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Abstract: Morphological and hydrological analyses of the characteristics of the Serbian border zone towards
Bulgaria were performed. The morphological analysis included the mountain (Stara Planina, Tupiznica, Svrljiske
Planine, Suva Planina and Vidli¢), structural basin (ZajeCar, Knjazevac, Svrljig and Bela Palanka) and valley
(Veliki Timok, Beli Timok, Visocica, Dragovistica) parts. Within the hydrological analysis, the areas with the
highest and lowest annual amount of precipitation were identified, as well as the hottest and coldest areas. The
change of river basins runoff was analysed, as well as the distribution of waters throughout the year in the studied
area. The most important elements of the water balance were shown and the hydrological characteristics of the
karst terrain were analysed.
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Introduction

Research of natural occurrences and processes should not have restrictions
artificially imposed, such as municipal or regional borders. In such cases, the area of interest
extends to the borders with the necessary data, and the conclusions perform to those
administrative. But how to act when the border is the state one, when it is 318 km long, with
a unique evolution of the relief, but also the factors influencing its heterogeneous
modification, that is, runoff conditions from the opposite sides. We should not ignore the
fact that the above mentioned line often implies a lack of relevant data, as well as the
incompatibility of the existing ones (different periods of observations, measurement
methods, mapping and displaying on the maps, etc.). What greatly facilitates the display of
the border zone between Serbia and Bulgaria is that the border largely follows the natural
river basin boundaries, i.e. watersheds on Stara Planina and Vlasina Massif.

Morphological characteristics

Serbian part of the Serbian-Bulgarian border area is characterized by different
morphological elements of relief. They differ mutually as in size, so as in the manner and
time of genesis and phasees of development. The biggest, macro forms, represent the
mountains, structural basins and river valleys (Figure 1).
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Figure 1. - Map of morphological elements of the Serbian part of the Serbian-Bulgarian border area

STRUCTURAL BASINS: A — Zajecar, B — KnjaZevac, C — Svrljig, D — Bela Palanka, E — Pirot;
VALLEYS: I — Veliki Timok, II — Beli Timok, III Trgoviski Timok, IV - Svrljiski Timok, V - Viso¢ica., VI -
Jerma, VII - Dragovistica

Mountains

Mountains cover the largest part of the border area. The most striking mountainous
area which covers the central part is Stara Planina. Besides it, in broader border area, there
are also Tupiznica (1,160 m a.s.l.), Tresibaba (808 m a.s.l.), SvrljiSke Planine (1,334 m
a.s.l.), Suva Planina (1,808 m a.s.l.), Vlaska Planina (1,442 m a.s.l.), Vidli¢ (1,180 m a.s.l.),
Ruj (1,704 ma.s.l.), Vardenik (1,874 m a.s.l.), Besna Kobila (1,923 m a.s.l.) and Dukat
(1,881 m as.l). Over time, these mountains have passed through various stages of
development. Also, today different physical-geographical processes act on them.
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Stara Planina stretches from Vrika Cuka (692 m a.s.l.) in the northwest, up to
Vidli¢ (1,371 m a.s.l.) in the southeast. It is about 100 km long and covers an area of about
1,700 km?. This is a complex mountain, both in geological and tectonic context, and the
morphological-landscape as well. Limestones make 1/3 of the mountain structure. Sinkholes
and uvalas are the most numerous, and the explored caves are of small sizes (Gavrilovi¢ D.,
Gavrilovi¢ Lj., 1998). In the north limestone slopes of the mountain there is no significant
surface karst forms. However, the caves that are located in this region (Djurovi¢ P., 1986;
Nesi¢ D., 1994) indicate that the limestones were karstified.

The highest parts of the mountain have been affected by modern periglacial
process. On the northern slopes of Babin Zub (1,758 m a.s.l.) there are currents of stones
that are above the upper forest border. Their length is of approximately 350 m. They consist
of 30 to 40 m wide and 5 to 10 m deep corridors where large blocks of rocks are moving.
They were formed by sliding of the blocks over the basis that alternately froze and thawed.
These forms were created during the Pleistocene, although it does not exclude the possibility
that they are still active, due to the fact that in the immediate vicinity there are active sliding
blocks (Gavrilovi¢ D., 1970). At the same location in the elevation zone between the
altitudes of 1,600 and 1,700 m, the existence of sliding blocks was established. Volume of
the sliding blocks is up to 12 m’. Besides sliding of the blocks, the soil itself has been
moved by the periglacial movements. Because of the greater speed, the soil covers the
blocks creating soil caps on them. On the western slopes of Midzor, solifluctional terracettes
were observed (Gavrilovi¢ D., 1970). On the main mountain ridge, on the area of Kopren
(1,963 m as.l) a dozen of frost-snow uloke were observed. These are elongated
depressions, several meters long and of 0.5 up to 1 m deep on the average. Most of the year
they are filled with water. They were made under the influence of cold mountain climate
(Nesi¢ D., Milivojevi¢ M., 2002).

TupiZnica structurally represents a syncline. For the most part it was built of
limestones (86 km?). The western part of the mountain ends by the limestone cliff of several
hundred meters height, while the east side is gradually descending, and the limestones sink
under the Neogene sediments of the Knjazevac Structural Basin (Zeremski M., 1994).
Although built of limestones, there is not many surface karst forms on the mountain. In
contrast to it, there are numerous speleological forms (Djurovi¢ P., Nesi¢ D., 1992).
Complete absence of surface watercourses indicates that the limestones of these mountains
are deeply karstified. This is also indicated by well caves located at the rim of the mountain
(Djurovi¢ P., 1986).

Svrljiske Planine have a length of about 25 km and extend in the direction of
WNW-ESE. Almost at all sides, the mountain is surrounded by the neighbouring structural
basins. The structure is dominated by the rocks of Mesozoic and Devonian formations,
which, in terms of structural aspect, form the anticline (Maksimovi¢ B., 1976). Creation of
the oldest forms on the mountain, plains, is related to the older Tertiary period (Zeremski
M., 2008). Then, due to the low position of the river low base level, favourable conditions
for aplanation of the structural forms of the mountains have existed and the creation of
plain, which is also observed in other neighboring mountains (Tupiznica, Ozren, Devica)
(Zeremski M., 1994, 2002). On the mountain sides the Premiocene fluvial forms were
observed, epigenetic gorges were exhumed (RSumovi¢ R., 1967). During the Middle and
Upper Miocene, lower parts of the mountain were under the influence of the lake. The
maximum level of sedimentation was reconstructed on the basis of height of the epigenetic
gorges and ranged from the altitude of 640 m to 770 m (Zeremski M., 2008). In the post-
lacustrine period, the karst process has begun, which was especially intense in the mountain
plains. The karst process, as the dominant process, has also kept place on the mountain in
the modern period.
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Suva Planina, with its "alpine" appearance, is morphologically very different from
other mountains in this area. The base of the mountain is formed of red Permian sandstones.
Above them, there are several hundred meters thick limestone sediments. Limestone surface
is significantly karstified. Particularly stands out the area of Valozje, where its western part
has characteristics of cockpit karst. Due to intense soil erosion, the rim of the sinkholes is
bare, rocky, and the ground is showered with eroded material. The lack of surface
watercourses caused that the eroded soil transport was being done through cracks and
channels in the limestones. This often leads to bluring of the wells at the rim of the
mountain (Petrovi¢ J., 1954). The mountain is waterless, without surface watercourses.
Along the rim of the mountain, there are numerous very strong karst wells. Based on the
study of karst of this mountain, it was found that on it, during the Wurm glacial stage, the
area at the altitude above 1,600 m was affected by permafrost, and a partial freezing was up
to the altitude of 1,200 m. The zone of expansion of lichens and mosses, where there was a
partial freezing, was at the altitude from 1,000 to 1,200 m, while the grassy zone was
located in the area at the altitude from 400 to 1,000 m. Just below the height of 400 m, there
was a forest (Mili¢ C., 1970). In the highest parts of the mountain the polygenetic karst-
nival sinkholes were formed, that were, due to openess on one side, morphologically
different from the sinkholes on the lower area of Valozje. They were, during the cold
periods of the Pleistocene, exposed not only to karst process, but also to effect of the nival
process (Gavrilovi¢ D., 1970).

Vidli¢ is a limestone mountain with the characteristical cliff of 200 m heigh. It is a
waterless mountain without watercourses (Vidanovi¢ G., 1955). Between the mountain and
the Nisava River Valley there is the only karst field in the Serbian part of the border area -
Odorovacko Polje. It is about 10 km long, and 3 to 4 km wide. Through the field, flows the
river of the same name, which sinks underground in the western part of the field. During
exceptionally high flow, the lowest part of the field is being flooded. The field is located in
the tectonic trench partly filled with the Miocene and Pliocene sediments. At the base of the
mountain, across the lake sediments, several large alluvial fans were formed (Gavrilovi¢ D.,
1975). Lowering of the field had started before the Neogene, and during the Neogene and
Pliocene the field was filled by the lake in which the thick layers of freshwater sediments
were precipitated. By opening a ponor in the western part of the field, at the end of the
Pliocene, the connection between the lake in Odorovacko Polje and Pirot Structural Basin
was broken. In the next phase, the removal of lacustrine sediments and the formation of the
modern field morphology was being started (Petrovic J., 1974).

Vlaska Planina stretches between Pirot and Luznica Depression in the direction
northwest-southeast. The most part was formed of the Titon reef limestones which basis is
of red Permian sandstones (Petrovi¢ J., 1999). Atmospheric precipitation quickly sink into
the depths of the limestone mass leaving the surface waterless. Subterranean watercourses
generally gravitate to the southwest, and at the contact with the Permian sandstones and
Devonian sandstones, alevrolytes and conglomerates, there is a large number of springs that
feed the Kusovranska River discharge.

Greben is separated from the wreath of Vlaska Planina by the Jerma River Gorge.
It is a extension of Vlaska Planina to the southeast, so that the top of the anticline was made
of the same Titon reef limestones. Towards the Jerma River Valley, the Titon limestones
interspersed with some older Dogger limestones and sandstones and Triassic limestones,
sandstones and conglomerates. They downward come in contact with the Permian and
Devonian sandstones, alevrolytes and conglomerates. At the contact of the carbonate and
clastic rocks, the springs occur. Towards the Jerma River Valley, the watercourses are short
and generally periodic, while toward the Poganovska River Basin they are fewer in number,
but also with higher runoff (Djoki¢ M., 2010).
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Structural basins

The second significant macromorphological element of the relief of this border area
are the structural basins: Zajecar, Knjazevac, Svrljig, Bela Palanka and Pirot.

Zajecar Structural Basin is a broad basin in which the valleys of the Beli and
Crni Timok converge, and from it starts the Veliki Timok River Valley. It is of a meridian
direction of expansion, in the length of 21 km, and a maximum width of 15 km. The
structural basin is located in the area of Timok trench. Through it, during transgression in
the Middle Miocene, water penetrated from the II Mediterranean Sea up to the Knjazevac
Structural Basin to the south. In the eastern part of the basin, below Vrika Cuka, there is a
spacious, almost flattened plain. It is bent down the Veliki Timok river course and to the
north extends up to the Danube. The plain was created after the marine-lacustrine phase, that
is, after the Sarmatian, when over the initial lacustrine plain the Timok flowed. Along the
entire rim of this plain, the floor was carved into. Since the surface also extends into the
Crni Timok River Basin, and the floor only in the eastern part of the Zajecar Basin, the
carving of the floor marks the beginning of morphological evolution exclusively of the
ZajeCar Basin and is related to the Pliocene. From the upper Pliocene the carving of the
series of river terraces has begun (Petrovi¢ D., 1970).

KnjaZevac Structural Basin is located between the mountains Tresibaba,
Tupiznica, Devica and Stara Planina. It is of a round shape, a diameter of about 25 km. The
structural basin is filled with the Neogene sediments. Valleys that are carved into the bottom
of a structural basin are usually asymmetric, and between them are long inter-valley
headlands. Going down from the rim, the structural basin create the expressive bend at the
altitude of about 500 m. It marks the boundary between the bottom of the structural basin
and its sides. Contemporary valley bottom corresponds to the bottom of the former
lacustrine bottom (RSumovi¢ R., 1972). The Beli Timok Valley does not extend by the
central part of the structural basin, but is nailed to the western part of the bottom, that is, it is
asymmetric in relation to the bottom of the Knjazevac Structural Basin.

Svrljig Structural Basin is lowered between the Svrljiske Planine to the south and
Tresibaba to the north. The structural basin is elongated in the direction of east-west, in the
length of about 25 km, and a width of about 10 km. The bottom and the rim of the structural
basin were covered with a variety of the Neogene sediments, while the highest parts were
made of limestones. The structural basin passed through various stages of development,
primarily lacustrine and fluvio-denundation. During the long lacustrine phase, the powerful
layers of lacustrine sediments, primarily Plioquaternary sediments were deposited in the
structural basin (Group of authors, 1971; Milakovi¢ B., Novkovi¢c M., 1977). There are
different views about the height of the central lacusrtine plain (Jankovi¢ P.T., 1909;
Milakovi¢ B., Novkovi¢ M., 1977; Dini¢ J., 1974). On the basis of the narrow epigenetic
gorge of the Lukavica River, it was found that the central lacustrine plain was at the altitude
of 620 m (Spasojevi¢ M., 1984). During the fluvial phase in the Svrljig Structural Basin,
dramatic changes were taking place. The largest of these is a turning of the Staroplaninska
Reka that once flowed through the structural basin. At the end of the Upper Pliocene, in the
eastern part of the Svrljig Structural Basin, the stream piracy of the Staroplaninska Reka by
the Trgoviski Timok took place. As evidence of its existence in the structural basin
remained up to 10 m thick deposits of fluvial material (Dini¢ J., 1967). Besides the karst and
fluvial process in the Svrljig Structural Basin, due to the large presence of the Neogene
sediments, there is a large number of landslides usually of the stratigenic type (Dini¢ J.,
1979).

Bela Palanka Structural Basin stretches in the east- west direction, at a distance
of about 22 km and with a maximum bottom width of about 4 km. By the narrow epigenetic
gorge of Skokanj¢in Kamen and Belenovac-Crvena Reka narrowing, the structural basin is
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divided into three morphological units (Kosti¢ M., 1970). The structural basin represents a
tectonic depression that was formed even before the Neogene, by lowering the Mesozoic
rocks between two fault zones of the west-east direction. There are thermal springs along
this zone. It was during the Neogene when the lake exsisted in which thick layers of
lacustrine sediments were deposited. After the withdrawal of the lake, the fluvial relief in
the structural basin has begun to form. The structural basin is surrounded by the limestones
highly karstified and there are a number of wells at its rim (Petrovi¢ J., 1998).

Valleys

The third macromorphological element are the valleys. They differ from each other
by basic morphological characteristics, length and depth, but also by the the manner of
genesis and evolution. Of the larger valleys, the following valleys distinguish: Veliki Timok,
Beli Timok, Svrljiski Timok, Trgoviski Timok, Visoc€ica, Jerma and Dragovistica. Traces of
filling of valleys that have been preserved in some caves suggest that the late Pleistocene
and the Holocene were three major filling of river valleys and several smaller, of the local
character (Gavrilovi¢ D., 1990).

Veliki Timok River Valley is of a very complex form that, during the long
evolution, passed through various stages of development. Mainland of Timocka Krajina
from the Lower Miocene was flooded by transgression during the Middle Miocene. The
Tortonian and Sarmatian Sea had penetrated southward through the valley of the Veliki
Timok and the Beli Timok to the town of Knjazevac, when the preliminary relief was
covered by the thick marine sediments. From the Sarmatian stage the regression has begun,
so that even from the end of the Miocene (except the area of Kljuc), the fluvial phase in
Timocka Krajina takes place (Petrovi¢ D., 1963). Formation of the Veliki Timok River
Valley began after the Sarmatian stage. On the initial surface, which was composed of
lacustrine sediments, the carving of the valley begins. Based on the height of epigenetic
gorges, it was found that the cutting could have started at the altitudinal height of 340 m at
the least. Due to a small drop and soft sediments where it cut into, the Veliki Timok formed,
in the long period of time, a wide shallow valley of the mild sides. Firstly, it carved the
lacustrine sediments, and then began the carving into the limestones and marls. After this
period, a vertical carving of the valley has begun and formation of a series of river terraces
in the amount of 300 m (Petrovi¢ D., 1953).

Beli Timok River Valley is divided into two unequal parts by the Vratarnik
epigenetic gorge. The largest part is located in the KnjaZevac Structural Basin, and only a
small part of it is in the Zajecar Structural Basin. Vratarnik Gorge is very important for
understanding the origin and development as the whole Knjazevac Structural Basin, so as
the Beli Timok River Valley. Transgression that occurred in the Sarmatian covered the
former relief by the sediments of this stage. Postlacustrine evolution, or the period of
formation of the Beli Timok River Valley, is characterized by a shift of vertical and lateral
river erosion. The result is the formation of a series of river terraces in the valley sides of the
Beli Timok. This phase has begun in the Late Miocene and continues today. During this
period, the Beli Timok has carved into for about 220 m (Petrovi¢ D., 1954).

Svrljiski Timok River Valley is one of the most striking morphological entities in
this area. Especially the Svrljiski Timok Gorge stands out. The gorge is characterized by
curving meanders carved into the limestones. It represents an epigenetic valley, that is, a
particular type of epigenic gorge - epigenetic breakthrough gorge. The Sarmatian
transgression, by the Beli Timok River Valley, has affected also the current area of the
Svrljiski Timok River Valley, and in the area of the Svrljig Structural Basin, a lake was
formed. At the end of the Sarmatian, the regression has begun by which the lake narrowness
between the Svrljig and Knjazevac Lake turns into the outflow of Svrljig Lake. By the
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bottom of the outflow , which has been preserved in the form of spacious floor on either side
of the gorge, the carving of the valley has begun, that is, the Svrljiski Timok Gorge of
around 200 m. The carving has begun in the Mid or Late Pliocene. Numerous rapids,
waterfalls and plunge pools in the gorge point to the intensive carving in the modern period
as well (Dini¢ J., 1967).

