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COMPREHENSIVE GEOECOLOGICAL ASSESSMENT
OF THE FEATURES OF URBANIZED TERRITORIES

L.A. Lomova, O.B. Istomina, A. Dooranov,
R.A. Aleshko, O.M. Tsuglenok

Objective. The aim of the study is to identify important features of the geoecological
study of cities, as well as to consider the main approaches and methods that are
used in the geoecological analysis of morphologically heterogeneous indicators.

Materials and methods. The object of research is geosystems in geography and
ecosystems in ecological science. It is this systematic approach that brings ecology
and geography closer together.

Results. As a result of the interaction of society with the natural environment,
one can see a new branch of knowledge - geoecology. So, it is necessary to take into
account spatial or territorial patterns. The science of geoecology is the link between
geography and ecology for solving various problems of the natural environment.
Exactly, we can talk about the spatio-temporal features that have the interaction
of organisms with the environment and territorially differentiated systems of
relationships.

Conclusion. At the present time, the modern interest of society in environmental
science is quite explainable. Its main problem is survival in those conditions
of the natural environment, which are greatly changed as a result of human
economic activity. All over the world, a large role is assigned to the health of the
population due to the problem of anthropogenic pollution of the environment. It
causes significant damage in the geographical, biological, economic spheres, as
well as its individual enterprises. There is a serious threat of violations not only
of the biosphere, geosphere, atmosphere, but, in general, the entire geographic
envelope. The first area is the subject of environmental research, and the second
area is geography. As a result of these events, one can undoubtedly speak of a huge
similarity and overlap between these sciences.

Keywords: geoecological research, geosystem analysis; city; geographical
approach; geographic environment; landscape approach; ecological approach;
ecological-geographical analysis
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KOMIIVIEKCHASA
TEODKOJIOTHYECKAS OHIEHKA OCOBEHHOCTEM
YPBAHU3UPOBAHHBIX TEPPUTOPUI

JIL.A. Jlomosa, O.b. Hcmomuna, A. /loopanos,
P.A. Anewro, O.M. Ilyznenox

Lens padomut. Lenvio uccnedosanus AGIACMC 8bIAGNIEHIUE BAICHBIX OCOOEHHO-
cmetl 209K0NI02UHECKO20 U3YUEeHUsl 20P0008, A MAKICE PACCMOMPEHUE OCHOBHbIX
100X0008 U Memoo08, KOmopbvle UCNONb3VIOMCA NPU 2€09KON02UYECKOM AHATU3Ee
Mopponozurecku HeOOHOPOOHbIX NOKA3AMEIEll.

Mamepuanst u memoovt. O0bEKMoOM UCCIe008AHUS AGIAIONCS 2COCUCTNEMbL 8
eeozpaguu u sKocucmemyvl 8 dkor02uU. MmenHo maxou cucmemmwiil no0xXo0 conu-
Jicaem IKON02UIO U 2e0epauio.

Pesynomamot. B pezynomame 3aumooeiicmeus 00wecmsa ¢ npupooOHoll cpeoot
MOJICHO YBUOemb HOBYI0 OMPACIb 3HAHUL — 2e09K0n02UI0. Tmak, 1eobxooumo yuu-
Mmbl6amv NPOCMPAHCMEEHHbIE UNU TepPUMOpUdIbHble 3aKoHoMepHocmu. Hayka
2C0IKONI02US ABTIAECMCS CEAZVIOWUM 36EHOM Medicdy 2eozpadhueli u dKonozuel 0
peuwienus pasiuiHbIX npoonem npupooHotl cpedvi. UMeHHO, MOXMCHO 2060pumsy O
npoOCMpAaAnHCmMBeHHO-8PEMEHHBIX 0COOEHHOCTAX 63AUMOOCUCEUs OPSAHUIMOB CO
cpeooll u meppumopuanbHo OUPhepenyupo8aHtvIxX CUCIEMAX 63aUMOOMHOUEHU.

