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ABSTRACT

Purpose. To solve the task of assessing the components of the guaranteed atmosphere air quality Pup;, Pup depen-
ding the maximum pollutant concentrations for a point source of emissions at the stage of designing in various indus-
tries (mining, metallurgical, chemical, electric power and others).

Methods. The distribution of pollutant concentrations is represented as a vector random field, which at a given point
of the area is turned into a vector random variable of concentrations and is characterized by a multi-dimensional
density of distribution. To determine the density, the mathematical Berland’s model of the concentrations distribution
is applicable in Ukraine, in which the concentration arguments (design parameters of the source and environmental
characteristics) are considered as random variables. Having assumed that the distribution density follows the normal
law, using the method of function linearization of the random arguments based on the limit theorems of probability
theory, its numerical characteristics have been obtained: mathematical expectations of concentrations, its mean
square deviations, and correlation coefficients between concentrations.

Findings. A new concept has been introduced of guaranteed air quality for populated arcas. Based on predictive
assessment, the studies have been carried out to ensure it at the stage of designing the facilities that have a point
source of pollutant emissions. In accordance with the methodology, a mathematical model of the task of assessing
and ensuring the guaranteed quality of atmosphere air has been obtained. According to the determination of the guar-
anteed atmosphere air quality, its measure is presented as a multi-dimensional probability integral of non-exceedance
by the concentrations of at least one pollutant of its maximum one-time permissible concentrations with obtaining the
numerical characteristics.

Originality. As a result of studies, a mathematical model has been developed for the first time of the task of as-
sessing and ensuring the guaranteed quality of atmosphere air, characterized by the probability values Pup, Pupj,
when it is polluted by emissions from a point source. The control of the probability value Pup is performed by selec-
ting the design source parameters so that its value is close to 1.

Practical implications. The implementation of the developed model in construction projects with high probability,
close to 1, ensures that at least one pollutant by its concentration will not exceed its normative maximum one-time
permissible concentration, that is not implemented now. According to the maximum permissible concentration
MPCpj, determination, it is guaranteed the absence of the pollution effect on a person and the occurrence of corre-
sponding diseases.

Keywords: pollution, concentration, atmosphere air, guaranteed quality

1. INTRODUCTION ble property (buildings, structures, pavements, etc.), are
emitted into the atmosphere.

Among the environmental problems, a special place
is occupied by the problem of atmosphere air quality.
This is primarily conditioned by its exceptional value for
all living things on the Earth, by the influence of the

The global character of environmental pollution ex-
tent has already reached almost a critical level. Annually,
a large number of various substances, each of which is
dangerous both to living organisms and damages valua-
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atmosphere state on the global climate processes and the
biosphere as a whole due to the enormous air masses
mobility, with which harmful contaminants can be trans-
ferred (Tebbens, 1966; Marlow & Feiner, 1967; Yerra-
milli, Rao Dodla, & Yerramilli, 2011; Venkatadri &
Padma, 2014). Air quality is not just a local problem.
According to the UN Convention on Long-range Trans-
boundary Air Pollution, the air pollution issues are today
of global nature. Therefore, air pollution issues are im-
portant and relevant to support sustainable development
and a clean environment (Pal & Khan, 1990; Fiore, Naik,
& Leibensperger, 2015).

The quality and pollution of the air, as well as its im-
pact on the environment, especially with regard to human
health, is a problem causing serious public concern and
that of many governments. The air quality study in both
anthropogenic and natural pollution is carried out by
scientists from many countries. In the 1960s — 1970s,
most of the developed countries introduced into the pro-
ject activity the environmental influence assessment
procedure, “Environmental Impact Assessment”, which
is based on the assessment of the current environmental
state of the area, its prediction for the design-basis time
interval, and the development of alternative town-
planning options by the criterion of normalization of
living conditions of the population (Heller, Schueneman,
& Williams, 1966; Pearson & Dammkoehler, 1978;
Hulevets, Kokhan, & Sharavara, 2016). With respect to
the air quality in cities, the main focus of the study is on
large industrial centers, but such studies are also con-
ducted for cities that do not have developed industries.

