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ASSESSING THE RELIABILITY OF A SURVEYING AND GEODETIC NETWORK
BASED ON A MARKOV MODEL

Purpose. To build a graph of states and transitions of the surveying-geodetic network (SGN), which includes 16 points. To
study the functioning of constructed discrete-continuous stochastic Markov models of the surveying-geodetic network with full
and current recovery. To perform a numerical calculation of reliability, safety and efficiency indicators: readiness ratio, limit prob-
ability states, mean time to failure, mean time between failures.

Methodology. A model of SGN functioning is built in the form of a graph of states and transitions with current and full recov-
ery. Based on the model in the Mathcad software, the availability factor, mean time to failure, mean time between failures are
calculated. The following graphs are built: readiness functions, probabilities of operation until the first failure, and frequency of
getting into an emergency situation.

Findings. Constructed discrete-continuous stochastic Markov reliability models of the boundary probability states, mean time
between failures, mean time to the first failure have been analyzed. The probability of fault-free operation is presented graphically
in the form of a transition graph, which describes the logic of the operation of the SGN. Based on the graph of states and transi-
tions (graphical model) according to the Kolmogorov-Chapman algorithm, an analytical model of the reliability behavior of the
surveying-geodetic network was built. A system of linear Kolmogorov-Chapman differential equations was compiled and solved.
The distribution of probabilities of being in each state of the surveying-geodetic network has been obtained.

Originality. For the first time in surveying practice, a reasonable choice of a discrete-continuous stochastic model of the func-
tioning of a surveying-geodetic network based on the application of the state space method has been made. This model most fully
describes the process of functioning (behavior) of the dynamic system. Dependencies between reliability indicators and safety in-
dicators are established. It is recommended to use a model with ongoing network recovery, which allows you to maintain a given
level of reliability through timely maintenance (recovery).

Practical value. The most expedient time for restoration of geodetic points with certain failure intensity parameters has been
determined. It has been done in order to maintain the SGN in an operational state with a given level of reliability. Current network
recovery makes it possible to maintain reliability at the desired level. In the case of complete restoration of the SGN, the readiness
factor will be lower, but such a system will be significantly cheaper.

Keywords: surveyor-geodetic network (SGN), availability factor, probability of failure-free operation, Kolmogorov-Chapman equa-
tion, Markov model

Introduction. Surveying and geodetic works are per-
formed at all stages of mineral deposit development, they are
an integral part of all stages of mining production. Without
the correct organization of the surveying service, the correct,
rational and safe conduct of mining operations are impossi-
ble. Underground surveying networks are the basis for sur-
veying mine workings, solving mining and geological tasks.
They are created by the method of polygonometry traverse.
Surveying networks are created on the basis of reference net-
work points and serve directly to perform surveying tasks.
During mining operations, there is a need to restore and re-
construct the underground support network as a result of the
increase in the length of workings, the loss of the stable posi-
tion of points or their destruction, and the instability of
rocks. Maintenance of a reliable state of the reference net-
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work, restoration of points based on the results of monitor-
ing and assessment of network reliability ensures the quality
and reliability of surveying works.

Unsolved aspects of the problem. The quality and reliability
of the data of surveying and geodetic works depends on many
factors: the qualifications of the executors, the availability of
geodetic instruments of the appropriate accuracy, the optimal
method of observation, the reliability of the surveying and
geodetic network. Unfortunately, the last component is not
paid enough attention in practice. In accordance with the
Rules [1], repeated measurements are carried out at least once
every 15 years with the determination of the coordinates of all
points of the planned support networks. According to the In-
struction [2], permanent points are laid in places that ensure
their long-term stability and safety. Points can be laid in the
roof, soil and in the sides of the product. The surveying points
are mainly fixed on the fastening of the products.
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As a result of the negative impact of natural and anthropo-
genic factors (mining operations), points are displaced (and
sometimes destroyed), which negatively affects the reliability
of the network.

