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 . . l   
 

  3 – 5  
  20 – 30  

   200 – 300  
   40 – 80  

 
 

1,5 – 2 m2 

  
 

40 – 60  

  
 

10 - 15  

  
 75  
 2 –15  
 12  

 250 – 650  
 100 – 250  
 50 – 60  
 15 - 25  

  
 5 m2 

  1 - 2 m2 
 

 
1,5  - 2 m2 

  3000  
 20000  

  5 – 10 sl /  
   

  0,04 - 0,06m3 ton 
.   8 - 12m3 ton 
.   6,5m3 ton 
.   1000m3 ton 
.   3 – 30m3 1000 l  

.   5 – 20m3 1000 l  
   

  1250 m2 
.  150 m2 

   750 1000  
.  6 – 8m3  

 .  2 – 2,5m3  
 .  200 – 300  
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.   .3.   
    -

   2020 : 
 

 
 

 
 2005 2010 2015 2020

1 
 
 
 

 144 170 189 209 
 68 100 126 149 
 45 50 53 55 
 194 180 158 138 
 450 500 525 550 

2 
 
 
 

 128 158 171 190 
 60 90 114 135 
 40 45 48 50 
 172 158 143 125 
 400 450 475 500 

3 
 
 
 

 109 130 139 152 
 51 74 92 108 
 34 37 39 40 
 146 130 116 100 
 340 370 385 400 

4 
 
 
 

 110 130 140 150 
 31 41 43 45 
 48 54 57 60 
 50 46 46 45 
 240 270 285 350 

. .3.   
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    1a ). 

      
.   ,   , 
    

       4 
 6    - 

,      - 
 ,  - 

   1,5  2  - 
  (  

   2a ). 
     

   - 
     (   

   ). 
    

  n  ,    
  Eo    p %,  

    : 
n

on
pEE +=

100
1     (z ) 

  
       
     

   : 
QEQ ndsr =/        (l/d ) 
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 2a    -
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     50 . 
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   - 
    - 
    - 
.    - 

       
    

    . 
    

       
,    , - 

   .   
    

,  kd   
kh.     

     - 
 k,     

   
 Qs.    k =1,   

 ,   
   .1.5: 

 
Qs 5 50 100 200 500 1250 
k 2,2 1,7 1,6 1,4 1,35 1,3 

. .1.5.    -
 

 
  Q (  

      
),      -

 (    ,  
1.2.2),      -

   e,   
     

      
 : 

bq =
86400
ekQ

  l/sek 
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     - 

     - 
    - 

   .  
 ,  - 
    
.    -

 ,     l/s.  
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.1.6
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 .

 

 h (m
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-
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 100

H/mm/ 
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 =  

0  131 (
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 =  

 
  

 

 =  
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: 

 = 166,

 

 
 

 
 

  
 
 

 
.

 
 

 ω 

 
 

 

  
: 

 
  
 p. 

 

7       l/s

  
 

  
, 
  
  

 
  

  
 

 
 

 

 
 

 
 μ

:  

,  

 

  

sek*ha 
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- 
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-
-
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. 

  
 

 
 

  

 
  

,
 
,   

  
: 
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 Ai 
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 .1 
 

    - 
,     -

    
    ,  

    48 200. 
  

: 
     - 
    1.2.2 

  
: 

 
   (  .1.2) 

    20  
30 ,     n=20  ,  

   2%,    p = 1,5%.  
 

     20 
 : 

n

on
pEE ±=

100
1 = 48 200    

En = 64 919  z 
 

  1.2.1, .1;  
      2.  

    
   ,  

 .3 ;   2  2020   
500 l/den*z 
 

 -
  :   

QEQ ndsr =/ = 64919* 500 
             Qsr/d  = 32459500       l/d 

  
 : 

24
/

/
dsr

hsr
QQ =  =     

Qsr/h = 1352479          l/h 
 
M  - 

   
 

  1.2.2,   
   -
 1a = 1,5    

   -
  4  6 , 2a = 4 

 

dsrd QaQ /1max/ =   =1,5*32459500 

Qmah/d =  48689250             l/d 
 

 - 
   : 

dh QaQ max/
2

max/ 24
=  =  48689250 

  Qmax/h = 8114875 l/h 
 
  -

 : 
 

hQq max/3600
1=  =  8114875 

  q  = 2254  l/s 
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 .2. 

 
    30 - 

,    12  ,   
    

    -
 . 

 
: 

    
     

1.4.1.    
    

     
 . . 30 *12. 

 
: 

 
  1.2.1, .1; -

      3.  
    

   ,  
 .3;   3  2010   

370 l/den*zitel 
 

   - 
    .1.5,    
  1,4  1,35;          

k = 1,4 
 
    
: 

 

qb = k = 1,4 

 
qb = 1,45    l/s 

 
 .3. 

