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Abstract

Purpose. To create and study a three-dimensional geomechanical model in order to determine the parameters of the open-
pit walls and benches, ensuring safe and economically feasible mining, as well as predicting unstable zones within the open pit.

Methods. A comprehensive methodological approach is used, including a systematic analysis of scientific, normative and
methodological literature; analyzing the results of previously performed studies on the object; engineering-geological surveys
in the near-edge rock mass of the Kurzhunkul® deposit; laboratory testing of rock strength properties; determining the rock
mass rating according to the MRMR classification; kinematic analysis of bench faces; calculating the stability of the Kur-
zhunkul’ deposit final boundary using the limit equilibrium method; numerical modeling of the rock mass stress-strain state at
the Kurzhunkul’ deposit using the finite element method.

Findings. The paper represents the results of data collection and analysis for the development of a geomechanical model of
an operating iron-ore open pit in the Republic of Kazakhstan. Comprehensive geomechanical studies to substantiate the opti-
mal parameters of the Kurzhunkul’ deposit walls and benches on the limiting contour, as well as calculations to determine the
degree of the open-pit walls and benches stability have been performed. Based on the results of studying the geological-
structural configuration of the deposit, as well the mathematical modeling data of stability and acting stresses, subsequently
entered into a unified digital database, weakened zones have been identified.

Originality. For the first time, the geomechanical model has been created for the conditions of the Kurzhunkul® deposit,
which makes it possible to combine in one database all the parameters that affect the safety of mining operations. The model
takes into account structural disturbances of the rock mass that have an adverse impact on stability.

Practical implications. The developed model gives a visual representation of the rock mass state at various sites of the de-
posit, simplifies the selection of design sections for stability calculations, facilitates the choice of optimal technical solutions
and analysis, especially for complex geological structures with multiple geotechnical or geological units with different tex-
turing and inclination.
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1. Introduction

With the development of open-pit mining, deposits with
more difficult mining-geological conditions are put into opera-
tion, which leads to the need to solve new, more complex
problems in assessing the stability of open-pit walls [1]. Cur-
rently, various problems of geomechanics are solved using
information technologies and computer modeling of geome-
chanical processes at various stages of deposit development.

At present, digital technologies are introduced into all ar-
eas of activity, including the mining industry [2]-[4]. Initial-
ly, geologists used modern digital technologies to create
three-dimensional geological models that helped to solve
many problems, such as localization and calculation of re-
serves, creating a technological scheme for mining opera-
tions, support by drilling, hydrodynamic studies, planning of
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geological exploration, search and development of residual
reserves, monitoring of mining and predicting of production.

The developed three-dimensional geological models
make it possible to understand how to mine a deposit correct-
ly, how to avoid mistakes that can lead to serious problems
and even ruin the deposit, how to draw up a technological
scheme for mining operations, to track the physical processes
that occur within the deposit during its development [5]-[6].

Next, three-dimensional models are used by miners and
mine surveyors for planning and designing mining opera-
tions, for processing data from various surveys and mine
surveying support for mining operations [7], [8].

To date, the digitalization of mining production has led to
the need to create three-dimensional geomechanical models
that can improve the efficiency and safety of mining opera-
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tions, monitor and assess the effectiveness of measures for a
rational mining method.

The relevance of creating geomechanical models is beyond
dispute, since solving real geomechanical problems requires
more than having a prepared classification of rock masses and
knowing the patterns of stress distribution in the mining sys-
tem elements. It is necessary to have a clear understanding of
the mutual spatial occurrence of certain rock types with the
corresponding deformation-strength properties [9], [10]

In other words, to solve geomechanical problems, it is nec-
essary to develop various situation models. This methodologi-
cal approach is gradually gaining general recognition [11].

Consequently, the geomechanical model has become the
main source of information for the geomechanical engineer
to perform all the necessary calculations. Such a model is
relevant for deposits mined both by open-pit and under-
ground methods. On its basis, the geomechanical service can
identify the main weakened zones and perform all the neces-
sary calculations to assess the stability of both open-pit walls
and underground mine workings [12]-[15].

Modern software tools provide modeling of the deposit
development process using three-dimensional models of the
surrounding rock mass. The most widely spread is the block
method of deposit modeling.

The purpose of developing a block geomechanical model
development is to ensure the safety of mining operations,
reduce production costs, prevent accidents during the subsoil
development and visualize the rating indicators of the mass
quality in three-dimensional space.

