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METHODOLOGICAL PRINCIPLES OF THE CONSTRUCTION GEOGRAPHY
ON THE STUDY OF THE STATE AND PROTECTION OF NATURAL LANDSCAPES

Purpose. The paper is devoted to some aspects that influence the formation of landscapes. Among the
main objectives of the study: to consider the anthropogenic load as one of the factors influencing the develop-
ment and change of landscapes; to give an analysis of the scientific works of scientists who have considered
issues of landscape science in general, as well as anthropogenic landscape science; to consider the importance of
research results that can be used in projects for the conservation and sustainable use of natural resources. Re-
sults. The landscape, being a multifunctional formation, is suitable for performing a different type of activity,
but the functions it performs should correspond to its natural properties and resource potential. One of the basic
principles of the protection of natural landscapes is the preservation of their structure and nature of functioning
in conditions of intensive environmental management, and as a result of anthropogenic pollution. Conclusions.
Conducting environmental management in any territory requires an objective and comprehensive environmental
assessment of the state of the environment. Integrated assessment of the state of the environment and the geolog-
ical environment in particular (the natural-geological environment) is the most complex geo-ecological task
located in the cognitive methodological and methodological chain: system approach — system analysis — inte-
grated assessment. Since there is no single integrated indicator of the ecological state in nature, a number of
bioindication, spatial and dynamic indicators serve as criteria for assessing the ecological state of natural envi-
ronments and ecosystems, and the integrated assessment is based on a certain number of the most representative
indicators.
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2Hayko60-00c1iona yemarnosa « YKpaincbKuti HayKogo-00CaiOHUtl iIHCIumym eKono2iuHux npooiemy,

M. Xapkie

METO/IOJIOTTYHI NPUHIUITA KOHCTPYKTUBHOI TEOTI'PA®II ITPU JTOCJIJIKEHHI

CTAHY TA 3AXUCTY NPUPOAHUX JIAHAIIADTIB

Meta. OXomIeHHs IesIKMX acleKTiB, 10 BIUIMBAIOTh Ha (opMyBaHHs JaHmadris. Cepes OCHOBHUX 3a-
BIIaHb JIOCJI/DKEHHS: PO3IIISIHYTH aHTPOIIOTeHHE HABAHTAXKEHHS SIK OJIMH 3 (aKTOPIB, 110 BIUIMBAE HA PO3BUTOK 1
3MiHY JJaHAMA(TiB; MPOBECTH aHANI3 HAYKOBUX Ipalb YYCHUX, AKi PO3TISIAIN MUTAHHS JaHIIAPTHOT HAYKH B
IIOMY, a TaKOXX aHTPOIIOTEHHOI JaHAMA(THOI HAYKH; PO3TISHYTH BaXKIIMBICTH PE3yNbTATiB JOCIIIKEHb, SKi
MOXXYTh OYTH BUKOPHCTaHi B MIPOEKTax i3 30€pe’keHHs Ta CTAIOTO BUKOPUCTAHHS IPUPOTHUX peCypCiB. Pe3yJib-
Tatn. JlapmmadT, Oyaydn 0ararodyHKIIOHATEHUM YTBOPCHHSM, IMiAXOTUTH Uil BUKOHAHHS Pi3HUX BUIIB Jis-
JBHOCTI, aje ¢yHKIUii, SKi BiH BUKOHY€, MOBHHHI BiIMOBiIAaTH HOTO MPHUPOIHWM BIACTHBOCTSAM i PECYPCHOMY
noteHiany. OfHUM 3 OCHOBHHMX IPHHIMIIIB OXOPOHH NPUPOJHKX JaHAMADTIB € 30epekeHHs X CTPYKTYpH Ta
xXapakTepy (QYHKI[IOHYBaHHS B yMOBaxX IHTEHCHBHOTO MPHUPOJOKOPHUCTYBAaHHS Ta BHACIIJIOK aHTPOIIOTEHHOTO
3a0pynHeHHs. BucHoBku. [IpoBeneHHS €KOJOTIYHOTO MEHEPKMEHTY Ha Oy/b-sKili TepuTopii BuMarae 00'eKTH-
BHOT Ta BCEOIYHOI €KOJIOTIYHOT OI[iIHKM CTaHy HaBKOJMIIHHOTO CEpPEeNOBHUINA. [HTEerpaabHa OIliHKa CTaHy HaBKO-
JIMIIHBOTO CEpe/IOBUINA Ta T'€OJIOTIYHOTO CepeOBHIIAa 30KpeMa (TMPHPOJHO-TEOJIOTIYHE Cepe/lOBUINE) € Haii-
Oi7BII CKJIAAHUM TEOCKOJIOTIYHUM 3aBJaHHAM, IO 3HAXOIUTHCS B KOTHITUBHOMY METOIOJIOTIYHOMY Ta METOJ0-
JIOTIYHOMY JIAHIIIO31: CHCTEMHUH MiJIXil — CHUCTEMHHUI aHani3 — iHTerpaibHa ominka. OCKUIBKY HE ICHY€E €JUHOTO
IHTETPaJbHOTO TIOKa3HWKA EKOJIOTIYHOTO CTaHy B TPHUPOII, psial Oi0iHIMKAIiHHUX, TMPOCTOPOBHUX 1 JTUHAMIYHUX
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MOKA3HHKIB CIYTYIOTH KPUTEPISMH OI[iHKH €KOJIOTIYHOTO CTaHy MPHUPOJHHUX CEPEIOBHIL i EKOCHCTEM, a iHTerpa-
JIbHA OIliHKa 0a3yeThCsl Ha TEBHIH KIJIBKOCTI HAWOIBII perpe3eHTaTHBHI TOKa3HHUKH.

