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Using the method of vacuum-arc deposition, multilayer MoN/CrN nitride coatings were synthesized un-
der two different substrate bias potentials, specifically U, = — 100 V and U, = — 200 V. These coatings were
deposited at a working nitrogen pressure of Px = 0.53 Pa. The structural and mechanical properties of the
obtained coatings were systematically studied, with a particular focus on microhardness and thermal stabil-
ity. The investigation revealed that increasing the bias potential from — 100 V to — 200 V led to a significant
enhancement in the hardness of the coatings. Specifically, the coatings deposited at U, = — 200 V demon-
strated a 23.5 % higher hardness compared to those produced at Us = — 100 V, indicating improved densifi-
cation and possibly finer microstructural features induced by the higher energy ion bombardment. The meas-
ured microhardness values (HVo5) of the as-deposited coatings were 25.6 GPa for Uy =— 100 V and 28.8 GPa
for Us = — 200 V. These values confirm the beneficial effect of a higher negative substrate bias on the me-
chanical performance of the multilayer architecture. Furthermore, post-deposition annealing at 7'= 700 °C
was performed to assess the thermal stability and possible phase transformations. Interestingly, annealing
did not result in an increase in hardness; on the contrary, a slight reduction in average microhardness was
observed for the coating deposited at Us =— 100 V, with the value decreasing to 24.3 GPa. However, for the
coating obtained at U, =— 200 V, annealing led to a slight increase in hardness, reaching 30.8 GPa, suggest-
ing enhanced thermal stability and resistance to softening. These findings highlight the importance of dep-
osition parameters in tailoring the performance of multilayer nitride coatings for high-temperature and

wear-resistant applications.
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1. INTRODUCTION

To improve the functional properties, it is effective to
move to multilayer compositions, which use alternating
layers of coatings with different compositions. [1-3]. Due
to the peculiarities of their structure, a significant num-
ber of layers and their thickness in the nanometer range,
coatings with a submicrocrystalline structure and
nanostructured coatings combine the advantages of lay-
ered systems and the specific properties of nanoscale ob-
jects. This makes them extremely effective for use in
conditions of intense mechanical, thermal and chemical
stress.

Ton-plasma deposition methods, such as magnetron
sputtering and vacuum arc deposition, are the most
widely used in industry to produce protective coatings.

To understand the mechanism of formation of multi-
layer coatings, it is necessary that the layers have dif-
ferent shear moduli and, consequently, different disloca-
tion line energies, and the thickness of the layers must
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be thin enough to limit the formation and movement of
dislocations in individual layers. In this case, two levels
of modulation are required, which should form con-
sistent interfaces. For a multilayer coating that meets
these criteria, a significant internal stress is required to
move the dislocation along the interface, and, therefore,
to increase the hardness of the entire coating Develop-
ment of new protective coating materials, methods and
processes for their application to create multilayer struc-
tures with improved performance characteristics com-
pared to monolayer structures that meet modern re-
quirements for surface protection of cutting tools oper-
ating at elevated temperatures, fatigue and thermal fa-
tigue loads.

The issue of protecting the surface of cutting tools in
elevated temperature conditions, when the temperature
in the cutting zone can reach 800 — 900 °C, is particu-
larly acute. A promising area is the use of multilayer
coatings consisting of periodically arranged layers of dif-
ferent materials of nanometer thickness. Such coatings
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are characterized by high mechanical and operational
properties. Due to the specific structure, large number
of layers and their thickness in the nanometer range,
nanostructured coatings demonstrate improved perfor-
mance.

The greatest effect is achieved with nanometer-sized
layers, since it is in this range that nitrides exhibit the
highest mechanical properties. Ion-plasma technologies,
in particular the vacuum-arc deposition method, are
probably associated with the bombardment of energetic
ions during the deposition of layers under the condition
of a negative stress shift on the substrate. This contrib-
utes to the compaction of interlayer boundaries and an
increase in residual stresses, which, in turn, provides an
increase in hardness compared to the original materials.

