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CONTROLLING AS AN ENTERPRISE MANAGEMENT TOOL
IN THE DIGITAL ECONOMY

Purpose. Expansion of the ability to implement an adaptation approach in enterprise management because of the implementa-
tion of the new controlling concept (NCC) in a digital economy. Development of the mathematical model of the adaptive approach.

Methodology. The study uses general and special methods of cognition: abstract-logical analysis — to determine NCC, its
preconditions, new opportunities; inductions and deductions — to establish the importance of adaptation as a NCC component,
to harmonize strategic and operational plans; mathematical methods — for presenting an adaptation in structural and logical form;
generalization method — for proposing ways of implementing the adaptation; logical abstraction — for development of the scheme
of implementation of adaptation approach, and study on the possibility of diversification of the strategy, with the coordination of
enterprise sub strategy.

Findings. The definition of the new controlling concept is proposed, its preconditions are detailed. Ways of implementing an
adaptation approach to managing the enterprise in conditions of dynamic changes are proposed. It is indicated that a new oppor-
tunity opened by NCC is the use of diversification of the company’s strategy and the implementation of adaptive coordination of
sub strategies in real-time conditions. It is stated that the indicator of development of diversification can be used as an indicator of
the adaptation capacity of the enterprise. The requirements for the introduction of NCC and the two main methods for imple-
menting the adaptation approach are specified.

Originality. A mathematical model of the adaptive approach for the implementation of NCC has been developed. A mathema-
tized approach has been developed to coordinate sub strategies. A basic block diagram of the realization of the adaptation approach
when introducing a new controlling concept has been developed.

Practical value. The results of the study can be used by scientists to improve the methods and tools of NCC and by practitioners in the
development and implementation of management information systems. The proposed approaches will increase controlling efficiency.

Keywords: controlling, enterprise management, digital economy, adaptation approach

Introduction. Previously, the concept of “enterprise con-
trolling” was identified with the concept of “management ac-
counting” Indeed, in the early stages of the development of the
digital economy, the tasks of controlling were to provide man-
agement, preferably in real time, with comprehensive infor-
mation about the current activities of the enterprise: produc-
tion and sales of products, profits and costs, etc. During the
implementation, at a certain stage of the development of digi-
tal technologies, analytical data processing, the results of con-
trolling began to make it possible to make more timely and
more substantiated management decisions, which led to a cer-
tain increase in the efficiency of management activities. The
rapid development of digital technologies provided an oppor-
tunity to significantly increase the level and volume of control
of all production and accounting processes of the enterprise,
to significantly deepen the analysis of activities, and to form
new, in particular, prognostic perspectives with the compre-
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hensive use of information. This led to a new understanding of
the concept of “controlling the enterprise” and formed not
only a new management tool, but, in fact, created the prereq-
uisites for the introduction of a new concept of implementa-
tion of management activities. The above said determines, at
the very least, the need to research a new management tool.
For a broader understanding of the importance of this tool,
the task of a deeper analysis of the specified new concept of
implementation of management activity, its opportunities and
prospects for development arises.

Prognostic perspectives, which are opened up by control-
ling the company’s activities for the development of the digital
economy, are of particular importance. In the conditions of
the constant influence on the activities of Ukrainian enterpris-
es of economic, political and social crises, threats of military
actions on the territory of Ukraine, ensuring the possibility of
forecasts, not even of a strategic nature, but of the nearest tac-
tical perspectives, reduces the risks of management decisions
and forms the prerequisites not only for the survival of the en-
terprise in difficult conditions, but even its development.
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Prospects for the development of the enterprise are formed
also due to the opportunities that the new controlling opens up
for the management of the enterprise, in particular, regarding
the increase in the efficiency of the management of the accom-
panying production processes — the introduction of more reli-
able and efficient logistics, the provision of new resource op-
portunities, new ways of saving the resources of the enterprise.

One of the main problems today is the reduction in the ef-
fectiveness of the implementation of the new concept due to
the company’s management not understanding the need for
comprehensive control of the company’s activities and, as a
result, limiting its application to certain areas — only account-
ing, acquiring and accumulating information or coordination
functions. It is system controlling that is able to ensure the
highest level of efficiency of enterprise management if it is
properly applied.

Literature review. The relevance of this problem is con-
firmed by a large volume of scientific works dedicated to the
study on its aspects. Thus, in the article by Pisar and Bilkova
[ 1], options for using controlling as a tool for managing the en-
terprise and increasing its competitiveness were studied, which
was used in the presented work. Pisar and Bilkova [1] applied a
statistical model for the coordination of innovative and strate-
gic plans using the Return on Equity (ROE) as an indicator.
Such a model is not sufficiently reliable, which is evidenced, in
particular, by the questionable conclusion that improving the
level of one key variable leads to the improvement of other con-
trolled variables and, thereby, improves the result [1].

