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Abstract

Objectives. The work sets out to develop a method and methodology for evaluating project activities, including
research and development work. The development of this method and its associated methodology is relevant
due to the need to provide an analytical assessment of a project based on its main performance indicators,
such as the uniqueness of the results and the resources required to produce them. This assessment must take
into account both the requirements of the customer and the capabilities of the prospective performers to make
an informed decision on its formulation. Currently, the best-known methods for evaluating a planned project are
based on economic efficiency. However, the approaches taken by customers and contractors are often different
and sometimes contradictory. For example, a customer may minimize the risk of failing to achieve the project goal
by setting appropriate requirements and resource costs, while a contractor minimizes the same risks by increasing
the requested time and material resources, as well as by adjusting the requirement criteria for the project results,
which are based on their ability to fulfill them. The concept of fuzzy sets allows various assessment approaches to be
combined to provide informed and coordinated decision-making regarding the feasibility and expediency of setting
up and executing a project.

Methods. The developed method and methodology for project evaluation are based on the theory of fuzzy sets and
the concept of fuzzy logic, using membership functions to model project parameter estimates.

Results. The project assessment method and implementation methodology were developed, taking into account
customer requirements and the capabilities of the potential contractor, to enable rational decision-making regarding
its formulation.

Conclusions. The method may be applied to establish the optimal requirements and conditions for project
implementationinabalanced manner. In contrastto expert methods, the presented analyticalmethod and methodology
provide a higher objectivity of the generalized assessment, validity, and effectiveness in making and implementing
managerial decisions. The methodology’s universal criteria and procedures make it suitable for application to various
kinds of assessment and in various areas of project activity, including research and development work.
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MeTOoa 1 METOIUKA
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Pesiome

Llenu. Llenb paboTbl — pa3paboTka mMeToga U METOAMKM OLLEHKM MPOEKTHOW AesTeNlbHOCTW, BKJoYas Hay4yHO-
nccnenoBaTenbckme U OnbITHO-KOHCTPYKTOPCcKkMe paboThl. AKTyanbHOCTb pa3paboTky obycrioBreHa noTpebHo-
CTblO B aHaJIMTUYECKOWM OLLeHKe MPOoeKTa Mo ero OCHOBHbLIM Moka3aTensM (YHUKaNIbHOCTU pe3ynbTaToB 1 Tpebye-
MbIM pecypcam), yauTbiBaloLeln kak TpeboBaHms 3akasuynka, Tak ¥ BO3MOXHOCTW npearnoaraeMblX UCNONHUTENen
ONs1 NPUHATUSA COrTacoBaHHOIO pPeLLeHKnsl No ero noctaHoBke. B HacTosiLee BpeMsi OCHOBOW M3BECTHbIX MEeTOO40B
OLIEHKW NJIaHMPYEMOr0 NpoekTa ABAseTcs 9KkoHoMUYeckas appekTMBHOCTb. [1py 3TOM NOAX0Ab! K OLLEHKe NpoekTa
3aKa3ymka U UCMOJIHUTENS Pa3nnyHbl 1 NPOTUBOPEUYMBLI. 3aKa34ymK B CBOMX TPebOoBaHMAX K NPOEKTY 1 3aTtpatam
pPecypcoB MUHUMU3UPYET PUCKN HEOOCTUXKEHUS Lenn npoekTa. MIcnonHuTenb Te e pucku MUHUMN3NPYEeT yBEN-
YyeHMeM 3anpallBaeMbIX BPEMEHHbIX U MaTepuasibHbIX PECYPCOB, a Takke CBOMMU TpeboBaHNAMM K pe3ynbTaTam
NnpoeKTa, B OCHOBE KOTOPbIX — €ro BO3MOXHOCTU UX BbINOSIHUTE. O6beauHUTb passiMyHble NoaxoAbl K OUEeHKe Ans
060CHOBAHHOI O M COrNacoBaHHOIO MPUHSATUS PeLLIEHNn OTHOCUTENbHO BO3MOXHOCTU U LLeIecoobpa3HOCTH nocTa-
HOBKW U BbIMOJIHEHMS NPOeKTa MNOo3BOoJIeT KOHLUENUWs HeYETKNX MHOXECTB.

MeTopabl. B ocHoBe pa3paboTaHHbIX METOAA U METOOVKM OLEHKW MPOEKTOB — TEOPUS HEYETKMX MHOXECTB U KOH-
Lernumst He4eTKOM IOFMKN C MOAENMPOBaHMEM OLLEHOK NapaMeTpoB NpoekTa C NOMOLLbIO GYHKLMIA NPUHAANEXHO-
CTW.

PesynbTaTtbl. PaspaboTaHbl METOA M peannayloLlias ero MeToamka oLeHKN NMpoeKkTa, yunTbiBatloLlme TpeboBaHus
3aKa34ymka 1 BO3MOXHOCTU NpeanonaraeMoro UcnosiHnTens ajiss 060CHOBaHHOIO NMPUHATUS PELLEeHWI B OTHOLLEHUN
€ro NoCTaHOBKN.

BbiBoabl. [1prMeHeHne meToaa no3sosisieT cbanaHCMpoBaHHO YCTAHOBUTL ONTUMaslbHble TPeGoBaHWS U YC/I0BUS
0151 OCYLLIECTBNIEHUS MPoeKTa. B oTnmnumne oT aKcnepTHbIX METOA0B NpeacTaBieHHble aHaIMTUYeCKNiA MeToa, U Me-
Toauka obecneumBatloT 60s1ee BbICOKYI0 00 BEKTUBHOCTb 00006LLEHHON OLEHKM, 060CHOBAHHOCTb N 3P dEKTUBHOCTb
B MPUHATUN 1 peannsaunm yrnpaBneH4eckux peleHunii. YHMBepcanbHOCTb KpUTEPUEB M Npoueayp MeTOANKM Coaep-
XUT B cebe BO3MOXHOCTb ee NPUMEHEHNs B OLLeHKaxX PassiMyHbIX BUAOB U MO PasfiniHbIM HanpaBieHUsSM MPOEKTHOWN
0eaTeNlbHOCTN, BK/loYasi HaydHO-MCCeaoBaTesbCKMe U OMNbITHO-KOHCTPYKTOPCKME paboThl.

Kniouesble cnosa: MPOEKT, TeoOpUd HEeHYHETKNX MHOXECTB, JIMHIBUCTUYECKNE NepeMeHHble, beHKLI,I/II/I npuHagnex-

HOoCTU, das3ndukauma, nedassndpurkaums
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Ans untnpoBanus: CugopuH B.B. OueHka npoekTa Ha OCHOBE TEOPUN HEYETKUX MHOXECTB M KOHLEMLUMN HEYETKOMN
nornkn. Metog v metoguka. Russian Technological Journal. 2025;13(5):119-132. https://doi.org/10.32362/2500-

316X-2025-13-5-119-132, https://www.elibrary.ru/TQKWPM

I1p03pat||-|ocn: (bvmaucoaoﬁ AeaTesibHOCTU: ABTOp HEe nMveet d)MHaHCOBOP’I 3anHTEepPeCOBaHHOCTW B NpencTaBJiEH-

HbIX MaTepunasiax nin Mmetogax.

