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Abstract

Purpose. Scientific substantiation of the expedient depth of mining the non-metallic deposits of rocky minerals on the basis
of mathematical and statistical methods, which will ensure resource-saving and rational use of natural resources.

Methods. To solve the purpose set, the following methods are used: graphical-analytical — when optimizing the maximum
depth of mining the deposits of building materials, and the method of mathematical modeling — for determining the maxi-
mum depth of mining the non-metallic deposits with internal dumping. By means of statistical processing according to sys-
tematized types of deposits, the patterns of a change in the maximum depth of mining the basic deposits, depending on the
main parameters of the quarry field, have been studied.

Findings. A new methodology, which is distinguished by taking into account in-pit dumping, has been developed for calcu-
lating the maximum depth of granite quarries, which most of all influences the efficiency of mining operations and the value
of economic indicators while ensuring the maximum economic effect with the achievement of a rational maximum depth of
mining the deposit. A new, theoretically substantiated methodology has been created for determining the maximum depth of
mining the mineral deposits for the production of crushed-stone products while providing the resource- and land-saving
during the quarry operation.

Originality. For the first time for these deposits, the dependence of their maximum mining depth on the main parameters of
the quarry field and the place of internal dumping of overburden rocks has been determined. This has become a determining
factor in the appropriate mining of deep non-metallic deposits of building materials with internal dumping, which provides a
minimal land disturbance.

Practical implications. The research results have been tested and implemented in working projects for mining the
Liubymivske, Chaplynske, Pervomaiske, Mykytivske, Trykratske and Novoukrainske granite deposits; as a result of addi-
tional mining of mineral reserves, their additional increment in the volume from 1 to 48 million m? is possible, which will
ensure 5-40 years of sustainable operation of the mining enterprise.
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1. Introduction

Ukraine is one of the leading places in the world in terms
of reserves of rocky non-metallic raw materials suitable for
the production of building materials. Deposits of rocky build-
ing materials in Ukraine belong to the deposits of igneous
rocks of the Ukrainian Crystalline Massif and are widespread
deep into the earth's crust, forming laccoliths, batholiths,
bunches and other deposits [1]-[2]. Most fields of sedimen-
tary building materials are mined to a depth of 80-120 m to
the deposit bottom using the technology with internal dump-
ing. Deposits of pyrogenetic rocks are mined to a depth of
70-100 m, sometimes 140-150 m with external dumping [3].
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In the practice of designing the indicated deposits of py-
rogenetic and metamorphic rocks, their maximum mining
depth is limited by many parameters: the depth of the ex-
plored mineral reserves; increased groundwater inflow at a
great depth, which leads to a sharp increase in the cost of
water-removing and drainage; built-up area adjacent to the
quarry fields, which limits their spatial dimensions; possible
increase in radioactivity of minerals with depth; small trans-
verse dimensions of igneous rock deposits [4]-[6].

A significant number of more than 300 quarries of igne-
ous rocks in Ukraine have now reached their design depth.
There is no possibility to expand the quarry field boundaries
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by increasing the reserves in the flanks. This is conditioned
by the necessity of relocating the roads, buildings, structures,
pipelines, power lines, as well as the allocation of new areas
of privatized land. It remains to implement another way — to
develop mining operations in depth, increasing the reserves
located below. At the same time, the scientific substantiation
of the rational maximum depth of mining such deposits,
especially during their mining with internal dumping of
overburden rocks, has not been performed. In this regard, an
important task arises to determine the maximum depth of
mining the deposits of non-metallic building materials.

The first printed works on the determination of the quarry
boundaries date back to 1924. Since 1927, the problems of
determining the depth of quarries have been intensively stu-
died. In those years, such studies were based on the quarries
of Kryvyi Rih, which already had a depth of 80-100 m. At
this stage, when conducting mining operations in a surface
way, a method based on the comparison of the contour and
the average expedient stripping ratio was used to determine
the final depth of the quarry.

