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Investigation of the stress state of a carbide plate of a cutting tool

Abstract. Cutting tools with carbide inserts operate under harsh conditions that can cause cracking and failure, as their
strength directly depends on the stress-strain state. The study was conducted to determine of the influence of the angle
of installation in the holder of brazed carbide plates of cutting tools on their stress state was investigated. Experimental
studies using the method of photoelasticity are characterised by high sensitivity, non-destructive effects, clarity, and speed
of results. The study was carried out on the polarisation-projection unit PPU-7 using physical models of carbide plates made
of optically sensitive material ED-6, which were attached to the holder with different installation angles. The resulting
isochrome and isokline photographs made it possible to assess the actual visual picture of the existing stresses. During
the experiment, the cutting tool models were loaded using a specially designed stand that simulated the cutting force. The
principal stresses were calculated by the method of difference of tangential stresses for the selected insert installation
angles. It was proved that the angle of attachment of the carbide insert to the holder undoubtedly affects the distribution
of stresses in it during metalworking. A quantitative relationship has been established between the angle of attachment
to the holder and the magnitude of internal stresses acting in the carbide plate. The highest stresses o,,, occured in the
cross-section of the cutting blade of a carbide insert regardless of the angle of attachment to the holder. The lowest level
of acting stresses along the measurement points in three zones along the width of the carbide insert when attached to the
holder at an angle of -30° was found. With connection angles of 15°,0°, and -15°, critical stresses occur in all investigated
areas across the width of the plate along the measurement points
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INTRODUCTION

The reliability and durability of turning tools play a crucial
role in ensuring the stability of machining processes and
the quality of manufactured components. During cutting,
the tool is subjected to elevated temperatures, substantial
mechanical loads and thermal fluctuations, all of which
contribute to intensive wear or even brittle fracture of
carbide inserts. The geometric parameters of the tool, par-
ticularly the installation angle of the carbide insert, signif-
icantly influence its ability to withstand these operation-
al stresses. Consequently, investigating the stress-strain
state of the insert and the effect of its orientation within
the toolholder is essential for improving tool reliability
and extending its service life.

As the authors M. Sobron et al. (2020) pointed out,
before starting the machining process, it is necessary
to know how long the cutting tool can operate before it
breaks down or suffers critical wear. A. Adamu et al. (2021)
provided a comprehensive review of approaches to opti-
mising cutting parameters with the aim of reducing tool
wear in turning operations. The authors highlighted that
tool wear was governed by a complex interaction of cut-
ting speed, feed rate, depth of cut and the material prop-
erties of both the tool and the workpiece. Their analysis
demonstrated that the selection of appropriate machining
parameters was essential for achieving stable cutting con-
ditions, improving surface quality and extending tool life.
That is, cutting tools, including turning cutters, must have
high strength, heat resistance, wear resistance, and hard-
ness. If wear occurs in the main area of chip impact, i.e., on
the front surface, crater wear occurs, and if the main wear
occurs on the back surface of the cutter, edge wear occurs
(Roszkowski et al., 2020). Thus, the main reason why turn-
ing inserts fail and need to be replaced is wear. The situa-
tion is different with cutting tools.

Unlike through-hole cutters, cut-off cutters operate
under difficult conditions of non-orthogonal cutting, as the
cutter is subjected to force and temperature loads on three
sides. In such conditions, the lubricating coolant does not
work effectively enough, which complicates the efficien-
cy of the chip removal process. P. Zabrodskyi et al. (2021)
noted that the main cause of failure of cutters is not wear,
as in the case of passing cutters, but breakage of carbide
inserts. At the same time, as the authors Y. Liu et al. (2025)
pointed out, compared to wear, brittle fracture occurs more
suddenly and less predictably. Experimental results by
A. Rizzo et al. (2020) showed that breakage occurs due to
the formation of surface cracks with their subsequent ex-
pansion. Cracks can appear as a result of untimely sharp-
ening of the tool, incorrectly selected cutting modes, and
for cutters with brazed inserts during the manufacturing
process when the inserts are soldered.

