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Purpose. The development of estimation and prediction methods of dynamic parameters of dust emissions
for coal-fired heat-and-power objects.

Methodology. The methods are based on the fact that the productivity of a heat-and-power objects is of sto-
chastic nature. To determine the dynamic parameters of dust emissions from a flue of mine boiler facility the solu-
tions of mathematic problem of random process emission in a definite level were used. The concentration of dust
particles in the emissions of a heat-and-power object is determined as based on the selective realization of the
random process of capacity in one-month period. To determine the peculiarities of maximum surface concentra-
tions distribution and graph dust dispersion with respect to productivity of heat-and-power objects we used the
UPRZA “EKOtsentr* software implementing the main principles of OND-86 methods.

Findings. The estimation of dynamics of productivity and dust emissions was carried out, which can be used
for the monitoring of the degree of ecological danger of the emissions of heat-and-power objects of coal mining
enterprises. The estimations of dust emission dynamics of heat-and-power objects allow improvement of predic-
tion reliability for atmospheric air pollution in coal mining regions, as well as its danger level, in comparison with
the estimation based on the average annual emission volumes.

Originality. The estimation and prediction methods of dynamic indicators of particulate matter (dust) emis-
sions by heat-and-power objects of mines with respect to the volume of their solid fuel consumption were developed.

Practical value. The obtained regularity of pollutant ventilation, emitted by heat-and-power objects of mines,
enables prediction of the levels of pollution for environmental objects of the adjacent territories, as well as taking
timely air protection measures.
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The problem substantiation. The major influ-
ence of heat-and-power objects on the environment
implies pollutant emissions and noise. The availabili-
ty of high sources of heated emissions, i.e. flues,
which discharge smoke fumes of generating units, is
the peculiarity of heat-and-power objects of coal
mines.

A coal-fired mine boiler facility is a potential
source of permanent inflow of big quantity of disperse
particulate matter and sulphur oxides into the atmo-
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spheric air. The fact is substantiated by the usage of
offgrade coal of poor quality with more than 23 % ash
value by boiler facilities of operating mines.

Dust emissions are caused by both fuel incomplete
combustion and incombustible mineral constituents of
coal. The percentage of the components is consider-
ably high for black coal, which has high ash value. The
particles of ashes and soot, emitted by heat-and-power
objects, are dispersed in the surface air, and can spread
to large territories polluting the air, soil and water bod-
ies and worsening the living conditions for people in
coal mining regions [1].
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Particulate matter, emitted by heat-and-power ob-
jects, consists of mixture of soot (unburned coal par-
ticles), smoke (gas-particle systems, which consist of
the particles of between 0.1 and 10 micrometer size)
and dust (particles of coal, ash or rock).

The nature of coal and impossibility of its complete
combustion determine the inevitability of dust emis-
sions and substantiate the need in equipment for par-
ticulate matter collecting. The dust-collecting equip-
ment, which is used by heat-and-power objects, enables
reduction of particulate matter content in the emis-
sions. The high ash value of solid fuel causes the sig-
nificant deterioration of equipment and decreases the
efficiency of flue ash collection for effluent combustion
gas [2]. At the same time, the designed purification ef-
ficiency for the cyclones used is 80-90 %, but during
the boiler facility operation it is decreased to 70-75 %
[3]. The low efficiency of dust collecting equipment,
which is used by heat-and-power objects, causes in-
crease of negative effect of coal mining enterprises on
the ecological state of the adjacent territories [4].

Most of heat-and-power objects of coal mines
function all the year round, so they are permanent air
pollutants. That is the reason for the need in perma-
nent monitoring of the levels of environment pollution
in the areas of heat-and-power objects location, which
affect the adjacent residential areas directly [5]. Time-
ly development and implementation of complex of na-
ture conservation measures by coal mining enterprises
will substantiate the sustainable functioning of coal
mining regions in Ukraine, as well as provide ecologi-
cally safe living conditions of the population [6].

