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1. Introduction

A basic problem in defining technological parameters
for developing blocking stone is determining the direction
for developing mining operations and the reliability of pre-
dicting the change in the orientation of the planes of cracks.
High efficiency in solving similar problems is characteristic
for the method of analogues, that is, the prediction of param-
eters of a system of cracks and the assessment of effectiveness
of technological decisions, used in the deposit, similar to
the given one in the conditions of formation. It should be
noted that the orientation of cracks may be formed in the
rock array at different orientation of axes of the main normal
stresses, but most planes of cracks are parallel to the axis of
the main vector of stress. It is also known that the spatial
orientation of cracks is determined by the stressed state of
rock formations in the area of a well and the changes, caused
by the distribution of stresses. Considering the above men-
tioned facts, we can conclude that the orientation of systems
of cracks characterizes the spatial orientation of stress ten-
sors in this array, so it is logical to assume that in the deposit
with the same configurations of tensors of stresses, the pro-

cess of cracks formation will be characterized by the same
regularities. Different methods of mathematical processing
are used in studying fracturing, among which the methods
of cluster and fractal analysis can currently be considered as
the most promising. The methods of cluster analysis, applied
in previous studies [1, 2], revealed low effectiveness in the
cases of generalization of results of fracturing measurements
at different structural levels. Results of research of various
authors prove the fractal properties of fracturing at different
structural levels, which makes exploring the fractal nature
of fracturing and using the obtained regularities for con-
trolling the technological processes in mining natural deco-
rative stones a relevant scientific and applied task.

2. Literature review and problem statement

An apparent breakthrough in studying fracturing is the
proof of its fractal nature and application of the methods of
fractal analysis to its studying. It should also be noted that
this approach to studying fracturing is characteristic for its
different levels, starting with microfracturing and finishing




with tectonic splits. In paper [3], on the basis of the method
of fluoroscopic flaw detection, the procedure of determin-
ing fractal characteristics of fracturing of rock formation
was established. Continued research into this area allowed
authors in article [4] to develop a new computer simulation
model of the cracks dynamics in the system of iterative
functions of fractal Brownian motion that makes it possible
to predict the change in qualitative characteristics of a dec-
orative stone deposit. In paper [5], the difference in the laws
of distribution of fractal characteristics of cracks of various
classes was established and parameters of approximating
equations were defined. In article [6], the surface of natural
cracks and non-homogeneity of their spatial distribution are
assessed on the basis of using a set of fractal characteristics
of rocks fracturing.

A number of researchers [2, 3, 6] distinguish three
structural levels of fracturing: split tectonics, fracturing of
deposit and microfracturing. The above mentioned factors
make relevant the search for the relationship between the
procedure of structural disruptions and fractal dimension-
ality of fracturing.

In article [7], it was proved that with an increase in the
intensity of fracturing, the values of fractal dimensionality
increase, as a result, low, medium, high, very high and criti-
cal levels of fracturing development were distinguished, for
which the corresponding values of fractal dimensionality
were set.

Results of the above mentioned studies prove the effec-
tiveness of fractal dimensionality for the assessment of inten-
sity, spatial orientation, linear dimensions, shapes of separate
cracks and of natural separatenesses, formed by them, and
the establishment of regularities of fracturing development.

The regularities of developing fracturing in decorative
building stone and their impact on quality were established
in paper [8].

Article [9] explored the process of measuring the el-
ements of location of natural cracks in stone quarries of
blocking stone and studied the influence of fracturing on
the productivity of mining processes. Results of the studies
demonstrated the effectiveness of considering regularities of
formation of fracturing in the deposit for assessing qualita-
tive characteristics.

Studies [10] explored the impact of fracturing on the
efficiency of blocking stone exploration.

Article [11] explored the efficiency of using a georadar for
assessing spatial variability of quality indexes of decorative
stone, which gave the opportunity to significantly increase
the accuracy of prediction. This variant should be consid-
ered promising when combined with natural measurements
of fracturing, which will greatly increase efficiency of the
interpretation of results of georadar imaging. The obtained
results were used for assessing spatial variability of deposit
fracturing and evaluating of its quality. The shortcomings of
this study include a lack of research into evaluation of regu-
larities of formation of deposit fracturing and estimation of
the impact of geostructural indicators on qualitative charac-
teristics of a deposit.

