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ABSTRACT 

The problem of stresses and displacements of an oblique-layered massif near a mine working, which is located 

entirely in one of the rock layers, is considered when the mine is tested by the effects of cleaning works in a 

coal seam. This effect is taken into account by specifying a system of normal and shear forces at the boundary 

of the lower layered half-plane with a hole. The problem is solved by imposing the complex Kolosov – 

Muehehelishvili potentials and Fourier integral transforms. Based on the method of Fourier integral 

transforms in the theory of elasticity, a system of integral with respect to normal and tangential contact forces 

is obtained for the case of two different layered half-surfaces. In this work, systems of integral equations are 

obtained in solving the problem of the reference pressure on an obliquely buried coal seam near the mine 

working. In this paper, the method of integral Fourier transforms in the theory of elasticity, obtained a system 

of integral with respect to normal and tangential contact forces for the case of two different layered half-

surfaces. 
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Introduction 

A new analytical description of the reference 

pressure on the coal seam, taking into account the 

variable ductility (stiffness) of the seam, which 

decreases (grows) with distance from the bottom, 

allows us to conduct research in the framework of 

elasticity theory without resorting to 

representations of the theory of plasticity. 

The mechanism of the influence of the reference 

pressure during the overwork of the coal seam with 

pillars by the drop on the field drift differs 

significantly from the mechanism during the 

development of the seam along the strike; the 

development and distribution of stresses in the 

formation soil around the field drift are of a staged 

nature, changing in the dynamics of the treatment 

works. 

Comprehensive studies of the stress state of 

field workings in the dynamics of the manifestation 

of reference pressure during the development of 

strata by pillars by fall were carried out by B. B. 

Atymtaev, the theoretical calculation of which was 

based on the finite element method [[1], [2]]. 

These studies indicate that so far many 

questions have not been fully clarified: the 

mechanism of interaction between treatment and 

preparatory workings during mining by pillars in the 

fall. 

In the work, systems of integral equations are 

obtained when solving the problem of support 

pressure on an oblique buried coal seam near the 

mine. It is assumed that the inclined-layered 
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mountain massif the rectangular mining length а2  

was carried out at the full capacity of the coal seam 

ph  (Figure 1). The top and bottom of the formation 

are modeled by complex half-planes I-2 and 3-4, 

representing heterogeneous rocks of different 

thicknesses of the immediate. 

Experimental part 

Due to the geometric symmetry of the medium 
relative to the axis, the problem can be divided into 
symmetric and antisymmetric parts (compression 
and shift at infinity). For a symmetric task ay  , the 

system of integral equations is as follows: 
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Here )(yf B )(yg B , additional normal and 

tangential contact stresses acting on the edges of 
layered half-planes. Their behavior and size in the 
vicinity of the mine is determined by the properties 
of the coal seam, its compliance [[3], [4], [5]]. 

 Kaij ,  - constant depending on the elastic 

characteristics of the layers and the formation, K

can go to zero. )(),,( yLytL ijij - smooth continuous 

functions, decreasing with increasing variable. 

)(),( 11 ySyK - monotonically decreasing continuous 

functions characterizing the deformability of the 
Winkler coal seam during compression and shear, 

respectively. 00,p - constants characterizing the 

basic stress state of the rocks. 
Equations of type (1), containing a variable 

coefficient in front of an unknown function, are 
assigned to Fredholm integral equations of the 3rd 
kind. For the reduced system, in which integration is 
carried out on a semi-infinite interval, moreover, 
with a variable lower limit, there are no studies in 
the literature. 

Relatively )(yf B )(yg B , we know that they 

are continuous, at large they decrease as 2y , and 

in the vicinity the production is limited. An exception 
is a special case (the reservoir is absent or it is not 

compressible) - then the stresses tend to infinity at 

ay  . 

The authors' attempt to approximate )(yf B

)(yg B by Laguerre polynomials with subsequent 

reduction (1) and the infinite system of linear 
algebraic equations (BSLAU) did not lead to success. 
Received BSLAU was poorly conditioned. This, 

obviously, is explained by the fact that y

n eyL )(

they are not very suitable for approximating the 
desired functions. 

