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The paper presents the study of lithium ferrites substituted by aluminum ions by the methods of nu-
clear magnetic resonance (NMR), Méssbauer spectroscopy, and using a vibrating magnetometer of samples
at room temperature. The resulting magnetic moment of the system depends both on the content of the
substituting element and on the selective injection into the A or B sublattice. Al3* and Li* cations occupy
octahedral (B) sites, while Fe3+ is distributed in both ones. Implementation of Al3* in the B-position reduces
the intensity of the IFNMR echo amplitude. Moreover, an increase in the aluminum content reduces the
value of the magnetic superexchange field and causes rapid growth of the paramagnetic component (dou-
blet in Mossbauer spectra). A decrease in saturation magnetization leads to a decrease in signal intensity.
Our results showed that NMR and Mossbauer spectroscopy are complementary techniques for describing
the magnetic properties of Li-Al ferrites in a wide range of frequencies. Studies of the degradation of meth-
ylene blue in an aqueous medium have shown that the synthesized ferrite can act as a photocatalyst oper-
ating in the visible light range. It is shown that the optical band gap and the degradation coefficient are

inversely related.
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1. INTRODUCTION

Substitution of lithium ferrite in the spinel lattice
significantly changes the properties of the material [1-6].
So, depending on the type of substitution and the meth-
od of synthesis, the magnetic characteristics vary widely.
If the non-magnetic substitution element has a strong
preference for the octahedral surrounding, then the total
magnetization of the system will decrease, and vice ver-
sa, when the element is preferred for the tetrahedral
surrounding, the substitution by a non-magnetic element
leads to an increase in the resulting magnetic moment
[7]. Thus, when establishing the effect of substitution on
the properties of the synthesized material, special atten-
tion is paid to Mossbauer and NMR studies.

Mossbauer's studies of some ferromagnetic spinels
[8-10] show that the magnetic fields in the tetrahedral
and octahedral sublattices differ from each other by no
more than a few tens of kilo Oersted and, thus, give one
sextuplet with broadened lines. There is a large
amount of experimental data [11-13] in which the ex-
perimentally observed spectra are divided into two
sextuplets with centroids shifted relative to each other.
The splitting of the spectra into two determines the
superexchange magnetic fields and their centroids give
the isomeric shift in the corresponding sites.

It was shown in works [14-16] that the values of
magnetic fields on nuclei are closely related to satura-
tion magnetization, that is, to macroscopic properties.
Thus, in this work, we investigate the effect of alumi-
num ion substitution in cubic lithium spinel on inter-
lattice A-B superexchange interaction. This can be done
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based on Méssbauer's studies of the considered sample
systems.

The magnetic properties of ferrites largely depend
on the distribution of magnetic and non-magnetic cati-
ons along the spinel sublattices. Thus, non-magnetic
substitutional ions when introduced into the tetrahe-
dral sublattice will strengthen the resulting values of
saturation magnetization and vice versa, introducing
into the octahedral sublattice and displacing iron ions
from there lead to a decrease in magnetization.

The predominant population of cations in these Li-
Al ferrite systems was studied using X-ray diffraction
(XRD) [17] and Mdossbauer spectroscopy. Since the
cation distribution [18] determines the magnetic prop-
erties of the samples, it is necessary to confirm the
distribution of cations by sublattices and the frequency-
dependent behavior of the magnetic properties by the
method of local samples such as Mossbauer spectrosco-
py and nuclear magnetic resonance spectroscopy in an
external field IFNMR).

