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ABSTRACT

This paper presents the results of a comprehensive mineralogical study of oxidized copper-
porphyry ore from the Koktashal deposit. Optical microscopy, silicate analysis, and quantitative
phase analysis were used to characterize the mineral composition and forms of copper occurrence
in the oxidation zone. The ore contains 0.735% total copper, of which 89.8% occurs in oxidized
form, 6.39% in primary sulfides, 2.72% in secondary sulfides, and 1.09% in water-soluble form. The
principal ore minerals are malachite (1.5-2.0%) and azurite (0.3—0.4%), accompanied by hematite
with magnetite (0.5%), goethite (0.2%), and pyrite (0.2%), whereas copper sulfides and native
copper occur only in trace amounts. The integration of classical mineralogical methods with
guantitative phase analysis provides new insights into the distribution of copper occurrence forms
and their relationship to oxidation processes. Malachite and azurite occur as well-crystallized vein
and nest aggregates as well as colloform earthy masses developed along microcracks in association
with iron hydroxides. Their close association with iron hydroxides and the near absence of copper
sulfides represent a diagnostic feature of the oxidation zone in copper-porphyry systems. These
findings improve the assessment of supergene alteration during exploration and support the
classification of oxidation-zone ores as a distinct geological and industrial type for reserve
estimation, ore body delineation, and processing scheme selection.

Keywords: Koktaszhal, copper-porphyry deposits, oxidized ores, phase analysis of copper,
malachite, azurite, forms of gold, material composition.
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Introduction

The importance of copper globally is determined
not only by its wide range of industrial applications,

but also by the steady increase in demand for the
metal over time. According to the International
Copper Association (ICA) [1], approximately 28
million tons of copper are consumed annually
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Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

worldwide, with nearly 70% used in electrical and
communication applications, which directly relates
to the metal's excellent electrical properties. At the
same time, the International Copper Study Group
(ICSG) [2] reports that global consumption of refined
copper has increased more than threefold over the
last 50 years, reflecting a long-term trend in growing
demand from energy, construction, mechanical
engineering, transportation, and electronics
industries.

In these conditions, copper deposits with large
reserves and resources, capable of providing a stable
long-term raw material base, are particularly
important. Among them, porphyry copper deposits
play a leading role, considered the world's largest
source of copper and an important source of
molybdenum, gold, and silver [[3], [4]]. Their
industrial value stems from the combination of
enormous ore masses, significant total reserves, the
possibility of open-pit mining, and integrated
extraction of several valuable components. Even
with relatively low copper grades, these deposits
form the basis of the modern global copper mining
industry [[3], [4]].

A key feature of porphyry copper deposits is the
combination of relatively low average metal grades
with extremely large ore systems. The United States
Geological Survey (USGS) [3] emphasizes that the
average copper content in porphyry deposits was
approximately 0.44% in 2008, but their economic
significance remains exceptionally high due to the
large scale of mineralization, which is often
measured in hundreds of millions and even billions
of tons of ore [1]. It is this combination of low
content and gigantic volumes that makes porphyry
copper a unique type of mineral resource and
determines its special role in global metallurgy [[1],
(311

In modern conditions, interest in porphyry
copper systems is growing due to the energy
transition and the rising demand for copper as a key
metal for electrification. According to the
International Energy Agency (IEA) [[5], [6]], total
copper demand may rise from 25.855 million tons in
2023 to 36.379 million tons by 2040, with the need
for clean energy technologies growing particularly
rapidly [[5], [6]]. In this context, porphyry copper
deposits are considered among the most promising
types of mineralization capable of significantly
increasing copper reserves. This area is particularly
important for the Republic of Kazakhstan, which has
high potential for porphyritic copper mineralization
[[71,181,[9],[10],[11]] within the Central Asian fold

belt. Moreover, a significant portion of known
deposits is in mature stages of exploitation, making
detailed study urgent and the identification of new
deposits, including hidden and deep ore bodies, a
priority [[12],[13],[14]]. State policy in the field of
subsoil use focuses on addressing these problems.
Geologists face a range of interrelated scientific and
applied issues in developing geological and genetic
models for porphyry systems, identifying criteria for
predicting concealed mineralization, and integrating
geophysical and geochemical techniques into
detailed exploration of the geological characteristics
of porphyritic copper mineralization [[2],[5]]. These
trends underscore the importance of both searching
for new porphyritic deposits and conducting in-
depth exploration of known ones, including their
mineral composition, mineralogical properties, and
the forms of occurrence of valuable components.
Accordingly, this work aims to conduct a detailed
mineralogical study of oxidized copper-porphyry
ores from the Koktaszhal deposit, determining their
material composition, the forms of copper
occurrence, and the ratios among oxidized,
secondary, and primary forms.

