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SOLID CaCO3; FORMATION IN WATERS OF CIRCULATING COOLING SYSTEMS OF
POWER PLANTS UNDER THE CONDITIONS OF ELECTRIC LOAD CHANGE
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The rate of solid calcium carbonate (Dve) formation in circulating water (CW) of circulating
cooling systems (CCS) of power plants with cooler towers and the stability index of such water at
changing electric load is analyzed. The relationship between streams of CCS, namely, feeding,
evaporation and blow, which exist under the condition of constant CCS water volume and
dependence of evaporation flow upon units load are the basis of analysis. Such dependence is based
on the fact that the main channel of heat dissipation after steam turbine units is evaporation in
cooling towers. The general expression has been obtained in quasiequilibrium approximation that
establishes the relation between Dve and CW stability index. This dependence allows calculating
CW stability degree for any models of CaCO3 formation kinetics and to obtain corresponding Dve
value. It has been shown that the rate of solid CaCO3 formation is directly proportional to electrical
load of power plant, Ca** ion concentration in feed water and fraction of used heat dissipated by
evaporation, antiproportional to stability index, inverse to CCS water volume and the average
efficiency of power plant.

Key words: circulating water, stability index, solid calcium carbonate, formation rate;
electric load; evaporation flow.

Circulating cooling systems (CCS) of power plants predominately work in a regime which is
optimized for stationary temperature of cooling water in order to ensure acceptable vacuum in
turbine condensers (TC) at nominal electric load and simultaneously avoid condensate overcooling.
Cooling, especially in summer, is achieved due to cooling water (CW) evaporation ensuring lower
temperature of cooling water by 5-8°C than that one after turbine condenser. In winter cooling is
achieved equally by convection and evaporation, however, sometimes it is necessary to apply
measures to maintain cooling water temperature at the level that does not lead to condensate
depression [1-3]. It is clear that CCS should dissipate some fraction of heat into the environment
which cannot be converted into work under the given thermodynamic conditions. This anergy
fraction of steam enthalpy supplied to the steam power unit may be estimated by energy balance of
power plant

> (1-m) D% - h% = Y(1-m)n -Nej = ¢ Y.GjrAtowj, (1)

sum of i is maintained by the number of unit m; D%, h%, MNi, Ne;j — steam, kg/s, consumption that is
supplied to i power unit; fresh steam enthalpy, gross efficiency and electric load of the
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corresponding unit; Gj, Cws AtCW,j — respectively, cooling water consumption through j condenser,
water thermal capacity and temperature drop at j-condenser.

Equation (1) allows calculating circulating water consumption necessary to ensure optimal
operation of power plant and cooling capacity of coolers.

In view of the fact that in Ukraine there is no gas-turbine superstructure at power plants the
function of generation regulation is exercised by heat power plants and sometimes nuclear power
plants. Thus, power stations often operate in the regimes far from nominal; therefore the analysis of
dependence of CCS operation regimes at changing electric load is a topical task.

From equation (1) we can see that at changing load of power plant units Ne;j or their
operation number there is the need to change the number of turbine condensers switched on,
consumption of cooling water through separate TC or temperature drop at j turbine condenser.
Regulation of cooling water supply at changing the number of operating units is achieved by
switching off/on corresponding circulating pumps or changing their supply.

As it was already mentioned, in summer the main amount of steam heat, approximately (80
— 85%), is removed from CCS by evaporation. This fact is expressed by the equation of energy
balance dissipating by evaporated water,

Kev 2 (1-mi)' n * i~ Nej = Gey'pww, 2)

Kev — is the coefficient equal to heat fraction that is removed by evaporated water that depends on

circulating water temperature and external conditions; Ggy, pw, Fw — respectively, water
consumption for evaporation, water density and heat capacity of evaporation at CW temperature.

Using (2) let us determine the CW consumption for evaporation necessary for plant
operation.

K. - @/ —1) - Ne; - 1
Ge\/: ev Z( Ni ) I=Kev°A(T])'Ne’n_m/Z -, (3)

Pw *w nj

n — power plant average efficiency; Ne — general electric load of the plant, MW, the A(n)
coefficient content, m3/MJ, follows from (3).

