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Abstract

Rational use of energy is an undoubtedly majatofacf environmental protection and hence
indirect condition for health and quality of lif&Nowadays, in the context of sustainable
development (or even the more recent desire famalogenous, worth-living and integrated
development) ,apart from the new data for the ciirezonomic crisis, one must take into
account the obligations and the commitments eacimtcp on European level on issues of

energy as well.

Motivated by the above and given the lighting’s aopboth in energy consumption and
shaping the quality of the physical environments tthesis deals with indoor lighting. It
focuses mainly on the issue of daylighting of Headte facilities firstly because of the high
impact that causes eventual insufficiency and galygpoor quality of lighting and secondly
because the energy consumption for lighting indglssaces is a remarkable percentage of the

final energy consumption.

Initially, there is an introduction to the naturglight, its extensions (color), its effects on
biological and psychological health and an appasiof the basic photometric quantities and
units. Then, the components of daylight are apgredand the quantitative and qualitative
evaluation criteria of daylighting in a space aetedmined, design strategies are outlined and
devices exploitation and management of daylightpaesented. In order to achieve a more
holistic approach of lighting we present componesftartificial lighting such as different
devices of production and distribution (lamps aunnhihaires) and we listed energy saving

measures.

The specialization of this thesis concerns theystidhe effect of the orientation and the size
/ position of the openings on the formation of kneels of daylighting and its distribution in
the interior of a two person room. For this purpageused the DIALux software (a lighting
simulation and calculation program) and then wecg@ssed the results in Excel spreadsheets

in order to evaluate them.

A total of 360 simulations were conducted. Spealfic three cases of windows, were
examined, for five orientations, in four normal ttelates (two solar equinoxes and two
solstices) and in three standard test hours (9 HInpm and 3 pm) respectively. The

simulations were initially conducted with clear skgnditions (direct light) and then with



overcast sky. The test was performed on a genegal @otal area of the room at a certain
height) and on four other selected calculationasies$.
The presentation of the results includes, amongrstiphotorealistic images generated (by

the DIALux software) for simulations with clear skgd localization of solar tracks in them.

For the evaluation of the results, the examineénvations and windows, were classified
initially by test hour, then by seasonal basis (@ach date) to finally conclude overall

conclusions and judgments.
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6L)&' ( $ &' ( 1$ & 1/ $ . x4 x SN g
YI$ 1 . [12]
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1, #44  %"#1 11#  #! $ &( $)I$ #! % . -#
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+ -# 0 , 1$- $ &1 . $1%$ 0 $/,"#3$ , I ' 14308 $
I )1$% (% &, ,+1 $ &1 . #» #1! &#10
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0# )  +$ | #11$0  $ L o) " 41 ( #0$
($!, 3" , $5&/4", / , 18V )$&& $ " $ ( ! ( ( 31*&$ ,
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SIS H | SIS QIS »# & A" " "3 . I
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$$1$ $&™ 4" " 048 1)1$ #" 61) (!1$ $HSH 0%

$ 3% B, 1+&- $% ,1 $3$%.0#1 $)1$$ ! " $+( 1,
$$ &H%"$S $ $ U HS 1 1Y&" 1 &0$.[14]
144 2
'$ 8/ 61) &' L0818 | # $3%40 )!1$ # . $&&/
$ # # 1#, - 1$ (#$+# $ "1 )OS #*$) )" /3
61)&'0$ !1$ *$ 1 I 1# $ $)* $ Peter Kaschnig. ,0$!$
" «& 0 »$ ,$1$, (%" #$,0.$ " *" .1 Peter
*$6 *$ & & #,0 , $, 1 01 $ 1 $$*4 1M 3 $
-" " 130$ # * 1& )I$ . " #HL¥) S , #HI&# # o $10
RS # #,0 H# " , $8/+ % 1% # 'I( $ 4/# 1., 1
400 $ ,&* VH* ! 41 $/+ % $101 IP#$, $ V&#S ) '$
, H# $, '/ &,/ ,% $ , ,&&0 ($ $)( 4 0 #" $9 (
=. "0  $)* $ i« $H%N" ( ,04%# 1 )$ 1,). 0 #$4%/
LS 1#H S ., H#HES &# S A#E& 4 IS #.4
,+ $ ! #$/ S$#10$. $ & $ $$ 0% 0% ,&

4-# & $4% %- ! * & $058$%%- $ . &&" $!
S (. $%, # 1& #0 0) !$ $ /  $"HY)" ( 66L& (
04$#" . =$ #. 0 $ .0 ) #I).1- 0 &L )I$

# "$0&6" 1)1 # $ ", ( $0&6" O#F $ # 1, 4*# .1
, $&0 $#+& S, /3 O $%#/ '$ #! # I8
#1$' 1- » =# '$ " ,&'( 1 #1' *1 )I$ 4 ($ 1)$0%
$)* $ *& $%- 1,& , % 0% *$ ) !$ & «$%$ » $ 4
410 /% - #* .«0% *$)1$ )0 ..4AB#M » "0 04 [17][18]

& 1.1 « » Peter Kaschnid- : http://www.flashnews.gr
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31 . " ASOHH SL(#"03$ $ ", #I% S I Ix $&& ) $
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$ 3, 2011$ #" - [19]
0% $1$ +$1'( 1 )% '$ " &OA# " 61)&'0$ ,* 0§, 1
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1.5/+ $"

1.5.1/ 1
1511 - 2 5

14 ##"$ %* " &S+ 1$ 3 " ,0% /1% ., & 1'- '$ %

& # 1 & A$#" " [21]. " 1#0$ , $ '$ xS #

I")$ #! ) #l- . &' S (&' & ). /4
(circadian$, $ & / circa = ,0,1 $ dies= # /. IM"*$
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$1#/31  4%0 4%+, 4( )$$"031 o . 4%1/#. 1
$$" -8 #" & 6"+0$ . $%, . +1# &' 1%!
% ! $#0$ 1 #!1$ ., -, # | ,$ s o /22
"I (# -& 4. —# 14 03 *$ S, S, #HL/ %Oo#$S$ ,1 #11,$$H-

14 #-#"$ . [21]

*#"# +. S/ "4 $ . . ,1 0% $$ '3l $, 14
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41 -&1 $ $"# " (# . %4 " I$ $/ "4/ $
« 4% »-)$ 0%$) " % , 8/ "4l $ " « 4% »"E &

, H#o( B4 & 103 ", #)  (4%&06 -lapses).[21]

/4 1%!0 0% *$ $#  I* "3 S HLS IS # &$H)4 S +1/
$ $3% % $ #1 $%,1 . & 1 /141 #1#($ 0% "
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#o( $$8/HH 4 08 $& !$ 3% (S # O o# . * #1 %(
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-1 1T $&+ ,"1&$ 0" L1+ # ( Q ( »@"&%4(,1
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$/ , +1# &' [23]
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LS # " /A$ 4+ 1, $&0$ S, " *w# # + $/ "4l $

9% 0$ )@ #-. L #$1 188 (#1' &&MH' ) B/ " 41 $

S H# #141%# ! &1 1 419 - 1 .88, &#HISS " o1&
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$/$ 0% " #"S 1+ +HH#$ 1+ $ " 4/ %
* 00 #' [21]

LS #1141 #H($ 0$ $( $ ., * #1 $%,1 $
13 $ $/ " « /4% »-)$ (Frenchet./, 1990, Boyce. ,1997).,,&* ,%)
$$+ %0 " #1) # 1 /41 #H(0$S 1, 0 $, $&H#  $&&S™*
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$4%" $ $%#H. , 14$(" " $/%&6" $ 1 $01 .[24]

3 5 3 5
*o#" # 16"&* I+ #- $/ " 4/ $ " "*$ &
4/ $ $, "$ 1 -1 [Boyce ./,2003].

216 1 4$%$%)* -1 (0 # 4/ $ 0 #, "$ )L, -  $%S$1-
$ %- - $/8&"& "G $/&'S 1M, 0, " - # + #
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$1$ 1, 4 -"# )[Boyce ./, 2003. [6]

$ /1% 1 H1L % " #H O &#H)! (Alzheimer) !, - $
& #1 %1 % $ ", "$ 1-,1 1 ¢ " *%#" #
+1# +. [Boyce ./, 2003].
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*8& 6" $ "8,/ $ " $10" D* #14%0' !$ 1 0%, &0$ ) O.
#. ,, &S I . H1 "% #I*. $0. ,. $1/# , . & 14
$ . $4 1&+ #. ( Holic MF. Vitamin D: a D-Lightful health perspéoe.

Nutr Rev 2008 Oct;66(10 Suppl 2):S182-94).[25]
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*1 , 1 401 , 1 !$#-, 1 418 , 1 $7*% , 1, #" (
&*+.1$ .

9%!"&/ ,0,4% $I0" D1 #14%0! $/ 4-1 '$ $49%" $*
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$/%& 6" [Boyce ./, 2003].
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104" 1 15% .$%) $ *$ , /&& , # ,0 ) (# 1)1 ,,1
$ ,#,-1 85% . 4, & 1'0% ,$!" $,4041 3$/&'$ ,$#%S$ !
4% - #*$) 1 *g | $&& /  standars.[19]

+1# 4+ # L #e 4- 418$ " [20]
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,*)% .8, $/&8#" | B, $ s . ,+% 1, /1&& $
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)1 $ $/$ S " $$&$# ( $ 'S . ,+$ $1, 4"8$4(
YIS $ " 1+( 1 .

1 (IRC)$ # )0 #" + ( $ &0$ ,1
C*)S S, 4%4) % SS&M  # O H#HO* 4 1)1 $ $/%
$, "'10$ 1 # - )1 ,8%$ " $s&$# ( $"$ 91
, +$

*$ 01, ) U . L4 " #L #+/ 1 # 1 $$&! 1
+. 0% 04%% & /% 1)1 . #L#+/ 1 . | $$&! 1
w0 % $1- .1 ,%%  $1%0$ $ 1$ | $ # $1/
S, #$# S, $/%1 ,, +30 $ # #H($ 2.10.

e :[4],[15], [3], [18]

NN

2.10. ), !
I
) ;!
! , !
: Baker & Steemers, 2002 : 58, 59

%35 2
0% !$ %4 #1$- 1,& #- 1 .$/"$ +1# - + #- (DF# 3
#14%.,&'03 $ #1l # # 1 +1# - +. #- # /% #10 $

 #0% $ . $HO3 $ #

DF(P)=SC(P)+ERC(P)+IRC(P)

$ 1,&'# . SC,IRC$ ERC" *%4 #14-% %, 0% (
A$MES  ( 1'$HISS . 14-3$ o# % 0% ! 4 % -

#1 &#* 'S 1 4+ 1 -1 1$&, /. L #SH S 1+1$$ , # $#l
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$, 1L,4% $3%&. " L0$ #sM- $ 1 041 " + ()
($$ 1+ , 3 $ , &*" ).[10]

1(%. ,# ,## 80%,#$ , ## $ 0s$ $I'$ +1# -+, #"

)( 1 4%$*41 0% " /. 1 0-5%. / #$ $/%1s$,## |, 0 $
+ I# 10-15%. . 3% . R , $ &- 4" '$ $
, 1)%0 " &$!, "$ (brightness) # *$ 4.1/ 3, +1# +. .[7]

$ "y "+ "$ .3 1! & . $% . +1# -

+. 40 $# $8%/. ,08$$:

& 1'&" (&$( #0$#"

7 > 3% > 6% %S $$ $$50"" )
. *#f:'$ L5 .30 3 6% $&(.7. | #.ngoss "& S (
4 *#f'.'$ 0.5 -1.5% 1-3% &
",$ ( '$ '$H#0$ ($% 0%
( 0.1-0.5% 0.2-1% ,)0 s 08 $,'4#f 5 )#!* ):
1&+0
&- ( < 0.05% <0.1% $%)8.‘,1 +}f 8;* ,./$1:§ $0$
2.1
=" : Synthlight Handbook
$ 9
S $& +1# | +. #HI* 0 ,$0 $ - S H1# +. o $I° S
+1# - +. '$ 0,4 $%+ / 0% /% !'$& $, 0,1% (0,2%#"
$ 1 ) 1 )1 1&+0$ , $/'$ 7# - 7. 0%
'$&- $, 03% (069" $ 1., )$#, ) 14/ $ '$#0
G/ # S+, 1$01$ &) SIS T - 7. .5 $ 0%
1'$&- $, 15%(3%#" $ 1. )9 I 1 &#( T - 7. 1
1, $0 3% (6%#" $ 1, )%$H+$03 $ . * $ #) 3! !
,1&&  [7]

41 $1$ 1 #)($ 211+30 $ " 4$-1$#" 1 #1 &#( +1# - +.

(.77 (DF)'$ I$ + #*" &1/ 41$01 . *$4Y | 3m-6 ,# !$
S, HSH 1'$& "%, 6mS$, $/%1  #1 &#( +1# - +.  # 0,4
'$#0$  %$! %0 /. $,  1%,1 %$0$ *$ )$I& 'S, &&* ) (#
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1/ $ S . 1$&, /. J. 8, 40%" 4 $ . 0). %S$
$1"%0 &N#  7.7.%38&/$1) $  %SA"H S # 1081 $,4 (S
$$&'0$. , & , [/ *$ 0 ¥ /% 1'$& $, 12 m, # *

3 # S HSH 1'$& " . 6mS$, &1* %% /3 $ ! I$
)" o+ # ) # 0 1)1 $01$$  +(  ($0% 4 1+0#$$

2.11:. && !
30%  65% ( )"l
%35 2 %3 &1 ' 1 / /
s & -& ., '$$$ &"%0  #L & L H# 1 Hl# -+ # *$
4./ $ . -1 "+ 'S 1 41301 # #)#1 " . ( /, 6"
0% ™ #1 &#( +1# - +. . 4+ $ '$#0$ '$'$+0$ %. 0% !$
3 $ ,+$ #-6 07m/. $ 4,4 . o 1 1*#1 77 (DF)
$#03 $ # 1,&'# " #1&( + (  ( ,1 #)$ S, $ /%1
$3&'0% $ 0% $5%- 1 % #. ( o $ $ #1 & *
#o* $$&H 7]
1,8&" #! 11 #1 &#( " "% 1 $&( . (S L4# L0
$0% ! & $ &1%
[\9 //,/
j_[/ ///
[
J/ Aw@

DF =t ’
;1(1 - Rime(m)
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"l #+$ ( | /4 #
1$&,0$%$ .1, *
1.,$%%- 1 # n?
* $#" +(

t 0%

+.4%, % "$

Ay 03 1$4

A 0$ " #1 & (

$$%-. (M)

0% " 0%
- 0)1 #

)

1 1%$- ,!
1.,$%%- 1
$$&$#

- [7]

%*$#"
#. *
Rmean O $ ! ’

#11, &$!'$ I*.

-# $%! #I* "
$ $%- .

R40 $ $, " #)*#":
R= Ay*Ruw+ AZRc + As * Ry + [(Ag*0.15) / Al

Lt $
HL & #(
L+ $ +(

HL &#H( B B/&H”
Lt S 4%*41

HL &#( S B/ &S
.t % 1%&,0%%
H#HL & ( ,+H B

! 0,80-0,85
! 0,35-0,65
' 0,75-0,80
0,35-0,50
0,15-0,15

0).
$ $/&$#"  0).

+(

4%,*4 1

2.2

4%, $ "$
#.

4%+ ,0"#"
,0,4% +. #!- ) .
$, *) 1, 188, /.
#1$ ( 10# #$ .,0,4% +1# - +.

60% ¢
w |

+" 4

0
5 |
5 50% 1
=

5]

5 o 4
g 40%
=4
o
g
1~ —
Q |

T 50

a 2.0% ¢
2

3,0% 4

0% il
g I

®) |

g 1.0% -:71 E
=} | |
o M-

0,0% H—Lil kg

>
02 03 04 05

Monepatéra va)

2.12: -

52
™~
o
homi

fvaka

|*

, 4%%41 %

18&, /.

|*
y o+

1$3& ,0$$ -#1 &#(
08$$ 2.2.

1

1 +

40 $ #

0). , #1!, &$!'$ !*.
e
#10

"$

$, *$ #10 # 0,4

$
+(

,4%*41 $ 0). ,

:[10]

#$ 4S$
(

, $&0 #,#"
, )0 TE&FT ) #”
$,%$ "3 #oo+1# +,

I $ &(
$$&BH
0,4-0,2), +*

(DF)-  :[11]
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1 A B R O 0% $/&™ ! $ ,0,4% +1# - + #!-

¥ # ) C U&H#S ,"$-"# 1 1%%1 1$01$  $/ 10%*) $, *&#I$
$- w1 MHL $/ S 41 - 4 - $/ ,0,1 1% ## 1$- ). |

04 % $ 4%+ ( '10$ $01$ $$"0% ! (B &# #1 )1

| 16"& /s S/ S +1# -+ 1130 $ # 16'& $ ,0,4% # &

% 1)1 &' " %$# + . e 11/ 1 %&ls$,  #

1 .[11]

2.13" !
2%()  5%()-" # [11]

$&$ $ ., 1,&'# ") (0 $% X 1+ #- 0 $ | 1,&#-
# ) ([, $ 0 #m1* $ 4%/ .1 0% , "%O0 &' " *&& 6"

$/&&"&. 1,&'# '$&0. . "$ * *%4 $, *&#$ $'. ! 3
BRS, 4/3$!$ Waldram," 1$%"I$ ( #)*#" Lumen$ ,b&&* /&& . & . "
& 4%4 $#0%!, 0 $ 0 $1!$,"*$ )Y@ [, 41% "$
$ *# . $ &"*# . 1,&"#! N , H# 3, 1%41
$1* 4 )'#!, - $ & 0 *& , +1# /1 &S &O0'$S !, - $
)'#!, "% - # ,$1$ * ()"* #1%( .[5]
, 51 Standards - 1 1 1

44 '+ #1%!" * $# + #- # *$ ) $/% $, “

4%#" "% ,1 ,$"'$, 0% #$ . 0% '$+0. '$ $/41$8 #,
0% $411'0% " &H#" $$ I #1%!" * $H" +. #- 1 +$ #
& " ,+ $  $H0$ . $8* S $$01$ . $%$%-. $/ 41%
1 +$ # & ) , 0% 41% $ H+3&# 0 $1 . 4 O#41#" $
$$ I 1 +1# - +. #- # *$) $/$ 10. %, *% $
7S SRS ST DA 1 1$&#$#O1 ,1 )'#!, 0% , "
4% +# 1)1 $  $S&# L1, %$&-% % 1 01 ,"
$ 1&& ,+/
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&NH#" $$ 1" H"$ +1# - + H#H- '$ /%) ,&. " & 1'0%

1,08 (4" $% #*" $ 40 $ $, 4 %( standards.” &&/4$ !, - $
1% "%- $ standards” Commission Internationale de L'Eclairage (CIE). DF
1,&'03 8 I & . $)! +#H L H#H SHESE 1 +$
+ # '( 1 $ _ ) $ ) n O 1 1 ,II n !*#II |( n . (
$) " #"$  1,&'03$ # 5000 lux. " &&J/4A$ . $)!
+# L # $S0# ) #1%W 1$- ,1,&'03$ # 7000 lux., !*. %S *,
$0 ", HB!IY( . ! DF! A" $1( " ,#"$ . $ I"%" " CIE
404 $ ! 1 &#( 71# - 7. #'-  (daylight factor).[10]
MsL(t N (1 ./ %) 1 o+ #- )$%O03$ I
DF# ,0$% 23,,1 $ &1%0:
Xpron Xwpow Méoog Tuvteieotng Quokol Dwriopol (%)
Kripia I pogeiomw
I'pagpeia Mevikng Xprjoews 3.5
I pagpsia YTTOAOYIOTUN 3.5
Kripio ExtraiSsuong
AiBouvoes Mdoorakiog 3.5
Epyaotrpia 35
Xuwpol Mpoouymikod 35
Kuwpol ZuykevTpwoeunw/AiaheEeww 0,7
BipAoBnkeg 35
Nocokopeia —laTpeia
AiBougeg Avapovng 1.5
Epyaotrpia 35
Aifouceg ETrepBacewy 3.5
AN CTTaUTR 3.5
Mouoeia —ExBeciaroi Xwpol
AiBouvoes ExBepdrusy 3.5
Afhnmrég EyxaraoTdaoceig
Xuwpor KOpiag Xprijong 35
FKuopor MNpoow kol 3.5
Aspodpopia-Erabpoi
Xuwpol Avapovhg 1.5
Kuwpol ExkTeAuwnviopod 1,5
Xwpor Kukhogopiag 1.5
Exkkhnoiec 35
Karoikieg
KaBioTirkd 35
Y TTVOBLUATIO 1,5
Koudives 1.5
MNevikoi Xwpor Knipiuw
Eicodom 1,5
Xwpol Y1modoyng Avopovng 0,7
Hwpor Kukhogopiag 1,5
Khipakooraoia 1.5
2.3:$ I -t 10]
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2.2.2 1
2221% 1

$$ I 1 +1# - + H#H- #*$) 40 IS $ " H"$  +
Lo+ # 1% #10 1.1(%. $$+* $ # +.#  # 0,4 '$#0$
$ $1#/3$ 0 # /6" 0 # I 1)1 @0 214.3% 1)
L &S/ # | #M0$ .1 %$,$ 1#$H - I - $ 4 %%- !
$&&S™ # #H)A$H [4]

ATRIUM A~ Vertical DF: 0.4 - 0.3%
0 1 2 4 6 8 tom ||

2.14: 2 !

: Bakér & Steemers, 2002 : 61, 140 '

$, ", ( /# v $$N 1 + #- #O03$ $ ! "
$S/&HE 'S IS ,1 # , LI+ 08" $$SN( 1+ H- #
*$ ) L, # 1S T L ) $ )", #1 )+ #
[21], [4]

11408 1 4+ #l- # *$ L » 04 03%$ . & 1 &)#1
o 4+ # # 0,4 $1 (4"8$4( 03 $ .  Emn/ Ese( Emin/ Emax'$
*$ $ %! #10. UM #*$ /$ ). 1 1+0$  $/$ S,

"1 0$ 141301 $ 1$018 (S ,%# -6 L4 $ +3&( (* )
$sast "$ . # +$
#-#"% 1$&, /. 1 )"#!, 0%

(  $La# 1 1) [7]

w0

% . S . "3 O O#"$S 1 #)' 1 o+l - o+ . (4
$$HS L # $ " $S I 1. L%tM( 1 #M [ #" 6" 1) 1
HL #+* #T O 114n $$ I 1 +1# - + #-  &DH, $ noox
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$ 0%#" #" *S#" + #H- #  4l+ . )F 1)1 $ $° *#
, %% "$ 4" 1'0% %/l .#"

-6 "4l % #1 & -6 1 $0'$ S31 $ ,0,4% + # - #
#. ) , 3% # 16"& $ Oo# $ "/. $/ 13$01% , #, H##
+1# o+ S H# 1'$&- % #)$ # # ), 10, #  #1%(
+# - 1% - [11]
2.15:. ! !
( ) « )
, 0, .#" #11$ - $01$ #/7 ) $I$S +1# -+
I+$03 16"&* I* I # 1'% $! 3 $$ 1+ ,,). $
% 1) 1
0% $, #" ,0,.# 1 +"0" (4 1) +1#  + # I # 1 $
1180 $ # )$I"& $ 0,45, $&&/ #%43%/ $1/ $ $ S #
$," / 0,4 ,0,1 '$ " I# ,+ 9 1)1,, 03%
$50"#" 'S )" +. #! ! # , H## $,1$ 1#!* 3, /%
)* " o" 3" . N&1L# #" 4%+ ,0"#" "R 1%!" +. #- 1
#ooo- ) 1 %) L &HS " A HH L+ #1 %"+ #-
#11/&8& $ *# #" S, (" 41 1'0$ %4 .[11]
9.0 4 1 ##"S ;1 $ $$P 1%- +1# o+ # ) 1
o# $ 18/ 8 $.$/%1s$," ! ! +0% S I3 % #1$ /8, N#
+.# , ,0 " # ] 1 #14* % | (' 1 1%$- ,1 0% $ 3,
$#'10$ I* "#
*$ )$$ " # $/14 "% &1 [ o+ #* ] 41301 , +. #! #
3 $ 4% '$H0$ ! % MO, L S # S,
S o, % (6" 8 4l 0% X oL )18 S,

$/%1 1,0 $+%0 $ # * .[7]
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2 : ! 1:2)."

