
   . . .  

      

      &   

 

 

 

 

 

 &   

    

     & 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 :    

:    

 

 

 

 

2006 



 

 

 

 

         

,      µ µ   

 &   ,  . . . . 

    µ   . .      

µ ,   µ  ,  µ     

 µ   ’       . 

      µ     µ  

  ,       µ  ,   

   µ           

 µ  µ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 I



 

 

 

 

 1 
 

 , ,    

    

 

1.1        µ    µ   ....         1 

1.2     ...........................................................................................  1 

1.3       .............................................................................3   

1.4    µ  µ   µ    .......................................................................        5 
1.5    µ   µ  µ .............................................................8 

1.5.1    µ     ......................................................................................9 

1.5.2    µ  µ .................................................................................... 9 

1.5.3    µ   µ ..............................................................9 

1.6     µ   µ    .............   10 

1.7         ...................................................      11 

1.7.1       . . .............................................................................        11 

1.7.2        .................................................      12 

1.8    µ  ..........................................................................................         16 

1.9       µ       

         .......................................................................................................... 16 

 

 2 

    

 

2.1       µ ................................................................................    17 

2.2     µ .....................................................................................20 

2.3    µ ................................................................................................................         22 

2.4       µ   µ ....................................................     .27 
2.5        µ  µ   ..............................................31 
2.6        µ  µ   ............................................    35 
2.7     µ  µ    µ ..............  36 
2.8    µ    µ  µ  ..............................................38 

2.9       ,  µ  ,  µ              

          µ  .....................................................................    42 

 

 3 

     

 

3.1        µ .......................................................... 43 

3.2       ................................................................... 44 

3.3     µ  µ   .......................................... 45 

3.4     µ    Darrieus.......................    48 

3.5     µ     Savonius............ 49 

3.6      µ ............................................................................      50 

 II



3.7         µ .........................       51 

3.8     .................................................................................................    52 

3.9     .......................................................................................µ     52 

3.10    µ   µ   µ    µ ....     55 

 

 4 

     

 

4.1    µ    ...............................................56 

4.2    µ    ..............................................   57  

4.3     µ   µ        

         µ ;.................................................................................................58 

4.4        µ ;.........................................................58 

4.5     µ  µ  µ   µ ;........... 58 

4.6      µ      µ ;.....................59 

 

 5 

    

 

5.1    µ  µ .....................................................................................60 

5.1.1     µ  µ ................................................................60 

5.1.2     µ  µ  µ ..................................  .60 

5.1.3     µ  µ ........................................................... .61 

5.1.4      µ ..........................................................................  62 

5.1.5     -    µ µ ......................  63 

5.2     µ ................................................................................................66 

5.2.1    µ    µ .......................................................  66 

5.2.2      µ .........................................................................  66 

5.2.3    ,     µ                    

            µ  µ    µ ...........................................................69 

5.3       µ  µ   

         ...................................................................................................................70 

5.3.1    µ   µ   ...................... 70 
5.3.2       .......................................................................70 
5.3.3     Betz......................................................................................................  72 
5.3.4      ....................................................................     73 
5.3.5    µ   µ ..............................................................................     77 
5.3.6       µ ............................................................83 
5.3.7     µ   ...................................84 
5.3.8       µ   µ   .............   88 
5.3.9    µ   µ  µ ....................................91 
5.3.10    µ   µ ............................................................92 

5.4       µ  µ  ..................96 

5.4.1    µ    ...........................................................96 

5.4.2    µ  µ  µ ....................................................................97 

5.4.3   µ     Vcut – in   

            VF.............................................................................................  100 

 III



5.4.4    µ    µ ......................................................   101 

5.4.5     µ   ...............................................  102 

5.5    µ  µ µµ    µ   µ  µ      

         µ  µ ........................................................................................103 

5.6       µ .............................................................  107 

5.6.1     ...........................................................................................107 

5.6.1.1    µ     ....................................107 

5.6.2     ..........................................................................................109 

5.6.2.1       µ   µ ........ 111 

5.6.3    µ     µ ........................ 113 

5.6.3.1     µ ............................................................................113 

5.6.3.2    µ  µ       

                ............................................................................ 115 

5.6.4        µ   µ - 

            ....................................................................................................  115 

5.6.4.1   µ    µ  µ  .115 

5.6.4.2      ..............................................................116 

5.6.4.3       µ  µ ..................... 130 

5.6.4.4       ...............................................   139 

 

 6 

   

 

6.1       µ ..................................................145 
6.1.1    µ       µ .....   146 

6.1.2           µ - 

            ...................................................................................................     148 

6.2        µ    

          .........................................................................................152 

6.2.1      µ   µ  µ  ...154 

6.3        µ   µ  (  

         )...............................................................................................................  157 

6.3.1      µ  µ ..........................................................158 

6.3.2     µ .......................................................................   158 

 

 7 

     

   

 

7.1    µ     µ ............................................165 

7.2     µ µ    µ   µ ....... 165 

7.2.1    ,      µ  

            µ    –   –   ......177 

7.2.2     µ     µ   - 

                µ ..............................................191 

7.3     µ µ    µ   µ .192  

 IV



 8 

 –     

  

 

8.1     ..................................................................................   194 

8.2     ................................................................................................  195 

8.2.1    µ ...............................................................................................   195 

8.2.2      µ .............................................................................. 195 

8.2.3    µ ..............................................................................................196 

8.2.4    .................................................................................................196 

8.2.5     µ ............................................................................ 197 

8.3     µ  ................................................................. 197 

8.4         µ  µ .............  200 

8.4.1     ................................................................................. 200 

8.4.2     ............................................................201 

8.4.3    ..................................................................................201 

8.4.4        -  ......... 202 

8.4.5     µ  .................................................................   202 

8.4.6     ...............................................................................................203 

8.5    µ   µ  . . ........................................................  203 

8.5.1    µ    ...................................................   203 

8.6    µ  µ  ............................................................  207 

 

 

 

  ...............................................211 

 

................................................................................................   216 

 

.....................................................................................................219 

 
 

 V



 

 

 

 

  ,     µ   

          

,   µ   µ   ’   

 µ  µ   .  

 µ ,   ,      

     µ    µ   ,  

 ’       µ    µ  

 µ    µ  µ µ  .  µ   

     µ µ  µ    

µ .       ,  µ  

        µ     

, µ    µ   . . .,  K.A. . .,  

     .    

   µ       

  µ       µ   µ   

  µµ     µ   

 µ      .   µ  

µ     µ      µ   

µ ,  ,   µ     

.  µ  µ   µ      

µ   µ   µ      µ   

  µ    µ    µ   

µ        µ     

      µ    µ  µ       

. 

       ,   µ  

  µ   µ  µ .      

µ .  µ  ,  µ   µ   

µ      , µ  µ    

µ    µ  µ .      

µ  (µ )   ,   µ  

        µ .    

    µ    µ    µ   

µ  µ       µ    

µ   µ .   µ   µ  ( µ  

 µ ),    µ       

µ   ,       µ ,  µ  

   µ  . 

  µ     µ  µ      ,  

      µ .   µ   

 µ  µ       µ   

,   µ  µ  µ   .  µ  

 µ  µ     µ   µ    µ     

       µ  (     

 µ )    µ  .  µ  µ  

 µ     µ  µ    

 VI



  µ  H/Y.  µ  µ      µ  

µ       µ  (W.M.O.), µ  

 µ        . 

  ,       

µ  µ    µ ,    

µ      µ   µ  µ  

 .    –     

 µ  (  ,    Darrieus  

   Savonius)      

µ   µ     .  µ  µ    

 µ    ,     

     µ     

,    µ  ,  µ   µ  

  µ  µ   .     

     µ       µ    

  µ        µ   µ   

µ     µ    µ µ   µ    .  

     µ   µ µ   

 µ     µ    µ  

   µ      µ    

µ ,   µ   . 

 µ     µ  µ   

 µ  µ  µ   . 

    µ  µ       

 µ    µ   .   µ   

 µ  µ       µ .  

         µ   

  µ ,      ,  

µ  µ  , µ   ,   

  µ   µ    µ ,     

µ    µ µµ . 

     µ      

            

µ        µ .    

  µ          

µ ,    µ µ      µ  µ  

   ‘‘  ’’    µ    µ   

 µ   µ        

µ .   µ      µ  

         

µ .  

 µ       µ    

µ  µ    .   µ    

µ , µ µ   . 

  µ µ   µ  , µ     

  µ     µ       

µ .     µ   ,  

         µ µ .  

 µ   µ    µ     

 µ    µ  µ   µ ,   µ  

 VII



   , µ  µ    µ  

µ        ,  

, µ   µ  µ  µ   

  µ     ,    

µ  µ    µ   ,   

.  

     µ     

       µ     

  .  

      µ     µ   

    , µ     

 µ    µ   µ   . µ  

        µ    

µ   µ         µ  

  µ .   µ      

µ    ,    µ    

µ   µ .  

 µ   µ     µ µ  µ  

     µ     

µ  ,    µ    , 

   .  µ   µ   µ  

µ          

µ  µ  µ     µ      

 µ µ      . 

     µ  µ     

       µ . 

    µ  µ   µ  

  µ  AEG 85  D3.5-A9.6      

10m   .  µ  µ     µ  

    µ   µ     .  

µ    µ   µµ   µ  

µ  WindRose   µ    .   

     µ   µ      

 µ         µ   

  µ .     (      

µ  µ   µ )  µ     µ   , 

  µ    µ   µ   µ   

µ     µ   µ   µ   µ  

 µ   µ      µ   µ    

       µ . 

    µ    µ   

    µ  µ      

  µ   µ       

. 

   µ   µ   µ    

       µ  µ µ  . 

       .  

 µ  µ        µ   

µ           µ  

.   

 VIII



    µ     – µ   

  µ , µ    µ  µ  ,  

     µ  µ   .  

µ  µ  µ       , 

         µ ,     

 µ ,   µ   ,   , 

      ,      

,    µ ,  µ      

 .      ,    

    µ    µ  

µ  . 

           

   µ   µ   µ  µ  

 .  µ   µ        

 µ  µ   .   µ   

   µ    µ  .   

  µ           

 µ     µ   µ µ     

   µ .      µ µ   µ  

µ    µ µ   µ     µ   

  µ .         

µ             

    µ   µ  µ    µ  

  µ   .  µ      

µ      µ     .  

µ  µ           

  µ  µ   .   

 

 

 

 

 IX



 1  
 

 , ,    
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),   µ         µ . 
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   µ      µ  ,   
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µ    µ           
µ        µ    -
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  µ          
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µ  ,   µ      µ   

  µ  µ .      
 . . .   µ   µ    µ     

   36%    1980  13%  1989   
 µ ,   ,    1990 – 2000  

 15%.  µ    ,  µ    
µ        1985  µ  [8].  
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µ      µ , µ  µ      ( , 
, , , , , , )    

   ( µ   2  . . )  .    
    ,    µ µ  

µ    µ    .   
µ µ  (  )     6    9  

 µ. .,          13   µ. .  
    µ µ  (  )   13  

    µ        . 
 17     µ   µ    µ µ  

µ     .   µ µ    
µ    1888  Cleveland  Ohio.  µ  
 17 µ    12 Kw. µ        

µ           µ . 
    µ µ     13  .  1960 

 10000 µ µ     µ  1.1, 2500   
,  600  .  

 

      µ    
  µ  [17]. 

 :  µ ’’ (1999)  µ  
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 1200 µ µ    µ      

µ  . 

 1500     µ    µ µ .  Don 
Quixote    . 

 1600   µ µ     
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 1700  µ µ      µ µ . 

 1860  µ    µ µ  (rnulti 
bladed)   µ    . 

 1870     µ   µ µ . 
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 1920 µ µ  µ   µ   µ  
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 1930  µ µ        
    . 

 1940  Vermont  . .      
µ  µ   µ   µ   . 

 1950  µ   µ     µ   
  . 

 1960  µ         
( - )    . 
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  µ . 
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 µ   µµ     µ    

µ . 
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 µ   10MW. 
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µ     µµ   µ   
 .    µ       

µ    µ  µ  , µ    
  µ      .  

          µ  
 , µ  µ       µ    

µ µ  µ    .    
  µ      µ µ  . 

µ      µ      µ  
       µ ,    

µ        µ    
µ    ,      . 

    µ     .  
 2%        µ    

.    µ  ’      3.610
9
 MW.  

    . . .  µ   12%    µ   
 ,          µ . 

       µ    ’ 
 µ   µ  « µ µ »    , µ  

  µ   µ     µ  µ   
  µ  . 

     µ     µ  -
µ  µ   µ       µ    
µ   µ           

µ    . 
 

 

1.3       . 

 

        :  

 3



  µ   20% 

  µ   75% 

    5% 

 

  µ     µ   5 ·10
9
 tn   µ   

µ  µ    µ    100 - 150 . 

 µµ        µ    

µ    µ     µ   

   µ ,   µ µ    µ   

   µ  30%    70%   . 

 µ µ      µ  µ ,   µ  

µ  µ  .  µ  µ      µ  

    µ   1 g       

µ  : 
 

 µ   6% 
 µ   3% 
  10% 
   1% 

 
µ   µ     8%, µ   µ     1 g  

  µ   µ   80 µµ    -
  . 

 µ           
  µ       

 µ       µ : 

)        µ   
µ        µ  µ  

    µ . 

)    µ    µµ  µ  µ   
 µ       93%    1972,  78% 

 1978 µ    2010  µ        
      40%     µ   -

µ   ,   [31]. 

         2005 µ   
  55.000 GWh,   µ      µ   
 µ     µ    2000 – 2004 µ   

µ      . 

 

 1.1  µ        . 

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

µ  

 

4,47 4,55 5,67 6,4 8,8 5,5 6,1 4,72 4,69 4,57 

 :  ‘‘  µ     ’’ 5     µ  . 
 

 µ         µ  µ   
 µ  µ  µ    10%    
,            µ   

 µ      µ     
µ      µ   µ  

  [7].  µ  1.2   µ     
  [44]. 
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( ) µ       , µ  1.3.  
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 [20]. 
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  .   1980 µ       

µ     µµ   ,   
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Putnam     µ  Theodore von Karman  
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 1973  µ     µµ     .  
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1.7.2        . 

 

 µ  

 

  1860       µ  µµ    

 µ , µ  , µ    

 .   1910     

µ .  µ       La Cour,  

     80 ft (24.4m) µ  µ   75 ft 

(22.8m).   µ   µ µ  µ     

      .  µ     

 25 Kw.        µ  µ  

µ  µ       µ    

     .     µ   

   µ  µ   12, 45  200 KW,  

 µ  µ   µ   .  µ    

µ       1960       

µ         KWh   

µ  µ . 

    µµ   µ    

    . µ     µ  

 µ      µ       µ  µ   

    µ : 
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( )     µ   30%   

( )        

( ) µ           

( )      µ  µ  . 

 

  µ     µ     µ   

µ  µ    µ     ,     -

   µ      µ   California   µ   

 µ  µ        . . .  

  µ . 

 

 µ  

     1940      1950  

µ    µ       µ .  

 1977    µ   µ  µ  µ   60 m  -

µ   3 MW.       Orkney  1988. µ   

µ       µ     µ  

 µ  Musgrove µ  8.   µ  µ    

  µ     µ       

µ    µ      4.4 MW.   µ    

     µ       

  µ    400 GWH. 

 

µ  µ  

 µ       Ulrich Hutter,  -

     µ ,      

 µ   .   µ   µ   -

  µ   , µ  µ  µ   µ  ’   

 µ  µ    µ  µ  .     

µ      µ     .   

µ         µ  µ  

          µ   

 µ   .  1983   µ  
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     ,     µ   

.    , . . .     

µ    1.2 MW  µ  µ  60 m.   

µ , µ   µ  µ   24 m  µ   

300 KW    µ  Cyclonico.  µ  Cyclonico  µ  

    µ .   µ       

µ  µ   ,         

« µ »      . 

 

 µ  
 

 10000 «  µ µ »  µ     

19    .      µ   µ , 

     µ     . 

 E.C.N. (     Patten)    
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µ   µ    µ   , 

µ  25 m  µ   300 KW.  µ    

  µ ,     µ   

    18  µ    5.4 

MW.        «tip Vanes».  µ  , 

 µ     µ   µ   

   µ  µ        .  

      µ   -

, µ  µ      15  . 

      µ    µ  

  µ      µ ,   

   ’90          µ   

10%      . 

 

 µ  
 

   1977         

 µ   µ ,   µ  . 

 µ     µ   . . ., µ   

 µ  ,  µ    µ  

  . 

  ,   µ      

,  µ   µ , µ     1981 

    .     

  µ       µ  

  (   ),  µ  .  µ  

      µ   µ    

        

µ   . 

         5    

µ  µ        µ  5 µ  

µ   20 KW .  µ    

  µ   33 KW.      1988 

µ   100 KW,  ,  /   175 KW,  

      500KW,      350 

KW.    µ  µ   ,  

1.11      . 

 

     µ      

  1989  215 MW,  2000   4000 MW, µ    2010  

  12000 MW.  µ       

      µ    . 

µ  µ            

   ,      . . .,   

     2000  µ  µ  8,9%,    2001 µ  µ  

5.5%     2002 µ  µ  6.1 %. ,  µ    

    2000 µ  µ  18%,    2001 µ  µ  8%  

   2002 µ  µ  4%.  µ      

  µ   . . .  µ     

    [31]. 
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 1.11. µ  µ   150KW,    

. 

    µ    µ   µ , 

      . . . µ     µ ,  

        µ  

µ ,   µ         

  µ   µ        [29]. 

 

 

 

 

 :  WEA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
µ  1.12. µ      µ .  
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1.8    µ  . 

 

 µ  µ   µ      

µ    µ   µ      

µ     µ    µ    µ  

 µ     µµ   µ     

µ   KWh,     /  (  )   

 µ   .    /      µ  

       . 

        KWh ( µ  ) 

µ   0,0681€, µ   0,15€ (  )  µ µ   µ  

 µ       µ   µ  µ .  

 µ  1.13    1999    µ  

µ  µ         

µ  µ .  µµ      1995  µ    

  µ  µ        

µ  µ       µ  [44]. 

0

2

4

6

8
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16
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24

1980
1985

1990
1995

2000
2005

2010

 
 

 

(
/

)

 
 (  )

µ  1.13.   Kwh    . 
 :    ‘‘Wind Power for the 21th Century’’ 

 

 

1.9        µ      

  . 

 

  µ   µ     -

             

µ  [15]. 

   

   µ  µ  

     µ , µ  µ     

 

          . . . 

 µ   µ      KWh   

    . . .    . 
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 2

 

    
 

 

 

2.1       µ . 

 

’  ,  µ  ,   µ    -

µ   µ  µ .      µ   

      µ      µ . 

 µ          µ     

 µ   .      µ   

 ,   µ       -

. 

 µ µ       µ     µ  

 800 µ  1000Km.     µ µ  µ µ   

 ,   99,9%   µ   µ     

 50 Km   0,099%   µ  50  100 Km . 

    µ ,     , 

  µ ,     .     

 µ  µ      µ ,     

 . 

 µ   µ  µ     -138 C  

µ    85 Km, µ   µ ,   µ   -

 1227 C   µ   400 Km.  µ  ,   

µ ,             

       µ    -

   µ   . 

   µ ,          

   , µ      .  -

µ ,       µ  µ  µ  760 mmHg,   

100 Km   2,26 ·10
-4

 mmHg   1,00 ·10
-6

 mmHg    200 Km  

   µ      µ  µ    

 µ .        µ  µ  1,226 

Kg/m
3
   100 Km  µ    µ  4,97·10

-7
 Kg/m

3
   200 

Km  µ   3,32·10
-10

 kg/m
3
. 

 ,  µ    µ  µ ,  

µ    .  µ   µ    

   µ   µ  µ   .     

      µ      µ , 

  µ   15 Km, µ  2.1.  µ     

µ    µ   µ ,   µ   µ  

 50 Km.  µ  µ   µ   µ   

,      [38,44]. 
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µ  2.1.    µ  . 

 µ   µ   µ      ,  

 µ .  µ ,    µ    

         µ   

   µ  µ  . 

