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NPP as a technically complex facility. Global
reliability management using “Between True
and False” method

The presented research article gives an overview of modern aspects of the concept of reliability and risk man-
agement of technically complex construction objects using the example of a nuclear power plant (NPP). Through
the analysis of domestic and foreign approaches to the study of NPP reliability management systems, the paper
defines the vector of development of applied science in the field of project reliability assessment. The author out-
lines the problems of development of an integrated system of organizational and economic reliability manage-
ment of the main stages of construction of nuclear power facilities. The article presents the main theses and de-
scription of the author’s development of the methodology of reliability assessment of the technically complex NPP
system on the basis of multi-criteria approach. It is proposed to use stochastic and deterministic methods of re-
liability assessment for the technically complex NPP system. The relevance of applying the theory of fuzzy sets
is substantiated in the context of the analyzed problem when assessing the degree of reliability of the nuclear
power plant as a technically complex real estate property. The method of network graphs construction, forming
the basis of the applied software of the organizations performing the functions of customer and contractor of NPP
construction, is considered as a sub-base of the system of project reliability assessment by its stages and phas-
es. The article formulates the problems of reliability and risk management, draws conclusions and recommenda-
tions on the prospects of NPP reliability management systems development, and identifies directions of further
research in this field. It is proposed to create a global map-scheme of the international market of nuclear industry
facilities based on their reliability data. The paper substantiates the fact that the creation of such a map will make
it possible to inform humankind publicly about the state of energy facilities using peaceful nuclear technology.
Keywords: nuclear power plant (NPP), NPP construction, NPP reliability management, construction risk man-
agement, construction economics, industrial construction, multi-criteria reliability assessment, fuzzy set theory in
reliability assessment, enterprise economics, mathematical modeling
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INTRODUCTION

ithin the context of principles, generally rec-
ognized by the world community, on
the need to enhance international coopera-

tion in the field of nuclear energy and the development
of sales markets with a steady growth in demand for
nuclear energy, including energy produced using
Russian technologies, the issues of safety and reliabil-
ity of project management in the field of peaceful atom
nuclear technology are the most urgent ones that re-
quire extensive research. The International Nuclear
and Radiological Event Scale, adopted by the IAEA
and consisting of seven levels, makes it possible to
measure the degree of danger of accidents and inci-

with zoning of nuclear power facilities (NPP) by their
reliability, which will also help to identify the gradation
of zones with most favorable conditions for the devel-
opment of nuclear power. This map will make it possi-
ble to observe in real time the current situation in re-
gions whose population and governments are com-
mitted to or, on the contrary, opposed to the develop-
ment of nuclear power technologies, regions with
an increasing terrorist threat, as well as regions of pro-
spective development of “peaceful atom” projects.
As a result of the development of the ideas pre-
sented in this research, a multi-criteria research
method based on a probabilistic approach to relia-
bility assessment using deep expertise was devel-

dents that have already occurred. At the same time, it
is necessary both retrospectively and prospectively to
analyze, evaluate and form safety margins of the exist-
ing NPP facilities to prevent similar events in the future,
by ensuring the proper degree of reliability of all sys-
tems. The presented research and review article is de-
voted to organizational and economic reliability work
in facilities in question. The methodology and princi-
ples of reliability management are investigated and
the foundations of our own multi-criteria approach to
assessing and managing the reliability of a nuclear
power facility are proposed. In addition to assessing
the reliability of projects, one of the goals of the pre-
sented work is to develop the basis for further creation
and international use of an interactive map of the world

oped based on the obtained and systematized ex-
perience in the economic sector under study.

The concept of reliability is at the intersection of
such sciences as mathematics and statistics (prob-
ability theory, applied mathematics and control pro-
cesses, physics and chemistry (in terms of studying
external physical and chemical influences on
the object under study, as well as physical and
chemical processes inside the object being stud-
ied), as well as economic science (in terms of meth-
ods of economic efficiency) (Fig. 1) [1].

According to Nuclear Reactor Information Sys-
tem as of June 2023, the following current statistics
of NPP capacity distribution by world regions is
given and illustrated at Fig. 2.

1 In Operation & Suspended Operation Reactors. URL: https:/pris.iaea.org/PRIS/WorldStatistics/OperationalReactorsByRegion.aspx
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Fig. 1. Sketch to the nuclear plant

This information is of interest for solving the problem of devel-
oping and testing a methodology for assessing the organizational
and economic reliability of a nuclear power plant project at both
the pre-investment and investment stages. In matters of construc-
tion of technically complex structures, the basis for the success of
the project is location and economic efficiency, determined, among
other things, on the basis of the chosen location. The more de-
manded the project is, the higher its reliability potential due to
greater loyalty to the significant costs that:

® must be incurred;

e have guaranteed sources of financing, in addition to subsidy

and investment;

® have guaranteed consumption of the project’s products, in

the case of NPP — this is the supply of electric power and
energy to the grid with further distribution to consumer groups
[2, 3].

