I'NTACHUK CPIICKOI I'EOI'PA®CKOI JPYIITBA
BULLETIN OF THE SERBIAN GEOGRAPHICAL SOCIETY

I'OANHA 2013. CBECKA XCIII- bp. 2
YEAR 2013 TOME XCIII - N° 2
Original Research Article UDC: 911.2:551.49

DOI: 10.2298/GSGD1302041M
ALTITUDINAL ZONATION OF RUNOFF IN THE RASINA RIVER BASIN

PREDRAG MANOJLOVIC' ", MILAN SREJIC!, IVAN DJoKIC!,
SANJA MUSTAFIC!, TANJA DOBROSAVLIEVIC!

! University of Belgrade-Faculty of Geography, Studentski trg 3/3, Belgrade, Serbia

Abstract: The Rasina River Basin is located on the territory of Central Serbia. The aim of this paper is to determine
the amount and spatial distribution of water resources, that is, to establish the participation of altitudinal zones in
the formation of the total runoff in the Rasina River Basin area upstream from the "Celije" reservoir. In terms of
methodology, determination of water volume is based on four separated petrological-hydrological complexes.
Average weighted specific runoff in a given territory is 9 I/s/lkm’. Metamorphites and magmatites are in the first
place per participation in the total water runoff of 42.8 %. The second place belongs to sedimentary rocks that make
39.6 % of the total runoff . Unbound sediments participate in the total runoff value with 10.5 % and limestone with
71%.
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Introduction

Studies of altitudinal water regionalization in Serbia have started to perform almost
at the same time when the needs for altitudinal exploitation of waters in hilly-mountainous
areas have ensued. Hydrological studies of this type are the result of the growing needs of
hydropower exploitation of mountain streams (Ocokolji¢ M., 1987). Taking into account
that even at the beginning of the XXI century we live in a period of worsened energy
situation, the effort is to use every natural resource, including also the smallest
watercourses. Precisely these watercourses today represent rich sources of the first quality
healthy drinking water, so that the spring zones of the surface courses and their importance
for water supply of the population are treated as part of the general national problem
(Milin¢i¢ M., 2009). One of main issues is that they are not universally hidrologically
studied in all parts of Serbia.

On the Rasina River, in 1979, a water reservoir "Celije" was built, which volume
amounts to 60 million cubic meters, and the water is used to irrigate around 200,000 acres of
land and water supply (Gavrilovié Lj., Dukié¢ D., 2002). Celije Lake is one of the reservoirs
which economic exploitation is strongly intensified, and the problems with the lack of water
in the summer period are the most visible. On the other hand, the process of water runoff is
undoubtedly one of the starting factors in intensifying the erosion processes, so it also
appears the problem of reservoir filling with the silt deposit. The aim of this paper is that on
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the Rasina River Basin area, upstream of the "Celije" reservoir, the amount and spatial
distribution of water resources are determined, i.e., to establish the participation of
altitudinal zones in the formation of the total runoff. Considering the fact that in the Water
Resources Master Plan, which was adopted in 2002, the issue of national water management
strategy is clearly defined, the importance of such research can undoubtedly contribute to
the valorization of the domicile water resources.

Geographical location and basic physical-geographical characteristics of the basin

The Rasina River Basin is entirely located in Central Serbia. It covers an area of
around 1,054 km? and is part of a much larger basin of the Zapadna Morava (West Morava)
(14,568 km?). The northernmost point of the basin is presented by the confluence of the
Rasina River and the Zapadna Morava (West Morava), at the altitude of 134 m, (43° 37' 15"
N and 21° 22' 11" E). The southernmost point of the basin is a top Djurina lipa on the south-
western slopes of Jastrebac, at the altitude of 1,011 m (43° 15' 14" N and 21° 05' 49" E). The
westernmost point of the basin is presented by Crni vrh at the altitude of 1,542 m (43° 31"
20" N and 20° 47' 04" E). The easternmost point of the basin is located beside the village of
Crkvine, at the altitude of 260 m (43° 32' 18" N and 21° 28' 59" E). Upstream of the "Celije"
reservoir, the Rasina River Basin covers an area of 611.3 km?. In this sector the highest
altitude is 1,877 m and the minimum height of only 272 m, so that the height difference
between the highest and lowest point is of 1,605 m. The average altitude of the basin is 726
m. The largest catchment area (75 % of the total area), is located in the altitudinal zone of
400-1,000 m. At approximately the same area dominate the slopes of 20-45°.

The analysis of geological maps (BGM 1:100,000) found that the Rasina River
Basin is represented by 15 rock types: sand, Neogene sediment, flysch, limestone, quartz
sandstone, green schist, micashist, amphibolite, gneiss, serpentinite, andesite, granite,
granodiorite, diabase, basalt, and peridotite. Among the most common are flysch rocks,
which occupy 40.7 % of the total catchment area, and they are the most distributed in the
altitudinal belt from 300 m to 900 m. In the group of igneous rocks, the largest extend have
peridotites, with 13.3 % of the total catchment area and are associated mainly with the
upstream, upper parts of the basin at the altitude from 700 m to 1,400 m. Of metamorphic
rocks, the largest extend have green shales at 12.4 %, which are mainly present in the central
part of the basin at the altitude from 500 m to 1,100 m. Unbound sediments by the
distribution are in the third place with 16.5 % of the total catchment area, and presented by
sands and alluvial sediments in the middle and lower part of the river course and also
sediments around the lake itself. Limestones occupy by far the smallest area, only 3.5 % of
the total area.

The average annual weighted amount of precipitation in the Rasina River Basin for
the period 1961-2010 is 744 mm, which is slightly larger than the average value for Serbia
amounting to 739 mm (Bajat et al. 2012). The lowest parts of the basin receive an average of
641 mm of precipitation per year, while in parts of the basin at the altitude of more than
1,800 m, 1,005 mm excrete on the average. The largest amount of precipitation excretes in
late spring and early summer. The rainiest month is May, and then June with the average
precipitation of 74.3 mm and 67.4 mm in the lower areas, and 121 mm and 112 mm in the
highest. May, June and July participate with 33.4 % in the annual amount of precipitation.
The minimum precipitation is associated with the winter months of February and January.
The average perennial amount of precipitation during these months is 35 mm and 41 mm in
the lower parts of the basin, and 57.4 mm and 62.8 mm in its highest part. According to
years of research (Zivkovi¢ N., Andjelkovi¢ G.,2004), the altitudinal gradient of
precipitation amount to 77 mm/100 m of the altitude.
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The river network density in the basin is 1.383 km/km® on the average. There is a
great difference between the left side of the valley where it is 0.949 km/km® and the right
where it is 1.488 km/km® (Dimitrijevi¢ Lj., 2010). Upstream from the reservoir, the
discharge at the Rasina is measured at two hydrological profiles in Brus and near the village
of Ravni. The amplitudes of the average annual maximum and minimum discharge are high.
High ratio between the maximum and minimum discharge of 1:29.1 at Brus, or 1: 19.6 at
Ravni (Dimitrijevi¢ Lj, Radivojevi¢ A., Filipovi¢ 1., 2010) indicates the torrential character
of the river course.

Research methodology

In the world, a large number of studies are devoted to the development of different
models for assessment of runoff. Dawson and Wilby distinguish three groups of methods for
modeling the precipitation-runoff relationship: deterministic (physical), conceptual and
parametric (empirical) models. In this, the greatest application in the modeling of
hydrological processes of runoff have the mathematical methods from the third group,
because they are very practical, simple and demand less data than other methods (Dawson
C.W., Wilby R.L., 2001). Latest studies defining the precipitation-runoff relationship
include application of the artificial intelligent techniques which have great advantages over
the conventional modeling techniques such as ANN, neurofuzzy models, hybrid intelligent
model (Han et al. 2007, Nayak et al., 2005, 2007, Asadi S. et al., 2013) or through non-
linear models such as GARCH (Modarres R., and Ouardaa T.B.M.J., 2013).

