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This article presents samples of bismuth ferrite developed and synthesized by the authors using the sol-
gel method. SEM images of such samples were obtained. The data from X-ray diffraction analysis and ther-
modynamic properties of these bismuth ferrites were studied. It was found that samples annealed at differ-
ent temperatures have a granular microstructure with granule sizes from 20 to 100 nm. On a scale above
200 nm, all samples are morphologically indistinguishable. The X-ray diffraction study discovered the crys-
tallinity of bismuth ferrites at a scale level of less than one nanometer. The sizes of nanocrystallites of bis-
muth ferrite and overall structural heterogeneity decrease with increasing annealing temperature. The
thermodynamic analysis found a significant decrease in heat capacity, enthalpy, entropy and modulus of the
Gibbs energy of the samples under study with an increase in the annealing temperature. This indicates an
improvement in the structure due to reducing heat loss on structural defects. A direct correlation between
the level of X-ray scattering on the studied samples and the thermodynamic properties of bismuth ferrites
was established. There is reason to believe that by selecting an appropriate annealing temperature, it is
possible to regulate the nanocrystallinity and thus other physical properties of bismuth ferrites.
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1. INTRODUCTION

In the past decade, considerable attention has been
devoted to the study of bismuth ferrites as the material
that is characterized by both magnetic and strong fer-
roelectric properties at room temperature [1-6].

Various modifications of bismuth ferrite are widely
used as the newest progressive innovative materials for
anodes in sodium-ion batteries [7], in memory devices
[12], for use in supercapacitors, solar cells, etc.

The traditional ceramic method for obtaining ferro-
magnetic materials today is being actively replaced by
chemical methods for the synthesis of such materials.
This tendency is associated with the sufficient time-
consuming of the traditional method. In addition, its
serious disadvantage is also the irregularity of the
shape, size and stoichiometry of materials which may
result in nonreproducible ferrite products. Also, chemical
synthesis approaches have the advantage over the ce-
ramic method because (i) it requires low temperatures,
(i1) makes it possible to obtain small nano-sized parti-
cles, (i11) the method is easy and cheap and requires less
time, (iv) stoichiometry does not change, (v) and im-
portantly the product is reproducible. Among the availa-
ble chemical methods, sol-gel synthesis is known as a
universal method that allows the synthesis of nanoparti-
cles with chemical composition and crystallography
similar to particles obtained by solid-state reactions but
with better morphology owing to fine particle size [26].

Sol-gel synthesis is a two-step process [10, 27]. In
the first stage, as a result of the reaction of hydrolysis
of a chemical substance, in which metals or metalloids
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are surrounded by ligands, for example, nitrates of the
corresponding metals, a colloidal "sol" is formed. At the
second stage, the sol polymerization (condensation)
occurs with the formation of a larger metal-containing
molecule. When the molecule reaches its macroscopic
size, spreading throughout the solution, the resulting
substance is called a "gel". The advantage of the sol-gel
technology is the homogeneity of the initial mixtures
(precursors) and the reduced loss of bismuth due to
much lower temperatures.

Numerous studies have shown that the basic prop-
erties of bismuth ferrites depend not only on the choice
of the most effective method of their synthesis, but also
to a greater degree on their physical annealing in the
equilibrium melt and subsequent cooling. Since the
structure of the final nanocrystalline material depend
on crystallization, this structuring method has been
successfully used by many researchers for a long time
[11, 15, 16, 22, 23].

Therefore, this work presents the results of studies
of the effect of different annealing temperatures on the
structural organization and thermodynamic properties
of bismuth ferrite materials.

2. OBJECTS OF STUDY AND EXPERIMENTAL
METHODS

An effective new method for producing bismuth fer-
rite samples by using sol-gel synthesis was developed
by the authors.

The synthesis of BiFeOs powders was carried out
using separate hydrolysis of each precursor (iron ni-

© 2021 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.13(5).05004
mailto:vdolgoshey@ukr.net

V. KORSKANOV, O. FESENKO ET AL.

trate nonahydrate Fe(NO3)sx9H20, 99 % purity, and
bismuth nitrate pentahydrate Bi(NO3)sx5H20, 99 %
purity, both from Merck) with their subsequent mixing.
It was found that the use of separate hydrolysis im-
proves the ferroelectric properties of the obtained pow-
ders. This is due to the fact that at the stage of prepar-
ing the sol when using the same solvent, separate hy-
drolysis occurs completely for each of the metal com-
pounds in comparison with joint hydrolysis, where, due
to different reaction rates, some metals are not com-
pletely hydrolyzed [10].