Review of the related researches. Gross dust
emission by heat-and-power objects of coal mine
should be estimated in tons per year according to the
proper branch methods, which are based on the use of
statistical data. The process is characterized by some
contradictions concerning the choice of indicators of
ecological safety. Thus, the use of parameters of gross
emissions for harmful substances Mji (tons per year or
gram per second) is reasonable for regional and espe-
cially for global ecological safety analysis. But the cri-
terion is useless for the comparison of local emitters of
different strength.

In order to determine the dynamic parameters of
emissions of technological objects of coal mine over-
running the rated (permissible) value, it is recom-
mended to use the methods [7]. The way enables the
determination of atmospheric air pollution level for
the mine adjacent territory and implementation of
timely nature conservation measures.

The estimation of volume of emissions from flue of
mine boiler facility is carried out either according to
the valid guidelines [8] or simplified methods given in
[9]. The obtained value is used for the further estima-
tion of the level and degree of danger of atmosphere
pollution by dust. At the same time, the actual average
daily concentrations of solid particles, emitted from
flue of boiler facility, are changed on a daily basis and
differ from the average values, which are determined
using gross emission. The degree of air pollution dan-
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ger will be changed correspondingly, as it is estimated
as based on the degree of pollution indices (PI) excess
compared to their standard values (SV) in accordance
with the paragraph 8.16 of the regulations [10]. In ad-
dition, the determination of the parameter, which reg-
ulates the percentage of cases of SV exceed, is stipu-
lated. The parameter can not be assessed without the
data of actual daily dynamics of dust emissions.

The allocation of unsolved issues. The problem
of ensuring of energy efficiency and environmental
safety of power objects is multipurpose (designing,
maintenance, examination, auditing, prognostication,
monitoring etc.) and complex one. This is conditional
on the need in determination of the level of use of fuel
and energy resources, technical state of equipment of
power objects, implementation of nature conservation
measures and so on. The difficulty of the problem
solving is caused by a wide range of key parameters,
factors and indices of environmental danger.

It is obvious that the regular data collection re-
quires establishing standing observational stations for
emissions monitoring from heat-and-power objects,
which is not economically sound. That is the reason
that the authors define the goal to determine the dy-
namic parameters of emission from coal-fired heat-
and-power object on the base of permanently changed
volume of coal consumption by heat-and-power ob-
jects, as used for the further estimation of parameters
of the dynamics of dust emissions into the atmosphere.

The purpose formulation. The development of
estimation and prediction methods of dynamic pa-
rameters of dust emissions for heat-and-power objects
of coal mines.

The main part. In order to provide solution of the
problem, let us analyze the main factors, which affect
the dynamics of dust emission of coal-fired heat-and-
power objects.

Let us turn to the methods [8], under which the
gross emission of j-pollutant £ occurring in the at-
mosphere from smoke fumes of boiler facility during 7°
period of time is determined as the sum of gross emis-
sions of every pollutant under the conditions of burn-
ing different fuels, as well as in case of their simultane-
ous combined burning

Ej=2Eﬁ=10762kﬁ3i(Qi’)i, (D

where k; is the parameter of emission of j-pollutant for
i-fuel, g/GJ; B; is the consumption of i-fuel in the 7
period of time, tons; (Q,’)_ is the inferior operating
combustion value of i-fuel, MJ /kg.

It is obvious that if 7/ = 1, i.e. in case of burning of

one type of fuel, particularly coal, the z sign is omit-

ted, and the form will become simplified.

The parameter of particulate matter (dust) emis-
sion in case of coal burning as i-fuel [9], is calculated
using the formula

6 r
k'i=kt=10 aunA—
i Qo "100-G,,

(I-m)+ks. (@
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where k, is the parameter of particulate matter emis-
sion, g/GJ; A" is mass content of ash in the burnt coal
per its working mass, % (depends on the type of pow-
er-generating coal); a,, is ashes percentage, which is
emitted into the atmosphere from the boiler (ashes-
loss); G, is mass content of combustion agents in the
particulate matter emissions, %; n is the efficiency of
smoke fumes purification from particulate matter; kg
is the parameter of emission of solid reaction products
for interaction of sorbent agent and sulphur oxides and
solid particles of sorbent agent, g/GJ.

