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3 Naiden Naidenov

INTRODUCTION

Digital transformation is a phenomenon of extreme importance to the modern business
environment, which not only changes the way companies interact with each other and with
consumers, but also fundamentally rethinks the goals and strategies of organizations. It
encompasses many aspects of business, including technology, processes, culture and customer
experience, not only a technological advance, but also a strategic variable that requires a new

perspective on the management of companies.

Digital transformation is a multidimensional process that encompasses a number of
components, including technological, organizational, and cultural aspects. First, innovation in
strategic approaches is essential as companies need to rethink how they create value for their
customers in the context of a rapidly changing digital environment. This can include new
business models that integrate digital technologies into core operations, as well as adapting the
products and services offered to meet consumer needs. Second, the organizational structure
also needs to transform to meet new requirements and facilitate innovation. This can include
cross-functional teams working on projects, as well as a culture of collaboration and open
communication that encourages the exchange of ideas and innovation. Third, the technology
infrastructure of companies is a key factor for successful digital transformation. Organizations
need to invest in modern technologies that support process automation, data analysis, and the

implementation of innovations.

When these aspects are combined, it becomes clear that digital transformation requires a
strategic approach that takes into account the interaction between technological,
organizational and cultural changes. Companies must develop comprehensive strategies that
encompass all levels of the organization and reflect business objectives as well as customer

needs.

The dissertation is structured in an introduction, 3 chapters, conclusion - a summary of the
results obtained, contributions, a list of publications on the dissertation, a list of noted

citations, a declaration of originality of the results and a bibliography.

Chapter 1 provides an overview of the main tasks contributing to the achievement of digital
transformation. The main business processes are analyzed, as well as the stages for successful
digital transformation. Particular attention is paid to the human factor in this process, including
customer relationship management systems. The second part of this chapter analyzes the
decision-making support techniques applicable to digital transformation processes. Based on
the analysis, conclusions are drawn, on the basis of which the purpose of this dissertation is

formulated.

Chapter 2 describes the proposed models that support decision-making in various processes
related to digital transformation. An integrated approach is presented for assessing the

progress of digital transformation using multiple objective and subjective indicators. Based on
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the identified indicators, a mathematical model is formulated for assessing the current state of
digital transformation. For the 3 main stages of digital transformation (operational readiness,
organizational readiness and business value), corresponding groups of indicators are identified
and used to formulate a mathematical model for assessing the progress of digital
transformation. Mathematical models are described that are applicable and support the work
of the chief information manager in the digital transformation process. Taking into account the
need for a digital transformation leader, a model for group decision-making for selecting a

candidate for the position of chief digital transformation manager is also proposed.

Chapter 3 presents the numerical experiments conducted on the proposed models. The results
of testing the proposed integrated approach for assessing the progress of digital transformation
using multiple objective and subjective indicators are described. The results of testing the
proposed model for assessing digital transformation, based on groups of indicators for
operational and organizational readiness and business value, are presented. The applicability of
the formulated models supporting the work of the chief information manager in the digital
transformation process is described. At the end, the results of numerical testing of the model
for group decision-making in assessing and selecting candidates for the position of chief digital

transformation manager are also presented.

The conclusion summarizes the results obtained as a result of the proposed and tested

mathematical models to support decision-making and directly related to digital transformation.

CHAPTER 1. ANALYSIS OF BUSINESS PROCESSES AND TASKS OF DIGITAL
TRANSFORMATION, MATHEMATICAL MODELS TO SUPPORT DECISION MAKING

This chapter presents the tasks and processes that accompany digital transformation. Particular
attention is paid to the human factor in this process, as well as to customer relationship
management systems. The second part of this chapter analyzes the decision-making support
techniques applicable to digital transformation processes. Based on the analysis, the
conclusions were determined, on the basis of which the purpose of this dissertation was

formulated.

1.1. Analysis of the tasks and processes of digital transformation

Digital transformation accelerates the conversion of R&D into patents and reduces the time
between patent application and approval. It fosters innovation by improving the quality of
labor and easing financial constraints, with these mediation effects being more pronounced for
operational innovations (Qiao et al., 2025). Interdisciplinary knowledge exchange contributes to
a better understanding of the strategic imperatives of digital transformation, as it involves
multiple functional areas, including marketing, information systems, innovation, strategic and
operational management (Henfridsson et al., 2014; Bharadwaj et al., 2013). In today’s rapidly

evolving digital landscape, terms such as digitization, digitalization, and digital transformation
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5 Naiden Naidenov

are often used interchangeably. However, each concept has different meanings and

implications for businesses and organizations (Brennen & Kreiss, 2016).

1.1.1. Purpose and objectives of digital transformation

The goal of digital transformation is to improve business operations by harnessing the power of
digital technologies, creating a more efficient, adaptive, and competitive organization that is
able to respond to the ever-changing needs of customers and market dynamics (Westerman,
Bonnet & McAfee, 2014). To achieve this goal, it is necessary to implement multiple strategic
tasks and initiatives that integrate digital technologies into all aspects of the organization and
transform both internal processes and external interactions (Kane et al., 2015). By using digital
technologies and innovations, organizations can not only optimize their processes, but also
provide better customer service, increase their competitiveness, and adapt quickly to market
changes. Some of the main areas subject to improvement as a result of the implementation of

digital technologies are shown in Fig. 1.1:

Improving Optimization of Promoting ImprO\._flng
customer . . . collaboration and
. operations 5 innovation ..
experience communication
Developing hﬂ;':tlzltzlpg dLTE?g:'_?E;EE Increasing flexibility
talents and skills gulatory ; g and adaptability
compliance process

Fig. 1.1. Processes subject to improvement as a result of the application of digital technologies

1.1.2. Key areas related to digital transformation

Digital transformation refers to the process of moving from analog to digital systems and
technologies, and this involves not only technological change but also a complete rethinking of
business processes, organizational culture and customer experience (Bharadwaj et al., 2013).
Therefore, digital transformation affects a wide range of industries, including healthcare,
education, finance, manufacturing, retail and government (Schwab, 2016). It covers a wide
range of business processes, but most often refers to key areas such as: sales and marketing;
manufacturing and supply chain; finance and accounting; human resources; project

management; customer service; IT management.

1.1.3. Processes involved in digital transformation
The digital transformation process involves several key steps and aspects that help
organizations move from traditional, analog methods to digital solutions. Fig. 1.3 shows some

of the key processes and elements involved in digital transformation:

Abstracts of Dissertations 2025 (4) 3-36



Research and Modelling of Business Processes....6

=1] - C c o)

£ e D o o i S 9 T "

c += 0 © = a0 - o £ n S o
= CﬂJ> [1+] [

K] - —_— = o O EGJ: = U o w.= wv OE
O >+ 0 c = W g c O & c £ o >

o £ © e = 0 Q - Qo = 9 = M = v

Y 2 E5£| B 2g2sf E23 852® £3

L £ = o =

&0 o 3 mt'TU 95 Y5 o 2T ‘éga c =

9 v 9 < O =) 1) @ = 0 c Q

iy [= % @

= 9 o = af = e a c c © o O £

s < a X @ E o« S =

N = o DT e — O

Fig. 1.3. Main processes and elements involved in digital transformation

1.1.4. Human resources in the context of digital transformation

Implementing technologies to automate administrative tasks, such as processing applications,
scheduling interviews, and organizing documents, helps to facilitate HR professionals and
allows companies to focus on strategic and creative aspects of talent management (Stone et al.,
2015; Parry & Tyson, 2018). Fig. 1.4 shows the main aspects of human resources in the context

of digital transformation.

VR
Human resources in the
context of digital
transformation

~
A= =

Employee selection and Use of artificial
evaluation intelligence
VRS I N\
Posting job Automated resume
advertisements scanning and filtering
v \/
/\ —/-—-\

Assessment of behavioral

Interviewing and patterns and psychological

assessment process

profiles
S~ ~—_~"
/—\
Introducing new
employees
S

Fig. 1.4. Main aspects of digital transformation in the field of human resources.
Studies show that Al reduces application processing time by up to 75%, while also reducing the
risk of bias and personal preferences in selection (Cascio & Montealegre, 2016; Bodea et al.,

2020). The main approaches to using Al in candidate assessment include:
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7 Naiden Naidenov

e Automated resume scanning and filtering — Using keyword and phrase analysis methods,
Il systems quickly detect and classify applications that best meet the requirements of the
position (Upadhyay & Khandelwal, 2018).

e Assessment of behavioral patterns and psychological profiles: Some Al tools use
psychometric data and behavioral pattern analysis to assess candidates' personality
characteristics, their soft skills, and likelihood of successful adaptation to the corporate

culture.

1.1.5. Customer relationship management systems as a tool for digital transformation
Customer Relationship Management (CRM) systems and their role in the transformation of
customer relationship management are fundamental to the successful digitalization of
business. Through these software systems, organizations can successfully manage customer
relationships by collecting and analyzing data from various communication channels. The main
goal of CRM systems is the integration and automation of sales, marketing and customer
support, which is achieved by integrating 3 main components: sales automation, marketing
automation and service automation. CRM platforms help businesses make informed decisions
by providing them with key data about customer behavior and their interactions with the
brand.

1.2. Analysis of decision support techniques applicable to digital

transformation processes

Multi-criteria decision-making (MCDM) has a variety of tools and methods that can be applied
in various fields from finance to engineering design. In this context, this section aims to briefly
present the concept of MCDM, main categories and different methods that would be applicable
to the considered problem related to digital transformation. MCDM is one of the basic
problems in decision-making, which aims to determine the best alternative by considering more
than one criterion in the selection process. MCDM includes different elements and concepts

based on the nature of the decision-making problem, the main ones being as follows:

e Alternatives are “different possible courses of action”

e An attribute is defined as a “measurable characteristic of an alternative” (Taherdoost &
Madanchian, 2023)

e Aggregation refers to “considering the performance of an alternative against specific
criteria for making a decision about the alternative”

e Decision variables are defined as “components of the vector of alternatives”

e The decision space is presented as “feasible alternatives”

e Weights are defined as “elements used to quantify the attribute of an alternative by
assigning a value”

e Criteria are defined as “tools for evaluating and comparing alternatives in terms of the

consequences of their choice”
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e Preferences are defined as “how an alternative satisfies the decision maker’s needs
regarding a given attribute”
e Solutions vary depending on the type of problem, which may include selection, ranking,

and sorting problems (Borissova et al., 2020)

1.2.1 General presentation of the problems of multi-criteria analysis

The MCDM process can be viewed as selecting the best (meaning the most preferred)
alternative from a predefined set of alternatives. In mathematical form, the MCDM problem is
defined by the set of alternatives, the set of evaluation criteria, and the set of weighting factors
expressing the importance of the criteria. All this information is usually organized in a matrix

form, as shown in Table 1.1.

Table 1.1. Multi-criteria analysis matrix

Criteria/weighting factors

Alternatives

In this matrix x;; represents the value of the alternative 4;, the criterion ; is the criterion, and
(W ={wy, w,, ..., w,}) isthe vector of weight coefficients for the importance of the criteria.
These two main parameters characterize the problems of multi-criteria analysis. Multi-criteria
analysis provides the opportunity to evaluate the alternatives, which is a prerequisite for these
alternatives to be able to be arranged from the best to the worst performance or vice versa.
Considering the matrix described in this way, on the basis of which the ranking is implemented,
the main steps of this type of problem can also be identified, as shown in Fig. 1.6 (Ceballos et

al., 2016).

Processing numerical
values using an
appropriate method
and ranking the
alternatives

Determining the
weights for the
relative importance
of the criteria

Defining alternatives

and identifying
appropriate criteria

Fig. 1.6. Basic steps for solving multi-criteria analysis problems
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9 Naiden Naidenov
There are many methods of multi-criteria decision making and each method has its own
definition of the best alternative and it is not certain whether using the same input data in

different multi-criteria decision making methods will lead to the same results.

1.2.2 Categories of problems for multi-criteria decision making

The different methods of multi-criteria decision making have characteristics that can be related
to many aspects from the quality of the answers to the type of problem that these methods
solve. Therefore, for a better understanding of the methodologies of these methods, it is
essential to consider the classification of MCDM problems. There are different variants,
considering different aspects of the problems, recognized in many studies such as structured or
unstructured problems, problems with uncertainty, problems with multiple criteria and
objective functions. The different methods of multi-criteria decision making are summarized in
Fig. 1.7 (Taherdoost & Madanchian, 2023; Sabaei et al., 2015; Baizyldayeva et al., 2013).

[ Compensatory ]—

{ Non-compensatory ]— Multi objective
decision making

| Individual decision making l— Multi attribute
decision making

| Group decision making

Non-tradeoff based Function-free models

—

Types of
MCDM

Tradeoff-based

—

Discriminant function

Qualitative

—

Outranking relations

Quantitative

—

Utility functions

[ Certain

LT T T [T T

[ Uncertain

Fig. 1.7. MCDM Classification

It has been shown that decision-making support methods based on multi-criteria analysis are
significantly more frequently discussed in the scientific literature compared to multi-criteria
optimization methods (Taherdoost & Madanchian, 2023).

1.2.3. Some commonly used multi-criteria analysis methods

The Weighted Sum Method (WSM) is probably the most commonly used approach, especially

for one-dimensional problems. If there are M alternatives and N criteria, then the best
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alternative is the one that satisfies (in the case of maximization) the following expression
(Triantaphyllou, et al., 1998):

Aysy = max X, qw;, fori=1273,..,M (1.4)
where: A /5y is the corresponding score for the best alternative, N is the number of criteria
based on which a decision is made, q;; is the actual value of the i-th alternative with respect to

the j-th criterion, and w; is the weight for the importance of the j-th criterion.

Weighted Product Model (WPM). This method is very similar to the previous method. The
difference is that instead of the addition operation, the multiplication operation is used. To
compare the alternatives Ax and A}, the following equation must be calculated (Triantaphyllou,
et al., 1998):

W
ﬁ) = ()
o) (2)
where: N is the number of criteria, a ; is the actual value of the i-th alternative with respect to
the j-th criterion, and w; is the importance weight of the j-th criterion.

1.3.Conclusions

As a result of the overview analysis of the business processes, phases and tasks of digital

transformation, the following conclusions can be drawn.

e The adoption of digital technologies in various business processes has a significant impact
on the efficiency, productivity and competitiveness of organizations. These technologies
not only enable faster and more efficient access to customers, but also facilitate internal
processes and risk management, thus creating a solid foundation for sustainable
development.

e Digital transformation requires new employee skills, and infrastructure, along with
employee skills, are among the main factors influencing digital transformation processes.
The successful integration of new technologies into organizations is directly proportional
to the level of digital maturity of organizations.

e The conditions of complexity and diversity of factors that need to be taken into account
predetermine the important role of decision support methods. They provide an effective
way to deal with the variety of problems that both organizations and individuals face.
With the increasing importance of data analysis and intelligent systems in decision-
making processes, MCDM methods continue to play a key role in optimizing decisions at

various levels of management and strategic planning.

Based on the analysis of the processes related to digital transformation and the analysis of
appropriate techniques for supporting decision-making, this dissertation research aims to
propose models leading to the evaluation and improvement of digital transformation

processes.

Abstracts of Dissertations 2025 (4) 3-36



11 Naiden Naidenov
1.4. Purpose and objectives
The aim of the dissertation is to study business processes related to digital transformation, on
the basis of which to propose appropriate mathematical models supporting decision-making
and leading to improvement of digital transformation processes. To achieve this goal, the
following tasks need to be completed:
1) to analyze the main business processes and elements, the presence of which is a
prerequisite for successful digital transformation;
2) to identify key indicators for assessing the progress of digital transformation;
3) to propose a model for assessing the progress of digital transformation, taking into
account both objective and subjective indicators;
4) to propose a model for supporting the work of the person driving digital
transformation;

5) to propose a model for selecting the person driving digital transformation.

CHAPTER 2. DECISION-SUPPORTING MODELS IN VARIOUS PROCESSES RELATED TO
DIGITAL TRANSFORMATION

This chapter of the dissertation describes the proposed models that support decision-making in
various processes related to digital transformation.

2.1. An integrated approach to assessing the progress of digital transformation using multiple
objective and subjective indicators

Regardless of the field of application, the general goal of digital transformation is to improve
efficiency, value or innovation. The measures that influence the digital transformation of SMEs
can be represented by the four groups (Schuh et al., 2017), referring to: 1) resources, 2)

information systems, 3) organizational structure and 4) culture.

Digital transformation can be measured by how an organization uses IT, people, and processes
to realize new business models and revenues, motivated by customer expectations for products
and services. There are several key positions whose integration is key to the digitalization of the
company:

1) Chief Information Officer (ClO),

2) Chief Information Security Officer (CISO),

3) Chief Technology Officer (CTO) and

4) Chief Digital Officer (CDO).
For different companies, some of these roles may be combined or may be considered with
different importance due to the company's focus. For example, for a business-oriented
company, the most important is the CIO, for a technology-oriented company, the most

important is the CTO, for a digitally-oriented company, the most important is the CDO.

Abstracts of Dissertations 2025 (4) 3-36
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2.1.1. Role and hierarchy of the chief information officer, chief information security officer,
chief technology officer and chief digital officer

The Chief Information Officer (ClO) is the executive director of the company, responsible for the

management, implementation and usability of information and computer technology.

The Chief Technology Officer (CTO) is an executive-level person who focuses on creating and
implementing appropriate company policies in accordance with scientific needs to achieve
business objectives. The responsibilities of the CTO are focused on the development of
procedures and strategies, R&D, and technology utilization. In the past, the roles of the CIO and
CTO were performed by the CTO. Empirical results reveal a positive relationship between
gender and CTO innovation, and companies with a stronger corporate culture supporting
innovation have female CTOs (Wu et al., 2021).

The main responsibilities of the CIO (CISO) relate to information and data security issues by
ensuring appropriate prevention and protection against information security attacks, as well as

rapid recovery from a security breach (Dhillon et al., 2021).

The role of the Chief Digital Officer (CDO) is related to various activities that enable the
transformation of traditional operations into digital processes. Based on a large-scale sample of
companies and conducted research, it was found that only about 5% of companies had a CDO
by the end of 2018 (Kunisch et al., 2020). Considering the main responsibilities of these

managers, the following six combinations and situations can be identified, as shown in Fig. 2.2.

What is common in all these cases shown in Fig. 2.2 is the leading role of the CIO. This means
that in a micro-sized or small company situation, the CIO position should be available, even if it

is a part-time position

#1 g : -
#3 clO #4
CISO CDO

#5

Fig. 2.2. Relations between CIO, CISO, CTO, and CDO
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13 Naiden Naidenov
2.1.2. Indicators for assessing digital transformation

To assess the success of implementing digital transformation, a set of objective and subjective

indicators are proposed to measure the results of digital transformation, as shown in Table 2.1.

Table 2.1. Evaluation criteria for measuring the effectiveness of business activities in digitalization

Objective evaluation criteria Subjective evaluation criteria
IT infrastructure .Strong leadership skills
Successfully implemented market Strong business communication
innovations
Return on investment Building trust
New Customers Problem solving
Employee productivity Time management
Decision making
Entrepreneurial mindset
Strategic thinking

2.1.3. Mathematical model for assessing the state of digital transformation, taking into
account objective and subjective indicators

To measure the effectiveness of business activities in digitalization, it is necessary to consider
both groups of objective and subjective indicators within a single generalized utility function

(DTPerformance) 5 follows (Borissova et al., 2022):

prrerformance — maxlg Y9 wie; + [gz}e‘:leej} (2.1)
a+ B = (2.2)

i0=1 w; = (2.3)

jawy =1 24

The coefficient a expresses the importance of the objective criteria, and the coefficient S
expresses the subjective ones. The coefficients w; and w; express the relative importance
between objective and subjective indicators, e; and e; represent evaluation points for the
performance of objective and subjective criteria. The coefficients @ and £ allow for a more
flexible model, taking into account objective and subjective criteria of different importance in
the final complex assessment.

2.2. A model for assessing digital transformation based on groups of indicators for
operational and organizational readiness and business value

Digital technologies are dramatically reshaping industries, and many companies are
undertaking massive change efforts to keep up with competitors. Research shows that digital

transformation requires changes in the employee skills that organizations need (Ostmeier &
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Strobel, 2022). IT infrastructure and employee skill levels are important factors influencing

digital transformation processes (Cirillo et al., 2023).

2.2.1. Key indicators for assessing the stages of digital transformation operational readiness,
organizational readiness and business value

Key performance indicators play a significant role in determining the progress of digital
transformation. There are no universal key performance indicators (KPIs) for measuring
progress in digitalization, but it is possible to divide them into groups of indicators related to
the stages of (1) operational readiness, (2) organizational readiness, and (3) business value or
return (Kimberling, 2022).

2.2.2. Mathematical model for assessing the state of digital transformation, taking into
account objective and subjective indicators

This section describes the proposed sequence of steps applicable for the purposes of assessing

the progress of the three different stages of digital transformation, as shown in Fig. 2.4.

@ ® @
'e@ ®
@ o
Determination of indicators for: .

1. Operational Readiness
. 2. Organizational Readiness

. 3. Business Value
. e

Fig. 2.4. Stages of digital transformation assessment

Formulation of model Comparison between
for evaluating overall performance
these groups of the groups

of performance of indicators

. indicators

There are no strict indicators for expressing readiness at these stages and therefore the
following general indicators for the three groups are proposed, shown in Table 2.2.

Table 2.2. Indicators for measuring the stages of digital transformation

Groups of indicators ' Key indicators

Operational readiness '1.1. Number of licenses purchased to the number of users actually
using the software
1.2. Number of digital points
1.3. Number of analysis tools used

2.1. Number of executives engaged in digital initiatives
2.2. Number of detected cyberattacks

2.3. Number of successfully prevented cyberattacks
2.4. Time to detect and respond to cyber threats

Organizational readiness

3.1. Number of successfully implemented innovations
3.2. Number of applications of innovative solutions
Business value 3.3. Number of new products or services
3.4. Ratio of funds received due to transformation and spent on it
3.5. Time to market for a new offer
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To assess the state of digital transformation (DX), 3 groups of indicators are used, for which

maximum productivity is sought (Borissova et al., 2024):

max OpR
DX = {max OrR (2.5)

max BV

Subject to

OpR=Y%!_wm; >0 (2.6)
OrR =¥}_ wym; > 0 (2.7)
BV = Z§=1 w,m,, > 0 (28)
§=1 w; =1 (2.9)
¥ wy =1 (2.10)
YK we =1 (2.11)

The coefficients w;, w; and wy, express the relative importance between the indicators in each
group, while m;, m; and m; represent the quantity of measurable indicators. Metrics for

measurable indicators can be expressed in different units, which requires their normalization.

Over time, the value of measurable indicators for operational readiness should increase, as this
is one of the main prerequisites for implementing digital transformation. The same applies to
the second group of indicators, which show the extent to which managers are engaged in
digitalization activities and how well this digital data is protected. Good performance of
indicators from these two groups is a prerequisite for good performance of indicators from the

third group, related to business value.

It should be noted that in the model (2.5) — (2.11), all indicators must be measurable. However,
it is permissible to use non-measurable indicators, the measure of which can be the assessment
given by an authorized person.

2.3. Models supporting the work of the chief information officer in the digital transformation
process

Today, the role of the chief information officer (ClO) is changing rapidly. ClOs, together with top
managers, must discuss the challenges and requirements for strategic IT innovation and select

appropriate and reliable software tools to support IT (Gogan et al., 2020).