Combining high-hardness layers into a single multi-
layer coating allows high hardness to be maintained by
forming a large number of strong interfaces, which sig-
nificantly increases the overall strength of the material.

One of the most promising materials for multilayer
coatings is chromium nitride (CrN). This material exhib-
its high wear resistance, corrosion resistance, and sta-
bility at high temperatures, making it ideal for protect-
ing cutting tools that operate at high cutting speeds.
Also, chromium nitride has a lower coefficient of friction
compared to titanium nitride (TiN), which is widely used
in industry. However, single-layer coatings made of
chromium nitride have certain limitations: they are not
hard enough and are prone to rapid abrasive wear.

To solve these problems, it is necessary to improve
the structure of the coating by creating multilayer archi-
tectures. In such systems, chromium nitride is combined
with other materials that complement its properties. For
example, the use of molybdenum nitride (MoN) as a sec-
ond component is effective. Molybdenum nitride is
known for its high mechanical properties, which provide
additional strengthening of the coating.

MoN/CrN multilayer coatings combine the ad-
vantages of both materials: CrN provides high wear re-
sistance and low friction coefficient, while MoN gives the
coating additional hardness and increased resistance to
thermal and mechanical stress. The interaction between
the layers of these materials contributes to the formation
of a large number of strong interfaces, which increases the
overall strength and performance of the coating.

The development of new protective coating materi-
als, methods and processes for their application to create
multilayer structures with improved performance char-
acteristics compared to monolayer structures that meet
modern requirements for protecting the surface of cut-
ting tools operating at elevated temperatures, fatigue
and thermal fatigue loads is an urgent task of modern
engineering.

In [4], the effect of chromium (Cr) on the structural
evolution and mechanical properties of Mo-N coatings
obtained at different partial nitrogen pressures was
studied. The coatings synthesized at (Pn2/Pr) ratios of
0.32 and 0.44 show a structural organization that is best
described by the quasi-binary MosN-CrN bonding line.
Moz2N and CrN have a face-centered cubic (FCC) struc-
ture, with half of the nitrogen sublattice being vacant for
Mo2N.

With increasing Cr content, the vacancy of the nitro-
gen sublattice decreases. The chemical composition of
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the single-phase ternary component formed by the HCC
is described as Mo1 - xCrxNo.s(1 + 0. The coatings demon-
strate the agreement between the experimentally and
computationally (ab initio) obtained lattice parameters
of the Mo1-xCrxNosa +x HCC.

Thus, the effect of Mo content up to 30.4 at. % on the
microstructure and mechanical properties of CrN coat-
ings was investigated in [5]. The ternary Cr-Mo-N coat-
ings were deposited on steel substrates (AISI D2) using
a hybrid method of arc ion deposition (AIP) using a Cr
target and a DC magnetron sputtering method using a
Mo target in a gaseous N2/Ar mixture. The synthesized
Cr-Mo-N coatings formed a solid substitution solution of
(Cr, Mo)N, where larger Mo atoms replaced Cr in the
CrN crystal. The Cr-Mo-N coatings showed an increased
hardness value of approximately 34 GPa at 21 at. % Mo
compared to 18 GPa for pure CrN. The coefficient of fric-
tion decreased from 0.49 for the pure CrN coating to 0.37
for Cr-Mo-N with 30.4 at. % Mo. It is believed that this
result is due to the formation of a MoOs tribo-layer,
which is known to function as a solid lubricant investi-
gates the effect of molybdenum (Mo content up to
30.4 at. %) on the microstructure and mechanical prop-
erties of CrN coatings. Hardness and toughness were
considered as the main parameters for improving the
protective properties of coatings. Multilayer coatings
with different bilayer periods, from 40 nm to 2.2 um,
were obtained by cathodic arc physical vapor deposition
(Arc-PVD) on a stainless steel substrate.