In the first step, Fe(NO3)sx9H20 was mixed with a
solution of dilute citric acid (CeéHsO7) and glycerol
C3HsOs3 (volume ratio 1:4) to form Fe precursor solu-
tion. The solution was continuously stirred for 30 min
at 50 °C to completely dissolve ferric nitrate. Citric acid
and glycol were used as the chelating agents. Bi pre-
cursor solution was obtained through a similar process
using Bi(NOs3)3sx5H20. In the second step, Fe precursor
solution was mixed with Bi precursor solution main-
taining a molar ratio of Fe:Bi mixture to 1:1.05, fol-
lowed by continuous ultrasonic stirring for 30 min at
25 °C. The resultant precursor solution was transpar-
ent as well as homogeneous. The as-prepared precursor
solution was kept for aging at 25 °C for 48 h.

After that, the resulting nanopowders were an-
nealed in a muffle furnace at temperatures of 600, 650
and 700 °C for 1 h and then cooled to room temperature
in a muffle furnace after turning off its heating. Here
and further the samples are indicated as bismuth fer-
rite/600, bismuth ferrite/650 and bismuth ferrite/700,
respectively. The sample preparation scheme is shown
in Fig. 1.

Dissolution of the
initial components

Bi(NO;);, Fe(NOs)s |
diluted CsHz0, diluted CsHsO,
C3Hg03 C3Hz0

Mixing
components
o
Ultrasonic
treatment

Exposure of thesolin
air for two days
N
Annealing at Annealing at
650°C 700 *C

[Bismuth ferrite/600] [Bigmuth ferrite/GSO_] [Bismuth fervitel700]

Annealing at
600°C

Fig. 1 — The sample preparation scheme

Fig. 1 shows that until the last stage of obtaining
bismuth ferrites (annealing at high temperatures), all
samples had the same chemical composition. In addi-
tion, thermogravimetric analysis showed a relative
weight loss before and after the annealing procedure of
all materials obtained of less than 1 %. Consequently,
the final samples of bismuth ferrite differ only in the
crystal structure that is formed as a result of non-
isothermal crystallization from the previous annealing
temperature.
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The quality of the samples obtained can be evaluat-
ed from SEM images (Fig. 2).

Fig. 2 — SEM images of bismuth ferrite/600

SEM/EDS analysis was carried out in high vacuum
using a JEOL JSM 6490LV scanning electron micro-
scope (SEM) coupled with an Oxford INCA energy dis-
persive spectroscopy (EDS) system, comprising Oxford
INCA PentaFETx3 Si(Li) detector and INCA Energy
350 processing software, at 20 kV accelerating voltage,
50 nm spot size and 10 mm working distance.

The X-ray diffraction data were obtained in a scat-
tering range 26 from 10.04 to 100 degrees with a step of
0.04 degrees by diffractometer Ulnima4 (Ridaku Amer-
icas Corporation (USA), CuK. radiation, wavelength
A=1.54 A). X-ray structural analysis and distribution
of components in samples were carried out using inter-
nal software and databases of the Ulnima4.

The study of the heat capacity for thermodynamic
analysis in the temperature range from 40 to 100 °C
was carried out using a calorimetric module which was
described in detail earlier [8, 12].

3. RESULTS AND DISCUSSION

The SEM images of one sample are shown in Fig. 2
on two scales.

From Fig. 2, it is seen that the morphology of bis-
muth ferrite/600, bismuth ferrite/650 and bismuth
ferrite/700 samples is the same. All samples have a
granular microstructure with granule sizes from 20 to
100 nm. This means that on a scale above 200 nm, all
samples are morphologically indistinguishable and
structural features occur at smaller scale levels. To
study a smaller-scale structure, we investigated the
nanocrystallinity of the samples by the method of XRD
diffraction.

3.1 X-ray Diffraction Study

The XRD study was carried out in a scattering
range 26 from 10.04 to 100 degrees, which corresponds
to the scale sizes from 0.88 to 0.001 nm.