 ,   µ  µ   µ    

   µ .   µ     

 µ     .    ,   

 µ .     µ   µ   

 µ  ,   µ   µ    

µ    µ    µ . 

 

 

. 

 

  µ   µ ,  ,    µ  

  15 m    µ   8 m    . 

   µ       µ . 

      µ ,  µ µ      
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 µ µ  µ    µ .      

,  ,     .   µ   

  µ , ’    µ    µ    

 . 

        µ   

µ       µ    µ µ   

µ ,   80%     µ . 

 µ    µ   µµ  µ   .  

µ     6,5 C  µ     µ  

    µ         µ  

µ     .  µ     µ -

   µ  µ     µµ  

 µ   µ  µ   . 

 ,       99,03% ’   , 

 .    , µ  µ         

µ   99,997% ’   .     

µ µ     µ  µ    µ  

  0,003%  2.1. 

  µ     ,    ,   

   µ   . , µ  ,   , 

           µ  

µ  µ       µ . 
 

 2.1.    µ . 

 

  % ’    

 78,084 28,0134 

 20,946 31,9988 

 0,934 39,948 

   0,0314 44,00995 

 0,001818 20,183 

 0,000524 4,0026 

 0,000114 83,80 

 0,0000087 131,30 

 0,00005 2,01594 

 0,0002 16,04303 

   0,00005 44,0128 

 ( ) 0 µ  0,000007 47,9982 

 ( µ ) 0 µ  0,000002  

   0 µ  0,0001 64,0628 

   0 µ  0,000002 46,0055 

µµ  0  17,03061 

   0  28,01055 

 0 µ  0,000001 253,8088 

 

. 

 

          11 

µ  50 m.    50 m  µ    -2 C.  µ   

µ        µ   15 C    µ  

µ     . 

         µ   
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   µ , µ         µ -

    .       50  

  µ    µ   (jet – streams)  

µ    µ        µ   . 

 µ  µ   µ   µ ,    µ   

  µ     .  µ ,   11 µ  

 20 Km  µ  µ  ,     µ  µ  

 .  ,   20 µ   50 m   

 µ  µ    -2 C      . 

 

 

2.2     µ . 

 

 µ  µ          µ  

 ,   ,     µ    

  .   ,  µ    10 µ , 

 µ    µ    µ     . 

  µ     µ     « » µ   

 ( )  µ   [24]. 

    µ ,         

  µ ,     µ     . 

, µ    µ     µ    

µ  µ         ,  

   µ .  µ  ,    

µ    µ  µ    µ . 

    µ  , µ      

  µ  µ  µ  , µ  µ ,   ,  

.    µ        : 
 

P =  R T    ( 1 ) 
 

     µ       µ   µ   

   R     µ     : 

 

OP

P
 ( 2 ) 

 

  µ ,  0      µ   µ  µ    

     µ          

    :  

 

pg
dz

dP
  ( 3 ) 

 

 g       z  . 

   µ µ     ,     µ   

   µ  µ  µ    µ     

   , µ        (1) 
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µ   (2)       z , µ    (3)    

   µ  : 

 

R

g 1)-(

dz

dT
  ( 4 ) 

 

      .    

  µ    (4), µ  2.2 ,   µ µ   

         µ  µ   

µ     .  µ  ,     

µ   µ     µ µ       

µ           , µ  2.2 . 

µ     µ   : 

 

 

R

g 1)-(

dz

dT

R

g 1)-(

dz

dT

R

g 1)-(

dz

dT

 

 

 (  )                                       (  )                                      (  ) 

 

 

 :  ‘‘ µ ’’ (1999)  µ .  

 

µ  2.2.    µ µ    µ    µ .. 

 µ   µ  µ   µ  µ   , µ  2.3. 

   µ    µ µ    

µ     µ   µ   µ   

.  µ     µ      1 C  

100 µ .  µ    ,   6,5   1000 µ , 

    µ µ  [7]. 
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µ  2.3.     µ   µ  . 

    µ  µ         

        

2.3    µ . 

 µ     µ   µ    

  ) 
 

       µ  µ  µ  ( ) 

            

µ   . 

 µ  µ   

       µ   µ   

  ,   µ         

  .  µ  2.4   µ   µ   µ µ   

   µ . 

 
 

 

 

 

 

 

 

 

 

 

 

 

µ  2.4.   µ   µ   µ   µ       

µ  µ  .  µµ  µµ      (  µ µ ).

 :  ‘‘ µ ’’ (1999)  µ . 

 :  ‘‘ µ ’’ (1999)  µ . 

 

 

 

    .   µ   

µ    µ      

     µ     . 

   µ      : 

µ    µ  

    (

 22



 µ   µ       

µ     µ  µ  µ   µ  ( ). 

  µ      µ      µ  

              

       .        

 µ .         µ  

,   µ       

      ,        

            

 . 

µ   µ  µ        

µ    µ     µ   µ    -

µ    .           

   . 

 µ  2.5  2.6  µ     µ    

.   µ        

    µ  µ  µ   µ ,  µ  

            . 

 µ         

  µ    (   µ )  -

     ,     ,   

     µ     µ  µ   

      .  µ  2.7   µ  

µ   µ    . 

 µ   µ   µ     

 µ  µ         µ   

     µ   µ µ  µ . 

    µ    µ    µ  , 

    µ    µ    

. 

 , µ  2.6,  µ        

µ   ,      µ    .  

  µ    µ   µ       

    .    ,  µ   

µ          µ , 

   ,  µ    µ     

 . 

    µ        

          µ  

    µ      .  , µ ,  

  µ     µ     

    µ . 

    µ     -

 µ       µ   ,   

  ,   ,      

 µ   µ    µ   µ  µ  µ  [6,17].  

      µ   µ   

  µ   µ  Beaufort     m/s.   

2.2    µ   µ   Beaufort µ   -

µ   µ   m/s    µ  . 
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µ  2.5.  µ          .  

)    

 µ   

  . 

)       , 

    . 

)   µ  µ  

  µ . 
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µ  2.6.     µ     . 

 :  European Wind Atlas 
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µ  2.7.  µ  µ      µ  µ  – 

     . 

 :  ‘‘ µ ’’ (1999)  µ . 
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2.4  

 

  µ      µ      

µ        µ   µ  ,  

µ   µ  ( . . .), µ       

µ   µ , µ  µ  µ .   µ   

µ   µ   2000 µ   .    

µ   µ     µ  .       

    µ   µ   µ    

   µ         .  

  µ   µ  (surface layer < 100m),    

µ         ,  µ  

     ,  µ     

µ  .     µ      µ   

Beaufort  

(m/s) 

 

(Knotts) 

 

(M/h) 

 

(Km/h) 

µ   

     µ   µ . 

µ

 

 

 

0 0 < 1 < 1 < 2 µ    

 

1 0,3 – 1,5 1 – 3 1 – 3 2 – 6  µ    

 

2 1,6 – 3,3 4 – 6 4 – 7 7 -11      

 

3 3,4 – 5,4 7 -10 8 -12 12 – 19    µ  

4 5,5 – 7,9 11 – 16 13 – 18 20 – 30    µ  

 

5 8 – 10,7 17 – 21 19 – 24 31 – 40    µ  

 

6 10,8 – 13,3 22 – 27 25 – 31 41 – 50  µ    

 

7 13,3 – 17,1 28 – 33 32 – 38 51 – 60  µ     

 

8 17,2 – 20,7 34 – 46 39 – 46 62 – 74 µ  µ  µ   

µ  

9 20,8 – 24,4 41 – 47 47 – 54 75 – 87    

  

10 24,5 – 28,4 48 – 55 55 – 63 88 – 102     

 

11 28,5 – 32,5 56 – 65 64 – 75 103 – 120    

 

12 32,7 – 36,9 > 65 > 75 > 120   

 

1 Mile  =  1609 m                    1 m/h  =  0.447 m/s                    1 Knot  =  0.51 m/s  

 2.2.   µ  Beaufort.
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   ,   µ     

   µ      µ .  µ   

   (gusts)   

 . 

 µ  

    

  µ    ( ),  )  

  2.8     

µ  ,      

  µ   5 - 7 m/s,  5 - 7 

  µ   

    

  

 

 µ    µ  µ      µ  µ  

     200 µ    µ   (µ  ) 

 µ      µ  1.200 µ .    

. . .     30 

        µ    ( -

µ

µ

µ  µ   µ

  

 (

 

 

  

µ

   µ

,   

 

) 

.  

  

  

 

 

 

  µ  

    

, µ  ) 

 

 

 

µ . 

  µ

 

  

 

 

 

 

 Uz = 10 

  

m/s,  

. . .   µ

µ       µ  

 [24]. 

µ  2.8.      µ   µ  

 µ    .

 

   µ     

µ

 µ )    . . .  µ  2 Km.     

 µ      µ µ    

    . . .,   µ  µ   

( µ , ,  µ  µ µ  ).     

 ,            

    µ µ    , 

  µ      µ  µ    

µ      . . .   µ    

µ , µ  2.9,     µ    µ .  

  µ   ,    Counihan,    

µ   µ ,      µ    

µ , µ  µ  µ    µ    µ  600 µ  [24]. 
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µ      µ µ    

µ ,    µ     . . .,     

µ  , µ  2.10. 

 

 

 

 

 

 

 

µ  2.9.   . . .     µ   

µ      . 

 :  ‘‘ µ ’’ (1999)  µ . 
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  µ   µ  µ      

µ  µ .  µ   µ        

  µ         µ  , 

 

 

 

 

 

 

 

 2.10.  µ   µ   µ  µ       

   µ      µ    µ   . 

 :  ‘‘ µ ’’ (1999)  µ . 

µ
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µ  2.11 ..   µ      µ ,  . 

   µ     µ ,   µ  

 µ  Ekman. 

   µ , µ  2.11 ,   , 

µ  µ ,   µ        

       µ  µ   µ .  

   µ      µ   µ  100 

µ    ,      . . . ,    

 µ  µ  µ . 

 µ  Ekman       µ  

µ     . . . [43]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2.5    

 

µ  µ     µ  ,  µ  µ  µ .  

 µ ,  . 

   µ     µ ,   µ  

 µ  Ekman. 

   µ , µ  2.11 ,   , 

µ  µ ,   µ        

       µ  µ   µ .  

   µ      µ   µ  100 

µ    ,      . . . ,    

 µ  µ  µ . 

 µ  Ekman       µ  

µ     . . . [43]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2.5    

 

µ  µ     µ  ,  µ  µ  µ .  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

µ  2.11 .            . 

 2.11 .     µ   µ    . µ

    
 

  µ   µ      

    
 

  µ   µ      

µ  µ   . µ  µ   . 

  

       µ      

  µ .    µ  µ     

µ   µ    µ   : 

       µ      

  µ .    µ  µ     

µ   µ    µ   : 
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 U, U1  U2        z, z1  z2 

. 

l/a    µ . 

k  

 

 

    µ µ  µ  .  µ    a  µ  

 µ     ,   µ     

 µ    

       [43]. 

 

11 zU

22 zU
(  µ ) 

 

 

 

 

 

.  

   (friction velocity). 

 

 Von Karman (  0.35). 

zo  µ    µ  , µ  2.12. 

d  µ  µ  , µ  2.13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( µ  µ ) 

o. z

z
ln

k

1

u

U

o. z

d-z
ln

k

1

u

U

µ  2.12.   µ    

µ   zo. 

µ  2.13.   µ  µ  

, d. 

  µ  µ  µ    µ  

 

µ   .   2.3 

 

 

 

 

 32



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2.3. µ   µ     µ   . 

 :  ‘‘  ’’ 1993  . 
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  µ            

 h1   P1, µ µ   µ    P2     

 h2   : 

 

 

 

 

  µ      µ  µ      

µ   µ           

    . 

 µ  µ  µ    µ   200 m   

   : 

 

 

 = u ./ 6f 

  µ  Coriolis = 2  sin   10
-4 

S
-1 

       

    

    h      µ  µ    µ  

   µ : 

 

 

 µ   µ       : 

 

 

 

 

 

 

 zo  µ      , z     

µ   z     µ     . 

          µ   

 ’           

µ  ,   µ  

 

h

z
75.5

z

z
ln

k

u
zU

o

.

10

h

10

h

U

U
   

 µ  

µ    = 0.14. 

o

o

o

z

zz
ln

1

z

z
ln

z

z
ln

z

z
ln

ln

  

a3

1

212

h

h

A

P

A

P

 

 

 

 

h

f 

 

 

 

µ

 ,  µ    

 [24]. 
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2.6    

µ   µ      µ   µ  

 .   . 

 µ     µ    -

   µ      µ   , 

  µ         

 : 

   µ  µ  

 µ         .  

 

    µ  µ   

   µ  µ    

 µ .                                                                                                                                            

  µ       ,   

µ      µ   µ µ  

  . 

µ      

 µ    µ .  µ  µ  

       .   µ   

µ

 3 sec). 

 µ  µ    µ  

µ   ),  

  ( . . µ  µ  µ ), µ  (µ  µ  µ   

  µ . 

   µ  µ       

 µ  

 .  

µ    µ   µ    

 µ     µ   .    

 µ    µ      µ   µ    

  , µ  µ       µ  

  3-5      µ . 

     µ        

 µ   µ    µ      

  µ     µ        

µ . 

  µ   

 

  µ   µ  µ  µ  µ  

[20,38,43]. 

 

    µ  µ   . 

 

   

 µ    

  µ  

 

    µ . 

 µ     µ  µ     µ  µ   

  µ   

 µ   

µ    

 µ  

  µ  

µ

 

   

    µ   

   µ    

µ   

 

    µ  µ        (  

  µ  

  µ     (  

 ( . . µ  µ  µ ) µ  

µ

  µ ) 

  

 µ   .    µ  

   µ   µ   µ    

   µ  

µ

  µ     µ   µ   

  µ     

 µ   µ     . 

    µ         

        µ .  µ   

  µ ,      ( . .       

8760)   
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 µ     P(V)  µ  µ  

µ  µ   µ     µ .  µ   

   µ   

µ

 

 

 

 

       

 µ  µ    µ . 

   µ   c  k  µ . 

  µ  2.14.  µ         

µ    µ    

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

        µ   µ  

µµ  µ .  µµ      µµ   

 µ    µ  

, µ     [20,44]. 

 

 

2.7    

 

  µ    µ  µ      

 µ   ,   µ  µ  µ   . 

 µ   µ  µ     µ   µ    µ  

          µ  (   

   µ )    µ  . 

   µ  µ     

µ  µ  µ        Weibull  

     µ   ’    

. 

 µ  Weibull  µ  µ  µ   

 µ  µ  c  k     : 

 

 
 
 
 

 V 

µ  2.14.    µ  µ  . 

k1-k

c

V
exp

c

V

c

k
VP

 :  www.WINDPOWER.org 
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   µ µ     µ  c  

k : 
 
 
 

089.02

2V0.481 k 22V/V1.39  c

 

     µ    µ      ( ) 
  µ   µ  , µ   µ   
   µ   k  c. 

 

 
 
 
 

 
 

 

 
 
 
 
 
 
 

    µ . 

 
 

x  
       µ   µ   Vx . 

µ  

 
 

 

 
 
 

090.1

V
 k 

V2
  c                    

1/k1
  c

 
  µ   (     µ )   

 : 
 
 

 c

k

x
X

V
exp1)VP(V

      µ   µ   V

 µ  µ   (c)  µ  (k)  µ  Weibull 
 2.15       µ  µ

 . 
 
 
 
 

V

1
k/11

k/21

V
2

2

k1-k

c

V
exp

c

V

c

k
VP

 
 
 
 

 
 
 

µ

tion function and wind 

 2.15.   µ  µ  Weibull. 

 

 :  ‘‘The Weibul distribu

statistics’’ 1985 – 1998 Wind Engineering 7. 

 

 37



 µ   µ    µ   µ   ,   
  k  c   : 

 

 U    µ       µ . 
  µ    µ  µ  (W·m

-2
)    : 

 
  =  c

3
  (1 + 3/k) / 2 

 

 
 

O µ   µ  µ .  
µ      icrosoft Excel, µ   

 gammaln(x). T  µ   µ      
  µ  e. To µ      µ   (x) [4]. 

µ   µ  Weibull       

 

   µ  µ  . 
 

  

     µ  [6,44]: 

  µ   µ :      

 µ          .   

  µ   µ  . 

  µ   µ :   µ    

µ   µ ,       µ  

  µ .   µ  µ  µ  µ   

,      µ  . 

 µ  µ   µ    µ    

µ  µ ,       -

µ  µ .   , µ    

     

 

 

c µ  k c µ   k c 

Um = c (1 + 1/k) 
 

m

        (kg·m
-3

). 
 

H  µ    : 

0

1-xt dtte  (x)
 
 

   µ  

  2.4.   

µ   k 

 0.98  1.20 3.20 

  2.4.  µ   µ  Weibull     .    

1.89  1.07 3.26 

µ  2.23 7.34  1.77 6.70  1.32 5.53 

 1.58 4.52  1.63 4.72  1.43 3.52 

 1.41 5.86  2.15 7.24  1.51 5.62 

/  1.54 5.10 /  1.03 2.30  1.27 5.78 

 1.56 4.99 µ  2.09 6.92  1.52 4.60 

 :  . . .
 
2.8    µ

µ   µ  µ  , µ   

 

1.

2.

3.

µ  µ

  µ  .   
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    µ  µ    µ    

 µ   µ  µ     

, µ     µ    

. . .,      .  

   -

 

 

µ  µ   µ  µ µ . 

    µ   µ  

 µ .   µ  

µ  µ  µ . 

   µ  µ  

    µ  µ    

    µ    ( . .   

µ      µ  ). ’     

µ    µ       µ   

,

 [

  µ   µ    µ  

  

V , µ        

.  µ , AB  

e Ap tion   

 o et   E an d 

 H   W sey et. al.   

    W se d 

LO indBase . .  

 µ  2.16  2.17    µ   

   µ    µ      

  µ µ  

   µ      [38].   

µ

 

µ   

µ  µ    

 20-50      µ  µ  

  .   ’   µ   µ  

  8   µ

   

µ       

     

     

  

 

  µ        a  

 µ      28]. 

 µ  µ  µ  5 m       

   15 m.   a µ    µ  0.17,  

µ       . 

 

   Softwear H/Y.  Power Calculator  µ  µ  µµ

 JA A  µ  

µ  µ  µ     NO L 

    Scienc plica  Inc  , WAsP

   ren  P erson    urope  Win

Atlas, S3DJ   alm  

µ   µ   , indRo , Win

Energy,  – , AIO S – 1, W . [44]

  

.  µ

       

µ   KWh   10 m     : 

 

 = 10.5
3

V   KWh   / m
2

 V   µ     µ   m/s. 

(µ

 

µ

 

 

   µ   µ   µ ). 

   µ   µ       µ   
   µ   µ   µ   µ   µ  

.  µ      µ     
   µ  µ    µ    

         µ ,    µ  
 µ          

. 
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µ  2.16.     µ    . 

 :  European Wind Atlas 
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     50m     . 

  

µµ  

/m2

µ   

 

m/s        W/m2

 

 

m/s        W/m2

 

 

m/s        W/m2

 

 

m/s        W/m2

 

m/s        W
>6.0    >250 >7.5    >500 >8.5    >700 >9.0    >800 >11.5    >1800 

5.0-6.0    150-250 6.5-7.5    300-500 7.0-8.5    400-700 8.0-9.0    600-800 10.0-11.5    1200-1800 

4.5-5.0    100-150 5.5-6.5    200-300 6.0-7.0    250-400 7.0-8.0    400-600 8.5-10.0    700-1200 

3.5-4.5    50-100 4.5-5.5    100-200 5.0-6.0    150-250 5.5-7.0    200-400 7.0-8.5    400-700 

 

<400 <3.5    <50 <4.5    <100 <5.0    <150 <5.5    <200 <7.0    

µ  2.17.    . 
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2.9       ,  µ  ,  µ  

 µ  :  
 

   µ    (   10 m   ), 

µ   4 m/s. 

    µ  µ   1000 m. 

    µ   500 m    -

µ     . 

    µ  ,   , 

 ,  µ ,  .  
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 3

 

    

 

 

 
3.1        µ . 