Visoc¢ica River Valley was formed in parallel with the expansion of the southern
part of Stara planina, and the largest part of the VisoCica River Basin covers the area of this
mountain. The gorge of Vladikina Ploc¢a, carved into the limestones, divides the VisoCica
River Valley into two parts: the Donji and Gornji Visok (Vidanovi¢ S., 1955). The gorge is
about 3 km long and consists of a few large curving meanders. The depth of the gorge is
about 200 m, and the width of the narrowest part from 4 to 5 m. In the gorge, there is the
longest explored cave on Stara Planina and the entire border area. It is the cave Vladikina
Ploca, 660 m long (Gavrilovi¢ D. et al., 1988). In the downstream part of the Visocica River
Valley, in the village of Zavoj, the biggest natural disaster in the region took place. In
February of the year of 1963, the landslide was triggered on the right side of the Visocica
River Valley. The length of the landslide was 1.3 km, with an average width of 160 to 220
m. It initiated the 1,950,000 m® of material which dammed the valley by a 36 m high dam.
This formed a lake of 7.2 km length, with an area of 5.84 km® (Goji¢ et al., 1964-1965).
Attempts that by digging of the channels deplete the reservoir failed, and the water in the
lake reached a depth of 33 m (Zeremski M , 1964). Because of the danger of a sudden and
uncontrolled dam rupture, a tunnel was dug through which the lake was drained. At the
place of the natural dam, later the artificial dam was built and the lake is now used as a
multipurpose hydropower and water management facility (Stankovi¢ S., 1993).

Jerma River Valley was formed on the contact of the Carpatho-Balkan Mountains
and the Serbian- Macedonian Mass. Serbia occupies 47% and Bulgaria 53% of the basin
area. The largest basin area form the watertight terrains of the ancient metamorphic rocks,
clastic rocks of the Mesozoic and Paleozoic age and igneous rocks. These rocks are present
in 70% of the Jerma River Basin area, while the other part belongs to the Tertiary and
Quaternary sediments of the lower part of the basin. The basic landforms were built during
the Hercynian and Alpine orogeny. To the fold mountains of the basin, the following
belong: Vlaska, Greben, Ezdimirska Planina and Straza, and to the Serbian-Macedonian
Mass: Krajiste and Znepolje Structural Basin. Tectonic movements and formation of deep
faults have led to the occurrence of thermal waters - thermal spring of Vlasi, at the exit of
the Jerma from the Vlaska Gorge, and Zvonacka Banja (Petrovi¢ J., 2000).

Dragovistica River Valley was formed in the rocks of the Archean and Paleozoic
age representing the oldest core of the Balkan Peninsula. During the Mesozoic, it was
elevated, faulted and broken. These processes were accompanied by strong volcanic
activity. During the Neogene, it comes to formation of the Bosilegrad Structural Basin
where the lake was being formed. Thick layers of various sediments have been preserved
from it. The valleys of the Dragovistica and its tributaries are characterized by significant
drops and steep, rocky sides (Rodi¢ D., 1989).

Hydrological characteristics

Each hydrological research in a certain territory, to ensure full independence and
objectivity, starts from its basic unit, which is the river basin. What it more provides is the
set of interactions among all the factors that define its water richness, where they are either
already well known or can be easily adapted empirically to similar conditions in the
hydrologically studied basins. In this sense, this border area cannot also be understood
through a survey of the conditions of runoff or hydro potentials of a certain zone along the
border, no matter how big it is, nor take into account only the basins that directly lean on it.
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It must be the area of integrated influence of all relevant factors that gather here and give it
the hydrological peculiarity.

Water properties in this area will be best shown by analyzing the condition in the
basins of the Veliki Timok, Nisava, Vlasina and Dragovistica. The biggest part of these
basins belongs to the Carpathian-Balkanides as follows: the Timok completely, the Nisava
without the upper part of the Jerma River Basin, and the Vlasina through its largest tributary
the Luznica. The farthest southern part of the border zone belongs to the crystalline massif
of the Vlasina, and it is drained by the Jerma and Dragovistica.

To get the basic ideas of the hydrological characteristics, one must be familiar with
the factors of formation and runoff of waters, as well as their water regime and balance.

Precipitation and air temperature

The annual amount of precipitation in the border zone varies in the range from 600
to 1,500 mm. The driest are the areas of the structural basins and that are their lowest parts.
Thus, in the basin of the Veliki Timok, the entire territory under the contour line of the
altitude of 350 m, receives less than 700 mm of precipitation, and that is the largest part of
the basin. Within it, the driest is the alluvial plain of the Veliki Timok, about 600 mm, as
well as the bottom of the Beli Timok River Valley, 620 mm. The same amount of
precipitation is represented in the Nisava River Valley, from Dimitrovgrad to Bela Palanka,
and also in the lowest part of the Dragovistica River Basin (Zivkovi¢ N., 1996). Western,
mountainous rim of the studied basins receives more precipitation. It ranges from 950 to
1,000 mm on the highest peaks of Deli Jovan, Kucaj, Tupiznica and Vlasina Massive
(although it is much higher), up to 1,150 mm in the highest parts of Rtanj and Suva Planina.
The central and also the highest part of the Stara Planina, which belongs to the basins of the
Trgoviski Timok and Temska, is the wettest part of the border zone. By calculations, it has
been found that the ridge itself with the picks Midzor and Kopren receives about 1,500 mm
of precipitation per year (Zivkovi¢ N., Andjelkovié¢ G., 2004), although there are estimates
that it is much less, about 1,200 mm (Milovanovi¢ B., 2010). In the pluviometric regime,
there are two maximums and two minimums of precipitation: the first maximum occurs in
late spring and early summer (May-June) and the second in late autumn (November). The
first minimum of precipitation is in early autumn (September) and the other in late winter
and early spring (February-March). Snowfall is excreted in the areas of lower altitudes from
November to mid-March, and on the mountains from October to mid-April. The average
maximum height of snow cover is in the Timo¢ka Krajina 20-30 cm, 70-110 cm on Kucaj,
and on Stara Planina reaches 110-150 cm (Duki¢ D., 1975).

According to the isothermal map of East Serbia (Zivkovi¢ N., Smiljani¢ S., 2005a),
the highest average annual air temperatures in the border zone are prevailing in its
northernmost part which belongs to Negotinska Krajina. Here, they are slightly over 11 °C,
while in the lowest parts of the valley parts of the Timok River Basin (Zajecar, Crna Reka
and Knjazevac Structural Basin) are from 10 to 10.5 °C. Valley sides of the Veliki and Crni
Timok between the contour lines of the altitude from 200 to 380 m, have the temperatures
from 9 to 10 °C, in the Beli Timok River Valley it is the zone of the altitude from 300 to 470
m, in the Pirot Structural Basin it is of the altitude from 460 to 630 m, and in the area of
Dimitrovgrad of the altitude from 380 to 600 m. Isotherms of 8 and 9 °C are in the Timok
River Basin, north from Knjazevac limited by the contour lines of the altitude of 400 and
550 m, and south of it, it is the zone of the altitude from 460 to 660 m (the biggest part of
Tresibaba and Zaglavak). The highest hypsometric zone of Kucaj, Rtanj, Devica and
Svrljiske Planine has the annual temperatures between 4 and 5 °C, while the lowest
temperatures are represented at the mountain peaks of Suva Planina (2-3 °C), Vardenik (2
°C) and Stara Planina (0-1 °C).
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These thermal differences in the meridian direction are very important for the
regime of the rivers and in combination with slopes, soil and lithological composition, are
the most important factor of evaporation.

Water regime of rivers

Changes of discharge of the studied rivers during the year is to be reported on
multiple profiles that reflect different conditions of formation of waters. The used staff
gauges do not have the same period of water level monitoring, which prevents any
comparison of results among their data. Therefore, that period is reduced to a common one,
and that is the thirty years' period, which is a recommendation of the World Meteorological
Organization, from 1961 to 1990. As a basis for the representation, the most important
element of the water regime of the rivers will serve, which is the discharge.

Table 1. Average monthly discharges of the rivers Nifava, Vlasina and Dragovistica (m’s™),
as well as the modules of the monthly runoffs(Q/Q,,)

River/Profile 1 11 11T I\ \% VI VII | VvlII | IX X XI XII Year
Dragovistica Q 5,1 6,7 9,8 | 12,1 | 8,1 6,3 3,7 2,1 | 23] 28 3,7 | 42 56
Ribarce Q/Qy 0,9 1,2 1,8 2,2 1,5 1,1 0,7 0,4 0,4 0,5 0,7 0,8 ’
Vlasina Q 3,3 5,2 6,8 7,5 6,2 5,2 32 1,9 | 1,8 ] 1,8 25 129 40
Svode Q/Qy 0,8 1,3 1,7 1,9 1,5 1,3 0,8 0,5 0,4 0,4 0,6 0,7 ’
Luznica Q 2,9 4,7 6,2 52 3,9 33 2,0 1,2 | 12] 1.2 1,7 |23 30
Svode Q/Qy 1,0 1,6 2,1 1,7 1,3 1,1 0,7 0,4 0,4 0,4 0,5 0,8 ’
Temska Q 82 | 13.0 | 188 | 254 [ 204 | 11,8 | 6,4 24 |26 | 3,6 55 |77 105
Stanigenje QQ, | 08 | 12 [ 1824 [19] 1,1 [oe] 02 o02]03] 05707 ’
Nisava Q 1,8 3,3 39 3,5 3,0 2,0 1,5 0,7 10,7 ] 1,0 1,1 1,6 20
Dimitrovgrad| Q/Q, | 0,9 1,6 1,9 1,8 1,5 1,0 0,7 04 |1 04] 0,5 0,5 | 0,8 ’
Nisava Q 20,9 | 32,5 | 45,5 | 49,2 | 41,6 | 284 | 159 | 81 | 7,7 | 104 [ 13,5 | 17,9 243
B. Palanka Q/Q, | 09 1,3 1,9 2,0 1,7 1,2 0,6 03 ]103] 04 0,6 | 0,7 ’
Jerma Q 4,3 7,1 10,8 | 104 | 8,6 6,4 4,0 2,1 1,9 | 23 29 | 3,8 54
Sukovo QQ, | 0.8 1,3 2.0 1,9 1,6 1,2 0,7 04 | 04 ] 04 0,5 | 0,7 ’
Gabe;ska Q 1,2 2,0 2,3 2,0 1,8 1,5 0,9 0,5 ]105] 0,7 0,8 | 1,0 1.3
Mrtvine QQ, | 1,0 | 16 | 1,8 16 | 14 | 1,1 | 07 ] 04 |04] 05| 06 |08 ”
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Figure 2. Ratio of the hydrographs on used profiles expressed by the modules of monthly runoffs
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According to the data from Table 1 and in Figure 2, it is observed that all the rivers
in this part of the border area have one very distinctive maximum and one minimum during
the annual runoff. Flows occur everywhere in late winter and early spring and are related to
the early melting of snow. The rest of the hydrograph, from June to February is almost of no
difference, except in quantitative amount. The period of maximum waters can be divided
into two groups. To the first one belong the rivers where the dominant month is March, and
those are the NiSava to the town of Dimitrovgrad, Jerma, Gaberska and LuZnica. For them,
it can be concluded that they are not the rivers of high-mountain river basins and they all
have the average altitude below 1,000 m (NiSava-Dimitrovgrad altitude of 881 m, Jerma-
Sukovo 936 m, Luznica 705 m) (Ocokolji¢ M., 1987). In addition, for the first three, the
influence of the Mediterranean is important, which by the Struma River Valley brings a little
higher air temperatures even in February, and their biggest parts of the basins have exactly
been developed on the territory of Bulgaria. The second group includes the Temska, NiSava
(Bela Palanka), Vlasina (Svodje) and Dragovistica. Besides the Nisava, all other basins are
highly mountainous (H,, Temska altitude of 1,065 m, Dragovistica 1,252 m), so a certain
delay in the snow melting is here felt, so the nival component is moved to April. For the
Nisava, on the profile of Bela Palanka, the influences of theTemska from Stara Planina mix
with the upstream part of the Nisava together with Jerma. Both of these influences, by the
amount of water during spring are the similar, but water flow in April is slightly higher in
the first basin, so that the aggregate of this month has a small advantage over the month of
March.

Compared to the average annual discharge, the maximum monthly discharges, in
most of the rivers, are higher of about 2 times, while this is something more for a very
mountainous basins. So, April discharge in the Dragovistica is higher for 2.2 times and 2.4
times in the Temska. The last triver particularly, but it applies to all the others, has a fairly
large inter-monthly changes in discharges (up to 50% compared to the previous month),
which is observed in the hydrographs through distinctive steepness.

The second part of the hydrograph, below the average waters line, shows very
similar characteristics in all river basins. August and September are of low waters
everywhere, and that amounts from 30 to 40% of the perrenial waters, except for the
Temska where the discharge decreases to 20%. It is also interesting that the dry period on
the Vlasina and its tributary the LuZnica River extends in the same amount even to October.

Table 2. Average monthly discharges in the Veliki Timok Basin (m’s™),
as well as the modules of the monthly runoffs (Q/Q,,)

River/Profile 1 11 111 I\ \ VI VII | VIII X X X1 XII Year
Trg. Timok Q 33 53 7,0 6,8 6,1 4.0 2,0 1,1 1,2 [ 1,2 1,7 2,6

G. 3,5
Kamenica Q/Qs: 0,9 1,5 2,0 1,9 1,7 1,1 0,6 0,3 0,3 (0,3 0,5 0,7

Svr. Timok Q 4,2 6,7 8,8 6,3 5,4 3,3 1,8 0,9 1,0 [ 1,4 1,6 2,7 37
Rgoste QQ, | LI | 18] 24 17] 15] 09] 05| 02| 0304 04| 07|
Be.li Timok Q 12,1 | 22,2 | 30,0 | 25,1 | 20,1 | 11,6 5,5 2,8 33|45 6,2 9,6 12.8
Zajecar Q/Qy 0,9 1,7 23 2,0 1,6 0,9 0,4 0,2 0,3 |03 0,5 0,7 ’
Crr'li Timok Q 10,0 | 19,0 | 32,8 | 31,1 | 16,7 9,4 4,7 2,1 22 | 3,7 6,2 9,2 122
Zajecar Q/Q 0,8 1,6 2.7 2,5 1,4 0,8 0,4 0,2 0,2 |03 0,5 0,8 ?
Veliki Q 22,5 | 464 | 76,7 | 66,4 | 40,0 | 24,6 | 104 5,9 53| 8,6 | 132 ] 19,4

Timok 28,3
Tamnic Q/Qq: 0,8 1,6 2,7 2,3 1.4 0,9 0,4 0,2 0,2 | 0,3 0,5 0,7
Zlotska Q 3,0 4.6 7,7 8,2 4,7 32 1,7 0,9 1,0 [ 1,4 2,0 2,7 34
Sumrakovac [ Q/Q, | 09 | 13| 22| 24| 14| 09] 05] 03] 03]04] 06 081"
Sikolska Q 0,5 1,0 1,8 1,4 0,8 0,4 0,3 [ 0,08 | 0,06 [ 0,3 0,5 0,5 0.6
Mokranje | /0, | 08| 16| 28| 23| 12| 07] 04| 01 ] 01]o0s] 07| 08|
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Figure 3. Ratio of the hydrographs on used profiles expressed by the modules of monthly runoffs

The distribution of waters throughout the year in the Timok River Basin is very
similar to the distribution in the southern border river basins. Here also the high waters
occur after snow melting, supported by spring rains, while the dry period is felt from July.
For a visual representation, on the hydrograph, four rivers were selected. Due to visibility,
the Svrljiski Timok was omitted, which distribution of waters was very similar to the regime
of the Beli Timok, except that the April waters were somewhat lower in comparison with
the average annual, and that the January were higher than the average annual, which was the
unique example in the entire river basin. The graph does not include the Veliki Timok and
Sikolska Reka, which runoffs are of similar values to the Crni Timok runoff (with slightly
lower April waters).

Compared with the previous basins, firstly observed are the larger amplitudes of
monthly discharges in the Timok River Basin, especially in months with high and low
waters. So the Crni Timok, Veliki Timok and Sikolska Reka exceed the module (Q/Q.y)
from 2.5 (Sikolska 2.82), whereas in the last, the August and September water is only about
10 % of the average annual waters. On all profiles, except on the Zlotska, the maximum
waters occur in March. However, that peak of March is not everywhere so distinct. This can
be said for the Beli Timok in Zajecar, Veliki Timok and Sikolska Reka, where it differs
significantly from the runoffs of adjacent months, and especially for the Svljiski Timok,
where the April waters are 30 % less than March waters. All this is a consequence of lower
terrains and slightly earlier snow melting. For other profiles, with a significant participation
of the April waters should be taken into account as the relief and physiognomy of the basin,
so as its lithological composition. In fact, the atypical hydrograph of the Trgoviski Timok is
the result of several factors. The main maximum occurs in March, as in the neighboring
Svrljiski Timok, due to higher temperatures and the snow thawing in the lower parts of the
basin, particularly from its left valley side. But, its striking asymmetry in favour of the right
side, which is the part of Stara Planina, emphasizes the delay, that is, extension of the nival
component in April also. However, that duration of high waters has another dimension
which is reflected in the fact that the snow melting from Stara Planina is not sudden, as at
the Temska River, but gradual, due to the western aspect of the river basin, which extends
the peak of the hydrograph to May as well, almost in the same amount as in March and
April. Therefore, although this river basin is known for the torrential characteristics, its
average monthly discharges do not have large amplitudes and high waters can be expected
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from February to May. The Crni Timok in ZajeCar has a sudden increase in waters from
February to March, when the maximum is also, but the high waters in almost the same
amount retain in April as well. The reason is primarily that the water runoff from snow
occurs in the second half of March due to the vast and low Crna Reka Structural Basin
where it melts, and sometime later affluents also from high mountains of Kué¢aj and Rtanj.
In addition, here the karst relief also plays an important role because for the emptied
aquifers feeding some time is needed, and gradually the issuance of waters through the wells
prolong high waters to April as well. This is clearly evident in the Zlotska Reka, real karst
basin, where April is more dominant than March.