Krouosi ciioBa: manamadr, aHTponoreHHNH TaHAadT, KOHCTPYKTHBHA Teorpadist, Te0eKooTist, BOIHI
KOMIUIEKCH
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METO/IOJIOTMYECKHUE MTPUHIIATIBI KOHCTPYKTUBHON T'EOTPA®UA 110 M3YUE-
HHIO COCTOSIHUSA U OXPAHBI TIPUPOJHBIX JIAHAITA®TOB

Hess. OcBemenne HEKOTOPHIX acIeKTOB, BIUSIOMNX Ha GopMupoBanue JaHamapToB. Cpenu OCHOBHBIX
3aJa4 UCCIIEJOBaHMSA: PACCMOTPETh AaHTPOIIOTEHHYIO HArpy3Ky Kak oAWH U3 (aKTOpOB, BIMAIOIMINX HA Pa3BUTHE
Y M3MEHEHHE JaHMATOB; NaTh aHAIN3 HAay4YHBIX pabOT YUeHbBIX, KOTOpPbIE pacCMaTpPHUBAJIM BOIPOCHI JIaH[I-
mradTHOW HAyKH B IIEJIOM, a TAK)KE aHTPOIIOTEHHOM JaHmadTHON HAYKH; paCCMOTPETh BAXKHOCTh PE3YJIbTATOB
HCCHCZ{OBaHHﬁ, KOTOPbIC MOTYT 6I>ITI) HCII0JIb30BAaHbI B MPOCKTAxX MO COXPaHCHUIO U yCTOﬁ‘-IHBOMy HCIIOJIb30Ba-
HUIO MIPUPOJHBIX pecypcoB. Pesyabrarsl. Jlanamadr, Oyayun MHOroyHKIMOHAIBHEIM 00pa30BaHHEM, ITOIXO-
JUT IUIA BBINIOJIHCHUA APYroro Bujaa ACATCIbHOCTU, HO (byHKLII/II/I, KOTOPBLIC OH BBIMOJHACT, HOJDKHBI COOTBECT-
CTBOBAaTh €ro IPHUPOJHBIM CBOMCTBAM M pecypcHOMY mHoTeHuuany. OIHUM M3 OCHOBHBIX NPHUHIUIIOB OXPaHbI
MPUPOTHBIX JaHAMAPTOB SABIACTCS COXPAaHEHHE MX CTPYKTYPHl M XapakTepa (yHKIMOHHUPOBAHHS B YCIIOBHSX
MHTEHCHUBHOTO TIPHPOJIOINONIb30BaHNUSA M B pe3yJbTaTeé aHTPOIIOTEHHOTO 3arpsisHeHus. BwiBoabl. [IpoBenenue
MPUPOJOTIONE30BaHNS HA JIFOOOH TeppUTOpHUU TpeOyeT 0OBbEKTHBHOW W KOMIUIEKCHOH 3KOJOTHYECKOH OLEHKH
COCTOSIHMSI OKpY’Karomied cpezpl. VIHTerpasbHas OIEHKA COCTOSHMS OKpPY’KaromeW cpensl W T'e0JOrHIecKOn
CpeAbl B YaCTHOCTH (IIPUPOJHO-TEOTOTHUECKON CpEelibl) SABISETCS HanOoJee CIOKHOM Ie0IKOIOrHIeCKON 3a1a-
4yel, HaXOoAAIIeHCsT B KOTHUTHBHO-METOJOJIOTHYECKOH M METOJOJIOTHYECKOH IEMOoYKe: CUCTEMHBIH Moaxon —
CHCTEMHBIH aHalu3 — WHTEerpaibHas oleHKa. [I0cKobKy He CYyIIeCTBYEeT €JMHOTO MHTEIPAIbHOTO T0Ka3aTels
9KOJIOTHUYCCKOTI'0O COCTOSIHUA B IPUPOJC, PAI 6I/IOI/IHJII/IKaLII/IOHHI)IX, MPOCTPAHCTBECHHBIX U ATUHAMUWYCCKUX WUHAU-
KaTOpOB CIIYKaT KPUTCPUAMHU JIsI OLCHKHU 3KOJOTMYECKOro COCTOAHUA MPUPOJHBIX CPEI U OKOCUCTEM, 4 UHTC-
rpajibHasi OlIeHKa OCHOBaHa Ha OIpEeJIeICHHOM YuCiie HanboJiee perpe3eHTaTHBHBIX MMOKa3aTeleil.

