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06’exkmom docrioNcenns: € HeBIOHOBIIOBAHA CUCMEMA 3 OOHOKPAMHUM KOB3HUM pe3epsysanusm. Taxa cucmema
ckaadaemuvcsi i3 080X OCHOBHUX nidcucmen, 00Hiel peseperoi ma 08ox nepemuxaivhux npucmpoie. Iloxu 06udei oc-
HO6HI nidcucmemu npayesoammni, pesepsna niocucmema nepedysac y nenasanmaicenomy cmani. Pesepena cucmema
npusHavera 0nst 3aminu 0yovb-sxoi 0cHosHol nidcucmemu nicis i 8iomosu. Iepemuraivri npucmpoi Komymyromo
0CHOBHI nidcucmemu i3 pesepsrnor. B x00i ayoumy 6usieieno, wo nepemukaioii npucmpoi 0onycKarms NOMUIKU.
3oKpema nomurKy nepuLozo pooy, modmo nepPeMuKaIOMbCs 3A8UACHO, MA NOMULKY 0PY2020 POOY, MOOMO NPONYCKAIOMyb
Mmomenm nepemuranns. e snuxcye naditimicmv cucmemu ma eede 00 Hed0BUKOPUCTMAHHS 3AKIA0EHO20 8 Hel Pecypcy.

3anpononosaro nioxio, AKuil KiIbKiCHO 6paxo8ye 6NaU6 NOMULOK Nepuiozo ma 0pyzozo poody HA UMOGIPHICMYL
6e36idmosHoi pobomu docnioncyeanoi cucmemu nid uac i npoexmysanusi. Ilioxio ckradaemocs 3 dsox emanie. Ha
nepuLomy emani HAOIIHICIG CUCTNEMU MATMEMATNULHO ONUCYEMbC OUHAMIUHUM Oepesom 6i0mo6. Ha Opyzomy emani
Ha 0CHOBI depesa GI0MO8 (POPMYEMbC MAPKOBCLKA MOOeb. 3acmocosyioul ii, MOJCHA 0OUUCIUMU UMOBIPHICHI
Xapaxmepucmuxy Cucmemu.

Ompumanum pesyromamom € MamemMamuuna 3aiexACHiCmy Mijc UMOIpHicmio 6e3610M068HOT POOOMU cucCmeMU
ma napamempamy eieMenmis cucmemu. 30Kpemd, napamempams Hanpayoeants 00 6i0M06U OCHOBHUX Ma pe-
3epeHux nidcucmem, a Maxoic NApamempam NePemMuUKaIbHUX nPUcmpois, SKi 6i0n0si0aiomy NOMUIKAM NePuLOzZo
ma dpyzozo pody. Popmor npedcmasienns OMPUMAHUX PE3YTbmamis 0ist KiHye6020 KOPUCMYBaua € npozpamHuil
nPOOYKM, AKUL ABMOMAMUI0BAHO 2eHEPYE CiMelcmeo zpadikie 0ns oyineanus nadiiunocmi. lenopyeanns nomu-
JIOK NePeMUKAIbHUX NPUCIPOLE N0 Uac NPOEKMYBAHHs CUCTNEM SHUNCYE ixX (dakmuuny naditinicms, npuseooums
00 HeOOBUKOPUCANHS PECYPCI8 PE3CPEHUX eLeMEHMIs, 4 MAKONC 30LIbULYE UMOBIPHICTND ABAPIIHUX CUMYAUILL.

Buxopucmanns 6invue mounoi mamemamuunoi mooeni 0ae MojNCAUBICID KOHMPOIIOGAMU NOMULKU NePeML-
KAnoHux npucmpois nio wac npoexmysanis cucmemu. Pesyavmamu modemosanus 6yoymv xopucui ois 6ubopy
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napamempis nepemMuKaibHUx nPUcmpois.

Kmouosi cnoBa: vodens Haditnocmi, Ounamiune depeso 8i0M08, KOB3HE Pe3ePBYEAHHS, NePEMUKANLHUL NPUCTIPILL.

