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Abstract

Purpose: The aim of this article is to study the possibility of xanthan usage as a polymer additive in silicate-gel
solutions when creation compositions for enhancing oil recovery. The dependence of the time of gel formation of the
silicate-polymer compositions and the pH of the gel-forming solution from various concentrations of xanthan and
polyacrylamide was analyzed. Research methods: Direct and reverse titration, potentiometric titration, pH-metry,
determination of the dynamic viscosity on a rotational viscometer, axial compression method to determine the elastic
modulus were used to determine the possibility of xanthan usage as a polymer additive instead of polyacrylamide.
Results: Such investigations as determination the influence of polymer type and concentration on the elastic modulus
and syneresis of compositions in the gel state have been performed to determine the possibility of xanthan usage as a
polymer additive of gel-forming composition and influence of this polymer on the dynamic viscosity of gel-forming
compositions, gel strength, stability in time, the possibility of gel destruction. Discussion: Xanthan investigation as an
alternative polymer has shown the perspective of its usage in the oil recovery industry. The environmental friendliness
of technologies developed with the use of xanthan, which is safe for the environment, does not lead to an irreversible
change in the reservoir properties of the formation. The lower molecular weight of xanthan in comparison with
synthetic polymers determines the improved filtration properties of xanthan solutions, especially in low permeability
conditions, which also makes it possible to carry out deeper treatments of the formation.

Key words: silicate-polymer composition, polyacrylamide, xanthan, time of gel formation.
1. Introduction recovery of reservoirs with heavy and high-viscosity
oils. One of the methods to improve the efficiency of
oil recovery is a method using chemical reagents,
based on flooding of injection wells with surfactants,
polymer compositions, emulsions [1]. Technological
practice shows that the greatest effect when
regulating the filtration permeability of water-
containing layers in reservoirs is achieved when
using gel-like compositions. Solutions of sodium
silicate and hydrochloric acid were wused as
components of the gel-forming solution [2].

The concentration of sodium silicate and the pH
of the medium are the determining parameters of the
gel-forming compositions. However, their influence
on the time of gel formation largely depends on

Enhanced oil recovery (EOR) is carried out due to
the greater efficiency of water isolation in
heterogeneous formations; creation of a durable
waterproof screen and connection to the
development of oil-saturated, previously unused
zones by subsequent flooding; improving the
rheological properties of the gel forming
composition; increasing the strength of the gel based
on it; increasing the stability in time; reduction of
the time of gel formation. One of the most important
problems in the modern oil industry is the
development of modern gel-forming compositions
satisfying technological, economic and

environmental requirements.

2. Analysis of the latest investigations and
publications, problem statement

One of the tasks of oil extraction is implementation
of technologies that allow increasing the oil recovery
of existing oil wells, especially in the case of the

other physical-chemical factors, primarily on the
mineralization of the medium and temperature [3].
Temperature dependence can be described by a
simple mathematical dependence, and the influence
of concentration, pH and mineralization do not have
simple mathematical description and can be
presented as tables and series of empirical
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mathematical dependences. The research methods of
the mentioned three factors are very simple and
foresee the preparation of a gel-forming solution of
the required composition and fixing the time of loss
of fluidity from the moment of components mixing
[4].

High thickening ability of biopolymers is the
main property that determines the wuse of
biopolymers in oil recovery technologies, while,
biopolymers have higher rheological properties than
chemically synthesized polymers. Besides, many
biopolymers are capable to form gel structures with
high water-insulating ability [5]. Ratio of the
viscosity of oil and injected solutions causes a great
influence on the process of increasing oil recovery
during water flooding. Introduction of polymers to
the solutions causes the viscosity increase, which
leads to alignment the oil displacement front.

Chemically synthesized polymer polyacrylamide
is used nowadays and has a long history of use.
Partially hydrolyzed polyacrylamide was widely
used in almost all of the original polymer flooding
projects [5], no matter that its high molecular weight
causes significant increase of viscosity and anion
repulsions between polymer molecules and segments
of one molecule lead to stretching and adhesion of
molecules, which also causes movability decrease of
the [6]. However, toxic compounds can be formed
when polyacrylamide production and commercial
form of the polymer may contain substances
hazardous to human health. Therefore, the use of
natural polymers obtained by the biotechnological
method (polysaccharides) helps to reduce the
anthropogenic load on the environment due to the
absence of pollutants during their natural decay
[7,8].

