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DEVELOPMENT OF A COMPREHENSIVE SOFTWARE SOLUTION FOR PROCESSING
HIGH-SULFUR, COPPER-POOR CONCENTRATES IN THE COPPER SMELTING INDUSTRY

Abstract: The depletion of high-grade copper ores and the increasing prevalence of low-
grade, high-sulfur copper concentrates present significant challenges to the copper smelting
industry. Traditional smelting processes struggle to maintain economic viability and comply with
environmental regulations when processing these complex ores. This paper details the development
of a comprehensive software solution designed to simulate the smelting process for high-sulfur,
copper-poor concentrates. The software employs a detailed mathematical model to predict the yields
and compositions of products, including valuable metals, during the smelting process. It integrates
multiple modules, such as ore input, smelting simulation, and results presentation, providing a user-
friendly platform for optimizing smelting operations. Critical parameters like ore composition,
smelting temperature, and flux addition are incorporated into the model, enabling accurate
predictions of matte and slag outputs. By analyzing these outputs, the software aids in optimizing
metal recovery and reducing losses, ultimately enhancing the efficiency and sustainability of copper
production. This tool is particularly relevant for large sulfide copper ore deposits, such as those in
Kazakhstan, which have high sulfur content and low copper levels. The software's ability to simulate
different processing scenarios provides valuable insights for industrial applications, supporting the
development of more efficient and eco-friendly smelting technologies. The comprehensive software
solution not only addresses the technical challenges of processing high-sulfur, low-copper ores but
also contributes to the industry's efforts to reduce environmental impact and improve resource
management. This innovation represents a significant step forward in the optimization of copper
smelting operations, promoting sustainability and efficiency in the face of declining ore quality.

Key words: copper smelting, high-sulfur ores, smelting simulation, metal recovery,
optimization.

Introduction
The copper smelting industry is transforming due to the depletion of high-grade ores and the
rise of complex, low-grade ores [1, 2]. These ores, high in sulfur and low in copper, challenge
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traditional smelting processes [3-5]. Efficient processing of these concentrates is crucial for
maintaining economic viability and adhering to environmental regulations. The volume of industrial
waste from traditional smelting is comparable to copper deposit reserves, driving the need for more
efficient and eco-friendly technologies [6-8]. Efficient recovery of valuable metals and reduction of
metal losses in smelting slags are key aspects of processing these ores [4, 5]. Developing new
technologies for high-sulfur, copper-poor concentrates is essential to address these challenges and
optimize copper production efficiency.

Researchers are exploring various methods to address issues related to complex ores. High-
temperature processes for the direct reduction of copper slag are being investigated for their
environmental friendliness and waste-free nature [9-11], aiming to extract valuable metals from slag
and minimize environmental impact. High-temperature processes reduce waste but face scalability
issues due to high energy demands, especially with sulfur-rich, copper-poor ores.

Technologies for reducing metal losses during copper smelting have seen advancements.
Komkov et al. [12] developed a thermodynamic model for impurity distribution during smelting in the
Vanyukov furnace, showing how temperature and composition influence metals like zinc and lead
between matte, slag, and gases. Kenzhaliev et al. [13] focused on minimizing copper losses in slag
at the Balkhash smelter, demonstrating how raw material composition affects smelting efficiency.
Mamonov et al. [14] improved slag processing with slow cooling and ultrafine grinding, enhancing
copper recovery. Additionally, flotation enrichment techniques have been developed to separate
valuable metals from converter and waste slags, although challenges remain with sulfur-rich, low-
copper ores [15].

However, flotation enrichment struggles with high sulfur, low copper ores, and its energy
costs from ultrafine grinding raise concerns about long-term viability. Innovative technologies
involving slow cooling and ultrafine grinding of slag are also being explored to significantly improve
flotation and produce copper-rich concentrates [16-18]. While slow cooling and ultrafine grinding
improve recovery, they add significant energy and time costs, requiring a detailed cost-benefit
analysis.

The industrial development of large Boshchekul and Aktogay deposits of sulfide copper ores
in Kazakhstan highlights the need for further research and development [19]. Copper concentrates
from these deposits have high sulfur content and low copper levels, requiring tailored processing
methods [20]. Determining the properties of resulting slag is critical for optimizing the smelting
process and minimizing metal losses

This paper presents a software solution designed to address these challenges by simulating
the smelting process for high-sulfur, copper-poor concentrates. The software utilizes a
comprehensive mathematical model that incorporates key parameters influencing smelting efficiency
and accurately predicts product yields and material flows. The software provides a valuable tool for
optimizing smelting operations, reducing metal losses, and improving overall efficiency.

