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161718 )/(, %($ 1 *6$9+:60, %('343/)8 /38 6("1;.(8 *"4(.7(8. < %('1=)43.3 /1- 

)/(, 61+;/$µ3, >608 %($ 1 #">,18 /1- 61- µ* 4*,,($1=0"7( µ1- 6"1.:?*"*. < 

.-,*"4(.7( µ1- µ(@7 /1- ,$A'0 608 µ* 0?:+3.* 08 *6$./)µ1,( (++& %($ 08 

&,'"061. 

 

B6$6+:1, '( )'*+( ,( *-#("$./).0 /1, B67%1-"1 2('343/) C7%1 D(µ&.3 4$( /3, 

91)'*$( /1- .-µ91-+*;1,/(8 µ* (++& %($ 6(":#1,/(8 61+;/$µ( *"4(+*7(. < 
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B-#("$./A '*"µ& /1, 5". !,/":( B-./"(/$&=3 4$( /( *;./1#( .#>+$( %($ 

6("(/3").*$8 /1- 61- -6)"E(, 61+; #").$µ(. 

 

B67.38 ':+0 ,( *-#("$./).0 /1, ?7+1 µ1- F$A"41 G.*%1;"( (6> /3, =$6+0µ(/$%) 

/1- 16171- (,/+)'3%(, (6("(7/3/( ./1$#*7(. !?$:"0.* 61+; #">,1 – 6:"( (6> /( 

>"$( /38 =$%$&8 /1- *"4(.7(8 - A./* ,( %(/(./*7 (-/> =-,(/>. 
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BE*/&@*/($ :,( (-/>,1µ1 -9"$=$%> .;./3µ( 61- (61/*+*7/($ (6> ?0/191+/(M%& 

6&,*+, ($1+$%:8 µ3#(,:8, =;1 /(µ$*-/)"*8 µ* %(/&++3+3 -K1µ*/"$%) =$(?1"& %($ 

:,(, (,/+$1./">9$+1. < *,:"4*$( 6("&4*/($ (6> /$8 ($1+$%:8 µ3#(,:8 %($ /( 

?0/191+/(M%& ./1$#*7(. N (,/+$1./">9$+18 #"3.$µ161$*7/($ 4$( /3, (61')%*-.3 %($ 

/3, (E$16173.3 /38 *,:"4*$(8 µ* (61%+*$./$%) 634) /1, &,*µ1 %($ /3, 3+$(%) 

(%/$,191+7(. O3/1;µ*,1 /1- .#*=$(.µ1; *7,($ 3 %(/&++3+3 *%/7µ3.3 /0, µ*4*'A, 

/1- .-./)µ(/18 A./* ,( $%(,161$*7/($ 3 @)/3.3 *,:"4*$(8 (E$>6$./( µ* /1 

µ$%">/*"1 %>./18. < 6"1.:44$.3 61- *6$+:4*/($ 4$( /3, (,/$µ*/A6$.3 /1- 

6"19+)µ(/18 .#*=$(.µ1; *7,($ µ:.0 *,>8 ./1#(./$%1; µ1,/:+1- 6"1.1µ170.38 /38 

+*$/1-"47(8 /1- .-./)µ(/18 µ* 3µ*").$1 #"1,$%> 9)µ(. I-4%*%"$µ:,( =3µ$1-"4*7/($ 

3 .-,'*/$%) #"1,1.*$"& /38 @)/3.38 *,:"4*$(8, A./* ,( (,/$./1$#*7 .* 100 000 

&/1µ(, #"3.$µ161$A,/(8 /3, $./1"$%) #"1,1.*$"& /38 %(/(,&+0.38 *,:"4*$(8 /38 

36*$"0/$%)8 B++&=(8. B67.38 =3µ$1-"41;,/($ 1$ .-,'*/$%:8 #"1,1.*$":8 /38 

/(#;/3/(8 (,:µ1- %($ /38 =$&"%*$(8 3+$1?&,*$(8 µ* #").3 61+-µ*/(9+3/1; 

µ1,/:+1- 61- =$(/3"*7 /3, *µµ1,) µ* #").3 µ*/*0"1+14$%A, =*=1µ:,0, (6> 

./('µ> ./3, ,>/$( !//$%) (37.89N 23.71W). !,(+;*/($ 3 µ*'1=1+147( µ*/(/"16)8 

/38 =$&"%*$(8 3+$1?&,*$(8 .* 3+$(%) (%/$,191+7( %($ 1 /">618 -61+14$.µ1; /38 

3+$(%)8 *,:"4*$(8. P.1, (?1"& /3, ($1+$%) *,:"4*$( (,(+;*/($ 1 /">618 

-61+14$.µ1; /38 (,/$µ*/067@1,/(8 /3, *6$""1) /1- 3µ*").$1- #"1,$%1; 9)µ(/18. 

I-.#*/7@1,/($ µ* '*0"3/$%:8 .#:.*$8 µ*4:'3 /1- /(µ$*-/)"( 61- *7,($ (6("(7/3/( 

./3, 6"1.1µ170.3 /1- .-./)µ(/18. !,(+;*/($ 1 /">618 -61+14$.µ1; /1- %>./1-8, 

61- (61/*+*7 /3, (,/$%*$µ*,$%) .-,&"/3.3 61- *$.&4*/($ ./1 4*,*/$%> (+4>"$'µ1 µ* 

@3/1;µ*,1 /3, *+(#$./16173.3 /38. N 6*"$1"$.µ>8 61- *$.&4*/($ *7,($ 3 (./1#7( ,( 

*7,($ µ$%">/*"3 ) 7.3 /1- 100 ./1 µ)%18 6"1.1µ170.38 /0, 182 500 3µ*"A,. 

B?("µ>@*/($ 3 =$(=$%(.7( 9*+/$./16173.38 4$( =$(?1"*/$%:8 40,7*8 %+7.38 /0, 

3+$(%A, 6&,*+ A./* ,( 6"1%;K*$ 3 9:+/$./3. G( (61/*+:.µ(/( .-4%"7,1,/($ µ* 

(-/& 61- 6"1:%-K(, (6> .-,'*/$%:8 #"1,1.*$":8 µ* /( 7=$( ./(/$./$%& 

#("(%/3"$./$%& #0"78 >µ08 /3, =-,(µ$%) Hurst. BE*/&@1,/($ *67.38 .*,&"$( µ* 

6*"$1"$.µ> ./1, ("$'µ> /0, (,*µ14*,,3/"$A, %($ 47,*/($ (,&+-.3 *-($.'3.7(8 ./1, 

*E-63"*/1;µ*,1 6+3'-.µ>. 
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Abstract 
 
!n autonomous hybrid system is being analysed, which consists of photovoltaic 

panels, wind machines, two reservoirs with suitable height difference, and one pump-

turbine. The energy is generated by wind machines and solar cells. The pump-turbine 

is used for the storage and utilization of energy, using wind and solar radiation as its 

exclusive sources. The objective of the design is to properly assess the size of the 

system in order to satisfy energy demands reliably at the lowest cost. The chosen 

approach to address the design problem is by a stochastic simulation model of system 

operations with a daily time step. Specifically, a synthetic time series of energy 

demand is created to correspond to 100 000 people, using the historical time series of 

energy consumption in continental Greece. The synthetic time series of wind speed 

and sunshine duration are also generated using a multivariable model that maintains 

persistence using data from a meteorological station in southern Attica (37.89N 

23.71W). We analyze the methodology of converting sunshine duration to solar 

radiation and the way solar energy is calculated. As for the wind energy, its 

calculation method is analyzed by addressing the influence of the daily time step. The 

correlation with theoretical functions of reservoir characteristics is necessary to 

simulate the system. The calculation of the cost is analysed, which is the objective 

function introduced into the genetic algorithm in order to be minimized. The 

introduced restriction is that the failure is less than or equal to 100 in length 

simulation of 182 500 days. We apply the procedure of optimization to different 

angles of solar panels in order to obtain the optimum one. The results are compared 

with those derived from synthetic time series with the same statistical characteristics 

but without the Hurst dynamic. We also examine scenarios with a limited number of 

wind turbines and  perform a sensitivity analysis to the served population. 
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1 !&'$2324 
 

1.1 5*.&64 (7879:(0'0 
 

G$8 /*+*-/(7*8 =*%(*/7*8 :#*$ :"'*$ ./1 6"1.%),$1 /1 @)/3µ( /38 (6*E&"/3.38 (6> 

/( 1"-%/& %(;.$µ(. N 6"19+3µ(/$.µ>8 (-/>8 9(.7@*/($ ./1 4*41,>8 >/$ /( 

(61':µ(/( 1"-%/A, %(-.7µ0, =*, *7,($ (,*E&,/+3/(, ./$8 6*"$9(++1,/$%:8 

*6$6/A.*$8 61- 1?*7+1,/($ ./3, %(;.3 /1-8, %('A8 %($ ./3, :,/1,3 µ*/(9+3/>/3/( 

/0, /$µA, /1-8, *E($/7(8 4*061+$/$%A, %($ %*"=1.%16$%A, ($/$A,. G(-/>#"1,(, 3 

(E$16173.3 /38 6-"3,$%)8 *,:"4*$(8 µ:.0 6-"3,$%A, (,/$="(./)"0,, *%/>8 (6> /( 

6"19+)µ(/( (6>'*.38 /0, 6("(6"1M>,/0, /38, *,:#*$ /1, %7,=-,1 (./1#7(8 /1- 

:"41-, 3 6$'(,>/3/( /1- 16171- =*, *7,($ 61/: µ3=*,$%) %($ .* 6*"76/0.3 (./1#7(8 

/( (61/*+:.µ(/( *7,($ /"(4$%&. Q8 (61/:+*.µ( (-/A,, 1$ (,(,*A.$µ*8 634:8 

*,:"4*$(8 (!HB) :#1-, .-4%*,/"A.*$ /1 6(4%>.µ$1 *,=$(?:"1,, %('A8 .* (,/7'*.3 

µ* /( 1"-%/& %(;.$µ(, 6">%*$/($ 4$( (,*E&,/+3/*8 %($ 6*"$9(++1,/$%& ?$+$%:8 

µ1"?:8 *,:"4*$(8, *,A .* %(µ7( 6*"76/0.3 =*, -6&"#1-, (,/7./1$#1$ %7,=-,1$ µ* 

(-/1;8 /38 (E$16173.38 /38 6-"3,$%)8 *,:"4*$(8. 

 

N$ !HB :#1-, )=3 -$1'*/3'*7 6(4%>.µ$(, µ&+$./( %($ µ* /3, -61./)"$E3 /1- 

%"&/1-8, 6.#. µ* /3, µ1"?) *6$=1/).*0,. R-.$%& 1$ !HB *7,($, 6"18 /1 6(">,, 

1$%1,1µ$%& µ3 (,/(40,$./$%:8 .* .#:.3 µ* /( 1"-%/& %(;.$µ( %($ /3, 6-"3,$%) 

*,:"4*$(, *,A /(-/>#"1,( *7,($ (./('*78 634:8, (?1; =*, µ61"*7 ,( -6&"E*$ 

*44-3µ:,18 6"14"(µµ(/$.µ>8 /38 6("(404)8 *,:"4*$(8. H(">+( /( µ*$1,*%/)µ(/& 

/1-8, 3 (,(@)/3.3 *,(++(%/$%A, /">60, 6("1#)8 *,:"4*$(8 61- 9(.7@1,/($ ./$8 

!HB %"7,*/($ (6("(7/3/3. I/1 6+(7.$1 (-/>, @3/1;µ*,1 *7,($ 3 *%6>,3.3 

(E$>6$./0, µ*+*/A, .#*=$(.µ1; %($ 9$0.$µ>/3/(8 /:/1$0, :"40,. 

 

D$( *$=$%) %(/341"7( :"40, !HB *7,($ /( -9"$=$%& .-./)µ(/( 61- (61/*+1;,/($ 

(6> (,*µ14*,,)/"$*8 4$( /3, *%µ*/&++*-.3 /1- 6,:1,/18 (,:µ1- )/%($ 

?0/191+/(M%& ./1$#*7( 4$( /3, *%µ*/&++*-.3 /38 3+$(%)8 (%/$,191+7(8, .* 

.-,=-(.µ> µ* =;1 /(µ$*-/)"*8, µ* %(/&++3+3 -K1µ*/"$%) =$(?1"&, 61- .-,=:1,/($ 

µ* (,/+$1./">9$+1. G1 #"1,$%> =$&./3µ( 61- -6&"#*$ 6*"7..*$( *,:"4*$(8 (6> /$8 



! 0!

-6>+1$6*8 !HB, /1 ,*"> (,/+*7/($ (6> /1, %(/&,/3 /(µ$*-/)"( 6"18 /1, (,&,/3, 

*6$/":61,/(8 :/.$ /3, (61')%*-.3 *,:"4*$(8, *,A /1 -6>+1$61 =$&./3µ( 3 µ*/(?1"& 

,*"1; 47,*/($ %(/& /3, 1"') ?1"&, =3+(=) 6("&4*/($ *,:"4*$( (6> /1-8 ./"197+1-8. 

I-,*6A8, 1$ /(µ$*-/)"*8 *E(+*7?1-, /1 6">9+3µ( /38 (./&'*$(8 /0, !HB, (?1; 

*7,($ =-,(/>, ,( "-'µ$./*7 3 1+$%) 6("(404) *,:"4*$(8 /1- -9"$=$%1; .-./)µ(/18. 

 

I/3, B++&=(, 3 6("(404) 3+*%/"$%1; "*;µ(/18 9(.7@*/($ %-"708 .* 

'*"µ13+*%/"$%:8 µ1,&=*8 61- +*$/1-"41;, µ* +$4,7/3, *,A #"3.$µ161$1;,/($ %($ /1 

6*/":+($1, /1 ?-.$%> (:"$1 %($ /( µ*4&+( -="13+*%/"$%& :"4( . G( *++3,$%& ,3.$& 

61- =*, (,)%1-, ./1 =$(.-,=*=*µ:,1 3+*%/"1=1/$%> .;./3µ(, 3+*%/"1=1/1;,/($ 

%-"708 (6> *$.(4>µ*,( 1"-%/& %(;.$µ(, µ* 61+; -K3+> %>./18. G3, 7=$( ./$4µ) 1 

B++3,$%>8 #A"18, *%/>8 (6> /1, +$4,7/3 61- *E1";..*/($ ./3, B++&=( %($ (61/*+*7 

1$%1,1µ$%> /">61 6("(404)8 *,:"4*$(8, =$(':/*$ 6+1;.$1 -="1*,*"4*$(%>, 3+$(%> 

%($ ($1+$%> =-,(µ$%> 6"18 *%µ*/&++*-.3.  

 

1.2 ;.(&6*)µ*.7 (0+ *%2$')$+  
 

!,/$%*7µ*,1 /38 *"4(.7(8 *7,($ 1 .#*=$(.µ>8 *,>8 -9"$=$%1; .-./)µ(/18 61- 

6*"$+(µ9&,*$ (,*µ14*,,)/"$*8, 3+$(%& 6&,*+ %($ /(µ$*-/)"*8 µ* (,/+$1./"197+1-8, 

6"1.1µ1$A,1,/(8 /3, +*$/1-"47( /1- .-./)µ(/18 %($ 9*+/$./161$>,/(8 /( µ*4:'3 

/1- .#*=$(.µ1;. O3/1;µ*,1 /38 9*+/$./16173.38 *7,($ 3 %&+-K3 /38 @)/3.38 

*,:"4*$(8 *,>8 =*=1µ:,1- 6+3'-.µ1;, '*0"A,/(8 08 µ1,(=$%) 634) *,:"4*$(8 /1 

-9"$=$%> .;./3µ(, /1- 16171- @3/*7/($ 3 *+(#$./16173.3 /1- %>./1-8 %(/(.%*-)8 

/0, *6$µ:"1-8 :"40,.  

 

< :µ?(.3 /38 *"4(.7(8 =7,*/($ (?*,>8 ./3 =$*"*;,3.3 /38 9$0.$µ>/3/(8 *,>8 

/:/1$1- :"41- %($ /1, 6"1.=$1"$.µ> /0, 9(.$%A, µ*4*'A, /1- %($ (?*/:"1- ./3 

=$(/;60.3 µ$(8 6"1.*44$./$%)8 µ*'1=1+147(8 .#*=$(.µ1; -9"$=$%A, ./('µA,. 

!,(6/;..*/($ :,( µ*'1=1+14$%> 6+(7.$1 4*,$%1; .%161;, 61- %('$./& =-,(/) /3, 

*E(404) (61/*+*.µ&/0, 4$( =$(?1"*/$%:8 .-,')%*8 %($ 6("(=1#:8 (/;618 

(,*µ14*,,)/"$(8 )/%($ 3+$(%1; 6&,*+, µ*/*0"1+14$%& =*=1µ:,( %.(.) (6> (-/:8 61- 

*+)?'3.(, ./3, 6$+1/$%) *?("µ14). I/3, *?("µ14) (-/) *E*/&@1,/($ =$&?1"( 

.*,&"$(, µ* .%16> /1, 6"1.=$1"$.µ> /1- 9:+/$./1- .-,=-(.µ1; 6+)'1-8 



! /!

(,*µ14*,,3/"$A, %($ 3+$(%A, 6&,*+, >4%1- /0, /(µ$*-/)"0,, %('A8 %($ /38 

9:+/$./38 40,7(8 /161':/3.38 /0, 3+$(%A, 6&,*+.    

1.3 <&=%9%3'0 (0+ *%2$')$+ 
 

< =$6+0µ(/$%) *"4(.7( #0"7@*/($ .* 11 %*?&+($( %($ /"7( 6("("/)µ(/(. I/1 6(">, 

%*?&+($1 47,*/($ µ7( *$.(404) ./1 (,/$%*7µ*,1 %($ ./1-8 ./>#1-8 /38 *"4(.7(8. 

 

I/1 =*;/*"1 %*?&+($1 47,*/($ µ$( .-,16/$%) 9$9+$14"(?$%) *6$.%>63.3 61- (?1"& 

./$8 4*,$%:8 µ*'1=1+147*8 .#*=$(.µ1; %($ 9*+/$./16173.38 /0, -9"$=$%A, ./('µA, 

6("(404)8, 61- .-,=-&@1-, =$&?1"*8 634:8 *,:"4*$(8 %($ /">61-8 (61')%*-.38 

(-/)8. 

 

I/1 /"7/1 %*?&+($1 47,*/($ 3 /161':/3.3 /1- 6"19+)µ(/18 .#*=$(.µ1;. 

H*"$4"&?*/($ /1 .;./3µ( 61- *E*/&@*/($, /1 (,/$%*7µ*,1 /38 9*+/$./16173.38, 1 

/">618 6"1.:44$.38 /1- .#*=$(.µ1; %($ &++( *6$µ:"1-8 ':µ(/( 61- *E*/&@1,/($ 

./3, *"4(.7(. H("(':/1,/($ /( /*#,$%& .3µ*7(, 1$ 6("(=1#:8 %($ 1 *E16+$.µ>8 61- 

#"3.$µ161$)'3%(, ./1, 6$+>/1 *?("µ14)8 %($ 1$  9(.$%17 .-µ91+$.µ17. 

 

I/1 /:/("/1 %*?&+($1 *E34*7/($ 3 =$(=$%(.7( 6("(404)8 /0, .-,'*/$%A, 

#"1,1.*$"A, @)/3.38 /38 *,:"4*$(8. I-4%*%"$µ:,(, .-++:41,/($ =*=1µ:,( @)/3.38 

*,:"4*$(8 /38 36*$"0/$%)8 B++&=(8, .* µ3,$(7( %+7µ(%(, /( 1617( 

(=$(./(/161$1;,/($ 08 6"18 /3 µ:.3 /$µ) /1-8. D* #").3 /0, (=$(./(/161$3µ:,0, 

=*$4µ&/0, =3µ$1-"4*7/($ µ$( .-,'*/$%) #"1,1.*$"&, 3 1617( 61++(6+(.$&@*/($ µ* 

/1, µ3,$(71 µ:.1 >"1 /38 @)/3.38 *,:"4*$(8 /1- %&'* :/1-8. I/3 .-,:#*$(, 1$ 

#"1,1.*$":8 (,&41,/($ .* 3µ*").$1 #"1,$%> 9)µ(, '*0"A,/(8 608 %&'* 3µ:"( /1- 

µ),( :#*$ /3, 7=$( @)/3.3 .* *,:"4*$(. G:+18, 1$ 3µ*").$*8 /$µ:8 (,&41,/($ µ* 9&.3 

/1 µ:4*'18 /1- *E-63"*/1;µ*,1- 6+3'-.µ1;. 

 

G1 6:µ6/1 %*?&+($1 (,(?:"*/($ ./3, =3µ$1-"47( .-,'*/$%A, #"1,1.*$"A, 

/(#;/3/(8 (,:µ1- %($ =$&"%*$(8 3+$1?&,*$(8, µ* #").3 /1- 6"14"&µµ(/18 

«2(./(+7(». H"(4µ(/161$*7/($ 61+-µ*/(9+3/) ./1#(./$%) 6"1.1µ170.3 /0, =;1 

6("(6&,0 ?-.$%A, =$*"4(.$A, µ* =;1 /">61-8. < 6"A/3 (,(6("&41,/(8 /3, 



! =!

=-,(µ$%) Hurst ./$8 .-,'*/$%:8 #"1,1.*$":8 *,A ./3, &++3 µ* µ*$0µ:,1 .-,/*+*./) 

Hurst.  

 

I/1 :%/1 %*?&+($1 (,(+;1,/($ 1"$.µ:,*8 9(.$%:8 :,,1$*8 61- (?1"1;, /3, ($1+$%) 

*,:"4*$( (6.#. %(µ6;+*8 $.#;18, -K1µ*/"$%) (,(404) /(#;/3/(8 (,:µ1-) %($ 

(,/$µ*/067@*/($ 3 *67="(.3 /1- 3µ*").$1- #"1,$%1; 9)µ(/18 ./3, 6("(4>µ*,3 

($1+$%) *,:"4*$(. B$=$%>/*"(, 6*"$4"&?1,/($ 1$ .#:.*$8 61- 6"1.*447@1-, /3, 

µ*/(91+) /0, ./(/$./$%A, #("(%/3"$./$%A, /38 3µ*").$(8 6("(4>µ*,38 ($1+$%)8 

*,:"4*$(8, >608 (-/:8 6"1%;6/1-, (6> /$8 0"$(7*8 µ:.*8 /(#;/3/*8 (,:µ1-. G:+18, 

6*"$4"&?*/($ 1 /">618 -61+14$.µ1; /38 6("(4>µ*,38 *,:"4*$(8 µ* #").3 /38 

%(/(,1µ)8 4&µ( /"$A, 6("(µ:/"0, %($ 47,*/($ .;4%"$.3 /0, (61/*+*.µ&/0, /38 

6"1.1µ170.38 µ* /( 6"(4µ(/$%& =*=1µ:,(. 

 

I/1 :9=1µ1 %*?&+($1 47,*/($ µ$( (,/7./1$#3 *$.(404) ./3, 3+$(%) *,:"4*$(. 

H*"$4"&?*/($ 1 -61+14$.µ>8 /38 *E04)$,38 3+$(%)8 (%/$,191+7(8 .* *676*=( 

=$&?1"0, %+7.*0, %($ (,(+;*/($ 3 (,(4%($>/3/( =$*"*;,3.38 =$(?>"0, %+7.*0, 

/161':/3.38 /0, ?0/191+/(M%A, ./1$#*70,. !%>µ3, *E341;,/($ 1 /">618 

-61+14$.µ1; /38 3+$(%)8 (%/$,191+7(8 ./1 *676*=1 /1- *=&?1-8 %($ 1 -61+14$.µ>8 

/38 *,:"4*$(8 61- 6("&4*/($ (6> :,( 3+$(%> 6&,*+. 

 

G1 >4=11 %*?&+($1 (?1"& ./3, -="13+*%/"$%) *,:"4*$( %($ /1-8 /(µ$*-/)"*8 61- 

*7,($ (6("(7/3/1$ 4$( /3, *%µ*/&++*-.) /38. D*/& (6> µ$( .;,/1µ3 *$.(404), 

6*"$4"&?1,/($ /1 .;./3µ( /0, =;1 /(µ$*-/)"0, %($ 3 =$(=$%(.7( -61+14$.µ1; /38 

6("(4>µ*,38 *,:"4*$(8 %($ /38 (6($/1;µ*,38 *,:"4*$(8 &,/+3.38. I/3 .-,:#*$( 

(,(+;1,/($ 1$ /">61$ .-.#*/$.µ1; 1"$.µ:,0, #("(%/3"$./$%A, µ*4*'A, /1- 

/(µ$*-/)"( 61- (6($/1;,/($ ./3 .-4%*%"$µ:,3 *?("µ14). 

 

I/1 :,(/1 %*?&+($1 *%/$µA,/($ /( 6&4$( %>./3 %($ /( %>./3 .-,/)"3.38 %($ 

(,/$%(/&./(.)8 /1- 3+*%/"1µ3#(,1+14$%1; *E16+$.µ1;, %('A8 %($ /1 %>./18 

%(/(.%*-)8 %($ .-,/)"3.38 /0, ?"(4µ&/0,. 

 

I/1 =:%(/1 %*?&+($1 6*"$4"&?*/($ 1 (+4>"$'µ18 6"1.1µ170.38 /38 +*$/1-"47(8 /1- 

.-./)µ(/18, µ* (,(+-/$%) *E)43.3 /1- /">61- +*$/1-"47(8 /1- -9"$=$%1; ./('µ1; 

(++& %($ /38 =$(=$%(.7(8 -61+14$.µ1; /0, .#*/$%A, µ*4*'A,. !,(+;*/($, *67.38, 3 



! %!

=$(=$%(.7( 9*+/$./16173.38, >.1, (?1"& ./3,  *6$+14) /1- (+41"7'µ1- %('A8 %($ 

/3 =$(/;60.3 /38 ./1#$%)8 .-,&"/3.38 %($ /0, 6*"$1"$.µA,. 

 

I/1 *,=:%(/1 %*?&+($1 6*"$4"&?1,/($ /( .*,&"$( 61- *E*/&./3%(, %($ =7,1,/($ /( 

9(.$%& (61/*+:.µ(/(. !-/& (,(?:"1,/($ ./$8 9:+/$./*8 =$(/&E*$8 /1- .-./)µ(/18, 

/3 9:+/$./3 40,7( /161':/3.38 /0, 3+$(%A, 6&,*+ %($ /3, *-($.'3.7( /0, 

(61/*+*.µ&/0, ./1 µ:4*'18 /1- *E-63"*/1;µ*,1- 6+3'-.µ1;. !%>µ3, *E34*7/($ 

4$(/7 =*, *E*/&./3%(, .*,&"$( µ* /$8 *6$=1/1;µ*,*8 (6> /1 %"&/18 /$µ:8 4$( !HB. 

 

I/1 =0=:%(/1 %*?&+($1 .-,1K7@1,/($ /( 9(.$%& .-µ6*"&.µ(/( /38 *"4(.7(8, 61- 

(?1"1;, ./( #("(%/3"$./$%& µ*4:'3 /1- :"41-, /3, 1$%1,1µ$%) /1- 9$0.$µ>/3/( %($ 

/3, *-($.'3.7( /0, (61/*+*.µ&/0,. 

 

I/1 H("&"/3µ( ! %($ L 9"7.%1,/($ /( "(9=14"&µµ(/( .;4%"$.38 /0, ./(/$./$%A, 

#("(%/3"$./$%A, /0, $./1"$%A, %($ .-,'*/$%A, #"1,1.*$"A, 4$( /$8 =;1 

./1#(./$%:8 6"1.1.1µ1$A.*$8. I/1 H("&"/3µ( F =7,1,/($ /( ./(/$./$%& 

#("(%/3"$./$%& /0, %+&.*0, /38 ($1+$%)8 *,:"4*$(8 -61+14$.µ:,38 µ* /3, µ:.3 

0"$(7( /(#;/3/( (,:µ1-. I/1 H("&"/3µ( 5 (6*$%1,7@1,/($ /( =$(4"&µµ(/( /38 

*E04)$,38 3+$(%)8 (%/$,191+7(8 /38 3µ:"*8 /1- #">,1- %($ /38 .-,1+$%)8 3+$(%)8 

(%/$,191+7(8 /1- #">,1-, 4$( =$&?1"*8 40,7*8 %+7.*$8 ./3, /161'*.7( 61- 

*E*/&@*/($. 

 

 

 

 

 

 

  



! #!

 

  



! M!

2 !&'$2324 '($ ">%&?&6= '"'(4µ$($ 
 
< (6*E&"/3.3 (6> /( 1"-%/& %(;.$µ( :#*$ (6(.#1+).*$ :,/1,( /3, *6$./3µ1,$%) 

%($ 61+$/$%) %1$,>/3/( /$8 /*+*-/(7*8 =*%(*/7*8 6(4%1.µ708. R-.$%& :,(, (6> /1-8 

9(.$%1;8 +>41-8 (61/*+*7 /1 4*41,>8 >/$ /( (61':µ(/( 1"-%/A, %(-.7µ0, =*, *7,($ 

(,*E&,/+3/(, #0"78 >µ08 %($ ,( -6&"#1-, >µ08 (E$>6$./*8 *%/$µ).*$8 4$( /1 

µ*4*'>8 /1-8. S=$(7/*"3 .3µ(.7( =7,*/($ ./$8 6*"$9(++1,/$%:8 *6$6/A.*$8 61- 

1?*7+1,/($ ./3, %(;.3 /1-8. G1 6*"$..>/*"1 9&"18 =7,*/($ ./1 6*"$1"$.µ> /1- 

+*4>µ*,1- ?($,1µ:,1- /38 %+$µ(/$%)8 (++(4)8 %($ :#1-, 6("'*7 61+$/$%:8 

(61?&.*$8 4$( /3, (,/$µ*/A6$.) /1- >608, 4$( 6("&=*$4µ(, /1 6"0/>%1++o /1- 

2$>/1. “G1 6"0/>%1++1 /1- 2$>/1 61- =$(=:#*/($ /3 .;µ9(.3-6+(7.$1 /0, 

<,0µ:,0, B',A, 4$( /$8 %+$µ(/$%:8 µ*/(91+:8 […]. H*"$+(µ9&,*$ /$8 =*.µ*;.*$8 

61- :#1-, (,(+&9*$ 1$ *%9$1µ3#(,$.µ:,*8 #A"*8 4$( /1, 6*"$1"$.µ> /0, 1$%*70, 

*%61µ6A, 1"$.µ:,0, (*"70, 61- .-µ9&++1-, ./1 ?($,>µ*,1 /1- '*"µ1%3671-, 

-6*;'-,0, 4$( /3 ':"µ(,.3 /1- 6+(,)/3. N$ .-,1+$%:8 *%61µ6:8 /0, (,*6/-4µ:,0, 

#0"A, 6":6*$ ,( µ*$0'1;, /1-+&#$./1, %(/& 5 % /3, 6*"71=1 2008-2012 .* 

.;4%"$.3 µ* /( *676*=( /1- 1990.” 