Multilayer coatings with different bilayer periods,
from 40 nm to 2.2 um, were obtained by cathodic arc
physical vapor deposition (Arc-PVD) on a stainless steel
substrate. The hardness and toughness were studied as
the main parameters for improving the protective prop-
erties of the coatings [6]. The mechanical properties of
the deposited films were studied by measuring the hard-
ness (H) and Young's modulus (£) using microindenta-
tion, and the H/E and Hs/E> ratios were calculated. The
dependence of the internal structure and, consequently,
the mechanical properties on the thickness of the film
layer was revealed. A significant increase in hardness
and toughness was observed with a decrease in the
thickness of a single layer to 20 nm: H = 38 — 42 GPa,
H/E=0.11.

In [7], the mechanical and thermal properties of mul-
tilayer TiN/CrN_M1 and _M2 coatings with bilayer pe-
riods of ~17.8 and 6.7 nm were studied. The interfacial
strengthening resulting from the coherent interface
leads to an increase in hardness of ~27.5 GPa for
TiN/CrN_M1 and ~29.4 GPa for TiN/CrN_M2, which
corresponds to ~26.4 GPa for TiN and ~17.3 GPa for
CrN. The inserted TiN layer slows down the thermal de-
composition process of CrN due to the higher binding en-
ergy of Ti-N than Cr-N, and thus demonstrates the
higher thermal stability of TiN/CrN multilayer coatings.
In addition, TiN/CrN multilayer coatings show better
oxidation8resistance than TiN coatings.

In [8, 9], two series of coatings were obtained by stud-
ying the influence of the main technological parameters
on the deposition process (the value of the negative
shear potential, the pressure of the reaction gas) (depo-
sition parameters are given in Table 1).
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Table 1 — Physical and technological parameters of MoN/CrN
coating deposition

Series Pn, mmHg Uy, V
a 7x10-4 —20; —70; — 150
b 3x10-3 — 20; — 70; — 150; — 300

The highest hardness value of 38.0 GPa, which corre-
sponds to the superhard state, is observed in the MoN/CrN
coating at Pn=3 x 10-3 mm Hg and Uy =— 70 V. The max-
imum load of adhesive fracture of 145-159 N is inherent in
MoN/CrN coatings obtained at the parameters:
Pn=3x10"3mm Hgand Up=—70--150 V.

The paper deals with the formation of MoN/CrN
coatings based on refractory metal nitrides with na-
nometer layer thicknesses and the influence of physical
and technological deposition parameters on their struc-
tural and phase state, mechanical and properties.

2. EXPERIMENTAL PART

To achieve this distance between the substrate and the
evaporators, the focusing magnetic coils were removed,
leaving only the stabilizing coils. The samples were pol-
ished substrates made of stainless steel 12X18N9T with
dimensions of 18 x 18 x 2.5 mm.

The elemental composition of the samples was studied
by analyzing the spectra of characteristic X-ray radiation
generated by an electron beam in an electron microscope.
The spectra were recorded using EDAX energy-dispersive
X-ray spectrometers installed in scanning electron micro-
scopes. The calculation of the element content in the stud-
ied material was carried out using the program supplied
with the scanning electron microscope.

The study of the structural and phase state was car-
ried out on a DRON-4 diffractometer in Cu-Ka radiation
(wavelength = 0.154 nm) using a graphite monochromator
in the secondary beam. The diffraction spectrum for
phase analysis was recorded in the 6-26 scanning scheme
with Brague-Brentano focusing in the angle range
260 = 25 — 90°. The recording was carried out in a point-by-
point mode with a scanning step A(26) = 0.02...0.2° and
the duration of pulse accumulation at each point was
10...100 s (depending on the width and intensity of the
diffraction maxima).

