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Abstract

Purpose is to assess changes in the stress-strain state of walls along the whole periphery of a super-deep open pit while
optimizing its current and final boundaries for the complete ore excavation.

Methods. Finite element 3D analysis of stress-strain state (SSS) of the soil and rock mass relies upon the models varying in
their scales. Macrolevel model includes the full pit helping perform initial evaluation of its stability depending upon changes in
the general wall slope along the pit periphery. Then, the macromodel is separated into sectoral models with smaller scales
oriented radially in such a way to include potentially unstable wall areas. The sectoral models make it possible to show the
complex bench line in more detail after the peripheries were optimized in terms of economic factor and simulate layered struc-
ture of the rock mass. Elastoplastic model of the medium as well as Mohr-Coulomb strength criterion has been implemented
using RS3 (Rocscience) program codes.

Findings. An indicator of wall strength (safety factor) distribution along the pit periphery has been identified; potential
sliding surfaces within each of the separated open pit sectors have been localized based upon the shear strength reduction
(SSR) procedure. Influence by the general wall slope as well as by the indicator of the ore excavation completeness on the
stripping ratio has been demonstrated.

Originality. For the first time, two-level modelling has shown difference in a safety factor depending upon a model scale and
a reflection degree of the soil-rock mass structure. In the context of the actual mining and geological conditions of Kacharsky
open pit, changes in the safety factor along the pit periphery have been identified depending on the general slope of the wall.

Practical implications. Based upon the pit wall stability along the whole periphery, the possibility has been substantiated
to optimize its design boundaries for the excavation of those amenable ore reserves, occurred near them, inclusive of ore, oc-
curring in a bottom, which mining is impossible due to inaccessibility.
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1. Introduction While talking of the reserve mining completeness, the

In the context of valuable mineral exploration, driving the majority of researchers sub_stantiate expediency of transition
modern world, open pit excavation is rather an important to underground ore extraction. For example, authors_of pa-
mining technique. Currently, optimization of open pit extrac-  Per [6] denote that some of the world largest open pits will
tion is playing a key role. All stakeholders of mining industry ~ consider the possibility to move to underground mining ow-
are working toward a common goal, i.e. minimization of the g to the chance to get access to the increased reserves and
final production cost of ore [1]-[3]. extend operation period of an open pit. Papers [7_], [_8] evalu-

The problem-solving needs the balanced approach in-  ate transition to undergrou_nd mining using suc_h |nd|cator§ as
volving decrease in stripping ratio as well as prevention of an ~ Producing rate and operating efficiency, working and capital
open pit wall flattening [4]. In light of natural resource  COSIS, mineral valu_e and income per ton of ore, gnd initial
friendliness and minimization of damage to natural land- ~ rate of return on investment. It should be mentioned that
scape, it becomes quite important to perform complete exca-  SOmetimes the certain share of ore body is near the open pit
vation of ore body [5]. The latter means preventing from the  Periphery while staying beyond boundaries of its initial de-
fact that some share of the deposit in the neighbourhood of ~ Sign. The problem is to mine the ore body share in such a

the open pit boundary remains unrecovered. way to prevent from the open pit wall flattening [9] and en-
sure work safety where the open pit becomes deeper.
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Schematically, a vertical ore body within an open pit is
represented as a quadric cylinder [10] or as a rectangular
prism inside the truncated cone (Fig. 1). In the latter case,
some share of the deposit is beyond the open pit boundary,
and it cannot be extracted for a variety of reasons. Minimiza-
tion of the deposit share volume (parameter Vo in Figure 1)
becomes the strategic step to reduce the total mining cost.

It is obvious that the general slope of the open pit wall y
plays the key role while achieving balance between the out-

(@) (b)
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put and operational safety. The larger the slope y is, the
smaller the open pit wall as well as stripping ratio is, and the
less prime cost of the ore is. Nevertheless, greater amount of
border rock remains unmined. Hence, it results in the loss of
profit by the enterprise and irrational use of the subsoil.
The most important factor, being the wall stability, depends
upon the slope which control means safe operation of both
personnel and mechanisms.
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Figure 1. Idealized scheme of the mutual positions of ore body and open pit boundaries: (a) three-dimensional representation of intersec-
tion between the open pit bowl and ore body; (b) a plane section of an area including border zone of the ore deposit;

(c) analytical model to identify Vo volume of the border rocks

The balance between geometry of benches and berms,
controlling functionality of excavation stability, and decrease
in the overburden amount, on the other hand, is the key mo-
ment to construct both the current and final open pit bounda-
ries. Various algorithms as well as software, based on them,
are applied to define the optimum alternative. Among other
things, 3-D Lerchs-Grossman approach is used in a Whittle
program [11]. Authors of [12] describe practices to construct
digital boundaries of an open pit by means of the Whittle soft
combined with SURPAC program. In terms of each variant
of an open pit peripheries, detalized with the help of Surpac,
economic characteristics are identified which comparison
proposes the most reasonable design. The well-known floa-
ting cone algorithm has been improved in paper [13]. Au-
thors of paper [14] suggest their own methods for the auto-
mated construction of an open pit boundaries providing the
most profitable economic indicators. Multi-criteria evalua-
tion with the use of PROMETHEE Il and AHP programs,
implementing multi-criteria decision-making (MCDM) ap-
proach has been demonstrated by [15], [16] papers.

However, the majority of the cited papers ignore in-
fluence of the key factor, being the basis of optimal design,
i.e. a wall slope providing adequate stability. The matter is
that together with physic-mechanical characteristics
of rocks, being components of an open pit wall, the wall
geometry as an aggregate of benches, berms, and ramps, is
the fundamental factor making it stable [17]-[19].

Paper [20] concerns stability of an open pit walls during
its long-term operations under successive removal of semi-
steep layers. Nevertheless, changes in wall stability have
been considered only in terms of one section despite the fact
that the research subject is a round-shaped open pit and it is
of interest to analyze wall stability as a whole throughout the
open pit perimeter, especially while reconsidering the object
design focused on the complete excavation of the reserves.

Paper [21] emphasizes the importance of simultaneous
optimization of design periphery of an open pit as well as
evaluation of slope stability. Authors of the paper denote that

due to the risks of catastrophic slope failure, the stability
slope analysis is an integral component of engineer projects
of any open pit. Unfortunately, rather often original design
concepts and geotechnical evaluations are considered sepa-
rately. Authors of papers [22], [23] also focus on wall slope
stability under their geometry optimization.

