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conductivity factor of less than 1 W/(m-K). Deposits of such kind
with the thickness of (1.0-1.5)mm reduce thermal conductivity of the walls of piping systems more
than ten-fold though outside they seem to look quite secure. Deposits begin their formation mainly as
calcium carbonate where microorganisms are fixed at. The example of turbine condensers shows
how deposits reduce the efficiency of steam turbine units. Intensity of deposits formation and their
growth are determined by the quality of cooling water and water mode of circulated cooling systems
operation. Nowadays, while developing suggestions for deposits minimization, stationary mode of
CCS operation is considered. However, the mode of CCS operation is changeable in time due to
scarce water resources. The mode of CCS operation with variable water volume is considered in the
work. It is shown that at V= var — CCS filling two variants of dependence of salts concentration on
time are possible — their increase and decrease. In general, the operating mode of CCS (with respect
to water flows) is described by three different dimensionless parameters that are interconnected.
Regulatory documentation (SBC B.2.5-74:2013), on the requirements to quality of cooling water and
water exchange mode uses models based on assumptions about stationarity of the process and the
constant CCS water volume which is not always true. Therefore, the predictive reliability of such
documentation is questionable.
Key words: circulated cooling systems, salts concentration, deposition, CCS water volume,
water exchange mode.

In Ukraine, one of the largest consumers of water are thermal and nuclear power plants (TPPs
and NPPs), almost 90% of which use circulated cooling systems (CCS). One of the features of CCS
that is associated with their function is the evaporation of water. The consequence of evaporation is
the concentration of salts in circulated water (CW), which leads to the formation on the technological
surfaces of low soluble compounds, in particular, calcium carbonate. Deposits have a coefficient of
thermal conductivity ten times lower than structural materials and reduce the coefficients of heat
transfer of thermal engineering systems, resulting in losses of heat, water and reagents and reduction
of the efficiency of enterprises in general [1-5]. For example, depending on the conditions deposits
with a thickness of Imm cause energy over-consumption by (4...15)%.

Systematic counteraction to the deposition and optimization of the operating mode of the CCS
requires understanding of the physical and chemical processes occurring in the technological cycle
of CW and physically transparent and adequate mathematical models of these processes. Existing
models [1-3] of salts concentration in CCS do not take into account the features that accompany the
formation of deposits and unsteadiness associated with changes in CCS water regime, in particular,
changes in volume, imbalance of water exchange flows and seasonal changes in feed water quality.
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The main elements of CCS (Fig. 1) are the water source, the water supply system, the pumping
stations, the coolers (cooling towers, spray pools or ponds) and technological heat exchangers. The
water heated in technological heat exchangers is cooled, for example, in cooling towers, by
evaporation and convective heat exchange, and is returned to the system due to heat dissipation in the
environment.

Gir Gev Geo:
Fig. 1. Diagram of the CCS: 1 - cooler
(cooling tower); 2 - circulation pump;
3 - technological heat exchangers; 4 -
cooling tower pump; 5 - water supply

5 4 5 system; Ggr - cost of drop flow; Gey -
/ 5—( Go / evaporation cost; Gyl - the cost of
¢¢¢ — / controlled blowing; Gr - the cost of

1 G 2 3 T feeding; Go — cost of circulation flow,

/Gy l all costs in m*/h, Geoz - cost of carbon
—\_— ::_—_é_E_. dioxide from CW, mol/h,

The purpose of the work is to develop a dynamic model of concentration of soluble and low
soluble salts in order to reduce calcium carbonate deposits in the waters of CCS, which is an urgent
scientific and technical task.

According to [6] the relative costs of the main CCS flows are denoted as

5 =100-gf,- PI=100-%,- P=100-—% P,=100-2*,

0 0 0 G, (1)

P;...Ps costs are normalized by [6, SBC .2.5-74: 2013]. According to the results of studies
[1,2,6,7] they should be within P; = 1,0... 1,5%, P> = 0.1... 2.5%, P3 = 1,0... 7,0%, depending on
the type of CCS and the method of regulating the stability of the CW. It is worth noting that in [6]
stationary modes of CCS are considered, whereas today, due to acute water shortage, such modes are
rather the exception than usual.

