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 (812 m) ,  (589 m),  (583 m) 
 (448 m)  (459 m) ,

, ,
.

 363 m, 
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km,  1,62. 
,

, ,
.  4,4 km2  (4,3 

km2  4,5 km2 ).
 427,2 m, 

 (  670 m).  
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.
: , ,

.
,

,
 ( ).

,
.
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-  15 km. 
,  55,4 km. 

 287,1 km2.
,

.
-75,  (  18  –

 23  –  – ), 
 (  102  – 

 212  – ),
 –  – ( , 1987.).

www.sumadija.net, www.kragujevac.co.yu,   
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. 1 – ( : , , 2000.)
Fig. 1 –Geographical position of river Lepenica basin (base: Geokarta, Belgrade, 2000.) 
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.
, ,

 – ,  220 m . .  44º 11' 27"  21º 
02' 57" .  (897 
m . .)  43º 51' 40"  20º 
54' 37" .  (723 m . .)

 44º 05' 58"  20º 39' 08" .
 99 m . .

 44º 10' 41"  21º 08' 36" .
 897 m . .,

 99 m . .

 1:50.000 
638,9 km2. ,

 (723 – 897 m . .)
.

.
,

(340,3 km2),  (298,6 km2).
,

 36,6 km. 

, .
.

 16 km, .
 9,1 km, a  6,9 km. 

,
,  1,14. 

 0,48 
,

. , ,

 5,07 ‰. 
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.1 – 
Tab.1 – Lepenica river basin 

 km2  km2

 1,7  0,3 
 1,0  0,4 

 1,2  0,9 
 2,1  3,2 

 6,0  1,0 
 0,8  4,0 

 35,8  69,2 
 11,4  44,2 

 0,9  14,6 
 3,2  2,7 

 12,3  16,5 
 153,8  7,8 
 4,7  11,8 

 27,2  7,3 
 23,1  6,1 
 1,6  36,7 
 1,3   
 0,6   

 6,1   
 5,5   

 4,3   
    
    

 35,7  71,9 
 340,3  298,6 

,  0-200 m . ,  200-500 m .  (
 200-300 m .  300-500 m .  ) 
 > 500 m . ( , 1956.).

,
 160,4 km2.

 90,4 km2,  70 km2.
,  444,1 km2,  230,5 km2

213,6 km2.  269,3 km2 (142 
km2  127,3 km2 ),  174,8 km2 (88,5 
km2  86,3 km2 ). 

 34,4 km2 (  8,7 km2,
 25,7 km2).

 500-897 m,  500 –700 m . .
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 32,4 km2 (8,4 km2 ,  24 km2

),  700  897 m  2 km2 (0,3 km2

 1,7 km2 ).

 314,2 m (
 307,6 m,  320,8 m). 

. 2 – 
Tab. 2 – Hypsometry of Lepenica river basin 

.
(m) Fl (km2) Fd (km2) F (km2) Fl (%) Fd (%) Fd (%) 

99-200 90,4 70,0 160,4 24,5 25,9 25,9 
200-300 142,0 88,5 230,5 38,5 32,7 32,7 
300-500 127,3 86,3 213,6 34,6 31,9 31,9 
500-700 8,4 24,0 32,4 2,3 8,9 8,9 
700-897 0,3 1,7 2,0 0,1 0,6 0,6 

.

0
100
200
300
400
500
600
700
800
900

100 200 300 400 500 600 700

 (km2)

 (m
)

. 2 – 
Fig. 2 – Hypsography curve of Lepenica river basin 



16

. 3 – 
Fig. 3 – Altitude zones in Lepenica river basin 
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 254 m ,

 300 m. 
.

. 4 – 
Fig. 4 – Geological map of Lepenica river basin 
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( : , , 1989.) 
Legend for geologic map of Lepenica river basin 

(source: Federa Geologic Institute, Belgrade, 1989.) 
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 II . ( , 1932.).
, , , .

. ,
, . :

, , , , , ,
, , , , ,

,  – ( , 1893.).
,
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( , 1966.).
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.

,
,

.
,
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 1970. ., 
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m .
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Pho. 5 – River Jabu ka reka and spring Vrelo 
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. 6 – e
( : . , )

Fig. 6 – Geomorphological map of Lepenica river basin 
(source: Lj. Menkovi , map in manuscript) 
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. 7 –  (1975-2006.) 
Fig. 7 – Yearly curve of average monthly temperatures for Kragujevac (1975-2006.) 

a
 20,8° ,

.

.

. 3 –  (ºC)  (1975-2006.) 
 Tab. 3 – Air temperature (ºC) for Kragujevac (1975-2006.)  

 tsr tsrmax tsrmin tapsmax  tapsmin

I 0,7 4,9 -2,8 20,6 10. I 2001. -27,4 31. I 1987. 
II 2,4 7,4 -1,9 22,4 25. II 1990. -23,8 14. II 1985. 
III 6,8 12,7 1,8 29,4 22. III 2001. -18,3 1. III 2005. 
IV 11,2 17,2 5,7 31,4 26. IV 2003. -5,8 5. IV 2003. 
V 16,3 22,5 10,4 33 8. V 2003. -0,6 13. V 1978. 
VI 19,5 25,6 13,6 37,7 27. VI 2002. 3,6 5. VI 1977. 
VII 21,3 27,9 15,0 41,6 18. VII 2000. 7,2 1. VII 1980. 
VIII 20,9 28,1 14,6  40,4 11. VIII 1994. 4,6 29. VIII 1981. 
IX 16,7 23,9 11,1 37,4 5. IX 1987. -2,2 30. IX 1977. 
X 11,8 18,4 7,0 32,6 1. X 1991. -5,8 28. X 1997. 
XI 6,1 11,0 2,4 27,6 1. XI 1990. -16,4 27. XI 1975. 
XII 2,0 6,1 -1,3 19,6 21. XII 1993. -18,4 22. XII 1996. 

. 11,3 17,2 6,3 41,6 18. VII 2000. -27,4 31. I 1987. 
 20,6 23,2 17,8 22  34,6  

 11,4 17,5 6 33 8. V 2003. -14,7 8. III 1976. 
 20,6 27,2 14,4 41,6 18. VII 2000. 7,2 1. VII 1980. 
 11,5 17,8 6,8 37,4 15. IX 1987. -16,4 27. XI 1975. 
 1,7 6,1 -2 27,6 1. XI 1990. -27,4 31. I 1987. 
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 17,2° ,
 6,3° .

(  4,9° ,  – 2,8° ),
 (  28,1° )  (  15° ). 

 3.  69° ,
 41,6°  (18. VII 2000.) 

 – 27,4°  (31. I 1987.). 

-40
-30
-20
-10

0
10
20
30
40
50

I   II  III  IV  V   V I   VII   VIII   IX   X   XI    XII 

 (°
 )

. . .

. . .

. 8 –  (1975-2004.)
Fig. 8 – Absolute temperature for Kragujevac (1975-2004.)

 – 20°  3 
,  – 15°  3 .
 40°  (  4 

),  37-38°
 5-6 .

 (  897 m . .),
,

. C o
, (190 m . .)

 (700 m . .).
 11,3°  9,3° .

 (0,3°  100 m). 
,  (0,51), 

 (  0,14). 
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, ,
.  15, 

 (6 ).
.

.

.  1975-2006. 
.  78 ,

 –  (21 ).
.

 30°
 (11 )  (10 ).

 30 ,
.

,
 ( ).

 (996 mb), ,
.

,
, , .

 5,6 
.  (288,8  9,3 

)  (270  8,7 ).
 (1575,6 ).

a  5,6; 
 4,4 ,  6,8 .
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.
, , .

, ,
. ,

,
, .

,
 Vc, 

, .

 ( , ).
, .

,  3. III 1925., 
 10 %,  19. IV 1949 .  11 % 

( , 1969.).

. 4 – 
 (1975-2006.) 

Tab. 4 – Average monthly and yearly values  of climatic elements for Kragujevac (1975-2006.) 

I II III IV V VI VII VIII IX X XI XII 

(mb)
996 994 993 989 991 991 992 992 994 995 995 995 993 

(h)
73,6 98,6 146,9 175,1 229,0 252,3 288,8 270,0 204,6 155,8 86,6 67,5 2048,6 

( )
6,9 6,2 5,9 6,2 5,7 5,2 4,2 4,0 4,6 5,1 6,5 6,9 5,6 

(%)
79 76 73 68 70 71 69 69 72 76 78 81 74 

 (442 ‰).  (477  473 
‰), e  (320 ‰). 

 1,3  2,3 m/s. 
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 (  119, 
 2,3 m/s)   (  116,  1,6 m/s). 

,
,

 ( ),
( , ). 

 (  60, 
 1,3

m/s),
,

.
,

,

.

 (  27, 
 1,4 m/s) 

 (  39, 
 1,4 m/s). 

, . ,
.

 (  71,  2,2 m/s) 
 (  70,  1,7 m/s) 
, . ,

, ,
.  –  (  63, 

 1,9 m/s)
, .

. 9 – 
Fig. 9 – Rose of wind for Kragujevac
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.
,

. ,
, .

 (
). , ,

, .
 ( ).

 617-826 mm .
 - ,  – .

. 5 –  (mm)  (1961-90.) 
Tab.5 – Average monthly and yearly precipitation (mm) in Lepenica river basin (1961-90.) 

. . .
(m) I II III IV V VI VII VIII IX X XI XII .