The research purpose is to manage the rock mass on the
basis of the integrated geomechanical model of the deposit.

To achieve this purpose set, the following tasks are sup-
posed to be solved:

— processing and analysis of the collected geotechnical
data on strength and structural properties of the rock mass,
estimation of the rock mass quality rates, identification of the
main joint set systems, determining the effect of fracturing
on stability, substantiating the calculated parameters for
physical-mechanical properties of the host rocks;

— identification of potentially unstable zones based on
kinematic analysis;
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— mathematical modeling of the rock mass stress-strain
state and calculation of the stability of the open-pit walls and
benches;

— development of an algorithm for grouping the collected
and processed geotechnical data on a rock mass into a unified
digital database;

— creating the geological model for the deposit according
to the data on sections, plans and geological databases;

— completing a block geomechanical model.

2. Research method

Modern methods involve the creation of a three-
dimensional geomechanical model of the rock mass, which
includes detailed and reliable information about the geologi-
cal and structural configuration of the deposit. It also in-
cludes the distribution of the strength properties of rocks,
their changes as well as the hydrogeological model of the
groundwater pore pressure distribution. On the basis of the
geomechanical model, a kinematic analysis of slope stability
is performed using the methods of limit equilibrium and
numerical modeling [16].

The object of the study is the operating mining enterprise
which is a part of JSC “SSGPO.” The Kurzhunkul” magnetite
ore deposit, which is located in the Kostanay Region of the
Republic of Kazakhstan. The Kurzhunkul’ deposit has been
developed by the open-pit mining method since 1983. At
present, the open-pit depth has reached -28 m (the depth is
240 m). The development of open-pit mining at the Kur-
zhunkul’ deposit implies an increase in its depth to an abso-
lute mark of -290 m. To solve the problem, research has been
conducted to study the main actual rock mass characteristics
and their influence on its stability [17].

The open-pit field of the Kurzhunkul' deposit is trans-
versed by premineral faults of northeast strike (NE) with a
northwest dipping (NW) at angles of 80-85°, as well as fault
zones of northwest strike (NW) with a southwest dipping
(SW) at the same angles. That is, it is a small- and medium-
block rock mass. Reverse faults with a vertical amplitude of
15-20 m predominate [17]. The whole modeling process
consists of the following main stages (Fig. 1).
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Figure 1. Stages of creating a geomechanical model
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The collection of source data includes complete geologi-
cal and geomechanical documentation based on the results of
in-situ and laboratory studies of the peculiarities of the open-
pit walls and benches. During this stage, data on the geologi-
cal and geomechanical structure are collected, and the neces-
sary parameters are determined for calculating the rock mass
rating indicators [18].

The list of source information obtained for integrated sta-
bility modeling on the example of the Kurzhunkul’ deposit:

— study of geological and geotechnical documentation for
boreholes, analysis of historical studies previously performed
at the enterprise. As part of the research work, results have
been obtained for 17 geotechnical boreholes located along
the main projected section;

— hydrogeological data such as aquifer depth and thick-
ness, flow pressure and rate, which are important parameters
included in the RMR and MRMR rating systems;

— physical-mechanical rock properties. Laboratory tests
have been conducted to determine the density, moisture con-

tent, elastic modulus, Poisson's ratio, ultimate strength in
uniaxial tension and compression, cohesion and internal
friction angle [19];

—survey of the rock mass fracturing by measuring it with
a mining compass to determine the angle and azimuth of
joint dip, its filler, roughness, length, distance along the nor-
mal to the nearest joint set of this system [20];

— study of the borehole core in order to determine the di-
rection and pattern of the main weakness surfaces, as well as
the spatial orientation of the main joint set systems [20];

— classification of a rock mass according to RQD,
MRMR ratings;

— in-situ studies and mathematical modeling of the stress-
strain state (SSS);

— multivariate calculation of the stability factor (SF).

The next stage is based on the collected data transfer into
the three-dimensional model. Table 1 shows a summary of
the geomechanical model database.

