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Modelling of natural stone extraction

It is obvious that at such rates of use of mineral resources, the main share of explored reserves of
minerals will be exhausted from the subsoil within the next 30 years. Of course, a partial solution to the
mineral-raw material problem can be achieved thanks to scientific and technical achievements, the
implementation of which will allow reducing the volume of raw material consumption or replacing certain
types of it with less scarce ones. However, the main way of meeting the needs for raw materials remains
the development of existing deposits and the search for new ones. Therefore, an important task of our and
other countries is to develop methods that make it possible to obtain the most reliable information about
deposits in order to make the most effective decisions for their development.
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Relevance of the topic. When assessing the prospect of development of non-ore mineral deposits, the most
important task is reliable forecasting of the spatial variability of quality indicators. One of the main approaches to
the analysis and processing of spatially distributed data is geostatistical modelling [1]. The shape of the deposit,
its size and the conditions of bedding of the mineral have a great influence on the choice of methods of development
and technical and economic performance of mining enterprises. At the same time, the presence of reliable
information about the deposit, its structure, the nature of the placement of useful components in the deposit directly
affects the correctness of decision-making on the above-mentioned issues. The main part of the tasks in this
direction is solved by the surveying and geological services of the mining enterprise. It is worth noting that the
most important tool for studying the described problems is the geometrization of deposits, since knowledge of the
forms, elements of bedding and placement of the main indicators of deposit quality are extremely important when
choosing a method of working out and drawing up a project for the rational exploitation of a deposit. The ultimate
goal of geometrization of the deposit is to identify patterns of spatial arrangement of forms and properties of the
deposit. Most accurately, with a minimum number of observation points, the indicator placement function is
revealed using geometrization methods [2].

Analysis of the latest research and publications on which the authors rely. The relationship between
fracturing and structural features of gabroid massifs is most fully covered in the works of A.O. Kryvoruchko [3-5].
The founder of the classical school of subsurface geometry is the outstanding scientist P.K. Sobolevskyi. His works,
as well as the works of P.M. Leontovskyi and V.I. Bauman at the beginning of the 20th century laid the foundations
of mining geometry for mathematical modelling of mineral bodies. Later, P.K. Sobolevskyi developed geometric
(mathematical) methods of studying and expressing the spatial location of geological indicators.

Sobolevskyi P.K. developed the theoretical foundations of the study of the deposit based on ideas about the
subsoil as a set of geochemical and geotectonic fields. It is characteristic that for the study of such fields, he
proposed as the main method of isolines, which makes it possible to express the placement of a geological feature
in space in any plane section. Proposed by P.K. Sobolevskyi point palette and the apparatus of mathematical
operations with topographic surfaces made the grapho-analytical method developed by him universal in the study
of the subsoil. It should be noted that P.K. Sobolevsky’s ideas served as a theoretical basis for the geometrization
of various mineral deposits: layer sedimentary and vein, mono- and polymetallic ore, placer, oil and gas, etc.

The further development of the geometrization technique was spread in the works of the students of
P.K. Sobolevskyi — P.O. Ryzhova, .M. Ushakova [6], V.O. Bukrynskyi [7, 8], V.M. Hudkova [9], D.I. Vilesova,
0.0. Trofimova [10], K.F. Yermolaeva [11], V.M. Kalinichenko [12] and others.

In the work of V.M. Kalinichenko [12] the application of mathematical modelling in the geometrization of
deposits was analyzed and a classification of mathematical models for the placement of deposit indicators were
developed. V. O. Bukrynskyi developed and proposed a predictive and dynamic method of identifying indicator
placement functions for rational and more effective deposit processing.

The purpose of the article is to analyze the rational methods of geospatial modelling.

