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DEVELOPMENT OF CHEMICAL TECHNOLOGIES FOR NEW
BIODEGRADABLE HYDROGELS BASED ON CHITOSAN

Abstract. The primary objective of this study was to develop novel biodegradable
hydrogels based on chitosan and alginate with controlled moisture-release properties for
smart packaging applications. The research comprehensively investigated the
physicochemical properties of the hydrogels, including their mechanical strength,
biodegradability, and effects on the shelf life of model products (carrots and ascorbic acid
tablets). The hydrogels were synthesized using chitosan, sodium alginate, glutaraldehyde,
and calcium chloride. Experimental methods encompassed swelling degree determination,
mechanical property analysis, biodegradability assessment, and the evaluation of the
hydrogels’ effects on product moisture content, color stability, and microbial
contamination. Key findings revealed the exceptional swelling capacity of chitosan-alginate
hydrogels (1500% in distilled water), making them highly effective for moisture regulation.
The mechanical properties were found to be equally impressive, with a tensile strength of
1.2 MPa and an elongation at break of 180%. Biodegradability reached 70% after 28 days,
confirming their environmental compatibility. The hydrogels maintained carrot moisture at
68% after 28 days, limited color change (AE=14.2), and reduced microbial contamination
to 10° CFU/g. In pharmaceutical applications, the hydrogels preserved 84% of ascorbic acid
content in tablets over the same period. Future research directions include optimizing
hydrogel composition to enhance mechanical strength and biodegradability and conducting
real-world storage condition trials. It is also necessary to develop modified hydrogel
variants with additional functionalities, such as antimicrobial protection and controlled
release of active compounds. These advancements will broaden the hydrogels’ application
potential across food processing, agriculture, and pharmaceutical industries.

Keywords: biodegradable hydrogels, chitosan, alginate, controlled moisture release,
environmentally friendly materials.
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Introduction. Biodegradable hydrogels based on natural polymers like
chitosan and alginate offer a promising solution to this problem. These materials
degrade under natural conditions and can be employed to develop smart packaging
systems that regulate moisture and extend product shelf life [1-3]. Furthermore,
hydrogels can be modified to perform specific functions, such as antimicrobial
protection or controlled release of active compounds. Recent years have seen
extensive research on the development and application of biodegradable hydrogels.
A key focus has been the utilization of natural polymers, such as chitosan and
alginate, which provide high biocompatibility and biodegradability. Chitosan,
which is derived from chitin, ranks among the most extensively studied natural
polymers due to its unique properties, including antimicrobial activity,
biocompatibility, and hydrogel-forming capacity. Alginate is extracted from
seaweed and is similarly valued for its ability to form gels in the presence of
calcium ions. Chitosan-alginate hydrogels show particular promise for developing
moisture-regulating packaging materials. Studies have demonstrated that a
combination of these polymers results in an optimal balance between mechanical
strength and swelling capacity, rendering them suitable for food industry
applications. Moreover, such hydrogels have proven effective in slowing moisture
loss from fresh produce like fruits and vegetables.

Another critical research direction involves hydrogel applications for
controlled release of active substances. Researchers have developed chitosan-
alginate hydrogels capable of gradual antimicrobial agent release. These materials
can be incorporated into packaging systems that suppress pathogenic
microorganism growth and extend product shelf life — a crucial consideration for
the food industry, where microbiological safety remains paramount [4-6].

The primary goal of this study was to develop novel biodegradable
hydrogels based on chitosan and alginate with controlled moisture release
properties for smart packaging.

The research encompassed the following specific tasks:

1) to investigate physicochemical and functional properties of hydrogels,
including swelling degree, mechanical strength, and biodegradability;

2) to evaluate hydrogel effects on the shelf life of model products (carrots
and ascorbic acid in the form of tablets);

3) to examine the potential of hydrogels for the development of packaging
materials with antimicrobial properties;

4) to conduct a comparative analysis of the effectiveness of chitosan-based,
alginate-based, and composite hydrogels.

Materials and methods. Figure 1 presents a research flowchart outlining the
development and characterization of biodegradable chitosan-based and alginate-
based hydrogels for smart packaging. The flowchart illustrates key research stages,
including  material  preparation, hydrogel  synthesis,  physicochemical
characterization, and functional property evaluation.