The total salt content of CW is determined by the balance of salts introduced by the feed water
and their removal from the system by blowing. Salts are also carried out by filtration and drop flows.
Evaporation does not change the total amount of salts, but affects their concentration in CW.

Let us denote the effective blowing of the Py

Py =P>+ Ps3. (2)

The losses of CW are compensated by feed water, the relative flow of which in the case of

constant water volume (not always recognized by staft and researchers) is as follows:
Pf=P€V+Pbl. (3)

The costs of feeding, evaporation and blowing are characteristic values, they are called the
parameters of the water regime.

The concentration of salts in the CCS compared to the initial one of feed water is increased in
the CW cycle. These changes depend on the solubility of the salts, the physical and chemical
processes along the CW path, the phase-dispersed state of the impurities, as well as the water regime
of the system. In addition, salt concentrations depend on the time elapsed since the start of the process,
the dynamics of the main flows of the system and the concentration of salts in the feed water. In
general, the concentrations of soluble salts in CW are normalized by the boundary acceptable
concentration of salts. The components coming with the feed water to the CCS are divided into two
groups [2,5]:

1) soluble, which do not precipitate under any technological process modes (these are salts of
strong acids, for example, KCl, NaCl, CaCl,, MgCl,) - they are often called tracers [2];
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2) low soluble components, which under certain conditions of operation of the CCS undergo
physical and chemical changes, for example, precipitate (CaCOs, CaSO4, Mg (OH),, FeCOs, Fe
(OH)3), and form deposits. The term scale forming substances is used for them.

Thermophysical properties of some types of deposits are presented in table 1.

We draw your attention to the data in Table 1, from which it follows that jelly-like organic and
silicon deposits are more dangerous in reducing the heat transfer coefficient of heat exchangers than
solid carbonates, since their thermal conductivity coefficient is 1.5 - 2.5 times smaller than carbonate
ones. The components of the second group lead to contamination of the surfaces of the waterway.

Table 1. Thermophysical properties of deposits [8]

Thermophysical Thermal Heat Density,

properties conductivity, capacity, kg/m’
W/(m -K) kJ/(kg'K)

Types of deposits
Dep0§1ts of the CW of cast iron casting 13 0.9 1830
machines
Deposits on the surface of the pipeline
of the ESPC-20VG furnace 1,27 0,88 2280
Deposits in the tubes of the condensers
of the thermoelectric plant 1,29 0,88 2230
Deposit after phosphating 0,91 0,83 1670
Deposits of protective carbonate film 1,3 0,91 2380
Deposits in the gas pipeline 1,12 0,84 1800
Deposits after hydrocyclones (h/c) of 132 0.9 2707

gas cleaning of blast furnace (g/c of BF)
Slime of evaporated water g /c of BF 1,31 0,63 1570
Deposits after h/c of the CW supply

cycle. g/c of BF with k =5.26 1,32 0,91 2736
Solid carbonate deposits 2,1 0,99 2380
Mucous deposits of organic nature 0,82 3,46 1107
Jelly deposits of silicon-organic nature 1,08 3,90 1236
Deposits after h/c of the CW supply 1,34 0.88 2698

cycle of the sinter factory with k = 2,62

Due to the fact that the deposits have a coefficient of thermal conductivity ten times lower than
that of structural materials (for boiler steel St-20 4 = 54.3W/(m-K), for material CuNiFe 5-1 4 = 135,
and deposits (0.7...3.5)W/(m'K)), even its thin layer can reduce by several times the heat transfer
coefficient and the efficiency of power plants. Organic mucous deposits with thermal conductivity of
A =(0.7... 1.2)W/(mK) are particularly dangerous. Therefore, their layer of ol = (0.5...1.3)mm
thickness is equivalent in terms of losses of the coefficient of thermal conductivity on the layer of
carbonate deposits of (0.75...3.2)mm. The coefficient of thermal conductivity of the wall of /,
thickness, which is covered with a layer of scale d/,., is given by the expression [9]:

_ Aoy 4

lW +5ZSC ZW +A5[SC . i

NE
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The calculation by (4) is shown in Fig. 2.
We can see that deposits with a thickness of /mm result in a decrease in the thermal conductivity
of the wall more than /0 times.

