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Comparative Ab initio Calculations for ABO3 Perovskite (001), (011) and (111)
as well as YAIO3 (001) Surfaces and F Centers
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By means of the hybrid exchange-correlation functionals, we performed predictive ab initio calculations
for industrially most important ABOs perovskites, like, BaTiOs, SrTiOs, CaTiOs, SrZrOs and PbZrOs (001),
(011) and (111) surfaces as well as bulk and (001) surface F-centers. From another side we performed com-
parative ab initio calculations for charged and polar YAIOs (001) surfaces. For BaTiOs, CaTiO3, SrZrOs
and PbZrOs perovskite neutral (001) surfaces, in most cases, all upper surface layer atoms relax inwards,
whereas all second surface layer atoms relax upwards, and again, all third surface layer atoms relax in-
wards. The atom relaxation pattern for YAIOs polar and charged (001) surfaces is completely different from
the ABOs perovskite neutral (001) surfaces. The ABOs perovskite (001) surface energies are practically
equal for both AO and BOs-terminations, and they are considerably smaller than (011) and especially (111)
polar and charged surface energies. The atomic displacement magnitudes of nearest neighbor atoms
around the (001) surface F-center in ABOs perovskites are considerably larger than the related displace-
ment magnitudes of nearest neighbor atoms around the bulk F-center. In the ABOs perovskites the elec-
tron charge is considerably better localized inside the bulk F-center than in the (001) surface F-center,
where the oxygen vacancy charge is more delocalized over the nearest neighbor atoms than in the bulk F-
center case. The (001) surface F-center formation energy in the ABOs perovskites is smaller than the bulk
F-center formation energy, which triggers the F-center segregation from the ABOs perovskite bulk towards
its (001) surfaces. In most cases the (001) surface F-center induced defect level in the band gap of ABOs
perovskites is located closer to the (001) surface conduction band bottom than the bulk F-center induced
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defect level to the bulk conduction band bottom.
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1. INTRODUCTION

Novel surface and interface phenomena, occurring in
the ABOs perovskite and YAIO3 (YAO) matrixes as well as
their nanostructures, the complicated nature of their
surface and interface states, the original mechanisms of
electronic processes therein are the forefront topics in
nowadays modern physics [1-8]. PbTiOs (PTO), BaTiOs
(BTO), CaTiOs (CTO), SrTiOs (STO), PbZrOs (PZO), Ba-
ZrOs3 (BZO), CaZrOs3 (CZO) and SrZrOs (SZO) crystals
belong to the so-called family of ABOs perovskites. ABOs
perovskite surfaces are both of fundamental interest for
classical basic research as well as they have a huge
amount of technologically important applications, such as,
for example, capacitors, actuators, charge storage devices,
and many others [1-4], for which the quality of the surface
and its structure are essential. From another side, the
YAO has a high refractive index, mechanical resistance,
optical transparency, chemical inertness and stability,
which allows for YAO to be a prospective candidate for
many optical applications [9-13].

Due to broad fundamental interest as well as ex-
tremely high technological importance during the last
twenty years ABOs perovskite neutral (001) surfaces
were worldwide intensively explored both experimen-
tally and theoretically [14-16]. The technologically
important YAO (001) surfaces are much more compli-
cated than the neutral ABOs perovskite (001) surfaces,
since they consist of alternating charged YO and AlO2
layers. Of course, it is considerably more difficult to
calculate, at the ab initio level, the ABOs perovskite
very complex, polar and charged (011) [17-19] and (111)
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surfaces, than their neutral, and thereby rather simple,
(001) surfaces [14-16].

It is worth to notice, that defects, for example, the
oxygen vacancies, considerably affect all properties of
the technologically important ABOs perovskite materi-
als. In ABOs perovskites the single oxygen vacancy (Vo),
or so-called neutral F-center, traps two electrons. Since
the F-center is the best known classical point defect,
which strongly affects all ABOs perovskite properties,
their theoretical and experimental investigation is a
very hot topic. Nevertheless, most of the experimental
and theoretical studies in the ABO3 perovskite materials
are performed for the bulk F-center defects [20-29]. The
BO2 and especially AO-terminated ABOs perovskite
(001) surface F-centers centers are considerably less
studied both theoretically and experimentally.

