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MECHANICAL AND MICROSTRUCTURAL BEHAVIOR OF CONCRETE WITH LDPE
WASTE AS PARTIAL FINE AGGREGATE REPLACEMENT

Abstract. Waste plastic disposal poses a significant global environmental challenge due to its health risks,
high disposal costs, and the difficulty of landfill management. Unauthorized dumping exacerbates the problem,
highlighting the need for sustainable reuse solutions. Hence, there is a crucial need to explore alternative
methods for reusing plastic waste for other purposes, and concrete has been determined as one of the viable
options to use the plastic waste as a part of concrete’s aggregate. Therefore. This study aims to illustrate the
use of Low-Density Polyethylene (LDPE) in Jordan as a partial replacement for fine aggregate in 40 MPa
concrete and evaluating its impact on the mechanical and physical properties of concrete based on the 0 %,
5%, 10 %, 15 %, and 20% percentage of plastic replaced. By preparing and testing the five different concrete
mixes with LDPE replacement at a 0.4 water-cement ratio (W/C). The inclusion of plastic aggregates resulted
consistent reduction in mechanical properties with increasing plastic aggregate replacement, where compres-
sive strength declined from 42.5 MPa (0 %) to 25.4 MPa (20 %), split tensile strength from 3.8 MPa to 2.3
MPa, and flexural strength from 5.2 MPa to 3.2 MPa, showing 40.2 %, 39.5 %, and 38.5 % respectively
maximum reductions. Therefore, plastic can be considered an environmentally friendly material when used as
a partial replacement for fine aggregates in concrete, depending on its strength properties Its suitability differs

for structural, light structural, and non- structural applications in constructions.
Keywords: mechanical properties of concrete, polyethylene (LDPE) additives, partial replacement for
fine aggregate, microstructural behavior of concrete, plastic waste.

Introduction. Plastic waste has become one of
the most pressing environmental challenges of the
21st century. Though durable and versatile, improper
disposal and slow degradation cause severe pollution
and ecological harm when they are not handled
properly. In 2019, the world made 368 million metric
tons of plastic, yet recycling rates are still low after
decades of work. Some plastics, such PET, PVC, and
polyethylene, can be recycled in different ways.
Some need mechanical recycling, while others need
more complex chemical or enzymatic techniques.
New methods including pyrolysis, gasification, and
hydrothermal liquefaction show promise for recy-
cling plastics that are challenging to recycle. Also,
biocatalytic methods like enzyme-based degradation
are good for the environment. To move from land-
filling to sustainable recycling and foster a circular
economy for plastics, governments, businesses, and
the public must all work together [1].

Plastic garbage is a common threat to health and
the environment, and it may be found in both cities
and rural regions. Managing plastic waste demands
both traditional methods and innovative solutions to
tackle environmental and economic challenges. Tra-
ditional waste management methods-including gasi-
fication, pyrolysis, and incineration-enable energy
recovery but face limitations such as hazardous emis-
sions and toxic byproducts. Landfilling and mechan-
ical recycling remain practical options, yet they con-
tribute to environmental pollution or demand exten-

sive sorting efforts. Meanwhile, emerging technolo-
gies like microwave-assisted conversion and plasma
treatment offer energy-efficient alternatives, though
scalability and cost-effectiveness remain key chal-
lenges. Biochemical techniques and polymer rede-
sign give eco-friendly possibilities, however with
limitations in production and pricing. A balanced
strategy combining these solutions is necessary for
sustainable plastic waste management [2].

The scientific community is becoming more en-
gaged in tackling these important challenges as a re-
sult of growing knowledge of the detrimental effects
plastic waste has on the environment and society [3].
In order to transform plastic trash into useful feed-
stocks for the production of new products, innovative
technological solutions are being developed, includ-
ing chemical recycling and pyrolysis techniques [4,
5]. Plastic waste management needs good identifica-
tion and processing of varied plastic materials, each
with distinct qualities and recycling issues. The most
popular plastics include Polyethylene Terephthalate
(PETE), High-Density Polyethylene (HDPE), Poly-
vinyl Chloride (PVC), Low-Density Polyethylene
(LDPE), Polypropylene (PP), and Polystyrene (PS),
along with various specialized versions. Interna-
tional standards control their classification and recy-
cling operations. While some plastics like PETE and
HDPE are commonly recycled, others such as PVC
and mixed plastics offer technological and economic
challenges. Emerging technologies and standardized
approaches are critical to improving plastic waste
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valorization across all categories, supporting a circu-
lar economy while minimizing environmental impact
[6].

