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Purpose. Justification and development of scientific and methodological provisions and recommendations for
determining the rational location of vertical shafts with the combined method of mining mineral deposits (the com-
bined geotechnology), taking into account the new man-made impact factor: the open pit space, as well as contact of
weakened rocks with the open pit, the presence of ground-based open pit facilities and communications) with ap-
probation at the mine of the Zhairem MCC JSC (the Republic of Kazakhstan).

Methodology. When performing the studies on determining the location of vertical shafts in the combined geo-
technology conditions (transition from open pit to the underground method), the calculation method of the gecome-
chanical model of the massif according to P. S. Shpakov classification is used that allows using the numerical-analyt-
ical method to estimate stability of slopes for the open pit boards of arbitrary shape.

Findings. The algorithms for step-by-step, sequential, local optimization of qualitative characteristics and quanti-
tative parameters for selecting the area of rational and safe location of vertical shafts and a model of the combined
geotechnology using opening schemes of vertical shafts are proposed. The method for calculating and assessing stabil-
ity of open pit slopes for open pit boards of arbitrary shape for the geomechanical model of a heterogeneous massif for
4 types of computational schemes is considered. The results of scientific and experimental studies in the conditions of
the Ushkatyn-3 deposit (the Republic of Kazakhstan) allowed determining the zones of rock displacement around
the pit and establishing safe distances for vertical shafts from the edge of the pit.

Originality. Studies for determining the rational and safe location of vertical shafts with the combined geotechnol-
ogy, taking into account new technological factors: open pit space, areas of weakened rocks contacting the open pit,
land-based open pit facilities, communications, and others. The model which allows determining the vertical shafts
location in the combined geotechnology is developed. There are extended methodological provisions for calculating
and assessing stability of the pit slopes for the geomechanical model of the heterogeneous massif which allow estab-
lishing the zones of the rock displacements and collapse on the earth surface.

Practical value. The proposed methodological guidelines and recommendations for selecting the rational place for
laying vertical shafts, a model of the combined geotechnology when opening with vertical shafts, the ways of solving
specific engineering and geomechanical tasks will improve the efficiency of using the combined geotechnology in the
course of further development of fields that assume open-underground mining.
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Introduction. The widespread use of the so-called
combined geotechnology in the world is due to the fact
that when developing fields with a changeable depth in
wide ranges, the situation arises inevitably when, due to
the economic inexpediency of this method, it becomes
necessary to transit to the underground additional min-
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ing of the reserves. With increasing the depth of open pit
mining, the amount of overburden increases dramati-
cally and open pit mining becomes unprofitable due to
implementation of a significant amount of mining and
preparatory work [1]. For this reason, for example, in
Kazakhstan, a number of large ore deposits (Nurkazgan,
Kentobe, Sayak, Akzhal, Ushkatyn-3, and others) began
moving from the open method to the underground min-
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ing of minerals, that is, to introduce the open-under-
ground combined method. The reverse situation is also
possible, when the development begins with the under-
ground method and ends with the open one [2]. There
can also be simultaneously used two methods.

In the transition from the open to the underground
method of development, various difficulties arise with
the opening and carrying out of mine workings in the
underground part of the field, which requires deep sci-
entific and experimental research to determine the ra-
tional and safe location of vertical shafts with calculating
their stability positions of sophisticated geomechanics,
this will ultimately affect the efficiency and quality of the
technological processes of open-pit mining and consis-
tency of the work of the entire transport and ventilation
network of the deposit on the whole [3, 4].

Specifying a problem to be solved. With the combined
geotechnology there are many specific engineering and
geomechanical problems that significantly affect the ef-
ficiency of its use depending on the accuracy and quality
of the decision.

With increasing the depth of mining operations, the
solution of geomechanical problems that affect the issue
of selecting a place for laying mine shafts and calculating
their stability under conditions of an unspecified geo-
mechanical state of the massif, which occurs under the
effect of both underground and open-pit mining, be-
comes an important scientific-technical task affecting
further development of the process of mining the entire
field. The existing methods for determining the factors
affecting selecting and justifying the location and calcu-
lating stability of vertical workings can hardly provide a
reliable result due to the fact that the binding of work-
ings has been carried out to the conditions of the under-
ground excavation of still virgin massif.

In the world practice, in most cases, when transiting
to the combined geotechnology, the underground part
of the field is opened up by vertical shafts. One of the
most important tasks that ensure the effectiveness of the
combined geotechnology is the correct selection of the
system for opening under-career (local) reserves and de-
termining the rational and safe location of the main
opening workings (vertical shafts). The solution of this
problem is the purpose of these studies.

