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Zviagintseva A.V. “Multiparameter ranking of areas based on the analysis of data about the 
condition of natural and anthropogenic systems”. Ranking of natural-anthropogenic systems has 
been fulfilled on the basis of the evaluation of probabilities of complex events associated with 
simultaneous monitoring of several ecological indicators. The methodology for the evaluation of 
ecological development is offered. It is based on an algorithmic determination of the statistical 
probabilities of events that characterize the state of the studied objects. There is an example of the 
ranking of European countries according to a range of environmental indicators based on the use 
of existing databases. Evaluation of environmental development of countries is made according to 
three criteria: total greenhouse gas emissions per capita, the portions of protected areas and the 
portions of agricultural land in total land area for each country of Europe. This method is 
objective and doesn’t use expert methods for integrated assessment of the state of objects. 

Keywords: ecological indicators, integrated assessment, multiparameter ranking, the 
countries of Europe. 

 
Introduction 

In environmental security speaking about the 
state of natural-anthropogenic systems usually 
involve the pollution of natural environments, the 
observed level of anthropogenic impact on nature 
and humans, as well as anthropogenic features and 
species biodiversity which is peculiar to such 
systems. 

The natural-anthropogenic system usually 
means a functioning set of natural and artificial 
objects, which are formed as a result of building 
and operation of the various buildings and technical 
equipment, and interacting with natural objects. In 
such systems not only natural, but also 
anthropogenic and technogenic processes play the 
great role. At any time a natural-anthropogenic 
system is in a certain state. The state of the system 
means a set of indicators which characterize the 
structure and processes of the functioning of 
systems at any moment of time. Each object in 
natural, anthropogenic and biological relation can 
be characterized by many indicators, which are 
peculiar only to this type of natural-anthropogenic 
system. To characterize various aspects of the 
systems in the world practice there are sets of 
indices and indicators that are adopted for using by 
the scientific community [1 – 6]. 

The main directions and trends of research 
in this area are connected with the accumulation 
and creation of more extensive databases of 
indicators of status and change of natural-
anthropogenic systems, the use of new visualization 
techniques and evaluation of data, the use of 
methods of data analysis, creation of information 
systems for the storage, presentation and evaluation 
of data, development of integrated assessment 

techniques, theories of risk assessment and methods 
of system dynamics. 

Comprehensive assessment of the status and 
ranking of natural-anthropogenic systems are 
typically very time-consuming procedures because 
of the presence of a large number of indicators 
which reflect various aspects of the systems and 
require its analysis. In such studies three 
approaches are usually applied. The first one is 
connected with the creation of comprehensive 
analytical reports about the state and expected 
development of the systems and their mutual 
comparison. The second approach, in order to 
simplify the analysis procedure, is based on the 
indicator method when a variety of indices, which 
integrate different indicators and rank the systems, 
are introduced for the assessment of the status and 
changes of systems. The third theoretical direction 
of a comprehensive evaluation is associated with 
the risk assessment methodology and the theory of 
system dynamics.  

The analysis of researches in the field of 
integrated assessment of natural-anthropogenic 
systems has been made in the famous works [7 – 11]. 
The authors observe that in this area there are a 
number of unresolved methodological problems, 
namely: 

• existing methods of integrated 
assessment are largely incorrect and subjective, first 
of all because they use the methodology of the 
expert methods and don’t consider the fundamental 
regularities of natural-anthropogenic systems. All 
of them practically reduce to multiple lengthy 
descriptions of various aspects and components of 
the systems or to the use of indices, which are built 
on agreement according to the principle of 
additivity of indicators and with due regard for the 
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weights of the indicators and comparison of 
systems based on these indices; 

• the set of complex indices and measures 
that are built with using hypothetical and expert 
methods are not adapted to the observed data, have 
weak resistance to changing data, differ by a strong 
dependence of indicators used for evaluation; 

• models for integrated assessment are 
based on rather partial and narrow hypotheses and 
cannot serve as a foundation for formally rigorous 
theories. In the study of natural-anthropogenic 
systems a number of fundamental hypotheses, that 
are widely spread in the natural sciences, practically 
are not used and are not tested on experimental 
data. In particular, these are various system-wide 
principles, the equations of state systems, laws of 
conservation, assumptions and admissions that 
would lead to a formalized formulation of 
problems, etc.; 