Atmosphere air is one of those environment compo-
nents on which the state of human health depends. With
each breath, we breathe in the required oxygen along
with small amount of potentially harmful gases and small
particles. These components have a direct influence on
our health, even if we are not conscious of it. The studies
evidence that adverse health consequences occur not only
as a result of acute events, but also as a result of chronic
exposure, which reduces the expected lifespan by an
average of more than eight months and more than by two
years in the most polluted cities and regions of the world
(Feldstein, 1969; Dhar, Pal, & Sinha, 1991; Lee, Fergu-
son, & Scott, 2009; Venkatadri & Padma, 2014; Evalu-
acion de la calidad. .., 2017).

Nine out of ten people in the world are breathing pol-
luted air. Most of the 7 million of people deaths in the
world can be prevented. In most cities, the level of air
pollution exceeds the air quality indicators recommended
by World Health Organization. About one third of all
deaths from stroke, lung cancer and cardiovascular disea-
ses are caused by air pollution (Larsen, 1970; Yavorska &
Ikonnikov, 2010; Evaluacion de la calidad..., 2017).

The high level of concentration of industry and agri-
culture, unfavorable economic activities have led to the
fact that Ukraine for the moment is one of the most
environmentally unfriendly countries in Europe. Today,
by numerous hygienic studies, a link has been estab-
lished between the concentrations of harmful emissions
into the atmosphere of cities and the incidence of
diseases of the respiratory organs, cardiovascular sys-
tem, digestive organs, blood-forming organs, skin, al-
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lergies, as well as mortality. In Ukraine, almost every
fifth death from infections of the lower respiratory tract
is caused by air pollution.

Data on the quality, composition and characteristics
of harmful substances, entering the atmosphere, are ne-
cessary primarily to determine measures to reduce pollu-
tion from operating and projected industrial enterprises.
This is necessary to take them into account when dra-
wing up development plans, including pre-plan assess-
ments of nature protection schemes and regional plan-
ning, as well as to predict the level of air pollution in
cities both for the nearest and for a long term period and,
finally, to assess the damage caused to the national econ-
omy by environmental pollution by harmful substances,
etc. (Rim & Novoselac, 2010; Vasenko et al., 2015).

The air quality prediction is becoming necessary to
minimize environmental disorders in the further effective
air pollution control. Given this, an analysis of the main
methods for predicting the air pollution has been underta-
ken for an effective air quality assessment (Athanasiadis,
Karatzas, & Mitkas, 2006; Venkatadri & Padma, 2014).

The work (Bilyk, Polishchuk, Poltoratska, & Falko,
2018) introduces the concept of guaranteed atmosphere
air quality when it is polluted by emissions from various
sources. This is a quality at which, with a high probabil-
ity P, the non-exceedance is ensured by the maximum or
average daily concentration of at least one pollutant of its
normative maximum one-time (MPCyp) or average daily
maximum permissible concentration (MPCcp).

In particular, the components of guaranteed quality
have been distinguished:

— guaranteed quality for individual j-th pollutants
(=1, n) with maximum concentrations Cy;, which by
value have a high probability (close to 1) Puyp; of non-
exceedance MPCypj;

— guaranteed quality in #» 3P system with maximum
concentrations (Cy, Cun..., Cun) in the air, which by
value have a high probability (close to 1) Puyp of non-
exceedance by the concentration of at least one pollutant
of its MP Cij.

The air quality control and management is performed
as at the stage of designing the facilities with emission
sources (by calculating (The method of calculating...,
1987), and at the operational stage (according to meas-
urements in environmental monitoring). In the work
(Bilyk, Polishchuk, Poltoratska, & Falko, 2018), the
general task of assessing the guaranteed quality of at-
mosphere air was formulated, but the solution to this task
is given only for the stage of facilities operation.

The purpose of the study is to solve the task of as-
sessing the components of the guaranteed quality of
atmosphere air Pyp;, Pup depending the maximum con-
centrations of pollutants for a point source of emissions
at the stage of designing.

2. METHODS

The stationary sources of pollutant emissions are
widely used in various industries (metallurgical, chemi-
cal, electric power and others). Such sources that dis-
perse pollutants in the atmosphere and thereby provide
permissible substances concentrations in the surface
layer of the atmosphere are considered as point sources
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(The method of calculating..., 1987). In the mining in-
dustry, such sources are used for emission of pollutants
in course of mining operations (Sarycheva, 2003; Go-
rova, Pavlychenko, Kulyna, & Shkremetko, 2012; Go-
rova, Pavlychenko, Borysovs’ka, & Krups’ka, 2013).

