
        ,    , 
’             

 .     ,     
       .    -

         ,  
    .      

          -
          

 .        -
    ,      .

2.1    
         .    

     (  H   He)   
  .         .   

    (  )   -
,        2.1.     

         -
    1   5.250ºC (     

1               
         .     -

     Duf  e & Beckman, 2006.         
    -            

(     = 1)          -

2 
 

02_ANANEOSIMES PHGES ENERGEIAS.indd   902_ANANEOSIMES PHGES ENERGEIAS.indd   9 29/4/2013   3:24:03 29/4/2013   3:24:03 



10   

    ).       
             
 (  , , ,   , ,  
 ,  CFC . .). ,      

    ,      ( .  
2.1). 

 (   = 1),        .     
   (    ,    ,   , -

      ),         
( , ), ,  ,      .

 2.1             
    .        

 5.250ºC (         ), 
          . 

( : commons.wikimedia.org)

  
   

      

   
  5250ºC

  

   
   

  (nm)

 
 

 W
/(m

2  
m

)
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11 2:   

       (  99%) -
    0,3-2,5 m.       -
 :

1.     2 (  < 0,4 m) 

2.     3 (0,4 m <  < 0,7 m)4 

3.     5 (0,7 m < )

          
:

           -
 0,5-0,6 m (  ). 

            
  .

            
     .

             -
           . 

   ,     
          .  

            
      .       

     (      
    6),       

 (  0-90º). 

2 UV Ultra Violet.
3 Visible Radiation.
4 T          « » nm   400-700 nm.
5 Infrared Radiation IR.
6    « »  .
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12   

 

 2.2     «  » [Air mass], AM0, 1, 1,5 2.

        (    
    )    , 

 7,            
     .  1     
   (      0º).  

1,5  2    ~45º  ~60º  (  -
    ).  0    

       (     
 ).   2.3       

   0,          -
 5.777 8,      .      
    1.367 W/m2,         Gsc 

( . ).

7        Air Mass (  ).
8               

      ºC    K.
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13 2:   

  (nm)

  

  
  

 5777 K

 
 

 W
(m

2  n
m

)

0

 2.3             0 
         5.777 ,    -
  . 

( : commons.wikimedia.org)

  ,        
     (   ).  -
       (AM0)    

Gsc    ~1.367 W/m2 9,   1  2     ~1.060 W/
m2  ~880 W/m2 10.

H     ( )     
 ( ,   )   ,  -

      .     
           
.        ~45º ( 1,5)  

     11:

9          ~0,1%,      
   (Kaltschmitt et al, 2007, . 24).

10 , 1987, . 32.
11 Twidell & Weir, 2006, . 87.

02_ANANEOSIMES PHGES ENERGEIAS.indd   1302_ANANEOSIMES PHGES ENERGEIAS.indd   13 29/4/2013   3:24:04 29/4/2013   3:24:04 



14   

 52%  

 43%  

 5%  .

2.2        
 ’  

         300-700 km   
 12.       ,  ,  

   .     -
     , ,   (  -
   ~17 km    ).  99%     

     ~37 km   13.    
    ’    0,65 /100 m14,   

        .     
           -

     ,     -
 .          , -
,     ,   ,   3,  

,     CO2,   CH4,     
N2O,    CFC.     , 

            
             

   . 

    ( )     -
    ( )    (  

    )        ’ 
         . 

            
         .  -

           . 

         
   ,    ,     (  

12     .   . http://www-das.uwyo.edu/~geerts/cwx/
notes/chap01/tropo.html (10/9/2012). 
13 , 2004, . 34.
14 Kaltschmitt et al, 2007, . 28.
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15 2:   

   )    ,      
 (  )        .

         -
    .    Gg (  Gt)15     

      ,   Gsc    Gsc ( -
      ),   : 

 Gg = Gsc G 

 G        [transmis-
sion factor]          

     (    ).

        Gg  Gsc ~1.370 W/m2  
     (  ),       

( )     1.150 W/m2.

2.3    -  
( - ) 

H  -  (   )     
 16   5,6 1024 J   .   31% ’ 

      .   69%  
 17.         
   ,      . 
,     :

           
    

          

           
     (       

  )

15 g = global, t = total.
16        extraterrestrial solar radiation.  -

       .
17       Kaltschmitt et al, 2007.    (     

 )           , , . ., Twidell 
& Weir, 2006 / Sorensen, 2004 . .
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16   

 (  )       (  
)        (   ) 

     (      -
  ).

          (   ) 
    ,        

       .   2.4 
            

     .

 2.4          
    .

   
(   ) 

    
    

   ) 

   (  
 )    
     

     
     

    

    
    . 

