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Purpose. Increasing the level of environmental safety of enterprises with direct-flow aspiration systems by improv-
ing the quality of air purification from polydisperse dust in systems with standard capture equipment by isolating the
flow from the environment.

Methodology. The purpose of the research was realized by developing a closed two-circuit purification system and
assessing its efficiency by the mathematical modeling of the dedusting process of a particular polydisperse flow.

Findings. A scheme of a two-circuit closed system of air purification, in which the polydisperse dust is initially
divided by fractional sign, is proposed. The coarse dust flow is cleaned in the main circuit and, with a minimum mass
of yield, returns to the premise in the area of the collecting equipment operation. The fine dust flow is cleaned due to
the repeated passage through the circulation circuit capture equipment. A method of calculation of indicators of the
proposed system is developed.

Originality. The issue of increasing the level of environmental safety of small industrial enterprises and industries,
where there is a need to clean air from dust, is proposed to be solved by replacing the traditional direct-flow system
with a two-circuit closed one. The ecological effect is achieved by separate purification of dust particles with different
fractional composition and due to the complete isolation of the system from the environment. The obtained results of
mathematical modeling allowed estimating the values of the indicators of the effectiveness of the elements of the sys-
tem and the nature of their changes during the work.

Practical value. The proposed system makes it possible, without significant investment into purchasing expensive
high-efficiency collecting equipment, to modernize traditional direct-flow systems for cleaning dust polluted air and
at the same time to achieve a significant ecological effect through almost complete elimination of emissions into the
atmosphere.
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Introduction. The technological processes of many
industries are accompanied by the release of a large
amount of polydisperse dust in the workshops or other
production facilities (production of construction or
chemical materials, radioactive raw material processing
enterprises, concentrating enterprises, shops of bulk
material overload, and others). Sometimes the physical,
chemical or radiological characteristics of the dust mass
are such that it is absolutely necessary to limit their ex-
posure to the environment as much as possible; some-
times the dust mass is a useful substance and it is eco-
nomically impractical to put it into the environment.
Existing direct-flow air evacuation systems on such sites
are usually direct-flow, and therefore part of the dust in
the amount of the mass yield is dissipated in the envi-
ronment. The relative measure of this mass depends on
the efficiency of the entrapment release equipment used,
but the common disadvantage of such systems is the im-
possibility of eliminating the yield completely.

Literature review. Analysis of the current state of dust
clearing shows that the most environmentally hazardous

© Butenko O. H., Smyk S. Yu., Arsiriy V. A., Osypenko Ye. V., 2019

106

area — thermal power — uses mainly direct-flow systems
with one type of ash trap — battery cyclone, wet scrubber
or electrofilter. Hybrid systems of ash purification for
power engineering are only at the stage of development
[1, 2]. In metallurgy, more complex systems are used,
which, however, still essentially remain direct-flow as
during the reconstruction of the existing [3, 4], and thus
during constructing of new ones [5, 6]. In addition to
the above, they often use fabric filters and even at certain
stages of purification — gravity units [7, 8].

Large energy, chemical and metallurgical enterprises
are now investing considerable funds in environmental
measures, including ash and dust cleaning. A different
situation is observed with small businesses and indus-
tries, mostly located within or near settlements. These
enterprises are not able to invest a lot in high-perfor-
mance equipment and by this time predominantly use
dry inertia traps. The effectiveness of their work does
not meet the current requirements of environmental
safety.

The main problem of most common dust collectors,
especially inertial ones, is the low efficiency of cleaning
the finely dispersed component of the dust mass. There-
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fore, it is natural that most of the modern research studies
in this area are aimed at improving this particular aspect
of the work of equipment. At the same time, constructive
ways to increase the efficiency of collecting fine fractions
of the most commonly used collectors are practically ex-
hausted and most of the work is aimed at finding a solu-
tion to this problem by influencing the fractional compo-
sition of dust. In works [9, 10], it is suggested that the
acoustic coagulation of fine dust be made before the col-
lector, and in the work [11], the high frequency sound
waves bands, that provide the best results, are defined.
The main drawback of the method is the need to use ad-
ditional equipment — an acoustic wave generator.

