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ABSTRACT

This paper shows the findings of a detailed investigation of the natural halite from the Bakhyt-Tany
deposit. The mineral’s composition is sodium chloride with the addition of calcium sulfate,
magnesium salts, and some other matters, including a residue of less than 2% insoluble residue.
Elemental assaying indicates the occurrence of elements like Ca, Mg, Al, Si, Fe, and Pb, which
points to the occurrence of clay and some sulfate impurities. To understand how impurities are
distributed in different sizes, a sample was classified using a sieve with a mesh of 0.2 mm. It was
discovered that less than twenty per cent of the salt mass is a fine fraction (d < 0.2 mm), where up
to 3.4% of insoluble impurities are found, and in the coarse fraction (d > 0.2 mm), this value is less
than 1.8%. A mathematical model developed showed that the fine fraction and the total amount
of the residue insoluble are directly related, which supports its use for estimating contamination
and evaluating the effectiveness of the processes of desalination. Moreover, the generated 3D
model revealed that temperature and humidity, in addition to raising the concentration of
insoluble impurities, also increase the concentration of such impurities in the fine fraction even
more. The results obtained also support the need for the pre-purification of halite before its use
in food and other technological applications, and support the statement of the fractionation and
desalination based purification process for halite.
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Introduction

Sodium chloride is produced on the basis of
halite minerals extracted by mining; brines are
obtained by in-situ leaching or processing of solid
sediments of salt lakes, which is the most cost-
effective method. The Republic of Kazakhstan is
regarded as one of the most mineral-rich countries
in Central Asia with regard to salt minerals. The
latest data indicates that the number of salt lakes in
Kazakhstan exceeds 2,500, with an annual
production of sodium chloride that surpasses 1
million tons. Notably, more than 80% of this
production is concentrated within the Kyzylorda
region. It is estimated that approximately 40% of the
global production of table salt is exported [[1], [2],
(3], [4], [5]]-

The rich reserves of salt deposits in the Sarysu
region could be of industrial importance to the

Zhambyl Oblast region. The reserves are estimated
at 45 million tons, and only one of the nearby
deposits, Majdekenkol, has about 10 million tons.
There are 22 salt deposits in the Zhambyl district.
They are located at a considerable distance from
each other and spread over a vast territory from the
foothill plain of the Karatau Range in the south to the
valley of the Shu River in the north [[6], [7]].

Exploration works were carried out at four sites:
Aydyn, Yunkikol, Tuzkol and Maidegenkol.

On the lake “Koibagar”, salt deposits consist of
two layers. The upper layer with seam thickness
from 1 to 3.4 m contains mainly mineral halite
(NaCl), the lower layer with ore thickness from 0.3 to
2 m contains the following minerals: halite (NaCl),
tenardite, astrakhanite, glauberite, espomite and
gypsum. Lakes Isteken and Kokalegel are sulphate
lakes, varying in thickness from 0.2 to 1.4 m and
containing the following minerals: halite (NaCl),
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tenardite  (Naj;SO4), myrobilite, astrachanite,
glauberite and gypsum. In all explored deposits, the
content of insoluble waste is concentrated in the
range of 2-6% [[3], [8], [10]].

In terms of its technical characteristics, it is the
opinion of experts that the percentage of water-
insoluble substances, potassium ions, magnesium
and sulphate, in both food products and technical
salt, is below the permissible standards. The sodium
chloride content of the composition is found to be
98.6%, which has been demonstrated to have a
positive effect on quality [[8], [9]].

A significant presence of colloidal and mineral
impurities has been identified in the composition of
Halite ores. Such additives include sulfates,
carbonates, silt and other substances of organic
origin, which greatly interfere with the production of
pure sodium chloride [[10], [11], [12]].

During the purification process of ore from
impurities, colloidal particles function not only as
mechanical impurities but also facilitate the
destruction of the crystal structure through
adsorption processes, accumulating on the crystal
surface and thereby impeding the process [13]. The
presence of colloidal particles has been
demonstrated to have a number of effects on the
process of crystallisation. These include the slowing
down of crystal growth, the increase of the energy
barrier at the start of crystallisation, and the
formation of micropore effects [[14], [15]].