Factors that appear in the models for assessment of runoff are different. In addition
to precipitation as the main factor that determines the runoff volume, recent studies engage
the anthropogenic influence on the runoff , primarily viewed through changes in land use
(Wooldridge S., et al. 2001, Schreider et al., 2002, Hundecha Y., Bardossy A., 2004) or
include the percentage of urban areas in the regression model (Stuckey M.H., 2006). The
most commonly implemented physical-geographical factors in the modeling are: slope of
the basin, average altitude of the basin, river network density, forestation, geological
structure of the terrain and air temperature.

In Serbia, various studies have also been carried out in order to determine the
impact of different factors on the runoff assessment, especially in the basins where there are
no direct measurements. Studies in the area of Eastern Serbia (Zivkovi¢ N., 1992) were
based on the use of regression models in which 6 independent factors figure: average annual
precipitation, average altitude of the basin, river network density, forestation, catchment
area and geological structure of the terrain. On 75 smallest basins in Serbia, the regression
models are complemented by the introduction of new factors: average slope of the river
basin and river network density (Zivkovi¢ N., 1995). Later studies (Zivkovié¢ N., 2009) in
formation of the model for the runoff assessment attach the following: air temperature, soil
types, impact of the wet air fronts and exposition.

The great importance for the surface water runoff has the lithological composition
of the rocks. The significance of the impact of the relationship precipitation-geological
structure of the terrain, as the dominant factors affecting the water runoff, is shown by the
results (Mazvimavi D., 2003). Assessment of the mid-annual runoff through geological
structure of the terrain, including also the slope of the basin in the models, is very
satisfactory, considering the high correlation degree of 0.78 to 0.89. In this paper, the
methodology to determine the runoff is applied through two key factors: amount of
precipitation and 4 separated lithological complexes, but taking into account that the impact
of the relevant factors is viewed on the level of the unit field (Manojlovié P., Zivkovi¢ N.,
1997).
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Studies and data processing on the territory of Serbia were carried out most
commonly on the level of 1 km® for the larger regional units (Manojlovi¢ P., 1992,
Manojlovi¢ P., Gavrilovi¢ Lj., Zivkovi¢ N., 1994, Manojlovi¢ P., Zivkovi¢ N., 1997).
However, in order to increase the accuracy of the relevant parameters and further
quantification of the processes, the studies on certain basins have shown that the most
optimal solution for the elemental territorial unit is to adopt the unit field of the area of
0.5010.5 km, that is 0.25 km’ (Mustafi¢ S., 2006, 2012), which was also applied in this
paper. For each unit field the minimum and maximum altitude was determined, the distance
between them and the average altitude of the given field. The basis consisted of the BTM
maps 1:25,000.

To determine the value of the specific runoff on the level of the unit field, the
multifactorial model with the destination determinants was applied (Mustafi¢ S., 2006):

precipitation (X,) — altitude (H,) — runoff coefficient (C) determinated through 4
lithological complexes — runoff height (Y) — specific runoff (q)

To determine the amount of precipitation, the model which proved to be the most
acceptable was applied (Zivkovi¢ N., Andjelkovié G., 2004, Zivkovié¢ N., 2009), which was
the determination of the amont of precipitation through the altitude X,=f(H). The selected
model for the Rasina catchment area in the analytical form is as follows:

X,=0,2341H+574,5 ; R*= 0,98

The model was based on the data from three precipitation measurement stations (Krusevac,
Brus and Kopaonik) for the period 1961-2010.

In the next step, the digitization of the geological maps at the BGM scale 1:100,000
was done, pages Vrnjci, Krusevac, Novi Pazar and KurSumlija. The above mentioned 15
types of rocks, in order to determinate the specific runoff through the prevailing lithological
composition, are classified into 4 hydrological-lithological complexes: 1. sediments; 2.
sedimentary rocks; 3. carbonate rocks; 4. metamorphites and magmatites. Processing of all
relevant parameters was performed in the software package Geomedia Intergraf 5.2.

Research results

From the territory of the Rasina River Basin to the "Celije" reservoir, the average
annual runoff is of 5,483 I/s. This means that the average weighted value of the specific
runoff is 9 I/s/km?, which is above mid average value for Serbia -7.06 1/s’/km® (Manojlovié
P., Zivkovi¢ N., 1997). The specific runoff values are in the range of 3 I/s/km’ in the most
downstream sector near the dam, to 27.9 ls’/km® which is the value in the highest
mountainous part of the basin.

If we look at the spatial distribution of runoff formation in classes of up to 10
I/s/km’, then 10-20 I/s/km” and over 20 I/s/km’, the situation in the basin is the following.
Spatially, the runoff with the average annual value distributed in the classes of up to 10
I/s/km? is the dominant one. This specific runoff is formed within the zone that covers even
65.9 % of the total catchment area, where it formed 49.4 % of the total runoff. The second
zone covers almost 1/3 of the catchment area (31.7 %) in which the runoff is distributed in
the class of 10-20 1/s/km®. Participation of this territory in the water volumes is slightly less
than in the previous case - 45.9 %. The third section covers only 1.5 % of the catchment
area. This is the area where the runoff is formed of more than 20 1/s/km?, which in the total
annual runoff accounts for only 5.5 %.



However, if we are to comprehend which area is the richest in water, or participate
most in creation of runoff, the analysis in Table 1 shows the following. The largest area of
155.2 km® covers the territory where the average annual specific runoff is 6-8 I/s/km’.
Viewed through percentages, this area covers 25.4 % of the total catchment area, where it
forms the 1/5 of the total runoff. Large distribution occupies the runoff of the average
annual value of 4-6 1/s/km?, covering 20.9 % of the catchment area. Thus, the runoff with
the value up to 8 1/s/km’ occupies a total of 48.7 % of the catchment area, and in this region
32.3 % of the water in the basin is formed. Thus, this value of the runoff occupies about half
of the basin, and here is formed about a third of the total water of the Rasina. However, the
territory in which the runoff of the classes 8-18 l/s/km’ is formed, covers 48.3 % of the total
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territory. On that area, 61.2 % of the total annual runoff'is formed.

Tabel 1 Frequency distribution of the average annual specific runoff per separated classes

frequency q | F(km®) | % F | cum % F q cumq | %q | cum % q
<4 14,8 2,4 2,4 3,6 53,5 1,0 1,0
4-6 127,8 20,9 233 5,1 6478 11,8 12,8
6-8 1552 254 48,7 6,9 | 1070,7 | 19,5 32,3

8-10 105,1 17,2 65,9 8,9 933,8 17,0 49,4
10-12 81,3 13,3 79,2 10,9 | 886,0 16,2 65,5

12-14 57,5 9,4 88,6 12,9 | 743,6 13,6 79,1

14-16 35,8 5.9 94,5 14,8 | 530,8 9,7 88,8

16-18 15,3 2,5 97,0 16,8 | 256,7 4,7 93,5

18-20 5,2 0,8 97,8 18,8 97,7 1,8 95,2
20-22 4,2 0,7 98,5 20,9 88,3 1,6 96,8
22-24 5,6 0,9 99,4 22,9 | 1289 2.4 99,2
24-26 3,1 0,5 99,9 24,7 75,8 1.4 100,0
>26 0,4 0,1 100,0 26,9 11,2 0,2 100,0

x 611,3 100 9,0 | 5483,0 | 100,0

Legend: F — area in km’; % F — percentage of the territory; cum % F — cumulative percentage of the
territory; q — average annual specific runoff in 1/s/km?’; cum q — cumulative runoff; %q — percentage of the runoff;

cum %(q — cumulative percentage of the runoff.