3akntouenue. B nacmosiyee epems cospemMenHblll uHmepec oouecmsa K Hayke
00 okpysicarowjell cpede gnonne 06vsacHuM. Eco enasnas npobiema — evloicusanue
6 Mex YCA08UAX NPUPOOHOIL Cpedbl, KOMOPble CUNLHO USMEHUTUCH @ pe3yabimane
X03AaticmeeHHol desmenbHocmu yernoseka. Bo ecem mupe 6onvuwas pors omeo-
oumcs 300p06bl0 HACENEHUs 6 C6A3U ¢ NPOONEMOU AHMPONOEHHO20 3a2PA3HEHUS
oxpyarcaroweil cpedvl. Ona HAHOCUM 3HAUUMENbHbLIL Yuepb 6 ceoepaguueckoll,
OUONO2UUECKOLL, IKOHOMUUECKOU Chepax, a makice OmoeibHbIM ee NPeOnpUusimusim.
Bosnukaem cepvesnas yepo3a HapyuieHull He monvko buocghepwl, ceocgepul, am-
Mocghepbi, HO u 800bWe 6cell ceocpaghuueckoll obonouxu. Ilepsoe nanpasnenue —
npeoment IKOIOSUYECKUX UCCLe008aHUL, mopoe — ceoepadus. B pezynomame smux
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COOBIMULL, HECOMHEHHO, MOJICHO 2080PUMb 0O OZPOMHOM CXOOCMEE U NepeceteHuy
OMUX HAYK.

Kniouesvie cnosa: ceodxonocuyeckoe uccieooganue; 2e0CUCMEMHbIN AHaIU3,
20p00; 2eocpaghuueckuil LOOX00, 2eo2paduueckas cpedd, IaHOUAGMHBLIL HOOX00;
9KONO2UYECKUL NOOX00, IKON020-2e02papuiecKull anamus

Jna yumuposanus. Jlomosa JI.A., Hcmomuna O.b., [oopanoe A., Anewxo
PA., Ilyenenox O.M. KomniekcHas 2e09K0102udeckas 0yeHKka ocobeHHocmetl ypoa-
nusuposannvix meppumopuii // Siberian Journal of Life Sciences and Agriculture.
2023.T 15, Nel. C. 454-473. DOI: 10.12731/2658-6649-2023-15-1-454-473

Introduction

Currently, geoecological research is at the stage of its active development.
They are aimed primarily at solving the problems of many issues that can be
studied within the framework of such geographical systems as “nature - econ-
omy - society”. All this can take place on the basis of comprehensive research:
ecological, physical-geographical, economic-geographical and socio-ecological.

Research in the field of geography and ecology is aimed at developing not
only theoretical foundations, principles and standards for rational environmental
management, but also sustainable development of society, as well as optimizing
its interaction with the natural environment [5; 31].

At the moment, studying the modern urban system is an interesting and chal-
lenging research process. This is a special territorial system, which is both a com-
plex national economic complex and a form of human settlement. In this case, the
approach to the study of the urban environment must necessarily be comprehen-
sive, even when the study of the sides of his life takes place separately [13; 29].

One of the main tasks of the geoecological study of the urban system is to
show it as a complex of interacting geographic and socio-economic phenome-
na [4; 10]. That is, it is need to know not only the peculiarities of its position,
identify patterns of population and territory growth, assess natural conditions as
an environment for development, but also identify the features of the economic
component and relationships in the settlement system, relationships with the
natural environment [9; 27].

When conducting such a study, the main thing is to pay attention to the study
of geoecological studies, as well as environmental problems and the develop-
ment of the city [41; 42; 44].

A feature of the geoecological studies of cities is the different quality and
different scale of the elements of its geosystems, as well as the extreme diversity
[28; 35]. Thus, geoecology focuses on comprehensive studies that are associated
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with the quality of the living environment of the population and the develop-
ment of recommendations for rational nature management, with a geoecological
assessment of the consequences of economic activities.

Methods

In this article, to study the features of the geoecological study of cities, a
group of theoretical methods was used using analysis, synthesis, abstraction, the
rules of abstract logic, the theory of similarity and analogy, as well as various
specific scientific and general scientific principles and methods.

