MINING

UDC 622.271 DOI: 10.29202/nvngu/2018-3/1
B. Yu. Sobko, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-6872-8458,

0.V. Lozhnikov, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0003-1231-0295

DETERMINATION OF CUT-OFF WALL COST EFFICIENCY
AT MOTRONIVSKYI PIT MINING

Purpose. The economic efficiency definition of cut-off walls in rocks at the flooded Motronivskyi mining site of
Malyshevskyi deposit taking into account the environmental aspects of the problem.

Methodology. For determination of possible technological solutions to reduce the inflow of groundwater into the
pit used, methods of analysis and systematization were used. While selecting the indexes of evaluation to establish the
effectiveness of cut-off walls in rocks analytical method was used. Determination of the mining and preparatory work
volume for construction of tranches for placing waterproof materials was performed by graphic method. Substantia-
tion of rational application of cut-off walls in rocks at Motronivskyi mining site of Malyshevskyi deposit was made
using techno-economic analysis.

Findings. Analysis of modern technological solutions aimed at reducing the volume of inflow of groundwater into
the pit was conducted. Method for determining an application field for cut-off walls at a flooded mining pit which
takes into account the cost of draining the pit and decrease in the environmental damage to the environment is devel-
oped. Technical and economic performance of buildings cut-off wall at Motronivskyi pit mining that allows evaluat-
ing the technology effectiveness was set.

Originality. Dependence of the required economic effect at the construction of cut-off walls in rocks on the inflow
of groundwater into the pit for the geological and hydrogeological conditions at mining Motronivskyi pit is deter-
mined.

Practical value. Methods for determining an application area of cut-off walls at mining flooded pits allows estimat-
ing the cost efficiency of using cut-off walls in rocks at mining flooded fields, taking into account mining-geological
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and hydrogeological conditions of occurrence.
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Introduction. The development of mineral deposits
by the surface mining method has a significant impact
on the environment, including the water balance of the
mining region. The total area of single pit excavations
can reach several thousand hectares, which must be
continuously dried for safe mining operations [1].

In turn, work on the drainage of the field is associ-
ated with drilling a large number of filtration wells,
through which groundwater is pumped [2]. The com-
plex of preparation works associated with the drainage
of the deposit [3] has a direct effect on the state of the
aquifers in the surface mining area [4].

Another option to prevent groundwater from enter-
ing to the pit is construction of cut-off walls in rocks that
consist of waterproof materials [5]. However, the con-
struction and use of cut-off walls at the surface mining
deposits assumes a large volume of mining and con-
struction work, which requires significant capital costs,
which cannot always be justified.

In this regard, it is urgent to establish the field of ap-
plication of cut-off walls at the development of watered
pits taking into account the environmental aspects of the
problem.

Analysis of previous research. The technology of re-
ducing water inflow into the working area of the pit in-
volves constructing one deep trench with a small width
and a closed contour and placing various waterproof
materials in it afterwards. However, these works con-
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cerned only the development of brown coal deposits
with soft loose rocks, which were easily excavated [6]. As
the research results have shown, cut-off walls are very
effective for protecting open-cast mine from groundwa-
ter, as evidenced by their widespread use in Germa-
ny [7].

The construction of the trench, in which the cut-off
wall is located, is carried out by a special trencher
equipped with elongated working equipment on a rigid
or cable fastening. The development and production of
trencher machines began in the middle of the past cen-
tury and has been developing intensively till our time.
The leaders in the manufacture of these machines are
the countries of Europe [8] and Japan [9].

Over the time this experience has been used by many
European countries, as well as the United States, and
has been praised as one of the effective measures to pre-
vent water inflow into the pit which reduces the costs of
draining the field deposit and maintains the groundwa-
ter balance in the region [5].

Unsolved aspects of the problem. The analysis of ex-
isting research works does not allow making specific
recommendations on the use of water-proof walls in
practice for other watered deposits, for example, for
flooded placer deposits of titanium-zirconium ores
(Motronivsko-Annovskyi placer deposits), where the
ore is a zero-water quicksand. The technical and eco-
nomic field of technical solutions application to prevent
groundwater entering the pit is not sufficiently substan-
tiated in these studies. Therefore, the determination of
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the rational application field for cut-off walls in condi-
tions of surface mining flooded placer deposits is an ur-
gent task.