KoaroueBble cioBa: jganamadT, aHTPOIIOreHHbIN aH AT, KOHCTPYKTHBHAS Teorpadus, re0dKOIOTHs,
BOJIHbIE KOMIUIEKCHI

Introduction

Ideas about the landscape have been re-
peatedly changed, transformed and supple-
mented. According to V.M. Pashchenko [1], it
is precisely “the geoecological nature of con-
structive and geographic workings that greatly
increased the importance of landscape
knowledge and landscape-based approach to
them”. With the development of science, in-
depth study of natural processes and their in-
terrelations with human activity, the concept of
landscape was revealed, expanded, encompass-
ing not only the natural, but also the economic,
cultural, social sphere. In most cases, the land-
scape is regarded as a natural formation. In the
works of N. A. Solntsev [2] we can find the
following definition: “A geographic landscape
should be called such a genetically homogene-
ous territory in which there is a regular and
typical repetition of the same interrelated com-
binations: geological structure, landforms,
surface and groundwater, microclimates, soil
differences, phytocenosis and zoocenosis”.
Along with the natural understanding of the
landscape (N.A. Solntsev), there is an under-

standing of the anthropogenic landscape (F. N.
Milkov, G. I. Denisik) and the cultural land-
scape (Y. G. Saushkin, A. G. Isachenko, V. A.
Nikolaev). According to F. N. Milkov [3], “by
the anthropogenic landscape is meant such
complexes in which any of the landscape com-
ponents, including vegetation, has undergone a
fundamental change under the influence of a
person over the entire area, or over a larger
area”. According to N. F. Reimers [4]: “the
landscape is cultural - purposefully created
anthropogenic landscape, possessing expedient
structure and functional properties for human
society”. According to Y. G. Saushkin [5] — “a
cultural landscape is a landscape that has ac-
quired new, qualitatively different, features in
comparison with the former natural state due to
the direct application of the labor of human
society”. At the initial stage, the integrity of
the natural and economic components in the
interpretation of anthropogenic landscapes,
rather, was declared. Technogenic systems,
like human himself, were most often viewed as
external to the natural complex. At the same
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time, in a number of works, landscape begins
to be understood as the most complex territori-
al system consisting of natural, economic, and
social components [6-8]. So “landscape” is
identified with the concept of “natural technolo-
gy” or “geotechnical system” [9]. In the devel-
opment of the term “geotechnical system”, the
concepts “natural-economic system” [6] and
“natural-economic territorial system > [8] are
proposed. Here, the consideration of the struc-
ture of natural-technical geosystems with regard
to management, including the management of
elements of environmental management, comes
to the fore. A special model of the natural-
economic territorial system, where the econom-
ic and natural subsystems form an integral uni-
ty, and the anthropogenic factor is an internal
element of the development of the system, sug-
gested by G. I. Schwebs [8]. The understanding
of the landscape as an integrated system, includ-
ing the natural, anthropogenically transformed,

industrial and social subsystems, proposed by
V.A. Nikolaev [10]. He formulates the concept
of “natural anthropogenic landscape”. All of the
above-mentioned definitions have a common
basis, and differently interpret the influence of
social aspects on the landscape, reflecting the
degree of perfection of the landscape created by
human. [11].

The purpose of this article is to high-
light some aspects that influence the formation
of landscapes. Among the main objectives of
the study: to consider the anthropogenic load
as one of the factors influencing the develop-
ment and change of landscapes; to give an
analysis of the works of scientists who have
considered issues of landscape science in gen-
eral, as well as anthropogenic landscape sci-
ence; to consider the importance of research
results that can be used in projects for the con-
servation and sustainable use of natural re-
sources.