Presentation of the main material. Geometrization of a mineral deposit is a method of studying and depicting
on drawings (maps, posters, sections, graphs, etc.) geological forms, conditions of their bedding, properties of the
substance that fills these forms, and processes occurring in the subsoil [13]. The main methods of studying and
graphically depicting various indicators of the deposit are the method of isolines and the method of geological
sections and profiles. Also, in the study of complex deposits, the methods of three-dimensional visual graphs and
the modelling method are additionally used. Geological sections are very important structural charts. In some
cases, being the result of a graphic summarization of primary documentation, they are final materials, and in other
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cases they are used in the process of further summarization as intermediate material, for example, when drawing
up structural plans in isolines, geological maps, block diagrams, etc. Therefore, when geometrizing deposits, it is
necessary to pay very serious attention to the documentation and proper execution of these structural schedules.
A feature of the isoline method is a graphical representation of the spatial location of various qualitative
characteristics of the deposit, expressed in numerical values. At the same time, isolines display not only real
surfaces, but also imaginary ones that do not exist in nature. The reliability of the image of the placement of
indicators on plans in isolines depends on the variability of this indicator and the conditions for obtaining the
values of the indicator (density of reconnaissance points, sample size, etc.).

Geometrization can be carried out for individual workings, blocks, horizons, deposits or the entire mining area
as a whole. The process of geometrization of the properties of the deposit consists of the following stages: testing,
processing of measurement data, drawing up qualitative graphs and solving problems based on them. The method
of geological sections makes it possible to detect with sufficient accuracy the shape of the mineral resource and
determine its position among the host rocks in any cross section. The choice of intersections is determined by the
shape and conditions of the ore body. However, with the help of sections, it is sometimes impossible to detect the
nature of changes in the content of useful components, therefore, when geometrizing deposits, the method of
geological sections is supplemented by the method of isolines.

The method of three-dimensional graphs is used for visual and three-dimensional representation of geological
structures. The graph is presented in the form of block diagrams, which are an axonometric (affine, vector)
projection of the blocks of the site or the entire deposit.

Geological indicators are divided into features that characterize the shape of the rock mass, its properties and
processes in the subsoil. Following types of geometrization are distinguished depending on the field of subsoil
study: geometrization of the form of mineral deposits and the conditions of their occurrence; geometrization of
physical and chemical and technological properties of deposits and inside rocks; geometrization processes that
occurred and are occurring in subsoil. Depending on the stage of the field study, specific problems of mining and
geometrical drawings, as well as regional and detailed prospecting, and operational geometrization of fields are
distinguished. The regional geometrization is carried out at the scale from 1:50,000 to 1:500,000. The data on
prospecting, as well as space, aerophotographic, geological and geophysical surveys are taken into account.
It allows making generalizations and general forecasts, and identifying areas which are perspective for further
exploration. Detailed stakeout geometrization is carried out at scales from 1:5,000 to 1:50,000 on the basis of
detailed prospecting, as well as geological, structural, geophysical and geological surveys.

Various mining-geometric graphs of the conditions of a deposit occurrence and the raw material contained in
a deposit are drawn at this stage. Geometrization data are taken into account when evaluating deposits, estimating
resources and planning mining enterprise. Operating geometrization of a deposit is carried out at a scale of 1:100—
1:5000. It is performed on the basis of detailed prospecting and geological information obtained when performing
preparation works and cleaning of mining workings. Operating geometrization allows revealing structural and
qualitative patterns which helps to build forecasts on deposits and on their rational development. The methodology
of geometrization considers techniques and methods of detection and imaging the field form and properties, the
conditions of a field occurrence and the processes occurring in the depths [14].

With the help of the volumetric modelling method, deposit models are created based on the results of
geometrization performed by the methods of isolines, geological sections, and volumetric graphs. In its turn, the
use of this method makes it possible to visually depict the shape of the mineral deposit, host rocks, tectonic shifts,
placement of components and exploration of the deposit. The output of conditioned blocks from the massif depends
not only on its natural state, determined by the genetics of the deposit, but also on a number of technical factors
that can be controlled. These include the method of preparing the block stone for extraction and the direction of
cutting in relation to natural cracking.

After analyzing the structure of geometrization, the continuity of the relationship between geometrization and
forecasting methods based on the same approach to processing the initial information is clearly visible, which makes it
possible to consider them the basis for solving production issues for rational exploration and development of the field.

