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Summary. Dependences of the oxidation kinetics in air of titanium and vanadium carbide based hard
alloys with a nickel-chromium binder and the structure, phase and chemical composition of the formed scale in
the temperature range 800-1100 T were found. The regularities of the oxidation process were determined by the
weight method, the main kinetic characteristics were calculated.
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Statement of the problem. The field of aplication and the service temperature range of
titanium carbide based hard alloys can be broadened by establishing the temperature conditions
under which they maintain their exploitation stability. Since the heat resistance of alloys can be
changed by reducing the rate of oxygen diffusion into the depth of the products due to the
formation of dense protective oxide layers, the intended addition of certain chemical elements
and compounds to the basic composition is a promissing field of research.

Analysis of available researches. Titanium carbide is the most appropriate for use as a
carbide base of wear-resistant and heat-resistant hard alloys both from an economic point of
view and the level of physical and mechanical properties [1]. It has a high melting point,
microhardness, relatively low density, and is well wetted by bindering metals used in alloys
manufacturing. In this regard, despite lower strength and toughness compared with tungsten
cobalt hard alloys, titanium carbide based alloys are effectively used as materials for cutting
and stamping tools, structural parts operating under intense friction conditions and high
temperatures [2-4].

One of the ways to improve their properties, titanium carbide based alloys heat
resistance in particular is the improvement of their chemical composition by carbide base
alloying adding the components, which form protective oxide layers, into the composition of
the metal binder. That is vanadium carbide forms a complete solid solution with titanium
carbide and is an inhibitor of carbide grains growth, which results in the improving of the
mechanical properties of double carbide based alloys [5, 6].

The carbide base and metal binder of titanium carbide based alloys are oxidized in
different ways and at different temperatures. Oxidation of the metal binder starts at the
temperature 500 C, while that of the carbide base — at 800-900C [7], and alloys based on
tungsten carbide are intensively oxidized at least at the temperature 700 C [8-12].

It is known that nickel, chromium and aluminum are promissing from the point of view
of increasing heat resistance due to formation of protective layers, which consists of their oxides
and spinel-type compounds [13, 14]. Both for the high-entropy AICoCrFeNi alloys, which are
used as a metallic binder in titanium carbide/carbonitride based alloys, it is shown that high
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concentration of Cr and Al causes a passivation effect [15], Cr and Ni [16] being of similar
effect. Aluminum in the amount of 1 (wt.) % increases oxidation resistance and forms an oxide
barrier up to the temperature 900°C, but at 1100 and 1300 the oxide layers are not dense
enough and oxidation resistance decreases [17]. Aluminum is added to hard alloys as metal
[15], intermetallic NizAl [18, 19], aluminum nitride AIN [20, 21]. In titanium carbide based
hard alloys, the latter is treated as the anti-recrystallization adding. During sintering process,
aluminum nitride is decomposed, and the formed aluminum diffuses into the binder, which
results in its dispersion strengthening with the formation NisAl(Ti) compound.

Despite the available investigations on the oxidation of titanium carbide/carbonitride
based hard alloys, they almost deal with the alloys of the TiC/Ti(C,N)-metal binder type.
However, the behavior of double/multi-carbide based hard alloys at high temperatures is not
studied enougt. Besides most of the papers deal with the process of high-temperature long time
oxidation of hard alloys — 20, 100 or more hours, but the initial stage of oxidation is not studied
enougt, when the alloys adjustment to the environment and the protective scale layer is formed.
However, to understand the kinetics and mechanism of alloys oxidation in the early stages
makes possible to predict their behavior under conditions of long time high-temperature
oxidation.

Thus, the problem of developing hard alloys with improved physical, mechanical
properties and service characteristics for operating at high temperatures is up to time.

The objective of the paper is to determine the regularities of chemical composition
impact on the high-temperature oxidation kinetics of TiC-VC-Ni-Cr-AIN hard alloys,
morphology, phase and chemical composition of oxidation products.

The task of the research is to study the effect of vanadium carbide and nickel-
chromium binder on the high-temperature oxidation kinetics in the temperature range 800—
1100, the scale microstructure and its chemical and phase composition.

Materials and methods of the research. Titanium and vanadium carbide based hard
alloys with a nickel-chromium binder were prepared by the powder metallurgy method, which
includes such basic technological operations as making homogeneous mixture of the
appropriate composition, bilateral cold pressing and high-temperature sintering in vacuum. The
optimal regims of technological process were established as a result of previous studies [22].

