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This work aimed to experimentally determine of the Kearns texture parameters, elastic moduli, mechanical
properties (ultimate tensile strength and yield strength) of sheets of an alloy of Mg 5 wt. % L. after various types
of processing: 1) extrusion at 350 ° C through a rectangular die; 2) rolling with a change in its direction by 90° and
intermediate annealing at 350°C after each pass; 3) after the subsequent alternating bending (AB) by 0.5; one; 3
and 5 cycles and evaluation of the elastic and mechanical properties of the corresponding single crystal of the alloy
under study using the indicated data. The moduli of elasticity and strength characteristics of the studied
polycrystalline samples were determined in the rolling direction (RD) and transverse direction (TD). Using the
found parameters of the Kearns texture and the elastic and mechanical properties of the sheets, the values of the
elastic modules and the ultimate strength and yield strength of the single crystal of the above alloy were estimated.
The found modules of elasticity of a single crystal of an alloy Mg-5 wt. % Li deviate from their values found in
previous studies by no more than 7.5%. Elastic modules and strength characteristics of the studied samples of
magnesium alloy Mg 5 wt. % Li calculated from the single crystal data deviate from the experimental data by no

more than 10%.
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Introduction

Magnesium-lithium alloys are interesting as
biodegradable materials. Due to their low Young's
modulus and increased corrosion resistance, these alloys
have proved to be promising for endoprostheses (stents)
of blood vessels, biodegradable or bio-absorbable stents.
An important advantage of such stents is that due to good
biological compatibility in a living organism, the
structural material of the stent dissolves slowly.
Subsequently, the device gradually disappears after it
performs its medical function of supporting the vessel
wall. Thus, the disappearance of the stent prevents the
occurrence of thrombosis [1]. For example, biodegradable
alloys Mg-3.5Li, Mg-8.5Li, Mg-14Li (wt.%) are known
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[2]. An increase in lithium in binary magnesium alloys
promotes an increase in their plasticity, but at the same
time, strength can still be sufficient for many biomedical
applications [2].

Alloys based on Mg-Li are promising for use in
aerospace, aviation, and transport structures, as well as in
super heavy communication systems due to their low
density and significant strength per unit mass [3]. But the
practical use of these alloys is limited, in particular, by the
deficiency of information about the anisotropy of their
physical and mechanical characteristics. The anisotropy of
properties is largely due to the crystallographic texture
that occurs during various types of heat treatment and
deformation of magnesium alloys [4]. The effect of texture
on the anisotropy of the elastic and mechanical properties
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of magnesium-lithium alloys has not yet been sufficiently
studied.

It is known that most modern sheet metal processing
technologies imply mechanical or thermal effects that
cause internal stresses in the material. The degree of their
manifestation depends on the chemical composition, the
initial stress state of the alloy, etc. As a result, several
difficulties arise in the further processing of parts,
obtaining a given geometry, which can lead to spoilage of
products. Before use, rolls or sheets of metal are often
subjected to straightening, this consists of an alternating
bending (AB) on roller straightening machines to ensure
good flatness [5].

From a practical point of view, such processing makes
it possible to reduce the internal stresses of the metal. But
even a small plastic deformation during alternating
bending leads to noticeable structural transformations of
rolled metal and its mechanical characteristics, the study
of which is practically important.

From a scientific point of view, with alternating
bending, it becomes possible to study the processes of
changing the microstructure and texture during tension
and compression of the same sample, on which, during
bending, one side of the metal is stretched, and the other
side is compressed. Data on metal properties, including
elastic modulus, allows the design of products with
expected and optimal properties for fatigue or failure.

Experimental determination of certain characteristics
of a polycrystalline sample (elasticity or strength) is
sometimes quite difficult, or impossible. For example,
after helical extrusion in a direction perpendicular to the
axis of extrusion, due to the limited thickness of the
sample, there are known difficulties in measuring
mechanical and elastic properties.

The description of the texture of a polycrystalline
sample with a hexagonal structure using the Kearns
parameters [6-8] in principle makes it possible to
determine the physical and mechanical properties of the
metal if the corresponding characteristics of a single
crystal are known [9, 10].

In the proposed work, the authors tried to solve, to a
certain extent, the inverse problem, namely, to evaluate
certain characteristics of the Mg-5% L.i (wt.) single crystal
from the Kearns texture parameters and experimental of
corresponding properties values of polycrystalline
samples of the indicated magnesium alloy.