Objectives of the article. The substantiation of the ef-
fective application of cut-off walls in soft rocks can be
achieved by developing a methodology for determining
the economic efficiency of their construction in the
conditions of mining watered deposits taking into ac-
count the environmental aspects of the problem. This
methodology should include the basic hydrogeological,
technological, environmental and economic parameters
that affect the mining enterprise operation.

Presentation of the main research. The construction
of cut-off walls in rocks is divided into two successive
processes. The first process consists in drilling a vertical
trench along the perimeter of the upper pit contour with
a given depth of 100 m. This width, as a rule, does not
exceed one meter. The depth of the cut-off wall during
the construction corresponds to the level of the water-
proof horizon which is located under the ore bed to pre-
vent water from entering the pit from the bottom.

The second technological process involves filling
and tamping the trench with waterproof materials. The
choice of waterproofing material and mining equipment
for trenching is described in [5] and is given in Table 1.

Each type of filler waterproof material for construct-
ing cut-off walls (Table 1) has a characteristic chemical
composition, physical and mechanical properties that
affect waterproof efficiency of the residual pit space, as
well as the construction costs, which should be taken
into account while performing calculations [10].

To determine the economic feasibility of construct-
ing a cut-off wall in rocks the technological parameters
ofthe trench constructing process [ 11] and placing a wa-
terproofing material in it were investigated.

During the construction of cut-off walls, significant
costs are caused both by the construction of deep
trenches and by the filling of trenches with the grouting
mortar materials. The scope of work on the construction
of the cut-off wall will depend on the size of the pit along
the surface and its depth. In general terms, the expres-

Table 1

The choice of filler waterproof material during
the construction of a cut-off wall in rocks depending
on the type of mining equipment

Excavation method
S
Type of filler waterpro of Lsls 518 % o 2
material 2 w5 é SEIEE
5|22 ¢k s
ECP|ITO|R 5| A E
Regular concrete + + - +
Plastic concrete +— | +- - —+
Cement-bentonite solution +—- | +- + -
Soil-bentonite solution - - ++ -
Soil-cement-bentonite solution | —+ | —+ + -
* “-” does not apply, “— +” — rarely used, “+ —” — application is

possible,”+” — applied, “+ +” — often used
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sion of the trench volume can be written in the following
form, m?

Vip=2(Lg+ Wi+4K) - (Hx £t AZ) - Wrp, (1)

where Ly is the length of the pit, m; Wyis the width of the
pit, m; Kis the distance between crest of upper pit bench
and the cut-off wall, from 30 m; H is the pit depth, m;
AZ is the distance between the soil of the mineral depos-
it bed to the lower (+) or bed surface to the upper (—) wa-
terproof layer, m; W, is the width of the trench, m.

The construction costs for cut-off wall are calculated
on the basis of the volumes (1) and the physical and me-
chanical properties of the overburden rocks. The costs
are determined according to the expression, UAH

Zge=Vrr Ce, (2)

where Cyis the cost of construction the trench and fill-
ing it with waterproof materials, UAH/m?*

Analysis of the world experience in constructing cut-
off walls in rocks [9] allows establishing that the cost of
Cjyc per device of 1 m® of this design is in the range from
65 to 2690 $/m>. The difference in the cost of the con-
struction of cut-off walls is due to the strength of the
drilled rocks and the type of filler waterproof material [9].
When mining a rock with strength up to 30 MPa, the cost
of constructing cut-off walls does not exceed 720 $/ m>.
The change in the cost of constructing cut-off walls in
loose rocks from 65 to 720 $/m? is explained by the depth
of the trench. The minimum cost of the cut-off wall de-
vice is achieved by operating the backhoe excavator to a
depth up to 22 m.

At the construction of cut-off walls in the lignite de-
posits of Germany in the Lausitsa region, significant
isolation of the pit working zone from the water from
aquifers is achieved, but still some volumes of the water
continues to flow into the worked-out space [5].