Analysis of the recent research. In order to study the
problem associated with selecting the rational location
of vertical shafts in the combined geotechnology there
were studied works of many well-known Russian and
foreign scientists [4]. There were considered well-known
methods for determining the place of laying shafts in
underground mining by L. D. Shevyakov [5], P.K. So-
bolevsky [6]. The studies of M. Khudey, S. Vujnic and
M. Radosavljevi¢ were also considered. These works
dealt with selecting the location of the vertical shaft of
the Velenje mine (Slovenia) using the multi-model
analysis. They opted for the following programs that
were widely used: PROMETHEE, ELECTRE, AHP
and VIKOR [7]. Attention is paid to the works by re-
searchers Qing Yu, Jinrong Ma, Hideki Shimada, Ta-
kashi Sasaoka who provide a numerical analysis of the
mining model effect on stability of the shaft [8].

Unsolved aspects of the problem. At present a suffi-
ciently large number of works are known on selecting the
location of vertical shafts in underground mining. But
there is no most appropriate methodology and justifica-
tion of this problem for the specific features of the com-
bined geotechnology. It is known that with the under-
ground method, selecting the methods for opening, de-
termining the location of the main opening workings is
carried out taking into account various natural and tech-
nical factors [9]. However, for the combined geotechnol-
ogy to these listed factors there are added new anthropo-
genic factors of influence: open pit space, areas of weak-
ened rocks contacting the open pit, earlier erected
ground-based open pit objects and communications,
and others. In these circumstances selecting the location
of the vertical shafts should be made taking into account
the possibility of the most complete mining of both near-
pit and under-pit reserves. With the combined geotech-
nology it is very important to ensure that the vertical
shafts are located outside the area of occurrence of min-
eral resources at some distance from the risk-sensitive
open pit zone of weakened rocks, with the condition that
vertical shafts remain safe and in working condition
throughout the entire period of their functioning.

Objectives of the article. The purpose of the study is
substantiation and development of scientific and meth-
odological foundations and recommendations for deter-
mining the rational location of vertical shafts when tran-
siting to the combined geotechnology of development
taking into account new man-made factors: open pit
space, areas of weakened rocks contacting the open pit,
the existence of earlier erected ground open pit facilities,
communications, and others.

Presentation of the main research. In the practice of
underground mining, the location of vertical shafts is
usually selected across the strike or along the strike of
the deposit depending on various natural and technical
factors. In the first approach the shafts to ensure long-
term functioning and durability during the entire service
time until the completion of mining operations should
be located outside the zone of weakened rocks.

Errors in determining the location of the shaft in the
direction across the strike of the reservoir are fraught
with serious negative consequences. Over time, during
the development of the field from a certain depth, the
process of rock loosening begins, and the shaft that is
unacceptably close to the ore deposit, may undergo dan-
gerous deformations and leave the state of work before
the due date. The situation may lead to the need of driv-
ing another shaft. Its construction will entail huge un-
foreseen capital expenditures. If we opt for leaving a se-
curity pillar around the shaft, then this will lead to the
loss of significant amounts of mineral resources for a
considerable period.

It is known that the shafts are most advantageous to
be placed in the bottom wall of the reservoir. With such
an arrangement, top-level capital quarters, while ac-
quiring the shortest length, accelerate the time for open-
ing and commissioning new reserves significantly.

The task of selecting the methods for opening, the
type of opening workings, parameters, as well as the

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N 2



MINING

places of their rational formation is complex. With the
combined geotechnology there are many specific engi-
neering and geomechanical problems that affect the ef-
fectiveness of its successful application.

These tasks essentially constitute the scientific and
methodological basis for solving the scientific and tech-
nical problem of selecting the rational place for laying
vertical shafts in the combined geotechnology. Based on
the analysis of engineering-technical and geomechani-
cal tasks when selecting the rational location of vertical
shafts in the combined geotechnology, the following
logical sequence of solving these problems is recom-
mended:

- selecting the system of opening deposits and the
type of opening workings taking into account specifics
of the combined geotechnology;

- determining the sizes of zones of weak rock con-
tacting the open pit extending from the surface of the
earth to the final depth of the open pit. This evaluates
the correctness of determining the rational location of
vertical shafts;

- specifying the maximum depth of the pit, when the
contour stripping factor is equal to the magnitude of the
boundary stripping factor;

- assessing stability of the open pit slopes, rock de-
formations at the sides, stress values and their distribu-
tion along the pit contour under the combined geotech-
nology;

- carrying out a complex of engineering-geological
surveys based on the visual study and instrumental mea-
surements of the terrain, the build-up of the surface, the
availability of transport routes (railways, highways),
geological disturbances, aquifers, and others, in order to
assess and to establish the area of safe location of vertical
trunks.