This work aimed to determine of the Kearns texture
parameters as well as, mechanical properties (tensile
strength and yield strength) of a polycrystalline binary
Mg-5% Li alloy (wt.) after extrusion processing, rolling
with a change of direction by 90° as well, as after further
alternating bending by 0.5; 1.0; 3.0 and 5.0 cycles and
evaluation of the elastic and mechanical properties of the
corresponding single crystal of the investigated alloy
according to the above data.

I. Material and methods of investigation

The original cylindrical work piece alloy Mg-5% L.i
(wt.) 120 mm long was first deformed by extrusion
through a rectangular matrix at a temperature of 350°C.
The resulting plates 6 mm thick, 60 mm wide and 120 mm
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long were rolled further in one direction. Rolling was
carried out in 2 passes with intermediate heating up to
350°C and sheets with a thickness of 4 mm were obtained
(treatment No. 1)

The sheets obtained in this way were rolled further in
a direction perpendicular to the previous one, with a
reduction of 10% per pass. For 10 passes with intermediate
heating up to 350°C after each, sheets with a thickness of
2 mm were obtained. Next, the rolling direction changed
again by 90° and carried 1 pass with a degree of
deformation on a thickness of 10%. Further the rolling
direction was changed by 90° after each pass and so was
obtained the sheet a thickness of 1 mm (treatment No. 2).

Alternating bending (AB) (treatment No. 3) of such
sheets with a thickness of 1 mm was carried out using a
special device consisting of three rollers and driven
manually. The bending roller had a diameter of 50 mm.
During bending, the metal moved at a speed of
~150 mm/s. The bending in one direction corresponds to
0.25 cycles. The return to the original flat state
corresponds to 0.5 cycles. Then, bending in the opposite
direction (0.75 cycles) and return to the flat state (1.0
cycle) were carried out. Samples for the study were cut in
the rolling direction of (RD) and the transverse direction
(TD), after 0.5; 1.0; 3.0 and 5.0 of the AB cycles.

The dynamic resonance method was used to
determine the modulus of elasticity on rectangular
samples with a size of (100 x 10) mm, cut in the direction
of rolling (RD) and the transverse direction (TD) from the
sheet before bending (initial sheet) and sheets after 0.5;
1.0; 3.0 and 5.0 of the AB cycles. The error did not exceed
1% [11].

Mechanical tests were carried out on a tensile testing
machine 250N5A WN: 143331 with a force sensor ID:
0 WN: 805506 20 kN at room temperature for samples cut
from the sheets in RD and TD. The length and width of
the working part of the samples were 15 mm and 12.5 mm,
respectively. As the value of mechanical properties, the
averaged value was taken over three batches of samples in
each direction.

The © - 20 scanning of the samples was carried out
on the Bragg-Brentano geometry on a DRON-3M X-ray
diffractometer in filtered Ka-Mo radiation for the texture
study. The profiles of diffraction lines were recorded from
the plane of rolling (from two opposite sides of the sheets)
as well as from the plane that is the perpendicular direction
of rolling of the studied samples. A sample without texture
(standard) was scanned also. The standard was produced
from annealed sawdust of the investigated magnesium
alloy. Before the shoot of the texture, the samples were
etched to remove the 0.1 mm surface layer distorted by
deformation. Based on the scanning results, inverse pole
figures (IPF) of the normal direction (ND) to the rolling
plane (IPF ND) were built for two opposite sides of the
sheets after according number of AB cycles as well as for
the rolling direction of (IPF RD). To shoot the IPF RD,
typesetting samples were produced.

Il. Experimental results and discussion

The inverse pole figures of the studied alloy are
shown in Fig. 1. The texture of the investigated alloy
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sheets after processing No. 1 is characterized by a
relatively weak basal component of the central type (pole
density 1.14 in Fig. 1, a) and by a strong component (1010)
(pole density 6.64 in Fig. 1, a). On the IPF RD are
observed two strong maxima of the pole density near the
(1010) pole, with a value of 5.45 and (1120), with a value
of 6.34, (Fig. 1b). The texture can be described by a
combination of a weak of the central type basal component
and a deflected on 90° to ND basal type. Both
crystallographic directions (with scattering) (101 0) and
(112°0) mainly coincide with the RD of such a sheet.

Fig. 1 (c, d) shows the IPF ND and IPF RD of the alloy
under study after treatment No. 2. The hexagonal axes of
the crystallites are deviated from ND to the rolling plane
by about 0-15° and 70° towards TD (Fig. 1, c, e, f, h, i).
The texture consists of a combination of the basal
component with scattering up to 15° towards ND and a
relatively strong component (2132). In pure magnesium,
under the same conditions, a texture of the basal central
type is formed.