Let us analyze the relevance and changeability of
the parameters determining the mentioned calculation
dependences (1, 2).

According to (1), gross emission of particulate
matter in case of solid fuel burning, particularly coal, is
mainly determined by its consumption B;in a definite
period of time, which is changed on a daily basis and
often differ significantly from the average values, and
substantiate the changeability of particles emission
(dust) into the atmosphere.

The inferior operating combustion value of fuel O
is the value, which is constant for the particular rank of
coal, MJ/kg. Thus, for burning of anthracite of ASSh
rank it is 20.792 MJ/kg.

The A" parameter in the formula (2) is determined
by the ash value of the burning coal. Though, the pa-
rameter a,,/(100 — G,,) is determined by the furnace
type and the type of burning solid fuel, it can very in
the range of 0.0019 and 0.011, particularly for the fur-
nace of forward stroke chain grate for ASSh anthracite
burning the parameter is 0.0088.

The efficiency of smoke fumes purification from
solid particles n is determined by the type of dust col-
lection means, which are used. In case of cyclones, 1 is
usually 0.8—-0.9, and it is 0.95-0.98 for bag collectors.

The k,s parameter is determined by the use of sor-
bent agent for sulphur oxides binding. It is usually used
in case of fuel burning in fluid-bed. A sorbent agent is
not used for low capacity boilers, so k,g=0.

The analysis carried out shows that gross emission
of j-pollutant £, particularly dust from smoke fumes,
is clearly defined by the volume of i-fuel B;, i.e. coal.
As the values of the other parameters remain almost
unchanged, the dynamics of coal consumption is in
proportion to the dynamics of dust emission from flue.
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So, analyzing the coal consumption dynamics by boil-
er facility, it is possible to obtain the parameters of dust
emission dynamics without measuring its current val-
ues.

To demonstrate the point let us consider the ap-
proximate calculations of gross emission of particulate
matter for a type mine boiler facility, which produces
heat energy. In case of continuous mode of boiler fa-
cility it is important to know the 24-hour coal con-
sumption value. Its dynamics w for December 2014 is
shown at the Fig. 1. The 24-hour coal consumption of
boiler facility was 3021.26 + 32.62 tons, and 93659 tons
per month.

According to (2), the parameter of particulate mat-
ter emission (dust), particularly for anthracite burning
in case of using cyclone for smoke fumes purifying
without any sorbent agent, is determined using the for-
mula, g/GJ

10° A"
kji =kt = Qir aun IOO—GIM (l_n)+ktS =
10°
= 0.0088-10(1—0.85) =634.86.
20.792

In this case, according to (1), we shall obtain the
gross emission from the flue, tons per month

Ef = Z]OfﬁzkﬁBl_ (Qir)i =

=107 k,- B,-Q" =107 -634.86-93659 = 59.46.

Thus, the gross dust emission of 59.46 tons per
month or 1.92 tons per day corresponds to approxi-
mately 3021 tons per day of average coal consumption
by boiler facility. It is obvious that increase or decrease
of coal consumption will lead to the increase or de-
crease of dust emission in proportion. Only the pa-
rameters of coal consumption by the boiler facility
and, thus, the corresponding parameters of emission
dynamics should be determined.

The time series from the Fig. 1 demonstrates the
fact that the coal consumption of the boiler facility is
dependent on random factors, i.e. it is stochastic. And
the cases of excess of average values of coal consump-
tion up to 2.5 % are observed, which means the same
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Fig. 1. Time series for coal consumption by heat-and-power object of coal mine
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excess of dust emissions from the boiler facility flue in
comparison to the rated average value (1.92 tons per
day or 59.46 tons per month).

Thus, the 24-hour dust volume of 1.92 tons per day
corresponds to the average dust emission rate of 22 g
per second, and maximum one of approximately 23 g
per second in case of 2.5 % exceed of the average val-
ues of coal consumption.