• we must establish that any rigorous 
methods of integrated assessment, which would 
have a high validity of the theory, are not worked 
out nowadays. Many of the methods when applied 
to a single object of study can give disparate results, 
that indicates a violation of the basic principle of 
science about the reproducibility of the results; 

• theoretical works in integrated 
assessment in the field of environmental Sciences 
often are reduced to hypotheses and generalizations 
which are cut off from realistic statistical base and 
systematic review of the available experimental 
data. 

We observe that the most significant 
scientific problems lie in the theory of complex 
evaluation. Just in the field of theoretical research, 
there are several problems that don’t allow to turn 
many scientific ideas into the generally accepted 
theories. As a consequence, on the background of 
the enormous number of analytical reports widely 
known theoretical models of natural-anthropogenic 
systems and science-based integrated assessments 
of the state of such systems are very limited. Today 
the scientific direction of comprehensive 
assessment of systems is being formed to a greater 
extent as a descriptive science. According to [12] 
during the last 30 years there wasn’t any 
publication bringing something new to the basic 
concepts or fundamental laws of environmental 
Sciences. According to them the environmental 
world is on the threshold of the scientific revolution 
associated with the development of the theory, but 
the new paradigm has not penetrated the naturalists’ 
minds of yet. 

However, recent years area of 
interdisciplinary researches rapidly develops based 
on the application of natural science methods in 
biological and ecological Sciences. In this regard it 
should be noted phenomenological methods of 
system dynamics [8], which allowed to contribute 
to a methodology of modeling complex socio-

economic systems and the construction of models 
of biological systems.  

We think that this direction of modeling 
systems is the most relevant as it allows to apply 
phenomenological methods to describe living 
systems and social nature. 

In the field of monitoring of natural and 
anthropogenic systems large databases have been 
accumulated that allow you to talk about the 
establishment of laws and the development of 
integrated models of systems and objects. This area 
of research is already enough developed to put the 
problem of estimating of the state probabilities of 
the systems based on complex event simultaneous 
observation of multiple indicators from existing 
databases which describe various natural and 
anthropogenic systems. 

Thus, the purpose of this article is to show 
the possibility of creation on the basis of available 
statistical information of phenomenological models 
for integrated assessment of natural and 
anthropogenic systems, and the ranking of their 
territories according to environmental indicators. 

The basis of this article is the latest 
developments that are associated with the creation 
of the theory of system dynamics and the 
application of algorithmic methods of data analysis 
about the state of the system [8, 15 – 17]. 

Methodology of Research, Adopted 
Methods and Used Data 

Models for the environmental assessment 
can be based on numerical algorithms to determine 
the statistical probabilities of states of the systems. 
These probabilities are determined by the amounts 
of data for complex events of the simultaneous 
observation of multiple indicators or indicators that 
characterize the development of countries, regions 
or territories. These can be some of the most 
characteristic events, and different combinations of 
several such events constituting one complex event, 
for example, a joint event of the observation of the 
three or four environmental indicators. Such 
approach allows to take into account the 
probabilistic patterns of distributing indicative data, 
which reflect the state of the studied systems. 

We illustrate this approach on the example 
of a methodology for the comparison of European 
countries according to environmental indicators [6, 
16 – 17]. For example we take the following 
environmental indicators as attribute variables for a 
comprehensive assessment of countries’ 
development: total emissions of greenhouse gases 
per capita ( )1p , tons СО2-eq./person.; the part of 
protected areas in general area of land ( )2p , %; the 
part of agricultural area in general area of land 
( )3p , %. To solve this problem we can use 
databases [16, 17]. 
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On the basis of variables 321 ,, ppp  form a 
three-dimensional space of coordinates 
{ }321 ,, ppp , in which the possible states of the 
studied system (all European countries) 
theoretically form a certain area 3Q , covering all 
the observed points of the database. In this case, the 
state of each country in three-dimensional space 
can be represented by three-dimensional point 

( )321 ,, pppM , and the processes of change of 
countries’ state for a certain period – by 
multidimensional lines. We assume, as in works [7, 
13 – 15], the continuity of the multidimensional 
area 3Q . It means that in the state space 3Q  there 
are an infinite set of states for a general set of 
objects (countries) and point of states 

( )321 ,, pppM  continuously fill this space. We also 
assume that the experimental points from the 
database are limited sample of observations from a 
given aggregate.  

