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Abstract. The purpose of this work is to research the problem of sustainability of the integrated technogenic
system in an innovative economy and “Industry 4.0”. The paper deals with the methods of assessing the level
of sustainable development of the integrated technogenic system as a family of models for eco-economic and
socio-humanitarian management of technogenic economic objects. The economic approach to modeling a sus-
tainable development is considered, which consists of the optimal use of limited resources and applies natural,
energy and resource-saving technologies to generate aggregate income. At the same time, the transition to the
information society leads to a change in the structure of aggregate capital in favor of human, increasing intan-
gible flows, flows of information and intellectual property. The problem of sustainable development through 7
main assets (capitals) that support the viability of socioenvironmental and economic systems is considered. The
concept of sustainable development, the system of global dimensions of sustainable development and the level
of sustainable development are defined. The presented methodology for the formation of humanitarian compo-
nent of technogenic regional production uses available statistic data. Application of these methods will improve
efficiency of managerial decisions in the technogenic regional production management, maximize benefits from
the use of innovations and define strategic innovative directions for regional development.

1 Introduction: problem analysis and
statement

The global goal of this research is to create a methodol-
ogy for making managerial decisions for sustainable, safe,
secure and viable development of environmental economy
and integrated technogenic systems and objects.

The concept of sustainable and safe development of
the state and individual regions allows to ensure stable and
balanced development of four sectors: economic, ecologi-
cal, social and spiritual and moral unity on the basis of in-
novative socio-humanitarian technologies, combining the
principles of economic efficiency, social security and en-
vironmental safety.

Currently, the issues of ecological, economic and
socio-humanitarian safe and sustainable development of
civilization have come to the forefront of scientific re-
search and public consciousness in general. Mankind has
reached the point where modern civilization, often called
technogenic-consumer, has found its hopelessness, when
it is necessary to seriously reconsider its basis and con-
sciously choose another, spiritual and ecological, devel-
opment strategy, otherwise humanity may be destroyed
from Earth due to global systemic crises that have erupted
in recent years. To solve this problem, humanity needs
to abandon a number of stereotypes and direct the vec-
tor of civilizational development to the formation of the
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sphere of mind (“noosphere” according to V.I. Vernad-
sky). The formation of the noosphere-ecological imper-
ative is associated with the formation of a society that
is able to ensure the coevolutionary and viable develop-
ment of civilization for planetary integrity. Sustainable
and safe development is impossible without the spiritual,
cultural and educational improvement of man himself.
The new model of civilizational development, which im-
plements non-traditional ecological, economic and demo-
graphic imperatives, must have a deeply humanistic so-
cial orientation. Such an approach to understanding the
noosphere requires the creation of a new model of sci-
ence, which should be based not only on a rational intel-
lectual approach to the ecosystem, but also based on its
spiritual and cultural components. At the same time, the
most important problem is the integration of science, edu-
cation and innovative technology based on the noosphere
paradigm of sustainable development.

The problem of studying the sustainable and safe de-
velopment of the state and individual regions in socio-
environmental and economic systems with humanitarian
components, i.e. on the basis of integration of 4 spheres
of activity and functioning of modern complex systems in
innovative economy (presented both in phase space and in
ESTI space – “education – science – technology – innova-
tion”), as well as in modern science in general, is the main
and relevant. Only the integration of methods of modeling
socio-economic, ecological, cultural, spiritual and other
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processes can ensure the sustainability and viability of the
entire system [1–7].

Also, note that a system-thinking and active person
usually forecasts and considers his/her performance re-
sults, compares his/her capabilities, considers environ-
mental interests, those of future generations and the need
for noospheric development.

The purpose of the paper is to study the problem of
sustainability of integrated technogenic system in an inno-
vative economy and to research the methods and method-
ologies for assessing the level of sustainable development
of the state and individual regions in order to ensure stable
and balanced development of four sectors: economic, eco-
logical, social and spiritual and moral unity on the basis
of innovative sociohumanitarian technologies, combining
into a holistic system the principles of economic efficiency,
social security and environmental security.

