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Abstract: Biodegradable polymer composites were developed using gellan gum, agar—agar, and
chitosan as natural matrices, with poly(2-ethyl-2-oxazoline) (PEOZ, 0.15 g) added as a functional
modifier. Four film types (GG-Ch, GG-Ch-Ox, A-Ch, A-Ch-Ox) were evaluated for structural and
physicochemical performance. The films showed thicknesses of 0.1648-0.3455 mm and masses of 3.70—
5.68 g. Incorporation of PEOZ significantly improved folding endurance, increasing it from 68 to 90
cycles in gellan—chitosan and from 42 to 76 cycles in agar—chitosan composites. Swelling and sol-gel
analyses revealed higher crosslinking density and lower soluble fraction in modified samples. FTIR
spectra confirmed hydrogen bonding and electrostatic interactions, while SEM-EDS of GG-Ch-Ox
demonstrated a homogeneous surface with Na*/Cl~ distribution, indicating efficient ionic crosslinking.
The modified systems exhibit improved mechanical stability, water retention, and morphological
uniformity, making them promising candidates for biomedical uses such as wound dressings and
transdermal patches.
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1. Introduction

In modern materials chemistry, creating polymer composites with structural
stability and predictable physicochemical characteristics remains a key focus. For
applications such as model investigations of diffusion and structural adaptability
in polymer matrices, these materials allow tuning of mechanical strength, water-
retention capacity, and permeability [1].

This study evaluated several natural polysaccharides as the basis for
composite patches, including agar, gellan gum, sodium alginate, and chitosan.
Although sodium alginate is biocompatible and gel-forming, it was excluded from
further tests due to its low mechanical strength and high water absorption, which
limit its suitability for stable polymer networks [2-3].

Gellan gum was selected as a primary structural matrix due to its excellent
stability, strength, and ability to form durable gels [4,5]. When combined with
other polymers, it provides a robust framework and allows fine-tuning of material
properties. Chitosan was incorporated into the composites to enhance moisture
retention, strengthen the network, and introduce additional intermolecular
interactions [6,7]. Agar was used as a flexible, water-binding component that
improves elasticity and influences molecular diffusion within the matrix [8,9].

In this work, two types of composite patches were prepared: gellan gum-—
chitosan and agar—chitosan, with oxazoline-based polymers incorporated into both
formulations to impart thermoresponsive properties. This design allows a direct
comparison of how the choice of polysaccharide affects mechanical, sorption, and
structural characteristics, while the oxazoline derivatives provide temperature-
dependent control over patch performance. Compared to previously reported
chitosan-based polysaccharide systems, such as alginate—chitosan or carrageenan—
chitosan patches, our approach offers a systematic evaluation of structural
stability, water retention, and flexibility under identical preparation conditions,
highlighting the novelty and relevance of these formulations.

Oxazoline-based polymers function as thermoresponsive elements, enabling
temperature-dependent adjustments in mechanical stability and permeability [10].

The development of polymer composites that combine control over structural
and physical properties is relevant to this field, as it provides a foundation for
multipurpose materials adaptable to environmental stimuli. The goal of this
research is to create and evaluate composite patches composed of agar, gellan
gum, chitosan, and oxazoline derivatives, and to examine how formulation and
crosslinking conditions influence their structural, sorption, and thermoresponsive
properties.

2. Experimental part

Gellan gum, agar, and chitosan were employed as polysaccharide
components. Agar powder of microbiological grade (Sigma-Aldrich, Cat. No.
01916, CAS 9002-18-0), gellan gum Gelrite® (Sigma-Aldrich, Cat. No. G1910,
CAS 71010-52-1), and low-molecular-weight chitosan (Sigma-Aldrich, Cat. No.
448869, CAS 9012-76-4; MW 150-250 kDa; DDA 75-85%) were employed
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without further purification. A further thermoresponsive ingredient, poly(2-ethyl-
2-oxazoline), was added to a few chosen samples.

Composite Patches Preparation

Composites of Gellan and Chitosan (Samples GG).

A transparent solution was created by dissolving 1 g of gellan gum in 70 °C
distilled water. Chitosan was made as a colloidal dispersion (0.5 g per 50 mL
water) and gradually added to the gellan solution under stirring. For 30 minutes,
the resulting films (patches) were exposed to ionic crosslinking in solutions of
NaCl (0.1 M) and CaCl: (0.05 M). To get rid of any remaining salts and unreacted
species, the samples were thoroughly rinsed with distilled water after
crosslinking.

