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Background. The research took place within the "Pivdennyi” iron ore quarry in Kryvyi Rihc. with the aim of
comprehensive and effective further use of the technogenically transformed areas of the subsoil and the earth's surface of Kryvbas.
A brief overview of the achievements of previous researchers is given.

Methods. Generally accepted research methods are applied. The fixation of bedding elements in relatively undisturbed,
small-sized blocks (hereinafter — "blocks" or "surviving block") of quartzites and shales of the Saksagan suite and in blocks of
demarcation of surviving block — technogenic accumulations was carried out. In relatively undisturbed blocks of quartzite, such
elements for banding, schistosity, linearity of mineral aggregates, axes of folded forms, striation, furrows, etc. were measured. The
actual material regarding the placement of structural elements was processed using the StereoNett 2.46 program, and the

displacement calculations of the blocks of the studied formations were also made.
Results. Among technogenic accumulations (scree slope, embankments and filled artificial cavities), according to the
degree of structuring, unstructured and structured to varying degrees were observed. Layering, mechanical schistosity and

linearity are fixed within them.

It was found that the formation of the system of blocks of the "Pivdennyi" quarry took place during their rotation along both

the vertical and horizontal axes.

Conclusions. The emergence of newly formed planes of technogenic accumulations took place with the inheritance of
the structural anisotropy existing in the surviving block with the creation of its own stratification. Therefore, the investigated
system "surviving block — technogenic accumulations” developed and formed as a complete object, mutually coordinated, years

— decades in surface conditions.

The transformation of technogenic accumulations, their "completion”/structuring, as a result of which the integrity of disturbed
and missing areas of the geological volume is restored, are constructive phenomena. They are practically a natural laboratory of
processes of formation of structural and textural elements in loose accumulations. Their tracking in time would make it possible
to actually observe the processes of self-creation/reproduction of modern technogenic-natural objects.

The ranking of structural neo formations in technogenic accumulations can be used as one of the criteria for assessment the
assimilation potential of these accumulations and their suitability for economic reclaim.

Keywords: ferruginous horizons, "Pivdennyi" quarry, undisturbed blocks, technogenic accumulations, bedding elements,

structuring.

Background

The research was carried out on the territory of the
Saksagan district of Kryvyi Rih, where iron horizons of the
Saksagan suite of the Kryvyi Rih series were discovered
within the "Pivdennyi" iron ore quarry. The studies were
carried out in connection with the problem of the lack of
systematic monitoring information about the trends in the
development of geodynamic processes and changes that
occur within the technologically transformed areas of the
subsoil and the earth's surface of Kryvbas. Therefore, the
research of such areas is relevant and carried out with the
aim of their comprehensive and effective use and prevention
of the development of negative natural and technogenic
processes (Geological investigation..., 2023).

According to archaeological research, the use of iron by
mankind in the Dnieper region has been known since the
middle of the 2nd millennium BC. (Nikitenko, 2023).

From the end of the 18th century, active economic
development of the south of Right Bank Ukraine began.
Under the leadership of V.F. Zuyev, iron ores in Kryvbas
were discovered during one of his expeditions. Thanks to
the work and perseverance of O.M. Pol', in 1876 the
industrial development of Kryvyi Rih iron ores began. This
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became the starting point in the anthropogenic
transformation of Kryvbas (Denisik, & Zadorozhnya, 2013).

At the end of the 19th century and at the beginning of the
20th century, ore deposits were mined to a depth of 25-50 m
using an open method. As the depth of mining operations
increased, ore deposits were mined in shallow (50-100 m)
mines. The cavities formed as a result remained or were
filled with loose overburden, mainly clays and loams
(Geological investigation..., 2023).

The "Pivdennyi" quarry was put into operation in 1972, in
2001 it was transferred to the mine management for
underground ore mining of KDGMK "Kryvorizhstal". The iron
ore deposit was discovered to a depth of 1,100 m
(Extraction..., 2018). Currently, the "Pivdennyi" quarry is being
developed by "RUDOMAIN" LLC. Achieved dimensions of the
quarry: length — 1050 m, width — 630 m, depth — 140 m; the
quarry is extended submeridionally (Fig. 1).