Microhardness measurements of coatings were per-
formed using an automated AFFRI DM-8 hardness tester
using the micro-Vickers method. Indentations were ap-
plied in series of 10 times for each load, at a distance of at
least three diagonal lengths of the indentation from each
other. The samples were fixed on a special holder and
placed under the indenter. The place of application of the
indentation was selected using a built-in optical micro-
scope. The exposure time was 10 s. The determination of
the Vickers hardness (HV) value was carried out in auto-
matic mode. The movement of samples under the micro-
scope, as well as under the indenter, was carried out using
a motorized stage controlled by a computer.

A high-temperature vacuum furnace VHT 8/22-GR was
used to anneal the coated samples. This furnace is
equipped with a graphite chamber and molybdenum heat-
ing elements. Thanks to the ability to constantly change
the conditions of the heating process and numerous addi-
tional equipment, complex heating can be performed in this
furnace
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3. RESULTS AND DISCUSSION

The results of chemical analysis of the coatings pre-
sented in Fig. 1.1 indicate a change in the concentration
of elements in the coating composition with the bias po-
tential to the substrate.

M
© Element weight,% At.%
NK 4.34 18.39
Mol 57.87 36.78
CrK 37.80 44.33
Total 100.00 100.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 keV
a
M
" Element weight,% At.%
N K 5.63 2341
Mol 56.76  34.46
CrK 37.61 42.13
Total 100.00 100.00
Cr

0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 6.30 keV

b

Fig. 1.1 — Energy spectra of the chemical composition of
MoN/CrN multilayer coatings obtained at a nitrogen pressure
of 0.53 Pa and a bias potential on the substrate of — 100 V (a)
and — 200 V (b)

A detailed study of the nitrogen content of the coatings
showed that the application of a bias potential signifi-
cantly affects the change in the nitrogen (N) content of the
coatings. This phenomenon is probably due to the second-
ary selective sputtering of light nitrogen atoms from the
coating surface. With an increase in the modulus of the
negative bias potential to — 200 V, an increase in the ni-
trogen content of the coatings is observed. At the same
time, the amount of molybdenum and chromium in the
coatings decreases. This change in elemental composition
is the result of an increase in the efficiency of nitride com-
pound formation, as higher values of the bias potential
contribute to better binding of nitrogen atoms to metal el-
ements, in particular molybdenum and chromium. This,
in turn, leads to a change in the mechanisms of deposition
and formation of nitride phases, which can positively af-
fect the characteristics of coatings, such as hardness,
wear resistance, and corrosion resistance [6].
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Fig. 1.2 shows a high-resolution cross-sectional image
of MoN/CrN multilayer coating samples, which clearly
shows the characteristic wavy structure of the layers,
which confirms the above theoretical justifications.

v

t

30.00 KV CBS 4.7572 mm | 50 000 x |

Fig. 1.2 — High-resolution micrographs of cross-sections of
MoN/CrN multilayer coatings obtained at a nitrogen pressure
of 0.53 Pa and a bias potential on the substrate of — 100 V (a)
and — 200 V (b)

The analysis of microscopic cross-sectional images of
MoN/CrN multilayer coatings shown in Fig. 1.2 shows
that there is some unevenness in the thickness of the
formed coating layers along the depth.
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Fig. 1.3 — Micrographs of cross-sections of MoN/CrN multilayer
coatings obtained at a nitrogen pressure of 0.53 Pa and a bias
potential on the substrate of — 100 V (a) and — 200 V (b)

The total thickness of the coating (Fig. 1.3) averages
approximately 11.6 pm. The inaccuracy is due to the
thickness of the transition zone between the coating and
the substrate and unevenness due to the droplet phase on
the surface of the coatings. Black layers (see Fig. 1.2) are
MosN layers, and the light ones are CrN. The thickness of
MosN is slightly larger than that of CrN, which is due to
the fact that the deposition rates of the materials are dif-
ferent (for chromium 3 nm/s, for molybdenum 4.5 nm/s).

