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Purpose. To prepare the method of dynamic parameters prediction for dust emission from a coal mine fang.

Methodology. The methodology is based on the stochastic nature of mine capacity. That is why we suggested deter-
mining the dynamic parameters for dust emission from coal mine fang according to the random process of mine capacity
in a one-month period. The common solutions of mathematic the problem of the overshoot of the random process above
a set level were applied.

Findings. It was stated that the volumes of dust emission from a fang are proportional to one-hour capacity of skip
hoisting. The probabilistic assessment of capacity dynamics and dust emission was carried out; it can be applied for the
prediction of ecological danger level of dust emission from a coal mine fang.

As a result of integration of problem of the overshoot of the random process above a set level, the following average
values were determined: the time of the definite level exceeding in a definite period; number of cases of the definite level
overriding; the duration of the process overriding the normalized level. The probabilistic assessment of dust emission
dynamics from coal mine fang enables confidence increase for the prediction of pollution level of atmospheric air and its
danger rate compared with the existing assessment of annual average emission volumes.

Originality. The methodology of dynamic parameters assessment for solid particles (dust) emission from coal mine
fang was prepared as based on the data of mine capacity changes in one-month period.

Practical value. The obtained regularities of dust emission formation of coal mine allow the prediction of the level of
environmental objects pollution in the adjacent territories and to take timely measures for protection of the environment.

Keywords: dust emission of a mine, ecological danger of emission, emission dynamics

Introduction. Running continuously, coal mines emit
large volumes of polluted air form fangs into the atmo-
sphere; the air contains coal and rock dust, which consists
of silicon dioxide (dangerous for human health) and other
harmful substances from adjacent rocks of underground
horizons of a mine. The dust is dispersed in the bottom
layer and can cover large territories, polluting the air, soil,
and water bodies decreasing the environmental safety in
the region [1].

Deep-mined output causes considerable pollution of
environmental components and requires the development
of methods of emission dynamics prediction for taking
timely measures of nature protection [2—4]. It should be
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also considered that the emission and dust load rate in the
territories adjacent to mines depends on a range of factors
affecting the effectiveness and reliability of predictable in-
dices [5]. We should point out that the emissions of mining
enterprises increase the dust load on environmental ob-
jects, especially when other industrial enterprises operate
in the local area [6, 7].

The dust emission rate from fangs varies from 20 to
100 grams per second for different coal mines. Rough es-
timates show that about 5.2 tons of dust is emitted per day
whereas the average emission rate is 60 grams per second.
Taking into account the ash-content, the dust can contain
up to 3 tons of nonfuel minerals (about 1900 and 1000 tons
per year respectively). Thus, apart from coal about
1000 tons of rock is emitted from fangs into the atmos-
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phere; the rock contains sulphides and some heavy metals
which cause worsening of life conditions for population.

Analysis of the recent research and publications. To
estimate the level of atmospheric air pollution the calcu-
lated value of gross emission is used to calculate ground
dust concentration according to the standardized proce-
dure of OND-86 (All-Union normative document — 86)
[8]. The obtained ground concentrations are, in turn, ap-
plied to estimate the level of atmospheric air pollution ac-
cording to the working sanitary regulation [9]. It is ap-
praised as based on the ratio of the pollution index (PI)
excess compared to their standard values (SV) and implies
determination of the pollution level and its danger level
according to the Table.

Table

Estimation of the level of the atmospheric air pollution
according to the working sanitary regulation [9]

Level of PI excess | SV excess
. Danger level .

pollution ratio | percentage
Allowable | Safe <1 0
Unallowable | Insignificantly hazardous | >1-2 >0-4
Unallowable | Moderately hazardous >2-4.4 >4-10
Unallowable | Hazardous >4.4-8 | >10-25
Unallowable | Very hazardous >8 >25

To identify the abovementioned ratio, the virtual
ground level concentration values (C) are divided into
their maximum permissible values (MPV); either maxi-
mum single or daily average MPV can be considered de-
pending on the concentration assessment conditions and
pollutant type. Thus, in case of assessment of dust with
undifferentiated composition (aerosol), the following
MPYV are allowed: maximum-single — 0.5 mg per m>, daily
average — 0.15 mg per m* (3" hazard class).

