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An analytical model for the nucleation of edge misfit dislocations in cylindrical core-shell
nanowires with a diffuse interface boundary is developed. The model is formulated within
the framework of linear isotropic elasticity theory and accounts for the interplay between
the nanowire’s geometry, interface diffuseness, and lattice mismatch. By evaluating the to-
tal energy change associated with dislocation formation, we systematically analyze the de-
pendence of energetic favorability of dislocation nucleation on the core/shell radius ratio,
diffuse interface width, and misfit parameter. The results demonstrate that sharp interfaces
maximize the energy gain from dislocation formation, whereas diffuse interfaces suppress
it, particularly in nanowires with thin cores. The optimal dislocation nucleation site is
primarily governed by geometry features and only weakly influenced by misfit parameter.
A critical misfit parameter is identified, above which the nanowire coherent state becomes
unstable. The analysis reveals that while broader diffuse interfaces reduce the tendency for

relaxation process, increased lattice mismatch promotes it.

Keywords: Core-shell nanowire; Diffuse interface; Misfit dislocations; Misfit stress relaxation

1. INTRODUCTION

Light-emitting devices based on one-dimensional hetero-
structures offer several key advantages over conventional
planar heterostructures, including crystal defect density,
enhanced light extraction efficiency, increased effective
light-emitting surface area, and superior control over
charge carrier density and injection [1,2]. A typical exam-
ple of such one-dimensional heterostructures is core-shell
nanowires (NWs). A range of synthesis methods can be
employed to fabricate such heterostructures, such as the
vapor-liquid-solid method, metalorganic chemical vapor
deposition method, electrochemical deposition method,
colloidal chemistry approaches, etc. [3—5]. The growth of
core-shell NWs via almost all techniques is fundamentally
a kinetically controlled process, far removed from ther-
modynamic equilibrium. Driving forces like high vapor
supersaturation, rapid precursor switching, or an applied
electric potential create conditions where the deposition

rate of new atoms significantly exceeds their rate of relax-
ation into the most stable lattice sites. This imbalance be-
tween the material supply rate and its ordering rate leads
to several interrelated phenomena that cause interface
broadening. Consequently, the resulting interface is rarely
atomically sharp. Instead, a diffuse interphase boundaries
form, with a thickness ranging from a few to tens of nano-
meters, where the composition smoothly varies from the
core material to the shell one [6,7].

While such a diffuse interface can sometimes be ben-
eficial for reducing mechanical stress, it is often an un-
desirable compromise that degrades the heterostructure's
electronic and optical properties, for instance, by smooth-
ing out potential barriers in quantum wells or promoting
carrier leakage [8,9]. Since the diffuse interface in NWs
prevents the formation of misfit defects due to the reduc-
tion of the misfit strain energy [8,10], such effect should
be considered in strict theoretical models describing misfit
stress relaxation in core-shell NWs.
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To date, a significant number of theoretical studies
have been devoted to describing the formation of circular
and rectangular dislocation loops [11-20], straight dis-
locations [21,22], and their dipoles [23,24] in core-shell
NWs with an atomically sharp interface. Research on the
relaxation of mechanical stresses in heterostructures with
diffuse interfaces has largely focused on axially-inhomo-
geneous nanowires [25-27]. A key reason for the paucity
of theoretical models on stress relaxation in radially-in-
homogeneous NWs with radial composition gradients has
been the unavailability of a closed-form analytical solu-
tion for the elastic fields in such core-shell NWs. The re-
cent advent of this solution [28] has enabled progress in
this area.

Thus, the objective of this study is to develop an ana-
lytical model describing the nucleation of an edge misfit
dislocation in a cylindrical core-shell NW featuring a dif-
fuse interface. This model will be used to systematically
investigate how the energetic preference for this nucle-
ation process is affected by the heterostructure's geome-
try, the specific profile of the interface, and the material
properties of the NW.

2. MODEL

Consider a cylindrical core-shell NW with a radial-
ly diffuse heterointerface and a misfit dislocation (MD)
whose line is parallel to the NW axis and shifted from
it (see Fig. 1). Within the classical theory of linear elas-
ticity for elastically isotropic and homogeneous medium,
the total energy of the core-shell NW can be written as
follows:

W=VVst+VVd+VVc+VVint’ (1)

where W, is the strain energy of the NW with no MD,
W, is the strain energy of the MD, ¥, is its core energy,
and W, , is the energy of interaction between the MD and
the misfit stress field in the NW.