 165 49,6 46,5 47,6 50,9 79,8 69,6 50,9 46,2 42,2 40,9 54,6 58,0 637,2 

 178 52,8 44,8 51,8 52,9 77,5 90,9 67,2 54,4 48,8 41,7 55,7 57 695,5 

 190 41,1 38,7 44,4 50,0 73,7 84,9 67,7 53,3 44,8 38,2 48,2 47,6 632,4 

 280 50,6 43,1 53,2 55,9 84,6 89,7 68,3 53,8 51,9 44,3 61,5 55 711,9 

 335 46,5 44,2 46,9 46,8 74,4  90,9 63,8 53,8 51,9 40,3 49,8 57,2 666,0 

 363 47,0 44,3 53,6 56,6 87,4 102,0 70,6 58,4 51,6 44,0 53,7 53,1 722,3 

.  380 46,0 40 45,5 45,0 75,5 80,8 50,4 46,8 45,3 41,8 50,4 49,5 616,8 

 390 63,5 54,9 66,8 66,4 91,7 97,6 70,7 59,1 53,6 44,2 69,8 73,1 811,4 
A

. 580 64,1 56,5 63,9 65,0 97,0 103,3 69,8 63,3 55,3 46,6 69,7 71,3 825,8 

 51,2 45,9 52,6 54,4 82,4 90,0 64,4 54,3 49,5 42,4 57,0 58,0 702,1 

:
 –  200 m . . ( ,

)  700 mm (632-
695 mm ); aj (

),  ( )
( );
 –  200  500 m . . (

)  715 mm (616-811 
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mm ),
;

 – ,  500 m . . ( ,
)  800 mm 

.
, ,

 ( ),  (
),  ( ).

,
,

.

. 6 –  (mm)  (1961-90.) 
Tab. 6 – Average precipitation (mm) according to seasons in Lepenica river basin (1961-90.)  

 178,3 166,7 137,7 153,2 
 182,2 212,5 146,2 154,6 

 168,1 204,9 131,2 127,4 
 193,7 211,8 157,7 148,7 
 197,6 236,3 149,3 144,4 

 166,0 178,0 133,9 135,5 
.  224,9 227,4 167,6 191,5 

o  225,9 236,4 171,6 191,9 
A  168,1 208,5 142,0 147,9 
 189,4 209,1 148,6 155,0 

,
 10-15 % 

. -  –  24 % 
,  29 % 

.
, .

, .
.
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Fig. 10 – Average monthly precipitation for Kragujevac and Adžine Livade 

 126  – 
,

.
,

,
, ( , 1951.).

,
.
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. 11 – 
Fig. 11 – Precipitation isoline map 
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.  10 m  25 
 50 .

. 7 – . ..  (cm) (1965-95.)
Tab 7 – Average number of days with snow precipitation and snow blanket(cm) (1965-95.) 

.

.
.
.

.

.
.
.

I 7 16 13 24 
II 5 12 9 20 
III 4 5 8 14 
IV 1 0 5 4 
V 0 0 3 3 
VI 0 0   
VII 0 0   
VIII 0 0   
IX 0 0   
X 0 0 2 3 
XI 2 5 5 8 
XII 6 13 9 16 

 26 26 54 92 

19,8 %  ( , 1953.).
,

.  500 m .  ( . )
 (7 )  (16 

) .  (
 5. X 1972.), 

(  18. IV 1981.). 
 29 cm  37 cm.  1965-95 .

 52 cm (12. II 1984.), a  35 cm. 
 500 m . .

, .
 (13 ),  (2 

).
 2  (

– 24 ).  55 cm, a  
 105 cm (1980.). 
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 ( , 1932.).



48

 350 m . . :
, , , , , ,

, : , , ,
, , , , ,

.

. : , ,
, ,

,  (
),

.
,

. : ,
, , .

.
,

.
.

, ,
, .

 ( ) .

. :
, , , ,

.

,  –  – 
 –  – ,  –  – ,

, , ,  ( ,
).

.
,

.
, , .
: , , , , ,

, .
.

,



49

. ,
.

,  500 m. 

, .
.

.
,

.
, ,

, , , ,
, , , , ,

,
.
,

 – .

 41% 
.  (23%), 

(17,72%)  (0,28%) ( , 2004 .).

. ,
,

.
 – 

.

.
, .

. ,
, ,

.
: , , , .
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, ), ,
, .

, .

. 12 –  
Pho. 12 – Gledi ke planine mountain in Lepenica river source  

. 13 – 
Pho. 13 – Vegetation near Lepenica river mouth in river Velika Morava 

 17,72% (
, 2004 .).  (
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. 14 – 
Fig 14 – Source of river Lepenica  
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. 15– 
Fig. 15 – River Lepenica in Kragujevac 

. ,
 ( ,

1974.).

. 16 – 
Fig 16 – Mouth of Lepenica  in Velika Morava river 
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.
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( . 8). ,
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.
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. 8 – 
Tab 8 – River  drop and coefficient of  Lepenica river section course development 

L
(km) 

. .

 (m) 

. .

(m) (m) (‰)
 14,7 380 176 204 13,87 1,40 
 29,3 176 117 59 2,01 1,47 
 11,4 117 99 18 1,58 1,27 

 45- ,
.

,
.

,
 – ,

.

0
50

100
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0 5 10 15 20 25 30 35 40 45 50 55

 (km)

 (m
)

. 17 – 
Fig 17 – Longitudinal profile of river Lepenica  
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.
 60 km.  1897. .  15 km, 
 4 km ,

 49 km.  MicroStation, 
 1: 50.000  55,4 km. 

,
55,4 km  37  (21  16 

).  I, II  III 
653,8 km.  I  213,9 km,  II  III 
384,5 km.  I, II  III  295,3 km (  I 

 123,5 km,  II  III  171,8 km), 
 I, II  III  303,1 km (  I 

90,4 km,  II  III  212,7 km). 

 Df= 0,60,  Dfd= 0,89, 
 Dfl= 0,34. 

 o  ( ,
), .

.
,

.
,

 (390 m . .) ,
.

 196 m . .  35,8 km2,  12,9 km. 
 194 m,  15 ‰. 

 (1,16), 
- .  (2,7 km)

, (5,7 km).
.

 620 m .  33,7 km 
a  (151 m . .).

153,8 km2,  469 m,  13,9 ‰.
 1,35. .

: ,
, , .

: (5,4 km),  (6,2 km), (18
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km) (7,1 km), a o : (5,2 km) (3
km). O , :

(6,9 km), (10,4 km),
(10,5 km) (10,4 km).

. 18 – 
Pho.18 – River Uglješnica near mouth by Kragujevac

: ,
.

. 19 – 
Pho. 19 –River Grošnica downstream from water supply factory in village Grošnica 
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 18 km 
.  (800 m . .)

-
  (187 m . .) . O

,
. ,

 69,2 km2.  613 m,  34,1 ‰, 
 1,13. 

 20 ,
 (1.429 m/km2).

 98,9 km. 
:  (1,8 km)

,  (3,9 km) ,
(1,9 km),  (1,8 km)  (1,8 km) ,

(4,5 km) ,  (2,9 km)
 (5,7 km) .

,
, . . .

. ,
, ,

, .

430 m . ,
 (176 m . .).  9,7 km, 

254 m,  26,2 ‰. 
 1,15. , -

- ,
.

, ,
 3 km, .
, ,

, .
.

 10 ,  (7,2 
km), , , a 
o :  (2,8 km)
(2,6 km) ,  (2,3 km)

 (1,5 km) , .
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. 9 – 
Tab. 9 –River system of Lepenica 

 L   

 (km) 

L
.

(km) 

. .

(m) 

. .

(m) 
 (m) 

(‰)

.
.

 55,4 598,4 380 99 281 5,1 1,32 
 1,3 0,7 340 272 68 52,3 1,07 

 0,8  310 258 52 65,0 1,05 
 1,5 0,4 300 252 48 32 1,18 

 1,9 1,3 340 232 108 56,8 1,05 
 4,6 1,7 400 227 173 37,6 1,19 
 1,2  250 226 24 20,0 1,05 

 12,9 26,8 390 196 194 15,0 1,16 
 6,9 5,0 296 189 107 15,5 1,09 

 1,1  243 174 69 62,7 1,09 
 3,8  235 170 65 17,1 1,11 

 10,4 5,6 360 164 196 18,8 1,09 
 33,7 93,5 620 151 469 13,9 1,35 
 4,8  190 145 45 9,4 1,10 

 10,5 13,8 240 144 96 9,1 1,20 
 10,4 17,3 250 136 114 11,0 1,28 
 2,9  275 132 143 49,3 1,13 
 2,0 0,4 170 130 40 20,0 1,30 
 1,0  220 129 91 91,0 1,25 

 3,9 4,4 260 128 132 33,8 1,44 
 5,0 0,9 326 122 204 40,8 1,22 

 2,9  219 121 98 33,8 1,07 
 0,4  337 315 22 55,0 1,03 
 0,6  305 270 35 58,3 1,20 
 0,9  280 240 40 44,4 1,13 

 3,7 1,0 370 225 145 39,2 1,18 
 1,1 0,9 295 223 72 65,5 1,05 

 4,6 0,8 380 190 190 41,3 1,12 
 18,0 98,9 800 187 613 34,1 1,13 
 9,7 71,9 430 176 254 26,2 1,15 

 8,0 15,0 287 162 125 15,6 1,45 
 3,2 1,2 176 148 28 8,8 1,36 

 9,2 8,7 320 148 172 18,7 1,19 
 4,3 0,9 248 138 110 25,6 1,12 
 5,9 0,5 240 136 104 32,5 1,23 

 6,1  230 131 99 17,6 1,12 
 4,1  238 122 116 28,3 1,24 
 10,6 12,9 219 103 116 10,9 1,12 
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 (320 m . .) 9,2 km 
 (148 m . .).

