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Abstract. Applying artificial intelligence methods, the paper frames the algorithm structure 
and software for the formalized determination of the type of distribution (automatic 
classification) of the probability density function and the vector of limit values by justifying 
theoretically security gradations and determining quantitatively security indicators. The 
methodological basis of the research is the applied systems theory, statistical analysis, and 
methods of artificial intelligence (cluster analysis). The study of the approaches applied 
showed the absence of a theoretical basis for determining security gradations and the absence 
of their theoretical quantitative justification. The theoretical basis for determining security 
gradations is the concept of an extended "homeostatic plateau", which connects three levels 
of security in both directions: optimal, crisis, and critical with spheres of positive, neutral and 
negative feedback. To determine the bifurcation points (vector of limit values), the “t-
criterion” method is used, which consists in constructing the probability density function of a 
“benchmark” sample, determining whether it belongs to the type of distribution with the 
calculation of statistical characteristics (mathematical expectation, mean square deviation, 
and asymmetry coefficient) and formalized calculation of the vector of limit values for 
characteristic types of distribution (normal, lognormal, exponential). To solve the problem of 
recognising (automatic classifying) the type of distribution of probability density functions of 
security indicators, artificial intelligence methods are used, namely, a discriminant method 
from the class of cluster analysis methods using quantitative and qualitative metrics: 
Euclidean distance, Manhattan metric and recognition by characteristic features. To digitize 
the determination of the vector of safety indicators limit values, an algorithm structure and 
software in the C++ programming language (version 6) have been developed, which ensures 
full automation of all stages of the algorithm and the adequacy of recognising graphic digital 
data with a predetermined number of clusters (types of distribution). A distinctive feature of 
the proposed method of formalized determination of the security indicators limit values is a 
complete absence of subjectivity and complete mathematical formalization, which 
significantly increases the speed, quality and reliability of the results obtained when 
evaluating the level of sustainable development, economic security, national security or 
national stability, regardless of the level of a researcher's qualification. 
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1. Introduction 
 
Limit values of indicators of the state of various components of national security and 
sustainable development are the most important tool for analysis, forecasting and strategic 
planning of security development. In a more general case, the theory of security assumes 
knowledge and interrelationship of safe conditions for the functioning of various security 
objects: space, technical, economic, social and ecosystems, without knowledge of which it is 
impossible to protect the vital interests of security objects. "The understanding of these 
dependencies led to the advancement of the anthropic principle in science and philosophy - 
one of the principles of modern cosmology, which claims that the world's physical constants 
are optimally appropriate for the emergence of the biosphere and the beginning of 
sociogenesis” (Kachinskyi, 2013). An interesting paradoxical explanation of the anthropic 
principle is given by Kazyutinsky and Balashchev (1989) "The presence of life, of which we are 
a representative, imposes a number of very strong restrictions on the properties of the 
universe." or "The universe cannot be other than it is, since we exist", which should be 
understood not as the possibility of human intelligence to influence the universe, but as the 
impossibility of the emergence and existence in the universe of intelligence, whose properties 
would be different. 
 
The emergence of a new paradigm of social development – sustainable development – 
prompted an active search for national approaches to its management, which resulted in 
conceiving a number of projects on conceptions of sustainable development (Butlin, 1987; 
Daly & Townsend, 1993; Johannesburg Declaration on Sustainable Development, 2002; UNDP, 
2012). On the one hand, thanks to the latest technologies and innovations, the production 
process becomes more efficient, thus enhancing the countries' competitiveness and reducing 
their vulnerability due to market fluctuations. On the other hand, economic growth entails an 
increase in the number of resources, materials and fossil fuels used, which leads to 
environmental pollution and degradation, especially in low-income countries. 
 
Therefore, if countries do not take steps in all three directions - to support economic growth, 
promote social development and strive for environmental sustainability – and to reach 
compromise solutions among them, then it is unlikely that such countries will advance far on 
the path to sustainable industrial development, regardless its current level. Such a conception 
is directly consistent with the interpretation of security development. In addition, knowledge 
of the safe conditions for the existence of the ecosystem provides a number of more 
important functions – monitoring the state of the studied system in comparison with the limit 
values allows evaluating adequately the current state, setting goals, strategizing and 
determining objectively the effectiveness of the actions of governments and authorities. 
 
Determining the boundaries of safe existence is the most important stage of determining the 
level of security. A systematic study of the problem of sustainable development in the security 
dimension is impossible without determining the limits of the safe conditions for the system's 
vital functions, without knowing which it is impossible to protect the vital interests of security 
objects. Therefore, determining the limit values of safety indicators is very closely related to 
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the concept of dynamic stability of the economic system and its individual components or to 
the mechanism of homeostasis. Many studies are limited to calculating the integral index of 
the security object without comparison with the vector of limit values, which does not make 
any sense and only determines their increase/decrease in separate periods and can lead to a 
false conclusion regarding the maximization of the integral index. 
 
The interpretation of homeostasis as the system's ability to dynamic equilibrium for technical 
systems is somewhat different from economic systems. If the purpose is to ensure that the 
integral index of development is within threshold or optimal values, then this is accompanied 
by a violation of the equilibrium and the emergence of new production relations that 
permanently change the previous state of equilibrium. At the same time, the economic system 
moves into a new state endowed with better qualitative characteristics. That is, in the process 
of development, not only the structure of the system (composition of elements and 
connections) changes but also the relationships between the elements of the system and the 
mechanism of its functioning. Therefore, homeostasis in the economic system determines not 
only the ability to dynamic stability for the existing mode of operation but also the ability to 
manage – the transition to a new state of economic equilibrium, that is, the controllability of 
the economic system. Therefrom goes the importance of scientifically based determination of 
limit values of safety indicators for safety management. The most common practice of their 
determination is an analogue approach and various expert and point estimates, target and 
legally established normative values, as well as recommendations and resolutions of 
authoritative international and European organizations (van Kampen, et al., 2014; Reiman & 
Pietikäinen, 2010; Araujo et al., 2009). So, it can be stated that there are no formalized 
approaches to scientifically based determination of limit values of safety indicators yet. 
 
The determination of limit values during integral evaluation varied from their complete 
disregard (State Statistics Service of Ukraine, 2003) to scalar (no more or no less) and vector 
(Ministry of Economic Development and Trade of Ukraine, 2013) with five ranges below the 
optimal values, i.e., exceeding the optimal values up to the upper threshold and critical values 
is not taken into account at all. Moreover, all limit values are determined by experts, and the 
ranges are equal (0.2 each), which is unlikely in reality. 
 
