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TUNING THE WETTING PROPERTIES OF LOW-DENSITY
POLYETHYLENE FILMS VIA CHEMICAL OXIDATION
AND STEARIC ACID MODIFICATION

Impregnated surfaces have recently become a promising class of materials that overcome the limitations
of classic superhydrophobic coatings and demonstrate high stability and multifunctionality in such areas
of application as anti-icing, water-repellent coatings, and barrier coatings. The problem of controlling
the wettability of polyethylene as a typical polyolefin substrate is considered with the aim of developing a
reproducible and environmentally compatible method for regulating its surface energy. A combined strategy
was applied, which included the fabrication of a template using a femtosecond laser, thermo-pressing of
polyethylene to obtain textured replicas, followed by chemical oxidation with nitric acid and potassium
permanganate, and final hydrophobization with stearic acid as a biologically derived alternative to fluorinated
modifiers. Surface morphology, oxidation effects, and wetting behavior were investigated using microscopy
and contact angle measurements. It was shown that pure polyethylene has a water contact angle of ~91°,
which corresponds to its nonpolar and hydrophobic nature. Oxidation significantly reduced the contact angle
to 28° due to surface polarization and possible deposition of manganese oxides, while further treatment with
stearic acid restored and even exceeded the initial values, yielding ~96° on flat surfaces. The results showed
that texturing increased the contact angle to 135°, and in combination with oxidation and hydrophobization to
145°, which is 54° higher than the untreated material. It was shown that the modified surfaces were resistant
to wetting by liquids with low surface tension, with a critical surface energy of 55 mJ/m2, which is considered
a high threshold for non-wettability. It has been established that the key mechanism of stable hydrophobization
is the fixation of stearic acid molecules by polar groups introduced during oxidation, with the external
orientation of hydrocarbon tails. The approach has been found to be reproducible and does not compromise
the mechanical integrity of polyethylene. Prospects for further improvement include the introduction of metal
nanoparticles to form secondary textures and their subsequent hydrophobization, which may contribute to
the development of superhydrophobic and infused surfaces. The results highlight a scalable methodology to
produce non-fluorinated, durable, and superhydrophobic polymer surfaces.

Key words: polymer, polyethylene, wetting, chemical treatment, surface modification, heat pressing, contact
angle.

Formulation of the problem. Infused surfaces mechanical stability — and, on the other hand, provide
represent a novel class of materials that, on one hand,  highly effective performance in applications such as
overcome the inherent limitations of the previous ice accretion mitigation, suppression of wetting by
generation of materials — namely, water-repellent various liquids, and protection against liquid penetra-
textured superhydrophobic surfaces in dynamic and tion into the underlying texture. This technology is
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based on surfaces with a highly developed texture.
Such substrates may be intrinsically porous, com-
posed of interconnected fibers, or they may be arti-
ficially textured using various techniques, such as
chemical etching or laser ablation. A critical require-
ment is that the structural pores must be capable of
retaining the infused liquid within the texture [1].

The infused liquid is a crucial component of these
materials, as it resides within the cavities formed
by the elements of the surface structure and directly
interfaces with the surrounding environment. When
a droplet of a wetting liquid contacts such a surface,
it essentially rests on the layer of the infused liquid
rather than on the solid substrate. Consequently, dur-
ing droplet removal, a portion of the infused liquid
may also be displaced. Moreover, the polarity of
the infused liquid significantly affects the spreading
behavior of the wetting liquid on the surface and gov-
erns the specific amount of infused liquid retained
within the pores, thereby determining the operational
lifetime of the infused surface.

Consideration of the working mechanism of
infused surfaces highlights the critical role of the
affinity relationships between the porous substrate
(serving as the scaffold for the infused liquid) and
both the infused and wetting liquids. In scenarios
where the infused liquid exhibits strong affinity to the
substrate, while the wetting liquid does not, the sys-
tem effectively repels the wetting liquid. In contrast, if
either the infused liquid or the porous substrate shows
substantial affinity toward the wetting liquid, wetting
inevitably occurs. In the former case, the infused lig-
uid may be gradually displaced and removed from the
surface, whereas in the latter case, the wetting liquid
can penetrate beneath the infused layer, leading to the
breakdown of the system [2].