Geological settings

The Koktaszhal deposit is located in the
Egindybulak district of the Karaganda region (Fig. 1),
30 km northwest of the district center of Eginbulak
[[15],[16]]. In regional-geological terms, it s
confined to the eastern part of the Spassky
anticlinorium. It is associated with an anticlinal fold
composed of andesite-basalt porphyrites and their
tuffs, with interlayers and lenses of rhyolite, dacite,
siliceous tuffite, sandstone, siltstone, and limestone

from the Middle Devonian period. The
aforementioned volcanogenic-sedimentary
formations have been wuniversally cataclased,

sheared, and propylitised, indicating significant
tectonic reworkings and hydrothermal-metasomatic
transformations of rocks [[15], [16]].

Intrusive magmatism is represented by the
granitoids of the Koktaszhal Massif, which belong to
the tonalite-granodiorite-plagiogranite suite and
exhibit a three-phase structure. The first phase
consists of gabbro and diorite; the second includes
quartz diorites, tonalites, and granodiorites, which
make up the main part of the massif; and the third
comprises additional intrusions of plagiogranitic and
granitic porphyries.

Ore-bearing structures are sill-like apophyses of
the Koktaszhal Massif, formed by third-phase
plagiogranitic porphyries and traced over about
1.300 meters (see Fig. 2).
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Figure 1 — Location of the Koktaszhal
Copper-Porphyry Deposit
Mineralization in the volcanic rocks is

predominantly found at contact zones, indicating a
close  spatial relationship between  ore
mineralization and late-stage porphyritic intrusions.

1 —weakly brownish bladed clays; 2 — quartzites over
porphyrites and their tuffs; 3 — plagiogranit porphyry and
granodiorite porphyry; 4 — secondary quartzite over
porphyrite; 5 — albitophyres; 6 — secondary quartzite over
plagiogranit porphyry; 7 — diorite porphyry;

8 —diabase porphyrite; 9 — tectonic faults

Figure 2 — Geological map of Koktaszhal Deposit [7]

The structural control of mineralization is
evident in the development of a quartz-sulfide
stockwork, which is concentrated primarily in the
hanging wall of an apophysis. This stockwork is

accompanied by intense quartzization, resulting in
the formation of monocrystalline quartz rocks.
Quartz veins are located along schistose planes and
sometimes constitute up to 60-80% of rock volume,
with the spaces between them filled with chlorite-
sericite aggregates. The main ore mineralization
associated with this vein system is represented by
quartz-chalcopyrite and quartz-chalcopirite-bornite
veins [15]. Thus, the Koktaszhal ore field is
characterized by distinctly expressed vein-
disseminated and stockwork-type mineralization
that is structurally controlled by schistification zones
and contact zones of intrusive bodies.

An essential feature of the deposit is the
extensive development of the oxidation zone, which
can be clearly traced to a depth of 20-50 meters.
Malachite, azurite, chrysocolla, native copper, and
goethite are found within this zone. At the same
time, the leaching zone and the zone of secondary
sulfide enrichment are virtually absent, with only
occasional grains of covellite and chalcopyrite being
observed up to a depth of about 90-95 meters
[[15],[16],[17],[18],[19]]. This characteristic of the
structure of the upper portion of the ore body
suggests that the predominant processes involved
are  oxidative transformation of  copper
mineralization without formation of a distinct
horizon of secondary sulphide enrichment
[[18],[19]].

According to mineralogical and petrographic
studies, ore-bearing rocks are represented by
silicified acidic intrusive rocks, monocrystalline
quartz formations, and layered schistose quartz-
mica-chloritic rocks, often with interlayers of
injected intrusive rock [[18],[19]].