Alloying of magnesium with lithium promotes a
change in the ratio of deformation mechanisms that affect
the texture. Alloying of magnesium with lithium promotes
a decrease in the ratio of the c/a axes and, thereby,
activates mechanisms of the not basal slip. In particular,
the role of prismatic slip of dislocations in Mg-Li alloys
can be significant at elevated temperatures [12]. The
activation of prismatic slip and twinning is facilitating
probably the formation of the deviated to the TD basal
type texture components (Fig. 1).

The crystallographic directions (2131) preferably
coincide with the RD on the IPF RD but the region of
increased pole density on the IPF RD occupies a fairly
wide region between the (3032), (1120), and (1010)
poles (Fig. 1, d, g, j, m, p). The type and character of
texture scattering after alternating bending depends on the
number of AB cycles, as mentioned above. A more
detailed description of the texture and microstructure after
AB can be found in [12].

It is convenient to use the Kearns texture coefficients
for a more objective quantitative assessment of the texture
of hexagonal materials [6-8]. These coefficients, f; (the
index j means a certain direction in the sample - ND, RD,
or TD), characterize how much the c-axes of hexagonal
grains coincide with a certain geometric direction in the
polycrystalline. The coefficients f; can be found from the
IPF according to the following relation

f; = (cos?a;); = ZiAiIincoszai, €))
_ I;/Ig _ . . .
Where P;; = Sl 1;/I is the ratio of the integral

intensity of the i-th reflection on the j-th IPF to the
corresponding value of the intensity of the reflection of the
sample without texture I; Iy is the statistical weights of
the i-th reflex (Y 4;P; = 1) [6].

The multipliers A; show what part of the surface area
of the stereographic triangle around the j-th normal
belongs to i-th reflection of the corresponding IPF [14]; a;
means the angle by which i-th crystallographic direction
deviates from the hexagonal axis c for the j-th direction in
the sample.
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The quantitative value of some property P(¢) relating
two vector quantities or a tensor with a scalar quantity in
a hexagonal single crystal can be expressed [6-8] as:

P(‘p)ref = PCCOSZ(p +P,(1— COSZ(P)y (2

Where P(@),.r is the property in the selected
direction, P, 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].

The volume contribution to the property of crystals
whose axes are inclined over an angle ¢ to a certain
direction, given that the contribution of polycrystalline
grains to the volume property in accordance with their
volume particle, Vi, can be found as follows:

P(¢i)ref = PCVL-COSZ<pi + P,V;(1 — cose;). (3)

If summed over the entire volume, then we can write

that:

P(@)rer = P i Vi cos?g; + P, X V; (1 — cosg;). (4)

Since ¥; V; = 1, while X; V; cos?@;= f; is the Kearns

texture parameter, we get:
P((pi)ref =](]'Pc+(1_fj)Pa- )

To find the Kearns texture parameters, we used the
IPF in Fig. 1, and the values of A;, which were taken from
[16]. To calculate the values of the angles according to the
known formulas [17], we used the ratio of the parameters
of the crystal lattice of the studied Mg-5% (wt.) Li alloy
¢/a = 1,61 that was determined by us experimentally.

Tensor properties (for example, mechanical stresses
or elastic moduli) can be found from relation (5), as shown
by Kearns [8]. In this case, the sum of the parameters f; in
the three main directions of the sheet material with a
hexagonal lattice must be equal to one. If the value of the
parameters f; is equal to 1/3 in each of the main directions
of the sheet, then we have the isotropy of the
corresponding property. Based on this, knowing two of the
three Kearns parameters (for example, if we determined
fyp and fgp), then the third parameter f, can be found
from the equation:

(6)

On the other hand, if the parameters of the Kearns
texture f; and certain properties P(@;)rer in two
directions of the polycrystalline sample are known, then
the corresponding characteristics of the single crystal P,
and P, can be estimated from a relationship like (5).

The Kearns texture parameters were calculated from
the ND IPF (fyp) and RD IPF (fzp) from the data in Figs.
1, as well as frp, calculated by relation (6), are given in
Table 1.