Hameed and Ahmed [7], studied the potential of
utilizing plastic waste, particularly Polyethylene Ter-
ephthalate (PET), as a sustainable additive in ce-
mentitious materials. The results demonstrate that in-
troducing PET into cement mortar not only reduces
the density of ordinary concrete but also enhances its
mechanical qualities at optimal concentrations. Spe-
cifically, a 1wt. % PET content yields peak compres-
sive and splitting tensile strengths, while a 7wt. %
PET mixture improves flexural strength by up to
37.93 %. This strategy delivers a combined environ-
mental and economic benefit by converting plastic
waste into value-added construction materials with
higher performance qualities. The findings indicate
PET-modified mortar as a possible solution for eco-
friendly building practices.

Another study [8] investigated the effects of in-
corporating polyethylene terephthalate (PET) strap
waste fibers into concrete, evaluating their impact on
both fresh and hardened concrete properties. The fi-
bers, produced by simple cutting of PET straps, were
added in volumetric fractions ranging from 0 % to
0.5 %, with aspect ratios of 2.5 and 3. Vivek's [9]
research found that replacing 5-20 % fine aggregate
with LDPE in 20 MPa concrete reduced compressive
strength by 35-50 % but improved tensile through
fiber reinforcement. The materials show promise for
non-structural applications while recycling plastic
waste.

According to the study [10], the most effective
plastic aggregates used in concrete mixtures should
be irregular in shape, have a rough surface texture,
and be sufficiently fine to prevent creating critical
failure planes. Additionally, they should be well-
graded to roughly match the sand they replace. The
findings indicate that with an appropriate mix design,

reductions in strength can be minimized to accepta-
ble levels, [10, 11] reported that the inclusion of plas-
tic materials into concrete mixtures reduce their com-
pressive strength but enhance it is ability against im-
pact conditions.

This research analyzes the potential of using
low-density polyethylene (LDPE) as a sustainable
partial replacement for fine aggregate in 40 MPa con-
crete, addressing both construction material demands
and environmental concerns. The study focuses on
incorporating LDPE with quartz sand and quartz
stone, materials selected for their local abundance in
Jordan, where limited research exists on their com-
bined applications in concrete mixtures. While the
experimental work was conducted in Russia, the
findings are particularly relevant for Jordan, where
quartz-based materials are widely available but un-
derutilized in sustainable concrete production. The
use of these readily available materials could contrib-
ute to waste reduction and promote environmentally
friendly practices in Jordan's industrial sectors.

Materials and Methodology.

Materials. The materials used in this experi-
mental study were carefully selected to ensure con-
sistency and reliability in the results. The key com-
ponents include:

Cement. Ordinary Portland Cement (OPC)
M500 (Russia), was used as the primary binding ma-
terial. Cement provides the necessary adhesive prop-
erties to bind all the constituents of concrete together.

Fine Aggregates. Fractionated quartz sand
passing through a 4.75 mm sieve, was used as fine
aggregate. The peculiarity of the offered quartz is the
presence of coarse-grained sands, with a large fine-
ness modulus up to M 3.5 [13]. Quartz sand has a
rounded shape of the part with a low content of clay
inclusions and inclusions of soft rocks. The resulting
quartz sand undergoes additional enrichment and
drying. The moisture content is up to 0.2 % Table 1.

Table 1

Comparing of Chemical Properties of Quartz sand

Chemical Properties of Quartz sand

In jordan (Ras En Nagb) Ministry of Energy

In Russia (Crystal Mountain-ropa

Major Oxides and Mineral Resources [12] xpycTanbHas) [13]
SiO, 98.7 98.9
AlLO3 0.52 0.62
Fe 03 0.04 0.07
NaO+K,0 0.11 0.105

Coarse Aggregates. Crushed stone aggregates
(vein quartz) with a maximum nominal size of 20
mm were used. Crushed vein quartz is sharp-edged,
rough-surfaced, and flat edges with an uneven — un-
like rounded river or quarry sands. Its grains are

chemically clean, has a minimal clay content and is
completely free of organic inclusions.