2.3.1. A model for group decision-making through rapid evaluation and selection of software
tools for collaborative remote work

The mathematical model for evaluating and selecting software tools for collaborative remote
work can be expressed similarly to the classical weighted sum (SAW) model and the modified
SAW (Korsemov & Borissova, 2018). Instead of using estimates, the proposed mathematical
model (M-1) considers the parameters of the software tools as variables (Borissova et al.,
2022):
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maxA; = X5 A X wipgy, i ={1,2,...,M} (2.12)
Mawf=1 (2.13)
Eir=1 (2.14)

where the index i = 1,...,M is used to represent the number of alternatives; the evaluation
criteria are denoted by the index j = 1,...,,N; the performance of the parameters of the i-th
alternative with respect to the j-th criterion is expressed by p;;; the coefficients expressing the
importance of the j-th criterion with respect to the e-th expert opinion are wje; and the
weighted coefficients 1° express the importance of the e-th expert opinion.

The efficiency of alternatives is the sum of the multiplication of the parameter efficiency, taking
into account the opinions of experts in relation to (2.12). The most suitable suitable alternative

should have maximum performance.

2.3.2. A group decision-making model using combinatorial optimization for simultaneous
evaluation and selection of multiple remote collaboration software tools

The second modeling approach is also based on SAW, but the utility function includes two
additional types of coefficients. The first of them represents binary integer variables for
selecting the best alternative(s) as the final group decision, while the second type of
coefficients expresses the importance of the experts’ opinions. Taking into account these
additional considerations, the simultaneous evaluation and selection of several remote
collaboration software tools can be implemented through the following group decision-making

model (M-2), as follows (Borissova et al., 2022):

max (T x (R0 2° A9) + B5 s (BEo1 47 49 + XF 7, (BE-, 4° 49)) (2.15)
Subject to

Vi=12,..,M:(Ve =1.2,..,E: A =Y} wf af)) (2.16)

Vs =12,..,5: (Ve = 1,2, ..., E: AS = Yo wf al)) (2.17)

Vt=12,..,T:(Ve = 1.2,..,E: A = 2w af,) (2.18)

Lix =1,x €{0,1} (2.19)

Yo-1¥s =1,y5 €{0,1} (2.20)

t=12¢ = 1,2, €{0,1} (2.21)

Lawf=1 (2.22)

Yp-1wp =1 (2.23)

T wg=1 (2.24)

e =1 (2.25)

where A7 expresses the total evaluation of the i-th alternative against all criteria, taking into
account the point of view of the e-th expert, and respectively for the next two types of choices

A¢ and A%, while aﬁj denotes the evaluation result by the e-th expert for the i-th alternative to
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the j-th criterion and the evaluation scores for the remaining two types of choices are ag, and
afq, respectively. Relations (2.19) — (2.21) guarantee only one choice from each type of
software and are based on three types of binary integer variables for each type of software.
The weighted coefficients representing the importance of the criteria for the different selection
groups are expressed by the equalities (2.22) —(2.24). The last expression (2.25) shows that the
sum of the weighted coefficients for the importance of the experts' opinions must be exactly

equal to 1.

2.4. Model for group assessment and selection of a candidate for the position of Chief Digital
Transformation Manager

Developing leadership skills that foster data-driven decision-making, collaborative problem-
solving, and adaptive management is crucial (Seppanen et al., 2025). The leadership role of CIO
s requires building digital capabilities that contribute to digital acceleration, digital marketing,
and digital alignment, related to digital innovation, data analytics, and customer engagement
(Tumbas et al., 2017). It should be noted that while CIO s have a stronger focus on technical
aspects and IT efficiency, CIO s are more business and strategic oriented (Ulrich & Lehmann,
2023).

2.4.1. Responsibilities, tasks, technical and software skills for the position of Chief Digital
Transformation Manager

Several key areas such as loT, social media, mobile applications, artificial intelligence,
augmented and virtual reality, metaverse and corporate digital responsibility are at the core of
digital transformation (Fynn-Hendrik et al., 2024). The combination of strong leadership skills
and technical expertise can define the ideal CIO candidate. The CIO is also known as a digital
director or digital transformation manager and must handle a variety of tasks, summarized in 4

main directions, as shown in Fig. 2.5.

Enabling digital transformation and value
! creation through new tools and technologies
|
|
|

' Easing the company's transition to digital

| with customers and partners

|

I

' Communicating and persuading the importance
of digitalization throughout the entire company

Chief Digital Officer
(CDO)

Making digital technologies a core part of the
organization's strategy

Fig.2.5. Responsibilities of the CDO
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The important positioning of the CDO due to their influence in the organization motivates the
need to select the right candidate who can go beyond the scope of their past and current
successes. Thus, assessing potential in addition to current performance is crucial for the
successful recruitment of digital strategists and CDO.
2.4.2. Model for selecting the person driving digital transformation - a model for group
decision-making when selecting a chief digital transformation manager

The basic formulation of the multi-criteria decision-making problem is usually expressed in the

following matrix format (Shih et al., 2007):

r11 r1nH \
e ’r‘mn

where the alternatives (candidates for the GDM) are denoted by A4, ... 4,,, the evaluation

™ (2.26)

Aml|r,

criteria are expressed by Cy, ... C,, the effectiveness of the alternative A,,, with respect to the
criterion C, by the k-th expert is represented by K., and w)} are coefficients for the

importance of the n-th criterion given by the k-th expert.

In order to make an effective selection of the most preferred candidate according to the
opinions of the entire group, the evaluations of each member of the group should be

considered with different importance. For this purpose, the following optimization model is

proposed:
l
rihooe Ty [[wi g T1n wy
CDO* =maxi|a*| : ~ |||+ +][a E (2.27)
i, - rk W,’f
Subject to
K ,ak=1 (2.28)
Y aw =1 (2.29)

where a¥ denotes a weighting factor that expresses the level of expertise/importance of the k-
th expert. Given the ratios (2.28) and (2.29), the range of evaluation points is between 0 and 1

in order to obtain comparable values for the three parameters.

In the proposed model (2.27) — (2.29) all hard and soft skills are considered with equal
importance. If it is necessary to distinguish these skills, additional coefficients for technical
knowledge and soft skills should be introduced. In order to select the most suitable candidate
for the CDO position, the use of two types of groups of evaluation criteria is proposed, relating

to hard and soft skills. These two groups of evaluation criteria are shown in Table 2.3.

Table 2.3. Criteria for assessing the technical and soft skills of candidates for the CDO

# Hard skills # Soft skills
t-1 |Broad technological awareness s-1 |Communication
t-2 |Understanding digital structures and products s-2 |Leadership
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t-3 | Diploma in Business/Technology/Engineering s-3 | Responsibility and perseverance

t-4 |Data analysis and problem-solving ability s-4 |Time management

t-5 |[Leadership of successful digital transformation|s-5 |Emotional intelligence
projects.

t-6 | Experience in managing and leading a digital team s-6  |Collaboration and teamwork

s-7 |Strategic thinking

CHAPTER 3. NUMERICAL TESTING OF THE PROPOSED DECISION-MAKING MODELS
RELATED TO DIGITAL TRANSFORMATION

This chapter describes the results of the numerical experiments conducted with the proposed
mathematical models described in Chapter 2.

3.1. Numerical testing of the proposed integrated approach to assess the progress of digital
transformation using multiple objective and subjective indicators

To assess the digitalization process, the CEO assigned ratings to the IT director's performance,

as the test was conducted in a micro-company with an IT director.

3.1.1. Input data for numerical testing

The predefined and provided ratings for business activities related to digital transformation,
along with the importance weights of the criteria, as described in section 2.1, are shown in
Table 3.1.

Table 3.1. Evaluation points and corresponding weights for objective and subjective criteria.

Criteria Importance weights Rating Case- Case- Case-3
points 1 2

Objective evaluation criteria w; (S-1) w; (S-2) e; a a a

o-1 IT infrastructure 0.25 0.12 0.65 0.50 045 0.55

0-2 Successfully implemented market 0.25 0.15 0.45

innovations

0-3 Return on investment 0.25 0.26 0.54

0-4 New Customers 0.25 0.23 0.58

0-5 Employee productivity 0.25 0.24 0.55
Subjective evaluation criteria w; w; e B B B

s-1 Strong leadership skills 0.125 0.13 0.57 0.50 0.55 0.45

s-2 Strong business communication 0.125 0.15 0.78

s-3  Building trust 0.125 0.12 0.44

s-4 Problem solving 0.125 0.14 0.80

s-5 Time management 0.125 0.11 0.56

s-6 Decision making 0.125 0.13 0.93

s-7 Entrepreneurial mindset 0.125 0.09 0.78

s-8 Strategic thinking 0.125 0.13 0.81
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Two scenarios of importance of sub-criteria (S-1 and S-2) and three cases are presented, which
express different preferences regarding objective and subjective evaluation criteria. It should
be noted that all evaluations given in Table 3.1 are subjective and reflect the specific point of
view of the participating CEO from a specific company. Therefore, these data are valid only for
this company. Using these input data from the table above, several optimization problems are
solved based on the proposed model (2.1) — (2.4). The obtained results are illustrated and

discussed in the next section.

3.1.2. Numerical testing results
The results of scenario S-1, where all objective and subjective sub-criteria are considered with
equal importance, are further considered in 3 different cases for importance between objective

and subjective indicators, as shown in Fig. 3.1.

Scenario S-1
0,8

0,700625 0,7014375 0,6998125
0,7
0,6
0,5
0,3898125 0.380875

0,4 0,34625 0,354375 !

' 0,311625 0,3189375
03
0,2
0,1

0

Objective Evaluation Criteria M Subjective Evaluation Criteria W Overall performance

Fig. 3.1. Comparison of results under scenario S-1

From Fig. 3.1 it can be seen that the effectiveness of objective criteria in case-1 and case-2 has
lower results compared to the effectiveness of subjective criteria for the same cases. The
situation expressed by case-3, where more importance is given to objective criteria by using

coefficient a=0.55, the results show higher results (0.380875) of objective criteria.

By combining objective and subjective criteria, the overall performance of the company's
progress in digital transformation can be assessed. This assessment may vary depending on the
given preferences for the importance of objective and subjective criteria. For example, if the
objective and subjective criteria are considered with equal importance a=p=0.50 (case-1), the
total score is 0.700625, if more importance is given to the subjective criteria a=0.45,3=0.55
(case-2), the score is 0.7014375 and vice versa in case-3 a=0.55,=0.45 with the total score
being 0.6998125. The results of scenario S-2, where the sub-criteria are considered with
different importance and the importance of the objective and subjective groups considered in 3

different cases, are shown in Fig. 3.2.
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Scenario S-2
0,8

0,64073

0,7 0,6326
06

05

04 0,35695

03 0,27565
0,2 - -
0,1 - -

0

Objective Evaluation Criteria

0,62447

0,392645

0,248085 I

B Subjective Evaluation Criteria

0,303215 0,321255

M Qverall performance

Fig. 3.2. Comparison of results under scenario S-2

The effectiveness of objective criteria in all 3 cases (0.27565; 0.248085; 0.303215) has a lower
value compared to the effectiveness of subjective criteria (0.35695; 0.392645; 0.321255). The
overall performance in case-1 (¢ = f =0.50) is equal to 0.6326, for case-2 (a =0.45,8=0.55) the
result is 0.64073, and for case-3 (a =0.55, B = 0.45) the overall result is 0.62447.

For the two different scenarios described above in three different cases for the importance of
objective and subjective criteria for the overall presentation of the company's progress, a

comparison was made, which is shown in Fig. 3.3.

S ) 4 \ 4 \
. ‘ == cqual weights for
0,700625 0,7014375 0,6998125 objeriie
subjective criteria
0,6326 e === different weights for
‘_, 4’\\ 0,62447 objective and
subjective criteria
Case-1 Case-2 Case-3

Fig. 3.3. Comparison of overall performance under 2 different preferences regarding the weights of
subjective and objective criteria for 3 cases

Considering the objective and subjective criteria of equal importance (Case-1) in both scenarios
(S-1 & S-2), the results obtained show a difference of 0.068025 for the overall performance of
the company. For Case-2, this difference is 0.0607075 and for Case-3, the difference is
0.0753425, respectively.

The results obtained show that digital transformation can be measured using information about
the available IT, the managers involved and the new business processes, as well as the revenues
from improved products and services. Based on the main responsibilities of the CIO, CISO, CTO
and CDO, a set of different objective and subjective criteria is identified that influence the

digital transformation process. The results prove the effectiveness of the proposed model, as
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well as the suitability of the defined two groups of objective and subjective criteria for

evaluation.

3.2. Numerical testing of the proposed model for assessing digital transformation, based on
groups of indicators for operational and organizational readiness and business value

For the numerical testing of the proposed model (2.5) — (2.11), the CDO has provided
information on the performance indicators relevant to a micro-company. To solve the multi-
criteria model (2.5) — (2.11), the weighted sum method is used, which requires the
transformation of the multi-criteria objective function (2.5) into a single-criteria function, as
follows:

max <Wi( OpR™M3*—0pR )+Wj( OrR™MA*_0OrR )+Wk( BYy™Max_py )> (3.1)

OpRmax—OpRmin OTRmaX—OrRmi" BVmax_BVmin
The rest of the restrictions remain the same.
3.2.1. Output data for numerical testing

The normalized data for the measurable indicators by groups together with the weighted

coefficients for their importance are shown in Table 3.9.

Table 3.9. Normalized metrics for indicators and weights for their importance.

. Key Indicator Weights for the
.. Normalized . )
Key indicators indicators Importance Weights importance of key
(Case-1) indicators (Case 2)
mj;, mj;, my Wi w; Wy W; w; Wi
1.1. Number of licenses purchased to
the number of users actually using the 1.00 0.33 0.20
software
1.2. Number of digital points 0.00 0.33 0.40
1.3. Number of analysis tools used 0.067 0.34 0.40
2:1: Nu.rTTb.er.of executives engaged in 0.001 0.5 0.50
digital initiatives
2.2. Number of detected cyberattacks 0.00 0.25 0.10
2.3. Number of successful cyberattacks 0.00 0.5 015
prevented
2.4. It's time to detect and respond to 1.00 0.25 0.5
cyber threats
?:.1. Number of succes;fully 0.002 0.20 015
implemented innovations
?.2. Number of ?ppllcanons of 0.005 0.20 015
innovative solutions
3.3. .Number of new products or 0.007 0.20 0.10
services
3.4.The ratllo of funds recelve_d due to 0.010 0.20 0.40
transformation and spent on it
3.5. Time to market for a new offer 1.000 0.20 0.20
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The normalized input data from Table 3.9 and the proposed model (2.5) — (2.11), respectively

the transformed objective function (3.1) subject to the constraints (2.6) — (2.11) are used to

formulate an optimization problem.

3.2.2. Analysis of results and discussion
The results of the two tested situations (Case-1 and Case-2) regarding the prioritization of
indicators according to different perspectives for the key indicators within 3 groups

(respectively 3 stages) are illustrated in Fig. 3.4.

g:: B Equal indicators importance
0,7 Different indicators importance
0,6 0,683 |
0,5
0,4
0,3
g:i 0,227, 0,251] ﬁ 0,206
0,0
Operational Organizational Business value  Overall performance
readiness readiness

Fig. 3.4. Comparison of results using different weights for importance indicators

Fig. 3.4 shows the difference in overall performance when using different weighted coefficients
for the indicators — the value of 0.808 with equal importance of all indicators and 0.683, when
some indicators are preferred over others. These values do not provide complete information
about the progress of the digital transformation, so it is good to pay attention to the individual

groups of indicators.

In case 1 (with equal weights for the key indicators) operational readiness has a better
performance with the resulting value equal to 0.353 compared to organizational readiness,
whose value is 0.250, and the business value is 0.205, despite the missing activities for
“Number of digital points” and “Number of detected cyberattacks” and “Number of prevented

successful cyberattacks”.

When some metrics are preferred over others, as in Case-2, the results show a better
performance for organizational readiness (0.251) compared to operational readiness (0.227)
and business value (0.206). In this situation, it cannot be expected that the digital
transformation will succeed, since the business processes and technologies are not well aligned

before their implementation.

Using such models, it is possible to predict the failure or success of the digital transformation,
since it focuses not only on the organization’s ability to implement new technologies and

software, but also on its people, culture, processes, etc.
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3.3. Testing the proposed models supporting the work of the chief information officer in the
digital transformation process

This section describes the numerical testing of the proposed models supporting the work of the

ClO in the digital transformation process, according to item 2.3 (Chapter 2).

3.3.1. Output data
Among the existing videoconferencing platforms, 5 were selected, the main parameters of

which used during the evaluation are given in Table 3.2.

Table 3.2. Parameters of videoconferencing tools

Video conferencing tools

Farameters Zoom Webex Skype SR UMeetin Lifesize
Hangouts

Number °f 100 100 50 25 25 25

participants

HD video yes -- yes - = -

HD audio yes -- -- -- - -

Screen sharing yes yes yes yes -- yes

Group chat yes - yes yes - yes

Video meeting

recordings yes yes yes yes - -

Meeting time limit 40 min 40 min unlimited unlimited 30 min 24 hour

Learning Management Systems (LMS) are applicable in the field of education and business
training due to their numerous advantages (Chtouka et al., 2019). The main parameters of

some free and popular LMS are shown in Table 3.3.

Table 3.3. Learning Management Systems (LMS) Parameters

Parameters Learning Management Systems
Moodle Chamilo ILIAS Forma LMS

SCORM 1.2 yes yes yes yes
SCORM 2004 yes -- yes yes
XAPI yes - -- -
Mobile application yes yes -- --
Self-Hosted Cloud-based yes yes -- --
Self-Hosted System yes yes -- yes
SaaS/Cloud - yes yes yes
WordPress -- yes -- yes
Google Calendar -- yes -- yes

The main parameters of a predefined set of project management (PM) software products are

given in Table 3.4.

Table 3.4. Project management tool parameters

Parameters Project management tools

Jira Bitrix24 Infolio GitHub
| Limit on collaborators Upto 10 Upto12 Unlimited Unlimited |
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Storage limit 2 GB 5GB 1GB 0.5GB
Custom workflow yes yes yes --
Tracking timeline yes yes -- --
Calendar yes yes yes --
Chat yes yes yes yes
Portfolio management -- yes -- yes
Gantt chart -- yes -- --
Version control -- -- -- yes

All of the presented PM alternatives can be implemented and implemented as software as a

service (SaaS), including a mobile application interface.

3.3.2. Numerical testing results

The software tools are evaluated by a formed group that includes a CIO (E-1), IT (E-2) and an
expert from the digital services team (E-3). To make a group decision, each expert has
determined the corresponding coefficients expressing the relative importance between the
criteria (parameters) for evaluating the videoconferencing tools given in the first 3 rows of
Table 3.5, and the remaining rows contain the points for the evaluations of each alternative

against the criteria.

Table 3.5. Weighting factors for the criteria and evaluations of the alternatives concerning
videoconferencing tools, determined by a group of 3 experts

Experts and Number of  HD HD Screen Group Video meeting Meeting time
alternatives  participants video audio sharing chat recordings limit

wy wy W3 Wy Ws We wy
E-1 0.2 0.08 0.07 0.13 0.05 0.15 0.32
E-2 0.1 0.13 0.18 0.15 0.07 0.15 0.22
E-3 0.13 0.1 0.2 0.19 0.1 0.08 0.2
A-1 0.78 0.91 0.93 0.98 0.79 0.69 0.19
A-2 0.65 0.12 0.15 0.92 0.21 0.70 0.08
A-3 0.50 0.89 0.12 0.95 0.81 0.66 0.97
A4 0.25 0.11 0.19 0.90 0.73 0.62 0.94
A-5 0.25 0.09 0.07 0.02 0.31 0.11 0.06
A-6 0.25 0.05 0.10 0.89 0.84 0.13 0.81

For the first modeling approach (2.12) — (2.14) the normalization is in the range between 0 and
1. The supported maximum number of participants is chosen to be equal to 1 and the same
applies to the duration of the video conference, expressed as “unlimited”. The other values are
normalized proportionally. The weighting coefficients for the importance of the criteria
together with the evaluation points of the alternatives against the LMS criteria are shown in
Table 3.6.
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Table 3.6. Weighting factors for the criteria and evaluations of the alternatives related to LMS,
determined by a group of 3 experts

Experts & Supported specifications
Alternative SCORM SCORM xAPI  Mobile Self-hosted Self- SaaS/ Word Google
S 1.2 2004 application cloud-based hosted Cloud press Calendar
system
wq wy w3 Wy Ws We wo Wg Wo
E-1 0.08 0.15 0.16 0.12 0.09 0.13 0.07 0.10 0.10
E-2 0.07 0.13 0.17 0.11 0.08 0.20 0.10 0.08 0.06
E-3 0.07 0.10 0.05 0.10 0.13 0.15 0.10 0.10 0.20
A-1 0.88 094 094 0.86 0.95 0.92 0.15 0.72 0.13
A-2 0.84 0.17 0.27 0.90 0.88 0.90 0.92 0.89 0.92
A-3 0.91 0.79 0.25 0.42 0.25 0.21 0.88 0.15 0.09
A-4 0.92 0.88 0.23 0.18 0.31 0.88 091 0.75 0.69

The expert-determined weighted coefficients for the relative importance between the criteria
together with the evaluation scores of the alternatives regarding the PM criteria are shown in
Table 3.7.

Table 3.7. Weighting factors for the criteria and alternative assessments related to PM instruments,
determined by a group of 3 experts

Experts & Employe Storage Custom Tracking Calendar Chat Portfolio Gantt Version

Alternatives es limit limit  workflow timeline managem chart control

W1 w2 W3 Wy Ws We Wz Wg Wo
E-1 0.09 0.1 0.05 0.18 0.19 0.05 0.1 0.11 0.13
E-2 0.18 0.09 0.07 0.07 0.07 0.1 0.02 0.13 0.27
E-3 0.12 0.1 0.17 0.14 0.17 0.06 0.02 0.11 0.11
A-1 0.1 0.4 0.83 0.93 0.79 0.76 0.2 0.14 0.25
A-2 0.12 0.9 0.92 0.88 0.84 0.86 0.93 0.98 0.12
A-3 0.95 0.2 0.87 0.23 0.91 0.72 0.17 0.11 0.19
A-4 0.98 0.1 0.12 0.21 0.11 0.92 0.88 0.09 0.99

The results obtained for the selected combination of VCT, LMS and PM using both approaches
together with the significance coefficients of the experts' opinions under three scenarios are

shown in Table 3.8.

Table 3.8. Group decision for the selected combination of VCT, LMS and PM under three scenarios for the
importance of experts’ opinions

Model M-1 Model M-2
LMS
Case-1 0.33 0.33 0.34 A-3 A-2 A-2 A-3 A-1 A-2
Case-2 0.20 0.35 0.45 A-1 A-2 A-2 A-1 A-2 A-2
Case-3 0.50 0.40 0.10 A-3 A-1 A-2 A-3 A-1 A-2
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Case-1 represents the scenario where the opinions of the experts are of equal importance;
Case-2 illustrates a scenario with the most important opinion of expert E-3, followed by E-2 and
E-1, while Case-3 emphasizes the opinion of expert E-1, followed by E-2 and then E-3. The
empirical comparison of the results using model M-1 and M-2 at the same criteria importance

coefficients e Wje, along with the parameter estimates for VCT, LMS and PM from Table 3.6,

Table 3.7 and Table 3.8 are graphically presented in Fig. 3.5.

case-3v-2) [ —
Case-3(M-1) —
Case-2(M-2) |
Case-2(M-1) |
case-1(m-2) [ —
Case-1(M-1) |

0 1 2 3

Case-1(M-1) Case-1(M-2) Case-2(M-1) Case-2(M-2) Case-3(M-1) Case-3(M-2)

BPM 2 2 2 2 2 2
mLMS 2 1 2 2 1 1
VCT 3 3 1 1 3 3

Fig. 3.5. Comparison of the results of two group decision-making models

The first modeling approach (2.12) — (2.14), based on the parameters of the software tools used
as variables and expressed by 0 or 1, if the functional characteristics are present or not, is

suitable for fast group decision-making.