Problems of the theory development of surface mining the
mineral deposits are presented in the works of Ukrainian [7]-
[12] and foreign scientists [13]-[15]. Analysis of these works,
design solutions and research, carried out at mining enterpris-
es extracting minerals, has shown that the efficiency of min-
ing operations is primarily determined by the issues of re-
source-based [16], [17] ecological expediency [18], [19], as
well as developed transport achievements [20]-[22].

In general, the analysis of the technology of dump opera-
tions indicates that about 85% of all quarries for the extrac-
tion of sedimentary rocks and 100% of pyrogenetic rocks are
mined using the technology with the overburden rocks trans-
fer to external dumps [23], [24]. This is characterized by the
use of traditional technology of the fields development in the
process of their design. To a greater extent, the research
results are devoted to the problems of improving the techno-
logy of surface mining of the deposits for the extraction of
rocky non-metallic minerals [25]-[27]. However, the task of
scientific substantiation of the maximum depth of mining the
above-mentioned mineral deposits for the production of
crushed-stone products remains unsolved.

Mineral raw materials should be extracted with account of
the technologies that meet the following requirements [28]-[31]:

—minimal disturbance of the structure and fertility of lands;

—use of the most environmentally friendly equipment
during surface mining;

—the use of modern environmentally friendly methods
of dust prevention and dust suppression during production
processes;

—the use of special methods and techniques for perfor-
ming blasting operations that will minimize the emission of
dust/gas substances (or completely exclude them), seismic
impact on the adjacent objects from a charge unit, shock
wave and scattering of rock pieces in different directions;

— the most complete use of the created mined-out areas of
the quarries;

— completeness of minerals extraction;

—ensure dewatering of fields and drainage works during
the extraction of raw materials in such ways that best provide
the natural or close to it hydrological regime of the region
without significant changes in the direction of supplying the
enterprises and the population with volumes of drinking and
industrial water;
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—reclamation and revitalization of lands disturbed by
mining operations to the most ecologically acceptable land-
scapes of territories and their recreation.

At the same time, mineral deposits should be mined tak-
ing into account the development of Clean High Technolo-
gies during mining the deposits of different types of origin,
as well as the technology of their mining [32]-[36].

Quarries for the extraction of rocky non-metallic minerals
for the production of crushed-stone products operate in many
regions of the country. Most of these fields are mined to a
depth of 40-130 m and, in rare cases, 150 m. Quarries of a
small area (up to 20 ha) are mined to a depth of 43-93 m (on
average 60 m), a medium area (20-60 ha) — to a depth of
50-100 m (on average 77 m), a large area (more than 60 ha) —
to a depth of 58-130 m (on average 87 m) [1], [37], [38].

Deposits of igneous and metamorphic rocks are distin-
guished by significant diversity in composition, thickness,
structure of deposits, location relative to the levels of pre-
dominant surface, shape and sizes, approved reserves, water
cut and water content, thickness and nature of overburden
rocks [39], [40].

The depth of mining the mineral deposits has a great in-
fluence on the quality and physical-and-mechanical proper-
ties of mineral resources [41]. With increasing the depth, the
rocks are less exposed to weathering, as a result of which the
strength of minerals increases [42]. There is also a decrease
in fracturing, which can influence on a change in the system
or scheme of the field development, but it can still occur due
to natural factors [43], [44].

The depth of mining such deposits is influenced by many
factors that constraint the depth of mining the quarries of
building materials [29], [30], [38]:

— spatial dimensions of deposits (length, width);

— depth of explored mineral reserves;

—increased inflow of groundwater (with increasing
depth) and surface water (with increasing spatial dimensions
of the quarry field);

— change in indicators of radioactivity and other harmful
radiation of minerals with increase in mining depth;

— built-up area adjacent to the quarry fields, which limits
their spatial dimensions;

— change in the hydrogeological regime in adjacent set-
tlements and on agricultural lands located near the fields;

—volumes of overburden rocks that are stockpiled in the
mined-out space;

— economic indicators of rational extraction of raw mate-
rials (mining cost of 1 m® and the level of profitability).