Low-Density Polyethylene (LDPE) Plastic
Granules. LDPE plastic waste was processed into
granules of a specific size range (4—5 mm) as shown
in the (Fig. 1) to ensure uniform distribution within
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the concrete mix. The plastic granules were used as
a partial replacement for aggregates at varying per-
centages (e.g., 5 %, 10 %, 15 %, and 20 %).

Fig. 1. shows the granules of a specific size range (4—5 mm) of LDPE

Water. Potable water, free from harmful chem-
icals and impurities, was used for mixing and curing
the concrete samples. The water-cement ratio
(w/c=0.4) was maintained as per mix design require-
ments to achieve the desired workability and strength
ASTM C187.

Replace material proportion. The experi-
mental study focused on evaluating the behavior of

40 MPa concrete, (w/c 0.4) with LDPE plastic waste
replacing 5 %, 10 %, 15 %, and 20 % of fine aggre-
gate by weight, comparing it to a control mix (0%
plastic). The design characteristic strength was set at
40 MPa as shown in the Table 2, with tests conducted
on compressive, tensile, and flexural strength, work-
ability and density to determine optimal replacement
levels.

Table 2
Comprehensive Concrete Design Mix

MIX MIX A (control) MIX B 5 % MIX C 10 % MIX D 15 % MIX E 20 %

Materials mass per 1 m® mass per 1 m® mass per 1 m® mass per 1 m® mass per 1 m®
Portland cement 390 390 390 390 390
LDPE 0 36.6 732 109.8 146.4
Construction sand 732 695.4 658.8 622.2 585.6
Coarse aggregate 1139 1139 1139 1139 1139
Water 175.5 175.5 175.5 175.5 175.5

Mixing and casting. For the mixing the materi-
als, we used concrete mixer apparatus (drum type
with motor, inlet, and discharge chute) (Fig. 2). The
compressive strength was tested on 100x100x100
mm concrete cubes according to BS EN 12390-3
(fresh in molds and cured), while the split tensile
strength was evaluated on cylindrical specimens
(150 mm diameter x 300 mm height) following
ASTM C496/C496M and the flexural strength was
evaluated on prismatic specimens 100x100x500 mm
according to ASTM C78/C78M. The experimental
procedure involved uniformly blending cement,
sand, coarse aggregates, and LDPE plastic granules

at replacing of 0 %, 5 %, 10 %, 15 %, and 20 % of
fine aggregate with a controlled water-cement ratio
of 0.4. The fresh concrete was systematically placed
into steel molds (Fig. 3) — pre-treated with a releasing
agent — in three layers, each compacted to ensure
proper consolidation. For concrete workability, con-
ducted slump test. After demolding at 24 hours, spec-
imens were water-cured for 28 days. Post-curing,
compressive strength, flexural strength, splitting ten-
sile, and Ultrasonic Pulse velocity (UPV) tests were
conducted. The testing apparatuses are showing in
(Fig. 4, 5).
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Fig. 4. Shows testing machine CO40PN

Abbreviations and definitions

ASTM C187: American Society for Testing and
Materials (Standard Test Method for Amount of Wa-
ter Required for Normal Consistency of Hydraulic
Cement Paste).

BS EN 12390-3: British Standard that specifies
the testing of concrete cubes to assess their compres-
sive strength accurately.

ASTM C496/C496M: American Society for
Testing and Materials (Standard Test Method for
Splitting Tensile Strength of Cylindrical Concrete
Specimens).

ASTM C78/C78M: American Society for Test-
ing and Materials (Standard Test Method for Flex-
ural Strength of Concrete).

P )
Fig. 5. Shows Ultrasonic device [TYJIbCAP-2.1.

ASTM C138/C138M-14: American Society for
Testing and Material.

Results and discussion

Compressive strength. The study evaluated the
compressive strength of concrete with 0-20% plastic
aggregate replacement over 28 days, revealing two
key findings: while all specimens gained strength
with age, plastic-modified concrete consistently un-
derperformed compared to conventional mixes,
showing lower compressive strength 38.6, 34.2,
29.8, 25.4 MPa depending on replacement percent-
age 5, 10, 15, 20 % respectively as shown in the (Fig.
6).