System (1), therefore, was solved numerically by 
the Krylov-Bogolyubov method, by piecewise 
approximation of the desired functions by quadratic 

trinomials. Unknown, accepted )( k

B tf )( k

B tg . 

Figure 1. The name of the figure model of the array with 
sewage treatment 

Integration nodes were assigned as follows. The 

value of the extreme, largest node 12 Mt  is chosen so 

that it can be put with the accepted accuracy

,0)( 12 M

B tf . The interval  121, Mtt  at 1  is

divided into pairs equal and increasing in arithmetic 
progression segments. [[5], [15]] Wherein 
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denominator. 

A variable step is necessary for anyone to ensure 
uniform accuracy during integration. At the 

beginning of integration kt , it’s close to
a

, the 
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desired functions )( k

B tf )( k

B tg change quickly 

and a smaller step is needed here than at a distance, 
where they flatten out and decrease asymptotically 
[[6], [7], [8]]. 

Figure 2.  The name of the figure plot of reference 
pressure at different roof stiffness: 

a) - uprising; b) - in the fall.

Replacing the integrals with sums according to 
the Simpson formula for unequal divisions

Mnyn ,1,  and writing down each of the 

equations for the nodes, we obtain a SLAE of order 

4M with respect to unknowns, )( k

B tf , )( k

B tg . 

When calculating the coefficients of the matrix of 
the system, all the integrals containing the 
logarithmic terms were calculated analytically, 

taking into account the fact that, )( k

B tf )( k

B tg on 

the interval, they are approximated by quadratic 

trinomials. Since the logarithmic singularity is 
integrable, in the expressions obtained it is easy to 

pass to the limit at those nodes where 12  Mn ty

the singularity arises. In integrals with a variable 
lower limit, if the lower limit fell in the middle of the 

pair segment my2 , then the corresponding member 

of the sum was also calculated analytically [[9], 
[10],[11]]. 

Compiled a double precision calculation 
program. The system of the hundredth order 

 25М  was solved, while
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In (2), for physical reasons, it is accepted, 

10000   . 511    which corresponds to 

the compliance of the crushed near the formation. 
The system turned out to be well-conditioned. 

She becomes vyrazhenny only for the mentioned 

special case. Even for him 0005,11 t , putting the 

received results coincided well with the exact 
solution. At the nodes near the gap, where large 

voltages coincided, the integers coincided, and with 

increasing accuracy the accuracy increased - tenths 

coincided, then hundredths coincided [[12], [13], 
[14]]. 

It is appropriate to note here that in all cases the 
conditions were checked during the invoice process: 


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Integration was carried out according to the 

Simpson formula to the node 12 Mt . The coincidence 

of such integral characteristics occurred to the 

nearest hundredth. 

Results and discussion 

The described model of the net working out, 
taking into account the elastic - plastic properties of 

the coal seam, by introducing variable bed 

coefficients of the Winkler base, taking into account 
the angle of inclination of the layers and their 
heterogeneity, after numerical implementation, 
provided such values of the reference stresses that 
are completely consistent with the physical concepts 
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of reference pressure and qualitatively coincide with 

field observations. 
Figures 2 and 3 give support for the total normal 

and tangential contact stresses obtained after the 
numerical implementation of symmetric and 
antisymmetric problems at an angle of inclination of 

the layers 030 . 

.25,0 pj   EEEE p  41 , 

EE 5

3 10 , ,2 EE  ,10E  E510 , 

1 ahp , ahh 2021  . 

The proposed model of the mine working, taking 
into account the elastic-plastic properties of the 
formation, the angle of inclination of the layers and 
their heterogeneity, after numerical 
implementation, gave such values of the reference 
stresses that are in full agreement with the physical 
ones presented about the reference pressure [[15], 
[16], [17], [18], [19], [20]]. 

Figure 3. The name of the figure plot of the 
reference shear stresses of different reservoir flexibility: 

a) - uprising; b) - in the fall.

Conclusions 

These methods are purposeful to use, it is 
necessary to link them with a specific system for 
developing coal seams and methods for preparing a 
minefield. Some conclusions on the choice of the 
location of field drifts and their maintenance from 
the point of view of the factor "stress state" are 
recommended for implementation in mines 
"Karagandaugol." 