To obtain alloys, powders of carbides with a non-stoichiometric composition of TiCo.gs,
VCosgs, binder metals with the main component content of at least 99.8%, aluminum nitride
AlNo.g7 were used. Iron is added to the alloy as a result of grinding while obtaining the
homogeneous mixture. To study the influence of chemical composition of alloys on their heat
resistance, vanadium carbide-free alloys and those with 2 and 5% VC, with different contents
of Ni-Cr alloys, taking into account the optimal amount of components from the point of view
of their influence on mechanical properties, were prepared (Table 1).

Table 1

Chemical composition of the studied alloys

No Content of components (wt.)% Additive
TiC VC Ni Cr AIN density, g/cm?®
1. 80.0 — 13.5 4.5 2.0 5.25
2. 78.0 2.0 13.5 4.5 2.0 5.26
3. 75.0 5.0 13.5 4.5 2.0 5.28
4. 83.0 5.0 7.5 2.5 2.0 5.10
18.0
5. 69.0 5.0 6.0 2.0 5.48
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Cylindrical specimens of 8 mm diameter and 10 mm height and relative density of 0.98—
0.99 were used for the study, which excludes the presence of through porosity and its influence
on oxidation rate.

Investigation of heat resistance was carried out by the weight method in the
isothermal conditions in air. The influence of vanadium carbide on the heat resistance of
alloys has been studied at the temperatures 800 and 1050 °C for 24 hours, and the influence
of nickel-chromium binder has been investigated at the temperatures 900, 950, 1000 and
1100°C for 3 hours. Oxidation kinetic curves were analyzed using the STATISTICA 10
software package.

The scale microstructure was studied using the electron microscope «Camscan 4-DV»,
and its micro-X-ray spectral analysis was carried out. The morphology of the alloys was studied
using a MIM-10 microscope. X-ray phase analysis of oxidation products was performed on a
DRON-4 diffractometer in monochromatic CuKa radiation.

Results of the research and discussion. To compare the alloys resistance to high-
temperature oxidation, their oxidation kinetic curves were analyzed. Quantitative evaluation of
heat resistance was carried out according to by the value of weight gain g (mg/cm?) depending
on the time and temperature of oxidation.

Figure 1 presents the kinetic curves of alloys oxidation based on titanium carbide and
on a double carbide base with similar content of metallic binders — 18 (wt.)% and 2 (wt.)%
aluminum nitride at the temperatures 800 and 1050 °C in different coordinates.

At both temperatures, the titanium carbide based alloy, compared with the alloy of 5
(wt.)% VC, the weight gain is greater — by 2.2 times at the temperature 800 C, and by 1.33
times at the temperature 1050 C. The greatest heat-resistant happened to be in the alloy with 5
(Wt.)% VC the greatest weight gain being 1.97 mg/cm? at the temperature 800°C and 25.07
mg/cm? at the temperature 1050 C in 24 hours.

Comparison of oxidation value of the studied alloys with titanium carbonitride based
alloy testified that they are more resistant to oxidation [23]. Thus, the value of weight gain of
the titanium carbonitride based alloy increase at the temperature 800 C during 3 hours of
oxidation varies within 2—3 mg/cm?, while for the researched alloys such values of weight gain
are demonstrated after 24 hours.

Linear, parabolic and logarithmic equations were used to analyze the oxidation Kinetic
curves, the last being the most proper to describes accurately the oxidation process of the alloys
under study (Fig. 1 c, d).

g=kln (t/to + 1), 1)

where g is the weight gain (mg/cm?),
k is the oxidation rate constant (mg/cm?),
t is the oxidation time at constant temperature (min),
to is heating time to the researching temperature (from 45 to 70 minutes) (min).
After appropriate transformations, we obtained a linear equation:

y = bo +b1 X, (2)

where x=In(t+to); bo=-Kk In to.

The corresponding regression equations were obtained, which made it possible to
calculate oxidation rate constants.