In Ferro/Ferrimagnetic materials, Mossbauer spec-
troscopy records interlevel transitions (from the ground
state I=1/2 to the excited state I=3/2 in the case 5"Fe
according to the selection rules Amr=+1 and 0) at the
resonance of y-quanta. The energy of j-quanta changes
when the source (or sink) moves according to the Doppler
effect [19]. Excited states of 57Fe (I = 3/2) nuclei are often
associated with an electric quadrupole moment, causing
the Zeeman splitting of nuclear excited states. This shift
(called a quadrupole nuclear shift of levels) is measured
in resonant absorption of y-quanta. The energy difference
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between the Zeeman splitting of the ground and excited
states is a consequence of the interaction of the magnetic
fields created by the sample 57Fe nuclei with the nearest
magnetic atoms. These magnetic fields are known as
magnetic superexchange fields. Magnetic superexchange
fields (Bnf) are internal fields created by Mossbauer nu-
clei (in this case by 5"Fe). In magnetic materials, these
internal fields are sufficient for Zeeman splitting of nu-
clear levels. This increase in the degeneracy of the
ground nuclear state (that is, the state I=1/2 is split
m=+1/2 to m =-1/2) is a sign of the presence of 5’Fe a
magnetic (Ferro/Ferrimagnetic) material. In the one-shot
IFNMR method, this splitting as a result of interlevel
transitions (m =+ 1/2 to m =—1/2) in nuclei is carried
out using an RF pulse. This energy of interlevel transi-
tions depends on the internal magnetic fields created by
the test nucleus 57Fe, but the order of energy is close to
the energy of the RF pulse (frequency of the order of
MHz). However, in Mossbauer spectroscopy, the transi-
tion energy between internal levels (from I=1/2 to
1= 3/2) is very large (approximately 14.4 keV in the case
of 57Fe) and it uses y-photons.

IFNMR affects local internal fields present in mate-
rials. Thus, this method can directly provide information
about the possibility of using these materials in high-
frequency devices, including radio waves, and micro-
waves, since the sampling frequency in NMR is of the
order of radio frequencies (RF). Since the observation
time is the same as in the case of local studies using a
SQUID magnetometer, Méssbauer and NMR spectrosco-
py are different, these technologies can be used as com-
plementary techniques for a comprehensive analysis of
material properties [20]. Moreover, we investigated the
magnetic properties of Li-Al ferrite systems using NMR
and Mossbauer spectroscopy and supplemented them
with magnetic measurements on a vibrating magnetom-
eter of samples VSM 7407. In this work, we showed the
possibilities of NMR spectroscopy as one of the im-
portant additions to Mossbauer spectroscopy for study-
ing the magnetic properties of ferrimagnetic materials.
Since the synthesized materials have a rather small
particle size and a large surface area, the possibility of
using this finely dispersed ferrite as a photocatalyst for
removing impurities from the aqueous medium under
visible light irradiation was tested.

2. INVESTIGATION METHODS

Absorption spectra at room temperature from >"Fe
were obtained on a Modssbauer spectrometer
MS1104EM in the mode of constant accelerations. Co-
balt material in a chromium matrix with an activity of
100 mK was used as a source of j-quanta. Interpreting
of the received spectra was carried out in the applica-
tion package Univem with calibration relative to «-Fe.

Magnetic studies were carried out on a vibrating
magnetometer vibration magnetometer 7407 VSM
(Lake Shore Cryotronics).

The experimental magnetic moment per mexy formu-
la unit expressed in Bohr magnetons (uB) can be calcu-
lated using the following formula:

_MyMg

m,
o 5585
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where Mw — molecular weight of the sample and Ms
saturation magnetization in emu/g.

The magnetic anisotropy constant (K) can be ex-
pressed in terms of the saturation magnetization (Ms)
and the magnetic coercive force (Hc) [21] as

_ MSHc
0.96

NMR spectra were recorded on a Bruker Avance III
400 MHz NMR spectrometer.

Optical and degradation studies were carried out on
a UV-Vps device (ULAB 108 UV) in the wavelength
range of 400-800 nm. For degradation experiments,
0.005 g of methylene blue, 0.15 mg of synthesized ferrite,
and 3.5 ml of a 50 % H202 solution were added to dis-
tilled water. After that, the thoroughly mixed mixture
was kept in the dark for 40 min to achieve sorption equi-
librium. The aged solution, separated from the ferrite
component with the help of a permanent magnet, was
placed in a spectrophotometer and selected as a zero
sample. The rest of the solution was placed under the
irradiation of a 150 W halogen lamp. After every
20 minutes, the solution was poured, separated, and the
dependence of absorption on the wavelength was ob-
tained. Then the procedure was repeated. Measurements
were performed up to 140 minutes of illumination time.

3. RESULTS AND DISCUSSION
3.1 Mossbauer Studies

Experimental Maossbauer spectra of aluminum-
substituted lithium spinel synthesized by the sol-gel
autocombustion method are shown in Fig. 1.