Results and discussions

The formation of technogenic landscapes
can go in two ways: at the expense of natural
(biogenic) landscapes, as well as the formation
of new ones at the expense of previously exist-
ing technogenic landscapes. Technogenic land-
scapes, formed in the first way, are most often
in undeveloped and poorly developed areas, and
landscapes, formed in the second way - in re-
gions with long-standing anthropogenic activi-
ties. If the end result of the anthropogenic trans-
formation of the natural environment almost
always leads to the formation of human-made
landscapes, then its initial stages are very di-
verse. On the one hand, this diversity is ex-
plained by different geographic (more precisely,
landscape-geochemical) peculiarities of the
territories under consideration, and on the other,
by the diversity of anthropogenic activities. If
geographic factors for certain territories in most
cases are practically unchanged, then anthropo-
genic activity changes quite quickly and the rate
of change increases all the time [11].

In the work [12], considering the natural
configuration of the landscape, M. D.
Grodzinsky identified 5 types of structure: ge-
netic-morphological, positional-dynamic, para-
genetic, basin and biocentric-network.

The basis of the allocation of territorial
units of the genetic and morphological configu-
ration of the landscape is the association of
territorially adjacent geotopes in larger units on

the principle of their common origin, time of
origin and patterns of development. The posi-
tion-dynamic configuration of the landscape
assumes the same intensity of processes caused
by planetary material flows. Therefore G. I.
Schwebs [13] called them landscapes, groups of
adjacent geotopes, which have a common loca-
tion relative to the change in the intensity of the
material plane flows. Under the paragenetic
configuration of the landscape refers to the hor-
izontal connections between adjacent geotopes
of common origin [14]. In accordance with this
provision, the paragenetic landscape is a territo-
rial structure composed of genetically close
geotopes, which are closely interconnected by
horizontal flows, and therefore form a dynamic
integrity.

The biocentric-network configuration of
the landscape is an example of spotted territorial
structures. The connections between the struc-
tures of the landscape, forming its biocentric-
network configuration, are related to the territo-
rial features of behavior, migration, resettlement
and other relationships among populations. In
such a configuration of the landscape, biocen-
tres play a decisive role, the main significance
of which is the conservation of biological diver-
sity.

In today's conditions of widespread an-
thropogenic pollution of the natural environ-
ment, studies of the consequences of its harmful



Jloouna ma oosxinns. Ilpobnemu neoexonoeii. Bun.31, 2019

effects on natural landscapes are of great im-
portance. According to the interpretation given
in the Dictionary of Landscape Protection, edit-
ed by Preobrazhensky [15], geographic systems
in which natural and anthropogenic elements
interact in the course of nature use are objects of
environmental protection.

One of the main principles of the protec-
tion of natural landscapes is to preserve their
structure and character of functioning, therefore,
in the conditions of intensive nature manage-
ment and as a result of anthropogenic pollution,
the constructive-geographical methodology of
the combination of approaches - landscape ap-
proach (type, structure, character of functioning,
state of the geocosystem) and ecological ap-
proach (interconnections between living organ-
isms and their habitat) [6].

Under such conditions, it becomes clear
that the study of complex systems in the exist-
ing paradigm will not lead to breakthrough re-
sults, but risks, with time, to discredit the very
meaning of complex research. In order to
achieve real action in favor of the ecological
components of the systems under study, a
change in the research paradigm is needed,
moving from the paradigm of the contrast be-
tween anthropogenic systems and natural sys-
tems within the framework of the ecological-
economic system model to a coordinated, man-
aged development paradigm in the presence of
certain management constraints. One of the first
thoughts about the necessity of the study of
ecological-economic systems was expressed by
V. N. Sukachev and supported by V. B. Sochava.
The transition to a management paradigm will
make it possible to specify the answers to ques-
tions posed by a person (end-user) to the socio-
economic system from the position of mul-
ticriteria management on the chosen criteria of
optimality.

Based on the foregoing, at the present
stage of the study of complex systems, as the
main object of research, one should choose a
single (unity from the position of the general
control circuit) system in which the priority of
the natural subsystem is given, generally re-
ferred to as the landscapes, which are influenced
by human activity on the transformation of the
eco-economic system. An important characteris-
tic of the ecological-economic system is that it
belongs to the category of dynamic systems. Its
subsystems interact continuously and are
changed. In order for the system to function