Nucleation of a MD is considered energetically favor-
able if the total energy change of the NW associated with

MD formation becomes negative [22]:

AW =W —W, =W, +W.+W,, <0. )

The MD core energy W, can be estimated in the stan-
dard manner [29]:
2
W= ()
4n(1-v)
where G is the shear modulus, v is the Poisson ratio, and b is
the Burgers vector magnitude of the MD.

The MD strain energy W, in a composite NW was de-
rived analytically by integrating the relevant component of
the stress field generated by displaced dislocation in an in-
finite cylinder using the Airy stress function approach [22]:

Shell R

Fig. 1. A composite core-shell NW featuring an MD in the shell
and a diffuse core-shell interface. R, is the radius of the NW core,
R, is the outer radius of the NW, A is the thickness of the diffuse
interface between the core and the shell, and R, denotes the radi-
al position of the MD within the NW.

2
W, = _Gb
n(1-v)
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where ¢, = R, / R, is the normalized radial position of the
MD in the NW, 5, =7 /R, is the normalized dislocation
core radius, and R, is the outer radius of the NW.

The interaction energy ¥, can be evaluated as the me-
chanical work required to introduce the MD in the misfit
stress field of the NW:

W,y == Spdr. (5)

For a NW with a diffuse core-shell interface, approx-
imated by a piecewise-linear profile, the relevant stress
component 6, takes the form [28]:

B 2
ol =0, —1+t§+f—2},0<t$to—8/2,
@ 326 +26* (<121, — 68+ 12625+ 8°) — (21, — 8)’
Ggo = Oy 2 >
| 24175
t,—8/2<t<t,+8/2,
/.2 1 122 2
o =5, %ﬁ“},wa/zqg, 6)
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where 6, = f,G(1+Vv)/(1-V), d =A/R, is the diffuse in-
terface width normalized by the outer NW radius, t =7/ R,,
andt, =R,/ R,.

Note that the local eigenstrain fin such an NW is de-
fined as:

1 0<t<t,-8/2,
f@)=fo1(t, =1)/3+0.5, t,-8/2<t<t,+8/2, (7)
0, t,+8/2<t<l,

where fis the misfit parameter characterizing the lattice
mismatch between the core and shell materials in the NW.
Accordingly, the interaction energy W, takes three

distinct forms depending on the MD position:
for the MD position inside the core

— 2
1"a 1
t—t A 2_1
VVint = _GObRZ 1248‘1 [16(tl +td)+2C—§J__(ltlzt )a
17d 1
_A -
12t, ’

where 4=12¢; +8°, B=-1+1; +8 /12, C=-12t,— 68
+124; +8°, D= (21, -8)’, t, = (t, +8/2), t, = (t, -8/ 2).
Thus, all terms of Eq. (2) have been determined.

3. RESULTS AND DISCUSSION

The calculations utilized a core-shell NW model featur-
ing a piecewise-linear radial eigenstrain profile with these
parameters: modulus of Burgers vector » = 0.4 nm, shell
radius R, = 1000, Poisson’s ratio v = 0.31, and shear mod-
ulus G =48 GPa. The misfit parameter £, and the core ra-
dius R, were varied during the work, with their specific
values indicated in the descriptions of each considered
configuration. The distribution of total energy change AW
depends on the misfit parameter f;, the normalized inter-
face width 9, the normalized radial coordinate of edge dis-
location nucleation ¢, and core-shell radius ratio R, / R,.
ForaNW withathincoreandathickshell (R, / R, = 0.3,
Fig. 2a), the relatively sharp interface with d =0.1 (blue
curve) leads to the most pronounced reduction in the to-
tal energy change AW due to the MD nucleation. The en-
ergy minimum is AW,, ~-0.34Gb* at the MD position
t,~0.26. For an intermediate interface width & =0.3 (or-
ange curve) the magnitude of the energy change reduc-
tion becomes noticeably smaller, with the minimum
AW, ~-0.16Gb” at t,= 0.28. The energy change profile

min

00 0 +0 1
WO = —b( [ Rogar+ [ R+ ijzcggdf),
5
0<t, <t,——=; ®)
2
for the MD position inside the diffuse interface
th+8 1
we - —b( [ R [ chggdt),
) 1)
t,——<t, <t,+—; 9
0 2 d 0 2 ( )
and for the MD position inside the shell,
int