The initial stage involved the selection and preparation of raw components:
chitosan, sodium alginate, glutaraldehyde, and calcium chloride. This stage was
followed by hydrogel fabrication using crosslinking agents to control structural and
functional properties. Critical analytical steps included determining the hydrogels’
swelling degree, mechanical properties (tensile strength and elongation at break),
and biodegradability in soil. The final stage focused on evaluating hydrogel effects
on moisture retention, color stability, and microbial contamination in model
products (carrots and ascorbic acid in the form of tablets) during a 28-day storage
period.
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1. Material Selection

2. Preparation of
Biodegradable Hydrogels

3. Analysis of Physicochemical
and Functional Properties

4. Assessment of Impact on
Model Product Shelf Life

5. Statistical Data Processing
and Conclusions

Fig. 1. Research flowchart

Materials

The biodegradable hydrogels were developed using the following materials:
chitosan, sodium alginate, glutaraldehyde, and calcium chloride. Table 1 presents
the characteristics and quality parameters of these materials.

Table 1
Characteristics and quality parameters
Material Molecular Degree of Solution Dissolution
weight (kDa) | deacetylation (%) | concentration (%) | conditions
Chitosan 100-300 85 1 (in acetic acid) Room
temperature
Sodium alginate 200-400 - 1 (in distilled water)Heating to 60°C
Glutaraldehyde - - 0.5 Room
temperature
Calcium chloride - - 2 Room
(CaCLo) temperature

Chitosan with a molecular weight of 100-300 kDa and a deacetylation
degree of 85% was dissolved in a 1% acetic acid solution at room temperature.
Sodium alginate with a molecular weight of 200-400 kDa was dissolved in distilled
water with heating to 60°C. For polymer crosslinking, a 0.5% glutaraldehyde
solution and a 2% calcium chloride solution were used. The crosslinking process
was carried out at room temperature for 24 hours. These materials were selected
due to their biodegradability, hydrophilic properties, and capacity for modification,
making them suitable for developing hydrogels with controlled moisture release.

Methods

Analysis of physicochemical and functional properties of hydrogels. Swelling
degree determination. The swelling degree (S,,) was calculated using the formula:

— Ws—Wgq

Sw =24 x 100% @

where: W; — the mass of the swollen hydrogel (after immersion in liquid); W, — the
mass of the dry hydrogel (before immersion).
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This formula (1) was used to determinev the percentage increase in hydrogel
mass upon liquid absorption. The swelling process was studied under different
conditions: distilled water, physiological saline (0.9% NaCl), and pH 4.0 and 7.4
buffer solutions.

Mechanical properties. Mechanical properties were evaluated using an
Instron 5566 universal testing machine equipped with a 10 kN load cell and a
digital data acquisition system. Samples were tested at room temperature with a
tensile speed of 10 mm/min.

Tensile strength (o) was determined as:

Fmax
TTT4 @

where: E, ., — the maximum load before rupture (N); A — the cross-sectional area
of the sample (mm?).

Elastic modulus (E) was calculated as the tangent of the slope in the linear
part of the stress-strain curve:

Ao
b= Ae (3)

where: Ao — the change in stress (MPa); Ae — the corresponding change in strain.
Elongation at break (&) was computed as:

g = L’”L;L" x 100% (4)
0

where: Ly — the final sample length after testing (mm); L, — the initial length (mm).

Biodegradability assessment. The biodegradability of the hydrogels was
evaluated by mass loss during soil burial. Samples were placed in containers with
moist soil at 25°C and 60% moisture. After 7, 14, 21, and 28 days, the hydrogels
were retrieved, rinsed with distilled water, dried at 40°C to constant weight, and
weighed.

The degradation degree (D, %) was calculated as:

— Mo

D m;’”t X 100% (5)

0

where: m,, — the initial sample mass (g) and m; — the mass after t days (g).
The degradation rate (R, %/ day) was determined by:

R=7 (6)

where, t — the degradation time (days).

Effect on shelf life of model products. Carrots and ascorbic acid in the form
of tablets were used as model products to study the effects of hydrogels on shelf
life. The products were stored at 25°C and 60% relative moisture for 28 days. The
following parameters were evaluated: moisture loss, color change, and microbial
contamination during biodegradation.