The algorithms of step-by-step, sequential, local op-
timization of qualitative characteristics and quantitative
parameters for selecting the area of safe location of ver-

tical shafts and the model of the combined geotechno-
logy when opening subcarrier reserves by vertical shafts
are shown in Fig. 1.

With the combined geotechnology for determining
the area of possible location of the shafts on the surface
of the earth it is important to establish the boundaries of
the sliding rocks along the contour of the pit. It is im-
portant to know the mechanisms and patterns of their
formation, methods for determining and assessing sta-
bility of slopes, ledges, their impact on the process of
collapse (sliding) of rocks along the contour of the pit,
and others.

In view of the need to transit to the combined geo-
technology in the conditions of the Ushkatyn-3 field
(the Republic of Kazakhstan), representatives of Kara-
ganda State Technical University (KSTU) carried out
scientific and experimental studies to justify the magni-
tude of the shaft distance (the shaft location) during
transition to underground mining. The purpose of the
study was to determine a safe zone behind which it is
advisable to have a vertical shaft for the subsequent un-
derground mining of the field. To this end, the work was
carried out in the southern and northern parts of the
Ushkatyn-3 open pit to calculate stability of the slopes
and sides of the open pit, which resulted in determining
the distance between the vertical shaft and the open pit.
The methodology is described below [10].

Fig. 2 shows a principal diagram for calculating sta-
bility of real open pit slopes.

When carrying out scientific research, the method-
ology for calculating the geomechanical model of the
heterogeneous massif according to the classification by
P.S. Shpakov was used, which is intended to assess sta-
bility of the open pit slopes in complicated geological
conditions [10].

In the course of the work there were analyzed 4 types
of computational schemes for assessing stability of the
slopes composed of various types of rocks [10].

’ The model of selecting the rational location of vertical shafts ‘

| The model of selecting the rational opening method (4,) |

| The synthesis of methods for limiting the depth of the open pit (4,) |

The synthesis of methods for assessing slopes stability in order to determine the line
of rock sliding (43)

The synthesis of methods for determining the zone of the earth possible deformation around
the open pit contour (4,)

| Establishing the parameters of the safety bench (45) |

| Assessing the earth surface in the zone of possible location of the shafts (4g) |

| Selecting the location of the vertical mine shaft (4) |

Fig. 1. Algorithm of successive local optimization of the process of selecting the vertical shaft location
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Fig. 2. Principal diagram of calculating a geomechanical
model of the irregular massif

Scheme I is used for both homogeneous and multi-
layer open pit slopes, with dry rocks, whose skeleton
density p,, is equal

par=q(Vi+ Vo)™, (1)

where ¢, is the mass of the rock skeleton; V; is the volume
of the rock skeleton; V, is the volume of pores in the rock.

Scheme II is used in case when the rock is in the state
of natural humidity, the depression curve is absent, the
rock density r is determined from expression

p=(@+a)(Vi+ V)7, (@)

where g, is the mass of water fully or partially filling the
rock pores.

Scheme I1I is used, when the open pit slopes are un-
der water (the depression curve coincides with the slope
contour, Fig. 2), the rock density (the rock weight is re-
duced by the water force) is determined in the following
way

p?=(p,,— D(1 - ny), (3)

where p,, is the rock mineral part density, p,, = q,/V; n
is the rock porosity, ny=1—-pg./p.

Scheme IV is used for assessing stability of the flood-
ed slopes (the depression curve /—2—3—8—38) or the
submerged slopes till the B—f level (the depression
curve), the rock density is determined above the depres-
sion curve from expression (1) or (2), and under it from
expression (3).

In accordance with the above basic schemes, the de-
sign or real contour of the pit wall and the groundwater
line are applied on the geological section across the ero-
sion of the pit wall. The characteristic and description of
the rocks between the layers, the water level, the sliding
surface, and the pit wall contour are given by the table-
set functions [10].

If the sliding surface is not predetermined in ad-
vance, then it is rebuilt according to other existing meth-
ods [11—13]. To do this in accordance with Fig. 2, the
coordinate system XOY is selected with the origin in the
lower edge of the slope. The characteristic focal points
are marked on the section.

The coordinates of intermediate points are calculated
by specially developed programs INTPOL and
SPOSGSTOI [12], in which the tabular given function x;, y;
in the XOY coordinate system is used to describe it by the
“sliding” Lagrange interpolating polynomial (SIPL). The
instructions for the use of these programs are given below.

The sliding surface is approximated (hereinafter, its
location is specified by the method of successive ap-
proximations), for which the average calculated strength
characteristics k., tgp,.. ¥, are determined [13].