W :_bLLRzo-ge)dt, t0+gStd <l1. (10)

By evaluating the integrals (8)—(10), one obtains the fi-
nal closed-form expression for the interaction energy W,

-t,), 0<t,<t,

t,<t,<t, (11)

becomes more gradual, without abrupt kinks. For the most
diffuse interface with 8 =0.5 (green curve), the energy
change becomes notably shallower and broader, attaining
the minimum value AW,, ~—0.06Gb” at t,=0.34. In the
case of a perfectly sharp interface (6 =0, red curve), the
energy change minimum is the deepest, AW, ~ —0.48Gb’
atz,= 0.3, as one could expect in advance. It is worth not-
ing that only for the perfectly sharp interface with § =0,
the energy change minimum AW, lies strictly at the
boundary of the pure core region. For a slightly diffuse
interface with 6 = 0.1, the minimum is shifted inward the
pure core region, while for broader diffuse interfaces with
6 = 0.3 and 0.5, the minimum is located within the diffuse
interface itself and progressively shifts toward the shell
with an increase in .

In the case of a NW with equal core radius and shell
thickness (R, / R, = 0.5, Fig. 2b), a relatively sharp inter-
face with 6 =0.1 (blue curve) leads to the total energy
change minimum AW, ~—1.01Gb> att,= 0.45. For a less
sharp interface with 6 = 0.3 (orange curve), the minimum
becomes smoother, with AW, ~-0.68Gb” at t,~0.38,
while a further increase in the interface blurriness up
to 6=0.5 (green curve) leads to an even smoother and
shallower minimum with AW, ~-0.42Gb> at t,~0.39.
In the case of a perfectly sharp interface with & =0 (red

curve), the minimum is AW, ~—1.18Gb* at £,=0.5. As

Reviews on Advanced Materials and Technologies, 2025, vol. 7, no. 4, pp. 259-267



D.K. Naumov et al.: The role of interface sharpness in the formation of misfit dislocations... 262

(a)
04r
0.2\
3
0.0
R
< 02}
04
0.0 0.2 04 0.6 0.8 1.0
tai=r/R>
(c)
RS
O
R
<

0.0 0.2 0.4 0.6 0.8 1.0
ti=r/R>

(b)
o
()
R
<
—1:2 s . . . . .
0.0 0.2 0.4 0.6 0.8 1.0
ti=r/R>
(d)
0=A/R>
— 0
— 0.1
— 03 ¥
— 0.5

Fig. 2. Dependences of the total energy change AW on the normalized radial coordinate 7, of an MD in core-shell NWs with various
values of the position and width of the diffuse interface for f;, =0.05 and R, /R, = 0.3 (a), 0.5 (b), and 0.7 (c). The red, blue, orange,
and green curves correspond to the normalized interface widths 6 =0, 0.1, 0.3, and 0.5, respectively. Panel (d) presents a sketch of the
dislocated NW cross section. The values of AW are given in units of Gb.

follows from these observations, at R, / R, = 0.5, the min-
imum position is strictly at the core boundary when the
interface is perfectly sharp with 6 = 0. For a diffuse inter-
face, the minimum is shifted inward the pure core region
if 8 =0.1 (as is also the case with R, / R, = 0.3, Fig. 2a),
while it resides within the diffuse interface at practically
the same positions for 8 = 0.3 and 0.5.

In the case of a NW with a thick core and a thin
shell (R, / R, = 0.7, Fig. 2c), the situation is a bit different.
Forarelatively sharp interface with § = 0.1 (blue curve), the
total energy change has the minimum AW, ~-1.58Gb
at t,~ 0.65. For a more diffuse interface with & = 0.3 (or-
ange curve), AW, ~-1.16Gb" at t,~0.55, and for the
most diffuse interface with 6 = 0.5 (green curve), the min-
imum shifts inward and becomes AW,, ~-0.75Gb* at
t,~0.45. In the case of a perfectly sharp interface with
8=0 (red curve), the minimum is AW, ~—1.78Gb’ at
t,=0.7. Again, in the case of a diffuse interface, the min-
imum is shifted inward the pure core region if 6 = 0.1 (as
was before with R, / R, = 0.3 and 0.5, Figs. 2a,b), it is lo-
cated within the diffuse interface, however progressively
shifts toward the core with an increase in 6, in contrast

with the previous cases of R, / R, = 0.3 and 0.5.