 

 µ      µ   µ  µ    

   ,       (    

)      µ   ( ,  , , 

µ µ ,  . . .).    µ     

µ , ,   µ     µ   

µ    µ    « µ µ » µ  . 

    µ    µ    

µ           

µ  3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ   

 µ  

 

( . . ) 
µ  

µ    

 

 

 

 

 

 

 

µ  

 

 µ  3.1.   µ   . 

 
    µ         

µ  µ   µ   µ    µ  µ   

( . µ  ).   µ   µ    µ µ    

( . .  ).   µ     µ    

  µ  ,    µ  µ  µ  ,  

      µ  µ      µ  

 µ ,    µ   µ µ   

. ’           

µ   µ     µ  ,  µ   µ  

      .      

       µ   
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µ    µ   µ    ,   

 µ         (µ  )  

µ      µ       µ .   

           

  µ  µ  , µ     

  µ         [9]. 

   µ  µ     µ  µ   . 

         µ   µ  -

 µ .      µ  µ    

 .    µ       

.  µ      µµ   -

,     µ      µ  .   

          

            

. . «    »,  µ   . . . 

  µ    µ  µ    

 µ : 

    µ  µ       

     µ      -

 . 

µ     µ  ,   µ   

       µ   µ  . 

   µ   µ      

µ  µ     µ   µ  µ -

  µ    µ . 

    µ   µ   

  µ . 

    µ  ,  . 
 

   µ   µ µ   

  µ    . 

 

  « », « »,     

   µ  .       

    µ  µ    ,      

      µ   µ    

µ   . 

 

 

3.2       . 

  

   µ  µ   µ  µ  µ  

 µ       µ     µ  : 
 

 ,       µ   

     µ , µ  3.2 

          

        µ , µ  3.3. 
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µ  3.2. µ   . µ 3.3.  µ  

 . 

3.3     µ  µ   . 

 

 µ  µ µ   µ ,   µ , 

µ       (µ ) µ  30    

( ).   µ     µ         

  µ ,  µ     µ     

µ  µ     ( )   ( ).   µ  

µ      µ      µ   

µ        µ .     

 µ  µ   µ      

µµ     µ   µ ,   µ  µ  

µ  µ  µ  µ      µ   

  µ  µ  µ µ .  «µ » µ  µ   -

µ      µ      

  µ    µ     µ   

 µ        µ .   

  µ  µ     , µ  3.4 ,  

µ , µ  3.4    µ ,    , 

µ  3.4 ,    µ  µ . 

 µ   µ       µ   

       µ    

   µ .      -

   µ µ ,     

  µ ,    µ       

 µ  . . ., µ  3.5.      µ   

   µ  ( . .      -
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)    µ   µ   , 

µ  µ    (fail safe),    

     µ    µ  (     

)    (µ    ), µ  3.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 :  ‘‘  ’’ 1993  . 

 

  

 

 

 

 µ  3.4. /   ( ) µ   , ( ) µ   µ , ( ) µ   . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
µ  3.5.   µ  µ  –  µ . 

)         )        )      )    )  

    µ          µ  µ µ               µ  µ µ            µ  µ                 

    µ                                µ                µ           µ  

                                                                       (flap)                                      
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 :  ‘‘  ’’ 1993  . 

 µ  3.6.     µ , µ  µ  . 
 

 

 

 µ  µ   µ    µ    µ  

,    µ     µ ,  

     µ  µ  3.7,    ’ 

   µ    µ  . .   ,  

             

 µ       ,     

’   µ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 :  www.eolica.net 

µ  3.7.        µ   

µ . 
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3.4     µ    Darrieus. 

 

 µ   Darrieus,     G.J.M.Darrieus 

  1920   µ    µ   , 

    1970     .  µ  

Darrieus  µ     µ   (egg beater). 

  µ           µ µ  

 µ   µ     µ  µ  . µ  µ  

µ  Darrieus   µ  Savonius     µ , 

µ  3.8 .    µ  µ  Darrieus, : 
 

µ      

µ  µµ    

µ   ,  µ  . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    µ        

  µ .     µ  µ   

 µ , µ  3.8 , . 

  µ   µ   ,  

         µ   

µ   . 

 µ         

 µ    : 
 

 :  µ   µ  ‘  & ’’(1983) 

) Darrieus – Savonius                      )  µ                       ) µ  

µ  3.8.  µ   Darrieus. 

    µ  µ µ    µ   

µ      µ . 

 µ  µ   µ    µ    µ  

    ,    µ . 
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   ,      

µ    µ   µ   . 

 

 

3.5     µ     Savonius. 

 

 µ        1931  

  µ   µ  3.9. 

 

      µ   ,  µ  

 

µ

 

 

 

 :  µ   µ  ‘  & ’’(1983) 

 

D 

 

µ  µ  

µ  3.9.  µ   Savonius 

 

    ( . µ   ),  

µ  µ       µ   

.   µ µ ,   µ ,  µ  µ  

     µ  µ    µ ,   

  µ       µ  Savonius     

 µ    µ .  µ    

   µ ,  µ  e µ  3.9,  µ    (2,3  

 ),  µ    . 

  µ       µ  Savonius 

  µ   µ    µ   µ , µ    

 ,   µ   µ      

   µ µ   ( . .  ). 

 µ    µ      

   µ    .   

          ,  

µ    µ ,     µ  µ    

µ       µ       

µ . 
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3.6      µ . 

   µ    µ    

    Andreau-Enfield.  

 µ         µ  µ  

 µ   µ . 

 µ      µ    µ    

 Lebost. 

 µ  ,     µ      

 

  µ   µ  ,  µ   µ µ   

        [37]: 

 

µ

 

   µ    ,     

µ ,      µ  3.10 .  µ    

 µ           .  

   µ    µ  - 

µ   µ  µ  .  

 

 

   µ    µ    , 

µ  3.10 .    µ   µ  ,  

µ    µ         

  µ    .     µ    

 µ . 

 

µ

 

  µ  3.10 ,          

µ  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                              

 :  ‘‘ µ ’’ (1999)  µ . 

                                           

µ  3.10.    µ , 

 ) Enf ebost ield – Andreau, )  µ , ) L
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µ      Venturi. 

      µ  Darrieus   

µ

.7         µ . 

  µ     µ     

 

P /  = ½   V
3
 A 

 

   µ    µ , V    µ   

 

     Betz. µ  µ     Betz  

  µ  µ      µ  µ    

      µ  16/27 (   Betz).    

         µ   µ  

µ  .       Venturi, µ . 3.11.  

µ  ( ) µ     µ .  µ  µ    

       µ .    

     µ   µ   

µ  . µ   µ µ    µ  

     µ         

    µ    µ . 

 

 

 

 

 

 
 

µ  3.19:   µ   µ           

                             Venturi  

µ  3.11.    µ   µ     

           Venturi. 

 

 

3

 

 Cp      µ         

µ µ    (    µ )     µ  

 ,    µ   µ .      

   µ          -

     µ , .   µ    

µ  µµ         µ   -

  .    µ  1.6 µ  -

µµ      µ .   µµ  

 µ µ   µ ,          

 ,      µ   

 ( . . Savonius)   ( . . ).   µ  

      µµ    µ -

     µ        

  µ  16/27,      Betz.       

µ     : 

C

  µ ,       Cp     µ . 

      µ     µ   
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      µ .  µ   µ  µ   

  µ    µ     µ .  

µ  1.6     µ    

   40  45%,      Darrieus  

µ . 

 

 

3.8     . 

 µ  µ   µ    µ   µ  -

  µ   µ µ  

µ

 = ½  V  A 

      µ    µ .  µ   

     µ , 

P /  = ½ C   V  A 

 

3.9     . 

 µ   µ         

µ

 µ   µ    

C

,    µ   

        

 

          

µ    µ   µ . 

 µ       µ

  V       : 

3

 

 µ         µ   

  µ   .     µ  µ    µ  

      µ  µ   

µ    µ     µ      

 µ   µ  µ  . 

  µ       µ

   , µ  µ   : 

 
3

 

 

     [6,37,44]: 

 µ      

  µ   µ       ( , 

  ,  µ  ).    µ     

µ   µ µ      

µ   µ  V   Vcut - in. 

    µ  

µ     µ    . ,    

    µ  µ   µ    . 

  µ          µ   

µ  (flaps), µ        µ     

µ      µ    µ   .  

µ   µ     µ    µ  

  µ -   µ  VR  µ  µ   

µ .    µ  µ   VR     

 µ . 

  µ

 52



    .    

 (furling speed), µ  µ  V

 

µ  . 

.

    

 µ  3.12,   µ   µ , 

µ -

 

     µ    [26]. 

F     µ   

 µ   µ   . 

      µ  

( .   µ       µ ). 

     µ  µ  

,  µ  ,  µ       µ   

  .  µ   µ   µ ,  

    µ      10%  

µ    µ . 
 

µ   500 W, µ   VR= 8 m/s µ    

     µ  3 m/s  20 m/s, µ µ   10 m 

  . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

-12 / 500 W ENERCON 

µ  3.12.   µ   µ  

W 

 µ  3.13       

          µ   

 8760 PR,        µ    
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µ  3.13.     µ    µ . 

 :  ‘‘ µ ’’ (1999)  µ . 

 54



 µ  µ   µ      µ  

8760 P   P   µ    µ      : 

 

 

 

 

 µ   µ      µ    

   µ      µ   

  µ  V . 

  

   (capacity factor)  

µ   RPP . 

0

3

P dVVPV
2

p
CP

       µ     [20]: 

 

W1 = 0.613 · V
3
 / 1000    Kw / m

2

 

  µ     µ     : 

 

W2 = 0.363 · V
3
 / 1000    Kw / m

2

 

 V  µ    µ   m/s. 

 

 

3.10    µ   µ   µ    µ . 

 
 µ   µ   µ      

  µ     [34]: 

 

 µ     µ  µ . 

µ   µ      , , 

, µ  µ    µ  µ ,   

µ    µ  µ . 

  µ  µ     µ µ   

  µ  ,       

µ . 

µ  µ     µ      

µ . 

 µ   µ . 

            

 ,   . 

   µ     . 

  µ    .    

  µ .    . 

 . 

 . 

  µ   . 

  µ

 

    . 

    µ . 
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 4

 

    

 

 

 
4.1    µ    . 

 

   µ        

 , µ        

    ,   µ  µ µ   

   µ    µ  . , µ   

µ µ  µ    µ     µ  

        µ   µ µ , 

µ   µ   .  ,  µ   

µ    µ µ       

[9,34,39,41]. 

 

1.  µ   µ   µ    µ  

(Watt/m
2
)      « » µ  .  

  µ     µ   µ ,    

µ  µ       µ   

. µ        

 µ ,    µ      

  500 W/m
2
. 

2.  µ          

µ   µ      µ       

µ    µ .    µ    µ µ   

 µ , ,    ,  µ   µ  

    (  µ        

µ   µ   ) 

3. ,   µ  µ ,    

 µ    µ  ,  µ    

µ  µ      µ  .    

 µ          

µ           

 µ   . 

4. ,          µ  

    µ  µ   µ   µ  

 µ  ,   µ    µ    

µ . 

5. ,    µ µ        

    µ  A/ ,  µ   µ µ µ  

  µ  µ  µ .  µ  ,   

µ          µ  µ   

  µ  µ   µ ,   . 
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4.2    µ    .  

 

      µ   µ µ     

   ,  µ       

 , µ         µ , 

  µ µ  µ  µ        

µ      [9,34,39,41].  µ : 

 

1.     µ  µ   .   

 µ  ,        ,   

µ     µ  µ ,    µ  µ   

 µ  µ      , µ  µ µ   

 µ  . 

2.     µ   µ  ,    

.       µ    

  ,     . 

  µ      µ , µ  µ   

      µ     .  

µ  ,      ,   

µ       , 10-20 µµ   

 , 1,5-15 µµ    , 1-5 µµ  µ µ  

  µ    . 

 

     µ      : 

 

3.   µ      µ ,   

   . 

4.     µ   µ  µ ,    ’ 

  µ  µ , ’        

   ( . .).  µ  ,   µ  ,   

 µ  ,       

µ      µ      

 .    ,  µ µ    

,           

 ,  µ    µ   . 

5.     µµ   µ -

  µ     . ,     

 µ    , µ  µ   µ   

. 

   µ       

  ,     µ µ .    ,  

      µ     µ , 

µ      µ  µ     

     µ , µ  µ    µ   

 ,         

   « ’ µ »   µ . 
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4.3     µ   µ       

 µ ; 

 

 µ  µ       

, .      µ .  

 µ   µ ,  µ  µ µ µ  µ    

  µ  µ    [18,19,25]. 

 ,     µ    

  µ       µ   

µ   . 

     µ , µ     

   µ  ,   ,  µ     µ  . 

    ,     

µ   ,        

 .     µ   (Not In My Back 

Yard). 

 

 

4.4        µ ; 

 

   µ   µ ,     

     .  µ   µ µ  

 µ      µ    µ  . 

     µ  µ  µ µ  (  

, ,  .) 

       . 

 

  µ      .   

     40 µ     µ  PPC – 

12NK MAN 33 KW  50 - 60 dB,   µ    µ  . 

  200 µ ,  µ      44 dB,   

µ  8 m/s. µ       µ   , 

   µ  µ   8 m/s,       

µ      .  µ   

 (44dB),     µ  µ   

µ    µ   µ   µ ,   

 µ   µ        .   

4.1    µ  µ  . 

 
 

4.5     µ  µ  µ   µ ; 

 

      µ       

   (    µ  FM)   

µ   µ   µ  µ   .   µ  

  µ     µ    µ   

 µ  µ   .    
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    µ    µ  .  

   µ      

 
 4.1.   µ    dB. 

 µ    dB 

1.  140 

2. µ  120 

3. µ   100 

4.  90 

5.   80 

6.  60 

7.  50 

8. µ  30 

9.  20 

10.   10 

 

 

 

 

 

 

  :  EWEA.  European Wind Energy Association 

 ,       µ   

µ  . 

 µ   µ      

 µ , µ      µ       

 µ .  µ  µ     

 µ .  µ    µ  

µ  µ         

µ . 
 

 

4.6      µ      µ ; 

 

 µ        µ    

  µ     µ    µ  

µ  ,    µ     

  µ    µ . 

           

  . 

   µ   ,  µ ,    

     . 

            

    100-200 µ     µ     

    .   µ    80 

 100       µ  µ    

,    µ . 
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 5

 

    

 

 

 
5.1    µ  µ .     

 

5.1.1     µ  µ . 

 

 µ  µ      µ  µ   

 µ  "xo",       . µ  µ  

µ     µ   µ   µ      

µ    µ  µ   µ .    µ  µ  

  ,  µ   µ   µ    , 

   µ  µ . 

 µ        µ   

 µ  µ     µ  [3,4,44]. 

 µ  µ  µ    µ   

µ      µ   µ .  µ  

    µ  µ  µ  µ     µ  

  µ     µ    µ µ   

,     µ    µ    

µ µ   ,  µ        

µ    .  µ      

µ µ      µ  µ     

µ  µ    µ    µ µ   ,  

  µ  15°C   l at. ,  µ    

     ,   µ   µ  

 µ  µ    ,  µ   

    µ   ,    

,   µ   µ       

  µ .  

  µ     ,    

µ  µ ,  µ  µ  µ  µ     

  µ .   µ      

   µ µ  µ ,      

µ   µ ,  µ  µ      

  . . . 

 

5.1.2     µ  µ  µ . 

 

 µ  µ   µ  µ  µ  

  µ : 

  x x 
 

   µ     µ  µ  µ ,   

      µ  [4]. 
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      µ   µ  "x" µ     

 µ  ,      

µ  µ   µ    µ  µ  . 

 µ    µ     µ   

 µ  "x"    ,    µ    

    µ  µ     µ . , 

  µ    µ . 
 

5.1.3     µ  µ . 

 

     µ      

µ    µ  µ       -

µ    µ  µ  µ  µ .  

µ    µ    µ  " i" µ  µ  µ  

"xi"  : 

 

N

n i
i 

 

 "ni"   µ   µ  "xi"     " " µ , 

 : 

 

n1 + n2 +….+ nv = N       
1

i 1
i

 

 " " µ   µ    µ  "xi"  µ   

   " " µ     

  µ   µ  µ    

  "fi" µ   "i",      µ  

µ µ  µ    , [3,43] :  

 

 

i

i

i

i
i

xN

n

x
f 

 

 

 xi = xi+1 – xi ,     "i". 

 

      µ   µ   

 µ  µ   µµ ,    µ   

    µ  .   

  µ  µ   µ    µ ,   

    µ     "fi".    

       µµ , µ  5.1 

µ         " xi"  µ   µ     

 " i = fi · xi".       µ   

  µ     µ   µ  µ . 

  µ         µ  

  : 

.     " " µ    µ   ,  

      " "    µ . 

. µ     µ   µ     µ .  
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   µ ,        

    µ . 

 

 
  µ    

 µ     

µ   µ   µ .  

µ  5.1  µµ  – µµ   . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    µ µ       . 

       µ     

    µ . 

       µ  " "  µ  

 µ     " xi"  µ µ  ,   

µ  µµ     µ     

µµ    µ  µ  µ ,       

µµ   µ  µ   .   µ  "x" 

  µ   µ     f(x),  µ  

      : 

 

 
1 dx   (x) f 

 

 

 f(x)     µ   µ  "x",    

µ  µ  µ   µ  x1  x2  : 

 

 2

1

x

x

21 dx  f(x)  )xxP(x 

 

 

5.1.4      µ . 

 

  µ     µ  (  µ   ) 

µ ,      µ   µ   

µ  µ    µ        

µ   µ   µ .   µ     µ  

µ   µ µ   µ .    µ µ  

  µ µ  ,      µ     

 ,    µ   µ  µ µ   .  

µ µ        µ  µ  µ    
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 µ .     µ  µ     µ  

µ   µ µ  ,        

    µ   µ  µ µ   .    

   µ  µ   µ µ  µ  

      µ µ  L.D.V. [2]. 

 

5.1.5     -    µ µ . 

   

   µ µ  ,      

 µ µ , µ  5.2.      

           

µµ  µ .      µ   

µ    , µ     µ  µ     

. 

   µ       

µ  µ   ,  µ       

µ    µ       µ   

     µ . 

 µ       µ µ   

   : 

 
 = ½ ·  · R · A · [ (V –  · R)2 · CDH – (V +  · R)2 · CDL] – (B  + 1 ·  + 2 · 

2) 
 

:   

R          µ µ    

   

     , µ    µ ,     

   

  µ    µ µ  

CDH       

CDL       

, 1, 2        µ µ  
 

 µ     : 

. µ µ   µ      µ µ  

.  µ     µ  µ µ  µ    

 (   1/3  )    µ   µ  

Reynolds 

.  µ  µ   ,   I ·  =  

      µ µ        

µ µ  

.  µ  µ      µ µ   -

 µ . 

  5.1         

       µ µ   µ .  

    µ µ ,      µ  

 µ µ   µ µ ,      µµ  

µ  (     µ )  µ :  

 

V = A ·  +  

   ,   µ ,  5.1 . 
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 5.1  

 

 

 

 

 

 

 

 

(mm) 

 

 

(mm) 

 

 

(mm) 

 

 

(gr) 

RISO 

P2445b 

  70.0 186 282 420 

NRG 

 Max.40 

  50.5 190 75 95 

Danna  

WSI-0141 

µ   24.0 125 200 108 

Thies 

4.3303.22 

µ   79.0 320 228 890 

Vaisala 

WAA 151 

  54.0 182 240 552 

 
      5.1  

 

 

 

( C) 

BO ·10
-5

(Nm) 

B1 ·10
-7

(Nms) 

B2 ·10
-9

(Nms
2
) 

A 

(m) 

B 

(m/s) 

RISO 

P2445b 

22 0.297 1.88 0.00103 0.1952 0.210 

NRG 

 Max.40 

20 3.16 6.26 -4.48 0.2439 0.356 

Danna  

WSI-0141 

23 0.738 5.35 -0.220 0.1481 0.672 

Thies 

4.3303.22 

21 1.49 14.8 4.10 0.3355 0.453 

Vaisala 

WAA 151 

23 1.15 4.75 0.473 0.2196 0.347 

µ  5.2.     µ µ  OSK 7106, µ  µ  µ . 