The series mentioned can be considered as the re-
alization of the random process of coal consumption
in one-month period. The availability of such a real-
ization enables determining of missing dynamic pa-
rameters of dust emission from a flue of a boiler facil-
ity using known solution of mathematical problem of
random process emission in a definite level by
A.A.Sveshnikov (first solved by Reis in 1944-1945),
which was used in the methods [7]. The approach is
productive for the estimation of ecological danger of
pollutants emission into the atmosphere in case of ex-
ceed of the rated values.

‘While solving the problem, we are to consider that
the random function of change process of coal con-
sumption by boiler facility in time and thus of dust
emission, are the stationary with density of distribu-
tion, which is close to the normal law. It is quite per-
missible as the coal consumption is varied in random
manner (vacillated) in the range, reasoned by the plan
for boiler facility and air temperature, under the con-
dition that there no explicit factors, particularly break-
downs and downtimes, which can lead to significant
deviation from normal process of coal consumption
and, thus, dust emissions.

Let us consider the sequence of integration for the
stationary random process with normal A.A. Svesh-
nikov distributional law. Thus, the mean value cases of
stationary random function stay above the definite
level a at a time unit is

— o T2
g, =5 e (3)
a >

2nG,

where X is a mean value of random function x at the
chosen interval; o, is quadratic mean of random func-
tion calculated with respect to the proper dispersion,
which is equal in number to the value of autocorrela-
tion function of random process in the (0) point, i.e.

02 =K _(0), and o, is quadratic mean of the speed of
random function change; it is determined by the speed
dispersion of value change of its ordinate, which is

equal
d2
dv

K. (7)

Considering (3), the number of cases the random
process exceeds the a level during 7" days is determined
as

=y 4)

Na=TVa. (5)

And the average time of the process being above the
a level is calculated using the expression
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v X

(a-%)" —
T=nre {1—@[‘1 xﬂ, (6)
c o

where D(x) is integral Laplace function.

Finally, the integral for determination of mean
time of the stationary random function being above
the definite level a in 7 time period is as follows

_ 1 a—-x
3 =T5{1—(I{ 5. ﬂ (7

The value also can be determines as

f =HnaVa.

a

In a special case, when a = X, i.e. the mean duration
of mean value excess for the random function is deter-
mined (in our case, the average value of coal consump-
tion or average rated value of dust emission by heat-and-
power objects), the formulas mentioned are simplified:

Let us turn to the practical application of the for-
mulas. We shall obtain the statistical values, describing
the dynamics of exceed of coal consumption by heat-
and-power objects of the definite level and, which is
numerically equal to its average value, i.e. a = X.

Let us find the preliminary autocorrelation func-
tion of the process using the data from graph from
Fig. 1 and the assessment formula

K, (0) =3 (x, - %)(x_, - %),

n—-155

where 7 is time shift, equals to 1, 2, 3, ...; x; is daily coal
consumption by a boiler facility, tons per day.

The initial fragment of calculated normalized auto-
correlation function of the process is shown at Fig. 2.

To continue the calculations it is important to have
the most exact analytical expression of autocorrelation
function of the process at its initial interval. The re-
quirement is reasoned by the need for determination of
disperse of speed change rate for a random function
using the second derivative of K (1) in the zero point.
So, considering the type of normalized graph of auto-
correlation function, let us approximate the initial sec-
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Fig. 2. Normalized autocorrelation function of
random process of coal consumption by heat-
and-power objects of a coal mine
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tion of autocorrelation function for its valuesin t=0; 1
and 2 points; we shall use the equation general expo-
nent. As a result we obtain the following expression of
autocorrelation function of random process of coal
consumption as follows

K (t)=02(b, + be™), (8)
and its second derivative as

K. (1)=K,(t)==0lb,(b,) e, ©
where Gi =1048.632 is dispersion of random process
of coal consumption, t>/day?; b,=0.2398; b, = 0.7602;
b, = —1.5585 are exponent index values, obtained by
least-squares method with b, index selection for ap-
proximation errors minimization.