In order to solve the problem of collecting finely dis-
persed particles in works [12, 13], the authors proposed a
combined cleaning system (CCS). In it, the polydisperse
dust is initially divided on a fractional basis in a separating
apparatus. A coarsely dispersed dust flow enters the main
collector and, since the efficiency of collecting the coarse
dust is high (even in dry inertial collectors), the yield to
the environment is minimal. This provides an ecological
effect. The flow of finely dispersed dust is cleared due to
the repeated passage of the circulation circuit.

The theoretical analysis and the first experience of
application showed the effectiveness of the CCS. Imple-
mentation of the scheme did not require significant in-
vestment, but provided significant improvement in gas
purification due to the separate purification scheme.

Unsolved aspect of the problem. In spite of efficiency,
according to its scheme, the CCS remains essentially
direct-flow and does not ensure the complete isolation
of the environment from pollution. Therefore, in order
to solve this problem, in this article it is proposed to
modernize the CCS so that it retains its main advantage
— the separate purge of coarse and fine fractions — and
isolates the dusty flow from the environment.

Purpose. The goal of the work is to develop an efficient
and environmentally safe air cleaning system against poly-
disperse dust and evaluate the performance of this system.

Methods. The research was carried out by mathe-
matical modeling of the system with the use of partial
characteristics of the equipment efficiency and the dif-
ferential dust mass distribution curve.

Results. The schematic diagram of a two-circuit
closed cleaning system (TCCCS) is presented in Fig. 1.
Collected in the collecting-return apparatus (CRA), /
the primary air flow with a flow mass of dust M,_, does
not come directly to the collector. After mixing with the
pre-purified flow of circulation circuits in the central
ejector 2, it enters the separating apparatus 3, which is
divided into two parts on a fractional basis. The flow
with fine fractions of dust M;_s is directed to the collec-
tor of the circulating circuit 5, and the flow with coarse
fractions of mass M;_,— into the main collector 4. Since
the entrapment release factor of coarse fractions is quite
high, the yield of dust in the main apparatus M,_, is in-
significant. This dust returns to the premises in the zone
of work of the CRA and gets cleaned again after collect-
ing. The flow of circulation circuit with mass of Ms_, is
mixed in the ejector 2 of the primary flow after cleaning
and through the separating apparatus, it is sent for clear-
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Fig. 1. Scheme of the two-circuit closed cleaning system:
1 — collecting-return apparatus; 2 — mixing machine; 3 —
separating apparatus; 4 — main circuit collector; 5 — circu-
lation circuit collector; 6 — circulation circuit fan; 7— main
circuit fan; 8, 9 — sludge storage hopper

ing again. Thus, firstly, due to repeated passage of a
dusty flow of the collector, the removal of fine fractions
is ensured, and secondly, the system is closed, which ex-
cludes pollution of atmospheric air.

Depending on the physical properties and the disperse
composition of the dust, the system can be assembled by
various standard injection and treatment equipment. As a
mixing machine, a central ejector is used, the design of
which takes into account the recommendations [ 14].

The difference of the TCCCS from conventional as-
piration systems is that the traditional covers used in
such systems are not used in the TCCCS, since they are
only intended for collecting polluted air and are not
structurally suitable for returning it to the premises.
Therefore, the CRA needed a fundamentally new solu-
tion. The task of collecting-returning is proposed to
solve at the expense of the scheme, in which the polli-
nated gas is collected through a cylindrical pipe, and af-
ter cleaning returns to the premise on the ring channel
coaxial to it (Fig. 2). The pipe connection to the appli-

Cleaned flow ﬂ

Cleaned flow

Dusted flow

Fig. 2. Construction of the collecting-return apparatus
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ance is connected tangentially. As the results of numeri-
cal simulation in the SOLID WORKS COSMOS FLO
[15] software environment have shown, such a design
provides a spin of flow and a higher compactness of free
jet near the collecting-return apparatus. This, in its turn,
contributes to a higher percentage of secondary collect-
ing of the mass of the main collector yield.

CRA includes the volume flow of polluted air Q,_,,
which brings a dust mass consisting of dust from the
source of pollution M, and dust of the main collector
yield M,_,

My y=My+ My, = 01,6+ My,

where M,_, is the mass flow of returning dust, kg/s; C is
dust concentration in the primary flow, kg/m?.

Differential distribution curve (DDC) of the mass
collected in this way (percentage) is

(Mi+Mi)100

Nia= (My+M, )10

where M is the mass of the i fraction of dust; M} _| is
the mass of the i” fraction of dust coming from the
source of the dust (the entire range of dust particles size
A (um) is divided into 10 equal segments).

