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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.

Keywords: massif, drift, reference array, complex potential, slaughter, model, coal seam, integration nodes,
half- plane, Simpson's formula.
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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 2a
was carried out at the full capacity of the coal seam

hp (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 ¥ > a, the

system of integral equations is as follows:
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Here f®(y) g®(y), 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]].

a;; ,K” - constant depending on the elastic

characteristics of the layers and the formation, K”
can go to zero. Ly;(t, ¥),L;;(Y) - smooth continuous

functions, decreasing with
K, (y),S;(Y) - monotonically decreasing continuous

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

increasing variable.

respectively. po,z'o— 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 f ®(y) g®(y), we know that they

. -2
are continuous, at large they decrease as ¥, 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
y—>a.

The authors' attempt to approximate f °(y)

g°(y) 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 L (y)e™”

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 f ®(t,) g°(t,).
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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 nodet,,, ,, is chosen so
that it can be put with the accepted accuracy

f®(ty,,) =0, . The interval [t,,t,,.,](t, =a) is
divided into pairs equal and increasing in arithmetic
progression segments. [[5], [15]] Wherein

t,,=a+ukK +d@,

ty, =a+u1(K —%)+%(K 1 K =1, M,

where U, is the first member of the arithmetic

2M +1 _a_ulM its
(M -1)M

t
progression, and d= 2(

denominator.

Avariable step is necessary for anyone to ensure
uniform accuracy during integration. %t the

beginning of integration ¥, it's close to , the
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desired functions f°(t,) g®(t,) change quickly

and a smaller step is needed here than at a distance,
where they flatten out and decrease asymptotically

[[el, {71, [811.
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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 wunequal divisions
y,N=1LM and writing down each of the
equations for the nodes, we obtain a SLAE of order
4M with respect to unknowns, f°(t.),g°(t,).
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, f ®(t,) g®(t,) 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 y, =1, .,

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

pair segmenty, , 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

(M = 25) was solved, while

t,,., =11a, a=1 u, =0,02

Kl(y) — aoefal(yfa) ,Sl(Y) — 50e751(yfa) (2)

In (2), for physical reasons, it is accepted,
a, =38, =100 . o, =0, =5 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 himt, =1,0005, 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:

wazjf%om,r%zjgwom

Integration was carried out according to the
Simpson formula to the node Lyy,1 . 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 ¢ = 30°.

v,=v,=025. E =E =E, =E,
E,=10°E, E, =E, 10E, 10°E,
hp =a=1,h =h,=20a.

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]].
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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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TYAIHAEME

Byn makanafa Llekapanblk kaHe 6acTankpl afganappa wrabenbdil, KyblCTapblHAafFbl OTTeriHiH, C
Kenemaik yneci MeH KemipAiH e34iriHeH Kpl3yblHbIH t TeMnepaTypacbiHa KaTbICTbl XKbly ¥KaHe ras aamacy
npouectepi eKiHwWi peTTi CbI3bIKTbl emec eki audbdepeHUManabik TeHaeynep KyheciMeH cunaTTanaTbiH
KeMIpAiH, e34iriHeH Kbi3yblHbIH, MaTemaTUKanbliK moaeni KenTipinreH. AubdepeHumanabik TeHgeynepai
KypacTbipy Ke3iHae wrabenbaeri Komipai, e34iriHeH Kbi3ybl XKaHe e34iriHeH XaHyablH, nanaa 60aybl, OHbIH,
ayameH kaHacy 6eTiHe »KaKblH OpHafacKaH XaHe OTTeriHiH acep eTy alimafbl Aen aTanaTblH KaTapAblH,
Me/IlepiMeH CanbICTbipFaHAA CanbicTbipManbl Typae a3 Kabatra balkanaTblHApIFbl eckepinegi. byn
MaTemMaTuKaNblK MOAENbAE KypacTbipy KesiHAEe KeMIpAiH OPHbIKTbIIbIFbIH CUNATTalTbiH @ - Xblay
WbIFAPYAbIH, MEHLIKTi KyaTbl MapameTpiHiH, KeMipAiH, ©3iHAIK Kbi3Ablpy npoueciHe acepi eckepingi.
OnddepeHumangplk TeHaeynepai KypacTbipy KesiHAe Temnepatypa MeH OTKisriwTik, auddysus
K03bPuUMeHTi, wWTabenbaeri KOMIPAiH MEHLUIKTI ¥blNy CbIAbIMAbINbIFbI, CYCbIMabl TbIFbI3AbIK, TOTbIFYAbIH,
by acepi, KaTapAaplH, 60C 60YbI, *KbiNy WbIFAPY KyaTbiHbIH IKCMOHEHLMANABI BCYiHIH TemnepaTypanbiK
KO3bPUUMEHTI cuAKTbI GU3MKaNbIK NapameTpaep KongaHbingpl. Ocbl mMaTemaTUKanblK Mogenbli icke
acblpy YWiH enwemci3 aiHbiMmanblnap eHrisingi, 6yn Top a4iciH KongaHyFa MyMKiHAIK 6epeai. AnbiHFaH
HOTWXKeNepai Tangay Keneci HaTMKenepai anyfa MyMKIHAIK 6epgi: yakbiT eTe Kene TemnepaTtypa
npoounbaepiHiH, e3repyi; KaTapZafbl OTTEri KOHUEHTPAUMACbIHbIH, NPOoGUIbAEpPiHiH, yaKbIT eTe Kese
e3repyi; Kby LWblFApyAblH, MEHLWIKTi KyaTblHbIH KaTapblHAafbl TemnepaTtypa npoduniHe acepi,
TEMNepaTypaHblH, KOFapbiNaybIMEH Kby LWbIFAPY KAPKbIHAbIbIFbIHbIH, 3KCMOHEHUMANABIK — ©CYiH
CUNATTalTbIH NapameTpaiH, TemnepaTypa npoduniHe acepi. JIbIKOBTbIH, Anbdy3usa KoadduumneHTiHe
nponopuuoHanabl Kputepuiinepi kaHe HyccenbTTiH, TUIMAI Kby OTKI3riWTIriMEeH XaHe KemipaiH, Tnimai
TemMnepaTypanblK  OTKI3riwTirimeH 6alNaHbICTbl  KpUTepUtnepi  KemipAaiH — ©34iriHeH  Kbi3yblHbIH,
AVHAMMKacblHA €eH, Ken acep eTeTiHi aHblKTanabl. A/bIHFaH HITUXKeNnep KaTapAblH, ©3iHAIK Kpi3ybl bip
)KafblHAH aya OTTeriCiHiH, KapKblHAbl €HYiMeH, an eKiHWi afblHaH a/CipereH Kblly KabbingafbillKa
6aliNaHbICTbl AeN alTyFa MyMKIHAIK 6epesi. O3iHAIK KbI3apIpy KaHe O3iHAIK Kbi3AbIpYyAbIH, OTKA aybICybl
MKbINY COKKbICbIHbIH, Kylletoi KesiHge naipa 6onatbliH TypbyneHTTi aAubdysusaHbiH naiga 6onybimeH
6aiinaHbICTbl, OHbIH, 9cepi WTabenbaiH 6eTiHe nepneHanKynap 6aFbITTa Kywenyi MyMKiH.