Bringing together the trends observed in Figs. 2a—c,
Figure 3 shows how the optimal position 7,,,, of the MD,
which corresponds to the total energy change minimum

AW minima position #,,,

0 0.1

0.2 03 04 0.5
d=A/R,

Fig. 3. Dependences of the normalized optimal position 7, of
the MD on the normalized interface width & for f;, = 0.05 and
different values of the R, / R, ratio. Circles mark the minima of

the blue and orange curves.
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Fig. 4. Dependences of the total energy change AW on the normalized radial coordinate ¢, of an MD in core-shell NWs for 6 = 0.3 and
R,/R,=0.3 (a), 0.5 (b), and 0.7 (c). The blue, orange, and green curves correspond to the misfit parameter values f, = 0.01, 0.03, and
0.05, respectively. Panel (d) presents a sketch of the NW cross section. The values of AW are given in units of Gb”.

AW, , responds to changes in the interface width & for the
considered NW geometries at fixed £, = 0.05.

ForaNW withathin core andathick shell (R, / R, = 0.3,
Fig. 3, blue curve), the optimal MD position ¢, is locat-
ed precisely at the core-shell boundary (z,,, = 0.3) when
d=0. As d increases to ~ 0.11, this position shifts max-
imally inward the core, with 7,,,~0.25. Beyond this
point (8 >0.11), the trend reverses and ¢,,, gradually
moves outward, with its limiting value ~ 0.34 at 6 =0.5.
As with the blue curve, the orange curve (R,/ R, =0.5)
shows a comparable pattern. In this case, ¢,,, reaches its
minimum ~ 0.38 at § = 0.3 and its limiting value ~ 0.39 at
6 =0.5. In contrast, the green curve (R, / R, = 0.7) linear-
o from 0.7 at =0 to ~ 0.45
at 6 =0.5. Interestingly, all the three curves are linear in
some range of 9, at its small values for R, /R, =0.3 and
0.5, and in all the range of 8 for R, / R, = 0.7. Moreover,
the slopes of these linear parts of the curves are almost
equal.

The influence of the misfit parameter £, on the total en-
ergy change AW of the dislocated NW with the normalized
interface width 6 =0.3 and the radii ratios R,/ R,=0.3,
0.5, and 0.7 is illustrated by Fig. 4.

ly decreases with varying ¢,

As is seen from Fig. 4, the smallest misfit value
f, =0.01 is not enough for MD formation since AW >0
for any value of the R, / R, ratio under consideration. For
a higher misfit value (here for f;, =0.03), no MD can
form at R, / R, = 0.3, however its formation is possible at
R, /R, =0.5 and 0.7. The highest misfit value f; =0.05
obviously provides the MD formation for any value of the
R, / R, ratio.

For a NW with a thin core and a thick
shell (R, /R,=0.3, Fig. 4a), the highest misfit f, = 0.05
gives AW, ~-0.16Gb’ at t,~=0.28. When the NW
has equal core radius and shell thickness (R, /R,=0.5,
Fig. 4b), the energy change minimum AW, is at
t,~0.38 and roughly equal to —0.22Gb” at £, = 0.03 and
~0.68GhH’ at f,=0.05. For a NW with a thick core and a
thin shell (R, / R, = 0.7, Fig. 4c), AW, is at¢,~ 0.55 and
roughly equal to —0.51Gb* atf, = 0.03 and —1.164Gb* at
f,,=0.05. Thus, with 6 =0.3, the optimal MD position
t; . 18 always within the diffuse interface region for any
value of the R, / R, ratio, however it gradually shifts to the
periphery of the NW with an increase in R,. Interestingly,
the normalized equilibrium distance d,, =R /R, ¢, ,,
increases as well, from ~0.02 at R, /R, =0.3 to ~0.12 at
R/ /R,=0.5,and~0.15atR /R,=0.7.
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Fig. 5. The 3D maps of the total energy change AW in the space of (a) the normalized radial position ¢, of an MD and the normalized
interface width & at £, = 0.05, and (b) ¢, and the misfit parameter f; at 8 = 0.3. The core and shell radii ratio is R, /R, = 0.5. The grey
plane shows the zero value of AW, The values of AW are given in units of G5,

Figure 5 presents 3D maps of the total energy change
AW in the (¢,, 8) and (¢, f,) parameter spaces for the case
of R, /R,=0.5.