Transmision
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Fig. 1 — RT Mossbauer spectra of LiosAlFess_.04 (x = 0.2, 0.4,
0.6, 0.8, 1.0)
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Mossbauer spectra are characterized by a well-
defined paramagnetic doublet that coexists with a
magnetically ordered component. In Fig. 1, what corre-
sponds to LiosFe2504 (substitution x = 0.0) two sextup-
lets corresponding to two sublattices are observed. The
values of the magnetic fields in the tetrahedral and
octahedral positions are 499 and 512 kOe, respectively.
In Fig. 1 (x =0.4 to x = 1.0), we found that in addition to
the sextuplet, a doublet appears in the center, the in-
tensity of which increases with increasing aluminum
content. The centroids of the magnetic and quadrupole
spectra are shifted relative to each other, the latter
being more negative by approximately 0.13 mm/s. The
splitting of the doublet, as it turned out, is almost in-
dependent of the aluminum content. At room tempera-
ture, the total value of the magnetic field in aluminum-
substituted compounds does not decrease monotonically
with increasing aluminum content, as might be ex-
pected from the large changes in their Néel tempera-
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ture TN. The value of the magnetic fields turned out to
be of the same order of magnitude and equal to
(487 + 7) kE.

The occurrence of a doublet together with sextuplets
can be explained as follows. The direction of exchange or
superexchange interaction with magnetic neighbors is
responsible for magnetic ordering. In the studied system,
the replacement of magnetic atoms involved in the ex-
change interaction with a given iron atom by non-
magnetic ions Al3+ isolates some iron atoms from other
magnetic ions of the lattice participating in the magnetic
interaction. An isolated sample ion should relax relative-
ly faster while introducing an additional iron ion into the
number of neighbors of the ion under consideration in-
creases the relaxation time. In some works, on Mossbau-
er's research [22-26], a similar effect is attributed to the
so-called phenomenon of superparamagnetism. Moss-
bauer spectra of superparamagnetic systems are similar
to paramagnetic systems due to relaxation effects.

Table 1 — Parameters of the components of Méssbauer spectra of system 1

Parameters of partial schedule components
Degree of Isomer shift Isomer shift
substitution x
IS, mm/s IS, mm/s

sextuplet (B) | 0.3336 0.2 sextuplet (B) | 0.3336 0.2
0.2 sextuplet (A) | 0.383 sextuplet (A) | 0.383

doublet 0.322 doublet 0.322

sextuplet (B) | 0.299 0.4 sextuplet (B) | 0.299 0.4
0.4 sextuplet (A) | 0.398 sextuplet (A) | 0.398

doublet 0.311 doublet 0.311

sextuplet (B) | 0.289 0.6 sextuplet (B) | 0.289 0.6
0.6 sextuplet (A) | 0.360 sextuplet (A) | 0.360

doublet 0.313 doublet 0.313

sextuplet (B) | 0.315 0.8 sextuplet (B) | 0.315 0.8
0.8 sextuplet (A) | 0.286 sextuplet (A) | 0.286

doublet 0.278 doublet 0.278

sextuplet (B) | 0.327 1.0 sextuplet (B) | 0.327 1.0
1.0 sextuplet (A) | 0.262 sextuplet (A) | 0.262

doublet (B) 0.262 doublet (B) 0.262
Errors +0.001 Errors +0.001 Errors

Fig. 2 shows the Al NMR spectra for all the studied
samples. The general formula for the frequency in
NMR is given by equation [27].

7Hif

f= 27

, 1)

where f is resonance frequency (MHz), yis a gyromag-
netic ratio of the active NMR nucleus (Hz/T), and Hif is
an internal magnetic field (superexchange field result-
ing from various magnetic interactions, including Fer-
mi-contact interaction and similar) (7).

According to equation (1) and given NMR results, it
can be noted that Al3* ions occupy two different posi-
tions. Moreover, the peak corresponding to the octapo-
sition remains much more intense than the others for
all the studied samples. This indicates that aluminum
ions in ferrite spinel occupy mainly octahedral posi-
tions. Although with relatively large substitutions,
some of the ions move into tetrapositions, which is
indicated by the peaks in the spectra. A strongly sepa-

rated and shifted peak in the region of higher frequen-
cies on the sample with x =1.0 indicates that part of
the aluminum ions falls into a separate phase.

As can be seen from the figure, the position of the
resonance lines shifts towards higher field values,
and the height increases for substitutions (x= 0.4
and 1.0) and decreases for substitutions x = 0.6 and
0.8. In addition, for large substitutions (x = 0.8 and
1.0) in the region of large fields, an additional influx
is observed. This may be a sign that some of the
aluminum ions fall into a separate phase, which is
also confirmed by NMR studies [28-30].

