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Abstract: In this paper will be analyzed the environmental status of the two recently protected forest areas in
Belgrade — Kosutnjak forest and Zvezdarska forest. Due to their specific position inside the urban structure, these
park forests are exposed to the high level of pollution and degradation originating from anthropogenic sources. This
paper will include all present forms of threats to the stability of these ecosystems, both in their immediate
surroundings, as well as within their borders. For clear presentation of the devastating anthropogenic impact on the
protected forest ecosystems remote sensing — NDVI analysis of the appropriate satelite image segments will be
performed in order to detect the differences of the state of vegetation covers registrated in 1986 and 2010.
According to the need for efficient management system for the affected natural areas in the urban structure, in the
end will be presented concrete protection measures, whose continuous aplication can bring to the progradation of
their state.
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Introduction

Park forests are the basic structural elements of urban greenery. They can have
similar composition relations as any other park (perspectives, trails ect.), except they are
dominated by natural motifs. The best are the mixed trees forest ecosystems that are
characterized by good biological state of vegetation and adaptation to the environmental
conditions in a specific area. The size and structure of a certain park forest depend on
the urban conditions (size and sturcture of settlements), natural conditions in a specific area,
and its position in relation to the transport corridors. For larger cities, normative
framework for this category of green area is 800 m® per visitor (Filipovi¢ D. & Purdi¢ S.,
2005).

In Belgrade forests cover a total area of 38,865.92 ha (Vukin M., Milojkovi¢ D.
& Zivanovié M., 2013). Several forest complexes protected by the law are located in its
urban core. This paper presents comparative analysis of existing anthropogenic impacts on
the ecological stability of the two capital’s park forests — KoSutnjak forest and Zvezdarska
forest. This green ,,islands* surrounded by technogenic formations are key regulators of the
quality of the local environment. Forest microclimate has favorable effect on the human
body. Optimum temperature in forests, humid air, reduced intensity of the radiation and air
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flow changes are favourable to rehabilitation, rest and recreation of the population (Pavlovi¢
R. & Petrovi¢ N., 2009). They are significant for the revitalization of urban areas and
improving the aesthetic norms (Ljesevi¢ M.A., 2003). The forests are ecologically valuable
natural resource and factor of Belgrade. They have positive effect on the climate and
biodiversity of the urban landscape. The forest flora and vegetation represent biofilters that
reduce the level of air pollution, the presence of suspended particles and emissions of
greenhouse gases. At the same time forests make an efficient system of protection against
acoustic pollution. They also have positive effect on the stabilization of surface and
underground run-off, stopping erosion and flood control.

Compared to other types of forest landscapes, urban park forests are exposed to a
significantly higher level of anthropopressure, due to their specific location and
environment. Urban development projects can cause negative consequences for their
original values, and these aspects must be taken into account in the spatial and urban
planning. Forest ecosystems are exposed to a continuous process of pollution and
fragmentation, due to the implementation of other forms of land use (Tyrvdinen L. &
Miettinen A., 2000).

In order to prevent pollution, devastation and fragmentation of the forest areas in
Belgrade, it was necessary to establish their legal protection as a basis for proper
management. It involves the continuous planning, monitoring the situation, measures to
promote the development and use of natural values of the areas in accordance with
established regulations (Milovanovi¢ B., et al., 2010). Urban forests are managed primarily
for the protection of their natural resources — biodiversity, mosaic habitats and aesthetic
cityscape characteristics.

Research Methodology

The subject of this paper represent the degradative and progradative anthropogenic
impacts on the stability of the two protected forest complexes in Belgrade — Kosutnjak forest
and Zvezdarska forest. The main purpose of this paper is to contribute to the integrated urban
forests protection and management system, because of their great importance for improving
the environmental quality of Belgrade.

In the process of work the following scientific methods were applied: comparative,
analytical and synthetic, deductive, descriptive, statistical, classification, mapping and
remote sensing method. The research process included the introduction to available
literature and planning documentation, interpretation of topographic and thematic maps,
satellite imagery analysis and field studies of the environment of the analyzed forest
ecosystems.

In the era of intensive development of space technology, remote sensing and GIS have
been developed as powerful tools for ecological environment assessment (Store R. &
Jokimaki J., 2003). Combing these technologies cannot only supply a platform to support
multi-level and hierarchical integrated analysis on resource and environment, but also
integrate the obtained information in a comparative theoretical ecosystem analysis (Li A., et
al., 2005).

In order to provide a clearer presentation of the position and structure of the
researched areas, their digital maps were made using GIS software GeoMedia Professional
6.1 (Intergraph Corporation). In the process of mapping georeferenced satellite images
were used. For the precise vectorization of geospatial elements — borders of protected
complexes graphic attachments from the available studies of the Institute for Nature
Conservation of Serbia were used. Analysis of the state of vegetation covers of the studied
forest parks, as well as the registration of present forms of pollution from anthropogenic
sources are based on analyzing satellite images in GIS software Idrisi Selva.
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Satellite images form the satellite Landsat 5 were obtained from the TM sensor
(Thematic Mapper) whose surface of recording is 185 to 185 km. Recordings were
georeferenced in UTM 34n reference system with WGS84 datum and 30 m resolution. In
order to detect changes in the structure and stability of forest ecosystems that occurred
during the previous decades the corresponding satellite images recorded in 1986 and
2010 were comparatively analyzed. All satelite images were downloaded from the
official website of USGS (United States Geological Survey). For the analysis of the
subject areas satellite scenes from different years were cut by the following coordinates:

KoSutnjak forest — Ximin 454100, Xmax 456400, Y min 4954800, Ymax4959700;
Zvezdarska forest — Xmin 459900, Xmax 462500, Y min 4959900, Y max 4962700.

For remote sensing of the forest ecosystems and their environment the normalized
difference vegetation index (NDVI) was used. It is obtained by combining near-infrared
(0.7-1.1 microns) and wisible red (0.4-0.7 microns) spectral band. NDVI is calculated by
dividing the difference between these spectral bands by their sum, yielding a value between
-1 and 1 (Tucker C.J., et al., 1985):

NDVI = (NIR-Red) / (NIR+Red)

NDVI has become a globally accepted vegetation index, due to the parameters
relation that allows the elimination of a large number of disturbances caused by changes in
the angle of solar radiation, topography, clouds or shadows, and atmospheric conditions
(Matsushita B., et al., 2007).

NDVI is a popular way to measure the productivity of vegetation, or ,,greenness” in a
defined area (Tucker C.J., 1979). Due to the presence of green photosynthetic pigment —
chlorophyll, plants absorb rays of wavelengths in the range of red band (visible light) and
scatter those belonging to near infrared radiation (Jordan C. F., 1969). Therefore, the higher
values are registered in locations where the vegetation cover is developed and thick. The
lowest values of NDVI (-1 to 0.1) are registered in places where there is no vegetation,
where technogenic formations dominate, or in the zones exposed to anthropogenic pollution
and degradation. They can also indicate water, areas with bare rocks or terrains covered with
snow and ice. Moderate levels (0.2 to 0.3) correspond to grass and bush vegetation, while
values over 0.6 correspond to vegetation of tall trees (Weier J. & Herring D., 2000). Since
this index is based on spectral measurements of photosynthesis, its value is higher during
the spring and summer and lower in autumn and winter. Therefore, in this research were
used satellite images made in the late spring of 1986, and 2010, when the vegetation
cover is optimally developed. During the selection of available images it was taken into
account that the time gap between the recording dates should be the lowest possible. The
result of this geospatial analysis and research represent maps of NDVI index classes of the
subject areas.

Basic features of the researched urban forests

Kosutnjak forest is located within the cultural and historical entity Topc¢ider, on the
territory of Belgrade’s municipalities Cukarica and Rakovica. It is located above the left
bank of the Topciderska River on a vast plateau, to which a lower slopes intersected by
valleys are continuing (Luki¢ D., et al., 2012). Zvezdarska Forest is located in the northern
zone of the eponymous Belgrade’s municipality. It is located on a prominent hill (254 m) on
the right bank of the Danube River.

Along with the humid biotopes of Great War Island and the left bank of the Danube
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River, Kosutnjak is the only remnant of the indigenous forest vegetation in the densely
populated urban structure (Luki¢ D., et al., 2012). Such an attitude towards the urban
environment also has Zvezdarska forest, but unlike KoSutnjak, it is planted forest.
Slopes of the Zvezdara hillwere forested after World War II (Stavretovi¢ N., et al,
2010). Both forest ecosystems are predominantly broadleaf type, with a small
proportion of the conifers. In Kosutnjak linden, hornbeam, and oak communities (7ilio-
Carpino-Quercetum robori-cerridis) occupy the largest space (Luki¢ D., et al., 2012). In
the borders of Zvezdarska forest mixed plantings of common oak (Quercus robur), maple
(Acer) and ash (Fraxinus) are dominating (Stavretovi¢ N., et al., 2010).

The forest areas within the city have special value as a refuge habitats of flora and
fauna and areas of importance for the recovery of species and preservation of the nature
integrity and optimal land use, as well as for improving the quality of the urban environment
(Milovanovi¢ B., et al., 2010). Within Kosutnjak forest was recorded the presence of 521
plant species, which puts this forest complex on a third place of natural and modified
habitats of Belgrade (after Avala and Kosmaj) according to the criteria of diversity of
vascular plants (Jovanovi¢ S., et al., 2014). Flora of Zvezdarska forest is due to the specific
environment and structure much more modest — includes 136 species (Stavretovié¢ N., et al.,
2010).

Urban forests are particularly important for the protection and preservation of the
diversity of fauna on the territory of Belgrade. Table 1 presents the relevant data of the
Institute for Nature Conservation of Serbia on biodiversity of the researched areas — the total
number of registered species within the respective kingdoms and classes, as well as the
number of species that are protected by national and/or international legislation. Since fauna
of Zvezdarska forest has not been studied systematically, the lack of key data about its
diversity is present.

Table 1. Biodiversity of the protected park forests

NM ,,KoSutnjak forest* NM ,,Zvezdarska forest“
Total
Biodiversity: Total numl.)er of Protected species: number of Protected
species: P : species: species:
Flora 521 48 136 11
Entomofauna 227 18 / /
- Herpetofauna 15 13 7 4
£
E Ornithofauna 25% 13* / 48%*
] 20+ 14 11+13
Teriofauna Chiroptera species | Chiroptera species / /

* Refers to ever-present species

** Includes occasionally and seasonally present species
(source: Luki¢ D., et al., 2012; Stavretovi¢ N., et al., 2010)

Valorization of the natural resources proved that Kosutnjak forest and Zvezdarska
forests deserve the status of protected natural resources of the third (III) category. Interim
authority of the City of Belgrade brought the Decision on the proclamation of the Nature
Monument ,,Zvezdarska forest“on 29 November 2013, while the Decision on announcement
of the Nature Monument ,KoSutnjak forest“ was adopted on 1 April 2014. For the

management of the first declared protected area is responsible the Public Utility Company
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,,Zelenilo Beograd®, while at the management wheel of another protected complex stands
the Public company ,,SrbijaSume* from Belgrade.

