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MODELING OF BUSINESS PROCESSES
FOR MANAGING INTEGRATIVE DIGITAL
DEVELOPMENT OF ENTERPRISES

It has been proven that the development of information and communication services enterprises
is of strategic importance for the complementary growth of all sectors of the Ukrainian economy and
serves as a platform for boosting and advancing proactive business segments overall.

The fundamental methods for modeling business process flows using mathematical and analytical
tools, specifically a system of differential equations with defined initial conditions, have been
substantiated, enabling the integral assessment of enterprise business process modeling. A capsulated
approach to the digitalization of business processes and a comparative analysis of a broad range of
financial and economic indicators for comprehensive diagnostics of integrative enterprise development
effectiveness were applied, allowing for the determination of a probable development scenario for
enterprises in the future.

The key flows of enterprise business processes have been identified: material, innovative-
intellectual, information-marketing, and financial. The dependence of management efficiency and the
achievement of positive outcomes on the synchronization of these flows has been revealed, taking into
account possible temporary variations in the investment dynamics of each flow.

The mathematical model for calculating profitability was tested using data from the
information and communication companies PJSC «Kyivstar», PJSC «Vodafone», and LLC
«Lifecell». This approach enabled the identification of the most influential streams by year and
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revealed patterns of leadership changes based on the impact of external environmental factors and
internal organizational conditions.

The dependence of achieving positive results on the configuration of financial, material, innovative
and intellectual, and information and marketing flows has been identified. This analysis allowed
for the proposal of management vectors for managing the integrative development of information
and communication services enterprises: passive, focused, sustainable and proactive integrative
development.

Keywords: enterprise, business processes, digitization, management, development
JEL classification: M11, C51, D61, L96

JloBeneHo, 110 PO3BUTOK MiAMIPUEMCTB iHPOPMALiHHO-KOMYHIKAIIITHAX TIOCITYT Ma€ CTpaTeTidyHe
3HAYCHHSA I KOMIUIEMEHTapHOTO PO3BUTKY BCiX cep eKOHOMIKM YKpaiHH Ta € IUIaTPOpPMOIO
(hopcyBaHHS 1 IiIHECEHHS IPOAKTUBHUX CEIMEHTIB Oi3HECY B LILJIOMY.

OOrpyHTOBaHO (yHIAMEHTaJIbHI METOJM Ta IHCTPYMEHTH MOJICJIIOBaHHS IOTOKIB Ta Oi3Hec-
MIPOLIECIB i3 3aCTOCYBaHHSIM MaTeMaTHYHO-aHATITUYHOTO anapary, a caMe CUCTeMH JTU(epeHIiaTbHIX
PIBHSIHB 3 BU3HAYCHUMHM MMOYATKOBUMH YMOBAMH, IO JO3BOJIMJIO PO3B’S3aTH MOCTABICHY MPOOIeMy
IHTETPaJIbHOI OI[IHKK MOJICTIOBAaHHS Oi3HEC-TIPOIIECiB MiAPHEMCTBA.

B pesynbTaTi mpoBeaeHOT0 AOCHIHKEHHS OyI0o JOBEACHO, 0 00paHi TEOPETHYHI KOHCTPYKIIIi:
MPOLIECHUI MiJXiA YIPaBIiHHS SKICTIO, 3arajbHa TEOPisl CUCTEM, Teopil KOHKYPEHTHHX IepeBar Ta
IHHOBAIIIH, a TAKOXK aHaJ13 TeXHOJIOTIT “Process mining” naroTh 3MOTry npeCTaBisITh UdPOBi Oi3HEC-
MIPOLIECH SIK 3arajibHy CKJIaJHYy CHCTEMY, SIKOI0 MOXKHA €()eKTHBHO YIPABIISITH, 3aCTOCOBYIOUYH Cy4acHi
MUQPPOBI TEXHOJIOTII.

VY 3B’A3Ky 3 OUM B p060Ti OyJ0 3amporoHOBaHO 3aCTOCYBaHHs KallCy/1bOBAHOTO MiAX0Iy 10
¢ posizanii Oi3Hec-mpoleciB 3a MOTOKAMU OKAa3HUKIB, SKi CTBOPIOIOTH rmaT(bopMy UL QHAITI3Y
MOTOYHUX CTaHIB 1 JAalOTh 3MOTY KOpEryBaTH YIpaBIiHHS Oi3HEC-pOLeCaMH MiANPUEMCTBA ISt
JIOCSITHEHHST MAaKCUMaJIbHOT €(peKTHBHOCTI.

3acTOCOBAHO KarcCyIbOBaHU MiaXia g0 nudposizaiii Oi3Hec-nporeciB, KOMIapaTHBHUN aHai3
[IHPOKOTO CHEKTPY (PiHAHCOBO-CKOHOMIYHHX MOKA3HHUKIB KOMIUICKCHOI IarHOCTUKU e()heKTUBHOCTI
IHTETPaTUBHOT'O PO3BUTKY MIAMPUEMCTB, KOTPi TO3BOJIMIN BU3HAYUTH WMOBIPHUH CIIeHAPiil pO3BUTKY
MiATPHEMCTB Y MAHOYTHBOMY TIEPiOIi.

