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METHOD FOR PREDICTING PARAMETERS OF THE AEROIONIC
MODE IN OPEN TERRAIN GROUND AREAS

Purpose. The scientific work is devoted to the development of a new method for forecasting aeroionic mode in
working areas at industrial sites, taking into account ionizing sources and surrounding obstacles. Methodology. To
find the concentration of positive aeroions, dust and negative aeroions, we use 3D mass transfer equations that take
into account the rate of recombination of ions having different polarity and the rate of recombination of ions with
dust particles. The numerical solution is based on the integration of the mass transfer equations using the finite-
difference method, which turns out to be stable for any step in time. To determine the components of the air velocity
vector, a three-dimensional model of the potential flow is used, where the Laplace equations for the velocity poten-
tial are the modeling equations. Findings. The mathematical method of numerical calculation of the concentration
of positive, negative aeroions and dust has been developed. A feature of the method is the possibility of predicting
the aeroionic mode, taking into account all physical factors that significantly affect the formation of concentration
zones of aeroions in working areas at industrial sites. The method is not tied to a particular industrial site, it allows
us to estimate the value of the concentration of aeroions both locally and in the entire calculated region.
Originality. A method for prediction of aeroionic mode in working areas is developed based on 3D modeling of the
propagation of negative, positive aeroions and dust under the influence of wind and diffusion, which allows to ob-
tain results at each point of space or in a specific cross-section. Practical value. The proposed method of forecasting
was used to solve the problem of estimating aeroionic mode in industrial zones in the open area of the industrial site
of the Dnipro oil extraction plant in the presence of emission sources: positive aeroions during the operation of vehi-
cles and respiration of workers; dust during the movement of workers and vehicles; negative aeroions of the ionizer
installed in the working zone. The regularities of changes in the concentration of aeroions of various polarity and
dust at a height of 1.7 m are determined, which corresponds to the position of the respiratory organs of workers.
Quantitative results are needed in assessing the permissible working conditions in the workplaces of industrial sites
of enterprises when creating new jobs and reengineering existing ones.

Keywords: ionization of air; sources of ion emission; numerical method; industrial site; concentration of
aeroions

charged particles (ions). lons in the air (aeroions)
Introduction can be formed as a result of natural and artificial
ionization.

Natural ionization occurs as a result of the
influence on the air of space and solar radiation
and ionizing radiation (particles) that arise during
the decay of long-lived radionuclides of the earth's
crust (potassium-40, uranium-238, thorium-232,
etc.). Natural ionization of the air environment is
everywhere and constant in time. Artificial
aerionization occurs under the influence of
ionizing factors, which accompany some
technological processes (X-ray and ultraviolet
radiation, thermo-emission, photoelectric effect,
etc.); as well as the effect of special devices —
ionizers. The degree of ionization of air depends
on the ratio of ionization and deionization
processes. The latter is due to the recombination of

Providing a certain degree of ionization of the
air environment in the working area is one of the
most important factors in maintaining a good state
of health and high efficiency of staff. It has been
established that a significant decrease in the
content of charged particles (ions) in the air
coincides with the appearance of unusual sickliness
in working people, fatigue complaints, depression,
nausea, insomnia, irritability, respiratory disorders,
and others. At the same time, the presence of
people in conditions with moderately high
ionization of the atmosphere, with the wvast
majority of negative ions - on the contrary, there is
a beneficial effect on the body. The process of
ionization of air consists in the transformation of

neutral atoms and air molecules into electrically
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two ions of different polarities, adsorption of light
ions on uncharged nuclei, condensation,
neutralization of light and heavy ions by charges of
the opposite sign, and others.

Assessment of the aeration degree of the
environment is carried out by comparing the
measured values with the standard ones. Artificial
ionizers (high-voltage, induction, radiation, etc.)
and efficient, well-organized ventilation of
premises are widely used to normalize the ionic
mode of the air environment, as the external clean
air contains 2-5 times more ions than the air of
indoor premises (50-100 ions/cm?).