Unsolved aspects of the problem. Gross dust emis-
sion into the atmosphere form the main fang should be
estimated in tons per year according to the branch method-
ology [10]. The methodology is applied for the prepara-
tion of the state statistical report on the atmospheric air
protection; it is also used to calculate the amount of dam-
ages caused by the ventilation systems of underground
mine workings of coal mines as well as to estimate the
atmospheric air pollution and to plan nature protection
measures. It is appropriate to note here that the practice of
the emission estimation mentioned as based on the results
of actual measuring of dust concentration for the output of
main ventilation fan, which should be conducted regular-
ly, is not entirely appropriate. It is reasoned by the fact that
the measurements are often obtained during the period of
time or shift when minimum emission occurs. As a result,
the rated annual or quarterly emissions are underestimated
in the reports.

It should be noted that the assessments using the meth-
ods [9] based on the average annual values of dust concen-
tration calculated according to [8, 10] appear to be of low
reliability and do not meet the requirements of the meth-
odology [9] as the actual average daily concentration of
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dust emitted from fangs is changed day by day. Corre-
spondingly, the SV excess ratio will be varied so will the
level of danger of the atmospheric air pollution caused by
dust (columns 2 and 3 in the Table). In addition, the col-
umn 4 provides the indicator regulating the SV excess per-
centage, which cannot be estimated without the data of
actual 24-hour dynamics of dust emission.

It is obvious that regular data organization requires es-
tablishing standing observational stations for dust emissions
monitoring, particularly from fangs, which is not economi-
cally feasible. That is the reason why the authors set a prob-
lem to determine the missing dynamic indicators on the base
of an alternative parameter in comparison to the dust emis-
sion parameter, which can be applied to calculate the dy-
namic indicators during at least a one-month period of time.

Objectives. The objectives of the work include the de-
velopment of methods of estimating and forecasting emis-
sion dynamic parameters of dust emission from a coal
mine fang based on the data of its daily output.

Main research. To solve the defined problem, let us
analyse the possibility of application of permanently
changing mine output for the future assessment of the dy-
namics indicators for dust emission from a coal mine fang
into the atmosphere.

In accordance with the methodology [10] the gross
emission of solid particles can be calculated using the for-
mula

E,=8,64-10°-V,-D, x

A A 1
. ]K2+0728K1an—p ] ( )

ind

x{(é +0,28K,g
ind " j

where Dy is the time of actual operation of a mine during a
year, days; V, is an average flow rate of the air which is
emitted from the fang, m® per second; C, is an average
dust content of the air around the fang on the return hori-
zon, mg per m*; K| is an index accounting for the availa-
bility of mined rock in the fang (0 indicates absence or
lifting of mined rock by means of tilting-deck cages and 1
indicates lifting of mined rocks by means of charging la-
dles); K is an index accounting for dust fall in the fang; ¢
is the specific dust emission while loading or unloading
mined rock, gram per ton; 4, is intensity of loading or un-
loading of mined rock, tons per hour, Q,,,is the quantity of
induced air, m® per second; O, is the quantity of suction air
in the pit head, m® per second (the parameters are detected
according to Chapter 7 of the methodology [10]).

In case of dust emission from the fang with charging
ladles, K, = 1; thus, for the future analysis it is convenient
to show the (1) as follows

E, =8,64-10°-7,-D, x

2
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J

According to this pattern, the dust emission is conven-
tionally assumed to consist of two components. The first
one is conditioned by dust ejection from mine workings
located on the operating underground horizons; the other
is conditioned by intensity of loading or unloading of coal
and rock in the mine shaft bottom and head frame. The

ISSN 2071-2227, HaykoBui BicHuk HIY, 2016, N2 2



EKOJIOTIYHA BE3NEKA, OXOPOHA NPALI

square brackets contain the sum of the components of dust
content of the air emitted immediately from the fang into
the atmosphere.