Xanthan is more resistant to mechanical and salt
destruction, and is also less adsorbed on the
reservoir rock than polyacrylamide. Moreover liquid
glass provides chemical interaction with biopolymer
molecules, bio-surfactants and salts of multivalent
metals of layer mineralized water, which ultimately
leads to the formation of a strong reinforcing mesh,
which effectively reduces water permeability of the
washed zones and increases the coverage of the
layer by flooding and significantly improves the oil
displacement process [9,10].

3. Purposes and problems of a research

The purpose of this work is to study the possibility
of using xanthan as a polymer additive in silicate-gel
solutions when developing compositions for

enhanced oil extraction. The objective of this study
is to analyze the dependence of the time of gel
formation of silicate-polymer mixtures and the pH of
the gel-forming solution at various concentrations of
xanthan and polyacrylamide.

4, Materials and methods of a research

Pre-prepared and titrated aqueous solutions of
sodium silicate (10-12%), hydrochloric acid (8-
10%), and sodium chloride (20%) were used as
initial solutions for preparing compositions.

The following polymers were investigated as
polymeric additives to the gel-forming composition:
the biopolymer xanthan and, for comparison,
polyacrylamide as rather widely used.

During the research we used direct and reverse
titration,  potentiometric  titration,  pH-metry,
determination of the dynamic viscosity on a
rotational viscometer, axial compression method to
determine the elastic modulus.

5. Research results

The solution of sodium silicate was poured into a
pre-mixed solution of hydrochloric acid and sodium
chloride when preparing a composition with low pH
values (acidic region). The pH value of the resulting
composition was measured immediately after mixing
the solutions. The time of gel formation was
determined from the moment of mixing the
components to the moment of loss of fluidity.

Experimental values were averaged and
mathematically processed. The obtained S-shaped
curve describes dependence of time of gel formation
on pH of medium. The maximum time of gel
formation is in the range of pH 1-2 and in the range
of more than 10 (Table 1).

Dependence of gel formation on the content of
sodium silicate is shown on Fig. 1.

The time of gel formation at different pH values
changes (in semi-logarithmic coordinates) almost
linearly with small angle of a slope if sodium silicate
concentration is 5% and higher. A steeper
dependence is observed if concentration less than
5%. It should be mentioned that the strength of the
resulting gel decreases significantly decreases with
decreasing sodium silicate concentration in this
concentration range.
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very high in this range. However, the decrease in the

e/ —+—pH=1 dependence of the time of gel formation on
20 —=— pH=4 mineralization is fixed quite reliably with the pH of
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Fig. 1. Dependence of the logarithm of time of gel -
formation on temperature 3 pH=10,8
at different pH values 5 & —— pH=9.1
Additional mineralization of the gel-forming 1 B pH=8.3
composition by the addition of sodium chloride
leads to a decrease the time of gel formation. This 0
dependence is very close to linear in semi-logarithm 2 25 3 35 4 1/T-10°

coordinates in the range of pH values below 10. The
slope of the graph decreases up to an inverse
dependence at pH more than 11.1 in the region of
higher pH values (Fig. 2).

However, it should be mentioned that the time of
gel formation is very big in this pH range and it is
rather difficult to accurately fix the moment of
mobility loss of the composition. Therefore, the
probability of occurrence of random deviations is

Fig. 2. Dependence of the logarithm of time of gel
formation on reverse temperature
at different pH values

Times of gel formation of silicate-polymer
compositions are shown in the Table 1 at different
polymer concentrations and pH of gel-forming

solution.
Table 1

Times of gel formation of silicate-polymer compositions at different polymer concentrations and pH of gel-
forming solution

Time of gel formation
pH of the solution :
Without polymer Xanthan Polyacrylamide
0,01% 0,1% 0,01%
11,15 4 days 3 days 2 days 18 h 2 days 22 h
11,05 20h32m 19h01lm 18h 22m 18h50m
10,9 7h 12m 4h55m 4h 4h45m
10,7 2h11lm 1h48m 1h46m 1h50m
10,55 47 m 20m 17m 30m
10,3 13m15s 11m40s 10 m 10m1ls
9,8 2m20s 1m35s 50s 1m10s
9,0 30s 22's 20s 20s
8,05 20s 16s 15s 15s
7,05 10s 4s 3s 3s
4,6 1h06m 55s 45m 1h52m
1,9 11 days 9days7h 8 days 12 days
1,7 12 days 11 days 3 h 10 days 18 h 13 days
0,7 4 days5h 3days5h 3days6h 5days 10 h
0,4 2 days 1days 10 h 1days15h 2 days 19 h
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Various concentrations of components of gel-
forming compositions were used to study the effect
of the type and concentration of the polymer on the
dynamic viscosity of gel-forming compositions.
Table 2 shows the results of a study of the effect of

