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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

My pTHIIAPOBi 3aXMCHI IIOKPUTTSI 3 IOKPalleHMMU (Pi3MKO-MeXaHiUHUMMU BJIaCTUBOCTSIMU Ha OCHOBI HiTpUIiB

BHCOKOEHTPOIIIHUX CIJIaBiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Improved physical and mechanical properties multilayer protective coatings based on high-entropy alloy nitrides

Pedepat yKpaiHCBKOIO:

O6'exT nocnimkeHHs - $a3oBuil Ta €1I€MEHTHUI CKJIaZl, MiIKDOCTPYKTYPA, TEIJIOBi Ta ME€XaHi4Hi BJIaCTUBOCTI
6araToIapoBUX MOKPUTTIB HA OCHOBI HITPUiB BUCOKOEHTPOMINHUX CIaBiB. MeTa po60Tu - BcTaHOBIEHHS
B32€MO3B'SI3Ky MiX €JIEMEHTHUM, (Pa30BUM i HANIPy>KeHO-1e(OPMOBAHUM CTaHOM Ta TEPMIYHOIO CTabiNIbHICTIO,
MEXaHIYHMMM i TPUOOJIOTIYHMMH BJIACTMBOCTSIMU HAHOCTPYKTYPHUX 3aXMCHUX MYJIbTUIIAPOBUX IIOKPUTTIB Ha
OCHOBI HITPUJiB BUCOKOEHTPOIINHUX CIIJIaBiB, Ta BIVIMBY HA HUX TEXHOJIOTIYHUX MTApaMETPiB OCAIKEHHS, a came
THCKY po604o0ro rasy Ta noTeHIjiany 3CyBy MifgKaaaku. JociIkeHHs BKIIOYAIOTh B cebe Kijlbka TeOPEeTUYHUX
METO/IiB a TAKOXX KOMII'IOTEPHE MOJIEIIOBAHHS, a CaMe: IEPIIONPUHIUITHAN PO3PaXyHOK MOJIEKYJISIPHOI AUHAMIKA
3a Teopieto ¢pyHKuUioHany ryctunu (DFT), po3paxyHok ¢asoBux giarpam (CALPHAD), Jlata maiininr (Data Mining),
aJIrOpUTMHU MalIMHHOrO HaByaHHA (Linear regression, Random forest regression, Gradient boosting regression).
OCHOBHUM PEe3yJIbTaTOM, € IPOTHO3YBaHHS Ta BUSHAYEHHS CTPYKTYPU Ta CKJIAAy HITPUJiB BUCOKOEHTPONIMHUX
CILJIaBiB Ta iX BIJIMBY Ha (POPMYBaHHS (i3UKO-MEXaHIYHUX Ta TEIJIOBUX BJIACTUBOCTE ITiBOK, IO CUHTE3YIOThCSL.
HaykoBa HOBM3Ha pe3y/bTaTiB 6a3yeThCsl HA CTBOPEHHI HOBUX MOJi€Jiell IPOrHO3yBaHHS CTPYKTYPOYTBOPEHHS Ta
XapaKTEPUCTUK HEBIJOMUX BUCOKOEHTPOIIMHUX CIIJIaBiB Ta iX CIOJIYK, MOJE/I0OBaHHI Pi3UKO-MeXaHIUHUX
BJIACTMBOCTEM Ta (a30Boi CTabiIbHOCTI HAMOI/bII €(PEKTUBHUX €JIEMEHTHUX KoMOiHaiil. OTpumaHi y po60oTi HOBI
HAYKOBi Pe3yJIbTaTU MOXKYTb OyTU BUKOPUCTAHI Y IPOMUCIJIOBOCTI 1J1 BilOOPY Ta ONTHMI3allii SKiCHUX 3aXUCHUX
IIOKPUTTIB JJ1s1 MeTaJIeBUX Ta KepaMiYHUX [IOBEPXOHb 1110 NIepeOyBaloTh y JKOPCTKUX YMOBAxX (€po3ist, 3HOC, pi3aHHH,
TEpMOOOPOOKa, XiMiuHa 06POOKA, TOLLO). Y MpoLeci BUKOHAHHS [10CTaBJIEHUX 3aBIaHb Oyjia po3pobieHa
METOJI0JIOTiS aHai3y i nependadeHHs Pi3nKo-MeXaHIYHUX Ta TENI0BUX BiacTuBocTel BECiB 3a monomorow Data
Mining Ta anropuTMiB MalIMHHOTO HaBYaHHS, 10 JA€ OCHOBY JJIs1 IOAAJIBIIOTO BIPOBAIKEHHS Y BUPOOHULITBO

CHACTEeM OOpOOKM MaCHUBIB JaHUX, OCOOJIMBO THX 110 CTOCYIOThCSI HOBUX MaTepiaiB Ta ix Bl1aCTUBOCTEM.

Pedepar aHIJIiHCBKOIO:

Object of research - Phase and elemental composition, microstructure, thermal and mechanical properties of
multilayer coatings based on nitrides of high-entropy alloys. Purpose - To establish the relationship between
elemental, phase and stress-strain state and thermal stability, mechanical and tribological properties of
nanostructured protective multilayer coatings based on nitrides of high-entropy alloys, and the influence of
technological parameters of deposition, namely working gas pressure and gas pressure substrates. The research
includes several theoretical methods as well as computer modeling, namely: basic calculation of molecular
dynamics according to the theory of density functional (DFT), calculation of phase diagrams (CALPHAD), Date
Mining, Data Mining algorithms, Linear regression, Random forest regression, Gradient boosting regression). The
main result is the prediction and determination of the structure and composition of nitrides of high-entropy alloys
and their influence on the formation of physical-mechanical and thermal properties of the synthesized films. The
scientific novelty of the results is based on the creation of new models for predicting the structure and
characteristics of unknown high-entropy alloys and their compounds, modeling of physical and mechanical
properties and phase stability of the most effective element combinations. The new scientific results obtained in
this work can be used in industry to select and optimize high-quality protective coatings for metal and ceramic
surfaces in harsh conditions (erosion, wear, cutting, heat treatment, chemical treatment, etc.). In the process of
performing the tasks the methodology of analysis and prediction of physical-mechanical and thermal properties of



wind farms with the help of Data Mining and machine learning algorithms was developed, which provides a basis
for further implementation of data arrays processing systems, especially those related to new materials and their
properties.
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