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Abstract. The article investigates the conditions for improving the
technology of table salt by isolating sulfate ions from concentrated halite
solutions using natural minerals - gypsum and anhydrite. It is confirmed by
calculations that the interaction of a saline solution enriched in SO+*" after
filtering table salt with anhydrite is thermodynamically favorable and is
accompanied by the release of heat, while the reaction with gypsum occurs
with the absorption of heat and with a lower thermodynamic probability.
Experimental studies have shown that, depending on the temperature and
amount of calcium-containing reagent (gypsum or anhydrite), the
concentration of sulfate ions in the liquid phase can be reduced to 0.6—
0.8 wt.%, which allows returning the purified solution to the cycle of
evaporation and crystallization of salt. The influence of the duration of the
conversion process, temperature (323-368 K) and the reagent rate on the
kinetics of the formation of glauberite (CaSQO4-Na.SO.) is analyzed. It is
shown that increasing the temperature intensifies the reaction due to the phase
transition of gypsum into a hemihydrate with increased reactivity. X-ray phase
analysis confirmed that the main product is glauberite, and with an excess of
anhydrite, hemihydrate gypsum partially remains. A basic technological
scheme for purifying the salt solution is proposed, which does not require the
introduction of additional ions, allows avoiding supersaturation of the solution
and the formation of incrustations on the equipment. In industrial conditions,
the method ensures almost complete conversion of NaCl into commercial salt
of the “Extra” grade. The resulting precipitate of double sulfate salt can be
used as a chemical soil improver. The proposed method allows to increase the
efficiency and environmental friendliness of salt production, which is
especially relevant for the transformation of the salt mining industry of
Ukraine.

Keywords: table salt, gypsum, anhydrite, glauberite, desulphation,
brine, enthalpy, isobaric potential, X-ray phase analysis.

Introduction. Formulation of the problem

Table salt is a strategic mineral resource essential
for Ukraine’s food security and industrial development.
Its use extends far beyond the food sector,
encompassing the chemical, pulp and paper,
metallurgical, and pharmaceutical industries, as well as
the production of chlorine, soda ash, and paint materials.
Salt is also a critical technological component in road
maintenance. Prior to the full-scale Russian invasion,
Ukraine consistently ranked among the top salt
producers in Europe. The state-owned enterprise
Artemsil played a leading role, providing more than
70% of the domestic supply of food-grade salt and
exporting its products to EU and Asian markets. Ukraine
possesses substantial reserves of rock salt and brines,
estimated to exceed 16 billion tons. Major deposits are
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concentrated within the Donbas region, the Dnipro—
Donets Basin, the Carpathian Foothills, Transcarpathia,
and the Black Sea area. Salt production in Ukraine has
a long historical trajectory, originating in the 13th
century, with traditional extraction centers such as
Drohobych, Solotvyno, and Henichesk well known
beyond their regional contexts. In the early 21st century,
the sector demonstrated a trend toward modernization:
in parallel with conventional mining, underground
leaching technologies and the recreational use of mine
workings were actively developed.

A profound structural shift occurred after 2022,
when intensive russian shelling led to the complete
suspension of operations at Artemsil. The destruction of
production and transport infrastructure caused a rapid
decline in national salt output, resulting in temporary
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shortages and a reconfiguration of supply chains.
Imports from Turkey, Poland, Romania, and Egypt
increasingly compensated for the domestic deficit.
Despite this disruption, national demand for salt
remained stable, prompting short-term  market
fluctuations. The industry encountered challenges
related to security, logistics, and interruptions in
continuous production, yet the significance of deposits
in western Ukraine and Transcarpathia increased. Small
private enterprises also intensified investments in the
development of new extraction sites.

Recent studies highlight that the man-made and
geological risks characteristic of salt deposits—including
subsidence, landslides, flooding, and soil mineralization-
necessitate the implementation of modern environmental
standards and rational mineral resource management [1-
4]. The restoration of abandoned workings, utilization of
man-made brines, processing of salt sludge, and
introduction of closed-loop production cycles are
emerging as priority considerations for sustainable
sectoral development. The current transformation of
Ukraine’s salt industry reflects a shift from its historically
Donbas-centered structure toward the formation of new
production clusters in the Carpathian and Black Sea
regions. This transition requires careful assessment of the
qualitative and quantitative parameters of accessible raw
materials and corresponding technological optimization
to ensure stable supplies of food-grade salt during
wartime and throughout post-war recovery.