Many works of domestic authors are devoted to
the study of aeroionic mode. Modeling of aeroionic
mode in working zones under conditions of
artificial ionization is presented in the work [1].
The problem of the evaluation and the relationship
between aerosol pollution and the aeroionic
composition of air in the working zone is
considered in the works [8-9]. The works [2, 11]
are devoted to the modeling of the aeroionic mode
in premises with artificial ionization using the
means of numerical Modeling. The proposed
program information system for the optimization
of the microclimate in the premises is in [6]. The
study of ways to improve the aeroionic mode of
the working environment is presented in work [7].
The study of the microclimatic parameters
influence of air exchange on the aeroionic
composition of the air in the working premises and
the modeling and prediction of the aeroionic
composition dynamics of air are given in the works
[4-5]. The methods for determining the
concentration of aeroions and dust content are
presented in the work [3]. The normalization of the
aeroionic composition of air in office premises is
considered in the work [15]. A large number of
foreign works are devoted to the study of
ionization processes for improving the health of
employees [12-14, 16].

Purpose

The purpose of this study is to develop a new
method for forecasting aeroionic mode in working
areas at industrial sites, taking into account ioniz-
ing sources and surrounding obstacles (buildings).

Methodology

It is known that the formation of the concentra-
tion field of aeroions is influenced by a complex of
physical factors: airflow, diffusion, electric field
effect and others. In addition, there is the interaction
of ions of different polarity and their interaction
with particles of dust. To account for these process-
es during the Modeling of aeroions dispersion, the
3D equation of mass transfer is used. It is written for
each component (positive aeroions, dust, negative
aeroions). The Modeling equations have the form:

— to describe the process of dispersion of posi-

tive ions
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The denotations of physical parameters in these
equations are as follows:
Ap, A,, A, —the concentration of positive, nega-
tive aeroions and dust particles, respectively; u, v,
w — components of the velocity vector of the air
flow; ., p,, p,— coefficients of diffusion; t —

time; a — the rate of recombination of ions with
different polarity; p — the rate of recombination of

ions with dust particles; QAp (t) — the intensity of

the emission of positive ions at the corresponding
coordinate points Xo oY Z,
O(X =X, )3(y =¥, )8(z—12,) — delta-function of
Dirac; b — coefficient of ions mobility; E — electric
field strength.

At the boundary of the air flow inlet into the
calculated area is the initial condition:

= A )

Plentrance Po’

where Apo — the initial concentration of aeroions.

At the boundary of the area outlet from the cal-
culated we set a «soft» boundary condition:

? =0, where i — unit vector of the external nor-
A

mal to the solid surface.
For numerical implementation such a boundary
condition is recorded:

A (I+1 )= A0, )), ()

where A, (i +1 j) — the values of ions in the last
boundary cell, A, (i, j) — the value of ions in the

penultimate difference cell.
On the ground surface and all solid surfaces,
the boundary condition for non-permeability is set:

oA, 0 ©)
on
This condition physically means that the flow
of ions at these boundaries is zero.
Using the Modeling equations (1) — (3) speed
components u(x,y,z), v(x,y,z), w(X,y,z) must
satisfy the equation of continuity:

ou v ow

&+5+5—0. @)

To fulfill this condition one should solve an
aerodynamic problem for determining the velocity
field. To determine the components of the air ve-
locity vector, a three-dimensional model of the
potential flow is used, where the Laplace equation
for the velocity potential serves as the simulating
equation:

0’°P 0°P O°P
2 + 2 + 2
ox~ oy oz

=0, (8)

where P — speed potential.

Components of the velocity vector of the air are
related to the velocity potential by the following
relationships:

oP oP

& ’ - E ’
For the Laplace equation, the following bound-

ary conditions are set:
— on firm boundaries the condition of non-

_oP

W—E. 9

permeability is set i =0;
on

— on the boundary of the flow outlet from the
calculated region the Dirichlet boundary condition
is set P =const;

— at the boundary of the air flow inlet into the
calculated area, the boundary condition is set