[T rpasa sawmhesar npupoaror aospa

T

oL AEBpa

0n 045 050 0.05 00 aTS I
=

Picture 1. Maps of the protected natural areas — NM ,,KoSutnjak forest* and NM ,,Zvezdarska forest*

The entire territory of Zvezdarska forest (80.5 ha) and the largest part of Kosutnjak
forest (265 ha) areunder the protection regime of the third (III) degree. The second degree
protection regime is present on the small part of KoSutnjak — the area of the Natural reserve
Forest of oak and hornbeam at Hajducka fountain that has been protected since 1981 (3.5
ha) (Luki¢ D., et al., 2012).

Anthropogenic impacts on the environmental quality of the researched areas

The modern urban geographical approach to studies of the spatial structures defines a
city as a coherent system, spatially and temporally expressed through the consistency of the
natural environment, its population and functions with clearly developed structure
characterized by integrity, competence, complementarity, hierarchy and integrativity (ToSi¢
D., Kruni¢ N. & Neveni¢ M., 2008). Urban landscape is sustainable and stable only in the
state of homeostasis between its natural and technogenic structural components. In that
context forest areas of Belgrade represent its special value.

The process of urban development, causes fragmentation of the landscape, which
inevitably causes fragmentation of habitats. Spatially separate parts that used to be compact
habitat, constitute specific elements surrounded by completely different ecosystem
characteristics of their indigenous state. Habitat fragmentation causes a general disorder in
the spatial coverage of ecological processes. It complicates the process of dispersion of taxa,
their physical and functional communication and creates favorable conditions for
intensifying the process of isolation. Priority in the protection of natural ecosystems should
be increasing the level of quality of the fragmented habitats and formation of ecological
corridors between them ( Purdic S., 2009; 2010; 2012).

Belgrade’s forest ecosystems suffered from significant modifications due to long-term
and dynamic process of urban development. After World War 11, due to rapid urbanization

and the expansion of settlements, KoSutnjak forest ecosystem was partialy enclosed. On all
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its sides were formed settlements: Banovo Brdo in the west, Rakovica in the south and
Miljakovac in the southeast (Luki¢ D., et al, 2012). In the same period the
municipalities of Cukarica and Rakovica went through intensive industrialization process.

Different technogenic structures are located in the immediate surroundings of this
complex: along its eastern and northeastern borders stretch rail corridor (Belgrade — Nis
railway opened in 1884) and Bulevar Patrijarha Pavla Street, the plant ,,IMR Rakovica“ is
located in the southeast and along the western border stretches Kneza Viseslava Street.

In order to improve the environment of the wider area, as well as to preserve local
and regional biodiversity it is particularly important to nurture the existing ecological
corridors that make a direct connection with Topc¢ider and Hajd park, or indirect connection
with Ada Ciganlija, Banjicka forest, Miljakovacka forest and mountain Avala further to the
southeast.

Unlike KoSutnjak, Zvezdarska forest is enclosed on all sides by the urban core, which
is why it has a characteristic irregular shape. Slopes below Zvezdara hill, facing the New
Cemetery and Karaburma were settled in the period between the two world wars, before the
afforestation of this terrain (Stavretovi¢c N., et al., 2010). Later, the settlements in the
northeast and east (Karaburma), and then in the south of this area (Mirijevo) were
significantly expanded. Northeastern and eastern border of Zvezdarska forest stretches along
the important corridor — Dragoslava Srejovica Street. All other roads on this area belong
to the secondary street network. Volgina Street cuts through the whole forest complex
form Dragoslava Srejovi¢a Street to Milan Rakica Street.

It is important to respect environmental standards in the urban planning process, in
order to raise environmental, urban, aesthetic and economic values (Filipovic D. &
Obradovi¢ D., 2004). Urban park forests are exposed to a variety of anthropogenic
processes that can cause their pollution, and the degradation of entire ecosystems.

In the immediate surroundings of KoSutnjak forest dominant sources of pollution are:
heavy traffics (especially in the narrow streets on the higher slopes), the Industry of
methylated alcohol and yeast ,,Vrenje*, NIS Jugopetrol Belgrade installation, the Institute for
Manufacturing Banknotes and Coins, wastewaters from settlements and agricultural areas,
illegal dumps (municipal, industrial and construction waste), combustion of fossil fuels in
heating plants and individual furnaces ect. For many years particular problem for Kosutnjak
ecosystem has been exceeding the allowed noise level, which is the result of intense traffic
on busy travel routes that border with it (Luki¢ D., et al., 2012).

Park forests are important tourist destinations in the big cities. They have a triple role,
from the aesthetic, health and recreational aspects of increasing the overall quality of stay
of visitors (Steti¢ S. & Siméevié D., 2009). However, it is essential to implement a
sustainable approach to tourism inside the protected areas. That implies a challenge of
developing good quality tourism products without adverse effects on the natural and
cultural environment, which it maintains and cherishes (Lugonja A., 2014; Stojkovi¢ S.,
Durdi¢ S. & Andelkovi¢ G., 2015). Tourist and sports centers, and other service facilities
located at the periphery, but also inside of KoSutnjak forest directly usurp forest
biocenosis and represent a potential threat to the natural balance. A conflicting forms of
land use have caused the degradation of ecosystems that surround them. Therefore, it is
necessary to spatially and temporally limit the tourist movements and control the activities
of visitors within the borders of the protected area.

Potentially vulnerable zones of Kosutnjak forest cover its southern and eastern part.
East and northeast of Crnojevi¢eva Street is located the part of the forest ecosystem which
directly borders with the urban core of Rakovica. In the area between Crnojevic¢eva and
Vrbnicka Street there are several illegally constructed old buildings (Luki¢ D., et al, 2012).
It is necessary to strictly prohibit the construction of new facilities, due to the large decline
of terrain and potential slope processes that would directly endanger the protected area. East
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of the forest area, in the zone of the objects of the Public company ,,Zeleznice Srbije* a
problem with the unregulated and neglected greenery, and poor sanitation is present. Priority
task in the planning and regulation of use of this site is the protection of the forest area that
borders with him.

Zvezdarska forest represents a secondary ecosystem, whose original character was
drastically altered by anthropogenic activity. The total area of this park forest has been
significantly decreased during the past 50 years. Only during the past 38 years active area of
forest ecosystem has been reduced by 10%. The process of urbanization, the introduction of
new species, as well as construction of infrastructure, have influenced the changes in the
structure of the forest and the ecological balance of the habitats (Stavretovi¢ N., et al., 2010).

In the area that surrounds Zvezdarska forest air pollution, noise, jeopardized quality
of surface and groundwater and the biosphere are constantly present. The dominant sources
of pollution are emissions of pollutants from stationary and mobile sources, as well as noise
from traffic. The negative anthropogenic impacts on Zvezdarska forest include: the
devastation of forests, inappropriate use, uncontrolled building construction, discharge of
waste waters from illegal constructions on the forest land, the creation of municipal and
construction waste landfills, inadequate cultivation and maintenance, as well as the disabled
connection with the surrounding green surfaces.

Unresolved property relations and illegal constructions have a direct impact on the
area of Zvezdarska forest. Analysis of cadastral data indicates a high degree of
fragmentation of the terrain, lots of different forms of ownership, outstanding shares in the
property and a large number of stakeholders in a protected area (Stavretovi¢ N., et al.,
2010). Existing planning documents for Zvezdarska forest are repealed, and the Plan of
detailed regulationhas been expected for a very long time.

On the researched area are present natural-anthropogenic forms of devastation of the
environment. The part ofthe Zvezdara hill towards the Danube River has been formed by the
work of water erosion, and modified by the slope processes. These degradative processes are
backed by illegal construction of facilities that leads to the overload of the unstable slopes.
Also, that forest zone doesn’t have a regulated surface water run-off. Because of the
landslide process, that part of Zvezdarska forest has a characteristic apperance of ,,drunken
forest™.

NDVI index analysis of the relevant areas

NDVI index maps of the subject areas were maid by editing the corresponding
satellite image segments in the software Idrisi Selva. The comparison of the situation
registrated on 11 May 1986 and 14 June 2010, clearly showed changes in the shape,
structure and vitality of the forest areas of KosSutnjak and Zvezdara. As previously
mentioned, the values from -1 to 0.1 correspond to areas without vegetation. Higher
values correspond to areas under certain forms of vegetation cover. Whereby the values of
over 0.55 correspond to the dominant forest vegetation.

It can be noticed that in the central and eastern zone of KoSutnjak complex values of
NDVI index were lowered. In the zones around the heavily exploited roads, and in
the immediate surroundings of the popular tourist locations, the loss of vitality of
dendroflora is detected. In contrast, the northern and the southern part of the complex
underwent through a progradation process. This was contributed by the full implementation
of care measures and maintenance of forest stands, but also by reducedpollution of the
local environment, due to reduced production in the surrounding industrial plants. In
addition, it should be pointed out that over the past few decades there hasn’t been a
significant change in the size of the forested area of KoSutnjak.
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Picture 3. Histograms of NDVI index values for the area of KoSutnjak forest — in the spring of 1986 and 2010

Although the average value of NDVI index in both cases are almost identical —
approximately 0.41, the graphs are showing some differences in the distribution of
frequencies of the corresponding values. It can be noticed the reduced participation of index
values ranging from 0.4 to 0.5 (vegetation of shrubs and trees), due to the reduction of small
green zones and corridors in the settlements on the east side of the forest. On the other hand,
there is noticeably elevated share of values ranging from 0.6 to 0.66 (high trees), which
indicates improvement of the situation in individual sectors of the complex.

Picture 4. NDVI index maps for the area of Zvezdarska forest — in the spring of 1986 and 2010
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The area of Zvezdarska forest underwent changes that affected the shape and
structure of this complex. These changes represent the result of the deforestation process,
i.e. reducing the area of the park forest due to expansion of residential zones. This kind of
devastation of vegetation cover is particularly evident in its southern zone and it has
happened due to the dynamic expansion of the settlement Mirijevo 1. Loss of vegetation
cover can be noticed in the central area of the complex where, as mentioned earlier, in
recent decades many buildings were illegally built. On the other hand, the western and
northeastern zone of Zvezdarska forest, underwent through a progradation process. It is
particularly important to implement appropriate protection measures to maintain those
sectors stability and prevent all negative intrusions.