ABTOp 3asBnseT 06 OTCYTCTBUN KOH(MINKTA UHTEPECOB.

INTRODUCTION

A project differs from operational activities in three
main ways: its goal is to produce a unique result that has
never been created before; it has a limited time frame;
and it has limited resources. Risk factors that may prevent
the project from achieving its goal included a lack of
prior information or experience of performing similar
work or creating a similar product. It is important to note
that these risks apply to both the project contractor and
the customer [1-3]. The repercussions of a contractor’s
erroneous evaluation of their competencies are twofold:
firstly, in failing to attain the stipulated objective, and
secondly, in being unable to conclude the project. In
order to mitigate risk, contractors often overestimate
the resources and deadlines required for project work
and underestimate the level of resources necessary
for the development stage [4—6]. Customers, who are
willing to expend their own resources, generally seek
to achieve the required result with fewer resources and
in a shorter timeframe than contractors would like.
Thus, an objective evaluation of the project that takes
into account both the customer’s requirements and the
contractor’s capabilities could foster a more harmonious
relationship between the two parties.

One possible resolution to this issue consists in an
assessment method that incorporates assessments of
the same object by both parties to resolve the conflict
of interests between them. This possibility is realized
through an approach based on fuzzy logic and fuzzy set
theory. This approach is based on the use and processing
of large amounts of information using digital information
technology methods and tools to obtain a variety of
solutions for different evaluation criteria.

The need to use fuzzy logic methodology is based
on the requirement to achieve more reliable assessment
outcomes by using analytical methods that are sensitive
to changes in the project activity being evaluated.
These include individual projects, programs and project
portfolios, as well as research and development work
and preliminary designs. The results of assessments
employing such analytical methods to evaluate
proposed project activities according to their three

attributes (criteria and characteristic features) have the
potential to serve as the basis for joint decisions on
setting and implementing project activities by interacting
parties (customers and contractors).

The reliability of assessments is pivotal in
determining the adequacy of decisions taken and the
effectiveness of project management. To achieve this,
assessment results must demonstrate sensitivity to
changes in project parameters that lead to deviations from
the set objectives. This establishes the requirements for
the qualitative and quantitative indicators used to assess
the project. Here it is important to note that methods
based on measured data or expert opinion do not always
allow for such an assessment [7-11].

1. MODEL FOR FORECASTING PROJECT
PARAMETERS BASED ON THEIR FUZZY
MODELING FOR MANAGEMENT
DECISION-MAKING

The purpose of the method is to determine the
feasibility of project activities based on a forecast
assessment of three parameters comprising the novelty
and originality of the planned results, the adequacy of
the allocated resources and deadlines, and the optimal
use and planning of these resources. These assessments,
which are common to all interacting parties (customers
and contractors), are characterized by ambiguity,
the possibility of multiple responses, and different
perceptions of their significance. This leads to decisions
being made that vary in their effectiveness. The concept
of fuzzy sets enables different assessments to be
combined for informed and coordinated decision-making
regarding the feasibility and advisability of setting up
and implementing a project. The presented method
involves modelling the customer’s and contractor’s
project assessments using membership functions within
a specific fuzzy set, thereby generating a generalized
assessment.

The result of applying this method should be an
assessment of the project in terms of its compliance
with the customer’s requirements and the contractor’s
capabilities. This should be followed by a decision on the

Russian Technological Journal. 2025;13(5):119-132

121


https://doi.org/10.32362/2500-316X-2025-13-5-119-132
https://doi.org/10.32362/2500-316X-2025-13-5-119-132
https://www.elibrary.ru/TQKWPM

Evaluation of the project based on the theory of fuzzy sets
and the concept of fuzzy logic. Method and methodology

Viktor V. Sidorin

feasibility of implementation that satisfies both parties.
Focusing on using artificial intelligence technologies
to manage the project at all stages—from establishing
feasibility to selecting optimal scientific, technical, and
organizational solutions—requires mathematical models
to be developed for each stage of project activity [12—14].

Fuzzy set theory enables the structuring of project
criteria, parameters, and characteristics that cannot be
assessed using a single scale and that can be perceived
differently by the two interacting parties: contractors
and project customers. The need to evaluate these
parameters, which do not have a single, unambiguous
rating scale, can be met by using the provisions of fuzzy
set theory to determine whether they meet the criteria
of the category “Meets requirements and satisfies
participants.” This can be achieved by modelling the
project evaluation as a fuzzy system that links the impact
of project assessments in terms of novelty, originality,
sufficiency of resources, and deadlines for work
completion according to customer requirements and
contractor capabilities. This modelling process involves
three stages: first, creating a mental model of the
project; second, creating a verbal model of the project;
and third, developing a fuzzy linguistic model of the
project. Input parameters for such a fuzzy model can be
obtained in three ways: through expert assessment of the
parameters of the modelled project; by constructing self-
tuning fuzzy models based on system input and output
measurements; and by constructing self-organizing and
self-tuning fuzzy models based on system input and
output measurements' [15, 16].

The mental model of a project is a vision of the
activities involved in creating a new, unique product
within a limited timeframe and with limited resources.
The verbal model, which describes the project’s main
properties and distinctive features in clear terms, is then
transformed into a fuzzy linguistic model to facilitate
informational interaction between project participants.

The consistency of two factors should be ensured by
the fuzzy linguistic system and its model: the customer’s
requirements and the contractor’s capabilities. The
assessment is based on a joint assessment model that
uses fuzzy logic methods, in which the customer and
the prospective contractor evaluate the predicted project
results.

The customer and contractor comprising the
two interacting parties are considered as a fuzzy
system [17-19]. The inputs for analysis in the fuzzy
model are the project parameters predicted by each of
the interacting parties. These inputs include the degree
of originality of the scientific, technical, or other
planned results of the project, the level of adequacy of

' Dadone P. Design Optimization of Fuzzy Logic Systems:
Ph. Dissertation. Blacksburg, Virginia; 2001. 197 p.

resource support for the project work, and the adequacy
of time for the project work. The analysis provides
a general assessment of the project’s alignment with the
customer’s needs and the contractor’s capabilities. This
requires a solution to the problem of combining the two
independent assessments from each party. Based on this
assessment, a decision is made on whether to implement
the project.