Tabel 2 Frequency distribution of the average annual specific runoff per altitudinal zones

altitudinal zone (m) | F(km?) | % F | cum % F q cumq | %q | cum % q
200-300 4,1 0,7 0,7 3,6 14,5 0,3 0,3
300-400 44,6 7,3 8,0 4,5 200,7 3,7 4,0
400-500 94,2 15,4 234 5.4 503,9 9,2 13,2
500-600 82,7 13,5 36,9 6,6 542,6 9,9 23,0
600-700 84,7 13,9 50,8 7,6 640,9 11,7 34,7
700-800 75,3 12,3 63,1 8,8 660,0 12,0 46,8
800-900 70,6 11,5 74,6 10,4 | 7343 134 60,2
900-1000 514 8,4 83,0 11,9 | 609,9 11,1 71,3

1000-1100 39,8 6,5 89,5 13,3 | 530,1 9,7 81,0
1100-1200 27,8 4,6 94,1 14,7 | 407,7 7.4 88,4
1200-1300 14,1 2,3 96,4 16,2 | 228,0 4,2 92,6
1300-1400 8,6 1,4 97,8 18,0 | 1555 2,8 95,4
1400-1500 5,3 0,9 98,7 20,5 | 1093 2,0 97,4
1500-1600 3,3 0,5 99,2 21,6 71,4 1,3 98,7
1600-1700 2,1 0,4 99,6 22,8 49,1 0,9 99,6
1700-1800 1,9 0,3 99,9 242 | 45,0 0,8 100,0

>1800 0,9 0,2 100,0 24,7 22,9 0,4 100,0

x 611,3 100,0 9,0 | 5483,0 | 100,0
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Legend: F — altitudinal zone area in km’; % F — percentage of the altitudinal zone area;
cum % F — cumulative percentage of the altitudinal zone area; q - average annual specific runoff in 1/s/km?,
cum q — total amount of water from the altitudinal zone in /s, %q — percentage of the runoff from the altitudinal
zone, cum %q — cumulative percentage of the runoff from the altitudinal zone.

If the Rasina River Basin, in hypsometric terms, regards as hilly area up to the
altitude of 500 m, low mountainous of 500-1,000 m and medium high mountainous area
over 1,000 m, the distribution of runoff has the following characteristics (Table 2). At the
altitudinal zone up to 500 m, which covers 23.4 % of the catchment area, only 13.2 % of the
total runoff is formed. On the other hand, the low mountainous area covers 59% of the
catchment area and 58 % of the water is formed on it. Since the Rasina River Basin in its
upper course is of very mountainous character, so the altitudes of more than 1,000 m occupy
a relatively large share. The altitudes over 1,000 m form 17 % of the catchment area, and
from these areas runoffs 29.5 % of water. This is logical, given that by the increase in
altitude increases the amount of precipitation (average amount of precipitation above 1,000
m is 900 mm), and the angles of the slope have high values (average slope is 36 °), which
are prerequisites for faster runoff.

What is the characteristic of the Rasina River Basin in the altitudinal zonation of
water, is the fact that the cumulatively 50 % of the catchment area is located at the altitudes
up to 700 m, but in that area only 34.7% of the total runoff is formed. Thus, the greatest
wealth of water in the basin, accounting for 65.3 % of the total runoff formation is above the
altitude of 700 meters.

First lithological-hydrological complex, which was presented by unbound
sediments, precisely the Neogene sediments, sands and alluvium has the extend of 16.5 % of
the total catchment area. These rocks are present in the middle and lower course of the
Rasina, with the largest extend at the altitudes from 400 m to 900 m, although to a lesser
extent, occur up to the altitude of 1,400 m. It is at this highest level also occur the maximum
values of the weighted specific runoff, which are about 11 1/s/km®. The minimum values of
the runoff in the most downstream area are of 3.1 I/s/km” In general, this lithological-
hydrological complex, participates in the total amount of runoff with 10.5 %, while the
weighted average value of the specific runoff on this rocky complex is 5.6 1/s/km?.

Tabel 3 Distribution of the average annual specific runoff per altitudinal zones
and lithological-hydrological complexes

Altitudinal di ts sedimentary rocks limesti metamorphites
zone F q Y% q F q %q | F q Y% q F q % q
(m)
200-300 1,8 3,1 1,0 03 43 0,1 - - - 2,0 3,7 03
300-400 10,6 3,7 6,7 22,6 5,1 53 - - - 11,4 4,3 2,1
400-500 18,3 43 13,5 50,7 59 13,7 0,1 7,6 0,2 25,0 5,4 5,7
500-600 14,7 52 13,1 41,7 7,1 13,5 03 9,3 0,7 25,9 6,6 72
600-700 17,2 5,9 17,4 38,1 83 144 | 05 10,7 1,4 28,9 7.8 9,5
700-800 17,6 6,7 20,3 31,9 9,5 13,8 1,1 12,3 35 24,7 9,1 9,5
800-900 11,3 7,5 14,6 243 10,8 12,0 | 3,1 13,8 11,0 | 319 10,4 14,0
900-1000 4,9 8,2 6,9 11,0 12,1 6,1 3,1 154 12,2 323 11,8 16,1
1000-1100 2,0 9,0 3,1 12,2 13,5 7,5 1,9 16,7 8,1 23,6 13,2 13,2
1100-1200 1,3 9,7 22 11,9 14,7 8,0 1,4 18,2 6,5 13,2 14,6 8,1
1200-1300 0,7 10,3 1,2 3,5 16,1 2,6 1,1 20 5,6 8,8 16 6,0
1300-1400 - - - 1,6 17,5 1,3 1,8 21,2 9,8 52 17,4 3.8
1400-1500 - - - - - - 32 22,6 18,6 2,1 18,9 1,7
1500-1600 - - - - - - 1,6 24 9,9 1,7 20,4 1,5
1600-1700 - - - 0,4 21,5 0.4 1,2 25 7,7 0,5 21,7 0,5
1700-1800 - - - 0,8 22,8 0,8 0,7 26,3 4,7 0,4 23,2 0,4
> 1800 - - - 0,5 23,9 0,5 0,0 27,1 0,1 0,4 243 0,4
) 100,6 582,2 100 | 251,5 | 2189,5 | 100 | 21,2 | 389,8 | 100 | 238,0 | 23652 | 100
% 16,5 10,5 41,1 39,6 3,5 7,1 38,9 42,8
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Legend: F- altitudinal zone area in km?, q — average specific runoff in 1/s/km%, %gq — water runoff percentage from
the altitudinal zone of the given rocky complex

The second lithological-hydrological complex presented by bound sedimentary
rocks occupies the largest extend in the basin. Of all these sedimentary rocks, the largest
extend have the flysch rocks. The bound sediments constitute 41.1 % of the total catchment
area, and they are present in almost all altitudinal zones. The largest area of these rocks is at
the altitude of 300-900 m. Given that these rocks occupy the large extend, consequently,
their participation in the total water runoff is huge. This complex accounts for 39.6 % of the
total water runoff in the basin. The average weighted specific runoff is 8.8 1/s/km” and is in
the range from 4.3 1/s/km’ in the lowest altitudinal zones to 23.9 1/s/km? in the highest part
of the basin.

Limestones, as the third lithological-hydrological complex, occupy the least
extend, with only 3.5 % of the total area of the territory. Although it occupies a very small
area, this complex plays an important role in the water runoff from these areas. Some more
significant extend limestones occupy in the zone of 800-1000 m and in the zone of 1,400-
1,500 m. The average weighted value of the runoff is high, amounting to 16.9 l/s’/km?, and
ranging from 6.6 to 27.7 I/s/km’.

The last, fourth lithological-hydrological complex consists of magmatites and
metamorphites, which together with sedimentary rocks occupy the largest extend in the
Rasina River Basin. The area covered by these rocks occupies 238 km’, or 38.9 % of the
total basin area. They are present in almost all altitudinal zones, although the largest extend
is at 400-1,200 m. The surface runoff is large and this complex is at the first place by
participation in the total runoff from this area. This participation is 42.8 %. The average
weighted values of the specific runoff range from 3.1 1/s/km” in the most downstream part of
the basin, to 24.3 l/s’/km’ , at the altitudes of over 1,800 m. The average weighted specific
runoff of this rocky complex is 9.7 1/s/km”.

Conclusion

The average weighted specific runoff in the Rasina River Basin to the the "Celije"
reservoir amounts 9 1/s/km’, which is the value that is higher than the average for Serbia. Taking
into account that this part of the basin is located at higher altitudes, where the higher slopes are
and where a relatively large amount of precipitation is excreted, it is clear that the runoff values
are higher than the average.

L. The area where the runoff is formed in distributed classes from 8-18 1/s/km” covers 48.3
% of the total catchment area. On that area, 61.2 % of the total annual runoff is formed.

