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ABSTRACT
The Republic of Kazakhstan is endowed with a distinctive endowment of potash ores,

concentrated in the West Kazakhstan and Aktobe regions. These reserves are regarded as one of
the largest in the world. The proven reserves are estimated at approximately 6 billion tons and are
distributed across four major deposits: These are the Zhilyanskoye, Satimola, Inderskoye and
Chelkar deposits. The article provides a concise overview of the major potassium salt deposits and
the chemical composition of the associated minerals. Notwithstanding the existence of these
deposits, the production of potash salts in the country, for which there is an ever-increasing
demand, is yet to be established, resulting in a high level of demand. In light of this, it is imperative
to conduct a comprehensive investigation into the mineralogical and chemical composition of
these promising potash ores, to identify viable methods for processing natural salt systems into
products that meet the high demand both within the domestic fertiliser and salt market and
abroad. The Satimola deposit represents one of the largest silvinite basins yet to be sufficiently
studied, and its industrial development has yet to commence. The analysis of raw materials and
products was conducted using a combination of spectral microscopy, X-ray analysis, and
differential thermal analysis. A comprehensive study of the composition of the silvinite ore from
the Satimola deposit has been conducted. The elemental composition and the ratio of potassium
and sodium salts in the mineral were established. The ore was found to have a heterogeneous
composition, with sodium chloride representing the dominant component.
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Introduction

Potassium salts represent a significant and
highly sought-after resource in the contemporary
economic landscape. The principal product resulting
from the processing of potash salts is potash
fertilisers. Since the middle of the 20th century, the
global population has continued to grow at a steady
rate, which has increased food shortages. In the
contemporary era, the intensification of food
production, including the introduction of fertilisers,
is a prerequisite for global agricultural practices.
Consequently, at the beginning of the 21st century,
there was a notable surge in demand for potash
fertilisers. For the first time since the 1970s, projects
for the expansion of existing production facilities, as

well as the study of new fields, and the design and
construction of new enterprises, have commenced.
In addition to the well-known potassium basins of
Western Europe, Canada, Russia and Belarus, new
deposits of potassium salts are currently being
explored in Central and Southeast Asia, South
America, West and East Africa, as well as previously
undeveloped euporite deposits in North America
(Rauche, 2015; Cocker, 2016). The global total of
potash salt reserves is estimated at 40 billion tons.
According to reference [1], the leading producers of
potassium are Canada, Russia, Belarus, and
Germany (Figure 1).

Nevertheless, the intensification of production
inevitably conflicts with the objective of preserving
and developing the natural environment of the
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regions in which it is situated, while simultaneously
minimising anthropogenic impact. The potash
industry represents a complex economic sector,
encompassing both mining and chemical production

[2].
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Figure 1 - Distribution of potash production
by country, % [1]

Potassium is a relatively common chemical
element. In terms of its concentration in the Earth's
crust (approximately 2%), potassium is the second
most abundant element after oxygen, with silicon,
aluminium, iron, calcium and sodium also present in
significant quantities [3]. Potassium is present in
several naturally occurring minerals, including
feldspar, granites, leucites, gneiss, and solid fossil
salt deposits. It is also found in salt waters of marine
and continental origin. The most common minerals
containing potassium are as follows: sylvine KCl,
carnallite KCleMgCl,e6H20, langbeinite K;SOs2
MgSO,, cainite KCI- MgS0O423H,0, shenite K;SOse
MgS04¢6H,0, glazerite K.SO1#XNa,SO4, polygalite
K2SOge MgS0O,¢2CaS04e2H,0, and alunite
K2S040A1,(S04)324AI(0OH)s. The potassium-
containing aluminosilicates are as follows: K,O
‘A|203°6Si02,' muscovite K20'3A|203°4Si02 °2H20,
nepheline (K, Na),0O ¢ Al,03 * 2Si0;; leucite K,O e
A|203 ° 4S|02 [4]

The main sources of potassium compounds are
soluble potassium salts such as sylvinite, carnallite,
langbeinite and kainite [[5], [6]]. In Kazakhstan, the
main potassium salt reserves are located near the
North Caspian Sea (potassium chloride salts) and the
Ural Mountains in Aktobe (potassium sulphate
salts). In the North Caspian region, the balance
reserves are 8 million tonnes, with inferred
resources of about 500 million tonnes. In the vicinity
of the Ural Mountains (Aktobe), balance reserves
are estimated at 100 million tonnes and inferred
reserves at 300 million tonnes. The inferred potash
resource in Western Kazakhstan in the 1980s was 1
billion tonnes, including 217 million tonnes of
sulphate salts.

