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Purpose. The preliminary study of El-Aouana (Algeria) sandstone quality improvement aimed to obtain high-purity silica
sands without iron oxides to meet the standards of glass manufacturing.

Methodology. The sandstone from El-Aouana deposit was crushed and sieved. The mineral was characterized by X-ray
diffraction and chemically analyzed by X-ray fluorescence, and atomic absorption spectrophotometry. The material
(-250+125 um) was leached with hydrochloric acid. The study of main parameters of the leaching process in different ranges
was realized. Thus, magnetic separation by means of the dry high-intensity magnetic separator was employed.

Findings. The leaching allows us to reduce the iron content in quartz sand significantly, while wet sieving removes only
the fraction of these contaminating minerals (<125 um). The applicability of magnetic separation requires further study and

substantiation.

Originality. The originality consists in the utilization of hydrochloric acid as the leaching agent. Various preliminary ex-
periments were conducted to determine the conditions of the main experiment.

Practical value. The results obtained by leaching method can satisfy the specifications for glass manufacturing. The
sandstone enrichment by magnetic separation is practical and simple at minimum cost, but it is not effective for impuri-

ties removal.

Keywords: leaching, magnetic separation, sandstone, mineral processing

Introduction. Silica is a major component used in var-
ious applications such as glass, ceramics and foundry man-
ufacturing [1] and in high technology sectors such as pho-
tovoltaic solar cells. Despite its importance, the use of silica
sand in Algeria remains limited due to the quality of the
material containing harmful mineral inclusions, including
the case of El Aouana deposit, where the presence of impu-
rities, mainly iron oxide, restricts the use of sandstone for
the production of high-quality glass.

The sand with iron content lower than 0.03% is suitable
for float glass manufacturing [2]. In addition, the particles
size influences the release of siliceous minerals compared
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to the gangue. The average size of quartz grains used in
glass furnaces varies between 100 and 250 pm.

A number of physical, physicochemical or chemical
methods can reduce the iron, being the most detrimental
impurity, namely: attrition processes, aiming at removing
iron-bearing minerals from the surface of the particles [3];
separation processes (magnetic separation or flotation) for
the separation of iron-rich minerals [4, 5]. When the ap-
plicability of physical methods is not effective for the re-
moval of chemical or physical impurities which are not suf-
ficiently liberated in mineral structure, other methods are
then used at dissolving iron oxide: chemical [6] or bio-
logical [7] treatment, however they have a rather restricted
use in industrial scale due to their high operation costs and
environmental hazards.
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The method of froth flotation was applied to improve
the quality of silica sand by using the cyclojet cell, this
method removes about 80.49% iron oxide in silica sand, and
Fe,0; content in silica sand was decreased from 0.41% to
0.08% [5].

Various combinations of mineral processing tech-
niques were investigated to purify silica sands from Jeddah
deposit and removing iron impurities. The beneficiation
tests performed including shaking table with magnetic
separation reduced the iron content to 0.05% Fe,O; and flo-
tation with magnetic separation reduced the iron content to
0.1% Fe,0; [8]

Zhang et al. [6] have recently presented the method of
sand treatment by phosphoric acid. The results obtained
show that H;PO, is a good agent for the removal of impuri-
ties contained in sand, up to 77.1% efficiency compared with
the other comparable methods that use industrial strong ac-
ids such as sulphuric (H,S0,), hydrochloric (HCI), and even
hydrofluoric (HF) acids.

Recently, experimental studies examining the leaching
by different acids have demonstrated a high degree of iron
removal [9]. The highest Fe,O; removal was 86.6% in the
conditions of temperature 90°C, 1M H,SO, and 10% S/L ratio
of solid to liquid for 120 min. Accordingly, the results ob-
tained show that the HCI is an effective acid for removal of
iron impurities in raw material reach 86.5% under the same
conditions with a 20% S/L ratio

Bioleaching methods use microorganisms, different
bacteria capable of dissolving iron in 63 days at 24°C [8].

In this article, the leaching and magnetic separation
study that was carried out on a sandstone sample to obtain
high-purity silica sands has been presented. The leaching
process by using hydrochloric acid to remove iron impurity
from the ore under study and to obtain a material suitable
for flat glass production has been evaluated.