The relevance of the study of project reliability is determined by
the fact that in case of lack of reliability or reduction of its threshold
in the project, the latter will not be realized. Let us define the con-
cept of organizational and economic reliability. “This is such
an economic state of the company, which ensures the effectiveness
of its sustainable development, rational use of all types of resources

IN OPERATION REACTORS

and satisfaction of all stakeholders within reasonable economic
risk” [4].

Initially, let us consider the historical aspect of the scientific de-
velopment of the concept of reliability. It is accepted to believe that
scientific interest was formed in the first half of the twentieth centu-
ry, when the term “reliability of technical systems” appeared. Later,
in the second half of the twentieth and early twenty-first centuries,
the concept of economic reliability was formed, following the pro-
duction reliability [4].

“Modern economic realities of market relations have raised
the problem of economic reliability to a new level, ... the indicator of
reliability of the organization becomes a key indicator in making
managerial decisions; it is given attention by the heads of compa-
nies, financial and tax services, government agencies and other
organizations that make decisions regarding the position of eco-
nomic efficiency of the organization's functioning. Absolute reliabil-
ity of an organization, as well as other systems, is impossible. At
the same time, the management of each organization strives for this
indicator” [4].

The scientific novelty of the tasks and conclusions presented in
the article is due to the fact that many authors of domestic and
world science study the theory of economic reliability of the organ-
ization; however, the unity in the approach to its definition has not
yet been formed.

The author of the presented article sees the future for the devel-
opment and implementation of the methodology of multi-criteria
analysis of system data both at the stage of design and at the stage
of construction of a nuclear power plant. Development and imple-
mentation of systems of control and management of NPP facility
reliability in a unified form is the most important task of the world
community, as it becomes obvious that the efficiency of already
existing models of control and safety management of high-tech and
hazardous facilities has been decreasing. Reducing the influence
of the human factor is no longer within the framework of the “four-
eyes” method, and “manual” or even “semi-automatic” data collec-
tion and input into analytical systems are becoming too politicized
and biased, while the world community is making ever-increasing
demands to control over the reliability and safety of nuclear facili-
ties. Such integrated systems of management of organizational and
economic reliability of the major stages of construction of nuclear
power facilities, which can be integrated in a separate system, have
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not been developed and implemented in the proposed scope.
Hence, the article presents the main trends in the development of
the nuclear power facilities construction market, as well as the role
of ROSATOM in the development of large-scale international pro-
jects. In the third decade of the twenty-first century, in addition to
the technical reliability of complex structures, the need to develop
and improve the methodology for managing the organizational and
economic reliability of projects in the nuclear power industry comes
to the forefront.

According to the International Atomic Energy Agency, there are
currently 438 nuclear reactors in operation worldwide. This figure
means that the number of nuclear installations on Earth is more
than double than the number of states, and, according to the UN
data for 2023, there are 193 of them [5]. Such a scale of coverage
of the planet by nuclear technologies makes dedicated specialists
consider the reliability of technically complex industrial facilities in
the context of organizational and economic problems; first and fore-
most, how to organize the construction and operation of such fa-
cilities reliably and safely [5]. Therefore, the tasks of ensuring
the reliability of such systems both at the planning stage (pre-
investment stage) and at the stage of implementation and subse-
quent operation gain crucial importance.

Reliability is “a complex property of systems to perform satis-
factorily the required functions within a given time interval, when
the probability that the system will perform these functions within
a given time interval can be a qualitative characteristic of the prop-
erty” [6]. The first method will be to determine the reliability of
the system by means of a number of indicators, the main of which
will be the “percentage of implementation” of the economic deci-
sion. This indicator will be calculated as follows in the Formula 1 —
assessment of reliability of economic decision [6, 7]:

P’ -P,
P?

Hk=1—E=[ J,k=1,..., K, (1)
where H, is assessment of reliability of economic decision by k-in-
dicator of economic solution;

E is mathematical expectation symbol;

P2 is projected (planned) value of the k-indicator;

P, is its probable actual value;

K is nomenclature of assessed indicators.

