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Abstract: In this work, the dissolution behavior of a polyphosphate glass, with
the composition 45P,05-3S10,-25K,0-15Ca0-10MgO-ZnO-MnO (mol %), in
simulated body fluid (SBF) at a temperature of 37 °C for different times was
studied. Two powder sizes of the glass (granulation: 0.1-0.3 and 0.3—0.65 mm)
and the bulk glass were investigated. The dissolution experiments were con-
ducted under stationary conditions. Changes in the normalized mass release,
normalized concentration of ions, pH values, and surface morphology were
determined as a function of the dissolution time. The initial rates of glass
powder dissolution and leaching of ions, as well as the diffusion coefficient of
cations and the releasing rate of ions, during the hydrolysis process of glass
were determined. It was shown that the investigated phosphate glass dissolves
in SBF incongruently, with neither precipitation nor the formation of newly
potentially toxic compounds, in a dissolution period 720 h.
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INTRODUCTION

Within the group of biomaterials that could be used as an implant in a living
organism, bioglasses have received great attention.! Resorbable biomaterials
could significantly shorten the time necessary for restorations of functional load-
ing of grafted bones.2 Phosphate-based glasses, known as biodegradable and res-
orbable biomaterials, could be used for bone replacement. Depending on the
composition, the degradation rates of phosphate glasses in a physiological envi-
ronment could be varied from hours to several weeks.3# The dissolution rates of
glasses affect the proliferation of osteoblast-like cells.”> Moreover, changing the
solubility of glasses through the glass composition influences the cell response.®
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It is known that the presence of metal cations in the human body is demanded for
its proper functioning. These ions induce specifically biological effects, e.g.,
from enhancing osteoblast activity to influencing antibacterial properties.47-9
One of the advantages of bioglass application is the possibility to include the
desired metal cations in the bioglass structure during the synthesis process. In
this way, a bioglass could serve as a source of many of the essential elements that
improve bone growth, such as Zn, Cu, F, Mn, Sr, Mg and B.10-11 Furthermore,
another advantages of bioglass application is the possibility of controlled ions
release, thus offering the opportunity of a wide range for bone regeneration ther-
apy.12.13 The success of biomaterial interaction with tissue depends on both the
properties of implanted material and of the condition of the host tissue.!3 Deg-
radation of phosphate glasses in vivo, as resorbable biomaterials, occurs through
non-toxic products, which are eliminated from the body.!

In this study, the dissolution properties of polyphosphate glass with a mole
ratio of (M,0O + MO)/P,0s > 1 in simulated body fluid (SBF) at 37 °C were
investigated (M being the modifying cations). Static dissolution tests were con-
ducted with powdered glass and bulk glass samples. The mechanisms and kin-
etics of the dissolution process were analyzed and are discussed.

EXPERIMENTAL
Glass preparation

The composition of the studied glass was derived from the basic P,Os—K,0-CaO sys-
tem. The content of the main network glass forming oxide, P,0Os, was 45 mol %. With the aim
of controlling the dissolution characteristics and crystallization ability of the glass, 3 mol % of
Si0, was added. The content of K,0 was fixed at 25 mol %. Divalent cation oxides, such as
Ca2*, Mg2*, Zn2* and Mn2*, were added in order to obtain 100 mol % of the glass.

Appropriate glass batch compositions were prepared using reagent grade raw materials
(NH4),HPO, (p.a. grade, Sigma—Aldrich), K,CO;3 (p.a. grade, Analytika Ltd.), CaCO; (p.a.
grade, Carlo Erba), SiO, (p.a. grade, Lachner), MgO (p.a. grade, Eurohemija), ZnO (p.a. grade,
Kemika) and MnO, (p.a. grade, Merck). The raw materials were dried at 105 °C for 3 h, then,
they were weighed and mixed in an agate mortar to obtain a homogeneous glass mixture.

Glass melting was performed at 1230 °C during 1 h in an electrical furnace (CARBO-
LITE BLF 17/3) using an open unglazed porcelain crucible. Then, the glass melt was sub-
jected to quenching on a steel plate. By visual analysis, the obtained glass was homogeneous,
colorless and transparent.

In order to investigate the dissolution behavior of the prepared glass, two sets of dis-
solution experiments were performed: two classes of powders and bulk glass.

