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OBTAINING COMPLETE STRESS-STRAIN CURVES DURING TESTING OF ROCK
SPECIMENS UNDER INDUSTRIAL CONDITIONS

Abstract. Long-term operation of underground structures under conditions of high rock pressure necessitates pre-
diction of the state of rocks as they approach the strength limit and after this limit has been reached. Such prediction can
be performed by analyzing complete stress-strain curves, which characterize pre-peak deformation, post-peak behavior,
the post-peak failure modulus, and residual strength. These characteristics are important for assessing the stability of
underground excavations, selecting support parameters, and predicting brittle or gradual rock failure. Standard methods
for obtaining complete stress-strain curves usually require specialized laboratories and stationary testing equipment,
which increases the duration and cost of testing and limits the possibility of promptly adjusting the testing program at an
industrial site.

A method is proposed for obtaining complete stress-strain curves during testing of rock specimens under industrial
conditions. The method involves the use of press equipment available at the enterprise, a mobile strain-gauge compres-
sive force measuring device, a longitudinal deformation indicator, and synchronous video recording of the measuring
instrument readings. This approach makes it possible to perform tests without equipping the press with a standard auto-
mated system for recording load and deformation. Frame-by-frame processing of the video recording is used to form a
data array of “longitudinal deformation - compressive force” pairs and to calculate the corresponding values of relative
deformation and compressive stress. The obtained data are used to construct the complete stress-strain curve and de-
termine the main mechanical and deformation characteristics of the specimen. The applicability of the method is illustrat-
ed by tests of cylindrical gypsum specimens with different height-to-diameter ratios. It is shown that a decrease in this
ratio increases the influence of contact friction between the specimen and the press plates, whereas an increase in the
ratio changes the failure pattern from gradual failure with a smooth post-peak decline to pronounced brittle failure with an
intense post-peak loss of bearing capacity. To reduce the influence of specimen geometry and contact friction, it is rec-
ommended to use specimens with a height-to-diameter ratio of not less than 2.

Keywords: rock specimen, destructive testing, uniaxial compression, stress-strain curve.

1. Introduction

For calculating the parameters of underground structures, the characteristics of
rocks obtained over a wide range of loads are of considerable importance. The most
effective way to determine them is to analyze complete stress-strain curves [1-4].
Obtaining these curves requires a rigid testing machine with control of the specimen
loading rate and devices for measuring the compressive force applied to the specimen
and its deformation. Various types of testing equipment are described in [5]. To de-
termine the force, rigid elastic structures of special shape with strain gauges attached
to them, together with the corresponding set of electronic equipment, are traditionally
used. The most accurate method for determining specimen deformation involves
bonding strain gauges directly to its surface and measuring changes in their resistance
under compressive loading [6]. The advantage of this method is the possibility of
measuring deformation only in the central part of the specimen, where the stress dis-
tribution approaches a uniform state. This approach is effective for determining
Young’s modulus, but it does not allow the development of specimen deformation
after reaching the strength limit to be tracked because of strain gauge failure. More
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widely used are schemes in which strain-gauge extensometers are arranged parallel to
the specimen to determine vertical deformation [7]. Their main advantage is the pos-
sibility of repeated use, while their disadvantage is the need to correct deformation
values caused by the rotation of one of the press plates during the failure of high-
strength specimens.

In modern testing machines, the current values of the compressive force acting on
the specimen, as well as its deformation, are recorded automatically, with the ob-
tained data stored in digital form [8]. Taking into account the geometric dimensions
of the specimen, the obtained digital array is converted into an array of paired values
of stress and relative deformation. A stress-strain curve is then constructed. The static
Young’s modulus is determined from the rising branch of the stress curve. Approach-
es to its calculation are presented in [9, 10]. An analysis of errors in determining
Young’s modulus based on stress-strain curves is given in [11]. The ability of a rock
to undergo plastic or brittle failure is determined by the shape of the curve after the
strength limit has been reached [12-14]. A quantitative characteristic of the risk of
rapid specimen failure is the value of the post-peak failure modulus [15]. In some
cases, the residual strength of the rock is also of significant importance [16]. Experi-
mental studies of the post-peak deformation of strong rocks presented in [17] show
that the post-peak failure modulus, residual strength, and scale effect are of consider-
able importance when assessing the stability of excavations at great depths.

