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SELECTION OF OPTIMAL CYANIDE LEACHING MODES FOR GOLD
FROM ORE DEPOSITS IN THE REPUBLIC OF KAZAKHSTAN

The processing of gold-copper ores with high copper and gold content embedded
in sulfide minerals using cyanide solutions is associated with a number of difficulties.
Copper, when reacting with cyanide, causes its increased consumption, and the
embedding of gold in sulfide minerals causes gold losses with tailings. Therefore,
selecting the optimal leaching conditions is necessary for the rational use of reagents,
which leads to a reduction in the cost of hydrometallurgical processes for cyanide
leaching of gold-copper ores and a reduction in environmental risks. The paper
investigates the possibility of processing gold-copper ore with a high copper content
and gold incorporated into sulfide minerals (pyrite, chalcopyrite). The aim of the
work is to establish the optimal parameters for cyanide leaching by conducting tests
in bottle agitators. As a result of the experiments, it was found that as the degree
of ore grinding increases, gold extraction increases and cyanide consumption
decreases slightly. The addition of coal during leaching significantly increases gold
recovery, up to 7 %. It was noted that high sodium cyanide consumption cannot be
reduced without a significant decrease in gold recovery. Au = 20 % reduction in
sodium cyanide consumption also reduces gold recovery by = 20 %. A laboratory-
industrial experiment showed that after 16 hours of ore leaching, 85.8% of the gold
is transferred into solution, and after 18 hours, 86.7 %. Further prolongation of the
process does not increase the gold recovery rate.

Keywords: gold-copper ore, optimal parameters, cyanide leaching, gold, copper.

Introduction

The selection of optimal leaching modes is necessary for the rational use of
resources, which leads to a reduction in the cost of hydrometallurgical processes [1;2]
and a decrease in environmental risks [3;4]. Increased cyanide consumption is known to
be mainly associated with the presence of impurities in the raw material. For example,
the presence of copper in the raw material leads to cyanide overspending [5] due to
reactions between cyanide and copper [6] according to reaction (1).
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Cu,0 + 6CN™ + H,0 - 2Cu(CN)2~ + 20H" (1)

There are various approaches to the economic optimization of cyanide leaching.
Some researchers suggest precipitating copper in order to obtain an additional
commercial product [7;8] with subsequent regeneration of the solution [9]. One of the
most difficult types of raw materials in terms of gold extraction by cyanidation is raw
materials in which gold is embedded in copper-containing minerals. Gold particles are
included in sulfide ore (pyrite, arsenopyrite, and chalcopyrite) or embedded in it. As a
result, gold is difficult to extract even after fine grinding [10]. This article explores the
possibility of processing gold-copper ore with a high copper content and gold embedded
in sulfide minerals (pyrite, chalcopyrite).

The aim of the work is:

— to establish the optimal parameters for cyanide leaching of gold-copper ore by
conducting tests in bottle agitators in an open cycle on a sample with a total weight of
30 kg;

— laboratory-industrial leaching of ore at the VNIItsvetmet pilot plant to verify and
refine process parameters and obtain the required volumes of intermediate products
from an industrial sample with a total weight of 2070 kg.

Materials and methods

All experiments were carried out in D. Serikbayev “and ‘Eastern Research Mining
and Metallurgical Institute of Nonferrous Metals *VNIItsvetmet”, located in the
Republic of Kazakhstan, in the city of Ust-Kamenogorsk. The object of the study -
gold-copper ores of the deposit of Kazakhstan (2070 kg). Mass-spectrometer [CP-MS
7500cx of “Agilent technologies” (USA) was used to study the chemical composition
of raw materials. To study the material composition of the material under study,
X-ray diffractometer BRUKERD8 ADVANCE was also used to analyze the X-ray
diffractometer, which is a common method for determining the qualitative composition
of the material. In order to achieve the objectives of the study, the chemical and phase
chemical compositions of the incoming sample were determined. Further to study the
material composition of the investigated material, XRD was also carried out. Particle
size analysis was performed using a FRITCH ANALYSETTE 22 laser analyzer. Tap
water was used in the studies, the chemical composition of which is shown in Table 1.