Methods and Materials

This part outlines the computational processes used to calculate the chemical composition
of alloys derived from multiple ores. The system involves selecting ores, initializing their
compositions, calculating the total weights and percentages of each element, and determining the
concentrations of elements in both stein (the metal product) and slag (the byproduct). By
systematically processing the input data through these computational steps, the model accurately
predicts the distribution of elements in the final products, thereby enabling informed conclusions
about smelting efficiency and metal recovery.

2.1 Ore Selection and Data Initialization

A variety of ores are selected based on their elemental compositions and weights, containing
elements like Gold (Au), Silver (Ag), Silicon Dioxide (SiO,), Calcium Oxide (CaO), Sulfur (S), Iron
(Fe), Copper (Cu), Aluminum Oxide (Al,O3), and Arsenic (As). The software requires input of gold
(Au) and silver (Ag) concentrations in grams per tonne of ore. Other elements (e.g., Cu, Fe, S, SiO,,
CaO) are input as weight percentages, converted to absolute weights based on the total ore weight.
All weights are standardized to grams per ton. The total weight of each element across all selected
ores is then calculated by summing the individual weights from each ore. The copper and sulfur
content of the ore are crucial inputs as they significantly influence the formation of matte, a copper-
rich product.
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For element percentages, the percentage of each element relative to the total weight of the
alloy is calculated. For Au and Ag, these percentages are converted to parts per million (ppm). These
processed input data are essential for accurately modeling the smelting process, as they directly
impact the predicted concentrations of elements in the stein and slag.

2.2 Software Modules

The software consists of three modules:

2.2.1 Ore input module

This module allows users to input the chemical composition of the ore, including the weight
percentages of various elements. Users can also specify the weight of the ore batch.

2.2.2 Smelting simulation module

This module utilizes a comprehensive mathematical model to simulate the smelting process.
It directly leverages the input data initialized in Section 2.1, such as elemental concentrations and
ore weights, to inform the simulation parameters. The model incorporates key parameters influencing
smelting efficiency, including the chemical composition of the ore, the smelting temperature, and the
addition of fluxes. The model predicts the composition and yield of both matte and slag, as well as
the distribution of valuable metals. This module implements the calculations described in the
following sections:

Calculation of materials in stein

To calculate the concentrations of various materials in the stein (a metal product) and its total
weight, several steps are followed. First, the amount of sulfur lost to gas is determined by applying
the gas loss percentage to the total sulfur content. Next, the sulfur combined with copper to form
copper sulfide is calculated using the ratio of copper to sulfur in copper sulfide. The sulfur in the stein
is then found by subtracting the sulfur in copper sulfide from the sulfur lost to gas. The iron content
in the stein is determined based on the sulfur present, using the ratio of iron to sulfur in iron sulfide.
Finally, the weight of the stein is calculated by summing the total copper, sulfur in the stein, iron in
the stein, and an additional factor for other materials.

Below, the formulae are described. Equation 1 shows the formula of Sulfur lost to gas,
equation 2 shows the sulfur in copper sulfide, equation 3 shows the sulfur in stein, equation 4 shows
Iron in stein and equation 5 shows the calculation of the weight of the stein.

100—GAS LOSS PERCENTAGE
100

(1)

Sulfurg,s = Total Sulfur x

Sulfurc,s = Total Copper x COPPER TO SULFUR RATIO IN COPPER SULFIDE (2
Sulfurgiein = Sulfurg,s — Sulfurcyg 3)
[rongsein = Sulfursem X IRON TO SULFUR RATIO IN IRON SULFIDE (4)
Weightgein = Total copper + Sulfurgein + [roNgein + Other Materials Factor X
Total Other Materials 5)

The sulfur in the stein (Sulfurs.;,) is calculated by accounting for the sulfur that is not lost to
gas and is not part of the copper sulfide. Iron in the stein (Irong;,) is then determined using the iron
to sulfur ratio in iron sulfide. The percentage of sulfur in the stein is found by dividing the sulfur gas
by the weight of the stein and multiplying by 100. Similarly, the percentage of iron in the stein is
determined by dividing the iron gas by the weight of the stein and multiplying by 100. The percentage
of copper in the stein is calculated by dividing the total copper by the weight of the stein and
multiplying by 100.