Based on the stochastic approach (Falko, Polishchuk,
& Tokovenko, 2014) the concentrations n 3P (Cyj,
j=1,n) are considered as random variables. The distri-
bution of pollutants around the source of emission is
represented in the form of a vector random field, which
at a given point of the area is turned into a vector random
variable (Yadrenko, 1974). Such a field at this point is
characterized by n-dimensional density of a random
concentrations distribution (Knox & Lange, 1974;
Venttsel, 1998; Hopke, 2008).

Using the method of function linearization from the
random arguments based on the limit theorems of proba-
bility theory, assuming that the distribution density fol-
lows the normal law, (Venttsel, 1998), its numerical
characteristics have been obtained: mathematical expec-
tations C,-*, j=1,n of pollutant concentrations, their
mean square deviations oy, j = 1, n and correlation coeffi-
cients 7, j = 1, n; j # i between the concentrations of j-th
and j-th pollutants.

By determination, the guaranteed atmosphere air
quality is represented as n-dimensional Pyp probability
integral of non-exceedance by j-th concentrations Cy; of
at least one pollutant of its MPClyp;, in which the subin-
tegral function is the density of pollutant concentrations
distribution with the obtained numerical characteristics.
The Pupr probability values are determined through a
one-dimensional integral.

In accordance with the methodology, a mathematical
model of the task of assessing and ensuring the guaran-
teed quality of atmosphere air has been obtained.

The determination of the numerical characteristics of
vector random variables of pollutant concentrations was
performed with the use of the linearization method for
the deterministic mathematical Berland’s model, the
distribution of Cj; concentrations in the surface layer of
the atmosphere from a point source of emissions (Berli-
and, 1985; The method of calculating..., 1987).

3. RESEARCH RESULTS

The air pollution is caused by emissions of mass M;
of various j =1, n pollutants. Based on this, the mathe-
matical Berland’s model is represented as a function
from the pollutant emissions mass:

¢;

(Mj):bij+C¢j+ACj, (1)

where:

Aijm]

J
237 ’ @
g V4 )

r(u)Slj (x)S2 (x,y);

A — coefficient which depends on the temperature at-
mosphere stratification and determines the conditions for
the vertical and horizontal dispersion of harmful sub-
stances in the atmosphere air;
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M; — mass of the j-th pollutant emitted into the atmos-
phere per time unit, gram per second;

F;— dimensionless coefficient which takes into ac-
count the sedimentation rate of the j-th harmful substance
in the atmosphere air;

H — height of emission source above ground level, m;

T, — temperature of emitted gas/air mixture, °C;

T, — ambient air temperature, °C;

D — diameter of the emission source mouth, m;

wo — average rate of the gas-air mixture emission
from the emission source mouth, m/sec;

m and n — dimensionless coefficients which take into
account the conditions for the gas-air mixture emission
from the emission source mouth, and are dependent on
wo, D, H, Ty, Tp;

n — dimensionless coefficient which takes into ac-
count the influence of the terrain relief (in the case of flat
or moderate terrain with a difference in height not ex-
ceeding 50 m per 1 km, 7 = 1);

r(u) — coefficient which takes into account the influ-
ence of wind speed u;

S1(x), Sa(x, y) — coefficients which take into account
the changes in the distance x from the source along the
plume centreline, y —along the perpendicular to the x
plume centreline in the horizontal plane.

Cyj — background concentration;

AC; — concentration determination error.

In order to consider the influence of a change in the
azimuth of the wind speed vector, it is accepted that for a
point, which is located along the wind direction at a dis-
tance R from the source, a change in the wind azimuth by
an angle ¢ causes a change in coordinates x = Rcosg,
y = Rsing.

Based on the stochastic approach, the concentrations
Cyy; are considered as functions of random arguments of
the design parameters of the source (and characteristics
of the external environment):

Cogp =Cog (Ao o Aa o oo Do)

where:

/11] = A/[j; /lzj = F}'; /13] = AC([)]; /15 :A; /16 = o,

/17:D;2,8:H;/19: Tr; /110: Tn; /111 =17,

A2 = Uy A3 = @5 Aia = X5 Ais = .