Table 1 — Chemical composition of the source water used in the studies

Indicator Contents
Na, mg/dm? 13
K, mg/dm? <10
Al, mg/dm? 0.0097
Sulfates, mmol/dm? 25.28
chloride ion, mmol/dm? 24.68
Ca, mg/dm? 28
Mg, mg/dm? 7.88
Insoluble residue, mg/dm? 0.017
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Total alkalinity, mg/dm? 2.5
Overall stiffness, mg-eq/dm? 2.12
pH 7.25
Dry residue, mg/dm? 0.2782
Nitrites, mg/dm? <0.002
Ammonium chloride, mg/dm? <0.05

Testing methodology in bottle agitators. The ore was ground for leaching in a
batch ball mill. The ball mill was loaded with 50 kg of 40 mm and 25 mm diameter
balls and 150 kg of 20 mm diameter balls. The sample weight was 30 kg. S/L = 1/1.
The tests were conducted on samples ground to a size of 80 %, 85 %, and 90 % of the
minus 0.071 mm class, with a sodium cyanide concentration of 0.05 % in the leaching
solution, with and without the addition of coal to the process. The crushed ore was
leached for 24 hours. The main parameters of the bottle leaching process were: pulp
density — 40 %; pulp pH 10.0-10.5; sodium cyanide concentration in the initial solution
0.05%. Ore leaching tests were carried out with and without activated carbon. Activated
carbon (NORIT) was used at a rate of 10 % of the weight of the initial sample. Before
the start of the tests, the carbon was washed to remove sludge. Samples of the product
solutions were taken every 2, 4, 6, and 24 hours after the start of the tests. The pH and
sodium cyanide concentration were determined in each solution sample. The pH of the
product solution was maintained at 10.5. When the sodium cyanide concentration in
the leaching solution fell below 50 % of the initial content, sodium cyanide was added
to the pulp in the form of a 10 % solution, the consumption of which was recorded.
After the tests were completed, the pulp was filtered. The final volume of the solutions
was measured, and samples were taken to determine the pH, gold, silver, and copper
content, and sodium cyanide concentration. The coal and solid residues from the leaching
process were washed with water, dried, and subjected to chemical analysis for gold,
silver, and copper content.

Methodology for laboratory-industrial ore leaching at the VNIItsvetmet pilot
plant. The grinding stage is similar to that described above for tests conducted in bottle
agitators. After unloading the mill into an intermediate collection tank, the pulp was
pumped into a 1.5 m3 agitator tank, where it was adjusted to the required density by
adding water. The agitator tank, in which the cyanide leaching of the crushed ore from
the Yubileynoye deposit was carried out at the pilot plant, is equipped with dispersers
for air supply and a mixer for stirring. The initial concentration of sodium cyanide
in the leaching solution was 0.05 %, and the solution was replenished to the initial
concentration of sodium cyanide 2, 4, 6, and 8 hours after the start of the process. The
total leaching time was 24 hours. Activated carbon was not added to the process. To
determine the optimal leaching time, samples were taken to determine the gold, silver,
and copper content in the cake after 16, 18, 20, and 24 hours. At the end of leaching, the
leaching pulp was fed to a Nutsch filter for filtration. Samples were taken to determine
the content of gold, silver, copper, and sodium cyanide. The solid residues from leaching
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were washed with water, dried, and subjected to chemical analysis for gold, silver, and
copper content.

Results and discussion

1 Study of the composition and physical properties of ore

The particle size distribution of the ore at the selected optimal grinding time
(60 min) for leaching is shown in Table 2.

Table 2 — Results of sieve analysis of crushed ore

Size class, mm Class exit, %
+0.140 0.8

-0.140+0.100 3.6

-0.100+0.071 5.1
-0.071 90.5
Total: 100.0

The summary results of the particle size analysis of the initial ore sample of minus
0.071 mm are presented in Table 3.