Composites of Agar and Chitosan (Samples A3 and A4)

To create a translucent solution, agar (1 g) was dissolved in hot distilled
water. After a gentle addition of a chitosan colloid (0.5 g), glutaraldehyde (2.5
mL) was added as a crosslinker. To let the mixture gel at room temperature, it was
transferred into Petri dishes. Because of the patches' adequate structural stability,
no further ionic crosslinking was necessary.

Polymer Composites with 2-ethyl-2-oxazoline

Using the same methods as previously mentioned, these samples were made
by adding 0.15 g of poly(2-ethyl-2-oxazoline) to the polymer mixture before
glutaraldehyde was added. To get rid of any unreacted ingredients and free
crosslinking agent, distilled water was used to wash each gel.

Mechanical studies of polymer patches

Measurement of Thickness. A digital caliper was used to measure the
thickness of the film at three to five randomly selected locations, such as the
margins and center. Each sample's mean and standard deviation were determined.

Endurance Folding. A chosen section of the film was folded repeatedly until
obvious cracks or ruptures emerged in order to manually assess mechanical
durability. The number of folds maintained before to failure was used to
demonstrate folding endurance.

Research on Swelling. To assess how pH affects water absorption, swelling
tests were carried out. For up to 72 hours, dried samples (W) were submerged in
250 mL of buffer solutions at room temperature. At predefined time intervals, the
gels were removed, surface moisture was wiped off, and the samples were
weighed (W,). The swelling ratio was computed once equilibrium was established
according to the formula (1):

SR= Wt'wo

W, )

Sol-Gel Analysis. Patches were first dried at 40 °C to a constant weight (m;)
and then submerged in 100 mL of distilled water for a week, stirring occasionally,
in order to identify the insoluble fraction. Samples were dried once more to a
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consistent mass (mg) following the extraction of soluble components. The
following formula (2) was used to determine the gel fraction and soluble fraction:

Gel fraction (%)=(mg/m;)x100,
Sol fraction (%)=100-Gel fraction 2)

3. Results and discussion

Over the past two decades, polymer systems with tunable properties have
become a subject of extensive research due to their ability to control the
physicochemical characteristics and functional performance of materials. In
particular, hybrid polysaccharide patches exhibit remarkable structural stability,
flexibility, and potential applicability across various technological fields [11,12].

o
6 O
o \% \Y/LKOH
N -

& -
Oe\\’b(\ + Poly(2-ethyl-2-oxazoline) w

\\J
X
&%’L 0‘6\\0 Patch,
LCST 35-40°C

Figure 1 — Illustration of the fabrication and molecular interactions in the thermoresponsive
GG-Ch-PEtOx transdermal patch.

In this study, a series of biodegradable composite patches were fabricated
from gellan gum, chitosan, and agar—agar, with or without the addition of poly(2-
ethyl-2-oxazoline) (PEOZ). Reference patches based on gellan gum-—chitosan
(GG-Ch) and agar—chitosan (A-Ch) were prepared alongside formulations
containing PEOZ (GG-Ch-Ox and A-Ch-Ox) to impart thermoresponsive
behavior. Gellan gum was ionically crosslinked by Na* and Ca?* ions, providing a
mechanically stable network, whereas agar—chitosan films were covalently
stabilized with glutaraldehyde, allowing a direct comparison of ionic versus
covalent network formation.

The concentration of PEOZ (0.05 g) was selected based on preliminary trials
to balance thermoresponsive functionality with mechanical integrity. Its
amphiphilic structure and ability to form hydrogen bonds with polysaccharide
chains were expected to enhance elasticity, internal cohesion, and overall patch
stability. Varying the PEOZ content could modulate the thermoresponsive
response, mechanical strength, and swelling behavior, with higher amounts
potentially increasing temperature sensitivity but reducing structural robustness,
and lower amounts favoring stability but limiting responsiveness.

The incorporation of PEOZ significantly enhances the internal cohesion,
elasticity, and overall stability of the composite patches through well-established
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intermolecular interactions with the polysaccharide matrix. The amide groups in
PEOZ form hydrogen bonds with hydroxyl groups of gellan gum and agar, as
well as with amino or hydroxyl groups of chitosan. Such interactions have been
demonstrated in previous studies, including hydrogen-bonded complexes of
PEOZ with poly(acrylic acid) [13] and in chitosan/PEOZ films, where hydrogen
bonding directly contributes to improved network integrity, mechanical
performance, and controlled swelling [14]. These hydrogen-bonding interactions
increase local network density, thereby supporting mechanical robustness while
maintaining thermoresponsive behavior. By adjusting the PEOZ content, the
elasticity, cohesion, and thermoresponsive properties of the patches can be
systematically tuned, providing a reliable approach to optimize composite
performance.