Assuming that the random variables /, are independ-
ent, and given that the concentrations Cy; for different
pollutants depend on a part of independent (¢ =1, 2, 3,
4), and on a part of the same random variables (¢ =35, ...,
m), using conventional methods of probability theory and
linearization, the main numerical characteristics of the
distribution law of the system of random variables C; of
concentrations are presented in the following form:

a) mathematical expectations:

Crg =Cj(Ajsdaj A oo )

b) mean square deviations:

2

3)

oC : aC 2
Mj " Mj )
o;= ;‘z{ aﬂ.f *qu} + ql_s( az] *aq] 5 (4)
qj q
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c) correlation moments Kj, and correlation coeffi-
cients rj, between the j-th and j-th concentrations of
pollutants:

z aC]M] aC'Ml 0.2 Foo= Kﬂ (5)
v =04, 04 1 007

where:

Agi» Aqs Oy 02,.., om —mathematical expectations and
mean square deviations of random variables A4, A4;

0 Cyi/ 824, 0 Cyyi/ d Ay — partial derivatives of concen-
tration by random variables Ay, Aq.

The derivatives d Ciy/9 A¢, 0 C/9 A, take into ac-
count in the first approximation the disturbing factors
influence on the concentration C of pollutants.

Having determined and substituted them into (4) and
(5), after simple transformations, the mean square devia-
tions of the pollutant concentrations are represented in
the form (6):

o; (M

j ‘)z(l.izbjz'M_?Jf(bj"chz)Jf

J
1 (6)

2 2\2
+O-Acaj ) .

Here, the value 4, takes into account the influence of
random deviations of the corresponding design parame-
ters and external environment characteristics Ay, A«
through their specified mean square deviations oy, ou,
and has the form:

A (1 1 0 2
A1j2:0—+[ bt O'sz+0:—2+

A O-Coj

L2 | F sy oF
Lar 1 35, Y)
+ =T D2 5,2 4400u% S, 970, +
rou S, du (7

2
1 9S; 1 0S| o (1 a5, j
+|————=t——— 1|0, + —'—O'y +
Sy ox S ox S, dy
2 2 2 _ 2 2 2 2( 2 2
+a1_1j O-H +aDj O-D +awj O-WO +aTr (O-Tr+O-TB ),

where:

am lon 1 or 1 BS
+ ' (3)
naH noH Slj aH

a
Wo, j

1 1 dm 1lon 10 1
= —F——H+ + F— ; (10
3w, m ow, nw, row, S aw

1 1om lon 1or 1 95
ar = + } + f—- ,(11)
© \ 3L.-T) moT, nT. roL. S oF

in accordance with (The method of calculating..., 1987;
Berliand, 1985), the dimensionless coefficients m and n
are determined through functions f, fi, Vi, V. Then,
having denoted & =f, &=/, and @1 =vm, @2=V, the
derivatives from m and n, included into (7), are repre-
sented in general form:

om _dm 9dg;  on _ dn 9¢;

o _on 9% (12)
4 9 o4 ok og ok

Their calculation results are presented in Tables 1 — 3.

The rest of the derivatives included into (7), which is
presented in (Falko, Polishchuk, & Tokovenko, 2014), and
due to the big volume of material, are not presented here.

Having substituted the obtained derivatives into (5),
the correlation coefficient has been obtained in the form:

Ji
ry = , (13)
Ay Ay
where
2
le. = 04 + l E.FL ai O-u2+
A2 772 rou S, odu

+400u>S) - ¢ 0,0+ —
Sl/ ax S2 ax

L3S, 108 o (105 )
S]i ax S2 ax S2 ay Y

2 2
+aH]--aHl--O'H +aDj~aDjO'D + aWOj ~aw X

XGW 2+aT ~aT (GT‘2—0-”2 )

The numerical characteristics C determine

O;> Tji
the one—dimensional(C j), i =i,n densities of the con-

centrations  distribution, which follow the one-

dimensional normal law:

as (€u=Clo)
| 2 1 dm lon 1or 1 g | 1 R
R T A e Yo R R T A () By - L (14)
3D m n now, Sy J Gjm
om om
Table 1. Derivative.
o,
o Values f, f;,