The Inder salt dome deposit has proven reserves
of 709 million tonnes, of which 40 million tonnes are
in commercial categories. Lake Inder in Inder district
contains about 1.5 billion tonnes of salt, of which
647 million tonnes have been explored since 1993
[7].

Potassium salts are an important commercial
product of Kazakhstan. Studies of their raw material
base began in the 1950s [8]. The availability of
reserves and the demand for potash fertilisers
require the development of new processing
technologies. The potash industry development
strategy includes increasing explored reserves and
introducing innovative technologies [[9], [10]]. It is
also important to develop resource-saving potash
processing technologies and improve the
gualifications of labour resources for the efficient
operation of the mining and processing complex
[11].

The high demand for potassium salts in
Kazakhstan emphasises the relevance of developing
technologies for the production of chlorides,
sulphates, phosphates, and other products from
local chloride salts [12].

The Republic has significant reserves of natural
salts containing sodium and potassium chloride.
These salts are found in different regions of the
country, including Atyrau (deposits of Inder, Chelkar,
Satimola), and Zhambyl regions [[13], [14]].

The Satimola, Inder, Shalkar and Zhylandy
deposits have some of the largest potash reserves. A
mining and processing complex is currently under
construction at the Satimola deposit to produce
potassium chloride. The mine is expected to have a
capacity of 25 million tonnes of potash ore per year
and the reserves will take more than 50 years to
develop. Geological studies began as early as the
1960s, and in 2010 a potash fertiliser production
technology was developed [15].

The Satimola deposit, located in the West
Kazakhstan region, contains potassium and boron
salts. The potassium content of the ore characterises
ores for medium, high and priority recovery. The salt
and mineral composition of the samples Satimola
deposit is shown in Table 1,2 [[16], [17]].

Table 1- Salt content of the ore [16]

Ne Mass fraction, %

KCl NaCl CaS0s MgS04 K2SO4 i/r
1 27.2 65.1 14.4 1.44 1.13 0.48
2 42.8 52.44 1.83 1.47 0.96 0.33
3 32.9 60.78 2.65 2.33 0.86 0.48




KomnneKkcHoe Mcnonb3oBaHne MuHepansHoro Coipbs. N22(337), 2026

ISSN-L 2616-6445, ISSN 2224-5243

Table 2 - Mineral composition of the ore [16]

Ne Mass fraction, %
Sylvin | Halite | Anhydrite | Polyhalite | Kieserite | i\r
1 27.21 | 65.1 2.63 3.91 0.76 0.48
2 42.76 | 52.4 0.33 3.32 0.93 0.33
3 32.86 | 60.8 1.31 2.98 2 0.48
When studying the mineralogy of halide

deposits of the Satimola structure, it is important to
consider the minerals of the salt beds. The salt beds
contain more than 30 minerals including halogens,
sulphates, borates and carbonates due to the
presence of clayey material and differences in their
guantities and textures.

Lake Inder is a large salt lake in the northern part
of the Atyrau region of Kazakhstan. Since 1932,
potash salts have been prospected in the pre-
Caspian lowland. From 1939 to 1945, drilling
operations on the Inder Upland revealed deposits of
polyhalite rocks and sylvinites, and further research
was carried out by the Inder Geological Exploration
Expedition and the Research Institute of Galurgy
[13].

The Zhylandy deposit in the Ural region, 5-10 km
from Aktobe, has potash reserves of 500 to 600
million tonnes of crude ore [18]. The rocks of the
deposit contain polyhalite (65%) and sylvinite with
anhydrite and calcite. Polyhalite deposits are located
at a depth of 235-770 metres and are separated by
layers of rock salt. The Shalkarskoye potash deposit
is a salt dome with commercial layers of potassium-
magnesium salts at a depth of 300-1000 metres
[[20], [21]].

From the analytical review, it can be concluded
that potash processing is of high relevance due to
the  significant resources and long-term
development prospects. The Satimola deposit, with
more than 50 years of reserves, is of strategic
importance for agriculture, as potash is an important
fertiliser. The development of efficient processing
technologies will support the region's economic
growth, creating jobs and improving the
environmental situation. The introduction of
resource-saving technologies will ensure sustainable
development of the industry and meet the growing
demand for potash fertilisers.