Roffia and Dabi¢ [2], using the theory of dynamic capa-
bilities and a multivariate regression model, studied the use of
controlling and integrated information systems to ensure the
stability of enterprises under conditions of significant external
challenges. In the study, the data was divided into groups ac-
cording to the directions of controlling. But the mutual influ-
ence of these groups is not taken into account, which reduces
the reliability of the analysis.

The articles by Levitsky [3] and Grinko, et al. [4] re-
searched some aspects of the formation of a new concept of
controlling. In particular, Levitsky [3] studies changes in the
use of controlling in the process of generating strategic infor-
mation, and Grinko, et al. [4] studied the effect of increasing
the analytical component of controlling on the intellectualiza-
tion of enterprise management. The approaches of the speci-
fied authors were used in the given study.

Kyzenko and Hrebeshkova [5] studied the prerequisites
and main trends of the transformation of strategic controlling
in accordance with the development of the digital economy.
The authors pay the main attention to only one area of con-
trolling - accounting and consider only the directions of mod-
ernization of the accounting system, which somewhat narrows
the use of their conclusions.

The article by Kaplina [6] provides an extended list of
structural components of controlling. This is in the interpreta-
tion [6]: goal setting; planning; Managerial Accounting; sys-
tem of information flows; control of indicators; analysis of the
plan, results, deviations. This is partially used in this study.
But, even with the expansion of controlling functions [6], its
application as an integral element of strategic and operational
management is not mentioned.

The article by Boiko and Vinnyk [7] indicates the need to
reduce the risk of uncertainty in the adoption of management
measures. It is the reduction of this risk that is paid attention
to in the presented article. Boiko and Vinnyk [7] used a SWOT
analysis of the performance of controlling at Ukrainian enter-
prises. A coordination matrix was applied to improve the inter-
action of various management components. These modeling
methods do not seem to be reliable enough.

Buzhymska and Tsaruk [8] indicated that controlling
should reduce uncertainty in forecasting the company’s activ-
ity and contribute to the company’s adaptation to external in-
fluences. This is considered in the presented study. But Bu-

zhymska and Tsaruk [8] did not provide the mechanisms and
tools for implementing these tasks.

Wang and Chen [9] indicate that the use of controlling in
the process of digital transformation by enterprises of the PRC
has become the main tool for ensuring stability in crisis condi-
tions and “increasing uncertainty in the external environ-
ment”. Wang and Chen [9] compared the influence of “en-
dogenous and exogenous factors” and indicated the need to
strengthen the control of external factors in crisis conditions
and increase attention to stability analyses. This was taken into
account in the process of performing the presented research.

In the work [10], Klymchuk, et al. presented a functional-
structural model of controlling external and internal influ-
ences and analyzed the use of digital transformation to ensure
the sustainable development of Ukrainian enterprises. With
the use of this model, an outline of the implementation of
management on the basis of digital transformation, in particu-
lar, investment management, has been developed. The func-
tional-structural approach proposed by Klymchuk, et al. [10]
is promising in analytical data processing.

Demochani’s article [11] examines the types and kinds of
controlling activities. Consideration is being given to spreading
the use of vertically integrated controlling by Ukrainian enter-
prises. Demochani [11] indicated that digital transformation
leads to the spread of a complex control implementation
scheme, which, while maintaining vertical integration, stimu-
lates the horizontal integration of controlling procedures,
which is used in the presented article.

In the work by Degtiarev [12], the “conceptual principles and
structural elements of energy controlling” are considered. The
work confirms the necessity of rethinking the concept of control-
ling, the structural elements of controlling are analyzed and clas-
sified. Despite the narrow branch focus of the scientific work [12],
certain aspects of it were used in the presented research.

The work by Veresklia, et al. [13] indicated that the digital
transformation of controlling is not an end in itself, but a way of
strengthening the analytical component of management, re-
ducing uncertainty, and wider coverage of opportunities for
both development and risk protection of enterprises. Veresklia
and others [13] also indicated the joint evolution of controlling
and business processes, that controlling has grown from per-
forming an auxiliary function of accounting data processing to
a system that determines new methods of management activity.

Unsolved aspects of the problem. The review of scientific
works shows the predominantly qualitative nature of the as-
sessment of the effects of external and internal factors that
cause changes in the parameters of the enterprise’s activity or
only fixation in the process of controlling the existing state of
the parameters of the enterprise. Under the conditions of the
digital economy, the use of IT opens the possibility of using
mathematical approaches to the implementation of control-
ling, to the concept of its application, which will provide the
prerequisites for quantitative methods of analysis. This prob-
lem needs research and solution.

