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An X-ray photoelectron spectroscopy study of uranium sorption by spherically-granu-
lated chitosan in sulphate solutions, as well as the study of the nature of the U(VI) -
chitosan interaction was carried out in this work. The X-ray photoelectron spectros-
copy analysis showed that the uranyl - chitosan interaction results in the formation of
complexes with aminogroup nitrogen, and possibly chitin ring oxygens and free
hydroxyl groups in the equatorial plane. Under the UHV in the spectrometer cham-
ber, the uranyl-amin and uranyl-hyroxide bonds were shown to break and tetravalent
uranium compounds were shown to form on the sample surface. Hydroxyl groups
were shown to evaporate. The calculated AG? = -1,3 kJ/mol can be an evidence of sev-
eral concurrent processes, some of which require energy, as well as of the formation of

Alexander N. VELESHKO!, Irina E. VELESHKO', Anton YU. TETERIN?, Konstantin
I. MASLAKOV!, Labud VUKCEVIC?, Yury A. TETERIN!, and Kirill E. IVANOV!

a surface chemical compound.
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INTRODUCTION

Modern uranium hydrometallurgy sets a great
number of tasks to be solved. The processing of
low-concentration solutions and prevention of envi-
ronment contamination being the most important
ones. Sorption methods employing inorganic sorbents
on the basis of titanium salts and organic ionites have
been the most developed ones for the extraction of ura-
nium from natural and mine waters [1, 2].

Since recently, complex-forming fibrous
sorbents were proposed to be used for the extraction of
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trace-amounts of uranium from natural and waste
waters [3]. These sorbents are compositions of thin po-
rous acrylic fiber with finely dispersed polymeric
complex-forming sorbents strongly fixed inside them.
They can be used both as filters and in columns. The
uranium sorption rate in the dynamic mode was 90%.

The development of technological methods for
the minimization of industrial wastes is the issue of the
day now. With this in mind, a sorbent on the basis of a
natural biopolymer, chitosan, is especially promising.
Chitosan’s unique properties worth mentioning are:
the presense of several functional groups in its struc-
ture, including aminogroups, high sorptive ability to
heavy metals, low ash content, bio-compatibility and
bio-destructivity to the level safe for humans and the
natural environment [4]. Raw material sources for this
bio-polymer are available and wide-spread. There-
fore, chitosan production tends to grow and prices to
fall.

Industrial chitosan is produced in the form of
10 mm scales or powders. Obviously, the factor de-
fining the sorptive ability to metal ions is their diffu-
sion in the surface layer. It is known that amorphous
chitosan has a higher sorption efficiency. One way
to make chitosan amorphous is the reprecipitation
from solutions. This also enables us to produce
spherically granulated sorbents [5, 6]. Lacing also
leads to crystal structure regularity breakdown and
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to an increase in durability [7]. These sorbents were
used for the extraction of Cu®>* ions from sulphate
solutions. The total static exchange -capacity
(TSEC) was 5.6 mmol/g for dry sorbents [8].

References [4, 9, 10] give the data on sorption
properties of chitosan to uranium. However, some of
the problems have not been fully researched yet. For
example, it’s not clear how to reach the highest capac-
ity. According to calculations taking into account the
content of amides and the equimolar structure of the
formed complex, it is around 6 mmol/g. Besides, there
is still no consensus on the nature of U(VI) — chitosan
interaction. The authors of [10] have suggested the fol-
lowing composition of the complex: UO §+ is sur-
rounded by two hydroxyl groups and a single amide
group, as well as a water molecule or the hydroxyl
group’s third carbon atom of the glucosamine ring.

It’s known that acid leaching provides the most
complete uranium extraction from ores. This method
uses sulphuric acid formed from sulphur oxidation in the
air, under pressure or by bacteria [1]. Therefore, U(VI)
sorption was conducted from aqueous solutions of
UO,S0,.

The present work is dedicated to the study of the
laws of uranium sorption by spherically-granulated
chitosan in sulphate solutions and the determination of
the nature of U(VI) — chitosan interaction. X-ray photo-
electron spectroscopy (XPS) was employed for this pur-
pose.