After summarizing the outcomes of the studies, which
were implemented in articles [1-11], it is possible to distin-
guish the following parameters that can be used for quality
control of the blocking products: geostructural (orientation
of fracturing, linear dimensions of cracks, depth of cracks
location, shape of natural separatenesses, blockiness) and
technological (anisotropy of deposit properties, orientation

of monoliths in relation to the faces of the natural separate-
nesses, the speed of drilling and diamond rope cutting of a
fractured array).

As a result of the performed research, in paper [12],
the effectiveness of using the photogrammetric methods in
studying blockiness and fracturing was proved, at the same
time, the influence of the above mentioned indices on the
qualitative characteristics of a deposit was not investigated.

The effectiveness of punch drilling of high-strength rocks
was investigated in [13], and paper [14] proved that fracturing
of rock array can affect the performance of the drilling process.
It should be noted that the result of the executed research did
not contain estimations of the influence of fracturing inten-
sity on the performance of drilling. The spatial variability in
drilling productivity was not explored either, which does not
allow obtaining effective evaluation of the quality of the array
of decorative stone and predicting the effectiveness of drilling
operations. At the same time, the existence of influence of
fracturing on the quality of drilling was proved, which makes
it possible to implement the process of controlling the quality
of blocking stone on the basis of choosing optimal technologi-
cal parameters of the drilling process.

Generalization of results of the completed research
allows us to emphasize the relevance of developing new
approaches to using the fractal analysis apparatus in the
process of quality control of non-ore building materials and
assessing its effectiveness when predicting spatial variability
of geostructural and technological indices of a deposit.

3. The aim and tasks of the study

The aim of the study is to estimate efficiency of using the
fractal analysis apparatus for the process of quality control
of decorative stone.

To achieve the set goal, the following tasks were to be
solved:

— to develop the methods of fractal analysis of regulari-
ties of the fracturing formation for various deposits or their
sections;

—to establish the patterns of change in fractal dimen-
sionality at different structural levels and to develop meth-
odological basis for their prediction;

—to develop a technique for the estimation of spatial
variability of the productivity of blast-holes drilling process
and to implement it for particular production conditions.

4. Materials and methods of the study

Fractal dimensionality is appropriate to define using the
method of “coverage”, which is implemented in the majority
of papers [3-7] and is characterized by high performance
and precision. The essence of the method lies in applying
a crack on a model with simultaneous calculation of the
minimum number of cells N (r;), which cover the fractal
(crack) by dependence which is derived from the Hausdorff
dimension:

InN(r,)=InC-d;Inr, €))
where r; is the dimension of a square grid center, which is

applied to the rose diagram; N (r;) is the number of cells that
cover the rose diagram; C is the constant value.



Using the existence of linear regressive relationship
between r; and N(r;), the estimation of fractal dimension of
the image is expedient to perform based on the following
expression:

_ n(z’iNi lnr)—(Zilnr))(ZiNi)
n(Zilnr)—(Zilnr))j

: 2)

for i=1-n, where n is the number of iterations.

The fracturing roses from 14 labradorite deposits in Zhy-
tomyr Oblast (Ukraine) were taken as the object of study. The
construction was performed with increment 10° (which is the
most common when examining fracturing) in the software
package SteroNett v2.6. Initial data for the construction were
the results of geological exploration and direct measurement
of the elements of orientation of cracks in mining faces. The
total number of measurements of fracturing was 640, and the
minimum number of measurements for one deposit was 32.

For their preliminary processing, we used adaptive bina-
rization, based on the Christian method:

T=(1—k)m+kM+M, 3)

where k is the constant, k=0,5; M is the minimum value of
gradations of grey for the entire image; R is the maximum
mean square deviation of gray value in a local window; m is
the value of gradations of grey for the current pixel.

Results of the performed operations are shown in Fig. 1.

m n

Fig. 1. Roses of fracturing of labradorite deposits in
Zhytomyr Oblast after binarization: @ — Andriyivskiy; b — Brazhenskiy;

¢ — Verkholuzkiy; d — Golovinskiy;

e — Guta—Dobrinskiy; f— Dobrinskiy; g — Kamianobridskiy; A — Korchiivskiy;

/— Mykivskiy; j— Fedorivskiy; k — Olegivskiy;

/— Neverivskiy; m — Ocheretyanskiy; n — Osnitskiy

For the estimation of geospatial variability of fractal
dimensionality of fracturing roses in labradorite deposits of
Zhytomyr Oblast, we used the interpolation method Inverse
Distance to a Power (the degree of the inverse distance).