! 2

! [11]
H#Ho, I* , I*1 $$1"%0" ! ! +0$ 0% $! %0 I( 1
41$01 . $$ "SI 13%$&1%1 -1 :
(LYW + L/H) 9 2 /(1-Ryack) L, W, H : 2 Roack
L 0O $ 4"@# # 1$ # $$&'0% + #- 1 # # (1%
41301 O#f. 1# 1(1$ 41801 =3/1.[7]
s 247 - ) )

[7].[6]

0$$ 24[6]40 * 1 ™M#1 /%1 (1 )'$ 4%+ /| &" $ -6"

41$0.  $ '$ A4S+ (T $$&SH "$ 1 0% 1#-  1($ 1
41301 . 6'& " $$&$# "$ 5 I'$& 6 41301 , *1
$%- 1 ) 1
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[ *$ 0 &$!/ $+0,&1 + # 0% &, M# % ,1 1, 0 $

+#0 $," [ 0$ 4.&4# $, $ /% L 1 41301 ($#SH
1$- . 0. ,1%1 $3$01$$ ).[6]
2. !
$ " LD 490 # 1 #) 1 +1# -+ $- 1HS  #ISHOS %)
$$&$# "$ "+ S . # ), .+ & 1'0
$S&$H(S B B/&'S ! " #& "$ . 1& 0 # " L, 0O $
$ 1%- . #,0, #OSL( +1#  + # #1 Y 1)1 (S
A4S 11+ #T 4+ S $$+/ . $)). B
), 0 4" 1- L+ - [&& 81/ 8 #
$%! $ 0,48 + #- # ) . $$&S# "$ . 4$*4. "3 #
! $%! $ 0,4% + #- # # ) L ## $& 0% $ I
0% ,& )$&( (! " $, 30%).[11]
3 | # ! !
$&-$ # .1 1, +&$
4.$ 1o
. ## L # "l 0% (4*4% 1,4031 *$ ##  wsH 1
1/1 %&1S$ $% 031 " 4$%#!"$ 1 +1# - + #" 6" 1 $
10$1 $$MS  #1 )1 1 . +#  1/) "41$ "$ " S/ 41$
'$&- " $ U 1#" 1% $' [/ . 1 L4%$ 0$, ' " . # $
4138 | 0$ " 6" 1. 03 $ #1 .%0 0H ., A
H- 4 08 /&M 1 ## S LA# " weH 1 1/ 1 %&1$,
#, 1) 1 ,$&&/1/) I$ O#!" "0$ (O#, 0,1 ! 4591 $- " ,4/ 1
$01$ $ " /. $/ 1 . - 1,401 ,"1r$# " 0% 40 # ,&
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$I"& 0,48 +1# -+ #- # 0, 4 $$+ / 1)1 . ,&
$$&$# S : . l, 40. $, !/ # 1'$&- " #'I$HOS, # 1'$& "
0% ", $L4# #" %" 1 1/ 1 %&1[11]

2.18" ! ! ()
2 () 2' $
2.2.2.2#
N #" 0% " $0#%"#",1 , $&0% $ " &%, "$S # ,40 0%
#'1$ /[ 1'$&- " $, " &%, "$ #" ,0% 0% ,#B!#*S $1/$ 3
, $&0 )&#', 41#+ 0% (10Tt B, 4#" ($ " $ "9 N
L0 $, -6 $, " oN# wsH 1 (&1 ( (% 1 1%- 178"
"$ O, 4% 1 . $ . (S, " L #HHE NE &S
$ &0$ # 0,4 '$#0$ .[3]

%N # % &0 # % +$ | , H# , 0 L&* $ S H , &&
T - ") | 4/ $ $ 1#0% " " %/ # $$&'0
+."$ L$- " " wh# S . - L +$ $ S @ #
+. # 1)1 [22].1(%. %M# , $&0% $, &$.,( ., .$/%1$ $
+/ ,1 +$03 $ & +. 3, 1,&, . $0 % 4- 04"
%N A " $,1%08(/'# )%/ A# F " ORI %/l #”

$,1% 0% %/ # , $&0$ 0§, 4+ * v #l#* ()'r 1 0%
nN#s  $* $ $/$ % $)$S"# / 1 41301 $ " + ("

, 1 0# % 1, - ,401. : , 40  $&-, LS( S #$# 180°
3 $ $ 60°%% 1+ ! - $, 3 0,4 # -6 . I$
A) &gt A4S+ #$ 0,/ ,0,4% &/'6" # -6 11 -( ,0
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, &$!/ *$ # /0% 40°)% #" , + $( ¢ 1, -

401, =# $  # 40 O# S "+ (M, # %S
0% $$, &# "( %/# [Robbins, 1986] 0$$ 2.5)

* g %/ #" 430 % # $$&! " %/ #" $ %/ #"
«* &1 »(veiling reflections). $$&!" %/!.# , $&0% $, * $ &0 $
1$&H * 4 0 #" 1H0$$SS/1 4+ (M ", 0%
+. $$&- (L), %" & - 1,&#( ), " /&&", $ " &0$ $
"18&# ( 8 o# $ # 0,4 '$#0$ , $&0$ *L# %t #"
«*&1»'$0! $ "$0%# 1S- 1$ M1 $ 1, /&& (..
104" $0%# 1$- )$ - $ "SI/, &01-#)(1$ 2.19)* 1 041
$$&/H# #113$0 1 $ "L0$ ,#.#" 1 +. 0% 1, - ,401
1.$8""(

e * 1 :[4],[5],[22]

= 2 3 3 .
ZOO(Cd/m) %"".0$ ,1 #1$03 "+ ( (!
> ] 4% 3 0,4 ,14%)$ 8,
15 1800 * 1 +%%& - 1 ,$$""(
25 1250
35 850
45 580
0$$ 25 ,1%0% %/ .# :$,4 * I* &$I, "$  $/&'S | " wH " o+ (0 "(
: +%$&! 1 $$""( .-"( :Bakeretal, 1993:2.15
2.193 () ()
[12]
03 $ 38+ %O $3$&/H L&A I, - O#' S )"#!, "% -
% /, $&&/ # B1* B /13 $ #0 . "ot 1
$$&/H# & H" $ #0 0% 04 ,/MN$ .+ # " 0$ ,1
% $ $ O3$ ! B, ( $8&$H "$ *) $ / Fros/i40
$, ( +#0 L+ 1 .[12]
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A #I$S M1 0 L &&F , #I%

JH 0" 1 +$ 11

%/ #" . 1 #- . 1 =HOS+ ] # )" +. #l
" IES (lluminating Engineering Society D), #4O# 40" %" .# Gl
(Glare Indey ,0 1,&'03 $ /# o##" ,1 $ & 1% 0[(22):Baker et al,
1993:2.16]:
=1 G "#$% /" %! # []

Gl 40" %/I# []

K #%%/[] $!" $, L /4 TR

P #1 &#( %#'[], ,0 $/$ $ " ow#" " %/l #"

#HH " $ -%l# #O0MH' (03 2.6)

V. $$ 1+ $#$H + () 1% -

R 3 $ $,#%# + (" 1% -

L &1 ( $#%# + ( "( 9% '"$Y # 0$#"

Ls "+ "$ " [ed /nf]

L, "+ "$ . 4% 1, ,40 1 [cd /nf]

“# o/ 0% %rsH# (0 [sr]
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$%,/. O#H#" +$13$  #1(%. $ -$ " %NH# 0%

S ) -+ #- org " ol # S, +1#  +. " 0%
, $&0% 5, "wBH' 1 1/ 1 %&1MM$ S *$ # ) ,# 038$ !
40" %N # 'S R T % U A T S QR $
0$ 1 1/ 1 %&1 1$%"$ ( #H +/3 " $$""%O0HS ', $/

,0 $/1$ +4$031 !'$& "  $ "$ #" %N # S, 1$ #
B yreom s 1s &S, TS 1, L2, % #" 40"

%! # 4 0$ ,8& 16"& [13]. 1$%"$ ( #H# %) . (

=1 :Gl 40" %N# ,1,&"#* !

J#" ## OS2
DGI 40" %/ # '$ +1#

+.
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" A3

., # " %wl# L0 $0$ 0 "$S$"S S$("m 0o ", (
&H# . S S "$ $S(H #IUS0 $ %! # &S "% "$
$S(H &, ! : ")&'H , $&0$ $, " S I1#0$ 'S 1, &/
+ (™ 1, - ,401,).0 $$%0"$ $! $ " $"$
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$#' . )&# L, 0 $ +0&$ O #"#H) ( *&#F " O ( # #H)H

&& $ ) 0 #"+ "/ " # $,&1L$ %" .
=. (4" $$+$ ,, ( )&# L, 0 , &%0 $, " N# %wsH 1 1$ -
I*#. $5%- 1 # *$ # 4./ . 16"&( $ 0% #'!' - . 4+
141$01 $ 1 1$- , $&0 %N # )& $ $$""( .S &'
$1 % 0O $%1"%O0" + "$ . ,+$ 1 41301 ,,). I*#
4- 1 $01% , 1 %$+. O# ) , 0 $ &Y% 0" %*$#" 1 1% - I
) (#" $/&8&"&.  #1#"/. .S & ,$031 ' * # 1'%
Y o, .0 LY  $*¥1 10$ 4N# + "$ L, # $ $#+3803 $!'$
$%! $0$! / $#" #. 1) 1 (Bakeretal., 1993). 1 (Chaunvel et
al., 1982)*)1 $,40 (0 )& 1, $&0% $, *$ /1% 0%
s/ $ /" $, I* %% 1 ( $ 0% /% ,& ! ) $

$,#8#" 1 $3$""( $ $/% % "+ "$ 11%- .9

*3$ ) o #1 &#( $3&$# "3 0.4, o N #" 5 1>
1#$# | #3$% '$ & ., H# $ $%- . I 10  1'$&- 1 2%
,+H$ 1)1 $ , S '$ $,1%0% %*$#" 1 ,$$%- 1 . [Chauvel et
al],[4]
2.20: (DGI)
1.600  8.900 cd/m.
( 90°), 6 . ! 12 .x12.Xx6.
! 0,4.- : Chauvel et al, 1982 : 34
7. * ST # 0% P& . B0 # #H " 1%0%" $#' #
3 0,4 )4 S 131 40" %/l #" +1# - + H#Hl- L # "
, Yo* "H#" . %, '$#HO0$ #-1+.F ! Pl ( $, &0 *$ S, 1
$, &#$ - 1 s ! # " 0%/l #" [Baker & Steemers, 1993 :178].
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+, ¥ , + $ - L H#) S S 01 $ -
$1$ $$4 1 [, #1$ ( ,&" + 0% (Osterhaus, 2009). " +. "$
., 18 $1 0% $1"*" , $& - %A ,,. 1,0 $'0 !
/'S &+1 |/, $/ "4/ $ " s . P $3$&'0% "
+. "3 B [ { " -$%  4%#" "$  (visual task) $ 1 /#1
18&& )1 % $ #-$ ! 13$ +/ ¥ $ 1:40'$ " - $
A$#" "$ S ,+ 1 1/)1 # % 1 , - ,401,% $
* 1  (Veitch et Newsham,2000). # , !(# . B3, 4 $ 0%
I * $1$ ! $3%&0 . $ B ( -1$ 4 0% 413 %
, H4 #%- %% ,$03 & $ 1, ! SIS 1% $/ s
, #, ($ .," $"$ &, .. $ 1$ 1,8+ %"S
0 4 |/ I T /, . #1 %" 1 1,0 $ 4" 1'#1
, &"1$  [5]

2223 1 2

2.2.24% 5

$ '$#0 , $$ 0% B, " ( $1%1 "$ 1 +. '$ %
4% +# $ $3% &'# #AESS $ 0% $ 4 =HO1$&-

0% " ,#"$ 1 4NH11 + , # &' +$03 $ #O0$#', ! $

41$ "$ $0&%6" 1 /%1, 1 #($ $ " 1+(!$ ,+ $ . # 0%
I'$- 4N11 $ $1%1 - + oot " 9", 1
A#l- " $B&$H "B $ 1&&. 4 (. 1$ ,+/$ . $ 3 %
0,4% '$#0$ $ #1#($$ ! &1 +1# o+ # #r 1 $&- "

$"$ % /% "+ s )" +. #l

/)  $0$ 1,, "= $/ $,4# '$ $S &'H " S -%l#
$ " AN 1+ . N#  +1#E + 0% '/ $1%1 ! I $
4hH1  +. $, 1$ ,1 # ,0 " $0%#" #HAHS1 $ 1
$ #I# (1SS +1# - + #- 1 $#03 $ # +1# + 1 1%$- $/1
$1%1 ! ,4N1 +. . | #I#($S +1# - + #H- 1 )"#!, -
$4&( , ( !, - $$8% 1%- 1 4H1  + ! 04 , 1
/ *$ , &% +#H- S8 &HISS 1 $1%1 - +.
$ 173 $ $# 4N1 +1#  +. [14]
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2.2.2.5, 53
$$&0 + 0 "$ # %% ) $$+* $ # S WH # &%, "$

( 1 ) . . , +$ 0% %, D)%- $$&0 $ 3
$,+1)% - , %%/ #"'103% %/ .#" 0% $$%0" $ & $0 1,6" )
! "R BHT S oL+ M, B&& S $$&HH
, +$ (+ , 0 ,4/,4 ,* &%) ' $%$ ,, 08%
S8/, #1 &#* $/&$#H"  [4][22:Baker et al, 1993]:
+( 70-85%
-$% 1+ , + 40-70%

-4/,4  15-40%

Oo#" %1 0% - : #) $3% &0 +. #'10 1
) 1 . 4% * $$%&'0 + "% # *$ ) 0% (  [22:Baker et al,
1993]:
$- 41 '$#0$ S '#1 1, $% 1 31
$- 41 $#0$ 6 &0 1S - 1 1, $% 1 10:1
$- + (" B, S&&1# ,+$ 20:1
g , L, $ 0% #" 40:1
" , L, $0%#'$* $ + #*$ $ 03 ! #)
4 $+* 50:1
xS # %0 "H)# . . o+ "$ $ &%, "$ #" &&" (
& '$+0$ 0% #1')1*" . $ " *)1#$  '$H0% &'0 luminance $
brightness*) 1  $,4%0 #$ &&" / ! 1 1 + "$ $ &%, "%
$0# )8 $ ! 441 $1 41 03 % "+ "$ (luminance,
Leuchtdichte)0$ $ ! *o% $ $$+* $ # $1 ,1 1/ (cd/mB),
" &$!, "$ (brightness, HelligkeitY0 $ 1, ! ™% $ /3% 3,
$%! , #$!( 118 - # + # 1) 1 .[4], [Bakeretal, 1993:2.14].

2.2.3, 2 2
418 ( +# 1 "&S$S -+ 41 1'0 L&&*F , &# $/ $% #
H"S s ", "8 1 "&$- + ,1 +.03 $ &#$ / *$
#. ) L%t St $%4AtH . 1& " N1 $$,1)%0
#S xS 41 * 1 (# +1# - .o #l- S $0# ) 40  $,4#
+1# -+,
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! :$% 03 $ ! 1S %4 1, &"#- 1

/3 1% o+ /. $, 108 ! S (). SIS 71# -
7. # - (D.F)).
% ! 03 $ ! I$ P4 1.&'#- |
#$ M, 3%  "I$& "$ 1+ L " /4 1) 1 .[23
$&1% 40 $(1 #" $™0$ 41% 4 $, 44 +1# - +.
$ S 1 & *"$ *$ . #$ 4 L. 0% H4$* $ S
1 /% #- ,0% B1 " L #"$ B )$S($ . %"
$ )% $B&&S 1 +1# - +. '$1$ 44" ) 1 01 I1$30!

$$% #$ ! . &'/ 441%$ [6]

2.2.3.1 (Daylight Autonomy)

$1 10$ +1# - + #- # *$#10 # *3$ O 03 % . JH# :
$ &"*. : "#0. ,,1 I, 0 $ 4%$""%O0 $ 9 0,4 * $#"
+o#- $, +1#  +. . $ 0% #" | #1) $ )"m!, -
SIS g -+ #- 13 & #1 %( 1 1$- $% & "4/ $
1 *1 . $ 9 0,4 *®# + #- S # )0 #" &H#" +1# (
$,$0"#" +. #- 1 % $4$""%0O*# # 1 #*" '$#0$ $!, 0 %
&# 0 $041%$ $ ).0 -$#" 1 '$3!'1 . $ $/4' ,!$ $1 10%
+1# - +. # - T70%'$ *3$) '$#0$ ! $,$#) &"#" #  #) I*
'$- 8!/.$ 6. $ $ ,0,4% +. #!'- 500 luxl, O 1,/&&"&
Lo ,# ' * '$Ix % '$#0 70% 1 *1 | LY @# 1 -
+. #1-  [6]

$1 108 +1# - +. #- 0% *$ #) [ * 40" $,4#" +1# - +.

$4 M1 $% %0S$ IS  H#HL#! oS AR . - & *US

$1 105 +1# - + # - # #HH $I''$  +1# - + #- (DF)OS
&$! / 1,6" , H#$ & #! . #6. " $1#0$ . )"# $
3 & %S* #1%( 1$- $%W & "4/ $ 1*1 .0$ ¥
1$ &# (, #H 1, "O#S AS%H! 'S +1# -+ H# *$

) '$#0$ .+ *1 ,1, 0 $L&#0 ! 1 '/N$S , #IOH

$1 103 +1# - + #1- 1,&'03$ #1)/ 1,%* $ HH#H"S #HOSH' 0%

#" 04%%H & ) . 1( "1,%# 0% $&# ( 'S *$ HS  H#"S
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#0$H" | . , + 4+ #- = )#!, 0% *$ " HHIS

#0$#" , . * , #H04 | %, $ $H 0 0 " -%'# ., #04.
g 1 )#" (1 $11$, "1 &1 .1 , & ,$*.
$/&1#" ,441* 1 $$ 0 *$, 1, #1, +/ ) "# 108, &,

, H*+$ , #04  # 4%+ | ) | ABH($S #" 4] $ 1 *1 .
$1 10$ +1# - + #'- )$$"03 "41% "$ +1# - +. #- ) 1
41* 1 oss$ /" $, " s # #)- "& - +. #- $
"& Y 1+ #- 18 16"&($1 108 +1# - +. 0$!$ $$%0""
$,$0 "#' $&&/ ) '$ "-"# 'S " " e &\ 1 +1# -+,
[6]

1*00 4 1 0% T - 7 # - S 1#/3 0 41 (1$9 )
$41$0 $ 4# " F1#S #ISHOS # )$I"&* I+ #1- (,.). <300Ix) ,
,0 % $,4)%0, #1)/ ' $ $, 1 )# $ $1) 9% I, - $
$ $SH(#H1 s 1 )"- o+ o#- 1 1. , 4 &$!/ 1,6"
$/ L # , *$ "$( I+ #- S/ JHS O #U(, 1
#03$ /M#$ ! " %S "$ %/!.# .[4]

223.2)1 (Useful Daylight Autonomy) -) 1
3 (Useful Daylight llluminances- UDI)
, #+$ * 1 1 Nabil $ Mardaljevic, 0 1 *$
$ &"#" 1 +1# - + #- #3$ 09, , 0 #03$ 10 !
H'S ,P&&/HS+ ST " 'S 1 +. # ,0,4 '$#0%$ [Nabil &

Mardaljevic, 2005], [Nabil & Mardaljevic, 2006]. *$ "% 4 /3 $ 9 #!
*  T71# - 7. #!- Q77 )$ $HO3I S # &!'$/ 4473 . %0. !
+1# - - $% & " 4/ $ 1 *1 . $0%#! 1 &#( ((
$/$  )TI# - T.#- U RS #UH - 1), 0 L& $3&1 0 $
&1$ /| 447*F - &$!/ 1,6" ,%$'$ - , $&# - -1 1$- (9
) $.& +#.,0 ), &, $ . $0 oolH# - 4 # - (IX) PHS #9
0%.
*$, L , %4 . 977 4 , 03%$ # 1,&"#! 1 + #- #
0,4 '$H#H0$ '$ & U, 8% % %% &"+0 #
16"& ! o+ #- S, $&- , ( A#+0$H#H 1 Y#H @ # )
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$% $ $,%!"$ "&$/ *4"

*$ $1( %4 1,&03 " #1) "$ $/ " ,0% , 1)V $ I*
+1# -+ #- #1011 -1 (&0'$$ ).
) (#! k18 -+ #- 03 $ $1* ,1 , &SI/ $ #
- 100-2000 lux. - $1 $% o#" # , H+S$. vy 1
#H 0t #L o+ ] ) "# . $, 4%+ = #1%(  +1# -
+. #!- [Nabil & Mardaljevic 2006:904. -'+.$ ! " 004 . 9 (#\ !
i# - 7. #- * 1 1,&'03 $ $™ , -3 - +$0 $ #
0$% 28.
< 100Ix 100Ix-2000Ix > 2000Ix
* * +1# - ) (#! *  +1# - 6"&* I*
+ #- $ %0 'S + #1- 1 $#+3$&031 +1# - +. #l-
, H# $," +. #! '$ .1, %$
44" " , H# 44" " 4" - #
%/ .#"
' 2.8: ! + I
& & : Nabil &Mardaljevic, 2006:906
$ 1 &'1 1, 88+ %" S , " 1% 4 . 9#! ! T1# -
7.# - %.0$ #'$ & , )#H!" S, ko 77.% $$ S S
#1!/&& #"1$ |/ # *1 A #  +1# +. # . 0. [Nabil &

Mardaljevic, 2006] . [4]

2233 1 / / (Continuous Daylight Autonomy)
Continuous Daylight Autonomy (DAcon), ! " $, Rogers 2006, 0$
*$ /&& 40" ,1 , *16 $, " *1$. S$0%#'! " #L'$ ( 1 0%
+1# - + o #- 1 (0 #1V & 1 +1# -+ $,404 % #$) [/ #'10% ,1
"RSH +1H -+ o#s$ /. S $ % $$ -! 0,4 * $#"

+ o #- . $$401% Y o #" ,0,# .1 $$-% 5000ux$ $*) $
400 lux $, +1#  +. # 10844 #( '8! (1 #1! & 400lux/500lux=0.8

, B+ 8 '$ O ) 4 #H"S$ . $, *&#$S 0% " /My

$1#" - $$1 01 $ " V&LH# " V/$# 1 $- " #L #+/ $
"Bl #+ /. 1( " $&&S(# 40" L0 $4%$&"%0 S, * 1

,40. ,1 40)1 I +o#-,0&1 !'$- . $L %

,&&0 1,/&&"& '$+ 0. 01 $ B $ # )$"& $ ,0,4% +1# - +
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$, $#1(%. $$+ !'$  30Q 500 lux. 1#$# / , 40" $$ .03 $ I"
SIS ( HU & 141 -+ #*$) 0% 1 ( .[6]

h4 " #1)-  $1 103 +1# - + #- 0% )#H!" '$ " 4+ #

41% "$ 1" % #" ,0,.#" 1 )" +. #l *)
41$ "$ -l v * s (dimming)( 4%, ! 41$ "$ & -.,0,4"
&' 23]

$ S $HO0 #1) . " L %$( M H# 1 +$ 1t N *$
4 - 40 " ," maximum Daylight Autonomy(DAmax),, 0$ 0#" 0",
Rogers$$+* $ !$30! " DAcon'$ $ O# JHH .8 &M
,1 1+$03$ '# +1#  +. (1, &/ ,0,4% +1# - +. L%t 8

$ % . H#H1 %" 1 4), $, $&- %/ #" $/$ 3

1)1 ," DAmax $% O#" $ #-% ! 4+ " $$ 1"

* $H" +. #I- ) 1 . $340'1% )/ R T Y 1,&'# !
$$ 1" * $#" +. #1- 150 lux" DAmax$ # )0 # 1500 lux. 1 $

( 0% 1#$# / *$1x 1 N1#l +1# - +  (/&& #1%"
11,0 $, $&HL WN# $$,%I"$ %!/ *4" $ 1,0 $4#
1$ x4 " 'S L # #1)/ $ .- 1+$03 % # *$ )  1/& $ %
* $# 4 # - [23] ,[6]
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2.3'&- &*"$" "%

1603 $ #H4 & " % e 1 +1# - + #-  $
#141. $% . $$&(1L #
$ $ 1&,"%0 #) 1 +1# - + #- 4&$A(" )N S, " (
H"S $, "% $ "I 5% 1 +1# - +. # 0 ,,% $
&+%- 1,6" $&1% $/ $HS" A -

&1$ *  #1%( ", ) (#  1 1$- .+ "$ )$
S+ & (0% ,#H#  "&$( $ &0$ )

$/ 1+ #- 1)1 ,$%&". " & 1'0$ 1
-$ . ,4%

H0$ 1 ($%-") )

CHSS &#H "L 08 1% oA D R . .
+# -

N 1 # - )1 ,1 $$&-
+.

A +H 1, 1&& S ) 1

CHSS &H T wM M(IS S ™% . $ . $ . *
4%+$  # )O0.
S )$$StTH# . UL (" #)0. ,1 +$!13$  #$
$01$$ $ * & . 4%$/. ,1 1%1031 " O#4 $ " $$I( 1
+.

CF A S $% I/ )SS T H ] . 1S&H#SHO. $ . 4$+$
* # )0,
,$1- 1 %/ ., HES & $ 0 Mm0$ 1, v
). ,"ros .. 1,40. $ 4 " . # $
.  +$ CH O L $S&SH 1,$+ - # O#!
$, +i# '$ $," +1#  +. # 1, ,0 % $&$!/ $ #
$) #/14 19) - HAsH- (1& " ).

T ) ASHE ( ASABHO$S0 $ " L&( . A4$+$  #)O.
—$# 19%1# 1 #)1 1 +1# - + - , #S$ & #!
W M % &% , ') $$&0 . ,&'( . $ .
$% 03 $ $, % $ " & 108 1 $% $ % " . 1
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I+ #' . &( $+$#" , # $+/ # +1# + # , #/3$ #" L&

. 1%&, /. $ . ,H#%. "&,#%1 (+. #1 # )O0.

$

CHLY) S B S S O#!$ #/4% 10 9%) - HASH - # S+ [

P# $)* B, HH# H)ASH -, #3S &#! (S 4% +H A

Y. LA+, 1&& ) 1

YH O #H)4sm . $ . &1/ $01$% 301 +( $ 4%$+$0
0 $ +*

H"L&( . 1%&, /. $ . 4%+% o1& # #1A1SH 1 $

#1#($$ &)1 " $  &0$

231 3 3 2
2.3.1.1
L H#E S & # 0$$ / $& . , "ASWH!" #"S +1# -

+. ,4%0 $ ")l ( ,04 . $ 6" . 0. 49% " $1%0%
"&$( $ &0 # 1'$&- HHE L H#S% 1% $ ! $& "
$$I # # ) 11, # $ H#" 4 $ " S " % (
,04 1 & " 16"&( +. "$ .1 $$"0% # #'$* )
$ " HL) 'S & " OHR" 1 o+ #- ] 4 #LAISH O ! $/8&&"&"
#0$#°,1, 0 $, $&# , &S $#S$SI( S wr . [3]
+0#$$ *$ |, $$ )@ #" M . #H40. 'S *&)
1"&$#- )1$ , ,0 $%03 '$ CHSS &M S, HH"
SNHS # ). % -l 0 $  1+#N L4 %, $ #-%$ 1 15
* .6 1 1,401 . $$0$ ")@ " Y 1 1+#/M 1 1,401 $ 1
*1 0§ $/48 1 1+ #) 0 -1,4 * 6 15!." &)#"
$,#S# ). %#T 1 *1 % $ 0% O#" 15715.=2250., I*1

* 0 $% (& )!'$ [3]

2.21: !
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4 - $&- CHSS &H L # B +1# o+ # 1)1

0% , $0% " #3% "3 1 +. #" 4/ $ " "3 %5 1
INE] 4-1 '$ W . $ ", #"$ 1 +#- 1,0 $0%
$r&( $/ ")l ( ,04 ", "$ 0% #$% (, ,4( 4 1))
CHO# N#$ &0$ . 0#" +. 14$03 " $& "
$$I( 1 +#$ " "&$( S &0$ . #S% ! !+ 4 /)1
+o#, $%#H/  H#ES & # & $/&&"& 'S #I*
Y# &% ,)1 '$#0$ & . 4 $ ,, U$ '$ 1

%H#ES- )1 $ $II#0$ , 4 4 1/) 041  $$# +
%!y, $ " 1, 4" $ &0$ .