 16,5 km2,  172 m,  18,7 ‰, 
 1,19. 

:
 2 km,  „ “  5 m,  (6,5 m) 

 (6,5 m). 
 7-8 .

:
(4,6 km), (8 km),  (4,3 km)

(10,6 km).

,
.

.
,

 ( ,
). -

,
, ,
.

, ,
.

 Neumann- ( , 1984.),
 1,023 km/km2.

,
 1,015 km/km2,  0,867 km/km2.

.
4
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. 20 – 
Fig. 20 – Hydrographical net in Lepenica river basin 
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 „0“ 
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.

,
. ,  7,3 km ,

.
,

 ( , , , ),
.
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 (1975-2006.).   

.  1975-2006. .
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. 21 – 
 (1975-2006.) 

Fig. 21– Relation of average monthly precipitation and average monthly  
water levels for Lepenica river basin (1975-2006.) 

 21 cm,  101 cm, 
 90 cm.  9. 

 ( , )  16 cm, 
 (144 cm) 

 (143 cm). ,
.

. 9 –  (cm)  (1975-2006.)2

Tab. 9 – Average water levels (cm) in Lepenica river by Bato ina (1975-2006.) 2

 I II III IV V VI VII VIII IX X XI XII 
SNV 23 25 30 28 24 24 19 16 16 16 17 20 21 
SV 36 46 50 43 38 39 29 25 23 22 26 31 34 

SVV 98 147 137 130 123 139 100 73 67 55 65 83 101 

2 SNV- , SV- , SVV- 

2 SNV- average low monthly water level, SV- average monthly water level, SVV- 
average high monthly water level 
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0.0
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. 22 –
 (1975-2006.) 

Fig. 22 –Curve of average monthly low and high water levels in Lepenica river (1975-2006.) 

.
 1975-2006. .  10. 

VII 1999. .  545 cm,  27. VII  2. 
VIII 1981. .  1 cm. 

 544 cm ( . 10.). e
 1999. .  528 cm,  1990. .  69 cm. 

. 10 –  (cm) 
 (1975-2006.) 

Tab. 10 – Absolute minimal and maximal water levels (cm) in Lepenica river by Bato ina  
(1975-2006.) 

I 8 24. I 2005. 235 26. I 1980. 
II 5 11. II 2005. 491 19. II 1986. 
III 10 13. III 1983. 285 20. III 1981. 
IV 9 26. IV 1983. 242 18. IV 2005. 
V 6 1. V 1983. 342 25. V 1980. 
VI 5 5. VI 1983. 322 7. VI 1976. 
VII 1 27. VII 1981. 545 10. VII 1999. 
VIII 1 2. VIII 1981. 349 27. VIII 1975. 
IX 4 2. IX 1981. 215 19. IX 2005. 
X 5 1. X 1981. 132 24. X 1975. 
XI 6 1. IX 1981. 176 30. XI 1975. 
XII 10 25. XII 1982. 337 23. XII 1980. 

 1 27.VII. 1981. 545 10. VII 1999. 
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 1925. ,
,  1. IX 1946. .

 – 65 cm,  545 cm  10. VII 1999. .
 610 cm. 

.

.
,

 ( ,
.), ,

 III .

 SrNMV= 12,77 cm, 

 (k) 
SrNMV

NMV
k .

,
(Cv),  ( ) ,

,

n
k

Cv
2)1(

 ( , 1988.).

 0,565, 
.

 (Cs), 3

3)1(
Cvn
k

Cs  ( ,

1988.).
 Cs= 2 

 Cv.  Cs  0,806. 
, . .

. ,
 11. 

 23. 
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 –1,8 cm ( 
 1975-2006 ,

 1 cm, ). 
,

0,01%,  52,5 cm. 
, .

. 11 - 3

Tab. 11 – Probable minimal water levels in Lepenica river3

. (%) 
.

. ø ø  Cv ks=ø  Cv+1 NMV +

0,01 10000 5,5 3,108 4,108 52,5 
0,1 1000 4,24 2,396 3,396 43,4 
1 100 2,89 1,633 2,633 33,6 
3 33,3 2,18 1,232 2,232 28,5 
5 20 1,84 1,040 2,040 26,0 
10 10 1,34 0,757 1,757 22,4 
20 5 0,78 0,441 1,441 18,4 
25 4 0,58 0,328 1,328 17,0 
30 3,3 0,41 0,232 1,232 15,7 
50 2 – 0,13 – 0,073 0,927 11,8 
60 1,6 – 0,37 – 0,209 0,791 10,1 
70 1,42 – 0,6 – 0,339 0,661 8,4 
75 1,33 – 0,73 – 0,412 0,588 7,5 
80 1,25 – 0,86 – 0,486 0,514 6,6 
90 1,11 – 1,17 – 0,661 0,339 4,3 
95 1,05 – 1,38 – 0,780 0,220 2,8 
99 1,01 – 1,74 – 0,983 0,017 0,2 

99,9 1 – 2,02 – 1,141 – 0,141 – 1,8 

3 ø- 
, ks- , NMV+-

3 ø- ordinate deviation of binomial asymmetrical provided curve of average , ks- module 
ordinate coefficient, NMV+- probable minimal water level 



. 23 – 
Fig. 23 –Frequency curve of mminimal water levels appearance 
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.
 12. 

 256,1 cm, a 
, Cv= 0,424 

, Cs= 0,6 

 99,9 %  9,7 cm, a 
 99 % 52 cm, .

 1  1,01 
.  10. VII 1999. 

.  100 .

. 12– 
Tab. 12 – Probable maximal water levels in Lepenica river 

.  (%) 
.

. ø ø  Cv ks= ø  Cv+1 NVV +

0,01 10000 5,05 2,141 3,141 804,4 
0,1 1000 3,96 1,679 2,679 686,1 
1 100 2,75 1,166 2,166 554,7 
3 33,3 2,12 0,899 1,899 486,3 
5 20 1,8 0,763 1,763 451,5 
10 10 1,33 0,537 1,537 393,6 
20 5 0,8 0,339 1,339 342,9 
25 4 0,61 0,259 1,259 322,4 
30 3,3 0,44 0,187 1,187 304,0 
50 2 – 0,1 – 0,042 0,958 245,3 
60 1,6 – 0,34 – 0,144 0,856 219,2 
70 1,42 – 0,59 – 0,250 0,750 192,1 
75 1,33 – 0,72 – 0,305 0,695 178,0 
80 1,25 – 0,85 – 0,360 0,640 163,9 
90 1,11 – 1,2 – 0,509 0,491 125,7 
95 1,05 – 1,45 – 0,615 0,385 98,6 
99 1,01 – 1,88 – 0,797 0,203 52,0 

99,9 1 – 2,27 – 0,962 0,038 9,7 

 1975-2006 .
, .

) 1990. . ( - ),
1998. . ( - ), 2000. . ( - ), 2001. . ( - ), 
2002. . ( - ).

 1996. . ( - ), 1999. . ( - ).



. 24 . 
Fig. 24 –Frequency curve of maximal water levels appearance 
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.
, ,

,
.

.

 1975. 
2006. .  1,05 m3/s.

,
1,52 m3/s  0,81 m3/s.

 1:1,9, 
.

0.60

0.80

1.00

1.20

1.40

1.60

I II III IV V VI VII VIII IX X XI XII

 (m
3/

s)

. 25 –  (1975-2006.) 
Fig. 25 – Average low water hydrogram for Lepenica river (1975-2006.) 

 1975-2006 .
.  88% 

 –  (40% 
),  (24% )  (24% ).

(  73,3% ),  (30%), 
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(23,3%)  (20%). 
.

,
.

 31. XII 1991. .
 0,036 m3/s,  a

2,98 m3/s  6. II 1977. .
2,944 m3/s.

. 13 –  (m3/s)  (1975-2006.) 
Tab. 13 –Absolute minimal and maximal low water (m3/s) in Lepenica river (1975-2006.) 

I 0,46 15. I 1994. 1,7 25. I 1975. 
II 0,45 13. II 1994. 2,98 6. II 1977. 
III 0,486 11. III 1994. 5,25 23. III 1984. 
IV 0,52 2.  IV 1994. 2,34 10. IV 1977. 
V 0,46 23. V 1983. 2,15 26. V 1977. 
VI 0,42 5. VI 1983. 1,89 24. VI 2004. 
VII 0,47 12. VII 1988. 1,42 30. VII 1992. 
VIII 0,17 23. VIII 1993. 1,94 25. VIII 1991. 
IX 0,43 17. IX 1994. 1,58 29. IX 1991. 
X 0,42 1. X 1980. 1,52 6. X 1991. 
XI 0,37 21. XI 1977. 1,52 30. XI 1991. 
XII 0,036 31. XII 1991. 1,54 6. XII 1981. 

 0,036 31. XII 1991. 2,98 6. II 1977. 

 1:82,8, ,
.

,
.

 (
 III ).

 SrMQ=0,599 m3/s. 
 0,396 ,

0,792 ,
.

,
,
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,
.  14. 

. 14 – 
Tab. 14 – Probable minimal discharges in Lepenica river 

.  (%) 
.