As mentioned above, the period of low waters starts earlier than at the NiSava or
Vlasina. In these last ones, the June waters are everywhere higher than the average annual,
while in the Timok River Basin it only occurs in Trgoviski Timok, and all other rivers are
below the average (for the Sikolska Reka 71%). Already in July, it can be expected with
high probability that everywhere in the basin the discharges decline by more than 50 %
compared to the average waters. This trend is maintained until November, where the driest
August and September nowhere exceed 30 % of the average annual water.

All of the foregoing indicates that the water regimes of the rivers of this border
zone are formed by the influence of rain and snow, where the rainy period is much longer,
but for high waters, the meltwater is more important, which occurs every year in more or
less the same time and provides stability of the water regime. The differences observed in
the amplitudes and time of occurrence of the extreme waters are the result of several factors,
and each of them, according to their impact, performs a certain modification of the simple
hydrograph, with one wet and one dry period. Be sure that the precipitation (in both forms)
is the most important factor of the water regime, but for some deviation from basin to basin
are more worthy the relief with its height, position of the basin (in the meridian direction,
the impact of temperature), its aspect and lithological composition.

Table 3. Coefficient of variation of monthly discharges on the selected profiles in the border zone (Cv)

River 1 11 11T v Vv VI Vi VIII X X XI XII
V. Timok 0,88 | 0,78 | 0,65 | 0,63 | 0,78 | 0,76 | 0,91 | 0,86 | 1,12 | 2,14 | 1,18 | 1,17
Sikolska 091 | 0,79 | 097 | 1,22 | 1,14 | 1,23 | 1,84 | 1,48 | 1,11 | 2,63 | 1,56 | 1,17
Jerma 0,82 | 0,72 | 0,56 | 0,65 | 0,61 0,7 0,73 | 0,62 0,6 0,98 | 0,61 0,7
Vlasina 0,69 | 0,64 | 0,54 | 0,62 | 0,59 | 0,77 | 0,63 | 0,5 0,5 | 0,69 | 0,65 | 0,71
Temska 0,75 { 0,71 | 0,44 | 0,5 | 0,58 | 0,68 | 0,77 | 0,68 | 1,05 | 1,29 | 0,92 | 0,7
Nisava D. 1,03 | 0,94 | 0,61 | 0,71 | 0,64 | 0,64 | 0,96 0,6 0,67 | 1,56 | 0,66 | 0,64
. N
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Figure 4. Coefficient of variation of monthly discharges



63

All of these monthly values were obtained as the average of the period 1961-
1990. What is not seen behind these data is their frequency, that is, information on reliability
that these values will be exactly that much. One of good indicators of this occurrence is the
coefficient of variation.

As a relative measure of dispersion, the coefficients of variation indicate the
average deviation of each data in the series from its average. In the case of monthly
discharges, it is shown that these values for most of the year, are less than 1, and the only
rivers where the deviations do not exceed the average monthly value are the Vlasina and
Jerma. That still does not mean that the runoffs of these rivers are stable during the year, but
only that in the set of observed basins, their runoffs vary least. As a rule, as the river
discharge is higher, so the variations in discharges are less. What should be noted in Figure
4 are the line of the Sikolska Reka, as well as the values of the month of October. For the
Sikolska Reka, as the poorest in water, the rule that in such basins the amplitudes of
discharges are very high and that they are thankless for evaluation is confirmed. Here the
coefficients are particularly high in spring and summer, when certain rain of prolonged
duration or high intensity can significantly change the usual runoff. For example, the July
coefficient of variation of 1.84 is a consequence of only two data in a series of 30. These are
the discharges in July of 1970 and 1986 (1.75 and 1.88 m’s™), wherein the average July
discharges of about 150 1s'. This occurrence is much more evident in the example of
October. If not for the heavy rains in September and October in 1972, for which almost on
all the rivers in Serbia the discharge manifold outstripped the average values, these sharp
peaks on the graph would not exist. Then on the Sikolska Reka, the October discharge was
3.95 m’s” compared to the average of 0.16 m’s™”, which was about 25 times more. And not
just on such a small river, the October anomaly was observed at many other much larger
rivers. This one value led to the the fact that this ratio, at the Timok, or NiSava, was over
1.5, that is, 2 (i.e. the Veliki Timok has the October discharge of about 4.7 m’s?! , without
the year of 1972 , and that year it was 121 m’s”, almost 26 times more!). The conclusion is
that the coefficients of variation are an excellent indicator of changes in a set of data, but
they should be always accepted together with the analysis of specific values, especially if it
is the case of the above mentioned upper extremes. In general, October is the month with
bigger oscilations of discharges in all rivers of our region, and out of the other months it can
be almost every month, except for those on which spring high waters are expected. These
months have the least deviations, which are typically less than 1, and in the study area is the
range from 0.4 to 0.7. By comparison, the coefficients of variation on the large rivers, such
as the Sava and Danube, throughout the year do not exceed 70 % of the average monthly
values, and in a stable period, in spring and summer, on the Sava is about 35 % and 26 % on
the Danube.

Water balance of the border area

Using all available data and the results of measurements of hydro-meteorological
stations of the studied river basins, the relation of the most important elements of the water
balance will be shown.

What is the most important for water balance, as well as for water regimes, is the
amount of precipitation, its distribution throughout the year, the thermal properties of air and
the character of the relief. Considering this, and all other factors in the formation and runoff
of waters, it can be concluded that in this border area there are high contrasts, which affect
that the relation between the elements of the balance is extremely uneven. Although the
measurement profiles do not include all river basins, which clearly indicate that, from Table
4 it can be concluded that there are the areas of distinctive runoff, but also those with very
low runoffs. The first includes the central parts of Stara Planina, the highest zone of Vlasina
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Massif and the eastern rim of the Kucajske Planine. Runoffs of the rivers of these areas have
the values of over 10 Is'km™, and the runoff coefficients of over 0.4. As an example of the
uneven runoff Stara Planina can be regarded. According to Zivkovi¢ N. (1998), the range of
runoffs on it is from 4.6 to 26.1 1s'’km™, which corresponds to the runoff coefficients of 0.19
and 0.85. Minimum values are related to the direct basin of the Beli Timok (the
northernmost part of Stara Planina), and the maximum to the Toplodolska River Basin (right
tributary of the Temska River). According to estimates, the basin that drains the highest
peaks of Stara Planina, the Javorska Reka, in its spring parts has the runoff of about 30 Is
'km™. Such high values are the characteristics of the highest parts of the Dojkinacka River
Basin (right tributary of the Visocica River) and also the Crnovrska Reka (spring of the
Trgoviski Timok). Unlike central parts of the mountain, its eastern parts (Berkovska Planina
in Serbia), receive less precipitation, temperatures are slightly higher, and thus the runoffs
are less. So, the Kamenicka Reka, with about 860 mm of precipitation and the average
altitude of 1,277 m, has the runoff of 13.5 1s'km™ (according to calculation), which makes
50 % of the precipitation (Zivkovié¢ N., 1995). To that, the easternmost part of the Nisava
River Basin, which belong to Serbia (excluding the Viso€ica River), then its tributaries the
Jerma, that is, Krajiste (Dragovistica River Basin), it was pointed out several times as the
area of specific precipitation, thermal and lithologic conditions, which in hydrological terms
significantly differ from somewhat western basins (Zivkovié N., 2005, Zivkovié¢ N.,
Smiljani¢ S., 2005, Duci¢ V., Radovanovi¢ M., Milovanovi¢ B., 2005). After all, also the
part of the Nisava River Basin belonging to Bulgaria through multiple linear regression
model, where independent variables are the precipitation, the limestone complex and
sedimentary rocks, shows similar values for the direct NiSava River Basin with the runoff
coefficient of 0.28, 0.33 for the Jerma and only Viso¢ica stands out with 0.65 (Zivkovié N.,
1994). It may be noted that apart from the Temska River Basin in the NiSava River Basin,
the evaporation from the soil significantly exceeds the runoff, and that is why many of its
tributaries are periodic streams. Likewise, the lack of precipitation, despite the high altitude
that have the subbasins of the Dragovistica River in Serbia, contributes to their low runoff:
Brankovacka at the altitude of 1,238 m, 761 mm , 8.5 Is'km?, Ljubatska at the altitude of
1,314 m, 777 mm, 10.9 Is"'km™, Bozicka at the altitude of 1,344 m, 877 mm , 7.2 Is"'km™
(Zivkovié N, 2007).

Table 4. Basic elements of the water balance in the border zone basins

River (Profile) F Xo | Yo | Zo Q q C

Dragovistica (Ribarce) 687 | 790 | 256 | 534 | 5,58 | 8,12 | 0,32
Vlasina (Svode) 349 | 910 | 364 | 546 | 4,02 | 11,5 | 0,40
Luznica (Svode) 318 760 | 297 | 463 | 2,99 | 94 | 0,39
Temska (StaniCenje) 818 | 860 | 405 | 455 | 10,5 | 12,8 | 0,47
Jerma (Sukovo) 795 770 | 214 | 556 | 5,38 | 6,77 | 0,28
Gaberska (Mrtvine) 232 | 750 | 174 | 576 | 1,28 | 5,52 | 0,23
Nisava (Dimitrovgrad) 344 | 760 | 183 | 577 | 2.00 | 5,81 | 0,24
NisSava (B.Palanka) 3087 | 740 | 248 | 492 | 24,3 | 7,87 | 0,34
Trgov. Timok (G. Kamenica) | 331 810 | 336 | 474 | 3,52 | 10,6 | 0,41
Svrlj. Timok (Rgoste) 618 700 | 187 | 513 | 3,67 | 5,94 | 0,27
Beli Timok (Zajecar) 2150 | 690 | 188 | 502 | 12,8 | 5,95 | 0,27
Zlotska (Sumrakovac) 269 | 820 | 404 | 416 | 3,44 | 12,8 | 0,49
Crni Timok (Zajecar) 1242 | 740 | 310 | 430 | 12,2 | 9,82 | 0,42
Sikolska (Mokranje) 114 | 760 | 172 | 588 | 0,62 | 5,44 | 0,23
Veliki Timok (Tamnic) 4191 | 710 | 213 | 497 | 28,3 | 6,75 | 0,30

Note: F — basin area (km?), X, — average annual precipitation (mm), Y, —runoff height (mm), Z, —
evaporation height (mm), Q — discharge(m’s™), q — specific runoff (Is'km?), C — runoff coefficient



65

For the Timok River is safe to say that it is preserved thanks to the karst wells.
The basin which is throughout the whole western side surrounded by the limestone
mountains, despite the rather insignificant precipitation and significant evaporation in the
areas of the structural basins, at the confluence it has the runoff of 6.75 Is"'km™, generated
from 30 % of the total precipitation. That is why the differences in the basin are distinctive,
ranging from many small tributaries of the Veliki and Beli Timok, that dry up each year, to
those on Kucaj or Stara Planina with the coeficient of runoffs of more than 0.6 and 0.7. How
climate can be cruel to rivers shows an example of the right tributaries of the Beli Timok,
even if they come from Stara Planina (its northern, lower part). It is a total of 21 tributaries,
of which only 10 are the perennial streams, 4 are the intermittent streams and 7 sinks even
before their confluence in the river sediments or swamp soil (Gavrilovi¢ Lj., 2005). The
situation is similar throughout the whole basin, but this is not surprising due to the fact that
the largest part receives less than 700 mm of precipitation, and this is after the Nis-
Aleksinac Structural Basin and the northern Pomoravlje, the largest area in Serbia, limited
by the isohyet of 700 mm. Specific runoffs of that area according to the runoff map
(Manojlovié P., Zivkovié N., 1997) would be in the range from 2 to 5 Is"'km™, while most of
the studied territory is of 5-10 Is'km™.

Hydrological characteristics of karst terrains

What is the specific characteristic of East Serbia terrain are the karst wells and
losing streams As water is a resource of immeasurable value, and deficiency of it constantly
follows the development of human society, so many wells were converted into the sources
of watersupply for people. Some of the largest settlements of East Serbia are supplied with
water from the following wells: Ni§, Bela Palanka, Pirot, Dimitrovgrad, Svrljig, Knjazevac,
Bor. Neither in any part of the country, nor on the Balkan Peninsula, there is no karst area
with such frequency of springs and wells as in East Serbia. According to some data, there
are about 1,360 springs, including 86 with a minimum yield of more than 5 Is and a
maximum of over 100 Is™ (Petrovié J., 1974). It lists only a strongest wells, with the data on
the minimum and maximum yield. The Crni Timok River Basin: well of the Crni Timok in
Krivi Vir (min. 20 Is”, max. 4,000 ls'l), Radovansko Vrelo on Kuc¢aj (min. 100 Is”, max.
over 2,500 Is™), Mrlji§ on southeastern Kuéaj (average yield of 600 Is™), Zlotsko Vrelo on
eastern Kuéaj (min. 30 Is™', max. over 2,000 Is™), Beljevinsko Vrelo on eastern Ku¢aj, a total
of 6 wells of the minimum yield of about 100 Is”, Mirovsko Vrelo on northeastern Rtanj
(min. 40 Is™). The Veliki Timok River Basin: Kriveljsko Vrelo, southwest of Veliki Kr§
(min. 15 1s™") , Surdup, southern Goli Kr§ (min. 40 Is"). The Beli Timok River Basin:
Lenovacko Vrelo, Tupiznica (min. 20 Is™). The Svrljiski Timok River Basin: Sinji Vir,
northern Tresibaba (yield up to 700 Is™). The Trgoviski Timok River Basin: Pajesko Vrelo,
eastern Pajez (min. 30 Is™). The NiSava River Basin: Modro Oko, the south of the Svrljiske
Planine (min. 150 Is™"), Belopalanacko Vrelo, Bela Palanka (min. 130 Is"), Krupacka Vrela,
southwestern Vidli¢ (min. 300 Is™), Gradistansko Vrelo, southwestern Vidli¢ (min. 150 1s™).
The Vlasina River Basin: Ljuberadska Vrela, southern part of Suva Planina (12 wells, of
which 5 with the min. of 10 Is™). All of these wells, and there are dozens of lower yields, are
predisposed by impermeable or less permeable formations and position of the fault
structures. They appear at the rim of the karst massifs or within them, and flow out
gravitationally or ascending (Stevanovi¢ Z., 1991).

Karst landscapes of the eastern part of Serbia are primarily related to the
mountain ranges, flattened ridges and ridges. As the mountains are broken by the numerous
structural basins and valleys, the karst landscapes appear as a set of isolated oases
surrounded by younger, lacustrine sediments. Paleozoic rocks are rare in the limestone basis,
but they are a regular occurrence on mountain ridges and under the ridges. Bare Paleozoic
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rocks on the limestone mountains, which core they form indeed, are the main cause of the
large number of simple losing streams (Petrovi¢ J., Bozovi¢ B., 1991).

Table 5. Larger losing streams of the Veliki Timok Basin and the NiSava River Basin (Gavrilovi¢ Lj., 2005)

. . |Length| Ponor height |Subterranean watercourse . Spring height
Losing stream] Location (krﬁ) (altitude ingm) (m) Spring (a]ititugde ingm)
Klencus Kucaj 13,0 581 4700 Zlotsko V. 284
Demizlok Kucaj 10,6 645 6000 Lazar C. 284
Mikulj Kucaj 9,5 677 5125 Zlotsko V. 284
Bogovina Kucaj 8,0 408 3300 Bogovina C. 268
V. Brezovica | Kucaj 6,0 830 5500 Radovanska R.V. 500
Vojal Kucaj 3.5 840 7580 Mala C. 329

- .. Velika C. 339
Dubasnica Kucaj 3,0 889 3750 Mala C. 329
Turija Svrlj. PL. | 10,5 485 600 Svrlj.T. V. 440
Blato Vidli¢ 7,0 680 8300 Gradistansko V. 420
Berovacka R. [Vlaska PL.| 7,0 690 2000 Vlasko V. 470

A common characteristic of the losing streams is a small length of their
subterranean watercourse. Except for Blato in Odorovacko Polje of the lenght of 8.3 km, all
the others are all significantly shorter (referring to the studied border area). The most
common are 1-3 km long. This characteristic is a consequence of the shallow karst of East
Serbia, which is why the karstification affected the entire layer of the limestones to the
waterproof basis (Gavrilovi¢, Lj., 2005).