 
    

 ,    
 . -

    ( ). 
  :   

-     
  -

                          = 0,04 
-       H = 600 mm, 
-    t = 8 min  
-      p = 1 .  
 

: 
      

     1.4.3. 
   

     
    . 

 
: 

 
   μ  

  :  
 

 =   =0,04  = 2,84 
 

   ,  
  : 

 
 =   =2,84  = 2,84 

 
 ,   

 : 
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qa= 166,7   = 166,7   

 
qa = 166, 23    l/sek*ha 
 
 

  : 
 
1 )     -

     
-   800 . 

 
2.      -

    800 . 
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1.   
 

1.1.       
 

 
    ,    , 

   ,    . 
 

        .  
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  10 m.        3-150,   
   3-700.     

           
 ,       

  -  ,   . 
 

1.2.        
 

          
  ,         

  : 
1.       10 /     , 

      5 mg/l; 
2.       20     ,  

     10 ; 
3.        , ,    

   ; 
4.          37   24 

       50  1 cm3; 
5.        10 cm3;  
6.          

   0,1-0,2 mg/l; 
7.        0,1 mg/l; 
8.        1,5 mg/l; 
9.        0,05 mg/l; 
10.         0,05 mg/l; 
11.         0,05 mg/l; 
12.         3,0 mg/l; 
13.           0,3 mg/l; 
14.         15  mg/l; 
15.         250 mg/l; 
16.         250 mg/l; 
17.         125 mg/l; 
18.         0,001 mg/l; 
19.              

  1000 mg/l; 
20.          6 mg/l; 
21.          0,1 mg/l; 
22.         0,003 mg/l; 
23.   . 
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1.3.      
 

 
 .1 

 
          

           11 300 
. 

:        1.2.2. 
 

:     (   1.2)  
   20  30 ,    n = 20 .,    

   p = 1%. 
     :  

 

  

 
  1.2.1.   1,      3. 

         Q = 400 
l/den/žit      3,  3     

 2020 . 
 

     :  
 

 
 
     : 

 

 

 
  1.2.2.,      

 ,  -      
   4  6,     . 

 
    : 
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    : 
 

 

 
 
   -  : 

 

 

 
 

 . 2 
 

          
          120 200 

. 
 

:        1.2.2. 
 

:    (   1.2)    
 20  30 ,    n = 20 .,      
 2%,  p = 2%. 

 
     :  

 

     

 
  1.2.1.   1,       

2.        Q = 500 
l/den/žit      3,  2     

 2020 . 
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     : 
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  1.2.2.,      

 ,  -      
   4  6,     . 

 
    : 

 
 

 
 

    : 
 

 
 
    -   : 

 

 

 
 

 . 3 
 

          
          1 100 . 

:        1.2.2. 
 

:     (   1.2)  
   20  30 ,    n = 20 .,    

   1%,  p = 1%. 
 
     :  

 

     

 
  1.2.1.   1,       4.   
        Q = 350 

l/den/žit      3,  4     
 2020 . 
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         . 

-         
 .         

,        . 
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.     , , ,    

  , , .     
         . 

  ,         
 .         

 ,         (    
         )  

   .        
        ,   

          
. 

 
 
1.5          

   
 

 . 1 
 

     11 300 ,      
      . 

 
:         

 1.4.    -    30 .   
n = 1%      En = 14 000    

 Q = 400 l/den/žit. 
 

: 
        1.5  

   1,35  1,25,    k = 1,30. 
 
-    : 
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 . 2 

 
         

  1 ha      . 
 

     : 
-  = 0,04 -    
- H = 510 mm –   
- t = 7 min –    
- p = 3 .  –    

 
    ( ). 

 
:         

 1.4.3.,    -      
  -  . 

 
: 

 
-    : 
 

  
 
-     : 
 

 
 
-      
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1.6    
 

 . 1  
 

          
          8 400. 

 
 :  

-   n = 20 . 
-     p = 1,5% 
-   -   Q (   3) 
-   a1 = 1,5 
-   2 = 5 
 

  : 
-     Qsr/d 

-     Qsr/  

-      Qmax/d 

-   -    Qmax/  

-     q =   l/s 

 

 
 . 2  

 
          

          2200. 
 :  

-   n = 20 . 
-     p = 1,5% 
-   -   Q (   3) 
-   a1 = 1,5 
-   2 = 5 
 

  : 
-     Qsr/d 

-     Qsr/  

-      Qmax/d 

-   -    Qmax/  

-     q =   l/s 
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 .3 
 

          
 . 

 
 :  

-    : En = 2 200 . 
-  : Q = 350 l/ž 
-   : n = 20 . 
-     k = 1,30 

 
  : 

-    qb 

 

 

 . 4 
 

         
  1ha      . 

