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Abstract

The increase in the influence of market mechanisms in the economy, the deepening of integration processes
and access to world markets as a result of the transition from a planned economy to market forms of management
have increased the task of achieving and maintaining a high level of competitiveness for domestic enterprises.
Solving this problem requires a deep functional analysis and, based on it, making a balanced multi-criteria
structured decision using the mechanism for evaluating the effective formation and use of resources of construction
enterprises as specific operational systems of development management.

The main requirements that are put forward to the methods of modeling the risks of the financial and
economic activity of the enterprise are the adequacy of the assessment under conditions of information uncertainty,
adaptability to the country, time period, specific industry, taking into account the unique features of the enterprise,
its economic and managerial specifics, accounting for quantitative and qualitative factors.

This article proposes a project-vector approach to building development management systems. The objective
function of optimal control of the project-vector environment of construction enterprises is proposed.

The results of the assessment can be used to develop the project management system and its transition to a
new level. The evaluation of excellence can be carried out according to the model developed by the International
Project Management Association. To ensure success in improving the organizational system for managing
projects, programs and portfolios, the top management of the organization needs to determine the primary goals,
establish and maintain communications with stakeholders, analyze the possibility of measuring excellence in this
period, and consistently implement further improvements. Model excellence assessment focuses on a holistic
analysis of project management in an organization. This model is based on the concept of organizational
competence in the field of project management, which involves the analysis of both individual competencies and
the organization's values (“assets”).

The need to develop a complex methodological approach to assessing the financial condition of enterprises
based on the application of the theory of fuzzy logic is proven. The conceptual basis of modeling the financial and
economic activity of the enterprise and with further prospects for determining the appropriate level of risk are

considered.

Keywords: construction enterprise; transformation of operating systems; digitalization methodology; project
administration of digital transformations of construction system, building development.

A decisive factor in the success of an organization
is the ability to respond to changes in the environment,
harmonizing with them the desire to survive or the de-
sire for development. At the same time, global trends
confirm that tasks related to the development of organ-
izations can be successfully solved through projects.
Therefore, the project of transformational changes in
the operational activity of the construction enterprise at
the stages of its implementation life cycle is considered
in the concept of the development management pro-
cess, which is aimed at changing the existing business
processes of the organization, and the rules of their
transformation are determined by the development pro-
cedure, which requires generalization and formaliza-
tion.

In the context of the rapid development of technol-
ogy and the intellectualization of labor, the main tool
for forecasting, planning and management are working
mathematical models of operated systems. It is known
that the construction of mathematical models for com-
plex, open, developing systems begins with the process
of their structural decomposition.

The organizational and technical system is under-
stood as an automated system for managing resources,
data, models, which ensures the management of all in-
formation and related processes throughout the entire
life cycle of the control object.

The number of organizational and technical sys-
tems is determined by a specific the project system, but,
as a rule, the presence of design, production and opera-
tional systems is mandatory. Accordingly, we will dis-
tinguish:

* a design system consisting of a subsystem for
managing design work, a design model and a design en-
vironment;

* production system, consisting of production
management, production model and production envi-
ronment;

* an operational system consisting of a subsystem
for managing the operation and maintenance of the
technical system and the operational environment

The problem of decomposition is that in complex
systems there is no one-to-one correspondence between
the law of functioning of subsystems and the algorithm
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that implements it [1]. Therefore, a decomposition var-
iant is formed, where the system is displayed as a hier-
archical structure of subsystems.

When constructing a structural decomposition, the
main problem is the observance of two contradictory
principles:

« completeness (the problem should be considered
as comprehensively and in detail as possible);

« simplicity (the whole tree should be as compact
as possible).

It should be noted that the decomposition should
be limited at the stage of transition to the description of
the internal algorithm of the subsystem functioning in-
stead of the law of its functioning. In this case, we are
talking about changing the level of abstraction, i.e. go-
ing beyond the structural decomposition of the system.

In modern methods, the decomposition of the
model to a depth of 5-6 levels is typical. One of the sub-
systems is usually decomposed to such a depth. Func-
tions that require this level of detail are often very im-
portant, and their detailed description provides the key
to the basic operation of the entire system [2].

It has been proven in general systems theory that
most systems can be decomposed into basic represen-
tations of subsystems. These include: serial connection
of elements, parallel connection of elements, connec-
tion using feedback [3].

