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Abstract. The article studies methodological approaches to the
environmental assessment of the quality of the environment and the
quality of the population of rural settlements. The components of
the "rural environment" of life activity include the factors of life
support of rural residents or are the resource potential that
determine the viability and vitality of the rural environment. The
polystructurality of the living environment forms a special
functional regime within the boundaries of rural settlements and
agricultural activities. At the present stage, the population of rural
settlements is experiencing the following negative factors: an
increase in morbidity, genetic disorders, mortality, complication of
social relations, and economic decline. The life activity of a rural
resident is closely interrelated with the natural environment,
agricultural activities and has wide spatial boundaries, including
various spectra: home, household, objects of agricultural activity.
The result of the processing is the compilation of morphometric
maps. The map is the basis for creating predictive models for the
course of exogenous processes. A monitoring algorithm, which
collects data according to the scheme of a typical random nest
selection, is important for the environmental analysis of the living
environment of rural residents. The sample range, which guarantees
the survey of various features of rural settlements, is calculated
according to the rules of the sampling method for 145 villages.
Rural settlements within the Voronezh region with a population of
more than 500 people were studied in terms of medical and
demographic indicators.
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1 Introduction

The problem of assessing the living environment of a modern person occupies a leading
place in the modern world within the development of a strategy for the balanced
development of the "nature-population-economic activity" geosystem. Particular attention
should be paid to the living environment of a rural person, while more than 25.44% of the
population of Russia live in rural settlements.

Rural settlements in Russia performed demographic and economic functions in the
development of the country. Various changes took place in the history of rural settlements -
the principles of organizing agricultural activities changed, which made changes in the way
of life of villages and the nature of a rural settlement. The beginning of the XXI century is
marked by contradictions and crises in the development of rural settlements. Revealing
changes in the qualitative and quantitative indicators of the living environment of rural
settlements is especially relevant. The manifestation of depopulation processes has been
noted since the end of the XX century, which is expressed in a decrease in the population
and the number of settlements. The structure of rural settlements and their socio-ecological
and economic conditions are changing in the regions [8].

The habitat of rural settlements is considered one of the pressing problems of the
beginning of the XXI century. The rural environment has specific spatial properties and
living conditions. The rural settlement environment is a spatial geosystem that includes the
homestead, the rural settlement, and the surrounding areas of agricultural activity. The
villagers are constantly in contact with the life-supporting factors of the environment. The
rural environment is a complex, multi-structural formation, which is formed by the
interaction of natural, economic, man-made, and social environments. Many
environmentally significant life-giving properties are eco-factors.

2 Materials and Methods

Assessment of the quality of the rural dweller's habitat is important for the formation of
their sustainable balanced development. To assess the habitat of rural settlements, it is
necessary to create a database that includes the collection of digital information and group
it into two modules: "properties of the environment" and "properties of the population". The
"environmental properties" module includes data on environmental factors. The module
"population properties" takes into account medical and demographic indicators as
indicators of the state of the environment and lifestyle. Settlements with more than 500
inhabitants were selected as accounting units. Accounting objects were selected by a
selective method and according to the scheme of a typical nested random sample. The
sample range should take into account different types of rural settlement environments with
different properties. The nested selection of information on settlements should ensure the
representativeness of the data in combination with the multiphase and location of the
settlement in various geomorphological conditions, as well as in relation to the transport
infrastructure of the territory. 145 settlements according to 55 indicators of the environment
and 5 indicators of the quality of the population were examined on the Voronezh region
territory. The sources of information used are cartographic materials, remote zoning data,
monitoring, information, and statistical services of the regional and district municipal level,
and Rosstat.

A geosystem study of the rural human habitat at the local spatial level, on the scale of
individual settlements, was carried out. The information base in the study is represented by
two modules for the implementation of system ideas with a focus on the anthropocentric
approach. In order to optimize research procedures and improve the systematic study of
rural geosystems, mathematical and statistical methods and GIS technologies were tested.
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The results of automatic processing of primary information were transformed into a series
of a highly informative, new type, environmental maps, which reflect the spatial variability
of the state of the environment and the quality of villagers in integral numerical indicators.
The complex structure of anthropo-environmental relations with an indication of the
priority of the impact of factors of the economic and man-made environment is fixed by the
cartographic method within the geospace.

3 Results and Discussion

The life activity of the villager is closely interconnected with the natural environment,
agricultural activity and has wide spatial boundaries, as well as closely interconnected with
the relief. Geomorphological studies are necessary to identify negative natural and
anthropogenic factors. The result of the processing is the compilation of morphometric
maps. The map can be the basis for creating predictive models of the course of various
geomorphological processes. To identify erosion processes, it is necessary to calculate the
correlations between the variable values of the geosystem parameters, their graphical
processing, coupled consideration of the evolutionary changes in the internal relationships
and states of the elements of geosystems that exist in the same type and extreme conditions,
climatic, geological and tectonic processes. This will reveal the self-oscillating mode of
functioning of regional erosion geosystems. The rhythmic change in the phases of
dismemberment and flattening reveals fluctuations. The phase change is caused by negative
feedback and by self-regulation processes. The conjugated analysis will make it possible to
determine the sequence of evolutionary changes in the morphometric properties of the
erosional mesorelief and the peculiarities of the relationships.

