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Abstract: The paper treats the issue of the suspended sediment load transport in the upper part of the Rasina River
Basin, upstream from the "Celije" reservoir during the year of 2010. Measurements of the suspended sediment
concentrations were being done at two hydrological profiles Brus and Ravni. Total quantity of the suspended
sediment load that was transported at the profile of Brus in 2010 amounted to 3,437.3 t, which gave the specific
transport of 16.4 t/km*/year. At the downstream profile of Ravni, 43,165 t of the suspended sediment load was
transported, that is, 95.7 t/km?/year. The basin on the whole is characterized by the exsistance of two seasons,
which by their characteristics in the load transport represent the extreme variants. During the winter-spring season,
74-85.8 % of the total annual load was transported, and during the summer-autumn season between 14.2 and 26 %.
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Introduction

Soil erosion falls into the group of processes that has direct repercussions on the
dynamics of siltation of water reservoirs. In addition to siltation of reservoirs with
suspended sediment load and deterioration of water quality, erosion and suspended sediment
load transport may be limiting factors for development of area which gravitates towards the
reservoir (Mustafi¢ S., Kostadinov S., Manojlovi¢ P., 2008). Therefore, the study of soil
erosion is imposed as a fundamental problem which solving implies determination of all of
its forms: chemical erosion, mechanical water erosion, mapping of degraded areas and the
like. Taking into acccount the importance of the water reservoir "Celije" and its role in
water supply, previous researches have established the amount and spatial distribution of
water capacities (Manojlovi¢ P et. al., 2013), analysed the changes in erosion intensity in the
period 1971-2011 (Kostadinov S. et al., 2014), as well as the condition and quality of soil
resources (Belanovi¢ S. et. al., 2012, Kadovi¢ R. et al., 2012). In this paper the problems
related to dynamics and suspended sediment load transport were treated. Considering that
during 2010, the area of Central and Eastern Europe was under the influence of extreme
climate events that strongly reprecussed on the condition and quality of the environment
(Loczy D., 2012), the researches presented in this paper offered the possibility of
determining the suspended sediment load transport during extreme hydrological conditions.
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Physical and geographical characteristics of the basin

The Rasina River is the right tributary of the Zapadna Morava (West Morava). The
basin covers an area of 1,054 kmz, and 611,3 km? to the "Celije" reservoir. In the Rasina
River Basin, 744 mm of precipitation is excreted on the average, which is a slightly higher
value than the average value for Serbia which amounts to 739 mm (Bajat et al. 2012). The
seasonal distribution of precipitation is such that the maximal amount is excreted during
summer (30.1 %), while only June participates with 12.3 % of the annual distribution.
Spring follows with 27.1 %, with a dominant month of May, within which 11.6 % of the
annual precipitation amount is excreted. Autumn months participate with 23.8 % and winter
with 19.5 % of the annual distribution of precipitation. By increasing the altitude, the
average increase in precipitation is 77 mm/100 m (Zivkovi¢ N., Andjelkovié¢ G.,2004).

The average weighted specific runoff in the Rasina River Basin to the "Celije"
reservoir is higher than the average for Serbia (7,06 1/s/km®, Manojlovi¢ P., Zivkovié¢ N.,
1997 ) and amounts to 9 1/s/km?. The specific runoff values range from 3 1/s/km” in the most
downstream sector at the dam, to 27.9 1/s/km” which is the value in the highest mountainous
part of the basin. The greatest aboundance of water in the basin, with the participation of
65.3 % in the total runoff formation, is located at the altitude of 700 m (Manojlovi¢ P. et. al.,
2013).

The largest area cover the flysch rocks with 41 %, which are the most common in
the middle part of the basin in the altitudinal zone between 300 and 900 m. This rocky
complex participates with 39.6 % in the total water runoff in the basin. The second by
representation are the magmatites and metamorphites, which cover 39 % of the basin area,
with 42.8 % of the total runoff. 16.5 % of the basin area belong to the unbound sediments,
sands and alluvium, and the least distributed (3.5 %) are the limestones and dolomites
(Manojlovi¢ P et. al., 2013).

Methodology

Water sampling for the use of determining the concentration of suspended
sediment load was carried out on two hydrological profiles Brus and Ravni. The samples
were being taken during the calendar year of 2010. The concentration of suspended
sediment load in the water was being determined by filtration of the liter samples with the
aid of a vacuum pump Sartorius, and then by measuring the weight of a filter paper on the
digital scale after drying in the dryer at 105 °C, and the desiccator before and after
decantation. A filter paper Whatman 359 was used. All analytical procedures were done in
the Laboratory of Physical Geography, Faculty of Geography, Belgrade.

Daily discharge values on the hydrological profiles of Brus and Ravni, as well as
the data on the amount of precipitation at the stations Kopaonik and Brus, were obtained
from the Republic Hydrometeorological Service of Serbia (RHSS, 2010).

Results and Researches

Basic characteristics of runoffs, suspended sediment concentrations and suspended
sediment load transport

The average annual value of the suspended sediment concentration (SSC) at the
hydrological station of Brus is 0.0215 g/l at the average annual discharge of 2.24 m’/s (q=
10.6 /s/km?). The minimal daily measured SSC was only 0.0001 g/l and was determined
over several days in late August and early September. This coincides with the period of the
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lowest discharge values. The maximal recorded value of the SSC was 0.2726 g/l and was
measured after the July showery precipitation. The ratio between the daily extremes is
1:2726.

On a monthly level, the large differences and deviations of one month in respect
to the other are observed, as well as in respect to the annual average. The lowest average
monthly value by far had September with 0.0004 g/, at the average monthly discharge of
0.37 m*/s (q= 1,73 I/s/km®). The average monthly maximum was recorded in December
with 0.0493 g/1, at the average monthly discharge of 3.15 m’/s (q= 7,65 1/s/km®). Thus, the
ratio between the extreme average monthly suspended sediment concentrations is 1:12.

At first glance, it can be seen that the values of both, the discharges and the
concentration, are significantly higher on the hydrological profile of Ravni than at Brus. The
average annual value of the SSC on the more downstream profile, at the average annual
discharge of 6.7 m*/s (q= 14.84 1/s/km?), is 0.0604 g/l. The daily maximum was as high as
1.2927 g/, and that was even during February, at the discharge of 80.4 m®/s (qg= 41.66
l/s/kmz), while the daily minimum of the SSC was recorded in June, when it amounted
0.0003 g/1, at the discharge of 1.39 m’/s (q= 3.08 1/s/km®). The ratio between the daily
extremes was 1:4,309.

The average monthly values of the SSC were in the range from 0.067 g/l in May
(Q=5.35 m%/s; q=11.85 1/s/km?) to 0.1453 g/l which was the amount in February (Q= 18.79
m’/s; q=41.66 1/s/km?), so the ratio between the average montly concentrations was 1:22.

The distribution of specific runoffs according to established classes is given in
Figure 1. The comparative analysis of the hydrological profiles shows the dominance of low
waters on the upstream profile of Brus: 33.2 % belong to the runoffs up to 3 1/s’km2. The
distribution of runoffs on the downstream profile of Ravni has the characteristics of a
normal distribution. The runoffs in the class 10-20 1/s/km? are dominant, which lasted for
nearly a quarter of the time period. The extreme conditions of runoffs, i.e., the runoffs
greater than 50 1/s/km® were recorded on the profile of Brus for 10 days, and 15 days at
Ravni.

The distribution of suspended sediment concentration is divided into five, that is,
six classes (Figure 2). For the most part of the year (46 % of the time at Brus, 50 % of the
time at Ravni), the suspended sediment concentrations were in the range from 0.01 to 0.1
g/l. Then, the suspended sediment concentrations in the class from 0.001 to 0.01 g/l were
dominant, which lasted for 38 % of the time at the upstream profile, and 31 % at the
downstream profile. The dominance of low waters on the profile of Brus reflected in the fact
that in this sector, the SSC in the class from 0.0001 to 0.001 g/l was 3.3 times higher than in
the more downstream station. On the other hand, two times higher dominance of runoffs in
the classes over 20 1/s/km* on the downstream profile of Ravni, influenced the three times
greater emergence of the suspended sediment concentrations larger than 0.1 g/l. On this
profile, also one case (February 20th) of the suspended sediment concentrations of 1.2927
g/l was recorded.