The new concept of controlling, its prerequisites and new
opportunities opened up by its implementation also require
additional research. Determining the prerequisites and conse-
quences of the introduction of the new concept of controlling
will ensure the proper level of its application in the practice of
enterprise activity. The introduction of a new concept of con-
trolling opens up an opportunity to more effectively imple-
ment an adaptive approach in enterprise management in con-
ditions of dynamic changes. Therefore, the adaptation ap-
proach also needs additional research.

Purpose. To study the expansion of the possibilities of
implementing an adaptive approach in enterprise management
as a result of the implementation of a new concept of control-
ling in the conditions of the digital economy. To develop a
mathematical model of the adaptation approach.

Methods. In the study, the results of which are given in the
presented article, general and special methods of cognition
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were used. Thus, by applying the method of abstract-logical
analysis, the definition of the new concept of controlling was
formulated, its prerequisites were detailed, and the new possi-
bilities that it opens up were indicated. The use of the method
of induction and deduction made it possible to reveal the im-
portance of the adaptation process as a component of the new
concept of controlling, for the harmonization of strategic and
operational plans and the integration of horizontal and vertical
monitoring of controlled factors. This led to the application of
mathematical methods to present the adaptation approach in a
structural and logical form, suitable for use in information sys-
tems. The use of the generalization method made it possible to
propose ways of implementing an adaptive approach to enter-
prise management in conditions of dynamic changes.

The application of the method of logical abstraction made it
possible to establish that one of the consequences of the intro-
duction of the new concept of controlling is the use of the prac-
tice of diversifying the company’s strategy, to develop a mathe-
matical approach to the coordination of the company’s sub strat-
egies. Also, using the method of logical abstraction, a basic block
diagram of the implementation of the adaptation approach when
introducing a new concept of controlling was developed.

Results. The need for controlling is undeniable today. Un-
der controlling, the investment attractiveness of the enterprise
increases by ~40 %, document flow improves by ~27 %, finan-
cial stability improves by ~20 %, planning is optimized by
~25 % |14]. But until now controlling in the conditions of the
digital economy is sometimes considered by management only
as the development of information collection and processing
through the implementation of information systems to support
decision-making using data analysis tools for directory and
advisory support of management activities.

The role of controlling is significantly increasing due to the
spread of Industry 4.0 and Industry 5.0 approaches in produc-
tion activities [15]. As it is known, the transition from mass
production of industrial products to responding to individual
needs of consumers is one of the features of Industry 4.0 [16].
This is impossible without a significant increase in the effec-
tiveness of controlling, the use of the latest digital technologies
of controlling in all areas — payment processing, financial and
tax reporting, reliable control and ensuring the implementa-
tion of production and organizational procedures, etc.

Changes in the functions of controlling and its tools are
directly related to changes brought about by the development
of the digital economy, in particular, blockchain, digital bank-
ing, the Internet of Things, digitization of production and
management processes, the need to use and process Big Data,
etc. [17]. So, for example, since blockchain technologies con-
sist in the use of certain types of internal protocols of IT sys-
tems, their control and arrangement, consistency with the ac-
counting and reporting procedures of enterprises require not
only new controlling tools, but also a rethinking of the con-
trolling mechanism in this area.

All of the above forms the prerequisites for accelerating the
implementation of the new controlling concept.

Controlling today in the current mode must provide infor-
mation in the most objective and most complete way to a
structured single database for its storage, analysis, analytical
processing and automatic formation of management decision
options based on it. That is, controlling in the current sense is
a natural development of traditional controlling, which is
transformed and acquires new qualities under the influence of
digital technologies and adaptation to new conditions of pro-
duction and management activities.

Controlling is needed by every direction of the company’s ac-
tivity, for the following systematic analytical study on the entire
volume of not only the company’s internal information, but also
that external information that directly or tangentially relates to the
company’s activity. First of all, external and internal risk factors
need to be analyzed, and the most effective ways to neutralize
them or reduce negative impacts are needed, given the available

resources and opportunities. All this should be realized by intro-
ducing a new concept of controlling into management activities.

The new concept of controlling allows considering con-
trolling as a systematic coordination of management influ-
ences, ensuring self-regulation of production and manage-
ment activities through the implementation of constant adap-
tation of production and management processes to changes in
external and internal factors with permanent harmonization of
strategic and operational plans and integration of horizontal
and vertical monitoring.

