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1. CTifiKiCTb [0 BIIJIMBY HaBKOJIMIIHBOTO CEPEOBUIIA 3A/IULIAETHCSI OAHUM i3 TOJIOBHUX OOMEKEHb [TPAKTUYHOTO
3aCTOCYBaHHS CyNeprigpodoOHMX NOKPUTTIB IJ1s1 3aXMCTY METaJeBUX NIOBEPXOHB. JlucepTaliiiHa poboTa
IIPUCBSIY€HA PO3POOJIEHHIO MEXaHI3MOOPIEHTOBAHOTO MiAX0AY 10 IPOEKTYBAHHS JOBIOBIYHUX CYIepriipodobHUx
KOMIIO3ULilIHNX TIOKPUTTIB Ha aJlIOMiHi€BUX CIJIaBaxX LUISIXOM IO€IHAHHS JOCIiIPKEHb 3MOUYBaHHS, IPUCKOPEHUX
BUIIPOOYBaHb CTapiHHS, €JIeKTPOXiMIYHOTO aHali3y Ta KOMITIOTEPHOTO MOZEJ/IOBAHHS. 3alIPOIIOHOBAHO KOMILJIEKCHY
METOM0JIOTII0 XapaKTePUCTHUKHU ITIOBEPXOHbD, 1110 NTOEJHYE BU3HAYEHHS [IOBEPXHEBOI €HEPTii 3a METOOM
OyeHca-BenzTa 3 aHali30M JUHAaMiYHOIO KOHTAKTHOT'O KyTa. BcTaHOBIIEHO, 1110 cTabisni3allis peXkumMy 3MO4yBaHHS
Kacci-bakcrepa mocsaraetbcs 3a YMOBY 3HVMKEHHA IOJIIPHOI CKIJIA0BOI ITIOBEPXHEBOI €HEPrii 10 3Ha4eHb MeHIe 1
MJIKX /M? BHACHIIOK CUIaHOBOI Mogudikalii noBepxHi. Jl0CIIiI KeHHsI TEKCTYPOBAaHUX ITIOBEPXOHb i3 XapaKTepHUMU

poamipamu Biz, 100 HM 10 750 MKM [103BOJINJIO BUBHAYUTHU MeXKi 3aCTOCOBHOCTI KJIACUYHUX MOJiesiell 3MOYyBaHHS Ta



[I0Ka3ary, 10 MO b BeHIes BTpayae KOPEKTHICTD 1151 BEJIMKOMACIITAOHUX MIKPOCTPYKTYP Yepe3 3aKpillJIeHHS
KOHTAaKTHOI JIiHii Ha Kpasx TEKCTypu. 719 BUBHAYEHHS MEXaHi3MiB Jerpagallii NIOKPUTTIB IPOBEJEHO IPUCKOPEHE
CTapiHHS B yMOBax yJbTpadioseTOBOro ONpOMiHEHHS], IiABUILLIEHOI TEMIIEPATYPH Ta BOJIOTOCTI. 3a pe3ysbTaTaMu
FTIR-aHasi3y BCTAaHOBJIEHO, 10 JOMiHYIOUMM MEXaHi3MOM PYIHYBaHHS € (POTOOKACHEHHS MOJIIMEPHOI MaTpHuLj,
sIKe CyNPOBOJKYETbCS 3MEHIIEHHSIM iHTeHCUBHOCTI aniparnynux C-H rpyn i 3pocTaHHSIM iHTEHCUBHOCTI
KapOoHiNbHUX IpyIl. [TokazaHo, 1o Aerpagalis nojJiMepHOro CIOJy4YHOro € BU3HavaabHUM (PaKTOPOM BTPaTU
CyIeprinpo@o6HuX BIaCTUBOCTEN, TOL] K €pO3isi YaCTMHOK i MeXaHiuHe BiJIapyBaHHS MalOTh BTOPUHHUI
xapakrep. Ha 0CHOBi OTpUMaHUX pe3y/bTaTiB C(POPMYIbOBAHO IIPUHLMII IPOEKTYBAHHS JOBIOBIUHUX
cyrneprinpodobHuX OKPUTTIB, KU Nlependadae MiHimizanio BMicTy nosiMmepHoi ¢asu Ta GopMyBaHHS IIiIbHOI
iepapxiuHoi Mepexki HeopraHiyHMX YaCTUHOK. Po3p0o6sieHO ONTHMIi30BaHy KOMIIO3UILil0, [0 MiCTUTB 5 Mac.%
aKpUJIOBOrO KomnoJsiMmepy, 90 Mac.% culaHi3oBaHUX MiKPOYaCTUHOK KapOOHATY KaJbliilo Ta 5 Mac.% HaHOYaCTUHOK
IipOreHHOro IioKcuay KpeMHilo. [IokpuTTs 3abe3nedye 3MillleHHsI KOPO3ilIHOTO MOTeHIiany aalOMiHIEBOTO CIIJIaBy
AA6061 Ha +797 MB, minBuIIeHHS iMITIEJaHCHUX XapaKTEePUCTHK i 36epeskeHHs rinpodobHOCTI mics 72 rog,
6e3repepBHOro KOHTAKTy 3 3 %-M po3unHoM NaCl. Iy NosICHEHHST MeXaHi3MiB 3aXUCHOI Aii CTBOpPEHO
6aratodiznyHy MOZEJb, sKa oeAHye KiHeTUKy baTnepa-@osibMepa Ta NepeHeCEeHHs] pEYOBUHU B IOPUCTOMY
cepenosuili. Moziesns BiITBOPIOE eKCIIepUMEHTATbHI MOSIPU3aIiliHi KPpUBi 3 TOUHICTIO 6;113bK0 10 % Ta mo3BoJIsIE
KiJIbKiCHO OLIiHUTU BHECOK OKPEMUX 3aXMCHUX MEXaHi3MiB. BCTAaHOBJIEHO, 1110 BUCOKA KOPO3iliHA CTINKiCTh
3YMOBJIEHA CHHEprielo nudysiiHoro 6ap’'epy, CpOpMOBaHOTO MEPEXKEIO YACTUHOK, Ta IIaCKBallii IOBEPxXHi
rizpoo6HUM cunaHOBUM mapoM. HaykoBa HOBU3HA pOOOTH MOJISITa€e y BCTAHOBJIEHHI KiJIbKiICHOTO B3a€MO3B'SI3KY
MDX CKJIaJIOBUMU [1I0BEPXHEBOI eHeprii Ta cTabisbHICTIO cyneprinpodo6HOro ctany, BUBHAYEHHI JOMiIHYI0UOTO
MEeXaHi3My Jlerpajallii KOMIO3ULiMHMAX IOKPUTTIB MiJ, BIVIMBOM HaBKOJIMIIHBOTO CEPEeAOBUIA, POPMYyBaHHI
MEXaHICTUYHOTO IPUHLMITY TPOEKTYBAHHS TOBrOBIYHUX CYNEPrigpopOOHUX CUCTEM Ta PO3POOJIEHHI
BepudikoBaHOI MyIbTUPI3UYHOI MOZEJIi IPOTHO3YBaHHS X aHTUKOPO3iHUX BlacTUBOCTEN. [IpakTiHe 3HaUeHHS
pOOOTH NOJIsAra€e y CTBOPEHHI €KOJIOT{YHO 6e31e4YHOi albTePHATUBY XPOMAaTHUM KOHBEPCIHHUM MOKPUTTSIM J1s1
3aXMCTY aJIOMiHi€BUX CIIABiB BiJl KOPO3ii. 3aponoHOBaHi MigX0Au MOXYTb OyTH BUKOPUCTAHI Iif, yac
PO3PO6JIEHHS CAMOOYMCHUX, aHTUOOMEP3aJIbHUX Ta aHTUOOPOCTAJIBHUX IIOKPUTTIB, @ TAKOXK [I71s1 IPUCKOPEHHS
CTBOPEHHS HOBUX (DYHKLIOHAJIBbHUX MaTepiasliB MIJISIXOM [TOENHAHHS €KCIIEPUMEHTaIbHUX IOCTIiIKEHb |