BuokpemsieHo KII0YOBI MOTOKK Gi3HEC-NPOINECiB MiANPUEMCTB 1H(POPMAIiHO-KOMYHIKaI[IHHOT
cepu: MaTepiaJbHOro, IHHOBALIHHO-IHTEJIEKTyaJIbHOrO, iH(OpMaLifHO-MapKETHHIOBOIO  Ta
(biHaHCOBOTO, BUSIBJICHO 3alIeKHICTh €(DEKTUBHOCTI YIPABIiHHS Ta JOCSATHEHHSI ITO3HUTHBHOTO
pe3ynbTaTy BiJl CHHXPOHI3aLil MOTOKIB 32 MOMIJIMBOIO JOMYIICHHS THMYacOBOTO BapilOBaHHS Yy
JTUHAMIYHOCT] iHBECTYBAaHHS TOTO YH IHIIIOTO ITOTOKY.

MarteMaTiuHa MOZENh PO3PaxyHKYy HPHOYTKOBOCTI ampoOoBaHa 3a MAHUMH ITIIMPHUEMCTB
iHpopmaniiHo-komyHikauiiHoi cdepu IIpAT “Kuiscrap”, IIpAT “Vodafone” ta TOB “Lifecell”,
IO Jaji0 3MOTY BHIUIMTH HaWOLIbII BIUIMBOBI MOTOKM 3a POKaMU Ta BHUSBHUTH 3aKOHOMIPHICTb
3MIHU JIIIUPYBaHHS 3aJISKHO BiJ BIUIMBY YWHHHKIB 30BHIIIHBOTO CEPEIOBUINA Ta BHYTPILIHIX YMOB
oprasizarii poOOTH IiAPHEMCTBA.

BusBnena 3anexHICTb OTpUMaHHS IO3UTHBHOTO PE3YIbTaTy BiJ KOH]Iryparii KOHCTPYKTiB
(hiHaHCOBOTO, MaTepiaJIbHOTO, IHHOBAIIHO-IHTENEKTyalbHOTO, 1H(POPMAaLifHO-MapKETHHTOBOTO
MOTOKIB, sIKa Jaja MOXJIHMBICTh 3alpONOHYBAaTH BEKTOPH YMPABIIHHS IHTErPATUBHUM PO3BUTKOM
MiANPUEMCTB  1H(GOPMAIIHO-KOMYHIKAI[IfHUX TIOCIYT: MacHBHHUH, C(OKYCOBaHMH, CcTaauid Ta
MIPOAKTUBHUH IHTETPATUBHUI PO3BHUTOK.

Knrwouosi cnoea: nionpuemcmeo, diznec-npoyecu, 0ioxcumanizayis, ynpaeiinms, po36umox
JEL classification: M11, C51, D61, L 96

Introduction. With the continuous
increase in the volume of information related

components, economic management in this area
isundergoing constant transformational changes.

to identifying the effectiveness of business
processes and enterprise flows, as well as the
design, documentation, and control of their
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These changes are driven by the use of large data
sets, which in turn affect key economic variables
such as efficiency, cost, quality, and time.
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Any business process functions as a
network of multi-level hierarchical flow
processes and links that are interconnected
between members of various subsystems.
Optimizing a specific business process,
including those in information and
communication enterprises, based on key
criteria such as efficiency (effectiveness),
cost, quality, and time, often has the opposite
effect on other subsystems and processes.
In other words, if the interdependence and
mutual influence of business processes are not
considered, improving one process according
to a certain criterion may negatively affect
another. Therefore, when deciding which
business process to optimize, it is advisable
to rely on business process modeling. This
approach allows for consideration not only
of the time impact on work processes but
also the potential effects on cost and quality
— both of which may vary depending on the
specific content of the processes).

The relevance of studying business
process modeling and the integral assessment
of the integrative development of enterprises
in the scientific context acquires special
importance due to the following factors:

First, rapid changes in the modern
business environment require enterprises to
constantly adapt and improve their business
processes. Through business process
modeling, researchers and practitioners can
analyze and understand current processes,
identify problem areas, and implement
effective changes to enhance the productivity
and competitiveness of enterprises.

Secondly, the integrative development
of enterprises involves the interaction and
integration of various functional areas,
such as production, marketing, finance, and
human resource management. This creates
the need to develop models that can describe
and optimize the interactions between these
areas, in order to achieve synergistic effects
and fulfill the overall goals of the enterprise.

Thirdly, the relevance of this study
extends beyond individual enterprises. Given
the cumulative impact of business processes
on social and economic development,
business process modeling and the integral
assessment of enterprise development

contribute to creating a sustainable economic
environment. This, in turn, promotes
sustainable development and fosters overall
economic growth.