 :  www.awea.org  -  www.auswea.org 
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    µ  µ    µ µ  

  µ          µ .  

 µ  µ     6-8%     

     µ .   µ   

µ  µ    µ µ      

µ  µ µ  µ   .  µ     

   ,   µ   µ  

   µ     µ  [44]. µ  

µ   µ µ  µ : 

   , µ      µ  µ  

    µ µ        µ ,  

 µ   µ   µ  µ     µ  

. 
    ,  µ    

CDH  CDL 

µ    , µ       

µ µ       ( )     

  µ   µ µ . 

 

 µ  5.3   µ   µ  µ   ,  

  µ . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
µ  5.3. µ  µ  µ .  
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5.2     µ . 
 

5.2.1    µ    µ . 

 

 µ   µ     µ   

µ        µ   

µ       µ    µ  

 .      µ      -

  µ      µ    

µ .   µ µ    µ      

  µ  µ  .  µ  k, c  µ  Weibull  

     µ  µ   . 

  µ      µ  µ   µ   

    µ  µ  ’     

       µ    µ  

     µ  µ      µ  

 µ   µ    µ µ      

µ .  µ    µ    µ    

     µ  µ       

µ   µ  µ       µ , µ  

 µ  µ   . 

     µ       -

 µ   .      -

 µ    µ      µ   

 µ     µ  µ µ     

    µ . 

  µ    µ  µ    µ   

µ   µ    µ  µ   µ µ  .  -

µ µ          µ  µ µ  

 µ     µ  (  ),     

µ     . 

   µ      µ   

    µ       . 

 

5.2.2      µ . 

 

     µ    µ    

   µ        

µ .  µ  µ         

Griggs-Putnam  Barsch.    µ     ,  

  µ   µ    µ     .   

 Griggs-Putnam     µ  : , 

 .    Barsch     µ  5.4  

[25,35,44]. 

    5.2  µ    µ     

µ ,  µ        µ  µ  .  

 µ      µ     µ  

µ    µ  µ  . 
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 :  European Wind Atlas  1989 

µ  5.4 .  µ    µ  .  
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   µ         

 µ   µ .      µ    

    µ .    µ   

µ  ’    µ    .    

  µ        , 

  µ          µ  

µ   . 
 

  5.2.   µ . 
 

 

 

 

   µ  (m/s) 
 

 

 

 

0 1 2 3 4 5 6 7 

 Griggs-

Putnam 

6.0±2.0 6.7±1.9 7.4±1.8 8.1±1.8 8.8±1.8 9.5±1.8 10.2±1.9 10.9±2.0 

 Griggs-

Putnam 

4.4±2.1 5.0±2.0 5.6±1.9 6.2±1.9 6.8±2.0 7.4±2.1 10.2±2.8 8.6±2.5 

 Griggs-

Putnam 

3.3±1.7 4.1±1.6 4.7±1.7 5.4±1.8 6.1±1.8 6.8±2.0 7.5±2.1 8.2±2.3 

µ  Barsch 3.4±1.5 4.3±1.0 5.2±1.4 6.1±2.2 7.0±3.1 7.9±4.1 8.8±5.1 9.7±6.1 

 Barsch 3.0±1.8 4.1±1.7 5.2±1.7 6.3±1.8 7.4±1.9 8.5±2.1 9.6±2.3 10.7±2.5 

 Barsch 3.7±1.2 4.4±1.0 5.1±1.0 5.8±1.3 6.5±1.7 7.2±2.1 7.9±2.5 8.6±3.0 

 Barsch 3.3±1.5 4.4±1.4 5.5±1.4 6.6±1.6 7.7±2.0 8.8±2.4 9.9±2.9 11.0±3.4 

 :  European Wind Atlas  1989 

 

 

 :  European Wind Atlas  1989 

µ  5.4 .   µ . 
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     Griggs-Putman  Barsch µ    

 µ  D (Deformation Ratio).     : 

 
90051         

45
D 

 

  µ  ,      µ  5.4 . 

µ  µ   Wade  Wendell Hewson,  µµ     

  µ  D µ   µ    µ  : 

 
(m/s)  2.3D95.0V

 

    µ    µ  ,  µ   µ  

       µ µ  µ ,  µ  

     µ   µ    µ  

   µ µ .   µ     

 µ      . 

 µ   µ     µ     

  µ µ  ,      -

,  , ,   µ      

µ    µ  µ   [26]. 

 

 

5.2.3    ,     µ  

µ  µ    µ . 

 

µ   µ   µ    µ    

  µ   µ   µ µ    

    , µ      

  µ   .    WindRose  

 W s . 

 WindRose   µµ   µ   µ -

 µ  [44]. 

 µ  µ     µµ  : 

 µ  

 µ  

  (standard de iation)  µ  

µ   µ  ( ) 

µ  

  

 

 W ndRose   µ  µ  µ     µµ  

 MS-Excel. 

   µ        

µ   µ . ,   ,  : 

  (k, c)  µ  Weibull  µ   µ  

,  µ      

   µ  µ        

µ  

     µ    µ  

µ  
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        µ    

µ  

 

   µµ         µ  

  ,     µ    µ   
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. 
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       µ   U.     
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5.3.3     Betz. 
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 µ           W.  

µ  :  

µ  :  

 CL  CD       µ   C  

  µ . 

    

   r    

     µ .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ  5.8.   .  

V
2

1V
r

V
a

S

S

 :  ‘‘   µ  

’’  µ  

       ,   

µ   µ        µ  5.9.  

µ    µ    : 

 

r CW
2

CL 2

L

r CW
2

CD 2

D

 

 

 

 74



   µ        

     (x  t)    : 
 

  =  +        

 µ . 
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 f(u)       µ  µ  u – 0,5du  u + 0,5du 

 8760 f(u)       µ   µ

0,5du  u + 0,5du.      µ µ   

 µ

 

 u – 

µ  

  µ    µ ,   µ    µ -

          µ  

  µ  P .  
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µ .       µ    
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 , µ   ,  µ , , 
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µ      µ  µ    µ    
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   µ        
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  µ     µ .  µ    

       µ   
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 , 
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 .  µ  µ  µ  µ  µ  µ  -
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µ  µ  µ        

( µ  µ  µ  µ  µ  - Hamilton Standard)  µ  

 . 

 

 µ   . 
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 µ  µ  

  µ  

 µ  µ    µ  µ      
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    µ   (µ    -

  µ ) ’      µ   

 

 

 

 

 

 

         µ  

       

µ  [9,21,39,44]. 

 

 

  µ .  µ   µ  5.17     

 µ  :  

 

  

 

    / ,      

  

 

µ .   

5.3.8       µ   µ   . 

 

   µ ,     , - 

     µ .   µ    

     µ     

     .       

     

 

 

: 
 

     .         

         µ        

      5         

    µ   . 

 

W      . 

  

 

 

 

D    µ   . 

 

d    µ   . 

A

B

W

M W
  eff

D

d

32
W

44

  

  

     ,     

       . 

 

 

 

 

 

D

µ  5.17.   µ  . 

 88



   µ     .  

 

       

         

    

  µ      µ   

,     -1 µ µ    µ  5.18  

 µ  µ    ,        ,  

:  

 

     

µ  .    µ     

    µ  . 

  µ   . 

 

 

 

 

 

 

 

          µ     

     µ   . 

 

L     µ    µ   µ     . 

 

C      ,    

 ’   µ .  

 

 

    µ     µ , 

 µ . 

22 dD
4

2

d-D
C

µ   µ  [24,25,39,44]. 

µ       :   

2

i

2

i

i

ii dD
4D

dD

32

, i

44eff

i

i

i

eff

BMZT
25,1

A

B

W

MZT
251

   
 

   µ  . 

i        

     µ       
 

Di  di     µ

 

 

 

 

 

 

 

µ  5.18.  µ   

 :  ‘‘   ’’ 

  µ µ . 

(1989)  

 

 

 

 

 

 

 89



 µ    µ   eff    µ     

    µ    S 

 : 

 

 

 µ  µµ  µ    µ  5.19 

(   µ   µ mm-10mm) µ : 

 

 

 ( µ  1)     

                . 

 

). 

 : 

µ  ’         µ   

di + 2C = Di    di = Di – 2C 

   µ   µ     

µ     

( µ  µ  1,5  3)  

 

 

 

 

 

 µ    

  5

 

 

 

: 

         µ

            (  µ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   i      

 

  

 

 

 

  

 

 

 

iB

D32

MZT
25,1Q

2

i

2

i

4

i

4

i dD
4

dD

i

Z
L

µ  5.19.  µ   . 

2

i

2

i

O

4

i

4

i

i

dDL

BBL5

dD

MZT40D
Q

2

i

2

i

4

i

4

i C2DDLC2DD

Oi BBL5MZT40D
Q

 90



    µ      µ  Di 

 µ           .  
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  µ    

µ     µ   

 µ  5.20.  µ µ  µ  µ  

  µ   

          µ  

µ  µ . 
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µ µ      µ  µ   
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5.4.2    µ  µ  µ .
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 D  µ     ( . . / R) = 0.10. 

 µ    VF       

  µ ,    µ ,  µ   . 

[17,24,39,44] 

 

5.4.4    µ    µ . 

 

 µ       : 

 

 

 

 

 g (V)   µ    µ     µ   

 

µ  

 

 

 

 

 

 

 

 

µ

 

 f (V)     µ   µ  

  

 

     µ : 

 

  µ . 

 µ  Pg (V)      V0 = Vcut – in 

,   µ   V1 = VR    

  V2 = VF . 

 

 PR   µ    µ   , , C  

     µ : 

0V

g f(V)dVV)(Pg

                       0

                     P

)V (  VVV        CVBVA

)V  (    VV                             0

  V)(P
R

R10

2

in -cut 0

g
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F21
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 µ µ   µ       µ  Weibull  

 µ   µ    µ     µ  

g P . 

   µ   µ  ,    : 

 

       

 Cp        µ  Cp –   

. 

  µ   µ   µ  µ  µ  

  

 

 

 

 

 

µ

gP  µ µ   µ    µ    

   : 

µ   . 

 

  µ  (Pw) 

µ   µ µ  µ .  

µ   

Pm = Cp · Pw 

 Cp    µ   

, Pw,  µ  , Pm.       

.   µ    µ    µ  

µ  Cp,        µ     

  µ  . 

 

 

 

 µ  µ  µ : 

 ,     

 µ   . 

     

    µ  µ     µ .  

 

    µ  µ    

 

  

: 

whP 8760. g

0

2
3

P dVVf
4

D
V

2
CP g

FRR

V

in -Vcut 

2
3

P VVfVVfpdVVf
4

D
V

2
C

R

µ

 

 

 

 ( . )   µ   µ . 

 

5.4.5     

   µ  µ ,  

  (Pm) µ   

   : 

 

 

     

µ

 

µ   µ   Cp,    

     µ     ,  

  µ  µ ,  µ  µ   Cp µ    

µ  µ   µ     µ . µ    

 
 

µ     

 µ   µ   µ  

µ µ    µ 

  

   Cp 

µ  µ     µ  [22]. 

  µ     µ ,  ,    µ

  µ    Vi    Vf   

µ          µ   , 
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 = { . .  – . . } 

  µ  

Pw = ½ · p · A · ( Vi
3
 – Vi · Vf

2
) 

 

5.5    µ  µ µµ    µ   µ  µ  

 µ  µ . 

 µ   µ  

µ  µ    µ  ,      

 µ      

    µ   µ     

  µ  [17]. 

 µ µµ   µ   µ  µ , µ     

    ,  µ  µ    , 

    µ ,      

   . 

 µ µµ     µ   µ   

µ µ  µ     µ   µ    

 -

 µ µµ    µ  

µ  µ µ  ,     

µ   µ    

  µ .   µ µµ       

 

µ     : 

 

 

 

  µ    

   µ  

 

 

µ   µ   µ     µ

,    µ  5.28. 

  µ µ  µ

    

 µ

µ   
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,
u

,
u

corci   µ   
uuu

 .  ,  

, 

 

 

 

 

 

  aver,   µ   Pr.  

 

 

:   

 

 

 

 

 

 

 

µ   µ   µ    

      µ   µ  

µ µµ .  uci   µ       

µ , ur   µ  , uco   µ   

 µ   ,   µ    µ     

 [10]. 
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 µ   

Paver =  · r 

 = 1 – 2 

 

 

 

r/ .   

5.29. 

 µ  µ   

 µ    µ µµ    

       . 

 

 

   : 

 

 

 

 

 

 

 

 

 

 

   µ      

 µ   ’   µ µ   µ    µ    

µ        ( ).   µ    

µ   µ     uci/   u

µ    µ      µ µ   

µ   µ   Paver     

 . 2

   ,         

 2,   µ µµ      µ , µ  

 µ   µ  µ µµ     

    µ   µ  
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µ  5.28.  µ µµ  µ     ( 1),   

µ   µ   (Paver) µ  µ . 

 :  ‘‘The Weibul distribution function and wind statistics’’ 

 1985 – 1998 Wind Engineering 
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µ  5.29.  µ µµ    ( 2).
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5.6       µ . 

 
  µ    µ      µ   

µ   . 
 

5.6.1     . 

 
 µ  µ     µ     

, µ µ     µ .  µ     
   µ ,  µ   µ µ .   

      µ         
  µ   µ     µ    µ  

  µ . 
  µ ,  ,    : 

     

       µ  

   µ    

  µ   
 

  µ µ   µ      
µ µ    µ     µ µ    µ . 

 µ        µ   
µ         µ µ  

  µ     [7,15,44].        
 

5.6.1.1    µ     . 

 

       µ      µ -
  µ      µ     µ . µ  

 µ µ      µ     
.  µ   µ     µ    
 µ    µ    .   

µ     ,   ,     
µ  . 

      µ    µ  µ   
  µ ,         

µ  .        µ   µ   
µ   µ  , µ         

. 
         µ  
,     µ  µ    .   

      µ  µ   µ   
  .    µ   µ  µ  µ   
      µ   µ     

.   µ  µ     µ   
µ ,  µ  µ     µ   µ  µ  

.      µ  µ µ  .  
 µ   µ  µ µ  µ    

 µ      . 
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 µ  µ µ   : 
 

µ

21  
 
 
 

:    1 =  µ           
                     . 

             2 =           
                     . 

             µ =  µ  µ  µ   ( 1 + 2 )/2      
             µ = 2 ·  · n   n  µ    . 

 
  µ  µ  µ µ  ,  µ    

µ  µ : 

  µ  µ   1/300 

   µ   1/150 

     1/25 

  µ  1/20 
 

 µ          
: 

 
 
 

2

2

2

12

J

:    J =     µ    
 

   µ  µ µ , µ      
µ   :  

 
J 2

µ 
       µ    

       5.3.    
 

 5.3.        µ .  
 µ   . . e   J   W 

 
 

 · r2

 
 

 
 
r 

 
 

·r4 / 4 

 
 

 · r3 / 4 

 
 
 

(D2-d2) ·  / 4 
 
 

 
 
 
r 

 
 
 

(D4-d4) ·  / 64 

 
 
 

[(D4-d4)/D] ·  / 32 

 
 :  ‘‘   ’’ (1989) 

 , .
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     µ    µ  
µ ,   µ   µ   µ   µ  

, ’     µ    µ .  
µ   µ     .  µ  5.30 

 µ   µ    µ ,    
µ         µ   µ  

  µ     µ .  µ  5.31  
 µ  µ   ,    µ     

 µ    µ     µ  µ  .  
     µ   µ  
  µ    µ     µ  µ  

  µ     µ      
      µ .   

µ   µ        
µ . 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

µ  5.30.  µ  µ   

 µ , µ    

µ  .   µ   

 , µ  .    

 
 

5.6.2     . 

 
      µ  µ   µ  -

µ    µ . 
   µ    µ  µ   µ  

     µ   µ    : 

    µ  µ  µ    
 ,      µ  µ  . 

  µ  µ        , 
  µ   . 

   µ   ,   µ   
   . 

  µ  µ µ    µ µ µ  µ   
µ µ , µ        µ   µ  

,     µ µ   µ       
 µ    µ µ  µ     

 µ  µ     µ     
. 
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 :    ‘‘    
 µ    ’’ 

 1999, µ   

µ  5.31.  µ    µ    µ   µ  

    . 
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   µ  µ    µ  µ  
    µ  ,   µ   µ  

  µ  (inverter)  µ    µ   
  µ . 

  µ  µ    µ      
µ    ,    µ  µ . 

  µ  µ    µ      
    ,       

 . 
 

 

5.6.2.1       µ   µ . 

 
  . 

 
       µ  ,   

    µ      
   µ .   µ  µ  

(  )   , µ    µ    .  
     µ µ    µ    

µ           ( . .  µ  
   – ). µ , µ  

µ    µ    µ  µ     
 .   µ   µ  µ    

,        . 
  µ   µ   (µ  µ    

)   µ   µ µ  ,    
  µ ,     µ    . 

 µ   ,  µ     µ   
       µ   .   

    µ   ,    
  µ    .     

     µ  µ       
       µ .   

 µ    µ   µ  µ   ,  
    µ         

,    µ     µ µ   
.      µ      

   µ     . 
  µ     µ   , µ   

   µ  µ  ,  .  
µ  5.32   µµ    µ .    

     µ   (  µ   
),  µ   µ   µ   .  

     µ   ,   µ  
   µ   µ ,   µ    

  .  µ   µ      
,     µ    ,  
 µ    (GTO)   µ µ   (IGBT).   

     µ     
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µ    µ , µ       
µ , µ       / / . 

,   µ  µ  µ      
µ   µ   µ     µ  
 µ       µ   µ  

µ  µ    [42]. 
    µ  µ     µ  

   µ  µ µ  µ   µ .  
µ      µ       
   µ        ,    
 . 

 
 
 
 
 
 
 
 
 

µ  5.32.   µ   –  .  

  
 

 

 

 

 

 

  . 

 

  µ         
  µ          

(  ).        
µ         :  ns = f · 60 / p 

:    f          Hz   
    p   µ       . 
 

  µ   ,     
µ     µ      µ     
  µ    µ .  , µ  µ   

         , 
 µ  µ    µ ,  ,   

    . 
 
   µ  µ  . 

 
µ , ,  µ   µ ,  
         µ   
,  µ  ,  5  10%  µ   . 
. µ   µ  µ   µ ,   µ  

µ    µ    µ      20  30%. 
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   µ   (Hera, Ferrite Magnadur),   
  µ       µ   

µ  . ,      µ  
µ  µ      µ   µ   
µ  1 : 1.  µ      µ   

 µ    µ   . 
 
   µ . 

 
 µ   µ          µ  

µ  µ         
    µ    µ  µ  µ .  
    ’    µ ,  

µ    µ   µ  µ    
 – µ  µ    ,  µ    

“inverter” µ   µ   µ     
µ   . ,  µ  µ µ , 

      µ   – ,   
µ     µ       µ  µ  

 [7,9,10,21,41,44]. 
 
 

5.6.3    µ     µ .  

 
 µ    µ     µ -

 µ            µ .  
 

5.6.3.1     µ . 

 
    µ  µ  µ    µ  

 µ    µ      µ    
 .  

  µ  µ  µ  µ   , 
 µ  µ  µ ,   µ  µ     . . ., 
 µ  µ     . 

     µ    µ  
µ ,   µ    (  µ  µ  

Diesel)    µ        µ  
 µ ,        µ .  µ  

µ           µ   µ    
µ          .  µ  

  µ   µ   µ     µ  
    µ    µ  Diesel   

µ     µ  µ   µ    
   . 

 µ  5.33 µ   µ  µ   µ  . 
        µ   µ     

      µ .  µ   
µ  (µ   )        

µ       ,    µ  
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   µ  µ     µ  µ . 
 µ   µ   µ      
      µ  Diesel,  µ  , 

     µ    µ     
µ .  µ   µ  µ    (  µ )  

     µ   ,   : 
 
 

FL

FL

n

n-n
 

 
 nFL    . 

 

        . . .   
µ ,  µ  µ   µ      µ  

µ     .  µ     
  µ   µ .   µ    µ µ   µ  

µ   ,    (  – 
)  ’   ,    µ   µ   

     ,  µ   10%. 
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µ  5.33.  µ  . 

