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WEAR-RESISTANT ALLOY FOR PROTECTION
OF CONTACT SURFACES OF AIRCRAFT ENGINE ROTOR BLADES
FROM OXIDATION AT HIGH TEMPERATURES

Wear- and heat-resistant casting cobalt-based alloy for hardening the contact surfaces of rotor blades of aircraft gas
turbine engines has been developed to replace commercial alloys HTN-61 and VZhL-2. High heat resistance was achieved
by combined doping (modification) of the alloy. The optimum chemical and phase composition of alloy has been found
based on the study of alloy heat resistance, wear resistance, structure, and melting point.
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The development of state-of-the-art technolo-
gies requires the creation of new multifunctional
materials, including alloys, which should satisfy
the whole set of various complex requirements
that can arise out or in connection with their use.
Particularly, it concerns the development of al-
loys for aviation and space industry, where the
increase in operating temperature in engine com-
bustion chamber, even by a few degrees, signifi-
cantly enhances the engine power and performan-
ce thereby extending the aircraft capabilities.

The service life of aircraft gas turbine engine
(GTE) is defined by reliability and durability of the
most critical parts of its hot section, such as rotor and
nozzle blades whose contacting surfaces operate in
aggressive environment at high temperatures and
variable loads for a long time and working capacity of
which largely depends on their resistance to wear.

Reinforcement of the contacting surfaces by
coating them with a material more durable than
that of blade can extend service life of blades be-
fore repair; the repair will imply replacement of
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the worn coating instead of overhauling the
blades. The existing materials, nickel alloys VZK
and VZhL-2 developed by VIAM [1] (Russia)
with melting points within the range from 1220
to 1260 °C, are wear-resistant only at tempera-
ture below 900 °C. This does not meet the re-
quirements arising out of high engine operating
temperatures reaching 1100 °C and those related
to other technological processes of blade produc-
tion, such as degassing and brazing at 1270 °C.

STATEMENT OF THE PROBLEM

The HTN-61 alloy developed at the Kurdiumov
Institute of Metal Physics (IMP) of the NAS of
Ukraine [2], which was successfully used within the
range of operating temperature from 20 to 1000 °C,
has proved itself to be not sufficiently heat-resistant
at high operating temperature (up to 1100 °C).
Given the need to raise the intensity and effective-
ness of the GTE operation, which is associated with
afurther increase in operating temperature of blades
up to 1100 °C, the IMP carried out research to find
ways to improve the operating performance proper-
ties of HTN-61 alloy, including its heat resistance.
As a result of the innovative project the promising
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compositions for the development of wear- and

heat-resistant casting cobalt-based alloy have been

defined, and the optimum alloy composition has
been found to strengthen the contact surfaces of ro-
tor blades of aircraft gas turbine engines to replace

VZhL and HTN-2-61 serial alloys.

Operating conditions to be met by the materi-
als are as follows:

+ Specific contact load >20 MPa;

+ Operating temperature range from 20 to 1100 °C;

+ High uniform wear resistance within the range
of operating temperature, at least, at the level
of HTN-61 alloy;

+ Weldability of material with ZhS-32 alloy of
which blades are made should be, at least, as
good as that of HTN-61 alloy;

+ Melting point should be >1300 °C, which sat-
isfies the conditions of the process (degassing
and brazing at 1270 °C);

+ Structural and phase stability during operati-
on within the working temperature range;

+ Affordable production technology: casting with-
out heat treatment;

+ Operating environment: gas environment of ke-
rosene combustion products.

The key requirement for the development of
new material is to achieve heat resistance which
provides the blade service life of, at least, 12 000
hours at the following temperature conditions:

+ At maximum temperature of 1110 °C, the ser-
vice hours account for 2.5% of the service life;

+ At a temperature of 950 °C the service hours
account for 25% of the service life;

+ All other temperature regimes should not be
higher than 915 °C.

In addition, the alloys should have good cast-
ing properties, lend themselves to machining fa-
vorably, be heat-resistant and well-fused on the
blade material.