Scientists have conducted extensive research to deter-
mine the causes of cracks and breakage in carbide plates.
Thus, F. Wu et al. (2021) and J. Ostby et al. (2022), the meth-
od of analytical research is used to study the proposed
theory of sliding lamellae formation in carbide inserts at
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the WC/WC grain boundary based on shear stresses. Fi-
nite element modeling of the cutting process by C. Xiao et
al. (2024) provided information on the deformations along
each point of the cutting line, the stresses occurring at
each node/point, and the temperature distribution in the
tool and workpiece during the machining process. The
study was conducted using Deform 2D computer-aided de-
sign software. The authors V. Gutakovskis et al. (2022) used
the Third Wave Advant Edge software to model turning and
study stresses using the finite element method. W. Cai et
al. (2025) used the Johnson-Cook constitutive model to
determine the shear stress on the primary shear plane. It
takes into account the strain, strain rate, and temperature
effect to describe the stress. This model is widely used in
cutting modelling and simulation studies.

Among the experimental methods used to study the
stress-strain state, it is necessary to note, for example, the
holographic method. M. Kumar et al. (2025) used a holo-
graphic interferometry unit to determine the deformations
of turning cutters, which made it possible to combine the
results of experimental and numerical studies. In the work
by S. Lubis et al. (2020), a non-destructive X-ray diffraction
method was used to measure surface stress. The authors
B. Bergmann et al. (2025) used a method for calculating in-
ternal stresses based on measured external stresses. In this
case, the internal stresses of worn cutting tools are calcu-
lated at different states of wear.

Therefore, the solution of the problem of optimising
the geometric parameters of cut-off turning tools with
brazed carbide inserts by determining the influence of the
angle of installation in the holder on their stress-strain
state is of scientific interest. The insufficient study of this
issue requires additional research to identify ways to in-
crease the durability and reliability of cutting tools. The
aim of this study was to investigate the effect of the in-
stallation angle of brazed carbide inserts in the toolholder
on their stress-strain state and to optimise tool design for
improved durability during metalworking.

MATERIALS AND METHODS

It is difficult to ensure machining accuracy in prefabricated
cutters due to the presence of additional gaps at the joints
of the carbide inserts, so they were used in single or small
batch production. Tools with brazed inserts (Fig. 1) offered
significantly better precision than prefabricated cutters
and were therefore preferred for use in Computer Numeri-
cal Control (CNC) machines.

Figure 1. Cutting-off tool with brazed carbide insert

Source: prepared on the basis of research data by
P. Zabrodskyi (2021)
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In the study, analytical and experimental methods
were used to determine the stress state of carbide inserts
in cut-off tools. One of the key methods involves calculat-
ing the shear stress in the material. For this, the formula
proposed by J. Ostby et al. (2022) was used to compute the
shear stress (1), which took into account the material’s me-
chanical and thermal properties:

r=glap (@) @I -GEE) o

where A is the yield strength; B is the strain hardening co-
efficient; C is the sensitive strain rate coefficient; n is the
strain hardening degree index; m is the thermal softening
index; T, is the reference temperature (ambient tempera-
ture); T, is the melting point; y is the strain; y is the strain
rate; y, is the reference strain rate.

To evaluate the stress-strain state of carbide inserts of
cut-off cutters, the polarisation-optical method, or photo-
elasticity method, was used. In the present work, the po-
larisation-optical method, or photoelasticity method, was
used to assess the stress-strain state of carbide plates of
cutting tools. This method was based on the properties of

certain transparent materials, which become optically ani-
sotropic when deformed under mechanical stress. They de-
veloped optical anisotropy and the associated double bire-
fringence. This was the so-called piezoelectric effect. In this
case, the main values of the dielectric constant were linear-
ly related to the main stresses within the elastic range. The
main advantage of the polarisation-optical method was its
ability to determine residual stresses. For the manufacture
of models studied by the polarisation-optical method, ma-
terials were used that must have high transparency, stable
optical and mechanical characteristics, sufficient strength,
and optical and mechanical isotropy.