The mineral additives most frequently employed
include kaolinite and montmorillonite, which are
characterised by their silty composition, in addition
to calcium and magnesium sulfates and carbonates,
and heavy metals [16].

The movement and distribution of colloidal
particles within a sodium chloride solution flow are
contingent on environmental conditions, thereby
exerting a substantial influence on the optimal
parameters of solution purification. In the presence
of salt gradients, the rate and direction of colloid
migration are contingent on temperature and
contact time, thereby affecting the efficiency of
impurity separation [17]. For instance, at elevated
temperatures, diffusiophoretic processes are
enhanced, thus facilitating faster migration of
particles to the interface. Concurrently, the optimal
residence time is such that the maximum
concentration of particles is achieved in the target
zone. Consequently, the selection of temperature
and duration in NaCl purification systems utilising
colloids must consider the kinetics of their
movement, thereby achieving a balance between

the purification speed and the degree of
contaminants removed [[18], [19]].

A recent study published on Phys.org
demonstrates that salt gradients can effectively
control the direction of motion of colloidal particles
in microfluidic systems through a combination of
diffusiophoresis and diffusioosmosis [20].
Researchers at Yale University have discovered that
even a minor variation in salt concentration can
induce focusing and redirection of colloids, obviating
the necessity for external fields. This finding offers a
promising outlook for the development of passive
and energy-efficient systems for liquid purification
and targeted delivery of substances in medicine and
the environment [[19], [20]].

There are also studies on the purification of
solutions from colloidal particles using membranes
and electrocoagulation. Bharti et al. [21] presented
a comprehensive review of electrocoagulation as a
universal method for purifying wastewater and
natural water from colloidal ions, organic
substances, and turbidity. The authors showed that
electrocoagulation provides a high degree of
removal of dispersed particles due to the formation
of hydroxide flocs, which makes it promising for the
preliminary purification of mineral raw materials.
Aouni et al. and Moneer et al. focused on the
combination of electrocoagulation with membrane
processes such as ultrafiltration and reverse
osmosis. It has been shown that hybrid schemes can
significantly reduce membrane fouling and ensure
effective removal of colloids, increasing the stability
of seawater desalination processes. The authors
showed that such hybrid systems provide improved
selectivity and efficiency in the removal of
impurities, including finely dispersed colloids, which
is particularly important in the preparation of
complex brines and wastewater for further
processing [[22], [23]].

While modern methods of sodium chloride
purification by evaporation, recrystallization,
filtration, and even sedimentation work wonders,
they all have one thing in common: dealing with

colloidal and mineral impurities remains a
challenge. As an example, evaporation can be
energy intensive, especially when heating to

overcome colloids stabilizing the solution.
Recrystallization poses a challenge when the
solution has a lot of clay particles. These clay
particles adsorb onto the crystals, disrupting the
shape, disturb, and purity of the crystals [[23],[24]].
The filtration method does not work well with
stable colloidal systems, especially if the particles in
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the colloidal solution are not likely to aggregate into
larger structures.

Time and, at the same time, very sensitive to
external influence such as pH, ionic strength, and, if
the solution has a lot of contaminants, they may not
be as effective [[20], [25]].

In this particular case, studying the behavior of
colloidal particles in saturated sodium chloride
solutions and developing effective colloidal particle
removal strategies are very relevant. One example is
the removal of colloidal impurities before
crystallization, a process known as desliming.
Desliming (deslammation) is a technological process
for removing finely dispersed particles (particles
typically < 10-20 um in size) from mineral raw
materials or ore pulp.

Improving the desliming process directly
translates into purification. This desliming process
improves the final purity while reducing energy
consumption and preventing excessive waste. The
purpose of the work is to evaluate the influence of
the fractional composition and external conditions
on the distribution of impurities in halite to optimize
the purification scheme.