Table 1. Database description

Deposit Input data Source of data
ROCK Rock lithotype code
Classification by zones: ore bodies, tectonic faults, mine
ZONE .
workings, etc.
RQD Rock quality designation [21]
FF Fracture frequency
FRAC Fracturing modulus According to drilling records of exploration boreholes
HW Underground water level, m
JN Parameter characterizing the number of joint set systems
JR Parameter characterizing the joint roughness
JA Parameter characterizing the joint filler
JW Parameter characterizing the water cut of the mine working
Ucs Ultimate uniaxial compression strength, MPa
LEJTS gllzlsrtr;gt;:)e dnjlllzeslsrtlﬁggth’ MPa According to laboratory studies
NU Poisson’s ratio
COH Cohesion in the rock mass, MPa The rock mass mechanical properties are assessed using
both the Coulomb-Mohr and the Hoek-Brown crite-
PHI Angle of internal friction, degree ria [22], [23] and other non-linear failure criteria. The
failure envelope can be used as source data.
. R According to the RMR rock mass quality rating system
RMR Bieniawski rating (Bieniawski, 1989) [24]
MRMR Laubscher classification According to [25]
The indicator that takes into account the relationship
: among the stresses acting in the rock mass and the rock
SRF Stress reduction factor strengqth. Itis determinedgbased on the results of numerical
modeling
FS_IRA Factor of safety
FS_BFA Stability factor of bench face angle
FS_OVA Stability factor of overall wall slope angle According to the results of calculations using the methods
BH Bench height, m of limit equilibrium and numerical modeling
BFA* Bench face angle
IRA* Inter-ramp angle, degree
OVA* Overall wall slope angle, degree

The wireframe structural model is created by bringing to-
gether all the available information (database containing the
geological description of the core of exploration boreholes,
geological plans and sections, topo-surface) obtained at vari-
ous research stages and deposit development. The heteroge-
neity of the Kurzhunkul’ deposit rocks is represented by
different host rock types, structural and geometric heteroge-
neity, which is taken into account when dividing the rock
mass into several geomechanical (geotechnical) areas — do-
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mains. Each domain is supposed to have a clear boundary
and a certain recognizable texturing and material properties.
The average values of physical-mechanical properties, ob-
tained as a result of rock sampling for each area, are assumed
as characteristics of rock properties in this area. Additional
parameters in the form of non-averaged values are also intro-
duced for the areas located in the immediate vicinity of ge-
otechnical boreholes with possible outcrops during subse-
guent open pit development.
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3. Results

Based on the results of the deposit geological structure
analysis, the lithological codes are corrected to create a relia-
ble geological model (Table 2).

Table 2. Distribution of lithological units

Geological Domain code
domain in the model
Meso-Cenozoic deposits CLY*
Limestones LST
Porphyrites TUF
Metasomatites MET
Andesites AND
Weathring crust WEAT
Ore ORE
Weakness zone WEAK

*Note: In previous studies, there was no division of loose
deposits according to geological varieties

The combination of differently oriented tectonic faults
plays the main role in the formation of unstable blocks of the
Kurzhunkul’ deposit near-edge rock mass. Figure 2 shows
the positions of the main tectonic faults of northwest strike
(NW) from the 1%t to the 6™, as well as the faults (in the hori-
zontal plane) of northeast strike (NE). The existing disturb-
ances and faults give the rock mass at the Kurzhunkul’ de-
posit a hierarchical-block structure. The sizes of blocks into
which the rock mass is divided by tectonic faults range from
tens to a few hundreds of meters.

Figure 2. Main tectonic disturbances and faults transversing the
Kurzhunkul’ deposit final boundary (view from the
south)

To determine the MRMR rating of the Kurzhunkul’ de-
posit rock mass and to preliminarily assess the slope angles
of the open-pit walls, the ratings of the rocky part benches of
walls on the final boundary have been calculated according
to the structural documentation of the borehole cores ob-
tained during the engineering-geological surveys. Based on
to the calculated parameters, according to the D. Laubscher
rock classification method, the rocky part of the open pit
belongs to the 2™ class and is characterized by medium and
high stability with the following ranges of values: southeast-
ern (SE) wall — 63.0-71.7; southwestern (SW) wall — 64.0-
80.4; northwestern (NW) wall — 62.0-76.5; northeastern (NE)
wall — 60.5-62.2.