Materials and Methods. Characterisation studies.
The raw sandstone sample of 50 Kg obtained from El-
Aouana deposit (located on the coast, in northeastern Alge-
ria).The rock was subjected to crushing, mixing, quartering
and dividing to obtain representative samples of 500 g. The
samples from the prepared sandstone were used for chemi-
cal and mineralogical analysis.

A representative sample from the quarry site and then
ground to pm is subjected to chemical analysis by calorim-
eter and spectrophotometric and, the chemical composition
of the sandstone is determined in the laboratory analyzes
Ferphos (Iron Company and Phosphate) of Tebessa.

Other samples had been prepared the same way and be-
came the subject of an X-ray diffraction analysis in the La-
boratory of Material Technologies and Process Engineering
(LTMGP) at the University of Bejaia (Algeria). We used the
powder diffractometer branded “X' Pert Prof Type Panalyt-
ical MPD/ vertical system 0/0 PDS pass 4 x Accelerator (de-
tector) platforms (Bracket) (sample-stage)” with Cu radia-
tion with a wavelength % =1.5405980 A at 20 values between
10 and 100°.

A 500 g representative sample was subjected to sieve
analysis using sieve device type RETSCH with a diameter
0f 200 x 50 mm, the particle size measurement range is from
0.045 to 4 mm on a vibratory sieve for 15 min at the ampli-
tude of 60 mm.
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Samples preparation. For the purposes of the study, the
El-Aouana sandstone was crushed to a size smaller than
5 mm and then it was classified by sieving to 250 um before
the milling stage for the recovery of the particles less than
250 pm.

A 200 g Sample of silica sand was ground under differ-
ent experimental conditions (room temperature, stainless
balls); dry grinding in a ball mill was carried out for differ-
ent times of treatment (5, 10, 15 and 20 min) with a rotation
speed of 200 rpm.

Experimental procedure. In this work, we have applied
physical and chemical processes on samples for the iron
oxides content reduction. During this study, the parameters
of current intensity effect were examined, as well as the ef-
fect of hydrochloric acid and the effect of temperatures re-
action.

Samples of the size fraction (- 250 + 125 pm), of 100 gm
each, were subjected to magnetic separation tests in order
to remove the ferriferous inclusions contained in the sili-
ceous material. The range of the current variation in the
magnetic separator that was used is from 3 to 15 Amperes,
and drum rotation rotor 60 rpm.

The performances of the magnetic separation strongly
depend on the physical properties of particles to be sepa-
rated (size and magnetic nature), the quality of the ap-
plied magnetic field and the difference in magnetic sus-
ceptibility between the separated particles. The high in-
tensity magnetic separator of laboratory working dry way
is composed of three bobbins surrounding the electro-
magnet provided with a fluted rotor turning between the
pole pieces of a magnetic circuit (fig.1). The magnetic
poles or pole pieces, between which turns the rotor are
subjected to a magnetic induction. The main magnetic
separator parameters are the magnetic flux density,
which varies from 1.2 to 2 Tesla; the particle size should
be less than 1 mm and the rotational speed 60 rpm.

Fig. 1. Magnetic separator high intensity of laboratory
(MSHI)

For the first part of the experiment, the leaching tests
were carried out in a round-bottomed flask (500 mL). For
each run, 200 mL of hydrochloric acid solution (prepare
in water) at different concentrations (1, 2, 3, 4 and
5 mol/L) were added to the flask at room temperature.
Then, 25 g of sand was added. The suspension was stirred
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for 1 hour and then was left to stand for 24 and 48 hours
in an ambient temperature with occasional stirring.

In the second part, we tried to optimize the leaching pa-
rameters to achieve a high degree of removal of iron oxide
from silica sand. The procedure used was the same (25 g of
sample per 200 ml solution). The concentration of hydro-
chloric acid was fixed at 3 mol/l, the leaching time was
used, respectively 30, 60, 90, 120 and 150 minutes with a
temperature range (40 to 90°C). The tests were performed in
the Laboratory of Valorization of Mining Resources and
Environment, Mining Department, Badji Mokhtar Univer-
sity, Annaba.

The leaching reaction is based on the ability of the hy-
drochloric acid to dissolve iron oxides; the chemical reac-
tion during the removal of iron oxide by an attack with HCI
is as follows

F€203+6HCZ—>2F€C13+3H20 (1)

The contents were washed with distilled water several
times for removing any unconsumed acid and dried at
105°C.