The aim of work reported here was to create a unified
theory, which describes systematic trends in ABO3s perov-
skite and YAO (001), (011) and (111) surface as well as F-
center in ABOs perovskite bulk and on its (001) surface
calculations. Our calculation results were analyzed and
systematic trends common for all ABOs perovskites as
well as YAO were pointed out and systematized in a form
easily accessible for a broad audience of readers.

2. COMPUTATIONAL METHOD

2.1 ABOs Perovskite and YAO Surface Calcula-
tions

We carried out our comprehensive ab initio calcula-
tions for ABOs perovskite and YAO surfaces using the
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hybrid exchange-correlation functionals B3PW or
B3LYP as well as the world famous computer code
CRYSTAL [30]. Important advantage of the CRYSTAL
computer code is its ability to perform first principles
calculations for isolated two-dimensional slabs perpen-
dicular to the ABOs perovskite surface, without artifi-
cial periodicity in the z direction.
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Fig. 1 - Side view of the PbO-terminated PTO (001) surface
which contains 9 layers

We performed our calculations of ABOs perovskite
and YAO (001) surfaces using symmetrical slabs con-
sisting of nine alternating neutral AO and BO:z (for
ABOs perovskites), or charged YO and AlOz (in the case
of YAO) layers. For ABOs perovskite case, our first slab
was terminated by AO planes from both slab sides
(Fig. 1) and consisted of 22 atoms containing supercell.
Our second slab, in the case of ABOs perovskites, from
both sides was terminated by BO2-planes and thereby
consisted of 23 atoms containing supercell (Fig. 2). In
our calculations, both AO and BO2-terminated ABOs
perovskite (001) slabs were non-stoichiometric, with
their unit cell equations AsB4O13 and A4B5014, respec-
tively. In our ABOs perovskite (001) surface calcula-
tions, since they consist of neutral AO or BOgz-layers, we
used standard basis sets for ions [30, 31]. In the case of
YAO polar and charged (001) surface calculations, since
they consist of charge layers (YO or AlOg2), assuming
classical ionic charges (+3e) for Y and Al ions, and (— 2¢)
for O ions, and taking into account that the supercell
should be neutral in our calculations, we used basis sets
for neutral Y, Al and O atoms [30, 31]. In order to char-
acterize the ABOs perovskite and YAO chemical bond-
ing and covalency effects, we used a classical Mulliken
population analysis for the effective atomic charges @
and other local properties of the perovskite electronic
structure. Additional calculation details for ABOs per-
ovskite very complex, polar and charged (011) and (111)
surfaces we described in references [17-19].
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Fig. 2 — Side view of the TiOs-terminated PTO (001) surface
containing the definitions of the surface rumpling and the near-
surface interplane distances

2.2 Surface Energy Calculations

With the aim to calculate the ABOs perovskite, for
example, the PTO (001) surface energies, we started
our calculations with the cleavage energy for unrelaxed
PbO (Fig. 1) and TiO2-terminated (001) surfaces (Fig. 2).
It is worth to notice, that the ABOs perovskite surfaces
with both terminations simultaneously arise under (001)
cleavage of the crystal, and we adopt the convention
that the cleavage energy is equally distributed between
the created surfaces. In our calculations, the nine-layer
PbO-terminated (001) slab with 22 atoms and the TiOs-
terminated slab with 23 atoms represent together nine
bulk unit cells which together contain 45 atoms, so that

Esurpnr(Y) = Ya[Esiap (PbO) + Esiapn(T102) — 9 Ebuik], (1)

where Y denotes PbO or TiOs, Euartnr(Y) are the unre-
laxed energies of the PbO or TiOz-terminated PTO
(001) slabs, Epuir is the energy per bulk unit cell, and
the factor of % comes from the fact that we create four
surfaces upon the crystal cleavage event. Next, we can
calculate the relaxation energies for each of PbO and
TiOg-terminations, when both sides of the slabs relax,
according to the equation

Era(Y) = % [Estav™(Y) — Estap*nr(Y)], 2)

where Esap!(Y) is the slab energy after relaxation (and
again Y =PbO or TiOg). The surface energy conse-
quently is defined as a sum of the cleavage and relaxa-
tion energies,

Esurf(Y) = Esur/unrm + Erel(Y) (3)

In order to calculate the PTO (011) surface energies for
the TiO and Pb-terminated (011) surfaces, we consider
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the cleavage of eight bulk unit cells (40 atoms) to result
in the TiO and Pb-terminated slabs, containing 21 and
19 atoms. Also at this time we divide the cleavage en-
ergy equally between these two surfaces and obtain:

Esur/unr(Y) = 1/1[.Eslab’””(Pb) + Eslab’mr(TiO) — 8Ebulk],(4)

where Y means Pb or TiO, Eswsv(Y) is the energy of
the unrelaxed Pb or TiO-terminated (011) slab, and
Epuir is the PbTiO3 energy per bulk unit cell.