The fourth, fifth and sixth iron and shale horizons of the
Saksagan suite of the eastern limb of the Saksagan syncline
are spread directly within the territory of the development of
the "Pivdennyi" quarry. On the western side of the quarry, in
its upper part, the upper tectonic scale, or part of the
Saksagan anticline, is partially exposed, which is represented

© Osmachko Liubov, Verkhovtsev Valentin, 2024



FEOJIOrIS. 4(107)/2024

~ 67 ~

within the quarry by rocks from the talc horizon to the fourth
shale horizon (Geological investigation..., 2023).

The Saksagan syncline is characterized by a strike azimuth
of 0-30°, a dip of the axial surface to the west at an angle of
45-70°, and a plunge of the hinge to the north at an angle of 0
to 20° (Extraction..., 2018; Geological investigation..., 2023).

According to the results of the geological-surveying of
"RUDOMAIN" LLC, it was established that the section of the
"Southern" quarry in its current form was formed due to

technogenic factors caused by the underground method of
working out rich iron ores, which led to the collapse of
overlying rocks and their mixing with iron martites ores and
ferruginous quartzites, to the processes of subsidence and
slumping of the host rocks. As a conclusion, it was
ascertained that the "Pivdennyi" quarry site belongs to the
technogenic genetic type of deposits (Geological and...,
2018; Protocaol..., 2018).

In 2021, a ground-penetrating radar survey was carried
out on the site of the "Pivdennyi" quarry, its western flank and
the surrounding area with the help of the low-frequency
ground-penetrating radar complex "Loza-2N". A total of
23 profiles were made, the total length of which is 15,404 m.
According to the results of the work, 140 anomalies were
identified, which were summarized into four groups:
anomalies, which are vertical collapse zones that were filled
with clay or soil; local anomalies such as voids; anomalies that
form large conical structures and are filled with a mass of
collapsed rocks or filled with rock from dumps, or clay or soil;
structural anomalies reflecting the geological structure or
individual structural elements, for example, folds, faults, etc.

Most of the detected anomalies, which can be
interpreted as collapsed and landslide rocks, are located on
the western side of the quarry. Also, the bottom of the pit has
signs of numerous collapse processes and backfilling. The
eastern side of the quarry is less involved in these processes
(Geological investigation..., 2023).

It is extremely difficult to estimate the volumes of
technogenic subsidence and collapses as a result of
underground mining within the "Pivdennyi" quarry, but it can be
argued that they significantly exceed the volumes of the rock
mass mined underground (Geological investigation..., 2023).

As aresult, the quarry can be represented as a technogenic-
geological formation, where relatively undisturbed blocks of
crystalline rocks (surviving block) and blocks of technogenic
accumulations alternate. The apparent thickness of both types
of blocks ranges from a few meters to the first tens of meters.
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The totality of the action of human industrial activity and
natural processes generate processes that are layered on
the created mining complex. This is a special group of
processes and phenomena that G.I. Denisik and
G.M. Zadorozhnya are proposed to be called derivatives
(Denisik, & Zadorozhnya, 2013). These researchers typify
derivative processes and phenomena observed within the
mining landscapes of Kryvyi Rih according to a number of
signs: by genesis, speed, area, sequence of activation, age,
relation to the earth's surface, nature of manifestation and
degree of regulation (Denisik, & Zadorozhnya, 2013).

Research conducted in Kryvbas by V.P. Voloshchenko,
G.M. Malakhov, I.D. Rivkin and a whole galaxy of their
followers were allowed to have a fairly clear idea of the
geomechanical processes occurring in the upper part of the
earth's crust as a result of the underground development of
iron ore deposits. Very briefly, the essence of the
phenomenon can be reduced to the following (Extraction...,
2018; Geological investigation..., 2023): a) the collapse of
the ceiling of the void causes the advance of overlying rocks
starting from the surface along the lying side. As a result,
sedimentary rocks from the surface fall into the depth; b) the
void is also filled with the rocks of the hanging side; c) on the
surface there is a trough of deflection, with zones of collapse
and landslide. The landslide zone develops at an angle from
80° to 42° (Extraction..., 2018; Geological and..., 2018;
Geological investigation..., 2023).

As it was shown above, the shape of bodies of
technogenic accumulations, methods and conditions of their
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formation were mainly studied. The internal structure of
technogenic formations remained outside the attention of
researchers. The above is part of a general problem that
has not been solved before, which this work is devoted to.