Gross emission variability £;is conditioned by variabil-
ity of the parameters in the (2). Thus, the average flow rate
of the air V; through a fang does not practically change
daily and monthly since the main ventilation fan operates
uninterruptedly. The fan delivery fluctuates insignificantly
in the range of the average value responding to mine aero-
dynamic resistance changes and is rarely regulated by
means of guide vanes. The time of actual operation of a
mine during a year in days D is also stable, with the excep-
tion of emergency situations and other forced outage.

As for the components of dust content of the air (which
is described in the square brackets), they change propor-
tionally to the mine capacity. The value of C, is implicit-
ly, though directly dependent on mining equipment capac-
ity in work faces and longwall faces, while the other com-
ponent is pro-portional to the intensity of loading or un-
loading of mined rock 4,, and is dependent on the values

of ¢/Q,,, and [Kz + %

in different ways.

J

The value of ¢/Q;,; expressing the ratio of specific
dust emission and quantity of the induced air, caused by
loading and unloading equipment operation, also depends
on rank of coal, its humidity, reduction range and rock
content (¢ parameter) as well as on the device design (Q,,s
parameter). It is obvious that the clean air ejection de-
creases the quantity of dust emitted during loading and
unloading of coal and rock. However, regarding the defi-
nite loading and unloading equipment, the ratio is only
dependent on dust production capacity of transferred rock,
so it is almost stable for a single mine.

K, index, which is described by fang geometry and
water inflow, can vary over a wide range because of differ-
ent water inflow in different seasons, but it can be consid-
ered as stable in a one-month period.

The Q,/V; ratio rarely exceeds 0.2, since reliable venti-
lation of mines is often provided by decreasing the suction
air 0, in the pit head (head frame) by means of its capsula-
tion. The value only changes at the moment of charging
ladles passing through the head frame, as it increases both
0, and dust emission in the short run. It is obvious that the
number of charging ladles moves is proportional to mine
capacity regarding the mined rock.

Research results. To demonstrate the analysis carried
out, let us adduce the speculative calculations of gross
emission of two mines from different mining regions
based on priori data.

For instance, under the conditions of a mine from the
Lviv-Volyn Coal Basin with I7j =315 m® per second; K, =
=0.246; g = 80.5 grams per ton; 4,= 115 tons per hour; O,,,
=5.7 m®per second; O, = 60.8 mgper second; C,=4.5 mg
per m®, the annual average dust emission according to (2) is

E; =8,64-107-315-365x

x{0,246-50 +0,28><11580’75 (0,246 +%ﬂ =

315

i

=1994 tons per year (63.2 grams per second),
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where g/Q,,,=80.5/5.7=14.2; 0,/V;=0.193. B

Under conditions of a Donbass mine with V; =
=164.2 m® per second; K, = 0.264; ¢ = 68.8 grams per ton;
A4, = 95 ton per hour; 0, = 4.7 m? per second; Q, =
=30.8 m® per second; C, = 2.5 mg per m*

E; =8,64-107-164,2-365%

X 0,246~50+o,28x95@ 0,246 + 30.8 11 _
4,7 164,2

>

= 1753 tons per year (55.9 grams per second),

where ¢/Q;,y=14.2; Q,/V;=0.1875.

As it is obvious, ¢/Q;,,and Q,/V; ratios do not differ
for mines in different regions, and dust emission is gener-
ally defined according to the operation of skip hoisting in
a groove, i.e. it hardly depends on C, if the values of the
latter are small.

Thus, under conditions of a definite mine, particularly
of one equipped with skip hoisting, it is only the dynami-
cally changing parameter 4, that is proportional to dust
emission from a fang, and it is monitored and recorded on
a daily basis. That is the reason why its relative daily
changes in a one-month period enable to assess dust emis-
sion variation in comparison to its average value which is
calculated using formulas (1) or (2).

To give an example, let us analyse the typical time se-
ries (Fig. 1), characterizing daily coal mining (published
in Vuhillya Ukrajiny (Coal of Ukraine) journal, June 2003,
p. 40).

