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Mathematical modelling of post-mining dislocations kinetics
as a quasi-random process*

The paper presents the problem of determination of one-and multi-stage prognosis of
post-mining surface dislocations. The finite and chronologically ordered vector of geodetic surveys
is the describing variable herein. Completed surveys show that the analyzed process can be written
as a composition of both deterministic process and singular one.

Hence the quantitative description of the kinetics of the process of dislocation forming has been
assigned to the class of the stochastic model. An adequate series sum in which time is the argument
and random variables are the values makes up the formal definition of the model. The optimization
of one-stage prognosis has been carried out for utility purposes. The Durbin-Levinson algorithm is
the applied numerical procedure.

The utility fragment of this is based on verification of the defined model for certain
mining-geological conditions and surveying results. The obtained analytical representation and
optimal prognosis of the kinetics of vertical dislocations correspondend to surveying results, which
can be testified by adequate measures of the quality of description of the process.

1. Introduction

Underground exploitation forces dislocations of parts of the rock mass, generally
towards the selected volume of the deposit. It is not possible to forsee accurately that,
at a certain moment, the selected point of the rock mass will find itself at
a pre-determined place of the space-time. In this sense the dislocating process touched
off by underground exploitation is a random movement of the point, hence a certain
representation (time being the argument random variables — values) might be
assumed as the mathematical model.

The problem of the definition of the current prognosis of post-mining dislocations
is the subject-matter here; a chronologically ordered vector of the survey of
dislocations of a given point of the rock mass within the area affected by mining
exploitation is the describing variable here.

* This work has been elaborated within the framework of research project by the Committee of
Scientific Research No 9 T12A 036 12.
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Appropriate discussion will pertain to a certain class of stochastic models.
Specification of the optimal prognosis of dislocations of the point will be a particular-
ly significant issue. In order to analyze the formulated problem, selected elements of
mathematical analysis, theory of probability and theory of stochastic processes will
be quoted.

2. Formulation of the problem

The stochastic process may be presented as each representation of the following type:

X:TxQ->R 1)

where:

T — time,

2 — non-empty set; Qe X,

2 — family of subsets of set €2,

IR — a certain function,
in which VteT X,=X(t,) is the random variable.
Each representation of the following form:

X, n):T-IR )

will be called realization of process X={X} e T.
If process { X,} is a stationary one in a broader sense, the following autocovariance
function will be the characterizing quantity of process (1):

R(t—s)y=cov(X,, X,)— E(X,— EX)(X,—EX)) 3)

for process { X,},.r function (3) assumes the following properties:

R(0)>0 ()
| R(h) | <R(0) (ii)
R(t—s)=R(s—1) for optional ¢, seT (1ii)

Stochastic process { X,},.r is called the Gauss one if

Z=Y mXy is the Gauss random variable.

i=1

It has been proved [1] that an optional stationary process may be described as the sum
of linear and singular processes. If process { X,} is a stationary one in a broader sense,
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for an optional € T the following equality comes about:
Xt‘(Ple_l Fe gl (prt—p=Zt+nlzt—l Fos F Hip—n “)

where:

@, n — p and n degree multinomials respectively

{Z,} — stochastic process (white noise); {Z,} ~ WN(0, ¢?).

The main goal of this is to define the linear prognosis for process { X,} if part of
realization of process {X,... X}) is given i.e.:

t
=YX, (5)
i=0

Besides, the volume of prognosed quantity X, ., should satisfy the following criterion:
E| Xpr— AH—k |2 = min )

3. Analysis of the problem

Specification of optimal linear prognosis according to (5), condition (6) being
taken into consideration, resolves itself down to extremum of a certain expression to
be determined. Note that it will be convenient to apply here estimators of spectral
density [3].

If process { X;}xe rir—uwow 1S @ stationary one, then

E(X, X *)=Ry_, )

where:
x* — conjugate,
{R,};er — autocovariance function.

11

B - = |- t

For R, F[ > 2} R tha
1
2

V,erR, = Iexp(2-n-q-9)dF(9) (8)

-1
2

assuming that F'(9)=/(9), the following will be obtained:

R,= | oxp2 7 q- 9/ (9)d ©

As it has been mentioned before, autocovariance function is an important quantity
characterizing process (1); the process is also characterized by autocorrelation function
















































