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CALCULATION OF THE VOLUME OF AIR FOR VENTILATION OF MINING
WORKINGS WHEN OPERATING SELF-PROPELLED DIESEL EQUIPMENT

Purpose. Development of methods for determining the required volume of air for airing workings by the factor of exhaust

gases from internal combustion engines (ICE).

Methodology. To determine the actual value of the cleaning efficiency (neutralization) of exhaust gases from automotive diesel
emissions from engines which meet the environmental standard Tier 111, field measurements on the magnitude of the carbon mon-
oxide concentration (CO) and nitrogen oxides (calculated as NO,) after the catalytic converter were processed; they were con-
ducted in the conditions of the “United Kirov mine” and the Maleevsky, Tishinsky and Dolinny mines of “Kazzinc” LLC (RF).

Findings. The calculation of specific air consumption according to the method developed by the authors has demonstrated that
its maximum value for the Tier II1 environmental standard is achieved when diluting emissions of nitrogen oxides and is equal to

2.86 m*/min. per hp.

Originality. During the study in the field of exhaust efficiency of gas purification after the neutralizer, the gas-cleaning coeffi-
cient was derived and applied in the method for calculating the amount of air. Studies performed in the area of calculating the
specific air flow rate by the exhaust dilution factor have shown the possibility of significantly reducing the amount of air supplied
to the atmosphere of the mine to dilute harmful impurities to standard values.

Practical value. The calculation of the amount of air according to modern standards of diesel equipment will allow reducing the
cost of ventilation of mine workings. This will increase the service life of equipment involved in the ventilation of mine workings,
and significantly reduce the capital costs of mining enterprises, which will lead to positive economic effect.
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Introduction. The exploitation of self-propelled equipment
with internal combustion engines at mining enterprises is accom-
panied by the release of exhaust gases containing toxic impuri-
ties: carbon monoxide, nitrogen oxides, aldehydes, soot, etc. into
the mine atmosphere. Ensuring regulatory concentrations of
pollutants in the mine air is achieved by supplying the mine
workings, where machines with internal combustion engines are
operated, with the necessary quantities of fresh air. The volume
flow of air per unit of time per hp of the installed engine power Q
is usually taken as an indicator for the calculation (m3/min per
hp). The magnitude of this indicator depends on many factors,
the main of which is the specific value of emissions of pollutants,
determined by the environmental standard of the internal com-
bustion engine, and the efficiency of exhaust gas cleaning.

Table 1 shows standard values of the specific amount of air
required for dilution of gases resulting from operation of ma-
chines with ICE used in Russia and other countries.

Analysis of the data in this table indicates that the specific
air amount required to dilute the gases resulting from the opera-
tion of machines with internal combustion engines for different
countries varies in a wide range. This may be related to the type
of internal combustion engines installed on the machines and
the environmental standard (toxicity standard) for which they
work, the efficiency of exhaust gas purification, the operating
conditions of mining equipment (the speed of self-propelled
machines in the mine workings, their actual power, the geomet-
ric dimensions of the mine workings and etc.). Higher specific
air values refer to the Tier I, II toxicity standards; Stage I, 1I,
II1A; Euro I-111, and smaller values to the standards of toxicity
Tier 111, IV; Stage I11A, I11B, IV; Euro IV—VI [2].

Currently, “The Safety Rules for Mining and Processing
of Solid Minerals” are in effect in Russia, they came into effect
on 03.10.2014, regulating the need to ensure that when operat-
ing the mine machines with ICE, the oxygen content in the air
is at least 20 % (by volume) and the content of harmful impu-
rities in the outgoing jet is below the maximum allowed con-
centration (MAC) established by the safety rules [3].
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To determine the required amount of air for airing work-
ings with the exhaust gas factor from the internal combustion
engine, it is necessary to make a reasonable choice regarding
air flow, applicable for the specified mining enterprise. It is this
reason that has led to the relevance of this study for substantia-
tion of the reduced values of the norms of specific air flow.