Methods

The authors within the framework of the "Pivdennyi"
quarry used generally accepted methods of research —
expeditionary, natural sites, cartographic, aerospace,
observation, analysis. In this article, we present the results
of the work, which consisted in measuring with a compass
the bedding elements of the horizons of quartzites and
slates of the Saksagan suite, both relatively undisturbed and

to varying degrees technogenically altered. In particular, the
azimuths and angles of dip of planar structural elements —
banding, schistosity, and the azimuths and pitch angles of
linear elements — were measured within the boundaries of
individual relatively undisturbed blocks of quartzites and
slates (surviving block). Banding is usually represented by
alternating bands of quartzite, differing in color, mineral
composition and sizes of mineral grains. Schistosity is
expressed by uniformly oriented and scaly minerals and
their aggregates close together. Linear structural elements
are represented by hinges of folded forms, elongated
mineral aggregates, striation, furrows (Fig. 2).

Fig. 2. Photo of structural elements — planes of banding, schistosity and folded forms of separates surviving block
of quartzite and shale of the "Pivdennyi" quarry.
OP — observation point. OP 6, 7 — the western side, OP 23, 31 — eastern side of the quarry. Within OP 6, the exit of the structuring planes
in the scree slope is emphasized by the dot-dashed line. OP 23 — several linearities in the banding plane of ferruginous quartzites
by furrows, elongated mineral aggregates and striation. OP 31 — folded form in ferruginous quartzites

Among technogenic formations (scree slope,
embankments and filled artificial cavities), according to the
degree of structuring, we observed at least two varieties —
unstructured and structured to varying degrees. Within the
limits of the first of the mentioned types of technogenic
formations, no signs of structural and textural regularity were
found. Within the structured technogenic formations, signs
of structural and textural arrangement are recorded. They
are expressed by layering, schistosity and linearity, the
bedding elements of which were recorded. The layering of
technogenic accumulations is represented by the alternation
of layers, which differ among themselves in terms of color
and size of rock fragments. Such planes are emphasized by
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schistosity, which is expressed by uniformly oriented, flat
mineral aggregates and fragments of crystalline rocks in
layering planes (Fig. 3). Only one linear structural element
within technogenic formations has been recorded in the form
of a hinge of the heap fold. The azimuths and dip angles of
the planes of separation between the surviving blocks and
slumps, scree slopes, filled cavities and other technogenic
accumulations were also measured.

Accordingly (Korzhnev et al.,, 2005; Denisik, &
Zadorozhnya, 2013), the functioning of processes and
phenomena in mining landscapes (and hence the degree
and speed of structuring of technogenic accumulations)
depend on the intensity of mining operations in quarries,
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which create peculiar conditions/microclimate. These are
the following conditions: initiation of additional technogenic
vibration, migration and redistribution of matter, increase in
fracturing and water permeability, change in thermal regime
and conditions (Eh—pH).

The technogenic layering was most likely formed as a
result of successive pouring of crushed rock during the
creation of man-made and non-man-made accumulations of
fragments of crystalline rocks and, subsequently, gravitational
compaction, granulation differentiation of such accumulations
and the action of the man-made factors listed above.
Schistosity is created due to the rotation and reorientation of
individual flakes and packages of mineral flakes as well as
fragments of crystalline rocks under shear conditions. The
mechanisms of formation of layering and schistosity in natural
conditions are substantiated in the works of O.1. Lukienko with
co-authors (Lukienko, Vakarchuk, & Kravchenko, 2014;
Lukienko, Yanchenko, & Kravchenko, 2018). In particular, in
the conditions of the diagenetic subzone of the primary
epizone, the optimal architecture of the accumulation
environment is formed, which is in balance with the tectonic
and P-T conditions at the time of the formation of layering and
mechanical schistosity formation. The paper (Lukienko,
Vakarchuk, & Kravchenko, 2014; Lukienko, Yanchenko, &
Kravchenko,, 2018) also provides data on the creation of

Fig. 3. Photo of structural elements of individual scree slopes and technogenic embankments

artificial electromagnetic fields, which initiate, in addition to the
creation of banding and schistosity in rocks in the solid state,
and the migration of matter with the formation of new minerals
(hematite, magnetite, etc.). Formations similar to the above-
mentioned heap fold, under natural conditions, are completed
because of the bordering of relief irregularites and the
subsequent compaction of the heap mass.