 

 : 
-  = 0,04 –    
- H = 650 mm –   
- t = 10 min –    
- p = 3 .  –    

 
  : 

-    qa 
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      :  

.   
-    ; 
-    -  ; 
-  -  . 

.        
- ,         

  ; 
- ,         

; 
- ,           , 

    . 

 .1 
 . 2.1.       

        . 
            

  .  ,     
,   ( )  .       

 ,      .  
         

       . 
 
 
 
 
 
 
 
 
 
 
 
 

 
. 2.1.     

1- , 2-  , 3- , 4-  , 5-  
 (   ) 
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 .2 

 
  2.2.     . 

 

 
 

2.2.    
 

1-  , 2-  , 3-  , 4-  , 5-
  , 6- . 

 
         , -

        .   
            

      ,      
.          

    .       
        

  ,          
 ,      . 
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 . 3 
 

  2.3.     ,   
         ,     
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. 2.3.    

 
 

)   
)     .  

 
     1        2. 

            
 1, 2  3   . 
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 . 4 

 
  2.4.       

   .     
          

 .      2.4   
           . 
 
 

 
 

. 2.4   
 

1 -   , 2 -  , 3 -   , . . - 1  . . - 
2  , ,  - , . . -   
 

     ( )     (1)    
 ( ),             

.       ,     
,        .    
         

( . .).  - ,    2,     
 ,       . 
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 . 5 
 

  2.5     
,           

 .  
          (1)   

     (3),      (2),  
    .     

     (5)     
   (3).    ,   

 (2)     (4)      
 . 

 

 
 

. 2.5   -   
 

1 -      , 2 -  , 3 -   
, 4 -  , 5 -    . 
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 . 6 
 

 . 2.6        , 
        . 
 

 
 

. 2.6       
 

1 -     , 2 -   1, 3 -  
, 4 -  1, 5 -   2, 6 -  , 7 - 

 2, 8 -  . 
 

        (1)     
    (3).     

       (1).  
  (1)      (2)     (6) 
    (2).   (2),     

 (8)       .  
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2.1.     
 

2.1.1.  
 

 
 
          

  ,        
  . 

 
  .1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 2.7     
/ , /   

1-  , 2-  , 3-  , 4-   , 
 5- , 6-  , 7- , 8-   , 9- , 10-  

 
  2.7      . 

        : 
/  ; 
/  . 
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          0,1 m/s,    

       .    
        

        40-50 cm,    
      40-60 cm,     

     . 
   ,        
,            

  ( .2.7  .2.8).  
          

( ,   ).       
       . 

           
   20-30 cm  .    5-10 mm,  

   2-3       
  . 
  ,       ( ) 

          ,   
    .  

           
   .         
          . 

            
        . 

 
 : 2 

 
 
 
 

.2.8    
/  , /  

1-  , 2- , 3-  , 4-  , 5-  
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     ,     

        ( .2.8).  
 

   
 . 3 

 

 
 

. 2.9      
/  , /  

1-   , 2- , 3-    , 4-  
  , 5-   6-   

  
         2.9. 

            
    . 
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 . 4  
 
 

 
 

. 2.10         
1- , 2-    , 3-  , 4,5-  

, 6-    , 7-  , 8-   
, 9- , 10-    

 
 2.10        . 

         ,   
    ,          

    ,      
   .  ,    (   

  )    .    
       .    

   ,     .  
           

  .  
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2.1.2.      -    
 

 
      30 m,   10-12 m. 

         6-8 m. 
 

 
 . 5 

 
    -   

 
            
 ,          

 .  ,     - .  
 

 
 

. 2.11     
 
 

  2.11      .  
          . 
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. 2.12      
 

  2.12          3 
 4 m.        . 

           0,4 m.  
            200 

mm   2    .        
    50 mm.        

        .      
    .      

   100  500 l/s,     . 
  2.11  2.12   -   ,   
.  . 1     ,  . 2   

,  . 3 -   ,  . 4  , 
 . 5 ,  . 6 ,  . 7 ,  . 8   
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     . 9 .      
    . 1, . 2, .3  .4. 

 

2.1.3.   
 

: 

       ,    
 .        

   25 . 
      :  ,    

,  ,  ,   . 
 

2.1.3.1.      
 

            
  ,        . 

          :   
-    ; 
-    ;        
-   ; 
-     ; 
-      ;  
-        ; 
-        ; 
-        .   

         , 
          

. 
        :  

-  ; 
-  ; 
-  ; 
-   ; 
-    .                       

. ,      (  2.13). 
             

   .        
  : ,  ,  ,  , 

   .        12  35 % 
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   .     
  6  40%        

 .  
.            

40%       -   (  
2.14).          

