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Key words: In order to ensure safe working conditions of workers in underground mining, it is necessary to carry out ventilation of
underground work safety, underground mining operations to reduce the concentration of harmful and dangerous gases in working areas. Volume air
general natural draft, stochastic flow required for operation of a mine (shaft) is determined in accordance with a number of people being simultaneously in
modeling, stochastic culture. underground mining and based on intensity of the emission of toxic, combustible gases and dust, minimum air velocity and

other factors relevant to a specific mining company. So, in order to maintain safe working conditions in the mine (shaft)
fresh air must be supplied in required quantity determined by its needs.

A main fan is used to provide the mine with air. Through the supplying trunks, air enters underground mining and is
removed by the ventilation shaft (suction method of ventilation).

Along with the main fan there is a general natural mine draft /,, which occurs as a result of the difference in mean values of
barometric pressure and air temperature. The magnitude and direction of the general natural draft 4, has an effect on the
operation of the main fan. That increases if its direction of action coincides with the desired direction of air movement and
decreases the performance of a main fan Q if the direction of its action is opposite to the direction of general mine draft.
The paper presents the method of calculating the value of general natural draft /, taking into account the possible spread of its values due
to the impact of the accidental circumstances, including those influencing the magnitude of the aerodynamic resistance of the mine.

The necessity of forming stochastic culture skills among students of technical universities is noted in studying methods of
processing experimental data and constructing models of complex technical objects on their basis.

Kniouesvie cnosa: Jlnst obecrieyeHnst Ge30MAaCHBIX YCIOBHH Tpysla TOPHOPAOOYMX HAa MOA3EMHBIX T'OPHOROOBIBAIOIIMX HPEANPHATUIX
6€30I1aCHOCTH O3EMHBIX HEOOXOIMMO OCYIIECTBISITh MPOBETPUBAHUE IOJ3EMHBIX TOPHBIX BBIPAOOTOK C LENBI0 CHIDKGHHS B PabOYMX 30HAX
pabor, 001epy IHUYHAS, KOHIICHTPAIIMU BPEIHBIX U OMAacHbIX ra3oB. OObEeMHbINH pacxo/ Bo3ayxa, HEOOXOAUMBIH 171 (HYHKIMOHUPOBAHUS PYAHHUKA
€CTECTBCHHAsI T9ra, (IaxThl), OMpEIENseTcss B COOTBETCTBHM C YHCIOM JIIOJCH, HAXOMSIIMXCS OJHOBPEMEHHO B IIOJ3EMHBIX TOPHBIX
CTOXaCTHYECKOE BBIPAa0OTKaxX, a TAk)Ke B 3aBHCHMOCTH OT MHTCHCHBHOCTH BBIICJICHHUS SIOBHTHIX, TOPIOYHX Ta30B U MBLUIH, MHHUMAIIBHOMN
MO/IeJIMPOBAHHE, CKOPOCTH JIBWJKCHMSI BO3JyXa M APYrMX (PaKTOPOB, aKTYyaIbHBIX JUISI KOHKPETHOIO I'OPHOJOOBIBAIOIIETO MPEIIPUSTHS.
CTOXaCTHYECKast KyJIbTypa. B cBs3u ¢ 9TUM JUIs HOJUIepKaHUsT O€30IacHBIX YCIIOBHIl TpyJaa B PYJHHK (IIAXTy) B HEOOXOAMMOM KOJIHMYECTBE TOIDKECH

HOCTYIATh CBEXXUH BO3/LYX, KOJIMYECTBO KOTOPOIO ONPEIENAETCS €ro MOTPEOHOCTAMH.

Jlns mojauu BO3yXa B PyIHHK HCIIONIb3YETCs I1aBHAS BEHTHIATOPHAs ycTaHoBKa (I'BY), 3a cuer paboThl KOTOpPOIt BO3AYX
10 BO3/TyXOMOAOIINM CTBOJIAM TOCTYTAET B TIOJ3EMHBIC TOPHBIC BHIPAOOTKM U YAAISIETCS 110 BEHTHIIALIMOHHOMY CTBOJY
(BcachIBaloNIMii Crioco® MPOBETPUBAHM).