On certain benches, the MRMR values have a wide scat-
ter, which is explained by various structural disturbances of
the near-edge rock mass represented by zones of tectonic
crushing and increased fracturing. According to the results of
statistical processing of structural data on the SW, SE, and
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NW walls, six joint set systems have been distinguished in
the near-edge rock mass of the Kurzhunkul” deposit (Fig. 3).
Some joints that are not included in the systems form non-
systematic chaotic fracturing, which is observed in the crush-
ing and weathering zones [17].
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Of the identified joint set systems of the studied areas,
those have been localized that, individually or in combination
with each other, most likely determine the deformations of the
benches. Based on the kinematic analysis results, it has been
determined that on the SE and SW open-pit walls, wedge
failures of benches (the percentage of critical intersections of
joint set systems reaches 50 and 25%, respectively) and pla-
nar failures (the percentage of critical intersections of joint set
systems reaches 30 and 5%, respectively) are possible [26].

The stability of the Kurzhunkul” deposit walls is assessed
according to six profiles built across the strike of the slopes.
The location and direction of the calculated profiles have
been chosen based on the principle of maximum danger
(probability of the open-pit wall failure).

When calculating the stability of Kurzhunkul’ deposit
benches and walls, the following factors are taken into con-
sideration:

— physical-mechanical properties of rocks and weakness
surfaces;

— influence of fracture zones;

— water cut of the rock mass;

— technogenic impact is not taken into account, since the
seismic rating of the Kurzhunkul’ deposit is 4 = 0 (according
to survey data, it is 6 points) according to the RK Code of
Rules 2.03-30-2017 [27].

In the immediate vicinity of the southern and northern
open-pit walls, there are external dumps No. 3 and No. 4.



S. Sedina, A. Altayeva, L. Shamganova, G. Abdykarimova. (2022). Mining of Mineral Deposits, 16(2), 103-109

The stability in this area is calculated for a unified “open pit-
dump” system. By calculating the stability on the deposit
final boundary with the seabed level (-290 m) and the actual
strength characteristics of the rock mass, it has been revealed
that the open-pit walls, with the accepted design parameters,
are characterized by a minimum stability factor (SF) value in
the range of 0.99-1.23 and meet the regulatory requirements
on stability. However, the northeastern part of the open pit
has lower values of SF = 0.89.

The weakened zone in the northern and northeastern
open-pit wall is a zone of concentrated large tectonic faults,
which have a significant extent to the dip, strike, and to a
depth of open-pit walls, dividing it into blocks (Fig. 2). The
unfavorable occurrence in combination with the weak physi-
cal-mechanical properties of fillers in fault joints can cause
the blocks to shift during the development of the northeastern
wall middle horizons. The technogenic impact and the rock
mass water cut contribute to the deformation of the wall
sections confined to the zones of faults and tectonic distur-
bances, which is confirmed by calculations.

On the northeastern open-pit wall, an in-pit dump is de-
signed in the area of the weakened zone (Fig. 4). Based on
the mathematical modeling results, it has been proposed to
make a change in the design geometry of the in-pit dump.
Calculations show that surcharge of the weakened zone with
the in-pit dump contributes to its stability (Figs. 5 and 6).

Figure 4. Visualization of the in-pit dump location on the limiting
contour of the Kurzhunkul”’ deposit northeastern wall
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Figure 5. Estimation of the weakened zone stability of the northeast-
ern wall along the final boundary (without in-pit dump)

Numerical modeling of the rock mass stress-strain state at
the Kurzhunkul’ deposit is performed within the framework
of a two-dimensional problem.
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Figure 6. Estimation of the weakened zone stability of the north-
eastern wall along the final boundary (with in-pit dump)
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To construct a finite element grid, the design models use
sections of the Kurzhunkul’ deposit final boundary in the
direction of the SE and NW walls, as well as the SW and NE
walls. The minimum linear size of the finite element based
on the minimum geological layer thickness is 1-2 m, the
maximum is 10-20 m. The calculation models contain
96866-119935 elements.

The Mohr-Coulomb model of an elastoplastic medium is
used to model the rock properties of the near-edge rock mass
[28]-[30]. Based on the modeling results, the main normal
stresses omax (Max), omin (Min), maximum shear Stresses zmax
(XY), vertical stresses avert (YY) and stresses due to the
weight of the overlying rock mass ox (XX) and oy (ZZ) have
been determined.