the polymer type and concentration on the dynamic
viscosity for two systems with sodium silicate and
hydrochloric acid contents of 3 % and 0.65 % and 6
% and 0.9 %, respectively. Experiments were carried
out at a temperature of 20 °C.

Table 2
Influence of polymer type and concentration on the dynamic viscosity (mPa-s)
Components Polymer Polymer concentration, mass %
Name mass % 0 0.001 |0.005 |0.01 |0.015 |0.02
Sodium silicate 3 Xanthan 0,99 0,97 1,10 1,20 1,28 1,35
Hydrochloric acid 0.65 Polyacrylamide 0,99 0,75 1,06 1,15 1,22 1,28
Sodium silicate 6 Xanthan 1.15 1.16 1.26 1.33 1.42 1.47
Hydrochloric acid 0.9 Polyacrylamide 1.15 1.13 1.20 1.28 1.34 1.42

The sphere of use of gel-forming compositions
can be determined by the time of gel formation at
the preparation temperature, the time of gel
formation at the layer temperature, the gel strength,
the gel stability in mineralized water, stability over

time, the possibility of gel destruction. That is why
the influence of the polymer type and concentration
on the elastic modulus and syneresis of compositions
have been investigated (Tables 3, 4).

Table 3
Influence of the polymer type and concentration on the gel elastic modulus (Pa) at 20 °C
Components Polymer concentration, mass %
Polymer
Name mass % 0 0.001 0.005 0.01 0.015
Sodium silicate 3 Xanthan 2.0 2.6 35 35 35
Hydrochloric acid 0.65 Polyacrylamide 2.0 2.8 3.7 3.7 3.7
Sodium silicate 6 Xanthan 7.0 7.5 8.9 8.9 8.9
Hydrochloric acid 0.9 Polyacrylamide 7.0 8.0 10.1 10.1 10.1
Table 4

Influence of the polymer type and concentration on the value of gel syneresis (g/100 g of gel) at 20 °C

Components Polymer Polymer concentration, mass %

Name mass % 0 0.001 0.005 0.01 0.015
Sodium silicate 3 Xanthan 4.0 3.90 3.55 3.15 3.00
Hydrochloric acid 0.65 Polyacrylamide 4.0 3.88 3.40 3.00 2.82
Sodium silicate 6 Xanthan 1.82 1.80 1.78 1.65 1.60
Hydrochloric acid 0.9 Polyacrylamide 1.82 1.79 1.70 1.60 1.50

The process of gel formation depends on
temperature highly. Components of the gel-forming
solution were mixed in a certain sequence in strictly
defined amounts, thermostated at different
temperatures in the range of 20-100 °C to determine
time of gel formation. The control over the gel
formation process was carried out visually after 1-10

minutes in order to determine the fluidity loss of the
solution. The time of gel formation was defined as
the time elapsed from the moment the last
component of the composition was added until the
complete loss of fluidity occurred. The experimental
results are presented in Table 5.
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Table 5

Dependence of time of gel formation on the temperature of gel-forming solution containing 6 % of sodium

silicate and 0.01 % of xanthan

HCI content, pH of the gel Time of gel formation, s
mass %
20 °C 40 °C 60 °C 80 °C

0.45 11.40 2160000 864000 259200 8040
0.5 11.20 1036800 432000 10080 5580
0.6 11.15 295200 86400 6600 2820
0.7 11.10 70800 46200 3600 2100
0.8 10.9 19380 11580 900 720
1.0 10.7 5623 2239 795 316
11 10.3 720 420 120 20
15 9.1 36 25 18 14
1.6 8.3 16 11 9 8
1.7 7.05 5 Instantly Instantly Instantly
1.8 4.60 3960 1200 960 600

4.00 31622 7079 1584 446
2.0 1.70 1004400 363600 92340 16200

1.00 602559 199526 42658 11220
3.0 0.65 295200 104400 73200 10080

As can be seen from Table 5, at pH 8-9, the
gelation time changes slightly with temperature
change, which makes it possible to predict the
moment of gel formation regardless of the formation
temperatures.

