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Annotation. In the first part of the article, the well-known sequential approximation method developed at the
Institute of Geotechnical Mechanics named by N. Poliakov of National Academy of Sciences of Ukraine was used. This
method was used to solve the problem of unsteady deformation of an elastic medium under the influence of variable
internal pressure in wells. The essence of the method is that the resultant function, according to the results of its
numerical research and given in tabular form, can be presented in an analytical form — a product of functions. This
method has shown its high efficiency in solving various problems. The objective function, the maximum normal tensile
stresses, is represented as the product of power functions, each of which depends on only one parameter. The pattern
of changes in maximum tensile stresses from the main mining-technical factors affecting this process is established.
Such factors are: the value of the internal pressure of the working agent before discharge, the inner diameter of the well,
the speed of the elastic wave in the agent, the decay time of the working agent from the well. The decay time of the
working agent is determined by the speed of the elastic wave in the working agent. Thus, it was found that the
magnitude of tensile stresses is directly proportional to the pressure of the working agent and the radius of the well and
inversely proportional to the speed of the elastic wave in the coal rock mass and the time of pressure relief. Thus, a
complex dynamic problem is solved in a relatively simple way. In the second part of the article, a dimension theory
method was used to solve this problem. According to the theory, the unknown value of radial stresses on the inner
radius of the cylindrical cavity of a well can be represented in the form of the product of power functions. This fully
confirms the dependence of the stress change established above. Solving a difficult problem by the method of
successive approximation, we can obtain the dependence for any number of initial parameters in the mathematical
model as well as the degree of influence of each parameter on the process under study.

Keywords: sequential approximation, stresses, dimension.

Introduction. In practice, the class of power functions [1] has become
widespread for representing functional dependencies. The main advantages of such a
presentation are the ability to assess the degree of influence of parameters on the
function itself and determine the compliance of the physical content of the resulting
dependencies with the properties of the original process function. In connection with
the noted features, we will look for the representation of the original function as a
product of power functions. Using the method of successive approximation [1, 2], all
numerical solutions were analyzed on the basis of the integral Fur'ye conversion, as
well as solutions for the ratio of the external diameter of a hollow cylinder b to
internal a equal to 10 > b /a > 1.1, using model A .N. Krylov, for which the author of
the work has developed the conditions for its use for the relation co > b/a > 1.1 [3].
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For the case of plane deformation, the calculation of radial o, and tangential oy
stresses can be carried out using the formulas given in [4].

The main parameters influencing the process of transient deformation of an elastic
medium include the inner radius of the well ry, the internal pressure p, of the working
agent, the elastic wave velocity in the massif v,, and the internal pressure in the
working agent release time t..

All further calculations and transformations are reduced to the maximum value of
tensile radial stresses in the first half-wave of stress variation at the site of inertial

forces (Figure 1) [5].
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Figure 1 — Change of radial and tangential stresses in time in dimensionless form at the section of
inertial force action when the internal pressure is released from the well: 1 — tangential stress;
2 — radial stress; 3 — maximum tensile stresses in the first half-wave

Problem definition and solution method. Let us present the solution of this
problem in the form of simple engineering formulas convenient for calculating stresses
or displacements of an elastic medium in the vicinity of wells during short-term
unloading using the method of successive approximation of a variable [1, 2].

The essence of the method is that the resultant function, according to the results of
its numerical research and given in tabular form, can be presented in an analytical form
— a product of functions, each of which depends only on one variable.

Let in general, the form of the solution is represented as a function F(x) = F(xy,
Xo, ..., Xn) defined and continuous in a closed area D. In a neighborhood of a point Xg
= (x%, %, ..., x,°) e D function F(x) can be represented as a dependence given in [1].

n

F(X)~ (% ) =c-TT i (x;). (1)

i=1

where gi(x;) — approximation functions for fy, f,..., f, specified in tabular form; ¢ —
proportionality coefficient.

Let’s select reference point M = M(xlo, XL .., xno), M e D, where x.°, x.’, ..., x;° -
average values of the studied parameters in a given range of their changes.