Experimental part

For this article, a sample of natural halite was
used, which was taken from the Bakhyt-Tany
deposit. The initial material was first dried at room
temperature for 24 hours, after which it was
mechanically crushed to obtain fractions of different
particle size distribution. To determine the
distribution of impurities into fractions, the sample
was separated by dry sieving through a sieve with a
mesh diameter of 0.2 mm. Thus, two fractions were
separated: coarse (f>0.2 mm) and fine (d < 0.2 mm).
To accurately separate and sort the material by size,
a vertically oscillating laboratory sieve shaker
Analysette 3 PRO (FRITSCH) was used. Samples of
about 50 g were subjected to wet sieving for
approximately 45 minutes, with the vibration
amplitude set to 1-2 mm.

The analysis of raw materials and products was
conducted using a combination of spectral
microscopy, X-ray analysis, and differential thermal
studies. Elemental analysis (elemental composition)
was performed using X-ray fluorescence
spectroscopy on an INCA Energy 450 energy
dispersive microanalysis system mounted on a JSM
6610 LV scanning electron microscope, JEOL, Japan.
A scanning electron microscope JSM 6610 LV, JEOL,
Japan was used to study the microstructure of the

samples. Differential thermal analysis (DTA) was
carried out on a Q-1500D derivatograph at a heating
rate of 10 °C/min in an air atmosphere.

To determine the moisture content, the sample
was pre-weighed in analytical scales and dried at 100
°C in a desiccator. Drying time 6 hours, interval 30
minutes. Chemical analysis was performed
according to GOST R 51574-2000 [26].

The discussion of the results

The halite sample came from the Bakhyt Tany
deposit (Fig.1). The salt exhibits the typical cubic
crystal habit. However, it is distinguished by a
grayish-beige color with significant dark inclusions.
This is a raw natural substance with contaminants,
likely clay and organic matter. Some salt will crumble
into a fine powder when rubbed, suggesting the
presence of colloidal particles. These characteristics
explain the reasons for a preliminary treatment and
the refined steps that might be required in the
further treatment of the sample. The sample’s
chemical composition is shown in Table 1 (Fig.2)
below.

Figure 1 - The halite sample from the Bakhyt Tany deposit

According to the elemental analysis of the
mineral, it can be said that the salt composition is
dominated by sodium and chlorine; there are also
such elements as silicon, calcium, magnesium and
aluminium, which confirm the presence of clay
colloidal impurities. Such impurities are usually in a
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dispersed form and negatively affect the process of
crystallization, and so they are very poorly filtered.
This, in turn, harms the purification parameters

Figure 2 - Elemental composition of halite mineral
of the Bakyt-Tany deposit

Table 1 - Elemental composition of halite mineral of

Bakyt-Tany deposit, %

Element Mass %
0] 19.61
Na 25.40
Mg 2.36
Al 1.57

Si 4.97

S 0.54
Cl 39.46
K 0.64
Ca 2.21
Fe 1.12
Pb 2.11
Total 100.00

The results of thermal analysis of the natural salt
mineral of the Bakhyt-Tany deposit are shown in

Figure 3.
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Figure 3 - The following report presents the DTA results
of the natural sodium salt of the Bakhyt Tany deposit

The DTA of the salt sample from the natural
mineral of the Bakhyt-Tany deposit is characterised
by three endo effects and three exo effects. During

the preliminary heating stage, two non-intensive
endothermic effects have been identified at
temperatures of 330°C and 560°C. These effects are
attributed to the removal of moisture from the
crystal structure of sodium and calcium chloride
minerals. The intensive endothermic effect in the
region of 820-830°C is indicative of the melting of
sodium chloride. Endo effects in the region of 470°C
and 685°C are associated with the burnout of a small
amount of organic sulfur-containing magnesium
compounds.

The data obtained has revealed that the natural
sodium salt of the Bakhyt Tany deposit contains a
high concentration of sodium chloride, with only a
minor presence of impurities. It is reasonable to
hypothesise that the natural sodium salt obtained at
the Bakhyt Tany deposit has the potential to be
utilised as a raw material in the production of table
salt and soda ash. The calcium sulfate and other
silicate  compounds contained within insoluble
precipitates have the potential to be utilised in the
production of construction materials.