The prerequisites for the formation of a new concept of
controlling are: speeding up, due to the development of digital
technologies, the integration of various management func-
tions, individual databases; emergence of new instrumental
methods of information gathering; formation of new opportu-
nities for the coordination of management activities both when
covering different links of the management vertical, managers
of different divisions of the enterprise, and when covering dif-
ferent time intervals, implementation of tasks of both tactical
and strategic plans; strengthening the capabilities of system
analysis and forecasting; freeing management from routine re-
porting work and providing new creative opportunities. The
possibilities of ensuring more effective management are
strengthened by a constant systematic integrated analysis of
not only the factors of external and internal influence on the
company’s activities, but also the strengths and weaknesses of
both its own and competitors’, the detection in real time of
new threats and new opportunities, options for changing the
directions of activity, and, even, enterprise goals, etc.

It should also be taken into account that even a talented
manager in the conditions of dynamic changes in external and
internal factors is unable to make an effective decision due to
the need to take into account all its possible — both positive and
negative consequences without the help of a modern informa-
tion system equipped with a full set of updated data. The breadth
of analytical coverage of all aspects and directions of enterprise
activity and all related areas and companies ensures the forma-
tion of the widest range of prospective management solutions.

In general, this creates new management opportunities for
more effective management of the enterprise at a qualitatively
new level.

The formation of a new concept of controlling through the
implementation of a system analysis will allow one to effectively
implement an adaptive approach in the management of the en-
terprise in the conditions of dynamic changes by implementing:

- adaptation of the company’s strategy and sub strategies to
new challenges in real time;

- constant coordination of changes in operational and stra-
tegic planning stages;

- adaptive coordination of production and management
processes at all levels;

- adaptive coordination of corporate information security
requirements with the need for unhindered provision of neces-
sary analytical information to managers of all management
levels and all enterprise structures;

- adaptive coordination of tasks of monitoring the imple-
mentation of changed plans and corresponding adjustment of
functions and tasks of management systems;

- ensuring adequate flexibility of the controlling system to
organizational changes.

Emphasis on the importance of the adaptation process to
changes in external and internal factors under the permanent
harmonization of strategic and operational plans and the inte-
gration of horizontal and vertical monitoring determined the
need to develop a mathematical model of the adaptation ap-
proach. This model consists of the following.

The strategic plan can be represented mathematically as a
smooth curve on the response surface in the space of states,
the dimension of which is determined by the total number of
external and internal influencing factors and possible manage-
ment actions.
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This curve starts from the starting point of planning and ends
at the point whose coordinates are defined as the parameters of
the strategic planning goal. It can be presented analytically as

f=rX.Y),

where X is a vector of influence parameters; Y is a vector of
possible management actions.

The smooth nature of this curve is determined by the fact
that the presence of a break on it by any of the parameters
means a crisis or is the result of the influence of an unexpected
threat. In case of an expected threat, measures to prevent it will
ensure the smooth nature of this curve.

Constant monitoring should control changes in basic pa-
rameters. The safe operation of the enterprise occurs if chang-
es in the controlled parameters 6 are not greater than the value
of the permissible interval limit 6 < ;.

But the detection of an excessive rate of change in any of
the parameters will also indicate a threat — the appearance of
an unaccounted influence, the causes and consequences of
which require analysis.

A mathematical indicator of this is the non-variability of

ox
the sign of the first-time derivative of the parameter ‘5‘ >0.

A tool for forecasting the threat is the calculated achievement
of the limit of the safe interval by the parameter, given the ex-
tended, stable nature of its change. A set of possible manage-

ment actions Y is offered upon detection of a dangerous trend
of the controlled parameter or reaching the limit of the safe
interval of its change. The decision is taken to minimize the
resources needed for their implementation and to minimize
the likely negative consequences.

The problem in formulating a mathematical approach is
that the influence parameters are often uncertain values, espe-
cially under conditions of crisis. As it is known, uncertain pa-
rameters are represented by triangular and trapezoidal values
[18]. In this case, it is worth moving to the tensor representa-
tion of the problem. Then the fuzzy tensor can be displayed as

a result of multiplying the vector of parameters X by the vec-
tor of the membership function fi,

T, =X, @, elo]l,

where 7'is a transposition symbol.

This allows proceeding to the analysis of the first derivative
of the tensor with respect to time and to the analysis of the
impact of interval changes in the parameter vector and the
membership function vector on the need for management ac-

tions ¥, which, from a mathematical point of view, return the
system to a state close to the functional dependence defined at
the stage of strategic planning.

After identifying the negative result of the influence of ex-
ternal and internal factors, the task of implementing adaptive
operational management arises. Then a set of planned man-

agement actions Y, > 18 used, which is usually called the base
group, and which is usually represented by a matrix

% mxn _ . _
Y, eVt -(m=mmy; n=nny),

where m, n are basic sets, respectively, of external and internal
influencing factors; m,, n, and m,, n, are sets, respectively, of
external and internal factors influencing the first and second
set of management actions.