These functions gi(x;) are formed as follows: we fix the average values of the
studied parameters and vary only one of them in the range of its change, then
establish the type of function and the exponent of the degree of its influence a;:
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fi(X1) = F(Xq, X2, ..., xn ); B(%)=F (X1, Xo, ..., X0); fa(Xn) = F(X1, X, ..., Xp).

Repeating this approximation procedure successively for each parameter studied
(X1, X2,..., Xn), We obtain the desired representation in the form:

F(X1,X2, ..., Xn) = @(X1,X2,, ..., Xn) = Cn'g1(X1) 22(X2), ..., " @n(Xn)- (2)

The total proportionality coefficient for all parameters is determined by the
formula:

Co = F(Xa", %o, e, X0)/ G0(a°) " Ga(%2) - G )™ 3)

Results and discussion. As a function, which we are looking for, we take the
value of the maximum tensile stresses in the first half-wave of its change, referred to
the maximum amplitude of the internal pressure p, before the relief.

or/po = ot -vpaz-roa3), (4)

where a4, 0,, oz — exponents of the functions of the parameters studied.

The domain of definition is defined by the intervals of change of all the main
parameters: the interval of change of the inner radius of the cylindrical cavity ry =
(0.05 - 0.5) m; elastic wave velocity v, = (500 - 2500) m/s; time of pressure relief
t. = (0.001 - 0.5) s.

Reference point M = M(x;°, x.° ..., x.0), M e D, is set by average values of the
parameters: pressure release time t’ = 0.01 s elastic wave velocity vpo = 600 m/s,
borehole radius r,’ = 0.1 m.

Changing a parameter t. with a certain step, we calculate the sequence of function

or/ po Values. For the sequence (t., 6,/ po) we will find approximation function g;(t;)
in the form: g(t;) = ¢, t.*', where: ¢; = 0.0002018; o; = — 0.96.
Graphical representation of the implementation of these stages is shown in Fig. 2.
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Figure 2 — Function @;(t:) in tabular form and its approximation function
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Thus, the dimensionless tensile stresses load release time t; will have the form:
or/po (tevp’s 10') = @ate) = Coote™ (5)

Formula (5) can already be used in calculations to determine tensile stresses
depending on the different release times (for fixed values of the parameters at the
reference points v, and ro’.

Changing the next parameter o,, with a certain step, we calculate the sequence of
function values o,/ po. For sequence (v,, 6,/ po) We will find approximation function
J2(vp) in the form:

J2(vp) = Cz'vpaz,

where ¢, = 0.09132; o, = — 0.957.

Graphical representation of the implementation of these stages is presented in Fig.
3.

Thus, the dimensionless tensile stresses from the time of pressure drop t;, and the
elastic wave velocity v, will have the form

Gr/po (tCOJ Up, rOO) ~ (PZ(tc, Dp) = Cz'tcal'l)paz. (6)

Formula (6) can be used for particular calculations of stresses with a fixed value
of the inner radius r,° and time t...
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Figure 3 — Function g2(vp) in tabular form and its approximation function

Doing so and changing the parameter ro with a certain step, we calculate the
sequence of values of the function o,/ po. For sequence (ro, o/ po) we will find
approximation function gs(ro) in the form:

93(ro) =Cs ro(ﬁ,

where ¢; = 0.9172; az= 1.01.
Graphical representation of the implementation of these stages is presented in
Fig. 4.
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Figure 4 — Function gs(ro) in tabular form and its approximation function

Thus, the dimensionless tensile stresses from the load release time t. and the
velocity of the elastic wave v, and the inner radius r, of the well will have the form:

or/po (t’, 05", To) = @s(te, vp, Fo) = Cate™ vy 1™, (7)

The final formula (8) for tensile radial stresses from all studied parameters is
written in the form:

o, = 0.96_(pol.r01.01/vp0.957_tco.96). (8)

Taking into account the proximity of all exponents of the studied parameters to a
unit in expression (8), we obtain a more convenient linearized formula and regularity
for calculating tensile stresses on the internal contour of the cylindrical cavity in the
first half-wave of the variation of the stresses in the form:

Or = Po o / Dp'tc- (9)

Comparison of the relative error of stresses calculated by formula (9) with the
exact one, obtained by the method of the integral Fur'ye conversion and the method
based on the solution of A.N. Krylov [3], showed that the average relative error for
the release time does not exceed 5.7 %, for the elastic wave velocity — 5.2 %, and for
the inner radius — 10 %.