In modern studies, complete stress-strain curves are considered not only as a
source of strength and elastic modulus values, but also as a basis for analyzing post-
peak behavior, brittleness, energy characteristics of failure, and the ability of rock to
retain residual bearing capacity. In particular, studies [1-4, 12-14] show that the
shape of the post-peak branch depends significantly on the lithological type of rock,
specimen structure, loading conditions, and the stiffness of the testing machine. Stud-
ies of gypsum and gypsum-like materials [18, 19] are of particular interest, since
these materials are characterized by a pronounced dependence of the deformation
curve shape on the structural state of the specimen, moisture content, the presence of
weaknesses, and loading conditions. This makes such materials convenient for
demonstrating methodological approaches to obtaining complete stress-strain curves
and analyzing post-peak failure.

The simplest case is obtaining a stress-strain curve under uniaxial compressive
loading. However, even in this case, stationary equipment is used. Conducting tests in
specialized institutions significantly increases the time required to perform them and
also raises the cost. In addition, prompt adjustment of the research plan for studying
rock properties becomes impossible.

The aim of this work is to develop a method for obtaining stress-strain curves di-
rectly under industrial conditions.

2. Methods

The method involves the integrated use of press equipment available at the enter-
prise and a mobile measuring system that can be delivered to the test site. A prerequi-
site for applying the method is the availability of press equipment at the enterprise.
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Continuous monitoring of the compressive force is not mandatory. However, the up-
per limit of the operating load range of the press should exceed the expected maxi-
mum compressive force applied to the specimen by a factor of three or more. Increas-
ing this ratio makes the testing system more rigid. An increase in the stiffness of the
testing system reduces the uncontrolled release of elastic energy accumulated in the
press elements and improves the stability of recording the post-peak branch of the
stress-strain curve. As a result, the loss of bearing capacity, the post-peak failure
modulus, and the transition from gradual to brittle failure of the specimen can be rec-
orded more accurately.

The method is primarily intended for cylindrical specimens prepared from core
material, since this shape is the most common in the practice of uniaxial compression
testing of rocks and allows the cross-sectional area to be determined directly. Provid-
ed that the loading surfaces are plane-parallel and the cross-sectional area can be cor-
rectly determined, the methodological approach can also be adapted for specimens of
other geometries; however, the obtained results will require separate consideration of
the influence of specimen shape.

Preparation of cylindrical specimens is the simplest option. It requires only divid-
ing the core into separate sections by parallel cuts, followed by grinding of the end
faces. Within the proposed method, a specimen height-to-diameter ratio of H/D = 2 is
adopted as the basic value. This ratio is not considered universally optimal for all
rocks; however, it represents a compromise for industrial conditions, since it reduces
the influence of contact friction compared with low-height specimens and, at the
same time, does not create excessive difficulties in specimen preparation, centering,
and loading. For more accurate determination of deformation characteristics, it is ad-
visable to use the range H/D = 2-3, which is consistent with international recommen-
dations [20-22].

For cutting the core, a cut-off machine intended for metal workpieces can be used.
The standard cutting wheel is replaced with a diamond blade. A surface grinding ma-
chine is used for grinding the end faces.

After the prepared specimens are obtained, their height H and diameter D are
measured. The geometric dimensions of the specimens are determined using linear
measuring instruments with an accuracy of 0.1 mm. The cross-sectional area of the
specimen, S, is then calculated.