All the above-mentioned measurements are presented
in the tables (Tab. 1-4). In addition to the actual
measurements, Tab. 1 and 2 show the calculations of the
displacements of each of the following blocks relative to
each of the previous ones and relative to the average
statistical azimuths and dip angles for the sides of the quarry
along the vertical and horizontal axes. At the end of the
tables, the averaged values of the azimuths and dip angles
and displacements for the examined surviving block, in
general, of the corresponding sides of the pit are shown.
Therefore, the averaged values calculated reflect the
general situation for the parts of the sides of the quarry
which formed surviving blocks. Similar calculations were
made for technogenic accumulations (table 3).

All the given data on the bedding elements of the investigated
structures of the western and eastern sides and the relative
displacements of their components of the "Pivdennyi" quarry are
given in the summary Tab. 4, also in Fig. 4.

on the western side of the "Pivdennyi” quarry.

OP 4 — demarcation of scree of different degrees of structuring in the form of a layering/sliding zone, with a dotted line underlined.
To the left of the border is a higher degree, a dot-dashed line with an arrow is the exit and direction of dip of the layering planes.
OP 7 — delineation of the surviving block (on the left) and scree in the form of a friction zone, highlighted by a dotted line.
Line with an arrow — bedding elements. For other designations, see above

Results

The dip azimuths of banding of quartzites on the eastern
side of the "Pivdenniy" quarry vary from 270 to 320°. Dip
angles within 10-47°. The average dip azimuth (on 16
measurements) of the banding of quartzites on the eastern
side of the quarry is 293.3°, the average dip angle (on 16
measurements) of the banding of quartzites on the side is
31.9°. The average displacement of the blocks (surviving
block) within the board, both along the vertical axis and
horizontally, is insignificant — a few degrees. But we can talk
about the absolute displacement of the surviving blocks of
quarry only if we know the bedding elements of rock before
the start of iron ore development.

The dip azimuths of banding of quartzites on the western
side of the "Pivdennyi" quarry vary quite widely — from 240°
to 20°. Also, the dip angles are from 25 to 87°. The average
dip azimuth (on 49 measurements) of quartzite banding on
the western side of the quarry is 333°, the average dip angle
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(on 49 measurements) of quartzite banding is 48.8°. The
average displacement of the blocks, both along the vertical
axis and horizontally, is an order of magnitude higher
compared to those on the eastern side (Tab. 4, Fig. 4).

Newly formed textures were found in 70 % of
technogenic geological bodies (scree, embankments, etc.)
of the "Pivdennyi" quarry, where iron horizons of the
Saksagan suite are being re-developed. These are layering
and schistosity, which are formed due to successive
filling/deposition, and most likely gravitational compaction
and granulation differentiation of crushed rock mass during
mining, as well as rotation and reorientation of flat mineral
aggregates and rock fragments. The bedding elements of
such newly formed textures of technogenic bodies in 40 %
of the cases imitate the bedding elements of bedrock rocks
in surviving blocks. Namely, the dip azimuths of technogenic
newly formed textures of the "Pivdennyi" quarry vary
between 230 and 88°. Dip angles from 22 to 90°.
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Fig. 4. continuations.
OP 5a — heap fold cloak, the exits of the sides planes are highlighted with a dot-dashed line; the dot-dashed line with arrows (dep direction)
is the output of the layering planes of technogenic accumulations; below the photo — cone-shaped unstructured landslide bodies.

OP 5 — heap layering (above), the exits of its planes are highlighted with a dot-dashed dotted line. These planes are through the entire
stratum in the photo, they are traced in the lenticular body of clays and weakly in the scree of the foot; squiggly dash — exits of layering
planes of clay; double dash — outcrop of layering planes in the scree of the foot. They are also traced into technogenic bodies above.
Bottom picture (OP 29) in the axial part of the "Pivdennyi" quarry, where interspersed relatively undisturbed blocks of ferruginous quartzite
(light outcrops), rich martite ore ("bruises", dark outcrops) and technogenic accumulations can be seen interspersed.

