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Pobomy npucesueno o0rpyHmyseannio meopemur-
HUX ACneKmié ma npaKmuuHoz0 3a0e3neueHHs OUiHKU
AKICHO20 PiBHA YNPAGIIHHA PO3GUMKOM NIONPUEMCME
3 Ypaxyeanuam 6nausy 306HIUHBLO20 MA SHYMPIUHBLO-
20 cepedosuwa.

Ymouneno nonsmivinuii anapam w000 ouinku axic-
HO020 PO36UMKY YNPAGAIHHA NIONPUEMCMEAMU, AKUU
00380715 00TPYHMOBAHO GU3HAMAMU PIBEHb YNPAGIIIH-
HA 34 3a2abHOBI00MUMU CKAAD0BUMU (eKOHOMIUHOT,
COuiaIbHoi ma exoJ0ziunoi), 00 AKUX 3anPonoHoeano
dodamu enepzemuuny cxaadosy. Ilooydosano noeuii
KonuenmyanvHuil nioxio 0o npouedypu ouinku aKocmi
YNPAasiHHs PO3CUMKOM 3a PIGHAMU, EMANU AKOi 3anpo-
NOHOBAHO PO3WUPUMU 3A: POPMYEAHHAM 0a3U OAHUX
3a pienamu ynpaeainna (Oepicasnuil, pezionanviuil),
eubip ma oyinka inouxamopis 3a cKk1a006UMU PO3CUM-
Ky ma cpepamu dianvrocmi, po3podra iHcmpymenmis
w000 noKpawenns ynpasainns. 3anpononosano inme-
epanvhull NOKAsHUKA, AKUL 6i0pPi3HAECMbCA 610 iCHYIO-
YUX MUM, WO OUIHIOE AKICMb YNPABIIHHA POIGUMKOM,
a ne pieenv poszsumxy. Ha eiominy 6i0 3anpononosa-
HUX paniwe iHmezpanvHuil NOKAZHUK 8PAXOBYE BNIUG
306HIUHBOZ0 CePedosUA 3a CKILA00BUMU POICUMKY MA
sHympiunb020 — 3a cpepamu 0iATLHOCMI NO KONCHIU
ckaaoogiii. Tomy, mae npaxmuuiy sSHAMUMICMb, OCKLb-
KU CMAe MONHCAUSUM NPOBOOUMU MOHIMOPUHZ MA BUSE-
JUSAMU He2AMUBHULL 6NTIUE YNPABIIHHA HA PO3GUMOK Ni0-
npuemcmea. Ha npuxnadi xoxcoximivnux nionpuemcme
BuU3HAUENHO CKAA0 tHouKamopis, AKi xapaxmepusyiomo
akicme ynpaeninna. Benuxy xinvxicmo induxamopis
CKOpOUeHO 3a 00NOM02010 MemOoOY eKCNEePMHUX OUTHOK,
wo nidsuwye o0Tpynmosanicmo eubopy. Inouxamopni
ouUinKu nody0oeamno UKIIOUHO 3a BIOHOCHUMU NOKA3-
Hukamu (indexcamu), wWo NOKpawye Y3z00ceHicno.
3a inmezpanvHum memooom nposedena ouinka iHou-
Kamopise 3a okpemumu CKaaodosumu ma y uiiomy. 3a
Qynxuicto Xappinemony nodyoosano wxany ouinku
AKICHO20 PIBHA YNPAGHIHHA PO3GUMKOM NIONPUEMCME.
Hoeuii nioxio wodo ouinku sxocmi ynpaeiinus pos-
BUMKOM NIONPUEMCME MA KOMNIEKC MAMEMAMUUHOZO
3a0e3neuenns npusede 00 PiBHOMIPHO20 eKOHOMIMHOZ0,
COUianbH020, €K0JI021MH020 i eHeP2eMmUuH020 PO3IGUMKY
nionpuemcms

Kntouoei cnosa: oyinka piens ynpasuinusa po3eum-
KoM, cucmema iHOUKAMOPHUX OUIHOK, CKJAAD06I po3-
8uUMKY, iHmezpanvHuil NOKAZHUK, WKANA OUIHKU
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1. Introduction

The activity of industrial enterprises is mostly influenced
by the management system, which is functioning at them. If
management does not reach a certain level, the company
faces the problem of instability and inefficiency of activity,
which indicates the imperfection of the management process.

Every country in the world and business entities aspire
to achieve sustainable development in the economy, social
sphere, not to worsen the environmental situation and save
natural resources. For industrial enterprises of different
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(http.//creativecommons.org/licenses/by,/4.0)

countries, the issues of energy supply are becoming most im-
portant every year, which is caused by the need to purchase
energy carriers at high rates. The cost of energy carriers
adversely affects the cost of production. That is why the is-
sue of energy supply and energy saving are important for the
countries, regions and industrial enterprises. There arises
the problem, which needs to be singled out when forming
a scientific approach to the evaluation of the quality of the
enterprise development management.

Modern theory of development management is imple-
mented based on the estimation of development by compo-



nents and directions of work (spheres of activity). If we imply
economic, social and environmental welfare by the develop-
ment components, the concept of “spheres of activity” was
not established at all. Changes in the components of develop-
ment arise as a result of the influence of factors-indices of ex-
ternal environment (macro- and meso-level), and in spheres
of activity — those of internal environment (microlevel).
That is, it is advisable to consider the interdependence of
the development of an enterprise, industries, regions and the
country in general.

There are many procedures for the development evalua-
tion based on the indicators that show the level of stability
on the research date and are the absolute indicators. This
approach does not show the quality of management devel-
opment, but only the level of achievement. Thus, the most
important practical task is to construct a system of indicator
estimates for determining the level of enterprise develop-
ment management as the effectiveness of management deci-
sions with respect to the previous period.

Thus, the relevance is related to the development of a
new approach for evaluating the quality of management of
development of industrial enterprises by levels. For this pur-
pose, it is necessary to clarify the theoretical basis of man-
agement of enterprise development and the practical content
— creation of the estimation procedure, integrated indicator
and indicator estimates on the example of coke plants. The
evaluation must take into account the specifics of operation
by components, spheres of activity and levels of management
(macro-, meso- and micro level).

2. Literature review and problem statement

In scientific articles, the problems of assessing the level of
management of enterprise development cover the following
issues.

The first problem of assessing the level of management
of enterprise development concerns the choice of evaluation
indicators — analytical or synthetic. In paper [1], analytical
indicators are the set of indices and synthetic ones are the set
of total indicators that characterize the efficiency of using
production resources in relation to the reference production.
According to the author’s opinion, the synthetic approach is
simple and allows comparing the degree of company’s activ-
ity by sustainability criteria.

This approach is subjective by nature, as the indicators of
reference production are not constant and unite only a few
areas of enterprise development.

The analytical approach is based on using absolute indi-
cators characterizing the level of achievement. In this case,
indicators can be inconsistent with each other by dimension.
In addition, there arises the problem if the values of indica-
tors are true, because in scientific articles there are no clear
definitions regarding the sources of obtaining information.
Thus, the relationships between financial reporting of Span-
ish enterprises and European corporations are analyzed
in paper [2] focusing on reporting on corporative social
responsibility. It was proved that the Dow Jones Sustain-
ability Index (DJSI) has a more global nature and cannot be
applied to assess the development of enterprises. That is why
the authors of paper [2] propose to use the indicators that
are constructed according to the data of accounting reports.

Thus, there is a problem regarding the objectivity of
using the analytical approach to the assessment of the en-

terprise development management. Solution to the problem
at the level of enterprises is to use the indicators of financial
reporting, analytical and statistical accounts, regional re-
ports of the implementation of the development strategy and
annual reports of the industry operation. In addition, it is
proposed to use relative indicators that show the growth rate
of the index in the present period relative to the previous one
and characterize the management quality.

The second issue of assessing the level of management of
enterprise development concerns the quality and quantity
of the development components. At the same time, this is
the problem of not only enterprises, but also of an industry,
regions and countries in general.

The qualitative approach to assessing the level of de-
velopment management relates to studying certain issues,
namely: economic growth, population welfare and environ-
mental safety. Thus, in paper [3], the country’s development
strategies are explored and multiplied linear models of de-
pendences of the economic growth to overcome poverty and
income inequality are constructed. The advantage of the ap-
proach is simplicity and transparency of modeling. However,
this approach does not exclude the existence of a standard
error, which is the biggest in the case when poverty and
income inequality are zero and constant, and the economic
growth is the lowest.

Paper [4] emphasizes the importance of resolving the
problems of environmental safety, related to two types of
interests — protection of the natural environment and hu-
mans from negative consequences. The merit of the study is
establishment of the environmental and economic criteria of
indicator assessments, as well as the formation of indicators
by principles. Assessment of environmental safety is carried
out with the help of the system of indicator estimates, which
covers a large number of indicators, constituting a set of
indicators. The authors assess the effectiveness of environ-
mental measures through the modified indicators of net
income, internal return rate and payback period. The use of
the mathematical apparatus is not considered in the article.