The work of both Ukrainian and foreign scientists is de-
voted to the issue of studying the internal reliability of geo-
detic networks: Gladilin V.M. [3, 4], Litnarovich R. M., Rodi-
onova Y.V., Savchyn L.R., Tretyak K.R. [5, 6], Uspen-
skyi M.S., M.Amin Alizadeh-Khameneh [7], Amiri-Sim-
kooei [8, 9], S.Baselga [10], Waldemar Odziemczyk [11],
W. A. Baarda, Guanging Li [12], Martin Stroner [13, 14], Erik
W. Grafarend, Waldemar Krupinski, Koch K.R. [15], Boni-
mani M. L. [16], Roffatto V.F. [17, 18] Gilad Even-Tzur [19],
and others.

The works by S.V. Biehichev, H.S. Ishutina. [20, 21] were
first to be devoted to the issue of modeling the external reliabil-
ity of the surveying-geodetic network, which depends on the
constancy of the spatial coordinates of the geodetic points (in-
variance of their position). The application of reliability assess-
ment methods will allow determining the operational condi-
tion of the technical system (surveying and geodetic network)
and restore its condition. The use of reliable starting points of
SGN will significantly increase the accuracy and reliability of
surveying survey data: surveying or taking to the ground mining
workings, transfer of elevation marks, construction of survey-
ing-geodetic reference and surveying networks.

The consequences of mining are the development of de-
formation processes, the appearance of rock pressure, the ap-
pearance of cracks in the side rocks, deformation and destruc-
tion of the walls of the workings and fasteners. Heaving and
mountain pressure have a negative impact on the stable posi-
tion of the points of the underground surveying network fixed
in the roof of the workings. If a group of permanent points is
damaged by mountain pressure, according to the Instruction
[2], the coordinates of these points may be used as starting
points under the following conditions:

- at the points that have moved, control measurements of
the lengths of both sides are made and their gyroscopic orien-
tation is performed,;

- by comparing the old and new values of length and direc-
tion angles, the possible displacement of the points is evaluat-
ed and corrections to their coordinates are found. With this,
linear correction to the point of the planned position, required
for the day off, should be no more than 0.15 m.

To avoid significant errors during surveying, the mining
engineer-surveyor works in a conventional coordinate system
and performs gyroscopic orientation of the mine workings.
According to the Instruction [2], with the development of
mining operations, the underground support network is re-
constructed if necessary. The network is subject to reconstruc-
tion when, due to the loss and disruption of points, it becomes
impossible to ensure the further development of the network
and the execution of surveys of preparatory and cleaning works
with the necessary accuracy and reliability.

The analysis of the performed studies showed that the
problem of assessing the reliability of SGN is an urgent scien-
tific task in our time. It is important to be able to choose stable
geodetic points based on the reliability assessment to create a
reliable SGN in the place where the development of mining
operations is planned.

Literature review. The construction of surveying plan-alti-
tude support and recording networks on the earth’s surface is
regulated in the Rules [1]. According to the Rules, the survey-
ing-geodetic network is a set of evenly spaced points on the
territory of the mining enterprise, which are fixed with the help
of special centers and signs.

Works on the construction of a surveying reference network
on the earth’s surface and surveying of the earth’s surface are
carried out in accordance with the Law of Ukraine [22], Order
[23] and other normative legal acts in the field of topographical,
geodetic and cartographic activities. Chapter I11 of the Rules [1]

states that the surveying-geodetic network is created according
to a certain project, and if necessary, it is reconstructed.

The studies performed in [7] showed that the reliability of
the geodetic networks of the designed tunnels in Sweden is quite
low due to the weak geometry of the network (limited space in
the lateral part of the tunnels). The authors concluded that add-
ing more station settings and involving observations from brack-
et points on the tunnel wall could reduce uncertainty and im-
prove network reliability. The inclusion of orientation measure-
ments (gyroscopic tracking) has a significant impact on pre-
venting the rapid decline of network accuracy in long tunnels.