Unlike KoSutnjak, which is surrounded by other smaller green areas, Zvezdarska
forest was and still is completely physically and functionally isolated. In the future, the
main task should be the formation of green corridors that will connect this important
and endangered ecosystem to other similar areas.
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Picture 5. Histograms of NDVI index values for the area of KoSutnjak forest — in the spring of 1986 and 2010

The average value of NDVI index wasslightly decreased (from 0.32 to 0.3), but as in
the previous case there are noticeable differences in the distribution of frequencies of the
corresponding values. The lowest index values were slightly elevated, due to the lower
quality of the local environment. The values in the range of 0.4 to 0.55 were reduced, due to
the loss of vitality of vegetation cover in the immediate surounding of technogenic
structures. In contrast, the values in the range of from 0.57 to 0.63 were increased.
This hapened due to the improvement of the state in the western zone of this ecosystem.

Protection and management system

Placing the forest complexes of Kosutnjak and Zvezdara under the protection enabled
the preservation ofthe integrity of their habitats, the establishment of functionality and
smooth progress of the succession process (Stavretovic N., et al., 2010). The most
vulnerable zones in the forests are marginal zones with ilegally constructed buildings and
open areas inside the forests, that facilitate the entrance of negative impacts to ecosystems.

Long-term destructive anthropogenic impact (illegal lumbering, negligent behavior of
visitors, etc.) has disrupted the natural values of Kosutnjak forest. In the forest complex
invasive species of dendroflora are spreading, while the rejuvenation of ecologically
important species of oak (Quercus robur, Quercus cerris) is missing, which leads to a
reduction of biodiversity. In addition, poor health of trees in some zones of the park forest,
and the presence of devastated zones is detected (Vukin M., 2008; Srdevi¢ B. & Lakicevi¢
M., 2011).

In some parts of Zvezdarska forest there is a noticeable breeding disrepair and
absenteeism of the care measures. However, the largest part of the complex still has the
ability to restore the potential forest vegetation. The most vital part of Zvezdarska forest is
deciduous forest bordered on the upper side by a fence of the Observatory, and by the zone
of intensive housing and constructionon the southwest. Second in importance is the area on

the northern slopes of the Zvezdara hill, because of their importance in stopping the erosion
204



and the presence of structures associated with nature (Stavretovi¢ N., et al., 2010).

From the botanical point of view we can say that the stability and functionality of
both forest ecosystems is partially disrupted. In addition to prevention of construction, it is
necessary to prohibit the disposal of waste spreading aroundthe gardens of houses and
restaurants, and limit the internal traffic at certain intervals of a day.

The most important factors that have negative impact on entire faunas of the subject
areas are pollution, degradation and fragmentation of habitats through the expansion of
facilities and infrastructure. Occasional or constant presence of man causes irreversible
changes in ecosystems.

Within the borders of the researched protected areas — nature monuments the
following activities are legally prohibited: change of land use, the performance of
construction and forestry work that could endanger the value of the protected area;
industrial, infrastructural and hydro-technical constructions; lumbering inside the forest;
endangering the vegetation (felling of trees and shrubs except for the old and sick, breaking
branches, damaging the bark and root system, nailing boards on trees); removal of shrubby
vegetation (important for fauna); introduction of invasive allochthonous species; destruction,
dispersal and collection of protected plant and animal species; starting campfires outside of
a defined zones; entrance of motor vehicles; waste disposal; discharge of waste waters;
construction of sufrace infrastructure; use of hazardous substances; introduction of sources
of intense light and noise, etc.

Activities that are subjected to the limitation are: reconstruction of existing facilities
and infrastructure; exploitation of mineral resources; replacement of allochthonous species
with autochthonous; planting of conifers; reducing shrubs and herbaceous vegetation (where
necessary for the restoration of trees and shrubs); forest thinning; collection of plants and
fruits; use of space for recreation; reconstruction of pedestrian and bicycle paths; setting up
information boards; implementation of care measures (land reclamation); application of
biological measures for protection against plant diseases and pests; implementation of fire
protection measures, ect.

Managers of the researched nature monuments have obligations to manage the
protected natural areas; coordinate the activities of users and visitors; mark the boundaries
of a protected zones; bring medium-term and long-term plans; bring the Act on the internal
order; organize guard service; ensure the implementation of inspection supervision; obtain
opinions and approvals from the relevant institutions and organizations; provide
fundings (Luki¢ D., et al., 2012).

Conclusion

The recently protected forest areas of KosSutnjak and Zvezdara represent important
regulators of environmental quality and refuge habitats for many species of flora and fauna
in the urban structure of Belgrade. In the immediate surroundings of Kosutnjak forest are
located residential zones, industrial and infrastructural facilities. However, there is a
preserved direct and indirect connection of this ecosystem with other natural or semi-natural
areas. The presence of ecological corridors has influenced the conservation of biodiversity
in this area. In contrast, Zvezdarska forest is completely physically and functionally isolated
from other green spaces. Its area was markedly reduced over the past few decades due to
unplanned expansion of settlements and inadequate management regime. Both of these
ecosystems are exposed to various pressures of the activities and processes that take place
inside their structures.

Application of remote sensing, i.e. NDVI index analysis enabled the registration of
changes in the state and structure of these forest ecosystems. Calculation of the quantitative
parameters provided insight into the intensity, but also the consequences of progradative and
degradative processes that have shaped these areas over the past few decades. A key step in
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adequate protection of these valuable forest areas is a strict prohibition on further expansion
of facilities and infrastructure in the protection zones. Managers have the greatest
responsibility and they should continuously control all the activities of users and visitors and
act preventively through the implementation of the established protection measures and
guard service activities.
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AHTPOIIOT'EHHU YTUIAJU HA CTABUJIHOCT ITYMCKHUX EKOCUCTEMA
BEOI'PAJIA - YILOPEJJHA AHAJIN3A ITYME KOIIYTIHHAK U 3BE3JJAPCKE
IMYME

JIPATAHA PALIKOBUR'

"Yuusepsumem y Beoepady — I'eoepagperu (axyamem, Cmydenmexu mpe 3/3, 11000 Beozpad, Cp6uja

Cakerak: Y oBoM pany Ouhe aHaIM3UpPaHO EKOJIOLIKO CTame OJHENABHO 3aTHhEHUX IIYMCKHX IOApydYja
Beorpaga — Illyme KomyTtmak u 3Be3mapcke myme. Ycien crenu(UYHOr MONOXKaja Y YHYTPAIIHbOCTH ypOaHe
CIpYKType,IapK IIyMe Cy H3JI0XKEHEe BHCOKOM CTeleHy 3arahema M Jerpajanuje HOPEKIOM M3 aHTPOIOreHUX
n3Bopa. OBuM paznom he Gutu 00yxBaheHH CBH HPHUCYTHH OOJULHU yrpokaBama CTAOMIHOCTH OBHUX GKOCHCTEMA,
Kako y HHXOBOM HEMOCPEIHOM OKPYKEHhY, TaKO M y OKBHPUMAa HHXOBUX IpaHHMIA. Y LHBY LITO jacHHjer
NpeCTaB/baka AeBacTHpajyher aHTPONOreHOr yTHIaja, Ha aHANM3UpaHe LIyMCKe eKocucTeMe Ouhe W3BpIIeHA
Tenenerekunona aHanusa NDVI mnzpekcaonroapajyhnx ucedaka CaTENIMTCKMX CHHMaka, Kako OW ce yBuzuene
pasiMKe CTama BEreTallMOHOr IOKpuBaua peructpoBaHor 1986. m 2010. roxune. Y ckiagy ca norpeboM 3a
eUKACHUM CHCTEMOM YIpaBjbama YTPOKEHHM NPUPOJHUM A0OpUMa y CTPYKTYpH Ipana, Ha Kpajy he Outu
NPECTaBJbeHEe KOHKPETHE Mepe 3allUTHTe, YHjOM KOHTHHYHPAHOM NPUMEHOM Moke JohM 0 mporpajanyje crama
OBHUX OCETJBHBUX HOIPYYja.

KibyuHe peun: rpaJicke 1ryMe, aHTpororeHo 3arahemwe, pparmentanuja, NDVI, 3amtuTa, yrpasibame

YBoa

[Tapk IIyMe MpEACTaBbAjy OCHOBHE CTPYKTYpPHE CIEMEHTE CHCTeMa IPaJICKOr
senenmwna. OHE MOry MMAarTd CIMYHE KOMIIO3HI[HOHE OJHOCE Ka0 M CBaKHM IPYTH Mapk
(Bu3ype, cTase u Ap.), ¢ TUM LITO y BbUMa JOMUHUPAjy MPUPOIHU)H MOTUBH. HajrmoBosbHIjH
Cy UIYMCKHM €KOCHCTEMH MEILOBUTOr cacTaBa JeHjpodiope Koje KapakTepuiie I00po
OMOJIOIIKO CTamke Bereralyje W MPUIaro)eHoCT eKOJOIIKMM YCIOBHMA JAaTor MOJpydYja.
BenuunHa U cTpykTypa oapeljeHe mapk mryme AAPEKTHO 3aBHCe Of YPOAHUCTHUKHX yCIIOBa
(BenMMUMHE W CTPYKType Hacesba), NMPUPOAHHMX YCIOBAa Ha JAaTOM MPOCTOPY U HEHOT
noJioXkaja y ofiHocy Ha caoOpahajHe kopumope. 3a Behie rpajioBe, OKBUPHH HOPMATHUB 32 OBY
KATEropHjy 3eleHux moBpmmHa m3HocH 800 m’mo mocernouy (Pummosuh JI. i Byphuh
C., 2005).

Ha teputopuju beorpana ce moj mymama Hanasu ykymHo 38865,92 ha noepuinHe
(Bykurn M., MunojkoBuh [I. m XXupanosuh M., 2013). V mweroBom ypOaHoM je3rpy
JIOLIMPAHO je Ha HEKOIMKO 3aKOHOM 3amTHNEeHMX HIYMCKHX KOMIUIEKca. Y OBOM pany
Ouhe wu3BpIIeHAa yropenHa aHaiu3a MOCTOjehnX aHTPONOreHWx yTHUIaja Ha EKOJOLIKY
cTabmimHOCT ABe mpectoHnuke mapk myme — [llyme Komyrtmak u 3Be3mapcke nryme. OBa
3eNeHa ,,0cTpBa“™ OKPY)KeHa TEXHOT€HHM TBOPEBHHaMa IPEICTaBibajy KJbYy4HE peryiaTope
KBAJIUTETa JIOKAJHE JKMBOTHE CpeluHe. MHUKpPOKINMA IIyMe MOBOJBHO yTHYE Ha JbYICKH
opranmzaM. OnTuUMainHe TeMIlepaType y LIyMH, BIXHHjU Ba3lyX, CMameH HHTEH3HUTET
3pauerma M W3MEHE Ba3AylIHUX CTpYyjama IOrojAyjy OIOpaBKy, OAMOPY U peKpeanuju
craHoBHuiutBa ([laBmoBuh P. u IlerpoBuh H., 2009). 3HauajHe cy 3a peBUTAIHM3ALH]Y
rpajicKe cpeanHe u modospmame ecreTckux HopMmarusa (Jbemesuh MLA., 2003). lyme cy
JparolieH! eKOJOIIKK (akTop W NpuUpomHU pecypc beorpama. I[loBosbHO yTHYy Ha
YPaBHOTEXKEHE KIMMATCKHX YCIOBa W OdYyBamkbe OWOIMBEp3uTeTa YpOAHOr IIpexena.
[Tymcka ¢mopa u Bereramuja mpeAcCTaBibajy CBOjeBpCcHE OnoduiaTepe KOju CMamyjy HHBO
3arahema atMocdepe, Kpo3 peayKIrjy MPUCYCTBA CYCIICHOBAHNX YECTHUIIA, KA0 W TacoBa ca
edexTom crakieHe Oamre. McTroBpemeHO unHEe euKacaH CHCTEM 3aIlITUTE O aKyCTHIKOT
3arahema. Ilo3uTHBHO Aenyjy M Ha cTabWIHM3anyjy MOBPIIMHCKOT M MOJ3EMHOI OTHIIAmA,
3ayCTaBJbarbe EPO3UBHUX MPOLEca U 3AIUTUTY OJf MOIUIaBa.