The environmental risk from liquid effluents is decisive.
Therefore, the potential acid is important for the leaching of
iron and titanium impurities with hydrochloric acid. To over-
come this phenomenon affecting the environment, neutrali-
zation with quicklime is recommended. In contact of water
with the quicklime is obtained slaked lime Ca(OH), which
causes an increase in pH. At the industrial level, the neutrali-
zation process can be realized in settling washtubs.

Results and Discussion. Chemical analysis and X-ray
Diffraction analysis. The results of the chemical analyzes
and mineralogical are shown in (table 1) and (fig. 2), re-
spectively.

Table 1
The Results of Chemical Analysis of Raw Sandstone
Oxide SlOz A1203 F6203 CaO MgO NaZO KQO TlOz SOg PAF
Contents (%) 97.20 1.04 0.62 0.09 0.1 0.26 0.01 0.22 0.02 0.40

According to the study conducted on several samples,
we found a dominance of SiO, content of 97.2%, the re-
maining oxides are divided into two categories, those that
have a low weight percentage (41,03, Fe;0;3, TiO,, Na,0)
and those to trace (MgO, CaO, K,0, SO3).

The XRD spectrum confirms of quartz as the princi-
pal mineral and other minerals present in very minor to
trace amount.

Particle size analysis. The results collected from the
chemical analysis of size fractions reveal SiO, contents
vary from 93 to 98% in the size fractions. As for the ferrif-
erous inclusions contents are 0.28 to 1.20% Fe,0; showing
excess iron in the raw material that does not meet the re-
quired standard (Fe,0;<0.03%) and the TiO, content not
exceeding 0.38%. We note that the distribution of irregular
particles with a high yield included in fractions of 0.125 to
1 mm, and 2 to 4 mm. A low yield presented by fractions
<125 um and by the fraction -2 + 1 mm.

Also, note that the iron oxide content increases as the
particle reduction. The results of the chemical analysis
of size fractions are given in Table 2.

Grinding process and particle-size analysis. After
grinding, the sandstone sample were classified according

According to the grinding of the sample to a particle
size below 1 mm, it was found that the liberation of valua-
ble mineral to the desired particle size is achieved at an op-
timum time of 15 minutes with a mass percentage of 55%.
In passing 20 minutes of time grinding, we note that the
performance of fine particles almost doubled and the re-
covery of the desired fraction does not exceed 45%.
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each sample was compared with the particle size ob- Fig. 2. Analyzed by X-ray diffraction of raw sandstone
tained from the original sample (fig. 3). sample
Table 2
The Results of Chemical Analysis of Size Fractions of Sandstone Sample
Fraction (mm) Yield (%) SiO, AL Os Fe,O5 CaO MgO SO, Na,O K,0 TiO, MnO PAF
>4 15.4 93.4 2.09 0.534 0.14 0.110 0.03 0.364 0.012 0.24 0.01 2.92
4+2 18.81 96.0 1.36 0.554 0.11 0.093 0.02 0.364 0.012 0.18 0.01 1.27
-2+1 08.95 97.1 0.66 0.433 0.05 0.099 0.01 0.364 0.012 0.14 0.01 1.08
-1+0,5 11.33 97.8 0.49 0.351 0.07 0.081 0.01 0.350 0.006 0.16 0.01 0.66
-0,5+0,25 18.78 98.4 0.26 0.283 0.04 0.080 0.0 0.350 0.006 0.12 0.01 0.43
-0,25+0,125 15.99 98.2 0.32 0.374 0.05 0.065 0.0 0.357 0.012 0,11 0.01 0.49
- 0,125 + 0,063 06.98 97.6 0.87 0.523 0.04 0.073 0.01 0.350 0.012 0.16 0.01 0.32
- 0,063 + 0,045 01.29 95.6 1.66 0.734 0.07 0.093 0.02 0.364 0.018 0.29 0.01 1.09
< 0,045 02.47 94.3 3.29 1.209 0.05 0.109 0.02 0.377 0.018 0.38 0.02 0.19
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Fig. 3. Effect of the grinding time on the mass yield

A closed grinding system would further reduce particles
> 250 um, this possibility is economically feasible.

High impurities of iron and clay content was observed
in the chemical analysis results from fraction < 125 um, this
fraction was rejected by washing with water on a 125 um
sieve. The chemical analysis results by FX, a significant de-
crease percentage of clay is noted and which is of the order
of 0.12%. The Fe,O; content of the sandstone sample were
0.6% against to 0.28%. The results show that washing by
settling is required to remove the soft and clay minerals.

