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Abstract

Purpose. Studying the stress-strain state of the rock mass under the open pit, taking into account the change in the open-pit
bottom width in order to reveal the geomechanical state and determine the safe parameters of the rock bridge.

Methods. The peculiarities of the stress-strain state formation in the transition zone have been studied according to the
methodology using numerical research methods and taking into account the geological strength index (GSI). Using this index,
it is possible to take into account rock fracturing, water cut, lithology and other strength indicators, due to which there is a
correct transition from the rock sample strength to the mass strength.

Findings. Based on the numerical modeling results, it has been determined that an increase in the open-pit bottom width
leads to a decrease in the zone of tensile stresses concentration in the arch pillar of the stope block. This, in turn, has a positive
effect on the rock bridge stability, that is, the probability of the rock bridge collapse does not increase with an increase in the

width of the open-pit bottom.

Originality. For the first time, the dependence has been obtained of the horizontal stresses o3 distribution at the stages of
the open-pit bottom expansion at the Akzhal Zinc-Lead Mine. This makes it possible to realistically predict changes in the
geomechanical state of the rock bridge depending on the width of the open-pit bottom.

Practical implications. When predicting the change in the stress-strain state in the transition zone and determining the rock
bridge safe parameters, it is possible to reduce the probability of their destruction and make timely management decisions on

safe conditions for mining the reserves.
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1. Introduction

In modern conditions, when a large number of deposits
mined by the surface method are switching over the under-
ground mining with caving systems of the reserves under the
open pit, a number of very complex geomechanical problems
arise, especially in the zone of direct contact between under-
ground mining operations and quarrying operations. The geo-
mechanical processes occurring in this case are determined by a
combination of natural conditions and technological factors.
The choice of an effective and safe technology for underground
mining of reserves located under an open pit should be based
on an assessment of the rock mass geomechanical state and its
predicted changes in the process of mining operations [1], [2].

One of the most difficult tasks in mining the ore reserves
in the zone under the open-pit is the substantiation of the
parameters of the protecting pillar (rock bridge), separating
surface and underground mining operations, which depends
on the stress-strain state (SSS) of the rock mass surrounding
the open pit. It is necessary to form a protecting pillar in the
context of sequential surface, underground and joint mining
of ore deposits in order to prevent the negative seismic impact

of blasting operations conducted in an open pit on the SSS of
the rock mass surrounding underground mine workings.

At the Akzhal Zinc-Lead Mine, during the transition from
surface to underground mining operations, in order to main-
tain the annual productivity of the mine, quarrying operations
and underground mining of reserves are combined in time. In
difficult mining-geological and mining-technical conditions
of the deposit, protection of underground mine workings
from the seismic impact of blasting operations in an open pit
is performed by leaving a protecting pillar under the open pit.
At the same time, significant ore reserves are left in the open
pit walls, mining of which is limited by the need to maintain
a protecting pillar in a stable state.

To ensure the safety of mining operations in an under-
ground mine, mandatory control (monitoring) of its geome-
chanical state is necessary. Therefore, the tasks associated
with the assessment of the protecting pillar stress-strain state,
when mining the reserves under the open pit and adjacent to
the open-pit wall, are of great scientific and practical interest.
In this regard, there is a need for geotechnological research
to study the geomechanical state of the rock bridge.
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The following scientists V.F. Abramov, V.R. Imenitov,
E.V. Kuzmin, V.V. Kulikov, G.M. Malakhov, V.V. Popov
and others devoted their work to research into the field of
combined technologies with the caving of ores and host
rocks, as well as the protecting pillar formation. Among
foreign scientists such scientists as T. Carter, D. Whittle,
E. Bakhtavar, H. Kumar, D. Deb, D. Chakravarty, K. Kalen-
chuk, V. Falmagne, A. Gelover, I. Montiel, J. Luzania and
others were engaged in studying the peculiarities of the
stress-strain state formation of the rock mass under the open
pit (transition zone).

An analysis of the world experience in technological so-
lutions for the protecting pillar formation in underground and
combined mining practice shows that three methods can be
used to determine the pillar stability: empirical methods,
numerical modeling and the limit equilibrium method [3]-[5].