According to the results of the study, it was
found that the mass fraction of moisture in halite
samples ranges from 0.6% to 1.0%. These values are
typical for natural materials stored under standard
conditions and not subjected to additional drying.
Based on the results of the chemical analysis, the
approximate salt composition of the studied mineral
was calculated. The base is sodium chloride (NaCl),
the proportion of which reaches 88.4% of the total
mass. In addition, the sample contains impurities in
the form of calcium sulfate (CaSO4) — about 2.5%,
magnesium sulfate (MgSO,) — 0.18%, and
magnesium chloride (MgCl;) — 0.37%. The presence
of such impurities significantly affects the quality of
salt and its suitability for various types of processing.
In particular, the mineral contains up to 2% of the
mass fraction of an insoluble residue, which makes
it impossible to use it directly in the food industry
without a preliminary stage of desalination — the
removal of fine and colloidal impurities. Such a level
of contamination can not only worsen the
organoleptic properties of salt but also affect the
technological parameters of crystallisation and
filtration during processing. The analysis showed
that the insoluble residue has a complex nature and
consists of two main phases. The first is a clay mass,
represented by finely dispersed insoluble
components of natural origin. The second is clearly
distinguishable transparent crystals of calcium
sulfate, resistant to dissolution in water and prone
to precipitation. For a more detailed study of the
composition of the insoluble residue, an elemental
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analysis using X-ray fluorescence spectroscopy was
performed. Micrographs, as well as data on the
elemental composition of the insoluble residue
obtained during the study of halite from the Bakhyt-
Tany deposit, are shown in Tables 2 and 3, and also
shown in Figures 4 and 5.

Figure 4 - Elemental composition of crystalline phase of
insoluble precipitate of sodium salt mineral of
Bakhyt-Tany deposit

The main peaks correspond to Na and Cl, which
confirm the presence of halite (NaCl). Additional
peaks of S and Ca indicate the occurrence of CaSO,4
phases. Minor Si and O peaks are attributed to traces
of clay impurities. In Fig.5, besides the dominant Na
and Cl peaks, significant signals of Si, Al, Mg, K, and
Fe were observed, which are typical of clay minerals
such as kaolinite and montmorillonite. The presence
of Ca and Ti also supports the association with
mineral impurities of terrigenous origin.

Table 2 - Elemental composition of the crystalline phase
of the insoluble residue of the mineral of the Bakhyt-Tany

of caso, from halite not only improves the quality of
salt but also opens up opportunities for processing
and reuse of this byproduct in other industries.

The data obtained allowed not only to identify
the composition of impurities, but also to
understand their distribution inside the material. In
order to study the distribution of insoluble
impurities by size fractions, the salt sample was pre-
crushed and fractionated using a laboratory sieve
with a diameter of 0.2 mm. According to the results
of sieving, it was found that up to 20% of the total
mass of salt is a fine fraction with a particle size of
less than 0.2 mm. It contains up to 3.4% of the mass
fraction of the insoluble residue, the main part of
which is the clay component.

Figure 5 - Elemental composition of the clay phase of the
insoluble residue of the sodium salt mineral of
Bakhyt-Tany deposit

Table 3 - Elemental composition of the clay phase of the
insoluble residue of the mineral of the Bakhyt-Tany
deposit, %

deposit, %

Element Mass %
0] 41.34
Na 10.87

Si 0.28

S 18.49

cl 8.85

Ca 20.16
Total 100.00

Element Mass %
(0] 44.64
Na 4.86
Mg 7.79

Al 5.58
Si 19.36
S 0.53
cl 3.15

K 1.94
Ca 6.27
Ti 0.37
Fe 5.52
Total 100.00

The presence of calcium sulfate in halite is of
particular importance. On the one hand, caso, is an
undesirable impurity: in the production of soda, it
increases the formation of scale in evaporators and
reduces the efficiency of the process, and in edible
salt, it affects the purity requirements. On the other
hand, calcium sulfate is a valuable raw material.
Recent research [[27], [28]1] highlights its widespread
use in building materials, ceramics, soil-improving
agents, and asphalt composites. Thus, the removal