The structure and substance of the project predictive
assessment method, which is based on fuzzy set theory,
fuzzy logic, and fuzzy modelling of its characteristics,
is used to make decisions on project initiation and
management. The method comprises the following
stages (Fig. 1):

| Stage description | | Stage result (output)

!

Establishing inputs,
i.e., clear values for
the project predictive
assessment

-

Fuzzification

1. Formulation of
linguistic variables.

2. Composition of
membership functions for

them
\ /

Definition of a system One (or several of

of rules for handling the possible) systems
linguistic variables > of rules for handling linguistic
characterizing the project variables characterizing
under analysis the project under analysis

:

Transformation of
linguistic variables
characterizing the project
under analysis using the
defined system of rules

1. Originality of the project
development result.

2. Sufficiency of resources.

3. Optimal completion time

1. Linguistic variables
characterizing the project
under analysis.

2. Description of linguistic
variables by membership
functions

Y

Fuzzy logical inference, i.e.,
project evaluation using
linguistic variables

Y

Defuzzification
Conversion of fuzzy
logical inference to clear
project assessment
values

The resulting assessment
value for “Compliance of

the project with the customer’s
requirements and the
contractor’s capabilities”

Y

Fig. 1. Stages of the method for assessing the
compliance of the proposed project with the customer’s
requirements and the contractor’s capabilities

1. Problem statement: assessment of the project’s
feasibility and obtaining original scientific,
technical or other results that satisfy the customer.
Definition and establishment of inputs: clear values
that characterize the contractor’s activities and are
necessary for their assessment using fuzzy logic.
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2. Fuzzification: the conversion of clear input values
to fuzzy linguistic variables representing the
predicted degree of originality of the project result,
the level of resource sufficiency and the optimality
of work planning in terms of project stage
deadlines. Formulation of linguistic variables and
composition of membership function(s) for them.
Description of linguistic variables by membership
functions.

3. Selection of a system of rules for handling linguistic
variables in order to formulate a fuzzy logical
conclusion.

4. Transformation of linguistic variables using a system
of rules to obtain a fuzzy logical conclusion.

5. Defuzzification, which is the reverse transition
from fuzzy logical inference to an output
parameter, i.e., a generalized assessment of the
planned project.

6. Obtaining the output, which is the degree to which the
project complies with the customer’s requirements
and the contractor’s capabilities, thereby satisfying
both parties.

One of the parameters of a project is the uniqueness
of the result obtained, its novelty, and exceptional
originality (it has no analogues or surpasses existing
solutions by offering fundamentally new ways of
meeting the customer’s requirements). The method uses
the ratio of the number of original technical, scientific
or other solutions to their total number in the project as
a unit of measurement of project uniqueness. This value
is represented by the letter o and lies within a set of
possible values A: o € A. The corresponding linguistic
variable is “Project uniqueness.”

The second project parameter, B, represents the
planned time interval for project implementation and its
distribution across project stages. The input data is the
ratio of the deadlines requested by the potential project
contractor and those set by the project customer. The
gradations for assessing compliance with the linguistic
variable requirements are different degrees of sufficiency
or insufficiency of time for project completion. The
linguistic parameter “Sufficiency of time for project
completion” is assessed using a scale with values
from 0.0 to 1.0, where 0.0 represents a complete lack
of compliance with the established deadlines and
1.0 represents full compliance with the contractors’ and
customer’s needs.

The third clear input value, vy, is the ratio of the
resources (in terms of volume and type) requested
by the prospective project contractor and allocated
by the project customer. The linguistic parameter
“Resource sufficiency” establishes a scale for the
fuzzy assessment of project resource provision and the
optimal distribution of resources across project stages.
The unit of measurement used to assess compliance

with requirements is the level of resource sufficiency
for project implementation, which is assessed on
a scale from 0.0 to 1.0. Here, 0.0 represents complete
insufficiency, while 1.0 represents full compliance with
requirements.

The fuzzy logic method is employed to reconcile the
assessments of the first and second parties during their
interaction, thereby facilitating the attainment of a more
objective and mutually acceptable assessment. The
method requires three input parameters, which are clear
values assessed by the customer and the prospective
project contractor. This task is solved by fuzzification,
i.e., converting the clear input values into linguistic
variables. These variables combine the parameters into
a set of fuzzy sets whose boundaries do not have clear,
unambiguous values that are perceived and accepted by
the interacting parties.

Thus, the uniqueness, originality, and novelty of
a project may correspond to varying degrees with the
requirements and assessments of the customer and
contractor. This is because each party has different
requirements for assessing the same parameters,
project characteristics, and measures to ensure uniform
measurements of the project’s main characteristics.
In an effort to win the contract, the prospective
contractor often overestimates their capabilities and
the level of the proposed project development, relying
on previous experience of performing work that does
not fully meet the requirements of the new project.
Conversely, the customer, in an effort to minimize the
risk of failing to achieve the project goals, is generally
more demanding in terms of the planned project
results and its key performance indicators. Therefore,
in the fuzzy logic approach, there are two subsets:
“high compliance” and “low compliance” with the
requirements for the main project parameters. These
reflect the positions of both the customer and the
potential contractor.

There are no clear and unambiguous parameters
or limits for indicators such as resource adequacy
and the time interval for project implementation.
The approach of assessing in terms of “fast/slow,”
“much/little,” “expensive/cheap,” and etc. does not
bring the positions of the customer and the contractor
any closer together when it comes to making decisions
on the project.

The problem of combining estimates in the
method under consideration can be solved by
assigning the linguistic variables to the clear
parameter “Uniqueness, originality, and novelty of
project results,” where a is “Proportion of original
solutions in the project out of their total number,”
B is “Sufficiency of time for project implementation,”
and v is “Level of sufficiency of resources for project
implementation.”
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The result of combining the estimates should be the
linguistic variable 8, which is defined as “compliance
of the project with the customer’s requirements and the
contractor’s capabilities.”

The range of possible values in the assessment of
project uniqueness corresponds to the fuzzy set A,
which is a set of pairs of the form <a, ¢ ,>. The grade
of membership of each element a of the fuzzy set
in set A (o € A) is described by the membership
function ¢ (A). This function maps each value a to
a number within its possible value range. For the
“Project uniqueness” parameter, this range is [0.0; 1.0],
ie., 9, (A): A — [0.0; 1.0], where each o belongs to
set A: Vo — € A. Here, V is the quantifier of universality
of properties for all a belonging to set A.