VY onHOCY Ha Apyre TUIOBE IIYMCKHX TpeAelna, TpaicKe MapK IMIyMe Cy YCliel CBOT
cnenrn(UIHOT TION0XKAja U OKPYKEHha M3JI0KEHE 3HATHO BHIIEM CTEIICHY aHTPOIIOIPECH]E.
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[Ipojextn ypOaHOr pas3Boja MOTY Y3pOKOBAaTH HEraTHBHE MOCIEIUIIE 110 HHXOBE
W3BOpHE BPETHOCTH, T1a CE€ TH AaCIEeKTH MOpajy y3eTH y O03Hp y CHUCTEMY INPOCTOPHOT
n ypOaHHCTHYKOr IUTaHWpama. IIIyMCKM €KOCHCTEMHM Cy H3JI0KEHH KOHTHHYHPaHOM
npouecy 3arahema M (parMeHranmje, yciex peaiu3aldje ApYrux oO0JHMKa Kopuinhema
3emspumTa (Tyrvainen L. & Miettinen A., 2000).

VY mwby crnpeuyaBama 3araljema, JeBacTanyje u (pparMeHTanyje ImyMCcKUX Moapydja
Beorpama 0o je HEONXOJHO YCIIOCTaBUTH HUXOBY 3aKOHCKY 3alUTHTY Kao OCHOBY 3a
aJIeKBaTHO yrpaBibame. OHa Moapa3symMeBa KOHTHHYHUPAHO IJIaHUPAHhe, MOHUTOPHHT CTamba,
TpeAy3uMamke Mepa 3a yHampeheme U pa3Boj, Kao M KopHIIheme NPUPOJHUX BPEAHOCTH
noApydja y ckiaay ca yrepheHuM mepama u nporucuma (MwuoBanosuh b., u ap, 2010).
YpbaHuM MIyMCKMM TOApYYjUMa YIpaBJba C€ INPBEHCTBEHO paayl 3allTHTE HUXOBHX
NPUPOIHUX BPEITHOCTH — OWOAMBEP3UTETa, MO3aWYHOCTH CTAaHWINTA W ECTETCKO-
amOMjeHTaTHE 0COOCHOCTH.

MeTtononoruja paaa

[penmer oBOr paja MpeCTaB/bajy NETPAJaTHBHH M MPOrPaJaTHBHH aHTPOIOTESHH
YTUIIAjU HAa CTAOWIHOCT JiBa 3aliTulieHa mymcka koMmiiekca beorpama — [llymy KomryTmak
U 3Be3mapcky mymy. Llwib oBor paja je aa mpyxkd JIONPUHOC YHampehewy MHTErpaaHor
cHCTeMa 3allTHTE M YIPaBJbakbha TPaJCKHM IIyMaMma, 300T HHXOBOT BEJIHMKOr 3Haudaja 3a
no0oJblIake KBATUTETa )KUBOTHE cpeauHe beorpana.

VY nocrynky pajna mnpuMemKBaHe cy cienehe HaydHe Merone: KOMIIapaTHUBHA,
AHAJIMTUYKO-CUHTE3Ha, JACAYKTHBHA, JACCKPHUIITHBHA, CTAaTUCTHUYKA, KJ'[aCI/Iq)I/IKaLH/IOHa,
kaprorpadcka W Merona HalbuHCKe nereknmje. [Ipomec ucTpaxuBama OOyXBaThuo je
YIIO3HABAKE Ca JOCTYITHOM JINTEPATYPOM M IUTAHCKOM JOKYMEHTAIMjOM, HHTEPIPETAInjy
TOMOrpa)CcKUX W TEMATCKUX KapaTa, aHalM3y CaTElUTCKMX CHHMaka W TEPeHCKa
HCTpaKMBamba )KUBOTHE CPEIUHE aHATU3HUPAHHUX IIYMCKHX €KOCHCTEMA.

VY no6a MHTEH3WBHOT Pa3BOja MPOCTOPHUX TEXHOJOTHja, NAJbUHCKA JETEKLHja U
I'"C cy ce yremessuian kao MOhHHM ajlaTy 3a MPOy4aBame M OLIEHY CTamba XKUBOTHE CPEAMHE
(StoreR. & Jokimaki J., 2003). buxoBa koMOMHOBaHAa MpPUMEHA HE CaMO Jia JONPHUHOCH
OJIAKIIIAHO] BHIIIECTENEHO] M XHMjePapXUjCKU MHTErPUCaHO] aHaIM3U MPUPOAHUX pecypca u
KHUBOTHE cpeauHe, Beh U uHTerpuuie JoOWjeHe IIOJaTke, HEONXOAHE Yy MOCTYIIKY
KOMIapaTuBHe Teopujcke aHaimuze ekocuctema (Li A., et al., 2005).

Y umwby WTO jacHWjer NpelcTaB/bama IMON0XKaja M CTPYKType HCTPaKHBAHHX
nozpy4ja, u3paheHe cy wuxoe murutaine kaprexopuinhewem [MC codrBepa GeoMedia
Professional 6.1 (IntergraphCorporation). Y TOCTYyIIKy HW3paje Kapata Kao OCHOBa Cy
kopuiheHu reopedepeHIpany caTeNUTCKU CHUMIIM. Pajy ITo npenu3Huje BEKTOpH3aliuje
TeONPOCTOPHUX eJIeMeHaTa — IPaHuNa 3alTHheHnX KOMIUIeKca KopuiheHn cy rpaduuku
MIPUJIO3H U3 JOCTYITHHUX CTyIHja 3aBoja 3a 3amrtuty npupoae Cpouje.

AHanu3a crama BEreTallMOHOr IIOKpHBaya MPOYYaBaHUX [AapK IIymMa, Kao H
peTUCTpOBamE MPHUCYTHHX OONHMKa 3araljea W3 aHTPOIOreHNX W3BOpA HW3BPIICHO je
obpanom catenurckux cHuMmaka y [UC codrepy Idrisi Selva. Kopumhenn cy cHuMIN
carenuta Landsat 5, nobujenn ca TM censopa (Thematic Mapper) uuja je HOBpIIMHA
caumama 185 x 185 km. Cuumium cy reopedeperuupanu y UTM-34n pedepeHTHOM cucTeMy
ca WGS84 matymom pesomyrmje ox 30 m. Kako Om ce youmine mpoMeHe y CTPYKTypH U
CTaOMITHOCTH ITYMCKHX E€KOCHCTEMa KOjé Cy ce [elaBaje TOKOM INPETXOTHHX IereHHuja
VIIOpeno cy aHanm3upaHe oaropapajyhe carenurcke cueHe HauumeHe 1986. u 2010. ronune.
CBu cHUMI Cy mpey3eTd ca 3BaHWYHOT cajta USGS-a (enr. United States Geological
Survey). 3a aHanM3y TpPEAMETHUX IOIPydja CATEIUTCKE CIEHE M3 Pa3IMYUTHUX TOIMHA
HcedeHe cy 1o cieaehinM KoopIuHaTama:
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Myma Komytsmak — Xmin 454100, Xmax456400, Y min 4954800, Ymax 4959700;
3Be3mapeka myMa — Xmin 459900, Xinax 462500, Ymin 4959900, Y max 4962700.

3a JaJbUHCKO HCTPaXKUBAaKE LIYMCKAX €KOCHCTEMa M HHUXOBOT  OKPYKEHa
yrmoTpeOJbeH je onTHManaH KOMMYHHMK BererarmoHor uHzaekca (NDVI). On ce nobuja
KoMOuHOBameM Onrcko uHdpanpseror (0,7-1,1 um) u upeeror (0,4-0,7 wm) CreKTpasHOT
KaHaja, KaJia ce pa3iifKa CIEeKTPATHUX OICera MoIein BUXOBUM 30UpOM Najyhin BpeaHOCT
on -1 no 1 (Tucker C.J., et al., 1985):

NDVI = (NIR-Red)/ (NIR+Red)

NDVI je moctao rimobanno npuxBahieH BereTallMoOHW HWHACKC, 3aXBajbyjyhu OmHOCY
nmapaMerapa Koju oMoryhaBa elMMHHANMjy BeEJIMKOr Opoja CMETHH Y3pOKOBaHHX
npoMeHaMa yria CyHYeBOT 3pauckha, Tororpaduje, 0OMaYHOCTH WM 3aCCHYCHA, Kao H
atMocdepckux ycnoBa (Matsushita B., et al., 2007).