The second method is based on the main property of reliabil-
ity: inverse dependence on risk. Here reliability becomes the main
criterion for evaluating the project being implemented. Thus, mech-
anisms and levers of reduction, mitigation and compensation of
risks of the project system are developed and implemented to man-
age the reliability of a technically complex system such as an NPP.
In this case, the concept of inertia of technological and economic
processes is involved, and each of the management decisions
taken is specified in the model, after which the researcher can esti-
mate how the inertia (namely, reliability reduction) of the system in-
creases with each subsequent stage. The main stages are planning
and organization of work, identification of hazards, risk assessment,
and development of risk mitigation recommendations [3].

“Risks cannot be separated from each other. Let us complicate
the speculative model by the fact that for such an assessment of
organizational and economic reliability of production systems we
will allocate stages (periods) according to the principle of stage-by-
stage analysis. In our case, the first stage will be the assessment of
reliability in the process of preparing a feasibility study (FS) of
the project”. This develops the assumption that “a high level of pro-
ject reliability at the stage of goal-setting significantly increases

the level of reliability of subsequent decisions related to the realiza-
tion of this project” [3]. The feasibility study of the project, in addi-
tion to all technical and economic parameters, contains a clear
formulation of the NPP project goal.

Here, the multi-criteria approach to the reliability assessment of
NPP projects proposed by the author of the article comes into
force. It is possible to supplement the range of analyzed criteria
with such criteria as no-risk and optimality, along with the already
known criteria of “adaptability, viability, maneuverability, failure-free
operation, and stability” [8]. We complicate the model by adding
weight and share characteristics, quantitative and qualitative crite-
ria, where the intermediate task of assessing the weight of each
criterion is assigned to a specially formed expert council for as-
sessing the reliability of the construction project. The more techni-
cally complex and risky the object is, the greater damage can be
caused by an error during construction and operation, and the more
criteria will be included in the evaluation program. The reliability of
the project becomes multilevel and more sustainable.

The proposal of a new multi-criteria approach is also greatly
conditioned by the historical aspect. Appealing to the history of
the issue development in the domestic science in the sphere of in-
vestigating reliability of technically complex systems such as NPPs,
it should be noted that a certain vector of studies has been formed.
For instance, according to the opinion of scientists who contribute
to the development of the concept of technical reliability of enter-
prises and who publish scientific papers on this subject in “open
press available to a wide range of scientific and technical work-
ers” [8], there is an opinion about some insufficiency of materials
due to the established view on “absolute safety” of national tech-
nologies and equipment, which “until recently was the foundation
for prescribing safety standards”. The requirement of “absolute
safety, i.e., zero risk, eventually led to costly and even tragic conse-
quences for the country’s population and economy” [8]. Accord-
ingly, “specialists operating technical systems and servicing haz-
ardous technologies in the chemical industry, power systems, and
pipeline transport turned out to be methodologically unprepared to
search for and analyze critical failures leading to accidents” [8].
Thus, referring to the retrospective aspect of the reliability of techni-
cally complex systems, and in contrast to the above opinion, we
emphasize the need to include in the assessment of the situation
the assumption of a possible sabotage that could have taken place
in 1986 [8].

For this reason, the third method of reliability research and
assessment is proposed: reliability analysis on the basis of sys-
tematization of system failures by generic attributes together with
grouping and identification of regularities when drawing up sched-
ules for NPP organizational and economic management. The con-
sequence and the result of the wide introduction of this method will
be the increase of the level of knowledge about reliability and safe-
ty of technically complex industrial facilities up to the level of mod-
ern requirements in achieving reliability, in compliance with the cur-
rent and prospective tasks of engineering development and
scientific and technical progress.

The method of possible failure investigation should be applied
at the pre-investment stage, at the construction stage, and to
an even greater extent at the operation stage. This is dictated by
the fact that currently the whole world and Russia as the leading
state possessing the so-called dangerous technologies, is moving
from dry statistics of accidents to the use of engineering methods
of preventive analysis and research of “technical systems and high-
risk facilities in order to prevent accidents”. In fact, the world
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community is moving from the concept of “react and correct” to
the principle of “anticipate and prevent”, including the task of elimi-
nating the global negative effect in the form of disasters and huge
economic, social and environmental damage. When working on
reliability assessment by the method of investigation of possible
failures, such criteria should be added as analysis of the legislative
framework of safety of technically complex industrial production,
engineering reliability, cyber and information reliability. Here we can
use the normative definition of reliability given in GOST standards,
where reliability is “the property of an object to preserve, within
the established limits, the values of all parameters characterizing
the ability to perform the required functions in specified modes and
conditions of use, maintenance, repairs, storage and transpor-
tation”?. This definition characterizes the systems, failures in the op-
eration of which should be critically evaluated when analyzing
the reliability of the entire system.