The total amount of suspended sediment load that was transported in 2010 at the
profile of Brus was 3437.3 t, giving a specific suspended sediment load transport of 16.4
t/km?/year. The absolute daily maximum was reached on 20.04.2010., when the calculated
transport was even 225.1 t, at the discharge of 22.7 m’/s (106.6 1/s’/km?). The absolute
minimum was measured on 31.08.2010., when only 3 kg/day of the suspended sediment
load was transported. The more downstream profile of Ravni covers a larger area, and
therefore much greater values of the suspended sediment load transport. For that year,
43,165 t of the suspended sediment load, that is, 95.7 t/km*/year was transported. The daily
amplitudes of the suspended sediment load transport ranged from 3 kg/day to 8,980 t/day.
The minimal values were recorded on 20., 21. and 22.06.2010. at the discharges of 1.39 m®/s
(3.08 1/s/km?), and the maximal on 20.02.2010. at the the discharge of 80.47 m’/s ( 178.3
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I/s/km?). According to the distinguished classes on the above mentioned profiles (Figure 3),
at Brus, in the annual distribution, the load to 1 t (53 % of the time) is dominant, while at
Ravni, in this class, there is three times less load. On the other hand, at Ravni, 29 % of the
time belongs to the transport which is in the range from 10 to 100 t, which is two times
longer period of time than on the upstream profile. Also, the extreme values of the
suspended sediment load transport on the downstream profile, more than 100 t/day, lasted

much longer. It was recorded 7 such days at Brus, and even 41 days at Ravni.
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Monthly ans seasonal distribution of runoffs, suspended sediment concentrations
and suspended sediment load transport

Adequate study of the mechanical water erosion involves a comparative assessment
of the runoff regime, suspended sediment concentration and suspended sediment load
transport. The study of the water regime of rivers, especially the high water phases, gives a
seal to that regime, and at the same time is the most important for the regime of the
suspended sediment load transport. One of the simple, but also the most transparent ways, is
displaying of the data shown by the ratio of the average monthly toward the average annual
values (Zivkovi¢ N., Gavrilovié Lj., 2009).

In Figures 4 and 5, the modular values of q, SSC, and Qs are shown. Generally, for
both hydrological profiles, the growing branch of the annual runoff distribution begins in
October and culminates in February. From February starts declining tendency of runoffs, so
in September, it reaches its lowest level. A very important indicator of the water regime is
the distribution of monthly runoff values that are above, that is, below the annual average.
Thus, the period of time in which the monthly values of the specific runoff are higher than
its annual average at Brus 5 months (February-June), and at Ravni 4 months (April-
January).
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The growing branch of the SSC, generally starts from October and lasts until
February, when it takes the character of decline. However, the inter-annual distribution of
the suspended sediment concentration does not completely follow the inter-annual
distribution of the runoffs. This is especially observed in the distribution of the average
monthly suspended sediment concentrations, which values are greater than the average
annual. Thus, unlike the distribution of the runoffs characterized by a single period, at the
inter-annual distribution of the suspended sediment concentrations this is not the case. On
the hydrological profile of Brus, as above-average months, distinguish the following:
February, March, April, June, July and December. At the hydrological profile of Ravni,
those are February, April, June and December.

As it can be seen in Figure 4, in the area of the Rasina River Basin, there are some
specificities in the regime of the suspended sediment concentrations on the distinguished
profiles. The characteristic for both hydrological profiles is the existence of extreme single
events related to the annual distribution of the SSC. It is the appearance of above-average
values of the suspended sediment concentrations in February, July and December. Their
extreme value is the consequence of different precipitation, temperature and vegetation
conditions.

February 2010. High values of the suspended sediment concentrations measured
during February are the consenquence of the combination of precipitation and temperature
conditions that occured in the wider area of Serbia. The researches in the area of the Nisava
River Basin showed the extent to which the values of the suspended sediment concentration
were determined by the advent of high air temperatures during February. So, the connection
between the daily idle air temperature and the discharge on one side, and the air temperature
and the suspended sediment concentration on the other hand, is described by the exponential
regression with the determination coefficient of 0.79 (Mustafi¢ S. et al., 2013). Average
monthly air temperature higher than 1 °C during January and February in the station of Brus
(absolute maximal daily temperature of 17.2 °C recorded on Februaty 20th), as well as the
amount of precipitation of 52.6 mm (48 % larger than the fifty years' average), caused the
extremely high daily suspended sediment concentrations.

July 2010. According to all characteristics of the monthly regimes of precipitation
and runoff, the average monthly value of the SSC should be below average. In fact, the total
monthly amount of precipitation measured at the precipitation stations of Kopaonik (48.9
mm) and Brus (21.9 mm), was less than the fifty years' average of 1.9, that is, 2.9 times.
Also, the number of days with precipitation greater than 10 mm, which would cause the
intensification of the erosion process, is not recorded at the station of Brus, while on
Kopaonik only one of such days was registered. However, as the values of the slit
concentrations are very sensitive to precipitation events, the relatively high average monthly
suspended sediment concentrations in July can be explained by the precipitation events that
occurred at the end of the previous month. In the hydrological station of Brus, the SSC value
0f 0.2726 g/l was measured on July 6th, as the value of 0.2655 g/l that was measured on the
following day, also represented the maximum daily values of the whole research period,
although measured during the runoffs which relatively were on the average annual level. In
this case, the measured values of the SSC are the consenquence of the large amounts of
precipitation that excreted on June 28th. On that day, in the station of Kopaonik fell 28 mm
of rain, which made 24 % of the monthly amount of precipitation; while at Brus, the 54 mm
excreted, i.e., even 50.3 % of the monthly amount. Such high amounts of precipitation, as
well as the fact that on July 2nd, 11 mm of the daily precipitation was measured in the
station of Kopaonik, reflected in the rapid increase in discharge, which resulted in the
formation of high suspended sediment concentrations in the coming days. In the second half
of the month, the SSC recorded below average values.
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December 2010. Although the monthly amount of precipitation recorded in this
month at the station of Brus was below the long-term average, in the mountainous hinterland
in December excreted 80.7 mm of precipitation (which was about 18 % higher value than
the average) for 19 precipitation days, of which two days were with the precipitation of 10-
12 mm. The average monthly air temperature above zero, with high maximum daily
temperatures (08.12.2010. the maximal daily temperature was as high as 20 °C at the station
of Brus and 8.2 °C at the station of Kopaonik) caused the rapid melting of snow cover and
the occurrence of high discharges. Taking into account the state of the vegetation cover and
the nakedness of the substrate and the high values of the terrain slope, the occurrence of
high discharges caused the emergence of high suspended sediment concentrations.

Correspondent with the specific runoffs and the corresponding suspended sediment
concentrations, generally the inter-annual distribution of the suspended sediment load
transport (Qs) shows a certain regularity (Figure 5). The growing branch of the annual
distribution of the suspended sediment load transport begins in late summer and early
autumn, i.e., in October. The line of a growing trend reaches its maximum in late winter and
early spring. In particular, in 2010, on both hydrological profiles, it reached a maximum in
February, wherein Qs was 5.4 times (profile of Ravni), that is, 3 times (profile of Brus)
higher than the annual average. The declining branch of the annual distribution Qs starts
from March and reaches its minimum in September, when the suspended sediment load
transport equals the annual average. Its duration at both measuring points is 7 months.
However, in the annual distribution of Qs, the above average values are differently
represented on the hydrological profiles of Brus and Ravni. So, at Brus, a single period from
February to July can be noticed (with the exception of May), as well as December with
values that are above the annual average. During these six months, 90.7 % of the annual
amount of the suspended sediment load was transported. On the other hand, at the
hydrological station of Ravni, only two months (February and April) recorded the above
average values, while during this period 75 % of the annual suspended sediment load was
transported.

The suspended sediment load transport determined according to the season is given
in Table 5. From the enclosed, it can be concluded that on both hydrological profiles, the
largest part of the annual transport is realized during the winter, and that is 38.1 % on the
profile of Brus and even 50.3 % on the downstream profile of Ravni. The spring follows,
during which approximately the same amount of the load is transported on both hydrological
profiles. However, the biggest difference is during the summer. In fact, in the annual
distribution at the upstream profile, two times more of the suspended sediment load is
transported than in the downstream part. The big difference between the profiles is also
observed in the value of the specific suspended sediment load transport in the scope of all
distinguished seasons. At the downstream station, the specific suspended sediment load
transport is greater in comparison with the upstream profile from 3 to 8.3 times.

The influence of all direct and indirect factors that determine the suspended
sediment load transport, and which are incorporated in the notion of the season, sum up in
the fact that they are primarily determined by the amount of runoff water. The relation
between specific runoffs and suspended sediment concentration, and specific runoffs and
suspended sediment load transport at the level of the seasons are presented in Figures 6 and
7. In the analysis process, the average decade values of the g, SSC and Qs were taken into
account. The upper part of the Rasina River Basin, according to the suspended sediment
load transport, in general, is characterized by the exsistance of two seasons: hot and wet
(winter-spring) and hot and dry (summer-autumn) season.
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Figure 7. Relation between specific runoff (q I/s/km?) and specific suspended sediment load transport (Qss t/km?)