) CHSS &HO L H# MMl 1%+, 03 $$& $
41 ,'$04% $ $ ! ' ( $$( " $ &0$ (" $ &0$
IR S ), # T @HS # 0% 4)8( (1'$& " L #"$ $& $0
$ 1 )Is ). #1$ L, &% 0% ")SI&( %

1 &1# $$& $ 41 ,#$$&#  411'0 * $ , &($$
%l # . [3]

23128 1
H0$ 1 $% 03 " #"$ . S . S/, HSS &#H  # #H)H
+. 31 ) (1S 1 4$*41 ,1 1, 0 $ 4+ #0 | +1# + ). =,
#'1 %" $ #3$1, +&$S$ . # / ($ $ ., [/ ($ ",#"% 1
1 -+ PHS # *$) 1S #IS # " S H#SH S, /1%
L 3" &1 ,0,1 5m0$ $1(,1 1, 0 $+ #0 &. $ $
&1/ $01$% . $ 4-" #. 1,,!' ( 3" +038$

! | 1%+

$$&'0$ &(. 4 #* [ woHE # ( ) #*$ 0
$/% S At 1. $1& 0% 4%+ $  1'$& " #

W # # LS ", &S+ S 0SS 1 ( # B #($

/6"

I, $/&'$ ! H0$ 1,40 $ $/41$8  # # &+ #HF ]
! woHE J#E ( ) # )(0$ 222).0 $#1$0 S, HH#
$1/ 0% $,&1$ ($!"%" . $ V. ,$1&/ 1$01$ , 1 # -
$ 1 . - )1 ,$031 #1$ & #" $$ (1 +1# - + #- ).
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o !/ / 6" 16% " /6" 4 49 $ $%&1 +1#
. # :$ ## 51%+.03% &. $ 1,&, 33%!

0 ! %'$ /6" 4411'-% @ 0 ) » ) 1
+.03% &. $*)$ # ## 59% $ "+ 31" | # o H#
41%.

o ! It /6 $ $0% , & ) +03$ & !
1%+ .

2.22 ! 2 !
!
oG
/% 13m%.0$ *&# /% 01 '$ $'0 ,&" !/&&1# 1
+1# -+ 1 $ 48/ $01$$ . 0% ! 1 1 $&&- $
. +1#  +. . -$ " $0% 14 1 & +1#  + #
$ - &0I$ " &&MAS,  $38&"& #H(0$ 0% o $/
I $ $$ & -4-# ,'$0, #++  1'$& " 4+ $ '$ " #18&
"&$( %! "S$ )1'$ . $$&0% /%1 , & " /6" % $
0$ D1/1,5. $0. , $ 4 0% 0" $/ I'$ 1 - 1,
&R AL &H# L 1l #S#H- L ( &'$.( 1 01 ,*# #
O#. ) $49 $ (& )!'$ ()0$ 223)[ .. 20702-5/2010],[24]
2.23# /-0,
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2313, 4 1

$ # | #U$( 49).#/ #)0$ 1,4031 "+ ( $ &0$ $+/#
# 1% 1)1 , «$ 0 »# /6" ) , %1 # +. $4 #4-#
#$ 04 1('$$ 1 01. [/ 0% $.4 '8, ( H"S
+1# -+, % 1)1 4 ,% $ .,/ $67.

* $, +i# 0% $% # ( #'I$#0$, # '$ " 9) ( #-%#" $
& 1'0$ 1 01,# $'$ " 41% "/ 1 3 10 *$ P
I 1&& 1#" 1 +1# - +. . 3% 1 +1# - +. #!- I3 S ,O#"
$ " $3&B# 'S . 1& 1 +3'1 )1 ,% '""%1 /| 0%
L1 (" 4 0#41# 1 +. # 1'$&- 1% . #" , 0, .#" ) .
&1 %1 , "+ % $ %) 16"& #1 &#( $/&$#" %)
) 1S )O($ 2.24). $$&$# "$ . 1,&0. , +$ 1)1 $/%
$, oo $$&'0 1. /o, $)).! # * ), 0
4" 1" - " «BOHWHS +. - , 1&& , 31/ % # $%! $
0,48 + # - # )

$$ ,'$) 1 1#%01!"%1 $ 61 ,, 0% B #" ) (

4"0$ 1 ) - ,1&""01 &&JIAS [ . . -20702-5/2010] #1 &#*
$/ &$#" 1 $$+%"$ #" S+ 2.2.2.50 #
& ).( +( :70-85%,%$$ 1+ , + 1 40-70 %, /, 4 : 15-40 %[Baker et al,
1993:2.14)).
2.24.# |
. $ !
, . $%
2.3.14

+. ,1 #)$ # O +0& $ # !'1& $%! $ # SS&H 1
1+0#$$ # *4$%+ . $ ! +3$ 0$,9$.,341!$ , 41! , &S #.
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$18*, $  &- IS (L #"S o+ (. "0
$$8&$# "$ 1, /&&'$ )1 , & $ #1$ / $ " ,#"$ 1

1% -+ .1 #)S # ) . S 1#0$ &HE"H "3 $ "
B HE"S +1# -+ . 0% $ IS &S ! $$)IS 41/ %,
$, *$/ 1S L H#L, S $& $,'$08, Lot o $ &0$
.0 $ /3 " $$&!" . $ #1, 1%03 % / " #"$ $
"$ 1 +l# -+ #- 14N S # ) (O($ 2.25).

0$$ 298$/+ $ rOSSESH S #x 41 1&
$# ,0$$ 210" $$&$# "$  #x. ). $ %)L 41
1&  [3]

2.25., %

2.9. ! !

2.10.* ! !
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232, 4

CESH % S S (0,48 - S & $$30"" L 2,%# 'S

A HH . #L% S " SHH&H# ", "$ 3. . 10%8)
+o#- 0% /N o 1 # ), L HSS&# "1 0$ ., -
1 13&,0%% $% 031 " ,#"$ 1 #)!1 +. $ " $3$ K 1
PHS # ) . $/&&'&S , $$01$S $M1 %S , .0$ ! .
&& %1 $# 8 &S 1)1 ,& 1'- . *4
4$+1'( . & 1'0  $1* ¥)1  ,&&* +* $ +$/ B &HI$SS : #
# &, 4/+$.  +$ $ ,0,4% + #- 0$ 16'&/, . 1)
J$ ", %S "$ 4" 1'0% 16'& % ! $,.& (1, %*I$# | % 4"
L Y 8% S $,88 1 $H%(IS " $HHR S S
4. "$ . $ &' $1  #Hasw . $ . L rS T UH O
1 +1# - + #- +0& $ &'/ 1,6" & x1 & 10 1
$01% ,)0 $ $$&0 $3($s " $H% (," & 1' "$ 1

#1 $$# 1(  $ #1 ("#"  .[13]
## ,#$.1 $ "*$ $# / *$ 4 1)) J$ "41% 'S &(1

| /&&1#" ., %4 1 . - +o# - L #11S $ .

-$ " : 1, 40. $ " $% 1+ /4 %0 "M " 0%
#1(%. 4"0 1& "( #" ™#" 41$%$( /&16",).0 $&$!'/ $ 1,6
41 #1 *, $, " 10# 1 $%- $ 1 !*%1 . $ .

031 " 4%$%#!"$ 1 +1# - + #- # # . 0. .
$ " &#,0% 2 +. #- $ $/&'¢ ! 4.
$, &S , " 1+ 3 , HES & #! 1, O #lw( $ 3
)5S " # . # ) . I - $ +$1# - 4 [+ 4%/
| /&& 1#" 1 +1# - +.

4%/  $1* #1$ S # 1 ($ (# *&1+ $ #)-1 10 #"
L/a# 1 +1# -+ #$, $,!$1#*$  #10$ 1)1 . " L # 4%
, # I - $ +$!# - #% $ #1#(1$8, $ ,0% $%1  +1#
+ # 0 )0 $1/) N# w1 1/ 1 %&L * o+ * 4%/
| /&& 1#" 1 +1# - +. #-  $, &1  #" &, #$H0$ . $ V. (
$*1 , #SH0S *S " %/l #

&' " $/&&"&" 41%$" $HO3 S # B/ 1)1 $# ,$-#
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'S P $$% 1%-1 +. # 1% 1)1, $/&&"&$ 11
4)! % # , $% /I "$ +$03 $ &' +. o)
41% "$ ,$/&'$ 1 " S ", ( 4/$" , %, *61 "4 & 1H#"
$ &0% Foo#1 I L0$ |, # # , $%) % "& , # $H#0$ 1
$& $ - I( )0 $, 038% "4x&l#" " ) ( "«$( $ &0%

()($ 2.34% 7. .2.6).
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J#$ 0 1$&,08  401$ '$ $01$$  +( ($0% $+"0 ) $ '$
&1/ $018$ | # 16"&(#/%!", , 4 4SS " WS .

&& , $& ,1 0% A4$+$(. 08 1, 0 $ )"H!, "%- $ #
"&  H$S 1 * 4]

2.34. ! ! !
$)( 0)
& .26.(), 0y, # v +.
$0. | #1 I*¢ 0% , # #" $4N1#" . 1,&0,. ! [ #S ] #$S
, $I$ ( P& " +$1Y( . H#IS , $HI . # +"0"
, &S #"  "0$ , *16 1, #1 %( +# - 1$- $ ,0,4%
+1# - +. I %"$ $/ 20-35%# & 3 1)1 ,)0 $ & .%0"
L 1+0$  #" $$I( 1. 0% $.,# #1%( $%$ - 1$- , #S$
1$&,0$% $0) 16'&« $ ,0,4% + #- # ## 30%# * 1)1
$ 14%# & $,!$ 1#* 3, /s, ) L& " T +0% 1
+1# - +. #- $1 (%" #'1$ / , 471" $ *$ , ## / ,
&& . 1, , ,#$% 0 1$&,0% *1 , #I*" 1 #, )
I 16"&( #1) "$  #1%" +# - 1% - $0%$" +$1( 1
401% #) Lrgt &+ $ %/ "4/ 0% 1*1 ., " &&J/AS.
( )
&'$+ 0 1%&,0% $ , - +$ ! "4 /%&$H" 1 +. '$ $
| $/&&1 " $ -%l#( 1, #1' I LS #1(%.
+( 1) 1
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$X X
)(I$ 2.35.6))1% ( $$$MH &S+ 18&, /. ."( 20701_6_Final_

() &'$+ 0 1%&,0% !, - $)#!, "%- '$ $, &#I$ +. #  $%0..
"( : www.aplusmedia.de [15/09/2007]

&'$+ 0 1$&,08 0% , $&L* 1 1§ &L ( 11/ 1 &'$+/
'&AISS  A/%&$H, S ,08 0% L% "*$  SNHS # 4- # 1$$  '1$& - .

&'$+ #)0 $% #5$ &03 4H1 + ,1 180 # 0 1,
& L 0$ . 4 ( L,&LN( /" 1 4+ &, * & 04 $$$ 1% !

$ &0$ ,1 ,#0, 1, #1' " 'L 0$ 4 $8&
$ &0$ ,1 ,#0, $, /&& $ 1%-# . , 4( ##"M$ 1, 0 $
COS&H " S/&A# 1+ #)1$$  $ L, #0, /. 1 # "&$
+. (7. 27 ),%  $)"#!, 08 | #  #6 14 &$1/ 1 N#
+( * 6 ) ##"$ 0% $,4 # o, # 1 "%s 1 1% -
1,403 $ (4"&, # $#/ , 1&& $ ) $ # &OI$S +&4" , | 16"&(

+. "$ 1 1% -

7. 2.7.6) $&,0%% .1 $ 1%- .1 &'$+/ 1 #)03%
() &1  S$/&IH# 1+ #)1$$

O#" &'$+ 0 1%&,0% I - $ )#!, "%- Lo« & 1 »
#0$# $ $ ,0% 3, *1 E$ &0% , 51 R I K
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401" $ &0$ $% $ # 4 S BT HL Y "R (
$ &0$ # + &S$5/ # )0$ H($ 2.36)

2.36., « »

N G #)0. * 1996#% '$+0$ " $ 0%
ADO#" & 0$ " 1$0$ . &$0# 1 ,'/I$ N
'S 1%+ # #$ 0$:15, , # $, & #o» $$/+"$
$ .,0,4% + #- #) 1, $$+ %* 01 ! &'$+ - 1$&,0%
$ #1' 0%"$ ! 1 $0#)1 )1 ! #1$ - 1$&,09%

L #  *4$ # ) I 1 &'$+ - 1$&,0$% SIS +1# -
+ #- ($ &$+/ 16"& # 08,18 1u $, /s, )
$, 44 . &'S$+ #)0. 4 % 1&"%0 $!$ L OBH $
1 $$MH1l 0 $ &'$+/ # )0$ #$.& L,H!$ 5% L 1%
#1$S 4 ) $$+ %0 #" & '$+0$ #$ ( g 5 S,
Y#E 1
- [13],[101,[3]
21 4 37

1$&,0$ " $"0$ $1( 0% &,/ $1&/ +&S$#$ ,03 *)1
4 1"%0 $/&&"& ' I " (% $ &3 [IEA, 2000 : 4-49]. ' *
$1* $, &- 4$+$(  $$&&'&,0,4% 17&"  $$&SH "$ 1
$$4 %41 + "%l ( $ %l# . =,  $  #1$ 0
1$&,0% ,*# $ 4%/  $1* #1(%. % -$ # # 4 &

33! '$ &'1 , #$#0$ [[18]:Baker & Steemers, 2002 : 159].
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)(1$ 237.4 ( & 108 . 1$&,/. 4 ( , '$#0$ | &3

1$& .08 4 ( , '$#H0$ ! &* 3 )"#!, - $
“H$%  IH HOSH' #$ $/%L$
SHS% (" #H#"S $SS -%1# 1+ (

- #O0SH" P&/ S $$ P -%L A 1+ # 1 +( , #04.

, - $)H!, "%-  # $01$S #"  +( (# &L * ), 0 ,$+-
ASSHHL  &NHES " %S - 1 xSt S L, $#. $1 -
1 -1 0% 16'& # 1. g A T WA 3
1# S 1. 0$ $/AS L 4S1(, $H. . ISHIx !
&3 # /. I($ #11$ - $ OIS %) . 0§ &#S " $-H
A+ #- $/ 10%. 30%,$/8&'$S ! LS H# HL%( .-+ S
#) 08!S, L0 4 0% # 4 4% +I* ) 1
$,#"01 1% S )&0$ , $ 0,45 +1# - + #- 1, #1%(
+# - 1$- # *$'$+0 ,# ,0 $ I0$ 1 1$&,0$$ 0)
$ SHHI%O ! 4 FSHS |, $HI* I &3 ,($ $ LS # H)H
I $1/,1 $$"(%"$ #/&& ) , ,0 4/ 3 $04$. / $ 1
8 " # $ /s *+ #1!'$ 13&,08%. 0% $, # #1%(
$%$ - 1$- , $ ,0,48 +1# - + #- ($ 430 $ $1"*$ # &
4 S $B+H/ S 4%0 $H# ¢ 1)1 $% & "4/ $ " "
B Y T | &*3 1$&,08 #1 #+* 1 #" &O#"
CFA o+ o#- 1, #1%( $%S$ - 1$- . 4B 1 0 $  #l+r 1#$
$, ! ( 6" # ., ) L #)( $* " "&H $ .

- [18],[13],[3],[4],[10]
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& .2852 % !
" "WWWw.Siteco.com

) (# & I 4 1%& , /. L0 $ #1 #+ #1$ | #"
g 1 'S " %rISH 6" $ + # . 0. $ #" &0
#1%" %! ( $ ,( /# .1 4%+ $ #1 #
) 1 . 4 " $1* 1, 0 $ 0% #%% *,! $5&&! $/&'s !

* #1%( ) ( 1%! 3!

$" 0 4 1$&, /. , ,0 4%+ , - % $, 1 - C $
%1/ $ $+1 |/ 1 )$$"#/ ,0%$:

$&- #'1$ I &S (S &0 %
#1# $ '$ " lom . &S 4  ,$&&/IN 0 $, $&H1 %/ .#
# 0, 1&& $ ) $ #$-. 08%.
; % $ ) ( , $#HO$ S 1#/31  )$M&(
%!, $" ,$&&IS !X +.43, 3" $ #1L# $ 'S "lOoA

"&$ 4 ) 1

: + - #'1$ I &S (S &0$
( 031 "%!, $"$ )0 $! 1 #1% / "+ .4%,3% "3 ) $
#1# $ '$ " lo# . &S 4 )y 1 .91 & NS #
#t 1 1 $$&$H -, 4 4mM1- % H# # o, & $ ) 1
01 .

1 1 (Low-e) : 1,4031 !'/&
I* "% !( $ &03$ 0 $ #)S$ 0O ,0 $ %
1&&  ($/&'$ ! , 0 ,% -$ ) 1# $
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'$ U roH . % | $,.& ( )!'$ )( 4 ( $&%0 ). o

$/&'$ | % !l* $$ # 1 01 $ &0!$ ", ) #" 0%
o# $

# : $, 1 #1(% 4.,&- ( ,&- )1$&,0%
1M 0 11 ( $"$ %1 1%$&.,0% 1 # 4/ 1, %1

&& $* (). $" )$0'$ $S. 1# $ # 0% ! 1'&% $01$% , ,1
$$ 0% 16"&( % !! #" 1 &+1

* 0% 1%&,0% ,. 0. 4 " (, 1 )$s"#/
4%, $ "$ ) $/&& S ! A IH & - -1$

/ 0% 1$%&.,0% . 0. , 4" 1$/&& $ $/&'$
! JHE" L #0,1#$ # 81 - "&$( S &S . +.4%, % 1
I $ Lo " s "+ (% &0%

# 0% 1%&.,0% . , 0. , x 4 " 1 $/&& $
$/&'¢ I " L | % ! $#O$ . SH " %! $H0S ! $/&& S

$, 4$+$0 # '$&$ ).

+$1( o 1s* % 3,

'$&$ ) ! # 4%$+$ 0.
$ " ,&'( 1 $/8&"&1 1$&,0$$ %$*, $ /3% ")@# 1 01,
#1 #+ / 1 1%&,0%% #* g % # #s$ & $
#1 91" I"$ 1 #1# (1$ (# -+ & )
$,## )40 " #) S/ " ,&( $3 0% # S$%!/ $ ,/
58 " # 11%&,0$%,9% ,0% %$,&'- ! ( "H#1, + 1#"
%*IS#" $ # 4 ## 1 01, 3% $#+3&031, !1$30! #1 & #) 4 $#!
$ . S SS(H  # 4l +#H ). [24]
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2335 2 4
1) 2 1

&*" & 4.& »1,4"& "*&& 6" % (4&1),%+- " $B# I(
4%/ . $1 $#03 $ # % ." 1, $% R { -0 %, #
(non-imaging optics)18]

$ S 4& /1 HIH($S + #H- B, "+ 0$ *$ #H"S +1# - + #-
S #1* # 08 , ( /1 4&1 (non-imaging optics). ##"$ $1
)"#1, 08 'S $ #1&&* ANl +1# o+ 0 $, *$ Y& ™ 1 1$ -

%&1)0 $ , % "4 0#41#" 1 N#1 "&$ - +. . & H" ) (#"
L H#I#NY . S+ #" S ) +1# -+ I+, 0. ,$0% . (
$ $. +. &1 +. 0. .[14]

2.38.:*

: Daylight in Buildings

& 1 1 L 0$ 48& #HH#MS +o#- S, "+ $, &0% S,
*$# )0 #I'* # 1+  $*$#)0 "4NI# "(# )0 I 1
+. . #1&* " #"03$ # *$ 'S, A#AMS , #%  $$ &
#111 .( , 1 ,01 48$(" /' $ 0% ,#S$ &#* # 1% % &
-H"

[ 1, #$5%$&03$ I '$ % # "THES0  $
M43 S *# # rE 1 49 $ + $ & & &" I0$ 1 1$ -
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I'$- 1 1 03$ $ " 16"& " %" 1 (&1 # s 1
1$- $/ "4/ $ 1*1 .

N#  + (&$* $0 )4 #)$ | * 1 1*$ #4110 $0#"

$) % " s 0" S (0% " %, ( #1108 . "&$(
CHSHOS & & S L IS H IS, /%S &H$S ! 14+ L% "%
J. 8, /! "$
'$ $%$& 49" + 3 L o#%  $$& #U1.( 1
$$+ %" $$/. $&&/ S # B . % 0$ # | 41 '$
$% A (14 # # 1 41$01 .

, 0, .#" 1 #)('$ 239'$ $/4"% , $ 1% $ /% $ , $ /.

#A# 1$- 1L HUL (S 14%)-" 0% ! *$ 1&4  $3&$H(S .
& &" $L(" $$H 1( $, &0 *$$ 4& #H#M$ + # -  (#FH($ 2.39).

2.39:.

$$$ 5 "HLT # # " 08 1 $$&$H( ,"#I# 1( #&0 $
1 $- 4 1$&, /. (#1 &#( 4%, $ "$  0,9).[14]

1 : S . $%&$#(. % &0% B, +-8&$ S 4.0r 1
$&11 01 (I #1 &#( $/&$#" 0.9),$ ,0% ,% -$ # 4/ 4% +I*$
&SOHSS, & (/&&$4V/ 1&/. $ 108 1 $%! 1 "1, &$0#
L0 $% &0$% $ *$#% 1& (1$& "$ ,* 1), , $&II* | 1$ $ 0%
$&1'01. $, ( $/&$#" , +H X $ . #%- % $/

41 $ " 4$4 $HO$ $BH 1( . [14]

116



1 : $, *&#$S + #- $ 4.& - #I#(1$ + #- 8,

+H .4 1$/&&S # # . #HE". 1 1 $&&- $ n# o+
$ &' $1 , #H &' * +. % $% & (I # .
o# &, S # # - ) 1 1", ( I# 0%
$380"" (,.)., $W&" * $0% 1#, 11#0%, $0% $$ $ * )# # , 49 $ $
$$ 0% !'$& " (% . $, $#1#($$ ,1 #4/13 $ '$ 3
| $&&- $ Ng o+ 1 (& 1.[14]

'l DL A( SHIH(SS $1/ 4 M1 $*$ " 4 $% - $l0%
4( #L("# .. 0%, % *  $1#+S ¢ #1%( (4"&,) 4%0 " # ")
$ # 1#$0$ S+ &, ), # #" 1" 0% $0 '$ $

$%$0#1 1 1$&,0$  #41 [14]

4 3 ; -$% &OI$S ,  #1 %( +# - 1$- 0%
#1 (% ,4%0 % H)!'s "/ " $ +% ,. ., $1* #1%( ,*$
$ (0 #1 &#(  +1H -+ 0% $$%0" '$ * 01" g
% $, &#$ "$ $ " &# 0% "oray 1 #1# (1%
+ #- #H 4 %S, $% , $ "% *$ " $ %! (
[ #' [14]
& 2 DOHHS $ #1$ 8 #" 4$4 $HOSH) 4 $H#! -
01 # %) #14 $ $$ 0% #1° I+ 4$4 $HOS #+ [ #" $
#'$ ,0"#" 18 [&&. #I#M . +1# - + # - #' [14]
2 1 1 (Anidolic Ceilings)

$ #1#($$ 3 4.&( +( $ &-% $ #% 1 $$ & -

#1111 . * '$ $ #1&&* 1 4N1  +1#  +. S, 1$ . #1111 . (
#141/3% ! *$ $, $. $, - +. J.o 8, 0,4 +(
, 11 $+* +. # /% 1 4'$01. ,.9%) #) 0% $ $/#)
S+ #3540 100 1, #1%( +# - 1% -

2.40:* = : Daylight in Buildings
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& 1 1

$ $ 4.& ( +( % &0% %, , - #1&&* +1# - +. #
#1418# ' *$ $ o+ # 1$ $$ 1" + . ##"$ H43$ 'S
&1 o+ # 0. -I" 11 $ . $$4&/1 , /1 #)0$ )0
$, #" (non —imaging) ,% - $ $ # 4 1 8- +

1 01,*$ $ 4& , #111 . ( #1 4Nl +.
$, " $ " v )( 1 1%$- ," ,0% 1, 0% " +. ! , ) #
+&4 1$- ,$ # $0 # ¢ . /% 41 1 $.-
# 0#. I* 1 41$01 ,*$ $% & $E&IH (S 43 +. $
l., &+ $ , $4(, $ B/&$H" $ 0#.. Y L
I $+* $ $%- $ # 4.1/ $, ,&&$,&- $, - $PE&SH ( #
$' 4+, 0  $3&$!/ I'$&- R TG P 3
+( . "& & 1# "x UIVHT 4 O#41H" 1+ &N$ !, #04 |1
L0 $ ,% "%- # 1$&,0%% #41. & ##"$ $ 4.& ( +(

$1#/3 S # #H($ 241

2.41:

—' . Daylight in Buildings

, 5 D 8P &BH( #$$ 4&/ # )03 $, &- % $,
$&11 01 (I #1 &#( $/&SH" 0.9),#1441% 1 4] 4% +F$  &$0# S
# # , % $9% , %1!" , ) . % ,. 1% &$0#$ 0%
$3# 1#*S 0B, &, B&& |/ 1/ $ ' B8 , - $
), "% - 1&&$ 1* $&&S, &$# | , ( #% $ 1& /. $'0 #.&0 $
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$N#S # 1$&,08 , 1 $4%"-% $%$*  $$&SH * 4/
#-#"$ , #04. %, $ #1$.%0 $/&&"&$S# & ##"I$ .

#3 5 % ##MS $ 4& (1 + 0% HAsHr $
'$%O#SS # /% ", #6" . $ " 6" . $%%-. ., 4 .

$ 4&  ##"$ #1&&* 4N +. 1 16'&( , ( $,4# , 0% $/8&'€ '$
#4130, 1 ANl +1#  + S/ " 41 S #H1L%" +H# -
1$- . ##"$ #)4/3$ '$ $#I&&* 41 +. 3, 1/ %& $
#0100 $)"H!, 08 # , 4 S+ &2, %
'$%0#$ $  "&$* L, #04 '$ $ L #S$ -1 $, " wl#  $

1, %*1$# 1 01 §$, n# + 1 (&1.

& 2 .. %) #) 1 #1#($ 0% $.$% $* +1#

+, # # *$ 0 # H1W( @ +# - 1$- . 1*1 $ #1&&)% 0
S o+ (% 1 $ 0% # & & " #6" $
$ 1 +. % $ &SB!/ &( . J.o0$ " 81"

+( (614 +( ) # 4V : $ ,% "%0 $*$ /&& $
##"$ (4! # )0 # $1( " WH# $0%",0.# "+ ( $4# 1
#1# (S %S %O0. ,.& , 4 "Y#H . $ 4& + 13

N#S 8&&I 1&&SH# )0$ 1 01 ,")#' $1- 1 #1#($ $$ 0, #%
#1L O# # HASH S " $S# 1( .

1 4.8 +* 1 - $)#!, "%- # 1/ 41"* $# *
o $% 0# $#S$ * ) . $4# 1 0% 1,#S$ " #
*$ , 1&& 4 % L4 -0 0% *$ O $1/ 1 " #1I$H0%
#18&'( 4N1 1 + S, $ 08 1 1/ 1 %&L $ 4&*
T $)"H#!, "%- # #1%( 0 $%$-,0 +#,- 1% -
¢ ", 2,%#  $/&&"&" #O$#' ). , - $)#!, "%- # 1,
g / 0$ (%#/ 08%. 4% SSHISH * &#  %S$, 0&1
$/&'$ ! LU+ &/ $ &0!'$.
/3 3 :
,40 ", ( /1 % #' (non-imaging opticsy) 4"l 1'(# $ #
$, &#I$ * 1%41 '$  HASH &S #1&& ,,1 "1 +/# #)4

119



%." "ON&S (O #HIY A (46.000,. 1% -$ $, !

