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This work aims to determine the Kearns texture parameters and evaluate on their basis the elastic moduli,
mechanical properties (ultimate tensile strength, conditional yield stress), as well as damageability parameters of
the sheets commercial titanium (CT-grade 1: 0.04 % Fe; 0.015 % C; 0.05 % N 0.05 % c; 0.009 % H) as delivered
after rolling and annealing at 840 °C (original sheet) and further alternating bending (AB) in the amount of 0.5; 1,
3 and 5 cycles. Damageability parameters characterizing damage accumulation were determined from the elastic
modulus change after the above-mentioned number of AB cycles relative to the values of the elastic modulus in
different directions of the original sheet of the studied titanium. The elastic constants of the single crystal and the
Kearns texture parameters were used to estimate the elastic modulus in the rolling direction (RD) and transverse
direction (TD) of the original sheet, and sheets after an above number of AB cycles. The deviation of the calculated
and experimental values of the elastic modulus did not exceed 5 %. The deviation of the calculated and
experimental values of the ultimate tensile strength and yield stress in the RD and TD both in the initial state and
after the corresponding number cycles of the AB did not exceed 10 %.
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Introduction

The wide use of titanium and its alloys in aviation and
rocketry is due to its relatively low density and high
specific strength. The hexagonal crystal structure of
polycrystalline titanium grains contributes to the
development of anisotropy of semi-finished products due
to the formation of a crystallographic texture during
processing. The anisotropy of semi-finished products can
limit the practical use of titanium and its alloys, increasing
the amount of scrap in products (for example, the
formation of festoons during stamping).

However, texture can not only serve as a source of
waste in products. The creation of a certain texture in a
metal material can significantly increase the strength of
products. For example, the creation of a favorable texture
in the VT5-1 titanium alloy makes it possible to increase
the deformation resistance under biaxial tension by 45 %
in comparison with the uniaxial one [1].
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Most modern sheet metal processing technologies
involve mechanical or thermal action, which inevitably
causes the formation of internal stresses in the material.
The severity of such phenomena depends on the chemical
composition, the initial stress state of the metal, as well as
a number of other characteristics. As a result, a number of
difficulties arise associated with the subsequent
processing of such parts, obtaining a given geometry, and
known product rejects. Before using rolled metal, it uses
his leveling (straightening) on roller straightening
machines. The material is subjected to alternating bending
(AB) at the straightening, which provides good flatness at
the output. Such processing allows reducing the internal
stresses of the metal, to give it the necessary plane
characteristics, which greatly facilitates the subsequent
processing and has a positive effect on the quality of the
finished product [2]. Due to the relatively small plastic
deformation in the process of straightening, the structure
of the metal and its mechanical characteristics change, this
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is often not taken into account in the future. Thus, it is
relevant to study the effect of alternating bending on the
physical and mechanical properties of titanium and its
alloys.

A limited number of works have been devoted to the
study of the influence of alternating bending during the
straightening of titanium sheets. It is found, for example,
in [3] in the process of alternating bending of titanium
sheets, a periodic change in texture from {1124}(1120) to
orientation {1014}(1120) and vice versa, in the number
and types of deformation twins in the microstructure, the
formation of basic texture components It is shown that the
main changes in mechanical properties and structure occur
in the course of the first three to five cycles of AB. Linear
correlations have been established between the averaged
values of the pole density P,,3, as the most intense texture
component on the inverse pole figures (IPF) of the normal
direction (ND) to the rolling plane of the studied titanium
sheets, on the one hand, and the averaged values of the
conditional yield stress (oy) and ultimate tensile strength
(oyrs), on the other hand, with approximation reliability
coefficients of 0.83 and 0.88, respectively. The effect of
the alternating bending and crystallographic texture on the
damage parameter anisotropy of industrial titanium sheets
at subsequent uniaxial tensile tests was studied in [4].
Damage caused by the stresses of the yield point and
ultimate strength were evaluated. It is shown that the
damage parameter increases with an increase in the
number of alternating bending cycles. Correlations of the
anisotropy of the damage parameter and mechanical
characteristics with the total value of the pole density
exceeding unity at the IPF of the ND have been found. The
Kearns texture parameters more objectively describe the
texture of materials with a hexagonal structure [5-7]. In
addition, the Kearns texture parameters make it possible
to estimate the value of the physical and mechanical
properties (for example, elastic) of a polycrystalline
material with a hexagonal structure from the known
characteristics of the corresponding single crystal [8]. The
purpose of this work was to determine the parameters of
the Kearns texture and evaluate, on their basis, the
modulus of elasticity, mechanical properties during
uniaxial tensile tests (ultimate strength, conventional yield
strength), as well as parameters of damageability of sheets
of commercial titanium (CT-Grade 1) titanium grade 1, as
in the state of delivery after rolling and annealing at 840 °
C (original sheet), and in the sheets after alternating
bending (AB) in the amount of 0.5; 1, 3 and 5 cycles.