The correctness of the physical content of the obtained solution (9) is easy to
confirm on the basis of the theory of dimensions. According to the theory of
dimensions, the unknown value of radial stresses on the inner radius of the cylindrical
cavity of a well can be represented in the form of the product of power functions [6]:

Oy = bl'pO p'ro q l)pr'tck, (10)

where p, q, r, k — unknown exponents; b; — dimensionless proportionality coefficient.
Equating the dimensions on the left and right side of equation (10) we obtain:

M-T?LY = MP-T#.LP-L0L T T, (11)
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We construct the following equations to determine the exponents:

p=1, (12)
2=-2p-r+Kk, (13)
-l=-p+qg+r. (14)

We have three equations (12, 13, 14) and four unknown exponents to be
determined. From equation (12) we immediately obtain the exponent at p, equal to
unit p = 1. From equation (13) it follows that the exponent at v, and t; equal to r = k.
The exponent of the influence of the inner radius ry is taken equal to the unit q = 1 of
the calculations given in [5].

Consequently, the remaining exponents from equation (14) with v, and t. will be
equaltor =k =-1.

Thus, the general structure of formula (9) is fully confirmed by the independent
theory of dimensionality, has the nature of regularities for linearly elastic media and
is valid in a wide range of variation of the investigated variable parameters.

However, it should be noted that the theory of dimension does not always make it
possible to find the proportionality coefficient b;, connecting all variables. When
using the method of successive approximation, it is found in a relatively simple way
with any number of parameters.

The verification of the errors of approximate representations of functions
specified in an analytical form using the method of successive approximation
confirmed high accuracy for engineering calculations in the vicinity of the selected
point M (x;", x,™,...., x,") and good one throughout the entire domain.

Conclusions. The inertial tensile stresses that occur in the near-wellbore zone of
the coal and rock massif after the working agent pressure release from wells, are
directly proportional to its pressure before release and the well radius and inversely
proportional to the velocity of the elastic wave in the massif and the time of pressure
drop in the working agent. The time of pressure drop in the working agent is
calculated in each case separately for a specific type of working agent and parameters
of technological wells.

A rational value of the well radius for initiating the destruction of the carbon-
forming medium is determined from the technological point of view and from the
point of view of the fracture efficiency.

The speed of the elastic wave in the investigated disturbed coal-rock massif is
determined by taking into account the degree of decrease in the elastic modulus
during gas saturation.

The generality and reliability of the obtained regularity is confirmed by use of
fundamental provisions of continuum mechanics, known classical solutions by Fur'ye
and Krylov, mine research by Institute of Geotechnical Mechanics named by N.
Poliakov of National Academy of Sciences of Ukraine under hydrodynamic effects
on gas-saturated coal beds. For the first time, a regularity has been established that
relates the loading parameters, the elastic and deformation properties of the carbon-
bearing medium, and the geometric parameters of the well.
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For the first time, a regular approximation method is established for tensile
stresses in the near-wellbore zone of a coal-bearing massif from the influence of
inertial forces under the action of alternating internal pressure, which relates the
pressure of the working agent in the well, the phase state and the time of pressure
drop in the working agent, elastic and deformation parameters of the medium and
geometric characteristics of well and developed on its basis a calculation method that
allows you to determine the necessary values of loading parameters for coal media
destruction initialization.