NDVI npencrassba jeqHOCTaBaH HAYKMH Ja C€ M3MEPH MPOIYKTUBHOCT BEr€TalliOHOT
TIOKpHBaya, OJHOCHO cTereH o3enemeHoct oapehenor Tepena (Tucker C.J., 1979). Ycnen
NPUCYCTBA (DOTOCHHTETCKOT 3€JICHOr MUTMEHTa — XJopoduia, OWbke amcopOyjy 3pake
TalaCHUX JY)KHHA y OICEry IPBEHOr KaHaida (BHIJbMBA CBETJIOCT), JOK HCTOBPEMEHO
pednexryjy oHe koju npunanajy onucko uudpanpseHom 3padeny (Jordan C.F., 1969). 36or
TOra ce BHUIIIE BPETHOCTH PETHCTPY]y TaMO TJI€ je BEreTalloHH MTOKpUBay pa3BHjeH U T'YCT.
Hajumxe Bpeanoctn NDVI-a (om -1 mo 0,1) ce peructpyjy Ha MecTHMa TIe Hema
Bererandje, OMHOCHO TJe JOMHHHpPajy TEXHOTGHE TBOPEBUHE U 30HE U3IIOKEHE
aHTporioreHoM 3araljerly M Jerpagauuju. Vcro Tako MoOry Ja O3HadaBajy M BOJICHE
HOBPIILIMHE, TePEeHE Ca OrOJbeHHM CTeHaMa, WM TepeHe MO CHEroM U JIeIOM. YMepeHe
Bpennoctu (on 0,2 no 0,3) oaroBapajy TpaBHaToO] M )KOYHACTO] BereTalyji, JOK BPEAHOCTH
npeko 0,6 oxrosapajy Bereranuju Bucokor apseha (Weier J. & Herring D., 2000). ITomro
je oBaj mHIEKC Oa3upaH Ha CIEKTPAIIHOM Meperwny (OTOCHHTE3e, HEeroBa BPEOHOCT je
BUILIA TOKOM mpojieha M JieTa, a HIDKa TOKOM jeceHH M 3MMe. 300r Tora cy y OBOM pajiy
KopuheHn caTelMTCKU CHUMIM HauukbeHH kpajem mpoinieha 1986., onnocuo 2010. romnune,
KaJa je BereTalMOHM IIOKPMBa4 ONTHUMANHO pa3BujeH. [Ipuiamkom wu3zbopa DOCTYIHHX
CHHMakKa, BOAWJIO CE pauyHa O TOME J]a BpEMEHCKHU pa3Mak u3Mely laHa HhUXOBUX CHUMAmbha
Oyne HajMamu Moryhu. Pesynrar reompocropHe aHann3e M UCTPaKMBama IMPEICTaBIbAjy
nzpaljere kapte kinaca NDVI unnekca npenmMeTHIX noapydja.

OcCHOBHe oIV THKE HCTPA’KUBAHUX I'PAACKHUX LIIyMa

[lyma Komyrmak je cMelTeHa y OKBUpPY KyITYpHO-UCTOpHjcke nenuHe Tomaunaep,
Ha TepuTopuju Georpaackux ommtiHa Yykapuna u PakoBuna. Hanasu ce uznan nese obane
Tomuunepcke peke, Ha MPOCTPAHO] 3apaBHU, HA KOjy Ce HACTaBJbajy MajJIMHE UCIIpecelaHe
MamuM gonuHama (JIykuh 1., u gp, 2012). 3Be3mapcka mryma ce Halla3u y CEBEPHOj 30HU
HCTOMMEHe Oeorpajcke ommrruHe. CMeITeHa je Ha UCTAKHYTOM y3BHIIECHY (254 m H.B.) Ha
necHoj obamu J{yHaBa.

V3 BrnaxkHe 6uorone Bemmkor patHor octpBa m neBe obane yHasa, Komyrmak je
JeAMHU OCTaTaK ca ayTOXTOHOM IIIYMCKOM BETeTalljoM Y TyCTOHACEJbEHO] CTPYKTYpH
rpaga (JIykuh M., u gp, 2012). OBakaB omHOC mpeMa ypOaHO] CpEeOVHM MMa B 3Be3JapcKa
IIyma, ajd je oHa, 3a pa3nuky ox Komryrmaxka, calena mryma. Ilamune 3Be3mapckor 6paa
MoITyMJbeHE Cy TeK HakoH Jlpyror cBerckor para (CraBperoBuh H., m mp, 2010). O6a
LIyMCKa €KOCHCTEMa Cy MPETEeKHO JMMhapcKor THIA, ca MalkM YIelIOM 4YeTHHapa. Y
Iymu Komryrmak HajBehu mpocTop 3ay3mMmajy 3ajefHUIle Jume, rpada, mepa U IyKmbaKa
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(Tilio-Carpino-Quercetum robori-cerridis) (JIykuh [1., u ap, 2012). Y oxBupy 3Be3napcke
IIyMe JOMHHHUpajy MEUIOBUTH 3acaiu XpacTa Jiyxmaka (Quercus robur), jaBopa (Acer) n
jacena (Fraxinus) (CtaBperouh H., u np, 2010).

[Iymcka moxmpydja yHyTap rpaja HMMajy HOCeOHY BPEZHOCT Kao pedyrujayiHa
cranumra ¢uope u (ayHe W MPOCTOPH ONl 3Ha4aja 3a OOHaBJbAKE BPCTA M OUYYBambe
LIEIOBUTOCTH M HaMeHe MOBpILIMHA, Kao W 3a yHampeheme kBanurera ypOaHe cpeanHe
(MunosanoBuh b., u np, 2010). Y okBupy Lllyme Komryrmak 3a0enexeHo je MpUCyCTBO Yak
521 OuspHE BpCTe, IITO OBaj IIYMCKHM KOMIUIEKC IMOCTaBJba Ha Tpehe MecTo mpupoaHuX u
JEeIMMUYHO M3MEHmeHUX craHumra beorpaga (m3a ABane um Kocmaja) mo kputepujymy
pasHoBpcHOCTH Backynapue diope (JoBanosuh C., u np, 2014). ®opa 3Be3gapcke myme je
ycien crieuUYHOT OKpY)KEHha M CTPYKType 3HAaTHO CKpOMHHja — oOyxBaTta 136 BpcTa
(Crapserosuh H., u np, 2010).

I'pancke myme cy moceOHO BayKHE 3a 3aIUTUTY M OYyBam€ Pa3HOBPCHOCTH (ayHe
Ha Tepuropuju beorpana. Y Tabenu 1 nmpenctaBbeHH Cy pelleBaHTHHM TOAal 3aBona 3a
samtuty npupoae CpOuje 0 OMOTUBEP3UTETY UCTPAKUBAHUX MONIPYYja — O YKYITHOM OpOjy
PETUCTPOBAHUX BPCTa YHYTap ONroBapajyhux mapcraBa W Kiaca, Kao U Opojy BpcTa Koje cy
3amTrlicHe HAIMOHATHOM W/win MehyHapomHom seruciatuBoMm. C o03upoM na ¢ayHa
3Be3mapcke IIyMe HHUje CHCTEMaTH30BaHO IPOydYaBaHa, youaBa C€ HEJOCTATaK KIbYYHHX
NI0/IaTaKa O FeHO] Pa3HOBPCHOCTH.

Ta6ena 1. Buoausep3urer 3amTnheHnx napk myma

Banopuzamnujom je yrBpheno na npupoana noopa Illyma Komrytwak u 3Be3napcka
myma 3aciyxyjy craryc samruhenunx mnpupomuux nobapa Tpehe (III) xareropwuje.
[MpuBpemenn opran rpana beorpama je 29. HoBemOpa 2013. romune noHeo Perieme o
npornamewny CrOMEHHKa MPUPOJE ,,3Be3Aapcka myMma™, nok je 11. ampuna 2014. ronune
ycBojeHO Pememe o mnpormamemy Cnomenuka npupoxe ,lllyma Komyrmak”. 3a
VYnpapibaua MpBOr IMporialieHor 3amTuheHor noapy4vja oapeheHo je JaBHO KOMyHaIHO
npenysehe ,3enenmno beorpaa®, mok je 3a Ympasipaua Apyror 3amThiieHOr KOMILIeKca
nocraBJbeHo JaBHo npeaysehe ,,Cpoujainyme’ u3 beorpana.

Cauxka 1. Kapre 3amruhenunx npupoanux goo6apa — CII ,,lllyma Komyrwak® u CII ,,3Be3gapcka myma“

Ha nenokynnoMm nozapy4jy 3Be3napcke myme (80,5 ha), kao u Ha HajBehem meny
komiutekca [lyme KomyTtak (265 ha) 3actyrben je pexxum 3amrute tpeher (I111) crenena.
Pexxum 11 crenena 3amrure nedunucan je 3a Mawu neo Komryrmwaka — npocrop Pesepsata
LIyMe Xpacra JykKmbaka u rpada xox Xajayuke decme 3amruhen 1981. romune(3,5 ha)
(JIykuh [1., u 1p, 2012).

AHTpPONOIreHH YTHIAjH HA KBAIUTET ;KUBOTHE CpeJHHe HCTPAKMBAHMX MOAPYYja

CaBpemenn ypOaHoreorpad)CKM TPUCTYI H3ydaBama NPOCTOPHHUX CTPYKTypa
mocMaTpa  rpal  Kao  KOXEPeHTaH  CHUCTeM, IPOCTOPHO-BPEMEHCKH  H3paXkeH
KOH3UCTEHTHOIINY TPUPOIHO-EKOJIONIKE CpEeIrHe, CTAaHOBHUINTBA M (YHKIH]jA, ca jacHO
pPasBHjEHOM  CTPYKTYpOM  KOjy  KapakTepHIly  LEeJIOBHUTOCT,  KOMIIOHEHTHOCT,
KOMIUIEMEHTapHOCT, XujepapxudHocT u uHTerpatuBHOCT (Tomwmh [I., Kpyauh H. m
Hesennh M., 2008). I'pamcku mpeneo je OOpXHB M CTaOMIAaH camMO OHAAa Kaja Biajga
XOMeOoCTa3a TIPHPOJHHUX M TEXHOIGHHX KOMIIOHEHTH HeroBe CIPYKType. Y TOM
KOHTEKCTY MOoceOHy BpemHOCT beorpana mpeacTaBibajy Beroa nryMcka Hoapydja.

IIpomec ypbaHOr pasBoja y3poKyje (parMeHTalmjy Mpenena, Koja HEMHUHOBHO
ycioBJbaBa (hparMeHTanujy craHumTa. [IpocTopHO OfBOjEeHN NeOBH HEeKalla KOMITAKTHIX
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CTaHMIITA, YMHE CBOJEBPCHE EJIEMEHTE Yy OKPYXKEHY CacCBHM IPYradMjuxX €KOCHCTEMCKHX
OIUTMKa OJ ayTOXTOHOI cTama. PparMeHTanWja CTaHMINTA H3a3uBa omuTH nopemehaj y
MIPOCTOPHOM 00yXBaTy eKoIomKuX mnporeca. OHa OoTekxaBa Mpolec ANCIEp3Hje TaKCOHA,
BUXOBY (U3MUKY W (GYHKIMOHAJIHY KOMYHHMKAaIlMjy ¥ CTBapa IIOBOJbHE YCIOBE 3a
MHTEH3UBHPAE IpOIleca M30JI0BAaHOCTH. [IpHOpUTET y 3aIUTHTH NMPUPOTHHUX E€KOCHCTEMa
npezicTaB/ba NoBehaBame KBAINTETa CTAHMINTA HACTANHMX (parMeHTalyjoM U GOpMHUpame
exoomkux kopunopa mmehy mux (byphuh C., 2009; 2010; 2012).