After the construction of the cut-off wall, the
groundwater continues to enter the pit in a very limited
amount. This can also be explained by the fact that to
reduce the process cost in the construction of this wall
in Germany, non-expensive soil-bentonite and soil-ce-
ment-bentonite solutions are used rather than concrete
plugging solutions (Table 1).

That is why the effectiveness of the cut-off wall con-
struction can be estimated by the level of groundwater
inflow reduction into the worked-out pit space. Conse-
quently, the higher efficiency of the cut-off wall use is,
the lower the permeability of groundwater to the pit is.

During the technical and economic assessment of
the cut-off wall construction effectiveness it is proposed
to use the term “coefficient of cut-off wall efficiency”.
This coefficient reflects the change of water inflow into
the pit when installing a cut-off wall. The coefficient of
cut-off wall efficiency can be determined according to
the following expression

Fw—Fw
Ver =g,

) 3)

where Fy, is the total volume of water flowing from the
aquifers to the pit before the construction of the cut-off
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wall, m3/h; Fj, is the same, after the construction of the
cut-off wall, m?/h.

It follows from expression (3) that with an efficiency
coefficient of the cut-off wall v = 0, the volume of
groundwater water inflow into the pit will be the same as
before the construction of the cut-off wall, and if
ver= 1, the water inflow into the pit will cease. Further
this coefficient can be applied during the determination
of the construction economic efficiency of such walls in
pits.

In addition to a significant reduction in operating
costs for the diversion of groundwater from the pit work-
ing area, cut-off walls significantly reduce the area of the
depression funnel, as well as protect the landscape from
large-scale drainage. In general, the economic efficien-
cy of the cut-off wall construction in the pit (2) can be
achieved at the following condition

ZBC<ZFM'CM_ZFV;G'CM+ZEI5 4
il = il

where i is the year of deposit development, # is the
number of deposit development years, CW'is the cost of
water removal from the pit, m3>/UAH; E is saving from
reducing the environmental damage associated with the
deposit drainage, UAH.

When carrying out the research, it is assumed that
the cost of water removal from 1 m? from the pit Cy, will
be equal before and after the installation of the wall. In
this case, equation (4) will have the following form

VTP'CBC<Z(FVW—FV;4)CM+ZEV Q)
il il

Substituting expression (3) into expression (5), we
determine the minimum efficiency coefficient value of
the cut-off wall for the determination of its use expedi-
ency

n
VTP ’ CBC - ZEi
Ver.miv = ,,—I:l

z K Wi ' CW[

i=1

Therefore, the construction of a cut-off wall has an
economic meaning when provided condition vy y <
<ver< 1. The closer veris to 1 the higher the efficiency
of the engineering structure application.

After determining the appropriateness of the effi-
ciency of the cut-off wall in a pit use, efficiency of mea-
sures to reduce water inflow into the working area of the
pit is checked by establishing the enterprise’s benefit of
the technology introduction according to the expres-
sion, UAH

P:ZFM-CM—ZBC—ZFV{/[-CM+ZEi. (6)
i=l i=l i=1

Taking into account the efficiency coefficient of the
cut-off wall (3), expression (6) can be represented in the
form, UAH
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P:ZFM'CM'VCT_ZBC+in'

i=1 i=l

The resulted technique of economic efficiency defi-
nition of cut-off wall application at operation open-cast
mines allows establishing expediency of their construc-
tion in view of expenses for pit drainage reduction and
reduction in ecological damage to environment.

To approbate the proposed methodology, as an ex-
ample, the existing Motronivskyi pit is considered where
the watered deposit of titanium-zirconium ores is devel-
oped. When solving the task, initial data are taken: the
volume of the trench for the cut-off wall construction
and the groundwater inflow into the pit. In accordance
with the initial data the feasibility of a cut-off wall con-
structing in a given pit is established.

First of all, the cost of constructing a cut-off wall in
Motronivskyi pit is determined according to expressions
(1) and (2). It is mainly influenced by the length, depth
and width of the preparatory trench. When performing
calculations, the depth of the trench is assumed equal to
60 m, which corresponds to the depth of Motronivskyi
pit. As filling materials, bentonite solution, cement-
bentonite solution and ordinary concrete were taken
(Table 1). Since the mining rocks under the conditions
of Motronivskyi pit are loose, the cost of constructing
the wall will not exceed 720 $/m? [5]. The established
dependences of constructing a cut-off wall costs on its
length and the type filler material are shown in Fig. 1.

