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Abstract. The paper presents the results of the Cu?*
adsorption on natural and thermally/microwave-treated
clinoptilolite and glauconite. XPS experiments were
performed. The relationship between the adsorbed matter
and the equilibrium concentration in wastewater is
described by four two-parameter isotherm models and
four three-parameter adsorption isotherm models.
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1. Introduction

Copper, being one of the most important indust-
rial metals, finds application in the casing of mortars,
artillery, rockets, targeting equipment, and shell casings.
Specifically, a significant accumulation of copper has
been observed in battlefields, small-arm shooting ranges,
artillery, mortar and rocket ranges, and grenade courts.
The excessive presence of copper in casings and bullet
jackets results in an abundance of copper in soils.' The
continuous discharge of excessive Cu(Il) ions into the
ecosystem seriously threatens human health and eco-
system structure due to their non-biodegradability and
high toxicity. The removal of copper ions from water is a
challenging problem. Modern water purification methods
from copper ions include various reagents, electro-
chemical sorption, ion exchange, biological methods,
etc.? Among them, the adsorption method receives
considerable attention due to its affordability, simplicity
of use, and high purification efficiency.?

Numerous adsorbents have been investigated for
both the purification of water from copper ions and its
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identification in solutions. Among these sorbents are
activated carbon, magnetically susceptible carbon
sorbents,” mesoporous silica nanoparticles,® anionite,’
and natural minerals.®® Adsorbents based on natural
minerals have become the center of research in this area
due to their advantages, such as non-toxicity, avai-
lability, and low cost. In addition to copper, they are
used to purify aqueous solutions from chromium,'? zinc,
and nickel ions'' and several other contaminants.

Clinoptilolite is the most prevalent natural zeolite
used for the purification of contaminated water.!?
Numerous studies have investigated the removal of
heavy metals, namely copper from aqueous solutions
using clinoptilolite.* 1* Glauconite solids are supposed to
be effective adsorbents for the removal of metals from
water. In 1978 in the studies of Spoljaric and Craw-
ford'*!5 it was found that a glauconitic greensand filter
removes a significant amount of heavy metals' cations
from polluted waters. The efficiency of thermal and
microwave treatment of natural minerals for improving
their heavy metals adsorption capacity was described
earlier.!®!7

This paper presents the results of the adsorption of
Cu ions from aqueous solutions. Adsorption equilibrium
information is the most important data for a proper
understanding of the process. It provides the background
for the improvement of the adsorption parameters and
efficient equipment design. Along with the development
of computer technologies, nonlinear isotherm fitting has
become widely used, having several advantages over the
linear method. This study aims to determine which of the
several isotherm models fits best. In this research, the
relationship between the adsorbed matter and the
equilibrium concentration in wastewater is described by
four two-parameter isotherm models: Langmuir, Freund-
lich, Temkin, and Dubinin-Radushkevich and four three-
parameter adsorption isotherm models: Langmuir-
Freundlich, Redlich-Peterson, Toth, and Aranovich.
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2. Experimental

2.1. Adsorbents

The adsorbents used were natural clinoptilolite
(pH of aqueous extract — 7.75; bulk density — 947 kg/m?)
and glauconite (pH of aqueous extract — 8.6; bulk density
— 1049,85 kg/m?®). Samples were pre-washed, levigated,
and dried at 80 °C until constant weight. After drying,
the samples were sieved. A particle size fraction of 0.8-
1.2 mm was chosen for research.

For improving the adsorption properties the
natural samples were pre-treated as follows: calcination
at 550 °C for 3 hours or microwave treatment for 10 min
at 790 W.

The following natural and pre-treated sorbents
were chosen for sorption studies:

1) Cl_nat — natural clinoptilolite;

2) CI_thermo — calcinated clinoptilolite;

3) C1._ MW — microwaved clinoptilolite;

4) G_nat — natural glauconite;

5) G_thermo — calcinated glauconite;

6) G_MW — microwaved glauconite.

2.2. Adsorbate

The sorption properties of the samples were
investigated under static conditions. The 67 mg/L CuCl,
solution was used to determine the equilibrium contact
time. For each sample type, eight jars of fixed volume
(0.1 L) of Cu®" solutions were prepared and contacted
with 1 g adsorbent, then stirred and left for 24 hours. The

Table 1. Isotherm models equations

solutions were analysed for the content of Cu?* ions. The
content of Cu?" ions in the solutions was determined by
direct potentiometry (Ionometer AI-125). All expe-
riments were repeated three times.