The regularities of oxidation of TiC-based alloys with 5 (wt.)% VC and different
metallic binder content at the early stages of oxidation (up to 3 h) are presented in Fig. 2.
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At all temperatures, the highest heat resistance was demonstrated by alloy 5 with 24
(wt.)% NiCr, which contains 6 (wt.)% Cr and whose the weight gain during 3 hours does not
exceed 16 mg/cm?.
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Figure 1. Dependence of the weight gain of TiC-NiCr-AlN alloys (1), TiC-2VC-NiCr-AIN (2),
TiC-5VC-NiCr-AlIN (3) at the temperatures 800 (a, ¢) and 1050 C (b, d)

Table 2 presents the values of oxidation rate constants of alloys 3-5 calculated from
equation (1) at different temperatures.

Table 2

Oxidation rate constants of alloys 3-5 at the studied temperatures

Oxidation rate constant (mg/cm?) at different
Content of metal oxidation temperatures, C
Alloy binder, (wt.) %
A 900 950 1000 1100
3 10 1.71 3.11 6.04 11.72
4 18 1.57 2.92 5.49 10.38
5 24 1.19 2.42 4.54 7.81

As it can be seen from Table 2, with the increase of metal binder content and,
respectively, the content of chromium in it, the value of oxidation rate constant decreases
at all temperatures of the study. For all alloys, starting from a temperature 1000 °C,
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intensification of oxidation process and changing the logarithmic law of oxidation to a linear
one were observed (Fig. 2): after 125 minutes of oxidation for alloys with 10 and 18 (wt.)%
NiCr, and after 95 minutes for an alloy with 24 (wt.)% NiCr.
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Oxidation occurs by diffusion of oxygen and counterdiffusion of titanium (Ti**) and
bindering elements. Oxygen advance into the crystal lattice of carbides forming the oxycarbide
solid solutions of titanium and vanadium. When concentration of oxygen in the oxycarbide
phases increases, they can be decomposed in two ways:

Ti,(Cx, Oy) =>Ti+x CO, (3)
Ti(Cx, Oy) => TiOy+XC, (X>y) . (4)

Titanium release occurs unevenly along the carbide grains, which have a typical
core/rim structure. Oxycarbide phases have defects both in the metalloid and in the metallic
sublattice, so both free metal and carbon can be released.

Effective activation energy in the temperature range 900 — 1000 ‘C does not depend on
the chemical composition and for alloys 3-5, in fact it is the same — 157, 155 and 166 kJ/mol,
respectively. For all alloys, the effective activation energy is in 1.5...1.6 times lower than for
pure titanium carbide (250 kJ/mol).

If decomposing of oxycarbide occurs according to the equation 4, the oxidation process
is probably controlled by carbon burning. The effective activation energy of carbon combustion
in the temperature range up to 1300 C is 100 kJ/mol, which is close to the effective activation
energy of alloys 3 and 4 in the temperature range 1000 — 1100°C — 96.3, 92.5 kJ/mol.
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As two opposite processes take place during oxidation — the value increasing of
weight gain due to the formation of oxide layers and evaporation of some elements and the
formation of gaseous products of oxidation, in order to evaluate the heat resistance of alloys,
in addition to Kkinetic dependencies, scale thickness, its morphology and chemical
composition were taken into account.

As it can be seen from Fig. 1, for alloys with different contents of vanadium carbide at
the temperature 800 C, the value increasing of weight gain is unsufficient, blue-violet colors of
runoff, which specify the lower titanium oxides — TiO, Ti.Oz, were observed on their surface.
X-ray analysis testified the presence of these oxides, as well as traces of lower vanadium oxides
VO. The scale adheres tightly to the base of the specimens.

As the temperature rises to 1050 C, the scale becomes brown, it is less dense,
has a larger thickness and drop-shaped formations, but its delamination from the base
of the sample was not observed. The scale is two-layered — the inner layer contains
lower titanium and vanadium oxides, and the outer layer has rutile TiO2, higher vanadium
oxide V20s, iron oxide Fe,Os. Drop-shaped formations are rutile of 1-3 microns
particles. In addition, a small amount of gaseous product of carbon oxidation is likely to be
formed.

The scale structure of alloys containing 5% VC, 2% AIN and different content of nickel-
chromium binders is presented in Fig. 3.

From Fig. 3 it can be seen that in alloy 5 with 24 (wt.) % NiCr, the scale is two-
layered, which is conventional for the titanium carbide oxidation [7]. In the alloys
containing les metallic binder, an intermediate loose layer of low density was found. Scale
layers differ in size and grain size. For all alloys, the inner layer is dense, fine-grained, of
44...60 pm thickness, while the total scale thickness in alloy 5 is approximately 260 um,
and in alloys 3 and 4 it is 280 um. Meanwhile, as compared with the temperature 1000 C,
the scale thickness increased by 2.4, 3.5, and 4.4 times for the alloys with 10, 18, and 24
(wt.) % NiCr, respectively. When the content of metallic binder is greater, the total scale
thickness decreases due to the reduction of the outer layer and disappearance of the
intermediate layer, which testifies the oxidation process retardation.