All of them are structurally and texturally ordered in the form of banding, which have the same bedding elements
for all the listed geological formations. For other designations, see above
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Table 1

Bedding elements and relative displacements of individual surviving block of the western side of the "Pivdennyi" quarry

Dip of planar structures

Changing the spatial position
of the block relative to the

Angle of rotation, block
relative to the statistical

Ne revious one ° X
ils op (angle of rl':alative rotation, °), by: average, (°) by:
azimuth,® average angle,® average vertical axis horizontal axis vertical axis | horizontal axis
value value
1 270 86
2 273 68
3 1 573 267,75 78 79,75 - - -65,3 + 30,9
4 255 87
5 270 75
6 290 55
7 2 270 285 35 53,75 +17,25 - 26 —48 +4,9
8 310 50
9 255 45
10 250 55
11 6 280 264 44 52,8 -21 -0,95 - 69 +4
12 250 60
13 285 60
14 330 35
15 7 290 286,6 30 40,3 + 22,6 -12,5 —-46,4 -85
16 240 56
17 285 53
18 8 315 306,6 50 51 +20 +11,3 - 26,6 +2,2
19 320 50
20 290 30
21 265 45
22 12 290 277 33 41,6 -29,6 -94 - 56 -72
23 270 35
24 270 65
25 245 35
26 280 55
27 280 40
28 14 270 277,5 58 52 +0,5 +10,4 - 55,6 +3,2
29 300 62
30 290 62
31 340 52
32 16 300 311,6 61 56 + 34,1 +4 -21,4 +7,2
33 295 55
34 325 25
35 17 345 335 55 25 +23,4 - 31 +2 -23,8
36 312 57
37 293 42
38 18 320 293,7 25 53 -41,3 +28 -39,3 +4,2
39 250 68
40 290 30
41 19 300 300 27 29,7 +6,3 -233 -33 -19,1
42 310 32
43 320 40
24 20 300 310 38 39 +10 +19,7 -23 -98
45 20 35
46 25 10 16,7 35 35,3 + 66,7 -37 +43,7 -13,5
47 20 36
48 320 45
29 26 315 317,5 53 49 -59,2 +13,7 -15,5 +0,2
The average value
for all studied surviving 333 - 48,8 3,82 -1,5 -32,4 -1,8
block on the west side
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Table 2
Bedding elements and relative displacements of individual surviving block of the eastern side of the "Pivdennyi" quarry

Changing the spatial position
Dip of planar structures of the blocl_( relative to the Angle of rf)tqtion, block relative
Ne oP previous one to the statistical average, (°) by:
ils (angle of relative rotation, °), by:
azimuth,® average angle,® average vertical axis horizontal axis vertical axis horizontal axis
value value
1 265 30
2 9 300 286,7 27 28 - - -6,6 -39
3 295 27
4 285 33
5 320 40
6 10 305 298 40 38,2 +11,3 +10,2 +4,7 +6,3
7 305 38
8 275 40
9 11 275 275 40 40 -23 +1,8 -18,3 + 8,1
10 290 47
1 21 300 295 37 42 +20 +2 +1,7 +10,1
12 285 10
13 23 305 295 10 10 0 -32 +1,7 -21,9
14 270 39
15 31 290 284,3 26 33 -10,7 +23 -8,7 +1,1
16 293 34
The average value
for all studied surviving 293,3 - 31,9 -0,5 +1 -4.3 -0,03
block on the side
Table 3

Bedding elements and relative displacements of heap, scree and structuring planes and boundaries between technogenic
accumulations and surviving blocks of the "Pivdenniy" quarry

Changing the spatial p05|_t|on Angle of rotation, block
. of the block planes relative .
Dip of planar structures . planes relative to the
Ne OoP to the previous one statistical average, (°) by:
ils (angle of relative rotation, °), by: ’ i
azimuth,® average angle,® average vertical axis horizontal axis | vertical axis horlz?ntal
value value axis
1 3 295 30
> 0 327,5 55 42,5 - - -225 -171
3 4 230 230 88 88 -97,5 + 45,5 -120 +284
4 5 320 320 22 22 +90 — 66 -30 -37,6
5 7 70 75
6 70 70 75 75 + 110 +53 +80 +154
7 13 345 90
8 88 36,5 70 80 -335 +5 +46,5 +20,4
9 29 270 270 50 50 -126,5 -30 -80 -9,6
The average value
for stud|ed. technogenic 350 } 59,6 115 +15 — 21 ~0,02
accumulations
on th side
Table 4
Summary structures data of the "Pivdennyi"” quarry
Blocks rotation, (°)
Average dip of planar structures Sum
Object statistical average
azimuth, ° angle, ° by the vertical axis by the horizontal axis
surviving blocks -201,8 -22,4
of the western side 333 48,8 -14,3 -1,7
surviving blocks —-14 24
of the eastern side 2933 31.9 -1,9 0,5
technogenic -91,8 3,7
formation 350 61.7 ~16,3 0.7
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the western bort of quarry
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Fig. 5. Stereograms of the studied structures of the "Pivdennyi" quarry, where the projections of each of the studied blocks
are drawn with different contours and numbers.
a — planar structures, b — linear structural. Numbers correspond to observation points. Projection to the lower hemisphere.
Gradation of isolines: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15. n — number of measurements. StereoNett 2.46 program