To study the stress-strain state of a carbide plate
at different installation angles, models of cut-off cut-
ters were made with front angles of -30, -15, 0, 15, and
30 degrees. The models of carbide insert of the cutting
tools were made of optically sensitive material based on
ED-6 epoxy resin, the hardening of which was provided
by methyl tetrahydrophthalic anhydride with an optical
constant =1.88 MPa. The geometric dimensions of the car-
bide insert models at different angles of installation in the
holder are shown in Figure 2.

f) L

Figure 2. Geometric dimensions of models of cutting tools with the angle of installation of a carbide insert
Note: a) y=30°; b) y=15°;c) y=0°; d) y=15°; e) y=30°; f) thickness of the carbide insert

Source: compiled by the authors

The geometric scale of modelling for the geometric pa-
rameters of the model is selected based on:

l
a= l—” = const, 2)

m

where [, [, are the lengths of any corresponding segments
in reality and the model.
The force scale can be chosen arbitrarily:

B = ﬁ—; = const. 3)

The relationship between the stress similarity scale §
and the force scale B is expressed through the geometric
scale a:

On B
6=—=;=const. 4)

The elastic modulus of the model, which has a stress

dimension, should be modeled on the same scale as the

stress 6, according to the general principles of simi-
larity theory:
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5—; = § = const, (5)
where E,, E, are the elastic moduli at the corresponding
points in nature and the model.

The Poisson’s ratios of the real materials p, and the
model materials p,, as dimensionless quantities must be
equal to each other:

Un = Um- (6)

When these conditions of similarity are met, it is suf-
ficient that the internal (studied) stresses in the model
have a scale of §, the displacement has a scale of a, and
the deformations of the model and the nature coincide. A
special stand was used to perform the study, where models
of incisors were installed and loaded with a force that sim-
ulated the cutting force (Fig. 3). A universal dynamometer
was used to measure the applied force.

Figure 3. Polarisation and projection unit (PPU-7)
with a load stand

Source: compiled by the authors

To determine the stresses, it was necessary to obtain
pictures of isochromes (stripes of the same colour connect-
ing points with the same difference in principal stresses)
and pictures of isoclines (dark-coloured lines connecting
points with the same direction of principal stresses).

RESULTS AND DISCUSSION
Patterns of isochromes (Fig. 4) and isoclines were obtained
at the same load P,=1,000 N. To evaluate the existing stress-
es, along arbitrary lines, two parallel auxiliary sections were
drawn on opposite sides of these lines at a sufficiently close
distance from the main ones. Along these sections, the values
of the tangential stresses and were determined, as well as the
difference of these stresses between the auxiliary sections.

Zabrodskyi et al.

b)

d)

e)

Figure 4. Photocopies of isochromes of samples
with different angles of carbide plate fixation

Note: a) y=30°; b) y=15°;¢) y=0°; d) y=-15°; e) y=-30°
Source: compiled by the authors

The values of the normal stresses ¢, and o, were deter-
mined using the following formulas:

Ax;
Oxn = Oxo — 2?=I(ATX3’)L'§; ™
Ayy
g'yk = g'yo - Z$=1(ATxy)r é + Y Zle Ayr; (8)

where n, k are the number of measured points along the x and
y axes, respectively; o,, 0, are the known values o,i o, at the
starting point of integration; Ax, Ay, are the intervals along
the x and y axes through which measurements were made;
Ax, Ay — are the distances between parallel auxiliary sections
along the x and y axes, respectively; yY, Ay, is the product of
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the volume weight and the length of the integration segment
(taken into account if the model works under its own weight).