. ø ø  Cv 
ks= ø 
Cv+1 NMQ +

0,01 10000 5,5 2,178 3,178 1,904 
0,1 1000 4,24 1,679 2,679 1,605 
1 100 2,89 1,144 2,144 1,285 
3 33,3 2,18 0,863 1,863 1,116 
5 20 1,84 0,729 1,729 1,035 

10 10 1,34 0,531 1,531 0,917 
20 5 0,78 0,309 1,309 0,784 
25 4 0,58 0,230 1,230 0,737 
30 3,3 0,41 0,162 1,162 0,696 
50 2 -0,13 -0,051 0,949 0,568 
60 1,6 -0,37 -0,147 0,853 0,511 
70 1,42 -0,6 -0,238 0,762 0,457 
75 1,33 -0,73 -0,289 0,711 0,426 
80 1,25 -0,86 -0,341 0,659 0,395 
90 1,11 -1,17 -0,463 0,537 0,321 
95 1,05 -1,38 -0,546 0,454 0,272 
99 1,01 -1,74 -0,689 0,311 0,186 

99,9 1 -2,02 -0,800 0,200 0,120 

 14. 
 0,12 m3/s (

 99,9 %). 
 ( . 25.)



. 25 – 
Fig. 25 –Frequency curve of minimal discharges appearance 
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 1975-
2006. .  11,19 m3/s.

 10,14  m3/s,
 1:10,1. 

.
.

, , 19,07 
m3/s, a , 3,65 m3/s (

).  1:5,2, 
.

,
, .

2  2 ,
.

2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00
20.00
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 (m
3/
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. 26 –  (1975-2006.) 
Fig. 26 – Average high water hydrogram for Lepenica river (1975-2006.) 

-

. ,

 (  80% 
),  (  16,6% 
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) ,  (  13,3%). 
,

. , ,
.

 (76,7% ),
 (23,3%)  (16,6%) ,

 (13,3%). 
, , .

 1975-2006. .
 10. VII 1999. .  193 m3/s,

 0,61 m3/s  1. X 1995. .
 192,39 m3/s.

 1:316,4, 
a .

 1975-2006. .  192,964 m3/s (  1:5361,1). 

.

.15 –  (m3/s)  (1975-2006.) 
Tab. 15 – Absolute minimal and maximal high water (m3/s) in Lepenica river  (1975-2006.) 

I 0,73 8. I 1992. 36,3 26. I 1980. 
II 0,91 26. II 1994. 58,3 19.II 1986. 
III 1,32 2. III 1983. 66,8 13. III 2006. 
IV 1,19 9. IV 2004. 78.1 19. IV 2006. 
V 1,29 20. V 2002. 61,7 25. V 1980. 
VI 1,60 2. VI 2000. 59,1 13. VI 1986. 
VII 0,97 2. VII 1985. 193,0 10. VII 1999. 
VIII 1,11 7. VIII 2000. 61,2 27. VIII 1975. 
IX 1,12 30. IX 1986. 25,8 27. IX 2001. 
X 0,61 1. X 1995. 12,9 15. X 1997. 
XI 0,70 13. XI 1994. 29,1 30. XI 1975. 
XII 0,82 11. XII 1994. 67,6 23. XII 1980. 

 0,61 1.  X 1995. 193,0 10. VII 1999. 

. :
,  SrVQ=39,102 m3/s,

  0,876, ,
2,898. 
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,

 16. 
 (

)
.

 Cs=2,90 

 (ø), 
 0,01%.  

. 16 – 
Tab. 16 – Probable maximal discharges in Lepenica river 

.  (%) 
.

. ø ø  Cv ks= ø  Cv+1 NVQ +

0,01 10000 - - - - 
0,1 1000 7 6,132 7,132 278,875 
1 100 4,01 3,513 4,513 176,458 
3 33,3 2,66 2,330 3,330 130,216 
5 20 1,99 1,743 2,743 107,266 

10 10 1,15 1,007 2,007 78,493 
20 5 0,41 0,359 1,359 53,146 
25 4 0,2 0,175 1,175 45,953 
30 3,3 0,041 0,036 1,036 40,506 
50 2 -0,39 -0,342 0,658 25,743 
60 1,6 -0,51 -0,447 0,553 21,633 
70 1,42 -0,6 -0,526 0,474 18,550 
75 1,33 -0,63 -0,552 0,448 17,522 
80 1,25 -0,65 -0,569 0,431 16,837 
90 1,11 -0,681 -0,597 0,403 15,775 
95 1,05 -0,689 -0,604 0,396 15,501 
99 1,01 -0,69 -0,604 0,396 15,467 

99,9 1 -0,69 -0,604 0,396 15,467 



. 27 – 
Fig. 27 –Frequency curve of maximal discharges appearance
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,

,
. ,

,
.

 1975-2006. .  2,22 m3/s
 2,1 ,  5 

.
, .

,  28. 
. ,

(3,61 m3/s),  (1,35 m3/s).  1:2,7. 
 0,40, 

.

1

1.4
1.8

2.2
2.6
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3.4
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. 28 – (1975-2006.)
Fig. 28 – Average monthly discharges hydrogram for Lepenica river  (1975-2006.) 

. ,
,
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,
.

.
 31,6% ,

.
, 26,5%, 

25,6%,  16,3% 
( ).

,
.

- - ,
, ,

,
, .

.
, .

 17. 
.

, a ,
,

, .

. 17 (l/s/km2)  (1975-2006.)3

Tab. 17 –Specific runoff (l/s/km2) in Lepenica river (1975-2006.)3

 I II III IV V VI VII VIII IX X XI XII 
sqmin 1,81 2,11 2,60 2,40 1,94 1,89 1,53 1,38 1,43 1,43 1,48 1,60 1,80 
sqsr 3,34 5,22 6,18 4,92 4,07 4,80 4,02 2,87 2,31 2,37 2,62 2,91 3,80 

sqmax 15,44 30,15 32,65 27,13 24,59 27,52 22,42 13,09 8,51 6,25 8,14 14,16 19,17 

3 sq min – , sq sr–
, sq max – 

3 sq min – average  minimal monthly specific runoff, , sq sr– average monthly specific 
runoff, sq max – average maximal monthly specific runoff
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,
 (

), .
,

.
.

 ( ), 
.

.

,
 ( )

 ( ).
 1:10,7, 

.

.

. 18 –  (l/s/km2)
(1975-2006.) 

Tab. 18– Absolute maximal and minimal specific runoffs (l/s/km2) in Lepenica river(1975-2006.) 

 I II III IV V VI VII VIII IX X XI XII 
Qmin 0,46 0,45 0,486 0,52 0,46 0,42 0,47 0,17 0,43 0,42 0,37 0,036 
qmin 0,79 0,77 0,83 0,89 0,79 0,72 0,80 0,29 0,74 0,72 0,63 0,06 
Qmax 36,3 58,3 66,8 78,1 61,7 59,1 193,0 61,2 25,8 12,9 29,1 67,6 
qmax 62,16 99,83 114,4 133,7 105,7 101,2 330,5 104,8 44,18 22,09 49,83 115,8 

 qmin:
qmax

78,7 129,7 137,8 150,2 133,8 140,6 413,1 361,4 59,7 30,7 79,1 1930 

.
, .

1961-90. .  702,14 mm,  (89,9 mm) 
 (42,4 mm). 

, 208,69 mm (29,7%), 
, 189,42 mm (27%),  148,97 mm (21,2%),  155,11 
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mm (22%). 
 130,78 mm,  18,6% 4.

 0,19 
.

. 19 –  (  mm),  (  mm) 
 (1961-1990.) 

Tab. 19 – Average monthly and yearly precipitation (mm), runoff height (mm), and coefficients of  
runoff for Lepenica river(1961-1990.) 

 I II III IV V VI VII VIII IX X XI XII 
X 51,24 45,89 52,63 54,39 82,4 89,97 64,38 54,34 49,49 42,44 57,04 57,98 702,14 
Y 10,14 21,53 23,03 14,05 14,02 12,72 6,71 6,44 4,25 4,8 5,73 7,36 130,78 
C 0,19 0,45 0,43 0,24 0,16 0,14 0,10 0,11 0,08 0,11 0,10 0,12 0,19 

(0,45)  (0,43),  (0,08). 
, .

 (
) .

,

.
. . ( , 1993.).

.

,  32.   

 702,14 mm .
 208,69 mm (29,8%), 

, 189,42 mm (27%),  148,97 mm (21,2%), 
155,11 mm (22%). 

,
 18,6%,  130,78 mm. 

,

4  1961-90. .
 (1961-74.)  (1975-90.) 
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.  (51,1%) 
,  23,03 mm (17,6%). 

,  4,25 mm (3,3%), 
 5,5 .

.

 30%,  je , Cy= 0,19. 
, ,  (6,91mm  17,6%), 

 (1,27 mm  3,2%). 
,

,
.

,
 571,36 mm  81,4%. 

, 182,82 mm,  32%  (
 77,25 mm  13,5%). 

 (610,6 
mm) ,

 0,87,  6% 
. .

.

. ,

, . ,

.