Rock-forming minerals include quartz (43-45%),
acidic plagioclase (31-33%), chlorite (9-11%),
hydrophlogite (8-10%), and dolomite (2-3%). In
some varieties of rock, intense fracturing is noted,
with the development of microfractures, sericite,
and impregnation with iron hydroxide, with fine
inclusions of ore minerals and free gold grains [18].
This allows us to consider microfracturing and
schistosity as the most significant structural and
textural characteristics that control the distribution
of mineralization within the deposit [[19],[20]].

In general, the geological and structural features
of Koktaszhal are determined by a combination of
the anticlinal position of the ore field, mineralization
associated with silicate apophyses of the Koktaszhal
massif, widespread development of quartz-sulfide
veins and intense processes of calcification,
schistosity and propylitisation of host rocks [15]. This
combination reflects the complex structure of the
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ore-magma system and creates structural and
lithological conditions for the formation of vein-
interspaced and oxidised copper-gold mineralisation
at the Koktaszhal deposit.

Research methodology

For a more detailed study of the mineralogical
features of the oxidized copper-gold ores from the
Koktaszhal deposit, results of laboratory studies on
representative technological samples of ore and
mining material were used.

Samples were taken from central parts of ore
bodies - Center-1 and Center-2 sites from upper
horizons of the oxidation zone within the 2nd layer
at 694m. A total of 8 samples of oxidized ore
weighing up to 100 kg, including 6.4 kg, were sent to
the FLSmidth Dawson Metallurgical Laboratories for
analysis. The research involved sample preparation,
mineralogical description, chemical, phase, and
spectral analyses.

These studies included sample preparation,
mineralogical  descriptions, chemical, phase,
rational, and spectral analyses. Main factual data
were obtained during research carried out by the
State Scientific and Production Association of
Industrial Ecology “Kazmekhanobr” (Subsidiary State
Enterprise SSAPIE “Kazmekhanobr”), Kazzink LLP,
East Research Mining and Metallurgical Institute of
Nonferrous Metals “VNITSVETMET”, and FLSmidt
Dawson Metallurgical Laboratories.

Sample preparation for analysis involved mixing
the source material, reducing it by quartering,
crushing, screening, and separating it into
subsamples for individual analysis methods. Loose
samples and a medium-sized sample were collected
for mineralogical study. Individual subsamples were
sent for chemical, fire assay, phase analysis, and
mineralogy analysis.

The mineralogical study of ores was conducted
using optical-mineralogical methods on transparent
and polished thin sections, immersed in liquids, and
on polished artificial briquettes made from a
medium sample and its heavy fraction. This
approach allowed us to determine the composition
of the ore and rock-forming minerals as well as the
morphological features of malachite and azurite.

The mined material was studied using an
Olympus BX51 Pol microscope, a Simagis 2P-2C
video camera and SIAMS Mineral C7 software for
oxidized primary and secondary copper sulfide
deposits in polished sections. Additional information
about finely dispersed phases and spatial
relationships between copper-bearing minerals and

host rock was provided by FLSmidth mineralogical
data, including optical microscopy, backscatter
electron microscopy, and QEMSCAN analysis.

The chemical and material characteristics of the
ores were refined based on the results of semi-
quantitative atomic emission spectral analysis,
chemical analysis, and phase analysis of copper.
Phase analysis was used to determine the ratio of
water-soluble, oxidized, secondary, and primary
forms of copper, which made it possible to
determine the degree of oxidation of the ore and
characterize it as an oxidized type of ore. Rational
analysis was used to assess the forms of gold and
silver, revealing free forms, aggregates with sulfides,
rock grains coated with iron hydroxide films, as well
as difficult-to-extract forms associated with rock.

Results and Discussion

To characterize the Koktaszhal ore sample, a
chemical analysis was performed to determine the
main useful components. The results are presented
in Table 1. As can be seen from the presented data,
the original ore contains 1.0% Cu, 0.8 g/t Au, and 2.0
g/t Ag, making it a porphyry copper deposit with
significant commercial copper and precious metal
content. Lead and zinc are present in low
concentrations, and iron at 1.51% indicates that
these elements play a subordinate role in the overall
composition of the ore.

Table 1 — Chemical composition of the ore sample from
the Koktaszhal deposit

Content, % g/t
g —
© o) g c | © ]
218 |5 |§|g |49 l=2
o
Ore 0.07 0.02 1.0 1.51 0 0.8 2.0

According to Table 1, copper is the leading
mineral component of the ore, with associated gold
and silver. Combined with subsequent mineralogical
and phase data, this allows us to consider the sample
as oxidized copper porphyry ore.