Z—Fj =V , where V — known velocity of the inflow.
n

When simulating the propagation of aeroions, it
is necessary to take into account the influence of
the electric field on this process. Since the aeroions
have a charge, they generate an electric field E. For
the Modeling of the electric field, the following
equation is used [2, 12]:

cE, OB, E _q
x oy oz g

, (10)

where g, — dielectric permeability; g, — volumet-

ric charge density.
From equation (5.7) we can go to the scalar po-
tential, if we take into account such dependence:

OX oy oz
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Then we obtain the Poisson equation:

2 2 2
a_(zl)+a_(2p+6_(f:_q_e, (12)
A

where g, =—e-Ap(x, y,2), Ap(x,y,z) — concen-

tration of positive aeroions; ¢ — scalar potential; e

— elementary charge. On the basis of this equation
electric field Modeling is carried out.

As the boundary condition, the condition of
electrical insulation is used:

%o,
on

where i — unit vector of the external normal to the
solid surface.

For numerical integration of the mass transfer
equations, a difference scheme is used based on the
geometric and physical splitting of the simulating
equations (1) — (3). In each of the four fractional
steps, only one direction of perturbation transfer is
taken into account; the fifth split step takes into
account the change in the concentration of aeroions
due to the action of the emission source. The calcu-
lation is performed on a rectangular difference
grid. Concentration of quantities A AL A is

determined in the centers of the difference cells,
whereas the components of the velocity vector of
the air are set at the boundaries of the difference
cells [2, 11-12].

Findings

To estimate the aeroionic mode in the working
zones, based on the developed method, it is neces-
sary to determine the aeroions emission intensity
from the specific sources. As already noted, one of
these sources is the worker, who exhales positive
aeroions. Physical experiment was conducted to
obtain scientifically substantiated information re-
garding the magnitude of such emission.

For the experiment, a group of people of dif-
ferent ages was selected: 16 people in each age
group. The mouth area was measured $=9.5 cm?,
the rate of air flow when exhaled was on average
V=0.4 m/s, flow rate Q=V -S m¥s, the intensity
of the emission of positive aeroions when exhaled
I =V-S-C ions/s, where C — concentration of
positive aeroions at exhalation. The results of

measuring the average concentration of positive
aeroions when exhaling for each age group are
given in Table 1.

Experiment to measure the concentration of
aeroions from human exhalation was carried out
using the KT-401 AIRION TESTER.

Table 1

The value of the concentration of positive
aeroions when person exhales

Age of a Concentration of positive
person, years aeroions, ions/cmd,
8-9 166-176
18-19 232-349
40 277-329
78 210-256

The data obtained on the basis of the conducted
physical experiment, were used during computa-
tional experiments. During the experiments it was
taken into account that the source of positive
aeroion emission during exhalation had a periodic
action, namely, exhalation for 1 s in quantity Q,

the inhalation — emission is absent and after 2 s
again exhalation with the same emission. That is,
the source of periodic emission Q(t) is known.

Verification of the developed forecast method
was carried out. A test task was solved to calculate
the emission of positive aeroions with exhaust gas-
es of vehicles.

During the physical experiment, the positive
aeroions at different distances from the Daewoo
Matiz exhaust pipe were measured using the KT-
401 AIRION TESTER. The velocity of wind and
gas flow at the exhaust pipe outlet was measured
using an anemometer PM 6252 B Digital Anemom-
eter. The speed of the air flow was Vair=1.2-1.4 m/s,
and the speed of gas flow Vgs=1.7-1.9 m/s, diame-
ter of the exhaust pipe hole d=32 mm.

The method of conducting the experiment was
as follows: the concentration of positive aeroions
was measured at a height of 320 mm from the
ground surface at different distances from the ex-
haust pipe. To obtain data on the intensity of emis-
sions, the calculation was made according to the
ratio Q =V, -S-C, where V ,; — the velocity of

the gas flow in the outlet cross section of the ex-
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haust pipe, S — area of the outlet cross section of
the exhaust pipe hole, C — the concentration of
positive aeroions in the outlet cross section. Imme-
diately during the experiment parameters V,, and

C were measured at a distance of 0.5 cm from the
outlet cross section of the exhaust pipe hole. The
obtained data were used as input information for
numerical calculation on the basis of the developed
method. Using this method, the impurity concen-
tration values at the points of measurements were
also calculated. Table 2 shows the results of exper-
imental measurements and the calculated data ob-
tained with the help of the developed numerical
calculation method.