. 20 – 5

Tab.20 – Components of water balance in Lepenica river basin5

 I II III IV V VI VII VIII IX X XI XII  j 
X(mm) 51,24 45,89 52,63 54,39 82,4 89,97 64,38 54,34 49,49 42,44 57,04 57,98 702,14 189,42 208,69 148,97 155,11 
X (%) 7,30 6,54 7,50 7,75 11,74 12,81 9,17 7,74 7,04 6,05 8,11 8,25 100 26,98 29,72 21,22 22,08 
Y(mm) 10,14 21,53 23,03 14,05 14,02 12,72 6,71 6,44 4,25 4,8 5,73 7,36 130,78 51,1 25,87 14,78 39,02 
Y(%) 7,75 16,46 17,61 10,74 10,72 9,73 5,13 4,92 3,25 3,67 4,38 5,64 100 39,08 19,78 11,3 29,84 
Cy 0,2 0,47 0,44 0,26 0,17 0,14 0,1 0,12 0,09 0,11 0,1 0,13 0,19 0,27 0,12 0,1 0,25 
S(mm) 7,10 15,07 16,12 9,83 9,81 8,90 4,70 4,51 2,98 3,36 4,01 5,15 91,55 35,77 18,11 10,35 27,32 
S (%) 7,75 16,46 17,61 10,74 10,72 9,73 5,13 4,92 3,26 3,67 4,38 5,63 100 39,08 19,77 11,30 29,85 
U(mm) 3,04 6,46 6,91 4,22 4,21 3,82 2,01 1,93 1,27 1,44 1,72 2,21 39,23 15,33 7,76 4,43 11,71 
U(%) 7,76 16,46 17,61 10,74 10,72 9,73 5,13 4,92 3,24 3,67 4,38 5,64 100 39,08 19,77 11,30 29,85 
Z(mm) 41,1 24,36 29,6 40,34 68,38 77,25 57,67 47,9 45,24 37,64 51,31 50,62 571,36 138,32 182,82 134,19 116,08 
Z(%) 7,19 4,26 5,18 7,06 11,97 13,52 10,09 8,38 7,92 6,59 8,98 8,86 100 24,21 32,00 23,48 20,31 
Cz 0,80 0,53 0,56 0,74 0,83 0,86 0,90 0,88 0,91 0,89 0,90 0,87 0,81 0,73 0,88 0,90 0,75 
W(mm) 44,15 30,82 36,51 44,56 72,59 81,06 59,68 49,84 46,51 39,08 53,03 52,83 610,6 153,65 190,58 138,62 127,79 
W(%) 7,23 5,05 5,98 7,30 11,89 13,28 9,77 8,15 7,62 6,4 8,68 8,65 100 25,16 31,21 22,70 20,93 
Ki 0,86 0,67 0,69 0,82 0,88 0,90 0,93 0,92 0,94 0,92 0,93 0,91 0,87 0,81 0,91 0,93 0,82 
Ke 0,07 0,21 0,19 0,09 0,06 0,05 0,03 0,04 0,03 0,04 0,03 0,04 0,06 0,1 0,04 0,03 0,09 

5 X - ; Y - ; S - ; U - , Z - ; W - 
; Cy - ; Cz - ; Ki - Ke -

5 X - precipitation; Y – total runoff; S – surface runoff; U – underground runoff, Z – total evaporation; W – total humidity quantity in 
soil; Cy – coefficient of runoff; Cz - coefficient of evaporation Ki - coefficient of infiltration, and Ke - coefficient of river feeding by 
underground water  
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:
, .

.
,  1931-37. .,  1938. .

. 29 – 
Pho. 29– Lake Grošni ko jezero 

-  50 m, 
 138 m.  1 750 m,  2,2 km2.

 2,17 km3,
 1,85 km3.

,  1957. ., 
.

, 1962. .
 7,3 m,  1,36 km3,  3,21 

km3 ( , 1974.). 
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,
 26 m,  1950. .

 19 m. 
6,38 m,  11 m, 

 21,4 m ( ., 
1955.).

,
, , ,

, ,
. . ,

- , .
.

.
.

1939. .  1940. .,
 26 cm. .

, .
,

, , .
 1964–67. . . ,

.
 246 m,  19,5 m.  1 

350 m,  175 m.  j  1,4 km2,
 0,95 km3 ( , 1969.).

. .
1972. . ,

.
- .

 „
“,  – .

,
 1955. .
 168 m . .  0,36 km2,

 1,5 m.  – 
 300 m,  215 m. 

 29 º , .
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. 30 – 
Pho. 30 – Lake Šumarice 

,  1971. .
. , ,

.
-  „ ”,

.  2005. 
. ,

.

. 31 – 
Pho. 31 – Lake Bubanj 
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,
 21. ( , 1974.).

. 21 – 
Tab 21 – Characteristic torrents in Lepenica river basin 

F
(km2)

F

(km2)

%

1  6,02 4,76 79,1 
2  9,00 8,64 96,0 
3  12,30 9,29 75,5 
4  27,20 2,22 81,7 
5  7,72 7,72 100,0 
6  16,50 15,25 92,4 
7  14,60 14,60 100,0 
8  34,48 19,75 52,3 
9  12,98 8,91 68,6 
10  10,54 6,71 63,7 
11  11,40 5,76 50,5 
12  6,52 3,82 58,6 
13  3,50 3,09 88,3 
14  9,00 8,42 93,6 
15  1,30 1,22 93,8 
16  3,20 2,03 63,5 
17  69,20 64,29 92,9 
18  153,80 86,13 56,0 
19  35,74 21,37 59,8 
20  44,20 37,30 84,4 
21  23,10 17,05 73,8 

,
.

, , ,
.

: , , ,
, :

, , , , .

. ,
.

 1950. .
980 m3/km2/god, 
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 0,5 t/m3,  0,64 t/m3.
 0,95 t/m3 ( , 1955.).

 1943. .,
.

1945. .  „ ”
1955. ., ,

 1938.  1950. .  14,8%  (
 320.287 m3 ),
 1,16%. 

 30  50% 
( , 1955.).

 1950 – 74. .  7 
11 m, 

.
 1982. .

. ,
 50 m .

. ,
.

,
.

,  III .
 525 km2,  82,2% .

 535.410,4 m3, a  153.791,9 
m3 (28,7% ).

 986,3 m3/km2/god,  278,1 
m3/km2/god ( , 1983.).   

 I  3° ,
.

 I  II 
 8° .

,
.  II 

, .  II  III 
-  ( ,

). ,
.  III 
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,  30°. 
, .  III  IV 

. ,

. , ,
, .

 20-25º, .
, .  IV 

 30  90º. 
.

.
O  – ,

 - .
,

, , , .
, , , ,

, , .

Me

 ( , , ,
)  (

, ).

.  1946. .
 43 h ,

.
,  2000 

, ,
 4 h .

, ,
: , , ,

, , , .

.
 ( . . . . 46/91, 48/91, 53/93, 54/94, 54/96 ) 
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( , 2000.).

 10. II 1983. .

,  I, II  III 
,  VI, VII  VIII .

,
: , ,

, , , ,
( , 1987.).

 6% ,
80% . ,

,
.

 1999. . ,

.
.

:
, ,

, , ,
 ( , ,

), .
.

,  12 km,  15 
.

(  34,1 ‰,  15,6 ‰,  26,2 ‰, 
 18,8 ‰) ,

.
,

 25 mm. 
,

, .
 0,4 mm/ 

,  0,7 
mm/ ( , 1980.).



95

,
, ,

.
,

.
1820. ,

, , ,
, 1864. .

 „ “
.

. 1897. . .

,
 287 km2.

.
6. IV 

1910. . .
 48 .

,
.

 900 m, 
 1 km. 

 2 m ,
 3 m. ,

 6 m . ,
 920 m3/s. ,

 ( , 1974.).
1914. .

.  1 km, 
.

. , ,
 450 m3/s. 1926. .,

 4 m ,  – 
 –  – .
. , ,

 220 m3/s.
1956. .

 230 cm 
, .

.
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1970. .  15 
.

, , ,
, . 1971.

,
,  1 km, 

.  520 cm, 
 380 m3/s ( , 1974.).

1975. .  255 mm ,
 340 m3/s  340 

.  13  3.750 h ,
 1.000 h  25  ( ,

1977.).

1999. . (9.  10. VII  14.  29. VII) 
 30 

 48  ( , 1999.).
,

,
.

,
.

 1999. 
.

. ,

,
.

–  1999. .
.   7  – 

12. VII 1999. .
.

 – 
 7 ,  20 

,
.

 1999. .
 5 .
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. 22 –  1999 .
(K ., 2000.)

Tab. 22 – Precipitation in July 1999. on some stationsin Lepenica river basin 
 (Kova evi  and etc, 2000.) 

.  580 m  280 m  190 m  
 (mm)  (mm)  (mm) 

8. VII 1999. 
9. VII 1999. 
10. VII 1999. 
11. VII 1999. 
12. VII 1999. 
13. VII 1999. 
14. VII 1999. 
15. VII 1999. 

11,8 
15,5 
65,8 
39,5 

–
3,2 
–

38,1 

15,0 
25,8 
86,0 
40,0 

–
4,0 
–

32,7 

9,0 
18,0 
87,6 
31,0 

–
3,0 
–

20,4 

, 80% ,
 4 – 5 .  0,4 – 0,66 mm 
.

 10.  14. VII. 
.

 2 – 3  10 – 20 
( ., 2000.).

e 9. 
VII 2005. .

( ) .
.

, . ,
,  ( , 2005.).

.
:  (

),  (
)  (

).

 III  (  4, 6, 10, 13.). 
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,
 ( , ).

 36,78 
,

 20 (  5 – 10) ( , 1992.). 

. 23 – 7 ( , 1981.)
Tab. 23 –High water relative values index for Lepenica river6 (Gavrilovi , 1981.) 

 F (km2) Qmax (m3/s) A Asr

 197 920 65,57  
 584 193 7,98 36,78 

 1910. .  920 m3/s , 
 65,57 

 XX .
.
.