S5, &0
a0
A0
Ay 30 Fig. 2. Dependence of the thermal
\ conductivity of the heat exchanger
» \ wall of steel-20, Ay = 54.3, covered
10 with scale of Asc = 1.7W/(mK), of the
S~ x mm thickness.
20710 g 1 2 3 4 5
u] H

Contamination of the pipe system (PS) of the turbine capacitors (TC) with deposits causes the
temperature increase in the condensers vapor space and, accordingly, the pressure therein. The
temperature #(J) in the steam space of TC with PS covered with deposits with thickness ¢ is calculated

by [9],

t) -t ik,
t(5):t2'1+(1—t—1j- TN )

2

t; - CW inlet temperatures; > — outlet temperatures from TC; #,” - is the temperature in the
vapor space of pure TC; o, 4 are the thickness and thermal conductivity of the deposits layer; Ky is
the heat transfer coefficient of pure TC. The temperatures ¢; and ¢, are interconnected,

520 G,
At=t,-t, =", m=—, (6)
m Dy
m - is the multiplicity of cooling; Dy - steam consumption in TC, kg/s.
The result of the calculation of the temperature increase oty in the steam space of the TC of K-
300-240 unit, depending on the thickness of deposits, provided that the coefficient of heat transfer of

pure PS of the TC Ky = 3300W/(m*- K), . = 1.5 W/(im:K), t> - t; = 12°C is shown in Fig. 3.

4 t
Atst, OC /
1 //
15
/
il ]
//
5 — Fig. 3. Dependence of temperature increase, otst,’C,
A, m in the steam space of TC on the thickness A of
0 deposits on the pipe system.
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It can be shown [9, 10] that the approximate dependence of K(9) has the form
0
K@©)=K,/(I+K, z) (7)
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The dependence K(0) for the TC of the K-300-240 unit is shown in Fig. 4.
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kN Fig. 4. Dependence of K(d) on the
A0S thickness of the deposits §, m. For
ot \ \\\ curves  /..4, deposits thermal
- \\\ R _\ 1l 4 conductivity A = 0.5; 1.0; 2.5 and 3.5
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e e T e T |
I s s e -=--0,m |
0 =107 7 2107 2 Er i =107 7 Sw10 7

We can see (curve 2 in Fig. 4), that a layer of /mm thickness with a thermal conductivity of
1W/(m-K) reduces the heat transfer coefficient by 4./ times.

This results in pressure increase in TC and the efficiency reduction of the unit [9,10]. According
to Fig. 3 and the tables of the saturated steam state we find the interpolation dependence of the
pressure in the TC on the thickness of the deposits,

P2(5) = 107-[13.039-0.68-(5) + 0.0133" t(5)°] MPa. t(5) = 30 + t, °C. (8)

According to this dependence, the loss of gross electric efficiency of K - 300-240 unit from the
thickness of deposits was calculated. The result is shown in Fig. 5. It can be seen that =/mm thick
deposits, which are considered acceptable by operating personnel, reduce the efficiency by 7.5%,
which results in power loss of ~/3MW for the 300MW unit.

i

0005 An

001 k\e\‘

o ™ Fig. 5. Dependence of change of electric efficiency of K-

-0 300-240 unit on the thickness of the layer of deposits 0
L on the pipe system of TC. It should be noted that the

s ) thickness of the deposits of /mm reduces the efficiency

8, M ™ of the unit by ~1.5%,

-0.03

0 2t e et sw® oo omiz noma  ooms

During the operation of CCS, it is important to know the concentrations of soluble and low
soluble components at a certain period of time to predict their evolution and to correct the rate of
growth of deposits and inhibition of corrosion processes. To do this, it is necessary to establish the
dependences of the concentration of salts on time and to determine the parameters (mode factors) that
are decisive for the change of concentrations compared to the initial ones.