Table 2

Concentration of positive aeroions at different
distances from the emission source

Distance from Cor\gentratio_n of Concent.ration of
exhaust p05|t_|ve aeroslons, ger0|onsa,
prectacarom | ooy | (atoton)
5 1400-1 443 1425
10 1 080-1 097 1092
20 650738 721
30 420-546 465
40 143-158 152
50 67-76 72
60 43-57 52

Data analysis shows the adequacy of the nu-
merical calculation method. The corresponding
deviation is due to the flow turbulization caused by
the influence of the car body on the aerodynamics
of the flow.

The source of positive aeroions on the street is
primarily people, cars. During calculations, a com-
plex of factors was taken into account, which had
been overlooked in scientific publications: aeroion
emission from cars; aeroion emission from hu-
mans; the influence of various obstacles in the
street on the aeroionic mode formation; the influ-
ence of the uneven wind velocity field on the for-
mation of aeroionic mode; the influence of the un-
even field of atmospheric diffusion on the for-
mation of the aeroionic mode; modeling of
aeroions dispersion in a three-dimensional formu-
lation (3D modeling).

Taking into account the listed factors extremely
complicates the solving of these problems:

The task solution is based on three stages:

1. Modeling the formation of a field of concen-
tration of positive, negative aeroions and dust under
the influence of wind and atmospheric diffusion.

2. Modeling the transport of aeroions under the
action of an electric field.

3. Change the field of concentration of aeroion,
dust due to their interaction.

The developed method of forecasting was used
to solve the task of estimating the level of pollution
of working areas in the open air in the presence of
a source of emissions: positive aeroions — emis-
sions from vehicles and people; dust — traffic;
sources of negative aeroions — an ionizer installed
in the working zone and the screen (fence), which
changes the aerodynamics of the aeroions and dust.

Fig. 1. Modeling area (Google Earth Image, 2019)
Dnipro Oil Extraction Plant:
1 — cargo scales

As a research object, the Dnipro Oil Extraction
Plant was chosen, namely, the territory where the
cargo scales (Fig. 1) operate, where the lorries with
seeds arrive. This area is a source of dust, positive
aeroions, and workers responsible for unloading
cars are constantly under the influence of these
negative factors.

Scheme of the calculated area is presented in
Fig. 2

There are the results of the computational ex-
periment for calculating the field of positive, nega-
tive aeroion and dust concentration in the working
area of the industrial site (Fig. 3, Fig. 5, Fig. 7).
The speed of the air flow was set at 5 m/s, the size
of the calculated area was 8x4 m, the intensity of
the sources of aeroions was 1000 ions/cm?. Fig. 4,

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/170273

20

© T. I. Rusakova, 2019



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

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 3 (81)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

Fig. 6, Fig. 8 show the percentage distribution of
negative, positive aeroions and dust concentrations
in the working area at the height of 1.7 m.

&.QJ-I

Fig. 2. Scheme of the calculated area:
1 — emission source (car), 2 — emission source (dust),
3 — screen, 4 — source of positive aeroions,
5 — working area,
6 — source of negative aeroions (ionizer),
7 — temporary building
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Fig. 3. Distribution of negative
aeroions concentration,
intersection y=4 m

In Fig. 3 it is evident that at the distance of 3 m
from the beginning of the calculated area there are
no negative aeroions, since there is no source of
emission on this site, and on another section
a complex picture of the distribution, which is
caused by the movement of the air flow and the
action of atmospheric diffusion, is observed.

The value of the concentration at the height
H = 1.7 m slowly increases under the influence of
the emission source and diffusion (Fig. 4).