This fact underscores the relevance of investi-
gating strategies to enhance the affinity between the
infused liquid and the porous substrate in which it
resides. The primary parameter that governs this
affinity is the polarity or nonpolarity of both the liquid
and the surface. In particular, the components of the
surface tension of the infused liquid can be compared
with the corresponding components of the surface
energy of the solid substrate that constitutes the struc-
tural framework of the system.

For all substances, both surface energy and sur-
face tension are determined by their chemical compo-
sition. However, this is not always the only parameter
that must be considered in engineering design. For
infused liquids, factors such as chemical composition,
molecular weight, and the presence of impurities crit-
ically influence several technological aspects. First,

they determine the viscosity, which controls both the
rate of liquid loss from the surface and the rate of
self-replenishment of the infused layer. Second, the
chemical composition governs the stability of the
infused liquid under environmental exposure. More-
over, the chemical structure also defines the charac-
teristic operational temperature range of the infused
liquid, including its freezing point — a parameter of
particular importance for anti-icing applications.

The most practical approach to controlling the
affinity between the infused liquid and the substrate
is to adjust the surface energy of the substrate itself.
This can be achieved using a wide range of techniques
and must be tailored individually for each specific
type of substrate. Polymeric substrates — most nota-
bly polyethylene, which is among the most techno-
logically convenient and economically viable mate-
rials for large-scale manufacturing — require specific
approaches for tailoring their surface energy through
surface modification [3].

The central problem of this study lies in con-
trolling the wettability of polyethylene-based sub-
strates as most promising and scalable materials for
the base layer of infusion surfaces and elucidating the
influence of surface texturing on this property.

Analysis of recent research and publications.
The fundamental concept of infused surfaces was
first articulated in the pioneering works of Joanna
Aizenberg, which were inspired by studies of nat-
ural organisms [4]. Carnivorous plants such as the
pitcher plant served as a natural model, exemplify-
ing the functional principle of infused surfaces. It
is noteworthy that both in these pioneering studies
and in most subsequent works, the infused surfaces
and the infused liquids are typically composed of
materials with inherently low surface energy and,
consequently, low surface tension. In contrast, the
liquids coming into contact with these surfaces usu-
ally exhibit comparatively high surface tension. One
of the most common liquids that come into contact
with infused surfaces is water or aqueous solutions.
Water may be present in its normal liquid state, in
a supercooled state, or occasionally as water vapor.
However, in all reported cases of successful infused
surface performance, a key factor remains the distinct
difference in polarity between the infused liquid and
the contacting (wetting) liquid. More practical types
of infused liquids are those that combine sufficiently
low surface tension with high stability under envi-
ronmental stresses. For instance, when comparing
aliphatic hydrocarbons with silicone-based liquids,
the latter are generally more resistant to degradation
by ultraviolet radiation or oxidative processes in the
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presence of ozone, making them more suitable candi-
dates for use as infused liquids. It is well known that
the surface energy of polyolefins, in particular — poly-
ethylene, is not the lowest among polymeric materials
that could potentially be used as substrates. To further
reduce their surface energy, a sequential strategy, that
was reported in [5] for the polycarbonate substrate,
was employed, beginning with controlled surface
oxidation. In this approach, only the outermost layers
of the material are subjected to oxidation, while the
deeper layers — responsible for the bulk mechanical
strength and appearance — remain unaffected. This
oxidized surface layer becomes enriched with polar
functional groups formed during the oxidation pro-
cess. These groups are chemically reactive, which
enables their use as anchoring sites for subsequent
surface modifications, including hydrophobization
treatments. One of the most widely used strategies for
hydrophobizing oxidized polymer surfaces involves
silanization. In this approach, organosilane molecules
react with the polar functional groups introduced dur-
ing the oxidation stage, forming covalent bonds and
producing a thin siloxane-based layer on the surface.
The organic moieties of the silanes can be tailored
to provide hydrophobic or even low-surface-energy
functionalities, thereby significantly reducing the
overall surface energy of the substrate. Silanization is
particularly attractive because it yields durable, con-
formal coatings and can be applied using relatively
simple solution— or vapor-phase processes [6].
Another effective approach involves the depo-
sition of fluorinated compounds or fluoropolymers,
which impart extremely low surface energy due to
the high electronegativity and low polarizability of
fluorine atoms. Such coatings can be applied through
various techniques, including plasma-enhanced dep-
osition, dip-coating, or spray-coating of fluorinated
precursors. Fluorinated layers provide not only
enhanced hydrophobicity but also increased chemical
and environmental resistance, making them suitable
for long-term operation of infused surface systems.
Fluorinated organic compounds, although highly
effective in reducing surface energy, are widely rec-
ognized as environmentally problematic and are often
considered insufficiently sustainable. Therefore,
replacing them with more environmentally compati-
ble alternatives — even if slightly less efficient — repre-
sents a highly relevant research objective. In the pres-
ent work, stearic acid was explored as a candidate for
such replacement, serving as a hydrophobizing agent
after the oxidation of polyethylene surfaces [7].
Increasing the surface polarity of polyethylene is
arelatively straightforward and well-established task,
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commonly employed, for example, in the production
of printable packaging materials. In such cases, the
enhancement of polarity is typically achieved using
methods such as corona discharge or plasma treat-
ment. However, the subsequent reverse hydropho-
bization of these surfaces, as well as the efficiency
of such treatments, has been investigated only rarely.
This represents an evident gap of knowledge that the
present study aims to address.