Thus, most methods come down to the fact that reliability
should be denoted by a dimensional value. The fourth method is
the method of probabilistic description of failures depending on
the given criteria. Such reliability indicators as failure-free opera-
tion, maintainability, durability and safety can be described a) prob-
abilistically, which is more suitable for analytical calculations, and
c) statistically, which is used for empirical assessment of the relia-
bility of technical systems. Combining the third and fourth methods,
we introduce the concepts of “the time to failure” and “failure prob-
ability”. To identify the criteria of NPP system reliability assessment,
the concept of mean time to failure is used as a mathematical ex-
pectation of the facility operation before the first failure and mean
time between failures as a mathematical expectation of the facility
operation between failures [8]. Calculation and introduction of indi-
cators into the multi-criteria model will supplement it with a neces-
sary layer of system failure probabilities. The existing systematiza-
tion of reliability types of NPP systems and equipment, including
unit reliability, functional reliability, operational reliability, construc-
tion reliability (as strength and durability of building structures),
software reliability, and operational reliability will be supplemented
by human resource reliability, as further stated in the article. Simul-
taneously with the assessment of each of the types of reliability
given in the systematization, it is necessary to analyze the so-called
failures, to identify and assess their causes, which may be the fol-
lowing: the presence of design defects, the presence of errors in
the applied technology, the presence of operational errors, tempo-
rary failure of a certain system. At the same time, it is necessary to
correctly assess the nature of the failure, which can be either in-
stantaneous, or phased, or cumulative, or combined. It is important
to understand the nature of failures in order to distinguish between
instantaneous and phased failures, as well as stable and quickly
ending failures, the latter are called setbacks (in this case the per-
formance of the system is restored immediately and no repair works
are needed), in order to further interpret them in the form of proba-
bilistic stochastic models. As the next step, primary and secondary
failures are distinguished with the help of statistical probabilistic
patterns. By “primary failure of an element” we mean such a failure
when the element itself is the cause of the failure. For example,
metal fatigue is a primary failure [8]. An equally important role is
played by secondary failures when the cause is the current or previ-
ous exposure limits affecting the elements of the system, for exam-
ple, by such energy sources as thermal, mechanical, magnetic,
radioactive, thermal, chemical, natural, geothermal, or geological.

2 GOST 27.002-89. Reliability in engineering. Basic concepts. Terms and definitions.

Specified factors such as structural factors during design, struc-
tural factors during construction, disturbances (deviations) during
operation and maintenance of the system, external regular impact
including temperature, dirt, moisture, dust, vibration, external emer-
gency effects including fire, flood, earthquake, hurricane, factors of
lack of diversification of supply, where the concentration on one
manufacturer in case of a system error in the production of units
results in the system having a repetitive defective element, seam,
equipment, etc. All the above parameters, including assessment of
the equipment power supply, both main and backup, operation of
measuring devices, planning of protective measures, etc. are all
included in the multi-criteria system of NPP facility reliability assess-
ment.

It should be noted that the main task of the organizer and cus-
tomer of a complex technical system of NPP is to collect empirical
statistical data in order to systematize the experience of errors with
the subsequent determination of weight criteria for each of them in
the input data of the software to identify reliability stress factors of
both the project as a whole and its individual subsystems. Let us
consider several ways of collecting and analyzing data to assess
the reliability of systems. One of the rather simple ways is check-
lists, as well as “what will happen if...” sheets, i.e. special docu-
ments and instructions developed by the engineering and manage-
ment division of the enterprise. Based on the data collection
method discussed above, the fifth method of reliability assess-
ment is the development of analytical tables or diagrams of differ-
ent types: “fault tree”, “decision tree”, “outcome tree”, and “event
tree”, which, in its turn, is an advanced version of “decision tree”.
The decision tree can be presented in the form of a diagram, which
is convenient to apply for NPP operation and is illustrated at
Fig. 3 [8].
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In the context of reliability issues of technically complex pro-
duction facilities the role of the main link — the human resources —
cannot be underestimated. The author proposes to adopt the meth-
od of human reliability assessment as the sixth method of
reliability assessment, as the human factor is most important for all
technically complex enterprises and production facilities. Reliability
assessment with a human factor in mind is relevant both for the in-
vestment and design stages of construction, and for the operation-
al and final period. Reliability of human work is measured by
the probability of a positive result of this labour, in this case achieve-
ment of the task set for a specific period of time is assessed, equal
to the stage of the project under certain conditions. Conversely,
an error in the work of the project personnel means failure to ac-
complish the assigned task or a prohibited action or violating
the work schedule. It should be taken into account that most of
the work at the enterprise is related to human activity, whatever
the degree of automation is available.