Thus, the system of indicator estimates, which has a
lot of indicators, allows us to estimate the effectiveness of
management of enterprise development by components and
spheres of activity, take into account the influence of exter-
nal environment. However, the necessary procedure of grad-
ual formation of indicators, synchronization and evaluation
is necessary.

The issues of social responsibility, which are formed
according to the regional principle, are considered in re-
search [5]. The authors argue that the regional devel-
opment is dependent on the level of income and foreign
investments. The level of income of the population affects
the distribution of social benefits, and foreign investments
improve the state of social security. In research [5], the
solution of the issue of social responsibility is based on the
improvement of corporative management.

Thus, the qualitative approach to assessing the level of
development of business entities by separate components
helps not only analyze the state, but also proposes manage-
ment tools for its improvement. However, there arises the
problem of comprehensive analysis of the components and
the formation of a sequence of actions of estimation and
determining the management tools. To solve this problem,
the authors of the article propose to design a procedure for
evaluating the quality of management of development of
industrial enterprises.



The quantitative approach to assessing the level of devel-
opment management is based on the number of components
and indicators. The author of [6] focuses on three constitu-
ents of development (economic, social, and environmental)
and notes that the set of indicators is peculiar for each
country. At the same time, the degree of socio-economic
development is of great importance, as it concerns the finan-
cial resources, on which the presence of new technologies,
resources, skilled personnel and social security of the pop-
ulation depends. And on the other hand, the development
of a country is associated with the deterioration of the en-
vironmental situation, which is influenced by industrial en-
terprises. The merit of paper [6] is a historical description of
the formation and analysis of the results of implementation
of sustainable development, and the weak point is the lack of
research into evaluation indicators.

The indicators of development assessment by the eco-
nomic, social and environmental component for the Lithua-
nian industry of waste management are developed in paper
[7] to assess the tendencies in the industry development.
Three levels of sustainable development — low, medium,
high — were established. The multidimensional integrated
estimation of development stability proved that the econom-
ic growth has the greatest influence on the development of
Lithuanian enterprises. The article also analyzes the activi-
ties of Ukrainian metallurgical enterprises by the economic,
social, environmental, risk and market components. It is not-
ed that the risk component shows the influence of the factors
of external and internal environment on the development of
enterprises of the industry. The market component charac-
terizes the interaction between enterprises and society. The
authors proposed the index of sustainable development of
a metallurgical enterprise, which is calculated as the mean
geometric magnitude of integrated indicators of economic,
environmental, social, risk and market stability. The strate-
gic goals, the aim and the place in the strategic groups of the
industry are clarified based on the level of development of
metallurgical enterprises. However, paper [7] has the short-
comings in establishing the indicators by components. Thus,
the economic component includes the extent of the state
support for investment projects of the industry, the number
of innovative enterprises, and market component includes
the existence of the bodies that implement the management
of sustainable development. In paper [7], it was established
that in assessing the level of management of enterprise
development, it is advisable to consider the peculiarities of
production, competition and risks. An important conclusion
was made regarding the harmonization of economic growth,
social progress and environmental responsibility for achiev-
ing sustainable development. However, there is a problem of
clear consideration of the impact of the indicators by the lev-
els of management (macro-, meso-, micro-) and components
of development. It is advisable to redistribute the indicators
of the risk and market components, as the risk component re-
lates to production activity, and the market component con-
cerns functioning of the bodies of sustainable development
management and the social infrastructure of an enterprise.

In paper [8], only two components for enterprises —
economic and social — were separated. But the components
cover different directions of work, the essence of which is
advisable to determine. The economic component includes
industrial, technological, financial, marketing, management,
innovation and investment components. The social com-
ponents include personnel, social welfare and security, or-

ganization of labor, motivational, creative and intellectual
components. This clarification is positive and shows the
feasibility of considering the industrial and entrepreneurial
peculiarities, because they will be specific for each industry.
At the same time, different spheres of activity are explored
in scientific articles.

Thus, in paper [8], the components are specified for the
directions of operation that are further defined as “spheres
of activity”. The disadvantage of article [9] is that only two
components of development are analyzed. At the same time,
article [9] shows the existence of the problem of determining
the spheres of activity for each component of development
of an industrial enterprise. Indicators that characterize the
sphere of activity should take into account the specifics of
operation of enterprises, the state of production funds, finan-
cial resources, staff and others.

In article [9], the energy problems of industrial enterpris-
es are separated into a separate component, because opera-
tional activity is material and energy-intensive.

The authors of paper [11] insist on the importance of
innovations, emphasizing the expediency of technological
modernization conducted by industrial enterprises. Howev-
er, innovative activities are the major factor of development
that should be taken into account for each of the components.

Thus, there are difficulties that are related to determin-
ing the number of components, levels of management and
spheres of activity. The option of overcoming difficulties is
the following. Firstly, to consider the state (macro-), regional
and industry (meso-) management on the results of activity
of enterprises as the influence of the external environment
on functioning of each component. Secondly, to use four
components — economic, social, environmental and energy —
for industrial enterprises, because companies have a high
demand for energy carriers. Thirdly, to identify the most
important spheres of activity for each component, which will
help overcome difficulties in technical preparation of pro-
duction, cost reduction, increase in demand for products, etc.

Assessment of the level of management by components
of development is carried out using various economic and
mathematical, statistical, graphic and other methods. The
choice of the most effective estimation method is an import-
ant task for each enterprise.

In paper [10], the evaluation of technological moderniza-
tion of production is performed by the method of pairwise
correlation using the Kramer system. This approach allows
determining the confidence intervals of deviation of the as-
sessment point from the true value, but does not assess the
subsequent prospects of development.

In article [11], statistical methods include: aggrega-
tion, comparison, different by ways of aggregation (taking
or not taking into account the values of separate indica-
tors, statistical methods, expert estimations), by values of
indicators (absolute, relative, etc.). The merit of the study
is the formation of the stages of quantitative assessment
of sustainable development, establishment of indicators
in the form of stimulators and destimulators, and stan-
dardization of indicators. Development is evaluated by
the integrated indicator and the Harrington scale. The
disadvantage of this approach is that this paper explores
only the issue of regional development, rather than a sep-
arate enterprise.

Multi-dimensional regression, least squares method,
the dynamic model for assessing the effectiveness of the
pension reform, the level of salaries and other social issues



are explored in research [12]. The author considers the
solution to the problem under conditions of uncertainty of
economic development and uses the multi-factor model of
interrelated time series. Modeling the series of dynamics is
based on the use of the regression that clearly determined
the influencing factors but requires a great amount of sta-
tistical information.

The most popular method for assessing the development
of a country, regions, industries and enterprises is the inte-
grated method. The authors of [13] determine that many in-
dicators should be used to assess the enterprise development,
so the method of standardization of the integrated indicator
is proposed. However, two approaches are used in the for-
mation of indicators — quantitative and intuitive, which is
of subjective nature. There is a problem of the assessment
reliability.

Analysis of literary sources regarding the assessment
of the level of management of enterprises’ development re-
vealed some unsolved problems that are related to:

— the substantiation and the choice of indicators that
characterize the level of management of development of
enterprises by components and spheres of activity based on
financial, statistical and analytical reporting of enterprises;

— the influence of macro- and meso- management on the
components of enterprise development;

— the number of the components of development and
spheres of activity;

— the evaluation procedure and the system of indicator
estimates of the quality of the management of the enter-
prise’s development by levels.

Today, these problems remain unresolved, as scientific
papers consider the assessment of the level of sustainable
development of an enterprise, rather than the system of de-
velopment management.

3. The aim and objectives of the study

The aim of this study is to develop a new approach to the
assessment of the level of quality of management of enter-
prise development based on the assessment procedure, inte-
grated indicator and the system of indicator estimates. This
will determine the influence of each component separately,
and in general, on the level of management of development of
industrial enterprises.

To achieve the aim, the following tasks were set:

— to refine the conceptual apparatus for assessing the
level of management of industrial enterprise development
and to develop a procedure for assessing the enterprise de-
velopment management;

—to develop the integrated indicator of assessment of
the level of management of the industrial enterprise develop-
ment by four components, activity spheres and taking into
account the influence of the external environment on the
components;

— using the example of a coke plant, to determine the
indicators that characterize the state of development man-
agement by components and areas of activity taking into
account the mutual influence on the region, industry and
country;

—using an example of a coke plant, to carry out the
approbation of the assessment of the level of development
management by the integrated indicator and to construct
the evaluation scale.