2. The greatest wealth of water in the basin, accounting for 65.3 % of the total runoff
formation is at the altitude of above 700 m.

3. Distribution of the specific runoff by four separated lithological-hydrological
complexes has the following schedule. In general, the unbound sediments participate in the total
runoff amount with 10.5 %, while the average weighted value of the specific runoff on this rocky
complex is 5.6 1/s/km’. The second complex presented by the sedimentary rocks participates with
39.6 % of the total water runoff in the basin; the average weighted specific runoff in it is of 8.8
I/s/km®. The limestones, as the third lithological-hydrological complex, although they have a
minimal extend, play a significant role in the water runoff from these areas. With the
participation of 7.1 % of the total runoff, the weighted runoff values are relatively high 16.9
I/s/km” on them. The fourth separated lithological-hydrological complex consists of magmatites
and metamorphites, which, together with the sedimentary rocks, occupy the largest extend in the
Rasina River Basin. The surface runoff is large and this complex is in the first place by
participation in the total water runoff from this area. That participation is of 42.8 %. The
average weighted specific runoff of this rocky complex is 9.7 I/s/km?.
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BUCHHCKO 30HUPAIBLE BOJIA Y CJINBY PACUHE

ITPEAPAT MAHOWIOBUR', MUIIAH CPEJUR', IBAH BOKWR',
CABA MYCTAOUR', TABA JIOBPOCABJLEBUE'

! Viusepsumem y Beozpady-Ieozpagpexu paxynmem, Cmyoenmexu mpe 3/3, Beozpad, Cpbuja

Caxerak: CnuB peke Pacune Hanasu Ha Teputopuju nentpanse Cpouje. L{ib oBor pasa je aa ce Ha mpocTopy
ciuBa PacuHe y3BomHO ox akymynauuje "henuje" yTBpOM KOJMYMHA W INIPOCTOPHA TUCTPUOYIMja BOIHUX
KanaluTeTa, OJHOCHO Ja C€ YCTaHOBM ydemrhe BHCHHCKMX 30Ha Y (QopMupamy YKyImHOr oOTuuaja. Y
METOJIOJIOIIKOM CMHCIY yTBphHBambe BOAHOCTH 0a3UPaHO j€ MPEKO YETHPH M3/IBOjE€HA METPOJIOIIKO-XUIPOJIOIIKA
KoMIUIeKca. [IPOCEUHH TOHIEpHCAaHH crenu(bUYHE OTHIA] HA JaToj TepuTopHju u3HocH 9 I/s/km’. Ha mpeom
MecTy 1o ydemhy y yKymHoM oTunamy Boxa 42,8 %, uMajy MeTaMop(pUTH U MarMaTtuTy. JIpyro mecto mpumaga
CeJUMEHTHHM cTeHaMma Koje ca 39,6 % uuHe neo yKymHor oTHuaja. HeBe3saHH ceIMMEHTH y4YeCTBYjy y YKYyIHO]
BpeaHoctH otunaja ca 10,5 %, a kpeuwanu ca 7,1 %.

Kibyune peun: cienuuyHN OTHIA]H, TUTOIOIIKO-XUIPOJIOIIKY KoMIUtekcH, Pacuna, Cpouja.

YBoa

IMpoyuaBama BHCHHCKE pernoHanm3anuje Boja y CpOuju modena Cy ce BPLIMTH T'OTOBO
HCTOBPEMEHO KaJia Cy HacTaje IoTpede 3a BUCHHCKAM HCKOpUIIThaBameM Boaa Y OpCcKO-TNIAaHUHCKIM
KpajeBuMa. XUAPOJIOIIKa HCTPaXKMBarba OBE BPCTE pe3yJTar cy cBe Behux nmorpeda XMapoeHepreTckor
uckopumhapama raHuHCKuX Bojpotoka (Onokoserh M., 1987). C o63upom na u Ha mouerky XXI
BEKa KUBUMO Y IIEpHOJy HOrOpIIaHe eHEepreTcke CUTyalluje, HacTojama Cy Ja Ce CBAKU IPUPOAHH
pecypc UCKOPUCTH YKJbyuyjyhu M HajMame BOLOTOKOBE. YIPaBO TH BOAOTOLM JIaHAC NPEACTaBIbajy
Oorata W3BOpHIITA MPBOT pena 3apaBe nujahe BoAe, TAaKO Ja 30HE CE€ HM3BOPHUINTA MOBPIIMHCKUX
TOKOBa M HUXOOB 3Ha4aj 3a MOTpeOe BOAOCHAOICBarma CTAHOBHHINTBA TPETHPAjy Kao OEO OMIITET
HaroHaHOr mpobOnema (Milin¢ic M., 2009). Jeman on rmiaBHHX mOpobjeMa je IITO OHE HHCY
cBeoOyXBaTHO XHAPOJIOIIKHY IIpOyYeHe Y cBUM aenouma Cpouje.

Ha peru Pacunu 1979. rogune usrpaljeHa je BoaHa akymysianuja "Renuje", unja 3ampeMuna
n3Hocu 60 MunMHa KyOHHMX MeTapa, a BOJa ce KOPHCTH 3a HaBomaBame oko 200.000 xekrapa
3emsbninTa U BomocHadaesawe (IaBpuiaouh Jb., dykuh ., 2002). ThHenujcko jesepo je jemaHa ox
aKyMyJalpja 4mja jeé eKOHOMCKA eKCIUIOATalHja jako HHTeH3MBUpaHa, a MpoOJjeMH ca HeIOCTAaTKOM
BOJIC y JICTHEM NepHOLy HajBUasbuBHjH. C Opyre cTpaHe, MPOIec OTUIamka BoJa HECYMIBHBO je jenaH
oIl oApenuIIHUX (aKTOpa HHTCH3WBUpPAma EPO3MBHUX IIpOleca, TAaKO Ja C€ jaBjba U MpodIeM
3acHIlama aKyMyJalyje CyCIIeHJOBaHUM HaHocoM. Lluip oBOr pama je na ce Ha IPOCTOpPY CIIMBA
Pacune y3BogHo ox axymynanuje ""Remuje" yTBpIM KOJMYMHA M MPOCTOPHA JUCTPUOYIHja BOJHUX
KamnaluTeTa, Tj. 1a C¢ yCTaHOBH yuerihe BUCHHCKUX 30Ha y popMupamy yKkymHor otuiaja. C 003upam
Ha YMICHULY Jia je Y BononpuspenHoj ocHOBH, Koja je ycBojeHa 2002. roanHe, NHTamke HAMOHAIHE
CTparertje ra3oBama BojaMa jacHO Je()MHUCAHO, 3Ha4Ya] OBAKBUX MCTPaXKHBamba HECYMIHBO MOXKE
JOTIPUHETH BAJIOPU3ALIMjH JOMHIIMIIHUX BOJHUX pecypca.

I'eorpadcku mo10kaj M OCHOBHE PU3MUKO-Teorpadcke KAPAKTEPUCTHKE CJINBA

CnuB pexe Pacume ce y nenmum Hamasu Ha Ttepuropuju llentpamne Cpouje. 3axBara
noBpunHy oJ oko 1054 km? u npencrasipa neo 3HaTtHO Beher cimBa 3amagne Mopase (14.568 km?).
HajceBepHuja Tauka y ciauBy npejcraBibena je yirhem peke Pacune y 3anagny Mopasy, Ha 134 m H.B,
(43° 37" 15 N wm 21° 22’ 11”7 E). Hajjyxuujy Tauky civBa mpeicTaBjba BpX DypuHa yiuma Ha
jyrozamagHum orpaHuuma Jactperia, Haagmopcke BucuHe 1011 m (43° 157 14 N u 21° 05" 49" E).
Haj3anagnuja tauka ciauBa npezactaBibeHa je Llpaum Bpxom Ha 1542 m u.B. (43° 317 20" N u 20° 477
04" E). Hajucrounmja Tauka cimBa Hal3u ce kKon cena LlpkBuHe, Ha HaAMOpCKOj BUCHHU o 260 m
(43° 327 18" N m 21° 28" 59" E). Y3BogHo on akymynaunuje "Remuje" cnuB Pacune 3axBarta
nospuHy ox 611,3 km? Ha oBom cexropy Hajeha mammopcka BuchmHa m3HOocH 1877 m, mok je
HajMarba BUCHHA cBera 272 m, Tako Ja je BHCHHCKA pa3iuka u3Mely HajBumie u HajHIbKe Tauke 1605
m. Cpenma HaaMOpcKa BHUCHHA ciuBa W3HOcH 726 m. Hajpeha moBpmmna crnuBa (75% ykymHe
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MOBPIIMHE), HAJA3H ce Yy BUCHMHCKO] 30HU ox 400-1000 m n.B. Ha mpuOMMKHO HCTOj MOBPIIMHH
JOMUHHpajy HaruOu o 20-45°,