The basic element of the mobile system is an electronic compressive force meas-
uring device. The force is transmitted to a cylindrical steel elastic element made of
structural steel with high stiffness and elastic behavior within the range of applied
loads. Strain gauges are bonded to the middle part of the cylindrical surface of the
element and connected in a bridge circuit. The bridge is powered by an electronic unit,
which also amplifies the bridge unbalance signal that occurs when the element is
loaded. A digital voltmeter is used to display the measurement result.

A mechanical reference dynamometer is used to calibrate the compressive force
measuring device. The calibration scheme is shown in Fig. 1.

In the simplest version, the longitudinal deformation of the specimen is measured
using a dial indicator. The choice of this instrument is explained by the linearity of its
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scale over a wide range, its availability and low cost, and its readiness for operation
without preliminary warm-up. To improve data recording conditions, it is placed on a
movable platform together with a digital voltmeter displaying the compressive force

value.
4 3

I ]

1 — lower press plate; 2 — steel elastic element with strain gauges; 3 — reference dynamometer; 4 —

upper press plate; 5 — electronic unit; 6 — digital voltmeter

Figure 1 — Arrangement of equipment for calibrating the compressive force measuring device

Installation of the mobile system between the plates of the stationary press is il-
lustrated in Fig. 2.

—

1 — lower press plate; 2 — steel elastic element with strain gauges; 3 — spherical support; 4 — rock
specimen; 5 — upper press plate; 6 — stand; 7 — movable platform; 8 — dial indicator; 9 — digital
voltmeter; 10 — electronic unit

Figure 2 — Layout of the equipment for specimen testing
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The individual equipment components are installed as follows. The steel elastic
element 2 with strain gauges is placed at the center of the lower press plate 1. Along
its vertical axis, the spherical support 3 and the rock specimen under investigation 4
are installed in sequence. The upper press plate 5 is brought into tight contact with
the upper end face of the rock specimen, but without applying compressive force. A
stand 6 with a movable platform 7 is placed next to the specimen; a dial indicator 8
and a digital voltmeter 9 are mounted on the platform. The connector on the steel
elastic element 2 is connected to the electronic unit 10 to supply a stable voltage to
the strain-gauge bridge circuit and to amplify the bridge unbalance signal. The plat-
form 7 is positioned so that it lies in the same plane as the center of the plates or, if
this is not possible, is shifted slightly toward the front. During adjustment, it is moved
vertically until the contact rod of the indicator touches the upper plate. The achieved
position is fixed with two side screws. The initial position of the indicator pointer is
taken as the zero value of longitudinal displacement. The output of the electronic unit
Is connected to the input of the digital voltmeter.

A 4K video camera is mounted on a tripod at a distance of 1.5-2.0 m from the
specimen. The field of view should include the rock specimen, the dial indicator, and
the digital voltmeter. For the tests presented, a recording rate of 5 frames per second
was sufficient. For brittle high-strength rocks or rapid post-peak failure, the recording
rate should be increased. The dial indicator is the critical element during video re-
cording. To achieve high image clarity, it is illuminated by an LED system. During a
trial camera run, the uniformity of illumination of the circular scale of the dial indica-
tor and the image sharpness are checked to ensure clear visualization of the indicator
divisions. The appearance of the image at the initial stage of testing, before loading is
applied to the specimen, is shown in Fig. 3.

Figure 3 — Image of the rock specimen and measuring instruments before starting the press
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To compensate for residual non-parallelism of the specimen end faces, an initial
load of approximately 10% of the expected failure load is applied to the specimen.
Owing to the presence of the spherical support, both end faces of the specimen come
into full-area contact with the compressive elements. At the same time, the spherical
support of the press itself, having much higher stiffness, does not respond to this load
by changing the relative position of the plates. Due to the adaptive action of the addi-
tional spherical support, this position remains unchanged during subsequent loading.
The pressure on the specimen is reduced until the voltmeter reading reaches zero,
while preventing a gap from forming between the specimen and the upper press plate.
After this procedure, the zero reference value of longitudinal displacement is reset if
necessary.