EXPERIMENTAL

XPS spectra of the studied samples were mea-
sured with an electrostatic spectrometer MK I VG
Scientific using non-monochromatized AIK; , (hv =
= 1486.6 eV) radiation at room temperature. The
resolution of the device was 1.2 eV, measured as full
width on the half-maximum (FWHM) of the Au4f;),
line on the standard rectangular golden plate. The
binding energies (BE) E(eV) were measured rela-
tively to the BE of Cls electrons from hydrocarbons
absorbed on the surface of the sample, accepted to be
equal to 285.0 eV. For the gold standard, calibration
binding energies £,(Cls) =284.7 eV and E,(Au4f;),)
=83.8 eV were used. The FWHM were measured rela-
tively to the width of the Cls line of hydrocarbons,
accepted to be equal to 1.3 eV. The error in the determi-
nation of electron BE and line widths did not exceed
0.1 eV and that of the relative line intensities was less
than 10%.

The studied samples were prepared as thin films
or finely dispersed powders on a double-sided conduc-
tive adhesive tape. For all the samples, the following
spectra were measured: valence band 0-50 eV BE, the
U4, the N1s, the Ols, and the Cls. U4f spectra enable
us to determine uranium valency. Calibration by the
Cls peak was done for each measurement, since the

strongly charged samples (up to 5 eV BE) and their
charging times were unstable. In other words, the Cl1s
peak was measured before and after each spectrum. It
lowered the BE error down to 0.1 eV. After the initial
study, samples 1, 2, and 3 were left in the spectrometer
chamber for a day. After that, they were studied again in
order to understand the influence of UHV on their sta-
bility. Thereafter, terms 1a, 2a, and 3a (samples studied
on the first day) and 1b, 2b, and 3b (samples studied on
the second day) were introduced (tab. 1).

For all the samples, quantitative elemental and
ionic analysis was done. It was based on the fact that
spectral intensity is proportional to the number of cer-
tain atoms in the studied sample. The following ratio
was used: ni/n; = (Si/S;)(ki/k;), where ni/n; is the relative
concentration of studied atoms, S/S; — the relative
core-shell spectral intensity, and kj/k;—the relative ex-
perimental sensitivity coefficient. The following coef-
ficients relative to Cls were used: 1.00 (Cls), 2.64
(Ols), 1.68 (N1s), 36.0 (U4f,),), 2.16 (S2p) [11].

The new formed chitosan granules (NFCG) with
a diameter of 3 mm produced according to [6] were
used as sorbents. Studies of the sorption properties of
the granulated chitosan and its modifications were
conducted in static conditions of the UO,SO, solution
of a 0.75-1400 mg/1 concentration. As a tag, the 233U
radionuclide was used. The specific activity of the so-
lutions amounted to 103-10° Bq/1.

The sorption experiments were done in the fol-
lowing way: the UO,SO, aqueous solution of a given
concentration containing 23*U was mixed with granu-
lated chitosan of the quantity providing the constant
ratio V/m = 125.

Previous experiments on U(VI) sorption by
spherically granulated chitosan showed that the most
effective sorption takes place when pH = 5. Therefore,
the pH of the experimental solution was corrected and
controlled with the pH-meter “HANNA 8314”. The
content of uranium hydrolysis products was determined
by the activity of the solution. The sorbent in the solu-
tion was mixed over a necessary period of time, at a
constant pH. At the end of the process, solid and liquid
phases were separated by filtering on the plastic net
with a diameter of 0.25 mm. The granules were then
washed in water acidified with HNO; to pH=5, so asto
remove the residual products of the hydrolysis. After
that, the granules were placed in a 10 ml glass and
solved in 1% acetic acid. The products of uranium hy-
drolysis were separated by centrifugation and solved in
1 mol of HNO;. Uranium content was measured with
the spectrometer-radiometer “Quantulus1220” in stan-
dard potassiumless dishes in a liquid scintillator
“HiSafe”.

The samples for the XPS studies were prepared in
the following way:

Sample 1 (film) was obtained as a result of 23U
sorption on NFCG from a UO,SO, solution (molecular
mass 170 kDa; 1 Da = 1.6605-1027 kg) over an hour.
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Table 1. Electron binding energies Ep(eV) of compounds and complexes. Biding energy distances to the

shake-up satellites are given in parentheses

Sample U*4f,, U4t , Nls S2p Ols Cls
‘ 285.0 (1.3)
la.1* day 3803 (1.5)  382.3(15) |3294(13) 532.7(2.4) |286.7
film +U 5884
285.0 (1.3)
1b. 2 day 399.9 (1.7)
i 380.7 (1.5) | 382.5(L.5) 532.4 (2.4) ggg;
‘ 285.0 (1.3)
2a. 1" day 380.7(1.5) | 382.4(15) |400.1(15) B13(15) 1565
granules +U 5331 288.2
By 285.0 (1.3)
2b. v day 3808 (1.5)  |382.5(1.5) |3297(L5) BL4A(LS) g6
granules +U 533.1 288.2
‘ 285.0 (1.3)
3a. 1 day 399.6 (1.3) 5332(1.5) | 286.5
chitosan powder 7882
285.0 (1.3)
nd
3b. 204 day 399.7 (1.2) 5332(13) 2865
chitosan powder 7882
285.0 (1.3)
4. Powder +U 380.7(1.4) 3823(14) |5y (1002 (1) 13313 (D I ag66
' : 288.4
5. Powder of 383.1(1.8)
U080, % L0 2830 et 169.6 (1.9) |532.4(1.5) |285.0(1.3)
Chitosan [18]
Chitin [18]
Cellulose [15] 532.5
U0, [14] 380.9 530.5 285.0
U0, [14] 382.4 531.4 285.0
OH OH OH OH
O CH;COOH O (a)
0]
HO SR S HO |\
NH_( NH, { NH*300CCHj

Chitin— 8% Chitosan —92%

After the sorption, the granules were separated, washed
in a HNO; lean solution (~0.001 M) and dried in the air.
The water content of the air-dried granules was 6-8%.
To prepare the film, the granules were solved in acetic
acid (~200 pl of CH;COOH). The solution was put on
an aluminum substrate and dried in the air. As aresult, a
~5 pm thick film was obtained. The 238U content in the
film was ~5-8 mg. The chemical reaction of this process
is shown at (a).

OH OH

NH: OH -

~

HO
H—( HO \Hi00CCH;

Chitosan film

Sample 2 (powder). The 238U sorption on NFCG
from a UO,SO, solution (molecular mass 170 kDa)
lasted an hour. After that, the granules were separated,
washed in HNO; (~0.001 M) and dried in the air. The
water content in the air-dried granules varied from 6-8%.
To prepare the powder, the granules were milled in a ball
mill (dpicie ~20 pm). The uranium content in the film
was ~170 mg/g. The chemical reaction of this process is

shown at (b).

OH OH

(@]
O~ (b)

0O

Sphereshaped chitosan granule + CH,COONH, + H,O
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Sample 3 (powder). Chitosan powder after the
milling of the air-dried granules in a ball mill (i
~20 pm).

Sample 4 (powder) — powderized complex
chitosan — U(VI). 238U sorption on chitosan powder
from the UO,SO, solution (molecular mass 170 Da)
was done over an hour. To prepare the powder, the gran-
ules were milled in a ball mill (¢ ~20 pm). After
the sorption, chitosan powder was separated from the
solution by centrifugation, washed in HNO; (~0.001
M) and air-dried.

Sample 5 (powder). 0.5 g of powderized UO,SO,
x nH,0 obtained by reprecipitation of UO,SO, x 3H,0
with NH,OH and dilution of UO,(OH), ina 1-3 M solu-
tion of H,O,. The solution was steamed to humid salts
and air-dried at#=30 °C. The dry salt was washed thrice
in ethanol and air-dried. The salt UO,SO, x nH,O was
ground in a porcelain mortar.

RESULTS AND DISCUSSION

To evaluate the sorbate—sorbent interaction en-
ergy, a sorption isotherm was drawn and the TSEC for
U(VI) on NFCG was calculated (fig. 1). The calcula-
tions were done using the linear Freundlich equation
[12]:

lnA:an+llnC (1)

n
where C'is the sorbate equilibrium concentration in so-
lution [mg/ml], K — the sorption equilibrium constant,
and A —the equilibrium sorption at a given temperature

[mg/g].

eq

Figure 1. Sorption isotherm for U(VI) on NFCG from
UO,SO solution; pH =5, T=298 K, V/im =125

The calculation of the coefficient K in the linear
Freundlich equation was done using the least squares
method. The calculated mean-square error R = 0.998

indicated the adequacy of the chosen mathematic
model for the studied sorption process. The coefficient
Kwas 1.71. The TSEC for U(VI) on NFCG was exper-
imentally established to be 0.7 mmol of U(VI)/g of dry
sorbent.