The publication [12] investigated the stability of geodetic
points of the underground network of a 20-km-long buried
tunnel, with the aim of determining its safety and the accuracy
of connecting elements of tunnel structures. A submerged tun-
nel has unique engineering characteristics, construction con-
ditions, and higher alignment and watertight requirements.

In the article [14], the authors single out three methods for
optimizing geodetic measurements: choosing a coordinate
system, optimizing the network configuration and the number
of repetitions; improving the existing network by adding points
and/or observations. In engineering searches, the problem of
second-order optimization needs to be solved — the location of
the points of the geodetic network, the execution of the mini-
mum necessary number of repetitions while observing the re-
quired accuracy of measurements. Previously applied general
mathematical optimization methods did not consider the na-
ture of geodetic measurements and rational requirements for
optimization results. The article presents a new method for
optimizing the leveling network based on the gradual selection
of the most advantageous measurement to meet the accuracy
requirements. The goal of the proposed optimization was to
fulfill the selected accuracy criteria with the minimum number
of measurement repetitions. At the same time, the authors did
not consider such an important parameter as the reliability of
the geodetic network. The main attention was paid to ensuring
the accuracy of measurements.

The publication [24] proposed a new method for applying
the reliability theory in geodetic measurements. It is based on
a probabilistic determination of reliability, a system of toler-
ances and methods of localizing gross errors. Equations are
derived for determining the average number of states of points
of polygonometry and their standards.

In the work [25], the authors, based on their own experi-
ence, draw attention to the fact that before the deadline for geo-
detic works, there are cases where a sufficient number of points
are missing due to their destruction. This, in turn, leads to gross
miscalculations, lack of control and low reliability of geodetic
work results. The authors believe that in order to calculate the
optimal number of points in the polygonal network, it is neces-
sary to apply mathematical methods of decision-making, that
is, first to compile a model of the functioning of the geodesic
network in the form of a graph of states based on the theory of
Markov random processes. The publication also draws atten-
tion to the fact that geodetic networks in most cases are not re-
stored during their use, but are created anew over time.

Unsolved aspects of the problem. There are several logic-
probabilistic static methods that are widely used to assess the
reliability of various complex technical systems:

- the method of reliability prediction, which is intended for
reliability assessment at the stage of technical system design;

- the method of reliability block diagram (RBD) — for sys-
tems consisting of separate modules at the level of systems or
complexes;

- the method of Fault Tree Analysis (FTA).

These methods allow you to calculate the probability of
failure-free operation, the probability of failure, the average
time of operation before failure, but the obtained indicators are
static and can be calculated for a certain moment of operation
of the technical system (surveying-geodetic network). For the
completeness of information on the functioning of the technical
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system, it is necessary to have an idea of the change in reliability
indicators over time, therefore, the considered static methods
do not meet these requirements. This means that in order to
solve the problem, it is necessary to apply another type of mod-
el that best meets the set requirements — the Markov model.

Markov models are discrete-continuous stochastic ran-
dom processes. The probability of a technical system being in
different states varies discretely in continuous time. An ana-
lytical model is built on the basis of the state graph using the
Kolmogorov-Chapman algorithm. By solving the system of
linear differential equations, we obtain the probability distri-
bution of the system being in each state.

Markov models are suitable both for studying the func-
tional behavior of a technical system and reliability. That is, it
is possible to obtain information about changes in the state
and structure of the system during its operation, the interac-
tion between its elements when they fail or are restored. Mar-
kov processes are stochastic, they describe the behavior of ran-
dom events in time. The set of states (the set of all states in
which the SGN is) is called the state space or phase space.

The process of functioning of any SGN can be represented
as a sequence of changes in certain states known to us. When
an event occurs, the technical system transitions from one
state to another, while the duration of the state is a random
value. Markov discrete-continuous random process has cer-
tain properties:

- ordinariness (sequence of events, impossibility of simul-
taneity of two events);

- stationarity (invariance over time of the probabilistic
characteristics of a random process);

- no after-action (A = const), that is, each subsequent ac-
tion depends only on the current state and does not depend on
previous transitions. The transition probabilities are uniquely
determined by the state.

