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EVALUATION OF THE PERFORMANCE OF AEROTANKS DUE TO
ADD-ON ATTACHED BIOCENOSIS

Purpose. The research involves the implementation of comparative calculations to evaluate the performance of
aerotanks with add-on attached biocenosis (biofilm). Methodology. For improving the performance of the aerotanks
due to the introduction of an additional load with attached biocenosis (biofilm), the authors constructed the mathe-
matical models that consider the simultaneous oxidation of organic pollutants with suspended and attached bioceno-
sis. Based on these models, the methods were developed for calculating clarification parameters. The authors per-
formed evaluation of the influence of various clarification factors in aerotanks. They proved that the clarification
intensity is increased due to additional elements with the attached biocenosis. Herewith, possible technological and
structural schemes of aerotanks were considered, when the loading elements (nozzles, screens, etc.) are located
throughout the whole volume or more densely and compactly only in its individual sections. Findings. The parame-
ters of effluent clarification from organic pollution in the aerotanks are determined using numerical methods. The
graphs show the significant performance of aerotanks due to the introduction of the additional load with the attached
biocenosis (biofilm). The calculations of the effect of additional loading on the performance of complete-mix aero-
tanks and continuous-flow aerotanks show that the use of immobilized biocenosis can improve the quality of remov-
al of organic pollutants by 2-5 times. Originality. The authors substantiated scientifically the influence of various
factors of wastewater treatment in aerotanks, the efficiency of which is increased due to additional elements with the
attached biocenosis. Practical value. The introduction of research results in wastewater treatment plants can signifi-
cantly improve the quality of the removal of organic pollutants by biological methods. The implementation of the
calculation methods for the proposed dependencies makes it possible to more fully and reasonably take into account
important processes that significantly affect the utilization of organic pollutants and the efficiency of the aerotanks
with the additional involvement of wastewater treatment by the attached biocenosis.

Keywords: aerotanks-reactors; attached biocenosis (biomass); biofilm, active sludge; clarification reactions

Introduction stations in aerotanks [1, 2, 4, 5, 12]. However, the
existing conventional biological purification tech-
nology is characterized by inadequate efficiency
(especially for the removal of phosphorus com-
pounds) and is not always able to meet the set
norms [3, 7, 14, 16, 19, 23].

Therefore, in wastewater treatment plants,
where biological treatment of effluent is carried
out according to the traditional scheme, the im-
portant practical tasks are the issues of improve-
ment of existing technologies of wastewater treat-
ment on the basis of these structures, increase of
their efficiency.

In general, the following solutions are used to
improve the efficiency of aerotanks: the creation of
sites with aerobic and anaerobic conditions of oxi-

Among the most important environmental
problems of the present day, the issue of protecting
natural sources of water supply is of paramount
importance. The discharging of raw and insuffi-
ciently treated wastewater in the surface water res-
ervoirs constantly worsens their condition; these
sources of pollution, as a rule, contain compounds
of nitrogen and phosphorus. Therefore, deep puri-
fication of wastewater is one of the most important
problems for today.

The accumulated experience and scientific re-
search of many generations of specialists prove the
priority of biological methods of purification. To-
day, the majority of wastewater, which is dis-
charged in a centralized way, is cleared at aeration
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dation [2, 13, 21], the use of uneven dispersed ef-
fluent intake [2], the supply of technical oxygen [2,
15], the addition of reagent preparations [2, 15],
etc. It is clear that the improvement of structures
and technologies is delayed by economic factors.
Also currently, the widely used effluent clarifica-
tion method has become the process of simultane-
ous removal of organic pollutants (OP) and nitro-
gen by suspended and attached biocenosis [20, 22].
By their activity immobilized biocenosis consider-
ably exceed the oxidation capacity of suspended
active sludge.

In this case, the loading elements (nozzles,
screens, etc.) can be located throughout the volume
of the aerotanks or more densely and compactly
only in its individual sections.

However, the possibility of evaluating the effi-
ciency of aerotank due to add-on elements with
attached biocenosis (biofilm) requires more com-
plete and advanced mathematical models. Models
that will take into account the processes of simul-
taneous oxidation of OP by suspended and at-
tached biocenosis will allow to reasonably estimate
the influence of various factors of purification in
aerotanks. These processes are associated with the
formation of a biofilm of different thickness and
structure on the surface of the additional loading
(screen) in the aerotank volume [13, 21].

