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The relevance of the topic is due to the need to make decisions to ensure the
reliability of elements and assemblies of complex technical systems with insufficient
information about their technical condition. The problem being solved is semi-
structured and interdisciplinary. The effectiveness of solving the problem lies in the
use of information technologies and artificial intelligence methods, in particular
expert systems. The advantages of using information technologies to automate the
decision-making process to assess the current technical condition of complex
systems are considered. An intelligent decision support system has been developed
that allows assessing the risk of failure of elements and components of complex
technical systems using elements of artificial intelligence. The proposed decision
support system contains: a database; a knowledge base with methods for calculating
reliability indicators (probabilities and risks of failures) and a set of decision rules
for selecting appropriate decision-making methods; results of determining the
probabilities and risks of failure of elements and assemblies of complex technical
systems with their ranking; intellectualization model for assessing the technical
condition of elements and assemblies. The proposed algorithm for the functioning of
a decision support system implements the task of automating the process of
assessing the technical condition of complex systems. The use of the proposed
decision support system for assessing the technical condition of complex systems
will improve the reliability of technical systems with insufficient information about
their technical condition.
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Introduction. One of the significant problems of ensuring the reliability of complex
technical systems (CTS) with insufficient information about their technical condition
(TC) is the search for ways to increase the reliability and accuracy of assessing the
reliability indicators of elements and components of technical systems. During the
operation of CTS systems go through the following stages of TC changes: defect;
damage; destruction; refusal.

Due to the increasing complexity of technical systems and the growing
requirements for their reliability, the importance of the problem of access to the volumes
of diagnostic information on reliability accumulated at various stages of CTS operation
is increasing [1.2,3,4].

Currently, significant information materials have been accumulated containing
methods for reliability research, as well as methods and models for assessing the
reliability of CTS of various types.

A feature of the field of knowledge devoted to the problem of reliability is that most of
the knowledge is the personal experience of experts in the field of reliability of CTS [4].
However, experts are often forced to make management decisions to ensure the
reliability of CTS in the face of insufficient information about the technical condition of
such systems. When assessing reliability, it is also necessary to take into account the
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fact that CTS are characterized by a large number of diagnosed parameters that differ in
information content and degree of accessibility. Such CTS are characterized by specific
and varied operating conditions.

It is also significant that research and assessment of reliability indicators of such
systems is characterized by decision-making under significant uncertainty, and often
still requires significant material and time costs [5].

The growing complexity of technical systems, the variety of their parameters
and insufficient information description of the state of the systems require improvement
of management decisions to ensure the reliability of elements and components of
systems based on the results of assessing their technical condition.

Thus, during the operation of CTS, the urgent task remains to improve methods
aimed not only at assessing the technical condition of systems and the decisions made
related to them, but at supporting the decisions made.

Objective and objectives of the study. To assess the reliability of CTS, various
methods have been developed and used, often based on the methods of probability
theory and mathematical statistics, which makes it possible to automate the process of
assessing the reliability of elements and components of complex systems. However, the
stages associated with supporting decisions made to ensure reliability based on the
results of its assessment for CTS, in particular ship systems, are often not automated. As
a result, the quality of decisions made to ensure the reliability indicators of such CTS
significantly depends on the qualifications of the personnel operating the system [ 6,7,8].

Evolution in information processing leads to the actualization of the task of not
only automating the process of assessing the reliability of elements and components of
complex systems, but also to the transfer of part of the intellectual sphere of human
activity to the sphere of automation of making and supporting management decisions in
the field of ensuring the reliability of CTS.

The creation of intelligent decision support systems (IDSS), in the context of
progress in the field of information systems and technologies, find significant
application in solving complex, difficult to formalize problems, in particular, diagnosing
the reliability of CTS. Distinctive features of problems that are difficult to formalize are
the incomplete amount of initial data of the problem being solved, inaccuracy,
heterogeneity, and significant computational complexity [9,10].

The purpose of the study is to ensure the reliability of CTS elements and
components during operation based on the use of an intelligent decision support system
for assessing their technical condition.

The objectives of the study are to develop a IDSS with insufficient information
for assessing the technical characteristics of complex systems.