The MoN/CrN multilayer coatings obtained at a nitro-
gen pressure of 0.53 Pa and a bias potential of — 100 V on
the substrate had a bilayer thickness of 1 ~ 145 nm, and
at a nitrogen pressure of 0.53 Pa and a bias potential of
— 200 V on the substrate, a bilayer thickness of
A~120 nm.

The results of structural-phase studies of MoN/CrN
multilayer coatings obtained at a nitrogen pressure of
0.53 Pa and bias potentials of — 100 V and — 200 V on the
substrate are shown in Fig. 1.4 in the form of X-ray dif-
fraction spectra. It was found that all the coatings are sin-
gle-phase, with the (Cr, Mo)N phase (where chromium
and molybdenum replace each other) being the main
phase, since the peaks in the spectra cannot be clearly di-
vided into peaks of two separate phases.

From the obtained diffraction spectra, it can be seen
that phases with a low nitrogen content are formed in the
coatings of both layers: in the MoN layer, it is the y-Mo:N
phase with a cubic crystal lattice (structural type NaCl,
JCPDS 25-1366), and in the layers of the CrN system, CrN
with a cubic lattice (structural type NaCl, JCPDS 11-0065).

z iz > | [IT— 25°C |
2 20000 £ 2 5 AN
¢ 3 % 2 5 oz
5 L S .L - OH
2, =) = >
5150001 = & o~ = ] o8
i o g o3 e
= e o ~ > =4
= £ Z S zla S
< 10000 ‘,{lg > &8 =
= 58] & =[S 5
= S 5 Gfl%z =
§ sy | 8 3 g
k= I A8 11\2
bt b S A ;:._..__._‘-—\._4’/}‘ —
30 40 30 60 70 80 90 100 [0 120
20, degrees
a

04033-4



INFLUENCE OF SHIELDING POTENTIAL ON THE FORMATION PROCESS...

45000 -
4
~ - —_— 2500
gooom % | =5
= Sl >
g 350001 & | % 1. .
] =S Z —~ ~ /:.
= 300004 = L S = e )
s = [ S =l = =
= ~ |& P < T v
225000 2 | S T == =
— G | <~ P~ Ziya )
5 200004 2 | > S -i‘éi <
2150004 = | S S ==z Z
'z 1= £ 2lS S
g 100007 |5 o B =
*E i ~A =) I 8
S s000{ J| |\ S | <,
o SN e N e RS
30 40 50 60 70 80 90 100 110 120

20, degrees

b

Fig. 1.4 — Sections of X-ray diffraction spectra of MoN/CrN mul-
tilayer coatings obtained at a nitrogen pressure of 0.53 Pa and
a bias potential on the substrate of — 100 V (a) and — 200 V (b)
before (black line 1) and after (red line 2) annealing

The »-Moz2N phase has a wide region of homogeneity, and
cubic lattices are the most stable in non-equilibrium vac-
uum arc deposition methods [10]. Therefore, regardless
of the increase in the bias potential on the substrate
from — 100 V to — 200 V, »-Mo2N remains the main phase
in the layers formed from MoN, and CrN remains the
main phase in the layers formed from CrN.

For the multilayer MoN/CrN coating obtained at a
substrate bias potential of — 200, the diffraction spectra
begin to be dominated by peaks corresponding only to
the isostructural phases (111)CrN/(111)-Mo2N, indicat-
ing that the specific contribution of interfacial interac-
tion in the layers decreases. The obtained results con-
firm that changes in the structure of coatings depend on
the technological conditions of deposition, in particular,
the bias potential on the substrate.

It is obvious that the intensity of the peaks in the
XRD patterns of both coatings increased after annealing
at 700 °C. Such changes in intensity usually indicate an
increase in the number or better orientation of crystal-
lites in the coatings, which can be caused by several fac-
tors: an increase in the number of phases, an increase in
crystallinity, and an improvement in the orientation of
crystallites.