In general, the following approaches to determining the limit values of safety indicators can 
be defined (Kachinskyi, 2013): 

1. Heuristic methods: snowball method, analogy method, calibration method. 
2. Stochastic methods: diagnostic method (cluster analysis, fuzzy set theory method, t-test 

method, logistic regression method). 
3. Analytical methods: the Ahiezer-Holtz method, methods of information theory, and the 

method of the "golden section" rule. 
4. Methods of nonlinear dynamics (wavelet analysis). 

 
Heuristic methods are mainly based on expert, subjective estimates, which undoubtedly 
reduces the practical and scientific value. Therefore, they can be used in the case when 
statistical information is unreliable, absent or available in limited quantities; part of the 
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information is of a qualitative nature; the complexity of the task and resource limitations do 
not allow experts to independently collect and summarize all the necessary information; other 
methods cannot be used for some reason. 
 
Analytical methods and methods of nonlinear dynamics are too general and need to be 
improved in each practical case, besides, it is not about determining the vector of limit values. 
The main disadvantages of the used approaches are: a lack of a theoretical basis for 
determining security gradations; a lack of their theoretical quantitative justification. 

 
In the authors’ opinion, stochastic methods (diagnosis) have a good theoretical basis and 
practical significance in processing statistical data, the prospect of further development and 
are most suitable for formalization and universal application. 
 
In view of this, the purpose of the article is to develop a methodology and software for scientific 
substantiation of the vector of limit values of national security indicators using artificial 
intelligence methods.  

 
2. Materials and Methods   
 
The concept of gradations of security should be connected with the concept of “homeostatic 
plateau”, which was first proposed by Gigch (1978) in the applied theory of systems and 
included the plateau itself and the destruction of the system from both sides. The concept of 
“extended homeostatic plateau”, which was proposed in (Kharazishvili et al., 2020), 
additionally contains ranges of threshold and critical values with a region of neutral and 
positive feedback, staying in which is dangerous for the system. Moreover, the change in the 
type of feedback does not occur immediately upon crossing the sphere, but at first the existing 
type of communication decreases exponentially, and then another type of communication 
grows, also exponentially (Figure 1). 
 

 
Figure 1. Extended Homeostatic Plateau of the Dynamical System  
Source: (Kharazishvili, 2019) 
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Thus, the number of safety gradations (critical, threshold, optimal) on both sides of the 
homeostatic plateau is associated with the concept of an extended "homeostatic plateau" and 
spheres of positive, neutral, and negative feedback.  
 

That is why it is necessary to define a vector of limit values for each indicator: lower critical      

(𝑥𝑐𝑟
𝑙  ); lower threshold (𝑥𝑡ℎ𝑟𝑒𝑠

𝑙 ); lower optimal; (𝑥𝑜𝑝𝑡
𝑙 ); upper optimal;(𝑥𝑜𝑝𝑡

𝑢 ); upper threshold; 

(𝑥𝑡ℎ𝑟𝑒𝑠
𝑢 ); upper critical (𝑥𝑐𝑟

𝑢 ). A pair of optimal values defines a homeostatic plateau, within 
which the best conditions for system functioning and negative feedback exist. That is why, the 
average value between two optimal values (lower and upper optimal) – the middle of the 
"homeostatic plateau" can be considered a criterion for achieving the level of sustainable 
development for both indicators and integral indices. 
 
Quantitative values of security gradations (bifurcation points) are associated with the 
extension of the "t-criterion" method through the construction of the probability density 
function, determination of belonging to the type of distribution with the calculation of the 
statistical characteristics of the "benchmark" sample (mathematical expectation  𝜇, mean 
square deviation 𝜎, and coefficient of asymmetry 𝑘𝑎𝑠) and formalized determination of 
bifurcation points for characteristic types of distribution. From all the variety of types of 
probability density functions for all studied indicators of sustainable development (> 300), it 
is possible to distinguish functions with a characteristic type of distribution: normal, lognormal 
and exponential (Figure 2). 
 

 
a       b 

 
c 

Figure 2. Typical Types of Probability Density Function Indicators 
Source: (Kharazishvili, 2019). 
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Formulas for calculating the vector of limiting values are derived for characteristic types of 
distribution (Table 1) (Kharazishvili et al., 2021). Moreover, a "benchmark" sample is formed 
for each indicator from the list of countries that have the best values of the relevant indicators 
and can be a promising model for the country under study. 
 
 
Table 1. Formalized threshold vector values  
Type of Indicator Probability 

Density Function 
Lower Threshold 

Lower Optimal 
Value 

Upper Optimal 
Value 

Upper Threshold 

Normal 𝜇 − 𝑡 × 𝜎 𝜇 − 𝜎 𝜇 + 𝜎 𝜇 + 𝑡 × 𝜎 

Lognormal (tail right) 𝜇 − 𝑡 × 𝜎/𝑘𝑎𝑠 𝜇 − 𝜎/𝑘𝑎𝑠 𝜇 + 𝜎 𝜇 + 𝑡 × 𝜎 

Lognormal (tail left) 𝜇 − 𝑡 × 𝜎 𝜇 − 𝜎 𝜇 + 𝜎/𝑘𝑎𝑠 𝜇 + 𝑡 × 𝜎/𝑘𝑎𝑠 

Exponential (tail right) 𝜇 − 𝜎/𝑘𝑎𝑠 𝜇 𝜇 + 𝜎 𝜇 + 𝑡 × 𝜎 

Exponential (tail left) 𝜇 − 𝑡 × 𝜎 𝜇 − 𝜎 𝜇 𝜇 + 𝜎/𝑘𝑎𝑠 

Source: (Kharazishvili et al., 2021). 

 
The calculated values 𝜎 of the "benchmark" sample are multiplied by the value of the 
confidence coefficient t (takes into account the dependence between the confidence level and 
the width of the evaluation interval), which is taken from the Student's t-distribution tables 
(Turner, 1970). 
 
The calculated values 𝜎 of the "benchmark" sample are multiplied by the value of the 
confidence coefficient t (takes into account the dependence between the confidence level and 
the width of the evaluation interval), which is taken from the Student's t-distribution tables 
(Turner, 1970). The t value for a given confidence level is determined not by the sample size, 
but by a number known as the degree of freedom. When calculating the reduced vector of 
limit values (Table 1), a confidence level of probability 0.98 or 0.99 can be used. Then, for 
calculating safety indicators' critical values (lower critical, upper critical) there is a confidence 
level of probability 0.998-0.999 for threshold value formulas. For the exponential type of 
distribution, in the absence of the t parameter, the minimum value of the indicator (tail right) 
or the maximum (tail left) is chosen as critical. 
 