In Fig. 3, X-ray scattering curves of bismuth ferrites
are shown. One can see that the intensity of X-ray
scattering and the quantity of crystalline peaks in the
XRD patterns decrease with increasing annealing tem-
perature.

On the X-ray scattering curves of bismuth fer-
rite/600 33 peaks were found, on the X-ray curves of
bismuth ferrite/650 — less than 31 peaks, and on the X-
ray curves of bismuth ferrite/700 — only 25 peaks. This
means that with increasing annealing temperature, the
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heterogeneity of the samples decreases.

Using the software of the Ultima-4 diffractometer,
three types of crystallites were found in the samples
and the characteristic average parameters of the crys-
tal lattices were detected (Table 1).

Analyzing the results of Table 1, it should be noted
that with an increase in the annealing temperature:

- the number of crystallites Bi2Fe4O9 and amount of
bismuth decreases, while the average amount of
BiFeOs remains constant;

- the characteristic dimensions and volumes of crys-
tallites of bismuth ferrites increase, while for bis-
muth they remain the same;

- the type of crystallites does not depend on the tem-
perature of pre-annealing.

These results are quite consistent with the theory of
non-isothemal crystallization of composite materials,
which is based on the mechanism of nucleation for the
formation and growth of crystallites [4, 24]. This means
that when cooling the equilibrium melt from high tem-
peratures, crystallization begins only after the appear-
ance of density fluctuations in the material, which are
nucleation centers to continue their further crystalliza-
tion [19-21]. According to the theory of non-isothemal
crystallization, if the material is cooled from the state of
the equilibrium melt at temperatures that significantly

Table 1 — Average parameters of crystal lattices
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exceed the melting point of crystallites, then crystallites
with large sizes are formed. If the annealing tempera-
ture is slightly higher than the melting point of crystal-
lites, then at the initial stage of the formation of the
material a large number of nucleation centers appear.
As a result, small crystallites are formed.
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Fig. 3 — The XRD pattern of bismuth ferrite/600 (black line),
bismuth ferrite/650 (red line) and bismuth ferrite/700 (green
line)

Phase name| n* |[a (mm)| b (nm) | ¢ (nm) | a(deg.) | B(deg.)| y(deg.) V?;Egl)e’ Cr}(’:;ilg?:;; ms
Bismuth ferrite/600
BiFeOs 5 0.56 0.56 0.69 90.0 90.0 120.0 0.216 |hexagonal
Bi2FesO9 14 0.79 0.84 0.60 90.0 90.0 90.0 0.398 |rhombohedral
Bismuth 14 0.47 0.47 0.47 90.0 90.0 90.0 0.104 |rhombohedral
Bismuth ferrite/650
BiFeOs 5 0.57 0.57 1.38 90.0 90.0 120.0 0.448 |hexagonal
BisFesO9 13 0.80 0.86 0.62 90.0 90.0 90.0 0.426 |rhombohedral
Bismuth 13 0.47 0.47 0.47 90.0 90.0 90.0 0.104 |rhombohedral
Bismuth ferrite/700
BiFeOs 5 0.58 0.58 1.39 90.0 90.0 90.0 0.466 |hexagonal
BisFesO9 8 0.82 0.87 0.63 90.0 90.0 90.0 0.450 |rhombohedral
Bismuth 12 0.47 0.47 0.47 90.0 90.0 90.0 0.104 |rhombohedral
* number of peaks
According to the fundamental theory of X-ray scat- s0000
tering [5, 14], the absolute total intensity of X-ray scat- 45000
tering by the sample is proportional to its heterogenei- 40000
ty and can be calculated as: 35000
30000
Itotal = ;?90:10,04[(20)’ 25000
20000
where 1(260) is the intensity of X-ray scattering at each 15000
scattering angle. 10000
Dependence of the total intensity of X-ray scatter- 5000
ing on the annealing temperature is shown in Fig. 4. o
The software of the Ultima-4 diffractometer makes Fe'ii:i:;';g‘oo FeBrirSi::;l":;O F::"rsi’t'::,;':w

it possible to construct diagrams of the distribution of
components in all samples of bismuth ferrite (Fig. 5).

Fig. 5 shows that an increase in the annealing tem-
perature is accompanied by a decrease in the amount of
bismuth ferrite, which is in good agreement with the
literature [15, 22, 25].