Therefore, research on business process
modeling and the integral assessment
of integrative enterprise development is
relevant both for its practical significance to
businesses and for its scientific contribution
to the advancement of managerial theory and
practice.

The purpose of the article. The purpose
of this article is to substantiate a fundamental
method for modeling a system of balanced
criteria, essential for creating encapsulations
within unified network protocols. These
protocols are used to monitor every change in
the business processes of enterprises or their
modeling (simulation) and the polymorphism
in business process management.

The article outlines methods and
approaches that can be applied to model
business processes for the integrative
development of enterprises. In the context of
information and communication enterprises
(suchas PJSC «Kyivstar,» PISC «Vodafone,»
LLC «Lifecell,» and JSC «Ukrtelecomy),
business process modeling was conducted,
and the relationships between various
flows—material, financial, innovation and
intellectual, information, and marketin —
were determined.

To achieve the defined goal, the
following tasks were set and addressed in
the study: familiarization with scientific
research on the chosen topic; identification
of methods and approaches for modeling
business processes; identification and
substantiation of the most common
problems that arise in enterprises during
business process modeling; development
of recommendations for solving the
outlined problems; modeling the efficiency
of integrative development in enterprises
within the information and communication
sector (PJSC «Kyivstar,» PrJSC
«Vodafone,» LLC «Lifecell,» and JSC
«Ukrtelecomy); providing recommendations
on the identified vectors for managing the
integrative development of enterprises in
the information and communication sphere.
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Literature review. Business processes
modeling of integrative development is based
on scientific, methodological and applied
research. Integrative development is focused
on the principles of society transformations
and the economic environment as a result of
the rapid spread and implementation of the
digital economy. Integrative development
involves the creation of unified digital
platforms to ensure the progressive adaptive
development of the changing external
environment of enterprises. Enterprises in
the information and communication services
sector are among the most innovative and
integrative, as their efficiency heavily
depends on the quality of their services. In
this environment, service quality is closely
tied to the rapid implementation of innovative
technological  solutions.  Consequently,
modern and effective development requires
a continuous revision and transformation
of business models and individual business
processes.

Effective and progressive management
of enterprises and their business processes is
grounded in a comprehensive study of various
economic theories. The ability to apply the
scientific insights from these theories in the
practical activities of enterprises allows for
a thorough analysis of the effectiveness of
business model management in the context
of the digital economy. The conceptual basis
for further research includes the scientific
and theoretical aspects of system dynamics,
the process-based approach to enterprise
development management, the theory of
competitive advantages and innovations,
the synthetic theory of management
organization, and the analysis of “Process
mining” technology.

F. Taylor, A. Fayol, and G. Emerson,
who are the pioneers of the process-
based approach to enterprise development
management, laid the scientific and practical
foundations for managing enterprises as a
process [9; 21]. The study of their scientific
contributions enabled the development of
the author’s vision for the organizational
and economic mechanism that structures
individual functional operations, integrating
them into a unified system of transformational
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management. This system is based on
encapsulation and systemic  balance,
particularly in the context of digitalization.

In his book General and Industrial
Management, A. Fayol emphasizes that the
effective management of an enterprise’s
business processes relies on the execution
of key management functions: forecasting,
organization, planning, coordination, and
control [19]. These functions promote
systematicity, cyclical continuity, balance,
flexibility, and stability in managing
flows and business processes, ultimately
maximizing profits and improving the
enterprise’s efficiency. Additionally, effective
management is achieved by optimizing
information flows and incorporating
innovative and digital technologies.

M. Porter’s theory of competitive
advantages,whichemergedintheearly 1990s,
identified key components of successful
business and enterprise management, such
as: the limitations of classic theories in
outlining modern competitive advantages;
the role of revolutionary technological
changes in driving business success; the rise
of new industrialized countries prompting
a reevaluation of goods and services
markets; and the expansion of international
production  accelerating  globalization.
In his work International Competition,
M. Porter emphasizes that innovations
and technologies serve as catalysts in the
competitive business environment, driving
enterprises toward global development
strategies [17]. According to Porter,
competitiveness is determined by an
enterprise’s ability to successfully integrate
innovations and technologies into its
business processes. Achieving competitive
advantages requires continuous, stable, and
progressive development in a competitive
environment.

The integrative development of
enterprises is shaped by the general systems
theory, founded by Ludwig von Bertalanffy
[15]. According to this theory, development
is based on modeling the structural interaction
of the key components of an open socio-
economic system, such as machine-human
and machine-machine relationships.
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Effective  economic  development
of enterprises requires a comprehensive
approach to management. This involves
developing a set of methods and tools for
optimizing business processes, including their
monitoring, diagnostics, and planning, based
on the implementation of specific innovative
digital technologies. The modeling of an
enterprise’s integrative development and its
individual business processes is grounded
in the systemic management paradigm. In
this study, the general theory of systems
development allowed us to identify a set
of criteria for modeling economic business
processes and to create possible scenarios for
future development.

