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Abstract: The river Toplica springs on the east slopes of Kopaonik. It is the biggest left
tributary of the Juzna Morava, in which it empties at the town of Korvingrad. It is 130 km
long and the surface of its river-basin amounts to 2180 km2. This study estimates the
probability of average, minimum and maximum discharge occurrence on the hydrological
profile Pepeljevac on the Toplica River in the period 1951-2014. Pearson type III
distribution was used for quantifying average, minimum and maximum annual discharge.
Results of the study point out to significant fluctuations in the river Toplica discharge
upstream the hydrological profile Pepeljevac, which is the base for further study and
improvement water management planning in the basin. On the basis of probability of
average annual discharges occurrence, a classification of years by water richness was done.
Mann-Kendal test examined the trend of Toplica discharge, while Pettit, SNTH, Buishand
and von Neumann tests analyzed homogeneity of the data on the observed profile. Analysis
of average annual discharges shows that years moderately rich in water are the most
numerous (29) with somewhat higher participation of rich in water (16) than dry (14)
years. Coefficients of variation of maximum and minimum annual discharges for the
Toplica river point out to significant fluctuations upstream the hydrological profile
Pepeljevac. These results are the base for further study and improvement of water
management planning in the basin.
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Introduction

The Toplica is the biggest left tributary of Juzna Morava, in which it empties at the town
of Korvingrad. The Toplica emerges on the east slopes of Kopaonik by joining of the rivers
of Djerekarusa and Lukovska. It is 130 km long and the surface of its river-basin amounts
to 2180 km2. Up to the town of KurSumlija, the Toplica runs through a narrow and deep
valley. From Kursumlija, the valley is broader and shallower. Upstream from KurSumlija
the Toplica is 10-12 m broad at most and up to 0.90 m deep. Between KurSumlija and
Prokuplje it is up to 20 m broad and up to 1.50 m deep, while it is up to 25 m broad and 1-
2 m deep downstream the course through Dobri¢ (Gavrilovi¢, 2014). The biggest part of
the Toplica discharge (75,76 %) is formed in the area from KurSumlija to the village of
Beloljin (Stanojevié, 2001).

Fig. 1. The Toplica basin with hydrological profile Pepeljevac

One of the most important tasks in hydrological studies is an estimation of discharge
and water level which can be expected in the future on a certain hydrological profile,
based on the previous discharges. Discharge depends on a large number of factors and it
is subject to laws of coincidence, which is why it can be studied by statistical methods.
Statistical analysis of the probability of characteristic discharge occurrence on the rivers
has been a subject of many hydrological studies (Gavrilovi¢, 1988; Milanovi¢, 2007;
Urosev, 2007; Risti¢, 2009; Dimitrijevi¢, 2010; Pokié¢, 2010; Bolgov & Korobkina, 2013;
Vasilevski & Radevski, 2014).

It is necessary to take as long data series as possible into account to obtain a reliable
statistical analysis. To analyze average, high and low waters, the values of average annual,
minimum and maximum annual discharges for the period from 1951 to 2014 from the
hydrological station Pepeljevac were used. Hydrological station Pepeljevac is situated
69.5 km from the Toplica confluence into the Juzna Morava. The surface of the river basin
on the profile amounts to 986 km2, with angle "0" elevation at 329.9 m altitude. The aim
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of this paper is calculation of the probability of occurrence of average, minimum and
maximum annual Toplica discharges, which is important for water management planning
in the Toplica river-basin upstream the hydrological station Pepeljevac.

Study methods

The probability of occurrence of average, high and low waters in a river is done on the
basis of the data on average, absolute maximum and minimum discharges, by maximal
annual method. There is a great number of distribution functions used for calculating the
probability of occurrence of low, high and average waters, but the most common in use is
Pearson type III distribution (Gavrilovi¢, 1988; Milanovi¢, 2006, Doki¢, 2015, Pokié et
al., 2015; Dimitrijevi¢ et al., 2010; Kovacevi¢-Majkié¢, 2009; Milijasevi¢, 2010). To create
the probability curve of average, maximum and minimum discharges of the Toplica,
Pearson type III distribution was used.

On the basis of the probability of average annual discharge occurrence, a
classification of years by water richness according to Ocokolji¢ (1994) was done. They
were divided to: extremely dry, very dry, dry, moderately rich in water, rich in water, very
rich in water and extremely rich in water.

Mann-Kendall test (Kendall, 1975) examined the trend of the Toplica discharge on
the observed profile Pepeljevac in the measuring period from 1951 to 2014 (Martié
Bursaé, 2015). Homogeneity of the data was tested by Pettit, SNTH, Buishand and von
Neumann tests (Radivojevi¢ et al., 2015).

Results and discussion
Statistical analysis of average waters

On the basis of the data on the Toplica River discharge in the period from 1951 to 2014,
average monthly and annual discharge on the hydrological profile Pepeljevac were
calculated (Fig. 2).

Maximum average monthly discharges in the analyzed period were recorded in April
and March, while minimum average discharges occur at the end of summer and the
beginning of autumn, that is, in August and September. The values of maximum average
discharges in spring months are 48 — 49 % higher than average annual discharges.
Minimum discharges at the end of summer and the beginning of autumn are a
consequence of lower precipitation amount in the warmer part of the year, as well as high
summer air temperatures and evaporation.

Homogeneity tests Pettit, SNTH, Buishand and von Neumann show that the data are
homogenous, as well as that statistically important breakpoints in data series cannot be
identified.

Mann-Kendall test determined that there is no statistically important trend of the
Toplica River discharges on the observed profile Pepeljevac in the measuring period from
1951 to 2014.
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Fig. 2. Hydrograph of the Toplica River on the hydrological profile Pepeljevac
in the period from 1951 to 2014

Classifying years by water richness

To classify years by water richness, a period from 1951 to 2014 was taken into account
from the Pepeljevac station on the Toplica River. In the graph of average annual discharge
values (Fig. 3) it can be noticed that certain years are very rich in water (1955 — 18.58
m3/s; 2006 — 13.3 m3/s; 1954 — 12.04 m3/s), while some others are scarce in water (1968
— 3.05 m3/s; 1994 — 3.32 m3/s; 1990 — 3.79 m3/s). Below average discharge is more
present than above average discharge. During the study period of 64 years, the discharge
was above average for 29 years, while it was under average for 35 years.

Fig. 3. Average annual discharge values of the Toplica in hydrological station Pepeljevac in the
period from 1951 to 2014 and average annual discharge for the studied period

1957 ———

1975 =——t

1951
1954
1960
1963
1966
1969
1972
1978
1981
1984
1987
1990
1993
1996
1999
2002
2005
2008
2011
2014

To forecast the Toplica River discharge we first calculated average multi-annual
average discharge on the Pepeljevac station in the period from 1951 to 2014, which was
7.09 m3/s. Then we determined module coefficient (k) which helped in calculating
coefficient of variation (Cy). This coefficient for the Toplica River is Cv = 0.38. It indicates
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significant variability in average annual discharge. Coefficient of asymmetry (Cs) amounts
to 1.40. Based on these parameters and Ribikin table, we calculated probabilities of
average water level occurrence at the hydrological station Pepeljevac (Tab. 1) and they
were shown graphically by probability curve of probability of average discharge
occurrence (Fig. 4).