Dissolution experiments

The glass powder was prepared by crushing the bulk glass in an agate mortar and sieving
to an appropriate grain size. After sieving, the glass particles were separated into two classes
with respect to the particle size: 0.1-0.3 mm and 0.3—0.65 mm.

After the separation, both classes of the glass powder were rinsed six times, each time
with 30 mL of distilled water, in order to remove glass dust. Afterwards, the glass powders
were dried to constant mass at 105 °C for 3 h and then used for further analysis.
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The SBF solution was prepared according to recommendations'4 by dissolving the
reagent-grade chemicals of NaCl (Sigma—Aldrich 99.99 %), NaHCO; (Sigma—Aldrich
BioXtra), KCl (Merck > 99.99 %), K,HPO4-3H,0 (Sigma—Aldrich for molecular biology),
MgCl,-6H,0 (Sigma—Aldrich BioXtra), 1.0 mol dm= HCI (Merck), CaCl, (Merck > 99.99
%), Na,SO4 (Merck > 99.99 %) and tris(hydroxymethyl)aminomethane, (CH,OH);CNH,,
Sigma—Aldrich 99.99 %) in distilled water.

Dissolution experiments, conducted under stationary conditions, consisted in weighing
1.0 g of glass powder, placing it into volumetric flasks and adding 50 mL of SBF. The vol-
umetric flasks with glass powders and SBF were placed in a Haake water bath with digital
control (sensitivity of 0.1 °C), previously set to a temperature of 37 °C and kept there for
different times, from 0.5 to 720 h.

After the scheduled time, the flask content was filtered and glass powder was separated
from the colorless solutions. The pH and concentration of ions in the obtained leachate were
determined. The filter papers were weighted before the experiment. The filter papers with the
glass powders, obtained for all the different dissolution times, were dried to constant mass at
105 °C and then weighed to determine the mass release during the dissolution in SBF.

The two powdered classes were subjected to AAS, UV/Vis and pH analyses to monitor
the mass loss, ion concentration and pH values after the dissolution experiments. SEM, FTIR,
and XRD analyses were realized using the bulk glass of dimension 1.0 cmx1.0 cmx0.5 cm.
Namely, the samples of bulk glass were crushed after the dissolution experiments to prepare
for the FTIR and XRD analyses.

Analytical methods

Atomic absorption and UV/VIS spectroscopy. Concentrations of the ions in filtrate after
dissolution were determined using a Perkin Elmer 703 atomic absorption spectrometer and a
Philips UV/Vis 8610 spectrophotometer.

pH Measurements. A Consort C830P pH meter was used for the pH measurements of the
filtrates after the dissolution experiments of the glass powders in SBF. The measurements
were conducting at 25 °C. The pH measurements were with errors in the range 0.02—0.16.

FTIR Analyses. Fourier transform infrared (FTIR) spectroscopy was realized using an
MB Bomen Hartmann FTIR spectrometer in the wave number range 4000400 cm’!. The
FTIR analyses were performed on bulk glass in untreated form and after the dissolution
experiments. The samples were prepared for FTIR analysis by crushing. The FTIR vibration
spectra were recorded at room temperature using the KBr pellet technique.

SEM Analyses. Bulk glass samples previously immersed in SBF for 48, 96, 120 and 240
h were prepared by sputtering with gold in a Leica SCD00S5 device and investigated by SEM
(Jeol JSM-6610LV) in order to evaluate the surface microstructure. The SEM was operated
simultaneously in the secondary electron mode (SEI) and the backscattered electron mode
(BES). Compositional analysis was performed by energy dispersive spectroscopy (EDS, Max
large area analytical silicon drift) connected to an INCA Energy 350 microanalysis system.

Density and specific surface area. The density of glass was determined by the Archi-
medes method. The specific surface areas (s) of the glass powders were determined by the
laser diffraction (LD) method using a Fritsch Analysette 22 laser particle sizer.

RESULTS AND DISCUSSION

Based on the chemical analysis, the nominal and analyzed compositions of
the glass are given in Table 1. According to the results, the composition of
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obtained glass closely corresponded to the selected composition, within the range
of experimental error.