Derivatives <7 7 </ <100 75100
om 2 —1/2 213 m
— - 0.05 +0.1133 -——
o m ( / S/ ) 0 3/
om 2 ~12 ~2/3
—_— — 0.05 +0.1133
o, 0 m ( f A ) 0
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Table 2. Derivatives on R a_n
ﬁm av;n
Derivatives
Values f,6), on on
9, ',
8, =2 0 0
f <100 05<9, <2 1.064-9, —2.13 0
4, <0.5 44 0
i
£>100 Vi, 22 0 0
or 0.5<v, <2 0 1.064-v, —2.13
AT =0 vi <05 0 4.4
Table 3. Derivatives %(f =8,/ fc)
k
2 9, of vl af,
oA k a/lk aﬂk a//”k
H ﬁ _ﬁ _V;.n ﬁ
3H H H H
b 28, i Y 3e
3D D D D
“ 0, 27 vy 3.
3(1)0 o , W,
Y -/
T, - 0 0
8 3(T.-T,) (T,-T,)
_9 f
T, X 0 0
P 3(7,.-Ty) (T.-Ty)
For multi-dimensional density: For large numbers n, to prevent computational diffi-
culties, the approximate integral value is used (17), which
f(CM1 Cury>-esCag s Cy, ) ) (15) is offered in (Falko, Polishchuk, & Tokovenko, 2014):
which follows the multi-dimensional normal law. Pyp = uP +(1- 1) 11 " Pupy (18)
By determination, the guaranteed atmosphere air
quality for individual j-th pollutants with Cy; concentra- where:
tions is determined through a one-dimensional integral: p,  min _minp .
MP i fmpjs
1 —ﬁdf B S > Y .arcsinr
Bupy =—=lle 2 (16) VTP Pyt
The mathematical model of the task of assessing
where: the guaranteed atmosphere air quality Pyp includes equa-
Cuyj _CMj* tions (1) — (16).
f=——. If the probability Pyp, when solving the task is small,
g then it reaches a value close to 1 by selecting the neces-
The work (Venttsel, 1998) represents it in the form of a sary design parameters of the source M;, H, T», D, x, y.
table, and there is a standard PC program to determine it. Thus, when choosing, first of all, an attention should be

The guaranteed quality in the system n 3P with paid to the value M; of emission mass, since, by reducing
this, it makes possible to reduce not only numerous con-

maximum concentrations (CM sCut s Cop ) in the ; X ]
o2 " centrations, but also environmental pollution.

atmosphere air are determibed through a multi- When developing the construction projects, the pre-
dimensional integral: dicted guaranteed quality of the atmosphere air surface

MPCyp vpe layer P includes guaranteed quality for individual j-th
Pyp=[_, 1. Men f(Cy,C,,...C)de,...dC, . (17) pollutants, which is characterized by the probability P,

as well as guaranteed quality according to the system of
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all ( i =z,_n) pollutants, which is characterized by the

probability Pyp of non-exceedance by the concentration
of at least one pollutant of its maximum one-time per-
missible concentration.

The control of the probability value Puyp is performed
by selecting the design source parameters so that its val-
ue is close to 1.

As a result of studies, a mathematical model has been
developed for the first time of the task of assessing and
ensuring the guaranteed quality of atmosphere air, char-
acterized by the probability values Puyp, Pupi, When it is
polluted by emissions from a point source.

4. CONCLUSIONS

The implementation of the developed model in con-
struction projects with high probability, close to 1, en-
sures that at least one pollutant by its concentration will
not exceed its normative maximum one-time permissible
concentration (MPCyp;), that is not implemented now.
According to MPCyp; determination, it is guaranteed the
absence of the pollution effect on a person and the occur-
rence of corresponding diseases.