The average dip azimuth (on 9 measurements) of
technogenic layers of the quarry is 350°, the average dip
angle (on 9 measurements) is 61.7°. The angles of
displacement of the blocks (structured embankments and
scree between the surviving blocks) are comparable in
similar indicators of the western side of the quarry, but on
the horizontal axis with the opposite sign.

Discussion and conclusions

1. The formation of the system of blocks of the "Pivdennyi"
quarry took place during the rotation around the vertical axis
counterclockwise. While the greatest value of such rotation was
for the surviving blocks of the western side, the smallest — for
the eastern side. The difference between the borts, according
to the average value of the measurements, is 39.7°. The
calculated average rotation of the block on the western bort
is 14.3°. Eastern — 1.9°.
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Also, with this formation, there was scrolling around the
horizontal axis, the largest such scrolling was for the
surviving blocks of the western bort with a negative sign, the
smallest for the surviving blocks of the eastern bort with a
positive sign. The difference between the borts, according to
the average value of the measurements, is 16.9°. The
calculated average rotation of the block of the western bort
around the horizontal axis is 1.7°. Eastern — 0.5°.

That is, the degree of technogenic disturbance of the
western bort is an order of magnitude higher compared to
the eastern bort of the "Pivdennyi" quarry.

Blocks of technogenic layering occupy an intermediate
position according to the indicated indicators between the
western and eastern borts of the quarry.

2. The spatial formation of the newly formed planes of
technogenic accumulations took place with the inheritance
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of the structural anisotropy existing in the surviving blocks
with the creation of its own stratification. That is, surviving
blocks and technogenic accumulations developed in a
coordinated manner as a complete object. Therefore, the
studied technogenic geological formation is a system:
"surviving blocks-technogenic accumulations”, which was
formed over years — decades in surface conditions.

3. For the most part, the processes developing in the
landscapes of technogenesis zones are considered
undesirable and destructive. In this case, constructive
phenomena were recorded — the transformation of
technogenic accumulations, their "completion"/structuring, as
a result of which the integrity of disturbed, even completely
disappeared sections of the geological volume is restored. So,
in technogenic accumulations, physico-chemical processes
similar to natural ones occur, they are activated due to human
economic activity and are aimed at preserving the natural
balance of the environment. According to G.I. Denisik and
G.M. Zadorozhnya the detected neoplasms can be classified
as primary derivatives, micro-mesolevel, superficial,
unconsciously regulated.

4. The phenomena described above are practically a
natural laboratory of processes of formation of structural and
textural elements in loose accumulations. Their tracking in
time would actually make it possible to observe the
processes of self-creation/reproduction of modern
technogenic-natural objects.

5. Identification and ranking according to certain features
of the structural elements of technogenic bodies can be
used as one of the criteria for assessing the assimilation
potential (according to (Dovgii et al.,, 2016)) of the
technogenic changed geological environment.

6. The study of structural new formations in technogenic
accumulations can be used in the future to assess the
suitability of these accumulations for economic
development. After all, the conditions of occurrence and the
degree of maturity of such neoplasms will determine the
level of stability of the man-made environment.
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NPO CTPYKTYPU3ALIKO TEXHOIMEHHO 3MIHEHUX OB'EMIB KAP'E€PY "MIBAEHHUA™ M. KPUBUW PII

B c Ty n. JocnidxeHHs npoeodunucs 8 Mexax 3asnizopydHoz0 kap'epy "liedeHHuii” M. Kpueuli Piz 3 Memoro KoMnieKkcHo20 i epekmueHO20 &
nodanbuwomy euKopucmaHHsi mexHO2eHHO rnepemeopeHux OinsiHoK Hadp i 3eMHol nosepxHi Kpuebacy. HaeedeHo kopomkuli 0251510 AocsicHeHb Mo-
nepedHix docnidHukie.