Purpose. The purpose of this work is to analyze the func-
tioning of the SGN using a Markov model in the form of a
graph of states and transitions. To study the technical system
(SGN) by the state space method. To compare two construct-
ed Markov reliability models for determining the probability of
fault-free operation of the surveying-geodetic network during
a given time, taking into account its restoration (current and
complete). To perform a numerical calculation of reliability,
safety and efficiency indicators: readiness ratio, limit probabil-
ity states, average time between failures, average duration of
SGN’s failure-free operation.

Methods. Let us apply the state space method for the techni-
cal system (SGN), which consists of 16 points. Let us generate
the states in which the SGN can be present and build a graph of
SGN’s states and transitions (Fig. 1), which is a diagram that
displays the transition from state to SGN state depending on the
state of the points. The graph is a graphic model of the SGN
system and its functioning, which is created on the basis of logic
and makes it possible to quantitatively calculate reliability indi-
cators. The system can be in each state for a certain time. At the
beginning of its operation, the SGN was in state /, when all
points were operational with the state vector (16.0).

If one of the SGN points fails with failure intensity A, the
system will go into state 2. At the same time, the state vector
will be (15.1). In state 3, one more item (14.2) will fail, so the
number of serviceable items will be 14, and 2 non-serviceable
items. The last state 9 (8.8) is the state when SGN loses reli-
ability, half of the network points are inoperable. It makes no
sense to consider further possible inoperable states. Fig. 1, a
shows a complete system recovery. After the loss of reliability
of all points, the stage of their recovery with the intensity of
full recovery comes — pp.

Let us have a scheme with current restoration (Fig. 1, b),
then when transitioning to state 2 at the maintenance stage, the
geodetic point is restored in the event of its destruction or re-
determination of its position is carried out with the restoration
intensity up and the system returns to state / again. Provided
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Fig. 1. Graph of states and transitions of the MGM, including
16 geodetic points:

a — for a system with full recovery; b — for a system with current
recovery

that during the restoration of the geodetic point in state 2, one
more point fails — the system will go to state 3, etc. The dia-
gram (Fig. 1) shows that states /—& are operational, and state 9
is inoperable. It makes no sense to consider the states of further
failure of the geodetic points of the network, because the num-
ber of operational elements of the network will be less than half.
Given that periodic monitoring of MGM is carried out once
every 15 years, there is a possibility of failure of all elements
during this time. The current restoration of the network
(Fig. 1, b) can be carried out under the condition of systematic
geomonitoring and timely reconstruction (restoration) of the
network. The periodicity of monitoring and inspection (recon-
struction) of the network depends on the intensity of failure of
its elements - geodetic points that are negatively affected by
both natural and man-made factors. Let us consider and ana-
lyze the system with full recovery (Fig. 1, a). Let us take the
initial data: A = 3 - 10~ — intensity of fallures =10 days —
recovery time; pp = 0.013 is the intensity of full recovery.

1
AV

Let us construct a system of linear Kolmogorov-Chapman
differential equations for the graph shown in Fig. 1, a.

dPI(t) _

~16L- PI(t) +1, - PO(0);

dapP(r) _ dp 3(f )_
dt

—15%- P2(2); ~143.- P3(1);

dPAt) _ dPS(t)

~130- PA(t);

—121- P5(t);

dP6(t)

_110- P6(1):; dP;(’ )

—10A- P7(2);

dP8(t) dPo()

=—9%- P8(7): =, - P9(1)+ 9% P8(1).