For the NW wall, the values of the maximum stress com-
ponent omax (Max) first decrease to the level of -100...-130 m,
at the absolute value from 9.07 to 7.04 MPa, due to the sur-
charge with the external dump, and then gradually increase to
9.42-9.51 MPa. Then at the level of -400 m, the maximum
component of horizontal stresses is equal to the gravitational
stress omax (Max) = avert (YY).

Minimum tensile stresses omin in the open-pit walls are ob-
served at contacts of geological layers with different defor-
mation properties and at the surface of slope benches. The
values of minimum tensile stresses amin are 0.37 MPa, which is
much less than the estimated values of tensile stresses op in the
model and generally do not affect the stability of the walls.

The SE wall benches down to the design depth of 500 m
are under the force of low compressive stresses at the abso-
lute stress values oma = 6.5-10.64 MPa. In the SE wall, at
-400...-450 m levels, the maximum component of horizontal
stresses is equal to the gravitational stress omax (Max) = gvert (YY).

Based on the modeling results of the SE-NW walls, the
areas have been revealed, where there is an adverse effect of
maximum shear stresses on the near-edge rock mass. It is
possible here that the maximum shear stresses (zmax) exceed the
shear strength. In the NW wall, at the levels of -20...-230 m
and in the SE wall at the levels of -20...-250 m, the maxi-
mum shear stresses zmax act exceeding the shear strength. On
these horizons, rock blocks can shift along natural and tech-
nogenic fractures (Fig. 7).

Calculation of stability and modelling of the stress-strain
state using the Slide3 and RS3 software is possible on the
basis of the created geotechnical model, taking into account
all input parameters.
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the virgin near-edge rock mass and the open pit
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However, according to the requirements of the software
(at the time of performing the works), the block sizes should
be uniform throughout the model (i.e. of the same size). At
the same time, taking into account the rather small thickness-
es of contacts between rocks with faults 1-2 m, the model
blocks should also have the approp-riate sizes, which makes
the model quite complicated, thereby complicating further
work and calculations. Therefore, to calculate the stability
and simulate the SSS in Slide3 and RS3 software, it was
decided to use wireframe models and the created database of
physical-mechanical properties, which are the geomechanical
model basis.

4, Conclusions

To substantiate the optimal parameters of the Kur-
zhunkul’ deposit walls and benches, comprehensive geome-
chanical studies and calculations have been performed on the
limiting contour to determine the stability of the open-pit
walls and benches. The weakened zones, identified by the
results of studying the geological and structural configuration
of the deposit, the data of mathematical modeling of stability
and acting stresses, are included into a unified digital database.

The research results make it possible to ensure the safety
of mining operations when the wall is placed in the final
position, while having a positive impact on the economics of
mining production by reducing the volume of overburden
and maintaining the stability of slope benches at their maxi-
mum permissible angles of slope.

Further research can be aimed at additional study of the
northwestern open-pit wall, where, according to historical
data, the main structural disturbances are located and the dip
of host rocks is the most unfavorable. A small amount of
reliable data in the framework of performed studies did not
allow a detailed study of this area, since the available data on
boreholes in this area do not include geotechnical character-
istics of the border rock mass. However, the current mining-
geological situation requires increased attention to this part
of the open pit, given the close proximity of the main exter-
nal dump to the wall.
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YnpagiiiHHS NIPpHUYMM MACHBOM JIJIs 3a0e3ne4eHHs 0e3MeYHOoro BilnpanioBaHHsA POA0OBHUIIA
HA OCHOBI KOMILJIEKCHUX JOCJTi/’KeHb Y pAMKAaX CTBOPEHHSI reoMeXaHiuHoi Mojaei

C. C’enina, A. AnraeBa, JI. llamranosa, I'. A6nukapiMoBa

Merta. CTBOpeHHS Ta DOCHIUKEHHS TPUBHMIPHOI TeOMeXaHIgYHOi MOJeNi JUIsl BU3HAYCHHS ITapaMeTpiB OOPTIB Ta YCTYHiB Kap’epy, IO 3a-
Oe3meuyIoTh nojabnie Ge3nevyne if eKOHOMIYHO OOIPYHTOBAHE BiIIPAIIOBAHHS, Ta IPOrHO3YBAHHS HECTIHKHMX 30H y MeXax Kap €pHOI BUIMKH.