Calculation of Materials in Slag

The concentration of elements in the slag (byproduct) and the total weight of the slag are
calculated by considering the concentrations of gold and silver in the stein and determining the total
weight of the slag based on the iron oxide and other materials present. The formula for calculating
gold concentration in the stein is given in equation 6. The weight of the slag is given in equation 7.
The iron content that does not end up in the stein contributes to the iron content in the slag and is
converted to iron oxide using a predefined ratio. Iron in slag is calculated by subtracting the iron in
the stein from the total iron content. The iron oxide in slag is then calculated by multiplying the iron
in slag by the iron oxide to iron rathistio in slag.

Total Gold

Gold Concentrationgej, = Weight X GOLD RECOVERY EFFICIENCY x GOLD SILVER
stein
SCALE FACTOR (6)
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Weightg, = Iron in Slag + Total Al, 03 + Total SiO, + Total CaO +
Other Materials in Slag Factor x Total Other Materials (7

Final Calculation and Analysis

The total weight of the slag is calculated by summing the contributions of iron in the slag,
Al,O3, SiO,, Ca0, and other materials. The percentage of each element in the slag is determined by
dividing the weight of the element by the total weight of the slag and converting it to a percentage.

The smelting process involves several key constants: Gas Loss Percentage (sulfur lost as
gas), Copper to Sulfur Ratio in Copper Sulfide, Iron to Sulfur Ratio in Iron Sulfide, Iron Oxide to Iron
Ratio in Slag, Other Material Factor (additional materials in stein), Other Materials in Slag Factor,
Gold Recovery Efficiency, Silver Recovery Efficiency, and Gold Silver Scale Factor (converts gold
and silver concentrations from grams per ton to grams per tonne). These constants are used in the
smelting simulation module to calculate element distribution in the matte and slag.

2.2.3 Results Module

This module presents the simulations results in a user-friendly table format, allowing users to

analyze the impact of different process parameters on smelting efficiency and to identify potential
areas of improvement.

2.3 Software Workflow

The software workflow for this methodology, as seen in figure 1, integrates the various
mathematical calculations into a cohesive system that automates the entire process. Starting with
the input data from ore selection and initialization (Section 2.1), the workflow systematically
processes these inputs through the ore input module, smelting simulation module, and results
module. Below is an explanation of the software's operation.

Selection of the ores for the alloy [ Sublimate’s weight calculation Q]
ORE 1 ORE 2 ORE N T
Weight Weight Weight . i i =
Concentration of Au Concentration of Au Concentration of Au [ Total alloy’s weight calculation
Concentration of Ag Concentration of Ag Concentration of Ag
Concentration of $i02 Concentration of $i02 Concentration of $i02 T
Concentration of Ca0 Concentration of Ca0 Concentration of Ca0
Concentration of § Concentration of § Concentration of §
Concentration of MgO Concentration ofMgQ | [ """ """ Concentration of MgO COMPUTING MODULE. CONCENTRATION OF
Concentration of PbO Concentration of PbO Concentration of PbO
Concentration of Zn Congentration of Zn Concentration of Zn ELEMENTS IN SLAG
Concentration of Fe Concentration of Fe Concentration of Fe
Concentration of Cu GCencentration of Cu Cencentration of Cu silicon dioxide concentration Calcium oxide concentration
Concentration of A1203 Concentration of Al203 Concentration of Al203
tion of As of As Concentration of As
| Iron oxide concentration ‘ ‘ Aluminum oxide concentration |

Job(task) creation Q] X

l

[ Alloy initialization

ELEMENTS IN STEIN

l | Gold concentration ‘ ‘ silver concentration |

ED] COMPUTING MODULE. CONCENTRATION OF

Calculation of the total weight of each element across given Alloy QJ

l | Iron concentration ‘ ‘ Copper concentration |

[Calculation of the percentage of each element's sum relative to the Alloﬁa | Sulfur concentration |

Figure 1 — Software Workflow for Calculating Chemical Composition of Alloys

First, the ores are selected, and their compositions and weights are inputted using the Ore
Input Module. Each ore's data is captured and stored for further processing. Once the ores are
selected, a new job is created by the software to manage the data. This job acts as a container for
all the ore data and subsequent calculations. A Job object is created, and each selected ore is
associated with this job through “OredJob” objects. Each selected ore is initialized as a compound
object by the software, converting their elemental weights and concentrations into consistent units.
This involves creating Compound objects, which handle the conversion of measurements.