The chemical potential was calculated using the
Van't Hoff isotherm equation:

AG’ =—RTInK 2)

where AG" is the Gibbs function [J/mol], R — the uni-
versal gas constant [J/mol], 7 — the temperature [K],
and K — the reaction equilibrium constant.

As aresult, AG’ was 1,3 kJ/mol. Such a low AG®
can be an evidence of several concurrent processes,
some of which require energy, or, of the formation of a
surface chemical compound [12].

The valence electronic configuration and ground
state of the uranium atom is: *>U6s6p®5£36d7s> LY.
This proves that an uranium ion can have several oxida-
tion states. UO, and UO; are known to be the most sta-
ble uranium oxides. Electron BE for various uranium
electronic shells in oxides and metal are known. Thus,
the U4f XPS exhibits a spin-orbit split doublet (AE =
=10.8 eV) [13]. Satellites at AE| to the right side of the
basic peaks, are observed in U4f XPS of uranium ox-
ides. The peak positions and satellite separations are
different for uranium ions of different oxidation states.
Thus, the U4f;, BE (E,) are: metallic U- £, =377.4 eV,
AE4=10.8eV[13];UO,—E,=380.9¢V, AE,=6.9¢V,
y-UO;—E, = 382.4eV,AE,=3.7 eV [14]. Uranium BE
for other shells and compounds are also known [14].

The XPS from the studied chitosan and its com-
plexes with uranium in the BE range of 0-1200 eV ex-
hibits peaks attributed to elements included in the
studied compounds, as well as Auger- (CKVV and
OKVV) lines (fig. 2). This BE range can be condition-
ally subdivided into three parts [14]. The first one,
0-15 eV, shows the structure attributed to electrons
from the outer valence molecular orbitals (OVMO),
built mostly from the incompletely filled outer
U5f1,6d,7s, C2p, O2p, and N2p atomic orbitals AOs
(fig. 2b). This spectral range exhibits a sharp peak at-
tributed to USf electrons not participating in the for-
mation of the chemical bond. The U5f intensity at £ =
=1.9 eV can serve as a quantitative parameter of ura-
nium ionic composition in a compound [14]. The
second one, 15-40 ¢V, shows the structure due to inner
valence molecular orbitals (IVMO) built mostly from
the completely filled inner valence U6p, C2s, O2s, and
N2s AOs. The IVMO structure features correlate with
uranium close environment parameters in compounds
[14]. The third range above 50 eV exhibits the core
electron shells related structure. The core shells do not
participate in the formation of molecular orbitals.
However, this spectral range can exhibit a structure at-
tributed to the spin-orbit interaction with the splitting
AEy(eV), multiplet splitting AE, (eV), many-body
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Figure 2. Survey XPS from (a) — sample 3a, and (b) —
sample 4

perturbation, dynamic effect, efc. [14]. Since these
structure parameters correlate with various properties
of the studied compounds, they are used along with
traditional XPS parameters, such as electron BE, peak
intensities, chemical shifts, and energy differences
betveen the XPS peaks. To simplify the discussion,
both molecular and atomic terms will be used below.

Low binding energy XPS (0-50 ¢V). The low BE
XPS from the studied complexes exhibit USf peaks
and OVMO bands formed from the outer valence
U5f£,6d,7s, C2p, O2p, and N2p shells, as well as an
IVMO structure due to the U6p, C2s, O2s, and N2s
shells. In the O2s BE range, a wide structured line is
observed. For chitosan (sample 3), the FWHM of this
line is ~4 eV, while the Ols peak is much narrower
(I'~1.5 eV). The structure in the O2s BE range is at-
tributed to IVMO formation. The U5f and U6p peak
are observed to be of low intensity which complicates
a correct elemental and structural analysis. However,
the low BE XPS yields some qualitative conclusions.
Indeed, after chitosan (sample 3) stayed for 24 hours
in the spectrometer chamber under the UHV, the low
BE XPS did not sustain any significant changes.
However, in the same XPS from the complexes (sam-
ples 1, 2) the intensity of the U5t peak rose signifi-
cantly. Itindicates the decrease of U%" and an increase
of U*" on the sample surface. In this spectrum, a U5t
peak is also observed in sample 4. This analysis is

possible because in the low BE XPS from studied ma-
terials (insulators) at 1.9 eV BE only the USf peak
occurs.