The methodological setting of geoecological research can be formulated as a
set of the following approaches: ecological, landscape, geographic. A number of
scientists distinguish the methods of geoecological analysis: the method of ecolog-
ical-geographical analysis, the method of geosystem analysis, methods of cluster
and factor analysis. The most important are ecological-geographic and geosystem
analysis [13]. In the geoecological analysis of a large number of morphologically
heterogeneous indicators, cluster and factual analysis methods are used.

Discussion

It is important to say that the science of geoecology as a geographical disci-
pline becomes the science of the geographical environment as a whole, as well
as its natural territorial complexes, geosystems. All this is studied as a habitat
for organisms on the one hand, but on the other hand, as an environment for so-
cio-economic activity. The aim of the study is to optimize the solution of prob-
lems that are associated with the state of the surrounding landscapes, natural and
anthropogenic processes affecting it, with the receipt of natural benefits. Name-
ly, the totality of natural resources and conditions that can be used by humanity.

Results

From the point of view of studying geoecological research, it is worth pay-
ing special attention to the problems of the development of the environment
and the urban system.

As early as the 4th century, there were the beginnings of urban settlements.
The word “city” originally meant “fenced in”, after a while - a settlement, pro-
tected, fenced.

From history, the concept of “city” included [20]: a fairly clear demarca-
tion of the location using a different type of fence; the need for a number of
functional systems that are associated with defense and administration (secular
and ecclesiastical), craft, trade and education; certain civil rights of the urban



458 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Nel, 2023

area, as well as forms of self-government, which in most cases are enshrined
in customs, traditions or laws.

As a result, it can be noted that in the past the city fulfilled the social needs of
people and satisfied their psychological, biological, labor, material, ethnic, social and
spiritual needs. He also kept them safe and healthy, while providing resources. An
urban area is the place that the population has deliberately chosen and implemented
their habitat here or occupied an ecological niche [30; 38]. The basic rules for build-
ing an urban system are: safety, accessibility, resources, health and attractiveness.

After some time, the urban area has undergone changes in the time of so-
cial, demographic, natural, economic, technological, political phenomena and
processes [2].

According to the size of cities, at present, the following classification has
been adopted in geography: small cities — up to 50 thousand inhabitants, medi-
um —50-100, large — 100-250, large — 150-500, the largest — 500-1000 thousand
inhabitants and over 1 million are millionaire cities.

The concept of “city” lies in the ecosystem, which includes three complex
subsystems:

1. Natural environment. It consists in the totality of the following systems:
man-made, natural, economic and social.

2. Urban population. It unites the totality of people who are connected by
the urban environment and social relations. They are engaged in the definition
of a number of functions: the development and management of the city, its func-
tioning, the development of the urban area [36; 38]. But the urban population
is the main city-forming factor [32; 34].

3. Urban environment. This subsystem includes the habitat of human pro-
duction activities. It consists in the totality of man-made, social, natural and
economic conditions of human life.

As you know, the geoecological state of urban areas, as well as the quality
of the living environment of the urban population are determined, first of all, by
the relationship of natural and anthropogenic factors. The urban environment in
small and large cities is largely different. At present, one can see a deterioration
in the quality of the environment in large cities, where human economic activity
is most manifested, and in small and medium-sized ones [26].

Researchers of urban areas distinguish three main groups of processes that
affect the successful development of the city: natural (endogenous and exoge-
nous); natural-man-made (natural, but qualitatively and quantitatively changed
by human economic activity); technogenic (arose as a result of human engineer-
ing and economic activities).
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The main purpose of studying the natural conditions in a given place is to
determine what is the greatest impact of individual fragments of the natural en-
vironment on certain elements of the economy of the urban system [15].