The amount of adsorbed Cu?* ions onto the
sorbent, mg/g, was calculated as follows:

= (CO_CB) Vv

4= (1)

m

where Cy — initial concentration of Cu?* ions, mg/L; C. —
equilibrium concentration of Cu?* ions in solution, mg/L;
V' — volume of solution, L; m — mass of adsorbent, g.

2.3. XPS

XPS experiments were performed using an Elvax
Light SDD according to the requirements of ISO 29581.

2.4. Isotherm Adsorption Study

Four two-parameter and four three-parameter
isotherm models were chosen to describe the adsorption
of copper ions. Table 1 summarizes the corresponding
models used in this study.

As linear modelling is unsuitable for three-
parameter isotherms, five different error functions, such
as SAE, ARE, SSE, HYBRID, MPSD presented in Table
2, were used to evaluate the SNE values. The "Solver"
add-in in the MS Excel spreadsheet was used for solving
the isotherm equations by minimizing the error functions
between the calculated ¢. value and the experimental
data. Based on the minimum SNE values optimum para-
meters sets for the best isotherm model were evaluated.

Parameter No. Isotherm model Formula Equation number Reference
Two Langmuir _9.KCe 2 18
9e=7+K,C.
Fraundlich g,= KFCZ/” 3 19
- RT %0
Temkin 4= In(K;C.) 4
Dubinin- q.=q,exp(-Be?) 5 21
i 1
Radushkevich e = RTIn (1 N c_)
Three Langmuir-Freundlich _ 9n(KirCI™ 6 z
e~ T+ (K C)r
Redlich-Peterson 9= KrpCe 7 z
° 1+0RPC£
Toth —_ InbrCe 8 *
° (b, Ior
Aranovich . 9 %
q, Cyr a
9.~ 77
C, C,
(1-7) (1cug)
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Table 2. Error functions equations®®

Error function Formula i%ﬁggf
The sum of absolute errors (SAE) d 10
qe_exp qe_ca/c ;
i=1
The sum of square errors (SSE) : 2 11
z (qe_exp qe_ca/c)i
i=1
Average relative error (ARE) 100 i Do cxp ™ 9o carc 12
n i=1 qe_exp i
Hybrid fractional error function (HYBRID) n 2 13
ﬂ (qe_exp - qe_ca/c)
n_p =1 qe_exp
i
Marquard's percent standard deviation (MPSD) n 5 14
100 LZ <qe_exp B qe_ca/a)
n_p i=1 qe_exp i

The values of isotherm models' parameters are
summarized in Table 4. Values in bold type indicate an
error function with the minimum SNE value for each
model fitted to experimental results obtained for
appropriate adsorbent and the minimum SNE for the set
of chosen models for each sample.

The results were expressed as plots of solid-phase
Cu?" concentration against liquid-phase Cu?* concent-
ration. As previously mentioned, this study aimed to
select the best descriptive isotherm model.

3. Results and Discussion

3.1. XPS

In general, the content of iron oxides in glauconite
(13.66 %) is significantly higher than in clinoptilolite
(2.4 %), while clinoptilolite is richer in silicon and
aluminum oxides.

High temperature causes dehydroxylation of the
surface and, as a result, changes in the distribution of active
centers of various types. As shown by the results of X-ray
fluorescence analysis (Fig. 1) of calcined natural
clinoptilolite, heat treatment at 550 °C leads to an increase
in the relative content of aluminum oxides from 13.85 to
20.5 %, along with a decrease in the content of silicon
oxides from 77.5 to 69.63 %. Such changes in the
AlOs3/Si0; ratio can have a significant impact on the
selectivity of the studied material. Instead, the calcination of
natural glauconite leads to an increase in the content of
silicon oxide from 66.0 to 72.25 % and a decrease in the
relative content of iron oxides from 13.66 to 10.61 %.

3.2. Isotherm Fitting

The adsorption isotherm characterizes the distri-
bution of the molecules between liquid and solid phases
when the adsorption process reaches the equilibrium
state. Its main task is to establish the maximum adsorp-
tion capacity of the sample, mg/g of adsorbent, depen-
ding on the initial concentration in the solution. Besides,
the shape of the isotherm indicates the sorption mecha-
nism and dominative pore structure of the adsorbent. The
isotherms depicted in Fig. 2 clearly identified the
difference between adsorption processes taking place on
clinoptilolite and glauconite. The clinoptilolite isotherms
by their shape are similar to the isotherm type 3.%7 It is
obtained when the formation of mono and polylayers
take place simultaneously, resulting in an almost
exponential increase in the amount of adsorption.
Instead, the glauconite isotherms correspond to isotherm
type 1,7 that predicts the formation of one surface layer
until the saturation of the sample. In this case we may
assume that the pore sizes are not much larger than the
molecular diameter of the adsorbate.

It is evident from Fig. 2 that heat and microwave
treatment significantly increases the adsorption capacity
of clinoptilolite for copper ions while reducing that of
glauconite. It is confirmed by g values of the Langmuir,
Dubinin-Radushkevich, Langmuir-Freundlich, Toth, and
Aranovich models.

It is clear that the Langmuir-Freundlich and
Freundlich models have the best performance for fitting
with experimental data of natural and microwaved
samples. The Toth model fits well only the adsorption on
calcinated samples. It combines the characteristics of
Langmuir (at low concentration limit) and Freundlich
isotherms (at high concentrations).?®
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Fig. 1. XPS results of the studied samples
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Fig. 2. Isotherm of Cu?* on a) clinoptilolite and b) glauconite samples

According to the error values of SNE, we may
classify the fitting degree of isotherm models in the
following order:

— Natural clinoptilolite: Freundlich — Toth —
Langmuir-Freundlich — Redlich-Peterson — Langmuir —
Aranovich — Temkin — Dubinin-Radushkevich;

- Calcinated clinoptilolite: Toth — Langmuir-
Freundlich — Redlich-Peterson — Freundlich — Langmuir
— Aranovich — Dubinin-Radushkevich — Temkin;

— Microwaved clinoptilolite: Langmuir-Freundlich
— Toth — Langmuir — Redlich-Peterson — Freundlich —
Aranovich — Temkin — Dubinin-Radushkevich;

—Natural  glauconite:  Langmuir-Freundlich
(Aranovich) — Freundlich — Toth — Redlich-Peterson —
Langmuir — Temkin — Dubinin-Radushkevich;

- Calcinated glauconite: Toth — Langmuir-
Freundlich — Langmuir — Freundlich — Redlich-Peterson
— Aranovich — Dubinin-Radushkevich — Temkin;

— Microwaved glauconite: Langmuir-Freundlich
(Freundlich) — Toth — Langmuir — Aranovich — Redlich-
Peterson — Temkin — Dubinin-Radushkevich.

These results showed that the three-parameter
models fits better than the two-parameter models.

The Langmuir equation'® is valid for monolayer
sorption on a surface with a finite number of identical
sites. The values of maximum adsorption capacity deter-
mined by the Langmuir model are 1.272, 31.051, and
9.047 mg/g for natural, calcinated, and microwaved
clinoptilolite, respectively. It's evident that thermal and
microwave treatment led to a sufficient increase in adsorp-
tion capacity. Instead, gma values for natural, calcinated,
and microwaved glauconite are 5.369, 5.77, and
7.367 mg/g, respectively. Therefore, the adsorption capaci-
ty of natural clinoptilolite is lower than natural glauconite,
but the pre-treatment considerably enhances it. However,
the pre-treatment of glauconite doesn't change it much.
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The essential feature of the Langmuir isotherm
can be expressed by the separation factor or equilibrium
parameter of “R;”. It is defined by the following

relationship:?’
1

(15)
1+K,Co
where K; and Cp (mg/l) are the Langmuir constant and
the highest initial Cu concentration respectively. As the
“Rr” value for studied samples lies between 0 and 1, the
ongoing adsorption process is favorable.

The values of "R;" calculated according to the
Langmuir model for untreated clinoptilolite and
glauconite for initial concentration of Cu?" in the
solution (Co = 67.28 mg/l) are 0.045 and 0.0015,
respectively. The lower value of "R." for glauconite than
for clinoptilolite indicates that the adsorption of copper
on natural glauconite is more favorable than on
clinoptilolite. It is confirmed by experimental data: the
adsorption capacity of glauconite is greater than that of
clinoptilolite (Fig.2).

The same conclusion can be made from the
Freundlich model fitting results. In a favorable
adsorption process, the value of the exponent, “1/n”,

RL:

should be in the range of 0-1.%° In this study, the values
of 1/n vary in the range of 0.3 to 0.9 values which
indicates that this adsorption is favorable. Since the
value of n is the above unity, the adsorption is favorable
and of physical nature.?°

The widely used Langmuir and Freundlich models
do not give any information about the adsorption
mechanism. The Dubinin-Radushkevich isotherm is used
to distinguish physical and chemical adsorption.?! The
Dubinin-Radushkevich isotherm is more general because
it does not assume a homogeneous surface or constant
adsorption potential. It indicates the nature of the
adsorption of adsorbate on the adsorbent and can be used
to calculate the average free energy of adsorption:

1

E= NGT: (16)

If the E value is between 8 and 16 kJ/mol then it

is assumed that the adsorption process is an ion

exchange process, and if it is less than 8 kJ/mol then the

adsorption process is of physical nature. The calculated

values of free energy of adsorption E for the samples

vary from 0.18 to 5, indicating the physical nature of the
copper interaction with the adsorbents (Table 3).

Table 3. The energy of adsorption values for studied samples

Type of the sample
Cl nat Cl thermo Cl MW G nat G_thermo G MW
E, kJ/mol 1.70 0.51 0.61 5 0.18 0.74

The advantage of Temkin isotherm is its feature to
ignore the extremely low and high values of the
concentrations and the assumption that the heat of
adsorption of all molecules in the layer would decrease
linearly.’! The constant “b” related to the variation of
adsorption energy concluded from Temkin isotherm, is
positive for all the studied samples. These indicate the
adsorption reaction is exothermic.?¢

The Langmuir-Freundlich isotherm includes the
knowledge of the adsorption on heterogeneous surfaces.
It describes the distribution of adsorption energy onto the
heterogeneous surface of the adsorbent.?? At low
concentrations, this model agrees with the Freundlich
isotherm model, while at high concentrations, it concurs
with the Langmuir isotherm.

The Langmuir-Freundlich isotherm is a universal
model that combines the features of the Freundlich and
Langmuir models.”> At low and high adsorbate
concentrations, the Langmuir-Freundlich isotherm model
becomes the Freundlich isotherm model and Langmuir
isotherms model respectively.’* The Langmuir-Freun-
dlich isotherm has shown the best-fit copper adsorption
on natural glauconite and both microwaved samples.

The Redlich-Peterson isotherm®® is an integral
isotherm that combines the Langmuir and Freundlich

models, which include three parameters in an empirical
equation. This equation is suitable for representing
adsorption equilibrium over a wide range of concentrations.
The value of the exponent f lies between 0 and 1. When the
value of f tends to zero, the Redlich-Peterson isotherm
follows the Freundlich model at high concentrations, while
when the value of § is close to 1, the model approaches the
Langmuir model at low concentrations. It can be concluded
that the surface of clinoptilolite became more
heterogeneous after calcination as the S value changes from
0.818 to 0.179. On the contrary, after calcination of
glauconite, its surface becomes homogenous as the £ value
changes from 0.784 to 0.965 i.e. all adsorption sites are
equal. The £ value of all other samples indicates that the
surface is homogeneous.

According to Toth isotherm when n; = 1, this
equation reduces to Langmuir isotherm equation. There-
fore, the parameter n; characterizes the heterogeneity of
the adsorption system® and if it deviates further away
from the unity, then the system is said to be
heterogeneous. The values of exponent “n;” of all six
samples vary in the range from 0.182 to 0.749 (Table 4)
so the process occurs on a homogeneous surface.

The Aranovich model is of an empirical nature
and thus has less theoretical explanatory power, but it
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fits and works in a wider range of data. The original
Aranovich equation is the product of the Langmuir
monolayer isotherm multiplied by a factor that
accounts for adsorption in higher layers.?> Aranovich
conjectured that higher adsorption layers do not affect
the monolayer, i.e. the interaction of molecules in the
first adsorption layer with molecules in higher
adsorption layers is negligible in comparison with
their interaction with the adsorbent surface. The Ara-
novich model, along with the Langmuir-Freundlich

isotherm, describes the process occurring on natural
glauconite with high accuracy, unlike all other studied
samples with a lower maximum sorption capacity. It
can therefore be concluded that after thermal and
microwave treatment of glauconite, the interaction of
molecules in the first adsorption layer becomes
commensurate with the interaction forces in higher
adsorption layers. For clinoptilolite samples, the
Aranovich model is less suitable than the other three-
parameter models.

Table 4. Isotherm parameters for the removal of Cu?* from simulated wastewater on natural, microwave-treated, and

calcinated clinoptilolite and glauconite

Natural Calcinated Microwave- Natural Calcinated Microwave-
Index clinoptilolite clinoptilolite . treat.ed . glauconite glauconite treateq
clinoptilolite glauconite
1 2 3 5 6 7
Two-parameter models
Langmuir model
Jm 1.272 31.051 9.047 5.369 5.770 7.367
Kp 0.317 0.018 0.074 9.779 0.390 0.264
SAE 0.324 1.178 1.041 3.434 2.353 2.990
SSE 0.024 0.419 0.365 2.457 1.553 2.086
ARE 8.227 14.576 14.729 21.063 16.031 29.959
HYBRID 0.761 9.347 8.552 15.812 11.899 29.678
MPSD 12.579 36.319 34.647 29.442 31.7198 50.193
SNE 4215 3.577 3.655 3.974 3.632 4.0
Freundlich model
n 2.123 1.106 1.585 3.442 2.257 2.806
Kr 0.326 0.608 0.843 4.245 1.698 2.370
SAE 0.320 0.972 0.843 2.026 1.907 2.073
SSE 0.027 0.361 0.184 0.917 1.250 1.828
ARE 13.135 13.013 8.928 21.721 9.101 19.726
HYBRID 1.460 8.254 3.304 18.482 7.136 22.747
MPSD 27.058 34.208 21.119 49.643 15.405 41.036
SNE 3.975 3.547 3.757 3.468 3.718 3.80
Temkin model
b 10.01 3.74 3.08 2.44 2.43 2.70
Kr 4.84 12.00 6.42 108.30 10.37 20.59
SAE 0.331 6.421 4.568 2.331 3.360 2.934
SSE 0.026 10.138 3.839 0.996 2.221 3.094
ARE 7.369 31.201 30.180 16.741 29.600 17.105
HYBRID 0.817 54.488 28.094 10.047 26.093 29.538
MPSD 12.594 47.407 40.784 25.661 49.107 39.291
SNE 19.67 142.71 100.95 50.53 104.77 86.25
Dubinin-Radushkevich model
Jm 0.71 472 3.99 5.06 2.87 5.42
B 0.173 1.915 1.344 0.020 14.77 0.92
SAE 0.894 3.784 3.896 3.696 3.650 4.102
SSE 0.237 2.956 2.868 2.944 2.916 3.324
ARE 18.673 30.358 32.414 21.006 24.695 38.804
HYBRID 5.461 27.682 29.121 17.554 21.491 47.827
MPSD 28.014 50.879 52.166 28.805 36.405 65.780
SNE 50.188 109.92 114.69 67.426 82.96 154.038
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1 | 2 3 | 4 | 5 6 7
Three-parameter models
Langmuir-Freundlich model
qm 1.765 53.474 9.509 11.157 6.483 11.609
Kir 0.136 0.0095 0.065 0.395 0.282 0.070
Nf 0.738 0.978 0.955 0.432 0.871 0.521
SAE 0.306 1.130 1.030 1.850 2.274 2.046
SSE 0.020 0.389 0.323 0.778 1.497 1.855
ARE 10.873 14.708 14.035 18.926 14.819 17.180
HYBRID 1.012 11.426 9.697 17.159 13.284 26.073
MPSD 19.382 40.413 37.153 46.422 31.436 39.271
SNE 4.100 3.435 3.51 3.406 3.549 3.80
Redlich-Peterson model
b} 0.818 0.179 0.546 0.784 0.965 0.572
agp 0.52 0.88 0.74 30.69 0.44 1494.00
Krp 0.443 1.138 1.320 141.422 2.317 2988.777
SAE 0.284 0.975 0.936 1.688 2.321 2.337
SSE 0.025 0.371 0.238 0.665 1.532 1.289
ARE 7.748 13.146 11.791 17.727 15.821 16.404
HYBRID 1.112 10.554 6.996 14.792 14.746 16.411
MPSD 11.731 29.215 24.008 32.517 26.592 22.965
SNE 4.210 3.523 3.744 3.76 3.927 4.204
Toth model
Jdm 1.19 11.477 6.152 260.92 5.50 86.73
br 0.41 0.080 0.346 3.179 0.508 1.049
nr 0.675 0.182 0.302 0.275 0.749 0.187
SAE 0.290 0.975 0.892 1.877 2.281 7.679
SSE 0.024 0.379 0.227 0.769 1.499 12.495
ARE 7.929 13.251 11.143 18.142 15.314 40.677
HYBRID 1.050 10.742 6.384 14.728 14.011 86.318
MPSD 15.105 38.953 30.022 41.390 33.335 60.107
SNE 4.035 3.38 3.563 3.501 3.351 3.856
Aranovich model
Jm 0.998 5.352 3.947 6.203 3.441 4.409
Car 15.831 2.40 7.233 8.66 19.69 91.18
Cs 34.376 17.398 27.780 9.438 16.909 52.587
SAE 0.281 1.505 1.490 7.020 1.803 3.570
SSE 0.016 0.444 0.391 10.422 0.679 4.008
ARE 8.415 15.685 14.637 50.375 15.545 20.983
HYBRID 0.692 10.677 8.335 116.296 9.304 46.873
MPSD 9.548 28.868 24.790 62.256 20.979 37.287
SNE 5.28 6.50 6.22 3.406 5.41 4.03

4. Conclusions

The heat treatment of clinoptilolite at 550 °C
leads to an increase in the relative content of aluminum
oxides from 13.85 to 20.5 %, along with a decrease in
the content of silicon oxides from 77.5 to 69.63 %.
Instead, the calcination of natural glauconite leads to an
increase in the content of silicon oxide from 66.0 to
72.25 % and a decrease in the relative content of iron

oxides from 13.66 to 10.61 %. That can have a signi-
ficant impact on the selectivity of the studied material.

The Langmuir-Freundlich and Freundlich models
have the best performance for fitting with experimental
data of natural and microwaved samples. The Toth model
fits well only the adsorption on calcinated samples.

The adsorption of copper on natural glauconite is
more favorable than on clinoptilolite, which is confirmed
by experimental data: the adsorption capacity of
glauconite is greater than that of clinoptilolite.
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The heat and microwave treatment significantly
increases the adsorption capacity of clinoptilolite for
copper ions while reducing that of glauconite. It is
confirmed by qm values of the Langmuir, Dubinin-
Radushkevich, = Langmuir-Freundlich, Toth, and
Aranovich models.

The values of maximum adsorption capacity
determined by the Langmuir model are 1.272, 31.051,
and 9.047 mg/g for natural, calcinated, and microwaved
clinoptilolite, respectively. Instead, qmax values for
natural, calcinated, and microwaved glauconite are
5.369, 5.77, and 7.367 mg/g, respectively. Therefore, the
adsorption capacity of natural clinoptilolite is lower than
natural glauconite but the pre-treatment considerably
enhances it. However, the pre-treatment of glauconite
doesn't change it much.

The physical nature of the interaction of copper
with the adsorbents is confirmed by values of the
Freundlich constant n and the free energy of adsorption
E calculated from Dubinin-Radushkevich model.

The Temkin isotherm constant b indicates the
adsorption reaction is exothermic. The values of Toth
and Redlich-Peterson models' constans of all six samples
confirm that the copper adsorption occurs on homo-
geneous surfaces.
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HEJIHIITHE MOJIEJTIOBAHHSI I3OTEPMU
AJICOPBIIT IUISI MIAI 31 CTITYHUX BOJ
MMPUPOJTHUM TA MOJM®IKOBAHUM
KJIMHOTIITHJIOJITOM I TJTAYKOHITOM

Anomauia. Ilpeocmaeneno pezyrbmamu aocopoyii iouie
Cu?* na npupoonomy ma mepmiuno obpobnenomy ma HBY-
ONPOMIHEHOMY KAUHONMUAONIMI ma enaykoHimi. Ilposedeno exc-
nepuMeHmu 3 peHmeeHi8CbKoi omoenekmpoHHoi cneKmpocKonii
3paskie. 3anedxcnicmv Midc aocopbO8aAHOI0 PeHosUHOI0 MaA pis-
HOBAICHOIO KOHYEHMPAYIEI0 6 CMIYHUX 600AX ONUCAHO YOMUPMA

08ONAPAMEMPUYHUMY — MA  YOMUPMA — MPURAPAMEMPUYHUMU
MoOdensamu izomepm adcopoyii.
Knwuoei cnoea: aocopbyis, cmiuni 600u, HeniuiliHe

MOOeN08aHH, i30mepma pieHogazu, aHaliz NOXuboK.
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