Description of key findings. Carrying out a compre-
hensive analysis of the sustainability of regional develop-
ment involves the use of criteria and indicators that allow
to obtain a reliable assessment of its level, direction and
intensity of change. However, economics has not finally
developed approaches to justify their choice, methods of
calculation, determination of patterns of development, etc.
The main disadvantage of the existing methodological pro-
visions is that they do not allow to fully assess the sustain-
ability of the region, the degree of influence of various fac-
tors on the level of its change and discrepancies with the
limit values. Different views among scholars dealing with
the problem of sustainable development of the region are
manifested in the choice of criteria that should be the basis
for assessing the sustainability of development.

We note that the general scheme of integration model
of steady safe ecological, economic, social and humanitar-
ian development of system is presented in [1–3, 6–8].

The paradigm of sustainable development, which pro-
vides a dynamic process of successive positive changes
that ensure the balance of economic, social and envi-
ronmental aspects, should be the basis for the formation
of approaches to solving the problems of territorial enti-
ties. This is especially relevant today, when the focus of
economic reforms is shifting to the level of regions and
strengthening their role in the implementation of economic
policy. The priority approach in the implementation of re-
forms at the regional level should be the belief that the
development of the territory should not be equated with
its economic development. It is impossible to consider the
region developing steadily only on the basis of increase of
economic indicators. Sustainable development should be
aimed at achieving a high quality of life, with a positive
dynamic of indicators. The priority of the new stage of
economic change is the innovative modernization of the
regional economy.

It is believed that the term “sustainable development”
is inherently innovative, because for the continuous, stable
operation of any system in changing environmental condi-
tions, it must constantly increase the degree of organiza-
tion, adapting to these changes, i.e. generate new forms
and mechanisms of stability support.

The transition to sustainable development requires rad-
ical transformations, at the center of which is the socializa-
tion, greening and humanization of all major human activ-
ities, changing his consciousness and creating a new “sus-
tainable society”. Such changes must take place purpose-
fully, consciously, taking into account socio-economic,
political, technical and other conditions. In general, the
level of sustainable development of the technogenic re-
gion is due to the interaction of factors’ groups of socio-
economic, environmental and innovative nature.

Socio-economic factors include: production and re-
source potential (labor, material, financial, raw materi-
als, fixed capital, etc.), market (factors of demand, sup-
ply and distribution; interpenetration of regional, national
and world markets), strengthening the social function of
the state, income level (propensity to consume, save, in-
vest), education and health care, social protection, level
and quality of life, level of environmental awareness.

The environmental aspect of sustainable development
implies the rational use of natural resources (subsoil, ex-
traction of natural resources, forest, water, land fertility,
wildlife) on the principles of their economy, efficiency of
recreational capacity and investment in environmental ac-
tivities. This approach to sustainability means the maxi-
mum reduction of their use, the search for substitutes, the
widespread introduction of resource-saving technologies.

Innovative factors include intellectual potential (ideas
and knowledge, which turn into new sources of raw mate-
rials and power; information), scientific and technical po-
tential (substitution technologies, technological activity),
investment in innovation.

Thus, sustainable development means that the socio-
economic system ensures the dynamic stability of its prop-
erties, applying at the same time the whole set of fac-
tors that affect the level of competitiveness of the region’s
economy.

The system of indicators that characterize the sustain-
able development of the technogenic region can be iden-
tified as criteria for assessing the above factors. Lead-
ing international organizations are elaborating indicators
of sustainable development: United Nations, World Bank,
Organization of Economic Cooperation and Development
(OECD), European Commission, Scientific Committee
on Problems of the Environment (SCOPE) and others.
Among individual countries, the experience, scale, dura-
tion and complexity of a system of sustainable develop-
ment indicators in the United States and the United King-
dom should be particularly noted. These countries began
this work at the governmental level in the mid-1990s.