Next, the specified set of planned management actions

)7,]g should be compared with other variants of sets of manage-
ment actions (Y}, V5)
{Y,evmmYy, evVm .,

Options for new sets of management actions to simplify
calculations should be compared in pairs with each other and
with the basic option

o (¥,.1,)=|F, -1, =||?bg —vec (Yl)vec(Y)T"F = min,

where Yy, is the vector matrix of the base set, and the vectors

(vec(Y))T, vec(Y,)") form alternative variants.

Next, the method of least squares is used. But using this
method will increase the number of computer resources re-
quired for calculations.

With clear values of the parameters m, x n; and m, x n, the
solution is linearized, which allows one to apply the singular
decomposition method [USV]svd(Y,,) and obtain the best op-
tion for a set of management actions

vee (V") =(c,)" > U(:1)
[V"C(Yz(o’”)) =(0,)"?V(: l)} S ont

Evaluation of the effectiveness of options for management
actions can be carried out using a formula similar to the evalu-
ation of the effectiveness of projects [19]

(S48,
q

where ¢ is the effectiveness of management action options; S,
S, respectively, are profit and/or avoidance of losses from the
introduction of effective management actions; ¢ is a discount
rate; 7 is the time interval during which the result is obtained;
B — costs for performing controlling procedures.

With a significant level of negative influence of external
and internal factors stretched over time, the selection of alter-
native sets of management actions can be carried out in several
stages, which allows implementing the adaptive approach to
reduce the stress factor for the enterprise.

The proposed mathematical model is compared with well-
known models used by domestic and foreign companies to
analyze the impact of external and internal factors and coordi-
nate operational and strategic management actions to neutral-
ize them. Thus, genetic models, specialized models of artificial
intelligence perform the specified tasks in a sufficiently rele-
vant manner. But they require significant computing resourc-
es, calculation time and special knowledge for their correct
application. The advantage of the proposed model in com-
parison with genetic models and artificial intelligence models
is that it does not require the use of significant computing re-
sources and can use standard computer hardware.

Models that use economic-mathematical modeling or are
built on game theory do not require significant numbers of these
resources. But they are not able to operate with large volumes of
heterogeneous data, the relevance of their results is often insuf-
ficient. Also, their application is complicated by changes in the
conditions of their application, for example, game theory is sen-
sitive to the correct construction of the preference function,
which is difficult for multi-objective and multi-parametric prob-
lems. Also, the methods of economic and mathematical model-
ing are limited in functionality compared to the proposed op-
tion, for example, for multivariate management problems.

In the process of controlling research, the need to imple-
ment not only widely declared tasks, strategies and manage-
ment tactics, but also the need to coordinate the interests of all
stakeholders (managers, owners, suppliers, buyers, etc.) in an
operational and strategic plan is often left out of consideration,
taking into account the requirements of institutional struc-
tures, balancing the implementation of the company’s goals
with the interests of formal and informal individuals and orga-
nizations related to this process.

It is also advisable to include this issue in the list of func-
tions to be realized during the implementation of the new con-
trolling concept.

This task can also be formalized in the presented model.
The increase in information and analytical capabilities allows
processing the flows of information necessary to solve this
problem as well.

B,
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One of the consequences of the introduction of the new
concept of controlling is the use of the practice of diversifying
the company’s strategy. This practice greatly complicates the
tasks of controlling, because the diversification of the compa-
ny’s strategy requires coordination and adaptation to the chal-
lenges of not a single strategy, but a system of sub strategies.
The requirements for the performance of controlling are also
increasing from the point of view of coordinating the tasks of
operational management and the implementation of each of
the sub strategies. This determines both the need to coordinate
sub strategies for their use, and the opportunity opened up by
the new concept of controlling in relation to the coordination
of sub strategies — namely, the implementation of coordina-
tion in real time. This significantly increases the efficiency of
the application of the adaptive set of sub strategies.

The implementation of the sub strategies system also sig-
nificantly increases the number of calculations regarding the
forecasting of strategy implementation scenarios and the
amount of necessary information that should be provided by
controlling. The possibility of implementing such practice is
due to the improvement of the information and analytical
tools of controlling and the evolution of the organizational
support of controlling.

The following approach is proposed for matching sub strat-
egies. Each sub strategy can be represented mathematically as a
line f; (where k =1, 2, 3,... is the index of the corresponding
strategy), which reflects the trajectory of movement along the
above-mentioned response surface in the space of states. This
line in the state space is proposed to be described by a polyno-
mial of the seventh degree (as it is known, such a polynomial
can describe a very wide range of curves), where the degree of
the polynomial variable and, accordingly, the coefficients of
thisvariable i=1, 2, 3, ..., 7. The coeflicients of polynomials are
suggested to be adjusted in successive iterations after certain
time intervals. Controlling should be carried out constantly
and regarding the directions and rates of change of the vectors
%. The indicated vectors, which can be interpreted as tan-
gents to the corresponding lines f;, must have one sign.