As can be seen from the graphs shown in Fig. 1 the
dependence of the wall building cost in the pit has a lin-
ear dependence on its pit length. The length of the wall
corresponding to the perimeter of Motronivskyi pit is
6200 m. The length of the wall construction in the pit is
33.8, 101.5, 169.3 million Euros for the bentonite, ce-
ment-bentonite solutions and ordinary concrete, re-
spectively.

The next stage of the research is to determine the re-
duction of water inflow volumes in the pit with different
coeflicients of cut-off walls efficiency, according to the
expression (3).

In carrying out the researches the initial data are the
hydrogeological conditions for the mining Motronivs-
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Cut-off wall construction costs,
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Fig. 1. Dependence of the constructing costs of a cut-off
wall in rocks on its length and type of filler material
with a pit depth H, = 60 m
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ko-Annovskyi placer deposit in which the water inflow
into the pit varies between 350—900 m?/h depending on
the calculation method [10]. The following efficiency
coefficients of cut-off walls were adopted during the re-
search: for a bentonite solution — 0.9; cement-bentonite
solution — 0.95; of concrete — 1.0. The research results
of the dependence of water inflow into the pit on the
coefficient of cut-off walls efficiency and water inflow
into the pit are shown in Fig. 2.

The results of the studies shown in Fig. 2 also dem-
onstrate a linear dependence of the water inflow into the
pit on the coefficient of the cut-off walls efficiency. At
the same time the change in this indicator in the range
0.9—1.0 has no significant effect on the reduction of wa-
ter inflow into the pit. At the same time, previous studies
showed that the type of cut-off walls material has a sig-
nificant impact on the cost of their construction.

After determining the constructing cost of the cut-
off wall and the effect of the wall efficiency factor on re-
ducing the water inflow into the pit, the value of de-
creasing the annual costs for the deposit dewatering ac-
cording to the expression (4) is established. This allows
determining the construction effectiveness of the cut-off
wall in the pit, by comparing the costs of its construction
and saving money by reducing the drainage of the pit. At
the calculations the cost of water drainage work in the
pit was taken equal to 1.76 UAH/m? [12]. Dependencies
in the reduction of annual costs for deposit drainage on
the effectiveness coefficient of cut-off walls and water
inflow into the pit are presented in Fig. 3.

The data shown in the graphs (Fig. 3) allows estab-
lishing that a reduction of annual costs for the deposit
drainage with an hourly water inflow of 900 m3/h with
the efficiency coefficient of the water-proof wall of 0.9,
0.95 and 1 is equal to 447.2 thousand Euros, 472.1 thou-
sand Euros and 496.9 thousand Euros, respectively.

After determining the annual costs and saving mon-
ey for the deposit drainage, the total savings from the
construction of the cut-off wall during the pit operation
are calculated. The average duration of a pit life during
the mining is 25 years, therefore, for this period the eco-
nomic efficiency of the cut-off wall construction in the
pit is calculated.

800
700
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500
400
300
200

100

Inflow of water in pit, m? per hour

0

0.2 04 0.6 0.8 1
Coefficient of cut-off walls efficiency, v,
——300m3/h ——450m3/h —m—600m3/h —e—750m3/h —a—900m3/h

Fig. 2. Dependence of water inflow into the pit on the
coefficient of cut-off walls efficiency and water in flow
into the pit
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Fig. 3. Determination of cost reduction for the pit drain-
age with increasing efficiency coefficient of water-
proof walls:

E; E,and E; — savings on the costs of the deposit drainage
with efficiency coefficient of 0.9, 0.95 and 1.0, respectively

In addition, while calculating the feasibility of con-
struction of a water-resistant wall in expression (4), the
parameter of economy saving from reducing environ-
mental damage associated with the deposit drainage was
used. Accounting for this parameter is important due to
the fact that in certain cases, the construction of a cut-
off wall will be much more expensive than the amount of
saved funds from reducing the volume of water inflow
into the pit. Therefore, economic efficiency can be
achieved due to the additional effect caused by a de-
crease in the impact of pit exploitation on the water ba-
sin of the mining region.