Fig. 4 — Dependence of the total intensity of X-ray scattering
Lioia 00 the annealing temperature

According to the literature, the electron density of a
chemical element is the result of dividing its molar
mass M by the volume v of the atom:
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per = Mo = MI(4/373),

where r is the radius of the atom.

For bismuth, the molar mass is 209 g/mol, the radi-
us of the atom is 96 picometers, the volume of the atom
vB;i 1s = 1.12:10-30 m3, Therefore, the theoretical (calcu-
lated) electron density pgi= 1.87:1032 g/(mol'm?3). For
iron, the molar mass is 56 g/mol, the radius of the
atom is 74 picometers, the volume of the atom uva; is
~5.4'10-31 m3. Therefore, pre~ 1.04:1032 g/(mol'm?3).
And for oxygen, the molar mass is 16 g/mol, the radius
of the atom is 74 picometers, the volume of the atom v
is = 5.46:10 33 m?3. So, po = 2.93:1033 g/(mol'm3).

Bismuth
Ferrite/600

’
72% A5%

48%

. Bismuth
. BiFe O,
BiFeO,

Bismuth
Ferrite/650

8.7%

&

54%

. Bismuth
= BiFe O,
BiFeQ,

Bismuth
Ferrite/700

6.6%

61

. Bismuth
. BiFe O,
BiFeO,

Fig. 5 — Diagrams of the distribution of components in the
studied samples

Similarly, for bismuth ferrite  peismuth ferrite =
(1.87-10%2 + 1.04°1032 + 3:2.93-1033) g/(mol'm3) = 8.8:1033
g/(mol'm3) and for dibismuth ferrite paivismuth ferrite =
(2:1.87-10%2 + 4:1.04°10% + 9:2.93-10%3) g/(mol'm?) =
2.6°1034 g/(mol'm3).

Analyzing the composition of the samples in Fig. 5,
you can calculate their average electron density (see
Table 2).

According to the generally accepted concepts of X-
ray scattering by electron density fluctuations [5, 14],
these data confirm the earlier conclusion that the het-
erogeneity of materials decreases with increasing an-
nealing temperature.
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Table 2 — Average electron density of different samples

Sample Average electron density of
the samples, g/(mol'm?3)
Bismuth ferrite/600 800%7821286711022 /;,; 2;525 folg,gss "
Bismuth ferrite/650 <00_~0*’g;12-?67_'110‘;ij ot
Bismuth ferrite/700 g%%%é%?fogi;; Oaas BTy

Thus, we discovered the crystallinity of bismuth
ferrites at a scale level of less than one nanometer. The
bismuth ferrite nanocrystallinity decreases with in-
creasing annealing temperature. Obviously, this heter-
ogeneity at the level of defects will determine most of
the physical macroscopic properties of these materials.

3.2 Thermodynamic Properties

The study of the effect of the annealing temperature
of bismuth ferrite on the thermodynamic properties
was carried out using a calorimetric module described
in more detail than earlier [8, 12].

Experimental measurements of the heat capacity as
data for further thermodynamic analysis were used.

By definition, the isobaric heat capacity can be cal-
culated using the following equation:

Cp = (dQIAT)/m = (dQIAT) pu, 1)

where d@Q/dT is the relative heat flow, m is the sample
mass, p is the sample density, vis the sample volume.
In the case of a stationary heat flow, dQ/dT = const
is the same for all measurements.
The total heat loss in the process of heating of the
material from temperature 71 to temperature 7% is:

dQ = theating + dQloss, (2)

where dQheating 1s the heat used to heat the sample and
dQiess 1s the heat loss due to structure defects. This
means that the smaller dQss, the lower Cj.

Thermodynamic potentials can be calculated by
processing the experimental results of measuring the
specific heat capacity Cp (Fig. 6).

The change in the enthalpy of the thermodynamic
system AH during heating from temperature 71 to
temperature T: is calculated according to the following
equation [18, 3]:

T,
AH(T, - 1T,) = I C,(T)dT . 3)
T
The change in entropy at each temperature 7T;

(T1 < Ti < To) is found as [18]:
AS, =AH, IT,. 4)

The free energy (or Gibbs energy) (G) is determined
as follows [9]:

AG, =AH, ~T;-AS,. )

If the entropy of the thermodynamic system of the
same chemical composition decreases in the transition
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from one state to another (AS < 0), then the finite sys-
tem is considered to be more ordered. If it increases
(AS > 0), then more disordered.