For schemes I, I1 the average characteristics are cal-
culated as weighted average

N N
kac = Zkili Zli ; 4)
i=1 i=1

N N
tgpm,:ZNitgpi ZN,-§ (5)

i=l i=l
N N
= z Vidis ZZV:',/‘ ’ ©)
for schemes III, IV
N, N, N, N, -1
= (Zkili + Zkflf]{Zli + ZI;‘J ;
i=1 i=1 =1 =l

-1

Nl NZ Nl NZ
tgp,. =(ZN,. tgp, + Y N} tgpr(ZN[ +ZN§] ;
i=l i=l

i=l i=1

b

Jj=1

(ZVI i +ZV, Vs ,]]

Yac - N [ J s
=1\ j=l1
where k;, p;,  are coherence and internal friction

angle on the sliding surface /; in the natural and water-

saturated states; v;;, v;; is the rock density in the ith
block of the j™ layer in the natural and water-saturated
states; /;,  isthe elementary length of the sliding in the

natural and water-saturated states; V;;, V;; is the ele-

mentary volume of the j" layer in the i block in the

natural and water-saturated states; NV, are normal
forces from the action of the rock massif within the i
block in the natural and water-saturated states; NV is the
number of blocks; N;, m; is the number of blocks and
layers in the block that are above (i = 1) and under (i =2)
the depression curve.

Then the stability factor is determined [12]. Taking
into account the non-submerged slope, it is determined
by the formula

N N
nZZ[(Ni_(Di)tgpi+kili:| Z]—;’ (7)
i=1 i=1

where forces N,, T; are calculated as the components of
the rock weight within the block together with the water
in it, and forces @, perpendicular to the sliding curve are
determined by the formula
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;= v(H; - Z)I;,

where H; — Z; is the piezometric height averaged along
the I;contour.

For the submerged slope in formula (7) there are in-
troduced additional forces of hydrostatic pressure that
are normal to the flooded surface and are drifted to the
sliding surface along the line of their action [2, 3], i.e.

ﬁ:{[Pl cose; + B cos(a—e¢; )cos™! a—@thgp, +k,.l,.}
= i
ﬁ[P, sine; - P sin(o.—e; )cos™ a}

i=l

where is the weight of the “free” (lying above the
slope line) water within the block.

It should be noted that the proposed algorithm takes
into account such a moment when the angle of inclina-
tion of the slope ledge or side is equal to 90°.

The stability factor is calculated by the numerical-
analytical method [14].

The algorithm for solving these problems involves
calculating the parameters for limiting slope for any
slope heights. To do this, you need to specify only the
numbers of points for which the calculation should be
made (for example, points 3 and 5). In this case the cal-
culation will be carried out for two and one ledge. Then,
for each of the heights, in the corresponding sequence,
the sliding surface with the minimum stability factor is
found using formula (7).

However, the solution obtained is not mathemati-
cally faithful, since, as it was noted above, the calcula-
tion using dependence (7) was not the ultimate prism of
a possible collapse, but its real schema, which is not in
general equilibrium.

To bring the calculated slope of the ledge to the ulti-
mate equilibrium, weighted average values of adhesion
k.., internal friction angle p,., determined for the corre-
sponding sliding surfaces by formulas (1—6) are used.
The method of successive approximations is used to find
the limiting values of the weighted average strength char-
acteristics k,. and p;, as well as the corresponding aver-
aged sliding surface values for the limiting state of the
slope. The stability factor of the open pit wall of an arbi-
trary shape in complicated mining-geological and hydro-
geological conditions is determined from the expression
_k,  tgp,

k,  tgp,
kiy 8P, ki, tgp; .

Then, the calculated value of n is compared with the
permissible value, which is regulated by regulatory doc-
uments, at this the condition n > n,, must be observed. If
this condition is not observed, the pit profile should be
corrected.

Based on the above algorithm,
SPOSGS35C [10, 12] was developed.

As a result of solving the problem on a computer, all
the necessary information, the initial data for the calcu-
lation is printed.

The defined problem is solved for layers of any con-
figuration.

the program

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 2

The proposed method of the massif geomechanical
model (non-uniform) takes into account the stepped
profile of the pit, the heterogeneity (layer-stiffness) of
the massif, and others.

With the development of ore bodies by the open
method, especially steeply dipping, in the displacement
trough there is formed a zone of weakened rocks (zone
of collapse) and a zone of displacement of rocks (Fig. 3).

The dimensions of these zones increase with the
deepening of mining.

Fig. 4 presents a situation where, as a result of under-
mining the slopes and ledges of an open pit (but not the
shaft itself), the sliding line of rocks can change signifi-
cantly its position, so that the vertical shaft can be in the
risk zone of weakened rocks.