The differential equation for soluble components has the form [2],

dM =Cy-(g,+4, +; Mt =C-lg, +g; ), q,.:liooo. P ©)
where dM is the change in the amount of salt in the system during dt; Cy - salt concentration in feed
water; C - is the concentration of the same salt in circulating water at time .

In [2] it is assumed that the total amount of salt in the system M(kg), the volume of water V'
(m?), the total turnover Go(m>/h) and the duration of one cycle T(h) are connected by the relations: V'
= Go'T.

Note that (9) corresponds to the taciturn assumption of a homogeneous distribution of
concentrations of circulating water components (perfect mixing) and of the constancy of the water
volume of the CCS and the CW consumption.
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The solution (9) is known under the specified conditions [2],

cw=c, —c,—1 .exp(—M.tj, C. =C, -(1+Lj’ (10)
P+P, T B+P,

Ciim - limit (t— o) concentration of soluble salt (tracers).

To characterize the relative change in the concentration of salts in CW compared to the feed
water, a parameter called the salt concentration coefficient & is used and referred to as k(z) = C(t)/Co,
Cy - the concentration of salts in the feed water. Then in terms of k& (2), relationship (10) takes the
form

Pt . P

ko) =k, —(k, —1)~exp[—k—l-?]’ by, =m0 =1+ : 3 (1)

Note that kii» under conditions of CCS constancy of water volume of is equal to the evaporation
coefficient of CW ke, which in [6] is defined as:

k,, =1+ b :1+&' (12)
B+P B

It is important that k(?) and k., are two different parameters that characterize the operating mode
of the CCS.

Only when equilibrium is reached in the CCS, or it operates in the stationary regime they
become equal, k(t — %) = kiim = kev.

We model the CCS regime with variable water volume by accepting:

- all flows are constants in time;

- CCS operates in the mode of gr= 0, that is, emptying.

The equation of the change of salt mass in CCS for this regime is the following:

zp_l

dM(t)=—C-q,, - dt (13)
at gev + g = Const CCS water volume is changed linearly in time,
V(t) =Vo- (Qev + le)'t = VO(I - t/Tem), Tem = VO/(Qev + le), t>1, (14)

then the dependence C(t) takes the form

devy

1
V 9p1t9ev t ) JO LI
C(Z‘)ZCO’( 0 \] :CO.[]_—J dev (15)

Vit) T

cm
Tem - the time of emptying during which the CCS is dried over all channels, including
evaporation.
Dependence of the concentration coefficient on time is

V 14981
k( t ) = k | —L dev 16
"\ V) : (16)

It is obvious that 75 > 7em; ko = k(0). The calculation of k(z) is shown in Fig. 6. From the figure
we can see that during the mode of emptying (draining) (gr = 0) at ar constant speed, dV/dt = Const
< 0, salts in CCS with small changes in volume are concentrated according to a linear law: the more
intensive is the concentration, the greater is the water consumption for evaporation.

52



[J

k(1)

1.8 o

1.6 A
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The mode of filling the CCS with a constant feed water supply is modeled similarly to the mode
of emptying. The change in the amount of salts in the CCS is expressed by the equation:

dV(t)-C(1))=Cy-q, -dt —C(t)g, - dt (17)
When a CCS is filled with constant ¢y its volume is increased by the law,
dv + +
U T e = = Const V)=V, +q(t-1,) (18)
Combining (17) and (18), we obtain the equation for C (t),
dcC
= (¢-C,-C). (19)
dt oV
@ 1s a dynamic (mode) CCS parameter that we introduced in [9],
. . k *
R U My . A 7 0
9y -9ev  9u 14 ]—i—q— qp v 49w
qp
The solution (19) under the condition of (18) is given by the expression:
I }
_ . _ Vo |1 fer _Cy) V. 21
Ct)=k(t)-C,; k()= ¢- ((p-ko).{V_m} .k, = 1, = t>1, (21

As we can see from (21), the difference between k(z) and k.., is clearly evident in CCS operating
in non-stationary modes with variable water volume or variable CCS flows. Having denoted y =
ge/qni, z = q " /qn, and x(t) = V(1)/Vy, we calculated k() for different parameter values, see. Fig. 7. It
is important that depending on the value of &y, the concentration coefficient k(¢) with volume growth
can be both decreased and increased.