Analysis of the problem. The volume of air that must be
supplied to the mine workings, where stationary or mobile ma-
chines with diesel internal combustion engines are located,
depends on many factors. The most important of them is the
amount of exhaust emissions and the concentration of harm-
ful substances in them.

The concentration of harmful substances in the exhaust
gases is largely dependent on neutralizers, which are intro-
duced into the exhaust system of the engine. There are liquid,

Table 1

The amounts of air required for the dilution of gases resulting
from the operation of machines with internal combustion
engines [1]

The value of Q¢ per unit of power of
Country machines with internal combustion
engines, m*/min. per hp
Russian Federation (Norilsk 3
MMC, Apatity JSC)
Australia 2.6
Canada 24
Chile 2.8
China 3
South Africa 2.8
USA 0.44—6.1 (depending on Tier
standards for each type of engine)
Germany 3-5
France 2—4
Kazakhstan (Shalkiy mine) 3.5

ISSN 2071-2227, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N2 6 107


mailto:Gendler_SG%40pers.spmi.ru?subject=
https://doi.org/10.29202/nvngu/2019-6/15

catalytic, thermal and combined neutralizers. On self-pro-
pelled underground machines with diesel engines, mainly
combined two-stage gas cleaning system is used, consisting of
catalytic and liquid neutralizers [4].

To determine the actual value of the cleaning efficiency
(neutralization) of exhaust gases from automotive diesel emis-
sions from engines which meet the environmental standard
Tier 111, field measurements in terms of the magnitude of the
carbon monoxide concentration (CO) and nitrogen oxides
(calculated as NO,) after the catalytic converter were pro-
cessed, which were conducted in the conditions of the “Unit-
ed Kirov mine” and the Maleevsky, Tishinsky and Dolinny
mines of “Kazzinc” LLC.

The effectiveness of catalytic converters, which were used
with all units of the equipment under study, was established in
the following sequence.

The amount of exhaust gases was established according to
the technical documentation for each of the machines with a
diesel engine. For this, we used the working volume of cylin-
ders (V,,) and the crankshaft rotational speed (n)

qng:o's' Vdv'na (1)

where g, is the amount of exhaust gases, m?®/min.

The concentration of carbon monoxide (CO) and nitrogen
oxides (in equivalent of NO,) from the engine was set as the
ratio of the specific emission values for each component in ac-
cordance with the environmental standard Tier I1I (2) to the
total exhaust gases.

Ci:O-1 'ji'Ndv/60'pi'qog: (2)

where C, is the concentration of the component, mg/m?; j; is
the specific value of the emissions of the component, g/kW - h
(g/hp - h); N, is power of the engine, hp; p; is the density of
carbon monoxide (pco = 1.15 kg/m3) and nitrogen oxides
(Pro, =2.1kg/m?).

The gas cleaning efficiency ratio (K,,) was calculated (3) as
the ratio of the component concentration to the measured
value of the concentration of each component after the cata-
Iytic converter.

Ke/: = C// Cimeas: (3)

where C,,,.,,. is the measured value of the concentration of the
component, %.

In the subsequent processing of the results, the Kef values
greater than 8 for carbon monoxide and 5 for nitrogen oxides
were not taken into account.

The results of establishing K,, after data processing are
presented in Figs. 1 and 2.

The results of the analysis show that gas cleaning efficiency
is not the same for carbon monoxide as for nitrogen oxides. In
the first case, it is equal to 5.1, which corresponds to decrease
in carbon monoxide emissions by approximately 80 %. In the
second case, it reaches 3.5 and corresponds to decrease in
emissions of nitrogen oxides by 71 %.

The data obtained as a result of measurements and calcu-
lations can be used to substantiate the air norms for airing the
workings in which diesel ICE are used.