Bottom of deplated pit

Fig. 3. Diagram of the rocks displacement with open mi-
ning:
L — zone of rock displacements; | — zone of rock collapse;
o, B — angles of the rock displacement; o, ' — angles of
collapse

.l

Vertical mine shaft

Fig. 4. Changing the position of the sliding line as a result
of undermining slopes and ledges of an open pit:
1 — rock sliding line before undermining; 2 — sliding line
after undermining; L — distance from the edge ledge of an
open pit to the boundary of the rock displacement on the
earth surface before underground operations beginning;
L, — the same as a result of undermining
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The degree of the rock softening as a result of devel-
opment depends on specific conditions of the deposit.
The massifs of rocky, rather elastic, medium-fractured
rocks can reduce strength during undermining (in the
displacement zone) by 1.5—2 times. There are a lot of
reasons for weakening slopes of an open pit. Undermin-
ing significantly reduces the strength of the massif, leads
to its decompaction. The mechanism of deforming
slopes and board massifs points out that, other things
being equal, the ratios of the horizontal components of
the deformation vectors play the decisive role here [15].

Using the above techniques in the conditions of the
Ushkatyn-3 deposit of the Zhairem MCC (the Republic
of Kazakhstan), scientific and experimental works were
carried out to determine the rational location of vertical
shafts [16]. The weighted average value of the coefficient
of rock strength on the scale of M. M. Protodyakonov
for this field is f, = 10. Taking into account stratification
of rocks, the following displacement angles are taken:
d = 65; B =50; B, = 50. For the southern and northern
parts of the Ushkatyn-3 open pit, stability calculations
were performed for the geomechanical model of a non-
uniform pit slope as a result of which the shaft distance
was established [12].

There were carried out studies to determine the loca-
tion of the shaft by the condition of displacement of the
rock massif. The calculation of stability of the rock mas-
sif was made by the known methods. All the methods
take into account physical-and-mechanical properties
of rocks and the depth of the development. The calcula-
tion was carried out through 5 sections characterizing
the southern and northern part of the board of the Ush-
katyn-IIT open pit.

Below there are the zones of displacement, rebuilt
through sections 1-—1; 2-2; 3-3; 4—4; 5-5 [4]
(Figs. 5-9).

By means of building the profile lines through 5 sec-
tions, the lines of rocks displacement zones were ob-
tained. When determining the angles of displacement,
the lines to the boundaries of the developed space are
built in such a way that these lines or their continuation
do not cross the developed space. The boundary angles,
the angles of ruptures and the angles of collapse were
determined without separating the stratum into sedi-
ments and bedrock at the points of the earth surface
with deformations.

The angles defining the boundaries of the zones of
the stoping influence on the vertical sections are shown
in Fig. 2.

The following safe distances were established by the
calculations: 180; 165; 115; 0; =100 m.

Due to the connection of the points of displacement
lines to the earth surface, there was finally obtained the
region [17] within which the placement of a vertical shaft
was not recommended (Fig. 10) [18].

Conclusions and recommendations for further re-
search. In recent years the development of the mining
industry in the world has been accompanied by the
commissioning of new underground horizons for many
of the existing mineral deposits, whose development
initially began in the open way.
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Fig. 10. Zone of the rock displacement in the north part
of the Ushkatyn-3 mine
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With the combined (underground-open) method of
mining mineral deposits the task of selecting the loca-
tion of mine shafts and estimating the geomechanical
state of the rock massif near them is an important and
topical problem for both researchers and production
workers. Further development and improvement of this
problem will significantly improve the efficiency and
scope of the advanced combined geotechnology not
only in Kazakhstan but also in other mining countries.
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lo npo6emMu BHOOPY Micls PO3TAIyBAHHS
BEPTUKAJIbHUX CTBOJIB NMpH KOMOIHOBaHiii
re0TEeXHOJIOriI BiANPAIOBAHHS POJAOBHIIL

T.K. Icabek, A. K. Inawes, H. b. baxmubacs,
IIl. b. 3eiiminosa

KaparanoyHCBbKUII JepXaBHUI TEXHIYHMIA YHIBEPCHUTET,
M. Kaparanna, Pecriyosika Ka3zaxcran, e-mail: tyiak@mail.ru

Meta. OOGrpyHTYBaHHS i1 po3poOKa HayKOBO-METO-
JUYHMX TTOJIOXKEHD 1 peKOMEHIalliii 11100 BUBHAYEHHSI
palioHaIbHOTO MicLsl 3aKJaleHHs BEPTUKAIbHUX
IIAXTHUX CTBOJIB MPU KOMOIHOBAHOMY CITOCOOi Bif-
MpauioBaHHS POIOBUIL KOPUCHUX KOMaJIUH (KOMOiHO-
BAaHOI T€OTEXHOJIOTii) 3 ypaxyBaHHSIM HOBOTO TE€XHO-
TeHHOTo (hbaKTOpa BIUIMBY — BIIKPUTOTO Kap’ €PHOTO
IIPOCTOPY, a TAKOXK IMPUKOHTAKTHUX IO Kap’€py ocia-
OJIeHUX TTOPiJ i HAsIBHOCTI Ha3eMHUX Kap €pPHUX CITO-
pyad i KOMyHiKaliii 3 ampo0Oari€o Ha pygHuKy AT
,XKaiipemcokuii [3K“ (Pecniybsika KazaxcraH).