3.2 Magnetic Properties

M-H loops for all samples were obtained at a maxi-
mum field of 10000 E at room temperature in two
modes: before and after heating to a temperature of
900 K, as shown in Fig. 4. It was found that the satura-
tion magnetization changes non-monotonically for
samples with aluminum content from x = 0.2 to x = 0.8,
at which the magnetic characteristics acquire
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Fig. 2 - The 5Fe IFNMR spectra on lithium ferrite with the
substitution of non-magnetic Aluminum cations. The NMR spec-
tra shown for samples LiosAl:Fezs-:04, (x = 0.6 (a); 0.8 (b); 1.0 (c))

the greatest value, but at x = 1.0, their sudden decrease
is observed. This behavior can be explained based on
Neel's two-sublattice model [31, 32]. It is known that
lithium ferrites are inverse spinels, in which Li* and
Fe3* ions occupy octahedral (B) positions in the ratio
1:3 and tetrahedral (A) positions are filled only with
Fe3* ions [Fei’*]a[Lios*Fe153]s04. In aluminum-
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substituted ferrites LiosFezs-xAl:O4, Fe3* ions occupy-
ing B sites are replaced by AI3* ions
[Fe13*]a[Lios1*Alx3*Fe15.x37]804. The magnetic moment
in inverted ferrites is mainly caused by the resultant
magnetic moment of the A and B sites. In ferrite-
spinels, each ion in the A site has 12 ions in the B site
as nearest neighbors, while an ion in the B site has 6
neighbors in the A site and 6 neighbors in the B site.

20,0M
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15,0M - ——x=0.4
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Fig. 3 — EPR spectra of a series of samples of the composition
LiosFezs-:Al:Qs, where x=0.2; 0.4; 0.6; 0.8; 1.0; synthesized
by the sol-gel autocombustion method

According to Neel's model of the molecular field
[33, 34], the A-B superexchange interaction is domi-
nant over the A-A and B-B interactions. So, the mag-
netic moment per formula unit is given as u= uB — ua.
Since we are replacing iron with a Al** non-magnetic
ion in the B position, this leads to a decrease in the
resulting magnetic moment in the ferrite LiosFe2s-
xA1x04.

Fig. 5 shows the dependence of saturation magneti-
zation on temperature during heating and cooling from
room temperature to 900 K.

As can be seen from the temperature behavior of
saturation magnetization, with an increase in the con-
tent of aluminum ions in the system, the value of the
Curie temperature increases, so, from Table 2, we can
see that the lowest content of aluminum (system
x=0.2), the Curie temperature is 762 K, while the
maximum value is acquired for a sample with x=0.8
(801 K). Next, the value of the Curie temperature de-
creases slightly and for the sample with x = 1.0, it ac-
quires a value of 787 K. This behavior of the systems is
related to the fact that the presence of aluminum ions
in the lattice increases the spin rotation energy.

The main magnetic parameters obtained from the
remagnetization loops in the modes before and after
heating are given in Table 2.

As can be seen from Table 2, when substituting iron
with non-magnetic aluminum ions, the expected sys-
tematic decrease in magnetic parameters is not ob-
served, which can be explained by the peculiarities of
the structure and cation distribution. Accordingly, as
mentioned earlier, the sample with substitution x = 0.8
is characterized by the maximum values of magnetic
parameters, such as saturation magnetization, residual
magnetization, and magnetic moment per formula unit.
By comparing the data of Moéssbauer spectroscopy and
NMR experiments, this sample can be singled out as
the one for which the A-B value of the interlattice in-
teraction reaches the optimal value.
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Table 2 — The main magnetic parameters of aluminum-substituted lithium-iron spinels were obtained by the sol-gel auto-
combustion method before and after heating to a temperature of 900 K

Alumi Saturation Coercive |Remanent mag- | Curie tem- Magnetic Anisotropy

uminum L. L moment  per Molar

content magnetization, |power, netization, perature, formula unit constant, mass. M
Ms Emu/g Hce emu/g Tc, C e > K104 ’