Results

This section provides an overview of the data input process, the selection of ores for
calculation, and the results of the smelting simulations, which include the concentrations of elements
in both the stein and slag.

Figure 2 shows the interface for inputting the chemical composition and weights of various
ores. Users can add new ores or delete existing ones. Each ore is listed with its name, weight, and
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concentrations of elements. Once the ores are inputted, users can select specific ores for the
calculation. This selection process is crucial for creating a new job that will manage the data and
perform the necessary calculations. In Figure 3, the CaO and KSH ores were selected for calculation
for demonstration purposes.

Ores
Name Weight Au Ag sio2 Ca0 s Fe cu AI203 As0 Actions
BK 44,475 577 31.1 5.66 073 33.26 30,85 17.2 23 0032 m
Bestube 0 1.6 A4 A 11 1 .00 1 0.4 =
Zholymbet 0.0 1 14 46.9 8.1 1.01 8.4 0.008 8.4 0.0005 m
ZHOF 1.7 17 4 19.44 1 1 A 4 [ Detets |
0 160 00 0 00 a7. 0 00 00 00 0 [ etee |
KSH 129.€ A 0 1.0 24 41.34 8.74 ) 0.02 m
KKSH 3 A 12 12.64 1.16 7.74 7 1 B4 0.2 [ Detets |
AK a4 ! 1414 ] 101 1.4 411 ) [ etese |
Figure 2 — Ore Data Input
Select ores for Calculation
Select Name Weight Au Ag si02 a0 s Fe cu AI203 As0
BK 44.475 5.77 3. 5.66 0.73 33.26 30.85 172 23 0032
Bestube 00 16 098 4.4 435 141 518 0.006 161 0.46
Zholymbet 0.0 15 14 469 81 1.01 8.14 0.008 184 0.0005
ZHOF 2317 0172 4815 1944 132 1353 498 3536 349 0.08
Ca0 16.05 00 0.0 00 975 00 00 0.0 0.0 00
KSH 129,65 1725 3214 2029 107 124 4134 8.74 279 0022
KKSH 3365 452 1256 12564 118 7.74 2675 19.8 284 029
AK 44.475 0.46 1414 954 1.01 31.42 2506 2411 282 00

. |
Figure 3 — Ore Selection for Calculation

Once the user clicks on «calculate», the results of the smelting calculations are displayed,
showing the concentrations of various elements in the stein (metal product) and slag (byproduct).
The results include the job ID, concentrations of Au, Ag, Cu, Fe, and S in the stein, as well as Silicon
Dioxide (SiO,), Calcium Oxide (CaO), Aluminum Oxide (Al,O3), and Iron Oxide (FeO) in the slag.
This is illustrated in Figure 4.

For ease of use and analytical purposes, a history of simulation is saved. As seen in Figures
5 and 6, a detailed view of the stein and slag results from multiple jobs is saved. Each row
corresponds to a specific job, showing the concentrations, the total weight of the stein, Cu, Fe, and
S, along with the creation date of each job.

Stein Results

Job  Gold Silver Weight Copper Iron Sulfur Created date
12.357365564874199 211.44581B59186698 17.73625 63.88047078722955 -16.033547113961518 6.808090774543663 June 20, 2024, 11:18 am.
Slag Results
Job  Si02 Ca0 A1203 FeO Weight Created date
22.01696670467264 14.25956338455423 3.029320390380653 60.7291170110865 119.49875 June 20, 2024, 11:18 a.m.

Figure 4 — Calculation Results — Stein and Slag
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Stein Results

Job  Gold Silver Weight Copper Iron Sulfur Created date

698 1

Figure 5 — Detailed Stein

6.808090774543663

Slag Results

Job  SiO2 Ca0 Al203 FeO Weight Created date

9880328039144 9.064491 6.3668

85940875186 234.65187499999996 June 13, 2024, 6:32 p.m.

1581764 27.34584450402143 June 13, 2024, 7:03 p.m.

9 51.36714851880363 3.489863997947139 9.226470504376586 9.146229700502223 87.6825 June 13,2024, 10:34 p.m

14 25.383808294841952 70.0

2722 103.64875 June 13, 2024, 10:35 p.m.

