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Amplitude-dependent internal friction in AZ31 alloy
sheets submitted to accumulative roll bonding
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Fine grained magnesium alloy AZ31 sheets were submitted to the accumulative roll bonding (ARB). After
ARB, the microstructure of samples was refined, and the sheets exhibited pronounced texture. The amplitude-
dependent internal friction (ADIF) was measured at room temperature. Microstructure changes as the increased
dislocation density, grain size refinement, twins, and texture influenced the ADIF. A significant anisotropy of the
properties was observed. Experimental results are discussed on the base of physical mechanisms responsible for

internal friction.
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1. Introduction

Magnesium alloys with their high specific strength and
low weight are used as structural materials in different ap-
plications. They have suitable mechanical and excellent
damping [1]. Magnesium wrought alloys, such as for in-
stant AZ31, are needed for applications where their weight
is important. It is well known that the mechanical proper-
ties of Mg alloys depend very sensitive on their micro-
structure [2]. Grain refinement is an effective way leading
to a higher strength and ductility. Different procedures
have been used for the grain refinement. Thus, extrusion of
samples causes grain refinement and may produce texture
and then anisotropy of mechanical properties [3].

In recent years, methods of severe plastic deformation
(SPD) have attracted interest of many researchers investi-
gating also properties of magnesium alloys [4]. Very often,
equal channel angular pressing (ECAP) and high pressure
torsion (HPT) are used to influence the microstructure.
Rarely, accumulative roll bonding technique is used. In this
processing, a sheet is rolled to 50% thickness, cut to two
halves that are connected and then again rolled [5]. In con-
trast to extrusion and/or rolling, the ECAP and HPT proc-
essing affect significantly the microstructure of Mg; not only
grains are refinement but also the total dislocation change
depending on conditions of processing. Many papers de-
scribing the effect of ECAP on the mechanical properties

of AZ31 magnesium alloys have been presented [6-8]. On
the other hand, very few experiments on the influence of
ARB on properties of AZ31 were conducted. It is important
to mention that also twins and texture changes can be in-
duced in samples undergone to SPD processing [9-11].

Microstructure changes have a significant influence on
internal friction. Damping of materials depends on micro-
structure, stress, temperature or frequency. The internal
friction is a result of motion of structural defects such as
point defects, dislocations, twins or grain boundaries. Con-
versely internal friction measurements can be used to study
changes in the microstructure or the density and mobility
of structural defects.

The purpose of the present study is to investigate the ef-
fect of microstructure modifications, introduced by the ac-
cumulative roll bonding into AZ31 alloy sheets, on strain
amplitude-dependent internal friction with the focus on the
mechanisms which are responsible for these changes.

2. Experimental procedure

Commercially available sheets from a magnesium alloy
AZ31 were used in this study. The chemical composition
(in wt%) of the alloy is introduced in Table 1.

Table 1. Chemical composition of the alloy studied (in wt.%)

Material Al Zn | Mn Si Fe Ce | Mg
AZ31 RS | 3.2 1.3 0.4 |0.015| 0.03 | 0.06 | Bal.
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The accumulative roll bonding of AZ31 magnesium al-
loy was performed using four high-rolling mill configura-
tion. Two strips with initial thickness of 2 mm were de-
greased with acetone, then wire brushed and fastened along
one side. These steps ensured conditions to achieve good-
quality joint. Prior to rolling the sheets were annealed at
400 °C for 15 min. At lower temperatures, material failed
to bond. The rolling speed was 0.4 mm/s and the ARB ex-
periments were carried out without a lubricant. The rolling
reduction was 50% in the thickness per each rolling cycle.
Two passes through the rolling mill were successfully real-
ized. Samples for the internal friction measurements were
cut from the sheets so that the longest axis of the sample
was either parallel (L-samples) or transversal (T-samples)
to the rolling direction. Samples from the ARB sheets will
be depicted hereafter as ARB_0 (original sheet), ARB_1
(after the first ARB pass) and ARB_2 (after the two ARB
passes).