Experimental part

Methods of analysis. The analysis of raw
materials and products was conducted using a
combination of spectral microscopy, X-ray analysis,

and differential thermal studies. X-ray identification
was conducted on a stationary installation,
designated DRON-4, which employs a tube with a
cobalt anode. The voltage applied to the tube was 40
kV, and the current was 40 mA. The decoding of
samples and the search for phases were conducted
using the Search/Match program with the 2003-
2023 CRYSTAL IMPACT powder diffractometric
database, Bonn, Germany. A raster electron
microscope (REM) JSM 6490l V (Jeol, Japan) was
employed for the microscopic spectral analysis of
raw materials. The REM is based on scanning the
surface of the sample with an electronic probe,
whereby a wide range of radiation is recognised
during this process. The ore was subjected to
differential thermal analysis using a Q-1500D
derivatograph. A derivatograph is a device for
complex thermal analysis that allows for the
simultaneous measurement of changes in
temperature and mass, the rate of temperature
change and the change in enthalpy of the substance
under study.

Experimental methodology. A pre-prepared
solution containing 12.5% potassium chloride (KCl)
and 18.5% sodium chloride (NaCl) is placed in the
reactor, which corresponds to the composition of
the mother liquor obtained after crystallization of
potassium chloride (KCl). This solution serves as the
basis for further leaching and separation of the
components. The reactor is placed in a thermostat,
where it is heated to a temperature of 100 °C. After
reaching the set temperature, a set amount of
sylvinite is added to the reactor. Leaching of
potassium chloride (KCI) is carried out within 1- 1.5
hours. During this period, it is important to maintain
a stable temperature (100°C) and continue mixing
the solution to speed up the dissolution process and
ensure complete potassium extraction. At the end of
the leaching time, the process is interrupted, and the
mass from the reactor is transferred to the filter for
hot filtration. For this purpose, a cylinder and a
funnel are used, which are pre-weighed, which
allows you to accurately take into account the mass
of the filtrate. The filtrate is collected in pre-weighed
vessels (cylinder or glass), after which the solution
and the wet NaCl precipitate remaining after
filtration are weighed. After collecting the filtrate,
the solution is cooled under running water to 25 ° C.
As a result of cooling, a precipitate of CL precipitates
on the surface of the solution. This precipitate is
further filtered and then weighed to determine the




Complex Use of Mineral Resources. 2026; 337(2):5-13

ISSN-L 2616-6445, ISSN 2224-5243

mass of the extracted potassium. After all
operations, the data obtained is analyzed,
calculating the effectiveness of leaching of

potassium oxide and determining the potassium
content in the sediment.

The discussion of the results

The objective of this research was to obtain a
natural mineral potassium from the Satimola ore.
The resulting mineral sample is illustrated in Figure

Figure 2 - Natural Potassium Mineral from Satimola Ore

In order to fully study the mineral composition,
a series of physicochemical analysis methods were
employed, including raster electron microscopy,
differential thermal analysis and X-ray phase
analysis. The results of the XRF (Fig.3) indicated that
the mineral is composed of 81.2% NaCl and 13.1%
KCI, with a further 5.7% constituted by okenite
mineral.
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Figure 3 — XRF of potassium mineral from Satimola ore

The results of the REM analysis (Fig.4., Tab.3.)
indicate that the ore contains significant quantities
of sodium, potassium and chlorine elements. Upon
calculation of the elemental composition of the
salts, it was determined that the mineral comprises
68% NaCl and 32% KCl.
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Figure 4 — Microstructure image and spectrogram of
potassium mineral from Satimola ore

Table 3 - Elemental composition of potassium mineral
from Satimola ore

Element

o

Na

Cl

S

K

Total

Mass. %

3.39

26.78

52.29

0.33

17.21

100.0

The DTA curve (Fig.5)
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Figure 5 - Differential-thermal analysis of potassium
mineral from Satimola ore

The stepwise exoeffects observed in the region
of 230-330°C are indicative of the molecular-bound
moisture. At 470°C, the exothermic effect indicates
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the removal of crystallohydrate moisture. An
intensified endoeffect at 670°C is linked to the
decomposition of potassium chloride salt. The
stepwise curve of the endoeffect in the region of
950°C is indicative of the decomposition of the
complex of inorganic salts.

The discrepancy in salt content between the
REM and XRF results can be attributed to the
unequal distribution of elements in the resulting
sample. As illustrated in Figure 2, the sample
comprises a mixture of pink, white-yellow, and
maroon crystals. To comprehensively examine the
mineral's composition, a detailed physical and
chemical analysis was conducted on each individual
crystal. The elemental analysis revealed that the red-
coloured composition of the mineral (Fig.6., Tab.4.)
is predominantly composed of potassium chloride,
with a range of 90-98%.