The experimental data was processed by the least
squares method. Thus, experimental dependences
lgt— T and lgt — 1/T are described by linear
equations with coefficients close to 1 (Table 6).

Table 6
Equations of the experimental dependences Igt — T and Igt — 1/T

pH lgt=aT+b Correlation lgt=a"-1/T+b Correlation

coefficient coefficient
1 lgt=-0,029T+14,3 0,9990 lg=3160-1/T-4,9 0,9960
4 lgr=-0,029T+14,3 0,9930 lgt=3060-1/T-5,96 0,9978
8,3 lgr=-0,029T+14,3 0,9874 lgt= 545-1/T-0,67 0,9913
9,1 lgt=-0,029T+14,3 0,9979 lgt=740-1/T-0,97 0,9973
10,8 | Igt=-0,029T+14,3 0,9957 lgt=2115-1/T-3,5 0,9982

Equation lgz=a*1/T+b" is of high interest for
description kinetics of gel formation since the rate
of gel formation V is proportional to the rate
constant of gel formation k and is inversely
proportional to the time of gel formation t:

V~k~1/7.

If Arrhenius equation can be used for the
description the process of gel formation in this
temperature range, than following dependence must
be fulfilled:

Ink =-EA/R T + Co,

where Ea— is activation energy of gel formation at
this pH, kdJ/mole;

R — 8,314 kJ/(mole-K), gas constant;
T — temperature, K;
Co — constant.
It can be obtained following equation using
decimal logarithm:

Ink =-Ea/2,3R 1/T+ C.
Since k~1/t, we can say that Igk~Igt and we get:
- lgt =-EAl2,3R 1/T+C’.
Activation energy of the process can be
calculated using equation Ilgr=a'l/T+b" for
corresponding pH values:

EA/2,3 R =a Ea= a‘2,3 R.
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Table 7 shows activation energies of gel
formation reactions for various pH values of the gel
forming solution.

Silicic acid is released in the result of interaction
between sodium silicate and acidic agents forming a
sol, which turns into a gel over time. A silicate gel

has a spatial structure in which silicic acid molecules
are linked by valence and hydrogen bonds. This
determines the gel strength its formation in the entire
volume of the working solution and prevents the
precipitation of silicic acid as a separate phase.

Table 7
Activation energies for various pH values
pH 1 4 8.3 9.1 10.9
Ea, kdJ/mole 60500 58570 10420 14150 40443

6. Discussion of results

The use of gel-forming compositions with
exopolysaccharides has a number of disadvantages,
the main of which is that the exopolysaccharide in
the form of a culture liquid has low viscosity
characteristics, and completely loses its viscosity
properties when contact with waste water
(mineralization 100 g / | and higher) due to
precipitation. The most promising is the use of
biopolymers, especially at the objects with carbonate
and terrigenous reservoirs. A diverse range of
geological and technical conditions requires the
development of gel-forming compositions operating
in a wide range of reservoir conditions.

Solutions and gel-forming compositions on the
base of polyacrylamide are characterized by
resistance to the action of mineral waters (up to 280
g/dm?®), biodegradation and shear deformation.

The study of xanthan as an alternative polymer
has shown the perspective of its use in the oil
recovery industry. Xanthan is safe for the
environment and the use of ecofriendly technologies
on the base of xanthan does not lead to irreversible
change in the reservoir properties of the formation.
The lower molecular mass of xanthan compared to
synthetic polymers determines the improved
filtration properties of xanthan solutions, especially
in low permeability conditions, which also makes it
possible to carry out deeper treatments of the
formation. Besides, the lower molecular weight of
xanthan leads to low filtration resistance when
moving in a porous medium until the moment of gel
formation. Sufficiently high syneresis values at low
concentrations of xanthan will significantly increase
the filtration resistance of the insulated interlayer
after gel formation is completed.

Energy activation values of the reaction of gel
formation shows that the hardest structure formation
proceeds at acidic and basic medium and the easiest
structure formation proceeds in the neutral medium.