TABLE I. Composition of the glass, mol %

Composition P,0s4 SiO, K,0 CaO MgO ZnO MnO
Nominal 45 3 25 15 10 1 1
Analyzed 45.4 3.1 25.6 14.5 9.3 1.2 0.9

The glass investigated in this study belongs to the polyphosphate types.
Polyphosphate glasses consist of phosphate chains that contain Q2 tetrahedra
(two bridging oxygen atoms) and a terminal Q! tetrahedra (one bridging oxygen
atom). The density of the glass was 2.705 g cm3. The specific surface area (s) of
the glass powder sample with granulation ranging from 0.1 to 0.3 mm was
0.0367 m2 g-!, while it was 0.0178 m2 glfor the powder sample with granul-
ation ranging from 0.3 to 0.65 mm,.

Dependence of normalized mass release and normalized ion concentration on
dissolution time

Normalized mass release, f;, (g m~2), was calculated using the experimental
values of mass release and the specific surface areas (s) of the powders. The dep-
endences of the normalized mass release of the glass powders for two different
granulations on the dissolution time in SBF are shown in Fig. 1.
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Fig. 1. Dependence of the normalized mass release on the dissolution time in SBF at 37 °C.
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For shorter dissolution times (Fig. 1, inset I), the differences between f;, for
both classes were higher, compared to the values for the longer dissolution times
(> 240 h) where the differences were smaller.

To compare the release of different leached species as an appropriate para-
meter, the normalized i-th element mass release from unit area (f;) was used:15-20

=2 ()

;S

where ¢; is the mass concentration of the leached species in time #, &, is the mass

fraction of species i in the glass, S is the glass surface in contact with the sol-
ution, and V is the solution volume.

Based on the experimentally measured ion concentrations, the normalized
ion concentrations in the solution, f;, were calculated using Eq. (1). The depend-
ences of the normalized concentrations of the ions on the dissolution time for
both studied classes are presented in Fig. 2. The differences between the values
for the normalized concentrations of the ions with respect to the granulation of
the starting glass powder were quite small (Fig. 2). For shorter dissolution times,
up to 20 h, the values of the normalized concentrations of the ions showed the
largest changes with respect to the granulation of the samples. This so-called
“initial stage” of dissolution might be described as a linear dependence of norm-
alized concentrations of the ions on dissolution time. At this stage, the highest
rate of dissolution could be observed. Additionally, this stage had the shortest
duration.

For dissolution times from 20 to 240 h, the “initial stage” of dissolution was
followed by a “transitional stage”. The trend in the changes in the values of the
normalized concentrations of the ions indicates a significant decrease in the dis-
solution rate of glass in the “transitional stage”. In the third stage, for dissolution
times from 240 to 720 h, named the “final stage”, a linear dependence of the
normalized concentrations of ions was observed, but the changes during the dis-
solution were quite small. The glass dissolution rate in this stage was several
orders of magnitude lower than the initial dissolution rate.

The time-dependent values of the pH of the solution are presented in Fig. 3.
For both granulations, the same trend in the changes of the pH values could be
observed. The breakage of P-O-P bonds led to the release of H, causing a dec-
rease in the solution pH values.2!-22 For shorter dissolution times, the pH values
decreases faster for the sample with granulation in the 0.1-0.3 mm range. The
difference between the pH values for the same dissolution times as a function of
time was higher in the “initial stage”, while the differences were quite small in
the “final stage”.

The SEM micrographs of the surfaces of the glass bulk after dissolution in
SBF for 48, 96, 120, and 240 h are shown in Fig. 4.
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Fig. 2. Dependence of the normalized concentration of ions on the dissolution time in SBF at
37 °C for two studied classes of the glass: a) 0.1-0.3 and b) 0.3-0.65 mm.

Figure 4a indicates the formation of pits and a honeycomb-like structure at
the beginning of the dissolution process. On prolonging the treatment, the honey-
comb-like structure covered all the surface of the glass. After 96 h of dissolution,
a white layer on the surface could be observed (Fig. 4b). The white layer was
porous, fragile and could be detached easily from the rest of the compact glass
sample. For longer dissolution times, the grain structure of the white layer with
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many cavities could be noticed (Fig. 4c). The white layer and the native glass
below the white layer are clearly visible in Fig. 4d). The thickness of the white
layer after a dissolution time of 120 h was in the range 0.9-1.1 um, while after
240 h of dissolution, the thickness was in the range 1.2—1.7 um.
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Fig. 3. Time-dependence values of the pH solution during the dissolution experiments.
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Fig. 4. SEM micrographs of the glass bulk surfaces after dissolution in SBF for a) 48 h,
b) 96 h, ¢) 120 h and d) 240 h.