Critical to the behavior of k(?) is the relation between &y and ¢. If ¢ < ky, this condition is true
for curves 1 and 2, then k(2) with volume filling is reduced.

The values of the regime parameters that reduce the concentration of salts are calculated by
(20). On the contrary, if ¢ > ko, see curves 3 and 4, then k(?) is increased and even an increase in the
CCS water volume does not allow a decrease in salt concentrations.

53



k(y,z,kio,x)
2.5 .
N 1 __}--=-"1 Fig. 7. Dependence of the coefficient of
2 \_.__‘\ — ML concentration (21) in the mode of filling
2'_ ] with a constant rate of relative change of
15 P R e o——=—oo volume x = V (1)/Vo) at values - curve 1:
L3 (0.3,0.5,3; x), curve 2: (0.3;1;2; x), curve 3:
1 '_,' | (0.2, 2; 0.5, x), curve 4: (4, 1, 0.5, x).
_r' I L L =
0.5%==
1 1.2 1.4 1.6 1.8 2

These features should be taken into account while manipulating flows to control the degree of
concentration of salts in CCS.

Formulas (16) - (21) represent the procedure for calculating the desired degree of concentration
of salts and the values of flows that provide it.

Expression (21) indicates that, in general, the operating mode (with respect to water flows) of
a CCS is described by three different dimensionless parameters £, k., and ¢, which are interconnected.
It follows from (20) that in the case of constant water volume (¢° = 0) the parameters ¢ and ke,
coincide. In the same case, when the CCS approaches the equilibrium, then k — ke, — ¢.

Therefore, dependence (21) simultaneously shows the relationship and emphasizes the
difference between the parameter ¢, the concentration coefficients of salts £ and the evaporation of
kev, which are often confused in the scientific works. These coefficients are the same for CCS that
operate with a constant water volume and are in equilibrium or stationary states.

Summary

1. The main problem associated with the operation of CCS that use untreated (raw) water is the
deposits that occur on technological surfaces, in particular, on TC 0f power plants. They reduce the
intensity of heat transfer and disrupt the technological processes.

2. The formation of deposits is mainly connected with the concentration of salts in the
circulating water due to its evaporation. It is possible to reduce the intensity of deposits due to water
evaporation by applying reagent treatment or pre-treatment of feed water (for example, by
clarification) to such concentrations of scaleforming substances in it that k.,"Cyp < C., Cer - the
concentration [5, 10] at which deposition begins.

3. The example of TC shows how deposits affect the vacuum in the steam space of the TC, and
thus reduce steam turbine unit efficiency and reduce power generation at condensing power plants.

4. It is shown that at V' = var - the mode of dehydration, the concentration of salts in the CCS
is always increasing, but in the mode of CCS filling, two variants of dependence of the concentration
of salts on time are possible. If ¢ < ko, then the concentration of salts is decreased at filling, and if ¢
> ko, on the contrary — it is increased. This feature should be taken into account while regulating
water flows.

5. Generally, the operating mode of CCS (with respect to water flows) is described by the
dimensionless parameters k(?), k., and ¢@(?) that are interconnected. In the case of constant water
volume and mode parameters, the values of ¢ and k., coincide. As the CCS approaches the
equilibrium then k£ — key — ¢.