Hapsiny ¢ paboroit 'BY MexIy IIaxTHBIMH CTBOJAMH JEHCTBYET OOLICpYIHHYHAs €CTECTBEHHAs Tsra /., BO3HHKAIOILIAS
BCJIC/ICTBHE PA3HOCTH CPEIHUX 3HAYEHHMHl GAapOMETPHYECKOro NABJICHMs M TEMIEpaTyphbl BO3lyXa. BenmnmuuHa u HanpasieHue
OOLLEPYJHAYHOMH €CTECTBEHHON TATH /i OKa3bIBaeT BIMAHME Ha pabory I'BY, yBenuumBas, ecili HampaBlieHHE ee NCHCTBHSA
COBIIAJACT ¢ TpeOyeMbIM HAIpaBJICHHEM ABIKCHHS BO3yXa, IMOO CHIDKas IpousBoauTensHocTh Op IBY, ecinu HanpasneHue ee
JIGHCTBHS TIPOTHBOTIONOMKHO HATIPABIICHHIO OOIIEPY/JHUYHOM €CTECTBEHHOM TSTH.

B Hacrosmel paboTe NpeicTaBleHa METOIMKA pacyeTa BEIMYMHbI OOLIEPYIHHYHOH €CTECTBEHHOH TATU /. C y4eToM
BO3MOXKHOTO pa3bpoca ee 3HAuEHMH U3-3a BO3JEHCTBHSA CiIydaiiHbIX 0OCTOSATENIBCTB, B TOM YHC/IE OKA3bIBAIOLIUX BIUSAHUE
Ha BEJIMYMHY a3POJAMHAMUYECKOTO CONPOTUBIIEHHS PYIHHUKA.

OtMedeHa Takxke He0oOXOJUMOCTh (POPMUPOBAHHSA HABBIKOB CTOXACTHUYECKOM KYJBTYPBl y CTYJECHTOB TEXHMYECKUX BY30B
NPH M3y4EHUH METOAUK O0OpaGOTKM JKCIEPHMEHTATbHBIX JAHHBIX M TMOCTPOCHHS MOJEIEH CIOKHBIX TEXHHUECKHX
00BEKTOB HA UX OCHOBE.
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Introduction

Calculation of the amount of air required to
ventilate an underground mining company is
currently determined by the face method. The
method considers calculation of necessary fresh air
volume flow for each face, mining area, service
chamber, and then these volumes are summed up
[1]. In this case, the volume of the required amount
of air is calculated for the period of recovering of a
certain section of a mine field. The volumetric
flow rate of air supplied to a mine (shaft),
established during calculations, can be modified by
results of the airborne survey. Then, according to
the “Safety Rules for Mining and Processing of
Solid Minerals” [2], airborne depression should be
conducted at least once every 3 years. In the rest of
the time, there is no regulation of the volume flow
of air supplied to an underground part of the
company. Nevertheless, it is known that the
volume is influenced by general natural draft
which can vary considerably due to changes in the
air environment in shafts.

Numerous studies are devoted to calculating
the total natural draft [1, 3—14]. According to the
currently used methods for calculating the general
natural draft 4., it is necessary to measure the
parameters of the outside air, air in the shaft
insets, air supplying tunnels, main fan units that
are adjacent to a ventilation shaft, as well as in
the channel of the main fan unit (MFU) and at
some points in a underground part of a mining
company. Measurements are usually required
from several hours to several days [15]. During
this time, the magnitude and direction of the
general natural draft 4. can not change many
times, and its impact on the volume of air
supplied during this period will not be taken into
account, which can lead to an unjustified increase
in energy costs [16-18].

It is proposed in [19] to control the operation
mode of the MFU using signals from a
programmable logic controller where the absolute
value of the general mine (shaft) natural draft 4.
is calculated, depending on the current readings of
the temperature and air pressure sensors located in
shaft insets of air supplying shafts, main
ventilation tunnels, MFU, and also recording the
parameters at the surface. However, it is necessary
to take into account that the system of ventilation
of the mine (shaft) is inertial. After changing the

operating mode of the MFU, the volumetric air
flow changes in its channel and then in a
ventilation shaft. Air distribution in an air
supplying tunnel is changed after a certain period
of time only.