2 Main results

The problem of sustainable development on the basis of
the “hexagon” of fixed assets, which support the activity
of SEESM [1]. The main assets that support the viabil-
ity of integrated SEESM are the following 7 factors: S –
Social capital; Φ – Financial capital; N – Natural capital
(land, water, etc.); K – Physical capital (fixed assets); L
– Labor resources; H – Human (intellectual) capital; I –
Institutional factor (resource).
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The generalized production-technological function
(PTF) can be represented in general as a nonlinear func-
tion:

Y(t) = F[K(t, L(t),H(t),N(t),Φ(t), S (t), I(t);~c]. (1)

It can be used to analyze the sustainable development.
The level of sustainable development (SDL) will be as-

sessed using the index Isdl, which is calculated as the sum
of indices for four areas: economic (Ieco), ecological (Iecl),
social (Isoc) and humanitarian (Ihum) with the appropriate
weight coefficients, that is:

Isdl = α1Ieco + α2Iecl + α3Isoc + α4Ihum,

α1 + α2 + α3 + α4 = 1, αi ≥ 0, i = 1, ...4 (2)

Each of the indices Ieco, Iecl, Isoc and Ihum is calculated
using well-known in international practice indices and in-
dicators.

Using the arithmetic mean form of construction of the
generalized indicator at decrease of social and economic
indicators and at increase of ecological ones, the leveling
of a threatening situation is possible. Therefore, the con-
tent of the considered indicator is more consistent with the
geometric mean value, which reflects the proportionality
between the indicators. In addition, the considered indica-
tors will reflect the real situation in the region. The level
of sustainable development of the region can be calculated
by the following formula:

Isdl =
4
√

[α1Ieco × α2Iecl × α3Isoc × α4Ihum]. (3)

In particular, the level of sustainability of economic
development of the region can be determined by the fol-
lowing formula:

Ieco = 5
√

In × Iu × IΦ × Im × Inp, (4)

where Ieco – the level of sustainability of economic devel-
opment of the region; In – level of production component
of regional development: innovation, labor, financial and
natural resources; Iu – the level of innovation component
of regional development; IΦ – the level of the financial
component of regional development; Im – the level of the
labor component of regional development; Inp – the level
of natural resource component of regional development.

This construction of the indicator will reflect the im-
portance of each of the considered components: eco-
economic and socio-humanitarian subsystems (spheres) in
the performance of the objective function. A change in
any of the private indicators leads to a change in the value
of the aggregate indicator and captures a change in the
steady state of the region. In the general case, all indi-
cators change over time, i.e. have a certain dynamics.

Simple conditions for sustainable development (SD)
are defined as follows:

1) condition of weak stability:

dF[·]
dt
≥ 0 or Ft+1[·] ≥ Ft[·], (5)

where Ft[·] = F[K(t), L(t),H(t),N(t),Φ(t), S (t), I(t), ~c].

2) condition of strong stability:

dF[·]
dt
≥ 0, N = NC + NS and

dNC

dt
≥ 0, or NC

t+1 ≥ NC
t ,

(6)
where NC – critical part of natural capital, and NS –
natural capital, which can be replaced by artificial.

For example, given critical natural capital NC , sustain-
able development can be supplemented by a time limit on
depletion of this value. For a time-decreasing production
function, the arguments of which are aggregated variables:
labor – L, capital – K and natural resource N, we will have
the ratio:

Ft(K, L,N) ≤ Ft+1(K, L,N) (7)

or, in the general case:

F(K(t), L(t),H(t),N(t),Φ(t), S (t), I(t), ~c) ≤
≤ F(K(t + 1), L(t + 1),H(t + 1),N(t + 1),

Φ(t + 1), S (t + 1), I(t + 1), ~c) (8)

And it also requires compliance with the condition of
not decreasing in time the value of NC , i.e. Nt = NC

t + NS
t ,

as well as the condition of partial replacement of natural
capital N by artificial NS (or non-renewable resource for
renewable resource): Nt = NC

t + NS
t .

The integrated level of sustainable development for all
capital (resources) can be defined, for example, in the case
of linear dependence as:

Ysdl(t) = c1K(t) + c2L(t) + c3H(t)+
+c4N(t) + c5Φ(t) + c6S (t) + c7I(t), (9)

where c1, c2, c3, c4, c5, c6, c7 weight (normalizing and scal-
ing) coefficients.