At the stage of processing geological exploration data, structurally homogeneous surfaces are formed, which
makes it possible to calculate reserves divided into categories. The basic unit of information for accounting for
reserves of a decorative stone reservoir is a stock counting figure. The study of decorative stone by geometrizing
the deposit based on the method of geological sections allowed researchers to identify the shape of the body and
determine its spatial position. However, such a narrow approach to the method of geometrization does not give a
clear idea of the nature of changes in the content of qualitative indicators of decorative stone. Therefore, the priority
task is precisely to carry out the geometrization of the deposit of decorative stone according to quality indicators
using the isoline method. It is obvious that the most complete picture of the deposit, the spatial arrangement of its
forms and properties, can be obtained only with the complex application of all the methods of geometrization
discussed above. Also, the analysis of literary sources revealed that the study of regularities of distribution of
quality indicators can be performed without increasing the volume of geological exploration data based on
mathematical methods of geometrization.
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Structurally homogeneous surfaces are formed at the stage of processing geological prospecting data, which
makes it possible to calculate reserves by category. The basic unit of information for accounting for reserves of a
layer of decorative stone is the stock count figure.

The size, shape and position of the layer in the subsoil are determined by a set of linear and angular values,
which are called geometric parameters. These include: coordinates of points at the contacts of the formation with
the host rocks, in which geometric parameters are installed; extension and dip angle of the surface (contact) of the
formation; deposit capacity; depth of bedding; the position in space of the symmetry elements of the studied
geological structure.

Coordinates x, y, z on the surface of the deposit are determined by the results of survey
shooting, measurements and inclinometer surveying of wells [2]. Inclinometers used in mining mainly apply
measuring systems based on a combination of three gravity sensors (separately along the X, y and z axes) and three
magnetic (ferroprobe, magnetoresistive) type recorders. The maximum accuracy of the measured parameters for
this type of complex of recording elements is + 0,1° when measuring the zenith angle and + 0,5-1° for the
azimuthal angle [6, 7].

The output of conditioned blocks from the array depends not only on its natural state due to the genetics of the
field, but also on a number of technical factors that can be controlled. These include the method of preparing the
block stone for removal and the direction of cutting in relation to natural fracturing. The influence of these factors
on the yield of block stone from the rock mass was studied at the Dobrynske labradorite deposit.

In most deposits of granite, gabbro and labradorite, there is a multisystem fracturing with a pronounced layering.

On the basis of geological data on wells of the field, the maximum possible yield of blocks at depth intervals
was determined. It was determined for each interval separately by dividing the total capacity of the conditioned
columns by the total length of the wells in the interval. Based on these data, the average maximum possible block
yield for the field as a whole was determined.

When preparing a block stone for excavation, mining machines create additional partition surfaces that are
superimposed on the natural fracturing of the massif, so the actual output of the block stone from the mined rock
mass always differs from the maximum possible.

During the preparation of block stone for excavation by mining machines, additional surfaces are created,
which are superimposed on the natural fissures of the massif, therefore the actual output of block stone from the
extracted mining mass is always different from the maximum possible. In most deposits of granites, gabbros and
labradorites, there is a multi-system cracking with clearly marked layering.

The ratio of the length of the column (L; ) to the number of cracks in it ( N,,.) is the cracking modulus:

p= (1)

When the deposit is developed in horizontal layers, the division of the conditioned columns of the core into
several layers is inevitable, depending on the height of the ledge being developed, which is equivalent to the
imposition of additional artificial fracturing on the massif. In this case, the probability of obtaining large conditioned
blocks decreases with a decrease in the height of the mining ledge. For each method of preparation for excavation,
the modulus of cracking can be calculated, taking into account the overlay of additional interface surfaces (u.ci).

The ratio of the modulus of cracking for the accepted method of preparing for the excavation of blocks and
the modulus of cracking of the massif will be called the coefficient of reduction of blocks output:

K = £, @
where u! and u!, — estimated cracking modules in the specified depth interval, respectively, for the adopted method
of extracting blocks and natural massif.

The expected output of blocks in a given interval for this method will be determined as follows:

K§' = KL Kp¥ @)
The average yield fpr a field is defined as the arithmetic mean of the data obtained for well depth intervals
kg = 1S (4)

L
where i — number of well depth intervals; K. — calculated output for the interval.