In the MathCad software, we will write a graph of states
and transitions in the form of a matrix
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9r

Hp

MG =
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O

We form a complete matrix of the intensity of transitions
from state to state
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-0.048 0 0 0
0.048 —0.045 0 0
0 0.045 —0.042 0
0 0 0.042 —0.039
A=| 0 0 0 0.039
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

We form and solve a system of equations relative to the av-
erage duration of stay in normal functioning states before the
first failure and determine the mean time to failure (MTTF)

20.833
22.222
23.81
r_ 25.641 :
27.778
30.303
33.333
37.037
-16L 0 0 0
16 152 0 0
0 15, -14n 0
0 0 14r -13r
AM=| 0 0 0 13%
0 0 0 0
0 0 0 0
0 0 0 0
1 1 1 1
0.069
0.074
0.079
0.085
PTS =(AM)™"-D=|0.092 |.
0.101
0.111
0.123
0.266

We calculate the readiness factor (KG) and plot the graph
of the readiness function KG(t) (Fig. 4) and the graph of the
frequency of failures w(t) (Fig. 5).

KG =) PTS,=0.734; w(1)=91-MR,q.
k

In the graph (Fig. 4), during the first 200 days of operation
of the MGM, a decrease in the readiness factor is observed
from 1 to 0.677, and then due to full recovery, the readiness
factor increases to KG = 0.734. The probability of getting into
an emergency situation increases during the first 160 days of
operation (Fig. 5). The emergency peak is on the mark
Woax = 5.368 - 1073, As a result of network repair, the emer-
gency system switches to stationary mode (w,,= 3.331 - 107%).

To increase the availability factor, the recovery time can be
halved, i.e. 7, = 5 days with unchanged failure intensity values,
then we will get the following parameters: MTTF = 221 days;
MTBF=226 days; KG=0.847 (Fig. 6). On the two hundredth day

0 0 0 0 0.013
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
-0.036 0 0 0 0
0.036 -0.033 0 0 0
0 0.033 -0.03 0 0
0 0 0.03 -0,027 0
0 0 0 0,027 -0.013

MTTF =T, =221.
k

Let us determine the MTBF (Mean time between fail-
ures)

MTBF=MTTF+ T,=231.

Fig. 2 shows the solution of a system of linear differen-
tial equations in Mathcad using the Runge-Kutt-Merson
method (MR)

Fig. 3 shows a graph of the probability of operation un-
til the first failure. According to the schedule, the working
time before the first failure will be 524 days.

We form the AM matrix.
0 0 0 0 u,
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
122 0 0 0 0
20 —-11r 0 0 0
0 1 —-10 0 0
0 0 or -9% 0
1 1 1 1 1

of system operation KG,,;,=0.807 (Fig. 6) and as a result of recov-
ery, it takes a constant value KG,,= 0.847 during the end of the
functioning of the technical system. Therefore, due to the reduc-
tion of maintenance (recovery) time, it is possible to increase the
readiness factor of SGN, while the safety of the technical system
is almost unchanged (the frequency of failures remains constant).

If we double the intensity of failures (. = 6 - 10~%) while
keeping other parameters unchanged (7, = 10 days), we get: a
doubling of MTTF = 110 days and MTBF = 120 days, a de-
crease in the availability factor (KG = 0.58) and an increase
the frequency of failures is more than 1.6—1.9 times (W, =
=10.695 - 1073; w,,= 5.242 -1073) (Fig. 7).

0 I 2 3 4
0 0 1 0 0 0
1 27.62 0.266 0.367 0.238 0.096
2 55.239 0.071 0.203 0.275 0.231
3 82.859 0.019 0.085 0.179 0.236
4 110479 | 4.977-103 0.031 0.092 0.169
5 138.098 | 1.322:10°3 0.011 0.042 0.1
6 165.718 | 3.511-10°| 3.618-10° 0.017 0.053
i 193.338 | 9.325:103| 1.173-10%| 6.914-10° 0.025
8 220.957 | 2.477-10%| 3.727-10“| 2.628:10° 0.012
9 248.577| 6.579-10%| 1.166:10*| 9.691-10“| 5.011-10%
10 276.197| 1.747-10°| 3.607-10° 3.49-10* | 2.101-103
11 303.816 | 4.641-107| 1.105-10°| 1.233-10“| 8.561-10*
12 331436 1.233-107| 3.35810°| 4.289-10° | 3.408-10*
13 359.056 | 3.274-10%| 1.014-10°| 1.473-10°| 1.331-10*
14 386.675 | 8.696:10°| 3.047-107| 5.005-10¢| 5.115-10°
15 414.295 2.31-10°| 9.112-10%| 1.685-10¢