3. Theory   
 
As said earlier, stochastic methods of diagnosis (cluster analysis and the “t-criterion” method) 
are the most promising in formalizing the definition of the limits of dynamic systems' safe 
existence. Therefore, the unsolved problem of the complete digitalization of the definition of 
the safe existence limits is the automatic classification (pattern recognition) of the type of 
distribution of the probability density function of a given sample, for the solution of which the 
most suitable are methods of artificial intelligence (Nilsson, 2009; Kornieiev, 2016; Bonabeau 
et al., 1999; Russell & Norvig, 2009; Bogachov et al., 2020; Canny, 1986; Coban et al., 2022; 
Drozdz et al., 2020a; 2020b; Dzwigol et al., 2020; Huang et al., 2022; Kuzior et al., 2021; Kuzior 
& Kwilinski, 2022; Kwilinski & Kuzior, 2020; Kwilinski, 2018; 2019; Kwilinski et al., 2019; 2020; 
2021a; 2021b; LeCun et al., 2015; Lyulyov, 2021a; Melnychenko, 2020; Miśkiewicz, 2018; 
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2021a; 2021b; 2022; Miśkiewicz et al., 2021; 2022; Saługa, 2020; Schmidhuber, 2015; Shafait 
et al., 2021; Szczepańska-Woszczyna & Gatnar, 2022; Tkachenko et al., 2019), in particular 
cluster analysis (Blashfield & Aldenderfer, 1988; Hu & Winsch, 2005; Hartigan, 1975; Standford 
University, 2016; Tryon, 1939). It should be noted that scholars (Petroye et al., 2020; 
Pimonenko et al., 2021; Melnyk et al., 2018; Lyulyov et al., 2021b; 2015) outline that artificial 
intelengence and digital technologies allow achieve synergy economic, ecological and social 
effects at all levels and sectors. A meaningful definition of artificial intelligence for this study 
was provided by Nils J. Nilsson (2009), “Artificial intelligence is that activity devoted to making 
machines intelligent, and intelligence is that quality that enables an entity to function 
appropriately and with foresight in its environment.” 
 

Cluster analysis (or automatic classification, pattern recognition) is one of the effective 
methods of deciding whether an object belongs to one of the previously selected classes of 
objects (image) and refers to statistical processing, as well as a wide class of learning tasks 
without a teacher, in this case, a "benchmark" sample of some indicator values to one of the 
reference types of distribution: normal, lognormal, exponential. The recognition process is 
based on comparing the features and characteristics of the object (sample) under 
investigation with the features and characteristics of other known objects, as a result of which 
a conclusion is made about the most likely correspondence between them. 
 

To determine the correspondence (highest likelihood) of the constructed "benchmark" 
probability density function to the "reference" as a metric - formulas for evaluating the degree 
of closeness, the characteristics of plausibility and characteristic features are selected, 
namely: 

1. Euclidean distance (quantitative feature): 

𝑑𝑘 = [∑ (𝑥𝑖 − 𝑥𝑖𝑘)2𝑁
𝑖=1 ]

1

2     (1) 

where N is the number of benchmark sample points; k is the number of clusters (types of 
distribution).  
 

2. Manhattan metric (quantitative feature): 
 

𝑑𝑘 = ∑ |𝑥𝑖 − 𝑥𝑖𝑘|𝑁
𝑖=1       (2) 

 
3. Rodgers-Tanimoto similarity measure - recognition by characteristic features 

(qualitative feature): 
- a normal type of distribution: 

a) clearly expressed maximum (not at the edges of the sample); 
b) the same number of points ( ) with smaller ordinates to the left and right of the 

maximum point; 
c) the distance from the maximum point to the left and right is approximately the same 

to the extreme points ( ). 

- a lognormal type of distribution: 
a) clearly expressed maximum (not at the edges of the sample); 

1

%2010 
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b) to the left (right) of the maximum point there should be at least 1-2 points with smaller 
ordinates; 

c) most of the points to the right (left) have a decreasing ordinate from the maximum; 
d) the distance from the maximum point to the extreme points is significantly 

different (> 2). 
- an exponential type of distribution: clearly expressed maximum at the extreme left 

(right) point; most points to the right (left) have a decreasing ordinate. 
 

Therefore, one of the well-known clustering methods, namely discriminant analysis, is used to 
perform automatic classification of the distribution type of the “benchmark” sample, which is 
used to divide or assign the “benchmark” sample (i.e., “discrimination”) to one of the a priori 
specified clusters (types of distribution). 

4. Calculation 

Since part of the indicators of the air transport sustainable development depends on the GDP 
of Ukraine, there should be made a forecast of the real GDP, assuming the maximum of all 
expert estimates (-20; -45%) of a drop of 45% and possible scenarios of its recovery (Figure 3). 

 

Figure 3. The Structure of the Digitization Program to Determine the Vector of the Limit Values of 
Safety Indicators 
Source: own elaboration. 

Reading the current sample from the source file Statist.tab 

Calculating the dimensionality for the Sturges probability density function:𝑛 =

 1 + 3.322 𝑙𝑔 𝑁  and pitch ℎ =
𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛

𝑛
  Alignment of the dimensionality of 

the "benchmark" table of the probability density function with the "reference" 

Calculating statistical characteristics of the sample: 
𝑚𝑜,  𝜎, 𝑘𝑎𝑠 

Forming the probability density function table for a given 
sample: 𝑊(𝑥)  

Determining the type of distribution by the discriminant method 
according to the criteria of plausibility 

Analogous to the Euclidean 
distance criterion 

Analogous to the 
Manhattan metric criterion 

 

By the criterion of 
characteristic features 

Criteria analysis and automatic classification of distribution type 
by principle: 2 of 3 

Calculating the vector of limit values (upper and lower) 
according to the defined type of distribution:  

critical, threshold, optimal  
x.tab 

Completion of the program 
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From this graph, it follows that under the scenario of 2.3% annual growth, reaching the level 
of real GDP of the pre-war period (2021) is possible only in 2048, so this scenario will not be 
considered. Having set the forecast values of the GDP deflator, there will be obtained the 
values of the nominal GDP of Ukraine, which, in combination with official statistical data 
(2010-2021) and model calculations, make it possible to obtain the forecast values of the 
indicators of the sustainable development of air transport at the end of 2022. Below there is 
given a structure of the digitization algorithm for determining the vector of limit values of 
safety indicators (Figure 3). 
 