Therefore, in order to control the operating
mode of the MFU, it is necessary to take into
account the change in current parameters that
determine the value of a general mine (shaft)
natural draft /.. These changes depend on a variety
of random factors. In order to evaluate them
mathematical statistics is required [20-26]. In
addition, initial experimental data, on the basis of
which calculations are performed, contain
inevitable errors. A method of obtaining them
allows only a probabilistic estimate of the
accuracy. Therefore, when building models based
on them, it is necessary, in particular, to fulfill the
requirements of checking their adequacy and limits
of the confidence interval [27].

Description of the methodology
for calculating the magnitude and direction
of the general natural draft

The method proposed in works [28, 29] is used
to determine the magnitude and direction of the
natural draft A..

This method is designed for the experimental
dependence of the statistical pressure /g,
developed by the MF, on its Op productivity, i.e. to
search the corresponding regression equation.

Search for an appropriate regression equation
should begin with a verification of existence of a
correlation between the factor (square of the MFU

performance ;) and response function (static

pressure /).

Existence of a correlation relation is indicated
by the difference between the correlation
coefficient and zero. Its closeness to unity
indicates that the connection is significant.

The regression equation is assumed to be linear

with respect to coordinates (/g; O; ):

hB = he + Rmine Q}i (1)

The required coefficients of the equation are
Ruine — aerodynamic resistance of the mine (shaft),
(H-s?)/m®, and h. — natural draft, Pa.

The coefficients s, and R, are found from the
system of equations based on the method of least
squares [30]:
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n n

Z hB,i - Rmine Z Qé,i - hen = 09
i=1

i=1

; n n (2)
ZhB,iQé,i - Rmineng,i - he ZQ];i = O
i=1 i=1 i=1
and are calculated from by the formulas below:
mine — —\2
% - ()
and
he = E - Rmine Qé : (4)

The bar over each of the variables means its
average value, calculated from the experimental
data.

The procedure for calculating the natural draft
h, from the experimental data for a given level of
significance is given below. The methodology
consists of several stages:

Stage 1. Evaluation of significance of the linear

correlation coefficient rQefh .
BB

1. The correlation coefficient is estimated by
the formula

. Olhy —Olhy

Qéhs - _ PR —_— J— ’
(@)@ )I(=) )
The module of the obtained value is compared
with unity as follows.

If

I”Qefh ~1, then there is a linear correlation
between Q. and h, and it makes sense to
calculate 4.

If <1, then a linear correlation between

es
r
Ohg

Q: and h, there is no, and then it is necessary to
look for the

D

coefficient of determination

Oihy - (rQéhB
regression equation explains the dependence of the
response function on the factors under
consideration.

2. We check the significance of the coefficient
of linear correlation with help of the t-test of the
Student.

For this purpose, the experimental value of the
Student's t-test is determined for the correlation

by the formula

2
) , showing how many percent of the

coefficient <
Oghg

€.s
t c.s -

r
OB

(6)

Next, we set the significance level a and

determine the critical value of the Student's t-test
t;rh

= t(o; n — 2), which is found in statistical

tables with the number of freedom n — 2, and
where n is the volume of the sample set of
experimental data.

If ¢ <, then the coefficient of linear

s
QEZ;"B

correlation %
Oghg

taken equal to zero. That means that with
probability p = 1 — o between the quantities Q;
and /g no linear link.

is not significant, and it should be

If 15 > ¢, then the coefficient of linear

QéhB

correlation <
Ohg

with probability p = 1 — a between the quantities
Q: and kg there is a linear relationship, therefore,

is significant. This means that

one can proceed to a linear regression analysis.

Stage II. Calculating the coefficients 4. and
Rimine the regression equation is performed by the
formulas (3), (4).

If the value of the total natural draft A, is
positive, i.e. both ends of the confidence interval
will lie in the positive area, it will prevent airing.
Otherwise, when the values of the confidence
interval are in the negative region, the total natural
draft /. will contribute to work of the MFU [28].
In order to assess the magnitude and direction of
the overall natural draft 4. the next step is needed.

Stage III. Checking the significance of the
calculated value /4. and estimation of the value of
the corresponding confidence interval at a given
significance level a.