The linguistic variable “Project uniqueness”
corresponds to the two extreme values in the range:
“high,” with a value of “1.0,” and “low,” with a value
of “0.0,” from the entire range of possible values of
the fuzzy set A. Between these two extremes, there
are many other values of the fuzzy set for this project
parameter. The membership function ¢ (A) shows
the extent to which parameter o, i.e., the project
uniqueness assessment, has certain properties of
subset A, with functions such that when o = 1.0,
the degree of uniqueness, novelty and originality
of the project is maximal, while a = 0.0 means
that it is minimal. The assessment using fuzzy
sets involves assigning a fuzzy value to one of the
two subsets, Ohigh and a; ., and their respective
membership functions, (pahigh(A) and @, (A), These
functions complement each other, together making up
the full range of values of parameter o belonging to
the fuzzy set A, as follows:

Punigh(A) T @0, (A) = 1; Yo — € A, (1)

The innovative nature of project activities consists,
among other things, in the fact that the uniqueness,
novelty and originality of the development are usually
formed at the early stages of the project. Therefore,
the membership functions of the “Project uniqueness”
parameter in subsets o, and o, are best represented by
the power function:

(Pahigh(A) = a” and (Palow(A) =1-a, 2

where n [0.0; 1.0] is the project innovation index,
taking values from 0.0 to 1.0. The value of » indicates
the degree of novelty, originality, and patentability of
the scientific and technical solutions usually set out in
project developments at the early stages, as well as in
marketing, the search for and selection of new promising
areas of research, and the development of innovative
approach.

The membership function graphs for subsets a,
and o at the selected range of their possible values,
A — [0.0; 1.0], for exponents n = 0.7, n = 0.5, and
n = 0.3, are shown in Fig. 2.

The area on the graph bounded by the coordinate
axes and the membership function line (pahigh(A)
represents the subset of uniqueness with high levels of
project novelty ratings, while the membership function
line ¢, (A) represents the subset with low levels of
development originality ratings for which the project is
rated as “not unique.” The intersection of these subsets
represents the subset with a mean estimate for this
parameter.

The second project parameter, P, is the planned
time interval for project implementation and its
division into stages. The membership function of the
linguistic variable “Sufficiency of time for project
implementation” for the clear parameter “Time interval
for project implementation” has the following gradations:
“sufficient” and “insufficient.” These correspond to the
two fuzzy subsets of the total number of fuzzy sets,
B € B, corresponding to the planned deadlines for
implementing project B:

‘Pﬁhigh(B) = Bm, LPB]()W(B) =1-p" (3)

The fuzzy subset B, (B) corresponds to insufficient
time being planned for project completion. The
subset Bhigh(B) corresponds to a time interval that is
sufficient for project completion, as well as an optimal
distribution of this time across the project’s stages. The
maximum value ofthe membership function “Sufficiency
of time for project implementation” is 1.0. The ratio of
the membership functions ‘PBIOW(B) and ‘PBhigh(B) for
{)he subsets B, . (B) and Bhigh(B) respectively, is given

y:

lI"Blow(B) + WBhigh(B) =1;Vp— eB. 4)

Given the wunevenness and considerable
uncertainty in the accuracy of the time distribution
across project stages, confidence in the assessment
of the parameter “Sufficiency of time for project
implementation” belonging to the “sufficient”
subset increases nonlinearly as the time interval
for project implementation approaches its highest
values. Conversely, the grade of membership
in the “insufficient” subset also decreases
nonlinearly. This type of dependence (Fig. 3) for the
subsets ‘PBIOW(B) and ‘I’Bhigh(B) corresponds to power
functions with exponents m > 1.

The degree indicator m, being the “fuzziness
indicator,” represents the level of requirements for
assigning a linguistic parameter to the “sufficient” or
“insufficient” subsets. The higher its value, the more
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the linguistic parameter belongs to a particular subset
at higher values of the project completion time 3, and,
accordingly, the higher the level of certainty and rigor
in the assessment of the linguistic parameter. When
m = 0, i.e., for the linear membership function, the
fuzzy set of values of the parameter “Sufficiency of
time for project implementation” is divided into two
equal fuzzy subsets. As m increases, the fuzzy and
crisp estimates tend to converge and become equal
atp=1.

In the graph (Fig. 3), the area bounded by the
coordinate axes and the lines ‘I‘ﬁhigh(B) and lPmow(B)
is a subset for which the time interval for project
completion is estimated to be sufficient or insufficient,
respectively.

The intersection of these two areas represents the
mean estimate of the sufficiency of time for project
implementation.

1.00
0.95
0.90 PiowlA)
0.85
0.80
0.75 ,
0.70

0.65
0.60
0.55

0.50

®y(A), rel. units

0.45

0.40

0.35

0.30

0.25

0.20

Pghign(A)

The third clear input value, v, is the ratio of the volume
and types of resources requested by the prospective project
contractor and allocated by the project customer. The
membership function of the linguistic variable “sufficiency
of resources” according to the “Ratio of resources”
parameter (volume and types) requested by the prospective
project contractor and allocated by the project customer
has two gradations: “sufficient” and “insufficient.”

These correspond to two fuzzy subsets of the total
number of fuzzy sets y € I, which corresponds to the
ratio of resources I requested by the prospective project
contractor and allocated by the customer. Assessments of
resource provision as “insufficient” for the performance of
project work are represented by the fuzzy subset X,YIOW(F);
on the other hand, assessments of the sufficiency of
resources for the performance of project work are
represented by the subset xyhigh(F), as follows:

KptowD) F Aypign(T) = 15 Vy — € L. )

0
0 0.05 0.10 0.15 0.20 0.25 0.30 .035 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

A, rel. units

Fig. 2. Membership functions ¢(A) of the linguistic variable “Project uniqueness”
in subsets cpahigh(A) being “unique” and ¢, (A) being “not unique” for various indicators
of project innovativeness n
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0 0.05 0.10 0.15 0.20 0.25 0.30 .035 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

B, rel. units

Fig. 3. Membership functions ¥|(B) of the linguistic variable “Sufficiency of time for project implementation”
in subsets LIJBhigh(B) being “sufficient” and lPBlow(B) being “insufficient” for various indicators of the degree
of certainty of estimates m

A distinctive feature of providing material resources
for a project is the uneven distribution of these
resources across the stages of the project. The creative
potential and intellectual resources of contractors are
used at the initial stages of project activity, while the
main consumption of material resources is concentrated
at the stages of development and research, modelling,
prototyping, measurements, and testing of prototypes
and other results of project activity. At the final stages,
which involve documentation and acceptance, the project
is supported by information along with organizational
and management resources. The distribution of material
and intellectual resources across the project stages
is best described by the membership function of the
linguistic variable “Sufficiency of resources” in sigmoid
form (Fig. 4), as follows:

Xnigh(D) = 1= €72 30 (D) =240, (6)

where £ is the indicator of the increase in the need for
material resources at different stages of the project.

The linguistic parameter 5, “Compliance of the project
with the customer’s requirements and the contractor’s
capabilities,” is evaluated on a three-point scale: “does
not comply,” “partially complies,” and “complies.” This
parameter is a combination of the assessments of the three
linguistic variables discussed above: “Originality of the
project,” “Sufficiency of resources,” and “Sufficiency of
time for project implementation.”