Human error leads to the failure to fulfill the set goal or, on
the contrary, to the performance of a prohibited action, which is
the cause of damage to the technical system or violation of the es-
tablished order of regulated procedures. In the process of opera-
tion, most of both automated and non-automated systems require
human intervention. Over many years of practice of using both
highly skilled and unskilled human labour, it has become obvious
that errors are inevitable, and it is impossible to assess reliability
without consideration of the results of human participation in the op-
eration of all systems.

Nevertheless, under modern conditions it is not sufficient to as-
sess operator errors from the point of view of the probability of
the error itself as an influence of the human factor. There is a rela-
tively new direction in the modern approach of the international sci-
entific community: it involves countering threats from internal viola-
tors. This vector, studied and examined at the global level, is under
special attention of the IAEA (International Atomic Energy Agency)
that developed the relevant Practical Guide in 2008, which will be
updated in 2023. The term “operator” or “nuclear operator”, as de-
fined by the IAEA, is used “to designate an entity (person or or-
ganization) officially authorized to operate a nuclear or radiological
facility or officially authorized to use, store or transport nuclear ma-
terial and/or radioactive material”. The main condition for the exist-
ence of such a risk is the authority, knowledge, and “access that
internal actors at the facility may have, including physical access to
certain areas and nuclear material, internal or authorized remote
access to a computer or computer network, and access to ‘sensi-
tive’ information about the facilitys.

A simple example of countermeasures is the “two-person rule”
(or four-eyes method, in the language of programmers), meaning
a control method used to achieve a high level of reliability and se-
curity of sensitive facilities in the field under consideration, whereby
access and actions require two or more authorized persons to be
present at all times (as an example, start-up of an installation while
using two different keys at the same time). The following measures
can be useful: unannounced and unscheduled inspections of
the implementation of protective measures, development and im-
plementation of instructions, regular application of administrative
penalties, confidentiality and secrecy rules, inspections, including

those involving independent groups, changes in the organizational
structure by restricting access, changing the amount of available
information (transfer to another area).

Drawing conclusions on the basis for the development of a multi-
criteria system for assessing the reliability of a technically complex
NPP construction facility, it is recommended to assess the entire set
of factors of the organizational and technical process, such as labour
resources, including their sufficiency, qualification, loyalty to the en-
terprise, material and non-material motivation; licensing and legal
resources, including compliance of available and mobilized resourc-
es with the stated objectives in terms of time, scope and quality; as
well as material and technical resources, including production and
technical resources, and other resources that affect the safety and
risks associated with complex technical production processes.

The development of independent multi-criteria approach is dic-
tated not only by domestic, but also by Western developments, in-
cluding the “Swiss Cheese Model” introduced by James T. Reason
in 1990, which, in the context of the researched problems, the au-
thor of the article proposes to apply for the analysis of “cumulative
consequences of actions” when assessing the technical, organiza-
tional and economic reliability of complex production systems,
such as NPP. The analytical model should be supplemented by four
types of errors that can lead to so-called project failures that, in
turn, arise due to one or more of these errors, namely: management
errors (as an example, as a result of the crisis, the reduction in train-
ing and professional development costs that subsequently led to
the accident); insufficient managerial control at all levels; prerequi-
sites for unsafe actions (for example, placing on the NPP dash-
board a “destroy everything” button next to the public announce-
ment button); and unsafe actions themselves*.

As the conclusion of the development of a multi-criteria system
of NPP reliability assessment, various criteria become the prism of
design analysis at each of the following stages of NPP construction:

1. Negotiation stage — preparation for an intergovernmental

decision.
2. Preliminary feasibility study.
3. Decision-making at the level of state governments, signing of
the intergovernmental agreement.
4. Establishment of a joint working group and updating of
the feasibility study.
. ldentification of sources of financing.
. Site assessment and selection, survey work.
Design development.
. Construction of the facility, including supply of materials,
complex equipment, organization of works.
9. Pre-commissioning, commissioning and adjustment works.

10. Lifetime of operation.

11. Decommissioning®.

It should be noted that stages from 1 to 7 can be referred to
the preparatory stage of the construction project, stages 8 and 9 to
the main stage of the construction project, and stages 10 and 11 to
the operational stage of the construction project. Each stage should
have its own scheduling in order to predict the proper level of reliabil-
ity of each stage. The stages of NPP construction project realization
according to the Built-Own-Operate (BOO) model are described in
detail in the report and presentation by Denis E. Sezyomin, devoted

® ~N O O,

3 IAEA, Regulation on preventive and protective measures to counter threats posed by an insider. 2020. URL: https://www-pub.iaea.org/MTCD/Publications/PDF/PUB1858_web.pdf