Now let us define the dynamic parameters of ex-
ceed of coal consumption by the boiler facility of
a=Xx=3021.9 tons per day level for the period of 7=
= 30 days, i.e. the level of average coal consumption

with the dispersion o> =1048.6 (o, =32.38 tons per
day). It will be recalled that the volume of
X =3021.9 tons per day corresponds to the gross dust
emission of 54.46 tons per month or 1.815 tons per day.
Let us calculate the dispersion of speed rate for a
random function of coal consumption, considering (4,
9). We obtain
d2
—K_(t
d’Cz x( ) T
=0.9(0.7602(—1.5585)*) =5579.8(c, = 74.69).

c.=K,(0)=-

v

=0~ Gi (b1b22) =

Let us calculate the average value of exceeds of av-
erage coal consumption level per month for this source
data, day™!

o 74.69

U =—2"4 = =0.3673.
¢ 2mo, 2-3.14-32.38

The average number of exceeds of average coal
consumption level per month, times

7, =Tv,= 30x0.3673=11.019.

Average duration of each exceed of average level,
day™!

tonr 23143238 _ 1 3613,
c 74.69

and average time of a =X level exceed per month is, day
t,=nyv,=11.0191.3613=14.99,

i.e. half of a month or 50 % of boiler facility working
time, as expected in case of a = X.

Then the levels of atmospheric air pollution were cal-
culated for the maximum emission intensity. The calcu-
lations were carried out as based on the use of UPRZA
software, which applies the main principles of OND-86
(All-Union normative document — 86) The Methods of
Calculations for the Concentration of Harmful Sub-
stances in the Atmospheric Air from Enterprises Wastes.
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The source data for the calculations are as follows:
source height 30 m, source mouth diameter 1 m, speed
of air-gas mixture withdrawal 2 mps, emission tem-
perature 56 °C. As based on the volume of annual dust
emission (suspended matter) and its danger class (I1V),
it was determined that the boiler facility of the mine
belongs to the III danger class with the rated sanitary
protective zone of 300 m.

The results of the calculations, as represented in
the form of map for surface dust concentration, are
shown at the Figs. 3, 4.

As we can see, in case of maximum emission inten-
sity of the boiler facility the values of surface dust con-
centrations can reach 5.7 of MPC in the sanitary pro-
tective zone and 3 of MPC out of it under the adverse

Fig. 3. The distribution of maximum surface dust
concentrations (MPC quotas) for the emission
intensity of 23 g per second (calculation cell
size is 100x 100 m)

Fig. 4. The distribution of maximum surface dust
concentrations (M PC quotas) for the emission
intensity of 6 g per second (calculation cell size
is 100x 100 m)
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meteorological conditions. The zone of influence of a
boiler facility is about 900 m for this intensity.

It is also determined that the permissible intensity of
dust emissions for the given conditions is 6 g per second.

The emission intensity level can be reached with-
out the decrease of boiler facility productivity in case
of installation of gas-cleaning equipment with dust pu-
rifying efficiency of not less than 90—95 %.

It should be noted that the detection and estimation
of dynamic parameters of processes with such relatively
low deviations are reasonable for the emissions, which
cause the air dust concentrations of the values close to
MPC or other threshold levels of ecological danger of
atmospheric air pollution, stated by [10].

Thus, the main parameters of coal consumption
dynamics were determined. They show the adequate
dynamics of dust emission from a boiler facility flue.
So, it can be stated that the rated value of dust emis-
sions of 54.46 tons per month (22.2 g per second) is to
be exceeded almost 11 times per month, the duration
of exceed is to be 4.047 days, i.e. about 16.8 % of the
boiler facility working time. In the terms of environ-
mental safety this means the 11 times per month ex-
ceeded safe concentration of dust or about 16.8 % of
the boiler facility working time in the territory of boiler
facility location with dust content of 1| MPC.

Finally, we should state that it is possible to carry
out the calculations for the other rated level a, in this
case the obtained probabilistic characteristic can be
used for the prognosis of ecological danger of not only
dynamic dust emission, but also other air pollutants.

The conclusions and further development pro-
spectives. In addition to standard estimation of gross
emission of particulate matter from a boiler facility
flue, which is the base for the estimation of the level of
atmospheric air pollution and its danger level for the
environment, the other dynamic parameters of dust
emission should be determined. This requires the ad-
ditional 24-hour information about its changeability.