    L    (KW)   µ  µ   
  µ  µ   µ   µ , AG  µ   
 µ     : 

 

PA G  + PDIESEL = PL    
 

PDIESEL = PL - PA G 

 
  µ  5.34  :   PDIESEL> P (  )  
 P (  )  µ  µ    µ    
     PAG < P L  - P( ) 

  µ  µ   µ  6.37 : 
 µ   PLF  = 2000 W       PL=580 W  

P( ) / PFL =0,1 (  10% µ  ’ µ ) 
P( )= 2000 · 0,1 = 200  W 

     PAG < 580 – 200         PAG  < 380 W 
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                             n1 

 
 
 
                             n2

 
 
 
                                                            P(n1)                         P(n2) 
                 

µ  5.34.   µ  µ   –   Diesel. 
 
 

µ µ    µ      P L  - P( )   µ  
 µ    µ    µ     PFL – PL  

µ        PAG, µ      µ    
  .   

 µ     µ  5.33    
µ  µ       µ  µ     

 µ    ’   ,   µ    
µ   µ    µ   µ      µ   

   µ .  
 

5.6.3.2    µ  µ       

 . 

 
 µ  µ  µ         
µ         .   

      µ       
   ,      µ    µ  . 

       µ    
     µ   µ   µ ,   

µ   µ   µ    µ   µ  .  
  µ    µ  µ  : 

 µ    µ  µ   

   

 µ   µ  µ  

     
 

 

5.6.4        µ   µ -

. 

 
5.6.4.1   µ    µ  µ  . 

 

    µ µ        
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       µ  
.        µ     

 µ   µ  µ   .   µ  
     µ  µ , µ    

     «  »   µ  
  µ  µ .      µ  

µ   µ    µ   
µ      ( µ  Wind - Diesel) µ  

µ  µ  µ . 
 

5.6.4.2      . 

 
   µ   µ  µ     

µ   µ  ’  µ       
    µ .    
  µ    ,    

  µ    µ       
µ    µ  . 

 µ   µ   µ  µ    µ  
,   µ      µ  µ  

. 
       µ    

µ  ,   µ    µ    
 µ   [6,8,9,20,21,22,25,29,34,40,41,44]. 

 
   µ  -  . 

      
  µ     µ   µ  

    ,    µ µ  µ  ’ 
.   µ       µ  5.36. 

         µ  
 (  – )  µ µ  .  µ      

µ    ,   µ      µ   µ  
          

 . 
        ,    

µ  µ  µ      . 
     µ  µ      

µ     (  µ ).    , µ  
µ         µ   

µ          
µ  µ .    

 µ         
   ,       
    ,    µ     

  .  µ        
µ   .      µ    

µ            µ  
      . 

 µ  µ  5.35 µ  : 
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  µ µ    µ   

      µ      
 
 
 
 

 
 
 
 
 
 
 
 
 

µ  5.35.  µ    . 

 :  www.sunlight.gr 

µ  5.36.  µ    µ  µ   . 
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  . 

 

  µ   µ  µ   ,    
 H2O    H2SO4.     µ      

µ   µ  Pb   µ  PbSO4.     
     µ       

µ     µ  PbO2     µ   
  µ     µ  Pb. 

      µ    35 – 38%  
 .         µ  

20 oC     µ  µ   1.240  1.280 
gr/cm3.   µ       µ    

µ  . 
 

     µ . 

 

    ,     
  .  µ  . 

    µ  µ : 

       µ  (PbO2)   
µ  (PbSO4) 

       µ  µ  (Pb)  
 µ  (PbSO4) 

 
  µ     µ    

µ   µ       µ  ,   
µ    µ         

  .  
 
   µ         

µ . 

 

      µ   µ  : 

   , µ    µ  PbO2. 

   , µ    µ  Pb. 
 

      +       

  µ      ,   
 µ   µ  . 

- -

4SO

 :  PbO2 + 2H+ + H2SO4 + 2e  PbSO4 + 2H2O 
 : Pb + SO4 

-- -2e  PbSO4

 µ    µ      
   µ    µ    µ   
 . 

     µ : 
 :  PbSO4 + SO4

--  + 2H2O – 2e  PbO2 + 2H2SO4

                            PbO2 + 2SO4 + 2H2O  PbO2 + 2H2SO4 + O2

 :  PbSO4 + 2H+ + 2e  Pb + H2SO4

                                Pb + 4H  Pb + 2H2
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        . 

 
    µ   µµ     

.        µ      
µµ   µ  20 C  1.280 gr/cm3,     µ   

      µ     
  .       µ  

µµ          µ    
           µ  

 µ     .      
µ        . 

        µ   
µ         µ  µ .  
µ             

  . 
 
  µ       µ   µ . 

 

     µ  µ   µ    
        µ   µ   . 

    St  µ  µ  t µ µ   µ   
µ  20 C µ    .        
 

S20 = St + 0.0007 (t – 20) 
 

      . 

 
    µ   µ       

     µ  5.38. µ      
   µ   µ    µ    µ   
   µ .      µ  µ     

  . . 0.88 Volt    5C5A.  µ   
,          µ  5.37.  

 
 
 
 
 
 
 
 

 :  www.sunlight.gr 

µ  5.37.   µ    µ . 
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 :  www.sunlight.gr 

µ  5.38   µ   µ   µ   20 C   

   – µ . 

  . 

 
       µ   

 µ         µ  µ  
         . . 0.88 Volt.   

   µ      (Ampere)  µ  
     t (hr). 

 
  µ –  (Ah) =   ( ) ·   (h) 

 
     µ  µ     
,    .  

           µ  
  .  µ        

   µ        
.  µ      100 h  µ  
 20h µ       µ    5   

 µ  20h,        . 
 

100 h = 5  · 20h 
 

 µ     µ   10   10h,   
  100 h µ  µ   10h. 

 µ   µ       
µ µ   µ   .  µ    µ  

  µ      ,   
   µ  5.39.   
            

µ       µ  µ   µ ,  µ  
 µ      µ      
  µ   µ   µ    ,  

    µ    µ    .  
   µ    µ   µ   
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.   µ    µ ,    
  µ . 

       µ    
 – ,        20%   

 . 

µ  5.39.   µ    µ   

  . 

0

20

40
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80

100

120

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

µ    (h)

  
%

 µ   . 

 

        µ  
 ,   µ   .   µ      

 . 
       %    

   µ   µ     h    
µ    KW    . 
 
 
 
 
 
 
 

    µ   µ   µ   
 90%   µ     75%. 

100
( h  . µ

(Ah)  . µ
 h  µ 

100
(Wh)  . µ

(Wh)  . µ
  Wh  

  
  . 

 

   µ       µ  
µ   µ      µ     

        µ  5.40.  
µ   µ    µ   : 

   µ         µ  
 µ      µµ    

,   . . 
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  µ    µ     µ    
  µ   µ    µ  PbSO4. 

  µ µ   µµ    µ  µ   
. 

  µ   µµ  µ   µ      
 µ        µ   . 

 

 

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70 80 90

µ  

µ
 

  
%

15 C 20 C 25 C 40 C

 :  www.sunlight.gr 

µ  5.40   µ     - µ   

 µ   µ .  

  µ   . 

 
 µ   µ    µ  µ      

   µ   µ . 

  µ    µ . 
         µ .    µ    

,  µ        ,  
µ  µ  . 

 

  µ  µ  µ µ   µ . 
       µ      µ    

µ     µ  , µ    
       µ     µ   

    µ   µ  5.41.    
 500 h µ  µ   85 ,    µ   

µ   29.5A   µ  5.9       
   µ  .  

500 h ÷ 85h = 5.9A. 
5.9A · 5 = 29.5A 

 
      µ   µ         

µ     µ       
µ   . 
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µ
 

  
  

 

  
  

 

 :  www.sunlight.gr 

µ  5.41.     µ  µ  µ µ  µ  

  µ    
      µ     µ    2 µ  
2.5 Volt   (     ).   
µ          µ  

    µ    .  µ µ   
µ      µ µ    µ     

  . 
 

  µ  µ   
         µ   µ   µ     

µ  µ µ  µ      µ    
µ     ,     µ   µ  

 . 
 

  µ       µ . 
    µ    µ  µ    

     µ    µ    
 µ   .  

  
      µ    µ : 

 

        µ   ,    
   µ . 

       µ   . 

             µ   
  µ   . 

         . 
 

     µ    µ   
   µ    µ     

  .            
 µ           

 .         
       4%  ,    

µ          1-2%.   µ   
µ  µ  µ     µ . 
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   1 cm3   1.8     2/3 
  1/3 .   1 h  0.366 cm3   

 0.45  . 
µ     VB       µ  

   : 
VB = µ   · µ    ( ) · 0.00045 (m3) 

 
         µ  µ   

          µ    
  µ           

    .  
 

   . 

 

   µ  –   : 

    µ       µ  µ  

 µ  µ   µ    µ   µ  

   µ   µ ,   µ   
µ  

   µ        µ   
 

 
    µ        
. 

  µ          
  µ       µ  µ   

    µ      , 
µ    .       ’ 

  ,    µ      
  .  

 
 
 
 
 
 
 
 
 
 

  µ       .   
 µ  µ   µ  µ       

.    µ      .  
µ         µ   
  µ   µ  µ  µ    µ     

 (1/2  1/4   µ  ). 
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 .      

 
µ  µ           

    µ          
,   µ  µ  µ      

 .  µ         µ   
  µ              . 

 
 

 
 
 
 
 
 
 
 

  µ         

. 

 

 µ        : 
 

     . 
    µ       .   

  µ         µ     
   µ     µ      

  µ        µ     
 . 

 

     h. 
          

    µ   .  µ    
µ         µ   µ   

     µ     
.          

, µ       µ     
 µ  µ   . 

 

  µ  µ  . 
 µ            

    .  µ    µ  
 ,  µ      µ    

-18 C.  µ    µ   µ  µ   
   µ   µ       
   µ            

µ    µ  .  µ    -18 C  
   µ   µ  µ    
µ  -18 C,   µ  µ   ,    
         µ    µ .    
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 O µ  . 
  µ µ   µ    µ    

  µ   µ    ’  : 
 

 
 
 

 Q  µ µ    25 C    h 
         Q     µ   µ   µ    t      
              . 
          tz   µ      . 
            

    µ    µ     
    µ       µ . 

 µ    µ   µ   µ   
 µ    .   µ   

    µ   µ     25 C 
           

 µ   µ  – .   
 600Ah µ     7h     

µ  800 h   200min  25 C   µ  381Ah.      
 

 Q
t

t
Q

z

      . 
           
  ,        . 

    .   µ   µ   
     µ    ,    

          
µ  µ      µ   

µ  µ    . 
 

    . 
           
 µ   µ ,  µ      

µ        µ     
 µ  .       
µ    µ  µ   µ ,   µ  

µ    µ  µ   µ  µ    
. 

 

  µ  . 
          µ   

  µ    µ .    
      µ   µ   µ  
µ    µ     .  

        2%  
  µ   µ   20 C. 

 

  µ    µ    . 
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  µ   µ         
   µ   µ  .    

µ   µ   . 
 

       . 
         µ    

       µ     
.   µ    µ   µ  
      . 

 

     . 
            

  µ      µ     
,   µ    .   

  
       µ     

. . . 

 
 µ        , 

   ,        .   
µ       µ      

 µ  µ    . 

  µ  µ   µ    .   
 µ      µ     

.         µ  
    µ    µ      

 µ   .   µ    
µ   . 

  µ  µ   µ    
,   µ         

  µ  µ   µ     
,   µ  µ    /  

 , µ  µ       . 
µ  µ     : 

       . 

 µ  µ         
. 

 µ    µ   75%. 

 µ     µ   15%    
   , µ   µ    
. 

 

    gel  µ  µ   gel, 
 Pb-H2SO4     µ .    

      µ  PbO2, 
  µ  Pb   gel. 

   Gel    µ : 

    µ  µ   µ    
µ . 
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   µ    -   µ  (    
180o). 

 µ         . 

 µ      . 

  µ   ,   . 

   . 

     . 

     . 

     µ    96% 
 

    µ    ,     
         ( ). 

           
 (LiSO2)     µ  (LiMnO2).   

   ,    ,    
µ    µ  .    

  µ  (LiMnO2)       
  µ ,    µ   
 / µ . 
    µ      

     µ : 

   . 

  µ   µ    µ . 

     µ . 

  . 
 

    µ     pocket:  
 pocket /   pocket.    µ  

 µ   µ       (   
     µ    ).   µ   

,    pocket µ     
µ    - µ .   sintered / 

splastic bonded (   sintered /  Pbe).   µ   
 (   sintered /  plastic bonded)  

µ   µ  , µ    ,  
   -         

   µ . 
   µ     -

µ : 

     µ . 

   . 

   . 

  µ  . 

    . 

    µ  µ .  

   µ    .  

   µ  µ   . 

  µ    µ   99%. 
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   Valve Regulated Lead Acid (VRLA)    
  µ     µ    

( ) µ   ,       
 .          

  µ         
.   Absorbent Glass Mat (AGM)    

µ ,    µ       
       .  µ  

 µ     µ   µ    
   µ     . 
  AGM    µ : 

    µ   . 

   . 

         . 

   µ   µ  µ .  

  µ  µ  .  

      15 . 
 

     (Zinc Chloride) µ  
 ( n)  ,   µ  ( nO2)    

  ( nCI2) µ     .   
µ µ    µ   µ   µ   (carbon 
black),     µ      . 

       
µ : 

     µ      
  µ   . 

    ,   µ  µ . 

  µ   . 
        µ  

    ,     
 : 

       . 

  µ    µ  ( .C.V.) 

       . 

 µ       µ . 
 

       µ .   
   µ    µ     

         ,   
 µ   µ .     
 µ       , 

    µ     µµ   
.   

    ,   µ  
 µ   µ  µ     -

µ : 

  ,   µ  µ   . 

  µ    . 
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  . 

   . 

   . 
 

 
   µ       

µ . 

 
          

   .        
          µ -

  µ     µ   .  
           

 µ  µ      µ    . 
µ , ,     µ  , µ  

 µ        
µ    .  µ  5.42  µ  µ  µµ   

  µ ,   µ     µ ,   
    µ   µµ      µ   

  .         
 µ   µ         

      .     
 

 

� � � � � �
�� �	
 ��

 :  www.sunlight.gr 

 µ   

   

0 

48 

µ  5.42.      µ     ,   

  µ . 

5.6.4.3       µ  µ . 

 

       µ    
 µ  µ  µ     µ   µ  µ -

  µ     ,   
 µ    µ  µ   , 

   µ  . 
    µ  µ   µ  µ  µ   

µ µ µ       µ     
µ   µ .  µ  µ µ      
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 µ  µ       µ    
 µ     µ  [7,8,15,18,29,31,26,44]. 

 
   µ  µ   . 

  
 µ  µ      µ      

  µ    µ µ   ,     
µ    .  

  µ    µ        
µ µ µ           

 : 

  µ  µ  : 
1.   µ     µ    

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

dX

dT
Q A k   

 :  New Renewable Energy Resources - 
World Energy Council –  1994. 

:  Q  = µ  µ  µ  cal / h 

 k = µ  µ     cal / m· h · oC 
A =    m2

dT/ dX = µ  µ   µ  T (oC)     
X  L (m)   
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2.   µ     (     
  ). 

 
                                                                         

1

2

21

ln
r

r
LkQ

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.   µ     (     
    ). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TT
2 

 :  New Renewable Energy Resources - 
World Energy Council –  1994. 

:    L =  µ    ( ) 
  r1 =      m 
  r2 =       m 
 T1 = µ        
          oC 
 2 = µ        

          C 

i

i
n

i i

n

r

r

k

TTL
Q

1

1

11

ln
1

)(2
 

:    n =  µ  µ             

                    

4.   µ     (      
). 

 
 
 
 
 
 
 
 
 
 
 

21

12

21

rr

rr

TT
k4 Q
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5.   µ      (     
  ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1

1

1

11

1

)(4

ii

ii
n

i i

n

rr

rr

k

TT
 Q

  µ  µ  : 
1.       : 

 
 
 

 

IE  Q    

            wf TTAhQTAhQ

:    h =  µ     )                     
                        )      
                      cal/m2·h· oC 
            w =  µ    C 
            f =  µ     C 
              =   µ      µ    V 
               =   µ      µ     
 
2.        : 

TA
h

x

k

x

h
Q n

1

OUT1

1

IN

....
1

 

 
  µ  h        

µ      :   

1. Reinolds 
Du

Re   ,    
lu

Re    .  

2. Nusselt 
k

Dh
Nu   ,    

k

lh
Nu    . 

3. Prandtl 
k

c
Pr  
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:    u  =  µ      µ     m/s 

              µ =  µ      kg/m·s 
              c =   µ   J/kg · oC 
               l = µ     m 
              D = µ     m 
 

    m2  : 
1.  :     = l · z 
2.  :     = 2· ·l·r 
3.  :     = 4· ·r2 

 
   µ  )  µ    )  µ  

 µ       :  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GGi

i
n

i igg

Gg

hrr

r

khr

TTL
Q

111

)(2
 

1

1

 ) 

GGii

ii
n

i igg

Gg

hrrr

rr

khr

TTL
Q

2

1

1

1
2

111

)(2
 

 :  g =  µ      
                        
            G =  µ       
                        

) 

  µ  µ  : 
4Q  

:     =  Boltzman  
              =       )    
                     )   µ  
  

    µ µ   µ     µ   
   ( . . )  µ  µ  max µ     

µ  µ  min.    µ      
µ     .    µ   µ   
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    µ    µ    µ   
,   µ   µ  , µ  .  µ   

µ  . 
 
  µ . 

 

  µ  (heat exchangers)  µ    
  µ   µ           

 µ    µ  µ , , µ µ   
. 

  µ          
         µ µ  

µ .     µ        
µ ,     µ    ,    

µ  µ   µ ,   (fins)   
(baffles).         µ   

µ    µ   µ  µ  ,   
 µ         .  
     ,   µ  , 

 µ ,  ,   ,      . 
      ,     µ  

 1  2        (  µ  
 µ    µ    µ  

), µ     µ .    , 
   µ   ,      . 
  µ  µ   µ  µ    µ   

    µ      .  
 µ     (plate & frame), -  (shell 

& tube)      (crossflow).    µ  
 -    µ   µ  5.43  

 .          , µ  
  ,  µ  (parallel-flow).     

  µ µ   µ   µ   
 (counter-flow).  µ  5.44    µ  

 µ  ,  µ ,  µ  µ  µ , 
   .   µ     

        . 
 

 

µ  5.43.     µ     . 

 :  ‘‘   ’’ 

(1991)   
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µ  5.44  µ   µ   (  - ). 

 µ   µ . 

 
   µ     µ    -

µ        µ  µ  µ  µ  
µ    µ  µ    . 

 
 
 
 

m

m

TA

Q

TAUQ

   

    

  

:    Q  =  µ  µ   µ  Kcal / h 

             U =   µ  µ    Kcal / m2·h·oC 
              =         µ    m2

            m=  µ  µ         C  
 

   µ  µ  (overall heat-transfer coefficient) 
    ,     .  

        ,  
  )   µ   )   µ . 

 
 

oiooiio

O

io

1/h k /)]r/ln(rr[hr/r

1
    U)

1/hL/k1/h

1
    U) 

 
 
 
 
 

 r =        m 
        L =    µ    m 
        k =  µ  µ   cal / m· h · oC 
        h =   µ  µ    cal/m2·h· oC 

  i  o        
µ  . 
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 µ  µ      : 
 

2

1

21
m

ln

 

 
:    1 =  µ        µ     

                          C 
             2 =  µ        µ     

                          C 
 

 µ        

   µ   µ  . 

 

  Q (Kwh)    µ      
µ  µ  µ   ( g) µ   ( . . ),  1 (

oC) 
 2 (

oC),     µ ,    :  
 

Q = m · c ·  
 

:    Q =        wh  
 m = µ   µ     g 
  c =  µ   µ    wh / Kg · oC 

 =   2   1 µ   C  
 

 µ    P (Kw)   ,   
µ   µ    1  2   t (h),    

: 
P = Q / t 

 
  µ , µ   µ    

 µ   µ    ( µ  
5.45)  µ    µ    µ , µ    

  µ    ,  µ  µ .     
  µ  µ   µ   µ   µ    

        , µ  
 µ     µ      µ . 
    µ   µ     

 µ µ   µ   µ , ,    : 
1) µ   
2)  µ  
3)  µ  
4)   
5)    
6)    
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µ  5.45.      µ ,   µ  µ  

    µ  µ    .     