We can see that the change of electric load leads to proportional change of water
consumption for evaporation and this, in turn, changes the CCS regime of operation since to
compensate evaporation and maintain constant CCS water volume V, m®, the feed water of Gy,
m3/s, consumption should be supplied into the system. Since evaporation leads to salts
concentration (increase) to maintain the concentration degree K at the acceptable level the blow
down it applied, its consumption can be denoted as Ge.

In case of constant CCS water volume V, Ggy, Gf and G, values are linked together by the
relationships [4-8],

) G Gt . 1 -1
ev e’ O G -G, G, e o—1 ev: ey 0 f
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where Go — all flows consumption that remove salts from CCS including uncontrolled blow

(filtration, drop-away); @ — dynamic CCS factor, its physical content becomes clear if tracers
concentration (soluble salts, e.g. chlorides) reaches equilibrium (under the condition t—oo0).
Actually, in this case @ becomes equal to the coefficient of tracer’s concentration [6, 9],

dC;/dt —0 and we obtain 0. —> Cirg — k- (5)
CtrO

Comparing (3) to the third formula (4), coefficient Kg, can be defined and, thus, closed
equation concerning Gg,, can be obtained.
Earlier, [in 5,7] we obtained the dynamic equation for the main component of low

temperature CaCOs deposits — active Ca®* ion concentration in CW. Let us denote it as Cca, o-
ion/m?®,

dCe, 1
dt T,

dC . - V
'((P'CCao —CCa)—dtass’ Te e (©)
e

Ccass — molar concentration of solid CaCOj precipitated from cooling water (CW), g-mol/m?;

Ccao — active Ca*" ion concentration in feed water; V- CCS water volume, m*; T, — time of CCS
removal by blow.

In quasiequilibrium approximation (t >> T.), see details in [8], we can assume that
dCc./dt—0 besides using the definition of stability index of circulating water [7, 11, 12],

lst = CCa/(P'CCaO1 (7

that is determined by operational data for any CCS with no difficulties, expression (6), taking into
account (3) can be changed to the expression

- (1=1.)=—1"90 1) Te=— (8)
dt Tf ( st) Vv ( st) f Gf

T¢— time of filling of volume V with feed water.
Defining the rate of solid CaCO3 formation

dCeas
dt

= Dve:

we can present (8) as
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(8a)

(P'CCao A(M) - Ky - Ne.[l

(0—1)-V _Ist(CCa’CCa01(P)]

Dve(Ne,(P,T], Kev;CCaO’ ISt) =

From the expression (8a) it follows that CaCQOz3gs, Dve formation rate is:
- directly proportional to Ne electric load of power plant;

- Ca?" ions concentration in feed water Ccag and in CW Cey;

- antiproportional to I stability index;
- inversive to CCS V water volume;
- directly proportional to ¢ at ¢<5, but at ¢ >3 actually does not depend on ©;

- proportional to Kg, coefficient and inversive, see expression (3), to average efficiency
which is determined by the procedure (3).

Thus, to minimize solid CaCOj5 formation in CCS it is necessary to achieve maximum CW
stability, for example, by using inhibitors of deposits; to minimize calcium concentration in feed

water and to operate the units at low evaporation coefficients K that is realized in cold season. It
is also important to maintain maximum efficiency of the plant. We also draw your attention to the
fact that CCS with large water volume are characterized by lower rate of solid CaCQO3 formation
than that one with lower volume under the similar conditions, that is plants with cooling pools of
the so-called minimization of carbonate pollution are characterized by lower rate of solid CaCOs
formation in comparison to others.

From the expression (9) we can see that in cold season when electric load Ne of the power

plant is increased the evaporation Kg, coefficient is decreased, so the action of these two factors
compensate each other.

Note that an important condition for designing new power units and technically competent
operation of existing ones is the forecast and operation information on CW stability. It is easy to
calculate CW stability for existing power plant by (7), see also [12].

For the designed CCS this information can be obtained by calculation on the data basis of
physical and chemical properties of the local power supply. In this case the stability index of
circulating water may be determined by (8),

V. OCca )

I =1-
T GpoCrp G

The value of the rate of solid CaCO3; formation in (9) is determined experimentally or by
using well-known laws, see, for example, [8] and in such a way an expected CW stability is
calculated.

