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Abstract. Description of functions in the vicinity of a point within the domain of a function is most often used for
problems solution of mathematical physics as the Taylor series approximation. The reason for this approximation seems
to be the application of function derivatives. The greater the order of derivatives, the more accurately the function in
vicinity of the selected point could be presented. However, there is a necessity exists to define functions at the point of
the mathematical models during experimental studies in a variety field of science. Mostly, two types of the models are
used - additive and multiplicative ones. The multiplicative model is distinguished by the practical sense as well as
widespread use.

The fact is that the nature of a particular function research for technology industrial problems consists in the
sequential change of its parameters. The study of function change upon condition of a single parameter change involves
the retention of other parameters of certain pre-selected values, i.e. at a certain point in the functional space of
parameters. It is not always clear that the result of the experimental study is finding the values of the function
exceptionally in the vicinity of this point, not within the function domain. Neglecting this circumstance along with attempts
to find the values of the function far out beyond the vicinity of selected point leads to the values of the function with
inappropriate error. The approximate representation of scalar functions in the multiplicative form in the vicinity of the
point has a wide range of applications, especially for geomechanics.

It turned out that the approximate representation of scalar functions in a multiplicative form at a point within the
domain could be extended to the whole domain. Moreover, the maximum error of a representation at the boundary of the
domain for geotechnical problems, as a rule, does not exceed 5-7%, which is acceptable for engineering calculations.

To test an efficiency of the successive approximations method an applied geomechanical problem has been solved.
The conclusion on the efficiency of method for geomechanical problem is made.
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1. Introduction

The results of experiments to identify certain properties of machines, mechanisms,
devices, etc., often represent arrays of numerical data. As a rule, a mathematical model
could be elaborated based on the results of experiments. It makes possible to generalize
the process of its study. Either additive or multiplicative models could be selected to
describe the quality function. Multiplicative models have been widely used in the
processing of experimental or simulation data due to the clarity of determination for the
influence of parameters.

The model can be represented by physical devices, systems of differential equations,
a sequence of mathematical expressions as well as computational programming or
application software that implement the model. The results of mathematical model
research are usually matrices of numbers or data tables. Mathematical model is
reproduced using its function values for the parameters grid (mesh). However, for
complex tasks, obtaining the values of functions for the parameters mesh requires
significant computation time, which often makes the problem of reproducing functions
barely possible. Thus, the elaboration of a method that would allow to describe a
mathematical model with a minimum number of quality function calculations taking into
account the results of the experimental study (physical or numerical) is a relevant
scientific problem.

© G.I. Larionov, Yu.V. Zemlianaia, 2022


https://doi.org/10.15407/geotm2022.162.029

30 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162

Statement of the problem. In this study the (sequence) successive approximations
method for obtaining mathematical model by a simplified procedure, as it usually
involved in experimental research, has been used to confirm its efficiency for examples
comparing with existing methods. According to this approach, obtaining of the
mathematical models was not carried out for the parameters mesh, but for a certain point
of the function domain. Thus, instead of calculation of the function values for the
parameters mesh, they are calculated only for the coordinate lines that cross the selected
point, which significantly reduces the number of calculations for the function. The
sequence approximations method proposed by the authors allows to significantly reduce
the computational expenditure for the reproduction of the function, but only in the
vicinity of a certain point in the function domain.

2. Methods

Active experiment means the possibility of active influence on the process under
consideration according to an experiment plan designed prior its conducting. Active
experiments could be performed for both physical and mathematical models.

Passive experiment [1, 2] is based on the rerecording of a set of factors X and a set of
effective features Y under the action of many random factors ¢ without interfering with
the system itself. For the problems of passive multiple factor analysis, multidimensional
methods of regression analysis are usually used. Thus, the Brandon algorithm known for
its involvement for the mathematical models elaboration in economics, has been used to
obtain multidimensional nonlinear models [1]. To study the parameters of multiple
factor processes, multiplicative models are used:

n
Y:aOHxl-a" , (1)
i1

where Y — effective factor; a,, @; — constants; x; — process variables.

The multiple factor model (1) is known in econometrics as the Cobb — Douglas
production function [3].

Active experiment provides the ability to affect actively on the process being studied
according to an experiment plan designed prior its conducting. The number of active
experimental studies is huge, the cost of their implementation varies from 10 up to 30%
of the unit cost of serial production. Active experiment is one of the main ways to obtain
information about internal relationships during the study of the processes of different
nature.