6. Today, regulatory documents [6] use models of water exchange based on assumptions about
the stationarity of the regime and the constant volume of CCS, which is not always true. Therefore,
the predictive reliability of such documentation is questionable.
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KOHIIEHTPYBAHHS COJIEH TA BIJIKJIAJIEHHSI
B CUCTEMAX OXOJIO[’)KEHHS EJTEKTPOCTAHIIIA

Koumapcoknii B.3., Ky6a B.B.
HamionansHuii yHIBEpCUTET BOAHOTO rocnoapcetsa i mpupoaokopuctyBanas (HYBI'TI), m. Pisne.
Di3UKO-TEXHOJIOTIYHA JTabopaTopisi BOIHUX cucTeM. v.z.kochmarskii@nuwm.edu.ua

AmnanizyeTtbes poboTa 060poTHHX cucteM oxoiopkeHHs (OCO), yMOBH YTBOPEHHS TBEPAUX
BIJIKJIAJICHb Ta iX BIUIUB Ha KOEQIIIEHT TEIUIonepeaadi TEII0OOMIHHUKIB. 3BEpTAEThCA yBara Ha
0CcO0JIMBY HEOE3MeKy CIM3UCTUX (MEPeBaKHO OPTaHIYHUX) BIAKIANEHB, IIO0 MAIOTh KOCQIIIEHT
teronposigHocTi MeHmmK Bix 1BT/(M-K). Bigknagenus takoro tumy TOBIIMHOK Bchoro (1.0-
1.5)MM 3HIKYIOTH TEIUIONPOBITHICTD CTIHOK TPYOHUX CHCTEM OLIbII HIXK Y I€CATH pa3, Xoda 330BHI
BOHU BUIJIAJIAIOTH 30BCIM Oe3neuyHuMH. [lepeBakHO BiAKIAACHHS MOYMHAIOTH (OPMYBATHCS Yy
BUTJISIII KapOOHATY KaJbIIIO Ha SIKUI 3aKpIIUISIOThCA MiKpoopraHnizMu. Ha npukiaai KoHIeHcaTopiB
TypOiH TMOKa3aHOo, sIK BinkianeHHs 3HWKYIOTh KKJI mapoTypOiHHHMX yCTaHOBOK. IHTEHCHBHICTH
YTBOPEHHS 1 pOCTY BiJIKJIa/IeHb BU3HAYAETHCA SKICTIO OXOJIOAHOI BOJU T4 BOJHUM PEKUMOM POOOTH
OCO. Ha cporomHi, nmpu po3poOIill peKOMEHAAIIN 100 MiHIMI3allli BiAKIaACHb, PO3TISIAIOTH
crauioHapHui pexxum podotu OCO. IIpote, B OcTaHHI pOKH BHACTIAOK Ie(IIIUTY BOIHUX PECYpCiB
pexuM pobotu OCO 3miHHMHM y yaci. B poOOTi po3risgaeThest peKUM POOOTH CUCTEM OXOJIOIKEHHS
31 3MiHHMM BOAHUM 00’ emMoM. [Tokazano, mo mpu V = var - HanioBHeHHI OCO, MOKJIMBI 1Ba BapiaHTH
3aJICKHOCTI KOHIIEHTpAIIIH CoJIel Bi 4acy — iX 301IbIIIEHHS Ta 3MEHIIIEHHS. 3arajoM PeXuM poOOTH
OCO(1mo10 BOAHMX TOTOKIB) OMMUCYETHCS TPhOMA PI3HUMH O€3pO3MIpHHMH TapaMeTpaMmH, SKi
3B’s13aHI Mk coboro. HopmaruBHa nokymenTartis (JIBH B.2.5-74:2013.), mo perymtoe BUMOTH J0
SKOCTI OXOJIOMHMX BOJ Ta PEXHUMIB BOJOOOMIHY BHUKOPHUCTOBYE MOJENI, IO TIPYHTYIOTHCS Ha
JIOTYIIEHHSX PO CTAIIOHAPHICTH MPOIECY Ta MOocTiHHOMY BogHOMY 00’eMi OCO, 1m0 HE 3aBKIU
BifnoBigae AiiicHocTi. ToMy MporHocTUYHA HAIHHICTh TaKOi TOKYMEHTAIlli CyMHiBHA.