The video camera is switched on, and loading of the specimen is started. The rec-
ommended load increase per second is 2-5% of the expected failure load. After the
failure load is reached, the deformation value is monitored. If the vertical defor-
mation exceeds half of the working range of the indicator, further loading of the spec-
Imen is stopped to prevent damage to the indicator. The specimen is then smoothly
unloaded until a zero reading appears on the digital voltmeter. The video camera is
switched off. The remains of the failed specimen are removed, and the surfaces of the
upper plate and the spherical support with which it was in contact are thoroughly
cleaned. The next specimen is then prepared for testing.

Data processing involves constructing a stress-strain curve and determining the
basic mechanical and deformation characteristics of the rock on its basis. Assessment
of the appearance of the failed specimen makes it possible to classify it as a certain
type of failure.

Construction of the stress-strain curve is carried out in several stages. At the first
stage, the range of the maximum achieved deformation is divided into 20-30 equal
intervals. A larger number of intervals adds practically no additional information but
significantly increases the duration of data processing. Frames corresponding to the
interval boundaries are selected. The values of absolute longitudinal deformation and
the corresponding compressive force are recorded. Taking into account the specimen
dimensions, the relative longitudinal deformation & and the corresponding compres-
sive stress o are calculated.

The first version of the graphical relationship between the current compressive
stress o and the current relative longitudinal deformation of the specimen ¢ is then
constructed. Due to the different inclinations of the curve segments relative to the
horizontal axis, their lengths may differ significantly. To construct the next version of
the curve, the deformation interval is reduced for sections with a rapid change in
compressive stress. By successive approximations during curve construction, approx-
imately equal lengths of curve segments between adjacent points are achieved.

The video file is viewed in slow motion, and the maximum value of the compres-
sive force and the corresponding value of longitudinal deformation are recorded. The
recalculated values of compressive stress and relative deformation are added to the
data array to construct the final version of the stress-strain curve. The corresponding
point of the curve determines the uniaxial compressive strength oc and the critical
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strain e¢;. The ratio of the increase in rising stress to the corresponding increase in rel-
ative deformation on the linear section of the curve determines the static Young’s
modulus Eg. The ratio of the stress drop to the increase in relative deformation on the
linear section of the curve after the strength limit has been reached determines the
post-peak failure modulus M. If M > Eg, this indicates the possibility of unstable
post-peak failure with a sharp loss of bearing capacity, rapid crack development, and
specimen fragmentation. If the compressive stress stabilizes with increasing defor-
mation, the residual strength of the rock ores can be determined.

The method is most suitable for rocks and model materials with a relatively
smooth deformation behavior, as well as for testing machines whose stiffness allows
the post-peak branch of the curve to be controlled. For brittle high-strength rocks, the
accuracy of recording the post-peak decline depends on the stiffness of the press, the
loading rate, the video recording frequency, and the inertia of the measuring instru-
ments.

3. Results and discussion

The described method was used to determine the mechanical and deformation
characteristics of gypsum specimens taken from a deposit in the Donetsk region of
Ukraine. To demonstrate the capabilities of the method, the results of destructive tests
of model gypsum specimens in the form of a circular pillar with a height-to-diameter
ratio of 2:1 are presented. The first model was a monolithic gypsum cylinder. In the
central part of the second model, reinforcement was installed in the form of eight an-
chors, the length of which was 15% of the specimen diameter. The anchors were uni-
formly arranged in a circle and connected into a system by means of a circular tie.
The structure of the reinforced model is illustrated in Fig. 4.

1 — gypsum cylinder; 2 — anchors; 3 — circular tie

Figure 4 — View of the central part of the model gypsum pillar with rock-bolt reinforcement and a
circular tie

The stress-strain curves for the models are shown in Figs. 5.
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Figure 5 — Stress-strain curves for cylindrical gypsum pillar models with and without reinforcement

The comparative mechanical and deformation characteristics for both models are
given in Table 1.