In case when multiple factor processes follow the law of multiplicative or additive
influence of factors, thus, the multidimensional surface of the studied factors can be
described by expressions (1), the plan of active experiment is being elaborated as
follows. The point within space of parameters [4, 5] is selected and the value of the
effective feature YO is calculated. Furher, single factor tests are performed, but taking
into account a condition that all single factor curves cross the node point. Availability of
single factor models allows to solve the synthesis problem as well as elaborate a
mathematical model or effective feature. But application of the method reveals problems
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with selection of the value for the ignorance factor. Thus, to increase accuracy it is
recommended to select values at a point that equals the arithmetic mean, geometric
mean, etc.

Thus, there is a wide range of applications in engineering practice for the
representation of functions at a point. This range includes the presentation of
mathematical models of experimental studies. The nature of a technical function study
can be merely upon conditions of consistent parameters change. The study of function
change upon condition of a single parameter change involves the retention of other
parameters of certain pre-selected values, i.e. at a certain point in the function domain of
parameters. It is not always clear that the result of the experimental study is finding the
values of the function exceptionally in the vicinity of this point, not within the function
domain. Neglecting this circumstance along with attempts to find the values of the
function beyond the vicinity of selected point leads to the values of the function with
inappropriate error. The approximate representation of scalar functions in the
multiplicative form in the vicinity of the point has a wide range of applications,
especially for the determination of mathematical models in experimental studies.

The problem of finding an unknown coefficient or multiplier & is a serious problem
nowadays. This coefficient is sometimes called the ignorance factor. The importance of
determining this coefficient for economic problems is that the value of the function is
used to forecast or extrapolation the production capacity of enterprises. A small error in
determining the production function at the boundary of the function domain, if used it in
the forecast, can lead to completely unpredictable results. Hence, there are many ways to
define it, but there is still no understanding of its nature.

Thus, ignorance of the nature of this factor is important not only in economics but
also for experimental studies. Ignorance of the nature for this factor reduces the process
of determining the mathematical model of the experimental study, despite the huge costs
of its implementation.

The experience of successful use of sequence approximations method [6] has shown
that the accuracy of the mathematical models obtained for geomechanics by means of
abovementioned methods is satisfactory for engineering calculations within the function
domain. This circumstance has inspired the author to formulate a theorem on the
existence of such a representation in order to apply it to a wider range of problems.

3. Result and discussion

Applying of sequence approximations method in engineering practice will create
calculation methods for certain range of technical problems. The following theorem
gives an option of determining the ignorance factor or the approximation coefficient in
general.

Theorem definition: suppose there is a scalar function F(X,)=F(x|,x3,x3,..x,)
which is limited, defined as well as continuous within a closed domain p of a scalar

field P. Then for any point M c DVM € D;Ve>03[] (M) D in the vicinity of the

point M x} x5 x3--x,) (Fig. 1) function #(X) can be represented as follows:
IF(X)-p(X)<evMyeU, (M)
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which are expressed as follows:
0 0 0 0 0 0 0 0 0
S Ge) = FO X XX f (000 = O X X000 L0600 = F Ot X X X0

o — the approximation coefficient is determined as follows:
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Figure 1- Vicinity selection for the point (xo,)0)

Experience of applying of this approach to the representation of the function
F(X,)=F(x{,%5,x3,..x,) in the vicinity of the point M (xi.x3.x5-x,) has sufficient

accuracy for engineering calculations within the domain D.

The algorithm for the application of successive approximations method can be
represented by a sequence of the following steps:

Step 1. Selection of a point from the function domain

M =My, X0 35X, M € D3

Step 2. Function make-up 1 (x) = FOx X Xo X, ;

Step 3. Finding a type of the function g,(x;) , which is the best approximation for
the function f (x1);

Step 4. Finding o1(%) according to step 1: @,(x)/)=a,g,(x)/), where oy —
approximation coefficient;

Step 5. Determining the function in the vicinity of the point M from the equality
Flx)=@ (x)-

Reiteration of steps 2—5 successively for the variables and getting required
representation:
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FlxpXyX3m-Xg) ®P( X1 X2 X3 X0) = On &1 (X1 &, (X2) &, (Xn)-

Location of the point M =M (x|, y.,x,»x.)-M €D; within the function domain

significantly depends on its topology and therefore affects the type of its representation.
Selection of a point within the function domain is determined by prior definition of its
features and is determined by the qualification of the researcher. In case of complex
functions and lack of prior definition of the behavior of the effective function, it is
proposed to select it in the center of the domain, i.e. to determine coordinates as follows
b j a Jj

5

Xj 5

where a;, b; represent the start point as well as end point of the interval of the parameter
x; change respectively.