Table 3 — The summary results of the particle size analysis of the initial ore sample of
minus 0.071 mm

Size class, mm Class exit, %
+0.140 0.8
-0.140+0.100 3.6
-0.100+0.071 5.1
-0.071+0.045 5.6
-0.045+0.038 5.3
-0.038+0.020 313
-0.020+0.010 22.9
-0.010+0.005 8.4
-0.005 17.0
Total: 100.0

Content of gold in the sample amounted to — 1.2 g/t. The content of silver also
amounted to — 1.2g/t. The total amount of copper amounted to 0.15 %. Iron content
amounted to 5.10 %. The total amount of sulfur was 0.34 %. The main ore mineral in
the sample is magnetite. Secondary ore minerals are pyrite, chalcopyrite, single grains
of bornite, chalcosine, and covellite. The main ore mineral in the sample is magnetite.
Secondary ore minerals include pyrite, chalcopyrite, and isolated grains of bornite,
chalcocite, and covellite. Magnetite is represented by irregularly shaped grains. It
accounts for 53.3 % of the sample (of 100 % of all ore minerals) and forms aggregates
with pyrite and non-metallic substances. Chalcopyrite is represented by amoeboid,
irregularly shaped grains. It accounts for 10.2 % of the sample. It forms aggregates with
pyrite, bornite, and chalcocite. Pyrite is represented by irregularly shaped grains. It
accounts for 27.9% of the sample. It forms aggregates with chalcopyrite and magnetite.
The composition of the ore is described in more detail in the work [11]. The results of
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studying the material composition of the material under study using X-ray structural
analysis showed the presence of the following non-metallic minerals: quartz, albite,
magnetite, clinochlore, orthoclase and calcite.

2 Results of tests conducted in bottle agitators

The main summary results of each of the bottle cyanide leaching tests performed
are presented in Table 4. The data presented in Table 4 were previously reported in
a study on the sacred problem of copper precipitation from cyanide solution [8, p.4].

Table 4 — Main results of leaching a sample of gold-bearing ore
in bottle shakers [8, p.4]

Composition of the Cake Leaching Rate, % NaCN
Ne Ore Size Coal Au gt | Ag gt Cu, % Au Ag Cu COE;trrg)rt;on,
1 P —0.071 mm - 0.26 0.75 0.1088 78.3 37.5 27.5 1.98
2 | 0 + 0.18 0.44 0.1138 85.0 63.3 24.1 2.40
3 | P,,=0.067 mm - 0.19 0.60 0.1086 84.2 50.0 27.6 2.16
4 + 0.17 0.48 0.1102 85.8 60.0 26.5 2.53
5 P,=0.057 mm - 0.20 0.72 0.1096 83.3 40.0 26.9 2.44
6 + 0.16 0.46 0.1084 86.7 61.7 27.7 2.57
7 +* 0.15 0.49 0.1104 87.5 59.2 26.4 2.45
Note: * denotes that in experiment No. 7, coal entered the process 6 h after leaching began.

In experiment Ne. 6, the distribution of gold by size class was determined. The
results are shown in Table 5.

Table 5 — Distribution of gold by size class in the residues from leaching
of gold-bearing ore (test 6, Table 2)

Size class, mm Class exit, % Au content in cake, g/t Au distribution, %
+0.071 53 0.24 7.8
-0.071; +0.045 18.8 0.23 26.7
-0.045 75.9 0.14 65.5
Total: 100.0 0.16 100.0

Table 6 shows the chemical composition of the final solutions obtained by leaching
ore with a particle size of Py, = 0.071 mm with and without the addition of coal in the
bottle cyanide leaching process (cakes from tests 5 and 6 shown in Table 4).

Table 6— Gold, silver, and impurity content in final solutions of bottle cyanide leaching
of gold-bearing ore sample with a particle size of P90 = 0.071 mm

Solution | Content, g/dm?
from exp. | Ay, Ag, Cu Fe S As Ca Mg Al Mn Zn
(Table2) | mg/ mg/
dm’ dm’
No5 1.1 0.20 0.18 0.08 0.2 <0.001 | <0.001 |0.0015 |<0.001 | <0.001 | <0.001
Ne6 0.016 |<0.05 |0.17 0.01 0.2 <0.001 | <0.001 | <0.001 |<0.001 | <0.001 | <0.001
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A series of experiments was also conducted to determine the dependence of gold
extraction into solution on sodium cyanide consumption. The tests were carried out
without the addition of activated carbon, at a pulp density of 40%, a sodium cyanide
concentration in the initial solution of 0.05%, and a leaching time of 20 hours. The test
results are presented in Table 7. The data presented in Table 7 were previously reported
in a study on the sacred problem of copper precipitation from cyanide solution [8, p.5].