Application of the method of successive approximation to transform a complex
solution of a dynamic problem allowed us to obtain a simple formula connecting the
elastic characteristics of the massif, the geometric parameters of the elastic medium
and the loading parameters. Using the solution obtained, it is easy to play different
situations when internal pressure is released from wells, varying parameters in the
range of their changes to obtain the desired value of tensile stresses. The application
of the method of successive approximation to the analysis of the solution of the
problem of transient deformation of an elastic medium under the action of a variable
internal load made it possible for the first time to establish the pattern of change in
inertial maximum radial tensile stresses.
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AHoTauif. Y nepuwii YacTuHi ctatTi OyB BUKOPUCTAHWA BiZOMUIA METOZ NOCHILOBHOI anpokcumallii, pospobrneHuii B
IHCTUTYTi reoTexHivHoi mexaHikn iM. M.C. MonsikoBa HAH Ykpainn. Llen meton OyB BUKOPUCTaHMIA ANSt BUPILIEHHS
3afavi  HectauioHapHoi [gedopmalii MPYKHOTO CepefdoBMILA Mig BMAMBOM  3MIHHOTO BHYTPILLHBOTO TUCKY B
cBepanoeuHax. CyTHICTb MeToAy nonsrae B TOMY, WO pesynbTyiua (yHKUiS B TabnuuHiin ¢opmi, 3rigHo 3
pe3ynbTatamu ii YMCEnbHOTO AOCRIMKEHHs, Moxe ByTW npeacTaBneHa B aHamiTUMHOMY BUrnAdi BOOYTKY yHKUiN.
LlinboBa thyHKUis, MakcumarbHi HopMarbHi PO3TATYIOYi HanPYXeHHs, MPeACTaBNATLCA Y BUrNAAI CTYNEHEBUX (hYHKLNA,
KOXHa 3 SIKUX 3aneXuTb TifbKW Bif, OBHOr0 napameTtpa. BCTaHOBMEHO 3aKOHOMIPHICTb 3MiHW MakCUMarnbHUX PO3TArYHUMX
Hanpy)XeHb Bifl OCHOBHMX FPHUYOTEXHIYHMX (haKTOPIB, O BNAMBAIOTL Ha Liei npouec. TakuMu hakTopamu €; 3HaYeHHs!
BHYTPILUHBOrO TUCKY poBOYOro areHTa nepes CKUOAHHAM, BHYTPILLHIN giaMeTp CBEPANOBUHM, WBWAKICTb MPYKHOI XBUII B
areHTi, Yac 3racaHHs TUCKy poboyoro areHTa. Yac sracaHHst TUCKy poB0oYOro areHTa BU3HAYaETbCS LBMAKICTIO NPYXXHOI
xBuni B poboyomy areHTi. Byno BCTAHOBMEHO, WO BENWYMHA PO3TAMYIOMMX HAMPYXeHb NPSMO MPOMOpUiiHa TUCKY
pob0oYoro areHTa i pagiycy CBEpANOBUHM i 06EpHEHO NPOMOPLHA LUBUAKOCTI MPYXHOI XBUMi B MACKBI i Yacy CKOAHHS
TMCKy. Takum YMHOM, CKNagHa AWHaMIYHA 3agaya BMPILLYETbCS BigHOCHO NPOCTUM Cnocobom. Y apyrin yacTuHi cTatTi
ANS BUPILLEHHS L€l npobriemmn BUKOPUCTOBYBABCA METOA TEOpii po3amipHocTen. BignosigHo JO Hel, HEBIZOME 3HaYeHHs!
pagianbHNX HanpyXeHb Ha BHYTPILLHBOMY pagiyCi LMNIHAPUYHOT NOPOXHUHW CBEPANOBUHM MOXe ByTW NpeacTaBneHo y
BUMMsi 4oOYTKY cTeneHeBux dyHKUiM. Lle NOBHICTIO NIATBEPMXYE 3aNEXHICTb 3MiHW HanpyXeHb, BCTAHOBIEHY BULLE.
Bupilwytoun cknagHy 3apady METOAOM NOCMIAOBHOI anpokcuMaLlii, MM MOXEMO OTPUMATK 3anexHIiCTb Ans Oyab-aKoro
yucna BUXigHWX NapameTpiB B MaTeMaTUYHIA MOAENI, a TakoX CTYMiHb BNAWBY KOXHOrO NapaMeTpa Ha AOCHigKyBaHWUii
npouec.

Knto4oBi cnoBa: nocnifosHa anpokcUMaLis, poTarytodi HanpyKeHHS, PO3MIPHOCTI.