 
   µ      µ     

    : 
Q = QP + QV  - Qa  

 
:    Q =    µ   µ   Kcal / h 

             Qp = µ  µ     µ ,       
                         Kcal / h 
             QV = µ   µ   µ    µ  
                       cal / h 
              Qa =  µ  µ       Kcal / h 
 

  Qp          
 µ   µ    µ  µ ,    

 ,   µ  ,      µ  
  µ     . 

  QV   µ ,       (  Kg/m3), 
  µ  C   (  Kcal/Kg),    V  

 (  m3/h),   µ   ( µ  –   C)  
 µ  n  .    V   µµ  

µ     ,         
µ ,    µ  5.46     . 
 
 

0

10

20

30

40

50

60

8 9 11 13 15 17 19 21 23 25

       

  

  (oC) 

µ  5.46.        µ    

µ     .  

V (m3/h) 

 
 
 
 
 
 
 
 
 
 
 
 

 138



  Qa   µ   µ       
qa        ,    , 

   5.4.    
 

 5.4.  µ  µ     µ   .. 

      
µ  

  
 Kg 

 µ   
 Kcal / h 

   µ  
 µ  

13 C  
- 135 172 

 181 196 211 
  

 µ  
18.3 C 

 
 

7 

 
 

14 

 
 

32 
 8 18 43 
 9 23 47 
 10 27 52 
 13 45 71 
 15 57 82 
 17 68 90 
 21 90 107 
 26 113 139 

 
 

 27 C 

 
- 

 
1.1 

 
3.4 

 
 21 C 

3 4.5 8.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.6.4.4       . 

 
    90%  µ      . 

            ,  
    µ    (0,00001 %)  µ .  

       µ  ,   
 µ   ,  µ     µ  , 

    5.5,  µ   µ     
    µ . µ ,   1 kg   

119,972 kJ,  .     µ  2,1 kg .  
 

 5.5.    .  

 
 

 . . LPG 
( ) 

   
 

 
  

µ   
(kWh/kg) 

 
33.3 

 
13.9 

 
12.9 

 
5.6 

 
12.7 

 
0.03 

 
  

µ   
(kWh/lt) 

 
0.53 

 
2.6 

 
7.5 

 
4.4 

 
8.7 

 
0.09 

  :  “ ,   µ µ   
µ ”,  2001.  
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    µ . 

 
       µ  µ   

µ    µ  , µ   µ  .  
µ  µ ,         

µ µ ,           µ  
µ           

 µ     [11,13,14,16,18,29,31,36,41, 44]. 
  µ    : 

  µ   µ  µ  (  5$/GJ). 

  µ   –      
(13 $/GJ) 

     (12 $/GJ) 
 

  µ   µ    µ    
  (  µ )     

    .       
,    µ  ,     . 

  µ   µ       
 µ  µ      

µ , µ  µ    .        
µ   µ   µ     , µ  
µ  µ     µ . 

     µ    ( )  
µ  µ      µ     

       ,  
µ     .   µ       

, µ      µ    
( µ )   ( / ) .       

    µ   ,      , 
  µ  ( . . )  CO2. 

 ,         µ   
 µ  µ     µ      

   ,     µ       . 
 µ  µ     µ     µ   

     . 

  . 

 

     µ µ  µ     
     ,       
 µ   µ      µ .   

         12-15 $/GJ 
(2002) µ     µ .  µ      µ  

  (A.D.O.E. American Department Of  Energy). 
      µ      µ   

 µ       ,   
  : 

       µ  
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  µ  

      

       µ    

     
 

    1Wh  0.228 cm3 ,  1 cm3 
   1,865 lit.    2/3 H2  1/3 2,  µ  

1Wh µ    0.141 lit. 2  0.283 lit. 2. 
 
   µ   . 

 

        0,0899g/lt,  
14,4  µ    µ  .     

  0,61cm3/s.   µ     . .  
 ,       –253 C.  
          µ  . 
  µ        µ  

,  µ   ,   200-350 bar.   µ  
    ‘dewar’ µ   µ     

µ . µ   µ    .      
µ   (80% µ     µ     ). 

            
µ  µ   ,     µ  .   µ   

µ  µ     µ        
  .          

 µ          .  
 µ     µ  µ  µ     
   µ . 

  µ    ,   .    
µ µ       µ  µ ,  

-   - .        
     µ  µ   . 

   µ    (   µ   
µ  )      .   

µ    µ    µ    µ  µ    
(   50%).   µ      µ   

    µ   .   5.6  µ  
  µ      µ  µ  
  . 

 
             5.6.   µ   . 

   2   

 µ   7,5% 

 µ  µ  1-5% 

    1-20% 

  :  “   µ   
µ ”,  2001  
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   µ  µ    µ     
,      ,    µ    

  . 
 µ      µ  µ    

.  µ  µ ,    µ  µ  
µ     30%-40%     µ    , 

     -253 C. ,  µ     
   µ     , µ     
µ    µ    µ  . 

   µ µ         
 µ     µ      µ  

,  µ             
   µ .   

 
     . 

 
     

 
  µ     µ  µ    

    ,  µ  ,  
 µ .   µ    µ    µ .  

            
 .  

 
    

 

      µ    µ   
 µ  µ  .  µ       µ  

 µ         µ ,  
µ   µ      .  

µ     µ   µ  µ   . 
, µ    µ      ,  

    µ      µ   
 22%     . 

   µ , µ        
    µ .     µ   

,          1992  
µ       µ . 

 
  µ .  

 
  µ  (fuell cells),    ‘‘µ  µ ’’ 

   µ  ,    
 µ     µ  µ  , µ   

  , µ   .   µ  
   µ    ,    
    µ  2  2. 

  µ     µ     
 µ  µ  µ     µ  µ   µ  
µ   µ   µ .     
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µ µ           
 µ µ  µ    µ µ   µ  100% . 

    40-80%  µ     , µ   
   .  µ  µ     (   

µ    ),      µ   
, µ        ( . .   
)    µ     µ     

  . 

    µ . 

 
  µ      (     

)      µ  5.47.    
 µ  µ    ,       
    .     ,   

         
µ    µ .   µ    

      ,   µ   
    , µ  ,     

 . µ       µ   
 µ    µ   ,  

    .      µ ,  
µ        µ ,    

µ . 
   µ   µ    2.5 mm   

     µ  µm.     µ  
,   µ    µ    , µ   
µ   ,          

         . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 :  “   
µ   

µ ”,  2001 

µ  5.47.   . 
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 ,  µ  µ    

. 
 
 

  

  

: EWEA 2000 

1.    D.C.  . 
2.     95%. 
3.     85%. 
4.    A.C. µ  . 
5.      70%. 
6.     H2  2. 
7.      65%. 
8.    . . . . 
9.       . 

10.       . 
11.       . 
12.      50%. 
13.     80%. 

14.     > 90%. 
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 6
 

   
 

 

 

6.1       µ . 
 

    µ     - 

µ  µ       µ   

.  µ          

      ,       

  µ .  µ   µ   µ  ,  

      µ   µ . ,  

µ  µ  µ  µ  µ , ’  µ  

  µ         µ   

µ    . µ ,    µ    µ   

µ        µ        

µ   µ    µ  [10]. µ  µ   

µ        : 

 

     µ  µ  (    - 

        µ  KWh   µ ). 

   µ      . 

   µ    µ  µ     

 ,  o µ  µ    

    µ     . . . 

        µ   µ    

 µ    µ   ( ,        

 µ  .). 

 

     µ  µ   -

 ,   , µ   µ   µ ,  -

µ   µ    µ . ,    

   ,        

µ . 

    µ   µ  µ   

   µ     µ     

µ .  µ  µ   µ        -

     µ   µ  µ ,     

   .      µ    

µ ,   µ µ      

µ   µ    µ ,      

µ  µ   . , µ    , 

      µ    

.   µ   µ   µ   . 
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6.1.1    µ       µ . 
 

  µ  µ       µ ,  

µ   µ          

µ . 

  µ    µ  µ ,     

, µ   µ      .   

    , µ      µ    

 µ  [9,10,29,44].  

 

µ   

 µ   µ  µ    µ     

µ  , ’   µ  µ     

      µ  .   µ    

 µ    µ ,   µ  µ  

  µ  .     µ   

  µ     µ      .   µ  

µ   µ  µ  µ   µ , µ  

   µ    µ   µ  µ  ’  .  

 µ        

.  µ          

µ   µµ  µ   . 

 

   

,    µ      µ . 

,  µ  µ µ µ   µ   µ    

   .      

: 

 

1.  :    µ   µ    

   µ  µ   .   

   µ   µ      

. 

2.   :        µ -

  µ    µ  µ  . 

3. µ  :   µ   µ  

 µ      µ  

µ    µ  . 

 

 µ   µ   µ    
 

 µ   µ       µ -

,   µ   µ  µ   µ     

µ   µ     µ  µ . 

 µ  µ     µ     , µ   

  µ µ , µ    µ    

. 
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 µ  

 

       µ    -

    µ  . µ  ’  

µ    µ  µ   .    

,         µ . 

1. :   µ   µ              

µ  µ   .      

   µ   .   ,   µ   

µ    µµ  µ        

   .   µ     

,       ,      

  µµ      .    

    µ     µ    

  .   , µ   µ   µ µ , 

   µ    µ .    

    µ   µ   µ   

    µ  . 

2.   µ :    µ     

 µ   µ  ,     , µ   

   µ  µ .     

µ    µ   µ      

   µ .    µ     

µ  µ      µ    

µ . µ  µ        

 µ  . 

3. :   µ   ,  µ      µ   

,  µ   µ    .   

µ    µ      . 

      µ          

  µ .       , µ   

( , ,  .)  µ       

   , µ  , ’    µ ,  µ  

 µ     µ   . 

4.  µ µ    :  µ     

         

 ’     µ   .  

 µ  µ µ         

 .  µ  µ   µ   µµ  

,      µ    , µµ ,   

.    µ    µ   ,  

 µµ ,    . µ   µ  

   µ     ,  

     .  

       µ  . 

5.    µ :   µ     µ    

 µ  µ  ,      µ ,  

µ        .      

  µ ,   µ  ,     

 µ   µ .      
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   µ ,   µ    -

 µ      ,    µ    

   ’      µ . 

6.   µ  -  :    µ  

 µ        .    

   µ  µ .   µ   µ  6.1 

   µ        µ  

    . 

 

 

 

  µ   µ   µ         

   µ .  µ  µ    

µ    µ .   µ    µ  

,       µ     

µ  ,             

 µ    .   µ    µ     µ  

   . 

 

µ  6.1.  µµ   µ  –  . 

6.1.2           µ -

. 

 µ       µ   

      µ     µ  -

µ .  µ         µ   

µ .        µ    

   µ  µ ,  µ   µ  

(  µ ) [6,9].  
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 V 

         

                    

               

       

                   

                

    

    

  

         

                    

    -    

                   

               

  

  

       

              ,         

  

   

   

   

   

    

  

   

 

µ  6.2.      µ . 
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   ,    µ      

µ     µ  .   µ   -

  µ     ,     

   µ    µ      

.   µ   µ   µµ   

     ,       . 

 µµ       µ  6.2.    

   .      µµ , µ µ   

 µ    ,  µ     µ    

  µ . 

µ    µ       

     : 

 

 :  µ     µ    

 µ . 

      :  µ       

    µ ,   µ  µ  

µ . 

     µ  :         

    µ ,    

   µ    µ     

µ    . 

 

  , µ  µ    µ    

, µ        

   µ .      

µ   µ     µ , µ  µ   

 µ .     ,   µ  

  µ  µ   µ   µ     

 µ     µ  µ .   

µ      . 

        : 

  µ    µ  µ . 

 µ    µ   (  , ,  

        .). 

µ   . 

        ,   -

 . µ    : 

  

1. µ      µ    . 

2. µ     µ  µ  µ  µ   

µ     . 

  

1. µ     µ  µ  µ  . 

2. µ    µ     µ   µ  

   . 
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  µ        µ  

µµ       µ .        

 µ    µ  (    )  µ  

µ µ    .        µ  

    ’       µ  µ  

 (  µ   µ   )   µ  

  µ    µ  µ  . 

    µ       -

       µ  µ   

   .  µ  µ   

        µ       

µ          µ  

µ  µ  ( ,  .). µ    

        µ   

µ  µ  µ   µ ,   µ   

 .   µ   µ      .    

   µ ,    

µ   µ         

 µ . 

  V    µ    µ    

 .          µ   

   µ   µ  µ     

.   ,   ,      

µ    . ,     µ , 

,    µ   . 

  µ     V   µ    

 µ        µ   µ   

  .  µ        µ  

   .  µ         -

µ   µ   µ  ’       

      µ   . 

µ   µ       µ   

  µ ,      

 .   µ  µ  .  

  µ ,  µ       µ  

µ      .    

 µ µ  ,  µ  µ   

µ  µ  µ ,     .   

µ        µ     

    µ . 

          

,     µ .      

  µ   µ      µ     

.           

,    µ .      

     IV  15 µ  18 µ .   µ  µ  

   µ  ,   µ       

 µ    , µ      

  µ . 
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6.2        µ    

 . 

 µ      µ    

µ      µ   µ µ    

 µ µ  µ  ( . . , , µ  .).  µ  

µ    µ   µ    µ  

      µ µ   µ , 

         .   

,      µ    

µ    .    µ ,   

µ   µ µ  ,    µ -

, µ      [20,24,43,44]: 

   µ   µ   µ  µ   

  . 

    . 

a

10 10

h

u

u
                              µ        

µ  µ    µ   µ     

µ     ( ,    

  µ  .)  
 

   µ  µ    µ ,   

µ      µ      ,  

µ  µ   µ  µ   ,   µ  

  ,   , µ  µ . 

        µ     

     µ  µ   µ    

NOABL. 

H µ  µ   µ   µ     µ    

µ   µ      µ  

µ     (µ  µ  ). 

 µ        

 µ   , µ µ   µ    

  µ  . 

  µ    µ        µ  

µ  µ   µ          

.           µ  

 . 

 

  µ   µ      µ       

.         µ   

µ       .     µ  

  µ       µ   1/7  1/4.  µ  

6.3       µ       

  µ . 
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µ  6.3.  µ   µ  µ      µ .. 

  µ     µ    µ  

        µ .    

  µ            

µ ,       µ  6.4. 

   µ µ   µ   µ    

 µ    ,       

µ .     µ    µ   

  µ     ,     

  µ  6.5          

µ µ      µ        

  µ    µ  µ  [20,25,43,44]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ  6.5.      . 

 :  ‘‘ µ ’’ 

(1999)  µ . 

µ  6.4.     µ . 
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  µ     µ     

: 

 µ       2                        

             . 

      2     . 

       10    . 

  µ  µ    µ  6.6   µ  6.7, 

     µ     µ  µ     

  . 

 

 

6.2.1      µ   µ  µ  . 

 

 µ      µ     

    µ    

µ      µ   

 µ        ,   

µ   

   

  µ . ’        

 

  .    µ    µ   

   µ   µ µ  µ    

 µ   µ µ  µ   µ  . 

 

µ  6.6.   µ     .  

µ  6.7.       µ . 
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 µ  µ  µ      

 

 : 

  

   µ       µ  µ  

. 

 µ     µ   µ  6.8    

      µ .  µ   

     (      µ ,   

µ           )  µ  

      µ      

µ  µ  6.9.  µ  6.10     

     µ .  µ  6.11

   µ    µ  µ     

 µ  µ     µ   µ  

 µ  . 

 

 

 

µ  6.8.  µ  .. 

 :   ‘‘ µ ’’ (

 µ . 

 

1999) 
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µ  6.9.   µ . 

 

 

. 

 :  ‘‘ µ ’’ (1999)  

 µ . 

 µ  6.11.      µ

µ  6.10.   . 
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 µ  µ µ          

  16       µ   3 . 

µ   . 

 µ       µ      

    µ     

µ          µ .  

    µ     .  µ  

6.12    µ  µ        

           µ   

    µ        

 µ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

µ  

µ  6.12.   µ . 

6.3        µ   µ  (  

). 

 

      µ  µ  µ     

µ    ,      µ  

 ,      µ  

 µ  (  µ   KW).  µ  -

µ    µ  µ     µ ,    

       µ   

       . 

     µ ,    µ    

      µ   µ    

µ  µ , µ        µ  

 µ     µ     µ   

 . 

µ          

µ    µ   µ       

  µ    µ . 

  µ      µ   

 ,    µ    µ   

µ . 
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6.3.1      µ  µ . 

 

 µ  6.14   µ  µµ     

  µ     µ  µ  [20,22,44]. 

          µ , 

  .   µ  µ    µ   ,    

      .  µ       

   µ .        

    ,  µ   µ    

µµ .     ,  µ   µ ,  -

    µ . 

 µ   µ      

   .    µ    µ  

 µ     .       

  µ  µ        

 ,  µ  « »  µ  (wake collapse). 

 µ  µ      µ   

  µ  µ . 

 

6.3.2     µ . 
 

 µ , ,      ’   

µ   µ  µ  ,    µ ,  

   µ .  µ    µ    -

µ      ,      

 µ    µ  ’   .     

µ            ,   µ  

 µ    µ   µ  6.13,   -

. 

 

 :  ‘‘    

 ’’  (1985) µ µ  

,

µ  6.13.   µ    µ  µ . 
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 :  ‘‘   

µ  ’’ (1990) 

 µ  ,  

µ  6.14.  µ  µ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  µ      µ   µ  

  µ    µ        

µ  .  ,      -

.    µ   µ   µ      

 µ   5 - 6 µ  µ  ,  µ  µ   

      µ  µ . 

 6 µ  µ        µ ,  µ  

  µ  µ     µ  Darrieus 
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   µ µ       µ . 

   µ  µ      µµ , 

  µµ     µ      µ  

,      . 

   µµ      µµ ,    

   Vermeulen  Boschloo    µ  6.15 

  µ     µµ    

µµ    µ      [24]. 

   µ       µ ,  µ -

   µ       , µ   -

   : 

 

2

2

r

b

r
693,0exp

Uc-U

U-U
 

 

: 

U:      µ        µ . 

Ur:     r,  µ . 

UC:      µ  µ   µ . 

b :   µ    µ ,       µµ   

  µ   µµ    µµ  .  

 

 

 :  ‘‘    

’’ (1999)  

µ . 

µ  6.15.  µ  µ       µµ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 µ  6.17  µ  µ   µ   

µ       µ   µ  

   µ   . . . 

   /       µ      

   µ  µ       /     -

   µ   µ   / . 

   µ       

     6.1. 
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  µ . TEMPLIN µ    µ     

  µ . 

 µ  µ . MOORE 3%   µ      36m 

 60m. 

  MOORE - TEMPLIN   µ     

 (6%    zo  0,01  0,12). 

 6.1.        µ .  

   

 

 

  µ        

µ     Lissaan,    µ  6.16. 

 :  ‘‘    

’’ (1999)  µ . 

 

 µ   µ       µ   

  µ µ   .       

µ µ   µµ  µ    µ   µ   µ  

 µ .    µ   µ  6.18. 

       µ     

µ        (   - ambient turbulence), 

      µ  (   - momentum generated 

turbulence)    µ     (rotor generated 

turbulence).        µ   

   µ  [4,38,43,44]. 

 

 :  ‘‘ µ ’’ (1999) 

 µ . 

µ  6.16.   µ  µ     Lissaman.  
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 :  ‘‘ µ ’’ (1999)  µ . 

µ  6.17.  µ        / . 
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 µ  6.18   ,      

µ , µ   µ  .      

 µ   µ  (transition zone)   µ  µ   . 

 

 :  ‘‘    ’’ 

(1999)  µ . 

µ  6.18.  µ    Lissaan. 

 :     µ      

 µ       .     

   µ        µ   µ   

µ      µµ   µ     . 

   µ           

    .        

      µ . 

 µ         µ  

 (potential core) µ µ   (U )   Rc.    