(http://europa.eu/legislation_summaries/environment/tackling_climate_change/l28060

_el.htm). < B-"06(M%) T,0.3, 1 6+:1, :,'*"µ18 -61./3"$%/)8 /1- H"0/1%>++1- 

/1- 2$>/1 :'*.* /1, ?$+>=1E1 ./>#1 /1- *+:4#1- /1- %+7µ(/18, =3+(=) ':/*$ 08 

./>#1 3 .-,1+$%) µ:.3 */).$( (;E3.3 /38 '*"µ1%"(.7(8 /38 *6$?&,*$(8 /1- 

6+(,)/3 ,( µ3, -6*"9(7,*$ /1-8 2°C .* .#:.3 µ* /( 6"19$1µ3#(,$%& *676*=(. F$( 

(-/> /1, .%16> =3µ$1-"4)'3%* /1 «.#:=$1 20-20-20», ':/*$ ./>#1-8 4$( /1 :/18 

2020 /3 µ*70.3 %(/& 20% /0, (*"70, '*"µ1%3671-, /3 9*+/70.3 %(/& 20% /38 

*,*"4*$(%)8 (61=1/$%>/3/(8 %($ /3, (;E3.3 %(/& 20% /38 6"1.?1"&8 (,(,*A.$µ0, 

634A, *,:"4*$(8. < 1=347( '*.67@*$ -61#"*0/$%1;8 ./>#1-8 .;µ?0,( µ* /1-8 

16171-8 /1 µ*"7=$1 /0, (,(,*A.$µ0, 634A, *,:"4*$(8 ./3, /*+$%) %(/(,&+0.3 

*,:"4*$(8 /38 BB '( (,:+'*$ /1-+&#$./1, ./1 20% :08 /1 2020 %($ %('1"7@*$ 

*',$%1;8 .-,1+$%1;8 ./>#1-8 4$( %&'* %"&/18 µ:+18. H":6*$ ,( .3µ*$0'*7 608 µ7( 

>+1 %($ (-E(,>µ*,3 µ*"7=( /38 *6$./3µ1,$%)8 %1$,>/3/(8 (,/$µ*/067@*$ µ* :,/1,1 

.%*6/$%$.µ> /1 +*4>µ*,1 ?($,>µ*,1 /38 %+$µ(/$%)8 (++(4)8. 

 

G( 6("(6&,0 :#1-, *,/(#'*7 ./1, =3µ>.$1 =$&+141 .* :,( 6+(7.$1 :,/(E38 /38 

6"&.$,38 *,:"4*$(8 08 µ1#+> (,&6/-E38. < +*4>µ*,3 6"&.$,3 (,&6/-E3 #(7"*$ 



! <!

-K3+)8 =3µ1?$+7(8  /( /*+*-/(7( #">,$( *,A (61/:+*.* ./>#1 61++A, %-9*",).*0, 

./3, F3"(7( U6*$"1 %*"=7@1,/(8 /*+*-/(7( :=(?18 %($ ./$8 <,0µ:,*8 H1+$/*7*8. 

!?1"& /3, =3µ$1-"47( ./('µA, 6("(404)8 *,:"4*$(8 (6> (,(,*A.$µ*8 634:8 µ* 

.-4#"3µ(/1=>/3.3 (6> /1 %"&/18 – (?1; 1$ (,(,*A.$µ*8 634:8 *,:"4*$(8 

/1-+&#$./1, (%>µ( =*, *7,($ (,/(40,$./$%:8 – =3µ$1-"4A,/(8 µ* (-/>, /1, /">61 

':.*$8 *"4(.7(8. J6&"#*$ :,/1,3 %"$/$%) -61./3"7@1,/(8 608 ./$8 #A"*8 61- 

*?("µ>./3%* %(/(./"&?3%(, 6*"$..>/*"*8 ':.*$8 *"4(.7(8 (6> *%*7,*8 61- 

=3µ$1-"4)'3%(, *,A :#1-, 6("(/3"3'*7 %($ ?($,>µ*,( =$(?'1"&8 (Green, 2011).  

 

T,(8 (%>µ3 +>418 61- 1$ !.H.B. :#1-, :"'*$ ./1 6"1.%),$1 *7,($ 3 :,/1,3 

µ*/(9+3/>/3/( /0, /$µA, /0, 1"-%/A, %(-.7µ0,. N$ /$µ:8 /0, 1"-%/A, %(-.7µ0, 

=$(µ1"?A,1,/($ (6> /3, 6"1.?1"& %($ /3, @)/3.3. < @)/3.3 *E("/&/($ (61 /$8 

1$%1,1µ$%:8 .-,')%*8 *,A 3 6"1.?1"& (6> 6+3'A"( 6("(4>,/0, 61+$/$%A,, 

/*#,$%A, %.(.. B67.38 /( 1"-%/& %(;.$µ( (,)%1-, ./( 6("&404( 61- *µ61"*;1,/($ 

./1 #"3µ(/$./)"$1 *4*7"1,/(8 *"0/)µ(/( 4$( /1 *&, 3 /$µ) /1-8 .6*%1-+&"*/($. I/( 

I#)µ(/( 2.1 %($ 2.2 (6*$%1,7@*/($ 3 µ*/(91+) /0, /$µA, /1- 6*/"*+(71- %($ /1- 

?-.$%1; (*"71- (H34): Wolfram alpha). H("(/3"*7/($ 3 :,/1,3 µ*/(9+3/>/3/( /1-8. 

I-4%*%"$µ:,( :08 /1 E:.6(.µ( /38 =$*',1;8 1$%1,1µ$%)8 %"7.38 -6)"#* :,/1,3 

(-E3/$%) /&.3 (%1+1-'1;µ*,3 (6> µ$( %(/(%>"-?3 6/A.3. 

 
@#4µ$ 2.1 < µ*/(91+) /38 /$µ)8 /1- 9("*+$1; 6*/"*+(71- (51++("$() %('A8 %($ 3 

*+&#$./3, 3 µ:.3 %($ 3 µ:4$./3 /$µ) /1- 4$( /( #">,$( 61- (6*$%1,7@1,/($ ./1 

=$&4"(µµ(. 



! I!

 
@#4µ$ 2.2 < µ*/(91+) /38 /$µ)8 /1- ?-.$%1; (*"71- (51++&"$() %('A8 %($ 3 

*+&#$./3, 3 µ:.3 %($ 3 µ:4$./3 /$µ) /1- 4$( /( #">,$( 61- (6*$%1,7@1,/($ ./1 

=$&4"(µµ(. 

 

J9"$=$%> .;./3µ( (,(,*A.$µ38 *,:"4*$(8 %(+*7/($ :,( .;./3µ( µ* =;1 ) 6("(6&,0 

(,(,*A.$µ*8 634:8 *,:"4*$(8. I* (,/7'*.3 µ* /( 1"-%/& %(;.$µ( :,( -9"$=$%> 

.;./3µ( (,(,*A.$µ38 *,:"4*$(8 #"3.$µ161$*7 (,*E&,/+3/*8 %($ 6*"$9(++1,/$%& 

?$+$%:8 µ1"?:8 *,:"4*$(8 µ* /1 %>./18 /1- ,( 6("1-.$&@*$ .-4%"$/$%& µ*$0µ:,3 

(./&'*$(. G( -9"$=$%& .-./)µ(/( (,(,*A.$µ38 *,:"4*$(8  '*0"*7/($ 608 *7,($ 6$1 

(61=1/$%& %($ (E$>6$./( .* .;4%"$.3 µ* .-./)µ(/( 61- #"3.$µ161$1;, µ7( µ>,1 

634) (,(,*A.$µ38 *,:"4*$(8. G:/1$( .-./)µ(/( #"3.$µ161$1;,/($ ("%*/:8 ?1":8 .* 

(61µ(%"$.µ:,*8 6*"$1#:8 61- =*, *7,($ =$(.-,=*µ:,*8 ./1 3+*%/"1=1/$%> =7%/-1 

A./* ,( (,/$%(/(./).1-, /3, *,:"4*$( 61- 6"1:"#*/($ (6> 1"-%/& %(;.3µ(.  

 

N$ (,(,*A.$µ*8 634:8 *,:"4*$(8 61- *E*/&@1,/($ ./3, 6("1;.( *"4(.7( *7,($ 3 

($1+$%) %($ 3 3+$(%). P.1, (?1"& /3, ($1+$%) *,:"4*$( *%/$µ&/($ 608 ./1 /:+18 /1- 

2011 3 6(4%>.µ$( *4%(/*./3µ:,3 $.#;8 ($1+$%A, µ3#(,A, )/(, 238 GW. < 

6(4%>.µ$( (41"& ($1+$%)8 *,:"4*$(8 (,(6/;#'3%* %(/& 6*"761- 6% .* .;4%"$.3 µ* 

/1 2010 *,A µ>,1 /1 2011 *$.)+'(, 40 GW %($,1;"$(8 ($1+$%)8 $.#;18 61- 

(,/$./1$#1;, .* 50 =$.*%(/1µµ;"$( *-"A (Global Wind Energy Council). P.1, 

(?1"& /3, 3+$(%) *,:"4*$( µ:#"$ /1 /:+18 /1- 2010 3 *4%(/*./3µ:,3 $.#;8 

?0/191+/(M%A, ./1$#*70, )/(, 6*"761- 40 GW. G1 2000 3 *4%(/*./3µ:,3 $.#;8 



! &F!

?0/191+/(M%A, )/(, 1.4 GW µ* µ:.3 */).$( (,&6/-E3 6*"761- 49%  (Timilsina et 

al., 2011).  

 

N$ (,(,*A.$µ*8 634:8 *,:"4*$(8 *7,($ (./('*78 634:8, (?1; =*, µ61"*7 ,( -6&"E*$ 

*44-3µ:,18 6"14"(µµ(/$.µ>8 /38 6("(404)8 *,:"4*$(8. B61µ:,08, #0"78 %&61$1 

µ:.1 (61')%*-.38 *,:"4*$(8 =*, µ61"1;, ,( (,/$%(/(./).1-, /1-8 .-µ9(/$%1;8 

./('µ1;8 6("(404)8. D7( /:/1$( µ:'1=18 (61')%*-.38 *7,($ (-/) /38 

(,/+3.$1/(µ7*-.38. < µ:'1=18 (-/), (6($/*7 /3, ;6("E3 =;1 /(µ$*-/)"0,, 

(61'3%*;*$ *,:"4*$( ./3, -=&/$,3 µ1"?) (,/+A,/(8 ,*"> (6> /1, %(/&,/3 ./1, 

(,&,/3 /(µ$*-/)"(. P/(, *7,($ (6("(7/3/1 /1 (,/+3µ:,1 ,*"> #"3.$µ161$*7/($ 4$( 

/3, 6("(404) *,:"4*$(8 µ:.0 ./"197+0,. B%/$µ&/($ 608 µ:#"$ /1 2009 3 

*4%(/*./3µ:,3 $.#;8 (,/+3.$1/(µ7*-.38 )/(, 104 GW (U.S. Energy Information 

Administration).  

 

< µ:'1=18 (-/) :#*$ #"3.$µ161$3'*7 4$( /3, (61')%*-.3 *,:"4*$(8 .* 6*"$>=1-8 

#(µ3+)8 @)/3.38 – &"( %($ #(µ3+)8 (E7(8 – A./* ,( (E$161$*7/($ /$8 6*"$>=1-8 

-K3+)8 @)/3.38 (-E&,1,/(8 µ* (-/>, /1, /">61 /3, 6">.1=1. T,( :"41 61- 

%(/(.%*-&./3%* 4$( (-/> /1, .%16> *7,($ 1 ./('µ>8 (,/+3.$1/(µ7*-.38 

Kazunogawa. !"#$"%&'(%$) *# 2001 +*%, -)&.#/0 Yamnashi-Ken !"# $%&'()%#, 

:!"# #$!% 1600 MW !"# "$%&'(')&"# "$* +,% &"µ#'-&./'0 12/3&#!*&3&"0 19.2 !"# 

18.4 hm3 µ! "#$µ!%&'() *'+,$&- 685 m (D(µ&.38, 2011). T,( &++1 (E$1.3µ*70/1 

:"41 *7,($ 1 ./('µ>8 /38 Okinawa 61- !"#$%&'()*" $% 1999 *$% +)*, Okinawa !"# 

!"#$%&"'. (&%") *+ #,-*+ .,/+ 0%*1232'-!"µ#$%&'( )*% +,'&-µ*)*-$# ."/"&&-01 

!"#$. % &'()* +,- ".!/& 30 MW µ! µ"#$%&' ()'* +&,%-* 140 m (D(µ&.38, 2011). 

 

D7( &++3 #").3 (-/)8 /38 µ*'>=1- (61')%*-.38 *,:"4*$(8 – 3 1617( *E*/&@*/($ 

./3, 6("1;.( *"4(.7( – *7,($ 4$( /3, (,/$µ*/A6$.3 /38 #"1,$%)8 (,(,/$./1$#7(8 /38 

6("(404)8 %($ @)/3.38 *,:"4*$(8 .* !.H.B. < 61.>/3/( *,:"4*$(8 %($ 1 #">,18 61- 

6("&4*/($ =*, µ61"*7 ,( 6"1.=$1"$.'*7 *% /0, 6"1/:"0, ./$8 !.H.B.. B61µ:,08 

(6($/*7/($ 3 (61')%*-.) /38 >/(, -6&"#*$ 6*"7..*$( A./* ,( =$(/*'*7 >/(, 3 

6("(404) -61+*76*/($ /38 @)/3.38. T,( /:/1$1 .;./3µ( %(/(.%*-&@*/($ ./3, 

S%("7( %($ (61/*+*7 /1 6"A/1 (,&+141 -9"$=$%> .;./3µ( ./3, B-"A63. To !"#$%$&' 

!"#$%#&'() *$%+ ,('$-'. #(µ#/'00#1#/'& /2" '&+0&(3 #"4$%#&' ('& /2" 



! &&!

!"#$%&'()#*(+ ',-#.'*/. 01$)'&'2)/* /13 !"# µ$%&#"' (!&#)*+%,&$%#"' -,./µ#"' 

(DJ<I) !"#$ %&!'#$ ()*'!+&), -,# ./"0 ()*'!+&),, &!" #$%&$'( )*+'%, ,-. 

!"#$ %&'()*+*,-&*.'(, /.* /01(µ0-"2 -0'*., "-( (-&34*#&5#4* +(4 &* 6"-&'* 

!"#$%&' ()* +),)-&µ./ 0&1,2&' 3$2&' +41'(&'. ! "#$% &'()*+,'-., /*01(. 

1.05 MW, !"µ!#$%%!&!#$' #'( )*!+,!'%-.!'( #/) )*0+,/1#/( #$µ'!)#2+$ (!"#$ %"&') 

!"# $%& '#(#!)!* +&,(!+"#-. To !"#$, "%"#&$µ"!' ()$ *'! )#+*' ,-./ 0'#*12"3 

!"# $%&%'()µ(#" *(+%µ(#,. -!" ./#01(2%, '%!(/34#(!%2 .!5# 678- 9:!; 

!"#$%&'"(), *%+,#) 3.1 MW, !"#$ %&'()µ#"#)*+,-) .)- ,'/ "-&-.0.1 "&!(2*,'3 

!"#$!"#$% &$# &$'$()!"# *'+ ,"-'".+ &$'/ *"#./ ,"0$µ"1). To !"#$"%& '()%#, 

!"#$%&'() &!*+$) 2.4 MW, !"#$%&' &()#%&'" * +!+," -'+.&/&0*/($ !"# $%&"'# 

!"#$%&'()%!*!+ $,- *%' ,.%"-'*%/*-' )0'1 2&!*-µ'0'-#3%,- 4-, %! µ#%,5'&/ .#&'6 

!"# $%& !"#$ %#&' ()"'$ *(+,µ('- !"# $%& '! &()* +","-.-/ '&(,-'#"0 "+1 $)& 

!"#$ %&'( )*+,-./*01. ! "#$%&' (')'*$ +'*',-,$ "./*,0&'1 #23 45*&6&728 

!"#$%#&'()* +$%), -('$.'/ 012"#& 1&/ 10.96 GWh. ! "#$%&"'( ()*+ ",(%-". &'( */# 

!"#$%& '($ µ)*+!"#$%&' µ(%&') #*+ $+$%,$-./0+ .+.,/0+ #&' +12-&" ,-. 3!& #& 

!"#$, %&'(#')*#+",$ -.µ,+"(/0 ".+ ,+01/. 2&("#3'1),$ "#3 4&'µ(/#5 6#%(/#5 

!"#$µ%& '#(#)*)+,. (5B< !,(,*A.$µ*8). G1 .%("7?3µ( ./1 I#)µ( 2.3 6*"$4"&?*$ 

/3, +*$/1-"47( /1-. 

 

 
@#4µ$ 2.3 I%("7?3µ( /38 +*$/1-"47(8 /1- J9"$=$%1; B,*"4*$(%1; :"41- S%("7(8 

(6343: 5B< !,(,*A.$µ*8) 



! &0!

I/3, E++&=( 3 :,/(E3 /0, !.H.B. µ61"*7 ,( (61/*+:.*$ +;.3 />.1 4$( /( 

6"19+)µ(/( 61- (,(?:"'3%(, ./3, ("#) /1- %*?(+(71- >.1 %($ ./1 6">9+3µ( /0, 

µ3 =$(.-,=*=*µ:,0, µ* /1 3+*%/"1=1/$%> .;./3µ( 6*"$1#A,. G( ,3.$& /38 B++&=(8 

=*, .-,=:1,/($ µ* /1 3+*%/"1=1/$%> .;./3µ( /38 36*$"0/$%)8 #A"(8 µ* (61/:+*.µ( 

/1 (-E3µ:,1 %>./18 6("(404)8 *,:"4*$(8 %($ /3, *E&"/3.3 (6> *$.(4Aµ*,( 

%(;.3µ(. T,( -9"$=$%> .;./3µ( (,(,*A.$µ38 *,:"4*$(8 µ* =-,(/>/3/( 

(61')%*-.38 *7,($ :,(8 *,(++(%/$%>8 /">618 3+*%/"1=>/3.38. I/3, 6("1;.( 

*"4(.7( *E*/&@*/($ :,( /:/1$1 .;./3µ( µ* 634:8 /3, 3+$(%) %($ ($1+$%) *,:"4*$( 

61- (61'3%*;*$ *,:"4*$( µ* /3, µ:'1=1 /38 (,/+3.$1/(µ7*-.38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!  



! &/!

3 A7879:(0'0 (7" 8%7>/4µ$(7+ '#*?&$'µ7B ">%&?&6C. 
'"'(0µ=(3. $.$.*C'&µ0+ *.:%2*&$+ 
 

3.1 ,*%&2%$D4 6$& $.=/"'0 (0+ 8%7':22&'0+ (7" 8%7>/4µ$(7+ '#*?&$'µ7B  
 

BE*/&@*/($ :,( (-/>,1µ1 -9"$=$%> .;./3µ( µ*4&+38 %+7µ(%(8 61- (61/*+*7/($ (6> 

?0/191+/(M%& ./1$#*7(, ($1+$%:8 µ3#(,:8, =;1 /(µ$*-/)"*8 µ* %(/&++3+3 

-K1µ*/"$%) =$(?1"& %($ :,(, (,/+$1./">9$+1. < *,:"4*$( 6("&4*/($ (6> /$8 

($1+$%:8 µ3#(,:8 %($ /( ?0/191+/(M%& ./1$#*7(. N (,/+$1./">9$+18 #"3.$µ161$*7/($ 

4$( /3, (61')%*-.3 %($ /3, (E$16173.3 /38 *,:"4*$(8 µ* (61%+*$./$%) 634) /1, 

&,*µ1 %($ /3, 3+$(%) (%/$,191+7(. F7,*/($ 3 6("(=1#) 608 =*, -6&"#1-, *$."1:8 

%($ (6A+*$*8 ./1-8 /(µ$*-/)"*8.  

 

O3/1;µ*,1 /1- .#*=$(.µ1; *7,($ 3 %(/&++3+3 *%/7µ3.3 /0, µ*4*'A, /1- 

.-./)µ(/18 A./* ,( $%(,161$*7/($ 3 @)/3.3 *,:"4*$(8 (E$>6$./( %($ µ* /1 µ$%">/*"1 

%>./18. I-4%*%"$µ:,( 6"1.=$1"7@*/($ 1 .-,=-(.µ>8 6+)'1-8 (,*µ14*,,3/"$A,, 

6+)'1-8 3+$(%A, 6&,*+, >4%1- /0, /(µ$*-/)"0, %($ 40,7( %+7.38 ?0/191+/(M%A, 

./1$#*70, A./* ,( *6$/-4#&,*/($ 3 *+(#$./16173.3 /1- %>./1-8 *,A (61=7=*/($ 3 

61.>/3/( /38 *,:"4*$(8 61- (6($/*7/($.  

 

< 6"1.:44$.3 61- *6$+:4*/($ 4$( /3, (,/$µ*/A6$.3 /1- 6"19+)µ(/18 .#*=$(.µ1; 

*7,($ µ:.0 *,>8 ./1#(./$%1; µ1,/:+1- 6"1.1µ170.38 /38 +*$/1-"47(8 /1- 

.-./)µ(/18. < *6$+14) ./1#(./$%1; µ1,/:+1- 47,*/($ =$>/$ 4$( ,( -61+14$./*7 µ* 

(E$16$./7( 3 6$'(,>/3/( (./1#7(8 /1- .-./)µ(/18 '( 6":6*$ 3 6"1.1µ170.3 ,( :#*$ 

*6("%:8 µ)%18. F$( ,( 47,*$ *%/7µ3.3 /38 6$'(,>/3/(8 (./1#7(8 9 .* */).$( 9&.3 µ* 

:,( (61=*%/> +&'18 ±*9 %($ .-,/*+*./) *µ6$./1.;,38 4 (6($/1;,/($ 

m=(z(1+4)/2/*)2(1/9-1) #">,$(, >61- zp *7,($ /1 p 61.1./3µ>"$1 /38 /-6161$3µ:,38 

%(,1,$%)8 %(/(,1µ)8. J61':/1,/(8 9 = 6%, *=10% %($ 4=95% 6"1%;6/1-, 6*"761- 

m=6 000 #">,$( (Koutsoyiannis and Economou, 2003). G1 µ)%18 =3+(=) *7,($ /38 

/&E38 /0, #$+$&=0, #">,0,, 16>/* *7,($ 6"1?(,:8 608 6":6*$ ,( =3µ$1-"43'1;, 

.-,'*/$%:8 #"1,1.*$":8 /0, µ*/(9+3/A, *$.>=1- 61- ,( (,(6("&41-, /3, 

./1#(./$%) =1µ) %($ /( %;"$( ./(/$./$%& #("(%/3"$./$%& /0, $./1"$%A, 

#"1,1.*$"A,.  



! &=!

I-4%*%"$µ:,( =3µ$1-"4*7/($ 3 .-,'*/$%) #"1,1.*$"& /38 @)/3.38 *,:"4*$(8 

#"3.$µ161$A,/(8 /3, $./1"$%) #"1,1.*$"& /38 %(/(,&+0.38 *,:"4*$(8 ./3, 

36*$"0/$%) B++&=(. B67.38 =3µ$1-"41;,/($ 1$ .-,'*/$%:8 #"1,1.*$":8 /38 

/(#;/3/(8 (,:µ1- %($ /38 =$&"%*$(8 3+$1?&,*$(8 µ* #").3 61+-µ*/(9+3/1; 

µ1,/:+1- 61- =$(/3"*7 /3, *µµ1,). F$( /3, =$*"*;,3.3 /38 *6$""1)8 /38 *µµ1,)8 

./( (61/*+:.µ(/( /38 6("1;.(8 *"4(.7(8 =3µ$1-"41;,/($ *67.38 .-,'*/$%:8 

#"1,1.*$":8 /38 /(#;/3/(8 (,:µ1- %($ /38 =$&"%*$(8 3+$1?&,*$(8 µ* #").3 

61+-µ*/(9+3/1; µ1,/:+1- 61- =*, *,.0µ(/A,1-, /3, =-,(µ$%) Hurst. 

 

< +*$/1-"47( /1- .-./)µ(/18 #0"7@*/($ .* 3µ*").$( #"1,$%& 9)µ(/(. N$ µ*/(9+3/:8 

*$.>=1- 61- *$.&41,/($ .* %&'* #"1,$%> 9)µ( *7,($ 3 @)/3.3 *,:"4*$(8, 3 /(#;/3/( 

(,:µ1- %($ 3 3+$(%) (%/$,191+7(. F$( %&'* #"1,$%> 9)µ( -61+147@*/($ 3 *,:"4*$( 

(6> /( 3+$(%& 6&,*+ %($ /$8 (,*µ14*,,)/"$*8 61- 6("&4*/($ %($ *E*/&@*/($ (, 

*6("%*7 4$( /3, %&+-K3 /38 @)/3.38 *,:"4*$(8. B&, 3 *,:"4*$( 61- 6("&4*/($ *7,($ 

6*"$..>/*"3 (6> (-/) 61- (6($/*7/($ %($ 1 (,&,/3 /(µ$*-/)"(8 =*, *7,($ 6+)"38 

(,/+*7/($ ,*"> (6> /1, %(/&,/3 A./* ,( (61'3%*-'*7 *,:"4*$(. I/3, 6*"76/0.3 61- 

3 *,:"4*$( 61- 6("&4*/($ =*, *6("%*7 4$( /3, %&+-K3 /38 @)/3.38 =$1#*/*;*/($ ,*"> 

(6> /1, (,&,/3 /(µ$*-/)"( *?>.1, (-/>8 :#*$ *6("%) 61.>/3/(. I* &++3 6*"76/0.3 

=*, $%(,161$*7/($ 3 @)/3.3 *,:"4*$(8. < 6("(6&,0 =$(=$%(.7( 6*"$4"&?*/($ ./1 

.%("7?3µ( ./1 I#)µ( 3.1. 

 

B6$+:4*/($ /1 µ)%18 #"1,$%A, 93µ&/0, ./1 16171 /1 .;./3µ( 6":6*$ ,( µ3, (./1#*7 

– =3+(=) ,( µ3, %(+;6/*/($ 3 @)/3.3 *,:"4*$(8 - 6*"$..>/*"*8 ?1":8 (6> :,( 

1"$.µ:,1 >"$1. I* %&'* #"1,$%> 9)µ( 6"1.1µ1$A,*/($ µ* :,(, (+4>"$'µ1 3 

+*$/1-"47( /1- .-./)µ(/18 61- 6*"$4"&?3%* 6("(6&,0, -61+147@1,/($ 3 

6("(4>µ*,3 *,:"4*$(, 3 (,/+1;µ*,3/=$1#*/*->µ*,3 61.>/3/( *,:"4*$(8, /1 

(61'3%*-µ:,1 ,*"> ./1, (,&,/3/%(/&,/3 /(µ$*-/)"( %($ &++( ./1$#*7( /1- 

.-./)µ(/18, %('A8 %($ 3 (./1#7( *&, -6&"#*$. I/1 /:+18 /38 6"1.1µ170.38 

-61+147@*/($ /1 %>./18. BE*/&@1,/($ µ* (-/>, /1, /">61 =$&?1"1$ .-,=-(.µ17 

6+)'1-8 (,*µ14*,,3/"$A,, 6+)'1-8 3+$(%A, 6&,*+ %($ >4%1- /0, /(µ$*-/)"0,  - µ* 

#").3 /38 µ*'>=1- /0, 4*,*/$%A, (+4>"$'µ0, – A./* ,( 6"1.=$1"$.'*7 (-/>8 61- 

%(+;6/*$ /1 %"$/)"$1 /38 (./1#7(8 µ* /1 *+&#$./1 %>./18. 

 

 



! &%!

!

@#4µ$ 3.1 I%("7?3µ( 6*"$4"(?)8 /38 +*$/1-"47(8 /1- .-./)µ(/18 >61- !B *7,($ 3 

(6($/1;µ*,3 *,:"4*$( =3+(=) 3 *,:"4*$( 61- @3/*7/($, HB *7,($ 3 6("(4>µ*,3 

*,:"4*$( (6> /$8 ($1+$%:8 µ3#(,:8 %($ /( ?0/191+/(M%&, B! 3 *,:"4*$( 61- 

(6($/*7/($ A./* ,( (,/+3'*7 >+3 3 =$(':.$µ3 61.>/3/( ,*"1; /1- %(/&,/3 

/(µ$*-/)"(, 5B *7,($ 3 =$(':.$µ3 -="13+*%/"$%) *,:"4*$( /1- (,&,/3 /(µ$*-/)"(. 

 

F$( /$8 (,&4%*8 /38 *"4(.7(8 (,(+;*/($ 3 µ*'1=1+147( µ*/(/"16)8 /38 =$&"%*$(8 

3+$1?&,*$(8, 61- (61/*+*7 /3, µ*/(9+3/) /38 .-,'*/$%)8 #"1,1.*$"&8 61- 

=3µ$1-"4)'3%*, .* 3+$(%) (%/$,191+7( 61- *7,($ /1 µ:4*'18 61- #"3.$µ161$*7/($ 4$( 

/1, -61+14$.µ> /38 6("(4>µ*,38 3+$(%)8 *,:"4*$(8. P.1, (?1"& /3, ($1+$%) 

*,:"4*$( (,/$µ*/067@*/($ 3 *6$""1) /1- 3µ*").$1- #"1,$%1; 9)µ(/18 ./1, 

-61+14$.µ> /38 6("(4>µ*,38 *,:"4*$(8. I-4%*%"$µ:,( *&, 3 %(/(,1µ) /0, 

/(#-/)/0, (,:µ1- %(/& /3, =$&"%*$( /38 3µ:"(8 *7,($ =$(?1"*/$%) 4$( 3µ:"*8 µ* 

7=$( µ:.3 3µ*").$( /(#;/3/( (,:µ1- />/* 3 6("(4>µ*,3 3+*%/"$%) *,:"4*$( *7,($ 

=$(?1"*/$%). !,(6/;..*/($ µ$( µ*'1=1+147( A./* ,( -61+147@*/($ 3 6("(4>µ*,3 

*,:"4*$( µ* #").3 /38 µ:.38 3µ*").$(8 /(#;/3/(8 (,:µ1- #0"78 ,( (µ*+*7/($ 3 

=$(%;µ(,.3 61- µ61"*7 (-/) ,( :#*$. 

 

F$( /1, -61+14$.µ> /38 6("(4>µ*,38 -="13+*%/"$%)8 *,:"4*$(8 %($ /38 *,:"4*$(8 

&,/+3.38 ./1 µ1,/:+1 6"1.1µ170.38 *7,($ (6("(7/3/18 1 6"1.=$1"$.µ>8 /1- ;K1-8 



! &#!

/1- ,*"1; ./1, /(µ$*-/)"( .* %&'* #"1,$%> 9)µ(. F$( /1, .%16> (-/> *6$+:4*/($ µ$( 

'*0"3/$%) .#:.3 61- .-.#*/7@*$ /3, #0"3/$%>/3/(, /1 µ:4$./1 ;K18, /1 

(61'3%*-µ:,1 ,*"> %($ /1 ;K18 /1- ,*"1; ./1, /(µ$*-/)"(. 53µ$1-"4*7/($ µ$( 

'*0"3/$%) .#:.3 61- .-.#*/7@*$ /1 µ:4$./1 ;K18 /(µ$*-/)"( µ* /3, #0"3/$%>/3/( 

/1- A./* %(/& /3, =$&"%*$( /38 9*+/$./16173.38 ,( *7,($ =-,(/>8 1 -61+14$.µ>8 /1- 

;K1-8 /1- ,*"1; ./1, /(µ$*-/)"( 4$( /$8 =$&?1"*8 #0"3/$%>/3/*8 /(µ$*-/)"( 61- 

*E*/&@1,/($.  