The ecological effect of the environment depends on their combined and
multidirectional influence, which is mutually exclusive in some types of settlements. On the
territory of the region, eco-situations are obvious, where the unfavorable environment
potential of one environment reduces the favorable environmental conditions of another, as
well as the unfavorable conditions of weakly influencing eco-components are summed up,
and their combined impact on the quality of rural residents is manifested in low indicators
of the quality of the population.

The '"rural environment" is a complex multicomponent entity, its various
environmentally significant factors can be described using a variety of numerical indicators.
Determination of the degree of the information content of individual indicators, automation
of solving problems on the classification of geosystems on a quantitative, component,
integrated basis [5,6].

The use of a multidimensional classification algorithm is effective for the
implementation of classification constructions. The classification approach using the
multidimensional classification algorithm allows identifying the spatial patterns of the rural
environment, and the elements of the functional regime, which will provide information on
the dynamics of the living environment of the population.

Environmental study of the rural environment and its zoning at the regional level can
contribute to determining the feasibility of controlling impacts on it and choosing the most
optimal ways to improve it [2].

For a comprehensive assessment of the rural living environment, it is necessary to
determine negative changes in the basic life-supporting properties of the environment, but
for the implementation:

— there are lack of specific values and factual material about the state of the

environment and the system of human interactions with his environment;

— the socio-ecological-economic environment of the villager has not been determined

at the regional level;
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— medical and statistical data on the assessment of the quality of the population are

not correct.

To identify patterns in the manifestation of processes and phenomena in rural areas, it is
important to create a bank of environmental information, which is in various organizations
at the present stage, which causes difficulties in a comprehensive assessment of rural
settlements. Indicators of homogeneous populations have been developed to characterize
the habitat by 50 parameters, which are the basis for the creation of cartographic and
statistical models. The information and analytical model "habitat quality" is presented in
Figure 1.

Natural environment: degree of epidemic danger (points), provision of green spaces
(ha/person), depth of relief dissection (m), density of relief dissection (width of
catchment, km), density of gully dissection (km/km?2), degree of resistance of the
geological environment to tectonic impacts (points), intensity of exposure dose of
surface gamma radiation (uR/hour), average annual air temperature (°C), degree of
relief favorableness for agricultural erosion processes (points), annual precipitation
(mm), sum of air temperatures for a period with temperatures above +10 °C,
mineralization of groundwater used for water supply to the population (g/liter), surface
runoff resources (water supply, thousand cubic meters/sq. km), groundwater resources
(thousand cubic meters/day), soil bonitet (points)

Technogenic environment: provision of living space (ha/person), provision of land
occupied by technogenic objects (ha/person), total number of industrial sources of
pollution (pieces), total number of agricultural sources of pollution (pieces), total

number of household sources of pollution (pieces), degree of groundwater pollution

(points), degree of air pollution (points), degree of pollution of water bodies (points),
degree of soil pollution with Cs-137 (points), degree of soil pollution with heavy

metals (points)

Economic environment: provision of a rural resident with living areas (ha/person),
provision of agricultural land (ha/person), provision of household plots (ha/person),
cost of fixed assets of the economy (thousand rubles/person), cost of products produced
on the farm (thousand rubles/person), the availability of vehicles on the farm
(units/person), the cost of oil products (thousand rubles/person), the availability of
paved roads (km/ha), the availability of dirt roads (km/ha), the share of people
employed in the agricultural sector (%), the number of processing enterprises (units),
per capita electricity consumption (kW/hour, per month/person)

Social environment: population density (people/sq. km), share of retirees, share of
people with higher education (%), share of population with incomes below the
subsistence level, number of medical employees per inhabitant, number of educational
institutions (units), type of water supply (point), unemployment rate (%), average
monthly cash income per capita (rubles), provision of residential buildings (sq.
m/person), provision of social facilities infrastructure (units/person), type of heating
(point), total population (people)

Information and analytical model " quality of the environment"

Population quality: birth rate (people per 1,000 inhabitants), mortality (people/1,000
inhabitants), natural growth (people/1,000 inhabitants), adult morbidity (people/1,000
adults), child morbidity (people/1,000 children)

Fig. 1. Databases for information and analytical modeling "Habitat of a rural settlement"

The quality of the population of rural settlements is assessed on the basis of a binary
division of the indicators of each settlement. As a result, 8 types of population quality were
obtained, which differ from the average regional and all-Russian ones.