1. Introduction

To increase the reliability of technical systems, struc-
tural redundancy is used. This redundancy is that redundant
components are added to the structure of the system, which
after the failure of the main components and subsequent
switching take over the performance of their functions. One
of the types of structural redundancy in practice is the
sliding redundancy. Such redundancy is used if the system
is made up of several identical subsystems, all of which
must work simultaneously to make the system work. Sliding
redundancy is that a redundant subsystem is added to the
system, which can replace any basic subsystem. While all
major subsystems are operational, the redundancy subsys-
tem is in an unloaded state. If necessary, several reserve
subsystems can be added to the structure of the system.
The paper considers the simplest kind of redundancy, in
which the system is composed of two main subsystems and
one redundancy. When analyzing the reliability of systems
with sliding redundancy, one of the principal factors is the
consideration of the influence of switching devices. This
influence consists in the appearance of errors of the first
and second type. Under the error of the first type, we mean
a false operation of the switching device. This means that
the main subsystems are functional, but the switching de-

vice decided that one of them is inoperable, and connected
a redundancy. Under the second type of error, we understand
the missed switching point of the switching device. This
means that one of the main subsystems refused, but the
switching device decided that such subsystem is operable
and did not connect a redundancy subsystem. Both errors
reduce the reliability of the system and cause underutiliza-
tion of the resource. The described problem with switching
devices is relevant for the design and operation of mechanical
and electrical systems of responsible use.

This work is part of a series of publications devoted to
the search for approaches to account for the influence of
errors in switching devices for systems with different types
of booking. In [1] it is described how to correctly take
into account and estimate the influence of the switching
device error of the system according to 2-of-3 scheme. This
work is a continuation of this research, provided that the
redundancy component is unloaded.

2. The ohject of research
and its technological audit

The object of research is a non-renewable system with
a single sliding redundancy. It consists of the same energy
sources G1, G2 and G3 and the same switching devices S1
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and S2. Device S1 switches between sources G1 and G3,
and device S2 — between sources G2 and G3 (Fig. 1).
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Fig. 1. Block diagram of the system

The system is designed to supply the consumer with
energy that is connected to a common point connecting the
outputs of the switching devices S1 and S2. The system is
operable if at least two able-bodied sources are connected
to the consumer. Let’s consider the principle of the functio-
ning of the system, provided that it is non-renewable and
switching devices can’t return to their original state. Let’s
believe that in the initial state all sources are operable. The
switching device S1 connects the consumer to the source G1,
and the device S2 — to the source G2. The source G3 is
currently in a cold reserve. In the event of a failure of
the source G1, the device S1 switches and connects the
consumer to the source G3. In the event of a failure of
the source G2, the device S2 switches and connects the
consumer to the source G3. Immediately after connection,
the source G3 goes into the loaded mode. In the event of
failure of both sources G1 and G2, regardless of the state
of the source G3, the system becomes inoperable.

A typical disadvantage of the system is that the switching
devices S1 and S2 make errors that reduce its reliability.
If the device S1 allows an error of the first type, then
instead of the working source G1 it connects the source G3.
If the device S1 tolerates an error of the second type, it
does not connect the source G3 in place of the disabled
source G1. If the device S2 admits a first-order error,
then instead of the capable source G2, regardless of the
state of the device S1, the source G3 is connected. If the
device S2 tolerates an error of the second type, it does not
connect the source G3 in place of the disabled source G2.

3. The aim and ohjectives of research

The aim of research is formalization and analysis of the
effect of errors of the first and second type of switching
device on the reliability characteristics of a non-renewable
system with a single sliding redundancy.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. Mathematically describe the reliability of a system
with sliding redundancy and switching devices based on
a multi-terminal dynamic failure tree.

2. Construct a graph of states and transitions of the sys-
tem and turn it into a Markov model designed to calculate
the probability of failure-free operation of the system, taking
into account the error parameters of the switching devices.