% 141 9! ( [Welford and Winston1989]). 04 $)* , ( I - $

)"#, "% - '$ " $/,1" #1#". 1 1V'# - ")# 1 4N)11

+. 3, 1/ %& ()(I$ 242).$ )$$"# /  $1 . #H#".

, &%/ 1

. "I¥O0p  4xg" " . $ 0. 1 +. 1 % 0% # [/ '$ #41 $,

0 %S %@d4Alrr HASH * SN ) 4% /3% & # 1%
41 . 1,/)1# "0 , &%/ 1 & "TH+S * $ 1%-#

e $%  $ES&HE. 1,0 $ &D)H, "%0 M $/&&'&L #)4$H -

(' , 1m0 " 16"&(, ( $,4# ,1 ,1) $ $, #-#"$ ).

«$ $ ( L&( . #)!. $0. # /%  #41 1 #1#($
$% $ *$ $ ( *&) . $$41!. $0. # [ "% 41,1, 0 $

, 1)%0 (16"&(". $( ,& "$ ).

2.42:* , - = : Daylight in
Buildings
: ), -8 . #I#(1$S ##- '$ $ &1 nN#
"«$ + 08 1, &/ * +.,$%$ -%$ ) 0" ($11$, "™

) . 0% 4.&( +H $%$1(4 $%$ 0 $*% , #N &)

120



' 1 L S#H HHMS S 48 ( + 1, 4 $$ 0 $10$ 4 (

#1("H . 0$ * SI#S * H#L( (4"&$4( ) 430 " # " ) $ !
L, (., "$ 1 38 # $# , 1&& " ) 0% 3 ( 'F T $%IOo#
1$&.,0$% #41 1 #1#(0$ $ $4$"@H " S, 4# # $ /| ,04%.
=$ 0% '$#"* , #H04 'S *& ") 1+ , ##"1$ $1 %

O#" $#1 " 0%

$$/&H g s & +#0N &)%0 # . 1,1
) 1 ($* )l #US % )1 . ) 41 1 $ 48 ( +(
1,8 '0#" $/ " 41 $ $1( ", 41 & )'H!, 0%  31%
&' " & ('S S +#l # Hyw 4 $$+/ #HUS (
CH#6" 1 4.8 138&,03%). $ S, &HSS " 1&" #l+. - $ 1S
# )0$ +. #l- g +o#- 1L&HFS '$ " ) &0 $1(!
& ( %4 '$ +1#  + #  (ASE 8911,1989)," 0% , &* #$
g 4 #- 30%.

"( I* 1 :[14]Daylight in Buildings _ IEA

243 $I1$ (1 4/3$" $ 4&( + #" 3" " & 0%
: IEA_Daylight in Buildings
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2)$ 1 1 1

0% $.&(#) [ $$# 1( ," ,05 #' + $ " 4 ## | #10$ .
"0. $1$ $ # )& 1 +1  (light ducts( sun ductq light wells ( light
pipes).  $ 'S H&S L # I ## 11 1& /&
$$&%# "$ - $%*+ , &H$S$ B, $&10  ( $I* I L& # &,/

)I$$ .1+ 4$+5( $&!I$S #$4 /S 1.1 (%. 4 $# I# 1 0%
' * :$, 0.50x0.50,* 2.0x2.0 .

2.44...
., . $$ ,Baker & Steemers,2002:161( * )
+. #.&($ L0 $ 0% $0 $3$ 1+ ($3% &0% 3 ($3$ 1,

&O#'. $,4#( 1 $/$ 0B, " *&# + #H- # 0,4 1+ #&$

/I, -6 1 &1," $$&# "$ 11& - # #. 1 #&($ ,

-$0 () # o+ #&($ $ S, & 1 (1 1,
4/ 1. % 1" $,4#" I( 1 4 %$, * $1, $0 $ 10.
(Lechner, 1991)4 4 !I* 1 # $1/ I( s #1$ /" e 1
+ #- $.'0 ,! $/&&"& #)4$#H I, - O#' $ #1 #+% 1 #
+1# $ # . ). [3]

& 29+#+ 7
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$,4# . +$. L0 $ &.%0 ! " |, #%(" $S&SH(S #"

1+( 1 (0#4 1 + ), ,0 $ "&«$* $0 $ /.
$$!1$ 1'$& " S$,4#" 1,0 $#14- 3% 8 "&#/" @#H1# L( " ,0%
+* $%*" $ " ,08 $&1%0 " , 0% 1 (&1 &/ " 4/ $
"*$ ).[15]
& .2.10% $ =" http://www.solarlight.gr

N #1$ N1 4 $)%0,&&* $ & *1  '$ " 4 -"H S

$-"# " S48 .+ #&(. (,.). [Zhang & Muneer, 2000], [Shao & Riffat,
2000], [Carter, 2001], [Jenkins & Muneer, 2003D$ $, , , #$ I &*
$+/ *$ * - + #&($ , 3 $ ! +( [Canzianietal, 2004].

3 $1 4.& + #.&($ & (%" ¢, , #10.#" # #1 %(
$%$ - 1$- ! (& . $,4# 1 $,400%" L& $&(, $+- #)4
/&1 + # # & " 4+ S 1)1 ,$&% $1/"& 10% 1 #
4%+ *  &I1$ * #1%( )3 ,$*. 4 -"#  .[4]

245, %

: Canziani et al, 2000:4-1164, *
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'HLY) S $S0% $ IS &OH Y &S+ #&(.

* 1 (Solar light pipe in washington dc)

"&$ $1  + #.&($ 0% '$#"I* # 4 %* 4™ "$+0
Morgan Lewis. 0 * $1"%0$/ 4- +1 $%# $ " $3$ Y 1
+. o#'# 44 % + 0 . #&$ ,1 0% '$s#"™ # '$+0 %)
4" 1"%0 $, 1 #)4$#* +. #1- James Carpentes Davidson Norris.)
( #H4 36*$ $ 0% 45*$ /. $ " + 1%$%01, ,0
K4 175 $ #/ . + #&($ ., ¥ 'U&$ ,0#$$ 1 #1'$ - $
# &$0#$)&1S$. . ( &1/ $1- 1 #&S$ 0% S 1u"

$I* #1% * 0 . #&$ #1'$0% 8 $ * /141 $!,0 $
. 1& o0+ ()" . [16]

Solar tube skylights

"&$  #.&($ skylights 0$ 103 $, $&- A#  #  +HHS "&$
#&(. . %) " ) &'0$ raybender (16" $0. )$ #1# 1( $ ! 4#
1$+/ +  ," ,08 1,0 $ .$% . # 0, $4( #( .1
#&(S B, %" - $)"#!,0" +. S #" #1%) S $$S& )
A" 1 $$ 0% . $/'$  # 054%+ / 1"% $ 1,0 $0 $
& $/&'S L ) $ ™% 1)1 ,1 ,%110 $+ 04 .[16]
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Sundolier robot pumps sunlight indoors for powerfulday lighting

=. 1,4"& 1/ 1" $ 0% sundolier,% 0 *$"&$ |, J. 8,
Y™ 1 01, ,0 $&0 + 1 (&1 # ) I +1# ,

d4$ 1 1 $$# As#r $1/ $ &S/, I - $ +.0#1 ) 1
* g4 *. 2500 $'. / 4% . #&($ $$S& &8s+, $ 1.
# ) #)4 )0 $& (. " ) &'0$ SunChandelier).[16]

Velux sun light pipe tgf 21 inch

+. #.&($  Velux TGF*) #)4$# 0'$ $#$%O0#* . '$/H# $#( 1 0%
o $ -& . 0% $B# 1$#* $, $#& $ , % $%*+" 1
#1'$0% 3 4%)1&0433%# $ $%S/ *$ $$&PH(S "&$ - +.

[. 1 1 #&($ # % $/88'&$ "4 1 01,
4" $ | COSL " SH%" (. #&S$S 4 *) $%&1% ! #10$
(hots spots)$ *# +. 4%$"0% $" $ $/ " #UW " 4% . 0%
#'$ $ #1, L0 $3$* # o, 4, %! $#0$ $ # , 4(
&0'$. , & %1 #&($ 0% $% # 1+3$ , &' . 1*& .

1 .[16]
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Apollo solar light pipe

0$ *$$, 1 $& 1 "&$- + #&( $ 0% $)1.* | 40,&.'$
1# )0%$ $ " Orion. "&$( *'$ #/I3%$ /. $ *$ +&& ,1
&+ PHS # HE&S$S, ,0 0$ #+$# - NG
1./) $& 3% + . +. M 81 - 1 #E&($S 3V S #,#$ #
A+ ). #141$# 1 /&&$,5 % L, 0 $.$%) o+ # , $4(,

# 'Y B L S 40 " 41% "3 &) 1 1 +. # 4%+ |/

4% () 1 .[16]

Sun pipe:

0% 0%3, $,&-# L+ "&$ +. #.&(. 100 - $.$%1
+1# +. #, $4(, %*#" 1 01 . ,)1 4%+ O

+$ ! $1 - 1 + #&($ '$ 04" #* ['$#,( $ /% .1
HE&($ , ¥ AS+S( /1, 8 1, #%* 1 #" *'$  $ 0% - &$
1%! 3! L& L0 88 +. # #1%( +# - 1$ - $

#$)$1'& $ " 1 # - [16]
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3) Himawari

#-#"1$ Himawari 1, #) $ $ /% &#$ ( $ #3$% ( #1&&'( 1

"&$ - +. I*#. #141$#! - +$ - $ $&401
#1&&* " 1 #1#(1$ #1&&* " IM#t # 'S "&$ - +. $% &" "
4/ ¢ " g . ##"$ 0% $,9&&$* $, , #- -
, #E S & #! 41301 ( "&$ 16! , $% 43%* $11$ ##"$
, #l - ,1 %% &1%0 & ! $0 % . +$ 0 1 #1#('$ &" "
e $$ &1%-  $11$$ & $ % -9 #  9%( '.03%
"&«$ +. . ##"$ Himawari 0$ & #!I* I *$  # "M$ #!
&' - ,*$ "&$ PHW'($ $ B!, BH( '$ 1, &"#! " %prH
1 &1 % " ,#8!( "4( 1.0% .=% ) N 1% "% (
%*#"' 1 (&1, #4 03 $ $, $HN"($.=% (& 0% 1 0#. 8,
$# +$, ,#4 # $1 1 $%$0 # #. "M$ #! &' - L I#
Himawari!, 0 $3$ 3% %0 '($ # #1%( ,#1&&* $ $, &#$ /
"«$( $ &O$ # 0% $ ./ "4 1 (&1, ##"$  #( $
, #$$ &03 $ *# # $ 0! '$ " I $$ & 1"&0OL
2.46:" ! Himawari

; http://www.himawari-net.'co.jp

% 2 2
+. 1 (& 1#L1 S , 0,1 10.000+ * I*#, 16"&( $,4#" +$ - .
/ #41 $&.401 0$ ,% "I* # #$ #10 1

+$- . o+ 1 (&1 #)$ # $&4 #" #41,,). ] 1

$&.40 1 , $8&S$!/ 3 &M $S/&$H 1,8 % S,

*4 1 $&.401

5 $&4 '1$& -, $ / $%$ - )$&$30$! $404 $0

$- (1 1% JoL& (0 $HWH LS $&4 $SH 1S $,

- 3!, , ¥ 0 L, 0 % '$HIW0 # , 4 1+ #) 0

I $404 $ +. 1 (&1 |, 14, $1 ) I3 $
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2.47. . Himawari
. http://www.himawari-net.co.jp

i) 4 3 1
##"$  $$ &-%"#" 1 (&1 1 Himawari *) #)43% 0 '$ $
&$)# , (# s/ & ( *'$ . #03 &' $, 1
$,. ' $/ "% '$ $ & 1'(# *$ +$ I 44 % #1&&*
$ ,%*. I"g" : ##"$ 1, 0 $ +4 0% $ 1% "&$(
1$$0% ,$0 "& ( $ L& '$PHIWO0, ##"$ Himawari& 1'0
$11$$ ).0 $I0$) O"" & 1'0$. #1&&* " "&$ - +  $&, $ !
*$ $ 1& % &, 4 $#+$&03 $ , & #3$% ( $,4#" , $#+$&03 $ " |, #$H0S$
1 #1#(1$ 3, , $4(, 3+ S $, " ) $ " o# "
I* 1 $ 43""%0 " $)( $4# 1 #1#($ , 0% $ (

#1 ("# 10$+ /)

i) & 3

#1&&* " $, &0$ $, 4 " . *$ I 0% *$ # & +$ 16"
$, 44" $ $#%"($ $ &-%"# 1 (&1, L0 4"0% 3,
4% - "( $ P&, $ % *$ $1& % &. 1&& '* 0% !0%

1 /4$ &)1 ,1 #'3$ #1$ & #("
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iv) 1 1
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, ( 0%," ,0%$ 0% , %" # #$ #10 1 +$- .:# ,"1, 4"

$ 1*1%" $ &0%$ !, - $ $& +%- .
2.48. * ( ! )
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31" +*
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$$# 1( 1, 1 &L($ . /%. , $, 3000000 $ #" , #/% /
1 $1, $$# # & , $/ 10 4 1() # #*$ (/S
# " 1 ""&$( P &O$ P41 H#H S +H , S+ $ & " 4- "

+ 1S S ")UH, (# $ 'S+ o# . &I " +&'S (%

, 5# [%.  $3# # #°&* . $ ,0+"$ #4S#" #"8&/ " Altamira
! /. $ )" + # %S, -#$ $,.9$, "%- : $, .01
15000) $ . + $, " 1/ # -$% " 4/4%, 4$1&, 1# , O,
&1)/ /18&$S$ B, +$H# | Y 1$,) ! # &#-
#. - )1  $&&/ $ # . - .  280,9.)0#" +
&14 % 1)1 # )0$ $, 3781.9.'$ «+ $ #1 411 » "

) $

$, " #"&/ " Altamira
' ! http://www.youtube.com/watch?v=Xhvu-_apFKk
http://www.tovima.gr/science/technology-planeitei?aid=462498

& .0 A1 1'(%'$ & 1'/ (I$ A$SH"/ $ O '$ $+1

$ O 4+ ( +&'S. 1#BH ( *$S &0 # &/, 1 $-#1
o B A 1 1& - $1#($ 17833, Aime Argand.0$ "
O 1 )#8 % $, %8, '$$ I &, "& - 1 @4s3@# 1
-1$ $N#S # 4- 141 [%$$),1 ($ . A4#& #")H#H $
, 041 '$ 1%/ L, $,H# *3 ,0,1 $3% '$ $ % %#
Werner Siemens 1866 $ ,$/' L/ "& # " %$ 1418 0"
31 "% V) 1 "& - + o # - $)03 1879 $ Thomas Edison
$ Josef Swan, "#$ #)4 $1)$ $ $ /"% *$ 9, 1&&
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&3, ($ 1% #. . ,#"03 $ g $ 4- #" %1% "$
«$+-% »  &$L($ ,,1,. +1*%" 18543, I$ &',

Johann Heinrich Goebel.

$ /% + ( (S, "44s S A# B, &, $ &4 $ S, 0
1) &S, ($ 1% #. S$H UH"S 4+ S o # | #I$S »'$ "
$, &#$ ( )@# & $1 . &$.,(. »  &1$0 4$0 U&#S "
$/,1" . &$L(. $ . + # o#$ # & | 41$ ( )/ !
&M L, ) &' A B ., x
1& , 1 #)4$# - (design)&, ., $1) $ 404 $#1) $1$!" , #)
B O%$S , "$S , $HH& S, #1 ,,#$H0$ 1 , /&& $ %4$$
$HW" (. )" A HIS & +* " $)( S/ )@
18 )"#!, - CM1& TS L M $$4 - ") (0 #-%#
$ #. . 1&& . 0. $ # $& S
$) ( $ $&, B $%4 - 418 " 1 4%%  + .[1[2]
3.2) 1 2 1
)" +. #l 0% 4 $ $ * 4$0 /N#S #HLL+$#* |
& (s . &% ( 0$ 4%/ 0 0 L H# IS HIEM (
CHEH AN S L O#4 & ('S % $M1 . 4 o+ (%88
$ %! ( *S$ . R g ( g s 1,&,
&, I* $1( " 4%4 $#0$ 0$ )$S$ " # / 1 -1 %" )&0$ 1

1% &$',($ .[2]

$)BS"H# /1% $  ($ 1%+ - #1 &L( 0% $ ( [3L[6]
&
S & 103 14 -1 (Volt)
I$# ( #- (W)
- %r#'& 1'0$ ()

“H1%( & 1'08 ($&& % ! $#0$ , /&& (°C)
$ AS#M  &1$ -&1) &$( (mm)
“#H1%( & 1'08 ($&& % ! $#0$ , /&& (°C)

$ AS#M  &1$ -&1) &$( (mm)
-) (#

-+ ( 4%# "$ (%, 4#" (lumen/ watt)
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41 $ 3( &L(. (-"#  $% -& & 1'0$

L

-% | $#0$ ) !$ CCT, (°K)

40" )I$ ( $,4# Ra(CRI(* $ 0* 100)
-+, ( ( (ux=lm/m?) $ +. ( * $#" -+. &0$ (cd/nf)

"$ &$ 1#
14 $EP&H " ' $
1.&
#' & 1'0% , #4 03 ) B 14 -1, " 08 +4 0%
&L ($ ($ $$ *$1#" $ & 1'0% 1 &$.,(9$ .
14 I ng " & 108 0% volt(V) $ , &&$,&/#  $1 -
kilovolt(kV).

& (S SIS #1 #$W- $$( 1 O# $ # 4/+$
108 " ) S H"HLN S 1S S #$ * S $S/&H (&S $# /
* $ ) '$I 1 16"&( (400kV) $ 16"&( (150KV) /#"

& . 3.17 -1 2

#1*)$ " "&  ( *$ 48 S #1 8/ 1 $$B&* P

‘il WS OBI&( M L H#H# & 11&  $$$&* .. HIHS

+4 - $ $,1%0$ | 16"&( M (150kV), /&& !7&  $$$& *

)O L, 17&  4)0$ , #1035 $ 0% +4 -$ LRy
(20KV). *& , , ## $$%&.* ( $0 $ $'&S 0 ) +4 -3
LoLo+S# S ) S M (230V) $ && ,1 *1 1'$&-
$/r 1 4$#* $ ) (400V). S SHMH 14 -1 $$+1  /$
$)SSH /" L[4
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=. L&, % $ #1 $ #- 1 ( -1.%$5 1, 50160)
Lox (1Y& 1S & +AE )., HSHS*  1%0# (
48 " 1, S, /. 0% $$,+1 J$+- 1,0 $
+0& $ # +1#/ +$ 1S (). $L- o, # 4 . ) # 10 & #
S # 0. $ # /8&$S, &, . / $0OS[l. ...H $% #
$.$5/. $ A4S1#. " #$40 1$4$ 1 SI&( S A

$ "O$re( A, 1 - ook $ O# $ !'$- . 0 230+
10%(4"&$4( 207 V*. 253 V).
.S $ 4$-1S# 0% 20KV £ 10% [7]

I$# ( #)- 0% " $8&# " S, &$L($ "& (  #)- # Watt

1Watt = 1Joule/sec = (1Volt)*(1Ampere)

0% 4"&$4(, 1%! ! ,0 4$8$/$ *'$ % *$&3L($ S L I*.
$ '$ *$ % ;1 40) B (S $$$& *$ *$
&$L($ .#-$ ! &0 " S .1 4%$/ &$!, ($

$0# ) ) P=E/t.

¢ 1,0 $ 1L,&#0 | ,&&$&SHSH " #)- " o## 1 1
&, ($ P),0") ( 4/ $ & 105 1.

04 % #- $'$ /4 1'%

=P *t

14% *'$ =( /4% #)- )x(M14% ) 1)
1Joule = 1Watt*1sec
1Wh = 1Watt*1h = 1W*3600se8.600Joule
1KWh = 1000Watt*1h = 1000W*3B@c = 3.600.000Joule

)*# "& ( *'$ 0% 1& $ KWh $ ) #)- (Watts)[8].

K S HLYE S Wt A# 1+ # watt (W) " o+ (
#-(m), $% 4%+ / 0,4$ "& ( #H- |, - $.$/1 " 04%
HE'S + L5 5418 $ S $HHEWO0 S &SL (S 1S #. . 60
Watt! *$ #11$( &S|, ($ +% #- | 4 - %$*,  $*%)  $$/&H"
13-18 watt.!0. ,!$ &% 1% #. . 100 Watt*) +. ( #)- 1690 lumens
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I$ &/I1$ +% #- . 23watt) + ( #)- 1500 lumens"&$4( , #11$(

&%, ($ +% #'- (CFL)S$,404 |, ## +. I & " **$  .[9],[15]
3.1. - . http://ec.europa.eu/energy/lumen
3.#3
#4 03 "0 1 &$PL,($ B/ "4/ $ " & 1'0% 1 $! *$ #
10 °) S, 3 ( $$ 1+ /I'$ . $ |/ /4 &$!, (.

1) #1' " %'& 103 $ ,*  $$&I1%0S 'S $ HH+$&O3 $
1$&( & 1'0$ $ " *& #" $,4# 1 &3, (S .

$ $/418 'S #H* 1 &% ( | $&& $&' 40. ($ . 3.3.2.4)
#8108, %, % '$ $ 5, +1)%0 $#%( $HSH & 1'0% .
#1180 &S, (  +% #- ($ .3.321), -  #1(%. $)"H!, "%-  #

% %*1$ $  #*  #1$ x4 " 1 . ")$$"# ( 0+ ( (

1 $"%! $#0$ I, 0 $ $/$ $ " %H'$L(.[6],[11]

4." 51 15

#4 031 $ $ " %! $HO$ 1, /&& ) 1 1 &$L($ , HS$
#$ ,08 $#+$&03 $ " B, # ," *$1#" $ & 108 1 &%, (% . [x gt
0$ # $%- " &0$$ &HO 1 (°C).

#11$'0 &$I,(  +% #- $ 404 ,1( +  (LED) (3.3.3.1)91

1'$&- " 1S HW'HOSH" % ! $#0$ 5, 1 & .1 &S, ( 1/ 4
0% #"3 "L & &L ($ $ 0% *$,,1 $ SH+$&03 " #H#(
& 10$ 1 # %! $#0 # ,0 ,%$ $ 0% S$. $ ,$/418 ,'$

. +o# # &S 3 1 Bl )!'$ HLH#IS " L&

&L, ($ , ,0 4 "/3% $, % ! $#0 oo 08+ 1+ (
#)- , %$ $! % -) 1)!'s .=% &L, ($ , 03 9% '$
& #" & 1'0$ # % ! $#0 " 0% | $#O$ 41501 , $$# 1$#(
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% $ $8/+ &" + 0 # /1" & #H" %! $HO$  (
% ! $#0$ .[15]

3.1% 1
. http://ec.europa.eu/energy/lumen/doc/consumerstel.p

5.& 2 - 1
1&1$ 0% "1 $&& ( M #( " . &3, (. 1$ #. , ,0 I
$ #'- $H( 1! "1/& 4. % 1 &%, ($ $#+$&03 " $$$0""
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) C - )$$"03 % ! WIS (Edison) $ 4- !
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4] 1 /&1% # )& #/ . $ 4- - $$# 1/3 3 #4+$ "% $
$ ) )"H!, - ., 0% 10, 14, 27, 40 $ 15, 22.
&1 # 0$  # 'U& 4% ! ")H 4 ( #1'&&" (  1#0$.[6]
3.2.
6.)1
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7./ 1 2 1 2 1 ( lumen / watt)

% " $,4# 1'$ + ( "( (Luminous Efficiency),)"#!, 0% '$ %
#1#) O # " $,441"  + ( 1$ + (M 0t e (
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& ( #H-W),1 $$$& . x $"0  &s$., (. (.
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£o-% Lt 0# $1("4/ $ 3( 1 4% $0$! " 8

$1( ,1 $$/+$  #" #1# 1$#0$ /)1 . 4 1 #11.$' 0

&, (4% #- 11, - $ ', "%- $ $% ', "%- %1
$ I- +* 0% 401% '$ * 1 )1 .728& - &$.,(. 4

"3 $ $, " #) "$ )@ (). & I¥ &$!, (

1/ # ).[14][15]

10.4 ccT
% "1 SHS ) I1$ %) $3&1% @ $/$+ 141
03 $ #11,8" #1! T16°&( % ! $#0$ ) IS S $ e " 61)(
$)#  + 0% $/&&'&" 'S $HS - ) 1, " )Sr&( % | $40$
) IS %I S e 4 $ 0% $%&E& " 'S
$C H@#
34.% 1 !

. http://ec.europa.eu/energy/lumen/doc/designenseé|
http://ec.europa.eu/energy/lumen/overview/whatclkafindex el.htm

11. 1 2 Ra(CR),"* $ 1 ,01 * $$&1% ¥"
S/ S+ 1.4.1.
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12./ 1 1 (Im) 1 3 - (cd1l Im-srh"* ¢ . 0.
N $$&1% @*" B/ S+ 1.3.3

13.
.S %S &S 1# ‘s, 1&& S+ #"
"$ (" W ,1,%N$ # &IL($ $ .0 $441S
0$,( 49$ $0% ,& 0 '$ /%., $ , /&& .
#1130 &3, ( +% #1- '$.$/418 N1 (L, #"$ 14%-1
( . 0. ,1 03$ $ " 1.$5( 4" ) 14/1
$1 4 $,4#- % $ &$!, ( 0% $*3 4 M1 #H# ), 0 0% #
& 10 0 ). &, ($ #4# , 1, 0 $ 4% # 1 ( #"$
14$'-1 ("M™M#" #"$ |1 $,4#-% 0$ 5)&#'$ll$ )'$ %1 $
$$ 08 4 ) # COHSHEY. #11$ &3, (. +% # - .[15]
14. 4 3
o &SL(. M1 1 1'$& " "$( $,4# % 1 38 -
&$!, ( A # L ##E $&1%-  $1/)1 #x 4%+ , (#
1) . ( #s$#  $(  $.4# " 4'¢ " $™0$ ' $(
$,4#" # 1% &0I$S$ S, A* G,! A $ 4"& "16"& " %, 4#"
(1'$&- " g 1§ )$  GUHB& " S, 4# 'S " $$

04%.,#"% +.