Quite an important factor that can affect comparability
of the obtained results for different deposits of decorative
stone is the different amount of data (Fig. 2).
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Fig. 2. Dependence of fractal dimensionality on the number
of cracks

This assumption is disproved by insignificant coefficient
of correlation between the indicator of fractal dimensional-
ity and the amount of data (correlation coefficient is 0,134).

In the study we distinguished 3 structural
levels: the first is the level of tectonic splits
(length exceeds 1 km), the second level is frac-
turing of the entire deposit (length exceeds
1 m) and the third level is microfracturing
(length is 0,4 mm — 100 mm). Distinguishing
the levels of fracturing was concluded on the
basis of analysis of practical effectiveness of
research into fracturing.

In the course of studying the influence of
the level of structural disruption on fractal
dimensionality, we also used the method of
coverage, in this case, the dimension of a cell
size of a square grid, which is applied on the
fracturing plan, was designated as r; , and the
number of cells that cover fracturing plan was
designated as N(ry).

In the study of regularities of fracturing
formation at the first structural level, we ex-
amined the change in fractal dimensionality
for copying from the tectonic map in scale of
1:500 000, the center of copying corresponds
to the location of the gabbro deposit of Luhove.
The procedure of studying involved scanning
tectonic maps, further vectorization of the
image using the KOMPAS-3D v16 software
and processing the obtained images by the
software package Image] 1.47 v. The di-
mensions of the examined zone were 5000x
x5000 m and were gradually growing by
1000 m. 20 iterations were explored. An ex-
ample of the implementation of this approach
for one of the iterations is shown in Fig. 3.




Fig. 3. Determining fractal dimensionality of the deposit
location area

The next stage of the study was determining fractal di-
mensionality of fracturing for the entire deposit by the plan
of fracturing on scale 1:500. Similarly to the previous case,
the initial zone with dimensions of 50x50 m, which was con-
sistently growing by 10 m, was secured in the geometrical
center of the deposit (Fig. 4).

Fig. 4. Determining fractal dimensionality of fracturing at the
Luhove gabbro deposit (Zhytomyr Oblast, Ukraine)

And the last stage of the study was to determine fractal
dimensionality of microfracturing of 176 samples, which
were selected in this deposit. The scheme of sampling is
shown in Fig. 5.

The samples were selected by separating the sections
with dimensions of 260x100 mm at the surface of the ledge,
where the diamond rope cutting plant was installed. In case
of absence of the saw cut surface of the array, some sections
with the similar dimensions were sanded with the help of
hand sanding machine. A total number of selected samples
was 88. After that, the fault detecting solutions HELLING
NORD-TEST U87, U88, U 89 were applied on the saw cut
surface or on the sanded surface. Then the surfaces were
scanned by the portable scanner IRISCan Executive Book 3
with resolution of 600 dpi. Further processing of the ob-
tained image was carried out by the software program
Image] 1.47 v. From every selected band at dimensions of
260x100 mm, two fragments with dimensions of 100x100 m
were chosen. Image processing was performed similarly to
the previous cases.
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Fig. 5. Scheme of sampling

To study the influence of fracturing on the drilling
productivity, we developed a new procedure for deter-
mining the predicting performance of blast-hole drilling
process depending on the fractal dimensionality of the
zone of blast-hole drilling. One-shot photogrammetric
imaging of the area parallel to the drilling area was used
in this procedure (Fig. 6). The image taking parameters:
camera Canon PowerShot G12; focal distance 25 mm;
4.34375 lumens; diaphragm 4.5; shutter speed 1/250 s.
In the obtained image, we distinguished cracks by Im-
age] 1. 47 v on the basis of using approaches to recog-
nition and identification of cracks, described in papers
[1, 7]. The section with identified cracks was evenly
divided into zones. The width of the examined zone for
each blast-hole was selected equal to 1 m relative to
the blast-hole axis. With the help of Image] 1. 47 v, the
fractal dimensionality of the image of each selected area
was determined. Drilling performance of the drilling
machine COMANDO 110 was determined on the basis of
timing the duration of blast-hole drilling with the stop-
watch CASIO SGW-1500H with accuracy to 0,01 s and
by measuring length of the drilled blast-hole after the
separation of monolith using the 20-meter long roulette
with accuracy to 0,01 m.