Thus, the developed model of drift embedded in 
a layered medium, in the zone of influence of the 
treatment space, allows one to fully study the 
picture of the stress-strain state of rocks around the 
drift up to treatment output. 
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ТҮЙІНДЕМЕ 
Бұл мақалада шекаралық және бастапқы жағдайларда штабельдің қуыстарындағы оттегінің С 
көлемдік үлесі мен көмірдің өздігінен қызуының t температурасына қатысты жылу және газ алмасу 
процестері екінші ретті  сызықты емес екі дифференциалдық теңдеулер жүйесімен сипатталатын 
көмірдің өздігінен қызуының математикалық моделі келтірілген. Дифференциалдық теңдеулерді 
құрастыру кезінде штабельдегі көмірдің өздігінен қызуы және өздігінен жанудың пайда болуы, оның 
ауамен жанасу бетіне жақын орналасқан және оттегінің әсер ету аймағы деп аталатын қатардың 
мөлшерімен салыстырғанда салыстырмалы түрде аз қабатта байқалатындығы ескеріледі. Бұл 
математикалық модельде құрастыру кезінде көмірдің орнықтылығын сипаттайтын Ф - жылу 
шығарудың меншікті қуаты параметрінің, көмірдің өзіндік қыздыру процесіне әсері ескерілді. 
Дифференциалдық теңдеулерді құрастыру кезінде температура мен өткізгіштік, диффузия 
коэффициенті, штабельдегі көмірдің меншікті жылу сыйымдылығы, сусымалы тығыздық, тотығудың 
жылу әсері, қатардың бос болуы, жылу шығару қуатының экспоненциалды өсуінің температуралық 
коэффициенті сияқты физикалық параметрлер қолданылды. Осы математикалық модельді іске 
асыру үшін өлшемсіз айнымалылар енгізілді, бұл тор әдісін қолдануға мүмкіндік береді. Алынған 
нәтижелерді талдау келесі нәтижелерді алуға мүмкіндік берді: уақыт өте келе температура 
профильдерінің өзгеруі; қатардағы оттегі концентрациясының профильдерінің уақыт өте келе 
өзгеруі; жылу шығарудың меншікті қуатының қатарындағы температура профиліне әсері, 
температураның жоғарылауымен жылу шығару қарқындылығының экспоненциялдық өсуін 
сипаттайтын параметрдің температура профиліне әсері. Лыковтың диффузия коэффициентіне 
пропорционалды критерийлері және Нуссельттің тиімді жылу өткізгіштігімен және көмірдің тиімді 
температуралық өткізгіштігімен байланысты критерийлері көмірдің өздігінен қызуының 
динамикасына ең көп әсер ететіні анықталды. Алынған нәтижелер қатардың өзіндік қызуы бір 
жағынан ауа оттегісінің қарқынды енуімен, ал екінші жағынан әлсіреген жылу қабылдағышқа 
байланысты деп айтуға мүмкіндік береді. Өзіндік қыздыру және өзіндік қыздырудың отқа ауысуы 
жылу соққысының күшеюі кезінде пайда болатын турбулентті диффузияның пайда болуымен 
байланысты, оның әсері штабельдің бетіне перпендикуляр бағытта күшейуі мүмкін. 

Түйін сөздер: массив, штрек, кернеу, кенжар, модель, күрделі потенциал, көмір қабаты, интеграция 
түйіндері, жартылай жазықтық, Симпсон формуласы. 
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АННОТАЦИЯ  

В настоящей работе рассмотрена задача о напряжениях и смещениях наклонно-слоистого массива 

вблизи горной выработки, целиком расположенной в одном из породных слоев, когда выработки 

испытывает влияния очистных работ  в угольном пласте. Это влияние учитывается путем задания 

системы нормальных и сдвигающих усилий на границе нижней слоистой полуплоскости с 

отверстием. Цель исследования: определить напряженное состояние слоистой полуплоскости, 

ослабленной  отверствием круговой формы при заданных на границе произвольных нагрузках, 

оценить распределение контактного напряжения на полуполосах, разведенных вдоль продольной 

оси и сжатых слоистыми полуплоскостями, найти напряженно состояние анизотропной плоскости 

вблизи свободного отверстия произвольной формы при заданных напряжениях на бесконечности и 

на контуре сближенного продолговатого отверстия, задача решается методом наложения 

комплексных потенциалов Колосова – Мусхелишвили и интегральных преобразований Фурье. На 

основе метода интегральных преобразований Фурье в теории упругости, получена система 

интегральных относительно нормальных и касательных контактных усилий для случае двух 

разнародных слоистых полупоскостей. В работе получены системы интегральных уравнений при 

решении задачи об опорном давлении на наклонно залегающий заглубленный угольный пласт 

вблизи очистной выработки. 