Let’s consider a complex joint event of the 
simultaneous observation of these three indicators 
and determine that the ecological condition of each 
country in Europe can be evaluated with this 
particular observed event. We find the statistical 
probability of this event according to the basis of 
experimental data which are in the database [16, 17], 
using algorithms of selection, grouping, and 
counting frequencies of favorable events [7, 13, 14]. 
We think that this statistical probability is a 
probability of state of the studied system. This 
statistical probability w  is calculated in the whole 
group of objects (52 European countries). In the 
process of grouping data the statistical probability 
of a state is determined by dividing the whole 
monitored area 3Q  into three-dimensional 
parallelepipeds based on a specified number 
(usually equal) intervals of grouping for each 
variable kp , and determine the relative frequencies 
of events. The relative frequencies are the ratio of 
the number of experimental points that fall into the 
specified three-dimensional parallelepipeds, the 
total number of all observed points. Statistical 
probability is taken as cumulative relative 
frequencies of given joint events. 

For construction models of quantitative data 
we also accept the hypothesis about continuity of 
the probability distribution of the system state in the 
area 3Q . In other words, we assume the existence 
of a scalar field of statistical probability w  in the 
area 3Q  in the form ( )Mww = , which can be 
estimated from experimental data.  

Let’s suppose that in the area 3Q  you can 
set continuous analytical function ( )321 ,, pppT ,on 
the basis of which a mathematical model of the 
probabilistic space  will  be  formed.  For  a  known 

 
 

function ( )321 ,, pppT  and the values of the 
variables 321 ,, ppp  in the area 3Q  you can 
construct one more scalar field, which is taken as 
the simulation environment. 

In this variant of the construction of theories 
about the creation of data models the most 
important thing is the choice of simulation 
environment T . In [7], for example, this 
environment was described by relationships which 
belong to homogeneous classes or multiplicative 
functions relative to the attribute variables. It was 
established that under these conditions during 
modeling you can use multidimensional quasi-
linear partial differential equations of the first order, 
which are closely related to Pfaff’s equations. For 
modeling it is assumed that in the space of states 

3Q  scalar field of values w  and T  are definitely 
related with each other. This relationship is 
represented in the form of phenomenological ratios 

dTcdw l ⋅= , where lc  – empirical quantities 
which are the functions of the development process. 

If these hypotheses are true 
phenomenological descriptions of the data, 
presented in tabular and temporal arrays of 
information are closely related with Pfaff’s 
equations of the form [7]: 
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Introduction of the function ( )321 ,, pppT  is 
necessary for construction of theoretical models 
describing the data (states of European countries). 
The solution of the Pfaff’s equation with constant 
values kc  depends on the type of the function 
( )321 ,, pppT . As we study the distribution of 

statistical probability, we can represent this 
function in the form of geometric probability of the 
state space 3Q  
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or as a measure of relative changes 
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where max,kp , 0kp  – the maximum value or some 
reference values of ecological indices, accordingly. 

In the case (3), in particular, for data 
analysis we should provide a reference point 

( )3020100 ,, pppM  and the states of all other 
countries to connect with this point. With 
considering (3) equation (1) can be presented then 
in the form: 
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And after integration of this equation the 
function of the state can be represented in the form 
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This state function is usually called entropy. 
Thus, according to [7] for this Pfaff’s equation (1) 
in the area 3Q  there is a field of directions, which is 
generated by the scalar field of statistical 
probability w  and which is characterized by the 
vector lines of this field – lines of entropy. In 
addition for this equation in a multidimensional 
space 3Q  there is a total potential of the form 
( ) CpppP =321 ,, , that is a surface orthogonal to 

the vector lines of the field [7]: 
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Potential P  can be adopted as a generalized 
criterion for an integrated assessment of the 
European countries’ states in a multidimensional 
area 4Q  for selected environmental indicators. This 
value is a function of the state under true conditions 
for the existence of scalar field of statistical 
probability w . The change of the potential depends 
only on the initial and final state of the country in 
the process of its ecological change and does not 
depend on the way of transition between these 
states. 