22.425961348196026 2.110678 1243322 89162983965 15805592 18.95125 June 13, 2024, 10:35 p.m.
16 88.52929662012265 9.395797990343205 26.099438862064456 -66.99539531328644 4,7893750000000015 June 13, 2024, 10:35 p.m
17 67.56032171581764 8.57908847184986 84450402143 80.8310991957103 3.730000000000003 June 13, 2024, 10:36 p.m.

44228805 15.398365679264536 19.580000000000002 June 19, 2024, 4;

20 22.01696670467264 14.25956338455423 3.0293

90380653 60.7291170110865 119.49875 June 20, 2024, 11:18 a.m.

Figure 6 — Detailed Slag Results

Discussion

The results demonstrate the effectiveness of the software in managing and processing
complex chemical data to predict the composition and yield of both the stein and slag. By accurately
utilizing the input data — such as elemental concentrations and ore weights — the mathematical model
effectively simulates the smelting process under various conditions. The detailed tables and figures
allow for thorough analysis of how different input parameters influence smelting outcomes, enabling
users to optimize the composition of alloys and improve smelting efficiency. Each job's results
provide insights into the distribution of valuable metals and the effectiveness of the smelting
parameters used.

By providing a clear and organized interface for inputting data and selecting ores, the
software simplifies the process of running smelting simulations. The ability to save and review the
history of simulations allows users to track changes and improvements over time. The detailed output
of elemental concentrations in both the stein and slag enables users to fine-tune the smelting
process, thereby maximizing metal recovery and minimizing waste.

Overall, the software proves to be a valuable tool for the copper smelting industry, providing
crucial insights into the smelting process and helping to optimize operations for better efficiency and
sustainability.

Conclusion

The development of a comprehensive software solution for processing high-sulfur, copper-
poor concentrates in the copper smelting industry addresses a critical challenge due to the depletion
of high-grade ores and the rise of complex low-grade ores. These ores, rich in sulfur but low in
copper, present significant challenges to traditional smelting processes, necessitating the need for
more efficient and eco-friendly technologies. This project aims to optimize the smelting process by
reducing metal losses and improving recovery rates of valuable metals from these challenging raw
materials.

The research and development in this area have focused on various innovative technologies,
such as high-temperature processes for the direct reduction of copper slag, complex technologies
for depleting slag during the smelting of copper sulfide raw materials, and flotation enrichment
methods. These approaches are essential for extracting valuable metals from slag and minimizing
environmental impacts. For instance, the processing of rich converter and poor waste slags through

ISSN 2788-7995 (Print) Becrruk yHusepcurera [lakapuma. Texuuueckue nayku Ne 4(16) 2024 85
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 4(16) 2024



flotation enrichment has shown significant promise in industrial applications, effectively separating
valuable metals and improving recovery rates.

The software solution developed in this project incorporates a comprehensive mathematical
model to simulate the smelting process. It predicts the yields and material flows, allowing for
optimization of the smelting operations. The software includes modules for ore input, smelting
simulation, and results presentation, providing a user-friendly interface for analyzing the impact of
various process parameters on smelting efficiency. By simulating different scenarios, the software
helps identify potential improvements in the smelting process, enhancing the recovery of valuable
metals and reducing waste.

The industrial relevance of this software is underscored by the ongoing development of large
copper deposits, such as the Boshchekul and Aktogay deposits in Kazakhstan, which contain high-
sulfur, low-copper ores. The ability to accurately simulate the smelting process and optimize the
chemical composition of alloys is crucial for these operations, as it allows for better management of
resources and adherence to environmental regulations. The software was tested on data collected
from the Balkhash copper smelter factory. For more trials, further data was obtained by changing
the values to gather experimental trial. The software correctly reflects the real data when simulated.
This shows the practicality and accuracy of the system developed.