100

concentration, An, %

60 /
40 /
20

distance, m
:

——0—0—0—0

0 1 2 3 4 5 6 7

Fig. 4. Distribution of the concentration of negative
aeroions at the height H = 1.7 m, intersection y=4 m

4.0 coordinate x g0

Fig. 5. Distribution of dust concentration,
intersection y=4 m

In Fig. 5 it is evident that the entire research ar-
ea is filled with dust, due to its intensive allocation
on two sites: before the screen — the emission of
dust from cars; from the screen to the location of
the scales — the work area of the workers. The dust
is driven by wind flow and gets into the working
area in the open ground. The maximum permissi-
ble concentration is MPC.4=0.15 mg/m?, so the
dust concentration in this zone exceeds the

MPC,qby 20%.
50
concentration, 44, ¥
. /\\’*«_.
W
W0 N
L /
distance, m
ﬂ T T T T T T
1] 1 2 3 4 5 L1 7

Fig. 6. Distribution of dust concentration
at the height H = 1.7 m,
intersection y=4 m
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The dust concentration at the height of
H = 1.7 m slowly increases under the influence of
the emission source (motor vehicles), then it is re-
duced due to the screen action and decreases at
insignificant distance, but under the influence of
the source of emissions (workers) increases again
and decreases due to changing the flow direction
near the awning of the temporary building and dif-
fusion (Fig. 6).

Fig. 7 shows the distribution of positive
aeroions.

o=+ ~AaHoOn

4.0 coordinate x g p

Fig. 7. Distribution of the concentration of
positive aeroions, intersection y=4 m

Apparently, in the working zone there is a dy-
namics of growth of positive aeroions, which is
caused by the transport of positive aeroions from
vehicles (source of emissions — cars) and the emis-
sion of positive aeroions from people in the work-
ing zone, that is, the interaction of sources of
aeroion emissions takes place.

As the dust concentration values, the concentra-
tion of positive aeroions slowly increases at the
height H = 1.7 m under the action of the emission
source of positive aeroions (vehicles), then it is
reduced by the screen action and decreases at in-
significant distance, but under the influence of the
source of emissions (workers) increases again and
decreases due to changing the flow direction near
the awning of the temporary building and diffusion
(Fig. 8).

The optimal level of positive aeroions
1500-3000 ions/cm?, the maximum allowable level
is 50000 ions/cm?, in the working area is observed
exceeding the permissible level by 10%.

160 -
concentration, Ap, %
=0
) /J A=
40 /M
w
distance, m
'] r . r . . r
] 1 ] 3 4 = s 7

Fig. 8. Distribution of the concentration
of positive aeroions at the height of H=1.7 m,
intersection y=4 m

Originality and practical value

1. The method of aeroionic mode forecasting in
working zones is developed, which is based on
three-dimensional modeling of the distribution of
negative, positive ions and dust under the influence
of wind and diffusion.

2. The peculiarity of the proposed method is the
possibility of forecasting the aeroionic mode, taking
into account almost all physical factors that signifi-
cantly affect the formation of concentration fields of
aeroions in working areas at industrial sites.

3.The proposed method of forecasting was
used to solve the problem of aeroion assessment in
open areas in industrial site in the presence of
emission sources: positive aeroions — emissions of
vehicles and breathing of people; dust — the
movement of workers and vehicles; sources of
negative aeroions — ionizer installed in the working
zone and the screen, which changes the aerody-
namics of aeroions and dust.

4. The regularities of the change in the concen-
tration of aeroions and dust at the height of 1.7 m
are established, which corresponds to the position
of the respiratory organs of the workers.

5. The developed mathematical method of fore-
casting can be used to estimate the concentration of
aeroions of different polarity and dust.

6. The method is implemented in the form of
application program for the calculation of
aeroionic mode in the working areas in the open
field of industrial sites.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/170273

22

© T. I. Rusakova, 2019



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

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 3 (81)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

Findings

As a result of the conducted research the fol-
lowing results were obtained:

— the mathematical method of numerical calcu-
lation of the concentration of positive, negative
aeroions and dust is proposed;

—the method is not tied to a specific industrial
site, it allows estimating the value of the concen-
tration of aeroions both locally and in the entire

strating the adequacy of the numerical calculation
method;

— the results of calculations are useful in terms
of ensuring acceptable working conditions in the
workplaces of industrial sites, in creating new jobs
and reengineering the existing ones.