 

F$( /3, *%/7µ3.3 /1- %>./1-8 (6>%/3.38 %($ *4%(/&./(.38 >.1, (?1"& /$8 

(,*µ14*,,)/"$*8 %($ /( 3+$(%& 6&,*+ '*0"*7/($ 4$( /1 %(':,( :,( %>./18 61- 

(,/$./1$#*7 .* :,( MW *4%(/*./3µ:,38 $.#;18. G1 %>./18 (,/+$1./">9$+1- 

'*0"*7/($ 608 *E("/&/($ (6> /3, *4%(/*./3µ:,3 $.#; /38 (,/+7(8 %($ (6> /3, 

µ:4$./3 6("1#) 61- '( =$:+'*$. G1 %>./18 %(/(.%*-)8 /0, /(µ$*-/)"0, 

-61+147@*/($ =3µ$1-"4A,/(8 µ$( '*0"3/$%) .#:.3 61- .-.#*/7@*$ /3, µ*/(91+) /1- 

%>./1-8 µ* /1, >4%1 /1- /(µ$*-/)"(. F$( >+( /( 6("(6&,0 -61+147@*/($ /1 */).$1 

%>./18 .-,/)"3.38 08 :,( 61.1./> /1- ("#$%1; %>./1-8. 

 

G1 %>./18 (,& DW *4%(/*./3µ:,38 $.#;18 /0, 3+$(%A, 6&,*+ *7,($ µ*4(+;/*"1 

(6> /1 (,/7./1$#1 %>./18 /0, (,*µ14*,,3/"$A, (/( 6("(6&,0 %>./3 (,(?:"1,/($ 

./1 2*?&+($1 9). !-/> =*, .-,*6&4*/($ >µ08 608 /1 %>./18 (,& MWh, =3+(=) /1 

%>./18 /38 6("(4>µ*,38 *,:"4*$(8, *7,($ µ*4(+;/*"1 4$( /3, 3+$(%) *,:"4*$( (?1; 

(-/> *E("/&/($ (6> /3, /(#;/3/( (,:µ1- %($ /3, 3+$(%) (%/$,191+7( ./3, 6*"$1#) 

61- *E*/&@*/($. 53+(=) *7,($ =-,(/>, µ$%">/*"3 *4%(/*./3µ:,3 $.#;8  ,( (61=7=*$ 

µ*4(+;/*"*8 61.>/3/*8 *,:"4*$(8. B67.38 3 #"1,$%) %(/(,1µ) /38 6("(404)8 

*,:"4*$(8 *63"*&@*$ /3, (6($/1;µ*,3 #0"3/$%>/3/( /1- /(µ$*-/)"(, &"( %($ /1 

/*+$%> %>./18. B&, 3 µ*/(91+) /38 6("(4>µ*,38 3+$(%)8 *,:"4*$(8 6"1.*447@*$ 

6*"$..>/*"1 /3, µ*/(91+) /38 @)/3.38 *,:"4*$(8 (6> (-/), /38 ($1+$%)8 *,:"4*$(8 

/>/* 3 3+$(%) *,:"4*$( 61- 6":6*$ ,( (61'3%*-'*7 *7,($ +$4>/*"3. G:+18, 3 

(6($/1;µ*,3 #0"3/$%>/3/( /1- /(µ$*-/)"( *E("/&/($ %($ (6> /3, */*"1.-.#:/$.3 

/38 3+$(%)8 (%/$,191+7(8 %($ /38 /(#;/3/(8 (,:µ1-. 53+(=) ./3, 6*"76/0.3 61- 3 

=$(':.$µ3 *,:"4*$( µ* 634) /1 :,( ?-.$%> ?($,>µ*,1 *7,($ µ*$0µ:,3 *,A 3 &++3 

*7,($ (-E3µ:,3 />/* *67.38 µ*$A,*/($ 3 (,&4%3 (61')%*-.38 *,:"4*$(8. 

 



! &M!

< =$(=$%(.7( 9*+/$./16173.38 61- 6*"$4"&?3%* 47,*/($ 4$( =$&?1"*8 40,7*8 %+7.38 

/0, ?0/191+/(M%A, ./1$#*70, A./* ,( 6"1.=$1"$.'*7 3 9:+/$./3, =3+(=) 3 40,7( 

4$( /3, 1617( *+(#$./161$*7/($ /1 .-,1+$%> %>./18 /1- -9"$=$%1; ./('µ1;. 

BE*/&@1,/($ ./1 µ1,/:+1 6"1.1µ170.38 =$&?1"*8 40,7*8 %+7.38 *6$6:=1-, *,A 

µ61"*7 ,( 6"1.=$1"$.'*7 *% /0, 6"1/:"0, 3 40,7( /1- *6$6:=1- 61- 6"1.676/*$ 3 

6*"$..>/*"3 *,:"4*$(, 4$(/7 (,&+14( µ* /3, 40,7( µ*/(9&++*/($ %($ 3 #"1,$%) 

%(/(,1µ) /38 6"1.676/1-.(8 3+$(%)8 (%/$,191+7(8. P608 (,(+;'3%* %($ ./3, 

6"1341;µ*,3 6("&4"(?1, 3 #"1,$%) %(/(,1µ) /38 6("(404)8 *63"*&@*$ /3, (,&4%3 

(61')%*-.38 *,:"4*$(8 &"( %($ /1 %>./18. 

 

3.2 ,&/7(&64 *D$%µ724 
 

I/3, 6$+1/$%) *?("µ14) /1- µ1,/:+1- ./1#(./$%)8 6"1.1µ170.38 %($ 

9*+/$./16173.38 -9"$=$%1; .-./)µ(/18 (,(,*A.$µ38 *,:"4*$(8 *6$+:4*/($ µ)%18 

6"1.1µ170.38 500 #">,$(, =3+(=) 6*"761- 182 500 3µ:"*8, /1 16171 *E(.?(+7@*$ 

$%(,161$3/$%) (%"79*$( %($ *-#:"*$( ./1-8 -61+14$.µ1;8. B6$+:4*/($ 3 (./1#7( ,( 

*7,($ µ$%">/*"3 ) 7.3 /1- 100 .* >+1 /1 µ)%18 6"1.1µ170.38, =3+(=) 1 ("$'µ>8 /0, 

3µ*"A, 61- 3 @)/3.3 *,:"4*$(8 =*, %(+;6/*/($ ,( *7,($ /1 61+; 100. N$ .-,'*/$%:8 

#"1,1.*$":8 @)/3.38 *,:"4*$(8 61- =3µ$1-"41;,/($ (,/$./1$#1;, .* 100 000 &/1µ( 

%($ -61+147@1,/($ µ* 9&.3 /3, %(/(,&+0.3 *,:"4*$(8 ./3, 36*$"0/$%) #A"( /38 

B++&=(8 *,A '*0"*7/($ 608 3 .-,1+$%) */).$( @)/3.3 *,:"4*$(8 6("(µ:,*$ ./('*"). 

F$( /3, =3µ$1-"47( /0, .-,'*/$%A, #"1,1.*$"A, /38 /(#;/3/(8 (,:µ1- %($ /38 

=$&"%*$(8 3+$1?&,*$(8 #"3.$µ161$1;,/($ µ*/*0"1+14$%& =*=1µ:,( (6> ./('µ> ./3, 

,>/$( !//$%) (37.89N 23.71W). F7,*/($ 3 6("(=1#) 608 1$ =;1 /(µ$*-/)"*8 /1- 

-9"$=$%1; ./('µ1; :#1-, /3, 7=$( #0"3/$%>/3/( %($ #("(%/3"$./$%&. < 

(,*µ14*,,)/"$( 61- #"3.$µ161$)'3%* 4$( /1-8 -61+14$.µ1;8 *7,($ 3 E-126 / 7.5 

MW /38 Enercon. G1 3+$(%> 6&,*+ 61- *6$+:#'3%* :#*$ $.#; 280 Wp. 

 

3.3 @Bµ>7/$ 
 

!%1+1-'1;, 1$ 9(.$%17 .-µ91+$.µ17 61- '( #"3.$µ161$3'1;, ./3, 6("1;.( 

*"4(.7(. 

 



! &<!

@: H("&µ*/"18 61- +(µ9&,*/($ 7.3 µ* 3 

I%: I-,1+$%> %>./18 %(/(.%*-)8 %($ .-,/)"3.38 -9"$=$%1; ./('µ1; 

H: JK1µ*/"$%) =$(?1"& µ*/(E; /38 ./&'µ38 /1- ,*"1; ./1-8 =;1 /(µ$*-/)"*8 

k: V0"3/$%>/3/( /(µ$*-/)"( 

L: H$'(,>/3/( (./1#7(8 

maxa

: D:4$./3 $.#;8 &,/+3.38 

maxq

: D:4$./3 6("1#) &,/+3.38 

nw: !"$'µ>8 *4%(/*./3µ:,0, (,*µ14*,,3/"$A, 

ns: !"$'µ>8 *4%(/*./3µ:,0, 3+*%/"$%A, 6&,*+ 

RE: O)/3.3 *,:"4*$(8 

s: !61'3%*-µ:,1 ,*"> ./1, /(µ$*-/)"( 

SE: B,:"4*$( 61- 6("&4*/($ (6> :,( 3+*%/"$%> 6&,*+ 4$( =*=1µ:,3 3+$(%) 

(%/$,191+7( 

SSE: B,:"4*$( 61- 6("&4*/($ (6> /1 .;,1+1 /0, 3+*%/"$%A, 6&,*+ ./3, 

*4%(/&./(.3 

4$( =*=1µ:,3 3+$(%) (%/$,191+7( 

SWE

: 

B,:"4*$( 61- 6("&4*/($ (6> /1 .;,1+1 /0, (,*µ14*,,3/"$A, ./3, 

*4%(/&./(.3  

4$( =*=1µ:,3 /(#;/3/( (,:µ1- 

WE: B,:"4*$( 61- 6("&4*/($ (6> µ7( (,*µ14*,,)/"$(  

4$( =*=1µ:,3 /(#;/3/( (,:µ1- 

z: I/&'µ3 ,*"1; ./1, /(µ$*-/)"( 

zmax: D:4$./3 ./&'µ3 /(µ$*-/)"( 

 

 

 

 

 

 

 



! &I!

4 @".9*(&6:+ #%7.7'*&%:+ E4(0'0+ *.:%2*&$+ 
 

4.1 !&'$2324 
 

53µ$1-"4*7/($ 3 .-,'*/$%) #"1,1.*$"& /38 @)/3.38 /38 *,:"4*$(8 61- (61/*+*7 

µ*/(9+3/) *$.>=1- /1- .-./)µ(/18. G1 µ)%18 /38 *7,($ 7.1 µ* /1 µ)%18 

6"1.1µ170.38, =3+(=) 500 #">,$(. F$( /3 =3µ$1-"47( /0, .-,'*/$%A, #"1,1.*$"A, 

@)/3.38 *,:"4*$(8 *6$+:4*/($ µ3,$(71 #"1,$%> 9)µ(, %('A8 .* µ$%">/*"*8 #"1,$%:8 

%+7µ(%*8 – >608 3 3µ*").$( 61- #"3.$µ161$*7/($ (6> /1 µ1,/:+1 6"1.1µ170.38 - 

=3µ$1-"41;,/($ :,/1,*8 µ*/(91+:8 /38 @)/3.38, 61- 1?*7+1,/($ .* /-#(71-8 

6("&41,/*8.  

 

4.2 @"//724 6$& *8*F*%2$')$ ?*?7µ:.3. 
 

!"#$%& .-++:#/3%(, /( =*=1µ:,( 3µ*").$(8 %(/(,&+0.38 *,:"4*$(8 4$( /3, 

36*$"0/$%) B++&=( (6> /1, !5D<B, 4$( /( :/3 2004, 2005, 2007, 2008, 2010 %($ 

2011. G( :/3 2006 %($ /1 2009 (61%+*7./3%(, +>40 /38 :++*$K38 =*=1µ:,0, 4$( 

%&61$( #"1,$%& =$(./)µ(/(. I/3 .-,:#*$( -61+147./3%* 3 .-,1+$%) %(/(,&+0.3 

*,:"4*$(8 %&'* µ),( %($ 1 µ:.18 >"18 /0, µ3,$(70, %(/(,(+A.*0, 4$( %&'* #">,1. 

I/1 I#)µ( 4.1 (6*$%1,7@*/($, *,=*$%/$%&, /1 =$&4"(µµ( /38 µ3,$(7(8 %(/(,&+0.38 

*,:"4*$(8 4$( /1 :/18 2011. 

 

5$($"A,/(8 /3, µ3,$(7( %(/(,&+0.3 *,:"4*$(8 µ* /1, µ:.1 >"1 /38 µ3,$(7(8 

%(/(,&+0.38 *,:"4*$(8 6"1%;6/*$ /1 (,/7./1$#1 61.1./>, 61- *%?"&@*$ /1 6>.1 

µ*4(+;/*"3 ) µ$%">/*"3 *7,($ 3 %(/(,&+0.3 *,:"4*$(8 /1- µ),( .* .#:.3 µ* /1, 

µ:.1 >"1. !=$(./(/161$A,/(8 /( µ*4:'3 @)/3.38 *7,($ =-,(/) 3 .;4%"$.3 */A, µ* 

=$(?1"*/$%:8 %(/(,(+A.*$8 *,:"4*$(8. < =$(=$%(.7( (-/) *?("µ>@*/($ 4$( >+( /( 

:/3. G( (61/*+:.µ(/( ?(7,1,/($ ./1, H7,(%( 4.1. 

 



! 0F!

 
@#4µ$ 4.1 D3,$(7( %(/(,&+0.3 *,:"4*$(8 /38 36*$"0/$%)8 B++&=(8, /1 :/18 2011. 

 

,).$6$+ 4.1 W>41$ µ3,$(7(8 %(/(,&+0.38 *,:"4*$(8 6"18 /1, */).$1 µ:.1 >"1 /38 

µ3,$(7(8 %(/(,&+0.38 *,:"4*$(8 %($ ./(/$./$%& #("(%/3"$./$%& /1-8 (µ:.3 /$µ), µ, 

%($ /-6$%) (6>%+$.3, !).  

!! !""#$ !""%$ !""&$ !""'$ !"("$ !"(($ !" #"
)$ "#$%&! "#$'"! $#(()! "#$%$! "#$*&! "#$**! "#$'+! $#$&$!
*$ $#(&(! $#(%&! $#("'! $#(')! $#("+! $#(*%! $#('&! $#$"+!
+$ $#(,*! $#(+,! $#(+$! $#($(! $#(+&! "#$$"! $#(+&! $#$'$!
,$ $#))"! $#($&! $#)+&! $#),"! $#)+(! $#)+,! $#),%! $#$"*!
+$ $#)((! $#(&'! $#('$! $#(*$! $#('*! $#)(%! $#(&$! $#$"(!
)$ $#(("! $#((*! "#$%+! "#$,*! "#$&+! $#(%*! "#$"+! $#$*%!
)$ "#&"&! "#"(*! "#&+,! "#&%"! "#&$)! "#&%$! "#&'$! $#$&(!
,$ "#""&! "#$(+! "#""(! "#"*%! "#&'*! "#"$(! "#"'+! $#$%"!
-$ $#(,&! $#(%)! $#(*(! $#()+! $#(%+! $#(()! $#(,$! $#$"(!
.$ $#(''! $#('*! $#(**! $#("+! $#(&%! $#(")! $#(&)! $#$""!
/$ $#(,&! $#())! $#(%'! $#(&"! $#($(! $#((&! $#(%+! $#$'%!
0$ "#$,'! "#$+&! "#$*)! $#(()! "#$")! "#$&%! "#$',! $#$&(!

 

4.3 <0µ&7"%2)$ '".9*(&64+ #%7.7'*&%=+ E4(0'0+ *.:%2*&$+ 
 

F$( %&'* µ),( -61+147@*/($ 1 µ:.18 >"18 %($ 3 /-6$%) (6>%+$.3 /0, =*=1µ:,0, /1- 

H7,(%( 4.1. I/3 .-,:#*$(, (?($"A,/(8 /3 µ:.3 /$µ) %($ =$($"A,/(8 µ* /3, /-6$%) 

(6>%+$.3 /1- (,/7./1$#1- µ),(, *?("µ>@*/($ 1 4"(µµ$%>8 µ*/(.#3µ(/$.µ>8 : 

 

!!P!Q"!R!#S!T!$ 

 

F$UVFF!

&$UVF#!

0$UVF#!

/$UVF#!

=$UVF#!

%$UVF#!

#$UVF#!

F! 0! =! #! <! &F! &0!

W.
+*
)*
!9
H(
:@
9,
5D
!Q
X
Y
ZS
!

'.H9D!



! 0&!

D* (-/>, /1, /">61 =3µ$1-"4*7/($ µ$( (=$(./(/161$3µ:,3 #"1,1.*$"& #0"78 

6*"$1=$%>/3/(, µ* µ:.3 /$µ) µ3=:, %($ /-6$%) (6>%+$.3 :,(, 4$( /3, 1617( 

-61+147@*/($ 3 (-/1.-.#:/$.3 6"A/38 /&E38. D* #").3 /0, 6("(6&,0 ./(/$./$%A, 

µ*4*'A, -61+147@1,/($ 1$ .-,/*+*./:8 /1- µ1,/:+1- (-/16(+$,=">µ3.38 /&E38 1, 

AR(1) /1 16171 =7,*/($ (6> /3 .#:.3 Vi=(Vi-1+Vi, >61- Χi 3 ./&.$µ3 (,:+$E3 .* 

=$(%"$/> #">,1, ( 3 (-/1.-.#:/$.3 6"A/38 /&E38 %($ Vi 1 +*-%>8 '>"-918 .* 

=$(%"$/> #">,1 (21-/.14$&,,38, 2007). 

 

G1 µ1,/:+1 AR(1) *?("µ>@*/($ 4$( /3, 6("(404) µ$(8 .-,'*/$%)8 #"1,1.*$"&8 

µ3,$(71- #"1,$%1; 9)µ(/18, µ)%1-8 6*,/(%1.70, */A,. G( ./(/$./$%& 

#("(%/3"$./$%& /38 $./1"$%)8 %($ .-,'*/$%)8 #"1,1.*$"&8 (6*$%1,7@1,/($ ./1, 

H7,(%( 4.2. 

 

,).$6$+ 4.2 I/(/$./$%& #("(%/3"$./$%& /38 $./1"$%)8 µ*/(.#3µ(/$.µ:,38 %($ /38 

.-,'*/$%)8 #"1,1.*$"&8 

)1234567$843931:54;$
!

-<9=:2567$843931:54;$
!

>$ $! ?$ $#$)!
1$ "! >:$ $!

4@(A$ $#$)! 1:$ $#((,!
 

I/3 .-,:#*$(, >+*8 1$ /$µ:8 /38 #"1,1.*$"&8 61++(6+(.$&@1,/($ µ* /3, /-6$%) 

(6>%+$.3 %($ 6"1./7'*/($ 3 µ:.3 /$µ) 61- (,/$./1$#*7 .* %&'* µ),(. X*0"A,/(8 /3, 

@)/3.3 *,:"4*$(8 /1- 2011 08 /3, @)/3.3 61- 6":6*$ ,( $%(,161$*7 /1 .;./3µ( 61- 

*E*/&@*/($, 1$ (=$(./(./161$3µ:,*8 /$µ:8 61- 6"1%;6/1-, 61++(6+(.$&@1,/($ µ* /1, 

µ:.1 >"1 %(/(,&+0.38 *,:"4*$(8 /0, µ3,A, /1- 2011. < @)/3.3 (-/) (,:"#*/($ .* 

4 290 GWh. 

 

X*0"A,/(8 6A8 3 @)/3.3 *,:"4*$(8 6("(µ:,*$ ./('*") ./3 =$&"%*$( %&'* µ),(, 

47,*/($ *6$µ*"$.µ>8 /38 =$($"A,/(8 /3, µ3,$(7( @)/3.3 µ* /$8 3µ:"*8 /1- µ),(. 

R-.$%& /( 6("(6&,0 (,(?:"1,/($ ./3, @)/3.3 *,:"4*$(8 >+1- /1- 6+3'-.µ1; /38 

36*$"0/$%)8 #A"(8, 1 161718, .;µ?0,( µ* /3, (614"(?) /1- 2001, (,:"#*/($ ./( 

9 626 424 &/1µ(. N 6+3'-.µ>8 61- *E*/&@*/($ ./1, 6$+>/1 *?("µ14)8, >608 :#*$ 

(,(?*"'*7, *7,($ /( 100 000 &/1µ(. B61µ:,08, 4$( /1, -61+14$.µ> /38 /*+$%)8 



! 00!

#"1,1.*$"&8, >+*8 1$ /$µ:8 @)/3.38 *,:"4*$(8 61++(6+(.$&@1,/($ µ* /1, >"1 100 000 

/ 9 626 424. G*+$%& ./3,  #"1,1.*$"& 61- =3µ$1-"4)'3%* 3 µ:.3 */).$( 

%(/(,&+0.3 *,:"4*$(8 /0, 100 000 (/>µ0, 6"1%;6/*$ 6*"761- 534.8 GWh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!  



! 0/!

5 @".9*(&6:+ #%7.7'*&%:+ ($#B(0($+ $.:µ7" 6$& 
?&=%6*&$+ 0/&$64+ $6(&.7>7/)$+ 
 

H"(4µ(/161$*7/($ 3 /(-/>#"1,3 4:,,3.3 .-,'*/$%A, #"1,1.*$"A, µ:.38 3µ*").$(8 

/(#;/3/(8 (,:µ1- %($ 3µ*").$(8 =$&"%*$(8 3+$1?&,*$(8 µ)%1-8 6*,/(%1.70, 

#">,0,. < 3+$(%) (%/$,191+7( 61- #"3.$µ161$*7/($ 4$( /1, -61+14$.µ> /38 

*,:"4*$(8 61- 6("&41-, /( 3+$(%& 6&,*+ 6"1.=$1"7@*/($ µ* #").3 /38 µ*/(9+3/)8 

/38 =$&"%*$(8 3+$1?&,*$(8. G( µ*/*0"1+14$%& =*=1µ:,( 6"1)+'(, (6> /1, 

µ*/*0"1+14$%> ./('µ> Y4$18 21.µ&8 ./3 ,>/$( !//$%) (37.89N 23.71W, The 

Hydrological Observatory of Athens) (6> >61- #"3.$µ161$)'3%(, %(/(4"(?:8 /38 

6*"$>=1- 27/02/2005 – 25/06/2012.  

 

S=$($/:"08 .3µ(,/$%>8 *7,($ 1 6"1.=$1"$.µ>8 /1- .-,/*+*./) Hurst, 3 ;6("E3 

µ(%"1#">,$(8 µ,)µ38 ) *µµ1,)8 ./$8 $./1"$%:8 #"1,1.*$":8 61- 6("1-.$&@*/($ .* 

("%*/:8 6*"$9(++1,/$%:8 61.>/3/*8, (?1; 3 6("&+3K) /1- ./( :"4( 61+$/$%1; 

µ3#(,$%1; µ61"*7 ,( 1=34).*$ ./3, +(,'(.µ:,3 =$(./(.$1+>43.3 /1- :"41-. 

B$=$%>/*"( ./3, .-4%*%"$µ:,3 *"4(.7( (, (µ*+3'*7 1 .-,/*+*./)8 Hurst (µ*+*7/($ 3 

.-4%:,/"0.3 #(µ3+A, ) -K3+A, /$µA, /38 /(#;/3/(8 (,:µ1- %($ /38 3+$(%)8 

(%/$,191+7(8. !-/> '( µ61"1;.* ,( 1=34).*$ ./3, -61=$(./(.$1+>43.3 /1- 

/(µ$*-/)"( (?1; '( (µ*+1;/(, /1 *,=*#>µ*,1 #(µ3+A, *$."1A, *,:"4*$(8 ./1 

.;./3µ( =$(=1#$%& :/3. N .-,/*+*./)8 <urst 61- #"3.$µ161$)'3%* *7,($ <(=0.84 

4$( /3, /(#;/3/( (,:µ1- %($ <3=0.84 4$( /3, =$&"%*$( 3+$(%)8 (%/$,191+7(8. 

 

N$ 6("(6&,0 /$µ:8 /1- .-,/*+*./) Hurst (,/+)'3%(, (6> /3, *"*-,3/$%) *"4(.7( 

/1- F. G.*%1;"( “I/1#(./$%) (,&+-.3 %($ 6"1.1µ170.3 -="1µ*/*0"1+14$%A, 

µ*/(9+3/A, (,:µ1- %($ )+$1-”. < µ:'1=18 61- (%1+1-')'3%* 4$( /1, 6"1.=$1"$.µ> 

/0, /$µA, /1- .-,/*+*./) Hurst ./( =;1 (-/& µ*4:'3 )/(, ("#$%& 3 %(/(.%*-) 

.-,'*/$%A, #"1,1.*$"A, 4$( %&'* µ7( (6> /$8 =;1 µ*/(9+3/:8, µ:.3 /(#;/3/( 

(,:µ1- %($ =$&"%*$( 3+$1?&,*$(8, µ* /3, µ:'1=1 /0, /-#(70, =$(%-µ&,.*0, 

61++(6+)8 %+7µ(%(8 (Koutsoyiannis 2002). F$( /3, .;,'*.3 /1-8 #"3.$µ161$)'3%* 

µ7( '*0"3/$%) /$µ) /1- .-,/*+*./) <urst ./3 .-,&"/3.3 (-/1.-.#:/$.38 3 1617( 

*7,($ %1$,) 4$( >+*8 /$8 .-,'*/$%:8 #"1,1.*$":8. I/1 /:+18 /38 =$(=$%(.7(8 

-61+147./3%* 3 6"(4µ(/$%) /$µ) /1- .-,/*+*./) <urst 61- 6"1:%-K* 4$( %&'* µ7( 

(6> (-/:8 µ* /3, µ:'1=1 LSSD. D* =1%$µ:8 '*0"3/$%A, /$µA, /1- .-,/*+*./) Hurst 



! 0=!

%($ .;4%"$.3 /0, $./14"(µµ&/0, /0, .-,/*+*./A, Hurst /0, .-,'*/$%A, 

#"1,1.*$"A, µ* (-/& /0, $./1"$%A, 6"1:%-K(, 1$ /$µ:8 /1- .-,/*+*./). 

 

D* #").3 /0, ./(/$./$%A, #("(%/3"$./$%A, /0, $./1"$%A, #"1,1.*$"A, /38 

/(#;/3/(8 (,:µ1- %($ /38 =$&"%*$(8 3+$1?&,*$(8 /1- ./('µ1; %($ /0, .-,/*+*./A, 

Hurst 61- (,(?:"'3%(, 47,*/($ 3 61+-µ*/(9+3/) ./1#(./$%) /1-8 6"1.1µ170.3 4$( 

/3, 4:,,3.3 .-,'*/$%A, #"1,1.*$"A, =$&"%*$(8 500 */A,. < =3µ$1-"47( 

61+-µ*/(9+3/1; µ1,/:+1- *7,($ $=$($/:"08 .3µ(,/$%) (?1; +(µ9&,*$ -6 >K$, /3, 

*/*"1.-.#:/$.3 /0, =;1 µ*4*'A, 61- 6"1?(,A8 *63"*&@*$ /1, .#*=$(.µ> /1- 

.-./)µ(/18.  

 

V"3.$µ161$)'3%* /1 .;./3µ( «"#!$#%&#» (http://itia.ntua.gr/el/softinfo/2/) .* 

.-,*"4(.7( µ* /1, F. G.*%1;"(. G1 .;./3µ( «"#!$#%&#» 6"(4µ(/161$*7 ./1#(./$%) 

(,&+-.3 6+)'1-8 =*$4µ&/0, µ*/(9+3/A, 1$ 1617*8 (,(?:"1,/($ .* =$(?1"*/$%:8 

=$*"4(.7*8 ./3, 7=$( ':.3 ) .* =$(?1"*/$%:8 ':.*$8. !61/*+*7 =3+(=) :,( 

61+-µ*/(9+3/> .;./3µ( 4:,,3.38 .-,'*/$%A, #"1,1.*$"A, .* */).$(, µ3,$(7( %($ 

3µ*").$( %+7µ(%(. I/3, 4:,*.3 .-,'*/$%A, #"1,1.*$"A, 6*"$+(µ9&,*/($ 3 

=$(=$%(.7( 6"1.1µ170.38 /38 *µµ1,)8 .* */).$( %+7µ(%( 4$( 61+-µ*/(9+3/:8 

(,*+7E*$8. F*,,& :/.$ .-,'*/$%:8 #"1,1.*$":8 61+; µ*4&+1- µ)%1-8 1$ 1617*8 

=$(/3"1;, ./3, */).$(, µ3,$(7( %($ 3µ*").$( %+7µ(%( /( 1-.$A=3 ./(/$./$%& 

#("(%/3"$./$%& /0, µ*/(9+3/A, /0, $./1"$%A, #"1,1.*$"A, =3+(=) /$8 µ:.*8 /$µ:8, 

=$(.61":8, (.-µµ*/"7*8, (-/1.-.#*/7.*$8 6"A/38 /&E38 %($ */*"1.-.#*/7.*$8 

µ3=*,$%)8 -./:"3.38. 

 

N #*$"$.µ>8 /1- .-./)µ(/18 <<2(./(+7(>> (3 *6$+14) 6("(µ:/"0, %.(.) :4$,* µ* 

/1, /">61 61- 6*"$4"&?*/($ (6> /1, G.*%1;"( (2012). 53µ$1-"4)'3%(, :/.$ 1$ 

.-,'*/$%:8 #"1,1.*$":8 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- µ* /1, 

.-,/*+*./) Hurst ,( $.1;/($ µ* 0.85 4$( /3, µ:.3 /(#;/3/( (,:µ1- %($ µ* 0.83 4$( 

/3, =$&"%*$( 3+$1?&,*$(8. I/1 H("&"/3µ( ! 9"7.%1,/($ /( "(9=14"&µµ(/( 

.;4%"$.38 /0, ./(/$./$%A, #("(%/3"$./$%A, /0, $./1"$%A, %($ /0, .-,'*/$%A, 

#"1,1.*$"A,. 

 

N */).$18 .-,/*+*./)8 (-/1.-.#:/$.38 6"A/38 /&E38 /38 $./1"$%)8 #"1,1.*$"&8 

(,:µ1- *7,($ -0.30 /1 16171 6$'(,A8 1?*7+*/($ ./1 µ$%"> µ)%18 =*74µ(/18. I/1 



! 0%!

.;./3µ( <<2(./(+7(>> /:'3%* (-/>8 1 .-,/*+*./)8 7.18 µ* 0.30. B67.38 6">9+3µ( 

6("(/3"*7/($ µ* /3, (,(6("(404) /38 (.-µµ*/"7(8 .* >+*8 /$8 %+7µ(%*8 4$( /3, 

/(#;/3/( (,:µ1-. < .-,'*/$%) #"1,1.*$"& -61*%/$µ& /1, .-,/*+*./) (.-µµ*/"7(8. 