Microstructure of samples was studied using a light mi-
croscope Neophot and scanning electron microscope (SEM)
Tescan. The texture analysis was performed in the ZEISS
Auriga Compact microscope equipped with EDAX EBSD
camera and special software, utilized for EBSD observa-
tions.

Internal friction measurements were carried out on bend-
ing beams (86 mm long, 10 mm wide and 2.3 mm thick) at
room temperature. The internal friction was obtained by
the measurement of the logarithmic decrement of free de-
caying bending beam vibrations in the resonant frequency.
Details of the apparatus were described in [12]. The typical
resonant frequency exhibited about 22 Hz. The logarithmic
decrement, 8, was estimated directly from the definition
according the exponential law

A(t) = Ay exp (=6t / tp), @

where A is the required amplitude, t is the time and tp is
the period of vibrations. The signal amplitude is propor-
tional to the strain amplitude, €. The amplitude depend-
ences of the decrement were measured from the maximum
amplitude towards to the lower amplitudes.

3. Results and discussion

3.1. Microstructure of sheets

Light micrograph of the as-received L-sample, taken
from the sheet surface, is reported in Fig. 1. Dark particles
are typical features of the microstructure. Bigger particles
are elongated in the rolling direction; smaller particles
decorate the grain boundaries. Chemical analysis of parti-
cles showed that these particles containing Al and Mn are
very probably AlgMns precipitates which were described
in the literature by several authors [13,14]. No precipitates
Mgi7Al12 typical for Mg—-Al-Zn alloys were observed in
the microstructure. This was probably due to a higher
processing temperature during the rolling process (400 °C).
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Fig. 1. Microstructure of ARB_O sample, taken from the sheet
surface.

Traces of the bonding between sheets are visible in Fig. 2
indicated by the arrows. This bonding emerged strong
enough, no delamination of samples was observed even
during plastic deformation at elevated temperatures [15].
Good bonding may be achieved as a result of dynamic re-
crystallization (DRX) [16].

The effect of the ARB on the sheet microstructure is
shown in Fig. 3 by the means of EBSD. The micrograph of
the as-received material is shown in Fig. 3(a). Large grains
of size ~100 pm are surrounded by smaller ones; many
twins are typical feature of the microstructure. The first
rolling pass refined the grains. The grain size decreased ten
times down to ~10 pum as it is obvious from Fig. 3(b). The
highest area fraction had grains of 4-5 um in diameter. On
the other hand, bigger grains 40-60 pum remained in the
microstructure. The fraction of high-angle grain boundaries
was particularly high ~0.8. Some bigger grains exhibit
changing colour, which indicates the high lattice distortion
due to high deformation energy stored in the grains. The
microstructure of the ARB_2 is presented in Fig. 3(c). The

Fig. 2. SEM micrograph of the ARB_2 sample showing joining
of sheets indicated by arrows.
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Fig. 4. Pole figures of ARB_0 sample (a), ARB_1 sample (b) and ARB-2 sample (c).

microstructure is more homogeneous, the bigger grains
(> 30 pm) vanished. The mean grain size again decreased
down to ~7.6 pm in diameter, but the highest area fraction
was still represented by grains of 4-5 pum.

Revealing red colour in the pictures presented in
Figs. 3(a)—(c) indicates existing texture of rolled sheets.
EBSD pole figures are shown in Fig. 4. The texture can be
characterized as a fibre texture with the c-axis perpendicu-
lar to the sheet surface. Crystallographic texture was im-
proved during the ARB process in the first and second roll-
ing pass. The distribution of basal poles shows a basal pole
tilted away from the normal direction towards the trans-
verse direction, as can be seen in Fig. 4.