There are several empirical methods used to determine
the protecting pillar thickness, the most common of which is
the Scaled Span Method. The Scaled Span Method concept
has been developed on the basis of case studies and provides
an opportunity for empirical determination of the protecting
pillar parameters [6]. To determine the protecting pillar scal-
able span, the following Equation is used:

1/2
c. - /4
* ([ T(1+S/L)(1-0.4c0s0) )

where:

Cs — the protecting pillar scalable span;

S — the open-pit bottom area;

T — the protecting pillar thickness;

L — the open-pit bottom width;

6 — dip angle of the stratified zone/ore;

y — specific weight of rock or ore in the protecting pillar.

The value of the protecting pillar scalable span can be
used in conjunction with the RMR classification to determine
whether the protecting pillar is stable or not.

In the work of E. Bakhtavar and K. Oraee [7], in order to
determine the optimal thickness of the protecting pillar in
mining system with caving, a dimensional analysis approach
is used, which is determined by the following empirical
Equation:
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where:

C — the adhesion of rocks;

S — the face area of the stope block;

h — the height of the stope block face;

y — specific weight of rocks.

This formula is based on experimental studies and pilot
tests, where it is used to determine the protecting pillar
thickness in case of block caving of the rock mass under the
open pit. In the world practice of geomechanics, numerical
modeling is currently one of the main methods for studying
the geomechanical state of the rock mass under the open pit.
In addition, it is used to analyze the stability and predict
stress changes in the protecting pillar during the development
of mining operations [5], [8]-[14].

The limit equilibrium method uses analytical limit equi-
librium equations, each of which is developed for a particular
failure mechanism [15]. These failure mechanisms are de-
termined by the ratio of the resistance force to the forces that
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cause movement, and are used to determine the type of the
protecting pillar failure.

In the work of K. Pravin [16], a method has been deve-
loped for calculating the protecting pillar thickness, taking
into account the natural stress field, the parameters of an
open pit, the equipment used in an open pit, and the loading
by overburden rocks. In addition, analytical dependences
have been obtained of the protecting pillar thickness on the
SSS of the rock mass located under the bottom of the open
pit, the additional load of the rocks adjacent to the open-pit
walls, and the inclination angles of the open-pit walls. Ac-
cording to K. Pravin, the protecting pillar thickness function-
ally varies depending on these factors and the side thrust
coefficient according to the law of % degree.

N.N. Nasibullin in his work [17] assumes that in the con-
ditions of mining the reserves under the open pit by under-
ground method with caving systems, the protecting cushion
parameters should be substantiated on the basis of the dy-
namic impact of rock pieces collapsing on it from the open-
pit walls. The thickness of the protecting cushion, which
ensures the efficient and safe underground mining, is deter-
mined on the basis of a multifactorial dependence, taking
into account the parameters of the movement of pieces, the
properties of collapsing rocks and rocks bearing the load, as
well as the properties of the mass in which underground
mine workings are located. The author determines the mini-
mum width of the near-wall zone (in most cases it does not
exceed 50 m) of the protecting cushion, which directly takes
up and compensates for the dynamic impact of the falling
mass on the ore mass, which takes into account the size of the
pieces formed as a result of the open-pit wall caving, the
distance of the distribution of these pieces from the wall. Also
in his work N.N. Nasibullin has revealed the main factors
influencing the protecting cushion thickness and developed a
methodology for determining the parameters of the protecting
cushion near-wall zone, which takes into account the sizes of
the pieces formed as a result of the open-pit wall caving and
the distance of their distribution over the open-pit bottom.

Much attention is paid to the study of the geomechanical
state of the rock mass under the open pit and the prediction
of stress changes in the protecting pillar during the develop-
ment of mining operations [18]-[22]. It follows from the
above that, as a rule, the main place in research is occupied
by the analysis of technological processes, the determination
of the protecting pillar optimal thickness and the stability of
the wall slopes. At the same time, the study of the open-pit
bottom width influence on the geomechanical situation in the
rock bridge is given a secondary role. Thus, in the
works [21], [23], [24], the issues of assessing the rock bridge
geomechanical state are studied, taking into account the
influence of elevation marks of the open-pit walls. Also, in
the work [25] and other works, it is indicated that when stud-
ying the stress-strain state of a rock bridge, such conditions
as the safety of mining ore reserves, preservation of the
open-pit walls in a stable state, and the minimum indicators
of losses and ore dilution should be taken into account.