   U,      µ       

: 

 

Cx

C
25

RR

R-r
1

U

U
11

U

u 

 

 

 µ  µ         : 

 

 

 
dX

dR
R

3

331

      µ . 

 163



 :        ,    

        µ     

       .     

µ       : 

 
xx

25 r/RU/U-UU -1U1
U

u
 

 

 µ    (U )   µµ   µ     

: 

 

2

x

2

x

R

R

U

U
1

9

35
1

U

U
 

 

        µ ,   

 µ      µ .         

       µ        

. 

 22

m

2 VVV
 

 V         V m,V     

  µ        .  

   µ  µ    µ    : 

 2
1

22

m dX

dR

dX

dR

dX

dR 

 

 

        : 

 

0.51dX

dR 

 

 

   µ  0,03  0,05. 

 

        : 

 

T

2

m U

U
m   

m21

1-m
22,0

dX

dR
 

 

 µ    µ    50%    µ  

 µ     m  µ  2,    z  

   µ    m µ . 

 µ          

µ  µ     µ      

      µ µ  . 

 

 2
1

2
22

2m1m

1-m
22,0

0,51dX

dR
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 7
 

    

    
 

 

 

7.1    µ     µ . 

 

  µ   µ       

µ , µ     µ    µ ,    

µ          µ  

. 

  µ      ,    µ   

     µ µ   µ .   

 µ  µ   µ µ   , µ  

     ,   µ  µ   

µ ,  µ  µ   µ     

µ  . ’ ,  µ  ,    µ  

µ     µ ,    µ   

  µ  µ ,  µ    µ  µ  

  ,      µ .  µ  

µ  µ     µ µ      

    µ    µ  

µ  . ’ , µ      

 µ       : 

     µ   µ   

. 

  ,        

µ µ       µ µ   

  µ . 

    µ   µ ,   

, µ µ    µ µ  µ . 

 

7.2     µ µ    µ   µ . 

 

       µ µ     

 µ   . . .    60 µµ .  

 µ      µ    µ    

µ   .     µ     

    µ     µ  µ -

.      µ       

  µ   µ     µ   

µ   µ         

  µ  µ      µ µ    

 µ  . 
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 µ      60 µµ  µ    

, µ  µ   : 

µ      = 1.3 gr / cm
3
 

  . .= 24% . . 

µ  µ µ  µ  11% . .  

  . .= 7 mm / h 
 

 µ    µ  µ  ( )     

  Hu = 7 mm/ µ    µ   µ   

  de = 0.6 m.   µ   µ µ   

µµ µ   µ  ,       40%  

µ  . 

 µ     µ   300m x 200m  

  µ    µ  µ    µ  .  

µ     µ µ   µ      50 m
3
/h, 

  µ  µ     .  µ  

    5 m,   µ       

µ  µ      = 85%. 

 µ          

   µ     ,   

    µ  µ µ       

 .  µ        

       .          

  µ      : 

 

 

 

 

 

 

 

 

µ            

  : 

 

 · . . . = 60 . · 71.6mm = 4296m
3
  

 

To  µ     : 
 

 = . . / Hu 
 

 

 

 

 

 

 

 

 

 

 

mm 71.6. .

1000m6.0gr/cm3.1
85.0100

. . % 11-. . % 24
0.6. .

1000de
100

.....
6.0..

3

mm 60.84 . .

1000m6.0gr/cm3.1
100

. . % 11-. . % 24
0.6. .

1000de
010

.....
6.0..

3

µ 969.8
µ / mm 7

mm 60.84
E
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 µ        ,   

 µ , µ     µ     

: 

 

 

 

:    Q =      m
3
/h 

             E =  µ    µµ  

          . .=   µ   m
3

           H  =  µ  µ  µ      

              = µ     µ   µ  µ  

    
 

 

 

 µ    µµ      : 

 

 

 

 

:    l =    µµ    m 

        . .=   µ   mm 

         Lm =  µ    µµ   m 

             I =      mm/h 

             t = o    µ        

                      

 

 

 

 

      µµ     : 

 

 

 

           

   µµ ,        

 18 x 12 m. 

 µ   ,    : 

 

 

 

 

:     =  µ    

            Ln =  µ    µµ    m 

               =       µµ   m 

 

 

 

 
 
 
 
 
 

 

. .E
Q

h/m 408.39
 12 µ 9

m 71.6 . 60
Q 3

3

tI

Lm. .
  l

m1894.18
h 9)(12 mm/h  7

m 200 mm 71.6
l

m128.12
1.4

m18

1.4

l

16.1
Ln

N

m 2484.2316.1
m12

m 300
N
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     µ         

µ      : 

 

 

 

   µ   q = 1.66 m
3
 / h µ     

  µ          

  ,  7.1 , .     

µ    µ    µ      µ    

  .   

   µ  µ         

µ    1.65 m
3
/h.   µ     

µ             

µ µ  µ   . 

      : 

 

 

 

 

h/m 66.1
24

h/m 40

N

Q
q 3

3

l

Eq1000
i

:    i =    mm/h 

            q =    m
3
/h 

          E  = µ      µ  

             l =      m 

             =      µµ     

  

 

mm/h 6.5 49.6
12mm18

0.85h/m 65.11000
i

3

 

 

 

H    µ     (i = 6.5mm/h < 

. . = 7 mm/h)     µ   . 

    µ µ  µ       

: 

l < 0.65 D  D > l / 0.65 

 

D > 18m / 0.65 = 27.69m 

 

29.8 > 27.69 

 

           

    µ    µ   

 µ . 

  µ   µµ        

 : 
 

t = . . / i  

 

t = 71.6 mm / 6.5 mm /h = 11 . 
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 mm 
 

 atm 
 

 m3/h 
 

  m 

5,5  

2 

3 

4 

5 

1,19 

1,46 

1,69 

1,89 

28 

31 

34 

35 

6,5  

2 

3 

4 

5 

1,30 

1,59 

1,84 

2,05 

28 

31 

34 

36 

7,5 

2 

3 

4 

5 

1,87 

2,29 

2,65 

2,96 

29 

34 

36 

38 

 

 mm 
 

 atm 
 

 m3/h 
 

  m 

5,5  

2 

3 

4 

5 

1,19 

1,46 

1,69 

1,89 

28 

31 

34 

35 

6,5  

2 

3 

4 

5 

1,30 

1,59 

1,84 

2,05 

28 

31 

34 

36 

7,5 

2 

3 

4 

5 

1,87 

2,29 

2,65 

2,96 

29 

34 

36 

38 

 7.1 .      µ .  
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 mm  atm 
 

 m3/h 
 

  m 

5,0 x 2,5  

2,0 

2,5 

3,0 

3,5 

4,0 

1,37 

1,49 

1,65 

1,78 

2,05 

27,0 

28,0 

29,8 

31,0 

31,5 

 

 mm  atm 
 

 m3/h 
 

  m 

3,8  

1,5 

2,0 

2,5 

3,0 

3,5 

0,72 

0,83 

0,93 

1,00 

1,80 

23 

25 

26 

27 

28 

4,5  

1,5 

2,0 

2,5 

3,0 

3,5 

0,90 

1,04 

1,18 

1,29 

1,40 

24,0 

26,0 

26,8 

27,6 

28,4 

5,5 

1,5 

2,0 

2,5 

3,0 

3,5 

1,44 

1,62 

1,80 

1,98 

2,12 

26 

28 

29 

30 

31 

 7.1 .      µ .  
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 µ  µµ      : 

 

 = Lm / l  

 

A = 200m / 18m  11 µµ . 
 

 µ        µ   µ  µ  

   µµ       µ  µ ,  

22 µµ    150 m. 

O      (T)   µ   

µ   µµ   ( )    µ   µµ  

 (t)   . 

 

T = A · t = 11 · 11 =121 . 

 

    µ   µ     

µ   µ    108 ,  µ     

µ .      µ µ   µ     

µ     µ  µ     µ   

   µµ   µ  µ    µ . 

 µ     µ      

µ        µ   . 

 

Q = q · N 

 

Q = 1.65 m
3
/h · 24 = 39.6 m

3
 / h 

 

  µ   µ    µµ  , µ -

  : 

 

 

 mm 105    m105.0
3600

h/m 39.6
  D

3600

Q
  D

3

 

 

 

 

 

  40 m
3
/h  µ  110 mm     , 

µ     7.2    PVC     100 m 

 1.5 m,  1.5%.     µ   3%     

µ   110 mm  . 

µ    µµ    µ     :  

 

Q = 1.65 m
3
/h · 12 = 19.8 m

3
 / h 

 

  µ     : 

 

 

 mm 74    m074.0
3600

h/m 19.8
  D

3
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  20 m
3
/h  µ  75 mm     , 

µ     8.1    PVC     100 m 

 2.6 m,  2.6%.     µ   3%     

µ   75 mm  .      

     µ   .    

   : 

 
Ff

100

Le
  . . 

 

 

:    . .=     m 

                Le =  µ     m 

                   f =      m,  100m 

                  F =   

 

 

 

 7.2.         PVC.    

100 µ  .  
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   F     7.3    µ  

   µ  F = 0.376   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  7.3.    F  µ   µ   .  

 

 

m 1.46  0.376 m 6.2
100

m 150
  . . 

 

 

   µ   µ   µ    

µ µ . 

  µ µ    µ   µ     

µ   µ        µ   

 .      µ  . 

H µ        : 

 

                                                      5 m 

                 0.4 m 

     3 atm.             30 m 

   µµ      200 m              4.4 m 

  µµ    150 m          1.46 m 

µ                                        -- 

                                       2 m 

  µ  15%           6.5 m 

                      

                                                                                        49.74  50 m 

 

 

n270

HmQ
 

 
 

:     :      HP 

             Q :      m
3
/h 

          Hm :   µ µ   m 

              n :  µ      
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     µ    µ    µ  

   n = 0.69,   µ    -

. 

 
HP73.10

0.69270

m 50 h /m 40 3

 

 
 

  µ    µ   10%    

µ   µ          

    : 
 

  

KW 9   

128.11    HPHP
 

 
 

µ       µ  µ   

µ µ  µ , µ   µ   µ  7.1.  µ  

,  µ     µ    µ  

  ( . .1, . .2).   µ    

,         µ  

  µ         [21,44]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

µ  7.1.  µµ   µ µ  µ    

   µ . 

 

 µ  7.2   µ  µ  µµ    

,    µ       .   .2 

        µ    

  ,       

 µ     µ   µ     

µ    .    µ µ    

µ     µ  µ  µ   .1    

  µ      : 

 µ    µ µ    µ    

 µ    

 µ          

µ          

 µ    µ   µ  µ µ    

µ   . 
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    µ    µ  

µ ,      µ ,   .1 µ  

µ   ,       7     .2 µ  

 ,       12   µ  

 .  µ  7.3        

            µ  

 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ  7.2.  µ  µµ   µ . 

µ  7.3.   µ . 

:  1.  , 2. µ  µ , 3.  , 4.    

, 5.  µ , 6. µ µ , 7.  µ , 8.     

       , 9. , 10.  µ  µ  

µ , 11.  µ    , 12.      

, 13. , 14.    , 15.   

, .1.   , .2.   µ .   
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   µ    µ      

µ      µ    µ µ   

.          

µ .    .   µ  µ     µ   

   µ  ,  µ        

   µ    µ   µ , 

         µ  

µ    .  µ   µ   , 

    µ  .   µ  

µ   µ  µ     µ ,      

   ,     µ      

µ  . 

       µ   

  µ     µ   µ   

µ µ     µ     ,   

  µ .      µ µ   µ    

   : 

 µ  µ  /  µ  / 

µ  µ  (  /  / ) µ  µ    

 inverter. 

 µ   (dump load). 

 

   / /  (µ   - ) µ  µ  

 ,  µ      , 

  µ      µ   

,      µ    ,  

  µ    .      

,           

 -     µ   75%,   

  µ  .   µ      

      µ       

       µ      

µ  µ   µ  µ  inverter   . 
 

   µ   µ  µ   : 

  (inverter) µ  µ  µ  (Pure Sine Wave). 

           .  

            

  , µ  µ  µ .   

  (inverter) µ  µ  (Modified Sine Wave). 
 

    µ µ    µ   . 

          

  , µ   .  µ  µ µ  

   /   µ  µ .  

  µ   µ    µ     

  (µ     )   µ  

  µ   ( . . ),    

 µ  . µ   µ  µ      

    µ    .  µ  
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         µ  µ  

     µ ,      

  .  µ    µ   µ  µ  

µ      µ   (   

µ  µ ,    ,   µ  

 µ  .)     , µ  

µ        µ . ’   

   ,   µ    µ . 

 

7.2.1    ,      µ  

µ    –   –   . 

 

 µ    µ ,    µ  

µ       µ ,       

  µ ,     µ    

 µ   µ    µ  µ    

    . 

  µ  µ  ,  . .    

,     µ  µ    µ  

   ,   µ     

µ      µ   µ    µ   

  ,  µ   µ     µ  µ  .  

µ  µ , ,     

µ  µ    µ   µ  ,     

µ     µ  µ  µ  . 

    ,  µ     

µ  µ  µ  ,   µ   µ  

   µ   ,     

µ    µ   µ  ,   µ    

     µ  µ   µ  µ  

  µ         

µ  µ      µ  µ   . 

 µ   µ       µ   

  µ   µ  µ   µ   

 . .      µ . 

 µ  7.4   µ    µ  (    

µ      µ  µ ) AEG 85  D3.5- 

A9.6   µ     µ .    (cut in)  

 3m/s [44]. 

  7.4    ,     

µ    µ   ,        

µ  µ         µ    

        µ    

 µ     µ   µ   µ µ . 

           

µ  µ    ,    2001 [28].  

µ            

. . .    µ  µ   (1855/2-11-04)    

     µ .    µ      

µ  µ    21.23 / 38.37     45.8 
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µ              10 

µ .  

 

     µ     µ   m/s. 

       µ µ  µ , 

       ,   µ . 

    µ      µ  µ   

 µ    ( µ  6.5 ). 

     µ µ    Kwh   

µ  µ . 

 µ   µ      µ    

 1 m
2
. 

   µ      µ   µ   

  µ   µ      µ . 

 µ        µ    

    µ . 

   µ        

µ   µ . 

       µ   µ  

µ      µ     [20]. 

    µ    ,    

µ   2001 – µ  2001     µ  µ  

  7.4   µµ   µ  7.5. 

   µµ  µ µ   µ    µ  

 µ       µ      

    µ   µ   µ     

µ   µ  .  µ    ,    

     µ ,   µ   µ    

  µ   µ       µ   

µ   .   7.5  7.7   µ    

µ      µ   µ  7.6. 

 

µ  7.4.  µ   µ  AEG85 D3.5-A9.6 


 � � � � � � � � � 
 � � �
�� � �� � � �� � � �� � � �� � � �

� � � � � � � �  ! � � � � � � � � � � � � � � � � �  � ! � � � � � �" # $
%
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 7.4 

     

:   –        :  2001       :   

/  1 2 3 4 5 6 7 8 

 U (m/s) 

  

10m 

Hr Kw 

 /  

Kwhs 

A/K 

Kw  

µ   1m2 

( =0.08) 

Kw  

µ   

9.6m2

Kwhs  

µ  

 9.6m2

% 

 

1 0 4206 0 0 0 0 0 48 

2 1 546 0 0 0.0006 0.006 3.3 6.2 

3 2 750 0 0 0.005 0.05 37.5 8.6 

4 3 1038 0.08 83 0.016 0.16 166 12 

5 4 1026 0.16 164.2 0.04 0.38 390 11.7 

6 5 594 0.30 178.2 0.08 0.73 434 6.8 

7 6 348 0.50 174 0.13 1.3 453 4 

8 7 108 0.85 91.8 0.21 2 216 1.2 

9 8 48 1.00 48 0.31 3 144 0.5 

10 9 54 1.20 64.8 0.44 4.3 232.2 0.6 

11 10 18 1.50 27 0.61 5.9 106.2 0.2 

12 11 18 1.80 32.4 0.82 7.8 140.4 0.2 

13 12 6 2.10 12.6 1.06 10.2 61.2 0.07 

14 13 - 2.10 - 1.4 13 - - 

15 14 - 2.10 - 1.7 16.1 - - 

 8760  876   2384  

 

 

 

 

µ  7.5      µ   µ µ    

µ . 

 

2501

8

0

500

1000

1500

2000

2500

3000KWh

2384

96.8

  µ µ µ   /

2001

876
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    (      µ  µ   

µ )  µ   µ   µ   ,  

 µ    µ   µ   µ   µ  

   µ   µ   µ   µ   µ  

 µ      µ   µ      

     µ  µ  7.7. 

   W1   µ   V (  m/s), 

µ       : 

 

2
3

1 KW/m     
1000

V
613.0W  

 

 

  µ    W2  µ     : 

  

2
3

2 KW/m     
1000

V
363.0W  

 

    µ   µ    µ  

      µ µ     µ   µ  

µ  .  µ       µ  µ  

 , µ      .      

,   µ  µ   µ    

  µ     µ ,   µ   

µ          .   
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 7.5 

     

:  2001       :   

 :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 522 0 0 480 0 0 

2 1 0 0.006 36 0 0.21 24 0 0.144 

3 2 0 0.05 48 0 2.4 42 0 2.1 

4 3 0.08 0.16 36 2.88 5.76 66 5.28 10.56 

5 4 0.16 0.38 60 9.6 22.8 30 1.8 11.4 

6 5 0.30 0.73 6 3.24 4.38 6 0.3 4.38 

7 6 0.50 1.3 30 15 39 12 6 15.6 

8 7 0.85 2 6 5.1 12 6 5.1 12 

9 8 1.00 3    6 6 18 

10 9 1.20 4.3       

11 10 1.50 5.9       

12 11 1.80 7.8       

13 12 2.10 10.2       

14 13 2.10 13       

15 14 2.10 16.1       

   744 35.82 86.58 672 28.98 74.16 

          

    :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 240 0 0 246 0 0 

2 1 0 0.006 42 0 0.252 60 0 0.36 

3 2 0 0.05 102 0 5.1 96 0 4.8 

4 3 0.08 0.16 108 8.64 17.28 66 5.28 10.56 

5 4 0.16 0.38 96 15.36 36.48 108 17.28 41.04 

6 5 0.30 0.73 54 16.2 19.98 78 23.4 56.94 

7 6 0.50 1.3 60 30 78 36 18 46.8 

8 7 0.85 2 18 15.3 36 18 15.3 30.6 

9 8 1.00 3 18 18 54 - - - 

10 9 1.20 4.3 6 7.2 25.8 12 14.4 61.9 

11 10 1.50 5.9       

12 11 1.80 7.8       

13 12 2.10 10.2       

14 13 2.10 13       

15 14 2.10 16.1       

   744 110.7 272.88 720 93.66 253.02 
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 7.6 

     

:  2001       :   

 :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 222 0 0 300 0 0 

2 1 0 0.006 24 0 0.144 36 0 0.216 

3 2 0 0.05 90 0 4.5 78 0 3.9 

4 3 0.08 0.16 96 7.68 15.36 96 7.68 15.36 

5 4 0.16 0.38 114 18.24 43.32 144 23.04 54.72 

6 5 0.30 0.73 138 41.4 100.74 42 12.6 30.66 

7 6 0.50 1.3 24 12 31.2 24 12 31.2 

8 7 0.85 2 6 5.1 12    

9 8 1.00 3 6 6 18    

10 9 1.20 4.3 6 7.2 25.8    

11 10 1.50 5.9 - - -    

12 11 1.80 7.8 12 21.6 93.6    

13 12 2.10 10.2 6 12.6 61.2    

14 13 2.10 13       

15 14 2.10 16.1       

   744 131.82 405.84 720 55.32 136.02 

          

    :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 198 0 0 396 0 0 

2 1 0 0.006 72 0 0.432 66 0 0.396 

3 2 0 0.05 66 0 3.3 54 0 2.7 

4 3 0.08 0.16 186 14.88 29.76 72 5.76 11.52 

5 4 0.16 0.38 120 19.2 45.6 84 13.44 31.92 

6 5 0.30 0.73 72 21.6 52.56 42 12.6 30.66 

7 6 0.50 1.3 24 12 31.2 24 12 31.2 

8 7 0.85 2 6 5.1 12 6 5.1 12 

9 8 1.00 3       

10 9 1.20 4.3       

11 10 1.50 5.9       

12 11 1.80 7.8       

13 12 2.10 10.2       

14 13 2.10 13       

15 14 2.10 16.1       

   744 72.78 174.84 744 48.9 120.36 
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 7.7 

     

:  2001       :   

 :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 306 0 0 306 0 0 

2 1 0 0.006 48 0 0.288 60 0 0.36 

3 2 0 0.05 72 0 3.6 60 0 3 

4 3 0.08 0.16 120 9.6 19.2 126 10.08 20.16 

5 4 0.16 0.38 96 15.36 36.48 78 12.48 29.64 

6 5 0.30 0.73 60 18 43.8 30 9 21.9 

7 6 0.50 1.3 18 9 23.4 54 27 70.2 

8 7 0.85 2    12 10.2 24 

9 8 1.00 3    - - - 

10 9 1.20 4.3    - - - 

11 10 1.50 5.9    12 18 70.8 

12 11 1.80 7.8    6 10.8 46.8 

13 12 2.10 10.2       

14 13 2.10 13       

15 14 2.10 16.1       

   720 51.96 126.72 744 97.56 286.86 

          

    :  :  

/  1 2 3 4 5 6 7 8 9 

 U (m/s) 

  

10m 

Kw 

 

/  

Kw  

µ  

 9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

Hr Kwhs 

A/K 

Kwhs  

µ   

9.6m2

1 0 0 0 414 0 0 576 0 0 

2 1 0 0.006 54 0 0.324 24 0 0.144 

3 2 0 0.05 24 0 1.2 18 0 0.9 

4 3 0.08 0.16 30 2.4 4.8 36 2.88 5.76 

5 4 0.16 0.38 60 9.6 22.8 36 5.76 13.68 

6 5 0.30 0.73 54 16.2 39.42 12 3.6 8.76 

7 6 0.50 1.3 24 12 31.2 18 9 23.4 

8 7 0.85 2 18 15.3 36 12 10.2 24 

9 8 1.00 3 18 18 54 - - - 

10 9 1.20 4.3 18 21.6 77.4 12 14.4 51.6 

11 10 1.50 5.9 6 9 35.4    

12 11 1.80 7.8       

13 12 2.10 10.2       

14 13 2.10 13       

15 14 2.10 16.1       

   720 104.1 302.52 744 45.84 128.22 
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7.2.2     µ     µ   -

    µ . 