The time series in Fig. 1 demonstrate that the mine
capacity is significantly dependent on random factors,
i.e. it is stochastic. The average values of capacity are
often 1.5-2 times higher; so are dust emissions into the
atmosphere from a fang compared to the average design
values.

The series given is the selective realization of the ran-
dom process of capacity in a one-month period. The avail-
ability of this process allows determining the missing dy-
namic parameters of dust emission from a coal mine fang
using the known solution of mathematical problem of the
overshoot of the random process above a set level by
A.A.Sveshnikov (first solved by Reis in 1944—1945). The
integrals of the problem make it possible to calculate the
probabilistic characteristic of random process overrun-
ning the specific value.
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Fig. 1. Typical time series of daily coal mine capacity
in a one-month period
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While solving the problem, let us consider that the ran-
dom function of the change process of mine capacity in
time and, thus, of dust emission is stationary with distribu-
tion density which is close to normal law. It is quite per-
missible as the capacity irregularly varies (fluctuates)
within the range conditioned by the designed value or
plan, provided there are no explicit factors, particularly
breakdowns and lengthy downtime, among accidental
mining and technical ones, which can lead to significant
deviations from the normal process.

Let us consider the sequence of integration for the sta-
tionary random process with the normal distribution law
by A.A.Sveshnikov. Thus, we can obtain the average val-
ue time of stationary random function stay above the defi-
nite level a at T period of time

I, = To_ff(x)dx. 3)

The average excess value above the set level within the
same period of time is determined as follows

n, = Tva(a,v)dv, 4)

while the average time of the process being above the set
level is

Tt )

As it is obvious from (3-5), the values of 7, and 7,

are proportional to the considered period of time 7, T
does not depend on the period of time. That is why the
average value of emissions per time unit v, can be defined

for steady-flow processes; v, does not depend on 7, as it

n

a

is obvious from v, = T

As a result, we obtain the integral which is the compo-
nent of (4) and (5)

v, = va(a,v)dv. (6)

Since the formulas contain probability density for
steady-flow process f(x) and f(x, v), we need the densities
to find the value of the integrals.

In the formulas, x and v are current ordinates of the
random function and its change rate respectively, while
f(x), f(x,v) are probability densities which do not depend
on time for steady-flow processes.

Regarding the normal law of ordinates distribution for
the random function, their distribution density is unambi-
guously expressed through the expectation value (x ) of
the random function and its value dispersion

1 _(x-%)

2

f(x)= e 2%, (7

o,.V21

The value of dispersion is equal to the value of the
autocorrelation function of the random process at the point
of (0),i.e. 62 =K, (0).
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The two-dimensional density of probability distribu-
tion f(x,v) determined by A.A. Sveshnikov splits into the
product of standard distribution densities for random val-
ues X (¢) and V(¢), which can be expressed as

_(x-%) 1 v
e 26%2X—e 26%’ (8)
o 2T

f(xv)=

o, N21

where the dispersion of the rate of change of the ordinate

of the random function 62 is equal to the value of the cor-

relation function of the random process speed at zero
point, namely

ciZ
v’
The mathematical expectation V(¢) is 0 as a result of

steady flow of the random process.

The substitution of (8) into (6) gives
(a=%)*
GV e_ﬁ

2710,

K ()] cso.- )

v

a

(10)

In a similar way, the substitution into (5) results in ob-
taining the average duration value of the random process
over-shoot above a set level a

(a—)?)z =
T=qlxe 20 {I—F(a xﬂ
c, c,

where F(x) is the integral Laplace function.

In a special case, when a =X, i.e. the average dura-
tion of the average value excess for the random function is
determined, the latter function is simplified
K. (7)

c, K, (I)T:O’

where the values of the random process dispersion and its
speed, i.e. in fact the values of the autocorrelation function of

K (7) process and its second derivative K, (‘c) at zero point.
Finally, after the substitution of (7) into (3) we obtain

the integral to determine the average time of the definite

function being above the set level a within 7 time period

raele)

It is notable that the interval may be obtained by multi-
plication of (10) to (11) and T.