The parameters of wastewater treatment, de-
termined by numerical methods, taking into ac-
count the influence of various purification factors
will give an opportunity to obtain reliable results.
Based on the results obtained, it is possible to
evaluate the effectiveness of the aerotanks through
the introduction of additional elements with the
attached biocenosis (biofilm).

Purpose

The main purpose is to carry out calculations
and obtain a comparative assessment of the effi-
ciency of complete-mix aerotanks and continuous-
flow aeration tanks. Herewith wastewater is treated
due to the additional arrangement in their volume
of loading with the attached biocenosis (biomass)
in the form of a biofilm with a high concentration
of microorganisms.

To achieve this purpose, the following tasks
need to be addressed:

— Provide calculation dependencies and math-
ematical models that allow estimating the influence

of various factors on the simultaneous removal of
organic pollutants (OP) with suspended and at-
tached biocenosis in aerotanks of various
structures, namely in complete-mix aerotanks and
continuous-flow aeration tanks;

—On the basis of the proposed models and
methods of calculation, to conduct an analysis and
evaluation of the influence of the main factors, to
identify the parameters of supply of the required
amount of oxygen to the place of reaction and the
disposal of OP;

— To consider the specific examples for differ-
ent process flow schemes of the location of the
attached biomass reactor and to provide compara-
tive results of studies of simultaneous OP purifica-
tion;

— To substantiate the increased efficiency of ef-
fluent clarification due to the arrangement of the
attached biocenosis in the volume of the aerotanks.

Methodology

Mathematical models were constructed and
methods for calculating the parameters of purifica-
tion [6, 7, 11, 17, 18] were developed for the esti-
mation and analysis of the simultaneous removal
of organic pollutants (OP) with suspended and at-
tached biocenosis in aerotanks of various struc-
tures. In this case, for various hydrodynamic
schemes of aerotanks, namely complete-mix aero-
tanks and continuous-flow aeration tanks. The spe-
cific examples showed and substantiated a signifi-
cant increase in the efficiency of purification due
to the add-on attached biocenosis.

First, let us consider the most advisable from
the practical point of view technological scheme of
a complete-mix aerotank, which consists of two
parts (reactors 1 and 2) [7]. In reactor 1, the OP is
removed only due to the suspended biocenosis (ac-
tive sludge), that is, it works as an ordinary com-
plete-mix aerotank. In the second part (reactor 2),
the OP removal occurs mainly by the attached bio-
cenosis, which is formed at the add-on load, with
the possible consideration, if necessary, of the ac-
tion of the active sludge in the reactor 2. It is be-
lieved that the biochemical oxidation process is
adequately provided with oxygen, that is, the flow
of oxygen will not limit the kinetics of oxidation of
both the suspended and attached biocenosis. Let us
consider also the most widespread case in which
the removal of OP by an active sludge occurs by
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a zero-order reaction, and in a biofilm — by the
first-order reaction. Then, according to [7], to de-
termine the concentration of OP at the output from
the 2nd reactor (of the aerotank) La2, the following
general dependence is proposed

L,-T,w, —-T,w
L, ==
1+ 2K (1-A)
Q

a

where
W
Wa _ “mYaxa , Ta1 __ & ,
a Qa
w W
Ta2 == - , Ta =Ta1 +Taz' (2)
Q. Q

For the 1st reactor, the volume of the liquid is
assumed to be equal to the reactor volume

Wpl :Wa1' For reactor 2 it is necessary to take
into account the volume loaded with biofilm W ,
therefore we have

W;,

W, =eW_ , e=1- . 3
P2 3 W ()

&

The specific loading area with the biofilm in
the reactor 2 is determined by the formula

=

__9%

F. =
8n2 W

)
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where F, is the total surface area of loading (bio-
film) in reactor 2 of volume W,, .
Recommendations for determining the parame-

L
ter A= L52 under the assumption that the reaction
a

rate in the biofilm is taken of the first order, are
given in the papers [7, 9]. Here L, and L;, are

the concentrations of OP in the reactor 2 and on the
surface of the biofilm.

For further analysis, the dependence is repre-
sented in the form

== (5)

where

T:Tawa, y= Faz

L

Fig. 1 shows the graphs of the function

K (1-A). (6)

La2

= f(r,y), constructed according to the de-
0

pendence (5). It is assumed that the volumes of the
first and second reactors coincide W,; =W, and

that w, ~w, =w,. The results presented in Fig. 1

show that post-treatment by the attached biomass
can significantly improve the quality of wastewater
treatment. However, as shown by Fig. 2, with the
increase of the parameter y, which depends on the
flow N and mainly on the specific loading area
F5 ., that is, on the load element density, this im-

provement is significantly slowed down. There-
fore, in this case, as in other process flow schemes
of aerotanks with attached biocenosis, an important
issue is the choice of the most appropriate loading

area F; based on the additional analysis.
Fig. 3 shows the graphs of the function

3

L

the clarification in the second reactor due to the
suspended biocenosis (active sludge) can be ne-
glected, ie. T, =0 (=T, ).