 

    µ  µ       

   µ ,   µ   µ   

,     µ    µ . 

       µ    µ   

     ,   . 

  µ  µ  µ      

µ  µ       (AEG  85 D3.5-

A9.6). µ     µ     µ    

  µ        µ   

µ   µ   µ    3.5 m/s,  µ µ   µ    

µµ  µ    µ   µ ,  µ    

 µ  µ      µ  µ .  

   µ  µ  µ    µ  

     µ  µ  

 .      µ      

  µ   µ ,      

    µ   µ      

. 

   ,      µ    

           

µ    µµ .        

            µ  

µ  µ µ   µ    µ   

 (peak)   µ      µ   

  µ     µ   .  

 µ  µ    µ     

 .        

    µ ,   µ   

µ      µ ,   

 ,  , µ  ,  

 , µ  . .    

       ,    

    ,    µ   

µ      µ   .   µ    

µ   µ        µ    

   5-10 .   µ  µ   µ   µ   

µ    µ     24  60   

      ,   µ   

  . 

  µ  µ       µ  

µ µ   µ    µ      

  µ      µ   µ .    

µ   µ        µ    

 µ       µ  .  µ   

         µ      

 µ  µ  µ     µ       
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µ    ,      

. 

  µ    µ  µ  (     

µ     µ     ), µ    

   µ .   µ        

         µ .    

 µ           

µ       µ  µ    .     

   µ          

µ  µ    µ  (inverter)     

 – µ . 

 µ     µ     

  ,       µ    

µ   . 

    µ          

   µ   µ  , 

    µ       

            . 

 

7.3     µ µ    µ   µ -

.   

 

  ,  ,   µ  

  µ        . 

 µ  µ       

   µ            

   µ   µ    

  µ  µ  . 

   µ      

  7.8     µ  7.8.       

  
 7.8 µ    . 

 

  

 (W) 

 

 

µ  

 (Wh) 

 2.500 2 5.000 

µ  4.000 0.5 2.000 

 400 15 6.000 

 –   150 7 1.050 

 /  200 5 1.000 

µ  600 10 6.000 

   345 10 3.450 

   24.500 

 µ   µ       

  AEG85 D3.5-A9.6   µ    µ  µ  

   25 / 3 / 2001,      µ  

µ    .   µ  µ   

µ  µ  µ    µ     µ   3 

m/s.  µ    µ     , µ  

µ   µ    µ  ( µ  7.4)    100W. 
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        µ     

        µ   

     .    µ  

 µ      µ   µ  

       ,   

.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     1      2      3      4      5      6      7      8      9    10    11    12    13    14    15    16    17    18    19    20    21    22    23    24 

        4

 
500 

    4000 

00 

00 

500 

    2000 

00 

000 

      500 

 0

    

       
       35 

 
        30

 
        2

 
    

 
        15

 
        1

 
    

 
              

W 

 

       µ   24500 Wh 

       µ     /  800 Wh                   

          µ       0 Wh 

          µ     /    -23700 Wh 

        µ  Pmax = 4000 W 

         Pmin = 100 W 

 

µ  7.8.   µ    µ   µ     

24.5KWh   µ  4KW. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 193



 8  

 

 –    

   
 

 

 

8.1     . 

 

   µ   µ  . . .,  µ  
.  µ  µ   ,    

µ  µ    µ   , µ    
   µ .     . . .,  

     ,   µ    
,  µ   ,     µ  
        µ  . 

 µ  µ  µ       
,          µ ,  

    µ ,   µ   ,   
       ,     

 ,    µ ,  µ      
 ,      .   µ  

  µ   µ   µ  ,   
µ   µ   µ  µ .     

 µ  µ    , .   
µ    µ    ,   
    (   , µ  

, µ   µ  ). 
 µ    µ  . . .    

      [19,27].    µ : 

 µ  µ  : µ  µ  µ  
,  . 

  :  µ  - ,  µ . 

 µ :   µ  µ    
 µ     ( , ). 

 µ  :  µ       
     µ   . 

  µ :   ,   
 , µ   µ  .  

   -       
:  -  ,      , 

µ  . 

  :     . 
 
 

       µ   µ  
      . µ ,  µ   
   µ        µ  
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.   , µ    – µ  ( µ ) 
,  ,     µ     

     .      
µ  ( µ )          
  µ ,   ,     

. 
µ           

.   µ        
    .   ,  µ   
       , µ     

     .    µ   
µ  µ     ,  µ     

 ,       µ  µ   
µ  µ    ( , µ  )   

 ,        [29,44]. 
 

8.2     . 

 

   – µ   µ      
   µ   ( )   .  

      µ   ( )  µ  
 [6,15,19,27]. 

 
8.2.1    µ . 

 

  µ   µ   (cash flow)   µ  
      µ  µ   µ    µ   

. 
    µ   µ     

       µ      
µ      µ .     

   µ   µ  ,   
     «   µ   µ  µ  

    µ »       
   µ . 

 µ  ( µ  )     µ  
  µ   (  , µ , )   

  µ  (  . .      . . .  
).  µ  ( µ  )    

  ,   ,    , 
 µ   . ..     (  µ  )    

µ  ( µ   µµ ). 
 

8.2.2      µ . 

 

    µ       µ   
  µ  µ    µ       

  µ   µ .  µ    (interest rate) 
   µ  µ       

      .     
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  µ         µ .  
    µ   µ     µ  ’ 

     µ . µ       
µ    µ   µ .     µ  

    µ ,  µ     
 µ     .    µ   µ  

    µ  (compounding)    
(discounting).   µ ,  µ   µ   µ  
µ , µ    µ   i       

µ .  C   µ  µ  µ      µ  ( . . 
 ), t  µ    (  )  St  µ   

  C µ    t   : 
 

St = C · ( 1 + i )t 

 
  ,       µ   

µ ,   µ  µ . µ    µ   
  µ  µ  µ  C.  C   µ  µ  

   µ     µ  µ   t   P   
   µ  C,   : 

 
P  = C · ( 1 + i ) -t 

 

8.2.3    µ . 

 

 µ    µ  µ    µ    
   µ .  µ   µ   µ   

 µ   µ     µ .   
µ  µ     , µ    µ     

    .  µ     
 µ     .  µ        
   µ     µ   

µ . 
       µ , 

   µ     µ   
µ     µ     µ .  µ  

µ   µ   µ      
  .     µ   µ ,    

  µ ,        µ   
µ   ,           

  (      µ ).     µ  
  µ µ  µ ,  µ   
µ  µ  (  µ )   µ  µ    

 µ          
 . 

 

8.2.4    . 

 

     µ      
  µ   (  ,  )  
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     µ     µ   
 . 

  µ      µ     
             

 (µ       ).   
   µ  µ        

,          
µ     µ    .   µ   

    ,       
 ,  µ       µµ  .  

 µ         µ  
 .     ,    

    µ .   µ    
        µ    

  .   ,  µ  µµ  µ  
  ,  µ       . 

 
8.2.5     µ . 

 

 µ µ   µ     µ    
,   µ   .    

   ,   ,     ,   µ   
     ,  µ        

 ,    µ   .  µ   µ  
   µ   ,     

       . 
 
8.3     µ  . 

 

     µ     µ   
µ       µ  - µ   
 µ   ,      [35,44]. 

   µ   µ     
    .     µ    
: 

      (   µ ,  
  µ  .)   µ   µ    

   µ  µ ,      

  µ  µ      

  µ     µ µ   (   
   ) 

      

   µµ     

   µ         
µ  

  µ   µ         
 ,  µ      

     µ . 
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 µ . 

    µ       
   µ      µ     

.     µ  µ   µ   ¼ 
    µ  µ    –    

 µ .       
µ        µ  8.1  

    µ   Kw    1981  3100 
 ($),  1987    1100$ µ    µ  [44]. 

 

 
3100

2200

1900 1860

1500
1250

1100

0
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3500

1981 1982 1983 1984 1985 1986 1987

 /
 K

w

 :  R. LYNETTE & ASSOC. CEC   
1989 WEA

µ  8.1.    Kw  . 

 

 

 

 

 

 

 

 

 

 µ      µ      
       µ .  µ  8.2, 

   µ   µ  µ   1981  µ  150 
µ    1988   µ  µ  µ  µ  

     17.302. 
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µ  / 150 1200 2459 4732 3922 2878 1347 614
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 :  R. LYNETTE & ASSOC. CEC  1989 WEA 

µ  8.2.   µ  µ   . 
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       . . . & .  µ  
µ    ,     2003 – 2004   

µ   (€ / Kwh) µ  µ  µ  µ  µ   
     µ  8.3. 

 

 :  - µ   µ  
, ‘‘  µ   ’’ 

(2003)  

µ  8.3.  µ  µ   µ  

: . . . & . . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   µ . 

  µ   µ       
    µ  µ    µ  

 µ . 

   µ  µ   µ    
µ , µ    µ ,     . 

   µ  µ      µ   
 µ     µ ,    

 µ ,    µ       
   µ   ,       

µ .  µ   µ     µ   
µ    µ  Kw. µ  µ   µ   

     µ        
µ       µ        

 µ  µ  . 

           µ     
    µ . 
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   µ . 

 
  µ  µ       

20 ~ 30 .      ,  µ    
 ,    µ  ,    

  µ    µ    µ   µ  
µ            

  µ µ  µ  ,     
   µ      µ   20 .  

     ,   µ ,   . 
µ     µ  µ   µ     

µ    [44]. 
µ       µ   µ    

µ  µ       µ     
µ  20    µ . 

 

 

8.4         µ  µ . 

 

8.4.1     . 

 

      µ µ  µ  µ  
      .    

  µ    NPV (Net Present Value)     µ  
µ ,           

µ    (   µ  µ     
   )        . 

    : 
 
 Ti

0i
t

tt
Ti

1i
t

tt
o

i1

DR

i1

DR
  -DNPV 

 
 

 
 i  , t   , Do    µ  0,   

  , Rt    µ  t  Dt    
µ  t. 

    µ       
 ,    µ     µ  

    .     
   ,  µ   ,     
µ     µ   µ  µ  1%  4%  

µ   µ     . 
      µ    µ  

 µ         ,   
   µ     .    µ   NPV   

 µ  µ ,    µ    NPV. 
         .    NPV  

,  µ      µ     
      .   NPV  , 
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µ      µ        
 .   NPV  µ ,      
.   µ   µ  µ   µ    µ   , 

 µ     NPV  µ   µ   µ  
( )   [6,27,34,35,41,44].  

 
8.4.2     . 

 

     µ    IRR (Internal Rate 
of Return)   µ   (  ) µ     

   µ     µ      µ  
.      µ      

   µ   µ . 
 µ µ        : 

 
 Ti

0i
t

tt 0
RR1

DR
NPV 

 
 

 IRR     µ    µ µ   µ    
µ   .    , 

    µ   µ  IRR.   IRR  
, µ     µ    µ    

,   µ  µ ,   µ  µ . 
    µ   IRR µ   µ     i 

µ    (   IRR  µ )  µ    
 (   IRR  µ ).     
     µ  IRR. 
     µ  2-3%    

µ   µ   µ   .       
    µ      µ     

µ       µ  . 
 i  µ     µ      

, : 
  IRR>i  µ  , 

 IRR=i   , 
       IRR<i  µ  µ  . 

 
 

8.4.3    . 

 
    µ   µ     

 µ ,  µ      . 
   µ µ     µ   µ  

  , µ     µ  
    µ . 

 µ            
µ  µ  µ  µ     (EPC, NPV, 

IRR). 
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  µ        
: 

  µ  (  ,  ) 

  ,  µ  (   , µ ) 

     

 µ   µ  (µ ) 

     (  ,   ) 

  µ  

      µ  µ . 
 
 

8.4.4        -  . 

 

  µ      , µ   
µ       µ   µ  .  

     µ       
µ     µ    µ . 

  (risk)          
      µ      

. 
  µ       , 

    µ   µ   , µ    
   . 

         
     µ  µ  µ  µ   

µ   . 
 µ  µ  µ  µ    µ ,   

µ  µ   µ    µ   µ . 
 µ   µ        

 µ    ,   µ    .. 
 µ    µ     µ    µ   

     µ       
. 

 
8.4.5     µ  . 

 

    µ  ,     
  µ       µ  µ  . . .   µ  

   µ       µ     
 µ  µ . 

   µ   EPC (€  Wh)    
: 

 

EP

MIR
  KWh) / (Euro EPC 

 
 

 I       €, M     
   €  , EP    µ    Wh 
 R     (   )   
: 
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n
i1-1

i
R 

 
 

 i     n     . 
    µ      µ   

   µ .    µ  Wh µ  µ   
µ   µ      µ   µ   µ    
       µ . 

 
 EPC < market price    µ  . 

 

 EPC = market price       ,  
 ,         . 

 

 EPC > market price     µ  . 
 

     µ  µ    10.5 m/s  
   0.35 ECU / Kwh   µ   µ  6.5 m/s 

    1.05 ECU / Kwh, µ  9.4,   3  
µ  [44]. 

 
8.4.6     . 

 
 µ    µ  µ  . . .,     . 

    µ  - µ     
 µ   10 – 20     µ     

µ  µ    µµ    . 
     ’         

  µ   µ ,   µ   µ   
.   µ    µ     µ  

  1 µ   3 , µ    µ   
µ      µ  µ . 

 µ        µ  
µ   20 Kw,         

 µ     12 µ   36 µ .    
,  µ   µ   µ ,    

 µ ,   µ ,       
(commissioning). 

     ,  µ     
µ   µ           

      µ  ,    µ   
        – . 

 
 

8.5    µ   µ  . . . 

 

8.5.1    µ    . 

 

    µ    ,  µ  
µ    15      . 
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 µ       µ   
  µ ,  µ   µ ,  µ   

    µ .       µ µ   
     (         

µ  / : “Wind Energy – The Facts”, European Wind Energy Association) 
 

  µ : 74-82% 

 µ : 1-6% 

  –  – µ : 1-3% 

   µ  (  ,  .): 1-5% 

  : 1-3% 

  µ : 1-5% 
 

 µ  µ   µ ,    
µ    µ , µ   µ   µ   ,  

 ,  µ      ,     
 µ  8.4. 

  µ     µ  µ   
: 

 µ   /  µ  

   

     

   

  µ  

 µ   Wh (      ) 

    
 

     µ        
µ  .   µ       

µ ,        µ  µ    
µ  . 

         µ   
,  µ    µ ,     

 .        µ  
      µ      µ  

(   : Danish Consultancy BTM Consult). 
   µ   µ       

, µ    µ     µ    
µ    µ  ,    µ  

  .  µ  8.5.     µ  
   µ    µ     

     µ      
µ  µ . 
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µ  8.5.   µ  Wh     µ  . 

 
   µ  Wh     µ  

 0,08-0,10 €/ Wh   µ  µ   µ   µ  µ  
0,03-0,07 €/ Wh   µ    µ .  µ  µ   

      ,     
µ     15-40%   , µ µ   

 µ . 
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 :  EWEA 1999 

µ  8.4.        µ . 
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8.6    µ  µ  . 

 

    µ  µ  µ    
µ           
  µ   µ   µ  ,  
µ   4 x 2 W.    

   µ  (   )   µ  
µ   µ    µ : 

     µ     =  876 Wh  ·      4 = 3.504 Wh 

     µ µ   C.F.=35,6% 
 

  

 

 € 

  –    
 
 

1.000 

   
 

3.000 

 µ    
 

2.000 

 µ  &   ( / ) 
 

42.500 

  µ  
 

1.500 

   50.000 

µ  µ  

 

 : 25% (  12.500 €) 
: 25% (  12.500 €) 

: 50% (  25.000 €) (µ  , µ  5 , 
  0,  µ  8%). 

 

µ  µ   

 

 µ     µ  µ  µ   .  
µ   µ   (    ). 

     ,    µ   i   
µ ,        : 

 
 

11

1
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N

N

i

ii

i

i

€ 4.6261
%811

%8€000.25
5

 
 
 
 
 
 
 

   

25.000€ 1 2 3 4 5 

 4261 € 4602 € 4970 € 5367 € 5797 € 

 2000 € 1659 € 1290 € 893 € 464 € 

 6261 € 6261 € 6261 € 6261 € 6261 € 

 207



µ  µ  

 

    µ    µ     
. . .     ,     . 

 
 (  €/ ) =   Wh · 0.07 €/KWh · 80% 

 

 80%   µ      µ  
µ  µ    . . . µ  . (   

   µ    µ  ). 

  µ    ( . . . www.rae.gr)    
  µ         

µ   µ µ      . 

 0.07 €/ Wh   µ    µ    . . . (  
µ       . . .  ,    

 , , µ ,  .      
 ). 

    µ    . 
     , µ   

 , , µ  . . (  µ   
 1-2%     / ). 

 

     & = 700 €/  
 

   ,    µ  .   
    µ  ( .  8   µ  

µ   20   ).    .  
  µ         µ  µ    

       . 
 15           

: 
 

. .= . .  · (1 – . .) · ( 1 / .  ) 
 

 . . =  , . . =  , .  =   (%) 
 . . . =     . 

 
  = 50.000 · (1 – 25%) · 6.67%   2501 € / . 

 
 µ       µ    

. 
   µ     : 

 
 

EP

MIR
  KWh) / (Euro EPC

 

Wh.504.3€700€000.5012.0
i1-1

i
R

n

 
EPC  1,87 €/KWh 

 

 208



  µ   µ  Wh   ,  µ   
   . . .,   µ   µ      

    µ    µ     
µ .     

 µ        . . .  (3.504KWh · 
0.07€/KWh = 245€ +   400€)       

,           
    (15 ), µ µ    µ    

µ  µ .     
 

NPV1(8%)  - 43.643 € 
 

NPV2(8%)  - 12.823 € 
 

µ         
µ      µ , µ  µ    

µ  µ     µ  . 
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