Amnamusom reosomkux kapara (OKI' 1:100.000) ytepheno je ma je y ciuBy Pacune
3aCTyIIJbEHO 15 TUMOBA CTEHA: MECKOBU, HEOTEHH CEJUMEHTH, (DIMII, Kpeumanyu, KBapIHU MelrdapH,
3eJIEHH LIKPWJBbLM, MUKALIUCTH, aM(QUOOINTH, THAjCBH, CEPHEHTUHUTH, AaHAE3UTH, TPAHUTH,
TPaHOAMOPUTH, TUjaba3u u 6azanTu u nepuaoTuTH. Mely cennMeHTHMa Haj3acTyIUbEHH]jE CY (IINITHE
cTeHe Koje 3ay3mmajy 40,7 % yKymHe NOBpHIIMHE cIHBa, a HajBelie pacmpocTpameme HMajy y
BHCHHCKOM Mojacy ox 300 m 1o 900 m. V rpynu MarmMaTckux cTeHa, Hajehe pacmpocTpamemne nmajy
nepugoTuTH, ca 13,3 % ox yKynHe HMOBpIIMHE CIMBA U Be3yjy Ce YITIaBHOM 3a y3BOAHHjE, TOpH:E
nenose ciuBa m3Mehy 700 m u 1400 m nammopcke Bucuue. Ox meramopdHHX cTeHa, HajBehe
PacIpoCTpamehe UMajy 3eJIeHH MKpHIbIM ca 12,4 %, KOju Cy MaxoM 3acTYIUBCHH Y CPEAEeM JIelly
ciuBa Ha BucuHaMa o1 500 m go 1100 m. HeBe3anu cemuMeHTH ce IO pacHpoCTpameby Halasze Ha
tpehem Mmecty ca 16,5 % oJ yKyIiHe NOBpILIMHE CIMBA, U NIPEJICTABILEHH Cy IIECKOBUMA U AJTyBH]jaTHUM
CEJVMEHTHMA y CPEIeM H JOHmEeM JIely TOKa, Ka0 W CeIUMEHTHMa OKO caMor jesepa. Kpeumann
3ay3muMajy yOeIUbUBO HajMame IPOCTopa, cBera 3,5 % yKyIHe MOBpIINHE

Cpenma roauimba MOHAECPUCAHA KOJIMYMHA NajaBuHa y ciauBy Pacune 3a mepuonx 1961-
2010. mHocH 744 mm, mTo je HemTo Beha BpeqHOCT o1 mpoceka 3a CpOujy koju m3HocH 739 mm
(Bajat et al. 2012). HajHmxu 1enoBu civBa MpuMajy MpoceyHo roaummbe 641 mm najaBuHa, 10K ce y
nenoBuMa cimBa npeko 1800 m Hagmopcke BHCHHE mpoceuHo n3myun 1005 mm. Hajeeha xonnunua
najgaBuHa U3Iy4Hd ce KpajeM mposneha u mouetkoM seta. HajkuimoBuTuju Mecelr je Maj, a HOTOM jyH ca
MPOCEYHOM KOJMYMHOM MajaBuHa o1 74,3 mm u 67,4 mm y HIDKUM TepeHHMa, oJHOCHO 121 mm u
112 mm y najpumuM. Maj, jyH # jyn ydecTByjy ca 33,4 % y TOQUIIEKOj CyMH MajaBHHA. MUHUMYM
MajJlaBiHa BE3aH je 3a 3WMcKe Mecene ¢ebOpyap u janyap. [IpocedHa BHIIETOWINEBA KOJWYWHA
NajaBuHa y OBUM MecelMa U3HocH 35 mm 1 41 mm y HHXKUM JIeJI0BHMA CJIMBA, OJHOCHO 57,4 mm u
62,8 mm y HajBHIIEM HEroBHOM iedy. lIpeMa BHIIEroIuIIBHM HCTpakuBamuma (Zivkovic N.,
Andjelkovi¢ G.,2004) BUCHHCKH TpafxjeHT NajaBrHa u3Hocu 77 mm/100 m HagMOpCKe BUCHHE.

I'ycTHHa peuHe Mepie y CIHBY Ipoceuso usHocu 1,383 km/km?. Benuka je pasmika usmely
neBe JOMMHCKe cTpade rae je oma 0,949 km/km® m gecre rae oma wmsHocn 1,488 km/km’
(Jumurtpujesuh Jb., 2010). V3BomHO ox axkymynandje mpotunaj Ha PacuHu ce Mepu Ha JBa
xugponomka mnpodmia y Bpycy m kox Hacesra PaBHM. AMIDIMTYyZAe CpeamuX TOMUIIEBUX
MaKCHMaJHMX W MHUHHUMAaJHHX NPOTHI@ja Cy BeldMKe. Bucok omHOoC u3Mely MakCHMalHHX H
MHHUMQIHHX npoTHnaja ox 1:29,1 xonm Bpyca, omnocmo 1: 19,6 y PaBaumma (Dimitrijevi¢ Lj,
Radivojevi¢ A., Filipovi¢ 1., 2010) yka3syje Ha Oyjudapcku KapakTep TOKa.

MeToa0J10r1ja HCTPAKHBAKA

VYV cBerckuM pa3mepama BeNHKH Opoj HCTpaknBama IOCBeheH je pa3Bojy pasiUuHTHX
Mojena 3a npolieHy otunama. Dawson 1 Wilby n3zaBajajy Tpu rpyre Meoa 3a MOJIEIOBamke 0JHOCA
MaJlaBUHE-OTHIAj: JCTCPMUHUCTHYKE ((PHU3MUKE), KOHLENTyalHe W TapaMeTapcKke (EeMITUpPHUjCKE)
Mmozene. Ilpu Tome, Hajeehy HpHMeHy NpU MOJETIOBaEbYy XHIPOJOIIKHX IMpPOIEeca OTHLAKka HMajy
MaTeMeTH4Ke MeTtoze U3 Tpelie rpyre, jep cy BeoMa MpaKTHYHE, jeAHOCTABHE W 3aXBTEBajy Mambe
nmogaraka ox apyrux meroma (Dawson, C.W., Wilby, R.L., 2001). HajHoBHja McTpakuBama Koja
neHHHITY peralujy NalaBHHE-OTHLAKE YKJbYdyjy HPHMEHY BELITAYKA HHTEIUTCHTHHX TEXHHKA
KOje MMajy BeJHKe NMPEIHOCTH Y OJZHOCY Ha KOHBEHIIMOHAHE TEXHUKE MOJENIOBaba, Kao ILITO CY
ANN, neurofuzzy model, hybrid intelligent model (Han et al. 2007, Nayak et al., 2005, 2007, Asadi S.
et al.,, 2013 ) wmn kpo3 HenuHeapHe Mozeine kao mTo je GARCH (Modarres, R. and Ouardaa
T.B.M.J., 2013).