Purpose of the represented paper is to optimize open pit
boundary involving in mining the largest amount of peri-
phery reserves with simultaneous modelling of stress-strain
state (SSS) of the open pit walls as well as their stability
evaluation based upon numerical methods. Among other
things, finite element method, being well-developed and
applied successfully to evaluate wall stability [24]-[26], is
applied to define SSS of open pit walls.

2. Methods and materials

2.1. Evaluation of the influence of an open pit
wall slope on the volume of periphery rocks

Relying upon the idealized model, shown in Figure 1, pe-
riphery rock volume Vy is the difference between the prism
amount volume (i.e. ore body) and the cone volume share
(i.e. open pit) from the bottom up to the prism and cone
cross-point. The point ordinate:

hnepzl-(m—b):tany-(m—b), 1)
B-b

is defined from intersection of the cone generator and a line

coinciding with the prism face. The difference between the

prism volume with hiy; height and 4ml area (21 is the ore body

length), and the truncated cone with analogous hin height,

larger radius m, and smaller radius b will be:

VO:m?’otany~(4|——£~(r2+r+1)j. 2
m 3
In this context, r = b/ m ratio characterizes the ore body

share being mined when the open pit bottom is being
achieved. It is obvious that open pit wall slope y and r coeffi-
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cient, showing the share of peripheral rocks which cannot
be mined, are the main parameters identifying difference
of the mentioned volumes.

Increase in the ordinate of the wall slope upsizes the ordi-
nate hnep OF the prism and cone intersection; hence, increase in
the volume of the unmined peripheral rocks takes place. On
the other hand, it has been mentioned above that increase in
the wall slope will decrease the open pit width 2B, and, hence,
stripping ratio will decrease as well. Apparently, there is some
compromise decision as for selection of economically feasible
wall design slope y. Nevertheless, stable outcrop under the
geological conditions should be the key factor in this regard.

2.2. Design of the open pit boundaries

Boundaries are optimized and wall stability of a super-
deep open pit is evaluated for Kacharsky deposit of magne-
tite ore located in the north of Kazakhstan (Kostanay Re-
gion). In plan, the open pit shape approaches a circle. By the
end of mining operations, dimensions have been the follo-
wing: 3000-m length over the surface (latitudinally; 2900-m
width over the surface (meridionally); 430-m bottom length;
175-m bottom width; 723-m open pit depth; and 530-m ele-
vation of the open pit bottom. The ore body mining takes
25 stages through excavation of 25 inclined layers.

Mining plan correction as for excavation of amendable
and almost inaccessible ore generated the necessity to deve-
lop alternative digital open pit contours using SURPAC
software. Bench line has been corrected in such a way to
involve maximally the whole ore body especially in the bot-
tom part of the open pit. Optimal alternative has been selec-
ted of 10 designed variants since it provides the best eco-
nomic indicators. Further, while transforming 3D AutoCAD
files, the digital pit boundaries are exported to a program
calculating SSS characteristics of the rock-soil mass, and
evaluating wall stability. Figure 2 shows the open pit bounda-
ries during stage 4 of mining when the open pit depth is 300 m.

Similar digital models have been developed for each fol-
lowing stage of the ore body mining. The next step is export
of the digital model to SSS calculation module to understand
whether changes in the open pit boundaries influence wall
stability; especially, whether boundary optimization stipulat-
ed decrease in the stability margin. For the purpose, digital
representation of the open pit boundaries is used to construct
a geomechanical model demonstrating actual structure of the
rock mass, physic-mechanical characteristics of rocks, and
loading and consolidating in terms of boundary problem of
mechanics of solids.

2.3. Geomechanical modelling

SSS for peripheral rock mass in a super-deep Kacharsky
open pit is calculated using finite element method (FEM).
Authors of paper [27] believe that under the conditions of the
current progress of computer facilities, preference should be
given to 3D numerical models for complete consideration of
stress and strain tensors defining wall stability. It is especial-
ly important for such circular open pits as Kacharsky pit.
Authors of paper [28] have applied algorithm of finite diffe-
rences, implemented in FLACK 3D software, and also
proved advantages of spatial identification of rock mass SSS
while evaluating open pit wall stability. Hence, the license
RS3 Rocscience software, to which digital 3D boundaries of
the open pit have been exported, was used to develop the
finite element model.

as
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Figure 2. Optimized open pit boundaries involving the whole ore
body within bottom of the quarry

The paper proposes a hew approach, involving two level
of model construction. Algorithm of such a two-level model-
ling consists of two stages:

Stage 1. Development of the generalized numerical mo-
del of the whole pit bowl (macrolevel model) which finite
element mesh consists of large tetrahedral elements with
40-50-m linear size (admissible number of finite elements is
1-1.5 mIn) making it possible to represent integrally its
geometry throughout the perimeter (Fig. 3). Within the stage,
homogeneous rock mass is simulated to reduce the humber
of internal borders. As for calculation period and the occu-
pied computer memory, the model efficiency helps evaluate
primarily the pit wall stability throughout its perimeter, and
demonstrate hazardous areas stipulated by the overall wall
slopes throughout the quarry perimeter.

Stage 2. The open pit bowl sectorizing using the principle
of potentially hazardous area coverage. The sectors are separa-
ted by means of vertical planes coming fan-shapedly from the
pit centre (Fig. 3b). In such a way, smaller models are con-
structed. Each separated sector should involve completely the
potential instability zone. The decreased model scale makes it
possible to reduce size of the finite tetrahedral elements down
to 10-15 m, and make the mesh denser. At the stage, all availa-
ble geological information is introduced concerning weak inter-
layers, faults, and fractures. In addition, physical and mechani-
cal characteristics of ore and overburden are also introduced.
Moreover, the stage involves rock mass SSS and safety factor
recalculation considering varying layer stiffness.
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Figure 3. 3D macrolevel model of Kacharsky open pit involving
ore bodies: (a) finite element mesh and boundary condi-
tions; (b) separated sector model

Relying upon the sectoral models, deformation processes
within the layered rock mass is analyzed in detail. Zones of
potential formation of slip planes are localized which could
not be identified on the macromodel of the whole pit bowl.