properly, it should be in a state of dynamic equi-
librium, in which the energy, information and
material exchange between society, production
and the natural environment is organically "in-
serted into the natural cycle of substances and
natural energy flows, resulting in a total balance
of substances and energy is preserved" [16].
Any system under the influence of external and
internal factors can acquire a different state:
equilibrium (stable, stable), local equilibrium or
disturbance of equilibrium (unstable). Interest in
the state of the equilibrium of the system, be-
cause only in this state undergoing radical
changes in the system, and even insignificant
manifestations of influence on this system, may
create conditions for a fundamentally new state
of the system or a new trajectory of its evolu-
tion. Such a state of engineering ecology is
called the state of bifurcation, or the state of
dynamic equilibrium. Such a dynamic equilibri-
um represented the established ecological sys-
tem or system of elemental natural landscape.
According to V. I. Vernadsky, this is an abso-
lute (in a natural state) landscape, which has the
properties of a complete central symmetry rela-
tive to the location of the centers of the geo-
sphere [17-19]. Under the influence of anthro-
pogenic and human-made factors anthropogenic
landscape is formed. There are changes in the
potential composition of the Vernadsky’s geo-
spheres, there is an asymmetry regarding the
location of centers of the geosphere, which
causes a disturbance of the equilibrium of the
natural-technical or ecological-economic sys-
tem. Components of any landscape (soils, water,
air) constantly interact with each other and seek
to achieve a state in which the flow of substanc-
es and energies would be equal to the natural
part, that is, the ecosystem naturally goes to a
state of equilibrium. Since the landscape as a
macrosystem consists of microsystems that have
direct and reverse bonds, the change of one
component leads to a change of another. The
ability of the ecological-economic system to
self-regulation and the achievement of dynamic
equilibrium is defined as a dynamic homeosta-
sis of the ecological-economic system. Of par-
ticular importance is the problem of equilibrium
between macrosystems that are part of the geo-
sphere: between ecological and ecological-
economic systems, between ecological and eco-
nomic and socio-economic ones. Due to the low
level of environmental knowledge, wrong deci-
sions are made in the process of nature man-



Man and Environment. Issues of Neoecology. 2019, Issue 31

agement, which leads to the degradation of eco-
logical and economic systems [20]. In this way,
each component of the landscape develops ac-
cording to its laws, but none of them (soils,
vegetation, wildlife, etc.) can function in isola-
tion, without affecting the influence of other
components. The interconnection and integrity
of the components of the landscape existed and
will always exist. The study and forecasting of
anthropogenic landscape changes allows us to
solve the problems of inefficient nature man-
agement and to implement measures for the
protection of the natural environment. Econom-
ic-and-geographical tasks are solved together
with the ecological and economic ones: e.g. the
location of productive forces, the location of
industrial objects, agriculture and recreation,
population, transport, etc. The degree of trans-
formation of natural landscapes as a result of the
implementation of specific socio-economic
projects is determined by the scale of the region,
population, natural resource potential, place-
ment of productive forces, energy base, socio-
economic conditions, period of anthropogenic
impact [21].

At the present stage of development of
society, the geoecologization of environmental
management is becoming increasingly im-
portant. One of the most important components
of this process is the assessment of the quality
of the human living environment with the aim
of optimally multifunctional use of geographic
space in accordance with its natural resource
potential, functional ability to satisfy public
requests while maintaining the ecological stabil-
ity of regional and local natural-anthropogenic
geosystems.

The development of geoecology has led
to the formation of a new direction of ecological
and geographical researches, which has re-
ceived the name “geoecological assessment”.
The formation of this direction is connected
with the works of V. S. Preobrazhensky [29],
A.M. Green, N. N. Klyuev, L. I. Mukhina [23],
A. G. Isachenko [27], B. I. Kochurova [28], A.
G. Emelyanov [24, 25], and other authors. They
considered a number of methodological, theo-
retical and methodological issues of evaluation,
and showed the ways of practical use of ecolog-
ical-geographical research. N. N. Klyuev, L. I.
Mukhina, A. M. Green [23] understand the geo-
ecological assessment as “complex interdisci-
plinary studies of geosystems aimed at creating
scientific foundations for solving the problems
of improving the ecological situation and ra-
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tionalizing environmental management”. The
authors highlight the complex nature of the
assessment, the territorial location of the objects
of study, the constructive nature of the research.
Geoecological assessment should be considered
as a complex of researched aimed at identifying
anthropogenic changes in natural and natural-
anthropogenic systems and their components, as
well as the consequences of these changes af-
fecting the ecological state of the environment,
life and activities of the population [26]. It is
based on a landscape-ecological approach to the
objects of study, which includes consideration
of the integrity and spatial-temporal structure of
geosystems and ecosystems, spatial heteroge-
neity of the natural environment, consideration
of the objects studied as human habitats. Partic-
ular importance is gained by the identification
of causal relations between the socio-economic
and natural conditions of changes in territories
and waters, as well as the dependencies between
specific types of environmental management
and its consequences for human life and activi-
ty. The goal of geo-environmental assessment is
to obtain reliable information that is necessary
to prevent, minimize or eliminate adverse envi-
ronmental impacts of people's economic activi-
ties, maintain the given socio-economic func-
tions of the territory and optimal living condi-
tions for the population. The objects of assess-
ment are geo-ecosystems — complex formations
that simultaneously combine the properties of
geosystems and ecosystems. Geo-ecosystems
are considered as separate territories and water
areas within which a relatively homogeneous
ecological situation is formed as a result of the
interaction of economic, natural and social
components. The presence of interconnections,
the constant exchange of matter, energy and
information between these components makes it
possible to investigate them as integrated, rela-
tively stable formations. Geo-ecosystems in-
clude natural-territorial complexes with inherent
biocenosis and territorial-industrial complexes
with their socio-economic objects and prob-
lems. The interaction between them forms the
living environment and human socio-economic
activity.