Discussion

Natural characteristics of the border area of Serbia towards Bulgaria are very
interesting, unusual and diverse. In the morphological and hydrological aspect and its
heterogeneity are unique among our border areas. This, first of all, comes from the fact that
the two striking mountain system, the Carpatho-Balkanides and Serbian-Macedonian Mass
are the most distinctive exactly in the border zone. Belonging to different geotectonic
entities are largely reflected in their physiognomy as well. While the first ones are of fold
structure and mostly of karst characteristics, others form a metamorphic complex, made by
faulting, of rounded shape and shouldered appearance. Such a structure has caused
completely different water characteristics. The northern part (the Timok River Basin and the
Nisava River Basin), maintains the water richness thanks to the abundance of underground
waters which drain a number of wells, while the southern part (Vlasina and Dragovistica)
has a dense river network, but shallow aquifer and intermittent streams. Morphologically,
the Carpatho-Balkanides are more diverse, and to that contribute the composite valleys, of
picturesque gorges, vast structural basins with wide alluvial plains of the rivers. In contrast,
in the Vlasina complex, the valleys are unique and with deep gorges. Soil erosion processes,
unfortunately, in this part of Serbia are very intense, but with the emigration of the
population, that is, with the extinction of villages also disappear the direct causes of
increased soil transport. That is how the depopulation, a negative process, has contributed to
the consolidation of the soil, by transforming the farmland in thickets and forests (Mustafi¢
S., 2007).

Hydrological curiosity is that the main rivers of the border zone are oriented towards three
sides of the world, the Timok towards north, the NiSava towards west and the Dragovistica
towards south. In addition, there are two large and unusual artificial lakes. While Zavoj is
known for its catastrophic formation, Vlasina is our highest artificial lake (1,200 m a.s.l.)



67

with floating peat islands. What still deserves mentioning is the discovery of several
waterfalls on Stara Planina, of impressive dimensions, some of which have been known only
by the local people’s stories, and in recent years those not known have been described
(Veselinovi¢ R. , 2013). In the field of hydrology, the water pollution is classified as well,
and in this regard the Borska River should be mentioned, which is the example that do not
serve to our honor, and to which no one is able to cope with. The importance of the Bor
copper mine is that significant that not only the Borska, Kriveljska and Bela Reka are
sacrificed, but also the Veliki Timok as well downstream from VraZogrnac. According to all
biological parameters, these rivers are dead.
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MOP®OJOMKO-XUAPOJOUKE OJJIUMKE NIOTPAHUYHOTI IIOJACA
CPBUJE ITPEMA BYI'APCKOJ

[IPEAPAT BYPOBUR', HEHAJI JKUBKOBUHR'
' Vuusepsumem y Beozpady — Ieozpagcxu gaxynmem, Cmydenmexu mp 3/3, Beozpao, Cpbuja

Caxerak: I3BpiieHa je MOpGOJOMIKO-XHAPOJOIIKA aHaNM3a OJJIMKa IorpaHuyHor mojaca CpOuje mnpema
Byrapckoj. Mopdonorika ananu3a o0yxsaruia je mianuHcke (Crapa mianuna, TymkHuna, CBpJbHIIKe [UIAHUHE,
CyBa mmanuHa u Bumummg), xotnmucke (3ajedapcka, KmakeBauka, CBpipuinka u benomanaHauka KOTIMHA) U
nonuHcke (Benmuku Tumok, bermn Tumok, Bucounna, [paroBumruiia) aenoBe. Y OKBUPY XHIPOJIOIIKE aHAIHM3E
M3IBOJEHH Cy IMPOCTOpPU ca HajBehoM M HajMamOM TOIUIIKOM KOJIMYMHOM IaJaBUHA, Ka0 M HAJTOIUIMJH U
HajXaJIHWjH NEIOBH. AHajinM3WMpaHa je NMPOMEHa BOJHOCTH CIIMBOBA, Ka0 M PAcClojeia BOJa TOKOM TOJMHE Ha
[pOy4aBaHOM IpocTopy. IIpuka3aHu cy HajBaKHHjH eJIEMEHATH BOXHOT OMJIAaHCA W aHAIU3HPaHE XHUIPOJIOIIKE
OJIMKE KPAIIKUX TePEHA.

Kibyune peun: Mopdoiioruja, Xuapoyoruja, norpaniuyuu mnojac, Cpouja, byrapcka

YBoa

HctpaxuBarma MPpUPOIHUX [10jaBa U Mpolieca He Ou Tpebaio 1a uMajy orpaHuYeHha
BEIITAYKA HAMETHYT4, MOMYT OIIITHHCKAX WIA PETHOHAIHUX TpaHuiia. Y TakBUM
CllyyajeBUMa Ce MHTEPECHH MPOCTOP MPOIIMPYje N0 TPAHUIA ca MOTPEOHUM MOJAlUMA, a
3aKJbYUIIM U3BOJIE IO OHUX a[MHHUCTPATHBHUX. MeljyTUM, KaKko MOCTYIHTH KaJ| je TpaHuIia
IpKaBHa, Kaf je myra 318 km, ca jeTMHCTBEHOM €BONTyLHjoM pesbeda, am pakTopumMa Koju
YCIIOBJbABA]y HErOBY XETepOreHy Moau(uKaIinjy, OMHOCHO YCIOBE OTHIAha Ca CYNPOTHUX
ctpaHa. He Ou Tpebano 3aHeMapuTH HHM YWECHHUIY Ja MOMEHyTa IIMHHja 4YeCcTo
Moapa3yMeBa W HEAOCTAaTaK BAXKHHUX I[MOJaTaka, Ka0 M HEKOMIATHOMJIHOCT mocTojehmx
(pa3nuYuTH TIEPUOAN OCMATPaEha, METOIN MEPEha, KapTUpPama U IPUKa3HBamha Ha KapTama,
uta.). OHO MTO YMHOTOME OJIaKIlaBa Ipuka3 nmorpanudne 3oue Cpouje u Byrapcke je Taj
ITO rpaHuia BehuM Je0M MpaTy MPUPOAHE TPaHUIIE CIMBOBA, Tj. BogoaenHue Ha Ctapoj
TUTAHUHU U BIACHHCKOM MacHBY.

Mopddostonike ogiinke

Cprucku neo Cprcko-OyrapcKor MOTPaHUYHOT ITIPOCTOpa OMIUKY]Y PazIHdUTH
Moporomku ereMeHTH pesbeda. OHn ce Mel)ycoOHO pa3inKyjy Kako 10 BEUYWHH, TAKO U
10 HAYMHY U BpeMeHy HacTaHka u (hazama pas3poja. Hajsehe, Makpo oOiuke, npeacTaBibajy
IaHuHe, KoTmHe U nonuae (Crivka 1).

Cumka 1 - Kapra mopdoJiomkux ejiemanara cpuckor jaejia Cpncko-6yrapckor norpaHu4Hor npocropa

KOTJIMHE: A - 3ajeuapcka, b - KmaskeBauka, LI - CBp/buiuka, /I - Besionajnanauka, E - ITuporcka;
JOJIMHE: I - Beauxku Tumox, II - Beau Tumoxk, III Tprosumku Tumok, IV - Cepibumkn Tumok, V -
Bucouuna., VI - Jepma, VII - /Iparopumrumna

IThanune

[Inanune 3ay3umajy HajBehu peo morpaHumyHOr mnpocropa. HajmapkanTHHjn
TUTAHUHCKHU TIPOCTOP KOjH 3ay3uMa LeHTpanHu 1eo je Crapa miaHuHa. CeM Be y MupeM
MTOTPaHUYIHOM TIpocTopy Hanaze ce u Tymmxauna (1 160 m 1.B.), Tpecubada ( 808 m H.B.),
Cepspumke manuee (1 334 m u1.8.), CyBa [Inarnna ( 1 808 m H.B.), Bnamka miannHa (1
442 m u.8.), Bummmu (1 180 m u.8.), Pyj (1 704 m u.B.), Bapmenuk ( 1 874 m u.B.), becHa
kobmna (1 923 m u.B.) u Jykat (1 881 m u.B.). TokOM BpeMeHa OBe ITAHWHE Cy IMPOIILIE
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Kpo3 pasmmunte ¢ase pa3Boja. Takxole, maHac Ha BHUMa AENyjy Pa3TUIUTH (UIHIKO-
reorpad)CKH MPOLECH.

Crapa niiaHuHa npoctupe ce o Bpmke gyke (692 M H.B.) Ha ceBepo3amnaay, na
cee 1o Bummua (1 371 M H.B.) Ha jyromcroky. [yxunae je oko 100 kM u 3ay3uma
noBpimHy 07 oko 1700 km’. OBO je ClloKeHa IUIAHHHA, KAKO y TeOIOMIKO-TEKTOHCKHM
CMHCITY, Tako U y Mopdoiomiko-npeacoHoM. Kpeumaru unne 1/3 rpalje mianune. Y muma
Cy HajOpojHUje BpTaue u yBaie, a ucrpaxene nehune cy manux qumensuja (I"'aspusiosuh /.,
I'aBpunosuh Jb., 1998). V ceBepHMM KpeumadkuM OrpaHIMMa IUIAHMHE HEMa 3HaudajHUX
MOBPIIMHCKUX 00amKa kpaca. MehytuMm, nehuHe Koje Koje ce Hajaze y OBOM IPOCTOPY
(byposuh I1, 1986; Hemuh /1., 1994) ykasyjy na cy Kpeumany KapcTU(PHKOBaHH.

Hajumm nenoBum mmaHmHe 3axBaheHHM Cy CaBPEMEHHM II€pHIJIALNjaTHAM
mporiecom. Ha ceBepauM magmaama babunor 3y0a (1758 M H.B.) mocToje CTpyje Kamema
KOje ce Halasze W3HaJ ropme nrymMcke rpanuie. yxuae cy oko 350 m . Yure nx 30 no 40 m
nmpoku u 5 1o 10 M xyboku Kopumopu Kojuma ce kpehy Benuku OiokoBu creHa. HacTtamm
Cy KIIDKemeM OJIOKOBa TIPEeKO OCHOBE KOja ceé HEM3MEHHYHO 3amp3aBa M kpaBu. OB
o0JIMIM HACTalK Cy TOKOM IUICHCTOIICHA Majia ce He UCKJbyuyje MOryhHOCT Jia cy W Jlajbe
aKTHBHE, C 003UPOM Ha TO Jia y HEMOCPEHOj OJIM3MHMU MOCTOje aKTHBHU Kin3ehu OJ0K0oBH
(Taspuosuh ., 1970). Ha ucrom jokanureTy y BUCHHCKO] 30HH m3mehy 1600 u 1700 m
H.B. yTBpheHo je moctojame kam3ehnx Omokosa. 3anpemuna kim3ehux 010koBa je u mo 12
M°. CeM KiIMKera 0II0KOBa MepHITIAIjaTHIM TIOKPETHMA j€ MOKPEHYTO H CAMO 3eMJBUIIITE.
360r Behe Op3uHE KpeTama 3eMJBUINTE NPEKPHBA OJIOKOBE cTBapajyhu Ha HHUMa 3eMJbUIITHE
kare. Ha 3amaganm magunama Mwuriopa yodeHe cy W CONM(IYKIMOHE TepaceTe
(TaBpunosuh /1., 1970). Ha rmaBHOM mmaHmHCKOM Omuty, Ha mpoctopy Kompena (1963 m
H.B.) YOUCHO je JeceTaKk Mpa3HO-CHE)KaHWYKHX YJIOKa. 10 Cy H3IykeHa yayOspema,
HEKOJMKO MeTapa ayra u npocedno 0,5 mol m nyboka. ¥ Behem nerry roanHe Cy nCIymeHa
BopoM. Hacrane cy mop yrumajem xnaase miannacke knmume (Hemmwh /1., MunmBojesuh M.,
2002).

TynmxHuIa y CTPYKTYpHOM CMUCIIY TIpe/icTaBajba CHHKIMHATY. Y HajBehem nemy
je msrpaljena ox kpeumaka (86 kM’). 3amajgHM €0 IUIAHHHE 3aBPIIABA CE KPEUHAUKHM
OJICCKOM BHCHHE HEKOJHMKO CTOTHHA MeTapa, JOK MCTOYHA CTpaHa IIOCTENeHO Majaa, a
KpeYmally TOHY 101 HeoreHe cenquMenTte KmakeBauke koTmune (3epemcku M., 1994). Mako
je wmsrpaljeHa ox Kpeuymaka Ha IUIAHMHUM HEMa MHOTO TOBPHIMHCKHMX KpalIKHX OOJIHKa.
HacympoTt ToMe Ha ®0j moctoje Opojan creneonomku obmmu (byposuh I1., Hemmmh .,
1992). IloTnyHO OICYCTBO MOBPIIMHCKUX TOKOBAa YKasyje Ja Cy Kpeumalll OBE IUTAHWHE
nyboko kapcrudukoBaHm. Ha To yka3yjy u Bpencke mehmHe Koje ce Hajase Io 00omy
mwiaauHe (DByposuh I1., 1986).

CaBp/bHIIKe IUVIAHMHE UMA]y TYXKHHY O OKO 25 KM U MpyXajy ce y npasiry 3C3-
NIN. Cxopo ca CBUX CTpaHa IUIaHWHE OKPYXKYjy OKOJHE KOTimHE. Y rpahu ZOMHHHpPa]y
CTEeHEe Me3030jCKe U JIEBOHCKe (hopMallije Koje y CTPYKTYPHOM MOTJIely I'pajie aHTUKIMHAITY
(Maxkxcumosuh b., 1976). CtBapame HajcTapujux 00JMKa Ha IUIAHKHY, TOBPILH, BE3aHO je 3a
nepuoa crapujer tepuujapa (3epemcku M., 2008). Tama cy 300r HHCKOT IOJIOXKaja J0HE
epo3uBHE 0a3e MOCTOjaIi MOBOJGHH YCIIOBH 32 allIaHalWjy CTPYKTYPHUX (POPMHU TUIAaHWHA U
CTBapame MOBPINHM, KOja Ce youyaBa M Ha JPYrMM cycegHuM IuiaHuHama (TymmxHuna,
Ospen, [esuna) (3epemcku M., 1994, 2002). Ha ruilaHMHCKMM CTpaHama YOYEHHU CY
npemuonieHn (GiayBujaaHN 06mMIM, ekcxymupaHe enurendje (Purymosuh P., 1967). Tokom
CpeAler W TOPHEr MHOLEHa HW)KM JENIOBU IUIaHWHE Cy OWJIM TOJ YTHIajeM je3epa.
MakcumMaTHi HHMBO CEJIMMEHTalllje PEKOHCTPYHCaH je Ha OCHOBY BHCHHA ENUTEHHja U
kpetao ce ox 640 mo 770 m H.B. (3epemcku M. 2008). Y mocTje3epckoM IMeproay 3aoInmbHe
KpAaIlIKK TIPOLeC, KOjH je MoceOHO OMO MHTEH3WBAH Ha IUIAHMHCKHM TOBpIuMa. Kparmku
Mpo1ec, Ka0 JOMUHAHTAH MPOLEC OJPKA0 CE€ Ha OBOj IJIAHUHU M 'y CAaBPEMEHOM NEPUO/TY.
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CyBa mianmHa ce "aimckuM" H3TIIENOM OHTHO MOPQOJOMIKK pa3iHuKyje Of
JPYTUX IUIaHUHA OBOT IpocTopa. OCHOBY IUTaHWHE YMHE LIPBEHU MEpMCKH nemrdapy. M3Han
BHUX Ce Haja3le HEKOJIMKO CTOTHMHa Merapa naebene Haciiere Kpedmaka. Kpeumaukxa
MOBpIIMHA je 3HaTHO KapcthudumkoBana. [loceOHO ce mcTmue moBpm Bamoxje, rme meH
3amajHu Je0 MMa OJJIHKE OOTHE-ABOI Kpaca. 300T MHTEH3WBHE €PO3Hje 3eMJBHINTA 0001
BpTaua je OroJbeH, CTEHOBHT, a JHA Cy 3acyTa epoJoBaHMM MatepujanoM. OmcycTBO
NOBPIIMHCKUX TOKOBA YCJOBHWJIO je Ja CE TPAHCIOPT €pPOJOBAHOTI 3€MJBHIITA BPIIU KPO3
MyKOTHHE W KaHale y Kpeumarnuma. To decto nmoBoau no 3amyhuBama Bpenma Ha obony
rianune ([Terposuh J, 1954). [Inanuna je Ge3Boana, 6€3 MOBpIIMHCKUX ToKoBa. [To obomy
IUTaHMHE Hayase ce OpojHa BPJIO CHaXKHA Kpallka Bpena. Ha ocHOBy mpoydaBama Kpaca oBe
IUTaHWHE YTBPIEHO je /a je Ha ’Ooj TOKOM BHpMa npoctop u3Hax 1600 M H.B. OMo 3axBaheH
niepMadpocToM, a IEeIMMHYHOT 3aMp3aBama je 6uino cee 10 1200 M H.B. 30Ha MpocTHpamba
JUIIajeBa ¥ MAXOBUHA, Y KOjOj je OMI0 MECTUMIYHOT 3aMp3aBama, omia je ox 1000 mo 1200
M H.B., JOK C€ TpaBHa 30Ha Haja3mia y npocropy ox 400 mo 1000 m H.B. Tek ucron BUCHHE
ox 400 M H.B. Hamasmwina ce mymMa (Mmmh Y., 1970). ¥V HajBummM aenoBHMa IIAaHWHE
u3rpalieHe Cy IHOJIMTeHETCKEe KpPAaIKO-HUBAJIHE BpTadye Koje ce 300 OTBOPEHOCTH jeIHE
cTpane MOp(OJOIIKA Pa3jMKyjy OJf BpTada Ha HIKO] noBpuin Banoxje. OHe cy TOKOM
XJIaJHUX TIepUOAa IJIEUCTOIIeHa OHIe CeM KPAIIKOT IPOoIieca U3I0KeHe U [IejCTBY HUBAIHOT
nporieca (I"aBpunosuhi /1., 1970).