Analysis of recent research and publications

In the world literature, the issue of removing
sulfate ions from brines and forming double sulfate salts
(primarily glauberite) is considered from both the
thermodynamic and kinetic sides. Classical studies by
D. Fryer et al. describe the phase diagram of the
Na>S0.+—CaSOs4 system and the features of the formation
of metastable and stable phases during cooling and
crystallization, which lays the foundation for technical
schemes for the interaction of Na2SOs and CaSOs [5].
Separate reviews and experimental works emphasize the
complexity of the Kinetics of transitions between
gypsum, semi-aqueous gypsum (bassantite) and
anhydrite and their sensitivity to salinity and solution
temperature [6]. Thermodynamic modeling and
experiments by L. Shen et al. show the possibility of
forming glauberite in different phase states of CaSOa.
Also, the stability of the double salt depends on the
temperature and ionic composition of the solution,
which directly affects the practical conditions for sulfate
precipitation [7]. In applied engineering solutions
(patents and industrial developments), both chemical
methods (e.g., gypsum precipitation) and combined
approaches are used to reduce sulfate content in waste
or process solutions. However, these approaches often
require the addition of reagents or create by-products
that need to be disposed of.

Also, most publications consider laboratory
experiments or model scenarios; detailed industrial
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cases with optimization of reagent supply and induction
period control are absent [6]. Also, the role of grinding
and hydrodynamics in reactors in reducing reaction time
is absent - many works note this factor, but practical
parameters  for  industrial  conditions  remain
insufficiently studied [8]. The issues of controlling
phase transitions (gypsum <> semi-aqueous gypsum <>
anhydrite) in saline high-temperature environments [7,
9] and the influence of impurities on the selectivity of
glauberite formation are not fully open and require
further study. The issue of using glauberite sediment is
also quite relevant and will require additional research
into safety and long-term effects.

Unresolved or partially resolved issues identified
by the analysis of sources will be addressed during the
research.

The purpose of the study was to study the
influence of the duration of the process, as well as the
temperature and amount of gypsum on the composition
of the solution.

The objectives were:

1) to study the optimal conditions of the conversion
processes;

2) to confirm the conversion process and the
formation of glauberite using computational and
instrumental methods;

3) to propose a principle scheme for purifying a
sodium chloride solution from sulfate ions.

Background of the study (thermodynamic
calculations). Solutions of underground dissolution of
rock salt deposits, as well as natural halite solutions are
cleaned of impurities of magnesium and calcium salts
and evaporated for the purpose of crystallization of table
salt. Evaporation is carried out to a concentration of
sulfate ions in the liquid phase of 45-55 kg/m?
(corresponding to a SO4* concentration of 3.7-4.6 wt.
%). The liquid phase after salt filtration is disposed of at
existing enterprises by various methods.

Itis known [10, 11] that from concentrated solutions
of sodium chloride, which contain impurities of sodium
sulfate when adding calcium sulfate in the temperature
range from 298 to 383 K, double sulfate salts crystallize:
stable phase glauberite (CaSOs-Na;SOs4) metastable
eugsterite (CaS04-2NazS04-2H,0), wattevilite
(CaS0,'NayS04-4H,0), hydroglauberite
(3CaS04-5Na,S04-6H,0), the concentration of NaySO4
in the liquid phase decreases to 0.1 wt. %.

The interaction of sodium sulfate solution with
calcium sulfate occurs according to the reaction
equation:

NazSOu(solution)+ CaSOa(solid) = NazSO4-CaSOs (solid) + AG

You can choose natural gypsum or anhydrite as
calcium sulfate. The thermodynamic probability of a
spontaneous reaction is estimated by the change in the
isobaric potential of the system according to the
equations:

AG%s (products) = AG%9s (starting materials) + AG

AG%93 (Glaub.) = AG%sgs (Anh.) + AG%08 (SO4%) +
+AG%g8 (Na*) + AG
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Table 1- Value of isobaric potentials [13, 14]

No Name T,K Units of measurement Value, AG; Value, AH%
1. glauberite 298.15 kJ/mol -2598.3 -2823.20
2. anhydrite 298.15 kJ/mol -1322.74 -1435.07
3. gypsum 298.15 kJ/mol -1798.65 -2023.99
4, S0.* 298.15 kJ/mol -744.33

5. S0.* 323.15 kJ/mol -730.43 -907.5

6. SO 373.15 kJ/mol -700.07

7. Na* 298.15 kJ/mol -262.39

8. Na* 323.15 kJ/mol -264.27

9. Na* 373.15 kJ/mol -268.12 -239.7

We find the change in the isobaric potential for the
reaction with anhydrite:

-2598.30 = - 1322.74 + (-700.07) + (-268.12) + AG,
AGs7315 =-307.37 kd/mol.