The prospect of development of this direction is
to improve the established method for assessing
the parameters of well-being of workers in outdoor
areas of industrial sites in the established aeroionic

calculated area;
—a physical experiment was conducted demon-

10.

11.

12.

13.

mode.
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METOJ ITIPOI'HO3Y HAPAMETPIB AEPOIOHHOI'O PEXKUMY
B POBOYUX 30HAX HA BIIKPUTIN MICHEBOCTI

Mera. HaykoBa pobGora Mae Ha MeTi po3pOoOKy HOBOTO METOJy MPOTHO3Y aepOiOHHOTO PEXUMY B pOOOYHX 30-
Hax Ha MPOMHCIIOBHX MaiJaHuWKaxX i3 ypaxyBaHHSM IOHI3yBaJlbHUX JDKEpeJl 1 HaBKOJMIIHIX IEPEIIKO.
Metoauka. J{ns 3HaX0/KEHHS] KOHLEHTpPALIl MO3UTHBHUX aepOiOHIB, MYy W HEraTHBHUX ae€pOiOHIB BUKOPHUCTAHO
3D-piBHIHHS MacoNepeHoCy, 110 BPaxoBYe MIBUAKICTh PEKOMOIHALT 10HIB, SIKI MAlOTh Pi3HY MOJSPHICTH, i MIBU/-
KiCTh peKoMOiHali] 10HIB 13 YaCTUHKaMH muity. YucenbHe po3B’s3aHHs IPYHTYETHCS HA IHTETpyBaHHI PIBHSHb Ma-
COIIEPEHOCY 3a JOMOMOTOI0 KiHIIEBO-PI3HULIEBOTO METO.Y, 10 BUSBISETHCS CTIHKUM AT Oy[b-sIKOTO KPOKY 3a 4a-
coM. I BH3HAUCHHS KOMIIOHEHTIB BEKTOpA MIBHJKOCTI MOBITPSHOTO MOTOKY BUKOPHCTAaHO TPUBHUMIPHY MOJCIb
MOTEHINIHHOI Tedwii, Je MOJENIOBaIbHUM DIBHAHHSAM BHCTYyIMae piBHAHHS Jlammaca anms MOTEHIIANy MIBHAKOCTI.
PesyabraTu. Po3pobieHo MaTeMaTH4YHUI METOJ YHCETBHOTO PO3PaxXyHKy KOHICHTpAMii ITO3UTUBHHUX, HETaTHBHUX
aepoioHiB i mmry. OCOOIUBICTIO METOLy € MOXKIIMBICTE IMPOTHO3Y a€POIOHHOTO PEXXUMY 3 YpaXyBaHHIM IPAKTHIHO
BCiX (Qi3MUHUX (aKTOPiB, MO CYTTEBO BIUTUBAIOTH HA (OPMYBaHHS KOHIICHTPALIWHUX IOJIB aepOiOHIB Y pOOOUNX
30HaX Ha IPOMMCIOBUX MaiiiaHunmkax. MeTon He NpUB’S3aHUI MO KOHKPETHOTO NPOMHCIOBOTO MaWJaHYHKa,
IO JIO3BOJISIE OI[IHUTH 3HAUEHHs KOLIGHTpalii aepoiOHIB SK JIOKaJbHO, TaKk 1 B YCIif pO3paxyHKOBiil 30HI.
HaykoBa HoBU3HA. Po3po0IieHO METO/| IPOTHO3Y a€pOIHHOTO PEXUMY B pOOOUYMX 30HAX, KU 0a3yeThCsl HA TPUBH-
MIpHOMY MO/ICTIFOBaHHI PO3MOBCIOJDKEHHSI HEraTWBHUX, TO3MTHBHHUX 1€POIOHIB 1 Mty min ji€ro BiTpy U mudysii,
IO JIO3BOJISIE OTPUMYBATH DPE3yJbTaTH B KOXHIM TO4YI MpocTopy abo B KOHKPETHOMY IOINEPEYHOMY TMepepisi.
IIpakTHyHa 3HAYUMIiCTB. 3alPONIOHOBAHUIT METO MPOTHO3Y OYJI0 BUKOPHCTAHO JUIsl PO3B’sI3aHHS 3a]adi 3 OL[IHKH
aepOiHHOTO PEKUMY B POOOUYMX 30HAX HA BIIKPHTII MiCIIEBOCTI MPOMHUCIOBOTO MaiiaH4yrka JIHIMPOBCHKOTO OJiIHO-
eKCTPaKIIITHOTO 3aBOJY 32 HAsABHOCTI JDKEPEN eMiCii: MO3UTUBHUX aepOiOHIB ITiJ 9ac poOOTH aBTOTPAHCIIOPTY U ITU-
XaHH MPAIiBHAUKIB; MTUITY I 9ac pyXy NpalliBHUKIB Ta aBTOTPAHCIIOPTY; HETAaTUBHUX aepOiOHIB 10Hi3aTOpa, BCTAHOB-
JICHOTO B po0OYiif 30HI. BUsBICHO 3aKOHOMIPHOCTI 3MIHH KOHIICHTPAIIi1 aepOiOHIB Pi3HOI MOJSIPHOCTI ¥ MIITYy Ha BHCO-
Ti 1,7 M, 10 BIINOBia€ PO3TAIIyBaHHIO OPTaHiB IWUXaHHS IMpaliBHUKIB. KiJdbKicHI pe3ynbTaTH € HEOOXITHUMH JUIST
OIIIHKH JTOTTYCTUMHUX YMOB TIpaIli Ha poOOYHX MiCI[IX MTPOMUCIOBHX MalIaHIHKIB i JIPUEMCTB 1 TIiJT 9aC CTBOPECHHS
HOBUX pOOOYHX MICLb 1 pEIHKUHIPUHTY HasSIBHHX.