There are inconsistencies in the distribution of pole
density on the ND IPF of opposite sides of the sheets of
the studied alloy after the corresponding number of cycles

fun + fug + fun = 1.
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Fig. 1. Experimental IPF of the Mg-5% (wt.) Li alloy: (a, b) - after treatment No. 1; (c, d) after treatment No. 2;
after the alternating bending by: 0.5 - (e-g); 1-(h-j); 3- (k- m); 5 - (n-p) cycles; (e, i, |, 0) —stretched side of

sheets; (f, h, k, n) — compressed side of sheets.
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of alternate bending, as seen in Fig. 2 (e-m). This is
because on the convex side the surface layers of the
sample are subjected to tensile deformation (Fig. 2, f, h, k,
m), while the layers on the opposite side of the sheet are
subjected to compressive deformation (Fig. 2, d, g, i, I).
During straightening, on the contrary, the metal layers on
the convex side of the sheet are subjected to compressive
deformation, while the metal layers on the concave side of
the sheet are subjected to tensile deformation.

Similar inconsistencies were also observed by the
authors of [18], who studied the texture of the bands of the
Zr-2.5% Nb alloy. To obtain a strip from a Zr-2.5% Nb
alloy pipe, a certain part was cut off, and then it was cut
along its length and straightened to a flat state. We also
observed similar inconsistencies when studying the
significant bending of titanium [19].

The aforementioned inconsistencies in  the
distribution of pole density on the OPF NN of the opposite
sides of the sheets of the studied Mg-5% (wt.) Li alloy
after a different number of AB cycles is observed in the
values of the corresponding Kearns texture coefficients
(Table 1).

To account for these inconsistencies, we determined
the Kearns texture parameters (f,}l‘;”)) averaged on both
sides of letters for subsequent analysis of the properties of
letters after the corresponding number of AB cycles.

The values of the modulus of elasticity of the sheets
of the studied magnesium alloy, measured and calculated
in ND, RD, and TD according to relations of the type (5),

S;1 =241 %1071 Pa~11 determined by us earlier [20].

Since Si = Eyo01 = E¢, and Si = E 970 = E,, we have
33 11

the value of the modulus of elasticity of the single crystal

of the alloy under study along with the hexagonal c-axis

and along the a-axis, respectively

E,=56.5TTla, @)

(8)

The calculated values of the elastic modulus of the
sheets of the studied magnesium alloy obtained using the
corresponding above-mentioned single-crystal data differ
from the experimental values by no more than 10% (Table
2).

Now we will try to solve the inverse problem and
calculate the modulus of elasticity of a single crystal of the
Mg — 5% (mas) Li alloy according to the modulus of
elasticity of the alloy sheets, determined experimentally in
the direction of rolling and transverse direction (Table 2).
To do this, we compose a system of two linear equations
using relations of the type (5) for the experimental values
of the elastic moduli in NV and ST, with two unknowns
ES4 and ES¢ for each type of processing of sheets of the
studied magnesium alloy. The calculations showed that
the averaged values of the elastic moduli of a single crystal
(ES¥e, ES9l) have the following values:

E,=41.5 TTla.

calc —
are given in Table. 2. In the calculations, we used the value B¢ =538 GPa, ©)
of the elasticity constants of the Mg 5 % (wt.) Li alloy cale —
single crystal S33 = 1.77%10711pg~11 and Eg™* =44.6 GPa. (10)
Table 1
Kerns texture options of MgL.i5.
Number of Kerns texture options
cycles, n () @) -Lav) frp frp
After . 0.239 0.239 0.239 0.114 0,647
extrusion
0 0.390 0390 0.390 0.393 0.217
After an 0.5 0.435 0.407 0.421 0.224 0.355
alternating 1.0 0.409 0.388 0.399 0.188 0.391
bending 3.0 0.399 0.411 0.404 0.289 0.407
5.0 0.417 0.411 0.414 0.144 0.442
Table 2
Calculated and experimental values of the modulus of elasticity Mg — 5 % (mas) Li alloy sheet.
ofayles, | EERC | EP | EEe. | Eg | am g, | BES | BR[| s
n ' GPa GPa GPa GPa E’ GPa GPa E’
After - 45.1 - 43.2 406 | 64 | 512 47.4 8.0
Extrusion
0 47.4 - 47.4 50.3 5.8 47.9 52.9 9.6
After an 0.5 47.8 - 44.9 48.2 6.9 46.8 49.6 5.6
Bendig 3.0 47,6 - 44.3 44.2 0.3 47.6 46.2 3.0
5.0 47,7 - 43.7 46.2 55 48.1 47.6 11
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Table 3
Experimental and calculated values of UTS obtained during uniaxial tensile tests of Mg-5% L. alloy specimens.
Number of Ug?xp! O Cate: AgID?D . % alggxpl 0% Cate: A;Tgn ., %
cycles, n GPa GPa 9B exp GPa GPa 9B exp
e After - 176 178 1.1 165 178 7.9
xtrusion
0 180 179 0.6 184 195 6.0
After an 0.5 179 179 0 183 168 -8.2
Alternation 1.0 178 179 -0.6 182 171 -6.0
Bendig 3.0 179 179 0 180 176 2.2
5.0 178 178 0 179 178 -0.6
Table 4
Experimental and calculated values of YS obtained during uniaxial tensile tests of Mg-5% L. alloy specimens.
Number RD RD TD TD
002 exp: 00.2 calc _Aorp % 00.2 exp: 0022 calc _Aorp o
of c;r/]cles, GPa GFC% ¢ B e 0 Gpa GFC% ¢ T2 ey’ 0
Exﬁrﬁg{on - 117 119 1.7 114 121 6.1
0 120 120 0 123 119 -3.3
119 119 0 122 120 -1.6
After an 0.5
Alternation 10 118 119 0.8 121 120 -0.8
Bendig 3.0 119 119 0 120 120 0
5.0 118 119 0.8 117 120 2.6