In the general case, the integral level of sustainable de-
velopment can be represented as a nonlinear function:

Ysdl(t) = Fsdl[]K(t), L(t),H(t),N(t),Φ(t), S (t), I(t), ~c].
(10)

Private versions of the PTF model:
a) Mankiw-Romer-Weil model. Option of accounting

for human capital H in the production function (PF), along
with physical capital (K), labor (L) and natural (N) re-
sources:

Y(t) = Kα(t) · Hβ(t) · [A(t) · L(t)]1−α−β, (11)

where α, β > 0, α + β < 1; H; A(t) – function of scientific
and technological progress. Note that α is a part of capital
provided by investment growth (capital costs); β is similar.

b) Model of accounting for all fixed assets:

Y(t) = A(t)Kα(t)·Lβ(t)·Hγ(t)·S ρ(t)·Φq(t)·Nτ(t)·Iν(t), (12)

where α, β, γ, ρ, q, τ, ν > 0 and α+β+γ+ρ+q+τ+ν = 1.
The following notations are also used here: K – physi-

cal capital, L – labor, H – human capital, S – social capital,
Φ – financial capital, N – natural resources (land, water,
etc.), A(t) is a function of the level of scientific, techni-
cal and technological development, for example, A(t) =
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aT S (t), where T (t) – volume of innovative technologies
(resources).

The system of global measurements of sustainable de-
velopment. An important problem in implementing the
concept of sustainable development is the formation of a
system of measurements (indices and indicators) for quan-
titative and qualitative assessment of this complex process.
The main requirements for this system of measurements
are its completeness of information and the adequacy of
the presentation of the interconnected triad of components
of sustainable development. Well-known international or-
ganizations and numerous scientific teams are currently
working in this direction, but unambiguous coordination
of this system of measurements has not been achieved yet.

Here is a system of measurements of sustainable de-
velopment, proposed by the Institute for Applied System
Analysis of Igor Sikorsky Kyiv Polytechnic Institute [2, 9].

The level of sustainable development is assessed us-
ing the corresponding Isdl index, which is calculated as the
sum of indices for four areas: economic (Ieco), ecological
(Iecl), social (Isoc) and humanitarian (Ihum) with the appro-
priate weight coefficients.

Of course, all indicators that affect the components of
these indices, as well as these indices themselves, are mea-
sured in different units and have different interpretations.
Therefore, they are reduced to a normalized form so that
their changes, as well as changes in the indices themselves,
were in the range from 0 to 1. In this case, the worst val-
ues of these indicators will correspond to numerical values
close to 0, and the best – will bring these values closer to 1.
This rationing allows you to calculate each of the indices
Ieco, Iecl, Isoc and Ihum in the form of the average sum of its
components with the appropriate weight coefficients.

1. The index of economic area (Ieco) is formed from
two global indices:

a) the index of competitive development (the index of
competitiveness – Ic), developed by the organizers of the
World Economic Forum. This index is calculated annually
for 117 economies of the world and is published in the
form of the so-called “Global Competitiveness Report”.
The competitiveness index is formed from the following
three indicators: the indicator of technological develop-
ment of the country; indicator of civil institutions and in-
dicator of macroeconomic environment. These three indi-
cators are calculated based on the use of 47 data sets of the
state of technology and innovation development, the level
of information and communication technology, the level of
R&D spending, the level of foreign investment, the level
of business independence from government, the level of
corruption in the country, etc.;

b) index of economic freedom (Ie f ), which was de-
veloped by the intellectual center of the Heritage Foun-
dation. It is published annually in the Wall Street Jour-
nal. The index of economic freedom is formed from the
following ten indicators: the country’s trade policy; fiscal
burden from the government; government intervention in
the economy; monetary policy; capital flows and foreign
investment; banking and financial activities; pricing and
remuneration policies; private property rights; regulatory
policies; informal market activity. These ten indicators are

calculated based on the use of 50 sets of various economic,
financial, legislative and administrative data.

2. The index of ecological area (Iecl) is assessed us-
ing the well-known ESI (Environmental Sustainability In-
dex), calculated by the Center for Environmental Law and
Policy at Yale University (USA) for 146 countries. The
ESI index is formed of 21 environmental indicators, which
were calculated based on the use of 76 sets of environmen-
tal data on the state of natural resources in the country,
the level of environmental pollution in the past and today,
the country’s efforts to manage environmental conditions
characteristics and more.