The formation of a system of sub strategies leads to an in-
crease in the adaptability of the enterprise to sudden changes
in external and internal influencing factors.

Since, “diversification development indicator”, proposed
in the article by Hrabovenko, et al. and Zayed, et al. [20, 21],
which is determined by the resource capacity of production, the
ability to transform and efficiency, then, by definition, it allows
assessing the adaptability of the enterprise. The given fact of the
similarity of the two mathematical approaches allows one to
state that the mathematical apparatus presented above is con-
sistent with the methodological toolkit of diversification of the
company’s strategy available in the scientific literature.

From a mathematical point of view, strategy diversification
consists in the formation of a tree of paths on the response surface
in the space of states of external and internal influencing factors
and facilitates the “strategic navigation of the enterprise” [20].

The algorithm of management activity, which allows con-
trolling to be implemented, can be presented as [22, 23]: for-
mation of a decision tree; organization of events, structure of
controlling and evaluation of allocation of necessary forces
and means for it; identification of changes in factors of exter-
nal influence and factors that determine the internal activity of
the enterprise; assessment of the level of challenges and
threats; assessment of the number of resources: change in
plans, adjustment of the operational goal; development of cor-
rective management measures; formation of a new decision
tree; reorganization of production and management processes
in accordance with new conditions (this can be defined as an
effective adaptation process to changes in circumstances and
operating conditions). The diagram of the operation of this al-
gorithm, namely the basic block diagram of the implementa-
tion of the adaptation approach for the introduction of a new

concept of controlling, is presented in the figure. This block
diagram shows an important feature of the implementation of
the adaptation approach — the establishment of numerous
feedback loops between the various stages of the implementa-
tion of the specified approach, taking into account the level of
influence of external and internal factors and the need for con-
stant correction of adaptation management measures.

An adaptive approach to the introduction of a new concept
of controlling can have two main methods of implementation.
The first method allows for early detection of the consequences
of unexpected deviations of controlled indicators to introduce
such ways of avoiding or reducing the level of predicted threats
that will minimize the expenditure of available resources and
management efforts. But this method is suitable only for a
moderate level of influence of external and internal factors.

In the case of a significant level of influence, or a signifi-
cant dynamic nature of this influence, it is worth applying the
second method, which consists in the necessity of [24, 25]:
revision of the strategic plan; adjustments and even changes in
strategic goals; a possible partial or even complete change in
the nomenclature of the company’s products/services; a pos-
sible partial or complete change in the main sales markets. The
proposed mathematical model will also be useful after the
implementation of the above measures.

Effective implementation of the adaptation approach is
possible only with the introduction of systematic and compre-
hensive monitoring of changes in external and internal factors
affecting the company’s activities, their analytical processing
and the formation of forecasts of their changes.

At the same time, the adaptive approach does not exclude
the study and comparison of options for management actions to
improve everyday production and management procedures,
even for changes in controlled indicators in acceptable intervals.

| Defining the goal |<

= =

| Formation of the strategic plan |<

= =

| Detailing operational tasks |

= =

Control, analysis, forecasting

of activity parameters

= =

|Detection of deviations parameters|

= =

Analysis of the cause of deviations -
and the level of threat

Developing options
for management activities

- =

Analysis of management measures,

| Internal influences |

| External influences |

choosing the best option

= =

Control, parameter analysis
and adaptation level analysis

= =

| Adjastment adaptive measures |

- =

<-| Achieving the goal |—>

Fig. Block diagram of the implementation of the adaptation ap-
proach for the introduction of a new concept of controlling
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The wide access of the company’s employees to the results
of the analytical processing of controlling data and their par-
ticipation in the discussion of possible options for manage-
ment actions, participation in the detailing of the specified
options by managers of different levels and different divisions
of the company in real time will also contribute to the strength-
ening of the effectiveness of the adaptation approach. In fact,
this is an improvement and network implementation of the
classic brainstorming method with a significant level of infor-
mation support and fast analytical processing of proposals.

The adaptive approach also contributes to the introduction
of a new approach to data collection and analysis in control-
ling. In contrast to the established methods of analysis, today
the transition from the absolute values of the controlled indica-
tors (the need to fix them, of course, remains, for example, for
the formation of tax reporting) to the analysis of their relative
values and the rates of change in these relative values is imple-
mented nowadays. At the same time, it is necessary to take into
account the need to observe the system principle when con-
ducting an analytical study on controlled data. Improvement or
deterioration of the relative values and rates of change in indi-
vidual controlled indicators or, even, of individual groups
thereof, does not always indicate the efficiency or inefficiency
of enterprise management, in contrast to the above-mentioned
conclusions of the study by Pisar and Bilkova [1]. For example,
the relative cost indicators can turn out to be dangerously high
in the event of a tactic of temporarily lowering the price of the
company’s products in order to capture a promising market.
Only a comprehensive assessment of changes in the controlled
parameters can correct a wrong assessment.