The second modeling approach (2.15) — (2.25) requires more attention to evaluation in terms of
the use of a scale to obtain a result expressing the performance of the alternatives against
given criteria. The advantage of this modeling approach is the fact that the optimal choice of
the interesting combination of software elements is obtained as a single execution of the

optimization task.

Despite the difference between the described approaches, both can be successfully applied to
group decision-making. Depending on the chosen strategy, which is the basis of each of the
models, it is possible to use one of them at different stages to determine the reasonable group

decision.
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3.4. Numerical testing of the proposed model for group decision-making in the evaluation

and selection of candidates for the position of Chief Digital Transformation Manager

The proposed mathematical model (2.27) — (2.29) for group decision-making in the selection of
a CDO, described in Galav 2, item 2.4, is tested numerically, with the formed decision-making
group including the following experts: a CEO who formulates business goals and makes
strategic decisions (E-1), a human resources expert (E-2) and a chief technology officer (E-3).
Unlike soft skills, hard skills can be measured and therefore in this numerical testing they are
considered to be already assessed and available and normalized. A degree in business,
technology, engineering or project management can be proven through relevant certificates,

etc.

3.4.1. Input data for numerical testing

5 candidates have applied for the position of CDO, who must be ranked according to the
formed summary assessment according to a group of 3 experts. It should be noted that the
specific example concerns the selection of CDO for a small company, the activity of which is
related to trade. The pre-determined assessments of hard skills together with the
corresponding weights for their importance according to the experts' points of view are
presented in Table 3.10.

Table 3.10. Ratings and weights for candidates' hard skills determined by a group of 3 experts

Technical Candidates Weights for hard skills
skills
t-1 0.8 0.85 0.78 0.79 0.84 0.100 0.080 0.090
t-2 0.77 0.85 0.8 0.85 0.75 0.100 0.085 0.095
t-3 0.87 0.78 0.75 0.68 0.7 0.085 0.050 0.070
t-4 0.8 0.82 0.86 0.76 0.84 0.070 0.090 0.080
t-5 0.78 0.75 0.85 0.69 0.85 0.075 0.070 0.080
t-6 0.76 0.73 0.8 0.84 0.67 0.060 0.100 0.080

The soft skills assessments from the interview conducted along with the coefficients for their
importance according to each expert are shown in Table 3.11.

Table 3.11. Scores and weights for candidates' soft skills determined by a group of 3 experts
Candidates

Soft skills s s A= Soft skills weights

E-1: ratings

s-1 0.68 0.75 0.67 0.7 0.7 0.085

s-2 0.69 0.78 0.82 0.8 0.8 0.08

s-3 0.75 0.65 0.7 0.8 0.75 0.06

s-4 0.7 0.72 0.73 0.75 0.75 0.07

s-5 0.8 0.67 0.76 0.8 0.78 0.075

s-6 0.8 0.75 0.8 0.82 0.76 0.075

s-7 0.68 0.73 0.82 0.85 0.72 0.065
E-2: ratings

s-1 0.72 0.65 0.7 0.85 0.68 0.08
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s-2 0.78 0.75 0.73 0.78 0.75 0.07
s-3 0.66 0.8 0.7 0.7 0.65 0.075
s-4 0.85 0.73 0.72 0.65 0.85 0.08
s-5 0.82 0.78 0.67 0.75 0.82 0.065
s-6 0.75 0.72 0.75 0.8 0.75 0.075
s-7 0.78 0.73 0.75 0.67 0.75 0.08
E-3: ratings
s-1 0.72 0.74 0.82 0.72 0.78 0.07
s-2 0.68 0.72 0.75 0.67 0.82 0.09
s-3 0.72 0.75 0.7 0.75 0.85 0.065
s-4 0.7 0.72 0.8 0.76 0.72 0.07
s-5 0.8 0.67 0.75 0.85 0.77 0.06
s-6 0.75 0.75 0.75 0.82 0.75 0.07
s-7 0.75 0.68 0.65 0.78 0.82 0.08

Since the proposed model is based on group decision-making, 3 different scenarios were
simulated. These scenarios represent 3 specific cases of different combinations regarding the

importance of experts' opinions, as shown in Table 3.12.

Table 3.12. Different cases for combining expert opinions

Weight for the importance of expert opinion

Case -1 0.333 0.333 0.333
Case -2 0.20 0.35 0.45
Case -3 0.45 0.30 0.25

3.4.2. Analysis of results and discussion

The results for the simulated 3 cases regarding the importance of experts' opinions on the

combination of technical and soft skills are shown in Fig. 3.6.

Candidates’ performance M Case-1 m Case-2 = Case-3
4 3\ r\ { hY
0.77 © 5 w
0 ~ @
S <t 1) o a ~
0.76 5 E E‘ g R
S @ N © c S N
0.75 x s S Q
o e @
c
0.74
0.73

1 2 3 4 5

Fig. 3.6. Comparison of the simulated 3 different cases of group decision making
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Using Case-1, where all experts’ opinions are given equal importance, the most suitable
candidate for the CDO position is candidate #3. When simulating the situation of Case-2 (Table
3.12), with the predominant importance of E-3, the results show another suitable candidate
below #5, considering the aggregated preferences of all experts. In the situation determined by
Case -3 of Table 3.12, the results show that the most suitable candidate for the CDO position is
#4 with a total value of 0.7462.

It is interesting how each expert rated the candidates and who was the best choice according to
their preferences. The answer to this question regarding the best candidate according to the
individual preferences of the experts in the group is illustrated in Fig. 3.7.

Candidates’ performance ME-1 WE-2 ME3
S e
~ " n < l ()
0.81 R 0o 0 © @ SR
N o ® o 0N Q © o | s
© ° o S | ° S
0.76 a a o
S S ~ S 3
~ = S ° S
= o 3
0.71 . . S

1 2 3 4 5

Fig. 3.7. Comparison between individual choices for the CDO position

The comparison between the selected candidates in the group decision-making scenarios and
the selected candidates according to the individual preferences of the experts in the group is

shown in Fig. 3.8.

Selected candidates B Group decision Individual selection

0.7262 0.7830

0.7787 0.7503 0.7462 0.7589
1 2 3 4 5

Fig. 3.8. Comparison between group decisions and individual choices for the CDO position according to
different experts

From Fig. 3.8 it can be seen that there are 2 candidates (#4 and #5) who are the preferred
choice of both individual experts and as a result of a formed group decision. Although
candidate #1 is not among those selected in the group decision (see Fig. 3.8), he is the

preferred choice according to the point of view of expert E-2 for the CDO position. Therefore,
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by appropriately aggregating the different points of view of multiple experts, it is possible to
determine the most suitable candidate for the CDO position. This choice can be considered as
sufficiently objective, since it is able to integrate the different views of the experts regarding
the ideal candidate for the CDO position.

The proposed model for group decision-making can be easily modified by adding or reducing
some of the evaluation criteria. In addition, it is possible to use a different number of experts
for group decision-making. By changing some of the technical and/or soft skills, it is possible to
select suitable candidates for other or similar positions. In this way, it is possible to improve

progress in digitalization, which in turn contributes to better economic sustainability.

CONCLUSION — SUMMARY OF THE RESULTS OBTAINED

Digital transformation with its processes and stages is primarily a management task related to
the use of digital technologies to create new or modify existing business processes, culture and
customer experience in order to meet changing business and market requirements. This
process of transforming business in the digital era expresses the essence of digital
transformation. The resulting innovations and modifications of business models have
fundamentally changed consumer expectations and behavior, putting enormous pressure on
companies. On the one hand, this is due to the continuous progress of information technologies
and the infrastructure used. On the other hand, the Covid-19 pandemic has proven to be an

additional stimulus for transforming some traditional businesses into fully electronic ones.

All this determined the main goal of this dissertation work, related to the study and modeling of
business processes supporting decision-making in the field of digital transformation. To
establish the current state of digital transformation, a number of objective and subjective
indicators have been determined. Based on the determined indicators, a mathematical model
has been formulated to assess the current state of digital transformation. Three main stages of
digital transformation have been distinguished (1) operational readiness, (2) organizational
readiness and (3) business value, for which corresponding groups of indicators have been
identified, used to formulate a mathematical model for assessing the progress of digital
transformation. In response to the growing responsibilities of the chief information manager,
mathematical models have been proposed that aim to find relevant solutions. The first of them
is a variation of the classic SAW model, where instead of criteria estimates, normalized
parameter values are used. This model is suitable for decision-making in the absence of
sufficient time and the need for timely decision-making. The second model simultaneously
determines the best group solution, which is a combination of different software products. This
model requires more time and a group of experts authorized to make the choice. Another
important aspect of digital transformation is finding the right leader for the specific
organization. For this specific task, a group decision-making model has been proposed for

evaluating candidates and selecting a person for the position of chief digital transformation
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manager. Here, the formed group solution takes into account both the knowledge and

experience of the candidates, as well as their leadership abilities.

The practical applicability of all formulated models for supporting decision-making has been

proven through testing on real problems.

As a future development of the research in the dissertation, it is planned to explore the
possibilities of other models, with the aim of modifying them for group decision-making, as well
as creating new models and algorithms to support decision-making, taking into account various

essential parameters and situations in group decision-making.

CONTRIBUTIONS

The results obtained, described in this dissertation, can be summarized in the following

scientific and applied scientific contributions:

1. A model for assessing the progress of digital transformation is proposed, taking into
account both objective and subjective indicators. This model can easily be modified, if

necessary, to take into account only objective or only subjective evaluation criteria.

2. Three groups of indicators have been identified to measure the progress of the digital
transformation stages, namely operational readiness indicators, organizational readiness
indicators and business value indicators. These groups of indicators have been used to

formulate a corresponding model.

3. Two models have been formulated to support the work of the chief information manager.
The first of them is based on the weighted sum method, using normalized parameter
values instead of criteria scores. The second model simultaneously determines the best
group solution, which is a combination of several software products for remote

collaborative work..

4. A group decision-making model is proposed that considers the combination of technical
and soft skills of candidates when selecting a person for the position of chief digital
transformation manager. The formulated model can also be applied in organizations and

companies with different fields of activity.
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yBO/A

AnrntanHata TpaHchopmauma e ABIeHUE C U3KAOYMTENHO 3HAYEHME 33 CbBPEeMEHHaTa busHec
cpefa, KOeTo He CamMo MPOMEHA HaUYMHA, N0 KOWTO GUPMUTE B3aMMOAENCTBAT NOMENKIAY CU U C
notpebutennte, HO M KOPEHHO MPEOCMUCAA LEeAuTe U cTpaTerMmMTe Ha opraHusaumute. Ts
obxBalla MHOro acnekT Ha Ou3Heca, BKAKYUTENIHO TEXHONOTMM, MNPOLECU, KynTypa U
KMEHTCKM OMWUT, HE CaMO TEXHOJIOrMYeH Hanpeabk, a Cbllo M CTpaTernyecka NPOMeEHNMBA,

KOATO U3NCKBA HOBaA MNMepcCnekTnBa KbM yrnpasieHNETo Ha KOMMNaHUUTE.

AunrntanHata TpaHchopmaLma e MHOroM3MepPeH NpoLec, KOMTo o6xBalla peguua KOMNOHEHTH,
BK/IHOYMTENIHO TEXHONOTMYHU, OPraHM3aLuMOHHU M KYATYPHM acnekTu. MbpBo, MHOBaUMUTE B
CTpaTerMyeckmMTe MOAXOAM Ca OT CblLLECTBEHO 3HayeHue, Tbii KaTo KomMnaHuuTe TpsabBa Aa
NPEOCMUCAAT KaK Cb34aBaT CTOMHOCT 3a K/NIMEHTUTE CU B KOHTEKCTa Ha 6bP30 NpomMeHALaTa ce
undposa cpeaa. ToBa MoXKe Aa BKAOYBA HOBU BU3HEC MOAENN, KOUTO MHTErpupaT AUrMTanHU
TEXHO/IOTMM B OCHOBHWTE OMepauuu, a CblWOo M aganTMpaHe Ha npeasiiaraHuTe MNPOAYKTU U
YyCNnyru, 3a Aa OTroBOPAT Ha NOTpebuTenckuTe HyXau. BTopo, opraHusauMoHHaTa CTPYKTypa
cblwo Tpsbea ga ce TpaHchopmMpa, 33 Aa OTFOBOPU HAa HOBWUTE M3UCKBAHUA U A3 Y/ECHM
MHoBaLMMTe. TOBa MOXe A3 BK/OYBA KPOC-GYHKUMOHANHU EKUMNK, KOUTO PaboTAT MO NPOEKTH,
KaKTO M KyATypa Ha CbTPYAHWYECTBO M OTKPUTO 0bLlyBaHe, KOeTo [a HacbpyaBa obmeHa Ha
naev n nHoeaumu. TpeTo, TexHoNorMuYHaTa MHGPACTPYKTypa Ha KOMNaHMMTE e KNo4oB daKkTop
3a ycnewHarta AurMtanHa TpaHcoopmauma. OpraHusauuute TpAbBa [a wHBECTMPAT B
CbBpPEMEHHM TEXHOI0TUWN, KOUTO A3 NOANOMOrHaT aBTOMaTU3aLMATa Ha NpoLecuTe, aHaan3a Ha

AaHHUN 1 BHEAPABAHETO Ha MHOBaUUMN.

Korato ce KOMBUHMPAT Te3U acnekTu, cTaBa ACHO, Ye AurutanHata TpaHchopmaumsa U3UCKBA
CTpaTernyeckun noaxon, KOMToO Aa B3ema nNpeasua B3aMMOAEeNCTBUETO MeXAay TEXHONOTNYHUTE,
OPraHM3auUNOHHUTE U KYNTYpHUTE npomeHu. KomnaHuuTe TpsbBa Aa pa3paboTAT UANOCTHM
cTpaternmn, Kouto aa obxBallaT BCMYKM HMBA Ha OpraHM3aumsaTa U Oa OTpasnaBaT LeauTe Ha

6M3Heca, KaKTO U I'IOTpe6HOCTMTe Ha K/IMEHTUTE.

ANcepTauMoHHUAT TpyA € CTPYKTypupaH B YyBOA, 3 T[/1aBM, 3aKIlOYeHMe — pes3lome Ha
NoJlyd4eHnUTe pe3ynTaTu, MPUHOCK, CMUCBK Ha Ny6AMKauumnTe No AUCepPTaLMOHHMA TPya, CMUCHK

Ha 3abenAsaHnTe UUTUPAHUA, AEKNapaLMa 33 OPUTMHANIHOCT Ha pe3yaTaTtuTe u 6ubanorpadus.

B MnaBa 1 e HanpaBeH 0630p M aHAaNM3 Ha OCHOBHWUTE MPOLLECU U 3a4ayu, cnocobcTBalLM 3a
NOCTUraHeTO Ha AMruTanHaTta TpaHchopmauma. AHaAM3MPAHKU ca OCHOBHUTE BM3HecC npoLecw,
KaKTO M eTanuTe 3a ycnewHa AnrntanHa tpaHcoopmauma. OcobeHo BHUMAHME e OTAENEHO U Ha
yoBelWwKnA GaKTop B TO3M MPOLEC, BKAYUTENHO M Ha CUCTEMWUTE 3a YnpaBieHWe Ha
B3aMMOOTHOLWIEHMATA C KAMEHTU. BbB BTOpaTa YacT OT Tasu rnaBa € HanpaBeH aHanu3 Ha

TEXHUKUTE 3a NnoAgnomaraHe B3€MaHEeTO Ha peweHunAa, npuaoxmmMm Kobm npouecnute Ha
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ANUTUTANTHATa Tpchcbopmau,Mﬂ. Bb3 ocHOBa Ha HanpaBeHWA aHaNU3 ca onpeseneHu U3BoaM, Ha

6a3a Ha KouTo e GOPMYIMPaHA M LLeNTa Ha HACTOALLMA AMCEPTALMOHEH TPYA,

B FnaBa 2 ca onucaHu npegsioxKeHnUTe mMoaenm, KOMTO NognomaraT B3eMaHETO Ha peLleHua npu
Pas/NYHK MPOLECH, CBBP3aHU C guruTanHa TpaHcdopmauma. lpeactaBeH € WHTerpupax
noAaxoZ 3a OLEHKa Ha Hanpeabka Ha AurutanHa TpaHchopmaumsa 4ypes M3Mo/s3BaHe Ha
MHOYEeCTBO 06EKTUBHU N CYDEKTUBHU MHAMKATOPU. Bb3 OCHOBa Ha onpeaeneHnTe MHANKATOPU
e bopmMmynmpaH maTemaTUY4eCcKM MOZEN 3a OLEHKA Ha TEeKYyLLOTO CbCTOSHWE Ha AuruTanHaTta
TpaHchopmaumsa. 3a 3-Te OCHOBHM eTana Ha AuruTanHata TpaHcdopmauma (onepaTUBHa
rOTOBHOCT, OpraHM3aunoHHa FOTOBHOCT M BM3HEC CTOMHOCT) ca UAEHTUDULUPAHU CbOTBETHU
rpynn MHAWMKATOPW, U3N0A3BaHN 33 GOPMY/IMPAHETO Ha MATEMATUYECKU MOZE/ 32 OLEHKA Ha
HanpeabKa Ha AurutanHata TpaHcpopmaumsa. OnNucaHM ca MaTeMATUYECKUM MOZENN, KOUTO
HaMKMpaT NPUIOKEHUE U nognomarat pabotaTa Ha rnaBHUA UHPOPMALMOHEH MEHWUANKBLP B
npoueca Ha AuUruTanHa TpaHchopmaumsa. OTYMTAMKM HeobxoaAMMoOCTTa OT /uaep no
AurntanHata TpaHchopmaums, e NpeasiosKeH U MOZEes 3a FPynoBO B3emMaHe Ha pelleHue 3a

M360p Ha KaHAMWAAT 33 ONBbKHOCTTA MNM1aBeH MEHUAXKDBP NO AUTUTAJTHA Tpchd>opmau,Mﬂ.

B MaBa 3 ca npeAcTaBeHW NPOBEAEHUTE YNCIEHM EKCNEPUMEHTU Ha MPessIoKeHUTe MOAENN.
OnucaHKu ca pesynTatute OT NPOBEAEHO TECTBAHE Ha NPEAJIOXKEHMA MHTEerpupaH noaxos 3a
OUEHKa Ha HanpeabKka Ha uudposaTa TpaHchopmauusa uYpe3 M3MNOoN3BaHE HA MHOXKECTBO
06eKTUBHU M CcybeKTUBHWM noKasaTenn. [lpeacTaBeHW ca pesynTaTM OT TeCcTBaHeTo Ha
NpeaoXKeHna Mogen 3a OueHKa Ha uudposaTa TpaHchopmauus, 6asvpaH Ha rpynu oT
MHOMKATOPM 3a onepaTMBHAa M OpraHM3aLMOHHA FOTOBHOCT M 6M3Hec cToiHocT. OnucaHa e
NPUNOKMMOCTTa Ha GopMynMpaHMTe Mmogenu, nognomarawy pabotata Ha rnaBHUA
MHPOPMALMOHEH MEHUOXKbP B Mpoueca Ha AurMtanHa TpaHchopmaumsa. B Kpas ca
npeAacTaBeHM M Pe3yaTaTh OT YUC/IEeHO TecTBaHe Ha MOAena 3a rpynoBo B3eMaHe Ha pelleHus
npyv OueHKa M M360p Ha KaHAMAATM 33 ANBXKHOCTTA [/1aBeH MEHWAXKbP MO AUrUTasnHa

TpaHchopmaums.

B 3akntoyeHMeTo ca 0bOOWEHM MNOAyYeHUTE pe3ynTaT B CAEACTBME Ha MNPeaNOXKEeHUTe U
TeCBaHM MaTeMaTM4YeCcKn Mogenn 3a nognomaraHe B3eMAHETO Ha PeLLeHNA N NPAKO CBbP3aHU C

AUrnTanHaTa TpaHchopmaums.

FNABA 1. AHAZIU3 HA BU3HEC NMPOLIECUTE U 3AAAYUTE HA AUTUTANHATA
TPAHCO®OPMALIMA N HAKOU MATEMATUYECKWN MOJE/NTN
3A NOANOMAIAHE B3EMAHETO HA PELLEHUA

B HacToAwaTa rnaBa ca nNpeacTaBeHM 3a4aynTe M NpouecuTe, CbMNPOBOXAALM AUTUTANHATA
TpaHchopmauma. OcobeHo BHUMAHUE e OTAENEHO U Ha YoBeLKUA GaKTop B TO3M MPOLEC, KaKTo
M Ha CMCTEMUTE 3a YNpaBAeHME HAa B3aMMOOTHOLIEHMATA C KANEHTU. BbB BTOpaTa YacT OT Tasu
rnaBa e HanpaBeH aHaNM3 Ha TEXHUKWUTE 3a NoAMNoMaraHe B3eMaHETO Ha PeLleHUs, NPUIOKNUMMU

KbM Npouecute Ha AurMTanHata TpaHcdopmaums. Bb3 ocHOBa Ha HanpaBeHWs aHanu3 ca
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onpeaeneHn wussoamute, Ha 6asa Ha KouTo e GopmyaMpaHa M Uenata Ha HacToAwmA

ANCepTaLMOHEH Tpya,.

1.1. AHanu13 Ha 3agauuTe U NpouecuTe Ha AUrnTanHata TpaHcpopmauma

OurntanHata TpaHchopmaumAa ycKopABa NPEBPbLAHETO Ha HAyvyHOM3C/eAoBaTe/CcKaTa W
pa3BoiHa AENHOCT B NAaTeHTU U HaMaNABa BPeMeTO MeX Ay 3asABKaTa 3a NaTeHT U 040bpeHuneTo.
Ta HacbpyaBa MHOBaLMWUTE 4Yype3 NoaobpABaHE Ha KayecTBOTO Ha Tpyda M obnekyaBaHe Ha
bMHaAHCOBUTE OrpaHWYeHuA, KaTo Te3n nocpegHuyeckm edekTm ca no-uM3paseHn 3a
eKcnaoaTaunoHHuTe nHosaumm (Qiao et al., 2025). MexayaucumninHapHUAT oOMeH Ha 3HaHUA
AonpuHacs 3a no-gobpoto pasbupaHe Ha cTpaTerMyecknte MMMNepaTMBM Ha AUrUTaNHATA
TpaHchopMaumA, Tbil KaTO BK/AKOYUBA MHOMECTBO GYHKUMOHANAHM 061acTU, BKAKOYUTEJTHO
MapPKeTUHI, MHPOPMALLMOHHM CUCTEMU, MHOBALMMW, CTPATENMYECKN N ONEePaTUBEH MEHUAKMBHT
(Henfridsson et al., 2014; Bharadwaj et al., 2013). B gHewHna 6bp30 passuBaLy, ce Ludppos
nemsax TePMUHKU KaTo UMdpoBmU3aLMA, ANTUTaNM3aUMA U AUrMTanHa TpaHchopmauma YecTo ce
M3NON3BaT B3aMMO3aMeHsieMo. Bbnpekn ToBa, BCAKA KOHLENUMA MMa Pas/IMiHU 3HAYEeHUs U

nocneanum 3a busHeca u opraHusaumnute (Brennen & Kreiss, 2016).