The research purpose is to study the stress-strain state of
the rock mass under the open pit, taking into account the
change in the open-pit bottom width when mining the re-
serves under the open pit of the Akzhal Zinc-Lead Mine with
the sublevel caving system and to determine the protecting
pillar safe parameters with the maximum complete extraction
of ore in the walls adjacent to the open-pit bottom.
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2. Research methods

The protecting pillar (rock bridge) thickness is deter-
mined by the zone of mutual influence of the open pit and
underground mine workings. This zone sizes depend on
many factors: physical-mechanical properties of the ore and
rocks, the mass fracturing, the ore extraction technology, the
impact of mass explosions in the open pit and underground
mine, the degree of filling the open pit with water and waste
rocks, etc. The stress-strain state of the rock mass under the
open pit has been studied, taking into account the change in
the open-pit bottom width, by performing a complex of ge-
otechnological research, including laboratory testing of rock
samples for uniaxial compression, determining the rock qual-
ity — Rock Quality Designation (RQD) [26], surveying of
rock fracturing, consideration of lithology and water-cut of
rocks, as well as determining the Geological Strength Index
(GSI) of the rocks [27].

For a predictive assessment of the possible influence of the
open-pit bottom width on the rock bridge geomechanical state,
numerical modeling of the stress-strain state of the rock mass
under the open-pit has been performed with the actual width
(20 m) and with an increase in the open-pit bottom space. The
peculiarities of the stress state formation in the transition zone
have been studied according to a methodology, which uses
numerical research methods with account of the geological
strength index (GSI) and makes it possible to determine the
patterns of SSS variability. The Hoek-Brown criterion has been
chosen as an empirical failure criterion for assessing the stabil-
ity of mine workings [28]. To determine the possible rock
destruction zones (zones of inelastic deformations) in the mass
under the open pit, numerical modeling has been performed by
the finite element method using the “Phase 2” program.

The modeling result reliability often depends on the accura-
cy of the initial data entered. The initial data for numerical
analysis are prepared using the RocData program, which makes
it possible to determine the rock mass strength parameters
based on the Hoek-Brown and Mohr-Coulomb failure criteria.

The initial data important components are the uniaxial
compressive strength of rocks (ocompr) and the Geological
Strength Index (GSI). To clarify the mass strength parameters,
detailed information is required on the strength properties of
rocks, which have been determined by laboratory testing of
rock samples from the Akzhal Mine [29], [30]. The average
value of the ultimate compressive strength is 76.24 MPa.

The GSI parameter is the result of research by E. Hoek
and E.T. Brown on the structural peculiarities and properties
of rocks. Classification is constantly being improved depend-
ing on the requests arising from design practice. In one of the
latest studies by Hoek and Brown [27], it is proposed to
determine the GSI index as follows:

RQD

GSI =1.5-JCondgg +——, 3)

where:

JCondgg — parameter of the rating rock joint classification
in accordance with the methodology of the International
Society for Rock Mechanics (ISRM) [31];

RQD - rock quality index.

(4)

JCondgg =Jpg =Jasr +Iag2 +Iasz+Iaasa +Ipss

where:

Jaa—an index that takes into account the quality of
contact over the joints:

Jaa1 — joint roughness coefficient;

Jasaz — joint length rating;

Jaaz — joint emptiness index;

Jaas — joint filling index;

Jass —index that takes into account the joint wall
weathering.

As a result of mine research (fracturing survey) at the
Akzhal Mine, rating indexes have been determined that are
JCondsg (JA4) according to the methodology of the Interna-
tional Society for Rock Mechanics (ISRM) [31]. The indexes
in points are given in Table 1.

Table 1. Determining the rating assessment of the geological characteristics of fracturing JA4

Parameter

Ranges of values

A4. Joint characteristic (JCond so)

A4.1. Joint roughness Very rough Rough Slightly rough Smooth surfaces  Signs of slipping
Rating Jaa1 6 5 3 1 0
A4.2. Joint length <1lm 1-3m 3-10m 10-20m >20m
Rating Jaa2 6 4 2 1 0

A4.4.3. Joint emptiness Not found <0.1mm 0.1-1.0 mm 1-5 mm >5mm
Rating Ja43 6 5 4 1 0

s Solid filler Solid filler Soft filler Soft filler

A4.4. Joint filler Not found <5 mm > 5 mm <5mm >5mm

Rating Jaas 6 4 2 2 0
. . Slightl Moderatel Strongl
A4.5. Weathering of joint walls Not found wea?herz d weathere dy weathgré/ d Fragmented

Rating Jass 6 5 3 1 0

JCondso = Jas = Jaar + Jaae + Jaaz + Jaaa + Jas =3+ 2 +4 +2 +5=16

The RQD index is determined as the ratio of the total
length of the obtained core pieces with a length of more
than 100 mm to its total length [26]. That is, the RQD index
has a directly proportional dependence on the number of
joints in the rock mass, however, its value can vary
significantly depending on the direction of drilling.