0.0 71.3 112 28.3 1020 2.63 0.83 207.10

0.2 7.92 111.8 1.35 762 0,285 2.34 201.27

0.4 6.99 104.8 1.38 786 0,245 2.13 195.49

0.6 7.83 108.5 1.28 797 0,266 2.14 189.72

0.8 11.52 166.7 2.97 801 0,379 3.19 183.95

1.0 2.88 146.3 1.17 787 0,092 2.72 178.17
Errors +0,01 +0,1 +0,01 +1 +0,001 +0,01 +0,1

Optical studies of samples of the Li-Fe-Al system
are represented by the Tauc plots in Fig. 6, which give
a connection between the energy of the absorbed pho-
ton and the value of the band gap. The band gap (Ej) is
related to the energy of the absorbed photon by the
following relation

ahv =A (hv — Eg)n,

where « is the experimentally found absorption coeffi-
cient, hv is an energy of the absorbed photon, A is a con-
stant that depends on the thickness of the cuvette, Eg is
the width of the forbidden zone, and n is an exponent
equal to 2 in the case of a direct transition of an excited
electron from the valence band to the conduction band.

To determine the width of the band gap, finely
ground ferrite powder was dissolved in double-distilled

water and subjected to ultrasonic dispersion for 20 min.
After that, the dependence of the transmission coeffi-
cient on the wavelength was obtained using a spectro-
photometer. Based on these data, the dependence of
(ahv)» on hv was built. By approximating the rectilinear
section to zero, the optical band gap was obtained.

Fig. 6 shows the dependence of the band gap width
on the composition.

As can be seen from the figure, a non-monotonic de-
pendence of the optical band gap on the composition is
observed. Moreover, the smallest values are observed for
systems with values of x = 0.0 and 1.0. The largest value is
for the sample with x = 0.6. Since the synthesized ferrites
were characterized by a small value of crystallites [35]
and fairly high values of the specific surface area [36], we
checked their suitability for use as a photocatalyst for the
degradation of the dye MB (methylene blue).
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Fig. 8 shows the dependence of the change in dye con-
centration (C/ Co) on the irradiation time. As can be
seen from the dependence, the system with the alumi-
num content x=0.0 has the highest level of degrada-
tion, which in 140 min reaches a value of 98 %. Moreo-
ver, the dependence of the level of degradation (as well
as the rate of degradation) in Fig. 9 during 120 min on
the content of Al** ions is non-linear.

To determine the rate of degradation, the depend-
ence of In (Co/ C) on the illumination time was plotted.
A linear approximation of this dependence gave the
rate of the degradation process. The dependence of
In (Co / C) on the illumination time is shown in Fig. 9.

The level of degradation was determined from the
ratio K=[1—1/1Io] - 100 %. The change in the level
of degradation depending on the time of illumination
is shown in Fig. 10.
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Fig. 10 — Dependence of the level of degradation K on the
illumination time

Table 3 shows the calculated values of the rate and
level of degradation of methylene blue under the action
of the photocatalyst based on the synthesized samples.

Table 3 — Degradation characteristics of the photocatalyst
based on lithium-aluminum spinel

The composition of the | Degradation | Degradation
photocatalyst rate, min —! | level, %
LiosFe2504 0.0252 98
Lio.sAlo4Fes.104 0.0016 21
LiosAlo.sFe1.704 0.0015 18
LiosAl1.0Fe1.504 0.0038 38

As can be seen from Figs. 8-10 and Table 3, there is
a strong dependence of photocatalytic properties on the
composition of ferrite. As is known, the main factors
affecting degradation processes are the type and
amount of substitution, the width of the band gap of
the synthesized material, the cationic distribution of
elements by sublattices, the area of the active surface,
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etc. Fig. 11 shows the dependence of the maximum
degree of degradation of methylene blue on the compo-
sition of ferrite acting as a photocatalyst.

10091 o

20 o o

O:O 0:2 0:4 0:6 0:8 1:0
Al ions content

Fig. 11 — Dependence of the maximum level of dye degrada-
tion on the content of aluminum ions in the photocatalyst

As can be seen from the comparison of Fig. 7 and
Fig. 11 there is an inverse relationship between the opti-
cal band gap and the maximum degradation ability of the
studied compound as a photocatalyst. Thus, when the
reaction mixture is illuminated with light of the visible
range (halogen lamp with parameters), a higher rate and,
accordingly, a higher level of degradation is observed for
samples with a smaller value of the optical band gap