.  
.         .  

       .     
:   (1),      (2)    (3), 

   2.15. 
 
 

 
 

. 2.13      
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. 2.14     
 

 
.  2.15     
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.     .    
           . 

           
    .   2.16   
 .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 2.16   
 

 1 -  ,  
 2 - ,                 
 3 –  

 
 
 
 

. -   (  2.17).      
            

 .         , 
     .      

.  
   : 

-        ;  
-   -   . 



  –   
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        , 
      ,     

  . 
 

 
 

. 2.17   
 

) : 
1 -  , 2 -  , 3 -  

 
) : 

1 -  , 2 -   , 3 - , 4 -  
 , 5 - . 



  –   
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2.1.3.2.       
 

             
     , ,   

 .      , 
  -  .      

        .   
      100  150 mm,         

           . 
       ,   

       (   )  
. 

  

 
. 2.18       

/  , /   
 /       

 
  2.18         

         .  
   ,    ,     

    : 
-       ; 
-     ; 
-       

 
  



  –   
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2.2.      
 

: 
 

            
           . . 

 .        
 : 

- ,            
60-90%  ,   70% ; 

-   ,         
   ,     

  99%  ; 
-        ,    ,  

    . 
 

2.2.1.   
 

          
         3,5  

   ,     .  
      5  60 m.     

     1,5  2,5 m.      4%.  
        ,  

        (   . 1). 
          

 (   . 2).         
   (   .3)      

 (   .4).         
  (   .5)     .  

         2.19. 
         
       ,   

   . 
 

 



  –   
  

  
 

134 
 

 
 

 
 
 

. 2.19        



  –   
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2.2.2.    
 

         
     .      

,       .     
       ,    

 ( ).      ,     
   .      

 .       
 ( )   1  2 . 

 
 

 
. 2.20      

 
  2.20     .      

          ,    
  ( ).      .   

     . 1,     



  –   
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   . 2.        . 
3.         . 4.   5  

          . 7. 
           

  . 6.        
  . 8. 

 

2.2.3.     
 

         
            
 .     ,  

        .  
 

 
. 2.21         

 
  2.21       . 

    ,       
  .         
  . 1     . 2.     . 3 

      ,    
  . 4   .        

. 5.           
 . 

 
 
 
 
 
 
 
 
 



  –   
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       40,000 m3    
   2.22 

 
 
         
 
        1.      
         . 
        2.    
          . 
        3.     

           
        4.    

              
            
        5.     
        . 

        6.     
           

        7.     
          .  

 
 
 

 
 

. 2.22     



  –   
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2.3.    
 

: 
   ,     : 

-     ; 
-     ; 
-         ; 
-      . 

2.3.1.      
 

      : 
- Q -    (m3 /s) ;    
- -   (m); 
- P -   ;  
-  -    ; 
- hs    . 

   Q      
       .   

            
     .     

               
            .    

              
   ,       .  

            
,   .        

     .       
.  

 
 



  –   
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. 2.23      
 

=  + . + . +  
 

 -   ; 
 -  ; 

. -   ; 
 -       . 

 
       : 

 

 

-  = 9,81(kN/m3) -    ; 

- Q (m3/s) -    ; 

- n -  ; 

- p -      ; 

-       ( p)    

         (QH) 

       .   

        .   



  –   
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      nm ‹ 1.    

           

 n  = no + nm   T       

  . 

 
 : 1 

 
       P(kw),   : 

  = 9,81(kN/m3)-    ; 

 Q = 5,0(m3/s)-    ; 

 n = 20(m)-  ; 

 p = 0,9 –      . 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  –   
  

  
 

141 
 

2.4.  
 

: 
             

             
.              

      .   
 

2.4.1.    
 

           :  
-            

   ; 
-            

;  
-    ,       

            
;  

-    ,      
     . 

          
 ,       (   ), 

       . 
 

.     
 

           
           .  

          . 
        . .   

.       . 
 
 
 
 
 
 
 
 
 

 



  –   
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 . 1 
 

 
. 2.24     -    

 
  2.24        

           . 
 

 .  2 

 
. 2.25     -    

 
  2.25         

   ,        
. 

         
           7  8atm. 

       ,     
. 



  –   
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   , ,    , 

    ,       
    . 

 
.       

 
          

 . .     .        
    .    ,   

  ( ).         . 
           

     ( ).     
.        ,  

           
   .  

 
 . 3 

 
 2.26       

 
  2.26       .   

      . 
             

 ,        .  



  –   
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   ,          
  ,       .  

 
.     

 
    (     - )  

              
 .          

 .          
   (  )      . 

     ,   
  ,     .  

          . 
 

