
7.1 
              . 

    50  m3    
     .      -

 [precipitation]          
 .           

            
    , ,   ,   -

         .  -
          

            
   .

   (          
 )         

  .     3500 . .   -
     ,   1   . .  
            

 .      . .    -
             

 (   . .).     19    
   [turbines]1     

1    [turbine]      1824    Claude Burdin 
( , 1790-1873),            
Jean-Victor Poncelet ( , 1788-1867)  1835, http://sfrang.com/historia/selida625.htm (4/10/11).

7 
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276   

       .  
   19         

        -
2.         1881  

Godalming  Surrey  . .      20    -
          

        kW  MW  GW3.  
    1983   2006     

 Iguacu  Parana       ,  
       (12,6 GW),   95.000 

GWh   ,     ¼   -
  4.     2006      -
 Three Gorges Dam   Yangtze   (     185 

m   2,3 km),         
      18,2 GW (2010)   

   .          16  
 5.

        -
     6.    -

2      Francis,    1849    
 James B. Francis (1815-1892),     Pelton,    1879  

   Lester Pelton (1829-1908).        -
 (     )        

http://sfrang.com/historia/selida625.htm (4/10/11). 
3             500 

 1.000 MW (Boyle et al, 2004, . 173).
4 Seifried et al, 2010, . 120.
5 . .
6           

     ( )       10 MW (  -
  ).        ( -

   10 MW)             
  .  ,        

            -
  (   Three Gorges Dam),   .     

              
      . ,          -

            (     
  )          

      .       . Seifried et al, 
2010, Breeze, 2005, The World Commision on Dams, 2000, http://digitalcommons.wcl.american.edu/cgi/
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277 7:   

          -
 ( ,   ).       

      ( )7.  2005 
 2.950 TWh      90%  

         16%   
   8.     -

         ( -
 ~55%,  60%,  84%,  ~80%   ~98%)9. 

   2006      80%   
       10%    

 .     3%    
 .        

        ,     10.

’         , 
        ( )   -

         15.000 
TWh,        (2005).  

            -
.  ,         -

  11        
        

          
12.      ,  .    

viewcontent.cgi?article=1252&context=auilr (11/3/2011).       
«Three Gorges Dam» . Boyle et al, 2004, . 189-190,        
« »   « »   . 
7 ’                

    (  ,     1 MW,     300 
kW),           10 MW.
8 Seifried et al, 2010, . 114.          2005 

          (2.771 TWh).
9 Seifried et al, 2010, . 114.
10 http://ec.europa.eu/research/energy/eu/research/hydropower/background/index_en.htm (10/6/2012).
11    15 (EU-15)    80%      
http://ec.europa.eu/research/energy/eu/research/hydropower/background/index_en.htm (10/6/2012).
12      (     75%     

 )        Rheinfelden,   -
       (  26 MW  100 MW)    

    (  185 GWh    600 GWh). (Seifried et al, 2010, . 116).
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278   

     »  13. 
          

  150-200 GW  . ’      5% 
 14. 

 7.1   Chief Joseph Dam (   Columbia  Oregon, )  2,4 
km,   2.620 MW  27   Francis    

 72 m. 
( : commons.wikimedia.org)

13               -
              

. 
14 http://ec.europa.eu/research/energy/eu/research/hydropower/background/index_en.htm (15/6/2012).
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279 7:   

7.2   
          

  m      hhw
 – htw.     

           Ugrav = 
m · g · (hhw

 – htw)   .      
          -

.          m    
     (hhw

 – htw)    
.

wq  
:

 PWa,th: Wa  g  
.

wq  ( hhw
 – htw)  (7.1)

 

Wa  :    

g :     
.

wq  :       (  )15

hhw :     [headwater]

htw :     [tailwater]

7.2.1     
       ( , -

   ),        .   
7.1    . 

15  dV/dt,    SI   m3/s.
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280   

 

 

-

  
   

 

 7.1       .
( : commons.wikimedia.org)

 16          
     (    ).   