I
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Fig. 1 Dependency graph L“2 = f(z,)

0
As can be seen from the data in Fig. 1 and
Fig. 3 the active sludge in the second reactor with
the same values of the parameter T does not signif-
icantly affect the overall clarification effect. How-

ever, clarification in the free volume of the 2nd
reactor allows for some increase in the value of the
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parameter 1, and, accordingly, the quality of the
removal of organic pollutants.

1 e
Ly
0.8

0.6 4

0 ‘ . . ¥
0 1 2 3 4 5

L
“ = f(y) with =0
I-0

Fig. 2. Dependency graph
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The paper [10 (Fig. 2, 3)] presents the compara-
tive results of the studies of simultaneous OP clari-
fication in complete-mix aerotank, in which the
elements of additional loading are evenly arranged.
When constructing these graphs, the dependence
(5) is used, in which the parameters t and y are
taken in accordance with the adopted process flow
scheme of the complete-mix aerotank, namely:

T Fay on)
Lo Q.
Ty _a )
a ) pa a:*
Qa

Fs is the total area of loading elements in the
complete-mix aerotank with length | and volume
Wa. According to [10 (Fig. 2, 3)], only at signifi-
cant values of the parameter T and minor values of
v one should also take into account the removal of
OP due to the active sludge.

The obtained dependencies and performed cal-
culations allow substantiating the increase in effi-
ciency of the aerotank using the arrangement of
loading elements with the attached biocenosis in
the second half of its volume.

The works [7, 10] present theoretical studies
and methods for calculating the parameters of bio-
logical wastewater treatment from organic pollu-
tants (OP) in continuous-flow aeration tanks with
simulatneous purification of suspended and at-
tached biocenosis. To evaluate the efficiency of
such aerotanks, let us consider the scheme of their
work with the suspended and attached biocenosis
when the loading elements (hozzles, screens, etc.)
are evenly spaced along the entire length | [10].

As a result of the theoretical studies carried out
under the condition that the removal of the OP by
the suspended and attached biocenosis occurs by
the first-order reaction, the following dependence
is obtained to determine the change in the concen-
tration of L, along the aerotank X

L.(X)=Lx =™ (8)
% = (A +k,,)x=B%, B=(A +k,), z:lf, 9)
where
A*zf/—o(l—A), ka*:k—a, /10=E—ZKL,

F; = F4 is the loading surface area (biofilm) per

unit length of aerotank | (m), K, — coefficient of
. e Ly .
mass transfer in a liquid film (m/h), A= L_é is the
0
biofilm parameter determined according to the rec-
ommendations given in the papers [7, 9].
At the exit of the aerotank we have

x=I,X=1

L()=Le" =Le® T =B (10)

In order to carry out further analysis and obtain
comparative estimates of the influence of various
factors on the clarification processes in this case,
we represent the dependence (10) in the form
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L)

Lo

—(B_+B,
:e(L )’

(11)
where B, =IA,, B, =Ik,,.

Thus, at B, =0 the removal of OP in aero-
tanks occurs only at the expense of suspended bio-
cenosis (active sludge), and at B, =0 — only at the
expense of the attached biocenosis (biofilm).

Based on the dependence (11), we built the cal-

L (1)

culated graphsL— = f(BL,Ba), presented in
0
work [8 (Fig. 3)] and in Fig. 4

La()x
Iy

% X\
0-6 | X\
0.4 - X

0.2

0 T T T T " B
0 0.2 0.4 0.6 08 1

Fig. 4. Dependence graph LI"‘_—(I) = f(Ba)
0
with B, =0

The results of the calculations presented in [8
(Fig. 3)] and in Fig. 4 show that the additional in-
troduction into the aerotank of loading with the
attached biocenosis (biofilm) allows to significant-
ly improve the work of the continuous-flow aera-
tion tank, especially with B < 1.

The work [13] presents an experimental evalua-
tion of the efficiency (EF) of the complete-mix
aerotank due to add-on plastic screens, the results
of which at Q, =110ml/min, L, =150—mgB|OD5
are given in Table 1.