Table 1 — Mechanical and deformation characteristics of the gypsum pillar models
Characteristic Model without reinforce- Model with reinforce-

ment ment

Uniaxial compressive strength oc, MPa 9.1 11.6

Residual strength ores, MPa 5.1 4.2

Critical strain &cr, % 0.84 0.77

Static Young’s modulus Es;, GPa 1.37 2.40

Post-peak failure modulus M, GPa 0.95 2.25

The experimental results show that the presence of reinforcement increases the
stiffness of the model. In addition, the uniaxial compressive strength also increases.

As the specimen height-to-diameter ratio changes, the failure pattern also changes.
For specimens with height-to-diameter ratios of 0.5 and 1.0, fragmentation of the
specimen into small pieces with a chaotic crack orientation is typical. At ratios of 2.0
and higher, division of the specimen into several separate parts oriented along its axis
Is clearly observed. Different failure patterns are shown in Fig. 6.

Figure 6 — Change in the failure pattern with increasing specimen height-to-diameter ratio:
a) at a ratio of 1.0; b) at a ratio of 3.0



ISSN 3083-6271 (Print), ISSN 3083-628X (Online) Geo-Technical Mechanics. 2026. 1ss.177 147

A tendency toward acceleration of specimen failure after reaching the strength
limit was established as the height-to-diameter ratio increased. The failure process of
low-height specimens with a height-to-diameter ratio of 1.0 or less is slowed down
due to the significant influence of friction between the specimen surfaces and the
press plates. The post-peak branch of the stress-strain curve is gentle, with a smooth
transition to residual strength. The post-peak failure modulus M has a low value, and
its ratio to the static Young’s modulus Es is significantly less than unity. The speci-
men fails gradually, without dynamic effects. In this work, dynamic manifestations of
failure are understood as an unstable loss of specimen bearing capacity after reaching
the strength limit, accompanied by a sharp load drop, rapid crack development, and
specimen fragmentation. With a significant increase in specimen height, the process
of transverse deformation in the central part of the specimen is no longer restrained
by friction between the specimen and the press plates, which causes the rapid devel-
opment of vertical cracks dividing the specimen into separate blocks. The rapid loss
of bearing capacity leads to a formal increase in the post-peak failure modulus, and
its ratio to Young’s modulus also increases. This increases the probability of unstable
post-peak specimen failure. This probability increases significantly for high-strength
specimens due to the large amount of elastic energy accumulated during compression.
In addition, when the stiffness of the testing machine is low, the elastic energy accu-
mulated in the testing machine itself is also consumed in specimen failure.

The described tendency is illustrated in Fig. 7.

8]
o

Stress o, MPa
— [
N o

——H/D=0.5
5 e H/D=2

5 )
Strain &, %

=]
—_
[Se]
2
-

Figure 7 — Comparison of stress-strain curves for cylindrical gypsum specimens with different
height-to-diameter ratios

The experimental results show that, when the same testing machine is used, the
plastic or brittle nature of failure upon reaching the strength limit depends not only on
the rock type but also on the specimen shape. The dynamics of changes in the post-
peak failure modulus for gypsum specimens with an increasing height-to-diameter
ratio are illustrated by the data given in Table 2.