Lastly, when we cleave the PTO crystal in another
way, we obtain two identical O-terminated (011) sur-
face slabs containing 20 atoms each. This allows us to
simplify the calculations since the unit cell of the nine
plane O-terminated (011) slab contains four bulk unit
cells. Consequently, the surface energy is:

E’surf(o) =% [E’slabrd(o) — 4Ebulk], (5)

where Esur/(O) and Esiape(O) are the surface energy and
the relaxed slab total energy for the O-terminated (011)
surface.

3. CALCULATION RESULTS

3.1 Ab initio Calculations of ABO3 and YAO
Surfaces

As a starting point, we calculated the ABO3s perov-
skite and YAO bulk lattice constants. Namely, using
the B3PW hybrid exchange-correlation functional, we
calculated the BTO and CTO bulk lattice constants
(4.008 and 3.851A, respectively). By means of the relat-
ed B3LYP hybrid exchange-correlation functional we
calculated the bulk lattice constants for the SZO
(4.195A), PZO (4.220A) and YAO (3.712 A). We used
our theoretically calculated cubic bulk lattice constants
in all our future ABOs perovskite and YAO numerical
calculations.

As a next step, we performed hybrid exchange-
correlation calculations for upper three layer atom re-
laxation for AO and BOz2-terminated neutral ABOs per-
ovskite (001) surfaces as well as for very complex,
charged and polar YO and AlOsz-terminated YAO (001)
surfaces (Table 1). For the case of ABO3s perovskites,
according to our calculations, all upper layer atoms for
both (001) terminations of all perovskites relax inwards
in the direction towards the bulk. Just opposite, all
ABOs perovskite second layer atoms relax outwards,
with the single exception of second layer O atom for the
SrO-terminated SZO (001) surface. All third layer atoms
for both ABOs perovskite (001) terminations, again,
relax inwards (Table 1).

The upper three layer atom relaxation pattern for
charged and polar YO and AlOsz-terminated YAO (001)
surfaces is quite different than for neutral ABOs perov-
skite (001) surfaces. The largest relaxation between all
YAO and ABOs perovskite (001) surface atoms is our
calculated inward displacement of the Y atom on the
upper layer of the YO-terminated YAO (001) surface by
9.16 % of the YAO bulk lattice constant. The Y metal
atom displacements on both YO and AlOgz-terminated
YAO (001) surfaces always are larger than the related Al
metal atom displacements.

Our calculated ABOs perovskite neutral (001) surface
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energies for both AO and BOgz-terminations are almost
equal (Table 2). For example, for BTO and PZO perov-
skites, the AO-terminated (001) surface energies are
slightly larger than the BOsz-terminated (001) surface
energies by 0.12 and 0.07 eV, respectively. In the case of
CTO and SZO perovskites, their BOs-terminated (001)
surface energies are slightly (by 0.19 and 0.11 eV, re-
spectively) larger than their AO-terminated (001) sur-
face energies. Our calculated complex charged and polar
YAO (001) surface energies are considerably larger than
all neutral ABOs (001) surface energies. It is worth to
notice, that YAO polar and charge (001) surface energies
are comparable with ABOs perovskite polar and charged
(011) surface energies (Table 2). From Table 2 we can
see that ABOs perovskite (011) and (111) surface ener-
gies are quite different for different (011) and (111) sur-
face terminations. It is important to notice, that ABOs
perovskite polar and charged (111) surface energies,
independently of termination, are always considerably
larger than the polar and charged (011) surface energies,
but ABOs perovskite polar and charge (011) surface
energies are always larger than their neutral (001) sur-
face energies (Table 2).