4 Reason J. The contribution of latent human failures to the breakdown of complex systems. Philosophical Transactions of the Royal Society. 1990; 327(121):475-484. DOI: 10.1098/

rstb.1990.0090URL:https://royalsocietypublishing.org/doi/10.1098/rstb.1990.0090

5 Alshraideh M., Engovatov |., Morozenko A. Issues of NPP life cycle management. Energy Policy. 01.24.2023. URL: https://energypolicy.ru/voprosy-upravleniyazhiznennym-
cziklom-aes/energetika/2023/19/24/#:~ text=2Kn3HeHHbIN%20unkn%20A3 C%20nocnegoBaTensHo%20BKN0HaeT, Hadane %201 %203aBepLueHnn%20yKkasaHHon %20 4esTENbLHOCTH
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to the integrated development of undeveloped territories and the ex-
perience of “Akkuyu” NPP construction by SC “Rosatom” in Tur-
key [9]. The results of achieving the design reliability of the NPP con-
struction facility can be illustrated by the creation of a special
protective containment resistant to all types of external impacts and
their combinations, namely: seismic resistance up to 9 points on
the MSK-64 scale, external explosions with a frontal pressure of
30 kilopascals, the fall of an airplane weighing 400 tons at a velocity
of 200 m/sec. Fig. 4 shows a general visualization of the containment
structure.

In the process of preparing and analyzing the construction
schedule, the decommissioning stage is often neglected, which is
not quite right, since history knows such examples, in particular,
the example of the Berlin NPP, designed, built and excluded from
the list of nuclear facilities due to sharp public criticism of the pro-
ject (1985-1986, coinciding with the Chernobyl accident). The Ber-
lin project underwent radical changes and turned into an amuse-
ment park (there is an attraction in the center of the main tower of
the NPP, see the Fig. 5). This is not accidental, since from the point
of view of reliability in the world practice of creating a nuclear facil-
ity, the undermining of confidence in the reliability of NPPs in
the global sense led to the rejection of the commissioning and im-
plementation stage of the project, making the project 100 % eco-
nomically ineffective due to its unreliability®. As a result, the invest-
ments did not have the planned effect, what is illustrated at
well-known panorama at Fig. 5.

When developing the new multi-criteria system, it is important to
take into account the domestic experience of studying and using
the concept of reliability of NPP project planning, included in Ro-
satom Order No. 1/1001-P dated 20.09.2013 “On approval of the list
of software products for calendar-network planning at the facilities of
the Federal Targeted Investment Program”. In order to unify work on
schedules, the Order approved the unified use of the Primavera soft-
ware, with the help of which the relevant schedules are generated.
A distinctive feature of the schedules in this software is the division

Fig. 4. The containment structure is resistant to all types of ex-
ternal influences and their combinations [9]

Fig. 5. Berliner unrealized NPP”

into “top-level schedules that determine the duration of stages and
major events of the investment project, the planned date of project
completion, a general detailed schedule that provides comprehen-
sive planning of the timing of work (DD, SW, construction and instal-
lation, supplies), costs, physical quantities, and detailed schedules
of project implementation, which provide management at the level of
design, delivery, construction and installation works,
commissioning”®° [10].

The application of fuzzy set theory becomes is a new approach
in the practice of developing a set of mathematical multi-criteria
models of complex assessment of organizational and economic
reliability of the construction of nuclear power facilities. Compre-
hensive assessment of organizational and economic reliability of
the NPP system construction is based on a combination of knowl-
edge and skills of the Customer (society as a whole and public in-
stitutions performing functions of the Customer) and the Contractor
(in a broad sense, with inclusion of subcontractors, engineers, op-
erational services, etc.); it is also recommended to apply the norms
of international law in the field of technical regulation of activities for
the creation of technically complex industrial facilities.

Network planning methods based on Gantt charts'® allow plan-
ning compensation measures on the basis of system reliability as-
sessment. They are based on either deterministic network models,
where the sequence and duration of works are unambiguously
specified or probabilistic (or stochastic) network methods (mod-
els) [11]. In the former methods, an increase in the actual duration
of critical works due to certain reasons leads to a corresponding
increase in the total duration of the project, while non-critical works
have some time reserve.