The mathematical model has been obtained of the
task of assessing and ensuring the predictable compo-
nents of the guaranteed atmosphere air quality in the
surface layer when it is polluted with a point source of
emissions. The impementation of the developed model in
construction projects ensures with high probability, close
to 1, the absence of the pollution effect on a person and
the occurrence of corresponding diseases, that is not
implemented now.
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3ABE3NEYEHHSI TAPAHTOBAHOI SKOCTI ATMOC®EPHOI'O
MHOBITPs AJ1s1 TOYKOBOI'O 1KEPEJIA BUKU/IB

C. lonimyk, B. ®aneko, A. [Tomimyk, A. JlemuneHko

Merta. PimenHs 3a7a4i OLIHKYM CKJIQJIOBUX TapaHTOBAaHOI SIKOCTI aTMoc(hepHOro noBitpst Puypj, Pyp Bl MakcuMaib-
HHUX KOHLEHTpalii 3a0pyIHIOIOYMX PEYOBHH JUIsS TOYKOBOTO JDKEPEa BUKUAIB Ha €Talli IPOEKTYBaHHS B Pi3HUX rajy-
35X IIPOMHMCIIOBOCTI (FipHUYOA00YBHIN, METANypriliHii, XIMIUHIH, eHEpPreTHYHIN Ta IHIINX).

MeToauka. Po3roBcIoKeHHS! KOHIEHTpALiid 3a0pyAHIOIOYHNX PEYOBUH ITPEACTABICHO Y BUIJISAI BEKTOPHOTO BUIIA-
JIKOBOTO TIOJIS, IO B 33J1aHii TOYI MICLEBOCTI IIEPETBOPIOETHCS Y BEKTOPHY BHIIAJIKOBY BEIWYMHY KOHLEHTpaLii i
XapaKTepU3yeThCsl 0araTOMipHOIO MIUTBHICTIO po3moziny. s BH3HAYEHHS MIUTPHOCTI BHKOPHCTAHA Jifoda B YKpaiHi
MaTeMaTHYHa MOJIENTb PO3NOBCIOKEHHS KOHIIEHTpaniii bepisaa, B SKiif apryMeHTH KOHIICHTpAIIii (IIPOEKTHI mapaMeT-
PH [pKeperna Ta XapaKTepPUCTUKH HAaBKOJIMITHBOTO CEPEOBHIIA) PO3IIITHYTI SIK BUIAIKOBI BeNn4uHH. [Ipumyckaroun, mo
LIUIBHICTH PO3MOJUTY HiIIOPSAAKOBAHA HOPMAIEHOMY 3aKOHY, 32 JIOTIOMOT0K0 METO/LY JiHeapu3aiil QyHKIIT BUMIaJKOBUX
apryMeHTIB Ha OCHOBI TPaHHMYHHUX TEOpEM Teopii HMOBIPHOCTEH, OTPHMAaHO ii YHCIOBI XapaKTEPUCTHKH: MaTeMaTHIHI
CTIOJIIBaHHS KOHIIEHTpAITiH, i1 cepeTHbOKBaApaTHYHI BiAXWICHHS, KOe(Dilli€EHTH KOPEISAIii Midk KOHIICHTPAITISIMH.

Pe3yabTaTu. BBeieHo HOBE MOHSTTS TapaHTOBAHOI SKOCTI aTMOC(EPHOTO MOBITPs AJIsl HacejIeHux micib. [Ipose-
JICHI JOCIIIKEeHHsI 32 IPOTHO3HOIO OLIIHKO0 A 11 3a0e3reueHHs Ha eTari NPOeKTyBaHHs 00’ €KTiB, 110 MalOTh TOUYKOBE
JOKEPEeJIo BUKUIIB 3a0py/THIOIOYMX PESUOBHH. BiIIOBIHO 10 METOIMKH, OTPUMAHO MaTeMaTHYHY MOJICIIb 33/1a4i OIiHKA
1 3a0e3re4eHHs rapaHTOBaHOI SKOCTI aTMOC(EpHOro MoBiTps. 3rifIHO BU3HAUYCHHS rapaHTOBAHOI SKOCTI aTMOc(hepHOro
TOBITps 11 Mipa IpeJcTaBiIeHa IK 6araToOMipHUIA iHTerpaj KMOBIPHOCTI HElIEPEBUILEHHSI KOHIIGHTPALISIMU X04a O oJHi€el
3a0pyJHIOI0Y0] PEUYOBHHH CBOIX MaKCHMAJIBHO Pa30BUX I'PAHUYHO JOMYCTUMUX KOHLEHTPAIIH 3 OTPUMAHUMH YHCIIO-
BHMH XapaKTEPUCTUKAMH.