     ,   [screen]     
      ( . ., , ,  . .). 

          ( ) 
    ,   (     Bernoulli) 

    .         
     [penstock],       

 (      [intake])    
    .     [turbulence]  
            

.         -
      .      

         (  

16             ,    -
    ,        

    . 
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281 7:   

 )    .     -
     ,      
   . 

  Pel         -
             

Pwater        [Intake],   -
 [penstock],   [turbine]    

[generator].           -
              

   [turbulence  ow].     
          -

     ,      
    17. 

7.2.2     
     ,     -

          
     .      

         . , 
           .

         .  
          -

 .         -
 (   ,   )     

  ,    ,    ,  -
          18. , 

           
            

  ,        -
            -

     . 

           
       

          -

17      . Kaltschmitt et al, 2007, . 349-352.
18 , 2001,     , . 3.
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282   

. ,     (   )  
            

  .

       -
           

.           
         

     . 

               
          

  .         
   (       -

)19.     20     
,          (  

             -
        ,  

     ).      
         
              

     .       
    , ,    

,          -
   . ,       

       ,    -
      ,    

           
. 

          
  ,        ,  

          ,  
   .

19  ( )          ( )  -
 .

20             -
           (     

,     . .).
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283 7:   

            
     ( , -

),             
 .

7.2.3      
      

    ,    , 
          -

          
 [head of water].        

         -
           . 

’          
       .      -

  ,    ,      -
  10 m21,       
,       100 m   

   22.     
     .

        
       (  run of river)23,   -

         
 .       . 

21          20 m (Kaltschmitt et al, 2007,  355)   
  30 m        (European Small Hydropower 

Association: SHA, 2004, Guide on how to develop a Small Hydro Site.
22 Boyle et al, 2004, . 162.
23        ,     -

    .
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284   

 

 

Y
Y

Y

 

 

 7.2     ,   
 .

( : Oxford University Press)

         -
       ,   

           
          .

        
        .  
        -

.         .  
            
         24 (  7.3),  

           -
       .    

         
         .

24         ,       
        (    ) (Breeze, 2005, . 108).
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285 7:   

 

 

 

  
 

 7.3      .  -
          «  -

»          .
( : commons.wikimedia.org)
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286   

7.2.4      ( )
   ,     ( ) 

          10 MW25.  
           

    [United Nations Development Programme],   
     1-100 kW,     
 [micro],       100 kW - 1 MW  

   [mini].

          
          -

          
      ’     
 . 

           
      ( ) 26. 
            

   . 

            
  .       -

   [European Small Hydropower Association  ESHA]  
      : 

)       [run of river] 

) ’         -
       

) ’           
 .          

’   27.

25               
     (  ,    25 MW,    1 MW, 
  300 kW . .).             

    10 MW         .
26  (  )            

  ,       . 
27   . ESHA, 2004, Guide on how to develop a Small Hydro Site.
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287 7:   

)       
   ,        

  ,     (    )  
  .          

       .      
    ,      .

)        
     

          , 
,   . .       

          
      .

)         
    

        
 .           

             
.       (   ) 

            -
  . 

7.2.5         
  

T            
           -

        .   ;  
        .   -

              
 ,         . 

            
         28.

28              
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288   

( )( )
  

  

« » 
  « » 

  
  

   -
  

  
  

      
      -

  -

  
  

 7.4        
   )      (      

       ), )    
  (    ’       -

 .
( : Oxford University Press)

         
    ,     

         .   
    ,   

   . ,        
   ,        

   (          
          
).        

  ,         
   (   )      

 .

         . ’     
[backup]       .     

             -
              
              
   ,          (  -
).

07_ANANEOSIMES PHGES ENERGEIAS.indd   28807_ANANEOSIMES PHGES ENERGEIAS.indd   288 29/4/2013   3:34:26 29/4/2013   3:34:26 



289 7:   

 7.5       Taum Sauk   
       Missouri ( ).    -

   1960      1963.     - 
   175 MW  .  1999    225 MW 

.           -
         14  2005.  