MeToaun. 3acmocoeaHo 3azanbHonpuliHami Mmemodu docnidxeHb. BukoHaHO chikcayilo enemeHmie 3ansi2aHHs1 y 6iOHOCHO HeropyweHuUx
HesesuKux 3a po3mipamu 6rokax (dani— 6nokax abo "6noykax”) keapyumie i cnaHyie cakcazaHCbKOI ceimu (yinukax) ma e 65104Kkax po3mMexyeaHHs
yinukie — mexHo2eHHUX HazpoMaoKeHHsIX. Y 8iOHOCHO HeropyuweHux 6104Kax Keapyumie 3amMipssiucsi maki enemeHmu 01 cMy2acmocmi, criaHyto-
eamocmi, niHitiHocmi 3a MiHepasbHUMU agpe2amamMu, OCsIMU cKnadYacmux ¢hopmM, wmpuxamu, 6opo3Hamu mouwjo. ®akmuyHuli Mamepian w000
PO3MiujeHHs1 CmpyKmypHUX efleMeHmie onpayboeaHo 3a dornomozoro npozpamu StereoNett 2.46, makox 3po6rieHo po3paxyHKu 3MileHb 65104Kie
docidKyeaHUX ymeopeHb.

Pe3ynbTaTtu. Ceped mexHo2eHHUX HaepoMadeHb (ocurie, Hacumnie U 3ano8HeHUX WMy4HUX MOPOXHUH), 3a cmyneHeM cmpyKkmypu3auii,
crocmepexXeHo HeCMpPyKMypo8aHi ma pi3HO Mipo cmpyKmypoeaHi. Y Mexax ocmaHHix ¢hikcoeaHo wapysamicmb, MexaHi4Hy criaHyroeamicmb
ma niniliHicmb. 3'icoeaHo, W0 cmaHoesieHHs1 cucmeMu 61104kie kap'epy "lliedeHHuUl" YuHuUocs 3a ix o6epmaHHs sIK Mo eepmuKasibHili, mak i no
20pU30HMarbHill ocsx.

B v cHOBKMW. BUHUKHEHHSI HOBOYMEBOPEHUX MIOWUH MEeXHO2eHHUX HazpomadxeHb 8id6yocs 3 ycnadKyeaHHsIM iCHyIO4OT 8 Yinukax cmpyk-
mypHoi aHizomponii 3i cmeopeHHsIM enacHoi cmpamudpikayii. Omie, docnidxyeaHa cucmema "6/10YKU yinukie — mexHo2eHHi HacpoMmaoKeHHs"
po3eueanacs U ¢popmysanucs sk yinicHuli 06'ckm, e3aeMoy3200)KeHO, POKU — Oecsamuslimmsi 8 MogepxHea8uUX yMogax.

lMepemeopeHHs1 mexHO2eHHUX HazpoMadXeHb, ix "dobydoea"/cmpykmypu3ayisi, eHaciOoK siKux 8iOHOB/IH0EMbCS YinicHicmb nopyweHux i 3HU-
Kux OiNnsiHOK 2e0J102i4H020 06'eMy € KOHCMPYKMUBHUMU sisuw,amu. BoHu npakmuyHo € npupodHoto nabopamopietro npoyecie hopmysaHHsI cmpy-
KMYypPHO-MeKCMypPHUX efleMeHmie y CunKux HazpomaodxeHHsix. Ix eidcmexenHss e uyaci Oano 6 3Mo2y ¢bakmuyHO criocmepizamu npouecu
caMOoCmeopeHHs1/8idMmeopeHHs1 Cy4aCHUX MEeXHO2EeHHO-MPUPOOHUX 06'ekmis. PaH)XyeaHHsI CmMpyKmMypHUX HO80YMmMeopeHb 8 MeXHO2eHHUX Hazpoma-
O)KeHHsIX MO)ke 6ymu 3acmocoeaHo sik 00UH 3 Kpumepiie oyiHKU acuMinsayiliHo2o nomeHuyiany yux HaecpomadxeHb ma crnpusimsaueocmi Oss1 20cno-
0apCcbKO20 0C8OEHHSI.

KnwuyoBi cnoBa: 3anizucmi2opuzoHmu, kap'ep "liedeHHuii", HenopyweHi 67104Ku, MexXHO2eHHi Ha2pPOMaO)XeHHsl, eleMeHMuU 3assi2aHHsl,
cmpykmypu3sauyisi.
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