Morphological analysis revealed that the GG-Ch-Ox patches exhibited
uniform, smooth surfaces with enhanced internal cohesion, consistent with the
stabilizing effect of ionic crosslinking and PEOZ incorporation. The A-Ch-Ox
patches maintained flexibility and elasticity due to agar’s gel-forming properties,
while covalent crosslinking ensured structural stability. In comparison, reference
GG-Ch patches were mechanically robust but less responsive to temperature
changes, whereas A—Ch patches retained elasticity but exhibited slightly lower
cohesion and stability.

These observations indicate that the addition of PEOZ successfully imparted
thermoresponsive properties across the series of patches, while the choice of
polysaccharide matrix determined the balance between mechanical strength,
elasticity, and temperature-dependent behavior. lonic crosslinking in GG-based
patches conferred higher initial mechanical stability, whereas covalent
crosslinking in agar-based patches preserved flexibility and smooth morphology.
Overall, combining polysaccharide type, crosslinking method, and PEOZ content
allows fine-tuning of composite patch properties, providing a versatile platform
for future functional applications.

Table 1 — Composition of synthesized polymer patches

Simple Gellan gum Agar-agar Chitosan glutaraldehyde |poly(2-ethyl-2-
(9 () () (mL) oxazoline) (g)

GG-Ch (A) 1 - 0.5

A-Ch (C) - 1 0.5 25

GG-Ch-Ox (B) 1 - 0.5 0.05

A-Ch-Ox (D) - 1 0.5 25 0.05

* Note. Gellan gum samples are crosslinked with cations Na*

Agar-agar samples are crosslinked with glutaraldehyde

The obtained compositions were homogeneous and mechanically stable,
which made them suitable for further evaluation (Figure 2). The next stage of the
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study included measurements of film thickness and folding endurance, tests for
swelling and sol—gel ratio, and instrumental analyses SEM imaging.

Thickness, Weight Variation, and Folding Endurance of the Synthesized
Patches. Table 2 summarizes the basic physical and mechanical parameters of the
obtained polymer patches, including weight variation, mean thickness, and
folding endurance. Two polymer systems were investigated: gellan—chitosan
(GG-Ch) and agar—chitosan (A—Ch), as well as their modified forms containing a
functional additive (GG—Ch-Ox and A—Ch—Ox).

Figure 2 — Transdermal patches based on polysaccharides: A- based on gellan gum without poly-2-ethyl-
2-oxazoline; B — based on gellan gum with poly-2-ethyl-2-oxazoline; C - based on agar-agar without poly-
2-ethyl-2-oxazoline; D — based on agar-agar with poly-2-ethyl-2-oxazoline.

For the gellan—chitosan system, the control GG—Ch sample exhibited a mean
weight of 4.34 + 1.23 g, an average thickness of 0.1648 mm, and a folding
endurance of 68 + 0.3 cycles. Upon modification (GG-Ch-0x), the sample mass
slightly decreased to 3.70 + 1.12 g, while the thickness increased marginally to
0.1732 mm. Notably, folding endurance improved significantly, reaching 90 =+ 0.7
cycles. This enhancement suggests that the modifier contributes to better
structural flexibility and cohesion, likely by reinforcing interpolymer interactions
and reducing brittleness within the gellan-based matrix.

For the agar—chitosan composites, a similar tendency was observed but with
a more pronounced effect. The unmodified A-Ch patch showed a higher mass
(5.68 £ 1.48 g) and thickness (0.3455 mm), but relatively poor flexibility (42 +
0.8 cycles). After modification (A—Ch-Ox), both weight and thickness decreased
(495 £ 1.40 g and 0.3047 mm, respectively), while folding endurance nearly
doubled to 76 = 0.4 cycles. Such improvement indicates enhanced mechanical
resilience and flexibility of the polymer matrix, which can be attributed to better
chain mobility and uniform distribution of the functional additive throughout the
agar—chitosan network.