3.2 Ab initio Calculations of F-centers in ABO3
Matrix

From Table 3 we can see that two nearest to the F-
center Ti atoms are repulsed from the oxygen vacancy
in the BaTiOs matrix by 1.06 % of the BTO bulk lattice
constant. The same relaxation pattern, according to the
hybrid exchange-correlation functional calculations, is
observed also in other ABOs perovskites, for example,
SrTi0s, SrZrOs and PbZrOs, where the B atom is re-
pulsed from the oxygen vacancy by 7.76, 3.68 and
0.48 % of the bulk lattice constant ao. Just opposite, the
second nearest neighbor O atoms in the ABOs perov-
skites are always attracted towards the F-center by
0.71, 7.79 and 2.63 % of ao in the BTO, STO and SZO
matrixes.

Qualitatively the same relaxation pattern, but with
considerably larger atomic displacements is observed
also for the BOg2-terminated ABOs perovskite (001)
surface F-centers. Namely, the B atoms are repulsed
from the surface oxygen vacancies for the BOs-
terminated (001) surfaces of STO, SZO and PZO perov-
skites by 14, 9.17 and 8.46 % of the bulk lattice con-
stant ao. Again, the second nearest neighbor O atoms
are attracted towards the surface oxygen vacancy on
the BOs-terminated STO and SZO (001) surfaces by
slightly lager displacement magnitudes than in the
bulk, namely, by 8 and 4.16 % of the lattice constant ao.
We performed also the first in the world hybrid ex-
change-correlation functional calculation for the F-
center located on another, namely, BaO-terminated
BTO (001) surface. Also in this case the nearest atom
relaxation pattern around the surface F-center was
qualitatively similar to the bulk and BOs-terminated
(001) surface F-center cases. Namely, the nearest to the
BaO-terminated BTO (001) surface F-center Ti atoms
are repulsed by 0.1 % of the ao, whereas the second
nearest oxygen atoms are attracted towards the surface
F-center by 1.4 % of the ao.
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Inside the oxygen vacancy in the bulk of BTO, STO,
SZO and PZO perovskites are concentrated — 1.103e,
—1.1e, — 1.25¢ and — 0.68¢ of additional charge. In the
case of the ABOs perovskite (001) surface oxygen va-
cancy, electron charges are considerably more delocal-
ized, than in the bulk F-center case. Namely, inside the
oxygen vacancy on the BaO-terminated BTO (001)
surface is located — 1.052e, which is less than in the
BTO bulk oxygen vacancy — 1.103e. Also in the ZrOs-
terminated PZO (001) surface oxygen vacancy is locat-
ed only — 0.3e, which is more than two times less than
inside the PZO bulk oxygen vacancy — 0.68e.

In the ABOs perovskite bulk the F-center formation
energy varies between 7 and 10 eV. For example, the
ABO3 perovskite bulk F-center formation energies for
BTO, STO, SZO and PZO perovskites are equal to 10.3,
7.1, 7.565 and 7.25 eV. The F-center formation energy on
the ABOs perovskite (001) surfaces is always smaller
than in the bulk. Namely, the F-center formation ener-
gy on the BOz-terminated STO, SZO and PZO (001)
surfaces are equal to 6.22, 7.52 and 6.0 eV, respective-
ly. According to our first in the world hybrid exchange-
correlation calculation for the F-center formation ener-
gy on the BaO-terminated BTO (001), this formation
energy is equal to 10.2 eV.

In the bulk of ABOs perovskites, the F-center defect
induced levels in the band gap are located more close to
the conduction band bottom, than to the valence band
top. For example, in the BTO, STO, SZO and PZO per-
ovskites, the F-center induced levels are located 0.23,
0.69, 1.12 and 1.72 eV below the conduction band bot-
tom. In the case of (001) surface F-center induced de-
fect levels for BTO, STO, SZO and PZO perovskites,
they are located 0.07, 0.25, 0.93 and 2.58 eV below the
conduction band bottom.

Table 1 — Our by means of BSPW or BSLYP hybrid exchange-
correlation functionals calculated relaxation of (001) surface
upper three layer atoms (in percent of bulk lattice constant)
for BTO, CTO, SZO and PZO perovskites as well as YAO
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Table 2 — Our by means of B3PW or B3LYP calculated BTO,
CTO, SZO, PZO and YAO surface energies (in eV per surface cell)