The Table 1 shows a significant increase in EF,
a decrease in L, when using 6 screens and a gradu-
al increase in efficiency with increasing number of
screens. In this case, the total increase in efficiency
is 25%. As noted earlier in Fig. 2, 3 and in [10
(Fig. 2)], the intensity of the increase in efficiency
is stabilized upon achievement of the minimum
concentration of pollutants at the output L.

Table 1
Experimental EF evaluation of OP removal
in aerotank
Relativ Total Intensity La '
Loading eEF | crino of EF mg/l at
in% 0 in%, the
output
0 screens 0 72.50 - 44
6 screens 25 90.00 17.50 16
12 screens 50 95.00 22.50 8
18 screens 75 96.50 23.75 6
24 screens 100 97.50 25.00
Findings

The comparative calculations on the presented
dependencies make it possible to estimate the in-
tensity of increasing the clarification efficiency in
aerotanks due to additional elements with attached
biocenosis. The constructed models take into ac-
count the special features of the intake of organic
pollutants and oxygen in a biofilm, its parameters,
as well as the velocity of kinetic reactions with the
simultaneous removal of organic contamination by
suspended and attached biocenosis.

Implementation of the calculation methods for
the proposed dependencies allows more fully and
reasonably to consider the important processes of
wastewater treatment, which occur with the addi-
tional involvement of the attached biocenosis.
These processes significantly affect both the dis-
posal of OP and the efficiency of aerotanks.

Originality and practical value

As part of the study described in this article, it
is proposed to increase the efficiency of the aero-
tanks by allotting its part for additional loading
with attached biocenosis. In this part there is sim-
ultaneous oxidation of organic pollutants with ac-
tive sludge and biofilm. The mathematical model
describing this process is presented. There are car-
ried out calculations, performed comparative eval-
uation of the unit efficiency, depending on the de-
gree of influence of the additional loading. Such an
evaluation allows us to justify the rational parame-
ters of the biological treatment unit of improved
design. This means that the obtained scientific re-
sult in the form of the results of calculations based

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/175883

© 0. Y. Oleynik, T. S. Airapetian, S. M. Kurganska, 2019

41


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 4 (82)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

on the mathematical model of biological oxidation
of organic pollutants by suspended and attached
biocenosis, including an assessment of the influ-
ence of these components on the purification effi-
ciency, is interesting from a theoretical point of
view. From the practical point of view, the con-
ducted researches allow to justify the use of addi-
tional loading with attached microorganisms in
order to improve the quality of removal of organic

Conclusions

The results obtained in the article give grounds
for asserting the possibility of introducing into the
actual technological process of wastewater treat-
ment the use of attached biocenosis in aerotanks,
which will allow getting effluent at the output from
the facilities with a concentration of organic sub-
stances within the permissible values.

pollutants in aerotanks.
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OIIHKA EOEKTUBHOCTI POBOTHU AEPOTEHKIB 3A PAXYHOK
JOJATKOBOI'O BJAIITYBAHHA 3AKPIHHIVIEHOI'O BIOIIEHO3Y