Research to improve the heat resistance of HTN-
61 alloy on the basis of Co-NbC eutectic was held
at the IMP by developing an optimal doping select-
ed upon the results of analysis of various industrial
cobalt-based alloys [3—6] and experimental data of
alloy sample tests on heat resistance, thermal sta-
bility, melting point, and wear resistance. Based on
the data obtained the composition range has been
identified for the promising alloys which have al-
most the same durability, but 10—20 times (de-
pending on the composition and duration of the
test) higher heat resistance as compared with HTN-
61 alloy. Such alloys contain maximum 19.0 wt. %
of niobium carbide (NbC) and include chromium,
tungsten, aluminum, and iron as dopes. The limits
of dope content (see Table 1) underlie the patent of
Ukraine no. 39450 «Cobalt-Based Alloys» [7].

The approach is based on the study of phase
equilibria in Co-NbC, Co-Al-W, and Co-Nb-C al-
loys and their melting diagrams with eutectic tem-
perature, phase boundaries, and solubility range
established.

The objective of this research was to optimize
the alloy composition within the limits of content
of niobium and carbon as the main carbide-form-
ing elements and the content of doping elements:
chromium, aluminum, iron, and tungsten for get-
ting an alloy to be used as a wear- and heat-resis-
tant material for coating the airfoil shroud plat-
forms of aircraft gas turbine engines to protect
them from high-temperature oxidation and wear
during operation, i.e. to extension their service
life between overhauls.

THE RESULTS
1. Determination of Carbide Component

The groundmass is two-phase eutectic alloy of
Co-NbC system, which contains about 12 wt. %
of NbC at the melting point of ~1400 °C. Doping

Table 1
Basic Element Content Limits
Nb C Cr Al W Fe Co
13.5—17 1.6—1.9 5-25 2—-3.5 6—12 2—5 The rest
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that is necessary to strengthen the cobalt basis of
alloy lowers the melting point and the content of
carbide component at the eutectic point. There-
fore, the most important task was to get eutectic
doped cobalt-based alloys with a melting point of
at least 1300 °C, with an optimum content of nio-
bium carbide which ensures minimum wear. At
the same time, it is necessary to take into consid-
eration the casting technique for manufacture of
alloys, which implies that the alloys containing
carbide phase much larger than that at the eutec-
tic point of Co-NbC system melting diagram can-
not be stirred and poured into molds without
casting defects arising as a result of yield lost.
Some doping elements are partially dissolved
in niobium carbide forming carbide (Nb, Me)C.
Therefore, total carbon content in alloy was ex-
perimentally determined to prevent its unwanted
excess. This excess causes partial melting of alloy
at temperatures lower than 1300 °C due to the
formation of non-equilibrium phases. The results
of thermal analysis of cobalt alloys (see Table 2)

show that for different shares of tungsten, alumi-
num, and iron a fixed range of carbon content
should be established to ensure the formation of
eutectic carbides.

Research and comparison of alloy melting po-
ints allow the researchers to exclude from consid-
eration those elements that melt at temperature
below 1300 °C. For example, increase in carbon
content up to 2.1% in the alloy no. 3 leads to
emergence of additional effect on its thermal ana-
lysis diagram (Fig. 1) as compared with the alloy
no. 4 containing 1.8% of carbon on the thermal
analysis diagram of which there is only an effect
associated with its melting (Fig. 2). The melting
point of the obtained alloys exceeds 1300 °C mak-
ing further study of VZhL-2 alloy (which has a
much lower melting point) unfeasible.

Given the requirements for the alloy manufac-
ture and the fact that the formation of congruent
melting niobium carbide NbC,y it is necessary to
meet a certain niobium-to-carbon ratio which is
about 8.5 it has been experimentally established

Table 2

Carbon Effect on Alloy Melting

Content of component, mass percentage Temperature of thermal effects, °C
No.
w Al Fe C 1* secondary peak 2" melting peak

1 4.5 4 — 1.8 — 1320
2 4.5 4 — 1.95 — 1330
3 4.5 4 — 21 1294 1316
4 6 4 — 1.8 — 1315
5 6 4 1.95 1290 1320
6 6 4 — 21 1280 1300
7 6 4 3 1.7 — 1310
8 9 4.25 1.8 — 1280
9 9 4.25 — 1.95 1270 1300
10 9 4.25 — 21 1270 1290
11 9 4.25 3 1.7 — 1310
12 7 4.25 3 1.9 1275 1310
13 7 4.25 3 1.8 — 1320
14 7 4.25 3 1.75 — 1315
VZhL-2 1220

Note. All samples contain 20 % of Cr, 15.5 % of Nb, the rest is Co.
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that the optimal content of niobium carbide in
the alloy is limited to 18 wt. %.