Because of the dynamic nature of construction and a huge
number of factors affecting the success of works, the actual dura-
tion and cost of works can only rarely coincide with the parameters
set in a deterministic schedule. In the case of technically complex
projects aimed at construction of unique buildings using new tech-
nologies, it becomes almost impossible to unambiguously identify
the duration of works and their interrelation. All this applies not only
to the planning of construction works, but also to the planning of
other stages of a construction project: development of design and

6 Small Modular Reactors — Was ist von den neuen Reaktorkonzepten zu erwarten? URL: https://www.base.bund.de/DE/themen/kt/kta-deutschland/neue_reaktoren/neue-
reaktoren_node.html

7 Waunderland (picture 1). Team Park Project. URL: https://www.teamparkproject.com/en/projects/wunderland/

8 Capital construction project management system of the State Corporation Rosatom E70707478. P. 4. URL: atomsro.ru

9 On approval of the list of software products for the implementation of calendar-network planning at the objects of the federal targeted investment program... : Order of the State

Corporation Rosatom dated 20.09.2013 No. 1/1001-P.

10 Free Online Gantt Chart Software. No Signup and No Download Required. 100 % Free Forever. URL: https://www.onlinegantt.com/#/gantt
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estimate documentation, preparation of construction works, etc.
The use of stochastic methods leads, on the one hand, to more
complicated calculations, but the results obtained are more ade-
quate to real conditions [11].

The application of the project efficiency indicator through net
present value (NPV) allows planning quite real probabilistic network
models. This method clearly shows that in certain cases when us-
ing deterministic models, the project becomes unprofitable and has
a negative economic effect. Since the main indicator of the eco-
nomic reliability of the project is its profitability, this indicator should
be planned using a probabilistic approach. A significant novelty of
this approach lies in the use of fuzzy set theory, developed back in
1961 by scientist Lotfi A. Zadeh, a Soviet and later American scien-
tist. Currently, the theory is widely used in the management of in-
dustrial enterprises and helps to solve challenges with a large num-
ber of evaluation criteria. The essence of the method is to determine
the best and worst solution, the area between which is called
a fuzzy set of solutions. At present, there are digitized mathematical
models for analysis of decisions’ probable variants; as a result,

Basic concepts of the theory of fuzzy sets and fuzzy logic [12, 13]

a function is created that takes into account the influence of internal
and external factors and it is possible to calculate the outcome of
organizational and managerial decisions. “The special value of
such models lies in the fact that the subject of the management
process has numerical values of the controlled parameters at
the output of the system, thus he or she not only sees the results of
the controlling influence, but also can determine which of them in
these conditions are the most flexible and to establish the degree
of their influence on the project, which allows to promptly intervene
in the management process, choosing the most effective measures
of influence” [12-14].

The theory of fuzzy sets and fuzzy logic [12] can be applied as
a modern method of assessing the quality of personnel. This theo-
retical approach is becoming increasingly relevant due to the need
to systematize and formalize uncertain information for the creation
of mathematical models. In mathematical science, the concept of
fuzzy sets is introduced as “the function of belonging of an arbitrary
element from a universal set to a fuzzy set”, what is well illustrated
in modern science and formed in following Table [12-14].

Category

Content

Fuzzy set A set of pairs where elements have different grades of membership to the fuzzy set

Membership function Degree of belonging of an arbitrary element of the universal set to fuzzy set A[0, 1]

Fuzzy variable Set <0L, X, A(oc)>, where a is the name of the variable; X is the domain of definition of fuzzy variable a (basic, universal set);

A(a) = {uA (x)/x € X} is a fuzzy subset of set X describing the constraints on the possible values of the variable

Set <[3, T(B), X, G, M), where B is the name of the variable; T(B) is a set of values of variable B (term-set); X is a universal set (defi-

Variable nition domain of B); G means general rules, often in the quality or quantity, generating the name of factor; M is the rules specifying

the membership functions of fuzzy terms generated by general rules

A set of fuzzy production rules
Fuzzy knowledge base ye

PR={pr,, pr,, ..., pr,} of the “if-then” types in deterministic form

o fuzzification;
e jmplication;
e composition;
o defuzzification

Fuzzy logic inference

The general logical scheme of logical inference includes:

CONCLUSION

The article presents an analytical review of methods for assessing
the reliability of technically complex projects of NPP construction, sys-
tematization of which helps the author to develop an updated meth-
odological multi-criteria approach to assessing the organizational and
economic reliability of a production system. The new multi-criteria
methodology assesses reliability both at the pre-investment and in-
vestment phases of construction of a technically complex industrial
facility, such as construction of a nuclear power plant in any state and
jurisdiction. The author uses a globalized approach, applying Russian
and international experience of addressing reliability problems.
The main idea is to develop a unified approach to such an assess-
ment and make the information more open through an interactive map
of the global international space with regional zoning of peaceful nu-
clear technology uses [15, 16].

One of the main directions of research conducted by the author of
this work is the development and systematization of methodology rec-
ommendations for the selection of a rational option of the plan of work
organization on the basis of a simulation model with the use of

modern automated systems of calendar planning. The main research
goal of the author for the medium term is the development of a strat-
egy to improve the organizational and economic reliability of the de-
signed construction and technical solutions under risk conditions at
the preparatory and main stages of construction of large industrial
facilities with the example of high-capacity nuclear power plants.