Geo-ecosystems consist of the following
subsystems: a) the natural environment, slightly
modified by human; b) nature, substantially
modified by human activities; ¢) anthropogenic
and technogenic component; d) population and
social environment. If there are adjustable geo-
ecosystems, one more component can be distin-
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guished — the control unit. Natural-anthropo-
genic systems can be considered as geo-
ecosystems, if the leading task of studying them
is to identify or change the conditions of human
life support. Therefore, the most important
properties of geo-ecosystems are anthropo-
(socio)centricity, territoriality, the presence of
interrelations between human activity and the
environment, components and elements of na-
ture, hierarchy.

The ecological state of geo-ecosystems is
advisable to consider as a set of their most im-
portant landscape-ecological indicators in a
certain more or less long period of time. It is
necessary to distinguish between physical-
geographical (landscape), ecological (geo-
ecological), sanitary and hygienic, medico-
demographic indicators of the state of territorial
and aquatic systems.

The solution of environmental problems
is connected with the development of issues of
geo-ecological monitoring, forecasting of an-
thropogenic changes in the environment, man-
agement of the ecological state of natural and
anthropogenic geosystems.

Landscape management is the activity of
organizing a rational interaction between the
economy, technique, human activity and land-
scapes on the regulation of the functioning of
landscapes in the course of their social and eco-
nomic functions [30-32]. The management in-
cludes the selection of landscape-performing
functions, one of which is the ecological (medi-
ating and medium-reproducing) function. The
ecological function of water landscapes is to
support the main ecological properties of aquat-
ic space, which determine the living conditions
and economic activity of the population. The
ecological function is aimed at ensuring the
needs of society in the natural environment. In
the process of environmental management it is
necessary to take into account and use the pro-
cesses of self-organization, functioning, dynam-
ics and development of landscapes. Self-
regulation of the ecological state is expressed
primarily in self-cleaning, natural environment.
Self-cleaning of aquatic landscapes manifests
itself in their ability to process (dissolve, absorb,
decompose, etc.) or remove pollutants beyond
their borders. Self-cleaning depends on the
speed, nature of chemical transformations of
substances, which is determined by the amount
of energy entering the landscape and geochemi-
cal conditions. An important role in this process
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is played by the activity of living organisms and
the removal of matter beyond the boundaries of
the landscape, the rate of dispersal of contami-
nants. Aquatic complexes have the greatest
ability to self-clearning with high intensity of
the matter circulation and the predominance of
scattering streams. This process is less intense
in accumulative aquatic systems [33-35].

Aquatic landscapes are complex systems
that are closely interrelated with the catchment
landscape. As a result, the ecological state of
aquatic landscapes is capable of characterizing
not only the processes prevailing in the water
body itself, but also the resultant influence of all
the processes in the “catchment - water body”
system. Therefore, ecological studies of aquatic
landscapes are of great scientific and applied
importance, and the methodological basis of
research is of particular importance, since it
largely determines the nature and reliability of
the results obtained. The ecological state of
aquatic landscapes is determined by a set of
indicators characterizing water quality, chemi-
cal composition of bottom sediments, the state
of aquatic ecosystems, etc. In order to give such
a comprehensive assessment, it is necessary to
consider all these indicators holistically in their
interrelation and interdependence.