I. Material and research methods

The material for the study was sheets of commercial
titanium (CT- grade 1: 0.04 % Fe; 0.015 % C; 0.05 % N;
0.005% O; 0.09% H) as delivered after rolling and
annealing at 840°C with a thickness of 1 mm (original
sheet). The original sheets were cut into strips with
dimensions (100 x 100) mm. Next, the strips were
subjected to alternating bending (AB) on a specially made
device using a roller with a diameter of 50 mm in the
rolling direction (RD). The speed of metal movement
during bending was ~ 150 mm/s. From the original sheet
and from the sheets after bending for 0.5, 1, 3, and 5
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cycles, three parties of samples were cut out for
mechanical tests in the RD, and transverse direction (TD),
as well as samples to study the texture.

To study the elastic properties, rectangular specimens
100 mm long and 10 mm wide were cut out from the
original sheets, as well as from sheets after AB, in the
rolling direction and the transverse direction. Young's
modulus was measured by the dynamic method from the
frequency of natural bending vibrations of a flat sample
[9]. The error did not exceed 1 %.

Mechanical tests were carried out on a tensile testing
machine 250N5A WN: 143331 with a force transducer ID:
0 WN: 805506 20 kN at room temperature for specimens
cut in NP and PN. The length and width of the working
part of the specimens were 15 mm and 12.5mm,
respectively. The values of mechanical properties were
taken as an average value over three parties of samples in
each direction.

Before examining the texture, the samples were
chemically polished to a depth of 0.1 mm to remove the
distorted surface layer. The crystallographic texture was
investigated from two surfaces of the samples after the
above-mentioned number of AB cycles by recording
inverse pole figures (IPF) in the normal direction (ND) to
the rolling plane (ND IPF) and the direction of rolling (RD
IPF) on a DRON-3m diffractometer in filtered Ka-Mo
radiation. The textureless sample was made from small
recrystallized sawdust of the titanium under study. Type-
setting samples were made for the recording of the RD
IPFs.

To characterize the damage accumulation, the so-
called damage parameter o is used, which was proposed
in the early works of Kachanov [10], Rabotnov [11] and is
developing in our time [12 - 14]. Damage parameter
0<w<1 characterizes the totality of microstructural
changes in the material caused by the appearance and
accumulation of micro defects under operational loads.
The damageability parameter is interpreted as the relative
reduction in the effective, load-bearing cross-sectional
area due to the accumulation of damage. Degradation of
the material is explained as a gradual decrease in the
effective area, which actually carries tensile loads and
determines the tensile resistance of the sample.

w = (So —$)/So, 1
where S,and S are the cross-sectional area of the intact
specimen and the current cross-sectional area of the
specimen, respectively; (S, — S)- the area occupied by
microvoids and microcracks.

With this interpretation, the damageability parameter
can be obtained from the change in the elastic modulus.
According to the hypothesis of equivalent deformation
[12], the damageability parameter @ can be found from the
relation:

wy; =1—-E/E,, )
where Eo and E are the elastic moduli of the intact
specimen and the current value of the modulus,
respectively.

