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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 CaCOs 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-mi)- D% - h% = ¥ (1)) Yi-Nei = cw Y Gy Atew,, (1)

sum of i is maintained by the number of unit m; D°, h°, ni, Nej — 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, Cw, 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 Nej 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-Y.(1-mi)' m 1i-Nej= Gev pwTw (2)

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

circulating water temperature and external conditions; Gey, 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.

. - — . - o 1
_ KeV Z(llnl 1) Nel _ Kev . A(Tl) . Ne’ n - mlz ) (3)
Pw - Mw Ni

G ev

n — power plant average efficiency; Ne — general electric load of the plant, MW, the A(1)
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, m3, the feed water of G,
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, Gey, Gf and Ge values are linked together by the
relationships [4-8],

. G Gt - 1 -1
ev el O G -G, G, e o—1 ev: ev o f
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where Ge — 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—o0).
Actually, in this case @ becomes equal to the coefficient of tracer’s concentration [6, 9],

dCy/dt —0 and we obtain 0., —> Ciro k- (5)
CtrO

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

temperature CaCOj3 deposits — active Ca®* ion concentration in CW. Let us denote it as Cca, g-
ion/m3,

dCcy

1 dCepe: -~ V 5
L Carg O - Tyt O

dt G,

Ccass — molar concentration of solid CaCOg3 precipitated from cooling water (CW), g-mol/m?;

Ccao — active Ca?* ion concentration in feed water; V- CCS water volume, m3; Te — time of CCS
removal by blow.

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

Ist = Ccal/@-Ccao, (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 )=—f ~C0 q_ 1.} T =—! 8
dt T, ( st) vV ( st) f Gf

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

dCeass
dt

= Dve:

we can present (8) as
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(P'CCao -A(M)-Kgy -
(p-1)-V

Ne (8a)
Dve(Ne, 9,1, Key, Ccaps Ist) = '[1_ lst(Cca, CCaO’(P)]

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

- Ca?*' ions concentration in feed water Ccag and in CW Cca:

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

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

Thus, to minimize solid CaCOs3 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 Key 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 CaCQOj3; 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 Key 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),

\% ) dCCass 9)

The value of the rate of solid CaCO3z 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 CaCOs formation depends on the limited number of CW parameters:

Cca, Cco2, pH and t, we defined it in general case as F(Cca, Ccoz, PH, t) and obtain generalized
formula for lst calculation,

V
Ist (CcagsCcarCcoz,PH, 1) :l_Gi F(Cca,Cco2,pPH, 1) (10)

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

dCraq

dt =K-Cca Chcoz =K-Kq 107P" *Cca -Ccoz’ (1)

K — kinetic constant CaCO3 formation determined by special research for water of projected CCS;

K1- CO; hydration constant.
Substituting (11) in (10) we obtain,

V

lo=1-—— . K-.C .C =

st Gf 'CCao Caoo HCO300 ’ (12)
1 1

1+0-Tf ‘K-Chcozoo 1+ Te - K-Chcozoo

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 Cpcoszoo 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 Tf or Te using the same means; reducing K constant using solid CaCQO3;

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

1 (13)
K-V-Chcosoo
Kev *A(m) - Ne

lst (Ne, ¢, M, K, Koy, Clcoson) =

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 lst growth, on the contrary, in cold weather when

Kev:A(1n)-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 Fig. 2. Dependence of stability index on effici-
electric load. Curves 1...5 correspond to ency. Values of other parameters are unchang-

Kinetic constant value K (1,1; 0,55; 0,37; eable.
0,28; 0,22)-10“*m?®/g-ion/h. Meanings of
other parameters are given above.

Let us accept: Ne = 4x300 MW; (,=3.5; V =240:10°m3; K = 1.1-10* m?*(g-ion)-h.; Ccao

= 0.7(g-ion)/m®, Cucoseo = 7(g-ion)/m3, A(n) = 6-10*
m3/MJ.

Based on this data we obtain from (8) and (13)
the dependence of Ist 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 Ist behavior
corresponds to @, V and Chcoseo changes.
Dependence of lg; on gross efficiency of the plant is
shown in fig 2. The reduction of st 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 CaCOj3 formation rate is
determined on the basis of the law (11) by using
quasiequilibrium meaning for Ca?* which is obtained
from (6) at dCcs/dt—0 and taking (11) into account.
The result is presented in the expression
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Fig. 3. Dependence of solid CaCO3
formation rate on electric load. Curves 1...5
correspond to Kkinetic 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-Ccao - CHcosoo - (14

1+ (@—1)- K-V -Chco3so0

Kev -A(M) - Ne
Calculation by (14) formula with the same parameters as in fig. 1, is shown in fig. 3.
Maximum solid CaCQ3 formation rate corresponds to maximum kinetic K coefficient, fig. 3 curve
1. Besides, units operation with maximum load favors the increase of solid CaCQOj3 formation rate
This growth is of the same nature both for stability index, see expression (13) and solid CaCO3;
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
CaCOQOj3 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,p,n,K,Ke,,Ccao: Crcosoo) =

-3 -3
1.3x10 . . 1.4x10 -
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Fig. 4. Dependence of solid CaCOs 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 CaCO3 formation
minimization and CCS operation regime. That is, to create the prerequisites for automation of the

process of solid CaCO3 formation control under the dynamic conditions of power units operation.