As for the definite coal-fired boiler facility, the only
major dynamically changed parameter of coal consump-
tion per 24 hours is definitely proportional to the dust
emission from the boiler facility flue, and it is recorded
daily, which is of great importance. So, the monthly con-
sumption changeability enables estimation of change-
ability of dust emission from the boiler facility flue.

The availability of monthly coal consumption dy-
namics enables determining of missing dynamic pa-
rameters of dust emission from a flue of a boiler facil-
ity using known solutions of mathematical problem of
random process emission in a definite level. It can be
supposed that the random function of change process
of coal consumption in time and thus of dust emission,
are the stationary with density of distribution, which is
close to the normal law under the condition that there
no accidental factors of explicit nature, particularly
breakdowns and downtimes.

The known integrations from the abovementioned
problem enables the estimation of different parameters
of dust emission dynamics exceed of the stated levels,
which can be used for the prediction of the degree of
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ecological danger of the dynamic dust emission of a
coal-fired heat-and-power object.

The application of the methodology enables reli-
able assessment of the pollution levels of the territories
adjacent to a heat-and-power object and timely devel-
opment and implementation of efficient measures for
the decrease of the negative influence of coal mines on
the environment.
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todyka rozrakhunku. Kyiv: Minpalyvenerho.

'K/ 34.02.305-2002. Bukuay 3a6pyaHIOIOUNX pe-

YOBUH B aTMoOcdepy Bil €HEepreTUYHUX YCTAaHOBOK.
Metonuka Bu3HaueHHs. — K: Minnmanusenepro, 2002
(Yuuuwmii Big 01.07.2002).
9. Zbirnyk pokaznykiv emisiyi (pytomykh vykydiv) za-
brudnyuyuchykh rechovyn v atmosferne povitrya riz-
nymy vyrobnytstvamy, 2004, Donets'k: Ukr. NTSTE,
No. 1, 2.

30ipHUK TIOKA3HUKIB eMicil (MUTOMUX BUKU/IIB)

3a0pyIHIOIOYNX PEYOBUH B aTMOCGhEpHE TOBITPS Pi3-
HuMu BupoOHuUTBamMu. — JoHeubk: Ykp. HUTE,
2004 —-T.1,2. — 184 c.
10. Ministry of Health Protection of Ukraine, 1997.
Gosudarstvennye sanitarnye pravila okhrany atmos-
fernogo vozdukha naselennykh mest (ot zagryazneniya
khimicheskimi i biologicheskimi veshchestvami) [Sta-
te sanitary rules of air protection in populated areas].
Order no. 201 dated July 9, 1997.

TocynapcTBeHHbIE CAaHUTApHBIC MTPaBUJIa OXPaHbI
atMochepHOTO BO3[yxa HaceJIeHHBIX MecT (OT 3a-
IpsI3HEHUSI XUMUYECKUMU U OMOJIOTUIECKUMU Bellle-
crBamu). Beemerbsr MO3 Vkpaunsr 09.07.97. I[Mpukas
Ne 201.

Meta. Po3poOKka METOOMKU OLIIHKU Ta IIPOrHO3Y-
BaHHSI IMHAMIYHUX MOKA3HUKIB MUJIOBUX BUKUIIB TE-
TUIOEHEPreTUYHUX 00’ EKTIB, 1110 MPAaLIOI0Th Ha BYTIJLIi.