Regardless of social and natural adverse events, the development of small
and medium-sized cities is determined [8]. The permanent existence of small
towns is determined, first of all, by their direct relationship with the natural and
anthropogenic environment. The ecological resources of a small town depend,
to a greater extent, on natural factors, the state of the environment, lands, histor-
ical and architectural landscapes, and forests. The material and energy resources
of the environment include the main condition for the sustainable existence of
a small town. Thanks to them, a small town retains significant independence
from external social and economic changes.

Small towns located in the forest-steppe zone are more sustainable. The high
ecological potential of these cities is explained by the presence of the following
factors: supplies of drinking water, building materials, energy resources; optimi-
zation of the use of household plots to provide the entire population with food;
the use of fertile soils. However, small towns have the main elements of urban
infrastructure: schools, warehouses, communications, hospitals, libraries, local
industrial enterprises [21; 43].

The ecological potential of a small town is the property of a given territory to
maintain its system under the influence of external factors (man-made and natu-
ral), to make it possible to perform other or additional socio-economic functions
of a small town [1]. All this can be done provided that there is no deterioration
in the living conditions of the urban and rural population, as well as be able
to continue to perform socio-economic functions within the specified limits. It
should be noted that the ecological potential of the urban environment is formed
from the sum of the potential of the location and the potential of the territory.

Three groups of factors [33] are determined using the location potential:
transport accessibility is the need to go to the minimum transport costs; work
orientation (labor resources) — minimum labor costs are required; striving to
benefit from the territorial concentration of production [40].

The potential for the location of the territory is ascertained by regional
conditions: physical and geographical, as well as economic and geographical.

Geographical resources (construction, industrial, aesthetic, recreational) and
those properties of natural conditions that determine the characteristics of these
territories, as well as its suitability and significance, affect not only for living,
but also for the comfortable existence of people, i.e., to create a habitat [34].

Most often, outside the city, natural factors are used to determine the mi-
croclimate, and in the urban area, urban planning factors are the main ones.
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The climate of the area is seriously affected by the technological processes
of the development of industry and energy, the development of transport in the
urban environment, as well as emissions of negative substances into the atmo-
sphere [16; 17]. It should be noted that the influx of direct solar radiation to the
active surface of the earth decreases by 10-25%, however, in the surface layer
of the city, the temperature rises by 8-160C.

The climate of the urban area, together with other meteorological factors, is
determined not only by the wind regime, but also by the nature of the underlying
surface. An important aspect of the surface of urban development is the existence
of semi-enclosed spaces in it, snatched out by the development plan. The nature of
the circulation of air flows is significantly affected by the increased surface rough-
ness of urban locations with high-rise and low-rise buildings. Heat transfer to the
environment can be very difficult due to the mutual irradiation of vertical and
horizontal surfaces and weakened ventilation inside semi-enclosed rooms. Spe-
cial microclimate conditions are also formed by various artificial surfaces [17].

In the event that more than 50% is the building density, then this character-
izes, mainly, the ancient territory. Here you can designate the highest degree of
surface coverage by all kinds of road surfaces; areal distribution of technogenic
soils, the greatest thermal impact on soils, often in industrial areas, as well as
soil pollution (chemical and biological). In urban areas with low-rise planning,
natural landscapes dominate. These include: open water bodies, natural relief,
forest parks, parks and other green spaces. It can be noted that nature itself is
included in the landscape of such urban complexes. In humans, environmental
needs are met through the unity of buildings in space, as well as the same sur-
faces and green spaces. These urban areas can be called complex natural-an-
thropogenic systems. In these cities, it is necessary to preserve green spaces,
which are equal in area to territories occupied not only by asphalt pavements,
but also by industrial zones, various buildings and many other urban structures.

The concept of a city includes a system that functions and develops very
quickly [18]. It includes such sections as housing and communal services, the
system of social services, transport infrastructure, as well as medicine and ed-
ucation, leisure and recreation facilities.

An accumulation system can also be called a city. Harmful substances within
the city, as a rule, have a positive balance. All this leads to the accumulation of
waste that was received earlier in the previous transformations; to the violation of
the natural relief of the area: in some places there are hills, and somewhere land-
slides and sinkholes. Natural surface water resources can become silted up and,
as a result, change their direction. For convenience, water streams are hidden un-
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derground in the sewers of the drainage system. The consequence of this is the
termination of the natural self-purification of water and the content of harmful im-
purities increases. As a result, the composition and properties of water change [25].