The calculated values (9) and (10) differ from the
corresponding values (7) and (8) by 4.8% and 7.5%,
respectively.

Calculations using relations of the type (5) for the
ultimate strength of specimens cut in RD and TD, similar
to those performed above for the elastic modulus, showed
that the averaged values of the ultimate strength of a single
crystal of the studied magnesium alloy along its axes c
(08 carc) @nd a (o cqc) have the following meanings:

08 care = 181 MPa, (11)

0% carc = 178 MPa. (12)

Similar calculations using relations of the type (5) for
the yield stress of samples cut in RD and TD showed that
values of the yield stress of a single crystal of the studied
magnesium alloy the averaged along its axes ¢ (05 caic)
and a (6§ caic) have the following meanings:

0S5 eare = 122 MPa, (13)

083 caic = 118 MPa. (14)

Tables 3 and 4 show the experimental o0, 05 oxps
O-(fgexpl O-gw.gexp and the calculated O-éuc)alw Ug?alc: a(f?calc:
0l .aic Values of the ultimate strength and yield strength
of the studied magnesium alloy sheets. The calculated
values were obtained after finding of values for the single
crystal of the studied alloy were calculated using relations
of the type (5) for the experimental values of strength and

yield strength in RD and TD (Tables 3, 4).

The values of the ultimate strength and yield strength
of the studied alloy samples, obtained by calculations
using the corresponding values for the single crystal of the
alloy (11) - (14), differ from the experimental values by
no more than 8.2% and the corresponding values of the
yield strength - by no more than 6.1% (Tables 3, 4).

Conclusions

The Kearns texture parameters, which are a measure
of the deviation of the grains hexagonal axis of from a
given direction in a polycrystalline sample, were found
from the inverse pole figures of the direction of the normal
to the sheets plane and the sheets rolling direction for an
alloy of magnesium with lithium Mg-5% Li (wt.) after
various types of processing: 1) extrusion at 350°C through
a rectangular matrix; 2) rolling with a change in its
direction by 90° and intermediate annealing at 350°C after
each pass; 3) after further alternating bending by 0.5; 1.0;
3.0 and 5.0 cycles.

Estimates of the elasticity modulus after the above-
mentioned types of processing using the found Kearns
texture parameters and the elasticity constants of a single
crystal of the Mg-5% Li (wt.) alloy, taken from [20],
showed that the calculated and experimental values of the
elasticity modulus of the alloy sheets differ by no more
than 10%.

The inverse problem of determining the elasticity
constants of a single crystal of the Mg 5 % Li (wt.) alloy
was solved by the Kearns texture parameters and
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experimental values of the elasticity modulus of
polycrystalline alloy measured in the rolling direction as
well as in the transverse direction of the sheets after the
above-mentioned types of processing. It has been found
that the averaged values of the elastic moduli of a single
crystal of the Mg-5% Li (wt.) alloy have the value
E.=56.5 GPa; E,= 41.5 GPa and differ from those given
in [20] by no more than 4.8% and 7.5%, respectively.

The ultimate tensile strength and yield strength of a
single crystal of the alloy Mg-5 % Li (wt.) were
determined by the Kearns texture parameters and the
experimental values of the corresponding mechanical
properties measured in the rolling direction and the
transverse direction of studied alloy sheets. It has been
established that the averaged values of the ultimate
strength of a single crystal of the studied magnesium alloy
along its axes ¢ (0§ cqic) and a (0§ cq1c) have the following
values: 6§ cqic = 184 MPa, 0.0 = 178 MPa, and the
averaged values of the yield strength of the studied
magnesium alloy single crystal along its axes ¢ (053 cac)
and a (68 cac) are: 122 MPa,
085 caicd = 118 MPa.

