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Abstract

The results of studies of friction and wear of detonation composite nanocoating’s based on the ternary
compound aluminum-magnesium-boron under test conditions with constant load in the sliding velocity field are
presented. Their structural-phase composition and passivating complex of surface oxide structures are determined
using modern physical analysis methods. It is established that the parameters of wear intensity and friction
coefficients are minimized due to the set of surface structures that regenerate a stable self-lubricating structured
layer under friction conditions. Factors that influence the formation of dynamic equilibrium of a self-lubricating
layer that has an effective ability to self-repair are determined. At the same time, a continuous protective layer
screens the processes of molecular-adhesive interaction and blocks the development of unacceptable destruction
phenomena.
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Introduction. As the scope of application of coatings obtained by spraying increases, the requirements for
their quality are increasing. Existing methods of improving quality are necessary, but insufficient. The most
accessible and most common means of improving operational quality is the use of lubricants. The use of self-
lubricating sliding materials, which provide both technical and economic advantages [1, 2], is becoming
increasingly important in many industries. The lubricating effect is achieved by incorporating solid lubricants
directly into the coating structure or the material matrix itself [3, 4].

Literature review

Considerable attention is devoted to the study of self-healing coatings and the discussion of their self-
healing mechanisms and functionality [5]. The authors argue that the use of such coatings is a promising approach
to protecting components from wear. The paper [6] analyzes the main problems and current developments in the
field of protecting friction surfaces and improving their wear and corrosion resistance. Additionally, it highlights
the problems that arise when using self-lubricating coatings. In their works [7, 8], the authors investigated coatings
used to protect component surfaces in the automotive industry. Parts used in automobile manufacturing are
simultaneously exposed to corrosion and repeated loading and are operated under severe conditions. Therefore,
significant attention is devoted to the precise analysis and prediction of the effectiveness of part surface protection.

The use of nanostructured coatings modified with magnesium carbide nanoparticles [9] and the use of solid
lubricant coatings [10] deserve, in our opinion, special attention when selecting a method to enhance the wear
resistance of materials. Current research by scientists worldwide focuses on methods for producing nanocoatings
and using them to protect friction surfaces, particularly those operating under extreme loads and in aggressive
environments [11-13]. These studies highlight a comprehensive method for forming protective solid-lubricant
layers during friction [14—15]. There is also a number of studies devoted to the analysis of the use of inorganic and
polymer nanocoatings, which demonstrate that controlled wear and self-lubrication are key factors in modern
mechanical engineering [16—17].

The purpose of the work
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Research into the patterns of wear of coatings based on magnesium compounds, study of their structural
and phase composition and analysis of the structure formation of antifriction surface layers and their influence on
self-lubrication processes.

Materials and research methods

The powders proposed by the authors contain as initial reagents the ternary compound aluminum-
magnesium-boron (AIMgB14), which is distinguished by significant mechanical and thermal properties and is used
as a base for composite coatings for the first time. In order to improve the tribotechnical characteristics, the base
material was additionally doped with silicon (Si), aluminum (Al), nickel (Ni), titanium (Ti), chromium (Cr),
zirconium (Zr), carbon (C). The choice of alloying additives is determined by tribomaterials science provisions,
which thoroughly combined the obtained results into a single system of ideas about magnesium compounds with
high tribotechnical properties. Further obtaining high-quality self-lubricating coatings involved the use of modern
technologies, including mechanochemical synthesis (MCS) and detonation-gas spraying. The method of
mechatronic synthesis provided in a dry inert atmosphere the formation of the structure and phase composition of
the powder mixture, which, as a result of selective interaction, due to thermodynamic and diffusion characteristics,
consisted of micro volumes of several nanocomponents, which had a microcrystalline type of the base structure
stabilized by nanoscale inclusions of high-temperature stable strengthening phases. Structurally free magnesium
carbide (MgC,) was added to the base particles obtained in this way and mixed until the mixture was evenly
distributed, ready for detonation-gas spraying of coatings.