7. Conclusions

1. Mineralization of the gel-forming composition
using sodium chloride leads to a decrease in the time
of gel formation.

2. Xanthan with a concentration 0.1% can
compete with the currently used PAA, which is more
toxic in its effect on human health both during its
production and use due to the content of the
commercial form of substances hazardous to human
health. In addition, the use of xanthan, obtained by a
biotechnological method, reduces the technogenic
load on the environment, since no polluting reagents
are formed during its decay.

3. Successful structuring of gel-forming
compositions using xanthan proceeds most easily in
a neutral medium.

4. It has been established when studying
influence the deposit temperatures on the moment of
gel formation that optimal pH values are 8 — 9 when
there is a slight change in gel formation time with
temperature change.
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Meta: Meroro 1aHOi CTAaTTi € AOCHIIKEHHS MOMJIMBOCTI 3aCTOCYBaHHS KCaHTaHy B SIKOCTi MOJIMEpHOT
MOO0ABKH 0 CHIIIKATHO-TENIEBUX PO3YMHIB TPH PO3POOI[l KOMITO3WININA MJs MiIBUIICHHS HagTOBimadi
miactiB. [IpoaHamizoBaHa 3aleXHICTh Yacy TeNeyTBOPEHHS CHIIIKaTHO-TIONIMEPHUX KOMIo3uIiii i pH
reJICyTBOPIOIOYOr0 PO3YMHY TMPH PI3HUX KOHIEHTpAIlisiX KCaHTaHy 1 momiakpuiamigy. Meroau
Aociaimkenns: Jlns BU3HAYCHHS MOXKIMBOCTI BUKOPUCTaHHS KCaHTaHy y BHIJISII MOJIMEPHOI JT0OaBKU
3aMiCTh TIONIaKpWUJIaMily BHKOPHUCTOBYBAJIHM TMIpsiME 1 OOEpHEHE THUTPYBAaHHSA, ITOTEHIIIOMETPUYHE
TUTpyBaHHS, pH-MeTpito, BU3HAYCHHS AMHAMIYHOI B’S3KOCTI HA pOTAIifHOMY BICKO3MMETpi, METO[
OJTHOBICHOTO CTHCHEHHS JIJIsl BU3HAYEHHS MOAYJISI py>KHOCTI. Pe3yabTaTn: J{7s1 BU3HAYEHHS MOXKIIHMBOCTI
BUKOPUCTAHHS KCaHTaHy B SIKOCTI HOJIMEPHOI I0OAaBKH TIesieyTBOPIOIOYOI KOMIIO3MLIi 1 BIUIMBY LBOTO
MoJIiMepy Ha JMHAMIYHY B’ A3KICTh TEJIEyTBOPIOIOYHMX KOMIIO3WIIINA, MIIHICTh TeJI0, CTaOLIBHICTD Y daci,
MOJKJIUBICTh PYyHHYBaHHS T€JII0, POBOIWINCH JOCITIKCHHS 110 BU3HAYCHHIO BIUIUBY THITY 1 KOHIIEHTpAIi
noJjiiMepy Ha MOAYJIb NPYKHOCTI 1 CHHEpe3uc KOMIO3MLIN y cTaHi remo. O6rosopenHsi: JlocmimkeHHs
KCaHTaHy B SKOCTI @JIbTEPHATUBHOIO MOJIMEPY IIOKa3ajJ0 MEPCHEKTUBHICTH HOT0 BHKOPHUCTaHHS Y
HapTOBUIO0YBHIN MPOMHUCIOBOCTi. EKOJIOTIYHICTh TEXHOIOTIH pO3pOOJIEHNX 3 BUKOPUCTAHHSIM KCAHTaHY,
SIKUM Oe3MeYHHid i JOBKULISA, HE NMPU3BOAMTH JO HE3BOPOTHHOI 3MIHM KOJEKTOPCHKUX BIACTUBOCTEH
racta. MeHIa MOJEKYJIsIpHa Maca KCaHTaHy y IMOPIBHSHHI 3 CHHTETMYHMMH HOJIMEpPaMH BHU3HAUYaAIOTh
MOKpaiieHi QiIbTpalliifHi BIaCTUBOCTI PO3UUHIB KCAHTaHY, OCOOJIUBO B YMOBAaX HHU3bKOI MPOHUKHOCTI, 1110
TaKOX JIa€ MOXKJIUBICTh MPOBOAUTH OLIBII ITMOOKI 00pOOKH I1acTa.