Fig. 2. Solution in Mathcad of a system of differential equations
for a system with full recovery
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Fig. 3. Probability of operation until the first failure of the sys-
tem with full recovery
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Fig. 4. Readiness function graph for a system with full recovery
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Fig. 5. Graph of failure rate w(t) for a system with full recovery
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Fig. 6. Graph of system readiness function with full recovery af-
ter halving the repair time

Let us consider the scheme of the system with current re-
covery (Fig. 1, b) and analyze it. Let the original data remain
unchanged:

A=3-1073 — intensity of failures;

0.015 T T T T

0.01

w(t)

3
5x10

3
0 200 400 600 800 1x10
t

Fig. 7. Graph of system failure with full recovery after increasing
failure intensity

T.=10 h — recovery time;

pp = 0.013 — the intensity of the current recovery.

The graph of states and transitions in Mathcad will take the
form

8r

Mg
7\

2u,
oA

3u,
Sh
4u,
an |
Suy
K78

61y
2h

Tug
A
8u,

Let us construct a system of linear Kolmogorov-Chapman
differential equations for the graph shown in Fig. 1, b

MG =

O 00 00 0 N O N Lt v AR W W N
— O N 0 N N Lt N B WA D W~ N

%: 161 PI()+11, - P2A(1);
APX0) _ 15 P2ty +2u, - P();
%:—m.m(z)uup - PA(1);
APYO) _ 130 pa(r) + 4, - P5(0);
@: —121- P3(1)+ 51, - P6(1);
PO _ 11 Po(ry+ 6, - PT(1);
@: ~10%- PT(H)+ Ty, - PS(1);
d’:;;(’ ) 90 P8(1) + 8, - PO(1);
%:—Sup - PY(1)+ 9% P8(1).

We form a complete matrix of the intensity of transitions
from state to state for a system with current recovery
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—-0.48 0.1 0 0
048 -0.55 0.2 0
0 045 -0.62 0.3
0 0 042 -0.69
A=| 0 0 0  0.39
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

We will get the following indicators: MTTF = 171.6 days,
MTBF = 181.6 days. The readiness factor will be KG = 0.987,
which fully corresponds to the specified level of reliability of
MGM thanks to the current restoration of the network and is
maintained throughout its operation. The graph of the readi-
ness function of the surveying-geodetic network with current
restoration is shown in Fig. 8.

If we compare the graphs of the readiness function of
MGM with full (Fig. 4) and current recovery (Fig. 8) under
the condition of the same values of failure intensity and recov-
ery time, we can conclude that due to current recovery, it is
possible to maintain a given level of system reliability. On the
other hand, a system with current recovery is more expensive
compared to a similar system with full recovery.

The function of the frequency of SGN with current recov-
ery in an emergency situation is shown in Fig. 9. The graph
shows that the accident rate of SGN with current recovery (w =
=0.01) is an order of magnitude higher than the accident rate
of a similar SGN with full recovery (w=0.003). Therefore, it is
not always possible to increase the reliability of the network to
increase its safety.

It should be remembered that low-reliability MGM points
lead to loss of network performance and high system failure. At
the same time, due to technical maintenance (current recovery),
the reliability of the network can be significantly increased, but
the probability of getting into an emergency situation will also be
high. With current recovery, the availability factor will be higher
than with full recovery, but this negatively affects the cost of
maintenance of the network to maintain its reliable operation.