4. Formation of theoretical foundations and practical
recommendations for evaluating the level of management
of industrial enterprises development

4. 1. Substantiation of conceptual apparatus concern-
ing estimation of the level of management of industrial
enterprises development

Modern theoretical basis of the system of management
of enterprise development covers the conceptual apparatus
concerning “development management”, “types of develop-
ment”, “development vector” and others [4].

The issue of assessing the level of management of indus-
trial enterprises development requires clarification of the
essence of some terms: process, level, assessment of the level
of development management, sphere of activity of enterprises
by components, etc.

That is why the main task of management is to control
the enterprise development, where by the term “develop-
ment”, it is proposed to imply the directed process of changes
in management quality, which ensures the achievement of
high performance.

As regards the term “the process of management of
enterprise development”, it is proposed to consider the
actions of the enterprise managers concerning ensuring
the sustainable economic, energy and social growth under
conditions of the environmental safety of operation of in-
dustrial enterprises.

The main task of the process of management of enterprise
development is development and implementation of manage-
rial decisions of the top managers regarding the formation
of stable and harmonious development of an enterprise ac-
cording to the economic, social, environmental and energy
components.

The concept of “level of enterprise development man-
agement” characterizes the quality of management by the
evaluation scale.

Assessment of the level of management of enterprise
development is the approach to determining the qualitative
state of management by every component and as a whole.
The approach involves the formation of a procedure, evalu-
ation stages, calculation of the integrated indicator and the
evaluation scale.

By the system of indicator estimates of the level of man-
agement of enterprise development, we imply a combination
of elements (indicators) into a single whole to determine the
level of attainability by components, spheres of activity and
levels of management (macro-, meso- and microlevel).

The integrated indicator is constructed by the compo-
nents, spheres of activity, management levels and takes into
account specific features of production and the impact of
environmental factors.

Assessment of the level of management of enterprise de-
velopment depends on management levels, which are divided
into macro-, meso- and microlevels, i.e. into the factors of
external and internal environment. In this case, the factors
of the external environment (macro- and meso-level) affect
the components of development, and the factors of internal
environment influence the spheres of activity.

By spheres of activity, we imply the directions of oper-
ation (production, investment, management and others) by
separate components and indicators of estimation of the level
of management of industrial enterprise development.

Indicators of assessment of the level of management of
development of enterprises characterize changes in indica-



tors that took place in the present time in comparison with
previous one, that is, they are based on relative indicators.

Thus, the improvement of the conceptual apparatus for
estimation of the level of management of development of en-
terprises, including industrial ones, was proposed.

4. 2. Formation of the system of indicator estimates of
the level of management of enterprise development

Analysis of literary sources has shown that there is a
system of indicator estimates of the environmental safety of
cities [4]. But it is imperfect due to the fact that it covers not
all components of the enterprise development and spheres
of activity, does not take into account the influence of ex-
ternal environment on the components. If we introduce the
economic, social, and energy components to the system, take
into account the interrelation between the country, regions,
industry and the enterprise, the system will have a structure
which is capable of operating when it comes to the quality of
development management.

The scientific papers, legislative acts and state strate-
gies [14] identified many principles for the construction of
sustainable development in a country, industry. regions, and
enterprises. These principles do not concern the formation of
the system of indicator estimates.

To form a system of indicator estimates, it is reasonable
to use four principles of the construction of a system of indi-
cator estimates — necessity, justification, effectiveness, and
systematic consistency. For example, as it is suggested in
paper [4], where three principles were established — neces-
sity, justification and effectiveness, but not for enterprises
and only for the environmental component of development.
Taking into account the practical experience of activity of
industrial enterprises, it is possible to propose the use of four
principles of the construction of the system of indicator esti-
mates — necessity, justification, effectiveness, and systematic
consistency.

For the system of indicator estimates of the level of man-
agement of development of industrial enterprises, the essence
of the principles is as follows. The principle of necessity shows
the importance of conducting the evaluation process. The
principle of justification is sufficiency in assessing the state of
an enterprise. The principle of effectiveness is conformity with
the degree of goal achievement (the highest level of develop-
ment). Systematic consistency is a sequence of actions to set
the structural links between the indicators that characterize
the interrelation and interdependence in the development of a
country, regions, industry and enterprises.

Based on the proposed principles, a procedure for assess-
ing the level of development management, which consists of
ten stages, was developed (Fig. 1). According to the prin-
ciples of necessity, justification and systemic consistency,
the databases are formed and indicators that characterize
the mutual impact on the activities of the country, regions,
sectors of the economy and enterprises are selected at five
first stages. Based on the principles of justification and sys-
tematic consistency, the questionnaire is designed, the num-
ber of experts is calculated and using the method of expert
assessments, the indicators are synchronized at the sixth
stage. At the seventh stage, the system of indicator estimates
according to the index method is constructed at the seventh
stage by the principles of necessity, justification and system-
atic consistency. Indicators characterize the ratio of the data
of the reporting period in relation to the previous period of
time. At the eighth stage, based on the principle of justifica-

1. Formation of database regarding
development of country, industry,
regions and industrial enterprises

!

2. Choice of indicators that
characterize the influence of
legislative acts on development of

enterprises

3. Selection of indicators that take
into account mutual influence on
development of industry and

enterprises

4. Selection of indicators that
characterize mutual influence on
development of regions where
enterprises operate

I

tion, the integrated indicator of evaluation of development
management by components and as a whole is calculated.

survying

6. Designing questionnaire,
substantiation of the number of
experts, choice of experts,
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7. Determining the system of
indicators by components,
spheres of activity and
management levels

!

8. Construction and calculation
of the integrated indicator of
assessing the level of enterprise
development by components
and as a whole

]

9. Determining the scales of
development and interpretation
of result and integration of

development scale and results
— interpretation

5. Choice of components and
selection of indicators of

assessment of the level of l
development management

10. Substantiation of tools of
management of activity of industrial
enterprise by directions of enhancing
the levels of development
management

Fig. 1. Procedure for assessing the level of management of
industrial enterprises development

At the ninth stage, the scale of estimation of the level
of management of enterprise development is substantiated
by Harrington function. At the tenth stage, the choice of
management tools to improve the level of development of
industrial enterprise management is substantiated according
to the principle of effectiveness and need.

Formation of the integrated indicator is carried out
according to four components of management development

(Fig. 2).

Integrated indicator of estimation of the level of
management of industrial enterprises development

Indicators of influence of external environment

Economic Social Environmental Energy
component component component component
Production L —
and Organizational Qualitative- ..
technological and staffing quantitative Pro\{lsmn of
indicators for the L primary |
- kinds of energy sources
fnvestment Economic environmental and water
and energy : d resources
— rovision protection an
Organizational P J waste
and > an
environment Use of
management
al safety of Financial- e secondary l
staff innovative energy sources
and cycle water
supply

Fig. 2. Integrated indicator of estimation of the level of
management of development of industrial enterprises for
components and spheres of activity

Next, consider the structure of the proposed integrated

indicator for the components and spheres of the company’s
activity (Fig. 2).



The economic component covers the production and
technological, investment, organizational and management
spheres of activity. The indicators of production and tech-
nological sphere of activity characterize the state of man-
agement of production funds, intangible and tangible assets,
technological process ete. The investment component shows
the effectiveness of management of financial resources, in-
cluding the own capital, aimed at improvement of production
funds, intangible and tangible assets.

The social component considers the issue of social re-
sponsibility of an enterprise to the employees, residents of
the region where the enterprise is located. Therefore, it in-
cludes the following spheres of activity: organizational and
personnel, economic and energy security and environmental
protection of the staff.

The environmental component covers the problems of
pollution and environmental protection, which is why it
is considered at the micro- and meso-level. The spheres of
activities of the ecological component are financial-inno-
vative and environmental protection with waste manage-
ment. Environmental measures require innovative products
— funds and technologies, and implementation — financial
resources.

The energy component is connected with the solution of
the problem of energy and water supply of production and
inhabitants of the region, where the company operates, ac-
cording to primary and secondary sources.

To substantiate the development indicators, the follow-
ing was taken into account:

1. Influence of the factors of external and internal envi-
ronment of enterprises on the results of activity.

2. Components of development, used for evaluation.

3. Existence of positive and negative impact on the re-
sults of operation of separate factors.

4. The method, by which the indicators are synchronized.

5. The method used to assess the enterprise development.

The approbation of the proposed system of indicator
estimates will be based on the example of coke plants (CP).

To take into account the influence of macro- and meso-
level regarding the management of industrial enterprises,
each of the proposed components includes the analysis of the
factors of external environment.