Thus, having a transparent algorithm, there is only one thing i.e. to apply it in
practice.
The widespread application of successive approximations method in practice has shown
that the use of the power functions is particularly effective for assessing the impact of
parameters on the quality function. The method of impact assessment is a reproduction
of the solution for the problem as the product of power functions and comparison of their
indicators. The greater the exponent of power for the function, the stronger the influence
of the parameter on the function. To test the efficiency of the method for problems of
geomechanics the following problem was solved.
Bins that averaging up cargo stream play an important role for the underground
transportation of coal mines. They are usually mounted within working section as well
as within places of reloading of stope cargo streams to combined conveyors (Fig. 2).

s, m 0
T R B BT

Figure 2 — Scheme of operation for the reloader bin
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In order to prevent the destruction of mining equipment due to falling of large
pieces of rock into the bin, it is necessary to maintain a protective cargo layer [7]. To
provide it, depending on the cargo inflow parameters, bin capacity as well as the
volume of the protective cargo layer, it is necessary to determine the productivity of
unloading. In case of the bin operation in the mode of maintenance of a protective
cargo layer within the bin, cargo stream unloaded from the bunker is stopped when
the cargo quantity in the bin reaches out its maximum value V,, (m?®). Cargo stream is
resumed if the cargo quantity within the bin becomes less than acceptable minimum
value ¥, (m?).

The aim of the research [7] was to develop an engineering relationship for
calculation of the bin average volume and assessing the impact on the average
volume of its parameters as well as the selection of variables for the controller
management for stabilization of the average volume. The relationships for the
calculation of the bin average volume are as follows:

AV =V, =V

1+ a(l—kle+2k1 Oy
2)my  m

AV 2k
1+(a7—2——1)05
ql

mql m
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where My — average productivity of the main cargo stream, t / min; a — correlation

coefficient of the outflow cargo stream; oy — standard deviation of the outflow cargo
stream, t/min; V,, — maximum capacity of the reloading bin, m’; ¥, — minimum
capacity of the reloading bin, m?; V. — average capacity of the reloading bin, m?; y —
cargo density, t/m’; Qp — reloader bin productivity, t/min, AV — volume of the

reloading bin except its minimum volume, m®.
The use of the function approximation in vicinity the point M as product of the

power functions allows not only derive an engineering relationship but also estimate
the impact of every single parameter on the original function:

0.999841 - m2.000164105 _Vl()).694993 'AV0'303491

c= 0,00263142 _0,00107564 , 0,00108262 _0,00153557 *
qp . a . 7/ . 00

From the point of view for the risk assessment of the influence of the parameters
listed on the loss of average volume for the reloader bin it is possible to note the
following: the analysis of indices for power functions shows its insignificant

influence on change of average volume for parameter m g 1.e. average productivity of

the main cargo stream, t/min.
As a result, given the small values of the parameters, the above relationship could

be simplified as follows:
VI()).694993 . Ay 0-303491

c=4d ;000263142 )

p

where a — approximation coefficient.
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The point M, in vicinity of which the approximation was performed as well as
simplified relationship for the average volume of the reloader bin was obtained, has
been selected as the center of the problem definition domain (Table 1).

Table 1 — Ranges of parameter changes

Parameters Initial value Va.lue Finite value
at point M

vy [t/m?] 0.8 1.4 2.0
AV [m’] 2.0 4.0 6.0
V, [m?] 4.0 4.5 5.0
aos!] 0.1 0.14 0.18
mg [t/min] 3.0 3.5 4.0
Op [t/min] 4.8 8.4 12.0
og [t/min] 1.0 1.23 1.46

4. Conclusions

Analysis of the study results shows that for engineering calculations of quality
functions in the vicinity of the domain of a function could be represented by means of
the the successive approximations method. The advantage of the representation is the
omitting of the function derivatives application that significantly expands the scope of
its application.