Conclusions. The application of Markov stochastic discrete-
continuous models allows research of technical systems at the

0.995 B

KG(t)

0.985 L 4 1 4

3
0 200 400 600 800 1x10

Fig. 8. Graph of SGN readiness function with current recovery

0.015

w(t)

3
5x10 b

3
0 200 400 600 800 1x10
t

Fig. 9. SGN accident schedule with ongoing recovery

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.4 0 0 0 0
-0.76 0.5 0 0 0
0.36 -0.83 0.6 0 0
0 033 -09 0.7 0
0 0 03 -097 0.8
0 0 0 027 -0.8

stage of their design. There is no system yet at all, but we know
how to correctly choose the recovery time, how to choose the
limit values of reliability, consider the behavior and functioning
in the dynamics of the Markov model depending on the inten-
sity of failures. You can analyze and see the relationship be-
tween reliability indicators and safety indicators and choose the
optimal initial characteristics of the technical system to ensure
the efficiency and accident-free operational state of the SGN.

Recovery provides an opportunity to maintain reliability at
a given level. With a complete restoration, the readiness factor
will be lower, but such a system will be significantly cheaper.
Carrying out the current restoration (reconstruction) of the
system requires additional expenditure of time and resources
for the reconstruction of the SGN based on the results of
monitoring, but it ensures the maintenance of reliability at the
given level. It is advisable to choose the optimal parameters of
SGN, taking into account cost, reliability and accuracy. Each
technical system is designed for a certain time of operation.
When using very reliable elements (geodesic points), the ser-
vice life of the technical system increases. That is, at the ex-
pense of unreasonable additional costs, we have a prolonged
time of using the technical system, which is not always a ratio-
nal solution in cases of creating temporary local networks (the
system does not fully develop its resource).

The use of a reliable surveying-geodetic network will allow
increasing the accuracy and quality of conducting surveying
works with obtaining reliable and reliable results of surveying
mining workings, determining the areas of mining leads, the
accuracy of determining mineral reserves, etc.

The research results have a scientific novelty, because in sur-
veying practice, for the first time, the question of the reliable state
of the reference network for the restoration of geodetic and sur-
veying points has been investigated based on the results of moni-
toring and assessment of the reliability of the network, which
ensures the quality and reliability of the performance of surveying
works. This article shows the results of the first stage of research —
the development of a mathematical apparatus for determining
the reliability of surveying and geodetic networks (SGN).

During practical calculations, regardless of the number of
points of the surveying-geodetic network, the length and con-
figuration of the courses, the parameters will adequately de-
scribe the current situation regarding the reliability of this par-
ticular network.

The application of the given model for practical determi-
nation of the reliability of real SGNs is planned after the com-
pletion of theoretical studies on improving the mathematical
apparatus of the proposed model.
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Merta. [ToOynoBa rpacdy craHiB i IepexodiB MapKIleii-
nepcbKo-reoae3nyHoi  Mepexi (MI'M), 110 BKJIOYae
16 mynkrTiB. JlocmimkeHHsT GYHKIIIOHYBaHHSI MOOYIOBaHUX
NIMCKPETHO-HEIePePBHUX CTOXaCTUIHNUX MapKiBCHbKIX MOJIE-
JIeil Mepexi 3 IOBHUM i TOTOYHUM BiZHOBJIEHHSIM. BukoHaTtu
YUCEJbHUI PO3PAXyHOK MOKAa3HWMKIB HamiliHOCTi, Oe3meu-
HOCTi Ta e(eKTUBHOCTI: Koe(dillieHTa TOTOBHOCTI, IpaHUY-
HUMX IMOBIpHICHUX CTaHiB, CEPEIHbOrO Yacy MiX BiTIMOBaMHU,
cepeaHbOI TPUBAIOCTI Oe3BiAMOBHOI poboT MI'M.

Mertoauka. [ToOynoBaHa Mozesb dyHkuioHyBaHHS MT'M
y BUIJIAL rpady CTaHiB i MepeXoiB i3 MOTOYHMM i IIOBHUM
BimHOBJIeHHsM. Ha ocHOBi Mopmesi y nmporpaMHoOMy 3aco0i
Mathcad po3paxoBaHi KoedilliEHT TOTOBHOCTI, CepeaHiii yac
po6oTu 1o nepuioi BinmoBu. [TodynoBaHi rpadiku: GyHKIi
TFOTOBHOCTI, IMOBIPHOCTI pOOOTH J0 MEPILIOi BiAMOBM Ta Yyac-
TOTH TIOTPATUISTHHS B aBapiliHy CUTYaIliio.

