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Abstract. Deformation and destruction of rocks and coal during underground workings are the primary processes
that define the stability of these workings, the nature and intensity of potential gas-dynamic phenomena. Rocks, from the
viewpoint of mechanics, are complex and contradictory objects: they are highly heterogeneous in small volumes, where-
as they tend to be relatively homogeneous in larger volumes. They act as solid bodies in small volumes but as discrete
bodies in larger ones. Importantly, the concept of destruction includes elastic, plastic, and brittle stages of deformation.
The authors examine the properties of residual deformations in coal that occur during its destruction under external
pressure. The physical and mechanical properties of coal were analyzed during loading to destruction and after the re-
moval of the load. The established relationship between the level of residual deformations and the structural characteris-
tics of coal enables an assessment of its deformation resistance.

The work aimed to develop theoretical and experimental approaches to studying the mechanical properties of coal
at the microlevel and estimating the magnitude of the energy of elastic deformations.

For the first time, it is shown for coal at the microlevel that under force loading, the direction of brittle (crack) and
plastic (surface corrugation) deformations most often coincide, which reflects a gradual transition from plastic to brittle
deformations.

It is shown that in samples of crushed coal during compression, deformations are distributed unevenly due to critical
fluctuations in local differently activated zones: the energy of elastic deformations is concentrated in harder particles, and
the distribution of both the particles themselves and the deformations in them has a local (random) character.

The elastic strain energy accumulated in crushed coal (size class 0.10-0.16 mm) during compression was calculat-
ed for coal grade LF, ranging from 0.20 J/g to 0.50 J/g with a change in compressive force of 0.03 kN to 0.05 kN. The
results obtained can be used to improve models of mining pressure and predict the stability of mining operations in coal
deposits. Additionally, research in this area is extremely important both for industry (efficiency and safety of mining oper-
ations) and for fundamental science related to the strength and deformation of materials to better understand the behav-
ior of complex deformation systems.

Keywords: coal, compression, residual deformation, fracture, physical and mechanical properties, structural
changes.

1. Introduction

Deformation and destruction of rocks and coal during underground workings ad-
vancing are the primary processes that define the stability of these workings, the na-
ture and intensity of potential gas-dynamic phenomena. Rocks, from the viewpoint of
mechanics, are complex and contradictory objects: they are highly heterogeneous in
small volumes, whereas they tend to be relatively homogeneous in larger volumes.
They act as solid bodies in small volumes and as discrete bodies - in larger ones. Im-
portantly, the concept of destruction includes elastic, plastic, and brittle stages of de-
formation. However, each rock possesses unique characteristics (structure, composi-
tion, physical, and mechanical properties) that affect the destruction process. Conse-
quently, much of the focus of scientists in laboratory research was directed toward
clarifying the physical and mechanical characteristics of rocks concerning the scale
factor, and most researchers examined either a specific type of rock or a particular
stage in the overall destruction process.

In essence, theoretical developments were founded on experimental data derived
from the research of the mechanical behavior of coal samples subjected to various
types of loads (for example, cyclic, uniaxial, or triaxial loading). The authors re-
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searched variations in the mechanical properties of coal at different degrees of car-
bonization and the mechanisms of its destruction under various conditions [1].

Among others, the behavior of coal during the destruction process was the least
researched. Its significant brittleness, complex microstructure, high fracturing, and
other properties notably affected the unambiguity of the conclusions. In researching
coal destruction processes, more emphasis was placed on coal brittleness, which is
one of the most important indicators for assessing the operational value of unconven-
tional oil and gas deposits [2-8].

Currently, there is a substantial amount of researches focused on damage theory
and rock constitutive models. Krajcinovic and Silva [9] developed a damage evolu-
tion equation using the concept of damage change under pressure based on the as-
sumption of a random distribution of the rock microelements' strength. Using statisti-
cal damage theory, Francisconis and Desai (1987) [10] devised a statistical constitu-
tive damage model of the rock deformation process that accurately depicts the char-
acteristics of rock deformation. Dai et al. (2004) [11] described coal damage and ana-
lyzed the change in damage based on the law of deformation development during the
coal destruction process under uniaxial compression. Zhang et al. (2005, 2010) [12,
13] pointed out that the macroscopic nonlinear mechanical behavior of samples dur-
ing fracture is attributed to microheterogeneity.