Let us take the concept of its life cycle as a refer-
ence point for the decomposition of a complex the pro-
ject system. The life cycle describes the state of the sys-
tem in different periods of time, starting from the emer-
gence of the need for this system and ending with the
moment of its collapse.

Emax |

Emin_ _

Representation of the life cycle of a the project
system in a structured form (in the form of a hierarchi-
cally decomposed object into its constituent parts), one
of the necessary conditions for the effective implemen-
tation of the process of its management in the interests
of various participants.

We propose the following periods of the life cycle
of a the project system (Fig. 1):

* period of system development;

* period of target functioning;

a period of progressive degradation.

The activities of the development period are asso-
ciated with research, planning, design and

production activities, target functioning is associ-
ated with professional activities aimed at maintaining
the specified indicators of system efficiency over time,
and the period with gradually developing degradation
is associated with the curtailment of project activities,
restructuring of the system and other actions leading to
the termination of the existence of the system in this
form.

The ongoing changes in the system under external
influence accumulate, as a result, the the project system
loses stability and moves to a different trajectory and
develops further within other boundaries of stability.

Such a loss of stability in systems theory is called
a bifurcation, and the moment of a break in the trajec-
tory, or transition, is called the bifurcation point. Based
on external and internal conditions, a particular system
can go through several bifurcation states, which, as a
result, will determine the trajectory of its life cycle.

Let us demonstrate one of the possible variants of
the trajectory of the life cycle of a complex the project
system (Fig. 1).
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Fig.1. System life cycle trajectory:
| - period of development of the project system;
Il - period of target functioning;
111 - period of gradually developing degradation;
1-5 - possible trajectories of the life cycle of the project system

Consider the trajectory of the life cycle based on
the totality of external and internal conditions at the
time of the birth of the the project system. The begin-
ning of the development of the project system goes
along trajectory 1, but very quickly there are changes
in important parameters for its development in the ex-
ternal or internal environment. The efficiency of the Es
system decreases and the system is forced to switch to

the trajectory 2 closest to it, corresponding to the new
conditions. For some time, the system develops stead-
ily, but the changes taking place in the external envi-
ronment accumulate so quickly that the control subsys-
tem does not have time to make timely, effective deci-
sions and the life cycle trajectory changes the trend.
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Thus, the development of the project system like
any other complex dynamic system, proceeds accord-
ing to the following scheme. Until some time, the sys-
tem develops along a given trajectory, there is a slow
accumulation of new features, the system passes into a
more stable state - the period of target functioning, and
at some point its development loses stability or con-
sistency with the development of a higher-level system,
the transition to the trajectory occurs gradually devel-
oping degradation.

When studying the behavior of the project sys-
tems, it should be remembered that any system under
consideration is just an element of some other, also
non-linear dynamic system. And these systems, devel-
oping according to their own laws, determine many
properties and circumstances of the development of
their subsystems [4].

In connection with the foregoing, we note that the
period of the target functioning of the the project sys-
tem is the interaction of a number of organizational and
technical subsystems, each of which consists of a con-
trol system, a control object and an environment.

Indeed, any the project system is a kind of integ-
rity, in which, as in the evolution of any non-linear dy-
namic system, periods of calm development are re-
placed by a period of bifurcations, a period of transition
from one development channel to another. At the same
time, its organization is in constant motion, from spas-
modic fluctuations to a relatively stable state.

The functioning of any material system is aimed at
its preservation by using all available potential. In this
case, development involves constant updating of forms
and types of activities depending on changes in tech-
nologies, value orientations, behavior in the markets of
both consumers and competitors. It is related to any
changes occurring in the organization and its relations
with the surrounding world. Thus, the following pattern
appears: if the organization does not function, it cannot
develop, and if it does not develop, it cannot function
[5; 6]. Therefore, one of the urgent tasks of manage-
ment is the development of organizations due to a
quick, clear and adequate response to market changes
by releasing new (modernization of old) products, in-
troducing new production and sales technologies, reen-
gineering, improving the internal management system,
using the latest marketing approaches, etc. As a result,
development becomes an effective market mechanism
for managing modern organizations, being a way of
preserving enterprises and companies, helps to create
new niches in the market, increase consumer loyalty,
etc. [7; 8].