PesyabTaTn. [IpoaHanizoBaHi moOynoBaHi TUCKPETHO-HE-
MepepBHi CTOXaCTUYHI MapKiBChKi HallilHiCHI MOJIeJTi rpaHrY-
HUX IMOBIPHICHUX CTaHIB, CEpeHbOI0O Yacy MixX BiIMOBaMH,
CepeqHbOro yacy Ao nepiioi BinmoBu. [1pencrasiena rpadiv-
HO MMOBIpHICTb 0€3BiAMOBHOI poOOTH Y BUIJISIAI rpady mnepe-
XOJIiB, 1110 onucye Joriky dhyHkiionyBaHHd MI'M. Ha ocHoBi
rpada craHiB i mepexomniB (rpacdiyHoi MozeIi) 3a aITOPUTMOM
Konmoroposa-YernmMeHna nobynoBaHa aHaTiTUYHA MOJIEIb Ha-
NiMHICHOT MOBENiHKY MapKILEeiIepChbKO-Tre0ae3UIHOI Mepexi.
CkiiazieHa 1 po3B’s3aHa cucTeMa JiHIHHUX TudepeHIiiiHux
piBHssHb KonMoropoBa-YenmMeHna. OTpuMaHuii po3Ioais iMmo-
BipHOCTe1 epeOyBaHHS B KOXXHOMY cTaHi MI'M.

HaykoBa HoBH3HA. YTIepilie B MapKILEHAePChKiil TpaKTUIIi
BUKOHAHO OOIPYHTOBaHUII BUOIp AMCKPETHO-HENEPEPBHOL
CTOXaCTUYHOI MoJei (PYHKIIIOHYBaHHSI MEPEXi Ha OCHOBI 3a-
CTOCYBaHHSI METOJ/Ia TIPOCTOPY CTaHiB, 1110 HAKMOIIBII TOBHO
onucye mnpolec (yHKIIOHYBaHHS (MOBEAiHKM) AMHAMIYHOL
cucteMu. BcTaHOBIIEHI 3a1eXKHOCTI MixK MOKa3HUKaMU Haiii-
HOCTI i1 moka3HUKamu Oe3neyHocTi. PekoMeHnoBaHO 3acTo-
COBYBAaTH MOJIENb i3 TIOTOYHUM BiTHOBJICHHSIM Mepexi, o
JIO3BOJISIE TIIATPUMYBATH 3aJaHUii PiBEHb HAOIMHOCTI LLIJISIXOM
CBOEYACHOTO TEXHIYHOI0 00CIYrOBYBaHHS (BiITHOBIEHHS).

IIpakTuyna 3HauMMicTh. BusHaueHMit HAKOIBII AOLITb-
HMIA Yac TIPOBECHHST BiTHOBJICHHS T€ONe3NIHMX (MapKIIeii-
JIEPChKUX) TYHKTIB MPU MEBHUX MapamMeTpax iHTeHCUBHOCTI
BiIMOB 3 MeTolo nminTpuManHsg MI'M y npane3naTHoMy cTaHi
i3 3a1aHUM piBHeM HafiiiHoCTi. [ToTOYHEe BiqHOBIEHHS Mepe-
3Ki 1a€ MOXJIMBICTh YTPUMYBATU HaliiHICTh Ha 0aXKaHOMY PiB-
Hi. [Tpu noBHOMY BigHOBNeHHI MI'M KoedillieHT TOTOBHOCTI
Oyze HIKUe, TTPOTe TaKa CUcTeMa Oy/ie CYTTEBO JelleBIIIe.

KmrouoBi cioBa: mapkueiidepcoko-eeode3uuna mepeoica,
Koegiyienm eomognocmi, 6e36iomosra poboma, pienanus Koa-
Moeoposa-Yenmena, mapkiecvka mooens
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