3.5* '$

.: http://ec.europa.eu/energy/lumen/overview/indé&ktme
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$% #! 8% (#. '$ " "8 ( $,4# . &%, (. $,

, 1 2009 %$ 4"(#  *. 2020 # g /. . 40
4# $ 110. &$ . 0. - ,1 #41$0 ! $$/&#  -I$ 11
$ 110. 1.$5 1 '$ " 04$ 04 . #$ 0%  %$
L 1)%0 *# 104" * 15 $ 1110. o CO, "#0. .[16]
3.3% 1
(I'$ 430% $#" &/ 17&" , &0$ &SB!, (. ,'$ 4%+ * 41
#1Y S, T+ $ ,* $mO0 &$L(.  J19]
1
0 &$!,(
( & 4( )#
$%*, 1
-6
s
& )$I&( "
1

- 8!, ( $! 14%$'-1 16"&( ,0#"

- B!, ( 7% #! -
$1 0 $( 7% #1- ( 12. 8. 5)
11$0  $( 7% #! -
$!, ( B

- B!, ( $&& &' 40.

- B!, ( $01 6& O#

- B!, ( $01 o$I"&( O#"

/3 , 2 (LEDS)
3
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331 1
3.3.1.1& 1

&$,($ 1/ # 0% 10$$,& $$# 1( .:$ #1$ ( ($ 1/ # )
1 0% ,% " # * 1 &$1,($ 4$*$ - #1V.  $+( -8,
"8 d$0$ %I$0$ M) S 1% .%0 . :# , H#HI$ M,
$ &0$ $0# ) 1+ (%!"$ $ + )

3.6.

I $ "4l 1#1$ $%031 " ,#"$ "& - - 1
$$%& &L($ ,"/B$  #L, $ " $$( + . $ % (%%
)"#1, 0% &+ ! (1'#* ) &'. " 16'&( %! $#0$ (" 1
(3.655 K).=# 16"& " 0$ " % ! $#0$ #" ,0$ & 1'0 (1$ #
. H# + L0 $ M %I $L)S $ # , '($ 1,0 $
% " NH (S 1 # - # % )1 (8 . 4.

&$!, (. $) / %'$  '$ $$+1)%0" $04%# 1 &+$01 !
1" " .08 %®, # $, $&# "'(" /1# 1 &+$I01 . 1
#) 1 &8, ( 1% #. &, ($ (4% ).& $ | *$ $48*
$* , ,0 , $4- I$- #1$ 1 &BL($ . $ $* S .1 )H!, -3

$ ) '$ #, $1 0% $', /3 % 1, . s #$
&%, $&0$ S, #Hll- # . Sl #1$ 40.  &+$I01 #
#. 0.1$ 1 &$!,($ .

n# 1 ($ % $ Y %0 $ )@ $4$- 1, 0# $01,
#1)03$ $% & " 4/ $ 3( 1 &L($ . #1$ &+$01 0 $
&, L $$%8 & " S 0§ oM & o 10# $1(
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#141/3$ ! $,& &' 131048 1 4% ! $ &#$ IS 104 1
. # & "4/ $ 3( 18&S$,($ .[17]

=# 16'& " 0% " /4" & 1'0$ &, ($ 1/ # , # 16& " 0%
Cs A 4 o+ (0 (. 5&&IB1) S # | ) 3.( 1.
1)$0 1, /# 14 -1 #1, %1 ,& 41 ( ,04$# # )  3(
&, (. 1S #. . O#)$ L1 (M 40 # )& $ 4+ $&&/

$1/ "4/ $ 3( 1 &%, ($ .[13][17]

) 1 [3],[18]:
-7. (  ( 200-2500 Im
S9U$ (S, 4# [ #" 10041 ) +#H$ -85 $) 1$$
7. ( 4A%# "$ ($4# 10-18Im/W
| $#0$ ) I$ 2600-3000 (% ! )
-/ $ 3. 1000h
- 1&1$ 27, 22
S & 110 B 1+
S SIS ST % |
1'- .0, &M # , $4(, %#' (3 $ ,$$ 1+ 4% $ )
-o$I"& # $ 1S #L("#

0 &$.,( ( / ,#t$ 0, Argenta, softone)

4( YH O$&( M HIS 4 L & #1# 1

$41+ &S -+ )

$%* 1 ($,&0,$# $I* 1 $%*" .1 #&" '1$&0)
3312 1

N # 1 (% % $1.#0 $/ $ &1$0$ ) $ S

C&HS T (%S . $&'. 0& , 4 ,+% $ I )
H#$ #  4.% 1 &$L,($ % 0% ! ( ,#"$ $! $&' 1
#1(%. .401) " ,0% .4/ ! $ ,5 % 9 #. # )o0$ 1
&+$101 ) $ #1$03 ) ( *# 1  U3$ "$& ' 04 1
&+$01 "  $&'04 - /% $ # ($, .1 &' " 16"&(
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% ! $#0$ A4B#H/S , BN $ *# &+ /! .o # (1%

$& &1% $ '$ $$)0# * -&

, %1 (1$ +4 0% #1%$ | &+ /1 $ n#l & (
N# ., 03$ . +- $.,58% " 9 #. H1 # (S 4
+$03 $ +$ | "OSI$1 #. 1 4% ,3%1$ $ $ 31 *)

#i* 4 $# [#

&L ( .1 'U3$  $/ $1 e ( 40" " %1
$,1" # (% 1'$& . %! $# /% $1#/B1 & I $ 4#
$ 0.8 17& ) 3.(,,01 2000 ,4&H# 4'&$4($, )

&S$!, (. .[13]
$/ Y $10  &$! ( 05, $ 0 % 1 1, - &3¢
&+$101 ,"1'$& " 4/ $ 3.( 1 , 1 $%#/ #L+* 1S ,&'( *$
1, L #, ) .1 0% 4# & "#1)( $&&$(&S!, (. .[17]
) 1 [3],[18]:

7. ( ( 60-44000 Im

-9.$ ( $,4# 100

7. (A% "$ (S, 4# *. 25Im/W
I $#0$ ) 1% 3000-3400 (% ! )

-/ $ 3. 2000h

--&" 1o s 1 +. & .3.26
oI $1H S S S1H % | " http://www.thedecobook.com
1'- )-0 , &"$  # , B4, %H#'( 3 $ ,$$ 1+ ,49% $ )
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)('$ 3.7.0%$3 )8 " # 4 $+ . - &% (. 1% #.
: Synthlight handbook

332 1 - 3 2 4 (ballasts )

1

&%!, ( #. 0% &%, ( #1 ,01 + 8% 08 "&
H I $01,%!'- !/&& (10"$ $0. $ ! . 88
$- + y s $, " 4*# . $L 1 $01($!- (01 ),1
, &P/ 1 . 9.03 % # &% ( * 16"&( ,0#" $ &%, (
*H$M&( 08 s #1 S # (1,$"0 [19],[12],[36]:

) 8!, ( 7% #! -

)8!, ( $! 14$'-1 16"&( ,0#"

) B, ( $&& &' 40.

) 8!, ( $01 6"& O#"

) 8!, ( $01 9%"&( O#"

=& &$!, ( * 7 $$ - # $'8&# ( 4/3%" (ballast)t "& 1
-&I$ 'S " #4401 &$L,(S ! " "& ( 3 )( $ *& ") 1
-1$ # &%, (% .
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3.3.2.1 1 2 4 (ballast)

I T 1 $01 $$+ I$#  #" #H#SH 1 1 $-
"& 40. ,1 O# $ #$/$ 1 &$L($ . $ " 4110% 1 1
$$ 03 $4%0# -&I$ 1 &$L($  $/8&"'& $& *$1# , 0
L 0O $ 0% ,&&3%,&%# " ( # & 108 1 &3,($ . $&!
$1 40 10$4/$" ' #( . Dballast( # $"$&# R T TR N Y
4108 1 1 "$O0#$# 1$01 O $!"4 #0 , balast& 1'0 $
$O#SH, 03 % " $ &' "M 1 A% 1$- . "& 40

[12]

#$'$&# * 4%/ )03 $ # 4 17& $"O

-* 3 3 2 4
0% $& ,"0$ , #!- 1 -1$ #) [ )$'&- #1 . 1+$031
#$ * $ & $ )$I'& #1 &#( #)- ! $ &«#S $ $$ 0%
'S S A.( 8 #/%# 'S "4 %H 1.3$ #1L'S$S | # $8&# /
0% $8,-##1 $/ " & 10 1 16"&* %! $#0 ,! S, *&#$ 3
S13E T4 (%48 L &$L (. [20]
-* 3 3 2 4
0% "& * 4%/ : , 0 & 1'- # 16"&* #1) " . 16e0#1)"
& 1'0% 1 % . % *&#$ " /& 6" 1 # #, - +$ I* 1
4% *x . #. $ 4% ,( 1 11 +. # /% ",04 1
" 03% " #)$ . -1 #1441* # $1* &$!, ( $,404 1
#$% +. (, # 1 +$ * 1 flickering). )#' 1 $#+$&03 $-"#"
4/ $ 3.( . &%, (. $% $#+$&031 &' $ & $
& $$/&#" #)- $/&8&"&$  PH+$&03 $ $ " !
& 1'0$ 1 ,%+- "+ ( $.4# . &3 (. $1/ ¢ , $ & 1'- #
16"&* #1) " . O#" , ,#+* 1  ,&&* 41% " &)1 1 + #-
$%  $MNL " 41$ "$ -%l# * $# +. #1-  (dimming), #-4#" |
$H#%"(  + #H- 0 0% #US/ | #IH(SS ' $( 4$)0 # 01
(BMS ( BEMS). ,,& , ., $%1 " 41%$ "$ &)1 10$ 4/$" * $
# . &%l (. I o*$ | ballast $ *)1 16"& #1 &#( #1 ("#"
4"8$A(4S("H ", 4# 1 &S, (S # 16"& ##l S/ "4l $ 3(
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1. # - Y A # $) # $/ 1,
0 $/ $$ 0% ,& 16'& ,$8&& $ # % 1, ,0 0%
I'$&- $, 0 & 1§ - ballast.[21],[20],[12]

$ & #S'$&# | 0% 4S%HIS 'S 1 &S$( +9% # -
$&' 40. 1/&&. ( #*$ 1 *&$ ), $01 9H&( O0# $ 1 &%, (
$01 6'& O0# ( #*$ | *&$ ).

& .3.3* : ballast : ballast
. http:/llibrary.tee.gr/digital/m2414/m2414_topalisif

3322 1 /5 (Fluorescent Lamps)

, &0%$ $, *$#'$ "1/& #&($ ! #( , 1&16" $, +% 03 1#
#o0 $ &(H# ! 1'( $ $(10. *$ % )S I ( #"S B!
14%-1 . $ "& ( *# HS # #&($ 40 $/1$ 14%-1 ,$
03 1 $ &0$ 10. # 1, 4 +#$ #1) (. . 1( "1, 4"

$ &0% '$* S # % +. Y. +% 31# 1# . &9, (
+% #!'- 0% 43$%*#! # 4/+ 48 1 ! & .# 4%+ 1
$0. $! 4/+ +% 031# 1#0 . ) 1$ " +. (4" &$!, ($
+% #!'- $% 03 $ $, 04 " +% 031#3% , /&16" 1 #&($," ,0%

$% 03 ,0#" 40" ).1$ ( $,4#" 1&3$L,($ .

3.8.6 - :Synthlight handbook
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=& &S, ( 4% #- $$ - HS&H ( 4/$" 'S " SHH&H
$/88"&.  #1 %" *$1xt S &1 " r# , "( (starter) $% @ $
A.( 4 %# #1"M 1 [19][12]

(0% *$ 41$8& &$HS! "& 4% $ 0% $$%0" 'S "
*$1H# 1 &SL($ ," ,08 4 L, O $'0 ! S& #H4# , " 1
4 -1 '$0$"& 4% 0$61)/ $4 M1 & $ (4 1 4"&$4
"4$4 $HOS"  *H ).

1.% 0§ #$%031  )$"& #1 &#( #- . 4$/. . &3, (.
+% #l- . 4 %# 1 #1 &#( #- '0$ ! " #-4# $/&&"E&S ! 1
$. - +440%8  $/8&"&1 !"%1 1 .( .[11][12]

) 1

7. (  ( 300-7000 Im [3]
S9.U$ ( $,4# 100( #" )[12]
7. ( 4% "$ (S, 4# *. $ &0 /. $, 100 Im/W [12],[13]

I $#0$ ) I$ 2700-6500 [12] (( 2900-10000 K [2])
-/ $ 3.( 10000-36000 h [12]
-1%$ "$ sroH ¢S 1+ (dimming)
SIS (% I$# (Preheat), (" (RS), '1$0$ (IS))
-9%1"&* % ! $#O , 1&& $%$ - 16'& % $/&'$
ballasts.[11]

108 # %#" 3 $ (, "*$ )

& 108 # $$ 1+" %*#", $&0 !'$ " I 1 4" $$ I( . $0. 1
&P, ($ ! S, &#$ "10o# 1+ $ " 11 +0% 1,,1#1 /' $
o4 " 3.( " &N$ .[21]

1 5 @ 21 ) $L($ +% #-  1%0$
#&" 4- L+ 1+ $ *$ 3 $04 '$"& (  +4HOS # %
/ 1.
) $)1.%0 &$!, ( +% #- $ U3 $ L)@
Ik 1 01,4"& #H(0$ 1 #& 4( T Tubular) $ $ %! -
11,4 - "4 1 # '4%$ " 0#$[12. 1 0%:
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4$* 1 38mm (T12)
4$* 1 26mm (T8)
4%* 1 16mm (T5)

1 1 /5 (Compact Fluorescent LampsCFL): $!, ($
+% #! - /1 V1 #&S$ 4 v ( 4%* 1 ,,0,1 10-16 mm,
,0 $ &0 10%,& #1L$( ! /4% .

1 1 1 1 5 6 1 ( High Frequency-
HF): 1$( &$,($ +% #- /1 "& 401 ,,1 " *# |, $&0$%
$, 16"&( #1) "$ " $( ( -"& "((starter). [19]
7. 3.4.6 ¥ : 6 & H# . !
5 8 16

: http://W\;vw.decobook.gr/texnika—artHr.a/foti'smosﬁ42{)10-10-03-19-26-02
http://library.tee.gr/digital/m2414/m2414 topalisify [12]

3323 1 2 6 1 (High Pressure Mercury Vapor
Lamps) /3 $ ,0#" MBF

&, ($ $!  14%$-1 16'&( 0# 0$ &3, ($ * g 16"&(
*SH # ,0 +. $/'% 0% "& ( A OPHS # $1- 143%- 1
1 O# $ # 16'& " 0#" $ #1 &L ( 4% #- .=, #1
&S, (% # -, H&S *) &H# ! $ $ 1 ( #"$S 14%-1
"& 1" ( $ &0 ,1 % $/ " & 108 . &$%!, (. $!
14$- 1 16"&( ,0#" $( $/ *$ 1  # $ H#$ , $&&/1L/) $ *$

#'1$ 08 " 1 $( # 1, 4  +#$ . 05 +% 03 1#$ 0# #' #

#. 1 . - &+1 1§~ gl (1 -1$ 1, 4"

$ &% # $ +. . 0% )8 " # &$,( 14%$-1 1 4

4$%* 1 $1( " 4( Oo# # M1 &' + 0% 1 &8, ( 1

4% 1.=$% ', 0% &, ($ ,$)/ 411'0% *$ )$I&( 0 #"

$ /S $114  +. . $%! $0%, $% &L ($ %!$0 $ ,$1/ $ " ,0#"
$! 14$-1 ,411'0% *$ 16"&( 0#" $ 1, $ , ##
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+. .8/ " 4] $ $&&F( 1 1 $&&I3 $ " &6 1 $ 0% S,
'$&$3.,( ,1 0% 1 $'- # 1% .,/#" ,1 0% 1 14%-1 ,3%1/ %
$%!'$0$" + "$ . " #Y ,1 4711'0% Ut &S 0%
$I&( . ) 1 $%$ 0% 'S $ $,4# &$!, ($ 80% " I*#"
+.( 1 ( 0%$,01 4&,/ ( “$1H ) S 'S S+ #" &("
JO( 4+ 0$,0,1 5&,/." ,0.# 1 &($ HE ., )

, 1 8% 08 1Y) " 6-" 1 $01 # $15, 0 $4"1T1"%O0 *1

0 $*$1#"  -restriking time)1!$0 $ !'$- 3 $ 7&, .[12],[19]

3.9. ! 2

=# S+ #" 4SS ( $S | 1, - &$L($ 14%$-1 16"&( ,0#" ,
$03 $ $$+ %O +H#1$ 1 8, &0$ B, (" -1$ *$ .1
$$! . $40 " - &+ H# 1 J& )I1$ .1 0%
$  $.4 $)#!, 08 4 $) $ 'S w4l (B
)$I'&( 1&+ 0$ ), # 1N - ) 1 L # + #  #3$40. $ &%
I$ 4%0 $ $ '$ +. # . ). )& %! $#
1&&

$ " &OH " )U$ (S, 4w . &' &$, (. )"#!, 0% * $
O #  +#+ 1 # $ A% $ &0 $ # 1'$& $ (" 1%
(1 # )13 ) $  *& $40 $°% )I$ 1 + &S, ($
14$-1 " - # $$"H - &1-)1$ $ ! Lo)s 1
1

) 3.( &$,($ $! 14%$-1 16'&( L0# 1$0 $ ,0  16.000
& 1'08 .71#/ ,%$% & $1 ) 4M$ &$L($S 4 *) " 04%
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$, 44" . -&1$ & 1'0% 1,2 %" " %" Dballast, $,& 1

,01 $"'031 15% " #)- 1 &$L($ ,$/&'$ ! - 1 &,(% 9
1 ballast.

P+ . &$!, (. 14%$-1 ,11/)1 # |, L0 $0%$ 0 -1
4% 0 -1 ,(1 #E&(S$ .
1 *3 $$ " # 1, &3!, (. $! 14%'-1 16"&( ,0#"
$/&' V" "&  ( 1 #)- ,$30% $ # 03$%$ 3.2.[11],[12]

3.2:+ ! 2 - [12]

3324 1 % 2 (Metal Halide Lamps)

&9!, ( I $&& $&' 40. 0% &3$!,( * H# 16"&( ,0#" $
%.-% &t L &9 (. $! 14%$'- 1 $% $ 1#/31 , &&*
41 * 1" I $1- . 1% $ 10. # #&" 4 (. 4 #)(% .

#.&($ * 7" , &$!/ $4$* & #H1L (. * $ ' )# #141%#
L 10$ &NH#" #"$ 148$-1 $% $ 4/+ % ! $&&/ $&'04$. 16"&*
% ! $#0 1 $%,-## 3 #oO#HE&(S$ S/ " * @ 4" - #" 4 1#,$#"

$0 # I"$&&$ $ $&' 043 . 4/ESH $1(*) . $ *&#H$ $$&' 043
$ 1 $ &0O$ , " ,0% )!$ % 1#/3 1,#%* P !

)!1$ 1+, e L $& oM && 1, &3 *$ &% (S
I $&& $&' 40. !, 0 $ .,/ +. # - +HH#H3$ (,&& 4%

" -1$ : 01" P +#$ (&1 + ),%$'$, 0% !
$/&8&"&" "$ # #1' *$  $&'04$.
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& 3.5 ! [22]

$ $&'04% ,1 , % $ # $1 &L (. , $%# - , 0,& "

4 $4 $#0$ 0 "#( 1 .,# /! *$IA H# 1 &9, ( $! 14%$- 1
16"&( ,0#" . , . &* L ASHI# &9!, (. I $&& $& "' 40.
$ %1 -$ " "& 40. 0"#" # &3, ( & & (
#- 5% $ 4/ 1&!'$$  Dballasting) $ 4" - # $/,1"  1'$&-

% | $# H L) $*$1#"  (restriking time) 0 $ ! '$&- #oH)#H )

1 &$!,( 14$-1 $ # $ %0 , # $'03 $15&,/ .
) 1
-7. ( ( 2400-200000 Im [3]
-9.1$% (1 $,4#" 65-80([3]
-7. ( 4%# "$ (%, 4# 75125Lm/WL O $ & 1 ballast) [11]

I $#0$ ) '$ 3300-5700 [3]
-/ $ 3. 6500-20000 h [12]
&$!, ( I $&& $& ' 40. 0% & $/&&"& 'S $,4#" &1 -
) 1$
$ # $/ 1 0% $ / 16'&," ).$ ( $ " $( 1

$,4#" " )$I"&( " 1 # 14/1 $ &0% % ! $#
) 1% 1o, #+r1 N1 4am@# #" ,&'( 1 'S &% +$!! .
Lo/ * %, )* 4/+ 1 - ) 1 (&$ 0 $
, 3411 ) $ # #I* , # # 411 )$!"&( $
1&+ 0% .[12],[11],[3]
3325 1 ! 61 (High Pressure Sodium Vapor Lamps)

/3 $ ,0#" SON

&%, ($ $01 16"&( ,0#" 0% &3,($ * #" 16"&( * $#" | #

, 0 + 88 8 "& *H O PHS # $!1- $01 $ 14%-1
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# 16"&( O0#',! 1 $!- $01 $ 0% - 1,-%1 '$ " +-#"
N $ &0$ . [19]

*$1#" ,$1$, 0% #1(%. ! " $) 1 $$%0" 1 $& - 16"&( /4"
$ #1) "$ $/&8"&S$ * (9e),1 O# $ # #H&S 1
418& . 1 " o1t &BL($ ) /3S$  ,0,1 4% &,/ ) %
$,4# " &M + ( (1. ) $1 4M"S 1 $/&& S &S+
$ )I$ 1 $%11 o+ . % ) *$1# 0% #H) /| &

) $*$1# 0% 1-3&,/,,& ! #1, S, $0# )

&$!, (. 14%$-1 .[12]

& .3.6.6 0 82 " . http://www.highpressuresodiumlamp.net/
http://electropart.info/components/high-pressureism-vapor-lamps.html

) 1

-7. ( ( 2400-120000 Im[6]

S9U$ (S, 4# $( [17].[12]

7. ( A$# "$  ($ 4# 90-130 Lm/W [12],[17]
I $#0$ ) 1% 2300 K [6]

-/ $ 3. * 32000 h [11], [12]

+$#$ (1 $% | 1 #1/$ AC H4a 1 )I$ - +.
M1 $ &S # & 0$  +M$,10. I I$- 550% 650 nm. .

$( )I$ ( $4# S 1 .- ) o+ 1% &-
&L, (  $10 $ )"H!, - $ 4 # - )1 , 03% I '$
$,%  $ %! UorH .

&&" &1/ 1., 1).$ + .1 A1 % &0 & *'$

'$ 4 (16"&( $ ™" 1&+ 0% )$% $1/ " , ( $0&'6" $
41 & " S # &4 S ., H#%*. L # # o $/
)$I&( "y 1 # 14/  $ "41% "% $$ $%#- -&$ (.0
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$ $/4#%#" ballast), ,$& - 'l $ " %4 - &9, ( 14%$'- 1
0$ &' '$ 1 ,01 &, ( $01 16'&( ,0# *1 1-$" +$!

# o+ # . &. ,$ 410 & $) . C) . #He1E sl (.
. & [17] ,[11], [12] ,[6]

3326 1 ! ) 1 (Low Pressure Sodium Vapor Lamps)
3 $ ,0#"  SOX

&$L,($ $01 )& ,0# 0% &BL($  *H BI&( * S L #

,0 & *3$1#" 0% * D )$IM&r  , #%( $'- ,*1 ((&1. *
)'#!, 0% '$ " 41 &1IA " 484 BHO$ 1 S " B/,1" 0% (
% !"$ # $ $!1#0 / . 4*)$ I 1% ,""1
$01 $ 4"0 #" $$( + . + .1 $/'$ 0% #)4
1).1$ # (" -1$ 589.0 nm$ 5896 nm. )I$ " $$!"
$ &0$ 0% $)/ $ #" #1*)$ 1$/&&$S # *$ )P " #

0 ) 1%

& .3.7:6 0 + " =" http://www.ecat.lighting.philips.gr

) 1

-9.4$ ( $.4# $( [17].[12]

7. ( 4%# "$  ($4# 200Lm/W [12]

-/ $ 3. * 16000h [17]

-) *$1#"  10min) S$* g1 14 ($%$& 105 #H4 n# )[12]
-1 # & 1'0% [17]

1 )I$ ( #0141 $I1 &$!, ( $01 )$"&( L0#"
$$ - M4 " H@H 1 # , , # 1 $$ 08 4/ # ).
1(%. )"#!, - $ # )1 #I%!1# , # $#, 1$1 i
$S$ &0, # SH I+ $$"(# @41 0 +.
+& /1% )% 'S 4 4+ # $%  SH+S&O31 " $ "$ S " 4/ #
$ . # 0.4  10&" . $ ., 03 % 'S+ #H 4N

$ 10 16"&( 1&+ 0$ .[11],[12],[17]
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3.3.3/ 1 (Solid State Lighting-SSL)

) &'0 +. #- LED $ OLED, #1$, &- +oH## (O SHsH
(SSL). ) &'0$ SSL.$*) 16"&(, "$ + $ , (S, 4# ! 4%
& - L& M ASH - [25].  + # # ( SHSH 'S o+
I - &S ™ 4+ LED $ OLED, $ + # /| #!$$
$ 4%/ 061 #" ) &'0 SSL .$/'1 &1 4+ # 4$+ *
)I$ *+ $5&&S* S $)# .S %! * 61) &1 . ) &'0$
LED 0$ & I" . )&'0$ OLED $$* $ $ % .U .
L #) 3-5 $ #" $/ 4$0% $! 1 $04 #$ *
) &'0$ OLED%$$$# 0 ,& #'$ "  $,#) *",$ 4%/ OLED
%$ #8%1 #" $/ ' - + #H- $ %$$ 01 41 'S +HHS *
+$ 1 + # - [26]

&, ( LEDS$ $+ # / #!$$ LED, &$!/1  16"&( + "$
#1$* ™ 4+  LED. 4$/ OLED *,1 + | 1+% 8§
A#AIHS" 4+ S S 0% 41 $4% +%- # , 4 , %11"
0% $ #)($,!S- /&& $ . 4$+$( -3, +&&S(/ & ).