H":6*$ ,( .3µ*$0'*7 608 3 $./1"$%) #"1,1.*$"&  =*,  6*"$4"&?*/($ $%(,161$3/$%& 

(6> /3, %(/(,1µ) 4&µ( 61- #"3.$µ161$*7 3 «2(./(+7(» 4$( ,( 6("&E*$ /3, 

.-,'*/$%) #"1,1.*$"& - %&/$ 61- 6$'(,A8 1?*7+*/($ ./1 µ$%"> µ)%18 /1- =*74µ(/18.  

 

N .-,/*+*./)8 (-/1.-.#:/$.38 ./3, 3µ*").$( %+7µ(%( 4$( /3, =$&"%*$( 

3+$1?&,*$(8 -6*"*%/$µ&/($ ./3, .-,'*/$%) #"1,1.*$"&. I/3, µ3,$(7( %+7µ(%( /38 

=$&"%*$(8 3+$1?&,*$(8 -6&"#1-, (61%+7.*$8 ./1, .-,/*+*./) (.-µµ*/"7(8 %($ ./1, 

.-,/*+*./) (-/1.-.#:/$.38 >µ08 =*, '*0"*7/($ 608 (-/> *63"*&@*$ $=$(7/*"( /1 

3µ*").$1 µ1,/:+1. G( -6>+1$6( ./(/$./$%& #("(%/3"$./$%& /0, $./1"$%A, 

#"1,1.*$"A, ./3, 3µ*").$( %($ /3, */).$( %+7µ(%( =$(/3"1;,/($ $%(,161$3/$%&. 

 

P608 (,(?:"'3%* 6("(6&,0 3 6("&+3K3 /1- .-,/*+*./) Hurst *,=*#1µ:,08 ,( 

1=34).*$ .* +(,'(.µ:,1 .#*=$(.µ>. F$( /3, =$*"*;,3.3 /38 *6$""1)8 /1- 

.-,/*+*./) Hurst ./( (61/*+:.µ(/( /38 6("1;.(8 *"4(.7(8 #"3.$µ161$)'3%* /1 

.;./3µ( «2(./(+7(» 4$( /3, 61+-µ*/(9+3/) ./1#(./$%) 6"1.1µ170.3 /0, 

$./1"$%A, #"1,1.*$"A, #0"78 /3, =-,(µ$%) Hurst. I/3, 6"(4µ(/$%>/3/( 1$ 

.-,'*/$%:8 #"1,1.*$":8 61- #"3.$µ161$)'3%(, =*, (61/*+1;.(, +*-%> '>"-91. 

P.1, (?1"& /3, µ:.3 /(#;/3/( (,:µ1- 1 .-,/*+*./)8 Hurst 61- 6"1:%-K* *7,($ 

0.64 *,A 4$( /3, =$&"%*$( 3+$1?&,*$(8 0.61. I/1 H("&"/3µ( L 9"7.%1,/($ /( 

"(9=14"&µµ(/( .;4%"$.38 /0, ./(/$./$%A, #("(%/3"$./$%A, /0, $./1"$%A, %($ 

/0, .-,'*/$%A, #"1,1.*$"A,. < (,(6("(404) /0, ./(/$./$%A, #("(%/3"$./$%A, 

6("1-.7(.* /( 6"19+)µ(/( 61- (,(?:"'3%(, %($ 6("(6&,0.  

 

 

 

 

 

 

 

 

  



! 0#!

 

  



! 0M!

6 ;&7/&64 *.:%2*&$ 
 

6.1 !&'$2324
1 

 

H ($1+$%) *,:"4*$(, =3+(=) 3 *,:"4*$( 61- 6("&4*/($ (6> /3, *%µ*/&++*-.3 /1- 

6,:1,/18 (,:µ1-, #"3.$µ161$*7/($ (6> /3, ("#($>/3/( ./3 ,(-.$6+1Z( %($ ("4>/*"( 

µ* /3, %(/(.%*-) /0, 6"A/0, (,*µ>µ-+0, (618-918 µV.) 4$( &+*.µ( =3µ3/"$(%A, 

%($ 4$( &,/+3.3 ,*"1;. I/3, B++&=( #"3.$µ161$1;,/($ (,*µ>µ-+1$ (6> /1, 131 

($A,(. G1 1888 %(/(.%*-&./3%* 1 6"A/18 (,*µ>µ-+18 4$( /3, 6("(404) 

3+*%/"$.µo;. 

 

V"3.$µ161$A,/(8 /3, ($1+$%) *,:"4*$( µ*$A,*/($ 3 *E&"/3.3 (6> /( 1"-%/& 

%(;.$µ( µ* (61/:+*.µ( /3, 6"1./(.7( :,(,/$ /38 µ*/(9+3/>/3/(8 /0, /$µA, /0, 

1"-%/A, %(-.7µ0, %('A8 %($ +$4>/*"1-8 ";61-8. W>40 /38 µ*70.38 /0, ";60, 

(++& %($ /0, (µ*+3/:0, *6$="&.*0, ./3, 6(,7=( '*0"*7/($ ?$+$%) ./1 6*"$9&++1, 

µ1"?) *,:"4*$(8. B7,($, *67.38, µ$( (,*E&,/+3/3 634) *,:"4*$(8, µ* /*#,1+14$%& 

A"$µ1 *E16+$.µ> *%µ*/&++*-.)8 /38, (,*E&"/3/3 (6> /( %*,/"$%& =7%/-( =$(,1µ)8 

%($ µ* #(µ3+> +*$/1-"4$%> %>./18. 

 

I/( µ*$1,*%/)µ(/( .-4%(/(+:4*/($ 1 *%6*µ6>µ*,18 '>"-918 %($ 3 16/$%) >#+3.3 

61- ?-.$%& *7,($ -61%*$µ*,$%). G( 61.1./> /0, 61-+$A, 61- .%1/A,1,/($ (6> 

6">.%"1-.3 .* (,*µ14*,,)/"$*8 *7,($ (µ*+3/:1 .* .;4%"$.3 µ* /1 61.1./> +>40 

6">.%"1-.38 µ* 1#)µ(/( %($ 4"(µµ:8 µ*/(?1"&8 3+*%/"$%)8 *,:"4*$(8. H(">+( 

(-/& 6":6*$ ,( +(µ9&,*/($ -6>K3 1 6("(6&,0 6("&41,/(8 .* 6*"76/0.3 

6"1./(/*->µ*,0, 6*"$1#A,. D*$1,:%/3µ( (61/*+*7 %($ 3 (6">9+*6/3 =$(%;µ(,.3 

*,:"4*$(8 /0, ($1+$%A, µ3#(,A, 61- µ61"*7 ,( =3µ$1-"4).*$ 6">9+3µ( ./1 =7%/-1 

µ*/(?1"&8 3+*%/"$%)8 *,:"4*$(8. 

 

< ($1+$%) µ3#(,) (61/*+*7/($ (6> /1, 6;"41 61- *7,($ %-+$,="$%)8 µ1"?)8 (6> 

#&+-9( %($ .-,)'08 6*"$+(µ9&,*$ =;1 3 /"7( .-,=*=*µ:,( /µ)µ(/(, /1, '&+(µ1 61- 

6*"$:#*$ /( µ3#(,$%& -61.-./)µ(/( (%;"$18 &E1,(8, .;./3µ( 6:=3.38, %$9A/$1 

/(#-/)/0, 3+*%/"14*,,)/"$(), /( 3+*%/"1,$%& .-./)µ(/( :+*4#1- (.?(+1;8 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 G1 -61%*?&+($1 (-/> (61/*+*7 .;µ6/-E3 /1- D(µ&.38 C. (2011) 



! 0<!

+*$/1-"47(8 %($ /( 6/*";4$(. 

 

G( #("(%/3"$./$%& µ*4:'3 /38 ($1+$%)8 µ3#(,)8 *7,($ 3 =$&µ*/"18 /38 6/*"0/)8, /1 

;K18 /161':/3.38, /1 6+)'18 /0, 6/*"-470, – .-,)'08 /"7( - /1 *7=18 /0, 

6/*"-470, =3+(=) /1 6&#18 %($ /1 -+$%>, 3 1,1µ(./$%) /(#;/3/( 6*"$./"1?)8 61- 

.#*/7@*/($ µ* /3, .-#,>/3/( /1- 3+*%/"$%1; =$%/;1- %($ /3, (,/1#) /0, 6/*"-470, 

.* ?-4>%*,/"*8 /&.*$8, 3 1,1µ(./$%) $.#;8 =3+(=) 3 µ:4$./3 $.#;8 61- µ61"*7 ,( 

6("&E*$ 3 (,*µ14*,,)/"$(. 

 

6.2 G$µ8B/0 &'#B7+ $.*µ72*..4(%&$+ 6$& '".(*/*'(4+ &'#B7+ 
 

< %(µ6;+3 $.#;18 (,*µ14*,,)/"$(8 *7,($ 3 %(µ6;+3 61- 6*"$4"&?*$ /3, .#:.3 

µ*/(E; /38 %('(")8 3+*%/"$%)8 *,:"4*$(8 61- 6("&4*/($ (6> µ7( (,*µ14*,,)/"$( 

%($ /38 /(#;/3/(8 /1- (,:µ1- ./3 .-4%*%"$µ:,3 ':.3. N$ %(µ6;+*8 $.#;18 .-,)'08 

*%/$µA,/($ *µ6*$"$%&, (6> µ*/").*$8 6*=71- /38 /(#;/3/(8 (,:µ1- µ* (,*µ>µ*/"1 

%($ µ:/"3.3 /38 6("(4>µ*,38 3+*%/"$%)8 $.#;18. 

P608 ?(7,*/($ ./1 I#)µ( 6.1 3 .#:.3 =*, *7,($ 4"(µµ$%). < (,*µ14*,,)/"$( =*, 

(61=7=*$ %('>+1- $.#; 4$( /(#;/3/*8 (,:µ1- µ$%">/*"*8 (6> %&61$1 %&/0 >"$1 >608 

%($ 4$( /(#;/3/*8 µ*4(+;/*"*8 (6> %&61$1 &,0 >"$1. !6> /1 %&/0 >"$1 µ:#"$ *,>8 

.3µ*71- 3 6("(4>µ*,3 $.#;8 (-E&,*/($ µ* µ3 ./('*") %+7.3 µ* /3, (;E3.3 /38 

/(#;/3/(8 (,:µ1- %($ ./3 .-,:#*$( 6("(µ:,*$ ./('*") µ* /3, (;E3.3 /38 /(#;/3/(8 

(,:µ1- µ:#"$ /1 (,A/*"1 >"$1 ./1 16171 3 6("(404) ./(µ(/&*$. 

N .-,/*+*./)8 $.#;18 *7,($ 1 +>418 /38 $.#;18 61- 6("&4*$ 3 (,*µ14*,,)/"$( .* 

%&'* /(#;/3/( (,:µ1- 6"18 /3 '*0"3/$%), =3+(=) *7,($ 1 (*"1=-,(µ$%>8 9('µ>8 

(6>=1.38 6/*"0/)8 %($ :#*$ µ:4$./1 >"$1 /3, /$µ) C<=16/27=0.593 (>"$1 Betz, 

1919). Y"( -K3+>8 .-,/*+*./)8 $.1=-,(µ*7 µ* -K3+) *%µ*/&++*-.3 /38 

=$(/$':µ*,38 *,:"4*$(8 %($ (,/7./1$#( 1 #(µ3+>8 .-,/*+*./)8 .* #(µ3+) 

*%µ*/&++*-.3. I/1 I#)µ( 6.1 µ61"*7 ,( 6("(/3"3'*7 608 1 .-,/*+*./)8 (-E&,*/($ 

:,/1,( µ* /3, :,("E3 +*$/1-"47(8 /38 (,*µ14*,,)/"$(8 %($ .-,*#7@*$ ,( (-E&,*/($ µ* 

/3, (;E3.3 /38 /(#;/3/(8 (,:µ1- :08 :,( µ:4$./1. T6*$/( 1 .-,/*+*./)8 µ*$A,*/($ 

.-,*#A8 µ:#"$ /1 .3µ*71 61- ./(µ(/& ,( +*$/1-"4*7 3 (,*µ14*,,)/"$(, 1 

.-,/*+*./)8 .* *%*7,3 /3, 6*"$1#) /1- =$(4"&µµ(/18 :#*$ 61+; #(µ3+) /$µ) (?1; µ* 



! 0I!

/3, (;E3.3 /38 /(#;/3/(8 (,:µ1- 3 (61=$=>µ*,3 $.#;8 *7,($ ./('*"). 

 

P#>D$, T-;,< %(µ6;+3 $.#;18 (,*µ14*,,)/"$(8 (,(6("$./&/($ µ* .-,*#) 4"(µµ) 

%($ 1 .-,/*+*./)8 $.#;18 µ* =$(%*%1µµ:,3. 

F$( /1, -61+14$.µ> /38 6("(4>µ*,38 3+*%/"$%)8 *,:"4*$(8 #"3.$µ161$*7/($ ,4$( 

6"(%/$%1;8 +>41-8, 1 H7,(%(8 6.1 61- 6"1%;6/*$ (6> /3, %(µ6;+3 $.#;18 /38 

(,*µ14*,,)/"$(8. N 67,(%(8 (-/>8 6*"$:#*$ /3, (61=$=>µ*,3 $.#; 4$( =$&?1"*8 

/(#;/3/*8 (,:µ1- 61- (++&@1-, µ* ./('*"> 9)µ(. V"3.$µ161$A,/(8 /1, 67,(%( 

(-/>, -61+147@*/($ 3 $.#;8 61- 6("&4*$ 3 (,*µ14*,,)/"$( /38 1617(8 /1 4$,>µ*,1 µ* 

/1 #"1,$%> =$&./3µ( 61- 6,:*$ &,*µ18 µ* (-/) /3, /(#;/3/( $.1;/($ µ* /3, 

6("(4>µ*,3 *,:"4*$(.  

O H7,(%(8 6.1 (,/$./1$#*7 ./3, (,*µ14*,,)/"$( E-126 / 7.5 MW /38 Enercon 61- 

#"3.$µ161$*7/($ ./3, 6$+1/$%) *?("µ14) /38 6("1;.(8 *"4(.7(8 /38 1617(8 1$ 

/*#,$%:8 6"1=$(4"(?:8 6("1-.$&@1,/($ ./1, H7,(%( 6.2. I3µ*$A,*/($ 608 *7,($ (6> 

/$8 $.#-">/*"*8 ($1+$%:8 µ3#(,:8 61- -6&"#1-, =$(':.$µ*8 ./1 *µ6>"$1. 

 

 

[F$&!

F!

F$&!

F$0!

F$/!

F$=!

F$%!

F$#!

F!

&FFF!

0FFF!

/FFF!

=FFF!

%FFF!

#FFF!

MFFF!

<FFF!

F! %! &F! &%! 0F! 0%! /F!

>2
H+
97
9)
+.
D!
\)
?B
AD
!

\)
?B
D!
Q]
Y
S!

15?B+*+5!5H(-A2!Q^T_S!



! /F!

,).$6$+ 6.1 !61=$=>µ*,3 $.#;8 %($ .-,/*+*./)8 $.#;18 4$( =$&?1"*8 /(#;/3/*8 

(,:µ1-  

A$#B(0($ $.:µ7" 
(m/s) 

H'#B+ 
(kW) 

@".(*/*'(4+ 
&'#B7+ 

1 0 0 
2 0 0 
3 55 0.263 
4 175 0.352 
5 410 0.423 
6 760 0.453 
7 1250 0.47 
8 1900 0.478 
9 2700 0.477 
10 3750 0.483 
11 4850 0.47 
12 5750 0.429 
13 6500 0.381 
14 7000 0.329 
15 7350 0.281 
16 7500 0.236 
17 7580 0.199 
18 7580 0.168 
19 7580 0.142 
20 7580 0.122 
21 7580 0.105 
22 7580 0.092 
23 7580 0.08 
24 7580 0.071 
25 7580 0.063 

 

 

 

 

 

 

 

 

 

 



! /&!

 

,).$6$+ 6.2  G*#,$%:8 6"1=$(4"(?:8  

S.#;8: 7 500 kW 
G(#;/3/( 

6*"$./"1?)8: 2-µ($,>µ*,3, 5-11.7 rpm 

5$&µ*/"18 

">/1"(: 
127 m Pitch control: ENERCON single blade 

pitch system;  

[K18 %>µ91-: 135 m   one independent pitch 
system per rotor  

Wind zone 

(DIBt): 
WZ |||   blade with allocated 

emergency supply  

Wind class (IEC): IEC/NVN IA Drive train with generator  

   2>µ918: Rigid 

I-(7%$+    Main bearing:  Single-row tapered roller 
bearing  

G;618: 
Upwind rotor with 

active pitch control  
Generator:  ENERCON direct-drive 

annular  

2(/*;'-,.3 

6*"$./"1?)8: 
Q"1+14$(%)   generator 

!"$'µ>8 

6/*"-470, 
3 Grid feed:  ENERCON inverter 

H*"$1#) 

.&"0.38: 
12 668 m^2 Brake systems:  – 3 independent pitch 

control systems 

J+$%> +*67=(8: 
GRP (epoxy resin) / 

GRP; 
  with emergency power 

supply  

  
GRP (epoxy resin) / 

steel; 
  – Rotor brake 

  
Built-in lightning 

protection 
Yaw system:  Active via yaw gear,  

      load-dependent damping  
    Cut-out wind speed:  28 – 34 m/s 
        
    Remote monitoring:  ENERCON SCADA  

 

6.3 J87/72&'µ-+ ($#B(0($+ $.:µ7" '(7 B17+ (7879:(0'0+ 
!
F$( /1, -61+14$.µ> /38 6("(4>µ*,38 *,:"4*$(8 3 /(#;/3/( (,:µ1- 6":6*$ ,( 

(,(#'*7 ./o ;K18 /1- %>µ91- /38 (,*µ14*,,)/"$(8 (hub height). < /(#;/3/( (,:µ1- 

µ*/(9&++*/($ µ* /1 -K>µ*/"1, (-/) 3 µ*/(91+) µ61"*7 ,( 6*"$4"(?*7 (6> /3, 

6("(%&/0 .#:.3 (!"#$%"&'())*+ ,-' .-)/01"#2"+, 1999): 



! /0!

!!
!!
!

!"!!!!
!"!!!!

  (6.1) 

          

>61- u1, u2 3 /(#;/3/( (,:µ1- .* ;K3 z1 %($ z2 (,/7./1$#( %($ z0 3 6("&µ*/"18 /38 

/"(#;/3/(8 /1- *=&?1-8. G1 ;K18 µ:/"3.38 /38 /(#;/3/(8 (,:µ1- ./1, ./('µ> )/(, 

z1 = 6 m, /1 ;K18 %>µ91- /38 *6$+*4µ:,38 (,*µ14*,,)/"$(8 *7,($ z2 = 135 m *,A 

*6$+:#'3%* .-,/*+*./)8 /"(#;/3/(8 z0 = 2.  

6.4 <&*%*B.0'0 (0+ *8&%%74+ (7" #%7.&67B >4µ$(7+ '(7. "87/72&'µ- (0+ 
8$%$2-µ*.0+ *.:%2*&$+  
!
I/1 I#)µ( 6.2 (6*$%1,7@1,/($ 1$ 3µ*").$*8 6("(4>µ*,*8 *,:"4*$*8 µ7(8 

(,*µ14*,,)/"$(8 #"3.$µ161$A,/(8 /$8 µ:.*8 3µ*").$*8 /(#;/3/*8 (,:µ1- /1- 

µ*/*0"1+14$%1; ./('µ1; Y4$18 21.µ&8. B67.38 -61+147@1,/($ 1$ 3µ*").$*8 

6("(4>µ*,*8 *,:"4*$*8 µ7(8 (,*µ14*,,)/"$(8 µ* #").3 /0, µ:.0, 0"$(70, 

/(#-/)/0, (,:µ1- /0, %(/(4"(?A, /1- 7=$1- ./('µ1; 1$ 1617*8 (,/$./1$#7@1,/($ µ* 

/$8 µ:.*8 3µ*").$*8 /(#;/3/*8 (,:µ1-. G1 I#)µ( 6.3 (6*$%1,7@*$ /( (61/*+:.µ(/( 

(-/A, /0, -61+14$.µA,. 

 

B7,($ 6"1?(,:8 608 #"3.$µ161$A,/(8 3µ*").$1 #"1,$%> 9)µ( 4$( /1, -61+14$.µ> 

/38 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 (µ*+*7/($ 3 =$(%;µ(,.3 61- :#*$ (-/) 4$( /3, 

7=$( µ:.3 3µ*").$( /(#;/3/( (,:µ1-. !-/)  3 =$(%;µ(,.3 1?*7+*/($ ./3, µ3 

4"(µµ$%>/3/( /38 %(µ6;+38 $.#;18 /38 (,*µ14*,,)/"$(8. B&, =3+(=) 3 %(/(,1µ) 

/0, /(#-/)/0, (,:µ1- %(/& /3, =$&"%*$( /38 3µ:"(8 *7,($ =$(?1"*/$%) 4$( 3µ:"*8 

µ* 7=$( µ:.3 3µ*").$( /(#;/3/( (,:µ1- />/* 3 6("(4>µ*,3 3+*%/"$%) *,:"4*$( *7,($ 

=$(?1"*/$%).  

F$( (-/>, /1, +>41, '*0"A,/(8 08 (,*%/) 6"1.:44$.3 /38 6"(4µ(/$%)8 

6("(4>µ*,38 *,:"4*$(8 /3, *,:"4*$( 61- 6"1%;6/*$ (6> /3, 0"$(7( µ:.3 /(#;/3/( 

(,:µ1-, *6$#*$"*7/($ 3 6*"$4"(?) /38 µ*/(91+)8 /0, ./(/$./$%A, #("(%/3"$./$%A, 

/38 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 - 61- -61+147@*/($ µ* µ:.*8 0"$(7*8 /(#;/3/*8 

(,:µ1- – 08 6"18 /3, µ:.3 3µ*").$( /(#;/3/( (,:µ1-.  D* #").3 (-/A, /0, 

6*"$4"(?A, *7,($ =-,(/>8 1 -61+14$.µ>8 /38 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 µ* 

3µ*").$1 #"1,$%> 9)µ( +(µ9&,1,/(8 -6 >K$, /3, =$(%;µ(,.3 61- (-/) :#*$. 



! //!

 
@#4µ$ 6.2  < 3µ*").$( 6("(4>µ*,3 *,:"4*$( /38 (,*µ14*,,)/"$(8 .-,("/).*$ /38 

3µ*").$(8 /(#;/3/(8 (,:µ1- µ* #").3 /0, µ:.0, 3µ*").$0, /(#-/)/0, (,:µ1- 

 

 
@#4µ$ 6.3 < 3µ*").$( 6("(4>µ*,3 *,:"4*$( /38 (,*µ14*,,)/"$(8 .-,("/).*$ /38 

3µ*").$(8 /(#;/3/(8 (,:µ1- µ* #").3 /0, µ:.0, 0"$(70, /(#-/)/0, (,:µ1- 
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! /=!

6.5 <&*%*B.0'0 (0+ µ*($>7/4+ (3. '($(&'(&6C. #$%$6(0%&'(&6C. (0+   
0µ*%4'&$+ 8$%$2-µ*.0+ *.:%2*&$+ 

 
N$ /$µ:8 /38 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 µ* #").3 µ:.0, 0"$(70, /(#-/)/0, 

(,:µ1- 61- -61+147./3%(, #0"7./3%(, .* %+&.*$8, (?1; *7#(, =$(/(#'*7 .* 

(;E1-.( .*$"& µ* 9&.3 /3, 3µ*").$( /(#;/3/( (,:µ1-. 2&'* %+&.3 :#*$ 30 /$µ:8 

%($ 4$( %&'* %+&.3 -61+147./3%* 3 µ:.3 /$µ), 3 /-6$%) (6>%+$.3 %($ 3 (.-µµ*/"7(. 

G( (61/*+:.µ(/( 6("(/7'*,/($ ./1 H("&"/3µ( F. I/1 I#)µ( 6.4 (6*$%1,7@*/($ 3 

µ:.3 /$µ) %($ 3 /-6$%) (6>%+$.3 4$( %&'* %+&.3 (,/$./1$#$.µ:,*8 µ* /1 µ:.1 /38 

%+&.38. I/1 I#)µ( 6.5 (6*$%1,7@*/($ µ* /1, 7=$1 /">61 1 .-,/*+*./)8 (.-µµ*/"7(8. 

H("(/3"*7/($ 608 3 µ*/(91+) /0, ./(/$./$%A, #("(%/3"$./$%A, =*, *7,($ /-#(7(, 

=3+(=) (%1+1-'*7 %&61$( µ1"?). 2&,1,/(8 #").3 (-/1; /1- #("(%/3"$./$%1; 

6"1.("µ>@1,/($ .-,("/).*$8 ./$8 /$µ:8 /0, ./(/$./$%A, #("(%/3"$./$%A, A./* ,( 

-6&"#*$ µ$( .-,*#)8 6*"$4"(?) /1-8. 

 

 
@#4µ$ 6.4 D* 5 (6*$%1,7@1,/($ 1$ µ:.*8 /$µ:8 /0, %+&.*0, %($ µ* ! 1$ /-6$%:8 

(61%+7.*$8 /0, %+&.*0,. < .-,*#)8 4"(µµ) (6*$%1,7@*$ /3, %(µ6;+3 /38 .#:.38 

61- 6*"$4"&?*$ /3, µ*/(91+) /38 µ:.38 /$µ)8 *,A 3 =$(%*%1µµ:,3 /3, %(µ6;+38 /38  

.#:.38 /38 /-6$%)8 (6>%+$.38. 
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! /%!

 
@#4µ$ 6.5 D* ! (6*$%1,7@1,/($ 1$ .-,/*+*./:8 (.-µµ*/"7(8 /0, %+&.*0, *,A µ* 

.-,*#) 4"(µµ) (6*$%1,7@*/($ 3 %(µ6;+3 /38 .#:.38 61- 6*"$4"&?*$ /3, µ*/(91+) 

/1- .-,/*+*./) (.-µµ*/"7(8. 

 

6.5.1 !"#$ %&µ' 
 

T./0 x 3 µ:.3 3µ*").$( /(#;/3/( (,:µ1- (m/s). < µ:.3 /$µ) µ (Wh) 6*"$4"&?*/($, 

*?("µ>@1,/(8 /3, µ:'1=1 /0, *+(#7./0, /*/"(4A,0, '*0"A,/(8 µ7( *-'*7( y=ax+b 

4$( /$8 %+&.*$8 µ* µ:.1 µ$%">/*"1 ) 7.1 /0, 15 m/s %($ µ7( &++3 *-'*7( 4$( /$8 

%+&.*$8 µ* µ:.1 µ*4(+;/*"1 /0, 15 m/s. 53+(=) :#1-µ*: 

 

µ(x)= !""#!$%& ! ! ! !""#$%&'!! ! ! ! ! !"
!!"!#$%! ! ! ! !"!#$"""%!!!!!! ! !" !!! (6.2) 

 

< %(µ6;+3 /38 µ (6*$%1,7@*/($ ./1 I#)µ( 6.4. 

 

6.5.2 ()*&+' ,*-+.&#$ 
 

< µ*/(91+) /38 /-6$%)8 (6>%+$.38 . (Wh) 6*"$4"&?*/($ (6> /3, .-,&"/3.3: 

 

[=!

[/!

[0!

[&!

F!

&!

0!

/!

=!

F! %! &F! &%! 0F! 0%! /F! /%!
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! /#!

! ! !
!"#$"#%!!!!!!! ! ! ! !!

!"#$%"$ ! ! ! !"#!$$%#!! !! ! ! ! !"
!!!"#"$% ! ! ! !"#$%!&'!! ! ! !"

  (6.3) 

 

>61- 1 6"A/18 %+&=18 *7,($ 1 µ:.18 >"18 /0, /-6$%A, (61%+7.*0, /0, %+&.*0, µ* 

µ:.1 µ$%">/*"1 7.1 /0, 11 m/s, *,A 1$ -6>+1$61$ =;1 %+&=1$ 6"1:%-K(, 

6"1.("µ>@1,/(8 =;1 *-'*7*8 µ* /3, µ:'1=1 /0, *+(#7./0, /*/"(4A,0,, µ7( 4$( /$8 

%+&.*$8 µ* µ:.1 µ*4(+;/*"1 /1- 11 m/s %($ µ$%">/*"1 7.1 /1- 18 m/s %($ µ7( 4$( /$8 

%+&.*$8 µ* µ:.1 µ*4(+;/*"1 /1- 18 m/s. H %(µ6;+3 /38 (6*$%1,7@*/($ ./1 I#)µ( 

6.4. 

 

6.5.3 /#)µµ0%12, 
 

< µ*/(91+) /1- .-,/*+*./) (.-µµ*/"7(8 6*"$4"&?*/($ (6> /3, .-,&"/3.3: 

 

! ! ! !" ! !! !
!!!"# ! !"# ! !

!!!"# !!!!!!!!! ! !  (6.4) 

 

< 6("(6&,0 .-,&"/3.3 6"1:%-K* 6"1.("µ>@1,/(8 /3,  

 

 ! ! ! ! ! ! !
!! ! !"# ! !

!!  

 

./$8 /$µ:8 /1- .-,/*+*./) (.-µµ*/"7(8 4$( >+*8 /$8 %+&.*$8. N$ /$µ:8 /1- .-,/*+./) 

(.-µµ*/"7(8 4$( %&'* %+&.3 %('A8 %($ 3 6"1.("µ1.µ:,3 .* (-/:8 .-,&"/3.3 

(6*$%1,7@1,/($ ./1 I#)µ( 5.4. 

  

D* /3, #").3 /0, 6("(6&,0 .-,("/).*0, 6*"$4"&?*/($ 3 µ*/(91+) /38 µ:.38 

/$µ)8, /38 /-6$%)8 (6>%+$.38 %($ /38 (.-µµ*/"7(8 /38 6("(4>µ*,38 3µ*").$(8 

*,:"4*$(8 .-,("/).*$ /38 µ:.38 3µ*").$(8 /(#;/3/(8 (,:µ1-.  

 

6.6 J87/72&'µ-+ (0+ 0µ*%4'&$+ 8$%$2-µ*.0+ *.:%2*&$+  
 

X*0"*7/($ 608 3 3µ*").$( 6("(4>µ*,3 *,:"4*$( (6> /3, (,*µ14*,,)/"$( 4$( /$8 

=$&?1"*8 /$µ:8 /38 µ:.38 3µ*").$(8 /(#;/3/(8 (,:µ1- 6*"$4"&?*/($ (6> /3, 



! /M!