Coatings from the obtained composite powders were applied by the detonation-gas method to prepared
samples of 30XGSNA steel. The increase in adhesion strength, as a criterion for operability, was carried out by
pre-applying a sublayer of vitreous sodium NaOx(SiO»), to the working surface of the samples. The adhesion
strength was determined by the pin method, which for magnesium coatings was up to 98 MPa with a porosity of
almost 0.5%, along with this, after grinding the initial roughness was Ra 0.32-0.63. Testing of the sprayed samples
was carried out according to the end scheme under conditions of distributed contact at normal temperature in the
continuous sliding mode with a constant load of 10.0 MPa. The influence of the environment, sliding speed, and
load were provided taking into account the maximum approximation of the processes of physicochemical
mechanics of friction to real conditions in the zone of frictional contact interaction, in addition, the research
program provided for a comparative analysis of the friction parameters of the proposed coatings with similar
values. Wear of coatings such as WK15 and coatings made of alloyed chromium.

Research into technology-structure and structure-property relationships was based on a complex of
modern physicochemical methods of structural-phase analysis., which included consideration of the zones of the
surface layers at the macro- and microscopic levels. In this case, the comprehensive research methodology
included metallography (optical microscope "Neophot-32" with a prefix); particle size of the powder mixture (laser
meter Analysetle 22 Nano Tec plus; durometric analysis (hardness tester M-400 from LECO); scanning electron
microscopy (scanning electron microscope JSM-840); X-ray structural phase analysis (diffractometer DRON-
UM1).

Research results

Contact interaction during friction represents a complex sequence of mutually determined influences of
both external and internal factors that determine the regularities of friction and wear processes and determine the
degree and gradients of elastic-plastic deformation, temperature, activation level and a number of associated
phenomena and are ultimately responsible for the leading type of wear.

The general results of coating tests (fig. 1) are presented in the form of graphs of functional averaged
values of wear intensity and friction coefficients obtained in a field of monotonically increasing sliding velocities
at constant the tensile load was 10.0 MPa.

Synthesis and research of ultra-strong ceramics based on ternary compounds, in particular magnesium
boride, are being studied quite intensively, however, the possibilities of the latter and its complex of tribotechnical
properties, despite efforts and individual achievements, have not been fully clarified in this regard to this day.

The analysis of the microstructure and elemental composition, carried out on the “Camebax SX”
installation, shows that the synthesis products are heterogeneous and the main component is the chemical
compound of aluminum, magnesium and boron (AIMgB4). At the same time, a high background was found at
small diffraction angles, which indicates the presence of an amorphous phase corresponding to boron and, possibly,
highly boron-containing amorphous phases of aluminum and magnesium. In addition to the structural bases
corresponding to the AIMgB4 compound, reflexes of such phases as AlBi,, AIMgB4, AlB, were found, and
Al1sMgi3 imprints are present. It is important to note that the presence of a large number of phases with different
complex crystal lattices makes it difficult to sufficiently determine the concentration of the target phase AIMgB 4.
Quantitative phase separation is no less difficult, since the reflexes of the compounds present have close interplanar
positions and are located at the same diffraction angles, as a result of which they overlap and complicate the
determination of the real picture.
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Fig. 1. Dependence of wear intensity (1, 2, 3) and friction coefficients (1, 2', 3") of coatings based on magnesium
compounds (1, 1Y), WK15 (2, 21, alloyed nichrome (3, 3") at P=10.0 MPa.