To characterize the host mineral mass, a silicate
analysis of the sample for rock-forming elements
was performed. The results are presented in Table 2.
The table shows that silicon dioxide (SiO,)
predominates in the ore composition at 69.82%,
with a subordinate aluminum oxide (Al,Os) content
of 12.78%. The contents of the remaining
components are significantly lower: Fe;03 — 2.08%,
BaO —1.63%, MgO —1.35%, and CaO — 0.66%.
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Table 2 shows that the ore is dominated by
siliceous and aluminosilicate components. The
elevated SiO, content indicates a significant
proportion of siliceous material in the ore structure
and may indicate increased strength of the host
rocks, while the Al,03 content reflects the presence
of aluminosilicate [[20],[21]]. This establishes the
significant role of silicate material in the structure of
the ore mass, which is important for characterizing
its composition and interpreting the properties of
the host rocks.

Table 2 — Chemical analysis of the ore sample from the
Koktaszhal deposit for rock-forming elements

Content, %

4]

S g o o

2 R Q < 50 2 é:
o0 2 o > = n

Ore 1.63 2.08 | 0.66 1.35 12.78 69.82

To clarify the elemental composition of the
studied process sample and assess the role of rare
and trace components, a semi-quantitative atomic
emission spectral analysis was performed. The
results are presented in Table 3. These analysis data
allow us to characterize the general geochemical
background of the ore and clarify the composition of
the host mineral mass.

As can be seen from Table 3 and Fig. 3, the
sample is dominated by silicon, aluminum, calcium,
magnesium, iron, and sodium, confirming the
significant role of the quartz-plagioclase and
aluminosilicate host mass. Among the minor
components, titanium, barium, and strontium are
characterized by relatively elevated contents. Most
rare and trace elements are present at low
concentrations or below the detection limit.

To determine the mineral composition of the
sample, a quantitative mineralogical analysis was
performed. Microscopic examination was
conducted on the original sample, its heavy fraction,
and crushed material. The observation results were
compared with data from previous analytical
studies, which allowed us to refine the sample's
mineral composition and the quantitative ratios of
individual minerals.

The results are presented in Table 4 and
additionally presented as a histogram (Fig. 4).
Analysis of the table and histogram data shows that
the main industrially valuable minerals are
malachite and azurite, while associated and minor
minerals include hematite, magnetite, goethite,
pyrite, and limited copper sulfides.

Table 3 — Results of semi-quantitative atomic emission
spectral analysis of the sample

N
] g 2
g % g R
5 G 5 5
o fras}
(@) c
[}
o
c
@]
O
Au <0.00005 Cd <0.0005
Cu <1.0 Ni 0.005
Ag 0.001 Co 0.002
Si >>1.0 Cr 0.007
Fe >1.0 Sr 0.1
Ca >1.0 Sn 0.0003
Al >>1.0 Ti 0.5
Mg >1.0 Bi <0.0002
Pb 0.01 Y 0.003
Zn 0.01 Ge <0.0002
Na 21.0 Tl <0.0005
Mo 0.0007 Te <0.003
Hg <0.003 As <0.01
Ba 0.15 Be 0.0001
Ga 0.004 W <0.003
Ta <0.01 Yb 0.00025
Se <0.1 Nb 0.001
Re <0.0003 Sc 0.002

Figure 3 — Element distribution in the sample based on
semi-quantitative atomic emission spectral analysis
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The rock-forming component is represented
primarily by quartz, plagioclase, chlorite, mica, and
dolomite.

The described features of the distribution and
morphology of copper minerals are clarified by the
results of microscopic studies shown in Figures 5 and
6. Microscopic examination of a sample of copper
oxide ore allowed us to establish the forms of
separation of malachite and azurite, the nature of
their distribution in the ore mass, and the features
of accretion with rock-forming minerals. It was
established that malachites and azurites are
represented by two main morphological differences.

Table 4 — Mineral Composition of the Ore Sample

The first difference is expressed by well-crystallized
translucent and transparent formations observed in
the form of nests, 1-5 mm in size; veins, 1-3 mm
thick; as well as secretions along microcracks and
between grains of rock-forming mineral. The second
difference is represented by earthy, slightly
crystallized collomorphic formations forming
inclusions, 0.07-0.2 um or more, which form cracks
and sometimes form accretions with iron hydroxide.