Compressive strength at 28-Day
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Plastic Replacement (%)

Fig. 6. Shows compressive strength at 28-day.
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Also representing strength reductions of 9.2 %,
19.5 %, 29.9 %, and 40.2 % respectively as shown in
the (Fig.7). The studies [14—17] also show that the
incorporation of plastic waste as an aggregate re-
placement tends to degrade the strength performance

and workability of concrete, depending on the pro-
portion of the replacement level. Oddo M.C. et al.
[18] obtained a decreasing result by using 30% light-
blue plastic flakes and plastic granules, approxi-
mately 47% and 62%, respectively, considering ref-
erence concrete.

Results at 28-Day

0.45
0.4
0.35
0.3
0,25
0,2
0.15
0.1
0,05

Strength Reduction vs. Control

-0,05 0% 5%
(Control)

10% 15% 20%

Plastic Replacement (%)

Fig. 7. Shows strength reduction at 28-day.

This strength reduction stems from both the
weak plastic-cement interfacial bond, evidenced by
SEM-observed gaps at the aggregate-mortar inter-
face (Fig. 8), and increased matrix porosity from the
non-absorbent plastic particles. The results suggest

Interafacial Transition
Zone (ITZ) Defects

N

that while <10 % plastic replacement remains viable
for non-structural applications, higher replacements
require surface modifications or additives to mitigate
strength losses while maintaining environmental
benefits.

Hydrophobic
Plastic

Voids, Microcracks

VWeak
Interfacial Bond
-

Interfacial
Transition Zone

Recycled
FPlastic
Aggregate

Fig. 8. Illustrates the plastic aggregate and mortar interfacial transition zone status determined with SEM analysis
(JEOL JSM-IT300).

Split tensile strength. The split tensile strength
was evaluated with plastic aggregate replacement,
showing a progressive strength reduction as plastic
content increased. The control mixes 0% plastic
achieved a tensile strength of 3.8 MPa at 28 days,
while replacement mixes demonstrated declining
values: 3.5 MPa, 3.1 MPa, 2.7 MPa, and 2.3 MPa as
shown in (Fig. 9), and representing strength reduc-
tions of 7.9 %, 18.4 %, 28.9 %, and 39.5 % respec-
tively (Tab. 2).

On another hand, density was 2450, 2225, 2100,
2005, 1984 kg/m? respectively (Table 2). [19] found
that the density of concrete decreased by 5 %, 8.7 %,
and 10.71 % for 5 %, 10 %, and 15 % of replacement

respectively. Shubbar and Al-Shadeedi [20], found
that the results indicated that at replacement level of
1, 2, 4, 8 % of plastic, there was a decrease of 0.5,
2.8, 7.3, 9 % in the density. This was because of the
specific gravity of the PA was 13.75 % lower than
fine aggregate. Also, Saikia and Brito [21], found
that same results. The typical density of standard
concrete ranges between 2200 to 2500 kg/m?, light-
weight concrete ranges between 1400 to 1850 kg/m?
and for high-density concrete from 2800 to 4000
kg/m? according to ASTM C138/C138M-14.
Ultrasonic Pulse velocity of cube specimens
was measuring using [TYJIbCAP-2.1 device. The
recorded values of UPV were 5.65, 5.58, 5.52, 5.49,
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5.45 km/s (Table 3). Related to the 0% PA the UPV
showed reductions of 1.2% ,2.3% ,2.8% and 3.5%
respectively.

Comparing to the results that Rahmani [22] rec-
orded UPV values 5.35 km/s at 0 % PA, 5.30 km/s at
5% PA, 5.25km/s at 10 % PA, and 5.21 km/s at 15%

PA. However, no data was provided 20 % of PA re-
placement. Workability of the mixture, determined
by slump test; by adding and increasing of PA, the

rate of the slump was increased as shown in the (Fig.
10).

Split Tensile Strength of Plastic-Modified Concrete

0 (Control) 5

10 15 20

Plastic Replacement (%)

Fig. 9. Shows split tensile strength at 28-day.

Table 3
Split Tensile Strength of Plastic-Modified Concrete
Plastic Standard Strength Suitability Dens1§y Type of Ultrasom(':
Replacement Deviation (MPa) Reduction Classification kg/m Concrete Pulse velocity
(%) (%) of cube [km/s]
0 (Control) £0.15 0% Structural 2430 Standard 365
Concrete
5 £0.12 7.90% Structural 2225 | Standard 558
Concrete
10 +0.18 1840% | Light Structural | 2100 | Lightweight 332
Concrete
15 +0.14 28.90% | Non-Structural | 200 | Lightweight 549
Concrete
20 +0.16 39.50% | Non-Structural | 1984 | Lightweight 545
Concrete
Slump test
100
80
2 60
=]
g 40
172}
20
0
0 (Control) ) 10 15 20

Partial replacement %

Fig. 10. Shows slump test.