The parameter “Compliance of the project with
the customer’s requirements and the contractor’s
capabilities” incorporates two assessments from each of
the parties involved: the project customer organization
and the contractor organization. The incorporation of
these assessments increases the objectivity of the final
assessment.

In order to analyze the linguistic variable
“Compliance of the project with the customer’s
requirements and the contractor’s capabilities” in the
presented fuzzy evaluation model, the following system
of rules, incorporating the logical operators “AND” and
“OR,” is selected from the possible options [15].
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The logical operator “AND” denotes the intersection
of three fuzzy sets with the intersection membership
function:

Oa~BAr = Min(Q, (A); Vg (B); Xy ). (7)

The logical operator “OR” represents the union of
three fuzzy sets. The membership function in this union
is as follows:

SamBAr = max(eg (Axwg(B)x, (). (8)

A system of three rules is applied to defuzzify the
fuzzy assessment based on these three linguistic variables
and obtain an evaluation of the generalized indicator
“Compliance of the project with the customer’s requirements
and the contractor’s capabilities.” The first rule is:

Rl: if (an € ahigh) AND (B € Bhigh) AND (y € Yhigh)’
thenA € 8high‘

0.95
Xyhigh(F)
0.90
0.85
0.80
0.75
0.70
0.65
0.60

0.55

0.50

xv(l'), rel. units

0.45
0.40
0.35
0.30
0.25
0.20

0.15
Xytow(T)
0.10 e

0.05

This means that if the assessments of all
three linguistic parameters (‘“Project uniqueness,”
“Sufficiency of time,” and “Sufficiency of material
resources”) belong to subsets with a “high” compliance,
then the assessment of the “Compliance of the project
with the customer’s requirements and the contractor’s
capabilities” indicator, A, belongs to the “high” subset.

The second rule is:

R,:if (e € oy ) AND (B € B ) AND (y € v,
thenAeg, .
This means that if all three assessments of the

project parameters in terms of uniqueness, sufficiency

of time and resources for project implementation,
and compliance with requirements belong to the

“low” subsets, then the compliance assessment of

the “Compliance of the project with the customer’s

requirements and the contractor’s capabilities”
indicator A belongs to the “low” subset.

.

0 »
0 0.05 0.10 0.15 0.20 0.25 0.30 .035 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

I, rel. units

Fig. 4. Membership functions of the linguistic variable “Sufficiency of resources” for different values
of the indicator k of increased demand for material resources at project stages
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It follows from rule R, that:

if (o € “high) AND (B € Bhigh) AND (y € y,,,,) OR
OR (0. € 0, ) AND (B € Bhigh) AND (y Yhigh) OR
OR (0 € oy gh) AND (B € B,,,) AND (y € Yhigh)’
then: A€ g .

This means that, if the assessment of at least
one of the three linguistic parameters of the project
belongs to the “low” subset and the other two belong
to the “high” subset, the “Compliance of the project
with the customer’s requirements and the contractor’s
capabilities” parameter, A, belongs to the “mean” subset.

The fourth rule considers another possible
combination of the project’s fuzzy linguistic parameter
values:

R,:if (o € ahigh) AND (B € B,,,,) AND (y € y,.,,) OR
OR (a € 0y, ) AND (B € B, ) AND (y € yhigh) OR
OR (o € oy, ) AND (B € Bhigh) AND (7 € v,4,)s
then: A€ g, .

This means that if one of the three linguistic
parameters of the project belongs to the subset with
a high compliance, and the other two belong to
subsets with a low compliance, then the “Compliance
of the project with the customer’s requirements and
the contractor’s capabilities” parameter, A, belongs
to the subset with a low compliance, or “does not
comply.”

Theconversionoffuzzylogical conclusionsaccording
to established rules to clear values corresponding to
the management system assessment (defuzzification)
provides an assessment of the parameter “Compliance
of the project with customer requirements and contractor
capabilities,” taking into account the assessments of
both parties involved in the project.

For example, let us consider the assessment of
this parameter based on input data, i.e., the expert
assessment of three parameters of the planned project
based on the contractor’s and customer’s previous
experience.

Thus, if the input data is an expert (i.e., clear)
assessment of the uniqueness of the project with a value
of 0.75, then the membership function value for project
uniqueness in the “high” compliance subset, as calculated
by formula (2) for a borrowing level of n = 0.7, is 0.817.
For n = 0.5, the value is 0.866, while for n = 0.3, the
corresponding value is 0.903. Similarly, for the same
expert assessment of the possibility of achieving project
uniqueness with an index of 0.75, the value of the
membership function in the “low” subset is 0.183 for
n=20.7,0.134 for n= 0.5, and 0.083 for n=0.3.

For an expert assessment of the input parameter (i.e.,
the ratio of the time interval requested by the
contractor and allocated by the customer for project
implementation), § = 0.80, the value of the “Sufficiency
of time for project implementation” membership
function in the “sufficient” subset calculated using
formula (3) is 0.64 for the “fuzziness index,” m = 2,
0.51 for m = 3, and 0.4 for m = 4. For the same input
parameter value, vy = 0.80, the membership function
value in the “insufficient” subset is 0.36 for m = 2,
0.49 for m = 3, and 0.59 for m = 4.

The values of the membership function of the
linguistic variable “Sufficiency of resources” in the
subset “sufficient” for the parameter y = 0.65, calculated
using formula (4) with different indicators of increased
need for material resources at project stage k, are as
follows: 0.88 for k=15;0.93 for k=7; and 0.98 for k= 10.

Accordingly, the membership grade of the linguistic
variable “Sufficiency of material resources” in the “low”
subset is estimated as 0.12 for k= 5; 0.07 for k= 7; and
0.02 for k= 10.

The resulting membership function values for
each project parameter show that they all belong to
subsets indicating high compliance with the project
uniqueness requirements, as well as sufficient time and
material resources. The defuzzification and evaluation
of the membership of the parameter “Compliance of
the project with the customer’s requirements and
the contractor’s capabilities” in the “high” subset is
determined by rule R with the logical operator “AND,”
as follows:

forn=0.7,m=2,k=5: Sy g1 = rnin((phigh (A);\yhigh (B);Yhigh (I')) = min(0.82;0.64;0.88) = 0.64;

for n=0.5,m=3,k=7: 85 pr = Min(@pigy (A); Yy (B):Vpigy (1) = min(0.87:0.51;0.93) = 0.51;

forn=03,m=4,k=10: dp g~ = min((phigh (A);\Vhigh (B);yhigh (I'")) =min(0.90;0.41;0.98) = 0.41.