Mera. JlociipkeHHs: nepeabayac BUKOHAHHS MOPIBHSJIBHUX PO3PaxyHKIB Uil OLIHKK e(eKkTHBHOCTI poboTH
AepOTEHKIB 13 JI0JIATKOBUM 3aKpiruieHuM OionieHo3oM (OiomuriBkoro). Meroanka. [{i1s mizBuiieHHs e)eKTHBHOCTI
poOOTH aepPOTEHKIB 3a PAXYHOK YIIPOBAKCHHS JTOJATKOBOTO 3aBAHTAXKEHHS 13 3aKPIiIUICHUM 0i01[eH030M (010TLTiB-
KOI0) MOOYIOBAHO MaTEMAaTUYHI MOJIEII, 1110 BPAXOBYIOTh OJJHOYACHE OKUCJICHHS OpPraHiuHUX 3a0pyAHEHb 3aBUCIUM
i 3akpiieHuM OionieHo3oM. Ha ocHOBI mux Mopeneil po3poOieHO METOAM pPO3paxyHKy IapamMerpiB OYHIIEHH:.
3’sicoBaHO BIUIMB Pi3HMX (haKTOPiB HA OUMIIEHHS B a€pOTEHKAaX, YCTAHOBJICHO, IO IHTCHCHUBHICTh OYHMILECHHS ITiJ-
BUIIYETHCS 32 PAXyYHOK JIOJATKOBHUX €JIEMEHTIB 13 3aKpituieHuM OionieHo30M. [Ipu 11boMy pO3IIISIHYTO MOXIIMBI TEX-
HOJIOTi4HI i KOHCTPYKTHBHI CXeMH a€pOTEHKIB, KOJIM €JIEMEHTH 3aBaHTAXEHHs (HAacalKH, CITKH TOIIO) pO3TAIIOBaH1
1o BChboMY X 00’eMy a0 OiIbII LIITbHO W KOMIIAKTHO TIJIbKM Ha OKpeMHuX AiasHKax. Pe3yiabrarn. BusHaueHi 3a
JIOTIOMOTOI0 YHCENBHUX METOMIB MapaMeTpH OYMIIEHHS CTIYHMX BOJ BiJ OpraHidyHMX 3a0pyaHeHb i moOynoBaHi
rpadiky MOKa3yloTh 3HaYHYy €(QEKTUBHICTH POOOTH aEpPOTEHKIB 32 PAXyHOK YIIPOBAPKEHHS JOJATKOBOTO 3aBaHTa-
KEHHS 13 3aKpiluileHuM OiorneHo3oM (6iomniBkoro). BukoHaHi po3paxyHKH BIUIMBY JOJATKOBOTO 3aBaHTAXKCHHS Ha
e(eKTHBHICT poOOTH aepOTEHKiB-3MIllyBadiB Ta a€pOTEHKIB-BUTHCKYBadiB MMOKA3aJIM, IO BUKOPUCTAHHS iMMOOi-
7i30BaHOTO OI0IEHO3Yy [O3BOJSIE TIIBHINWTH SAKICTh BHJAICHHS OpraHiYHMX 3a0pyAHeHb y 2-5 pasis.
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HaykoBa nHoBm3Ha. HaykoBo oOIpyHTOBaHO BIUIMB pi3HMX ()aKTOPIiB Ha OYHMINEHHS CTIYHUX BOJ B ACPOTEHKAX,
€(EeKTUBHICTh SIKOTO TIJBHUIIYETHCS 32 PaXyHOK JIOJATKOBHX €JIEMEHTIB 13 3aKpilJIeHUM OiOI[eHO30M.
[pakTuyHa 3HAYUMIiCTh. Y pa3i BIPOBaKCHHS PE3yNbTaTIB IOCIIIHKEHb HA MiAMPUEMCTBAX 3 OYUCTKH CTIIHUX
BOJI MOXe OyTH 3HAYHO IiJIBHINECHA SKICTh BUAAJICHHSA OpraHiuHUX 3a0pyIHEHs OionorivHMMH MeTomamu. Peamiza-
Iisl METOIB PO3PaXyHKY 32 3aIPOMIOHOBAHNMH 3aJICKHOCTSIMHE JI03BOJISIE OUTBII TIOBHO i OOTPYHTOBaHO BpaxyBaTH
BaXJIMBI IPOLIECH, SKi 3HAYHO BIUIMBAIOTH HA YTWIIi3allil0 OPTaHIYHUX 3a0pyIHEHb Ta e()eKTUBHICTH PoOOTH aepo-
TEHKIB i3 JOAaTKOBUM 3aJIy9CHHSM JIJIsI OUYMIICHHS CTIYHHX BOJ 3aKPIiIUIEHOTO Oi0IEHO3Y.

Kniouosi crnosa: aepoTeHKU-pEaKkTOpH; 3aKpiluieHHid OioueHo3 (Oiomaca); OiOIUTIBKA; aKTUBHUH MYI; peakIii
OYHIICHHS
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OLHEHKA DOPEKTUBHOCTHU PABOTBI ADPOTEHKOB 3A CHET
JOMOJIHUTEJBHOI'O YCTPONUCTBA NPUKPEILJIEHHOI'O
BUOIIEHO3A