%(/(,1µ) 4&µ( /"$A, 6("(µ:/"0,. V"3.$µ161$A,/(8 /3, %(/(,1µ) (-/) 4$( 

4,0./) µ:.3 3µ*").$( /(#;/3/( (,:µ1- µ61"*7 ,( 9"*'*7 3 /$µ) /38 6("(4>µ*,38 

*,:"4*$(8 61- (,/$./1$#*7 .* /-#(7( 6$'(,>/3/( %($ ./( ./(/$./$%& #("(%/3"$./$%& 

/38 >608 (-/& 6"1%;6/1-, (6> /$8 .-,("/).*$8 61- /( 6*"$4"&?1-,. F$( (-/>, /1, 

.%16> #"3.$µ161$*7/($ 3 *,/1+) gammainv /1- 6"14"&µµ(/18 “Microsoft Excel” : 

 

  !"##"$%&!!!"#$%$&'&()!!"#!!! !"#$!! 
 

< *,/1+) (-/) *7,($ 3 (,/7./"1?3 /38 ('"1$./$%)8 %(/(,1µ)8 4&µ( =;1 

6("(µ:/"0,, >µ08 3 .-,&"/3.3 6-%,>/3/(8 6$'(,>/3/(8 /38 4&µ( =-1 6("(µ:/"0, 

*7,($ : 

 

!! ! ! !!
!!!! !

!!!!!!! 

 

B,A 3 .-,&"/3.3 6-%,>/3/(8 6$'(,>/3/(8 /38 %(/(,1µ)8 4&µ( /"$A, 6("(µ:/"0, : 

 

!! ! ! !!
!!!! !! ! !!

!!!!!!!!!!! 

 

(21-/.14$&,,38, 1996). P608 6("(/3"*7/($ (6> /$8 6("(6&,0 =;1 .-,("/).*$8 3 

(,/7./"1?3 /38 ('"1$./$%)8 %(/(,1µ)8 4&µ( /"$A, 6("(µ:/"0, $.1;/($ µ* /3, 

(,/7./"1?3 /38 ('"1$./$%)8 %(/(,1µ)8 4&µ( =;1 6("(µ:/"0, 6"1.':/1,/(8 /3, 

6("&µ*/"1 c.  

 

N$ 6("&µ*/"1$ alpha, beta, c 6"1%;6/1-, (6>: 

 

 !"#!! ! !
! ! !  (6.5) 

!"#$ ! ! !
!!"#!!!!! ! ! !

 (6.6) 

 

 ! ! ! ! ! !"#!! ! !"#$ (6.7) 

 

G*+$%& 3 6("(4>µ*,3 3µ*").$( *,:"4*$( WE (Wh) 6"1%;6/*$ 08 *E)8 : 



! /<!

 

!" ! ! ! !"###"$%&!!"#$ !!"#!!! !"#$! (6.8) 

 

>61- rand() *,/1+) /1- 6"14"&µµ(/18 “Microsoft Excel” 61- =3µ$1-"4*7 /-#(71-8 

("$'µ1;8 (6> /1 0 :08 /1 1. 

 

H":6*$ ,( .3µ*$0'*7 608 3 %(/(,1µ) 4&µ( /"$A, 6("(µ:/"0, 1"7@*/($ µ>,1 4$( 

'*/$%:8 /$µ:8 /38 (.-µµ*/"7(8. P/(, 1$ /$µ:8 (-/)8 *7,($ (",3/$%:8 -61+147@*/($ 3 

6("(4>µ*,3 3µ*").$( *,:"4*$( WB #"3.$µ161$A,/(8 /3, (6>+-/3 /$µ) /38 

(.-µµ*/"7(8. I/3 .-,:#*$( =$1"'A,*/($ 08 *E)8: 

  

!"! ! ! ! ! ! ! !!! (6.9) 

 

2&61$*8 /$µ:8 /38 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 6"1%;6/1-, (",3/$%:8, (-/:8 

/7'*,/($ µ3=:,, %($ %&61$*8 µ*4(+;/*"*8 (6> /3, µ:4$./3 =-,(/) 6("(404) 

*,:"4*$(8 /38 (,*µ14*,,)/"$(8 7.58 MW * 24 h =181.92 MWh 1$ 1617*8 /7'*,/($ 

181.92 MWh. B67.38 1$ .#:.*$8 61- 6*"$4"&?1-, /3, µ*/(91+) /38 µ:.38 /$µ)8, /38 

/-6$%)8 (6>%+$.38 %($ /1- .-,/*+*./) (.-µµ*/"7(8 1"7@1,/($ 4$( /(#;/3/*8 (,:µ1- 

µ*4(+;/*"*8 ) 7.*8 /1- /"7(, 4$( /(#;/3/*8 (,:µ1- µ$%">/*"*8 '*0"*7/($ 608 =*, 

6("&4*/($ *,:"4*$(. 

 

V"3.$µ161$A,/(8 /$8 3µ*").$*8 µ:.*8 /(#;/3/*8 (,:µ1- (6> /1, ./('µ> /1- !471- 

21.µ& -61+147./3%(, µ* /3, 6("(6&,0 µ:'1=1 1$ 3µ*").$*8 6("(4>µ*,*8 

*,:"4*$*8. N +>418 /38 .-,1+$%)8 6("(4>µ*,38 *,:"4*$(8 -61+14$.µ:,38 µ* /3, 

6("(6&,0 µ:'1=1 6"18 /3, .-,1+$%) 6("(4>µ*,3 *,:"4*$( -61+14$.µ:,3 µ* #").3 

/0, 0"$(70, µ:.0, /(#-/)/0, (,:µ1- )/(, – %&,1,/(8 ("%*/:8 =1%$µ:8 4$( /1, 

:+*4#1 /38 *67="(.38 /38 /-#(7(8 6$'(,>/3/(8 – 6&,/( .#*=>, :,(. G1 I#)µ( 6.6 - 

6("(/7'*/($ E(,& 4$( +>41-8 &µ*.38 .;4%"$.38 - (6*$%1,7@*$ /3, 3µ*").$( 

6("(4>µ*,3 *,:"4*$( 61- 6"1%;6/*$ (6> /$8 µ:.*8 0"$(7*8 /(#;/3/*8 (,:µ1- *,A ./1 

I#)µ( 6.7 (6*$%1,7@*/($ 3 3µ*").$( 6("(4>µ*,3 *,:"4*$( µ* /3, µ*'1=1+147( 61- 

(,(6/;#'3%*. 

 



! /I!

D* #").3 /0, 6("(6&,0 -61+147@*/($ 3 3µ*").$( 6("(4>µ*,3 *,:"4*$( (6> µ7( 

(,*µ14*,,)/"$( 4$( /$8 µ:.*8 3µ*").$*8 /(#;/3/*8 (,:µ1- /38 .-,'*/$%)8 

#"1,1.*$"&8 61- #"3.$µ161$*7/($ ./1 .;./3µ(. 

 

 
@#4µ$ 6.6 < 3µ*").$( 6("(4>µ*,3 *,:"4*$( /38 (,*µ14*,,)/"$(8 - >608 6"1%;6/*$ 

(6> /$8 0"$(7*8 µ:.*8 /(#;/3/*8 (,:µ1- /0, %(/(4"(?A, /1- ./('µ1;. 
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! =F!

 
@#4µ$ 6.7 < 3µ*").$( 6("(4>µ*,3 *,:"4*$( /38 (,*µ14*,,)/"$(8 >608 6"1%;6/*$ 

(6> /$8 3µ*").$*8 µ:.*8 /(#;/3/*8 (,:µ1- /0, %(/(4"(?A, /1- ./('µ1; µ* #").3 

/38 µ*'1=1+147(8 61- 6*"$4"&?3%*. 
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! =&!

7 K/&$64 *.:%2*&$ 
 

7.1 !&'$2324
2 

 

! "#$%8 *7,($ µ$( 6-"(%/0µ:,3 (*"$A=38 µ&@( 61- (61/*+*7/($ %-"708 (6> 

-="14>,1 %($ )+$1. I/1, 6-"),( /1- )+$1- 47,1,/($ '*"µ16-"3,$%:8 (,/$="&.*$8, 

(6> >61- 6"1:"#*/($ 3 3+$(%) *,:"4*$(, 3 >61$( ./3 .-,:#*$( µ*/(?:"*/($ ./3, 

*6$?&,*$( µ:.0 /38 (%/$,191+7(8 ) µ:.0 /38 %(/(%>"-?38 µ*/(?1"&8 -="14>,1-. < 

µ:.3 (6>./(.3 /1- )+$1- µ* /3, 43 *7,($ 149.5*106 km *,A 3 3+$(%) ./('*"& *7,($ 

1 367 W/m2. 

 

< *$.*"#>µ*,3 3+$(%) (%/$,191+7( *E("/&/($ (6> /3, 3+$(%) ="(./3"$>/3/(, (6> /1 

;K18 %($ /1 (@$µ1;'$1 /1- 3+71- 61- *7,($ .-,&"/3.3 /1- #">,1- (A"(, 3µ:"() %($ 

/1- 4*04"(?$%1; 6+&/1-8, (6> /3, ,*?1%&+-K3 %($ /3, =1µ) /38 (/µ>.?($"(8. < 

(%/$,191+7( #0"7@*/($ ./3, &µ*.3, 61- *7,($ 3 (%/$,191+7( 61- ?/&,*$ ./3, 

*6$?&,*$( /38 438 #0"78 ,( .%*=(./*7 ./3, (/µ>.?($"( %($ /3, =$&#-/3 61- 1"7@*/($ 

08 3 (%/$,191+7( 61- ?/&,*$ ./3, *6$?&,*$( /38 438 (?1; :#*$ (++&E*$ 3 =$*;'-,.3 

/38 +>40 (,&%+(.38 ) .%:=(.38 /38 ./3, (/µ>.?($"(. 

 

J6&"#1-, =$&?1"( .-./)µ(/( *%µ*/&++*-.38 /38 3+$(%)8 *,:"4*$(8 µ* %($ #0"78 

#").3 µ3#(,$%A, µ:.0,. G( 3+$(%& 3+*%/"$%& 6+(7.$( *7,($ :,( .;./3µ( 

(E$16173.38 /38 3+$(%)8 *,:"4*$(8 61- (61/*+*7/($ (6> µ$( =$&/(E3 ) .;,1+1 

=$(/&E*0, 61- 6("&41-, 3+*%/"$%) *,:"4*$(. G1 .;./3µ( (-/> (,(?:"*/($ %($ 08 

?0/191+/(M%> .;./3µ(. G1 ?0/191+/(M%> ./1$#*71 %(/(.%*-&@*/($ .-,)'08 (6> 

&µ1"?1 ) %"-./(++$%> 6-"7/$1, *,A #"3.$µ161$1;,/($ %($ &++( -+$%& >608 !" 

!"#µ$% - !"##$%&'$ ()' $ '*+$+',"#-*'$%.$/ #(+%>8. 

 

Q8 9('µ>8 (6>=1.38 ,1*7/($ /1 61.1./> /38 3+$(%)8 (%/$,191+7(8 61- µ*/(/":6*/($ 

.* 3+*%/"$%) *,:"4*$( !"# $%"#&#'"()*+ ./1$#*71. < (6>=1.3 /0, 6"A/0, 

?0/191+/(M%A, ./1$#*70, /1, 191 ($A,( )/(, 1-2% *,A .)µ*"( 3 (6>=1.3 

%-µ(7,*/($ ./1 13-15%. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 G1 -61%*?&+($1 (-/> (61/*+*7 .;µ6/-E3 /1- D(µ&.38 C. (2010) 



! =0!

< 3+$(%) *,:"4*$( *7,($ µ$( &?'1,3 634) *,:"4*$(8 61- *7,($ =0"*&, *,A %(/& /3, 

=$(=$%(.7( 6("(404)8 3+*%/"$%)8 *,:"4*$(8 =*, 6("&41,/($ ";61$. B67.38, /( 

?0/191+/(M%& .-./)µ(/( :#1-, ('>"-93 +*$/1-"47( %($ µ$%"> %>./18 .-,/)"3.38. 

D*$1,:%/3µ( (61/*+*7 /1 -K3+> %>./18 (6>%/3.38 /0, ?0/191+/(M%A, 

.-./3µ&/0, .-,=-(.µ:,1 µ* /3, #(µ3+) (6>=1.) /1-8. 

 

7.2 J87/72&'µ-+ *F324&.0+ 0/&$64+ $6(&.7>7/)$+  
 

V"3.$µ161$A,/(8 /3, -61+14$./$%) =$(=$%(.7( 61- (,:6/-E* 3 21++&"1- (2011) 

-61+147@*/($ 3 3µ*").$( *E04)$,3 3+$(%) (%/$,191+7( - =3+(=) 3 "1) 3+$(%)8 

*,:"4*$(8 ./1 >"$1 /38 (/µ>.?($"(8 – 4$( *676*=( =$&?1"0, %+7.*0,. N$ 

(6("(7/3/*8 *7.1=1$ 4$( /1, -61+14$.µ> *7,($ /1 4*04"(?$%> 6+&/18 %($ µ)%18 /38 

/161'*.7(8 61- *E*/&@*/($, 3 %+7.3 %($ 1 6"1.(,(/1+$.µ>8 /38 *6$?&,*$(8. Q8 

(61/:+*.µ( =7,*/($ 3 *E04)$,3 3+$(%) (%/$,191+7( 4$( %&'* A"( /38 3µ:"(8 4$( 

>+*8 /$8 3µ:"*8 /1- #">,1-, (6> >61- -61+147@*/($ 3 3µ*").$( *E04)$,3 3+$(%) 

(%/$,191+7(. I-4%*%"$µ:,( -61+147./3%* 3 3µ*").$( 3+$(%) (%/$,191+7( 4$( /1 

4*04"(?$%> 6+&/18 %($ µ)%18 /1- *6$+*4µ:,1- ./('µ1; (37.89N 23.71W) µ* 

6"1.(,(/1+$.µ> /38 *6$?&,*$(8 1801 (6> /1, L1""& %($ 4$( =$&?1"*8 40,7*8 %+7.38. 

I/1, H7,(%( 7.1 (6*$%1,7@*/($ /1 .;,1+1 /38 (%/$,191+7(8 61- 6"1.676/*$ .* 

*676*=( µ* %+7.*$8 (6> 261 :08 381 µ* 9)µ( 21 .* =$&"%*$( *,>8 :/1-8. 

 

,).$6$+ 7.1 I-,1+$%)  3+$(%) (%/$,191+7( (Wh/m2) .* =$&"%*$( *,>8 :/1-8. 

BC9D:E$6FD1GE$@>3D4:EA$
!H$ !'$ I"$ I!$ I#$ IH$ I'$

'!%)%!(&+! '!+$(!'"&! '!+&)!%("! '!+*'!),$! '!+%*!,')! '!++"!"%*! '!++'!"$)!
 

< 40,7( /161':/3.38 /1- ?0/191+/(M%1; ./1$#*71-, >608 ?(7,*/($ %($ ./1, H7,(%( 

7.1, ./3, 1617( 6"1.676/*$ 3 µ*4(+;/*"3 61.>/3/( 3+$(%)8 (%/$,191+7(8 - 4$( /1 

*6$+*4µ:,1 4*04"(?$%> 6+&/18 %($ µ)%18 - *7,($ 3 40,7( /0, 381. I/1 I#)µ( 7.1 

(6*$%1,7@*/($ 3 6"1.676/1-.( 3µ*").$( *E04)$,3 3+$(%) (%/$,191+7(  4$( /3, 40,7( 

/0, 381 %($ ./1 I#)µ( 7.2 4$( /3, 40,7( /0, 01 *,A %($ ./( =;1 .#)µ(/( 

(6*$%1,7@*/($ 3 3µ*").$( @)/3.3 *,:"4*$(8. I3µ*$A,*/($ 608 /( (,/7./1$#( 

=$(4"&µµ(/( 4$( /$8 &++*8 %+7.*$8 *6$6:=1- 61- *E*/&./3%(, 9"7.%1,/($ ./1 

H("&"/3µ( 5. 



! =/!

< 40,7( %+7.38 /1- *6$6:=1- *63"*&@*$ /1 .;,1+1 /38 3+$(%)8 6"1.676/1-.(8 

(%/$,191+7(8 (++& %($ /3, %(/(,1µ) /38 ./1, #">,1. F$( 6("&=*$4µ( 6("(/3"*7/($ 

608 4$( /3, 40,7( /0, 381 – 61- µ*4$./161$*7/($ 3 .-,1+$%) 3+$(%) (%/$,191+7( – 

./3, 6*"$1#) ($#µ)8 /38 @)/3.38 *,:"4*$(8 3 %(µ6;+3 /38 6"1.676/1-.(8 3+$(%)8 

(%/$,191+7(8 %&,*$ %17+3, (,/7'*/( µ* /3, µ$%">/*"3 40,7(. G(-/>#"1,( 3 40,7( 01 

:#*$ 61+; #(µ3+) (6>=1.3 /1-8 #*$µ*"$,1;8 µ),*8 *,A 3 3+$(%) (%/$,191+7( 61- 

(,/$./1$#*7 ./3, 40,7( /0, 381 =*, 6("1-.$&@*$ µ*4&+*8 (61%+7.*$8 %(/& /3, 

=$&"%*$( *,>8 :/1-8.  

 

< #"1,$%) (,(,/$./1$#7( 6("(404)8-@)/3.38 *,:"4*$(8 µ61"*7 ,( 1=34).*$ ./3, 

(,&4%3 %(/(.%*-)8 /(µ$*-/)"( µ*4(+;/*"38 #0"3/$%>/3/(8. B61µ:,08 4$( /1 

(,/$%*7µ*,1 /38 9*+/$./16173.38, =3+(=) /3, *+(#$./16173.3 /1- %>./1-8, /1- 

-9"$=$%1; ./('µ1; =*, *7,($ =-,(/>8 1 *% /0, 6"1/:"0, 6"1.=$1"$.µ>8 /38 40,7(8 

/161':/3.38 /0, 3+$(%A, 6&,*+. I/1 µ1,/:+1 6"1.1µ170.38 '( *E*/(./1;, 40,7*8 

%+7.38 ?0/191+/(M%1; ./1$#*71- (6> 261 :08 381 µ* 9)µ( 21.  

 

 
@#4µ$ 7.1 D* /3, .-,*#) 4"(µµ) (6*$%1,7@*/($ 3 %(/(,&+0.3 *,:"4*$(8 /$8 3µ:"*8 

/1- #">,1- *,A µ* =$(%*%1µµ:,3 3 *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* 

%+7.3 01. 
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! ==!

 
@#4µ$ 7.2 D* /3, .-,*#) 4"(µµ) (6*$%1,7@*/($ 3 %(/(,&+0.3 *,:"4*$(8 /$8 3µ:"*8 

/1- #">,1- *,A µ* =$(%*%1µµ:,3 3 *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* 

%+7.3 381. 

 

7.3 J87/72&'µ-+ 0/&$64+ $6(&.7>7/)$+ '(7 *8)8*?7 (7" *?=D7"+ 
 

< 3+$(%) (%/$,191+7( 61- 6"1.676/*$ ./1 :=(?18 *7,($ µ$%">/*"3 (6> /3, *E04)$,3 

(?1; :,( µ:"18 /38 (61""1?&/($ (6> /3, (/µ>.?($"(. F$( /1, 6"1.=$1"$.µ> /1- 

µ*4:'1-8 (-/1; (6($/*7/($ ,( -61+14$./*7 3 (./"1,1µ$%) =$&"%*$( 3µ:"(8 N, 

=3+(=) 1 ("$'µ>8 /0, 0"A, (6> /3, (,(/1+) :08 /3, =;.3 /1- 3+71-. !"#$%& 

6"1.=$1"7@*/($ 3 3+$(%) (6>%+$.3 = (rad), 61- *7,($ /1 4*04"(?$%> 6+&/18 >61- 1$ 

(%/7,*8 6:?/1-, %&'*/( /1 µ*.3µ:"$ : 

   ! ! !!!!"# !"#! !!!"# ! ! !!!"!!!!!!!!!(7.1) 

 

>61- J 1 ("$'µ>8 /38 3µ:"(8 µ* J=1 /3, 13 S(,1-("71- %($ J=365 /3, 313 

5*%*µ9"71-. I/3, .-,:#*$( 6"1.=$1"7@*/($ 3 40,7( A"(8 =;.38 0s (rad) /1- 3+71- : 

 

!! ! !"#!!!! !"#! !"# !!!!!!!!!(7.2) 
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! =%!

>61- ? /1 4*04"(?$%> 6+&/18 .* rad *,A 4$( |?| > 1.161 rad = 66.5
o
 =*, 1"7@*/($ 

%('A8 ./( 6+&/3 (-/& =*, =;*$ ! "#$!%. G*+$%& 3 (./"1,1µ$%) =$&"%*$( 3µ:"(8 C 

(h) 6"1%;6/*$ 08 *E)8: 

! ! !"
! !!!!!!!!!!!!(7.3) 

 

N$ %(/(4"(?:8 /38 =$&"%*$(8 3+$1?&,*$(8 n µ7(8 3µ:"(8 *7,($ 6"1?(,A8 6&,/( 

µ$%">/*"*8 7.*8 /38 (./"1,1µ$%)8 =$&"%*$(8 3µ:"(8 C. N"7@*/($ :/.$ 3 .#*/$%) 

3+$1?&,*$( 08 1 +>418 n/N , o +>418 =3+(=) /38 =$&"%*$(8 3+$1?&,*$(8 6"18 /3, 

(./"1,1µ$%) =$&"%*$( 3µ:"(8 61- %-µ(7,*/($ µ*/(E; µ3=:, %($ :,(. 

 

F$( ,( -61+14$./*7 3 (%/$,191+7( 61- ?/&,*$ ./1 :=(?18 #"3.$µ161$*7/($ 1 

(=$&./(/18 .-,/*+*./)8 (61"">?3.38 /38 (/µ>.?($"(8 fs, 61- *7,($ 1 +>418 /38 

(%/$,191+7(8 61- ?/&,*$ ./1 :=(?18 6"18 /3, *E04)$,3 (%/$,191+7(. N .-,/*+*./)8 

6"1%;6/*$ 08 *E)8: 

 

!! ! !! ! !! ! !
!!  (7.4) 

 

>61- (s, bs .-,/*+*./:8 µ* /-6$%:8 /$µ:8 – 1$ 1617*8 #"3.$µ161$1;,/($ - (s=0.25 , 

bs=0.5 %($ n / N 3 .#*/$%) 3+$1?&,*$( >608 6"1(,(?:"'3%*. G*+$%& 3 (%/$,191+7( 

Sn 61- ?/&,*$ ./1 :=(?18 *7,($ : 

 

!! ! !! ! !! (7.5) 

 

>61- So 3 *E04)$,3 3+$(%) (%/$,191+7( (21-/.14$&,,38 2000). D* #").3 /0, 

.-,'*/$%A, #"1,1.*$"A, =$&"%*$(8 3+$1?&,*$(8 n 61- =3µ$1-"4)'3%(, (2*?&+($1 

5) -61+147@*/($ 3 3+$(%) (%/$,191+7( 61- ?/&,*$ ./1 :=(?18, µ* /1, /">61 61- 

6*"$4"&?3%* 6("(6&,0, 4$( 40,7*8 %+7.38 6&,*+ 261-381. 

 

7.4 J87/72&'µ-+ (0+ 8$%$2-µ*.0+ 0/&$64+ *.:%2*&$+  
 

N$ %(/(.%*-(./:8 =$*,*"41;, =1%$µ:8 ./( 3+$(%& 6&,*+ µ* 9&.3 /1 STC (standard 

test conditions), =3+(=) µ* (%/$,191+7( 1 000 W/m2, AM=1.5 %($ '*"µ1%"(.7( 



! =#!

6&,*+ 25oC. !6> /$8 µ*/").*$8 .* .-,')%*8 STC 6"1%;6/*$ 3 $.#;8 Pmax (Wpeak) 

/1- 3+$(%1; 6&,*+ 3 1617( ./3, 6"(4µ(/$%>/3/( *7,($ 3 $.#;8 61- (61=7=*/($ (6> /1 

6&,*+ 4$( /$8 6("(6&,0 .-,')%*8 %($ >#$ 3 µ:4$./3 $.#;8 61- µ61"*7 ,( (61=A.*$. 

I/3, 6$+1/$%) *?("µ14) '*0")'3%* 3+$(%> 6&,*+ µ* $.#; 280 Wp .* .-,')%*8 

STC.  

 

N -61+14$.µ>8 /38 *,:"4*$(8 SE (Wh) 61- 6("&4*/($ (6> :,( ?0/191+/(M%1 6&,*+ 

47,*/($ µ* #").3 /38: 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!" ! !! ! !"#$!""" ! !    (7.6) 

 

>61- Sn (Wh/m2)  3 3+$(%) (%/$,191+7(, Pmax (Wp) 3 (61=$=>µ*,3 $.#;8 .* 

.-,')%*8 STC %($ n 1 9('µ>8 (6>=1.38 /1- ?0/191+/(\%1; 6&,*+ 61- +(µ9&,*/($ 

7.18 µ* 0.85.  

 

 

 

 

 

 

 

 

 

 

 



! =M!

8 J?%70/*6(%&64 *.:%2*&$ 6$& ($µ&*"(4%*+ 
 

8.1 !&'$2324
3 

 

J="13+*%/"$%) *,:"4*$( 1,1µ&@*/($ 3 *,:"4*$( /1- ,*"1; /1 16171 µ:.0 

-=(/16/A.*0, %$,*7 -="1./"197+1-8 4$( /3, 6("(404) 3+*%/"$%)8 *,:"4*$(8 %($ 

(61/*+*7 (,(,*A.$µ3 634) *,:"4*$(8. B7,($ µ$( µ1"?) *,:"4*$(8 61- (E$161$*7/($ 

(6> /3, ("#($>/3/( µ:.0 /0, -=">µ-+0, 4$( /1 &+*.µ( /0, =3µ3/"$(%A, %($ /3, 

%16) E-+*7(8. B$=$%& ./3, B++&=( 3 .-,1+$%) *4%(/*./3µ:,3 $.#;8 -="13+*%/"$%A, 

:"40, *7,($ 3 060 MW µ* µ:.3 .-,*$.?1"& ./3, 6("(404) 3+*%/"$%)8 *,:"4*$(8 8-

10%. 

 

G( :"4( 4$( /3, (E$16173.3 /38 -="13+*%/"$%)8 *,:"4*$(8 #("(%/3"7@1,/($ (6> 

µ*4&+3 =$&"%*$( @0)8, 61+; #(µ3+> %>./18 +*$/1-"47(8 %($ .-,/)"3.38, %($ µ*4&+3 

(E$16$./7( %($ %&+-K3 /0, ($#µA, /38 @)/3.38. B6$6">.'*/( 1?:+3 6"1%;6/1-, 

(6> /$8 -61=1µ:8 61- (,(6/;..1,/($ >608 &"=*-.3, ;="*-.3, (,/$6+3µµ-"$%) 

6"1./(.7(. Q8 !.H.B. 6("1-.$&@*$ µ3=*,$%:8 *%61µ6:8 ";60, - µ* µ*4&+1 9('µ> 

(6>=1.38 .-4%"$/$%& µ* /$8 &++*8 !.H.B. – *,A 3 =3µ$1-"47( -="19$>/161-, µ:.0 

/0, /(µ$*-/)"0,, 1=34*7 ./3, (,(9&'µ$.3 /1- /1671- %($ 61++:8 ?1":8 .* (,&6/-E3 

="(./3"$1/)/0, >608 (+$*7(, 6*"$9(++1,/$%) *%6(7=*-.3, *,(++(%/$%>8 /1-"$.µ>8 

%.(. 

 

R-.$%&, 6$'(,) *7,($ 3 1$%1+14$%) -619&'µ$.3 08 (61/:+*.µ( /38 %(/(.%*-)8 

µ*4&+0, -="13+*%/"$%A, :"40, >608 3 16/$%) >#+3.3, 3 -619&'µ$.3 /38 #+0"7=(8 

%($ 6(,7=(8 ((61K7+0.3 /38 9+&./3.38, *µ6>=$( ./3, %7,3.3 /38 $#'-16(,7=(8 

%.(.), (,;K0.3 /1- -6>4*$1- -="1?>"1- 1"7@1,/(, µ*/(91+) ./3, %17/3 /1- 

61/(µ1;. 

 

D$( &++3 *?("µ14), +$4>/*"1 .-#,), *7,($ (-/) /38 &,/+3.38-/(µ7*-.38 61- (6($/*7 

>µ08 :,(, *6$6+:1, /(µ$*-/)"( %($ (,/+7*8 .* .;4%"$.3 µ* /( .-,3'$.µ:,( 

-="13+*%/"$%& :"4(. D* (-/> /1 .;./3µ( >/(, 6("1-.$&@*/($ 6*"7..*$( *,:"4*$(8, 

+>40 (,*+(./$%>/3/(8 /38 6("(404)8 /38, #"3.$µ161$*7/($ 4$( &,/+3.3 /1- ,*"1; 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
/!G1 -61%*?&+($1 (-/> (61/*+*7 .;µ6/-E3 /1- D(µ&.38 C. (2011)!



! =<!

(6> /1, %(/&,/3 /(µ$*-/)"( ./1, (,&,/3. B7,($ =-,(/) :/.$ 3 (61')%*-.3 *,:"4*$(8 

.* µ*4&+3 %+7µ(%( &"( %($ 1 6*"$1"$.µ>8 /38 #"1,$%)8 (,(,/$./1$#7(8 /38 

6("(404)8 µ* /3, @)/3.3. !-/) 3 µ:'1=18 (61')%*-.38 *,:"4*$(8 :#*$ 

#"3.$µ161$3'*7 .* 3+*%/"1=1/$%& =7%/-( µ* (=-,(µ7( 6*"$1"$.µ1; /38 6("(404)8 

µ* /3, µ*70.3 /38 @)/3.38 /1 9"&=- %($ .* !.H.B. >61- /1 µ:4*'18 %($ 1 #">,18 

6("(404)8 *,:"4*$(8 =*, µ61"*7 ,( 6"1.=$1"$.'*7 *% /0, 6"1/:"0,. 

 

I/1 6+(7.$1 (-/)8 /38 µ*+:/38 %"7'3%* (6("(7/3/3 3 %(/(.%*-) *,>8 :"41- 

(61')%*-.38 /38 *,:"4*$(8 (?1; ./>#18 *7,($ 3 %&+-K3 /38 @)/3.38 %&/$ 61- =*, 

µ61"*7 ,( *E(.?(+$./*7 (6> /$8 ($1+$%:8 µ3#(,:8 %($ /( ?0/191+/(M%& 6&,*+ 

=*=1µ:,1- >/$ 3 6("(404) (6> /$8 634:8 (-/:8 *7,($ /-#(7( %($ =*, µ61"*7 ,( 

6"14"(µµ(/$./*7. N /">618 (61')%*-.38 61- *6$+:#'3%* *7,($ /38 &,/+3.38-

/(µ7*-.38. 

 

8.2 ,*%&2%$D4 (7" '"'(4µ$(7+ (3. ?B7 ($µ&*"(4%3. 
 