Reading of the "benchmark" sample from the source file: for each indicator, a "benchmark" 
sample is formed, which has values that correspond to the best values of developed countries 
and is considered a benchmark. The values of the "benchmark" sample are recorded in the file 
"Statist. tab" 8 numbers in a line, separated by a space. 
Calculating the dimension for the probability density function according to (Sturges, 1926): for 
a given sample, there is applied the empirical rule for determining the optimal number of 
intervals into which the observed range of a random variable change is divided when 
constructing a histogram of its distribution density (3): 
 

 𝑛 = 1 +  3,322 𝑙𝑔 𝑁                                                           (3) 
 
where n is the number of intervals; N is the size of the sample. 
 
This leads to the step  of constructing the probability density function (4). If the dimensions 
of the constructed and reference tables do not match, their dimensions are automatically 
aligned for further classification. 
 

ℎ =
𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛

𝑛
                                                       (4) 

where 𝑥𝑚𝑎𝑥, 𝑥𝑚𝑖𝑛 are the maximum and minimum value of the "benchmark" sample. 
 
Making the table of the probability density function: for a given sample, the number of hits of 
a random variable in a given range is calculated with a step  and the probability of this hit as 
the ratio of the number of hits in a specific range to the total number of observations (sample 
size N). 
 
Calculating statistical characteristics: statistical characteristics of the "benchmark" sample are 
calculated: mathematical expectation, mean square deviation and coefficient of asymmetry 
for further calculation of the limits of dynamic systems' safe existence (vector of limit values). 
 
Determining the type of distribution by the discriminant method according to the criteria of 
plausibility: there is carried out the automatic classification of the probability density function 
according to one of the types of distribution: normal, lognormal, exponential, using artificial 
intelligence methods, namely: by the discriminant method of cluster analysis according to 
three criteria: 
1) an analogue of the Euclidean distance (quantitative feature) (1); 

h

h
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2) an analogue of the Manhattan metric (quantitative feature) (2); 
3) an analogue of the Rogers-Tanimoto similarity measure – recognition by characteristic 

features (qualitative feature). 
 
Analysis of criteria and automatic classification of the distribution type according to principle 
2 out of 3: the conclusion of the automatic classification software is based on the resulting 
criterion – the match of distribution types according to at least two of the three criteria. The 
smallest value of the plausibility criteria for the three types of distribution determines its 
affiliation. 
 
The value of the variable distribution determines the type of distribution, and the variable 
subtype determines the subtype of the distribution: 
 
 

         𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑙𝑎𝑤 𝑡𝑦𝑝𝑒 (𝑠𝑢𝑏𝑡𝑦𝑝𝑒) = [

0; −𝑁𝑜𝑟𝑚𝑎𝑙;
1; −𝐿𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙;
2; −𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙

] (

0 − 1;
0; −𝑡𝑎𝑖𝑙𝑟𝑖𝑔ℎ𝑡;

1; −𝑡𝑎𝑖𝑙 𝑙𝑒𝑓𝑡;
)               (5) 

 
 
For example, the value in the source file of the variable Distribution law type is 1 (0) means 
that the type of distribution is "lognormal", tail to the right. 
 
Calculating the vector of limit values (upper and lower) according to the defined type of 
distribution: defining the type of distribution in automatic mode makes it possible to calculate 
the vector of limit values according to Table 1 formula. 
 
To check the adequacy of the calculations of the digitization model, there were selected some 
indicators of sustainable development which provide a full functional check of the developed 
model: 

- the level of provision with own resources, % of total consumption; 
- energy intensity of GDP, t.o.e./1000 US dollars; 
- GDP per person, thousands of US dollars; 
- energy consumption per 1 person, t.o.e. per year; 
- final carbon content of energy, g CO2 / MJ; 
- the level of CO2 emissions per 1 GDP, kg/US dollars; 
- investment level, % before release; 
- life expectancy, years. 

 
The calculated probability density functions based on "benchmark" samples of the above 
indicators are presented in Figure 4. Presented in Figure 4 the structure of the digitization 
software is implemented in the C++ programming language (version 6.0). 
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Fig. 4. Probability density functions of sustainable development indicators 
Source: own elaboration. 
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The results of calculations regarding the automatic classification of the distribution types of 
probability density functions of sustainable development indicators (economic, 
environmental and social security) prove the effectiveness of recognition according to the 
specified criteria (Table 2). 
 
Table 2. Results of Automatic Classification of the Distribution Type of Probability Density 
Functions 

Indicators 
Actual 

distribution type 
By criterion 

1 
By criterion 

2 
By criterion 

3 
Resultant 

evaluation 

1. The level of 
provision with own 
resources 

Exponential, 
tail to the left 

Confirmed Confirmed Confirmed 
Three out of 

three 

2. Energy intensity of 
GDP 

Exponential, 
tail to the right 

Confirmed Confirmed Confirmed 
Three out of 

three 

3. GDP per person 
Exponential, 

tail to the right 
Confirmed Confirmed Confirmed 

Three out of 
three 

4. Energy consumption 
per 1 person 

Lognormal, 
tail to the right 

Confirmed Confirmed Confirmed 
Three out of 

three 

5. Final carbon content 
of energy 

Lognormal, 
tail to the left 

Confirmed Confirmed Confirmed 
Three out of 

three 

6. The level of CO2 
emissions per 1 GDP 

Lognormal, 
tail to the right 

Confirmed Confirmed Confirmed 
Three out of 

three 

7. Investment level 
Exponential, 

tail to the right 
Confirmed Confirmed Confirmed 

Three out of 
three 

8. Life expectancy Normal Confirmed Confirmed 
Lognormal, 

tail to the left 
Two out of 

three 

Source: own elaboration. 

 
The result of the digitalization software for determining the limits of the dynamic systems' 
safe existence is the calculation of the vector of the limit values of the safety 
indicators (Table 3).  