The magnetic nature of ferrite samples makes it
possible to easily remove spent material from the water
environment under the influence of an external mag-
netic field, which prevents the danger of contamination
of the water environment with secondary compounds.
In other words, the high magnetic properties of ferrite-
based photocatalysts eliminate one of the important
problems inherent in traditional compounds such as
TiOz2, namely: they can be easily removed together with
pollutants from the medium to be cleaned without the
use of additional chemical or biological reagents.
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Hocnimxenns Li-Al pepuris meTomamu s1epHOro MarHiTHoro peaonaucy, UV cnekTpockormii i
MeccOayepiBChbKOI CIEKTPOCKOIIiT

I0. Maaypenxo!, JI. Kaiikan?, A. Zywczak3, B. Korrobuucermin?, X. Bammypal, M. Moticeerko!, A. BurBuipkmii!

1 Isaro-Ppaukiscvkuli HAUIOHAILHUL MeOuuHULL yHisepcumem, 8ya. Ianuuypka 2, 76018 Isano-Oparkiscok, Yipaina
2 [Tnemumym memanogizuxu im. I. B. Kyporwmosa HAH Vipainu, 6ywe. Akad. Bepradcvkoeo, 36, 03142 Kuis, Yrpaina
3 Academic Centre for Materials and Nanotechnology, AGH University of Science and Technology, Krakiw, Poland
4 Ipurapnamcokull HQUIOHAHULL YHIsepcumem imerni Bacuns Cmegparnurca, eysuus Illesuenka, 57, 76018
Isano-@Pparkiscok, Ypaina

¥ poGoTi mpeicTaBieHl pe3yIbTaTh IOC/IKEHD JITIEBUX (DEPUTIB, 3aMIIIEHNX 10HAMU AJIIOMIHII0 METOIaMUI
stmepHoro maruiTHoro pesorarcy (NMR), meccOayepiBChbKOI CITEKTPOCKOITI Ta 3a JIOITOMOI00 BiOpAIifHOTO Marte-
TOMeTpa 3Pa3KiB IPH KIMHATHIHN TeMieparypl. Pe3y bTyiounii MArHITHAM MOMEHT CHCTEMU 3AJIEIKUATD K BiJT BMI-
CTy 3aMIIIyIOU0ro eJIeMeHTY, TaK 1 BiJ] CeJIeKTUBHOTO BXoMkeHHA B A un B minrparky. Katioru AL3* 1 Li* mepesa-
JKHO 3aiiMatoTh oxraeaprydi (B) mosumi, Tomi sk Fe3* posmomiienuit mo 06ox moauiriax. Broposamkennsa Al B B-
moautrii noumkye inTeHcuBHIcTE IFNMR amrumitynu exo. Binbie Toro, 301IbIeHHS BMICTY aJIIOMIHII0 3MEHIIye
3HAYEHHS MATHITHOTO HAJ00MIHHOTO II0JI 1 CIIPHYMHSAE IIIBUAKE 3POCTAHHS IIAPAMATHITHOI KOMIIOHEHTH (Iy0JIeT
Ha MeccOayepiBChKUX CIIEKTPAX). 3SMEHIIeHHs HAMATHIYeHOCT] HACHYEHHS IPU3BO/IUTE JI0 3MEHIIIeHHS 1HTeHCHB-
Hoctl curHasty. Hamn pesysisratu mokasasm, 1o NMR 1 meccOayepiBecbka CIIEKTPOCKOITLS € JOMIOBHSIBHIUME MeTO-
JIMKAMH JIJTS OITUCY MATrHITHHX BiractuBocred Li-Al dpepmris B mmporomy okosti yacror. Jlocmmrerss qerpagarmii
MEeTHUJIEHY CHHBOTO ¥ BOJHOMY CEPEIOBUII ITOKA3aJIH, 0 CHHTEe30BAHUI (DEPUT 3MATHUN BUTYIATH SIK )OTOKATA-
JTi3aTop, 10 IPAIToe Yy BUAUMOMY JiamasoHi ocsitiienHs. Ilokasamo, 110 onTuyHa mMprHa 3a00pOHEHOI 30HH 1 KO-

edirfienT erpamarmi 3HAX0AAThCA B 00€PHEHIHN 3aJIesKHOCT1

Kmouoei ciiosa: Li dpepuru, AMP, lllninens, Hanouactuaku, Maraitai Biaactusocti, DoTorarastis.
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