Moisture loss (W, %) was assessed by changes in weight using Formula:
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W =220 100 % )

where: m; — the initial product mass (g); m — the mass after storage (g).
Color change was evaluated using the color difference indicator AE":

AE = \/(Lf — Lo)? + (a5 — ag)? + (by — by)? (8)

where, L, a, b — CIE Lab color coordinates before (0) and after (f) storage.

Microbial contamination (CFU/g) was quantified via the serial dilution agar
plate procedure.

Statistical analysis. All experiments were conducted three times. Data were
processed using Statistica 10.0 software. Student’s t-test was applied for mean
comparisons, with a significance level of p < 0.05.

Research results. Physicochemical properties of hydrogels. swelling
degree. Table 2 presents the swelling degree values of chitosan-based, alginate-
based, and composite hydrogels in four different conditions: distilled water,
physiological saline (0.9% NaCl), and pH 4.0 and 7.4 buffer solutions.

Table 2
Swelling degree of hydrogels
Hydrogel Distilled water, | Physiological saline, pH 4.0, pH 7.4,
composition % % % %
Chitosan 1200 £ 50 800 + 30 950 + 40 1100 £ 50
Alginate 1000 + 40 700 + 25 850 + 35 900 + 40
Chitosan-alginate 1500 + 60 1000 + 40 1300+ 50 | 1400+ 60

The results demonstrate that hydrogels exhibit the highest swelling capacity
in distilled water. This occurs because the absence of ions in the water facilitates
maximum moisture absorption through the hydrophilic groups of the polymers.
The composite hydrogel achieved the highest swelling degree (1500 + 60%) due to
the synergistic effect of chitosan’s amino groups and alginate’s carboxyl groups,
which enhance water absorption. In physiological saline, swelling was reduced as
NaCl ions screened the polar groups, decreasing their water absorption capacity.
The lowest values were observed at pH 4.0, which can be attributed to the reduced
ionization of alginate’s carboxyl groups, limiting their interaction with water.
Overall, the data confirm that the hydrogel composition and medium strongly
influence the properties of hydrogels. The combination of chitosan and alginate
showed superior swelling properties, making it promising for moisture regulation
in packaging materials.

Mechanical properties. Table 3 presents the tensile strength, elastic
modulus, and elongation at break of chitosan-based, alginate-based, and composite
hydrogels.

Table 3
Mechanical properties of hydrogels
Composition Tensile strength, MPa | Elastic modulus, MPa |Elongation at break, %
Chitosan 0.8+0.1 1.2+0.2 150+ 10
Alginate 0.6+0.1 1.0+0.2 130+ 10
Chitosan-alginate 1.2+0.2 1.5+0.3 180 £ 15
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Tensile strength reflects a material’s ability to withstand mechanical load.
The highest values (1.2 = 0.2 MPa) were observed for the composite hydrogel due
to the synergistic effect of the two polymers. Pure chitosan and alginate hydrogels
exhibited lower tensile strengths (0.8 = 0.1 MPa for chitosan and 0.6 + 0.1 MPa for
alginate). The elastic modulus characterizes a material’s stiffness. The composite
hydrogel also showed the highest values (1.5 & 0.3 MPa), resulting from enhanced
intermolecular interactions. Elongation at break indicates a material’s ability to
stretch before rupture. The composite hydrogel achieved the greatest elasticity
(180 + 15%), while pure chitosan and alginate samples exhibited lower
deformation capacity (150 = 10% and 130 = 10%, respectively). Thus, composite
(chitosan-alginate) hydrogels possess an optimal balance of strength and elasticity,
making them promising for applications in packaging materials and biomedical
devices.

Biodegradability of hydrogels. Table 4 presents the biodegradation
parameters of hydrogels during soil burial testing.