P608 :#*$ (,(?*"'*7 '*0"*7/($ 608 1 (,&,/3 %($ 1 %(/&,/3 /(µ$*-/)"(8 :#1-, /3, 

7=$( #0"3/$%>/3/( %($ /( 7=$( #("(%/3"$./$%&. B67.38 -6*,'-µ7@*/($ 608 (µ*+1;,/($ 

1$ *$."1:8 %($ 1$ *%"1:8 ./1-8 /(µ$*-/)"*8 =3+(=) '*0"*7/($ ./('*") 3 61.>/3/( 

/1- ,*"1; 61- -6&"#*$ .* (-/1;8. < 6("(404) *,:"4*$(8 %('A8 %($ 3 &,/+3.3 

47,*/($ (6> :,(, (,/+$1./">9$+1. X*0"*7/($ 608 1 ,*%">8 >4%18 CN /1- /(µ$*-/)"( 

*7,($ : 

 

!" ! !!! ! ! (8.1) 

 

>61- k *7,($ 3 .-,1+$%) #0"3/$%>/3/( /1- *,>8 /(µ$*-/)"(. B61µ:,08 1 .-,1+$%>8 

>4%18 ,*"1; ./1-8 =;1 /(µ$*-/)"*8 *7,($ 1.2 * k. 

  

B6$+:4*/($ 3 -K1µ*/"$%) =$(?1"& /0, 6-'µ:,0, /0, =;1 /(µ$*-/)"0, z0 = 200 m. < 

-K1µ*/"$%) =$(?1"& H /0, *6$?(,*$A, ,*"1; /0, =;1 /(µ$*-/)"0, 1"7@*/($ (6>: 

 

! !!!! ! !! ! !! (8.2) 

 



! =I!

>61- z1 %($ z2 *7,($ /1 ;K18 /1- ,*"1; ./1, (,&,/3 %($ %(/&,/3 /(µ$*-/)"( 

(,/7./1$#( (I#)µ( 8.1). 

 

 
@#4µ$ 8.1 I%("7?3µ( 6*"$4"(?)8 /38 -K1µ*/"$%)8 =$(?1"&8 < /0, *6$?(,*$A, 

,*"1; /0, =;1 /(µ$*-/)"0,. 

  

8.3 J87/72&'µ-+ 8$%$2-µ*.0+ *.:%2*&$+ 6$& $8$&(7Bµ*.0+ *.:%2*&$+ 
=.(/0'0+ 
 

< *,:"4*$( E (Wh) 61- 6("&4*/($ (6> /1, -="1./">9$+1 6"1%;6/*$ (6>: 

 

! ! !!!!!!!!!!!!!!!!"
!"!!!! !!! (8.3) 

 

< *,:"4*$( E (Wh) 61- (6($/*7/($ A./* ,( (,/+3'*7 µ$( 61.>/3/( ,*"1; V (m3) 

6"1%;6/*$ (6>: 

 

! ! !!!!!!!!!!!!!!"
!"!!!!!! !!! (8.4) 

 

>61- "  3 6-%,>/3/( /1- ,*"1; 1 000 (kg / m3), g  3 *6$/&#-,.3 /38 9(";/3/(8 9.81 

(m / s2), V (m3) 1 >4%18 /1- ,*"1; 61- =$:"#*/($ (6> /1, (,/+$1./">9$+1, H (m) 3 

-K1µ*/"$%) =$(?1"& %($ n 1 .-,1+$%>8 9('µ>8 (6>=1.38 61- +(µ9&,*/($ 7.18 µ* 

0.85. 



! %F!

8.4 @"'#:(&'0 >$'&6C. µ*2*9C. (7" ($µ&*"(4%$  
!
N 6"1.=$1"$.µ>8 /1- ;K1-8 /1- ,*"1; ./1, /(µ$*-/)"( .* %&'* #"1,$%> 9)µ( *7,($ 

(6("(7/3/18 4$( /1, -61+14$.µ> /38 6("(4>µ*,38 *,:"4*$(8 ) /38 *,:"4*$(8 

&,/+3.38. X*0"*7/($ 3 6("(%&/0 .#:.3 /1- -K1µ:/"1- /1- ,*"1; ./1, /(µ$*-/)"( 

z (m) µ* /1, >4%1 /1- (61'3%*-µ:,1- ,*"1; s (m3): 

 

! ! ! ! ! !
!!"#

!!  (8.7) 

 

(Koutsoyiannis & Economou, 2003) >61- zmax /1 µ:4$./1 ;K18 ,*"1; ./1, 

/(µ$*-/)"( %($ @ ./('*"& 3 1617( +(µ9&,*/($ 7.3 µ* /1 /"7(. H":6*$ *61µ:,08 ,( 

*7,($ =-,(/>8 1 6"1.=$1"$.µ>8 /1- zmax 4$( /$8 =$&?1"*8 #0"3/$%>/3/*8 /(µ$*-/)"(. 

B67.38 6":6*$ ,( *7,($ *?$%/>8 1 -61+14$.µ>8 /1- %>./1-8 %(/(.%*-)8 /1- 

/(µ$*-/)"( 4$( /1-8 =$&?1"1-8 >4%1-8 61- *E*/&@1,/($. 

 

F$( /1 +>41 (-/> =3µ$1-"41;,/($ =;1 .#:.*$8 61- 6*"$4"&?1-, /3, (++(4) /0, 

µ*4*'A, /1- /(µ$*-/)"( 61- (,(?:"'3%(, .-,("/).*$ /1- >4%1- /1-. F$( /1, .%16> 

(-/> .-++:#/3%(, - (6> /(µ$*-/)"*8 %(/(.%*-(.µ:,1-8 ./3, B++&=( – =*=1µ:,( /( 

1617( (?1"1;.(, /1 :/18 %(/(.%*-)8, /1 ;K18 ?"&4µ(/18, /1, >4%1 /1- /(µ$*-/)"( 

%($ /1 %>./18 %(/(.%*-)8. 2;"$( 634) )/(, 3 B++3,$%) B6$/"16) D*4&+0, 

R"(4µ&/0, (BBDR, http://www.eemf.gr) .  

 

8.4.1. 3)#4"%&#$ µ"5&#%6) 786)9 +,& 4:1$%&+-%$%,9 %,µ&0)%'1, 
 

!6> /1- /(µ$*-/)"*8 4$( /1-8 16171-8 -6)"#(, ./1$#*7(, 4$( /1, 6"1.=$1"$.µ> /38 

.#:.38 µ:4$./1- ;K1-8 /(µ$*-/)"(->4%1- /(µ$*-/)"(, *6$+:#'3%(, *%*7,1$ µ* >4%1 

µ*4(+;/*"1 /0, 2 500 000 m3. D$%">/*"1$ >4%1$ /(µ$*-/)"( =*, 6"1%;6/1-, .* 

:"41 /38 %+7µ(%(8 61- *E*/&@*/($ *,A 6$'(,>, ,( (++170,(, /3, .-.#:/$.3 /0, 

µ*4*'A, ./1-8 µ*4(+;/*"1-8 >4%1-8. G( ./1$#*7( /0, /(µ$*-/)"0, 61- *6$+:#'3%(, 

(6*$%1,7@1,/($ ./1, H7,(%( 8.1. < .-.#:/$.3 /0, =;1 µ*4*'A, 47,*/($ µ* #").3 /38: 

 

!!"# ! !!!"" ! !!!!"  (8.5) 

 



! %&!

>61- zmax (m) *7,($ /1 µ:4$./1 ;K18 /(µ$*-/)"( %($ k (m3) *7,($ 1 >4%18 /1-. I/1 

I#)µ( 8.2 (6*$%1,7@*/($ 3 %(µ6;+3 /38 .#:.38 µ:4$./1- ;K1-8 /(µ$*-/)"( - >4%1- 

/(µ$*-/)"( 61- :#*$ *6$+*#'*7 %('A8 %($ 3 .-.#:/$.3 zmax – k /0, /(µ$*-/)"0, (6> 

/1-8 16171-8 6"1:%-K* 3 6("(6&,0 .#:.3.  

 

,).$6$+ 8.1 !6*$%1,7@1,/($ /( ./1$#*7( /0, /(µ$*-/)"0, 61- #"3.$µ161$)'3%(, 

4$( /3, .-.#:/$.3 >4%1--µ:4$./1- ;K1-8 /(µ$*-/)"(. 

L.7µ$ 
D%=2µ$(7+ 

M17+ 
($µ&*"(4%$ 

(m) 
L267+ m3 L.7µ$ 

D%=2µ$(7+ 

M17+ 
($µ&*"(4%$ 

(m) 
L267+ m3 

!4. L("9&"( 20 3 000 000 D("&'$ 30 2 950 000 
!4$1,:"$ 48 15 380 000 D("('A,( 54 41 000 000 
!61+(%$& 39 8 100 000 D("µ("& 50 5 000 000 
!61.*+:µ3 62 36 200 000 D*.1#A"( 150 358 000 000 
!"/@&,-
!µ&/191 10 8 600 000 D6"(µ$(,>8 44 16 400 000 

!.Aµ(/( 52 53 000 000 H(6(=$& 67 14 000 000 
L(+.(µ$A/3 66 5 000 000 H*"=7%(8 30 10 000 000 
F(=1-"& 67 67 000 000 H34:8 !A1- 78 180 000 000 

F"(/$,) 53 12 800 000 H34) H($1,7(8 / 
D*/(++*71 38 2 750 000 

F-"/A,3 16 5 000 000 H3,*$>8 <+*7(8 50 420 000 000 
5(?,1@0,&"( 28 2 550 000 H+(%$A/$..(8 53 18 600 000 
B"*..>8 41 2 755 000 H+(/(,>9"-.3 95 57 000 000 

B;3,18 127 138 000 000 
H1/(µA, 
C.]*';µ,38 
(!µ("71-) 

55 22 500 000 

S+("70,(8 130 520 000 000 H1-",&"$ SS 15 4 500 000 
S(.71- 52.5 22 600 000 H"(µ>"$/.( 57 5 586 000 

2(+(µ0/)8-
2(/"&"3 40 5 000 000 Iµ>%191 109 240 000 000 

2(+;9(-
21µ("A,, 
":µ( 

39 8 500 000 I-%$& 170 502 000 000 

2>"38 F*?;"$ 41 3 080 000 I?3%$& 82 99 000 000 

W&=0,(8 56 57 600 000 R*,*>8 (5>E( 
R*,*1;) 56 5 300 000 

2"3/3,7( 41 12 990 000 R$+$(/"$(,> 55 9 000 000 

 

 

 



! %0!

 
@#4µ$ 8.2 < .-,*#)8 %(µ6;+3 (,/$./1$#*7 ./3 zmax=0.533*k0.27. D* " .-µ91+7@*/($ 
3 .-.#:/$.3 zmax – k /0, /(µ$*-/)"0, 61- #"3.$µ161$)'3%(,. 
 

8.4.2. 3)#4"%&#$ +-#%6)9 +,%,#+0)'9 %6) %,µ&0)%'1, µ0 %$; 4:1$%&+-%$%, %6) 
 

F$( /1, 6"1.=$1"$.µ> /38 .#:.38 %>./1-8 %(/(.%*-)8 /(µ$*-/)"( µ* /3, 

#0"3/$%>/3/( /1- *6$+:#'3%(, - 4$( /1-8 7=$1-8 +>41-8 µ* 6"1341-µ:,08 - *%*7,1$ 1$ 

/(µ$*-/)"*8 µ* >4%1 µ*4(+;/*"1 /0, 2 500 000 m3 61- )/(, %(/(.%*-(.µ:,1$ µ*/& 

/1 1990. X*0")'3%* 608 3 *6$%($"16173.3 /1- %>./1-8 /0, /(µ$*-/)"0, 61- 

%(/(.%*-&./3%(, 6"$, /1 1990 =*, '( µ61"1;.* ,( 47,*$ µ* (E$>6$./1 /">61 ./( 

6+(7.$( (-/)8 /38 *"4(.7(8. G1 %>./18 %(/(.%*-)8 *6$%($"161$)'3%* 

#"3.$µ161$A,/(8 /1, 4*,$%> =*7%/3 /$µA, %(/(,(+0/) (B++3,$%) I/(/$./$%) !"#)). 

G( ./1$#*7( /0, /(µ$*-/)"0, 61- *6$+:#'3%(, (6*$%1,7@1,/($ ./1, H7,(%( 8.2. < 

.-.#:/$.3 /0, =;1 µ*4*'A, 47,*/($ µ* #").3 /38 : 

 

!! ! !"!!!! ! !!!!"  (8.6) 

 

>61- %d /1 %>./18 %(/(.%*-)8 .* *-"A. I/1 I#)µ( 8.3 (6*$%1,7@*/($ 3 %(µ6;+3 /38 

.#:.38 %>./1-8 %(/(.%*-)8 /(µ$*-/)"(->4%1- /(µ$*-/)"( %('A8 %($ 3 .-.#:/$.3 

%d - k /0, /(µ$*-/)"0, (6> /1-8 16171-8 6"1:%-K* 3 6("(6&,0 .#:.3.  

 

F!

0F!

=F!

#F!

<F!

&FF!

&0F!

&=F!

&#F!

&<F!

F$FFUVFF! &$FFUVF<! 0$FFUVF<! /$FFUVF<! =$FFUVF<! %$FFUVF<! #$FFUVF<!

d ^
ef
!Q
^
S!

]!Q^/S!



! %/!

,).$6$+ 8.2 !6*$%1,7@1,/($ /( ./1$#*7( /0, /(µ$*-/)"0, 61- #"3.$µ161$)'3%(, 

4$( /3, .-.#:/$.3 >4%1--%>./1-8 %(/(.%*-)8 /(µ$*-/)"(. 

L.7µ$ D%=2µ$(7+ N(7+ 
G$($'6*"4+ OP267+ (hm3) 

!8&6$&%787&0µ:.7 
G-'(7+ G$($'6*"4+ 

(*6. !"%C) 
!"/@&,-!µ&/191 2009 8.6 16.3 

F(=1-"& 2007 67 61 
B"*..>8 2002 2.7 9.4 
B;3,18 2001 138 28.4 
S(.71- 2011 22.6 23 
S+("70,(8 2009 520 102 
2&"+( 2010 135 102.3 
W*-%>4*$( 1994 12.99 10.2 
D("&'$ 1992 2.95 9.4 
D("µ("& 2010 5 12.9 
D*.1#A"( 2009 358 39.9 

H34) H($1,7(8 / 
D*/(++*71 1999 2.75 5.9 

H1/(µA, 
C.]*';µ,38 
(!µ("71-) 

2008 22.5 32.8 

H"(µ>"$/.( 2007 5.59 29.6 
Iµ>%191 1996 240 54.1 
I-%$& 1996 502 92.9 

R*,*>8 (5>E( 
R*,*1;) 1996 5.3 9.6 

 

 

 



! %=!

 
@#4µ$ 8.3 < .-,*#)8 %(µ6;+3 (,/$./1$#*7 ./3 %d=18 222*k0.42. D* " .-µ91+7@*/($ 

3 .-.#:/$.3 %d – k /0, /(µ$*-/)"0, 61- #"3.$µ161$)'3%(,. 
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! %%!

9 P&67.7µ&64 $.=/"'0 
 

9.1 !&'$2324 
 

F$( /1, -61+14$.µ> /1- %>./1-8 :4$,(, (6+161$3/$%:8 6("(=1#:8 61- >µ08 

6"1.*447@1-, – %(/& /1 =-,(/> – /3, 6"(4µ(/$%>/3/(. I* %&'* 6*"76/0.3 

-61+147@*/($ /1 ("#$%> %*?&+($1 61- '( #"*$(./*7 4$( /3, (6>%/3.3 %($ /161':/3.3 

/1- (6("(7/3/1- *E16+$.µ1; ) /3, %(/(.%*-) :"40,, /3, (,/$%(/&./(.3 /1- 

*E16+$.µ1; *&, (-/) #"*$&@*/($ %('A8 %($ /1 %>./18 .-,/)"3.38. N 0?:+$µ18 

#">,18 @0)8 /1- -9"$=$%1; ./('µ1; *7,($ /( 50 #">,$(, 08 #">,18 (6>.9*.38 

*6$+:41,/($ *67.38 /( 50 #">,$( %($ /1 (616+3'0"$.µ:,1 *6$/>%$1 i +(µ9&,*/($ 6%. 

 

< (,(404) .* ("#$%> %>./18 P 61- 6":6*$ ,( 47,*$ 4$( /( %*?&+($( F 61- 

=(6(,1;,/($ -./:"( (6> /3, ("#) /38 +*$/1-"47(8 /1- :"41- 47,*/($ µ* /1, *E)8 

/;61 : 

 

! ! !
!!!!!! (9.1) 

 

>61- n /( :/3 61- µ*.1+(91;, (6> /3, ("#) µ:#"$ /3, *%/(µ7*-.3 /1- 61.1;. < 

(,(404) /1- ("#$%1; %>./1-8 P .* */).$( =(6&,3 ! -61+147@*/($ µ* /1, *E)8 /;61 : 

 

! ! !!!!!!!!!!
!!!!!!!!     (9.2) 

 

>61- n o #">,18 (6>.9*.38. (21-/.14$&,,38 %($ B-./"(/$&=38, 2007) 

  

9.2 !6()µ0'0 6-'(7"+ 
 

9.2.1 <-#%69 ,;0µ650;;$%1&=; 
 

X*0")'3%* 08 (,/$6"1.06*-/$%> %>./18 (6>%/3.38 %($ *4%(/&./(.38 

(,*µ14*,,3/"$A, /1 1 150 000 B-"A (,& MW *4%(/*./3µ:,38 $.#;18. X*0"A,/(8 

08 #">,1 @0)8 /0, (,*µ14*,,3/"$A, /( 25 #">,$(, 6":6*$ ,( (,/$%(/(./('1;, µ7( 



! %#!

?1"& ./3, =$&"%*$( /1- 0?:+$µ1- #">,1- @0)8 /1- .-,1+$%1; :"41-. < *6$+*4µ:,3 

($1+$%) µ3#(,) :#*$ $.#; 7.58 MW. Y"( /1 .-,1+$%> %>./18 (6>%/3.38 %($ 

*4%(/&./(.38 %w (B-"A) -61+147@*/($ 08 *E)8 : 

 

!! ! !! ! !!!" ! !!!"#!!!!! !!!!!!"!!!!"#!!!!
!!! !" !!!!!!!(9.3) 

 

>61- nw 1 ("$'µ>8 /0, (,*µ14*,,3/"$A,. G1 */).$1 %>./18 .-,/)"3.38 *%/$µ&/($ 

608 (61/*+*7 /1 2% /1- ("#$%1; %>./1-8. B61µ:,08 /1 .-,1+$%> %>./18 

.-,/)"3.38 %ws (B-"A) ./1, 0?:+$µ1 #">,1 @0)8 /1- :"41- 6"1%;6/*$ (6> /1 

&'"1$.µ(: 

 

!!" ! !!!!!!"!!!!"#!!!!!!!!"
!!!!!! !!"

!!! !!!!!(9.4) 

 

9.2.2 <-#%69 $.&,+=; *>;0. 
 

P.1, (?1"& /( 3+$(%& 6&,*+ 3 *E:+$E3 /38 /*#,1+147(8 (++& %($ 3 =$*7.=-.3 /0, 

(,*"#>µ*,0, 1$%1,1µ$A, ./3, .-4%*%"$µ:,3 9$1µ3#(,7( :#*$ 08 (61/:+*.µ( /3, 

*6$%"&/3.3 %('1=$%)8 /&.38 ./$8 /$µ:8. < :,/1,3 µ*/(9+3/>/3/( /0, /$µA, /1-8 

%('$./& =-.%1+>/*"3 /3, *%/7µ3.3. H(">+( (-/& /1 61.> /0, 2 000 000 *-"A (,& 

DW *4%(/*./3µ:,38 $.#;18 µ61"*7 ,( '*0"3'*7 08 µ7( (.?(+)8 6"1.:44$.3. D* 

#">,1 @0)8 3+$(%A, 6&,*+ 25 #">,$( %($ 0?:+$µ1 #">,1 @0)8 /1- .-,1+$%1; :"41- 

50 #">,$( '( 6":6*$ /( 6&,*+ (-/& ,( (,/$%(/(./('1;, µ7( ?1"&. G1 *6$+*4µ:,1 

?0/191+/(M%> 6&,*+ :#*$ $.#; 280 Wp. T/.$ /1 .-,1+$%> %>./18 (6>%/3.38 %($ 

*4%(/&./(.38 %s (B-"A) -61+147@*/($ (6> /3, .#:.3: 

 

!! ! !! ! !"# ! !"!! ! !!!!!!!!!! !!!!"#!!"!!!!!!!!!!!!
!!! !" !!!! (9.5) 

 

>61- ns 1 ("$'µ>8 /0, 3+$(%A, 6&,*+. G1 */).$1 %>./18 .-,/)"3.38 *%/$µ&/($ 608 

(61/*+*7 /1 1% /1- ("#$%1; %>./1-8. B61µ:,08 /1 .-,1+$%> %>./18 .-,/)"3.38 %ss 

(B-"A) ./1, 0?:+$µ1 #">,1 @0)8 /1- :"41- 6"1%;6/*$ >/$ *7,($: 

 



! %M!

!!! ! !!!!"#!!"!!!!!!!!!!!!!!!!"
!!!!!!

!"
!!! !!!!!!!(9.6) 

9.2.3 <-#%69 %,µ&0)%'1:; 
 

 G1 %>./18 %(/(.%*-)8 /1- /(µ$*-/)"( >608 :#*$ (,(?*"'*7 ./1 2*?&+($1 8 

6"1%;6/*$ (6> /3, .#:.3: 

 

!! ! !"!!!! ! !!!!"!!!!!!!!(9.7) 

 

(?1; '*0"*7/($ 608 1 #">,18 @0)8 /1- /(µ$*-/)"( *7,($ 50 #">,$(. X( 

%(/(.%*-(./1;, >µ08 =;1 /(µ$*-/)"*8 &"( /1 /*+$%> %>./18 %(/(.%*-)8 '( *7,($ : 

 

!!! ! !"!!!! ! !!!!" ! !!!!!!!!!!!(9.8) 

 

G1 */).$1 %>./18 .-,/)"3.38 *%/$µ&/($ 608 (61/*+*7 /1 0.5% /1- ("#$%1; %>./1-8. 

Y"( /1 .-,1+$%> %>./18 .-,/)"3.38 %ds (B-"A) ./1, 0?:+$µ1 #">,1 @0)8 /1- 

:"41- 6"1%;6/*$ >/$ '( *7,($: 

 

!!" ! !!! !!!!!"
!!!!!! !!

!"
!!! !!!!(9.9) 

 

9.2.4 <-#%69 ,;%.&6#%1-?&.6) 
 

< *%/7µ3.3 /1- %>./1-8 /1- (,/+$1./">9$+1- %( (B-"A) 6"1.=$1"7.'3%* :6*$/( (6> 

6"1.06$%) *6$%1$,0,7( µ* /1, S. I/*?(,&%1 >608 :#*$ #"3.$µ161$3'*7 .* =$%:8 /1- 

*"*-,3/$%:8 *"4(.7*8 µ* 9&.3 /3, *4%(/*./3µ:,3 $.#; /38 (,/+7(8 %($ /3, µ:4$./3 

6("1#) &,/+3.38 /1- (,/+$1./">9$+1-. N$ /$µ:8 6("1-.$&@1,/($ ./1, H7,(%( 9.1. 

 

D* #").3 /0, /$µA, /1- H7,(%( 9.1 -61+147@*/($ /1 %>./18 08 *E)8 : 

 

!! ! !"# !!"#! ! !""" !!"#! ! !"#!!"#!!!"""!!"#!
!!!!!!!" !!!!!!(9.10) 

 

>61- max( *7,($ 3 µ:4$./3 $.#;8 /38 (,/+7(8 .* kW %($ maxq 3 µ:4$./3 6("1#) 61- 

'( (,/+3'*7 .* m3/s. N #">,18 @0)8 /1- (,/+$1./">9$+1- '*0"*7/($ 25 #">,$(.  



! %<!

G1 */).$1 %>./18 .-,/)"3.38 *%/$µ&/($ 608 (61/*+*7 /1 1% /1- ("#$%1; %>./1-8. 

Y"( /1 .-,1+$%> %>./18 .-,/)"3.38 %(s (B-"A) ./1, 0?:+$µ1 #">,1 @0)8 /1- 

:"41- 6"1%;6/*$ >/$ *7,($: 

 

!!! ! !"#!!"#!!!"""!!"#! !!!!"!
!!!!!!

!"
!!! !!!!!!!(9.11) 

 

,).$6$+ 9.1 2>./3 (,/+$1./"197+1- 

!"#$%& '()*+#%µ,-./%(%0$*1& 
)2%3($4µ1& 300 !/KW "#$%&"'&(µ)*(+ ,'-./+ 

5%,6,+$*1& '()*+#%µ,-./%(%0$*1& 
)2%3($4µ1& 120 !/KW "#$%&"'&(µ)*(+ ,'-./+ 

7+.6µ1& 8.#.090:& ()*4*.;:-<%µ$*=-
.#-$+)*+%/$*=) 50 !/KW "#$%&"'&(µ)*(+ ,'-./+ 

>%$31& '()*+#%µ,-./%(%0$*1& 
)2%3($4µ1&  5.000 !/ m3/s µ)#,'&(+ 0%1/-2+ 

 

9.2.5 3);6.&+' 0%'#&, @,*>;$ 
 

< .-,1+$%) */).$( =(6&,3 %* (B-"A) /1- .-,1+$%1; %>./1-8 4$( /1, *6$+*4µ:,1 

#">,1 (6>.9*.38 - 50 #">,$( - *7,($ : 

 

!! ! !!!!!!!!! !!!!!!"!!!!!!!"!!!! !!!!!!!!!"
!!! !"!! !!!!!!!!!!(9.12) 

 

 

 

 

 

 

 

 

 

 



! %I!

10 ;/2-%&9µ7+ 8%7'7µ7)3'0+ (0+ /*&(7"%2)$+ 6$& 
>*/(&'(787)0'0 (7" '"'(4µ$(7+  
 

10.1 ;/2-%&9µ7+ 8%7'7µ7)3'0+  
 

B%/*+*7/($ :,(8 (+4>"$'µ18 61- 6"1.1µ1$A,*$ /3, +*$/1-"47( /1- .-./)µ(/18 .* 

%&'* 3µ*").$1 #"1,$%> 9)µ(, -61+147@*$ /( 9(.$%& µ*4:'3 /1- %($ %(/(4"&?*$ /3, 

(./1#7( *&, (-/) -6&"#*$. D* #").3 /0, .-,'*/$%A, #"1,1.*$"A, /38 µ:.38 

3µ*").$(8 /(#;/3/(8 (,:µ1- %($ /38 =$&"%*$(8 3+$1?&,*$(8 -61+147@1,/($ 1$ *7.1=1$ 

/1- (+4>"$'µ1-. !-/:8 *7,($ 3 *,:"4*$( 61- 6("&4*/($ (6> µ7( (,*µ14*,,)/"$( %($ 

(6> :,( ?0/191+/(M%1 6&,*+ .* %&'* #"1,$%> 9)µ( (E$161$A,/(8 /$8 µ*'1=1+147*8 

61- (,(?:"'3%(, ./( (,/7./1$#( %*?&+($(. B7.1=1 /1- (+4>"$'µ1- *67.38 (61/*+*7 

%($ 3 .-,'*/$%) #"1,1.*$"& @)/3.38 *,:"4*$(8. 

 

H"1.=$1"7@*/($ 3 *,:"4*$( 61- 6("&4*/($ ./1 .;./3µ( .* %&'* #"1,$%> 9)µ(, 4$( 

:,( .-,=-(.µ> 6+)'1-8 (,*µ14*,,3/"$A, %($ 3+$(%A, 6&,*+ %($ >4%1- /(µ$*-/)"(, 

61++(6+(.$&@1,/(8 /3, *7.1=1 /38 3+$(%)8 %($ ($1+$%)8 *,:"4*$(8 µ* /1, ("$'µ> 

/0, 6&,*+ %($ /0, (,*µ14*,,3/"$A, (,/7./1$#(. B+:4#*/($ (, 3 6("(4>µ*,3 

*,:"4*$( *6("%*7 4$( /3, %&+-K3 /38 @)/3.38. B&, *6("%*7 ) -6&"#*$ 6*"7..*$( />/* 

=*, 6("(/3"*7/($ (./1#7( ./1 .-4%*%"$µ:,1 #"1,$%> 9)µ(. B?>.1, 1 (,&,/3 

/(µ$*-/)"(8 =*, *7,($ 6+)"38 (,/+*7/($ ,*"> (6> /1, %(/&,/3 ./1, (,&,/3 

*E(,/+A,/(8 /3, *6$6+:1, *,:"4*$( *%/>8 *&, 6+3"0'*7 1 /(µ$*-/)"(8 ,0"7/*"(. 

I/3, 6*"76/0.3 61- 3 6("(4>µ*,3 *,:"4*$( =*, *6("%*7 =$(/7'*/($ -="13+*%/"$%) 

*,:"4*$( – µ:.0 /1- (,&,/3 /(µ$*-/)"(. B&, 3 (61'3%*-µ:,3 *,:"4*$( =*, *6("%*7 

4$( /3, %&+-K3 /38 @)/3.38 />/* %(/(4"&?*/($ (./1#7(. 2(/(4"&?1,/($ *67.38 3 

$.#;8 61- (6($/*7/($ ,( :#*$ 3 (,/+7( %($ 3 µ:4$./3 6("1#) 61- '( (,/+3'*7, 61- 

#"3.$µ161$1;,/($ 4$( /1, 6"1.=$1"$.µ> /1- %>./1-8 /1- (,/+$1./">9$+1-. 

 

N >4%18 /1- ,*"1; V( (m3) 61- '( (,/+3'*7 (6> µ$( 61.>/3/( *,:"4*$(8 B (Wh) 

6"1%;6/*$ (6> /3, .#:.3 (8.4) %($ *7,($ : 

 

!!! ! !!!"!!!!!!
!!!!!!!!!!!!"!!!!!!!(10.1) 

 



! #F!

N >4%18 /1- ,*"1; V6 (m3) 61- '( #"*$(./*7 A./* ,( 6("(#'*7 µ$( 61.>/3/( 

*,:"4*$(8 E (Wh) 6"1%;6/*$ (6> /3, .#:.3 (8.3) %($ *7,($ : 

 

!! ! !!!"!!!!
!!!!!!!!!!!!!!"!!!!!!!(10.2) 

 

To ;K18 /1 ,*"1; z (m)  ./1, /(µ$*-/)"( >608 6"1%;6/*$ (6> /3, .#:.3 (7.7) %($ 

*7,($ : 

 

! ! !!!!
!
! ! !!"#!!!!!!!(10.3) 

 

P608 :#*$ (,(?*"'*7 '*0"*7/($ 608 1 >4%18 ,*"1; 61- -6&"#*$ %&'* ./$4µ) ./1-8 

=;1 /(µ$*-/)"*8 *7,($ 1.2*k &"( 6"1?(,A8 /1 (61'3%*-µ:,1 ,*"> s2 (m3) ./1, 

%(/&,/3 /(µ$*-/)"( *7,($ : 

 

!! ! !!! ! ! ! ! (10.4) 

 

H("(/7'*/($ 1 (+4>"$'µ18 >61- SWE, SSE (Wh) *7,($ 3 .-,1+$%) 6("(4>µ*,3 

*,:"4*$( (6> /1 ($1+$%> %($ /1 3+$(%> 6&"%1 (,/7./1$#(, nw, ns *7,($ o ("$'µ>8 /0, 

(,*µ14*,,3/"$A, %($ /0, 3+$(%A, 6&,*+ (,/7./1$#(, RE (Wh) *7,($ 3 @)/3.3 

*,:"4*$(8, in (m3) *7,($ 3 61.>/3/( /1- ,*"1; 61- *$.:"#*/($ ./1, /(µ$*-/)"(, L 3 

(./1#7( *,A 1 =*7%/38 =;1 (,(?:"*/($ ./1, %(/&,/3 /(µ$*-/)"(.  