2. Heat Resistance Tests

The choice of temperature of alloy heat resis-
tance test is based on the fact that the maximum
operating temperature is 1100 °C (2.5 % of the ser-
vice life). The samples were made of cast bars by
spark cutting and lathed. Their surface area was
measured with an accuracy of £0.1 mm? The sam-
ples were weighed with an accuracy of £0.001 g.
Each sample was placed in a separate crucible
made of aluminum.

Heating in electric resistance furnace to a tem-
perature of 1100 °C in air was controlled by a ther-
mocouple. The samples were kept at this tempe-
rature during 10 hours and cooled together with
the furnace. The procedure was repeated five times.
Totally, the samples were held at 1100 °C during
50 hours. The alloy heat resistance was calculated
as increase in sample weight after every 10 hours
of annealing divided by its surface area (Am/s).

According to the measurement results showed
in Table 3, almost all alloys have a much better
heat resistance than commercial alloy HTN-61.
The advantage of the investigated alloys increas-
es significantly with increasing duration of expo-
sure to high temperatures. For the samples an-
nealed during 10 hours this advantage reaches
3—5 times, while for the samples annealed during
50 hours it ups to 20—25 times.

3. The Optimal Content of Doping Elements

The optimal content of doping elements in al-
loy to achieve the best properties is based on in-
formation about the limits of their solubility in
Co-Cr, Co-W, Co-Al, and Fe-Co alloys. Chrome
and aluminum more effectively improve resis-
tance to high-temperature oxidation than other
elements due to the formation of Al,O, (internal)
and Cr,O, (external) films, but this positive ef-
fect is achieved only for a certain percentage ratio
of chromium and aluminum in the alloy. Chromi-
um significantly effects heat resistance of cobalt-
based alloys provided its content is within the
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Fig. 2. Thermal analysis diagrams of alloy no. 4 (C = 1.8)

solid solution and cannot significantly increase
due to the formation of brittle c-phase. It en-
hances cobalt resistance to oxidation and strength
at high temperatures. The cobalt binary alloys with
20, 25 or 30% chromium content have approxi-
mately the same oxidation, with the only differ-
ence being that the alloy with 25% chromium
content is oxidized slowly. The same content of
chromium ensures the largest increase in heat re-
sistance [8]. In case of excessive carbon and a suf-
ficient amount of chromium fusible eutectic Co-
Cr,,C, with a melting point below 1270 °C ap-
pears in the alloy. The appearance of this eutectic
should be prevented insofar as the rotor blades
have to be treated at high temperatures (degas-
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sing and brazing at 1265—1270 °C). Thus, to
achieve a high heat resistance the optimal chro-
mium content is 20 wt. %.

Introduction of 3—4% aluminum to cobalt-
based alloys reduces the rate of oxidation [9]. As
its content increases over 6 wt. % exceeding the
limit of solubility, the melting point decreases,
but aluminum is a mandatory doping element in
industrial cobalt alloys. Its function is to form an
initial fine oxide layer on the friction surface.
Further heating causes the oxidation of other ele-
ments for which Al,O, microcrystals can act as
crystallization centers. It provides the refinement
of structure of oxide layers formed. In addition,
in the presence of chromium aluminum provides
its diffusion from the deeper layers to the surface.
The chromium content of 20 wt. % and aluminum
one of about 4 wt. % provide the highest heat re-
sistance of alloys.

To achieve high wear resistance at temperature
above 1000 °C or to maintain it at the level of
HTN-61 alloy it is necessary to increase the hard-

ness and strength at high temperature. For the
eutectic Co-NbC-based alloy this is achieved by
reinforcing solid solution with tungsten. The en-
hancement of heat resistance and wear resistance
by doping with aluminum and tungsten, respec-
tively, requires studying the limits of compatible
solubility of these elements in cobalt-based solid
solution. The information on these limits is given
by the triple diagram of Co-Al-W system in the
area of alloys rich in cobalt [10, 11]. The optimal
tungsten content in alloy is 10 wt. % and the alu-
minum content should be less than 2 wt. %.

A small amount of iron (optimally, 3%) is add-
ed to the alloy to stabilize the phase transforma-
tion of cobalt (a < €). Such doping has a little
effect on the properties of optimized alloy, inas-
much as such a small amount of iron is completely
dissolved in solid solution.