Task statement. The aim of this work is to estab-
lish the possibility of flexibly controlling the wettabil-
ity of textured polyolefin-based surfaces. To achieve
this objective, the study addresses, in sequence, the
tasks of surface texturing of polyethylene by thermo-
pressing, enhancement of surface energy through oxi-
dation, and subsequent modification with stearic acid
to induce hydrophobization.

Outline of the main material of the study. The
methodological approach of this study involved the fab-
rication of textured polyethylene surfaces, their subse-
quent oxidative treatment, hydrophobization in a stearic
acid solution, and evaluation of their wettability.

To produce imprinted textures on polyethylene
surfaces, a two-step procedure was employed. First,
metallic templates were fabricated by creating peri-
odic groove-like patterns on AISI304 stainless steel
substrates using femtosecond laser ablation. These
textured surfaces, as well as the regularities of their
formation, were investigated and reported in our pre-
vious work [8].

To obtain negative replicas of the laser-textured
surfaces, a solution-based method was used. 10 wt. %
polycarbonate (Calibre 303 10 TNT, Dow Plastics)
solutions in dichloromethane were prepared and cast
onto the laser-textured steel templates, followed by
solvent evaporation to form uniform thin films. These
films were then mechanically peeled off from the
metallic templates, resulting in negative replicas of
the laser-fabricated microstructures.

Because the melting temperature of polycarbonate
is significantly higher than that of LDPE, it can be
used as a negative template for producing positive
surface structures on polyethylene. This approach
was employed in the present work: thermopressing
was carried out at 120 °C, at which polyethylene
melts and becomes sufficiently pliable to replicate the
template features. The resulting polyethylene textures
were subsequently used as substrates for the follow-
ing stages of the study.

Chemical oxidation was performed using a mixture
of potassium permanganate and nitric acid [9]. Solu-
tions of each reagent were prepared at concentrations
of 0.2 mol/l and volumes of 50 ml. Both textured and
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non-textured polyethylene samples were immersed in
this mixture overnight (approx. 10 hours). After treat-
ment, their wettability was assessed using an optical
microscope equipped with a goniometric stage.

The oxidized polyethylene samples were then sub-
jected to hydrophobization in an isopropanol solution of
stearic acid (1 wt. %) at 60 °C. The films were kept in the
solution for two hours, then removed, cooled, rinsed with
isopropanol to eliminate excess stearic acid, and finally
dried. After drying, their wettability was evaluated.

The contact angles were measured using a Konus
Academy optical microscope equipped with a goni-
ometric stage and an UCMOS 1300 digital camera
(Sigeta Optics). The measurements were performed
in the Toup View software, which enabled determina-
tion of the contact angle between the sample surface
and the liquid droplet.

As shown in Fig. 1, the initial contact angle on the
untreated polyethylene samples was relatively high,
averaging around 91°. This value is consistent with
previously reported literature data [10, 11] and con-
firms the well-established notion that polyethylene,
and polyolefins in general, are inherently nonpolar
and hydrophobic polymers.