Analysis of the operating principle of the IDSS. Intelligent assessment of TC is a
process that includes monitoring, diagnostics and, as a result, evaluation of the vehicle
while simultaneously working with knowledge and large amounts of information.

This problem can be solved by using an expert decision support system.
Decision support system is a computer system that allows the user to solve professional
problems based on the use of databases, knowledge and models, by providing
conclusions, recommendations, and assessments of possible alternative solutions to the
problem. That is, IDSS helps the user solve a complex problem automatically [11].

In general, IDSS are information expert systems. Expert systems used to assess
the reliability of CTS elements and assemblies are recommended to be built on the basis
of artificial intelligence. This will make it possible to make management decisions in an
automated mode, taking into account the specific tasks of monitoring and diagnosing
the CTS.

The implementation of the IDSS should be based on the use of research results
on the model of a specific operating CTS [5].
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Previously developed mathematical models used to determine and evaluate the
reliability indicators of CTS elements and assemblies, using the example of ship
systems, were developed and presented in [5].

They make it possible to determine the probabilities and risks of failure of CTS
elements and assemblies. Similar models can be used in the development of IDSS to
assess the technical condition of complex systems.

Such systems solve problems: choosing the best solution from many possible
ones - optimization; ordering possible solutions according to preferences - ranking. In
both problems, the first and most fundamental point is the selection of a set of criteria
on the basis of which alternative solutions are evaluated and compared.

Main part. A IDSS is proposed to evaluate the CTS TC. In such a system, in contrast to
classical artificial intelligence systems, the theory of decision making is applied instead
of attempts to “take into account uncertainty” using production rules of the form “IF.

For the practical implementation and operation of IDSS, it is necessary to link
the developed models to an expert system containing calculated, experimental, and also
data acquired by experts during the operation of the CTS. The block diagram of the
developed IDSS (DSS, knowledge base) for assessing the technical condition of the
CTS is shown in Fig. 1.
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Fig.1. Block diagram of knowledge base, DSS for assessing the technical condition of
CTS

When developing a IDSS, a ship's CTS, or more precisely a ship's power plant
(SPP), was chosen as the object for assessing the reliability of the technical condition.
Such a system is one of the main CTS out of almost hundreds of technical systems
installed on the ship. Assessing the reliability of the SPP needs to take into account the
fact that the CTS is characterized by a large number of diagnosed parameters that differ
in information content and degree of accessibility, as well as specific and varied
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operating conditions. In addition, the CTS is characterized by insufficient information
about its technical condition.

The functioning of the developed DSS is based on an assessment of the risk of
failure of elements and components of the CTS. Those. on criteria that reflect taking
into account the specifics of the interaction of various elements and components, the
correlation of changes in the values of their parameters under various emergency
operating conditions of a complex system.

The developed IDSS (Fig. 1) evaluates the reliability of the system using a
unified system of parameters of the elements and components of the control system.

IDSS cores are: database; a knowledge base with methods for calculating
reliability indicators (probabilities and risks of failures) and a set of decision rules for
selecting appropriate decision-making methods; intellectualization model for assessing
the technical condition of CTS elements and components.

The basis for constructing an IDSS is the formulation of the decision-making
problem in general form:

N =f(F,G,A FRSG,P,CPCNS),

where F— many failures of elements and components of the CTS;

G — many set goals (to ensure the reliability of the CTS);

A — many possible alternatives;

FR - multiple failure levels of elements and components of the CTS;

SG,P,C — set of characteristics, preferences, criteria for ensuring the reliability of
elements and components of the CTS;

PC - many principles for coordinating the assessment of alternatives based on
individual criteria; NS— necessary solution to the problem

Preference F'— assessment of the usefulness of the method of achieving the goal.
The assessment is specified without highlighting the characteristics by which it is made
or the characteristics SG. The characteristics include the degree of achievement of the
goal. To make the final choice of how to achieve the goal, it is necessary to formulate
criteria C, the number of which is determined by the number of features. If multiple
criteria are used in the IDSS, then it is necessary to apply the principles of PC
coordination to agree on the assessment of alternatives for each criterion.