3.2. Amplitude-dependent internal friction

The logarithmic decrement, 6, is plotted against the strain
amplitude, ¢, Fig. 5 for L-sample and T-sample. The depend-
ences can be divided as obvious into two regions: an ampli-
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Fig. 5. Amplitude dependences of decrement measured for L-sample
and T-sample.
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Fig. 6. (Color online) Amplitude dependences of decrement mea-
sured for L-sample after ARB rolling.

tude-independent (or slightly depending on strain ampli-
tude) part, 3g, of the decrement found for smaller strain
amplitudes and the region of higher amplitudes where dec-
rement, 5(g), rapidly increases with strain amplitude, i.e., &
can be expressed as

5= 80 + dH(e). (2

From Fig. 5, it is obvious that the decrement values es-
timated in both regions are higher for T-sample comparing
with the L-sample. Such planar plastic anisotropy of sam-
ples deformed in L and T direction is known and it was
several times described in the literature [17-21]. Such pla-
nar anisotropy is not limited only on plastic properties, but
it was also found for Young’s modulus and the thermal
expansion coefficient [22,23]. Similar results were obtain-
ed for AZ31 alloy sheet in a different apparatus as it was
shown in [24]. The difference between both sample orien-
tations was more significant, very probably due to a bigger
maximum strain amplitude. The ARB process influences
the decrement in both regions. It is demonstrated in Fig. 6
for L-samples and in Fig. 7 for T-samples. The shape of
curves changed, and curves were shifted to higher values
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Fig. 8. Amplitude component, &, of decrement estimated in L-
and T-samples after ARB passes.
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Fig. 7. (Color online) Amplitude dependences of decrement mea-
sured for T-sample after ARB rolling.

of the decrement especially for smaller amplitudes. The
decrement component, &g, estimated at an amplitude
£=510" was plotted as a function of rolling passes for
both sample orientations (see Fig. 8). It can be seen that ¢
component increases with increasing number of passes.
This increase is more distinctive for L-samples where &g
increased approximately two times. On the other hand, the
increase of &g is only moderate.

Rolled sheets after the ARB process exhibit also a sig-
nificant internal stress. Samples of both orientations were
heated in a dilatometer and the thermal expansion was
measured. After one cycle from room temperature up to
400 °C with a heating rate of 0.9 K/min permanent short-
ening of samples was estimated. This relative shortening in
percent is presented in Fig. 9 for samples of both orienta-
tions. While the shortening of T-samples was more or less
the same, only slightly dependent on the number of passes;
shortening of L-sample increases rapidly with increasing
number of rolling passes. This result indicates that the in-
ternal stresses are higher in samples with the longest axis
parallel to the rolling direction.

While internal friction in the amplitude-independent part
may be done by several mechanisms (dislocation internal
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Fig. 9. Permanent strain depending on number of ARB passes
measured after thermal cycle of L- and T-sample.
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friction, grain boundary sliding, thermoelastic effect), the
amplitude-dependent part is only due to presence of dislo-
cation in the material. The thermoelastic loss may be ob-
served in the bending reed or a thin beam during vibrations
at low frequencies [25,26]. Damping can occur by heat
flow from the hotter (compressed) parts to the cooler (ex-
tended) parts of the sample. For the thermoelastic internal
friction following relationship may be written

f fo

=Ar ————, 3
Org =A7 (2,12 ©))
where At is the relaxation strength, f is the measuring fre-
quency and fg is the frequency at which the maximum of
the thermoelastic damping can be observed. Both quanti-
ties fg and At depend on thermal properties of the sample
material and its geometry:

fo=n/2d%pyCp, Ay =a’E;T/ppC,.  (4)

where « is the thermal conductivity, pm is the material den-
sity, a is the thermal expansion coefficient, T is the absolute
temperature, d is the sample thickness, Ey is unrelaxed
Young’s modulus, and Cp is the specific heat at constant
pressure. Taking for x = 76 W/((mK), d =2.3 mm, py =
= 1738 kg/m®, Cp = 1010 J/(kg-K), Ey = 44 GPa and o =
=26.510 ° K~ [27], we obtain at room temperature for
fo = 12.85 Hz and At = 0.0052. Although the thermal pro-
perties depend slightly on the sample orientation and number
of passes, it is reasonable to consider that the contribution
to the internal friction value coming from the thermoelastic
effect will be for all samples approximately the same of
oTe = 0.0023.