 
 . 4 

 
. 2.27    -   

 
  2.27        

      .   
      ,     

      .  
     : 

- ....... –    ; 
- ----- -       ; 
- ____ -         

. 
 
 
 
 
 

 



  –   
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 2.4.2    
 

          
  .  

          
 ,        

 .  
      ,   

            
    -   . ,   

     ,      
   ,      

  .  
         

        .    
          . 

     -     
    .  

            
  .   V      

 ,        
    .  

      : 
 
V = V1 + Vp    m3 

 

V1          
        ; 

Vp          
  . 

        
        . 

          
     24      
    4,17%. 

         
    . 

          
     24,16  8 . 

        
        : 



  –   
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V1=p*Qmax/den        /m

3/; 
 
Qmax/den -        ,   

m3  ;     
p -         . 

          
 : 

 
 Vp = qp*n*t*3600         m3/s 
 
qp -        ,  m3/s; 
n -    ; 
t -     . 

       5-10 %. 
 
 Vvk = (1,05-1,10)*V 
 

          
      . 

         
          

   : 
a:b = 3:4  a = 0,75*b 
 

      ( )    
            

       ,    
     . 

 
 :1 

            
        . 

     20 000 3/ ,  
           

2040 . 
       :  

 

   



  –   
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 1  2        . 
        

   : 

 

 
          

 : 
 

 
 
 t=2 -   . 
 

   :  
 

  
 

  :         
   

 
 
  : h = 5,0m   a = 0,75b 
 

 
 

 
 

2.4.2.     
 

  2.28          
    . 

     ,           
              

.   (    )      
 ,       ,     

      .    
  ,      1  . 

         ,   
           , 



  –   
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        .  
    0,30  ,     . 

      . 
 

 
 

. 2.28       
 

      1,5 cm    1:3,    0,5 
cm   1:1,          . 

           
  .       , 

       .  
    .      

    .   (     ) 
     ,     

,    . 
        ,  

  .  ,      
    .       



  –   
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,               

  .        
           

       .  ,   
(   ) ,      

       .     
      ,    

    .  



  –   
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2.5.   
 

: 
 

           
.          

 .          
  . 

 

2.5.1.          
 

         ( )  
         

        .   
         : 

 
1.     ; 

 
2.   ; 

 
3.   ; 

 
4.        ; 

 
5.     . 

 

2.5.1.1.      
  

         .  
          
  ,          

. 
            

      . 
         

       . 
     .      

     ,      
. 



  –   
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     70 .        
         . 

 

2.5.1.2.    
 

        , 
           

,         .  
          

   60 .      ,  
    ,        . 

 

 
.  2.29   

  
        -  

 ,      .,      
   ,          

    (  ). 
          ,  

        50 cm    
    . 

         . 
                           

  (  2.30).      
  : 

-        1,0 m; 
-  -    1,5m; 
-     2 m. 



  –   
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. 2.30    
/   , /   , /   

 . 
 
 
 
 
 
 
 
 



  –   
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2.5.1.3.    
  

             
    ,    10  15 cm,  

        . 
 

 
. 2.31     

 
            
  .    ,     

        . 
       ,     

  ,      30-40 cm   50-80 
cm.   2.31      . 

 

2.5.1.4.        
 

        200  500 m  
         30 m.  

 ,     ,     
    ,       

 . 
           

    30 cm     ,     



  –   
  

  
 

154 
 

 .           
        . 

          
  ,         

.           
    .       
 ,          

 .   2.32      
   . 

 

 
  

. 2.32        
 

1 - , 2 – , 3 -  , 4 -  , 5 -  
 , 6 - , 7-   . 

 
       ,     

  ,           
   . 

             
       ,   

      .   
      ,   ,   

      . 
           

        . 
         

,         30 cm    
    .       

  . 
            

. 
 



  –   
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2.5.1.5.      
 

           
.           

    ,      
      (   

). 
     ,   

      .       
       ,   

      .     
     ,      

 . 

 
 

. 2.33         
1-    , 2-  , 3-  . 

 

2.5.2.     
 

    ,      
  .          

      1,5 m  .    
          

.  
         

(   )    50  100 mg/l .   
          

12 .             
   -     -  

  . ,       
   (    0,2  0,5 mg/l).   

  ,          



  –   
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  -  .      
       -  . 

 

2.5.3.     
 

  -    -   
   D (mm),    h (m/s),  Q (m3/s) 

    V (m/s).        
    ( )     , 

     ( )     
  (l/s). 

     ,     
  .        , 

     .,       
    : 

-          ; 
-     (     ); 
-       . 

         
,           

 .         
    ( , -   .). 

    -         
 ,     ,     

     . O     
-               

   ( , - ,      .). 
  -       

(    ),          
,   ,     . 

         ,   
 ,     . 

 
 
 
 
 
 
 



  –   
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2.5.4.        
 