The standard deviation values for weight variation were relatively high (SD
~ 1.1-1.5 g), possibly due to manual casting and material heterogeneity, whereas
deviations in folding endurance were minimal (< 1 cycle), confirming
reproducibility of the mechanical behavior within each series. Overall, agar-based
patches were thicker and heavier than gellan-based ones, which corresponds to
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the naturally denser structure of agar networks. However, both systems exhibited
a distinct improvement in mechanical endurance after modification.

These results demonstrate that the incorporation of the functional additive
effectively enhances flexibility and durability under repeated deformation,
particularly in agar—chitosan matrices. Further mechanical testing (e.g., tensile
strength, DMA) and statistical analysis (t-test or ANOVA) would provide deeper
insight into the significance and mechanism of these improvements (Table 2).

Table 2 — Results of a mechanical study of polymer patches

Formulation Weight Mean Thickness Folding
Code Variation (g) (mm) Endurance
GG-Ch 4.34+1.23 0.1648 68 +0.3
GG-Ch-Ox 3.70+1.12 0.1732 90+0.7
A-Ch 5.68 +1.48 0.3455 42+0.8
A-Ch-Ox 4.95+1.40 0.3047 76+0.4

The observed differences in weight and flexibility among the synthesized
patches indicate that the introduction of the functional additive not only improves
mechanical stability but also alters the internal structure and water-binding
capacity of the polymer network. Since both gellan and agar matrices possess
hydrophilic functional groups capable of interacting with water molecules, it was
essential to investigate how the modification affects the swelling behavior of the
patches. The swelling properties provide valuable information about the
crosslinking density, porosity, and diffusion characteristics of the material, which
are critical parameters for its potential use in controlled drug delivery and
biomedical applications [15-17].

The illustration depicts the swelling kinetics of GG-Ch, A-Ch, and A-Ch-Ox
samples at a pH of 4.01 (Figura 3a.). All samples demonstrate a fast mass rise
within the initial 10-20 minutes, thereafter followed by a steady stabilization. The
A-Ch-Ox sample has the greatest swelling capacity, due to the presence of
oxazoline groups that augment hydrophilicity and water retention. The GG-Ch
and A-Ch samples exhibit mild swelling attributable to denser crosslinked
networks and ionic interactions within the polysaccharide matrix.

The diagram depicts the swelling characteristics of GG-Ch, A-Ch, and A-Ch-
Ox samples at pH 9.18 (Figura 3b.). All samples exhibit a fast mass augmentation
over the initial 10-20 minutes, subsequently followed by stabilization at
equilibrium. The A-Ch-Ox sample has the greatest degree of swelling, owing to
increased hydrophilicity and a more porous network structure resulting from
oxazoline integration. In alkaline settings, GG-Ch has a superior swelling
capacity relative to A-Ch, presumably due to the ionization of gellan functional
groups and enhanced hydration of the polysaccharide matrix.

Swelling studies demonstrated that the A-Ch-Ox sample displayed the
greatest hydrophilicity and water absorption in both acidic and alkaline
environments, due to the presence of oxazoline moieties that enhance network
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flexibility and hydrophilic connections. The GG-Ch and A-Ch samples exhibited
considerable swelling attributable to denser crosslinked structures and robust
ionic interactions among polysaccharide chains.

Sol-Gel analysis was conducted to determine the proportion of crosslinked
(gel) and soluble (sol) fractions in the polymer samples. Dried patch films were
immersed in distilled water for one week to extract the soluble components, then
re-dried to constant weight. The gel fraction indicates the degree of network
crosslinking, while the sol fraction corresponds to the unbound polymer chains.
An increase in the gel fraction after incorporating poly(2-ethyl-2-oxazoline)
demonstrated enhanced structural integrity and a higher degree of polymer
crosslinking [18].
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5 i o— A .
s 06 —eo— ACh a ALh .
8 0,5 E 0,4 A-Ch-Ox
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Figure 3 — Swelling behavior of GG-Ch, A-Ch, and A-Ch-Ox composite samples at different
pH values: (a) 4.01 and (b) 9.18.

1 200pm
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Figure 4 — SEM-EDS analysis of the GG-Ch-Ox sample shows a homogeneous surface morphology with
localized Na* and Cl- enrichment, indicating effective crosslinking in the presence of NaCl.
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However, while spectral analysis provides indirect evidence of structural
reorganization, it does not reveal the morphological characteristics of the obtained
composites. Therefore, scanning electron microscopy (SEM) was employed to
visualize the surface architecture and assess the distribution uniformity of the
components within the polymer matrix (Figura 4).