  
    

02_ANANEOSIMES PHGES ENERGEIAS.indd   1602_ANANEOSIMES PHGES ENERGEIAS.indd   16 29/4/2013   3:24:04 29/4/2013   3:24:04 



17 2:   

H          
,       .   

      :

          
              

   

     (   )   -
  (     )   

      :   
    .

            
 (~  4%     18)   

 (     ,  . .). -
            

    (   ~14ºC = 287 K)19     
     (       

  287 K).          -
 (    )     (  -

)      ( )   .  -
       (   

   )        , 
          ~14ºC = 287 K   

    ~54ºC = 327 K20.    -
           
   40ºC (   ’         )  

     21. 

  22       (  ) 
        ,   -

   .

18 Kaltschmitt et al, 2007, . 31.
19 Twidell & Weir, 2006, . 101.
20 . . 
21           [Greenhouse effect] 

     CO2,     N2O    CH4,    
  [Greenhouse Gases/GHG].

22         . Kaltschmitt et al, 2007, . 23-32,  -
   Sorensen, 2004,  . 122-134.
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18   

2.4    -    
     

        (   )   
 23        : 

 24   25.        
        (   

),          ’   
 .         

       26,    . 
           

23 Total  global radiation.
24 Direct  beam radiation.
25 Diffuse radiation.
26             -

     . .

 2.5         . 
( : National Aeronautics and Space Administration (NASA))

   

 
 

100%

 
  

 6%

 
  

  
20%

 
   

  
4%

 
   

   
 

  
   16%

 
    3%

  
   

   7%

    
    51%

 
  

   
 

 
 

  -
  15%

  -
    

    
  

   23%

64% 6%
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19 2:   

        ( ,   -
)       .    

       ,    
           

 .        -
   27,    28: 

        t [total]29,   
     b [beam],        

  d [diffuse],      h [horizontal],   
          c [collector], 
   30       n.   

2.6   ,  ,     ’    
 (  albedo,        -

).

 2.6  ,      ’      
  .

27  subscripts.
28         .     

   .
29    g     global.
30 normal  perpendicular.
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20   

      o      -
  ,  ,   ,     

31 . .          
    ,       -
 ’    (       ’ 
  ),      .

    [solar radiation]    [solar en-
ergy]          « -

»     .    
   Joule (J)    (SI)    (Wh)   

(kWh).

     [irradiation or radiant exposure] -
     « »      
    32.    /  

       1 J/m2    (SI)    
     (1 Wh/m2, 1 kWh/m2).

    33 [irradiance]   -
             -
  ,    /      

   1 W/m2 (SI)  kW/m2.

   G       -
         .  -
,   Gt

34      ,  
 Gb         Gd   

   35.

31      radiation, irradiation, irradiance . .
32               -

     .   (  )      
                -

 (Wh  Wh/m2 ).
33               -

  .
34     Gg.
35              

             G -
     .          

(       )        .
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21 2:   

2.5          

2.5.1  
            

            
             

      (  )   
  36.       -
 ’   ,     37. 

   [latitude]:     (  )  
 (  ) 90º    +90º.

 ( )  [declination]):      , : 
, 23,45º      +23,45º.

 2.7     (declination)         
. 

36   ,          .
37               

  . 
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22   

  (slope):           
 (     ,      = 0). 

    [Surface Azimuth angle]: H   -
     (       -

,   =0         ) 180º    +180º

    h [hourly angle of the sun]:    =0 
           ,   

      .  h    -
     [True Solar Time TST].

2.5.2       -
      ( )

           -
     (    ),   

      ( - ),      
      .    -

   ,     ,      
    38. 

 2.8         
        .

38               . 
         .  ,  

       Duf  e & Beckman, 2006.
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23 2:   

         : 

cos  =  (cos  sin   cos  cos  sin ) sin  + (sin  cos  sin  + 
+cos  cos ) cos  cos h + sin  sin  cos  sin h (2.1)

  h         [True Solar 
Time TST]      LT39 [Local Time]      

          . 
      h:

 h = (LT 60 + 4 ( 0 ) + )/60 · 15  180 (2.2)

 

=  229,2 [0,000075 + 0,001868 cos   0,032077 sin   0,014615 cos(2 )  0,04089 
sin(2 )]

 = (n 1)360/365 

  n       (n = 1,2,3…365), 0   -
  ( 15º   Greenwich GMT)       

 .