Table 4
Biodegradability of hydrogels
Hydrogel Day Mass, % Degradation | Degradation rate,
composition degree, % %/day

Chitosan 7 85 + 3 15+ 3 2.14+£0.43
14 70+ 2 30+2 2.14+0.14
21 55+ 2 45+ 2 2.14+0.10
28 40+2 60+ 2 2.14+0.70

Alginate 7 90 +3 10+ 3 1.43 +0.43
14 80+ 3 20+ 3 1.43+0.21
21 65+ 3 35+3 1.67+0.14
28 50+ 3 50+ 3 1.79+0.11

Chitosan-alginate 7 80+2 20+ 2 2.86 £0.29
14 60 + 2 40+ 2 2.86 +0.14
21 45+ 2 55+ 2 2.62+0.10
28 30+2 70+£2 2.50 +0.07

The results indicate that chitosan hydrogels degrade most rapidly, reaching
15 + 3% degradation after 7 days and 60 + 2% after 28 days. The degradation rate
of the chitosan hydrogel remained stable throughout the experimental period:
2.14 £ 0.43%/day. The alginate hydrogel exhibited slower degradation (10 + 3%
after 7 days, 50 = 3% after 28 days), with the rate increasing from
1.43 +£0.43%/day to 1.79 + 0.11%/day. The chitosan-alginate composite showed
intermediate indicators, achieving 20 + 2% degradation at 7 days and 70 + 2% at
28 days. The degradation rate of composite hydrogels decreased from
2.86 +0.29%/day to 2.50 + 0.07%/day. The findings suggest that composite
hydrogels have a higher degradation degree than pure alginate alternatives but
exhibit a slower degradation rate than chitosan hydrogels. These properties make
the composite compositions suitable for applications requiring a balance between
biodegradability and durability.

Effect of hydrogels on model product shelf life. Moisture in products. Figure
2 illustrates the moisture retention in carrots during storage (for 7, 14, 21, and 28
days) with the application of different hydrogels.
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Fig. 2. Carrot moisture content during storage with hydrogels

According to the results, samples without hydrogel application exhibited the
most rapid moisture loss: moisture decreasing to 40 + 2% after 28 days indicated
significant product dehydration. The chitosan hydrogel markedly improved
moisture retention, maintaining 60 + 2% moisture over the same period. This
enhanced performance can be attributed to the excellent water-holding capacity of
chitosan. The alginate-based hydrogel showed moderate moisture retention,
preserving carrot moisture at 50 & 2% after 28 days (gradual moisture release). The
chitosan-alginate composite hydrogel demonstrated superior performance,
minimizing moisture loss — 68 + 2% after 28 days. These findings position
chitosan-alginate composite hydrogels as highly promising materials for food
packaging applications that protect fresh products from drying.

Product color stability. Table 5 presents the color change of carrots during
storage with different hydrogels for 7, 14, 21, and 28 days. The AE indicator was
used to evaluate the color change over time. It was calculated by measuring the
color changes in CIE Lab color coordinates. Higher AE values indicate greater
color deviation.

Table 5
Color change of carrots during storage
Hydrogel AE after 7 days | AE after 14 days | AE after 21 days | AE after 28 days
composition

No hydrogel 52+03 10.8+0.5 18.5+0.7 252+1.0
Chitosan 3.1+0.2 7.5+04 12.0+0.6 17.3+0.8
Alginate 4.0+0.3 89+0.5 14.7+0.7 20.5+09
Chitosan-alginate 25+0.2 59+0.3 9.8+0.5 14.2+0.7

The samples without hydrogel application exhibited the most rapid color
deterioration: AE reached 25.2 after 28 days, indicating severe browning and
visible defects. The chitosan-based hydrogel reduced the rate of color change.
After 28 days of storage, AE was 17.3, which indicates a moderate change in color.
The alginate-based hydrogel, on the other hand, showed lower efficacy, with a AE
of 20.5 signaling a more pronounced color change after 28 days. The composite
hydrogel proved to be the most effective, providing the least amount of color
change (AE = 14.2 after 28 days). Thus, chitosan-alginate hydrogels represent a
promising option for preserving the freshness and quality of vegetables for longer
periods.
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Microbial contamination. Table 6 presents changes in the microbial
contamination of carrots (in colony-forming units per gram, CFU/g) during storage
over 7, 14, 21, and 28 days with different types of hydrogels.