Table 7 — Ore leaching results [8, p.5]

. . Extraction into

Supply NaCN, kg/t NaCN  content Leaching content in cake solution, %
Ne in the final solu- A A

Oh [2h |4h 6h Total tion, % v € Cu, % Au Ag Cu

g/t g/t

1 1075 |- - - 0.75 <0.01 1 1.2 0.12 16.7 |- 20.0
2 1075 10.67 |- - 1.42 <0.01 0.7 1.0 0.12 450 |16.7 |20.0
3 10.75 10.67 |10.59 |- 2.01 <0.01 0.4 0.8 0.11 66.7 367 [26.7
4 10.75 10.67 |0.59 056 |2.57 0.01 0.2 0.7 0.11 83.3 [40.0 |26.7

3 Conducting laboratory-industrial ore leaching at the VNIItsvetmet pilot industrial
plant

The results of the study of the dependence of the degree of extraction of gold, silver,
and copper into the leaching solution on the duration are shown in Table 8.

Table 8 — Dependence of the degree of extraction of gold, silver, and copper into the
leaching solution on duration

Duration, h Leaching content in cake Extraction into solution, %
Au, g/t Ag, g/t Cu, % Au Ag Cu
16 0.17 0.9 0.12 85.8 25.0 20.0
18 0.16 0.8 0.13 86.7 333 13.3
20 0.17 0.8 0.11 85.8 333 26.7
24 0.26 0.9 0.11 78.3 25.0 26.7

The results of the particle size distribution of the second cycle leaching cake,
performed using sieve analysis and analysis on a laser particle size analyzer, are shown
in Table 9.

Table 9 — Summary results of particle size analysis of the leaching cake from
the ore sample

Size class, mm Class exit, %
+0.140 0.2
-0.140+0.100 1.9
-0.100+0.071 3.0
-0.071+0.045 23.0
-0.045+0.038 9.0
-0.038+0.020 30.4
-0.020+0.010 15.6
-0.010+0.005 5.3
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-0.005 11.6
Total: 100.0

The main results of ore leaching at the pilot plant are shown in Table 10.

Table 10 — Results of ore leaching at the VNIItsvetmet pilot plant

. Extraction into solution . .
Contents in the cake by cake, % Content in solution NaCN
Loadked . Pulp 5 Au Ag consumption
ore, kg | density,% | Au, | Ag, Cu% | Au Ag Cu | mg | mg Cu, 535/ kg/t of ore
g/t | gt dm?® | dm? dm
720 39.8 0.19] 092 | 0.101 84.2 233 | 27.7 | 0.65 | 0.40 0.28 2.72
870 39.8 0.26 | 0.90 | 0.101 78.3 25.0 | 27.510.70 | 0.49 0.34 2.40
480 41.0 0.21 ] 0.94 | 0.101 80.0 21.7 | 27.6 | 0.78 | 0.24 0.59 2.49

Conclusions

As the degree of ore grinding increases, gold recovery increases: at an ore size
of P,;=0.071 mm, gold recovery in solution is 85.0 %; at a size of P,=0.067 mm
(85 % class minus 0.071 mm) — 85.8 %; with a particle size of P, ;=0.057 mm (90 %
class minus 0.071 mm), gold extraction into the solution is 86.7%. Cyanide consumption
during ore leaching depends to a lesser extent on the degree of grinding and is 2.4; 2.53
and 2.57 kg/t for ore sizes of 80, 85, and 90 % class minus 0.071 mm, respectively.
The difference in gold extraction during ore leaching without and with the addition
of angle was 6.7; 1.6 and 3.4 % for ore sizes of 80, 85, and 90 % minus 0.071 mm,
respectively. Silver extraction also depends on the size of the ore and the presence of
coal in the leaching pulp and varied depending on the leaching conditions from 37.5
to 61.7 %. Copper recovery is practically independent of ore size under the studied
conditions and ranges from 24.1 % to 27.7 %. The distribution of gold by size class in
the leaching cake of ore with a size of 90 % of the minus 0.071 mm class showed an
increased gold content in the large classes (in the plus 0.071 mm class, the gold content
was 0.24 g/t, with an average gold content in the cake of 0.16 g/t), which indicates the
possibility of increasing gold recovery with even finer grinding. The leaching solutions
showed elevated copper (0.17-0.18 g/dm?), iron (0.010-0.084 g/dm?), and sulfur
(0.2 g/dm®) content, which may have a negative impact on closed-cycle ore processing.
The high consumption of sodium cyanide cannot be reduced without a significant
decrease in gold extraction: when the consumption of sodium cyanide is reduced from
2.51t02.01 kg/t, gold extraction decreases from 83.3 to 66.7 %, while the residual content
of sodium cyanide does not exceed 0.01 %.