Tab. 1. Probability of average annual discharge occurrence on the Toplica River on the
hydrological profile Pepeljevac in the period from 1951 to 2014

Probability Return period o 2-Cy ks = 9:Cv+1 Qav.
0.01 10000 6.87 2.62 3.62 25.68
0.1 1000 5.09 1.94 2.94 20.86
1 100 3.27 1.25 2.25 15.94
3 33.3 2.37 0.90 1.90 13.50
5 20 1.94 0.74 1.74 12.34
10 10 1.34 0.51 1.51 10.72
20 5 0.71 0.27 1.27 9.01
25 4 0.49 0.19 1.19 8.42
30 3.3 0.31 0.12 112 7.93
40 2.5 0.02 0.01 1.01 7.14
50 2 -0.22 -0.08 0.92 6.50
60 1.6 -0.44 -0.17 0.83 5.90
70 1.42 -0.64 -0.24 0.76 5.36
75 1.33 -0.73 -0.28 0.72 5.12
80 1.25 -0.83 -0.32 0.68 4.85
90 1.11 -1.04 -0.40 0.60 4.28
95 1.05 -1.17 -0.45 0.55 3.93
97 1.03 -1.23 -0.47 0.53 3.76
99 1.01 -1.32 -0.50 0.50 3.52
99.9 1 -1.39 -0.53 0.47 3.33

@ — deviation of the ordinate of the binominal asymmetric curve of provision (frequency) from the
average (from 1.0) when Cy=1.0 (Ribikin table); Cy - coefficient of variation; ks — module coefficient
of the ordinate; Q.y — average discharge.

A classification of years by being rich in water (Ocokolji¢, 1994) was done on the
basis of Pearson type III distribution. According to this classification, the years were
ranked by water richness for the Toplica in Pepeljevac in such a way: extremely dry (<
3.52 m3/s), very dry (3.52 — 3.93), dry (3.93 — 5.12), moderately rich in water (5.12 —
8.42), rich in water (8.42 — 12.34), very rich in water (12.34 — 15.94) and extremely rich in
water (> 15.94) (Tab. 2).

In the studied period, the year of 1955 was the richest in water, which ranks it among
years extremely rich in water, with the occurrence probability of such a year below 1 %.
Average annual discharge amounted to 18.58 m3/s of water. Two years, 1968 (3.05 m3/s)
and 1994 (3.32 m3/s) belong to the group of extremely dry years, with the probability of
occurrence of such a year below 1 %. The highest number of years belongs to the group of
years moderately rich in water, with occurrence probability of 25-70 %. One year is very
dry year and the other is very rich in water. 1990 was very dry, when average annual
discharge was 3.79 m3/s, while the one very rich in water was 2006, with 13.13 m3/s.
There were somewhat more rich in water (16) than dry (14) years.

30



Qav. Return period of average waters occurrence (years)
10 000 1000 100 50 20 10 5 1

RIECE i S R R S S

(¥}

RS e R i

25,68 | - I - - H— } —

il S S eSS

I
L
60 70 80 % 95 99 99.9

T T
T
L

il
I I L I
0.01 0.1 1 2 5 10 20 50

Probability of average waters occurrence (%)
Fig. 4. Probability curve of average discharge occurrence in the Toplica River
on the Pepeljevac profile

Tab. 2. Classifying years by water richness on the Toplica River
in Pepeljevac in the period from 1951 to 2014

Yea‘ll;salt'zcrh in Discharge (m3/s) Years Number of years

Extremely dry <3.52 1968, 1994 2

Very dry 3.52—3.93 1990 1

1951, 1964, 1966,
1969, 1971, 1972
Dry 3.93 —5.12 1983, 1993, 2000, 14
2001, 2008, 2011,
2012, 2013

1952, 1953, 1959,
1960, 1961, 1962,
1963, 1965, 1967,
Mod v rich i 1970, 1973, 1954,
oderately rich in 1975, 1977, 1962,
water 512~ 8.42 1985, 1986, 1987,

1988, 1989, 1991,
1992, 1995, 1998,
2002, 2003, 2004,

2007, 2009

29

1954, 1956, 1957,

1958, 1976, 1978,

Rich in water 8.42-12.34 1357;3’ 11?33(6)’ igg;’ 16

1999, 2005, 2010,
2014

Very rich in water 12.34 — 15.94 2006 1

Extremely rich in
water >15.94 1955 1
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The results obtained by forecasting the occurrence of average waters refer to the
conclusion that the average discharge of 3.33 m3/s can be expected each year with 99.9 %
occurrence probability, while the discharge of 3.52 m3/s can be expected with 99 %
occurrence probability. Average annual discharge of 6.50 m3/s can be expected every
other year. The lowest average annual discharge of 3.05 m3/s, which was recorded in
1968, can be expected each year.

Statistical analysis of high waters

In the period from 1951 to 2014, maximum waters occurred mostly in March and April.
High waters are a consequence of abrupt snow melting in higher parts of the river-basin.

Absolute maximum discharge on the Pepeljevac station on the Toplica River in the
observed period was recorded on 07 June 1976, and it was 468 m3/s. Absolute minimum
discharge was recorded on 03 September 1952, and it was 0.085 m3/s. The ratio between
absolute maximum and minimum discharges on the Toplica River in Pepeljevac during
the analyzed period was 1:5506.
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Fig. 5. High, average and low waters of the Toplica River on the hydrological profile Pepeljevac in
the period from 1951 to 2014

To forecast maximum discharges of the Toplica River, we firstly calculated average
multi-annual maximum discharge on the Pepeljevac station in the period from 1951 to
2014, which was 132.82 m3/s. Module coefficient (k) helped to calculate coefficient of
variation, which is Cv = 0.63 for the Toplica River and points out to significant fluctuation
in annual maximum discharges. Coefficient of asymmetry (Cs) is 1.79. On the basis of
these parameters and Ribikin table the probabilities of maximum discharges on the
hydrological station Pepeljevac were calculated (Tab. 3) and shown graphically by a curve
of occurrence probability of maximum discharges (Fig. 6).
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Tab. 3. Probable maximum discharges of the Toplica River on the Pepeljevac profile