As can be seen from Eq. (5), the change in the free
energy (AG) during the transition from one thermody-
namic state to another is determined by two compo-
nents: the change in the enthalpy AH and the change
in entropy AS. This means, if AG =AH — TAS > 0, then
the process is thermodynamically disadvantageous, i.e.,
TAS < AH and this leads to a decrease in the free ener-
gy (ordering of the thermodynamic system). Converse-
ly, if AG=AH - TAS >0, i.e., TAS > AH, then the pro-
cess 1s thermodynamically advantageous and leads to
disorder of the system.

Measurements of the heat capacity of all samples
were carried out in the same temperature range for the
convenience and correctness of further analysis; com-
parison and discussion of the results are presented in
Fig. 6.

1<5 I /,A/—/,l,,,/sg,fw/— e

— Bismuth Ferrite/600

, kJ/(kg*K)
N

CP
w
T

r Bismuth Ferrite/650
019 I S - - NP VS — I

08

o7 bt 1
40 45 50 55 60 65 70 75 80 85 90 95 100

t,°C

Fig. 6 — Temperature dependences of the heat capacity of
bismuth ferrites

A significant decrease in the heat capacity of the
samples with an increase in the annealing temperature
indicates an increase in the density of crystallite pack-
ing, which leads to an increase in the sample density
(see an increase in the density in Eq. (1), as well as due
to a decrease in heat loss on structural defects (see
Eq. (2)).

According to modern ideas, the heat loss is due to
scattering of thermal phonons by density fluctuations.
In our case, smaller Cp, for bismuth ferrite/700 sample
is fully consistent with the results of XRD studies (see
above).

The enthalpy of thermodynamic systems was de-
fined according to Eq. (3) (Fig. 7). A decrease in the
enthalpy of bismuth ferrite with an increase in the
annealing temperature (Fig. 7) means a decrease in
heat loss dQuss on structural defects in the sample (the
same as for heat capacity).

As you can see from Fig. 8, the change in entropy S
of bismuth ferrites of the same chemical composition
decreases with an increase in the annealing tempera-
ture. This means that the structural ordering of such a
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thermodynamic system is improved.

A decrease in the absolute value (modulus) of the
free energy with an increase in the annealing tempera-
ture in Fig. 9 means a decrease in the entropy compo-
nent Ti-ASrt; in Eq. (5). This also confirms the increase
in thermodynamic ordering with increasing annealing
temperature of the samples.

Therefore, all the thermodynamic properties of the
samples depend on scattering of thermal phonons by
density fluctuations [2 17].

120 -

H, kJ/kg

Bismuth Ferrite/600 "

80 |- om
- Bismuth Ferrite/650
/./,, o -
60 - o "
" =
- - u
.
40 L -
- - L
e ™~
)
20+ 8

40 45 50 55 60 65 70 75 80 85 90 95 100
t°c

Fig. 7 — Temperature dependences of the enthalpy of bismuth
ferrites

22

Bismuth Ferrite/600 =
20+ -
-

18 | -
-

S, kJl(kg*K)

= Bismuth Ferrite/650
12 . -
.

08 | -

06 | bd

04 -2

1 1 1 1 1 1 1 1 1 1 1 1 1

40 45 50 55 60 65 70O 75 80 85 90 85 100
t,°C

Fig. 8 — Temperature dependences of the entropy of bismuth
ferrites

Thus, based on thermodynamic analysis of bismuth
ferrites, the following preliminary conclusions can be
drawn:

1) a significant decrease in heat capacity, enthalpy,
entropy and modulus of the Gibbs energy of the
samples under study with an increase in the an-
nealing temperature indicates an improvement in
the structure due to a decrease in heat loss on
structural defects;

ii) the structure of the samples is formed according to
the mechanism of joint crystallization of the compo-
nents during cooling from the annealing tempera-
ture to room temperature;

111) samples obtained after annealing at the maximum
temperature are characterized by the least defec-
tiveness.
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Fig. 9 — Temperature dependences of the free energy (or
Gibbs energy) of bismuth ferrites
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Fig. 10 — Correlation between the thermodynamic properties
and the level of X-ray scattering on the studied samples
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Bruiue remneparypu Bigmasiy Ha CTPYKTYPY Ta BJIaCTUBOCTI pepuris BicmyTa