The obtained methods for determining the predicting
performance of the blast-hole drilling process depending on
fractal dimensionality of the zone of blast-hole drilling can
be used for the prediction of spatial variability of the given
index. For this purpose, the following sequence of actions is
proposed:

1) with the help of a double-sided scotch tape, the mea-
suring tape is attached to the sides of the monolith (at least
two), which are currently uncovered by the diamond rope
saw plant;

2) imaging of the rock array is performed;



3) during the image processing, the lines, along which
fractal dimensions of the expected zone of blast-holes drill-
ing will be determined, are drawn after each 1 meter;

4) in the conditional system of coordinates, in which a
common side of two planes is accepted as zero, the coordi-
nates of each line are defined;

5) fractal dimensionality of the predicted zone of blast-
holes drilling is defined for each line;

6) according to results of the previous research, analyti-
cal dependence between the values of fractal dimensionality
of the zone of blast-holes drilling and drilling performance
is established;

7) predicting value of the drilling performance is deter-
mined;

8) spatial interpolation of the change in productivity is
performed (the interpolation method Inverse Distance to a
Power (the extent of the inverse distance) is recommended);

9) the areas, which are characterized by the expected
minimum capacity of drilling performance, are determined.
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Fig. 6. Determining fractal dimensionality of fracturing in the zone of blast-holes
drilling: @ — imaging of array; b — cracks identification; ¢ — blast-holes projection onto
ledge plane; d — determining fractal dimensionality of fracturing in the zone of blast-

holes drilling

5. Results of studying effectiveness of the quality control
process of blocking raw materials based on fractal analysis

An attempt to compare the indices of fracturing requires
substantiation of the basic criteria, by which a comparative
analysis will be run. As such an index, we propose fractal
dimensionality of the so-called rose diagrams, the length of
rays of which in different directions are proportional to the
amount or sum of the lengths of lines of the given intervals
of propagation.

Results of calculations, performed by the given method,
are given in Table 1.

Table 1

Results of determining fractal dimensionality of the roses of

fracturing

Deposit . F.racta.l Number of ]_310cks

dimensionality, D data yield, %
Andriyivskiy 1,4254+0,0106 31 28,7
Brazhenskiy 1,4745+0,0077 83 32,3

Verkholuzkiy 1,4074+0,0087 83 31

Golovinskiy 1,4907+0,0083 131 31,5
Guta-Dobrinskiy 1,5533+0,0073 43 32,0
Dobrinskiy 1,5720+0,0073 30 31,5
Kamianobridskiy 1,3934+0,0081 125 34,0
Korchiivskiy 1,3821+0,0074 27 33,27
MyKkivskiy 1,4241+0,0078 62 34,7
Neverivskiy 1,4670+0,0099 42 27,2
Olegivskiy 1,5234+0,0075 45 32,0
Osnitskiy 1,3956+0,0076 60 33,2
Ocheretyanskiy 1,5823+0,0075 35 31,5
Fedorivskiy 1,5842+0,0101 100 31,4

d

By the index of fractal dimen-
sionality, the grouping of deposits,
based on the use of the Sturgess
formula, was performed and, as a
result, 5 groups were distinguished:

Dr=1,38-1,42 (Verkholuzkiy,
Korchiivskiy, Osnitskiy, Kamiano-
bridskiy);

Dg=1,43-1,46 (Andriyivskiy, My-
kivskiy);

b Dg=1,47-1,50 (Brazhenskiy, Go-

lovinskiy, Neverivskiy);

Dr=1,51-1,54 (Guta-Dobrins-
kiy, Olegivskiy);

Dr=1,55-1,59 (Fedorivskiy, Oche-
retyanskiy, Dobrinskiy).

Close values of fractal dimen-
sionality in each group are explained
by the common nature of forces that
affect the crack formation, the most
significant of which are rotational.

Performed correlation analysis
of dependence of fractal dimen-
sionality of cracks on the number
of cracks (correlation coefficient
0,19) revealed a lack of connection
between these two indices. The
groups of labradorite deposits, dis-
tinguished by index of fractal di-
mensionality, make it possible to
improve the accuracy of predicting
fracturing of both separate sections and entire deposits
based on the substantiated use of the method of analogies.