Table 2 shows the lattice parameters of MoN/CrN
multilayer coatings obtained at a nitrogen pressure of
0.53 Pa and a bias potential on the substrate of — 100 V
(a) and — 200 V (b) before and after annealing at 700 °C.

Table 2 — Parameters of MoN/CrN multilayer coatings ob-
tained at a nitrogen pressure of 0.53 Pa and a substrate bias
potential of — 100 V and — 200 V before and after annealing at
a temperature of 700 °C

T, °C Phase Lattice arameter, nm Uy, V
25 »-Moz2N 0.4214 - 200
700 CrN 0.4188
25 »-MoaN 0.4209 - 100
700 CrN 0.4187

It is obvious that the lattice parameters of coatings
decrease during annealing, which indicates several
possible phenomena related to the processes that occur
during heat treatment. First of all, during annealing,
when the temperature of the coating increased, thermal
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compression of the lattice was observed, which means a
decrease in its parameters. This is due to the thermal
expansion of individual atoms in the coating, which can
result in a decrease in interatomic distances in certain
phases of the coating. Additionally, atomic diffusion can
occur during annealing, which can lead to changes in the
composition and structure of the material. This can be
particularly important for experimental MoN/CrN
coatings, where different atoms can interact and change
their lattice arrangement, resulting in changes in lattice
parameters.

In addition, the annealing probably removed the
mechanical stresses generated during deposition, which
leads to stabilization of the structure and reduction of
lattice parameters, since the stresses in the coating can
change the distance between atoms.

In general, a decrease in lattice parameters after
annealing indicates that the heat treatment has
stabilized the structure, reduced internal stresses, or
changed its composition, which can improve the
mechanical properties of the coating, such as hardness
or wear resistance.

The study of the mechanical properties of such
coatings by the most expressive and universal
characteristic — hardness — shows that for thicknesses of
10 nm and more, there is a dependence that consists in
increasing hardness with increasing layer thickness,
when the contribution of interfacial interaction 1is
minimized.

The average values (for ten measurements) of the
hardness of MoN/CrN coatings measured on the device
are: for samples obtained at PN = 3 x 10 -3 mm Hg,
Up = — 100 V, HVoos = 25.6 GPa, in the case of
Us=—200V, HVo.05 = 28.8 GPa. At annealing T'= 700 °C
for coatings obtained at Px = 3 x 10 - 2 mm Hg,
Uy = — 100 V, HVoos = 24.3 GPa, in the case of
Uy=-200V, HVo.05s = 30.8 GPa.

At the same time, an increase in hardness is observed
in the coatings obtained by continuous rotation, which
can be attributed to both the size effect and the formation
of an incoherent (with different types of crystal lattices)
interfacial boundary between the layers [11].

4. CONCLUSIONS

1. Multilayer MoN/CrN coatings obtained by vacuum
arc deposition obtained at Px = 0.53 Pa, had a thickness
of A~ 145 nm at Up =— 100V, and at Uy = — 200 V the
thickness was 4 ~ 120 nm.

2. The study of the nitrogen content in the coatings
shows that the supply of the shear potential is reflected
in the change in the N content in the coatings. This is
associated with the selective sputtering of light nitrogen
atoms from the coating surface. With an increase in the
negative bias potential modulus Us to — 200 V, an in-
crease in the N content in the coatings is observed, while
the amount of molybdenum and chromium decreases,
which determines an increase in the efficiency of nitride
formation.