 

Table 3. The Results of Digitalization of Determining the Limits of the Safe Existence of 
Dynamic Systems 

Indicators 
Lower 
Critical 

Lower 
Threshold 

Lower 
Optimal 

Upper 
Optimal 

Upper 
Threshold 

Upper 
Critical 

1. The level of provision with 
own resources 

72.27 80.7 87.6 96.1 108.0 115.3 

2. Energy intensity of GDP 0.08 0.0962 0.1336 0.1866 0.26 0.3024 

3. GDP per person 10.36 15.72 26.5 47.2 75.74 92.95 

4. Energy consumption per 1 
person 

1.67 2.315 3.428 5.6 7.492 8.58 

5. Final carbon content of 
energy 

45.38 52.2 63.8 85.48 103.8 114.6 

6. The level of CO2 emissions per 
1 GDP 

0.1 0.1788 0.3034 0.4973 0.7644 0.919 

7. Investment level 13 13.7 14.5 16.0 18.2 19.5 

8. Life expectancy 70.2 71.7 74.4 78.3 80.9 82.4 

Source: own elaboration. 
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Such a definition of the vector of limit values is typical for stimulator indicators, but for de-
stimulator indicators, the order of values of the components of the vector is reversed. Given 
that indicators 2, 5 and 6 (Table 3) are de-stimulators, that is, their reduction is desirable, the 
final table for further calculations of integral indicators looks as follows (Table 4). 

 

Table 4. The Results of Digitalization of Determining the Limits of the Safe Existence of 
Dynamic Systems, Taking into Account the Type of Indicator (Stimulator/De-Stimulator) 
 

Indicators 
Lower 
Critical 

Lower 
Threshold 

Lower 
Optimal 

Upper 
Optimal 

Upper 
Threshold 

Upper 
Critical 

1. The level of provision with own 
resources 

72.27 80.7 87.6 96.1 108.0 115.3 

2. Energy intensity of GDP 0.3024 0.26 0.1866 0.1336 0.0962 0.08 

3. GDP per person 10.36 15.72 26.5 47.2 75.74 92.95 

4. Energy consumption per 1 
person 

1.67 2.315 3.428 5.6 7.492 8.58 

5. Final carbon content of energy 114.6 103.8 85.48 63.8 52.2 45.38 

6. The level of CO2 emissions per 1 
GDP 

0.919 0.7644 0.4973 0.3034 0.1788 0.1 

7. Investment level 13 13.7 14.5 16.0 18.2 19.5 

8. Life expectancy 70.2 71.7 74.4 78.3 80.9 82.4 

Source: own elaboration. 

 
Scientifically based determination of the limits of the safe existence of dynamic systems during 
their integral evaluation makes it possible to adequately identify the safety level by comparing 
integral indices with integral limit values.  
 
5. Conclusions and Discussion 
 
Knowledge of the safe conditions for the existence of the ecosystems provides a number of 
more important functions: monitoring the state of the studied system in comparison with the 
limit values allows evaluating adequately the current state, the level of safety/danger, setting 
goals, strategizing and objectively determining the effectiveness of the actions by the 
Government and authorities.  
 
Determining the limits of safe existence is the most important stage of determining the level 
of security. A systematic study of the problem of sustainable development from the point of 
view of security should include the definition of the limits of safe conditions for the life of the 
system, without knowing which it is impossible to protect the vital interests of security objects. 
Therefore, the definition of limit values should be connected with the concept of dynamic 
stability of the economic system and its individual components or with the mechanism of 
homeostasis. Without such a comparison, there will be the dynamics of integral indices of 
sustainable development, which will determine their increase/decrease in separate periods, 
which may lead to a false conclusion regarding the maximization of the integral index. 
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In the vast majority of publications, expert evaluations are used to determine safety 
gradations and limit values when assessing the safety level, which introduces a certain amount 
of subjectivity, does not exclude fundamental errors, and undoubtedly reduces the scientific 
and practical value of the obtained results. Application of the method of expert evaluations in 
the general case means a "dead end" situation, or the inability to offer something adequate. 
An analysis of the approaches used to determine the limits of the safe existence of dynamic 
systems was carried out, including the following methods: heuristic, stochastic, analytical, and 
nonlinear dynamics. Among the main shortcomings of the used approaches is the lack of a 
theoretical basis for determining security gradations and the lack of their theoretical 
quantitative justification. The most promising are stochastic methods, which have a good 
theoretical basis and practical significance in processing statistical data, the prospect of 
further development and are most suitable for formalization and universal application. 
 
Therefore, it is proposed to solve the identified problems by formalized mathematical 
methods: 

- to determine security gradations there is used the concept of an extended "homeostatic 
plateau", which provides for three levels of security in both directions: optimal ("green" zone), 
crisis ("orange" zone), critical ("red" zone), which define areas of positive, neutral and negative 
feedback; 

- to determine the bifurcation points (vector of limiting values), there is used the "t-
criterion" method, which consists in constructing the probability density function of the 
"benchmark" sample, determining whether it belongs to the type of distribution with the 
calculation of statistical characteristics (mathematical expectation, root mean square 
deviation, and asymmetry coefficient) and formalized calculation of the vector of limiting 
values for characteristic types of distribution (normal, lognormal, exponential); 

- to solve the problem of recognition (automatic classification) of the type of distribution 
of probability density functions of security indicators, there are used artificial intelligence 
methods, namely the discriminant method from the class of cluster analysis methods using 
quantitative and qualitative metrics: Euclidean distance, Manhattan metric and recognition 
by characteristic features; 

- for the digitalization of determining the vector of limit values of safety indicators, there 
have been developed an algorithm structure and a program in the C++ programming language 
(version 6), which ensures full automation of all stages of the algorithm and the adequacy of 
recognising graphic digital data with a predetermined number of clusters (types of 
distribution).  
 
For each indicator, the "benchmark" sample is formed from the dynamics of similar indicators 
of economically developed countries, which can be considered a model for the country under 
study. That is, the process of determining the benchmark sample is similar to the construction 
of a hypothetical country with the best values of the relevant security indicators.  
 
A distinctive feature of the proposed method of formalized determination of the limit values 
of security indicators is the complete absence of subjectivity and complete mathematical 
formalization, which significantly increases the speed, quality and reliability of the results 
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obtained when assessing the level of sustainable development, economic security, national 
security or national stability, regardless of the level of the researcher's qualification. 
 
 
 

6. Acknowledgements 
 
The authors are very grateful to the anonymous referees for their helpful comments and 
constructive suggestions.  
 
7. Presenting the sources of funding 
 
This research received no external funding. 
 