While simulating the three-dimensional rock mass area,
boundary conditions are defined through the attachment of
the model movements: XY plane (being the model bottom) is
attached on X, Y, and Z axes; YZ plane is attached on X and
Y axes; and XZ plane is attached on Y axis. Finite element
SSS analysis of the rock-soil mass is performed in elasto-
plastic formulation based upon Mohr-Coulomb failure crite-
rion [29] widely used in geomechanical problems along with
the Hoek-Brown failure criterion [30]-[32]. The open pit wall
stability is evaluated through shear strength reduction proce-
dure specified in [28], [33].

The method assumes that after the model has been de-
veloped, shear strength of all material components either
increases iteratively or decreases by strength reduction
factor (SRF) times until the model collapse being a sharp
displacement change within the monitored point as well as
the iteration process divergence while solving the basic
FEM equation system. In such a way, SRF value shows
how many times rock-soil strength should be changed to
give rise to a slope failure, i.e. it is the analogue of a safety
factor (SF). Namely, SRF coefficient will be further ana-
lyzed as the key value characterizing the pit wall stability.

In the context of the macromodel, the homogeneous rock
mass is characterized by following physic-mechanical prop-
erties: cohesion is 475 kPa; friction angle is 36°; and Young’s
modulus is 4.65 GPa. As for sectoral models, physic-
mechanical characteristics of rocks and soil are sized in ac-
cordance with Table 1.

Table 1. Physic-mechanical rock characteristics

Rocks Cohesion, Friction angle, Young’s
kPa degrees modulus, GPa
Magnetites 910 34 7.0
Metasomatites 290 32 9.0
Porphyrites 296 29 7.3
Limestones 475 36 4.65
Crystalline schists 450 31 6.1

The ore zone is of a complex structure; it consists of lens-
shaped and thick sheet-like body. The deposit thickness is 200
up to 350 m. Within different areas of the open pit, ore re-
serves (i.e. magnetites) are localized at 150-570-m depth. For
the most part, porphyrites, crystalline schists, and metasoma-
tites, which thickness is 40-100 m, occur over them. Lime-
stones occur at 50-100-m depth. Their thickness is 20-50 m.

3. Results and discussion

3.1. Evaluation of the open pit walls under the
optimized current and final boundaries of the pit

The open pit bowl (macrolevel model) was simulated
for each mining stage, which means removal of yet another
near-vertical layer. RS3 software analyzes stresses and
strains within each point of the rock mass using FEM to-
gether with Mohr-Coulomb strength criterion and identifies
the minimal of SRF throughout the open pit perimeter. The
minimum values are associated with zones of the greatest
shear strains as well as the largest total displacements
(Fig. 4). During mining of the first three inclined layers
when loose overburden is excavated, the overall slope wall
y is not more than 17° throughout the open pit perimeter
which maintained rather high wall stability. At the first 3
stages, SRF experiences minor changes, i.e. 2.6-2.52.
However, distributions of total displacements within each
stage, represented in a colour scale, differ. Areas of the
largest displacements (red), which may arise potentially if
shear strength decrease is 2.6-2.52 times (according to
SRF = 2.6-2.52), are localized in the north-eastern and
eastern parts of the open pit at stages 1, 2, and 3.

At stage 4, when overall slope angle within the northern
and southern parts of the open pit increases up to 19-20°,
SRF drops down to 2.23 value (Figs. 4 and 5). The largest
displacement zones are almost symmetrical within the nor-
thern and southern parts of the open pit.

It should be mentioned that observational benchmark sta-
tions, mounted in 2022 within the southern share of the open
pit wall (elevation +194 m / +85 m) helped record horizontal
16-mm displacement in the line of a local profile. In this
regard, other benchmark stations, arranged throughout the
open pit perimeter, recorded neither horizontal nor vertical
deformation; hence, the rock mass is completely stable. Con-
sequently, the numerical modelling result is confirmed con-
cerning the fact that potential instability is more probable
within the southern share of the open pit.
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Figure 5. Change in the minimal SRF throughout the open pit
perimeter at first 4 stages of inclined layer mining
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Relying upon the obtained potential distributions of dis-
placements and the slip plane localization, we have divided the
model of mining stage 4 into the eight sectors: northern (N);
northwest (NW); western (W); south-western (SW); southern
(S); south-eastern (SE); eastern (E); and north-eastern (NE)
(Fig. 6). As a result, eight sectoral finite element models have
been obtained making it possible to analyze rock SSS in more
detail taking into consideration boundaries of layers and as-
signing various physic-mechanical characteristics.

Analysis of the simulation results, based upon the sectoral
models, has shown the following. Expectedly, SRF values
vary for different sectors (Fig. 7), i.e. for different parts of the
open pit. The abovementioned depends upon differing geome-
try of bench line as well as upon various layer shapes.

%7 Total Displacement
minal):  —m

min (stage) : Om

0

RF =2.19
TS,

= S

SRF =2.22

Figure 6. Distribution of displacements, localization of slip planes, and SRF identification for sectoral models of mining stage 4
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Figure 7. SRF distribution over the sectors for mining stage 4

Potential slip plane, associated with the greatest total dis-
placements, have been located for each sectoral model. The
difference between slip planes is that each of them is imple-
mented with a diverse safety factor (SRF). It should be men-
tioned that even without consideration of a rock mass struc-
ture and difference in physic-mechanical characteristics of
layers, the SRF in the most “unfavourable” southern part of
the open pit is less than that one obtained on the macromodel.
It is 2.13 (to compare with 2.23), i.e. deviation is almost 4%.
It is obvious that such a difference in the SRF depends upon
generation of a smaller finite element mesh. Owing to that, it
became possible to represent thoroughly in the model a line of
steeply inclined benches and identify more accurately a tensor
of normal and tangential stresses within each of the finite
elements and, consequently, evaluate the SRF to a greater
extent showing how far the model is from collapse.

Following addition of layers with various stiffness to the
model decreased minimal SRF with S sector down to 1.96.
Hence, representation of actual complex rock mass structure
with numerous boundaries has stipulated 12-13% deviation
from the minimal SRF value of the homogeneous model. It
depends upon the fact that within the southern part, near-wall
rock mass consists of less hard sandstone layers which is
demonstrated by the detalized sectoral model. Difference in
SRF for sector N is only 4% to compare with that one obtained
on the macromodel. The matter is that within the area, near-
wall mass is represented by rocks which strength is close to the
averaged values used for the macromodel analysis.