The dangerous cross-section of the carbide insert was
determined according to the second theory of strength. To
do this, first, knowing the values of ¢,, 0, and t,,,,, the val-
ues of the principal stresses o, and o, were calculated. Next,
the value of the equivalent stress o,,, was calculated for the
case of a plane stress state:

Oequ = 01 — UO3. )

In each of the three longitudinal sections of the plate:
near the surface, in the middle, and at the base for all an-
gles of the plate installation, the calculation was performed
for ten points (Fig. 5).

Figure 5. Scheme of the study on the example of a sample
with a plate hard-metal insertion angle of y=-15°
Note: the numbers show the division of the field into zones

Source: compiled by the authors

Based on the values of ¢, the dependences of the lo-
cation of dangerous sections in them and the value of o,
at different angles of the carbide plate installation were
obtained. The tensions distribution graphs o, (in values
are presented strips) are shown in Figures 6-8. The analysis
of the results of the surface zone study (Fig. 6) showed that
the largest number of stress bands occurred in the plate
with the installation angle of y=15° and y=30°, i.e., the
samples shown in Figure 4a and Figure 4b. The plates
with attachment angles of y=-15° and y=-30° (Fig. 4d and
Fig. 4e) show the same result, i.e., no load tensions strips.
For the specimen with an insertion angle of y=0° (Fig. 4c),
the smallest number of tensions strips occurred at the end
connection to the holder. An increase in the load at the end
connection indicates dangerous sections and areas of pos-
sible insert cracking, which will lead to further loss of the
integrity of the cutting tool. The study of the middle zone
(Fig. 7) along the length of the hard metal insert showed
the largest number of stress bands for the sample with
an insertion angle of y=0° in the front part of the insert
and for the sample with an insertion angle of y=15° at the
point of attachment of the end part to the holder. Almost
the same number of stress bands along the length of the
middle zone was observed for the specimen with an inser-
tion angle of y=30°, which may indicate a possible reason
for the low durability of this type of cutting tool. Along the

base of the carbide insert (Fig. 8), the highest tensions oc-
cur in the specimens with an installation angle of y=30°
and y=15°. The lowest tensions are observed in the method
of installing carbide inserts with an angle of attachment
to the holder of y=-30° and y=-15°. Under the condition
of direct attachment, i.e., the angle of installation is y=0°,
almost the same level of load is observed along the meas-
urement points, which poses a hidden threat of destruction
of the soldering point of the insert to the holder.

Tensions o, ,
strips
O N W W

2 3 4 5 6 7 8 9 10
Distance at points along the plate

—_

Figure 6. Stress distribution o,,, along the front surface
of a hard metal insert at different installation angles

Note: m -y=30°;, m —y=15°; m —y=0°;, -—-y=-15°%m -
y=-30°
Source: compiled by the authors
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Figure 7. Stress distribution pattern o,
along the middle section of a hard metal insert
at different installation angles

Note: m - y=30°;, m —y=15°; m —-y=0°;, -—-y=-15°m -
y=-30°
Source: compiled by the authors
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Figure 8. Stress distribution o, along the base
of the hard metal insert at different installation angles
Note: m - y=30°;, m —y=15°; m —y=0°;, -—-y=-15°%m -
y=-30°
Source: compiled by the authors