During ore leaching tests conducted at the VNIItsvetmet pilot plant, the following
results were achieved:

— When studying the dependence of gold extraction into solution on duration, it was
noted that after 16 hours of ore leaching, 85.8 % of the gold had been transferred into
solution, and after 18 hours, 86.7 %. Further increases in the duration of the process
did not result in any increase in gold extraction.
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— The maximum gold extraction into the solution was 84.2 % with a sodium cyanide
consumption of 2.72 kg/t of ore.

— Copper extraction into the solution in three cyanide leaching operations was
27.5-27.7 %.

During the tests, the required number of samples of grinding and leaching pulps
were selected. The entire volume of leaching solutions was preserved for further sorption
studies.

REFERENCES

1 Han, J., Dai, S., Deng, J., Que, S., Zhou, Y. Technology for Aiding the Cyanide
Leaching of Gold Ores // Separations. —2024. — Ne 11. — P. 228.

2 Kameda, M. Fundamental Studies on Dissolution of Gold in Cyanide Solutions.
II: On Equations of Reactions and Effects of Cyanide Strength and Other Variables
on Dissolution Rate : Ph.D. Thesis, Tohoku University. — Miyagi, Japan, 1949. —
P. 223-230.

3 Donato, D. B., Nichols, O., Possingham, H., Moore, M., Ricci, P. F.,
Noller, B. N. A critical review of the effects of gold cyanide-bearing tailings solutions
on wildlife // Environ. Int. — 2007. — Ne 33. — P. 974-984.

4 Ya, X., Weishi, L., Qifei, H., Yuqiang, L., Jingcai, L., Li, L., Dahai, Y. Long-
term degradation characteristics of cyanide in closed monofills and its effects on the
environment and human health: Evidence from nine landfill sites in northen China //
Science of The Total Environment. —2022. — Ne 839. — P. 156269

5 Yilmaz, E., Yazici, E.Y., Ahlatci, F., Celep, O., Deveci, H. Precipitation of
copper from cyanide leach solutions using sodium dimethyldithiocarbamate (SDDC)
// Hydrometallurgy. —2021. — Ne 202. — P.105610.

6 Dai, X., Simons, A., Breuer, P. A review of copper cyanide recovery technologies
for the cyanidation of copper containing gold ores // Minerals Engineering. — 2012. —
Ne 25. - P. 1-13.

7 Estay, H. Designing the SART process — A review // Hydrometallurgy. — 2018.
—Ne 176. —P.147-165

8 Kassymova, D., Sapinov, R., Kushakova, L., Kulenova, N., Shoshay, Z.,
Adylkanova, M. Optimization of Copper Recovery from Cyanide Leaching Solutions
Used in Gold—Copper Ore Processing Using Probabilistic-Deterministic Experimental
Design // Processes. — 2025. — No 13. — P.61.

9 Estaya, H., Gim-Krumma, M., Serichea, G., Quilaqueoa, M., Barrosa L.,
Ruby-Figueroad R., Romeroc J., Troncoso E. Optimizing the SART process: A critical
assessment of its design criteria / Minerals Engineering. —2020. — Ne 146. — P.106116.

10 Lin, Y., Hu, X., Zi, F., Chen, Y., Chen, S., Li, X., Li, J., Jiang, Y.,
Zhang, Y. Rapid gold cyanidation from a sulfur-high and arsenic-high micro-fine
concentrate via facile two-stage roasting pre-treatment // Minerals Engineering. —2022.
—Ne 190. — P. 107938.