Malachite is characterized by the development
of radially fibrous aggregates and kidney-shaped
forms.

Product

Mineral Composition, Mass Fraction, %

Or

o

Rock-Forming Materials

Sample

Malachite
Azurite
Gold*
Goethite

Sulfides Cu, Cu itself

Mica

Pyrite
Quartz
Plagioclase
Chlorite
Dolomite

o |Hematite, Magnetite

1.5-2.0 | 0.3-0.4 | SCE .5 0.2

S

CE 0.2 43-45 31-33 9-11 8-10 2-3

and carbonates (malachite, azurite) [[18], [19]].

Note: * — content of gold, copper sulfides, and native copper — SCE (significant concentrations not established). These
minerals are present in the sample in quantities below the detection limit; therefore, their mass fraction cannot be
quantitatively determined. The absence of significant concentrations of copper sulfides confirms that the sample
belongs to the oxidation zone, where primary sulfide minerals are completely replaced by secondary copper oxides

DOLOMITE Dolo+1ite-2 5
MICA Mica -9

CHLORITE Chlorlite -10

PLAGIOCLASE | | Plagioclase -32

QUARTZ | | | | Quartz -44
PYRITE | Pyritg - 0.2

GEOTHITE | Goethite -0.

HEMATITE, MAGNETITE] Hematite, Miagnetite - 0.5
AZURITE | Azurite -0.3
MALACHITE !Iala hite -1}75
0 5 10 15 20 25 30 35 40 45 50

Figure 4 — Distribution of Ore and Rock-Forming Minerals in the Koktaszhal Deposit Ore
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The results of rational analysis presented in
Table 5 were used to characterize copper species in
a sample. Based on phase analysis, copper was
found to be extremely unevenly distributed among
various compound forms in the Koktashal deposit
sample. The total copper content was 0.735%, with
the vast majority concentrated in the oxidized form
— 0.66% or 89.8% of the total content. Primary
copper content was found at 0.047% (6.39%) and
secondary copper at 0.2% (2.72%). Water-soluble
copper was also found at a concentration of 0.8%.

The predominance of the oxidized form of
copper indicates a significant degree of

transformation of the original ore mineralization in
the hypergenesis zone [22]. According to modern
concepts, the formation of powerful oxidation zones

in porphyry copper systems requires long-term
exposure to oxidation processes in a semi-arid
climate and tectonic uplift, resulting in a lowering of
the groundwater level [[22],[23]]. The low content of
primary and secondary sulfides (around 9% in total)
indicates that they are largely destroyed and
replaced by oxidation products. Similar processes
have been described for hypergenesis zones in the
Southern Urals and Lesser Caucasus, where oxidized
ores form full-profile zonal patterns with subzones
of oxidation, leaching, and secondary sulfide
enrichment [[24], [25]]. This allows us to interpret
the studied ore samples as material formed under
conditions of intense hypergenic oxidation and
copper redistribution [[22], [24], [25]].

Figure 5 — Optical microscopy images of Cu oxide ore sample: turquoise — malachite /azurite

Electron g 3

Electron ge 5

Figure 6 — Electron backscatter microscopy images of a Cu oxide ore sample: Cu-ox = malachite/azurite, chc =
chalcocite, ab = albite, kfsp = K-feldspar, qtz = quartz

— 34 ——
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The results of copper phase analysis in the
sample were further visualized as a histogram
(Fig.7). This representation allows for a more visual
assessment of the ratio of primary, secondary,
oxidized, and water-soluble forms of copper, as well
as identification of its dominant type in ore. Analysis
of the data presented in Table 5 and the resulting
histogram (Fig.7) shows that the sample belongs to
the oxidized ore type.

Table 5 — Phase analysis of an ore sample from the
Koktaszhal deposit (copper)

Minerals Compounds Content, %
abs. rel.
Primary 0.047 6.39
Secondary 0.02 2.72
Copper Oxidized 0.66 89.80
Water-soluble 0.008 1.09
Total 0.735 100

This is entirely consistent with its mineralogical
characteristics, according to which the main ore
minerals are malachite and azurite, while primary
sulfide forms of copper are subordinate.
Determining the oxidized type of ore is of significant
scientific and practical importance. On the one hand,
this confirms the significant role of hypergenic
processes in the transformation of primary copper
mineralization [[25], [26]]. On the other hand, it
allows us to predict technological features of ore
processing, since the predominance of oxidized
copper minerals determines specifics of its
enrichment and extraction of valuable components
[[27], [28]].