4. Alloy Wear Tests

One of the requirements for the new material is

to preserve durability at the level of HTN-61.

Table 3
Heat Resistance of Alloys
Composition Increase in sample mass, mg / mm?
. of sample, wt. % Melting 1060 °C 1100 °C
point, °C Duration of annealing, hours
Cr W Al Fe C
10 20 30 40 50 10 20 30 40 50
15 20 | 75 | 3.5 | — 1.9 1310 45 | 40 | 35 | 30 | 26 | 120|101 | 87 | 78 | 7.0
16 20 | 751 35| 30 | 19 1310 1.7 | 163 | 137 | 1.4 | 1.31
17 20 | 60 | 40 | 3.0 | 19 1280 23 | 213 22 | 25 | 203
23 20 | 70 | 2.0 | 5.0 | 1.8 1320 854 | 825|519 | 494 | 3.71
26 20 | 90 | 3.5 | 3.0 | 1.7 1315 7.0 | 568 | 427 | 3.28 | 2.16
27 20 12 | 25 | 30 | 1.6 1300 482 | 412 |1 393 | 3.69 | 2.1
28 20 | 45 | 40 | 3.0 | 19 1280 21 1197 | 177 | 1.8 | 19
29 20 10 | 30 | 3.0 | 19 1310 25 | 23 | 214 19 | 1.7
30 25 190 | 20| 3.0 | 18 1315 733 | 413 | 3.74 | 2.86 | 2.1
31 20 | 75 | 35| 6.0 | 1.8 1315 65 | 56 | 51 | 48 | 45 | 139 | 126 | 11.5 | 104 | 9.1
32 20 10 | 30 | 1.5 | 1.8 1310 42 355|316 | 28 |266| 9.0 | 7.8 | 69 | 55 | 4.2
HTN-61 1320 13.3 | 14.0 | 146 | 156 | 16.7 | 25.8 | 29.1 | 33.5 | 47.9 | 50.5

Note. All the alloy samples contain 15.5 wt. % of Nb, the rest is Co.
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Therefore, the alloys are subject to wear resis-
tance tests. The high-temperature durability tests
were conducted on the bench, where the condi-
tions of operation of rotor blades of aircraft gas
turbine engines were simulated with respect to
heating rate, operating temperature, atmospheric
composition, and nature of mechanical interac-
tion of blade edge surfaces (load and amplitude of
fluctuations). The samples were held by T-shaped
holders; the test parameters were as follows: tem-
perature: 20 °C and 1100 °C, load: 50 MPa, the
amplitude of mutual displacement: 1.5 mm. Twel-
ve samples were tested with respect to their high-
temperature wear resistance. The best results of
the tests are presented in Table 4. Wear resistance
was determined by decrease in the sample volume
during one cycle of oscillation.

Metallographic study of alloys after wear resis-
tance tests included an external examination, a
topographic study of contact wear zones and a
metallographic analysis in the area of fretting
wear. When considering the brazed plates under
a binocular microscope, it was found that at high
temperatures the plates were oxidized to dark
gray color without significant traces of peeling
and flaking of oxides (Fig. 3).

Such specific features of fretting wear as linear
wear, traces of relative displacement of material
across the contact planes (along the axis of the

non-contact
surface

[olh e sl |

Fig. 3. Oxidation of HTN-62 alloy in wear test at 1050 °C
x400: a, b on the contact surface in the glazing area; ¢, d on
the non-contact surface

by, ¥

sample), setting, transfer of metal, beading with
scratching, and formation of even glazed surface
in the contact zone are more or less typical for all
the samples.

The positive aspect is glaze coating of surface
in the view of the fact that this surface has very
high density, hardness, and wear-resistance. Me-
tallographic analysis showed that in the area of
glazing dense amorphous oxides were formed. All
types of alloys studied showed a high wear resis-
tance and, consequently, an acceptable condition
of contact surfaces. The comparison of wear fac-

Table 4
Alloy Wear Resistance
_ Alloy wear,
Sample no. % Al Fe C pl\(/)[ﬂtlggé I, x 10° mm®/cycle
20°C 1100 °C
20 9.0 5.0 3.0 1.7 1270 0.18 48.0
23 7.0 2.0 5.0 1.8 1320 0.25 15.1
24 4.5 5.0 3.0 1.8 1310 0.12 77.0
25 7.0 4.25 3.0 1.8 1310 0.30 65.0
26 9.0 3.5 3.0 1.7 1315 0.25 15.0
27 12.0 2.5 3.0 1.6 1300 0.24 14.9
HTN-61 1350 0.25 15.0