Phenomena not characteristic of living nature have a certain pattern of ac-
cumulation in the city. So, the atmosphere is clogged with gas emissions, soils
accumulate harmful substances. Since nature loses its ability to heal itself and
is unable to recycle all the negative consequences of urbanization, the effect of
their accumulation occurs.

An ecosystem can also be called a city, which has a huge interdependence
with the environment. Typically, all ecosystems are open, and cities are ul-
tra-open ecosystems. They not only depend on the environment as much as pos-
sible, but also influence it. On the one hand, the city consumes natural resources
and energy, on the other, it produces a large amount of all kinds of waste [6].

The city is an unbalanced ecosystem. The ecological balance within the ur-
ban area has been disrupted. The structures of cities develop and function not
according to the laws of nature, but, as a rule, in accordance with the needs of
people. These structures arise under the influence of the destructive and creative
activities of many generations of people. The reaction of nature to such trans-
formations is not always unambiguous [16]. As a result, the amount of matter
and energy that the city needs for normal functioning is much more than it pro-
duces. Ecological balance, in this case, is achieved by attracting from outside
a large number of flows of substances and energy. As a result, the ecological
balance of ecological systems is not sustainable.

The urban area is a set of artificial ecological microsystems. Here it is nec-
essary to note the buildings and structures of residential, as well as industrial,
communal and warehouse development [22; 39]. Buildings and structures are
not an autonomous ecological system due to the fact that they are closed [45].
It is important to note that everything is interconnected with the natural envi-
ronment. After all, dust, gases and living microorganisms from polluted outdoor
air enter the premises. This mode of aeration and insolation does not always
ensure the deterioration of the ecological situation in buildings. It is the noise
pollution of the territories adjacent to the development that has the greatest im-
pact on the ecological comfort of the internal environment. For example, rail
transport also affects vibration phenomena.

There are three main directions for the impact of a modern city on the hu-
man environment [ 14].

First, the creation of a new, high-quality environment. The urban area itself
has become a kind of habitat.
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Secondly, the urban system has turned into hotbeds of active influence on the
surrounding space. At the same time, an active metabolism with the immediate
environment is maintained in each city. Examples of city metabolism include
the organization of suburban agriculture, as well as the need for water supply
and collection of sewage.

Thirdly, the urban system began to noticeably influence the course of nat-
ural processes. As a result, the power supply of cities is increasing; there is an
increase in industrial production and traffic flows; the length of the zone of
contacts between the rural environment and the technogenic environment of
the city, where natural processes prevail, is increasing [23; 37].

There are three groups of problems, taking into account the analysis of the
problems of interaction between man and the natural environment in a modern city.

Firstly, these are the problems associated with the impact of the man-made
changed environment on the urban population [3; 4].

Secondly, these are problems that arise when the (polluted) environment
influences urban areas, the landscapes not only of these cities, but also of ad-
jacent territories.

Thirdly, these are problems that are the result of the influence of urban areas
(polluted environment) on their material and technical facilities.

It is necessary to dwell on each problem. It is known that environmental
pollution negatively affects the health of the population. As a result, due to the
poor health of workers, the quality and productivity of labor decreases. Unfor-
tunately, the incidence of children is especially noteworthy [5; 11].

At present, the impact of urban environmental pollution on natural objects is
significant. Emissions from urban areas intensively pollute not only water and
air basins, but also soil. As a result, this is the destruction of natural systems.
Urban planning changes the soil water regime and destroys the lithosphere. The
quality of not only water, but also land resources can be preserved only if the
anthropogenic load on the soil cover is reduced.