In general case taking into account the data of [9] we can consider with sufficient accuracy
that the law of the rate of solid CaCO3 formation depends on the limited number of CW parameters:

Cca Ccoz, pH and t, we defined it in general case as F(Cc,, Ccoa, PH, t) and obtain generalized
formula for It calculation,

V
Ist(CcagsCcarCco2,PH, 1) =1—G7' F(CcasCco2,PH, 1) (10)

f "“~CagQ
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Concretize (10) using, for example, the law [8, 13],

dCraqs

. K-Cca -Chcos =K Ky 107 .Ce, -Ceop (11)

K — kinetic constant CaCO;3 formation determined by special research for water of projected CCS;
K1- CO, hydration constant.
Substituting (11) in (10) we obtain,

V

ley =1—-————— . K-.C .C =

st Gf ) CCao Caoo HCO 300 ' (12)
1 1

1+0-T; *K-Chcozoo 1+ Te -K-Cricosoo

Cca00: CHcosoo — ions concentration in cooling water in quasiequilibrium state; ¢ — projected
degree of salts concentration; T — time of filling of CCS water volume with feed water.

Note that the degree of CW stability at the selected law of solid CaCO3; formation does not
depend on calcium ions concentration. Actually it is not so, since Chcozee and Ccaoo
concentrations are linked with each other, see [13].

However, the expression (12) indicates the ways to achieve maximum CW stability by
means available, namely, work at low ¢ which is achieved by regulating feed and blow

consumption; changing T¢ or Tg using the same means; reducing K constant using solid CaCQO;

formation inhibitors and Cncos — applying acidification. To achieve clear dependence of lg upon
units load for the adopted law of solid CaCO3 formation rate it is quite enough to use the expression
(3) and the relationship (4).

1 (13)
K-V-Chcosoo
Kev - A(n)-Ne

Ist(Nei oM, K, KEV’CHCO3OO) =

1+(p-1)-

As a result we obtain where we can see that units load and their work at high outdoor
temperatures (A(m) increase) promotes lgt growth, on the contrary, in cold weather when

Kev:A(n)-Ne is decreased CW stability is reduced.

Let us use the expressions obtained to analyze the operation of a specific heat power plant
[14] where partial softening of feed water and CCS with cooling towers are used.
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Fig. 1. Dependence of stability index on
electric load. Curves 1...5 correspond to
kinetic constant value K (1,1; 0,55; 0,37,
0,28; 0,22)-10*m%g-ion/h. Meanings of

other parameters are given above.

ency

Fig. 2. Dependence of stability index on effici-
. Values of other parameters are unchang-
eable.

Let us accept: Ne = 4x300 MW; ¢,,=3.5; V = 240-10°m® K = 1.1-10" m*/(g-ion)-h.; Ccao

= 0.7(g-ion)/m®, Cicooo = 7(g-ion)/m*, A(n) = 6-10™
m®/MJ.

Based on this data we obtain from (8) and (13)
the dependence of I on Ne, see fig. 1 for different
meanings of kinetic K constant. We can see that
decrease of K (inhibitors use) increases CW stability,
on the contrary, its growth reduces.

As we can see from (13) the similar lg; behavior
corresponds to @, V and Cpcosee changes.
Dependence of lg on gross efficiency of the plant is
shown in fig 2. The reduction of Iy at the efficiency

growth is due to A(n)) dependence, see (3) and (13). In
practice it is connected with the reduction of the degree
of salt concentration due to reduction of consumption
for evaporation, see (7) and (12). Thus, units operation

at low efficiency favors CW stability.

The value of solid CaCOj formation rate is
determined on the basis of the law (11) by using
quasiequilibrium meaning for Ca®" which is obtained
from (6) at dCcy/dt—0 and taking (11) into account.
The result is presented in the expression
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Fig. 3. Dependence of solid CaCOj

formation rate on electric load. Curves 1...5
correspond to Kinetic constant value K=
(1,1; 0,55; 0,37; 0,28; 0,22)10™m?*/g-ion/h.
Meanings of other parameters are given
above.
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¢-K-Ccy - Chco3oo - (14

1+ (@—1)- K-V-Chco3zoo

Kev - A(n) - Ne
Calculation by (14) formula with the same parameters as in fig. 1, is shown in fig. 3.
Maximum solid CaCO3 formation rate corresponds to maximum kinetic K coefficient, fig. 3 curve
1. Besides, units operation with maximum load favors the increase of solid CaCOj3 formation rate
This growth is of the same nature both for stability index, see expression (13) and solid CaCO;
formation rate, see (14). It is also evident that feed water softening and CW acidification reduce

Dve.