According to rule R,, the assessment of the membership grade of the linguistic variable “Compliance of the
project with the customer’s requirements and the contractor’s capabilities” in the fuzzy subset “low” yields the

following results:

forn=0.7,m=2,k=5: dp ~g~r = Min(Q},, (A); v, (B); 710y (1)) =min(0.18;0.46;0.12) = 0.12;
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forn=0.5,m=3,k="7: dp ~g~r = MIn(Qy,, (A); W5 (B); ¥4y (1)) =min(0.13;0.49,0.07) = 0.07;
forn=03,m=4,k=10: 85 g~ = Min(Q; ., (A); Yo (B); ¥}y (1) = min(0.10;0.59;0.02) = 0.02.

This means that the membership grade of the parameter “Compliance of the project with the customer’s
requirements and the contractor’s capabilities” is higher in the “high” subset than in the “low” subset. For the “high”
subset, the estimated grades of membership for various factors affecting project implementation are 0.64, 0.51,
and 0.41 points, while for the “low” subset they are 0.12, 0.07, and 0.02 points under the same conditions.

The membership of the indicator “Compliance of the project with the customer’s requirements and the contractor’s
capabilities” in the subset “mean” is determined by rule R, using the following ratios:

forn=07,m=2k=25:

OAABAT = max(min((ploW (0.75);\|1high (0.80); Vhigh (0.65)); min((phigh (0.75); Viow (0.80); Vhigh (0.65));
min((phigh (0.75); Whigh (0.80); )4y (0.65))) = max(min(0.18;0.64;0.88);
min(0.87;0.64;0.93); min(0.82;0.46;0.12)) = max(0.18;0.46;0.12) = 0.46;

forn=05m=3,k=17:

S A~BAr = Max(min(,,. (O.75);\|fhigh (0.80); Vhigh (0.65)); min((phigh (0.75); Wy, (0.80); Vhigh (0.65));
min((\ohigh (0.75); Whigh (0.80); 7o (0.65))) = max(min(0.13;0.51;0.93);
min(0.82;0.49;0.88); min(0.87;0.51;0.07)) = max(0.13;0.49;0.07) = 0.49;

forn=03,m=4,k=10:

O A~BAT = max(min(@;,., (0-75);‘Vhigh (0.80); Vhigh (0.65));min((phigh (0.75); ¥4 (0-80); Vhigh (0.65));
min((phigh (0.75); Whigh (0.80); 7oy (0.65))) = max(min(0.10,0.41;0.98);
min(0.90;0.59;0.98); min(0.90;0.41;0.02)) = max(0.10;0.59;0.02) = 0.59.

The estimated values of the membership functions of the parameter “Compliance of the project with the customer’s
requirements and the contractor’s capabilities” in the “high,” “mean,” and “low” subsets, when calculated according
to rules R, R,, and R, yield the following results:

forn=0.7,m=4,k=10:0.64; 0.46; 0.12;

forn=0.5,m=3,k=7:0.51;0.49; 0.07;

forn=03,m=4,k=10:041; 0.59; 0.02.

By comparing the values obtained for the degree of agreement between the customer and contractor’s assessments
of the planned project the following output is achieved:

o the customer decides on the prospects and feasibility of setting up work on the project, taking various influencing
factors into account, and to review and change the project requirements, the allocated resources, and the deadlines;

e the contractor identifies additional opportunities to implement the project under the conditions proposed by the
customer.

2. METHODOLOGY FOR ASSESSING THE COMPLIANCE
OF THE PROJECT WITH THE CUSTOMER’S REQUIREMENTS
AND CONTRACTOR’S CAPABILITIES USING AN APPROACH BASED ON FUZZY SET THEORY

The application of the above method for assessing e identifying the project, its goals and purpose,
the compliance of the project with the customer’s and the planned results, as well as describing the
requirements and the contractor’s capabilities, while project’s most significant and essential properties,
taking into account the perceptions of both interacting parameters and characteristics (in particular, its
parties, consists of a sequence of stages which are uniqueness, scope and types of resources, and time
presented in Fig. 12 [15, 16] that comprises: frame);

2 Dadone P. Design Optimization of Fuzzy Logic Systems: Ph. Dissertation. Blacksburg, Virginia; 2001. 197 p.
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o formulating the task of obtaining a joint assessment
of the project’s compliance with the customer’s
requirements and the contractor’s capabilities,
which will serve as the basis for decisions regarding
the project’s feasibility and advisability;

e determining the values of the input parameters
of the modelled project using calculations and/or
expert assessment, and establishing them for further
fuzzification;

e fuzzification, i.e., the transition to fuzziness and
the conversion of clear input values (the predicted
degree of originality of the project result, the level
of resource sufficiency, and the project completion
dates) into fuzzy linguistic variables;

e formulating linguistic variables and defining
their membership functions; describing linguistic
variables using membership functions;

e selecting a system of rules for handling linguistic
variables in order to formulate fuzzy logical conclusions.

e transforming linguistic variables using a system of
rules to obtain fuzzy logical conclusions;

e defuzzification — reverse transition from a fuzzy
logical conclusion to a clear value (the output
parameter), i.e., a generalized assessment of whether
the planned project complies with the customer’s
requirements and the contractor’s capabilities;

e obtaining an output, i.e., a quantitative value of
the project’s compliance with the customer’s
requirements and the contractor’s capabilities, with
acceptance by both parties.

When supplemented with requirements for contractor
competence, the documented methodology can serve as
a tool for making and implementing decisions regarding
the management of project activities, including research
and development work [12—14].

CONCLUSIONS

The presented method and technique allow
projects to be evaluated, whether they are planned

for implementation or have already been completed,
based on the results obtained. The evaluation of project
management’s individual stages using the presented
method will also improve its effectiveness, as will further
detailing, breaking down, and evaluating individual
types of work if necessary.

Along with the corresponding methodology for its
application in adopting and implementing decisions
based on the generalized assessment obtained, the
application of this analytical method, which represents
an alternative to expert methods, will ensure greater
validity, objectivity and effectiveness.

The documented evaluation procedure ensures
reproducible results based on the identity and
repeatability of actions by different contractors.
This reduces dependence on subjective qualities and
increases the objectivity of the evaluation, as well as
ensuring comparability with previous evaluation results
for similar projects. The use of consistent criteria and
procedures also permits a comparison of the results of
project activity assessments by different contractors.

A promising development for the method and its
associated methodology would be to apply membership
functions to the analysis of fuzzy systems. This would
take into account a greater number of characteristics
of projects and their components, as well as
determining the potential of contractors and customer
requirements. The increasing volume of data and the
resulting complexity of computational processes will
require new resources to process information for both
assessment and solution development. One effective
solution to this problem could be to apply digital and
artificial intelligence technologies to the processes
of assessment and development of management
decisions.