An Example for Ecological 
Assessment of Natural and Anthropogenic 
Systems 

The obtained results allow to assess 
objectively the ecological state of European 
countries and to construct a system of their ranking 
according to ecological indicators, which is not 
based on expert methods. 

For the search of nonlinear relationships 
between the statistical probability of the system 
state and ecological indicators we will use the 
method of regression for determination of the 
relation (5). 

Choose reference values of ecological 
indicators. Thus, total emission of greenhouse gases 
per capita ( )1p  in European countries changes in 
enough wide range from 0,85 to 28,1 ton СО2-
eq./person. We will take as the base value of this 
index the average value for European countries 

8,810 =p  ton СО2-eq./person. Similarly, we take 
the reference value for the protected areas 

9,1030 =p  % (the range of variation from 0,5 to 
40,1 %) and a part of agricultural land in the total 
area of the land, – 8,4840 =p  % (the range of 
variation from 3,0 to 77,0 %). According to these 
data we’ll get the control point ( )3020100 ,, pppM . 

We connect the probability w  with the 
values of the variables in the array of experimental 
data, as the result of which we will have the 
following regression dependence of w  from the 
entropy of the system state: 

( ) sw +−= 804,1ln ;                       (7) 
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The correlation coefficient of relationship 
(7) is 0,91 and the results of data processing are 
given in Figure 1. The original variables were 
related to values 302010 ,, ppp , which correspond to 
a selected reference state. The data show that the 
phenomenological constants kc  for the studied case 
are respectively equal to: 466,01 =c , 495,02 =c , 

041,13 =c . The algorithm for calculating 
probability of the system state is quite definite, so 
there is always a dependence of the probability w  
from the original variables, which is presented in 
tabular form. As shown in Figure 1, by converting 
the coordinates this nonlinear dependence can be 
represented approximately as linear one. 

 
Figure 1. –The dependence of the statistical 

probability w  from the entropy s   
indicators 321 ,, ppp  

Thus, in the space of observable states of the 
system 3Q  we can built curvilinear coordinates that 
specify a certain field of directions that reflects 
average trends associated with ecological changes 
throughout the studied class of objects (among 
European countries). 

The corresponding vector lines and the 
potential of this field P  determine the natural 
curvilinear coordinates in the area 3Q , in this case. 
The point ( )321 ,, pppM , which characterizes the 
state of each country in the process of its ecological  
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change, will take a position in accordance with 
these coordinates. This allows us to determine 
objectively the rank of the country in the 
hierarchical set of other objects on the basis of 
simultaneous observations of the three ecological 
indicators 321 ,, ppp . The potential is the most 
convenient tool for ranking objects.  

According to the obtained data, based on the 
probabilistic evaluation of complex joint events, the 
potential of the state is identified for each country 
in Europe. The results of the ranking are given in 
Table 1. 

 
Table 1. – Potential values for the European countries 

European 
Countries 

Potential of the 
country , P  European 

Countries 
Potential of the 

country, P  
Albania -4,01 Liechtenstein 25,15 
Andorra -3,02 Lithuania -1,41 
Armenia -2,36 Luxembourg 22,64 
Austria 12,29 Macedonia -2,32 
Azerbaijan -2,26 Malta -2,91 
Belarus -2,11 Republic of 

Moldova -2,37 
Belgium 1,51 Monaco 6,24 
Romania -1,68 the Netherlands 4,62 
Bulgaria -0,56 Norway -0,77 
Croatia -2,30 Poland 11,34 
Cyprus -1,52 Portugal -2,21 