Many important decisions related to the vision of
the organization's goals and operations arise from a se-
ries of questions related to the development of a strate-
gic position. The answers to them lead to making deci-

sions about development, which is most often an atyp-
ical activity of the organization, but affects it and can
change it [9].

Let the functioning of the organization be ensured
by a set of business processes P={p;,ps,P3,.--,Ps}-

During development, these processes are transformed
into a set of new business processes
N ={nq,n5,N3,...,n }aimed at preserving the organi-
zation in difficult economic conditions, i.e., a transfor-
mation of the type is implemented:

f:P—>N, VnjeN 3p;eP:f(p))=n;, (1)

where the display rule will be set by the organiza-
tion's development management procedure. The basis
of the development management procedure is a de-
scriptive multi-level model of the interaction of ap-
proaches (a model based on the analogy of Euler's cir-
cles), proposed in [11] for solving goal achievement
tasks in project management based on a system of bal-
anced indicators (Table 1).

The structure of the model of the process of eval-
uating the content and stages of transformational
changes allows changing the indicators, taking into ac-
count the field of operation of the enterprise (including
construction, if the operational activity of the enterprise
consists in the execution of general construction
works), the state of economic development and the
changing influence of the external and internal work
environments of sub object of management. The hier-
archy of the proposed model allows to simplify the pro-
cess of evaluating the effectiveness of the implementa-
tion of investment and construction projects.

According to the algorithm, proposed in work, at
the first level, with the help of the "Balance Sheet" and
"Report on Financial Results", the set of K - initial input
parameters is formed. These parameters correspond to
the financial ratios that are used to predict the compa-
ny's insolvency: ki — equity; ko — currency of the bal-
ance sheet; ks — raised capital; ks — absolutely liquid as-
sets; ks — current liabilities; ke — current assets; k7 —
long-term payables; ks — current assets minus invento-
ries; kg — net income; k1o — accounts receivable; ki, —
accounts payable; ki2 — cost of goods sold; ki3 - material
reserves; kis — non-current assets; kis— gross profit; kis
— net profit. The second level involves the formation of
a set X of evaluation parameters of transformational
changes based on a set K (Table 1). At the third level,
set X ensures the formation of such parameters as fi-
nancial stability (Y1), liquidity and solvency (Y>), busi-
ness activity (Y3) and profitability (Ya). At level A, the
decision Zj is identified, which determines the effec-
tiveness of transformational changes in operational ac-
tivity construction enterprises, from the set of possible
states j=1,...,J.
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Table 1

A set of evaluation parameters of the effectiveness of transformational changes in the operational activity
of construction enterprises

Indicator

| The formula for calculating

Financial stability

Coefficient of independence

1 Ky /Ky

Coefficient of financial stability

) Ky /Kg

Coefficient of financial stability

Xy | (Ki+ky )k,

Coefficient of maneuverability and own resources

X, (ki —Kqq )/ Ky

Coefficient of provision of own working capital

x5 | (Ki—Kpg)/Kg

Liquidity and solvency

Monetary solvency ratio Xg Ky [ Ks
Estimated solvency ratio X, ke / Kg
Critical liquidity ratio Xg kg / Kg

The ratio of receivables and payables

Xg klO /(k5+k7)

Asset mobility ratio

xlo k8 / k14

Business activity

Asset turnover ratio

x| Ke /K,

Accounts receivable turnover ratio

X, | KoKy

Accounts Payable Turnover Ratio

13 k9 / k11

Inventory turnover ratio

14 k12 / k13

The turnover ratio of fixed assets

xl5 kg / k14

Equity turnover ratio

16 | Ko /K

Profitability

Cost effectiveness

xl7 k15 / klZ

Profitability of sales

15 | Kis 1 Kq

Profitability of all assets

10 | Kis 'k,

Return on equity

x20 kle / kl

It should be noted that today, many organizations,
in the course of their activities, are limited, unfortu-
nately, only to monitoring compliance with the budget
and deadlines, and very little attention is paid to other
criteria for the effectiveness of project management.
Therefore, the value of the results of this activity is
highly questionable. It is in the context of economic tur-
moil that comes the understanding of how low the de-
gree of perfection of the project management system is,
what advantages the organization should take ad-
vantage of, what shortcomings need to be eliminated -
in other words, what needs to be done to make the pro-
ject management system meet the requirements of to-
day. The assessment of the excellence of an organiza-
tion in the field of project management can be charac-
terized as follows: it is “the analysis, certification and
assessment of the level of quality, excellence or com-
petence of an organization and individuals in the field
of project management according to certain criteria ...”
[14]

This assessment defines the organization's status
quo in project and program management and is based
on specific norms, standards or regulations that help an-
swer questions about what needs to be reviewed and
how to review.