Let us turn to the practical application of the given for-
mulas. We shall obtain the statistical values describing the
dynamics of mine capacity and, thus, dust emission above
the set level.

Let us find the autocorrelation function of the process us-
ing the assessment formula and data from the graph (Fig. 1)

(11)

(12)

(13)

n-t

;(xf —%)(x. — %),

1
)=

(14)
where 7 is a time shift equal to 1, 2, 3,...; x; is daily mine
capacity, tons per day.

The initial fragment of the normalized autocorrelation
function is shown in Fig. 2.
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Fig. 2. Normalized autocorrelation function of mine
capacity distribution and dust emission

To solve the problem we need the most exact analyti-
cal expression of the autocorrelation function of the pro-
cess at its initial interval. The requirement is conditioned
by the need to determine the dispersion of change rate for
the random function using the second derivative of K (1)
at zero point. So, considering the type of the normalized
graph, let us approximate the initial decreasing section of
the autocorrelation function for its values in 0, 1 and 2
points; we shall use the general exponential equation. As a
result, we obtain the following expression of the autocor-
relation function of the random process of mine capacity

K, (t)=02(b, +be"), (15)

where o2 is dispersion; b, = —0.168; b, = 1.168; b, = —2.48
are index values obtained with the east-squares method
with b, index selection for approximation errors minimi-
zation in the decrease section.

In this case

K. (1)=K,(1)= -0 (b,) - (16)

Now, considering the process of mine capacity change
as a normalized one, let us define the dynamic parameters
of its slipover for the period of 7 = 30 days, e.g.: a =
= 3500 tons per day, if the average value of the capacity is
X = 2893.3 tons per day, and the dispersion is G2 =
=407 288.9 (o, = 638.19 tons per day), according to the
data from Fig. 2.

Calculating the dispersion of the change rate for the
random function considering (9) and (14), we obtain

d2
v K.(x)

=407 288.9(1.168(2.48)%) = 2 925 828 (c,= 1710.5).

=0 = G)zc (blb22) =

Let us calculate the average value for number of level
excess cases per day, using the (10), day™!

(a-%)°
7 =9 e _
‘ 2mo,
(3500-2893.3)°
1710.5 67 24072889 = () 2716.

T 2.3.14-638.192

Considering the value, the number of the random pro-
cess excess above the level of 3500 tons per day is:

na =Tv. =30-0.2716 =8.148 times (in 30 days).
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The average duration of capacity level excess can be
determined by means of the (11), days.

3500-2893.3)°

638.192
—_—

T=3.14 2:407288.9 X
1710.5
x| 1- (202853 5396
638.192

As a result, the average time for the random capacity
process being above the level of 3500 tons per day for
30-days period is 7, =n.Vv. =8.148-1.3376 =10.9 days.

To compare, we can obtain the same value from the
integral (3), using the formula (13), i.e., days.

£ 30 1_F(3500—2893.3j ol
2 638.192

The close result obtained indicates that the calcula-
tions are reliable. However, the number of random process
excess cases above the level of 3500 tons per day is over-
valued (8 times vs. 5 times on the graph). It can be ex-
plained by the deviation of the random process from the
stationary normalized law of distribution, as well as the
errors of the assessment of the correlation function and
defining of the indexes for its analytical modes using the
data selected.

In general, regarding the probabilistic nature of the re-
sults, they can be used for the assessment of dust emission
dynamics. Particularly, the average dust emission of 60
grams per second the production level of 3500 tons per
day will correspond to the dust emission rate of 72.6 grams
per second. The level will be 6 times higher per month; the
total excess time will be approximately 10 days, i. e., about
33 % of mine operation time.

We can carry out the similar calculations fora = ¥ =
= 2893.3 tons per day or 60 grams per second for dust
emission, i.e. we can define the dynamic parameters of
excess of the average capacity level rate.