The mixing machine includes the mass

My3=M,,+ Ms.,,
DDC of which is
(M, +ML,)100

Mo = (M, + M )10

Mass of dust of the circulation circuit collector yield
is, kg/s
Ms., =M. 5(1-n,),

where 7, is the entrapment release factor of the circula-
tion circuit apparatus.
DDC of this mass is

Nsi—z =N§_5(1—ni),

where n’ is the partial entrapment release factor of the
circulation circuit apparatus.

The volumetric flow rate of air entering the separat-
ing apparatus is

0,3=0,+0s,.
The main collector receives the mass
M3—4 = M2—3ns’

where 1, is the proportion of dust mass coming from the
separating apparatus into the main collector (coefficient
of separation).

Its DDC is

N3y =N5m..
The volume flow of air entering the main collector is

0s.4= 0,390,
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where ¢, is a share of gas coming from the separating ap-
paratus into the main collector.

The collector of the circulation circuit receives the
mass

M;_s= M, 5(1 —n,).
Its DDC is

Nis=Ni,(1-ni).

where n/ is the partial separating factor.
Volume flow of air entering the collector of the cir-
culation circuit

0s5=0,5(1 - q).

From the collector of the circulation circuit the fol-
lowing mass is obtained

M, = My 5(1 —n,).
Its DDC is
Ng,= N§75(1—ni).
The main apparatus entrapment release factor is

o
_ N V3 410
=2 00

i=l

where n’ is the partial entrapment release factor of the
main apparatus.

The circulation circuit apparatus entrapment release
factor is

o
_ nNs 510
=2 " T00

i=l
The mass collected in the main apparatus is
My =M .

The mass collected in the apparatus of the circula-
tion circuit is

Ms = M;_sn,,.
The mass of the yield of the main collector is
My =M; 4(1 —m,).

The methodology for calculating the system’s indi-
cators can be illustrated by the example of TCCCS, de-
veloped for air purification, which is selected from the
construction material shredding room, commissioned
by a company specializing in dismantling old buildings.
The sieve analysis of samples of collected dust allowed
obtaining a differential distribution curve N’ = f(A)
(curve [ in Fig. 3). The actual dust density determined
by the pycnometric method was 2.046 kg/m?*. The rela-
tive thickness of the selection gap of the main flow of the
separating apparatus was assumed to be equal @ =0.1.
In this case, 4.77 % of the loss is retrieved to the main
channel Q, 3, and to the circulation circuit — 95.23 %.
The volume flow of polluted air at the entrance to the
system should be equal to the loss of the main channel
0,.,=0,_;. It was adopted to be equal to 3.8 - 102 m?¥/s.
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Fig. 3. Dynamics of change in values (1), n. (2) and 0,
(3) while cleaning system operates

This condition corresponds to the flow of the circulation
circuit Qs s = 0.762 m*/s and the loss of the output of
the ejector into the separating apparatus Q, ;=0.8 m¥/s.
On the basis of these data, geometric parameters of the
cyclones to be manufactured were calculated (as the
prototype, an element of the battery cyclone BCU type
“Energovugillia” was adopted). In addition, partial en-
trapment release factor dependencies for partial cyclone

ni = f(A) and nf, = f(A), necessary to evaluate the sys-
tem’s efficiency, were calculated.

A characteristic feature of the TCCCS is that after
the discontinuity of dust separation (stopping of the
crushing plant), a circle of dust is required for a short
period of operation — the time of a run. Therefore, the
calculation of the system by the above methodology was
carried out for the standard operating mode and stop-
ping regime (M, =0).

Because it was impossible to accurately determine
the mass flow of dust released from the crushing plant,
M, it was conditionally adopted as equal to one and cal-
culations were made in fractions of this magnitude.
Fig. 3 shows the graphs of the changes in the efficiency
of individual elements of the TCCCS, and in Fig. 4 dy-
namics of change of relative masses m, = M,/M, is
shown. Here the first 35 cycles are the standard cleaning
time, the next 25 — hours stopping regime (the cycle
time is the time for which the flow makes a full circle
along the circulation circuit).

The DDC of dusty masses of all system flows was
also calculated. In Figs. 5—7, as an example, the distri-
bution curves for M, ;, M5 s and M,_, are shown.