In the vibrating string model the dislocation amplitude-
independent decrement component can be written as [28,29]

_OBplte

8g =-—P2, (5)
° T Ep?

where Q is an orientation factor, p is the dislocation den-
sity, B is the coefficient of dislocation friction and E|_is the
tension in a dislocation line, b is the magnitude of the Bur-
gers vector of dislocations and ¢ is length of shorter dislo-
cation segments between weak pinning points which may
be point defects or their small clusters.

The breakaway of dislocations from the weak pinning
points may occur when the force impacting on two adja-
cent dislocation segments with the length ¢1 and ¢ exceed
the Cottrell energy Ec/b. Therefore, the critical stress, oc,
for breakaway is given in the single pin approximation at
zero temperature as bo. (¢ +¢,)/2=|Ec |/b. The ampli-
tude-dependent internal friction was calculated by Granato
and Liicke [30] under simplified conditions that disloca-
tions in a crystal form a network with the same loop length
of Ln. Shorter dislocation segments pinned by the weak
pinning points are statistically distributed along the longer
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dislocation segments. At temperatures higher than 0 K, the
amplitude dependence of the logarithmic decrement may
be expressed in the low-frequency limit as an exponential
function in the following form:

12 1/2 1
5. _PLR v(3nkT 17 ( £ exp| 4o UdG )2 L
H76 ol 20y | (UGG 3T B ) o

(6)
where G is the shear modulus, o is the amplitude of the
applied stress and o its angular frequency, v is the attack
frequency. Ug is the activation energy of overcoming pin-
ning centres, k is the Boltzmann constant and T is the abso-
lute temperature. In the formula (6), the 34 component is
an exponential function of the applied stress amplitude si-
milar to the original formula by Granato and Liicke [28,29].
Because the stress and strain amplitudes are related by the
Hooke’s law, Eq. (6) may be rewritten as

8=250+Cieexp (-Cy/¢), (7)

where ¢ =c/E, C1 and C, are parameters depending on
dislocation density and length of the shorter and longer
dislocation segments. Because all experiments were per-
formed at room temperature, the activation energy may be
considered in the first approximation as a constant.

The amplitude dependences of the logarithmic decre-
ment were fitted to Eq. (7) as it is shown in Fig. 10. The cor-
relation to the experimental points is good, R? = 0.998 for
L-sample and R?=0.992 for T-sample. Parameter C1 was
estimated C1(L) =18.9 and C1(T)=35.1. Note that the
vibrating string model and dislocation dynamics were con-
structed for single crystals of “pure” metals. The model is
highly idealized and it does not take into account interac-
tions between dislocation loops, the fact that the line en-
ergy of dislocations depends on the dislocation type and
may be affected by anisotropy [31]. In real materials (al-
loys), the comparison of experimental results with the the-

0.030

0.025F

0.0201-

0.015

T

0.010

T

0.005

107 10
Amplitude ¢

Fig. 10. (Color online) GL fit for ARB_0 samples in both orienta-
tions.
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oretical model may be performed only qualitatively. Be-
cause the Cq parameter ~ £’3/2, the higher value of the C;
parameter in the T-sample indicates a higher length of dis-
location segments operating in the slip plane after break-
away of shorter segments from the weak pinning points. It
means that the area swept by dislocation segments is big-
ger in the T direction.