Czech Republic 6,09 Bosnia and 
Herzegovina -4,25 

Serbia and 
Montenegro -3,26 the Russian 

Federation 1,90 

Estonia 18,23 San Marino -5,01 
Finland 2,65 Denmark 2,07 
France 0,81 Slovakia 8,79 
Georgia -4,01 Slovenia -1,17 
Germany 15,28 Spain 0,04 
Greece 0,97 Sweden -2,01 
Hungary -0,20 Switzerland 10,88 
Iceland -1,24 Tajikistan 0,88 
Ireland 4,23 Turkey -3,22 
Italy 1,38 Turkmenistan -0,99 
Kazakhstan 1,60 Ukraine -0,80 
Kyrgyzstan -3,56 Great Britain 5,89 
Latvia -1,01 Uzbekistan -2,44 

 
 

From the data of Table 1 it is obvious that 
the European countries can be ranked according to 
several environmental indicators by determining the 
potential of each country in the space of variables 
{ }321 ,, ppp . A comprehensive assessment is 
carried out by determining the position of each 
country in curvilinear coordinates in this space 
taking into account the average trends in the 
development  of  all  countries.  The   estimation   is  

performed with respect to the average values of 
ecological indicators in relation to the reference 
point ( )3020100 ,, pppM . Thus, taking into account 
probabilistic assessment of joint events associated 
with simultaneous monitoring of ecological 
indicators, it is possible to have a mutual 
comparison of different natural and anthropogenic 
systems based on state data and environmental 
development of these systems. 
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Conclusions  

This method of complex assessment can be 
applied to various natural and anthropogenic 
systems, such as countries, regions, cities, natural 
and industrial complexes and enterprises, as well as 
to any set of initial ecological indicators. However, 
we should note that when increasing number of 
indicators more than 3 or 4 it’s necessary to have a 
sufficiently large amount of data. The number of 
data is commensurate with the value pfdN ⋅= , 
where f  – the number of intervals, grouping data 
for one indicator (from 7 to 10); d  – the number of 
experimental data in the same interval of grouping 
( )75−=d ; p  – the number of indicators, which 
form a joint event. The proposed method of 
evaluation is based on the probabilistic approach 
and doesn’t use expert methods of data analysis. 

Thus, a database of ecological indicators in 
combination with methods of comprehensive 
evaluation, based on the determination of the 
probabilities of events, allow you to set the patterns 
of ecological development of natural-anthropogenic 
systems. 

Literature 

1. Environmental Indicators for Agriculture: 
Methods and Results. – OECD, Vol. 3, 2001. 

2. Environmental Health Indicators: Framework 
and Methodologies / Prepared by D. Briggs, 
Occupational and Environmental Health. Geneva: 
UNEP, USEPA and WHO, 1999. – 119 p. 

3. ten Brink, B. (2000) Biodiversity indicators for 
the OECD Environmental Outlook and 
Strategy – A feasibility study. Globo Report 
Series, RIVM Report 402001014, Bilthoven, 
The Netherlands: RIVM. – 52 p. – Электр. 
ресурс, URL: http://www.rivm.nl/bibliotheek/ 
rapporten/402001014.pdf (04.06.14). 

4. Indicators of Sustainable Development: 
Guidelines and Methodologies. Third Edition. 
– United Nations, New York, 2007. – 93 p. – 
Электр. ресурс, URL: http://www.un.org/esa/ 
sustdev/natlinfo/indicators/guidelines.pdf (10.06.14). 

5. World Development Indicators (issued 
annually). World Bank. – Электр. ресурс, 
URL: www.worldbank.org/ (10.03.14). 

6. Экологические показатели и основанные на 
них оценочные доклады. Восточная Европа, 
Кавказ и Центральная Азия. Нью-Йорк, 
Женева: ООН. 2007. – 110 с. 

7. Аверин Г.В. Системодинамика: наука о 
закономерностях процессов изменения и 
развития систем во времени. – Palmarium 
Academic Publishing, 2014. – 488 с. 

8. Смольянинов В.М., Русинов П.С., Панков Д.Н. 
Комплексная оценка антропогенного 
воздействия на природную среду при 
обосновании природоохранных мероприятий. 
Воронеж: ВГАУ, 1996. – 126 с. 