The theory of innovation serves as the
foundation for integrative development in the
context of digitalization. Y.A. Schumpeter,
the founder of the theory of innovation,
viewed innovation as an economic category
that, in conditions of cyclicality and dynamic
technological competition, drives the
primary impulse of enterprise development
[19]. According to the theory of innovation,
the implementation of innovations can occur
through the following key approaches:

- introduction of either a new product
unknown to consumers or a new type of
product (consumer novelty);

- use of a new production method;

- opening of a new market where the
industry has not been previously represented;

- discovery of a new source of raw
materials;

-implementation of anew organizational
structure in any industry [19].

Y.A. Schumpeter’s theory of innovative
development allows us to view an enterprise
as an economic system capable of combining
various factors and resources, as well as
productive forces, to create a new product.
In other words, innovative activity in the
context of the digital economy is a key factor
in generating excess profits and minimizing
costs.

The modeling of business processes for
the integrative development of enterprises
is connected to the synthetic theory of
management organization, pioneered by
Lyndal Urwick and Luther Gulick. Their

concept of effective administration is based on
a systemic approach, where each component
plays a specific role in ensuring enterprise
management through the implementation
of interrelated management functions and
principles. Thus, modeling business processes
for managing the integrative development of
enterprises becomes a systematic mechanism,
comprising sequential operations and digital
technologies for diagnosing enterprise
development over a specific period [10; 22].

Process mining” technology is a
practical implementation of the major
advancements in information  and
communication technologies, enabling the
analysis and modeling of business process
development through the processing of large
accumulated databases [7]. This technology
allows for the visualization of possible
scenarios for the development of enterprises
and their business processes by studying
individual flows within information systems.

Materials and methods. Thus, the
methodological framework of our article can
be divided into three blocks:

- analytical block establishes clear
ratios of system components, forming
the fundamental basis for analyzing the
characteristics inherent in business processes.
It also includes a comparative analysis of
indicators from comprehensive diagnostics
of the effectiveness of integrative enterprise
development;

- expert-diagnostic block involves
the application of mathematical modeling
methods, including comparative analyses of
short-term and medium-term financial and
economic indicators of enterprises.

- forecast block — based on the results of
the analytical and expert-diagnostic blocks,
this block includes an integral assessment of
the management of integrative development
and enterprises, as well as the projection of
likely scenarios for the future development
of the enterprise.

Presenting main material research.

1. Methods and tools for modeling
business processes of the enterprise

The analysis of modern approaches to
business process management, with a focus
on modeling criteria, reveals that this field
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is gradually shifting from the fragmentation
of modeling individual components of flow
processes and their related actions (based on
past changes) to the formalization of all key
criteria in comprehensive network models
with a unified representation language. These
actions aim to formalize the main criteria
within these complex models. However, a key
challenge in managing business processes
within the information and communication
sector lies in the lack of information about
these key criteria. A business process is not
only defined by time, cost, results, and quality
but also by its inherent fragmentation—a
system of flows and individual processes [3].

Modern business process modeling
in the context of integrative enterprise
development is increasingly tied to the use
of big data, with a focus on adapting this data

Business analysis

to automation technologies in management.
The construction of management automation
should be based on a balanced approach that
allows for the modeling of potential changes
during the interaction of all flow processes
within a unified business system, ensuring
the achievement of established program
goals [24].

Business process modeling for the
integrative development of enterprises
involvestheanalysis, design,and optimization
ofbusiness processes to enhance productivity,
efficiency, and competitiveness. The primary
goal is to integrate various functional areas
of the enterprise and improve interaction
between them. Various methods and tools
can be utilized to model business processes
for integrative development, as illustrated in
Figure 1.

Conducting a detailed analysis of current business processes to identify problem
areas and opportunities for improvement

Process modeling
.

modeling techniques

Process automation

Creating models that describe current and desired business processes using
methods such as data flow diagrams (DFD), process diagrams (BPMN), and other

. . . V. . S

Utilizing information systems and technologies to automate business processes,
thereby improving task efficiency and quality

-——— WS TS 0

A T Am—m—w T — R L

Process optimization

Identifying and implementing improvements in business processes to reduce
costs, shorten execution times, and enhance the quality of products or services

A A A S JdEE S S
Change management

monitoring implementation progress

Developing and implementing strategies for the successful execution of changes in
business processes, including communication with stakeholders, staff training, and

Fig.1. Methods and tools for modeling enterprise business processes.
Source: developed by the authors
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Thus, considering the  specific
operational characteristics of the enterprise
and its strategic goals, it is crucial to adapt
business process modeling to its unique
needs and context. Developing business
process models for integrative development
will enhance efficiency, improve production
quality, and provide competitive advantages
for the enterprise.

2. Justification of the business process
model of the integrative development of
enterprises

Modeling the business processes of
integrative development in information
and communication services enterprises
should establish a set of operations for
manipulating data networks within a system
of criteria (such as efficiency, cost, quality,
time, and fragmentation) for managing
flow processes. This also includes forming
routines to achieve a resource balance that
leads to economic efficiency. The practical
value of modeling integrative development
lies in producing results that objectively
reflect the actual state of each individual
stream, as well as their interrelationships,
based on the synthesis of programming
technologies and economic performance
indicators [24].