In [14], the results of studying the mechanics of coal at great depths are presented.
The authors revealed the influence of the force load, which is associated with an in-
crease in the depth of development, on the energy conversion and the development of
coal defects (brittle and plastic deformation) during cyclic triaxial loading and un-
loading. In particular, the amount of accumulated energy increased with increasing
load, as was concluded after studying the evolution of energy in the substance. Ac-
cording to the authors [15], the evolution of energy and the development of coal de-
formation at different depths, i.e., at different pressures, will provide not only refer-
ence information but also make it possible to control the processes of structural reor-
ganization of fossil organic matter.

Wang et al. [16] researched the evolution of cracks and energy characteristics of
rock subjected to cyclic loading under unloading conditions. They found out that the
accumulation of damage during cyclic loading affects the final fracture mode and en-
ergy conversion, and as the number of cycles increases, the stored elastic energy
grows. The research showed that the mechanical properties of rocks (e.g., defor-
mation, strength, damage) significantly depend on the loading conditions (or loading
and unloading).

Much attention in many publications is paid to the relationship between the me-
chanical properties of coal and gas-dynamic phenomena (GDP) [17]. According to
the authors, GDP is caused by a change in the energy state (including absorption,
evolution, and release, and dissipation of deformation energy) in a three-dimensional
stress field.

In work [14], an interesting feature in the behavior of rocks is noted, which mani-
fests itself during cyclic loading of samples. With an increase in the degree of dis-
turbance of rocks, their ultimate bearing capacity decreases, but elastic deformations
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remain of the same order of magnitude. This indicates that, under the same loads, dis-
turbed rocks have a greater ability to accumulate elastic deformation energy. The au-
thors believe that this feature is one of the main reasons for the occurrence of gas-
dynamic phenomena. Indeed, if 90% of GDY are confined to disturbed zones, then
why do GDY not occur in 90% of disturbed zones? The research of the deformation
process in samples of destroyed coal may allow us to answer this question.

The M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy
of Sciences of Ukraine [14] proposes a phenomenological geomechanical behavioral
model of rocks (sandstones, siltstones, argillites) under compression, which is based
on the following provisions:

- During compression, there is a single sequential process of destruction in nature:
volume reduction and accumulation of elastic potential energy — deformation with-
out breaking continuity and changing volume — gradual rupture of internal bonds
and increase in volume — division of the whole into parts;

- The process of destruction of a body located in rocks in a heterogeneous field of
unequal component stresses occurs due to the formation of critical fluctuations in lo-
cal differently activated areas.

Analysis of the above researches shows that the works only address individual as-
pects of the theory of deformation and destruction of rocks and coal under compres-
sion. There is no universal theory of destruction. The development of new deposits
and the deepening of mines leads to increased stresses in the rock massif, which ne-
cessitates more accurate forecasts of working stability. Researching different stages
of destruction helps in forming a comprehensive understanding of rock behavior in
both natural and man-made conditions. Knowledge about rock behavior enables us to
anticipate their reactions to technological loads, which is crucial for underground
construction. The results obtained can be used to develop effective methods of drill-
ing, supporting, and fastening workings.

The idea of the work is that during the sequential loading and unloading of a coal
sample in vitrinite, both plastic and brittle deformations occur. These can be deter-
mined by the petrographic method, which allows us to estimate the tendency of coal
matter to accumulate energy that can subsequently be used to activate a gas-dynamic
phenomenon.

Purpose: to develop the theoretical and experimental approaches to the research of
the mechanical properties of coal at the microlevel and to estimate the energy of elas-
tic deformations.

The object of research: Hydrocarbon matrix and structural transformations of coal
matter under equal-component loading.