Flexural strength. The control mix 0% plastic
exhibited a flexural strength of 5.2 MPa at 28 days,
while plastic-modified specimens showed declining
performance: 4.8 MPa, 4.3 MPa, 3.7 MPa, and 3.2
MPa (Fig. 11), representing strength reductions of

7.7%,17.3 %, 28.8 %, and 38.5 % respectively. Con-
crete with higher replacement levels (15-20 %) is
more suitable for non-structural applications with
minimal flexural requirements, such as lightweight
partitions or paving blocks, as shown in the Table 4.
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Flexural Strength of Plastic-Modified Concrete
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Fig. 11. Shows flexural strength at 28-day.

Table 4

Flexural Strength of Plastic-Modified Concrete

Plastic Replacement (%) Standard Deviation (MPa) Strength Retention (%) Application Suitability
0 (Control) +0.20 100% Structural
5 +0.18 92.30% Structural
10 +0.22 82.70% Light Structural
15 +0.19 71.20% Non-Structural
20 +0.21 61.50% Non-Structura

The experimental results demonstrate a con-
sistent reduction in mechanical properties with in-
creasing plastic aggregate replacement. This propor-
tional degradation across all strength parameters (R?
> (.95) primarily stems from weak plastic-cement in-
terfacial bonding and increased matrix porosity, as
confirmed by SEM analysis. While < 10 % replace-
ment maintained > 80% of control strengths — sug-
gesting viability for light structural applications —
higher plastic contents require either performance-
enhancing modifications or restriction to non-struc-
tural uses, though all mixes exhibited proper curing
behavior and low strength variability (COV <5 %)
.These findings provide clear thresholds for sustain-
able concrete design using waste plastics while high-
lighting the need for interface engineering to mitigate
strength losses. Azad A.M. et al. [23] also found that
the reduction in modulus of rupture when using PVC
aggregates was relatively lower compared to the
losses observed in compressive strength and splitting
tensile strength.

Conclusions.

This study investigated the effects of incorpo-
rating waste plastic (LDPE) as a partial replacement
for fine aggregates in concrete in Jordan, evaluating
its impact on compressive, split tensile, and flexural
strengths. The key findings are summarized as fol-
lows:

Mechanical Strength Degradation. The inclu-
sion of plastic aggregates resulted in a progressive
reduction in strength properties. Compressive
strength decreased by 9.2-40.2 %, split tensile

strength by 7.9-39.5 %, and flexural strength by 7.7—
38.5 % as plastic replacement increased from 5 % to
20 %.

The linear correlation (R?> > 0.95) between
strength loss and plastic content confirms that weak
interfacial bonding and increased porosity are the
primary degradation mechanisms. The mechanical
strength degradation in LDPE-modified concrete pri-
marily stems from weak interfacial bonding and in-
creased porosity. LDPE's hydrophobic nature and
smooth surface hinder adhesion with the cement ma-
trix, while its low surface energy prevents chemical
interaction with cement hydrates. As LDPE content
rises, stress transfer weakens, linearly reducing
strength. Additionally, LDPE's lower density and
regular shape impair compaction, trapping air and
creating micro-voids at the LDPE-cement interface,
which act as crack initiation places.

Threshold for Structural Viability:

e <10 % plastic replacement maintained >80
% of the control mix strength, making it suitable for
light structural applications (e.g., partition walls,
low-load pavements).

o >15 9% replacement led to >30 % strength
loss, restricting its use to non-structural elements
(e.g., thermal insulation blocks, lightweight panels).

Microstructural Observations (SEM):

o Interfacial Transition Zone (ITZ) defects
(voids, micro-cracks) were prominent at higher plas-
tic percentages, explaining the mechanical perfor-
mance decline.
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e Poor adhesion between hydrophobic plastic
and cement paste was identified as the root cause of
strength reduction.

Practical Recommendations:

e Concrete with a plastic replacement of <10%
is used for structural applications with the surface
treatments (e.g., acid etching) to enhance bonding.

e Higher replacements (15-20%) can be em-
ployed where strength is secondary to lightweight or
thermal insulation benefits. For nonstructural uses.

e For future research, nano-additives or fiber
reinforcement should be explored to mitigate
strength losses at higher replacement levels.