9. Мусихина Е.А. Методологический аспект 
технологии комплексной оценки 
экологической емкости территорий. М.: 
Академия Естествознания, 2009. – Электр. 
ресурс, URL: http://www.monographies.ru/31 
(17.05.14). 

10. Артюхов В.В., Мартынов А.С. Системная 
методология оценки устойчивости 
природно-антропогенных комплексов: 
теория, алгоритмы, количественные оценки. 
2013. – 142 c. // «Общая теория систем» на 
Practical Science: http://www.sci.aha.ru; http:// 
www.sci.aha.ru/ots/Metodology.pdf (23.06.14). 

11. Буренков Э.К., Гинзбург Л.Н., Грибанова Н.К., 
Зангиева Т.Д. и др. Комплексная эколого-
геохимическая оценка техногенного 
загрязнения окружающей природной среды 
// ИМГРЭ, ЗАО «РИФТ», М.: Прима-Пресс, 
1997. – 73 с. 

12. Розенберг Г.С., Шитиков В.К. О соотношении 
математики и биологии в экологии // 
Количественные методы экологии и 
гидробиологии / Отв. ред. чл.-корр. РАН 
Г.С. Розенберг. – Тольятти: СамНЦ РАН, 
2005. – C. 228 – 233. 

13. Аверин Г.В., Звягинцева А.В. Стратегическая 
оценка статуса Украины в современном мире 
по данным международных организаций. 
Часть 2: Примеры анализа и результаты // 
Системный анализ и информационные 
технологии в науках о природе и обществе. 
Донецк: Друк-инфо, 2013. – № 1 (4) – 2(5). – 
C. 46 – 55. 

14. Аверин Г.В., Звягинцева А.В. Применение 
методов интеллектуального анализа данных 
при оценке развития Украины //  
Геотехническая механика. Выпуск 112. 
Днепропетровск, 2013. С. 242 – 255. 

15. Звягинцева А.В. Методы комплексного 
анализа информации в оценке уровня 
развития регионов Украины // Материалы V 
научно-практической конф. «ДОНБАС-2020: 
Перспективы развития глазами молодых 
ученых». Донецк: ДонНТУ, 2010. – С. 573 – 577. 

16. Защита окружающей среды Европы – 
Четвертая оценка. Европейское агентство по 
окружающей среде, Копенгаген. Дания: 
Schultz Grafisk, 2007. – 452 с. // eea.europa.eu. 
(09.04.14). 

17. Доклад «Живая планета» / Всемирный фонд 
дикой природы. Пер. с англ. 2006, 2008, 

81
Звягинцева А.В.
Донецкий национальный технический университет

ISSN 2411-720X (Print)
ISSN 2413-0834 (Online)

СИСТЕМНЫЙ АНАЛИЗ И ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ
В НАУКАХ О ПРИРОДЕ И ОБЩЕСТВЕ

______________________________________________________________________________________________________

№1(6)-2(7)'2014



 

2010, 2012. http://www.wwf.ru/resources/ 
publ/book/436, http:// www.wwf.ru/resources/ 
publ/book/584 (10.11.12). 

Literature (transliteration) 

1. Environmental Indicators for Agriculture: 
Methods and Results. – OECD, Vol. 3, 2001. 

2. Environmental Health Indicators: Framework 
and Methodologies / Prepared by D. Briggs, 
Occupational and Environmental Health. Geneva: 
UNEP, USEPA and WHO, 1999. – 119 p. 

3. ten Brink, B. (2000) Biodiversity indicators for 
the OECD Environmental Outlook and 
Strategy – A feasibility study. Globo Report 
Series, RIVM Report 402001014, Bilthoven, 
The Netherlands: RIVM. – 52 p. – Elektr. 
resurs. URL: http://www.rivm.nl/bibliotheek/ 
rapporten/402001014.pdf (04.06.14). 

4. Indicators of Sustainable Development: 
Guidelines and Methodologies. Third Edition. 
– United Nations, New York, 2007. – 93 p. –  
Elektr. resurs. URL: http://www.un.org/esa/ 
sustdev/natlinfo/indicators/guidelines.pdf 
(10.06.14). 