Based on the analysis of the current state and the existing
practice of mining enterprises operation, scientific-technical
literature and scientific research on determining the maximum
rational depth of mining the granite and stone quarries, it can
be concluded that the further design of granite quarries to their
rational maximum depth is relevant, primarily without expand-
ing of their flanks. The above provisions determine the rele-
vance of the research on substantiation of the maximum depth
of mining the non-metallic deposits with internal dumping,
without additional expanding of their flanks beyond the
boundaries of the existing mining allotment, which leads to a
decrease in the area of additional land for mining operations.

The purpose of the research is to substantiate the expe-
dient depth of mining the non-metallic deposits of rocky
minerals, which will ensure the rational use of natural
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resources. To achieve this purpose, it is necessary to solve
the following tasks:

— to set the optimal depth of internal dumping, which en-
sures the maximum depth of mining the deposit;

— determine the growth of the total cost of finished prod-
ucts with the depth of mining operations;

— substantiate the economically expedient depth of min-
ing the typical deposits;

— substantiate the depth of mining the non-metallic de-
posits of rocky minerals with stockpiling the overburden
rocks in the mined-out space.

2. Research methods

When optimizing the depth of mining the non-metallic de-
posits with in-pit stockpiling of overburden rocks, the deter-
mining parameters are the length and width of the deposit.
These parameters are taken into account for determining the
final depth of the quarry field [45], [46]. One of the most im-
portant factors influencing the implementation of the resource-
saving technology for mining the above-mentioned deposits
during in-pit stockpiling of overburden rocks is their thickness.
Analyzing the above, a general systematization of non-metallic
deposits of rocky minerals for the production of crushed-stone
products has been developed, where the allocation of basic
deposits, as objects of further research, is performed according
to the spatial dimensions and thickness of overburden rocks.

Given the accepted classification criteria, 9 basic (typical)
deposits are identified, the averaged parameters of which are
presented in the work [30]. These types of deposits are pro-
posed as the main objects for further research on resource-
saving technologies and the development of a methodology for
determining the maximum economically expedient depth of
their mining with in-pit stockpiling of overburden rocks. The
use of the proposed basic deposits of granite and stone raw
materials will provide the research with a high convergence of
the theoretical and practical results, which is important when
implementing the ecological, land- and resource-saving tech-
nologies for mining the deposits of igneous rocks for the pro-
duction of crushed-stone products and building materials.

Based on the tasks set for the research on rational
schemes for mining the non-metallic quarries of building
materials, possible schemes will be considered and the most
rational one for conducting mining operations will be select-
ed, ensuring the feasibility and efficiency of the field devel-
opment. Let us study the following technological schemes
for mining the deposits [29], [47], [48] (Fig. 1).

Scheme A — with this scheme, the deposit is mined to a
depth of the design level, until all the explored commercial
reserves of the field are extracted. At the same time, at the
moment of reaching the design level of one of the quarry
ends (stage 1), the formation of an internal dump begins,
which is located at the bottom of the quarry. This scheme can
be used in quarries with a depth of estimated reserves up to
70 m, for the quarries with a large area up to 100-120 m.

Scheme B — this scheme is similar to scheme A. The dif-
ference is that the internal dump is located at the level above
the design level. This scheme is used when it is impossible to
form a dump at the design level of the bottom due to any
factors. It can be used in quarries with a depth of estimated
reserves of 100-120 m. In this case, internal dumping occurs
at a depth of 60-70 m (stage 1) with its subsequent transfer to
the design depth after the stage Il development.
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Figure 1. Schemes for mining the non-metallic quarries of buil-
ding materials with dumping of overburden rocks: (a) at
the design depth without deepening the quarry, “scheme
A”; (b) above the design depth without deepening the
quarry, “scheme B”; (c) at the design depth with the ad-
ditional mining of the field in depth, “scheme C”;
(d) below the design depth with the additional mining of
the field in depth, “scheme D”; Hues — design depth of
the quarry; Hrin — the depth of filling the dump; Hexp —
expedient depth of mining the quarry; Hymax) — maximum
depth of mining the quarry with deepening of mining
operations; I, 11, 111, IV — stages of mining the quarry

Scheme C — this scheme provides for the mining of the de-
posit to the maximum possible depth, without push back of the
flanks, and provides for internal dumping at the design level.
After the completion of operations at the stage 11, a significant
area of the quarry bottom remains, where it is possible to con-
duct additional mining of reserves with their putting on the
balance sheet, and then mine out these reserves.