TyliiH ce30ep: MmaccuB, LWUTPEK, KEPHEY, KeHXXap, MOAEeNb, KYPAeNi NoTeHuman, Kemip kabaTtbl, MHTerpaums
TYWiHAEPI, KapTblNai *asbIKTblK, CUMNCOH popmynacel.
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AHHOTAUMUA

B HacTosAwei paboTe pacCMOTPEHa 3a4a4a O HANPAXKEHUAX U CMELLEHUAX HAaKNOHHO-CIOMCTOro Maccuea
B6/1M3M rOpHOI BbIPABOTKK, LLENMKOM PaCNONOKEHHOW B O4HOM M3 NMOPOAHbIX C/I0EB, KOrAa BblpaboTKM
MCNbITbIBAET BAMAHUA OYUCTHbIX PaboT B YrosbHOM nacte. ITO BAUAHME YYMTbIBAETCA MyTeM 3adaHus
CUCTEMbI HOPMA/bHBIX W CABUFAOWMX YCUIUM HA TPaHWLE HUMKHEN CAOUCTOM MNONYNAOCKOCTU C
oTBepcTMem. Llenb uccnenosaHusa: onpesenntb HanpsXeHHOe COCTOSAHWME CNOUCTOM MONYMAOCKOCTH,
ocnabneHHon OoTBepCTBMEM KPYroBoi GpOpMbl MPW 3a4aHHbIX Ha rpaHUUe MNPOU3BOJIbHBLIX HarpysKax,
OLEHUTb pacnpeaeneHne KOHTaKTHOrO HanpsKeHUa Ha Noynosiocax, PasBefeHHbIX BAONb NPOAO/bHOM
OCM M CXKaTbIX COUCTbIMMU MOAYNAOCKOCTAMM, HaWTM HaNPAXKEHHO COCTOAHWME aHU3OTPOMHOM MIOCKOCTM
86,1131 cBOBOAHOrO OTBEPCTUA MPOM3BOIbHOM GOPMbI NPU 33AaHHbIX HAMPAXKEHUAX HA BECKOHEYHOCTU 1
Ha KOHType C6/MMKEHHOr0 NpPOLONTOBATOrO OTBEPCTMSA, 33JaYya PELIAeTCA METOAOM HA/IOXKEHUA
KOMIMJIEKCHbIX NoTeHumManos Konocosa — MycxenuwwBuAM U MHTErpasbHbix npeobpasosaHuii dypbe. Ha
OCHOBE METOAa WHTerpanbHbiXx npeobpasoBaHuii dypbe B TEOPUM YNPYroctTu, MNojyyeHa cuctema
MHTErpasibHblIX OTHOCWUTENbHO HOPMaJIbHBIX M KacaTesibHbIX KOHTAKTHbIX YCWAWIA ONA Cayyae AByX
pasHapOAHbIX CNOUCTBIX MONYNOCKOCTEN. B paboTe Mo/y4eHbl CUCTEMbI UHTErPasIbHbIX YPABHEHWUI Npu
peweHnn 3agaum o6 ONOPHOM [aBJEHMM HA HAKAOHHO 3aneralowmin 3arnyb6eHHbIN YronbHbIA NAacT
B6131M OUMCTHOM BbIPAabOTKM.

Knrovyeeble cnoea: maccus, LUTPEK, HanpasKeHusa, 3a60i, MoAeNb, KOMMIEKCHbIN NOTeHLMasn, YroNbHbli
NNacT, y3/1bl UHTErPUPOBAHUA, NONYMIOCKOCTb, Gopmyna CumMcoHa.
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