Many pre-existing twins in the material are documented
in Fig. 2(a). These twins contribute to the amplitude-in-
dependent component of the logarithmic decrement, dg,
very probably in both sample orientations. The idea of en-
hanced internal friction due to presence of twins in Mg and
Mg alloys was pronounced by several authors [32-34].
They consider that the twin boundary is movable under
alternating strain and it can either shrink or extent the twin
width even at stresses much lower than the nucleation
stress [32,33]. Watanabe et al. [34] studied the influence of
deformation twins on internal friction in extruded pure Mg.
They found that pre-deformation increased internal friction
due to new twins which were formed during compressive
deformation of the textured samples. Rolled sheets studied
exhibit texture where basal planes are parallel to the sheet
surface. The force causing the sheet vibrations impacts in
the perpendicular direction to the sheet surface. In such
situation, (a) dislocations are movable in (0001) basal and
{1150} prismatic planes. On the other hand, basal poles are
split into transversal direction (see Figs. 4) in all samples.
The splitting of basal poles decreases with increasing num-
ber of passes. Such type of the texture with the angular
distribution of the basal poles broader in the transversal
direction is favorable for mechanical twinning. Tensile ex-
periments of samples with the stress axis in the rolling direc-
tion and transversal direction showed that the yield stress in
the transversal direction is much lower than the yield stress
found for rolling direction, i.e., YS(RD) = 162 MPa and
YS(TD) = 85 MPa [15]. This planar plastic anisotropy was
explained by the different deformation mechanisms occur-
ring during plastic straining of both samples. While defor-
mation process in the rolling direction is realized mainly
by the dislocation motion, mechanical twinning may be
consider as the significant deformation mechanism at the
onset of deformation in the transversal direction. It is done
by the lower critical resolved stress of twinning. Because
twinning is a polar mechanism it can operate if special
geometrical conditions (texture) are fulfilled [35]. Acoustic
emission activity characterised by the count rate observed
during tensile deformation showed a higher intensity of
acoustic emission in the sample cut in the transversal direc-
tion as it is shown in Fig. 11. Note that the scale on the
count rate axis is logarithmic, thus the acoustic emission in
the T-sample is at the very beginning of deformation ap-
proximately ten times higher. It is valid for very low
strains (stresses) in the microyielding region which corre-
sponds with the region of the internal friction measure-
ments. In the bending experiment the half of the sample is
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Fig. 11. (Color online) Acoustic emission activity measured dur-
ing tensile deformation in samples of both orientations.

in tension while the second part of the sample is in com-
pression. Both parts of sample are divided by the neutral
plane. In the next half cycle, the situation is opposite. Taking
into account results of acoustic emission measurements,
we may consider that new {1012} (1011) tension twins are
generated during loading in measuring apparatus [36]. In
the following half cycle detwinning takes place and these
tension twins are erased. Huang et al. and Yang et al. found
that the critical resolved stress for the twins’ formation is
really very low 2-2.8 MPa and tensile twins may be easily
formed [37,38]. Taking in the consideration that Young’s
modulus for AZ31 alloy E = 44 GPa, then such stress can
be achieved at the amplitudes of ¢ = (4.5—6.4)-10_5. Note
that in the samples exist appreciable residual tensile
stresses (see Fig. 9) which can add to the applied stress and
formatted the originally symmetrical tension — compres-
sion cycle into unsymmetrical.

The amplitude dependences of the logarithmic decre-
ment measured after the first and second rolling passes are
shown in Fig. 6 for L-sample and 7 for T-sample. It can be
seen that the shape of curves changed. The logarithmic
dependence of Eqg. (7) is no more applicable for these
curves. In a material submitted to SPD processing, many
microstructural aspects must be taken into account. Inter-
nal friction is influenced by:

i) Decreased grain size;

ii) Increased volume of grain boundaries;

iii) Increased dislocation density;

iv) Dislocations in small angle grain boundaries;

V) Increased level of tensile residual stresses in the roll-
ing direction.

Decreasing grain size after the first and second ARB
passes is well visible in Figs. 2(b) and 2(c).