Scheme D is similar to scheme C, but at the moment of
reaching the maximum depth (stage I11) the internal dump is
re-laid on the lower horizons, after which the quarry is fur-
ther additionally mined out at the end, where the internal
dump was previously located.
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The maximum depth of mining the granite quarries (Hmax)
is determined taking into account the formation of an internal
dump of overburden rocks, as well as its location (Fig. 2a, b).
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Figure 2. Scheme for determining the parameters of mining the
quarry to the maximum depth: (a) by its length; (b) by

its width
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where:
Hiin — depth of dumping, m;
Lq— quarry field length, m;
Vg — internal dump volume, m?;
By — internal dump width, m;
Hgq — internal dump height, m;
ctg ap.r — resulting slope angle of a dump, deg;
an — non-mining slope angle of a flank, deg;

X — safety platform from the dump to the upper edge of

the deepened area, m;

Bmin — minimum width of the quarry bottom, m;

Ay — resulting slope angle of a flank, deg;

The maximum depth of the quarry for scheme D [29],
[47], [48] can be determined, if L, > L, by the formula:

V, H
[d +4 (CtgaD.r —Ctgay )]_ Bmin
B By -Hy 2 m. )
Hppax = Hjy + L

2ctgay

The maximum depth of mining across the width of the
quarry field will be:

Bq — Bnin
max = ", ..

3
2ctga, ®

3. Results and discussion

As a result of the performed calculations, the dependen-
ces of the maximum depth of mining (H%ax) on the depth of
internal dumping (Hsin) have been determined. Analyzing the
results obtained, it can be concluded that the depth of internal
dumping to the greatest extent influences on the maximum
depth of mining the quarries with low and medium thickness
of overburden rocks. The optimal depth of internal dump loca-
tion, taking into account the parameters of the quarry field, the
design and expedient depth of mining the deposit, is:

—for deposits with a large area: with low and medium
thickness of overburden rocks — the maximum depth does not
depend on the depth of the internal dump location; with a
large thickness of overburden rocks — 70-115 m;

— for deposits with a medium area: — 50-90 m;

— for deposits with a small area: — 50-85 m.

From the above, based on the research results, it can be
stated that the design depth of the quarry (the maximum
of estimated reserves) is rational to take as the depth of
internal dumping.

The patterns of a change in the maximum depth of
mining the basic deposits depending on the main parameters
of the quarry field are studied with application of statistical
processing according to systematized types of deposits on the
basis of the developed methodology. The main parameters of
deposits are processed using modern computer technologies
with the methods of mathematical statistics. Using the least-
squares method, correlation dependences have been deter-
mined of the maximum mining depth (H%ax) on the length
(Lg), width (Bg), overburden rocks thickness (hower) and the
depth of internal dumping (Hsi) for typical deposits accor-
ding to mining schemes C and D [29], [47], [48]:

1) for deposits with a large area:

—with a low thickness of overburden rocks:

Hihax =17.04—0.98hq e, +0.02Ly +0.43B, —0.12H gy ; (4)
— with a medium thickness of overburden rocks:
Hihay =13.85—-1.88hgyer +0.01L, +0.46 B, +0.33H g ;  (5)

— with a large thickness of overburden rocks:
— for the scheme C:

Hihay =250.07 +0.72hgyer +0.19Ly +0.458, —0.38H g ; (6)
— for the scheme D:
H{hax =—4865.48+100.07hyer —2.33Lg +7.74B, ~16.33H g (7)

2) for deposits with a medium area:
— with a low thickness of overburden rocks:
—along the length of the quarry field:

Hr%ax :10.2—5.46hover +0.41Lq +0.0qu +0.32Hﬁ|| ) (8)

— across the width of the quarry field:
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Hihax = 7.97+0.0Uz5yer —0.01L +0.49B, +0.12H gy ; (9)

— with a medium thickness of overburden rocks:
—along the length of the quarry field:

Hihax = 31.96-5.35/¢r +0.35L4 —0.02B, +0.72H g, ; (10)
— across the width of the quarry field:
Hihax = 71.82—0.715er —0.01L, +0.39B, —0.11H gy ; (11)

— with a large thickness of overburden rocks:
—along the length of the quarry field:
— for the scheme C:

Hihax = 48.4—2.78hqyer +0.3Ly +0.12B, —0.51H gy ;  (12)

— for the scheme D:

Hilay =—164.56+8.19yer +0.53Lg —0.38B, +0.63H g, ; (13)
— across the width of the quarry field:

Hilax =543.74~3.0hgyer —1.07Ly +1.41B, +11.67H gy 5 (14)

3) for deposits with a small area:
— with a low thickness of overburden rocks:
—along the length of the quarry field:

Hhax = 23.37 = 4.74her +0.37Ly +0.07B; —0.005H g ; (15)
— across the width of the quarry field:
Hihax = —4.01+0.59hge, +0.003L, +0.5B, +0.02H g, ; (16)

— with a medium thickness of overburden rocks:
—along the length of the quarry field:

Hihax =53.45—4.86hge, +0.34Ly —0.03B, +0.25H g, ; (17)

— across the width of the quarry field:

Hax =~22.26+0.09%0e, —0.01L, +0.54B, +0.28H gy ; (18)

—with a large thickness of overburden rocks:
— for the scheme C:

Hax =—1.14-3.54hyr +0.58Ly —0.27 B, —0.003H gy ; (19)

— for the scheme D:

Hihax = 31.14+0.7hge, +0.08L, +0.53B8, —0.49H g, . (20)

Analyzing the obtained results, the dependences of the
maximum mining depth (H%a) on the main parameters of
the quarry field (length, width and thickness of overburden
rocks) and the depth of internal dumping (Hsn), it can be
concluded that the maximum mining depth of typical depo-
sits will be:

1) for deposits with a large area:

—with a low thickness of overburden rocks: 388 m;

—with a medium thickness of overburden rocks: 355 m;

—with a large thickness of overburden rocks: 327 m (3857);

2) for deposits with a medium area:

—with a low thickness of overburden rocks: 238 m;

— with a medium thickness of overburden rocks: 209 m;
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—with a large thickness of overburden rocks: 217 m (258");
3) for deposits with a small area:

—with a low thickness of overburden rocks: 158 m;

— with a medium thickness of overburden rocks: 155 m;
—with a large thickness of overburden rocks: 134 m (169");

* maximum mining depth according to the scheme D.

After mining out of the approved reserves of the
Liubymivske granite deposit and formation of the internal
dump, a significant area remains of the quarry bottom, which
is 78930 m?. As a result of additional exploration and putting
of the specified volumes of reserves on the balance sheet,
their further extraction is possible (Fig. 3).

Figure 3. Setting the maximum depth of mining by the graphic
method

Given that the minimum acceptable profitability of the
enterprise should be not less than the bank rate on the depo-
sit [49], the minimum acceptable “total cost” of the finished
product will be — 290-340 UAH/m®. Taking into account
these indicators, the dependences of a change in the econo-
mically expedient depth of mining the typical deposits have
been obtained (Fig. 4).

Based on the obtained dependences, the economically
expedient depth of mining the typical deposits has been sub-
stantiated (Tables 1 and 2).

In order to implement the presented research results in
non-metallic granite quarries, recommendations of the main
provisions have been developed. The generalized essence of
these recommendations is given using the example of the
Liubymivske granite deposit, which is a rather typical repre-
sentative of non-metallic deposits of Prydniprovia.