The number of the average capacity level excess cases
per 24 hours, day .

1710.5

v, = =(.4268.
2-3.14-638.192

An average number of excess cases per month is,
times.

na =TV, =30-0.4268 =12.804.
The average duration of each excess is, days.

638.192
1710.5

And average time of excess per month is 7 =
=12.804 - 1.1715 = 15 days, i.e. half of a month or 50 %
of mine operation time, as expected.

In conclusion, we should note that the calculations of
probabilistic characteristic can be used to forecast ecolo-
gical danger rate for dust emission from a coal mine fang
which changes dynamically.

Conclusions. In addition to the standard assessment of
gross emission of solid particles (dust) from coal mine
fangs, which is the basis for the assessment of the atmos-

T=3.14 =1.17.
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pheric air pollution rate and its danger rate, the frequency
of standard values excess as well as other dynamic param-
eters of dust emission, should be determined; the process
requires additional daily information on its changing.

Under conditions of a coal mine, particularly the one
equipped with skip hoisting, it is only the dynamically
changing parameter of skip hoisting hourly capacity that is
proportional to dust emission from a fang, and it is moni-
tored and recorded on a daily basis. That is the reason why
relative changes of mine capacity in a one-month period
allow assessing the relative variation of dust emission
from a fang.

The analysis of time series of coal mine capacity in a
one-month period has demonstrated its stochastic nature.
The availability of such series enables us to determine the
missing dynamic parameters of dust emission from a coal
mine fang using the known solutions of mathematical
problem of the overshoot of the random process above a
set level.

The solution of the problem is based on the idea that
the random function of the change process of mine capac-
ity in time and, thus, of dust emission, is stationary with
distribution density which is close to the normal law pro-
vided there are no explicit factors, particularly break-
downs and lengthy downtime, among accidental mining
factors.

As a result of calculating acquainted integrals of the
abovementioned problem using the definite example, the
following average values were obtained:

- Response time of the random function of mine capa-
city exceeding the set rate within the definite period.

- Number of excess cases above the set level.

- The duration of the process overshooting the level.

- Number of cases of the set level excess.

- Number of cases of the set level overshooting per
unit of time.

Thus, the developed methodology enables quite com-
prehensive and reliable assessment of dust emission dy-
namics, which can be put into practice to forecast the level
of environmental danger of dynamic dust emissions from
coal mines fangs.
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EKOJIOTIYHA BE3NEKA, OXOPOHA NPALI

Meta. Po3poOka MeTOAMKN POTHO3YBaHHS INHAMIY-
HUX MOKa3HHUKIB IHJIOBOIO BHMKHAY 3 BEHTWISLIIHOTO
CTBOJIA BYT'JILHOT LIIAXTH.

MeTtomuka. Meronnka 0a3y€eTbecsi Ha TOMY, IO ITOKa3-
HUK TPOAYKTUBHOCTI BYTUIBHOI IIAXTH HOCHUTH CTOXac-
TUYHUH Xapakrep. ToMy 3a BHOIPKOBOIO peaizalliero BU-
T1a/IKOBOTO TIPOIIECy NMPOIYKTUBHOCTI MIAXTH HA MiCSIIHO-
My IHTEpBaJli 3alIPOMOHOBAHO BH3HAYATH TUHAMIYHI TO-
Ka3HUKHM MHJIOBOTO BHKHIY 3 BEHTHJILIHHOTO CTBOJIA.
JIJiss IbOTO BUKOPUCTAHI BIZOMI PIlICHHS MaTeMaTHYHOL
,»3a/1a41 PO BUKH/IY BUITAIKOBOTO IPOLIECY 32 BCTAHOBJIE-
HHI piBeHb™.