4. Research of existing solutions
of the prohlem

In the research literature there are several approaches
to the solution of this problem. The first approach is based

on the application of mathematical simulation by the
Monte Carlo method. To this end, in [2, 3], dynamic
phenomena in the system were formalized by a tree of
failures, and in [4] a binary choice diagram (Decision
Binary Diagram). For this approach, the initial form of
formalization isn’t so important. The approach can be
adequately applied to any probability distributions and
various structural schemes of the system. The basic draw-
back of this approach is the distortion of simulation results
by random fluctuations. The size of such fluctuations
is so high that it is not possible to adequately reflect
the influence of the error of the switching device on the
reliability of the system.

The second approach is based on the application of
Markov models. In [5] it is shown how, using the usual
tree of failures, a Markov model is formed. Based on this
model, the computation of integrated reliability indicators
and this assessment causes the system’s inoperability. The
disadvantage of the work is the inability to describe the
dynamic phenomena, if the usual tree of failures is used,
and the cumbersomeness of the Markov models. In [6] it
is shown how, using the logic conditions of blocks of the
fault tree, describe the dynamic phenomena of load redistri-
bution and form the corresponding Markov model. In [7],
dynamic phenomena are formalized by blocks «Priority-
AND», «Priority-OR» «PDEP», «<SEQ» «SPARE». The
authors paid attention to the technology of construction
and the reduction of the Markov model on the basis of
using its symmetry. The drawback of both works is the
impossibility of mathematically describing the operation
of the switching device. In [8] for the formalization of
dynamic phenomena use «Functional Dependency Gate»,
«Spare Gate» and «Priority-AND Gate». In the failover
tree of the entire system, dynamic failure sub-trees are
selected for which multiple selection charts are generated.
Based on such diagrams, create and compute the Mar-
kov model. The disadvantage of the approach remains the
question of formalizing the description of a system with
sliding redundancy. In addition, a separate analysis of the
dynamic phenomena in such system will be more difficult
than its immediate Markov analysis.

The third approach is based on the use of a set of heu-
ristic methods that simplify or do not use Markov models.
In [9], the reliability of the system is formalized by an
ordinary tree of failures. To describe dynamic phenomena,
the resulting tree is converted into a «Dynamic Uncertain
Causality Graph». The resulting graph is calculated on the
basis of algebraic methods. The disadvantage of the method
is the impossibility of formalizing the whole spectrum of
phenomena associated with the reliability of the switching
device. In [10], dynamic phenomena are formalized using
the single operator «FDEP», which is considered as a func-
tional dependence. The failure tree of the system is ana-
lyzed from the point of view of the functioning of the
system in various modes. For each mode, a combinatorial
computation is performed based on the total probability
formula. The results for individual mode calculations are
reduced to a single number. The described method for
simplifying the failure tree does not provide an adequate
description of the influence of the errors of the switching
device on the reliability of the system. In [11-13], the
formalization of dynamic phenomena is performed on the
basis of the operators «Cold Spare Gate» and «Priority-
AND Gate». The authors propose to decompose these
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operators to ordinary OR and AND on the basis of integral
expressions, and calculate the probabilistic indicators by
the stochastic method. The method is based on permu-
tations according to certain rules of units and zeros in
the expression of probability, represented in the form of
a binary number. The disadvantage of this approach is the
difficulty in formalizing the reliability of a system with
sliding redundancy and the further logic of the operation
of the switching device.

5. Methods of research

At the first stage let’s construct a tree of failures of the
system, proceeding from the assumption that the switching
devices are ideal, that is, they operate instantly and do
not allow errors. At the second stage, let’s consider the
features of building a tree of failures, taking into account
these errors.

The disability of the system with ideal switching devices
is denoted by the «Top Event 1» block (Fig. 2).