This confirms the tendency of fine impurities to
pass into small fractions during grinding and
enrichment. The remaining 80% of the mass is
accounted for by a large fraction (particles d > 0.2
mm), where the insoluble residue content is much
lower — about 1.8%. In this case, calcium sulfate
crystals predominate, forming in the salt structure in
the form of dense transparent inclusions. Thus, the
data obtained allow us to conclude that a




2027; 340(1):17-25

ISSN-L 2616-6445, ISSN 2224-5243

comprehensive purification scheme for this halite is
necessary, including not only mechanical
fractionation and filtration, but also methods aimed
at the effective removal of clay and sulfate
impurities. Accounting for the distribution of salt by
fractions can be useful in designing the technological
process of salt processing for food or technical
purposes. However, it was found that simple dry
sieving is not sufficient to remove the mucous
fraction. This may be because colloidal particles are
bound to calcium sulphate crystals, forming dense
inclusions in the salt matrix. Therefore, the authors
conducted additional experiments on mucus
removal using a saturated NaCl solution [29]. The
results of the experiments showed that the optimal
ratio of solid to liquid substances is 1:3, which
ensures the most effective removal of clay and
colloidal impurities with minimal NaCl losses.

Figure 6 shows the model dependence of the
insoluble residue content in the fine salt fraction on
temperature and humidity. The graph clearly
demonstrates that with an increase in both
parameters, both temperature and humidity, an
increase in the amount of insoluble impurities is
observed.

w s o
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3.8
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Figure 6 - Simulated 3D Dependence of Insoluble
Residue (%) on Temperature(°C) and Humidity (%)

This is because at higher temperatures,
degradation and desorption processes are activated,
contributing to the release of impurities fixed on
crystals, and increased humidity increases the
migration of clay and colloidal particles into solution,
where they are more difficult to remove. This trend
is especially relevant for the storage and processing
of natural halite containing up to 2-3% insoluble
impurities. The growth of these indicators in
conditions of high humidity and temperature
requires an adjustment of the cleaning process, for
example, an increase in the settling time, the dose of

coagulant, or the choice of another method of pre—
desalination. Thus, the obtained model makes it
possible to evaluate the behavior of impurities
under changing external conditions and can be used
in designing or optimizing the salt preparation
scheme for processing.

Conclusions

The results of the study showed that up to 20%
of salt mass goes to the fine fraction, and up to 80%
of salt mass remains on the sieve in the coarse
fraction. The fine fraction, d<0.2 mm, contains up to
3.4 wt.% of insoluble residue, and most of the clay
residue passes into this fraction. The coarse fraction,
d>0.2 mm, contains up to 1.8 wt. % of insoluble
residue, and the main mass of insoluble residue
consists of calcium sulfate crystals.

The compiled mathematical model confirmed a
direct correlation between the increase in the
fraction of fine fraction and the increase in the total
content of insoluble impurities. Based on the
fractional composition, it is possible to evaluate the
products, which allows optimising the desliming
technology.

On the other hand, a model of the effect of
temperature and humidity as external factors on the
behaviour of impurities was studied. It was
demonstrated on a 3D plot that as the mentioned
factors increase, the fraction of insoluble residue,
especially its fine fraction, increases towards the
insoluble residue. This needs to be taken into
account in long-term and short-term salt operations
to minimise impurities or improve performance.

It was also shown that simple dry sieving is
not sufficient for the removal of fine clay and
colloidal impurities, since colloidal particles are
often associated with calcium sulfate crystals.
Effective desliming was achieved only when
using a saturated NaCl solution, where the
optimal solid-to-liquid ratio was determined
experimentally as 1:3.