Note. All samples contain 20% of Cr, 15.5% of Nb, the rest is Co.
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Fig. 4. Alloy wear factors at 1000 °C
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Fig. 5. The typical structure of HTN-62 alloy: a) NEOP-
HOT-2 light microscope x300; b) JM7000F scanning elect-
TON microscope

tors for alloys VZhL-2, HTN-61, and HTN-62 at
1000 °C is illustrated in Fig. 4.

The wear resistance measurement for alloys
studied as compared with VZhL-2 and HTN-61
alloys, at 1000 °C under the same conditions of
the bench tests showed that for a certain content
of chromium, niobium, tungsten, aluminum, car-
bon, and iron the former has as good durability as
the latter. The alloys have high thermal stability in
the test mode within the range from T =200 °C
and T = 1100 °C. After 1,000 cycles no cracks
have been revealed.

Given the above analysis of data on the influ-
ence of doping on the melting point, thermal sta-
bility, heat- and wear resistance of cobalt-based
alloys with niobium carbide the optimum alloy
composition having better properties than the ex-
isting serial alloys VZhL-2 and HTN-61 has been
identified. New composition is branded HTN-62.

5. Study of Microstructure

It is known that the alloy mechanical properties
are sensitive to structural changes. The developed
alloy due to a sufficient bulky part of carbide pha-
se, its reinforcing effect, and regular thermally
stable eutectic structure has a high wear resis-
tance within a wide range temperature, specific
load, and slip rate.

When developing the alloy it was established
that a moderately hypereutectic structure is the
most optimal one, since this alloy contains the
largest allowable amount of carbide phase. Any
larger content of niobium carbide makes smelting
by induction melting technique in refractory cru-
cibles impossible due to a sharp rise in end melt-
ing point (liquidus). In addition, this alloy be-
comes fragile due to excessive consolidation of
primary crystals of carbide phase. In the case of
lesser amount of carbide phase (e.g. pure eutectic
alloy) the high-temperature wear resistance is
significantly lower. The typical structure of HTN-
62 alloy is showed in Fig. 5.

The most optimal structure of alloy is present-
ed by primary (excessive) niobium carbide crys-
tals and double eutectic containing two phases:

26
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Fig. 6. HTN-62 alloy ingots

solid solution of doping elements in cobalt and

lightly doped niobium carbide. The carbide crys-

tals in the form of dendrites are surrounded with
bladed-fibrous eutectic. The comparison of al-
loy microstructure before and after annealing at

1100 °C during 50 hours proves the structural

stability of investigated alloys.

Thus, based on research of heat resistance, du-
rability, structure, and melting point of alloys the
optimal chemical and phase composition of co-
balt-based casting alloy has been identified in
terms of content of niobium, chromium, carbon,
aluminum, tungsten, and iron.

The optimized alloy branded HTN-62 has the
following advantages over the existing alloys:

+ Uniform high wear resistance within the tem-
perature range from 20 to 1100 °C under the
conditions of aviation fuel combustion, which
provides a significant increase in GTE service
life between overhauls;

+ Melting point of alloy (1320 + 10 °C) satisfies
the conditions of engine production;

+ High heat resistance (10 times higher than that
of HTN-61alloy; all other features being pre-
served, it gives a possibility to choose a mate-
rial for specific conditions);

+ High thermal stability;

+ Structural and phase stability up to 0.8-0.9 T .
For the industrial alloy production the induc-

tion melting technique in vacuum or protective

atmosphere without heat treatment has been op-
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timized. It implies compliance with a given se-
quence of melting and with temperature and time
parameters of the process, which ensures the al-
loy compliance with a given chemical composi-
tion and melting point. Due to compliance with
the provisions of technical requirements the al-
loys have minimum amount of casting defects:
pores, films, impurities. Using the proposed tech-
nique the project partner, Melta Ltd., has made 3
HTN-62 alloy ingots having a total weight of 20
kg (Fig. 6) of which Progress Design Office pro-
duced plates and applied them to the airfoil
shroud platforms of turbine blades to test them
on the engine. The alloy is under implementation
and passed the control flight tests for 2000 hours.
The trials are to be extended to 7000 hours.