As is seen from Fig. 5a, as § increases, the AW min-
imum located in the diffuse interface region becomes
shallower and smoother. When the MD is within the shell
region, AW remains higher than at any MD position in-
side the core or the diffuse interface; thus, the formation
of an MD in the NW shell is energetically unfavorable.
A clear shift of the AW minimum toward the NW center
is observed with increasing 8, which is consistent with the
energy change behavior shown in Fig. 2b.

Analysis of Fig. 5b shows that, at small values of the
misfit parameter f;, the MD formation is energetically unfa-
vorable in any part of the NW. As the misfit increases, the
energy change minimum AW, appears in the diffuse inter-
face region, in agreement with the energy change behavior
shown in Fig. 4b. As is the case with Fig. 4a, AW in Fig. 5b
takes the highest values throughout the shell region for all f;
values under consideration, thus confirming the earlier con-
clusion that the MD formation in the NW shell is the least
energetically favorable scenario for misfit stress relaxation.

The 2D maps of the critical misfit parameter £, at
which the total energy change AW associated with the
MD nucleation becomes zero (AW =0), are present-
ed in Fig. 6 in the spaces (¢,,d) at the normalized shell
thickness h=1-R /R, =0.5 (Fig.6a) and (¢,,/h) at
6 = 0.3 (Fig. 6b). The critical misfit value f, separates two
distinct states of the NW: for £, <, the core/shell interface
remains coherent (with no MDs), whereas for f, > f., the
MD formation becomes energetically favorable.

As is seen from Fig. 6a, the minimum value of f,
Jomin ®0.016, corresponds to the MD position 7,~ 0.45,
thus confirming the earlier observation that the optimal
MD position does not coincide with the center of the dif-
fuse interface (R, / R, = 0.5) but is shifted from it by the
normalized equilibrium distance d,, ~0.05 toward the
pure core region. When the MD is shifted toward the NW
free surface, f, gradually increases, while its shift toward
the NW core results in a significantly slower rise in f,. This
trend further supports the conclusion that the shell region
is less energetically favorable for the MD nucleation.

Figure 6b shows that lower f, values are characteristic
of NWs with thin shells. As /4 increases, the f, contours
shift upward and become more closely spaced, indicating
that the MD nucleation becomes progressively less favor-
able. The widest ranges of the MD position ¢, correspond-
ing to low f, values are observed in NWs with larger cores.
The ¢, value associated with the minimum f; is displaced
toward the center of the NW core with increasing 4.

4. CONCLUSIONS

In this work, an analytical model is proposed that describes
the nucleation of a MD in a core-shell NW with a diffuse
interface. The model is developed within the framework
of an energy-based approach using the approximation of
the linear homogeneous elasticity theory. It is shown that
the energetic favorability of MD formation in the core-
shell NW is strongly governed by the system geometry,
characterized by the core and shell radii ratio R, / R,. For
very thin cores covered with thick shells, the NW remains
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Fig. 6. The maps of the critical misfit parameter /. in the space of (a) the normalized radial position ¢, of the MD and the normalized
interface width & at 2 = 0.5, and (b) ¢, and the normalized shell thickness / at § = 0.3.

predominantly in the coherent state with no MDs, whereas
for larger cores, the misfit relaxation via the MD nucle-
ation becomes energetically preferred, as is also the case
with a perfectly sharp core/shell interface.

Relatively sharp diffuse interfaces (here with 6 =0.1)
maximize the energy gain associated with MD formation,
while broader diffuse interfaces (here with 6 = 0.5) signifi-
cantly suppress this effect. This trend is particularly pro-
nounced for NWs with small cores. The optimal MD posi-
tion weakly depends on the misfit parameter f;, indicating
that it is primarily determined by the radii ratio R, /R,,
and secondarily by the normalized interface width 9.

A critical misfit value f; is identified, above which the
coherent state of NW becomes unstable with respect to
MD nucleation. This critical value decreases as the core
becomes larger. Furthermore, the radial range favorable
for the MD nucleation broadens with an increase in the
misfit parameter f, implying that, under a sufficiently high
misfit, MDs may nucleate not only within the core but also
within the shell.