, .

 – 

 1914. .
- .

.
 1 km,  I 

.  1926. .

,  1930. .  1932. .
,

 840 m, ,
.

 171 m.  1934. .
.  1960.  je 

.

7 A – , Asr –

7 A – high water relative values index, Asr – average high water relative values index 
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 II ,
 6,5 km. 

 1,3 km,  700 h .
,  2  (1954. .

1956. ),
,  1,5 km 

 4,3 km.  1958. 
 3,3 km, 

. ,
,

.  33 km.  
.
,

,
,

.

 500 m. 
.

 – 
. , 1933. .

 – .
,

.
,

.
,

:
, , , .

,
,

: , , .
 1971. .  0,5 km. 

.
je

,
.

.
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 – .  je .
,

 – .
 2,5 km. 

,
 - 

. ,
,

–  – .

 3 – 4 %. 
 0,1 – 0,2 %, 

 25 km ( , 2000.).

, ,

.
,

, .
, ,

 ( ,
 – ,

, ).

,

 ( . . . 8/2000), 
.  2001. 

.  IV .
, 2

 III  IV .  2002.  2003. .
.

, K ,  III 
. 2  IV , K .
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5  IV ,
K . ,

 III/IV K .
 Fe, Mn .

 2004. ,
,  2005.  2006. .  IV .

,
K ,  III .

2 2  III ,
5 III  IV ,  III K .

,  III/IV K
.  Mn.  

, ,

.
,

. , , ,

 ( , 1986.)
 2010. 

( , 1993.)

.
.

 1986–1993. . 7,4%  II 
, 78,2% III,  14,4% IV . -

. -
. -

.

.  – 
1996–1998. . -

.
 I  II 

.
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.
,

.
 ( , ,

.)
,

 60 .
 – ,

.
 1993. .

 2010.
 II 

. Escherichia 
coli, Streptococcus faecalis ,

. ,
, ( , 2004.) .

 – ,
1992–94. ., .

.
,

, .
,

.
,

.

, .  1964. .
 ( ,

1977.). , ,
,

, ,
 IV 

. ,
„ “ (  24.).
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. 32 – 
Pho. 32 – Water pollution in river Ždraljica 

,
. ,

, , .

. 33 – 
Pho. 33 – Water pollution in river Lepenica near village Milatovac 
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 2004–2005. .
. ,

( , ).
.

 – .
 ( ), ,

.
,

. 29 

.

, ,  4 km 
.  14 h ,

 10 h .
 2005. ,

. ,
-  ( )

( , 2004 .).
:

 – ;
 – ;
 – ,

, ;
            – 

 (
), ,

.  „  A “
 500 t 

 ( , 2004 .)

.

.
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1989/90. .  „ “ .
 „ “
.

.
.

:
             –  ( );

– ( );
 – ;
 –  ( );

           – .

, ,
:

 – 
, ,

;
 – 

, ,
, , ,

;
 – ,

.

:  „ “,  „ “, „ “,  „ “,
 „ “,  „ “  „ “.

 „ “. 

.  1997.  1998. ., 
.

 14 : 4
 „  A “, 1 

 „ “, 2  „
“, 2  „ “, 2 

 „ “, 1 
„ “, 1  „ “, 1 

 „  21. “, 1  „
“, 1  „ “.
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 „ a “
,

.
, ,
 1999. . .

. ( , 2004 .).

 ( , 2004 .):
 – 

 (
);

 – 
;

 – 
;

 – ;
 – 

;
 – 

;

.
2003. .

 ( ) .  2004. .
- , ,

.
,

,

. ,

. ,
.
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,

:
, 2005. .

2005. .

2005. .

2005. .

2005-2006. .

2005. .

2005-2006. .

 ( ,

)

2005. .

2005-2006. .

2005. .



,
,

, ,

, ,

, ,

,
,

,

, ,

, ,

,
 (

),
, , ,

, ,

, , ,

, ,
 NaOH 

,
.

,
,

,

,

.

.

.

.

.

.

. 24 –  ( , 2004. )
Tab. 24 – Polluter cadastre in Lepenica river basin (Group of authors, 2004. b)

O

. . “
”

. .
„

”

. .
„

”

. . „
”

. .
„21 ”

“
-

”
„

”

“ ”

„ ”

„ ”

-
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. ,
 8 m,  2 m. 

 1904.  1952. .  3,2 l/s, 
 276 m3 .

:
, .

 157 l/s, M  246 l/s  385 l/s .
,

48,8% ,  31,2% ,
 20%  ( , 2004 .)

 1931. ,
1937. .  50.000 

,
.

,
50 m,  312 m . ,

 3,21 km3 ( , 1974.).
 I  II ,

.
,

.
a

. a
,

,
.

 – 
 1965.,  1971. .  1974. .

 14 , ,
 30 km. 
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 12 ,  2 
.  II 

Mn  Fe, .

, . ,
,

. ,  ( ),
.

,
, . ,

.

 (  250 l/s). Me ,  30 km 
,

.

 1984. .
, ,

.  64,6 km3

(  48,4 km3).
, ,  III 

 Mn n 4.

,  ( ).
. ,

,
. ,

, .

. ,
 – 

. ,

www.skgo.org,
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 (
). ,

,
.

. ,  (
), .

, .
,  (  30 km) 

.

,
.

.
.

, .

,
.

 2004. .
 0,3% 

, 57% .

, n 4.
.

.  1928. .,
,

.
,

www.grid.unep.ch,
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. ,
,  1947. . ,

 ( ). 
 1962. .

.
,

( , 1983.).
 „ “

 1999 .,
 61% , -  82% (

.,2000.). 
,

, .
.

 „ “  2 km 
,

.
 80 l/s  0,5 km2

 ( ),
( , 2004.).

–
 (

).
. ,

.
–

. .  „
“

,
 5.000 h . .

 „ “
.

, ,
, . .
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 „ “
 „ “ .

 11.000.000 m3,  10.000.000 m3.
 ø 650 mm 

 240 m. 
.

,
 „ “.

, .
. -

,  243 m (

).
.

O
.

 4 – 5 km 
 12.000.000 m3 ,
.
, ,

, .
:

, ,
,  (

 „ “ ).

,
.

,
,  70-

:
–  – 

,
 150.000.000 m3 ;

–  – ,
, ,  14.000.000 m3
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 –

 ( )

 – .
: ,

. -

. -
.

-
(

, 2000.). - :
MicroStation, G Media, Ultra Edit, Surfer 7. Map  AutoCAD. 
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Fig. 34 – Lepenica river data from GIS 

 1:50.000 
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 1 mm .
 ( , , ,

).



116 

,
.  MicroStation-

.

L ep
eni
ca

L e
pen
i c
a

Ugqe{ ni ca

Dr a~ka r eka

Gr
o{
ni
ca

@
dr aq i ca

SLI V LEP ENI CE 
HI DROGRAF SKA MRE@A

. 35 –  -
Fig. 35– Uglješnica river data from GIS

-
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–
 1:200.000 (

, ).
K

 G Media ,
 Ultra Edit  Surfer 7. Map. 

 Ultra Edit 
 – ,

.  Surfer 7. Map 
.

,
 AutoCAD  Globalmaper 

. ,  G Media-
ccess-a  ( ).

. 36 –  ( )
Fig. 36 – Trodimensional model of Lepenica river basin (view from northeast side)
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. O
, ;

– „ “ – ,
 200.000.000 m3 ( , 2000.).

 „ “
,

.
,

.
 120.000.000 m3  (12.000.000 m3  110.000.000 m3

 „ “) , , , ,
.

-
( , 1986.):

–  –  –  –  –  –

–  –  –  –  –  – 

–  –  –  –  –  – 
,

 „ ”.

, .
.

: , , , , ,
, .  60 – 80.000.000 m3

.

 * * * * * * 
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;
– ,

55,4 km  37  (21  16 
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.
- ;

 – 
1975-2006. .  10,14 m3/s,  1:10,1, 

;
–

 192,964 m3/s (  1:5361,1), 

;
–

. ,
 702, 14 mm 

 130,78 mm  17,8%,  571,36 mm  81,4%. 
 0,88,  6% 

.

* * * * * * 
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.

 (525 
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S U M M A R Y 

 Lepenica River is the left tributary of Velika Morava River and one of 
bigger rivers in Šumadija region. It is the main end the biggest river in 
Kragujeva ka valley. From its source Studenac (380 m altitude) in Golo elo
village on Gledi ke planine Mountain to its mouth in Velika Morava River (99 
m altitude) near Lapovo sity, it often changes direction  because of terrain 
slope and geological structure. After regulation of riverbed and mouth, length 
of this river is 55,4 km, and river basin area is about 638,9 km2.
 Lepenica river basin teritorry has become the axis of economic and 
urban development in Šumadija region. However, because of disorderly water 
regime of Lepenica River and its tributaries appears insufficient of drinking 
water, as well as water for irrigation on one side, and on the other side  this 
area suffers big damages from floods and currents (especially  Kragujeva ka
valley).   