3. The results of the study of the phase composition
of the ion-plasma condensate MoN/CrN material at the
vacuum annealing temperature at 7' = 700 °C remain
practically unchanged and correspond to the initial post-
condensation state.
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4. The average hardness values of the MoN/CrN coat-
ings are: for samples obtained at Px = 0.53 Pa,
U, = — 100 V, HVoos = 25.6 GPa, in the case of
Uy = — 200 V, HVo.05 = 28.8 GPa. When annealing at
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MeTomoM BakyyMHO-IyTOBOTO OCA/?KeHHsI CUHTe30BaHO Oararormaposi Hitpuaai nmokpurts MoN/CrN 3za
JIBOX PI3HHX MOTEHITIAJIB 3MIMEeHH mariIaaku, a came Us.=— 100 B ra U, =— 200 B. IlokpurTs ocamryBamn
3a pobouoro trcky aszory Px = 0,53 [Ta. CucreMaTuyHO FOCITIPKEHO CTPYKTYPHI T4 MEXAHIYHI BJIACTUBOCTI
OTPUMAHUX IIOKPUTTIB, 0COOJIMBY yBary IIPUIIIEHO MIKPOTBEPIOCT] Ta TepMIiUHi crabinbHocTi. JocmimrenHs
TI0KA3aJI0, 110 301IbIIIeHHs ToTeHITiary aMimerHs Bix — 100 B mo — 200 B mpuasesio 110 3HAYHOTO M BAIIEHHS
TBEPJIOCT] IOKPUTTIB. 30KpeMa, MOKPUTTsI, ocazkeri mpu Us = — 200 B, npogemoncrpysamu Ha 23,5 % Buriry
TBEP/IICTD IOPIBHSHO 3 MOKPUTTAME, orprManumu pu Use = — 100 B, 1110 BrRa3ye Ha moKpaleHe yImIbHeHHT
1, MOYKJIHBO, OLJIBII TOHKI MiKPOCTPYKTYPHI 0COGJIMBOCTI, 1HIyKOBaHI 60MOapAyBaHHAM 10HAMHU 3 BUIIOI0 €HE-
priero. Bumipsni smauenHsa wmikporsepmocti (HVO0,05) ocammennx moxpurTis cramoBmm 25,6 I'lla mmsa
U, =— 100 B 1 28,8 I'Tla muisi Uz = — 200 B. Jlanl 3HaYeHHS TIATBEPIKYOTH TO3UTHBHUN BILIUB OLIBIITIOTO
HEraTUBHOIO 3MIIIEHHS MiIKIAIKN Ha MeXaHIYHI XapaKTepUCTUKN OararoumrapoBoi apxirexkrypu. Kpim Toro,
i ocaIKeHHs 0yJ1o mpoBeaeno Bimmas npu 1 = 700 °C ay1a oIiHKM TepMIiYHOI cTa0lIBHOCTI TA MOYKJIMBHAX
dasoBux meperBopensb. BakmBo, 1110 BIAIIA He TPU3BIB JI0 30LJIBITIEHHS TBEP/IOCTI; HABIIAKH, CIIOCTEPITAIIOCS
He3HAYHe 3MEHIIeHHs CepeJHbol MIKPOTBEPAOCTI A MOKPUTT, ocampreHoro upu Us, = — 100 B, mpuuomy
suavenus aventmiiocs 1o 24,3 ['Tla. Oxgmak s mokpurrs, orpumanoro mpu U = — 200 B, Bigmas npussis
10 He3Ha4yHOro 30iibimeHHs TBepmocTi g0 30,8 I'Ila, 110 cBiMUUTL MPO MiABUINEHY TEPMIUHY CTAOLIBHICTD 1
CTIMKiCTh 10 posM'akmernHs. OTprMaHI pe3yabTaTH MAKPECTIO0Th BAKINBICT TapAMETPIB 0CaMKeHHS 11
HAJIAMITYBAHHS XapaKTEPUCTUK 0AraToIIapoBUX HITPUIHUX MOKPUTTIB JJIsI BUCOKOTEMIIEPATYPHUX 1 3HOCO-
CTIMKHMX 3aCTOCYBAHb.

Kmiouori cmosa: Bakyymuo-nayrose ocapxenss, Bararomaposi mokpurtsa, TeepmicTs, AaresiiHa MIITHICTb.
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