Kaprienka

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoO KeHHS: By Haykosa, 6yz. 5, JIbeiB, 79060, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tpyw Bacunp CtennaHoBUY

2. Vasyl S. Trush

KBasigikanis: n. 1. 1., c.z1.,, 05.02.01
Imentudikarop ORCID ID: 0000-0002-2264-3918
JoparkoBa iHdpopmamnist:

IToBHe HaliIMEeHyBaHHS IOPHAHYHOI 0COOH: disnko-mexanianmii iHcTuTyT im. I. B. Kapnienka

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 03534506

Micue3Haxoa KeHHS: By Haykosa, 6yz. 5, JIbeiB, 79060, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KpeukoBceka 'aninna BacuiiBHa

2. Halyna V. Krechkovska



KBasigikanis: n. 1. 1., c.z1., 05.02.01
InenTudikarop ORCID ID: 0000-0001-7392-7753
JoparkoBa iHdpopmamnist:

IToBHe HaliIMEHyBaHHS IOPHAHYHOI 0COOH: disnko-mexaniunmii iHcTuTyT im. I. B. Kaprienka

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3Haxoa KeHHS: By Haykosa, 6yz. 5, JIbeiB, 79060, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi

ByacHe IlpizBuie Im's ITo-6aTbKOBI Amurpax Irop MukosaiioBu4
TOJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI JImutpax Irop Mukosaiosuy
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHUI 3a MiATOTOBKY KopHiii BanentuHa BacusniBHa

00JIiIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisiIBHOCTI




