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ABSTRACT

The present paper is concerned with mathematical modeling of the change in the Al,O3 content
in the process of the acid activation of bentonite clay using hydrochloric acid (HCI). The objective
of the research was to investigate the effect of the HCl concentration on the Al,O3 content in the
bentonite and create a mathematical model that describes the relationship between these
variables. To do this, bentonite samples were activated with HCI solutions of concentrations 5,
10, 15, and 20%. The acquired data were subjected to analysis by using the quadratic polynomial
regression model based on the method of least squares in OriginPro 2026. The adequacy of the
model was estimated using the coefficient of determination (R?), the root means square error
(RMSE), and the mean absolute error (MAE). The constructed model showed a very good fit to
the experimental data (R? = 0.9646, RMSE = 0.2001, and MAE = 0.1790), but the relative error
between calculated and experimental values varied from 0.73% to 2.60%. Thus, the results have
shown that the suggested model could be successfully applied for the preliminary assessment of
Al,O; content at an intermediate concentration of HCl in the range of 5-20% and for the
technological calculations. The suggested quadratic polynomial regression model is a valuable
mathematical tool for the optimization of the acid activation process of bentonite, for the
quantitative evaluation of the changes in Al,O3 content, and for the indirect assessment of the
sorption properties of the clay.

Keywords: bentonite, hydrochloric acid, aluminum oxide, adsorption, mathematical modeling,
quadratic regression model.
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Introduction

The research devoted to the development of
methods of sorbent synthesis is progressing very
fast within the framework of chemistry and food
industry. It is especially worth mentioning that
nowadays the issue of the utilization of the
modified sorbents with high ion exchange capacity
and developed porosity for separation of coloring
matters along with other contaminants from food
products and for processing of industrial
wastewaters becomes one of the major lines of
research [[1], [2], [3], [4]].

Also, the materials based on bentonite have
great practical value in different areas such as
construction, pharmaceutical, cosmetic and
agricultural industries.

The vegetable oils consist of phospholipids, free
fatty acids, chlorophylls, carotenoids and other
accompanying components which need to be
extracted during the refining process. The activated
bentonite clays belong to the most efficient
adsorbents for extraction of these impurities.
However, the effectiveness of this process depends
on the mineral composition, physicochemical
properties and methods of the activated bentonite
[[5], [6], [7], [ 8], [ 9], [10], [11], [12]].

Bentonite is a naturally occurring
aluminosilicate clay that results from the diagenetic
and hydrothermal modification of volcanic ash with
the predominant mineral constituent being
montmorillonite. Layered structure, ion-exchange
capability, and the ability to absorb water of
montmorillonite are the features of this mineral
that make bentonite applicable in many areas of
industry such as oil and gas, food, chemical, and
environment.

Montmorillonite belongs to the 2:1 layered
structure silicate minerals and is a member of the
smectite group, which crystal structure contains
two tetrahedral layers and one octahedral layer.
Isomorphic replacements of the elements in the
tetrahedral and octahedral layers result in the
creation of permanent negative charges in the
mineral crystal lattice. These charges are balanced
by exchangeable interlayer cations (Na*, Ca%*, and
Mg?*).

Interchange ability and hydration power of
interlayer cations are main structural factors that
control the cation exchange capacity, swelling,
dispersion, and adsorption ability of
montmorillonite. The abovementioned properties

have a great significance for determination of
structural changes and sorption ability of bentonite
in the course of acid activation treatment.

Thus, technological and sorption properties of
bentonite and effectiveness of its acid activation
are connected with the structure of bentonite [[13],
[14], 15]].

In recent vyears, the broadening range of
bentonite uses in different industrial areas has
increased significantly the economical role of
bentonite in the world market. According to
statistics, in 2022, the global bentonite market size
amounted to USD 7.45 billion, while over 20% of
bentonite production in 2021 was used for drilling
oil and gas wells [[16], [17], [18]]. Such numbers
prove the high importance of bentonite as a
universal industrial raw material due to the high
adsorption ability and cation exchange capacity of
bentonite. Thus, the scientific task of improving the
physico-chemical and sorption properties of
bentonite by its modification and acid activation is
quite topical.

Although it has numerous applications, the
natural bentonite has a fairly low specific surface
area and low reactivity, limiting the adsorption and
catalytic capabilities of the material to some extent.
For this reason, several types of treatment, such as
thermal, mechanical, organic, and acid treatment,
are used to enhance the properties of bentonite.

The acid treatment stands out because of its
high efficiency, technological simplicity, and
economic rationality. The application of HCl or
H,SO, leads to the structural reorganization of
montmorillonite, increasing the specific surface
area, porosity, number of acidic active centers, and
adsorptive and catalytic properties of the mineral
[19].

In the course of the acid activation process, a
number of physical and chemical processes take
place due to the dissolution of cations in the
layered structure of montmorillonite. The degree of
such reactions is an important parameter that
influences the characteristics of adsorption and
catalytic capacity of bentonite.

The main effect on the acid-treated
montmorillonite is caused by the partial dissolution
of AP*, Fe®*, and Mg?* cations in the octahedral
layer. Due to the removal of metals and aluminumes,
new pores are created in the clay, and the specific
surface area, as well as the volume of micropores
and mesopores increases.

The more aggressive the acidity and processing
conditions are, the more active these
transformations will be. But the presence of
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excessively high concentration levels of acid along
with extreme conditions of activation can cause
considerable structural changes in montmorillonite
clay. In this case, it is of particular scientific and
practical interest to  quantify  structural
transformations and identify the laws of their
course during the activation process [[20], [21],
[22], [23]].

It should be noted that during acid activation,
not only the mineralogical but also the chemical
composition of bentonite experiences significant
alteration. Namely, the rise in the SiO, content and
the drop in the Al,03, Fe,0s;, MgO, and CaO
contents are due to the selective dissolution of the
Al®*, Fe**, and Mg?* ions from the octahedral sheet
of montmorillonite. In this way, the relatively acid-
stable silica structure remains intact, whereas the
content of amorphous silica in the solid phase rises.

Consequently, the efficiency of acid activation
is mainly dependent on the extent to which
octahedral layers are degraded and on the
dissolution rate of metal cations into the solution.
One of the important parameters that characterize
this process is the change in the content of Al,Os in
bentonite. The reduction in Al,O3 content indicates
the extent of dealumination and is directly related
to the reorganization of bentonite structure and
the physicochemical and sorption characteristics of
the formed sorbent [[24], [25], [26]].

Mathematical modeling represents great
scientific significance in terms of revealing the
guantitative laws of physicochemical
transformations that take place during the acid
activation process. The use of regression models in
the analysis of empirical data makes it possible to
describe the parameters of the process, determine
their dependence on each other, and calculate
intermediate values. When experimental data
indicate a nonlinear relationship between variables,
qguadratic polynomial regression can be used to
describe this relationship quantitatively [[27], [28],
[29], [30], [31], [32], [33]].

From the literature analysis, it follows that,
while activating bentonite using HCl, the structural
framework of montmorillonite remains intact;
however, a reduction of the Al,03/SiO, ratio is
seen. Such a trend is due to the dealumination
effect caused by the selective dissolution of
aluminum ions from the octahedral layers. As a
result, there is an increase in silica content, which
creates prerequisites for pore formation.

Thus, changes in the content of Al,O; can be
regarded as one of the main criteria that describe

the properties of adsorption and catalysis of
bentonite. It is important to establish the
dependence of the Al,Os content on the HCI
concentration and to mathematically model this
dependency in order to optimize the activation
process using acids. In this way, the preliminary
calculation of Al,Os3 content and changes in
sorption properties become possible [[34], [35]].

Therefore, from the literature review, it can be
seen that mathematical modeling of the change in
Al,O3 content during the acid activation of
bentonite with HCl is significant in the quantitative
description of the relations in the process,
statistical processing of experimental data, and
technological calculation. The majority of the
existing researches are dedicated to the structural
characterization and adsorption properties of the
acid-activated bentonite. However, not enough
attention has been paid to the quantitative
description of the relation between the content of
Al,O3 and HCl concentration in the form of a
guadratic polynomial regression model.

In this study, the relationship between HCI
concentration and Al,O; content during the acid
activation of Navbahor bentonite was analyzed
using quadratic polynomial regression. The main
contribution of this work is the development of a
mathematical model describing changes in Al,Os
content as a function of HCl concentration within
the investigated range of 5-20%. Model
performance was evaluated by comparing the
calculated values with the experimental data using
statistical error metrics. A quadratic polynomial
regression model was developed to describe the
process and the adequacy of the model to
experimental data was estimated by the coefficient
of determination (R?), root mean square error
(RMSE) and mean absolute error (MAE).

Materials and Methods

Research material

Alkaline-earth bentonite (calcium bentonite),
which was taken from the Navbahor ore deposit in
Navoi region, Republic of Uzbekistan, was chosen
as the object of study. SiO, and Al,O3 represent the
main compounds in the natural bentonite in their
shares 61.54% and 12.60%, correspondingly. Large
share of silicon dioxide proves the presence of the
silica framework of the mineral and provides
stability of the silicate framework under the acidic
activation. The shares of the other oxides are given
in Table 1.
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Table 1 - Chemical composition of natural Navbahor
alkaline-earth bentonite

Content, %

Sample
SiO, | Al,O; | Fe,03§ TiO, | CaO | MgO i Na,O | K,0 ! LOI

Natural
bentoni i 61.54 { 12.60 { 6.23 { 0.56 | 0.75 | 3.98 0.82 {211} 11.41
te clay

On the basis of the results of analysis provided
in Table 1, it can be stated that SiO, and Al,Os
oxides are dominant in bentonite. The presence of
Fe,0s and MgO implies the existence of these
cations in octahedral layers of montmorillonite. The
SiO,/Al,0s ratio is equal to 4.88, and this is the
main initial characteristic which should be
considered when analyzing dealumination process.

Acid activation process

A sample of bentonite weighing 100 g was
treated with HCl solutions at concentrations of 5,
10, 15, and 20%, in which the solid-to-liquid ratio is
1:2.5. Acid activation was performed in the water
bath at 373 K for 120 min with constant stirring.

After the acid treatment, the suspension
obtained was washed with distilled water up to the
value of pH equal to 4. Then, the samples were
dried at 473 K, milled, and sieved into particles
below 56 um. The Al,0; content in the natural and
acid-activated bentonite samples was determined
by a complexometric titration method. The
procedure involved fusion of the sample at high
temperature, dissolution of the resulting material,
separation of iron ions, and back-titration of excess
Trilon B (EDTA) solution with a zinc salt solution in
the presence of an indicator [4].

Mathematical modeling

A quadratic polynomial regression model was
constructed for mathematical description of the
influence of HCl concentration on the Al,O; content
of bentonite within the acid activation process. The
regression model was chosen to establish the
functional dependence between the variables,
evaluate the Al,0O3 content within an interval of HCI
concentrations, and make technological
calculations.

The quadratic polynomial regression model is
represented by the following general equation:

Y =a+ bX + cX?

where:

Y - Al,O3 content in bentonite (%);
X - HCl concentration (%);

a, b, and c - regression coefficients.

The regression parameters were calculated
through the Polynomial Fit (Quadratic) routine of
OriginPro 2026. The procedure employs the least-
squares approach, according to which one has to
minimize the sum of squared residuals between the
observed values (Y;) and the predicted ones (Y):

n
S= ) (-1
i=1

The fitness of the model with the experimental
data was assessed through the coefficient of
determination (R?), root mean square error (RMSE),
and mean absolute error (MAE).

The coefficient of determination (R?) was
determined using the formula:

RZ = 1— (Y —Y)?
ilzl(YL - Y)z
where:
Y; - experimental value;
¥ - value predicted by the model;
Y - arithmetic mean of the experimental values;
n - number of observations.
The root means square error (RMSE) of the
model was calculated using the following equation:

RMSE =

The mean absolute error (MAE) was calculated
using the following equation:

where:

n - number of observations;

Yi - experimental values;

¥ - values predicted by the model.

In turn, the coefficient of determination (R?)
was applied to test the capabilities of the
developed regression model to describe the
experimental data, while RMSE and MAE served as
criteria of its prediction accuracy. The obtained
regression equation was utilized to describe the
experimental data and to calculate the Al,Os
content at the intermediate values of HCI
concentration, as well as to assess the possibility of
using the equation to rapidly calculate the
technological parameters of the acid activation
process.
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Results and Discussion

Effect of HCl concentration on the Al,O;
content of bentonite

Table 2 demonstrates the variation of Al,Os
composition in the acid treatment of bentonite clay
by HCI, whereas the mathematical representation
of the experimental results through the application
of quadratic polynomial regression analysis is
illustrated in Figure 1.

Table 2 - Changes in the Al,03 content during the acid
activation of bentonite with HCI

HCI concentration, % Al,Os content, %
5 12.26
10 11.81
15 10.34
20 9.64

As follows from the data in Table 2, increasing
the HCI concentration from 5% to 20% reduced the
Al,O3 content in bentonite from 12.26% to 9.64%,
corresponding to a decrease of 2.62 percentage
points. This trend is consistent with dealumination
during acid activation, which involves the
dissolution of aluminum from the octahedral layers
of bentonite. However, the decrease was not
uniform across the investigated concentration
intervals: the Al,0; content decreased by 0.45
percentage points between 5% and 10% HCI, by
1.47 percentage points between 10% and 15%, and
by 0.70 percentage points between 15% and 20%.
These  differences  indicate a nonlinear
concentration-composition relationship rather than
a constant decrease. Nevertheless, the four
experimental concentration levels are insufficient
to establish a change in the underlying
dealumination mechanism.

Previous studies on acid-activated bentonites
have also reported the dissolution of aluminum and
other octahedral cations, with the extent of
chemical and structural modification depending on
the mineral composition and activation conditions
[[24], [25], [35]]. Direct quantitative comparison
with  other  bentonite  deposits  requires
consideration of differences in acid concentration,
temperature, treatment duration, and analytical
methods.

A previous study by Boyjanov et al. [27]
described the same experimental dataset using an
exponential decay model, reporting R?2 = 0.964 and
RMSE = 0.231. In the present study, quadratic

polynomial regression yielded R? = 0.9646 and
RMSE = 0.2001. Both models describe the observed
trend with similar goodness of fit, while the
quadratic model produced a slightly lower RMSE for
this dataset. However, this difference does not
establish the superiority of either model,
particularly because only four HCl concentration
levels were investigated. Additional experimental
data and independent validation are required to
assess their relative predictive performance.

A previous study by Boyjanov et al. described
the same experimental relationship using an
exponential decay model, reporting R? = 0.964 and
RMSE = 0.231. In the present study, quadratic
polynomial regression yielded R? = 0.9646 and
RMSE = 0.2001. Both models describe the observed
trend with similar goodness of fit, while the
guadratic model produced a slightly lower RMSE for
the available dataset. However, this difference does
not establish the superiority of either model,
particularly because the analysis is based on only
four HCl concentration levels. Additional
experimental data and independent validation are
required to determine their relative predictive
performance [27].

The following quadratic polynomial regression
model for Al,O; estimation was constructed based
on the obtained data (Figure 1).

!
[ ]
] Equation ALZO3=13,0325-0.1241C-0.0025C
Intercopt 13,0325 £ 1,11427
120 b 0.1247 2 0.2033
n 0 -0.0025 = 0,00801
Agsidual Sum of Sguares 0. 16021
R-Square (COD) 086462
1,54 Ad), R-Squars 0.89386
*®
E 11,04
€
8
o
Q.
5 105
[ ]
10,0
\
[ ]
954 |
6 8 10 12 14 16 18 20

Concentartion of HCI, %

Figure 1 - Experimental Al,03 content and the fitted
guadratic polynomial regression model

The regression equation obtained using the
Polynomial Fit (Quadratic) module in OriginPro
2026 is given as follows:

Al,05 = 13.0325 — 0.1241C — 0.0025C?2

where:
C - hydrochloric acid (HCI) concentration (%);
Al,Os - aluminum oxide content in bentonite (%).
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The coefficient of determination of the model
was R? = 0.9646, meaning that the quadratic
polynomial regression model accounts for 96.46%
of the variance in the experimental data. Moreover,
the adjusted R? = 0.8939 is consistent with the
reliability of the parameters of the model on the
basis of experimental data.

As one can see in Fig. 1 below, the curve of the
quadratic polynomial regression model shows a
strong correspondence with the experimental data
points. The obtained results confirm that the
developed quadratic polynomial regression model
describes the relationship between the HCI
concentration and the Al,Os; content in bentonite
well and can be used to estimate the Al,O3 content
at the intermediate HCl concentrations and to
perform technological calculations.

First-order regression coefficient (b = -0.1241)
is negative, which means that the quantity of Al,O3
in bentonite reduces while the concentration of HCI
solution rises. This tendency is explained by the fact
that the aluminum ions dissolve from the interlayer
and octahedral structure due to acid treatment
[[27], [35]].

Second-order coefficient (c = -0.0025) is also
negative, which indicates that the change in Al,O3
content is not proportional to the increase in HCl

concentration. In other words, the more
concentrated HCl solution is used, the more
aluminum oxide dissolves, thus, making the

relationship nonlinear. So, we can conclude that
the selected polynomial equation adequately
describes the experimental relation.

The adequacy of the model was estimated on
the basis of the comparison of the experimental
data and calculated results. Specifically, the
quantity of Al,Os was estimated according to the
quadratic polynomial regression equation and the
experimental and calculated values were analyzed
in terms of residuals and relative error (RE). The
results of the calculation are provided in Table 3.

Table 3 - Comparison of the experimental and model-
predicted Al,O3; values obtained using the quadratic
polynomial regression model

Hal ) Al,03 Al,03 Residual Relative
concentration, | (experimental), (model- (Boy-9) error
% % predicted), % sy-y (RE), %
5 12.26 12.3495 -0.0895 0.73
10 11.81 11.5415 0.2685 2.27
15 10.34 10.6085 -0.2685 2.60
20 9.64 9.5505 0.0895 0.93

The results shown in Table 3 indicate the presence
of a high correlation between the calculated values

of AlL,Os; and the results of experiments. All
calculated values are close to experimental data
with respect to different HCl concentrations.
Residuals fluctuate in the range from -0.2685 to
0.2685 and relative errors (RE) are in the range
from 0.73% to 2.60%. Minimum relative error of
0.73% was obtained at the HCl concentration equal
to 5%, while maximum relative error of 2.60% was
obtained at an HCl concentration of 15%. Relative
error for all experimental data points was less than
3%. For the quadratic function, the coefficient of
determination was found to be 0.9646, root mean
square error is 0.2001, and the mean absolute error
was 0.1790, showing that there is a good fit with
the given experimental data points. But these are
statistical measures and give information on the in-
sample fit of the model and cannot determine its
predictability separately. Thus, the developed
model provides an accurate description of
experimental data and allows us to estimate Al,O3
content at an HCl concentration of 5-20%. So, the
developed quadratic polynomial regression model
can be considered as a valid description of changes
of Al,O5 content at the acid activation of bentonite
with HCI.

Conclusions

For this research, a mathematical model of the
dependence between HCl concentration and the
Al,O3 content of bentonite in the process of its acid
activation was created. The obtained quadratic
polynomial regression model was built according to
the results of the experiment and was shown to be
able to describe adequately the dependence of the
Al,O3 content of bentonite.

However, the obtained model does not only
have the ability to describe the results of the
experiment but also can provide preliminary
evaluation of the Al,0s content of bentonite at
intermediate HCI concentrations, which will reduce
the necessity to perform additional experiments
and will allow the choice of the process parameters
in a scientific way.

The present study focuses on modeling the
relationship between HCl concentration and Al,Os;
content in acid-activated Navbahor bentonite.
Since both chemical composition and BET surface
area have been determined for the same activated
samples in our research, these data may provide a
basis for investigating relationships between
chemical composition and textural properties.
Using such a model allows not only to numerically
simulate and optimize the parameters of the acid
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TYRIHAEME

Byn sKymbiC 6EHTOHMUT ca3blH Ty3 KblWwKbiAbiMeH (HCI) KbilwKbinabik 6enceHaipy npoueci KesiHae
Al,O; menwepiHiH, e3repyiH mMaTemaTuKanblK MoAenbaeyre apHanfaH. 3epTreyaiH MakcaTbl
6eHTOHUT KypamblHaaFbl Al,O; menwepiHe HCl KOHLEHTPAUMACLIHbIH, 3CEpPiH 3epTTey KaHe oCbl
TOYENAiNiKTI cMNaTTaTbiH MaTeMaTUKaNbIK Moaenbai a3ipaey 6onbin Tabblnagpl. Ocbl makcaTTa
6eHTOHUT yarinepi 5, 10, 15 xaHe 20% KoHueHTpauuanbl HCl epitiHainepimeH 6enceHaipinin,
Al,O; menwepi Taxipnbenik KoAMeH aHblKTanabl. AnbiHFaH HaTwkenep OriginPro 2026
b6argapnamanbiK eH Kiwi KeagpaTrap SA4iCiH KONAAHY apKblibl KBAAPaATTbIK MNOAMHOMABIK
perpeccus  mogeni 6oMblHWA TangayfdaH eTkisingi. MogenbaiH, CaliKecTik  Aaperkeci
netepmuHauma KoadduumenTi (R?), opTawa KBagpaTTbiK KaTe (RMSE) »aHe opTalua abcontoTTik
kaTte (MAE) KepceTkiwTepi apKblnbl 6aFanaHabl. HaTuxenep KepceTkeHaew, a3ipneHreH Moaenb
TOXIPUOENiK AepeKTepai ofapbl AasaikneH cunatragabl (R? = 0.9646, RMSE = 0.2001 xasHe MAE
= 0.1790), an mogenb 6GoOMbIHWA ecenTenreH KaHe Toxipubenik MaHAep apacbiHAafbl
canbICTbipmanbl KaTenik 0.73-2.60% apanbifblHaa 60nabl. ANbIHFaH HaTUKenep mogenbai 5-20%
HCl KoHUeHTpauuanapbl apanbifblHAaFbl apanblk HykTenepge AlLOs; menwwepiH angblH ana
b6afanay KaHe TEXHONOIMANbIK ecenTeynep XKyprisy YWiH TWimAi naiganaHyra 60naTbiHbIH
KepceTTi. Y¥CbIHbIIFAaH KBagpaTTblK  NOSIMHOMABIK  PErpeccusanblk  MoAeb 6EHTOHUTTI
KbIWKbIAMEH 6enceHaipy npoueciH OHTalnanabipyfa, Al,Os menwepiHiH ©e3repyiH CaHAbIK
bafanay »KaHe casfblH copbumAanbiK KacueTTepiH kaHama Typae ©Oafanay ywiH ceHimai
MaTemaTUKanblK Kypan 60abin Tabbinagbl.