It was found that the microstructure of the coating is finely dispersed and constitutes a heterogeneous
mixture, with the dominant phase mainly being nanosized inclusions of silicon carbides (SiC) in the presence of
titanium carbides (TiC), zirconium (ZrC) and an almost uniform amount of inclusions of zirconium borides (ZrB>),
chromium (CrB>), magnesium (MgB,) and a fine aggregate of strengthening compounds, which are stable silicide
compounds of the Cr»Si3, Zr3Si», TiSi, Mg,Si type. Intermetallic formations were also identified, which contribute
to the stabilization of the structure and have the form of spherical nanoparticles of the NiTi, NiAl, ZrCr; type. In
addition, fragments of ternary compounds in the form of MgSiC, Ti3SiC,, ZrSiC were found, which also have high
thermodynamic properties. As defined, AIMgB4 is a complex compound that has the property of dissolving
titanium and zirconium carbides, forming solid solutions with high hardness. A qualitative determination of the
structure was implemented through the microhardness of individual areas. Thus, local zones with a microhardness
of 21-26 GPa correspond, in our opinion, to AIMgB 4 compounds strengthened by carbide phases, while micro
areas determined by a microhardness of 5.5-6.8 GPa are probably titanium carbosilicides, and zones with a
microhardness of about 12.0 GPa are titanium carbides, the value of 8.1 GPa most likely corresponds to titanium
silicides, and the microhardness of 9.3-10.2 GPa is close to the values of magnesium oxides. Thus, the structural-
phase formations of coatings based on ternary magnesium boride (AIMgB 4) include both chemical compounds,
solid solutions, and mechanical mixtures, which are characterized by increased parameters of hardness, strength,
wear resistance, significant temperature properties, and chemical inertness.

The formation of the structural-phase composition of coatings, as shown by the tests, is determined not only
by the ratio of components, temperature, dispersion, but also depends on their defectivity and external conditions.
It is certainly an axiom that tribochemical processes must occur when molecules in the conditions of interaction
receive the necessary activation energy. Endothermic reactions do not occur at all without activation. The
interaction of SiC with Mg, which is formed during the thermal decomposition of structurally free magnesium
carbide and depends on the process temperature, is accompanied by the formation of magnesium silicide and
magnesium acetylide, the latter under thermomechanical influence stimulates the formation of graphite through
the intermediate dimagnesium tricarbide by the reaction type 2SiC+5Mg—2Mg,Si+MgCs,
MgCr,—Mg,Cs;—Mg+C. We note that under thermodynamic influence, the presence of a catalyst in the structure
in the form of Al, Ni affects the decomposition of magnesium carbide. In addition, the presence of nickel carbide
(Ni3C), which is thermodynamically unstable, causes an exothermic decomposition reaction into metallic nickel

and carbon in the form of graphite: NizC 5 3Ni + C . The decomposition temperature is not fixed and depends,
in particular, on the particle size. For nanoparticles, due to their high surface energy, the decomposition onset
temperature is 200-300 °C.

The basis of physical phenomena initiating the mechanism of decomposition of carbide graphite are
structural transformations in the solid phase caused by thermal influences. Factors determining the quality level of
thermomechanical carbide graphitization include the degree of dispersion of structural components, external
pressure, operating temperature, including the temperature in the contact zone, the presence of elements initiating
decomposition processes, as well as the influence of the environment (in a vacuum, the probability of the amount
of graphite increases), in addition, internal factors associated with the composition of the material, its structure
and the presence of defects.

The passivating functions of secondary structures are performed by the finely dispersed microstructure of
the surface layer, which constitutes a multiphase mixture with the convincing presence of thermodynamic
compounds in the form of simple and complex stable oxides such as MgO, AL,Os, SiO,, Mg,TiO4 and others.
Binary oxides in the form of MgO-TiO,, MgO-ZrO, have also been identified, and the possibility of the presence
of ternary compounds based on magnesium oxide, such as MgO-ZrO,-TiO,, MgO-Al,03-TiO,, is not excluded.
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The solubility of silicon dioxide (SiO;) in magnesium oxide (MgO) is very low, but they interact to form
magnesium silicates Mg>SiO4 or MgSiO; within heterogeneous structures. The reaction formula in the presence
of carbon is: 2MgO,+SiC+2C—2Mg+Si0,+3C-Mg>SiOs.