An economic problem arising from
financial flows with different sources and
functional significance can be approached
by solving a differential equation or a system
of differential equations with defined initial
conditions [20]. In mathematical modeling,
which leads to the formulation of these
differential equations or systems, several
challenges can arise:

1. The mathematical representation of a
differential equation or a system of differential
equations has a structure that may prevent
obtaining an analytical representation of an
integral curve as a solution [13; 14].

2. The initial conditions are not
determined by the quantitative value of the
financial flow at a given moment in time,
but by a dependency over a time interval
preceding the interval specified when
obtaining the corresponding differential
equation or system of equations in the
modeling process [13; 14].

3. There may be an insufficient number
of observations, or the time interval for the
obtained data may not be long enough to
construct a reliable differential equation or
system [12; 18; 20].

Our study focuses on four types
of flows that share the same monetary
dimension (dimensionality): material flow
(X1), financial flow (X2), innovation and
intellectual flow (X3), and informational and
marketing flow (X4). When each of these
flows is considered separately as a function
of time, there is insufficient quantitative data
to determine the analytical dependence of
each flow as a continuous function of time
[11; 25]. Therefore, the challenge arises of
replacing the differential equation with an
analytical representation of the functional
dependence of the financial flow over time,
which serves as an approximate solution to
the corresponding equation [8; 10; 11; 21].

Itwas established that such a dependence
is a species dependence:

X1_1:+(#ltzll+ g(tzfz)) X Dy (1)

X, - is the corresponding flow during

the observed time period.

| - the corresponding result of the
perfonﬁance, which was observed up to the
current period of time.

#,; -flow frequency — a parameter that
determines the significance of the flow in
relation to the profit growth rate.

{ i - flow acceleration — a value that is a
function of the flow frequency.

Pi - the probability of the value of the
flow volume in the considered time period.

T -thetime period under consideration.
In our work, the meaning of this time is half

a year.
¢t - the current moment of time within
the half year.

The time dependence of a single flow
does not provide complete information
about the dynamics of profit and changes in
its growth rate. It is important to determine
the relationships between flows [4; 11].
Having such a relationship, it is possible to
determine the flow that is dominant in the
time period under consideration, to obtain

199



ISSN 3041-2137 (print), ISSN 3041-2145 (online). ACADEMY REVIEW. 2025. Ne 1 (62)

profit and determine the sustainability of its
growth rate [8].

Thus, in order to obtain a qualitative
portrait of the state of the flow distribution
system to ensure the stability of the profit
growth rate, it is necessary to have a phase
portrait - a graphic relationship between the
flows X1, X2, X3, X4. Since the maximum
size of the phase space is 3, when studying
the evolution of the system, it is necessary
to get rid of the variable that has the smallest
influence. Having a three-dimensional
surface that is a function of three variables
- flows that are significant in the time period
under consideration, we determine the flow
that is dominant in the given time period [2;
6; 15; 16].

In addition, by entering the function, the
change in the rate of return at time t will be:

4

v (X;-m _ Z Xim Py —V X @)

On the basis of the given dependence of
the change in the degree of profitability, we
determine the influence of the flow, which
is included in the consideration of the phase
portrait, on the profitability [2; 6; 11; 14; 16].
This makes it possible to have information
about the capital deficit, which does not allow
to increase the rate of profit growth [11].

Having information that is determined
by dependencies (1) and (2), it is possible
to build a flow dynamics control function to
determine profit growth strategies within a
certain period of time [11; 25].

3. Construction of business process
flow dependencies for information and
communication services enterprises

In our work, we have developed models
to establish flow dependencies related to
profit for information and communication
services enterprises. The information and
communication services market in Ukraine
is represented by companies such as
Private Joint Stock Company «Kyivstar,»
Private Joint Stock Company «VF
Ukraine» («Vodafone»), Limited Liability
Company «Lifecell,» Joint Stock Company
«Ukrtelecom,» and  other  providers.
These enterprises are part of international
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companies that offer a range of services,
including FMC (convergence of mobile and
fixed communication), digital solutions like
Big Data, industrial IoT, cloud services,
mobile financial services, and the sale of
equipment and accessories.

Modeling ofthe integrative development
of the material flow (X,), financial flow
(X,), innovation and intellectual flow
(X;) and information and marketing flow
(X,), their interrelationship and the impact
of development on the rate of change in
profitability was carried out in the Mathcad
system (Figure 2)

The simulation results revealed the
dependence of achieving positive outcomes,
given the virtually homogeneous business
environment, on the configuration of the
constructs of financial (FF), material (MF),
innovation and intellectual (IIF), and
information and marketing flows (IMF).
The results of modulating the efficiency of
integrative flow development are summarized
in Table 1..

Figure 3 presents a map of the results
from modeling the integrative development
of flows in information and communication
services enterprises.