Due to the invariance of the project activity
attributes criteria, the presented method and techniques
recommend themselves as a universal tool for managing
various types of projects and activities, including
research and development work.

REFERENCES

1. Tsipes G.L. Methods of an assessment of efficiency of project-oriented activity. Review of current state and prospects of
development. Upravienie proektami i programmami. 2009;03(19):190-205 (in Russ.).
2. Galushko A.D., Yurina V.S., Yurlova I.S. Review of methods of assessment and analysis of investment projects. Novalnfo.

2016;3(57):317-328 (in Russ.).

3. Gracheva M.V. (Ed.). Risk-analiz investitsionnogo proekta (Risk Analysis of Investment Project). Moscow: YuNITI; 2001.

350 p. (in Russ.). ISBN 5-238-00292-0

4. Ilarionov A.V., Klimenko E.Yu. Portfel 'procktov: Instrument strategicheskogo upravieniya predpriyatiem (Project Portfolio:
Tool for Strategic Enterprise Management). Moscow: Alpina Publisher; 2013. 312 p. (in Russ.). ISBN 978-5-9614-2261-0

5. Razu M.L. Upravienie proektom: osnovy proektnogo upravleniya (Project Management: Fundamentals of Project
Management). Moscow: KnoRus; 2015. 756 p. (in Russ.). ISBN 978-5-406-04370-7

Russian Technological Journal. 2025;13(5):119-132

130



Evaluation of the project based on the theory of fuzzy sets Viktor V. Sidorin
and the concept of fuzzy logic. Method and methodology

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

(98]

AN D

. Gracheva M.V. Proektnyi analiz: uchet riskov (Project Analysis: Risk Accounting). Moscow: Prospekt; 2017. 178 p. (in Russ.).

ISBN 978-5-392-26095-9

. Turner J.R. The Handbook of Project-Based Management. London, NY: McGrow-Hill Book; 1995. 540 p.

[Turner J.R. Rukovodstvo po proektno-orientirovannomu upravieniyu (Handbook of Project-Oriented Management):
transl. from Engl. Moscow: Grebennikov Publishing House; 2007. 552 p. (in Russ.). ISBN 5-93890-027-1]

. Benko C., Mak-Farlan F.W. Connecting the Dots: Aligning Projects with Objectives in Unpredictable Times. Harvard

Business Review Press; 2003. 246 p.]

[Benko C., Mak-Farlan F.W. Upravienie portfelyami proektov: sootvetstvie proektov strategicheskim tselyam
kompanii (Connecting the Dots: Aligning Projects with Objectives in Unpredictable Times): transl. from Engl. Moscow:
Vil’yams; 2007. 240 p. (in Russ.). ISBN 978-5-8459-1059-2]

. Mazur LI, Shapiro V.D., Olderogge N.G. Upravlenie proektami (Project Management). Moscow: Omega-L; 2001. 664 p.

(in Russ.). ISBN 5-370-00049-2

Kovalev V.V. Metody otsenki investitsionnykh proektov (Methods of Investment Project Evaluation). Moscow: Finansy i
statistika; 2008. 144 p. (in Russ.).

Tyapukhin A.P. On the issue of the concept of value chain management. Upravlencheskoe konsul tirovanie = Administrative
Consulting. 2023;11:46-59 (in Russ.). https://doi.org/10.22394/1726-1139-2023-11-46-59

Sidorin V.V., Khalilyulina N.B. Model and method of evaluating the effectiveness of the project. Fundamental ' nye
problemy tekhniki i tekhnologii = Fundamental and Applied Problems of Engineering and Technology. 2024;5(367):81-90
(in Russ.).

Sidorin V.V. Design and development of radio-electronic devices using artificial intelligence technologies. In: Actual
Problems and Prospects of Development of Radio Engineering and Infocommunication Systems (RADIOINFOCOM-2024):
Proceedings of the 8th International Scientific and Practical Conference. Moscow: RTU MIREA; 2024. P. 566-573
(in Russ.).

Sidorin V.V,, Khalilyulina N.B. Forecasting and management of research and development work by Markov methods. Vestnik
Sankt-Peterburgskogo gosudarstvennogo universiteta tekhnologii i dizaina. Seriya 4. Promyshlennye tekhnologii = Vestnik
of St. Petersburg State University of Technology and Design. Series 4. Industrial Technologies. 2023;3:58—62 (in Russ.).
https://www.elibrary.ru/vgtnor

Piegat A. Fuzzy Modeling and Control. NY: Physica Heidelberg; 2001. 728 p.

[Piegat A. Nechetkoe modelirovanie i upravlenie (Fuzzy Modeling and Control): transl. from Engl. Moscow: Binom.
Laboratoriya znanii; 2009. 798 p. (in Russ.). ISBN 978-5-94774-353-1]

Kandel A. Fuzzy Control Systems. Boca Raton: CRC Press; 1994. 656 p.

Ledeneva T.M., Reshetnikov A.D. Aspects of the implementation of the fuzzy inference mechanism in fuzzy systems.
Mezhdunarodnyi nauchno-issledovatel skii zhurnal = International Scientific Research Journal. 2021;6(108):107-117
(in Russ.). https://doi.org/10.23670/IRJ.2021.108.6.018

Kerzner H. Strategic Planning for Project Management Using a Project Management Maturity Model. NY: J. Wiley; 2001.
280 p.

[Kerzner H. Strategicheskoe planirovanie dlya upravleniya proektami s ispol’zovaniem modeli zrelosti (Strategic Planning
for Project Management Using a Project Management Maturity Model): transl. from Engl. Moscow: AITi; DMK Press;
2003. 318 p. (in Russ.). ISBN 5-94074-211-4]

Guseva E.G. Monitoring i otsenka proektov (Monitoring and Evaluation of Projects). St. Petersburg: TsSRNO; 2014. 43 p.
(in Russ.).

CNUCOK JINTEPATYPbI

. HI/IHGC TJL MGTOZ[LI OLCHKHU 3(1)(1)€KTI/IBHOCTI/I HpOCKTHO-OpHCHTHpOBaHHOﬁ JACATCIIbHOCTH. O630p TCKYHIETO COCTOAHUSA U

TIePCTIEKTHB Pa3BUTHUS. Vnpasienue npoexmamu u npoepammamu. 2009;03(19):190-205.

. Tanymko A.J., FOpuna B.C., IOpnosa N.C. O030p METOIOB OLEHKH U aHAINW3a MHBECTUIMOHHBIX IMPOEKTOB. Novalnfo.

2016;3(57):317-328. https://elibrary.ru/xeukzr

. Puck-ananuz uneecmuyuorntoeo npoexma; non pen. M.B. I'pauésoii. M.: FOHUTU; 2001. 350 c. ISBN 5-238-00292-0
. Wnnapuonos A.B., Kimmenko D.10. [Topmdgpens npoexmos: Hncmpymenm cmpameauueckoeo ynpasienus npeonpusimuem.