2. Methods

The process of forming disturbed zones in the massif under pressure occurs at all
levels from nano to macro, leading to the accumulation of energy in the form of elas-
tic deformations, which contributes to gas-dynamic phenomena. The experimental
research on coal deformation is characterized by significant difficulties associated
with sample destruction. Therefore, a new methodological approach is proposed for
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researching the mechanical behavior of coal subjected to compression. Unlike previ-
ous works, the experiments were conducted on samples of crushed coal. Theoretical-
ly, the compression process can be represented as a process of changing the distances
between individual particles of matter or even macromolecules, which leads to the
accumulation of potential elastic energy in the form of the formation of conforma-
tional defects. When the stress state is removed, this energy is spent on changing the
volume and shape of the sample and the formation of dislocations. Thus, the change
in the geometry of the sample after removal from the mold, along with the number of
microdislocations, can characterize the amount of elastic energy that the sample ab-
sorbed. In this approach, a key research method was the petrographic analysis of coal
samples subjected to force loading. The petrographic method allows for researching
the smallest level at which the results of coal deformation can be visually traced.

Therefore, the experimental work includes: establishing the features of the maceral
composition of coal, determining and calculating the manifestations of brittle and plastic
deformations on coal of different grades (results of the action of mechanical loads on the
coal microstructure) and measuring the stress energy at the molecular level [18].

Coal is a multicomponent system, each in the components of which has its own
physical and chemical properties [19]: liptinites — the carbon atom content is 53.0—
62.0%, they are the richest in aliphatic structural elements, have the longest aliphatic
chains; they are characterized by the lowest density (1.18 g/cm?) and microhardness,
the largest amount is inherent in coal with a low degree of carbonization; fusinites
(inertinites) — they have high hardness and density (1.5 g/cm?), the most enriched in
condensed aromatics, contain microscopic pores that can affect its ability to retain
gases or liquids; vitrinites are a resinous substance with low strength properties, char-
acterized by a high content of hygroscopic moisture (10-12%), density is 1.27 g/cm?.
This maceral is the most representative in terms of transformations in the process of
coal carbonization. The vitrinite content in Donbas coal is = 80%.

Coal of all stages of carbonization, including anthracite, is mined in the Donets
basin. The conditions of accumulation and transformation of sediments, their diversi-
ty in area and depth, determine a wide range of changes in physico-mechanical indi-
cators for each grade. This article highlights the deformation processes that were rec-
orded in coal of grade LF; samples were taken at the “Trudivska” mine, bed /,.

When preparing the specimens, the samples were crushed to a size of < 1 mm and
dispersed using the Fritsch Analysette-3 unit. The specimens for petrographic re-
search were in the form of tablets, which were formed in a manual press with a force
of 10 tons from coal particles of size classes 0.10—0.16 mm and < 0.05 mm. Three
tablets were made from particles of each size class to obtain statistically reliable re-
sults. In addition to controlling the progress of plastic deformation in the samples,
three samples were additionally made from coal particles of size class 0.10-0.16 mm
under single, double, and triple external force separately. The total number of addi-
tional petrographic samples was 9 pcs.

Petrographic analysis of all samples was carried out using a video-optical com-
plex: MBI-11, HB 200 (Scope photo software [20]), 10 microphotographs were ob-
tained for each sample. The size of the images was 283%213 microns (objective 20%;
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transition lens 1.6; hardware magnification HB 200). The shooting was carried out
using fixed software parameters: Exposure — 48\3488; White balance — avto; Color —
white\black; Gamma — 0.28; Satur — 42; Contrast — 97.

All samples presented in the research are comparable in weight, the deviation is
up to two percent.

During the experiment, we used a manual fifteen-ton press from Specac with a
manometer, adapted for the manufacture of samples in the form of cylindrical tablets
(the hole diameter of the mold opening is 13.0 mm). The compression force can be
considered the same along all axes (o, = 0, = 7).

The video recording of the experiment was carried out by three cameras with time
fixation and subsequent data acquisition every 20 s. The time of one stage in the ex-
periment was 500 s (until the indicators were stabilized). All experiments were con-
ducted on one day at constant temperature and humidity.