If we use the model of equivalent elastic energy [13],
then we can define o as a tensor of the fourth rank:
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W, = 1= (E/E)"/?. ®)

Only one component of the tensor in (3) is nonzero for
uniaxial tension [11]. Damageability parameter » can be
found for uniaxial tension from the change in elastic
characteristics, taking into account the representative
volume element of orthotropic symmetry. This means that
the most complex anisotropy that can be represented is
orthotropic. Even with a high density of interacting cracks,
the effective elastic properties remained orthotropic with
good accuracy, as shown by Kachanov [10] by means of
micromechanical analysis. In [15], it was experimentally
shown that the assessment of the damageability parameter
based on the Lemaitre equivalent deformation model [12]
gives higher values of the damage parameter compared to
models based on the equivalent elastic energy model [13,
14], and which give close numerical values. Therefore, the
estimate of the damage parameter o according to (3) is the
best in comparison with (2) when analyzing the anisotropy
of damage to sheet material [15].

1. Experimental results and discussion

The experimental IPFs of the alloy under study are
shown in Fig. 1. In the original sheet (Fig. 1, a, b), a texture
was formed, which is a combination of the
recrystallization texture of the double deflected in the TD
basal type {1124}1120) with scattering up to
{10143}(1010), which previously described, in particular,
in [3, 4], and of annealing twins. It can be seen that all the
studied titanium sheets have the texture of the double basal
type deflected in the TD. However, the deflection angle
and pole density change depending on the number of AB
cycles (Fig. 1). Changes are observed in the character of
texture scattering (Fig. 1c - n). The values of the pole
density on the IPF also change.

To quantify the texture of hexagonal materials,
Kearns texture parameters are often used [5-8]. These
coefficients, f; (the index j means the corresponding
direction in the sample ND, RD, or TD), show the degree
of coincidence of the c-axes of the crystalline hexagonal
cell of grains with a given geometric direction in a
polycrystalline material. They can be found from the IPF
by the ratio:

fi = {cos®a); = 3. AiPjcos’a, (4)

Ii/lg |
YA T/1R)
intensity of the i-th reflex at the j-th IPF to the
corresponding value of the intensity of the reflex of the
sample without the texture I; I — statistical weights of
the i-th reflex (¥ 4;P; = 1) [16]. Conventionally, A; is
determined by the fraction of the surface area of the
stereographic triangle around the normal to the i-th reflex
of the corresponding OPF; «; is the angle of deviation
from the c axis of the i-th crystallographic direction for the
j-th direction in the sample.

For hexagonal single crystals, the value of some
properties of a single crystal P (¢), connecting two vector

where P;; = I;/Iz — the ratio of the integral
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quantities or a tensor with a scalar quantity, is determined
[17] as:

P((p)ref = PCCOSZ(p + Pa(l - COSZ¢), (5)
where P(¢).. is the property in the selected direction, F,
and P, is the property of the single crystal in the direction
perpendicular and parallel to the [0002] direction,
respectively, ¢ is the angle between the selected direction
and [0002].

Assuming that crystallites in a polycrystalline
contribute to the bulk property in proportion to their
volume fraction, Vi, the contribution to the bulk property
of crystals whose axes are oriented at an angle of
inclination ¢ to the chosen direction can be written as:

P(@)yres = PVicos?@; + PV;(1 — cosg,). (6)

Summing over the entire volume, we get:
P(@)rer = P X Vicos?@; + P, X V; (1 — cosey). (7)

Since ¥;V;=1, and ¥, V; cos®¢; = f; is the Kearns

texture parameter, we can write:
P(q’i)ref = ijc + (1 - fj)Pa- (8)

Kerns showed [8] that if a material property (such as
elasticity) can be described by a tensor, then they obey the
relation (8). In this case, the sum of f; in the three main
directions of the sample should be equal to one, and a
value of 1/3 in each direction determines the isotropic
case. Thus, if the Kearns texture coefficients found from
ND IPF (fyp) and RD IPF (fzp) are known, then the
Kearns coefficient for the third direction in the sheet — the
transverse direction (TD) — fp can be found by the ratio:

feo + fro + fro = 1. )

Kerns texture parameters calculated from ND IPF
(fyvp) and RD IPF (fgp) from the data in Fig. 1, as well as
those calculated by relation (9), are given in Table 1.