The author sees further research of the presented topic in the area
of development of the state-of-the-art automated system of technical
process and reliability management. It is proposed that this automated
system should be based on the feasibility study of the project, including
data on the design capacity of the plant with indication of the required
number of power units, in the composition of which it is necessary to
design a certain number of reactors, select the construction area and
assess the volume and return on investment, profitability and payback
of the construction project. Such a cybernetic model will allow calcula-
tion of the economic result of the strategy for each period of the project
development [17-19].

The study of issues related to organizational and economic relia-
bility of complex industrial facilities and production systems is one of
the leading directions of economic development of the countries all
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over the world regardless of climatic, geographical and political
features of countries and economies. The multi-criteria approach
outlined by the author is applicable to assessing the reliability of
technically complex industrial facilities not only in the nuclear indus-
try, but also in other technically challenging sectors of the economy
that affect a large number of people, such as the aerospace indus-
try and public healthcare.
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AJC KaK TeXHU4YECKM CJIOXXHbIN O06bEKT
HeABMXXMMOCTU — rnobanbHoe
ynpasfieHne HafleXXHOCTbIO Mo MeToay
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B npepctasneHHoOM 0630pHON Hay4HO-UCCIIe[oBaTeNIbCKOM CTaTbe
pacKpbIBatOTCS COBPEMEHHbIE aCMEKTbI NOHATUS yNpaBneHus Haa-
€KHOCTbIO Y PUCKaMM TEXHUHECKU CIIOXHbBIX 06bEKTOB CTPOUTESb-
CTBa Ha Npumepe aToMHou anekTpocTaHuumn (ASC). Yepes aHanus
OTEYECTBEHHOrO U 3apy6eXXHOro NoOAXoA0B K UCCMEQOBaHNIO CUC-
Tem ynpasneHus HagexxHocTeio ASC B paboTe onpegensercs Bek-
TOp Pas3BUTUA NPUKNABHON HAYKN B 0651aCTU OLIEHKN HAAEeXHOCTU
NPOEeKTOB. ABTOPOM M3naratoTcs npob6riembl pa3paboTku UHTer-
PVPOBAHHOW CUCTEMbI YNPAaBAEHWUA OPraHU3aLMOHHO-3KOHOMM-
YeCKON HaAEeXHOCTbI0 OCHOBHbIX (ha3 CTPOUTENbCTBA OOLEKTOB
aToMHOM 3HepreTukn. CopepxaTci OCHOBHbIe Te3WCbl U onuca-
HVe aBTOPCKOW pa3paboTKM METOANKN OLEHKWN HAOEXHOCTU TEXHU-
YecKun cnoXxHon cuctembl ASC Ha OCHOBE MHOMOKPUTEPUABHOMO
nogxopa. MpepgnaraeTca UCNonb3oBaTh CTOXaCTUHECKMI 1 OeTep-
MWHWPOBAHHBIA METOAbI OLEHKN HafEeXHOCTU TEXHUHECKU CIOX-
Hol cuctembl ASC. O60CHOBLIBAETCH aKTyanbHOCTb MPUMEHEHUs
TEOPUWN HEYETKMX MHOXECTB B KOHTEKCTE mccnegyemown npobre-
MaTUKW NPU OLIEHKE CTENEeHN HafEeXHOCTU TEXHUHECKM CIIOXHOMO
o6beKTa HegBVMXMMOCTM — aTOMHOM cTaHuun. MeTtog noctpoe-
HWA CETEBbIX rPadIKOB, 3aNT0XKEHHbIN B OCHOBY NPUKIIaAHOMO Npo-
rpaMmHOro o6ecneyveHnst opraHM3aLmn, BbINMOMHALLMX yHKLMN
3aKasyuKa n ncnosHutens crtpoutensctea ASC, paccMaTpuBaeT-
CHl KaKk MOJOCHOBA CUCTEMbI OLIEHKN HaAEXHOCTU NPOEKTa Mo ero
atanam u ctagusm. B cratbe dhopmynupyetca npobnemartvka
yNpaBneHns HafeXHOCTbIO U pUCKamu, B BbIBOAAX U PEKOMEHAa-
Lmax 0603HaYaloOTCs NEPCMEKTUBLI Pa3BUTUS CUCTEM YNpaBieHus
HapexHocTbto ASC, onpepensieTca HanpaeneHve OanbHEenLInX
vccneaoBaHui B AaHHon obnactu. MNpepnaraetca cospaHve rno-
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