Core electron shells XPS (above 50 eV binding
energy). The quantitative elemental and ionic XPS
analysis usually employs the most intense peaks from
the included elements [15]. In our case, they were the
Cls, Ols, Nls, S2p, and U4f ones (tab. 1). The S2p
and U4f spectra are observed as spin-orbit split dou-
blets with AEg=1.1eV and 10.8 eV [13], respectively.
Although the Cls, Ols, and Nls peaks are single,
these spectra are observed structured due to the
presense of carbon, oxygen, and nitrogen ions of dif-
ferent oxidation states (figs. 3-5). The Cls spectrum
consists of several peaks attributed to carbon ions of
different oxidation states (fig. 3a). This spectrum al-
lows only a qualitative attribution of spectral lines to
polimer carbon ions. Thus, the peak at 285.0 eV is at-
tributed to the saturated hydrocarbons (for example,
—CH,;), the one at 286.7 eV —to carbon ions bound with
one oxygen, and the one at 288.4 — to carbon ions
bound with two oxygen ions. Also, the Cls spectrum
from chitosan contains three peaks, where the middle
one is more than twice more intense than the side ones.
It has to be noted that the Cls spectra did not change
during the time the samples stayed in the spectrometer
chamber.
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The O1s XPS from chitosan (sample 3a) shows
up as a relatively symmetric sharp (I = 1.5 eV) peak
with a small shoulder on the lower BE side. This shoul-
der can be attributed to the —OH-group. The fact that,
in the XPS from the complex (sample 4), the low BE
shoulder rises can be explained by the presense of ex-
tra hydroxyl groups. Similar considerations can be ap-
plied to the XPS from samples 1 and 2.

The O1s XPS from the complex (sample 2) con-
sists of the two peaks (tab. 1, fig. 4) at 531.3 and 533.1
eV. Using the following equations [16]:

227

E, (eV)= +5194 (3)
Ry o (nm
from where
227
R nmm)=————— 4
mo (1) Ey —5194 *)

on the basis of Ols BE, one can evaluate interatomic
distances Ra.o (nm) to oxygen in the studied samples,
which are 0.191 and 0.166 nm.

The N1s XPS from chitosan (sample 3) exhibits
one sharp (I"=1.3 eV) peak at £, =399.7 eV (tab. 1).
After the formation of chitin-uranium complexes
(samples 1,2, and 4), an extra peak on the higher bind-
ing energy side at £,~401.6 eV shows up in the Nls
spectrum. The intensity of this peak decreases in time,
which may be an indication of the disintegration of the
uranium-nitrogen bond in studied materials.

The XPS from chitosan (sample 3) did not detect
a S2p peak within the measurement error. However,
the XPS from the complex (sample 4) exibited low in-
tense S2p peaks at 160.5 and 165.8 eV (tab. 1). The
higher binding energy peak can be attributed to the
SO§_ group, while the one at 160.5 eV must be related
to the sulphur bound with other included ions [15].

The U4f XPS from UO,SO, x nH,0O (Sample 5)
consists of a doublet with a relatively sharp peak. On
the higher BE sides, at a distance from these peaks and
at 2.8 eV, 20% intensity shake up satellites are ob-
served (tab. 1). This is a typical XPS for U®" [14]. The
U4f XPS from the uranium-chitosan complex film
(sample 1) exhibits the two chemically inequivalent
uranium states, U*" and U®" (fig. 5). During the time
spent in the spectrometer chamber, an increase in the
U**component was observed (fig. 5b). It can be ex-
plained by UHV influence and suggests that only U°*
ions were initially present in the studied complex. A
similar picture was observed for all the other studied
complexes (samples 2 and 4).

Quantitative analysis results. The error in the
XPS quantitative elemental and ionic analysis of the
studied compounds and complexes can grow because
of the extra spectral structure in the core level XPS
range, due to the secondary electronic processes
(many-body perturbation). Since the many-body per-
turbation results in the shake up satellites on the higher
BE side of the basic peaks, their intensity can be par-
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tially taken into account (fig. 4). All these fact can lead
to an error of more than 10%. The XPS quantitative el-
emental and ionic analysis of the surfaces (~5 nm) of
the studied samples relative to carbon was done with
this in mind:

1. Sample la  — C; 00O0.53N0.06(No.037, No.023)

Upon (Ughos> Ubor)
Sample 1b  — Cy 9O 59Ny, 07(N0 050> N0.020)