Table 1. Average monthly specific runoff (q) and average monthly suspended sediment concentration (SSC) on the hydrological profiles of Brus and Ravni in 2010

Hidrological Station 1 11 111 v \% VI VII VIII IX X XI XII
Brus

q (Us/km?) 9,8 23,1 20,8 18,8 12,2 15,7 8,6 3,0 1,7 2,9 3,1 7,6
SSC (g/l) 0,0129 0,0303 0,0325 0,0246 0,0168 0,0214  0,0459 0,0081 0,0004  0,0073 0,0079 0,0493
Ravni

q (Us/km?) 20,3 41,7 31,0 30,7 11,9 12,5 8,8 48 33 3,8 42 7,6
SSC (g/l) 0,0181 0,1453 0,0452 0,0884  0,0067 0,0364  0,1046  0,0539 0,0281 0,0332 0,0388 0,1332

Table 2. Monthly suspended sediment load transport (Qs) and specific suspended sediment load transport (Qss) on the hydrological profiles of Brus and Ravni in 2010

Mical Station 1 11 111 v A\ VI VII VIII IX X XI XII
Brus
Qs (b) 96,9 875,6 461,8 604,0 170,1 436,3 403,0 19,2 0,4 16,1 16,8 337,2
Qss (t/km?) 0,45 4,11 2,17 2,84 0,80 2,05 1,89 0,09 0,002 0,08 0,08 1,58
Ravni
Qs (b) 518,7 19567,6 2409,2  12773,5 138,8 2338,3 24325 767,5 188,5 188,0 207,8 16349
Qss (t/km?) 1,15 43,39 5,34 28,32 0,31 5,18 5,39 1,70 0,42 0,42 0,46 3,63

Table 3. Monthly and annual amount of precipitation (X) in the stations of Kopaonik and Brus

Station 1 11 111 1V \4 VI VII VI I1X X X1 XII  Annual
Kopaonik

X (mm) 1961/2010 63,3 57,9 68,1 851 1142 121,5 919 872 87,8 64,6 729 681 982,6

X (mm) 2010 86,1 81,1 944 1409 131,0 1729 489 53,0 53,7 869 692 80,7 109828
Brus

X (mm) 1961/2010 41,1 354 424 52,6 77,1 78,9 63,8 524 50,8 46,0 56,2 49,7 646,3
X (mm) 2010 32,2 52,6 498 66,4 66,2 1074 219 102,8 20,5 86,5 288 398 674,9




32
Table 4. Regressiom model of the exponential type at the level of connection SSC = f(q)

HS Period Regression model R’

Brus winter-spring y =0,0075¢ 0.0627x 0,91
Ravni winter-spring y =0,0025¢ 0,0923x 0,83
Brus summer-autumn y =0,0023¢ 2,3477x 0,98
Ravni summer-autumn y=0,001¢ "84!x 0,96

Table 5. Seasonal distribution of suspended sediment load transport in 2010

Denudation rate

HS Winter Spring Summer Autumn Annual
(mm/yr)

Brus
Qs (1) 1309,7 12359 858,4 333 34373 0,042
Qss (t/km?) 6,1 5,8 4,0 0,2 16,4
% Qs 38,1 36,0 25,0 1,0 100
Ravni
Qs () 21721,15  15321,54  5538,36 584,21 431653 0,254
Qss (t/km?) 48,16 33,97 12,28 1,30 95,7
% Qs 50,3 35,5 12,8 1,4 100

Grouping of data is defined by the regression model of the exponential type at the
level of the connection SSC = f (q) (Table 4), which is characterized by a high coefficient of
determination, that for the winter-spring season amounts 0.83 (profile of Ravni) and 0.91
(profile of Brus); and for the summer-autumn 0.98, i.e., 0.96 respectively. From the
accompanying Figures and given exponential model, it is noticed that the polarization of the
seasons in two seasons is more pronounced on the downstream profile, as indicated by the
slope of the trend line.

In the Figure, a different position of the extreme seasonal values of the SSC and Qs
for approximately the same specific runoffs on the given profiles is also observed. That is
why the extreme autumn SSC for the discharges of 1.5- 2 I/s/km2 on the hydrological
profile of Brus are below the value of 0.0005 g/1, while at the hydrological profile of Ravni,
for the same specific discharges, the value of the SSC is approximately 0.05 g/l , i.e., ten
times higher. For the same values of the specific runoffs, also the suspended sediment load
transport records big differencs. So, at Brus, approximately 0.1 t of the suspended sediment
load is transported, and at Ravni about 10 t.

On the other hand, the polarization of the extreme maximal seasonal SSC and Qs is
more distinguished at the downstream profile, in terms of their determination to cold-wet
and warm-dry period. In fact, the maximal values of the specific sediment load transport Qs
for the specific runoff values higher than 10 I/s/km” at the profile of Brus are in the quadrant
of 1-10 t/km’, where in that range, the extreme values of all seasons, except the autumn
season, are represented. However, the extreme seasonal values of the specific suspended
sediment load transport Qs at the hydrological profile of Ravni are defined by the quadrant
of 10-100 t/km?, but only occur in the winter and spring season, while the maximal summer
values are exactly on the limit of 10 t/km®.

The average rate of denudation is estimated through the relations that were defined
by Gregory and Walling, 1973. The greatest reduction due to mechanical erosion is 0.254
mm/year in the most downstream sector, while upstream from the station of Brus is 0.042
mm/year.
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Conclusion

The total amount of the suspended sediment load that is transported in 2010 at the
profile of Brus, was 3,437.3 t, giving a specific suspended sediment load transport of 16.4
t/km?*/year. At the downstream profile of Ravni, 43,165 t of the suspended sediment load
was transported, that is, 95.7 t/km?/year. The big difference between the profiles is also
observed in the value of the specific suspended sediment load transport within all
distinguished seasons. At the downstream station, the specific suspended sediment load
transport is greater in comparison with the upstream profile from 3 times during the summer
to 8.3 times during the winter.

The basin as a whole is characterized by the exsistance of two seasons, which, by
their characteristics in the suspended sediment load transport, represent the extreme
variants: during the winter-spring season, from 74 to 85.8 % of the total load was
transported, and during the summer-autumn season from 14.2 to 26 %. The polarization of
the seasons in two seasons, is more pronounced on the downstream profile of Ravni. The
average rate of reduction of the topographic surface up to Brus is 0.042 mm/year, while to
the profile of Ravni is significantly higher (0.254 mm/year), which is the consenquence of
large distribution of the flysch rocks.

References

Bajat, B., Pejovi¢, M., Lukovié, J., Manojlovi¢, P., Duci¢, V. and Mustafi¢, S. (2012). Mapping average annual
precipitation in Serbia (1961-1990) by regression kriging. Theoretical and Applied Climatology, 112 (1-2), 1-
13, DOI 10.1007/s00704-012-0702-2

Belanovic, S., Beloica, J., Perovi¢, V., Alnaass, N., Knezevi¢, M. and Kadovi¢, R. (2012). Current state and threats
of soil resources in the catchment of the Rasina above the "Celije" water reservoir. International Conference On
‘Land Conservation'-Landcon 1209: Sustainable Land Management And Climate Changes, September 17-
21,2012, Danube Region, Republic of Serbia, 28-28

Gregory, K.J. and Walling, D.E. (1973). Drainage Basin Form and Processes - A Geomorphological Approach.
Edward Arnold, London, UK.