[IIymcku exocucteMu beorpaga mperprenu cy 3HavajHe MoaudUKaLUje, YCIen
JYTOTpajHOT U TMHAMUYHOT Ipolieca ypbaHor pa3Boja. Hakon Jpyror cBeTckor pata, ycien
Hare ypOaHM3alMje W IOMpema Hacesba, AOLNUI0 je 10 JSIUMHYHOI ,,0NKOJbaBama‘
exocuctema lllyme Komyrmak. Ca cBux crpaHa ¢opmupana cy Hacesba: banoBo bpno Ha
3amany, PakoBuna Ha jyry u Museakosan Ha jyroucroky (JIykuh 1., u ap, 2012). ¥V ucrom
nepuony Ha Tepuropuju ommuthHa Yykapuna u PakoBuna nonasu 10 HHTEH3WBUpambha
npoliieca HHAYCTpHUjaTu3alyje.

VY HenocpeaHOM OKpYXKeHYy OBOI KOMIUIEKCA JIOIMpaHEe Cy Pa3iIMuhTe TEXHOTEHEe
CTPYKTYpE: y3 IErOBYy HCTOYHY W CEBEPOMCTOYHY TPaHHUIy MPOTEKYCE IKEITE3HUYKH
xopuzop (npyra beorpan — Hum otBopena 1884. ronune) u bynesap INarpujapxa [TaBna, Ha
JYTOHCTOKY j€ JIOIUpaHo mocTpojeme ,, IMP — PakoBuia®, a y3 3anaaHy rpaHuily mpyxa ce
Vuna Knesa Bumiecnaga.

VY unspy nobosblama KBAINTETa XKHUBOTHE CPEIUHE IUPET NOAPYYja, KA0 ¥ OYyBamba
JIOKAJIHE U pErHoHaHe OMOJIOIIKEe Pa3HOBPCHOCTH MOCEOHO je Ba)KHO HeroBartu mocrojehe
eKOJIOIIKE KOpUAOpe KOju 4uMHe AupekTHy Bedy Komyrmaxa ca Tomumnmepom u Xajn
NapKoM, OJHOCHO mocpenHy Be3y ca Anom [urannujom, bamuukom m MusbakoBaykom
IIYMOM, Ka0 ¥ ABaJIOM, J1aJbe TIpeMa jyrOUCTOKY.

3a paznmuky ox Komyrwaka, 3Be3fapcka Iyma je ca CBUX CTpaHa CTellmbeHa
TpaJICKUM TKUBOM, YCJIE]| Yera uMa KapakTepucTH4aH HerpaBwiaH oOnuk. [laanHe mcnon
3Be3mgapckor Opna, okpenyre ka HoBoMm rpobspy m KapabGypmu HacesbeHe Ccy y HEpHOAY
u3mel)y 7Ba cBercka pata, Tpe noirymibaBama oBor tepeHa (CraBperosuh H., u np, 2010).
Kachuje cy ce 3HauajHO HpolIMpUiIa Hacesba Ha ceBepoucToky M ucToky (Kapabypma), a
3aTUM M Ha jyry mnpenMmerHor mpocropa (MwupujeBo). CeBEpOMCTOYHOM W HCTOYHOM
rpaHuioM 3Be3aapcke Iiyme nporexe ce caoOpahajumna I pena — Yaumuna Jlparocnaa
CpejoBuha. Cse ocrane caobpahajHuile Mpunagajy ceKyHAapHO] yIH4YHO] Mpexu. Bonrnna
yIMIa mpocelia YuTaB MIYMCKH Komruiekc o Yiwuue J[parocmaBa CpejoBuha no Yiwuie
Munana Pakuha.

[punukoM IUIaHMpama TPAJCKOT HPOCTOpa IOTPEOHO je IMOIITOBATH EKOJOIIKE
HOpMe M YpOaHHUCTHYKUAM W IPYTUM pellelmHMa MoAuhn eKoNomKy, ypOaHy, eCTeTCKy H
exoHoMcKy BpenHoct (@umunosuh JI. u O6panosuh [l., 2004). I'pancke mapk miyme cy
M3JIOKEHE Pa3IMYMTUM aHTPOIOTeHUM IPOLlECHMa KOjU YCIIOBJbaBajy HKUXOBO 3araljerse,
aJld ¥ JIeTpajaliyjy LEeJTOKYIHUX eKOCHCTeMA.

VY HenocpenHoM okpyxemy lllyme Komyrmak ToMHHaHTHU H3BOpHU 3arabhema cy:
WHTEH3UBaH caoOpahaj (HapouuTO y CIOpemHHM, YCKMM yiuiiamMa Ha BehuMm HaruOuma),
Wupyctpuja mmmputyca U kBacua ,,Bpeme”, HUC Jyeonempon uncmanayuja beoepaod,
3aBox 3a u3paly HOBYAHHMIA M KOBAaHOI HOBLA, OTMAaJHE BOAC M3 Hacejba M ca
NOJBOTIPUBPEHUX ~ IOBPIIMHA, JAWBJbA CMETJIMIITA (KOMYHAJHH, WHIYCTPH]CKH,
rpal)eBUHCKH OTHaJ), caropeBame (OCHIHMX TOpHBa y KOTJapHUIAMA W WHAWBHIYaTHUM
noxumruMa U 1p. [oceban mpobneM 3a IMIYMCKH €KOCHCTEM IPEICTaBJba BUIIETOHIIELE
MpeKopavyeme J03BOJFEHOI HHMBOA OyKe, KOjH je TOCiequlla MHTEH3MBHOr caoOpahaja Ha
MIPOMETHUM ITyTHUM Tpacama Koje ce rpanmde ca iuM (JIykuh ., u np, 2012).

[Mapx myme mpencraBibajy 3Ha4ajHE TYPUCTHUKE ACCTHHAIMjE YHYTap BEIMKHX
rpanoBa. thuxoBa ynora ce MOXKe TIOCMaTpaTH TPOCTPYKO — Ca €CTETCKOT, 3[PaBCTBEHOT
PeKpeaTHBHOT acrieKTa moBehaBama yKymHOT kBanuTeTa Oopaska nocermnana (Ireruh C.
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n CumueBuh /[I., 2009). Mehyrum, y oxBupuMma 3amrTuheHHX MOApYyYja HEONMXOTHA je
peanu3anydja ONPXKUBOT MPUCTYa TYpU3My, 3aCHOBAHOI HA Pa3BOjy KBaJIUTETHE
TYpUCTHYKE TOHYAe 0Oe3 HEraTWBHUX YTHIdja HAa TPHPOIHY U KYITYpPHY CPEAUHY KOjy
onpaxasna u Heryje (JIyroma A., 2014; CrojkoBuh C., Byphuh C. u Anhenxosuh I'., 2015).
TypHCTHYKO-yTOCTUTEIbCKA U CHOPTCKO-PEKPEATHBHU LEHTPH, KA0 M JIPYrH YCIY)XHH
objektn noumpann Ha oboxy Illyme KomyTmak M y HBEHO] YHYTPAIIHOCTH IHPEKTHO
y3YpIHpajy MIyMCKe OHOIIEHO3¢ M MPEACTaBIhajy MOTCHIU]a Hy OMACHOCT 3a OJp)KaBame
npuponHe paBHOTexe. HeycarnamieHu oOmunu kopuihiemha IpocTopa U HaMEHE MOBPIIHHA
Y3POKOBAJIM Cy Jerpajalyjy €KOCHCTeMa KOjH HX OKPYXKyjy. 300r Tora je moTpeOHO
MPOCTOPHO M BPEMEHCKH OTPaHHYUTH TYPUCTHYKA KpeTama W KOHTPOIMCATH aKTHBHOCTH
MOCETUIIAIA Y FpaHuIamMa 3aTiHheHor 10opa.

[MorennumjanHo yrpoxene 3oHe [llyme Komyrmak 00yxBaTajy HBeH jy>)KHH M HCTOYHH
neo. Hcrouno u ceBepoucrouno o LlpHojeBuheBe ymuile TONHMPaH je €O HIYMCKOT
eKocHCTeMa KOji Ce JMPEKTHO rpaHuud ca ypOanum TkuBoM PakoBuiie. Ha mpoctopy
m3mely LlpHojeBuheBe 1 BpOHMUKe ynuile MOCTOjU BHIE HETUIAHCKU MOJUIHYTHX O0jexaTa
crape rpaame (JIykuh J1., u np, 2012). HeomxomHo je cTporo 3a0paHUTH W3rPajiby HOBHX
objekaTa, MomTo OM yCieA BENMKOr Taja TepeHa MOorjo jaa aohe A0 TojaBe MaJIdHCKUX
npoieca Koju OW JAMPEKTHO Yrpo3wnu 3amTuhieHo momapydje. MCTOYHO Of HIyMCKOT
nozipydja, y 30HH obOjekara JaBHor mpemnyseha ,Kenesnuie CpOuje” mocroju mpobiieM ca
Hey'peheHI/IM U 3allymlTeéHuM 3€JICHWIOM, Kao M JIOHIOM KOMYHaJIHOM XI/IFI/IjeHOM.
[Mpuopureran 3amatak y ITOCTYNKY IUIaHUpama Kopuinhewma W ypehema OBe JioKainuje
IpeJcTaBiba 3alITHTA IIYMCKOT IIOApYYja Koje ce ca ’bUM TPaHUYH.

3Be3mapcka Iyma TpecTaB/ba CEKYHAApPHU €KOCHCTEM, YHMjU je U3BOPHU KapakTep
ApaCTUYHO H3MCHCH AHTPOIIOI€HOM aKTI/IBHOHIhy. yKyTIHa MOoBpHIMHA HAMCHHCHaA IIapK
mymMu 3Be3fapa je TOkoMm mperxomHux S50 roguHa 3HaTHO cMmameHa. CaMo y TOKY
NPETXOAHUX 38 rofvHa aKkTHUBHA MOBPIIMHA IIYMCKUX €KOcHcTeMa cMameHa je 3a 10%.
[pouec ypbanu3aumje, yHOLICHE allOXTOHUX BPCTa, Ka0 U IPOCelamke U U3rpajibha o0jekarTa
UHQPACTPYKType, YTHULAIN Cy Ha IPOMEHE y CTPYKTYpPH IIyMe U Ha €KOJOLIKY PaBHOTEXY
cranumra (Crasperosuh H., u np, 2010).