Surface water bodies are the lowest
(aquatic) level in the elementary geochemical
landscape and are most vulnerable to chemical
pollution. The quality of surface waters makes it
possible to judge the overall level of chemical
exposure on the part of subsoil users. However,
the dynamics of the aquatic environment deter-
mines a high degree of variability in the content
of pollutants in it. In this regard, the monitoring
includes bottom sediments, which, being a con-
servative system, are capable of accumulating
and storing information about the state and
changes in geochemical, dynamic, microclimatic
environmental conditions, including anthropo-
genic effects on the aquatic environment. The
features of substance migration in the landscape
are largely determined by the properties of the
depositing media — soil cover and vegetation.
The soil is formed as a result of the interaction of
such components of the landscape as rocks, at-
mospheric air, natural waters and biota. During
the monitoring, soil contamination was assessed
by two horizons: organogenic and mineral.

Geosystems of regional and local levels
in their morphological structure, in addition to
eluvial and superaquatic complexes, include
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aquatic complexes of rivers, lakes, estuaries,
ponds, reservoirs, canals, etc. The need to dis-
tinguish aquatic geosystems was noted by N.A.
Solntsev, A.G. Isachenko, N.N. Nazarov, O.A.
Tikhomirov and other researchers.

F.N. Milkov [36] identifies semiaquatic
landscapes as part of the landscape sphere,
which include rivers, lakes, coastal complexes.
A variety of physiographic conditions, land-
scape structure of the territory, economic use
determines the features of the formation, struc-
ture and functioning of aquatic geosystems.
Agquatic complex is characterized by the com-
position of components, morphological features,
spatial structure and functional organization.
The system of relations between the elements
provides the processes of exchange and trans-
formation of matter and energy. Aquatic com-
plexes used by man, transformed or artificial
ones, are formed as a result of the interaction of
natural factors and various activities of the pop-
ulation [37]. The water landscape is an inter-
connected system of aquatic complexes, similar
in their morphology and flowing physical and
geographical processes, characterized by certain
hydrothermal conditions and combinations of
bottom sediments (flooded soils), vegetation
and water masses. Lake, river, and transitional
lacustrine landscapes can be attributed to the
aquatic type. Lakes and rivers are fundamental-
ly different in their morphology and morphome-
try. In rivers, the main physiographic processes,
the development of hydrobiocomplexes are
associated with the activity of flowing waters.
The processes of formation of water complexes
in lakes occur under conditions of slow water
exchange. This type of landscape is affected by
high-altitude and natural zonality. In this case, it
is possible to distinguish the classes of aquatic
landscapes - plain, zonal or mountain ones [38].
Elementary unit of the water landscape is ag-
uafacies. It stands out on the element of the
underwater relief and includes one hydrobioce-
nosis that forms on certain bottom sediments
and the water mass associated with them. Tracts
are a complex of homogeneous facies formed in
similar conditions and isolated morphological-
morphometric elements or due to the heteroge-
neity of bottom sediments, flooded soils, vege-
tation, water masses, and also as a result of hu-
man activity [38]. The diversity of anthropogen-
ic changes in water bodies is associated with
various forms of human exposure and use of
aquatic complexes. A number of researchers
distinguish natural and human-made groups of
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inland freshwater landscapes. According to
O.A. Tikhomirov, the separation of altered wa-
ter landscapes is possible according to the crite-
rion of the degree of their technogenic change
into natural, natural-anthropogenic and anthro-
pogenic (man-made) aquatic complexes [39]. It
should be noted that this division is somewhat
arbitrary, since theoretically all water bodies are
indirectly influenced by human. At the same
time, many technical facilities are built using
natural materials, and in the case of non-
systematic regulation they begin to evolve ac-
cording to the natural type. Aquatic complexes,
which practically did not experience human
impact, and have retained their structure and
functions, are natural. Natural water landscapes
function under the influence of natural factors
and experience a relatively weak, mainly indi-
rect human impact, which does not lead to qual-
itative changes in the natural components.
Aquatic complexes, transformed under the in-
fluence of human activity, belong to the natural-
anthropogenic. Such landscapes are formed as a
result of the interaction of natural conditions
and various activities of the population. They
have a significant impact on the environment,
which leads to environmental and geographical
situations of varying degrees of tension. The
quality of the natural components used by hu-
man in their economic activities changes. Some
aquatic landscapes function mainly due to the
natural component. Other complexes are formed
under the influence of technical regulatory ac-
tivities. An example would be natural reservoirs
geosystems. The geotechnical system consists
of two subsystems (natural and technical ones)
and a control unit. The management of a system
is reduced to regulating the flow of matter, en-
ergy and information in order to maintain a high
degree of balance between the direct and re-
verse links between its components and the
fulfillment by it of social and economic func-
tions set by society [40]. The formation of an-
thropogenic geosystems is influenced by man-
made factors, the impact of which led to a com-
plete or almost complete violation of not only
the “secondary”, but also the “primary” compo-
nents of nature (geological structure and topog-
raphy), as well as the replacement of natural
components with structures made of artificial,
and natural materials. Over the decades of the
existence of reservoirs, some of the natural
components have been destroyed, the other has
been greatly changed, and in some cases new
components have appeared. The reservoirs are a
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complex natural-anthropogenic system consist-
ing of aquatic complexes closely related to each
other. Over time, the development of reservoirs
is increasingly subject to natural laws. The pre-
dominant landscape-forming processes lead to
the formation of erosion, abrasion-accumu-
lative, alloy-accumulative and other aquatic
complexes in reservoirs [39].