(4

) 2 4 6 8 10

Figure 6 - Spectrogram of red crystals of potassium
mineral from Satimola ore

Table 4 - Elemental composition of red crystals of
potassium mineral from Satimola ore

Element | O Na cl K
Mass. % | 3.01 | 3.21 48.52 45.26

Total
100.0

The results of the elemental analysis of the
white crystals (Fig.7., Tab.5.) of the natural mineral
from the Satimola deposit demonstrated that the
sample contains 97-99% sodium chloride, which is
distinguished by markedly intense picts of sodium
and chlorine elements.

| 2 4 & 8 10

Figure 7 - Spectrogram of white crystals of potassium
mineral from Satimola ore

Table 5 - Elemental composition of white crystals of
potassium mineral from Satimola ore

Element Na Cl K
Mass. % 39.15 59.75 1.10

Total
100.0

According to the results of physico-chemical
analyses, the sample contains 81.2% sodium
chloride (NaCl) and 13.1% potassium chloride (KCl),
which indicates the presence of two main
components in the mineral — halite (NaCl) and
sylvinite (KCI). A high level of sodium chloride
indicates the predominance of halite, which is
typical for minerals formed under conditions of
evaporation of water, such as in salt deposits. The
sample also contains 5.7% okenite, a calcium silicate
mineral that is an insoluble residual. This indicates
that calcium compounds could be involved in the
formation of the mineral, forming okenite as a by-
product. Okenite is insoluble in water and is part of
the insoluble residue, which indicates its role as a
mineral that cannot be dissolved during processing.
The sample is a mixture of halite and silvinite with
the presence of okenite. This composition is typical
for potash deposits or evaporative deposits, where
sodium and potassium chlorides, as well as insoluble
minerals such as okenite, can coexist. This confirms
that the sample is potentially promising for the
extraction of potassium and sodium salts, as well as
for further research for possible processing.

The halurgical method was chosen for
processing the potassium salt of the Satimol deposit.
The halurgic method of mineral processing has
several key advantages over flotation, including
higher separation efficiency, less dependence on
chemical reagents, a high degree of extraction of
target components, and the ability to process
complex mineral compositions. These aspects make
the halurgy method preferable in several cases,
especially in the processing of potassium and
sodium salts, where the accuracy and purity of the
final product play an important role. The processing
of this sample by halurgy involves the effective
extraction of sodium chloride (NaCl) and potassium
chloride (KCI) by dissolution and crystallization, as
well as the processing of the insoluble mineral
okenite to obtain additional products. This approach
will make it possible to obtain high—quality
products - potassium and sodium salts, which can be
used in industry, as well as calcium compounds, if
necessary.

By the method of metallurgy described earlier,
the technological scheme is shown in Figure 8.
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Figure 8 - Technological scheme of potassium chloride
processing by the halurgic method

Processing of potash ore allowed to obtain
high—quality products - potassium chloride (KCl)
and sodium chloride (NaCl). According to the
experimental results, the yield of the potassium
chloride product was 95-98% of the theoretically
possible, which indicates a high efficiency of
leaching and separation of components during
processing.

Elemental analyses of the obtained potassium
and sodium chlorides, carried out using
spectroscopy methods, showed that the products
have a high degree of purity and meet the standards
for further industrial use. The spectrograms
obtained during the analysis, as well as the results of
the elemental analysis, are shown in Figures 9,10
and Tables 6,7, which reflect the content of
potassium and sodium in the obtained substances.

Figure 9 — Microstructure image and spectrogram of
potassium chloride obtained by the halurgic method

Table 6 - The elemental composition of potassium
chloride obtained by the halurgic method

Total
100.0

Element Na Cl K
Mass. % 3.17 50.66 46.17

Figure 10 — Spectrogram of sodium chloride obtained
by the halurgic method

Table 7 - The elemental composition of sodium chloride
obtained by the halurgic method

Element Na cl 0 S Total
Mass. % 3.49 55.47 1.98 0.16 100,0
Element | Ca K Si

Mass. % | 0.30 2.95 0.18

These data confirm the success of the applied
technology of halurgy for the separation of
potassium and sodium salts, and also demonstrate
the stability and high degree of extraction of useful
components from the source ore.