Therefore, to equalize this anisotropy, joints in the rock
mass volume are also counted. The RQD parameter value
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for the Akzhal Mine conditions is determined according to
the methodology in [31]. The procedure for determining the
RQD value is conducted according to the scheme shown in
Figure 1. The results of the RQD index determined at the
Akzhal underground mine are presented in Table 2.

Thus, as a result of mine research in mine workings located
in the mass under the open pit of the Akzhal Mine, the GSI
value has been determined by the Formula 1 and is equal to 64.
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L=38cm
a—
L=17cm Total core length is 200 cm
L=0cm RQD = Total length of core pieces with a length of > 10 cm x 100%

Total core length
Length < 10 cm

38+ 17420+ 35 x 100%_

= 0/
RQD 200 55%

L=20cm

-

L=35cm

ﬁ Spacing in drilling
L=0cm
No pieces larger than 10m

Figure 1. Procedure of measuring and example of calculating the
RQD index

Table 2. Results of determining the RQD index

Well intervals, m RQD values  Rock quality
30.8-38.3 92.6 Very hard
20.3-30.8 84.4 Hard

9.7-20.3 80 Hard
6.7-9.7 61 Medium hard
Average value 80.7 Hard

Then, to prepare the initial data for numerical modeling,
the following data are entered into the RocData program:

—uniaxial compression strength of undisturbed rock
(sigci) — 76.24 MPa;

— geological strength index (GSI) — 64;

— undisturbed rock parameter (m;) — 10 (for limestone);

—mass disturbance by blasting operations (D) — 0 (cha-
racterizes the good quality of blasting operations);

— undisturbed rock deformation modulus (Ei) — 21000 MPa
(for limestone);

—unit specific gravity of rocks (y) — 2.7t/m3 or
0.027 MN/t3.

Previously conducted studies for determining the physi-
cal-mechanical properties of rocks at the Akzhal Mine [32]
and an additional complex of geotechnological research
performed as part of this work make it possible to prepare the
initial data (strength indexes according to the Hoek-Brown
criterion) for numerical analysis of the stress-strain state of
the rock mass under the open pit:

— rock type — massive limestones;

— ultimate strength in the mass sigem — 18.32 MPa;

— the Hoek-Brown criterion: m, = 2.64; s = 0.018; a = 0.502;

— Poisson’s ratio — 0.25.

For numerical analysis of the geomechanical situation in
the rock bridge and assessment of the influence of the open-
pit bottom width on the stress-strain state of the mass under
the open pit, three models have been implemented, taking
into account the change in the open-pit bottom space
depending on the actual width from 20 to 60 m. The location
of mine workings and the stope block, as well as their corre-
sponding connection to the horizons of mining operations, is
shown in Figure 2. The horizons for mining operations are
chosen in accordance with the actual distance to the open-pit
bottom. The stress-strain state of the mass is calculated for
the real geometry of the open-pit walls. The asymmetric
nature of the stress distribution in the mass under the open pit
is a consequence of the difference in the elevation marks of
the open-pit walls.
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Figure 2. Layout of mine workings and stope block

The transition zone stress-strain state is characterized by
changes in the principal stresses, the rock bridge behavior is
determined, to the greatest extent, by the presence and value
of horizontal stresses [33]. Therefore, they are decisive in
assessing the rock bridge stable state.

3. Results and discussion

An analysis of the horizontal stresses distribution for a variant
with a design open-pit bottom width of 20 m (Fig. 3) has re-
vealed that an unloading zone is formed in the upper part of the
rock bridge (directly in the zone adjacent to the open-pit bottom).
With an increase in depth, a stress zone is formed in the middle
of the rock bridge, while the most difficult situation occurs in
the area in the five-meter zone from the stope block roof, where
the stress values reach 2.61 MPa. Above the technogenic out-
crop roof, horizontal stresses decrease to a value of 0.93 MPa.