HaykoBa HoBH3HA. B pe3ynbTati qoCmiKeHs Bliepiie po3po0iIeHa MaTeMaTHIHa MOJIENh 3a/1a4i OI[iHKY 1 3a0e31e-
YeHHs TapaHTOBAHHUX SKOCTEH aTMOC(HEPHOrO MOBITPS, IO XapaKTEePU3YIOThCS BeTMYMHAMH HMOBipHOCTEH Pyp, Pupj,
mpu 3a0pyJHEHHI HOro BHUKHAAMH BiJl TOYKOBOTO DKepela. YIPaBIiHHS BEIWIHMHOK HMOBIPHOCTI Pyp BUKOHYETHCA
[UITXOM BHOOPY IMPOEKTHHUX MapaMeTpiB pKepesa Tak, o0 BeaudnHa ii Oyina 61u3pkoro 10 1.

IpakTnyna 3HaYMMicTh. BipoBakeHHst po3pobiieHol Moeni y npoekTax OyAiBHHIITBA 3 BUCOKOIO HMOBIpHICTIO,
6m3bKOI0 110 1, 3a0e3nedye BifICyTHICTh NMEPEBHUILEHHS KOHIEHTPAII€0 Xoua O o/iHieT 3a0py THIOI0YO0i PEYOBUHU CBOET
HOPMaTHBHOI MaKCHMaJIbHOI pa30BOi I'PaHUYHO JIOMYCTHMOI KOHIEHTpallii, 0 3apa3 He BUKOHYEThCs. BianosinHo no
BusHaueHHs [ /[Kypj Ipu IbOMY TapaHTY€EThCS BIZICYTHICTD BIUIMBY 3a0pyAHEHD Ha JIIOAWHY 1 BAHUKHEHHS BiJIIOBIIHIX
3aXBOPIOBAHb.

Knrouosi cnosa: 3a0pyonenns, Konyenmpayii, ammocgepre nogimps, 2apaHmoBana aKicmo

OBECIIEYEHUE TAPAHTUPOBAHHOI'O KAYECTBA ATMOC®EPHOI'O
BO3AYXA JUISA TOYEYHOI'O HCTOYHUKA BbBIBPOCOB

C. llomumyx, B. ®@anbko, A. Iomumyk, A. JleMuaeHKo

Heun. Pemenne 3a1a4m OEHKN COCTABIISIOMINX TapaHTUPOBAHHOTO KadyecTBa aTMOC(EPHOTO Bo3ayXa Pypj, Pyp OT
MaKCHMAaJIbHBIX KOHIICHTPAIMHA 3arpsI3HAIOMINX BEIIECTB AJIS TOYSUYHOT'O HCTOYHHUKA BBIOPOCOB HA ATAIle MPOSKTHPOBA-
HUS B Pa3NIUYHBIX OTPACISAX IMPOMBIIUIEHHOCTH (TOPHOIOOBIBAIOIICH, METAJLTypTUIeCKOH, XUMUIECKOH, SHEpreTHde-
CKOM U IPYTHX).

Mertoauka. PaciipocTpaHeHne KOHLEHTPALMM 3arpsi3HAOLMX BELIECTB [IPEACTABICHO B BU/I€ BEKTOPHOIO Cllydyai-
HOTO TIOJIsI, KOTOPOE B 3aJaHHOM TOYKE MECTHOCTH MPEBPAIIAETCS B BEKTOPHYIO CIIyYaiHyIO BETMUNHY KOHIEHTPAIHH
U XapaKTepU3yeTCss MHOTOMEpPHOM IJIOTHOCTBIO pacmpereneHus. [l ompeneneHus IUIOTHOCTH MCHOJIb30BaHA IeH-
CTBYIOIIasi B YKpauHe MaTeMaTH4ecKas MOJENb PaclpoCTpaHeHHs] KOHLEHTpanui bepisHaa, B KOTOpO apryMeHTHI
KOHIIEHTpaIUi (IIPOEKTHBIE MapaMeTphl UCTOUHUKA M XapaKTEPUCTUKU OKPY’KaloIlel cpeibl) paCCMOTPEHBI KaK CIy-
yaifHele BenuuuHBL [Ipeamnonarasi, 4To MIOTHOCTh pacHpeleNieHHs] MOAYMHEHAa HOPMAJIBHOMY 3aKOHY, C MOMOILBIO
MeTo/1a JIMHeapu3auuy (QyHKIUK CIIydaiHBIX apryMEHTOB Ha OCHOBE NPEAEIBbHBIX TEOPEM TEOPHH BEPOSITHOCTEH, I10-
JIy4EHO €€ YUCIIOBBbIE XapaKTEePUCTHKH: MAaTEMAaTUYECKUE OKUIAHUS KOHLEHTpALUil, ee CpeJHEKBAaJIPATUUHbIE OTKIIO-
HeHMsI, K03 PUIINEHTHI KOPPEISIIUN MEX Ty KOHIICHTPALIUSIMI.