Top Event 1

Basic Basic Basic

Basic

Basic

Basic
Event1 Event2 Event2 Event3 Eventl Event3

Fig. 2. Fault tree of the system with ideal switching devices

Such incapacity for work arises if the power to the
consumer can’t be supplied either by the main method or by
two redundancy methods, described by the block «Gate 1»,
the type of which is set by logical operation AND. The
main way is to not feed the consumer if there is no sup-
ply from at least one of the sources G1 or G2, described
by the block «Gate 2», the type of which is set by the
logical operation OR. The first redundancy method can’t
be powered by the consumer if there is no power from
the source G2 or G3, as described by the block «Gate 3»,

Top Event 1

which type is specified by the logical OR operation.
And, the second redundancy method — if there is no
power from the source G1 or G3, as described by the
block «Gate 4», which type is specified by the logical
operation OR. The reason for the lack of food from the
source is its failure. Let’s consider that the operating
time to the failure of sources G1, G2 and G3 is distribu-
ted according to the exponential distribution with the
parameters Aq, Ay and As.

A dynamic phenomenon occurs in the system, which
consists in changing the intensity of the operating life of
the redundancy source G3, depending on the state of the
main sources G1 and G2. To describe this phenomenon
in the block «Gate 2», set the logical condition. If both
generators G1 and G2 are operable, that is, the signal at
the output of the block is FALSE, then the gain of the
generator G3 is zero. If at least one of the generators
G1 or G2 is disabled, that is, the signal at the output
of the block is TRUE, then the gain of the generator
G3 is set to Ags.

To describe the inoperability of the system, taking into
account the errors of the first and second types of switching
devices, two phenomena should be taken into account in
the model, namely, the unauthorized switching of contacts
and the operating time to the failure of the control system
of switching devices. In order to take into account the
operating time of the switching device control system,
the blocks «Top Event 2» and «Top Event 3» (Fig. 3)
were added to the fault tree, that is, the fault tree is
multi-terminal. The «Top Event 2» block indicates the
disability of the control system of the S1 device, and
the «Top Event 3» block indicates the disability of the
S2 device control system. Since the control system of
the switching device is, in terms of reliability, single-
component, the blocks «Top Event 2» and «Top Event 3»
in the content correspond to the blocks «Basic Event 5»
and «Basic Event 7». The operating time to failure of
the control systems of devices S1 and S2 is distribu-
ted according to the exponential distribution with the
parameters As; and A

To take into account the unauthorized switching of
device contacts to the fault tree, blocks «Basic Event 4»
and «Basic Event 6» were added. The «Basic Event 4»
block indicates the state of the contacts of the device S1,
in particular, the connection of the source G1 is consi-
dered to be the position FALSE, and the source connec-
tion G3 — the position TRUE.

Top Event 2 Top Event 3

Gate 10

Basic Basic Basic Basic Basic Basic

Basic
Event1 Event2 Event4 Event6 Event2 Event6 Event3 Event4 Event1l Event4 Event3 Event6

Basic

ja

Basic
Event 7

Basic
Event 5

Basic Basic Basic Basic

Fig. 3. Fault tree of the system taking into account the errors of the first
and second type of switching devices
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The block «Basic Event 6» indicates the status of the
contacts of the device S2, in particular, the connection of
the source G2 is assumed to be the FALSE position, and
the connection of the source G3 by the position TRUE.
The probability of spontaneous switching of contacts of
devices S1 and S2 is distributed according to the expo-
nential distribution with the parameters A4 and Ag.

The absence of power from the source G1 occurs if
this source fails or the contact of the switching device S1
is in the TRUE position. This is described by the «Gate 7»
and «Gate 12» blocks, the type of which is specified by
the logical OR operation. In turn, the lack of power from
the source G2 occurs if this source fails or the contact of
the switching device S2 is in the TRUE position. This is
described by the «Gate 8» and «Gate 10» blocks, the type
of which is specified by the logical OR operation. The
absence of power from the source G3, occurs in two cases.
First, such source failed or the contact of the switching
device S1 is in the FALSE position. This is described
by the «Gate 11» block, which type is specified by the
logical OR operation. And, secondly, such source failed or
the contact of the switching device S2 is in the FALSE
position. This is described by the «Gate 13» block, whose
type is specified by the logical OR operation. For the
inversion of signals from the «Basic Event 4» and «Basic
Event 6» blocks, the «Gate 16» and «Gate 17» blocks
are used, the type of which is specified by the logical
operation NOT.

In the system there are nine dynamic phenomena,
which consist in changing the intensity of the opera-
ting time of the components and the switching intensity
of the contacts, depending on the state of the other
components.