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



336 NIKOLIC et al.

The results of EDS analysis (not shown) realized at the bulk glass surface
(untreated and after dissolution). The intensities of the peaks arising from the dif-
ferent elements were changed. Namely, the intensity of the peaks decreased sig-
nificantly with dissolution time, indicating decreases in their concentration in the
surface layer.

The XRD patterns of an untreated glass sample (a) and one immersed in SBF
for 240 h (b) are shown in Fig. 5. The shapes of the diffractograms for an
untreated glass sample as well as for one immersed in SBF are almost the same.
Namely, the immersed sample did not show the presence of any new crystalline
phase at its surface. This result shows that SBF dissolves the sample without the
formation of crystalline phases.

b
a
T T T T T T Fig. 5. XRD of a) an untreated glass
10 20 30 40 o >0 60 sample and b) a glass sample
20/ immersed in SBF for 240 h.

The FTIR spectra of the untreated glass sample and samples that had been
immersed in SBF for 48 , 96 and 120 h are shown in Fig. 6. The FTIR spectrum
of the untreated glass sample is presented in Fig. 6a, from which it could be seen
that dominant absorption peaks are visible at 1350, 1220, 1060, 950, 810 and 660
cm!l. The peaks at 1350 and 1220 cm! could be attributed to the asymmetric
and symmetric stretching motion of the two non-bridging oxygen atoms bonded
to a phosphorus atom, the (PO,)~ groups (characteristic of Q2 tetrahedra).23.24
The peaks at 1060 and 950 cm~! may appear due to the asymmetric and sym-
metric stretching motion of a non-bridging oxygen atom bonded to a phosphorus
atom in the Q! tetrahedra.25-26 The peak at 810 cm™! is assigned to the motions
of bridging oxygen atom (P—O-P) in the Q! tetrahedra, while the peak at 660 cm!
corresponds to the symmetric stretching motion of bridging oxygen atom (P—O—P)
in the Q2 tetrahedra. The FTIR spectra of the samples treated in SBF indicate the
disappearance of peaks characteristic for the Q? tetrahedra present in polyphos-
phate chains. Furthermore, broadenings are visible in the area between 1020 and
660 cm~!, which correspond to the presence of pyro- and orthophosphate groups
formed by the destruction of the polyphosphate chains during the glass hydro-
lysis process. This confirms the occurrence of glass network depolymerization.
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Using the experimentally determined dependencies of the normalized mass
release and the normalized ion concentrations (Figs. 1 and 2) on dissolution time,
the starting dissolution rates of the species (r,;) were calculated from the slopes
of linear part of the curves in the initial stage of the dissolution for both samples.
The results are presented in Table I1.

N 1
L 1350 1220 106/0 S50 520 ,
i Fig. 6. FTIR spectra of a) untreated glass

0 sample; b), ¢) and d) glass samples that had

- AN
r (PO)-Q, Q 31'/0 660

1400 1200 1000 800 600 400 . .
1 been immersed in SBF for 48, 96 and 120 h,
Wavenumber, cm” respectively.

TABLE II. Initial ion release rates, r; / g m?2h’!
Granulation Rate
mm 70,m 70,P043- To,K* 70,Ca2* To,Mg2* 70,Zn2* 70,Mn2*
0.1-0.3 0.53 0.57 0.84 0.40 0.44 0.42 0.32
0.3-0.65 0.52 0.56 0.75 0.47 0.35 0.38 0.39

As could be seen, the initial dissolution rates have similar values for r,, and
70.PO43- While 7+ has the highest value. The similar values for r,,,, and 7y po,3-
show that the phosphorus was released by the dissolution of the glass matrix, i.e.,
by hydrolysis of the glass network. Moreover, it is obvious that the initial dissol-
ution rates were higher for all ions, except Ca2™ and Mn2*, and for the class
having a granulation fraction of 0.1 to 0.3 mm. This shows that the sample sur-
face had a great impact on the starting dissolution rate of ions in SBF.