The method of calculating the amount of air required for ventila-
tion of mine workings, where self-propelled diesel equipment with
ICE is used. In local practice, the required amount of fresh air for
static dilution of emissions of pollutants contained in exhaust
gases to standard values is calculated by the formula, which differs
from the standard by the presence of gas cleaning efficiency factor

C.
Q, =q .715 (4)
' * Kefjcmacj
where Q; is the amount of fresh air for static dilution of emis-
sions of polluting components, m?/min.
Formula (4) can be easily reduced to a more convenient
form for calculations
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Fig. 1. The ratio of purification efficiency for exhaust gases for
carbon monoxide (Ccq is the calculated concentration of
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Fig. 2. The ratio of purification efficiency for exhaust gases by nitro-
gen oxides (C No, I8 the calculated concentration of NO,, %)

0;=Ji/Kepmacio )

where J; is total emissions of pollutants contained in the ex-
haust gases, mg/min.; J; =j;N.

After dividing both parts of the formula (5) by the value of
the nominal engine power of the machine N,,, we obtain the
value of the specific air flow

sp.i :ji/Kef.MAC.i’ (6)

where ¢,y ; is specific air flow, m*/min. per hp.

Formulas (4—5) correspond to the case of the so-called
static liquefaction of pollutants emitted by the machines, i.e.
the case when a self-propelled unit with a diesel ICE is in a
stationary state.

The main provisions for calculating the required amount
of air to ensure the regulatory (20 %) oxygen content in the air
were set forth in an article by the staff of the Ural Branch of
State Institute of the Russian Academy of Sciences [5].

The amount of air QOz in the oxygen content can be cal-
culated by the formula Q

0o, =4y Co/(Co ~20), )

where CO is the initial volume concentration of oxygen in the
air entering the engine of the machine, %.

In case, if the technical characteristics of the engine of the
machine are known, the amount of exhaust gases g,, can be
calculated by the (1). Otherwise, to calculate g, we should use
the value of fuel consumption g,. (kg/h per hp) with the maxi-
mum engine load and the stoichiometric amount of oxygen /,
(kg/kg) required for complete combustion of the entire amount
of diesel fuel. The value of /, is equal to 3.35 kg/kg. Then the
flow rate qog, measured in m*/min., will be

qug: Qﬂ. : lO . Na’v/60 . pair.KOs (8)

where ¢ is fuel consumption, kg/h per hp., [, is stoichiometric
amount of oxygen, kg/kg; p,; is air density, kg/m?; K, is the
mass content of oxygen in the air, the unit share (the ratio be-
tween the mass and volume content of oxygen in the airis 1.105).

Comparison of calculated data, executed by the formulas
(1) and (8) for specific types of vehicles with ICE has shown
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that the difference between the calculated values of g,, for spe-
cific types of engines, does not exceed 12 %. This confirms the
mentioned possibility to calculate g, using the (1) in the pres-
ence of reliable technical characteristics of diesel engines.

The specific amount of exhaust gas is easy to find by divid-
ing the left and right sides of (8) by N,,. In this case, the (7) will
show the specific amount of air in m*/min. required to provide
the standard oxygen content

_0.015-q,,
* par(Go=20)

As it was noted before, the dependencies (4—9) make it
possible to calculate the amount of air for stationary machines
with ICE. In case of movement of a self-propelled machine
with ICE, the principle of “dynamic” dilution should be used
to calculate the required amount of air. A number of works
(S.S.Kobylkina, A.E.Mikheeva, R.A. Udalova, A.S.Kobyl-
kina [6], N. O.Kaledina, S.S. Kobylkin [7]) are devoted to the
development of this method.

Using the principle of “dynamic™ dilution of harmful gas-
es, the amount of air is calculated by the ratio

J.

Crges =———, 10
mac.i S ViQI ( )

wor.” ?

do )

«

where the sign characterizes co-movement of a self-pro-
pelled machine and air, and “+” — reverse movement. The pre-
liminary analysis of dependency (10) showed that the highest
concentrations of pollutants will occur when the vehicle and air
co-move. Thus, we will focus on the analysis of this case.

When the NO, emission value complies with the Tier 111
environmental standard, the gas cleaning efficiency is 3.5 and
the engine power of the machine is 252 hp, the specific amount
of air to ensure C,,mc‘NOZ =5 mg/ m® when the machine with
ICE is stationary is g;= 50/3.5 - 5=2.86 m*® min per hp or Q,=
=717 m*/min = 11.95 m%/s.