Oxidation in the presence of strong oxidizing
agents such as nitric acid and potassium permanganate
led to a pronounced decrease in the contact angle on
polyethylene surfaces, down to approximately 21°.
This result primarily indicates the occurrence of direct
oxidation of the polymer itself. However, it may also
be partially attributed to the deposition of manganese
oxide residues on the surface, which further enhances
hydrophilicity, as metal oxides are generally known
to exhibit intrinsically hydrophilic properties.

The surface layer, regardless of its specific com-
position, demonstrated moderate resistance to abra-
sion under normal conditions; however, under high
mechanical loads it was removed together with the
uppermost layer of polyethylene, thereby exposing
the underlying hydrophobic material. It should be
noted that this observation is of limited practical rele-
vance for textured surfaces, as their structural features
are inherently susceptible to mechanical damage.

Hydrophobization of the oxidized polyethylene
surfaces in an isopropanol solution of stearic acid
effectively restored their wettability to the initial lev-
els characteristic of untreated polyethylene, with con-
tact angles in the range of 94-96°.

Surface textures obtained by femtosecond laser
ablation Fig. 2 (a, b) are anisotropic groove-asperity
patterns with identical periods of 60 pm but different
groove/asperity widthratio. For the texture 1 (Fig2.a)
the asperity and groove-bottom widths are about
15 pm. For the texture 3 (Fig 2.b) the asperity width
is 45 um. Their cross-sections exhibit truncated pyr-
amid geometry. As it can be seen from Fig 2.c and
Fig 2.d — the negative textures on a polycarbonate
surface remain the geometrical configuration of
the main patterns including period and width of its
structural elements. The positive textures obtained
on the surface of LDPE (Fig 2.e, f) are identical to
that of the initial metal templates. The texture depth
is decreased to 18 um from 22 pm of original tex-
ture, that may be explained by increased viscosity of
the polyethylene melt and not complete fulfillment
of the texture void volumes. However, this depth
deviation is within the error margin of measurement
and is discussable.

Table 1
Static water contact angles of LDPE surfaces
. Water contact angle, °
Material Pristine Oxidized Hydrophobized

Flat 91+1,5 28+2,0 95+1,5
Texture 1 (parallel) 125+1,5 103+£2 130£2
Texture 1 (perpendicular) 130+1,5 107+2 13142
Texture 2 (parallel) 130+1,5 126+1,5 133+1,5
Texture 2 (perpendicular) 136+1,5 130£1,5 145+1,5

ﬁ — R

a

b

Fig. 1. Water droplet photo on the polyethylene surface: before oxidation (a),
after oxidation (b), after treatment with stearic acid (c)
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At the next step of the study, obtained textured
surfaces of LDPE were subsequently oxidized and
hydrophobized. The change of the surface energy
was monitored via water contact angle measurement
(Table 1). Since the obtained textures were aniso-
tropic, the contact angle measurement may be made
parallel or perpendicular to the direction of structure.

The textured polyethylene samples exhibited sig-
nificantly higher contact angles compared to the flat,
untreated polyethylene surface. This behavior can be
explained by the Wenzel and Cassie—Baxter effects,
which describe the enhancement of apparent contact
angles as a function of surface roughness. At the same
time, Texture #1 was less effective than Texture #2 in
increasing the contact angle with water. This differ-
ence is most likely related to the structural features
of Texture #1, particularly the comparatively wide
spacing between its surface elements. It may be noted

m i

that the texturing increases the water contact angle
value up to 46 ° in comparison to a flat surface of
polyethylene.

Upon oxidation, all samples demonstrated a
decrease in contact angle. This effect is associated
with surface polarization, namely the introduction
of polar functional groups that enhance interactions
with water. The trend was most pronounced for the
flat polyethylene surface. In contrast, for the tex-
tured samples, the surface topography remained an
effective factor in maintaining water repellency; as a
result, the contact angles did not drop catastrophically
but instead remained at relatively high values.