Therefore, the interaction of sulfate ions of the salt
solution with anhydrite at a temperature of 373.15 K is
thermodynamically possible. As the temperature
decreases, AG (SO4%) increases, so the value of AG of
the reaction decreases. At a temperature of 323.15 K:
-2598.30 = - 1322.74 + (-730.43) +(-264.27) + AG,

AG323A15 =-280.86 kJ/mol.

At a temperature of 298.15 K:

-2598.30 = - 1322.74 + (-744.33) +(-262.39) + AG,
AGoeg15 =— 268.84 kd/mol.

Calculations show that as the temperature
decreases, the probability of the reaction decreases.

We find the change in isobaric potential for
gypsum:
AG%208(Glaub.)=AG 208(Gyps. )+ AG208(S042)+AG%08(Na*+AG

At a temperature of 373.15 K:
-2598.30=- 1798.65 + (-700.07) + (-268.12) + AG,
AG3s7315 = - 168.54 kJ/mol.
At a temperature of 323.15 K:
-2598.30 = - 1798.65 + (-730.43) +(-264.27) + AG,
AG323,15 =195.05 k.]/mol;
At a temperature of 298.15 K:
-2598.30 = - 1798.65 + (-744.33) +(-262.39) + AG,
AngsAls =207.07 kJ/mol.

Therefore, the interaction of sulfate ions of the
solution with dihydrate gypsum in the temperature
range of 298.15-373.15 K according to the change in the
isobaric potential is not thermodynamically beneficial.

The change in the enthalpy of the reaction of
sodium and sulfate ions with the formation of glauberite
is determined by the equations:

AHP%gsg (products) = AH%gg (starting materials) + AH
AH%gs (Glaub.) = AH%gs (Gyps.) + AH%gs (SO4%) +
+AH%gs(Na*) + AH

We find the enthalpy change for anhydrite
(numerical data from table 1):

-2823.2 = - 1435.07 + (-907.5) + (-239.7) + AH,
AH = - 240.93 kJ/mol.

Therefore, the reaction with anhydrite occurs with

the release of heat.
We find the enthalpy change for gypsum
(numerical data from table 1):
-2823.2 = - 2023.98 + (-907.5) + (-239.7) + AH,
AH = 347.98 kJ/mol.
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Research materials and methods

Analysis of the processes of conversion of sodium
and sulfate ions with gypsum and crystallization of
glauberite from saturated salt solutions was carried out
using equilibrium diagrams of the system Na*, Ca®*,
Mg2*lICT, SO4%, H20 [10].

Therefore, the interaction of sulfate ions of the
solution with dihydrate gypsum at a temperature of
373.15 K occurs with heat absorption. It can be expected
that contact at a temperature of about 353 K of the
solution remaining after filtering sodium chloride with
natural anhydrite or gypsum will lead to its purification
from sulfates. At the same time, new salts that are not
present in the system are not introduced into the
solution, and additional supersaturation of the solution
and incrustation of the hot surfaces of the evaporators
are not created. The double sulfate salt is filtered, and
the sulfate-free filtrate is returned to the process for
evaporation.

A solution for research was prepared:

10 dm?® of a solution purified from impurities of
magnesium and calcium salts by the soda-caustic
method [5, 6], with a density of 1203 g/dm?®, was
saturated with SO,4% ions by adding 820 g of anhydrous
NazSOq4 (pure for analysis of 99.5% Na,SO,), stirred for
4 hours at a temperature of 301 K, kept for 12 hours,
settled and filtered. The density of the obtained solution
was 1243 g/dm?, composition, wt. %: Mg?* 0.00; Ca?*
0.01; Na* 11.13; CI- 13.85; SO4% 4.52; H,0 70.49.