The calculation using the formula (10) with S, = 16.8 m?,
V,, = 10 km/h (2.8 m/s) and the calculated air flow Q; =
= 11.95 m?/s showed that the NO, concentration in the air is
lower than that with a stationary machine with ICE. However,
the calculation by the above method showed that the concentra-
tion of NO, increases with the increase in the amount of air and
the power of the machine with ICE (Fig. 3). Thus, it is possible
that when the power of a machine with an internal combustion
engine is equal to 500 hp and an air flow rate is 23 m®/s, the con-
centration of NO, in the air exceeds C',,,MM)z equal to 5 mg/m°.

This situation can be aggravated when the air flow is deter-
mined as for stationary equipment, and then the same air-flow
is used to ventilate the output when the ICE machines moves.
The considered case is illustrated by the graphs in Fig. 4. From
the analysis of these graphs, it follows that at the speed of
movement of machines in the area located below the curves
corresponding to fixed values of N, and N,, the concentration
of NO, in the air will exceed the standard value. Thus, reduc-
ing the speed of movement of machines with ICE will lead to
an increase in the concentration of NO, in the air. This is ex-
plained by the fact that a decrease in the speed of movement of
machines with ICE with the same air flow results in a decrease
in the speed of air relative to emitting pollutants from a ma-
chine with ICE [8]. In the extreme case, when the relative air
velocity relative to cars with ICE corresponds to zero, the con-
centration of pollutants reaches a maximum value correspond-
ing to their concentration in exhaust emissions [9, 10].

A similar scenario will take place in case of movement of
two machines with ICE having different engine power.

With the speed of machines with ICE 10 km/h, the provi-
sion of S, no,» equal to 5 mg/m?, is possible only at the air
flow rates indicated in Table 2.

Therefore, when ensuring standard concentrations of pollut-
ants contained in the exhaust gases of cars with internal combus-
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Fig. 3. Dependence of NO, concentration in the air on the pow-
er of the machines with ICE and the amount of air
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Fig. 4. Dependence of the required speed of movement of ma-
chines with ICE on the power ratio of fixed and moving self-
propelled equipment

tion engines in the air of a mine, it is necessary to take into ac-
count the geometrical parameters of the workings, the speed of
movement of the machines and the number of them in working.

Calculation of specific air flow for actual conditions. For ex-
ample, the calculation of specific air flow rates for mountain
transport equipment with engines meeting the Tier 111 envi-
ronmental standard was performed. The performed evalua-
tions showed that this standard conforms to the EU standard
for off-road vehicles Stage I11A and occupies an intermediate
place between the Euro 3 and Euro 4 standards used in the
Russian Federation [11, 12].

The parameters of the mining transport equipment con-
sidered below, necessary for calculating specific air flow rates,
including environmental standards for pollutant emissions,
maximum allowable concentrations of pollutants and the es-
tablished efficiency of gas cleaning in catalytic converters, are
shown in Table 3.

In addition, we use the following parameters for calculations:

- air density: p,; = 1.25 kg/m?;

- initial volume concentration of oxygen in the air entering
into the engine of the machine: C,=20.8 %;

Table 2

The required volume of air (m?/s) for airing the mine with
two moving machines with ICE with powers of N, and N,

(= (=3 =% o =

= = = = =

(=3 (= (= (= (=

Ny, hp = & @ g =
Il Il Il Il I

= = z = =

50 2.66 3 3.53 43 5.6
100 5.35 6.2 7.4 9.7 -
150 8.1 9.55 12.1 - -
200 10.9 13.2 - - -
250 13.8 17.6 - - —
300 16.9 - - - -
400 23.9 - - - -
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- the stoichiometric amount of oxygen required for complete
combustion of the total amount of diesel fuel: /, = 3.35 kg/kg.