In the early experiments, the stage of desliming was
carried out by quartz washing with water in a sieve of
38 um to remove the required amount of clay impurities.
The test results obtained by flotation of iron impurities
while pressing silica show that the iron content is approxi-
mately 0.05 or 98.8% SiO, and the recovery of 68.35%. An-
other magnetic separation - flotation in an acid medium ob-
tained 0.01% Fe,0; and a high content of 99.3% SiO, with
the optimal recovery of 84.75% [4].

Evaluation of the iron removal efficiency. The effi-
ciency of iron removal can be calculated by the following
equation

Fe,O3zcontent in concentrate

E %) =[1-( )]+ 100, @

Fe, 03 content in feed
where E (%) — iron removal efficiency.

Effect of current intensity on the performance of the
magnetic separation. The influence of the magnetic field
intensity is an important factor in this process. The magnet-
ic separation of the silica sand to a laboratory scale has
been studied by several authors [10, 11]. The influence of
the magnetic field strength and the grain size on reduction
of the rate of iron oxide.

Table 3 shows the effect of current intensity of the coil
on the efficiency of removal of the iron oxide from the
sandstone. From the results that were obtained by high-
intensity magnetic separation (MSHI), we have found that
the significant improvement in silica content, and a re-
markable reduction of impurities such as hematite and ru-
tile was obtained in the range between 12 and 15 Amperes.
We have determined that the iron impurity content decreas-
es from 0.28 to 0.10% with the increase in the intensity of
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the electric current at 15 Ampere. The optimum efficiency
of removal of iron oxide was obtained in the range of
64.3%. As for the content of 7i0,, regresses 0.13 to 0.07%,
we noticed a low removal rate of 47%.

Table 3
Effect of Current Intensity
on the Iron and Rutile Removal
Intensity Fe203 Fe203 E TiO2 TiO2 E
(A) (%) (%) (%) (%) (%) (%)
3 0.26 72 0.12 8
6 0.21 25 0.1 23.1
9 0.28 0.17 39.3 0.13 0.08 38.5
12 0.12 57.2 0.07 46.2
15 0.1 643 0.07 462

Effect of hydrochloric acid concentrations. During
processing of the sandstone by different concentrations of
HCI, there is an efficiency of the dissolution of the metal
components mainly of iron with increasing HC! dose. Table
4 shows the results of the percentage of iron removed, with
a dose of 1 mol/L a slight decrease of 0.22% the Fe,0; is no-
ticed and of HCI 2 mol/L, no remarkable improvement .
However, with an HCI concentration of 3 mol/L almost get
the same result of 0.12 and 0.1%. The removal efficiency of
iron oxide was observed that it reached 67.9% in the first
24 h followed by a relatively maximum removal of 78.6% in
48 h with using of 4 mol/L; it was reduced iron content to
about 0.09 and 0.06%.

A significant improvement is witnessed by increasing
the concentration of HCI 5 mol/L; it was observed slower
removal relatively of 0.08 in the first 24 h, the iron removal
of 71.4%, after 48 h, we found a maximum elimination of
iron oxide of 85.7% and the iron oxide content was decrea-
sed from 0.28 to 0.04%.

Table 4

Efficiency of Iron Removal

for Different Concentrations

24H 48H

HCI Fe,05 Fe,0; E Fe,0; E

(mol/l) (%) (%) (%) (%) (%)
1 0.23 179 0.22 214
2 0.18 358 0.16 429
3 0.28 0.12 572 0.1 643
4 0.09 67.9 0.06 78.6
5 0.08 714 0.04 85.7

Effect of temperature. The influence of temperature on
the iron removal was studied for temperatures of 40, 65, and
90°C in solutions containing 3mol/l of hydrochloric acid.

The results illustrated in table 5 show that, the highest
temperature 90°C was improved the removal efficiency to
96.4% with iron content reduced to 0.01% after 150 min. At
lower temperatures, varying between 40-65°C, the removal
of iron oxide about 75%; decreasing Fe,0O; contents from

ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2015, N2 5



®I3BNKA TBEPAOTIO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

0.28%, in the raw sand to 0.07% with same retention time,
since at 40°C and increase of the leaching time up to
150 minutes no significant effect on the iron extraction. It
was found out that the higher is the temperature the more
efficient is leaching to remove the iron from the sand.