Bonaa i BogoouncrHi TexnoJorii. Haykoso-rexniuni Bicti-Ne2(23) 2018 33



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 Cycos
concentration applying acidification. Formulas (13) and (14) allow calculating necessary doses and
developing procedures to achieve projected stability and control solid CaCOs formation rate.

4. To minimize solid CaCQOj3 formation at CCS it is necessary to achieve maximum CW

stability; minimize calcium concentration in feed water and to operate units at low evaporation Key
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

CaCOg3 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 CaCQO3 formation.

7. For safe forecast of CW stability of new plants it is necessary to do experimental research
for identifying the law of solid CaCOs 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 CaCOs3 Y BOJAX OBOPOTHUX CUCTEM OXOJIOA KEHHSA
EJJEKTPOCTAHIIN B YMOBAX 3MIHHOI'O EJIJEKTPUUYHOT'O HABAHTAKEHHSA

B. 3. Koumapcbknii, B. O. MeabHuk

HamnionanbHuil yHIBEpCUTET BOAHOTO TOCIIOIAPCTBA 1 TPUPOJOKOPUCTYBAHHS,
®i3uKO-TeXHOJIOT1UHA JTabopaTopis BogHKUX cucteM. PiBHe, V.z.kochmarskii@nuwm.edu.ua

AmHanizyeTbcsl MIBUAKICTh BUJUIEHHS KapOoOHATy Kanblito 3 060opoTHOI Boau (OB) cucrem
OXOJIOPKEHHS €JIeKTPOCTAHIIIN 3 rpafupHIMH Ta CTYMHiHb CTaOUIBHOCTI TaKMX BOJ IPHU 3MIHHOMY
€JIGKTPUYHOMY HaBaHTa)KE€HHI. B OCHOBY aHami3y MOKIAaAeHO 3B'A30K MK MOTOKaMH O0OOPOTHOT
cucrtemu oxonomxeHHs: (OCO), 30kpemMa MiDKUBICHHS, BUTIAPOBYBAHHS Ta MPOAYBKH, SKUU € 3a
yMOBH cTajioro BogHoro 06’emy OCO Ta 3ajeXHICTh OTOKY BUNIAPOBYBAHHS BiJl HABAHTA)KEHHS

Bonaa i BogoouncrHi TexnoJorii. Haykoso-rexniuni Bicti-Ne2(23) 2018 34



OstokiB. Lls1 3a/mexXHICTh TPYHTYETHCA Ha TOMY, 110 OCHOBHHUM KaHAaJOM PO3CIIOBaHHS TeIlIa IMicCIs
napoTypOiHHMX YCTAaHOBOK € BHUIIAPOBYBAaHHS BOJIM B TpagupHAX. Y KBa3ipiBHOBAXHOMY
HAOMMKEHHI OTPUMAaHO 3araJbHUN BUpa3, SKUM BCTAHOBIIOETHCS 3B'SI30K MDK HIBUAKICTIO
BUJUICHHS KapOoHaTy Kaublilo Ta iHmekcoMm crabinpHocTi OB. Ll 3anexHicTh J03BOJISIE
pO3paxoByBaTH CTyMiHb cTabiIbHOCTI OB miis Oyap-sakux mozenel kinetnku BuauieHHs CaCOs3 Ta
OTPUMYBATH BIJNOBIJHY BEIMYMHY IIBHIKOCTI BHIUICHHS. [loka3zaHo, M0 MIBUAKICTh BUAUICHHS
CaCOgs, npsMo MpOMOpIIiHHA SICKTPUIHOMY HABAHTAKCHHIO €JICKTPOCTAHIIT; KOHIIEHTpAIlil 10HIB
Ca?" y BoJIi MiUKMBIIEHHS, TA YAaCTIi BiANpPalbOBAHOTO TEIUIA, IO PO3CIIOETHCSA BUIAPOBYBAHHSIM;
Hocsaraytn MakcuManbHOi crabinpbHOCTI OB mns manoi OCO MoxHa: poOOTOH TMPU Majux
CTYNCHSX KOHIIEHTPYBAHHS COJIeH, IO 3a0e3MedyeThcs PEryIIOBAaHHSIM BUTPAT MiKUBICHHS 1
MPOJYBKH, BHUKOPUCTOBYIOUM 1HTIOITOPHM, Ta 3MEHIIYIOYM KOHIIEHTpalito OikapOoHaTIB
niakucneHHsM. OTpumani B poOOTI BUpPa3W, J03BOJIAIOTH PO3paxyBaTH HEOOXiAHI JO3M Ta
pPO3pOOUTH TPOIEAYPH JUIsl JOCATHEHHS 3aJaHOl CTAaOUIHPHOCTI 1 KOHTPOJIIOBATH IIBUIKICTH
BuaiieHHss CaCOs. 3ampomoHoBaHa B CTAaTTI METOJHMKA J0O3BOJIIE TPU IMPOEKTYBaHHI HOBHX
eHepro0JIoKiB (CTaHIii) poOUTH KiIbKICHHI mporHo3 crabinbHOCTI OB Ha miacTaBi AaHUX TPO
SKICTh BOJM MICIIEBOTO JDKEpEIa )KUBJICHHS Ta OOIPYHTOBYBATH BUOIp ONTUMAIIHUX 3aXOJIiB IIOA0
MmiHiMizamii mBuakocti BuauieHHs CaCOgz. Jlns HaxiliHoro mporHosy ctabimpHOcTi OB HOBHX
CTaHIII HeOOXiHI eKCIIepUMEHTaIbHI JOCIiKeHHS s ineHTudikamii 3akony BuaiteHHs CaCOa.
HaBezneni B po0oTi BUpa3u MOXYTh TaKOXX OyTH MPUNHATI 32 OCHOBY MHpPU TEXHIKO-EKOHOMIUHIN
onTuMi3alii mpouecy MiHiMi3alii BigkiIaaeHb Ta pexumy ekcruryatanii OCO i 3MiHHUX PEXKUMIB
poOOTH CTaHII}, a TAaKOXK MPU PO3poOIIl MaTMOAENEH /Il aBTOMAaTH3allll MpoIlecy KOHTPOIIIO0 HaJ
BiJIKJTaICHHSIMU 32 TAKHX YMOB.