Bupsny je xpeumauka IilaHnHa ca KapakTepucTuaHUM ojcekoM Bucune 200 m. To
je Oe3BojHa 1uaHuHa, O0e3 peuHux TokoBa (Bumanosuh I'., 1955). M3mely oBe ruiaHune u
JonvHe Humrase Hamasw ce jelMHO KPaIIKo II0JbE Y CPIICKOM JIeNTy TIOTPaHHYHOT IIPOCTOpa
- OnopoBauko mosee. Jlyro je oko 10, a mmpoko 3 10 4 kM. Kpo3 mosbe mpoTide ncTonMeHa
peKa Koja MOHHpE y 3aIaHOM JIelTy 1oJba. TOKOM M3y3€THO BUCOKOT ITOBO/A HAJHHKH €0
noJjhba OWBa IUIaBJbeH. [l0Jbe je CMEINTEHO Yy TEeKTOHCKOM POBY KOJH j€ NIeJIOM HCIYyH-CH
MHOLICHAM H IUTMOLICHUM CEIUMEHTHMA. Y TOJHOXK]Yy IUIAHMHE TIIPEKO je3epCKuX
cenuMeHata (opMupaHo je Hekonumko Benukux 1wiaBuHa ([aBpmmosmh [I., 1975).
Croymrame 1mojba je 3amovesio Ipe HeoreHa, a TOKOM HeoreHa W IUTHOIEHA I0Jbe je Omio
UCITYH-CHO je3epoM y KOME Cy ce CTalloXuiie nebesie Hacyare CIaTKOBOAHHMX CeIUMEHaTa.
OTBapameM TOHOpa Yy 3amagHoM Aey I10Jba, KpajeM IUTHOLIEHA, MPEeKuaa ce Beza niMehy
jesepa y OpopoBaukoMm mosby u Iluporckoj korimmuu. Y cieachuj dasu 3anounme
OJIHOIICHC JE3ePCKHX CceauMeHata u (opMHUpame caBpeMeHe Mopdoiorje Imosba
(ITerposuh J., 1974).

Baamka nianuna npoctupe ce u3mely ITuporcke wu Jly>xHHYKE MOTOJMHE Y
MpaBIly CeBepo3anaj-jyroucrok. Hajeehinm nmemom msrpalienHa je o7 TUTOHCKHX CIPYIHHUX
Kpeumhaka y 4njoj ce MOJWHHU Haja3e upBeHu nepmcku rnemvapu (Ilerposmh J., 1999).
ATMocdepcke MmasaBuHe Op30 TOHHUPY y AyOHHY Kpedmadke Mace OCTaBJbajyhn MOBPIIMHY
6e3BoHOM. Ilog3eMHM TOKOBM YITIaBHOM T'PaBUTHpAjy Ka jyrosamany, U Ha KOHTakKTy ca
MEPMCKUM TelI4apuMa 1 IeBOHCKHM IelYapiMa, aJleBpOJINTUMA H KOHIJIOMEpaTUMa jaBJba
ce BeIMKH Opoj m3BOpa Koju xpaHe npotutiaj KycoBpaHncke peke.

I'peGen je ximcypom JepMe oxBojeH ox BeHIa Bnamke mmanwae. [IpencraBspa
HacTaBak Biamike IuiaHWHE Ka jyTOMCTOKY Tako J1a jé TeMe aHTHKIMHAjJIe m3rpaleHo of
UCTHX THTOHCKHX CIPYIHHMX Kpeumaka. [Ipema IONMMHM JepMe TUTOHCKHM Kpeumbalu
CMEBYjy €€ HEMITO CTapujUM JOTEPCKUM KpedmanuMa W TemrdapuMa M TPHjaCKUM
KpeumballiMa, IemvapuMa M KoHrjgomeparuma. OHM HaHWXKE JoJla3e Yy KOHTakT ca
NEPMCKUM U ACBOHCKHUM I€II4apuma, aJ€BpOJIUTHUMa W KOHIJIOMEpaTuMma. Ha KOHTAaKTy
KapOOHATHUX U KJIACTUYHHUX CTEHA jaBibajy ce u3BopH. [Ipema monunu Jepme TOKOBHU Cy
KpaTKU | YTJIABHOM IIEPUOANYHH, TOK Cy IpeMa ciuBy [loraHoBcke peke MajIoOpojHHjH aju
u Boauuju (boxuh M., 2010).
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Komaune

Jpyrn 3Ha4ajHM MaKpoMOp(OJIOMIKKA €JeMEHT pesbeda OBOT IMOTPAHUIHOT
npocTopa cy KotiuHe: 3ajeqapcka, KmaxeBauka, Cepspuinka, bemomananadka u [Tuporcka.

3ajeyapacka KOTJIMHA TPEJICTaB/ba IIMPOKU OACEH Y KOjU CE CYCTHYY JIOJIMHE
benor u IpHor Tumoka, a u3 mera 3anouumbe noiauHa Benukor Tumoka. Hma
MEpHIUjaHCKH IpaBall npykama, nyxuHe 21 kM, a MakcumanHe mmpune 15 km. Korimna
ce HaJla3u Ha MPOCTOPY THMOYKOT poBa. Kpo3 mera cy TOKOM TpaHCTpecHje, Y CpelmbeM
MHoIeHy, poapiie Boze I MenurepaHckor Mopa cBe 10 KmakeBakue KoTimHe Ha jyry. Y
HCTOYHOM ey OaceHa, ucroj Bpiike dyke mOCToju MpocTpaHa, rOTOBO YPaBH-EHA MOBPIIL.
Ona je HarHyTa HM3 TOK Benmukor Tumoka u Ha ceBep ce npoctupe cse 1o JyHasa. [ToBpin
je HacTaja Iociie MapHHCKO-je3epcke (hase, OFHOCHO IIOCe capMara, Kajia je IPeKo
WHUIHjaTHEe je3epCKe MOBPIIUHE MoTeKao TUMOoK. [y anTaBor 0007a OBE MOBPIIH yCeUeH
je mox. IlomTo ce moBpmr mpoctupe u 'y ciauBy Llpror Tumoka, a mox camMo y HCTOYHOM
ey 3ajedapckor OaceHa, ycemame Ioa O3HadaBa IMOYeTak MOP(QOJIOMIKE EBOIyIHje
HCKJbYUYHBO 3ajeyapcKor OaceHa W BesaH je 3a rutnoreH. O ropmer IUIHOICHA 3al0Ynibe
ycename cepuje peunux tepaca (I[lerposuh /1., 1970).

KmakeBauka KoTIMHA Hana3u ce u3Mel)y mmanmHa TpecubaGe, TymmxkHuie,
Heeune u Crape mmanuHe. Okpyrior je o06iuka, npeuHuka oko 25 km.. KorimHa je
UCIIylheHa HEOreHHM ceiuMeHTHMa. [lonmHe Koje cy ycedeHe Yy KOTIMHCKO JHO Cy
Hajuemhe acumeTpuuHe, a u3mehy BHUX cy Ayru MehynonuHcku prosu. Crnymrajyhu ce ca
000712 KOTIMHE cTBapajy u3pasutu nperud Ha oko 500 M H.B. OH 03Ha4aBa rpaHuIy n3Mely
JIOJIMHCKOT JIHA W HeHHUX cTpaHa. CaBpeMeHO JIOJIMHCKO JIHO OAroBapa AHY HEKaJallmber
jesepckor qHa (Pmrymoruh P., 1972). Jonunaa benor TuMoka He MpOCTHPE c€ IEHTPATHUM
JIeTIoM KOTiHHe, Beh je mpubujena y3 3amajHu Jeo JHa, OCHOCHO aCHMETPHYHA j€ y OZHOCY
Ha 1HO KmhakeBauke KOTIIMHE.

CeBp/bHIIKA KOTJIMHA je crmymTeHa n3Mel)y CBpJpHIIKMX IUTaHWHA Ha jyry W
Tpecubabe Ha ceepy. KoTnmHa je m3mykeHa y TpaBIy 3amaa-MCTOK, MYXKHHE OKO 25,
nmprae oko 10 kM. J[HO m 0007 KOTIHHE Cy NPEKPUBEHH pPA3IUIATHM HEOTCHUM
CeIMMEHTHMa, JIOK CY HajBHINM AeJOBH m3rpaljenn of kpeumaka KoTimHa je mpommia kpo3
pasnmuunte ¢ase pa3Boja M TO Mpe cBera jesepcke u (hIyBHO-ACHYyHaIpoHe. TOKOM ayre
jesepcke (ase y KOTJIIMHHU Cy HATaJIO)KEHEe MOliHE Haciare je3epcKux CeIMMEHara M TO Ipe
cBera IUIMOKBapTapHux cexumenara (I'pyna ayropa, 1971; Munakosuh b., HoBkoBuh M.,
1977). Pa3nuuura cy cxBaTama O BHUCHHH IeHTpanHe jesepcke paBHu (Jankosuh IT. T.,
1909; Munakosuh b., HoBkoBuh M., 1977; {unuh J., 1974). Ha ocHOBy emmreHercke
cyrecke peke JlykaBune yTBpleHoO je aa je meHTpanHa je3epcka paBaH Omma Ha 620 M H.B.
(Cmacojesuh M., 1984). Toxom ¢aysujanae daze y CBpIbHIIKOj KOTJIMHU Cy c€ JelnlaBaie
npamarudHe ipomene. Hajeha ox mux je ckpereme CTapollaHHHCKE peKe Koja je HeKaja
TeKna KOTIMHOM. KpajeM ropmer mimoneHa y MCTOYHOM ey CBpJbHIIKE KOTIMHE, Of
ctpane Tproeumkor TmMMoKka, W3BpIIEHO je muparepucame CraporuiaHuHCKe peke. Kao
JIOKa3 EHEHOT TOCTOjarha y KOTIUHH cy octane U 1o 10 m gebeme Haciare (iyBujaiHOT
marepujasia (Junuh J., 1967). Cem kpamkor u ¢uyBujanHor mporeca, y CBPIBHIIKO]
KOTJINHH, 300T BeJHKE 3aCTYIUCHOCTH HEOTCHHX CEeIMMEHaTa, IOCTOjU BEIHKH Opoj
Kiu3uITa Hajyenthe crparurenor tuna (Juauh J., 1979).

Besonajianauka KOTJIMHA MPY’Ka ce MPaBIEM UCTOK-3amajl Ha JY>KUHHU O]l OKO 22
KM ¥ ca HajehoM mmpuHOM 1Ha o oko 4 kM. Enmrenerckom cyreckom CxokamhuHor
KaMeHa U belleHOBauKo-I[PBEHOPEYKUM CY)KEHEM KOTJIMHA je TOAe/beHa Yy TpH
mopdoomike nenmuHe (Kocruh M., 1970). KotiimHa npeacraBma TEKTOHCKY ITOTOJIMHY KOja
j€ HacTaia joIl Ipe HeoreHa, CIyIITameM Me3030jCKMX cTeHa m3Mel)y ABe pacemHe 30He
IpaBlia 3anmaja-ucTok. Jly>x oBe 30HE jaBibajy ce TEPMaIHM M3BOPHU. Y H0j je TOKOM HeoreHa
MIOCTOjaJIo je3epo Yy KOMe Cy ce HaTaloxuie Jedere Hacuare je3epckux cenuMeHnara. [locie
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MOBIIAYEHA je3epa y KOTIUHH MouYue na ce ¢opmupa ¢uryBmjamHu pesbed. Kormmna je
OKpYXKEHa KpeumaluMa KOjH Cy jako KapcTH()MKOBaHH U Ha YHjeM 000y ce Haase OpojHa
Bpena (Ilerposuh J., 1998).

Honune

Tpehu MakpomMopdoJoIIKK eleMeHT cy moiuHe. MehycoOHO ce pasimkyjy mo
OCHOBHUM MOp(bOJ'IOI_HKI/IM OoJJInKaMa, 1o AYy>XWHU U ):[y6I/IHI/I, AJI1 U 110 HAYMHY HacTaHKa "
esonmynuju. On Behnx monmHa u3nBajajy ce momumue: Bemukor Tumoka, Bemor Tumoka,
Cepsbuikor Tumoka, Tprosumkor Tumoka, Bucouune, Jepme u Hparosuinruiie. Tparosu
3acumnama JOJMHA KOjU Cy OYyBaHM y mojenuHuM mnehmHama ynyhyjy na je Kpajem
TUICUCTOIICHA U Y XOJIOIeHy OMyIo Tpu Beha 3acumnama peyHuX JOJMHA W HEKOJIUKO MambUX,
nokanHor kapakrepa (Gavrilovi¢ D., 1990).

Josmna Beaukor Tumoka mpencTaBiba BPIIO CIOXKEH OOJIHK KOjH je€ TOKOM JIyTe
€BOITyIIje TIpomrao Kpo3 pasnumunrte (asze pa3Boja. KomrHo Tumouke KpajuHe U3 HOHET
MHOIIEHA j€ TPaHCTPECHjOM TOKOM CpEIIer MHOIICHA TIOIUIaBJbEHO. TOPTOHCKO U
CapMaTCKO MOpE je MpoApIIo Ha jyr aonuHoM Bemukor u benor Tumoka cee no Kmaxesia,
KaJla je MpeTXOIHH pejbed MpeKpuBeH neOeuM MapuHCKUM ceauMmentuma. OJ capmara
3aloYMme perpecuja, tako na ce Beh on kpaja muoneHa (cem obiactu Kibyua) onsuja
¢dnyBujanHa dasza y Tumoukoj kpajunu ([lerposuh [1., 1963). ®opmupame nonnne Bemxukor
Tumoka 3amodyesnio je mociie capMmarcke ernoxe. Ha MHUIMjaIHOj MOBPIIMHMU KOja je Ouia
cacTaBJbeHa Ol je3epPCKHX CeJUMeHaTa 3alouuibe yceuame JonuHe. Ha ocHoOBy BucuHA
enurenuja yrBpheHo je aa je ycename MOIJIO 3allo4eTH HajMamke Ha BUCHHH of 340 M H.B.
300r Major rmaja u MeKHxX ceJuMeHara y KojuMa ce ycenao, Benmnku Tumok je nsrpanmo, y
JYTOM BPEMEHCKOM IEpUOy, IUIUTKY HIMPOKY NonuHy Onarux crpaHa. IIpBo je mpecekao
je3epcKe cearMEeHTe, a 3aTHM je 3alove0 ycelame Yy KpedmanuMma | Jjamopruma. Ilocie
OBOT TIEPHOa 3aIIOYNEHE BEPTUKAIHO YCENAmke OJMHE U CTBApAmkE CepHje PEUHUX Tepaca y
m3Hocy o7 peko 300 m (Ilerposuh [., 1953).

Joauna Besor Tumoka je BparapardxoM eNUTreHETCKOM KIMCYPOM IOAeJbeHa Ha
IBa HejenHaka jaena. Hajeehu neo ce Hanmasu y KmaxeBadkoj KOTIHHH, a CAMO MamkH J€0 je
y 3ajedapckoj KOTJIMHH. BpaTtapHUUKa KIICypa je BpJIO 3HaYajHA 3a pa3yMeBame HacTaHKa
U pa3Boja kako ynTaBe KmaxkeBauke KOTIMHE, Tako U noiauHe benor Tumoka. Tpancrpecuja
KOja je HacTymwiia y capMaTy IpeKpuiia je HeKaJallmbu pesbed cequMeHTHMa oBe (ase.
[Moctjesepcka eBonynuja, OJHOCHO HepHoja u3rpaame noiauHe benor Tumoka omimkyje
CMeHa BepTHKalIHE M OOuyHe peuyHe epo3uje. Pesynrar Tora je cTBapame cepHje PeYHHX
Tepaca Ha JONMHCKUM cTpaHama bemor Tumoka. OBa dasa je 3amouena KpajeM MHUOLICHA H
Tpaje no nanac. Tokom oBor neproaa bean Tumok ce ycekao 3a oko 220 M (ITerposuh /1.,
1954).

Joauna Cap/pbumkor Tumoka mpencraBba jeHy OF HajMapKaHTHHjUX
Mop(hoTOmKHX IeTuHa y oBoM mpocTtopy. [loce6HO ce mcroue kmmcypa CBPIBHIIKOT
Tumoka. Kmucypy kapakTepuilly YKIJBEIITEHH MEAHIPH yCeYeHH y Kpeumanuma. OHa
MPENICTaBJha CMUTECHETCKY MOJIMHY, OJHOCHO IOCe0aH THIl EMUTEHHje - CIMUTEHETCKY
npobojuuily. Capmarcka Tpancrpecuja je gonuHom benor TuMoka 3axBaTuiia M JAaHAIlbH
npoctop ponuHe CBpspuIIKor TuMoka, a Ha mpoctopy CBpIbHIIKE KOTIIMHE (HOPMHUPAHO je
jesepo. Kpajem capmara 3amounmse perpecrja KojoMm ce jesepoy3uHa niMely CpJbHIIKor u
KmaxeBaukor jezepa npeTBapa y oToky CBpJpHIIKOT je3epa. [1o 1Hy 0TOKe, KOje je 0uyBaHO
y BUJIy TPOCTPAHOT Ioja ca o0e CTpaHe KIMCype, 3allouhibe yCelamhe JIOJIMHE, OJJHOCHO
kiaucype Cepipuiikor Tumoka y u3Hocy on oko 200 M. Ycemame je 3amoderno CpeauHOM
WK KpajeM IumolieHa. bpojHn Op3any, c1anoBu W JMHOBCKHU JIOHIM Y KIMCYPH yKa3yjy Ha
WHTCH3UBHO yCeIame U y caBpeMeHoM niepuony (duuuh J., 1967).