Total
Water-soluble | 1.09
Oxidized

Secondary | 2.72

Primary 9

0 20 40 60 80 100 120

Figure 7 — Phase analysis of ore from the
Koktaszhal deposit (copper)

The obtained analytical data indicate that the
Koktaszhal ore belongs to the oxidized copper
porphyry type with a well-developed supergene
alteration zone. Copper is predominantly
represented by secondary minerals such as
malachite and azurite, which determines favorable
conditions for hydrometallurgical processing. The
high silica content reflects a strong quartz—

aluminosilicate host matrix, which may increase ore
hardness and influence comminution
characteristics. At the same time, low contents of
carbonate components suggest reduced acid
consumption during leaching. The presence of finely
disseminated copper mineralization and its
association with iron hydroxides may negatively
affect metal recovery and should be taken into
account when selecting processing technology.
Overall, the ore is characterized by a favorable
composition in terms of valuable components and
relatively low concentrations of harmful impurities,
making it a promising object for further
technological evaluation.

Conclusions

The study revealed that the oxidized copper
porphyry ores of the Koktaszhal deposit are
characterized by a complex composition and
pronounced mineralogical heterogeneity. The main
ore minerals in the studied samples were malachite
and azurite, while primary and secondary copper
sulfides were present in subordinate amounts. The
host mineral mass is predominantly siliceous-
aluminosilicate in nature and consists primarily of
quartz, plagioclase, chlorite, and mica, reflecting the
significant role of the silicate matrix in the structure
of the ore strata.

It was found that malachite and azurite exhibit
significant morphological diversity and are
represented by both well-crystallized veinlet-nested
formations and colloform earthy aggregates. Their
development along microcracks, between grains of
rock-forming minerals, and in association with iron
hydroxides indicates a significant role for hypergene
processes in the transformation of the original
copper mineralization. At the same time, the
presence of preserved sulfide forms of copper
indicates signs of an earlier stage of mineral
formation.

The phase composition of copper confirms that
the studied ores belong to the oxidized type, as the
majority of the metal is associated with oxidized
forms.

Therefore, the oxidized ores of the Koktaszhal
deposit represent a mineralogically complex product
of the processing of a copper-porphyry system
under conditions of intense hypergenesis. The
combined data obtained allow Koktaszhal to be
considered a representative object for the study of
the mineral composition, morphology of secondary
copper minerals, and the forms of copper
occurrence in oxidized copper-porphyry ores.
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KeKTac)Kan KeH OpHbIHbIH, TOTbIKKAH MbiCc-nopdupni KeHAepiHiH
MWHEPaNoOruaAnbIK epeKklenikrepi

! Teneybek K.E., ’Kono6aesa A.H., 'AmaHrengikpbisbi A., *Ackaposa H.C.,
2Zengin E., *KyHycbekosa I.E., 'Ma3ax b., 'batranosa A.C.

196inkac CarbiHO8 ambIHOaFbl KaparaHObl mexHUKasnblK yHusepcumemi, KaparaHosl, KazakcmaH
2blcmaHbyn mexHukanel yHusepcumemi (ITU), blcmanbyn, Typkus

TYWIHAEME

Makana kengi: 27 cayip 2026
CapantamagaH eTTi: 21 mamsip 2026
KabbingaHapl: 24 winde 2026