M.: AnbniuHa [Tabaumep; 2013. 312 ¢. ISBN 978-5-9614-2261-0

. Pazy MLJL. Vnpasnenue npoexkmom: ocrnoswi npoexmmuozco ynpagnenus. M.: KaoPyc; 2015. 756 c. ISBN 978-5-406-04370-7
. I'pauésa M.B. IIpoexmmuuiii ananuz: yuem puckos. M.: Ilpocnext; 2017. 178 c. ISBN 978-5-392-26095-9
. Tepuep Hx.P. Pyxosoocmeo no npoexmuo-opuenmuposannomy ynpaeienuio. tep. ¢ anril. M.: Mzgarenbckuit mom

I'pebennukoBa; 2007. 552 c. ISBN 5-93890-027-1

. benko K., Mak-®apnan ®.Y. Vnpasienue nopmpensimu npoekmos: coomsememaue npoeKkmos Cmpameudeckum yeusim

KomnaHuu: iep. ¢ annt. M.: Bunesimc; 2007. 240 c. ISBN 978-5-8459-1059-2

. Masyp WU.U., Hanupo B./1., Onsaeporre H.I'. Vnpasnenue npoexmamu. M.: Omera-JI; 2001. 664 c. ISBN 5-370-00049-2
10.
11.

Kosanes B.B. Memoowi oyenku unsecmuyuonnsix npoekmos. M.: @unaHchl u cratiuctuka; 2008. 144 c.
Tsmmyxua A.I1. K Bompocy o KOHIENnY yIpaBieHHUs MEMsIMU CO3MaHusI IEHHOCTeH. Ynpasnenueckoe koncynomuposaniue.
2023;11:46-59. https://doi.org/10.22394/1726-1139-2023-11-46-59

Russian Technological Journal. 2025;13(5):119-132
131


https://elibrary.ru/xeukzr
https://doi.org/10.22394/1726-1139-2023-11-46-59

Evaluation of the project based on the theory of fuzzy sets Viktor V. Sidorin
and the concept of fuzzy logic. Method and methodology

12.

13.

14.

15.

16.

17.

18.

19.

Cupopun B.B., Xanmumonuna H.b. Moaens u MeTo OLleHKH pe3yJbTaTUBHOCTH NPOEKTa. DPyHOaMeHma bHble npobiembl
mexnuxu u mexrorocuu. 2024;5(367):81-90.

Cunopun B.B. IIpoektupoBanue u pa3paboTKa pajnodIeKTPOHHBIX CPEACTB ¢ MPUMEHEHHEM TEXHOIOTHI HCKYCCTBEHHOTO
nHTeIUIeKTa. B ¢0.: Axmyanvhvie npobnemvl u nepcnekmuebl pazeumus paouomexHuyeckux u UHPOKOMMYHUKAYUOHHBIX CU-
cmem («Paouounghoxkom-2024»): Cooprux Hayunvix cmameti no mamepuanam VIII MexcOoynapoorol HayuHo-npakmu4eckou
xougepenyuu. M.: PTY MUPDA; 2024. C. 566-573.

Cunopun B.B., Xamumonuaa H.B. TIporHo3upoBaHHe U yIPaBICHHE BBITIOIHEHHEM HAyYHO-MCCIIENOBATENIHCKUX U OIMBITHO-
KOHCTPYKTOPCKHX paboT MapKoBCKHMHU MeTofaMu. Becmuux Canxm-IlemepOypeckoeo 20cyoapcmeeHHo2o yHugepcumema
mexnonozauu u ousatina. Cepus 4. Ipomviwnennvie mexronozuu. 2023;3:58-62. https://www.elibrary.ru/vgtnor

[erar A. Heuemxoe mooenuposanue u ynpasierue: niep. ¢ auri. M.: bunom. Jlaboparopwus 3nanwuit; 2009. 798 c. ISBN 978-
5-94774-353-1

Kandel A. Fuzzy Control Systems. Boca Raton: CRC Press; 1994. 656 p.

Jlenenéa T.M., PemernukoB A.Jl. OCOOCHHOCTH peaM3alii MEXaHHW3Ma HEYETKOTrO JIOTMYECKOrO BBIBOJA B HEUET-
KHX cHucTeMax. Meowcdynapoonwlii Hayuno-ucciedosamenvckuti scypran. 2021;6(108):107-117. https://doi.org/10.23670/
IRJ.2021.108.6.018

Kepruep I. Cmpamezuueckoe naanuposanue 01 ynpasienusi RPOEKmamiu ¢ UCHOAb308aHUeM MOOeNU 3penoCcmu. TIep. C aHIIL
M.: AiiTu; JIMK Tlpecc; 2003. 318 c. ISBN 5-94074-211-4

I'yceBa E.I. Monumopune u oyenxa npoexmos. CII6.: IIPHO; 2014. 43 c.

About the Author

Viktor V. Sidorin, Dr. Sci. (Eng.), Professor, Institute for Testing and Certification of Weapons and Military

Equipment (10, Ehlektrodnaya ul., Moscow, 111524 Russia). E-mail: wwsid@yandex.ru. RSCI SPIN-code 1786-8245,
https://orcid.org/0009-0003-3555-4687

06 aBTOpE

CupopuH Buktop BuktopoBu4, 4.T.H., npodeccop, ABTOHOMHas HeEKOMMepYeckas opraHmndaumns «<MHCTuTyT

VCMbITaHUI 1 cepTudmrKaLmm BOOPYXeHns n BOeHHoM TexHnkn» (AHO «MHC BBT») (111524, Poccusa, Mockea, 9nek-
TpogHasa yn., a. 10). E-mail: wwsid@yandex.ru. SPIN-kog PUHL, 1786-8245, https://orcid.org/0009-0003-3555-4687

Translated from Russian into English by K. Nazarov
Edited for English language and spelling by Thomas A. Beavitt

MIREA — Russian Technological University. MUPOA — Poccuiickuii TeXHOIOTUYECKHHA
78, Vernadskogo pr., Moscow, 119454 Russian YHUBEPCHTET.
Federation. 119454, P®, r. Mockaa, nip-T BepHajckoro, 1. 78.
Publication date September 30, 2025. Jara omyonukoBanus 30.09.2025 r.
Not for sale. He st mponaxu.

https://www.rtj-mirea.ru


mailto:wwsid@yandex.ru
https://orcid.org/0009-0003-3555-4687
mailto:wwsid@yandex.ru
https://orcid.org/0009-0003-3555-4687
https://www.elibrary.ru/vgtnor
https://doi.org/10.23670/IRJ.2021.108.6.018
https://doi.org/10.23670/IRJ.2021.108.6.018
https://www.rtj-mirea.ru