Analyzing the results obtained to substantiate the depth of
mining the Liubymivske deposit using graphoanalytical and
analytical methods, it can be concluded that the determining
parameter in achieving the maximum depth of mining in this
case is the width of the quarry field, resulting in the maxi-
mum depth of 160-172 m. Having studied the obtained re-
sults, it can be seen the error in different methods of solving
the problem, namely: the developed methodology, the ob-
tained correlation dependences and the graphical method is
2-7%. This error is insignificant given the spatial complexity
of the quarry field shape.
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Figure 3. Substantiation of economically expedient depth of mining the typical deposits: C — total cost of production, Ck — total cost of
production considering the coefficients that take into account the complexity of the production process conditions with increa-

sing depth of the quarry and the time factor

Table 1. Economically expedient depth of mining according to the scheme C

Quarry depth, m

A group of fields by Type of fields by thickness Economicall Cost, C,
spatial dimensions of overburden rocks Maximum ica’ly UAH/m?
expedient
With a low thickness 388 220-240 290-300
With a large area With a medium thickness 355 220-240 290-300
With a large thickness 327 220-240 290-300
With a low thickness 238 225-238 280-290
With a medium area With a medium thickness 209 209 260-275
With a large thickness 217 217 265-280
With a low thickness 158 158 190-220
With a small area With a medium thickness 155 155 185-215
With a large thickness 134 134 170-190
Table 2. Economically expedient depth of mining according to the scheme D
A group of fields by Type of fields by thickness Quarry depth, m - Cost, C,
spatial dimensions of overburden rocks Maximum Econom_lcally UAH/m3
expedient
With a large area 385 200 290
With a medium area With a large thickness 258 230 290
With a small area 169 169 265

4. Conclusions

As a result of the research performed, it has been deter-
mined that the optimal depth of internal dumping, which pro-
vides the maximum depth of mining the deposit, is: for the
deposits with a large area and with a large thickness of over-
burden rocks Hsin = 70-115 m; for the deposits with a medium
area — Hsn =50-90 m; for the deposits with a small area —
Hii =50-85 m. In quarries of large area with small and medi-
um thickness of overburden rocks, H.x does not depend on
the depth of internal dumping. The design depth of the quarry
is expedient to take as the depth of internal dumping.
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Based on the obtained new dependences between the
maximum mining depth and the main parameters of the quar-
ry fields (length and width, thickness of overburden rocks
and depth of internal dumping), the value of H%.y has been
determined for typical deposits of small, medium and large
thickness of overburden rocks, respectively: large area — 388,
355, 327 (385) m; medium area — 238, 209, 217 (258) m;
small area — 158, 155, 134 (169) m. At the same time, the
value given in parentheses corresponds to the conditions of
internal dumping with its repeated transfer to the mined-out
space after additional mining of reserves.
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It has been determined that the growth of the total cost
of the finished products with the depth of mining operations
is largely influenced by the cost of drainage and transporta-
tion of minerals to the Crushing and screening plant. The
amount of water-removing costs for typical deposists in-
creases from 1.9 to 12.45 UAH/m?, and transportation costs —
from 26 to 323 UAH/m?.

Given that the profitability of the enterprise should be not
less than the bank rate on the deposit (16%), it has been de-
termined the minimum acceptable total cost of the finished
product in the range of 290-340 UAH/m?. Based on this, the
developed methodology substantiates the economically ex-
pedient depth of mining the typical deposits, which is: for the
deposits with a large area — 220-240 m; for the deposits with
a medium area with low, medium and large thickness of
overburden rocks — 225-238 m, 209 m, 217 (230) m, respec-
tively; for the deposits with a small area with low, medium
and large thickness of overburden rocks — 158 m, 155 m and
134 (169) m, respectively. At the same time, the depth value
given in parentheses corresponds to the conditions of internal
dumping with its repeated transfer to the mined-out space.