Let us consider in more detail the assessment of
the perfection of the project management system in the
organization. The project management system is under-
stood as "a system of rules, organizational structures,
processes, methods and regulations for planning, mon-
itoring and managing projects.” When an organization
intends to evaluate excellence, the expected benefits of
the process are often overstated, but there is also a high
level of skepticism about the costs and possible side ef-
fects. What opportunities are realized through the as-
sessment of excellence and what risks are most likely?
First of all, the state of project management in the or-
ganization at the moment is assessed - the state "as is".
The results of this assessment allow management to
draw a conclusion about the level of development of the
project management system in the organization. Next,
using a reference model or standard, set the goal to be
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achieved, that is, describe the “as it should be” state,
and by comparing the “as is” and “as it should be”
states, assess the strengths and weaknesses of the or-
ganization and determine the steps, needed to move the
organization from the “as is” state to the “as it should
be” state. It should be noted that the evaluation of ex-
cellence can help set the direction for action, but the
implementation of any activities, as a rule, is not an in-
tegral part of it. The reference model can also be used
to define a long-term strategy. Excellence assessment
is also used to orient management to make the best de-
cisions regarding the direction of development and the

necessary investments in the project management sys-
tem. Often, analytical work reveals elements of good
management practice that can be used in the creation of
new standards.

Excellence assessment can be both internal, car-
ried out by the organization itself, and external, which
involves external organizations. The external assess-
ment of excellence also includes certification of the or-
ganization's compliance with a certain level (class) of
project management, carried out by an authorized cer-
tification body (Table 2).

Table 2

A fragment of the table of expert-diagnostic assessment of the developer's activity according to the up-
dated system of business indicators of the multi-project environment

3 Prospect

3.1|Strategy

Target opportunity to manage the project, prog

It will allow the manager to understand the strategy and strategic processes, which provides the
ram or portfolio in the environment

Assessments 1 | 2

3 | 4 | 5

3.2|Management, structures and processes

Target the structure and processes in projects,

It will allow the manager to effectively participate and manage influence, manage, understand
programs or portfolios.

Assessments 1 | 2

3 | 4 | 5

3.3|Compliance, standards and regulations

It will allow the manager to influence and manage on the basis of relevant, interconnected stand-
ards and rules within the framework of the permanent organization, legislation, standards and

Target norms, both in the organization and in society as a whole, to improve the organization's approach
to these areas of knowledge
Assessments 1 | 2 | 3 | 4 | 5

The results of the excellence assessment can be
used to develop the project management system and its
transition to a new level. Excellence assessment can be
carried out according to the model of the International
Project Management Association analyze the possibil-
ity of assessing excellence in a given period and con-
sistently implement further improvements.

The excellence assessment focuses on a holistic
analysis of project management in an organization.
This model is based on the concept of organizational
competence in the field of project management, which
involves the analysis of both individual competencies
and the organization's values (“assets”).

Its further specification makes it possible to obtain
a functional model of the project-oriented development
management procedure with:

— with in the framework of the system approach,
the current state of the organization is assessed and pos-
sible directions of development are determined;

- with the help of a project approach, projects are
formed, the system of goals of which is compiled in the
context of the development of the organization;

— the process approach helps to choose and imple-
ment a specific development project by carrying out
regulated and unified actions;

— the operational approach ensures the integration
of project results into operational activities with the
transfer of "best practices" to the functions (operations)
of the organization. Thus, the obtained model of man-
aging the development of the organization, formed on
the basis of the results of the interaction of systemic,

project, process and operational approaches, makes it
possible to implement the direction of development
within the allocated budget and with the use of deter-
mined resources with further integration of the results
into current activities. This helps to increase the con-
sistency of the decisions made and the effectiveness of
the application of typical methods in specific subject
areas.