Dependence of solid CaCOj3; formation rate on gross efficiency is shown in fig. 4. As in the
case with stability index this value is reduced at plant efficiency growth. Efficiency growth is
accompanied by the reduction of water consumption for evaporation. This in turn reduces water

exchange in CCS and, consequently, salts supply for CCS.

Dependence of solid CaCO3 formation rate on the degree of ¢ concentration (increase) is
shown in fig. 5.

Dve value is increased at ¢ and electric load growth of the plant. Thus, the increase of solid
CaCO; formation rate at units operation with maximum load and the degree of salt concentration
(small blow) should be accompanied by the use of inhibitors, means of feed water softening and
CW acidification.

Dve(Ne,(Pﬂ”l, K, Kev ) CCao ’CHCO3OO) =

-3 -3
1.3x10 : : 1.4%10 -
Qe’ g-moll/m™h. 3 Dve, g-moll/m*h. 5_'__/"’
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Fig. 4. Dependence of solid CaCO; Fig. 5. Dependence of solid CaCOs

precipitation rate on plant gross efficiency. ~ formation rate on the degree of salts
Other parameters are unchangeable. concentration. Load Ne (0,8; 0,9; 1,0; 1,1;
1,2) GW corresponds to cures 1...5. Other

parameters are unchangeable.

Note that conclusions from expressions (13) and (14) qualitatively coincide with data [15],
however, obtained here formulas (13) and (14) give the opportunity for agreed calculation of acids
and inhibitors doses, as well as the degree of feed water softening with electric load of units. Their
uses allow carrying out technical and economic optimization of the process of CaCOj3 formation
minimization and CCS operation regime. That is, to create the prerequisites for automation of the

process of solid CaCOj3; formation control under the dynamic conditions of power units operation.
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Summary

1. Operation regime of CCS with cooling towers should be agreed to electric load of plant
units since it changes circulating water consumption for evaporation and all other flows at constant
CCS water volume.

2. CW stability index is increased at electric load and environmental temperature growth and
is decreased at gross efficiency growth.

3. Maximum CW stability for the given CCS may be achieved by the following means:
operating at low @ that is achieved by regulation of feed and blow consumption, reducing Kinetic
constant K in the law of CaCOs formation by using inhibitors and reducing bicarbonate Cpcos
concentration applying acidification. Formulas (13) and (14) allow calculating necessary doses and
developing procedures to achieve projected stability and control solid CaCO; formation rate.

4. To minimize solid CaCOj; formation at CCS it is necessary to achieve maximum CW

stability; minimize calcium concentration in feed water and to operate units at low evaporation Ke,,
coefficients that is exercised in cold season. It is also important to maintain maximum plant
efficiency.

5. Dve value is increased at the growth of @ and plant electric load. Thus, the increase of
CaCO; formation rate at power units operation with maximum load and degree of salt
concentration (small blowing) should be accompanied by using of inhibitors, means of softening of
feed water and CW acidification.

6. The procedure suggested allows qualitative forecasting of CW stability at designing new
power units on the data basis of physical and technical water properties of local water source and
justifying the choice of optimal measures to minimize the rate of solid CaCOj3 formation.

7. For safe forecast of CW stability of new plants it is necessary to do experimental research
for identifying the law of solid CaCO3; formation or determining kinetic coefficient K by using
water that models CW for projected CCS.

8. Expressions (13) and (14) may be accepted as the basis for technical and economic
optimization of the process of deposits minimization and the CCS operation regime that may be
changed as well as for developing mathematical model of automation of deposits control under such
conditions.

BUAIJIEHHSA TBEPJOI'O CaCO3 Y BOJAX OBOPOTHUX CUCTEM OXOJIOJA KEHHSA
EJJEKTPOCTAHIIN B YMOBAX 3MIHHOTI'O EJJEKTPUUYHOT' O HABAHTAKEHHSA

B. 3. Koumapcekuii, B. O. MenbHuK

HamnionanbHuil yHIBEpCUTET BOAHOTO TOCIIONAPCTBA 1 MPUPOJOKOPUCTYBAHHS,
®i3uKO-TeXHOJOT1YHA TabopaTopis BoaHKUX cucteM. PiBHe, V.z.kochmarskii@nuwm.edu.ua