At the previous stage — to eliminate gaps between coal particles — a force of 1000
kN was applied to the coal powder in the mold until the force stabilized (= 60 sec.).
Such a state of the sample was taken as “zero”. The gauges were attached during sta-
bilization, the experiment was video recorded, and the force on the press was in-
creased to 10,000 kN (which marked the start of the first stage — A).

The data on the gauges and the manometer were recorded on cameras for further
analysis from the moment the force value of 10,000 kN was reached. After 500 sec.
(process stabilization), the force was reset to zero, but the system did not disassem-
ble, the sample was not removed. Almost immediately after reducing the force and
restarting the system, the force (10,000 kN) was applied again (it was the start of the
second stage — B).

The second stage (measuring the height of the tablets and the force) also lasted
500 s. After stabilizing the process, the force was reset to zero, but the system did not
disassemble, and the sample was not removed. Almost immediately after reducing the
force and restarting the system, the force (10,000 kN) was applied again (it was the
start of the third stage — C). The third stage, the purpose of which was to check for
residual plastic deformations, also lasted up to 500 seconds.

With each compression, the tablet's height decreased, and the compression force
also dropped, which is related to the buildup of structural stresses in the form of elas-
tic deformations. The data on force and displacement changes allow us to estimate
the work done by the system, resulting from the energy stored in the molecular struc-
ture of the substance as stresses. After three stages, the coal sample was removed
from the mold. Under the applied force, the coal powder formed a relatively strong
tablet, enabling us to measure the shape change after removing it from the mold and
to determine the extent of mechanical deformations (plastic and brittle) in vitrinite
particles using the petrographic method.

3. Results and discussion

3.1 Results obtained by the petrographic method

In this article, based on the stress-strain dependence, the development of coal dis-
turbances under cyclic loading is considered. According to the theory of energy dissi-
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pation, the full stress-strain curve is an external characteristic of its internal energy
transition [21-23]. Since we are interested precisely in the energy accumulation that
can occur in disturbed coal, we will consider the deformations that formed in the
samples under the action of compression. However, the particle sizes in crushed coal
are different, which affects the amount of energy that they will accumulate during
compression. The behavior of specimens of coal particles of size classes 0.10—
0.16 mm and < 0.05 mm after three compressions was investigated (Table 1).

Table 1 — Geometric parameters of tablets obtained from coal grade LF, “Trudivska” mine, bed /4

Coal Sample | Tablet Tablet Tablet Increase in the | Average value
particle size number | weight, | height, diameter, area of the of the increase in

class, mm g mm mm tablet, % area, %
1 0.2021 1.26 13.05 0.76

0.10-0.16 2 0.2022 1.26 13.06 0.93 0.82
3 0.2004 1.25 13.05 0.76
1 0.1984 1.22 13.01 0.15

<0.05

2 0.2005 1.27 13.01 0.15 0.10
3 0.2030 1.25 13.01 0.00

It was found that the surface area of the tablets increases after three stages of the
experiment. Since the process of rock destruction is essentially a balanced process of
energy absorption and release, it can be assumed that after the load is removed, the
absorbed energy is partly used to create plastic and brittle deformations, and partly,
according to the theory of dislocation formation [14], it accumulates. After the load
removal, the system spends energy on changing the shape of the tablets. The increase
in the tablet geometry for the coal particle size class of 0.10 — 0.16 mm is because in
a system of elements of different rigidity, the stresses during compression are concen-
trated in harder (vitrinite) particles, the distribution of which in the volume is local.

The increase in surface area for the size class < 0.05 mm is significantly smaller.
This can be explained by the fact that the greater is the number of heterogeneous par-
ticles in the sample (size class <0.05 mm) and the smaller they are in size, the greater
is the possibility that the stress centers can be mutually compensated. Therefore, there
will be a significant decrease in energy accumulation in coal that has been signifi-
cantly disturbed.

After removing the sample, its stress state changes, leading to the formation of de-
formations. The type and number of these deformations in each sample were deter-
mined by the petrographic method. A significantly larger increase in the area of the
tablets for the coal particle size class of 0.10 - 0.16 mm indicates greater elastic ener-
gy that was accumulated and released in the sample, making this size class more in-
teresting for further research.