Probability Return period o a-Cy ks = 0-Cy+1 Q max
0.01 10000 7.76 4.86 5.86 777.74
0.1 1000 5.64 3.53 4.53 601.55
1 100 3.50 2.19 3.19 423.70
3 33.3 2.46 1.54 2.54 337.27
5 20 1.98 1.24 2.24 297.38
10 10 1.32 0.83 1.83 242.53
20 5 0.64 0.40 1.40 186.01
25 4 0.42 0.26 1.26 167.73
30 3.3 0.24 0.15 1.15 152.77
40 2.5 -0.05 -0.03 0.97 128.67
50 2 -0.28 -0.18 0.82 109.55
60 1.6 -0.48 -0.30 0.70 92.93
70 1.42 -0.64 -0.40 0.60 79.63
75 1.33 -0.72 -0.45 0.55 72.99
80 1.25 -0.80 -0.50 0.50 66.34
90 1.11 -0.94 -0.59 0.41 54.70
95 1.05 -1.02 -0.64 0.36 48.05
97 1.03 -1.06 -0.66 0.34 44.73
99 1.01 -1.09 -0.68 0.32 42.24
99.9 1 -1.10 -0.69 0.31 41.40

@ — deviation of the ordinate of the binominal asymmetric curve of provision (frequency) from the
average (from 1.0) when Cy=1.0 (Ribikin table); C, - coefficient of variation; ks — module coefficient
of the ordinate; Qmax — average maximum discharge.
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Fig. 6. Curve of occurrence probability of maximum discharges of the Toplica River on the
Pepeljevac profile
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The obtained results show that the maximum discharge of 41.40 m3/s can be
expected each year with 99.9 % occurrence probability, while the discharge of 42.24 m3/s
can be expected with 99 % probability. Maximum annual discharge of at least 109.55 m3/s
can be expected every other year. Maximum recorded discharge of 468 m3/s, which was
recorded in Pepeljevac in the period from 1951 to 2014, can be expected once in every 300
years.

Statistical analysis of low waters

In the summer period of a year, due to high air temperatures enhanced evaporation and
evapotranspiration, the balance of surface waters is unfavorable. In the period from 1951
to 2014, minimum waters occurred mostly in August and September.

Low water prognosis was done by applying the same methods as with the high water
prognosis. An average multi-annual minimum discharge on the Pepeljevac station in the
period from 1951 to 2014 was calculated. It was 1.01 m3/s. This coefficient is Cv = 0.55 for
the Toplica River. Coefficient of asymmetry (Cs) is 0.88. In order to avoid negative values
it was calculated as Cs=2Cy, (0.55 - 2 = 1.1).

On the basis of these parameters and Ribikin table, the probabilities of minimum
water levels occurrence on the hydrological station Pepeljevac were calculated (Tab. 4)
and shown graphically by a curve of occurrence probability of minimum discharges (Fig.
7).

Tab. 4. Probable minimum discharges of the Toplica River on the hydrological profile Pepeljevac

Probability Return period o o-Cy ks = 9-Cv+1 Qumin.
0.01 10000 6.18 3.41 4.41 4.46
0.1 1000 4.67 2.58 3.58 3.61
100 3.09 1.71 2.71 2.73

3 33.3 2.28 1.26 2.26 2.28
5 20 1.89 1.04 2.04 2.06
10 10 1.34 0.74 1.74 1.76
20 5 0.74 0.41 1.41 1.42
25 4 0.54 0.30 1.30 1.31
30 3.3 0.36 0.20 1.20 1.21
40 2.5 0.07 0.04 1.04 1.05
50 2 -0.18 -0.10 0.90 0.91
60 1.6 -0.41 -0.23 0.77 0.78
70 1.42 -0.62 -0.34 0.66 0.66
75 1.33 -0.74 -0.41 0.59 0.60
8o 1.25 -0.85 -0.47 0.53 0.54
90 1.11 -1.10 -0.61 0.39 0.40
95 1.05 -1.28 -0.71 0.29 0.30
97 1.03 -1.38 -0.76 0.24 0.24
99 1.01 -1.52 -0.84 0.16 0.16
99.9 1 -1.68 -0.93 0.07 0.07

@ — deviation of the ordinate of the binominal asymmetric curve of provision (frequency) from the
average (from 1.0) when Cy=1.0 (Ribikin table); Cy - coefficient of variation; ks — module coefficient
of the ordinate; Qmin — average minimum discharge.

34



Qmin. Retun period of minimum waters occurrence (years)
)

MTHTITT

10 000 1000 100 50 20 10 5

e i - 24

| |
50 60 70 80 9 95 9 999

Probability of minimum waters occurrence (%)

Fig. 7. Curve of occurrence probability of minimum discharges of the Toplica River on the
hydrological profile Pepeljevac

The results obtained by this analysis refer to the conclusion that the minimum
discharge of 0.07 m3/s can be expected once in 1000 years with 99.9 % non-overcoming
probability, while the discharge of 0.16 m3/s can be expected with 99 % non-overcoming
occurrence probability. The absolute recorded minimum discharge of 0.085 m3/s, which
was recorded in the analyzed period, can be expected every year. Low waters occurrence,
the value of which is less than 1m3 occurs often, with probability of occurrence from 50 to

99.9 %.

Conclusion

On the basis of data on discharge in the period from 1951 to 2014 probability of average,
minimum, maximum discharges occurrence on the Pepeljevac hydrological profile on the
Toplica River was estimated.

Coefficient of variation for average annual discharges for the Toplica River is Cy =
0.38, which points to a significant oscillation in discharge. Maximum average monthly
discharges in the analyzed period were recorded in April and March, while minimum
average discharges occur at the end of summer and the beginning of autumn, that is, in
August and September. Values of maximum average discharges in spring months are 48 —
49 % higher than average annual discharge. Minimum discharges at the end of summer
and the beginning of autumn are a consequence of high summer temperatures and
increased evaporation.

When the years were classified by water richness, during the 64-year analyzed
period, discharge was above average value for 29 years, while it was below average for 35
years. There were somewhat more rich in water (16) than dry (14) years.
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Coefficient of variation of maximum annual discharges for the Toplica River is Cv =
0.63, which points out to significant fluctuation in annual maximum discharges.
Maximum recorded discharge of 468 ms3/s, which was recorded in Pepeljevac in the
period from 1951 to 2014, can be expected once in every 300 years.

Coefficient of variation of minimum annual discharges is Cv = 0.55, pointing out to
exceptional fluctuation. By analyzing probability curve of minimum discharge occurrence,
minimum discharge of 0.07 m3/s can be expected each year. Absolute minimum
discharge of 0.085 m3/s, which was recorded in the analyzed period, can be expected
every year. Such low waters regime can lead to significant problems in water
management, especially during summer months.