Kadovi¢, R., Belanovi¢, S., Kostadinov, S., Beloica J., Todosijevi¢ M. (2012). The Influence of soil organic carbon
on soil erodibility of forest soils in the catchment of the Rasina. International Conference On ‘Land
Conservation'- Landcon 1209: Sustainable Land Management And Climate Changes, September 17-21,2012,
Danube Region, Republic of Serbia, 48-48

Kostadinov, S., Zlati¢, M., Dragicevi¢, S., Novkovi¢, 1., Kosanin, O., Borisavljevi¢, A., Laki¢evi¢, M. and Mladjan,
D. (2014). Anthropogenic Influence On Erosion Intensity Changes In The Rasina River Watershed - Central
Serbia. Fresenius Environmental Bulletin, 23 (1),

Loczy D. (2012). Geomorphological Impacts of ExtrmeWeather. In (ed. Loczy D), "Geomorphological Impacts off
Ekstreme Weather. Case Studies from Central and Eastern Europe". Springer

Manojlovi¢, P. and Zivkovié N., (1997). The Map of Runoff in Serbia. Collection of the papers Faculty of
Geography Universitu of Belgrade, 48, 15-25

Manojlovi¢, P., Sreji¢, M., Djokié, 1., Mustafi¢, S. and Dobrosavljevi¢, T. (2013). Altitudinal Zonation Of Runoff
In The Rasina River Basin. Glasnik Srpskog geografskog drustva, 93 (2),41-54

Mustafi¢, S., Kostadinov, S., Manojlovi¢, P. (2008). Risk of Artificial lake “Zavoj” to Processes of Erosion-
methodological, knowing and protecting aspect. Glasnik Srpskog geografskog drustva, 88 (1),29-42

Mustafi¢, S., Manojlovi¢ P. and Milosevi¢ M. (2013). Extreme Erosion Rates in the Nisava River Basin (Eastern
Serbia) in 2010. In (ed. Loczy D), "Geomorphological Impacts off Ekstreme Weather. Case Studies from
Central and Eastern Europe". Springer, 171-187

Zivkovié¢ N. and Andjelkovi¢ G. (2004). Altitude Precipitation Gradient in Serbia. Glasnik Srpskog geografskog
drustva, 84 (2),31-36

Zivkovi¢ N. and Gavrilovié Lj. (2009). O rezimu velikih reka Kosova i Metohije. Glasnik Srpskog geografskog
drustva, 89 (4), 225-253



34

JUHAMUKA ITPOHOCA CYCHHEHIOBAHOI' HAHOCA
Y I'OPBEM JEJY CJIMBA PACHUHE 2010. TOAWHE

CABbA MyCTAOUR', TIPEAPAT MAHOJIOBUR', [IPEPAT KOCTUR'

' Viueepzumem y Beozpady-Teozpagpcku dpaxynmem, Cmydenmcxu mpe 3/3, Beoepad, Cpbuja

Caxerak: Pajx Tperupa mpoOnemaTHKy TpaHCIOpPTa CYCICHIOBAHOI HAHOCA Yy TOpHEM Jely ciuBa Pacube y
3BOJIHO 011 akymyiauuje "henuje" Tokom 2010. rogune. Mepema KOHIEHTpaLHja CyCISHAI0BAHOT HAHOCA BpILEHA
cy Ha JBa xujaponomka npoduna bBpyc u PaBHu. YkynmHa KONHYMHA CYCHEHIOBaHOI HaHOCa Koja je
TpaHcnoproBana kox npoduna bpyc y 2010. ronunu usHocwia je 3437,3 Tona, mwTo Aaje crenuUUHA MIPOHOC O
16,4 t/km*/ron. Ha HusBomHOM npoduiy PasHu npHeTo je 43165 t cycnHOBaHOT HaHOCA, OHOCHO 95,7 t/km?/rop.
CnuB y LENMHM KapaKTEpUIIe MOCTOjame JBE CE30HE KOje MO CBOjUM KapaKTEPHCTHKaMa y MPOHOCY HaHoca
IpeJCTaBIbajy eKCTpeMHe BapujaHTe. TokoM 3uMcko-mponehHe ce3oHe TpaHcmoproBano ce 74-85,8 % ykymHor
TOUIILETr HaHOCA, 2 TOKOHOM JeTHe-jecerse ce3oHe mmehy 14,2-26 %.

KibyuHe peuM: CycleHIOBaHH HAHOC, CE30HACKA BApUjOMJIHOCT, €KCTPEMHH XHAPOJOLIKHM YCIOBH, PacuHa,
Cpbuja.

YBoa

Eposuja 3emspumTa caga y rpymy Ipolieca Koja nMa AMPEKTHE pernpeKycuje Ha
IMHAMUKY 3acHIlaa BOJHHMX akymyiauuja. Ilopex 3acumama akymyianuja HAaHOCOM H
MoropIamka KBAJIWTETa BOJAE, €po3Wja W MPOHOC HAHOCAa MOTy OHTH OrpaHn4aBajyhu
¢daxTopu pas3Boja mpocTopa Koju rpaButhpa akymyiauuju (Mustafi¢ S., Kostadinov S.,
Manojlovi¢ P., 2008). Crora ce mnpoy4yaBame epo3uje 3emibuinTa Hamehe kao
(dbyHIaMeHTaTHE IPOMOEM uHje pellaBame MoJpa3yMeBa yTBphuBame CBUX HEHUX BHIIOBA!
XEeMHjCKe epo3Hje, MeXaHHYKe BOAHE epo3Hje, KapTupame Jerpaaiupanix mospimta u ci. C
0o03upoM Ha 3Ha4aj BoxHe akymysanuje "Renuje" m meHe ynore y BoJOCHaO/eBamy,
MPETXOAHUM UCTPAXUBAbHMa YTBPlEHA je KOJIMYMHA U NPOCTOPHA IHCTPUOYLHUja BOIHHX
kananutea (Manojlovi¢ P et. al., 2013), aHanu3upane cy mpoMeHe MHTEH3UTETa epo3Hje y
mepuony on 1971-2011. romuae (Kostadinov S. et al., 2014), ka0 U cTame W KBaJIUTET
3emspnmrHAX pecypca (Belanovi¢ S. et. al., 2012, Kadovi¢ R. et al., 2012). ¥ oBom paxy
TPETHPAaHH Cy NPOOJIEMH KOjU Ce OJHOCe Ha JUMAHHKY W TPAHCIOPT CYCIICHIOBAHOT
Ha”oca. C o63upom xma je Tokom 2010. ronunae mpoctop Lenarpanue u Uctoune EBpone 6mo
MOJI YTUIIajeM eKCTPEMHHX KIMMAaTCKuX Jorahaja Koju Cy ce CHa)KHO pernpeKyCHpald Ha
crame u KBanuteT jkuBotHe cpeamHe (Loczy D., 2012), wucrpaxuBama Koja cy
IPEe/ICTaB/beHa y OBOM paiay IpyXkajy MOTYhHOCT yTBphuBama NpoHOCA CYCIICHIOBAHOT
HaHOCA 32 BpeMe Tpajamba eKCTPEMHUX XHPOJIOIIKHUX yCIIOBa.

Duznuko-reorpadgcke KapaKTepucTHKE CIUBA

Pexa Pacuna je necna mpuroka 3amagHe Mopase. CiuB 3axBaTa NMOBPIIMHY O]
1054 km?, a o axymynaumje"hemuje" 611,3 km?®. Y cimBy Pacuie mpocedro ce M3iyun
744 mm, mTo je Hemrro Beha BpeqHOCT o mpoceka 3a Cpoujy koju u3Hocu 739 mm (Bajat
et al. 2012). Ce3oHCKa pacmojiena MaJaBUHA je TakBa Ja ce HajBeha KOJIMYMHA H3ITydd
tokoMm Jeta (30,1 %), mpu yemy camo jyH ydectByje ca 12,3 % ropumme pacnoznene. Cinenu
nponehe ca 27,1 %, ca TOMHHaHTHUM MECELEM MajeM y OKBUpY Kora ce uaiyuu 11,6 %
TOAMIIE CyMe TNajiaBUHA. JecemH Mecenu yuecTByjy ca 23,8 %, a 3umcku ca 19,5 %
roIyIIBe pacnofene mazaBuHa. Ca MOpPAacTOM HAJMOPCKE BHCHHE HPOCEYHO IoBehame
nagaBuHa m3HocH 77 mm/100 m (Zivkovié N., Andjelkovié G.,2004).

" E-mail: sanjam@gef.bg.ac.rs
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IIpocednn moHaeprcaHu crenuGUYHN OTHUIA] ¥ CIMBY PacumHe mo akymynamwje
"hennje" Buum je ox npoceka 3a Cp6ujy (7,06 1/s/km?, Manojlovié P., Zivkovié N., 1997 )
1 m3HocH 9 1/s/km”. Bpeamnoctu creunduunnx ornuaja kpehy ce y pacrony ox 3 Us/km® y
HajHU3BO/IHHjEM CEKTOPKY KoJ OpaHe, 10 27,9 I/s/km” komKo usHOCH y HajBUIIEM IJIAHUHCKOM JIeITy
cnusa. Hajpehe GoratctBo Bona y cimBy, ca yuerthem o 65,3 % y ykynHoMm dopmupamy
otuIaja, Hayasu ce uzHaa 700 m Haamopcke Bucune (Manojlovié P et. al., 2013).

Hajrehy noBpiinny 3axBatajy duumne ctene 41 %, koje ¢y Haj3acTyIUbCHHUjE y
cpelmeM Jeny cimBa y BHUCHHCKOj 30HH m3Mmehy 300-900 m. OBaj CTCHCKH KOMILICKC
yaecTByje ca 39,6 % y YKymHOM OTHIQjy Bojae y CIUBY. Ipyru Mo 3acTyIJBEHOCTH CY
MarMaTuTH U MetamopduTH, Koju 3axBarajy 39 % mnoBpmmHe ciuBa, ca 42,8 % yKymHOT
oruraja. HepesannM cennMHTHMA, TTECKOBHUMA W alyBHjyMy npunana 16,5 % mospriunHe
CIIMBa, JOK HajMame pacrpocTpamene (3,5 %) nMmajy kpeumary u gonomutu (Manojlovic P
et. al., 2013).