1.1.1. Uen n 3agaum Ha gurutanHara TpaHcpopmauma

Lenta Ha aurutanHata TpaHchopmauma e aa nogobpu busHec onepaummuTe, KaTo M3Mo/3Ba
cunaTa Ha UMPPOBUTE TEXHOJIOTMM, Cb3AaBalKM No-epeKTUBHA, afanTMBHA U KOHKYPEHTHA
opraHmMsaumsa, cnocobHa ga oTroBOPM Ha NOCTOAHHO NMPOMEHSALWMTE CE HYXKAM Ha KNANEHTUTE U
AMHamuKaTa Ha nasapa (Westerman, Bonnet & McAfee, 2014). 3a nocTuraHe Ha Tasu Uen €
HeobxoAMMO [ia ce peanu3mpaTr MHOMKECTBO CTPaTerMyecku 3afiauv M MHUUMATUBU, KOUTO
WMHTErpmpaT ULMppoBmUTE TEXHONOIMM BbB BCUYKU AaCNEKTU Ha opraHMsaumsaTa u TpaHchopmupat
KaKTO BbTPELUHUTE MPOLECH, Taka U BbHLWIHWUTE B3aMmoaencteua (Kane et al., 2015). Ypes
M3MON3BaHETO Ha UMPPOBU TEXHONOTMM N WMHOBALMMK, OPraHM3auMmTe MoraT He camo Aa
ONTMMM3NPAT CBOUTE MPOLECUM, HO U Aa NPenocTaBAT Mo-A006pu ycnyrm Ha KAWEHTUTe, Aa
YBE/IMYAT KOHKYPEHTOCNOCOOHOCTTa CU U Aa ce aaanTupaTt 6bp30 KbM NPOMeHMTe Ha nasapa.
Hakou oT ocHOBHMTe 06n1acTu, noasiexkaliy Ha nojobpeHune B pesynTaT Ha npuaaraHe Ha

UMPpPOBUTE TEXHOSIOTNM Ca NOKa3aHM Ha Pur. 1.1:

MNopobpssaHe Ha MNopobpasaHe Ha
onTumusunpaHe HacbpyasaHe Ha
K/IMEHTCKOTO CbTPYAHUYECTBOTO U

. Ha onepauuuTte A nHoBauuuTe
n3xneasaHe KOMYHUKauuAaTa

MNoaobpasaHe Ha

Pa3BuBaHe Ha MopabpKaHe Ha YBenunyagaHe Ha
npoueca no
TanaHTU n perynaTtopHo rMBKaBoOCTTa U
. - B3eMaHe Ha -
yMeHusa CbOTBETCTBME aAanTUBHOCTTA
peweHun

@ue. 1.1. Mpoyecu, nodaexcauyu Ha nodobpeHue 8 pe3yamam Ha Npuaa2aHe Ha yugpposume
mexHosnoauu
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1.1.2. KnrouoBu 061acTu, CBbp3aHM C gUruTanHata TpaHchopmauma

AvrutanHata TpaHchopmauma ce OTHaAcA 4O Mpoueca Ha MpemuHaBaHe OT aHa/NoroBM KbM
UMPPOBU CUCTEMM M TEXHONIOTUM, KAaTO TOBA BK/HOYBA HE CaMO TEXHO/NIOTMYHA MPOMSAHA, HO U
LANIOCTHO NPEeoCMUCIAHE Ha BM3Hec npouecuTe, OpraHM3auMoOHHATa KyaTypa M KAMEHTCKOTO
nsxueasaHe (Bharadwaj et al., 2013). MNopaau TOBa, AurMTanHaTa TpaHchopmauma 3acara
WKWPOK KPbr OT WHAYCTPUKM, BKAOUYUTENHO 3A4paBeonasBaHe, obpasoBaHMe, OUHAHCHK,
NPOV3BOACTBO, TbProBua Ha ApebHo M npasutenctso (Schwab, 2016). Ta obxBawa WKWPOK
CMeKTbp OT BU3Hec npouecu, Ho Hail-4yecTo ce OTHAcA 40 KNYOBM 061acTM KaTo: NPOAAXK6M U
MapKEeTUHT; NPOU3BOACTBO M Bepura 3a A0CTaBKM; GUHAHCKU M CHETOBOACTBO; YOBELLKM Pecypcy;

ynpaBaeHue Ha NPOeKTU; 0bCyKBaHe Ha KNneHTU; UT ynpaBneHue.

1.1.3. Mpouecu, BKIOUEHU B AUTUTANIHATa TpaHCcPopmaLma

MpouecsbT Ha AurnTanHa TpaHchopMaUUa BKAKOUYBA HAKOJIKO KAKOYOBU CTBIMKU U acNeKTU, KOUTO
nomaraTt Ha opraHmMsauuuTe Aa NPemMunHaT OT TPAAMLUMOHHKM, aHa/IoroBU METOAN KbM LMPPOBU
peweHna. Ha ®ur. 1.3 ca nokasaHM HAKOM OCHOBHM MNPOLECU WU eNeMEHTWU, BK/IYEHU B

AurnTanHaTa TpaHchopmauma:
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®ue. 1.3. OCHoBHU fipoyecu u eaemeHmu, 8KAYEHU 8 OuU2UuManHama mpaHcHopmayus

1.1.4. YoBewwKunTe pecypcu B KOHTEKCTA Ha gurntasHarta TpaHcpopmauma

BHeopAaBaHETO Ha TEXHONOINMW 3a aBTOMaTU3MpaHe Ha AAMMHUCTPATUBHU 334a4K, KaTo
06paboTka Ha KaHAWAATYPU, NJAHUPaAHE HA MHTEPBIOTA M OpraHM3MpaHe Ha [OOKYMEHTH,
cnomara 3a ynecHAsBaHe Ha HR cneumanuctute n no3sonAsa Ha KomnaHuute ga ce Gokycmpat
BbPXY CTPATErMYeckM U KpeaTUBHU acneKkTU Ha ynpasB/ieHMeTo Ha TanaHTu (Stone et al., 2015;
Parry & Tyson, 2018). Ha ®dwur. 1.4 ca noKasaHM OCHOBHMTE acMeKTU Ha YOBELUKUTE pecypcu B

KOHTEKCTa Ha AUrnTanHata TpaHchopmauma.

MNpoyyBaHusA nokaseat, 4e MM Hamanssa BpemeTo 3a 06paboTKa Ha KaHAuAaTypu ¢ Ao 75%,
KaTo HamansBa M pUCKa OT NpeapasCcbabUM U NIMYHM NpeanodnTaHma B noabopa (Cascio &
Montealegre, 2016; Bodea et al., 2020). OcHoBHUTe NoaxoAu 3a U3nosi3BaHe Ha MU B oueHKaTa

Ha KaHAWOATUTE BKKOYBAT:
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o ABmomMamu3upaHO CKAHUpaHe U uampupaHe Ha asmobuoepagpuu — WN3nonseamnku
MEeTOAM 33 aHanuM3 Ha Kaw4yoBu aymum u ¢pasm, UM cuctemnte 6bP30 OTKpPMBAT U
KnacupuumpaT KaHOMAATYpUTE, KOWUTO Hal-gobpe OTroBapAT Ha WM3UCKBaHMATA Ha
nosunymaTta (Upadhyay & Khandelwal, 2018).

e OueHKa Ha nogedeH4YecKu Mooesnu u rcuxosnoaudecku npogunu: Hakon NN MHCTpyMeEHTH
M3MNON3BaT NCUXOMETPUYHM OAHHU M aHANM3KU HA NOBEAEHYECKM MOLENM, 33 Aa OUEHAT
JINYHOCTHUTE XapPaKTEPUCTUKM Ha KaHAMAATUTE, TEXHUTE MEKU YMEHUA U BEPOATHOCT 3a

ycrnewHa aganTaumnsa Kbm KoprnopaTuBHaTa KyaTypa.

YoBeLWKUTE pecypcu B
KOHTEKCTa Ha guMruranHara
TpaHchopmauma

Nop6op u oueHKa U3nonssaHe Ha N3KYCTBEH
Ha cnyxutenun HMHTeNneKT

ABTOMaTM3MpPaHO
cKkaHupaHe n dunTpupaHe
Ha aBTobUorpadum

My6naukysaHeTo Ha 0bsasBK
3a ceobogHU No3nuUmK

OLI'EHHB Ha nNnoeegeH4YecKu
MOLENN N NCUXONTOTUYECKHN
npodunm

Mpouec Ha UHTepBloMpaHe
N oueHKa

MpeactaBaHe Ha
HOBOHaeTunTe CayxXKutenum

®ue. 1.4. OcHosHU acnekmu Ha Ou2umasaHama mpaHcgopmayus e obaaacmm Ha YosewKume pecypcu.

1.1.5. Cuctremute 3a ynpasaeHmMe Ha B3aUMOOTHOLUEHUATA C KIMEHTU KaTO MHCTPYMEHT Ha
AurntanHara tpaHcopmaums

CuctemuTe 3a ynpaBieHMEe Ha B3aMMOOTHOLWEHMATA c KauneHtuTe (Customer Relationship
Management — CRM) wu TAxHaTa pona B TpaHchopmauuaTa Ha ynpaBieHMETO Ha
B3aMMOOTHOLLIEHUATA C KAMEHTUTe ca OCHOBOMOMArawiM 3a ycrnewHata AUruTanmsauma Ha
6u3Heca. Ype3s Tasn codTyepHM CUCTEMM OpraHM3auumMTe YyCnewHo MoraT ga ynpasassaT
BPBb3KUTE C KAMEHTM, KaTo CbOMpaT WM aHanM3MpaT [aHHW OT Pas3/IMYHM KaHanM Ha
KOMyHMKauuna. OcHoBHaTa uen Ha CRM cuctemute e MHTErpmpaHeTo M aBTOMaTU3MPAHETO Ha
npoaaxxbuTte, MapKeTMHra U NOAAPBbKKATA HA KAMEHTU, KOETO Ce NOCTUIA Ypes UHTErpupaHeTo
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Ha 3 OCHOBHM KOMMOHEHTA: aBTOMaTU3aLMA Ha NpoAarkbuTe, aBTOMaTU3aLMA Ha MapKeTUHra U
aBTomatusauusa Ha ycayrute. CRM nnatdopmute noanomaraT 6Ou3Heca f[a Hanpasu
NHPOPMUMPAHUN peLIEHUS, KaTo UM NPEeLOCTaBs KNHYOBM AaHHWN 32 NOBEAEHMETO Ha KANEHTUTE

N TEXHUTE B3aMMO,ﬂ,eﬁCTBMﬂ C 6paH,c|,a.

1.2. AHanu3 Ha TeXHUKUTe 3a noanomaraHe B3eéMaHETO Ha pelweHud, NpUuaoxKumun
KbM npouecuTe Ha AgUrntasiHaTta Tpchd)opmau,ml

MHOroKpuTEpManHOTO B3eMaHe Ha pelweHunsa (Multi-criteria decision-making — MCDM)
pa3nonara ¢ MHOXeCTBO MHCTPYMEHTUM U METOAM, KOMTO MOraT Aa Cce Npuaarat B Pas/IMyHK
061aCcTV OT GMHAHCK 0 UHXKEHEPHO NPOEKTUPAHE. B TO3M KOHTEKCT, HACTOALLMA pa3aen nma 3a
uen ga Nnpeacrasu HaKpPaTKo KoHuenuuata Ha MCDM, OCHOBHM KaTeropmun n pasityHn MeTogm,
KOMTo 6uxa 6MAM NPUNOKMMM KbM pasrnexaaHua npobnem, cBbp3aH C AWUTUTANHATA
TpaHcoopmauma. MCDM e eanH OT OCHOBHUTE NPO6AEMM NPU B3EMAHETO HA PeELUEHMUA, KOMTO
MMa 3a Uen aa onpegenn Han-gobpata anTepHaTMBA Ypes3 pasriexkaaHe Ha noseye OT eAuH
KpuTepuit B npoueca Ha noabop. MCDM BKAKOYBA PaA3/IMYHM €NEeMEHTM WU KOHUenuuu,
6a3MpaHn Ha ecTecTBOTO Ha Npobsema 3a B3eMaHe Ha pelleHWe, KaTo OCHOBHWUTE OT TAX Ca

KaKTO c/sieaBa:

e AnTepHaTUBUTE Ca ,,Pa3/IMYHN Bb3MOXKHM HAUYMHW Ha geicTeme”

e ATpuBYTHLT ce onpeaena Kato ,M3MeprMma XapaKTepuUcTUKa Ha antepHaTuea” (Taherdoost
& Madanchian, 2023)

e ArpervpaHeTo ce OTHacA A0 ,pa3rnexpaHe Ha NpeacTaBAHETO Ha aNTepHATMBa CNPSAMO
cneundUYHUTE KPUTEPUM 33 B3EMAHE Ha PeLleHne OTHOCHO anTepHaTuearta”

e [lpomeHNnBUTE 3a B3emaHe Ha pelleHue ce AedUHMPAT KaTo ,KOMMOHEHTM Ha BEKTopa
Ha anTepHaTmMBuTE”

e [lpOCTPaHCTBOTO 3a B3eMaHe Ha peleHua ce npeacTaBA KaTo ,,0CbLLECTBMMMU
antepHatmem”

e Ternata ce geduHMpaT KaTo ,/1eMEHTU, M3MNO0N3BAHM 3a KOJIMYECTBEHO onpeaensHe Ha
aTpubyTa Ha anTepHaTMBaTa Ype3 NPMCBOABAHE HA CTOMHCT”

o Kputepuute ce onpenensaTt KaTto ,MHCTPYMEHTM 3a OLLeHKa U CPpaBHABaHE Ha aNTepPHATMBMU
OT rflegHa TO4YKa Ha NocaeacTBMATa OT TeXHMA n3bop”

e [lpegnountaHuaTa ce geduHUpPAT KaTo ,Kak JafieHa anTepHaTMBa YyA0B/METBOPABA
HYXOWTE Ha B3emallua peleHme OTHOCHO aaaeH aTpmnobyt”

e PeweHunATa ca pas/IMYHM B 3aBUCMMOCT OT TUMNa nNpobaem, KOMTO MOMKE Aa BK/OYBA

n3bop, KnacnpaHe 1 npobaemu 3a coptTmpaHe (Borissova et al., 2020)

1.2.1. O6wo npeacraBaHe Ha Nnpob6aemuTe Ha MHOFOKPUTEPUANTHUA aHANU3

MpouecbT Ha MCDM moxKe Aa ce pasrnexkaa Kato usbop Ha Hali-gobpata (c cMucbna Ha Han-
npegnoymTaHata) anTepHaTMBa OT npeaBapuUTeNnHO 3adafdeH Habop OT antepHatusu. B

maTemaTnyecka ¢opma, npobnema Ha MCDM ce peduHMpa upe3 MHOXKECTBOTO OT
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aANTepPHATUBU, MHOXKECTBOTO OT KPUTEPUN 33 OLLEHKA N MHOXeCTBOTO OT Ternosu KOEd)VILIMeHTVI,
n3pasfasalln BaXXHOCTTa Ha KPUTEPUUTE. Ll,ﬂl'laTa Ta3n MHd)OpMaLI,Mﬂ 0bMKHOBEHO ce OopraHnsunpa

B MaTpu4yHa $opmMa, KaKTo e nokasaHo B Tabanua 1.1.

Tabnuua 1.1. Mampuya Ha MHO2OKpUMepPUAAHUSA AHAAU3

Kputepuun/ternosu KoepuumneHTtn

AntepHaTtusu

B Tasu maTpuua x;; NpeAcTaBaaBa CTOMHOCTTa Ha anTeHaTveaTa A;, cnamo Kputepun Cj, a (W =
{wi, wy, ..., wy}) e BEKTOPDBT Ha TernoBuTe KoedULMEHTM 3a BAXKHOCT Ha Kputepuute. Tesun
[Ba OCHOBHM NapameTbpa XapTepusnpaT npobsemute Ha MHOFOKpUTEPUANHUA aHanu3. Ypes
MHOTOKPUTEPUANHUAT aHa/IU3 Ce OCUrypsBa Bb3MOXKHOCT 33 OLEHABaHe Ha anTepHaTUBUTE,
KOETO e npenocTaBKa Te3u aNTePHATMBM @ MoraT Aa ce noapeasT oT Hal-a406poTo KbM Hai-
NIOWIOTO UM NpeacTaBaHe UaM obpaTHo. MMainku npeasua Taka onvcaHaTa maTpuua, Ha 6asa Ha
KOATO Ce peanusmpa KnacupaHeTo, MoraT Aa ce MAeHTUPUUMPAT U OCHOBHUTE CTbMKMU Ha TO3M

TMN Npobaemu, KakTo e nokasaHo Ha dur. 1.6 (Ceballos et al., 2016).

O6paboTka Ha
OnpegensHe Ha OnpepenaHe Ha yucneHurte
anTepHaTuBUTE Ternarta CTOMHOCTU Ype3

v ngeHTnduumpaHe 3@ OTHOCUTEeNHaTta MU3non3BaHe Ha
Ha NoaxoaALum BaXKHOCT noaxoasau, MeToa,
Kputepuu Ha Kputepuurte U KNiacupaHe Ha
anTepHaTuBuUTe

®ue. 1.6. OcHOBHU CMBNKU 3a pewaeaHe npoEnemume HA MHO2O0KpumepuasiHUA aHanaus

MMa MHOro MeToaM MHOTOKPUTEPMA/NIHOTO B3eMaHe Ha peLleHus U BCEeKM MeTom Mma
cobctBeHa AedmHUUMA 3@ Hal-A006pa anTepHaTMBA U He e onpeaesieHo Aanu U3NON3BaHETO Ha
€0HU M CbWM BXOAHW AAHHM B PAs3/IMYHUTE METOAM Ha MHOTOKPUTEPMA/IHOTO B3E€MaHe Ha

peweHnAa we goeenat A0 CbllUTeE pe3yntaTul.

1.2.2 Kateropuu npo61emu Ha MHOFOKPUTEaZIHOTO B3EMaHe Ha peLueHus

PasnnyHute metogm Ha MHOTOKPUTEPUA/THOTO B3E€MaAHE Ha peweHUA MMAT XapPaKTEPUCTUKM,

KOUTO MoOrat ga 6'bﬂ,aT CBbpP3aHM C MHOro aCcnekT OT Ka4eCTtBOTO Ha OTroBopuTte A0 BMAQ HaA
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npobnema, KonTto Tesnm metoam pewasaT. CnepgosatenHo, 3a No-gobpoTto pasbupaHe Ha
MEeTOL0/I0TUMTE Ha Te3N MEeTOAM, € OT CbLLECTBEHO 3HAYEeHUe Aa ce pasrieda KnacudukaumaTa
Ha npobnemute Ha MCDM. CbuiecTBYBaT pPas/IMYHM BapuMaHTW, pPasrnexgawm pasinyHu
acrnektTM Ha npobnemute, ce pasno3HaBaT B MHOXECTBO W3C/leABaHWA KaTo Hanpumep,
CTPYKTYPUPAHU WM HECTPYKTYpUpaHu npobnemu, npobnemm ¢ HecurypHocT, npobnemu c
MHOMECTBO KpuTepum n ueneBu OYHKUMU. PasinMyHUTE METOAM Ha MHOTOKPUTEPUANHOTO
B3eMaHe Ha pelleHusa ca npeacraBeHn o606uweHo Ha dur. 1.7 (Taherdoost & Madanchian,
2023; Sabaei et al., 2015; Baizyldayeva et al., 2013).

[ KomneHcaTopHu ]—

[ He Homueticatontin MHOFOKpMTepMaI]HO B3emMaHe
Ha peweHuna

" g \
‘ NHamBuayanHoO B3eMaHe Ha peleHna ——

MHOFOKpMTepMaI’IEH aHanus

} lpynoBso B3emaHe Ha peLieHus
\

[ Bes komnpomuc J— Meromna Mogenu 6e3 dpyHKuUMM
[ 5 ] MHOFOKpU-
S el ol TEePUanHoOTO C OUCKPUMUHAHTHa GyHKUMA
B3emaHe Ha
[ KauectseHu }— pewenns
C ayTpaHKupalym penauum
[ KonnyectseHu }_
C dyHKUMM Ha nonesHocCT
[ Onpeaenexu ]_
[ HecurypHu ]_

Gue. 1.7. Knacupukayusa Ha memooume Ha MICDM

Moka3aHO e, 4ye MeToAguTe MoAnomarally B3emMaHeTOo Ha pelleHns 6asupaHu Ha
MHOTOKPUTEPUANHMA aHaIN3 Ca 3HAYUTE/IHO MO-YeCTO pas3rne)k4aHu B HayyHaTa auTepaTtypa B
CpaBHEHUE C METoAUTE 33 MHOroKpuTepuanHata ontummsauma (Taherdoost & Madanchian,
2023).

1.2.3. HAKOM YecTo U3NON3BaHU METOAM 32 MHOTFOKpUTEaNeH aHaNu3

Memodvm Ha npemeaneHama cyma (mnn Weighted Sum Method — WSM) BepoATHO e Hait-
4ecTo U3NON3BAHUAT NOAX0A, 0CO6EeHOo Npu egHOMeEpHU Npobaemun. AKo Mma M anTepHATMBU U
N KpuTepuu, ToraBa Hah-gobpata anTepHaTMBa e TasW, KOATO yAOB/AEeTBOPsABa (B cayyai Ha

MaKCMMM3npaHe) Ha cnegHus nlpas (Triantaphyllou, et al., 1998):

Aysy = max X3 qyw;, fori=123,..,M (1.4)
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KbAeTo: A gy € CbOTBETHUA pe3ynTaT 3a Hal-fgobpaTa antepHaTmBa, N e 6poAT Ha KpuTepuuTe
Ha 6asa Ha KOWTO Ce B3eMa pelleHne, (;; € AeICTBUTeNHATa CTOMHOCT Ha i-th anTepHaTuea no

OTHOLWeEeHWe Ha j-th KpuTepui, a w; e TernoTo 3a BaXKHOCTTA Ha j-th KpuTepui.

Memood Ha npemeaneHomo npoussedeHue (Weighted Product Model — WPM). To3n meTog e
MHoro nogobeH Ha npegxogHua meTtos. Pasnukata e, ye BMecCTO onepauuAta cbbupaHe ce
M3MN0/13Ba onepaumaTa YMHOXeHWe. 3a A3 ce CPaBHAT anTepHatueute Ax n A;, Tpabsa aa ce

n3umcnum cnegHuoto oHToweHue (Triantaphyllou, et al., 1998):

K (j_f) == (%)WJ (1.5)

kbaeTo: N e BpoAT Ha KpuTepunTe, Ay, € AeWCTBATENIHAaTa CTOMHOCT Ha i-TaTa aATepHaTMBa Mo

OTHOWEHWE HA j-UA KPUTEPWIA, @ Wj € TEr/I0TO 33 BaXKHOCT Ha j-UsA KpUTEPUA.