Water management planning is significantly more aggravated because of exceptional
fluctuation in discharge of the Toplica River. To abate the consequences of high and low
waters, forming of reservoir Selova on the Toplica, the construction of which started in
1986, will be very important, as well as a series of other measures, such as defensive
embankments, dams, watercourse regulation, deforestation, and so on.
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CTATUCTHNYKA AHAJ/IN3A CPEAIBUX, BEJIMKHUX 1
MAJINX BOJA PEKE TOIL/IMIIE

UsBox: Peka Torumuna u3BUpe Ha WCTOYHUM NaauHama Konmaonwka u Hajseha je sieBa
mpuToka Jyxae Mopase, y kojy ce ynuBa kox Kopunrpaga. Ibena ayxusa je 130 km u
“Ma ToBpUINHY ciauBa of 2180 km2. ¥V oBoM pajy mpolemeHa je BepoBaTHOha mojaBe
CpefmUX, MHHUMAJIHUX M MaKCUMQJIHHUX IPOTHIAja HA XUAPOJIOUIKOM HIPOGUIY
IMenespeBan Ha Tomanuu y mepuopy of 1951-2014. roAnHe. 3a MpopauyH BepoBaTHOhe
[ojaBe CpeIbUX, MUHUMAJIHUX M MaKCUMaJIHUX TOJUINEUX MPOTHLAja KopuirheHa je
IMupcon III pacnozena. Ha ocHOBY BepoBaTHOhe IoOjaBe cpe/rbUX TOAMIIEBUX NPOTHIAjA
M3BPIIEHO je paHTHpame TOJMHA 10 BOAHOCTU. MeH-KeH/IeJ0BUM TECTOM je HCIHUTaH
TpeHj mporunaja Torumne, a tecroBuma Pettit, SNTH, Buishand u von Neumann
HCIIUTaHA je XOMOTEHOCT IIoZlaTaka Ha II0CMATPaHOM IpodIUly. AHalIN3a CpeIEbe
TOMIIBUX MPOTHIIAja, YKa3yje Aa cy HajOpojHUje cpe/ibe BOoJHe roAnHe (29), ca HEIITO
Behum yuenrhem BojHuX (16) y oHOCy Ha cyiiHe (14) roguHe. Koeduiujentu Bapujanuje
MaKCHUMaJIHUX ¥ MHUHUMAQJIHHMX TOAMIIIBPHX IPOTHNAja 3a peky Tommuny ykasyjy Ha
3HAYajHO KosIebare MIPOTHUIIaja Y3BOAHO O Xuaposiomkor npoduia Ilenepesan. OBakBu
Pe3y/ITaTH IPEICTaBbajy OCHOBY 3a Jjajba UCTPAKUBAKA U IT00O0JBIIAE BOJOIPUBPEIHOT
IUTAHUPAa Y CJIUBY.

Kisbyune peun: peka Tornma, XuapoJIomiKe IPOrHO3€, paHTUpae FOINHA 110 BOAHOCTH

1 natasam@pmf.ni.ac.rs (ayTop 3a KOpeCIOHAEHIIH]Y)

“Yuusepaurer y Humy, ITpupogHo-mMaremaTuyky dakyrer, lenapTMan 3a reorpadujy
“Yuusepaurer y IlpuiutuHu ca npuspeMeHuM cexumreM y KocoBckoj Murposury, IIpupoaHo-
MareMaTH4Ku (akyiTer, Jenaprmas 3a reorpadujy
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Tortuiia je Hajeha jsieBa mpuToka Jy:kHe MopaBe y Kojy ce yiuBa koa KopBHHIpaja.
Hacraje Ha ucrounum naguHama Komaonuka crnajambeM Bepekapyie u JIYKOBCKe peke.
Hbena ayxmHa je 130 km u uma moBpmuHy ciauBa of 2180 km2. To Kypurymnuje
Tormnuna npoTude Kpo3 YCKy U AyOoky gonuny. Ox Kypuiymuidje AojuHa je mupa u
mwinha. ¥Y3Boauo on Kyprymimje Tomnna je mupoxa HajBHIe 10-12 m U AyOOKa 10
0,90 m. N3mely Kypmrymnnje u ITpokymsba mIKpoOKa je 10 20 m U AyOOKa A0 1,50 m, a
HU3BOJIHO HA TOKY Kpo3 J1o0puY mupoKa je 10 25 m u ayooka 1-2 m (I'aBpwioBuh, 2014).
Hajsehu ymeo orumnaja Tomnune (76 %) ce dopmupa Ha mpocropy on Kypurymiuje g0
cena Benospuna (CtanojeBuh, 2001).

Ca. 1. Caus Tonauye ca xudpoaowkum npogunrom Ilenesesay (cmp. 27)

Y XuJIpoJIONIKMM IIpOy4YaBamUMa jeJlaH OJ HajBaKHUJjUX 33/laTaka je IPOIleHa
BeJIMYMHE IMPOTHUIAja W BOAOCTaja KOju ce y OyayhHOCTH MOTY OYEKHBATH Ha HEKOM
XHUIPOJIOIIKOM TIPOGUITy, a Ha OCHOBY IIPOTHIAja Koju cy ce Beh moromuin. ITpoTuiaju
3aBHCE O BEJUKOTI Opoja YMHWJIANA U IOJJIEXKY 3aKOHHUMA CJIyJ4ajHOCTH, 300T yera ce
MOTy IPOyYaBaTH CTATHCTUYKUM Merojama. CTaTUCTUYKA aHAIN3a BepoBaTHOheE IojaBe
KapaKTepUCTUYHUX IPOTHIAja HA pekaMa Ouiia je MpeaMeT MHOTHUX XHUJIPOJIOIIKHX
mpoyuaBamwa (TaBpuimosuh, 1988; Mmranosuh, 2007; YpomieB, 2007; Pucruh, 20009;
Jumutpujesuh, 2010; hokuh, 2010; Bolgov u Korobkina, 2013; Vasilevski u Radevski,
2014).

3a moysJlaHy CTaTUCTUUYKY aHAJIN3y HEOIXOJHO je y3eTH y 003Up IITO JIy»KU HU3
moziaTaka. 3a aHaIN3y CPEAbUX, BEIMKUX U MaJIUX BOJAA KOpHIIheHe Cy BPeJHOCTU
CPenUX TOAUIIBUX, MUHUMATHUX M MaKCUMAIHUX TOAMIIBUX IIPOTHNAja 32 IEPUOL
1951-2014. TOAWHE, ca xuAposiomkor mnpodmua IlemesmeBan. XuAposONMIKA CTAaHUIIA
IlemespeBary ce Hasa3u Ha 69,5 km oz yurha Tortutie y Jy»xuay Mopasy. [ToBpiirHa cvBa
Ha npodmity uzHocu 986 km2, ca kotom "0" ocMaTpama Ha 329, m HaZMOPCKE BHCHHE.
Lup oBor paza je mpopauyH BepoBaTHOhe I0jaBe CpeNIbUX, MHUHHUMAIHUX U
MaKCHMAaJTHUX TOAMIIBUX MpoTuiaja Tomwtuie, mMTO je 3HAa4ajHO 3a BOJOIPHUBPENHO
IIJIAaHUpame y cIuBy ToIuIe, y3BOZHO O XUAPOJIONIKe cTaHuIe [lenespeBar.