The research results presented in Table 2 indicate a general tendency for the post-
peak failure modulus to increase with an increase in the specimen height-to-diameter
ratio (Fig. 8).
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Table 2 — Values of the post-peak failure modulus for cylindrical gypsum specimens with different
height-to-diameter ratios

Height-to-diameter ratio H/D 0.5 1.0 1.5 2.0 2.5 3.0

Post-peak failure modulus M, GPa 0.2 0.2 1.1 0.7 2.9 9.7

—
(=1

—e—Experiment

(o]

—Approximation

= @)}

Post-peak failure modulus
M, GPa
[Re]

(=1

0.5 1.0 1.5 2.0 25 3.0
Height-to-diameter ratio H/D

Figure 8 — Experimentally obtained relationship between the post-peak failure modulus of gypsum
specimens and their height-to-diameter ratio, and its approximation by an exponential relationship

It should be noted that the dependence of the post-peak failure modulus on the
H/D ratio is not strictly monotonic. In particular, the value of M for H/D = 2.0 is low-
er than that for H/D = 1.5. This deviation may be related to the natural heterogeneity
of the gypsum material, local defects in the specimens, differences in the actual con-
dition of the end faces, contact conditions with the press plates, and the specific fea-
tures of crack development in a particular specimen. Therefore, the obtained data
should be regarded as experimental confirmation of a general tendency rather than as
a strictly monotonic functional relationship. To establish a quantitative relationship
between M and H/D, it is necessary to increase the number of tests for each height-to-
diameter ratio and to perform statistical processing of the results.

The analytical expression for approximating the experimental relationship, with a
coefficient of determination R? = 0.90, has the form:

M =0.066e1-%4H/D (1)

where M — post-peak failure modulus, GPa; H/D — dimensionless ratio of specimen
height to specimen diameter.

Variation in the shape and dimensions of the specimen causes not only a change
in the nature of its post-peak failure, but also affects parameters that are usually con-
sidered constants for a given rock, such as Young’s modulus and uniaxial compres-
sive strength (see Fig. 7). This conclusion is consistent with studies by other authors
on the influence of geometry and scale effect on rock strength and deformation [14,
23, 24]. As noted above, friction at the contacts between the specimens and the press
has a significant influence on the determination of the mechanical and deformation
characteristics of rock specimens. As the specimen height-to-diameter ratio increases,
the influence of friction decreases. Deformation along the specimen length in the di-
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rection of compressive stress becomes more uniform. Accordingly, the determined
physical and mechanical properties of rocks become less dependent on contact fric-
tion and the geometric effect of the specimen. In addition, increasing the specimen
height makes it possible to determine its absolute and relative deformation more ac-
curately. However, an excessive increase in the specimen height-to-diameter ratio
leads to rapid post-peak failure. In accordance with the recommendations given in
[20-22], the optimal height-to-diameter ratio of the specimen is in the range from 2 to
3. Accordingly, in further studies aimed at determining the physical and mechanical
properties of rocks, the authors of this work will focus on the above-mentioned val-
ues.

4. Conclusions

A method has been developed for obtaining stress-strain curves under industrial
conditions using press equipment available at the enterprise and a mobile measuring
system.

The proposed synchronous video recording scheme makes it possible to form an
array of experimental “deformation - load” data without a standard automated press
recording system.

Using gypsum specimens as an example, it is shown that the H/D ratio signifi-
cantly affects the failure pattern and the post-peak branch of the curve.

To reduce the influence of contact friction and the geometric effect, it is advisable
to use cylindrical specimens with a height-to-diameter ratio in the range of 2-3,
which is consistent with international recommendations.
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OTPUMAHHA NOBHUX KPUBUX «HAMPYXEHHA-OQE®OPMALIA» MPU BUNPOBYBAHHI 3PA3KIB
rNPCbKUX NMOPIQ Y BUPOBHUYUX YMOBAX
Kpykoecekut O.[l1., Bacuneee [.]1., CepeieHko B.M., Kpecc [.B.