Krouosi ciioBa: CI/IJ'IiKaTHO-HOJ'IiMCpHa KOMHO3I/ILIi$[, HOHiaKpI/IJ'IaMi,Z[, KCaHTaH, 4aC reJICYTBOPCHH.
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Henb: Llenpro MaHHOW CTAaThU SBJISICTCS MCCISAOBAHUE BO3MOXKHOCTH MPHMEHEHUS KCAaHTaHA B KAa4eCTBE
MOJIMMEPHOI J100aBKH B CHIIMKATHO-TEJIEBUX PACTBOpax MPH pa3paboTKe KOMITO3MIUN JUIS TOBBIIICHUS
HepTeoTnaun IIacToB. [IpoaHaNM3UPOBAHO 3aBUCHMOCTh BpPEMEH TIelleo0pa3OBaHUSl  CHIIMKATHO-
MOJIMMEPHBIX KoMmno3unnid u pH remeoOpa3yromero pacTBopa Mpu pa3iIMYHbIX KOHIEHTPAIUSIX KCaHTaHa U
nonuakpwiamuna. Mertoabl uccienoBanusi: J[ns onpeseneHus BO3MOXHOCTH UCIIONIb30BAHUS KCAaHTaHA B
BUJIC TIOJMMEPHOW J00AaBKH BMECTO IOJUAKPWIAMHUIIA HCIIONh30BAIHM MPsSMOE M OOpaTHOE THTPOBAHHE,
MOTCHIIMOMETPUYECKOE TUTPOBaHue, pH-MeTputo, onpeneiacHre AMHAMUYECKON BI3KOCTH HAa POTAIIHOHHOM
BHUCKO3MMETpPE, METOJ OJHOOCHOTO CXKAaTWs IS ONpeleNieHuss MOAyis ynpyroctu. Pesyabtartel: [[ns
OTIpe/ieNieHHs] BO3MOKHOCTH HMCIOJIh30BaHUS KCAHTAHA B KAYECTBE MOJIMMEPHON JT0OABKHU Teneobpasyroleit
KOMITO3UIIMM U BIIMSHUS 3TOTO IMOJIMMEPA HA JUHAMHYECKYIO BSI3KOCTh Tesie00pa3yroIIuX KOMITO3HUIIHIA,
MMPOYHOCTH Telisl, CTA0MILHOCTh BO BPEMEHHU, BO3MOXKHOCTh Pa3pyIICHUs Telisl, MPOBOAWINCH UCCIICAOBAHUS
MO OMNpPEJCIICHUIO BIMSHUS TUMA W KOHIICHTpAIlMM TOJHMEpa Ha MOJIYJb YIPYrOCTH H CHHEPE3UC
KOMIIO3UIMI B cocTosiHuK Tens. Oocyxnenue: lccrenoBaHue KcaHTaHa B KadyecTBE allbTEPHATUBHOTO
MoJIMMEpa TOKa3aJi0 TEPCIEKTUBHOCTh €r0 MCIOJIB30BaHUS B HE(PTEIOOBIBAIOIICH MPOMBIIIJICHHOCTH.
JKOJIOTUYHOCTh TEXHOJOTHI pa3pabOTaHHBIX C MPUMEHEHHWEM KCaHTaHa, 0E30MacHOTO Ui OKPYXKaromeH
Cpelbl, HE TPUBOJUT K HEOOPATUMOMY HW3MEHCHHWIO KOJUICKTOPCKHX CBOWCTB TuiacTa. MeHbInas
MOJICKYJIIpHAadA Macca KCaHTaHa MO CPaBHCHUIO C CUHTCTUYCCKUMMU IMOJIUMCpaMU ONPCAC/IAIOT YIIYUYIICHHBIC
(GUIbTpallMOHHBIE CBOMCTBA pPAacTBOPOB KCaHTaHa, OCOOCHHO B YCIOBHSX HH3KOH MPOHHUIIAEMOCTH, 4YTO
TaKke JacT BO3MOKHOCTE IIPOBOAUTH OoJiee TIyOoKue 00pabOTKH ILacTa.

KﬂmqubIe cJ1oBa: CHUJIMKATHO-TIOJIMMEpHAaA KOMIIO3UIIUA, IMOoJINaKpujIaMu/i, KCaHTaH, BpEMA
reyneoOpa3oBaHus
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