Performed studies allow us to create the map of spatial
variability of fractal dimensionality of fracturing in the
labradorite deposits in Ukraine (Fig. 7), which will make it
possible to select promising sections for searching for new
deposits and to establish regularities of fracturing develop-
ment in the deposits that are already being developed.

As a result of studies, carried out in article [7], it was
found that changes in fractal dimensionality correspond to
structural reconstructions of fracturing network, that is, it is
possible to tell about relative deformations, as well as about




stages of the destructive process, which preceded the forma- An analysis of the obtained results demonstrated that
tion of a large split, by the values of fractal dimensionality of ~ the mean value of fractal dimensionality at the given struc-
the gaps of different hierarchical levels. tural level is Dp=1,374720 with 0,023382 dispersion.

Results of the study are given in
Table 3. Analysis of the obtained re-
sults revealed that the mean value of
fractal dimensionality for fracturing
of the entire deposit is Dg=1,530420
with 0,031460 dispersion.

Results of the experiment are pre-
sented in Table 3. The resulting sample
is characterized by mean value Dp=
=1,854490 with 0,027914 dispersion.

As a result of the performed re-
search, dependence of fractal dimen-
sionality on the order of structural
disruption, which is characterized by
correlation coefficient 0,91, was estab-
lished (Fig. 8).

It is proposed to describe this de-
¥ pendence analytically by polynomial of
the second degree in the following form:
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Taking into account the results of the previous studies, — where L is the order of structural disruption (for splits L=1,
in this work we performed research into a change of patterns  for fracturing of a deposit L=2, and for microfracturing of a
in the development of fractal dimensionality of fracturing  deposit L=3).
with a decrease in the hierarchical level and, accordingly,

an increase in fracturing. Results of the study are given in 20
Table 2. H
1,9
Table 2
1,8

Results of determining fractal dimensionality at the first (for
splits) and second (for fracturing of a deposit) structural

=
£
% 1,7
levels g
. . . 516
For splits For fracturing of a deposit g ?
No. Dg No. Dr £ s '
1 1,38610998 1 1,55507864 ?
2 1,34512904 2 1,53470913 1.4 8
3 1,39928557 3 1,49829277 - §
4 1,3805061 4 1,5508104 0.8 1,0 1,2 1.4 1,6 1,8 2,0 22 24 2,6 28 3,0 3.2
5 1,39179974 5 1,58535242 Order of structural disruption
6 1,33445361 6 1,54609094 Fig. 8. Dependence of fractal dimensionality on the order of
7 1,35173688 7 1,54138819 structural disruption
8 1,38673166 8 1,50196096
9 1,39231966 9 1,53818092 A relevant task was to study the influence of fractal di-
10 1.34801259 10 1.45739958 mensionality of the zone of blast-hole dI‘lHlIlg on the drllhng
m 134274679 1 154822714 performance. The studies that have been performed using
: - the above given method, demonstrated the existence of fairly
12 1,38221192 12 1,54256276 . . .
close correlation connection between the above described
13 1,39186458 13 1,53157871 parameters, which is characterized by correlation coefficient
14 1,36253832 14 1,55264536 0,83. As a result of regression analysis, we obtained analyt-
15 1,38620236 15 1,48077471 ical expression for evaluating productivity of the blast-hole
16 1,39719206 16 1,50288886 drilling process depending on fractal dimensionality of the
17 139008415 17 156359026 zone of blast-hole drilling in the form of linear dependence
3 141698312 8 153157226 (Fig. 9) in the following form:
19 1,36195534 19 1,4931499 P = 0,0287+0,5541D‘11;, )
20 1,34654384 20 1,55213623
Mean | 5020040023382 | Mean value | 1.530420-0031460| ~ Where Df is the fractal dimensionality of blast-hole drill-
value | _’ ’ - ing zone.