Analysis of the distribution of pole density on the OPF
of opposite sides of the sheets after a different number of
AB cycles showed certain inconsistencies (Fig. 1, c, d; f,
g; i, j; 1, m). The noted inconsistencies in the distribution
of pole density on the ND OPF after a different number of
AB cycles are reflected in the value of the Kearns texture
parameters calculated from the ND OPF of the opposite
sides of the sheets after the AB.

The cause of this discrepancy is that when bending to
one side, the metal layers on the convex side of the sheet
are subjected to tensile deformation. At the same time, the
corresponding metal layers on the concave side of the
sheet are deformed by compression. The deformation
processes are reversed when the bending
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Fig. 1. Experimental inverse pole figures of titanium: (a, b) - original sheet; sheets after reverse bending by 0.5 (c - €); 1 - (f-h); 3 - (i-k); 5 - (I-n)
cycles; (b, e, h, k, n) corresponds to the rolling direction (RD); (a, ¢, d, f, g, i, j, I, m) corresponds to the normal direction (ND) to the rolling plane;
(c, f, 1, 1) - the stretched side of the sheets; (d, g, j, m) - the compressed side of the sheets.
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sign changes. Similar inconsistencies in the distribution of
pole density on the IPF of the outer and inner sides of the
strips obtained after cutting along the axis tube made of
Zr-2.5% Nb alloy and straightening were found earlier in
[19]. For further analysis of the influence of alternating
bending on the properties of the studied alloy in the ND,
we used the values of the Kearns texture parameters fyp

averaged over hoth sides of the sheets £(%” after the
corresponding number of AB cycles.

The values of the studied titanium sheets elasticity
modulus measured and calculated at the ND, RD, and TD
according to relations of the type (8) are presented in Table
2. We used at the calculations the values of elastic
modulus of a single crystal of titanium [20], a close
chemical composition. According to [20] the elastic
modulus along the hexagonal ¢ axis (E, = 130 GPa), and
along the a-axis (E, = 99 GPa).

It is seen that the maximum deviation of the calculated
and experimental values of the elastic modulus does not
exceed 5 %. It was not possible to measure the modulus of
elasticity in NN due to the small thickness of the sheets (1
mm).

Analysis of the experimental values of the elastic
modulus of sheets shows that with an increase in the
number of AB cycles, the value of the elastic modulus

decreases. This is due to the accumulation of microscopic
damage with an increase in the degree of deformation (the
number of AB cycles), which leads to a decrease in the
effective cross-sectional area of the samples and an
increase in the damage coefficient in accordance with
relations (1) - (3). The results of assessing the damage
parameters based on the hypothesis of equivalent
deformation [12] according to relation (2), and on the basis
of the equivalent elastic energy model [13] (3) are
presented in Table. 3.

As can be seen (Table 3), the values of w; and w, in
the TD in the course of the AB are greater than their values
in the RD of sheets. In addition, with an increase in the
number of AB cycles to 5, the values of w, and w, of the
samples of the studied titanium in RD increase, while the
values w; and w, in the TD of sheets increase with an
increase in the number of AB cycles to 3, and after 5
cycles of the AB they decrease.