Makana kengi: 25 winde 2026
CapantamagaH eTTi: 9 KkazaH 2026
Kabbinganapl: 20 KazaH 2026

TyliiH ce30ep: GEHTOHMUT, Ty3 KblIWKbIIbl, aNlOMWHUIA OKCUAi, apcopbumsa, maTemMaTUKanbiK,
MoAeNbAeyY, KBaapaTTbiK MOJMHOMAbIK perpeccus mogeni.
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AHHOTAUMA

HacTtosAwan pabota nocsslieHa MaTeEMaTUYECKOMY MOZE/IMPOBAHWUI0 U3MEHEHUA COAEPIKaHWA
Al,O3 B npouecce KUCNOTHOM akTUBaUMmM 6EHTOHWUTOBOM MMHbI consHon Kucnoton (HCl). Lenbio
nUccnepoBaHUA ABAANOCL WM3yyeHMe BAMAHUA KoHueHTpauum HCl Ha copepskanve Al,O; B
6eHTOHUTE U pa3paboTka MaTeMaTMUYECKOW MOAENU, ONUCbIBAOWEN AaHHYI0 3aBUCMMOCTb. A
3TOro o6pasuibl 6eHToHWUTa akTMBMpoBanu pactsopamun HCl ¢ KoHueHTpaumen 5, 10, 15 1 20 %.
MonyyeHHble AaHHble 6blAM  NPOAHAaNU3MPOBaHbl C  MCMNO/b30BaHMEM  KBaApaTUYHOW
NO/IMHOMMANbHON PErPecCMOHHON MOAENUN, OCHOBAHHOW Ha MeToAe HaMMEHbLUMX KBaApaToB B
nporpamme OriginPro 2026. ALeKBaTHOCTb MOAEAWN OLEHWBanW C MOMOLLbIO Ko3douumeHTa
netepmuHaumn (R?), cpegHeksaapaTmueckoi owmnbku (RMSE) n cpeaHeit abcontoTHOM OWMBKM
(MAE). Pa3paboTtaHHas Mogenb MPOAEMOHCTPUPOBANa BbICOKYHO CTeMeHb COOTBETCTBUA
3KCNepUMeHTaNbHbIM gaHHbiM (R? = 0,9646; RMSE = 0,2001; MAE = 0,1790), npu 3Tom
OTHOCUTE/NIbHAA OWIMBKA MEXKAY PACYETHBIMU U SKCMEPUMEHTANbHBIMU 3HAYEHUAMM HAXOAMNACh
B AnanasoHe o1 0,73 0o 2,60 %. MonyyeHHble pe3ynbTaTbl NOKA3anu, YTo NPeasIoXKeHHaa Mmogenb
MoKeT 3GDEKTUBHO MCNO/Ib30BaTbCA 4/1A NPesABapuUTeNIbHOW OUEHKM coaeprkaHua Al,Os npwm
NPOMEXKYTOUHbIX KOHUeHTpaumax HCl B pguanasoHe 5-20%, a Takke [ANA nposefeHus
TEXHO/IOTUYECKMX pacyeToB. [peasioKeHHana KBaApaTUyHasA NOAMHOMMUANbHAA pPerpeccMoHHas
MOZeNb ABNAETCA HAZEXHbIM MaTeMaTUYECKMM MHCTPYMEHTOM AaA ONTUMM3auMu npouecca
KUCNOTHOM aKTUBaLUUKN GEHTOHWTA, KONMYECTBEHHON OLEHKU M3MeHeHui cogepxaHua Al,0s u
KOCBEHHOM OLEHKU COPBLMOHHbIX CBOMCTB MUHbI.

Kniouesbie cn108a: 6EHTOHUT, CONAHAA KUCIOTA, OKCUA, aNNtOMUHUA, a,EI,COp6LI,VIFI, mMaTtemaTuyeckoe
moaennpoBaHue, KBagpatiHaa N0/IMHOMUA/IbHAA perpecCMoHHaA moaenb.
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