The conducted research studies on the establish-
ment of a rational application field of cut-off walls at the
development of watered deposits have made it possible
to determine the permissible hydrogeological parame-
ters for their effective application. As in previous studies,
bentonite solution, cement-bentonite solution and ordi-
nary concrete were taken as a material for cut-off walls.

According to research results, even when choosing
the cheapest filler waterproof material, which is benton-
ite solution, the cost of building a cut-off wall at Mo-
tronivskyi pit will amount to 33.8 million Euros. While
the cost savings for the largest water inflow are
447.2 thousand Euros per year or 11.2 million Euros
over 25 years of the pit exploitation. Therefore, the ef-
fectiveness of the use of a cut-off wall in the mining con-
ditions of Motronivskyi pit can be achieved only by ob-
taining additional savings from the environmental ef-
fect.

Fig. 4 shows a graph of the dependence of the neces-
sary economic effect on the prevention of environmen-
tal damage caused by surface mining to the water bal-
ance of the region and the environment on the ground
water inflow level into the residual pit space that de-
scribes the feasibility of using a cut-off wall in the pit.

The dependence shown in Fig. 4 will allow establish-
ing the minimum necessary economic effect from re-
ducing the damage to the environment due to the cut-off
wall construction, which is required for the proposed
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Fig. 4. Dependence of the ecological effect necessary on
the cut-off wall construction while developing Mo-
tronivskyi pit on the groundwater in flow into the pit

technology implementation. As can be seen from the
graph shown in Fig. 4 for 25 years of the pit exploitation
the effectiveness of the cut-off wall construction can be
achieved at the minimum reduction of environmental
damage of 22.6—30.1 million Euros. At the same time,
with the increase in water inflow into the pit the need for
saving from the ecological effect decreases. This proves
that with increasing water inflow into the pit the tech-
nology of cut-off walls constructing will be effective
even with minimal reduction of environmental damage.

Conclusions and recommendations for further re-
search. Conducted research studies have shown that the
most cost-effective purpose for Motronivskyi pit is the
cut-off wall in the rocks that is made with bentonite clay.
It is established that a significant impact on the efficien-
cy of the cut-off wall construction is rendered by a water
inflow into the pit per hour. If the water inflow into the
pit decreases from 900 to 300 m? per hour, the necessary
economic effect from reducing the negative impact
mining operations on the environment of the region
should increase by 7.5 million Euros during the pit ex-
ploitation time. However, these are pit fields with large
water inflows and small area sites that show potential for
the use of cut-off walls.

Under the conditions of Motronivskyi pit exploita-
tion with a maximum water inflow to 900 m? per hour
for 25 years pit life cycle the total cost of the cut-off wall
construction (33.8 million Euros) will save 11.2 million
Euros. Therefore, the use of this technology can be ef-
fective only if damage by surface mining on environ-
ment exceeds 22.6 million Euros over 25 years pit life
cycle (0.9 million Euros per year).
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3aCTOCYBAHHSI BOAOTPUBKHUX CTiH Yy FipChKHX
nopojaax B ymoBax MoTpOHIBCbKOro Kap’epa
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Meta. BusHaueHHsS €KOHOMIYHOI €(pEeKTUBHOCTI
BUKOPUCTaHHS BOMOTPUBKUX CTiH y TIPCHKUX MTOPOJIAX
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B YMOBax po3poOKr OOBOAHEHOI MOTpPOHIBCBHKOI Mi-
JIHKA ManiieBCcbKOro poAdoOBHUILA 3 YpaxXyBaHHSIM
€KOJIOTIYHMX acIeKTiB MpoOIeMU.