MeTtopae ucrpaxuBama

BepoBaTHOha mOjaBe cpen bHX, BEJIMKUX M MaJIMX BOJA y DEIM ce BPIIM HA OCHOBY
[olaTaka O CpEeIbHUM, alCOJyTHO MAKCUMAJIHUM M MHHUMAaJIHUM IPOTHIAjUMA,
METOZIOM TOAMINEUX MakcuMmyMma. Ilocroju Behm 6poj dyHKIHja pacmomena Koje ce
KODHCTe 33 U3payyHaBarbe BepoBaTHONE I10jaBe MaJIHX, BEJIUKUX U CPEAUX BOJA, aJH je
Hajuenthe y ynorpebu Iupcon III pacnozena (I'aBpmiosuh, 1988; Muianosuh, 2006;
Hokuh, 20153, 20150; JJumutpujesuh, 2010; Kopauesnh-Majkuh, 2009; MunujameBuh,
2010). 3a u3pajy KpuBe BepOBaTHOhe TOjaBe CPEAbUX, MAKCUMATHUX ¥ MUHUMATHUX
mporuraja Torwnune kopuirhena je [upcon III pacnozgena.

Ha ocHoBy BepoBaTHOhe I0jaBe Cpe[iHX TOAUIIBUX IPOTHUIAja W3BPIIEHO je
paHrupame rofuHa mo BoaHoctu mpema Onokosbuhy (1994) Ha: KaTacTodasHO CyIIHE,
BeoMa CYIIIHE, CYIITHE, CPE/Ebe BOJIHE, BOAHE, BEOMa BO/IHE U KaTacTpo(aHO BOJHE.

Men-Kenzgenosum tectom (Kendall, 1975) je ucnuran tpensn nporuiiaja Tortuie Ha
mocMatpaHoM npodmiy IlemesbeBar; y MEPHOM NEPHOAY 1951-2014. roguHe (Maptuh
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Bypcah, 2015). XoMoreHOCT moziaTaka je ucnutana tecropuma Pettit, SNTH, Buishand u
von Neumann (Radivojevi¢ u zip., 2015).

PesysTati U JUCKyCHja
Cmamucmuuka aHaausa cpedrux 600a

Ha ocHoBy noyiataka o mpotunajy Toruie y nepuoay 1951-2014. TOANHE, U3PAYYHATH CY
Cpel’hby MECEeUHH U TOAUIIGU MPOTUIAjU HA XuaposomkoM npodumny IenesseBarn (Cor.
2).

Ca. 2. Xudpoepam Tonauye Ha xudpoaowxom npoguny Ilenemesay 3a nepuod 1951-2014.(cmp. 29)

MakcuMasHU CPeAbU MECEUHH MPOTUIAjU Y aHATU3UPAHOM IEepUOAy 3abesieKeHH
Cy Y ampuiy W MapTy, JOK Ce MUHUMAQJIHU CPeAIbH MPOTHIAjU jaBibajy KpajeM Jieta u
IIOYETKOM jeceHH, Tj. y aBryCTy U cenTeMOpy. BpeHOCTH MaKCHUMaJIHUX CPEeIHHX
IpoTHnaja y mposiehHUM MecenuMa cy Behe 3a 48 — 49 % of cpeAmer TOAUIIEET
mporunaja. MUHUMAIHA TPOTHIAjU KpajeM JieTa W MOYETKOM jeCeHH MOCeuNa Cy
CMameHe KOJIMUMHE IaJJaBUHA y TOIUIMjeM IEPUOJY TOJMHE, Ka0 U BHUCOKHX JIETEHUX
TeMIlepaTypa Bas3/yxa U HCIIapaBama.

TecroBu xomoreHoctu Pettit, SNTH, Buishand u von Neumann mokasyjy ma cy
mojlalld XOMOTE€HU W Jla ce He MOTY HAEHTU(PUKOBATH CTATUCTUYKU 3HAuYajHE TauKe
MIpeKu/a y HU3Y MoJlaTaKa.

Men-KeH/IeIOBUM TeCTOM je YTBpEeHO /ia He MOCTOjU CTATHUCTUIKU 3HAYajaH TPEHJ
nporuraja Tomtuie Ha mocMarpaHoM npodwiy [lemesbeBar y MEPHOM IIEPUOAY 1951-
2014. TOAUHE.

Panzuparse 200ura no eooHocmu

3a paHrupame ToAUHAa 0 BOJHOCTH pasMaTpaH je MepHof, of, 1951-2014. TOAUHE ca
xuzaposomkor npoguna Ilemesbesan; Ha Tommunu. Ca rpaduka cpeirbe TOMUIIEBUX
BpeaHoctu mporunaja (Ci. 3) youasa ce a ¢y HeKe rouHe Beoma Gorare BooM (1955. —
18,58 m3/s; 2006. — 13,3 m3/s; 1954. — 12,04 m3/s), IOK ¢y Apyre cupomaiinuuje (1968. —
3,05 m3/s; 1994. — 3,32 m3/s; 1990. — 3,79 m3/s). BpojHUjU Cy HCIOJ MPOCEUHH
MIPOTUIAjU Ol U3HAJ IpoceuyHux. TOKOM MCIIUTUBAHOT MEPUOJA Off 64 TOAUHE, IIPOTHUIIA]
je 6ro U3HAa/ IPOCeYHe BPEAHOCTH 29 FOAMHA a UCIION IIPOCceKa 35 FOAUHA.

Ca. 3. Cpedrve 2o0uturbe epedHocmu npomuyaja Tonauye Ha xudpoaowxom npoguny Ilenemesay y
nepuody 1951-2014. 200uHe U cpedl 200UWHU NpOMUYA] 3a ucnumusaxu nepuod (cmp. 29)

3a mporHo3dy nporunaja Tomwne IpBO je W3padyHAT IIPOCEYAH BUIIETOLUIITEHH
Cpeny IPOTHIRj Ha craHUNU [lenespeBan y mepuoay 1951-2014. TOAWHE, KOjH U3HOCH
7,09 m3/s. 3atuM je yrBphen moaysnHu koedunujeHt (k) Koju je mociay:kuo nia ce
n3pauyHa koedunujent Bapujanuje (Cv). OBaj koedunujent 3a pexy Tornuiy usHocu Cy
= 0,38, mWTO yKadyje Ha 3HATHY IPOMEHJBUBOCT TOAWIIBUX CPENbHUX IIPOTHIAja.
Koedunujenr acumerpuje (Cs) uzHocu 1,40. Ha ocHOBY oBUX mapamerapa U Tabiuie
PubukuHa n3padyHaTe Cy BepOBaTHOhe II0jaBe CpeAbHX BOZOCTaja HA XUIPOJIOLIKO]
cranunu IlenespeBan (Tab. 1) U mnpukasaHe cy rpaduuKd KPHUBOM BepoBaTHOhe
I10jaB/bHUBamba cpemux nporunaja (Ci. 4).
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Tab. 1. BeposamHohe nojase cpedive coouwtrbux npomuyaja Tonauye Ha xudpoaoutkom npoduay
ITenemesay 3a nepuod 1951-2014.