Analysis of micrographs of specimens for coal samples of grade LF after consecu-
tive three-fold compression showed that for grade LF the preparation is a set of coal
particles, in the middle part of which the external force effect is realized as “corruga-
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tion” of the particle surface (plastic deformation; cracks form in the middle of the
coal particles — manifestations of brittle deformation). Fig. 1, 2 show manifestations
of plastic and brittle deformations in coal, grade LF.

Figure 2 — Predominantly brittle deformations in LF-grade coal particles

The corrugation of the surface of coal particles and wave-like change in physical,
in particular optical, properties of gelled coal matter expressed by parallel stripes is
also observed along the edges of cracks in monolithic coal preparations. Similar
changes in the optical properties of coal matter are probably of the same nature and
are the result of a combination of plastic and brittle deformations (Fig. 3).

Figure 3 — Deformations in monolithic (lump-polished section) coal specimens (a)
and specimens from coal particles (b)
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Analysis of specimens from coal particles of the fraction 0.1 - 0.16 mm, which
were subjected to multiple fixed loads, firstly, shows that the maximum stresses arose
in the harder particles (vitreous) and the distribution of both the particles themselves
and the deformations in them has a local character, that is, it occurs due to the for-
mation of critical fluctuations in local differently activated areas. Secondly, it allowed
us to note an interesting trend in the behavior of coal particles under force loading:
the direction of brittle (crack) and plastic (surface corrugation) deformations most
often coincide, which reflects a gradual transition from plastic to brittle deformations
(Fig. 4).

Figure 4 — Brittle and plastic deformation in a single coal particle

3.2. Results in the evaluation of the specific strain energy.

The obtained data on the changes in the force and height of the tablet after com-
pression allowed us to quantitatively evaluate the work performed by the system due
to the energy accumulated in the molecular structure of the substance in the form of
stresses (Table 2).

Table 2 — Parameters of coal samples (grade LF) for the evaluation of the strain energy and
structural stresses, particle size class is 0.10 — 0.16 mm.

Sample No., Change in Change in tablet . . ) .
a stage of the | compressive | height after com- | Work, J Specific strain | Specific elastic
experiment | force AP, kN | pression h, um energy, J/g energy, l/g

A 0.040 34 0.069 0.341 -

1 B 0.040 2.9 0.057 - 0.282
C 0.035 23 0.041 — 0.203
A 0.040 3.4 0.068 0.336 -

2 B 0.040 33 0.066 - 0.326
C 0.040 3.0 0.060 — 0.296
A 0.051 3.9 0.099 0.494 -

3 B 0.035 24 0.042 — 0.209
C 0.030 2.4 0.036 - 0.180
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The research on the deformation behavior of coal matter under load showed that
compression leads to the accumulation of elastic deformation energy. The presence of
such accumulated energy was recorded by the petrographic method in the form of
"flaking-off" of rectangular plates from the surface of coal particles. The existence of
such plates is due to cleavage cracks, which on medium grades of coal are located at
a distance of 0.020 mm to 0.600 mm from each other (Fig. 5).

Figure 5 — Flaking-off of rectangular coal plates from the coal surface

So, the Figures show that during compression, deformations are distributed non-
uniformly, that is, it can be assumed that they are formed due to critical fluctuations
in local differently activated zones, which corresponds to the basic provisions of the
model [14] of rock deformation.

3.3. Theoretical basis of the conducted research.

Let us assume that in a coal matter, carbon atoms, due to the Heisenberg indeter-
minacy principle, perform oscillatory motions in the total mass. In numerous particles
of a coal matter consisting of carbon atoms that are in two quantum states and sepa-
rated by a distance AL (AL ~ 1A), areas with two basic states £2 and E! arise under
the impact of external forces. A general property of systems with two allowed quan-
tum states is that one of the states is energetically more favorable, and the other state
has an energy greater by the value 4E:

E2=FEl + AE.