The first phenomenon is the change in the load of the
redundancy generator G3, depending on the state of the
switching devices S1 and S2. For its description, let’s add
to the fault tree block «Gate 9» of type OR, in which
set the logical condition. If both switching devices are
in the FALSE state, then the gain of the generator G3
is zero, that is, the generator G3 is in an unloaded state.
If at least one of the switches S1 or S2 has connected
the generator G3, then its operating time is Ay4.

The second phenomenon consists in changing the
switching intensity of the device S1 depending on the
state of the source G1. For its description, let’s add
a block «Gate 7» to the fault tree, in which specify a logi-
cal condition. If the source G1 is able to work, then the
switching intensity of the device S1 is l;. In this case,
the process of spontaneous switching is the source of the
error of the first type. If the source G1 is inoperable, then
the switching intensity of the device S1 is increased by
k times. In this case, the switching process ensures that
the system leaves the inoperative state.

The third phenomenon consists in changing the swit-
ching intensity of the device S2 depending on the state of
the source G2. In the failure tree, it is described similarly
to the second dynamic phenomenon with the addition of
the block Gate 8.

The fourth phenomenon consists in changing the in-
tensity of the operating time of the source G1, depending
on the state of the contacts of the switching device S1.
For its description, let’s add the block «Gate 14» to the
fault tree, in which specify the logical condition. If the
contacts of the switch S1 are in the FALSE position,

then the operating time of the source G1 is Ay If the
contacts of the switch S2 are in the TRUE position, then
the operating time of the source G1 is 0. The introduc-
tion of this phenomenon into the model simplifies further
calculations.

The fifth phenomenon consists in changing the inten-
sity of the operating time of the source G2, depending
on the state of the contacts of the switching device S2.
In the failure tree, it is described similarly to the fourth
dynamic phenomenon with the addition of the block
Gate 15.

The sixth phenomenon consists in changing the in-
tensity of the operating time of the control system of
the switching device S1, depending on the state of its
contacts. To describe this phenomenon in the «Gate 16»
block, set the logical condition. If the contacts of device S1
are in the FALSE position, then the operating time of
the control system of this device is As. If the contacts
are in the TRUE position, then the running time is set
to zero. The introduction of this phenomenon into the
model simplifies further calculations.

The seventh phenomenon consists in changing the
switching intensity of the device S1 depending on the
state of its control system. To describe this phenomenon,
let’s add the «Gate 5» block to the fault tree, in which
set the logical conditions. If the control system of the
device S1 is operable, then the switching intensity of
its contacts is A4 If the control system fails, then the
switching intensity is set to zero. This means that after
the failure of the source G1, the contacts will not be able
to switch, which will cause a second type error.

The eighth phenomenon consists in changing the
intensity of the operating time of the control system
of the device S2, depending on the state of its con-
tacts. In the failure tree it is described similarly to
the sixth phenomenon using the «Gate 17» block and
the parameter A;.

The ninth phenomenon consists in changing the swit-
ching intensity of the device S2 depending on the state of
its control system. In the tree of failures, it is described
similarly to the seventh phenomenon with the addition
of the block «Gate 6».

6. Research results

6.1. Graph of states and transitions of the system.
Based on the fault trees presented above, graphs of states
and transitions for a system with ideal switching devices
(Fig. 4, a) and for the system taking into account the
errors of the first and second types of switching devices
are constructed (Fig. 4, b).

In Fig. 4 working states are painted white, and dis-
abled — gray. Circle 1 (Fig. 4, c¢) reflects the state of
the system by the presence of consumer power; circle 2
(Fig. 4, ¢) — state of the control system of the switching
device S1; about 3 (Fig. 4, ¢) — the state of the device
control system S2. The solid arc 4 reflects the failure of
the sources G1, G2 and G3; dashed arc 5 — switching of
the contact of devices S1 and S2; dotted arc 6 — failure
of the control system of devices S1 and S2. The graph
for the first system (Fig. 4, b) contains 6 states, of which
3 are absorbing, and 6 are transitions. The graph for the
second system (Fig. 4, b) contains 56 states, of which 11
are absorbing and 114 transitions.
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Fig. 4. State and transition diagram of the system:
a — with ideal switching devices; b — taking into account the errors of the first and second types of switching devices; ¢ — conventional symbaols