Electron microscopic study of coatings under friction loading conditions revealed that an ultradisperse
structure with a fragment size of the order of 25-40 nm is formed in a thin (~15 nm) surface layer.

Analysis of electron diffraction patterns from the friction surface proves that diffusion halos reflect an
object with an ultra-disperse structure, and textured maxima indicate a directional orientation of the specified
structure. The emergence of an ultra-disperse structure on the friction surface proves that the plastic deformation
of the surface layer is carried out by a rotational mechanism, due to the relative sliding of fragments of ultra-
disperse structures (fig. 2).

Fig. 2. Microscopic image of the structure of the local micro volume of the surface layer and micro electron diffraction
pattern of a composite coating based on magnesium ternary boride (structure at a depth of 2-3 microns).

But, besides the ternary compound of aluminum, magnesium, boron (AIMgB4) plays an important role in
the surface complex of graphite-oxide structures, which complements the properties of the surface film, providing
an additional increase in wear resistance while reducing friction coefficients. The results of X-ray structural
analysis reveal the occurrence of activated phase transformations in magnesium structures, causing the formation
of new phases, presumably due to intermediate compounds in the chains of transformations, the final product of
which is, for example, oxides (Al,O3, CrOs3), carbides (AlsCs, Cr;Cs), magnesium-based intermetallics. However,
the ultradisperse structure determines their X-ray amorphousness. The presence of these phases indirectly confirms
the high hardness.

When the sliding speed increases from 1.5 m/s, the specific work of wear reaches almost 104 kJ/mm?,
which provides the necessary and sufficient conditions for the thermal decomposition of magnesium carbide and,
as a result, fragments of structurally free graphite appear on the friction surface (fig. 3). The shape of the particles
of the graphite structure is close to scaly, consisting of polydisperse crystallites oriented in the direction of friction.
The basis of the physical phenomenon that constitutes the mechanism of thermal decomposition of carbide phases
is the process of structural transformation in the solid phase. The main factors that determine the limiting values
of thermodynamic graphitization processes are the level of dispersion of structural components, specific pressure,
operating temperature, ambient environment, initiating elements (C, Si, Ni, Al), in addition, internal factors are
determined by the composition, structure, presence of defects, etc.

Fig. 3. Image of the local location of the structure of the a-graphite surface film (x500).

Self-lubrication of composite coatings of magnesium compounds depends on the formation of a graphite
film (fig. 4). At test speeds of 2.8 m/s, the surface self-lubricating graphite-oxide film completely occupies the
friction area and, at the same time, is a layer with the overwhelming majority of polydisperse graphite. At the same
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time, the higher the temperature, the greater the amount of carbide graphite turns into a self-lubricating antifriction
film and the longer the contact mating areas interact, the more graphite is formed.

Fig. 4. Surface topography during the formation of a graphite film: a) V = 0.18 m/s; b) V = 2.8 m/s.

Thus, the studied coatings based on magnesium compounds form self-lubricating ordered dynamic
structures during friction. The self-lubricating function is provided by the triple additive interaction of both
magnesium carbide, which is the source of carbide graphite formation, and layered oxide structures, which are
characterized by low shear resistance, and the presence of effective aluminum-magnesium-boron compounds. The
established complex of self-lubricating surface structures under friction conditions has an effective ability to self-
heal and self-regulate. The real effect ensures the minimization of friction and wear parameters.

From the point of view of structural thermodynamics, the systemic ordering of surface films that are self-
formed due to transformations can be considered as adequate elementary physicochemical processes and
adaptation mechanisms in the process of structural adaptability [18].

The problem of coating quality is associated with the assessment of reproducibility and optimization of the
technological process of spraying. To obtain high-quality coatings by optimizing the technological process,
processing of technological parameters was implemented, including the particle size distribution, loading depth,
barrel filling degree, working gas ratio and spraying distance [ 19]. Thus, by controlling the technological process
of forming coatings based on magnesium compounds, it was possible to implement not only the desired chemical
composition, but also to obtain a predicted structure during spraying, which has an optimal set of properties that
ensure the stability of structural adaptability. At the same time, the possibility of obtaining constant quality was
achieved, namely, the variation of strength and plastic properties in samples of one batch was stably about 5-10%.