264



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2025

11 Kassymova, D.B., Sapinov, R.V., Kulenova, N.A., Adilkanova, M. A. Study
of the material composition of gold-copper ores from kazakhstani deposits / Science
and technology of Kazakhstan. —2025— Ne 1. — P. 248-258.

Received 28.07.25.
Received in revised form 31.07.25.
Accepted for publication 13.08.25.

/. b. Kaceimosa',*P. B. Canunoé’, M. A. Aounvkanosa’

134]1. CepikOaeB arbiHaars [1IbFbic KazakcTan TEXHUKAIBIK YHHBEPCUTETI,
Kazaxcran PecryOnukacel, OckeMeH K.;

*TopaiireipoB yHuBepcurerti, Kazakcran Pecryonukacet, [1aBnonap x.;
SHIF3TKMMUTycmer, Kazakcran PecriyOinkacel, OckeMeH K.

28.07.25 x. 6acmara TYCTI.

31.07.25 . Ty3eTyaepiMeH TYCTi.

13.08.25 sx. 6achIn mbIFapyFa KaObLUIAAH IbI.

KA3AKCTAH PECHYBJIUKACBHIHBIH KEHIHEH,
KEH OPHBIHAH HUAHUIIIEH AJTBIHBI INAWMAJIAY IBIH
OHTAIIBI PEXKUMJIEPIH TAHJIAY

Luanuo epimindinepimen cyavpuomi muHepandapaa WAWbIPA2AH — MbIC
NeH auMmulHHbIY KOen Mmeuuepi Oap aumvlH MblC KeHOepiH oHOey Oipkamap
KuviHOvikmapmen oatinanvicmol. COHbIMEH, MbIC YUAHUONEH 9PeKemmecin, OHblH
WIBISLIHBIH  JHCO2APBIIAMAObL, ANl AIMBIHHLIY CYAb@OUOMI MUHepandapea KocCbliybl
QIMbIHHBIY KYUPbI2bIMEH Jico2anybliHa okenedi. Ocvliaiiuia, OmMaiivl wWaumMaiay
pedcumoepin mayoay peazeHmmepoi ymolMObl RAUOAIAHY YUWIH Kadicem, Oy aimblH
MbIC KEHOEPIiH Yuauuomi wanmanayovly 2uopoMemaiiypeUusivly npoyecmepiniy
ap3aHoaybiHa JHeoHe IKONOSUANBIK Kayinmepoiy memenoeyine oxeneoi. Xymvicma
KYPaMbIHOA MbLC MOTUEDT HCO2apbl AMbIH KeHIH Jcone cyab@uomi munepanoapaa
(nupum, xanekonupum) eHoipiieen aimvlHObl Kauma eH0ey MyMKIHOI2l 3epmmeneoi.
JKymvicmuly maxcamvi-Oomenke acumamopiapuiiod CoIHAKMap iHcypeizy apKvlivl
YUAHUOMI  WAUMAnayovly OHMAUILL napamempiepin auvikmay. XKypeisineen
moocipubenep Homudicecinoe KeHOl YHMAKMAy 09pedceci Ho2apbliazan CaiiblH
Anmull any apmuln, YUAHUOMIY Wblebiibl OIPpUAMA MOMEHOeUmiti aHbIKMALobl.
Hlaiivanay xesinOe KoOMip KOCY apKblivbl alImblH dly QUMApILIKMai apmaosi,
7 % Oeutin. Hampuil yuanuiniy sco2apbl ubleblHblH AlmblH 6HOIPYOiH aumapiviKmatl
meomeHoeyinciz memendemyee 6oamaumuinoviebl aman emindi. Hampuil yuanuodiniy
wvtebinvin = 20 %-2a momenoemy aimvinuwly OHOIpinyin = 20 %-2a momenoemeoi.
3epmxananvix-enepkocinmix ~ moocipudbe  kopcemkendeti, 16 casam  Kenoi
WAUMana2aHHan Kelin aimvlHHblY epimindice ayvicyvl 85,8 %-2a, 18 casamman
Ketiin-86,7 %-ea acemedi. llpoyecc y3axmulebiibiy 00aH 9pi Ya2aioblMeH epimindice
Mol AnyO0biy YI2asl OAUKAIMAUObL.