The ion exchange reactions that occurred simultaneously with hydrolysis of
the covalent bonds of the glass network were identified!3-16.27 as key processes
of glass dissolution. In the initial stage, interdiffusion and exchange of the cations
in the glass with protons from the solution were dominant. In the final stage, the
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process of hydrolysis of the covalent bonds of the glass network was predomin-
ant. Therefore, with the aim of characterizing the dissolution process, following
parameters should be known: a) the effective diffusion coefficients of ions (D;)
and b) the release rates by hydrolysis (7y,;). These parameters were determined by
treatment of the experimental results.

Time dependence of normalized leached masses of ions, f;, in the initial stage

can be describe by relation: !5
. Djt
fiy=p )

where p is the glass density and 7 is time. The diffusion coefficients of the cations
were calculated using Eq. (2), based on concentrations determined after 5 h expo-
sure to SBF.

The results of the calculated diffusion coefficients of cations in both classes
of samples are presented in Table III. By comparing the results of the calcul-
ations, it is evident that similar values were obtained for each cation, regardless
the granulation of the sample. According to the literature, the diffusion coeffi-

cients values calculated in this study are similar to those reported in the litera-
ture. 28,29

TABLE III. Values of cations diffusion coefficients, D(i)x10!3 / m? h-!, for the dissolution of
the samples

Granulation Coefficient

mm D(K™) D(Ca?"h) D(Mg") D(Zn?") D(Mn?")
0.1-0.3 1.90 0.215 1.33 0917 0.776
0.3-0.65 2.94 1.63 1.26 1.05 1.28

The main characteristic of the transitional stage in the dissolution process
was the rapid decrease in the dissolution rate of the glasses. Such a change in the
dissolution rate is mainly associated with the formation of a hydrated layer of
glass, increasing the concentration of elements from the glass in the solution and
reducing the dissolution rate due to the influence of chemical affinity and surface
passivation of the glass.30 Based on the experimental results, the change in the
release rate of ions at this stage could be displayed using the correlation:3!

(= HO=1it=20)

t

)

where At is the time interval between two sequential experimental times.

The dependence of the dissolution rate on time is shown in Fig. 7 for both
granulation fractions. For all dissolution times, compared to the initial dissolution
rate, an exponential decrease in the dissolution rate with time could be observed.
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The dissolution rates of the ions were 12 to 15 times smaller than the initial
dissolution rate, while the rate of glass powder dissolution was about 11 times
smaller with respect to the initial dissolution rate. However, at times to 720 h, the
differences in the values of the dissolution rate of ions were small, but still existed.
This indicated that the mechanism of glass dissolution was congruent. Since the
experiments were performed under static conditions (without changing the vol-
ume of the solution), the reasons the reduction of the dissolution rate of ions may
be primarily a consequence of an increase in the concentration of dissolved ions.
Increased concentrations of elements in the solution, previously dissolved from
the glass, affect a change in the chemical affinity of the solution for the glass,
causing a reduction in the release rate of ions from the glass into the solution.

—o—PO]

o— K’
—A—Ca”

—
)
'Q 2+
Q —v— Mg
g 84 —<—zZn*™
o0 —>— Mn*
~
~

r(iy/ gm'zh'1

Fig. 7. Dependence of the dissolution
rate of ions, (7;), on time at 37 °C for

T T T T T T T T
0 100 200 300 400

Time, h two classes: a) 0.1-
® ~0.3 mm and b) 0.3-0.65 mm.

After the period of exponential decrease, the final stage was characterized by
a slow decrease in the dissolution rate, denoted as “remaining” or “final” dis-

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



340 NIKOLIC et al.

solution rate. Hydrolysis of the glass network is the dominant mechanism at the
final stage of dissolution. This stage could be observed as a region with a linear
dependence of the changes in the ion concentration with time (Fig. 2). The slopes
of the linear part of the curves in the final stage of dissolution determine the
release rates r; by hydrolysis.30-31

By calculating the slope of the linear part of the curves (Fig. 2) after 240 h of
dissolution, the dissolution rates of the ions, ry,;, were determined in the final
stage for both glass sizes. The results are presented in Table I'V.

TABLE IV. The ions dissolution rates, r4,,x10° / g m?2 h'!, in the final stage

Granulation Rate

mm PO m(KY)  m(Ca?)  m(Mg?)  m(Zn*)  ry(Mn*)
0.1-0.3 3.90 4.81 0.874 4.44 4.95 2.16
0.3-0.65 4.03 2.95 2.05x 7.44 4.19 1.28

Comparing the results of both studied classes, it could be concluded that gra-
nulation had no significant effect on the ion dissolution rate during the final stage.