 

 

SWE=WE*nw 

SSE=SE*ns 

 

if (SWE+SSE)>=RE then 

  

if!! !"#!!!"!!" !!!!"!!!!
!!!! ! !!!!!!!" ! ! ! !  then 

in = k-s 

  s = s+in 

  s2 = k*1.2-s 



! #&!

  ! ! !!!!
!
! ! !!"# 

                !! ! !!!! !
!
! ! !!"#  

  if maxa <! !!! !!!!! ! !!!!!!!"
!"!!!!!!!!"  then 

            maxa = !!! !!!!! ! !!!!!!!"
!"!!!!!!!!"  

            end if 

             if maxq < !"
!"#$$ then 

   maxq = !"
!"#$$  

  end if  

 else 

  in =! !"#!!!"!!" !!!!"!!!!
!!!! ! !!!!!!!"  

  s = s+in 

  s2 = k*1.2-s 

  ! ! !!!!
!
! ! !!"# 

!! ! !!!! !
!
! ! !!"#  

  if maxa < !"#!!!"!!"
!"  then 

    maxa = !"#!!!"!!"
!"  

  end if 

  if maxq < !"
!"#$$ then 

    maxq = !"
!"#$$ 

  end if 

 

end if 

else 

 if !"!!"#!!!" !!"!!!!
!!!!!! ! !!!!!!!" ! !! ! !!! ! !! then 

 s = s - !"!!"#!!!" !!"!!!!
!!!!!! ! !!!!!!!"  

 s2 = k*1.2-s 

  ! ! !!!!
!
! ! !!"# 



! #0!

             !! ! !!!! !
!
! ! !!"#  

 else 

  L = L + 1 

 end if 

end if 

 

N (+4>"$'µ18 (-/>8 *6(,(+(µ9&,*/($ 182 621 ?1":8, >.*8 %($ 1$ 3µ:"*8 /0, 500 

#">,0,. X*0"*7/($ 608 ("#$%& 1 (,&,/3 /(µ$*-/)"(8 :#*$ 6+3"0'*7 %(/& /1 )µ$.- s 

= 0.5*k %($ &"( 1 %(/&,/3 s2 = 0.7*k.  

 

10.2 Q*/(&'(787)0'0 
 

< =$(=$%(.7( /38 9*+/$./16173.38 47,*/($ µ* /3, µ:'1=1 /0, 4*,*/$%A, (+41"7'µ0,. 

N$ 4*,*/$%17 (+4>"$'µ1$ *7,($ (+4>"$'µ1$ *67+-.38 6"19+3µ&/0, 61- 9(.7@1,/($ 

./$8 ("#:8 /38 L$1+14$%)8 BE:+$E38 %($ *7,($ #").$µ1$ .* 61+-6("(µ*/"$%& 

6"19+)µ(/(. F*,,1;, :,(, 6+3'-.µ> +;.*0, %($ -61+147@1-, /3, *67=1.3 %&'* 

+;.38 µ* 9&.3 /3, (,/$%*$µ*,$%) .-,&"/3.3. !6> (-/>, /1, 6+3'-.µ> 

#"3.$µ161$1;,/($ 1$ +;.*$8 61- $%(,161$1;, %(+;/*"( /( %"$/)"$( 1$ 1617*8 

µ*/(++&..1,/($ /-#(7( =3µ$1-"4A,/(8 :,(, ,:1 6+3'-.µ>. 5$(/3"*7/($ :/.$ :,(8 

6+3'-.µ>8 6$'(,A, +;.*0, 1 161718 *E*+7..*/($ *?("µ>@1,/(8 4*,*/$%:8 

=$(=$%(.7*8 =3µ$1-"4A,/(8 :,( ,:1 6+3'-.µ> 61- (,/$%('$./& /1, 6"1341;µ*,1 µ* 

9&.3 /3, *67=1.3. !-/) 3 =$(=$%(.7( *6(,(+(µ9&,*/($ ("%*/:8 ?1":8 A./* ,( 

%(/(+)E*$ ./3, +;.3 61- $%(,161$*7 %(+;/*"( /3, (,/$%*$µ*,$%) .-,&"/3.3. 

H"1.1#) 6":6*$ ,( =1'*7 ./1 4*41,>8 608 3 +;.3 61- 6"1%;6/*$ (6> /1, 4*,*/$%> 

(+4>"$'µ1 =*, *7,($ (6("(7/3/( 3 9:+/$./3.  

 

!,/$%*7µ*,1 /38 9*+/$./16173.38 *7,($ 3 *+(#$./16173.3 /1- %>./1-8 %(/(.%*-)8 

%($ .-,/)"3.38 /1- -9"$=$%1; ./('µ1; - 61- *E("/&/($ (6> /1, ("$'µ> /0, 

(,*µ14*,,3/"$A, %($ 3+$(%A, 6&,*+ %('A8 %($ (6> /1, >4%1 /0, /(µ$*-/)"0, - *,A 

3 (./1#7( *7,($ µ$%">/*"3 ) 7.3 *,>8 1"71-, .-4%*%"$µ:,( /1- 100, .* >+1 /1 µ)%18 

6"1.1µ170.38. F$( /3, *67/*-E3 /38 *+(#$./16173.38 /38 (,/$%*$µ*,$%)8 

.-,&"/3.38 - 3 1617( *7,($ 3 %* (9.12) – 1 4*,*/$%>8 (+4>"$'µ18 µ*/(9&++*$ /1, 

("$'µ> /0, (,*µ14*,,3/"$A, nw %($ /0, 3+$(%A, 6&,*+ ns %('A8 %($ /1, >4%1 /1- 



! #/!

/(µ$*-/)"( k µ* /1, 6*"$1"$.µ> 3 (./1#7( ,( *7,($ µ$%">/*"3 ) 7.3 /1- 100. F$( 

%&'* :,( .-,=-(.µ> nw, ns, k 61- 6"1%;6/*$ *%/*+*7/($ 1 *6(,(+36/$%>8 (+4>"$'µ18 

61- 6("(/:'3%* ./1 %*?&+($1 10.1 (6> >61- -61+147@*/($ 3 (./1#7(, 3 µ:4$./3 

$.#;8 &,/+3.38 %($ 3 µ:4$./3 6("1#) &,/+3.38. I/3 .-,:#*$( #"3.$µ161$A,/(8 /( 

nw, ns, k, /3, µ:4$./3 $.#; &,/+3.38 %($ /3, µ:4$./3 6("1#) &,/+3.38 -61+147@*/($ 

3 /$µ) /38 (,/$%*$µ*,$%)8 .-,&"/3.38. T6*$/( (6> 61++:8 *6(,(+)K*$8 1 (+4>"$'µ18 

.-4%+7,*$ .* µ7( +;.3.  

 

F$( /3, *?("µ14) /0, 6("(6&,0 #"3.$µ161$*7/($ /1 -61+14$./$%> .;./3µ( “Solver” 

61- .-µ6*"$+(µ9&,*/($ ./1 6">4"(µµ( “Microsoft Excel”.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



! #=!

  



! #%!

11 ;.=/"'0 '*.$%)3. 
 

11.1 @*.=%&$ ?)#3+ 8*%&7%&'µ7B+ '(7. $%&9µ- (3. $.*µ72*..0(%&C. 2&$ 
?&$D7%*(&6:+ 23.)*+ (7879:(0'0+ (3. D3(7>7/($R6C. '(7&#*)3. 
 

V"3.$µ161$A,/(8 /$8 .-,'*/$%:8 #"1,1.*$":8 µ* /$8 /$µ:8 /1- .-,/*+*./) Hurst 61- 

(,/$./1$#1;, ./( ?($,>µ*,(, :4$,* 3 =$(=$%(.7( 9*+/$./16173.38 4$( /3, 

*+(#$./16173.3 /1- %>./1-8 *?/& ?1":8 4$( =$(?1"*/$%:8 40,7*8 %+7.*$8 3+$(%A, 

6&,*+ (6> 261 :08 381 µ* 9)µ( 21. 2($ ./( :E$ .*,&"$( 6"1:%-K* 608 3 #").3 

3+$(%A, 6&,*+ =*, *7,($ .-µ?:"1-.(, =3+(=) 6"1:%-K* ns=0. H"&4µ(/$ /( 3+$(%& 

6&,*+ *7,($ (%"$9>/*"( - 08 6"18 /3, *4%(/*./3µ:,3 $.#; - >µ08 =*, '( )/(, .0./> 

,( %(/(+)E*$ %(,*78 ./1 .-µ6:"(.µ( 608 *7,($ (.;µ?1"3 3 #").3 /1-8 *% /0, 

6"1/:"0,. P608 :#*$ (,(+-'*7 ./1 2*?&+($1 3 (-/> *E("/&/($ %($ (6> /3, 

=$('*.$µ>/3/( /38 *,:"4*$(8 (3+$(%) (%/$,191+7(), /3, %(/(,1µ) /38 ./1 #">,1 

(++& %($ /3, */*"1.-.#:/$.) /38 µ* /3, /(#;/3/( (,:µ1-. I/1, H7,(%( 11.1 

?(7,*/($ 3 µ7( %1$,) +;.3 /0, *?/& .*,("70,. 

 

,).$6$+ 11.1 21$,) +;.3 /0, *?/& .*,("70, µ* #").3 /0, .-,'*/$%A, 

#"1,1.*$"A, µ* /1-8 .-,/*+*./:8 Hurst 61- (,/$./1$#1;, ./( ?($,>µ*,( 

JK$ &'! LMNM$@OPA$ "&*!
JQ$ $! LMNR$@LSITQA$ +'!

U$@VLIA$ &%$! W$ )(!
6:$@:6X$Y<4ZA$ ''#+!

 

< *4%(/*./3µ:,3 $.#;8 /38 6("(6&,0 +;.38 *7,($ 6*"761- 174 MW *,A 3 $.#;8 /38 

(,/+7(8 124 MW. J6*,'-µ7@*/($ 608 3 (,*µ14*,,)/"$( :#*$ $.#; 7.58 MW. < 

.-,1+$%) *,:"4*$( 61- 6("&4*/($ *7,($ /1 1.20 /38 *,:"4*$(8 61- @3/*7/($. < 

*,:"4*$( 61- =*, (E$161$*7/($, =3+(=) 3 6*"7..*$( *,:"4*$(8 61- =*, )/(, =-,(/> ,( 

(61'3%*-'*7, *7,($ /1 0.10 /38 .-,1+$%)8 6("(4>µ*,38 *,:"4*$(8. 

< =$(=$%(.7( 9*+/$./16173.38 *6(,(+)?'3%* µ* #").3 /0, #"1,1.*$"A, µ* 

µ*$0µ:,1 .-,/*+*./) Hurst. I/1, H7,(%( 11.2 ?(7,*/($ 3 µ7( %1$,) +;.3 /0, *?/& 

.*,("70,. N ("$'µ>8 /0, (,*µ14*,,3/"$A, 61- (6($/*7/($ *7,($ 1 7=$18 *,A 

6"1%;6/*$ µ$%">/*"18 >4%18 /(µ$*-/)"(. < *,:"4*$( 61- 6("&4*/($ %('A8 %($ 3 µ3 

(E$161$).$µ3 *,:"4*$( *7,($ .#*=>, 7=$*8 µ* (-/:8 61- 6"1%;6/1-, (6> /$8 



! ##!

#"1,1.*$":8 µ* /1-8 .-,/*+*./:8 Hurst 61- (,/$./1$#1;, ./( ?($,>µ*,(.  

,).$6$+ 11.2 21$,) +;.3 /0, *?/& .*,("70, µ* #").3 /0, .-,'*/$%A, 

#"1,1.*$"A, µ* µ*$0µ:,1 .-,/*+*./) Hurst 

JK$ &'! LMNM$@OPA$ "&%!
JQ$ $! LMNR$@LSITQA$ +&!

U$@VLIA$ "(%! W$ "$$!
6:$@:6X$Y<4ZA$ '&#)!

 

11.2 @*.=%&$ µ* 8*%&7%&'µ- '(7. $%&9µ- (3. $.*µ72*..0(%&C. 2&$ 
?&$D7%*(&6:+ 23.)*+ (7879:(0'0+ (3. D3(7>7/($R6C. '(7&#*)3. 
 

B%/*+:./3%(, (%>µ( *?/& .*,&"$( - #"3.$µ161$A,/(8 /$8 .-,'*/$%:8 #"1,1.*$":8 µ* 

/$8 /$µ:8 /1- .-,/*+*./) Hurst 61- (,/$./1$#1;, ./( ?($,>µ*,( -  µ* /1, 6*"$1"$.µ> 

1 ("$'µ>8 /0, (,*µ14*,,3/"$A, nw ,( *7,($ 12. G( (61/*+:.µ(/( (-/A, 

6("(/7'*,/($ ./1, H7,(%( 11.3 . N$ +;.*$8 *7,($ 6(">µ1$*8 µ*/(E; /1-8 µ* 9:+/$./*8 

/$8 40,7*8 361 %($ 381. H("(/3"*7/($ 608 .* >+*8 /$8 40,7*8 %+7.38 6"1%;6/1-, 

480 000 3+$(%& 6&,*+ µ* /1, >4%1 /0, /(µ$*-/)"0, ,( µ*$A,*/($ µ* /3, (;E3.3 /38 

40,7(8.  

 

< *4%(/*./3µ:,3 $.#;8 /0, (,*µ14*,,3/"$A, .* >+( /( .*,&"$( *7,($ 6*"761- 91 

DW *,A 3 *4%(/*./3µ:,3 $.#;8 /0, 3+$(%A, 6&,*+ *7,($ 6*"761- 134 MW. G1 

61.1./> .-µµ*/1#)8 ./3, *4%(/*./3µ:,3 $.#; /38 3+$(%)8 *,:"4*$(8 *7,($ 0.60. G( 

61.1./& .-µµ*/1#)8 ./3, .-,1+$%) 6("(4>µ*,3 *,:"4*$( /38 3+$(%)8 *,:"4*$(8 

%-µ(7,1,/($ ./1 0.43 .* %&'* .*,&"$1. I* >+1-8 /1-8 6("(6&,0 +>41-8 6"1?(,A8 

/1 -6>+1$61 %(+-6/*/($ (6> /3, ($1+$%) *,:"4*$(. N +>418 /38 .-,1+$%)8 

6("(4>µ*,38 *,:"4*$(8 6"18 /3, .-,1+$%) @)/3.3 *,:"4*$(8 *7,($ 4$( >+( /( .*,&"$( 

6*"761- 1.10. G1 %+&.µ( /38 *,:"4*$(8 61- =*, (E$161$*7/($, =3+(=) 3 6*"7..*$( 

*,:"4*$(8 61- =*, )/(, =-,(/> ,( (61'3%*-'*7, µ* /3, .-,1+$%) 6("(4>µ*,3 

*,:"4*$( *7,($, *67.38 4$( >+( /( .*,&"$(, 6*"761- 0.05. I* >+1-8 /1-8 6("(6&,0 

+>41-8 1$ =$(?1":8 µ*/(E; /0, .*,("70, *µ?(,7@1,/($ ./1 /"7/1 =*%(=$%>. 

 

 

 



! #M!

,).$6$+ 11.3 !61/*+:.µ(/( /0, .*,("70, µ* 6*"$1"$.µ> ./1, ("$'µ> /0, 

(,*µ14*,,3/"$A, 

BC9D:E$
6FD1GE$
@>3D4:EA$

!H$ !'$ I"$ I!$ I#$ IH$ I'$

JK$ "&! "&! "&! "&! "&! "&! "&!

JQ$ *)$!$$$! *)$!$$$! *)$!$$$! *)$!$$$! *)$!$$$! *)$!$$$! *)$!$$$!

U$@VLIA$ "+$! "%$! "*$! "'%! "'$! "&%! "&%!

LMNM$
@OPA$

,+! ,+! ,+! ,+! ,+! ,+! ,+!

LMNR$
@LITQA$

'%! '%! '*! '*! '*! '*! '*!

W$ (%! ($! (+! (*! "$$! "$$! (%!

6:$@:6X$
Y<4ZA$

**#*! **#&! **! *'#(! *'#)! *'#,! *'#,!

 

11.3 ;.=/"'0 *"$&'90')$+ (7" '"'(4µ$(7+ '(7. *F"80%*(7Bµ*.7 8/09"'µ- 
!
F$( /3, 40,7( %+7.38 /0, 380 *%/*+:.'3%(, /"7( *6$6+:1, .*,&"$( - 

#"3.$µ161$A,/(8 /$8 .-,'*/$%:8 #"1,1.*$":8 µ* /$8 /$µ:8 /1- .-,/*+*./) Hurst 61- 

(,/$./1$#1;, ./( ?($,>µ*,( - µ* *E-63"*/1;µ*,1-8 6+3'-.µ1;8 25 000 (11 

.*,&"$1), 50 000 (21 .*,&"$1), 200 000 (41 .*,&"$1). G( (61/*+:.µ(/( (-/A, /0, 

.*,("70, >608 %($ /1- .*,("71- 61- (,(+;'3%* ./1 2*?&+($1 11.1 (31 .*,&"$1) 

6("(/7'*,/($ ./1, H7,(%( 11.4. I* >+*8 /$8 +;.*$8 /0, .*,("70, 6">*%-K* ns=0. 

H("(/3"*7/($ 608 (6> /1 11 .*,&"$1 ./1 21, =3+(=) ./1, =$6+(.$(.µ> /1- 

*E-63"*/1;µ*,1- 6+3'-.µ1;, -6&"#*$ =$6+(.$(.µ>8 /1- nw %($ k. G1 7=$1 .-µ9(7,*$ 

%($  ./3, µ*/&9(.3 (6> /1 31 ./1 41 .*,&"$1 - µ* *+(?"A8 µ$%">/*"1 >4%1 (6> /1 

=$6+&.$1. I/3, µ*/&9(.3 (6> /1 21 ./1 31 6("(/3"*7/($ 608 (-/> =*, .-µ9(7,*$. 

I/3, 6"(4µ(/$%>/3/( >µ08 4$( nw=24 %($ k=170 hm3 6"1%;6/*$ 608 %(+;6/*/($ 1 

6*"$1"$.µ>8 /38 (./1#7(8. 

 

 



! #<!

,).$6$+ 11.4 !61/*+:.µ(/( /0, .*,("70, 4$( =$(?1"*/$%1;8 *E-63"*/1;µ*,1-8 

6+3'-.µ1;8 

Y[<\G4:23]>:93E$
\FG=<1>^E$ !%$"""$ %"$"""$ (""$"""$ !""$"""$

JK$ +! "&! &'! *+!
JQ$ $! $! $! $!

U$@VLIA$ *%! ($! &%$! *($!
6:$@:6X$Y<4ZA$ "$#)! ")#,! ''#+! +"#*!

 

11.4 <&*%*B.0'0 *8&8/:7. '*.$%)3. 
!
5*, *E*/&./3%* %&61$1 .*,&"$1 µ* /$8 *6$=1/1;µ*,*8 (6> /1 %"&/18 /$µ:8. !-/> '( 

µ61"1;.* ,( 47,*$ #"3.$µ161$A,/(8 /$8 /$µ:8 (41"&8 61- -6&"#1-, E*#0"$./& 4$( 

3+$(%) %($ ($1+$%) *,:"4*$( µ* ./>#1 /3, 9*+/$./16173.3 /38 6"1.>=1-. < ($1+$%) 

*,:"4*$( >µ08 /$µ1+14*7/($ ./1 µ3 =$(.-,=*=*µ:,1 .;./3µ( 99,45 B-"A / MWh 4$( 

($1+$%) *,:"4*$( 61- (E$161$*7/($ µ*  #*".(7*8 *4%(/(./&.*$8 $.#;18 > 50 kW. P.1, 

(?1"& /3, 3+$(%) *,:"4*$( 3 /$µ) µ*/(9&++*/($ .-,*#A8 :08 /1 2015 %($ (6> *%*7 

%($ :6*$/( – 4$( /( µ3 =$(.-,=*=*µ:,( ,3.$& - '( *7,($ 1.4*µNGI,-1 (µ:.3 1"$(%) 

/$µ) .-./)µ(/18) (W*$/1-"4>8 !41"&8 <+*%/"$%)8 B,:"4*$(8). !, 6"1.*44$./$%& 

#"3.$µ161$1;/(, 3 *%/7µ3.3 /38 µNGI /1- 2011 (2&6"18, 2011) 3 6"1.?*">µ*,3 

/$µ) 61- 6"1%;6/*$ 4$( /3, 3+$(%) *,:"4*$( *7,($ µ$%">/*"3 (6> (-/) /38 ($1+$%)8 

*,:"4*$(8 µ* /1 %>./18 (41"&8 %($ /161':/3.38 /38 3+$(%)8 *,:"4*$(8 ,( *7,($ 

µ*4(+;/*"1 (6> (-/> /38 ($1+$%)8. Y"( '( 6"1:%-6/* 3 7=$( +;.3 µ* /1 6"A/1 

.*,&"$1. G1 7=$1 6"1%;6/*$ 4$( /$8 /$µ:8 61- (,/$./1$#1;, ./1 =$(.-,=*=*µ:,1 

.;./3µ(. 

 

T,(8 &++18 /">618 6"1.:44$.38 '( )/(, µ* /3, #").3 /38 .#*/$%)8 (6>?(.38 61- 

:#*$ =3µ1.$*-'*7 ./3, *?3µ*"7=( /38 %-9:",3.38 (!". R;++1- 448, 3 !6"$+71- 

2007) 4$( -9"$=$%1;8 ./('µ1;8. N /">618 /$µ1+>43.38 6"1%;6/*$ E*#0"$./& 4$( 

%&'* ,3.7 - µ*/& (6> (,&'*.3 µ*+:/38 (6> /3 ]!B - µ* 9&.3 /1 *%&./1/* %>./18 

.-µ9(/$%A, ./('µA, 6("(404)8 µ* ./>#1 /3, %&+-K3 *,>8 µ:"1-8 /38 @)/3.38 (6> 

/1 -9"$=$%>. G1 6,*;µ( (-/)8 /38 (6>?(.38 =*, (,/$./1$#*7 µ* (-/> /38 6("1;.(8 

*"4(.7(8 >61- ./>#18 *7,($ ,( *E(.?(+7@*/($ 3 (-/1,1µ7( (61%+*$./$%& (6> /1, 



! #I!

-9"$=$%> ./('µ>. < *?("µ14) /1- +1$6>, '( 1=341;.* .* µ3 1-.$A=3 

(61/*+:.µ(/(. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



! MF!

  



! M&!

12 A*/&6= '"µ8*%='µ$($ 
!
 

G1 9(.$%> .*,&"$1 61- *E*/&./3%* (6($/1;.* /3, $%(,16173.3 /38 @)/3.38 

*,:"4*$(8 61- (,/$./1$#*7 .* 100 000 &/1µ(. J6*,'-µ7@*/($ 608 /( µ*/*0"1+14$%& 

=*=1µ:,( 6"1:"#1,/($ (6> ./('µ> ./3, ,>/$( !//$%) (37.89N 23.71W), 3 

(,*µ14*,,)/"$( 61- #"3.$µ161$)'3%* 4$( /1-8 -61+14$.µ1;8 :#*$ $.#; 7.58 MW *,A 

/1 3+$(%> 6&,*+ 280 Wp. 

 

P608 )/(, (,(µ*,>µ*,1 6">*%-K* 608 /1 :"41 61- '( %(+;6/*$ /( %"$/)"$( 61- 

/:'3%(, *7,($ :,( (6($/3/$%> :"41 µ*4&+38 %+7µ(%(8, */).$1- %>./1-8 /1 +$4>/*"1 

33.6 *%(/1µµ;"$( B-"A. < +;.3 /0, .*,("70, #0"78 6*"$1"$.µ1;8 ./1, ("$'µ> /0, 

(,*µ14*,,3/"$A, (,/$./1$#*7 .* 6*"761- 174 MW *4%(/*./3µ:,38 $.#;18 

(61%+*$./$%& (6> (,*µ14*,,)/"$*8. I/( -6>+1$6( .*,&"$( 3 *4%(/*./3µ:,3 $.#;8 

/0, (,*µ14*,,3/"$A, .* %&'* 6*"76/0.3 *7,($ 6*"761- 91 MW %($ /0, 3+$(%A, 

6&,*+ *7/* 132 DW *7/* 134 MW. I/3, B++&=( /1 2011 3 *4%(/*./3µ:,3 $.#;8 

($1+$%)8 *,:"4*$(8 )/(, 1 636 MW %($ 3+$(%)8 626 MW 

(http://government.gov.gr/2012/04/09/29058/). 2(/(,1*7/($ *-%1+>/*"( /1 µ:4*'18 

/1- :"41- -61+147@1,/(8 608 3 *4%(/*./3µ:,3 $.#;8 /38 6"A/38 +;.38 (61/*+*7 

6*"761- /1 11% /38 )=3 *4%(/*./3µ:,38 ($1+$%)8 $.#;18 *,A 3 *4%(/*./3µ:,3 $.#;8 

/38 3+$(%)8 *,:"4*$(8 /0, .*,("70, µ* (-./3"& 12 (,*µ14*,,)/"$*8 (61/*+*7 

6*"761- /1 21% /38 )=3 *4%(/*./3µ:,38 3+$(%)8 $.#;18. R-.$%& 3 1$%1,1µ$%) 

9$0.$µ>/3/( /1- :"41- =*, *E("/&/($ (6> /( 6("(6&,0 /( 1617( %(/(=*$%,;1-, 

>µ08 /3, 6"(%/$%) =-.%1+7( /1- *4#*$")µ(/18. 

 

G1 %>./18 (,& MWh -61+147@*/($ =$($"A,/(8 /1 */).$1 %>./18 /1- :"41- 61- 

(,/$./1$#*7 ./3, 9:+/$./3 +;.3 µ* /3, */).$( *,:"4*$( 61- :#*$ .#*=$(./*7 ,( 

6("&E*$ 1 -9"$=$%>8 ./('µ>8 – =3+(=) /3, µ:.3 */).$( @)/3.3 *,:"4*$(8 – /1 16171 

6"1%;6/*$ 6*"761- ./( 63 B-"A/DWh. < µ:.3 1"$(%) /$µ) .-./)µ(/18 (µNGI) /1- 

2011 *%/$µ)'3%* ./( 58 B-"A / DWh (2&6"18, 2011). 53+(=) /1 %>./18 (,& MWh 

61- (,/$./1$#*7 ./1, -9"$=$%> ./('µ> 61- .#*=$&./3%* *7,($ 6*"761- 9% (%"$9>/*"1 

(6> /3, µNGI. H":6*$ ,( /1,$./*7 608 ./1 µ3 =$(.-,=*=*µ:,1 .;./3µ( /1 %>./18 

6("(404)8 *,:"4*$(8 *7,($ (%>µ( µ*4(+;/*"1. B61µ:,08 /1 :"41 µ61"*7 ,( 

'*0"3'*7 1$%1,1µ$%& 9$A.$µ1. 



! M0!

F7,*/($ *µ?(,)8 3 .3µ(.7( /1- .-,/*+*./) Hurst. I/1 .*,&"$1 61- *E*/&@*/($ µ* 

µ*$0µ:,1 .-,/*+*./) Hurst  -61*%/$µ&/($ 1 (,(4%(718 >4%18 /(µ$*-/)"(. 

I-4%*%"$µ:,( 1 >4%18 61- 6"1%;6/*$ µ3 +(µ9&,1,/(8 -6^>K$, /1, .-,/*+*./) Hurst 

*7,($ /1 0.80 /1- >4%1- 61- 6"1%;6/*$ µ* #").3 /1- .-,/*+*./) Hurst 61- 

(,/$./1$#*7 ./( ?($,>µ*,(. B61µ:,08 *&, %(/& /1, .#*=$(.µ> /1- :"41- (µ*+3'*7 1 

.-,/*+*./)8 Hurst />/* /1 :"41 (-/> '( -61=$(./(.$1+143'*7 µ* 6$'(,> (61/:+*.µ( 

,( µ3, =;,(/($ ,( $%(,161$).*$ /3, @)/3.3 *,:"4*$(8. 

 

H"1:%-K* 608 4$( /( .-4%*%"$µ:,( µ*/*0"1+14$%& =*=1µ:,( %($ *E16+$.µ> =*, 

*7,($ .-µ?:"1-.( 3 #").3 3+$(%A, 6&,*+. I/( .*,&"$( 61- (,(6/;#'3%(, ./1 

K*?&+($1 11.2 6("(/3"*7/($ 608 *,A 3 *4%(/*./3µ:,3 $.#;8 /38 3+$(%)8 *,:"4*$(8 

*7,($ /1 0.60 /38 .-,1+$%)8, 3 6("(4>µ*,3 3+$(%) *,:"4*$( (61/*+*7 /1 0.43 /38 

.-,1+$%)8. G1 %>./18 (,& MW *4%(/*./3µ:,38 $.#;18 /38 3+$(%)8 *,:"4*$(8 *7,($ 

-K3+>/*"1 (6> /38 ($1+$%)8. B61µ:,08 /1 %>./18 (,& MWh *7,($ (%>µ( 

-K3+>/*"1. G1,7@*/($ 608 /( 6("(6&,0 6"1%;6/1-, 4$( /3, (,*µ14*,,)/"$( 61- 

:#*$ *6$+*#'*7, 3 1617( *7,($ (6> /$8 $.#-">/*"*8 /1- *µ61"71-, %($ 4$( /( 

.-4%*%"$µ:,( µ*/*0"1+14$%& =*=1µ:,(. B67.38 ?(7,*/($ 608 3 40,7( /161':/3.38 

/1- ?0/191+/(M%1; ./1$#*71- ./3, 1617( 6"1.676/*$ 3 µ*4(+;/*"3 61.>/3/( 

3+$(%)8 (%/$,191+7(8 *7,($ %($ 3 9:+/$./3 4$( /3, *?("µ14) /1- -9"$=$%1; ./('µ1;.  