BeposatHoha | Ilompar. mepmog o o-Cy ks = 0-Cy+1 Qav.
0.01 10000 6.87 2.62 3.62 25.68
0.1 1000 5.09 1.94 2.94 20.86
100 3.27 1.25 2.25 15.94

3 33.3 2.37 0.90 1.90 13.50
5 20 1.94 0.74 1.74 12.34
10 10 1.34 0.51 1.51 10.72
20 5 0.71 0.27 1.27 9.01
25 4 0.49 0.19 1.19 8.42
30 3.3 0.31 0.12 1.12 7.93
40 2.5 0.02 0.01 1.01 7.14
50 2 -0.22 -0.08 0.92 6.50
60 1.6 -0.44 -0.17 0.83 5.90
70 1.42 -0.64 -0.24 0.76 5.36
75 1.33 -0.73 -0.28 0.72 5.12
80 1.25 -0.83 -0.32 0.68 4.85
90 1.11 -1.04 -0.40 0.60 4.28
95 1.05 -1.17 -0.45 0.55 3.93
97 1.03 -1.23 -0.47 0.53 3.76
99 1.01 -1.32 -0.50 0.50 3.52
99.9 1 -1.39 -0.53 0.47 3.33

@ - Opcrymame opAvHATe OGMHOMUHAIHE acHMeTpU4He KpuBe 00e36eheHocTH (yuecTaynocTi) oz
cpenune (ox 1,0) mpu Cv=1,0 (Tabesna Pubukuna); Cy - koedunujeHT Bapujaruje; Ks — MOIYTHH
KoedUIHjeHT OpAUuHATE; Q maxe. — IPOCEYHH MAKCUMAIHU IIPOTHUIA]

Ca. 4. Kpuea eeposamuohe nojasmsusara cpedrux 200uwrux npomuyaja Tonauye Ha
xudpoaowkom npoguny Ilenemwesay (cmp. 31)

Ha ocuoBy ITupcon III pacmozene usBpiieHa je kiacuduKamyja TOAWHA IIpeMa
BogHoctu (Orokosprh, 1994). Ilpema 0BOj KaacuHUKAIUjU paHTHpPAHE Cy TOAUHE IO
BozmHocTH 3a Tormnuny y IlemesbeBiyy Ha: katactpodanHo cyirHe (< 3,52 m3/s), Beoma
cyurse (3,52 — 3,93), cymHe (3,93 — 5,12), cpeambe Bogue (5,12 — 8,42), Bogue (8,42 —
12,34), Beoma BoaHe (12,34 — 15,94) u KaractpodasiHo Bozgue (> 15,94) (Tab. 2).

YV wucnuTHBaHOM TepUOAY HAjBOAHMjA je Owia 1955. roguHa H CHafa Y
kaTacTpodaTHO BOZHE, ca BepoBaTHOhOM MojaBe ucmon 1%. Tajma je cpeAmu rogulibu
mpotunaj usHocwo 18,58 m3/s Boge. KaTtactpodasHo cylmHUM roprHaMa TPHUIAZAjy
1968. (3,05 m3/s) u 1994. (3,32 m3/s), ca BepoBaTHONOM I10jaBe TaKBe TOAMHE UCTIOZ 1 %.
Hajsehu 6poj ronuna crnajzia y cpefitbe BOAHE TOJUHE, CA BEpOBATHONOM II0jaBe O] 25-75
%. Ilo jenHa ronuHA je BeoMa CyIIHAa W BeoMa BoAHA. Beoma cymiHa je 1990. kaza je
CpeibU TOUIIEFH TPOTHUIAj U3HOCHO 3,79 M3/s, 0K je BeoMa BOAHA 2006. TOJUHA ca
13,13 m3/s. 3abeJie’KeHO je HelITo BuIie BOMAHUX (16) o7 cylHuX (14) TOIUHA.

Pesyntatu mobujeHr TPOTHO30M TI0jaBe CPEAUX Boa ymyhyjy Ha 3ak/bydak /a ce
CBaKe TOIMHE MOYKe OUEKWBATH CPEIbH IPOTHIIA] ca BepoBaTHONOM mojaBe 99,9 %, of
3,33 m3/s, a ca BepoBaTHONOM IT0jaBe Of 99 %, MPOTHIA)j ox 3,52 m3/s. CBake Apyre
TOIHE MOJKE Ce OUEKUBATH CPEbY TOAUIIELY TPOTHIAj 0 6,50 m3/s. Hajmawu cpentbu
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TOAUIIY IPOTHUIA] 071 3,05 M3/s, KOju je 3a0eiexkeH 1968. rofiHe, MOXKE Ce OUYEKHUBATU
CBaKe rojJiuHe.

Tab. 2. Panzupare 200uxa no eoodHocmu Tonauye Ha xudpoaowxom npoguny Ilenemesay 3a
nepuod 1951-2014.

Boane rogune

IIporuuaj (m3/s)

Togune

Bpoj rognHa

Karacrp. cymne

<3.52

1968, 1994

2

Beoma cymine

3-52—3.93

1990

1

1951, 1964, 1966,
1969, 1971, 1972
1983, 1993, 2000, 14
2001, 2008, 2011,
2012, 2013
1952, 1953, 1959,
1960, 1961, 1962,
1963, 1965, 1967,
1970, 1973, 1974,
1975, 1977, 1982,
1985, 1986, 1987,
1988, 1989, 1991,
1992, 1995, 1998,
2002, 2003, 2004,
2007, 2009
1954, 1956, 1957,
1958, 1976, 1978,
1979, 1980, 1981,
1984, 1996, 1997,
1999, 2005, 2010,
2014
Beoma BogHe 12.34 — 15.94 2006 1
Karacrt. BogHe >15.94 1955 1

CymHe 3.93 — 5.12

Cpenme BogHe 5.12 — 8.42 29

Boane 8.42-12.34 16

Cmamucmuuka aHaAu3da eAuKkux 600a

y mnepuoay oz 1951. 10 2014. roAMHE MaKCUMaJIHE BOJE Cy ce jaBJ'baJIe yYIJIaBHOM y MapTy
U anpuiy. Benuke Bozie Cy IIocJjieJuIia HarJIor OoTallakba CHera y BUIIIUM JeJIOBHUMa CJIKBa.

ATICOJIyYTHO MaKCUMa/THM TpOTUIlaj Ha craHunu IlemesbeBany Ha Tomwmunm y
rmocMaTpaHOM IEepHO[y, 3abeieskeH je 07.06.1976. TOAWHE U HU3HOCHO je 468 m3/s.
ATICOIyTHO MUHUMAJIHU MIPOTHUIA] je 3a0esieskeH 03.09.1952. TOAUHE U U3HOCHUO je 0,085
m3/s. OHOC ancoJIyTHO MaKCUMAaTHUX U MUHUMATHUX MPOTUIAja Ha peru Tomwmunu y
TlenesbeBIly TOKOM UCITUTHUBAHOT MIEPUO/A U3HOCH 1:5500.