3.331 3 2 2 (Light Emitting Diodes — L.E.D)

) &'0% 4" 1'0$ +. I*#. . LEDs #"03 $ # +$ !
"&  +.$$ (electroluminescene$ LEDs 0$ 10$ p-n #1! & ™ * 0%
& 1'0 . 404 $ , * (0 "& - -1$ : "1$ $ -%1#"
Lys$, " 14 (p-type), " /%4 (n-type).$/ " ( "& - -1$
, $&0% 4%+ / " ( SHESH "& 0. ," ,0% $,&1% $
"& 19" ( $ &0%$ ! -1$ ,0 $/%$ $ $1&/
g .4 %, 404 $9%.( &1 - +, $, &- , , #+$
) &' O # #H# 1 $1,&,% )I$$ $ $1) % *$ , &&/
1,#)! I+ # - [23], [12]
M g n-type"! $.'- 1 *$ p-type"! $ 0 4110 $/# 1 $1 .1 Y31l p-n
#1! &( .
n-type S, 4% S 1& I #" 1#3$8& ( 4 M- 08, &% % /18!
$ % . "& 0. 1'$&- $, $1 . $L 1 1#/&&1
p-type ' $,H#% $ 1&/ %, &-$ S, /1 1} $ % . "& 0.
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& 3.8: L.E.Ds” : A.Tsangrassoulis et al, SynthLight Handbook,
http://www.flashlight.gr

$ leds#(! $ !, - $ $SHMH#H1 4, - &$L($ # o, 4

+ # )0 '$ (. - ., $% # 011 |1 4M"# #" 10%
/,&.#( 1.,* rPetosnL1t ) &0 &, #, . ) &'0%  $1(
* 6 # $ 4" 1"%- #, % ( +. "$ $ '$ , 0&
+$1* 9" # $1 ) &' /1&'$, $ LEDs $&-, 1 #(!' $ &$ $ 04".
*$% #. +o#- 01/, &8I/ 1 1 10 - &0 ,LCD %

+o# . %1 (. $% 04" % $) + # O $ +. #l

4 [24]

=# $+/ $ LEDs $ dimming, ,. $$+* Jean Paul Freyssinie# (
lighting.com) ,0 0 $ lighting design specialistl Lighting Research Centef§y LEDs
0% 4%/ '$ +$!* I dimmerd 4! $ "4/ $ 3.( 1 ,% %*.
$1/ % "$,4 "/ 1 $ $/&&"&$ 4 *) 1! $&& #  #" ).I$ (
$,4#" ,,1 % ! .,031! ! %  $ 1 &%, ( 1% #. [29]

-+ I1# &0 " ,  +. # LED 0% !0$ $, , $,4 *
P+ o+ #- 1 1o 8308 )($S *. T0%,# # O#' 1 1&&
) &'0 +. #l- . $)- " /,&#" ") &'0% LED *. 2020, %$
#11/&& #" 10#" " $$/&H" % '$+ # S/ 20%. [25]

1, * $ &,!0 %*# 4 I$H!*, LED,!, - $1& "%- M4 1
, NS CALIPER (Commercially Available LED Product Evatiom and Reporting)
11,1'01 % . Jx & . , SIS CALIPER?*) $&-6
*$ 1- +#$ ,5 . M #'$ , $1#/3 $ *$ 08" 1- +#$
$, &#l. . [23]
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3.3.3.2 OLEDs (Organic Light Emitting Diodes) * 43 4 LED.

$ OLEDs '$ * +. 404 , . /3 $ , 0% $, *&#1$ +&4 1

#)401 24 $0. $, 8) P I$#0$ OLLA.. $# #) . 1"

0% "4110% !'$ ,0,4" ( +. I 16"&( $,4#" $&& $ !'1& $%!
1$'60$ .

$ OLEDs,$/'1 #)1 + )" #$ '$/ 1&/ 1 (/%$$ ,14" $
1 ) $ *# "41% "$ $+.0#1 & , +/ [27],[28]

& .3.9: OLEDs" D : www.flashlight.gr > http://ees2001.wordpress.com

4 | : http://www.topten.eu/uploads/File/Deliverables%RD5/L ED%20directional.pdf

,&'03 % $ OLEDs 0% $/ 50% $, 4 $ $, 1,/)1# &/,

g 8, *$ S, L/ 0% $ 4%0 $ +&/ ,

, 1&& . 1,#% " $,4# L $+/ #" 41 $ 3.( . -+ $ !
$$ 0.#" " $ 0% Novaled, OLED, $,40)%" - I, O $

& 1'(# * $ 1.000.000 ,$ %! ,1!1$+/3$ # 100) $ 3.( .[23]

$ ,%$ OLEDs 0% (4" #" &/ # 4* & ,0,4 + 3! %
+ " #1# 1 , $&&/I 4 430% $ $ " 'S X +$ 1 #. -
+.#- .$% OLEDs,0 1 % 4 "1 $!I" $,40 "6 &#S
1 # #1%( '$#0$ (). % ! $H#0$ B ) 3.( ). $ OLEDs)$$ "03 $
U HT " $%*# ! ) &'0% " (Best Not Available Technology -BNAT).[27]
3.333T SSL
) &'0%$ SSLOS$ ) &' &% '$ + #0$, L &&* $H# *
$,6
$ ! :$ *$,5 9% SSLOS 'S o#1%,4 /| ' $ &
, " S $0#4 )% ,5 9% (&%, ( +% #1- ($&' 1 ),1 ,#"031
* # 0,4 $,4#" ,0 0% 41% $,-)1 . $ s L #)( *"
"8 ( $,4#" " )&0$% SSL%$L, O $/ ,& " S ( $, 4 #"
1% [&&" ) &'0$ +#- . SHHM#H 418 ( #'1$ ( 14"
g By a4 0 & g $ & 1'-# 'S $H H
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*1,1 + #- B¢ oe$m11/&8 #1$ /  #" 104 1 CO2# 1.%5
0,4

! # X ) &'0$ SSL, #+* 16"&( , "$
+#$ ,( I# s &1 S48 ). B #$ ) I$$
+. 31, $ . ) $ 418 (% # +HH$ 1+ , #1303
UM B S SL10# < $H 4+ #- . )&0$ SSLY 1$/ 4/ $
3.( ( #4 ! 3( . LED 0$ 25000 — 50.000 ) $ ! .I* #
#1 ("#" 4 | % 14/'1 . ,5 % SSLOS$ -& " -%#
“$H S 1)1$ L #  $ 0% 41$( ", HS!( 1+ #- $/&'$ !

$$ @ " +$1(C (L H#, ¥ %10 . )H L& S,
1, *&" 1&* y T #1%( , 1&& + 0 #- 1 4" 1'-
0 &%, ( LED #1!'/&&1 #" 108 $ & 1 #1%( /%"#' 3
'$#0$ (). # #&0$ $ '$+0%), $ /31 % / " 3. "$
$% , , " $"$  #HL'* # 1 $ " 'C#  .[%# ! 0&
"Lighting, Well-being and Performance at Work7. (#! , 10$ $ $,4# #"

'$#0%$ ), J. Silvester$ E. K#$ 0 1 , Centre for Performance at Wokk City
University London (2011)]

) &'0$ SSL)"#!, (%" '$ " o+ # o+ - #I$ 4 %) #"
1&+ 0% $ # +$- $1 (. .:4" )"#!, 0% 1-$ # + 3!
% $ "& M $ 4 #4- & #" $ + #l- S, H#H)
) &'0$ SSL%$0 ", 1& " $ '$/ $4 ( )&0$ '$’

+o#$ %$$Y) + 16"&( , "$ S, (S, 4# # #141$H |
* $) ¢ $ HABH * L &™* '$ &I [ # $ 10%.

$+10#" " ) &'0$ SSL# 10% &0'$$!, 0 $#HI/&& #'"$ [ #"
01" . #) RS ( «l )" 2020»'$ *1," , #!I" $ ).0
$, & #- $/,1" ,$ 40. #) &0.#" " "8 ( $,4#" . #H#
1- " $+10# . ,5 . SSL$, " $/ ,# - 0 1% #
,&&, &(1$S #" 16"&( N 1 - # ) (# 4 0% h !
$1( " *$ )&0$ $ ) /3% $ #H1%O0o" L # #" #")@# 1 -#
$4$0 $ 10 # $1( " ) &'0$ -#" *&& 6", -,
@+ ¢ 1 " Second Strategic Research Agenda of the Europeann®logy Platform PHOTONICS21,
2010,# #-' # | " " ( $$/&# 0 1 .% "#" *$ o™+
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SSLOS$ 413% $+H * $ 50%S$ ,# #141$#! | 1+1( #1#(1$$ 490 #' + # - L *

$ 70%.
Bl 7. # SSL# #141$# | 1+10 4%/ 6l # 1 $%#H - 41$( " $0) 1n”
$ 1#03 , -%!#" $/&'S ! +0" S &, # o  1&& 1 &S, ( "4
g L) #1180 &3 ( +% # - (CFL), + #  SSLO0$ 41$ $ 1%'03 $ ,
1*& $ # $+/ " L0$ 4w, YIS 1 o+ $1 104 oS o+ o#- ("
#1) "$  *SLH B .
$* 4" " $8( $ *1$ # & #oO$*E&& $ 'S S
D TG &O#" . L 4#. ., 5. SSL @"&$4(
" $( $,4# $ ", "/ 1)$ #1% ( 'o# 1 #1 1.3
$/4MN8 , #) " ) &'0$ 404 LED &1 - )!$ N1 (4" + I
"$(  $,4#" 30-50%,+. ( $,4#" 100-150 lumen/Watt (Im/W)$ 40 "
)1$ ( $,4#" (CR)S80. I #) '$ LED%!- &1-)1$ $
18 10) $ 0$: ' $( $,4#" 50-60%,+. ( $,4#" 1'$& "
200 Im/W $ CRI! '$&- $, 90. +. ( $ 4# , 5 . OLED#-") "
) &0 $*)$ # ,0,1 50 Im/Ww.$ U (0 %4 . 5.
OLED %. 0% %$1,&0,$ /% 0" LED, " , # %* " $0% "
) &'0% OLED %$, *&% 3, I*' % 1& 0% $ 1$0 1
CHEE1 L +$1* " [26]
L& )$S " #
-9 *$1H" 2-) S*$1H 14 (,$%& 103 #4 I#" )[12]

$re # #1("# [3]

- HSHO$S .+ #I*. $ I*. -$LED4 $/'1 $0$ IR ( UV

$  &0$ [24]
% 0 -l -  $& 1'#1 # - -3H" $ #, 1&& !
$ASH - [24]
- )031  $+%0 $ ! " #SAS( lOH " xS 1+ 1
3.3.4. 3
L * 0 % & $ &, "IF$S HIH($S + o #- 1 #1L#- 10$

,& 4% " $ ,. 1" &-#" +. #! -
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, * 0 0% -9, 4%+$0 /4 ' ( 4% 1 |1 !%8&&- $

$/&$H" S 4/%&S$H" 1 +. Io" HLA (O 1& $ .08 4-$% $ $&&/31
, 0% 108 4*#" +. # # 1 .:# ,0 " +31Y 10$ 4*#!"

+, # *$/ 1, + 4%$*3$ # & " ,( 0%$$ % $,

&& | . $) & 1'0% . $$$&+%" #1 . $ -

) 1, $&&I I o* +$ 1 +#- 1 0 4% +%"$

#"' $)( " 4%$0% 1 B0

$ HIH(ISS + #- 1, * 0 $ &-$ #1(%. $ 108+ ( (,
LR 0 S A H #ISS L A (S & #1(%. &3 (
$&' 1 (!$&& B! ! $&'04% (HQH, ,0 ,% -$ # *$ «10»
1 #14* $ C* 0 L1830 #1#(1$S -%l# U v s 1+,

L * 0 O0$ #1(%. 0 &$# * ,0 '1/&

L v 0 L #+* 1 $0#1" , &0$ 41$ (. '$ !+ +. #
S8 x4 # 0 #L ("M 1 ,%% $ 1,#$* 41 1
$ #$%!03 1 # | 16& # Co#MT. 4 #- 1 x 0
28&H 1 108 0 + , L, * 0 L - $4M1'@#1 0, 8&8$.&
T 1 HLSS S * 4 1,1" $$ 1
#1 (%. I(# %

'S && & & *M$ ., 0% a - $
$,"%-  # 481 4 o#l- 1 ) /3% S $1 «X&#H  »#
/, ) , % 4 ) I3 $ $$"#1)0 $0 '$ " 41% "$ |, #H" #
$1* '$ 1) S SHSH . &L (. . # , +#  SHSR03 S, #HSH #"
(" L,")@# 1 401% $18 S 'S +# #$%  #10.

+( L # # 1  #10$ $$# 1 ( 0). .# # # $&

$/8&"8% ,*$ $1$ #'$ )$$ " # o # o 4$1 1
+ #- $ &0 4 %1 " $,&$ " rSH 1+
$%H# $ o+ (" LIAH 1+ # V& S HME L # $1$ 1mm

$ 0$ S, "+ ( C. 1 o, " $4# 1 + L 4

I3 E S, + # 0$ $ &0 1, /&&
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& .3.10:, - : www.flashlight.gr
L$ 0%$," )&0$ . Y'#!, 0% '$ $ 4"0 "&$

+.08, " HM™ # /&&$#M0$ 1 01 .?&& +$I* C o#
$0 #,%04 ,*'% »HN" ,$ )"/ )#1 | $ 4 $ . [30]

3.4/ ( )
'S+ # #1$ 0$ 103 & &' . 1 /4 4 #- % &1 0%, *$ (
1 &$!, ( R T 17 7 R Y B S L) N
$($$ . )43 '$ $ & 1'0 ! &P ( 4'&$4( &3, (
% -$  # %1 ,, #%- S $ #14*$ L " S -1$
-$ & 10 1+ # - 0$"1&,0"" #IH($ + #- , 0
$ $,0 ,ox L 01" $& . &NH#H. HL#!. #-1+.$
$, 1% ) ! *# +.#- 4 $0.% %, 61 # + $! G+
LY &0, S o #1$S LY, $ AT 1#L 1S #
$S$IC " &S, S (/S " 4 "S # ML ##( L&
& .  #. ) 1)1 -$% # +$
&1/ 1 #4A$H( + #- S+ # /1 #1$$ 16"« , "$ %
$.&" - & :
7.1+ $SHE ($$N " o+ (LS4 o+ # -, #
Wil # &)
S ) F L ASSH (0,4, #SHOS L $HH& S & 1'0% ..).
1 $1$! 1 #1 " & ( % &1%0 4 $0
$1/ $ $ $9 (# '$ " " $( $,4# . +. # #.1/.

$ &' $1 ,"$,4# %S, $&$!'/$ 1,6" # $+/ #" L&
1& (™ $$&$# "$ ) #H #HAH SSE&SH($ (5. 4# + # - ) #"
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$8.( $& $ +%"* %4 $$( ) #$ $ (%% ("& /

#$'$&# | 0$), #" $& S (" HLSI&™E L H" S L #
#1 (" S # SwSH ($& + )
L&, # 0$ *$ $ 10$ " $) $ . Sl %S
Y, $ $,0 $H%" * $ 1,* $$@ 1 # - 8
Y1 $ $$/3 ' o+, 1&& .[17]
3.41/ 3 1

s 4 " H - - S $%H#E- S $%&1%S
)$$ " #

$)$$( + ( *$#" (Luminous intensity distribution)

)$SS I + ( ( (Luminous flux distribution)
N$4# L+ # #./. (Luminaire efficiency)
4H$s( + "3 (Luminance distribution)

$ $ 1, - $$ &'#1L HH#l *$ + # #1+.$ | $$ #
+ o #- $ 0% "H#H/ &S )" # 1 $8+* & $%/. . 0%
or#" S##*" # 10$ ! $, /. % 4 " L 0O $ 0% &
$88&" (. ,  # " %N# $ &'0$% )0 $&$I/$ 1,6" "
+. ( $,4# ,, %% "$ &) # I# + #- " 1D)%- .1 %3
$, &0# " +$1Y( 1 o+ # - [17]
34.1.1% 1 1 3 (Luminous intensity distribution)

$$I( +. ( *$# (LID)40) " #HAHS" S " o+ ( (

+o# - #I$S .S " A0SR . #AHS.  )$S " # #ox 1)

P+( (4"&$4(# 4- 43#/# )" $1( +. ( *' g $, 033 . %

$I-&" # 4/+$ 0,45
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3.10( ) (

)

() ( )
() (LID)( ),
()

2 (),(),( ): http://www.osram.com.au( ): [6]

$3&'1 ,)"#!, -3 10. $,&/7/ 4%/M$ss . 0% " $ &03$
'$ /% ,0,4 I #4/3% # *$ -& . I " Lt +
*$H S #HI S T '$ /% 0% " $ &0 (AS-#$S + (

g ) 1 SIY (S . 4$1#/. ) $ '$ $S &1 15 ,& (
$1-&" [171.[3]

=&  $I-& $$+* $ # + ( ( 1000lumen$ /"$ S, " *$# 1
Bt (" S 8% S S #1 4 $$ 1+1 ) $ 6,

$ $$+* $ $&& .=# , +$4/ 0% " $,-&" , # 1'$& RS- A
"% # 4 "&INS 0%, #H# $(C . ( 9,-& #1300 # ( 4"
(,.). spot),4"&$4( $& +. # # 0,4 '$HO$ $&&/# , 1&& $ )
$ 4 4%0% $ $ /&&" (1 +. #- . "8lL-&" 0% -& #41$!0 !
4)1#" . #n - $,-&" #"1%0 +.03 $ $$ 1+ ,
$$4 - $ ! #AH#$"  1+( 1 . . 4- $l-& #"1$0 ).
+. # N#E1L —*gl + #- 4- $,-& 4%+ 1 #1$ | *).
, #04

: Erco ,[3]
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: Erco, [3]

$, $ ,&/ 4$M$ES ., )#!, - $ o#  $ $ S #S$/
A$M$ES . 0 $ &$ $ 03 $ # /$ x$ sox)
(S # Sy
& S . 4%, $1 * $ # $H1 " 41% "8 $
# 8 $ $#4/3 S 4 # #IL L& # (A

$ &0$ (, &0 -spots).[17]

3.11#
: Synthlight Handbook ,sagrasoullis et all

3412% 1 1 1 (Luminous flux distribution)

$/ #Has o+ 1S #IS (1 $$0"H 0% " 01" IS #1 1
I + #- # 0,4 $$+/ H#L(%. 0,4 $#0$ ). + (  ( ,1

+/ # 0,4 $$+/ 1,0 $ +/ 0L/ )N#S (/$ *u#ES S,

$ /&S #+ 1)1

&'s " (1 #1 &#( $/&BHT " &' 4+ $ 1)1, +
%%$$, +"%0 . $ & $1 "3" $ &% ).033% # *$ $ I #
) $ # *$ $ # ) . -+$ ! s "+ ( ( ,1

L% # ,I*1 ), S+ # ] #18$ )$8$"03 ! SIS
($/4 1%  #1+.$ | 4"0  DIN).
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A HL +. #H - 100...90
B 10. /'#1 + #- 90...60 0..10
C (R +. #l- 40...10 10..40
D 10. *N#1 +. #- 40...10 40..60
E N# +. #l 10...0 90..100
3.3; !
: Synthlight Handbook ,sagrasoullis et all
*$ I* "o+ ( ( ,1 *'$ , $ /. +/ # 0,4
$$+/ I'#$ (utilized flux). # 0). , ! *$ I* "o+ ( ( ,1
L8 , $ /. +/ P18/ #" + ., 1 $ %! - 1
$&1%- , , $% 03 B8, ( $ 4- $% 03
s "+ ( ,1 +/ #" +(
3.4, !
: Synthlight Handbook ,sagrasoullis et all
$/4% % + # P I$#0$ B41.3%$ ,*!, +. 10. /'#$ !
$, " ( $1%0 $ !'$- 043 05% " (#" + '$- 089
0.5.[17]
$/ CIE, $+ # /| #1$$ $/&'$ ! "4$1( " + ( ( 1

&$,($ 4$0 $ # $$/. $"0 .[13][3]
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Ll

e

%

=

%

81
+. #!-
(direct)

0-10%

90-100%

IN#1
+. #-
(semi-direct)

10-40%

60-90%

N1 1
+. #!-
(diffuse)

40-60%

40-60%

N#1 -
*#1
+. #!-
(direct-
indirect)

40-60%

40-60%

P*IT# 1
+. #-
(semi-indirect)

60-90%

10-40%

N#1
+. #!-
(indirect)

90-100%

0-10%

0%$% 35 [/ #

&$!, ($ :[13][3]

+.

#

#1.

$/&'$

4%
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3413 2 (Luminaire efficiency 1 Light Output Ratio-LOR)

$,4# + # - ()40 " L H"$ "+ ( ( ,1 A
+. # Bl (0 (.1 %8, &SL(S .1 #11%0
$$) '$0 $B&$H(S 4 0% & ("$s&$H "/ 1 ,% / 4
I, 0 $+/# 100%)$ 4- '$0 I* 1+ 1 $3&/$ $%, /
S S, " &S $ S +H S $, $1( . *$3$ ,4 I, - $'.0311 $
+ 1 %8, +. # #1/8& &1 # + # 1 41

$$+/ (% +. ,'$ 5141 5, +/$ $, I,$ 4+ S . [ ,* n
= (+# - () ( &L ($ (7)>70%

(1$ 312, 4#  + # -
: Synthlight Handbook ,sagrasoullis et all

$ ", "+ ( ( +.# - ," ,08$ 0% O#!" '$
+ #, O#" #1 &#(  $ 0" . I( $1( $% 03
I0$ (104 )" + ( ( 1&3$4,($ +/ # 04 $$+/ (.)..,0,4
'$#0$ ). #1 &#( $ 0% $/$ S, .+ # - 1 #1%0
$/% 8,

-5, 4# +. #

-$$ (0 + (0 *s”

-$ ) ,4"&3$4( S,
I 1 #1 &#( $/&SH ., +$ 1)1 (0 ,4,4 $
+( )
'10$ 1)1 (( & ,6 )

$ , #4 # 1 #1 &#( )"#!,0"%" #1' 1 o+ # - 'S
1$ 1, ( -%# . $&1%-% $ ( ($$ :

) $ # 4 # - #$ 1 $MNSS S 1 $ %l-
i) #4 # L1 $$&$% "$ 1.8 .. 0. $ "
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iii) | &' #! #1 &#( k. " ' 0% 1)1

$$.*. #)0%$, $/'$ $ 0% )1 1,0 $4$3#0 3% ¢

$0# )8 4$/1$S s v #1 I 04 , %* "H" ().
+( ). &&$,&$# /3 $ $Ir$ %S 0% )1 1 o+# - |
$, 44 1+ # -, - #1 &#( $ ,0%#
= * (K
L/ 4SS, #L(%. |, ## +. %PLHE 1 01 $ 5 0 %$
$$&$H 0 # ,+ '$#O$ L #1' /1 1'$& $ 4N'$ .1 #'1$0
#1 &#( $ ,0% 0% ! #0] AVS$S .=# S+ # I

$$&$H "$ L, S+ / 4SS N1 16'& #1 &#( $ 0% S, $
# 1 [17]3]

34.14% 1 (Luminance distribution)

n#  %N# 1 1,0 $, &%0 # S ( $/% $,

+. "$ (luminance). +. , +$ 1 &1, % .+

,+$ , " AIST .+ # #.1/. # /6" $ " e 1+ #-

.0 $ &% ,1 1'$0 $ !'$- 45°% 85°0% 430 $ o#! . I*

+. "3 #1(%. $, 03 $ # &'$ % ( &0'$S$, $/ X 1 /7% x
4% /% . $0o# ) "0 $ &0% $, 03 % # 10 , $/

I( 1/ $ y. N# %'# , 03$ [ "o " o+ "$ 1

+# - # /% 0% $ &0% o# $ /. $ 10%8441" $-& . 1(

$,-&" 13 $ $!,-&" .1+ $,-& $ $% 03 $ $/&'$ !

$" 03 %N .# . [3],[17]
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3.13
: Synthlight Handbook ,sagrasoullis et all

3.4.2& 3 1

$ +#/ #1$$ 0% "& *  #1#1* | ,0 $&-%$ $I" %
" -,$"&I$0 .1 0% &' ,1 ,% $ $$# 1/3 $ ! , #
108 . )"# $1" 0% %$# 041 $ $ 0% 9 'S SH H# $ "
41 -1 . $#H+$&( & 1'0% . +. # #1/. N $

4 $#+$&03 H"1/$ ), 1 $S# 1$#* (/% $0 #$''(
=, $ 1#/3 (&$# )*$ + # #' %/ K $ 4 $#+3&03

+. # $1 0% #I+. ! 1 3 " ) &'0$ +. #l-
$$ . #I* $ ) &'0$  + # - o#" 1) 0% $ $0% 1.%5/
, 18 () .1, & $ $, " 1.85( ., & ) (

1,,0"#" CENELEC (Comité Européen de Normalisation Eleettbhique)

I# "O"#1+.0$ LUMT (+$1Y( $01 #1!' &1 # "$ 'S + #
#1$$ $ ,08 0% #+.¢ ! 1.%5 ,1,), #-! & ENEC
$$.033% % $'$+0% ,# ,0"% . 18 % ,1 %1 1,'/6

% 0,4 ,4-$% $ /". 4 | $ #, #. ,1 %1 4 $0.!$
$ 4041 #! & ENEC,0$ ,).
'S " &&/4$ No. 09

'$ " 1$0% VDE No.10
'$ " 1# 0% OVE No.11

$ .5 4 1,0 $ # #" 1.85( $/ .,%$ 4 1% $ I"%0
#($ CE. 1 #l& ,5 &0 & $3@# $ 0%
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#le # *  4"0 . )$$ " # CE)"#!, 0% '$4 " -
.- . $,1% $ #1 $H* (1 & - )# [17]

3.14* ENEC, CE VDE
:Synthlight Handbook,sagrasoullis et all

$$ (# $, *$+ # $+ - # o#"IN$ ( # S #" "& |
$H+1& | 1.

3421 1

-+ $ ! , 1, EN 60 598, &% $ +. # / #1$$ % $ $%1
, #$#0$ *$  "& ,&"0% $ ).03 & # 4/+ $" 0 , #$#0$ . "
#1*) $,40 $ #1##  #1+.$ | , 1, DIN:

$" 0% L #$#0$ O

4$%*  04$ 04 $ 4.&( ( WML U # . #$H0$ S,
& &"0$  $/$ ! S " SH( ! H ., *$ #" 1$0$ .
$" 0$ ., #$#0$
$%*  04%' 04" ( S+ '0# . S+ # | #1$$ 1| $™ 0% , #$#0$
L HSHOS 4SH+$&03 S " L . 3# I/, $ " H-AH
L H I, | $&& Sl | #0$)  #SHOS (0#" )" #$% (
HLY # S mse ,O$1 L - S %- 1, S, #

$1/ ¢ " o# 0, # S#)0$ " $H( ! A

$™ 0%, #$#0$

$ 3#/ (%% . o+ # #Y. 1 $™O0$ , #$HO$S M1 &
CHS L (VA L HAE L xS $) 4 % $

#$H#0S  $™ 03 I

$+ # 1 #1$$ ! $™ 0 , #BHOS ", #SHO$S SHO3 $ #" )(#' &
)$I&( A % 50V, " L0 $N S I | $#)"IS #( $H+$& 0,
"8 #"& (#1#. 1 . [3][6],[17]
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3.15. ! " S
: Synthlight Handbook,sagrasoullis et all

3422% 1

$ "M ( , #SHOS , 4"&SA( ", H#SHOS *$ *. #. $ 1'$#0%

)'#!, 0% #1 & IP#1+.$ | 60 529,$ & 1% -! $, *$46(+

-1 , /1% 6"'+0 1 ,01 $$+* $ # $$/. ,#$H0 3 0# )% .