To support decision-making on assessments of the risk of CTS failures based on
a priori and a posteriori data, as well as when searching for failed elements and system
components in order to increase the efficiency of their operation, a method based on
dynamic Bayesian trust networks (DBTN) is used [12,13]. The use of DBTN makes it
possible to determine with great accuracy the elements and components of the CTS that
are closest to the critical state and their failure.

The task is solved by using a constant system of polling all elements of the
system at its various levels for a specific period of time. This allows, with the help of
DBTN, to study extreme situations and accurately determine the critical values of the
risk of failure of elements and components of the CTS.

The construction and study of the DBTN probability of loss of performance,
assessment of the risk of failure of elements and components of the CTS was carried out
using the GiNle software product [14]. The decision support strategy used when
searching for failures of elements and components of ship CTS consists of a number of
stages (Fig. 2).

The implementation of the strategy in the IDSS scheme for assessing the
technical condition of the CTS (Fig. 1) is ensured by targeted actions in accordance with
the IDSS algorithm (Fig. 3) when searching for failures of elements and components
based on assessments of the risk of failure of the diagnosed CTS.
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At the initial stage, the numerical values of preliminary assessments of failures
of elements and components of the CTS are determined using a diagnostic model based
on DBTN. The input variables for the Bayesian diagnostic model are test results.

The model of the operating CTS in the intelligent system for assessing the risk
of failure of system components (Fig. 1) in the form of DBTN can be written [5]:

s _LI:S:R=.|': >
where M - is the set of elements. components;

S many interelement, intercomponent connections;

R - many diagnostic assessments of the risk of failure of elements, components,
interelement, intercomponent connections;

L - display of connections between the sets M, S and R, based on the diagnostic
model of the CTS.
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Fig. 2. Strategy for decision support when searching for failures in CTS
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Fig. 3. IDSS algorithm when searching for failures of ship CTS

As a result of the functioning of the intelligent IDSS for vehicle assessment (using
the example of a ship's CTS) in accordance with the algorithm shown in Fig. 3, using
the SPP model in an intelligent system (Fig. 1) and DBTN , the dependences of the risk
of failure are determined for different samples of failure probabilities of elements and
components of systems serving the SPP (Fig. 4, Fig. 5)
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Fig. 4. Dependence of the risk of system
failure on the probability of failure of
elements of the SPP oil system

Fig. 5. Dependence of the risk of
system failure on the probability of
failure of elements of the SPP
compressed air system

The problem-oriented knowledge base model is based on the following lists:
* elements. components affecting the trouble-free operation of the CTS;
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* states in which the CTS may be in the process of failure-free operation of
elements and system components;

* factors under the influence of which the current reliability of the CTS may
change, systems transition to a state of failure with disruption of reliable operation;

* problem states into which the CTS can go under the influence of failures of
elements and components.

The knowledge base can be presented in the form of a five-level hierarchical
tree (Fig. 6).

CTS
Level 1 — Problematic elements,
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Level 2 —» Reliable operation of CTS in the
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Fig. 6. Multi-level hierarchical structure of the knowledge base tree

Taking into account the hierarchical structure of the knowledge base allows you
to quickly localize the cause of a defect or failure and reduce the time for diagnosing
CTS.

The acquisition and addition of knowledge is carried out automatically during
training and implementation of the expert system. Filling with knowledge is provided
by an expert, as well as by adapting the knowledge base to changes in the subject area
and the conditions of its functioning. This is implemented by replacing rules or
information in the knowledge base of the IDSS.