Subsequent treatment with stearic acid signif-
icantly increased the contact angles of the oxidized
surfaces. The values not only returned to their orig-
inal levels but in some cases exceeded them. For
instance, on the flat polyethylene surface the con-

C  ;
e

Fig. 2. Textures of samples: texture 1 (a, c, e); texture 2
(b, d, f); metal templates (a, b), polycarbonate negatives
(c, d); polyethylene positives (e, f)
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tact angle increased by approximately 4° compared
to the untreated material, a difference beyond the
experimental error and therefore statistically signif-
icant. For Texture #1, the increase ranged from 1° to
5°, depending on the measurement orientation. The
most pronounced effect was observed for Texture #2,
where the contact angle increased by nearly 10° in the
perpendicular measurement orientation.

The obtained highest value of the water contact
angle is 145°, that is 54° higher than the initial mate-
rial indicating the effectiveness used texturing and
treatment approach. The critical surface energy of
these structures, determined as the lowest surface
tension of the liquid, at which the wetting plateau
remains is found to be close to 55 mJ/m?. This can
be used as an indicator of water repellent properties
stability against medium polarity liquids as well.

The contact angle data suggests that during stearic
acid treatment, the molecules anchor to the oxidized
polyethylene surface via polar functional groups,
while the hydrophobic hydrocarbon chains orient
outward. This results in the formation of a more uni-
form and defect-free hydrophobic layer than that of
pristine polyethylene. The enhanced efficiency of the
treatment is largely due to the combined effect of oxi-
dation and subsequent hydrophobization. Oxidation
with potassium permanganate may lead to the depo-
sition of small amounts of manganese oxides (MnO,)
in the upper surface layers. These oxides can interact
with stearic acid, thereby further improving the effec-
tiveness of the surface modification.

In preliminary studies, we also attempted to
hydrophobize oxidized polyethylene surfaces using
alkoxysilanes. However, in this case the treatment
proved to be largely ineffective, whereas stearic acid
demonstrated substantially higher efficiency. An
unexpected finding was that textured polymer films,
when subjected to hydrophilic pretreatment, could
also be functionalized with hydrophilic metal-based
nanoparticles deposited onto the surface. Such modi-
fied films could subsequently be hydrophobized using
agents selected for maximum compatibility with the
nanoparticles, opening new possibilities for tailored
surface functionalization.

Although this line of investigation requires further
research and development, it represents a promising

and, importantly, reproducible approach compared to
simple polarization of polyethylene surfaces by oxi-
dation. A major advantage of this method is that the
polymer itself is not degraded, allowing it to retain its
mechanical properties, operational lifetime, and envi-
ronmental resistance.

Conclusions. In this work, a method for regulat-
ing the surface energy of polyethylene was demon-
strated through a sequence of oxidation and sub-
sequent hydrophobization. Oxidation reduced the
contact angle from 91° to 28°, while hydrophobi-
zation restored and even increased it to 96° on flat
surfaces. Surface texturing alone raised the water
contact angle to 135°, and when combined with the
oxidation—hydrophobization cycle, the contact angle
reached 145°, which is 54° higher than that of pristine
polyethylene.

The modified materials were shown to be resistant
to wetting by liquids with reduced surface tension.
The critical surface energy at which wetting com-
menced was determined to be 55 mJ m™, a compar-
atively high threshold value. This demonstrates that
the combination of texturing and chemical function-
alization provides a synergistic effect, enabling the
creation of highly non-wettable surfaces.

A promising direction for extending these results
lies in the incorporation of nanoparticles, such as
metallic nanoparticles, to generate secondary textures
on polyethylene replicas fabricated by the template
method. These nanoparticles can be readily function-
alized with simple hydrophobizing agents, including
stearic acid, which may further enhance the perfor-
mance and allow the fabrication of superhydrophobic
surfaces using the same principle.

Finally, porous surfaces present themselves as
an excellent platform for the design of infused sur-
faces. As demonstrated, their polarity — and therefore
their affinity toward infused liquids — can be tuned
on demand, offering additional flexibility for devel-
oping advanced liquid-repellent and multifunctional
materials.

Funding. This study was funded within the
scope of the project # 2025.06/0031 “Polymeric liq-
uid-infused films with de-icing capability” (contract
No. 217.0031 01.08.2025) by the National Research
Foundation of Ukraine.