W

'1,_']

£
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£ J
1_1
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Figure 3. Isolines of horizontal stresses a3 for a variant with a
design open -pit bottom width of 20 m

As the walls are sequentially mined, with the open-pit
bottom expanding 20 m to the right (Fig. 4), in the central
part of the rock bridge, the stresses are 1.89 MPa (compared
to the initial variant, they decrease by 0.72 MPa). At the
junction of the rock bridge lower part with the stope block
roof, the value of o3 changes insignificantly (0.96 MPa).

The subsequent mining of the walls and the open-pit bot-
tom expansion by another 20 m to the left (Fig. 5) is charac-
terized by an increase in the unloading zone under the open-
pit bottom to a depth of 10 m and a further increase in stress-
es in the rock bridge mass. In the area above the mined-out
space, the values of horizontal stresses decrease compared to
the previous variants of modeling. It should be noted that the
principal stresses arising in the rock bridge with an increase
in the open-pit bottom sizes do not exceed the level at which
the mass continuity is disturbed.
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Figure 4. Isolines of horizontal stresses a3 for a variant with the
open-pit bottom expansion by 20 m to the right

Figure 5. Isolines of horizontal stresses a3 for a variant with the
open-pit bottom expansion by 20 m to the right and
20 m to the left

The SSS numerical modeling of the mass under the open
pit has revealed that with sequential mining of the walls with
the expansion of the open-pit bottom up to 60 m, an increase
in the unloading zone is observed in the rock bridge upper
area. With an increase in depth, a stress zone is formed in the
middle of the rock bridge, while the most difficult situation
occurs in the area in the five-meter zone from the stope block
roof. With an increase in the open-pit bottom sizes, the
values of horizontal stresses in this zone decrease from
2.61 MPa (with a bottom width of 20 m) to 1.87 MPa (with a
bottom width of 60 m), and in the border mass of the block
roof, there is an insignificant increase in stresses (from
0.81 MPa with a width of 20 m, up to 1.32 MPa with a width
of 60 m). Figure 6 presents the dependences of the change in
the values of horizontal stresses o3 at the stages of the open-
pit bottom expansion.

3.0

25
20
15

10
05
0.0 T T T T T T 1
1 1 2 2
050 5 0 15 20 25 30 35
Distance to the open-pit bottom, m
Bottom width 20 m Bottom width 40 m
Bottom width 60 m

Figure 6. Dependences of the horizontal stresses &3 distribution at
the stages of the open-pit bottom expansion

Horizontal stresses, MPa
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The research results show that the influence of the stope
block parameters and the open-pit bottom width lead to a
slight change in the stress-strain state of the rock mass be-
tween the open pit and the underground mine. A significant
part of the rock bridge is in a stable state and ensures the
safety of mining operations. It should be noted that during
the numerical analysis, the seismic effect of the blast force
on the rock bridge when mining the ore bodies with the
sublevel caving system was not taken into account in detail.

However, when conducting a numerical analysis, the in-
dex of rock disturbance by blasting operations was used, the
value of which corresponded to the good quality of blasting
operations. In further research, it is planned to conduct a
study to determine the patterns of change in the index of
mass disturbance by blasting operations, depending on the
category of rock stability. This will make it possible to cor-
rect the geomechanical model during numerical analysis and
more correctly assess the rock bridge geomechanical state.

4. Conclusions

To study the stress-strain state of the mass under the open
pit, taking into account the change in the open-pit bottom
width, a complex of geotechnological research has been
conducted in the mining-geological and mining-technical
conditions of the Akzhal Mine development. This research
complex includes laboratory testing of rock samples, mine
research and the stress-strain state numerical modeling of the
mass under the open pit.

The information obtained from the results of a geotechno-
logical research complex makes it possible to predict the rock
bridge state depending on the open-pit bottom size (width).
Based on the numerical modeling results, it can be assumed
that an increase in the open-pit bottom width leads to a de-
crease in the zone of tensile stress concentration in the arch
pillar of the stope block, which in turn has a positive effect on
the transition zone stability. Thus, the probability of the rock
bridge collapse does not increase with an increase in the width
of the open-pit bottom. The border area of the rock mass,
adjacent to the block 30 m high and mined by the sublevel
caving system, is in a stable state. Expansion of the open-pit
bottom will not lead to rock bridge mass discontinuity. The
general state of the walls is characterized as extremely stable.

The computational model adapted to the real conditions at
the Akzhal Mine is a reliable tool for predicting the geome-
chanical situation in the mass under the open pit for taking
timely measures to ensure the safety of mining operations.