This is also a sign of a new concept of controlling.

The implementation of a new concept of controlling will re-
quire planning and organizational support for its implementation:

- the possibility of its current modernization and addition
of new system blocks to perform new functions;

- proper implementation and continuous improvement of
security functions, first of all, information security;

- compatibility of data from past periods with data that is
expected to be collected in the future for the proper perfor-
mance of retrospective analysis;

- focus not only on ensuring a state of dynamic equilibrium
in the company’s activities, but, first of all, on its development.

The expansion of controlling functions and a significant in-
crease in its effectiveness is ensured by the rapid development of
new information technologies. First of all, it should be noted
that the increase in the volume of controlled parameters and the
deepening of the analysis of various data is due to the use of big
data technologies. Reducing the cost of accumulating large data
sets, checking them for compliance, analysis, development of
possible options for management actions is ensured by the
spread of management use of cloud information technologies.
In Ukraine, the so-called “complex information systems”, the
subsystems of which already perform part of the functions pro-
vided by the new concept of controlling, are getting widely used.
Traditional information support systems for management func-
tions such as, for example, SAP R/3 are improved by the manu-
facturer to perform system controlling tasks to achieve the high-
est level of enterprise management efficiency. This allows one to
state that the impact of I'T on the implementation of controlling
tasks is not one-sided. There is also feedback — because the in-
troduction of a new concept of controlling poses new challenges
to the developers of modern IT systems.

Conclusions. The conducted research confirmed that, al-
though controlling in the current sense is a natural develop-
ment of traditional controlling, it is transformed and acquires
new qualities under the influence of digital technologies and
adaptation to new conditions of production and management
activities. Therefore, the greatest efficiency of management
can be achieved only with the introduction of a new concept of
controlling. The definition of the new concept of controlling is
formulated, its prerequisites are detailed.

The new concept makes it possible to consider controlling
as a systematic coordination of management influences, en-
suring self-regulation of production and management activi-
ties by implementing a constant adaptation process to changes
in external and internal factors with permanent harmonization
of strategic and operational plans and integration of horizontal
and vertical monitoring.

Emphasis on the importance of the adaptation process to
changes in external and internal factors under permanent har-
monization of strategic and operational plans and integration
of horizontal and vertical monitoring led to the development
of a mathematical model of the adaptation approach.

This model consists in the mathematical representation of
the strategic plan as a movement along the response surface in
the space of external and internal factors. For the detection of
excessive deviation from the plan, in real time or according to
forecast data, a set of possible management actions is pro-
posed, and, in case of a negative result the method of adaptive
operational management is introduced. A mathematical ap-
proach is proposed for choosing the best option of manage-
ment actions by comparing them in pairs according to results
and consequences with each other and with the base option.

The expansion of opportunities for the implementation of
an adaptive approach in enterprise management as a result of
the implementation of a new concept of controlling is pointed
out. In particular, proposed ways of implementing an adaptive
approach to enterprise management in conditions of dynamic
changes are: adapting the enterprise’s strategy to new challeng-
es; constant coordination of changes in operational and strate-
gic planning stages; adaptive coordination of production and
management processes at all levels; adaptive coordination of
corporate information security requirements with unimpeded
provision of the necessary analytical information to managers
of all management levels and all structures of the enterprise;
adaptive coordination of the tasks of monitoring the imple-
mentation of changed plans and corresponding adjustment of
functions and tasks of management systems; ensuring proper
flexibility of the controlling system to organizational changes.

It is indicated that one of the consequences of the intro-
duction of the new concept of controlling is the use of the
practice of diversifying the company’s strategy. The imple-
mentation of a number of sub strategies will require their adap-
tation to changes in external conditions. The possibility of
implementing such a practice is due to the improvement of the
information and analytical tools of controlling and the evolu-
tion of its organizational support. A mathematized approach
has been developed to coordinate sub strategies and it is speci-
fied that the indicator of the development of diversification
can be used as an indicator of the enterprise’s adaptability.

The requirements for the introduction of a new concept of
controlling, its planning and organizational support for imple-
mentation are indicated. Two main methods of implementa-
tion of the adaptation approach are also indicated.

A basic block diagram of the implementation of the adap-
tation approach when introducing a new concept of control-
ling is proposed.