Fig. 3 shows that in the mode of standard work, and
in the stopping regime, two distinct periods can be dis-
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Fig. 4. Dynamics of change in relative masses:
1— My 3/My; 2— M 5/My; 3 — Mz 4/My; 4 — M35/ My,
S—Ms,/My 6 — My,/M,
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Fig. 5. Dynamics of change in DDC of dust mass M,_;,
standard work mode:

I—n=12—n=53—n=10;4—n=155—n=30; 6 —
n=35; stopping regime: 7—n=40; 8 —n=45;9—n=60
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Fig. 6. Dynamics of change in dust mass DDC M;_s, the
mode of standard work:
l1—-n=12—n=53—n=10; 4—n=155—n=30;6—
n=35; stopping regime: 7—n=40; § —n=45; 9—n= 60
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Fig.7. Dynamics of the change in DDC of dust mass M _,,
standard work mode:
I—n=12—n=53—-n=10;4—n=155—n=30; 6 —
n=35; stopping regime: 7—n=40; 8 —n=45;9—n=60

tinguished: the period of variables and the period of
their practically constant values. This is, as you can see
from Figs. 5—7, due to the fact that at the beginning of
both regimes, the disperse composition of the dust mass
significantly changes, and over time this change be-
comes insignificant.

The main integral indicator of the TCCCS is the
relative mass of dust, which for the entire period of work
has returned from the main circuit to the premises

Mf_l/M0=2.902 (1.911 accounted for 35 cycles of
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standard work mode and 0.991 for 25 cycles of stopping

regime). Therefore, the magnitude M7, /M, canbe re-
duced to 1.911, if at the time of a stopping regime, the
access to polluted air to the main channel is blocked.
A relative disadvantage of such an event will be that it
will lead to a certain increase in stopping time.

The calculation of the TCCCS, some of the results of
which are given above, were repeated for a separating ap-
paratus with a relative gap width of 0.2 and 0.3 under other
unchanged conditions. In Table, indicators are given
which allow estimating how the basic constructive param-
eter of a separating apparatus affects the system operation.

In Table 135, N,.35, Ns35 are the coefficients of cyclone
collection of the circulating and main circuit and the
separation factor of 35 cycles of the TCCCS (the last

cycle of the standard work mode) respectively, M}, is

the total relative return mass for 60 cycles, M;% is the
total relative return mass for 60 cycles, provided that the
main channel is disabled at stopping regime.

As you can see, an increase in @ leads to an increase
in the efficiency of the circulation circuit collector and
the reduction of the efficiency of the main collector and

the corresponding increase in the mass of return M} .
This is due to the fact that the amount of dust entering
the main circuit depends on a@. The more a is, the big-

ger values M’ and M, , are, and this increase is due to
finely dispersed dust, the efficiency of collecting is low.

Thus, M}, increases. For a similar reason, the mass of
dust moving in the circulation circuit decreases.

Conclusion. Thus, the conducted studies allowed pro-
posing an environmentally safe system for cleaning air
from polydisperse dust. The system implements the prin-
ciple of separate cleaning and is closed. Its implementation
does not require significant investments and fundamen-
tally new approaches in the storage (burial) of collected dry
dust sludge. The proposed methodology for calculating the
system’s parameters allows determining the second masses
of dust and its DDC for all elements of the system in the
mode of cleaning and stopping. Calculations according to
this method showed that the efficiency of the main collec-
tor is 92 %. For dry inertial collectors, this value is unchar-
acteristically high. It is achieved due to the influence on the
disperse composition of the dust mass.
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Exosoriuno 0e3nmeyna cucremMa OYMIECHHS
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Merta. IligBuieHHS PiBHSI €KOJIOTiYHOI Oe3MeKu
OIAMPUEMCTB i3 TIPSIMOTOYHUMM acmipallifHUMU CUC-
TeMaMM 3a PaxyHOK MOJIIIIEeHHS SIKOCTi OYMILIEHHS
MOBITPSI Bill IOJIAUCIIEPCHOIO IWJIY B CHCTeMax 3i
CTaHIAPTHUM YJIOBJIIOIOUMM OOJamHAHHSM IIUISIXOM
130JIs111i1 TTOTOKY Bill HABKOJUIIIHBOTO CEPEIOBUIIIA.