Material BTO [ CTO [SZO |PzO | YAO

Termination Surface energies for (001) surfaces

AO 1.19 0.94 1.13 1.00 2.33

BO: 1.07 1.13 1.24 0.93 3.31
Surface energies for (011) surfaces

BO 2.04 3.13 3.61 1.89 -

A 3.24 1.91 2.21 1.74 -

0 1.72 1.86 2.23 1.85 -
Surface energies for (111) surfaces

AOs3 8.40 5.86 9.45 8.21 -

B 7.28 4.18 7.98 6.93 -

Table 3 — B3PW calculated BTO, STO, SZO and PZO bulk
and (001) surface F-center main characteristics

Bulk F-center main characteristics

Material BTO STO SZ0 PZ0O

F-center charge

.. —1.103 —-1.25 | —0.68
inside vacancy (e)

-1.1

F-center level

under CB (V) 023 | 069 | 112 | 1.72

F-center formation

energy (V) 10.3 7.1 7.55 7.25

B atom relaxation

(% of ao) 1.06 7.76 3.68 0.48

O atom relaxation

(% of ao) -0m

-7.79 | —2.63 -

A atom relaxation

(% of ao) —-0.08 | 3.94 0.46 -5.99

BO:2-terminated (001) surface F-center
main characteristics

F-center charge

inside vacancy (e) - 1.10

-0.3

F-center level un-

der CB (eV) - 0.25 0.93 2.58

F-center formation

energy (V) - 6.22 7.52 6.0

B atom relaxation

(% of ao) - 14 9.17 8.46

O atom relaxation

(% of ao) j -8

—4.16 -

A atom relaxation

(% of av) ) ) 7.68

11.97

AO-terminated (001) surface F-center
main characteristics

F-center charge

Material | BTO | CTO | SZO | PZO | YAO
(001)- BaO | CaO | SrO | PbO | YO
termination
Layer | Ton | B3PW | B3PW | B3LYP | BSLYP | B3LYP
1 A |—1.99|-831] —7.63 | —5.69 | —9.16
0 |-063]|-042| —0.86 | —2.37 | 1.89
2 B | 1.74 | 1.12 | 0.86 | 057 | —032
0 | 1.40 | 0.01 | —0.05] 0.09 | —020
3 A - 153 | —047 | —3.34
0| - [ —045 | —047 ] —0.03
©on)- TiOs | TiO» | ZrOs | ZrOs | AlO:
termination
1 B |-3.08|-171] —1.38 | —2.37 | —023
0 |-035]-010] —2.10 | —1.99 | —0.55
2 A | 251 | 275 | 2.81 | 4.36 | 0.8
0 | 038 | 1.05 | 091 | 1.04 | 0.10
3 B | - 004|047 0.00
0| - T [ —005|-028] 001

inside vacancy (e) | 1.052 } ’ }
F-center level un-

der CB (eV) 0.07 ) ) )
F-center formation 10.2 ) ) )
energy (eV)

B atom relaxation 01 ) ) )
(% of ao) )

O atom relaxation 14 ) ) )
(% of ao) )

A atom relaxation 10 ) ) )
(% of ao) )
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4. CONCLUSIONS

With a few exceptions, the ABOs perovskite neutral
(001) surface all upper layer atoms relax inwards, all
second layer atoms relax upwards, and third layer
atoms, again, relax inwards. The atom relaxation pat-
tern for the YAO polar and charged (001) surfaces is
quite different from the ABO3s perovskite neutral (001)
surfaces. The displacement magnitudes of all Y atoms
on both the YO and AlOs-terminated YAO (001) surfaces
are always larger than the displacement magnitudes of
all Al atoms on the both YAO (001) surfaces. The ABO3
perovskite neutral (001) surface energies for both termi-
nations AO and BOz are always almost equal. The ABOs
perovskite polar and charged (111) surface energies are
considerably larger than the polar and charge (011) sur-
face energies. The neutral ABOs perovskite (001) surface
energies are always smaller than the polar and charged
(011) and especially (111) surface energies. The polar and
charged YAO (001) surface energies are always consid-
erably larger than the neutral ABOs perovskite (001)
surface energies and they are comparable with the polar
and charged ABOs perovskite (011) surface energies. The
atomic displacements of the nearest neighbor atoms
around the ABOs perovskite (001) surface F-center are
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gies and larger bulk F-center formation energies in these
materials triggers the F-center segregation from the ABO3
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cases (BTO, STO, SZO) the (001) surface F-center in
ABOs perovskites induced defect level in the band gap is
located more close to the conduction band bottom than
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IopieuanbHi Ab initio pospaxyuku aja neposckiris ABOs (001), (011) Ta (111),
a rako:k miasa YAIOs (001) nosepxoHnb i F neHTpiB