6.2. Analysis of errors of the first and second type

on the probability of failure-free operation of the system. 1 20

Based on the graphs of states and transitions of the system, 0

homogeneous Markov models are constructed using the ) \ Y\\\ L

calculated family of probability curves for the system’s 0.8 \ NN pra

non-failure operation. 0.7 OOy =
When analyzing the effect of errors of the first and 0. \ \ \\ XX 4

second type, it is important not to have the absolute value 0 N \\\\/\6

of each of the parameters, but the ratio .of the source \ \\ \\\<§\<\

parameters to the parameters of the switching devices, so 0. \/ \ AN

it is expedient to perform calculations in relative units. 0. N S

For the base value, we take the failure rate of the source 02 > N \\\\

G1 Ay =1. Since the sources G1, G2 and G3 are the same, " 6] AN \\\\

therefore Aj=ho=A3=1. - [ e p

Let’s assume that the ratio of the intensity of the
unauthorized switching of the first device S1 A4 to the
average switching time in the nominal mode of ope-
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a

ration is k;=10,000. The value of this ratio is inversely P
proportional to the switching inertia of the switching 1
device and, in the extreme case, must go to infini- 0. —
ty. Since the switching devices are the same, therefore os \\ T |2
Aa=Ng, As=A7. ) N
In Fig. 5, and a family of curves for the probability 0.7 \Q\ N —
of failure-free operation of the system for different values 0 \b\\//
of the parameters A;=Ag is given, which correspond to ) /‘\%\k\
a first-type error, under the condition As=A;=1. In particu- 0. N
lar, curve 1 corresponds to the value A4=Ag=0 curve 2 — 0 3 N
M=X=0.1; curve 3 — A=Ag=0.5; curve 4 — Ay=As=1; T4y N N
curve 5 — Ay=Ag=2 and curve 6 — Ay=Ag=10. 0.3—5] N\
Fig. 5, b shows a family of curves for the probability 0.2
of failure-free operation of the system for various values ) =S =y !
of the parameters As;=MA;, which correspond to an error 010 01 02 03 04 05 06 07 08 09 1
of the second type, under the condition A;=Ag=1. In b

particular, curve 1 corresponds to the value As=47;=0 Fig. 5. A family of curves for the probability of failure-free operation

curve 2 — As=MA7=1; curve 3 — As=A7=10, curve 4 - of the system, which show the influence of the error of the switching
As=A7=100 and curve 5 — As=A;=L. device: a — of the first type; b — of the second type
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For the purpose of comparing the results, curve 4 in
Fig. 5, a, and curve 2 in Fig. 5, b, which are indicated by
thickened lines, is the same characteristic, corresponds to
the condition A;=Xg=1 and As=A;=1. Parameters A;=\g
and As;=A; can take values in the range from 0 to oo,
where the value 0 corresponds to the absence of influence
of the error, and the value of o is the absolute influence
of this error. In Fig. 5, and the curve corresponds to the
condition As=Ag=u is not shown, since the reliability in
this case tends to 0. This corresponds to the case when
both switching devices are triggered at the initial moment,
which immediately turns the system into an inoperable state.

As can be seen from the figures in Fig. 5 graphs, with
a step-by-step increase in the parameters Ay=Ag=, and As=27,
the probability of failure-free operation of the system is re-
duced. On the curves in Fig. 5, b constructed for the error
of the second type, with a change in the parameters As=2\;
in the range from 0 to 1, let’s observe an increase in the
influence of the second type error, which leads to an increase
in system non-failure. As a result, we observe a phenomenon
in which, for a time ¢=1, the reliability of a system in which
an error of the second type is absent is lower in terms of
the reliability of a system in which there is no redundancy
at all. This phenomenon requires further investigation.