Mertoauka. MeTta NOCHiIXKEeHHST peajli3oByBajacs
IIIJITXOM PO3POOKH 3aMKHYTOI JBOKOHTYPHOI CHCTEMU
OYMILIEHHS Ta OL[iHKU ii e(heKTUBHOCTI METOJIOM MaTe-
MaTUIHOTO MOIENTIOBAHHS IIPOIECY 3HETMIIOBAHHS
KOHKPETHOTO ITOJIiINCIIEPCHOTO MOTOKY.

PesymbTaTn. 3amporioHoBaHa cxeMa IBOKOHTYPHOI
3aMKHYTOI CUCTEMU OYMUILEHHS MOBITPsI, B SIKili MOJi-
JUCIIEPCHUI MUJI CITOYATKY JiIWUThCS 3a (DpaKiiitHOIO
o3Hako1o. [1oTik i3 rpydoaucnepcHUM MUIOM ITPOXO-
JUTb OYUCTKY B OCHOBHOMY KOHTYPi Ta 3 MiHiMaJIbHOIO
Macol0 BUHOCY IMOBEPTAETHCS 10 MPUMIILIEHHS B 30HY
Iii 30MpanbHoro anapary. I1oTik i3 TOHKOAUCTIEpCHUM
TTJIOM OYMIIAETHCS 3a paXyHOK 0aratopasoBOro Ipo-
XOIDKEHHST VJIOBJTIOBaYa IMPKYJISIINHOTO KOHTYpY.
Po3pobiieHa MeTomnKa po3paxyHKY IOKa3HUKIB 3a-
TIPOTIOHOBAHOI CUCTEMMU.

HaykoBa noBusna. IIpobGiemy miaBUIIEHHST PiBHS
€KOJIOTIYHOI 0e3meKu HEeBEIUKUX IMPOMMCIIOBUX ITiI-
NPUEMCTB i BUPOOHULTB, A¢ € NOTpeda B OUMUILEHHI
MOBITPS Bif MUy, 3alIPONOHOBAHO BUPILIyBaTU IS~
XOM 3aMiHU TPAAULIMHOI MPSIMOTOYHOI CUCTEMHU Ha
JIBOKOHTYpPHY 3aMKHYTY. EKojoriunuii epexT gocsra-
€ThCSI 32 PAXyHOK PO3MiJIbHOI OYUCTKY MUJIOBUX Mac 3
pi3HUM (bpaKIifHUM CKJIaJA0M i 3a paxyHOK ITOBHOIL
i30JISI11i1 CUCTeMHU BiJ HAaBKOJMWIIHBOTO CepeloBUIIA.
OTpuMaHi pe3yJbTaTh MaTeMaTHIHOTO MOIETIOBAHHS
JIO3BOJIUJIM OLIIHUTU BEJIMYMHU TTOKA3HUKIB e(heKTUB-
HOCTI €JIEMEHTIB CUCTeMU Ta XapakKTep 1X 3MiHU Mill yac
pobotu.

IIpakTiyHa 3HAYMMicTh. 3aIIpOITOHOBAHA CHCTEMa
IO3BOJISIE 0e3 3HAYHUX KalliTaJIOBKIAIeHb Ha TIPU-
IOaHHS TOPOrOTO BUCOKOE(MEKTUBHOTO YJIOBIIOIOUO-
ro ob6jagHaHHS MOJEPHi3yBaTU TpaaMLiliHi MpPsSIMO-
TOYHiI CUCTEMM OYMIIEHHS 3allMJICHOIO IOBITPsI Ta
MpU LIbOMY AOCSITTA 3HAYHOT'O €KOJIOTiYHOTO e(eKTy
LIJISIXOM TPAKTUYHO MOBHOTO YCYHEHHSI BUKUIIB 10O
aTMocdepu.

KmouoBi caoBa: exonoeiuna besnexa, cucmema ouii-
WeHHs, noAloucnepcHull nua, oupepeHyiiina Kpuea po3-
nodinenus, KoeqiyieHm ya061eHHs
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E. B. Ocunenko
locymapcTBeHHOE BhICIIee yueOHOe 3aBencHMe ,,OmeccKuii
HaIlMOHAJBHBIN MTOJMTEXHUYECKUI yHUBepcuTeT™, r. Onec-
ca, YKpanHa, e-mail: alex_butenko@ukr.net

Ienn. [ToBbILIEHKE YPOBHSI 9KOJOTMYECKOI Oe30mac-
HOCTH TIPEIITPUSATHH C IPSIMOTOYHBIMU acITPAIlMOHHbI-
MU CHCTeMaMU 3a CUET YJIy4dIlIeHMs] KayecTBa OYMCTKU
3aIbUIEHHOTO BO3/yXa OT TIOJIMIMCTIEPCHOM MBbUIA B CH-
CTeMax CO CTAHIAPTHEIM YJIaBIMBAIOIINM 000PYIOBaHN-
€M ITyTeM M30JISILIMY ITOTOKA OT OKPYKAFOIIIEH Cpe/Ibl.