, " $ ., /+ " #HSHOS 1 $N S S, M 4 oMAIH x. 1
$ "4- "+ " #$HO$ S, " 1'$HO$.  $M0$  , #$HO$ L1
1,4 -$  $$+ $  #" $% #*" Y@ 1 +.# - ./ 4 03%
4%+ | ,1, 0% $ L %*# #"  +( .[17]

3 43
| 5 ' 1
IP 0X $10$ , # $H#0$
IP 1X 4#$#0$ S, # / #1$$ >50mm
IP 2X #SHOS S, # / #1$$ >12mm
IP 3X #$#0$ S, # / #1$$ >2.5mm
IP 4X #SHOS S, # / #1$$ >1mm
IP 5X HSHOS S, "H# " ("4 0MAlHH " 4 0%, %S & )
IP 6X "4 OHALHH "B, % % &(.
" 3.6:"
3.7:"
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3.8: !

: Synthlight Handbook, sagrasoullis et all

343 2 |/ ' 1 -

$ +#/ #I1$$ $/&'$ ! ) 1, 8 $)#!, "%- 4%$0 $

#

o H#H. - R - $( $ 1% ( Y# ., % ,08 L, 0 %
% - $ # +( , 0 $ 4/,4

. . - + #1- $.,08, 3% '$+# (. ,4 &,.

o # 4% #(#. $ , - + #H-  (# - « . - ), $ ,0%

L0 $ 08 +"/ (#$% ( ,%"# .[13]

3.4.4/ 1 1

$" 0% $1(4$0% , $0. # ( $"O

7.# | #!1$3$ $/&&"&$'$ &9, ( 1% #.

)1 10. 4% #" S (S $ 4 $1#BL A%+ + ) (
L&*"

I &* +. #- 4 $+* $ 1#/3 - +. # - #1$ #1'$ -
+. # - (spot),1 ,% 0% I#$ # 614 +( ( $ . |/ e

&% .[13],[6]
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7.# | #!1$3$ $/&&"&$'$ &9, ( +% #!-
$"0$ $1(, &%/ $ , HH# - +. # #1/. , 1
$ 1#/31 4 $+* 'S I&FT O+ #l- # ) -

$0 $ # $$/. $™o0  [13][6]:

. * !

, &- " $,&-# " I +( + o H# - #1$ +% #!- .
9"#!, - $ 10. #" IM%0$ $ '/ # +$!I™ # ,0
I+ # .+ # #.1/. 4 *) 430 " #'1$#0S$.

. & !
$1%- 1 +. 0,4 '$#O$ (' # +# ) %
, Y1&/H# 1 1 &% ( $, H#T# . I* 1.
$ PL'$# ( , 51 ")# &' &$!, (. (+ # '$ "
B o#1 #1%!"  +. #! -

. & !
9"#!, - $ # O+$!*  # ,0 " M # L+ # #.1/.
*) #'1$#0$. $ &$H / $&-ISS L, 0O $ 0% 45+5(,'8&$ ).1$
, #1$ 1 &, .

V. & !
, &- 9 $, ,#04 ! $S&$H / 1&/, # $ 481 +.
$- $ $ $ & 1 " #( 1 $,4# . 0#1 +$1'( #
+. #! #. ) . 10" 1+ A 1+ #- % 43$0 " #"1$#0$.

& .3.11& !
) . ) . ) )
" D) ) http://www.solvent.gr )http://www.artinoi.gr ) http://www.ktfotismos.gr
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7.# | #!1$3$ $/&&"&$'$ &9, ( $! 14%$-1 ($01 16"&( ,*#.
=% "$#HH . + # #1/. $, 4/, 4 1+ 311 )1
. $ *$ #1L #/$ " )"#!,0"#" +. # #.1/.

$$ (#. $/8&&"&. '$ &S$!, ( $!  14%$-1
16"&( , *# .

(Hg) ( $ 01 (Na)

I /4 *$1#" 0 $ & 1'0% , % - $ *#$ # 4 ) , 1
o# $ A $, ) 1 &%, (% . #1 "%*# *
+. # 0$ -, $IJ% .9"#!, 0% '$ +. # I"$
) . , 3, %" ,#$%!  $1 (. $ & # $%&" ) . . [13],[6]
& .3.12& ! ! 2

. http://www.fotistiki.com
7.# 1 #1338 $/&&"&$ 'S &I ( LEDs

$ 'S+ # $,0% # $/&&"& ,+/ L )1 * 3
* )&/I4A 441 +. 1

& .3.13.& ! LEDs
-http://www.ledlight-decoration.gr

7.# | #1$% $/&&"&$'$ , * O
9"#!, - % # 0 $$#" . , 0% $$ #.  #H ) 1 !
$1"*" 1'SHOS(,#0 ), # ) 1 I +& $ $* $,# + # i) I (I {
( %! "$ -1"4$! ( 1, 4" $ &0$ ), #" #'$ 4 "#" #
4 $+" # * A
:$ & &N H-#"$ %3, *, $3% &03% 3, ($

+#- ", (088 "% &(
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& .3.14& !

. http://www.architecture-balar.com

4 () E#.

$%* 1 430 $)$$"# / . #$"$ .8 " , $5&&'& "S 'S
$ * +$I &, .

35%
(general)

)03 3$ #1(%. ! *$ 3 0,4 $$+/ (,0,4 '$#0% ),,1 $.# /

($ 0% ,.9) ( #ISHOS (,. # ) '$#0$ ). &$!/ $ N#
$ 4N1 + 0 # . ' +. #! $$4 - % ! $ $#/ ']
#)0$ 1)1 , %% #* 1 411'-9% 0% $$&* $ 4 $%4 -1
&, I* 81 # $ 0 % - ) 1 $ . 1, %% '$ /&&$ 04"
+ #- ). #- 0 [41]

?1#  (direct aimed) 4/)1  (diffuse) *# (indirect) '# $ *l#

(direct aindirect)

& .3.15*% ! - -http://www.erco.com
) 1 (washlighting)

- 3) #, 0$ $ / $* $$%&'0 $ $ $ 1 41%01 .
+$13 $ # 1'& , + $ 4171'0 *$ ! 1+ $, *&H#HS | $ P&
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#* #1)/ $, &0 + . # .0 03$ /,$ $ 0%
+$1( # 0)1 , 6 0. ,) 1 $1#/#. [41]

1 (symmetrical) $#-11 (asymmetrical)
& .3.16.* ! - -http://www.erco.com
& ((Accentuation)

9"#1, 0$ 'S $4# *4$# # /[, #)0 1)1 $ $$%40

S " # * 1, " CL AN 0s . - "4 H)H
' 18&& (16"&( $ 0% #"+. "$ ) 0$ $1/ ,1 401 4%+ (
H4+$H" #0$ 0 ,1 +.038$ ., % $&( oM " 1 +( $ v 1+
, +$ N 7 A #* $ $&( $"$ ,#HIOH
+. #l #- 4" 1'0 #10% 4%+ $ & (4w
L) # ) '$HO$ . +$1( # % ,11#0$,) 1 &% $

$1HOSH L # S S ,$+* 1S S #1 )1 C$HOS .[41]

& .3.17* - -http://www.erco.com
1 (Projection)
9"#!, 0% s, & ,$04. |, #)40. $ . $ 0%
4" 1'0% , &* 41 A $  1$#%" 0" . +$!( #
%*# , 11#0%, ) 1 , &"#" $ P IHOBH" , #$ $ , $+ * , 1%
4)0% .[41]
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& .3.18.* - -http://www.erco.com

(Orientation)

9"#!, 0% '$ $ 8% ,#ES &#! #)1 ,,1 ' +. #! 0%
41 1-#" #I1$#0$ . $ +. # /] & 1'- . #)0% , #PS &#!- $
#I$#" S 4 S # P ( , 0% . $ )$"& ,0,4% +. #- 0% % (
'S # - , #E P & #! - : +. #l , #E$ & #! - &

, #$$ & #! # ,0& $ 0% $ $%#/ , -&" " - # . 4.
4-1 # ,0,.# *$" S/ L 4+$I'( '$ $F # . 9)
' $l , o $%!104. (#3%&,% )$ . 3. $, &#- . #4. $
4%4 ). [41]
& .3.19* ! - -http://www.erco.com

& .3.20* ! - -http://www.erco.com
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3.6& / -%3 4 3

+. #! $, &0 '$ S, #'1$ S 1 '$ " SH+I& #"
&' ( [# #1 # - ) 1 . 0. .
) 1 #)4$# - . #HIE .  + #H - 0$ " SHH&#H , (| #
*#.
S " 8s H'S . #- " 08 $% 038 B, %(
, 1,$ (standards)/# " Y# $ . & 1' $$ (#. 1% ) 1
"$ 1+ #- " 0% $#+$&03 $! $&( $$!I( $ 3B, +1(
+$ I*, %N H#, $/&&"&" ) .I$ ( $,4# $ )I$ o+ #-
$/4 " # )O. ) 1, $-%1#" +. #- $ 4110 $/&&"&.

$ %*#. (contrast) .&,.

$% # . % standardg)  #.!$.%0 " ' $( S/ $ "
$rt ' " 'S L HH L HSH) S 0% $$"0% #1)/
+$ ! "1, ASH SR &M . #1H" . )"t - O H#- H# 10.
&6, &". 1,1 % $3$0 1&& ($.$ & *&& 6"
1&*" ). 1 +$ 1 # HLAISH Lt )@, S ( #1'$ (
) &'0$ # 'S SH/# +o# - 4m0 # 16"&( $$/&# &
g '$ " & 1'08 . HI#". 1 )" - - 1)
$, &H$S ., ", "$ s ", ( /# 39
$$/&H $1(!, 0 $$ &0 #$ H# 1 #1 &1 " ' $(
$3/&#" 1 01., *1 191 ,81$, "%O0 # 4]+ $" 0
) # o, - "$s/&H TS 'S+ H#H ) #:
$
)1 % 1 1
0% $+0. 30 -50 :
X ACE 25 -50
# 10% 10-20
F 4)0$ 10-25
3.9 #

. http://www.cres.gr
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=l %) 48, #.%0 L # I'N& $ % S$H/E. 0$ + ( " 4"

'S # ## 3050%) " 1 %*"H $/&&"& *. $ ) . [38]
*$ ¢ #+.$ * $ #1. $ I"#" *' 3
( )OS :

#HE OHASH 1 )" - o+ #-

"0 1 +1# -+ -
"YE &S (. 16"&( $,4#  $ )& ' $(  $S/&#H

"L $/&&"&.  +. # #./ .
") # "& # $"$& # 4%/ .
“HH( #HL (B .+ # #./ .

S ESH #H1# . &) 1

3.6.1' 2

+. # 01 ,* $ /3% # $) #/4 #HASH- 441%1
# $1 #i14 &S/ $ #'1$ $,+H# #H) 1 1 #1#($$
SH( M LS 0 1 +1# -+ #- $ HIH($S &)1 . &&$S* #
"8, HHMS + #- %/ "4/ $ " 3( 1 01,0%$41% $'01
$ $0$ !/ $,4 * [$&& HIS * 1S #$ 1&1$$ (#"
| [&& 1#"  +1# - +. #-  0$ ,& 41# & $ ., 4$$"* [42].

,# $1* %, $1&"%0 #0" % KIS # ,

! #0# S ., " )& 1 %$, &%0 # $&l$ *
4#" " $, 9 '$ ) 1 '$+0. . & " 4! " $% 10$
SHSH %$r, $ US  # xS &$0#  &O# " $(
$,4 "$ 1 "01 ,#11,&'03 $ " ,04%#" " $HS$#  #$ + 0%

UWrISH —6-" —+ #- . [39]

* '$ S I +o# - M43 S 'S S $HN1 L+ $$ I(
+H- # && ) . $ $1 #H4asw  , *  1&0$.
$$4/$" . Y. SHOS , 4M0 H#1(%. # ! " M # 1)1 $ #
#$/&" *'$
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& # #" "$( $,4#"° $ ! # . 4%% I, - $, D)%-
 #$13 $ +H# O # $$ #

) 0 )31 )¥re . CKAL o+ H#- ) 18&+ 0% |
4 %g*  $+03$ ! 04,04 + #H- L,y ) '$H#OS
1 $% -% 16'&% $ 0,45 + #- '$  $#0 ,1 &-$ 0.

1 1,0 $, 1D%0 ! *$ ##"$ ' -  + #H- #"  + ,1 $%
JSI&( H# %I . #I- OUH L # HLALSH | < ##M$ -+ #- 1
SN HLL&"IS ( #%" # 0,4 (). +H#H  $H$ $ $$ S
+# )

$ $&&S$S (L #H 0% $ '$$H$%O0 *$ #1l #H($ +. #
#1 . o#" o+ S, H#THLN S, S 1%H#EO0" ) #ES + %
NENER ## L +# - # $%$$ 0% # $S@# ", )
)1 +.03 .1( " &1$0$, ## 1Y $  -& ! 1/ $ $ $

"& ] HIH($S &)1 .

$ /&& 4%, ). 4)0$ , 1&"( .4 |

#$U( . #- SIS S "L $38&& 1 .S # $1( ", 0,4

'$/  $4 0 &, ( L, 0O $0$ 04 3 &M 0 . $ +$1™

$$#M . &S (L&, 1&"( L% $& 1,6 1 " $30"# '$

1% +. #l '$ " $/4 " L, 1. . #)( $$ 0% &/ " )@#
'$/ $,4 &L (. $ $ ), -$ #11,$0  &$, (

+% #1- (CFL)%$* $ 0% $10'$ 1 ,01 0% #HA$H*S $+ # |
#1$$ .

+o# ] #1$$ .1 49 $ &P, (  CFL4 1/) $10$ 4% $0.#" 4
%$ ) "H#!, "% - &$!, ( ) " ' $( $, 44 (). &3, (
&+$101 ) $ $$"%0$ $/H$H 1 &$,($ CFL.[42]

& .3.21% -
http://www.cres.gr
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3.6.24

+1# + # O PES H# Y 0 %) #1$ ( 04$H #" M 1)1

$ 1,0 $*% #$( ,04$# #" S$( #1U, +/ 1 01. )@
1 01 , !- Yl xS $&J -H1H [ -+, #I* ) 1,
$,+-' 3 , &(1$ 3 oo L % IS S "W (3" ,08 $B&-%"

4" SIS+ 2222)

#'1$ $, 1 $/ 1 "3l +1# + #

#o - )1 $ 0 $5,)%"$ W # 1, +&$ 2.3
¢ 3 2 ) 0% % 1 )1, % o $ " ook
$$%-. $ . $ . +,  H#MS 1$&#SHO. /1$&,/. $ $

I 1,4% .

10 YA $ 9 #1 (%. $, $, +i# ,1 &3/ $ # 3)
#i14 HASH- 1 01,,). [ 0 0% $%-(" ,/ 0$! +

# 0% 0% 41$( " 4l " $ . +o, (.81 + . $/8&'&
Has#  # $1 $) #/4 1,0 $ 4@ # *$ 0 1 & I
Y #L, + /S L H" H#H (0 HE (# 231 &
1 & ).

$&&S™* #  +1#  +. # 1+#/ 1 01 0% , ,&& $&8&/
1, - $ & #1 " Y$( HLL + 1 01 $ HH"S
$ 0% 1 +1# - +.#-  $ 0% '/ $4 . #)!
+# # *$ 0 L1, 0 $$1"%0! ", H#HW(" 4%/ . | /&& 1#"
+1# - o+ # - (S O1$S +( S+ #H-, #HS J& 1) 8 )
+1# - 4 #- 0 $ $$01$S 1, 0 $!1.%0 S LI 10 $ '$ "
&O#" " %I ( $4# 1 01,,). /&l6" . '1/&. ,+$

01, , #%(" 4%$/. #$#- , $&&$( -1 1%&,/. .  $1(
L0, # $$ 0% ,#) H# $I"1.%0 1% $$%-. # $% ,1 $
$$ 0% ")@# )'- + #- '$"& 10 . ). ,, 03 % *#
+& $ "I10H . %! $.&

*§ 0 S&/HLH /- 4 #* 1 o+ # $% #)/ % (
HUS 'S " j&l16" . & 1 $$ L 'S #1$ 4ms 1
1 (0 # 2.2.3:, 2 2 N43].  #$™* +1# -
+. # - - g $ +1# o+ $ S$WH/ , # |
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"8, + # [10. . '$ " g % 0% #$ $

$#+$& # 0 ##"M$ 1 )" -+ #- % ', 08$ $ +1#
+, # 0$ $( .1 ,1) $ Lo Y# . $/8&&"&. #I#M.
&1 1 +.#- 1 01,! | $%! $11$ ,0'%"  [43]. $/ #1* $ ,
g *$  $/$ ) 0$ "A$%#!I"S 1 +1# - + #

*$ 0 $% & "4/ $ 1 *1 ,%8&8/$ S, 0% "#) " 1
Y'#, - $ HH#"S #HO$H S ##"S &)1 1+ #-  [10]
0% #'$ $$,+1)%- , &(I$$ %! .H# $ 1, WrigH 1 " ox g
$/&&"&. 4%/ . #HO$H . 1* 1 - $ 0% #% * ( "* (. [/
, -'$ * L H#OA ). = % $,4)%0, $, & 1M1
$1$, "%0  ,1,/) 41% "$ #1$ ( &o# " % #11, + /
1 01,! " +$!IY &'$ $) # 9) #as# ., 0
, &$!/ 1 " &&IH 1 ASWHIL H1H -+ # - 'S " SHHEH"
(0 T# s o ot $si&H & ( *$ s )"+ #
1, #l- 1) 1 & 108 . )" #1# " .
1( " 41% "$ $/%$ S, : &0'$ $ , +$ , $ "
A%+ 1 # %! .+ #1w( . #'$ ). $, $
61) $ ,, ## +&4" &0'$S$ . ). "% 1) 43
3.6.3)1 1 61 2 1 1

$$/&#  "& ( s 'S S/ % " #H . &3, (.
(watt) $ ) & 10 1. #) ro &, ( ,'$ 04
0,4 + "$ o1 - &9 ( 13 #. XYl 10+ * 1'$&-
) 3.( (10000 ) $ $3 - *$ M, & ( $$/&H"

# %/ 1 0$ ! [1'$&- $&&I #1 & ! +& $/
YH' 1 0% #'1$ 08, &#S " )E( $$/&H” -1$ $
1'$&- " 4/ $ 3 ( 1 (L&, ($ & $$/&#  $ # )0 # 10

&$!, ( )- [31],[40]
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1 ) 1 ; $ 1
$ (W) (W)
5 25
7 40
11 60
18 75
20 100
23 120
3.10* (Watt) ( ) !
( ! ) - . http://www.dei.gr  http://www.cie.org.cy
*$ . &9 (. +% #!- #'1$ ( I"E" * % , #+* 1 $
$&&$ * ) &0 'S+ # 1 $8,-)%"$  # 1, +/&$ 3.3 ..
$ 3 %! #1* &/, $&' 1 &%, ( LED $ &/, $01 16"&(
* H#" (‘S 4* Y# I DR B ) 1 ).[31]

I$# ( #)- 1 &$L,($ 4 0% ! $4 ( '$ " ,&( 1.

) 4$0% $ &SI, (! SL#MT I$# ( #-,)08 (S, 4% $
AS#H $&&IV A4S+ (S, 4# Im/W. 0$ 4°&$4A( + (" 10#
$$/&H" **$ )0 B0 B&&$(#" S+ # - $&&JS! !
&' ( ,&'( . &L (. . $$ # 4o #- ). C %1
0% + ( " g Lo & &S (. 4%+ (0 )J$ (
$,) .4 $&&J $& " S, 4#  ImW. ) L &'( &SL(. ! 1$4/
($ " (1 $ " s ( #H 1,0 $,8$- "SI/
$ $/ 30%. 4%+/ #" $,4# +0&S$ #" 4%+ () &'0$
&Sl (. " ,08 Y&#S &N#HS |, $- # %/ ). $& &%, ($
+0 # - 8 58 W, Daylight$, 404 4.000 Im $ 0# ) + s
04%% 8" # , $,404 5.000 Im, 4"&$4( 25% , ,&* +. (.
LH%Y. "4l S 3( 1 +# - 03 #H4 484 1 $.&-
&S, ($ +% # - .

&'t ) ( $,) #" . &Sl (. Lo $ ,+ , $*.

I"#" .1 1R, 2, % or#" . $9 #. 1+ #-

1)1 (, ( [# )# #1418 | 0.4 + #- . #1 %(
, 51 , I, 0 $ ,&'0 - &$!, (. , 1 #141/3 #1' I*"
YIS (0 $)# 1 16'&( $,4# Im/W. 9$$ " # 1 $$+ $
$$/&#" I $ $/ 15%! $ $/##" . $& &9 (. 8,58 W,
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Daylight, 4.000 Iml  $1 #"'1  Warmwhite, 4.600 Im. g $*)$ # 4%

I $ $$#3$%- +#+ 0  Daylight (5.000 Im) Warmwhite (5.200 Im). [32]
=. (4" %) $$+ %O0," $)H# "+ (" #H03$ ! " %! $#0$
) 1$ $ "1$- 1 $#)0$ H# S+ # )$$ " # .89 (.
0%:

3.11* ; |

"( :http://www.eco-lamps.gr

0%$$ 31240 $ 1,* oo+ | 4%$# "$ 4/+ .
&$!, (.

1 2
& 1 [Im/Ww]
17 # 10-18
& 1 15-25
1Ug(  +% #- (#, &$1$ * 1 1
4 $'$&# - 01 (ballast) 50-70
3! 1% #- (#l, &$!$ 1 1
#$'$&# - 01 (ballast) 60-100
& 40. 1/8& (#ll, &$1$ I 1 1
4 $'$&# - 01 (ballast) 65-110
7.404 (LED)#L, &$!$ I* 1 1
4"~ (driver)) 30-60
3.12 ( ) ( )
,"( :http://portal.tee.gr (( . . . -20701-1/2010)
364 1
& .+ # 1. 4 1,0 $0$ ! S ($ SH% (
$086" 1 4$#"( . $ 0% 4 1 vgpE v )
)$$ " # 1 . oSS (O (., #&H#( S 4
LSS I &SL TS LU &M N A LU S$S/&# %S " 418 'S
Ql# "+ ( (  (dimming), -, 1 $$&$#(S (1 49%)-" &,.
V&' .+ # 0$ #1+3 I "L+ . "$# 14 7"$ #
) Lt sH% (1, $) o+ &, I $ 4% ", oL
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0,4 , "$ 1 + #- $&& $ " "8 ( $,4# " '$/HM
- L #) " &S)H L0 " $S/&HT 'S . 0% 'H#
$,4# . &$L(. (mMW)$L/$ L " Is#( #H 1., $ )/
)$$ " # #1011 -1 &3 (. 5,, - "$ A 1
0$ 96 Im/W#" 1$# (  #- . 14 W, 100 Im/\M#$ 21 W $ 104 Im/W# $ 28
W. $ 1"06" $1/'$ 1 #11$ - &%, ( 8 0% 64 IMWH#S$ 18 W $ 79
IM/W #$ 36 W( 58 W. 1  #'1$0 &N+ # L& 1'$& "
I$# ( #)- , 4"8$4( 1'$& 1 (1 , 0% '$/ & .S
CL)ME & %S L), OrME 4 # 2X36 W$ 0 4918 W.

"$ B/ 3 0%, ,o#" , - $ 1&  $$# 1( 1
#1# (1% 1+ # - @$-" 1/, L HOA &), #1% 0 49)-
D1 #1(%. ! $%! $,4# (LOR) $ ) #1 &#( #1 ("#
$ .,/ HIH($S S, $ 4.0 $&10  1+$031 16"& $%! $, 4#"
(*. 85%*$  55%-60%. #1% L &1$ 4$)1 ) $&&/ S # $1(
Lo # ", " " $404 S $% $%$ "$ 1 $&1101 0%
o#! S/ " $ $% $ +#/ 1 401 % -1
(PP&HH($S $4.1%1 $&1!1 01,48 ,$%$& "$ ) . ,0. $%! 0
$,4# 1,0 $4%+*1 $ $/ 203 #%0 /4 . .%)( $0%03% "
"$ #)40$#" 1 $$&$H($ " ,0% 0% IS ,&,&" 434 $#0$,1 $,$ O
40 1#" $ 4 &'# . $ '$+ $,4041 #1(%. ,.) $ &H$S$
$%!  $%$ "$ 1 $&1'01 " /3 g4 . $P&BH(. $ $°
FOSH L+ # LD $,4)%0 , $I$ / $, &0#  &HI$
$#$0$8 /4% #" $%$ "$ 1 $&1U 01 ,+*1 4 $&HS B, &#
C*  $#$0 /4 )#" $$&%% "% ., 1+ # - . %
ol $H +- 1 M1 L&) " $4# 4 S 401 " 41
) 1, $#10%$ " $H S " S 4x 1 +# - 1S # Ix
! 1 50%. * +* , ##M$ $, &0$ | S, , #04
.0 O0#% $S&SH($S ., " $4# %H0$ 430 $)PI&( +# (1 #1
Ha "o+ (0 (. &L (. %Y $ 1+ # - .[32]

#-) HASH  + # #l. %) A" # & # "$, A
1, # #)# | $&$ $ + # [ . 1, 0 - $I*  # &1 )1I$
$$&BH# ( N1 #1 &#( $$&BH 'S R , 0,1 1 70%,
#1 &#( $S&HH "$ . $S&HH(. $&1101 L, 0 $+m * $
95%.
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$$$0 #' $& S SHIH. )#l,  $ #-') &H#H 10 #1)/
$ 4"@  # #1$ ( g 1% XS " &O# . H#1%"
L I# (). &6 L+ SSS&H.  # % L&# )
&&I #)$ +# % &% 0% . # | H)ASH*S  #I# (1SS
$P&$H (. '$ $ $1%-1 +. 8, 1 &%, ( , 8
$-%1# . 10 , *1 Y@ &' . &$L(. ( + # '$
B8 #1' " #/%!" +. #!-

&S/ +. # | #1$S )SI&( $,4# , 0% 41$( " &O0H " $,4#
1 ! " $ S . #HIAM. 4N1#"  ( $/&BH" ! *$ #1#(1$ S
$E&PH(. . $&&S [/ !, - $,# %- P& ( # 3&$ + #
4%" $ $1/) % $($s &1 1+ . L x| # $1
L 0O $ 40 # '0#" 1 $ %!'- &%, (. , 48" $ " 043%8%!"
JH"S 4 #H#- $ ! " #1$" 1" (1,&'03 $ L0 %
, 1)%O0 I"#" *$ $, 20*. 50%!*#. & #. #1 $$&B#(
$# ,#$1 &N .+ # . - ,$$ 0% ,#) $w#
" 1)1 L0 $$&& ,, 0SS #L(%. )#! $,"™%0 1&*"
'$10$! (, )N 1)1 . # $4 1'"%- %$* $&&$™. #) %
O#' $40 $ #" #"$ )11+ . o+ # ,$% $1(, 0&&
$ /. o1& #1) 1% 1 S+ #/ #I1$$ ! 04 $ % &Y, (.
$MN1 " 04%,#"$ U1+ $&&/H#1(%. $1 4 03 $&"%*.