MeTonoJi0rHja HCTPAKMBAKHA

VY3opkoBame BOAe 3a TOTpeOy yTBphuBama KOHICHTpANHWje CYCICHIOBAHOT
HaHOCa BPIIEHO je Ha JiBa Xuapoomka npoduia bpyc u PaBHu. Y3opuu cy y3uMaHu TOKOM
kanernapcke 2010. roqure. KoHneHTpanyja cycrieHA0BaHOT HAHOCA Y BOJM yTBphHBaHa je
¢mITpannjoM IUTAPCKUX y30paka y3 momoh Bakyym mymrie Sartorius, a 3aTHM MeEpemeM
TexuHe (uITEp-TNanMpa JUIHTATHOM BaroM HAKOH Cyllema y cymmoHuud Ha 105 ° C u
eKcHKaTopy mpe u mocie npouehuBama. Kopumhen je ¢unrep mamup Watman 359. Ceu
aHAJMTHYKY nocTynuu ypahenu cy y Jlaboparopuju 3a ¢pusmuky reorpadujy I'eorpadcekor
(dakynrera y beorpany.

JlHeBHe BpeHOCTH MPOTHUIIaja Ha XUAPOIOWKKM npoduimma bpyc u PaBau , kao u
NoJad O KOJNMYMHM TNajaBuHa Ha craHunama Komaonwk u bBpyc, nobujenn cy on
Xunpomereopoomkor 3aBoaa Cpouje (PXM3, 2010).

Pesynratn n ncrpaxkupama

OcHoBHe KapaKTepUCTUKE onmaja, KOHHCHTpaIII/lja CyClI€HI0BAaHOI' HAHOCA "
MpPpOHOCA CYIICHA0OBAHOI' HAHOCA

[Tpoceuna roanimka BPeAHOCT KOHIEHTpalyje cycrenaoBaHor HaHoca (SSC) Ha
XHUJpoJIoKoj ctanuny bpyc m3nocu 0,0215 g/l npu npoceyHOM TOIUIIBEM TIPOTHLIA]Y O
2,24 m*/s (q= 10,6 1/s/km”). MunumanHa aHeBHa u3mepena SSC usHocuna je camo 0,0001
g/l m yTBpheHa je y TOKOM BHUIIE JaHAa KpajeM aBIrycTa W ModeTkoM cenrteMOpa. To ce
MOKJIana ca INepUoJOM HAjHW)KUX BPEIHOCTH TNPOTHIAja. MakcumanHa 3a0erexeHa
BpenHocT SSC m3Hocmia je 0,2726 g/l m m3MepeHa je HAKOH jYJICKHX IIJBYCKOBHUTHX
nagaBuHa. OgHOC M3Mely THEeBHHUX eKcTpema u3HocH 1:2726.

Ha MeceuHOM HHBOY yo4aBajy ce BEIHKE PA3JIUKe U OACTYIarba jeHOT Mecena y
OJJHOCY Ha IpPYTH, Ka0 M y OAHOCY Ha TONUIIEBU NPOCEK. YOeIbHBO HAjHWKY CPEAmY
MECEUYHY BpEIHOCT UMao je centembap - 0,0004 g/l, mpu cpeameM MECEUHOM MPOTHIIA]Y O
0,37 m’/s (q= 1,73 /s/km?®). Cpexnmn MecedHH MakcuMyM berrexu aeremoap ca 0,0493 g/l
TIPU CPEIHEM MECEIHOM MPOTHIAjy ox 3,15 m*/s (q= 7,65 1/s/km?). Taxo je ogHoc u3mely
EKCTPEMHUX CPE/IHhe MECEUHNX KOHIIEHTpallija CyCIeHA0BaHOT Hanas3n y oxHocy 1:12.

Ha npBu mornen ce BuaM jJa Cy BpPEAHOCTH W TPOTHIAja M KOHLEHTpaIHje
3HAYajHO Ha XHjposiomkoM mpoduiay PaBuu Behe Hero xox bpyca. IIpoceyna romumima
BpenroctT SSC Ha HU3BOAHM]EM MPOQHITY, TIPH CPEIHEIOMIIBEM MPOTHIA]jY 01 6,7 m’/s
(q= 14,84 1/s/km?), m3uocu 0,0604 g/l. JlueBHM MakCHMyM je m3HOCHO yak 1,2927 g/l u To
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TokoM (eGpyapa, npu npotumajy ox 80,4 m’/s (q= 41,66 1/s/km?), 10K je THEBHH MUHAMYM
SSC 3abernexen TOKOM jyHa, kaaa je usnocuo 0,0003 g/l, mpu nporuiajy ox 1,39 m/s (q=
3,08 1/s/km?). OxHoc m3Mely IeBHUX eKcTpema H3HOCHO je 1:4309.

Cpenme meceune Bpeanoctu SSC kpertane cy ce y pacrnony ox 0,067 g/l y majy
(Q= 5,35 m’/s; g=11,85 I/s’/km?) do 0,1453 g/l konmuko cy usHocune y debpyapy (Q= 18,79
m’/s; q=41,66 1/s/km?), Tako 1a omHOC M3Mel)y CpebIX MECEUHNX KOHIEHTPALIH]e H3HOCH
1:22.

Pacniozena cnenuduyHuX oTHIaja MpeMa yTBpheHHM Kiacama Jara je Ha rpaguky
1. KommnapaTuBHa aHamM3a XUAPOJIOMIKUX MpOoQHIa MoKasyje JOMUHALM]Y MajuX BOJa Ha
y3BoHoM mpoduy Bpyc: 33,2 % npunana otuuajuma 1o 3 1/s/km’. Jluctpbyumja otuiaja
HAa HU3BOJHOM Tpodrury PaBHr mMa obemnexja HopMaitHe paciojene. JJoOMIHAPajy OTHIAjU
y kiacu 10-20 1/s/km?, Koju cy Tpajany CKopo 4eTBPTHHY BPEMEHCKOT epuoaa. Excrpemua
CcTama BOXHOCTH, Tj. oTHIaji Behu ox 50 1/s/km? 3abenexenu cy Ha npodumy Bpyc Tokom
10 gana, a kox PaBuu 15 nana.

Huctpulynnja KOHIEHTpalMja CyCIIEHIOBAHOT HAHOCA pacrlojiesbeHa je y IIET,
omHocaHo miect kiaca (rpaduk 2). Hajpehum nenom rogune (46 % Bpemena ko bpyca, 50
% BpeMeHa ko7 PaBHM) KOHIIEHTpalMje CyCIIeHJOBAaHOT HAaHOCA Haja3Wie Cy CE Y pacloHy
ox 0,01-0,1 g/l.. ITorom goMUHMPa]y KOHIIEHTpaIHje HaHoca y kinacu o7 0,001-0,01 g/1, koje
cy tpajanme 38 % BpeMeHa kox y3BoaHOr mpodwmra u 31 % kon Hu3BomHOTr. JlomMuHaIMja
Manux Boja Ha npoduiny bpyc onpasnna ce na Ha oBoMm cekropy SSC y kiacu 0,0001-0,001
g/l 3,3 myra Beha Hero Ha HuU3BOmHMjO] craHumu. C Apyre cTpaHe, JBOCTpykKo Beha
JIOMHHAIMja OTHIAja y Ki1acama npeko 20 1/s/km” Ha Hu3BoaHOM npoduty PasHu yTHuana
je Ha TpocTpyko Behy mojaBy xoHIeHTpanmja cunata Behux ox 0,1 g/l. Ha oBom mpodmry
3abenexxeH je W jemaH cimydaj (20. ¢ebpyap) KOHIEHTanMja CYCHCHIOBAHOT HAHOCA O
1,2927 g/l