Metomuka. [Ipy BUKOHaHHI AOCTIIKEHb 32 BU3HA-
YEHHSIM MicCllsl 3aKJIaIeHHS BEPTUKAIbHUX IIaXTHUX
CTBOJIiB B YMOBaxX KOMOiHOBaHOI T'€OTeXHOJIOTI1 (Tiepexo-
Iy 3 BiIKpPMTOI PO3pOOKM Ha MiI3eMHUIA CIIOCi0) BUKO-
pUcTaHa MeTOIMKA PO3PAXyHKY JIJIs TeOMEXaHiYHOI MO-
JleJli  HEeOOHOPITHOTO MacuBY 3a  Kjacudikalliero
I1. C. IIInmakoBa, 1110 103BOJISIE i3 3aCTOCYBAHHSIM YK CETb-
HO-aHAJIITUIHOTO METOMY OIIIHUTU CTIlKICTh Kap’€pHUX
YKOCIB JUIs1 0OPTiB Kap’€piB TOBUILHOI (POpMM.
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Pe3ynbTaTi. 3anpornoHoBaHi aIrTOPUTMHU MOETAITHOI,
MOCJIiIOBHOI1, JIOKAJIbHOI ONTUMI3allil SKICHUX XapaKTe-
PUCTHK i KiJTbKICHUX MapaMeTpiB BUOOPY 00J1acTi paliio-
HaJIbHOTO I 6€3MeYHOro MicClsl 3aKJIaIeHHSI BEPTUKAIb-
HUX IIAXTHUX CTBOJIIB 1 MOIEJIh KOMOIHOBaHOI T€OTEX~
HOJIOTI1 i3 3aCTOCYBAaHHSIM CXEM PO3KPUTTS BEPTHKAIb-
HUMH CTBOJIaMU. PO3ITITHYTa MeTOIMKA PO3PaxyHKY Ta
OLIIHKM CTIMKOCTI Kap’€pHUX YKOCIB JIJIst O0PTIiB Kap’€piB
JIOBIJIbHOI (hOPMHU IIJIsT TeOMEXaHIYHOI MOJIeJli HEOTHO-
pigHOrO MacuBy /ISt 4 BUIB PO3paxyHKOBUX cxeM. Pe-
3yJIbTaTU HAyKOBO-E€KCIIEPMMEHTAIbHUX IOCTIIKEHb B
yMOBax pojioBuila ,,YikatuH-3“ (Pecrnybnika Kazax-
CTaH) JO3BOJIWJIA BU3HAYUTU 30HU 3PYILIEHHS ITOpPia Ha-
BKOJIO Kap’epy Ta BCTAHOBUTHU O€3MeYHi BiACTaHi 3aK/a-
JIEHHsI BepTUKAJIbHUX CTBOJIB Bill Kpao Kap’epy.

HaykoBa HoBu3Ha. [TpoBeneHi D1OCHiIKEeHHS i3 BU-
3HAUYEHHs pallioHAJIbHOTO 1 OE3MeYHOro Miclisl 3aKJia-
JIEHHS1 BEPTUKAJIbHUX IIAXTHUX CTBOJIIB MTPU KOMOiHO-
BaHiif TEOTEXHOJIOTII 3 ypaxyBaHHSIM HOBUX TEXHOTCH-
HUX (PaKTOpiB BIUIMBY: BiIKPUTOTO Kap’ €PHOIO IIPO-
CTOpY, NIPUKOHTAKTHUX OO0 Kap’e€py 30H OCIa0JCHUX
rnopin, Ha3eMHUX Kap’€EpHUX 00’ €KTIB, KOMYHiKalliii Ta
iH. Po3pobyieHa Momeab M03BOJIIE BU3HAYaTU Miclie
po3TalllyBaHHsI BEPTUKAJbHUX CTBOJIIB B YMOBaxX KOM-
OiHOBaHOI reoTexHosorii. Po3lmupeHi MeTonuyHi 1mo-
JIOXKEHHS 3 PO3paxyHKY Ta OLLiIHKU CTIKOCTi Kap’€pHUX
YKOCIiB [IJI1 T€OMEXaHiYHO1 MOIeJli HEOAHOPIAHOTO Ma-
CHBY, IIIO JTO3BOJISTIOTh BCTAHOBUTHU 30HU 3PYIICHHS Ta
00BaJIeHHS TTOPi/ HAa 3eMHill TOBEPXHi.