In conclusion, the software developed provides a valuable tool for the copper smelting
industry, enabling more efficient processing of high-sulfur, copper-poor concentrates. By leveraging
advanced simulation techniques, it addresses the dual challenges of improving metal recovery and
reducing environmental impact, thus supporting the industry's transition towards more sustainable
practices.
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PA3PABOTKA KOMIMJIEKCHOIO NPOrPAMMHOIO PELLEHUA ONS NEPEPABOTKUN
BbICOKOCEPHUCTbIX, MAIIOMEAOHbIX KOHLEHTPATOB B MEOENJTABUNIbHOU
NMPOMBILUNTIEHHOCTH

UcmoweHue boeambix MeOHbIX pyd u yeesiudeHue donu 6edHbIx pyd ¢ 8bICOKUM COOep)KaHUEM cepbl
cosfatom 3HayumersibHble rpobnembl Ons  MedernnasusibHOU  NPoMbiwIeHHocmuU.  TpaduyuoHHbIe
rnasusbHbIe MPOUECcChl cmarnkugaomcsi ¢ mpyodHocmsamu rnoddep>kaHusi IKOHOMUYECKOU aghghekmusHocmu
U cobrnro0eHUsT 3KOJI02UYECKUX HOPM rpu repepabomke makux CrioxHbix pyd. B OdaHHOU pabome
onuckleaemcsi  paspabomka  KOMIM/IEKCHO20  MpoepaMMHO20  pelweHusl, rnpedHasHayeHHo2o Ofs
MoOeniuposaHuUsi rpoyecca aasku B8bICOKOCEPHUCMbIX, MasloMeOHbIX KOHUeHmpamos. [lpozpammHoe
obecrieyeHue ucronb3yem nodpobHyt0o Mamemamudeckyro Mmodesnb Onsl nNpo2HO3UpoBaHusi ebixoda U
cocmaesa npodyKmos, ek/oYasi UeHHble Memarisbi, 8 npouecce rnasku. OHO UHMespupyem HECKOIbLKO
modyrnel, makux Kak 6800 OaHHbIXx O pyde, CUMYMAUUs nnaseku u rpedcmasrneHue pe3yrbmamos,
npedocmasrnss y0obHyo nnamgopmy O onmumu3dayuu rnasurbHbiX onepayul. B modernsb 8KnoYeHbl
makue K/deable napamempsl, Kak cocmae pyObl, memrepamypa nnasku u 0obasneHue nwoca, 4mo
10380/17€M MOYHO MPO2HO3UpPOo8ampb 8bIX00 wmelHa U wraka. AHanu3 amux pe3yfnbmamosg romMozaem
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onmuMu3Uposamp U3B/IeYeHUe Memarsiog U CoKpamumb romepu, 4Ymo 8 KOHEYHOM umoae rosbilaem
aghbgbekmusHocmb U ycmoliHueocme MedernnasusibHo2o npoudgodcmea. 3mom UHCMPYMEHM O0CO6EHHO
akmyarsieH Onsl KpyrHbIx Mecmopox0eHull cyrbghudHbIX MeOHbIX pyd, makux kak 8 KasaxcmaHe, komopble
UMerom 8bICOKOe codepXxaHue cepbl U HU3KUU yposeHb Medu. CrnocobHocmb npoepaMmMHO20 obecredeHust
modenuposampe  pasrnuyHbie  CcyeHapuu obpabomku rnpedocmassisem  UeHHble ceedeHusi  Ons
MPOMBILWITEHHO20 MPUMEHEHUs, rnoddepxxueas paspabomky 6ornee aghgheKmuUBHbIX U IKOI02UYECKU YUCMBbIX
mexHosoeull rnnasku. KoMrneKkcHoe rnpozpamMmmMHOe peweHue He MoJsibKo pewaem mexHudyeckue rnpobrnemsi
nepepabomku 8bICOKOCEPHUCMbIX, MarnoMeOHbIX pyd, HO U criocobecmeyem ycunusam ompacnu ro CHUXeHUH
3K0s102U4eCcK020 8030elicmeausi U yrlyHYWeHUlo yrpaeneHusi pecypcamu. Omo UHHO8AUUOHHOE pelueHue
npedcmaesnsiem coboli 3HadumesbHbIl waz eneped 6 onmumu3auyuu meodernnasusnbHbIX ornepayul,
crniocobecmeysi ycmoudusocmu U 3¢hchbekmusHOCMU 8 yCro8usix yxyoulieHusi kadecmea pyobl.

Knroueebie crnoea: medernnaska, 6bICOKOCEPHUCMbIE pPyObl, CUMYNSUUS M1aeku, U3eriedeHue
Memarnios, onmumu3ayusi.