Metoauka. /115 BU3HAYEHHSI MOXJIMBUX TEXHOJIO-
TYHMUX pillleHb 31 3MEHILEHHS BOAOIIPUILIUBY MiA3eM-
HUX BOJ Yy Kap’€p BUKOPUCTaHi METOAU aHaJIi3y i cuC-
TemaTu3ailii. [1py BUOOPi MOKa3HUKIB OLIIHKM 31 BCTa-
HOBJIEHHS €(peKTUBHOCTI 3aCTOCYBaHHSI BOJOTPUBKUX
CTiH Y TipChKUX MOPOAaX BUKOPUCTAHO aHATITUYHUI
MeTon. BuzHaueHHsT 0OCsTiB MipHUYOMIATOTOBUMX PO-
OIiT pU CNOPYKEHHI TpaHIIE AJIs1 pO3MillleHHS BO-
TOTPUBKMUX MaTrepialiB BUKOHAHO 3 BHUKOPHCTAHHSIM
rpadoaHamiTuaHOrO Metomy. OOTpYHTYBaHHS OIiTh-
HOCTIi 3aCTOCYBaHHSI BOAOTPUBKUX CTiH Y MPCbKUX TO-
porgax B yMoBaxX po3poOKM MOTpPOHIBCHKOI HiISTHKA
ManuiieBCbKOro poaoBHIlia BUKOHAHO 3 BAKOPHMCTaH-
HSIM TeXHiKO-€KOHOMiUHOTIO aHai3y.

Pe3yabTaT. BukoHaHO aHalli3 CydyacHUX TEXHOJIO-
TYHUX pillleHb, CIIPSIMOBAHUX HA 3MEHILIEHHS 00CSITiB
BOJOIPUILIMBY TPYHTOBUX BOJ A0 Kap’epa. Po3pobJe-
Ha METOAMKAa BU3HAUYEHHSI 00JacTi 3aCTOCYBaHHSI BO-
NOTPUBKMUX CTiH TIpU eKCIUlyaTallii OOBOIHEHUX
Kap’€epiB, 110 BPaXOBY€E BUTPATH Ha OCYIICHHS Kap’epy
1 CKOPOYEHHSI €KOJIOTIYHOTO 30MTKY HaBKOJUIITHEOMY
cepenoBullly. BcTaHOBIEHI TEeXHIKO-€KOHOMIiYHI IT10-
Ka3HUKM 3aCTOCYBaHHSI BOJOTPUBKUX CTiH B yMOBaX
po3po0KK MOTpPOHIBCKOTO Kap’epa, 10 JT03BOJISIOTh
OLIIHUTU e(PEKTUBHICTh JAHOTO TEXHOJOTIYHOIO pi-
IIEHHS.

HaykoBa HoBu3Ha. BcraHoBjIeHa 3a1€XKHICTh HEOO-
XiIHOTO €KOHOMIiUHOTO e(heKTy Bif CITOPYIKEHHSI BO-
JMOTPUBKOI CTiHU B TiPChKUX MTOPOJAX Bill BOAOTIPUTOKY
IPYHTOBUX BOJ A0 Kap’epa ISl TipHUYO-TEOJOTIYHUX i
TiIPOreosoTiYyHNX YMOB pPO3pOoOKM MOTPOHOBCKOTO
Kap’epa.

IlpakTnyHa 3HayuMmicTh. MeToauKa BU3HAUYEHHS
00J1aCTi 3aCTOCYBaHHS BOIOTPUBKUX CTiH MPU €KCILTY-
artaiii 0OBOIHEHUX Kap’€piB JO3BOJSIE OLIIHUTU €KO-
HOMIUHY e(eKTUBHICTh 3aCTOCYBAaHHSI BOIOTPUBKUX
CTiH Yy TipCBKHUX TOpOIax IMpU PO3poOIli 0OBOTHEHUX
pPOMOBUII 3 YpaxyBaHHSIM TipHUUYO-T€OJIOTIYHMX i Tif-
POTeOJIOTiYHUX YMOB 3aJIsITaHHS.
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ean. OnpenencHre 3KOHOMUYECKON 3 deKTrB-
HOCTH HCTIOJIb30BaHUSI BOHOYIIOPHBIX CTEH B TOPHBIX
nopoaax B yCI0OBUSIX pa3paboTKui 0O0BogHeHHOro Mo-
TPOHOBCKOTO yJacTKa MaJbIIIeBCKOTO MECTOPOXKIE-
HUS C YIETOM BKOJOTUYECKUX aCTIEKTOB IMPOOJIEMBI.