1.3. Ussogu

B pe3yntat Ha HanpaBeHMA 0630peH aHanM3 Ha 6u3Hec npouecuTe, GasuTe M 33gaunTe Ha

ANTUTA/THATa TpaHCd)OpMaLLMﬂ, MoraT Aa ce HanpasAT cneagHnuTe n3soaun.

e Bb3npvemaHeTo Ha UMOPOBUTE TEXHOJIOTMWM B pPas3InyHM OBU3HEC npouecu OKasea
3HAUNTENIHO  Bb3AeWCcTBME  BbpXy  ePEeKTMBHOCTTA,  MPOU3BOAMTENIHOCTTA MU
KOHKYpPeHTOCNOoCOBHOCTTa Ha opraHu3aummTe. Tesn TeXHON0rMn NO3BOAABAT HE CaMo No-
6bp3 M ePuKaceH A0CTbMN 4O KAMEHTU, HO CbLLO TaKa Y/IECHABAT BbTPELIHUTE NPOLECU U
ynpaB/aeHMETO Ha PUCKA, KaTo TaKa Cb3aaBaT cTabmiHa OCHOBA 32 YCTOMYMBO pa3BuTHe.

e [urutanHata TpaHchOpmauMAa  M3UCKBA HOBM YMEHUA HA  CAYKUTenuTe, a
MHOPACTPYKTYpaTa 3aeAHO C YMEHWA Ha CAYXKUTenuTe ca cpes OCHOBHUTE daKkTopw,
BAMAELLM BbPXY NPOLECUTE HA AUFUTANHA TpaHCcPopmMauma. YCNewWwHOTO MHTErpMpaHe Ha
HOBWUTE TEXHONOTMW B OPraHn3aLMmnTe e NPaBonNpPoONoOpPLMOHANHO HAa HUBOTO Ha AUTMUTA/IHA
3PANOCT Ha OpraHM3aLmnTe.

e YcnoBuATa Ha CAOXKHOCT MU MHoroobpasne Ha dakTopuTe, KoMTo TpsbBa Aa 6baaT B3ETH
npeasua, nNpeaonpesensaT BaXHaTa pPosia Ha MeToauTe NoAonMmaraliv B3eMaHeTo Ha
peweHua. Te npenocTaBAT eQdEKTMBHM HAYMH 33 cnpasBAaHe MHoroobpasueto ot
npobsemn, ¢ KOMTO ce CHNBCKBAT KAaKTO OpraHuWsauuuTe, Taka M oTAenHuA 4yosek. C
HapacTBalaTa Ba)XHOCT HA aHa/M3a Ha AaHHUTE U WHTENIUTEHTHUTE CUCTEMW, B
npouecuTe Ha B3emMaHe Ha pelweHusa, metogute MCDM npoab/axKasaT Aa UMAT KAHOYOBa
poNAa B ONTUMWM3MPAHETO Ha pPELEHMATA HA pPa3/IMYHU HMBA Ha YNpaBAEHUE U

CTpaTerMyecko naaHupaHe.

Ha 6a3a Ha HanpaBeHMA aHa/M3 Ha NpoLEecUTe, CBbP3aHWU C AUrUTaNHaTa TpaHchopmaumus u
aHanM3a Ha NoAxoAAlMTe TEXHWKM 33 nognomaraHe B3eMaHeTo Ha pelleHWs, C HacToALWOoTO
AMCEPTALMOHHO M3CNenBaHe ce Uenu Aa ce npepnolkaT MoAenu, BoAelwu A0 BOAelM Ao

oueHsBaHe 1M NogobpsaBaHe Ha NPOLLECUTE NO AUrMTanHaTa TpaHchopmaums.
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1.4. Uen v 3apaum
Llen Ha gucepTauMOHHUAT TPy, € Aa ce uscnenBaT bM3HEC Npouecu, CBBbP3AHN C AUTUTANHATA
TpaHchopmaLumA, Ha 6as3a Ha KOeTo Aa ce MpensioXKaT MOoAXOAALM MATEMATUYECKU MOLENN
nognomaraliym B3eMaHeTO Ha peleHuMA M BoZewwu [0 nogobpAsBaHe Ha npouecute no
AUrnTanHaTa TpaHchopmaumsa. 3a peann3mMpaHeTo Ha Tasn Len e HeobxoaAnMo [a ce U3NBAHAT
cnefHWTE 334a4u:
1) pa ce HanpaBW aHanM3 Ha OCHOBHUTE BM3HEC MPOLLECU U eNemMeHT, HAMYMEeTO Ha
KOWTO e NpeanoCTaBKa 3a ycnewHa AurnTanHa TpaHchopmaums;
2) pa ce MAEHTUPUUMPAT KAHOYOBU MHAMKATOPWU 3a OLEHKA HanpeabKa Ha AWUrUTasHa
TpaHchopmaums;
3) p[a ce NpeAsoXM MOAEN 3a OUEHKA Ha HanpegbKa Ha AUrUTanHaTa TpaHchopmaums,
OTYMTAMKMN KAaKTO 0BEKTUBHU N CYOEKTUBHU MHANKATOPY;
4) pa ce NpeasioXu mogen 3a nognomaraHe pabortaTa Ha MLUETO, ABUKELLO AUTUTANHA
TpaHcdopmauus;

5) p[ace npeanosku moaen 3a n3bop Ha NMLETO, ABUMKELLLO AUrUTaNHa TpaHchopmaLus.

FMABA 2. MOAENU NOANOMATALWLU B3EMAHETO HA PELLEHUA
NPU PA3/INY4HU NPOLIECU, CBBbP3AHU C AUTUTANTHATA TPAHCOOPMALMUA

B Tasu rnasa ot anceptaunAata Ca OnNUCaHn npegnoxXeHmte moaesnn, KOUTo noagnomarat

B3EMaHETO Ha pPeLleHUs Npu Pas3indYHM NPOLLECK, CBbP3aHN C AUTUTANHA TPaHChopMaLmS.

2.1. UHTerpupaH NnoaxoA 3a OueHKa Ha HanpeAbKa Ha AurutanHata TpaHcpopmaumn
ypes3 n3non3BaHe Ha MHOXXEeCTBO 06eKTUBHU U Cy6eKTUBHU MHAUKATOPU

HesaBucumo oT obsacTTa Ha NpUAoXKeHue, obliata uen Ha guruTanHaTa TpaHcpopmauma e aa
noaobpu edpeKTMBHOCTTA, CTOMHOCTTAa MAM WHOBauuutTe. MepKUTE, KOUTO BAUAAT BbPXY
AurvTanHata TpaHcoopmauma Ha MCI, moraT aa 6baaT npeacTaBeHU OT YeTMpuTe rpynu
(Schuh et al.,, 2017), otHacawmu ce po: 1) pecypcu, 2) MHOOPMALMOHHU cUCTEMM, 3)

OpraHM3auMoHHa CTPYKTypa u 4) KynTypa.

AvrutanHata TpaHchopmauma moxke na 6bAe M3MepeHa yYpe3 TOBA KaK efHa opraHusaums
nsnonssa MT, xopaTa M npouecuTe, 3a Oa peanusmpa HOBM BM3HEC MOZENN WU MPUXOOM,
MOTUBMPAHMU OT OYAKBAHWATA HA KAMEHTUTE 3a MPOAYKTU WU ycayrn. MMma HAKOMKO K/OYOBM
NO3MLMK, YNATO MHTErPaALMA € KNH0YOBA 33 AUTUTANIN3ALMATA HA KOMMAHUATA:

1) TnaBeH MHPopmaunoH meHngxbp (TMM) (Chief Information Officer — CIO),

2) TnaBeH meHUAXbPp No nHpopmaumoHHa curypHoct (TMUC) (Chief Information Security

Officer — CISQ),
3) TnaBeH TexHonornyeH meHnaxbvp (M) (Chief Technology Officer — CTO) n

4) ThaBeH meHMAXbP No aurntanusaums (TMA) (Chief Digital Officer — CDO).
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3a pa3nnYHM KOMMNAHUM HAKOM OT Te3n ponm moraT ga 6baat obegmHeHn unn morat ga 6bvaat
pasrnexaaHn C pas/IMyHO 3HauyeHWe nopagu ¢GoKyca Ha KomnaHuATa. Hanpumep 3a 6usHec
OpMEeHTUPAHa KOMMNAHWA Hal-Ba)keH e TMM, 32 TEXHONIOTMYHO OPUMEHTMPAHA KOMMAHWA Hal-

BaXkeH e [TM, 3a AUIMTAIHO OPMEHTMPAHA KOMMAHUA Hali-BaxeH e TM/.

2.1.1. Pona n hepapxua Ha rNaBHUA MHGOPMALMOHEH MEHUAKDbP, INAaBHUA AUPEKTOp NOo
MHPOPMALMOHHA CUTYPHOCT, INTaBHUA TEXHO/IOTUYEH AUPEKTOP U IMABHUA AUTUTANEH
AupeKTop

FNaBHUAT MHPOpMAUMOHEH MeHUaKbP (TMM) e U3NBAHUTENHMAT ANPEKTOP Ha KOMMAHUATA,
OTrOBOPEH 33 YNpaBAEHWEeTO, BHeAPABAHETO M M3MON3BAaEMOCTTa Ha WMHOOPMALMOHHUTE U

KOMMIOTbPHU TEXHOTOTUN.

[NaBHUAT TEXHONOTMYEH MeHUAKBP (TTM) e nnue Ha U3NbAHUTENTHO HUMBO, KOETO ce PoKycMpa
BbPXY Cb34aBaHETO W MpWaaraHeTo Ha NoAXOoAAlM GUPMEHM NOAUTUKM B CbOTBETCTBUE C
Hay4YHUTE HY)KOM 33 NoCTUraHe Ha 6usHec uenute. OTroBopHocTUTe Ha MM ca doKycupaHu
BbpXy paspaboTBaHeTo Ha npoueaypwu M ctpaternu, R&D, u3nonssaHe Ha TexHonoruu. B
MUHanoTo ponante Ha T’MM n 'TM ce nsnbnHasaxa ot N’MM. EmMnnpuyHuTe pesyatatm paskpuear
NONOXUTENIHA BPb3Ka MeXay nosa M uHosauumTe Ha [TM, a KomnaHumTe C NO-CUMHA

KoprnopaTMBHa KyATypa, NnogKpensalla MHoBaumMnTe, Mmat xenu MM (Wu et al., 2021).

OCHOBHWUTE OTFOBOPHOCTM Ha FNIAaBHUA MEHMANKBP N0 MHOPMAUMOHHA curypHocT (TMUC) ce
OTHAcAT A0 NpobnemnTe Ha CUTYPHOCTTA Ha MHOOPMALMATA U AAHHUTE Ype3 OCUrypsiBaHe Ha
NOAXOAALA NPEeBEeHUMA M 3alMTa CpeLLy aTaku cpelly MHGOPMALMOHHATA CUTYPHOCT, KaKTo U

6bp30 Bb3CTaHOBABAHE Ha HapyweHue Ha curypHocTtTa (Dhillon et al., 2021).

Ponata Ha TM/], e cBbp3aHa € pas3/IMyHU AEeMHOCTU, KOUTO NPABAT Bb3MOMKHO NPEBPbLLAHETO Ha
TPagMLMOHHUTE onepaumm B undposm npouecu. Bb3 ocHOBa Ha WMpPoOKOMawabHa nsBagKa ot
dbMpMKM 1 npoBeAEeHN M3CNeABAHNA € YCTAaHOBEHO, Ye CamMO OKONO 5% oT ¢upmute ca Mmanu
MO po Kpaa Ha 2018 r. (Kunisch et al., 2020). Kato ce B3emaT npeasuA OCHOBHUTE
OTrOBOPHOCTM Ha Te3u pPbKOBOAMTENN, MOraT Aa 6baaT UAeHTUPUUMPAHU cneaHuTe Lwect

KOMOWHaLUMKN N CUTYaUMK, KaKTO NOKasaHo Ha dur. 2.2.

H#1 H#2
#3 Ha
#5 #6

due. 2.2. OmHoweHusa mexdy TMM, TMUC, I'TM, u TM/[]
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O6WoTO BbB BCUMYKMU Te3u c/y4vyau, MokasaHu Ha dur. 2.2, e Bogewarta ponda Ha TMM. Tosa
03Ha4aBa, Ye B CUTyaLMs Ha MUKPO-PaA3Mep MAM ManKa KoMnaHua nosunumata Ha T’MM Tpabea

[a e Ha/InYHa, A0PU aKO e NOo3ULMA Ha HEMbBAHO PaboTHO BpeMme.

2.1.2. UHauKaTopU 3a OLLeHKA Ha guUruTanHaTa TpaHcopmauma

3a oueHKa Ha ycnexa Ha npwunaraHeTo Ha pAurutanHaTa TpaHcopmauuma, ce npepgnara
MHOMECTBO OT OOEeKTUMBHM U CYOEKTUBHW WHAMKATOPW 3a M3MEpBaHe Ha pe3yatatute oT

AMTUTanHaTa TpaHcpopmaLma, KaKToO e NoKasaHo B Tabaumua 2.1.

Tabnuya 2.1. Kpumepuu 3a oUeHKa 3a U3MepsaHe Ha epekmusHocmma Ha busHec deliHocmume npu

dueumanusayus
IT MHPpaAcTpyKTYpa CunHn NNAEPCKU YyMeEHUA
YcnewHo BHeAPEeHN Na3apHM MHOBaLMK CunHa busHec KOMyHMKaLmA
Bb3BpbLLAEMOCT HA MHBECTULMATA M3rpaxkgaHe Ha gosepue
Hosu KnneHtu PaspeluaBaHe Ha npobnem
lNpon3BOAMTENIHOCT Ha CAYKUTENNUTE YnpaBneHue Ha BpemMeTo

B3emaHe Ha peweHune
Mpeanpuemayeckm HauMH Ha MUC/IEHE

CrpaTermyecko mucneHe

2.1.3. MatemaTuuyeckm moaen 3a oLEeHKa Ha CbCTOAHUETO Ha AUrMTanHarta TpaHcopmaums,
OTYUTANKU 06EKTUBHU U CY6EKTUBHU UHAUKATOPU

3a aa ce usmepun edpeKTMBHOCTTa Ha BU3HEC AeNHOCTUTE NPU AUrUTanHaTa TpaHchopmaums, e
HeobxoAMMO Aa ce pa3rneaaT Age rpynu nokasatenm — 06eKTUBHU U CYBEKTUBHM B PaMKUTE Ha
efiHa 0606LieHa GyHKLMA Ha nonesHocT (DTPeTformance) ng cnepHna HaumH (Borissova et al.,
2022):

pTPerformance — max{a Z?:l w;e; + ﬁZf-:leej} (2.1)
at =1 (2.2)

0w =1 (2.3)

jeawy =1 24)

KoednumeHTbT o M3pa3nBa Ba’KHOCTTa Ha 0OEKTUBHUTE KpUTEPUU, a KoeduumeHTLT B M3pasnsa
cybektmHUTE. KoeduumneHTUTe W; M W; M3pa3ABaT OTHOCUTENIHATA BAXKHOCT MEXKAY O6EKTUBHM
M CYBEeKTUBHM WHAMKATOPM, €; U e; NPeACTaB/iABaT OLUEHBYHW TOYKM 3a NPeACTaBAHETO Ha
06eKTUBHU U cybeKTUBHU KpuTepun. KoeduumeHTute @ 1 B no3sonasaT Aa ce peannsmpa no-
rMBKAB MOAE/, OTYMTALL OOEKTUBHU N CYOEKTUBHU KPUTEPUM C PAa3NMYHA BAXKHOCT B KpailHaTa

KOMM1IEKCHa OUEHKa.
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2.2. Mogen 3a oueHKa Ha AurutanHata TpaHcpopmauua, 6asupaH Ha rpynu or
WHAMUKATOPM 33 OnepaTMBHA U OPraHU3aLMOHHA rOTOBHOCT U 6U3HEC CTOMHOCT

UndpoBute TEXHONOMMM APACTUYHO MPEKPOABAT WMHAYCTPUMUTE U MHOMO KOMMAHMMU
npegnpuMemaTt OrpoOMHM YCUANA 3a NPOMAHA, 33 Aa 6bAaT B KpaK ¢ KOHKypeHTuTe. lMNpoyyBaHe
MOKasBa, Ye gurntanHaTa TpaHCPOPMAUMA U3UCKBA MPOMEHM B YMEHUATA HA CAYXKUTENUTE, OT
KOMTO opraHusaumnmuTe ce Hy»KgaaT (Ostmeier & Strobel, 2022). UT nHdppactpyKTypata U HMBaTa
Ha YMEHMA Ha CAYXUTEeNUTe ca BaKHW GaKTOpW, BAMAELWM BBPXY NPOLECUTE HA AUTUTAIHA
TpaHcpopmaums (Cirillo et al., 2023).

2.2.1. KniouoBu nokasatenn 3a oueHKa Ha AUrutasiHata TpaHcpopmauma — onepaTusHa
rOTOBHOCT, OpraHU3aLMOHHA FOTOBHOCT U BU3Hec CTOMHOCT

KntouoBuTe nokasatenu 3a epektusHocT (KPIs) urpaart cbluiectBeHa pons npu onpeaensHe Ha
HanpeAbKa Ha AWruTanHata TpaHchopmauua. HAma yHMBEpPCAsHU KAKOYOBM MHAOMKATOPKM 3a
M3MepBaHe Ha HanpeabKa B UMdpPoBM3aLMATA, HO € Bb3MOXKHO Aa 6bAaT pasaeneHn Ha rpynu
OT WHAMKATOPW, CBbP3aHM C eTanuTe Ha (1) onepaTMBHaA roTOBHOCT, (2) opraHW3aUMOHHA

rOoTOBHOCT U (3) 6BU3Hec cToMHoCT unum Bbaspawaemoct (Kimberling, 2022).

2.2.2. MatemaTuyeckn mozaen 3a OueHKa Ha CbCTOAHUETO Ha AUrMTasHaTa TpaHcdopmauus
ypes rpynu oT UHAMKATOPU 33 ONepaTMBHA U OPraHU3aLMOHHA FOTOBHOCT U 6U3HecC CToiHOCT

B T0o3M pasgen ce onucea NpeasosKeHaTa NocAeA0BaTe/IHOCT OT CTbMNKM, NPUIOKMMA 33 LenuTe

Ha ouEeHABaHe HanpeAbKa Ha gUrMTanHaTa TpaHcHOPMaLLMA, KAaKTO e NoKasaHo Ha dur. 2.4,

D © ®
R
®
OnpegenaHe Ha nNokasaTenu 3a:.
1. OnepaTtusHa rotToBHOCT

2. Opranusauuonna rOTOBHOCT
3. BU3Hec CTOMHOCT

®ue. 2.4. Emanu Ha oyeHKa Ha Au2umaaHama mpaHcoopMayua

CpaBHeHue mexay
LANOCTHOTO
npeacTaBsHe Ha
rpynure
MHAWKaTopU

dopmynupaHe Ha
MOZieN 3a OLLeHKa
Ha Te3n rpynu
nokasaTenu 3a
edeKkTUBHOCT

Hama cTtporm uHAMKATOpWM 3a U3pas3ABaHe FOTOBHOCT Ha Te3n eTanu W nopagu ToBa ca

NpeasioXKeHn cnegHuTe obumM MHAMKATOPW 3a TPUTE TPYNK, NoKasaHu B Tabanua 2.2.
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Tabauya 2.2. MHOUKamopu 3a usmepsaHe HA emanume Ha GU2UMAAHAMA MPAHCHOPMAYUA

F'pynu ot UHAMKaTOpU KniouoBu nHgukatopm

OnepaTtunBHa rotoBHOCT  1.1. Bpoi 3aKyneHuM ANLLEH3U KbM Bpoa NoTpebuTenn, KoUTo AeNCTBUTENHO
n3nos3Beat copTyepa
1.2. Bpoit uMdpPOBU TOUKK
1.3. Bpoit M3n0/13BaHN UHCTPYMEHTW 3@ aHaIn3
2.1. BpoW pbKOBOAUTENMN, AHTAXKMPAHW C AUTUTAITHU UHULMATUBM
OpraHusaymoHHa 2.2. Bpoi OTKPUTU KnbepaTaku
roTOBHOCT 2.3. bpoW ycnewHu npeaoTepaTeHn KnbepaTtaku
2.4. Bpeme e 3a OTKpMBaHe U pearnpaHe Ha KMbep 3anaaxu
3.1. bpo¥ ycnewHo BHeAPEHN MHOBALMK
3.2. Bpoli NPUNOXKEHUSA Ha MHOBATMBHU PeLLEHNA
. 3.3. Bpoii HOBU NPOAYKTU UK YCAYTH
BbusHec ctonHoct
3.4. CboTHOLLEHME Ha cpeacTBaTa, NOJYYEHWN OT AUIUTa/IHATA
TpaHcpopmaLma 1 U3pas3xoaBaHUTe 3a HeA
3.5. Bpeme 3a nasap 3a HoBa opepTa

3a [a ce OUEHM CbCTOAHMETO Ha AuruTanHaTta TpaHcoopmauma (DX), ce nsnonseat 3 rpynu

WHAMKATOPU, 32 KOUTO Ce TbPCU MaKCMMaaHa NPoAyKTUBHOCT (Borissova et al., 2024):

max OpR
DX = {max OrR (2.5)

max BV

NpW orpaHnYeHus

OpR=Y%!_wm; >0 (2.6)
OrR = Zle wym; > 0 (2.7)
BV =YK _ wm, >0 (2.8)
=W =1 (2.9)
Z§=1 wj =1 (2.10)
Yhoiw =1 (2.11)

KOGd)MLI,MeHTMTe Wi, Wj U Wi U3pa3ABaT OTHOCUTE/THATA BAXXHOCT MEXAY MHOWKATOPUTE BbB
BCAKa rpyna, AOKaToO m;, m; U My NPeNCTAaBNAABAT KONNYECTBOTO HA USMEPUMUTE MHANKATOPMW.
MeTpuKkute 3a M3MmepummTe NOKasaTenm morat Aa 6'bﬂ,aT M3paseHn B pPasIM4HN eguHunun,

KOETO Ha/sliara TAXHOTO HOpMUpPpaHe.

C TeyeHMe Ha BPeMeTo CTOMHOCTTa Ha M3MEPUMMUTE UHAMKATOPM 3a onepaTMBHA FOTOBHOCT
TpsabBa Aa HapacTBa, Tbi KaTo TOBA € eZiHa OT OCHOBHWUTE NPeANoCTaBKM 33 OCbLLECTBABaHE Ha
AunrntanHa TpaHcpopmauma. CbL,0TO BaXKK M 3a BTopaTa rpyna MHAMKATOPM, KOUTO NOKa3BaT A0
KakBa cTeneH PbKOBOAMTENWUTE Ca aHraXKMpPaHW C AeMHOCTUTE NO AUrMTanmM3auma U KOIKO
[obpe ca 3awmTeHU Tesn undposu gaHHWU. [Jo6POTO NpeacTaBAHE Ha MoKasaTenuTe oT Tesu
ABe rpynu e npeanoctaBka 3a A0b6po npeacTaBaHe Ha MOKasaTenuTe OT TpeTaTa rpyna,

CBbpP3aHU CbC CTOMHOCTTa Ha busHeca.
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Tpabea aa ce otbenexu, ye B mogena (2.5) — (2.11), BCMYKM MHAMKATOPU TpsbBa ga 6baat
n3amepumu. Ho e AONYCTUMO Aa ce U3N0/13BaT HEM3MEPUMM MOKa3aTeNN, YNATO MAPKA MOXKe Aa

6bae oueHKaTa, AaZeHa OT YNMb/IHOMOLLEHO NuLe.

2.3. Moagenun, nognomarawu paborara Ha rnaBHUA UHPOPMALMOHEH MEHUAKDLP B
npoueca Ha guUruTasaHa TpaHcpopmaumsa

[Hec ponsaTa Ha rnasHMA MHPoOPMaLMOHEH MeHNAKbP (TMM) ce npomeHs 6bp30. TMM 3aegHo
C TOn MeHupXbpute TpsabsBa aa 06CHAAT npeausBMKATeNCTBATA WM M3MCKBAHUATA KbM
cTpaternyecknte UT wmHoBaumMm M pa wmsbepaT noaxofAwM W HagexaHn codTyepHu

WMHCTPYMeHTH, nogabpkawm UT (Gogan et al., 2020).