Results. Let us consider an example of calculating the spe-
cific consumption of air supplied to ventilate the workings of a
mine using the exhaust gas dilution factor from self-propelled
diesel equipment and providing standardized oxygen concen-
tration, using the example of Sandvik LH307.

Specific air consumption for nitrogen oxides for Tier 111
will be: ,,x0, = o, / Ko *Craeno, =30/3.5-5=2.86 m*/min
per hp. '

Carbon monoxide specific air consumption for Tier 11 will
be: qu,CO :jCO/Kef' Cmac,CO = 433/51 . 20 = 0.42 m3/mln per hp

Specific air consumption for oxygen will be: g, =0.015x
X qp - lo/(Pair - (CO —20)) =0.015 - 3.35 - 33.5/(1.25 - (20.8 —
—20)) = 1.68 m3/min per hp.

The calculation of specific air flow for the rest of the equip-
ment was made according to this example.

The values of specific air flow rates for main equipment
planned for loading and haul operations are presented in Table 4.

The analysis of the data presented in Table 4 suggests that
for Tier I1I environmental standard, the maximum specific air
flow rate is necessary to dilute emissions of nitrogen oxides.
The flow rate is 2.86 m*/min per hp. Specific air flow rates for
diluting carbon monoxide emissions and ensuring the stan-
dard oxygen content have a lower value of 0.42 m*/min per hp
and 1.68—2.63 m3/min per hp, respectively. The transition of
engines of machines to the environmental standard Tier I'V can
lead to the situation when basis for calculation of air amount
will be the specific air consumption for oxygen.

The authors analyzed the data related to efficiency of puri-
fication of exhaust gases using neutralizers on oxides of nitro-
gen and carbon monoxide. The results demonstrated that gas
cleaning helps to reduce emissions of carbon monoxide and
nitrogen oxides by 80 and 71 %, respectively.

In confirmation of the relevance of the study, Professor
S. G. Gendler made an assessment of the concentration of ni-
trogen oxides in the air, taking into account the direction of
movement of equipment and air, as well as their speeds.

The calculation of specific air consumption according to
the method developed by the authors has demonstrated that its

maximum value for the Tier III environmental standard is
achieved when diluting emissions of nitrogen oxides and is
equal to 2.86 m*/min per hp.

The use of mining equipment in Russia that complies with
Tier III standards allows us to conclude that it is possible to
reduce the norm of specific amount of air required to dilute
the gases generated by the operation of machines with ICE,
compared with the earlier recommended value of 5 m®/min
per hp [13].

Conclusions. Studies performed in the area of calculating
the specific air flow rate by exhaust dilution factor have shown
the possibility of significantly reducing the amount of air sup-
plied to the atmosphere of the mine to dilute harmful impuri-
ties to standard values.

Using the equipment that meets more modern environmen-
tal standards of fuel entails a reduction in the amount of air sup-
plied to the working. Consequently, this will increase the service
life of equipment involved in the ventilation of mine workings,
and will significantly reduce the capital costs of mining enter-
prises, which will generally lead to a positive economic effect.
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Po3paxyHoK KibKOCTi MOBITpst
JUISl IPOBITPIOBAHHSA TiPHUYMX BMPOOOK Mij Yac
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Mera. Po3poOka METOOMKM [UISI BUBHAUEHHST HEOOXiTHOT
KiJIBKOCTi MOBITPsI 1151 TPOBITPIOBAHHS BUPOOOK 3a (pakTopoM
BUXJIOTTHUX Ta3iB Bil IBUTYHiB BHYTPIllIHHOTO 3ropsiHHs ([1B3).

Metonuka. Jlnsg BuU3HaueHHS (paKTUYHOTO 3HAYEHHS
e(eKTUBHOCTI OUMILeHHs (HehTpasizallii) BUXJIOMHUX ra3iB
Bil caMOXiTHUX AU3EJIbHUX MAIlWH, BUKUIMU BiJ JBUTYHIB
SIKMX BiIMOBigaloTh ekojoriuHomy crangapty Tier 111, Oyna
3ificHeHa 00po0OKa TaHUX HAaTYpHUX BUMIipIOBaHb 3a BEJIU-
YMHOIO KOHIIeHTpallii okcuny Byrielo (CO) i okcumiB a3oty
(y nepepaxyHky Ha NO,) micis KataJiTMMHOro HelTpaniza-
TOpa, TpoBeaeHuX B ymoBax ,,00’e¢qHanHoro KipoBchbKoro
pyaHuka“ ta ManeiBebkoro, TuinHcbkoro i JonvmHHOro
pynuukiB TOB ,,Kasuuuk* (PD).