The study result indicates that waste plastic may
be sustainably recycled in concrete, albeit with re-
stricted restrictions. While low-percentage replace-
ments (<10 %) offer a balanced compromise between
eco-efficiency and structural performance, higher
doses require supplementary techniques to promote
interfacial bonding. These findings help to green
construction practices by offering actionable instruc-
tions for plastic waste usage in concrete technology.
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MEXAHHUYECKOE U MUKPOCTPYKTYPHOE IIOBEJAEHUE BETOHA
C OTXOJIAMMU II9HII B KAYECTBE YACTUYHOM 3AMEHBI
MEJIKOI'O 3AIIOJIHUTEJIA

Annomayusa. Ymunuzayus niacmuKosbix 0mxo008 npedcmagisnem coboll cepbe3Hyro 2100anbHy0 IKo-
JI02UYECKYIO NPoOIIeMy U3-3a PUCKO8 OISl 300P0BbA, 8bICOKUX 3AMPAm HA YMULUZAYUIO U CIONCHOCMU YIPAs-
nenus ceankamu. Hecankyuonuposanmsiii copoc ycyeybasem npobnemy, noo4epkusas Heobxooumocms 8 9Ko-
JI02UYECKU YCIMOUYUBLIX PEeUeHUsIX 0151 NOBMOPHO20 Ucnoav3osanus. CiredosamenvHo, cywecmeayem ocmpas
He0OX00UMOCTb 8 U3VUEeHUU ATbMEPHAMUBHBIX MEMOO08 NOBMOPHO20 UCTIONbI0BAHUS NIACTIUKOBBIX OMX0008
ons Opyeux yene, u bemon OvL1 onpedeien Kak 00UH U3 HCUBHECNOCOOHLIX 8APUAHMOB UCHOIb308AHUSA NI~
CMUKOBbIX 0OMX0008 6 Kauecmeae yacmu 3anoiHumens oemona. Cire0o8amenbHo, Yeivlo OGHHO20 UCCIe008a-
HUS AIGNACMCS WLTIOCTPAYUs UCNOIb308aHUs noaudsmuiena Huskou nromuocmu (I11I9HII) 6 Hopoanuu 6 kaue-
cmee YaCmuyHOU 3aMeHbl MeNK020 3anoanumens ¢ bemone mapku 40 MIla u oyenka e2o 6nusHUsI HA MEXAHU-
yeckue u guszuneckue ceoticmsea bemona na ocrose 0 %, 5 %, 10 %, 15 % u 20 % npoyenma 3amensemozo
naacmuxa. Illymem npuecomosieHusi U UCHbIMAHUSL NAMU PA3TUYHBIX OemoHHbIX cmecell ¢ 3amernou TIDHIT npu
so0oyemernmuom omuouwtenuu (B/L]) 0,4. BxnioueHue niacmukoguix 3anoaHumeineti npusesio K nociedosameliv-
HOMY CHUDICEHUIO MEXAHUYECKUX CGOUCME C YBeIuyeHueM 3aMeHbl NIACMUKOGbIX 3anoaHumenet, eoe npou-
HoCcmb Ha cocamue cHusunacs ¢ 42,5 Mlla (0 %) oo 25,4 Mlla (20 %), npounocms Ha pacmsadiceHue npu
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packone — ¢ 3,8 MIla oo 2,3 MIla, a npounocms na uzeu6 — c 5,2 Mlla oo 3,2 Mlla, noxazaeé maxcumanvroe
cnudicenue nHa 40,2 %, 39,5 % u 38,5 % coomsemcmeenno. Taxum obpaszom, niacmux s61s1emcsi OOHUM U3
9KOJI02UYECKU YUCBIX MAMEPUATO8, KOMOPbIL MOJCEm OblMb UCHOAb308AH 8 KAUeCMEE YACTNUYHOU 3AMeHbl

MenKux 3anoanumeneil ¢ bemone ¢ Mopoanuu.

Knioueevie cnosa: mexanuueckue ceovicmea bemona, oobasxu noausmunena (II9HII), vacmuunas 3a-
MeHA MeNK020 3an0IHUMest, MUKPOCMPYKIMYPHOe nosederue ODemond, niacmuxkossle 0mxoobl.
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