Table 3

Determining fractal dimensionality of microfracturing of
deposits

DF No. DF No. DF No. DF

1,83210022| 45 [1,85507933| 89 |1,86723115[133|1,85453028

1,80776398| 46 [1,85053168| 90 [1,88794324|134|1,84017853

1,83293296| 47 |1,85247929| 91 |1,87036965(135| 1,8339415

1,86509277| 48 |1,88494883| 92 [1,88091465|136|1,86395212

1,87003491] 49 |1,88661329| 93 |1,84137646|137|1,86390477

1,85323659| 50 [1,87108643| 94 [1,85106241|138|1,84300548

1,82074906| 51 [1,81624859| 95 |1,82871656{139|1,82192323

1,8663224 | 52 11,89247932| 96 |1,88717354|140(1,81515909

1,88404101| 53 |1,79915781| 97 |1,89241272|141|1,86527244

1,87477258| 54 |1,86682569| 98 |1,83146832|142|1,86964251
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Using the above given technique, a change in produc-
tivity of the blast-holes drilling for the horizon 180 at
Ltd. “Polissky Labradorite” (town-type settlement Volo-
darsk-Volynskyi, Zhytomyr Oblast, Ukraine) was explored
(Fig. 10).

The obtained model of spatial variability in the drilling
productivity for the horizon 180 at Ltd. “Polissky Labra-
dorite” demonstrated the existence of productivity drops to
0,10 m/min, which is equivalent to the loss in shift produc-
tivity in the range of 4.8 m/per shift. Taking into account
the established patterns of the change in productivity of the

blast-hole drilling will allow choosing the optimal locations
for blast-hole drilling and obtaining a reliable predicting
assessment of the efficiency in decorative stone mining.
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Fig. 10. Evaluation of spatial variability of productivity of
drilling for the horizon 180 at Ltd. “Polissky Labradorite”

6. Discussion of results of examining effectiveness of
the fractal analysis methods when controlling
technological processes of decorative stone extraction

The obtained results may be implemented for obtaining a
model of deposit array of non-ore building materials for the
optimization of control process over mining of useful raw
minerals. As objective function of optimal management pro-
cess over technological processes, we should take function of
geostructural (orientation of fracturing, linear dimensions of
cracks, depth of cracks location, shape of natural separate-
nesses, blockiness) and technological (anisotropy of deposit
properties, orientation of monoliths relative to the faces of
natural separatenesses, speed of drilling and diamond rope
cutting of fractured array) indices. In this case, it is expedi-
ent to select quality indices for objective function individu-
ally for each deposit taking into account the geological and
technological features. In this study, objective function of
the optimal process for controlling technological processes
contains orientation of fracturing, linear dimensions of
cracks and speed of drilling fractured mass.

The performed research allow us to predict the values of
fractal dimensionality of fracturing at different structural



levels, ensuring significantly lower volume of field observa-
tions compared with other methods of studying fracturing.
The shortcomings of the performed studies include the fact
that their implementation is limited to the deposits of gabbro
rocks. In further studies, it is advisable to explore regulari-
ties of change in fractal dimensionality, depending on the
structural level, for a larger number of deposits to prove a
hypothesis about the globality of this pattern. The technique
of samples selection for determining microfracturing, which
is quite labor intensive, also needs improving.

A search for the methods of determining fractal dimen-
sionality of microfracturing by a photographic image of the
face surface is also relevant. The basis of such a study may
be formed by the establishment of correction coefficients for
different cases of curvature in the samples selection plane.

The analytical dependence for the assessment of pro-
ductivity of the process of blast-holes drilling, depending
on fractal dimensionality of the zone of blast-holes drilling,
is obtained for particular conditions at Ltd. “Polissky Lab-
radorite”, which makes it relevant to continue the studies
into effectiveness of predicting the drilling efficiency with
the help of the developed methods for other enterprises. Es-
tablishing global relationship between the above presented
parameters for a whole group of deposits is becoming in-
creasingly important. The obtained results allow increasing
the efficiency of control over technological processes in the
course of extracting decorative stones through increasing
reliability in the prediction of productivity of the drilling
process. The obtained methods will make it possible to
improve the performance efficiency of drilling equipment
due to the optimization of selecting location for blast-hole
drilling taking into account the map of drilling productivity.

As a result of the performed research, we proved high
productivity and reliability of predicting the spatial vari-
ability of geostructural and technological indices of a deposit
using the proposed assessment of fractal dimensionality of
the indices.

7. Conclusions

1. To analyze the regularities in the formation of fractur-
ing of decorative stones deposits, a new technique, which is

based on the comparison of values of fractal dimensionality
of the roses of fracturing, was developed. The application
of this methodology allowed us to select a group of labra-
dorite deposits in Ukraine according to regularities of the
fracturing formation. In addition, the result of applying this
technique together with classic approaches of geostatistical
analysis allowed us to obtain a three-dimensional map of
spatial variability of fractal dimensionality of labradorite
deposits in Ukraine that will make it possible to optimize
geological explorations in searching for new deposits, as well
as to increase efficiency of establishing the regularities of the
fracturing formation for particular mining horizons.