In general, the work showed that from this
deposit, it is necessary to pre-treat the finished
halite with the use of fractionation, desliming, and
further with the introduction of thermal or chemical
after-treatment.
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Hatpuit xnopuaiH any npoueciHiH, TEXHONOTUANBIK NapameTp/iepiHe raInTTiH,
MUHepanabl KocnanapbiHbIH dcepi

Ypaskenguesa [.A., Kagup6aesa A.A.

M. dyezoe ameiHdarel Ohmycmik KazakcmaH 3epmmey YHusepcumemi, LLibimkeHm, KazakcmaH

TYAIHAEME

Makanaga bakbiT-TaHbl KEH OPHbIHAH anblHFAaH TabUFWU TaNUTTI KelleHAi 3epTTey HaTUKenepi
KenTipinreH. Kypambl 60ibiHWa 6yn MMHepan — KanbLmii cynbdaTbl, MarHuii Ty3gapbl XaHe Keibip
6acka 3aTTap KOCbINFaH HATPUI XIOPUAIHEH, OHbIH, iWiHAe 2%-AaH a3 epiMenTiH KanablKTapaaH
Typagpl. INeMeHTTiK Tangay HatuxkeciHae Ca, Mg, Al, Si, Fe kaHe Pb cuAKTbl anemeHTTEpAiH,
60naTbiHbl aHbIKTanAbl, 6yn cas banwblk NeH Kelbip cynbdaTTbl KocnanapablH, 6ap ekeHiH

Makana kenpgj: 27 winde 2025 KepceTeai. ©Op TypAi enwemaeri KocnanapaplH, Kanai TapanatbiHbiH aHbIKTAy yWiH yari 0,2 mm
CapantamagaH eTTi: 20 mameiz 2025 YAWBIKTbI eneyill apKblibl dpakuuanapra 6eniHgi. 3epTrey HaTUXKeCiHAE Ty3 MaccacbiHblH, 20 %-
Kabblnganabl: 27 mameiz 2025 AaH a3bl d < 0,2 mm 6onaTbiH ycak GpaKkumMAHbl KypalTbiHbl aHbIKTanabl, an byn dpakumaga

epiMenTiH KanabikTbiH, menwepi 3,4 %-fa geniH xeteai. An ipi dpakumnaga (d > 0,2 mm) 6yn
KepceTKiw 1,8 %-AaH acnarabl. KypacTbipbliFaH MaTemaTuKasblK, MoAeNb YCaK OGpakuusAHbIH,
MeALWwepi MeH epiMenTiH KanabIKTbIH, }Kaamnbl MesLwepi apacbiHAa Tikenen H6ainaHbic 6ap eKkeHiH
KepceTTi. Byn mogenb Ty3ablH nacTaHy AeHreriH 6afanay »aHe Tasanay NpoueciHii, TUimainiriH
6omkay YWiH nakganaHbinybl MyMKiH. COHbIMEH KaTap, )acanfaH ylWw enwemai Mogenb
Temnepatypa MeH bIIFanAbINbIKTbIH, apTybl TeK epiMenTiH KocnanapAblH, KOHLEHTPaLMACHIH
JKOFapbINAThIN KaHa KoMMal, onapAplH, ycak GpaKkumafa *KUHaKTanyblH 43 KYLWeNTeTiHiH KepceTTi.
3epTTey HaTWMXKenepi ranuTTi TaFam eHJipiciHae *KaHe 6acKa Aa TeXHONOrMANbIK MaKcaTTapaa
KonaaHbac bypbiH anapliH ana Tasanay KaxeT 60NaTbiHbIH KOPCETTI KaHe Tasanay NpPOLECiHiH,
bpakumanay MeH Ty3cbi3gaHAapblpyFa HerisgenreH TMiMmaj KOHUEeNUMACbIH Konaanapl.