Pesymbrat. Po3paxyHOK BeJIMUYMHM MHMTOMOI BUTPATH
MOBITPSI 3a PO3pO0JEHOI0 aBTOpAaMU METOIMKOIO TTOKa3aB,
10 0r0 MakCUMaJIbHe 3HAYEHHS IS eKOJIOTIYHOTO CTaH-
napry Tier 111 nocsiraeTbest ipu po30aBieHHI BUKHIIB OKKUC-
JIiB 30Ty Ta JopiBHIOE 2,86 M*/XB Ha K.C.

HaykoBa HoBH3HA. Y XOIi TOCIiIKEHHS B 00JacTi epek-
TUBHOCTI OUMILEHHS BUXJIOITHUX ra3iB Micjst HelTpaizaTopa
OyB BUBEIEHUI KOepilliEHT ra300UYMIIEHHS i 3aCTOCOBaHUI

Yy METOIMII 3 PO3PaXyHKY KiJIbKOCTi MoBiTpsi. [IpoBeneHi no-
CJIIXKEeHHST B 00J1aCTi pO3paxyHKy MUTOMOI BUTPATU TTOBITPSI
1o GakTopy po3pilkKeHHsS! BUXJIOMHUX ra3iB MoKa3aau MOX-
JIMBICTh 3HAYHOTO 3MEHIIIEHHS KiJIbKOCTI TTOBITPs, 1110 Moaa-
€TbCS 10 aTMOcepu BUPOOKHU, JUISI pO3BEISHHSI IKIIJIMBUX
JIOMIIITIOK 10 HOPMAaTUBHUX 3HAYECHb.

IIpakTiyna 3HayumicTh. Po3paxyHOK KiJIbKOCTi MOBIiTps
3a Cy4aCHMMM CTaHAapTaMU IU3eJIbHOTO 00TalHAHHS 103BO-
JINTh 3MEHIIIUTH BUTPATU Ha MPOBITPIOBAHHS TipHUYUX BU-
po6ok. Lle 30inbINnTL pecypc poboTH 00JIagHAHHS, 3aisTHO-
ro Ha MPOBITPIOBaHI MpHUYUX BUPOOOK, 3HAUHO 3MEHILUTh
KamiTaJbHi BUTPATH TiPHUYOPYIHUX MiIIPUEMCTB, 1110 TIPU-
3Beie 10 TO3UTUBHOIO €KOHOMIYHOTO e(DeKTy.

KoouoBi ciioBa: éenmunayis, euxaonti eazu, Kamanimu4-
HUll Helmpanizamop, eumpama no8impsi, camoxione duzenvhe
001a0HAHHS, e(heKMUBHICMb 2A3004ULUEHHS

Pacuer koamyecTBa BO3Ayxa
JUIsl TIPOBETPUBAHMS TOPHBIX BHIPAOOTOK MpH
padoTe CaMOXOHOTO U3EJIbHOIO0 000PY/I0BAHHUS

C. I Ilenonep, E. b. Ipuduna, H. A. Eecoposa

Cankr-IletepOyprckuii ropHbiii yHuBepcuteT, I. CaHKT-
[MetepOypr, Poccuiickasg @enepanys, e-mail: Gendler SG@
pers.spmi.ru

Ilean. Pa3paboTka MeTOAMKM JIJIs1 ONIPeneIeHUs He00X0-
IIMMOTO KOJIMYECTBA BO3IyXa Ha MPOBETPUBAHKE BHIPAGOTOK
1o (hakTopy BBIXJIOMHBIX Ta30B OT ABUTaTeseil BHYyTPEHHETO
cropanus (ABC).