The experimental value of the Student's test is

calculated ¢;° through a standard error m, of a

parameter /. by the following formulas [20, 21, 29]:
h

es __ (5
t,” = ,

m,

e

n

Z(hBi - RmineQéi - he )2

i=1

Zn:Q; (7)
Zn:(Qéi - Q_é)z

i=1

m, =

¢ (n—2)n
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Then two options are possible.
If £ <™

o 2

then the natural draft 4. is not

significant, and it is assumed to be zero.
If #°<¢™, then the natural draft k. is

significant. Consequently, the value of natural
draft h. will lie in the confidence interval with
probability p = 1 — a, the boundaries of which are
determined by the following formula:

h, € (he —mhct;rit (;n—2);h, + mhct;rit ((x;n—Z)).(S)

The calculation procedure in three examples is
illustrated based on results of measurements
performed at one of the potash mines of the Perm
Region.

During the experiment, efficiency of the MFU
Qs was changed by selectng the angle of
installation of vanes of an axial fan guide.
Experimental values were determined using a
flowmeter located in a delivery (diffusive)
channel [28, 31].

A change in the static pressure hp, created
by MFU, was determined with help of
microbarometer devices located in delivery and
suction (in a MFU channel) channels [28, 29].

Results of data processing using
the calculation procedure described

Results of data processing for three pilot series
Al, A2, A3.

Series Al. Below the are values of static
pressure hB, created by a the MFU depending on
its performance Qg (series Al):

H%B/’S 219.9 | 230.1 | 264.3 | 282.1 | 299.5 | 312.6 | 330.5 | 367.1

hg, Pa|1992.11(2241.62|2770.53|3340.14|3751.55|4126.36|4296.87| 5449.18

Calculation results.

The coefficient of the linear correlation is
evaluated for significance »°*.

The value of the correlation coefficient 7°%,
obtained from formula (5), »** = 0.99 = 1. The
proximity of the correlation coefficient to unity
means that there is a linear correlation between Q;
and hg.

Substituting the data into formulas (3) and (4),
we obtain the following values of natural draft and
aerodynamic resistance of the mine: A, = 115.22
Pa, Ryine = 0.0396 (N-s%)/m®.

The value of the natural draft was not found as
a result of the processing of statistical data.
Therefore, it is necessary to confirm the accuracy
of the calculation (in this case the insignificance of
the value of h.) with help of the Student's
t-criterion.

Using the formula (7), we find that the
calculated value of the Student's coefficient for the
natural draft is much less than its critical

value: £;° =0.93 < 2.45=1" =1(0.05;6), which

confirms the insignificance of the coefficient of
natural draft A.. Therefore, we assume with a
probability of 95 % that there was no natural draft
at the time of measurements (4. = 0). The limits of
a confidence interval of the obtained value are
estimated /4. by the formula (8). In this case,
boundaries of the confidence interval have
different signs, which confirms that the natural
draft is close to zero:

hee (11522 — 123.982.45; 11522 +
+123.98-2.45) = (—188.53; 418.98).

Note that if the volume n of a sample set of
experimental data is small, the standard error is
usually large, which leads to a stretching of the
confidence interval and possible subsequent errors
in conclusions.

The confidence interval allows determining
the direction of a general natural mine draft.
In particular, if both boundaries of the interval (8)
have a negative sign “-”, then a general natural
draft value is negative. A positive sign “+”
on both boundaries of the interval indicates
that the value of thrust is positive. Considering
this, if both boundaries (8) are negative, then
the probability p = 1 — a directions of the action
of the general natural draft and MFU will
coincide, i.e. the draft will facilitate the natural
ventilation of the mine (shaft). Positive
boundaries of the interval (8) indicate that
directions of the action of a natural draft and
MFU will be opposite, i.e. a draft will prevent air
from entering the mine.

Corresponding examples are given below.

Series A2. Below there are results of
measurements  of  the  static  pressure
hg developed by MFU, depending on its
Qg performance, obtained in the second series of
measurements:
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I%B/’S 219.9 | 230.1 | 264.3 | 282.1 | 299.5 | 312.6 | 330.5 | 367.1

hp, Pa|1193.52(1454.73|2121.54|2381.15|2792.56|3191.47|3771.87|4822.48

The coefficient of the linear correlation is
evaluated for significance 7°*:

Using the formula (5) the correlation
coefficient value 7= 0.99 ~ 1. The proximity of
the correlation coefficient to unity means that there

is a linear correlation between Qé and hg.