Let us estimate the ultimate strength oyr¢ and yield
strength oy of sheets of the studied titanium according to
the data for a single crystal. For this purpose, let us first
estimate the ultimate strength and yield strength of the
titanium single crystal of the commercial titanium (CP
grade 1) under study along the c axis (ofrs and oy,
respectively) and along the a axis (afrs and ay). There

Table 1
Kerns texture options
, Kerns texture options
Cycle’s number, n o) @ @) 7 f
ND ND ND RD D
0 0.593 0.593 0.593 0.236 0.171
0.5 0.549 0.573 561 0.240 0.474
1.0 0.573 0.541 0.557 0.249 0.194
3.0 0.512 0.523 0.518 0.248 0.234
5.0 0.528 0.522 0.525 0.248 0.227
Table 2
Calculated and experimental values of the elastic modulus titanium of grade 1
Number | EZ5<, Eyp E5', Exp AE/E ey, | EF5S, Exp AE/E exp.s
cycles, N GPa GPa GPa GPa % GPa GPa %
0 117.383 - 106.316 107.6 1.19 104.301 104.8 -0.5
0.5 116.391 - 106.440 107.4 0.89 105.169 104.0 1.1
1.0 116.267 - 106.719 106.4 -0.30 105.014 103.6 1.7
3.0 115.058 - 106.688 106.0 -0.65 106.254 102.5 3.7
5.0 115.275 - 106.688 105.4 -1.22 106.037 103.0 3.0
Table 3
Dependence of the damage coefficient @ on the number of AB cycles
Cycle’s ©1= 1<y; E/Eo, w,=1— (E/E))*5, % | wy, =1—E/E;,% | w, =1— (E/Ey)°> %
number, n RD TD TD
RD
0 0 0 0 0
0.5 0.19 0.09 0.76 0.38
1.0 1.12 0.56 1.15 0.57
3.0 1.49 0.75 2.19 1.10
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Table 4

Ultimate strengths o, measured and calculated using the parameters of the Kearns texture (Table 1) and the
values of afirs and afjrsa of a titanium single crystal (12), (13)

Number JLIIVTPS calc’ UII/VTDS exp’ 01}1271")5 calcy 0_(}]?'?5 exp! AG/G@XP-‘ 0—57125 calc 0_171?5 exp’ AU/U@XP-‘
cycles, N MPa MPa MPa MPa % MPa MPa %
0 380.3 - 386.0 365.0 5.8 387.0 365.0 6.0
0.5 380.8 - 385.9 372.0 3.7 386.6 380.0 1.7
1.0 380.9 - 385.8 365.0 5.7 386.7 382.0 1.2
3.0 3815 - 385.8 375.0 2.9 386.0 391.0 -1.3
5.0 381.4 - 385.8 370.0 4.3 386.2 385.0 0.3

Table 5

Yield strengths o, measured and calculated using Kerns texture parameters (Table 1) and the values of gy u gy of
the titanium single crystal (12), (13)

Number | ay'oy, O oxp» OF Calc: OFoxpr | D0/ exp, Oy 2alc: OF oxp, Ao/ exp.
cycles, N MPa MPa MPa MPa % MPa MPa %

0 320. - 325.7 300.0 8.6 326.5 305.0 7.1

0.5 321.3 - 325.6 297.0 9.6 326.2 300.0 8.7

1.0 321.3 - 325.5 300.0 8.5 326.2 310.0 5.2

3.0 321.9 - 3255 310.0 5.0 325.7 336.0 -3.1

5.0 321.8 - 325.5 320.0 1.7 325.8 340.0 -4.2
are no such data in the literature. However, they can be
found using hardness data from nanoindentation results. ol = fep - 05rs + (1 = fgp) - 0frs (14)
These results differ significantly depending on the
titanium purity. Thus, for titanium of high purity (iodide ol = frp - 05rs + (1 — frp) - 0lrs (15)
titanium, HP Ti, CP Ti (grade 1)), the minimum value of
hardness was found upon nanoindentation of the basal o8P = frp - Obrs + (1= frp) - 0rs (16).
plane [21, 22]. At the same time, in titanium of lower
purity, as, for example, in commercial titanium CP Ti Similarly for the yield points, we get:
(grade 2), the basal plane is the hardest [23-25]. In [22],
experimental results of measuring the Vickers hardness P = for - 0§ + (1 — fap) - OF (17)
(Hy) along the hexagonal axis (Hy = 1770 MPa) and
across it (HY = 1220 MPa) are presented in single 038 = frp - of + (1 — frp) - o (18)
crystals of pure titanium, which chemical composition is
close in to the one studied by us in this work. We estimate OFP = fup - 06 + (1= frp) - 0% (19)

the values of the corresponding ultimate strength o+ and
yield strength o using empirical relations [26], which
have the form:

12.5n]"
1 1

Ours = 2L (1—n) - [22 (10)

= 2. 0.nn,

o
Y 3

11)
where n is the hardening parameter equal to 0.11 for
titanium according to the data of [26].

Using relations (10) and (11), as well as the values
H$ = 1170 MPa and H} = 1220 MPa, we obtain:

o§rs= 374 MIla, oy= 315 MIla (12)

0frs= 356 MIla. oy= 329 MIla. (13)

To estimate the ultimate strength of the titanium under
study, we use relationships similar to (8):
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The results of calculations and measurements of
ultimate strength are presented in Table 4.

The results of calculations and measurements of the
yield strength are presented in Table 5.

As can be seen from Tables 4, 5, the maximum
deviation of the strength and vyield strength values
measured in RD and TD of the sheets of the studied
titanium and calculated using the Kerns texture parameters
does not exceed 10%. It is not possible to measure the
aforementioned strength characteristics in DN of the
titanium sheets under study due to their small thickness (1
mm).

Conclusion

The Kearns texture parameters were found, and on
their basis the elasticity moduli and mechanical properties
were estimated during uniaxial tensile tests (ultimate
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strength, conditional yield point) of grade 1 titanium
sheets (0.04 % Fe; 0.015% C; 0.05% N; 0.005 % O;
0.09 % H) as delivered after rolling and annealing at
840 °C (original sheet) and further alternating bending
(AB) in the amount of 0.5; 1.0, 3.0 and 5.0 cycles.

The Kearns texture parameters, which show the
degree of coincidence of the hexagonal axis of the crystal
cell of grains with a given geometric direction in a
polycrystalline sample, were calculated from the inverse
pole figures of the normal direction to the sheet plane and
inverse pole figures of the rolling direction.

The elastic constants of a single crystal of commercial
titanium (CT Grade 1) and the calculated parameters of the
Cairns texture were used to estimate the elastic modulus
in the direction of rolling in the transverse direction of the
original sheet, as well as after above number cycles of
alternating bending. The calculated values of the modulus
of elasticity deviated from the corresponding measured
values within 5 %.

Damageability parameters characterizing damage
accumulation were determined from the change in the
elastic modulus after the specified number of alternating
bending cycles relative to the values of the elastic modulus
in different directions of the original sheet of the alloy
under study. Damageability parameters were calculated
using equivalent deformation and equivalent elastic
energy models. It was found that the damageability
parameters in the transverse direction in the process of
alternating bending are greater than in the direction of
sheet rolling. In addition, with an increase in the number
of cycles of alternating bending to 5, the parameters of the
damageability of the samples of the studied titanium in the
direction of rolling increase, at the same time, the
damageability parameters of in the transverse direction of

letters increase with an increase in the number of cycles of
alternating bending to three, and after five cycles of
alternating bending, they decrease.

On the basis of empirical relationships between
hardness and strength, the values of the ultimate strength
and yield strength of a titanium single crystal were found
along its hexagonal axis and perpendicular to it. The
tensile strength and yield strength of the studied
polycrystalline titanium sheets, both in the initial state and
after the corresponding number of alternating bending
cycles, were estimated in the rolling and transverse
directions using the above ultimate strength and yield
strength of a titanium single crystal and Kearns texture
parameters. The deviation from the corresponding
experimental values did not exceed 10 %.