Complex research of Lepenica river basin made possible study and 
systematization of its physical geographical features. The main conclusions 
are:
– river basin geological structure is various and complex, 
stratigraphical as well as litological, because there are different rocks category 
(from crystal shale to neogen sediment and alluvium). Complex geological 
structure in river basin caused different  groundwater origin; 
– Lepenica river basin belongs two tectonic parts-to Rhodopic and 
Dinaridi mountains. This tectonic parts evolution caused relief development in 
this territory. By morphogenesis there are: tectonic, fluvial and karst relief, as 
well as landslide 
– It is concluded by statistic analyze of climatic elements that in 
Lepenica river basin appears temperate continental clime with continental 
pluvial regime; 
– Pedological cover in Lepenica river basin is various, but as a basic 
soil type is separated  smonica. There are also: gajnja a, podzol, crvenica and 
alluvium soils.  
– From the total Lepenica river basin area natural vegetation is 
saved at about 41 % of territory and it is presented by wood, grass and swap 
vegetation. In bigger part of territory (about 55 %) \, especially in Lepenica and 
its tributaries river valley, this natural vegetation is damaged and its habitat is 
changed into cultivation soil and meadow; 
– Lepenica river system is quite a bit developed, because on its 55,4 
km long flow, it receives 37 tributaries (21 from the left and 16 from the right 
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side). Total length of Lepenica and its tributaries of I, II and III category 
amounts 653,8 km. Left side is wider and consists from waterproof rocks, 
which caused bigger number and longer flow in relation to river basin right 
side;
–  All denoted hydrological parameters, which are imported for water 
regime analyze of Lepenica River have maximal values in March, as a result of 
snow melting, high soil humidity and frequently precipitation, and minimal are 
in September, caused by high evaporation and low precipitation. On the of 
completed analyzes, and by Ileši  river regime classification, Lepenica River 
belongs to the temperate continental variant of pluvial-nival regime; 
– Average  low and high water amplitude for period 1975-2006 
amounts 10,14 m3/s, more exactly its ratio is 1:10,1, which indicates to rather 
unequal discharge regime in Lepenica river 
– Extreme discharge amplitude is more expressive and for the same 
period amounts 192,964 m3/s  (ratio is 1:5361,1), so it is necessary to take 
appropriate biotechnological and hydrotechnic measures for discharge equation 
in river basin; 
– Water balance analyzes results for Lepenica river basin indicates 
on negative regime of  river feeding by groundwater. Namely, from total 
precipitation quantity, which falls on river basin and amounts 702,14 mm, 
drains out only 130,78 mm (or 17,8 %) and evaporates 571,36 mm (or 81,4 %). 
Although infiltration coefficient amounts 0,88, only 6 % of denoted humidity 
quantity from soil comes to river. 

* * * * * * 

By working on this study, it is established that the biggest waterworks 
problems in Lepenica river basin are: erosion and currents, floods, water 
pollution and water supply.  

Recent erosion process is presented in bigger part of river basin (525 
km2, more exactly 82,2 % of total area) and mostly is caused by anthropogenic 
factor. Unfortunately, it isn` t done a lot on soil revitalization and protection 
until now. Some of measures, which could be taken in future are: biological 
antierosion measures (afforestation, overgrowing with grass, orchards planting, 
plowing on isohipses), technical antierosion measures (building of different 
object for slope and  water speed decreasing and alluvium stopping) and 
administrative measures. 

Floods in Lepenica river basin are frequent and have currents character. 
They appear mostly in spring beginning (in snow melting period) and during 
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the summer (caused by rain shower). In aim to protect area from floods, it was 
taken regulation on Lepenica River in 33 km length, as well as river beds 
regulation on bigger tributaries in some sectors. However, this regulation isn`t 
enough, what have been showed by two last big floods (in 1999. and 2005.). 
Foods defend should be supplemented by artificial lakes building, which will 
stop floods waves, with possibility for this water using in other purposes. Also, 
it is necessary to afforest bare mountainous terrains and set water level 
instruments in some Lepenica tributaries (in Uglješnica, Dra ka reka, Ždraljica 
and Jabu ka reka).

According to date from Republic Hydrometeorological Institute of 
Serbia, Lepenica river belongs to one of the most polluted river in Serbia. By 
water quality it is alternating in IV class and out of class. The biggest water 
pollution degree in Lepenica River is during summer and in autumn beginning, 
when it is the lowest discharge, and the biggest pollutant is waste water from 
industrial objects, especially industrial complex “Crvena Zastava”. One of the 
measures for water better quality in this river basin should be artificial lakes 
building in upper part of river basin (more exactly in Grošni ka reka –, 
Ždraljica – and Dra ka reka river basin).    

Water supply in Lepenica river basin was the biggest problem in this 
region in 70-th years of last century, especially in town Kragujevac. Building 
of Gruža water supply system, this problem is solved in quantity, but not also 
in quality sense. According drinking water analyze during 2004. by Republic 
Health Institute in Belgrade, it is established that from total number of taken 
samples only 0,3 % were bacteriological incorrect, while 57 % of total taken 
samples have chemical incorrectness. This high percentage of incorrectness 
comes from water in Gruža water supply system, because of organic matter 
presence. Besides this, there is also water supply problem in Bato ina and 
Lapovo. One of the suggestions for problem solution in Lepenica river basin 
should be regional water supply system building, which will make possible 
adequate water supply in entire Šumadija region for a next couple decade. 
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ADDITION

CIPHER KEY OF RIVERS IN LEPENICA RIVER BASIN

    
a (m) 

 1 1 55446.1 
2 1.1 10577.1 
3 1.1.1 6866.7 
3 1.1.2 5802.1 
2 1.2 2862.2 
2 1.3 4103.8 
2 1.4 4985.6 

 3 1.4.1 871.9 
2 1.5 6094.6 
2 1.6 3917.3 

 3 1.6.1 1504.5 
4 1.6.1.1 699.8 

 3 1.6.2 995.6 
 3 1.6.3 1116.9 

2 1.7 971.3 
2 1.8 1957.7 
3 1.8.1 409.0 
2 1.9 2925.6 
2 1.10 5935.4 
3 1.10.1 491.9 
2 1.11 10418.9 
3 1.11.1 5307.6 
4 1.11.1.1 395.0 
3 1.11.2 2330.9 
4 1.11.2.1 367.3 
3 1.11.3 823.4 
3 1.11.4 2823.2 
4 1.11.4.1 889.4 
3 1.11.5 1347.1 
3 1.11.6 1807.4 
4 1.11.6.1 577.3 
4 1.11.6.2 285.8 
4 1.11.6.3 344.0 
4 1.11.6.4 241.6 
4 1.11.6.5 295.2 
3 1.11.7 407.6 
2 1.12 4268.3 
3 1.12.1 465.9 
2 1.13 10524.0 
3 1.13.1 2855.8 
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3 1.13.2 5631.5 
4 1.13.2.1 1236.0 
4 1.13.2.2 802.1 
4 1.13.2.3 332.5 
3 1.13.3 2471.3 
4 1.13.3.1 475.4 
4 1.13.3.2 144.9 
2 1.14 4822.5 
2 1.15 9150.2 
3 1.15.1 984.5 
3 1.15.2 1757.6 
3 1.15.3 239.2 
3 1.15.4 668.5 
3 1.15.5 2076.9 
4 1.15.5.1 817.6 
3 1.15.6 283.2 
2 1.16 3152.2 
3 1.16.1 533.7 
3 1.16.2 360.2 
2 1.17 33745.2 
3 1.17.1 1133.3 
3 1.17.2 2140.7 
3 1.17.3 18684.0 

 4 1.17.3.1 1239.5 
 4 1.17.3.2 748.9 
 4 1.17.3.3 664.6 
 4 1.17.3.4 471.3 

3 1.17.4 3084.9 
3 1.17.5 2033.1 
3 1.17.6 4946.8 

 4 1.17.6.1 5014.4 
 4 1.17.6.2 158.2 
 4 1.17.6.3 714.0 

3 1.17.7 7338.6 
 4 1.17.7.1 691.1 
 4 1.17.7.2 1057.1 

3 1.17.8 3474.1 
3 1.17.9 6457.3 

 4 1.17.9.1 311.3 
 4 1.17.9.2 127.0 
 4 1.17.9.3 1199.4 
 4 1.17.9.4 125.5 
 4 1.17.9.5 593.6 
 4 1.17.9.6 952.7 

3 1.17.10 5573.9 
 4 1.17.10.1 810.1 

3 1.17.11 1533.2 
3 1.17.12 2427.0 
3 1.17.13 3937.8 

 4 1.17.13.1 585.8 
 4 1.17.13.2 241.9 

3 1.17.14 1213.2 
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3 1.17.15 634.5 
3 1.17.16 3769.5 

 4 1.17.16.1 1020.5 
3 1.17.17 1510.7 
3 1.17.18 1599.6 
3 1.17.19 249.6 
2 1.18 7975.5 
3 1.18.1 1083.5 
3 1.18.2 1821.3 
3 1.18.3 458.2 
3 1.18.4 2077.1 

 4 1.18.4.1 787.1 
3 1.18.5 529.9 
3 1.18.6 714.8 
3 1.18.7 719.5 
3 1.18.8 1413.5 

 4 1.18.8.1 440.5 
3 1.18.9 2447.7 
3 1.18.10 444.6 

 4 1.18.10.1 422.4 
2 1.19 10416.2 
3 1.19.1 1259.3 
3 1.19.2 1275.3 
3 1.19.3 1097.7 
3 1.19.4 2659.7 
3 1.19.5 440.1 
3 1.19.6 750.7 
2 1.20 2744.8 
2 1.21 9701.6 
3 1.21.1 1980.9 