AHani3yeTbcs MBUIKICTh BUAUIEHHS KapOOHATy Kajblilo 3 06opoTHOoi Bonu (OB) cucrem
OXOJIOJDKEHHS €JIEKTPOCTAHLIN 3 TPaJUPHAMH Ta CTYIiHb CTaOUIBHOCTI TaKUX BOJ IPU 3MIHHOMY
€JICeKTPUYHOMY HaBaHTAKEHHI. B OCHOBY aHami3y MOKJIAJACHO 3B'S30K MK MOTOKaMH OOOPOTHOI
cucremu oxonokeHHs: (OCO), 30kpeMa MiPKUBJICHHS, BUMIAPOBYBAHHS Ta MPOIYBKHU, SAKHH € 3a
yMoBH ctanoro BojgHoro o0’emy OCO Ta 3a1eXHICTh MMOTOKY BUIIAPOBYBAaHHS BiJl HABaHTAXKEHHS
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OnokiB. Lls 3aneXHICTh TPYHTYETHCS HA TOMY, 1[0 OCHOBHHUM KAaHAJIOM PO3CIIOBaHHS TEIUIa IMicCist
napoTypOIHHMX YCTaHOBOK € BHUIIAPOBYBAHHS BOJAM B TPAAUpPHIX. Y KBa3ipiBHOBAKHOMY
HAONVMKEHHI OTPUMAHO 3arajJlbHUil BUpPa3, SKUM BCTAHOBIIOETHCS 3B'SI30K MIDK IIBUAKICTIO
BHUJIJICHHS KapOOHAaTy KaJlbllifo Ta 1HAEeKcoM crabiampHocTi OB. Ilg 3amexHicTh J03BOJISIE
pO3paxoByBaTu CTyMiHb cTabuIbHOCTI OB 1t Oyab-sikux Monenei kinetuku BuaiieHHs CaCO3 ta
OTPUMYBAaTH BIJMOBIIHY BEJIWYUHY IIBUIKOCTI BUAUICHHS. [loka3aHo, 110 MIBUIKICTh BHIUICHHS
CaCOs, mpsiMO TIpOTOpPITiHA €ICKTPUYHOMY HABAHTAXKCHHIO €JICKTPOCTAHIII{, KOHIICHTpAIlil 10HIB
Ca? y BOJI Mi/DKUBJICHHS, Ta YaCTIll BiJIPAIlbOBAHOTO TEILIa, IO PO3CIFOETHCS BUIIAPOBYBAHHSM;
Hocsraytn MakcumanbsHOi crabimpHOocTi OB must manoi OCO moxHa: poOOTOI0 MpU Majux
CTYINCHSAX KOHIICHTPYBAHHS COJICH, IO 3a0e3MeYyeThCs PETyJIOBAHHIM BHUTPAT IIKUBICHHS 1
NPOAYBKM, BHMKOPUCTOBYIOYM 1HTIOITOpH, Ta 3MEHIIYIOYM KOHIEHTpamilo OikapOoHaTIB
nigkucieHasM. OTpuMaHi B poOOTI BHpasu, JA03BOJSAIOTH PO3PaxyBaTH HEOOXiAHI J03M Ta
pO3poOHUTH TIpOLEAYpPH Il JOCATHEHHS 3aJaHOi CTaOUIBHOCTI 1 KOHTPOIIOBATH INBUIKICTH
BuniieHHs CaCQs. 3amnpomnoHOBaHa B CTaTTI METOJMKA JIO3BOJISE TPU IMPOCKTYBaHHI HOBHX
eHepro6JoKiB (cTaHIii) poOUTH KiNbKICHUI mporHo3 crabineHocTi OB Ha mifcTaBi JaHWX TPO
SIKICTh BOJIM MICIIEBOTO JKEpeJia )KUBJICHHS Ta OOTPYHTOBYBATH BUOIP ONTHUMAIBHUX 3aX01iB 11010
MmiHiMizamii mBuakocti BumuteHHs CaCOs. Jlns HamiiiHOro TporHo3y crabimpHOocTi OB HOBHX
CTaHII HeoOXiHI eKCIIepUMEeHTaIbHI JOCTiIKeHHs ams inenTudikanii 3akony BugiienHs CaCOs.
Hageneni B po0OTi BHpa3u MOXYTh TakoX OyTH NPHUHHATI 32 OCHOBY IPU TEXHIKO-EKOHOMIYHIN
onTUMizallii mporecy MiHiMi3alii BikIaaeHpb Ta pexumy ekcruryaraiii OCO nis 3MiHHUX PeXUMIB
poOOTH CTaHIlIi, a TAKOXK TIPH PO3POOIl MATMOAECIIEH /Il aBTOMATH3AIIIl TPOIECY KOHTPOJIIO HaJl
BIJIKJTaJICHHSIMU 33 TAKKX YMOB.