Makanaga KeKtacxan KeH OpHbIHbIH, TOTbIKKAH MbIC NOPGUP KEHAEPIH ernken-Terkenni septrey
HaTMXKenepi YCbiHbINFaH. ONTUKaNbIK MUKPOCKOMUAHBI, CUAMKATTbl KaHe ¢asanblk Tangayabl
KeweHai KONAaHy HerisiHAe TOTbIFYy alMafbliHbIH Heri3ri MWHepPanoruanbiK epekwenikrepi
aHbIkTanapl. KeHgepaiH matepuangbik Kypambl aHbIKTanabl: MbICTbIH, Kannbl menwepi 0,735%
Kypaigpl, oHblH, iwiHae 0,66% (89,8%) ToTbikkaH TypiHae, 0,047% (6,39%) 6actankbl, 0,02%
(2,72%) ekiHwWwi peTTik aHe cyna epwuTiH 0,008% (1,09%) 6onabl. AHbIKTANFaH KeTeKLWi KeH
MUHepangapbl manaxut (1,5-2,0%) xaHe asypurt (0,3-0,4%), coHAaN-aK KOoCbiMLLA MUHepanaap:
MarHeTuT KocbinFaH remaTtut (0,5%), retut (0,2%) »kaHe nupuTt (0,2%) 6ap; mbic cynbduaTepi KaHe
TabWFM MbIC aHbIKTAY LWEriHEH TOMEH Meslepae Ke3daecesi. byn KyMbICTbIH, FbINbIMU KaHablfbl
KNACCMKaNbIK  MWHEPANOTUANBIK 3epTTEYNEepAiH, CcaHablk dasanblk Tangay [AepekTepimeH
yhnecimiHeH TybiHA@NAbl, 6yn 6i3re KeHAEpAiH MuHepangpl Kypambl Typasbl akmnapatTbl
JKyleneyre faHa emec, COHbIMEH KaTap MbICTbIH, naiga 6onybiHbIH apTypai dopmanapsl
apacbiHAafbl 6alNaHbICTbl aHbIKTayFa MyYMKIHAIK 6epai. Manaxut neH asyputTiH MopdOoNoruanbIk,
epeKLenikTepi cMnaTTanagbl: 01ap *aKcbl KPUCTANAAHFAH TaMblp/bl YANbl TY3iNIMAEPMEH KaHe
TeMip ruapokcuaTepimeH 6annaHbICTbl MUKPOXKapPbIKTap 60MbIMEH AamblFaH KOAN0GOPMAbI Kep
arperaTTapbiMeH YCbIHbINFaH. ANblHFaH HaTUXKenepai ykcac obbeKkTinepai bonkay kaHe isgey
KesiHae naadanaHyra 6onagpl, cebebi mbic cynbouatepi 6onmaraH Kesme ManaxuT NeH asypuTTiH,
Temip rugpokcuatepimeH 6alinaHbicbl  Mbic-MOpPUPAIK  KyiMenepaiH, TOTbIFy aliMaFbiHbIH,
[AVArHOCTUKanbIK epeKwweniri 6onbin Tabblnagpl, an MbICTbiH, Naitga 6ony Gpopmanapsl Typanbi
caHApblK AepekTep b6ip KafblHaH GapnayaplH, anfallKkbl Ke3eHAepiHAe KeHAaepai runepreHmeH
eHAey TepeHAiriH 6afanayfa, an eKiHWi >KafblHaH, TOTbIFY alMafblHblH, KeHAEepiH Tayencis
reoIorUANbIK XaHe eHepKacinTik Typre 6enyre MymkiHAiK 6epeai, byn Kopnapapl ecenteyae, KeH
AeHenepiH aHbIKTaya KaHe eHAeYy CXeMacblH TaHAayAa MaHbI3abl 60nbin Tabblnaabl.

TyliiH ce30ep: KeKTacan, mMbiC-nopdUp KeH OpbiHAAPbI, TOTbIKKAH KeHAep, MbICTbiH, Gasanbik,
TanAaybl, ManaxvT, a3ypuT, anTblHHbIH, Naiaa 601y popmanapsbl, 3aTTbIK Kypambl.
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MuHepanornueckne 0co6eHHOCTU OKUCNIEHHbIX MeAHO-NOPPUPOBLIX PYA,
mectopoxaeHua KoKracxkan

Teney6ek K.E., *Konobaesa A.H., 'AmaHrengikpisbl A., *Ackaposa H.C.,
2Zengin E., XyHyc6ekosa I'.E., 'Mas3ax b., 'battranosa A.C.