 

    ,   ,  
        ,   
    .        

 : 
 

 m/s 
 

            0,3  1,3 m/s , 
   2  3 m/s,     . 

 ,           
          

. 
           

     (   ) 
     .  

 
  



  –   
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2.6.       
 

 
     

 
           

 . 
 

1.         . 
 

2.       ,    
. 

 
3.           

. 
  
  3.1.     . 

 
  3.2.        . 

 
  :  

 
-     ..............................  = 12.000 zit  

-   ............................. Qo = 350 zitdenl //   
-    .............................    = 1,2 [%] 
-   ............................   n  = 30 [god] 
-         1 = 1,50 
-         2 = 3,50 

 
   2 .      

 t = 2 ,           
 qp = 35 [l/s/] 

 
 
 
 
 
 
  



  –   
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  –   
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1.       
 
 1.1.     

            
      :  

.........
100

1
n

on

P
EE  

 
 n –     
  -              n = 50.000  

   -              =  1,2 %  
 n  -    ( )   n = 30 .  

E n 160.17
100

2,1
1000.12

30

 

 
 1.2.     

           
           :  

-    , 
-    , 
-    . 

 
1.2.1.       

                
          .  

       : 
 -   :  
 

denlQEQ ondensr /......../  
 
Nk –     
Qo -    

denlQ densr /......000.6006350160.17/  
 

-       
dlaQQ densrden /........1/max/  



  –   
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1 –     

dlQ den /.......000.009.95,1000.006.6max/  
 

-       

casl
Qa

Q den
cas /......

24
max/2

max/  

 
2  -      

caslQ cas /......812.313.1
24

000.009.950,3
max/  

 
 -         

 .  

sl
Q

q cas
cas /.........

6060
max/

max/  

 

slq cas /.........00,365
600.3

812.313.1
max/  

 
1.2.2.       

          
  :  

]/[
606024

6060

606024
max/ sl

tnqQ
q pden

dov  

 

606024

60602235

606024

000.009.9
dovq  

 

11083,527,104dovq  sl /  
 
 
 
 
 
 



  –   
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1.2.3.      
 
             
(i-j)       jiq 1 ,     

 : 
 

slLq jiji /.......
3

 

 
 -    ,     

             
   : 

107,0
3400

365max/

i

cas

L

q
 

 
         

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  –   
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1.2.4.          
  

 
slqqqq /.........3652055410661512112  

slq /......0,5451  
10631215442322121 qqqq ........... sl /  

slq /......0,2132  
slq /......0,3142  

slqqqqq /....205544343659686766161  
slq /......0,4376  
slq /......0,4386  
slq /......0,5496  

 
 

       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  –   
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1.2.5.          
   

           
    4  8 

 
slqqq pcasR /.....4353523652max/1  

slq /......0,5451  
1413531215442322121 pqqqqq ........... sl /  

slq /......0,2132  
slqqq p /......6635314242  

slqqqqqq p /....240352059686766161  
slq /......0,4376  

slqqq p /......7835438686  
slq /......0,5496  

 
          

 

 
 
 



  –   
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2.     
 

    ,     
        

: 
 -   (   ), 
 -   , 
 -   , 
 -       
 -   
 

        
 -   (  ),       

. 
    : 
 

mmD 300    smV /......9,06,0  

mmD 300    smV /......2,19,0  
 

              casq max/      

pcas qq max/ .      (  -V 

     – ),       
. 

H = L·J [m] 
 

:   1 - 5 
 

     545q  sl /        
    ,      

.  
 
 5451q sl /     Q=54 sl /  

 D = 300 m              77,0V  sl /  

      J =0,00286 mm /  

  43,150000286,0LJH  m  
 



  –   
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  –   
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  –   
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  –   
  

  
 

169 
 

 

2.7.    :  
 
 

       . 
 

           
 . 

 
1.          . 

 
2.       ,   

 . 
 

3.           
.  

   
3.1.     

 3.2.        . 
 
   : 
 
 -     ........................................... Eo = 8.500 zit  

 -  . ......................................... Qo= 450  zitdenl //  

 -    ........................................... p  =   2 %  

 -   ............................................n  =   20 god  
 -     ...............     a1 =   1,5  
 -     ...............     a2  =   4 
  
 

   2 .      
 t = 2 ,            

pq = 35 sl /  

 
  



  –   
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  –   
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3.   
 

: 
 

 ,      : 
- ; 
- ; 
- . 

        (  
)   .  

         
     .  

 ,        
   (  ),        

(  ). 
        

 .     ,   
  ,       . 

    : 
-  ( )  ; 
-  ( )  ; 
-  ( )  . 

     ,   
          -

        . 
       -

     ,      
. 
         

           
.  