A significant amount of research into factors affecting
the durability of cutting tools has focused on through-type
turning tools. This is understandable, since this type of
tool performs the main work in turning. The insufficiently
studied factors affecting the durability of cut-off turning
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tools prompted the search for a scientific solution to the
problem. According to M. Zheng et al. (2012) cut-off tools
operate under very harsh conditions, and the main cause
of failure is the breakage of their carbide inserts. In ac-
cordance with the findings of M. Zheng et al. the primary
cause of failure in cut-off turning tools has been identi-
fied as carbide insert breakage. The proposed methods by
A. Kurt et al. (2015) for studying the stress-strain state do
not allow for a full assessment of all the factors involved,
in particular the geometry of the cutter, on the destruc-
tive loads acting on it. The gap in these studies has been
addressed by the current study, which emphasises the in-
fluence of geometric parameters — specifically, the instal-
lation angle of the carbide inserts — on stress distribution
and overall tool durability Thus, studying the influence of
geometric parameters on the stress state of carbide inserts
of cut-off turning tools using the photoelasticity method
makes it possible to optimise the design of tools, which
will increase their strength and service life. While earli-
er studies by A. Pandey et al. (2024) focused on wear and
temperature-induced failure, the current study provides a
more precise understanding of the mechanical stress fac-
tors. The current study offers new insights into the rela-
tionship between tool geometry and stress concentration,
which can help optimise tool design and extend service life.
Although the photoelasticity method is not as com-
monly used in modern analytical research due to the de-
velopment of alternative techniques, it still offers signif-
icant advantages, as highlighted by Q. He et al. (2025).
Specifically, this method is known for its high sensitivity,
non-destructive nature, and ability to provide detailed in-
sights into stress distribution. These advantages make the
photoelasticity method particularly valuable for studying
the stress-strain state of cutting tools under operational
conditions. Geometric parameters of the tools themselves
are among the critical factors affecting the reliability and
durability of cutting tools. S. Shvets & V. Astakhov (2020)
emphasised that the required geometry of the cutting sys-
tem is achieved by adjusting the tilt of the carbide insert
in both radial and axial directions. This observation aligns
with the current study, which also investigates the impact
of carbide insert installation angles on stress distribution
and tool durability, further supporting the importance of
geometric optimisation for enhancing tool performance.
The durability of turning tools has a significant impact
on machine tool productivity. According to research by
S. Ghosh et al. (2018), cutting tool failure causes almost
20% of machine downtime. It is very important to know the
remaining service life of the cutting tool in order to replace
it in a timely manner that meets the goals of sustainable
development - responsible use. However, it is difficult to
predict the service life of a cutting tool because each cut-
ting tool has different characteristics when cutting metal.
Cutting conditions such as feed rate, cutting speed,
depth of cut, as well as workpiece material and tool ma-
terial, have a significant impact on tool durability. These
factors directly influence the wear rate and lifespan of the
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cutting tool, making it essential to optimise machining pa-
rameters to extend tool life. A.A. Yontar & Y. Kartal (2017)
explored the effects of various cutting parameters on tool
wear and machinability, emphasising the complexity of
predicting tool lifespan due to the dynamic nature of these
factors. Similarly, L. Bouzidab et al. (2018) highlighted the
importance of optimising cutting conditions, particularly
when finishing AISI 304 stainless steel, to minimise flank
wear and maximise tool life. Both studies underscore the
need for a comprehensive understanding of cutting param-
eters to improve tool performance and minimise downtime.

Tool geometry, such as positive/negative frontal an-
gle or honed/beveled edge, also has a significant impact.
A study of the causes of cutting tool failures by A. Rizzo et
al. (2020) has shown that during the metal cutting process,
cutting tools must withstand high heat, high pressure,
abrasion, thermal and mechanical shocks. This finding
aligns with the current study, which also underscores the
critical role of cutting forces in determining the stress state
within the carbide insert. Control and analysis of stress
conditions are crucial for the reliability of elements. Ignor-
ing stress concentrations can lead to structural failure, as
demonstrated in the analysis of the silo tower collapse by
Ye. Bakulin et al. (2022). Therefore, the data obtained in the
current study on the distribution of stresses in a carbide
plate allow reasonably selecting the optimal method of
fastening it and prevent premature tool failure. The deci-
sive parameter affecting the strength of a carbide turning
tool insert is the cutting forces that arise during metal ma-
chining and, accordingly, cause a certain stress state in the
insert body. Therefore, when designing a tool, it is very im-
portant to know the relationships between the parameters
of the insert geometry in the tool coordinate system.