Single crystals of natural gypsum and anhydrite
were used for deposition. They were crushed to a
particle size of less than 0.25 mm. The composition of
natural gypsum, mass. %: Mg?* 0.45; Ca?* 23.12; CI-
0.45; SO4* 55.62; H,O 20.36. Composition of natural
anhydrite, mass %: Mg?* 0.14; Ca?* 29.17; CI- 0.38;
S04 70.05; H20 0.26.

The amount of sulfate mineral for precipitation
was calculated according to equation of the reaction of
the interaction of sodium sulfate solution and crystalline
calcium mineral with the formation of glauberite.
Research on the process of separating sulfates from
halite solution was carried out under isothermal
conditions. For the experiment, 0.5 dm? of salt solution
containing sulfate ions was taken, heated to the
temperature of the experiment, and a weight of the
natural mineral gypsum or anhydrite was added with
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constant stirring with a stirrer. The influence of the
duration of the process, as well as the temperature and
amount of gypsum on the composition of the solution
was studied. The suspension was stirred in isothermal
conditions with an accuracy of £1 K and the liquid
phases were periodically filtered for analysis. The
analysis was carried out on the content of Mg?* and Ca?*
ions complexonometrically; CI- - by mercurimetric,
SO,% - by weight methods. The concentration of Na*
was determined by the difference of double equivalents
of cations and anions.

To determine the phase composition and crystal
structure of a glauberite sample obtained after the
interaction of sodium sulfate with gypsum (anhydrite)
X-ray phase analysis (XRD) was performed. The
measurements were performed on a diffractometer

using Cu-Kal radiation (A = 1.5406 A) in the angle
range 20 = 10-70°.

Results of the research and their discussion

It was visually observed that after pouring
anhydrite or gypsum into the heated solution, the
suspension naticeably thickens after 3-4 minutes. This
indicates oversaturation of the system by the reaction
product (induction period). In a continuous production
process, the calcium reagent will be fed into the reacting
suspension and there will be almost no sudden
thickening. The obtained results of the influence of the
duration of interaction of the solution and crushed
minerals on the composition of the liquid phase at
different temperatures are shown in Fig. 1, and Fig. 2.

5
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Fig. 1. Change in the concentration of SO4? in the liquid phase for different durations of the
conversion process (at 353 K).
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Fig. 2. Changes in the concentration of SO4> in the liquid phase for different durations of the
conversion process and at different temperatures (323, 333, 363, 368 K).
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As can be seen from the obtained results, when the
solution interacts with gypsum at a temperature of 353
K, with a gypsum ratio of 100%, the concentration of
S0O4% in the liquid phase gradually decreases to 1.82%
in 10 min, 1.71% in 30 min, 1.23% in 60 min, 0.84% in
90 min. For anhydrite at a rate of 125%, 1.72 were
obtained, respectively; 1.35; 1.08 and 0.60% SO4%.
During the interaction of the solution with gypsum,
crystallization water is released and the solution
becomes larger, so the concentration of SO4% for the
same time is somewhat lower.

The obtained results of the influence of the
duration of interaction of the solution and crushed
minerals on the composition of the liquid phase at
different temperatures are shown in Figure 2. As can be
seen from the obtained results, during the interaction of
the solution with gypsum at a temperature of 353 K,
with a gypsum norm of 100%, there is a gradual
decrease in the concentration of SO4% in the liquid phase
to 1.82% in 10 min, 1.71% in 30 min, 1.23 in 60 min
and 0.84% in 90 min. In Figure 2 also shows the
influence of the duration of interaction of gypsum with
a sulfate solution at temperatures of 323, 333, 363 and
368 K. As can be seen from the given data, at a
temperature of 323 K, the decrease in SO.*
concentration occurs more slowly and its lowest value
in 60 min is only 2.40%. At a temperature of 333 K, the
concentration of SO4% decreases more intensively and
after 60 min it is 1.65%. At temperatures of 363 and 368
K, the concentration of SO, decreases to less than
1.0%. At temperatures above 333 K, the reaction with
gypsum is more intense. This is explained by the phase
transition of gypsum into hemihydrate, renewal of the
reactive surface and increase in its reactivity. Therefore,
in industrial conditions, when solutions are evaporated
in multi-body vacuum evaporation units and the product
salt is removed from the body at a temperature of 353-
358 K, at which the highest yield of pure salt is achieved
[10], or during evaporation in a single-body apparatus
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Fig. 4. Conversion products of sodium
sulfate with anhydrite (according to the results of
X-ray phase analysis)
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with a turbocompressor, when the temperature of the
solutions high, for sulfate binding solutions can be taken
directly from the process.