Meronuka. JIis onpeneneHust (pakKTUUYECKOTro 3HAYEHUS
3¢b(HEKTUBHOCTY OYMCTKU (HEHTPaATU3aLUU ) BHIXJIOTTHbIX ra-
30B OT CAMOXOJHBIX AU3EIbHBIX MAIIMH, BBIOPOCHI OT IBUTA-
TeJiell KOTOPBIX COOTBETCTBYIOT 9KOJIOTUIECKOMY CTaHIAPTy
Tier 111, 6bu1a ocylecTBIeHa 0OpabOTKa JaHHBIX HATYPHBIX
M3MEpEeHUil 10 BeIMUYMHE KOHIEHTPAlUM OKCUIA YIiiepoaa
(CO) u okucyoB a3ota (B nepecuere Ha NO,) mociie KaTaau-
TUYECKOTO HEWTpaim3aropa, IPOBEIEHHBIX B YCIOBUSX
,O0bennHeHHoro Knposckoro pyaHuka“ u pyarHuKoB Ma-
neeBckuit, TummmmHckwmii u Jlomuaubii OO0 ,, KasuuHk (PD).

PesynbraTbl. Pacuer BeTMunuHbBI yAETIBHOTO pacxoia BO3-
nyXa TI0 pa3paboTaHHOW aBTOpaMU METONIMKe T0Ka3al, YTo
€ro MaKCMMaJIbHOE 3HAUE€HUE [IJI51 9KOJIOTMYECKOTO CTaHIap-
ta Tier 111 nocturaercs npu pa3daBjieHUU BBIOPOCOB OKUC-
JIOB a30Ta U paBHO 2,86 M>/MUH Ha J1.C.

Hayunas nHoBu3na. B xone uccinenoBanust B o0nactu ag-
(heKTUBHOCTU OYMCTKU BBIXJIOMHBIX [A30B MOCTE HEUTpaIu-
3aTopa ObLT BhIBeICH KOA(MGMUIIMEHT ra3004UCTKHA U TIPUMe-
HEH B METOMIMKE IO pacueTy KoauuecTna Bo3ayxa. [IpoBenen-
HbIE WCCJIEIOBAaHUS B 00JIACTU pacueTa yIeJbHOTO pacxona
BO3/YyXa 110 (haKTOPY pazKIKEHUsI BBIXJIOMHBIX Ta30B MTOKa3a-
JI1 BO3MOXHOCTh 3HAUMTEIBHOTO YMEHBIIIEHHS] KOJTMUECTBA
BO3J1yXa, roJaBaeMoro B atMocgepy BbIpabOTKU, 151 pa30aB-
JIEHUSI BPEHBIX TIPUMeceit 10 HOPMATUBHBIX 3HAYCHUH.

IIpakTuyeckas 3HauuMocTh. PacueT KoiauuecTBa BO3ayxa
10 COBPEMEHHBIM CTaHHapTaM IU3eJIbHOTO O0OPYIOBaHUS
MO3BOJIUT YMEHBILIUTh 3aTPaThl Ha MPOBETPUBAHNE TOPHBIX
BBIPA0OTOK. DTO YBETUUUT pecypc paboThl 00OpymOBaHUS,
3a2/IeliICTBOBAHHOTO HAa MPOBETPUMBAHUM FOPHBIX BIPAOOTOK,
3HAUUTEIBHO YMEHBIIUT KalUTaIbHbIe 3aTPaThl TOPHOPYI-
HBIX MPEINPUSITUIA, YTO IPUBEIET K MOJOXKUTETbHOMY KO-
HoMuuecKkoMmy apdexTy.

KiroueBble ciioBa: genmunayus, 8bIX10nHble 2a3bl, KAMAlU-
muvecKull Helmpaiuzamop, pacxod 603dyxa, camoxooHoe ou-
3e1bHoe 000pydosanue, dPeKmueHocms 2a3004UCMKU
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