Ca. 5. Beauke, cpedrbe u mane 8ode pexe Tonauye Ha xudpoaowkom npogury Ienemwesay 3a
nepuod 1951-2014. (cmp. 32)

3a TPOTHO3Y MaKCHMAJIHUX NpOoTUlaja TOIUIHIle MPBO je HU3pauyHAT MpOCcevaH
BUIIIETOUIIEGA MaKCUMaJIHU MPOTHUIAj HA cTaHUIM IlemesbeBal] y mepUoay 1951-2014.
roAVHe, KOju u3HOCH 132,82 m3/s. Moaynuu koedunujeHt (k) je mocay:kuo fma ce
n3padyHa KoedHUIHjeHT BapHjanuje, Koju 3a peky Tomnuny usnocu Cyv = 0,63, u ykazyje
Ha 3HATHY MPOMEH/bUBOCT TOAMIIBUX MaKCUMAaJIHUX mporturnaja. KoedurujeHt
acumetpuje (Cs) m3Hocu 1,79. Ha ocHOBY oBuMX mapamerapa u Tabiune Pubukuna
r“3pavyHare Cy BepoBaTHONE M0jaBe MaKCUMAIHUX MMPOTHUIIAja HA XU/IPOJIONIKOj CTAHUITI
IenesseBan (Tab. 3) u mpukaszaHe cy rpaduuky KpUBOM BepoBaTHONeE IIOjaB/bHBaba
MakcuManHux nporuraja (Ci. 6).
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Tab. 3. Beposamuu makcumanru npomuyaju Tonauye na xudpoaowrom npoguny Ienessesay

Bepogar. (%) Bepogar. y rox. o a-Cy ks = 0-Cy+1 Q max
0.01 10000 7.76 4.86 5.86 777.74
0.1 1000 5.64 3.53 4.53 601.55
100 3.50 2.19 3.19 423.70
3 33.3 2.46 1.54 2.54 337.27
5 20 1.98 1.24 2.24 297.38
10 10 1.32 0.83 1.83 242.53
20 5 0.64 0.40 1.40 186.01
25 4 0.42 0.26 1.26 167.73
30 3.3 0.24 0.15 1.15 152.77
40 2.5 -0.05 -0.03 0.97 128.67
50 2 -0.28 -0.18 0.82 109.55
60 1.6 -0.48 -0.30 0.70 92.93
70 1.42 -0.64 -0.40 0.60 79.63
75 1.33 -0.72 -0.45 0.55 72.99
80 1.25 -0.80 -0.50 0.50 66.34
90 1.11 -0.94 -0.59 0.41 54.70
95 1.05 -1.02 -0.64 0.36 48.05
97 1.03 -1.06 -0.66 0.34 44.73
99 1.01 -1.09 -0.68 0.32 42.24
99.9 1 -1.10 -0.69 0.31 41.40

O — Opcryname opauHaTe GMHOMHHAJIHE acHMETpUYHE KpuBe 00e3behjeHoctu (yuecrasoctn) on
cpenune (ox 1,0) mpu Cv=1,0 (Tabesna Pubukuna); Cy - koedunujeHT Bapujaruje; Ks — MOIYTHH
koeduIjeHT opauHaTe; Q waxe. — IPOCEYHU MAKCHUMATHHU IIPOTHUIA].

JlobujeHu pesysiTaTd TOBOPE Jla CE CBaKe TOJJUHE MOKE OUYEKMBATH MaKCHUMAaIHU
MIPOTHUIAj OX 41,40 M3/s ca BepoBaTHONOM I0jaBe 99,9 %, a MPOTHIIA] Of 42,24 m3/s ca
BepoBaTHOhOM o7 99 %. CBake Jpyre TOJUHE MOXKE CE€ OYEKHBATH MaKCHMAaJIHHU
TOAUIIEGY MTPOTULIA] Of 109,55 mM3/s. MakcuMaaHu 3a0e/ieskeHu MPOTHUIaj o 468 m3/s,
Koju ce jaBuo y [lenesbeBIly y mepuoay 1951-2014. TOAUHE, MOXKE C€ OUYEKUBATHU JeJTHOM Y
300 rofuHa.

Ca. 6. Kpuea seposammohe nojasausara maxcumanrux npomuyaja Tonauye Ha xudpoaowkom
npoguny Ienenesay (cmp. 33)

Cmamucmuuka aHaAu3a Maaux 600a

YV JermeM [epHOAY TOAWHe, YCJiel, BHCOKMX TeMIlepaTypa Basayxa, moBehaHe
eBamopanyje W eBaloTpaHCnupanyje, OWIAHC MOBPUIMHCKUX BOJA j€ HEHNOBOJbAH. Y
MEPUOZY Off 1951. 10 2014. FO{UHE MUHUMAJIHE BOJIE Cy C€ jaBJhajle YIJIABHOM y aBIYCTY U
centeMOpy.

IIporHo3e Majaux BOJla M3BPIIEHE Cy MPUMEHOM HCTHX MeTOJja Kao U KOJ
MIPOTHO3€e BEJIMKUX Boza. V3paduyHar je mpoceyaH BUIIETOAUIIELA MUHUMATHHI TPOTHIA]
Ha cranuiy IlemesbeBal] y mepuomy 1951-2014. TofiMHe, KOju U3HOCHU 1,01 m3/s. OBaj
koedurjeHt 3a peky Tomnury usHocu Cv = 0,55. Koedunujent acumerpuje (Cs) u3HOCH
0,88, a ;1a 6 ce n36eryie HeraTUBHE BPEIHOCTH U3pauyHar je kao Cs=2Cy, (0,55-2=1,1).
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Ha ocHOBy oBuxX mapaMerapa W Tabiuie PuOWKHHA uM3padyHaTe Cy BepoBaTHOhe
IojaBe MHHUMAQIHUX BOJOCTaja HA XUAPOJIOMIKO] craHunu IlemesveBanm (Tab. 4) u
mpHKasaHe cy rpaduyKku, KpUBOM BepoBaTHONE MOjaB/bHBalkhba MUHUMAIHUX IMPOTHIIAja
(Cn. 7).