     (  )  23,45º (  22 ) 
 +23,45º (  22 )        : 

  = 23,45 
2

cos
365,25

π
 (n+10) (2.3)

         (  
  = 0),     (1)     : 

 cos z = sin sin  + cos  cos  cos h (2.4)

        Gb,     
            

      Gb      -
,       , , 40     :

 Gb,  = Gb [sin  cos sin  cos  sin( )] (2.5)

39     . 
40                  

  (    ).     .
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24   

2.5.3       
    ( )

         -
        ,  -

  ,     .    -
            

   (         )41.  
       Gd,      

     Gd        
(  )    :

 Gd,  = ½ Gd (1 + cos ) (2.6)

2.5.4        
    ( )

 ( )          
  ( )       

             
.          -

    albedo AG (        
)  .   albedo AG      

        (  ,   -
).       ,     

 ( )     ( . .,  -
).  ,      0,7-0,9,   0,25-

0,35,       0,1-0,242. H  Gr,   -
 (re  ected)      : 

 Gr,  = AG Gg sin2( /2) (2.7)

 Gg (  Gt)      . 

41             -
                
     .     ,   -

         .   
. Kaltschmitt et al, 2007, . 37.         ,  
       . Duf  e & Beckman, 2006, . 85-113.

42 Kaltschmitt et al, 2007, . 38.
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25 2:   

2.5.5       
    ( )

    ,       
Gg,  (  Gt, )    ( )43     : 

 Gg,  = Gb,  + Gd ,  + Gr,  (2.8)

2.6       
   

          -
    : )      
 )   ( )   - .    

           
1,5%          -

 44. 

           
     45:

 G = Gsc (1+ 0,033
360

cos
365

n
) (2.9)

 G            
     n      . 

43               
       . Li D.H.W., Lam T.N.T, Chu, V.W.C., 2008, Relationship between 

the total solar radiation on tilted surfaces and the sunshine hours in Hong Kong, Solar Energy 82, 1220–1228.
44 Duf  e & Beckman, 2006, . 9.          -

   .
45  Duf  e & Beckman, 2006, . 9,         .
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26   

 2.9             .

           
,          

( . 2.2)      .        
,       .     -

      - ,   
 (   )  kWh/m2   . 

            -
 : )        )   -

 46     .    
  -      

   (     15-35° N  S)47.   
    .   2.10     

46   (  )            
       .

47   . Black J.N., The Distribution of Solar Radiation over the Earth's Surface  http://
www.springerlink.com/content/y247356868416374/fulltext.pdf (10/3/2012).
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27 2:   

          «   -
- »   kWh/m2.

    
 

  
 -

  
  

 kWh/m2

  

  

 2.10    -      . 
( : www.alternative-energy-resources.net)

2.7     
           

      ,  ,   . 
 ’      (    ), 

   .      :

            
          « ».

            
    ,     -

 .

      (   -
)          
  ,   .     -

            . 
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28   

    ,       -
 , ,   ,      
   . ,     ,    

   (     )   
         .

)         
    

          -
         (   -
      W/m2     -

)       10  15  30 min48. ’ -
           -
-  (    Wh/m2  kWh/m2)    
,  ,            

 .          
       (  10  30)49.  -

          -
 -          
   1955-199750. 

           (  
     1.787 kWh/m2),      -
 (    1.476 kWh/m2).

)          
   

            
     .   2.11   

          ( -

48          ( . ).
49              -

 , . .,     ,       
   (      )    « -
»        . 

50  20701-3/2010,    , ,  2010.
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29 2:   

   = 35,5º)        51. 
              

1200-1300,              -
  .          

          -
-    Wh/m2.       -
      (       

  = 35,5º)  5 kWh/m2/d 52.      (  
  15º  )   (  7 kWh/m2/d),   

    50º      3 kWh/m2/d53.

51               
.

52 , 2004.
53 . .

 2.11          (  
  = 35,5º)           

,     . 
( :       -

 )

 (h)

 
 

 (W
/m

2 )
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30   

)          
   

           
                

   .       -  
            10%,   

             
 . 

2.8      
         - ,  

       .    -
        ,      

  .    54    
      (   )  

   :   (     
   )    (     
   ).

            
.            -

  (        
        55)   -
    -        

  56.

          ( -
  kW/m2)    [pyranometer].     

          (~300-2.800 
nm),           -

   0-180º.      (   

54             
     (World Meteorological Organisation  WMO, http://www.

wmo.int/pages/index_en.html)         (International Standards 
Organisation  ISO, http://www.iso.org/iso/home.html).
57                

            «   ».
56   . Kaltschmitt et al, 2007, . 38-39.
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31 2:   

        )   
 57.            

     ’      
 .

 2.1      «    ».
( : commons.wikimedia.org)

57  ,   (    )      
    (   )          

.

02_ANANEOSIMES PHGES ENERGEIAS.indd   3102_ANANEOSIMES PHGES ENERGEIAS.indd   31 29/4/2013   3:24:07 29/4/2013   3:24:07 



32   

          -
 [pyrheliometer].       
     (  [tracker]),     -

        . 

         -
          , 

       .

 2.12     .
( : http://www.powerfromthesun.net)
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