 4 1.21.1.1 342.0 
 4 1.21.1.2 420.6 

3 1.21.2 2400.0 
 4 1.21.2.1 188.2 

3 1.21.3 584.1 
3 1.21.4 2212.5 

 4 1.21.4.1 296.8 
 4 1.21.4.2 168.0 

3 1.21.5 1521.1 
 4 1.21.5.1 51.0 

3 1.21.6 672.0 
3 1.21.7 2871.4 

 4 1.21.7.1 551.9 
 4 1.21.7.2 295.7 
 4 1.21.7.3 579.9 

3 1.21.8 7882.8 
 4 1.21.8.1 1020.5 
 4 1.21.8.2 872.8 
 4 1.21.8.3 1108.3 
 4 1.21.8.4 682.4 
 4 1.21.8.5 171.4 
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 4 1.21.8.6 146.2 
 4 1.21.8.7 198.6 
 4 1.21.8.8 955.3 
 4 1.21.8.9 264.1 
 4 1.21.8.10 587.6 
 4 1.21.8.11 420.7 
 4 1.21.8.12 413.3 
 4 1.21.8.13 948.8 
 4 1.21.8.14 453.2 
 4 1.21.8.15 445.0 
 4 1.21.8.16 1099.0 
 4 1.21.8.17 483.5 
 4 1.21.8.18 240.1 

3 1.21.9 595.7 
3 1.21.10 378.0 
3 1.21.11 428.4 
3 1.21.12 390.4 
3 1.21.13 455.4 
3 1.21.14 1393.0 
3 1.21.15 688.9 

 4 1.21.15.1 1345.0 
3 1.21.16 2223.1 

 4 1.21.16.1 1238.4 
 4 1.21.16.2 929.7 
 4 1.21.16.3 273.7 
 4 1.21.16.4 642.1 
 4 1.21.16.5 205.7 

3 1.21.17 4245.4 
 4 1.21.17.1 1291.7 
 4 1.21.17.2 1181.3 
 4 1.21.17.3 315.0 
 4 1.21.17.4 362.8 
 4 1.21.17.5 260.7 
 4 1.21.17.6 308.3 
 4 1.21.17.7 236.3 

3 1.21.18 3941.3 
 4 1.21.18.1 571.7 
 4 1.21.18.2 538.8 

 4 1.21.18.3 2737.6 
 4 1.21.18.4 834.6 

3 1.21.19 2248.2 
 4 1.21.19.1 1984.5 
 4 1.21.19.2 1769.9 
 4 1.21.19.3 1485.4 

2 1.22 1123.7 
2 1.23 17968.9 
3 1.23.1 5779.7 

 4 1.23.1.1 1982.4 
 4 1.23.1.2 3489.7 
 4 1.23.1.3 1083.6 
 4 1.23.1.4 430.8 
 4 1.23.1.5 631.3 
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 4 1.23.1.6 509.6 
3 1.23.2 392.6 
3 1.23.3 1455.9 
3 1.23.4 2733.0 
3 1.23.5 417.9 
3 1.23.6 957.7 

 4 1.23.6.1 450.0 
3 1.23.7 3282.0 

 4 1.23.7.1 1296.4 
3 1.23.8 1831.9 

 4 1.23.8.1 627.3 
 4 1.23.8.2 451.8 
 4 1.23.8.3 368.7 
 4 1.23.8.4 424.1 
 4 1.23.8.5 155.3 

3 1.23.9 4532.4 
 4 1.23.9.1 1263.8 
 4 1.23.9.2 1021.9 

Ko  4 1.23.9.3 2324.1 
 4 1.23.9.4 416.1 
 4 1.23.9.5 421.8 

3 1.23.10 345.8 
3 1.23.11 539.8 

 4 1.23.11.1 310.0 
3 1.23.12. 850.8 
3 1.23.13 2446.1 

 4 1.23.13.1 334.4 
 4 1.23.13.2 323.4 
 4 1.23.13.3 386.5 
 4 1.23.13.4 262.9 
 4 1.23.13.5 245.0 
 4 1.23.13.6 607.2 

3 1.23.14 1535.6 
 4 1.23.14.1 624.4 
 4 1.23.14.2 691.6 
 4 1.23.14.3 434.1 
 4 1.23.14.4 266.2 

3 1.23.15 712.6 
3 1.23.16 701.2 
3 1.23.17 330.8 
3 1.23.18 848.9 

 4 1.23.18.1 153.9 
 4 1.23.18.2 261.7 

3 1.23.19 551.9 
3 1.23.20 1002.5 

 4 1.23.20.1 154.0 
3 1.23.21 4334.5 

 4 1.23.21.1 327.0 
 4 1.23.21.2 741.0 
 4 1.23.21.3 1916.0 
 4 1.23.21.4 365.0 
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 4 1.23.21.5 143.7 
 4 1.23.21.6 212.7 
 4 1.23.21.7 235.7 
 4 1.23.21.8 155.0 
 4 1.23.21.9 307.1 
 4 1.23.21.10 541.3 
 4 1.23.21.11 2632.6 
 4 1.23.21.12 188.9 
 4 1.23.21.13 279.9 
 4 1.23.21.14 229.4 
 4 1.23.21.15 159.2 
 4 1.23.21.16 146.1 
 4 1.23.21.17 463.2 
 4 1.23.21.18 162.2 
 4 1.23.21.19 367.5 

3 1.23.22 243.3 
3 1.23.23 247.4 
3 1.23.24 459.4 

 4 1.23.24.1 159.3 
3 1.23.25 758.3 
3 1.23.26 166.7 
3 1.23.27 437.2 
3 1.23.28 1437.3 

 4 1.23.28.1 217.5 
 4 1.23.28.2 248.8 

3 1.23.29 1818.6 
 4 1.23.29.1 447.1 
 4 1.23.29.2 307.2 
 4 1.23.29.3 437.6 
 4 1.23.29.4 148.6 
 4 1.23.29.5 239.4 
 4 1.23.29.6 415.7 
 4 1.23.29.7 146.4 

3 1.23.30 1941.1 
 4 1.23.30.1 543.8 
 4 1.23.30.2 305.9 
 4 1.23.30.3 1041.5 
 4 1.23.30.4 427.9 
 4 1.23.30.5 273.3 
 4 1.23.30.6 609.0 
 4 1.23.30.7 498.2 
 4 1.23.30.8 527.4 
 4 1.23.30.9 470.7 
 4 1.23.30.10 285.9 

3 1.23.31 1560.0 
 4 1.23.31.1 249.9 

3 1.23.32 2320.9 
 4 1.23.32.1 263.9 
 4 1.23.32.2 1266.6 
 4 1.23.32.3 109.5 
 4 1.23.32.4 224.9 
 4 1.23.32.5 205.4 
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 4 1.23.32.6 116.8 
 4 1.23.32.7 155.9 
 4 1.23.32.8 134.3 
 4 1.23.32.9 296.7 
 4 1.23.32.10 88.2 

3 1.23.33 220.7 
3 1.23.34 247.9 
3 1.23.35 269.8 
3 1.23.36 318.7 
3 1.23.37 261.9 
3 1.23.38 1465.4 

 4 1.23.38.1 769.9 
3 1.23.39 1924.4 

 4 1.23.39.1 320.6 
 4 1.23.39.2 334.3 
 4 1.23.39.3 218.6 
 4 1.23.39.4 737.9 
 4 1.23.39.5 387.5 
 4 1.23.39.6 515.4 
 4 1.23.39.7 433.0 
 4 1.23.39.8 73.1 

3 1.23.40 240.9 
3 1.23.41 155.2 
3 1.23.42 235.7 
3 1.23.43 3100.9 

 4 1.23.43.1 184.5 
 4 1.23.43.2 207.5 
 4 1.23.43.3 318.2 
 4 1.23.43.4 146.2 
 4 1.23.43.5 475.8 
 4 1.23.43.6 326.8 
 4 1.23.43.7 284.6 
 4 1.23.43.8 713.1 
 4 1.23.43.9 244.9 
 4 1.23.43.10 780.9 
 4 1.23.43.11 328.0 
 4 1.23.43.12 246.3 

3 1.23.44 141.0 
3 1.23.45 236.4 
3 1.23.46 142.8 
3 1.23.47 395.2 
3 1.23.48 943.8 
3 1.23.49 715.7 
3 1.23.50 216.1 
3 1.23.51 147.0 
2 1.24 6932.8 
3 1.24.1 1588.9 
3 1.24.2 879.1 
3 1.24.3 2457.5 
2 1.25 12913.0 
3 1.25.1 2518.3 
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 4 1.25.1.1 481.0 
 4 1.25.1.2 290.8 

3 1.25.2 5481.7 
 4 1.25.2.1 1395.6 
 4 1.25.2.2 617.4 

3 1.25.3 885.4 
3 1.25.4 554.1 
3 1.25.5 1808.3 

 4 1.25.5.1 429.2 
3 1.25.6 3718.7 

 4 1.25.6.1 407.8 
3 1.25.7 1286.5 

 4 1.25.7.1 993.8 
3 1.25.8 2659.7 
3 1.25.9 1516.2 
3 1.25.10 1436.6 
2 1.26 4643.5 
3 1.26.1 615.6 
2 1.27 1120.2 
3 1.27.1 650.5 
2 1.28 1170.2 
2 1.29 4591.4 
3 1.29.1 1688.7 
2 1.30 3682.4 
3 1.30.1 825.7 
2 1.31 1943.5 
3 1.31.1 1157.9 
2 1.32 1471.0 
3 1.32.1 387.7 
2 1.33 845.2 
2 1.34 511.5 
2 1.35 761.6 
2 1.36 1294.3 
3 1.36.1 698.5 
2 1.37 258.1 
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