5. World Development Indicators (issued 
annually). World Bank. – Elektr. resurs. URL: 
www.worldbank.org/ (10.03.14). 

6. Еkologicheskie pokazateli i osnovannye na nih 
ocenochnye doklady. Vostochnaja Evropa, 
Kavkaz i Central'naja Azija [Environmental 
Indicators and Indicators-Based Assessment 
Reports. Eastern Europe, the Caucasus and 
Central Asia]. N'ju-Jork, Zheneva: OON. 2007. 
– 110 p. 

7. Averin G.V. Sistemodinamika: nauka o 
zakonomernostjah processov izmenenija i 
razvitija sistem vo vremeni [Systemdynamik: 
the Science About the Regularities of the 
Processes of Change and Development 
Systems at Time]. – Palmarium Academic 
Publishing, 2014. – 488 p. 

8. Smol'janinov V.M., Rusinov P.S. and 
Pankov D.N. Kompleksnaja ocenka 
antropogennogo vozdejstvija na prirodnuju 
sredu pri obosnovanii prirodoohrannyh 
meroprijatij [A Comprehensive Assessment of 
Anthropogenic Impact on the Natural 
Environment in the Justification of 
Environmental Protection Measures]. 
Voronezh: VGAU, 1996. – 126 p.  

9. Musihina E.A. Metodologicheskij aspekt 
tehnologii kompleksnoj ocenki jekologicheskoj 
emkosti territorij [The Methodological Aspect 
of the Technology of the Integrated 
Assessment of the Ecological Capacity of the 
Territory]. M.: Akademija Estestvoznanija, 

2009. – Elektr. resurs, URL: http://www. 
monographies.ru/31 (17.05.14). 

10. Artjuhov V.V. and Martynov A.S. Sistemnaja 
metodologija ocenki ustojchivosti prirodno-
antropogennyh kompleksov: teorija, algoritmy, 
kolichestvennye ocenki [A Systematic 
Methodology for Assessing of the 
Sustainability of Natural and Anthropogenic 
Systems: Theory, Algorithms, Quantitative 
Evaluation]. 2013. – 142 c. // “Obshhaja teorija 
system” na Practical Science: http://www.sci. 
aha.ru; http:// www.sci.aha.ru/ots/Metodology. 
pdf (23.06.14). 

11. Burenkov Е.K., Ginzburg L.N., Gribanova N.K., 
Zangieva T.D. i dr. Kompleksnaja jekologo-
geohimicheskaja ocenka tehnogennogo 
zagrjaznenija okruzhajushhej prirodnoj sredy 
[Integrated Ecological-Geochemical Assessment 
of Technogenic Pollution of the Natural 
Environment] // IMGRJe, ZAO “RIFT”, M.: 
Prima-Press, 1997. – 73 p. 

12. Rozenberg G.S. and Shitikov V.K. O 
sootnoshenii matematiki i biologii v jekologii 
[About the Relationship of Mathematics and 
Biology in Ecology] // Kolichestvennye 
metody jekologii i gidrobiologii / Otv. red. 
chl.-korr. RAN G.S Rozenberg. – Tol'jatti: 
SamNC RAN, 2005. – pp. 228 – 233.  

13. Averin G.V. and Zvjaginceva A.V. 
Strategicheskaja ocenka statusa Ukrainy v 
sovremennom mire po dannym 
mezhdunarodnyh organizacij. Chast' 2: Primery 
analiza i rezul'taty [Strategic Assessment of the 
status of Ukraine in the modern world 
according to the data of international 
organizations. Part 2: Examples of analysis and 
results] // Sistemnyj analiz i informacionnye 
tehnologii v naukah o prirode i obshhestve. 
Doneck: Druk-info, 2013. – no 1 (4) – 2(5). – 
pp. 46 – 55. 

14. Averin G.V. and Zvjaginceva A.V. Primenenie 
metodov intellektual'nogo analiza dannyh pri 
ocenke razvitija Ukrainy [Application of Data 
Mining Techniques for the Assessment of 
Ukraine Development] // Geotehnicheskaja 
mehanika. Vypusk 112. Dnepropetrovsk, 2013. 
pp. 242 – 255. 