Therefore, at PJSC “Kyivstar,” the
results of the modeling indicated that
the financial flow was dominant during
the studied period. In contrast, at PJSC
“Vodafone” and LLC “Lifecell,” both the
financial and innovation and intellectual
flows were identified as dominant.

The conducted studies demonstrated
that the integrative development of material,
financial, innovation and intellectual, and
information and marketing flows stimulates
an increase in profits and overall efficiency
for information and communication services
enterprises. Conversely, a low level of flow
integration leads to a slowdown in profit
growth and, consequently, a reduction in
enterprise efficiency.

4. Vectors of management of
integrative development of enterprises of
information and communication services

Based on the assessment of integrative
development using the principles of the
encapsulated approach, the modeling
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(2P 20, 39)

(x5 x5 x7)

LLC “Lifecell”

JSC “Ukrtelecom”, other providers

Fig. 2. Interrelation between the configuration of financial (FF), material (MF), innovation and
intellectual (IIF), information and marketing (IMF) flows.
Source: developed by the authors

Table 1

The effectiveness of the integrative development of flows in information and communication

services enterprises

Information and communication services enterprises

Period Rt « ” W qnC

PJSC “Kyivstar PJSC “Vodafone LLC “Lifecell Ukrtelecom”,
other providers
1st semester 2019 | Dominance IIF Dominance FF Dominance FF Dominance IMF

Increase ;
Influx on Development of IF | MF &FF&IIF Increase in ME&FF&ITE
Zif:'ﬁ;(;teig(i:ty )(Inﬂux (directly proportional Integrative development g}tlf\:/%}r)e:gtsl\:/ggiifgo})ment Increased profit
y deposit) of MP&FP&ITP —

Increase in profit

Increased profit

2- d semester 2019

Dominance MF

Dominance IIF

Dominance IIF

Dominance FF

Increased
Influx on Reduced IMF&HF MF&IIF&IMF Increase: of MF&IMF
. Reduced integration of . Integrative development
efficiency (Influx Integrative development Reduced profit
L flows of MF&IMF - Increased
of activity) of MF&IIF&IMF —
- Increased Income Profit
Increased Profit
Stochastic
1st semester 2020 | Dominance FF &IIF Dominance FF &IIF Dominance IIF dominance of
flows
Integrative development
of FF&IIF - Increase of Increase
Influx on Profit Increasg of IF&FF MF&FF&IIF
efficiency (Influx Increase Integrative development Integrative development | Reduced profit
ney MF&FF&IIF of IF&FF — Increase in g P p
of activity) I . of MF&FF&IIF —
ntegrative development | Profit Increase of Profit
of MF&FF&IIF —

Increase of Profit
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End of the table 1
Information and communication services enterprises
Period . ) JSC
PJSC “Kyivstar” PJSC “Vodafone” LLC “Lifecell” “Ukrtelecom”,
other providers
Stochastic

2-d semester

Dominance FF

Dominance FF

Dominance FF

dominance of

2020 fows
Increase
. MF&FF&IIF
Slowdown in the . . .
Influx on development (decrease) Decrease in Low integration
efficiency (Influx P - MF&FF&IMF - decrease | MF&FF&IIF Reduced profit
L of IIF - decrease in . -
of activity) Profit in Profit slowing down of
development and
efficiency
Stochastic
1st semester 2021 | Dominance FP Dominance MF Dominance IIF dominance of
flows
. Increase
Decrease in IIF -
. MF& IMP &IIF
Influx on Decrease in profit Increase of MF-unstable | Integration of MF& IMF
efficiency (Influx | Integrative development efficienc &IIF Reduced profit
of activity) of MF & FF Y

-Increase in Profit

Increase in Profit

Source: developed by the authors

PJSC Incgease™
“Kyivstar” /%
AN |
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I
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JSC 1
I <-4 A
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other v A
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Material flow (MF)
Financial flow (PF) —

Innovation and intellectual flow (IIF) - ep

2019
2nd
six

2019
11st

2020

semester
semester
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PN

1st

semester
2021

Information and marketing flow (IMF) - Z/\;

Fig. 3. Map of the results from modeling the integrative development of flows in information
and communication services enterprises
Source: developed by the authors
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of wvarious integrations of financial,
material, innovation and intellectual, and
information and marketing flows, as well
as the constructed map of integrative
flow development at information and
communication services enterprises, the
influence of these flows on performance
outcomes was determined. The integral
values of the level of integrative
development for these enterprises were
calculated, and a summary of the results is
presented in Table 2.

The integral assessment was based on
assigning weights to each indicator across
all analyzed flows — financial, material,
innovation and intellectual, and information
and marketing. For the studied enterprises,
the degrees of importance for managing
integrative development were established
heuristically.