Scanning Electron Microscopy (SEM) combined with Energy-Dispersive X-
ray Spectroscopy (EDS) analysis of the GG-Ch-Ox sample, composed of gellan
gum, chitosan, and oxazoline, revealed a homogeneous surface morphology with
localized dense regions corresponding to sodium and chloride ion accumulation
[19]. This indicates efficient crosslinking of the polymeric matrix in the presence
of NaCl.

The uniform distribution of carbon (C) and oxygen (O) reflects the
polysaccharide backbone, while sulfur (S) traces originate from dimethyl
sulfoxide (DMSO) used during sample preparation. These findings confirm the
successful formation of a composite GG-Ch-Ox polymer network with evenly
distributed elements.

4. Conclusion

Biodegradable composite patches based on gellan gum, chitosan, and agar—
agar were successfully obtained, and the targeted modification with poly(2-ethyl-
2-oxazoline) (PEOZ) significantly improved their functional properties. PEOZ
enhanced mechanical strength, folding resistance, and cohesion of the polymer
network, while also providing more controlled swelling and higher structural
stability, as confirmed by sol—gel analysis. SEM data supported the formation of a
more uniform and integrated matrix in the modified samples. These findings
indicate that PEOZ is an effective enhancer for polysaccharide-based composites
and that the developed patches hold strong potential for biomedical use, including
wound care and transdermal delivery.
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Republic of Kazakhstan (Grant No. AP19679386 “Development of a thermoregulated transdermal patch
with antibacterial and anti-inflammatory action”).
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I'EJUIAH CAFbBI3bI, XUTO3AH, AT'AP )KOHE INIOJIU(2-OKCA30JIUH) TYBIHABIJIAPBI
HEI'IBIHAE TEPMOPECHOHCUBTI KOMIIO3ULUAIBIK IATUTAP/IbI O3IPJIEY
L.Y. Bezimosa'", A.A. Kynoanoea, E.B. Heuenypenxo', A.A. Kypméaesa', H.A. Kypmanoaeea*?
Xumus xageopacwr, C. J. Acghenouspoe amvinoazer Kaszax yammuix meouyuna ynusepcumeni,
Anmamwl, Kazakcman

2Xumus xagedpacei, Abaii amvindazel Kasax ynmmolx nedazo2ukansl yHueepcumeni,

Anmamet, Kazaxcman

Tyiiingeme: BHONOIMAIBIK BIABIPAWTHIH MONUMEPI KOMIIO3UIMSIIAp TEJUIAH CAFBI3BI, arap-arap >KoHeE
XHMTO3aH HETi3iHAe 93ipiieHai. MeXaHUKalbIK KacHeTTepiH jkakcapty yuuiH 0.15 r memmepinae monu(2-
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a1un-2-okazonud) (PEOZ) enrisingi. Tepr yiri (GG—Ch, GG-Ch-0x, A—Ch, A—Ch—Ox) KypbUIBIMIBIK
KoHe (pU3MKa-XUMHSIIBIK NapaMeTpiepi OoHbIHIIA canbICThIpbLIbL. [InenkanapabiH KanblHabEs! 0.1648—
0.3455 mmMm, maccacer 3.70-5.68 r apamewbiHga Oongel. PEOZ kocy KarmapriaHyra Te3IMIUTIKTI
alTapIBIKTall apTTRIPABL: rejulaH-xuTo3anna 68-nen 90 uukire, arap-xuro3anaa 42-aeH 76 MUKITE OCTI.
Iciny >xoHe cous-renb Taynjaybl MOAMGUKALMSUIAHFAH YIriaepie alKacnaibl OaiaaHbIC ThIFBI3IbIFBIHBIH
xorapbutaranelH - kepcerti. FTIR  nmepekrepi  mosmcaxapuarep — apachlHIArbl  CYTEKTIK — JKOHE
9IIEKTPOCTATUKANBIK OaiinanbicTapasl pacragsl. SEM-EDS (GG-Ch-Ox) 6iprekri 6er men Na*/Cl™
WOHIAPBIHBIH TapalyblH KOpCETill, THIMAI HOHMABIK AalKaCHadaHyblH goneijaedi. JKaHapTbuiraH
MaTepHaigap MEXaHUKAIBIK TYPaKTBUIBIFBI, CY YCTaybl jKOHE MOP(OIOTHIIBIK OIpPKENKiIiri apKacelHaa
JKapa TAHFBILITAPbl MCH TPAHCAEPMAJIbi MTaTYTap CUSIKTHI OHOMEIUIIUHAIIBIK KOJIIAHyIapFa KOTaiibl.