IIpakTHYHA 3HAYMMICTDb. 3aITIPOIIOHOBAHI B poOOTi Me-
TOAWYHI MOJIOKEHHSI 11 peKOMEeH1allil 111010 BUOOPY palli-
OHAJIPHOTO MICIIS 3aKJIAICHHST BEPTUKAIBHUX IMAXTHUX
CTBOJIiB, MOJIeJIb KOMOIiHOBAHOI T€OTEXHOJIOTII IMpU po3-
THHI BEPTUKAJIbHUMU CTBOJIAMM, IIUIIXM BHUPIIIEHHS
crienuGiuHUX iHXEHEpHUX i TeoOMeXaHiYHUX 3a1a4d J10-
3BOJISITh MiABUIINUTH €(heKTUBHICTh 3aCTOCYBaHHS KOMOi-
HOBaHOI TeOTEXHOJIOTii B XOMi IMOJAJBIIOTO0 OCBOEHHS
POIIOBUILI, IO MPUITYCKAE BIAKPUTO-MiA3EMHY PO3POOKY.

KmouoBi cioBa: pyoui podosuwia, kombinosana eeo-
MexHoN02Iid, 8epMUKAAbHI CMB0AU, CMIUKICMb YKOCI8,
2e0MEXAHIYHA MOOeNb

K npo6Jeme BbIOOpa MeCTONOJIOKEHHUS
BEPTHKAJIbHBIX CTBOJIOB NMPH KOMOWHHPOBAHHOI
Te0TEeXHOJOTHH OTPAOOTKH MeCTOPOKIEHHiA

T. K. Hcabex, A. K. Umawes, H. b. baxmvibaes,
1. b. 3eiimunosa
KaparaHnHCKMIA TOCYyTapcTBEHHBIN TEXHUYECKUN YHUBEP-
curet, . Kaparanaa, Pecniyonuka Ka3zaxcraH, e-mail: tyiak@
mail.ru

eas. ObocHOBaHME 1 pa3pabOTKa HAYYHO-METOIN-
YECKHUX TOJIOXKEHUN U PEKOMEHIALMU 10 OIPENeIEHUIO
palMOHAIbHOTO MECTa 3aJI0KEHUST BEPTUKAIbHBIX ITaXT-
HBIX CTBOJIOB MPU KOMOMHMPOBAHHOM CITOCO0E OTPabOT-
K1 MECTOPOXKIEHU MOJIE3HBIX NCKOMaeMbIX (KOMOMHU-
POBaHHOI re0TEXHOJIOTUU) C YYETOM HOBOTO TEXHOTEH-
HOro ¢akTopa BO3AECHCTBUSI — OTKPBITOIO KapbepHOTO
MPOCTPAHCTBA, a TAKKE MTPUKOHTAKTHBIX K Kapbepy ocia-
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OJICHHBIX ITOPOI ¥ HATMYMS HAa3eMHBIX KaphePHBIX COO-
PY>KEHUI 1 KOMMYHUKALIMIA ¢ aripodalueil Ha pyqHUKe
AO ,, Kaitpemckuii FOK* (Pecrryonuka Ka3zaxcran).

Mertomuka. [Ipu BBIMOMHEHUM MCCIEOOBAHUI IO
oIpeesIeHUI0 MecTa 3aJI0KeHU ST BEPTUKATIbHBIX IIaXT-
HBIX CTBOJIOB B YCJIOBUSIX KOMOMHUPOBAHHON reoTex-
HoJioruu (Tepexona ¢ OTKPBHITON pa3paboTKU Ha IMOA-
3eMHBII CIIOCO0) WMCIIOJIb30BaHa METOAMKA pacuera
IIJISI TeOMEXaHMIeCKOM MOIEJTM MacCcuBa 10 Kiraccudu-
kanuu I1. C. I[IInakoBa, KOTopasi MO3BOJISIET C TTPpUME-
HEHHUEM YMCICHHO-aHAIUTUICCKOTO CIT0CO0a OLICHUTH
YCTOMYMBOCTH OTKOCOB IS OOPTOB KaphepoB ITIPOU3-
BOJIbHOM (hOPMBI.