MeTtoauka. MeTtoauka 0a3yeThCs Ha TOMY, IO
MPOAYKTUBHICTb TEIIOEHEPTeTUUHUX OO’€EKTIB BY-
TUIBHUX TAMPUEMCTB Ma€ CTOXaCTUYHUI XapakTep.
J1st oLiHKY AUHAMIYHUX MOKA3HUKIB MUJIOBOIO BU-
KUY IIaXTHOI1 KOTeJIbHI BUKOPUCTaHI pillIeHHST MaTe-
MaTUYHOI ,,3a/1a4i MPO BUKUIM BUIAJIKOBOTO MpoOLie-
Cy 3a BCTaHOBJIEHUI piBeHb . KOHIIEHTpallisl yacTu-
HOK TWIYy Y BUKHMIAX TEIJIOCHEPTETUYHOIO 00’€KTa
BM3HA4YeHa 3a BUOIPKOBOIO peali3alli€lo BUIIaJKOBO-
ro TMpoLEeCy MOoro NMpPOAYKTUBHOCTI HA MiCSIYHOMY iH-
TepBai. JIjst BU3SHaUEHHSI XapakTepy po3MoAily Mak-
CUMAJIbHUX MPU3EMHUX KOHILEHTpaliil i moOymoBu
KapT poO3CiloBaHHS MWIY B 3aJIEXKHOCTI Bil MPOmyK-
TUBHOCTI TEMJI0EHEPreTUUHUX 00’ EKTIB BUKOPUCTO-
ByBasu niporpamy YITP3A , EKOueHntp®.

PesyasraTu. I[IpoBeneHa oliHKa IMHaMiKU MPO-
JYKTUBHOCTI Ta MUJIOBUX BUKUIIB, 1110 MOXYTb OyTU
BUKOPHUCTAHI AJIs1 KOHTPOJIIO €KOJIOTiUHOI Hebe3MneKu
BUKUJIIB TEIUIOCEHEPTETUYHUX OO’€KTIB BYIIeI00YB-
HUX TAnpueMcTB. [TporHo3Hi OLiHKY JUHAMIKU MU~
JIOBOTO BUKUAY TEIUIOCHEPTETUYHUX 00’ EKTIB J0O3BO-
JISIIOTh  MIABUILIMTU JOCTOBIPHICTH IIPOTHO3Y PiBHS
3a0pyaTHEHHS aTMOC(HEPHOTO TTOBITPS i1 CTYIIEHS 10TO
Hebe3MeK! y ByIiefoOyBHUX perioHax, y MOPiBHIHHI
3 OLIIHKOIO 3a CepeIHbOPIYHMMU 00CITaMUu BUKUIIB.

Haykosa nHoBu3Ha. Po3po06jieHa MeTonuka oliH-
KM TUHAMiYHUX MOKA3HUKiB BUKUIY TBEPAUX YaCTU-
HOK (TUJy) TeIUIOEHEepreTMYHUMU OO0’ €KTaMUu BY-
TUIBHUX LIAXT Y 3aJIe3KHOCTI Bil 0OCSTiB CITOKUBAHO-
ro TBEPIOro naausa.
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IIpakTnuna 3HauyumicTb. OTprMaHi 3aKOHOMIp-
HOCTIi po3citoBaHHS 3a0pyIHIOIOUMX PEYOBUH, 1110 BU-
KHUIAIOTHCS TCIUIOCHEPTCTUIYHUMU 00’ €KTaMM IIAXT,
IO3BOJISIIOTH  TIPOTHO3YBaTW PiBHI  3a0pyaHEHHS
00’€KTiB HaBKOJIMIIIHBOTO CEPEIOBUIIA HA TPUJICTIINX
TEPUTOPISIX i CBOEYACHO BIIPOBAIXKYBATU MOBITPSIOXO-
POHHI 3aX0IU.

KiiouoBi cioBa: menaioenepeemuunuii 00°ckm,
eKon02iuHa Hebe3neka, NUA08Ull 8UKUOD, pPO3Cito-
B8aHHA

Hean. PazpaboTka METOOMKU OLIEHKU U MTPOTHO-
3UPOBAHMUST TUHAMUYECKUX ITOKa3aTeliell IThIJIEBBIX
BBIOPOCOB TEIUIOIHEPTETUICCKUX OOBEKTOB, paboTa-
FOIIINX Ha yTIIe.