Mertonmuka. Llens viccienoBanus peaan3oBbIBaIach
nyTeM pa3paboTKU 3aMKHYTOM ABYXKOHTYPHOI cuCTe-
MBI OYUCTKU U OLIEHKU ee 3 GEKTUBHOCTA MaTeMaTH -
YECKMM MOJEIMPOBAHUEM IIpoliecca OOCCITbIIMBAHMS
KOHKPETHOTO MOJUAUCIIEPCHOTO MOTOKA.

Pesyabratel. [IpemioxkeHa cxema IBYXKOHTYPHOI
3aMKHYTOM CUCTEMbI OUMCTKU BO3MyXa, B KOTOPOIi TO-
JIMAMCTIEPCHAST TTBUTb IEJIMTCS 110 (DpaKIIMOHHOMY TTPH-
3HaKy. IToTok ¢ rpydboaucrnepcHOi MbUIbIO MPOXOAUT
OUMCTKY B OCHOBHOM KOHTYpe ¥ C MUHUMAJTLHOM Mac-
COIf BEIHOCA BO3BpAIllaeTCsI B TIOMEIICHIE B 30HY Jeii-
CTBUSI cobmparomiero ammapara. IToToK ¢ TOHKOIM-
CITIEPCHOM TTBIIbIO0 OUMIIACTCST 3a CYET MHOTOKPATHOTO
MIPOXOKICHUS YIOBUTENST IUPKYISIIIUOHHOTO KOHTYPA.
PazpaboTtana meTommka pacdera IokKasaTeseit Tpenio-
JKEHHOW CUCTEMBI.

Hayunas HoBu3Ha. [1po6emMy MOBBIIIIEHUST YPOBHS
9KOJIOTUYECKOI 0€30MacHOCTU HEOOIBIIUX MTPOMBIIII-
JIEHHBIX TIPEIINPUITUI W TPOU3BOICTB, TIE €CTh I0-
TPeOHOCTh B OYMCTKE BO3IyXa OT MbLIU, MPEITOXKEHO
pemiath MyTeM 3aMeHbI TPATUIIMOHHON TTPSIMOTOYHOM
CHUCTEMBI Ha IBYXKOHTYPHOU 3aMKHYTYI0. DKOJIOTHYe-
CKMit1 3D (HEeKT JOCTUTACTCS 3a CUET Pa3deTbHOM OUMCT-
KU TIBUIEBBIX MAacC C Pa3IWIHBIM (PPaKIIMOHHBIM CO-
CTaBOM U 32 CUET ITOJTHOM U30JISILINU CUCTEMBI OT OKPY-
Karoreit cpenbl. [lomydeHHBIE pe3yabTaThl MaTeMaTH -
YeCKOIro MOJIEIMPOBAaHUS MO3BOJUIN OLEHUTH BEJIM-
YUHY TToKa3aTtesieil 3¢ (heKTUBHOCTH 2JIEMEHTOB CUCTe-
MBI U XapaKTep UX U3MEHEHMS BO BpeMsl padOTHI.

IIpakTHyeckas 3HauynMocTb. [1penoxeHHas cucre-
Ma I103BOJIsIeT 03 3HAUMTEIbHbBIX KalTuTaIOBIOXEHMI
Ha MpUOOpeTeHue AOPOroro BbICOKOI(hGHEKTUBHOIO
YJABIUBAIOIIETO O0OPYIOBaHUS MOJEPHU3MPOBATH
TPaIUIIMOHHBIE TIPSIMOTOYHBIE CUCTEMBI OUUCTKH 3a-
MMBIJIEHHOTO BO3AyXa M MPU 3TOM JTOCTUYh 3HAUUTEIh-
HOTO 3KOJIOTMYECKOro 3¢deKTa MyTeM IPaKTUICCKU
ITOJTHOTO YCTPaHEeHUs BLIOPOCOB B aTMOCdepy.
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