Kinmmi co3dep: anmvin mvlc Kenoepi, OHMAIIbl nApamempiep, Yuanuomi
WanumManay, avmolt, Mulc.
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[Moctynuio B pepakuuio 28.07.25.

[Hoctynuno ¢ ucnpasiaenusimu 31.07.25.

[Ipunsto B nevars 13.08.25.

HHOABOP OIITUMAJIBHBIX PEXKUMOB IMAHUJIHOT'O
BBIINNEJJAYNBAHUA 30JI0TA U3 PY/Ibl
MECTOPOXJIAEHUSA PECITYBJINKU KAZAXCTAH

Ilepepabomra 3010MOMEOHBIX PYO € NOBLUUEHHBIM COOEPAHCAHUEM MeoU U
30710MA 6KPANIEHHO20 8 CYIbHUOHBIE MUHEPATbL YUAHUOHBIMU PACTNEOPAMU, CEA3AHA
¢ psaoom mpyonocmetl. Tax medv, 6CmMynas 8 peakyuio ¢ YUaHUOOM BbI3bl8AeMm €20
NOBbIUEHHDIL PACX00, a 6KpanieHue 3010Mma 8 CyabhuoHvle MUHEpaIbl 6bl3bleaen
nomepu 3o10ma ¢ xeocmamu. Taxum o6pazom noobOp ONMUMATLHBIX PENCUMOB
BHIYENAUUBAHUSL  HEOOXO0UM Ol  PAYUOHATLHO2O UCHONb30BAHUSL  Peazenmos,
umo gedem K YOeulesneHuro 2uOPOMEMmaiIypeUdeckux npoyeccos YuaHuoHo2o
BHIYENAUUBAHUSL  30T0MOMEOHBIX PYO U  YMEHLUEHUIO IKOAO0SUYECKUX PUCKOB.
B pabome uccnedyemes o3modcnocms nepepabomyi 3010mMOoMeOHoU pyosl ¢
BHICOKUM COOepICcanUeM MelU, U 30J10ma GHEOPEHHO20 6 CYIbPUOHbIE MUHEPATb]
(nupum, xarvxonupum). Lleavio pabomul aensiemcs ycmanosienue onmumMaitbHbix
napamempos YUanuoHo20 BbIUWENAYUBAHUsL NYMEM NPOBEOeHUsT Mecmos 8
OYMBLIOUHBIX acumamopax. B pesyrvmame npogedannvix 9Kcnepumenmos 0wlio
VCMABNeHo Ymo npu YEeauyeHuy Cmeneny usmenvyenus pyobl usgieueHue 3010ma
go3pacmaem, a pacxod Yuanuodd HecKOIbKO CcHudicaemcs. Jlobaenenuem yens
npu  GLIYENAUUBAHUL CYUWECTNBEHHO YEeauuusaem u3giedenue 3010ma, 00 7%.
Ommeueno 4mo 6vICOKUU PACX00 YUAHUOA HAMPUsL He MOdcem Dblmb CHUdICeH 6e3
CYWecmeenno20 CcHudicenus uzeieyenus 3onoma. CuudceHue pacxooa yuanuoa
nampus na = 20% maxoice cHudcaem uzeneyenue 3onoma na ~ 20%. Jlabopamopmo-
NPOMBIULTIEHHBILL DKCNEPUMEHT NOKA3AN YmO Yoice nocie 16 uacos svliyenaqusanus
PYoul docmueaemcst nepexoo 3onoma 6 pacmeop Ha 85,8%, uepesz 18 uacos — Ha
86,7 %. [Ipu Oanvuetiuem ygenudenuu npoOOAANCUMENbHOCTIU NPOYECcd NOGbIULEHUS
u3neueHus 3010ma He NPoUCXo0um.

Kniouesvie cnosa: 3onomomeonnie pyosi, Onmumanvbhvle napamempol, yuauuoHoe
svluenauugane, 3010mo, meob.
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