Knrouosi crosa: ioHi3allist MOBITpPS; JKepena eMicii 10HiB; YUCENbHUI METO/I; IPOMHUCIOBUI MaiilaHYKK; KOHIIe-
HTpallisi aepoioHIB
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METO/ ITPOI'HO3A TAPAMETPOB ADPONOHHOT'O PEXKUMA
B PABOUYMX 30HAX HA OTKPBITOI MECTHOCTH

Heas. Hayunas pabora mocsmieHa pa3padOTKe HOBOTO METOAA MPOTHO3a a’pPOMOHHOIO PEKMMa B pabodmx
30HaX Ha MPOMBIIUICHHBIX IUIOMAAKaX C y4eTOM HOHM3MPYIOUIMX HCTOYHHKOB U OKPY)KAIOUIUX IMPEMSTCTBHUM.
Metoanka. [y HaXOXAEHUS KOHIEHTPALUU MOJOXKUTENIBHBIX a9POHOHOB, MBIIM U OTPULATENIBHBIX a3POHOHOB
ucnonb30BaHbl 3D-ypaBHEHH MacconepeHoca, YUUTHIBAIONINE CKOPOCTh PEKOMOMHAIIMN HOHOB, UMEIOIINX PA3HYIO
MOJIAPHOCTh, ¥ CKOPOCTh PEKOMOMHAIINH HOHOB C YaCTHLAMHU NbUTH. UNCICHHOE pEIICHHE OCHOBBIBACTCSI HA MHTE-
TPUPOBAaHUN yPABHEHUH MACCOMEPEHOCA C TIOMOIIBI0 KOHEYHO-PAa3HOCTHOTO METO/1a, KOTOPBIH OKa3bIBACTCS YCTOM-
YUBBIM JUIA JIFOOOTO Iara 1mo BpeMeHu. [l onpeneneHns KOMIOHEHT BEKTOPAa CKOPOCTH BO3IYLTHOTO TOTOKA MC-
MOJIb30BaHA TPEXMEPHAas MOJIENb MOTCHIINATBHOTO TEUEHHUS, TJI€ MOACIMNPYIONINM YPaBHEHHEM BBICTYIIAET ypaBHE-
uue Jlamnaca ans moteHuana ckopoct. Pe3yiabTaThl. Pazpaboran MaTeMaTH4ecKnii METOJT YUCIIEHHOTO pacuera
KOHIIEHTPAILUH MOJIOKUTEIbHBIX, OTPUIATEIBHBIX a3POUOHOB U MbUTH. OCOOEHHOCTBIO METO/a SIBISIETCS BO3MOXK-
HOCTB TPOTHO3a a3POMOHHOTO PEeXHMa C y4ETOM MPAaKTHYECKH BeeX (PpU3ndecKux (hPaKTOpOB, CYIIECTBEHHO BIHSIO-
KX Ha ¢)OpMI/IpOBaHI/Ie KOHIICHTPAlIMOHHBIX noJiei ad3pONOHOB B pa60ln/1x 30Hax Ha MPOMBIIIJICHHBIX TUIOHIAaJKaXx.