   ,   ,    
          -

 : 
-  ;  
- -  ; 
-  ; 
-  ; 
-  . 

 



  –   
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3.1        ,  
   

 
 .1 

 
   ( . 3.1)     

        
:      ,     

.             
(    3.2).     ,   

   .          
          

.       ,   
(     )        

 . 
 

 
 

.  3.1     
 
 
 
 
 
 
 
 



  –   
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. 3..2   

 
 

 .2 
 

 
. 3.3      

 
   ( .3.3)        -

       
   .  

 
 
 
 
 



  –   
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 .3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.3.4    ( )   
 

  ( .3.4)   -     
( )  . 

     : 
1 –    ;  
2 -    ;  
3 –   ; 
4 – ;  
5 –  ;  
6-  ;  
7 –   ;  
8 –  ;  
9 –  ;  
10 –    ;  
11 – ;  
12 -      ;  
I, II  III –  . 
 

 



  –   
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3.2        
 

-      , . .  
,     ,      

,   .  
-        ,   

      .    
   ,        

.   
-       (      

)           
        . 

-       ,    
       

      .  
      

  . 
 

3.2.1          
   

 
          

: 
 

1.       ; 
2.        ; 
3.    ; 
4.      ; 
5.   ; 
6.      . 

 
1.           

       : 
-          

            
 ; 

-         -
   ; 

-     ,        
; 

-     .  



  –   
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2.            
     . 

   -            
    .     

      0,4 m/s.    
     0,8 m/s,    

            
 0,7  1.1 m/s. 

         -           
           

    .     
   8 m/s ,         5 m/s. 

                   
   3 m/s. 

  
2.         ,  

          
  (h/H).  

                    
       . 
-       

  0,5  0,8. 
-          

 ,        
1,0. 

-       2 cm,      
           

         . 
 

3.              
          

.  
-            

  . 
-     ( )  ,     

         ,  
      ,   

  . 
-        . 

4.           
     . 



  –   
  

  
 

177 
 

-            
       . 

-         
   D=200 mm. 

-         
    D=150 mm.     

,          
 .  

 
5.           

  ,     
,        

. 
-         0,8 m 

      . 
-          6 

 8 m       4  5 m     . 
 
                                     : 3.1 

. D(mm) H/D V(m/s) I(%) 
1 150 0,5 0,7 7 
2 200 0,6 0,7 5 
3 250 0,6 0,7 4 
4 300 0,6 0,7 3 
5 400 0,7 0,7 2,5 
6 500 0,7 0,75 2 
7 600 0,75 0,75 1,6 
8 700 0,75 0,75 1,4 
9 800 0,75 0,75 1,2 

10 900 0,75 0,75 1,1 
11 >900 0,8 0,8 1 

 
 
 

  (3.1)     (%),  V(m/s), 
     H/D,      D 

(mm)      . 
 
 



  –   
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3.2.2     ,     
  

 
 

        . , 
            
 .    ( .3.5   .3.5 )   

          
        .    
     ,     1,907    

      1,08.      1,16 
          1,626  .  

         
   . 

 
 

  D = H 

 
. 3.5a     ,     

 
 
 
 
 
 
 
 



  –   
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 H : D = 3 : 2 

 
. 3.5      ,     

  
 

     : 
-     Q        

   D ( )       
Qpp,          Vpp.  

-            
 Q/Qpp     H/D ( )  V/Vpp (  

 ). 
-     Hv      

 D   H/D. 
-   Vv        Vpp  

 V/Vpp. 
 
3.2.3      

 
          : 

-   o Q [l/s]; 
-    V [m/s]; 
-    D [mm]; 
-    h/D; 
-    [%0]. 

 
 



  –   
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  : 

 
 1.   D,H    .   Q  V. 
 2.   D, H  Q,     V. 
 3.  Q  ,    V,H  D (  ). 
 

            
          

    (  ),   1:1000  1:2500  
        ž./ha.   

          
, - ,   ,   . 

 
       : 

 
-       ; 
-         ; 
-            (   

). 
 

           
     . 

         
  . 

 

 

 
 

 
       

          
. 

 
3.2.4     
 

           
 ,          

 ,     . 



  –   
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      . 
 
 
 

 
. 3.6      

 /   /  
 

         
    ( . 3.6   ). 

         
   : 

)     : 
 

 
)  : 

 
 
)  : 

 
 
)    : 

 

 
)   : 

      
 
)  : 

 
 
 
 



  –   
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: 

           
       : 

 
- -   ;  
- -     ; 
- -      ; 
- -   ; 
-      . 

 
)     : 

 
 

)  : 

 
 
)  : 

 
 
)    : 

 

 
)   :  

   
   
)  : 

 
 
 

 



  –   
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3.3     
 

: 
       ,  

          
           : 

 
1.   ; 
2.   ; 
3.  - ; 
4. ; 
5.     . 
 