When calculating the cracking modulus for the extraction method, additional horizontal interface surfaces
created during the separation of the stone from the massif should be taken into account. The lowest modulus of
cracking and yield of blocks is obtained when cutting the massif with a diamond-rope installation. In this case,
each conditional column will be cut horizontally into additional 2—3 parts. It turns out that there will be five gaps
in the depth interval for each well. When working out the deposit with 5m-high ledges with diamond-rope stone-
cutting machines, only a single additional gap will appear in the interval. The maximum possible average output
of blocks in the field is K, = 0,18 - 17 %.
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Diagram 1. Dependence of block yield on block chipping direction

Analyzing these data, it can be noted that in preparation for the extraction of blocks by rope stone-cutting
machines and a ledge height of 10 m, the maximum possible output of blocks will increase 1,26 times compared to
other methods. It should be noted that the high yield of blocks during extraction by rope-cutting machines is possible
only if the separation planes of the main crack system are used. It should be noted that a high output of blocks when
mining with rope stone-cutting machines is possible only if the planes of separation of the main system of cracks are
used. However, if the cutting direction does not coincide with the direction of the main cracking system, the output
of blocks decreases. The most favourable is the direction of 45°, when the decrease in output of the blocks is
maximum. Based on the performed research, it was found that the real yield of blocks in the field, taking into account
its decrease from the direction of cutting the array, can be calculated by the expression:

K. = KS™ [1— 0,8 cos(90 — 2a)]. (5)

Conclusions. As a result of the conducted research, it can be concluded that the study of the decorative stone
by geometrizing the deposit based on the method of geological sections allowed the researchers to identify the
shape of the body and determine its spatial position. However, such a narrow approach to the geometrization
technique does not give a clear idea of the nature of the change in the content of quality indicators of decorative
stone. Therefore, the priority task is the geometrization of the decorative stone deposit according to qualitative
indicators using the isoline method. It is obvious that the most complete idea of the deposit, the spatial arrangement
of its forms and properties, can be obtained only with the comprehensive application of all the geometrization
methods discussed above. Also, the analysis of literary sources revealed that the study of the regularities of the
distribution of quality indicators can be performed without increasing the volume of geological exploration data
based on mathematical geometrization methods. The most effective criterion for the exit of blocks from the array
is the diamond-rope method of extraction. In this case, it is possible to use the natural block of the array by 85,2 %.
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Kynnneka M.C., lllnanak B.O.

MopenioBaHHs BUAOOYTKY NPUPOAHOI0 KaMeHIO

€ OYeBHIHMM, IO 32 TAKUX TEMITiB BUKOPHCTaHHS MiHEpAJIbHUX PECypCiB OCHOBHY JOJIIO PO3BIIaHMX 3araciB KOPHCHUX
KOTaJIMH OyzAe BUUEpIaHO i3 Haap B mepiox Haibmmxumx 30 pokiB. 3BiCHO, IO YACTKOBOTO BHPIIIEHHS MiHEpalbHO-
CHPOBHHHOI IpPOOJIEMH MOXKHAa JOCATHYTH 3aBISKH HAyKOBO-TEXHIYHUM JOCSTHEHHSM, BIPOBA/UKEHHS SKUX J[03BOJHTH
CKOPOTUTH 00’€M CIIOKHBAaHHS CHPOBMHM YH 3aMiHUTH NeBHI ii Buam MeHm nedinutHHMH. [IpoTe OCHOBHHM criocoOoM
3aJI0BOJICHHS MOTPEO B CHPOBHHI 3aJIMIIAETHCS PO3POOKa ICHYIOUMX Ta MOLIYK HOBHX POJOBHUIL. TOMY Ba)JIMBUM 3aBIaHHAM
HAIIOl Ta HIIMX JEpXKaB € Po3poOKa METOIB, IO AAI0Th MOXKIHUBICTH OTPUMATH HAHOIBII JOCTOBIPHI BiJOMOCTI Mpo
POIOBHINA 3 METOIO MIPUHHSATTSI MAKCUMAJIBHO €(DEeKTUBHUX PillleHb IS IX pO3POOKH.

Kiio4oBi cjioBa: MoIeIFOBaHHS; TEOMETPH3allis; PO3p0oOKa POIOBHIIL.
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