KOMITIOTEPHOTO MOJIEJIIOBaHHSI.

2. Environmental resistance remains one of the main limitations to the practical application of superhydrophobic
coatings for protecting metal surfaces. This dissertation is devoted to the development of a mechanism-oriented
approach to the design of durable superhydrophobic composite coatings on aluminum alloys by combining wetting
studies, accelerated aging tests, electrochemical analysis, and computer modeling. A comprehensive methodology
for characterizing surfaces is proposed, combining the determination of surface energy using the Owens-Wendt
method with dynamic contact angle analysis. It has been established that stabilization of the Cassie-Baxter wetting
regime is achieved when the polar component of surface energy is reduced to values below 1 mJ/m? as a result of
silane surface modification. The study of textured surfaces with characteristic sizes ranging from 100 nm to 750
um allowed us to determine the limits of applicability of classical wetting models and to show that the Wenzel
model loses its validity for large-scale microstructures due to the fixation of the contact line at the edges of the
texture. To determine the mechanisms of coating degradation, accelerated aging was conducted under conditions
of ultraviolet irradiation, elevated temperature, and humidity. Based on the results of FTIR analysis, it was
established that the dominant degradation mechanism is photooxidation of the polymer matrix, which is
accompanied by a decrease in the intensity of aliphatic C-H groups and an increase in the intensity of carbonyl
groups. It was shown that the degradation of the polymer binder is the determining factor in the loss of
superhydrophobic properties, whereas particle erosion and mechanical delamination are secondary in nature.
Based on the obtained results, a design principle for durable superhydrophobic coatings has been formulated,
which involves minimizing the polymer phase content and forming a dense hierarchical network of inorganic
particles. An optimized composition was developed, containing 5 wt.% acrylic copolymer, 90 wt.% silanized
calcium carbonate microparticles, and 5 wt.% pyrogenic silicon dioxide nanoparticles. The coating shifts the



corrosion potential of the AA6061 aluminum alloy by +797 mV, improves impedance characteristics, and maintains
hydrophobicity after 72 hours of continuous contact with a 3% NacCl solution. To explain the mechanisms of the
protective effect, a multiphysical model was developed that combines Butler-Volmer kinetics and mass transport
in a porous medium. The model reproduces experimental polarization curves with an accuracy of about 10% and
allows for a quantitative assessment of the contribution of individual protective mechanisms. It has been
established that high corrosion resistance is due to the synergy of the diffusion barrier formed by a network of
particles and the passivation of the surface by a hydrophobic silane layer. The scientific novelty of the work lies in
establishing a quantitative relationship between the components of surface energy and the stability of the
superhydrophobic state, determining the dominant mechanism of degradation of composite coatings under the
influence of the environment, the formulation of a mechanistic principle for designing durable superhydrophobic
systems, and the development of a verified multiphysical model for predicting their anticorrosion properties. The
practical significance of the work lies in the creation of an environmentally safe alternative to chromate
conversion coatings for protecting aluminum alloys from corrosion. The proposed approaches can be used in the
development of self-cleaning, anti-icing, and anti-fouling coatings, as well as to accelerate the creation of new
functional materials by combining experimental research and computer modeling.
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