YKynHa KOJIMYMHA CYCIICHJOBAHOT HaHOCA KOja je TPaHCIOPTOBaHA KO Mpodmia
Bpyc y 2010. ronuan usHocmna je 34373 ToHa, mTO Aaje crenuduyHu npoHOC ox 16,4
t/km?’/ro1. ATICOTyTHH THEBHH MakCHMyM MOCTHTHYT je 20.04. Kaja je M3padyHaT mpoHOC
ox uak 225,1 t, npu mporuuajy ox 22,7 m’/s (106,6 1/s/km?). AnconyTHH MHHEMYM je
usmepern 31.08. kama je mponero camo 3 kg/man Hanoca. HusBomuuju mpodun PaBHw,
obyxBara Behy moBpmmHy ma cy 300r Tora 3HaTHO Behe BpeJHOCTM NpOHOca HaHOca. 3a
TroJMHy JaHa MpOHeTo je 43165 t cycrmHoBaHor HaHoca, oHOCcHO 95,7 t/km’/ron. [IHeBHe
aMILTUTYZAE TPOHOCA CYCIICHIOBAaHOT HaHOca Kpehy ce y pacmony ox 3 kg/man mo 8980
t/dan. MuruManHe BpenHOCTH 3a0enexene ¢y 20,. 21. u 22. jyHa npu npotunajuma ox 1,39
m’/s (3,08 V/s/km?), a maxcumanau 20.02. npu nporumnajy ox 80,47 m’/s, (178,3 1/s/km?).
IIpema wu3nBojeHMM Kilacama Ha HaBeaeHuM mnpodumanMa (rpadpuk 3), kon bpyca y
TOAMIIKO] Pacmojenu foMuHupa HaHoc 10 1 t (53 % Bpemena), 1ok je kox PaBHuU y 0OBOj
knacu 3 myta mame HaHoca. C apyre crpane, kox PaBau 29 % BpeMeHa mnpumaza IpoHOCY
KOju ce Hanaszu y pacrony oxa 10-100 t, mto je aBa myTa Jy>KH BPEMEHCKH MIEPHOJI HETO KO
y3BogHor npoduna. Takole, ekcTpeMHe BPEHOCTH NMPOHOCA HAHOCA HA HU3BOHOM Mpoduity,
Behie on 100 t/maH, Tpajasne cy 3HaTHO Ayxe. TakBux naHa 3abenexeHo je 7 kox bpyca, a yak
41 naun xox PaBHu.

I'padux 1. Juctpuéynnja cnennduyunor orunaja (q I/s/km?)
Ha XuapoJomkuM npopuauma bpyc u Papun.

I'paduxk 2. JucTpudynuja KoHIeHTPanuja cycnengoBanor Hanoca (SSC g/l)
Ha XuapoJomkuM npopuauma bpyc u Papun.

I'paduxk 3. IucTtpudynuja nponoca cycneHoBaHor Hanoca (Qs t)
Ha XHAPOJoKUM npopuuma Bpyc u PaBuu.
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MeceuHa U Ce30HCKA pacoojaejna OTHIIaja, KOHIIEHTpaIII/Ija CIJITA
H MPOHOCA CYCNICHA0BAHOT HAHOCA

AJIeKBaTHO NpOYyYaBamke MEXaHWYKE BOJHE €pOo3Hje MoJpa3yMeBa KOMIIapaTHBHO
cariefaBambe peXxuMa OTHI@ja, KOHIEHTpAalMjeé CYCIIEHIOBAaHOI HaHOCa M IPOHOCA
CyCIIeHJJOBaHOT HaHoca. [Ipoy4aBame BOJHOI peXMMa peka, IoceOHO (ha3a BEIMKUX BOAA
KOja Jjaje meyaT TOM PeKUMY, VjeIHO je U Haj3HauajHHUja 3a PeKUM MPOHOca HaHoca. JemaH
O]l jeIHOCTAaBHUX, Al M HAjIPETTICIHNjHX HAYMHA, jeCTe PHKa3UBabe MOo1aTaka HCKa3aHUX
OJHOCOM CPEIbeMECCUHHX MpeMa CPeIHmErouiImbuM  BpeaHoctuma  (Zivkovié N,
Gavrilovi¢ Lj., 2009).

Ha rpadunmma 4. u 5. npukaszane cy monyiHe BpeaHoctu ¢, SSC u Qs. 'enepaiio
3a 00a xuaponomka npoduia, pacryha rpaHa roJuiIme pacrojeiie OTHIAja MOYHEE O
OKTOOpa W JocTmke BpxyHan y ¢ebpyapy. On ¢debpyapa mouurme TEHACHIM]a OMajama
OTHIAja, TAKO JIa OH y CenTeMOpy IOCTHXKEe HajHWXKY BpelHocT. Beoma BaxaH Iokaszarelb
BOJIHOT PEXFMa je pacrojesia MECEYHUX BPEAHOCTH OTHUIIaja KOje Cy W3HAA, OJTHOCHO HCIIO
IPOCEYHNX TOOMIIBHMX. Tako je mepuon Tpajama y KOME Cy MECEYHe BPEIHOCTH
cnenuduIHOT OTHIIaja Behe o1 HEeHOT TOAUIIBEr Ipoceka kox bpyca 5 meceru (pebdpyap-
jyH), a kox PaBHu 4 Mecena (jaHyap-amnpun).

I'paduk 4. Cpenme MeceyHe KOHIEHTpanuje cycnenaopanor HaHoca (SSC) u cpeame MecedHHU cnienupuann
oTHaju (q) MICKA3aHU MOJYJIHO (Cp. Mec / cp. roJ) Ha XHIPOJIOIKUM cTaHuuMa Bpyc u PaBuu.

I'papuk 5. Meceunu npoHoc cycneH/10BaHOT HaHOca (Qs) McKka3aH MOAYJIHO (cp. Mec. / ¢p. o) Ha
XUAPOJOIKUM cTaHuuMa bpyc u Papuu.

Pacryha rpana SSC, renepnHo, nonasu oja oktoOpa u Tpaje no ¢ebdpyapa, kaaa
3ay3uMMa Kapaktep omajaamba. MelyTum, HHTparouinma pacrojieia KOHIEHTpAaIuja
CYCIEHJIOBHOT HaHOCA HE TpaTu y MOTIYHOCTH MHTPAroIHIlby pacnojeny otuiaja. To ce
HAPOUYUTO 3alaka KOJ pacmojeie CpPEeImEeMECCUHNX KOHIICHTpAalMja CHITa dYHje CY
BpenHocTH Behe o cpemme romuiime. Tako, 3a pa3idKy OJ pacloieie OTHIaja KOjy
KapaKTepHIlle jeOUHCTBEH IIEPHOMA, KO YHYTaprOJMIIE pACIOZeie KOHICHTpAIlH]ja
CYCIIEHJOBaHOT HaHOCa TO HHje caydj. Ha xuaponomkom npoduty Bpyc kao HaampocedHu
Mecen u3/Bajajy ce (ebpyap, MapT, ampui, jyH, jya u genem6Oap. Kox xuapomomikor
npo¢ura Pagan To cy dhebpyap, anpw, jyH u qeneMoap.

Kao miro ce u3 rpaduka 4 mMoxe BUIETH, Ha NpOCTOPY ciuBa PacuHe mocroje
M3BECHE CHEeUPUIHOCTH Y PEKUMY KOHIICHTpAIMja CYCIIeHIOBAHOT HAHOCA HA U3/IBOjCHUM

npodunuma. Kapaxrepucruka 3a 06a xuapononika npoduia, jecte HOCTOjame eKCTPEMHUX
rojeiMHavHMX Jloralaja BesaHux 3a roauimy pacrnonaery SSC. To je mojaBa HaaIpoCeYHNUX
BPEIHOCTH KOHILIEHTpAIMja CyCIICHIOBAHOT HaHOCA y pebpyapy, jyay u deyem6bpy. tbuxopa
eKTpPEMHA BPEAHOCT TIOCIEIUIA j€ PasIMYUTHUX MaJaBUHCKUX, TEMIEPAaTypHUX U
BETeTallljCKHUX yCIIOBa.

@ebpyap 2010. 200une. Bucoke BpeTHOCTH KOHIICHTPAIIH]jE CHIITa U3MEPEHE TOKOM
(bebpyapa Mecena ( mocuenuila Cy KOMOWHAIM]je TATaBHCKUX U TEMIEPaTyPHUX YCIIOBa KOjI
cy ce mecwnu Ha mmpeM mpoctopy Cpb6mje. ctpaxknBama Ha mpoctopy cnmBa Humase
MOKa3ayia ¢y y K0joj MEpH Cy BPEIHOCTH KOHIIEHTpAIlMja CHJITA JCTEPMUHHCAHE I10jaBOM
BHCOKHX TeMIlepaTypa Ba3myxa TokoM ¢ebOpyapa. Tako je Besa m3mel)y mHEBHOT Xxona
TeMIrepaTtype Ba3dayXxa M MpOTHIAja C jeIHe CTpaHe, M TeMIepaType Basayxa W
KOHIICHTpAIIMje CyCIEHAOBAHOI HAHOCA Ca JIPyre CTpPaHe, OMHUCAaHA j¢ CKCIOHCHIIMjaTHOM
perpecujom ca koeduuujeHToM aerepmuHaimje o 0,79 (Mustafi¢ S. et al., 2013). Cpeama
MecedHa TeMreparpa Basayxa Buina oj 1 °C Tokom janyapa u ¢ebpyapa Ha cranumu bpyc
(anconmyTHa MakcHMaJIHHA JHEBHA Temieparypa ox 17,2 °C 3abenexena 20. ¢pebpyapa), Kao
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¥ KOJIMYMHA NafaBuHa o 52,6 mm (48 % BHUIIA O] IEIeCETOTOAUIILET MPOCEKA) YCIOBIIIE
CY M3Y3€HTHO BHCOKE JJHEBHE KOHLICHTpaLHje CyCIIeHI0BaHOT HaHOCA.