 

References 
 

Araujo, J.B., e Melo, P.F.F.F., & Schirru, R. (2009). Safety Indicators as a Tool for Operational Safety 
Evaluation of Nuclear Power Plants. Retrieved from 
https://inis.iaea.org/collection/NCLCollectionStore/_Public/41/057/41057374.pdf 

Blashfield, R. K., & Aldenderfer, M. S. (1988). The Methods and Problems of Cluster Analysis. In J.R. 
Nesselroade and R. B. Cattell (Eds.), Handbook of Multivariate Experimental Psychology. 
Perspectives on Individual Differences (pp. 447-473). Boston, MA: Springer. Retrieved from 
https://doi.org/10.1007/978-1-4613-0893-5_14 

Bogachov, S., Kwilinski, A., Miethlich, B., Bartosova, V., & Gurnak, A. (2020). Artificial Intelligence 
Components and Fuzzy Regulators in Entrepreneurship Development. Entrepreneurship and 
Sustainability Issues, 8(2), 487–499. https://doi.org/10.9770/jesi.2020.8.2(29) 

Bonabeau, E., Dorigo, M., & Theraulas, G. (1999). Swarm Intelligence: From Natural to Artificial 
Systems. Oxford, UK: Oxford University Press. 

Butlin, J. (1987). Our common future. By World commission on environment and development. Journal 
of International Development, 1(2), 284-287. 

Canny, J. (1986). A Computational Approach to Edge Detection. IEEE Transactions on Pattern Analysis 
and Machine Intelligence, PAMI-8(6), 679-698. https://doi.org/10.1109/TPAMI.1986.4767851 

Coban, H. H., Lewicki, W., Sendek-Matysiak, E., Łosiewicz, Z., Drożdż, W., & Miśkiewicz, R. (2022). 
Electric Vehicles and Vehicle–Grid Interaction in the Turkish Electricity System. Energies, 15(21), 
8218. https://doi.org/10.3390/en15218218 

Daly, H., & Townsend, K. (Eds.). (1993). Appreciating our Earth. Economics, ecology, ethics. Cambridge, 
Massachusetts: The MIT Press.  

Drozdz, W., Marszalek-Kawa, J., Miskiewicz, R., & Szczepanska-Waszczyna, K. (2020a). Digital Economy 
in the Comporary World. Torun: Wydawnictwo Adam Marszalek. 

http://www.virtual-economics.eu/
https://inis.iaea.org/collection/NCLCollectionStore/_Public/41/057/41057374.pdf
https://doi.org/10.1007/978-1-4613-0893-5_14
https://doi.org/10.9770/jesi.2020.8.2(29)
https://doi.org/10.1109/TPAMI.1986.4767851
https://doi.org/10.3390/en15218218


23 
www.virtual-economics.eu                                                                                ISSN 2657-4047 (online) 

Yurii Kharazishvili and Aleksy Kwilinski 
Virtual Economics, Vol. 5, No. 4, 2022 

 

Drożdż, W., Szczerba, P., & Kruszyński, D. (2020b). Issues related to the development of electromobility 
from the point of view of Polish utilities. Polityka Energetyczna – Energy Policy Journal, 23(1), 49-
64. https://doi.org/10.33223/epj/119074 

Dzwigol, H., Dzwigol-Barosz, M., Miskiewicz, R., & Kwilinski, A. (2020). Manager Competency 
Assessment Model in the Conditions of Industry 4.0. Entrepreneurship and Sustainability Issues, 
7(4), 2630–2644. https://doi.org/10.9770/jesi.2020.7.4(5) 

Gigch, J.P.V. (1978). Applied General Systems Theory. 2nd Edition. London, UK: HarperCollins Publishers 
LLC. 

Hartigan, J. A. (1975). Clustering Algorithms. New York: John Vviley & Sons.  

Hu., R. & Winsch, D. (2005). Survey of Clustering Algorithms.  IEEE Transactions on Neural Networks, 
16(3), 645-678. https://doi.org/10.1109/TNN.2005.845141 

Huang, A., Chao, Y., de la Mora Velasco, E., Bilgihan, A. & Wei, W. (2022). When artificial intelligence 
meets the hospitality and tourism industry: an assessment framework to inform theory and 
management. Journal of Hospitality and Tourism Insights, 5(5), 1080-1100. 
https://doi.org/10.1108/JHTI-01-2021-0021 

Johannesburg Declaration on Sustainable Development. (2002). Retrieved from 
http://www.un.org/ru/documents/decl_conv/ declarations/decl_wssd.shtml 

Kachinskyi, A.B. (2013). National Security Indicators: Determination and Application of Their Limit 
Values: Monograph. Kyiv, Ukraine: The National Institute for Strategic Studies.  

Kazyutinsky, V.V., & Balashov, Y.V. (1989). The anthropic principle. Nature, 1, 23-32. 

Kharazishvili, Y. M. (2019). Systemic Security of Sustainable Development: Assessment Tools, Reserves 
and Strategic Implementation Scenarios: Monograph. Kyiv, Ukraine: Institute of Industrial 
Economics, National Academy of Sciences of Ukraine. 

Kharazishvili, Y., Kwilinski, A., Grishnova, O., & Dzwigol, H. (2020). Social safety of society for developing 
countries to meet sustainable development standards: Indicators, level, strategic benchmarks 
(with calculations based on the case study of Ukraine). Sustainability, 12(21), 8953. 
https://doi.org/10.3390/su12218953 

Kharazishvili, Y., Kwilinski, A., Sukhodolia, O., Dzwigol, H., Bobro, D., & Kotowicz, J. (2021). The Systemic 
Approach for Estimating and Strategizing Energy Security: The Case of Ukraine. Energies, 14(8), 
2126. https://doi.org/10.3390/en14082126 

Kornieiev, S.V. (2016). Operational System of Artificial Intelligence: The Basic Definitions. Artificial 
Intelligence, 4(74), 7-14. [in Russian]. 