JommHa Bucounme usrpaljeHa je mapanenHo ca mpyxameM jyxHor jaena Crape
IUTaHWHE, a HajBehm neo cimBa peke Bucoumiie 3axpara mpoctop oBe miaHuHe. Kimcypa
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BragukuHa mova, yceueHa y KpedmbaluMma, e JoJuHy Bucounne Ha nBa nena: J{omu u
Tl'opmu Bucox (Bumanosuh C., 1955). Kimcypa je myra oko 3 KM W 4HMHE je HEKOJIHKO
BEIMKHUX YKJbEIITeHNX MeaHmapa. Jybuna kmucype je oko 200 M, a mmMpHHA Yy HajyKeM
ey 4 1o 5 M. Y KIIHCypH ce Hajla3u Hajayka ucnuTana nehuna Ha Ctapoj IUTaHuHE U Y
YUTAaBOM TNOTPaHUYHOM TpocTopy. To je nehuHa Bmagukuba moua ayra 660 wm.
(TaBpuosuh [1., u mp., 1988). YV wussonHoM neny moiaunHe Bucouwiie, y atapy cena 3aBoj,
onurpaia ce Hajeeha mpupojHa Karactpoda Ha oBoM mpocropy. PebOpyapa 1963. roauue
MIOKPEHYTO je KIM3UIITE Ha JIECHO] JOJIMHCKO] CTpaHu peke Bucounne. Jly>kuHa KIU3UIITA
je 6una 1,3 kM, a npoceuna mmpuHa 160 10 220 M. TTokpenyTo je 1 950 000 m° MaTepujana
KOjH j€ Mperpaano T0IuHy 36 M BUCOKOM OpaHOM. Tako je CTBOPEHO je3epo AyKHHE 7,2 KM,
ca moBpmuHOM 071 5,84 kM® (Cojuh u ap., 1964-1965). Tlokymajun 1a ce MPOKOMABAHKEM
KaHaJa UCIPa3HU aKyMyJallija HUCY YCIIeNH, T¢ je BOJa y je3epy JOCTHIIIa AyOuHy ox 33 M
(Bepemcku M, 1964). 360r omacHOCTH OJ HArJIOT M HEKOHTPOJOCAHOT Ipobujama OpaHe
MIPOKOIIaH je TyHeN KOjuM je jesepo ucymieHo. Ha mecty mpupomne OpaHe KacHHjE je
mirpallena BemrTauka OpaHa, a je3epo ce JaHacC KOPHUCTH Kao BHIICHAMEHCKH
XHUApOEHepreTcku U Bogonpuspenuu odjekar (Crankosuh C., 1993).

HNosmHa Jepme je wsrpahlena nHa npoaupy Kapmnaro-6ankanuma u  Cpricko-
MakenoHcke Mace. CpOuju npunana 47%, a Byrapckoj 53% mnospmude ciuBa. Hajsehy
MOBPIIMHY clUBa U3rpal)yjy BOJOHENPOITyCHH TEPEHM O]l CTapuX MeTaMOp(GHHX CTEHa,
KJIaCTHYHMX CTE€Ha ME3030jCKE M IAJIE030jCKEe CTApOCTH M Marmarckux creHa. OBe creHe
3acTymbeHe cy Ha 70% mnoBpiuuHe ciauBa JepMme, JOK OCTald JIe0 MpUIaia TEPLHjapHUM H
KBapTapHUM CEJUMEHTHMA JOmer aena ciuBa. OCHOBHU 00nuIM pesbeda cy u3rpaheHu
TOKOM XEpLHHCKE M aJliCKe OporeHe3e. BeHauHMM IiaHMHaMa CllMBa Tpunanajy Buamka,
I'peben, Eznumupcka rmuannHa um Crpaxa, a Cprcko-makenoHckoj Mmacu Kpajumre u
3HemnoJbcKka KOTIMHA. TEeKTOHCKH TOKpeTH M 00pa3oBame MyOOKHX pacelqa JOBETH CY JI0
0jaBe TePMaJHUX BOJa — TEPMAIHOT W3Bopa Bnacu, Ha m3masy Jepme n3 Bnamke kmucype,
u 3BoHauke Oame ([lerposuh J., 2000).

Joauna JlparoBumruue wusrpaheHa je y cTeHama apxajcke U Malio30jCKe
CTapoCTH, Koje MpeACTaBibajy Hajcrapuje jesrpo bamkanckor moiyoctpBa. OHO je TOKOM
ME3030MKa M3IMTHYTO H3pacelaHo M pasziomibeHo. OBe Ipolece je NmpaTwila W CHaKHA
ByJIKAHCKa akTHBHOCT. TokoM HeoreHa goisiazu 1o popmupama bocunerpajicke KoTivmHe y
K0joj ce dhopmupa jesepo. Of mera cy ouyBaHe Jedese Hacjiere pa3HOBPCHHUX CEAMMEHATA.
HonmuHa J[paroBUINTHIE W IOJMHE HCHUX MPUTOKA OMUIMKY]y C€ 3HATHUM IMaJOBHMa H
CTpMHM, cTeHOBUTHM cTpaHama (Poxuh J1., 1989).

XuapoJiomke oAIuKe

CBako XWIpOJOIIKO HCTPaKUBAamkE HAa HEKOj TEPUTOpHjH, pamu oOe3behuBama
MOTITyHE HE3aBUCHOCTH M OOjeKTUBHOCTH, IIOJIa3W OJI CBOje€ OCHOBHE jeIWHHIE, a TO je
peanu cnuB. OHO mTO OH jomr o0e3belyje je m ckyn mHTepakuuja Mel)y cBuMm daxTopuma
KOju Ie(UHAITY HETOBY BOTHOCT, TP YeMy Cy OHe miu Beh moOpo mo3HaTe Wim ce MOry
eMHI/IpI/IjCKI/I JJakO TOpWIaroguTd CJIMYHUM YCJIOBHMa Yy XHUJAPOJOUWIKM MNPOYyUYCHUM
CIIMBOBUMa. Y TOM CMHCITy U OBaj TIOTPaHUYHH [TPOCTOP C€ HE MOXKE Pa3yMeTH KpO3 IPHKa3
YCIIOBa OTHIIaha WK XUAPO MOTEHIHjala oJpeljeHe 30He y3 TpaHuUIly, Ma KOJHKa OHa Oua,
HHUTH y3€TH y 003Up caMo CJIMBOBE KOjH C€ HEMOCPEIHO OcCliamajy Ha my. To mMopa Outn
MPOCTOP MHTETPAJHOT yTHIaja CBUX DPENEBAaHTHHX (pakTopa KOju ce Ty CTHYy U Jajy My
XHUJIPOJIOIIKY 0COOEHOCT.

Bonna cBojcTBa oBor mpoctopa he OutH HajOOJBE NMpHKa3aHa aHAIM30M CTamba y
cmuBoBuMa Bemmkor Tumoka, Humase, Brnacune u Jlparosumrume. Hajeehn meo oBux
cimBoBa npunana Kapraro — Oankanuanma, u To TuMok normyHo, Humasa 6e3 ropmer
nena cimuBa Jepme, a Bnacuna mpeko cBoje Hajsehe mpurtoke Jlyxuurne. Kpajwu jyxxau geo
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MOTpaHWYHE 30HE IMpHIaJa KpUCTAIacTOM MacuBy Bacuue, a mera apenupajy Jepma u
[parosuiruua.

Jla 6u ce cTekiie OCHOBHE IPEACTaBE O XHUAPOJIOMIKIM OCOOCHOCTHMa MOpajy ce
no3HaBaTH (GakTopH HopMHUpama U OTHULAA BOJA, Ka0 U FbUXOB BOJHH PEKUM M OUIIaHC.

Ilaoaeune u memnepamypa eazoyxa

lopgumma cyma majgaBuHa y MOTPAaHUYHOM I0jacy Bapupa y pacmony on 600 mo
1500 mm. HajcymHuje cy KOTJIHMHCKE OOJIACTH M TO FHbUXOBH HAjHIKU JENOBH. Tako y
ciuBy Benmukor TrMoka yntaBa TepuTopuja ucro usoxumce o1 350 m H.B. IpUMa Mame 01
700 mm nangaBuHa, a To je HajBehu neo cnmBa. Y OKBUpY e HajCyIIHHja je allyBHjasiHa
paBan Benukor Tumoka, oko 600 mm, kao u nHo nonune bemor Tumoka, 620 mm. Mctu
W3HOC TaJiaBHWHA je 3acTyIUbeH y monuan Humrase, ox Jumurposrpaga no bene Ilamanke,
Kao M y HajHIDKeM aeny ciuBa [parosumrune (OKuskosuh H., 1996). 3anmamau, miaHnHCKH
0001 MpoyyaBaHUX CIMBOBA IpuMa Buie nagasuHa. OHe ce kpehy ox 950 xo 1000 mm Ha
HajBuiuM BpxoBuma Jlenu Josana, Kyuaja, TynumkH#MIle U BIAaCHHCKOT MacuBa (HaKo je OH
3HATHO BHUIIN), 1a 0 1150 mm Ha HajBuimM aenoBuMa Pria n Cyse mianune. Cpeninmu
u HajBuIny Jeo Crape IJIaHUHE KOju MpHIiaia ciuBoBuMa Tprosumkor Tumoka u Temcke je
U HajBIQXHUJH J€0 MOTrpaHnWyYHe 30HE. [IpopauyHHMa je yCTaHOBJBEHO Ja camo OWjo ca
BpxoBuMa Munop n Konpen nmpuma oxo 1500 mm nanaBuna romumise (JKuskosuh H.,
Anbenkosuh I'., 2004), maga uma W mpoleHa Ja je TO 3HaTHO Mame, oko 1200 mm
(MunoBanosuh b., 2010). ¥V mimyBHOMETPHjCKOM pEXUMY IOCTOj€ JIBA MakCHMyMa U JBa
MHHMMYMa I3/IaBHHA: TIPBH MakCHMyM ce II0jaBJbyje KpajeM mposiecha ¥ MO4YeTKOM JieTa
(Maj-jyH), a apyru kpajeM jecenu (HoBemOap). [IpBM MUHHMMYM mNajaBHHA j€ MOYETKOM
jecenn (cemrrembap), a APyTH Kpajem 3uMe u modetkoM mpoicha (pedpyap-mapr). CHexHE
MaJlaBHE Ce M3Iydyjy y HpeAenrMa ca MambHM HaJMOPCKHM BHCHHAaMa O HOBEMOpa 110
MIOJIOBMHE MapTa, a Ha IUITaHWHaMa O]l OKToOpa 1o mojoBuHe anpwia. Cpeama MaKCHMaTHa
BHCHHA CHEXHOT TTOKpuBada u3Hocu y Tumoukoj Kpajuan 20-30 cm, Ha Kyuajy 70-110 cm,
a Ha Crapoj maanau noctmwke 110-150 cm (Jdyxuh [., 1975).

[Ipema m3orepmuoj kaptu Uctoure Cpduje (PKuskosuh H., Cmussanuh C., 2005a),
HajBHIIE CPEAHETOMIIBE TEMIIEPATYpe Ba3lyXa y NOrPaHUYHO] 30HU BJIaJaj)y y HEHOM
HajceBepHHjeM neny koju npunaja Herorunckoj Kpajunu. Ty cy one Heriro mano mpeko 11
°C, NOK Yy HajHIXHMM JIOJMHCKHM JenoBuMa ciimBa Tumoka (3ajedapcka, LlpHopeuka u
KmaxeBauka xotnuHa) uzHoce oa 10 mo 10,5 °C. Honuncke ctpane Bemukor u LpHor
Tumoka usmely msoxuncu ox 200 u 380 m H.B. mMajy Temmeparype ox 9 no 10 °C, y
nomuau bermor Tumoka je To 30Ha ox 300 mo 470 m H.B., y MHPOTCKOj KOTIAMHU 011 460 10
630 m H.B. 1 okonuHU JlumuTpoBrpaga y 3004 ox 380 1o 600 m H.B. M3oTepme og 8 u 9 °C
cy y cnuBy Tumoka ceBepHo o1 Kmaxesua orpannyere uzoxuncama og 400 u 550 m H.B., a
jy’)kHO on ®mera je To mojac ox 460 mo 660 m H.B. (Hajehm neo Tpecmbabe u 3armaBka).
Hajsumm xwuricomerpujcku mnojac Kydaja, Prma, [leBume m CBpspbHIIKMX IDIAHWHA HMa
rogummke TeMnepatype m3melhy 4 u 5 °C, oK Cy OHE HajHIDKE TeMIepaType 3acTyIUbeHe Ha
BpxoBuMa Cyge mianuHe (2-3 °C), Bapaenuka (2 °C) u Crape mranune (0-1 °C).

OBe TepMHUKe pa3uKe y MEPHIM]aHCKOM IIPaBIy Cy BPJIO BaXKHE 3a PEKUM peKa
U y KOMOWHAIMjH ca MajoBHMa, 3€MJBHINTEM M JINTOJOIIKHM CAacTaBOM HajBaXHUJU Cy
(axTop McnapaBama.

Boonu pescum pexa

[TpomeHe BOIHOCTH MpOydYaBaHUX CIIMBOBA TOKOM TOJMHE McKa3ahe ce Ha BUILE
npoduiia Koju oJpaxkaBajy pasnuuuTe ycioe (Gopmupama Boja. Kopumrhernu Bomomepu
HEMajy HCTH IIEpPHOJI OCMaTpama BOJOCTaja, ITO oHeMoryhaBa OMJIO KakBy KOMIIapamujy
pe3ynraTta Mel)y BbUXOBHM IoJanuMa. 3aTo je Taj MepHoJl CBEIEH Ha 3ajeAHUYKH, M TO OHaj
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TPHUIECETOTONUIIN KOjH je mpenopyka CBeTcke MeTeopoomke opranuzamnmje, 1961-1990.
roauHa. Kao ocHoBa 3a mpukas nociyxuhe HajBaKHHUjH €JIEMEHT BOJHOT PeKUMa peka, a To
j€ TIPOTHIIa;.

Ta6ena 1. Cpeasmn MecedHu npotunaju na Humasu, Baacunn u JIparopumrunn (m’s™), kao u Moxyn
MeceuyHux otuuaja (Q/Qy)

Ciuka 2. OpHoc xuaporpama Ha kopuithennm npoguianMa uckasaH MOIyIMMa MeCeYHHX OTHLAja

IMpema nomanumMa n3 tabene 1 u ca ciauke 2 ce yodaBa Jia CBE peKe OBOT Jielia
MOTPAaHUYHOT IPOCTOpa MMajy N0 jelaH M3pasHUTH MaKCUMyM M jeJaH MUHHMYM TOKOM
TOAMIIBET OTHIama. [IoBOAYN ce cByna jaBibajy KpajeM 3MMe M modeTkoM mposicha u y
BE3U Cy ca IOYETKOM oTamama cHera. Ocrainu Jieo XuaporpaMa, oj jyHa ma 1o ¢ebpyapa
TOTOBO Ja W HEMa HHMKaKBE pa3lIMKe, OCHM Yy KBaHTHTaTHBHOM wusHocy. Ilepmon
MaKCHMAaJTHUX BOJIa CE MOJKE TOJCIHTH Yy ABe rpyme. IIpBoj npumanajy oHe pexe y KojuMa je
JOMUHAHTaH MapT, a To ¢y Humasa no Aumutposrpana, Jepma, I'abepcka u Jlyxxunma. 3a
BHUX CC MOXC KOHCTATOBATU Ja HHUCY PEKE BHUCOKOIUIAHWHCKHUX CIIMBOBA M CBE I/IMajy
cpenmy HaaMmopcky BucuHy ucnof 1000 m H.B.(Humasa J[. 881 m u.B., Jepma C. 936 m
H.B., Jlyx)kauna 705 m u.B.) (Onokossuh M., 1987). Ocum Tora, 3a mpBe TpH je BaKaH U
yrunaj Meautepana, koju noiauHoM CTpyMe JIOHOCH HEINTO BHIIE TEMIIEpaType Ba3lyxa
jour y ¢ebpyapy, a BMXOBU HajBehu JI€NOBH CIMBOBA Cy YIPaBO Pa3BHjEHU HA TEPUTOPHjH
Byrapcke. [Ipyroj rpynu npunanajy Temcka, Humaa (bena [lananka), Binacuna (Csole) u
Hparosumtina. Ocum Humase cBu ocTanu ciauBoBH Cy u3pasurto iannHcku (Hg Temcke
je 1065 m u.B., [paroBumruiie 1252 m H.B.), Tako na ce Ty oceha M3BECHO KallkBEHE Y
oTanamy CHera, I1a je HUBaJIHa KOMIIOHEHTa roMepena Ha anpwi. Kog Humase Ha npodury
Bena Ilamanka ce memajy yrunaju Temcke ca Crape IutaHuHe W y3BOJHOT aeia Hwumase
3ajeqHo ca Jepmom. OOa Ta yTHIaja Cy 1O KOJMYMHH BOJE ¥ TOKY mpoieha cinuna, anmu je
aIpWII HEIITO BOAHU)U Y IPBOM CIIMBY, TaKO Ja 30MPHO 0Baj Mecel] MMa Maily MPEeTHOCT Hal
MapToM.