Since active experimental investigation includes elaboration of the mathematical
model by means of numerical methods, its application extends to the means of
mathematical modeling of a wide range of engineering problems, in particular,
geomechanics. This feature is provided by the fact that despite the representation of the
function is considered at a single point, it can be extended to the domain of a function.
Thus, it is possible to obtain solutions of the problems by means of a simplified
procedure with accuracy sufficient for engineering calculations. An example of the
geomechanical problem solution is described as well as advantages of the developed
method are demonstrated.
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NPO OOWH METOJ CTBOPEHHSA MYNbTUNNIKATUBHUX MOOENEW NPU NPOBEQEHI EKCNEPUMEHTIB
JlapioHos I'.1., SemnsHa HO.B.

AHoTauis. lNpencTaBneHHs yHKUiA y OKoni TOYKW i3 0bnacTi ii BM3HAYEHHS HaWvacTille BUKOPUCTOBYKOTb Y
3afjiayax MaTemMaTuyHoi isnku y Burnagi pagy Teinnopa. MPUYMHOI TOMY € BUKOPUCTAHHS MOXIAHUX (OYHKLT, npuiomy
4nMm BinbLumii NOPSAOK TaKkMX MOXIAHWX, TM TOUHILLE MOxe OyTu npeacTaBneHa WwykaHa dyHKUig y okoni Touku. Mpote
iCHye LmMpoka cdhepa 3acTOCYBaHHS B iHXEHEpPHi NpakTuui npefcTaBneHHs GyHKUin B Toyui. o Takoi cdepw
BiAHOCUTbCS MPEACTaBMEHHs MaTeMaTUiHUX MoLenen npoBedeHWX ekcriepumeHTiB. Cnpasa B TiM, WO npupoaa
BOCTIgXeHb TiET UM THLIOT TEXHIYHOT (OyHKLiT MOXe ByTu nuwle 3a YMOB NOCRIBOBHOI 3MiHM napameTpis. [ocnimkeHHs
3MiHW (pyHKUii 32 3MiHW OgHOrO napameTpy nepeabavae YTpUMaHHS iHWKWX NapameTpiB NEBHUX 3a3panerigb obpaHux
3HayeHb, TOOTO Yy MeBHIM TOYLi (hyHKLIOHANBHOrO MPOCTOpY napameTpiB. He BCi po3ymiloTb, L0 pesynbTaToM
EKCNEPUMEHTY € 3HAXOMKEHHSI 3HAYeHb (DYHKUii Nuwwe y OKOMi el TOYKW, @ He Ha BCiit obnacTi ii BUSHAYEHHS.
Hepo3yMiHHs Liei 06CcTaBmHK, Ta cnpoba NoLyKy 3HaueHb (yHKLii 4aneko 3a Mexamu okony 06paHoi TOYKM NPU3BOANUTD
[0 OTPUMaHHS 3Ha4yeHb (YHKUIT 3 BENMKOW noxubkol.  HabrmuxeHe npeacTaBneHHs CKanspHWX YHKUiA Y
MYNbTUNIKaTUBHOMY BUTNAAi Y OKOMi TOUKM Mae WMPOKY Chepy 3acTOCYBaHHS Y NPUKNagHUX 3afavax reoMexaHiku.

BusiBunoch, Wo HabmwkeHe NpeAcTaBneHHs CKanspHWX (YHKUIA B TOMLj, LIO 3HAXOAMTLCA B LEHTPi obnacTi
BM3HAYEHHS (PYHKUii, MOXe ByTW po3wwmpeHo Ha BCKO 06nacTb BU3HAYEHHS. [puyoMy MakcumanbHa noxmbka Takoro
NPeACTaBNeHHS Ha Mexi 0bnacTi BWU3HAYeHHs , SK NpaBWno, AN 3adady reoMexaHiku He nepesuwlye 5-7%, WO €
[OCTaTHIM ANs iHXEHEPHUX po3paxyHkiB. Y poboTi HaBedeHO pe3ynbTaTi BUKOPUCTAHHS 3amponoOHOBaHOMO MeTody A0
PO3B'A3aHHS OfHiel 3agavi reoTexHiyHoI MexaHiku  3pobneHo BMCHOBOK MNpO  edeKTUBHICTb 3aCTOCYBaHHS
3anponoHOBAHOMO METOAY A0 PO3B'A3aHHS iIHKEHEPHUX 3aAaY TPHUYOT MEXAHIKH.

KntoyoBi cnoBa: MaTemaTuyHa MoZesb, METOZ NOCHIZOBHOT anpoKCMMaLii, akTUBHUI EKCNEPUMEHT, (OYHKLS.