Bibliography:
1. Liquid-Infused Surfaces: A Review of Theory, Design, and Applications / M. Villegas et al. ACS Nano.
2019. Vol. 13, Ne 8. P. 8517-8536. DOI: https://doi.org/10.1021/acsnano.9b04129.
2. Life and death of liquid-infused surfaces: a review on the choice, analysis and fate of the infused liquid layer /
S. Peppou-Chapman et al. Chemical Society Reviews. 2020. Vol. 49, Ne 11. P. 3688-3715. DOI: https://doi.org/

10.1039/d0cs00036a.

ISSN 2663-5941 (Print), ISSN 2663-595X (Online)



Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

3. Durability of Slippery Liquid-Infused Surfaces: Challenges and Advances / D. Tripathi et al. Coatings. 2023.
Vol. 13, Ne 6. P. 1095. DOI: https://doi.org/10.3390/coatings13061095.

4. Bioinspired self-repairing slippery surfaces with pressure-stable omniphobicity / T.-S. Wong et al. Nature.
2011. Vol. 477, Ne 7365. P. 443-447. DOLI: https://doi.org/10.1038/nature10447.

5. Superhydrophilic modification of polycarbonate substrate surface by organic plasma polymerization film /
K.-W. Lu et al. Materials. 2022. Vol. 15, Ne 13. P. 4411. DOI: https://doi.org/10.3390/mal5134411.

6. Functional and versatile superhydrophobic coatings via stoichiometric silanization / L. Zhang et al. Nature
Communications. 2021. Vol. 12, Ne 1. DOI: https://doi.org/10.1038/s41467-021-21219-y.

7. An Overview of Potential Alternatives for the Multiple Uses of Per— and Polyfluoroalkyl Substances /
R. Figuiere et al. Environmental Science & Technology. 2025. Vol. 59, Ne 4. P. 2031-2042. DOI: https://doi.org/
10.1021/acs.est.4c09088.

8. Myronyuk O., Baklan D., Rodin A. M. UV Resistance of Super-Hydrophobic Stainless Steel Surfaces
Textured by Femtosecond Laser Pulses. Photonics. 2023. Vol. 10, Ne 9. P. 1005. DOI: https://doi.org/10.3390/
photonics10091005.

9. Analysis of the surface chemistry of oxidized polyethylene: comparison of XPS and ToF-SIMS / D. Briggs
et al. Surface and Interface Analysis. 2003. Vol. 35, Ne 2. P. 156-167. DOI: https://doi.org/10.1002/sia.1515.

10. A Machine Learning Model for the Prediction of Water Contact Angles on Solid Polymers / J. Sena et
al. The Journal of Physical Chemistry B. 2025. Vol. 129, Ne 10. P. 2739-2745. DOI: https://doi.org/10.1021/acs.
jpcb.4c06608.

11. Kurihara K., Hokari R., Takada N. Capillary Effect Enhancement in a Plastic Capillary Tube by
Nanostructured Surface. Polymers. 2021. Vol. 13, No 4. P. 628. DOI: https://doi.org/10.3390/polym13040628.

Mupomniok O.B., Bakaan JI.B., Casuenko J.0., Hamenko €.0. PET'YJIIOBAHHS BJIACTUBOCTEM
3MOYYBAHHSI IIJIIBOK 3 MOJIIETUJIEHY HU3BKOI IIIBHOCTI 3A JOITOMOTI'OIO
XIMIYHOI'O OKMCHEHHSI TA MOAU®IKAIIII CTEAPUHOBOIO KUCJIOTOIO