Jyn 2010. 2o0une. Ilpema CBUM KapaKTEpPUCTHKaMa MECEYHOT PeKHMa IaJlaBuUMa
pexnMma otuIiaja, cpeama Mecedna BpenHocT SSC Tpebano 6u mga Oyme ucmoj mpocedHa.
HaI/IMe, YKyIlHa MECCUYHa KOJIMYMHA MadaBHHa HW3MEpCHA Ha IMaJaBUHCKHUM CTaHUIlaMa
Konaonuk (48,9 mm) u bpyc (21,9 mm), Mama je of meAeceTOroAMIImber mpoceka 3a 1,9,
onHocHo 2,9 nmyta. Takohe, Opoj naHa ca magaBuHama Behium ox 10 mm koje O ycioBuie
WHTEH3MBHPAkE EPO3MBHOI IMIpolleca, HHje 3abenexeH Ha cTaHUIM bpyc, 1ok je Ha
Komaonuky peructpoBaH camo jemaH TakaB jgaH. MelyTuM, Kako cy BpeAHOCTH
KOHLIEHTpaunja CUJITa BEOMa OCETJbUBE Ha MaJaBUHCKe foraljaje, penaTHBHO BUCOKE CPEIHE
MeceuHe KOHIICHTpaIije CHIaTa y jylIy MOTY ce 00ajCHUTH NaJaBUHCKUM aorahajuMa Koju
Cy ce ourpanu KpajeM nperxomHor mecena. Ha xumaponomkoj crannim bpyc BpemHoct
SSC ox 0,2726 g/l m3mepena 6. jyna, kao u BpemHocT ox 0,2655 g/l m3mepena HapenHOT
JaHa, yjeAHO NPEICTaBJbajy M MaKCHMajHE JHEBHE BPEIHOCTH LEJIOT HCTPAKUBAYKOT
nepuoja, HWako Cy H3MepeHa 3a BpeMe OTHHAja KOjH Cy PEJNAaTHBHO Yy HHUBOY
CPeIbCTOUINLET TIpOoceka. Y OBOM cCliydajy u3MmepeHe Bpemnoctd SSC mocimeauiia cy
BEJIMKE KOJHMYMHE MajiaBuHa Koja ce m3nmyumna 28. jyHa. Ha cranunm Konaonuk tor nana
najo je 28 mm Kuile, ITo YUHM Yak 24 % MecedHe KOJIMYHMHE [TaJlaBuHa; OOK je kox bpyca
U3Iy4YeHo 54 mm, Tj. yak 50,3 % meceune cyme. OBaKo BUCOKE KOJUYMHE TTaJaBUHA, Ka0 U
YHIbEHUIA Jia je 2. jyJia M3MepeHa JHEeBHa KOJMYMHA najaBuHa ox 11 mm Ha craHunm
Konaonuk, oapasuie cy ce Ha Harjo moBehame mpoTHiaja, mMTO je 3a MOCICIUILY MMAJIo
10jaBy BHCOKMX KOHIICHTpaIlfja CYCIECHAOBAaHOT HaHOCa HapeAHUX JAaHa. Y Jpyroj
mosoBrHU Mecera SSC Oelrexku UCTIO MTPOCCYHE BPETHOCTH.

Heyembap 2010. eodune. Nako je MeceyHa KOJMMYWHA TaJaBUHA 3a0€iekKeHa Y
OBOM Mecelly Ha CTaHHIM bpyc MCIoa BHIICTOTUIIEEr NMpoceka, Y IUTaHHHCKOM 3anely
TOKOM JelieMOpa u3nydeHo je 80,7 mm mamaBuHa (mTo je 3a oko 18 % Beha BpemgHoCT Of
npoceyHe) 3a 19 majaBHHCKHX JaHa, O]l Yera Cy JBa JlaHa Ouiia ca KOJMYMHOM IalaBHHA OJ
10-12 mm. Cpenma MecedyHa TeMmIeparypa Ba3ayXa H3HAJ HyJe, y3 BHCOKE MaKCHUMallHE
nueBHe Temmepatype (08.12. MakcumiIHa nHeBHa M3Hocuia je yak 20 °C na cranunu bpyc, a
8,2 °C Ha cranuiu KonaoHHK) YCIOBHIIE CY HAIJIO OTalake CHEXHOI MOKPUBAYa U MOjaBy
BUCOKHX npoTriaja. C 003MpoM Ha CTamke BETETAIMOHOT MTOKPHBAaYa U OTOJHEHOCT IT0JIOTe
W BEJMKE BPEIHOCTH Haruba TepeHa, I0jaBa BHUCOKHX IPOTHIaja YCIOBWILIA je IOjaBy
BUCOKHX KOHIICHTpAIHja CYCIICHIOBAaHOT HAHOCA.

KopecnonenTtHa ca ciermupuIHIM OTHIIAjEMa U OATOBapajyhuM KOHIICHTpaIrujaMa
CYCIICHOBaHOT HAaHOCA, TCHEPATHO YHYTAprOIHIIKka PAclofiena MPOHOCA CYCICHIOBAHOT
HaHoca (Qs) mokasyje onpeheny mnpaBumHocT (rpaduk 5). Pactyha rpana romumme
pacmozene TpPOHOCA HAHOCA TOYME-E KpajeM JieTa M HOYETKOM jEeCeHH, Tj. MOYUEE Y
oKkTOOpy. JlmHMja pactyher TpeHAa CBOj MaKCHMyM JOCTHXKE KpajeM 3MMe H IHOYETKOM
nponeha. Konkperno, tokom 2010. romune Ha o0a XHIpOJIOMIKA Mpoduia MakCUMyM
noctke y hebpyapy, mpu yemy je Qs ouo uak 5,4 nyta (npodun PaBuu), omHOCHO 3 myTa
Behu (mpodun bpyc) ox romummer mpoceka. Onanajyha rpaHa romuime pacrnozene Qs
MOYMELE OJ] MapTa ¥ CBOj MUHUMYM JIOCTIDKE Y CeNnTeMOpy, Kaja je MPOHOC CyCIeHJOBAaHOT
HaHOCa jeZIHaK OAMIIEM TpoceKy. tbeHa mykuHa Tpajamba Ha 00a MepHa MecTa U3HOCH 7
meceny. MehytuM, y ronunimoj pacnoaenu Qs U3HaA MPOCEYHE BPEITHOCTU PA3IUYUTO CY
3aCTyIUbeHE Ha XHIpoJjomkuM mnpodpunuma bpyc m PaBuu. Tako ce xox Bpyca moxe
YOUHTH jeJUHCTBEH nepuox ox ¢ebpyapa 10 jyna (ca M3y3eTKOM Mecella Maja), Kao H
Jenembap ca BpeJHOCTMMA KOj€é Cy M3HAJ TOJWIIEr Ipoceka. TOKOM OBHX 6 Mecelu
TpHCTIOpTOBaHo je 90,7 % rogummme cyMme cycneHIoBaHOr HaHoca. C apyre cTpaHe, KOA
XHUIpoJomKe cTanuie PaBHE camo 1Ba Mecena ((pebpyap u anprun) Oenexe U3HAL MPOCETHE
BPEIHOCTH, IIPH YeMy C€ Y TOM IIEPUOY TPAHCIOPTYje 75 % roaMIImBer NpoHoca.
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[IpoHOC CycneHmIOBaHOT HaHOCA JETEPMUHUCAH IpeMa TOAWIIbeM N00y Iat je y
tabenu 5. V3 npuiiokeHor ce 3akjbyuyje na ce Ha o0a xuaposomika npoduna Hajeehu neo
TOUIIIGET NIPOHOCA OCTBApH TOKOM 3uMe, U To 38,1 % Ha npoduny Bpyc u gax 50,3 % Ha
Hu3BogHOM mpoduiay PaBuu. Crnenn nponehe TOKOM Kora ce TPaHCHOPTYje HPUOIMIKHO
HCTa KOJMYMHA HaHOCa Ha 00a xuapoJoiika npoduia. Melhytum, Hajeeha pasinka je TOKOM
nera. Haume, y roanimoj pacnoaenu KoJ y3BOAHOT NMpoduia TPaHCIOPTYje ce ABa MyTa
BHIIIe CYCIIEHIOBAHOT HAHOCA HETO Ha HH3BOAHOM Jeny. Bennka pasmuka nzmeljy npodumna
youaBa ce M y BPEAHOCTH CIEHU(PUYHOT MPOHOCA y OKBHPY CBHX HM3[BOjeHHX ce3oHa. Ha
HHU3BOJIHO] CTaHUIM CICHU(PHUYHE MPOHOC CYCIEHIOBAHOI HaHoca BehW je y OAHOCY Ha
y3BoHU npodwui ox 3 no 8,3 myra.