Pe3ynbTarn. BcranoBieHo, mo oOCSTH ITHIIOBOTO
BUKHJY 3 BEHTWISALIHHOTO CTBOJIA LIAXTH MPONOPLIHHI
MIPOyKTUBHOCTI CKIIIOBOTO Mii oMY 3a ToauHy. Bukona-
Ha WMOBIpHICHA OIliHKA JWHAMIKH TPOTYyKTHBHOCTI Ta
ITMJIOBOTO BUKULY, 10 MOKe OyTH BUKOPUCTaHA JUIs IIPO-
THO3Y CTYIIEHS €KOJOTIYHOI HeOE3MEeKH MUIOBOTO BUKH-
Iy 3 BEHTHJISAI[IHHOTO CTBOJA BYTUIBHOI ImaxTu. Y pe-
3ynbTaTi OOYMCIEHHS IHTETPAliB ,,3a/adi PO BUKUAH
BHITaJJKOBOTO TPOIIECY 3a BCTAHOBJICHUH PiBEHb'* BU3HA-
YeHi cepelHl 3HAUeHHs: 4Yacy IEepeBHINEHHs 3aJaHOro
PIBHSI NPOJYKTUBHOCTI IIaXTH Ha 3aJlaHOMY IHTepBai
Yacy; 4Kciia BUKUJIB 3a 3aJJaHUH piBEHb; TPUBAJIIOCTI T1e-
peOyBaHHsI IIpollecy BHIE HOPMOBAHOTO piBHs. IMOBIp-
HICHI OLIHKY JTUHAMIKH IMHJIOBOTO BUKUIY 3 BCHTHJIIAII M-
HOTO CTBOJIA BYTUIBHOI INAXTH JO3BOJISIIOTH ITIABHIIUTH
JIOCTOBIPHICTH MPOTHO3Y PiBHS 3a0pyAHEHHS aTMochep-
HOTO TIOBITPSI ¥ CTYIICHS HOTO HEOES3eKH y IMOPiBHIHHI 3
ICHYIOUOIO OLIIHKOIO 338 CEpeHbOPIYHUM 3HAUCHHSAM BH-
KHIB.

HaykoBa HoBHM3HA. Po3poOneHa MeToIwKa OIIHKA
JVUHAMIYHMX TIOKa3HHMKIB BHKHIY TBEPANX YACTHHOK
(nmy) 3 BEHTHJISILIIHHOTO CTBOJIA BYT1IBHOI IIIAXTH 32 1H-
(dopmaliiero Mpo MIHIMBICTh MPOAYKTHBHOCTI NIAXTH Ha
MICSYHOMY 1HTEpBaJi.

[pakTnyna 3HagumicTb. OTpUMaHi 3aKOHOMIPHO-
cTi (opMyBaHHS NHHJIOBOrO BHMKHJYy BYTiJIbHOI IIAXTH
JIO3BOJISIFOTH IPOTHO3YBATH PiBHI 3a0pyIHEHHS 00’ €KTIB
HABKOJIMIITHBOTO CEPEJOBHINA HA MPHUIIETIINX TEPUTOPI-
SIX 1 CBO€YACHO 3allpOBaKyBaTH NMPHUPOJOOXOPOHHI 3a-
XOJIH.

KurodoBi ciioBa: nunosuti 6uxuo waxmu, ekono2iuna
Hebe3nexa 8UKUJY, OUHAMIKA BUKUOY

Heanb. Pa3zpaboTka METOOWKH NMPOTHO3MPOBAHUS M-

HAMHUYECKHX ITOKa3aTelIed MbIICBOTO BbI6p0CEl N3 BCHTH-
JIIOUOHHOTO CTBOJIA yI‘OJ’IBHOﬁ IaxThI.
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Metonuka. Metoanka 6a3upyeTcst Ha TOM, 9TO IIO-
Ka3aTesb MPOU3BOIUTEIBHOCTH YTOJIbHOM MIaXThl HOCUT
cToxacTuyeckuil xapakrep. IloaTtomy mo BrIOOpOUYHOI
peanuzaiuu Ciy4yailHOTO Ipoliecca MPOU3BOAMTENIBHO-
CTHU IIaXThl HA MECSYHOM MHTEPBaJE MPEJI0KEHO OTpe-
JIEJISITh TUHAMUYECKUE MOKA3aTeNX MBUICBOTO BhIOpOCa
Y3 BEHTWISILUOHHOTO CTBOJMA. J{JIsl 9TOr0 MCIOIb30BaHbI
W3BECTHBIC PEIICHHUS MATeMaTHYEeCKOH ,,3a/1a4l O BHI-
Opocax cimydaifHOTO TIpolecca 3a YCTaHOBICHHBIA ypo-
BEHB .