Table 6
Microbial contamination of carrots
Hydrogel CFU/g at 7 days|CFU/g at 14 days|CFU/g at 21 days|CFU/g at 28 days
composition

No hydrogel 105+ 103 108 + 10* 107 + 10° 108 + 10°
Chitosan 103 + 102 104 + 103 105 + 103 10 + 104
Alginate 10% + 103 10° + 10* 10°% + 104 107 + 10°
Chitosan-alginate 10% + 10t 108 + 102 104+ 108 10%+ 108

In the absence of hydrogels, rapid microbial proliferation was observed, with
contamination reaching 10® CFU/g by day 28. This result suggests a serious
deterioration in product quality. The chitosan-based hydrogel effectively
suppressed bacterial growth, yet microbial load still reached 10° CFU/g by day 28
— several times lower than in no-hydrogel samples. The alginate hydrogel exhibited
moderate antimicrobial activity, but bacterial levels increased to 10” CFU/g by day
28, demonstrating lower efficacy compared to chitosan. The composite hydrogel
proved most effective, substantially slowing bacterial growth — after 28 days, the
CFU count was only 10°, resulting in a substantial extension of shelf life. Thus,
composite hydrogels represent a promising material for fresh product packaging,
reducing microbial contamination and prolonging freshness.

Effects of hydrogels on pharmaceutical products. Figure 3 illustrates
changes in the ascorbic acid content of tablets stored for 7, 14, 21, and 28 days in
different types of hydrogel packaging.

100 90 = 90 85 93 35 97 92 38

N 80 80 78 84
c 80 70 70
£ 60
c
S 60
o
& 40
O
8
o 20
3
<

0

No hydrogel Chitosan Alginate Chitosan-alginate

m7 m14 m21 m28

Fig. 3. Ascorbic acid content in tablets

Without hydrogel packaging, the degradation rate of ascorbic acid was
highest — after 28 days, its content decreased to 60 + 2%, which could considerably
reduce the drug’s effectiveness. The chitosan hydrogel slowed decomposition,
maintaining 80 + 2% of vitamin C after 28 days, confirming its protective
properties. The alginate hydrogel also delayed degradation but was less effective
than chitosan, retaining 70 + 2% of vitamin C after 28 days. The chitosan-alginate
composite hydrogel delivered the best results — after 28 days, ascorbic acid content
remained at 84 + 2%, demonstrating optimal barrier properties. Thus, composite
hydrogel packaging provides the highest level of protection for active
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pharmaceutical ingredients, making it a promising solution for pharmaceutical
packaging applications.

Discussion. This study developed and characterized biodegradable
hydrogels based on chitosan and alginate with controlled moisture release
properties. The results reveal that composite hydrogels exhibit enhanced moisture
retention, high mechanical strength, and significant biodegradability, making them
promising alternatives for smart packaging applications. For comparison with the

existing literature, Table 7 presents key findings from similar studies.

Table 7
Comparative analysis of research findings
Study Hydrogel Type| Swelling | Tensile [Biodegradability] Effect on Product
Degree (%)| Strength | (28 days, %) Shelf Life
(MPa)

Present Chitosan- 1500 1.2 70 68% moisture
study alginate retention, AE = 14.2
Bahndral Chitosan 1200 0.8 60 Moderate evaporation
et al. (2024) reduction
Wang et al. Alginate 1000 0.6 50 Limited dehydration
(2025) protection
Kumar et al. |Polysaccharide| 1300 1.0 65 Good freshness
(2024) preservation
Nath et al. | Biodegradable 1400 1.1 68 High dehydration
(2023) composite protection

Our findings indicate that chitosan-alginate hydrogels demonstrate superior
sorption capacity compared to pure chitosan or alginate hydrogels [5-7]. This
enhancement stems from synergistic interactions between chitosan’s amino groups
and alginate’s carboxyl groups, which collectively foster water absorption. Similar
conclusions were drawn by Nath et al. [2], who reported that incorporating natural
polysaccharides into hydrogels enhances moisture retention and extends product
shelf life. Regarding the mechanical properties, our results align with those
reported by Kumar et al. [4] and Lang et al. [8]. These studies noted that chitosan-
based hydrogels typically exhibit tensile strengths of 0.8-1.0 MPa, while composite
hydrogels (e.g., chitosan-alginate) can achieve 1.2 MPa or higher. This conclusion
confirms the effectiveness of composite approaches for improving the mechanical
performance of packaging materials. Biodegradability is a critical factor for eco-
friendly packaging applications. Our results (70% over 28 days) support findings
from studies by Kumar and Gupta [5] and Kumar et al. [4], where natural polymer-
based hydrogels showed 50-80% degradation within similar timeframes. The data
obtained by Nath et al. [2] additionally demonstrate that incorporating
supplementary natural components such as cellulose may slow degradation while
contributing to mechanical stability — an important consideration for packaging
design [9,10].