CONCLUSIONS

In this work, the dissolution behavior of a polyphosphate glass, with the
composition of 45P,05-3S10,-25K,0-15Ca0-10MgO-ZnO-MnO (mol %), in
simulated body fluid (SBF) at a temperature of 37 °C for different times was
studied. Two glass powder samples with different granulation, i.e., from 0.1 to
0.3 and from 0.3 to 0.65 mm, as well as bulk glass samples were investigated. All
experiments were conducted under static conditions. It was shown that during the
glass dissolution in SBF, three stages could be distinguished. The initial stage,
during the first 20 h, where the greatest changes in the dissolution rates and
normalized concentrations with time were observed. The initial dissolution rates
were in the range from 0.32 to 0.84 g m~2 h~!. The diffusion coefficients were in
the range from 1.90x10-13 to 7.7x10-14 m2 h-1. The second stage in the dissol-
ution process, named the transitional stage, was in the time interval between 20
and 240 h. In this stage, changes in the normalized concentration of the ions in
the solution were smaller and the dissolution rate decreased exponentially by 11
to 15 times. The last stage, named the final stage, represents dissolution times
longer than 240 h. It is characterized by small linear changes in the normalized
concentrations of ions and small dissolution rate changes with time, lying in the
range from 8.74x10~% to 7.44x10-3 g m~2 h-!. The different values for the dis-
solution rates show that the dissolution of this glass in SBF is incongruent for the
investigated times of up to 720 h.
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U3BOJ
PACTBAPAIGE ITOJIMPOCOATHOTI CTAKIIAY CUMYJIMPAHOJ TEJIECHOJ TEHHOCTH

JEJIEHA JI. HUKOJIMR', MUXAJJIO b. TOIIMR', CHEXXAHA P. TPYJUR?, BJIADUMUP [I. ’KUBAHOBHUR',
MAPHIJA C. OIIUR', CPHAH [I. MATHJAILEBUR' 1 CObA B. CMUJbAHUR?

1Hch7uu7ym 3a WeXHOIOTUjY HyKTeAPHUX U gPpyTux MuHepannux cuposuna, ®panue ge Ilepea 86,
11000 Beoipag u 2YHueep3umew y Beoipagy, Texnonowxo—memianypwxu paxyniieii, Kapneyujesa 4,
11000 Beoipag

Y pamy wWcnuTHBAHO je TOHalawme mnonudocdaTHOr CcTakia CcacTaBa
45P,05-3510,-25K,0-15Ca0-10Mg0-Zn0O-MnO (mol %), npu pacTBapawmy y CHMYJIUDPaHOj
TesnecHoj TeuHoctd (SBF) Ha temmepaTtypu of 37 °C 3a pasnuuuTa BpeMeHa. HMcmuTaHe cy
napasnenHo gse cepyje rpanynaudja 0,1-0,3 u 0,3-0,65 mm u xomnaxkTHH y3opuu. Excre-
PUMEHTH pacTBapawa HU3BEleHM Cy IPU CTAllMOHADHUM YCIOBUMAa. AHaJIM3UpaHEe Cy Bpe-
MEHCKe NpOMEHe HOpMaJlM30BaHMX IybuTaka Mace, HOpMaIM30BaHUX KOHIIEHTpalldja joHa,
npomeHe pH pactBopa u Mopdosoryja nospurnHe y3opaka. Onpehene cy mouyeTHe Op3uHe
pacTBapama Mace U joHa, koebuuujeHTH nudysuje katjoHa u dp3uHe ociodahamwa joHa TpH
XUIPOJIU3Y CTakia. PesynraTy moxasyjy Aa ce UCIUTHBAHO ¢ocaTHO CTaKIO pacTBapa ce-
NeKTUBHO y SBF 0e3 Tanoxema U hopMUpama HOBUX NOTEHIHjaIHO TOKCHUHUX jeIUbemka, 3a
BPEMEHCKH NepUOT pacTBapama 1o 720 h.

(ITpumieno 31. oxrodpa, peBunupaHo 5. nenembpa, npuxsaheno 6. nenemdpa 2016)
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