As can be seen from the test results, the control coatings are significantly inferior in tribotechnical properties
compared to the developed self-lubricating coatings made of magnesium compounds.

Thus, the detonation coatings developed on the basis of magnesium compounds, capable of self-lubrication,
are characterized by high antifriction properties and, in terms of operational potential, open up the possibility of
using them in obtaining competitive systems for tribotechnical purposes. The set of results obtained [20, 21] allows
us to recommend composite coatings from magnesium compounds to increase the service life of parts made of
nickel alloys, including, for example, disks, working and nozzle blades, combustion chamber pipes, turbine disks,
etc. Their use is justified for increasing the technical level and efficiency of repair work when restoring worn parts,
which allowed us to significantly increase wear resistance and solve the problem of restoring previously unrepaired
parts. The proposed coatings, as evidenced by the test results, ensure the operational reliability of tribotechnical
connections in accordance with the conditions that are put forward for new competitive materials of antifriction
coatings obtained by the detonation method. Therefore, composite coatings developed on the basis of ternary
magnesium carbide can be considered as an alternative to other promising materials for operation in components
of modern technology, including aerospace.

It should be noted that the developed composite powder based on magnesium reagents for forming
antifriction self-lubricating coatings can be used for any technological methods using powder materials.

Finally, we will determine that the development and testing of magnesium coatings, despite economic
difficulties, is a necessary component of the technical and social development of both science and society as a
whole.

Conclusions

Composite coatings based on ternary compounds of aluminum, magnesium, boron, characterized by low
and stable coefficients of friction and wear intensity, have been developed and investigated. In the test mode at a
load of 10.0 MPa, the developed coatings have friction parameters significantly lower than those of control
coatings by 3.5-8.0 times.

Based on the results of mechanochemical technology, the formation of the composite structure and phase
composition of a powder mixture of magnesium compounds for detonation-gas spraying was synthesized.
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The optimal mode of spraying of the magnesium composition has been worked out, which reproduces not
only the planned chemical composition, but also provides a predicted structure, which modernizes the friction
surface and ensures guaranteed quality of coatings. At the same time, it is emphasized that during spraying, the
variation of the strength and plastic properties of coatings in samples of one batch is stable and amounts to 5-10%.

The structural and phase composition of coatings based on magnesium compounds has been established as
a multicomponent fine-grained aggregate with an almost uniform distribution of finely dispersed strong inclusions
of carbides, borides, silicides and intermetallic formations in the presence of double and ternary magnesium
compounds, which are generally characterized by increased thermodynamic properties, high wear resistance,
hardness, strength and low coefficient of friction with significant chemical inertness.

The developed self-lubricating composite coatings based on magnesium compounds extend the
achievements of modern tribotechnical materials science. The studied compositions, which are capable of self-
lubrication, can be used both for strengthening and for high-quality restoration of worn parts by any technological
methods using powder materials.

References

1. Mordyuk B. M., Ropyak L. Ya., Vitvitsky V. S., Piskun N. O., Malinin V. Yu. Structure and Properties
of PEO Coatings Obtained on D16T Aluminum Alloy Under Various Process Parameters / Metal Physics and
New Technologies. — 2025. — Vol. 47, No. 9. — Pp. 989-1002.

2. E. S. Gevorkyan, G. D. Semchenko, et al. New Materials and Technologies for Their Production.
Kharkiv: Ukrainian State University of Railway Transport, 2016. 341 pp.