The difference in energies between the two allowed states means that energy is
“pumped” into the system.

The obtained data indicate that during the process of all-around compression, the
height of the tablet, after the preliminary stage, when the sample was already partially
pressed, continues to decrease. The decrease in the distances between particles can be
explained by the fact that coal is a system in which a change in the conformational
macromolecules, of which it consists, is observed. In this context, molecular confor-
mation refers to different spatial forms of the molecule that can transform into each
other by rotating atoms without breaking interatomic bonds as a result of external in-
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fluence on the rock massif [25]. Under force loading, elastic energy accumulates in
the form of conformational deformation defects, which, after unloading, leads to an
increase in the size of the tablets.

It is fundamentally important that this accumulated energy in the process of its re-
laxation can be spontaneously spent by the matter on physicochemical transfor-
mations and structural transformations, which, in turn, can lead to changes similar to
carbonization, including the generation of gases, in particular, methane.

The obtained scientific results can have further practical applications in many are-
as. These are mining engineering and coal mining, materials science and mechanics
of materials, energy and ecology, in particular:

— Optimization of coal mining technologies, in particular methods of its crushing
and beneficiating;

— Improving the safety of coal mines by understanding the mechanisms of coal
beds destruction;

— Reducing energy costs for coal grinding, using knowledge about the accumula-
tion and release of energy in fine particles;

— Research into the mechanisms of gas and dust emissions, since deformations of
coal masses can cause sudden emissions of methane;

— Estimating the possibilities of controlling the degassing processes of coal beds
before their development;

— Using knowledge about the accumulation of energy in crushed coal to develop
new approaches to energy storage or utilization;

— The effect of mechanical activation of coal on its combustible properties and
combustion efficiency;

— Modeling the behavio undergo similar deformations, in particular in construc-
tion or the production of composite materials;

— Using knowledge about stress localization to increase the strength of materials
or optimize their structure.

Therefore, research in this area is extremely important both for industry (efficien-
cy and safety of mining operations) and for fundamental science regarding the
strength and deformation of materials to understand the behavior of complex defor-
mation systems.

4. Conclusions

1. For the first time, it is shown at the micro level for coal that under force load-
ing, the directions of brittle (crack) and plastic (surface corrugation) deformations
most often coincide, reflecting a gradual transition from plastic to brittle defor-
mations.

2. It is shown that in samples of crushed coal during compression, deformations
are unevenly distributed due to critical fluctuations in local activated zones: the ener-
gy of elastic deformations concentrates in harder particles, and both the distribution
of the particles themselves and the deformations within them have a local (random)
character.
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3. The energy of elastic deformations that accumulates in destructed coal (the
grain-size class is 0.10—0.16 mm) during compression was calculated; its value for
LF-grade coal is within 0.20-0.50 J/g with a change in compressive force of 0.03—
0.05 kN.
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3ANULLKOBI AE®OPMALLT BYFINNA NPU PYUHYBAHHI Mg TUCKOM
Gespy4yko K.A., NumoHeHko J1.1., Bypyak O.B., bapaHoscbkut B.1., [Npuxod4yeHko O.B.