®dakropu koju QuUTypupajy y MoIelMMa 3a TpOLEHy OTHIaja cy pasnmuutd. [lopen
HajaBrHa Ka0 OCHOBHOT (hakTopa KOjH ACTCPMHUHHUILE BEIMYHHY OTHIAEba, HOBHjE CTYHjE YKYIbYUY]y
AQHTPOIIOTEHH YTHIIQj HAa OTHIAkE, y IPBOM pely carjeaH Kpo3 IpoMeHe HameHe Kopumherma
semspuinta (Wooldridge, S. et al. 2001, Schreider et al. 2002, Hundecha Y. and Bardossy, A. 2004)
WM Y perpecroHy MOJIeN YKJbyUyjy MpolieHaT ypoanux nospimna (Stuckey M. H., 2006). Hajuemrhe
UMIUIEMEHTUPaHH (Qu3n4Ko-reorpadcki (GakTopu y MOZENIOBaY Cy: Maj CIMBa, CPEeltha HAIMOPCKa
BHCHHA CJIMBA, TYCTHHA PEYHE MpEXKe, MOIIYMJbEHOCT, TEOJIOIIKH CacTaB TepeHa, TeMIepaTypa
Basayxa.

Ha mpocropy Cpb0uje, Takohe, cy BpllleHa pa3iH4YlTa HCTPaKMBamka ca UJFEM YTBphHBamba
yTHL@ja pa3inuuTHX (akrtopa Ha IPOLEHY OTHI@Aja, Ipe CBera y CIMBOBMMa Ha KOjUMa HeMma
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HENOCPEHUX Mepema. McTpakuBama Ha npoctopy Hcroune Cpbuje (Zivkovié N., 1992) 3acuusana
Cy ce Ha NPUMEHH PErpecHOHHX Mojena y Kojuma ¢urypupa 6 He3aBHCHUX (akTopa: Cpelthe
TOJMIIGE T1a/IaBUHE, CPeba HAJMOPCKa BHCHHA CIIMBA, T'yCTHHA PEYHE MPEXKE, MOIIYMJCHOCT,
MOBPLIMHA CIIMBAa W TEOJIOUIKHM cacTaB TepeHa. Ha 75 nHajmamux cnuBoBa y CpOuju perpecuoHu
MOJICNI IONYHGHU Cy yBohemeM HOBHX (hakTopa: MpOCedaH Maj PEYHOr CIMBA, T'YCTHHA PEYHE
mpesxe (Zivkovié N., 1995). Kacuujum ncrpaxupamnma (Zivkovié N., 2009) y oGpasoBarme Moera 3a
NPOLIEHY OTHIIaja NPHUKJBYYCHH Cy TeMIIepaTypa BaslyXa, THUIIOBH 3EMJBUILNTA, YTHLA] BIAKHHX
Ba3IyIIHUX (POHTOBA U EKIO3ULIK]a.

Beniku 3Ha4aj 3a HOBPLIMHCKO OTHILAKE BOJA MMa JIMTHJIOLIKK cacTaB creHa. O 3Havajy
yTHI@ja Be3¢ IaJaBHHE - TCOJIONIKH CacTaB TEpeHa, Kao JOMHHAHTHHX (DakTopa Ha OTHIAEkE BOJA,
mokasyjy pesyaratid Mazvimavi, D. (2003). TIporieHa cpeamerouimer OTUIaja MPEKO T'eOIONIKOT
cacraBa TepeHa, yKibyuyjuhu y Meaene W maj CiuBa, BPJo je 3a10BoJbaBajyha, ¢ 003MpOM Ha BHCOK
crenen kopenaiuje ox 0,78-0,89. V oBom pady mpHMemeHa je METOJONOrHja Koja JeTePMHHHUIIES
OTHIIaje TPEKO /Ba KJbydHa (aKTopa: KoauuuHe nadasura u 4 uz0eojena Aumoiouika Komniekcd, C
TUM Ja je ymuyaj pereeanmuux axmopa caenedasan Ha HUeoy jeouruyroz nossa (Manojlovié P,
Zivkovi¢ N., 1997).

HUcrtpaxunBama 1 00paja nogartaka Ha npocropy CpOuje BpiieHa je Hajuemhe Ha HUBOY O]
1 km? 3a Behe npeneone nemne (Manojlovié P., 1992; Manojlovi¢ P., Gavrilovi¢ Lj., Zivkovié N.,
1994; Manojlovi¢ P., Zivkovié¢ N., 1997). Mehytum, y wumy nosehama TauHOCTH pPeNEBAHTHHX
nmapamerapa U JeTabHHje KBaHTH(UKALHMje Mpoleca, HCTPAXHBama Ha MOjeIMHHUM CIHBOBHMA
HoKa3aja Cy Ja je HajoNTUMalHHje PElLICHhe Ja Ce 3a elieMEHTapHy TePUTOPHjaNIHy jEAUHHULY VC8OjU
Jjeounuuno noswe nospwune 0,500,5 km’, oonocno 0,25 km’ (Mustafi¢ S., 2006, 2012), mro je
MPUMEEHEHO W Y OBOM paay. 3a CBakO jeMHUYHO IMOJbe onpelheHa je MUHMMAaIHA W MaKCHMallHa
HaJMOpPCKa BHCHHA, pacTojame 3Mely BUX M cpe/iba HaJMOpCKa BHCHHA JATor moJka. Ilomsory cy
yyHmite kapre OTK 1: 25.000.

3a onpeljuBame BPEAHOCTH CrICHHU(DHYHUX OTHIAja HA HUBOY jEAMHHYHHUX 0Jba IPUMEHCH
je BUIIE(aKTOPCKU MOJICI ca OJPEAUIIHUM neTepMuHanTama (Mustafic¢ S., 2006):

naoasune (X,) — naomopcka sucuna (H) — xoeduyujenm omuyaja (C) oemepmunucan npexo 4
JUMONOUWKA KOMNIeKca — eucuna omuyaja (Y) — cneyuguunu omuyaj (q)

3a oppehuBame KONMYHMHE IaJlaBUHAa IPHMEHEH je MOJeN KOju ce II0Ka3ao Kao
HajmpuxBatsEuBHju (Zivkovié N, Andjelkovi¢ G., 2004; Xusxosuh H., 2009), a To je neTepMUHICamE
KOJIMYMHE T1a/1aBHHA TIpeko HaaMmopcke Bucuue X,= f(H). M3abpanu mozxen 3a npoctop ciuBa Pacune
y QHAINTHYKOM OOJIMKY TJIacH:

X,=0,234¥H+574,5 ; R>=0,98

Monen je 6azupan Ha momanuMma ca Tpu magaBuHcke Cranmne (Kpymesan, bpyc m Komaonuk) 3a
nepuon 1961-2010. roguHa

VY cneneheM kopaxy wu3BpIIeHa je QUIHTalIHM3aldja T€OJOMIKHX Kapara y pasmepu OI'K
1:100.000, mucrosu Bpmiu, Kpymesarn, Hosu [1a3ap n Kypmymnmja. HaBexennx 15 tumosa crena y
IUBY JIETepMHUHKCAIbA CIIEU(UYHNX OTHILAja peKo mpeosialyjyher JIUTOJIOMKOr cacTaBa CBPCTAaHU
cy y 4 XHIPOJIOIIKO-THUTOJIOMKA KOMIUIEKCa: 1. CeAMMEHTH; 2. CeIMMEHTHE CTeHe; 3. KapOoHaTHe
crene; 4. MeraMOp(UTH U MarMaTUTH.

OOpana cBUX peleBaHTHHX Mapamerapa paljeHa je y mnporpamckom makery Geomedia
Intergraf 5.2.

Pe3yaTaTu HCTpakMBama

Ca teputopuje cnuBa Pacune no akymynanuje ""Renuje" mpoceyHo romuiinme oTekHe 5483
I/s. To 3Haum 1a je cpeima MOHACPHCAHa BPEAHOCT crenuduyuHor otuiaja 9 1/s/km?, wto je w3nan
cpelmbe mpocedne BpeaHoctr 3a Cpbujy -7 I/s/km® (Manojlovié P., Zivkovié N., 1997). Bpemnoctu
cienuguUHEX oTHIAja Kpely ce y pacmoHy ox 3 1/s/km’ y HajHH3BOHHjEM CEKTOPKY KO bpaHe, 10
27,9 1/s/km? KOJMKO H3HOCH Y HAjBHIIEM TUTAHHHCKOM JIEITy CITHBA.