 

I/1 .*,&"$1 /1- 2*?(+(71- 11.1 3 .-,1+$%) *,:"4*$( 61- 6("&4*/($ *7,($ /1 1.20 

/38 *,:"4*$(8 61- @3/*7/($ *,A 3 *,:"4*$( 61- =*, (E$161$*7/($ *7,($ /1 0.10 /38 

.-,1+$%)8 6("(4>µ*,38 *,:"4*$(8. I/( .*,&"$( /1- 2*?(+(71- 11.2 3 .-,1+$%) 

*,:"4*$( 61- 6("&4*/($ *7,($ /1 1.10 /38 *,:"4*$(8 61- @3/*7/($ *,A 3 *,:"4*$( 61- 

=*, (E$161$*7/($ *7,($ /1 0.05 /38 .-,1+$%)8 6("(4>µ*,38 *,:"4*$(8. H +;.3 /1- 

.*,("71- µ* #").3 3+$(%A, 6&,*+ (6($/*7 µ$%">/*"3 #0"3/$%>/3/( /(µ$*-/)"( (6> 

>/$ /1 .*,&"$1 /1- 2*?(+(71- 11.1. 53+(=) (6($/*7/($ 6*"$..>/*"3 (61')%*-.3 

*,:"4*$(8 *,A 3 6("(404) *,:"4*$(8 *7,($ *67.38 6*"$..>/*"3  ./1 .*,&"$1 /1- 

2*?(+(71- 11.1. I/1 I#)µ( 12.1 (6*$%1,7@*/($ 3 6("(404) *,:"4*$(8 µ$(8 

(,*µ14*,,)/"$(8 :,( /-#(71 :/18, 1 %$,1;µ*,18 µ:.18 >"18 /38 µ* 6*"71=1 30 

3µ*"A, %($ 3 µ*/(91+) /38 @)/3.38 *,:"4*$(8. I/1 I#)µ( 12.2 (6*$%1,7@*/($ 3 

6("(404) *,:"4*$(8 *,>8 ?0/191+/(M%1; 6&,*+ :,( /-#(71 :/18, 1 %$,1;µ*,18 µ:.18 

>"18 /38 µ* 6*"71=1 30 3µ*"A, %($ 3 µ*/(91+) /38 @)/3.38 *,:"4*$(8. 

H("(/3"A,/(8 /1 I#)µ( 12.2 ?(7,*/($ 608 3 µ*/(91+) /38 3+$(%)8 *,:"4*$(8 =*, 
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*7,($ 6(">µ1$( µ* (-/) /38 @)/3.38 *,:"4*$(8. B61µ:,08 =*, ?(7,*/($ ,( *7,($ (-/) 

3 ($/7( /38 %(+;/*"38 (6>=1.38 >.1, (?1"& /3, (E$16173.3 /38 6("(4>µ*,38 

*,:"4*$(8. BE*/&@*/($ µ)608 (-/> 1?*7+*/($ ./3, µ3 1µ(+) µ*/(91+) ./3, 

*4%(/*./3µ:,3 $.#; /1- .-./)µ(/18, +>40 /38 µ*4&+38 $.#;8 /38 (,*µ14*,,)/"$(8. 

B&, 6"1./*'*7 µ$( (,*µ14*,,)/"$( (-E&,*/($ 3 $.#;8 %(/& 7.58 MW *,A (, 

6"1./*'*7 :,( 3+$(%> 6&,*+ %(/& 280*10-6 MW. B7,($ 6$'(,> ,( (6($/*7/($ 3 $.#;8 

/0, 22.5 – 4$( 6("&=*$4µ( – (,*µ14*,,3/"$A, (,/7 4$( /3, $.#; /0, 23 /1- .*,("71- 

/1- 2*?(+(71- 11.1. BE*/&@1,/(8 .* (-/> /1 .*,&"$1 µ3 (%:"($*8 /$µ:8 

(,*µ14*,,3/"$A, .-µ6*"(7,*/($ 608 =*, *7,($ (-/) 3 ($/7(. H("(/3"*7/($ 608 1$ 

/$µ:8 /38 6("(4>µ*,38 ($1+$%)8 *,:"4*$(8 :#1-, µ*4&+3 =$(%;µ(,.3, :#1,/(8 %($ 

µ3=*,$%:8 /$µ:8, *,A 1$ /$µ:8 /38 3+$(%)8 *,:"4*$(8 ?(7,*/($ ,(  :#1-, µ$%">/*"3 

=$(%;µ(,.3 #0"78 ,( *7,($ 61/: µ3=*,$%:8. H"&4µ(/$ 1 .-,/*+*./)8 µ*/(9+3/>/3/(8 

/38 6("(4>µ*,38 ($1+$%)8 *,:"4*$(8 *7,($ 0.63 *,A /38 3+$(%)8 *,:"4*$(8 *7,($ 0.24. 

I-µ6*"(7,*/($ 608 3 µ*4(+;/*"3 =$(%;µ(,.3 /38 ($1+$%)8 *,:"4*$(8 6"1%(+*7 /3, 

#*$">/*"3 (E$16173.3 /38 6("(4>µ*,38 *,:"4*$(8. 

 

 
@#4µ$ 12.1 D* µ(;"1 #"Aµ( (6*$%1,7@*/($ 3 6("(4>µ*,3 *,:"4*$( µ7(8 

(,*µ14*,,)/"$(8 4$( :,( /-#(71 :/18, µ* %>%%$,1 1 %$,1;µ*,18 µ:.18 >"18 /38 µ* 

6*"71=1 30 3µ:"*8 %($ µ* µ6+* 3 µ*/(91+) /38 @)/3.38 *,:"4*$(8. 
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@#4µ$ 12.2 D* µ(;"1 #"Aµ( (6*$%1,7@*/($ 3 6("(4>µ*,3 *,:"4*$( *,>8 3+$(%1; 

6&,*+ 4$( :,( /-#(71 :/18, µ* %>%%$,1 1 %$,1;µ*,18 µ:.18 >"18 /38 µ* 6*"71=1 30 

3µ:"*8 %($ µ* µ6+* 3 µ*/(91+) /38 @)/3.38 *,:"4*$(8. 

 

P.1, (?1"& /( .*,&"$( /1- 2*?(+(71- 11.3 6("(/3"1;µ* 608 /1 %>./18 =*, 

=$6+&.$&@*/($ µ* /1, =$6+(.$(.µ> /1- *E-63"*/1;µ*,1- 6+3'-.µ1; (++& 

6("1-.$&@*/($ µ7( 1$%1,1µ7( %+7µ(%(8 >608 *7,($ (,(µ*,>µ*,1. B67.38, 

6("(/3"*7/($ 608 =$6+(.$&@1,/(8 /1, 6+3'-.µ> =$6+(.$&@1,/($ %($ /( µ*4:'3 

.#*=$(.µ1;. !-/> $.#;*$ (%>µ3 %($ ./3, µ*/&9(.3 (6> /1 21 ./1 31 .*,&"$1, µ* /3, 

+;.3 61- 6"1%;6/*$ (6> /1, =$6+(.$(.µ> /0, µ*4*'A, .#*=$(.µ1; /1- 21- .*,("71- 

,( :#*$ µ$%") =$(?1"& (6> /3, 9:+/$./3 08 6"18 /3, (,/$%*$µ*,$%) .-,&"/3.3. < 

@3/1;µ*,3 *,:"4*$( %($ 3 6("(4>µ*,3 *,:"4*$( (-E&,1,/($ 4"(µµ$%& %&/$ 61- =*, 

.-µ9(7,*$ >µ08 4$( /( #("(%/3"$./$%& /1- /(µ$*-/)"(. G1 zmax %($  /1 z 

µ*/(9&++1,/($ µ3 4"(µµ$%&. I/1, H7,(%( 12.1 (6*$%1,7@1,/($ 4$( >+( /( .*,&"$( 

/0,  =$(?1"*/$%A, *E-63"*/1;µ*,0, 6+3'-.µA, 3 µ:4$./3 -K1µ*/"$%) =$(?1"&  

/1- ;K1-8 /1- ,*"1; /0, /(µ$*-/)"0, Hmax=z0+zmax-zmin #"3.$µ161$A,/(8 /1, >4%1 

/(µ$*-/)"( 45 hm3 4$( /( 25 000 &/1µ(, >608 6"1:%-K* ./1 2*?&+($1 11.3, 

61++(6+(.$&@1,/&8 /1, *67 =;1 4$( %&'* (,/7./1$#3 &-E3.3 /1- 6+3'-.µ1;. 

5$6+(.$&@1,/(8 /1, >4%1 %($ (-E&,1,/(8 /3, -K1µ*/"$%) =$(?1"& (,(µ:,*/($ 3 

*,:"4*$( 61- µ61"*7 ,( (61'3%*-'*7 ,( *7,($ 6&,0 (6> =$6+&.$( (I#:.3 8.3). P608 

µ61"*7 ,( 6("(/3"3'*7 ./1, H7,(%( 12.1 1 >"18 61- (?1"& /3, -K1µ*/"$%) =$(?1"&  

6"&4µ(/$ (-E&,*/($ (++& *+&#$./(. W>40 /38 .#*/$%& µ*4&+38 -K1µ*/"$%)8 
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=$(?1"&8 /0, 6-'µ:,0, /0, /(µ$*-/)"0, zo=200m 3 (;E3.3 /1- zmax =*, *6$="& 

.3µ(,/$%& ./1 <, >608 6"1%;6/*$ *E*/&@1,/(8 /1 Hmax. B61µ:,08 3 4"(µµ$%) 

(;E3.3 /0, µ*4*'A, .#*=$(.µ1; *7,($ +14$%) #0"78 >µ08 ,( (61/*+*7 (6("(7/3/( 

/3, 9:+/$./3 +;.3. 

 

,).$6$+ 12.1 !6*$%1,7@1,/($ 4$( /1- *E-63"*/1;µ*,1-8 6+3'-.µ1;8 61- 

*E*/&./3%(, /( k, zmin *+&#$./3 ./&'µ3 /(µ$*-/)"(, zmax, Hmax µ:4$./3 -K1µ*/"$%) 

=$(?1"&  /1- ;K1-8 /1- ,*"1; /0, /(µ$*-/)"0, 

$ !%$"""$ %"$"""$ (""$"""$ !""$"""$
U$@VLIA$ *%! ($! ")$! '+$!
_L`J$@LA$ '+#'! *'#)! %&#)! +'#,!
_LMN$@LA$ +&#"! ,*#(! ($#'! "$)#(!
aLMN$@LA$ -./0"1&&%#)! 2./0&1"#$&2./0"! 2./0'1"#$'2./0&! 2./0*1"#$'2./0'!
 

R-.$%& /( (61/*+:.µ(/( 61- 6"1:%-K(, *E("/A,/($ (6> /$8 *6$+14:8 /38 6$+1/$%)8 

*?("µ14)8 (*E16+$.µ>8, µ*/*0"1+14$%& =*=1µ:,( %.(.) %($ 6("(=1#:8 >608 /3, 

/(;/$.3 /0, #("(%/3"$./$%A, /0, =;1 /(µ$*-/)"0,, /$8 .#:.*$8 61- 6*"$4"&?1-, 

/1-8 /(µ$*-/)"*8 %.(.. !6($/*7/($ 6*"($/:"0 =$*"*;,3.3 (E$161$A,/(8 /1 

µ*'1=1+14$%> 6+(7.$1 4*,$%1; .%161; 61- (,(6/;#'3%* 4$( /1, 6"1.=$1"$.µ> /38 

*-($.'3.7(8 /0, (61/*+*.µ&/0, ./$8 6("(6&,0 6("(µ:/"1-8.  
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,$%=%(0µ$ ;  
I$>?72%=µµ$($ 'B26%&'0+ '($(&'(&6C. #$%$6(0%&'(&6C. 
&'(7%&6C. 6$& '".9*(&6C. #%7.7'*&%C. µ* '".(*/*'(4 
Hurst µ:'0+ ($#B(0($+ $.:µ7" 0.84 6$& ?&=%6*&$+ 
0/&7D=.*&$+ 0.82 
 

 
@#4µ$ ;.1 ](9=>4"(µµ( .;4%"$.38 µ:.0, /$µA, /38 =$&"%*$(8 3+$1?&,*$(8 .* 

3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.2 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 =$&"%*$(8 

3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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@#4µ$ ;.3 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 =$&"%*$(8 

3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.4 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"&. 
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@#4µ$ ;.5 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 =$&"%*$(8 3+$1?&,*$(8 .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.6 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 =$&"%*$(8 

3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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@#4µ$ ;.7 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 =$&"%*$(8 

3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.8 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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@#4µ$ ;.9,;.10 ](9=14"&µµ(/( .;4%"$.38 /38 µ:.38 /$µ)8 %($ /-6$%)8 (6>%+$.38 

/38 =$&"%*$(8 3+$1?&,*$(8 .* */).$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 

 

 
@#4µ$ ;.11,;.12 ](9=14"&µµ(/( .;4%"$.38 /38 (.-µµ*/"7(8 %($ /1- .-,/*+*./) 

(-/1.-.#:/$.38 6"A/38 /&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* */).$( %+7µ(%( 4$( /3, 

$./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! <#!

 
@#4µ$ ;.13 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 /(#;/3/(8 (,:µ1- .* 

3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.14 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 /(#;/3/(8 

(,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! <M!

 
@#4µ$ ;.15 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 /(#;/3/(8 

(,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.16 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 /(#;/3/(8 (,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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! <<!

 
@#4µ$ ;.17 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 /(#;/3/(8 (,:µ1- .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.18 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 /(#;/3/(8 

(,:µ1- .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! <I!

 
@#4µ$ ;.19 ](9=>4"(µµ( .;4%"$.38 /0, (.-µµ*/"$A, /38 /(#;/3/(8 (,:µ1- .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.20 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 /(#;/3/(8 (,:µ1- .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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! IF!

 
@#4µ$ ;.21,;.22 ](9=14"&µµ(/( .;4%"$.38 /38 µ:.38 /$µ)8 %($ /-6$%)8 (6>%+$.38 

/38 /(#;/3/(8 (,:µ1- .* */).$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ ;.23,;.24 ](9=14"&µµ(/( .;4%"$.38 /38 (.-µµ*/"7(8 %($ /1- .-,/*+*./) 

(-/1.-.#:/$.38 6"A/38 /&E38 /38 /(#;/3/(8 (,:µ1- .* */).$( %+7µ(%( 4$( /3, 

$./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! I&!

 

 

 
@#4µ$ ;.25 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* 3µ*").$( %+7µ(%(. 

 

 
@#4µ$ ;.26 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* µ3,$(7( %+7µ(%(. 
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! I0!

 
@#4µ$ ;.27 ](9=>4"(µµ( .;4%"$.38 /1- .-,/*+*./) */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* */).$( %+7µ(%(. 
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! I/!

,$%=%(0µ$ B  
I$>?72%=µµ$($ 'B26%&'0+ '($(&'(&6C. #$%$6(0%&'(&6C. 
&'(7%&6C. 6$& '".9*(&6C. #%7.7'*&%C. µ* '".(*/*'(4 
Hurst µ:'0+ ($#B(0($+ $.:µ7" 0.64 6$& ?&=%6*&$+ 
0/&7D=.*&$+ 0.61 
 

 
@#4µ$ B.1 ](9=>4"(µµ( .;4%"$.38 µ:.0, /$µA, /38 =$&"%*$(8 3+$1?&,*$(8 .* 

3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ B.2 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 =$&"%*$(8 

3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! I=!

 
@#4µ$ B.3 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 =$&"%*$(8 

3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ B.4 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"&. 
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! I%!

 
@#4µ$ B.5 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 =$&"%*$(8 3+$1?&,*$(8 .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ B.6 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 =$&"%*$(8 

3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! I#!

 
@#4µ$ ;.7 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 =$&"%*$(8 

3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ B.8 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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! IM!

 
@#4µ$ B.9,B.10 ](9=14"&µµ(/( .;4%"$.38 /38 µ:.38 /$µ)8 %($ /-6$%)8 (6>%+$.38 

/38 =$&"%*$(8 3+$1?&,*$(8 .* */).$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 

 

 
@#4µ$ B.11,B.12 ](9=14"&µµ(/( .;4%"$.38 /38 (.-µµ*/"7(8 %($ /1- .-,/*+*./) 

(-/1.-.#:/$.38 6"A/38 /&E38 /38 =$&"%*$(8 3+$1?&,*$(8 .* */).$( %+7µ(%( 4$( /3, 

$./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! I<!

 
@#4µ$ B.13 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 /(#;/3/(8 (,:µ1- .* 

3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 
@#4µ$ B.14 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 /(#;/3/(8 

(,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! II!

!  
@#4µ$ B.15 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (.-µµ*/"7(8 /38 /(#;/3/(8 

(,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

! 
@#4µ$ B.16 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 /(#;/3/(8 (,:µ1- .* 3µ*").$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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! &FF!

 
@#4µ$ B.17 ](9=>4"(µµ( .;4%"$.38 /0, µ:.0, /$µA, /38 /(#;/3/(8 (,:µ1- .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 
@#4µ$ B.18 ](9=>4"(µµ( .;4%"$.38 /0, /-6$%A, (61%+7.*0, /38 /(#;/3/(8 

(,:µ1- .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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! &F&!

 
@#4µ$ B.19 ](9=>4"(µµ( .;4%"$.38 /0, (.-µµ*/"$A, /38 /(#;/3/(8 (,:µ1- .* 

µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

! 
@#4µ$ B.20 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, (-/1.-.#:/$.38 6"A/38 

/&E38 /38 /(#;/3/(8 (,:µ1- .* µ3,$(7( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) 

#"1,1.*$"&. 
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@#4µ$ B.21,B.22 ](9=14"&µµ(/( .;4%"$.38 /38 µ:.38 /$µ)8 %($ /-6$%)8 (6>%+$.38 

/38 /(#;/3/(8 (,:µ1- .* */).$( %+7µ(%( 4$( /3, $./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 
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@#4µ$ B.23,B.24 ](9=14"&µµ(/( .;4%"$.38 /38 (.-µµ*/"7(8 %($ /1- .-,/*+*./) 

(-/1.-.#:/$.38 6"A/38 /&E38 /38 /(#;/3/(8 (,:µ1- .* */).$( %+7µ(%( 4$( /3, 

$./1"$%) %($ .-,'*/$%) #"1,1.*$"&. 

 

 

 

 

 

0$#!

0$M!

e
K'
1
,(
&D
>
,a
b
g6
d,

\)+A:,4.!
?:AHA)9,:L!

>2Hl9+,4.!
?:AHA)9,:L!

F!

F$F%!

F$&!

F$&%!

G
"I
&B
>
,$
I
[B
0&
'
1
,a
b
g6
d,

\)+A:,4.!
?:AHA)9,:L!

>2Hl9+,4.!
?:AHA)9,:L!

[&$#!

[&$0!

[F$<!

[F$=!

F!

U
'
"D
D
*(
%
)$
,

\)+A:,4.!
?:AHA)9,:L!

>2Hl9+,4.!
?:AHA)9,:L!

[F$=!

[F$/!

[F$0!

[F$&!

F!

F$&!

F$0!

F$/!

F$=!

P
-,$
"(
H'
"'
#K
(&
'
1
+,
;
,

\)+A:,4.!
?:AHA)9,:L!

>2Hl9+,4.!
?:AHA)9,:L!



! &F/!

 
@#4µ$ B.25 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* 3µ*").$( %+7µ(%(. 

 
@#4µ$ B.26 ](9=>4"(µµ( .;4%"$.38 /0, .-,/*+*./A, */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* µ3,$(7( %+7µ(%(. 
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! &F=!

 
@#4µ$ B.27 ](9=>4"(µµ( .;4%"$.38 /1- .-,/*+*./) */*"1.-.#:/$.38 µ3=*,$%)8 

-./:"3.38 /38 =$&"%*$(8 3+$1?&,*$(8 %($ /38 /(#;/3/(8 (,:µ1- 4$( /3, $./1"$%) %($ 

.-,'*/$%) #"1,1.*$"& .* */).$( %+7µ(%(. 
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! &F%!

,$%=%(0µ$ 5 
@($(&'(&6= #$%$6(0%&'(&6= 6/='*3. 8$%$2-µ*.0+ 
*.:%2*&$+ 
 

,).$6$+ 5.1 I/(/$./$%& #("(%/3"$./$%& 3µ*").$(8 6("(4>µ*,38 *,:"4*$(8 

!
Y]43E$6F;1GE$
2?8]2G2?E$

?9b>3<@LTQA$

+b13$
6F;1G
E@LTQA$

+b1G$25>7@PVA$
c<\567$

?\^6F51G$
@PVA$

,1<>>:24D?$

($ $#'$! '#+$! "#(%! %$(+'''#''! *')&)"%#(+! &#'"!
!$ '#+%! '#(%! '#)$! ,",+$$$#$$! '"*""$(#+&! "#(%!

I$ '#(%! *#"+! *#$+! ($",+++#+,! ''*'))'#+(! "#*'!
#$ *#"+! *#*&! *#&(! "&"**'''#''! %*,,%+&#'*! &#'*!

%$ *#*&! *#+"! *#%&! "%+"")''#''! ,%$($"*#()! &#)$!

H$ *#+&! *#)&! *#,&! ",&'$)''#''! *&""%+&#,"! $#,%!
&$ *#)'! *#(,! *#($! "(*%%$$$#$$! *,%$"%$#&,! $#,&!

'$ *#()! %#"'! %#$+! &"*$'$$$#$$! *$"*)*&#*&! $#*"!
d$ %#"*! %#'"! %#&'! &*+"($$$#$$! %*(''('#&,! $#'%!

("$ %#'"! %#*+! %#'(! &%*(%'''#''! %((,&%&#&'! $#')!

(($ %#*,! %#%,! %#%&! &)&$*$$$#$$! %,$$(+*#%(! $#$(!
(!$ %#%,! %#,&! %#+%! '&$*"$$$#$$! +&(*$$+#"$! 3$#$"!

(I$ %#,&! %#)%! %#,)! '$""%$$$#$$! +)"*+,%#)%! $#*+!

(#$ %#)%! %#(,! %#("! '%','$$$#$$! +'+)",'#"$! 3$#&%!
(%$ %#(,! +#$,! +#$&! '%*+%%$$#$$! %',)%&+#(,! 3$#$(!

(H$ +#$,! +#"(! +#"'! ',&("'''#''! %'%,++$#)$! 3$#$+!
(&$ +#"(! +#&)! +#&*! ',)(,'''#''! %+$*%*'#+)! 3$#,$!

('$ +#&(! +#'(! +#'*! '($)$$$$#$$! *(%,)&'#*(! 3$#*,!

(d$ +#'(! +#*,! +#*'! *"$,(+++#+,! +'"$*"$#++! 3$#,%!
!"$ +#*,! +#%%! +#%"! *&%&*)''#''! *&'('*$#*)! 3$#+*!

!($ +#%%! +#+&! +#%(! *&"$*"++#+,! +'%$,,+#%$! 3$#,*!

!!$ +#+'! +#,$! +#+,! *'*"'%$$#$$! +""'%*'#'%! 3$#'*!
!I$ +#,"! +#)$! +#,%! *%$''+++#+,! +&&,))+#++! 3$#$)!

!#$ +#)$! +#("! +#)+! *,&%()''#''! ,+&',')#(+! $#$)!
!%$ +#(&! ,#$'! +#()! *)%,%+++#+,! *(($)"$#)&! $#()!

!H$ ,#$'! ,#"%! ,#$(! *)(+)%$$#$$! +&+("()#*$! 3$#$"!

!&$ ,#"+! ,#&'! ,#"(! *((+')''#''! +'(,",,#&,! $#'%!
!'$ ,#&'! ,#&(! ,#&+! %&)+,)''#''! *(()(($#"(! $#+)!

!d$ ,#'$! ,#'(! ,#'%! %',*'"++#+,! +*"'(&)#+$! 3$#)"!

I"$ ,#*$! ,#*(! ,#**! %')$+'''#''! *)(,,'+#+&! 3$#*,!
I($ ,#*(! ,#%)! ,#%'! %%&+&"++#+,! %*,(*')#,(! 3$#$'!
I!$ ,#%)! ,#,$! ,#+*! %+%$,"++#+,! +$&*%++#*,! 3$#''!
II$ ,#,$! ,#)$! ,#,%! %%,%%$$$#$$! *%"&$&)#%+! 3$#)(!
I#$ ,#)$! ,#)(! ,#)*! %(%'+$$$#$$! +"$)"'$#*%! $#"&!
I%$ ,#($! )#$"! ,#(%! %)+,&$$$#$$! %,+*&%*#)'! 3$#'*!

 



! &F#!

!
Y]43E$6F;1GE$
2?8]2G2?E$

?9b>3<$@LTQA$

+b13$
6F;1GE$
@LTQA$

+b1G$
25>7@PVA$

c<\567$
?\^6F51G$
@PVA$

,1<>>:24D?$

IH$ )#$"! )#$,! )#$*! +$$"*)''#''! ,(&+*,$#&&! 3&#))!
I&$ )#$,! )#"%! )#""! +&,%'%$$#$$! *%"&*+$#,%! 3$#%$!
I'$ )#"%! )#&%! )#&$! +'',,+++#+,! +)&'%""#'$! $#"$!
Id$ )#&+! )#'+! )#'"! +)**"$$$#$$! %+,($*'#++! 3$#")!
#"$ )#'+! )#**! )#*$! ++("*+++#+,! +&)&%%*#&*! $#%*!
#($ )#**! )#%'! )#*)! +,%"$+++#+,! *)*"*(*#*%! 3$#$+!
#!$ )#%'! )#+*! )#%(! +(+&%"++#+,! +%"')&)#((! 3&#&%!
#I$ )#+*! )#,%! )#,$! ,$$$++++#+,! ,,"&)")#)+! 3&#"'!
##$ )#,+! )#)+! )#)"! ,"*)$+++#+,! *&&*"$*#&&! $#$+!
#%$ )#),! )#(*! )#($! ,%,$+'''#''! +&)+$**#,*! 3$#+$!
#H$ )#(%! (#$+! (#$"! ,%$)+"++#+,! %,&)''$#")! 3$#$"!
#&$ (#$+! (#",! (#""! ,%(%*%$$#$$! *+$)'++#''! 3$#$+!
#'$ (#",! (#&)! (#&'! ,*(*,'''#''! )(("$+$#*)! 3"#(%!
#d$ (#&)! (#*&! (#'%! ,(%$))''#''! )*(*',,#,&! 3&#',!
%"$ (#*&! (#%%! (#*(! ,((($$$$#$$! ,*(,*"(#"$! 3"#')!
%($ (#%+! (#+(! (#+&! )&))"$$$#$$! %'&&))*#'$! 3$#%+!
%!$ (#+(! (#)&! (#,%! )"(&&'''#''! "*),,""*#,(! 3'#*&!
%I$ (#)&! (#(&! (#),! ),&*'"++#+,! )()&&(%#")! 3'#$*!
%#$ (#('! "$#$%! (#((! )+(,""++#+,! +%"'(&"#&+! 3$#,)!
%%$ "$#$%! "$#&*! "$#"%! ),,*'"++#+,! (%*""&+#'+! 3"#"(!
%H$ "$#&*! "$#')! "$#'"! ("))"%$$#$$! )&*$))(#'*! 3"#+(!
%&$ "$#')! "$#%*! "$#*+! (*"$,"++#+,! "$'"&%(+#(,! 3"#)&!
%'$ "$#%%! "$#,(! "$#+,! (%)(&$$$#$$! "$+(,(%,#,&! 3"#+%!
%d$ "$#,(! "$#(%! "$#),! (+++'+++#+,! "'%$,+"%#,(! 3"#'*!
H"$ "$#(+! ""#"$! ""#$'! "$&(,$$$$#$$! )*($&&)#%+! 3$#%$!
H($ ""#"$! ""#&,! ""#"(! ((+*%+++#+,! "*",(*)&#*(! 3"#'%!
H!$ ""#&(! ""#*)! ""#')! "$$%)*"++#+,! &$)"(+'"#"+! 3&#,$!
HI$ ""#*)! ""#+)! ""#%)! "$$)(&'''#''! ",&,(%%"#&(! 3"#*+!
H#$ ""#+(! ""#)+! ""#,,! "$,(&$%$$#$$! ")+"*)$(#')! 3"#+)!
H%$ ""#),! "&#$,! ""#(,! "$,(,%$$$#$$! &"$,%%,,#+,! 3&#&(!
HH$ "&#$,! "&#&(! "&#")! ""%"')+++#+,! "',&+*%,#$&! 3"#&+!
H&$ "&#'$! "&#%(! "&#*%! ""(*)"$$$#$$! ","+%',&#)*! 3&#'(!
H'$ "&#%(! "&#(*! "&#,+! "&$','"++#+,! &$%'"$&,#%"! 3"#("!
Hd$ "&#(*! "'#"%! "'#$*! ""%'(+%$$#$$! &"$"*$%,#''! 3"#"&!
&"$ "'#",! "'#*"! "'#&(! "&,&$+'''#''! ",$"++%$#*+! 3"#"+!

 

 

 

 

 

 



! &FM!

!
Y]43E$6F;1GE$
2?8]2G2?E$

?9b>3<$@LTQA$

+b13$
6F;1GE$
@LTQA$

+b1G$
25>7@PVA$

c<\567$
?\^6F51G$
@PVA$

,1<>>:24D?$

&($ "'#*&! "'#,*! "'#%)! "&$+*+$$$#$$! &)))%+,,#,,! 3"#*,!
&!$ "'#,%! "'#()! "'#)+! "&*)"(%$$#$$! &&+$(,)+#,'! 3$#,%!
&I$ "'#((! "*#&+! "*#"&! "'"')"+++#+,! "(("*()%#)*! 3"#"&!
&#$ "*#'$! "*#+(! "*#*(! "'')$"%$$#$$! &%,+&(,"#"'! 3"#&*!
&%$ "*#,"! "%#$'! "*#),! "*$('$'''#''! "(,$'+,,#"(! 3$#,)!
&H$ "%#$%! "%#')! "%#&"! "&"+,+%$$#$$! '%$++%,,#(+! 3$#,+!
&&$ "%#')! "%#)$! "%#%(! "*""&)'''#''! '%%&,%)"#%&! 3"#&(!
&'$ "%#)$! "+#**! "+#"&! "'*,)))''#''! '*+,%%((#%+! 3$#,'!
&d$ "+#*%! ",#$+! "+#,+! "&,)*+'''#''! *)&&*"+%#'(! 3$#)%!
'"$ ",#$,! ",#,&! ",#'(! "'&,)('''#''! *'+$('%,#))! 3$#($!
'($ ",#,&! ")#+$! ")#"+! "''**"'''#''! *$'*)($'#%(! 3$#)'!
'!$ ")#+'! "(#%*! "(#$)! ""$(*,+++#+,! *((+"",%#',! 3$#&'!
'I$ "(#+$! &$#*)! &$#$*! "&')"($$$#$$! '%'(*+&%#(,! 3$#,(!
'#$ &$#*(! &"#*)! &$#()! "$'))+%$$#$$! **")"),,#%"! $#"&!
'%$ &"#%'! &'#,,! &&#+%! "$,*&&+++#+,! '+')$+&&#%*! $#&$!
'H$ &*#$&! &+#+*! &%#''! ,&&%"+++#+,! "(*)&%($#),! 3$#&%!
'&$ &+#))! '+#(*! '"#("! '*,)$$$$#$$! "++$&*%$#''! $#%&!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



! &F<!

  



! &FI!
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!F324&.0 0/&$64 $6(&.7>7/)$ 2&$ ?&=D7%*+ 6/)'*&+ '(0 
9:'0 *?&$D:%7.(7+ 
 
 

 
@#4µ$ <.1 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 261. 

 

 
@#4µ$ <.2 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 281. 
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! &&F!

 
@#4µ$ <.3 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 301. 

 

 
@#4µ$ <.4 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 321. 

@#4µ$ <.5 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 341. 
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! &&&!

 
@#4µ$ <.6 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 361. 

 
@#4µ$ <.7 <µ*").$( *E04)$,3 3+$(%) (%/$,191+7( .* *676*=1 µ* %+7.3 381. 
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