3. Mahmood Aliofkhazraei. Handbook of Mechanical Nanostructuring. John Wiley & Sons, 2016 p. - 816
pp-

4. Wear of Composite Materials. DE Gruyter, Berlin, 2018. ISBN 978-3-11-035298-63.

5.Y. Chen, L. Wu, W. Yao, J. Wu Ta in. «Smart» micro/nano container-based self-healing coatings on
magnesium alloys. Journal of Magnesium and Alloys, 2023. https://doi.org/10.1016/j.jma.2023.06.006

6.J. Zhang, X. Peng, P. Wu etc. Recent progress in protective coatings against corrosion upon magnesium—
lithium alloys. Journal of Magnesium and Alloys, 2024. https://doi.org/10.1016/j.jma.2024.08.001

7. S. S. Shayan, M. R. Nakhaei etc. Emerging progress of chemical-based coating for the corrosion
protection of magnesium alloys. Journal of Materials Research and  Technology, 2023.
https://doi.org/10.1080/01694243.2023.2252632

8.J. E. Gray, B. Luan Surface protection of Mg alloys in automotive applications. AIMS Materials Science,
2019. https://www.aimspress.com/article/doi/10.3934/matersci.2019.4.567

9. Shchepetov V. V., Fialko N. M., Bys S. S. Self-lubricating glass composite magnesium carbide
nanocoating // Problems of Tribology. — 2025. — Vol. 30, No. 3/117. — pp. 62-68.
https://doi.org/10.31891/2079-1372-2025-117-3-62-89

10. Tkachuk V. M., Marchenko O. I. Formation of nanostructured solid-lubricating coatings on magnesium
alloys by plasma-electrolytic oxidation // Physical and Chemical Mechanics of Materials. — 2024. — No. 4. —
pp. 45-52. https://pcmm.org.ua/category/2024-rik/nomer-4-60

11. Yao H., Zhao Y., Gao B., Li R, Gao T., Liu X., Gu X., Wang Z., Chang Q. Study on the Synergistic
Lubrication Mechanism of Nickel and Magnesium Silicate Hydroxide in Molybdenum Disulfide-Based Composite
Coatings // Lubricants. — 2026. — Vol. 14, No. 3. — P. 114. https://doi.org/10.3390/lubricants14030114

12. Chang Q., et al. Influence of Nano-Magnesium Silicate Hydroxide on Tribological Properties of
Electroless Ni—P Coatings / Journal of Tribology (ASME). — 2025. — Vol. 147, No. 11.
https://doi.org/10.1115/1.4068112

13. Anupam, Sandeep K. K., Pawan K., Amit G. Magnesium and Solid Lubricants based Self-lubricating
Metal Matrix Composites: A Comprehensive Review and Future Directions // NanoWorld Journal. — 2023. —
Vol. 9, No. S1. https://jnanoworld.com/articles/v9s1/nwj-s1-anupam.pdf

14. Wang L., Zhao X., Cui Y. Layered Magnesium Phosphate as an Environmentally Friendly Solid
Lubricant via Hydrothermal Synthesis // ACS Sustainable Chemistry & Engineering. — 2023. — Vol. 11, No. 23.
— P. 8540-8548. https://doi.org/10.1021/acssuschemeng.3c00877

15. Morales-Serna J. A., et al. Effect of magnesium stearate solid lipid nanoparticles as a lubricant
excipient: film-forming tendencies // European Journal of Pharmaceutics and Biopharmaceutics. — 2023. — Vol.
193. — P. 154-162. https://doi.org/10.1016/j.ejpb.2023.11.004

16. Chen X., Liang J., Journal of Alloys and Compounds. Micro-arc oxidation of magnesium alloys with
co-deposition of MoS2/MgO nano-additives for solid lubrication // Journal of Alloys and Compounds. — 2022.
— Vol. 902. — P. 163. https://doi.org/10.1016/j.jmst.2021.11.053

17. Saji V. S. Surface Coatings on Biomedical Magnesium Alloys: Tribological and Corrosion aspects //
Materials. — 2025. — Vol. 18, No. 14. — P. 341. https://doi.org/10.3390/ma18143411