Baunepiit Kopcraumos?, Onena @ecenrol, Tamapa Iledpienxol, Aunpiii dpemresuul,
Haramia Hasunenxo!, Bomogumup Jonromrein2, Anina Cemuenko3, Biramii Hlnacsxmiid

L Tnemumym gisuxu HAH YVrpainu, 610011 MIdkcHAPOOHOT HAYK080-MeXHIuHOI OiAIbHOCMI, MPAHCPHepy MexHO102il
ma 3axucmy iHmenexmyasvrol anackocmi, npocnekm Hayxu, 46, 03039 Kuis, Yrpaina
2 HaylonanbHuii mexnivnul ynisepcumem Yrpainu «Kuiscorxuii nonimexniunuii inemumym im. Ieopsa Cikopcoro2on,
npocnexm Ilepemoeu, 37, 03056 Kuis, Yikpaina
3 Tomenvevruil Oeparcasrutl yHigepcumem im. @parnyucka Cropunu, sysn. Padsaucvra, 104, 246019 Tomenw, Binopyce

B crarri nipecrasiieHi 3pasku pepuTy BiCMyTY, OTPEMAHI aBTOPAMHU 34 JOIIOMOTOI0 30JIb-Te€JIb TeXHOJIOTI.
Jlst BcraHOBIIEHHST MOPOJIOTii OTPUMAHUX 3PA3KIB 3aCTOCOBYBAJIUCS METOIM CKAHYIOYO0I €JIEKTPOHHOI MIKPO-
CKOIIIi T4 €HeproJuCIePCIHOl CIIeKTPOCKOoIii. B po0oTi BuBUaMCsa JaHl 3 PEHTIeHOCTPYKTYPHOTO aHAaJI3y Ta
TePMOIMHAMIYHI BJIACTHBOCTI 3pa3kiB depury BicMyTy. Bysio mokasamo, 1o 3paskw, BIAMIAJIEH] IIPU PISHUX
TeMIlepaTypax, MalTh 3€PHUCTY CTPYKTYPY 3 poamipamu rpany.i Bix 20 mqo 100 am. OgHak y macinrabi moHas
200 uM yci 3pa3ku MOP(OIIOTIYHO He Bipi3HA0ThCA. J{ocmipreHs qudpakitii peHTreHiBCbKUX IPOMEHIB BH-
SIBUJIO KPUCTAJIIYHICTh PePUTY BICMyTy Ha PiBHI MacuITady MeHIlle 0JHOro HaHoMmerpa. Poamipy HaHOKpHCTA-
JKIB dhepuTy BicMyTy Ta 3arajbHa CTPYKTYPHA HEOTHOPLIHICTH 3MEHIIYIOTHCS 13 301IbIIEHHIM TeMIIepaTypu
Bimmasty. TepmonmuHaMIYHAM aHATI3 BUSBUB 3HAYHE 3MEHINIEHHS TEIJIOEMHOCT], €HTasbIIll, éHTPOITi Ta MOo-
nyns eHeprii I'i60ca mocmimxyBaHUX 3pas3kiB 13 HMIABHINEHHAM TeMieparypu Bigmaiy. e cBiguurs mpo mo-
JTIIIIEHHS CTPYKTYPH 34 PAXYHOK 3MEHIIeHHS TeIJIOBTPAT HA CTPYKTYpPHI nedextu. BeramosiieHo npsimy Ko-
PeJIALNIo MK pIBHEM PO3CIIOBAHHS PEHTTEHIBCHKUX IIPOMEHIB HA JOCIIIIKYBAHUX 3pasKax Ta TepMOTMHAMIY-
HUMH BJIACTHBOCTAMY (epUTiB BicMyTy. € ImimcraBu BBayKaTH, 10, BUOPABIIN BiAIOBIIHY TeMIIepaTypy Bii-
TaJIy, MOYKHA PEeryJIoBaTH HAHOKPHUCTAIYHICTD 1, OTsKe, 1HIM (i3WYHI BJIACTHBOCTI OePUTY BICMYTY.

Kmiouosi ciiosa: @epuru Bicmyty, Mopdosorisa, Perrreniseske mociimkents, TepMoquHaMidHI BJIACTHBO-
cti, HanokpucramaHicTs.
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