The methods described above for assessing the
physical and mechanical properties of the polycrystalline
materials with a hexagonal structure can be used in cases
where it is difficult or impossible to measure the property
in a certain direction of a polycrystalline sample. For
example, in the direction normal to the plane of thin
sheets, or after wire drawing, as well as after screw
extrusion of the sample, perpendicular to their axis.
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B.B. Ycos!, HM. lIkarynsk?, O.C. CaBuyk?, H.I. Pubax!

ITapamerpu TekcTypu KepHca, MexaHi4yHi BJaCTUBOCTI Ta MOMIKO/IKYBAHICTh

THUTAHOBHUX JIUCTIB MiCJI 3HAKO3MIHHOI0 BUTHHY

UTisoennoyxpaincokuii nayionanonuti nedazo2iunuti yniepcumem imeni K.JI. Ywuncvrozo, Odeca, Yrpaina,
valentinusov67 @gmail.com
2Hayionanvhuii yuisepcumem «Odecvka mopcoka axademiay, Odeca, Yrpaina; 29816@yandex.ua

Meroto naHoi poOOTH € BU3HAYCHHs ITapaMeTpiB TekcTypu KepHca i omiHKa Ha X OCHOBI MOJIYJTiB NPY>KHOCTI,
MEXaHIYHUX BJIACTUBOCTEH NpH BHUIPOOYBaHHAX Ha OJHOBICHHII pO3TAr (Mexa MIIHOCTi, YMOBHa MeXa
IUTMHHOCTI), a TaKOX MapaMeTpiB MOMIKOKyBaHOCTI aucTiB TuTaHy Mapku 1 (0,04 % Fe; 0,015 % C; 0,05 % N
0,05 % B; 0,009 % H) B cTani mocTaBku micis BajbloBaHHA 1 Binnamy npu 840°C (BUXiTHHIA JIHCT) 1 TOJATBIIOTO
3HaK03MiHHOTO BUTHHY (3B) B KkinmbkocTi 0,5; 1, 3 1 5 nukoiB. [TapameTpy NOMIKOIKYBAaHOCTI, IO XapaKTEPH3YIOTh
HAKOITMYEHHS MOUIKOKEHb, BU3HAYAIH 31 3MiHI MOJYJISl MPYKHOCTI TMiCHs BUIIE3a3HAUYEHOTO 4Kcia MukiIiB 3B
BiZTHOCHO 3Ha4Y€Hb MOJYJIS NPYXKHOCTI B PI3HHUX HANPSIMKaX BUXIJHOTO JIMCTA OCIIDKYBaHOTO cuiaBy. KoHcTanTH
MIPY>KHOCTI MOHOKPHCTANIIB 1 po3paxoBaHi IapameTpu TeKcTypu KepHca BHKOPHCTAHO JUISt OLIHKH MOIYJIS
MIPY>KHOCTI B HanpsMKy BajbiioBaHHs (HB) i nonepeunomy nHanpsmky (ITH) BuXifHOTO JMCTH, a TAaKOX JIUCTIB
TTicyIst 3a3HaYEeHOro BUIIe Yncia UKIiB 3B. BigxuneHHs po3paxyHKOBUX i eKCIEpUMEHTAIbHIX 3HAYEHb MOJTYJIS
MIPY>KHOCTI HE MepeBUINII0 5 %. BimxuneHHs po3paxyHKOBUX 1 eKCIIepIMEHTaIbHIX 3HAYeHb MEXi MIITHOCTI i
MEXI TEKy4OCTi TOCHIPKyBaHUX JIUCTIB MoikprcTanigHoro Tutany B HB i [TH, sk B modaTkoBOMY CTaHi, Tax i
TiCJIs BIAMOBIAHOT KibKoCTI nukiIiB 3B He mepesumrysamm 10 %.

KnrouoBi cimoBa: mapamerpu TekcTypu KepHca, MOmynmh HpYXKHOCTI, MeXa MIIIHOCTi, YMOBHa MeXa
IUTHHHOCTI, TTapaMeTp MOMIKOKyBaHOCTI.
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