Internal friction in pure Mg and AZ31 magnesium alloy
subjected to EXECAP processing was studied by Fan and
co-workers [39,40]. They found increased internal friction
values in the strain-independent part due to abundant mo-
bile dislocations induced by the ECAP processing. How-
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ever, the intense tangle of dislocations and significant in-
crease of the grain boundary volume contribute to a de-
crease in strain-independent IF for ECA extruded Mg. The
GL model is applicable only for lower strain amplitudes.
Annealing at 200 and 300 °C reduced IF in the amplitude-
independent part due to a decrease of dislocation density,
while strain-dependent part is obviously increased. A high-
er dislocation density may be considered also after intense
plastic deformation due to rolling. High temperature of the
ARB process was the reason for the reconstruction of the
grain structure via operation of the rotational dynamic re-
crystallization (RDX). Increased dislocation density con-
tributes to the amplitude-independent internal friction in-
crease. However, increased dislocation density restricts the
mean free paths of dislocations and the area swept by dis-
locations after successful breakaway form the weak pin-
ning points. The EBSD analysis showed that 20 % of grain
boundaries are small angle grain boundaries formed by the
edge dislocations. These dislocations may also contribute
to the internal friction.

Trojanova et al. [41] studied internal friction in the
microcrystalline Mg and Mg reinforced with the ceramic
nanoparticles and showed that the nanoparticles were si-
tuated mainly in the grain boundaries. The amplitude-
dependent component of the decrement decreased in the
Mg + 3 vol.% n-Al,0O3. Because of good bonding between
nanoparticles and Mg matrix, these nanoparticles restricted
grain boundary sliding. In a material with the grain size in
the um region, grain boundary sliding may be not exclude-
ed, and it increases the internal friction in the amplitude-
independent region. On the other hand, the influence of
twinning decreases with decreasing grain size. The stress
necessary for twin’s formation increases with the decreas-
ing grain size, as it was shown in mechanical tests [24].
The ARB process introduced into the materials (ARB_1)
and (ARB_2) new interfaces. Although the bonding at the
interface is very good (no delamination of samples was not
observed even at elevated temperatures), sliding in this in-
terface may not be excluded. The interface is parallel with
the sample axis in L-sample and perpendicular in the T-
samples. It is reasonable to expect that the influence of this
new interface will be more substantial in the L-sample.

As it was mentioned above, it is not possible to describe
the amplitude dependence of decrement by the exponential
function theoretically proposed by Granato and Licke [30].
This is very probably due to complex character of internal
friction in a highly deformed polycrystalline material. Sev-
eral mechanisms contribute to internal friction and each of
them has its specific influence on the amplitude-independ-
ent and dependent damping.

4. Conclusions

The amplitude dependences of internal friction were
measured in AZ31 alloy sheets after accumulative roll
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bonding at room temperature. Following conclusions may
be drawn from the experimental finding.

— Anelastic planar anisotropy of internal friction was
observed; the logarithmic decrement was higher in rolled
sheets cut perpendicular to the rolling direction than that in
the samples where the longer axis was parallel to the roll-
ing direction.

— Different loss mechanisms are responsible for this
anisotropy; dislocation internal friction is the main loss
mechanism in samples cut parallel with the rolling direc-
tion while in the transversal samples twin’s formation and
twin’s boundary motion contribute to the internal friction.