The integral indices for managing the
integrative development of enterprises take
into account the level of correspondence
between the actual and reference (forecast)
values of the indicators (S;). At the same
time, the degrees of importance for achieving
the planned result of each indicator for the
investigated enterprise (d;) were also taken
into account. The calculation of integral
general indices for each flow: financial (MF),
material (MF), innovation and intellectual
(IF), and innovation and marketing
(IMF) was determined according to the
following formula:

(S X dyy)

] ?:1 dij (3)

Similarly, with the help of weighted
average, the values of the general integral
indices of the management of integrative
development for each enterprise were
determined.

In order to determine the quality of the
obtained general integral indicator of the
management of the integrative development
of enterprises, a scale of its evaluation was
developed. The determined step of the
interval of values of the integral indicator
was obtained by the formula:

Y = (limax = Limin) /(113.32X 10g(4))  (4)

Where, I, ax, i min— are the maximum
and minimum value of integral indicators by
components.

The developed scale for assessing
the general integral indicator of managing
the integrative development of enterprises
serves as the foundation for determining
the vectors of integrative development
management. It also acts as a framework
for creating digital strategic partnerships.
Building on this concept, and based on
heuristic research methods, we propose
the introduction of a progressive scale for
evaluating an enterprise’s performance.
This scale is dependent on the modeling of

Table 2

Integral indices of integrative development for information
and communication services enterprises

. Integral Index Level of Integrative Integrative development
Enterprises of Integrative development of the
Development Enterprise management vector
PJSC “Kyivstar” 0,86 high proactive
PJSC “Vodafone” 0,71 sufficient constant
LLC “Lifecell” 0,42 moderate focused
JSC “Ukrtelecom» 0,25 low passive
ICT service providers Kolo. 0,12 low passive
TB, Volya, MIT, Lanet, Vega,
UTELS, Nashnet

Source: developed by the authors
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structural configurations, specifically their
dominance, and the flows structured by the
author. The goal is to provide the enterprise
with favorable conditions for integrative
development while maximizing profit:

1.00 - 0.80 — high level of integrative
development;

0.79 - 0.60 — sufficient level of
integrative development;

0.59 - 0.30 — a moderate level of
integrative development;

0.29 - 0.10 - low level of integrative
development.

A low level of development is focused
only on separate processes or links of
management of material or financial flows.
Therefore, the management’s focus on
separate processes of one or two streams does
not provide a balanced system result regarding
the enterprise’s activities and is unable to
obtain the expected effect of functioning.

At a low level of integrative
development (0.10 - 0.29), information and
communication services enterprises are
represented by individual scattered players on
the information and communication market.
Such enterprises include individual providers
that provide information and communication
services to enterprises and the population.
Their activity is not aimed at the formation
of progressive forms of integration, the basis
of their functioning is to obtain profits and
consolidate existing positions on the market.

A moderate level of development covers
only part of the processes of innovation and
intellectual or information and marketing
flows and the emphasis is placed on partially
material and financial flows. At a moderate
level of integrative development (0.30 - 0.59),
information and communication services
enterprises have focused integration. These
enterprises are focused on building digital
strategic partnerships and are in the stage of
finding partners to create effective integrations
in order to expand their market niche and
reach a new high-quality level of functioning,
that is, they have a focused management of
integrative development of activities.

Sufficient level of development of the
enterprise involves some introduction of
innovation and intellectual and information
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and marketing flows, but more attention is
paid to the financial flow.

At a sufficient level of integrative
development (0.60 - 0.79), information and
communication services enterprises implement
amanagementstrategy of sustainable integrative
development. Such integrative development is
implemented at enterprises that strive for a long-
term strong competitive position in the market.
Sustainable integration involves the formation
of sustainable and effective digital strategic
partnerships to expand the existing network
and organize new areas of activity. Sustainable
integrative development is a progressive
system-process business organization aimed at
the prospect of introducing innovative solutions
and technologies into economic activity.

At a high level of enterprise development,
a combination of innovation and intellectual
and information and marketing flows is
expected to lead to their dominance in the
process of integrative development. At a high
level of integrative development (0.80 - 1.00),
information and communication services
enterprises implement a proactive strategy of
integrative development. This development of
the enterprise is an innovative strategy of global
integration into the international digital society.
Proactive integration provides information and
communication enterprises with a new high-
quality level of functioning and contributes to
consolidation of leading positions on the market.

It is worth noting that the ICT service
providers studied in this paper — namely Kolo.
TB, Volia, MIIT, Lanet, Vega, UTELS, and
Nashnet — do not exhibit signs of integrative
development, nor do they demonstrate
partnerships aimed at creating unified digital
platforms. In contrast, JSC “Ukrtelecom” shows
signs of a low level of integrative development.
As a result, these enterprises engage in passive
management of integrative development.