Substituting the data from the table into
formulas (3) and (4), we obtain the values of a
natural draft and mine aerodynamic resistance:
he=—822.55 Pa, Ruyine = 0.0415 (N-s?)/m".

According to the formula (7), the calculated
value of the Student's coefficient significantly
exceeds its critical value for a natural draft

value: 1 =8.85>245=1" =1(0.05;6), which

confirms the significance of the value of a natural
draft /.. The natural draft value is negative. Having
the probability of 95 % its value lies in the
confidence interval

hee (—822.55 —92.93-2.45; —822.55 +
+92.93-2.45)=(—1050.24; — 594.87).

Thus, the calculation shows that with a
probability of 95 % at the time of measurement,
the value of natural draft he is negative.
Than means the draft facilitates air delivery into
the mine. In order to save energy, it is
recommended to reduce the MFU performance by
Ahe = 594.87 Pa (down to the upper limit of the
confidence interval). It is not recommended to use
the average value of the confidence interval
he = 822.55 Pa as a guide. The recommedation is
based on two facts. Firstly, the value of a natural
draft 4. with a probability of 0.95 can take any
value within the limits of the confidence interval.
Secondly, in case MFU performance is changed by
Ah. = 822.55 Pa, the volume of air entering the
mine may not be sufficient enough to provide air
supply conditions in the required volume.
Moreover, it could be even worse scenario
if MFU performance is attempted to reduce by
he=1050.24 Pa.

There are values of static pressure /g in the
Table below, created by the MFU depending on its
capacity Qg (series A3):

II%B/’S 219.9 | 230.1 | 264.3 | 282.1 | 299.5 | 312.6 | 330.5 | 367.1

hg, Pa|2994.25(3151.88|4121.52(4511.23|4942.14|5128.58|5791.27|6611.91

The coefficient of the linear correlation is
evaluated for significance »°*.

Using the formula (5) the correlation
coefficient value ** = 0.954 ~ 1. The proximity of
the correlation coefficient to unity means that there

is a linear correlation between Q; and /.

Substituting the data from the table into
formulas (3) and (4), we obtain the values of a
natural draft and mine aerodynamic resistance:
he=1026.2 Pa, Ruine = 0.0426 (N-s*)/m® (note that
the value of natural draft is positive, 4.> 0).

According to the formula (7), the calculated
value of the Student's coefficient significantly
exceeds its critical value for a natural draft value:

f, =6.88>245= & =1(0.05;6), this confirms

that the value of a natural draft 4. is significant.
In the case considered both boundaries
of the confidence interval for natural draft
are A positive:

hee (1026.2 — 149.12-2.45; 1026.2 +
+149.12-2.45) = (660.86; 1391.55).

Thus, at the time of measurement, a natural
draft h. interferes the air to enter the mine,
which indicates the need to increase the
performance of the MFU (at least by 1391.55 Pa
to compensate the natural draft in the example
considered).

We emphasize that in order to predict the
behavior of complex technical systems, a
researcher constantly has to take into account the
influence of many factors and inaccuracy of the
initial data. Therefore, obtained experimental
results and models on their basis with a certain
probability only can be trusted. Based on the
circumstances mentioned above, the processing of
experimental data requires a researcher to have a
certain level of mastery of stochastic culture
skills [27]. As a conclusion, it is necessary to
develop the skills of stochastic culture in students
of technical universities when studying the
methods of processing experimental data and
constructing models of complex technical objects
on their basis.

Conclusions

The presented method for calculating the
general natural mine draft allows detecting a draft
and determine a direction with a given confidence
probability. The calculations performed allow
controlling the operation of a MFU, making

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe geno. 2018. T.17, Ne2. C.181-188



186 ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2018. Vol.17, no.2. P.181-188

corrections to ensure efficient ventilation. The
calculation method developed can serve as a

area who take the course of “Safety in mining
operations” and “Automation of mining

training model for training students in the Mining  management”.
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