Thus, the ability of predicting the change in the stress-
strain state in the transition zone and determining the rock
bridge safe parameters can reduce the probability of their
destruction and make timely management decisions on safe
conditions for mining the reserves.
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HocaixxeHHs HaNPYyKeHO-Ae()OPMOBAHOI0 CTAHY MiIKap’€PHOr0 MacUBY

3 ypaxyBaHHSIM 3MiHH IIMPHHH JHA Kap’€py

A. Imames, A. CyimbaeBa, I'. XKynycOekosa, 111. 3eiitinoBa, A. Kyrtn6aes, A. MycCin

Merta. [lociipKeHHs HanpyKeHOo-Ae(OPMOBAaHOTO CTaHy MiAKap €PHOr0 MAaCHBY 3 ypaxyBaHHSIM 3MiHM IIUPUHHU JHA Kap’e€py Uil BH-
BUCHHS T€OMEXaHIYHOTO CTaHy Ta BU3HAYEHHs OC3IIEYHHUX MapaMeTpiB MOPOIHOTO MOCTA.

Metoauxka. BuueHHs ocobnmBocTeil GopMyBaHHS HarpyKeHO-Ae(OPMOBAHOTO CTaHY MEPEXiAHOI 30HH MPOBOAMIOCS 32 METOJHUKOIO,
3aCHOBAHOIO Ha BHKOPHCTAHHI YHCENBbHHX METOJIB JOCII/DKEHb 3 ypaxyBaHHSAM reojoridHoro inaekcy Minuocti (GSI), sikuii no3Bosse
BpaxyBaTH TPILIMHYBATICTh TIPCBKHUX MOPiJ, 0OBOAHEHICTB, JITOJIOTIIO Ta iHIII MOKa3HUKH MIIHOCTI, 32 PaXyHOK 4OT0 BiJJOyBa€ThCsl KOPEKT-

HUI IepexiJ] BiJl MilIHOCTI 3pa3ka ripChKUX MOPiJ] 10 MIITHOCTI MacHBY.

Pe3ynbraTn. Ha OCHOBI pe3ysbTaTiB YHMCETHHOTO MOJEIIOBAHHS BCTAHOBIICHO, IO 30iNMbIICHHS NIMPUHU JHA Kap’€py MPU3BOIHUTH 10
3MEHIICHHS 30HH KOHIIEHTPALl PO3TATYIOYHX HAMpPYXKEHb Y CTENHHI OYMCHOTO OJIOKY, IO B CBOIO YEpry YMHHTH IMO3UTHBHUI BIUTMB Ha
CTIHKICTh MOPOAHOTO MOCTA, TOOTO HMOBIPHICTH 0OBaJICHHS TIOPOHOTO MOCTA 31 301IBIICHHIM [IMPHHH JJHA Kap €Y HE MiJABUIIYETHCS.

HaykoBa HoBu3HA. Briepiiie 0TpUMaHO 3aJISKHICTh PO3MO/ALITY TOPU3OHTAIFHUX HATPYKEHb 03 HAa eTanax PO3IIHPEHHs [HA Kap’epy Ha
CBHHIIEBO-IIMHKOBOMY pomoBuili Axxai. Lle 103Boisie pearicTHYHO MPOrHO3YBATH 3MiHY T€OMEXaHIYHOTO CTaHy MOPOJIHOTO MOCTY 3allexk-

HO BiJ] LIMPUHHM JIHA Kapepy.

IMpakTuna 3HaYMMicTb. MOXIIUBICTD Mepen0aunTH 3MiHy Hanpy»KeHO-1eGOopMOBAHOTO CTaHy Yy HEepeXiJHiil 30Hi Ta BU3HAYCHHs Oe3-
NEYHUX MapaMeTpiB MOPOJHOTO MOCTY JO3BOJATh 3HM3UTH HMOBIPHICTH iX pyHHYBaHHS Ta MPUIHATHA CBO€YACHI yMpPaBIiHCHKI PillIeHHS

moa0 Oe3MeUHnX yYMOB BiIIHpaIHOBaHHH 3aracis.

Knrouosi cnosa: nanpyoiceno-oegpopmosanuii cman, 3an00idCcHUL YinuK, 2e0n02iuHUll IHOeKC MIYHOCI, YUCEeNbHULL AHATI3