VY omHOCY Ha POCEYHH TOIUIIEBY MTPOTUIA], MAKCUMAIHH MECEUHH TMPOTHLAJH CY
kox BehuHe peka BOJHU]jU OKO 2 IyTa, JIOK je TO KOJ M3Pa3UTO IUIAHMHCKUX CIIMBOBA HEIITO
Buie. Tako je anpwi Boguuju y [paroBumruim 2,2 nyra, a y Temckoj 2,4 myra. OBa
MOCIIEAlba peKa HapouuTO, ald Ce TO OJHOCH M HAa CBE OCTalle, UMa NPHJIMYHO BEJIMKE
mehymeceune nmpomene mporunaja (u 1o 50% y oIHOCY Ha MPETXOAHU Mecel), ITO ce Ha
XHJpOrpaMHUMa 3aIaxa MPeKo H3paKeHNX CTPMHUHA.

Hdpyru neo xuaporpama, WCIOJ JIMHHjE€ CPEIbHX BOAA, MOKasyje BPIJIO CIMYHE
0ocoOWHE KOl CBUX CIMBOBA. ABTYCT U cenTeMOap Cy CByZa IMOMjeIHAKO MAIOBOIHH, a TO
mzHocu ox 30 no 40 % cpenmeronuImkuX Boaa, OCUM Kox TeMcke rie mpoThIiaj omaga Ha
20 % wuctux. MHTEpecaHTaH je W MOAaTaKk Ja Ce CyIIHHW NEepHOoA Ha BiacmHM M HEHOj
npuroly JIyKHUIM Poay’kaBa y HCTOM H3HOCY M Ha OKTOOap.

Ta6ena 2. Cpeasmu MecedHH POTHUAjH Y cauBY Bemukor Tumoka (m’s™), K20 1 MOyJIM MeCeUHHX OTHIAja

(Q/Qy)

Cuauka 3. Opnoc xuaporpama Ha kopuithennm npoguianMa uckasaH MOIyIMMa MeCeYHHX 0THLAja

Pacnioziena Bojia TOKOM rojiuHe y ciuBy THMOKa je BpJIO CIIMYHA PACIONENU Y
JY)KHHJUM TIOTPAaHUYHUM CJIMBOBUMA. I OBae ce BelMKe BOJE jaBJbajy HAaKOH OTaamba
CHera, mojpkaHe mposiechHMM KuIllama, JOK ce cyirHd nepuoj oceha Beh ox jyma. 3a
BU3YCIHH MpUKa3, Ha Xuaporpamy, uzabpane cy 4 peke. 300r MPErieaHOCTH CYy
n3octaBjbeHu CBpJbHIIKH THMOK 4Ydja je pacmojienia BOAa BpPJO CIMYHA pexuMmy benor
THUMOKa, OCHM IITO Cy ampUIICKe BOJE HELITO HUKE Y OJHOCY Ha CPEIHETrO/IMIILE, U LITO
cy janyapcke Behie 0/ CpeIleroMImBb1X, a TO je jeIMHCTBEH CIy4aj Y yhuTaBoM ciuBy. Ha
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rpa¢pukony Hema Bemmkor Tumoka m CHKOJICKE peKe YHjH Cy OTHIAjU CIUYHH OTHUIAjy
Hpror TuMoka (ca HEIITO HIKHUM alpUICKUM BOJIaMa).

[Topehemem ca mpeTxogHUM CIMBOBHMA HajIpe ce yodaBajy Behe aMIuuTyzae
MECEUHHX INPOTHIaja Y CUBY THMOKa, M TO IOCEOHO KOA Mecela ca BeIMKUM M MaJuM
Bogama. Tako Lpuu Tumok, Bennku Tumok u Cukoincka peka npemantryjy moayi (Q/Qy) ox
2,5 (Cukoscka 2,82), 10K KOJ MOCIICIKHE, aBTyCTOBCKE U cenTeMOapCcKe BOJC M3HOCE CaMo
10 % ox cpenmweroanimbux Boja. Ha cBuM mpoduniMa, ocuM Ha 3JI0TCKOj, MakcUMalHe
BOJIE C€ jaBJbajy y MapTy. MehyTum, Taj MapTOBCKH IMUK HHUje CBYJA TaKo M3pa3uT. To ce
Moxe pehm 3a benm Tumok y 3ajedapy, Benuku Tumok n CHKOJICKY peKy riae ce OH
3HA4ajHO pa3iMKyje O]l OTHIIdja CyCeAHUX MecelH, a moceOHo ko CeibuIIKOr THMOKa T/e
cy anpmicke Boge 30 % mame ox MapToBckux. CBe OBO je MOCIEIHIA HIKUX TepeHa H
HEIITO paHWjer oTamama cHera. Kom ocrammx mpoduia, ca 3HAYAajHHjUM yderrhem
ampuWICKUX Boaa Tpebano OM y3eTd y 003up Kako pesbed M (GU3NOHOMH]Y CIIHBA, TAaKO U
BErOB JINTOJIOIIKM cacTtaB. HamMme, HeTunuuHu xujaporpam TproBumkor Tumoka
mocienuma je Bume ¢aktopa. [ TaBHE MakCHMyM ce jaBjba y MapTy, KaJ U KOJ CYCEeIHOT
Capsbuiikor TUMoOKa, 300T BUIIMX TEMIIEPATypa U OTOIUbaBakha CHEra y HWKUM JIeJIOBUMA
CJIMBa, HAPOYMTO Ca HHETrOBE JIEBE JIOJMHCKE CTpaHe. AJIM, HEroBa M3pa3uTa acUMeTpHja y
KOpHUCT JiecHEe cTpaHe Kkoja je neo Crape IUTaHMHE, MOTEHIMpPA Kallbermhe, OJHOCHO
NPOJyXKEHhe HUBAIIHE KOMIIOHEHTE M Ha amnpui. MelyTum, To Tpajame BEIMKHX BOja MMa
JOII jemHy MUMCH3H]y Koja ce orjiefia y ToMe Ja oTamame cHera ca Crape IUIaHMHE HUje
Haruo, kao kon Temcke, Beh mocreneHo, 300r 3anmajgHe €KCIO3MIMjE CIMBA, YUME CE BPX
XHJporpama Ipoay’kaBa M Ha Maj, TOTOBO Y HCTOM M3HOCY Kao M Yy MapTy M anpuiy. 3arto,
MaKo je OBaj CJIMB IIO3HAT IO OyjHYapCKUM OCOOMHAaMa, HETrOBH IPOCEYHH MECEYHH
MIPOTHIIAjM HEMajy BEJIMKE aMIUIUTYJIE M BEJIHMKE BOJie ce Mory ouekusary Beh o ¢ebpyapa
ma 1o maja. Lpan Tumok y 3ajedapy uma Hariu mopact Bojaa u3 gpedpyapa y MapT, Kaja je u
MaKCHUMYM, aJli C€ BHCOKE BOJIC Y TOTOBO HCTOM M3HOCY 3a]pKaBajy W y amnpmiy. Pasior je
HajIIpe Taj IITO Ce OTUIIAEhe BOJIE OJ1 CHETa jaBJjba y APYroj IIOJIOBHHU MapTa 300T IpOCTpaHe
u Hucke LlpHOpeuke KOTIMHE Ilie ce TONH, a HeIITO KaCHUje NPUTHYe U ca BUCOKHUX Kyuaja
u Prma. Ocum TOra, OBAEC M Kpamku pesbed MMa BakHYy YIIOTY jep je 3a MpexpamHBambe
UCIIPAXI-CHE M3JaHU NOTPEOHO M3BECHO BpeMe, a IIOCTEIIEHO M3/1aBambe BOAA MPEKO Bpesa
NpoJy’aBa BeJMKE BOJIE M Ha ampui. To ce jacHuje youaBa KoJ 3JIOTCKE peKe, IMpaBor
KPAIIKOT CJINBA, Y KOME j€ anpui JOMHUHAHTHHUjU OJ MapTa.

Kao mTo je HarmoMeHyTO, Iepro/] Majiix Boja II0YMIbe paHuje Hero Ha HurmaBu
wimn Brnacuan. Kon oBHX mocnenmHx jyHCKe BOJIE Cy CByAa Behie HEro cpelmherofulbe,
JIOK ce y cnuBy TuMoka To jaBiba camo Ha Tprosumkom THMOKyY, a cBe ocTane Cy HCIOA
npoceka (Ha Cukonckoj 71 %). Beh y jyiy ce Moske ca BennkoMm BepoBaTHONOM OYEKHBATH
Jla CByJla y CIIMBY NPOTHLAjH onajaHy 3a Buire ox 50 % y omHocy Ha cpelme Boae. Takas
TPEHJI ce 3aJpXKaBa CBE 10 HOBeMOpa, IpU YeMy HajCyIIHHjU aBryCT M cenremMOap HUT/E He
npematyjy 30 % cpenmeroquIBuX BOAA.

Cge Hampen u3HeTo ymyhyje Ha TO 1a ce BOIHHU PEKAMH peKa OBE IMOTPAHUIHE
30He (OpMHpajy TOJ YTHIAjeM KHIIEe W CHera, MPH YeMy j€ KHIIHU MEePHUOJl MHOTO IYXKH,
aNy je 3a BeJIMKE BOJIC BaKHHja CHEXKHHMIIA, KOja Ce CBaKe TOJIMHE 10jaBJbyje Y Marbe-BHIIE
UcTO BpeMe U 00e30elyje cTaOMIHOCT BOJHOM pexumy. Pasnuke koje ce yodaBajy y
aMIUIUTyJaMa U BpeMeHy 110jaBJbUBaba eKCTPEMHHX BOJa, OCIeula ¢y BUIe (akTopa, a
CBaKM OJI HUX CXOJHO CBOM YTHLAjy BpIIM M3BECHY MOIU(DHKALM]Y jEJHOCTABHOT
XHJpOrpama, ca jeJJHAM BJIaXXHUM U JeJHUM CyIIHHM IepuonoM. CBakako Jia Cy majaBuHe
(y oba obOmuka) HajBaKHUjU (PAKTOP BOJHOT PEXKMMA, ajld Cy 3a M3BECHA OJCTYMama O]
CJIMBA JI0 CIIMBA 3aCIIy>KHHUjU pesbed ca cBOjoM BUCHHOM, TI0JIOKA] CIHMBA (y MEPUIHjaHCKOM
MpaBlly, YTHIIA] TEMIIEpaType), (beroBa eKCI03UIrja 1 JINTOJIONIKH CacTaB.

CBe OBe MeceuHe BPEIHOCTH Cy J0OHMjeHe Kao mpocek mepuoma 1961-1990.
roguHa. OHO INTO ce W3a THX IIoJaTaka He BHIHM je FHXOBAa YYECTAHOCT, OJHOCHO
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nHpOpManHrja 0 Moy3mgaHocTH na he Te BpemHocTH OuTm Oam Tonwmke. JemaH on moOpux
MoKasaTeJba OBE MOjaBe je Koe(HIIUjeHT Bapujaluje.

Tabesa 3. KoepuuujeHTu Bapujanuja MeceyHUX NPOTHLAja HA H3a0PaHUM NPOGHINMA Yy TOTPAHHYHO]
3onm (Cv)

Canka 4. Koepuuujentn Bapujanuja MecedHuX NpoTuiaja

Kao pematmBHa wMepa nucmep3uje KoehHUIMjEHTH BapHjalldje yKa3yjy Ha
IPOCEYHO OJCTYIAmE CBAKOT IIOJATKa Y HU3Y O] HEroBOI MpoceKa. Y Cly4ajy MeCeYHUX
MPOTHIIaja MOKa3yje ce Ja Cy Te BPeIHOCTH TOKOM Beher jeia roauHe Mame of 1, a jeanHe
peKe KoJ KOjUX OJICTyIama yoIIlITe He Mpela3e MPOCeyHy MEeceuHy BpeIHOCT ¢y Biacuna u
Jepma. To jorr yBek He 3HAa4YM J1a Cy OTHIIAjH OBHX peKa TOKOM roauHe ctabuiHu, Beh camo
Jla y CKyIly IOCMaTpaHHX CIIMBOBA BbUXOBH OTHUIIAjU HajMame Bapupajy. [1o mpasuiy, mTo je
peka BOJHHWja TO Cy W Bapujanuje mpotuiiaja mame. OHO Hamta Om Tpebano obOpaTuTH
naxmy Ha ciuiy 4 cy nuHuja CHKOJICKE peke, Kao M BPEIHOCTH Mecela oKToOpa. 3a
CuKOJICKY peKy, Kao HajCHpOMAIHHjy BOJOM, NOTBplyje ce mpaBwiIo Ja Cy y TakBHUM
CIIMBOBHMMa aMILTUTYJIe MPOTHILAja BPJIO BEJIUKE U J1a Cy HajHe3axBalHHje 3a npoueHy. OBue
Cy Koe(HUMjeHTH MOCeOHO BUCOKH y mposiehe W neto, kaga Heka KHIIa IPOIy’KEHOT
Tpajara WIM BEJINKOT MHTEH3WTETa MOXKE 3HAUajHO Ja MOpPEMETH yCTaJbeHO oThmame. Ha
mpuMep, jyICKN KoepHuujeHT Bapujanuje ox 1,84 je mocienuma caMo J1Ba 1MojaTKa y HUA3Y
ox 30. To cy nporumaju y jyny 1970. u 1986. romume (1,75 u 1,88 m’s™), npu semy cy
npocedHH jysicku mpotunajn oko 150 Is'. Opakpa mojaa ce MHOro Gojbe youaBa Ha
npumepy okTooOpa. Jla Huje Onio M3y3eTHUX Kulia y centeMOpy u oktodpy 1972. roaune,
300r KOjUX je roToBO Ha cBUM pekama y CpOHju NpOTHIA] BHIIECTPYKO HAJMAIINBAO
MPOCEYHE BPEAHOCTH, HM OBH HArIM NMUKOBH Ha rpad)MkoHy He Ou mocrtojanu. Tana je Ha
CHKOJICKOj OKTOGAPCKH MPOTHIA] H3HOCHO 3,95 m’s” y oaHocy Ha mpocedan ox 0,16 m’s™,
mTo je oko 25 myrta Bumie. 11 He caMo Ha Tako MaJjloj pely, OKToOapcka aHOMajHja ce
npumehyje u kox octaimux MHoro Behux peka. Ta jezHa BpesHOCT je OBela JI0 TOTa Jia OBaj
koepunujeHT Oyzne u Ha Tumoky, wim Humasu npeko 1,5, ogrocHo 2 (amp. B. Tumox nma
oKTOGapckH mpoTHiaj oko 4,7 m’s’, Ge3 1972. roamue, a Te romuue je 6mo 121 m’s’,
roroBo 26 myra Bumie!). 3akpydak je Oa KOeQHUIMjEHTH BapHjalyja jecy OJUINYaH
MOKa3aTesb MPOMEHa y HEKOM HHU3y IloJlaTaka, ajM Ja HMX YBEK Tpeba NpuXBaTtaTd y3
aHaJIN3y KOHKPETHUX BPEIHOCTH, HAPOUHUTO AKO CE PaJH O YOUCHUM TOPHHM EKCTpEeMHMA.
VYommire, okT00ap U jecte Mecell ca Bulle Behux ocCIWIalifja MPOTUIaja HA CBUM peKaMa
HAIlleT Mo1He0Jba, 8 O/ OCTAJIUX MECEId TO MOTY OUTH FOTOBO CBH, OCUM OHHX Ha KOjHUMa Ce
ouekyjy mposnehHe Bemuke Boae. TH Mecelld HMMajy HajMama OJCTYIama, Koja Cy Mo
MpaBWIy Mama o 1, a y mpoydaBaHoOM mpocTtopy je To pacton ox 0,4 no 0,7. Tlopehema
panu, KoeHUIMjeHTH Bapyjanyja Ha BEJIMKUM pekama, oyt Case u JlyHaBa, TOKOM YHTaBe
roguHe He mpernaze 70% of CpeamuX MECEYHUX BPETHOCTH, a y CTAOWIHOM MEPUONY, Y
nponehe u nero, Ha Casu je 1o oko 35%, a Ha lyHaBy 26%.

Boonu ounanc nozpanuunoz npocmopa

Kopuctehim  cBe  pacrmonoxuBe — IMOJATKE M pe3yiraTe  Mepema
XUIPOMETEOPOIIONMIKAX CTAHWIA IIPOYIaBaHUX CIHMBOBA, MpHKa3ahe ce oIHOC HajBaXKHUjHX
eJIeMeHaTa BOJHOT OMIaHca.