The originality of the proposed approach lies in the fact
that, based on four principles (necessity, justification, ef-
fectiveness, systematic consistency), the procedure and the
integrated indicator of the estimation of the level of man-
agement of enterprise development were constructed. This
approach differs from the previously proposed one by the fact
that it is based on the principles, complex of construction
and estimation of effectiveness of enterprise development
management. In addition, the integrated indicator has a
different form (structure) — indicators of the impact of the
external environment by four components (the energy com-
ponent was added) and by the spheres of activity for each
of them. The energy component was constructed by two
spheres of activity — provision with primary energy carriers
and with the secondary, which contribute to energy saving
at an enterprise. In contrast to the existing structures of the
integrated indicator, such sphere of activity as economic-en-
ergy supply and environmental protection of the personnel
was added to the social component. This approach allows
solving the problems of social responsibility of enterprises
on the problems of energy, economic and environmental pro-
tection of the personnel.

In the subsequent study, it is proposed to determine the
indicators that characterize the quality of development man-
agement by the structure of the integrated indicator on the
example of coke plants.

5. Approbation of the proposed system of indicator
estimates of the level of development management on
the example of coke plants

5. 1. Identification of the problems affecting the de-
velopment of coke plants and formation of the system of
indicator estimation

To determine the indicators by the components of devel-
opment of coke plants (CP), we will analyze the results of
their activity in 2017-2018 (Table 1). Coal is the main raw
material used for coke production.

Table 1

Analysis of statistic information by spheres of
activity of CP [15]

Deviation

Rela-
tive, %

No.| Indicators 2017 2018

Absolute

Coke produc-
tion of 6 %
1 | moisture con-
tent, thousand
tons

9,973.1 10,824.2 851.1 8.53

Production of
metallurgical
coke, thousand
tons

8,509.9 9,235.4 725.5 8.53

Average annual
capacity of CP
3 for .coke of 6 % 11.108.0

moisture con-
tent, thousand

tons

11,1311 +23.1 0.2

Volume of coal
supply from
Ukraine, thou-
sand tons

3,170.0 2,560.0 -610.0 |-19.24

Volume of sup-
5 | ply of imported
coal

13,790.8 11,9111 | -1,879.7 |-13.63

Utilization
of capital
investments,
thousand tons

598,518 958,940 | 360,422.2 |+60.22

Production of
coke gas from
the charge
thousand m?

231,8503.23(253,3942.77|+215,439.54| +9.29

Total exhausts,

thousand tons 18.775

19.315 +10.54 2.87

Coefficient of
frequency of to-
tal occupational

traumatism

0.87 1.88 +1.01 116.09

Average record-
10 | ed number of
staff, people

8,938 8,494 —444 -4.97

Average month-

13 ly salary, UAH

9,055.8 12,4774 | +3,421.6 | +37.8




In 2018, coal supply from Ukraine decreased by almost
20 %, and import increased by 13.63 % and is by 4.65 times
higher than coal supply from Ukraine.

Average annual capacity of the CP increased in 2018
by 23.1 thousand tons, but according to experts, [15], “the
average age of coke batteries as of 01.01.2018 was 28.02.
In total, 66.6 % of the operating batteries have the oper-
ation term of more than 20 years (normative term), and
7 coke batteries have the operation term of more than
35 years”. Despite this, the CP increase the production
of both coke with 6 % moisture content, and metallurgi-
cal coke.

Capital investments of CP in 2018 increased by more
than 60 % compared with the previous year, including: in-
vestments in new assets — by 199.75 %, the cost of overhaul —
by 30.79 %, the cost of reconstruction, modernization — by
41.28 %. The data indicate that the CP is actively engaged
in overhaul. All investments were made only with the funds
of enterprises.

The production of coke gas from charge in 2018 is
2,533,942.77 thousand m?, which is by 9.29 % more than in
2017. At the same time, 1,971,771.43 thousand m® was di-

rected to own needs, 136,343.76 thousand m? to third-party
consumers and 425,827.58 thousand m® were not used.

The CP is actively engaged in environmental protection,
but total emissions in 2018 increased by 2.87 % compared
with 2017.

Occupational injuries at the enterprises of “Ukrcoke”
increased. The average recorded number of personnel de-
creased by 444 people, and average monthly salary increased
by 37.88 % and equals to UAH 12,477.4.

Thus, the conducted study showed that the CP have
certain problems concerning the upgrading the production
funds, increasing profitability and cost effectiveness, in-
creasing environmental protection measures, reducing occu-
pational injuries, and the use of secondary energy resources.

Taking into account the identified problems, the pro-
posed procedure (Fig. 1) and the structure of integrated
index (Fig. 2), a list of indicators for evaluating the level
of management of the CP development was presented. The
indicators were grouped by the components and spheres of
activity in each component in accordance with Fig. 2, so the
name of the component and the sphere of activity in Table 2
are not marked with the code.

Table 2
Indicators of assessment of the level of management of the CP development
No. Indicator Code
1 2 3
1 Economic component of management of the CP development -
1.1 |Indicators that characterize the influence of external environment -
1. 1.1 | Growth rate of production output in metallurgy P1
1. 1.2 | Growth rate of process for imported coal P2
1. 1.3 | Growth rate of foreign investment in the activity of the CP P3
1. 1.4 | Growth rate of volume of coke sales in foreign markets P4
1. 1.5 | Growth rate of volume of coal purchasing in foreign markets P5
1. 1.6 |Instability of legislation of Ukraine regarding the entrepreneur activity P6
1.2 |Indicators the characterize the production and technological activity of the CP —
1.2.1 | Growth rate (fall) of volume of coal purchasing in markets of Ukraine P7
1.2.2 | Dependence of quality of charge on coal quality P8
1.2.3 | Wear and tear of main assets of the CP P9
1.2.4 | Upgrading of main assets of the CP P10
1.2.5 | Growth rate of coefficient of using production capacity of the CP P11
1.2.6 | Growth rate of coefficient of coke quality P12
1.3 | Indicators that characterize investment activity of enterprise
1.3.1 | Growth rate of activity profitability P13
1.3.2 | Growth rate of coefficient of covering the balance P14
1.3.3 | Growth rate of coefficient of debts P15
1.3.4 | Growth rate of coefficient of maneuvering P16
1.3.5 | Growth rate of profitability of own capital P17
1.3.6 | Growth rate of coefficient of assets turnover P18
1.3.7 | Growth rate of investments of the CP P19
1.4 |Indicators that characterize organizational management activity of enterprise —
1.4.1 | Growth rate of labor productivity P20
1. 4.2 | Growth rate of production profitability P21
1. 4.3 | Growth rate of costs of staff qualification upgrading P22
1. 4.4 | Growth rate of coefficient of effectiveness of management activity P23
1. 4.5 | Growth rate of coefficient of quality of performing the management functions P24
1. 4.6 | Growth rate of information availability P25
2 Social component of management of the CP development -
2.1 |Indicators that characterize the influence of external environment -
2.1.1 | Growth rate of minimal salary rate P26
2.1.2 | Growth rate of population employment in the country (region) P27
2.1.3 | Growth rate of tax load on salary of employees P28
2.1.4 | Growth rate of percentage of salary tax P29




Continuation of Table 2

1 2 3
2.2 |Indicators that characterize the organizational and staff component
2.2.1 | Growth rate of female number in personnel structure P30
2.2.2 | Growth rate turnover at the enterprise P31
2.2.3 | Growth rate the number of occupational injuries P32
2.2.4 | Growth rate of the number of employees with higher education P33
2.2.5 | Growth rate of average accounted number of employees at an enterprise P4
2.3 |Indicators that characterize economic-energy provision and environmental protection of the staff -
2.3.1 | Growth rate of salary of enterprise employees P35
2.3.2 | Growth rate of costs of labor payment in total costs of coke production P36
2.3.3 | Growth rate of costs of organizing social events of an enterprise P37
2.3.4 | Growth rate of measures for employee’s fitness enhancement P38
2.3.5 | Growth rate of costs of labor protection P39
2.3.6 | Growth rate of thermal energy supply of enterprise employees P40
2.3.7 | Growth rate of electric power supply of enterprise employees P41
2.3.8 | Growth rate of costs of environmental protection P42
3 Environmental component of management of the CP development —
3.1 |Indicators that characterize the influence of external environment —
Growth rate of capital costs of environmental protection of an enterprise to the growth rate of capital costs of envi-
311 ronmental protection in the industry PA3
Growth rate of current costs of environmental protection to the growth rate of current costs of environmental pro-