Design of following excavation stages, i.e. consequent
removal of inclined layers, assumes naturally increase in wall
slopes throughout the perimeter. As it has been abovemen-
tioned, optimization of the current boundary according to the
factor of minimal ore losses within the peripheral area means
the balance between the interest to limit the open pit perime-
ter by designing near-vertical bench line, on the one hand.
On the other hand, it is required to involve in the mining as
much as possible of the peripheral ore. As a result, the nu-
merical model of the final excavation stage, exported from
SURPAC software, provides the total 29-30° wall slope
throughout the perimeter when the open pit achieves final
design depth. FEM-analysis, based upon the macromodel,
has shown that the Southern wall S remains potentially ha-
zardous at the final mining stage. In addition, potential slip
plane is also formed within the Eastern wall E. Figure 8
shows a pattern of displacement distribution throughout the
pit perimeter as well as the slip surface localization.

e

HOE LS

Figure 8. Distribution of displacements and localization of slip
planes at the final mining stage

1.53 is the minimum of a safety factor (SRF) throughout
the perimeter. It takes place within the Southern share of the
open pit (S). In accordance with the design standards [34],
safety factor cannot be more than 1.3. Hence, if SRF = 1.53
then in average the wall can be assumed as rather stable
throughout the perimeter. Nevertheless, according to the
developed methods, more accurate simulation of bench ge-
ometry as well as consideration of varying hardness of rock
layers involved the model sectorizing, and each sectoral
model filling with additional information on boundaries of
the layers and their physic-mechanical characteristics. The
abovementioned has helped evaluate wall stability for each
separated sector (Fig. 9). As in case of the first stages, detali-
zation of boundaries and rock mass structure has stipulated
differences in the minimal SRF for the macromodel and SRF
for each sectoral model.

In such a way, for S and E sectors, SRF within corre-
sponding models decreased to 1.47 and 1.49 values to com-
pare with 1.53 for homogeneous model of the final mining
stage. Namely, SRF decreased by 2.5-3.9% only due to more
accurate representation of bench line. Inclusion of layers,
differing in their physic-mechanical characteristics, de-
creased SRF in S sector down to 1.38, i.e. by 9.6%; in E
sector the decrease was down to 1.4, i.e. by 8.5%.

The simulation has shown that throughout the perimeter,
rock mass is rather stable, and safety factor is not less than
1.3 [33] (being its standard value) even at the final excava-
tion stage within a zone of the pit deepening (Fig. 10).

The obtained results show that the final open pit bounda-
ries pass design standards in terms of geomechanical factor.
Slope of walls, providing their stability, is 29-30°.

3.2. Evaluation of ore losses while
optimizing the pit boundaries

Relying upon the simplified scheme, shown in Figure 1,
dependence (2) helps evaluate losses connected with the fact
that the certain share of periphery rocks, occurred within the
bottom part of the open pit, cannot be mined due to the com-
plicated access. Graph in Figure 11 explains that ore loss
value within the periphery zone Vo/ Vo, (in percentage of the
total ore reserves) increases depending upon the general
slope of the pit with the r =b/m ratio reduction characteri-
zing the unmined ore body share. In this context, Vo is the
whole ore body volume, i.e. Vor = 4HmI prism volume.
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Figure 9. Distribution of displacements, localization of slip planes, and SRF identification for sectoral models of a mining stage 25
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Figure 11. Changes in the periphery rock volume Vo/Vor (in
percentage of the whole ore amount in a prism with
2m, 21, and H sizes) depending upon b/m parameter
(the graph has been drawn for | = m and H/m = 3.0)

If 50% of the ore body share within the bottom part re-
main beyond the open pit boundaries (b/m = 0.5) then in
terms of wall slope losses it will be up to 4% of the total ore
amount. Increase in wall slope up to 40° will result in almost
6.8% losses, i.e. 1.8 times with the same b/m = 0.5 ratio. If
b/m ratio increases then ore losses will be decreased. The
most optimistic variant is if across the bottom, the open pit

geometry covers completely the ore body periphery
(b/m=1). In this case, the losses become zero; however,
increase in the open pit width across its bottom in terms of
the specified wall slope will increase surface width of the
open pit (dimension B in the Figure 1) and, consequently,
stripping ratio ks:

al =£2.(3r2+3rq+q2ctgzy)—l. @)

° Vor
In this context, AV is overburden amount being equal to
difference of the whole rock volume inside a cone with its
lower base b, upper base B, height H; and ore volume V
within a rectangular prism (Vor =4Hml); and g=H/m.
Graphs in Figure 12, constructed under ¢ = 3.0, show in-
crease in the stripping ratio along with r = b/m ratio increase
depending upon a wall slope.

14
=30
g 12
T -
£ 10 7733
=
= y=40°
23
(=N
B
]
SEI
4
0 0.2 0.4 0.6 0.8 1 12

bim

Figure 12. Stripping ratio depending upon ore losses within the
bottom portion of the pit

If share of the unmined ore within the pit bottom part
decreases (i.e. when b/m ratio increases) then the stripping
ratio grows from 10.5 up to 12.3 with 30° wall slope,
and b/m€[0.1, 1.0].

Despite the hypothetical increase in overburden operations,
a decision has been made to avoid ore losses within the pit
bottom. For the pit periphery, constructed using SURPAC
software and relying upon such an option to achieve the best
economic performance, the total stripping ratio is not more
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than 10 m3/m?. In reality, for the optimized pit boundaries only
at the first excavation stages (i.e. when only loose overburden
is removed), the stripping ratio values are similar to those ones
shown in Figure 12. Stripping ratio decreases along with the
mining of each inclined layer (Fig. 13). At the stage 4, the
stripping ratio drops down to ks = 5.8 value, achieving ks = 1.1
value at the stage 13. At the stage 25, ks =0.88 value is
achieved to be considered as economically feasible taking into
consideration the current world iron ore prices.

Stripping ratio
(=)}

13 5 7 9 11 13 15 17
Stages
Figure 13. Changes in the stripping ratio at each mining stage in
Kacharsky open pit

19 21 23 25

Consequently, the designed stage-by-stage boundaries of
super-deep Kacharsky open pit provide stable decrease in the
stripping ratio owing to the development of complex bench
line, and coverage of all periphery ore reserves. In this re-
gard, wall stability within the quarry is maintained throu-
ghout its perimeter at safety factor level, being nor less than
1.38 due to wall slope not exceeding 29-30°.