The substantiated depth of mining the non-metallic depo-
sits of rocky minerals with stockpiling of overburden rocks in
the mined-out space will allow as a result of additional explo-
ration of mineral reserves their additional increment in the
volume from 1 to 48 million m?, which will ensure 5-40 years
of sustainable operation of the mining enterprise.

The research results have been tested under the condi-
tions of mining the Liubymivske granite deposit, which,
according to the classification peculiarities, belongs to the
deposits with a medium area and with a medium thickness of
overburden rocks. It has been found that the maximum depth
of the quarry will be 160-172 m.

The error of the obtained results by different methods
does not exceed 7% relative to the data of the obtained corre-
lation dependences. At the same time, the field development
to the specified economically expedient depth will provide an
increment of the additional mineral reserves in the volume of
2.8 million m?, and increase the operational life of the quarry
by more than 18 years.
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HHMH THUIIAMH POJOBHILI.
PesyabTaTi. Po3pobiicHa HOBa METOMKA PO3PaxyHKY FPaHHYHOI ITIMOMHHU TPAHITHHX Kap’€piB, 0 BiIPi3HAEThCS BpaxXyBaHHSIM BHYT-
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JOLIJIBHOT PO3pOOKH IMTMOOKNX HEPYAHHX POIOBHIL OYyAiBEILHUX MaTepialliB i3 BHYTPIIIHIM BiBaJOYTBOPEHHIM IIPU MiHIMAJIbHOMY IOpY-
IIIEHHI 3eMeJIb.

IpakTnyna 3HaYHMicTh. Pe3ynbTaT qOCIikeHb anpoOoBaHi Ta BIPOBAUKEHI Y poOoUuX IpoekTax po3pobku JIroonmiBcekoro, Yarn-
nuHCBKOTO, IlepBoMaiickkoro, MuknTiBchkoro, Tpukparchkoro Ta HoBoykpaiHCBKOTO pOIOBHIL I'PAHITIB; B pe3yJIbTaTi JOPO3BIKH 3amaciB
KOPHCHOT KOMAIMHK MOYIIMBE iX J0JIaTKOBE MPHUPOIIEHHs y 00cs3i i | 10 48 Min M, 1m0 3a6e3nednTsh 5-40 pokiB cTanoro GpyHKI[iOHyBaH-
HSI TIpHUYO0100YBHOTO MiIIPUEMCTBA.

Knruoei cnosa: nememanesi kap 'epu, mexHono2iyHa cxema po3pooxu, 2iubura gopmyeants 8i08any, 6HYmMpiuHtil 8i08ai, MaKCUMATbHA
2nubuna po3pooKu

O0ocHoBaHMe pecypcocOeperaoieii TeXHOJI0THH pa3padoTKu
MeCTOPOKACHH I 110 MPOM3BOACTBY LIe0eHOYHOI MPOAYKIMH

A. Yepnses, A. [laBmmuenko, A. Pomanenxo, FO. Bosk

Hens. HayuHoe o6ocHOBaHME TeTec000pa3Hoil TITyOuHBI pa3pabOTKH HEPYIHBIX MECTOPOXKICHUI CKAaIbHBIX MOJE3HBIX HCKOIACMBIX Ha
OCHOBE MAaTEMAaTHYCCKHX M CTATHCTHUYECKHX METOJIOB, YTO OOCCIEUUT PECypCOCOCPEKCHUE U PAIIMOHATBHOE HCIOB30BAaHUE MPUPOTHBIX
pecypcos.

Metonuka. [ pelieHns MOCTABICHHON ST UCIOJIb30BAHbI CIICAYIOIIUEC METOMBL: Tpado-aHATUTUICSCKUI — P ONTUMH3AIUN MaK-
CUMAaJIbHOM TITyOMHBI pa3pabOTKH MECTOPOXKICHUI CTPOUTENBHBIX MAaTEPHAIOB, a TAKXKE METOJ MAaTeMAaTHYECKOr0 MOJEIHPOBAHHUA — IS
ompeesieHUs MaKCUMaJIbHOM TIIyOuHBI pa3paboTKu HEPYIHBIX MECTOPOXKICHUI ¢ BHYTPEHHUM OTBanooOpa3oBaHueM. McciaenoBanue 3aKo-
HOMEPHOCTEH HM3MEHEHHUS MAaKCUMAaJbHOHM TIIyOWHBI pa3paOOTKH 0a30BBIX MECTOPOXKICHHH OT OCHOBHBIX IapaMETPOB KapbepHOTO ITOJIS
BBITIOJTHEHO ITyTEM CTATUCTHIECKOH 00paOOTKH IO CHCTEMAaTH3UPOBAHHBIM THIIAM MECTOPOKICHHH.