The elemental analysis of the obtained products,
including potassium and sodium chloride, confirmed
the high degree of purity of these compounds, which
makes them suitable for further use in agriculture
and the chemical industry. The spectrograms
obtained during the analysis showed compliance of
the potassium and sodium content with the
established standards, which confirms the success of
the chosen technology. Thus, the results of the study
confirm the prospects of the halurgy method for
processing potash ores, ensuring effective
separation of components and obtaining high-
quality products. This technology has potential for
industrial applications, especially in the context of
the need to increase the efficiency of processing
potassium and sodium salts, as well as improve the
environmental safety of the process.

Conclusions

The article offers a concise overview of the
occurrence of large deposits of potassium salts, as
well as an analysis of the chemical composition of
minerals.
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A comprehensive study of the chemical
composition of the silvinite ore from the Satimola
deposit has been conducted. The elemental
composition and the ratio of potassium and sodium
salts in the mineral were established. Additionally,
it was established that the naturally occurring
mineral potassium in the Satimola deposit exhibits a

In the course of the study, the technology of
processing potash ore by the method of halurgy was
considered, which demonstrated high efficiency in
the extraction of potassium oxide and sodium
chloride. The technique, including leaching in
solution followed by filtration and precipitation,
made it possible to obtain potassium chloride with a

minor insoluble residue. The ore was found to have
a heterogeneous composition, with sodium chloride
representing the dominant component.

According to the results of physico-chemical
analyses, the sample contains 81.2% sodium
chloride (NaCl) and 13.1% potassium chloride (KCl),

yield of 95 to 98%, which indicates the high
productivity of the process.
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Kanuit KeHiH eHAey: TexHonornanapbl MeH GU3NKa-XMMUANDIK,
KacueTTepiH 3epTrey

Ypaskenguesa [.A., Kagup6aesa A.A., KowKap6aesa LL.T.

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

TYWIHAEME

KasakcTtaH PecnybnmnkacbiHbiH, BaTbic KasakcTaH aHe AKkTebe obabicTapbiHAA Kanuii KeHAepiHiH,
bipereii Kopaapbl WofbipaaHFaH. byn Kopnap anemaeri eH, ipi KopnapapiH, 6ipi 6onbin caHanagpl.
[anenpeHreH Kopnap lWwamameH 6 Muanvapa, TOHHafa bGafanaHagpl KaHe TepT ipi KeH
opblHAapbiHa 6eniHeai: onap MwunaHckoe, Catumona, UHaep KaHe Yenkap KeH OpblHAAPSLI.
TY34apblHbIH,
MUHepanaapAbliH, XMMUANBIK Kypambl Typasbl KpiCKalwa wony 6epinreH. byn KeH opbiHAAPbIHbIH,

Makanaga Kanuit Herisari KeH oOpblHAApPbl MeH OHbiMeH 6ainaHbICTbl

Makana kengi: 29 kapawa 2024
CapanTtamapgaH eTri: 14 kahmap 2025
Kabbinganap: 30 kaHmap 2025

60/ybIHa KapamacTaH, enimiaae cypaHbIC YHEMI ecin Kene KaTKaH Kaaui Ty3gapblH eHaipy ani
JKONFa KoWblnMaraH. OCblHbl ecKepe OTbIpbin, Tabwufn Ty3 KyWenepiH TbIHAUTKbIWTApP MeH
Ty34apAblH, iWKi HapbIFbIHAA AQ, WeTenae Ae XKofapbl CYPaHbICTbl KaHaFaTTaHAbIPaTbiH eHiIMAepre
aliHanablpyAblH eMipLUIEH dAiCTePiH aHbIKTay MaKcaTblHAA OCbl NePCNEeKTUBANbI Kanuii KeHAepiHiH,
MUHEPaNOrMANBIK KaHE XMMUANBIK KYPAaMbIH KaH-aKTbl 3epTTey eTe MaHbi3abl. CaTumona KeH
OPHbI 3N KETKINIKTI 3epTTeNIMEreH eH, ipi CUAbBUHUT BacceliHaepiHiH, 6ipi 6oabin Tabblnaabl KaHe
OHbIH, ©HepKacinTik Aamybl ani 6acTanfaH KoK. LUMKI3aT neH eHimre Tangay cCnekTpaik
MMKPOCKOMUA, PEHTTeHAiK Tanaay aHe anddepeHumanapl TepMUANBIK TanaayabliH, KeMerimeH
XKyprizingi. Catumona KeH OpPHbIHAAFbI CUAbBUHWUT KEHiHIH, KypamblHA KaH-»KaKTbl KelleHAi
3epTTey KYPri3ingi. INeMeHTTIK Kypambl KaHe MUHepangarbl Kannii MeH HaTPUil Ty3AapbiHblK,
KaTblHacbl aHbIKTanAbl. CoHbIMeH KaTap, CaTMMONa KeH OPHbIHbIH, TabWUFM Kaanuilt MUHepanblHaa
epiMeiTiH KanablKkTapablH, a3gafaH meswepi 60naTbiHbl aHbIKTanAbl. KeHHiH Kypambl apTeKTi
€KeHi KaHe OHbIH, KypamblHAa HaTpuUi xaopuai 6acbim ekeHairi ganenaeHai.