Kuzior, A., Kwilinski, A. (2022). Cognitive Technologies and Artificial Intelligence in Social Perception. 
Management Systems in Production Engineering, 30(2), 109-115. https://doi.org/10.2478/mspe-
2022-0014 

Kuzior, A., Kwilinski, A., & Hroznyi, I. (2021a). The Factorial-Reflexive Approach to Diagnosing the 
Executors’ and Contractors’ Attitude to Achieving the Objectives by Energy Supplying Companies. 
Energies, 14(9), 2572. https://doi.org/10.3390/en14092572 

http://www.virtual-economics.eu/
https://doi.org/10.33223/epj/119074
https://doi.org/10.9770/jesi.2020.7.4(5)
https://doi.org/10.1109/TNN.2005.845141
https://doi.org/10.1108/JHTI-01-2021-0021
http://www.un.org/ru/documents/decl_conv/%20declarations/decl_wssd.shtml
https://doi.org/10.3390/su12218953
https://doi.org/10.3390/en14082126
https://doi.org/10.2478/mspe-2022-0014
https://doi.org/10.2478/mspe-2022-0014
https://doi.org/10.3390/en14092572


24 
www.virtual-economics.eu                                                                                ISSN 2657-4047 (online) 

Yurii Kharazishvili and Aleksy Kwilinski 
Virtual Economics, Vol. 5, No. 4, 2022 

 

Kwilinski, A. (2018). Mechanism of modernization of industrial sphere of industrial enterprise in 
accordance with requirements of the information economy. Marketing and Management of 
Innovations, 4, 116-128. http://doi.org/10.21272/mmi.2018.4-11 

Kwilinski, A. (2019). Implementation of blockchain technology in accounting sphere. Academy of 
Accounting and Financial Studies Journal, 23(2), 1-6. 

Kwilinski, A., & Kuzior, A. (2020). Cognitive Technologies in the Management and Formation of 
Directions of the Priority Development of Industrial Enterprises. Management Systems in 
Production Engineering, 28(2), 133-138. http://doi.org/10.2478/mspe-2020-0020 

Kwilinski, A., Dalevska, N., & Dementyev, V.V. (2022b). Metatheoretical Issues of the Evolution of the 
International Political Economy. Journal of Risk and Financial Management, 15(3), 124. 
https://doi.org/10.3390/jrfm15030124 

Kwilinski, A., Dielini, M., Mazuryk, O., Filippov, V., & Kitseliuk, V. (2020b). System Constructs for the 
Investment Security of a Country. Journal of Security and Sustainability Issues, 10(1), 345–358. 

Kwilinski, A., Litvin, V., Kamchatova, E., Polusmiak, J., & Mironova, D. (2021). Information Support of 
the Entrepreneurship Model Complex with the Application of Cloud Technologies. International 
Journal of Entrepreneurship, 25(1), 1–8. 

Kwiliński, A., Polcyn, J., Pająk, K., & Stępień, S. (2021). Implementation of Cognitive Technologies in the 
Process of Joint Project Activities: Methodological Aspect. In Conference Proceedings - VIII 
International Scientific Conference Determinants of Regional Development (pp. 96-126). Pila, 
Poland: Stanislaw Staszic University of Applied Sciences in Piła. 
https://doi.org/10.14595/CP/02/006 

Kwilinski, A., Tkachenko, V., & Kuzior, A. (2019b). Transparent Cognitive Technologies to Ensure 
Sustainable Society Development. Journal of Security and Sustainability Issues, 9(2), 561–570. 

LeCun, Y., Bengio, Y. & Hinton, G. (2015). Deep learning, Nature, 521, 436–444. 
https://doi.org/10.1038/nature14539 

Lyulyov, O., Chortok, Y., Pimonenko, T., & Borovik, O. (2015). Ecological and economic evaluation of 
transport system functioning according to the territory sustainable development. International 
Journal of Ecology and Development, 30(3), 1-10.  

Lyulyov, O., Vakulenko, I., Pimonenko, T., Kwilinski, A., Dzwigol, H., & Dzwigol-Barosz, M. (2021a). 
Comprehensive assessment of smart grids: Is there a universal approach? Energies, 14(12) 
https://doi.org/10.3390/en14123497 

Lyulyov, O., Pimonenko, T., Kwilinski, A., & Us, Y. (2021b). The heterogeneous effect of democracy, 
economic and political globalisation on renewable energy. Paper presented at the E3S Web of 
Conferences, 250, 3006. https://doi.org/10.1051/e3sconf/202125003006  

Melnychenko, O. (2020). Is Artificial Intelligence Ready to Assess an Enterprise’s Financial Security? 
Journal of Risk and Financial Management, 13, 191. https://doi.org/10.3390/jrfm13090191 

Melnyk, L., Sineviciene, L., Lyulyov, O., Pimonenko, T., & Dehtyarova, I. (2018). Fiscal decentralization 
and macroeconomic stability: The experience of ukraine's economy. Problems and Perspectives in 
Management, 16(1), 105-114. https://doi.org/10.21511/ppm.16(1).2018.10 

Ministry of Economic Development and Trade of Ukraine. (2013). On Approval of the Methodological 
Recommendations for Calculating the Level of Economic Security of Ukraine: Order of the President 

http://www.virtual-economics.eu/
http://doi.org/10.21272/mmi.2018.4-11
http://doi.org/10.2478/mspe-2020-0020
https://doi.org/10.3390/jrfm15030124
https://doi.org/10.14595/CP/02/006
https://doi.org/10.1038/nature14539
https://doi.org/10.3390/en14123497
file:///C:/Users/okvil/Downloads/.%20https:/doi.org/10.1051/e3sconf/202125003006
https://doi.org/10.3390/jrfm13090191
https://doi.org/10.21511/ppm.16(1).2018.10


25 
www.virtual-economics.eu                                                                                ISSN 2657-4047 (online) 

Yurii Kharazishvili and Aleksy Kwilinski 
Virtual Economics, Vol. 5, No. 4, 2022 

 

of Ukraine No. 1277 of 29.10.2013. Retrieved from 
https://zakon.rada.gov.ua/rada/show/v1277731-13#Text [in Ukrainian]. 

Miśkiewicz, R. (2018). The importance of knowledge transfer on the energy market. Polityka 
Energetyczna, 21(2), 49–62. https://doi.org/10.24425/122774 

Miśkiewicz, R. (2021a). The Impact of Innovation and Information Technology on Greenhouse Gas 
Emissions: A Case of the Visegrád Countries. Journal of Risk and Financial Management, 14, 59. 
https://doi.org/10.3390/jrfm14020059 

Miśkiewicz, R. (2021b). Knowledge and innovation 4.0 in today's electromobility. In Z. Makieła, M. M. 
Stuss, R. Borowiecki (Eds.), Sustainability, Technology and Innovation 4.0 (pp. 256-275). London, 
UK: Routledge. 