A detailed diagnosis of the integrative
development of the studied information
and communication services enterprises,
using the proposed encapsulated approach
and modeling of their integrative
development processes, has contributed
to the selection of management vectors
for the integrative development of these
enterprises (Figure 4).
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Passive management of integrative development

LLC
“Lifece

Focused management
of integrative development

PJSC
“Kvlvstar”

Proactive management of
integrative development

JSC “Ukrtelecom”
Kolo.TB, Volia, MIIT, Lanet,

a Nasnne

Sustainable management of
integrative development

PJSC
“Vodafone”

uuw

‘W

Fig.4. Management vectors for the integrative development of information and communication
services enterprises
Source: developed by the authors

The graphic representation of the
summarized results from the diagnostics of
integrative development for the information
and communication services enterprises—
PJSC «Kyivstar,» PJSC «Vodafone,» and
LLC «Lifecelly — reveals the following:
PJSC  «Kyivstar»  exhibits  proactive
integrative development, PJSC «Vodafone»
demonstrates stable integrative development,
and LLC «Lifecell» is characterized by
focused integrative development. In contrast,
JSC «Ukrtelecom» and ICT service providers
such as Kolo.TB, Volia, MIIT, Lanet, Vega,
UTELS, and Nashnet show a low level of
integrative development. These companies
are unable to fully engage in integrative

development due to passive management
approaches.

Conclusions. In the context of
globalization and  digitalization, the

information and communication sector is
one of the most promising, as it provides

the population with essential services,
including communication and internet
access. However, crisis conditions

necessitate the transformation of the entire
system of economic activity, particularly in

energy-dependent sectors. The key strategic
direction for development is the creation
of an adaptive, diversified, and integrative
system of information and communication
services.

The development of information
and communication services enterprises
in Ukraine holds strategic importance for
the complementary growth of all sectors
of the Ukrainian economy and serves as
a platform to boost and elevate proactive
business segments. An analysis of empirical
data revealed that, although the rate of
digitalization in Ukraine lags behind
European and leading countries, domestic
information and communication services
enterprises show positive performance
trends. This indicates a stable, positive
trajectory in the development of Ukraine’s
information and communication sector.

The study demonstrates that the
selected theoretical constructs—the process
approach to quality management, the general
systems theory, the theories of competitive
advantages and innovations, and the analysis
of «Process mining» technology—allow
digital business processes to be represented
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as a comprehensive system that can be
effectively managed using modern digital
technologies.

The ongoing process of global
digitalization requires flexible management
ofbusiness processes, adjustments to business
models, and timely decision-making through
the use of modern information technologies,
such as «Process mining.» In this context,
the study proposes the application of an
encapsulated approach to the digitization of
business processes, based on flow indicators.
This approach provides a platform for
analyzing current states and enables the
adjustment of business process management
to achieve maximum efficiency.

A detailed study of the selected key
business process flows in information and
communication enterprises—material,
innovation and intellectual, information
and marketing, and financial—revealed
that management efficiency and the
achievement of positive results depend
on the synchronization of these flows,
with potential temporary variations in the
dynamics of investment in a particular
flow. The mathematical model created for
calculating profitability in the dynamics of

investment flows was tested using data from
the information and communication services
enterprises «Kyivstar,» «Vodafone,» and
«Lifecell» for the period 2018-2021. This
analysis allowed for the identification of
the most influential flows by year and the
detection of patterns in leadership shifts,
depending on the influence of external factors
and internal organizational conditions.

Mathematical modeling identified the
dominant flows — financial and innovation
and intellectual — highlighting the need for
systematic, balanced management of the
enterprise’s business processes in response
to the changing external environment.

The results of modeling the integrative
development processes of enterprises
revealed that achieving positive outcomes,
in a virtually homogeneous business
environment, depends on the configuration
of financial, material, innovation
and intellectual, and information and
marketing flows. This insight enabled the
proposal of management vectors for the
integrative development of information and
communication services enterprises, which
include passive, focused, sustainable, and
proactive integrative development.
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It has been proven that the development of information and communication services
enterprises is of strategic importance for the complementary growth of all sectors of the Ukrainian
economy and serves as a platform for boosting and advancing proactive business segments
overall.

The fundamental methods for modeling business process flows using mathematical and analytical
tools, specifically a system of differential equations with defined initial conditions, have been
substantiated, enabling the integral assessment of enterprise business process modeling. A capsulated
approach to the digitalization of business processes and a comparative analysis of a broad range of
financial and economic indicators for comprehensive diagnostics of integrative enterprise development
effectiveness were applied, allowing for the determination of a probable development scenario for
enterprises in the future.

The key flows of enterprise business processes have been identified: material, innovative-
intellectual, information-marketing, and financial. The dependence of management efficiency and the
achievement of positive outcomes on the synchronization of these flows has been revealed, taking into
account possible temporary variations in the investment dynamics of each flow.

The mathematical model for calculating profitability was tested using data from the information
and communication companies PJSC «Kyivstary, PJSC «Vodafone», and LLC «Lifecelly. This
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approach enabled the identification of the most influential streams by year and revealed patterns of
leadership changes based on the impact of external environmental factors and internal organizational

conditions.

The dependence of achieving positive results on the configuration of financial, material, innovative
and intellectual, and information and marketing flows has been identified. This analysis allowed
for the proposal of management vectors for managing the integrative development of information
and communication services enterprises: passive, focused, sustainable and proactive integrative

development.
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