Further research is planned to be conducted in the direc-
tion of developing a software complex based on the proposed
models and adapting this complex to work as part of existing
information support systems for management functions.
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Merta. Po3ivpeHHs1 MOXJIMBOCTEN YITPOBAIXKEHHSI aarn-
TaLifHOTO MiAXOMy B YNpPAaBJIiHHI MiANPUEMCTBOM SIK HACi-
JIOK peaJtizallii HoBOi KOHIEIIIii KOHTPOJIIHTY B yMOBax LM~
poBoi ekoHOMiKu. Po3pobka mMaTemMaTHyHOI MOJeNi amanTa-
LiTHOTO Iiaxomy.

MeTtoauka. Y 10CikeHHI BAKOPUCTaHi 3arajibHi Ta cre-
LiaJIbHi METOIM TTi3HAHHS: aOCTPAKTHO-JIOTIYHOIO aHaji3y
IIJIsST BU3HAYeHHST HOBOI KoHmemnii KoHtpomiHry (HKK), ii
repeayMoB, HOBUX MOXJIMBOCTEH; iHAYKIIT i AeAyKIil I1st
BCTAaHOBJIEHHSI BaXXJTMBOCTI aNamnTallifHOTO TpoIecy, SK
cknanoBoi HKK, st rapMoHi3anii cTpareriyHux i omnepa-
TUBHUX IJIaHIB; MAaTEMaTUIHUX METOIB [UISI TIPENCTABICHHS
afanTaliiHOro MiaAXoay Y CTPYKTYPHO-JIOTIYHOMY BUIJISIII,
MPUIATHOMY JJISI BUKOPUCTAHHS B iH(OPMALIiHIX CUCTe-
Max; MEeTOJy y3araJlbHeHHs JIJIsl MPOMOHYBaHHS LUISIXiB pea-
Jli3allii aganTtaiiiHoro MilAXxoay; JIOTIYHOro abCTparyBaHHS
JUIs po3po0JIeHHSI MPUHLIMITOBOI CXeMU peastizallii ajanTa-
LiiTHOTO MiIxomy i TOCTiIKeHHS] MOKJIMBOCTI TUBepcudika-
11ii cTparerii, 3a y3rofxKeHHsI CyoCcTpaTeriii MiAmpueMCTBA.

Pesynpratn. 3ampomnoHoBaHe BM3HAUYEHHS HOBOI KOH-
LIeMIIil KOHTPOJIiHTY, AeTajli30BaHi ii mepeayMoBH. 3anporno-
HOBaHI LNUISIXM peaizallil aganTtaliifHoro miaxomy 10 yrpaB-
JIIHHS TATTPUEMCTBOM B yMOBaX IMHAMIUHUX 3MiH. YKa3aHo,
1110 HOBOIO MOXJIUBICTIO, sIKY BinkpuBae HKK, € Bukopuc-
TaHHs quBepcudikallii cTpaTerii miampueMcTBa i peaizalis
a/IanTaliifHOTO y3ro/KEeHHS CyOCTpaTeriii B yMoBax peajbHO-
ro yacy. YKaszaHo, 110 1K iHAMKaTop afanTaliiiHol CTpOMOX-
HOCTI MiAPUEMCTBA MOKHA BUKOPUCTATU TTOKa3HUK PO3BU-
TKy nuBepcudikanii. Ykazani Bumoru 3anpopamkeHHs HKK
i 1Ba OCHOBHI METOIM BUKOHAHHS aIalTalliifHOTO MiAXOy.

HaykoBa HoBm3Ha. PospobiieHa MmaTemMaTMUHa MOJEJb
afanraiiiiHoro migxony 3a peanizauii HKK. s y3romkeHHst
cyOcTpaTeriii po3po0JieHo MateMaTu3oBaHUi minxia. Po3po-
OsieHa MpUHIMIOBA OJIOK-CXeMa pealizallii aganTtaiiiiHOTo
MiAXOy MPU 3aMpPOBAIKEHHI HOBOI KOHIIETILii KOHTPOJIiHTY

IIpakTyna 3HauumicTs. Pesynbratv HOCHIIKEHHS MO-
KYTb OyTM BUKOPMCTaHi HayKOBLISIMU JUJISI BAOCKOHAJIEHHS
metoniB i iHcTpymeHTiB HKK i mpakTrkamu npu po3po0iii Ta
BIPOBA/KEHHI yIPaBIiHCbKUX iH(hOpMaLiiiHUX cUCTeM. 3a-
MPOITOHOBAHI MiIXOAW MO3BOJAThH 30iMBIINTH e(PEKTUBHICTh
KOHTPOJIiHTY.

KimouoBi cioBa: koumpoaine, ynpaeninus nionpuemcmaea-
Mu, yughposa ekoHomika, adanmayitiHuil nioxio
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