Miskiewicz, R. (2022). Clean and Affordable Energy within Sustainable Development Goals: The Role of 
Governance Digitalization. Energies, 15(24), 9571. https://doi.org/10.3390/en15249571 

Miśkiewicz, R., Matan, K., & Karnowski, J. (2022). The Role of Crypto Trading in the Economy, 
Renewable Energy Consumption and Ecological Degradation. Energies, 15(10), 3805. 
https://doi.org/10.3390/en15103805 

Miśkiewicz, R., Rzepka, A., Borowiecki, R., & Olesińki, Z. (2021). Energy Efficiency in the Industry 4.0 
Era: Attributes of Teal Organisations. Energies, 14(20), 6776. https://doi.org/10.3390/en14206776 

Nilsson, N. J. (2009). The Quest for Artificial Intelligence. Cambridge, UK: Cambridge University Press. 

Petroye, O., Lyulyov, O., Lytvynchuk, I., Paida, Y., & Pakhomov, V. (2020). Effects of information security 
and innovations on Country’s image: Governance aspect. International Journal of Safety and 
Security Engineering, 10(4), 459-466. https://doi.org/10.18280/ijsse.100404 

Pimonenko, T., Lyulyov, O., & Us, Y. (2021). Cointegration between economic, ecological and tourism 
development. Journal of Tourism and Services, 12(23), 169-180. 
https://doi.org/10.29036/JOTS.V12I23.293 

Reiman, T., & Pietikäinen. E. (2010). Indicators of safety culture – selection and utilization of leading 
safety performance indicators. Retrieved from 
https://www.stralsakerhetsmyndigheten.se/en/publications/reports/safety-at-nuclear-power-
plants/2010/201007/ 

Russell, S., & Norvig, P. (2009). Artificial Intelligence: A Modern Approach (3rd Edition). New Jersey, 
Prentice Hall. 

Saługa, P.W., Szczepańska-Woszczyna, K., Miśkiewicz, R., & Chład, M. (2020). Cost of equity of coal-
fired power generation projects in Poland: Its importance for the management of decision-making 
process. Energies, 13(18), 4833. https://doi.org/10.3390/en13184833 

Schmidhuber, J. (2015). Deep learning in neural networks: An overview. Neural Networks, 61, 85-117. 
https://doi.org/10.1016/j.neunet.2014.09.003. 

Shafait, Z., Khan, M.A., Sahibzada, U.F., Dacko-Pikiewicz, Z., Popp, J. (2021). An assessment of students’ 
emotional intelligence, learning outcomes, and academic efficacy: A correlational study in higher 
education. PLoS ONE, 16(8), e0255428. https://doi.org/10.1371/journal.pone.0255428 

Standford University. (2016). One Hundred Year Study on Artificial Intelligence. Retrieved from 
https://ai100.stanford.edu/2016-report 

http://www.virtual-economics.eu/
https://zakon.rada.gov.ua/rada/show/v1277731-13#Text
https://doi.org/10.24425/122774
https://doi.org/10.3390/jrfm14020059
https://doi.org/10.3390/en15249571
https://doi.org/10.3390/en15103805
https://doi.org/10.3390/en14206776
https://doi.org/10.18280/ijsse.100404
https://doi.org/10.29036/JOTS.V12I23.293
https://www.stralsakerhetsmyndigheten.se/en/publications/reports/safety-at-nuclear-power-plants/2010/201007/
https://www.stralsakerhetsmyndigheten.se/en/publications/reports/safety-at-nuclear-power-plants/2010/201007/
https://doi.org/10.3390/en13184833
https://doi.org/10.1016/j.neunet.2014.09.003
https://doi.org/10.1371/journal.pone.0255428
https://ai100.stanford.edu/2016-report


26 
www.virtual-economics.eu                                                                                ISSN 2657-4047 (online) 

Yurii Kharazishvili and Aleksy Kwilinski 
Virtual Economics, Vol. 5, No. 4, 2022 

 

State Statistics Service of Ukraine. (2003). On Approval of the Methodology for Calculating Integral 
Regional Indices of Economic Development. Retrieved from 
https://zakon.rada.gov.ua/rada/show/v0114202-03#Text [in Ukrainian]. 

Sturges, H. A. (1926). The choice of a class-interval. Journal of the American Statistical Association, 21, 
65-66. https://doi.org/10.1080/01621459.1926.10502161 

Szczepańska-Woszczyna, K., & Gatnar, S. (2022). Key Competences of Research and Development 
Project Managers in High Technology Sector. Forum Scientiae Oeconomia, 10(3), 107-130. 
https://doi.org/10.23762/FSO_VOL10_NO3_6 

Tkachenko, V., Kwilinski, A., Klymchuk, M., & Tkachenko, I. (2019). The Economic-Mathematical 
Development of Buildings Construction Model Optimization on the Basis of Digital Economy. 
Management Systems in Production Engineering, 27(2), 119–123. https://doi.org/10.1515/mspe-
2019-0020 

Tryon, R. C. (1939). Cluster analysis. London, UK: Ann Arbor Edwards Bros. 

Turner, J. C. (1970). Modern Applied Mathematics. Probability. Statistics. Operational Research. 
London, UK: English Universities Press. 

UNDP. (2012). The future we want: outcome of the Conference on Sustainable Development, Rio de 
Janeiro, Brazil, 20-22 June 2012. Retrieved from 
https://www.undp.org/turkiye/publications/future-we-want-united-nations-conference-
sustainable-development-rio20-rio-de-janeiro-brazil-20-22-june-2012-outcome-conference 

van Kampen, J., van der Beek, D., & Groeneweg, J. (2014). The Value of Safety Indicators. SPE 
Economics and Management, 6(03), 131–140. https://doi.org/10.2118/164954-PA 

 

http://www.virtual-economics.eu/
https://zakon.rada.gov.ua/rada/show/v0114202-03#Text
https://doi.org/10.1080/01621459.1926.10502161
https://doi.org/10.23762/FSO_VOL10_NO3_6
https://doi.org/10.1515/mspe-2019-0020
https://doi.org/10.1515/mspe-2019-0020
https://www.undp.org/turkiye/publications/future-we-want-united-nations-conference-sustainable-development-rio20-rio-de-janeiro-brazil-20-22-june-2012-outcome-conference
https://www.undp.org/turkiye/publications/future-we-want-united-nations-conference-sustainable-development-rio20-rio-de-janeiro-brazil-20-22-june-2012-outcome-conference
https://doi.org/10.2118/164954-PA