2.3.1. Mopgen 3a rpynoBo B3eMaHe Ha pelleHus Ype3 6bp3a oueHKa u u3bop Ha copTyepHU
MHCTPYMEHTM 332 CbBMECTHa AUCTAHLMOHHA paboTa

MaTemMaTUYecKMAT MoAeN 33 OLEHKA U M360p Ha COPTYEepHM MHCTPYMEHTM 33 CbBMECTHA
AMCTAHUMOHHA pabota moxe pa 6bae M3paseH NoAO0OHO HA KAacMYeckusa Moaen Ha
npeterneHata cyma (SAW) n moamnduumpanma SAW (Korsemov & Borissova, 2018). Bmecto
M3MON3BAHETO HA OLUEHKM, MPeaNoXeHUAT maTtemaTmyeckm mogen (M-1) pasrnexga

napameTpuTe Ha codTyepHUTE MHCTPYMEHTM KaTo npomeHAunBum (Borissova et al., 2022):

maxA; = g1 A X wipy, i ={12,..,M} (2.12)
Yawf =1 (2.13)
Ei2e=1 (2.14)

KbAeTo mHaekcbT @ = 1,..,M ce un3non3sa 3a npeactaBaHe Ha 6pos Ha anTepHaTUBUTE;
KpUTEpMUTE 3a OLEHKA Ce 03Ha4aBaT C MHAEKC j = 1,...,N; U3NbAHEHMETO Ha NAapaMeTpuUTe Ha i-
th antepHaTMBa MO OTHOWeEHME Ha j-th KpuTepuit ce wu3passsa C p;j; KoepuuueHTuTe,
n3pasABally Ba)KHOCTTA Ha j-th KpUTepuit No OTHOLWEHWe Ha e-th eKkcnepTHa rnegHa TOYKa, ca

Wje,' M npeTerneHuTe KoepuumeHTn A° n3pas3nBaT BaXHOCTTa Ha e-th eKcnepTHO MHeHMUe.

EdbeKkTMBHOCTTa Ha anTepHaTMBUTE NPEACTaBAABA CYyMaTa OT YMHOXEHMETO Ha epeKTUBHOCTTA
Ha NapameTbpa, KaTo ce B3emaT npeaBug, MHEHUATA Ha eKCnepTuTe no oTHoweHue (2.12). Haii-

noaxoAswaTta noAxo4Alla aATepHaTMBa TpabBa Aa MMa MaKCMMa/iHa NPOU3BOAUTE/THOCT.

2.3.2. Mopgen 3a rpynoBo B3eMaHe Ha peLleHUs ¢ n3noa3BaHe Ha KOMOMHATOpHa
06TMMM3aumMa 32 eAHOBPEMEHHa OLLeHKa U M360p Ha HAKONIKO cOPTYyepPHU MHCTPYMEHTA 3a
OTAANEeYEHO CbTPYAHUYECTBO

BropuAatr noaxon 3a mogenupaHe cbwo e 6asupaH Ha SAW, Ho ¢yHKUMATA 3a NOAE3HOCT
BK/NOYBA AOMbAHUTENHU ABa TUNa KoeduumeHTW. MbpBUAT OT TAX NPeacTaBAABa LBOUYHMU
LLeNoYNCIeHN NPOMEHMBU 3a U3bop Ha Hail-fobpaTta anTepHaTMBA/M KAaTo KpalHO rpynoso
peweHne, AOKATO BTOPUAT TUN KoePUUMEHTU W3pa3ABaT BAKHOCTTA HA MHEHMATA Ha

ekcrneptute. OTYMTAMKN Te3U AOMBAHUTENHM CbOobpaXKeHuna, 3a eAHOBpPEeMEeHHaTa OLEeHKa M
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n3bop Ha HAKONKO CODTYEepHU MHCTPYMEHTA 33 OTAA/NIeYEHO CbTPYAHMYECTBO MOXKE Aa ce
peanusapa 4ypes cneaHUA MoAeN 3a rpynoBo B3emMaHe Ha peweHua (M-2), KakTo cnejBa

(Borissova et al., 2022):

max (T x; (BE_, 2° A7) + 25 5 (ZE_, 2° A9 + X 7, (TE, 4° 49)) (2.15)
npu orpaHnyeHunA

Vi=12,..,M: (Ve =12,..,E:Af = ¥ wf af)) (2.16)

Vs =1.2,..,5: (Ve = 1,2,..,E: AS = Y wj a$,) (2.17)

Vt=12,..,T:(Ve = 12,..,E: A¢ = Y2 w¢ af,) (2.18)

M.oxi=1,x; €{0,1} (2.19)

YoY% =15, €{01} (2.20)

Y.z, =1,z €{0,1} (2.21)

Yawf =1 (2.22)

poawy =1 (2.23)

N we =1 (2.24)

E,2¢=1 (2.25)

Kbaeto Afe u3passsa cymapHaTa OUEHKa Ha i-th anTepHaTMBa CMpAMO BCUUKKM KpuUTepuw,

OTYMTAMKM rNefHaTa TOYKA Ha e-TusA eKCrepT, U CbOTBETHO 3a caejBaluTe Asa Buaa usbop AS

e

e
n A¢, pokato a;;

e obo3HauyaBa pe3y/nTaTa 3a OLLEHKa OT e- TUs eKcnepT 3a i-th anTepHaTMBa
KbM j-th KpuTepwii 1 oueHKMTe 3a OLeHKa 3a OCTaHa/suTe ABa Buaa M3bop ca CbOTBETHO ag, U
af,q. Penaunute (2.19) — (2.21) rapaHTMpaT camo eanH M3bop OT BCEKU TUM codTyep U ce
OCHOBABaT Ha TPU TUNa [ABOUYHU LENOYUC/IEHM MNPOMEH/IMBU 33 BCEKU Tun codTyep.
MpeTerneHnte KoebMUMEHTHN, NPEACTABALM BaXKHOCTTA HA KPUTEPUUTE 33 pPa3INYHMTE TPYNn Ha
noabop, ce uspasasart ¢ paBeHcTBaTa (2.22) — (2.24). NocnegHunat m3pas (2.25) nokassa, ye
cymaTa OT MpeTerneHuTe KoeduLMEeHTM 3a BaKHOCT Ha MHEHMATa Ha eKkcrnepTuTe TpsabBa Aa

6bae paBHa To4HO Ha 1.

2.4. Mopen 3a rpynoBo oueHABaHe M u360p Ha KaHAMAAT 3a ONBXKHOCTTA rNaBeH
MeHUAXbP NOo gUruTanHa TpaHcpopamuymsn

Pa3BMBAHETO HAa INAEPCKM YMEHUA, KOUTO HacbpyaBaT B3EMaHETO Ha peleHus, 6asnpaHo Ha
AAHHW, CbBMECTHOTO pellaBaHe Ha Npobiemu M aganTUMBHOTO yNpas/ieHWe, € OT pellaBallo
3HauyeHue (Seppanen et al.,, 2025). Jingepckata pons Ha M[ M3MCKBa M3rparkaaHe Ha
OUINTAaNHN Bb3MOMXKHOCTU, KOUTO AOMNPUHACAT 33 LMPPOBO YCKOpPABAHE, ANTUTANEH MAPKETUHT
M umdpoBa XapMOHM3aALUUA, CBBP3aHU C UUPPOBUTE WMHOBALUMMW, aAHANM3a HA [AAHHU WU
aHraskupaHoctTa Ha KaneHTuTe (Tumbas et al., 2017). Tpsabsa aa ce otbenexu, 4e aokato 'MM
MMaT no-cuneH (GOKYC BbpXy TexXHMYeckuTe acnektm m WUT edektusHoctta, M ca no-

OpPUEHTUPAHU KbM BU3Hec 1 cTpaTermyeckun acnektn (Ulrich & Lehmann, 2023).

Asmopegpepamu Ha Jucepmavuu 2025(4) 37-73



53 Haiicern Kupunos Haiioernos

2.4.1. OTroBOpPHOCTH, 3a4a4U, TEXHUYECKU U COPTYEepHU YMEHUA 3a NO3ULUATA FNaBeH
MEHUAXKDbP NO AUrUTasIHA TPpaHchopamuums

Hakonko KntouvoBu obnactv Kato loT, coumanHu meammn, MOOGUIHWU MPUNOXKEHUA, U3KYCTBEH
WHTENEKT, paslWwuMpeHa M BUPTyasiHA PeasHOCT, MeTaBCeJieHa M KOoprnopaTMBHA AUrUTasIHa
OTFOBOPHOCT Ca B OCHOBATa Ha guruTanHaTa TpaHcdopmaums (Fynn-Hendrik et al., 2024).
KoMbuHaumATa oT CUAHU NNAEPCKN CMOCOBHOCTM M HAaZIMYMETO HA TEXHUYECKM OMUT MOXKe Aa
onpegenun nageanHua kaHgmaat 3a NMA. TM/[ e nsBecteH CbLW,0 KaTO AUTUTANEH AUPEKTOP WU
pbKOBOAWUTEN Ha AUrUTanHaTa TpaHchopmauma n Tpsabea Aa ce CnpaBu C Pas/IMYHK 3a4auM,

0606L1eHM B 4 OCHOBHM NOCOKM, KAaKTO € NoKa3aHo Ha dur. 2.5.

Mossonasa undposa TpaHchopMauma U Cb3gaBaHe
Ha CTOMHOCT Ype3 HOBWU MHCTPYMEHTM U TEXHONOTUM

YnecHsABa npexoga Ha KOMMNAHMATa KbM
UMPPOBU TEXHOIOTUM C KAMEHTHU U NapPTHLOP

[ [naBeH MEHUAKBP
no AurutanHa

TpaHchopamuma KomyHuKupa 1 ybexxaasa cnyutenutenu Bba
BAYKHOCTTA Ha AMIMTanu3auumaATa B LAnaTa KOMNaHua

MpeBpbLia UMPOBUTE TEXHONOMMKU B OCHOBHA
4acTt OT CTpaTernAaTa Ha OpraHM3auuATa

®uz.2.5. OmeosopHyccmu Ha TM/J

BaxHOTO no3unumoHupaHe Ha M/, AbAXKaWo ce Ha HeroBOTO B/IMSIHWE B OpraHW3auuATa,
MOTUBMpPA HEOOXOAMMOCTTa OT M360pP Ha MPaBUIHUA KaHAMAAT, KOUTO MOMKE A3 HaAXBbPau
obxBaTa Ha TEXHUTE NpeanLLHM M HacToALWM ycnexu. 1o To3M HaunH OLUEeHKaTa Ha NoTeHuMana B
JOMb/IHEHME KbM TEKYLLOTO NMPeACTaBsHE € OT pellaBallo 3HaYeHMe 3a YCnelwHoTo HabupaHe
Ha guUrnTanHum ctpatesu n rMM/Z.

2.4.2. Mopgen 3a u3bop Ha MLETO, ABMKELLO gUrMTasiHa TpaHchopmaumua - mogen 3a

rpynoBo B3eMaHe Ha pelueHue npu u3bopa Ha rnaBeH MeHUAXKbP NO AUTMTAJIHA
TpaHchopamuma

OcHoBHaTa $OpPMY/IMPOBKa HA MHOFOKpUTEpPUAnHMA npobnem 3a B3eMaHe Ha pelleHus

06MKHOBEHO Cce n3pasnBa B cnegHua maTpudeH popmar (Shih et al., 2007):

Cl sesasans Cn

k k1 k (2.26)
Ap|ry; o Tip ||wa

R |
Am Tm1 ° TmnllWn

KbOETO anTepHaTusmuTe (KaHauaatmuTe 3a FTM/) ca o3HauyeHu ¢ Ay, ... A,,, KpUTEpPUNUTE 3a OLEHKA

ca u3paseHn c¢ Cjy, ... C,, edeKTMBHOCTTA Ha antepHatmMeaTta A,, NO OTHOLIEHME HAa KpuUTepuAa
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C,, oT k-ua exkcnept ce npeactasa upes .5, a WX npeacrasnasaT koepuLMEHTM 33 BaXKHOCTTa

Ha N-ua KpUTepuin, gaaeH ot k-na ekcnepr.

3a ga ce HanpaBu epeKTUBHA CeNeKkuMsa Ha Hal-npeanoyYnTaHusa KaHaMaaT cnopes MHEHMATA
Ha uAnaTa rpyna, OUEHKMTE Ha BCEKM Y/ieH Ha rpynaTta TpsabBa Aa ce pasrnexkaaTt ¢ pas/nMyHa

Bar*KHOCT. 3a Luenta ce npeanara cheagHMAT ontuMmn3aymnoHeH moaen:

i

1 1 1 k k1 k

Tip ot Tin | |Wi 1 T | |W1
CDO* =max<|a*| : ~ i |||+ +a¥] o (2.27)

1 1 1 k k k

"Tm1 " Tmn]|Wn m1 " Tmn]|Wn

npu orpaHnYyeHmnn

I]§=1 ak =1 (2.28)
Yawj=1 (2.29)

KbdeTo upe3 «afe o03HaYeHO TernoBM KoedULMEHT, KOWTO W3pasABa HMBOTO Ha
eKcnepTHOCT/BaXKHOCT Ha k-ua ekcnepT. Mpeasua, cboTHowWweHKUA (2.28) 1 (2.29), AMana3oHbT Ha
TOYKUTE 3a oueHKa e mexay O m 1, 3a ga ce nNosiyy4yaT CPaBHUMMM CTOMHOCTM 33 TpuTe

napameTbpa.

B npeanoxeHus mogen (2.27) — (2.29) BCMYKM TBBPAM WU MEKU YMEHUA Ce pasrnexaar c
efHaKBa Ba*HOCT. AKO e HeobxoaMMO Aa ce pasrpaHUYaT Tesn ymeHus, TpabBa ga ce BbBeaaT
AOMbAHUTENHU KOEPULIMEHTUN 32 TEXHUYECKUTE 3HAHMA U MEKU YMeHUA. 3a Aa ce nsbepe Hau-
noaxo4AWMAT KaHAMAaAT 3a no3uumnata FM/, ce npeanarat M3NOA3BAHETO Ha ABa TUMA rpynu oT
KPUTEPUU 33 OLEHKA, OTHAaCAWM ce A0 TBbPAMTE M MEKUTe ymeHuAa. Tesu agse rpynu ot

KpUTEPUM 33 OLEHKA Ca NoKa3aHu B Tabamua 2.3.

Tabauya 2.3. Kpumepuu 3a OYeHKa Ha mexHu4Yeckume u mekume ymeHusa Ha KaHoudamume 3a FTM/]

# Tebpau ymeHus # Meku ymeHua

t-1 |LnpoKo TEXHONOrMYHO Cb3HAHUE s-1 | KomyHuKauus

t-2 Pa3bupaHe Ha uMdpPOBU CTPYKTYPU U NPOAYKTU s-2  |/lupgepcteo

t-3 [vnnoma no 6usHec/ TeXHONOTUU/ UHKEHEPCTBO s-3 OTroBOpHOCT U NOCTOAHCTBO

t-4 |AHanM3 Ha [JaHHM M CcnocobHOCT 3a pellaBaHe Ha|s-4 |YnpasaeHue Ha BPpEMETO
npobnaemu

t-5 |[/lngepctBO Ha ychnewHW MPOEeKTM 3a AurutanHa|s-5 EmounoHanHa
TpaHcpopmaLms. WHTE/ITeHTHOCT

t-6 |OnuT B ynNpaBNEeHWETO W PHLKOBOLEHETO Ha AWruTasneH |s-6 | CbTpyaHuuecTBO M pabota B
eKkun eKkun

s-7 | CTpaTernyecko muciaeHe
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FNABA 3. YACNIEHO TECTBAHE HA NPEANOXEHUTE MOAENNU, NOANOMATALLA
B3EMAHETO HA PELLUEHUA,
CbBPA3AHU C AUTUTANHATA TPAHC®OPMALUA

B Tasu rnasa ca oOnNucaHM pe3yntatute OT NPOBEAEHWUTE YUC/IEHW eKCNepuMEHTU C

npeanoXKeHUTe matemaTuyeckn mogenm onucaHu B lanas 2.

3.1. YucneHo TecTBaHe Ha nNpPeANIOKEeHUA UHTerpuvpaH noaxoa 3a OUEHKa Ha
HanpeAabKa Ha AUrMTanHata TpaHchopmauma uYpe3 U3NONA3BAHE HA MHOXKECTBO
06eKTUBHU U Cy6eKTUBHU NOKa3aTenu

3a Aa oueHun npoueca Ha AUTrnTannsaulna, raBHUAT U3NBAHUTENEH OAUPEKTOP € onpeaennn
OLEHKM 3a npeacTaBaHeTo Ha UT anpeKkTopa, T KaTo TECTLT € NPOoBeAEH B MUKPOKOMMAHUA C

Hann4ueTto Ha UT gupekTtop.

3.1.1. U3xoaHU AaHHM 33 YNCNIEHO TECTBAHEe

MpenBapuTeNnHO onpeaeneHnTe UM MpefoCcTaBeHN OLLEHKM OTHOCHO 6u3Hec aeilHoctute,
CBbp3aHU C AurutanHata TpaHchopmaumsa, 3ae4HO C Ternarta 3a BaXKHOCT Ha Kputepuute,

CbrnacHo onucaHuTe B pasgen 2.1, ca nokasaHu B Tabamua 3.1.

Tabauya 3.1. OyeHBYHU MOYKU U CbOMeemMHU meanad 3a 06eKmueHU U cybekmusHU Kpumepuu.

Kputepuu Terna 3a BaxkHocT  OueHbyHM Case- Case- Case-3
TOYKMU 1 2

O6EKTUBHM KpUTEPUK 32 OLIEHKA w; (S-1) w; (S-2) e; a a a

0-1 IT uHbpacTpyKTypa 0.25 0.12 0.65 0.50 0.45 0.55

0-2 YcnewHo BHeApPEeHU NasapHu 0.25 0.15 0.45

MHOBaLMK

0-3 Bb3BpbLL,AEMOCT HA UHBECTULMATA 0.25 0.26 0.54

0-4 Hosu KnneHTn 0.25 0.23 0.58

0-5 [1poun3BOAMTENHOCT Ha CAYKUTENUTE 0.25 0.24 0.55
CybeKTMBHM KpUTEPUM 33 OLLeHKa w; w; € B B B

s-1  CuUnHW nnpepckn ymeHus 0.125 0.13 0.57 0.50 0.55 0.45

s-2 CunHa 6UsHec KOMyHMKaLmA 0.125 0.15 0.78

s-3 UM3rpaxpaHe Ha posepue 0.125 0.12 0.44

s-4 Pa3peluaBaHe Ha npobsem 0.125 0.14 0.80

s-5 VYnpasneHue Ha BpemeTo 0.125 0.11 0.56

s-6 B3emaHe Ha pelleHue 0.125 0.13 0.93

s-7 [llpeanpuemayeckm HauyMH Ha MUCSIEHEe 0.125 0.09 0.78

s-8 CrtpaTernyecko mmcneHe 0.125 0.13 0.81

MpencTaBeHu ca ABa CLUEHApMA 3@ BaXKHOCT HA noaKpuTepuute (S-1 n S-2) U Tpu cnyyasn, KoUTo
n3pasABaT Pas/iMYyHM NPeanoYNTaHMUA OTHOCHO OBEKTUBHM U CYBEKTUBHM KPUTEPUM 33 OLLEHKA.
Tpabea fa ce oTbenexku, Ye BCUUKM OLLEHKM, AafeHn B Tabanua 3.1, ca cybeKTMBHM U OTpasaABaT
KOHKpEeTHAaTa rneAHa To4YKa Ha y4yacTBalLMA U3NbAHUTENEH AMPEKTOP OT KOHKPETHa KOMNAHMA.

ETo 3al0 Te3n AaHHKU ca BaAMAHM Camo 3a Tasv KomMnaHuA. M3non3BanKkm Te3m BXOAHM AaHHM
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OoT TabnuuaTa no-rope, Ce pelaBaT HAKOJNIKO ONTMMM3AUMOHHW 3agayu, 6a3vMpaHM Ha
npegnoxenna mogen (2.1) — (2.4). MNonyyeHnTe pesynTatv ca UNKOCTPUPAHU U 0BCHAEHU B

cneagalLma pasgen.
3.1.2. Pe3ynTtaTtu OT YUCNIEHOTO TECTBAHE

Pe3ynTtatute OT cueHapuit S-1, KbAeTo BCUYKM OBEKTMBHWM U CyBEeKTUBHW NOAKpUTEpPUM ce
pasrneXKaaT c e4HaKBa BaXKHOCT, Ce pPasriexaaT AONbJAHUTENHO Pa3IMYyHM 3 C/ly4as 3a BaXKHOCT

MeXay 06EeKTUBHUTE N CYDEKTUBHMTE NMOKO3aTeNN, KaKTo e NokasaHo Ha dur. 3.1.

CueHapuu-1

0.8
0.700625 0.7014375 0.6998125
0.7

0.6

0.5
0.3898125 0.380875
0.3189375

0.311625 I

OBEeKTUBHM KpUTEPUK 3a oLleHKa W CyBeKTMBHM KpUTepWK 3a olleHKa W LlAnocTHo npeAcTasAHe

0.4 0.34625 0.354375
0.3
0.2
0.1

Gue. 3.1. CpasHeHuUe Ha pezynmamume no cyeHapuli S-1

Ot dur. 3.1 moKe ga ce yCTaHOBMU, Ye ePEKTUBHOCTTA HAa OOEKTUBHUTE KPUTEPUM NPU Cydait-1
M Cly4an-2 UMa NO-HUCKM pe3ynTaTu B CpaBHEHUE C ePpeKTUBHOCTTA Ha CyOEKTUBHUTE KpUTEPUM
3a cblmTe cnyvaun. CutyaumaTa, uspaseHa oT C/lyyai-3, KbAeTo ce AaBa NO-TONAMO 3HAYeHue
Ha 0OEKTUBHUTE KPUTEPUM Ype3 U3N0A3BaHE HA KoeduumeHT a = 0.55, pesyntatuTte nokassar

no-sucoku pesyntatu (0.380875) Ha 06EKTUBHU KpUTEPUMN.

KoMbuHMpalikKn 06EeKTUBHU W CYBEKTUBHU KPUTEPUM, MOXKE [a Ce OUEHM ULANOCTHOTO
npeacraBaHe Ha HanpeAbKa Ha KOMMaHWATA MO AuUrutanHaTta TpaHchopmauma. Tasu oueHKa
MOKe Aa Bapupa B 3aBMCMMOCT OT AaAeHUTe NPeArnoYUTaHnsa KbM 3HAUYMMOCTTA Ha 06EKTUBHU
M cybeKkTMBHM KpuTepuu. Hanpumep, ako O0O6EKTUBHUTE W CyOEKTUBHUTE KpUTEepUU ce
pasrnexaat ¢ eaHakBa BaxHocT a = = 0.50 (cnyuaii-1), obwmar pesyntat e 0.700625, ako
ce fage no-ToNIAMO BaXHOCT Ha cybekTuBHUTEe Kputepun a = 0.45,5 = 0.55 (cnyyain-2),
pesyntatbT e 0.7014375 u obpaTtHo B cnyyan-3 a = 0.55, 8 = 0.45 kaTo 06WMAT pe3ynTaT e
0.6998125. PesyntaTnte OT CUeHapuit S-2, KbAeTO NOAKPUTEPUUTE Ce pas3riexaaT C pasMyHa
BaYKHOCT M BaXHOCTTA Ha 0OEKTUBHUTE U CYOEKTUBHUTE FPYNK, PasrnexkgaHn npu 3 pasanyHu

CNyYasn, ca NOKasaHu Ha dur. 3.2,

EdekTMBHOCTTa Ha 06€eKTUBHUTE KpuTepum npu BCUYKUTE 3 cnyvas
(0.27565; 0.248085; 0.303215) uma no-HMUCKa CTOMHOCT B CPpaBHEHWE C epeKTUBHOCTTa Ha

cybektusHute Kputepum (0.35695; 0.392645; 0.321255). ObwaTta NpomnsBOAUTENHOCT MNpwU
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cnyvain-1 (¢ = f = 0.50) e pasHa Ha 0.6326, 3a cayyanr-2 (a = 0.45, = 0.55) pesyntaTtsT €
0.64073, a 3a cnyyan-3 (¢ = 0.55, 8 = 0.45) kaTo 06WMAT pesynTaT e 0.62447.