3.1.2 tection in the industry P
3.2 | Quantitative and qualitative indicators for the kinds of environmental protection and waste management -
3.2.1 |Growth rate of coke production to growth rate of exhausts of an enterprise P45
3.2.2 | Growth rate of waste that has been disposed of P46
3.2.3 | Growth rate of waste that was passed to third-party organizations P47
3.2.4 | Growth rate of waste disposal in industry to growth rate of waste at an enterprise P48
3.2.5 | Growth rate of existence of exhausts of hazardous substances of class 1 P49
3.2.6 | Growth rate of existence of exhausts of hazardous substances of class 2 P50
3.2.7 |Growth rate of existence of exhausts of hazardous substances of class 3 P51
3.2.8 | Growth rate of existence of exhausts of hazardous substances of class 4 P52
3.3 |Indicators that characterize financial-innovative environmental protection activity of the CP -
3.3.1 | Growth rate of capital investments in environment protection activity P53
3.3.2 | Growth rate of current costs of environment protection activity P54
3.3.3 | Growth rate of costs of overhaul of environment protection equipment P55
3.3.4 | Growth rate of environment protection measures P56
3.3.5 | Growth rate of ecological payments for exhausts ofcontaminants to the atmospheric air P57
3.3.6 | Growth rate of environmental payments of dumpingcontaminants to aquatic sites P58
3.3.7 | Growth rate of ecological payment of waste P59
3. 3.8 | Growth rate of enterprise exhausts to growth rate of ecological payment P60
4 Energy component of management of CP development —
4.1 |Indicators that characterize the influence of external environment -
4.1.1 | Growth rate of consumption of primary power sources in industry in industry, surface water, underground water, etc. P61
4.1.2 | Growth rate of tariffs for consumption of primary power sources in industry P62
4.1.3 | Growth rate of consumption of water resources in industry P63
4.1.4 | Growth rate of costs of consumption of water resources in industry P64
4.1.5 | Growth rate of population supply with secondary sources P65
4.2 |Indicators that characterize supply with primary power sources of and aquatic resources -
4.2.1 | Growth rate of power supply with energy carrier P66
4.2.2 | Growth rate of using electric power P67
4.2.3 | Growth rate of provision with water resources P68
4. 2.4 | Growth rate of costs of energy supply P69
4.2.5 | Growth rate of coke gas production P70
4.2.6 | Growth rate of power efficiency of the CP P71
4.3 |Indicators that characterize the use of secondary power sources and circle water —
4.3.1 | Growth rate of using secondary sources of thermal power for own needs of the CP P72
4.3.2 | Growth rate of circle water supply by an enterprise P73
4.3.3 | Growth rate of realization of coke gas to third-party organizations P74
4. 3.4 | Growth rate of using coke gas for heating coke batteries P75
4.3.5 | Growth rate of using coke gas for boilers P76
4.3.6 | Growth rate of using coke gas for other purposes P77
4.3.7 | Growth rate of unused coke gas P78




To substantiate the indicators (Table 2), consider the
causal relations. Indicators P1-P6 characterize the influ-
ence of the external environment on the activity of the CP.
Thus, the volume of coke production is directly dependent on
metallurgy (P1, P4), because coke is the main raw material
of metallurgical production. Prices for imported coal affect
the cost of coke (P2, P5), since they take more 85 % in the
cost structure. Foreign investments contribute to increasing
technical preparation of coke production (P3), but the CP
invests only its own funds. The instability of entrepreneurial
legislation increases the risks of its implementation (P6).

Indicators P7—-P12 estimate the management of pro-
duction and technological activity of the CP. The growth
rate, and recently there has been a fall, of the volume of coal
purchase of from the Ukrainian mines (P7) shows the man-
agement of material capacity of coke production. P8, P12
are the opportunities to improve the coke quality from coal.
P9, P10, P11 characterize the state of production funds and
the use of production capacity.

Indicators P13—P19 assess the quality of management
of investment activity of the CP by the liquidity of assets,
financial stability, profitability and turnover of assets. P13
characterize the management of assets liquidity, P14, P15 —
management of financial stability, P16, P17 — profitability
management, P18 — management of turnover of assets, and
P19 — of implementation of investment results.

Indicators that characterize the organizational-manage-
ment activity of the CP are P20—P25. The production orga-
nization is assessed by P20, P21, P25. Quality of managerial
activity is determined by indicators P22—P24.

P26-P29 are the indicators that characterize the in-
fluence of external environment on the social component.
These include: establishment of the state level of minimum
salary (P26) and percentage of salary taxes (P28, P29), as
well as the regional influence (P27).

Indicators that characterize the organizational-staffing
sphere of the CP activity are P30—P34, which take into ac-
count the changes in the average recorded number of enter-
prise employees (P34), level of education (P33), gender issue
(P30), personnel turnover (P31), the number of occupational
injuries (P32).

The article proposes a new structure of indicators
regarding the assessment of the level of management of
social protection of the CP staff — P35-P42, of material
provision — P35, P36, of social services — P37, P38, of labor
protection — P39, of power supply of workers — P40, P41, of
environmental safety — P42.

Indicators P43, P44 show the environmental impact on
the ecological component of the management of the CP de-
velopment as a ratio of the growth rate of capital and current
investments of an enterprise and the industry. This approach
is typical of coke chemical industry, which is a monopoly.

P45—-P52 are the indicators that characterize the man-
agement of qualitative and quantitative indicators by types
of environmental activity. P45 shows the dependence of
emissions on coke production, P46, P47, P48 are the actions
of the CP on waste disposal and transfer to third-party or-
ganizations. P49—P52 are the amount of harmful exhausts
by classes.

Environmental safety of enterprises requires innova-
tive products, repairs of existing equipment and financial
investments. That is why indicators P53—P60 characterize
investment, current costs, repair costs of environmental
equipment (P53—-P55). The growth of the need for envi-

ronmental measures (P56), an increase in environmental
payments (P57—P58), an increase in payments for waste place-
ment (P39), dependence of environmental payments on ex-
hausts of the CP (P60).

The influence of external environment on the ecological
component of management of the CP development is carried
out according to indicators P61—P65. They characterize the
conditions established by the state and industry regarding
the consumption of primary and secondary energy sources,
water resources for the CP and the population of the regions.

Indicators P66—P71 assess the level of provision, use, cost
and energy efficiency of primary energy carriers and water
resources, and indicators P72—P78 — of secondary ones.

Thus, the proposed structure of indicators differs from
the existing ones by the fact that it takes into account the
specifics of coke plants. Indicators of external environment
of the economic component assess the impact of the develop-
ment of coke chemistry and metallurgy, and prices for coal.
The indicator of dependence of the charge quality on the coal
quality and growth rate of coefficient of coke quality were
added to the indicators, which demonstrate the production
and technological activity of CP. The growth rate of capital
investment of CP was added to the indicators characterizing
the investment activity of an enterprise. The group of indi-
cators characterizing economic-energy supply and environ-
mental protection of staff was fully formed by the authors of
this paper. However, the new indicators in this group are the
growth rate of provision of the company’s employees with
heat and electric power, as well as the growth rate of the cost
of environmental protection. The growth rate of capital and
current expenditures of an enterprise on conservation mea-
sures to the growth rate of the industry were included to the
indicators that characterize the impact of the external envi-
ronment on the environmental component. This correlation
shows the achievement in solving environmental measures
by an enterprise in relation to the industry in general. The
rate of growth of coke production relative to the growth rate
of exhausts of coke plants, the growth rate of the waste that
was disposed of and transferred to third-party organizations
were added to the indicators characterizing the quantitative-
ly-qualitative indicators of the environmental component.
This approach shows the activity of an enterprise regarding
waste disposal and efficiency of using. The rate of growth of
consumption of primary sources of energy, tariffs, costs and
provision of population with secondary sources were added
to indicators that characterize the environmental impact on
the energy component. The indicators characterizing the
provision with primary energy sources and water resources
of directly of coke plants are the growth rate of coke gas and
energy efficiency of the CP. The indicators characterizing
the use of the secondary energy sources are related to the ac-
tivity of the CP on energy saving: replacing natural gas with
coke gas, using coke gas for own purposes and its selling, and
reversible water supply.

All these indicators are the innovative approach to the
formation of indicators for assessing the level of quality of
management of development of coke plants.

In total, there are 78 indicators, by which the impact
of the economic, social, ecological and energy components
on the level of management of the CP development is as-
sessed. The choice of the most important indicators was
conducted by the method of expert estimates. To do this,
the sample volume, the number of experts (8 experts), the
weight coefficient were calculated and the questionnaire



(city of Kharkiv, Ukraine) were invited. The importance of
the indicators was measured by the score of 1 to 10 points,
the fragment of calculation is shown in Table 3.