The ESI index quantifies a country’s ability to pro-
tect its environment, both in the current period and in
the long run, based on the following five criteria: the
existence of a national environmental system; possibility
to counteract environmental influences; reducing people’s
dependence on environmental influences; the country’s so-
cial and institutional capacity to respond to environmental
challenges; the possibility of global control over the envi-
ronmental state of the country. In addition, this index can
be used as a powerful tool for decision-making on an ana-
lytical basis, taking into account the social and economic
areas of sustainable development.

3. The index of the social area (Isoc) is formed by av-
eraging three global indices:

a) Index of Quality and Safety of Life (Iq), developed
by the international organization Economist Intelligence
Unit. This index is formed using the following nine indica-
tors: GDP per capita at purchasing power parity; average
life expectancy of the population; rating of political sta-
bility and security of the country; the number of divorced
families per 1,000 population; level of public activity (ac-
tivity of trade unions, public organizations, etc.); differ-
ences in latitude between warmer and colder regions of
the country; unemployment rate in the country; the level
of political and civil liberties in the country; the ratio be-
tween the average wages of men and women.

b) Human Development Index (Ihd), used by the
United Nations Development Program. It is formed with
the help of the following three indicators: the average life
expectancy of the country’s population; level of education
and standard of living of the country’s population, mea-
sured by GDP per capita at purchasing power parity (GDP
per capita).

c) Index of a knowledge-based society, or K-society
(Iks), developed by the United Nations Department of Eco-
nomic and Social Development. This index is determined
by three main indicators: intellectual assets of society; de-
velopment prospects of society and development quality
of society, which are formed by 15 data sets on the level
of youth education and information, investment climate in
the country, corruption, inequality of material and social
benefits (GINI-index), the level of child mortality, etc.

4. Methods of forming the humanitarian index
(IDXHUM or Ihum) [10] An urgent problem is the forma-
tion of a methodology for calculating the humanitarian
index, which has an available statistical basis and, along
with other indices, can be used in modeling and to assess
the level of sustainable development of regions. There-
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fore, the task is to develop a methodology for forming a
humanitarian index to assess the level of sustainable de-
velopment of the region. The basis for the formation of
the humanitarian index is directly the input data, which in
some way is aggregated into parameters. The parameters
are aggregated into indicators, and the indicators already
make up the humanitarian index.

The information base for the formation of the human-
itarian index was the data of the State Statistics Service
of Ukraine for the period from 2000 to 2014. 87 items of
input data were selected, which were aggregated into 22
parameters. The parameters were aggregated into 10 in-
dicators, and the indicators were aggregated into one hu-
manitarian index.

In order to be able to compare regions without being
too subjective, the values of all input data were calculated
per capita of the permanent population of a particular re-
gion for a particular year.

Input standardization was performed, after which the
“worst” value of the input data corresponded to the value
“0”, and the “best” – the value “1”. When the “best” value
of the input data corresponds to their largest value, stan-
dardization is carried out according to the formula:

IDS T
i (REG jYRk) =

IDOR
i (REG jYRk)

max
REG j

(IDOR
i (REG jYRk))

, (13)

i = 1...87, j = 1...27, k = 2000...2014,

where IDS T – standardized input data values, IDOR – orig-
inal input data values, REG – region, YR – year. In the
case when the best values of input data correspond to their
smallest values, standardization is carried out according to
the formula:

IDS T
i (REG jYRk) = 1 −

IDOR
i (REG jYRk)

max
REG j

(IDOR
i (REG jYRk))

, (14)

i = 1...87, j = 1...27, k = 2000...2014,

where IDS T – standardized input data values, IDOR – orig-
inal input data values, REG – region, YR – year.

“Preliminary” weight coefficients were calculated for
the input data WCPR(IDS T

j (REG j)) using the principal
component method. The “preliminary” weight coefficients
were reduced to a single value by the mean formula:

WC(IDS T
i ) = 1/27

∑
j

WCPR(IDS T
j (REG j)), (15)

i = 1...87, j = 1...27,

where WC – input data weight coefficients, WCPR – “pre-
liminary” weight coefficients of input data, IDS T – stan-
dardized input data values, REG – region. The sum of the
input data weight coefficients for each parameter is always
equal to one.