The manuscript was submitted 02.05.2022


mailto:zemlanaaulia19@gmail.com

	Sb ^N162 print final 3.pdf
	Hovorukha Volodymyr Vasylovych, Candidate of Technical Sciences (Ph.D), Senior Researcher of the Department of Geomechanical Foundations of Surface Mining Technologies, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sc...
	Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine

	udc 622.831.1:622.234.5:622.807.4                   DOI: https://doi.org/10.15407/geotm2022.162.076
	1Minieiev S.P., 1Vasyliev L.M., 1Trohymets N.Ya.,  1Maltseva V.Ye, 2Polushyna M.V.
	Мінєєв С.П., Васильєв Л.М.,  Трохимець М.Я., Мальцева В.Є., Полушина М.В.
	UDC 622.831: 622.537.87           DOI: https://doi.org/10.15407/geotm2022.162.126
	INFLUENCE OF GAS-FILLED FRACTURЕS ON THE ELECTRICAL CONDUCTIVITY OF COAL AT DIRECT CURRENT
	Stefanovych L.I., Feldman E.P., Mazur O.Yu.
	Branch for Physics of Mining Processes of the Institute of Geotechnical Mechanics named by  N. Poljakov of National Academy of Sciences of Ukraine
	.                                                  (1)
	The presence of even one fracture in the sample will lead to a decrease in the current density through the sample. Let us denote the perturbed current density as j’ = j – Δj, where Δj is the change in current density caused by a fracture. Then, by usi...
	.  (2)
	Here, R is an electrical resistance of an ideal sample without inclusions, Rf is an electrical resistance with a fracture, ΔR = Rf – R is an additional electrical resistance of the sample due to the interaction of the current with the fracture; Δj is ...
	2.2 The effect of an isolated fracture on the electric current in a coal sample.
	Let us first consider the situation when there is only one fracture in the coal sample, which is parallel to the surface of the plate. In the case of inclined cracks, the obtained result should be multiplied by cos2α, where α is the angle between the ...
	In order to determine the effect of a collection of randomly distributed fractures on the electrical resistance of a coal sample, the change in current density under the influence of one isolated fracture should be considered. And then the obtained re...
	A hydrodynamic analogy between the movement of an ideal incompressible fluid with potential flow around solid bodies [8] and an electric current through a conductor containing long fractures was used to solve the problem of the flow of an electric cur...
	As it is shown in [6, 7], for a plane flow of liquid with a speed u in the direction of the Оy axis, it is possible to introduce the quantity Ф(z) which has the meaning of the complex speed of this flow. A fracture of length 2l represents a section of...
	It follows from the theory of potential that the solution of this boundary value problem is determined by an integral of the Cauchy type [9]. Here, the density in the Cauchy integral is determined by the expression:
	ВПЛИВ ГАЗОНАПОВНЕНИХ ТРІЩИН НА ЕЛЕКТРОПРОВІДНІСТЬ ВУГІЛЛЯ НА ПОСТІЙНОМУ СТРУМІ
	Стефанович Л.І., Фельдман Е.П., Мазур О.Ю.
	Анотація. Стаття присвячена теоретичному вивченню впливу тріщин на статичну електропровідність вугілля для розробки та обгрунтування неруйнівного способу визначення тріщинуватості вугілля та інших гірських порід, що проводять електричний струм. Нездат...
	У цій роботі було використано підхід, який базується на використанні гідродинамічної аналогії між електричним струмом, що обтікає тріщини, і рухом ідеальної нестискаємої рідини при потенційному обтіканні твердих тіл, запропонований раніше у наших робо...
	Отримані результати можуть бути застосовані у якості неінвазивного методу визначення коефіцієнта тріщинуватості не тільки вугілля, але й інших гірських порід, що проводять електричний струм.
	7.    Minieiev S. P., Vasyliev L.M.,  Trohymets N.Ya.,  Maltseva V.Ye, Polushyna M.V.  Justification of the parameters of rotary-vibration drilling of small-diameter boreholes in rocks based on a submersible cavitation hydrovibrator 76
	11.  Stefanovych L.I., Feldman E.P., Mazur O.Yu. Influence of gas-filled fracturеs on the electrical conductivity of coal  at direct current 126
	12.  Malieiev Ye.V., Levchenko K.S. Research of the impact of open-pit mining on the land and water resources in Kryvbas 135
	11.  Стефанович Л.І., Фельдман Е.П., Мазур О.Ю. Вплив газонаповнених тріщин на електропровідність вугілля на постійному струмі 126