Unfortunately, environmental pollution often leads to irreversible conse-
quences. Gas emissions into the atmosphere in the urban environment, which
contain toxic substances, pollute the territory of the city, along with this, the
productivity of agricultural crops decreases. In the future, this yield returns to
the city along with agricultural products. In addition, polluted and water re-
sources, reservoirs that supply the entire population with fisheries, which con-
tain all those chemicals that come from industrial facilities. Of course, all this
has a negative impact on human health [7; 9; 24].

One of the most harmful and dangerous types of soil degradation is their con-
tamination with heavy metals. This creates enormous problems in the active use of
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land and water resources. The highest concentration of heavy metals can be seen
in dust deposition that settles on artificial surfaces. More dangerous for the sur-
rounding areas is the open soil surface, mainly around parking lots and factories.

According to the degree of pollution in the city, it is possible to determine the
areas that are more favorable, from an ecological point of view, for human life,
as well as, on the contrary, subject to strong anthropogenic loads [12; 19; 21].

At present, for the study of geoecological conditions, as well as the degree
of pollution of the territory, it is of great importance not so much to acquire
new knowledge as to systematize it. As a result, a systematic approach is used
to study this problem.

Geoecology, mainly, reflects to a greater extent the complex views of the
world, as well as complex and ambiguous processes of integration of the syn-
thesis of social and natural phenomena. Ecological, landscape and geographical
approaches played the greatest role in its appearance and formation [10; 40].

The direction of the geographical approach is determined by the study of
various processes and phenomena that are classified territorially, develop and
are organized in space and time.

The use of the landscape approach is carried out to identify patterns of for-
mation, functioning, dynamics and evolution, as well as territorial integration
and differentiation of natural complexes - landscapes.

Considering the ecological approach envisages the relationship between the
environment and human activities.

The study of a complex complex geoecological process in its structure pre-
supposes the use of a combination of ecological, geographical and many other
research methods. The main importance, among them, is the ecological-geo-
graphical and geosystem analysis.

Conclusion

Geosystem analysis is a set of methods for studying natural-anthropogenic
and natural landscapes. The process is carried out using ways to identify the
relationship between components and elements of landscapes and their close
relationship with other landscapes.

The concept of “ecological-geographical analysis” includes a set of meth-
ods for studying the interaction of natural-anthropogenic and natural landscapes
with society. This analysis includes landscape, comparative geographical, dis-
tance, cartographic and other methods.

These two analyzes: ecological-geographical and geosystems are aimed at
the geoecological assessment of the territory, which consists in determining the
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degree of productivity of natural-landscape conditions for human habitation
and economic activity.

Of great importance in the geoecological analysis of the maximum number
of morphologically heterogeneous indicators is the use of cluster and factor
analysis methods. A significant point among a large set of various factors af-
fecting the quality of the natural environment and human health is the selection
of the most and least important. Principal component analysis is of particu-
lar interest in factor analysis. The most measurable features (observables) are
functions of a set of more important existing factors. The main task of factor
analysis is their identification. The first factor provides the most valuable in-
formation. In comparison with the rest, while the second most important factor
again becomes the main one. The number of all these main components cannot
exceed the number of primary factors. Components that are of little importance
are usually not considered. All this allows you to narrow the circle and make
it much fewer factors that need to be considered and not lose sight of the most
significant ones. Using this method, it is possible to study the impact of natural
and anthropogenic factors on the nature and degree of pollution of the study
area, as well as due to a comprehensive assessment of the quality of the natural
environment, the most significant pollutants are identified and further tasks and
measures are proposed to improve this situation.

Cluster analysis methods, or classification methods, can be applied in the
study of anthropogenic pressure on cities. Because of this method, it is possible
to classify a number of objects in space into clusters or groups. As a result, in
the first class you can see objects that are close in meaning, but these classes
are distant from each other. Initially, the objects under consideration are stud-
ied as a number of independent classes, after which a pair of the most approx-
imate classes is determined; thus, several classes are combined into one. As a
result, this number of classes is reduced by one. In the course of the next split,
two classes are formed. To study the anthropogenic load on the natural envi-
ronment, it is best to use in combination the method of cluster analysis and the
method of factor analysis.
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