B.K. Kenxxanues?, C.)XK. An6arapos?, C.[l. Bekene®, C.A. Keatkosckuitl, M.A. [lyiicebekoBa’
IMeTannyprus xaHe keH 6aibITy MHCTUTYTBLI, Satbayev University,
050010, KasakcTtaH, Anmarhl, LLleB4eHko keweci, 29
29n-dapabu atbiHOarbl Kasak ynTTblK YHUBEPCUTETI,
050040, KazakctaH, Anmatbl, On-Papabu ganfbinbl, 71

KYKIPTI X)KOF APbI, MbICbl A3 KOHLIEHTPATTAPObI ©HOAEYIE APHAIFAH KELLEHAI
BAFOAPNTAMAINBIK LWELWWIMAI AAMbBITY

XKorapbl cananbl MbiC KeHOEpIHiH asatobl XOHE KyKipm Mesnwepi Xofapbl, MbIC Mesnwepi a3z
KOHUeHmpammapObIH YrecCiHiH apmybl MbIC KOPbIMy ©HepkacibiHe erneyni KubiHObiKmap myobipadsi.
LHecmypni Kkopbimy npouyecmepi myHOal kypdeni keHOepdi eHOeyde 3KOHOMUKarsbiK muimOirikmi cakmarn
Karyra XoHe 3KOroausifibiK HopmanapObl cakmayra KubiHObIK myfbi3albl. byn Xymbicma Kykipm menwepi
JKOFapbl, MbIC Mesnwepi a3 KoHuyeHmpammapObl KOpbIMy MpoueciH moodenbdeyze apHanfaH KeweHOi
bardapnamarnbik wewimoi a3ipney cunammanadsl. bardapnamarbik Kammamachi3 emy Kopbimy rpoueciHoe
anbiHFaH eHiMOepdiH, COHbIH iWiHOe KyHObI MemarndapOblH WbIFbIHbIH XOHE KypaMbiH 6ormkayra apHasiFaH
eaxel-meaxelni Mamemamukanbik yreiHi nalddanaHadbl. byn 6ardapnama 6ipHewe Modyb0epoi
bipikmipedi: keHOI eHai3y, Kopbimy CUMYSAUUSICbI XoHe HamuxernepOi Kepcemy, Kopbimy ornepauyusiinapbiH
OHMmaUlnaHobIpy yWiH biHFalsbl nnamegopma ycbiHadbl. Moderbae KeHHIH KypaMbl, Kopbimy memMrepamypachl
JKOHe ¢brroc KocyObl Koca anFaHO0a MaHbI30b! napamMmempriep eHeisinzeH, 6y wmelH MeH WiiakmbiH WhiFyblH
Oan 6omkayra mymkiHOiKk 6epedi. Ocbl Homuxenepdi manday memandapdbi anyObl oHmMaulaHObIpyFra XoHe
whelrbiHOapObl a3zalimyra KemekmeceOli, HomuxeciHOe Mbic eHOIpydiH muimdiniai MeH mypakmbinbifbl
apmadel. byn Kypan KaszakcmaHOarbl CUSIKMbI KYKipm Mesnwepi xofapbl, MbiC OeHeelii MeMeH YIIKeH
cynbghudmi MbIC KeH opbiHOapkl yYWiH acipece e3ekmi. bardapnamarbiKk Kammamachki3 emyOiH apmypsii eHOey
cueHapultinepiH modenb0ey MymKiHOiei eHepKacinmik kondaHy ywiH KyHObI myciHikmep 6epedi xoHe Kopbimy
mexHoroausinapblH HefypribIM muiMOi XeHe 3Koroausnblk masa emyze Konday kepcemedi. KeweHOi
b6arOaprnamarnbik wWewiM KyKipm Menuepi xofapbl, MbiCbl a3 pydanapdbl eHOeyOiH mexHUKarbIK MacenenepiH
weuwin KaHa Kolimal, canaHblH 3Komo2usinblK acepOi aszalimy xoHe pecypcmapibi backapyOsl xxakcapmy
XeHIiHOeai  Kyw-xieepiHe de bIknan emedi. byn UHHosauusi MbIC KOpbimy  orepauyusinapbiH
OHmadlnaHobipydarbl MaHbI30bI Kalam 6onbin mabblinadbl, KeH canachkiHblH meMeHdeyiHe KapamacmaH,
mypakmbIfbIK ried muiMmOinikmi apmmeipyra bikran emeoi.

TyliH ce30ep: MbIC KOpbimy; KyKipmi xofapbl pydanap; Kopbimy CUMYNsUUsiCbl, Memarsnn any;
OHmMaunaHobIpy.
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