— Accumulative roll bonding increased internal friction;
internal friction in the highly deformed material is some
complex problem where various mechanisms (dislocation
internal friction, grain-boundary sliding, interface sliding)
contribute to internal friction.
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AMNAITYAHO-3anexHe BHYTPILWHE TepTsa B fiucTax
cnnasy AZ31, nigaaHnx Hakonu4ysanbHOMY
3’eHaHHI0 BanbLIOBaHHAM

Z. Trojanova, Z. Drozd, P. Luka¢, P. Minarik,
J. DZugan, K. HalmeSova

JpibHO3epHHCTI JHcTH MarHieBux craBiB AZ31
Oyni mifmaHi HaKOIMYYBAIEHOMY 3’€IHAHHIO Ballb-
wioBanHsaM (ARB). ITicns 3acrocyBanns ARB mikpo-
CTPYKTypa 3pa3KiB cTaBajla OLIBII ()parMEeHTOBAHOIO,
i B JINCTAX CIIOCTEPIraiach SCKPaBO BUPAKEHA TEKCTY-
pa. AMIutiTynHO-3a1exHe BHyTpimHe Tepts (A3BT)
BUMIpPIOBaJIM NPH KiMHATHI# Temmeparypi. 3MiHU MiK-
POCTPYKTYpH, TaKi sIK 30UIBIICHHS MIUTBHOCTI JTUCIIO-
Kalliii, 3SMEHIIIEHHS] pO3MIipy 3epHa, [0siBa JBIHUKIB Ta
TeKCTypH, nmpuBoawm 1o 3MiH A3BT. Crocrepiranach
CYTT€BA aHI30TPOIisI BUBYCHHUX BiacTUBocTel. Excrie-
PUMEHTaJbHI pe3ysIbTaTH 0OrOBOPIOIOTHCS Ha 0asi Bi-
noMux (I3MYHUX MeXaHi3MIB, L0 BiJNOBIJAIOTH 32
BHYTPIIIHE TEPTSI.

Kiro4oBi croBa: CrutaBi MarHio, HakOIHYyBajbHE
3’€IHAHHS BaJBIIOBAaHHSAM, BHYTPIIIHE TEPTS, TUCIO-
Kallii, IBIHHIKYBaHHs, TEKCTYypa.

AMNNTYQHO-3aBUCMMOE BHYTPEHHEE TPEHUE
B niuctax cnnasa AZ31, nogsep>KeHHbIX
HaKOMUTENIbHOMY COEMHEHUI0 MPOKATKON

Z. Trojanova, Z. Drozd, P. Luka¢, P. Minarik,
J. DZugan, K. HalmeSova

Meinko3epHHUCTbIE JHCTBl MAarHHUEBBIX CILIABOB
AZ31 O6bulM TOABEPTHYTHl HAKONUTEIBHOMY COEIU-
Henuro npokatkoid (ARB). ITocne npumenenns ARB
MHKPOCTPYKTypa 00pa3loB CTaHOBHJIACH Ooiiee dpar-
MEHTHPOBAHHOH, U B JIMCTaX HaOJIONaIach SIPKO BBI-
paKeHHast TEKCTypa. AMIUIUTYAHO-3aBUCHMOE BHYT-
pernee Tpenue (A3BT) m3mepsuin nmpu KOMHATHOM
Temreparype. M3MeHeHHs MHKpPOCTPYKTYpHI, TaKHe
KaK yBEJIMYEHHE IUIOTHOCTU AUCIOKALUM, yMEHbIlle-
HHE pa3Mepa 3epHa, MOsIBICHHE JIBOHHUKOB U TEKCTY-
psl, npuBoamM K m3MeHeHussM A3BT. HaGmonanacs
CYIIECTBEHHAs AHU30TPONUSI M3YyYEHHBIX CBOWCTB.
OKCIepUMeHTaNbHbIe PEe3yNbTaThl 00CYKIAI0TCS Ha
OCHOBE H3BECTHBIX (DU3MUYECKUX MEXaHH3MOB, OTBE-
YaOLIKUX 32 BHYTPEHHEE TPECHUE.

KiroueBsie clioBa: CIUTaBbl MarHuisi, HaKOIUTEIbHOE
COeIMHEHHE NPOKATKOM, BHYTPEHHEE TPEHHE, TUCIIO-
KalliH, IBOMHUKOBAaHUE, TEKCTYpa.
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