Regarding the calculation of parameter values, the pa-
rameter value is equal to the sum of the values of all input
data included in it, multiplied by the corresponding weight
coefficients.

For example:

PRM1(REG j,YRk) =

3∑
i=1

IDS T
i (REG jYRk) ·WC(IDS T

i ),

PRM4(REG j,YRk) =

18∑
i=9

IDS T
i (REG jYRk) ·WC(IDS T

i ),

PRM12(REG j,YRk) =

44∑
i=40

IDS T
i (REG jYRk) ·WC(IDS T

i ),

j = 1...27, k = 2000...2014,

where PRM – parameter, IDS T – the standardized values
of the input data, WC – the weight coefficients of the input
data, REG – region, YR – year.

A total of 22 parameters are used. As with
the input data, “preliminary” weight coefficients
WCPR(PRMi(REG j)) were calculated for the param-
eters using the principal component method. The
“preliminary” weight coefficients were also reduced to a
single value by the mean formula:

WC(PRM j) = 1/27
∑

j

WCPR(PRMi(REG j)), (16)

i = 1...22, j = 1...27,

where WC – weight coefficient of the parameter, WCPR

– the "preliminary" weight coefficient of the parameter,
PRM – parameter, REG – region. The sum of the weight
coefficients of the parameters for each indicator is always
equal to one.

The values of the indicator are the values of the pa-
rameters included in it, multiplied by the corresponding
weight coefficients. Here are some of the formulas:

IDT1(REG j,YRk) =

3∑
i=1

PRMi(REG j,YRk) ·WC(PRMi),

IDT4(REG j,YRk) =

14∑
i=10

PRMi(REG j,YRk) ·WC(PRMi),

IDT10(REG j,YRk) =

22∑
i=21

PRMi(REG j,YRk) ·WC(PRMi),

j = 1...27, k = 2000...2014,

where WC – the weight coefficient of the indicator, WCPR

– the “preliminary” weight coefficient of the parameter,
IDT – indicator, REG – region, YR – year.

For the indicators, “preliminary” WCPR(IDTi(REG j))
weight coefficients were calculated using the principal
component method. The “preliminary” weight coefficients
were reduced to a single value using the average value for-
mula:

WC(IDTi) = 1/27
∑

j

WCPR(IDT j(REG j)) (17)

j = 1...10, j = 1...27,
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where WC – the weight coefficient of the indicator, WCPR

– the “preliminary” weight coefficient of the indicator,
IDT – indicator, REG – region. The sum of the weight
coefficients of the indicators that make up the humanitar-
ian index is always equal to one.

The value of the humanitarian index is equal to the sum
of the values of all indicators included in it, multiplied by
the corresponding weight coefficients, and is calculated by
the formula:

IDXHUM(REG j,YRk) =

10∑
i=1

IDTi(REG jYRk) ·WC(IDTi),

(18)
j = 1...27, k = 2000...2014,

where IDXHUM – humanitarian index, IDT – indicator,
WC – weight coefficient of the indicator, REG – region,
YR – year. The values of humanitarian indices IDXHUM
were calculated for the period from 2000 to 2014 for the
regions of Ukraine.

3 Conclusion

The integration model of sustainable development is
shown as a family of models for the creation of integrated
information systems of ecological, economic and socio-
humanitarian management of various socio-organizational
systems and especially economic objects of technogenic
nature to ensure sustainable and viable development. The
economic approach to modeling sustainable development
is considered, which consists of the optimal use of limited
resources and applies natural, energy and resource-saving
technologies to generate aggregate income. At the same
time, the transition to the information society leads to a
change in the structure of aggregate capital in favor of hu-
man, increasing intangible flows, flows of information and
intellectual property.

The problem of sustainable development through
7 main assets that support the viability of socio-
environmental and economic systems is considered. The
concept of sustainable development, the system of global
measurements of sustainable development and the level of
sustainable development are defined.

The method of formation of the humanitarian compo-
nent with the use of available statistics, which is described
by the humanitarian index and is included in the models of
quality condition indices (IQC), is presented. The use of
these methods will increase the efficiency of solutions in
the management of technogenic regional production, will
increase the efficiency of the use of innovations and will
identify areas of innovation strategies of the regions.
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