Based on the questionnaires of experts as for the compo-
nents, we obtained the results (Table 4).

was compiled. To reduce (synchronize) the indicators, the
experts-specialists — heads of enterprises of PJSC “Avdiivka
coke plant” (town of Avdiivka, Ukraine), PJSC “Zaporizh-
coke” (city of Zaporizhzhia, Ukraine), PJSC “Yuzhcoke”
(town of Kamenskoe, Ukraine), PJSC “Kharkiv coke plant”

Table 3
Fragment of calculation of estimation of the indicators of external environment of the economic component of
development management
No Expert Indicators
1 2 3 4 5 6
1 1 9 10 6 7 4 8
2 2 10 9 7 6 5 9
3 3 9 10 8 7 5 10
4 4 10 9 7 6 6 9
5 5 9 9 8 7 4 9
6 6 10 9 7 6 5 9
7 7 9 10 8 7 6 7
8 8 9 9 6 7 5 8
Total 75 75 57 53 40 69
Number of experts 8 8 8 8 8 8
Mean value 9.375 9.375 7125 6.625 5 8.625
Specific weight 0.2 0.3 0.15 0.15 0.1 0.1
Value of indicator 1.875 2.8125 1.0688 0.9938 0.5000 0.8625

Notes: 1 — growth rate of production volumes in metallurgy; 2 — growth rate of prices for imported coal; 3 — growth rate of foreign investment
in the CP activity; 4 — growth rate of coke sales volumes in foreign markets; 5 — growth rate of coal purchase volume in foreign markets;
6 — instability of Ukrainian legislation on entrepreneurial activity

Table 4
Results of ranking indicators by the economic component
No | Indicator Value
1. Indicators that characterize the impact of external environmental
1 Growth rate of imported coal 2.8125
2 Growth rate production output in metallurgy 1.8750
3 Growth rate of foreign investments in the CP activity 1.0688
4 Growth rate of volume of coke sale in foreign markets 0.9938
5 Instability of the legislation of Ukraine on entrepreneurial activity 0.8625
6 Growth rate volume of coal purchase in foreign markets 0.5000
2. Indicators characterizing the production and technological activity of the CP
7 Wear and tear of main assets of the CP 2.8125
8 Coefficients of coke quality 1.95
9 Dependence of charge quality on coal quality 1.21875
10 Upgrading the main assets of the CP 0.91875
1 Coefficients of using the production capacity of the CP 0.9
12 Growth (fall) rate of the volumes of coal purchase in the markets of Ukraine 0.8375
3. Indicators characterizing the investment activity of the enterprise
13 Growth rate of capital investment of the CP 2.775
14 Growth rate of coefficient of balance keeping 1.9
15 Growth rate of profitability of own capital 1.125
16 Growth rate of coefficient of debts 1.0125
17 Growth rate of coefficient of assets turnover 0.6375
18 Growth rate of coefficient of maneuvering 0.425
19 Growth rate of activity profitability 0.375
4. Indicators that characterize organizational and managerial activities

20 Growth rate pf labor productivity 1.975
21 Growth rate of costs of personnel qualification upgrading 1.95
22 Growth rate of coefficient of effectiveness of management activity 1.275
23 Growth rate of the coefficient of quality of performance of management functions 1.1625
24 Level of production organization 0.8625
25 Growth rate of information availability 0.8125




The consistency of experts’ opinions on the weight of
all indicators was determined by the concordance coeffi-
cients, which by the economic component are equal to 0.9,
that is, consistency is almost full. Similarly, the indicators
were selected for the social, environmental and energy
components.

5. 2. Integrated indicator of estimation of manage-
ment of development of coke and chemical enterprises:
construction and calculation

Based on the synchronization of indicators, the approach
for the construction and calculation of the integrated indica-
tor of evaluation of management of the CP development was
calculated (Table 5).

With the help of the questionnaire, experts selected the
indicators (Table 3, 4), which are the basis for the construc-
tion of the integrated indicator of the quality of management
of the CP development by levels (Table 5). Influence of the
economic, social, environmental and energy components on
the total integrated index of the estimate of the level of man-
agement of the CP development is carried out as the mean
geometric magnitude. The novelty of the proposed approach
is that the total integrated index shows the level of stability

Integrated indicator of assessment of level of

and harmony of the management of enterprise development.
In addition to the general index, the integrated indexes
for each component, spheres of activity and environmental
influence are calculated (Fig.2). In this case, the indices
by the components are the mean geometric magnitude of
aggregate indices. Based on the method of Laspares indexed
indicator in the numerator shows the data for the reporting
period, and the denominator for the basis period. That is why
the indicators that characterize the achievement of one or
another level of development management by an enterprise
are relative indicators, since each indicator is calculated as
the growth rate in relation to the previous period. In this
way, the indicator shows the quality of management develop-
ment, since if an indicator is lower than unity, the quality of
management is decreased compared to the previous period.
This approach makes it possible to avoid the inconsistency
of separate indicators by the measure of assessment (tones,
meters, hryvnias, number, etc.) and is based on specific re-
sults of the enterprise operation. The information provision
regarding the calculation of indicators is financial, statistical
reporting of an enterprise, an industry, a region, where the
company operates, as well as the data of the state statistics
service of the country.

Table 5

management of development of coke plants (CP)

Total integrated index of estimation of level of management of the CP development

Id = 4\ IEL' X IS[' X Ienc X Iegc

1. Integrated index of estimation of the economic component of management of the CP development

Iec = \/Ieen XIpL Xlia ><Iom

1 2 3
Aggregate index of estimation of impact of Gr - v, Gr,, is the growth rate of production output in metallurgy; v, V _,
external environment (Ie,): Tom V. are the production output in metallurgy in 7 and in n—1 year; Gr, is
_ the growth rate of prices for imported coal; P,, P, , are the prices for
Ieen = Grpm )(Grp Gr — Ry,/[),’,,_1 g p p in in—-1 p

imported coal in 7 and in n—1 year

2. Aggregate index that characterizes
production and technological activity of the
CP (1y):

1, =\Gr, xGr,

LA
6 =",

Gr,, =Cq,/Cq,,

Gr,, is the growth rate of wear of main assets; W, W, are the wear of
main production funds in z and in n—1 year; Gr, is the growth rate of
coefficient of coke quality; Cq,, Cg,_, are the coefficient of coke qual-
ity in # and in n—1 year

3. Aggregate index that characterizes in-
vestment activity of the CP (I;,):

I, =\Gr,; xGr,

Gr, =

Ve
Vcin71 ’

G, =C,/C

cn—1

G, is the growth rate of capital investments;
of capital investment in n and in n—1 year; Gr, is the growth rate of
coverage coefficient; C,,C, , is the coverage coefficient in 7 and in
n—1 year

Vo Voy are the volume

cin?

4. Index that characterizes organizational
and management activity
L, =6n,

j
=",

Gr,, is the growth rate of labor productivity; Ip,,pl,, are the labor
productivity in # and in n—1 year

2. Integrated index of estimate of social component of management of the CP development

Isc ='\3 Iee XIos Xleeg

1. Aggregate index of estimate of in-
fluence of external environment (I,,):

Iee = VGrms X Grtl

Gr,

ms

= msn
ms,_,’

Gr, =t Al ,

Gr,, is the growth rate of minimum salary; ms, ms,  are the mini-
mum salary in 7 and inn—1 year; G, is the growth rate of tax load; ¢/,,

tl, , are the percentage of salary tax load in z» and in n—1 year

2. Aggregate index that characterizes orga-

A

Gr,=""
nizational and stuff component (Z,s): "a AH,’
Ios =4 Gra X Grm er- = On/Onfl

Gr, is the growth rate of the number of average accounted number
of employees of an enterprise; A,, A,, are the average accounted
number in z and in n—1 year; G, is the growth rate of occupational
injuries at an enterprise; O,, O, are the number of accidents, respec-
tively in n and in n—1 year
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3. Aggregate index that characterizes the
economic and energy provision and environ-
mental security of the stuff (Z,,):

Iep =G, ><Grcp

2
- AS n
G’;s - AS,‘_1 '

Gr, =CP,/CP, ,

Gr, is the growth rate of average salary at an enterprise; AS,, AS,
are the average salary at the enterprise in 7 and in n—1 year; Gr,, is
the growth rate of costs of environmental protection; CP,, CP, | are
the costs of environmental protection in # and in n—1 year

3.Integrated index of estimate of environmental component of management of CP development

L,.= \3/Iiec XIqq XIfe

1. Index that characterizes the influence of
environment on the environmental compo-
nent (I, =Gr,;)

iec

Gr,=CI /I, ,

Gr,; is the growth rate of capital investments in environmental protec-
tion of the CP; CI,, CI, , are the capital investments in environmen-
tal protection respectively in # and in n—1 year

2. Aggregate index that characterizes the in- Gr,
fluence of qualitative-quantitative indicators G, = Gr,’
on the environmental component (1, ):

Gr,, is the growth rate of coke production to the growth rate of ex-
hausts of an enterprise; Gr,, is the growth rate of coke production;

Gr,, is the growth rate of exhausts; Gr, is the growth rate of disposed

protection activity of an enterprise (1 W)

I, =, /Grcp X Grep

Gr,, = Ep,/Ep,

I =.Gr, xGr, Gr, =V, Vot exhausts; V,,,, V., are the volume of exhausts that were disposed of
“ v ¢ in n and in n—1 year
3. Aggregate index that characterizes ce Gr,, is the growth rate of current costs of environmental protection ac-
financial and investment environmental Grq, =""Yec > tivity; CC,, CC,_, are the current costs of environmental protection
n—1

activity in n and in n—1 year; Gr,, is the growth rate of environmental

payments; Ep,, Ep,, are the environmental payments in n and in
n—1 year

Integrated index of estimate of energy component of management of the CP development