UO 010 (U‘é‘t)07 > UO 003)

2. Sample 2a  — Cj 99Og.69No. 14(N0 114> No.026)

Uo.o10 (Ughos> Uoos)
Sample 2b  — Cy 99Oy, soNo 13(No 120> No.o10)

Uo.000(Ug007> Ut oa)
3. Sample 3a - C1_0000,54N0.13
Sample 3b — C; 09O0.54Np12

4. Sample 4 C1.0000.53N0.07(No.063> No.007)

Uo.oo7(U3.E)959 Ufooz)
S0.013 (SO%57) Sp.015(S-A)

The obtained data differ slightly from initial cal-
culation results for the bulk of the samples. The differ-
ence can be explained by the fact that the XPS deals
with a 5-10 nm thick surface.

Our XPS analysis shows that the uranyl —
chitosan interaction results in the formation of com-
plexes with amide nitrogen, and possibly, chitin ring
oxygens and free hydroxyl groups in the equatorial
plane. Indeed, in the spectrometer chamber, under
UHV influation, uranyl-amide and uranyl-hyroxide
bonds broke and tetravalent uranium compounds were
shown to form on the sample surface. The hydroxyl
group evaporated (see quantitative analysis data for
samples 1 and 2).

CONCLUSIONS

The XPS analysis shows that the uranyl —
chitosan interaction results in the formation of com-
plexes with amide nitrogen, possibly, with chitin ring
oxygens and free hydroxyl groups in the equatorial
plane. Under UHV in the spectrometer chamber, ura-
nyl-amide and uranyl-hyroxide bonds were shown to
break and tetravalent uranium compounds to form on
the sample surface. Hydroxyl groups were hown to
evaporate.

The calculated AG® =—1,3 kJ/mol can be an evi-
dence of several concurrent processes, some of which
require energy, as well as the formation of a surface
chemical compound.
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Anexcanpap H. BEJIEIIKO, Upuna E. BEJIEHIKO, Anton J. TETEPUH, Koncrantun U.
MACJTAKOB, Jlaoyn BYKUEBUWR, Jypuj A. TETEPUH, Kupuax E. IBAHOB

NCTPAXKUBAILE YPAHUII - XUTOCAH MHTEPAKIIUJE
PEHATEH-UHIYKOBAHOM ®OTOEJEKTPOHCKOM CIIEKTPOCKOIIMJOM

Y oBOoM pajy IpHKa3aHO je TpoydaBamke COpNIHje ypaHujymMa c¢epHO TpaHyIupaHAM
XHTOCAHOM Yy cyingatHoM pactBopy u mpupoae U(VI) — XxuTocaH HHTEpaKIuje MOCPEACTBOM
PCHAreH-UHAYKOBaHe (POTOENEKTPOHCKE CIeKTpocKonuje. POTOENeKTPOHCKOM CIEKTPOCKONCKOM
aHalM30M TOTBphEHO je fa MHTepaklfja ypaHWI — XUTOCAaH JoOHja OOJUMK KOMIIJIEKCa ca a30THOM
aMITHOTPYIIOM, ca MOTYhUM KHCEOHWI[IMa XUTHHCKOT PHHTA W CIOOONHNM XUAPOKCHIHHM Tpylama y
€KBaTOPHjallHO] paBHU. Y CHeKTpOMeTapCKOj KOMOPH Y YITPaBUCOKOM BaKyyMy, IIOKa3ajo ce Jja ce Be3e
ypaHWI-aMHUHA U YPAaHWI-XUAPOKCHIa KUAAjy, a Ia ce JIeTypa TeTpaBaJCHTHOT ypaHHjyMa obOpasyje Ha
MMOBPIIIMHYU Y30pKa 10K XUPOKCUITHE TPYTIe chapaBa]y W3zpauynatu AG = 1,3 kJ/mol Mo3Ke ce cMaTpaTh
MoKa3aTeJbeM BHIIIE KOHKYPEHTHHX IIpoIleca Off KOjUX HEKHM 3aXTeBajy CHEprhjy, Kao W Ha3HAKOM
¢popMuparsa MOBPIINHCKUX JIETYpPa.

Kmwyune peuu: xuitiocaw, ypanun, peH0ZeH-uH0YKO8aHA (OOeAeKIUPOHCKA CeKTUPOCKOUUja, copuyuja