PesyabraTel. [1pemmoxeHbl anropuTMbI TTO3TAITHOM,
MOCJIEIOBATEIbHOM, JIOKAJIbHOW ONTUMU3ALMM Kaye-
CTBEHHBIX XapaKTePUCTUK U KOJMYECTBEHHBIX Iapame-
TPOB BbIOOpPA OOJIACTU PAIIMOHAIBHOTO M 0€30MMacHOro
MeCTa 3aJI0’KEHUSI BEePTUKAIbHBIX IIAXTHBIX CTBOJIOB U
MoJieJIb KOMOMHUPOBAHHOM r€0TeXHOJIOTMU C MPUMEHEe-
HHMEM CXeM BCKPBITHSI BEPTUKAIBHBIMU CTBOJIaMU. Pac-
CMOTpEHa METOIMKA pacueTa M OLEHKU YCTONYMBOCTHU
KapbepPHBIX OTKOCOB ST OOPTOB KaphepOB IMPOU3BOJIb-
HOU (hOPMBI IUTSI TeOMEXaHNIECKOI MOIETN HEOMHOPOI -
HOTO MacCHBa TS 4 BUIOB PAaCUETHBIX CXeM. Pe3ynbpraTsl
Hay4YHO-3KCITEPUMEHTAIBHBIX UCCICIOBAHUI B YCIIOBH-
SIX MECTOPOXKIECHUS ,, YIIKaThIH-3 (Pecmybnmka Kazax-
CTaH) MO3BOJIMIN OIPEICIUTD 30HBI CABMXKEHUS TTOPO
BOKPYT Kapbepa U YCTAHOBUTD 0€30IMaCHBIC PACCTOSTHUS
3aJI0XKEHMST BEpTUKAJIbHBIX CTBOJIOB OT Kpasi Kapbepa.

Hayunas nosusna. [IpoBeneHbl McclienoBaHUs 1O
OIpefesIeH!I0 pallMOHAIbLHOIO U 0€30MacHOro Mecrta
3QJIOKCHUST BEPTUKAJIBHBIX IAXTHBIX CTBOJIOB TIPU
KOMOWHUPOBAHHOW T€OTEXHOJIOTUU C YYETOM HOBBIX
TEXHOTEHHBIX (PaKTOPOB BO3AEUCTBUS: OTKPHITOTO Ka-
PBEPHOTO TIPOCTPAHCTBA, IMPUKOHTAKTHBIX K Kapbepy
30H OCJIa0JIEHHBIX ITOPOJI, HA3eMHBIX KapbePHBIX 00b-
eKTOB, KOMMYHUKaIuii 1 np. Pa3paboraHa Momens,
TTO3BOJISTIONIAST OIIPEICIISIT MECTOITOJIOXKEHUE BEPTH-
KaJbHBIX CTBOJIOB B YCIIOBUSIX KOMOMHUPOBAHHOM reo-
TEXHOJIOTMU. PaciinpeHbl METOAUYECKHUE TTOJIOKEHMS
10 pacyeTy 1 OLIEHKE YCTOMUMBOCTHU KapbePHBIX OTKO-
COB JJISI TeOMEXaHWYeCKOi MOAEJM HEOIHOPOIHOIO
MaccuBa, MO3BOJISIONIME YCTAHOBUTH 30HBI CIABMXE-
HUS 1 OOpYIIEHUS TTOPOJ Ha 3eMHOM ITOBEPXHOCTH.

IIpakTiyeckas 3Ha4MMOCTh. [IpemioXKeHHBIE B pa-
00Te METOIMUYECKHUE TIOJIOXKEHUS M PEeKOMEHIAINHU T10
BBEIOOPY PAIIMOHATEHOTO MECTa 3aJI0KCHUST BepTUKAThb-
HBIX IIAXTHBIX CTBOJIOB, MOJETb KOMOMHMPOBAHHOM
T€OTEXHOJIOTUHU TIPU BCKPBITUM BEPTUKATBHBIMU CTBO-
JIaMHM, TIyTA PEHICHMS CIIeU(PUISCKIX MHXXEHEPHBIX 1
reOMEeXaHWYECKUX 3a1au TO3BOJIST MOBBICUTH 3 deK-
TUBHOCTb IPUMEHEHHUS KOMOMHUPOBAHHON I'€OTEXHO-
JIOTAU B XOJI€ TAILHEMIIIETO OCBOEHUS MECTOPOXKICHUA,
MpeAroJaraiiuxX OTKPbITO-TTOA3EMHYIO pa3padoTKy.

KimoueBbie ciioBa: pyousie mecmopodcoerus, Komou-
HUPOBAHHAS 2e0MexXHOA02Us, BePMUKANbHble CMBOAbL,
YCMOUMUBOCMb OMKOCO8, 2e0MeXaHU4ecKas Mooens

Pexomendosano 0o nybaikauyii dokm. mexH. HAyK

B. H. Jloneonocosum. lama Haoxo0xuceHHss pyKonucy
23.01.18.
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