L =L} 1, X1,

1. Index that characterizes the influence of
environment on the energy component of
the CP development (1., =Gr, )

Pgi

Grpgi = Pgi /Pgi,,

ieg

Gr,, is the growth rate of consumption of primary energy sources
in industry; Pgi ,Pgi, , are the volume of primary energy sources in

industry in z and in n—1 year

2. Aggregate index that characterizes provi-
sion of the CP with primary energy sources
and water resources (I o)

I,= /Grengrcg

Gr,, = Ege, /Ege, ,

)

G, =C8,/C8,.,

Gr, is the growth rate of electricity consumption; Ege,,Ege, | are the
consumption of electric power in n and in n—1 year; Gr, is the growth
rate of coke gas production; Cg,, Cg,, are the volume of coke gas

production in 7 and in n—1 year

3. Aggregate index that indicates the use of
secondary energy sources and reverse water
supply (1,,):

1, =\Gr, xGr,

_5p,
Grsﬁ - Apm,

Gr,, = Rw,/Rw,_,

G, is the growth rate of the use of secondary energy sources; Sp,,
Sp,., are the volume of using secondary energy resources in n and in
n—1 year; Gr,, is the growth rate of using reverse water consumption;
Rw

Rw, , are the volumes of water supply in 7 and in n—1 year

n?

Thus, based on the identified problems in the activity of
coke plants and using the method of expert assessments, a
new approach to the formation of the integrated indicator of
assessment of quality of management of development of coke
plants was constructed. The integrated indicator is calcu-
lated according to four components that take into account
the influence of the external environment and spheres of
activity for each component by means of aggregate indices.
Aggregate indices are the relative indicators that character-
ize changes in the quality of management of the enterprise
development.

Approbation of the proposed methodological approach
to the calculation of the integrated indicator of assessment
of the management of development was carried out for the
CP — PJSC “Avdiivka coke plant”, PJSC “Zaporizhzhia coke
plant”, PJSC “Yuzhcoke”, PJSC “Kharkiv coke plant”. The
indicators were calculated for the period from 2014 to 2018,
the indicators for 2013 were taken as the basis of calculation.
The results of calculations of the integrated indicator are
shown in Tables 6-9.

According to Table 6, it is evident that PJSC “Avdiivka
coke plant” (PJSC ACP) makes a gradual improvement of

development management, which leads to enhancement of
operation efficiency. In 2014, the integrated indicator was
0.8210, in 2017 — 1.1827, and in 2018 there was a slight de-
crease — 1.1489. The enterprise has the lowest values by the
energy component — 0.4544 in 2014.

Table 6

Results of calculation of integrated indicator of
PJSC “Avdiivka coke plant”

Component Value | Value

Year without | with
1 2 3 4 root root

2014 | 0.8557 | 0.9391 | 1.2250 | 0.4616 | 0.4544 | 0.8210
2015 | 1.2984 | 1.4641 | 0.4645 | 1.0543 | 0.9309 | 0.9822
2016 1.1124 | 0.8435 | 0.7899 | 1.2289 | 0.9109 | 0.9769
2017 | 1.3764 | 1.3650 | 0.8713 | 1.1951 | 1.9563 | 1.1827
2018 1.1362 | 1.1824 | 1.1810 | 1.0983 | 1.7426 | 1.1489

The development of PJSC “Yuzhcoke” (Table 7) is car-
ried out not evenly, but it reaches the highest level — 1.1349
in 2018.



Table 7

Results of calculation of the integrated indicator of
PJSC “Yuzhcoke”

Component Value | Value

Year without | with
1 2 3 4 root root

2014 1.1996 | 0.9918 | 1.0641 | 0.9830 | 1.2445 | 1.0562
2015 1.0447 | 09322 | 0.1802 | 1.0854 | 0.1905 | 0.6607
2016 1.0050 | 0.9656 | 0.8651 | 1.0029 | 0.8420 | 0.9579
2017 1.1288 | 1.2147 | 0.4998 | 1.0395 | 0.7124 | 0.9187
2018 1.1022 | 1.3794 | 1.0705 | 1.0192 | 1.6589 | 1.1349

The enterprise has the highest values for the social com-
ponent — 1.3794 in 2018, and the lowest values — for the
environmental component — 0.4998 in 2017.

According to the calculation data (Table 8), PJSC “Za-
porizhcoke” carries out its activity inconsistently.

Table 8

Results of calculation of the integrated indicator of
PJSC “Zaporizhcoke”

Year Component w\i/taﬁlcl)it \\i‘jliltlile
1 2 3 4 root root
2014 | 1.1905 | 0.8518 | 1.1783 | 0.8338 | 0.9963 | 0.9991
2015 | 11912 | 1.1441 | 0.6046 | 0.9971 | 0.8215 | 0.9520
2016 | 1.2120 | 1.1236 | 0.6342 | 1.0514 | 0.9080 | 0.9761
2017 | 1.3061 | 1.0956 | 2.3396 | 1.0362 | 3.4691 | 1.3648
2018 | 1.1335 | 1.3769 | 1.1870 | 1.0238 | 1.8966 | 1.1735

Thus, in 2014, there was a decline to 0.9520, in 2015—
2017, there was an increase to 1.3648, and in 2018, the fall
to 1.1735. The highest value of the integrated indicator is by
the environmental component is 2.3396 in 2017, and lowest
is by the environmental component 0.6046 in 2015.

According to the results of calculation of the integrated
indicator (Table 9), PJSC “Kharkiv coke plant” has the low-
est rates in 2014 and 2018.

Table 9

Results of calculation of the integrated indicator of the
estimate of the level of management of development of
PJSC “Kharkiv coke plant”

Component Value Value
Year without | with
1 2 3 4 root root
2014 | 0.9556 | 1.0322 | 0.8583 | 0.9399 | 0.8040 | 0.9469
2015 1.8006 | 1.0505 | 1.1005 | 1.1670 | 2.4293 | 1.2484
2016 | 1.0318 | 1.0898 | 1.0470 | 1.0820 | 1.2739 | 1.0624
2017 | 09395 | 1.2893 | 0.9404 | 1.0173 | 1.1588 | 1.0375
2018 | 0.7549 | 1.0620 | 0.7940 | 0.9506 | 0.6052 | 0.8820

The highest level of development management was
reached in 2015 — 1.2484, and then there was a gradual fall
to the mark of 0.8820 in 2018. The company has the highest
integrated indicator for the economic component of 1.806 in
2015 and the lowest by it — 0.7549 was in 2018.

Generalizations of the integrated indicator are shown in
Table 10 and Fig 3.

The data in Fig.3 indicate that the coke plants of
Ukraine are developing differently. The largest enterprise is

PJSC “Avdiivka coke plant”, which has a stable tendency to
increasing the level of development. PJSC “Zaporizhcoke”
is not a stable enterprise, but it exceeded the level of man-
agement of development of PJSC “Avdiivka coke plant” by
0.0246 in 2018.

Table 10

Value of integrated indicator for plants by years

Value of integrated indicator by years

Name of enterprise

2014 | 2015 | 2016 | 2017 | 2018
PJSC “Avdiivka coke plant” | 0.8210 | 0.9822 |0.9769(1.1827|1.1489
PJSC “Zaporizhcoke” 0.9991 1 0.9520 [0.97611.3648| 1.1735
PJSC “Yuzhcoke” 1.0562 | 0.6607 [0.9579[0.9187| 1.1349

PJSC “Kharkiv coke plant”| 0.9469 | 1.2484 [1.0624[1.0375| 0.8820
Total 3.8232 | 3.8434 [3.9734|4.5037| 4.3394
Mean value 0.9558 10.9608 [0.99331.1259| 1.0848

PJSC “Yuzhcoke” also develops by jumps, but in 2018
it almost reached the level of management of development
of PJSC “Avdiivka coke plant”, the difference is 0.014.
PJSC “Kharkiv coke plant has had a tendency to decreasing
the quality of management development since 2015, because
this enterprise has the worst condition by the economic
component.
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Fig. 3. Dynamics of estimate of the level of management of
development of coke and chemical enterprises for
2014—2018

Thus, Fig. 3 shows the total level of management of the
CP development for five years, which was calculated from
formulas, shown in Table 5. PJSC “Zaporizhcoke” has the
highest level of management of development in 2017, and
PJSC “Yuzhcoke” has the highest in 2015. In 2018, the
level of management of development for PJSC “Avdiivka”,
PJSC “Zaporizhcoke” and PJSC “Yuzhcoke” is almost iden-
tical — more than unity. Only PJSC “Kharkiv coke plant”
has the level of management of 0.882.