Pe3yabTaThl. BBeIeHO HOBOE MOHATHE TapaHTHPOBAHHOTO KadecTBA aTMOC(EpPHOro BO3AyXa IS HACEICHHBIX
MecT. [IpoBeneHHbIe HccneJ0BaHuUs IO TPOTHO3HOHN OIIEHKE JUIs ee 00ecTieueHHs Ha dTare MPOeKTUPOBAHUS OOBEKTOB,
HMMEIOINX TOYEUHBIH MCTOYHUK BBIOPOCOB 3arps3HSIOMUX BemecTB. COrmacHO METOAMKE, MOIydeHa MaTeMaTHIecKast
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MOJIEJIb 33J]a4i OLIEHKU M 00ecreueH s rapaHTUPOBAHHOTO KauecTBa aTMocdepHoro Bo3ayxa. CoryiacHO onpeeseHuIo
rapaHTHPOBAHHOIO Ka4uecTBa aTMOC(HEpPHOTo BO3/LyXa ee Mepa IpeCTaBlieHa Kak MHOTOMEPHBIH HHTErpa BEPOSITHOCTH
HCHPEBLIICHNUA KOHUCHTPAUUAMU XOTA 6]:-1 OIHOI'O 3arpA3HAIOMICTIO BEIIECTBA CBOUX MAaKCUMAJIBHO PAa30BbIX MPEACIIb-
HO JOITyCTUMBIX KOHIIEHTPALU ¢ TIOTy4E€HHBIMU YUCIIOBBIMHU XapaKTEPUCTUKAMU.

Hayunas nHoBu3Ha. B pe3ynbrare vcciie1oBaHuii BliepBble pa3paboTaHa MaTeMaTHuecKasi MOZEb 3aa41 OLCHKH U
oOecrieueHns] TapaHTUPOBAHHBIX KauecTB aTMOC(EPHOI0 BO3/yXa, XapaKTEPU3YIOLIMXCS BEIMYMHAMH BEPOSITHOCTEH
Pyp, Pupj, IpU 3arpsi3HEHUH €r0 BBIOpPOCAMHM OT TOYEYHOTO MCTOYHHKA. YTIPABJICHHWE BEIWYMHON BEPOSTHOCTH Pyp
BEITIOJTHACTCS IyTEM BBIOOpA MPOSKTHRIX TApaMETPOB UCTOYHUKA TaK, YTOOBI BeJMYUHA ee Oblia Om3ka K 1.

IIpakTHyeckas 3HAYMMOCTH. BHeipeHne pa3pabOTaHHON MOJENN B MIPOCKTaX CTPOUTEIHCTBA C BRICOKOW BEpPOAT-
HOCTBIO, ONTU3KOH K 1, obecrieynBaeT OTCYTCTBHE MPEBBIMICHIS KOHIICHTPAIUK XOTS OBl OJJHOTO 3arpsA3HSIOIETO Belle-
CTBa CBOE HOPMAaTHBHON MaKCUMaJIbHOW Pa30BOU MPEAEIBHO IOIyCTUMON KOHLIEHTPALMH, YTO CEHYaC HE BBIIOJIHSET-
cst. CornacHo omnpezaenenuto / [Kyp; Ipu 3TOM rapaHTUPYeTCsl OTCYTCTBHE BIMSHHMS 3arpA3HEHMI Ha 4YeIIOBEKa U BO3-
HUKHOBEHHUE COOTBETCTBYIOIINX 3a00JICBaHUI.

Knrouesvle cnosa: 3azpsaznenust, KOHYeHmpayuu, ammoc@epHuiil 6030yX, 2apaHmupo8anHoe Kaiecmeo
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