Despite the fact that SF = 1.38 is not less than the stan-
dard SFs = 1.3, the wall stability within lower levels should
be controlled constantly by surveying with the involvement
of geophysical techniques. SF = 1.38 was obtained on the
basis of a deterministic approach ignoring the variation of
physic-mechanical characteristics. Nevertheless, numerous
authors focus on probabilistic assessment of slope stabi-
lity [35], [36] showing that at the expense of stochastic
dispersion of the characteristics, the safety factor also var-
ies within a range connected functionally with variation
range of rock properties. Consequently, optimization of
quarry boundaries does not imply an open pit wall flatten-
ing from the viewpoint of safety (loss of stability below
standard), economy (stripping ratio restriction), and envi-
ronment (limitation of mine land allotment).

In such a way, the tendency to minimize ore losses
within a peripheral zone of a deep open pit is aimed at
maximization of the benefits from ore mining and trading.
Moreover, it complies with the current ideas of resource-
saving technologies and minimization of damage to the
environment. However, the inaccessibility of ore deposit
within the pit bottom sharpens contradictions between the
desire to perform complete ore extraction and need to en-
sure the rock mass stability as well as operating safety.
Undoubtedly, open pit boundary optimization to mine all
standard ore reserves should follow economic factor.
Nevertheless, heavy restrictions on the stability factor
should be observed. It is the principle the paper adheres to.
Skill in geomechanical forecasts should be mentioned [37].
The forecasts rely upon the approved algorithms (FEM is

involved particularly) and software. In addition, they
should be verified by the complete complex of survey
activities including aerial mapping [38]; interpretation of
satellite data [39] using artificial intelligence tech-
niques [40]; and seismoacoustic forecast [41]-[43].

4, Conclusions

The idealized geometrical model of the open pit and ore
body shows that ore loss values within the peripheral zone
Vo/Vor (in percentage of the total ore reserves) increases
along with increase in the overall wall slope of the open pit,
and decrease in r = b/m ratio characterizing the unmined ore
body share. Among other things, if 50% of some portion of
the ore within the bottom part remains beyond the pit bound-
aries (b/m = 0.5) then ore losses will be up to 4% of the total
reserves in terms of 29-30° wall slopes. Increase in the wall
slope up to 40° will result in up to 6.8% losses, i.e. 1.8 times
under the same b/m = 0.5 ratio.

Under the b/m ratio increase, i.e. in the process of the pit
widening across its bottom, surface width of the open pit also
increases in terms of the specified wall slope. Consequently,
stripping ratio grows. Particularly, if the unmined ore portion
within the pit bottom decreases (i.e. when b/m ratio under-
goes a rise) then the stripping ratio increases from 10.5 to
12.3 under 30° wall slope, and b/m € [0.1, 1.0].

It follows from the previous two points that the substan-
tiated design of bench line and berms, and, hence, a wall
slope, is of the key importance from the viewpoint of loss
minimization. In this regard, stability of soil-rock outcrops as
well as operational safety is the restricting factor.

Expediency of two-level numerical simulation (particu-
larly, FEM-analysis), has been shown for the conditions of
the super-deep Kacharsky open pit being of a round shape.
This approach means development of a macromodel of the
whole pit bowl and its application to identify such wall
sectors where potential formation of a slip plane is the most
possible. More accurate evaluation of wall stability
throughout the open pit perimeter need the macromodel
division into separate sectors with the detailed simulation
of the wall line and the layered structure of the rock-soil
mass. Downscaling of the sectoral models, i.e. more de-
tailed representation of the wall geometry, has resulted in
the decreased indicator of the wall stability within 2.5-3.8%
to compare with that minimal SF obtained for the macro-
model. Simulation in the sectoral models of the layered
rock mass structure stipulated 12-13% SF decrease to com-
pare with the micromodel.

At the final stage of the ore body excavation after
the open pit deepening down to 720 m, SF is forecasted as
1.38-1.4 if the overall wall slope through a perimeter is 29-30°.

Despite the fact that SRF=1.38 is not less than the
standard SFs = 1.3, situation with wall stability maintenance
at lower levels should be controlled constantly by surveying
with the involvement of geophysical techniques.

Optimization of the open pit boundaries, performed to in-
volve in excavation the largest ore amount within the periph-
eral zone inclusive of simultaneous wall stability mainte-
nance, makes it possible to forecast ks = 1.1 stripping ratio at
stage 13. Its decrease is forecasted to be ks=0.88 at final
stage 25, which is economically feasible taking into consi-
deration the current world iron ore prices.



0. Sdvyzhkova et al. (2024). Mining of Mineral Deposits, 18(2), 1-10

Author contributions

Conceptualization: SM, AB; Data curation: DB; Formal
analysis: OS, VP; Funding acquisition: SM; Investigation:;
DB, AN, VP; Methodology: OS, AB; Project administration:
SM; Resources: SM; Software: DB; Supervision: OS, SM;
Validation: GA, AN; Visualization: GA; Writing — original
draft: DB; Writing — review & editing: OS. All authors have
read and agreed to the published version of the manuscript.

Funding

This research is funded by the Ministry of Education and
Science of the Republic of Kazakhstan, grant # AP14869083.

Acknowledgements

The authors express their gratitude to the M.S. Poliakov
Institute of Geotechnical Mechanics of the National Acade-
my of Sciences of Ukraine and business partners from the
ERG company: Joint Stock Company “Sokolovsko-Sarbay
Mining and Processing Production Association” and Limited
Liability Partnership “Research Engineering Center ERG”.

Conflicts of interests
The authors declare no conflict of interest.

Data availability statement

The original contributions presented in the study are in-
cluded in the article, further inquiries can be directed to the
corresponding author.