Kiro4oBi cjioBa: 000pOTHI CHCTEMH OXOJIOJDKEHHs, KOHIIEHTPYBaHHS COJIECH, BIAKIAJACHHS,
BoaHUI 00’ eM OCO, pexum BoJOOOMIHY.
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KOHIIEHTPUPOBAHHWE COJIEHN U OTJIOKEHUS
B CUCTEMAX OXJAXKIEHUS DJEKTPOCTAHIIUA

Koumapcoknii B.3., Ky6a B.B.
HannonanbHBIN YHUBEPCUTET BOJHOTO X03siicTBa U ipupozonoas3oBanus (HYBXII), r. Pusno.
DU3UKO-TEXHOJIOTHUECKas TabopaTopHs BOAHBIX cucTeM. v.z.kochmarskii@nuwm.edu.ua

Ananuzupyemcs paboma obopomuwvix cucmem oxaadxcoenus (OCO), ycnosus obpazosanusi
MeepobIX OMJIONCEHULl U UX 6IUsHUe HaA Kodpduyuenm menionepedauu menioo0OMeHHUKOS.
Obpawaemcs HUMaHUue HA 0COOEHHYIO0 ONACHOCIb CIUUCMBIX (NPEUMYUECMBEHHO OP2AHUYECKUX)
omodiceHull, ¢ Koaghpuyuenmom menionposooHocmu menvwium om IBm/(m-K). Omnooicernus
makozo muna moawurou eceeo (1.0-1.5)mm cuudcarom menionpo8oOHOCHb CMEHOK MpPYOHbIX
cucmem Oonee uem y Oecsimsb pas, XOms GHeUwlHe OHU BbleAOSAM COBEPUIEHHO 0e30NACHbIMU.
IpeumywecmeenHo OmMAONHCEHUS HAYUHAIOM DOPMUPOBAMbCA 6 6ude KapOoHama Kaaibyus Ha
KOMOPOM 3aKpeniaiomes Mukpoopeanusmul. Ha npumepe koHoencamopog mypouH nokasamo, 4mo
omaodrcenus chudxcarom KK/ napomypounnvix ycmanogok. MumencusHocms 00pazoeanus u pocma
OMJI0JHCEHUL ONpedensiemcs Kauecmeom oxaaxcoaroueil 600vl u 600HbiMm pedcumom pabomor OCO.
B nacmoswee epemsa npu pazpabomke peKOMeHOAYUl N0 MUHUMUZAYUU  OMIONCEHUL,
paccmampusarom cmayuonapHulil pexcum pabomer OCO. Ho 6 nocneonee epems, eciedcmeue
oehuyuma 600HwIX pecypcos, pedxcum pabomsi OCO npeumyujecmeenHo nepemennbiii 60 6pemMeHuU.
B pabome paccmampusaemcs pedxxcum pabomsl cucmem OXAAHCOEHUS C NePeMeHHbIM B0OHbIM
obvemom. Ilokaszano, umo npu V = var - nanoanenuu OCO, 803M0HCHbI 08a 8APUAHMA 3ABUCUMOCTIU
KOHYeHmpayuu coaeil Oom 6pemMeHu — ux pocm u ymeHvuieHue. Boobwe, peowcum pabomol
OCO(kacamenvHo  600HbLIX  NOMOKOB)  ONUCHLIBACMCA  MpeMs  PA3HbIMU  Oe3paA3ZMepPHbIMU
napamempamu, CésA3aHHuIMu medxncoy cooou. Hopmamusnas ooxymenmayus ({bH B.2.5-74:2013.),
pezyaupyiowas mpebosanus K Kauecmsy oXaanicoarouux 600 U percumMos8 600000MeHA UCNONb3Yem
MoOenu, 0OCHOBAHHbLE HA NPEONONONHCEHUAX O CIMAYUOHAPHOCMU NPOYecca U NOCMOAHCMEe 800HO20
o6vema OCO, umo ne 6cecoa coomgemcmeyem oeticmeumenvHocmu. I1oamomy npoeHocmuyeckas
HAOeHCHOCMb MAKol OOKYMEeHMAayuu COMHUMENbHA.

Knwueevie cnosa: obopomuvie cucmemvl OXAAHNCOEHUS, KOHYEHMPUPOBAHUE Coel,
omnodicerus, 600Hwll 00vem OCO, pedcum 600000MmeHa.
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