Hens. UccnenoBanue mpeaycMaTpUBacT BEIIONHEHHE CPAaBHUTEIBHBIX PACUETOB JUIA OICHKH 3()()EeKTHUBHOCTH
paboTHI a3pPOTEHKOB C JOTIOIHUTEIBHBIM MMPUKPEIUICHHBIM OnoreHo30M (Onorienkoit). Meroanka. s moBbIIIe-
HUs 3 PexTuBHOCTH pabOTH a3POTEHKOB 3a CYET BHEAPCHUS NONOTHHUTEIEHOW 3arpy3KH C MPHUKPEIUICHHBIM OHO0-
[IEHO30M (OHMOIUICHKON) IMOCTPOSHBI MAaTEMAaTHIECKHE MOCIH, KOTOPhIC YYUTHIBAIOT OJHOBPEMEHHOE OKHCIICHHUE
OpTaHWYECKHX 3arps3HCHUH B3BEIICHHBIM W MPHUKPEIUICHHBIM OnoneHo30M. Ha ocHOBe 31X Momesel pa3paboTaHbI
METOJIbl pacyueTa mapaMeTpoB OYUCTKH. OTpenescHO BIUSHHUE Pa3IHYHBIX (DAKTOPOB HA OYHCTKY B a’pPOTCHKAX,
YCTaHOBJIEHO, YTO MHTEHCUBHOCTh OYMCTKH TOBBIIIAETCS 332 CUET JOMOJHUTENBHBIX JIEMEHTOB C MPUKP ETICHHBIM
6uorieHo30M. [Ipy 3TOM paccCMOTPEHBI BO3MOKHBIE TEXHOJIOTHIYECKHE U KOHCTPYKTUBHBIE CXEMBI a9POTEHKOB, KOT/1a
9JIEMEHTHI 3arpy3KH (HacalKu, CETKH U T. I1.) PACIIONIOKEHBI 10 BCeMY UX 00beMy WiH 00jiee TNIOTHO U KOMIIAKTHO
TOJIBKO Ha OTJENbHBIX ydacTkax. Pe3yibrarbl. OmpeleneHHble ¢ MOMOIIbI0 YHUCICHHBIX METOJIOB MapaMeTphl
OYHCTKH CTOYHBIX BOJ| OT OPraHMYCCKHX 3arpsA3HCHHI U MOCTPOCHHBIC TI'PadUKH TOKA3BIBAIOT 3HAYUTEIHHYIO
3¢ PEeKTHBHOCTh pabOTHl a’pPOTCHKOB 3a CYET BHEIPECHUS JOMOIHHUTEIBHON 3arpy3kKu ¢ MPUKPEILICHHBIM
OuorieHo30M (OHMOTIICHKO). BEIMONHEHHBIE pacdeThl BIUSHHS JIOMONHUTEIBHON 3arpy3kd Ha 3(QeKTHBHOCTH
paboTBl  adPOTEHKOB-CMECHTENCH ¥ a3pOTEHKOB-BEITECHUTENCH TMOKa3alld, YTO WCIIONB30BaHHE HWMMOOH-
JU30BAHHOTO OHWOIIEHO3a MO3BOJSACT IMOBBICUTH KAaYeCTBO YyAICHUS OPTraHWYECKUX 3arps3HEHU B 2—5 pas.
Hayunasi HoBu3Ha. HaydHO 000CHOBAaHO BIHSIHUE PAa3IMYHBIX (PAKTOPOB HA OYMCTKY CTOYHBIX BOJ B adPOTEHKAX,
3¢ PEKTHBHOCTh KOTOPOH IOBBIIIACTCS 32 CUYET JOMONHHUTEIBHBIX JJIEMEHTOB C MPHUKPEIUICHHBIM OHOIIEHO30M.
IpakTuyeckas 3HAYUMOCTb. [Ipu BHEIpEHNN Pe3yILTATOB UCCIIEIOBAHNN HA MPEANPUATUSIX 10 OUUCTKE CTOYHBIX
BOJI MOKET OBITh 3HAUUTEIHHO MOBBIIIEHO KAY€CTBO yAJCHHsI OPTAaHUYECKUX 3arps3HEHUN OMOIOTUIECKUMU METO-
namu. Peanm3amus MeTOOB pacueTa Mo MPeJIOKEHHBIM 3aBUCUMOCTSIM TO3BOJISIET 0oJiee MOJHO M 00OCHOBAaHHO
YUYECTh BaXKHBIC MPOIIECCHI, KOTOPhIC 3HAYUTEIILHO BJIMSIOT Ha YTHIM3AIMIO OPraHUYECKUX 3arps3HeHui u ddhdhek-
TUBHOCTh pa0OTHI a3pOTEHKOB C JIOTIOJHUTEIBHBIM MPHUBICYEHUEM JUIsl OYUCTKH CTOYHBIX BOJ| MPUKPETIEHHOTO
OHOIIEHO34.

Ktouesvie cnosa: a3pOTEHKU-PEAKTOPHI; NMPUKPEIUICHHBINH OHWOleH03 (OMoMacca); OMOIUICHKA; aKTHBHBIA W,
peaKLnu OYUCTKU
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