References

[1] Sobko, B., & Lozhnikov, O. (2018). Determination of cut-off wall cost
efficiency at motronivskyi pit mining. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 3, 44-49. https:/doi.org/10.29202/nvngu/2018-3/1

[2] Hou, J., Wang, H., Li, G., Sheng, B., & Wang, Q. (2024). Multistage
dynamic optimisation of ore flow for underground metal mines. Inter-
national Journal of Mining, Reclamation and Environment, 38(5),
407-423. https://doi.org/10.1080/17480930.2024.2311455

[3] Yagot, M., & Menezes, B.C. (2023). Integrating mineral mining and
metallurgical supply chains: A qualogistics approach. Computer Aided
Chemical Engineering, 52, 1759-1764. https://doi.org/10.1016/B978-0-
443-15274-0.50279-1

[4] Cao, B., Wang, J., Guo, X., Li, W., & Liu, G. (2023). Research on
boundary optimization of adjacent mining areas in open pit coal mine
based on calculation of sectional stripping ratio. Scientific Reports, 13,
21286. https://doi.org/10.1038/s41598-023-48708-y

[5] Das, R, Topal, E., & Mardaneh, E. (2023). A review of open pit mine
and waste dump schedule planning. Resources Policy, 85(A), 104064.
https://doi.org/10.1016/j.resourpol

[6] MacNeil, J., Dimitrakopoulos, R., & Peattie, R. (2022). A stochastic mine
planning approach to determine the optimal open pit to underground min-
ing transition depth — case study at the Geita gold mine, Tanzania. Mining
Technology: Transactions of the Institute of Mining and Metallurgy,
131(3), 181-190 https://doi.org/10.1080/25726668.2022.2072559

[7] Badakhshana, N., Shahriar, K., Afraei, S., & Bakhtavar, E. (2023).
Evaluating the impacts of the transition from open-pit to underground
mining on sustainable development indexes. Journal of Sustainable
Mining, 22(2), 6. https://doi.org/10.46873/2300-3960.1382

[8] Khaboushan, A.S., Osanloo, M., & Esfahanipour, A. (2020). Optimization of
open pit to underground transition depth: An idea for reducing waste rock
contamination while maximizing economic benefits. Journal of Cleaner
Production, 277, 123530. https://doi.org/10.1016/j.jclepro.2020.123530

[9] Deas, R., Topal, E., & Mardaneh, E. (2022). Improved optimised sched-
uling in stratified deposits in open pit mines — using in-pit dumping.
International Journal of Mining, Reclamation and Environment, 36(4),
287-304. https://doi.org/17480930.2022.2036559

[10] Hustrulid, W., Kuchta, M., & Martin, R. (2013). Open pit mine —
planning & design. London, United Kingdom: CRC Press, 1308 p.
https://doi.org/10.1201/b15068

[11] Geovia. (2024). Geovia whittle roles. [online]. Retrieved from:
https://www.3ds.com/products/geovia/whittle

[12] Purevdavaa, T., & Khandelwal, M. (2022). Ultimate pit limit optimiza-
tion by computerized and manual methods for Dadiin Khar Tolgoi — 2
Coal Mine — A case study. Proceedings of Geotechnical Challenges in
Mining, Tunneling and Underground Infrastructures, 97-116.
https://doi.org/10.1007/978-981-16-9770-8 5

[13] Ares, G., Castafion Fernandez, C., Alvarez, 1.D., Arias, D., & Diaz, A.B.
(2022). Open pit optimization using the floating cone method: A New al-
gorithm. Minerals, 12(4), 495. https://doi.org/10.3390/min12040495

[14] Morales, N., Nancel-Penard, P., & Espejo, N. (2019). Development
and analysis of a methodology to generate operational open-pit mine
ramp designs automatically. Optimization and Engineering, 24(2),
711-714. https://doi.org/10.35624/jminer2019.01.09

[15] Farkas, B., & Hrastov, A. (2021). Multi-criteria analysis for the selec-
tion of the optimal mining design solution — A case study on quarry
“Tambura”. Energies, 14(11), 3200. https://doi.org/10.3390/en14113200

[16] Rakhmangulov, A., Burmistrov, K., & Osintsev, N. (2022). Selection
of open-pit mining and technical system’s sustainable development
strategies based on MCDM. Sustainability, 14(13), 8003,
https://doi.org/10.3390/su14138003

[17] Sedina, S., Altayeva, A., Shamganova, L., & Abdykarimova, G.
(2022). Rock mass management to ensure safe deposit development
based on comprehensive research within the framework of the geome-
chanical model development. Mining of Mineral Deposits, 16(2),
103-109. https://doi.org/10.33271/mining16.02.103

[18] Aitkazinova, Sh., Sdvyzhkova, O., Imansakipova, N., Babets, D., &
Klymenko, D. (2022). Mathematical modeling the quarry wall stabil-
ity under conditions of heavily jointed rocks. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 6, 18-24.
https://doi.org/10.33271/nvngu/2022-6/018

[19] Supandi, H. (2021). Engineering geology consideration for low-wall
stability analysis in open-pit coal mine. Geotechnical and Geological En-
gineering, 39, 3815-3828. https://doi.org/10.1007/s10706-021-01729-8

[20] Moldabayev, S.K., Sdvyzhkova, O.O., Babets, D.V., Kovrov, O.S., &
Adil, T.K. (2020). Numerical simulation of the open pit stability based
on probabilistic approach. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 6, 29-34. https://doi.org/10.33271/nvngu/2021-6/029

[21] Wijesinghe, D.R., Dyson, A., You, G., Song, C., & Ooi, E.T. (2022).
Simultaneous slope design optimisation and stability assessment using
a genetic algorithm and a fully automatic image-based analysis. Inter-
national Journal for Numerical and Analytical Methods in Geome-
chanics, 46(15), 2868-2892. https://doi.org/10.1002/nag.3431

[22] Mahmoodzadeh, A., Alanazi, A., Mohammed, A.H., Elhag, AB.,
Algahtani, A., & Alsubai, S. (2024). An optimized model based on the
gene expression programming method to estimate safety factor of rock
slopes. Natural Hazards, 120, 1665-1688. https://doi.org/10.1007/s11069-
023-06152-1

[23] Qin, H,, Yin, X, Tang, H., & Cheng, X. (2024). Reliability analysis and
geometric optimization method of cut slope in spatially variable soils with
rotated anisotropy. Engineering Failure Analysis. Engineering Failure
Analysis, 158, 108019. https://doi.org/10.1016/j.engfailanal.2024.108019

[24] Kang, J., Wan, D., Sheng, Q., Fu, X., Pang, X., Xia, L., & Li, D. (2022).
Risk assessment and support design optimization of a high slope in an
open pit mine using the jointed finite element method and discontinuous
deformation analysis. Bulletin of Engineering Geology and the Envi-
ronment, 81(6), 254. https://doi.org/10.1007/s10064-022-02759-z

[25] Liu, T., Ding, L., Meng, F., Li, X., & Zheng, Y. (2021). Stability
analysis of anti-dip bedding rock slopes using a limit equilibrium mod-
el combined with bi-directional evolutionary structural optimization
(BESO) method. Computers and Geotechnics, 134, 104116.
https://doi.org/10.1016/j.compge0.2021.104116

[26] Karthik, AV.R., Manideep, R., & Chavda, J.T. (2022). Sensitivity
analysis of slope stability using finite element method. Innovative Infra-
structure Solutions, 7, 184. https://doi.org/10.1007/s41062-022-00782-3

[27] Torres, V.F.N., Dockendorff, R., Sotomayor, J.M.G., Castro, C., & da
Silva, A.F. (2023). Calibration of a three-dimensional slope stability
evaluation in Brazilian iron open pit mine. Geotechnical and Geologi-
cal Engineering, 41(6), 3829-3846.