SAMPLE | 100 i —— SAMPLE2 100 M e SAMPLE 3 30 pm s
a b c

Figure 3. Cross-sections of alloys scale with 10 (a), 18 (b) and 24 (wt.) % NiCr binder (c),
obtained at the oxidation temperature 1100 C for 3 hours

The results of X-ray phase analysis for the alloy with 18 (wt.) % NiCr, in which the
intermediate layer is clearly visible, are presented on Table 3.

It was established that, in addition to the main phase of rutile (TiO2) with a P4/mnm
(C4) lattice, spinel of the NiTiOs type was found in the outer layer. In the intermediate
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layer, besides rutile and spinel, Ti2Oz and traces of V205 were found. Ni and TiO trases
were found in the inner layer at the boundary with the intermediate layer, and spinel was
not available on the boundary with the base of the alloy. Moreover, such phases as TiC and
Ni have appeared.

Table 3

Phase composition of oxidation products of alloy 4 at the temperature 1100 C

Content Scale layer
Alloy of metal Internal Internal Alloy
binder, | Outer | Intermediate | (boundarywith | (boundary with base
(mass)% intermediate layer) | alloy base)
. . (Ti,V)C,
. | TiOs | (02 TR | gio,  NiTIOs | TiOz, TIO, TIC, | Ni, traces
NiTiO3 y traces Ni, TiO Ni, CrCs,
V20s, FesC

The results of micro-X-ray spectral analysis of alloy 3 with 10 (wt.)% NiCr binder scale
(as the least heat-resistant), formed after three hours at the temperature 1100 C, are presented
on Table 4.

As it can be seen from the presented results, the outer layer is formed by the diffusion
of metal to the outer phase boundary, and the inner layer is formed through the outer
layer by the diffusion of oxygen through it. Composition of the binder changes due
to the preferential oxidation of titanium and the different rate of diffusion of binder
components into the outer layers of the scale. Due to the fact, that the pseudo-light
phase, saturated with nickel is unsufficient (up to 42.9%), no nickel oxide was found
in the outer layer of nickel oxide by X-ray method. In the same layer, a dark phase was
found, in which, beside titanium, there was found significant amount of vanadium,
aluminum and iron.

Table 4

Distribution of elements in the scale layers of alloy 3 from 10 (wt.) % NiCr,
oxidation temperature 1100°C

Layer Point (?f Content of elements, (at.) %
analysis Ti Y Ni Cr Al Fe o)
el | niohtphase | 7.271 | 0644 | 87.28 | 0.086 | 0.168 | 3.456 | 1091
Gray phase | 70.511 | 5.014 | 11.97 | 2.924 | 0517 | 1.08 | 7.985
Eﬁi‘ég%.'t'ﬁg 4355 | 365 | 42.9 | 1.585 | 1.323 | 2.42 | 5.565
External [ johtphase | 80.52 | 5.8 | 2.427 | 0.437 | 0422 | 1.062 | 9.96
Grayphase | 62.95 | 6.12 | 18.11 | 0.472 | 093 | 2.95 | 8.6

The structure of the inner layer of scale looks like oxycarbide core and is similar to the
initial structure of the alloys carbide base. Oxidized carbide grains (Ti,V)C and their
conglomerates, as well as oxides of the alloy components, were observed at the boundary
between the scale and the base of the alloy (Fig. 4).

ISSN 2522-4433. Bicuux THTY, Ne 1 (109), 2023 https://doi.org/10.33108/visnyk_tNtu2023.01 ..........vvevvveveereeeerreererrerneneee 11



High temperature oxidation of double carbide based hard alloys

SAMPLE 1 10 pm —— SAMPLE 2 3 um —

Figure 4. Boundary surface between the inner scale layer and the alloy base of alloys 3 and 4 with 10
and 18 (wt.) % NiCr obtained at an oxidation temperature 1100 C for 3 hours

In the inner layer, nickel is available as metallic round inclusions (Fig. 4, Table 3) and
NiTiOz3 spinel.