             
  21  2010.          

  240 m,             2.100 m. 
( : commons.wikimedia.org)

     ( )   
 40%         20  ,   

1991  70-80%29.  1990   283   
     74 GW30,   2001   

   86 GW    420 GW     
  31. 

29 Johansson et al, 1993, . 87.
30 . .
31 Boyle et al, 2004, . 185.
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290   

7.3    
          

    ( )      
 . ’      ,    -

          
 ,          . 

         
    .     -

         -
 32.

7.3.1         
 

            
,  ,   ,   ,   -

        [power house]   
 ,  ,  ( )  

   .        
     ,        

    . ,        
 ( . .,  )       . 

           .

) , 
o         -

 ,     (    -
  )       .  

       [weir]   [barrage] 
              -

      .

32      altschmitt et al, 2007.     . 
. 352-369.       ( )        

     (ESHA, 2004, Guide on how to develop a Small Hydro Site).
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291 7:   

 ,          -
     ,         -

   .        
     ( )   ,   

     ,     ,  
          . 

   ESHA    :  -
    (  . .)    [embankment]   

  33.        
 ,     .  

         , 
        . . 

           -
   34.     
   35     36.

             
    ,     -

 [weir].          
       .    -
     .    

          -
           -

37.         [  sh pass] 
             

 . 

)  
     ,    -

 ,        , , -
   .           

33             , 
        ,       

   (ESHA, 2004). 
34 ESHA, 2004, Guide on how to develop a Small Hydro Site, . 94.
35 . . . 95.
36 «Gravity dams», »Buttress dams», «Arch and Cupola dams».   . ESHA, 2004, Guide on 
how to develop a Small Hydro Site, . 95-96.
37   . ESHA, 2004, Guide on how to develop a Small Hydro Site, . 100-108.
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292   

           
   .      

          
          -

.             
          

  .

)   [intake]
H             -

             -
 38.           

          
  ,         

39.          
       , ,     , 
         

     ,      
  .           

     .    
        -

           . 
,    ,     

             
          -

.         
            
       [  sh passes].

)  
           

             
          .  

38              , -
         ’   . 

39 , 2001,     , . 9.
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293 7:   

          -
             
            

      .

)  
 ,   ’        

          -
.             -
  ,   ,    ,  

      .  ,  
          -
            
.          

              
 ,          -

      , . .,  .    
       ( , , -

 . .)              
           

 40.

)  [turbines]
    7.3.2.

)  
 ,     ,      

    .      
             

      (      
).            
           -

40 , 2001,     , . 12-13, Kaltschmitt et al, 2007, . 
361, ESHA, 2004, Guide on how to develop a Small Hydro Site, . 134-148.
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294   

          
  41.

)         
 

            
           -

 [coupler].       .  
      42   -

  ,        
   . ’      

      -
     .      

     95-98%.43

) 
        -

     .      -
  44.       -

           
   .     -

           
,      .      

     90%  95%,      
   95%  99%. 

) 
          ( -

 )           
.           99%.

41 , 2001,     , . 14.
42 ’         ,      

   ( . ., 75 rpm).
43 Kaltschmitt et al, 2007, . 368.
44        . 5    .
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295 7:   

7.3.2   
           

         -
.          

    [water wheels],      
 -      . 

          
             
         

 .         
           -

,         :

   [impulse turbines] 

   [reaction turbines]

          -
          
        (   ) 

      . ,     
      .    
   Pelton,   Turgo,       

[cross-  ow].
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296   

 7.6     . 
( : Oxford University Press)

         -
             

  .            
       .  -

    Francis, o Kaplan,      [propeller].

)   Pelton  Turgo
  Pelton        -

             -
  1879.         
 ,    200 m   1.000 m (   

   1.000 m   ,    -
   )45.        