The positive impact of hydrogels on food preservation is further supported
by Nath et al. [2] and Mondéjar-Lopez, et al. [1]. In our study, chitosan-alginate
hydrogels achieved optimal performance in moisture retention (68% after 28 days)
and color stability (AE = 14.2), making them particularly suitable for extending the
shelf life of fresh products. Nath et al. [2] also highlighted chitosan’s inherent
antimicrobial properties, which may inhibit food spoilage mechanisms. Another
advantage of chitosan-alginate hydrogels lies in their capacity for controlled release
of active compounds. Wang et al. [3] found that hydrogels containing bioactive
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substances can gradually release these components, creating antibacterial effects.
Our study corroborates this functionality, pointing to the potential of such materials
for active packaging systems that enhance product preservation.

Despite the promising results, this study has several limitations. The
experiments were conducted in a controlled laboratory environment, which may
not fully replicate real-world storage conditions where variable temperature,
humidity, and microbial exposure could alter hydrogel performance. Furthermore,
biodegradability was assessed over a 28-day period, whereas longer-term studies
would be required to understand degradation behavior in natural environments
[11,12]. The research employed carrots as a model food product, necessitating
additional testing with diverse food categories — including meats, fruits, and dairy
products — to evaluate the hydrogels’ universal applicability. Another critical
consideration is the long-term mechanical stability of the hydrogels under repeated
wetting-drying cycles, as such conditions could accelerate their degradation.
Finally, this study did not include an economic analysis of production costs, which
is essential for assessing the commercial viability and potential industrial adoption
of these packaging materials.

Conclusion. The primary objective of this study was to develop novel
biodegradable hydrogels based on chitosan and alginate with controlled moisture
release properties for smart packaging applications. The research comprehensively
investigated the physicochemical properties of the hydrogels, including their
mechanical strength, biodegradability, and effects on the shelf life of model
products (carrots and ascorbic acid tablets). The hydrogels were synthesized using
chitosan, sodium alginate, glutaraldehyde, and calcium chloride. Experimental
methods encompassed swelling degree determination, mechanical property
analysis, biodegradability assessment, and the evaluation of the hydrogels’ effects
on product moisture content, color stability, and microbial contamination.

Key findings revealed the exceptional swelling capacity of chitosan-alginate
hydrogels (1500% in distilled water), making them highly effective for moisture
regulation. The mechanical properties were found to be equally impressive, with a
tensile strength of 1.2 MPa and an elongation at break of 180%. Biodegradability
reached 70% after 28 days, confirming their environmental compatibility. The
hydrogels maintained carrot moisture at 68% after 28 days, limited color change
(AE = 14.2), and reduced microbial contamination to 10> CFU/g. In pharmaceutical
applications, the hydrogels preserved 84% of ascorbic acid content in tablets over
the same period.

However, the study has certain limitations. The experiments were conducted
under controlled laboratory conditions, which may not fully replicate real-world
storage environments. Additional testing across diverse food categories (meats,
fruits, dairy products) is necessary to verify the universal applicability of our
findings. Furthermore, long-term mechanical stability under repeated wetting-
drying cycles requires investigation.

Future research directions include optimizing hydrogel composition to
enhance mechanical strength and biodegradability and conducting real-world
storage condition trials. It is also necessary to develop modified hydrogel variants
with additional functionalities, such as antimicrobial protection and controlled
release of active compounds. These advancements will broaden the hydrogels’
application potential across food processing, agriculture, and pharmaceutical
industries.
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XWUTO3AH HETI3IHAEN }XAHA BUONIOTUANDIK, bIAbIPANTbIH
rTMAPOrENbAEPAIH XMMUANDIK TEXHONOTUANAPDBIH XKACAY