The implementation of this scientific and method-
ological scheme is proposed to be carried out within the
framework of the vector approach to building a project
management system. Based on the presented classifica-
tion of projects, namely, traditional, operational and
procedural projects, it is proposed to identify the direc-
tions in which the products of information projects are
formed in the project-vector space by classes of vec-
tors: project-informational (for traditional projects),
project-procedural (for procedural project) and design-
technological (for operational projects). A set of
changes, which are the essence of the named projects,
will be represented by a set of vectors in some space.
We will call this space project-vector.

Two main advantages over other concepts for cre-
ating control systems can be seen from the vector ap-
proach.

First, it is a decomposition of a rather complex or-
ganizational-technical system of solving functional
tasks into simple, development-oriented components of
individual project entities, described by project-infor-
mational, project-procedural, and project-technological
vectors.
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Secondly, if it is possible to determine whether
this type of activity is implemented through a project,
then, accordingly, a project approach can be applied to
the implementation of this activity. And this allows you
to use a sufficiently powerful project management tool
to improve management processes.

The vector approach, in contrast to the matrix
(two-component) technologies of project management,
is an n-component structure (each component is one di-
mension of the project-vector space of the university),
which are based on different subsets of methods and
means of project management and implementation, but
collectively represent a unique, albeit differently ori-
ented, development process of both the internal envi-
ronment and product projects.

subject to restrictions:

the priority of the essence of the project-vector space

Based on the proposed representation of the pro-
ject-vector space, it is possible to proceed to the formu-
lation of the task of optimal management of the project-
vector environment of the university. The basis of this
management is the understanding that movement in the
direction of the coordinate axes of the project-vector
space is equivalent to the development of some compo-
nent of the project. Ego products, stakeholders, organi-
zation, technology, quality, and project management.
That will lead to a reduction in the terms of project im-
plementation, a reduction in cost and the achievement
of the required level of quality. Then the target function
of the optimal management of the design vector envi-
ronment of the project will have the form:

N, 30, [, - IAD t)dt - min,

Qi;

given maximum displacement rate in the Np direction (required development rate
at the moment t in the Nj direction);
is the length of the vector AD (the actual rate of development at the moment t in the

(1)
p,v,(t),o;,N,, A
where ,  — —measurement of the project-vector space;
O'] —
v, (1)
|(A7j),t)

direction Np).

The main tasks of the structure are the implemen-
tation of the policy and strategy of the project activity
of the system, the implementation of strategic decisions
and the implementation of tactical (situational) man-
agement.

Many researchers are inclined to single out indi-
vidual characteristics of a sociotechnical system that
are key to its effective functioning in modern condi-
tions, and at the same time could characterize the level
of structural interaction.

From the point of view of project management, the
following can be distinguished:

1) organizational awareness, based on the under-
standing by employees of their goals and the purpose
of the entire system, their constant readiness to share
with top management the full responsibility for the re-
sults of the implementation of a particular project;

2) an organizational management structure that
provides ordinary team members with real rights to par-
ticipate in project management;

3) a new approach to the development of jobs and
the role of the contractor in project activities;

4) new approaches to the maintenance and repair
of technical systems that are part of the socio-technical
system;

5) new forms and methods of training and retrain-
ing of personnel, a more flexible personnel policy
aimed at increasing the level of competence;

6) new criteria in assessing the economic effi-
ciency of using modern technology and investing in the
development of a sociotechnical system.

It is in the information aspect that the structural
interconnection of subsystems is manifested. Indeed,

operational, working information, reflecting the con-
tent of the subsystem, creates, forms and improves var-
ious, relatively stable structures. In turn, the newly
formed structures cause new cycles of operational in-
formation. And this happens until irreversible pro-
cesses begin in the system, leading it to a state of grad-
ually developing degradation.

Indeed, any socio-technical system is a kind of in-
tegrity, in which, as in the evolution of any non-linear
dynamic system, periods of calm development are re-
placed by a period of bifurcations, a period of transition
from one development channel to another. At the same
time, its organization is in constant motion, from spas-
modic fluctuations to a relatively stable state.

It is important to note that the subsystems we have
identified are characterized by different levels of organ-
ization, and, accordingly, the processes taking place in
them differ in the pace and intensity of information
flows.
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