5. 3. Substantiation of the scale of estimation of the
level of management of development of coke plants

In paper [11], it is proposed to construct the estimation
scale based on the Harrington desirability function, which
takes the following form [16]:

d=d(z,)=exp(-exp(-2,)), (1)
o= 5t )
Xy =X,



where z, is the code value of indicator; x, — of value
of indicator of output array; x;' and x/ are the lower
and the higher boundary of “satisfactory” in the existing
scale.

In paper [16], the lower boundary of the interval “satis-
factory” equals to the value of mean arithmetic magnitude,
and the upper boundary — to the total value of the arithmetic
magnitude and the magnitude of root mean square deviation.
Then, according to the rule of “three sigma”, approximately
1/6 part of the values of the integrated indicator fall into the
interval values of the function “satisfactory”, 1/2 — “bad”,
1/3 - “good”.

If the lower boundary on the Harrington scale is 0.2, the
function (1) will be written down as follows:

exp(—exp(-2))=0,2. 3)

Then qualitative assessment of the integrated indicator
of management of the CP development is calculated accord-
ing to the data of four enterprises (Table 9).

Table 11

Qualitative assessment of the integrated indicator of the
level of development management

Qualitative estimate of the index of
i the level of development management
Name of enterprise - -
LB Bad LfB Satis- | HB Satis- HB good
actory factory
PJSC “Avdiivka” 0.9601 1.0224 1.1535 1.2190
PJSC “Zaporizhcoke”| 1.0187 | 1.0931 1.2497 1.3281
PJSC “Yuzhcoke” | 0.8691 0.9457 1.1070 1.1877
PISC"Kharkiv | g 9763 | 10355 | 11509 | 1.2222
coke plant
Total 3.8242 | 4.0966 4.6701 4.9569
Mean value 0.9560 | 1.0242 1.1675 1.2392
Acceptable value 0.96 1.02 117 1.24

The generalized function of desirability of the level of
management of the CP development is the result of synthe-
sizing private functions of desirability of four coke plants,
which form the basis of its estimation scale (Table 12).

Table 12

Scale of estimation of the level of management of the CP
development

Qualitative evaluation of the Intervals of values of
index of level of management of quantitative evaluation of
the CP development appropriateness index
Very good >1.24
Good [1.17; 1.24]
Satisfactory [1.02;1.17]
Bad [0.96; 1.02]
Very bad <0.96

According to the scale of estimation of the level of
development management in 2018, PJSC “Avdiivka CP”
has satisfactory state, PJSC “Zaporizhcoke” — good state,

PJSC “Yuzhcoke” — satisfactory, PJSC “Kharkiv coke
plant” — very bad. Thus, the scale of evaluation of develop-
ment management characterizes the level of management
of enterprises, but has little discrepancy in the estimation
levels — 0.28.

6. Discussion of results of development and approbation
of the proposed system of indicator estimates of the
levels of management of enterprise development

In determining the level of management of development
of coke plants that follows from the obtained results (Ta-
bles 6-9), the influence of separate indicators by the compo-
nents of development — economic, social, environmental and
energy — is natural. This is due to the fact that coke chemical
enterprises must develop consistently, rather than solve only
the issues of increasing profitability. The problems of social
welfare of workers, environment protection and energy effi-
ciency of production (the use of coke gas and reverse water
supply) need solving. It should be noted that PJSC “Av-
diivka coke plant” implements its management over all de-
termined components and areas of management, which is
why there is a gradual increase and almost the highest level
of management.

Obviously, this approach allows monitoring the man-
agement of enterprise development according to the re-
porting data by the components and spheres of activity. A
simple mathematical apparatus, based on the methods of
mathematical statistics, contributes to timely correction
of managerial decisions to increase the level of existing
development. In this sense, the interpretation of the results
of assessment of the level of management of enterprise
development, shown in Fig.3, is of particular interest,
which proves the ambiguity and inconsistency of the CP
activity. This indicates the need to construct the tools of
management of development of industrial enterprises —
capitalization of incomes and expenses, occupational health
and environment, and increasing social responsibility of an
enterprise.

However, unlike the results published in paper [13], the
obtained data on the assessment of the level of management
of development of coke chemical enterprises enable assert-
ing the following. The system of indicator estimates of the
CP includes indicators for the development components
(economic, social, environmental and energy) and spheres
of activity. In addition, it considers the influence of the
environment by the levels of management (macro- and meso-
level). The proposed approach to functioning of the system is
based on the use of expert estimates, integrated method and
Harrington desirability function.

Such conclusions can be considered appropriate from
the practical point of view, because they allow a reason-
able approach to determining the level of management of
development and identify the problems in the management
of enterprises. The improvement of management requires
the necessary tools, by means of which the CP can achieve
the highest level of development — sustainable deve-
lopment.

The evaluation scale (Table 12) has a small threshold of
values, which imposes certain limitations on the use of the
obtained results and can be interpreted as the drawbacks
of this study. The impossibility to withdraw the mentions
restrictions within this study generates a potentially inter-



esting direction for further research. In particular, they may
be focused on setting intermediate scales of evaluation for
each of the components of development management — envi-
ronmental, energy, social and economic. This detection will
allow investigating the management of the CP development
by separate components, which significantly affect the be-
ginning of the “negative’ development.

7. Conclusions

1. The essence of the concept “management of enterprise
development” was refined. It differs from the concept of
“enterprise development” by the fact that it characterizes
the level of the quality of management development, rather
than the level of development as a whole. The clarification
allowed determining the concept of “the process of manage-
ment of the enterprise development”, which is based on four
components — economic, social, environmental and energy.
The factors of the environment and spheres of activity were
found to influence the components. The spheres of activity
characterize the directions of operation on improvement of
the development management by the corresponding compo-
nents. The level of development management is determined
using the system of indicator estimates.

The principles of formation of the system of indicator
estimates (necessity, justification, effectiveness, systematic
sustainability) were established, through which the proce-
dures for assessing the level of management of enterprise
development were constructed. The procedure differs from
the previously proposed ones by the fact that it covers the
entire complex of evaluation:

— includes the stages of the formation of the database by
management levels (macro-, meso-, micro-), by the compo-
nents and spheres of activity of an enterprise;

— takes into account the specifics of entity operation and
modern state of actives, passives, etc.;

— evaluates the quality of management of the enterprise
development by each component as a whole, which allows rea-
sonable formation of the tools of development management.

2. We constructed the integrated indicator of estimation
of the level of management of enterprise development, which
differs from the existing ones by components and spheres of
activity and takes into account the influence of the factors of
external environment on components. In this case, we spec-
ified the components of the management of development of
industrial enterprises — the energy component was added to
the well-known ones (economic, social and environmental).
It was proposed to consider each component by the spheres
of activity. The economic component covers the production
and technological, investment and organizational-manage-

ment spheres of activity. Apart from the organizational-per-
sonnel sphere of activity, the economic and energy provision
and environmental protection of the staff was added to the
social component. Quantitative and qualitative indicators
of the environmental component characterize the compa-
ny’s actions by the types of environmental protection and
waste management, as well as the financial and innovative
activities. The energy component of enterprise development,
which shows the enterprise’s provision with primary energy
sources and water resources and the use of secondary energy
sources and reverse water supply, was separated. Macro- and
meso- levels of management influence all the components,
which is manifested through the appropriate indicators of
the environment.

3. The system of indicator estimates was considered
on the example of coke enterprises. The indicators take
into account the specifics of the production activity, social
responsibility, occupational safety, environmental protec-
tion activity and energy saving of coke plants. That is why
the indicators are presented according to the components
and spheres of activity for each of them, as well as by the
levels of management. Indicators are relative, since they
are the rate of growth of the corresponding indicator in
relation to the previous period. The indicators show the
changes in the quality of the management of enterprise
development. The novelty lies in the comprehensive solu-
tion of the problem of establishing the indices by four
components and spheres of activity that take into account
the influence of the environment (macro- and meso-level)
on each component.

4. Approbation of the developed approach was carried
out on the example of coke and plants. Based on the obtained
results and the new approach to calculating the integrated
indicator, the calculations for four coke plants for the period
of 2015-2018 were carried out. The conclusion was made
that enterprises develop unevenly. PJSC “Avdiivka coke
plant”, which has a stable endency to increasing the level of
management of the enterprise development, pays most at-
tention in terms of the management of the economic, social,
environmental and energy development. PJSC “Zaporizh-
coke” is not a stable enterprise, but in 2018 it exceeded the
level of development management of the PJSC “Avdiivka
coke plant”.

According to the scale of assessment of the level of
development management, in 2018, only PJSC “Zaporizh-
coke” has a good management state, PJSC “Avdiivka CP”
and PJSC “Yuzhcoke” — satisfactory, PJSC “Kharkiv coke
plant” — very bad. Thus, the scale of assessment of manage-
ment development characterizes the quality of management
of enterprises, but has a slight discrepancy by the evalua-
tion levels.
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