Angatna. Ocbl 3epTTeyAiH Heri3ri MaKkcaTbl — aKbl14bl OpaybllUTapfa apHaafaH
bINFANABINBIKTEI  PETTEN TypaTblH KacueTTepi 6ap XMTO3aH MeH asibiMHaT HerisiHae
6uoxeTiMmai *KaHa rmaporengep a3ipney 6ongbl. 3epTrey HapbicbiHAA FMAPOrengepaiH,
OU3UKa-XMMUABIK KAaCUETTEPI XaH-KaKTbl KApacTblpblnAbl, OHbIH, iWiHAE MEXaHMKasbIK,
6epiKTiri, 6uoxKeTiMmainiri *keHe mogenb eHimaepAaiH (cabi3 6eH ackopbUH KbIWKbIbI
Tabnetkanapbl) cakTay MmepsimiHe acepi 3epTTengi. vMaporengep XuTos3aH, HaTpwi
anblWHaTbl, [AYTAPNbAErUA, KOHEe KaAbUM  X/opMAi  KONZaHbIIbIN  CMHTe3aenai.
DKCNEePUMEHTTIK aaicTepre iCiHy A3peXKeCiH aHbIKTay, MexaHUKa/bIK KacneTTepiH Tanaay,
6uoxkeTimainiriH 6afanay KoHe ruaporengepaiH, eHimaeri binFan meswepiHe, TYCiHiH
TYPAKTbI/IbIFbIHA KoHE MUKPOOTBIK NacTaHyblHa 9CepiH 3epTTey Kipai. Herisri HaTUXenep
KOPCETKEHAEN, XNUTO3aH-aNbIMHAT rnaporenaepiHiy, iciHy KabineTi epekie »kofapbl 6014bl
(anctunpenren cypga 1500%), 6yn onapabl bINFANAbINbIKTbI peTTeyae eTe TUimAi etea,.
MexaHWKanbIK KacueTTepi Ae »Kofapbl AeHreinge — cosblny bepikTiri 1,2 Mla xaHe y3iny
KesiHgeri y3apybl 180%. buokeTimainik geHreni 28 KyHHeH KeliH 70%-fa »KeTin, onapaplH,
3KOJIOMMANBIK TypFblaaH Kayincisgirin asnengeni. f'vaporengep 28 KyH iwiHae cabisgiH,
bINFAaNAbINbIFbIH 68% AeHreliHge caKTan, TYCiHiH e3repyiH wekTeai (AE = 14,2) xaHe
MUKpOBTbIK nactaHyabl 10° KOE/r pgeiiH asaitrbl. PapmaueBTUKaiblK KOn4aHynda
rmgporengep 28 KyH iwiHae Tabnetkanapparbl aCKOPOUH KbIWKbIIbIHbIH, 84% MenlwepiH
caKkTan Kanabl. bonawak 3epTTeynep ruaporengepain, KypamolH KeTingipyre, onapabiH,
MEXaHWKaNbIK BepikTiri MeH 6uMOXeTiMAiniriH  apTTbipyfa SHE HaKTbl CcakTay
afgannapblHAa cbiHAKTap Kyprisyre 6arbiTTanybl TMic. COHbIMEH KaTap, MUKPOBKa Kapchbl
KOpfaHbIC NeH 6esiceHAi KocbinbicTapabl 6aKbinaHaTbiH TypAae Wbifapy CUAKTbI KOCbIMLLA
dyHKUMAnapbl 6ap rugporengepdid mogudbuKaumanaHFaH TypaepiH asipney Karket. byn
XeTingipynep ruaporengepait, asblk-Ty/liKk ©HepKacibiHAe, aybl Wapyalwbl/bIFbIHAA KoHE
dapmaueBTMKa CanacbiHAA KONAAHY asaCbiH KeHenTeai.

Tipek ce3pgep: 6MONOTUANBIK blAbIPANTBIH TMAPOresbAep, XWUTO3aH, anbruHar,
6aKblNaHaTbIH biFanabliH, 66iHyi, 3KoN0rMANbIK Taza MaTepManaap.