Mertoauka. /{15 onpeneneHus: BO3MOXKHBIX TEXHO-
JIOTUYECKMX PELICHU 10 YMEHbIIEHUIO BOIOIIPUTOKA
MOA3EMHBIX BOJ B Kapbep MCIOJb30BaHbI METOIbI
aHaiM3a M cucTeMaTusanuu. [1pu BeIOOpe TToKa3aTe-
JIeHl OLIEHKU MO YyCTaHOBJIEHUIO 3(P(PEeKTUBHOCTU MPU-
MEHEHMUSI BOIOYIMOPHBIX CTEH B TOPHBIX MOPOJAX MC-
MOJb30BaH aHaMUTUYEeCKuil Meton. OrpenesieHue
00BEMOB TOPHO-TIOATOTOBUTEIBHBIX PAabOT IIPU COO-
PYKEHUM BBIEMOK IUISI pa3MEIeHUs BOIOYIIOPHBIX
MaTepuajoB BHIIIOJTHEHO C MCIIOJb30BaHUEM Ipadoa-
HaJauTudeckoro meroga. O60CcHOBaHME 1ieIecoobpas-
HOCTU MPUMEHEHUSI BOTOYIIOPHBIX CTEH B TOPHBIX IO~
polax B YCIOBUSIX pa3pabOTKM MOTPOHOBCKOTO
ydacTka MaJIblIIeBCKOTO MECTOPOXKIECHUST BBITIOJIHE-
HO C WCITOJIb30BaHUEM TEXHUKO-3KOHOMUYECKOTO
aHaIM3a.

Pesyabratbl. BeimosiHeH aHa M3 COBPEMEHHBIX TEX-
HOJIOTMYECKUX PElIeHWIi, HANpaBJIeHHbIX HA YMEHb-
IIeHne 00BEMOB BOAOIPUTOKA TPYHTOBEIX BOI B Ka-
pbep. Pa3paborana meTommka oIpeneIeHus] 00JacTh
IIPUMEHEHUSI BOIOYIIOPHBIX CTEH IPU IKCILTyaTallny
00OBOIHEHHBIX KapbepOB, KOTOPast YUUTHIBACT 3aTPaThI
Ha OCYIIIeHHEe Kapbepa 1 COKpallleHNEe 9KOJOTMUECKOTO
yiiepba oKpyXarollei cpefe. ¥ CTaHOBJAECHBI TEXHUKO-
SKOHOMUYECKNE M0Ka3aTe U MIPUMEHEHUS BOAOYIIOP-
HBIX CT€H B YCJOBMSIX pa3pabOTKu MOTPOHOBCKOIO
Kapbepa, ITO3BOJISIIONINE OLIEHUTh 3(hGHEKTUBHOCTD
JTAHHOTO TEXHOJIOTMYECKOTO PEIIeHMSI.

Hayunas HoBM3HA. YcTaHOBJIEHA 3aBUCUMOCTh He-
00xXoaMMOT0 9KOHOMMYeCKoro 3ddeKkra oT coopyxe-
HHS BOIOYIIOPHO#1 CTEHBI B TOPHEIX ITOPOIAX OT BOIO-
IIPUTOKA TPYHTOBBIX BOII B Kaphep IJISI TOPHO-TE€OJIOTH -
YeCKUX W THIPOTCOJOTUYECKUX YCIOBUI pa3padOoTKU
MoOTpOHOBCKOI0 Kapbepa.

IIpakTyeckas 3HaYMMoOCTb. MeToaMKa ompenesie-
HUS 00JIACTM TIPUMEHEHMSI BOAOYIOPHBIX CTEH IIpHU
SKCIUIyaTalliM OOBOMHEHHBIX KapbepoB I103BOJSIET
OLIEHUTb S9KOHOMUYECKYIO 3((HEKTUBHOCTh MPUMEHE-
HUST BOIOYIIOPHBIX CTEH B TOPHBIX MTOPOAAX MPU pas-
paboTKe 0OBOJHEHHBIX MECTOPOXKIECHUI C y4ETOM rOp-
HO-TEOJIOTUYECKUX U TUIPOTEOJIOTUIECKUX YCIOBUIA
3aJIeraHusl.
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