Ключевые слова: массив, штрек, напряжения, забой, модель, комплексный потенциал, угольный 

пласт, узлы интегрирования, полуплоскость, формула Симпсона. 

mailto:denis.belomestny@uni-due.de
http://orcid.org/0000-0002-9482-6430
https://orcid.org/0000-0001-6271-8913


Complex Use of Mineral Resources. 2023; 324(1):83-88 ISSN-L 2616-6445, ISSN 2224-5243 

88 

Шаихова Гульназира Сериковна 
Кандидат технических наук, и.о.доцента кафедры «Высшая математика», Карагандинский 

технический университет имени А.С.Сагинова, 100027, пр. Н.Назарбаева, 56, Караганда, 

Казахстан.  E-mail: shaikxova_2011@mail.ru, ORCID ID:https://orcid.org/0000-0002-2036-3023 

Беломестный Денис  
Профессор Университета Дуйсбург-Эссен, Германия, E-mail: denis.belomestny@uni-due.de; ORCID 

ID:http://orcid.org/0000-0002-9482-6430 

Мергембаева Айжан 

Жасулановна 

Преподаватель кафедры «Высшая математика», Карагандинский технический университет 

имени А.С.Сагинова, 100027, пр. Н.Назарбаева, 56, Караганда, Казахстан,  E-mail: 

aizhan.mergembaeva@mail.ru;  ORCID  ID: https://orcid.org/0000-0001-6271-8913 

References 

[1] Petukhov IM, Linkov AM, and others. Protective layers. M: Nedra, 1972;422 (in Russ.).  
[2] Borisov A.A. Mechanics of rocks and massifs. M: Nedra. 1980;360 (in Russ.).  
[3] Aitaliev Sh.M., Tuebaev M.K., Adilbekov N.A. Ob odnom metode rascheta napryazhenno-deformirovannogo sostoyaniya 

shtreka plasta v zone vliyaniya ochistnykh rabot [About one method for calculating the stress - strain state of a formation drift in the 
zone of influence of treatment works]. Ed. ANKazSSR, a series of physical.-mat. 1980;1(3431-79):52-58 (in Russ.). 

[4] Shaikhova GS, Shaikhovа GN. Traveling wave solutions for the two-dimensional. Zakharov-Kuznetsov-Burgers equation In. 
Math series. Bulletin of the Karaganda University. 2018;4(92):94-98 

[5] Bachtiyarkyzy Zh, Shaikhova GS, Shaikhova GN. Exact solutions of the nonlocal complex modified Korteweg-de Vries system 
of  equ  tions. Bulletin of LN Gumilyov Eurasian National University. 2018;4(125):34-39 

[6] Ozat N, Shaikhova GN, Shaikhova GS. Conservation Laws for the (2+1)-dimensional inhomogeneous complex modified 
Korteweg de-Vries and Maxwell Bloch equations. Bulletin of L.N. Gumilyov Eurasian National University. 2017;2(117):297-299 

[7] Aitaliev sh. M., Adilbekov N. A. Resheniye uprugoy zadachi dlya dvukhsvyaznoy anizotropnoy ploskosti metodom GNU i 
raschet vliyaniya lechebnoy raboty na dreyf polya [Solution of the elastic problem for a two-connected anisotropic plane by the 
GNU method and calculation of the effect of treatment work on the field drift]. In the book.: Differential equations and their 
applications. Almaty: Ed. KazPI. 1994;96-105 (in Russ.).  

[8] Adilbekov NA. Napryazhenno-deformirovannoye sostoyaniye shtreka, ulozhennogo v krupnosloistom gornom massive 
[Stress-strain state of a drift laid in a large-layered mountain massif]. In the book.: mechanics. Abstracts of the seventh Kazakhstan 
interuniversity scientific conference on mathematics and mechanics. Karaganda, Ed. KSU, 1981, 44 (in Russ.). 