CONCLUSIONS

1. The optimum composition of new heat- and
wear-resistant cobalt-based casting alloy with car-
bide reinforcement has been developed having
studied the phase equilibria in the Co-NbC, Co-
Al-W, and Co-Nb-C. The alloy has no comparable
counterparts in CIS countries. It is under imple-
mentation at the Progress Design Office.

2. The HTN-62 optimized alloy has the follow-
ing advantages over the existing compounds:

+ Uniform high wear resistance within the tem-
perature range from 20 to 1100 °C under the
conditions of aviation fuel combustion, which
provides a significant increase in GTE service
life between overhauls;

+ Melting point of alloy (1320 + 10 °C) satisfies
the conditions of engine production;

+ High heat resistance (10 times higher than that
of HTN-61 alloy), with all other useful proper-
ties being preserved;

+ Structural and phase stability up to 0.8-09 T .
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N3HOCOCTOMKUI CILJIAB
JIJIS 3AIINUTHI KOHTAKTHBIX IOBEPXHOCTEN
PABOUYUX JIOITATOK ABUAIIMOHHBIX
JIBUTATEJIEM OT OKUCJIEHUS [1PU BBICOKUX
TEMITEPATYPAX

PaspaboTan M3HOCOCTOMKMIA M KapOCTOMKUIN JTMUTEHHbIN
CIJIAB HA OCHOBE KOOA/bTa IS YIPOYHEHUS KOHTAKTHBIX
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MOBEPXHOCTEN paboUMX JOMATOK aBUAIIMOHHBIX Ta30TyP-
OUHHBIX JBUTATEICH BMECTO cepuitHbIX ciaBoB X TH-61 u
BIKJI-2. Boicokue 11okasaresn }XapoCTOWKOCTH JIOCTUTHY-
ThI KOMILJIEKCHBIM JIeTUpOBaHueM (Monu(UKaIeii) criiaBa.
Ha ocnoBe ucciieioBanuii ;kapoCcTOMKOCTH, U3BHOCOCTOUKOC-
TH, CTPYKTYPbI ¥ TeMIIepaTyphl TJIABJIEHUS CIIABOB yCTa-
HOBJIEH ONITUMAJIbHBIN XUMUYECKN 1 (Da30BBIN COCTAB pas-
paboTaHHOTO CILIaBa.

Knwueevie crosa: cnmasel Kobanbra, Kapoug HnoOus,
JIETUPOBAHIE, KaPOCTONKOCTD, TEMIIEPATypa TIABJICHNUS, 13-
HOCOCTOIKOCTb.

T.C. Yepenosa, I11. /Imumpicsa,
A.B. Hocenxo, O.M. Cemupea

3HOCOCTIVNKUN CIIJIAB
I BAXUCTY KOHTAKTHUX [IOBEPXOHb
POBOYUMX JIOTIATOK ABIAIIMTHUX
JIBUTYHIB BIJI OKUCJEHHS ITPU BUCOKNX
TEMITEPATYPAX

P03p0o6JieHO 3HOCOCTIIKMIT Ta KapOCTINKUI JIMBapHUI
CILIaB Ha OCHOBI KOOAIBTY /IS 3MIIIHEHHSI KOHTAKTHUX T10-
BEPXOHDb POOOYMX JIOMATOK aBialliiHUX Ta30TypOIHHUX JBH-
ryHiB 3amicTb cepiitnnx cruaBiB XTH-61 i BJKJI-2. Bucoxki
MTOKA3HUKU JKaPOCTIMKOCTI IOCATHYTO KOMILIEKCHUM JIETY-
BaHHAM (Mozamdikarieo) crmaBy. Ha ocHOBI mociimkeHb
SKapOCTINKOCTI, 3HOCOCTIMKOCTI, CTPYKTYpH Ta TeMIepaTypu
IJIABJIEHHS CIJIABiB BCTAHOBJIEHO ONTUMAJIbHUN XiMiYHUI
Ta hasoBUil CKJIaJl PO3POOJIEHOIO CILIABY.

Kuawuoei croea: cinasu kobassry, Kapbij Hio6io, Jery-
BaHHS, JKAPOCTIHKiCTh, TEMITEpATypa TIaBIeHHS, 3HOCOCTiii-
KiCTb.
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