Table 5

Efficiency of Iron Removal at Different Temperatures
with Concentration of 3 mol/L

3 mol/l
40°C 65°C 90°C
Time | Fe;Os | Fe,0, E Fe,0; E |[Fe0; E
min) | ) | % | W | | | % (%)
30 0.22 214 0.21 25 0.18 35.8
60 0.18 35.8 0.16 429 0.12 57.2
90 0.28 0.15 46.4 0.13 53.6 0.07 75
120 0.12 57.2 0.09 67.9 0.03 89.3
150 0.09 67.9 0.07 75 0.01 96.4

Conclusions. The study conducted on the sandstone
quarry of El-Aouana (Jijel) allowed us to draw the follow-
ing conclusions:

The obtained results show that after the granulometric
separation by sieving of sandstone samples, the pondered
yields are significant in the fractions (2 to 4 mm) (0.125 to
0.5 mm).

Information from a representative sample at the physi-
cochemical characterization confirmed the dominance of
proportions, silica-rich inclusions with the inclusion of iron
oxides and titanium

A better release of silica minerals is located in the frac-
tion (250 to 125 um), which reduces the levels of iron from
0.6 to 0.28% of Fe,O; while eliminating fine particles < 125
pm by wet sieving.

The non-magnetic final concentrate obtained by high
intensity magnetic separation contained a Fe,O; content of
0.1% does not respond the standards of high-quality glass
manufacturing.

The leaching by hydrochloric acid for 3mol/L at tem-
perature 90°C had eliminated almost all of the iron oxide
impurity (0.01%). The results obtained significantly encour-
age the use of sandstone of El-Aouana for the production of
flat glass.
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Merta. [lonepeane mociimkeHHs minanukis El-Aouana
(AJpKHp) 3 METOO MOJIIIIICHHS 1X SIKOCTI JJIsi OTPUMAaHHS
KBapIOBHX IICKIB BUCOKOI YUCTOTH 0€3 JOMIIIIOK OKCH/IIB
3aji3a y BiAMOBIAHOCTI J0 MPUHHATHX CTaHAAPTIB BHPOO-
HUILITBA CKJIA.

Metomuka. [limanuk pomoBuma El-Aouana momapio-
HIOBJIM Ta MpociBaad. MiHepan MiIgaBai PeHTTECHIBCh-
Kift mupakiii Ta XiMIYHO aHAITI3yBaJH 3a JOTIOMOTOKO PEH-
TreHIBChKOT (PITyOpecIeHIIil, aTOMHO-a0COpOIMiiHOT cre-
ktpodoTometpii. Marepian (-250 + 125 Mkm) BHITyTOBYBAITH
COJISTHOKO KHUCNOTOR0. [TpoBeZieHO BHBUESHHS OCHOBHHX I1a-
paMeTpiB MpOLieCy BWIYTOBYBAaHHS B PI3HHUX [iaria3oHax.
Byna BukOpHCTaHa MarHiTHa cemapanisi 3 BUKOPHUCTaHHSIM
CyXOT0 CernapaTopa BUCOKOI MarHITHOT IHTEHCUBHOCTI.

Pesyabrarn. BiutyroByBaHHs JO3BOJISIE OTPUMATH 3HHU-
JKCHHSI BMICTY 3aJ1i3a y KBapIIOBOMY IICKY, Y TO Yac K MO-
KpUi po3ciB BHAAIISIE JIMIIE YACTHHY IMX 3a0pyAHIOI0YNX
MiHepatiB (<125 mkm). [IuTaHHS 3acTOCYBaHHS MAarHiTHOL
cemapariii oTpe0ye MOJABIIOr0 BUBYCHHS.

HaykoBa HoBH3HA. OpHTiHATBHICTIO MBOTO JOCIII-
JKCHHSI € 3aCTOCYBaHHS TPOIECY BIIIYTOBYBAHHS COJITHOIO
KUCIIOTORO. JIJ1st 3°SICyBaHHSI OCHOBHHX EKCIIEPUMEHTAIBHIX
yMOB OyJv TIPOBEICHI Pi3Hi OTepeIHi eKCTIEPUMEHTH.