Pe3ysabTarhl. YCTaHOBJICHO, YTO OOBEMBI TBIEBOTO
BBIOpOCA M3 BEHTIIALHOHHOTO CTBOJIA IAXTHI MPOIIOP-
[IMOHAIBHBI YaCOBOW MPOM3BOAUTEIBHOCTH CKHUIIOBOTO
noabema. BrImonHeHa BEPOITHOCTHAS OIICHKA THHAMU-
KM [POU3BOIUTEIIBHOCTH W IBIJICBOTO BBIOpOCA, KOTO-
pasi MOXET OBITh MCIOb30BaHa IS IPOTHO3a CTCIICHH
9KOJIOTHYECKOI OMaCHOCTH MBLICBOTO BHIOpPOCA U3 BCH-
TUJISIIUOHHOTO CTBOJIA YTOJIBHOW INaxThl. B pesynberare
BBIYHCIICHUSI HHTETPAJIOB ,,3aa4U O BEIOpOCAX CITydaii-
HOT'O IPOILIECCa 3a YCTAaHOBIIEHHBIH YPOBEHB ™ oNpeiene-
HBI CPETHHE 3HAYCHHUS: BpEMCHH IPEBIIICHI 3a/IaHHO-
TO YpOBHS TMPOU3BOAMTEIHFHOCTH MIAXTH HA 33aJaHHOM
WHTEpBaJNe BPEMEHH; YHCIa BHIOPOCOB 3a 3aJaHHBIN
YPOBEHb; JINTEIFHOCTH NMPEOBIBAaHUS IMPOIIECCa BEIMIE
HOPMHUPYEMOTO YPOBHS. BepOsSTHOCTHBIC OLICHKHU AMHA-
MHUKH TBIJIEBOTO BBIOPOCA M3 BEHTUJISAIIMOHHOTO CTBOJA
YTOJIBHOM MIAXThI MO3BOJISIIOT TOBBICUTH JOCTOBEPHOCTH
MPOrHO3a YPOBHsI 3arpsi3HEHUS aTMOC(EPHOTO BO3IyXa
Y CTENEHH €TO0 OMACHOCTH B CPABHEHUU C CYIIECTBYIO-
e OIEHKOM MO CPEeIHErof0BBIM 3HAYCHHUSIM BHIOPO-
COB.

Hayunas noBm3Ha. Pazpaborana MeTonnKa OICHKH
TUHAMAYECKIX TOKa3aTesiell BBIOpOCca TBEPIBIX YACTHIL
(TIPLIN) U3 BEHTWISIIIMOHHOTO CTBOJIA YTOIBHOM IIAXTHI O
nHPOPMAIUH 00 HW3MEHYHUBOCTH MPOU3BOIUTEIHHOCTH
IIAXTHl HA MECIYHOM HHTEpBaJIe.

IpakTHyeckass 3HaYMMOCTh. [lomydeHHbIE 3aKOHO-
MEPHOCTH (HOPMHUPOBAHUSI MTBLICBOIO BHIOPOCA YTONBHOM
IaXThI TIO3BOJISIIOT MPOTHO3UPOBATH YPOBHHU 3arpsSI3HEHHUS
00BEKTOB OKPYXAOIICH Cpeibl Ha TPUIICTAIONIUX TePPH-
TOpUSAX W CBOEBPEMEHHO BHEIPITH MPUPOJOOXpPaHHBIC
MEPOIPUSITHSL.

KiroueBrbie cJIoBa: noliegoil 6616pOC waxmol, KON0-
2uuecKkasi OnacHoOCmy 8blOPOCA, OUHAMUKA 8bIOPOCA
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