   Pelton      
,         30 m46.

45 Breeze, 2005, . 110.
46 Kaltschmitt et al, 2007, . 366.
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297 7:   

 7.7       Pelton   -
      ( )    Lester Allan 

Pelton,    (  1880).
( : commons.wikimedia.org)

  Pelton   (  Pelton)     
  .            

 (    )        
           

.           -
  [jet],        . 

  95% (       )   
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298   

         
             -
. 

 7.2   Pelton     Walchensee 
Power Plant  . 
( : commons.wikimedia.org)

      Pelton (     
 )          , 

    .

  Turgo    Pelton    -
          

          
 30-300 m47. ’    (      1920) 

47 , 2001,     , . 17.
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299 7:   

       (   Pelton)    . 
           

 ,     Pelton  ,   -
       .

)     [cross-  ow]
        Ossberger (  

          50 )  Mitchell-
Banki.       «  » -

      Kalplan,  Francis   Pelton.  
 ,           

    .       
  100 kW,         

.

 7.8        Ossberger. 
( : commons.wikimedia.org)

07_ANANEOSIMES PHGES ENERGEIAS.indd   29907_ANANEOSIMES PHGES ENERGEIAS.indd   299 29/4/2013   3:34:28 29/4/2013   3:34:28 



300   

)   Kaplan   
          -

     (     15 m)    
.   Kaplan     ,   

  ,    .      
           , 

          
 .

  

  

  240m

  
 

  
 

  

 
Kaplan

 

  

  229,20m

  m    Adria

 7.9    Kaplan     
     . 

( : commons.wikimedia.org)
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301 7:   

)   Francis
  Francis      (   

       )     -
       -

.       ,      
          -

  2-300 m48.

      (      Kaplan), 
     .  ,     

       ,    
  .            -

         .  
     -      

 (        ),  
         

   .     Francis   
           

        .

48 Boyle et al, 2004, . 164.
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302   

 7.3       Francis   -
   Grand Coulee Dam   Columbia, .    

         6,8 MW    27 -
 Francis,       116 m. 

( : commons.wikimedia.org)
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303 7:   

)   
            

        ( -
 ),          . 

  7.10         
        .

 7.10            
      .

( : KA E)

             
    .   7.1  -
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304   

           
  . 

 7.1             
  .

( : KA E)

    (  m)

Kaplan  2<H<15

Francis 4<H<100

Pelton 30<H<1000

  1<H<150

Turgo 50<H<250

     7.149,     
      . ,  

 :        ;     
      ,     

. 

          
             -

.       Kaplan    -
    .      

      Francis, ’     
     50. 

          
     .     -

          .  -
          40%  

   ,      
     1/6    .   -

            
     . 

49               -
    .        .

50 , 2001,     , . 18.
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305 7:   

 7.11         -
         (Q/Qmax). 

( : KA E)

          (  -
     ) ,   ,     

         
      .     

            
 ,          -
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306   

       ’     
51.

7.3.3    , ,  

)     
        -

      ,     
.          

           -
  .

 7.12        .

     ,      -
.            -
     .      -
           , 
          

.      ,    -
    ,      -

 .        -
      ,     

        

51 , 2001,     , . 19.
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307 7:   

       .    -
       .

)   
         

(   2   )  ,     
     .    
         .

 7.13           
. 

         20% (   -
),     52   -

 (     )    85%     
  90%  53. ,     

          , 

52                 
         hhw [headwater].

53 Kaltschmitt et al, 2007, . 371.
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      .     
        70%  90% (  -

),     (   )  
   50%  70%.

            
     (  , , , 

  . .),         -
       ( , 

,   . .).    -
             

  .

)         

           
 : 

       

    

          
     ,   ,    

.          -
 ( )        -
          

 .            
          .  -

         
54,        55.

54             .   
          .     

,     ,          
       . 

55               -
 ,      .      -
       ’ ,      . 

  . Kaltschmitt et al, 2007, . 372-373.
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