It is known [24] that in double carbide based alloys, the component being of higher
similarity to oxygen is oxidized in the inner part of oxidation zone while still in the metal phase.
Due to this, when the temperature rises, an entire inner layer of scale is formed and the heat
resistance increases. Thus, the increase of chromium content in the binder from 2.5 to 6 (wt.)%,
which is found in the internal oxidized layer, result in the decrease in the rate of oxygen
diffusion to the material base. Oxidation, when chromium is available occurs according to the
following reactions:

4 Cr3Cy + 17 O2 = 6 Cr203 + 8 COy, ()

under incomplete oxidation lower carbides are formed:
7Cr3C2+502=3CriCs+5CO, (6)
23 Cr3Cz + 28 O2 = 3 Cr23Cs + 28 COo. (7)

These processes are likely to take place during the oxidation of alloys with 6 (wt.)%
chromium in the binder. The heat resistance improvement is achieved by means of binder
metals due to their passivating effect, when the diffusion of oxygen into the scale and the
counterdiffusion of titanium atoms is more complicated. The release of CO and CO, gases
results in formation of porosity, which reduces the alloys heat resistance.

Cations diffusion with a valency of 3 and higher in rutile occurs due to the internodal
mechanism. The presence of vanadium, chromium, and aluminum increases the number of
internodal Ti** cations, while the number of oxygen vacancies increases, the diffusion of which
is the controlling stage during sintering of rutile. In this way, an internal barrier layer based on
carbides of titanium, vanadium and chromium is formed, which reduces the diffusion of
titanium and oxygen and slows down the formation of the outer scale layer. The rate of
oxidation is determined by the processes in the inner layer on the surface of oxide-carbide
phases, since the outer layer does not possess protective properties.

All studied alloys are heat-resistant up to the temperature 900 C, they can be used for
long-term operation at 800-900°C and for short-term work at 1000-1100°C. An alloy with
24 (wt.)% NiCr binders is heat-resistant even at the temperature 1100 C, since in this case the
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amount of chromium is sufficient to form a protective scale layer and the oxidation process is
controlled by the diffusion of titanium and oxygen through the chromium oxide layer.

Comparison of the obtained results with the data in [10, 12, 13, 23] regarding the
oxidation of tungsten carbide based, carbide based and titanium carbonitride based alloys,
testifies that the investigated alloys are more heat resistant. Alloys of the TiC-VC-Ni-Cr-AIN
system are heat-resistant up to the temperature 1100 C and can be used for the manufacture of
cutting tools operating at high cutting speeds, wear-resistant parts for operation in the oxidizing
environments at extremely high temperatures, etc.

Conclusions. It is found that the alloy based on titanium carbide, compared to the alloy
with 5 (wt.)% VC, has in 2.2 and 1.33 times higher the value increasing of weight gain at
oxidation temperatures 800 C and 1050 C respectively.

Despite the metal binder content, the oxidation of the TiC-VC-Ni-Cr-AIN system
alloys at the initial stage (up to 3 hours) to the temperature 1000 C is described by
logarithmic equation. At the temperature 1100 C, for alloys with 10 and 18 (wt.)% NiCr
binders after 95 minutes, and with 24 (wt.)% after 125 minutes, the logarithmic law of
oxidation changes to a linear one. In the temperature range 800-1000 C, the effective
activation energy of the alloys is almost the same 157, 155 and 166 kJ/mol and is
1.5...1.6 times lower than the effective activation energy of pure titanium carbide. At higher
temperatures the effective activation energy decreases to 79 kJ/mol as the NiCr content of
binder increases.

As a result of oxidation, a two-layered scale is formed in all alloys with the inner layer
thickness 44...59 um, and the thickness of the outer layer is in 3.7-5.4 times larger, and in the
alloy with 24 (wt.)% NiCr connections, it is the smallest and is equal to 260 microns.

The phase composition of the oxidation products was found — the outer layer contains
TiO2 and NiTiOs, the inner layer contains TiO?*, TiO, TiC, Ni.

TiC-VC based alloys with 24 (wt.)% NiCr binder are heat resistant up to 1100 C and
more heat resistant than tungstate cobalt and titanium carbide/carbonitrite hard alloys.
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BUCOKOTEMIEPATYPHE OKMCHEHHS TBEPJIUX CIIJIABIB HA
MOABIMHIN KAPBIIHI OCHOBI

Jlronmuna Bogposal; Tanuna Kpamap?; Irop Kosaan!; Cepriit Mapunenko?;
Outena Myain!; SIpocaas Kosanabuyk!; Mukosa Ipokonis?