Metoauka. Metoauka 6a3upyeTcsl Ha TOM, 4TO
MIPOM3BOIUTEIILHOCTD TEINIODHEPTETUUYECKUX 00BbEK-
TOB YTOJBHBIX MPEANPUSTUI UMEET CTOXaCTUICCKMIA
xapakrep. J1J1s1 olleHKM TUHAMUYECKUX ToKa3aTenei
NbLUIEBOrO BhIOpOCA IIAXTHOM KOTEIbHOM MCIIOJIb30-
BaHbI peIlIeHUs MaTeMaTUYEeCKOM ,,3a1a4u O BbIOPO-
cax ciaydaiiHOro Tpolecca 3a YCTaHOBJEHHBIN ypo-
BeHb. KoHLIeHTpalMs MbUIEBBIX YACTUIL B BEIOpOCax
TETIJIOPHEPTeTUIECKOTO 00BEKTa OTIpeesicHa 10 BhI-
OOpOUYHOI peanu3aluu CAydyaiiHOTO IMpolecca €ro
MIPOM3BOIUTEIILHOCTA HA MECIIHOM MHTepBae. JIis
OIIpeNeNICHUST XapakKTepa pacIpedeCHUS MaKCH-
MAaJTbHBIX TIPU3EMHBIX KOHIICHTPAILIMA 1 TIOCTPOCHUS
KapT pacCenBaHMS MBLIA B 3aBUCUMOCTHU OT IIPOM3-
BOIMTEILHOCTU TEIIOOHEPTETUYECKUX OOBEKTOB HC-
noab3oBanu nporpammy YITP3A ,,DKOueHntp®.

PesynbraTtnl. IlpoBeneHa olleHKa IMHAMUKU
MPOX3BOIUTEILHOCTA U MBLIEBBIX BHIOPOCOB, KOTO-
pbIe MOTYT OBITH MCITOJIb30BAHBI JJIsI KOHTPOJISI 9KO-
JIOTMYECKOIM OIMAaCHOCTH BBIOPOCOB TEIUIOIHEPIETH -
YeCKUX OOBEKTOB YITICIOOBIBAIOIINX MPEAITPUSITUIA.
IIporHo3HbIe OLIEHKN JUHAMUKM ITBIJIEBOTO BBIOpOCa
TEIJIORHEPTETUUECKIUX OOBEKTOB TO3BOJISIOT TTOBHI-
CUTBH TOCTOBEPHOCTH IIPOTHO3a YPOBHSI 3aTPSI3HCHUS
aTMochepHOTro BO3IyXa M CTEIICHU €T0 OITACHOCTHU B
YIJIenoOBIBAIOIINX PETMOHAX, IO CPABHEHMIO C OIICH-
KOM MO CPENHETroI0BbIM 00BbeMaM BEIOPOCOB.

Hayuynas wHoBu3Ha. PaszpaboraHa wmeromuka
OLICHKM AMHAMWUYECKUX IoKa3aTesieil Bblopoca TBep-
JIBIX YacTUIL (MbUTK) TETIJIO3HEPTreTUUYECKUMHU 00bEeK-
TaMM YTOJBHBIX IIaXT B 3aBUCHMOCTH OT OOBEMOB
HOTpeOJIIeMOro TBEPAOTO TOIINBA.

IIpakTryeckas 3HAYUMOCTB. [1oTydeHHbBIC 3aKO0-
HOMEPHOCTH paCCEVBAHUs 3arpsi3HSIONINX BEIIECTB,
BBIOpACHIBAEMBIX TETUIO9HEPIeTUICCKIMI OOBEKTaMU
IIIaXT, TTO3BOJISTIOT IIPOTHO3UPOBATh YPOBHU 3arpsi3HE-
HUSI 00BEKTOB OKPYXKAIOIIEH Cpembl Ha TIPIIICTAIOIIINX
TEPPUTOPHUSIX U CBOCBPEMEHHO BHEIPSTH BO3MYXOOX-
paHHBIC MEPOTIPUSITHS.

KiroueBblie ciioBa: mennosnepeemu1eckuii 00s-
eKm, 9K0A0eUUecKas ONacHOCMb, NblAe8ol 8blOPOC,
pacceusanue

Pexomendosarno do nybaixkayii dokm. 6ioa. Hayk

A. I ITopoeoro. Jlama HaOxXo00xCceHHsT PYKONUCY
24.09.15.
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