IIpakTnyHa 3HayuMicTh. Pesynpratém miATBEpIUKY-
10Th, III0 METOJ] BUIIYTOBYBAHHS 3aJ0BOJIGHSIE TEXHIYHI BU-
MOTH BHpOOHHIITBA CcKJIa. [IpoTe 30araueHHs MIMaHNKyY Ma-
THITHOIO CENapariiero Moxe OyTH IPaKTUIHNUM 1 TIPOCTHM 3a
MIHIMaJIPHUX BUTPATaxX, aj¢ HE € S(PEKTHBHUM JUIS BUJA-
JICHHS! JIOMIIIIOK.

KurouoBi ciioBa: suwiyeosysanns, maenimua cenapayis,
niwanux, nepepooKa MiHepaIbHoOI CUPOBUHU
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Heas. [IpensapurensHoe HCCIEIOBAHUE MMECYAHUKOB
El-Aouana (AIDKHp) C IENBIO YITyUIICHUS X KauyecTBa IUIs
TIOJTy4eHHsI KBapIIEBBIX TIECKOB BBICOKOW YMCTOTHI 0€3 MpH-
Mecel OKCHJIOB 7KeJe3a, COMIACHO NPUHSTHIM CTaHIap-Tam
IIPOU3BO/ICTBA CTEKJIA.

Metoauka. [lecqyannk Mectopoknenus El-Aouana m3-
MeNpUaId W TpoceuBaid. MuHepan TOABEprajd pPeHT-
TEHOBCKO# qu(paKiMy ¥ XMMHUYECKH aHAM3UPOBAIIH C T10-
MOIIIBI0 PEHTTEHOBCKOM (hITyOpECIICHINH, a TaKXKEe aTOMHO-
abcopbOumonHol cnekrpodoromerpun. Marepuan (-250 +
125 MKM) BBIIIETAYMBATH COJITHOW KucioTod. [IpoBemeHo
HM3y4yeHHE OCHOBHBIX IapaMeTpoB MPOLIECCa BhILIEIAYH-
BaHUsI B pa3lIMUHBIX Juana3oHax. belga npuMeHeHa mar-
HUTHAs cenapalys ¢ UCIOJIb30BaHUEM CYyXOro Cernaparopa
BBICOKO MarHUTHON UHTEHCUBHOCTH.

Pe3yabrarbl. BrlmenaurBanue mO3BOJSET HOOUTHCS
CHIDKEHHS COZCPIKAHMSA JKelie3a B KBAPLICBOM TIECKe, B TO
BpeMsi KaKk MOKPBIH PacceB yAassieT JIUIIb YacTh 3THUX 3a-
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TPSI3HSIOIINX MUHEPAJIoB (<125 mxm). Borpoc mpumeneHus
MarHUTHOH ceraparyy TpeOyeT albHEHIIero n3yaeHus..

Hayunasa HoBu3Ha. OpHIMHAJIBHOCTBIO ATOTO HCCIIe-
JIOBAHMUS SABJISIETCS IPUMEHEHUE OIEPALIY BbILLETaYNBAHNS
COJISIHOM KMCJIOTOW. JI71s1 BBISICHEHMSI OCHOBHBIX JKCIIEPH-
MEHTAJIBHBIX YCJIOBUHA OBLIN MPOBEACHBI Pa3IWYHbIC Mpe-
BapUTEIbHBIE DKCIICPUMEHTBI.

IIpakTHyeckasi 3Ha4UMOCTb. Pe3ynbraTsl J0Ka3bIBa-
0T, YTO METOJ BBIILEIaYUBAaHNA YAOBICTBOPSACT TEXHUYEC-
KUM TpeOOBaHWSIM NPOU3BOJCTBA cTekia. OmHako obora-
IICHWE TIeCYaHWKa MAarHUTHOW ceraparyeldl MOXeT ObITb
IIPAKTUYHBIM U IIPOCTHIM IIPY MUHUMAJBHBIX 3aTpaTax, HO
He siBysieTcst 9((EKTUBHBIM JUIsl yJaICHUS TIPUMECEii.

KunroueBsle ciioBa: sviyenauusanue, MazHUmMHAs cena-
payus, necuanux, nepepadomKa MUHEPAIbHO20 Cbipbs

Pexomenoosano 0o nybnikayii O0okm. mexH. HayK
B.B. Cobonesum. Jlama naoxooaicenns pykonucy 27.09.14.
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