[28] Dehghan, A.N., & Yazdi, A. (2023). A geomechanical investigation
for optimizing the ultimate slope design of Shadan open pit mine,
Iran. Indian Geotechnical Journal, 53(4), 859-873.
https://doi.org/10.1007/s40098-022-00709-w

[29] Wang, X., Wang, K., Deng, T., Wang, F., Zhao, Y., Li, J., Huang, Z.,
Wang, J., Duan, W. (2024). Contribution of soil matric suction on
slope stability under different vegetation types. Journal of Soils and
Sediments, 24, 575-588. https://doi.org/10.1007/s11368-023-03653-1



https://doi.org/10.29202/nvngu/2018-3/1
https://doi.org/10.1080/17480930.2024.2311455
https://doi.org/10.1016/B978-0-443-15274-0.50279-1
https://doi.org/10.1016/B978-0-443-15274-0.50279-1
https://doi.org/10.1038/s41598-023-48708-y
https://doi.org/10.1016/j.resourpol
https://doi.org/10.1080/25726668.2022.2072559
https://doi.org/10.46873/2300-3960.1382
https://doi.org/10.1016/j.jclepro.2020.123530
https://doi.org/17480930.2022.2036559
https://doi.org/10.1201/b15068
https://www.3ds.com/products/geovia/whittle
https://doi.org/10.1007/978-981-16-9770-8_5
https://doi.org/10.3390/min12040495
https://doi.org/10.35624/jminer2019.01.09
https://doi.org/10.3390/en14113200
https://doi.org/10.3390/su14138003
https://doi.org/10.33271/mining16.02.103
https://doi.org/10.33271/nvngu/2022-6/018
https://doi.org/10.1007/s10706-021-01729-8
https://doi.org/10.33271/nvngu/2021-6/029
https://doi.org/10.1002/nag.3431
https://doi.org/10.1007/s11069-023-06152-1
https://doi.org/10.1007/s11069-023-06152-1
https://doi.org/10.1016/j.engfailanal.2024.108019
https://doi.org/10.1007/s10064-022-02759-z
https://doi.org/10.1016/j.compgeo.2021.104116
https://doi.org/10.1007/s41062-022-00782-3
https://doi.org/10.1007/s40098-022-00709-w
https://doi.org/10.1007/s11368-023-03653-1

0. Sdvyzhkova et al. (2024). Mining of Mineral Deposits, 18(2), 1-10

[30] Sun, Z., Wang, B., Li, Y., Xu, J., & Ji, J. (2023). 3D limit analysis of problems in elastic approach. Naukovyi Visnyk Natsionalnoho Hirny-
rock slopes based on equivalent linear failure criterion with tension choho Universytetu, 1, 28-36. https://doi.org/10.29202/nvngu/2019-1/21
cut-off. Journal of Rock Mechanics and Geotechnical Engineering, [38] Haupt, S., Engelbrecht, J., Sibolla, B., & Mdakane, L.W. (2023). Time
15(12), 3118-3130. https://doi.org/10.1016/j.jrmge.2023.02.009 series insar analysis for slope stability monitoring using sentinel-1 in open

[31] Demirdogen, S., & Yildirim, S. (2024). The disturbance factor of pit mining. The International Archives of the Photogrammetry, Remote
Hoek-Brown failure criterion in dam foundations. Geotechnical and Sensing and Spatial Information Sciences, XLVIII-1/W2-2023, 945-951.
Geological Engineering, 42, 817-825. https://doi.org/10.1007/s10706- https://doi.org/10.5194/isprs-archives-XLVI11I-1-W2-2023-945-2023
023-02576-5 [39] Lopez-Vinielles, J., Fernandez-Merodo, J.A., Ezquerro, P., Alvioli, M.,

[32] Sdvyzhkova, O., Babets, D., & Kravchenko, K. (2015). Rock state & Herrera, G. (2021). Combining satellite insar, slope units and finite
assessment at initial stage of longwall mining in terms of poor rocks of element modeling for stability analysis in mining waste disposal areas.
Western Donbass. New Developments in Mining Engineering: Theoreti- Remote Sensing, 13(10), 2008. https://doi.org/10.3390/rs13102008
cal and Practical Solutions of Mineral Resources Mining, 65-70. [40] Wang, S., Zhang, Z., & Wang, C. (2023). Prediction of stability coeffi-
https://doi.org/10.1201/b19901-13 cient of open-pit mine slope based on artificial intelligence deep learning

[33] Sdvizhkova, Ye.A., Kovrov, AS., & Kiriiak, K.K. (2014). Geome- algorithm. Scientific Reports, 13, 1201. https://doi.org/10.1038/s41598-
chanical assessment of landslide slope stability by finite element method. 023-38896-y
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2, 86-92. [41] Sdvyzhkova, O., Golovko, Y., & Klymenko, D. (2017). Effect of

[34] SOU-N MPP 73.020-078-1:2007. (2007). Standards of technological harmonic oscillations on a crack initiation in the rock mass. Naukovyi
design for mining enterprises using an open method of developing min- Visnyk Natsionalnoho Hirnychoho Universytetu, 4, 13-18.
eral deposits. Kyiv: Ministry of Industrial Policy of Ukraine, 288 p. [42] Sdvyzhkova, O., Golovko, Yu., Dubytska, M., & Klymenko, D.