100
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£
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0
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Rate of spent reagent (%): Gypsum (1),
Anhydrite (2), %
Fig. 3. Dependence of the rate of gypsum and
anhydrite on the degree of precipitation of SO4%ions
from the solution into glauberite

In Figure 3 shows the results of studies of the effect
of gypsum and anhydrite on the degree of precipitation
of SO4? from the solution into glauberite. The latter was
calculated as the difference between the amount of SO4*
in the initial solution and the solution for the current
time to the amount of SO,4? in the initial solution. As can
be seen from the above data, for gypsum and anhydrite,
the degrees of SO4> release are practically the same.
Characteristically, they are significantly smaller than
the calcium reagent norm. This is explained by the fact
that particles of calcium reagents with a size of 0.25 mm
do not have time to react during heterogeneous
reactions.

The X-ray pattern of the reaction products is
shown in Figure 4, Figure 5, which shows that during
the reaction with anhydrite, the reaction product is
glauberite
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Fig. 5. Conversion products of sodium
sulfate with gypsum (according to the results of X-
ray phase analysis).
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In the reaction with an excess of gypsum, the
reaction product is also glauberite and part of semi-
aqueous gypsum (Figure 5). This makes it possible to
conclude that the interaction of both gypsum and
anhydrite at a temperature of 253 K proceeds with a
phase transition into semi-aqueous gypsum, which then
interacts with sodium sulfate in the solution and may be
one of the factors affecting the delay of the reaction in a
periodic process.

In industrial processes, these reactions should be
carried out in a mill, where better grinding can be
achieved and by adding a calcium reagent to the
suspension, where the reaction product is already
present, and the process will be completed in 20-25
minutes. After filtering, double salt (glauberite) can be
used for chemical land reclamation. The amount of
double salt sediment for the production capacity of 100
thousand tonnes of salt per year will be about 2.0-2.1
thousand tonnes per year in terms of dry salt.

Salt solution l
(NaCl)
T
water
v
‘ Evaporation ‘
NaCl
‘ Filtering ‘—,
Natural minerals r—
Conversion in a
_— .
ball mill
‘ Filtering ‘———b

!

Sulfate mineral

Fig. 6. Schematic diagram of purification of
sodium chloride solution from sulfates.

The implementation of the method is carried out
according to the block diagram shown in Figure 6
solution of sodium chloride after evaporation,
crystallization and filtration of table salt, which contains

3.7-4.6% SO.4% impurities, with a temperature of 333-
373 K is mixed with crushed (1) natural gypsum (3). The
suspension, after stirring for 0.5-2.0 hours, is settled (4)
and filtered (6). The sediment is removed from the
process, and the filtrate is submitted to reagent
purification (5) from impurities and further to
evaporation (7). The evaporated salt suspension is
thickened (8) and filtered (9). Salt is removed as a
product after filtration.

According to the above method, the sodium
chloride of the underground leaching solutions
completely, minus mechanical losses, turns into a
commercial product - salt of the "Extra" grade.
Separation of sulfates from solutions of table salt
production in the form of the specified minerals is of
interest for industrial production.

Conclusion

The thermodynamic potential of the interaction of
the solution after evaporation and salt separation with
natural anhydrite occurs with heat release, the isobaric
potential of the reaction at a temperature of 353 K AG =
- 307.37 kJ/mol, and with natural gypsum occurs with
heat absorption and AG = 168.54 kJ/mol.

Mixing the sulfate-enriched solution after filtering
table salt with gypsum or anhydrite makes it possible to
reduce the concentration of SO, to 0.6-0.8 % and
return the purified solution to evaporation and salt
crystallization. The interaction of gypsum and anhydrite
with solution sulfates at a temperature of 353 K is
accompanied by a phase transition of the reagents into
semi-aqueous gypsum.

X-ray phase analysis of the reaction products
showed that the reaction products are glauberite, and the
excess of anhydrite remains the unreacted part of semi-
agqueous gypsum.