[9] Shaikhova GS. Explanation Of The Cluster Structures Melting Mechanism And Their Influence On The Molten State’s 
Physical And Chemical Nature. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources. 2021;316(1): 62-
68, https://doi.org/10.31643/2021/6445.08 

[10] Suleimenov NV, Shapalov ShK, Khodzhaev RR, Shaikhova GS. Computerized Analytical Systemfor Assessing Fireand 
EnvironmentalSafety of Mines in the Karaganla Coal Basin. International Jornal of Engineering Researchand Technology. 
2020;13(6):1133-1136. https://up.ksu.kz/phtj/2020_17_1_33/22.pdf. 

[11] Akhmetov К, Shaikhova G, Zhurov V, Khmyrova E, & Yarullina A. Mathematical model of coal self-heating in a 
stack.  Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources. 2021;318(3):90-96. 
https://doi.org/10.31643/2021/6445.32 

[12] Kazhikenova SSh, Shaltakov SN, Belomestny D,  Shaikhova GS.  Finite difference method implementation for Numerical 
integration hydrodynamic equations melts . Eurasian Physical Technical Journal . 2020;17-1(33):50-56. 

[13] Bayer C, Belomestny D, Redmann M, Riedel S, Schoenmakers.  Solving linear parabolic rough partial differential equations. 
Journal of Mathematical Analysis and Applications. 2020;490(1):124236 

 [14] Belomestny D. Multilevel Methods, John Schoenmakers Palgrave Macmillan, London. 2018;55-75. 
[15] Evert Hoek. Practical rock Ingineering.University of Toronto. Canada. 2006; 342. 
[16] John Read, Peter Stacey, Guldelines for Open pit slope design, Csiro publishing, Published exccluslvely in Australia, New 

Zealand and SouthAfrica by 150 Oxford Street (PO Box 1139), Collingwood VIC 3066, Australea. 2010;511. 
[17] N. M. D'Souza & A. J. Mawson. Membrane Cleaning in the Dairy Industry: A Review, Critical Rev. in F. Sc. and Nut.,

2002;45(2):125-134, https://doi.org/10.1080/10408690490911783

[18] Diomin VF, Khalikova ER, Diomina TV, Zhurov VV. Studying coal seam bedding tectonic breach impact on supporting 

parameters of mine workings with roof bolting. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu 2019;5:16-

21. https://doi.org/10.29202/nvngu/2019-5/5

 [19] Ye QQ, Wang W,  jun , Wang G, and Jia Z zhen. “Numerical simulation on tendency mining fracture evolution characteristics 
of overlying strata and coal seams above working face with large inclination angle and mining depth,” Arabian Journal of Geosciences. 
2017;10(4).  https://doi.org/10.1007/s12517-017-2856-9  

[20] M. Bartlett M.R. Bird  J.A. Howell An experimental study for the development of a qualitative membrane cleaning model. 

Journal of Mem. Sc. 1995;105(1–2):147-157. https://doi.org/10.1016/0376-7388(95)00052-E

mailto:shaikxova_2011@mail.ru
https://orcid.org/0000-0002-2036-3023
mailto:denis.belomestny@uni-due.de
http://orcid.org/0000-0002-9482-6430
https://orcid.org/0000-0001-6271-8913
https://doi.org/10.31643/2021/6445.32
https://www.scopus.com/authid/detail.uri?authorId=55490931800
https://www.scopus.com/authid/detail.uri?authorId=15069577900
https://www.scopus.com/authid/detail.uri?authorId=57188705985
https://www.scopus.com/authid/detail.uri?authorId=57221660678
https://www.scopus.com/authid/detail.uri?authorId=34975782200
https://www.scopus.com/authid/detail.uri?authorId=15069577900#disabled
https://scholar.google.ru/scholar?oi=bibs&cluster=12086193369318133741&btnI=1&hl=ru
https://doi.org/10.1080/10408690490911783
https://doi.org/
https://doi.org/
https://doi.org/10.1007/s12517-017-2856-9
https://doi.org/10.1016/0376-7388(95)00052-E