2. The methods for predicting regularities of change in
fractal dimensionality at the different structural levels were
developed. An existence of correlation between fractal di-
mensionality at the different structural levels was revealed.
The analytical expression of dependence of the value of
fractal dimensionality on the order of structural level in the
form of a polynomial of the second order was obtained for the
gabbro deposit “Luhove”.

3. The method for determining the predicting produc-
tivity of the blast-holes drilling process, depending on
fractal dimensionality of the blast-holes drilling zone, was
developed. The implementation of this method allowed us to
establish the relationship between fractal dimensionality of
the blast-holes drilling zone and productivity of the drilling
process and to describe it analytically by empirical depen-
dence for predicting assessment. This method combined
with geostatistical analysis allowed creating a method for
the assessment of spatial variability of productivity in the
blast-holes drilling process. The obtained results were im-
plemented under production conditions to evaluate spatial
variability of the drilling performance for the horizon 180 at
Ltd. “Polissky Labradorite”.

4. The results of the performed research prove high
effectiveness of using the fractal analysis apparatus for the
process of quality control over non-ore building materials.
We proved high efficiency of using, as objective func-
tion of the optimal process of controlling technological
processes, the function of fracturing orientation, linear
dimensions of cracks and speed of drilling the fractured
array, which were assessed by generalizing index of fractal
dimensionality.
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nACaxcuponomory 2pomadcvKoz0 mpamcnopmy, ajzo-
pumm 11020 QYHKUIOHYEAHHS, CneUianizoeane npopam-
He 3a0esneuwenns 0aa peanizauii QyHuxuil xowmpoae-
pa ma modenv Ha ochosi mepedxc Ilempi, sixa dae 3mozy
docnidumu ounamixy poéomu cucmemu. Pospoodneno
ma peanizoeano mexuiune zabe3neuenns KOHmMpoJe-
pa Ha 6asi oononnammnozo xomn’romepa Raspberry Pi,
wo 3a6e3neuyec HU3LKY UIHY NPOEKMHO20 PiuleHHA Ma €
ONMUMATLHUM PIUEHHAM 3 WMUPOKUMU PYHKUIOHATIGHU-
MU MONCAUBOCMAMY

Kntouosi cnosa: “Posymue” micmo, xonmponep ix-
cauyii nacaxcuponomoxy zpomaocvKozo mpawcnopmy,
mepeoici Illempi, Raspberry Pi
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Paspabomana cmpyxmypa woumponnepa uica-
YUU NACCANCUPONOMOKA 00UEeCMBEeHH020 MPAHCHOPpMA,
anzopumm ez20 QYHKUUOHUPOBAHUS, CREUUANUSUPOBAH -
Hoe npozpammmoe odecnevenue 0N peanusauuu Qynx-
yuil Konmpoanepa u modeav Ha ochose cemeil Ilempu,
Komopas daem 603MOIHCHOCHb UCCAE008AMb OUHAMUKY
pabomot cucmemot. Paspabomano u peanuszosano mex-
Huueckoe obGecneuenue KonmpoJaiepa Ha 6ase 00HO-
naamnoz0 xomnviomepa Raspberry Pi, wmo o6ecneuu-
eaem HU3KYI0 UEHY NPOEKMH020 peuleHUuss U s6AAemCs
ONMUMATLHBIM PeuleHueM ¢ WUPOKUMU PYHKYUOHANb-
HbIMU 603MONCHOCMAMY

Kmouesvie crosa: "ymuolil” 20p00, konmposnep Qur-
cauuu Naccaicuponomoxa oOuecmeennoz0 mpancnop-
ma, cemu Ilempu, Raspléerry 17:1:

Pospobaeno cmpyxmypy xroumpoaepa Qikcauii
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to-date quality of life of residents through the use of new

technologies, which involve economic and ecological use of

We live in a period of wide scale implementation of  the urban subsystems of life activity. Accordingly, for the
computer systems and intelligent technologies in all spheres  implementation of such a system, “smart” solutions in all its
of human life, one of which is the Smart City system [1—4].  subsystems, in particular in transport, are required [5]. The
Smart City is a complex system designed to provide up-  solutions can be: “smart” management of the transportation