TaGena 4 — OcHOBHH eJIeMeHTH BOJHOT OHJIAHCA Y CIHBOBHMA MOTPAHHYHE 30HE

Hanowmena: F — noppmuna camBa (km?), Xo — npocedne roannmmse nagasune (mm), Yo — BACHHA 0THIAja
(mm), Zo — Bucuna ucnapasama (mm), Q — nporunaj (m’s™), q — cnenuduunn orunaj (Is'km?), C —
KoeHuMjeHT oTHLIAja
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OHO wmTO je 3a BOJHM OWJIAaHC HAjBOXKHH]jE, KA0 U KOJ| BOJAHUX DPEXKUMA, jecy
KOJIMYMHA TaJaBUHA, HHXO0BA PACIHOAEIa TOKOM TOJUHE, TEPMHUUKE OCOOMHE Baslyxa H
kapakrtep pesbeda. Y3umajyhu y o03up oBe, u cBe apyre dakrope GopMuparma U OTHIAbA
BOJIa, MOXXE C€ KOHCTATOBaTH Ja Y OBOM IOTPaHUYHOM IIPOCTOPY IOCTOj€ H3paKeHE
KOHTPacTd Koje YTHYy Ha TO Aa ojgHoc Mel)y ememenTmMa Ounanca Oyne H3pa3uTO
HeyjenHayeH. Mako MepHHMM mpoduianMa HUCY oOyxBaheHHM CBHM CIMBOBH KOjH jacHO
yKa3yjy Ha To, n3 Tabene 4 ce MOKE M3BECTH 3aKJbydaK Ja IOCTOje OONacTH u3paszuTe
BOJHOCTH, aJlM ¥ OHE Ca BPJIO MMM OTHIAjUMa. Y TpBe clajiajy HeHTpaiHu nenosu Crape
IUIAaHWHE, HAjBUIIA 30HA BJIACHMHCKOI MacuUBa M HMCTOYHM 00ox Kydajckux muaHuHa.
CrnenuduyHyM OTHMIAjH peka OBMX oONacTH uMajy BpemHoctH mpeko 10 Is'km™, a
koedpunmjente orumaja npeko 0,4. Kao mpuMep HeyjeqHadeHEe BOJHOCTH MOXKE MOCTYKUTH
Crapa uranuna. [To H. XXuskoBuhy (1998), pacnion cnennpudnux oTHaja Ha 10j je ox 4,6
1o 26,1 1s'’km?, wro onroeapa koeduumjenruma otunaja on 0,19 u 0,85. Munumanue
BpEIHOCTH ce ogHoce Ha HemocpenHu ciuB bemor Tumoxa (HajceBepuuju meo Crape
TUIAaHWHE), a MaKCUMaJiHe Ha ciuB Tortonosicke peke (ecHe cactaBHulle Temcke). IIpema
NpopauyyHUMa, CIMB KOjU JApeHupa HajBuiie BpxoBe Crape miaHuHe, JaBopcka peka, y
CBOjUM M3BOPHILIHEM JENOBHMA HMa crieruduunn otuuaj oko 30 Is'km™. Tako BHCOKHM
BpPEIHOCTUMA C€ OJJIMKYjY M HajBHILIM JEJIOBU ciavBoBa JlojKMHAYKe peke (JIeCHE IPHUTOKE
Bucounre), xkao n LlpHoBpiuke pexe (u3Bopumure Tprosumkor TuMoxa). 3a pasziauKy o
CPeIMIIBHUX JIeJoBa IUIAaHWHE, BeHH HcTo4yHM JenoBu (bepkoBcka rumanmna y Cpbujn),
NIprUMajy Mame IafaBuHa, TeMIIepaType Cy HEIITO BHWIIE, a THME Cy M OTHIAjH yMarbeHH.
Tako Kamenuuka peka, ca oko 860 mm mnagaBuHa U CpeAHOM HAJIMOPCKOM BHUCHHOM OJ
1277 m, uma cremuduany otuuaj ox 13,5 Is'km™ (mo mpopauyny), mto uman 50 % ox
nagasuHa (JKuskoBuh H., 1995). Ha taj kpajmu uctounn neo ciausa Hummase koju npumnana
Cpbuju (ocum Bucoumme), 3atum meHe mnputoke Jepme, omHocHo Kpajumre (cimB
HparoBumtuiie), yka3uBaHO j€ BHIIE IIyTa Kao Ha MPOCTOp MOCEOHWX MaJaBUHCKHUX,
TEPMHUYKHUX M JIMTOJIOIIKUX YCIIOBA, KOJH CE€ Y XHPOJIOIIKOM CMHCITY 3HA4ajHO Pa3lIuKyje o1
Hemto 3amaauujux ciauBoBa (JKuekosuh H., 2005, Xuekosuh H., Cmusanuh C., 2005,
Jyuuh B., Pagosanosuh M,. Munosanosuh b., 2005). Yocrasiom, u neo ciuBa Hurase
KOju mpunana byrapckoj Kpo3 MoJen BHIIECTPYKE JIMHEApHE perpecHje, rlie Cy He3aBHCHE
MIPOMEHJbHBE TaJaBUHE, KPEUmhaukh KOMIUIEKC M CEJIMMEHTHE CTEHE, MOKazyje CIMYHE
BpeIHOCTH: Herocpeanu cius HumraBe nma xoepunmjent orunaja 0,28, Jepma 0,33, a camo
Bucounmna onckaue ca 0,65 (Kuskoruh H., 1994). Moxe ce KOHCTaTOBAaTH J1a OCHM CIIHBA
Temcke y cnmuBy HuiaBe ncnapaBame ca Ti1a 3Ha4ajHO IpeMalllyje OTUIAkE, U TO je pasiior
IITO Cy MHOTE BeHe NpUToKe cymmie. Mcro Tako, HepocTaTak majaBuHa U TOPEN BEIHKE
HaJMOpPCKe BUCHHE KOjy MMajy cyocianBoBu Jparopumruie y CpOuju, ZJONPUHOCH HIXOBO]
Manoj BogHocTu: bpankosauka 1238 m u.B., 761 mm, 8.5 ls'lkm'z, Jbyb6arcka 1314 m u.B.,
777 mm, 10,9 1s'km™, Boxuuka 1344 m u.8., 877 mm, 7,2 ls'lkm'z) (>Kuskosuh H., 2007).

3a pexy Tumok ce cao6oaH0 Moxke pehin na je oaprkapajy kparika Bpena. CiuB
KOJU j€ 4YHWTaBOM 3alajIHOM CTPAaHOM OKPYXXEH KpeulhadKMM IUIaHMHAMa, U I0pej
HEBEJIMKHUX IaJaBHHa M 3HA4YajHOT WCIIapaBama y KOTIMHCKHM obOjacTuMa, Ha ymhy uma
cnenuduurn otuiaj ox 6,75 1s'km™, crBopennx ox 30% yKynmHEX majaBuHA. 3aTO CY M
pasiiuKe yHyTap CIMBa H3pa3WTe, MOYeB O MHOTMX MamMX npuroka Bemmkor u benor
Tumoka Koje cBake ToIWHE Hpecymryjy, no TakBuxX Ha Kydwajy mmm Ctapoj mimaHWHH Koje
nMajy ortumaje on mpeko 0,6 u 0,7. Kako momaeOspe 3HA OMTH CypoOBO IpeMa pekama
MoKasyje W mpumep AecHUX nputoka bemor Tumoka, makap oHe nonasmie u ca Crape
IUTaHUHE (FEH CeBepHH, HUCKHU 1eo0). [IpuToka je ykymHo 21, on kojux je camo 10 cranHux,
4 cy mepuoaudyHa BOAOTOKA, a 7 IOHUpPE W Mpe ymha y pEeYHHM HaHOCHMA WIIH
3amouBaperoM Ty (I"'aBpumnosuh Jb., 2005). Cniuuna je cuTyanuja y YUTaBOM CIIHBY, alld TO
He uy/u 300T unmbeHuIe a Hajehu neo mpuma Mame magasuHa ox 700 mm, u TO je mocie
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Humko- anmexkcmHauke KOoTiamHE W ceBepHOr Ilomopasipa Hajeha moppmmHa y CpOuju
orpanndeHa m3oxujeroM of 700 mm. CnenuuyHM OTHIAjH TOT MPOCTOpa MpeMa KapTH
ornmaja (Manojnosuh I1., JKuskosuh H., 1997) Gumu 6u y pacrony ox 2-5 Is'km™, nox je
najsehu 1e0 poyuaBase TepuTOpHje BogHoCTH 01 5-10 Is'km ™.

Xuoponouwike 001uxe y Kpawikum mepeHuma

OHo 1mITO je moceOHa ojMKa TepeHa uctouHe CpOuje Cy Kpalllka Bpelia H PeKe
noHopuuie. Kako je Boga pecypc HeMepJbHBE BPETHOCTH, @ OCKY/JUIA Y H0j CTAIHO MPaTH
Pa3Boj JbYACKOT JPYIITBA, TO Cy M MHOTa Bpelia MPETBOPEHa y M3BOPE BOAOCHAOIEBama
spymu. Heka ox Hajehux Hacespa mcroune CpOuje cHabneBajy ce BogoMm m3 Bpena: Hum,
bena IMananka, [Tupot, Aumurposrpan, Cepseur, Kaxesan, bop. Hu y jenrom nenmy name
3eMJbe, 11a HU Ha balkaHCKOM IOIyOoCTpBY, HEMa KpallKe OOJAaCTH ca TaKBOM YECTHHOM
n3Bopa u Bpena kao mro je Mcrouna Cpbuja. [Ipema HeknMm momarmma oBae uma oko 1360
u3Bopa, Mehy kojuma 86 ca MuHEManHOM m3nauHomhy Behom ox 5 1s™, a mMakcumamHOM
npexo 100 Is”' (ITerposuh J., 1974). Habpojahie ce camo Heka HajCHaKHHja Bpela, ca
NoJiaMa 0 MUHUMAJIHO] M MakcuMaiHoj nzgamuocty. Ciaus Lipror Tumoka: Bpesno LpHor
Tumoxa y Kpusom Bupy (mum. 20 Is”, maxc. 4000 Is™), Pagosancko Bpeno, Ha Kyuajy
(muH. 100 Is”, maxc. mpexo 2500 Is™), Mpssuu, jyroucrounn Kyuaj (cpeama H3aaIHOCT
600 Is™), 3oTcko Bpeno, ucrounu Kyuaj, (vun. 30 Is”, makc. mpeko 2000 Is™), BerbeBuncka
Bpena, uctounn Kyuaj, ykymso 6 Bpena MuHMManHe u3namHoctd oko 100 1s™', Muposcko
Bpeno, ceBeponctouny Pram (Mun. 40 Is™'). CimB Bemukor Tumoxa: KpuBesbcko Bpeio,
jyrosaman Bemukor kpma (muH. 15 Is™), Cypayn, jyxuu Tomn xpur (Mun. 40 1s™). Cous
Bernor Tumoka: JIenoauko Bpeno, Tymmkauna (Mus. 20 Is™). Cime Cepsbumkor Tumoka:
Cumu Bup, cesepua Tpecu6aba (w3mammoct o 700 1s™). Cnue Tproeumkor Tumoka:
Iajemko Bpeno, ucrounn Ilajex (mmn. 30 Is'). Cim Humase: Mompo oko, jyr
Cepsbumkux mianuHa (MuH. 150 1s™), Benonananauxo Bpeno, bena IMananka (Mun. 130 Is”
", Kpymauka Bpena, jyrosamamum Bmmmma (mmm. 300 1s™), Tpammmrascko Bperno,
jyrosamaguu Bummna (Mun. 150 1s™). Cnus Bnacuue: JbyGepaljcka Bpena, jyxun neo Cyse
mmannne (12 Bpena o kojux 5 ca mun. 10 Is™). Ca oBa Bperna, a mocToje jour Ha geceTHHe
ciabuje M3MAIIHOCTH, Cy HNPEIUCIIOHMpaHa BOJOHEIPOIyCHUM MM Cilabuje MpOITyCHHM
TBOpPEBHHAMa W IIOJIOKAjeM pacelHUX CTPYKTypa. JaBibajy ce Ha 000ay KpallKuX MacHhBa
WA YHYTap BUX, a HICTUIY TPaBUTAIIMOHO WK y31a3Ho (CreBanosuh 3., 1991).

Kpamku npenenu ucrodHor aena CpOuje cy Be3aHH IPBEHCTBEHO 3a TUIAHUHCKE
BEHIle, 3apaBmeHa Omma u rpedeHe. Kako cy mmaHwHe pa3OujeHe OpojHHM KOTIMHAMa U
JOJIMHAMa, KpallKh Ipeleld MMajy H3IJe] H30J0BaHUX 0a3a OKPYXEHHX MiahuMm,
jesepckumM ceauMmeHTuMa. [lameo3ojcke cTeHe ce PeTKO I0jaBJbyjy Y KpPeumadKoj MOIMHH,
anu cy 3aTO PENOBHA I0jaBa Ha IUTAHMHCKHM OmnmMa W mop rpebermma. Orommhene
Najie030jCKe CTEHE Ha KpedmhauyKuM IUIaHWHAaMa, YWje je3rpo YHCTHHY YWHE, TJIABHU CY
y3pOK I0jaBe BEJUKOr Opoja jeaHoctaBHHX peka noHopuwumna (I[lerposuh J., boxxosuh B.,
1991).

Tab6esa 5. Behe nonopuuue ciusosa Besmukor Tumoka u Humage (I'aspuiosuh Jb., 2005)

3ajeslHUUKA OJUIMKA MMOHOPHMIA je Masla Jy)KWHAa HHXOBOI' MOA3EMHOI TOKA.
U3zy3zeB bnata y OpnopoBaukoMm mosby on 8,3 km cBu cy 3HaTHO kpahu (MUCIH ce Ha
NpoydYaBaHy HorpaHuaHu rpoctop). Hajuenthe cy nyru 1-3 km. OBa ocobuna nocieauna je
wmTkor kpaca Mcroune CpOuje, 300r dera je kapcrudukauja 3axBaThia IEO CIIOj
Kpeumaka /10 BonoapxkJbuBe ocHoBe (I"aBpuinosuh Jb., 2005).
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Muckycnja

[Ipupoane ommuke nmorpanmgHor npocropa CpOuje mpema byrapckoj cy Beoma
HWHTEpECaHTHE, HeOOWYHE W pa3HOJHKe. Y MOP(HOIONIKO-XHIPOIOIIKOM TOTJIEAY U CBOjOj
XETEepOreHOCTH Cy jeJUHCTBeHe Mel)y HammMm norpaHuyHuM obnactuma. To, Hajupe,
MPOUCTHUYC U3 YNILCHUIIC Aa CY ABa MapKaHTHA IIJIAaHMHCKAa CUCTEMaA, KapHaTO-GaHKaHI/II[I/I u
Cpricko-MaKeIOHCKa Maca HajUCTaKHYTHjU YIpaBo y IMOTpaHU4YHOj 30HH. [IpunamHoct
pPa3IMYUTHM TE€OTEKTOHCKUM jeIUHHIAMa C€ YMHOTOME OJjpakaBa M Ha HHHXOBY
¢usnonomujy. Jlok mpBu MMajy yOpaHy CTPYKTYpy W IIPETEKHO KpallKe OJUIUKE, APYTH
YuHe MeTaMOp(HU KOMIUIEKC, HACTao paceiameM, oOmux ¢opmu u rmieharor wusriena.
TakaB CKJIOI je YCIOBHO M IMOTIIYHO pa3liMyuTa BOAHA cBOjcTBAa. CeBEpHU H€0 (CIUBOBH
Tumoka m Hwumrase), BOAHOCT oOJpKaBajy 3axBasbyjyhnm oOMIBY MOJ3EMHHX BOJA Koje
IpeHnpajy OpojHa Bpena, JOK jyxHU neo (Bmacmua m [lparoBumruiia) mMa rycTy pedHy
MpEXy, alu IUIMTKY W3JaH U neproauyHe TokoBe. Mopdonomxku, Kapnaro-dankanuau cy
PasHOBPCHHjH, a TOME JIONPHHOCE M KOMIIO3UTHE MIOJMHE, >KHBOINMCHHUX KIHCYpa,
IPOCTPAHUX KOTIMHA ca IIMPOKMM alyBHjalHHMM paBHUMa peka. Hacympor muma, Ha
BIIACHHCKOM KOMIIJIEKCY Cy JOJIMHE jeIMHCTBEHE U yOoke Kkincype. Epo3uBau mpornecu cy,
HaxxaxocT, y oBoM ey CpOuje BpJIO MHTEH3HBHH, I Ca MCEJbAaBAKEM CTAHOBHHINTBA,
OTHOCHO HW3yMHUpameM CEOCKHX Hacesba HEeCTajy M JUPEKTHH Y3POYHHIM MOjadyaHor
OoNHOIICHAa Tha. Tako je [emnomyjanuja, jeJaH HeraThBaH MpPOIEC, IOCIEIINO
KOHCOJIMJIAIIM]y TJIa, 3apacTambeM O00paJuBHX MOBpINKHA y mukape u myme (Mycraduh C.,
2007).

XUApPOJIOMKN KYpHO3UTET je INTO Cy IJIaBHE pEeKe TIOorpaHryHe 30HE
OpHjEeHTHCaHE Ka TpH CTpaHe cBeTa, THMOK Ka ceBepy, Humiaa ka 3anany u [IparoBummruna
ka jyry. OcuM Tora, Ty Cy W JBa BelMKa W HeoOMYHA BemrTadka jesepa. ok je 3aBojcko
MO3HATO II0 KaTaCTPO(QUYHOM HACTaHKYy, BIaCHHCKO je Hallle HajBHIIE BEIITAYKO je3epo
(1200 M =.B.) ca mioBehuMm TpeceTHHM ocTpBuMa. OHO HITO jOUI 3aciyXyje IOMEH je
otkpuhe Bume Bojomaaa Ha Crapoj IUIaHWHU, UMIO3aHTHUX IWMEH3Hja, O KOjUX ce 3a
HEKe 3HAJI0 CaMo [0 NPHYH MEIITaHa, a MOCIENBbUX TOJUHA CY ONUCAaHH M OHH KOjH HHCY
6w mo3zHaTtu (Becemnuosuh P, 2013). YV xunponomkom goMeHy je u 3araljeHOCT BoJa, U 'y
TOM cMHUCITy Tpeba nmoMeHyTH bopcky peky, mpuMep Koju HaM He CIIy)KH Ha 4acT, a ca KOjUM
HUKO HHUje Yy CTamy na ce u3bopu. BaxHocT Gopckor pyaHuka Oakpa je TakBa Ia HHCY
xpTBoBaHe camo bopcka, Kpusesbcka u bena peka, Beh n cam Benmku TuMok HU3BOAHO 071
Bpaxorphua. [To cBuM OMOJIOIIKMM MTapamMeTpuMa, TO Cy MPTBE peKe.

JlurepaTtypa

Jluteparypy BUIETH Ha CTpaHH 67.
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