Tab. 4. BeposamHu munumanqu npomuyaju Tonauye Ha xudpoaowrxom npoguny Ilenemesay

Beposar. (%) | Beposar.yroa. o a-Cy ks = 9:Cv+1 Qmin.
0.01 10000 6.18 3.41 4.41 4.46
0.1 1000 4.67 2.58 3.58 3.61
100 3.09 1.71 2.71 2.73

3 33.3 2.28 1.26 2.26 2.28
5 20 1.89 1.04 2.04 2.06
10 10 1.34 0.74 1.74 1.76
20 5 0.74 0.41 1.41 1.42
25 4 0.54 0.30 1.30 1.31
30 3.3 0.36 0.20 1.20 1.21
40 2.5 0.07 0.04 1.04 1.05
50 2 -0.18 -0.10 0.90 0.91
60 1.6 -0.41 -0.23 0.77 0.78
70 1.42 -0.62 -0.34 0.66 0.66
75 1.33 -0.74 -0.41 0.59 0.60
80 1.25 -0.85 -0.47 0.53 0.54
90 1.11 -1.10 -0.61 0.39 0.40
95 1.05 -1.28 -0.71 0.29 0.30
97 1.03 -1.38 -0.76 0.24 0.24
99 1.01 -1.52 -0.84 0.16 0.16
99.9 1 -1.68 -0.93 0.07 0.07

@ — deviation of the ordinate of the binominal asymmetric curve of provision (frequency) from the
average (from 1.0) when Cy=1.0 (Ribikin table); Cy - coefficient of variation; ks — module coefficient
of the ordinate; Qmin — average minimum discharge.

Ca. 7. Kpusa seposammohe nojasmsusara mMunumarHux npomuyaja Tonauye Ha xudpoaowkom
npoguny Ileneswesay (cmp. 35)

Pesynratu mobujeHr OBOM aHanM30M yiyhyjy Ha 3ak/bydak fia ce jeAHOM y 1000
TOZIMHA, UJIU Ca BEPOBATHONOM HelpeBa3mIaKema 99,9 %, MOKe OUeKUBATH MUHUMAaTHU
MIPOTHUIIAj OZ 0,07 M3/s, a ca BepoBaTHONOM HeIpeBaswIakema 99 %, MpoTuiaj oz 0,16
m3/s. AnicosyTHO 3abesekeHr MUHUMAJIHH IIPOTHLA] Off 0,085 m3/s, Koju je 3abesexeH
y UCIIUTHBAHOM IIEPHOAY, MOXKE Ce OUeKHBATH cBake roxuHe. IlojaBa Mainx Boza uuja je
BPEIHOCT Marba 071 1 m3 je JecTa, ca BepOBATHONOM HelpeBasmIaKema o7 50-99,9 %.

3axspyuak

Ha ocHOBY momaraka O MpOTHIEAJy y IEpUOAY 1951-2014. TOAUHE IPOIEHEHA je
BepoBaTHOhAa TmToOjaBe CpeAmNX, MUHUMAQIHMX ¢ MaKCHMaJIHHUX IIPOTHIAja Ha
xuzaposokoM npoduiy Ienespesar Ha Torunuy.

KoedurujeHT Bapujaiiyje cpeAbux roUIIBUX MPOTUIlaja 3a peky Toruily u3HoCH
Cvy = 0,38, mTo ykasdyje Ha 3Ha4YajHO Kosiebarbe IPOTHIAja. MaKCHMAaIHU CpPeIrbH
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MeECEYHH MIPOTHLIAjU ¥ aHATTU3UPAHOM IIepUOAY 3a6esIeXKeHHU Cy Y allPIIy ¥ MapTy, ZIOK ce
MHUHUMAJTHU CPEIFbH IIPOTULIAJH jaBJbajy KpPajeM JieTa U MOYETKOM jECEHH, Tj. Y aBIYCTy U
cernteM6py. BpeHOCTH MaKCHMaTHUX CPe[IbHX IPOTHUIlaja y mposehHuM Mecenuma cy
Behe 3a 48 — 49 % o7 cpeAiber roAUIIBEr MPOTHIIAja. MUHIMAIHY IPOTULAJH KpajeM
JleTa ¥ IOYETKOM jeceHU IOCJIeANNa Cy BHUCOKHX JIETEHHUX TeMIlepaTypa Basayxa U
moBehaHOT KcHapaBama.

PaHrupameM rofuHa MO BOAHOCTH, TOKOM HCIHUTHBAHOT Iepuoaa on 64 TOIuHE,
MPOTHUIAj je OO M3HAJ MPOCEUHe BPEIHOCTH 29 TOAWHA a HCIOA IpoceKka 35 TOAMHA.
3abeJsiexkeHO je HENITO BUIIE BOAHUX (16) of1 cymHuX (14) TOAMHA.

KoeduiujeHT Bapujanuje MakCUMaJHUX TOAHUIIBUX IPOTHIAja 3a peky Tommuiy
nsHocu Cy = 0,63, IITO yKasyje Ha 3HATHY IIPOMEHJBUBOCT TOAUIIBUX MAKCUMATHUX
nporuraja. MakcuMasHu 3abesieXkeHH IIPOTHLR] ox 468 m3/s, kKoju ce jaBuo y
INenesbeBIly y Iepuoay 1951-2014. TOAUHE, MOXKE Ce OUEKUBATH jeZTHOM ¥ 300 TOJUHA.

KoedunujeHT Bapujanuje MUHUMAJIHUX TOAMINBUX IpoTunaja u3Hocu Cyv = 0,55,
IITO yKa3yje Ha WM3pasuTo Kojebame. AHAIN30M KpUBE BEpOBAaTHONE II0jaB/bHBarbha
MUHUAMATHUX [OPOTHUIAja CBaKe TOJUHE CE€ MOXKE OYEKHWBATH MUHUMAIHHU IPOTULA] Of
0,07 m3/s. ArncosiyTo MUHHUMAaJHH IPOTHUIR] O 0,085 m3/s Koju je 3abesexeH y
HCIUTHBAHOM IIEPHOAY, MOXKE Ce OUeKHBATU CcBake roprHe. OBakaB peKUM MaJIUX BOJA
MOKe JZia ZoBee [0 3HAYajHUX MpoOJsieMa y BOAONIPHUBPENH, HAPOUUTO TOKOM JIETEHHX
MecCelH.

BogonpuBpeHO IUIaHUPaKE je 3HATHO OTEXKAHO U3PA3UTHUM KoyiebameM IIPOTUIaja
Tomwnure. 3a ybnaskaBame MOCTEANIA BEJIUKAX U MaJIUX BOJA OFf BEJIMKOT 3Hauaja he
6utu dopmupame akymysnanuje CesmoBa Ha Tomtuiy, uynja je U3rpajiiba 3amouera 1986.
roZliHe, Ka0 W HU3 JPYTUX Mepa Kao IITO Cy o0pamMOeHU Hacumu, OpaHe, peryjanuja
BOJIOTOKA, PACTEPETHY KaHAJIH, [IOIIyM/baBatbe U JP.

3axeaanocm

HcTpakuBame NPeZCTaB/beHO y OBOM Pajy IOAPKAHO je of cTpaHe MHUHUCTapCTBa 3a
obpa3oBare, HayKy M TEXHOJIOIIKKN pa3Boj Pemybiuke Cpbuje, y okBupy mpojexra HO
176008.

JIureparypa (ctp. 36)
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