Water masses of river aquatic complexes
of the natural-anthropogenic type are character-
ized by higher values of the content of the main
ions (hydrocarbonates, calcium, magnesium,
potassium, chlorine, sulfates, sodium, phos-
phates), as well as metal ions - copper, zinc,
manganese and iron; reduced oxygen content
and increased turbidity compared with natural-
type river aquacomplexes. This situation can be
explained by the lower flowage of aquatic com-
plexes of reservoirs, significantly greater depths
(compared to reocomplexes), as well as the
influence of polluted sewage from the territories
of settlements and industrial zones [41]. All
these reasons create conditions for sedimenta-
tion of the soils of reservoirs, accumulation of
heavy metal salts in silts and, as a result, the
development of secondary water pollution of
these aquacomplexes. Both in the natural and in
the natural-anthropogenic landscape, the content
of biogenic elements is closely related to the
hydrological conditions and has a seasonal
character. In the littoral regions, the compounds
of nitrogen and phosphorus in water are some-
what larger than the pelagic. The composition of
the main mass of water (riverbed of pelagic
zone) depends on the natural flow from the
catchment. In the littoral zone, surface and
groundwater runoff determine slightly higher
concentrations of nutrients, especially during
the growing season. Littoral aquacomplexes are

characterized by better water quality indicators
compared to profound ones. The water quality
of the river aquatic complexes of the reservoir
type is inferior to the water quality of the river
geosystems of a natural type in a number of
indicators [42].

The final link in the cycle of anthropo-
genic elements in the landscape is bottom sedi-
ments of water bodies. Over the past decades,
the discharge of pollutants with wastewater
leads to their accumulation in water and bottom
sediments. Consequently, the accumulation of
toxic compounds in water bodies increases the
environmental hazard for aquatic organisms and
humans. This actual problem has already been
reflected in a number of publications [43-46].
Most researchers consider a lake or a reservoir
as a single complex acting as a storage facility
for heavy metals. At the same time, reservoirs
are complex heterogeneous systems, including
aquatic complexes, which differ in position in
the water area and physiographic conditions.
Based on a number of landscape-forming fea-
tures, we proposed a classification of aquatic
complexes of reservoirs (according to the charac-
teristics of morphology, morphometry, hydrody-
namic activity, nature of aquatic vegetation and
bottom sediments) [46]. Consideration of the
processes of accumulation of technogenic ele-
ments in the reservoir, taking into account the
differentiation of the reservoir into separate ge-
osystems, is one of the methodological ap-
proaches that allow not only to assess the role of
aquatic complexes as accumulators of heavy
metals, but also to predict the nature of their ac-
cumulation in bottom sediments. Such a forecast
can be used in the development of environmental
management systems, as well as zoning of reser-
voirs for environmental purposes.

Conclusions

The landscape, being a multifunctional
formation, is suitable for performing a differ-
ent type of activity, but the functions it per-
forms should correspond to its natural proper-
ties and resource potential. In the natural land-
scape, which has not yet been affected by the
influence of modern culture, the main are large
spaces. The development of human territory
causes the fragmentation of the landscape into
parts. There are new factors affecting the land-
scape: the inclusion of elements of agricultural
areas, reservoirs, roads and railways, industrial
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and other structures. These factors greatly
change the natural landscape. Conducting envi-
ronmental management in any territory re-
quires an objective and comprehensive envi-
ronmental assessment of the state of the envi-
ronment. Integral assessment of the state of the
environment and the geological environment in
particular (the natural-geological environment)
is the most complex geo-ecological task locat-
ed in the cognitive methodological and meth-
odological chain: system approach — system
analysis — integrated assessment. Its complex-
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ity lies in the poorly developed scientific con-
ceptual base of geo-ecology and the still insuf-
ficient practical experience in various natural-
territorial, geological-technological and land-
scape-geochemical conditions. Since there is
no single integral indicator of the ecological

state in nature, a number of bioindication, spa-
tial and dynamic indicators serve as criteria for
assessing the ecological state of natural envi-
ronments and ecosystems, and the integral
assessment is based on a certain number of the
most representative indicators.
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