3.3.1    
 

 
. 3.7   

1- , 2- , 3- , 4-  , 5-  , 6-  ,7- , 8-   
 . 

 
        : 

    . 
  ( . 3.7)        
. 

      60 60 cm  D=60 cm (    
),           (    



  –   
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  ),       1,0 m,   
     70 cm       . 
 

  ( .3.8)      -  . 

 
. 3.8    

 
1-  , 2-   , 3-   , 4- , 5-

 , 6-  , 7-    , 8- , 
9-    , 10-    , 11-    

    , 12-  ,13-  , 14-    
, 15- , 16- . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  –   
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3.3.2   
 

      .  
       ,     

       ,       
 .  

           
 ,         

  
  3.9       . 

 

. 3.9      
 

 
 
 
 



  –   
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.3.10      
 
3.3.3   –  
 

  –         
 , ,   .      

  . 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                             
 

.3.11     
1- , 2-   , 3-   , 4-   

   , 5- . 



  –   
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3.3.4  
 

          -
  .       

           
 .     ,   
            

   .          
    , ,   .    

           
          . 

 
.3.12     

1-  , 2- , 3-   , 4-  , 5-
  , 6- . 

 
 
3.3.5      
 

           
           : 
-     ; 
-     . 

             
       . 

 ,        
,           

          . 
 
  



  –   
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   . 1  
 . 3.13         

 .             
 s . 

 
. 3.13         

 
 .2 

 
            

            
          ( .3.14). 

 

 
. 3.14         (  3 ) 

 
 

 
 
 
 
 
 



  –   
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 .3 
 

            
 .         ,  
         ( )  ( . 

3.15). 
 

 
. 3.15           

 
 

 .4 
 

  ,         
  .   ,        

    .          
           

   .       
          ( . 3.16). 

 
.3.16      

1 -   , 2 - , 3 -  , 4 -   , 
5 -  , 6 -    ( ). 

  



  –   
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3.4      
 
 

        ( )   
        , 

     ,      
 . 

          
   : 

1.      ; 
2.     ; 
3.   ; 
4.   ;  
5.     . 
 
3.4.1       
 

         
   ,       

  . 
-          

      (   , , 
  ,  ,     

,     .).  
-          

  .         
         

,      e    . 
-            

       . 
-             

  20 m       . 
        
, ,    .      

    .         
          

. 
-           

   - ,       
   .     



  –   
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    .       
    . 

-    D = 600 mm      2.0 m  
      : B = D +0.60  

(m); D –     (m) 
-    D > 600 mm     2.0 m  

   :  = D + 0.70  ( m) 
-        ,     

   . 
 
3.4.2      

 
     ,    

            
  ,          

   . 
        

,        . 
       : 

-        1,0 m; 
-  -    1,5 m; 
-     2,0 m. 

 
 . 1 

           
,        ,   

  . 
 
  

 
 
 
 
 
 
 
 

 
 

. 3.17   
 



  –   
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 . 2 

       ,     
           
,        . 

 

                                                                                          
. 3.18         

 )    )   
 

 .3 
           

   ,  ,     
     . 

 
 

 
 

. 3.18   : )    )’U’  
 

          ,         
  ,        

       .    
      . 

          , 
             

       . 



  –   
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 .4 

  ( .3.19)          
 . 

 

 
. 3.19     

 
 .5 

 ( .3.20)         6 m,  
            

       . 
 

.3.20   
 
 
 
 
 
 



  –   
  

  
 

194 
 

 
3.4.3    
 

 
-      ,      

         
. 

-     ( .3.21 )        
    10  20 cm      

.        . 
-      ( .3.21 ),   ,  

         -15.  
 

 

 
 

. 3.21    : 
 )    )   

 
-             

       . 
-           

. 
-            

 ,          
. 

-          
  . 

-      ,       
,          . 

 



  –   
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3.4.4        
 

 
              

        20  30 cm. 
       30 cm     . 

           
    4  5 . . . 

 
 .1 

        4 m,  -
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Q  
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 l Q  
l/s 

1 2 3 4 5 6 7 8 9 10 
1 7-5 5.40 0 5.40 

11.99 

64.75 

0.53 

0.71 323.6 
2 5-6 6.30 0 6.30 75.54 0.69 366.9 
3 5-3 4.10 11.70 15.80 189.44 0.58 773.46 
4 4-3 4.60 0 4.60 55.15 0.74 287.31 
5 3-1 3.40 20.40 23.80 285.36 0.53 1064.65 
6 2-1 5.20 0 5.20 62.35 0.72 316 

7 1-(8) 
. . 0 29 29.0 347.71 0.51 1248.31 
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