Conclusions. The proposed decision support system contains: a knowledge base with
methods for calculating reliability indicators (probabilities and risk of failures); results
of determining the probabilities and risk of failures of elements and components of
complex technical systems; intellectualization model for assessing the technical
condition of elements and components. The proposed algorithm for the functioning of a
decision support system implements the task of automating the process of assessing the
technical condition of complex systems. The use of an intelligent decision support
system for assessing the technical condition of complex systems makes it possible to
establish the degree of risk of failure of elements and components of the CTS, which
increases the efficiency of the systems. The use of the proposed decision support system
for assessing the technical condition of complex systems will improve the reliability of
operating systems with insufficient information about their technical condition.
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THTEJIEKTYAJIBHA CUCTEMA HNIITPUMKHN IPUMHATTSA PINEHD 151
OIIHKHU TEXHIYHOI'O CTAHY CKJIAJHUX CUCTEM
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AKTyanbHICTh TeMH OOYMOBJIEHa HEOOXITHICTIO MPUHHSTTS pillleHb MIOAO 3a0e3leueHHs HaJiiHOCTI
€JIEMEHTIB 1 BY3JIB CKJIaJHUX TEXHIYHUX CHCTEM IIPH HENOCTaTHiH iHpopMarii mpo iX TeXHIYHUI CTaH.
[Ipobnema, 10 po3B'I3YETHCS, € HAMIBCTPYKTYPHOIO Ta MIKIMCIMILTIHAPHOW. EQeKTHBHICTh BUpIIIEHHS
npoOJieMH TOJISITaE Yy BHKOPUCTaHHI 1H(OpMAIIHUX TEXHOJOrid Ta METOMAIB HITYYHOTO IHTEJIEKTY,
30KpeMa EeKCIIEPTHHX CHCTeM. PO3IIsIHyTO nepeBard BHUKOPHCTaHHS iH(GOPMAIIHHUX TEXHOJOTIH Ui
aBTOMAaTH3allil MpPOLECY NPUHHATTS pilleHb IOJO OLIHKM MOTOYHOTO TEXHIYHOTO CTaHy CKJIQJHHUX
cucteM. Po3po0iieHo iHTENeKTyalbHy CUCTEMY MIATPUMKH IIPUHHSTTS pillleHb, SKa JJO3BOJISIE OLIHIOBATH
PHU3HMK BiIMOBM €JIEMEHTIB i KOMIOHEHTIB CKJIQJHUX TEXHIYHHX CHCTEM 3 BHKOPHCTaHHSM €JIEMEHTIB
mTYy4HOTO iHTeNeKTy. [IponoHoBaHa cucrema MiATPUMKHN NMPUHHATTS pilleHb MICTUTH: 0a3y jaHuX; O6aza
3HaHb 3 METOJaMHU PO3pPaxyHKy NOKa3HHUKIB HaJilfHOCTI (HMOBIPHOCTI Ta PU3UKIB BiAMOB) i HaOIp IpaBHII
MIPUAHATTS pillleHb Ui BHOOPY BIANOBITHUX METOAIB TNPUHHATTS pIlIeHb; pe3ylbTaTH BHU3HAUCHHS
HMOBIPHOCTEH 1 PU3UKIB BiIMOB €JIEMEHTIB 1 BY3JiB CKJIQJHUX TEXHIYHUX CHCTEM 3 iX paH)KyBaHHSIM;
MOJIeITh IHTENeKTyai3alii Uit OLIHKY TEXHIYHOTO CTaHy €JIEMEHTIB 1 BY3JIiB. 3alIpOIIOHOBAHUI alTOPUTM
(YHKI[IOHYBaHHS CHCTEMH IATPUMKH NPUHHATTS pIlICHb peajli3ye 3aBJaHHS aBTOMaTH3allil Ipolecy
OLIHKM TEXHIYHOTO CTaHy CKJI3JIHUX CHUCTEM. BHKOpHCTaHHS 3allpOIIOHOBAHOI CHCTEMH MHiATPUMKH
TIPUAHSTTS PIillIeHb I OLIHKM TEXHIYHOTO CTaHy CKJIQJHUX CHCTEM JIO3BOJINTH IMiJBHUIIUTH HaJIHHICTH
TEXHIYHMX CUCTEM 3 HEJIOCTaTHHOIO iH(OpMaLli€ro PO iX TEXHIYHMHN CTaH.

KuarouoBi cioBa: iHpopMamiiHi TEXHOJOTIi, aJrOPUTM, CKIQJHI TEXHIYHI CHUCTEMH, MiATPUMKA
TIPUAHSTTS PIllIeHb, IHTENEKTyaJ bHI CUCTEMH, IITYYHUH 1HTENEKT, eKCIEePTHI cHCcTeMH, Oaza 3HaHb, 0a3a
JaHUX, AJITOPUTM, CKJIaIHI TEXHI4YHI CHUCTEeMHM, HaIilHICTh, PU3UK BiJMOBH, CyJIOBa CHEpreTHYHa
yCTaHOBKa
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