The influence of destructive factors was studied using
a non-destructive photoelasticity method with a polari-
sation-projection device. Based on the obtained photos,
isochromes and isoclines were used to determine the max-
imum permissible stresses in a carbide plate depending
on its geometric shape and the angle of installation in the
holder. The most acceptable from the point of view of the
minimum tensions can be considered samples with carbide
insertion angles of y=-15° and y=-30°. This installation
method will ensure the highest durability of the carbide
insert and the cutting tool as a whole. The intermediate
position is occupied by a sample with a mounting angle
of y=0°, but the significant load on the front of the insert
in the middle zone and the connecting end part can cause
cracks and contribute to further destruction of the tool
integrity. Regardless of the angle of insert insertion, the
maximum loads occur in the cutting zone, which may be a
determinant of tool life and requires further research.

The durability of cutting tools is influenced by a com-
plex interplay of factors, including cutting conditions, tool
geometry, and material properties. Research has shown
that factors such as feed rate, cutting speed, and depth of
cut, along with tool and workpiece materials, significantly
affect tool wear and lifespan. Additionally, the geometry
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of the tool, such as insert angles and edge design, plays a
crucial role in determining stress distribution and tool per-
formance. Cutting tools, particularly those with carbide in-
serts, must withstand high heat, pressure, and mechanical
stresses, making it essential to understand the relationship
between cutting forces and tool geometry. As demonstrat-
ed in the current study, optimising these parameters is key
to improving tool durability and minimising failures. These
insights pave the way for further advancements in tool de-
sign, with a focus on optimising geometry and cutting con-
ditions to enhance tool life and operational efficiency. The
findings underscore the importance of comprehensive ap-
proaches to tool design and machining process optimisation
for the future of sustainable and efficient manufacturing.

CONCLUSIONS

Hidden fracture of the inner part of carbide inserts is dif-
ficult to detect visually, compared to the possible appear-
ance of cracks on their surface. This study provided a clear
understanding of the distribution of loads along the car-
bide insert along its width. In an applied sense, it is impor-
tant to know the geometric features of the cutting tools to
establish the required angles of attachment of carbide in-
serts to the holder, depending on the specified production
conditions. This will increase the service life of the cutting
tools and the productivity of metal cutting operations.
According to the results of the studies, it was found
that the angle of attachment of the carbide insert to the
toolholder significantly affects the stress distribution in it

during tool operation. It is the current level of stress in the
defined zone of the carbide insert that determines its re-
sistance to cracking and subsequent fracture. In terms of
insert strength, the most optimal setting angle is y=-30°,
since the minimum value of dangerous stresses o,,, is ob-
served along the measurement points in all three zones
along the width of the insert.

The results have shown that the most dangerous op-
tion for installing a carbide insert in a holder is an an-
gle of y=130°. The maximum stresses occur in all studied
zones along the width of the insert along the measurement
points, compared to the attachment angles of 15°,0°,-15°,
and -30°. The sample with an attachment angle of y=30°
can be considered to have the best surface finish quality in-
dicators. However, even minor deviations from the machin-
ing process technology cause significant wear and frequent
tool breakage. Further research should focus on a deeper
investigation of the impact of various geometric parame-
ters of carbide inserts on their stress resistance under dif-
ferent machining conditions.
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JocnipkeHHS HaNpy)XeHOoro cTaHy
TBepAoCcnNaBHOI NJIAaCTUHMU Bigpi3HOro pisuda