It is shown that the results of calculations of the
ultimate tensile strength and yield strength of sheets of the
Mg-5 % Li alloy (wt.) in the rolling direction and the

¢ —
00.2 calc -

transverse direction after various above-mentioned types
of processing using the found average values of the
ultimate tensile strength and yield strength of the alloy
single crystal differ from the obtained experimental values
by no more than by 8.1% and 6.1% for ultimate tensile
strength and yield strength, respectively.

The above results can be used to the finding the
characteristics of hexagonal single crystals from the
results of relevant polycrystalline experimental data, since
obtaining single crystals sufficient to measure the
respective properties is often a difficult problem.
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B. Ycos, H. llIkatynsk, T. CoBkoBa, H. Pubax

XapakTepucTUKH MOHOKpHCTAJIA ciiaBa Mg - 5% Li, 3naiigeni 3a
eKCIIePUMEHTATbHUMHI JAHUMH MOJIKPUCTANA | HapaMeTPaM TeKCTYPH
Kepnca

ITigoennoykpaincovruil HayionaneHutl nedazoziunuil ynigepcumem imeni K. /. Yuwuncokoeo, eyn. Cmaponopmoghpanxiecoka, 26,

65020 Odeca, Yrpaina, valentinusov67@gmail.com

Mertoro naHoi poOOTH € eKCIIeprMeHTaIbHEe BU3HAYEHHS ITapaMeTpiB TekcTypu KepHca, MOyTiB IpyXHOCTI,
MEeXaHIYHHMX BJIACTMBOCTEH (MeXi MIIHOCTI Ta IIMHHOCTI) JucTiB crmaBy Mg 5 mac. % Li micnst pisHUX BHAIB
00podku: 1) excrpysii mpu 350°C depe3 MpsIMOKYTHY MaTPUIIO, 2) BAIBIIOBAHHS 31 3MiHOIO HOr0 HANPSAMKY Ha
90° Ta nmpomixHoro Bigmany npu 350°C micias KOXXHOToO IPOXO.y, 3) MiCJIs MOJAIBIIOr0 3HAKO3MIHHOTO BUTHHY
(3B) Ha 0,5; 1; 3 1 5 nukiiB, Ta OLIHKA 3a 3a3HAYCHUMH JAaHUMH NPYKHHX Ta MEXaHIYHUX BIACTUBOCTEH
BIJIMIOBITHOTO MOHOKPHUCTATy JOCTi/XKYBAaHOTO CIUIaBy. MOIydai TPYXKHOCTI Ta XapaKTEPUCTUKH MIITHOCTI
JOCII/DKYBAaHHUX IIOJIIKPUCTANIIYHUX 3pa3KiB BH3HA4YalM y HanpsMKy BajiblioBanHs (HB) Ta momepeunomy
Hanpsmky (ITH). 3a momomororo Bu3HaueHHMX mapaMeTpiB TekcTypu KepHca Ta TpyKHHX 1 MEXaHIYHUX
BJIACTUBOCTEH JIMCTIB ONIHIMJIM 3HaYeHHS MOIYJIB IPYKHOCTI ¥ MeXi MIIHOCTI Ta IJIMHHOCTI MOHOKpHCTaIa
BHII€3a3HAYCHOT0 CIIaBy. MOJyIi NPYKHOCTI Ta XapaKTEPUCTHKU MIIIHOCTI IOCII/UKYBAaHUX 3pas3KiB CIIaBy
marHifo Mg 5 mac. % Li, po3paxoBaHUX 3a 3HaWAEHMMH BiINIOBITHUMH XapaKTEPUCTUKAMH MOHOKPHCTANA,
BIAXUIIIOTHCS BiJl EKCIIEPUMEHTAIBLHHUX HE Oibiie Hik Ha 10 %.

KurouoBi caoBa: cruiaB Mg 5 mac. % Li, ekcTpysis, BaJbLIOBaHHsS, 3HAKO3MIHHWH BHIHH, MapaMeTpu
TekcTypHu KepHca, MOIyIh IPYXKHOCTI, Meka MIIIHOCTi, yMOBHA Me)Ka INIMHHOCTI, MOHOKPHCTAJL.
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