AKO ce rocMaTpa TpOCTOpHa THCTpHOYIHja GopMUparsa OTHIaja y Kiacama 1o 10 1/s/km?,
3atuM oz 10-20 Vs/km?® u mpexo 20 1/s/km?, crame y ciuBy je ciegelie: IpOCTOPHO, TOMHHHPA]y
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OTHIIAjH UKja CPeHha FOIMIIIHA BPEIHOCT JUCTPHOyHpaHa y k1acama 1o 10 Us/km® OBu crerudamm
oTuIaju 00pasyjy ce y OKBHpY Iojaca Koju 3axBaTa 4ak 65,9 % yKyIHe MOBPIIMHE CIIUBA, IPH YeMY
ce y memy popmupa 49,4 % yxynsor otunaja. J{pyru nojac 3axsara ckopo 1/3 nmopumne ciusa (31,7
%) Ha KOME Cy OTHIAju AMCTpuOympann y kmack on 10-20 I/s/km®. Vuemhe oBe Teputopmje y
BOZIHOCTH U3HOCH HEIITO Mame HEro y MPEeIXOAHOM ciyuajy - 45,9 %. Tpehu nojac 3axsara cBera 1,5
% moppumHe cauBa. To je mpocTop Ha Kome ce 06pasyjy oTuiaju el ox 20 1/s/km?, koju y yKymHOM
TOAWIIHEM OTHUIIAjy YIECTBYjy ca cBera 5,5 %.

MebyTnMm, yKOIHKO XKEIUMO Jla carjielaMo KOjH je TO IIPOCTOp HajOOTraTHj! BOJIOM, OJJHOCHO
HajBHIIIE yUECTBYje y CTBapamy OTHIIaja, aHaium3a u3 tabene 1 mokasyje cnenehe: HajBehy moBpmmHy
on 155,2 km? 3axBara TepuTOpHja Ha K0jOj je Cpebe TOMMIIBH cremubuunn othuaj 6-8 1/s/km’.
IponeHTyanHo riegaHo oBa MOBpLIMHA YMHHU 25,4 % 0] yKyIHe MOBPLIMHE CIMBA, IPU YeMy ce Ha
B0j popmupa 1/5 ykymHor orumaja. Bennko pacmpocTpamere 3ay3uMajy U OTHIAjH ca CPEAoM
romuimsoM Bpearouthy 4-6 1/s/km”, koju obyxearajy 20,9 % moepmuue cnusa. Jlakie, OTHIAjH ca
Bpeauomhy 10 8 1/s/km? 3ay3majy yxymso 48,7% IOBpIIMHE C/IMBa, 4 HA OBOM TIPOCTOPY (hopMEpa ce
32,3% Boma y ciuBy. Jlakie, oBa BPeOHOCT OTHIaja 00yXBaTa TOTOBO IIOJIOBHHY CIIHBA, M OBJE CE
¢dopmupa oko tpehuHa ox ykymue Bone Pacuue. Mebhytum, mepumopuja na rkojoj ce gopmupajy
omuyaju y kiacama 00 8-18 ls/km’ obyxeama 48,3 % ykynue mepumopuje. Ha moj noepummnu
Hacamaje 61,2 % yxynuoe coouwrsee omuyaja.

Tabesa 1. luctpudynuja (ppeKBeHIH cpeilbe FOAMIIBLIX crielH(pUIHNX 0THLAja 10 U3IBOjeHUM KJlacama
Jlerenna: F - moBpmmna y km*; % F — nponenar tepuropuje; kum % F — kyMynaTUBHU IpoIieHAT TEPUTOpH]E; ] -
CPe/TEH TOIMITG] criennduaay othiaj y I/s/km’; kum q — KyMymaTHBHHM OTHIAj; %(q — TPOIIEHAT OTHITaja; kum
%q — KyMyJIaTHBHH TIPOLICHAT OTUIIA]ja.

Tabena 2. luctpudynuja (pexBeHH cpebe TOAUIILAX cHenu(PpUIHNX OTHIAja 0 BACHHCKHM 30HAMa.
Jlerenna: F — noBpmmua BrcHHCKe 30He Y km?; % F — polieHaT NoBpIIMHE BUCHHCKE 30HE;
kum % F — KyMyJaTHBHM TPOIIEHAT NOBPIIMHE BUCHHCKE 30HE; q - CPE/IEH crietududnu otuiaj y I/s/km?,
kum q — cyma Bojie ca BHCHHCKE 30HE Y l/s, %(q — ImpoleHaT OTHIaja ca BUCHHCKE 30He, kum %(q — KyMyJIaTHBHU
[POLCHAT OTUIAja Ca BUCHHCKE 30HE.

Axo ce ciuB PacuHe y XHIICOMETPHjCKOM IOy TocMaTpa kao Opacku mpoctop 10 500 m
HaJMOpcke BUCHHE, HUCKU maHuHCKH of 500-1000 m u cpeame BUCOKM IIaHUHCKU 1peko 1000 m,
qucTpuOyIHja otunaja nMa cienehe ommke (tadena 2): Ha Bucuuckoj 300U 10 500 m, koja 3axBaTta
23,4 % nopmuHe ciuBa, ¢opmupa ce cBera 13,2 % ykymHor otuiaja. C apyre cTpaHe, HHUCKH
TUTAHMHCKU MPOCTOP 3axBata 59 % MOBpIIMHE CIMBa U HA BeMy ce oopasyje 58 % Boma. C 063upom
na ciuB PacuHe y CBOM ropmeM TOKY MMa M3Pa3UTO IUIAHMHCKU KapakTep, To BucuHe Bue of 1000
m HaJMOpPCKE BHCHHE 3ay3UMajy pENaTUBHO BeNUKH yzaeo. Bucune mpexko 1000 m umne 17 %
MOBPIINHE CIMBa, a ca OBHX Ipoctopa otnde 29,5 % Boxa. To je m mormdno, ¢ 003MpoM 1a je ca
MOpacToOM HaJMOpcKe BUcHHE noBehaBa KonnumHA MafaBUHA (MIPOCEYHa KOJIMYHMHA MAJaBHHA M3HAT
1000 m m3uocu 900 mm), a yrioBn Harnba MMajy BHCOKE BPEIHOCTH (Cpeima BPEIHOCT Harmba
mmocu 36 ©), mrro ¢y npeayciioBH 3a 6piKe OTHIAIbE.

OHo 1TO KapakTepuiue ciiMB PacuHe y BUCHHCKOM 30HOpamy BOJQ, jeCTe YMELEHUIIA J1a Ce
kyMynaTuBHO 50 % moBplLIMHE cIMBa Hala3u Ha BUcHHaMa 10 700 m HagMOpCKe BHUCHHE, ajlld CE Ha
TOM TpocTopy obOpasyje camo 34,7 % ykynHor oruuaja. IIpema tome, najeehie bocamcmeo éoda y
cusy, ca yvewhem 00 65,3 % y ykynnom gopmupary omuyaja, Hanasu ce usnad 700 m naomopcke
sucune.

[TpBU TUTONOMIKO-XUIPOJIOIIKH KOMIIIEKC, KOJ! je IPEACTaBILEH HEBE3aHNM CEIUMEHTHMA,
TauyHHje HEOTCHHM CeJUMCHTHMA, ITECKOBHMa M alyBHjyMOM HMa paclpocTpameme Ha 16,5% on
YKyIHe ToBpiuHe ciuBa. OBe CTEHE 3acTyIJbEHE Cy Y CPebeM U I0meM ToKy Pacune, ca Hajsehum
pacmpoctpamemeM oa 400 m 1o 900 m HagMOpCKe BHCHHE, Maja Ce y MamO0] MEPH jaBJbajy W JIO
Bucune o 1400 m. YmpaBo Ha TOj Hajeeho] BHCHHM ce jaBJbajy U HajBehe BPEAHOCTH MOHACPUCAHOT
cnenuguuHOr oTHHmaja Koje ce kpehy oxo 11 I/s/km’. Hajmame BpeHOCTH oOTHIaja cy y
HAjHU3BOXHMjeM nemy U m3Hoce 3,1 1/s/km®. V HeTMHH TiienaHo, oBaj IHTOIOMIKO-XHAPOJIOLIKA
KOMIUIEKC, Y4ecTByje y YKyNHOj BpemHocTH otumaja ca 10,5%, mpm demy cpenma MOHAEpUCAHA
BPE/IHOCT CIEIHHIHOT OTHIA]a Ha OBOM CTEHCKOM KOMILIEKCY H3HOCH 5,6 1/s/km’.