AHortauia. [losroTpusana ekcnnyaraiis nig3eMHUX Criopyq B yMOBaX BUCOKOMO MiPCbKOMO TUCKY 3YMOBIIOE
HeObXigHICTb MPOrHO3yBaHHS CTaHy MPCHKMX NOPiL Npu HABnVKEHHI 4O Mexi MILHOCTI, a TakoX nicnst Ti JOCArHEHHs.
Takun nporHo3 Moxe OyTW BMKOHAHWW HA OCHOBI aHanidy MNOBHWUX KPWUBMX «HaNPyXeHHs-gedopmalis», ski
XapakTepuayoTb JOMeX0Be AehopMyBaHHS, MICAANIKOBY NOBEAIHKY MaTepiany, Moaynb cnagy Ta 3anuwKoBy MILHICTb.
CTaHgapTHi METOAMKM OTPUMAHHS TakMX KpUBKX 3a3BM4ai NoTpebytoTh crewjianisoBaHnx nabopaTopiit i crauioHapHoro
BuNpoOyBanbHoro obrnagHaHHs, WO 36inblwye TpWBanicTb i BapTiCTb AOCHiMKEHb Ta OOMEXYE MOXMMBICTb
OnepaTUBHOrO KOpUryBaHHS Nporpamu BunpobyBsaHb 6e3nocepeaHbo Ha NiANPUEMCTBI.

3anponoHoBaHO METOAMKY OTPUMAaHHS MOBHUX KPUBMX «HaMpyXeHHs-gedopmallis» npu BUnpoOyBaHHi 3paskis
ripcbkux nopig y BUpobHMYMX ymoBax. MeToguka nepepbayae BWUKOPUCTAHHS HAsIBHOrO NpecoBoro obrnagHaHHs
nignpuemcTBa, MOBINBHOrO TEH30METPUYHOTO  BUMIPIOBAYa  CTUCKAmNbHOTO  3YCUIMS, iHAOWKAaTOpa NO3OOBXHLOI
AedopmaLii Ta CMHXPOHHOI Bigeodikcallii NokasaHb BUMIpIOBanbHMX npunagi. MNMokagposa o6pobka Bigeosanucy aae
3Mory cdhopmyBaTU MacWB AaHWX «MO3OOBXHSA AedhopMalisi - CTUCKanbHE 3ycunns» Ta po3paxyBaTi BignoBigHi
3HaYeHHs BiQHOCHOI Aedhopmallii i CTUcKanbHOro HanpyxeHHs. OTpuMaHi JaHi BUKOPUCTOBYIOTLCS AN NobyaoBK NOBHOT
KPUBOI «HanpyxeHHs-aedopmallis» Ta BU3HAYEHHS] OCHOBHUX MEXaHIYHMX i gecopMaLliiHiX XapakTepucTUK 3paska.
lMpaue3naTHiCTb MeTOAMKM MPOINIOCTPOBAHO Ha MpuKnadi BMNPoOyBaHb LUMMIHOPUYHMX TiINCOBMX 3Pas3KiB i3 Pi3HNM
CRiBBIHOLUEHHAM BUCOTW A0 AiameTpa. MokasaHo, WO 3MEHLLEHHS LIbOro CMiBBIAHOLLEHHS NOCUIIOE BMNB KOHTAKTHOMO
TEPTS MiX 3paskoM i mnuTamy mpeca, Todi SK 1Oro 36iMbLUEHHS 3MIHIOE XapakTep PyMHyBaHHS Big, MOCTYMOBOrO
PYMHYBaHHSA 3 NNaBHUM MICNANIKOBUM CMaAoOM [0 BUPAXEHOrO KPUXKOrO PYMHYBAHHA 3 iHTEHCMBHUM NiCNANIKOBUM
cnagoM Hecyyol 3gaTHoCTi. [ns 3MeHLeHHs BMnuMBY reoMeTpii 3pa3ka Ta KOHTAaKTHOTO TepT pPeKoMeH4OBaHO
BMKOPUCTOBYBATM 3pa3ki 3i CMiBBIAHOLLEHHSM BUCOTM [0 JiaMeTpa He MeHLLe 2.

KntoyoBi crnoBa: nopoaHuMin 3pasok, PyWHIBHUIA KOHTPOIb, OQHOBICHU CTUCK, KpUBA «HaMPYXeHHS-aedopmaLliay.
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