H"S )1 +, $ *$ + # #"1$0 $% - %
, H# 3 +. # / #1$3$ 'S F BH+&O#1L # *$ 441 ) "
$$ -1 #1%!" +. #l- . 1x, #)4$#  %$0$ )$I"& " 'S (
$, 44

$$&0% ! 1 +, (Light Output Ratio)'$ /, #1o* I *&
+ # - 4%+ S, *$ SHHASH( # 1&&,' 1 #1 #/$ $0 B
*&N L 1 *& $/ " &' 1 .[44]

3.6.5) 1 2 4

41% $ $ +&" ,1 $%1 "&  * # $"&# * 4%/
S %" S H#" B+ 3.3.2 (! - &
# (ballasts). # # #" B/ $+ ,1 $&1%0 0 $ $3%&1
, A 10. . 1*' 0% g 1 0%
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#10 XS )L O & # $"$& # 4%/ . (ballasts)
$0 . #1$ g 1g I/$ 1,0 $ ,+ g
XU x 2506 1" $$/8#" $,404$ 10. #1 ( &'1

$ 2 1

+( (1 &$,($ $1/% $ & 1'0 ! "& ballast.
318 ( $,4#" . &3, (. rog ballast 1!$0 $ #1 (%. # ,##/
80%-95% " I$# ( 4 0% #/ $"& / ballast$ $16# 1
$,4# $/ 12%,0,1 (1 ! "%0 $ 16"& $,4# ). 1 #1%0
'$ "$HH +. #!- ,1 & 1'0 ! "& / ballast$,$ 0 18%, 0,1
& $ +#/ % " 04$'SHSH ! $" [/  balast $&( , "$
& * 'S $1 0% $ , (#! 10. # * '$$#/# ,0 I - $
1&, "%- ! & $ +#/ )0 $! % "OH %"+, # - $ 9
1, $%!03$ ", "/ 1. % # & 1'0% ( 1"

g S 104 1 #1 H#1("H )S&&S  # SHSE & $
+ # 1 )[32]

) 3 1 3
1 2 4 (ballast)
$$/&H#" 1 &$,($ 0% )& " $ $1 & 1'0 ! "&
ballast,.). &$! ($ I$# ( #)- 36 W $$$& 32 W, I #1'$
ballast " $ $/&.#( 1 %$($ o#'! I$# ( (36 W). ,, #%*.
$ & 1 "& - ballast 0 $ ! 1 #11$ - ). # *$ 1,
+. # 2936 W$$ 0% 1'"& ballast! $, & 8 W #" #11'$ (
& 10 $% -9 218"/ ballast! $, & 16,2 W,/ $ +. # !
"& ( & 1'0% %$$$ P& 72 W, " #11$ (1 882 W. [##
14" $/$ S - 1 #1'$ - +. # - 1 )"#!, 0%
$$+ /. "4 $*) $ $/ x4 # 15%.
& Mg 81 . "& ballast0$ $ , (#! # 0* $&&I S #
1+ #/ ‘S SHH ). H A # 1 & 10 I &$!, ( +% #!- 8
L2, %#" 1,/) $$ - ) et L% H 1 "&

ballast$ $+- 01  $$30"  $&&S$™ #" $&.40.4#" [32]
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$ * ., # '$ # '$ I # 1+#1'$ + #

(1$30 ! # . 1& ) 0% 16"& 1 #1 " & &(1
$ S/ .+ # I $-%$ ,1 +*1 "& / ballast. !" $
# $1( " 0, 4" ) $,## " x4 0% L& ! *. 5
) $):% L& & '$1!$ *$ 3( M 0% ", 44"
1+ # $I*. +. # I $ #1 . ) . I 6, *&#$ $$9$ -9 '$#0
#1 ("#( 1 '$ $+.031 % .[32]
, & )R O "& ballast#1! /&& #" 1"g" ' $
" $ L0 1% )&0  $11$ # 141 - $& 1'@1 !
I$'" /  Dballast:
-5 1 (dimming) *#. $#%" (. $ 1%'#
+OH- "4 1L, 0 $ , 1)%0 ! ,/ #1#($$ dimming
11$0 $  $, 10%* 20%$/&'$ ! " )@ 1) 1
4 1 2 (BMS).
g 1S 1 HIH(SS ( 4%)0# (BMS)1!$0 $ $, 10%

* 35%$/&'S ! " H@H 1)1 . ,#1$0 $ " g $1( 4
,H0% $ # $1( ,1 , 1) $ " %l# +. 0 "$ (dimming) $&&/ "
%)
/)1 $ /& &' '$ 1 ,01 10$ g% )($ &
)"# I, 0" "& ballast:
“1$ "$ & 1'0$ , #H# *. &, (. (. 4! 1! "& ballast.

I$' " ballast4 !, 0 $ & 1'( ! , ## 1 L2288 (. ).
1, +. # 49 18W $ $ $& 86,8W $ & 1'0 ! 2#1!'$ / Dballast
$S/&H 1! S #STAW $ 1'& $ SSHMHE S 2#1$ /

"& ballast4 $ , "& 108 1 $ &L ($ 4 & 1'0
#1!'$ #1 )03 $43%*$ 3 "& 18 3 3 5884 %
- $& #1$ /1 "4/ $ 3.( . &, (. (* 50%)$ ,*. 1 $
# (‘#1 # $ $/# " . &3 (.
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- & % #1 &#( HL ("# . &S, (. ,4"&$4(" $, 4 . &3, (.

s & $/ "4 $ 3( 1 % S & 1'-#$ ! #US /
ballast. 1, " #/%!" + #- 1)/ $ | & $ +# [/ ). # *$
$%$  $#S ) ., $$$ 1S . #/ L - $!1.%- S/ 6% 01 .
$"& / ballast& 1 0# ", "$ 1+ #- 4 & 1'- #
16"&* #1) " (>24kHz) | $& 0+ $ “HS S L#ms 1
)$$"031  $!$'" / ballast&'. )$"&( #1) "$ & 1'0% 1 (50 Ha).
*& . #1$0 $ #- 15 4 %S, S " 4/%#
"g I ballast#-1+.$ | 4"0$ " 1.$5( :.#" .[32]
3.6.6' 1 1
J4 1)1 4+ L # $ . &%, (. 130 $
& TS )1l o+ % 1 &$L (s $% &#/31
& 1) 1 3( 1. $,4# 1$ "SHESH  +#- 1 $ #l
) L% &t (SHE . 1& .+ # $,0$ #1191 #"
A+ (BSE&SH( ,, #04 | 49)- &) $% $ " ($#
# $'$& # 4%/ . (ballasts)..&& 6" #1 ("#'  #"$0 IS 4 SH"
+o#- 4 $,404 s " 41$ ") " $ $/ #1%, % 0 $ #$/&"

s $ ). . [32],[34]

$.& S H . &S, (. $ .+ # #l . L0 #1)/ $
& #  #1$ / +# 1) 1 % B H&H#HT S$S&H S
0 $ nN#s % &,/ . + # 1 #4/13 $ 4/ '$ $! 1
$/" 0 #L("H,,). $1$ 3! +o# #IS #IEH - &' 1 -1
# o+ 1. ,.8 " )@ $/&&'& 1& $ ) $%$ #! -
L0 $ &)#, (# $, & 1, $&-% S, ")y ( A (
a# . +$ 1 #lm - S # " . [34]

)| . &$L(. 4w #H- L $ Lt /4 1) 1 !

#1* 6 ,*3 &3, ($ $ $33%& " 04%* S $&&/ S $,404 O#. !
I# - ( $ & " - #"S 4+, 4+ #  *& " 3( 1.
SIS 1$3 (($ SHSH . &$L (. # *& 1 +*&!1 ) 1
3( 1 ,%$* $ /3% ,% $%w# $ #US/ 1 $/ ,1  $*1

$&SL( .S, U a1 $%s # $ S SHH &3, (.
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L 0O $ $#+3&0# " &$)# ,0"#" . $.& $ " #1) $4 (

& 1'08 " SHSH 4 #- . [34]

&$#H 0 (. #$ 0 $$&$H(  $,).$03$ ! " /4 1) 1
$ 101t )t TS o+ S, *S# .S SMSH 1 #
$&S* S BH I L, 0 $ 4"@# # #1% ( &O# . $ ,*  O0# $
)L, - $ &SH | #$% 4" $% $1/ %1 1'$&-

&1 ) 3. [34]

S/ 1L 1t S A 1S SHESH 4 #- #L# -
HL &#( HL ("H " USMHSH + #l- 0 +/3 oo
$,4#( " # B " $)( [32] o " L #"$S 1 )1 o+
IS SMSH + #-  $/ "4/ $ 1) 1 3( " 0% #1(%. '.#(
$/ $) #H4as# *# # $$)/ 043 + #H- $1,&03 $ &0
16¢ $ $ $$%-1% 043, I, &% S HI#($S &)1
| $$8& 1" (#$% ( (. #HASH 1 #HIH($S &)1 $$0 " 3

&, (. $ $1.03 , &I$SS 1, 4SHSH &™H  [34]

4 1 +0 ,1 4 (%% I (# #oOSSHMH +. #l- 01
'$+0. 4 $,0# #$ 10! 1 + #- # &' & #1 "t
'S SH# I# 1, $0 40% $ "HL (" 0% B ( “10#" 4
1, $0 25%. | # 1 7S #1, - 3 &S - ) 1 4("'#$
# o #1* $H#IS 0% '3 R 1 15% / $ +. # [/
$%$03 $ $/ * ! $1) " $ $HMH 1 1/3. &$!,(. #. $ $
& 1'- $+- "$, 44 1 $ 1, - 70%" 4/ $ 3( 1! $

#1$ / $ 0 $ $#l+ 32

$%$ #H .+ # L0 $$!.,#0 . ) # 3", 4411
L %HE 1+ # - #1$5 %$ $ %0 S, #19%( # 0
0# $ . $.$/41% % SH($S &$ (L& ! $)* 0 (,
# &I#)SH 1 411 1&+0$ , %$$$ (H1 #1) $%$ #H %, *$
&1$ 3! '$+0 1 & #/ $/%1$ [34]
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3.6.7 3

$ #1#($S &)1 + #- 0% #l#1* ,1 1%1031 " & 1'08 1
HIH (1S + # - # #HLI L *$ #1$ (0 0""  $+(,$0) 1"
$ 1#0$ ) 4% ," L H/%!" + #- ).[33]

"$/ 0 $,4 | HH($S &)1 0$:

L0 4%,  *$1# &)1 " & 1'0$ . + # $/ Y4 $
1%1031 +. # # #1' ¥ 3 1)1 ,,).3 # ,0 &0$
/,'$ '$#0$ .

1, - 4%, $#+$803 $ #1$ ( I %%
I'$&- " # 1 ) @#" L # #H L S #LIS | #I#($S #$ ,08  # &

+ # #/ . 1)1 &9)% ! *$ 4% .," . &  # '$+0%
<&-% " 4/$" <HN1 40 Y& A$+* # , \(# . $31x,

+o# (&& , - SIS +$ # HL) M S I&& ) ).

L, 0 4%,  $H1 1'$& " 1&0$#  *&) 1 + #- #1 )1
'$#0$ |, # H)H" | #* 4%, 1 0% #1' I* &'HO " - $
#41 1) 1

, *& ") $/ 4 +. # 0% #"'3 # , ,# $/

0 L L% ($s 1)1 $$ - )"+ # 0 '$0 #$ /&&S$
0$$ 4 1/)1  '$3! ().'/ "&" 1 '$#%$- .$01 )0 '$0
#$ /88% '(1$$ 1)) $ (1 +1# +# ./ , 3 1+ #

1 &% 8 |, - 4%, %$, *, $ N1 $'$  #H/" +1# -
+ 0#- # & 1 "+ 08, %S, "1$4 0" .+ # $
#) 03 $ ! , ) (#" 1)1 . O $)(, , 0 4%, 4 %$
S S, ## $, 8.00!.%, , $!$ 18 +. # ( 3 x
6 ) 1 )!.[33]

)

$1 #-#"S &)1 , S+ # [ #1$$ #(1 B *$ 088, "
04 % /% "™$ .$) [/ A4$#($$, .1 #-#"$  +. #l- 0% $
193



& 10% , $% 03 $ $/&'$ ! 4 1)1 $  $/ L) #

#1(%. " $ . 4%& 1. '$#0$ $ #" &(" 1 '$#$- .$01 ). 0%
#'1$ $, &% # ##"$ $ & *# #  $ 0% 41$( "
CSIH .+ # $ $)/38 Y@ .9 1 #1$$ ), - $
40 $ %, 4/+$ #IH($S S $& "& N3 &'/ *&& 1
g - 4%, ., - O# $40 $ S, #H#"MS &)1
1 01 (BMS). $) / $1/ #1$$ ,* $1$+%- ¥ $+ # /

1 '0$% O M. 10411"& - 4 -1, (" "+1 $'- (bus)
)SI&( M HLA4A L 1 (% + # (V4SS + # . [331,[32]

C1)Y$ ! $H% (L, 1#0$ 0 #(1 $+% $ 4 $)-#1
0"#" # ) '$ *$, $% #I ) AM$ . =% $)-#1 O
#1(%. $$+*1 $+$ # & 10%8. ! x # (  off-#1#($$ )

$+$ S 1 #'#/ .[33]

$#%"( S$1#0$ I, 0 $ 0%

. & & $ 1 - $ % "%- #
0 (# +( .10 ($ : L $)1 $ 1#0$ 1 )"#H!, (%"$
$ $S* 1 430 $4M+&0 . SHH 1 $$ 04/ " "+ (
1 0)1,441*1 S $&4A%- 1 ##MS & () .1
#1.'$ # | 16"& # 'S I S $ " 'SHSH 0 S
. # ,  # $$$ 0#. ).
. I# ! - $ $1
-8 % $&4.%- # 1)) $ 1/ # ) . 1( 0% , , #+$"
) &'0$ ," ,0$ )"#!, 0% 10. # ! - )1 '$+0. ,# , B #
$$$0 # 1 S S . 4%, 01.:)1 , #*" 1& 0%
441 1 "% 1 0$% 0% #%$% (,#1(%. # -6 110 .$, " #/%!" 1
4341.:$ /&& ! *"$ 0$ 4%).# 0 0 $ $*&%!5, 0 $
o# 1 "R 1. ## ,# $/&&"°&1 )1 (/] '$+0$ $
$0% 1# #1 4 /#. ,1 %1 0)1L 4%, ) 0% 0% ,b& 10
A4 " &( (1S # 'SHSH 0% #)4 $1&"* .[33]
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& .3.22¢ - . http://www.greekarchitects.gr

g R TR IR Y+ X > $#%" ($ ,$ 1#0$ , , 0&
$$&. 1 !™%1 1)1 $ 1 ,1 )@ 1)1 ,$8& #1(%.
1180 $ ! $- 35% $ 45%. 0% #'$ $% , &+%0 /,$ ) (
TH* " # ##"$ ,$% )@#" 1, 0 $.$$0 $0" '$!/ ) J

4$#(1$$ #1)03 $ O# $ S # )  $ 4 %O $#H(1 $+$
x4 18 ) .$08% ., #) #" ,&( . $)1 $%
$%! 1$#%'#0$ 1 , 0&

( '$ " L& #1#($ &1 $1#0$ 0$ ")# 1) 1
4 1! +$1% S #I#($S &)1 $1#0$ 0% )  #1 ,01
Y#E' 0% 4%, 1" (% &, ,,).) + 1, ' $,%( L, 1" #$0
414 |
1 $#%"(  ,$ 1#0$ 4 %S$,*, $ )"#!, - $ &$!, ( * g
g * s ( 4, #. ), % &SL( $10%% -/,
) Rt & RS 1S . $ 1 &, 'S S $*&%1 # L&
& 1'0$ .[33]
'7 4
'$ * H##"$ &)1 & 1'0 ! + -$ 0 ,% 0% O
I 0 # %#,1 $ & *. % S/l ,# $49)$ 1 +1#
+. ., 0 $ ,%"%0 $ H#S # ) #0$ 1 #1&  + #
1 0$ )" ). $1( " L0, #  *$ +. "& $#H%"($ L, 0 $
&) U4$ +. # ($ 0% ,% "> BN +. # $ S
&) | $1 .[33]
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$, [ #1#(1$$ #31" +1# - $ )" - + #- 08$:

e 1 3 /3 R T #-#"1$ ,0 , $&0 $+ * %
* $&&S$™* " #/%" + #- L, 0 $, $&0 41#S*# $ # 1 )(#
1 - 401% '$) 1 1 49 8 & +1# +.  $ " #1) "$
*$1# [ #HH 0%, #I¥ L0, 0% #'1$ $, & $ ) (
WH*"#" # ##"1$ &)1 # $ $+-' 8 R IRTIN I #1) ( *$1#" |
#*#',,1 1, 0 $, $&0% ). S, - +H .
o ( 1 0% 048 $,"-1'$ $&&JI1 10$( 4- 4/'# Yo*#
PS- . %Y. *$1#" S #*4" .
e 1 5 1 1 (dimming): 1/  $#+3$&03 1 (I*#. 1% #(
+. #!- - dimmer) " #1 & ( #"$ +1# - $ )" - + o#- (B
+ #l- )+ A "OH%!M #" 08 *)  1%!#0 #-#"$ ./
$$ -1 " #1%!"  $#+$&03 $ ! I +1# +. R { 1 )"
#1# (1% " 03% . $0%#"! #H-#"S FSIH" [HH , #HA#MS &)1
+. ( 4 &0 1 ) # $ "41% "3 I"g" ' $ 0%
's&g- " . $/,1" . & # $"$& # 4%/ . * 6 ") #"

#1# "/ . $1 $# + #  +% #- ,4%0 $# !, - ) 1

3.16. 9

(dimmer) - . http://lwww.cres.grt

. http://library.tee.gr

[, +1#  +. # 0% $( ,# $ $&, $$ #  + #-
'S 1Y& AMME votrg v g *'$ 0% 480 $ #1$ (
1 1 40 "% "$ *$1HT 1 )" - #I#H(S .8 1
311 $ #) S # ) BSOS L) N# @ L m S )
+1# - +.#- S 0# $ )#  $/61 )t ##"S S/ " O#4
1 # ) L#$0. #(1  $/ "4/ $ " "*$ [33]
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3.17 % - . http://library.tee.gr

) ( ,6" . ##"$ &)1 " -%l# " o+ ( ( 0%$*$ -&l'$
(control circuit) 0 )$!"&( O 16"&( M#* . :$ * #H#"$ %) *$
+. $#%"($ (/ 0% )$"&( A" ),1 $/&' ! + # 1 4% 40

&( # # $P&H ;"0 (ballast) $ / "H#H) ( -%'#" +. (dimming).
%4 1" 0% ballast , 1"/ dimming 0$ 0 " $$&'( O
6"+$( . , "H#( 6+$( "%4 0% ##"$ DALI (Digital Addressable Lighting
Interface)$ $&- $ #" S/ $+ ! Dali 2 |

).
H ,%*"#" S$#%" (. + #'- # /% 4% ) '$#0$ 0% ", $.&( &#"
‘s I /1&& 1#" 1 +1# - +. #- . ##"$ $1 0% , - 53 ($
$ 4 #141/3$ - , .0 ! $0# )% #HI#($S '$HMTS # /&&1
) 1 . L 2,%%  4"&$A( " -$ " #HIH(1$ (  4%0# 01
(BMS). , #'1$0 $ 0% $$%0" S$1+#1$ + #/ $& 1'- |

"& / ballast. [32]

( '$ " L&' HIH(S  #31" +1# - /)" -+ #- 0% "
4% H#! "$ 1 +1# - + #- # ) . 4 1) 1 ' #IH (S
#31" 0% ) ! [& +1# +. .[33]

Dali 3 6 3
$ &1%$0%) $ *) $1H#H O *$ * 6'+$ ,. && , .0%$ I'$-
1 #1#(0$ &1 $ 1 "& -  #I#($  *$1# ,1 0$ '#
DALI (Digital Addressable Lighting Interface). ,. && $1 %, &0 !'$ S,
, #1% S . 1'$&- . $S# 1% "& #1#" . * $1#"
$ 4" 1'#1 *$ , 1, , .0% $ 'S &' %1 DALI
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, &8 $ # 1.%5 , 1, '$ $ #1#(1$$ &)1 EN 60929 #
$/ S 4.

DALI $, &0 !$ $.&( # ,%*"#" ,& 105 $ #)4$# &# '$ *1,"

43)0 # 1 + #- )1 ., &0 I$ *$ %4 &1 . "&
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X(m) Y(m) X(m) Y(m) X(m) Y(m)

1 0,950 2,300 1 0,950 2,300 1 0,950 2,300
2 1,890 1,360 2 1,890 1,360 2 1,890 1,360
3 1,890 0,000 3 1,890 0,000 3 1,890 0,000
4 3,190 0,000 4 3,190 0,000 4 3,190 0,000
5 3,190 1,140 5 3,190 1,140 5 3,190 1,140
6 3,790 1,140 6 3,790 1,140 6 3,790 1,140
7 3,790 2,180 7 3,790 2,180 7 3,790 2,180
8 3,190 2,180 8 3,190 2,180 8 3,190 2,180
9 3,190 2,300 9 3,190 2,300 9 3,190 2,300
10 3,480 2,300 10 3,480 2,300 10 3,480 2,300
11 3,480 7,279 11 3,480 7,279 11 3,480 7,279
12 3,189 7,279 12 2,620 7,279 12 2,909 7,279
13 3,189 7,034 13 2,620 7,034 13 2,909 7,034
14 0,291 7,034 14 1,020 7,034 14 0,581 7,034
15 0,291 7,279 15 1,020 7,279 15 0,581 7,279
16 0,000 7,279 16 0,000 7,279 16 0,000 7,279
17 0,000 2,300 17 0,000 2,300 17 0,000 2,300

" 4.1. !

4.3.# 2 !

]

2)$5 1 1

$% 03 1! & ()% $%!  $/&$H , 4%+ S, P)-"$ , +F !
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213
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4.6 -1%"+ " % $#- o (%' 1+ )

461 5 , 4

4 1

$ /% 10$ S, "L 1"Q '$ 0 8%, (%S CH#HI #
$$0% $ ! " # [
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9:00,.!.,#" ,I'" #&04% 04 '$ 12:00'#.$ #"1%,!'" '$  3:00!.D.

239



04 $$ &' ( $&1%0" $/%# . LSS+ o#- (ux)
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46.1.1 5 , 4 21%
21% -&" -9:00 . .
5 1
( [ cd/im?] 56 70 262 695 924
( [lux] 436 550 2058 5455 7257
5 2
( [ cd/m?] 12 13 19 73 168
( [lux] 96 105 146 574 1321
5 3
( [ cd/m?] 19 23 63 178 342
( [lux] 146 179 495 1395 2685
21% -&; -12:00 .
—
( [ cd/m?] 107 491 975 965 213
( [lux] 840 3859 7661 7575 1671

|

( [ cd/im?] 24 77 222 270 36
( [lux ] 192 607 1740 2124 282

|

( [ cd/im?] 40
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2639
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21% -&; -3:00 . .

|

[ cd/m?]
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(
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[ cd/m?]
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|

(
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|
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419
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(
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1445
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1971
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177
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@ Emin/Emax-9:00

21/3 1 *+2 +3*'+2  CIE_E31_Emin/Emax @ Emin/Emax-12:00
B Emin/Emax-15:00
0,8 0,743
0,714 0,721 ;
' ' 0,693
07 0,656 0,672
654
0,6
?é 0,5
S
I-Ié' 0,4 1 0,353
|_|E_| 0,3
0,195
0,2 0,160 0110 0,162
0,1
0,0 A
$" $ it #
*+2',+)02 +0
$/%1 1
X B Emin/Emax-9:00
21/3 1 *+2 +3*'+2 CIE_E31_Emin/Emax O Emin/Emax-12:00
B Emin/Emax-15:00
0,7
0,642 0,638
623 0,614
06l 057 0,572
, 0,542 0,539
0,512
0,5
é 0,4
£
IE 0,3
0,2
0,123 0,080
0,1 -
0,0
*+2 ' +)02 +0
$/%1 2
. @ Emin/Emax-9:00
21/3 1 *+2 +3*'+2 CIE_ Y1_Emin/Emax 8 Emin/Emax-12:00
— — — B Emin/Emax-15:00
0,8
0,708
07 - 0,672 0.677

Emin/Emax
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$/%1 3
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4500

4000 4 O EmM-12:00
3500 -

3000 H

1000 - 741 825

21/3 1 *+2  +3*+2  CIE_EY2_Em[lux]

E Em-9:00 4015

@ Em-15:00

1299
1079
1018 1073
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500 - 183 361 231

321 234

' 3" $ o #
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$/%1 1

14000

12000 1 @ Em-15:00

10000 -
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4000 -

2000

8000

6000 H

21/3 1 *+2  +3*'+2  CIE_EY2_Em[lux]
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" $" $ $# #
42" +)02 +0

$/%1 2
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21/3 1 *+2 +3*'+2 CIE_ Y2 Em[lux]
4500

@ Em-9:00
4000 4 OEm-12:00
B Em-15:00
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3500

3000

2500 -
2000 1781 1699
1406 1460

908 1034 1160
1000
542 743 458 647
500 1 o5 329 335
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$/%1 3
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. @ Emin/Emax-9:00
21/3 1 *+2 +3*'+2 CIE_E32_Emin/Emax O Emin/Emax-12:00
@ Emin/Emax-15:00

0,876
0,9 - 0,820 0,856
0,811 0,826 0,804 0,805 0,819

0,775 0,800

Wos |

0,1 |

0,0

" 3" $ o #
42" +)02 +0

$/%1 1

. B Emin/Emax-9:00
21/3 1 *+2 +3*'4+2 CIE_E32_Emin/Emax O Emin/Emax-12:00

B Emin/Emax-15:00

1,0
091 0,830 0844 0,829 0,823 0:862 0510
0.8 1 o742 b7 0,750 0,730 ;

0,7 |
0,6 |

0,5 A

Emin/Emax

0.4 |
0,3 1

0,1 1 0,051

$ $ $H #
*+2',+)02 +0

$/%1 2

B Emin/Emax-9:00

21/3 1 *+2 +3* '+2 CIE_ Y2_Emin/Emax O Emin/Emax-12:00
1,0 B Emin/Emax-15:00

0,9 - 0,829 0,850 0,864

0,821 0,830
0,792 08012798 ¢ 787 0837 0810
0,8 0,751 0
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0,6 -
0,5 1
0,4 -
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0,2 -

Emin/Emax

0,096 0,098

$/%1 3
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