7. SWOT analysis of research results

Strengths. Accounting for the errors of switching de-
vices in the analysis of the reliability of a non-renewable
system with a single sliding redundancy contributes to
the more efficient use of reserve components, increasing
the probability of failure-free operation of the system and
indirectly reducing the costs of eliminating emergencies.

Weaknesses. The use of multi-terminal tree failures with
a large number of dynamic relationships and Markov ana-
lysis greatly complicates mathematical calculations, re-
quires the involvement of a specialist in reliability. With
an increase in the number of basic or reserve components,
a model is developed that requires substantial refinement,
starting with the stage of building the failure tree.

Opportunities. The obtained results will be used to
develop a generalized methodology for constructing ma-
thematical reliability models for various types of structural
redundancy. A separate study requires a phenomenon in
which the reliability of a system in which an error of the
second type is absent is lower in terms of the reliability
of the system in which there is no redundancy at all.

Threats. The reliability model constructed in the work,
formed from the condition that the operating time of com-
ponents to failure, as well as the flow of errors of the
first and second type are distributed exponentially. If the
actual distribution differs significantly from the exponential
distribution, then the gain in accuracy can be leveled.

1. In the work, the dynamic fault tree of a non-renewable
system with a single sliding redundancy and ideal swit-
ching devices was converted into a multi-terminal dynamic
failure tree. Due to this, it was possible to introduce into
the model nine dynamic phenomena of mutual influence of
components and switches, in particular, such phenomena
as unauthorized switching of contacts and the operating
time to the failure of the control system of switching

devices. As a result, the original dynamic fault tree contai-
ning 1 block «Top Event», 4 blocks «Gate» and 6 blocks
«Basic Event» complicated up to 3 blocks «Top Event»,
17 blocks «Gate» and 14 blocks «Basic Event». However,
this made it possible to take into account the influence
of the errors of switching devices on the probability of
failure-free operation of the system.

2. Due to the replacement of ideal switching devices
with switching devices that tolerate errors, the number
of system states for the state graph and transitions has
increased from 6 to 56, and the number of transitions has
increased from 6 to 114. This allow to take into account
the states in which the system as a whole and state of
the control system of individual switching devices. In the
Markov model of the system, the parameters of the swit-
ching devices are added, such as the intensity of the false
operation of the switching device, corresponds to the er-
ror of the first type, and the intensity of the operating
time of the control system of the switching device, which
corresponds to a second-type error. It is established that
with a step-by-step increase in the switching intensity of
the switching devices’ contacts and the intensity of the
operating time of the switching device control system, the
probability of failure-free operation of the system is reduced.
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DETERMINATION OF INVESTMENT
ACCURACY AND FORMATION OF
INFORMATION SUPPLY OF GEOECOLOGICAL
MONITORING OF USE OF LAND

06’exmom docaixcenns € mexnonozis USHAUCHHS IHEeCMUUITHOT npusabausocmi ma gopmysanis inpop-
Mayiiinozo 3abe3nevenns 2€0eK0102iun020 MOHImMopunzy suxopucmanis semenv. Oonicio 3 naubitvuux npodiem
8 Cyuacnux nioxodax 00 uUsHAUEHHs THEECMUUIUNOT NPUBAOIUBOCL MA 2€0€KOI02IUNH020 CMANY BUKOPUCTAHHS
3eMeNb € CKAAOHICMb icHy0uUx nidxodie ma eidcymuicms inpopmauiinozo sabesneuenis.

Pospobaeno memoou 00 ouinKu iHeeCmuyiiol npusabiusoCmi ma 2e0eKoi02iuin020 CIAHY GUKOPUCTILANHS 3eMELb.
Ii memodu daromv mosxcausicmy po3podumu 3axo0u 00 KOMNIEKCHOZ0 3POCMANHS THEECTNUUITHOT NPUBAOIUEOCTNT
Ma GU3HAYEHHS. 260€K0A02IUH020 CMANY 3eMelb 0l POPMYBAHHA MEMOOUMHUX PeKOMeHOayitl w000 NideuleHHs
eexmusHOCMI BUKOPUCTANHS 3eMelb. 3anPOnoHO8aHt nidxo0u Maiomy AHALIMUYHUL Xapakmep ma 6asyomocs Ha
Memoodi ananisy iEpapxiil, pesyivmamax Kopeisyitino-pezpecitinozo ananisy. Ha eiominy 6io icnyrouux, 6onu daiu
amozy chopmysamu cucmemme cepedosuie 0st KilbKicHol OUiHKU 2€0€K010214H020 CMAY Ma BUKOPUCTRAHHS 3eMELD.