TyiiiH ce30ep: ranuT, Ta3anbifbl KOFapPbl HAaTPUIN X0PUAI, MUHEpPanabl Kocnanap, KOANOUATbLIK
6ewweKTep, KaiTa KpuUcTangaHy, TasapTy.
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Kadipbaeea Anmazyn AKkeneliKbi3ol

BanaHue MUHepanbHbIX NpUMecei raiTa Ha TeXHOI0rMYecKkue napameTpbl
npouecca Noay4yeHua XJopmuaa HaTpua

Ypaskenguesa [.A., Kagup6aesa A.A.

tOxcHO-KazaxcmaHckuli Uccnedosamensckuli YHusepcumem umeHu M. Ayesosa, LLieimkeHm, KazaxcmaH

AHHOTALUMUA

B AaHHOI cTaTbe NpeAacTaBieHbl pe3ynbTaTbl AeTaNbHOro UCCNefoBaHUA NPUPOAHONO raauTa c
Noctynuna: 27 urons 2025 MecTopoXKaeHMA BaxbiT-TaHbl. Mo cocTaBy MUHepan npeacTtaBaseT coboi xnopwua, HaTpusa c
PeueHsuposaHnue: 20 ageycma 2025 pobasneHvem cynbdata KanbLmMA, CONell MarHUA U HEKOTOPbIX APYrUX BEL,EecTs, B TOM yucie
MpuHATa B Nnevatb: 27 ageycma 2025 mMeHee 2% HepacTBOPMMOro OCTaTKa. JNeMEeHTHbI aHa/iu3 MOoKasblBaeT HajauuuMe TaKux
3/1eMeHTOB, Kak Ca, Mg, Al, Si, Fe 1 Pb, 4To yKa3biBaeT Ha Ha/iMumMe NpUMecel rMHbI U HEKOTOPbIX
cynbdatoB. YTobbl NOHATb, KaK pacnpefenstoTca NPUMEcH pPasHoro pasmepa, obpase, 6bin
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KnaccudumLMpoBaH C NOMOLLbIO cuTa € Aveiikol 0,2 mm. Bblno obHapyKeHo, YTo MeHee ABaaLaTH
NPOLLEHTOB MacCbl CONM COCTaBAfET MesiKan Gppakuumsa (d < 0,2 mm), B KOTopowi cogeputca o 3,4%
HepacTBOPUMBbIX NpUMeceit, a B KpynHoi dpakuum (d > 0,2 Mm) 3TO 3HaYeHUE COCTAaBAAET MeHee
1,8%. PaspaboTaHHasa maTemaTuyeckas MoAenb NoKasana, YTo mesnkogucnepcHana dpakuma u
obLiee KONNYECTBO HEPACTBOPMMOrO OCaZKa HAXo4ATCA B NPAMOM 3aBUCUMOCTM, YTO NO3BONAET
MCNo/Ib30BaTb ee A OLEHKM 3arpA3HeHna 1 3ddeKTMBHOCTM MpoLeccoB onpecHeHus. bonee
TOro, co3gaHHasa 3D-mogenb Nokasana, YTo TeMnepaTypa M BAAXKHOCTb HE TOAbKO MOBbILWAOT
KOHLLEHTPALMIO HEPACTBOPMMbIX NpPUMeEcei, HO U ewe 6onblue YBENMYMBAIOT KOHLEHTpaLMio
TaKMX npumecert B MesIkoW dpakumu. [lonyyeHHble pesy/nbTaTbl TaKXKe MNOATBEPNKAAIOT
HEeobX0AMMOCTb MpeaBapUTENbHOM OYUCTKM raauTa nepes, ero UCNo/ib3oBaHWMEM B MULLEBOM
NPOMbIWAEHHOCTU U APYrMX TEXHONOTMYECKMX MPUMEHEHMAX M MOATBEPMKAAIOT KOHLENUMIO
npoLecca OYUCTKU ranTa, OCHOBAHHOMO Ha GPaKLMOHNPOBAHWUM U OMPECHEHWN.

Knrouesbie cnoea: ranwr, xnopua, HatpuAa BbICOKOW YMCTOTbI, MWUHepa/sbHble MNpumecu,
KONNAonAHble YaCTuubl, NepekpncTtaninlauma, O4UCTKa.
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