Ilpocoueni nogepxmi Hewjo0a8HO CmMany NEPCREKMUBHUM KAACOM Mamepianie, AKi 001armb 00MeXCeHHs
KIACUYHUX CYNepeiopodOOHUX NOKPUMNIG I 0eMOHCMPYIONb BUCOKY CIADLIbHICIbL Ma 6A2amo@YHKYIOHATbHICMb
¥y makux cghepax 3aCmocy8anHsl, K AHMUONCENEOHI, B0008IOUMOBXYBAIbHI NOKPUMMS mMa 6ap €pHi NOKPUmMmsL.
Pozenanymo npobremy KoHmponio smouyeaHocmi noniemuieHy AK Munogozo Nnonioneinosozo cybcmpanmy
3 Memoio po3poOKU BIOMBOPIOBAHO20 MA €KONOSIYHO CYMICHO20 CHOCOOY pe2yito8aHHs 1020 NOBEPXHEBOT
eHepeii. 3acmocoeano KoMOIHOBAHY cmpamezilo, WO BKIUALA BULOMOBIEHHA WAOIOHY 3 O0ONOMOZOH
ghemmocekyHOHO20 Nazepa, MepmMOnpecy8anHs noiiemunery 0 OMpPUMAaHHA MeKCIYPOBAHUX PeniiK, N0OdIblle
XiMIUHe OKUCNIeHHs A30MHOI0 KUCIOMOIO Mda NePMAHESAHAMOM KAilo, d MAKodc ocmamouny 2iopogodizayiio
3a OONOMO2010 CIMeapuHOBol KUCIOMuU K OI0N02IUHO NOXIOHOL anbmepHamusy (pmoposanum moougixamopam.
Hocniooceno mopponozito nosepxni, epekmu OKUCTIEHHA MA NOBEOTHKY 3MOUYBAHHSA 3 OONOMO20H0 MIKPOCKONIT
ma 8UMIpIO8aHHsA Kyma smouyeanHs. Ilokazano, wo uucmuili noniemuiern Mae Kym 3MO4Y8aHHs 800010 ~91°,
Wo 8I0N0Gioace 11020 HenouApHiti ma 2iopoghodnii npupodi. OKUCIEHHS 3HAUHO 3MEHUUUIO KV 3MOYY8AHHS 00
28° uepe3 nonsipuzayiro NOBEPXHI Ma MONCIUBE OCAONCEHHS OKCUOI8 MAP2AHYI0, MOOL K NOOAIbUd 00pOdKa
CMeapuHoBo0 KUCIOMOI0 BIOHOBUIA | HABIMb NepesUuUId NOYamKkosi 3HauenHs, dasuiu ~96° Ha niockux
nosepxusx. Pesynomamu nokazanu, wo mexcmypysaHHs 301610 Kym 3modyeants 0o 135°, a 6 noeonanui 3
oxucnenHam 2iopogobizayiero 0o 145°, wo na 54° nepesuwiye noxkasHuxu Heoopobnrernozo mamepiany. Iloxasamo,
wWo MoOoughikogaHi nosepxti Oyau cMilKUMu 00 3MOYYBAHHA PIOUHAMU 3 HU3LKUM NOBEPXHEBUM HAMA2OM, 3
KPUMUYHOIO NOBEPXHEBOI0 eHep2ieto 55 MIiC/M?, wo 68aicaemvcs GUCOKUM NOPO2OM OJisl HE3MOUYBAHOCHIL.
Bcmanosneno, wo xmowosum mexanizmom cmabinbhoi 2iopogobizayii € 3aKpinienms MoaieKyil CmeapuHosoi
KUCTIOMU 3G OONOMO20I0 NONAPHUX 2PYH, 86€0C€HUX N0 4aC OKUCTEHHSL, 3 308HIUHbOIO OPIEHMAYIEIO 8Y21€800HEBUX
xeocmis. Busisneno, wjo nioxio € 6i0meoprosanum i He nopyutye mexaniynoi yinicnocmi noniemuneny. [lepcnexmusu
ROOANbULO20 80OCKOHANICHHSA BKIIOUAIOMb 66E0EHHS MEeMAaiesux HAHOYACMUHOK Ol (DOPMYBAHHS BMOPUHHUX
meKkcmyp ma ix nooanvuty 2iopohodizayiio, wo modxice CRpUsIMU po3sUMKY cynepiopogoonux ma ingy3oeanux
nogepxoms. Pezynsmamu niokpecirooms macumabosany Memooono2ito supodHUYmMEa Hepmoposanux, Cmitikux
ma cynepeiopo@ooHuUX NOTIMEPHUX NOBEPXOHb.

Knrwouosi cnosa: nonimep, noniemunen, 3mMouy8anHs, Ximiuna 00poOKa, MmoOugpikayisi noeepxHi,
MepMONpecy8anHts, Kyn 3MOYY8aHHS.
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