Y Teproninocoxuii nayionanvruii mexniunuil ynieepcumem imeni leana Ilynios,
Tepnonins, Ykpaina
2[ncmumym naomeepoux mamepianie imeni B. M. Baxyna HAH Yxpainu,
Kuis, Ykpaina

Peztome. Bcmanosneno 63aemo38 130K MidiC KiHEMUKOIO OKUCHEHHs HA NOGIMpI meepoux Chiasié Hd
0CHOGI Kapbidy mumany i 6anadito 3 HiKe1b-Xpomoeoio 36 °a3koio 6 inmepeani memnepamyp 800-1100 T ma
CmMpYKmypoio, Qazosum ma XiMIUHUM CKIAOOM YMBOPeHOi oKamuHu. Bacosum memooom 6cmanosneHo
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Lyudmyla Bodrova, Halyna Kramar, Ihor Koval,
Serhii Marynenko, Olena Mul, Yaroslav Kovalchuk, Mykola Prokopiv

3aKOHOMIPHOCMI NpOYyecy OKUCHEHMsl, HA IX OCHO8I pO3PAX06AHO KIHEMUUHI XAPAKMEPUCMUKU — KOHCMAHYM
WBUOKOCI OKUCHEHHsl Ul eekmueny enepeito axmusayii. Mikpocmpykmypui O0CTIONCEHHs OKATUHU ma
MIKPOPEHM2eHOCNeKMPALbHULL  AHALI3 NPOBOOUNU 3 OONOMO2010 eleKmpouHo20 Mikpockona. Mopgonozio
OKAMUHU CHIABI8 O0CHIONCYBANU Memanoepa@iynum memooom awnanisy. Pewmeeniecoxuii ¢hazosuil ananis
NPOOYKMIi8 OKUCHEeHHs npogoounu Ha ougpaxkmomempi [[POH-4 y monoxpomamuynomy CuKo 8unpominio8aHHi.
Ioxaszano, wo npu 060X memnepamypax OKUCHEHHs. CHA8 HA OCHOSI KapOidy mumany, HOPIGHSIHO i3 CNIAGOM 3 5
(mac.)% N C, mae 6invuuii numomuii npupicm macu — npu memnepamypi 800 C 6 2,2 paszu, a npu memnepamypi
1050 T — 6 1,33 pasa. IIpu memnepamypax 0o 1000 T na nouamkositi cmadii Kinemuka OKUCHEHHs 8CiX CNiasié
0obpe onucyemovcs aoeapupmiunum pieusuuam. Ilpu memnepamypi 1100 T giobysaemvcs inmencugpikayis
npoyecy OKUCHEHHs. 102apu@MIiUHULl 3aKOH 3MIHIOEMbCS HA JHIUHUL nicis 95 xeunun (0ns 24 (mac.)% Hixeno-
Xpomoeoi 36 ’azku) i 125 xeunun (0 101 18 (mac.)% 36 ‘asxu. Koncmanma wieuoxocmi OKUCHEHHSA MAE€ HAUMEHULL
3Hawenns npu ycix memnepamypax oas cnaagy 3 5 (mac.)% VC i 24 (mac.)% Ni-Cr 3¢ ’szku. ¥V cnaasax susigneno
080UIAPOBY OKATUHY, OCHOBHOIO (ha3010 306HIUHb020 wapy € pymult TiO2. ¥V eénympiuinbomy wapi 6useneHo xpom,
AKull nepewxooxcac ougysii xkucruio 6 ocrnosy cnaasy, a maxoxc NiTiOs. [Hocrioxcysani cnnasu € invu
JHCAPOCMITIKUMU NOPIGHAHO 3i CNIABAMU HA OCHOBI Kapbioy eonvgpamy ma Kapbidy/kapbonimpudy mumany. Ix
MOJICHA BUKOPUCIMOBYSAMU OJIsL pPOOOMU 8 Y MOBAX OKUCHeHHsL Ha nogimpi 00 memnepamypu 1100 T.

Knwuosi cnosa. Teepdi cnnasu, xkapbiou mumany i 8aHAdil0, BUCOKOMeMNepamypHe OKUCHEHHS,
KiHemuKa, OKaIund.
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