The new method of cleaning solutions from
sulfates is easy to implement, does not require the
introduction of additional ions that are not present in the
initial solution and does not create supersaturation of the
solution with salts that cause encrustation of hot
surfaces, and the separated precipitate of double sulfate
salt can be used as a chemical soil improver. According
to this method, all the sodium chloride of the
underground leaching solution, with the exception of
mechanical losses, turns into a commercial product - salt
"Extra".
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AHoTanisi. Y cTaTTi JOCHiKEHO YMOBH BIOCKOHAJICHHS TEXHOJIOTIT XapuoBOi COJi IIUIIXOM BHIIICHHS CYyJb(aT-i0HIB
i3 KOHIEHTPOBAaHMX TAJITOBHX PO3YMHIB 3a JIONMOMOTOI0 NPHPOIHHMX MiHepaliB — Timncy Ta aHrigpury. I[linTBepipkeHo
pO3paxyHKaMH, IO B3aEMOJisl CONBOBOTO Po3uKHY, 30aradyeHoro SO+~ micis QinbTpyBaHHS KYXOHHOI COJI, 3 aHTiJPUTOM €
TEPMOAMHAMIYHO BUTITHOIO Ta CYIIPOBOJUKY€ETHCS BUIUICHHSIM TEIJIOTH, TOJ SIK PEAKIlis 3 TilCOM BiI0yBa€ThCs 3 MOTJIMHAHHSM
TEIJIOTH Ta 3 MEHILOIO0 TEPMOIMHAMIYHOIO0 HMOBIpHicTIO. EKCIIepIMEHTAaIbHIMY TOCHTIIXKEHHSIMH TOBEICHO, [0 3aJISKHO BiJ
TEMIEpaTypu Ta KUTBKOCTI KaJbLi€BMICHOTO peareHTy (Tirmcy abo aHTiAPHUTY) KOHIEHTpAIio cyibdar-ioHIB y piakii ¢asi
MoxHa 3HI3uTH 10 0,6-0,8 Mac. %, 110 103BOJISIE TOBEPTATH OYMINEHUI PO3UHH Y UK BUMAPIOBAHHS Ta KPHUCTANI3alii comi.
[IpoananizoBaHO BIUTHB TPUBAIOCTI Mpoliecy kKoHBepcii, Temneparypu (323-368 K) i Hopmu peareHTy Ha KiHETHKY YTBOPEHHS
rnaybeputy (CaSOas-Na2SOs). [Tokazano, 10 MiIBUIIEHHS TEMIEpaTypH iHTEeHCH(IKYe peakIiro dyepe3 (Ha3oBUi mepexif rimncy
B HAIMIBripaT i3 MiJBHIICHOK PEaKIiHHOW 3MaTHICTIO. PeHTreHoda3oBmii aHami3 MiaTBEPAUB, 0 OCHOBHHM MPOIYKTOM €
riuayOepuT, a TP HAJUTUIIKY aHTIiIPUTY YaCTKOBO 3aJMIIAETHCS MIBBOJHHUH TillC. 3apOIIOHOBAHO NPUHIUIIOBY TEXHOJIOTIUHY
CXeMy OYMILIEHHS COJIbOBOTO PO3UHHY, SIKa He ITOTpedye BBEICHHS J0IaTKOBHX 10HiB, JO3BOJISIE YHUKATH TEPECUUCHHS PO3UUHY
Ta yTBOPEHHS iHKpycTamliii Ha 00JaaHaHHI. Y MPOMHCIOBUX yMOBax croci0 3adesneuye npaktuuHo moBHuH nepexin NaCl y
TOBapHy cimb copty «Ekctpa». OTpumanuii ocaj moaBiliHOI cynbhaTHOI coili Moke OyTH BHUKOPHCTaHUH SK XiMIYHHN
MeNiopaTop IPYHTIB. 3alPOTIOHOBAHUI CIIOCIO TO3BOJISE MiABHIIUTH €()EKTUBHICTD i €KOJOTIYHICTh BUPOOHHUIITBA COIIi, IO €
0COOJMBO aKTyaJbHUM JUIS TpaHCHOpMAIIil coNeBHI00YBHOI Tamy3i YKpainu

Ki1o4oBi cii0Ba: xap4oBa Cifib, Tillc, aHT1APHT, TIayOEpHT, 00e3CyIb(padeHHs, CONLOBUI PO3UHH, CHTAIIBIIIS, 1300apHUI
MoTeHIian, X-poMeHeBUH (a30BHil aHATI3.
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