CueHapumu-2
0.8
o . 064073 0.62447
0.6
0.5
0.4 0.35695 0.392645

0.303215 0-321255

0.3 0.27565 0.248085

0.2 - - - ‘ - ‘

0.1 - - - ‘ - ‘
0 I | |

OB6EeKTUBHM KpUTepuK 3a oueHka B CybeKTMBHM KpUTepuuM 3a oueHKa B LlIAnocTHO npepacTaBaHe

Gue. 3.2. CpasHeHue Ha pezyamamume no cyeHapuii S-2

3a onucaHWTe MNo-rope ABa Pa3NMYHU CLEHAPUA NPU TPWU Pas3NUYHM CNy4Yas 33 BaKHOCT Ha
006EKTMBHM U CYOEeKTMBHM KpUTEpPUM 33 UANOCTHOTO NpeAcTaBAHe Ha Hanpeabka Ha

KOMMNAHMATA € HanpaBeHO CpaBHEHME, KOETO MOKa3aHo Ha dur. 3.3.

OTuMTallkn 06EKTUBHUTE U CYBEKTUBHUTE KpUTEPUN C eAHaKBa BaxkHocT (Case-1) u npu aBata
cueHapus (S-1 & S-2), nonyyeHuTe pesynTaTM NokaseaTt pasnunka ot 0.068025 3a yanoctHoTo
npeacraBaHe Ha KomnaHuaTa. 3a Case-2 Ta3u pa3nuKa e B pasmep Ha 0.0607075 un 3a Case-3 —

pa3nukaTa e cboTBeTHO 0.0753425.

) = ) P
‘ * * e=@== E/HAKBM TEINA 32
0.700625 0.7014375 0.6998125 BaXKHOCT Ha
ob6eKTuBHUTE U
cy6eKTuBHU
Kputepumn

0.64073
0.6326 . e Pa3nuyHu TErNA 33
‘_ '\ 0.62447 BaXHOCT Ha
o6eKTuBHUTE U

\ cybeKkTuBHU

Case-1 Case-2 Case-3 il il

®ue. 3.3. CpasHeHuUe Ha 0bwomo npedcmassaHe rnpu 2 pasau4HU NPednoYuUMaHuUs OMHOCHO meaaama
Ha cybekmusHUMe u obekKmusHUMe Kpumepuu 3a 3 cay4as

MonyyeHnTe pe3ynTaTh MOKa3BaT, Ye AUrMTanHaTa TpaHchopmauma moxe ga 6bae nsamepeHa
n3non3Bamkm mHPopmauma 3a HanunyHute WT, yyacTBawumTe MEHUAXKbPU U HOoBUTe BU3Hec
npouecK, Kakto u npuxogurte oT nogobpeHn NpoayKkTM u ycnyru. Bb3 ocHOBA Ha OCHOBHUTE
oTroBopHoctK Ha TMM, TMUC, T'TM n M/ ce naeHtudunumpa Habop oT pasnnyHM 06EKTUBHU U
CyOEeKTUBHN KpUTEPUM, KOUTO BAMAAT BbPXy Npoueca Ha AuUruTanHata TpaHcdopmaums.
Pesyntatute poKa3BaT ePeKTMBHOCTTA Ha MNPeaNoXKeHUA MOAEN, KAaKTO U MPUrogHOCTTa Ha

AeduHUpaHuTe age rpynyu 06eKTUBHU U CyBEKTUBHU KpUTEPUM 33 OLEHKA.
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3.2. YucneHo TecTBaHe Ha NpeaNOXeHUs MoAen 3a OUeHKa Ha AurutanHata
TpaHchopmaumua, 6asuMpaH Ha rpynu OT MHAMUKATOPM 3a oOnepaTtMBHa U
OpraHmM3ayMoHHa roToBHOCT U 6U3Hec CTOMHOCT

3a uyMcneHoTo TecTBaHe Ha npeanoxeHua mogen (2.5) — (2.11), TMO e npepoctaBun
MHPOpPMaLMA 3a MoKasaTenuTe 33 eQPEeKTUBHOCT, OTHACAWM Ce 33 MWKPOKOMMaHMA. 3a
pelwaBaHe Ha MHOToKpuTepuanHma moaen (2.5) — (2.11) ce M3non3Ba METOABLT Ha NpeTerneHaTa
CyMa, KOWTO M3MCKBa npeobpasyBaHe Ha MHOroKpuTepuanHaTa uenesa ¢yHKuua (2.5) B

€OJHOKPUTEPUA/IHA d)yHKLI,VIFl, KaKTO cneaBa:
OpR™*_0OpR OrR™M*—0rR By™Max_py
max (Wi (OpRmax—OpRmin + Wj OrRmMax_grrmin + Wk Bymax _pgymin (31)

OcTaHanuTe orpaHUYeHMa oCTaBaT CbLumTE.

3.2.1. U3x0oaHU AaHHM 33 YNCNIEHO TECTBAHE

HopmanusmMpaHute AaHHW 33 M3MEPUMMUTE MOKasaTenu Mo rpynu 3ae4HO C MpeTerneHuTe

KoedULUMEHTM 3a TAXHATA BaXKHOCT ca NokasaHu B Tabaunua 3.9.

Tabauya 3.9. HopmanusupaHu MempuKu 3a UHOUKaGmMopume u meaad 3a mAXHama 8axHocm.

Hopmanu- Terna 3a BaXKHOCT Ha Terna 3a BaXKHOCTTa
KnouoBu nHaumkatopm 3UpaHu KNIOYOBUTE UHOU- Ha K/IYOBUTE UHAM-

nokKasatenu Katopu (Cayuaii-1) KaTtopum (Cnyuaii 2)

1.1. Bpoit Ha 3aKyNeHUTe NNLEH3U KbM

6poA Ha noTpebutennte, KOMTO 1.00 0.33 0.20

AencTBUTENIHO M3noa3BaT codTyepa

1.2. Bpoi uMdpoBM TOUKM 0.00 0.33 0.40

1.3. bpoi U3N0N3BaHU UHCTPYMEHTHU 3a 0.067 034 0.40

aHanus3

2.1. bpon pbKOBOAUTENN, AHTAKMPAHU 0.001 0.25 0.50

C OUTUTAJIHU UHULMATUBU

2.2. bpoit pasKkpuTn Knbepartaku 0.00 0.25 0.10

2.3. bpou ycnewHu npeaoTBpaTeHun 0.00 0.25 015
Knbepartaku

2.4. Bpeme e 32 OTKpMBaHe 1 pearnpaHe 1.00 0.25 0.25

Ha Knbep 3annaxu

3.1. bpou ycnewHo BHeApPeH 0.002 0.20 0.15
MHOBaLWn

3.2. bpou NpUNOKeHMA HAa NHOBATUBHM 0.005 0.20 0.15
peweHuns

3.3. bpoit HOBM NPOAYKTU UAN YCAyTU 0.007 0.20 0.10
3.4. CbOTHOLWEHMNETO Ha CpeacTBaTa,

nosy4yeHn nopaau TpaHchopmauma n 0.010 0.20 0.40
M3pasxoBaHu 3a HeA

3.5. Bpeme 4o nasap Ha HoBa odepTa 1.000 0.20 0.20
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HopmanusmpaHute BXoAHW AaHHW OT Tabnuua 3.9 u npegnoxenua mogen (2.5) — (2.11),
pecnekTMBHO TpaHcpopmmpaHaTa uenesa GyHKUmsA (3.1) noguMHEHM Ha orpaHuyeHunsTa (2.6) —

(2.11) ce n3nonseart 3a popmyanpaHe Ha ONTUMM3ALMOHHA 3a4a4a.

3.2.2. AHann3 Ha pe3yaTaTmTe U AUCKYCUA

Pe3syntatute OT TecTBaHuTe pBe cutyaumm (Cnyyaii-1 mn Cnyyait-2) no OTHOWeEHWe Ha
NPUOPUTU3MPAHETO HA WHOMKATOPUTE CMNOpes PasUYHWU NefHU TOYKM 33  K/YOoBMUTE

WHAMKATOPU B PamMKuKTe Ha 3 rpynu (CbOTBETHO 3 eTana) ca UACTpUpPaHu Ha dur. 3.5.

0.9
0.8 B EaHakea BaXKHOCT Ha NOKasaTenuTe
0.7 Pa3fnnyHa BaXKHOCT Ha NOKa3saTenurte e
0.6 0.683 |
0.5
0.4
0.3
gj ﬁ 0.227 E e ﬁ o
0.0
OnepaTusHa OpraHu3aLMOoHHa BusHec cToiHoCT UanoctHo
roTOBHOCT roTOBHOCT npeacrasaHe

due. 3.4. Cpae;HeHue Ha pe3ysmamume C U3nos3eaHe Ha pa3anuvyHu meesia 3a rnokasamersiu 3a 8axHocm

OT dur. 3.4 ce BMKAA pa3nukata B obwoTo npeacrtaBAHe NPU U3MNOA3BAHE Ha Pas/INYHU
npeterfieHn KoedUUMeEHTH 3a NHAMKaTOopUTe — cTonmHocTTa Ha 0.808 npu egHakBa BaXKHOCT Ha
BCUYKKM nokasaTenn mn 0.683, Korato HAKOM MHAMKATOPU Ca NPeAnoYnUTaHu npes apyru. Tesu
CTOMHOCTM He HOCAT MbAHA MHPOpPMaAUMA 33 HanpeabKka Ha AurMTanHaTa TpaHchopmaums,

3aToBa e Aobpe Aa ce 06bpHE BHUMAHWE Ha OTAENHUTE FPYNu UHAUKATOPMU.

B cnyyait 1 (npu paBHKU Terna 3a KAOYOBUTE MHAMKATOPM) onepaTUBHATa rOTOBHOCT MMa Mo-
nobpo npeactaBAHe KaTo nojayyeHaTa CTOMHOCT e paBHa Ha 0.353 B cpaBHeHue
OpraHu3aLMoHHaTa roToBHOCT, YnaTo ctoiHocT e 0.250, a 6usHec ctoiiHocTTa e 0.205, Bbnpekn
nnceawmTe AeMHoCcTU 3a ,,bpoit undposm Toukn” n ,bpoit Ha oTKpuTn KMbepatakn” u ,bpoii

npeaoTBpaTeHn ycnewHn kmbepataku”.

Korato HAKOW NOKasaTenun ca npegnountaHu npeg Apyrv, Kakto B Cnyuyaii-2, pesyntatute
nokaseaT no-gobpo npeacTaBsHe 3a opraHusaumoHHa rotosBHocT (0.251) B cpaBHeHMe ¢
onepatuBHa rotoBHocT (0.227) n 6usHec ctoiHocT (0.206). B Tasm cuTyauma He moxKe ga ce
OYaKBa, 4Ye AUrMTanHaTa TpaHchopmauus e ycrnee, TbMA KaTo OM3HeC npouecute U

TEXHONOTMUTE HE Ca ,u,o6pe npueeneHn B CboTBeTCTBUE Npegn NyCKaHETO UM B |Cl,el‘/‘ICTBMe.

M3non3saiikM TakMBa MOLENN, € Bb3MOXKHO A3 Ce MpeacKaxke NpoBan WAM ychnex Ha
AUrnTanHatTa TpaHchopmaumsa, TbA KaTo Ta ce pOoKycupa He camo BbpXy CNOCOBHOCTTa Ha
opraHvM3aumsaTa Oa BHeApPABa HOBWU TEXHONOTUM U CODTYEP, HO CHLLO TaKa M BbPXY HENHUTE

X0pa, KynTypa, NpoLecu u T.H.
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3.3. TectBaHe Ha npeanoOXeHUTe Mmoaenun, noanomarawm paborara Ha rnaBHMUA
MHPOPMALMOH MEHMUAKDP B NpPoLLeca HA AUrMTanHa TpaHcopmauma

B TO3M pasgen e onMcaHoO YMCNEHOTO TecTBaHe Ha NPeasIoKeHUTe mMoaenu, noanomaralim
paboTaTta Ha TMM B npoueca Ha gurnTanHa TpaHchopmaums, cbrnacHo T. 2.3 (Fhasa 2).
3.3.1. U3xogHu gaHHU

Cpes cbuiecTByBawute naatpopmu 3a BuAeoKoHdepeHUMM ca M3bpaHM 5 TakuBa, 4MUTO

OCHOBHW NapamMeTpun n3non3saH Nno Bpeme Ha oueHKaTa, Ca AaAeHN B Ta6m4u,a 3.2,

Tabauya 3.2. lMapamempu Ha UHCMpPyMeHmMuUme 3a 8UOEOKOHpepeHmMa 8Pv3KA

Mapametpum id = bep P

Zoom Webex Skype Google Hangouts UMeetin Lifesize

Bpoit yyacTHUUM 100 100 50 25 25 25
HD video aa -- aa -- -- --
HD audio aa - - -- -- --
CnogenaHe Ha eKpaHa na na na na -- na
lpynos yat na -- na na -- na
3anucm  Ha  BMAEO . . e P . _
cpewm

OI'paHM‘-IEHMe BbB

40 mmH 40 MuUH HeorpaHMyeH HeorpaHmyeH 30 muH 24 vaca
BpeMeTo 3a cpella

CuctemuTe 3a ynpasaeHune Ha obydyeHneTo (LMS) ca npunoxkummn B obnactta Ha 06pa3oBaHUETO
n 6busHec obyyeHMeTo nopaau MHorobpoilHute cu npegumctea (Chtouka et al., 2019).

OCHOBHMWTE MapamMeTpu Ha HAKou 6e3nnaTtHu 1 nonyaapHu LMS ca nokasaHnu B Tabanua 3.3.

Tabauya 3.3. Mapamempu Ha cucmemume 3a ynpasaeHue Ha obyyeHuemo (LMS)

MapameTpu Cuctemu 3a ynpasneHue Ha obyuyeHueTo
~Moodle ~ Chamilo ILIAS Forma LMS

SCORM 1.2 ha aa ha Aa
SCORM 2004 Aa -- Aha aa
XAPI Jik] - - -
Mo6unHo NpunoxeHue aa ha -- --
Self-Hosted Cloud-based aa aa -- --
Self-Hosted System aa na -- aa
SaaS/Cloud - Aa Ja Ja
WordPress -- na -- aa
Google Calendar -- na -- aa

OCHOBHMTE napameTpu Ha NpeaBapuTenHO onpeaenieH Habop OT cOPTyepHW MNPOAEKTM 3a

ynpasaeHune Ha npoektu (PM) ca gageHu 8 Tabauvua 3.4.
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Tabnuuya 3.4. lMapamempu Ha UHCMPYMeHMUMe 3a yrnpassaeHue Ha npoekmu

MapameTpu NHCTPYMEHTHM 3a ynpaBAeHWE Ha NPOEKTU |
Jira Bitrix24 ~Infolio GitHub |
OrpaHuyeHue 3a bpos Ha Upto 10 Upto 12 Unlimited Unlimited
y4YacTHMUMTE
OrpaHun4yeHue 3a CbxpaHeHue 2 GB 5GB 1GB 0.5 GB
MepcoHannsupaH paboteH npouec yes yes yes -
MpocnepasaHe Ha XpPOHOOrMATA yes yes -- -
KaneHnpap yes yes yes -
Yar yes yes yes yes
YnpasneHue Ha noptdoauno - yes -- yes
Anarpama Ha aHT -- yes - --
KoHTpon Ha Bepcunte - - -- yes

Bcnukm npeacraBeHn anTepHaTuBU Ha PM morat pa 6'bﬂ,aT BHEAPEHU U pPeannU3npaHnM Kato

codTyep KaTo ycnyra (SaaS), BKIOUYMTENHO UHTEepdEC 32 MOBUIHO NPUNOXKEHME.

3.3.2. Pe3ynTtaTtu OT YUCNEHO TeCTBaHe

CodTyepHUTE MHCTPYMEHTHM Ce oueHsBaT oT cpopmMmmupaHa rpyna, Koato Bkatousa MMM (E-1), IT
(E-2) n eKkcnepT oT ekun 3a umdposu ycayrn (E-3). 3a ga B3eme rpynoBoO pelleHne, BCEeKU
eKcrnepT e onpefenun CbOTBETHUTE KOeDULMEHTU, WM3Pa3ABALLM OTHOCUTENHATa BaXKHOCT
MeXay Kputepuute (NapameTpuTe) 3a OUEHKA Ha WMHCTPYMEHTUTE 33 BUAEOKOHOPEPEHTHA
BPb3Ka, AageHn B nbpBuTe 3 pega Ha Tabanua 3.5, a ocTaHanuTe peaose CbAbPXKAT TOYKM 3a

OLEHKUTE 3a BCAKA a/ITePHATMBA CNPAMO KpUTepUMITE.

Tabauya 3.5. Teaenosu KoeguyueHMU 3a Kpumepuume U OUeHKU Ha aamepHamusume, Kacaewu
UHCMpymeHmume 3a 8UOEOKOHpepeHMHa 8pb3Ka, onpedesaeHu om epyna om 3 ekcriepmu

Ekcneptn n Bpoi HD HD Cnogenan [pynos 3anucu Ha OrpaHu4yeHue
anTepHaTMBuM  yyactHuMum video audio e Ha yar BMAEO Cpelln BbB BPEMEeTO 3a
eKpaHa cpewa
141 W> w3 Wy Ws We w7
E-1 0.2 0.08 0.07 0.13 0.05 0.15 0.32
E-2 0.1 0.13 0.18 0.15 0.07 0.15 0.22
E-3 0.13 0.1 0.2 0.19 0.1 0.08 0.2
A-1 0.78 0.91 0.93 0.98 0.79 0.69 0.19
A-2 0.65 0.12 0.15 0.92 0.21 0.70 0.08
A-3 0.50 0.89 0.12 0.95 0.81 0.66 0.97
A-4 0.25 0.11 0.19 0.90 0.73 0.62 0.94
A-5 0.25 0.09 0.07 0.02 0.31 0.11 0.06
A-6 0.25 0.05 0.10 0.89 0.84 0.13 0.81

3a nbpBuA mogenunpaly, noaxog, (2.12) — (2.14) HopmanmsmpaHeTo e B gManasoHa mexay 0 u 1.
MNoaAbpXKaHUAT MaKCUManeH 6poit ydacTHULM e n3bpaH aa 6bvae paBeH Ha 1 U CbLLOTO BaXKM 3a
BpeMEeTpPaeHeTo Ha BUAEOKoHPpepeHUMATa, U3Pa3eHo C ,,HeorpaHuyeHo”. pyrute CTOMHOCTM ce

HOPMann3npat nponopumnoHaaHo. Ternosute KOEd)MLI,VIeHTM 3a BaXXHOCT Ha KpUtepuunte 3aegHo
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C TOYKWUTE 3a OLUEHKa Ha anTepHaTUBUTE cnpsama Kputepuute 3a LMS ca nokasaHu B Tabauua
3.6.

Tabnuya 3.6. Teznosu KoeduyueHMuU 3a Kpumepuume U OUeHKU Ha anmepHamusume OmHacauu ce 3a
LMS, onpedeneHu om epyna om 3 ekcnepmu

Ekcneptu &‘ H MoppbprKaHu cneundpuKaumum
AntepHa- SCORM SCORM xAPI MobuaHo CamocrT. Camoct. SaaS/ Word Google
TUBU 1.2 2004 NPUIOXKEH XOCTBaHO xoctBaHa Cloud press Calendar
ne 6asmMpaHo Ha  cuctema
obnak
1241 W3 W3 Wy Ws We w7 Wg Wo
E-1 0.08 0.15 0.16 0.12 0.09 0.13 0.07 0.10 0.10
E-2 0.07 0.13 0.17 0.11 0.08 0.20 0.10 0.08 0.06
E-3 0.07 0.10 0.05 0.10 0.13 0.15 0.10 0.10 0.20
A-1 0.88 094 094 0.86 0.95 0.92 0.15 0.72 0.13
A-2 0.84 0.17 0.27 0.90 0.88 0.90 0.92 0.89 0.92
A-3 0.91 0.79 0.25 0.42 0.25 0.21 0.88 0.15 0.09
A-4 0.92 0.88 0.23 0.18 0.31 0.88 091 0.75 0.69

OnpeaeneHnTe OT eKCnepTuTe npeterneHn KoeduUMeHTU 3a OTHOCUTENHATa BaXKHOCT Mexay
KpUTEpUUTE 3ae€4HO C OLUEHBYHUTE TOYKM Ha aNTEPHATMBUTE OTHOCHO KpuTepuute 3a PM ca

nokasaHu B Tabauua 3.7.

Tabauya 3.7. Teaenosu KoeguuyueHMU 3a Kpumepuume U OUeHKU Ha aamepHamueama omHacawu ce 3a
PM uHcmpymeHmu, onpedeseHu om 2pyna om 3 ekcriepmu

Ekcneptn & CouTpya- OrpaHud [lNepcoHan [pocne- Kaner,ap Yat VYnpasneH [Adwar- KoHTpon

AnTepHa- HUUM eHMe3a Mu3MpaH  AdABaHe ne Ha pama Ha
TUBU JMMUT  CbXpa- paboTeH Ha XpoHo- noptdon Ha laHT Bepcuu-

HEeHWe  npouec aoruATa no Te

W1 Wz W3 Wy Ws | We Wy Wsg Wq
E-1 0.09 0.1 0.05 0.18 0.19 0.05 0.1 0.11 0.13
E-2 0.18 0.09 0.07 0.07 0.07 0.1 0.02 0.13 0.27
E-3 0.12 0.1 0.17 0.14 0.17 0.06 0.02 0.11 0.11
A-1 0.1 0.4 0.83 0.93 0.79 0.76 0.2 0.14 0.25
A-2 0.12 0.9 0.92 0.88 0.84 0.86 0.93 0.98 0.12
A-3 0.95 0.2 0.87 0.23 0.91 0.72 0.17 0.11 0.19
A4 0.98 0.1 0.12 0.21 0.11 0.92 0.88 0.09 0.99

MonyyeHnTe pesyntatu 3a usbpaHata KombuHauma ot VCT, LMS u PM upes3 mn3nonssaHe Ha
ABaTa Noaxoaa 3aefHo € KoePUUMEHTUTE 338 3HAYMMOCT Ha MHEHMATA HA EKCNepTUTE Npu TpU

cueHapusa ca nokasaHu B Tabanua 3.8.

Cnyyaii-1 npeactaBnsaBa CLEeHapuUA, NPM KOMTO MHEHUATA Ha eKCnepTUTe ca C e4HaKBa BaXKHOCT;
Cnyyaii-2 nnoCcTpmupa CLeHapuii ¢ Hall-BaXKHOTO MHeHMe Ha ekcnepTa E-3, nocneasaHo oT E-2 m
E-1, nokaTo Cnyyaii-3 Habnara Ha MHeHWeTO Ha ekcnepTa E-1, nocneaBaHo ot E-2 n cnep ToBa

E-3.
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Tabauua 3.8. [pynoso peweHue 3a usbpaHama kombuHayus om VCT, LMS u PM npu mpu cyeHapus 3a
8aX¥CHOCMMA HA MHEHUAMA Ha eKcriepmume

Model M-1 Model M-2
Case-1 0.33 0.33 0.34 A-3 A-2 A-2 A-3 A-1 A-2
Case-2 0.20 0.35 0.45 A-1 A-2 A-2 A-1 A-2 A-2
Case-3 0.50 0.40 0.10 A-3 A-1 A-2 A-3 A-1 A-2

EMNUPUYHOTO cpaBHeHMEe Ha pe3yanTaTuTe Npu 1M3nonisaHe Ha mogen M-1 n M-2 npu egHun u

CblM KoedULMEHTM 3a BaXKHOCT Ha KpUTEpUUTe e W, 3ae[HO C OLEHKaTa Ha napameTpuTe 3a

VCT, LMS 1 PM ot Tabnuua 3.6, Tabnumua 3.7 n Tabamua 3.8 ca npeacraseHun Ha dur. 3.5.