Tyiiinai ce3nep: resuiad carbi3bl, XUTO3aH, arap-arap, OKCa3oIHHICp, ATy, IIOTUMEPIIi KOMITO3UTTEP,
BICTBIKKA CE3IMTaJl MaTepuasaap.

Bezumosa I'ynvzeitnen Ypucoaesna PhD

Kynoanosa Aiiwam Ma2ucmpanm

Heuenypenxo Enena Buxmoposna XUMUSL ELITLIMOAPBIHbLY KAHOUOAMbL
Kypmoaesa Anus Adenbexosna XUMUSL 6LTLIMOAPBIHBLY KAHOUOANbl
Kypmanoaeea Unoupa Anmaegna XUMUSL 6LTLIMOAPBIHBLY KAHOUOANbl

PA3PABOTKA TEPMOYYBCTBUTEJBbHBIX KOMITIO3UTHBIX MJIACTBIPER
HA OCHOBE I'EJIJIAHOBOM KAME/JIU, XUTO3AHA, ATAPA U TIPOU3BO/THBIX
MNOJIN(2-OKCA30OJIMHA)

I.Y. bezumosa”, A.A. Kynoanosa', E.B. Heuenypenxo', A.A. Kypméaeba', H.A. Kypmanobaesa>

Kagpeopa xumuu, Kazaxcxuii nayuonansnoii meouyunckuti ynueepcumem um. C.JI. Acenduspoea,
Anmamul, Kazaxcman

2Kagpedpa xumuu, Kazaxckuil nayuonansuulii nedazozudeckuii yuusepcumem um. Abas,

Anmamul, Kazaxcman

Pe3tome: buopaznaraemble OJMMEpPHBIE KOMITO3UIMK MOJIy4EeHBI HA OCHOBE I'€JUIAHOBOW KaMelu, arap-
arapa u xuTo3aHa, ¢ gobasieHuem 0.15 r noan(2-3tmi-2-okazonuna) (PEOZ) ms ymydimenust CBOHCTB.
Yersipe Bapuanra wiéHok (GG-Ch, GG-Ch-Ox, A—Ch, A-Ch-Ox) uccieoBaHbI 10 CTPYKTYPHBIM H
(HU3UKO-XUMUUYECKUM XapakTepucTukaM. Tommuna coctaisuia 0.1648-0.3455 mm, macca — 3.70-5.68 1.
Beenenne PEOZ noBBICHIO YyCTOHYMBOCTh K MHOTOKPATHOMY CTHOAHHUIO: B CUCTEME I'eJUIaH—XMTO3aH C
68 o 90 umkioB, B arap—xuro3aHe — ¢ 42 10 76 UMKIOB. AHaIM3bl HAOYXaHUS M COJI-TENb MOKa3aJl
YBEJIMYCHHE IUIOTHOCTH CIIMBKH W CHIDKEHHE pacTBopuMoil ¢pakumu. FTIR moarBepaui Hammune
BOJZIOPOIHBIX U 3JIEKTpocTaTnueckux B3ammoneicteuit. SEM-EDS m3o6paxenns GG—Ch—Ox BeistBHIN
OJIHOPOJIHYIO TIOBepXHOCTh U pacmpeaenenne Na*/Cl-, ykaspiBas Ha 3()(eKTHBHOE HMOHHOE CIIMBaHHE.
MoauduiuupoBaHHBIE CHCTEMBI JEMOHCTPHPYIOT TOBBINICHHYI0O MEXaHHYECKYIO TPOYHOCTD, yICpiKaHHE
BOJIBI M MOP(OJIOrHYECKYI0 OJHOPOJAHOCTh, YTO [IENaeT WX MEePCIEKTUBHBIMHU JUISI MEIMIMHCKUX
MIPUMEHEHHI — MEePEeBA30YHBIX MATEPUATIOB U TPAHCAEPMAIBHbIX MAaTYCH.

KiioueBble cioBa: TelIaHOBas Kameb, XWTO3aH, arap-arap, OKCa30JIMHbI, IaT4, IIOJUMCPHBIC
KOMIIO3UThI, TCPMOTYBCTBUTCIIbHBIC MAaTCPUAJIbI.
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Heuenypenxo Enena Buxkmoposua KaHOUOam XUMU4eckux Hayx
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