AHHoTauuA. B nepBoi Yactu cTaTbi Obin UCMONb30BaH W3BECTHLIN METOA NOCNEeLOBaTENbHOM annpoKCUMaLmuy,
paspaboTaHHbli B MHCTUTYTE reoTexHudeckon mexauuku mm. H.C. Monskoea HAH YkpawHbl. 3T0T Metog 6bin
MCMONb30BaH A19 PeLleHns 3aayun HecTauMoHapHoO aedopmalnyn ynpyron cpegsl Noa BO3AENCTBUEM NEPEMEHHOTO
BHYTPEHHEr0 AaBneHust B ckBaxuHax. CyTb MeToga COCTOMT B TOM, YTO pe3ynbTupyowas (yHKUMS B Tabnm4HOM
thopme, COrnacHo pesynbTataMm ee YNCAEHHOMO UCCefoBaHNs, MOXET ObiTb NPEACTaBIEHa B aHANUTUYECKO opme B
BMAE npousBeaeHus yHkumiA. LleneBas (byHKUMS, MakcuManbHble HOpMarnbHble pacTArvBaiolwye HanpsikeHus,
NPeACTaBNsAeTCs Kak Npon3BeLeHNe CTeneHHbIX (yHKLWA, Kaxaas 13 KOTOPbIX 3aBUCUT TOMbKO OT OAHOTO NapameTpa.
YcTaHoBnEHa 3aKOHOMEPHOCTb  M3MEHEHWS  MaKCUMarlbHbIX — PacTATMBAOWMX — HANPSHKEHWA  OT  OCHOBHbIX
TOPHOTEXHUYECKUX (DAKTOPOB, BAMSIOLLMX Ha STOT npouecc. Takumu hakTopamu SBASIOTCS: 3HAYEHUe BHYTPEHHEro
paBnexns paboyero areHTa nepen cOpOCOM, BHYTPEHHWNA OMAMETP CKBaXWHbI, CKOPOCTb YNPYron BOMHbI B areHTe,
BpeMmsi 3aTyXaHus JaBneHns paboyero areHTa. Bpems 3aTyxaHus paboyero areHta onpeaensieTcs CKOpoCTb Ynpyrom
BOMHbI B paboyem areHTe. bbino yCTaHOBNEHO, YTO BEMMYMHA PaCTAMMBAIOLMX HAMPSHKEHUIA NPSMO NPONOpLMOHanbHa
AaBneHno paboyero areHTa 1 paguycy CKBaXuHbl 1 06paTHO MPONOPLMOHarbHa CKOPOCTH YNPYron BOMHbI B Maccuee
BpemeHn cbpoca aasneHus. Takum 0bBpasom, CroXHas AMHAMUYECKas 3adada PeLlaeTcs OTHOCUTENbHO MPOCTbIM
cnocobom. Bo BTOpOM YacTu CTaTbi ANS pelleHnst 3To Npobnembl MCMONb30Banca MeTog TeopUM pasMepHOCTEN.
CornacHo HeMy, HEM3BECTHOE 3HaYEHWe paauanbHbIX HANPSHKEHWA Ha BHYTPEHHEM paaunyce LNNMHAPUYECKON NOMOCTM
CKBaXMHbI MOXET OblTb NMPeaCTaBneHo B BUAE MPOM3BEAEHUS CTEMEHHbIX (YHKUMA. ITO MOMHOCTbIO NOATBEpkKOaeT
3aBUCMOCTb M3MEHEHMS HaNpsHKEHMUs, YCTAHOBMEHHYIO Bbille. Peluast CnoxHyto 3agadvy MeToaoM nocneaoBaTesbHOM
annpokcUMauui, MOXHO MOMYYMTb 3aBUCUMOCTb ANS NobOro uynMcna WCXOAHbIX MapamMeTpoB B MaTeMaTU4ECKON
MOZENM, a TaKke CTeNeHb BIUSAHMS KaXLOro napameTpa Ha 13yvaeMblil npoLecc.

KnioyeBble cnoBa: nocrnegoBatenbHas annpokCyMaLms, pacTArMBatoLLme HanpsKEHNs!, pa3MepHOCTM.
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