Ha mmpem mpocTopy oko 3Be3gapcke IIyMe KOHCTaHTHO je IPUCYTHO
aeposaraheme, Oyka, yrpokaBame KBaJWTeTa IOBPIIMHCKMX W IOI3EMHHMX BOJa H
ouoctepe. JlomuHanTHM wu3BOopH 3araliema cy emucuje 3arayjyhux wmarepuja wu3
CTalMOHAPHUX W MOOWIHHX H3BOpa, Kao u Oyka oj caoOpahajuuna. Heratusau
AHTPOIIOTeHN YTHLAjH Ha 3BE3/IapCKy IIyMy 00yXBaTajy: JeBacTallljy LIyMe, HeaJleKBaTHO
kopuiherme, HEKOHTPOJIMCAHY H3rpajilby 00jekara, M3IHBamke OTIAIHUX BOJa U3 OecrpaBHO
MOAWTHYTUX O0jeKaTa JUPEKTHO Y IIyMCKO 3eMJBHIITE, CTBApamke ACMOHU]a Ipa)eBUHCKOT U
KOMYHAJIHOT' OTIIaJa, HeaJaeKBaTHO rajeme U Ofp)KaBambe, Kao M OHeMOoryheHy MOBE3aHOCT
LIyMe ca OKOJIHUM 3€JICHUM MOBpPIINHAMA.

JlupexTaH yTHLaj Ha MPOCTOp 3Be3JapcKe INyMe HMajy HEpelleHH WMOBHHCKO-
NPaBHU OJHOCH M OeclipaBHA Tpaima. AHaJHM3a KaTaCTapCKHUX IMOAaTaKka yka3yje Ha BHCOK
creneH (parMEHTHCAHOCTH TepeHa, MHOIITBO CBOJUHCKMX OOJMKa, HEpelleHe yuene y
BIIACHHUIITBY W BEIMKH Opoj 3aMHTEPECOBAaHMX CTpaHa Ha 3amTHNCHOM NOAPYYjy
(CrasperoBuh H., u ap, 2010). ITocrojeha rurancka ZOKyMEHTanHja 3a MpOCTop 3BE3AapCKe
ImIyMe je craBjb€Ha BaH cHare, a Beh moyro ce odekyje noHomrewme [lrana neraspHe
perynanuje.

Ha mnpeaMerHoM mpocTOpy NPHCYTHH Cy H INPUPOJHO-aHTPOIOTEHH OOIULHU
JeBacTalyje )KuBoTHe cpenune. [leo maguue 3Be3gape npema JyHaBy OOMHMKOBAH je pamioM
BOJHE €po3Hje, a MOAU(PHUKOBAH j€ TTaJUHCKAM IPOLEeCHMa — CIIAPAHEM, KIIKEHEM Tia U
japyxameMm. OBH JerpaJlaTUBHU IPOLECH ITOTIOMOTHYTH CY HEIUIAHCKOM H3TPaglkoM
o0jekaTa Koju JoBoje 1o ontepehema HecTaOWIHUX manuHa. Takole, TepeH je y HOMEHYTOj
30HH KOMYHAJIHO HEONPEMJbEH Y CMHUCIY perylianyje OTHIamba aTMocepckux Boaa. Ycmen
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Ipolieca KIKeba Ti1a, 3Be3AapcKa IIIyMa Ha OBOM IIPOCTOPY MMa KapaKTepUCTHYaH U3IIIe]
IHAjaHe IrymMe*.
Ananusza NDVI unexca npeAMeTHUX MOBPIIMHA

OO6panom onroeapajyhux mcedaka caTeNUTCKHX CHMMaka y codrsepy Idrisi Selva
n3pahene cy kapre NDVI wmHnmekca mnpeaMerHux mnoBpmmHa. [lopehemem crama of
11.05.1986. romune ca crameM 14.06.2010. rogwHe jacHO ce yodaBajy MpOMEHE OOJIHKa,
CTPYKTYp€ M BHUTAJIHOCTH ITyMCKHX nozapydja Komyrmaka um 3Bezmape. Kako je panmje
HarnameHo, BpenHoctd ox -1 mo 0,1 oxrosapajy moBpuminmHama Oe3 Bererauuje. Bume
BPEIHOCTH OJIr0Bapajy IMOBpIIMHAMA 1101 oJpeeHrM OONIHIMMa BEreTaloHOr TOKpHUBaya.
[Tpu yemy Bpequoctu npeko 0,55 oxroBapajy JOMUHAHTHO APBEHACTO] BEreTaLM]H.

Cauka 2. Kapre NDVI nnzaekca 3a npocrop lllyme Komryrwak — nposiehe 1986. n 2010. rogune

3a mpoctop Illyme KomyTmak KapakTepHUCTHUHO je CHMXKaBarme BpemHocTH NDVI
WHJIEKCa Y IIEHTPAIHO] ¥ KCTOYHO] 30HU KOMILIEKca. Y TojaceBHMMa OKo caoOpahiajHuiia koje
Ce MHTEH3MBHO CKCIUIOATHIIY, i M y HEMOCPEAHOM OKPYKEHY MPOMETHHX TYPHCTHYKO-
YIOCTUTEJbCKUX 00jeKaTa, youaBa ce r'yOuTaK BUTAJIHOCTH IeHapodiope. Hacympor Tome, y
CCBEPHOM M KPajEbeM jY)KHOM JIey KOMIUIEKca JOIUIO je 10 IMporpajalmje crama. Tome je
JIOTIpUHENa aJeKBaTHA MpPUMEHa Mepa Here W OJpKaBama IIYMCKHX CACTOjHHA, ald U
cMamberbe 3araljera JIOKaIHe KUBOTHE CPEAWHEe, YCIe]] CMambeHe MPOU3BOAE Y OKOTHUM
UHIYCTPHjCKUM MOCTpOjeiMa. [lopen HaBeneHor, Tpeba HarmacuTu fa y ciydajy lyme
KomyTmhak TOKOM NPEeTXOAHHUX AELeHNja HUje JOIUIO 10 3HAYajHUjUX IPOMEHA Y BETMYHHU
HOIITYMJBEHOT MOZIpyYja.

Ciamuka 3. Xucrorpamu ydecrajocru BpeqHoctu NDVI nnnexca 3a npocrop lllyme Komyrmak — nposehe
1986. u 2010. ronune

[Ipempa je mpoceuna Bpenuoct NDVI unnekca y oba ciydaja TOTOBO jenHaka —
uzHocu mpubnwkHo 0,41, Ha rpadMKoHMMa ce yo4aBajy pasiMKe y AUCTPHOYIUjH
¢dpekBenuuja onroapajyhux Bpennoctu. CHibkeHo je yuehine BpeaHOCTH HMHIEKca Y
pacriony on 0,4 mo 0,5 (xOyHacro-ApBeHacTa BereTaiuja), yclel CMambHBama MarmbhX
3eIeHNX MOBPLIMHA M KOPUIOpa Yy CKIOIY Hacesba ca ucrouHe crpane lllyme. Ca mpyre
CTpaHe NPUMETHO je moBuiieHo ydemhe BpenHoctu y omcery ox 0,6 mo 0,66 (BrCOkoO
npeehe), mWTO yKazyje Ha TOMEHYTO MOOOJBIIAKE CTaka y MOJeAMHHM CEKTOpUMa
KOMILJIEKca.

Cauka 4. Kapre NDVI unsexca 3a npocrop 3Be3iapcke myme u npoJiehe 1986. u 2010. roqune

[pocrop 3Be3mapcke IIyme MpETPIeo je MpOMEeHe Koje Cy ce ofpa3uiie Ha OOJIHK U
CTPYKTYpy OBOrI' KOMIUIeKca. Te TpoMeHe cy mocieauiia mpoieca nedopecraiuje, Tj.
CMameHha IOBPILHHE MapK IIyMe Ha padyH IIHpera 30Ha cTaHOoBama. OBaj BUJ IeBacTallje
BETETAIIOHOT TOKPHBaYa je MOCEOHO M3PaKeH Y HEHOj jy)KHOj 30HH M HACTAO je ycien
JUHAMUYHOT IIMpemka HaceJba MupujeBo 1. ['yOuTak BereTaimoHOr MOKpHUBava ce yodyaBa H
y LEHTPAITHO] 30HH KOMIUIEKCa TAe Cy, KaKo je paHHje HAlOMEHYTO, IMOCIEABUX JeIeHH]a
OecnipaBHO momurHyTH OpojHU 0bOjekTh. Ca npyre cTpaHe, y 3amagHOj M CEBEpOHUCTOYHO]
30HH 3Be3JapCcKe IIyMe JONUIO je IO Tporpajandje crama. lloceOHO je BakHO na ce
MIPUMEHOM OATOBapajyhnx Mepa 3allITUTe OYyBa CTaOMITHOCT THX CEKTOpAa M CIIPEUH Yllazak
HETaTUBHUX yTHUIIAja.

3a pasmuky on Komrytmaka, Koju je OKpYKEH JApYTAM, MamHM 3€JICHUM
MOBpIIMHAMa, 3Be3JapcKa ImymMa je Omia M OcTajia TOTIYHO (GU3WYKH W (PYHKIIOHAITHO
n3onoBana. Y OymyhHoctr Ou Tpebanmo paautu na GpopMupamy 3eIeHIX KOpuaopa Koju he

212



IIOBE€3aTHU OBaj 3HaqajaH 1 YIPOKEH CKOCUCTEM Ca APYI'MM CIIMYHUM noz[pyquMa.

Cauka 5. Xucrorpamu ydecrajgocru Bpeanoctu NDVI unjexca 3a npocrop 3Be3gapcke uryme — npoJiehe
1986. u 2010. rogune

Cpenma Bpeaaoct NDVI unnmekca ce HesHatHO cHu3mwia (ca 0,32 Ha 0,3), amu ce
y OBOM ciydajy npumehyjy pasiuke y IUCTpUOyLIWju (peKBeHIHja oarorapajyhux
BpeqHocTH. HajHmke BpemHOCTH MHIEKca cy Onaro MOBHIIEHE, YCiel HEIITO JIOIIHjer
KBaJIUTETA JIOKAJHE XKUBOTHE cpeauHe. Bpennoctu y omcery ox 0,4 mo 0,55 cy cHmkeHe,
ycinen TyOMTKa BHTAJHOCTH BETETAllMOHOI TIOKpPHBa4Ya Y HEMOCPEIHOM OKPYKEHY
TEXHOreHHX CTpykTypa. Hacympor Tome, moehane cy BpeaHoctu y pacrony ox 0,57 mo
0,63. To je mocnmenua moOoOJbIIaka CTaka Y 3aIaIHOj 30HH OBOT €KOCHCTEMA.,

CucreM 3a1UTUTE U YIIPAB/bakbha

CraBsbameM 0] 3aIITUTY IIYMCKHX Komiuiekca KomyTmaka u 3Be3aape omoryhasa
Ce OuyBame IMEIOBHUTOCTH HHXOBHX CTAHHUINTA, YCIOCTaB/bame (YHKIHOHATHOCTH |
HEeOMeTaHO onBWjambe mporeca cykmecuje (CraBperoBuh H., u nmp, 2010).
HajyrpokeHuje menuHe OBHX MOApydYja Cy pyOHE 30HE ca HEIUIAHCKH wu3rpaheHuM
o0jeKTMMa W OTBOpEHAa MeCTa Yy CaMHM IIyMaMma, KOja ONlaKIlaBajy yjaa3 HeraTHBHUX
yTHLaja y eKOCUCTEME.