Pe3yabTaTtsl. Pa3pabotana HOBast METOIMKA pacueTa MpeAeIbHON TITyOHHBI TPAaHUTHBIX KaPhePOB, OTIIMYAONIASCS YIETOM BHYTPUKAPb-
€pHOT'0 OTBAIO0Opa30BaHMs, KOTOPOE OOJBIIEC BCEro BIUACT HA 3PPEKTUBHOCTH BEJCHUS TOPHBIX PabOT U BEITUYHUHY SIKOHOMHUYECKUX MOKa-
3aTeyiell mpy 0OeCIeueHNH MaKCHMMaJIbHOIO YKOHOMUYECKOTo d(deKTa ¢ JOCTHKEHHEM palHOHAIBHOH MpeeibHOi TTyOHHBl 0TpaboTKU
MectopokaeHus. Co3naHa HOBasi, TCOPETUICCKH 0OOCHOBAHHAS, METOAMKA ONPEICICHHUS MPEICIbHON TITyOUHBI pa3pabOTKH MECTOPOXKIC-
HUIl MUHEpaJbHOTO CHIPhSl U1 IPOU3BOJACTBA LICOCHOYHON NPOIYKUIHH C OOECHEUCHHEM pecypco- M 3eMiiecOepexeHus B Ipolecce
9KCIUTyaTalluu KaphepoB.

Hayunas HoBu3HA. BiepBble Ui yKa3aHHBIX MECTOPOXKACHHUH yCTAHOBJIEHA 3aBHCHMOCTD WX MPEAETbHOHW TIYyOHHBI OTPabOTKH OT
TJIABHBIX [TAPaMETPOB KapbEePHOTO MOJS M MecTa GOpMIpPOBaHNS BHYTPEHHETO OTBaJIa BCKPHIIIHBIX TIOPOJ, YTO CTAJI0 ONPEACIIONHM (ak-
TOPOM IIeIeCO00pa3HOi Pa3pabOTKU MITyOOKHX HEPYIHBIX MECTOPOXKIICHUN CTPOUTEIBHBIX MATCPHATIOB C BHYTPEHHUM OTBAJI000OPa30BaHUEM
MIPU MHHUMAaJIHHOM HapyIICHUHU 3EMEb.

IIpakTHyeckas 3HAYMMOCTH. Pe3ylIbTaThl HCCIIEIOBaHUIT alpOOUPOBAHKI M BHEAPCHBI B pa00UYNX MpoeKTaxX pa3paboTku JIFDOUMOBCKO-
ro, Yannunckoro, IlepBomaiickoro, Hukurosckoro, Tpukparckoro 1 HoBOykpanHCKOro MECTOPOXKICHUN IPaHUTOB; B pe3yjbTaTe A0pa3-
BEJIKM 3aI1ACOB TOJIE3HOTO MCKOMAEMOT0 BO3MOKHO UX JIOTONHUTENBHOE MpUpaleHue B oobeMe oT 1 10 48 MiH M3, uTo obecneunt 5-40 met
YCTOMYMBOTO ()YHKIIMOHUPOBAHUS TOPHOIOOBIBAIOIIETO MTPEATIPHATHS.

Knruesvie cnosa: nememannuyeckue Kapvepul, MexHOIOSUYECKAs cXeMa paspabomki, iyOuHa QopmMuposaHus omeand, HympeHHul
0mMeA, MAKCUMATbHAS 2TYOUHA PA3pabomKu
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