18. Kostornov A.G. Tribotechnical materials science. Luhansk: Knowledge, 2012-701p.

19. Shchepetov V.V., Mirnenko V.I., Nedayborshch S.D. Mathematical modulation of the formation of
detonation coatings \\ Technological systems. - 2016, No. 2. - pp. 82-88.



https://doi.org/10.1016/j.jma.2023.06.006
https://doi.org/10.1016/j.jma.2024.08.001
https://doi.org/10.1080/01694243.2023.2252632
https://www.aimspress.com/article/doi/10.3934/matersci.2019.4.567
https://doi.org/10.3390/lubricants14030114
https://doi.org/10.1115/1.4068112
https://jnanoworld.com/articles/v9s1/nwj-s1-anupam.pdf
https://doi.org/10.1021/acssuschemeng.3c00877
https://doi.org/10.1016/j.ejpb.2023.11.004
https://doi.org/10.1016/j.jmst.2021.11.053
https://doi.org/10.3390/ma18143411

92 Problems of Tribology

20. Shchepetov V.V., Fialko N.M., Bys S.S. Triboresistance of Composite Nanjcoatings Based on
Magnesum Compounds at Elevated Temperatures\\ Journal of Modern Mechanical Engineering and Technology.
- 2025, No. 12. - r. 45-50.

21. Shchepetov V.V., Fialko N.M., Bys S.S. Self-lubricating glass composite magnesium carbide
nanocoating \\ Problems of Tribology, 30(3\117),62-68.https \\ doi.org\ 10.31891\2079-13722025-117-3-62-68.

leneroB B.B., ®iaako H.M., Bucp C.C. TBepi MacTHIBHI HAHOITOKPUTTS HA OCHOBI CIIOJIYK MarHiro

[IpencraBneHo pe3ysnbTaTH AOCIIKEHb TEPTS Ta 3HOCY JETOHAI[IMHUX KOMIIO3UTHUX HAaHOIOKPUTTIB Ha
OCHOBI MOTPIHHOT CIOJIYKH aJFOMiHIii-MarHii-00p B yMoBax BUIIPOOYBaHb 3 MOCTIHHUM HaBaHTAXXEHHSIM y TOJI
IIBMIKOCTI KOB3aHHSA. IX CTPYKTypHO-()a30BHil CKNaj Ta NAacHUBYOUHMI KOMIUIEKC MOBEPXHEBHMX OKCHIHHX
CTPYKTYP BH3HA4YE€HO 3a JIONIOMOTOI0 Cy4YacHHUX METOAIB (i3UYHOro aHaiizy. BcTaHOBNIEHO, 110 HapameTpu
IHTEHCHBHOCTI 3HOCY Ta KOe(iIlieHTH TepTsS MiHIMI3YIOThCS 3aBISKH CYKYITHOCTI TTOBEPXHEBHUX CTPYKTYp, SKi
pereHepyroTh CTabLIBHAN caMO3MaIlyBIBHUI CTPYKTYpOBaHHUH IIap B yMOBax TepTs. BusHaueHo ¢akxtopw, mo
BIUIMBAIOTH HA (POPMyBaHHS TMHAMIYHOI piBHOBAarM CaMO3MaIlyBaJIbHOTO APy, 0 Ma€ e(heKTUBHY 3/4aTHICTB 10
caMOBiHOBIIeHHA. BopHowac, Oe3mepepBHUI 3aXMCHUI MIap eKpaHye NPOLECH MOJIEKYIIpHO-aare3iitHol
B3a€MO/Iii Ta OJIOKY€ PO3BUTOK HENPUIHATHHX SBUIL PyHHYBaHHS.

KoaiouoBi cioBa: moBepxHeBi CTPYKTypH, KapOiguuii rpadirt, 3HOC, MPOMDKHUE mmap, ¢azoBuil ckiam,
caMo3MallyBaHHSI.