JyroTpajHu JecTpYKTHBHM YTHIAj 4OBeKa (OeclpaBHa ceda, HECABECHO IIOHAIIAHE
HoceTUIIaNa U CII.) YTHIA0 je J1a ce W3BOpHe mpupoaHe Bpeanoctu KomryTmaka Hapye. Y
HIYMCKOM KOMIUIEKCY CBE je MPHUCYTHHj€ NIMPEH¢ HHBAa3WBHHUX JAPBEHACTUX BPCTa, V3
HCTOBPEMEHO OJICYCTBO MOAMIIaljiBarba €KONOMIKA 3HAYajHUX BpPCTa W3 POJAa XPacToBa
(Quercus robur, Quercus cerris), 1ITO JOBOIH 10 CMamema OnomuBep3uteTa. [lopen Tora,
YOUEHO je W JIoIIe 3/paBCTBEHO CTame ApBelia y MojeIMHAM JeOBMMA MapK MIyMe, Kao H
NoCTOjame AeBactupanux 3oHa (Bykun M., 2008; Cphepuh b. n Jlakuhesuh M., 2011).

VY okBupy 3Be3napcke myMe NpUMETHA je y3rojHa 3almyIITeHOCT U U30CTajambe Mepa
Here. Meljyrum, Hajehu Jeo KoMmIuiekca M jJaHac mnocenyje MoryhHoct 3a Bpahame
NOTEHIMjaJIHe IIyMCKe Bereranuje. HajBurannuju aeo 3Be3papcke MIymMe je JIHMCTOMaHa
nIymMa Koja je ca ropme crpaHe ouBHueHa orpazom OricepBaTopuje, a Ha jyro3amnajny 30HOM
CTaHOBama M MHTCH3UBHE Ipajlitbe. 3a BOM clle[ie IyMe Ha CEBEpHUM IaguHaMa 3Be3zape,
300r HHHMXOBOI 3HAyaja y 3ayCTaBJbalby €pPO3Uje W CTPYKType OJIMCKE MPUPOIU
(CraBperosuh H., u np, 2010).

Ca ¢nopuctrukor acriekra Moxke ce pehin na je cTabriIHOCT M (PYHKIIMOHAIHOCT 002
LIyMCKa eKOCHCTeMa NEeNMMHYHO HapyireHa. OcuM CrpedaBama IPafmbe, HEONXOOHO je
3a0paHUTH [ETOHOBAakE OTNAJAa, INHpeHhe OallTa OKO BHKEHIHMLA M YrOCTHTEJHCKHX
objekata, U y onpeheHHM BpPEMEHCKHM HHTEPBAIMMAa OTPAHWYUTH HHTEPHU MOTOPHH
caobpahaj.

Hajuzpaxenuju yproxkaBajyhu dakropu 3a 1eiokynHy GpayHy npeJMeTHHX Moapydja
cy 3araljeme, Jerpajanuja W (QparMeHralyja CTaHHMINTA KpPO3 MLIMPEHE o0jekata |
uHppacTpykrype. IloBpeMEHO WM CTaJHO NPHCYCTBO YOBEKAa Y3pOKYyje HENOBpaTHE
MIPOMEHE YHyTap eKOCHCTEMA.

Y OKBHpPHMAa HCTPaXMBAaHMX 3alITHNEHHX TMOApydYja — CIIOMEHHKa IIPUpPOAE
3aKOHOM Cy 3a0pameHe cienehie aKTHBHOCTH: MPOMEHAa HaMEHE MOBPINMHA, W3BOhEHE
3eMJbaHUX, Tpal)eBHHCKMX M IOYMAapCcKUX paloBa KOjU MOTY Jia Yrpo3e BpPEIHOCTH
3amTHNEHOT TPOCTOpa; M3rpamma objekaTa (MHAYCTPHjCKUX, HHQPACTPYKPTYPHUX,
XHAPOTEXHUYKHX ); IPOCEAhe M OrojbaBamke LIYyMCKOT IPOCTOPA; YIPOXKaBamke BEreTayje
(ceua mpBeha u mmoOIba M3y3€B cTapor M OOJECHOT, JIOMJBCHE I'paHa, omrTehnBame Kope u
KOPEHOBOTI' CHCTeMa, YKylaBame TabmM Ha cTabirMa), YKIamame >XOYHACTOr pacTHba
(3HauajHO 3a MIYMCKY (hayHy); VHOIICHE MHBA3WBHUX W ANOXTOHHX BPCTA;, YHHIITABAE,
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pacTepuBame U CaKylUbambe 3alTHNEHUX OWJBHHX W )KUBOTHELCKHUX BPCTA; JIOXKEHHE BATPE
Ha MECTHMa Koja 3aTO HUCY TpeABUl)eHa; yia3ak MOTOPHUX BO3WIA; JICIOHOBAMC OTIA[A;
UCIYIITakhe OTMAJHMX BOJAA, M3rpalba HaJ3eMHE HH(PACTPyKType; PyKOBambe OMacHUM
CYIICTaHIIaMa; YHOIIICH-¢ U3BOPA jaKe CBETIIOCTH U OyKe U JIp.

AKTHUBHOCTH KOje Cy TOIUIOKHE OrpaHWYaBamy Cy: PEKOHCTpYKIHMja moctojehnx
o0jekaTa W WHQPPACTPYKTYpE; EKCIUIoATAllMja MHHEPATHHX CHPOBHHA; 3aMEHA aIOXTOHHX
BPCTa ayTOXTOHUM; YHOUICHE YCTHHApA; PEAyKOBame >KOYHACTOT M MPU3EMHOr CIIpaTa
(rme je TO HeEOmMXOmHO 3a OOHAaBJbaWE JACHAPOQIIOpE); TMPOPEIHA CEYa; CaKyIUbarbe
Owbaka W TUIONOBA; KopHIINeme MpOCTOpa 3a pekpeanujy; ypehema Memadkux u
OUIMKITUCTHYKUX CTa3a; IMOCTaBbarbe HHOOPMATUBHUX TAOJM; MPUMEHA Y3rOjHHX PajoBa
(Menuopanyje); mpuMeHa OWOJIOMIKMX Mepa 3allTUTe oJf OMJBHUX OOJNECTH M HITETOYHHA;
crpoBoljerbe Mepa MPOTHBIIOKAPHE 3AIITUTE H JIP.

YmopaBbaud HCTPAKUBAHUX CIIOMEHHMKA TMPHPOAC HMajy obaBe3e Jna YIpaBibaj
y3amruheHuM PUPOIHUM 100pHMa; KOOPANHUPA]y aKTHBHOCTH KOPHCHHKA M IMOCETHIIAIA,
obenexxe TpaHWIe 3amTHIEHOr MPHPOTHOr 100pa; JIOHOCE CPENEbEpPOYHE U TYrOpOUYHe
IUTAHOBE; JOHECY AKT O YHYTpalllheM ey, OpraHH3yjy 4yBapcKy CiyxOy; o0e30ehyjy
crpoBoljerbe Mepa HHCIEKIHMJCKOT HAaA30pa; NpuOaBibajy MHILUBEHA M CaraCHOCTH
HA/JIOKHUX MHTHUTYIIMja U opraHu3aimja; 00e30el)yjy dbunancujcka cpeacrea (Jlykuh /1., u
ap, 2012).

3ak/pydak

HenaBHo 3amruhena mymcka mnozapydja Komryrmaka u 3Be3fape IpeACTaBIbajy
3HAUYajHe pEryjlaTope KBalWTEeTa JKHBOTHE CPElHHE M pedyrujanHa CTaHWINTA 38 MHOTE
Bpcre (uiope u ¢ayHe y ypbaHoj cTpykrypu beorpana. Y HenocpenHom okpyxemwy Llyme
Komyrmak JionupaHe cy 30HE CTaHOBaWba, WHIYCTPUJCKH M HH(PPACTPYKTYpPHH OO0jEKTH.
Mebhyrum, NIOCTOjU 1 OYyBaHa JAUPEKTHA M IIOCPEIHA Be3a OBOI €KOCHUCTEMa ca IPYTUM
OPUPOIHUM WM HPUPONU ONUCKUM moApydjuMa. IIpHCycTBO EKONOLIKMX KOpUAopa
yTHLAJIO je Ha odyBame OMomuBep3uTeTa OBOr mpocropa. Hacympor tome, 3Besmapcka
uyma je ypbaHoM rpaiboM MOTHYHO (pM3Muky ¥ (YHKIHOHAIHO M30JI0BaHA O] JIPYruX
3eleHNX TOBpIIMHA. lbeHa moOBpmIMHA ce NPUMETHO CMamWia, YClIeAd HeIUIaHCKOT
IIMpea Hacesba M HEaJeKBaTHOT PEeXHMMa YIPaBbakba TOKOM IPETXOIHHX HEKOJIHKO
nenenuja. OBH eKOCHCTEMH TPIIE U pa3IMuuTe NPUTHCKE O aKTUBHOCTH M Ipolieca KOjH ce
OJIBHjajy Y YHYTPAlIOCTH BUXOBE CTPYKTYpE.

[IpumeHoM paspuHCKE AeTekuuje, oaHocHO aHanu3omM NDVI uHnmekca perucrpyjy
ce TMpOMEHe Yy CTamby M CTPYKTYpPH OBHX LIYMCKHX eKocucTema. I3padyHaTu
KBAaHTUTAaTUBHM NapaMeTpu MpYyXKajy YBHA y HMHTEGH3UTET, ald U IOCIEIHIe
JerpajaTHBHUX M MPOrpajJaTHBHUX Ipoleca KOjH Cy TOKOM IPETXONHMX JeLeHHuja
00JMKOBaNM HCTpakuBaHe TpocTope. KibydHM KOpak y aJeKBaTHO] 3allTHUTH OBHX
JparolieHuX TMOoJpydYja TMpeAcTaB/ba cTpora 3a0paHa Jajber MIMpema objexara u
uH}pacTpykType y 30HaMa 3aliTHTe. YTpaBibaud HUMajy HajBehy OIroBOpHOCT U
HAJUISKHU Cy Jla Peali3allljoM YCTaHOBJbEHHX Mepa 3aIUTUTE W JeNaTHOIINY YyBapCKHX
CIY)KOM KOHTHHYMPAaHO KOHTPOJMINY CBE AaKTHBHOCTH KOPHCHHMKAa M IIOCeTHIana |
MIPEBEHTHUBHO JIeJTyjy Ha TIOTEHITHjaJIHEe eKOJIOMIKE podiieMe 1 KOH(IIHKTE.

Jlurepatypy Buaetu Ha crpanu 205.
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