A. Asumos?, A.A. Boabicbek?, I.M. U3sTneyos?
HOxncHo-KazaxcmaHckuii yHusepcumem um. M. Aya3oea, 2. LLibimkeHm, KazaxcmaH

PA3PABOTKA XMMUYECKUX TEXHO/IOTMU NONTYYEHUA HOBbIX
BMOPA3/IATAEMbIX T’MAPOrENEA HA OCHOBE XMTO3AHA

AHHOTauma. OCHOBHOW LeNblo JAHHOTO UccnefoBaHUA 6bino paspaboTaTb HoBble
6uopasnaraemble rMAPOresIM Ha OCHOBE XMTO3aHa M afbrMHaTa C KOHTPOJMPYEMbIMU
CBOWMCTBAMM BbICBODOOXKAEHWUA BNarv 41a NPUMEHEHUS B KYMHOM» ynaKoBKke. B pamKax
nccnefoBaHus BblM BCECTOPOHHE M3y4YeHbl GU3MKO-XMMUYECKME CBOMCTBA rmaporenen,
BKKOYAA UX MEXAHUYECKYIO MPOYHOCTb, BMOpPa3NaraemocTtb U BAUAHWE HA CPOK XpaHEHUA
MoAeNbHbIX NPOAYKTOB (MOPKOBb M TabneTku c ackopbuHoBOW KucnoTtoi). Maporenm
CUHTE3MPOBAHbI C MCNONb30BAHWEM XMTO3aHA, afblfMHaTa HaTPUS, ryTapoBOro anbaernaa
M Xnopuaa KanbuuaA. IKCNepUMEHTa/bHble METOAbl BKAOYANM OnpesefieHne CTeneHu
HabyxaHWsA, aHanM3 MexaHWYeCcKMX CBOWCTB, OLEHKY 6uopasnaraemoctv, a TaK¥Ke
n3ydyeHne BAUAHUA TMAPOreseit Ha coaepKaHue Baarn B NPoayKTax, yCTOMYMBOCTb LBETa
N MUKpoBHOoe 3arpsasHeHue. KntoueBble pe3ynbTaTbl NOKasaan, YTo rMMAPOresn Ha OCHOBe
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XWUTO3aHa M aNbrMHATa 061aAatT UCKAOYUTENBHO BbICOKOM CNOCOBHOCTBIO K HabyxaHuio
(1500% B AncTUANMpPOBAHHOM BoAe), UTO genaeT ux adpdeKTUBHbIMK PerynaTopamm Baru.
MexaHuW4yecKkmMe CBOWMCTBA TaKKe OKAa3a/IMCb BbICOKMMM: TMPOYHOCTb HA pacTaXKeHue
coctasuna 1,2 Mla, a yannHeHune npu paspbise — 180%. buopasnaraemoctb gocturna 70%
Yepes 28 pHel, 4YTO MNOATBEpPXKAAET WX 3Kosormyeckyto 6esonacHocTb. ugporenu
COXPaHANN YPOBEHb B/lar B MOPKOBW Ha YpOBHe 68% uepe3 28 aHeK, orpaHMYMBanm
nsmeHeHne useta (AE = 14,2) n cHWXann mukpobHoe 3arpsasHeHve go 10° KOE/r. B
bapmMaueBTUHECKOM  MPUMEHEHUM  TMAporenn  coxpaHann  84%  copeprkaHuA
ackopbuHoBO KucnoTbl B Tabnetkax 3a TOT e nepuog. byaywume HanpasneHus
MCCNefoBaHUI  BK/KOYAOT ONTMMM3AUMIO COCTaBa ruaporenei Ans yAyylWweHUa Uux
MeXaHMYeCKOW MPOYHOCTM M BMOpas3NaraemocT, a TaKKe NpoBeAeHWe MUCMbITaHUA B
peanbHbIX YCNOBUAX XpaHeHUA. Takke HeobxoauMmo paspaboTaTb mognduuMpoBaHHbIE
BapWaHTbl ruaporeneit ¢ AOMNONHUTENbHBIMU OYHKLMAMM, TAaKMMU Kak aHTUMMKPOOHas
3aWMTa M KOHTPO/AMpyemoe  BbiCBODOMKAEHWE  aKTUBHbIX  COEAMHEHUW.  ITn
YCOBEPLUEHCTBOBAHUA pPACWMPAT MOTEHUMAN MNPUMEHEHUA TUAPOreNen B MULLEBOW
NPOMbILUNEHHOCTH, CE/IbCKOM X03ANCTBE U PpapmaLeBTUKE.

KnioueBble cnoBa: 6uopasnaraemble  rMAPOrenn,  XUTO3aH,  aNbrMHaT,
KOHTPO/IMpYEeMOe BblAeNeHNe Barn, 3KOJ0rMYECKM YNCTble MaTepuanbl.

158