JIpyru JIUTOJIOIIKO—XHUJPOJIONIKH KOMIUIEKC IIPEJCTaBJbEH BE3aHUM CeOUME—HTHHM
cTeHaMma 3ay3uMma HajBehe pacmpocTpameme y ciuBy. On cBHX OBUX CEAMMEHTHHX CTeHa HajBehe
pactipocTpamemhe uMajy Quumue creHe. Bezanu cemmmentd umbe 41,1% on yKymHE MOBpIIMHE
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CIIMBa, ¥ OHU Cy 3aCTYIUBCHH I'OTOBO y CBUM BHCHHCKHMM 30Hama. HajBeha moBpIuiHa OBHX CTEHa je
Ha BucuHHU o1 300-900 m. C 063upoM J1a OBE CTCHE 3ay3UMajy BEIHKO PAcIpOCTPAKBCHE, CAMUM TUM
je W BUX0BO ydyemhe y YKyMHOM OTHIalky Bone Bennko. OBaj KOMIUIEKC ydecTByje ca 39,6 % y
YKYIHOM OTHLAjy Boie y cimBy. Cpelmsi MOHACPHCAHN criequHIHN oTHIA] n3HocH 8,8 1/s/km?, a
Kkpehe ce y pacriony ox 4,3 l/s/km’ y HajHIKHM BHCHHCKHM ToHaMa 10 23,9 I/s/km® y HajsmueM gery
CIIMBA.

Kpeumann kao Tpehu NHTONOIIKO-XMIAPONOMIKK KOMIUIEKC 3ay3HMajy HajMame
pacmpocTpameme, ca csera 3,5 % oI yKyIHE HOBpIIMHE TepuTopHje. Mako 3ay3uma jako Majo
MPOCTPAHCTBO, OBaj KOMIUIEKC JI0CTa 3HAYajHO y4ECTBYje Y OTHIIay BOJE ca OBUX IpocTopa. Hemiro
3HaYajHUje PacHpOCTPABEHE Kpeumbaly 3ay3umajy y 3oau ox 800 1o 1000 m u y 30uu ox 1400-1500
m. Cpe/itba MOH/EpPUCaHa BPEIHOCT OTHIAja je Brucoka 16,9 I/s/km?, a kpehy ce ox 6,6-27,7 1/s/km’.

ITocnenmsu, YETBPTH  JIUTOJOLIKO—XHMAPOJOMIKM KOMIUIGKC UYMHE MarMaTuTH U
MeTaMOpGHUTH KOjU Y3 CEeAMMEHTHEe CTeHe 3ay3uMajy HajBehe pacmpocTpameme y ciuBy PacuHe.
oBpmuna koja je obyxsalieHa oBMM cTeHama 3ay3uma 238 km” ommocmo 38,9 % on ykymHe
MOBPIIMHE CJHBA. 3acTYIJbCHE Cy y TOTOBO CBUM BHCHHCKMM 30Hama, Majaa WM je Hajsehe
pacnpoctpamene ox 400-1200 m. IToBpmmMHCKO OTHIAME je BEIMKO M O0Baj KOMIUIEKC je HA IIPBOM
MecTy 110 ydemhy y yKyIHOM OTHIaly Boja ca oBe Tepuropuje. Taj yneo nzHocu 42,8 %. Cpenme
BPEHOCTH TOHIeprcaHor creuuduyunor otuuaja kpehy ce ox 3,1 /s/km’ y HajansBomnujeM ey
ciuBa, ma 1o 24,3 1/s/km’, Ha BucHHama mpexo 1800 Merapa. CpelmH MOHACPHCAHM CICLH(BHUHH
OTHIIaj OBOT CTEHCKOT KOMITeKca u3HocH 9,7 1/s/km?.

Ta6ena 3. IucTpubyumja cpeamnbux roaMIbUX ciequ(PpUYHUX 0THIAja 10 BUCHHCKUM 30HAMa U
JIMTHIIOWIKO-XHAPOJOUIKAM KOMILIEKCHMA.

Jlerenpa: F- moBpuiuma BHCHMHCKe 30He y km® q — cpenmu crenuduunyu otuuaj y l/s/km?,  %q — mporeHar
OTHIIaja BOJE Ca BUCHHCKE 30HE JaTOT CTEHCKOT KOMILIEKCA.

3akiby4yak

[Ipoceunu moHaepucaHu crenupuuHu OTHIE] y ciauBy Pacuue no akymynamuje "hemuje”
usHocH 9 1/s/km?, mTo je BpemHOCT Koja je Bumia ox mpoceka ca CpGujy. C 063MpoM 1a ce 0Baj 1eo
CIMBa HaJla3M Ha BENMM HAaIMOPCKMM BHMCHMHaMa, rae cy Behum HarnOu TepeHa M rle ce H3Iy4H
penaTuBHO Beha KOJIMYMHA MaJaBUHA, JaCHO j€ IITO Cy BPEIHOCTH oTuIlaja Behe ox mpoceka.

1. Teputopuja Ha K0joj ce (pOpMHpPajy OTHIAjH TUCTPUOYHpPAHH y Kiacama o 8-18 1/s/km’
obyxBata 48,3 % yxynHe moBpmmHe ciuBa. Ha Toj moBpmmum ¢opmupa ce 61,2 % ykymHOTr
TOUIIILET OTUILAja.

2. Hajehe GorarctBo Boma y cimBy, ca ydemheMm of 65,3 % y ykymHOM (opMmupamy
oTuiaja, Hayasu ce u3Haja 700 m HagMOpCKE BUCHHE.

3. Quctpubyuuja cruenuduuHUX OTHLAja IpeMa U3ABOjeHa YeTHPHU JIUTOIOIIKO-X HPOIOIIKA
KOMILIEeKca uMa cienehu pacropen. Y LEIMHU IIeJaHO, HEBE3aHU CEAMMEHTH YYECTBY]Y y YKYITHO]
BpenHocTH oTHI@aja ca 10,5 %, nmpu ueMy cpeama HOHJEPHCaHA BPETHOCT CHEMH(UIHOT OTHIAja Ha
OBOM CTGHCKOM KOMILIEKCY W3HOCH 5,6 l/s/km” JIpyrH KOMIUIEKC MpEICTABIBEH CEXMMEHTHHM
cTeHaMa ydecTByje ca 39,6 % y yKyIIHOM OTHIajy BOZE y CIHBY; CPEAIbH IOHASPUCAHH CHEH(DUIHH
oTHuaj Ha BeMy m3HocH 8,8 1/s/km’. Kpeumary kao Tpehit THTOIOMKO-XHAPOTIOUIKH KOMIUIEKC, HAKO
3ay3MMajy HajMambe paclpocTpamerhe, 3HauajHO Y4YeCTBY]y Yy OTHIAmy Boaa ca oBUX mpoctopa. Ca
yuemthem o 7,1 % yKyIHOT OTHIIaja, Ha BbUMa j€ MOHJepHCaHa BPEIHOCT OTHUIAja PEIaTHBHO BUCOKA
16,9 Vs/km®. YerBpTH W3ABOjeHH IHTONOMKO—XHAPOIOMIKA KOMIUIGKC UHHE MATMATHTH W
MeTaMOp(pHTH KOjU, y3 CEIMMEHTHE CTEHe, 3ay3uMajy HajBehe pacmpocTpambeme y CluBy PacuHe.
[loBpmIMHCKO OTHIaKE je BEIHKO M OBaj KOMIUIEKC jeé Ha NMPBOM MeECTy O ydemhy y YKYITHOM
oTHIamy Boja ca oBe Tepuropuje. Taj yaeo m3nocu 42,8%. Cpeamu MOHAEPHUCAHH CHEHUGDUIHA
OTHIIj OBOT CTEHCKOT KOMITIeKca u3HocH 9,7 1/s/km”.

Jluteparypa

Jlutepatypy Buaetu Ha 48 cTpaHu.
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