MGTOL[ HC MpPUBA3aH K KOHerTHOﬁ HpOMLIHIJ'ICHHOIZ TUIoIIaaAKEe, YTO MO3BOJIACT OLUCHUTH 3HAYCHUC KOHICHTPpAIUN
aIPOMOHOB KakK JIOKaJbHO, Tak W BO Bcel pacueTHoil oOnactu. Hayunas wHoBu3na. PaszpabGotan Mmeron
MPOTHO3a Aa’pPOMOHHOTO peXxuMa B pabouyMx 30HAX, OCHOBAHHBIH Ha TPEXMEPHOM MOJCIUPOBAHUU
pacIpocTpaHEeHUsI OTPHULATEIBHBIX, IOJIOKUTENBHBIX a’3pOMOHOB M NBUIM IOJ JeiicTBHeM BeTpa M nuddysun,
YTO TIO3BOJISIET MONy4YaTh PE3yNbTaThl B KAKIOH TOYKE NMPOCTPAHCTBA WIJIM B KOHKPETHOM IIONIEPEYHOM CEUCHHH.
IIpakTHyeckas 3HAYMMOCTb. [IpeTo’KeHHBINH METO TPOTHO3a OBLT NCTIONB30BAH VIS PEIICHHMS 3a/1auH 110 OLICHKE
a’POMOHHOTO PEXMUMA B PaOOUMX 30HAX HA OTKPHITONH MECTHOCTH ITPOMBIIUICHHON IUTOMAAKN JIHUIIPOBCKOTO Mac-
JIOAKCTPAKIIMOHHOTO 3aBOAA NPU HAJIMYUHM MCTOYHHUKOB SMHCCHH: TTOJIOKHUTEIBHBIX a3POMOHOB BO BpeMsi pabOTHI
aBTOTPAHCIIOPTA U ABIXaHUS PAOOTHUKOB; ITBIIM BO BPEMS ABMKEHHUS paOOTHHKOB U aBTOTPAHCIIOPTA; OTPUIIATENb-
HBIX a3pPOMOHOB MOHM3aTOpa, YCTAHOBIECHHOTO B paboueil 30He. BBIABIEHB 3aKOHOMEPHOCTH M3MEHEHUS KOHLIEH-
Tpaluu a3poOrnOHOB pa3quH0171 TMOJIAPHOCTH U NBUIA Ha BBICOTE 1,7 M, YTO COOTBECTCTBYCT PACIIOJIOKECHUIO OPraHOB
JABbIXaHUs pa6OTHI/IKOB. KonuuectBenurie Ppe3yJIbTaThl HCO6XOI[I/IMI)I IIpyu OLEHKE AOITYCTUMBIX yCJ'IOBI/Iﬁ TpyJda Ha
pa6oq1/1x MECTax MNPOMBIIIJICHHBIX IJIOIIAaI0K HpeHHpI/IHTI/Iﬁ " Ipu CO3TaHHUN HOBBIX pa6oq1/1x MECT U PCUHKUHU-
pPHUHTE CYIIECTBYIOIINX.

Kniouegvie cnosa: nonnsanns Bo3ayxa, HCTOYHUKH SMHUCCHU MOHOB; YHCICHHBIM METOJI; TPOMBIILICHHAS TII0-
1a71Ka; KOHIEHTPAIHS a3pOHOHOB
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