AHoTauid. PizanbHi iHCTpyMeHTH 3 TBEPAOCIUIABHUMM IJIACTUHAMM TIPAIIOIOTh Y JKOPCTKUX YMOBAX, SIKi MOXYTh
CIIPUYMHUTU PO3TPiCKyBaHHS Ta PYIHYBaHHS, OCKIIBKY iXHSI MillHiCTb 6e31ocepeSHbO 3aMeXUTh BiJj HAMIPYsKeHO-
nedopmoBaHoro crany. JoctigkeHHs 6y/I0 MPOBeIeHO 3 MeTOI0 BM3HAUEHHS BIUIMBY KyTa BCTAHOBJIEHHS B JeP5KaBKy
HalasHUX TBEPAOCIUIaBHUX IIACTUH BiApi3HMX pi3LiB Ha iX HaNpykeHUi cTaH. EKcriepuMeHTalbHI LOCTiAKEHHS
3a MeTOJ0M (POTOIPY)KHOCTI BiI3HAYAIOTHCSI BUCOKOKO Uy TJIMBIiCTIO, HEPYITHIBHMM BIUIMBOM, HAOUHICTIO, IIBUAKICTIO
OTPMMaHHS pe3y/abTaTiB. BUKOHyBany JOCTiIKeHHS Ha oS pU3aliliHO-IPoeKILiliHii ycraHoBLi ITITY-7 3 BUKOPUCTaHHSIM
disuuHMX MoJeneit TBepAOCIUIABHUX IUIACTUH 3 ONITUYHO-UYTAMBOro Mmartepiany E[I-6, ki MpuegHyBaIUCh y IepKaBKy
3 pi3HMMM KyTaMy BCTaHOBJIeHHS. OTprMaHi GOTOKAPTKY i30XPOM Ta i30KJIMH JO3BOIMIN OLIIHUTY peabHy Bi3yaabHy
KapTUHKY [il0uMXx Hallpy>XeHb. [1if] yac ekcriepMMeHTy MOJesi BigpisHMX pi3LiB HaBaHTaXXyBaJMCs 3a JOIIOMOTOI0
crierfiaJibHO PO3POO6JIEHOTO CTEHY, 10 MOJENI0BaB CUIY pizaHHs. PO3paxyHOK TOJIOBHUX HAIPYy>KeHb BUKOHYBABCS
METOJIOM Pi3HMIIi JOTMYHMX HAIIPYyKeHb [T 00paHUX KyTiB BCTAHOBJIEHHS IJIaCTUH. [I0BeleHO, 1[0 KyT IpMUETHAHHS
TBEPAOCIUIABHOI TUIACTVHM J0 JepkaBka 6e31epeyHo BIUIMBAE HA PO3TO/iJ B Hiil HANIPyKeHb ITiJl YaC MEeTaJI000pPOOKNA.
BcTaHOBJIEHO KiTbKiCHMI 3B’S130K MiXK BEJTMUYMHOIO KyTa MPUESHAHHS IO JeP>KaBKM Ta BEIMUMHOIO TiI0UMX BHYTPIlIHIX
HampyXeHb Y TBePAOCIUIABHOI TacTMHKN. Halibinbuii HanpykeHHs o,,, Mil0Th B Iiepepisi pixkydoro jesa TBepAoCIIaBHOL
IIJIACTMHM He3aJIeXXHO Bif, KyTa IpUEeIHAHHS [0 AepskaBka. BcTaHOBIeHO HaliMeHIINIi piBeHb Jil0YMX Hallpy>KeHb B3[I0BXK
TOYOK BMMipIOBaHHS Y TPhOX 30HAaX 3a LIMPUHOIO TBEPIOCIVIABHOI IVIACTMHM IIPU NIPUEAHAHI 10 AepsKaBKa IiJ KyTom -30°.
3a yMOBM KyTiB mpuegHanHs 15°, 0° Ta -15° BUHMKAIOTh KPUTUYHI HAIPYKeHHST Y BCiX TOCTiIKeHMX 30HaX 3a IMPUHOIO
IJIACTMHMY B3[0BXX TOUYOK BUMipIOBaHHSI

Knio4oBi cnoBa: i30k/11H; i30XpoM; aHi30TPOITisT; HOTOMPYKHICTh; KYT BCTAHOBJIEHHS
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