AHorTauis. [lechopmallis Ta pyiHyBaHHS NOPIA i BYriNAs npu NPOXOMKEHHI NiA3eMHNUX BUPOBOK — Lie OCHOBHUIA NPO-
LieC, L0 XapaKTepuaye CTilKiCTb BUPODOK, XapaKTep i IHTEHCMBHICTb MOXIMBYX NPOSIBIB rasognHaMiuHux sBuLL. [ipCbki
nopoaK, 3 TOUKM 30py MEXaHiku, — CKNafHWM i cynepeunueuin 06’ekT: B HEBENMKOMY 00'EMi BOHW Ay)Xe HEOLHOPIAHI, B
BENMKOMY — JOCUTb OHOPIZHI; B Manomy o6'eMi BOHM NoBOgATb cebe K CyuinbHi Tina, B BENMKOMY — SK AUCKPETHI. Mpu
LboMy Tpeba BiA3HauMTH, L0 MOHATTS PYIHYBAHHS BKIOYAE NPYXHY, NNACTUYHY | KpUXKY cTagii gedopmadii. Y cratTi
[OCAiMKEHO 0COBNMBOCTI 3anuLLKOBUX AedopmaLii BYrifnns nig yac Moro pynHyBaHHS B yMOBAX Aji 30BHILLHBOTO TUCKY.
lMpoBegeHo aHania 3MiH (i3nKo-MeXaHIYHNX BraCTUBOCTEN BYFiNMs B NPOLECI HABAHTAXEHHS 4O PYMHYBAHHS, a TaKoX
nicnsa 3HATTS HaBaHTaXeHHsl. BCTaHOBNEHO 3aneXHICTb MK piBHEM 3anuLLKOBUX JeopMaLlit i CTPYKTYPHUMW XapakTe-
PUCTUKAMU BYFiNNs, WO JO3BOSE OLHUTK CTYMiHb 10r0 AedhopMaLinHOi CTINKOCTI.

MeToto poboTu byna po3pobka TEOPETUYHMX | eKCriepUMEHTarbHUX NIAXOAIB AOCNIMKEHHS MEXaHIYHNX BACTUBOC-
TEI BYriNNs Ha MiKPOPIBHI | OLIHKW BENUYMHU eHepril NpyXHUX AedopmalLliit.

Brnepue ans Byrinns Ha MiKpOpiBHI NOKa3aHo, LIO Mif CUMOBUM HABAHTAXEHHAM: HaNPSMOK KPUXKOI (TPILLMHK) Ta
NNacTU4HOI (rodpyBaHHS NOBEpPXHI) Aedopmalin HamyacTiwe 36iraeTbes, WO Bigobpaxye nocTynoBuii nepexig Big
NNacTUYHUX JO KPUXKUX AecopmaLii.

Moka3aHo, Lo B 3pa3kax NogpibHEHOro BYrinns Npu CTUCHEHHI AedopMalLlii po3noginalTbCs HEPIBHOMIPHO 3a pa-
XYHOK KPUTUYHUX (PRYKTYaLii B NIOKaNbHUX PI3HOAKTUBOBAHWX 30HAX: EHepris NMpyHWUX AedopMaLiit KOHLEHTPYETLCS Y
BiNbLL XOPCTKMX YacTKax i PO3NOAiIN Sk camux YacTok, TaK i AechopmaLlii B HUX Mae nokarnbHUi (BUNaaKoBuUi) xapakTep.

Po3paxoBaHa eHepris npyxHuX AedopmaLii, Wo HaKonMuyeTbes y 3pyitHoBaHOMY Byrinni (knac kpynHocri 0,10-
0,16 MM) Npu CTUCHEHHI, Ti Benn4uHa Ans Byrinna mapku [ 3Haxogutbes B Mexax 0,20-0,50 [x/r npu 3MiHi cTUCKako4oro
3ycunng 0,03 - 0,05 kH. Otpumati pesynbtatm MOXyTb ByTU BUKOPUCTaHI AN BAOCKOHANEHHS MOZenen FpHUYoro
TUCKY Ta NPOrHO3YBaHHA CTIMKOCTI ripHU4MX BUPOBOK Y BYrifbHUX pogoBuiax. KpiM Toro, OCMIMKEHHS Y LbOMY HanpsM-
Ky € Hag3BWYalHO BaXMBUMW SK ANS MPOMUCIIOBOCTI (eheKTUBHICTb Ta 6e3neka BeAeHHS ripHuunx pobiT), Tak i ans
(byHAaMeHTanbHOI HayKn CTOCOBHO MILHOCTI Ta AedopmMaLlii MaTepianis A1 po3yMiHHA NOBELiHKM CKnaaHux aedopma-
LifHKX cucTeMm.

KntoyoBi cnoBa: Byrinns, CTUCKaHHS, 3anuMLLKOBI Aedopmalii, pyiHyBaHHS, qisnko-MexaHiuHi BNacTMBOCTI, CTPYK-
TYPHi 3MiHU.
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