MeTtoanka. BukopucraHo KOMIUIEKCHHH METOIWYHMI MiZXiJ, IO BKJIIOYAE€ CHCTEMHHUH aHaJi3 HayKOBOI, HOPMAaTHBHO-METOANYHOI JIi-
TepaTypH; aHAII3 pe3yJbTaTiB paHille BUKOHAHUX NOCHTIHKEHb 32 00 €KTOM; iH)KEHEPHO-TEOJIOTIYHI TOCTIPKEHHS Y TPHOOPTOBOMY MACHBi
KypxyHKyIbCcbKOTO Kap’epy; Ja00paTOpHI BH3HAYCHHS BIACTUBOCTEH MIIHOCTI MOpiA; BU3HAYCHHS PEUTHHTY MacHBY 3a KiIacu]ikamiero
MRMR; kiHEeMaTHYHUI aHAIi3 YKOCIB YCTYIIB; PO3PaXyHOK CTIIKOCTI IPOEKTHOTO KOHTYpY Kyp»KyHKYJIbCHKOTO Kap’€py ILIIXOM T'PaHUY-
HOI piBHOBAru; 4MceibHEe MOJIEIIOBAHHS HaNpPyKeHO-1e()OPMOBAHOTO CTaHy MOPOJHOTO MacHBY Kyp)KyHKYJIbCHKOTO Kap’€py IUIIXOM CKiH-
YEHHHX €JIEMEHTIB.

PesyabTaTn. HaBeneHo pe3ynbTaTi 100 30MpaHHs Ta aHAJi3y JaHUX Ul CTBOPEHHS I'€OMEXaHIYHOI MOJENi JII0Uoro 3aJi30pyAHOTrO
kap’epy B Pecrry6Omini Kazaxcran. BukoHaHO KOMIUIEKCHI reOMeXaHiqHi JOCTIHKEHHS 11 OOIPYHTYBaHHS ONTUMAIBHHX [TapaMeTpiB OOpTiB
Ta ycTymiB KypiKyHKYJIbCBKOTO Kap’€py Ha TPaHHYHOMY KOHTYpi, a TaKOX PO3paxyHKH LIOJ0 BH3HAYEHHS CTYHEHsS CTIHKOCTI yCTYHIB i
0optiB Kap’epy. BusBneHo ocnabieHi 30HU 3a pe3yabTaTaMH BHBYCHHS I'€OJOTO-CTPYKTYpHOI OyJOBH POIOBHUINA, JAHUMH MaTEeMaTHYHOTO
MOJICITIOBAHHS CTIMKOCTI Ta AIFOYMX HAIpPY>KeHb, [0 BHECEHI B €IUHY IU(PPOBY 0a3y JaHUX.

HaykoBa HoBu3Ha. [{ns1 ymoB Kyp:KyHKyIBCEKOTO Kap’epy BIIEpIIE CTBOPEHO T€OMEXaHIuHY MOJIENb, IO T03BOJILE 00’ €JHATH B OIHIN
0a3i TaHMWX yCi mapaMeTpH, IO BIUIMBAIOTH HA O€3MeKy BiNpantoBaHHS POJOBHIL, SKa BiAPI3HAETHCS BPaXyBaHHSAM CTPYKTYPHHX MOPYIICHBb
MaCHBY TiPCHKHX MOPIJ, SIKi HETATUBHO BILIMBAIOTh Ha CTIHKICTh.

IIpakTnuna 3naunmicTs. Po3pobieHa Monenb Jae HaO4HE YSBIEHHS PO CTaH MAcHBY TIPCHKHMX IOPiA Pi3HHUX AUISTHOK POJIOBHIIA,
crpoIye BHOIp po3paxyHKOBHUX Iepepi3iB Ul MPOBEASHHS PO3pPaxyHKY CTIMKOCTIi, MOJETUIye MPUHHATTS ONTHMAJIbHOTO TEXHIYHOTo pi-
IICHHS Ta MPOBEAEHHS aHaNli3y OCOOJMBO VIS CKIAIHUX I'€OJIOTIYHUX CTPYKTYp, Jie¢ € OlIbIle TeOTeXHIYHMX YU TeOJIOTIYHHUX OJUHHIG 3
PI3HOIO OPIEHTALIIEIO TA YXUIIOM.

Knrwouosi cnosa: ceomexaniyna mooenw, Kap'ep, mpiwuHy8amicms, CmitiKicmo, HanpysiceHo-degpopmosanuti cman, Kiacugixayias macugy,
2ipcwki nopoou
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