Knrwowuosi cnoea: obopomna 6oda; inoekc cmabiibHoCcmi; meepouti KapboHam Kaavyiro,
WBUOKICMb BUOLIEHHS, eleKMPUYHE HABAHMAICEHHS,, NOMIK BUNAPOBYBAHHSL.

BbIJEJIEHUA TBEPIOI'O CACO; B BOJAX OBOPOTHBIX CHCTEM OXJIA’KIEHWA
SJEKTPOCTAHIIUHI B YCJIOBUAX IEPEMEHHOM SJIEKTPUYECKOM HATPY3KH

B. 3. Koumapckuii, B. A. MeabHuk

HannoHanpHBI YHUBEPCHUTET BOJHOTO XO35MCTBA U IPUPOAONOIb30BaHus. dusnko-
TeXHOJOrn4ecKkas Jaboparopust BOIHBIX cucTteM. PoBHo, Vv.z.kochmarskii@nuwm.edu.ua

Hccnenyercs cKOpoCTh BBIJENEHHsI TBEpAOro kKapOoHara kaibluss Dve ¢ 060poTHOH BOJIbI
(OB) o6opotnoii cucrem oxjaxiaeHuss (OCO) sneKTpocTaHIMHA C TpajgupHSAIMU U CTENEeHb
CTaOMJIBHOCTU TaKUX BOJ NPHU MEPEMEHHOM 3JEKTPUUECKOM Harpyske. AHAJIN3 OCHOBaH Ha CBS3M
Mmexay norokaMu OCO: MOANUTKH, UCHAPEHUS] U MPOAYBKH, CYIIECTBYIOUIEH MpU MOCTOSHHOM
BoJIHOM 00bemMe OCO U 3aBUCHMMOCTH MOTOKAa MCHApEHHs! OT Harpy3Kd OJOKOB. DTa 3aBUCUMOCTb
OCHOBaHa Ha TOM, YTO OCHOBHBIM KaHAJIOM PAacCEMBaHUs TeIia MOCiIe NapOTYpOUHHBIX YCTaHOBOK
ABJISIETCS MCIapeHHe BOJbl B I'paJUpHAX. B KBa3upaBHOBECHOM MPUOIMKEHUHU IMOJIyYEHO o0Iee
BbIpaXKCHHE, KOTOPBIM yCTaHABIMBAaeTCs CBs3b Mexay Dve u muHaexkcom cradbunpHoct OB. Ota
3aBHCHUMOCTh TO3BOJISIET pacCUMTaTh CTeNeHb crabuibHOCTH OB 11 mpoM3BOJBHBIX Mojenei
kuHeTuku BbiaeneHus CaCOs; M MOMyduTh COOTBETCTBYHOIIYIO BennunHy Dve. IlokazaHo, 4dto
ckopocth  BblgeneHua  CaCOszq, HpsIMO  IPONOPLMOHAIBHA — DJIEKTPUYECKON  Harpyske
JIIEKTPOCTAHINN; KOHICHTpAIHH HOHOB Ca’ B BOJIE TIONMMTKH, 1 YaCTH OTPaGOTAHHOTO TEIlIa, 4TO
pacceuMBaeTcs ~ HCHApeHHEM;  aHTUIPONOPLUOHANIbHA  HWHAEKCY  CTaOMIBHOCTH;  OOpaTHO
npornopimoHaibHa BogHOMYy 00bemMy OCO u cpennemy KIIJI cranmuu.

KiroueBble cjioBa: 000poTHas BOJA; MHIECKC CTaOMIIBHOCTHU; TBEpAbI KapOOHAT KalbLus;
CKOPOCTh BBIJICJICHHUS; AJIEKTpUYEeCcKasi Harpy3Ka; OTOK UCHapeHusl.
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