R.I. Eglitis, A.I. Popov

Institute of Solid State Physics, University of Latvia, 8, Kengaraga Str., Riga LV1063, Latvia

3a 101moMoromw ribpuIHrX 00MIHHO-KOPEJISIIHNX QYHKITIOHAIIB MY BUKOHAJIU IIPOTHO3HI ab initio pos-
PaXyHKM JJIs HAWOLIBIN BAasKJIUBUX y IPOMHUCIOBOMY BimmomeHHI mepoBckiTiB ABOs, Takmx sk BaTiOs,
SrTiOs, CaTiOs, SrZrOs i PbZrOs (001), (011) ta (111) moBepxoHb, a Takoxk 1 1uist 00'emunx Ta (001) moBepx-
HeBux F-menrpis. 3 iHmmoro 60Ky MpoBemeHO MOPIBHAHHS ab initio pOo3paxyHKHU IS 3apAIKeHUX 1 IOJIAp-
uux YAIOs (001) moBepxoub. s Hetirpanpuux (001) moBepxoub meposckitiB BaTiOs, CaTiOs, SrZrOs i
PbZrOs, y GisibimocTi BUMAAKIB, yCcl aTOMH BEPXHBOTO ITOBEPXHEBOTO IIAPY PEJIAKCYIOTh BCEPEIUHY, TOMIL SIK
yCi aToM# JAPYroro IOBEPXHEBOTO APy PeJIaKCYIOTh yropy, 1, 3HOB, Y€1 ATOMH TPETHOT'0 IOBEPXHEBOIO IIApy
pesakcyoTh BeepenuHy. Kapruua penakcariii atomis s mossipHol 1 3apsykenoi YAIOs (001) mosepxoHb
TOBHICTIO BiJpi3HsAETHCSA BiJ kKapTuHU i1 HeirTpaabaux (001) moepxoub meposckitie ABOs. ITosepxuesi
enepril meposckitiB ABOs (001) mpaktruno ogHakosl ak mia AO, tak 1 gna BO2 rpaHnuHNX II0BEpXOHS, 1
BOHHU 3HAYHO MEHIIN MOBEPXHEBUX €Hepriil moaapHux 1 3apsmrennx (011) ta, ocobmmBo, (111) mOBEPXOHB.
Besmuwin atomMHEX 3MITeHb HAROIMKINX cyciaHix aTomiB HaBkoJo (001) moBepxueBoro F-1ieHTpY B I1epo-
Bekitax ABOs cyTTeBO mepeBUIIyOTh BiIIIOBIIHI BeJIMUMHY 3MillleHb HAUOIMKUMX CYCIIHIX aTOMIB HABKOJIO
o0'emuoro F-ierrpy. s meposckitie ABOs, 3apsii eJIeKTpOHIB 3HAYHO Kpallle JIOKAJII30BAHUI BCEPeIuHl
o0'emuoro F-menrpy, Hisk y (001) moBepxHeBoMy F-11eHTpi, Je BakaHCIl KHUCHIO OLJIBII IeJI0KAII30BAHI MIK
HAROMMKIYNMU cycimHiMu atomMamu. Ewxepris dopmysanasa (001) moBepxHeBoro F-IIeHTPY B IEPOBCKITAX
ABOs menina 3a eneprio gopmyBaHHs 06'eMHOro F-1ieHTpY, KA 1HIII0E cerperairiio F-ieHTpis 3 06'eMy 11e-
posckity ABO3 o #oro (001) moBepxHi. ¥ GlIbLIIOCT]I BUMIAJIKIB, eHEPreTUYHUM PIBEHD eEKTIB, SIKUM 3yMO-
Birernii (001) moBepxueBuM F-1ieHTpOoM, B 3a00poHeHi# 30H1 mepoBckuTiB ABO3s posramoBanmii 6mskde 10
IHa 30HU mpoBimHocTi mosepxHi (001), y Toit Yac AK piBeHD, AKUM 3yMOBJICeHUN 00'eMunMEU F-1IeHTpaMu, poa-
TaNoBAHUM OJIMsKYe JI0 THA 00'€MHOI 30HHU ITPOBITHOCTI.

Knrouogi ciosa: Ileposcritu ABOs, YAIOs, B3PW, F-uienrp, (001) moBepxHi.
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