1KapaeaHOUHCKuﬁ mexHuyveckuli yHusepcumem umeHu Abbinkaca CazuHosa, KapazaHda, KazaxcmaH
2Cmam6yﬂbcxuﬁ mexHu4eckuli yHusepcumem (ITU), Cmambyn, Typyua

AHHOTAUMA
B cTatbe npeacTaBaeHbl pe3ynbTaThl 4ETANbHOMO U3YYEHWUSA OKUCIEHHbIX MeAHO-MOPPGUPOBLIX Py,

mecTopoaeHua Koktackan. Ha ocHoBe KOMMIEKCHOTO MPUMEHEHWA METOAOB OMTUYECKOW
MWKPOCKOMNWUW, CUNNKATHOTO M $a30BOro aHaNM30B BbIAB/AEHbI KNOYEBble MWHepasnornyeckue
0COBEHHOCTU 30Hbl OKUC/EHUA. YCTaHOB/IEH BeLeCTBEHHbIW coCcTaB pyZa: obliee cogepskaHue
meam coctasnneT 0,735%, U3 koTopbix 0,66% (89,8%) npuxoauTtca Ha okncneHHyto dopmy, 0,047%
(6,39%) — Ha nepBuuHyto, 0,02% (2,72%) — Ha BTOpMuHylo M 0,008% (1,09%) — Ha
BOAOpPAcTBOpPUMYI0. MaeHTMGUUMpPOBaHbI Beaylime pyaHble muHepanbl: manaxut (1,5-2,0%) u
asypwr (0,3-0,4%), a TaKKe BTOpoCTeneHHble: remaTut ¢ marHetutom (0,5%), retut (0,2%) v nuput

Moctynuna: 27 anpens 2026 (0,2%); cynbduabl Meay M camopojHas Medb NPUCYTCTBYIOT B KOJIMHYECTBAX HMXKe npesena
PeueHsnpoBaHue: 21 mas 2026

obHapykeHua. HayyHaa HoBM3Ha paboTbl 0OycnoBneHa coyeTaHMEM  KJaCCUYECKOro
MpuHAaTa B Neyatb: 24 urona 2026

MMWHEPANOrMYECKOTO M3YYEHMA C KOIMYECTBEHHbIMM JaHHbIMK (pa30BOro aHaNMn3a, Yto No3BOANIO
He TONbKO CUCTEMATU3MPOBATb CBEAEHWA O MMHEPa/NbHOM COCTaBe PyA, HO W YTOMHUTbL
COOTHOLUEHWE PasNnYHbIX GOPM HaxoxKaeHua meau. OxapakTepusoBaHbl mopdosiornyeckue
0COBEHHOCTM Masiaxuta M asypuTa: OHM MPEACTaB/EHbl KaK XOPOLIO OKPUCTaNIM30BaHHbIMK
NPOXUAKOBO-THE34,0BbIMM 06Pa30BaHMAMM, TaK U KOANOMOPOHBIMM 3EMAUCTBIMK arperatamu,
pasBUTBIMM MO MUKPOTPELLMHAM B acCoOUMaLMM C TMAPOOKCMAAMM Kenesa. [lonyyeHHble
pe3ynbTaTbl MOTryT 6biTb MCMNONb30BaHbl MPU MNPOrHO3MPOBAHMM U MOMCKAX aAHANOTUYHBIX
06bEKTOB, NOCKO/IbKY YCTaHOB/IEHHAsA accouMaLma ManaxmuTa 1 asypura c rmapooKCMAaMM Kenesa
npu OTCYTCTBUM CynbGUA0B MeAU ABAAETCA AMArHOCTUYECKMM MPU3HAKOM 30Hbl OKMCIEHMA
MeAHO-NOPOUPOBLIX CUCTEM, @ KONWYECTBEHHblE [JaHHble O (GOPMax HAXOXKAEHUA meau
NO3BO/IAIOT, C OAHOMN CTOPOHbI, OLEHMBATb MNYyBUHY rMNepreHHoln nepepaboTku pya Ha paHHUX
CTagmAxX pasBeaKu, a ¢ APYroi — BblAeNUTb PyAbl 30HbI OKUCIEHWUA B CAMOCTOATE/NbHBIW reooro-
NPOMbBILWNEHHbIN TUM, YTO BasKHO MPU NOACYETE 3aNacoB, OKOHTYPUBAHUW PYAHbIX Ten v Bbibope
TEXHO/IOTMYECKOM CXeMbl NepepaboTKu.

Kniouyeesbie cnoea: KoKTackan, meaHO-NOPPUPOBbIE MECTOPOXKAEHMUA, OKUCNEHHbIE pPyabl,
ba3oBblil aHaIM3 MeaM, MaNaxuT, asypuT, GOPMbl HaXOKAEHWUA 30/10Ta, BELLECTBEHHbIW COCTaB.
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