Tyiiin ce30ep: Kanuii XN0pUAi, KaNWiA, ranypruabik 34ic, CUALBUHUT, CaTUMONA KEH OPHbI.
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AHHOTAUMA

Pecny6nvka KasaxctaH 061aaeT yHUKaIbHbIMUK 3anacamu KasMHbIX Py, COCPEefOTOUEHHbIX B
3anagHo-KasaxctaHckol M AkTIOGMHCKOM o06nacTax. ITM 3anacbl CYMTAKOTCA OLHUMW U3
KpynHenwunx B mupe. [lokasaHHble 3anacbl OLEHWBAOTCA MPUMEPHO B 6 MUAAMAPAOB TOHH M
pacnpegeneHbl MO YeTbiPEM KPYMHbIM MECTOPOXAEHUAM: MunsHckomy, CaTMMO/IbCKOMY,
NHaepckomy 1 Yenkapckomy. B cTaTbe npeactaBaeH KpaTkunii 0630p OCHOBHbIX MECTOPOXKAEHNIA
KaMAHbIX COME M XMMMUYECKOTO COCTaBa COMyTCTBYIOWMX MUHEpanos. HecmoTpa Ha Hanuuume
3TUX MECTOPOXKAEHMI, NPOU3BOACTBO Ka/IMIHbIX CONEN B CTPAHE, CMPOC Ha KOTOpPble MOCTOAHHO
pacTeT, ewe NPeaCTOMT HanaauTb. B cBeTe 3TOro KpaliHe BasKHO MPOBECTM BCECTOPOHHEe
nccaeaoBaHne MUHEPaNornMYeckoro M XMMMUYECKOro COCTaBa 3TUX NEPCNEKTUBHbIX KaNMMHBIX py4,
C uenbto onpegeneHna 3GHEKTUBHLIX MeToA0B nepepaboTKM MPUPOAHbIX CONEBbIX CUCTEM B
NPOAYKTbI, KOTOPbIE YA0BAETBOPAIOT BbICOKOMY CMPOCY Kak Ha BHYTPEHHEM PbIHKe yA06peHuit n
COAMM, TaK 1 3a pybexkom. MectopoxageHue Catumosna npeacTaBaser coboi 0AMH U3 KpynHenwmx
CUNBbBMHUTOBbLIX 6GacceiHOB, KOTOPbIA elie HeAOCTaTOYHO M3yyeH, M €ero NPOMbILIeHHOoe
OCBOEHME TO/IbKO HAauMHaeTcA. AHaAM3 CbipbA U NPOAYKTOB BblN NPOBEAEH C UCMNOAb30BAHMEM
KOMBUHAUMM METOA0B CMEKTPasibHOW MWKPOCKOMWUW, PEHTTEeHOCTPYKTYPHOrO aHaav3a u
AnddepeHumnansHOro TepMmMyeckoro aHanmsa. NposeseHo KOMMNIEKCHOE UCCaeA0BaHWe CoCTaBa
CUNBbBMHUTOBOM pyabl MecToposKaeHua Catmona. YCTaHOBNEH 3/1EMEHTHbIM COCTaB M
COOTHOLUEHWE COMel Kanua M HaTpua B MuHepane. Kpome Toro, 6blL10 YCTaHOBNEHO, YTO
NPUPOAHbIA MUHEPaN Kannua MecTopoxaeHuna CaTMmona CoAepPXUT He3HAUUTENbHOE KOIMYECTBO
HepacTBOPUMBbIX OCTaTKOB. Bbl/10 YCTaHOB/IEHO, YTO PyAa MMEET HEOAHOPOAHbIN COCTaB, NPU 3TOM
npeo61agaoLmm KOMNOHEHTOM AB/IAETCA XI0PUA, HAaTPUA.

Kniouesblie cnosa: xnopup, Kanua, Kaaun, ranypruyecknii meTos, CUIbBUHUT, MECTOPOXKAEHNE
Catumona.
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