B x00i docridicens sukopucmosysaiucs npocmoposuil, 6azamopaxmopnuil, peumunzosuil ma exoHoMiuHuLL
nioxoou. Busieneno, wo 6xasamni nioxoou we Maioms 4imxoi nociioo6HOCmi ma ne 6 no6Hill Mipi GU3HAUATOMb CYUACH]
acnexmu BUKOPUCMANHS 3eMelb.

3a pospobaerumu memooamu 00 OUiHKU THEECTNUUILHOT NPUBAOIUBOCTNE A 2€0€K0L02IUH020 CTNAHY GUKOPUCTNAHIS
3eMelb 3anponoHO8ano Komniekcnui nioxio. Bin 6asyemvcs na pesyivmamax Mamemamuunozo Mo0emnosanms ma
0ae MOJNCIUBICMY OMPUMATNU IHMEZPATLHY OUIHKY 2€0€K01021UH020 CMANY BUKOPUCTIANH 3eMETb.

3asosaxu yvomy Oami po3pobiu 3abesneuamyv OUiHKY 3eMelb Mma NPUHAMMS piuens 3 60Ky 3auiKaeIeHUX
0ci6 Ha Micyeeomy, pezionaivhomy ma oepicasnomy piensax. Pospobaenuil inmezpaivnuil Kpumepii 003604umy
nideuwUmuU Piserb BUKOPUCTNAHIS 3eMelb MA 3A0e3neuumny ix KOMNICKCHY OUIHKY. 3anpononosani pexomenoayii
dadymo MOACIUGICI® UIMKO MA 0OOTPYHMOBAHO BNAUHYMU HA PIBEHD BUKOPUCTAHHS 3eMETb, MA CBOEUACHO 11020
apezymosamu. Y nopieHsmmi 3 6i0oMumu nidxo0am, Po3podIeHUT MAE KOMNIEKCHULL Xapakmep ma 6a3yemvcs Ha
NOCAI006HUX eMaANax anarimuunux pospaxynxie. Ile sabesneuye mounicmo OuinKu ma 6UKIIOUAE BNIAUG 00 EKMUBHUX
paxmopis npu eusHaueni IHEeCMUUIUNOT NPUBAOIUBOCTNT MA 200€K0JI02IUH020 CINAIY GUKOPUCTIANHS 3eMElb.

Kmouosi cnosa: irneecmuuiing npusabiugicmv 3eMeib, 2e0eK0JL02IUHUL MOHIMOPUHZ, iH(opMayiline 3ade3neuens,
BUKOPUCMANHS 3eMeTD.

Radzinskaya Y.,
Korniiets A.

— increase in the incidence of the population;
— global climate change;

1. Introduction

Creation of a favorable investment climate and geo- -

ecological state in the land sector directly determines the
further development of both cities and regions and the
country as a whole. The processes of development of cities
and regions, first of all, are stipulated by the volume and
rates of growth of investments in their lands, will change
their structure and qualitative characteristics. Along with
this, in most regions of Ukraine there are problems in
balancing the environmental support for land use. Deep-
ening of negative processes external and internal factors:

— degradation of natural ecosystems;

— loss of biodiversity;

anthropogenic load on the natural environment;

— erosion;

— pollution;

— moistening and bogging of soils;

— decrease in efficiency of land use.

To solve the presented problems, geoecological monito-
ring systems are used, which are formed on the basis of
information support for increasing the efficiency of land
use, taking into account the influence of environmental
factors. But, in most cases, the set of factors that directly
shapes the investment attractiveness of the land and form
the information support for geoecological monitoring of

;30
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