Case-3(v-2) [ v ——

Case-3(M-1) —
Case-2(v-2) | —
Case-2(M1-1) | —
Case-1(M-2) | —

T ———.

Case-1(M-1)

o
=
N

3

Case-1(M-1) Case-1(M-2) Case-2(M-1) Case-2(M-2) Case-3(M-1) Case-3(M-2)

HPM 2 2 2 2 2 2
mLMS 2 1 2 2 1 1
VvCT 3 3 1 1 3 3

®ue. 3.5. CpasHeHue Ha peayamamume om 08a Modesd 3a 2pynoeo 83eMaHe Ha pelieHus

MbpBMAT NOAXOA 33 MogenupaHe (2.12) — (2.14), 6a3mpaH Ha napameTpuTe Ha codpTyepHUTe
WHCTPYMEHTWN, U3MON3BAHN KAaTO MPOMEHAMBU U n3paseHn ¢ 0 uam 1, ako PyHKUMOHANHUTE

XapaKTEPMCTUKM Ca HANULLE UK He, e NoaxoaAl, 33 6bP30 rpynoBo B3EMaHE Ha PeLIeHMA.

BropuaTt nogxoan 3a moaenupaHe (2.15) — (2.25) u3nckBa noBeye BHMMaHME 3a OLLEHKA MO
OTHOLLEHME HA M3NON3BAHETO Ha CKana, 3a Aa Cce NoJyuYu pesynTaT, M3pasnsaly NpeacTaBAHETo
Ha anTepHaTMBUTE CMPAMO AafeHU KpuTepuu. MNpeaumcTBOTO Ha TO3M MoAenuvpaly, NoAxos e
$aKTbLT, Ye oNTUMaNHUAT M360p Ha WMHTepecHaTa KombuHauua oT codTyepeH enemeHT ce

noJslydaBa KaTo egHO n3nbv/IHeEHME Ha 3a4a4aTa 3a ONTUMKM3aLUNA.

Bbnpekn pasnukata mexxay oOnucaHutTe noaxoAau, W AsaTa MoraT Aa 6baat ycnewHo
NPWNOXKEHU 3a FPYNOBO B3EMaHe Ha peweHuna. B 3aBUCMMOCT OT M3bpaHaTa cTpaTerus, KoaTo e
B OCHOBaTa Ha BCEKM OT MOAENNTE, € Bb3MOXHO Aa Ce M3MON3Ba eAuH OT TAX Ha PasNUYHU

eTanu, 3a 4a ce onpeaenn pasymHoOTO rpyrnoBo peLleHue.
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3.4. YucneHo TectBaHe Ha NpepNoXeHUus Moaen 3a rpynoso B3emaHe Ha pelleHus
npu oueHKa U n3bop Ha KaHAUAATU 33 ANbXKHOCTTA INaBeH MEeHUAXKDbP No AUrUTaIHA
TpaHcpopamuma

MpeanoXeHUaT matematTnyeckn mogen (2.27) — (2.29) 3a rpynoBo B3eMaHe Ha pelleHue npwm
nsbopa Ha CDO, onucaH B ManaB 2 T. 2.4 e TeCTBaH YNC/NEHO KaTo chopmupaHaTa rpyna 3a
B3EMaHe Ha pelleHWe BKIYBA CeAHUTE eKCNepTU: rnaBeH U3NbAHUTENEH OUPEKTOP, KOUTO
dopmynmnpa 6M3HeC Uenn n B3ema ctpatermyecku peweHus (E-1), eckcnepT YOBELIKM pecypcu
(E-2) u rnaBeH TexHonormyeH aupekTtop (E-3). 3a pasnunKka oT MeKUTEe YyMeHUs, TBbpAUTE YMEHUA
moraT ga 6baaT M3MepeHu U cneaoBaTeNHO B TOBAa YMC/AEHO TeCTBaHe Te Ce CYMTaT 3a Beye
OLEHEHU U HAZIMYHM U HOPMAU3MPaHKU. nnaoma no 6M3Hec, TEXHONOTUN, UHKEHEPCTBO UM

ynpasaeHne Ha NPOEKTU MOXKE da 6'bﬂ,e AO0Ka3aHa 4pe3 CbOTBETHUTE CepTMd)MKaTM nap.

3.4.1. U3xoaHW AAaHHU 3Q YNC/IEHOTO TeCcTBaHe

3a nosunumsaTta NM/, ca noaann AOKYMeHTU 5 KaHaMAaaTh, KouTto TpsAbBa Aa 6baaT KnacupaHu no
cbopmunpaHaTa 0606UleHa OLLEHKA CbraacHo rpyna oT 3 ekcneptu. Tpsabea Aa ce otbeneku, ye
KOHKPETHMA npumep ce oTHaca go n3bop Ha MM/ 3a manKka dmMpma, YMATO AEMHOCT e CBbp3aHa
Cc TbprosuA. lMpeaBapuUTeNHO OMpPeAesieHUTE OUEHKM Ha TBbPAWUTE YMEHWs 3aedHO CbC
CbOTBETHWUTE Terna 3a TAXHATA BaXKHOCT Cnopes rneAHUTe TOUYKM Ha eKCcnepTuTe ca NpeacTaBeHun
B Tabauua 3.10.

Tabauua 3.10. OueHKU U meana 3a MevpoOuUMe yMeHUs Ha KaHOUdamume, om 2pyna om 3 ekcrnepmu

TexHu4Yecku . Kanaunaatmn . Terna 3a TBbpAUTE YyMEHUA
ymeHus

t-1 0.8 0.85 0.78 079 0.84 0.100 0.080 0.090
t-2 0.77 085 0.8 0.85 0.75 0.100 0.085 0.095
t-3 0.87 0.78 075 068 0.7 0.085 0.050 0.070
t-4 0.8 082 08 076 0.84 0.070 0.090 0.080
t-5 078 075 0.85 0.69 0.85 0.075 0.070 0.080
t-6 0.76 073 0.8 0.84 0.67 0.060 0.100 0.080

OUEHKNTE HA MEKUTE YMEHUA OT NPOBEAEHOTO UHTEPBIO 3ae4HO C KoepUUMEHTUTE 3a TAXHATA
3HAYMMOCT cnopes, BCEKM eKCnepT ca NokasaHu B Tabamua 3.11.

Tbi KaTo NpPeaNoXeHUAT MOLEeN Ce OCHOBAaBa HA MPYNOBO B3EMaHE Ha PELUEHWUN, CUMYIMPAHU
ca 3 pa3/nyHK cueHapua. Tesn cueHapuu NpeacTaBAABaT 3 KOHKPETHM CAy4vas Ha Pas/MyHM

KOM6VIHaLI,MM OTHOCHO BaXXHOCTTA Ha MHEHUA HA EKNEPTUTE, KAKTO € NOKa3aHO B Ta6ﬂMLI|a 3.12.
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Tabauua 3.12. Pasnu4Hu cay4au 30 KOMBUHUPAHe Ha eKcriepmHume MHeHUs

TexecT 3a BaXKHOCTTa HA MHEHMETO Ha eKcnepTuTte

E-1 E-2 E-3
Cnyuvai -1 0.333 0.333 0.333
Cnyuvau -2 0.20 0.35 0.45
Cnyuai -3 0.45 0.30 0.25

Tabauua 3.11. OueHKU U meana 3a MEKUTE YMeHUS HO KaHOUdamume, om 2pyrna om 3 ekcriepmu

Meku Kangupatu Terna 3a mekute
ymeHus 1 2 3 a5 ymeHus
E-1: oueHkmn
s-1 0.68 0.75 0.67 0.7 0.7 0.085
s-2 0.69 0.78 0.82 0.8 0.8 0.08
s-3 0.75 0.65 0.7 0.8 0.75 0.06
s-4 0.7 0.72 0.73 0.75 0.75 0.07
s-5 0.8 0.67 0.76 0.8 0.78 0.075
s-6 0.8 0.75 0.8 0.82 0.76 0.075
s-7 0.68 0.73 0.82 0.85 0.72 0.065
E-2: oueHkmn
s-1 0.72 0.65 0.7 0.85 0.68 0.08
s-2 0.78 0.75 0.73 0.78 0.75 0.07
s-3 0.66 0.8 0.7 0.7 0.65 0.075
s-4 0.85 0.73 0.72 0.65 0.85 0.08
s-5 0.82 0.78 0.67 0.75 0.82 0.065
s-6 0.75 0.72 0.75 0.8 0.75 0.075
s-7 0.78 0.73 0.75 0.67 0.75 0.08
E-3: oueHkmn
s-1 0.72 0.74 0.82 0.72 0.78 0.07
s-2 0.68 0.72 0.75 0.67 0.82 0.09
s-3 0.72 0.75 0.7 0.75 0.85 0.065
s-4 0.7 0.72 0.8 0.76 0.72 0.07
s-5 0.8 0.67 0.75 0.85 0.77 0.06
s-6 0.75 0.75 0.75 0.82 0.75 0.07
s-7 0.75 0.68 0.65 0.78 0.82 0.08

3.4.2. AHanus Ha pe3yaTaTute U AUCKYCUA

Pe3yl1TaTVITe 3a CMMYyNnpaHuTe 3 Ccny4aA OTHOCHO BaXXHOCTTa Ha MHEHUATA Ha eKCcneptuTe

OTHOCHO KOM6VIHaLI,MFITa OT TeEXHNYECKN N MEKN YMEHUNA Ca MOKAa3aHW Ha Qur. 3.6.
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Gue. 3.6. CpasHeHUe Ha cumyaupaHume 3 pasau4yHU Cy4asa Ha 2pynoso 83eMaHe Ha peuleHue

MN3non3eaikm Cnyyain-1, KbAeTo MHEHMATA Ha BCUYKM EKCMEPTM Ce B3EMAT C e4HAKBA BaXKHOCT,
Han-noaxo4ALWMAT 33 nosnumaTa Ha TM/ e KaHgmaat #3. MNpu cMmynnpaHe Ha cuTyaumaTa ot
Cnyyaii-2 (Tabnmua 3.12), c npeobnagasallo 3HayeHne Ha E-3, pesyntatuTe nokassaT Apyr
noaxoasuw, KaHanaat nog # 5, KaTo ce umat npeasua 0606WeHUTe NPeanoYUTaHNA Ha BCUYKM
ekcneptu. Mpu cutyaumsaTa, onpegeneHa 4ypes Cnyyaih -3 oT Tabauua 3.12, pesyntatute
MOKa3BaT, Y€ Han-noAxXoAAWMAT KaHaMAaT 3a nosnumsaTta Ha TM/ e #4 c obuwa cTtolHocT oT
0.7462.

NHTepecHO e KaK BCEKU eKCMepT e OUEHW/ KaHAMAaTUTE U KON e Hal-aobpuaTt nsbop cnopes,
npeanoyYnTaHusaTa um. OTroBOPBT Ha TO3M BbLMNPOC OTHOCHO Hal-go06puA KaHauaaT crnopep,

NHAMBUAYANHUTE NPeaNOYMTAHMA HA eKCNepTUTE B rpynaTta e uatocTpupaH Ha dur. 3.7.

MNpeacraBaHe HAa KaHAMAATUTE ME-1 WME-2 WE-3
r~ < o
0.8 R W 0 ) - n | R
Nl m 3 N © B S| e
0.78 o 1 2 ~ C mo o
o 5] S s ° c
0.76
0.74
M~
4
0.72 S
0.7
0.68
0.66

I
2

1

Gue. 3.7. CpasHeHue mexcdy uHOusuUdyanHuUA u3bop 3a nozuyuama MM/

CpaBHEHVIeTO mexay M36paHVITe KaHOWOATUN B CLLEHAPUUTE 3a rPynoBO B3eMaHe Ha peleHna n
M36paHMTe KaHOWOaTh cnopeg nHansunagyanHunte npeanoyntaHnMA Ha eKCnepTuTe B rpynarta €

rnokasaHo Ha dwur. 3.8.

Asmopegpepamu Ha Jucepmavuu 2025(4) 37-73



67 Haiioen Kupunos Haitidernos

[pynoso pelweHue
N36paHn KaHaAMAATH W Toy P

MHansnpyaneH usbop

0.7262 0.7830

0.7787 0.7462

1 2 3 4 5

®ue. 3.8. CpasHeHue mexdy epyrnogume peuweHus u uHousudyasHume uszbopu 3a nosuyuama rM4g
crnopeo pasaudyHuUme ekcnepmu

Ot dur. 3.8 ce BuXKaa, Ye UMa 2 KaHanapaTta (#4 n #5), KouTo ca npeanoyYMTaH M3bop KaKTO Ha
OTAE/IHN eKCNepTH, TaKa 1 B pe3ynTaT Ha GpOpPMUPAHO rPYMNoBO peLleHne. Bbnpekn ye kaHanaat
#1 He e cpeg u3bpaHUTe B rpynoBoTo pelueHune (Buxk dur. 3.8), Toh e npeanoumntaH nsbop
CbrNacHoO rnegHaTta ToYKa Ha ekcnepT E-2 3a nosnumnata NM/A. ChegosaTenHo ypes NogxoAAaLLo
arpermpaHe Ha pasanyHUTE rNefHM TOYKM Ha MHOMKECTBO EKCNepTM e Bb3MOMKHO Ja ce
onpeaenu Han-noaAxoAAWMAT KaHAMAAaT 3a nosvuuata Ha M. Tosm m3bop moxe Aa ce
pasrae)pa Kato AOoCTaTb4yHO OOEKTrBeH, Tbi KaTo € B CbCTOAHWE Aa MHTErpupa pasinyHuUTe

BMXOaHNA HA EKCNETUTE NO OTHOWEHNE Ha naeanHnAa KaHanaaT 3a NO3nNUUATa FML],.

MpennoXKeHUAT Mmoaen 3a rpynoBo B3eMaHe Ha pelleHus MoKe fecHo aa 6bae moanduumpaH
ypes gobaBsAHe UAN HaMaNsABaHE Ha HAKOW OT KpuUTepumTe 3a oueHKa. OCBEH TOBA € Bb3MOMKHO
[a ce 13No0a3BaT pas/iyeH 6poit ekcnepTy 3a B3eEMaHe Ha rpynoBo pelleHne. Ypes npomsHa Ha
HAKOM OT TeXHUYECKUTE U/MAN MEKU YMEHUS e Bb3MOXKHO Aa ce u3bepaT noaxoasalm
KaHAWAATM 33 APYrM UAW NoAo6HU nosvumun. Mo TO3M HauMH e Bb3MOMKHO Aa ce noaobpwu
HanpeabKbT B UMbPOBM3aLMATA, KOETO OT CBOA CTPaHa AonpuHaca 3a no-g4obpa MKOHOMMUYECKa

YCTOMYMNBOCT.

3AKTHOYEHUE — PE3IOME HA NMONYYEHUTE PE3YNITATU

OurntanHata TpaHchopmaums C HEMHUTE NPOLUCK WU eTanu e npeau BCUYKO YNpaB/ieHCKa
334a4a, CBbP3aHa C M3MNON3BAaHETO Ha UMOPOBM TEXHONOMMWU 33 Cb3gaBaHE HAa HOBU WU
MmoauduuMpaHe Ha CbLLECTBYyBalM BM3HEC npouecu, KyATypa U KAMEHTCKM ONUT, 3a Aa ce
OTroBOPM Ha MpoOMeHAWmnTe ce 6Ou3Hec M nasapHM U3MCKBaHMA. ToB3M npouec Ha
TpaHchopmmupaHe Ha 6bu3Heca B AUrMTanHaTa epa M3passBa CbWHOCTTA Ha AMrMTanHaTa
TpaHcdopmauua. MNMpounsTnyawmTe OT HEA WMHOBALMWU U MoaMdPUKaunM Ha BusHec moaenute
npomeHnxa ¢yHAAMEHTANIHO O4YaKBaHMATa M MOBEAEHMETO Ha noTpebuTenute, OKa3BaMKU

OrPOMEH HaTUCK Bbpxy dupmuTe. OT eAHa CTpaHa TOBa Ce AbXKMU C HENPEKbCHAaTUA Hanpeabk
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Ha WHOOPMALMOHHUTE TEXHO/IOTMM W M3MN0A3BaHaTa MHopacTpykTypa. OT apyra cTpaHa
naHgemuaTa oT Covid-19 ce OKasa AOMbAHUTENIEH CTUMYIATOP 33 TpaHchOpMMpPaHe Ha HAKOU

TPaaANUNOHHM 6usHecu B N3UANO €NNEKTPOHHMN.

Bcuuko TOBa onpeaenn M OCHOBHATA LEeN Ha HacTOALWMA AMCEepPTALMOHEH TPyZA, CBbP3aHa C
uscneaBaHe M moaennpaHe Ha GU3Hec npouecu, NognomaraliyM B3eMaHEeTO Ha peleHus B
obnactra Ha AuruMTanHata TpaHcdopmauma. 3a yCTaHOBABAHE Ha TEKYLWOTO CbCTOAHWE Ha
OMrMTanHata TpaHchopmauma ca onpeneneHn MHOXKECTBO OOEKTUBHM W CyOeKTUBHMU
WHAMKATOpPU. Bb3 OCHOBa Ha onpeaeneHnTe WHAMKATOPU € PopMyanpaH maTeMaTU4ecKu
MOZEN 33 OLLeHKa Ha TEKYLOTO CbCTOAHME Ha AUruTanHaTa TpaHchopmauma. PasrpaHmMyeHn ca
3 OCHOBHM eTana Ha AurntanHata TpaHcoopmauma (1) onepatuBHa rotoBHOCT, (2)
OpraHM3aLUMOHHa rOTOBHOCT U (3) BU3HEC CTOMHOCT, 33 KOUTO ca MAEHTUOULUMPAHN CbOTBETHU
rpynu oT MHAMKATOPM, M3NON3BAHM 33 POPMYAMPAHETO HA MAaTEMETUUYNCKM MOLEN 33 OLLEHKA
Ha HanpeabKa Ha AuMrutanHaTa TpaHchopmauma. B oTroBop Ha HapacTBawuTe OTOrOBOPHOCTM
rNaBHUA MHOOPMALMOH MEHUANKDBP Ca NPeasioKeHM MaATeMEeTUYEeCKM MOLEeNWN, KOUTO LensaT
HaMMPaAHETO Ha CbOTHETHM peleHua. [MbpBMAT OT TAX NpeacTaBnsBa Pa3sHOBUMAHOCT Ha
Knacnyeckma SAW mopen, Kato BMeECTO OUEHKM 3a KpuTepuute, ce U3nonssat
HOPMa/In3NpPaHUTE CTOMHOCTM HA MapameTpute. TO3M mMoaen e NoAxoAAl, 3a B3emaHe Ha
pelleHne npu AUNca Ha AO0CTaTbYyHO Bpeme M HeobXoaMMOCT OT CBOEBPEMEHHO B3eMaHe Ha
peweHue. BTopuAT moaen eAHOBPEMEHHO onpeaensa Haik-g4obpoTo rpynoBOTO peLleHue,
npeacTaBAABALLO KOMOWHAUMA OT pasanyHu codtyepHn npoayktu. lNpu TOo3m mopen e
Heobxo4MMO noBeye BpemMe W Ha/nyme Ha rpyna OT eKCnepTu, OTOPM3MpPaHM [a HanpaBaT
nsbopa. [lpyr Ba*KeH acneKkT Ha gurntanHaTa TpaHGopmauma € HaMMPaHeTo Ha TOYHUA Anaep
33 KOHKpeTHaTa orpaHu3auma. 3a Ta3M KOHKpeTHa 3ajaya e npenioXeH moaen 3a rpynoso
B3eMaHe Ha pelleHue 3a OLeHABAHEe Ha KOHAMAATUTE N M360p Ha NLE 33 ANbXKHOCTTA rNaBeH
MEHUAKBP MO AUrnTanHa TpaHchopamums. TyK popMUPaHOTO rPynoBO PELLEHNE OTYUTA KAKTO

3HAHNATA N ONWUTA HA KaHANOATUTE, TaKa U TEXHUTE TNAEPCKU cnocobHocTw.

[MpaKTUyecKa NPUNOKMMOCT Ha BCUUKHU d)opmynmpaHM moAaesin 3a nognomaraHe B3eMaHeTO Ha

B3NYaHETO Ha peleHnAa € JOKa3aHa Ype3 TeCTBaHe BbPXy peasiHn I'IpO6l'IeMM.

KaTo 6baelLo pa3BUTHE Ha U3CNe[BaHUATA B ANCEPTALMOHHUA TPYA, Ce NAaHMpa NPoyYBaHETO
Ha BB3MOXKHOCTUTE Ha APYrn mMogenu, ¢ uen mogmduumpaHeTo UM 3a rpynoBo B3emMaHe Ha
peLleHua, KaKTo U Cb3aBaHe Ha HOBM MOLENN U aArOPUTMK 3a NognomaraHe B3eMaHeTO Ha
pelweHun, B3eMalLM NpeaBnus Pas/MyHU CbLLECTBEHM MapPamMeTpu U CUTyaLUM Npu rpynoBoTO

B3eéMaHe Ha pelweHunA.

NMPUHOCU

MonyyeHUTe pesynTaTu, ONUCaHM B HACTOALLMA AMCEPTALMOHEH Tpya, MoraT Aa ce 0606wAT B

CNefHUTE HAayYHU U HayYHO-NPUIONKHN NPUHOCHK:
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1. MpepnoxeH e MoAen 3a OUEHKa Ha Hanpeabka Ha AurutanHata TpaHchopmauums,
OTYMTAMKM KaKTO OBEKTUBHWU U CYBEKTUBHM MHAMKATOPU. TO3M MOLEN /IECHO MOXKEe Aa
MOXKe ga 6bae moguduuMpaH, ako e HeobxoaMMo Ae ce OTYeTaT camMoO Ha OOEeKTUBHUTE

nanm camo Cy6eKTMBHMTe Kputepumun 3a oueHKa.

2. OnpepeneHn ca 3 rpynu OT MHAMKATOPWU, Ype3 KOWUTO € Bb3MOXKHO Aa ce onpeaenu
HanpeabKa eTanuTe Ha AurMtanHata TpaHchopmaumsas, a WMMEHHO WHAMKATopu 3a
onepaTtMBHA FOTOBHOCT, MHAMKATOPW 3@ OpraHM3auMOHHA FOTOBHOCT M MHAMKATOPW 3a
peanusmpaHa 6usHec CTOMHOCT. Te3n rpynM OT WHAMKATOPM Ca M3NON3BaHM 33

dopmyiMpaHe Ha CbOTBETEH MOZE.

3. dopmynupaHuM ca 2 mogena, nognomarawy pabotata Ha rnaBHUA MHOOPMALMOHEH
MeHUAXKBP. MbpBMAT OT TAX ce 6asMpa Ha MeToZa Ha npaTernaHata Cyma KaTo BMECTO
OLEHKM 33 KpUTepuuTe, ce N3non3BaT HOPMaM3MpaHUTe CTOMHOCTM Ha NapameTtpuTe. Mpu
BTOPUAT MOZeN eAHOBPEMEHHO Ce onpeaens Hal-gobpoTo rpynoBOTO peLleHue,
NpeacTaBnABallO KOMOMHAUMA OT HAKOMKO CcodTyepHM nNpPOAYKTa 3a oOTAasedyeHa

CbMBecCTHa paborTa

4. TpeanoxKeH e mogen 3a rpyrnoBo B3eMaHe Ha peLleHne, KOMTO pasriexaa CbBKYNHOCTTa OT
TEXHUYECKN U MEKN YMEHUS Ha KaHaazaTuTe npu nsbop Ha /inue 3a ANbKHOCTTA N1aBeH
MEHUAXbBP MO AurMTanHa TtpaHchopamuma. DopmyInpaHUAT MOZEsT MoXe Aa bbae
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