Knrwowuosi cnoea: obopomna 6ooa; inoekc cmabinibHOCmi; meepoutl KapOonam Kaibyiio,

WEUOKICMb 6uaiﬂ€HH}l,' CIIEKMPUUHE HABAHMAINCEHHAL, nomik 6UNAapoB6y6aHHAL.

BBIIEJIEHUS TBEPJIOI'O CACO: B BOJJAX OBOPOTHBIX CUCTEM OXJIAKJIEHUSI
SJIEKTPOCTAHIIUM B YCJIOBUSX NEPEMEHHOM SJJEKTPUYECKON HATPY3KH

B. 3. Koumapckuii, B. A. MeabHuk

HannoHanpHBI YHUBEPCHUTET BOJHOTO XO3SIMCTBA U IPUPOAONOIb30BaHus. DU3HKO-
TeXHOJIOrn4eckas Jaboparopust BOIHBIX crucTteM. PoBHo, Vv.z.kochmarskii@nuwm.edu.ua

Hccnenyercs CKOpOCTh BBIJIEIEHUSI TBEPAOro KapOoHaTa kanblusg Dve ¢ 000poTHOW BOABI
(OB) o6opotHoit cuctem oxnaxiaeHus (OCO) 5>IeKTpOCTaHIUM C TpagUpHAMH U CTENEHb
CTaOUIIPHOCTH TAaKHX BOJ IPU MEPEMEHHOW 3JEKTPUUYECKOM Harpys3ke. AHalIM3 OCHOBAaH Ha CBSI3U
Mexay norokaMu OCO: NMOANUTKH, UCHAPEHMS] U MPOAYBKH, CYIIECTBYIOUIEH IpPU MOCTOSHHOM
BogHOM 00beMe OCO U 3aBUCHMOCTHU MOTOKA UCMAPEHUsI OT Harpy3ku OJIOKOB. DTa 3aBUCHUMOCTh
OCHOBaHa Ha TOM, YTO OCHOBHBIM KaHAJIOM pacCEMBaHUs TEIUIA MOCIe MapOTYpPOMHHBIX YCTAaHOBOK
ABJIIETCSl MCIIApEHUE BOJbI B TpajupHAX. B KBazupaBHOBECHOM NPUONIMKEHHH IOJIy4E€HO 0O0lee
BbIpa)KEHUE, KOTOPHIM YCTaHAaBJIMBAETCsS CBsA3b MexAy Dve u mHaekcom ctabunbHoctH OB. Ota
3aBHCHUMOCTh TO3BOJIIET paccuuTaTh CTeNeHb cTabuibHOCTH OB 1S MpOM3BONBHBIX MoOJenel
kuHeTuku BolIeneHus CaCO3 M MOdy4uTh COOTBETCTBYOIIYIO BennuuHy Dve. Ilokazano, uro
ckopoctb  BbieneHuss  CaCOsr, MNOpAMO  HNPONOPUMOHANIBHA — DJIEKTPUYECKOW  HArpyske
3NIEKTPOCTAHIINN; KOHIIeHTparuu HoHoB Ca?* B Bojie MOANHUTKY, ¥ YaCTH OTPpabOTaHHOTO TeIIa, YTo
pacceuBaeTcs  HCIIAPEHUEM;  AHTUIPONOPIUOHAIbHA  HWHAEKCY  CTa0WIBHOCTH;  0OpaTHO
nponopuroHaigbHa BogHoMy 06beMy OCO u cpennemy KITJI ctanuumu.

KioueBbie cioBa: o00pOTHAs BOJA; WHIAEKC CTAOMIBHOCTH, TBEPJIbI KapOOHAT KaJbIIHS;
CKOPOCTb BBIJIEJIEHHUS; IEKTPUYECKasl Harpy3Ka; OTOK UCIIApEHUSI.
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