TaGena 1. Cpeamu Meceuns cniequuIHH 0TUNAj () U CPeIHha MeceYHa KOHIEHTPAIMja CyCIeHI0BAHOXT
HaHoca (SSC) Ha xuapoJomkuM npopuanma Bpyc u Pasuu 2010.

Tabena 2. MeceuHH NMPOHOC CyCNEeHI0BAHOT HaHOCA(QS) U NpelMUYHU NPOHOC CYCNEHI0BAHOXT HAHOCA
(Qss) Ha xuapoaomkum npopusuma Bpyc u Papuu 2010. r.

Tabesa 3 . MeceuHa U rouimba KoanynHa nagasuHa (X) Ha crannnama Konaonuk u Bpyc.

Tab6esa 4. Perpecnonu MojieJ1 eKCIIOHEHIMjaJIHOT TUNIA HAa HUBOY Bede SSC = f(q)

Tabesa 5. Ce30HCKa pacnojaJia MPOHOCA CyCNeH10BaHOr HaHoca TokoM 2010. roaqune

VYTunaj cBUX IUPEKTHHX U MHIAMPEKTHUX (aKTopa KOjH IETEPMHHHUILY HMPOHOC
CYCIICHIOBAaHOT HAaHOCA, & KOjU Cy HHKOPIIOPUPAHHU y TIOjMY coduutrbe 00ba, CyMHupajy ce y
YUCHUIM A2 MX y NPBOM pely AeTepMHHIIE KOJIMYMHA OoThIajHe Bope. OmHoc m3mMely
crepUIHMX OTHIIAja U KOHIIEHTpAlMje CUIITa, U CIeHU(PHUIHNX OTHUIIaja U IIPOHOCA HAHOCa
Ha HUBOY TOJUINUX J100a naT cy Ha rpadummuMa 6 u 7. Y HOCTYIIKY aHaJIu3¢e y3eTe Cy y
003up cpenme naekagHe BpemHoctdH ¢, SSC 1 Qs. [opmu Odeo causa Pacune npema
MPAHCNOPMy CYCNeHO08aHO2 HAHOCA ) YeluHu Kapakmepuule ROCHOjarbe 08e Ce30He:
Xnaoua u enasicra (3uma-nponekhe) u monia u cysa (nemo-jecewn) ce3omua.

I'pynucanocr  momaraka  jgeduHHMCaHa ~ je  pPErpecMOHMM  MOJIEJIOM
eKCIIOHEHIIMjaJTHOT THIIA HAa HUBOY Be3e SSC = f(q) (Tabema 4), xora KapaKTepHIIE BHCOK
KOS(QUIHjEHT NeTepMHHAIje, KOju 3a 3uMcKo-TiposichHy cezony m3Hocu 0,83 (mpodmn
PaBuu), ogrocHo 0,91 (mpoduin Bpyc); a 3a nermwe-jecewy 0,98, 1j. 0,96 pecnkruno. U3
NPHIOKEHNX Tpadlika U JaTOr eKCIIOHEHIMjaTHOT MOJIea yo4yaBa ce JAa je noxapusayuja
200UlIbUX 000a HA 08e Ce30He U3PANCEHUjad HA HU3800HOM npoguy, Ha 1T yKa3yje Haruo
JIMHUjE TpeH/a.

Ha rpaduky ce Takolje, youaBa pasiavuuT TMOJ0XKa] CKCTPEMHHX CE30HCKHX
Bpenonoctd SSC u Qs a 3a nMpHOMMKHO HCTe crieluyHe OTUIaje Ha JaTUM mpoduinMa.
Tako ce ekcTpeMHe jeceme Kommentparmje SSC 3a mportumaje ox 1,5-2 1/s/km’ kox
xuaposnomkor npodmina bpyc namaze wmcmon Bpeanoctu ox 0,0005 g/l, mok je kox
xuposomkor npoguna Pasau 3a ucre cnenmuduune orunaje BpegHoct SSC npuOIMKHO
0,05 g/l, 1j. mecer myta je Beha. 3a mcTe BpemHOCTH CHENM(UYHUX OTHIAja M MPOHOC
CYCIICHIOBaHOT HaHoca Oenexxn Benuwke pasmuke. Tako ce kon bpyca Tparcmopryje
npubmmkao 0,1 t cycreHnoBaHOT HaHOCA, a Ko Pasan mpubmmkao 10 t.

C npyre crpaHe, moiapu3anija eKCTPEMHUX MakCHUMITHHX ce30HCKuX SSC u Qs
M3paKeHHja je KOJA HU3BOAHOT Mpoduia, y CMUCIY HBHXOBE ACTEPMUHAIMjEe HAa XJIaTHO-
BIIQKaH U TOIIA0-CYLIHH IepuoA. Hamme, MakcHMaiHe BPEJHOCTH CHEU(UYHOT IPOHOCA
Qs 3a BpegHocTH criemuduyHor otraja Beher ox 10 I/s/km? kox npoduna bpyc Hamase ce y
kBajipanTy on 1-10 t/km?, IIpU YEMY Cy Y TOM PacIlOHY 3aCTYIJb€HE €KCTPEMHE BPEIHOCTH
CBHX CE30Ha HU3y3eB jeceme. MelhyTum, ekcTpeMHEe CE30HCKE BPEJIHOCTH CHEHU(PHYHOT
nporoca Qs kox xuzaposiomkor npoduina PaBuu nedunucane cy kBagpanrom on 10-100
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t/km?, anu ce jaBibajy camo y 3MMCKOj M mposiehHOj Ce30HH, TOK ce MaKkCHMAJHE JIeTHE
BpEIHOCT Hajla3e Ha camoj rpanuim oj 10 t/km?>.

[IpoceyHa crTomna JeHyAaluje MPOlEHkEeHa je MPEeKo OJHOca KOju Cy NedHuHUcanu
Gregory u Walling, 1973. Hajeehe cHimkaBame yciien MexaHudke eposuje usnocu 0,254
mm/roJi Ha HajHU3BOAHHUJEM CEKTOpYy, JOK Y3BOAHO oJ craHuie bpyc usHocu 0,042
mm/ro.

3akiby4yak

VYKyIiHa KOJMYMHA CYCIIEHIOBAHOT HAaHOCA KOja je TpaHCIOpTOBaHa Koja npoduia
Bpyc y 2010. roguaun usHocwina je 3437,3 ToHa, mro naje cnenuduuHu nponoc ox 16,4
t/km*/rox. Ha Hu3BogHOoM mpoduiny PaBuu npoHeto je 43165 t CycIHOBaHOT HaHOCA,
oHocHO 95,7 t/km’/rox. Bemmka pasmuka m3mely npoduia youaBa ce My BPEIHOCTH
crieMUYHOT TMPOHOCA Yy OKBHPY CBHX H3[BOjeHHMX ce30HAa. Ha HU3BOAHOj cTaHMIHU
crielUYIHN TPOHOC CYCIIEHIOBAHOT HaHoca Behin je y opHOCy Ha y3BojHM npodun ox 3
ITyTa TOKOM JieTa A0 8,3 myTa TOKOM 31Me.

CnuB y UENHMHU KapaKTepHIle TIOCTOjarbe JBE CE30HE, KOjeé IO CBOjUM
KapakTeprCcTUKaMa y POHOCY HaHOCA MPE/ICTaBIbajy EKCTPEMHE BapHjaHTE: TOKOM 3UMCKO-
npouichine ce30He TpaHCcmopToBaio ce 74-85,8 % yKymHOr HaHOCA, a TOKOM JICTH:C-]eCCHhE
ce3one usmehy 14,2-26 %. Ilomapuzanyja ronuiimux 100a HA IBE CE30HE M3paKCHHUja je Ha
Hu3BogHOM npoduny PaBuu. IIpoceuna croma cHmkaBama Tomorpadcke IMOBpIIMHE 10
Bpyca usnocu 0,042 mm/ron, 1ok je mo npoduna PaBHu u 3HatHO Bumia (0,254 mm/rox),
LITO je TOCIEANIA BEJHKOT PaCIpOCTpambemha (BIHIIHIX CTeHA.

JlurepaTtypa

Jlureparypy BuIeTH Ha cTpaHu 33.
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