[35] Pilecka, E., Stanisz, J., Kaczmarczyk, R., & Gruchot, A. (2021). The (2016). Studying a crack initiation in terms of elastic oscillations in
setting of strength parameters in stability analysis of open-pit slope us- stress strain rock mass. Mining of Mineral Deposits, 10(2), 72-77.
ing the random set method in the betchatow lignite mine, central Po- https://doi.org/10.15407/mining10.02.072
land. Energies, 14(15), 46090. https://doi.org/10.3390/en14154609 [43] Shcherbakov, P., Tymchenko, S., Moldabayev, S., Amankulov, M., &

[36] Abdulai, M., & Sharifzadeh, M. (2021). Probability methods for stability Babets, D. (2023). Mathematical substantiation and creation of infor-
design of open pit rock slopes: An overview. Geosciences, 11(8), 319. mation tools for optimal control of drilling and blasting in open-pit
https://doi.org/10.3390/geosciences11080319 mine. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 6,

[37] Shashenko, O.M., Hapieiev, S.M., Shapoval, V.G., & Khalymendyk, O.V. 31-38. https://doi.org/10.33271/nvngu/2023-6/031

(2019). Analysis of calculation models while solving geomechanical

YuceabHe MOJeJI0OBaHHS CTiliKOCTI 60PTiB Kap’epy npu onTHMi3alii ioro KOHTYpiB
17151 3a0e3MeYeHHs] IOBHOTH BUHMAaHHA pyau

O. CnemxkoBa, C. Monnabaes, JI. babens, A. backerin, I'. Acunxanosa, A. Hypmanosa, B. I[Ipuxoasko

Mera. Ouinka 3MiH Hanpy>keHO-1e(opMOBaHOTO cTaHy OOPTiB B3JOBXK YCHOTO MEPUMETPA HAATIUOOKOTO Kap’epy MPH ONTUMi3aLii Horo
MOTOYHUX Ta (PiHATBHOTO KOHTYPIB, IO CIIPIMOBAaHA Ha TOBHOTY BUMMAaHHS PyAHOTO HOKJIALy.

Metonuxka. CkinueHo-eneMeHTHHI 3D anani3 HamnpyxeHo-aehopmoanoro crany (HJC) rpyHTOBO-IIOPOTHOTO MAacHBY BH3HAYAETHCS
Ha OCHOBI MoJiesielt pi3Horo MaciuTady. Moens MakpopiBHsI BKJIIOYA€ IMOBHY Yallly Kap’e€py Ta JO3BOJISIE 3pOONTH TIEPBUHHY OLIHKY CTIiHKO-
CTi, sIka 00YMOBJIEHa 3MiHOIO T€HEPAILHOTO KyTa HaXWIy OOpTY 10 mepuMeTpy kap’epy. [IoTiM Makpomoienb po30HUBAETHCS Ha CEKTOPaIbHI
MOJIeJTi MEHIIIOTO MacITady pamiaibHO OPi€EHTOBAHUMH TUIONIMHAMU TakK, 100 OXOMUTH MOTEHIIHHO HecTiiiki ob6macti 6opty. CekTopasbHi
MOJIeJTi JO3BOJISIOTH OUTBIN A€TaJIbHO BiOOPA3UTH CKIAAHY JIHIIO YCTYIIIB MIiCI ONTUMI3alii KOHTYPIiB 32 eKOHOMIYHIM (aKTOPOM, a TAKOK
IMITYBaTH MIapyBaTy CTPYKTypy MacuBy. [Ipy>kKHO-IUTacCTHYHa MOZETh CepeloBHINAa Ta KpuTepiil MinmHocTi Kymona-Mopa pearnizoBaHi B
komax mporpamu RS3 (Rocscience).

Pe3yabTaTu. BcTaHOBIIEHO pO3MOALT MMOKa3HUKA CTIHKOCTI OOPTY MO MEPUMETPY Kapepy Ta JIOKaTi30BaHO MOTEHIIiIHI TOBEPXHI KOB3aH-
Hsl Y KOXKHOMY 13 BUIUJICHHX CEKTOPIB Kap’epy Ha OCHOBI MPOLEIypH “3HIKEHHs 3cyBHOI MinHocTi” (Shear Strength Reduction). [Toka3ano
BIUTHB I'eHEPaJbHOTO KyTa YKOCY OOpTY Ta IMOKa3HHKa IOBHOTH BHIMaHHS PyJHOTO TOKJIaay Ha KoeQilieHT po3KpuBy. BcTaHoBIeHO peasb-
Hy 3MiHy KoeQillieHTa pO3KPHBY Ha KOXKHOMY €Talll BiJIPaIfOBaHHS PyIHOTO Tijla TPU ONTUMI3allil KOHTYpIB Kap’epy 3 MeTOlo 3a0e3medeH-
Hsl TOBHOTH BUHMaHHS PY/IH.

HayxoBa HoBuU3HA. Briepiie Ha OCHOBI BOPIBHEBOTO MOJEIIOBAHHS MOKA3aHO Pi3HHINIO y BH3HAYCHHI Koe(illieHTa 3amacy CTiHKOCTI 3a-
JIeXHO Bin MacmTaly MOJIENi Ta CTyNeHs BiJoOpaKeHHsI CTPYKTYPHU IPYHTOBO-TIOPOJHOTO MacuBy. s peanbHUX TipHUYO-TEONOTIYHHX YMOB
Kagapcpkoro kap’epy BCTAaHOBIICHO 3MiHY MOKa3HUKA CTIHKOCTI B3IOBXK MEPUMETpPa Kap €py 3aJIeKHO BiJl TeHEPATLHOTO KyTa YKOCY 00pTy.

MpakTuuna 3Ha4yuMicTs. Ha OCHOBI OWIHKK CTIHKOCTI OOPTIB Kap’epy MO BCHOMY IEPHMETPY OOTPYHTOBAHO MOXIHBICTH ONTHMI3amii
MPOEKTHUX KOHTYPIB Kap’€py 3 METOIO 3aJIy4eHHs Y BIANPAIIOBAaHHS THX KOHAMIIMHUX 3amaciB Py, IO 3HAXOAATHCS MOOIU3Y KOHTYPY, Y
TOMY YHMCIi B IOHHIH YacTHHI, ajie He BUHMAIOTHCs y 3B'I3KY 3 CKJIaIHOLIAMH II0JI0 JOCTYITY JIO IIMX 3araciB.

Knrouosi cnosa: suoobysanms pyou, enuboxuii kap 'ep, vuceibhe MOOENI08AHHS, ONMUMIZAYis QIHATLHO20 KOHMYPY
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