In conclusion, our analysis has revealed a competitive
interplay between the interface width ¢ and the misfit pa-
rameter f,: while a broader interface suppresses the ener-
getic favorability for MD formation, an increased lattice
mismatch promotes it.
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VK 548.4

PoJuib pe3kocTH rpaHuubl pasjaesa B GopMHUPOBAHMM TUCTOKALMUI
HECOOTBETCTBHSI B HAHONPOBOJIOKAX THIA «AAPO0-000/I04KA»

JI.K. Haymon ', C.A. Kpacuuuxmnii ', A.M. Cmupnos ', MLIO. I'yrkun "

"'Vausepcurer U'TMO, Kporsepkckuii nip., 1. 49, mut. A, Caukr-Ilerep6ypr, 197101, Poccus;
2 HuctutyT npobiiem MaimuHoOBeneHus: Poccuiickoit akagemun Hayk, b. mip., 61, B.O., Cankrt-IletepOypr, 199178, Poccust

AnHoTanms. PaspaboraHa aHaIUTHYECKAas MOJCIb 3apOXKACHHUS KPAeBBIX JUCIOKAIMA HECOOTBETCTBHUS B IMJIMHAPHUYCCKUX
HAHOIPOBOJIOKAX THIIA «SIIPO-000JI0UKay C Pa3MBITOM IpaHuliei pasaena. Moels HOCTPOCHA B paMKaX JIMHCHHOW H30TPOIHOM TEOpHUn
YIPYroCTH U YUUTHIBACT B3aMMOCBSI3b MEXKJ1y FT€OMETprUel HAaHOIIPOBOJIOKH, CTEIIEHBIO Pa3MbITOCTH TPAHMIIbI pa3zelia | napaMmeTpom
HECOOTBETCTBHsI PELIETOK MarepuajoB HAHONPOBOJOKH. [IpoBenéH cucTeMaTHueckuil aHalu3 3aBUCUMOCTH OSHEPreTHUYECKOH
MPEAMOYTUTEILHOCTH 00pa30BaHUs TUCIOKAIIMA HECOOTBETCTBUS OT OTHOIICHUS PAJANYCOB sApa M 000JIOYKH, IHUPUHBI AU Py3HON
IPaHMIBI U MapaMeTpa HeCOOTBETCTBUS. [10Ka3aHo, YTO PEe3KHE TPAHUIIBI MAKCHMHU3UPYIOT BBIUTPBINI B SHEPTUH MIPU 00pa30BaHUU
JIICIIOKAIIMH, TOTIa Kak quddy3HbIC rpaHHIIbI TOJABISIOT 3TOT MPOIECC, 0COOCHHO B HAHOMPOBOJIOKAX C MaJIBIM siIpoM. ONTHMaJIbHOE
MOJIOKCHHUE 3aPOXKICHUS JUCIOKAIMM B TEPBYIO OYEpEb OMPEACISACTCS TCOMETPHUYCCKHMMH OCOOCHHOCTSIMU HAHOIPOBOJIOKH MU
c1ab0 3aBHUCHT OT Mapamerpa HecooTBeTCTBHs. Ornpenesi€éH KPUTHUCCKUH MapaMeTp HECOOTBETCTBUSI, MPEBBINICHUE KOTOPOTO
MOXXET TPUBOJUTH K HAPYIIEHUIO KOTEPEHTHOIO COCTOSIHHMSI HAHOINPOBOJIOKH. YCTAHOBJIEHO, YTO IIMPOKas pa3MbiTasi IpaHulla B
HAHOIIPOBOJIOKE CHIDKACT BEPOSITHOCTh 00pPa30BaHuUs TUCIOKAIIMNA HECOOTBETCTBHUS, a YBEJIMYCHUE MTApAMETPa HECOOTBETCTBUS MEXK/TY
KPHUCTAJUTMYECKUMHU PEIIETKaMH s1pa B 000JIOUKH CIIOCOOCTBYET ITOMY ITPOLIECCY.

Kntouegvie cnosa: HaHOIIPOBOJIOKA THIA «AAPO-000I0UKaY; pa3MbITas TPaHHIA pa3/iena; JUCIOKaI[M HECOOTBETCTBUS;
penaKkcaiys HanpspKeHUH HeCOOTBETCTBUSA
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