The procedure of the second algorithm consists in combining objects into classes
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according to the similarity of properties in the numerical values of all considered features.
Formally, the classification problem is reduced to dividing an array of source data into
classes in a multidimensional vector space. The classification algorithm identified 6 types
of settlements, differing in a certain combination and mutual relationship of the entire set of
indicators of the quality of the rural population [1].

Based on the classification results, cartographic modeling was carried out according to
the estimated parameters of the quality of the population.

Cartographic modeling allowed us to prove the combined impact of all environmental
factors, to measure the contribution of environmental factors and to identify spatial patterns
of their manifestation [7]. The degree of influence of each factor is determined by
correlation analysis. The initial set of population quality characteristics was described on
the basis of factor analysis. Factor analysis established the integral influence of factors on
the quality of the population, which made it possible to identify the direction of their
influence on the territory of the region and municipal districts. Multidimensional
classification makes it possible to assess the "quality of a rural settlement" and establish
cause-and-effect relationships, which in the future will allow controlling the quality of the
population. This approach makes it possible to group 5 classes according to the similarity of
the joint quantitative manifestation of factors and causes.

To map the contribution of the environment to the quality of the population, it is
necessary to summarize the data on the environment. The method of principal components
is effective to study the factors. The results obtained by the component analysis establish
the ecopotential of the environment within the boundaries of regional typological
combinations on the integral map [3]. Conjugate analysis of all maps with a focus on the
average long-term background values of the initial indicators on the quality of the
population over the past 10 years in the region and in the country made it possible to give a
qualitative assessment of the state of the environment and the quality of the population and
to include these characteristics in the legends of maps that comprehensively represent
ecosystems.

The compiled series of different types of ecological maps reveal the spatial patterns of
the state of the environment of rural settlements, the quality of the population, and the
specifics of environmental relations between them.

At the same time, it is possible to assess the response of the population to environmental
impacts by the extent of its manifestation and display it on the map "Modern environmental
situation of rural settlements" in gradations: dangerous, pathological, stressful.

There are two types of maps of environmental situations:

— the first - based on the results of the classification of the population according to the

indicators of its quality;

— the second - based on the classification of indicators of "factor-causes" -
representing, in fact, the response of the population to the impact of the
environment.

When comparing these options, incomplete correspondence is found in the
differentiation of the geotopological space according to the characteristics of the
environment, its effects, and the response of the population to these effects.

The reason for this discrepancy can be recorded on the maps that characterize the
quality of the population of the studied region. The territorial structure of the rural
population quality is clearly ordered: the most numerous types create clear bands of sub-
meridial and sub-latitudinal orientation, sometimes interrupted by few groups. At the same
time, the types in the bands are concentrated according to the principle "better - worse" and,
moreover, the rhythmic alignment into bands is characterized by a tendency for a stepwise
deterioration or improvement of indicators [4].

Medical and demographic indicators display information not only about the
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environmental burden, but also about the impact of internal mechanisms of self-
development of rural residents. The generalized data of specially developed new
environmental maps clearly and realistically identified the main environmental problems of
rural areas within the boundaries of the Voronezh Region.

The use of effective methods of cartographic integration of quantitative information in
the form of matrix legends enhances their applied value.

The compiled series of maps provides a data bank and a reference point for further
solving the environmental problems of rural settlements.

Thus, the living environment of the rural population is determined in the following
areas:

— assessment of negative changes in the viable and life-supporting properties of the

environment;

— identification of the specifics of the environmental state of the environment and the

relations of the rural population with the environment.

Mathematical and statistical methods of GIS technology have been tested in order to
automate research procedures and improve the systematic study of rural settlements. The
results of automatic processing of primary information are transformed into a series of
ecological maps of a new type, which are highly informative and display the spatial
variability of the state of the environment, the quality of the villagers, the environmental
impact of the environment, and the response of the population in integral numerical
indicators and in a complex (specially developed multidimensional matrix legends). The
complex structure of anthropo-environmental relations with an indication of the priority of
the impact of factors of the economic and man-made environment is fixed by the
cartographic method within the geospace. The maps reflect problematic anthropo-
environmental situations of a high degree of complexity and extreme tension, which will
justify priority directions in improving the living environment of the rural population.

Ecologically significant factors for rural residents are the natural water supply,
territories, land agro-climatic conditions of the area, the availability of agricultural land to
the population, and the quality of elements of the natural resource potential. The poly-
structure of the living environment forms its special functional regime within the
boundaries of rural settlements and the relationship with agricultural activities. Currently,
the population of rural settlements is experiencing a number of negative factors: an increase
in morbidity, genetic disorders, mortality, a complication of social relations, economic
problems, and pronounced depopulation processes. The developed methodological
approach can be applied to solve problems of typological classification of objects. In terms
of processing a large array of statistical information, which is later used for mapping the
territory, this method has proven itself quite well. Analysis of the cartographic material
reveals spatial patterns, and the changes under consideration reflect the state of the
dynamics of geosystems.
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