15. Zvjaginceva A.V. Metody kompleksnogo 
analiza informacii v ocenke urovnja razvitija 
regionov Ukrainy [Methods for the Integrated 
Analysis of Information in Assessing the Level 
of Development of Regions of Ukraine] // 
Materialy V nauchno- prakticheskoj konf. 
“DONBAS-2020: Perspektivy razvitija glazami 
molodyh uchenyh”. Doneck: DonNTU, 2010. – 
pp. 573 – 577. 

82
Звягинцева А.В.

Донецкий национальный технический университет

№1(6)-2(7)'2014 СИСТЕМНЫЙ АНАЛИЗ И ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ
В НАУКАХ О ПРИРОДЕ И ОБЩЕСТВЕ

______________________________________________________________________________________________________

ISSN 2411-720X (Print)
ISSN 2413-0834 (Online)



 

16. Zashhita okruzhajushhej sredy Evropy – 
Chetvertaja ocenka [Protection of European 
Environment – the Fourth Assessment]. 
Evropejskoe agentstvo po okruzhajushhej 
srede, Kopengagen. Danija: Schultz Grafisk, 
2007. – 452 p. // eea.europa.eu (09.04.14). 

17. Doklad “Zhivaja planeta” [The report “The 
Living Planet”] / Vsemirnyj fond dikoj prirody. 
Perevod. s angl. 2006, 2008, 2010, 2012. 
http://www.wwf.ru/resources/publ/book/436, 
http://www.wwf.ru/resources/publ/book/584 
(10.11.12).

 
 

Звягінцева Г.В. «Багатопараметричне ранжування територій на основі аналізу даних про 
стан природно-антропогенних систем». Ранжування природно-антропогенних систем виконано на 
основі оцінки ймовірностей спільних складних подій, пов'язаних з одночасним спостереженням декількох 
екологічних показників. Запропоновано методику оцінки екологічного розвитку, яка заснована на 
алгоритмічному визначенні статистичних ймовірностей подій, що характеризують стан 
досліджуваних об'єктів. Наведено приклад ранжирування країн Європи за комплексом екологічних 
показників на основі використання існуючих баз даних. Виконано оцінку екологічного розвитку країн за 
трьома показниками: сумарними викидами парникових газів на душу населення, часткою територій, що 
охороняються, та часткою сільськогосподарських земель у загальній площі землі для кожної країни 
Європи. Дана методика є об'єктивною та не використовує експертні методи при комплексній оцінці 
стану об'єктів. 

Ключові слова: екологічні показники, комплексна оцінка, багатопараметричне ранжування, 
країни Європи. 

 

Звягинцева А.В. «Многопараметрическое ранжирование территорий на основе анализа 
данных о состоянии природно-антропогенных систем». Ранжирование природно-антропогенных 
систем выполнено на основе оценки вероятностей совместных сложных событий, связанных с 
одновременным наблюдением нескольких экологических показателей. Предложена методика оценки 
экологического развития, которая основана на алгоритмическом определении статистических 
вероятностей событий, характеризующих состояния изучаемых объектов. Дан пример ранжирования 
стран Европы по комплексу экологических показателей на основе использования существующих баз 
данных. Выполнена оценка экологического развития стран по трем показателям: суммарным выбросам 
парниковых газов на душу населения, доли охраняемых территорий и доли сельскохозяйственных земель 
в общей площади земли для каждой страны Европы. Данная методика является объективной и не 
использует экспертные методы при комплексной оценке состояния объектов. 

Ключевые слова: экологические показатели, комплексная оценка, многопараметрическое 
ранжирование, страны Европы. 

 
Статья поступила в редакцию 16.07.2014 

Рекомендована к публикации канд. техн. наук В.Н. Беловодским 

83
Звягинцева А.В.
Донецкий национальный технический университет

ISSN 2411-720X (Print)
ISSN 2413-0834 (Online)

СИСТЕМНЫЙ АНАЛИЗ И ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ
В НАУКАХ О ПРИРОДЕ И ОБЩЕСТВЕ

______________________________________________________________________________________________________

№1(6)-2(7)'2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


